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ABSTRACT

Wind is the dominant environmental factor affecting wildland fire intensity and spread.
Previously, fire analysts and managers have relied on local measurements and site-specific
forecasts to determine how winds influence fire. The advancements in computer hard-
ware, increased availability of electronic topographical and experimental data, and ad-
vances in numerical methods for computing winds, have led to the development of new
tools capable of simulating wind flow. Several numerical models have been developed
for fire prediction and forecasting. Modelling wind in physics-based models like Fire
Dynamics Simulator (FDS) has been shown to produce promising results, but at an in-
ordinate cost. Because of the high computational expense, physics-based models are not
suitable for operational use. Little research has been conducted to improve the compu-
tational speed of these models. The current study intends to decrease the computational
cost of physics-based fire simulations and improve physics-based models by including
more complicated driving winds.

Physics-based wildfire simulations are driven by inlet boundary conditions which model
the atmospheric boundary layer. Various inlet conditions, such as the 1/7-powerlaw or
the log law models with artificial turbulence (e.g. the synthetic eddy method, [SEM])
can be used as an inlet to generate a statistically steady wind field for a fire simulation.
The power-law inlet is the default inlet condition used in FDS where the wind devel-
ops turbulence as it sweeps through the domain, and is often used with wall-of-wind type
methods. The log-law inlet generates a log wind profile similar to Atmospheric Boundary
Layer (ABL). Development of techniques for imposing inlet conditions and initial condi-
tions for flow simulations have been topics of interest for the past few decades. Current

inlet and initial conditions requires time in a scale order of 100s of CPU hours, for gen-
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erating an appropriate condition to start a fire simulation, hence resulting in increased
computational expense. A novel nesting method has been implemented, which involves
two regions : penalisation and blending, named as the PenaBlending method. The initial
conditions of the fire simulations in FDS are set to the initial condition prescribed by an
external model or simulation. This is achieved by a one-way coupling method. External
wind data, for which u,v,w can vary in space and time, can be obtained. The precursor
data can be generated either from any reduced wind model such as Windninja, which
gives terrain modified wind data, or by using analytical methods such as generating log-
arithmic windfield using Matlab. These external data can be introduced into the FDS do-
main through a penalization region at the inlet/outlet. A blending region has also been
implemented near the specified inlet/outlet which allows a smooth mixing of a precursor
wind field to that in the simulation domain. This new inlet condition allows complicated
terrain modified temporally and spatially varying wind fields, obtained from precursor
simulations or any other models, to be implemented relatively easily in the FDS domain.
To test the implementation of this method, a flat terrain is considered in the current study.
However, this method could also be used for complicated terrain structures, as a part of
future studies. The PenaBlending method provides appropriate flow conditions with re-
duced computational effort (up to ~ 80%), to start a fire simulation, and, hence, reduces
the computational expense of physics-based models.

The results obtained using the PenaBlending method have been compared with that ob-
tained using the existing inlet conditions of FDS, like the SEM method, wall-of-wind
method and mean-forcing methods, using the 1/7 power-law or log-law inlets. To test
these three methods, a set of fire simulations have been conducted and tested against the
PenaBlending method. It was found that the results of the PenaBlending methods agree

well with that of existing methods, with small variations for both the wind and fire cases.

FDS 6.6.0 (the version used in this study) requires a very fine grid to obtain grid con-
vergence. This is not feasible in the case of a large-scale simulation because of very high
computation cost. FDS 6.2.0, with a reaction-rate-limiter combustion model, needs less

fine grids to obtain grid convergence. Therefore, this combustion model is re-introduced
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into FDS 6.6.0, providing an option of choosing between two different combustion mod-
els, as a part of this study. For all the simulations, the reaction-rate-limiter combustion
model has been used. The simulations are carried out in a neutral-atmospheric stability
condition. However, the PenaBlending method can apply any general driving wind, and
the effect of atmospheric stability, could be included, as part of future studies. The Pen-
aBlending method could be extended in conjunction with Monin-Obukhov Similarity
Theory (introduced in FDS 6.6.0) to model fire in various atmospheric stability condi-

tions.
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Chapter 1

Introduction

IND is an eminent environmental factor that plays a major role in affecting wild-
W land fire behaviour. Various environmental structures including mountains, ter-
rain features, valleys and grasslands produce complex local wind patterns that provides
difficulties when predicting fire behaviour. As discussed in Rothermel (1972), the vertical
heat flux is more significant for wind-driven fires as the flame tilts, resulting in direct con-
tact with fuel loads, increasing the radiation and convective heat transfer to the fuel bed,
and hence, making the fire spread faster and more severely. The wind tilted flame can be
represented by the schematic given in Figure-1.1 following Rothermel (1972) . Therefore,
an accurate and good prediction of wind pattern is required for accurate fire behaviour

prediction.

Solid mass transport \d

—

—

Wind

— W
o,

—_ \/‘,0/’

Flame contact—=67 ™ } ﬁ

______-/—’ Internal radiation
& convection

Schematic of wind-driven fire

Figure 1.1: Schematic representation of wind-driven fires (Rothermel (1972))
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Introduction

1.1 Wildland fires

Wildland fires or wild fires are an intrinsic part of many ecosystems around the
world. These fires can be classified as different types like forest-fires, bush-fires, grass-
fires. Wildland fires have been a major component of the natural environment for at least
350 million years(Kemp (1981); Cope and Chaloner (1985)). Ronchi et al. (2017) gives
an account of some well known wildland fires around the world. Severe wildfires that
occurred in British Columbia, Canada; California, USA; Portugal and Italy caused more

than 100 fatalities in July 2017.

Uncontrolled fire spread occurring on the boundary of residential areas, so called
Wildland Urban Interfaces (WUI) Manzello et al. (2018), have the greatest impact on soci-
ety. An increase in population results in an increase in the number of WUI which further
increases the risk of severe impact of fires, in terms of loss of life and property, in these
countries. A WUI can be considered as a zone of transition between any unoccupied
land like forests, grasslands, and areas of human development including houses, and
other structures. In some countries like the United States, WUI has increased from 1990
to 2010 several folds in terms of land area, as well as the number of new houses as given
by Radeloff et al. (2018). Some of the most prominent wildland fires, including the Oak-
land fire, California in 1991 (Pagni (1993)), the Fort McMurray fire in Alberta, Canada in
2016 (Westhaver (2017)) had a damage cost worth more than a billion dollars in terms of
structures, fatalities and ecology (Ronchi et al. (2017)).

Wildfires also adversely affect the underlying structures such as vegetation (forests or
grasslands), habitat and living creatures, and poses far more complex problems. In Aus-
tralia, wildfires generally occur from late Spring to early Autumn. Jolly et al. (2015) and
Bedia et al. (2015) discussed that climate has a major impact on wildfires and further cli-
matic changes have amplified the frequency of wildland fires, exponentially. Some of the
effects include the disturbance in the water supplies as a result of erosion and contam-
ination caused by the fires. Pyne (1991) describes that geological features and weather

patterns of the Australian continent have a rich history with wildland fires. McAneney



Introduction

et al. (2009) discussed that, from 1900 to 2003, around 5000 wildfire occurrences were
recorded in Australia. The most significant among them is the infamous Black Saturday
fire that occurred at Kilmore East in Victoria (Whittaker et al. (2009)) on February 7, 2009
and lasted till March 14, 2009 (Figure-1.2). The death toll rose to 172 and caused severe
damage to Victoria, Australia both ecologically and economically. As stated by Jolly et al.
(2015), the effect of climate change will increase the frequency of wildfires in the upcom-

ing decades.

Figure 1.2: Black Saturday Wildfires, Victoria (Source: australianrotaryhealth.org.au)

1.2 Fire behaviour models

Perry (1998) states that the research in the field of wildland fire can be considered
as being two-fold: firstly, to quantify the fire danger and thereby develop fire danger
rating systems; secondly, the development of a 'new generation” of fire spread models
which help in accurate prediction of fire spread in wildlands. He further states that “fire
spread through any kind of fuel bed such as wildland, shrubland, grassland incorporates
a handful of complex physical and chemical processes.” These situations have all been
considered in several research studies. In addition, specific environmental variables sig-
nificantly affects the spread of fire as discussed by McArthur (1967). One of the reasons

may be the variation in vegetation type, which affects the fire propagation, such as sur-
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face fires on grasslands and shrublands, crown fires in pine forests, and spotting fires
in eucalyptus. Figure-1.3 depicts the basic ideas of a fire spread model. Data such as
fuel load, topographical slope, wind speed, temperature, and humidity, are input into
the model. The model outputs a fire danger index, used by emergency services organ-
isations to implement warnings, and fire bans, to prepare for possible incidents, and to

estimate a rate of spread to predict the location of a fire after a certain period of time.

Jre— FIRE DANGER RATING

Ignition pattern

FIRE MODELS

@W{eather

Topography

FIRE GROWTH & SPREAD

(RATE OF FIRE SPREAD)

Figure 1.3: An overview of wildland fire behaviour and their relation to its fire modelling

Rate of spread (RoS) is one of the most important parameters for fire management.
RoS is the frontal speed of the propagating fire. Often practitioners assume a fire prop-
agates at a quasi-steady rate. Yet, RoS depends only on environmental parameters and
is independent of the state of the fire. Various fire models are needed to predict such
behaviours to manage fire. Weber (1991) states that fire spread is the combination of
three physical processes: the source of fire, the heat produced in the event and further
fire spread by absorption of energy by unburnt fuels. An overview about various fire

behaviour models is given in Section1.2.1.

1.2.1 Wildland fire models

Several wildland fire models have been developed and used through about 60 years

of scientific research (Cruz et al. (2015)) to predict the fire spread. Various models oper-
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Introduction

ates in various conditions and proper type of modelling needs to be chosen for accurate
prediction of fire spread. These models can be broadly classified into: empirical models

and theoretical models.

Empirical Fire Models : Empirical models are based on experiments and observation, not
directly on underlying physical principles. In their studies, Sullivan (2009b) and Perry
(1998) discuss types of empirical models. Some examples of simulators and empirical
models used are in Table-1.1. A simulator is software that takes input weather and fuel
data and uses a set of mathematical equations to provide a simulation of a fire across
a landscape. Simulators such as BEHAVE, FARSITE, SPARK and PHOENIX for wild-
fire prediction have been developed based on the empirical models and are used oper-
ationally. In Australia, PHOENIX is used operationally by the Country Fire Authority,
Victoria and the New South Wales Rural Fire Service. PHOENIX uses a modified form
of the CSIRO’s grassland model and the McArthur MKS5 forest fire models. SPARK is
another operational tool developed by CSIRO. SPARK allows a user-defined RoS model

and hence is more flexible than any other hard-coded operational models.

Table 1.1: Some examples of (a) Empirical Models and (b) Simulators

Empirical Models

McArthur MKS5 forest fire model McArthur (1967)

CSIRO grassland model Cheney et al. (1998) @)
CSIRO forest model Gould et al. (2007)
Rothermal Model Rothermel (1972)
Simulators

BEHAVE Andrews (1986)
PHOENIX Tolhurst et al. (2008)
SPARK Miller et al. (2015)  (b)
FARSITE Finney (1998)
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Theoretical Fire Models : (Mell et al. (2007)) includes coupled fire-atmosphere mod-
els and fire-fuel models. These models try to solve the equations of fluid dynamics, heat
transfer and combustion. Wildland fire is the combination of various physical and chemi-
cal processes which include the energy released as heat is due to chemical reactions taking
place while burning, and transport of that energy to the surrounding unburnt fuel and
then reigniting Mell et al. (2007). Complete physics-based models include those that solve
both fire-atmosphere and fire-fuel interactions simultaneously. As discussed by Mell
et al. (2007), the theoretical models which were developed upto about 1989 (discussed
thoroughly by Weber (1991)) did not include approaches to model fire-atmospheric in-
teractions. In those models, the physical modelling of fire was focused on heat-transfer
within the fuel and hence were mostly ‘fuel driven’ models. In subsequent years, with
the advancement of these models, models for fire-atmospheric interaction have also been
incorporated at various levels of complexity. Zhou and Pereira (2000), Morvan and
Dupuy (2001), Morvan and Dupuy (2004), Dupuy and Morvan (2005) model both fire-
atmospheric as well as fire-fuel interactions. These models were later extended by Mor-
van and Dupuy (2004) to a 2-D model (known as FireStar2D) which uses a renormalised
group k — € (TRANS) turbulence model. They were able to replicate the Mediterranean
shrub experiments performed by Fernandes (2001) using this model. The studies carried
out by these models were on two-dimensional grids; hence, fire-atmospheric interactions
were not captured completely. Three-dimensional simulations are needed to capture the
realistic fire-atmospheric interactions properly. FIRETEC is a full three-dimensional fire
model coupled to an atmospheric model HIGRAD (Reisner et al. (2000)). The govern-
ing model equations for mass, momentum, energy and chemical species in this model
are based on ensemble averaging technique, which is similar to the Reynolds’s averag-
ing. One such model, FIRESTAR was initially developed as a one-dimensional model.
It was later developed to become a three-dimensional grassfire model (Morvan et al.
(2006)) known as FireStar3D. This model can now use both Transient Reynolds Averaged
Navier Stokes (TRANS) and Large Eddy Simulation (LES) turbulence models (Morvan
et al. (2018), Frangieh et al. (2018)). WFDS (Wildland-Urban Interface Fire Dynamics
Simulator)(Mell et al. (2007)) extends the capabilities of FDS to outdoor fire spread and
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smoke transport that take into consideration vegetative and structural fuels as well as the
potential to deal with complicated terrain (Mell et al. (2009)). WFDS uses many empiri-
cal parameterisations similar to FIRESTAR, and is a full three-dimensional physics-based
model which uses LES to capture turbulence. Several other physics-based models have
been discussed in Sullivan (2009a). The discussions put forward by Mell et al. (2018) state
that, though empirical models are used for operational purposes, physics-based models

act as a powerful research tool.

1.3 Problems and Motivation

The fires spread rate is strongly dependent on wind speed, as discussed in previous
sections. The velocity profile of wind varies over different types of environment struc-
tures, such as forests, open ground or flat grasslands. Several numerical or theoretical
models have been developed for predicting the wind behaviour as discussed in Section-
1.2.1. Following this discussion, it is evident that physics-based models act as a strong
research tool to study fire behaviour. Looking to the future, most research will be con-
ducted using physics-based models. Currently, these models are slow in performing
simulations. The current work will improve the capability and reduce the computational

time of physics-based fire models.

The current work uses FDS (Fire Dynamics Simulator), as a physics-based model for
simulating the wind behaviour and establishing a required ABL (Atmospheric Boundary
Layer) to carry out fire simulations. The computation domain used in FDS is divided
into a number of grids or cells. The governing equations of fire dynamics are solved it-
eratively at each grid point. To obtain numerically converged fire-spread results, often
very fine grid sizes (for example, for a simulation of a 100 m wide fire, a resolution of
250 mm is required) are used for fire simulations. This results in a huge computation
expense. For example, a small domain of size 130 m X 40 m X 80 m with minimum ter-
rain features having a uniform grid size of 1 m in all directions, requires approximately
600-800 s of simulation time to generate the required ABL for starting fire. This requires

(~ 15 — 20 computational hours or ~ 60 — 80 CPU hours, in a computer with 4 cores.For
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fire simulations, a smaller grid size is needed to capture different fire behaviours, espe-
cially near the boundaries, which increases the computation time further, particularly
with FDS version 6.3.0 onwards. It is evident from this that the computation time in-
creases with an increase in the domain size, and complexity of the domain with respect
to terrain structures, where finer grid cells are required to capture the effects. This is a
major drawback of the physics-based modelling. For fire simulations in FDS, a mixing-
controlled combustion model has been used to model the combustion of the vegetative
burnable fuels. Until FDS 6.2.0, an upper-bound of local heat release rate was imposed,
based on Orloff and De Ris (1982). Since FDS 6.3.0, this limiter was removed. Finer grid
resolution is required to obtain grid converged results. While this may provide better
results for small-scale fires, large-scale fires require this bound to avoid simulation errors
like numerical instabilities. This also poses a problem in carrying out fire simulations in
terms of computational time, as finer grids require more simulation time to model fire.
The current research aims to address this drawback and tries to overcome part of this and

hence, improve the speed of physics-based simulations.

1.4 Addressing an Omission in Previous Research

Several methods of wind-generation are already available in FDS, which have been
termed ‘traditional methods’ in this document. The major problem with these methods is
that most of them require a considerable amount of simulation time to reach a required
state so that fire can be ignited to carry out fire simulations, as discussed before. This
results in an increase in computation time. This is one of the major challenges being
addressed which will bring a significant benefit. The current research tries to reduce sim-

ulation time by reducing the time to reach a required wind profile to start fire.

A novel method, called the PenaBlending method, has been introduced in FDS to re-
duce the computational time required to initialise simulations, and to allow complicated
time varying driving wind fields to be applied. Currently, FDS does not allow any ex-
ternal wind data to be used for modelling fires. The Pena-Blending method will allow the

users to use any external data, generated by analytical methods, terrain-perturbed mod-
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els or experimental data, to be used as inlet conditions to model fire. However, there is
still time needed for generating external wind data for FDS using these methods. If a full
Large Eddy Simulation (LES) model is used, it will take just as much time as FDS does
to generate wind data. Therefore, the Pena-Blending Method substantially reduces time if
reduced-models are used for generating terrain-perturbed wind data. These models use
coarser resolutions and can generate data in seconds. Terrain-perturbed wind refers to
wind data that is modified according to the underlying structures over which it flows.
Such data can be obtained from reduced wind models like mass-conserving model of
Windninja (Forthofer et al. (2014b)). Wind data can also be generated using analytical
methods with MATLAB or any other programming languages. A single precursor sim-
ulation can also be used for multiple simulation cases to reduce the time in generating
external wind datasets for FDS. The Pena-Blending Method allows the use of temporally
and spatially varying wind data. This will further allow the study of fire behaviour in
gusty wind conditions.

To carry out fire simulations, a combustion model is required which can resolve fire faster
with a justified grid resolution and does not require very fine grids. This can be achieved
by imposing an upper-bound of local heat release rate as discussed in Section-(1.3). The
current version used in this study, FDS 6.6.0, does not have an upper-bound of local heat
release rate. Therefore, the combustion model of FDS 6.2.0, with reaction-rate limiters,
has been re-implemented in FDS 6.6.0 and has been used to carry out all the fire simula-
tions. This further will contribute to reducing the computational time for fire simulations.
The rest of the part of this research report is divided thus: Chapter 2 gives an overview of
physics-based modelling and a brief account of FDS, the model used in the current study,
followed by a discussion about the prevailing inlet methods in FDS. Chapter 3 gives de-
tailed information about the new sub-routines that have been implemented in FDS 6.6.0,
as a part of this research, along with some verification cases. Wind and grassfire mod-
elling results using traditional wind generating method are presented in Chapter 4. Lastly,
Chapter 5 concludes the current research and states the future directions. The source
codes of the FDS files where new codes have been implemented is given in Appendix(A).

The full set of edited FDS 6.6.0 source code can be found in (https://drive.google.
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com/open?id=18uQEmprdpmNDgBGIDVswu9ER_mHpN9Ho). A list of publications and
a copy of the publication is in Appendix(B). A preliminary study has been carried out by
conducting fire simulations with different atmospheric stabilities using Monin-Obukhov
similarity theory introduced in FDS 6.6.0 and can be found in Appendix(C). The results
need further investigation. A small demonstration video of the working of the PenaBlend-

ing method has been made and can be found at (https://youtu.be/g5s4020Q1DmU).
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Chapter 2

Physics-based modelling

Physics-based wildfire models are developed based on the physics of fire, as discussed in
Section-(1.2.1). The current study uses Fire Dynamics Simulator (FDS) McGrattan et al.
(2017d). FDS was developed and first released by the National Institute of Standards and
Technology (NIST) in collaboration with VTIT Technical Research Centre, Finland in the
year 2000. Since then several versions have been released with some improvements in
each version. Currently, FDS version 6.6.0 (released in 2017) has been used to carry out
the studies. FDS is a tool to predict large-scale fire effects including plume characteristics,
combustion product dispersion as well as heat effects to adjacent objects, as discussed by
Ryder et al. (2004). FDS has the ability to model pyrolysis, most importantly coupled
pyrolysis, and turbulent combustion. Moreover, FDS is an open source code written in
FORTRAN, which is free and easy to download and the code can be easily modified by
any colleague to implement several other features and improve the performance. This is

an additional benefit of using FDS as a research tool to carry out the current study.

2.1 The model’s description

FDS is a computational fluid dynamics (CFD) model for fire driven fluid flows. It
solves the Navier-Stokes equation for low speed thermally driven flows, appropriate for
low mach number flows of smoke and hot gases which results from fire (McGrattan et al.
(2017d)). FDS is a finite difference approximation to the equations of fluid motion. The
computational domain that is considered is discretised into small grids (commonly re-

ferred to as cells or control volumes). The scalar quantities such as temperature, pressure
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and density are calculated at the centre of each cell by solving respective equations. The
cells are often not sufficiently small enough to capture the small turbulent eddies. The
discretised equations of mass, momentum and energy yield a large system of algebraic
equations These equations are then solved numerically to acquire the estimated values
at the centre of each cell. Hence, turbulence models are used to take into consideration
these small eddies in the flow field. FDS uses this LES methodology where the small
and unresolved eddies are modelled, using a turbulent viscosity. LES turbulence models
have advantages over Reynolds’s Averaged Navier-Stokes (RANS) to model the effect of
turbulence Rodi (1997). While stability issues exist in flows with high temperature and
large pressure gradients, FDS with the appropriate resolution has been found to reliably
simulate grass fires (Mell et al. (2007), Moinuddin et al. (2018)) and tree fires (Mell et al.
(2009)) and is reliable for the present study:.

2.1.1 Mass Continuity

FDS conserves the mass of the fluid by solving the continuity equation given by Equa-

tion(2.1).

0
ai; + .U =0, 2.1)

where v/.oU defines the mass convection and U represents the instantaneous velocities

in x, y and z directions.

2.1.2 Conservation of Momentum

FDS solves Equation(2.2) (McGrattan et al. (2017a)) for conservation of momentum

for the fluid flows.

a U 10 i
o+ V- 000) = = p+ 7T+ g + VT + 1"t 2.2)

where pressure p, gravity g, viscous stress tensor T;; is acting on the fluid within a control

volume. U represents the filtered velocity and m" uy, ; represents the effect of boyuancy. The
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stress tensor can be defined as:
__ 2 _
Ti]' = ]4(251‘]‘ — g(V.U)(Si]‘), (2-3)

where u represents the molecular viscosity and ST] represents the strain-rate tensor given
by :

5 Lom o

Sij B E(ax] ax,-) (24)

The T, represents the filtered turbulence known as sub-grid scale Reynolds stress.

2.1.3 Turbulence Model

The Sub-Grid Scale(SGS) model accounts for the dissipative processes (such as ther-
mal dispersion, viscosity, and material diffusivity) which takes place in smaller scales
apart from those resolved in the numerical grids Pope (2001). The SGS model equation
can be given by Equation(2.5).

2 -
Trurh = VT (2545 — g(V-U)%’) (2.5)

where U represents the velocity field and dij is known as the Kronecker delta and vr
is the eddy viscosity. The default eddy viscosity model in FDS, and the one adopted
throughout this thesis is the Deardoff model (Deardorff (1980)). The model can be given
by Equation(2.6).

vy = pCy A [ ksgs (2.6)

where p represents the fluid density, C, represents the Deardorff model constant is set to
the value 0.1 from Pope (2001), A represents the LES length scale and k¢ represents the
sub-grid scale kinetic energy and can be given by Equation(2.7).
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where 7 represents the average value of u at the centre of the grid cell and i represents

the weighted average of u over the adjacent cells. The definition is similar for v and w.

2.1.4 Wall Model

A wall model is used to estimate the instantaneous wall shear stress, 1,,, which is
applied as the boundary condition for solid surfaces to the LES equations (Pope (2001).
This model is implemented using the wall function. For a realistic atmospheric flow, it
is computationally infeasible to resolve the viscous sub-layer near the wall region, where
the solution variable changes sharply. The wall model helps to overcome this problem
and helps to obtain the appropriate flow variables near the boundary. The dimensionless
analysis of a fluid near the wall leads to the logarithmic law of the wall (Von Karman
(1930)). Several other models for the near wall flow also exist. As discussed in studies by
Barenblatt (1993), Barenblatt and Prostokishin (1993), Barenblatt and Goldenfeld (1995)

and Barenblatt and Chorin (1997), there exist power law models as well.

FDS applies different laws-of-the-wall for different type of surfaces. For smooth sur-

faces, it follows Werner and Wengle (1993) model using Equations(2.8).

ut =yt for  yT < 11.81 , (Viscous sub — layer region)
(2.8)
ut = %ln y"+B for yT >11.81 , (Log — law region inner layer)

where u™ represents the non-dimensional stream-wise velocity, (u™ = u/uz), ur is
the friction velocity, yﬂL represents the non-dimensional wall normal distance, ¥ = 0.41 is
the von Kdrmdn constant, and B=5.2.
For rough surfaces, FDS uses the log-law as presented by Pope (2001) as given by Equa-
tion(2.9).

wt — %ln(%) +B(sT) 2.9)

where sT = s/9, represents roughness length in viscous units, d, represents the cell

height adjacent to the wall, s represents dimensional roughness, x = 0.41 is the von

18



Physics-based modelling

Kédrmén constant and y is the distance to the wall. B is defined as the following piece-

wise function:

B+ (NIn(st), for st <583
B =1 B, for 5.83 < st <300 (2.10)

By, for st >30.0

where B, = 9.5 and B, = 8.5 for fully rough surfaces. From the work of Werner and
Wengle (1993), it is shown by matching the log regions and the viscous region, that the
log layer starts at y+ = 11.81.

2.1.5 Pyrolysis

FDS has many pyrolysis models available, among which it incorporates two vege-
tation sub-models for thermal degradation which are used in FDS : The ‘linear’ model
and the "Arrhenius’ model, which are based on empirical studies as given in McGrattan
et al. (2017a). The current research uses the ‘linear” model to predict ignition. The linear
model involves a two-stage endothermic thermal decomposition which involves evapo-
ration of water and then solid fuel pyrolysis. When the temperature Ts = 373K, the water
evaporates and it follows Equation(2.11).

Ty = 5:; , (2.11)

where T; is the vegetation surface temperature, 7i1,,, represents the evaporation rate, Onet
is the total energy including convection and radiation on the fuel’s surface and Ay,
represents the latent heat of evaporation. Following Morvan and Dupuy (2004), FDS
uses the temperature-dependent mass loss rate expression given by Equation(2.12) for

modelling solid fuel degradation, by considering that pyrolysis begins at 400 K.
Qnet Ts —400

2.12
Ay *500 — 400 @12)

If 400K < Ty <500 K, ity =
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where 71, represents the rate of pyrolysis and Ah,,, represents the heat of pyrolysis or
heat of reaction.

In the current study, the fuel is modelled using the boundary-fuel representation. For
simplicity, the solid fuel is considered as a series of layers which are consumed starting
from the top to the bottom layer. Moinuddin et al. (2018) discusses this stating that, in
a linear model, within the range of 400 — 500 K, ignition and sustained burning occurs
at low air temperature; hence, coarser gas-phase grid resolutions are sufficient. The user
needs to supply a bound on the maximum mass loss rate per unit volume (kg/s/m?) to
avoid any kind of numerical instabilities during calculations. Char oxidation is not con-
sidered as it occurs at a much higher temperature than that obtained in the simulations

performed.

2.1.6 Combustion

FDS models the combustion using mixing-controlled chemistry as discussed in Mc-
Grattan et al. (2017a). The mixing-controlled model presumes that the reaction between
fuel and the oxygen is very quick and the rate of reaction is controlled only by mix-
ing (McGrattan et al. (2017d). This model usually involves only one gaseous fuel which
solves the transport equations for only the lumped species, which means the other prod-
ucts (such as O,, CO,, H,O, N, CO and soot) and fuel. The lumped species air acts as a
default background for all these reactions. As discussed in McGrattan et al. (2017d), in
this method, single fuel species which are mainly composed of C, O, H and N react with
oxygen in one mixing-controlled step to produce H,O, CO, CO; and soot. The simple

chemical reaction can take the form of Equation(2.13).

CxHyO;Ny +ap, — aco,CO2 + ay,0H20 + acoCO + asSoot + an, N2 (2.13)

where aco,, am,0,ac0,4s,an, are the stoichiometric coefficients. FDS regulates the rate
at which the fuel and oxygen mixes within a given mesh cell at a particular time-step.
Each computational grid cell can be considered as a cluster of reactors where a mixed-

composition reaction can only take place. {(t) represents the unmixed fraction, which is
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the fraction of mass within the existing cell/grid, is governed by Equation(2.14).

ag _ ¢

dt - Tinix

(2.14)

where T, denotes the mixing time scale. { holds a value of 1 by default if a cell is ini-
tially unmixed and the combustion is called non-premixed. If the cell is initially mixed,
¢ holds a value of 0. This type of combustion is called premixed. FDS determines the
amount of combustion products formed (CO,, CO, N>, H,O and soot) in the process, and
is determined from the chemical formation of the fuel used. A detailed account of the

model can be found in McGrattan et al. (2017a) and McGrattan et al. (2017d).

The models that are relevant to the current work have been discussed here. Apart
from these, FDS solves other equations including heat transfer equations for conduction,
convection and radiation, species equations to simulate smoke transport, ideal gas equa-
tions for temperature, and Poisson’s equation for pressure. The detailed set of equations
and the models used by FDS can be found in McGrattan et al. (2017a).

Outdoor fire simulations require wind fields. As discussed before, there are traditional
and novel means of generating the wind fields. These methods are discussed in the next

section.

2.2 Traditional methods of wind field generation

Wind needs to be modelled properly to perform a fire simulation correctly. There are
several methods of wind generation and obtaining a stable ABL available in FDS. In the
current research, these already existing methods are termed as traditional methods’. The

following sections describe these existing methods of wind field generation.

2.2.1 Wall of Wind method

McGrattan et al. (2017d) discusses the ‘wall of wind” method as specifying any inlet
condition. FDS uses a power-law wind profile (Touma (1977)), by default, at the inlet
boundary of the computational domain. The simulated atmosphere will transition to

turbulence due to random perturbations included in the initial velocity fields. This profile
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acts as a wall of wind and sweeps through the domain; hence, generating a wind profile
across the domain and eventually establishing a statistically steady ABL. A change in the
roughness of the ground acts as a trip to enhance turbulence. The change in roughness
leads to a fully turbulent boundary layer, which will eventually (roughly) stablise over
the fire ground. In FDS, the wall of wind can be specified as follows:

u= uo(z—o)” , (2.15)

where ug is the reference velocity, called VEL in FDS, given at height z called Z0, z is
the domain height, p is empirically derived and considered to be 1/7 or 0.143 for neutral
atmospheric conditions, called PLE. In FDS, these values are specified in the SURF line

in the following manner:

H&SURF ID= ,PROFILE= , 20=10,PLE=0.143,VEL=-4.7/ power law

Here VEL represents an inlet velocity of 4.7 m/s, at a reference height of 10 m and a

power of 1/7.

2.2.2 Synthetic Eddy Method

The development of turbulent structures in a flow is one of the most important as-
pect of LES of bounded fluid flows. The infusion of random numbers or roughness trip
needs a significant distance to be travelled by the wind before becoming a fully turbulent
flow. The SEM in FDS uses the SEM developed by Jarrin et al. (2006), which reduced the
distance to be travelled before becoming fully turbulent. This method produces realistic
inflow conditions, based on the view of turbulence as a superposition of coherent struc-
tures. In this method, eddies are injected into the inlet at random positions and advect
with the inlet velocity inflow which subsequently gets rescaled to match the desired tur-
bulent characteristics (Singha Roy et al. (2018)). A log-law Pope (2001) inlet profile can be
used while using SEM in FDS. The user needs to specify the velocity scales (VEL_RMS)
of each coherent structure that adds up to the velocity field, length of eddies (L_LEDDY),
precisely the diameter of the eddies, and the number of eddies (N_EDDY) in the input
file in the VENT line in the following way:
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&VENT XB=0,0,0,300,0,100, SURF_ID = , N_EDDY=200, L_EDDY=10, VEL_RMS

=0.185/ SEM

Typically, the velocity and the length scales of the eddies should be chosen in a way
so that some turbulent statistics, usually Reynolds stresses, are reproduced. Following
the work of Jarrin et al. (2006), the total number of eddies can be calculated using equa-
tion(2.16).

N = mux(%) , (2.16)

where o (represented by L_EDDY in an FDS input file) represents the size of eddies,
which is ~ 3 times the size of grids, Vp represents the box-volume or cross-section of
the inlet where the eddies are embedded. The number of eddies (N - represented by
N_EDDY in FDS) as given in the input file, should be large enough to ensure that the
eddies cover a cross section of the inlet (Pavlidis et al. (2010)). The wind develops over
time and space, and finally reaches a fully developed flow condition albeit over a shorter

distance.

2.2.3 Mean-forcing method

McGrattan et al. (2017d) discusses that FDS uses a simple data assimilation technique
(Kalnay (2003)) known as ‘nudging’.A mean forcing term is added to the momentum
equation to push (or 'nudge’) the wind profile so that the mean velocity approaches the
specified mean value. The wind speed can be specified using SPEED or specifying any of
its components U0, V0 or W0. The mean wind flow in the domain will be driven towards
this specified velocity. This method uses the log law to calculate the wind profile varying
with height. In this method, no inlet profile is need to be specified as it is calculated au-
tomatically using the underlying log-law equations. The nudging wind speed needs to
be defined, which can be specified in the WIND line as follows:

H&WIND SPEED=6.0, DIRECTION=225., Z_REF=10, Z_0=0.03/

Here, the Z_REF refers to the reference where the inlet velocity of 6 m/s is given at 225°
and Z_0 is the aerodynamic roughness length which is different from Z0 as mentioned in

Section-2.2.1. The direction of wind is measured similarly to the normal meteorological
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convention where 0° represents a northerly wind blowing from north to south along the
direction of negative y-axis.

In order to specify a terrain modified temporally and spatially varying inlet condi-
tion, and reduce the simulation time, some modification of the underlying source code of
FDS has been made. The Pena-Blending Method has been implemented to enhance compu-
tation speed and hence reduce the time for large scale simulations. These enhancements
are explained in detail in Chapter(3). Local Heat Release Rate (HRR) limiter is also re-
introduced into the code to obtain a grid-converged solution with coarser grids which is

also discussed in Chapter(3).
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Chapter 3

Methodology and Code development

The current research predominantly aims at reducing the computational cost of a physics-
based model, and extending its simulation capacity to time varying inlet wind fields over
complicated terrain. Although only flat terrain conditions are simulated in this study, the

groundwork is being laid to account for various terrain conditions.
Research Methodology

Re-introduced combustion

model of FDS 6.2.0 Pena-Blending Method

Precursor Simulation data
(pSim)

(Reduced wind model, Analytical methods)

FIRE SIMULATIONS

1. Traditional inlet methods

2. Effect of Atmospheric
Stabilities

Figure 3.1: Schematic representation of research methodology

The current research deals with the role of wind in fire spread. Hence, this work
will comprise studies related to wind development in a simulation domain to obtain a

statistically-steady Atmospheric Boundary Layer (ABL). This is extended by studying
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the effect of wind in fire-spread. The main focus is to check the time needed to do these
simulations using FDS.

The recently developed PenaBlending method allows the ABL to develop quickly taking
into consideration velocity, temperature and terrain, and; hence, fire simulation can be
started quickly, resulting in a decrease in the overall computation time for carrying out
tire simulations. This method allows the use of time-varying wind and temperature data
obtained from any precursor simulations or reduced models, for carrying out fire simu-
lations in FDS. This method has been discussed in details in Section-3.1.1.

Some modifications have been made in the existing combustion model of FDS 6.6.0, in
order to carry out large scale fire simulations with reduced computational costs. The
combustion model of FDS 6.2.0 has been re-introduced into FDS 6.6.0 and the current
source-code used for running the simulations has an option to choose the combustion
model of 6.2.0 or 6.6.0. A detailed analysis of what has been done related to this is given
in Section-3.2.

A series of wind and fire simulations have been carried out with the existing traditional
inlet and initial wind conditions as well as with the PenaBlending method. Large and
small domain sizes, namely large and small have been considered in this study. The
computation time for all these methods has also been compared. These methods have
been discussed in detailed in Section-2.2 and the corresponding results are discussed in
Chapter 4.

The complete methodology followed is depicted in Figure-3.1. The inline source-codes
included in the following sections are the new additions to the existing code as a result

of the current research.

3.1 Assessment of Inlet and Initial Condition for fire simula-
tions

Physics-based wild fire simulations are driven by inlet boundary conditions and ini-
tial flow conditions (eg.,initial wind profile is a mean log-law profile) which model the
atmospheric boundary layer. A faithful representation of the atmospheric boundary layer
is required in order to confidently reproduce the rate-of-spread and intensity of the fire,

the heat transfer to unburnt vegetation, and the transport of smoke and combustion prod-
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ucts away from the fire ground. The inlet and initial conditions prescribed for the simula-
tion preferably lead to a realistic flow over the fire ground, which does not non-physically
develop in space or time. For example, Mell et al. (2007) uses a 1/7-power-law model at
the inlet of their simulations. While the power-law profile is a model of a turbulent flow,
the inlet condition does not include time varying turbulent fluctuations. Due to the lack
of initial perturbations in the simulation, a fully turbulent flow profile will develop in
time and space when an imposed perturbation or an obstacle is introduced, as the sim-
ulation progresses. Spatial and temporal development of the flow is undesirable for two
reasons. Firstly, simulating the developing flow requires a great deal of computational
effort to simulate the flow downstream of the fire ground and, as well as the additional
time required for the simulated flow over the fire ground, to reach a statistically steady
state. Secondly, a flow which develops, albeit slowly, over the fire ground can cause diffi-
culties of interpretation. For example, if the aim of the simulation is to study fires in the
wind field developing over a flat terrain with grass canopy, the influence of a developing
inlet and initial boundary layer flow is undesirable and needs to be minimised. There are
two main threads of physics-based wild fire simulation: simulations that seek to replicate
experimental and field observations as validation of the physics-based approach (Mell
et al. (2007), Moinuddin et al. (2018)); and simulations performed to gain additional in-
sight into observed phenomena (Morvan et al. (2009), Sutherland et al. (2017)). Currently,
discrepancies between the experimental observations are attributed to gusts and subtle
changes in the wind direction which are not often considered in physics-based modelling.
Large-scale LES simulations of weather systems are possible and may be downscaled by
interpolation to give inlet and initial conditions. Similarly, log-law models, with artifi-
cial turbulence, or mass-conserving reduced models may be used to generate initial and
boundary wind fields.

There are several ways of generating the inlet and initial flow conditions. The gold stan-
dard is a precursor simulation, where the flow is simulated over the same or similar do-
main, which is used as the inlet condition for the fire simulation. Precursors are restricted
to fully-developed turbulent flow. For fire simulations, the atmospheric boundary layer

(ABL) is typically assumed to be developed, in most of the cases. A relatively mod-
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ern technique which minimises the flow development region is the synthetic eddy method
(SEM) (Jarrin et al. (2006)). However, the SEM method still requires computational time
and additional (albeit small) domain length to obtain a fully developed turbulent flow.

The initial mean flows for the fire simulations can be generated with relative ease. For
example, we can use the log-law model (analytical approach), a mass-conserving pertur-
bation model or a large scale numerical weather prediction model as an initial mean flow
condition. Each of these methods has an associated computational cost, with the analytic
mean model being the cheapest, the perturbation method has intermediate cost, and a
large scale simulation is extremely costly. However, as discussed before, this cost needs
to be kept minimised by, for example, using the less costly methods (analytical methods
or reduced models) or re-using a precursor simulation multiple times). The challenge is
to implement these boundary conditions in a physics-based fire model. The Pena-Blending
Method helps in implementing such boundary conditions in FDS, following Vonlanthen
et al. (2016). This method inserts an artificial forcing term in the Navier-Stokes equation

to force the velocities to the desired values.

3.1.1 Pena-Blending method

Unlike the traditional wind generating models, the PenaBlending method sets both inlet
and outlet conditions; hence, it is designated as initial conditions. It sets the initial condi-
tions of the fire simulations to the initial conditions prescribed by the external model or
simulation. This can be achieved by implementing a one-way coupling algorithm in FDS.
Assuming there exists external data for u,v,w which varies in space and time. This data is
referred to as a “precursor simulation” and is abbreviated to pSim. This pSim can be a speci-
fied analytic profile (for example, generated from Matlab), generated from a known gust
spectrum, come from some other reduced models of wind fields, or some experimental
wind data. The pSim can be conducted over a larger domain with coarser resolution in
time and space than the fire-spread simulation (FS) domain, if required. The sole idea
is to develop a one-way coupling technique so that the pSim data can be used to drive a
(FS) by using the pSim data as an inlet boundary condition for the fire spread. The pSim
is enforced as an initial condition which is known as the ‘penalisation region” and then a

specific transition region, known as the ‘blending region’ is applied to smoothly transi-
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tion the simulated flow in the fire domain to the flow enforced on the boundary. This is
based on the blending method as proposed by Davies (1976). In the current study, the
Pena-Blending Method has been implemented along x-direction. The generalisation of this

method along y and z is also possible.

The pSim may have a coarser grid than the FS domain. In such a case, these are re-
quired to be interpolated in order to achieve the same grid resolution as the FS domain.
The finer scale eddies generated within the fire simulation domain may not match with
the eddies that are applied as a forcing in the penalisation region. This may give rise to
inconsistency in the turbulent structures at the inlet and outlet coupling regions. The
blending region allows a smooth transition of the eddies at the vicinity of the coupled
boundaries. At the inlet of the FS domain, eddies from the pSim are enforced by cou-
pling. They travel into the FS domain by advection and give rise to new turbulent struc-
tures as the simulation progresses. These new structures are transported to the nested
outlet. If there is no blending region used, then there are inconsistent eddies at the cou-
pled boundaries. Following Vonlanthen et al. (2016), this is depicted in Figure-3.2. Since
these two regions are required to implement this method, it has been named as the Pen-
aBlending method. In the current research, a preprocessing step is conducted to process
the pSim data into a number of files equivalent to the number of meshes, each file con-
taining the velocity data for the penalisation and blending regions on the same grid as
the FS domain. In case of a time-stepping simulation, the intermediate data at arbitrary
times between the subsequent timesteps of pSim are obtained. These data may have a
coarser grid than that required for the FDS domain. These data are then converted to
the required grid resolution, using a linear interpolation method, so that it can be fed to
FDS at required time-steps. The penalisation and blending regions are imposed using a

straightforward forcing term in the Navier-Stokes equation.
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Figure 3.2: Schematic representation of turbulent eddies in FS domain using the PenaBlending
method

3.1.1.1 Model Equations

The Pena-Blending method follows the one-way coupling method as given by Von-
lanthen et al. (2016), to blend the turbulent flow created within the simulation domain
to the turbulent conditions enforced at the boundaries. The heart of this scheme com-
prises a forcing term added to the Navier-Stokes equation. For convenience, we omit the
combustion terms because they are not relevant here.

ow; __(ow; Ou;\ 10p 0T
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aui
— 2
ox; 0, (3-2)

where 1; is the resolved part of velocities, i,j € (x,y, z) are the three spatial coordinates, p
is the fluid density, p is the resolved pressure, T;; is the deviatoric part of the stress tensor,

given by :
Tjj = Ujlj — U; U (3.3)

F represents the general forcing term used to represent physical boundaries, computation

boundary regions and other forces such as drag of canopy and can be represented as:
F = Fypiena + Fpenal + qump + Fdrug +y (3.4)

The penalisation region represents an immersed boundary method which uses the forc-

ing term of the form of Equation(3.5)

N
£
2

Ymin S Y
where, Xpenal (x/ Y, Z) -
Zmin <z

IN
N
3
g

0 otherwise,

\

The term X 0 represents that the "penalisation factor” is applied uniformly in space. The
penalisation parameter (1] yenar) is prescribed arbitrarily rather than by a physical scale. This
value should be less than 1 (7ensr < 1), so that the desired velocities can be obtained.
A ’trial-and-error” approach has been followed to determine this value in this current
work. It should be noted that the value of 17,,,, must be chosen sufficiently large so that
numerical instability is avoided . This penalisation parameter can have different values for

different velocities. The full implementation along with this region has been included in
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velo.f90 4 The part of the source code showing this region can be given in the following

lines of code:

!penalisation region start

if (pendat(l11,13) .eq.l) then !checking if the penalisation factor=1

!checking if inside penalisation boundaries

if ((Z(K).le.pendat (11,9)) .and. (Z(K).ge.pendat (11,8))) then
if ((Y(J).le.pendat (11,7)) .and. (Y (J) .ge.pendat (11,6))) then
if ((X(I).le.pendat(ll,5)).and. (X(I).ge.pendat(11,4))) then

lassigning the counter to traverse the array(pendat) where the penalisation
velocities are stored to do further velocity calculations

cntr=cntr+1l

!Adding up the any other forces (FVX(I,J,K)) with the penalisation forcing

term, (F(x,y,z)=F(x,y,z)+F_penal (x,y,z)) corresponds to Equation(3.5)

FVX(I,J,K) = FVX(I,J,K) + ((pendat(l1l,13))=*(UU(I,J,K)- pendat(ll,l4+cntr)))
/pendat (11,1)

FVY(I,J,K) = FVY(I,J,K) + ((pendat(l11l,13))=*(VV(I,J,K)- pendat(ll,l4+size(
penU0) +cntr))) /pendat (11, 1)

FVZ(I1,J,K) = FVZ(I,J,K) + ((pendat(l11l,13))*(WW(I,J,K)- pendat(ll,l4+size(

penU0) +size (penV0) +cntr))) /pendat (11,1)

endif
endif

endif

As discussed before, the blending region is similar to penalisation region but with a

smoother transition of the flow into the domain. The forcing term (Fy,,4) can be given

by:

Fytena = m(wp Sim 1) (3.6)
en

4The complete velo.f90 source code is in Appendix I
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The blending factor Xpenq varies depending on whether it is an inlet or an outlet and

the generalisation along x can be given by the Equation(3.7).

_x"i‘Xmaxfinlet if x € [Xminfinlet/ Xmuxfinlet] ’
Xble”d(x’ y,Z) = X — Xminfoutlet lf X € [Xminfoutlet/ Xmuxfoutlet] s (37)

0 otherwise

The relaxation scale(#7y;.,,4) also known as a 'blending parameter’ can be given depend-
ing on the type of pSim data. In the current study, velocity data at particular times have
been used to validate the method, which may have some turbulence information. If the
data used does not contain "turbulence’ or eddies, then difficulties of miss-matched ed-
dies do not occur. Therefore, a fixed value of 7,4 is taken, sufficient to damp the eddies
in the blending region. Therefore, this blending parameter has been determined by a “trial-
and-error’ approach, a priori, for the current study. However, for time-varying pSim data,
Npiend can be determined by the turbulence integral timescale as given by Equation(3.8)

and can be computed a priori from the pSim data.

© (ut) u(t+1))

Moend = [~ at (3.8)
o (@)

The complete code including the implementation of a blending region has been included

in the velo.f90 source file 3 This part of the implementation can be depicted by the follow-

ing lines of code:

!blending region start

!Ichecking if inside blending boundaries

if ((Z(K).le.pendat(l1l,9)) .and. (Z(K) .ge.pendat (11,8))) then
if ((Y(J).le.pendat (11l,7)) .and. (Y (J) .ge.pendat (11,6))) then
if ((X(I).le.pendat(ll,5)).and. (X(I).ge.pendat(11,4))) then

lassigning the counter to traverse the array (pendat) where the penalisation

3The complete velo.f90 source code is in Appendix I
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velocities are stored to do further velocity calculations

cntr=cntr+1l

!Adding up the any other forces (FVX(I,J,K)) with the blending forcing term,
(F(x,y,z)=F(x,v,z)+F_blend(x,y,z)) corresponds to Equation(3.6)
FVX(I,J,K) = FVX(I,J,K) + (pendat(ll,13) + pendat(ll,10)=*X(I)-((pendat(ll
,10) * (1l-pendat (11,10)) *xpendat (11,5)) /2d0) &

- (pendat (11, 10) * (1+pendat (11,10) ) *pendat (11,4) /2d0)) = (UU (I, J,K)-pendat (11
,1l4+cntr)) /pendat (11,2) &

+ (pendat (11,13) + pendat (11,11)+*Y(J)-((pendat(l1l,11)« (l-pendat (11,11))*
pendat (11, 7)) /2d0) &

- (pendat (11, 11) * (1+pendat (11,11)) *pendat (11,6)/2d0 ) ) (UU(I,J,K)-pendat (11
,l4+cntr)) /pendat (11,2) &

+ (pendat (11,13) + pendat (l11l,12)+*Z(K)-((pendat(11l,12)« (l-pendat (11,12))*
pendat (11, 9))/2d0) &

- (pendat (11, 12) * (1+pendat (11,12)) xpendat (11,8) /2d0 ) )« (UU(I,J,K)-pendat (11
,1l4+cntr)) /pendat (11, 2)

FVY(I,J,K) = FVY(I,J,K) +(pendat(11,13) + pendat (11,10)+*X(I)-((pendat (11
,10) x (l-pendat (11, 10) ) xpendat (11, 5)) /2d0) &

- (pendat (11, 10) * (1+pendat (11,10) ) *pendat (11,4)/2d0 ))*(VV(I,J,K)-pendat (11
, 14+size (penU0) +cntr) ) /pendat (11,2) &

+(pendat (11,13) + pendat (11l,11)=*Y(J)-((pendat (11,11)*(l-pendat (11,11)) *
pendat (11,7))/2d0) &

- (pendat (11, 11) * (1+pendat (11,11)) *pendat (11,6) /2d0 ) ) (VV(I,J,K)-pendat (11
, 14+size (penU0) +cntr) ) /pendat (11,2) &

+ (pendat (11,13) + pendat(ll,12)«*Z(K)-((pendat (11,12)* (l-pendat(11,12))*
pendat (11,9))/2d0) &

- (pendat (11, 12) * (1+pendat (11,12) ) *pendat (11,8) /2d0 ) ) (VV (I, J,K)-pendat (11

,1l4+size (penU0) +cntr)) /pendat (11, 2)

FVZ(I,J,K) = FVZ(I,J,K) +(pendat(l11l,13) + pendat(ll,10)*X(I)-((pendat (11
,10)* (1-pendat (11,10)) *xpendat (11,5)) /2d0) &

- (pendat (11, 10) = (1+pendat (11,10) ) *pendat (11,4)/2d0 ))* (WW(I,J,K)-pendat (11
,1l4+size (penU0) +size (penV0) +cntr) ) /pendat (11,2) &

+(pendat (11,13) + pendat (11,11)*Y(J)-((pendat (11,11)* (l-pendat (11,11)) *
pendat (11,7))/2d0) &
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- (pendat (11,11) * (1+pendat (11,11)) *pendat (11,6) /2d0 ) ) (WW(I,J,K)-pendat (11
,1l4+size (penU0) +size (penV0) +cntr) ) /pendat (11,2) &

+ (pendat (11,13) + pendat(ll,12)«*Z(K)-((pendat (11,12)* (l-pendat (11,12)) %
pendat (11,9))/2d0) &

- (pendat (11, 12) * (1+pendat (11,12) ) *pendat (11,8) /2d0 ) ) (WW(I,J,K)-pendat (11

,1l4+size (penU0) +size (penV0) +cntr) ) /pendat (11, 2)

endif
endif

endif

For implementing both the penalisation and blending regions, the same array pendat
has been used, which is re-allocated everytime with a dynamic size, everytime when the
values of these regions are read. The pendat array stores all the information related to the
penalisation and blending regions as implemented by following lines of code (included in
the read.f90 source file) 4):
pendat (11, :)=(/ penalizationParameter, blendingParameter, dampingParameter,

&
penXmin, penXmax, penYmin, penYmax, penzZmin, penZmax, &

mX, mY, mZ, b, timesttep, &

penUO0(:,:,:), penv0(:,:,:), penWO(:,:,:)/)

Here, penXmin, pen Xmax determines the penalisation and blending regions along x-direction,
penYmin, penY max determines that in y-direction and penZmin, penZmax along z-directions.
mX,mY,mZ are relevant to the blending region as they determine whether it is an inlet

or an outlet. In the current study, the inlet and outlets have been considered only along
x-direction. Hence, mY, mZ have been assigned 0 value for all the cases. These values
are set to -1 if the surface is an inlet (introducing velocity into the flow domain) in that
particular direction, 1 if the surface is an outlet (removing velocity from the flow domain)
and 0 if the surface is neither. For example, 1,0, 0 represents a blending outlet in the x-
direction, whereas 0, —1, 0 represents a blending inlet in the y-direction. It is theoretically
feasible that the boundaries change in time from having positive net flux (inlet) to neg-

ative net flux (outlet) as the wind direction changes. For simplicity, the current study

“The complete read.f90 source code is in Appendix I
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is restricted by fixing the sign of this parameter a priori. This means, the regions have
been specified globally as inlets and outlets and do not change over time. In case of the
penalisation region, all the values of mX, mY, mZ are set to 0. b represents whether it is the
blending region or penalisation region. When b = 1, it corresponds to penalisation region and
when b = 0, it corresponds to blending region. timesttep determines the time step of FS
at which the pSim data will be read. penU0(:,:,:), penVO(:,:,:), penWO(:,:, :) represents
the velocity components of pSim along x,y,z directions. An arbitrary number of blending

regions can be defined along with the penalisation region, as per the requirement.

3.1.1.2 Pre-processing of pSim data

The Pena-Blending method requires a pre-processing phase for the pSim data. As al-
ready discussed, this pSim data can be obtained from analytical methods (e.g.,generated
from Matlab), any terrain modified reduced model (eg. Windninja), field methods like a
log-law specified everywhere in the domain, or a precursor LES simulation. The FS will
typically require a finer grid than the pSim. Therefore the pSim data needs to be interpo-
lated into the finer grid similar to the FS. There can be two approaches of interpolating
this data: firstly, pSim data can be interpolated in a pre-processing step and read in a
large boundary file; or secondly, read in a small data file and interpolated in each time-
step. In the current research, we have considered that the pSim data points are uniformly
spaced in space and time. If the pSim data points are non-uniformly spaced, then a pre-
processing interpolation step to convert them to a uniformly spaced grid will be required.
FS grid points are typically uniform in space and time. Performing interpolation at each
time-step can be computationally expensive and a very complex coding structure may
be required. In order to avoid this, the pSim data points will be interpolated to the FS
grid points a priori, in a straightforward interpolation step that can be performed using
Matlab.

The main advantage of the Pena-Blending method is that time-varying velocity data can
be read for performing fire simulations in FDS. The velocity data will be in the form
of csv files, with information of all the velocities at each grid point and each desired
timestep (1, v, w, t;) where t; is the timestep of the pSim data. It is not a practical approach

to read pSim data for each and every simulation of time-steps. For instance, suppose
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a representative simulation has 500 points in both x and y directions and 100 points in
z direction. For a single time-step, the size on the disc pSim will be approximately 230
megabytes. Suppose the time step of the pSim simulation is 1 second. Typically, a fire
simulation is of the order of minutes, which implies that the total file size can increase
to as much as 115 gigabytes, which is impractical. In order to cope up with this situ-
ation, the coarse spatial pSim data is interpolated at every n simulation time-step to FS
resolution and loaded into the memory once and for all at the start of the simulation.
Loading pSim data at fewer timesteps can further reduce the memory usage. Within the
FDS code, each mesh is treated separately and a simulation domain may be composed
of several meshes. Therefore, the pSim data must be decomposed into pieces of data for
each particular mesh in the FS. Provided that the grid sizes are known, the interpolation
from coarser pSim grid to a grid equivalent to FS is straightforward and has a very low
computational cost. Therefore, spatial interpolation at each time-step is performed on the
coarse pSim data and the data files are read ‘once-and-for-all” at the start of the simulation.
This requirement could be relaxed later on, by reading several different wind field files
throughout the simulation. The algorithm for pre-processing of pSim data is depicted in

Figure-3.3.

3.1.1.3 Reading the data files and penalisation region

The most challenging part of the process is to read the penalisation regions from the
input file and the corresponding csv files to calculate the velocity. A new namelist group
PENA has been introduced in FDS 6.6.0 to input the penalisation data in the input file.
The namelist PEN A should be written in following way in the FDS input file:

&PENA penalizationParameter=2,
pena_I=6,

pena_J=40,

pena_K=80,

dataFileName=

/

&PENA blendingParameter=le-1,

pena_I=6,

pena_J=40,
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Time-steps T(i)

v

Read the pSim data at T(i)
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Figure 3.3: Flowchart representation of the pre-processing algorithm for pSim data

pena_K=80,

dataFileName=

Here the penalizationParameter and blendingParameter represents the 1,ena1 and piena
respectively, and pena_I, pena_], pena_K represents the number of grid points in three
different directions in the penalisation and blending regions. The dataFileName reads
in the csv file with the pSim data. This csv file should comply with the following for-
mat as depicted in Figure-3.4. penXmin, penXmax defines the penalisation/blending
region extent along x-direction, penYmin, penYmax defines that along y-direction and
penZmin, penZmax along z-direction. mX, mY, mZ depicts whether it is inlet or out-
let along x, y, z-directions, b represents whether this is penalisation region or blending

region and pena_I, pena_], pena_K have similar values as that in input file. The time-
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step value is depicted in the next line of the csv file, below which there are the velocity

component data along x, y, z-directions.

ﬁ)enXmin penXmax penYmin penYmax penZmin penZmax mX mY mZ b pena | pena) pena K ]
0 b 0 40 0 80 0 0 0 1 3 2 80

2\ Data with details of

- Time-step value penalization/blending regions
4,6848

4.6848
46848
46848
46348
4,6348
4.6348
46348
4.6848
4.6348
46848

= - Velocity components along x, y, z directions

o O O O O O O O O o o
oo O O O O O O o o o

Figure 3.4: Format for writing out pSim data

There may be as many penalisation/blending regions as required and the number of
these regions are counted using the following snippet of the read.f90 °:

!counting the number of penalisation regions mentioned in input file

COUNT_PEN_LOOP: DO

CALL CHECKREAD (' PENA’,LU_INPUT, IOS)

IF (IOS==1) EXIT COUNT_PEN_LOOP

READ (LU_INPUT, NML=PENA, END=66, ERR=17, IOSTAT=IOS)

!write (*, nml1=PENA)

!'print*, ’pena_I, pena_J, pena_K =’, pena_I, pena_J, pena_K
npen=npen+1l

pendat_size (npen)=(pena_I +1)x*(pena_J +1)*(pena_K +1)

ENDDO COUNT_PEN_LOOP

Each csv file read with pSim data is read and stored into dynamic arrays, to be later used

in calculating the velocities at each time-step. This can be depicted in the following code-

5The complete read.f90 source code is in Appendix I
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segment from read.f90: °

READ (fileread, ) !skipping the first line
READ (fileread, ) penXmin, penXmax,pen¥Ymin,penYmax, penZzmin, penZmax,nX,mY,mz,b
ypena_I, pena_J, pena_K

READ (fileread, ») timesttep

if (ALLOCATED (penU0)) deallocate (penU0)

allocate (penUO0 ( (pena_I+1), (pena_J+1l), (pena_K+1)))

if (ALLOCATED (penV0)) deallocate (penVvo0)

allocate (penVO ( (pena_I+1), (pena_J+1), (pena_K+1)))

if (ALLOCATED (penW0)) deallocate (penWO)

allocate (penWO ( (pena_I+1), (pena_Jd+1), (pena_K+1)))

DO penZ=1,pena_K+1
DO pen¥Y=1l,pena_J+1
DO penX=1l,pena_I+l1l
READ (fileread, », IOSTAT=IERROR) penUO (penX, penY¥Y, penz) ,penV0 (penX, penY, penz),

penWO (penX, pen¥Y, penz)

IF (IERROR/=0) THEN

penU0 (penX, penY, penz)=0._EB
penVo0 (penX, pen¥Y, penz)=0._EB
penW0 (penX, pen¥Y, penz)=0._EB
ENDIF

ENDDO

ENDDO

ENDDO

The implementation cases for working of the PenaBlending method are discussed in
Chapter 4. The implementation cases comprise of both wind and fire simulations. Tables-
3.1 and 3.2 provide the list of simulation cases for the current study. Table-3.3 provides
the list of all the parameters used for carrying out the wind and fire simulation in the

current study.
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Table 3.1: Wind simulation cases - for both large and small domain

Generation Mean Turbulent
Case method Profile Profile
wind1 Wall-of-wind (2.2.1) 1/7—power-law  Random number
wind2 SEM (2.2.2) Log-law SEM
wind3 Mean-forcing (2.2.3) Log-law Random Number
wind4 PenaBlending Method (3.1.1) Log-law Random Number
demo Windninja Terrain perturbed SEM

Table 3.2: Fire simulation cases - for both large and small domain

Generation Mean Turbulent
Case method Profile Profile
firel Wall-of-wind (2.2.1) 1/7—power-law Random Number
fire2 SEM (2.2.2) Log-law SEM
fire3 Mean-forcing (2.2.3) Log-law Random Number
tire4  PenaBlending Method (3.1.1) Log-law Random Number

fireb Underdeveloped ABL 1/7—power-law Random Number
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Table 3.3: Simulation parameter values and characteristics - (a) Numerical parameters used for
small domain and large domain for both fire as well as wind-only simulations mentioned in 3.2 and
3.1; (b) List of boundary conditions used for wind-only and fire simulations; (c) Fuel parameters
used for running fire simulations.

Numerical

parameters (small domain)

Domain size

130 x 40 x 80 m

Grid spacing  dx(for 50 < x < 90) = dy = z(for z < 6m) = 250 mm (fire simulations)
0x(for 50 < x <90) = oy = éz(for z > 6m) = 1.0 m (fire simulations)
dx(for x < 50,x > 90) = éy = 6z = 1.0 m (fire simulations)
6x = 6y = 0z = 1.0 m (wind-only simulations)

Burnable 40 m X 40 m

grass plot

Turbulence Deardorff Model C, = 0.1

model

Numerical parameters (large domain)

Domain size

Grid spacing

Burnable
grass plot
Turbulence

model

600 x 300 x 100 m

dx(for 300 < x < 400) = oy = dz(for z < 6m) = 250 mm (fire case)
0x(for 300 < x < 400) = dy = 1.0m, éz(for z > 6m) = 0.5 m (fire case)
dx(for x < 300,x > 400) = dy = 2.0m, 6z = 1.0 m (fire case)

ox = 0y = 2m, 6z = 1.0 m (wind-only simulations)

100 m X 300 m

Deardorff Model C, = 0.1

(a)
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Boundary conditions

wind simulations

Lateral

Bottom (ground)
Top (sky)

Inlet

Roughness length z
Leddy

N, eddy

Oeddy(large domain)

Oeddy(small domain)
Outlet
Temperature BCs

Periodic (wind1, wind?2)

Open (wind3)

Free-slip, no normal velocity (wind4)
No-slip

Free-slip, no normal velocity
Refer to Table-3.1

0.9m

10 m (for wind?2)

40 (for wind2)

1.0ms lifz < 20m

05ms 1if20 <z <40m

Oms lifz>40m

0.185 ms !

Open (wind1, wind2, wind3, wind4)
zero fluxes

Boundary conditions

fire simulations

Lateral

Bottom (ground)
Top (sky)

Inlet

Roughness length z
Leddy

Neddy

Teady(large domain)

Periodic (firel, fire2, fireb)
Open (fire3)

Free-slip, no normal velocity (fire4)
No-slip

Free-slip, no normal velocity
Refer to Table-3.2

09m

10 m (for fire2)

40 (for fire2)

1.0ms lifz <20m

0.5ms 1if20 <z < 40m
Oms lifz>40m

Oeday(small domain) 0.185ms !

Outlet Open

Temperature BCs zero fluxes
(b)
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Fuel Parameters Used Values Source

Drag coefficient 0.125 Following Morvan and Dupuy (2004)
Vegetation load 0.4245 kg m~—2 Following Moinuddin et al. (2018)
Vegetation height 0.315m Following Moinuddin et al. (2018)
Moisture content 0.063 % Following Mell et al. (2007)

Element surface/ 9770 m~! Following Mell et al. (2007)

volume ratio

Element density 440 kg m~3 Following Moinuddin et al. (2018)
Char fraction 17% Following Moinuddin et al. (2018)
Emissivity 99 % Following Mell et al. (2007)

Maximum mass loss rate 0.15 kg m?s~! Following Mell et al. (2007)

()

In order to carry out fire simulations, a combustion model is needed. A reaction rate
limited combustion model is required to reduce the computational expense, as well as re-
duce the numerical instabilities. Moinuddin et al. (2018) used grid convergence based on
combustion model of FDS 6.2.0 and before. That grid sensitivity study is not valid for the
current FDS 6.6.0, and hence the combustion model of FDS 6.2.0 has been re-introduced.

The re-introduction is explained in the next section.

3.2 Re-introduction of FDS 6.2.0 Combustion Model into FDS
6.6.0

The rate of heat generation by fire, known as the Heat Release Rate (HRR) is a very
critical parameter to characterize a fire. There are various methods to estimate it. FDS

calculates the Heat Release Rate per unit volume (HRRPUYV, q”’) using Equation(3.9).
q/// _ 2 m;/c/ A Hf,a (39)
4

where i1, represents the lumped species mass production rates and AH fa Tepresent
the respective heat of formation. FDS while doing the calculations for computing HRR,
certain critical point calculation, like the moment of ignition, can lead to very high local

reaction rates. This could be as a result of limitations of the model or lengthy time-steps
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or both. Such fictitiously high reaction rates can cause numerical instabilities. In order to
prevent this, an upper bound needs to be imposed on the local HRRPUV. In the previous
versions of FDS (FDS 6.2.0), the combustion model had this limiting upper bound on
HRRPUV. Following the scaling analysis of pool fires ¢ by Orloff and De Ris (1982), FDS

imposes an upper bound using Equation(3.10).

Gupper = 200/6x + 2500(KW /m?) (3.10)

where dx represents the characteristic cell size (in metres) and the value 200KW /m? is
the upper bound on the heat release rate per unit area of the fire flame section, obtained
empirically.

With the release of newer versions of FDS, this reaction rate threshold has been re-
moved. These versions expect the computation grid to be sufficiently resolved to avoid
such numerical instabilities. Hence, the current version of FDS (FDS 6.6.0), that has been
used in current research, does not have this HRRPUV upper bound. However, for large
scale wildfire simulations, it is difficult to maintain such smaller grid resolutions through-
out as it will increase the computation cost extensively. In order to avoid this, the upper
bound threshold equation has been re-introduced in the combustion model of FDS 6.6.0.

This has been done with the following purpose :

e to be consistent with the previous fire simulations that were carried out by Moin-

uddin et al. (2018).

e to use the grid resolution for fire simulations from the grid sensitivity analysis as

done by Moinuddin et al. (2018) using FDS 6.2.0.
e to avoid the restrictive grid resolution requirement and avoid numerical instabili-

ties for large-scale fire simulations

3.2.1 Implementing the re-introduced combustion model in FDS 6.6.0

The implementation has been done in a way so that there is an option for the user

to choose between the in-built combustion model or the newly introduced combustion

6Pool fire can be defined as a pool or pile of flammable substance catching fire.
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model of FDS 6.6.0. In order to make this selection, the user can put the following com-
mand in the MISC line :
&MISC COMBUSTION_MODEL_SELECT = COMBUSTION_-TWO, SIX = .FALSE./

Selecting this model will invoke the reaction rate limiters using the Equation(3.11)

— HRRPUA_SHEET/9x + HRRPUV_AVERAGE (3.11)

qmax
similar to FDS 6.2.0 McGrattan et al. (2015). This has been included in the fire.f90 ! source

file with the following source-code:

! Upper bounds on local HRR per unit volume

Q_UPPER = HRRPUA_SHEET/CELL_SIZE + HRRPUV_AVERAGE

The default values for HRRPUA_SHEET is 200 KW /m? and that of HRRPUV_AVERAGE
is 2500 KW /m?3. These default values were obtained from Orloff and De Ris (1982). These
parameters can be changed with user defined values in the MISC line as discussed in Mc-
Grattan et al. (2015).

In order to select the in-built combustion model of FDS 6.6.0, the user needs to mention
the following in the MISC line :

&MISC COMBUSTION_MODEL_SELECT = COMBUSTION_SIX, SIX = .TRUE./
Upon selecting this, the existing combustion model will be invoked and the heat calcula-
tions will be carried out accordingly. However HRRPUA_SHEET and HRRPUV_AVERAGE
options will be disabled in the MISC line, and providing values to these in the input file
will produce error and the simulation will be stopped. A select-case statement has been

written in the read.f90 2 source file as given below:

SELECT CASE (TRIM(COMBUSTION_MODEL_SELECT))
CASE ( )
COMB_MODEL=COMBUSTIONSIX

CASE ( )
COMB_MODEL=COMBUSTIONTWO

END SELECT

These options are given in Table-3.4 for clarity.

IThe complete fire.90 source code is in Appendix A (A.1)
2The complete read.90 source code is in Appendix I
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Reaction Rate
Input Parameters Value Limiter
Parameters
Existing
Combustion | COMBUSTION_MODEL_SELECT| COMBUSTION_SIX -
Model
SIX TRUE -
New
Combustion | COMBUSTION_MODEL _SELECT| COMBUSTION_TWO | HRRPUA_SHEET
Model
SIX FALSE HRRPUV_AVERAGE

Table 3.4: FDS input parameters to be used for selecting the combustion model

The new combustion model has been checked in FDS 6.6.0 with that in FDS 6.2.0 using

two cases as discussed in the below Subsection-3.2.2.

3.2.2 Verification Cases

FDS has been subjected to a number of validation and verification cases which can
be found in McGrattan et al. (2017c). couch.fds is an example case for modelling coupled
pyrolysis and combustion as given by McGrattan et al. (2017c). This example case has
been run using the newly re-introduced combustion model in FDS 6.6.0 and the results
are compared with that of the existing combustion model of FDS 6.6.0 and 6.2.0 to verify
that the new combustion model is working. This is a simple example of a burning couch,
where the fuel is considered as propane, the couch is made of fabric, foam , gypsum plas-
ter with all properties mentioned in the input file, and the ignitor has been considered
as a point source. The fire is started by a cylindrical ignitor particle with surface tem-
perature of 1000°C. A uniform grid resolution of 0.1m X 0.1m X 0.1m has been taken in
this case. The detailed information about this case can be found in the Verification suite
of FDS (https://github.com/firemodels/fds/tree/master/Verification/Fires). The simulation cases
have been run using both the combustion models to verify whether the models are giving

identical results. Figure-3.5 shows the domain setup for this case.

The HRR values have been plotted, which designates the intensity of the fire. Figure-
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Figure 3.5: Domain setup for the couch case

3.6 represents the HRR comparison of the fire generated by the original combustion
model of FDS 6.6.0 with the selection of the same model using
COMBUSTION _MODEL_SELECT ="COMBUSTION_SIX" in MISC line for the edited
FDS 6.6.0.

Figure-3.7 represents the HRR comparison of the fire generated by the combustion
model of FDS 6.2.0 and that with selection of the option COMBUSTION_MODEL_SELECT
=‘COMBUSTION_TWO' in the edited version of FDS 6.6.0. For both the cases, it is found
that the figures clearly represent that the values are exactly the same and overlap each

other, concluding that the newly introduced input parameters are working as expected.

For verifying the working of the new re-introduced combustion model in FDS 6.6.0 for
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] ©  Unedited FDS 6.6.0 combustion model
— — — Edited FDS 6.6.0 - COMBUSTION_SIX

Figure 3.6: Heat Release Rates comparison of in-built combustion model for edited and unedited
versions of FDS 6.6.0 for couch case

350

i ©  FDS 6.2.0 combustion model
300 4 |— — —Edited FDS 6.6.0 - COMBUSTION_TWO

60C

Figure 3.7: Heat Release Rates comparison of FDS 6.2.0 combustion model and identical model
introduced in FDS 6.6.0 for couch case

fire over vegetation, simulation was run following Moinuddin and Sutherland (2019). In
this simulation, a single tree with a set-up similar to the experiment performed by NIST
(National Institute of Standards and Technology) with a Douglas fir tree species (Mell

et al. (2009)) was burned. In this experiment trees 2.25 m high were placed on custom
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stands to dry. After this process, they were set on fire using circular natural gas burners.
The simulation carried out is similar to the experiment performed by Mell et al. (2009).
In the simulation, a single tree is modeled with four different sized particles namely: fo-
liage, small roundwood, medium roundwood and large roundwood. All these particles
are considered to have a cylindrical shape. The fire was ignited using a burner similar to
the experiment. This simulation has been recently carried out by Moinuddin and Suther-
land (2019). As a part of the current work, this case has been considered as an example to
verify the working of the re-introduced combustion model in FDS 6.6.0 and to compare
the results with that of the existing combustion model of FDS 6.6.0 and that of FDS 6.2.0.

The graphical representation of this simulation is given in Figure-3.8

Figure-3.9 represents the HRR comparison of the fire generated by the original com-
bustion model of FDS 6.6.0 with the selection of the same model using
COMBUSTION _MODEL_SELECT ="COMBUSTION _SIX' in the MISC line for the edited
FDS 6.6.0 similar to the previous case. It was observed that the plots overlap each other
reasonably; hence, showing the option in the edited version was working properly. The
small differences were attributed to the changes in other sub-models (from FDS 6.2.0 to

FDS 6.6.0)

Figure-3.10 represents the HRR comparison of the fire generated by the combustion
model of FDS 6.2.0 and that with selection of the option COMBUSTION_MODEL_SELECT
=‘COMBUSTION_TWO' in the edited version of FDS 6.6.0, similar to previous case. It
is observed that the edited combustion model plot follows a similar trend as the native
combustion model of FDS 6.2.0 towards the start and end of the plot. There are some
variations towards the peak, and both the plots do not overlap completely there. Over-
all, it can be concluded that the plots agree with each other reasonably well with slight
variations. These variations can be attributed because of the changes in sub-models from
FDS 6.2.0 to FDS 6.6.0. This shows that the combustion model of FDS 6.2.0 which is

re-introduced into FDS 6.6.0 is working correctly and gives reasonable results.
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Figure 3.8: Tree burning case: This figure shows the temperature contours of burning the tree rep-
resented by the green triangle. The red colour represents the maximum temperature ( 1020°C),the
fire plume region and the blue colour represents minimum temperature, the smoke region
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Figure 3.10: Heat Release Rates comparison of FDS 6.2.0 combustion model and identical model
introduced in FDS 6.6.0 for the tree burning case
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Figure 3.9: Heat Release Rates comparison of in-built combustion model for edited and unedited
versions of FDS 6.6.0 for the tree burning case

This chapter gives a detailed overview of the code implementations that have been
performed in the current study. Chapter 4 includes some case studies that have been car-
ried out using the edited FDS 6.6.0, which prove the validity of the PenaBlending method.
All the fire simulations conducted in this study use the new re-introduced model of FDS

6.2.0 in FDS 6.6.0.
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Chapter 4

Test Results and Discussions

The effectiveness of the inlet condition implementation by the PenaBlending Method as
discussed above has been tested in two sets of idealised simulations in a channel-flow
configuration. The first set of simulations, referred to as wind simulations, is used to as-
sess the development time and the quality of the developed atmospheric boundary layer.
The PenaBlending Method has been compared to all the traditional methods (2.2) which are
available in FDS. The second set, referred to as fire simulations is a set of fire simulations
using different approaches of initialisation to directly quantify the effect of the initial and
inlet conditions on fire simulation. In order to validate the new method, two types of
domain sizes have been used which are named Large domain and Small domain. The de-
tailed specification of these two domain types are given in Section-4.1. The ability of the
PenaBlending method to model the effect of gusting wind on fire is demonstrated. Using
wind fields from terrain modified reduced wind models, like Windninja, into FDS, have

also been tested.

4.1 Simulation Domain

A proper domain set-up is necessary to carry out simulations. The size of the external
domain should be chosen so that it is able to capture all the pertinent fluid structures. In
the current study, two types of domain size have been considered which are termed ‘small
domain” and ‘large domain’ in this thesis. The external sizes of the small domain have been
chosen following Singha Roy et al. (2018) and the large domain has been chosen following

Sutherland et al. (2018) for both the wind and fire simulations. The simulation domains
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are setup in a channel-flow configuration. The height of the domain is chosen so that it
is able to capture the plume (Moinuddin et al. (2018), Mell et al. (2007)). An infinitely
long line fire is simulated following Linn et al. (2012) in the cross-stream direction. This
means that the line -fire is extended throughout the width of the domain. This results in
fire properties like depth of fire front, flame length, flame angle and rate-of-spread (RoS)
of fire not varying along the cross-stream direction (in this case the y-direction). This
configuration has been followed in the current study so that the fire-spread results can be
easily averaged across the domain.

The small domain has a dimension of 130 m x 40 m x 80 m and is divided into a range
of sizes. To avoid any instabilities or error in simulation, the aspect ratio is maintained
less than 2 for each grid cell. For wind simulations, an uniform grid-resolution of 1 m
is set for all the three directions (x,y,z) Table-3.1. For the fire simulations, a uniform
grid-resolution of 0.25 m is maintained on the fire-plot upto z = 6 m. The rest of
the domain has a uniform grid-resolution of 1 m. A list of numerical parameters used
for the small domain is in Table-3.3-a. The burnable grass plot of dimension (40 m X
40 m) is located at x=40 m from the inlet, followed by a non-burnable grass plot of 50
m down-stream before reaching the outlet. Enough distance is maintained in the up-
stream of the fire plot to let the wind develop and reach a required state for starting the
fire simulation. Similarly, enough distance in down-stream is also maintained so that
the plumes can travel and escape the domain and finally, extinguish the fire completely.
The fuel parameters are given in Table-3.3-c. Figure-4.1 represents a generalised domain

set-up for the small domain.
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Figure 4.1: A generalised schematic representation of Small Domain for simulation, representing
the external dimensions, fire-line, fire plot and a slice of establishing ABL

The Large domain has a dimension of 600 m x 300 m x 100 m. The domain is divided
into grid cells of various resolutions, as per requirements, with an aspect ratio maintained
to be > 2 m, similar to the small domain. For the wind simulations, a 2 m X 2 m X
1 m grid-resolution is maintained uniformly throughout the domain. In case of the fire
simulations, a grid-resolution of 0.25 m x 0.25 m x 0.25m is maintained over the fire plot
upto z = 6 m. Above the fire plot (form z > 6 m), a resolutionof 1 m x 1 m x 0.5 m
is maintained and the upstream and the downstream of the fire plot hasa2 m x 2 m X
1m grid-resolution. The summary of these numerical parameters is given in Table-3.3-
a. The fire plot of dimension 100 m x 300 m in the large domain is located at x = 300
m from the inlet, stretching throughout the width of the domain (y = (0,300)), with a
down-stream of a further 200 m having non-burnable grass, similar to small domain. The
fuel parameters are similar to the small domain and are given in Table-3.3-c. Figure-4.2

represents a generalised domain set-up for the large domain case.
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Figure 4.2: A generalised schematic representation of the large domain for a simulation represent-
ing the external dimensions, fire-line, fire plot and a slice of establishing ABL

4.2 Boundary Conditions

Boundary conditions play an important role in any type of simulation. A proper in-
let boundary condition needs to be prescribed to obtain appropriate results from a fire
simulation. The simulations carried out to test the PenaBlending Method in the current
study are done in neutral atmospheric stability conditions, which means there is no effect
of applied surface heat flux on any of the simulations. The PenaBlending Method sets the
boundary conditions of the simulation domain similar to the boundary conditions of the
external model or simulation (pSim) as discussed previously. In this study, the PenaBlend-
ing Method is applied only along the x-direction. Hence, the boundary conditions along
x-direction are set as per pSim. So, for the modified FDS 6.6.0, in case of both wind and
fire simulations, a free-slip or no normal velocity conditions are used in cross-stream di-
rections, and at the top of the domain. The ground is prescribed as a solid boundary and

is set to no-slip. The ground has vegetation comprising burnable and non-burnable grass.
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A grass height of 0.315m has been taken as an inlet condition for all the simulations. A

detailed overview of the fuel properties is given in Table-3.3-c

The simulations using wall-of-wind method (windl and firel) have an inlet of a 1/7-
power law wind profile and an open outlet. The lateral or cross-stream boundaries are set
to be periodic along with a no-slip and free-slip boundary conditions at z = 0 and z = 80
(for the small domain) and z = 100 (for the large domain) respectively. Both the SEM
(wind2 and fire2) and the mean-forcing (wind3 and fire3) methods have a log-law mean flow
inlet profile as given in Tables-3.2 and 3.1. The details of the boundary conditions for
all the simulation are summarized in Table-3.3-b. The schematic representations of the
boundary conditions for the small and large domain is represented by Figures-4.3 and 4.4.
The next sections discuss the results of the proposed simulations, both fire and wind, to

implement the PenaBlending Method.
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4.3 Wind-only cases - results and discussion

Development of wind to a statistically steady state is very important for starting the
fire simulation. A steady-state wind condition ensures that the wind fields do not spuri-
ously develop across the fire ground, leading to spurious simulation results. This section
shows implementation of cases of PenaBleding Method against the traditional methods in the
absence of a fire. The results of PenaBlending Method are compared with those obtained
by the traditional methods. All the wind velocity results are averaged both in time and
space denoted by (u)s. For convenience, the velocities are denoted by u and the mean
velocity is denoted by . The main purpose of averaging across the domain is to reduce
the noise, thereby making trends in the data more apparent.

Using the PenaBlending method, the wind develops with time as depicted in Figure-4.5

as follows.

(a) Before starting simulation (at time=0s) (b) Penalisation and Blending regions fixed
atinlet and outlet (at time=2s)

(c) Gradual development of flow field (at time=70s) (d) A fully developed flow field (at time=150s)

4 60

0.20 1.30 2.40 350 5.15 5.70

Figure 4.5: Development of wind-field using the PenaBlending method for large domain

The figure depicts a case with large domain. At 0 s, there is a zero velocity prevailing

throughout the domain as depicted in Figure-4.5-a. The PenaBlending Method is applied
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at the inlet and outlet where pSim data is read, at 2 s in this case as in Figure-4.5-b. As
the simulation progresses, the wind field is developed from inlet towards outlet as de-
picted at 70 s. Figure-4.5-c depicts this scenario. By 150 s a fully developed wind field

is obtained throughout the domain, as seen in Figure-4.5-d and a fire simulation can be

commenced.
Table 4.1: Sampling time for large and small domain

Parameters Small Domain Large Domain

Spin-up time : ~ 600 — 800 s(wind1) ~ 1000 s(wind1)

~ 400 — 500 s(wind2) ~ 800 s(wind?2)

> 100 s(wind3) > 150 s(wind3)

~ 80 — 100 s(wind4) ~ 200 s(wind4)

Total Simulation time : 3000 s 5000 s

Measurement time : ~ 1s (varying) ~ 1s (varying)
Time (improvement):  wind4 is ~ 85% of wind1l  wind4 is ~ 80% of wind1
wind4 is ~ 80% of wind2  wind4 is ~ 75% of wind2
wind4 is similar to wind3  wind4 is similar to wind3
Accuracy(uqp) : wind4 is ~ 97% of windl =~ wind4 is ~ 96% of wind1

wind4 is ~ 100% of wind2 wind4 is ~ 97% of wind2
wind4 is ~ 96.6% of wind3 wind4 is ~ 98% of wind3
Figures(4.6-a, 4.7-a) Figures(4.6-b, 4.7-b)

As the simulation progresses, the wind field is developed from the inlet towards the
outlet as depicted at 70 s. Figure-4.5-c depicts this scenario. By 150 s a fully developed
wind field is obtained throughout the domain, as seen in Figure-4.5-d and a fire simula-
tion can be commenced.

For the traditional method, the wind simulations for the small domain have been run for
3000 s and those for the large domain for 5000 s to test the wind development time. It

has been observed that, in the case of the small domain, the spin-up time 3 for windl is

3The time taken by the simulation to reach a statistically steady state wind profile
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~ 600 — 800 s, wind2 is ~ 400 — 500 s and wind3 is less than 100 s to reach a statistically

steady state for starting fire. The spin-up time using the PenaBlending method, on the
other hand is ~ 80 — 100 s to start a fire simulation. For a large domain, the spin-up time
for wind1 is ~ 1000 s, wind2 is ~ 800 s and wind3 is less than150 s. In this case, the spin-up
time for the PenaBlending method is ~ 200 s. It is observed that the spin-up time for the
PenaBlending method is comparable to that of the mean-forcing method (wind3 case). The
sampling time for each simulation is summarised in Table-4.1.

The parameters used for running the simulations have been summarised in Table-3.3-
a,b,c. The numerical parameters (Table-3.3-a) and the boundary conditions (Table-3.3-b)
have been chosen for the scenarios simulated in the current work to obtain numerical’
results. These values can be varied as required. The fuel parameters (Table-3.3-c) have
been obtained from the literature as cited in the table. The simulations using the Pen-
aBlending method uses a penalisationParameter of 0.1 and blendingParameter of 1.0 for
both the small and large domains. The pSim data is synthetic data generated using analyt-
ical methods, employing Matlab for testing purposes. All the other required parameters

have been summarised in Table-4.2.
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Table 4.2: Parameters used in the PenaBlending method for both large and small domain

Small Domain

Large Domain

Domain Dimension: 130m X 40m X 80m Domain Dimension: 600m X 300m X 100m

penalisationParameter : 0.1
blendingParameter: 1
penXmin : 0 (penalisation-inlet)
6 (blending inlet)
113 (blending outlet)
119 (penalisation outlet)
penXmax : 6 (penalisation-inlet)
12 (blending inlet)
119 (blending outlet)
125 (penalisation outlet)
penYmin : 0
penYmax : 40
penZmin : 0
penZmax : 80
mX : 0 (penalisation inlet and outlet)
-1 (blending inlet)
1 (blending outlet)
mY:0
mZ:0
b : 1 (penalisation inlet and outlet)
0 (blending inlet and outlet)
pena.l: 6
pena_] : 40
pens_K : 80

penalisationParameter : 0.1
blendingParameter: 1
penXmin : 0 (penalisation-inlet)
10 (blending inlet)
580 (blending outlet)
590 (penalisation outlet)
penXmax : 10 (penalisation-inlet)
20 (blending inlet)
590 (blending outlet)
600 (penalisation outlet)
penYmin : 0
penYmax : 300
penZmin : 0
penZmax : 100
mX : 0 (penalisation inlet and outlet)
-1 (blending inlet)
1 (blending outlet)
mY:0
mZ:0
b : 1 (penalisation inlet and outlet)
0 (blending inlet and outlet)
penal:5
pena_J : 150
pens_K: 100
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Following the discussion in Section-4.2, the boundary layer for all the simulations
performed is driven by either a log-law or a (1/7)" power-law inlet profile. The wind
profile in the domain should follow a realistic wind profile for the lower atmosphere
(Wyngaard (2010)). In order to verify the profile obtained in the wind simulations, the
mean velocity profiles are obtained, as shown in Figure-4.6, where the change in the u-
velocity is plotted against the domain height, averaged in space and time. An average
u-velocity at height 10 m, referred to as 139 has been maintained at ~ 5.5 m/s for the
small domain and ~ 5 m/s for the large domain. In case of the small domain (Figure-4.6-a),
these profiles are obtained at 50 m upstream of the inlet and averaged over the fire plot
of 40 m x 40 m. For the large domain (figure(4.6-b)), these profiles are plotted at 300 m
upstream of the inlet and averaged over the fire plot of 100 m x 300 m. It is observed
that the velocity profile of the wind simulation using the PenaBlending method(wind4) rea-
sonably collapse on those obtained from the reference cases, using the traditional method
(wind1, wind2, wind3) with an expected wind profile for both the domains (Moinuddin
et al. (2018)), hence verifying a correct implementation of the wind development using
the PenaBlending Method. Figure-4.7 shows the semi-logarithmic plot of mean-velocity
profiles for both the domains, to verify the robustness of the ABL simulation. These pro-
files are taken over the fire-plot, similar to the mean velocity profiles for both domains.
It is observed that all the four profiles reasonably collapse on each-other from z = 10 m
onwards with some variations for both the domains and a logarithmic layer. The log-law
plotted is observed to be parallel and fitting to the mean-velocity profiles. In the current
study, only the 119 at the inlet has been tried to match to see the developed wind-field
for comparison. It is observed from these profiles that the u, velocity for different cases
varies prominently for the small domain; whereas the variation is lesser for the large do-
main. The same wind field has been used to carry out the fire simulations which are

discussed in Section-4.4.
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4.4 Fire cases : results and discussions

After the implementation and the testing has been completed with the wind develop-
ment over the simulation domain, the results can be used to start the fire simulation. An
infinitely long fire is simulated across the width of the domain (along y; Section-4.1) in
all the cases; this minimises any variation along the y-direction of fire quantities such as
RoS and flame front width. The initial and inlet conditions for all the fire cases are taken
similarly to the wind cases. In order to obtain satisfactory results of the fire quantities,
the fire is ignited after a statistically steady wind field is developed, which is judged from
the wind-only simulations. The boundary fuel used is grass and the corresponding fuel
properties used have been summarised in Table-3.3-c. The fire-plot consists of burnable-
grass, which starts burning after the fire is ignited and burns out all the grass to reach
the end of the fire-plot. Finer grid resolution of 0.25 m x 0.25 m is selected based on the
grid convergence study of Moinuddin et al. (2018), upto a height of z = 6 m for both
the domains. The quantities like rate-of-spread are noisy because of turbulence in the fire
flame. Therefore, to reduce the noise and to allow easier interpretation, a domain average
RoS has been plotted for all the cases.

Figure-4.8 shows how the fire progresses across the fire-plot of 40m x 40m for the small
domain for all the fire simulation cases. The fire propagation contour is taken at various
time-steps to show the fire propagation with time. Four time-steps have been chosen to
represent this. For the small domain, the fire locations have been taken att =0s,t = 14s,
t = 20sand t =time at which fire reaches the end of the plot. For the large domain, the fire
locations have been taken att = 0s,t = 15, t = 30 s and t =time at which fire reaches
the end of the plot. In both the domains, it is observed that the flame is wider for fire4 case
using the PenaBlending method as compared to the other three cases, and hence, the flame
front reaches the end of the fire-plot much faster as compared to the other cases (Figures-
4.8-d and 4.9-d). This case requires ~ 18 s and ~ 38 s to reach the end of the fire-plot
for the small and large domains respectively. For the large domain, fire3 also reaches faster
(Figure-4.9-c) as compared to firel and fire2, and takes ~ 45s to reach the end of fire-plot.
For the rest of the cases, the fire requires ~ 24 s and ~ 50 s to reach the end of the fire-plot

for the small and large domains respectively. All the fire simulations have been run using
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the same wind-field that is used in the wind simulation, where only u at the inlet has
been matched. Figure-4.7 shows that the u; shows considerable variations in the case of
the small domain, whereas the large domain shows lesser variations. Because of this, the
flame width varies in the fire cases, resulting in faster propagation for some cases. To test
the actual fire propagation variation, ideally at the ignition line, 1, (considering the mid-
flame height) should be matched. This was done by Moinuddin et al. (2018) and such
an approach can be the subject of future studies especially in relation to the PenaBlending
method. In both cases, the ignition was started using an ignitor as a linefire across the
width of the domain. This ignitor was on for 11 s. As the fire transitions from the burn-
able to non-burnable grass, poorly resolved burning continues downstream of the plot.
Hence the non-zero HRR for a short distance downstream of the burnable area is seen in

Figures-4.8 and 4.9.
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(©) (d)

Figure 4.8: The fire propagation contour for a small domain with a fire-plot of (40m X 40m)
where the green area represents the "burnable grass plot” and the non green area represents the
"non-burnable grassplot’. The propagation of fire is represented at various time-steps for (a) firel;
(b) fire2; (c) fire3; (d) fire4 cases. The first three cases requires almost equal times (~ 24s) to burn
through the fire plot, whereas fire4 requires much lesser time (~ 18s).
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t=0s t=15 s t=50s

t=0s t=15 s t=50s

t=0s t= 15 s t=45 s

(d)

t=0s t=15s t=30s t=38s

Figure 4.9: The fire propagation contour for a large domain with fire plot of (100m X 300m)
where the green area represents the ‘burnable grass plot” and the non green area represents the
"non-burnable grassplot’. The propagation of fire is represented at various time-steps for (a)firel;
(b)fire2; (c)fire3; (d)fire4 cases. The first two cases requires almost equal times (~ 50s) to burn
through the fire plot, whereas fire3 requires ~ 45s and fire4 requires ~ 38s to do so.
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To compare the fire simulation using the PenaBlending method, various fire parameters
can be used such as HRR, rate-of-spread (RoS), flame length, flame angle. As discussed
in Moinuddin et al. (2018), Heat Release Rate (HRR) is a primary characteristic of fire,
and is related to Bryam’s fire intensity. HRR can be considered fundamentally as the
power of the fire. However, rate of spread of the fire (RoS) is often of primary interest to
tire behaviour analysts who wish to predict the movement of a fire across the landscape
(Moinuddin et al. (2018)). RoS depicts the fire-spread rate as a function of time. Hence, in
the current study, these two parameters have been used for comparing the PenaBlending
method for fire simulations against those using traditional methods.

As discussed in Section-2.1.5, the location of the fire-front (x,) can be determined by the
the x-location of the temperature(T) which is greater than 400 K. At the back of the fire,
the grass or fuel may not be fully converted to char and the ground temperature should
be higher. Therefore, (x.) can be considered as a very good a good indication of the
fire-front location. Figure-4.10-a,b represents the fire front location as a function of time
over the fire-plot for the small and the large domains respectively. This parameter can
be used to define rate-of-spread (RoS) of the fire in the current study. The RoS is the

time-derivative, i.e.:

dx,

RoS = T

(4.1)

Figure-4.11 represents the boundary temperature plots which depict the fire width for
both the domains. It is observed that the fire width (the pyrolysis region represented by
yellow colour) for fire4 using the PenaBlending method is large as compared to the other
cases for both the domains. This results in faster burning of the fuel and the fire-front
reaches the end of the fire-plot quicker. This can be due to the variation in the u in case
of fire4 as compared to other cases, as previously discussed. It can be observed that the u,
velocity variations for a small domain are greater than those of the large domain for fire4
case. Hence, the fire-width for fire4 in case of the small domain is larger compared to that
of the large domain. The boundary conditions used can also contribute to these variations.

This also results in high HRR and RoS of fire4 simulation case which is discussed later.
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Figure 4.10: The fire front (x.) location in four fire cases (firel; fire2; fire3; fire4 as a function of
time for (a) small domain and (b) large domain, over the fire-plot.
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Figure 4.11: The boundary temperature contours showing the fire-front propagation over the fire
plot for all the fire simulation cases:(a) firel; (b) fire2; (c) fire3; (d) fire4 for (i) small domain
and (ii)large domain. The legend shows the temperature variation in K. The pyrolysis region
is obtained when temperature becomes greater than 400K, which is represented by the yellow

contours.
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Figure-4.12 depicts the HRR obtained for all the fire cases for both the large and the
small domain. Considering the small domain (Figure-4.12-a, the HRR for firel, fire2 and
fire3 have almost similar pattern and takes almost ~ 24 s to travel to the end of the fire
plot. The fire4 case is observed to have a very high HRR and takes only ~ 18 s, to reach
the end of the fire plot. Considering the large domain cases (Figure-4.12-b, the HRR for
firel, fire2 and fire3 cases follows a similar pattern with minimum variations. fire4 is ob-
served to have a very high HRR and reaches the end of fire-plot in ~ 38 s, which is much

faster when compared to the other cases.
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The Figure-4.13 shows the RoS comparisons for all the fire cases for both small and
large domains. It is observed that for the small domain, all the three fire cases (firel, fire2,
fire3) reach the end of fire-plot by ~ 24 seconds. Near the start of the fire, the RoS is
maximum for all these cases and then reaches a quasi-steady state of ~ 2 — 2.5 m /s before
the fire reaches the end of the fire plot. In the case of fire4, the RoS increases initially and
then reaches a quasi-steady state of ~ 3 —3.5 m/s and then reaches the fire-plot end
within ~ 18 seconds. Similarly, considering the large domain, it is observed that firel
and fire2 require ~ 50 seconds to burn all the fuel, whereas fire3 requires ~ 45 seconds
to complete burning of the fire-plot. All these three cases reach a quasi-steady state of
~ 2.5—3 m/s. On the other hand, the PeaBlending method (fire4) finishes burning in ~
37 seconds and acquires a quasi-steady state of ~ 3 — 3.5 m /s before completely burning
the fire-plot. These times are mentioned with approximate values as there may be some
fluctuation of these time values when the same simulation is run on different computers
with varying parameters such as number of nodes, CPUs per nodes and speed of each
node. Moinuddin et al. (2018) discuss the fact that a minor difference in wind speed
and direction can have a considerable effect in the simulation results. Figure-4.7 shows
that there are some differences in the mean velocity fields for all the cases. Therefore it
can be concluded that the differences introduced in the wind fields by the different inlet
conditions leads to the variation in the RoS and HRR for all the fire simulation cases.
Table-4.3 gives an overview of time for the fire flame to reach the end of the fire plot for

all the fire cases for both the domains.

Table 4.3: Time for the flame to reach the end of fire-plot for small and large domains

Small Domain Large Domain
firel: ~24s firel: ~50s
fire2: ~24s fire2: ~50s
fire3:~ 24 s fire3: ~45s
fire4 :~ 18 s fired: ~ 38s
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4.5 Effect of under-developed wind field on fire simulation

It has been previously discussed that a statistically stable and developed wind-profile
is required for starting any fire simulation in order to get non-distorted fire parameters.
But, what would be the consequences of an under-developed wind field at the start of
the fire? This section will discuss using underdeveloped wind fields and their effect on
fire propagation simulations. In this case also, one scenario each for the small domain and
the large domain has been considered. An under-developed wind field is defined to be a
wind field that is still developing through the domain and has not reached a statistically
steady state for starting a fire. The burnable grass-plot for these cases is set near the inlet,
so that a minimum up-stream of the fire plot is allowed, and the wind is not allowed to
develop over the space before the fire simulation starts. For both the domain sizes, the
fire-plot is set at 25 m from the inlet and all other conditions are set similar to firel case.
This case is depicted as fireb case in Table-3.2. For the small domain, the fire is ignited at
1 s, immediately after the start of the simulation, whereas for the large domain the fire is
ignited after 100 s of starting the simulation. Figures-4.14-a,b represent the RoS of the
underdeveloped-fire (fire5) with that of the wall-of-wind method (firel) for the small and
the large domains respectively. In both the cases, it is observed that the fireb is stopping
before that of the firel case. For the small domain, the underdeveloped wind field gives a
fire which burns only 1 s shorter than that of firel. It can be argued that the non-burnable
grass plot leading to the ignition line is so short and the u;( velocity is so high thatby 1s,
anon-zero wind develops over the fire plot. In the large domain case, it is observed that the
RoS declines rapidly to zero almost 5 s before that of firel, which is a significant amount
(10% difference). Interestingly, the most prominent differences are before 25 seconds.
However, the fires appear to converge to a similar RoS after that time. It can be argued
that the wind-field is not completely developed in such a small upstream of 25m, and
hence there is a considerable amount of decrease in RoS for an underdeveloped wind

profile.
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Figure 4.14: The RoS comparison for underdeveloped-wind field for fire simulations (fire5) com-
pared with the wall-of-wind method (firel) for: (a) small domain and (b) large domain. In both
the cases, all the conditions parameters used, boundary conditions and inlet method are same
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4.6 Gusting effect of wind on fire

The PenaBlending Method provides the ability for FDS to read different velocity fields
at various time-steps from any external model or data (called pSim data). This section val-
idates this ability with three sets of simulations. To observe the effect of gusting winds on
a fire simulation properly, a large domain has been considered with domain configuration,
fuel parameters and boundary conditions identical to fire4 case, discussed previously.
Two different velocity fields have been considered in this case, one with ujp=~ 4.8 m/s
denoted by velol and the other with ujp=~ 7 m/s denoted by velo2. The fire is ignited
at 250 s after the start of the simulation for all three cases. For the first case, velol is read
as pSim data at 2 s after the start of the simulation. For the second case, velo2 is read at
2 s after the start of the simulation. For the third case, velol is read at 2 s after the start
of the simulation. The simulation progresses and the fire starts at 250 s. As the fire pro-
gresses towards the middle of the fire-plot, a gust of velo2 is introduced at ~ 270 s (20s
after the start of the ignition) and is used for completing the rest of the burning process.
Figure-4.15 shows the velocity profiles used and their corresponding contours of average
boundary temperatures. Figure-4.15-a depicts that it takes ~ 38 s for the fire to propagate
over the burnable grass-plot, burning all the fuel. On other hand, Figure-4.15-b depicts
that with velo2, which is faster than velol, it takes ~ 28 s for the fire to travel over the
fire plot. Figure-4.15-c represents the gusting effect of wind on fire propagation and is

observed to have taken ~ 32 s to propagate over the fire-plot.
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Figure 4.15: The average boundary temperature contours: (a) velol with u;g = ~ 4.8 m/s is
read at 2 s after the simulation starts ; (b) velo2 with w9 = ~ 7 m/s is read at 2 s after the start
of simulation ; (c) This figure shows the average boundary temperature contour when a gust of
wind is applied in the middle of fire simulation. velo2 is read at 20 s after the start of ignition, in
the middle of burning, with velol read initially at 2 s after the start of simulation

81




Test Results and Discussions

The RoS has also been compared among all the three cases, which provides a clear
insight of how the fire is propagating and how the gust of wind is affecting the fire. This
is depicted in Figure-4.16. From the figure, it is observed that velol,velo2 plots collapse
completely over velol plot upto ~ 19 s since the fire ignition (269 s of simulation time), as
velol was used as initial velocity for the third case. At the 20" second, velo2 is introduced.
Therefore, it is observed that there is a sudden increase in the RoS, which is highlighted
with a ‘red bracket’, and then falling back to 0 as the fire consumes the fuel over the fire
plot faster. It is interesting to note that the fire response is almost instantaneous to the
change in the wind velocity. It can be concluded that the gusting wind takes a time in
between that of velol and velo2 for propagating the fire over the burnable fire-plot. This
proves the ability of the PenaBlending method to model the effect of gusting winds on fire,

by allowing various velocity profiles as various time-steps, as per requirement.
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Figure 4.16: Rate-of-spread comparison of fire simulations with velocityl(velol), velocity2(velo2)
and gusting effect of velol and velo2. The area marked with a red semi-circle shows how an

increase in velocity during a fire propagation changes the RoS and hence blows the plume out of
the domain faster.
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4.7 Modelling wind using reduced wind model to use with Pen-
aBlending method

Windninja is a simple diagnostic wind model which has been developed and main-
tained by the USFS Missoula Fire Sciences Laboratory (Forthofer et al. (2014b)). It applies
all required physics, including the conservation of mass and momentum, to account for
terrain and temperature effects on an initial flow field obtained from a point measure-
ment or a coarse scale prognostic weather model. The computational requirement for
Windninja is much lower than prognostic models. Moreover, this wind model has the
ability to simulate terrain and temperature modified wind at less than 50-m scales, which
can be beneficial for fire management. This property of Windninja can be utilized to re-
duce the spin-up time for physics-based modelling. Windninja has two solvers: conser-
vation of mass solver and conservation of mass and momentum solver. The conservation of
mass solver is the fast-running solver; whereas, the conservation of mass and momen-
tum solver is a new solver introduced in Windninja with limited features based on Open-
FOAM toolkit (http://openfoam.org). All the technical information about these solvers
can be found in Forthofer (2007), Forthofer et al. (2014b), Forthofer et al. (2014a). In the
current study, the conservation of mass solver has been used which is discussed below in

Section-4.7.

Conservation of mass solver

The mass conserving model of Windninja conserves the mass while mathematically
minimizing the change from an initial wind field with an imposed boundary condition.
As discussed in Forthofer (2007), the only physics incorporated in this type of model is
the conservation of mass (Chan and Sugiyama (1997), Montero et al. (1998), Ross et al.
(1988), Sherman (1978)). Other effects including momentum or density driven flow, tur-
bulence are partially accounted for if this information is present in the initial wind field.
The model runs very fast as its approximation of governing equations is much simpler.
The conservation of mass simulations usually gives less accurate results during stronger

winds in the lee sides of the mountains and ridges where recirculation eddies may occur.
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These can be accounted for better using the conservation of momentum equation, which
is not included in this solver. Although this solver produces large errors on the lee side
of the mountains and ridges, it can successfully capture the overall trend in wind speed.
This solver captures best results in the upstream and top of the mountains. The conser-
vation of mass solver can quickly compute the wind fields in seconds to a few minutes
when run on a typical laptop computer using one CPU. The governing equations and

other models included in Windninja are discussed in details in Forthofer (2007).

= 4 1 3D-grid visualization of the same

data as obtained from Windninja

000
w0 wind_vectors Magnitude
1.346e401

EWGJ

Stretched grids along vertical
direction (z-axis)

Figure 4.17: The 3D grid representation of the simulated wind field in Windninja. The grid
generated is parallel to the underlying terrain.

Windninja documentation includes a number of tutorials. Wind ninja only requires a
small number of user inputs (including wind height, input wind speed, direction, time,
DEM file, mesh resolution and vegetation type). The first tutorial (Tutoriall) instructs the
user through a step-by-step process of using Windninja. It also provides a sample DEM
file to test, which complies with the Windninja requirements for practicing. This tool is
specifically designed for simulating the terrain and temperature effects on the wind flow.
A small number of user inputs are required for this model (as discussed in Tutoriall).

For the current study, this tool has been run for a flat terrain type for obtaining the re-
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duced wind for pSim data. The modelling domain considered is a DEM (Digital Elevation
Model) of an area of 1.17 km x 1.17 km with latitude and longitude of 35° 45" South and
146°6” East, near the northern boundary of Melbourne, Australia. An average speed of
10m/s has been considered as a domain average input speed. When running Windninja
with required parameters, the simulated is reduced to 3D wind data. The simulation was
completed in 4.52 seconds. The 3D wind data obtained is shown in Figure-4.17. The simu-
lated wind data provides vertically stretched grids. This means, the vertical dimensions
of the cells increase with height above the ground. Since the domain considered is a flat
land with minimum terrain perturbation, the wind velocity at a certain height remains al-
most constant. The wind velocity increases with an increase in height until it reaches the
maximum domain height where there is free flow of air with a maximum wind speed.
The horizontal resolution considered in this scenario is 23 m, which is very coarse as
compared to physics-based modelling. This data needs to be converted to a required
finer grid resolution similar to the FDS domain to be used as pSim data. This can be done
by the method of interpolation. The stretched non-uniform coarser grids of Windninja
data are interpolated into the required uniform fire grids (similar to wind4 case for small
domain). The initial and final grids as well as the corresponding wind profiles are de-
picted in Figure-4.18-a. The area considered for Windninja is very big (1.17km x 1.17km)
as compared to that of the required penalisation and blending regions for FDS. Hence, a
portion of the Windninja data has been cut out as required to be used as pSim data for

FDS simulation. This has been depicted in Figure-4.18-b.
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Test Results and Discussions

This interpolated data is used as pSim data to develop a statistically steady wind
field. In this case, the small domain has been considered with similar configuration and
properties as wind4 case. The parameters used for the PenaBlending method in this case
is the same as that in Table-4.2. The wind is developed over the FDS domain using the
Windninja data as shown in Figure-4.19.

el

mrs

t=0s

t=10s

t=50s

Figure 4.19: Development of wind profile over the domain using Windninja data over various
time-steps: (a) at time=0s; (b) at time= 2s, when the Windninja data is read at inlet/outlet; (c)
at time=10s, depicting the wind developing from the inlet; (d) at time=50s, depicting a fully
developed wind profile obtained.

It is observed that a fully developed wind profile is obtained as quickly as ~ 50 s
from the start of the simulation. The average wind profile over the fire plot is given by

Figure-4.20, which resembles an atmospheric boundary layer, as expected.
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Figure 4.20: Mean velocity profile over the fire-plot using Windninja data as pSim data for Pen-
aBlending method.

After a statistically stable wind profile is obtained on running the simulation with
Windninja data, a fire was ignited similar to the previous cases at ~ 200 s after the start
of the simulation. It is observed from the velocity profile, the (u)19 = ~ 7m/s, and the fire
head progresses faster over the fire plot as shown in Figure-4.21. It is observed that the
fire reaches the end of the fire plot by ~ 18s. The corresponding RoS and the boundary
temperature contour profiles can be given in Figure-4.22. The RoS is seen to achieve a

quasi-steady state at ~ 3.5 m/s and reaches the end of the fire-plot by ~ 18s.
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t=0s t=14s

Figure 4.21: The fire propagation over the fire plot using Windninja data at: time=0s; time=10s;
time=14s; time=18s.
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Figure 4.22: (a) The RoS profile for fire over the fire plot using Windninja data; (b) The boundary
temperature contour showing the fire front propagation over the fire plot

In summary;, this section includes a small case study to show that besides the synthetic
data generated using Matlab, terrain modified wind data obtained from reduced wind
models like Windninja can also be used as inlet conditions in FDS using the PenaBlending
method. A corresponding fire simulation using Windninja data has also been done to
show the results follows similar trend as the cases discussed before and hence verifying

the potentiality of the PenaBlending method.
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Chapter 5

Conclusion and Future Directions

The most important contribution of this study is implementing the PenaBlending method
to reduce the spin-up time for physics-based fire modelling (FDS). From Table-4.1, it is
seen that the PenaBlending method is ~ 80 — 85% faster than the wind1 and wind?2 for the
smaller domain and ~ 75 — 80% faster than wind1 and wind2 for the larger domain. It
does not show any notable improvement in time when compared to wind3 in both do-
main cases. The accuracy of mean-velocity profiles obtained by using the PenaBlending
method is good, with slight variations when compared to the traditional wind generation
methods (as shown in Table-4.1). The gusting effect of wind on fire is also tested using
this method in Section-4.6. The secondary contribution of this study is to bring back the
combustion model of FDS 6.2.0 as an alternative option in FDS 6.6.0, to reduce the compu-
tational cost and obtain grid converged results for field-scale fire simulations. FDS 6.6.0
was chosen for this study to investigate its Monin-Obukhov (mean-forcing method) op-

tion.

Wildland fires form an intrinsic part of the Australian, as well as many other coun-
tries” emergency events that result in loss of life and property. The damage caused by
such fires increases the need to understand fires in order to predict and manage the risk.
Several numerical modelling techniques have been developed. Among those, physics-
based models are currently promising models to simulate actual wildfires in future. Cur-
rently, only idealized wildfires are being modelled, which agree closely with the observed

behavior and are predominantly used for research purposes. One such model, FDS has
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been used for modelling wind and fires. A flat terrain and uniform fuel of grass has been
used in all the simulations in the current study. One of the major shortcomings of FDS
is that it is computationally expensive. This study investigates this shortcoming of FDS
and tries to improve it by introducing a new initial flow method which is termed as the
PenaBlending method. This is fast and has some additional capabilities. A detailed code
implementation of the PenaBlending method in FDS is discussed. The input parameters
required to run the simulations using this method have also been discussed thoroughly.
Two sets of simulations, namely wind and fire simulations have been conducted to investi-
gate the results obtained using this new method. Simulations of wind and fire were carried
out using the existing wind methods of FDS, termed as traditional methods in this study
to verify the working of the PenaBlending method. Two sets of domain sizes were used,
namely a small domain and a large domain, to verify the robustness of the new method and
is independent of the size of the domain used. For some case studies, such as using data
from Windninja, the small domain is used to demonstrate the ability. FDS version 6.3.0 on-
ward requires very fine mesh resolution to obtain grid converged results, which in turn
contributes to increase in computation time. The reaction rate limiter (similar to versions
before FDS 6.3.0) has been re-introduced in FDS 6.6.0 to curb the requirement of very fine
mesh over the fire ground and thereby considerably decreasing the computation time for
fire simulations. Two reference cases are tested to show that the combustion sub-model
is correctly implemented in FDS 6.6.0. Following the grid convergence study by Moin-
uddin et al. (2018), a mesh resolution of 0.25m x 0.25m x 0.25m has been used over the
burnable fire plot for all the fire simulations. All the simulations were carried out in neu-
tral, atmospherically stable conditions. Some simulations with different stabilities were

conducted and presented in Appendix(C).

Firstly, the wind simulations were carried out to test how fast a statistically steady
state wind field is achieved using the PenaBlending method as compared to the existing
traditional methods. It is observed that this novel method produces a steady-state wind
field faster than that produced by the wall-of-wind method without SEM (wind1) and with
SEM method (wind?2). It is observed that the spin-up time of wind using the PenaBlending
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method is as low as ~ 80 s for the small domain and ~ 200 s for the large domain. It is
also observed that this novel method gives comparable results with that using the mean-
forcing method (wind3). It can be argued that the PenaBlending method can be preferred
over the mean-forcing method as the PenaBlending method has certain additional abilities
such as using terrain modified wind field. A detailed overview of the time improvement
and accuracy of the PenaBlending method is given in Table-4.1. Furthermore, Appendix(C)
shows that the mean-forcing method (also known as Monin-Obukhov method with neu-
tral stability) gives unreliable results with fire, when different stability values are used.
This shows that it is still too pre-mature to conduct fire simulations. The PenaBlending
method uses external data (referred to as pSim data) from other reduced wind models or
generated from analytical methods. The external data generated can be in coarser grid
resolutions and hence will not be expensive to compute; for example, 4.25 s for generat-
ing data over an area of 1.17km X 1.17km using Windninja - Section-4.7 as opposed to a
precursor simulation, like using a wall-of-wind method, that requires several minutes to
hours to generate a wind field to be used in the main simulation. Moreover, wind data
can be read-in as pSim data at various time-steps to model the gusting effect of wind on

fire (refer to Section-4.6). This cannot be done using the traditional methods.

A set of fire simulations have also been carried out in this study in both the domain
to verify the working of the PenaBlending method on fire simulations and these have
been compared against traditional methods. Fire parameters like RoS and HRR have been
compared as these are the most important parameters which researchers, as well as the
end-users, are interested in. It has been observed that the PenaBlending method generates
more RoS and HRR as compared to traditional methods. This can be explained because in
this study, the wind profiles for all the cases have been matched u1g at the inlet. Figure-
4.7 shows that u; velocity of the PenaBlending method is more than that of the traditional
methods, which plays a major role in RoS and HRR, thus increasing it (Moinuddin et al.
(2018)). The overall profiles are matched reasonably well with that of traditional methods
for both the domains, which verifies the working of the new method. In the current study,

PenaBlending method has neither been tested for different atmospheric stabilities, nor for
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different terrain conditions. A set of simulations have been run with different stabilities
as a preliminary study as a part of the Appendix, showing Monin-Obukhov as imple-
mented in FDS is pre-mature to study fire simulations and needs further investigation,

which is out of the scope of the current study.

5.1 Future work and recommendations

The simulations that are carried out in this study have been conducted on a flat terrain
with smaller fires, and structures like trees, buildings, slopes or any other obstructions
have not been incorporated. Hence, the PenaBlending method has been implemented and
checked for flat terrain, but can be extended further on complex terrain as a part of fu-
ture research. The domain of application is also smaller as compared to the real-time
extensive fires which spread for several kilometers. Within the domain considered in the
current research, the coupling is effectively both ways. This means that the fire feels the
atmosphere and the atmosphere feels the fire. However, the large scale atmospheric pro-
cesses that are involved in extensive and devastating fires like "the blow-up fires” (McRae
and Sharples (2013)) cannot yet be captured in physics-based simulations, which needs
to resolve the small spatial scales. Currently, the PenaBlending method is applied only
along x-direction. This can be later extended to be applied along y and z-directions and
to incorporate more complex wind patterns into FDS, for a future study. Furthermore,
gusting effects of wind or wind direction change on fire spread can also be investigated
further for complex terrains. The current study has implemented and tested the Pen-
aBlending method for neutral atmospheric conditions only. Implementing and testing the
PenaBlending method with different stability conditions also needs to be explored further,
as the current study is restricted to neutral atmospheric stability only.

The physics-based modeling of fires has improved dramatically over the past decade and
has become the current state-of-the-art in predicting and simulating wild-land fires. The
present work contributes to that improvement by allowing more realistic wind fields to
be used for doing fire simulations. The present work has resulted in a new inlet-outlet
PenaBlending method which allows FDS to take realistic wind-fields from other reduced

models like Windninja as input for carrying out fire simulations; hence, reducing the

93



Conclusion and Future Directions

computation cost of the model. Physics-based modelling will likely supplement empir-
ical research and operational modelling in the short term, and may become the norm
in future. Physics-based modelling is rapidly becoming a "virtual experiment facility’.
Moinuddin and Sutherland (2019) demonstrates this fact by assessing the model’s capa-
bility to simulate transitioning from a forest floor fire to a crown fire, subsequently lead-
ing to a quasi-steady state RoS. They have also demonstrated how well the simulation
results agree with the experimental results of the tree fire. Moreover, these models can
provide insight into the physical mechanisms which results in different fire behaviours
including RoS. Sutherland and Moinuddin (2019) have also explored the possibility of
performance-based design for wildland building standards. They have also provided
insight into how physics-based simulations of realistic fires impacting on the proposed
structures will become a routine part of the design process in future. The major drawback
of physics-based simulation remains the high computational cost. The current research
contributes towards this knowledge and provides a gateway to reduce computational
cost. As stated by Cruz et al. (2017), the physics-based models provides an acceptable
representation of wildland fire behaviour and are preferred by wildland fire researchers
because of the difficulties, costs, danger to life and constraints associated with outdoor

experimental fires.
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Appendix A

Source Code files for edited portions of FDS

This section provides the source code of some of the files that have major code changes
related to this research. The complete source code can be found in (https://drive.

google.com/open?id=18uQEmprdpmNDgBGIDVswu9ER_mHpN9HO).

A1l fire.f90

1 || MODULE FIRE

2

3 || ! Compute combustion

4

5 || USE PRECISION.PARAMETERS

6 || USE GLOBAL.CONSTANTS

7 || USE MESH_POINTERS

8 || USE COMP_FUNCTIONS, ONLY: SECOND

9

10 || IMPLICIT NONE

11 || PRIVATE

12

13 || TYPE(REACTION_TYPE) , POINTER :: RN=>NULL()
14 || REAL(EB) :: Q.UPPER

15 || LOGICAL :: EXTINCT1 = .FALSE. !'changed name to EXTINCT1 for 6.2.0

17 || INTEGER :: NM
18 || REAL(EB) :: T,DT

20 || PUBLIC GET.REV _fire
21 || PUBLIC COMBUSTION

23 || CONTAINS

25 || SUBROUTINE COMBUSTION(T,DT,NM)

27 || INTEGER, INTENT(IN) :: NM

28 || REAL(EB) , INTENT(IN) :: T,DT

29 || REAL(EB) :: TNOW

31 || IF (EVACUATION.ONLY (N\M) ) RETURN

33 || TNOW=SECOND()

35 || IF (INIT-HRRPUV) RETURN

37 || CALL POINT-TO-MESH (NM)

39 || SELECT-COMB: SELECT CASE (COMBMODEL)
41 || CASE (COMBUSTIONSIX) SELECT-COMB

43 || CALL COMBUSTION.GENERAL(T,DT) !combustion model for 6.6.0

45 || CASE (COMBUSIIONTWO) SELECT_COMB
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Source Code files for edited portions of FDS

47 || I Upper bounds on local HRR per unit volume

48 || QUPPER = HRRPUASHEET/CELL_SIZE + HRRPUV_AVERAGE

é(’; CALL COMBUSTION.GENERAL1(T,DT) !combustion model for 6.2.0
g; END SELECT SELECT-COMB

gi IF (CCIBM) CALL CCREGION.COMBUSTION(T, DT ,NV)

;2 T-USED(10)=T-USED (10)+SECOND () -INOW

;g END SUBROUTINE COMBUSTION

Zg SUBROUTINE COMBUSTION.GENERAL_1(T,DT)

g; ! Generic combustion routine for multi—step reactions

63

64 || USE PHYSICAL.FUNCTIONS, ONLY: GET_SPECIFIC.GAS.CONSTANT,GET-MASS_FRACTION_ALL, GET_SPECIFIC_HEAT,
GETMOLECULAR WEIGHT, &

65 || GET_SENSIBLE_.ENTHALPY Z, IS_REALIZABLE , LES_FILTER_ WIDTH_FUNCTION

66 || USE COMPLEX.GEOMETRY, ONLY : IBM.CGSC, IBM.GASPHASE

67 || INTEGER :: 1,],K,NS,NR,II,]J KK, IIG,]JJG ,KKG,TW,N,CHEM.SUBIT.TMP

68 || REAL(EB) , INTENT(IN) :: T,DT

69 || REAL(EB) :: ZZ.GET(1:N.TRACKED.SPECIES) ,DZZ(1:N.TRACKED_SPECIES) ,CP,H.S.N,&
70 || REAC.SOURCE.TERM.TMP (N_TRACKED SPECIES) ,Q REAC.TMP (N_REACTIONS)

71 || LOGICAL :: Q_EXISTS

72 || REAL(EB) , POINTER, DIMENSION (: ,:,:) :: ZETA_P=>NULL() , AIT_P=>NULL()

73 || TYPE (REACTION.TYPE), POINTER :: RN

74 || TYPE (SPECIES.MIXTURE.TYPE), POINTER :: SM

75 || LOGICAL :: DOREACTION, REALIZABLE

76

77 || Q = 0._EB
78 || Q-EXISTS = .FALSE.
79

80 || CHIR = 0..EB

81 || IF (REACSOURCE.CHECK) QREAC=0..EB
82
83 || IF (TRANSPORT_UNMIXEDFRACTION .AND. &

84 || COMPUTEZETA SOURCE.TERM ~ .AND. &

85 || TRANSPORT_ZETA SCHEME==1 ) CALL ZETAPRODUCTION(DT) ! scheme 1: zeta production before mixing
86
87 || ZETA.P => WORK1

88 || ZETAP = 0..EB

89 || IF (TRANSPORT-UNMIXEDFRACTION) ZETAP = ZZ(:,:,: ,ZETAINDEX)
90
91 AIT_P => WORK2

92 || AIT_P = 0..EB

93 || IF (REIGNITION.MODEL) AIT.P = AIT
94
95 || DO K=1,KBAR

9% || DO 7=1,JBAR

97 || ILOOP: DO I=1,IBAR

98 || ! Check to see if a reaction is possible

99 IF (SOLID(CELLINDEX(I,]J,K))) CYCLE ILOOP

100 || IF (CCIBM) THEN

101 || IF (CCVAR(I,J,K,IBM.CGSC) /= IBM.GASPHASE) CYCLE ILOOP
102 || ENDIF

103 || ZZ.GET = ZZ(1,],K,1:N_TRACKED_SPECIES)

104 || IF (CHECK.REALIZABILITY) THEN

105 || REALIZABLE=IS_REALIZABLE (ZZ_.GET)

106 || IF (.NOT.REALIZABLE) THEN

107 || WRITE(LUERR, *) 1,],K

108 || WRITE(LU_ERR, %) ZZ_GET

109 || WRITE(LU_ERR, *) SUM(ZZ.GET)

110 ([ WRITE(LU_ERR, *) 'ERROR: Unrealizable mass fractions input to COMBUSTION.MODEL’
111 || STOP.STATUS=REALIZABILITY_STOP

112 || ENDIF

113 || ENDIF

114 || CALL CHECK REACTION.1

115 || IF (.NOT.DOREACTION) CYCLE ILOOP ! Check whether any reactions are possible.

116 || DZZ = ZZ.GET ! store old ZZ for divergence term

117 ,/***************************************************************************************
118 ! Call combustion integration routine for Cartesian cell (I,],K)

119 || CALL COMBUSTION.MODEL-1(T,DT, ZZ.GET,Q(1, ] ,K) ,MIX.TIME(I,] ,K) ,CHL.R(I,] ,K) &

120 || CHEM SUBIT.TMP, REAC SOURCE.TERM-TMP, Q_ REAC.TMP, &

121 || T™P(T, ] ,K) RHO(I,] ,K) MU(T,]J ,K) ,KRES(T,] ,K), &

122 || ZETAP(1,] ,K) ,AIT-P(I,],K) ,PBAR(K,PRESSUREZONE(I,] ,K)),&

123 || LES_FILTER-WIDTH-FUNCTION (DX(I) ,DY(]) ,DZ(K)) ,DX(I)*DY(])*DZ(K) )

124 ottt otttk ok sk ok sk sk ok oK oK oK oK oK 5K 5K 5K 5K 5K K K oK oK oK oK oK oK o o o o o o o o o o o o o KKK KKK KKK K KKK KKK K K K K K oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK
125 || IF (OUTPUT.CHEM.IT) CHEM.SUBIT(I,] ,K) = CHEM_SUBIT_TMP

126 || IF (REACSOURCE.CHECK) THEN ! Store special diagnostic quantities

127 || REACSOURCETERM(I,] ,K,:) = REACSOURCE.TERM.TMP

128 || QREAC(I,],K,:) = QREAC.TMP

129 || ENDIF

130 || IF (CHECK_REALIZABILITY) THEN

131 || REALIZABLE=IS_REALIZABLE (ZZ_GET)

132 || IF (.NOT.REALIZABLE) THEN

133 || WRITE(LU_ERR, *) ZZ_GET,SUM(ZZ.GET)
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134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207

208
209
210
211
212
213
214
215
216
217
218
219
220

WRITE(LU.ERR, *) 'ERROR: Unrealizable mass fractions after COMBUSIION.MODEL’
STOP.STATUS=REALIZABILITY_STOP

ENDIF

ENDIF

DZZ = 7ZZ.GET — DZZ

! Update RSUM and ZZ

DZZ.IF: IF ( ANY(ABS(DZZ) > TWOEPSILON-EB) ) THEN

IF (ABS(Q(I,],K)) > TWO.EPSILON.EB) Q-EXISTS = .TRUE.

! Divergence term

CALL GET.SPECIFIC_HEAT (ZZ.GET,CP,TMP(1,] ,K))

CALL GET_SPECIFIC.GAS.CONSTANT (ZZ.GET,RSUM(I ,J ,K))

DO N=1,N_.TRACKED_SPECIES

SM => SPECIES_MIXTURE (N)

CALL GET.SENSIBLE_ENTHALPY_Z(N,TMP(I,] ,K) ,H.S.N)

DSOURCE(T,] ,K) = DSOURCE(I,] ,K) + ( SMPRCON/RSUM(I,] ,K) — HS.N/(CP+IMP(1,] ,K)) )+DZZ(N)/DT
MDOTPPP(I,],K,N) = MDOT.PPP(I,] ,K,N) + RHO(I,] ,K)*DZZ(N) /DT
ENDDO

ENDIF DZZ_IF

ENDDO ILOOP

ENDDO

ENDDO

IF (TRANSPORT.UNMIXEDFRACTION) ZZ(: ,:,: ,ZETAINDEX) = ZETA_P

IF (TRANSPORT-UNMIXED FRACTION .AND. &
COMPUTE_ZETA SOURCE.TERM AND. &
TRANSPORT ZETA SCHEME==2 ) CALL ZETAPRODUCTION(DT) ! scheme 2: zeta production after mixing

IF (.NOT.Q_EXISTS) RETURN
! Set Q in the ghost cell , just for better visualization.

DO IW=1,N_EXTERNAL WALL CELLS

IF (WALL(IW)%BOUNDARY.TYPE/=INTERPOLATED BOUNDARY .AND. WALL(IW)%BOUNDARY.TYPE/=OPEN.BOUNDARY) CYCLE
I = WALL(IW)%ONE IVl I

J] = WALL(IW)%ONE D] ]

KK = WALL(IW)%ONE /KK

1IG = WALL(IW )%ONED%IIG

JJG = WALL(IW)%ONED%]] G

KKG = WALL(IW)%ONE D/KKG

Q(IL, JJ ,KK) = Q(IIG, JJG ,KKG)

ENDDO

CONTAINS

SUBROUTINE CHECK_REACTION_1

! Check whether any reactions are possible.
LOGICAL :: REACTANTSPRESENT

DOREACTION = .FALSE.
REACTION_.LOOP: DO NR=1,N_REACTIONS
RN=>REACTION (NR)

REACTANTSPRESENT = .TRUE.

DO NS=1,N.TRACKED_SPECIES

IF ( RNNU(NS) < —TWO_EPSILON.EB .AND. ZZ GET(NS) < ZZMIN.GLOBAL ) THEN
REACTANTS PRESENT = .FALSE.

EXIT

ENDIF

ENDDO

DOREACTION = REACTANTS_PRESENT

IF (DOREACTION) EXIT REACTION_LOOP
ENDDO REACTION_LOOP

END SUBROUTINE CHECK_REACTION_1

END SUBROUTINE COMBUSTION.GENERAL.1

SUBROUTINE COMBUSTION.GENERAL(T,DT)

! Generic combustion routine for multi—step reactions

USE PHYSICAL FUNCTIONS, ONLY: GET.SPECIFIC.GAS.CONSTANT,GET_.MASS FRACTION.ALL, GET_SPECIFIC_HEAT,
GETMOLECULAR WEIGHT, &

GET_SENSIBLE_ENTHALPY Z, IS REALIZABLE , LES_FILTER WIDTH_FUNCTION

USE COMPLEX.GEOMEIRY, ONLY : IBM.CGSC, IBM.GASPHASE

INTEGER :: I,],K,NS,NR,1I,]J] KK, IIG,]JG ,KKG,IW,N, CHEM SUBIT.-TMP

REAL(EB) , INTENT(IN) :: T,DT

REAL(EB) :: ZZ.GET(1:N.TRACKED.SPECIES) ,DZZ(1:N_TRACKED_SPECIES) ,CP,HSN,&

REAC.SOURCE_TERM.TMP (N_TRACKED_SPECIES) ,Q_REAC_TMP (N_REACTIONS)

LOGICAL :: Q_EXISTS

REAL(EB) , POINTER, DIMENSION(: ,:,:) :: ZETA_P=>NULL() , AIT_P=>NULL()

TYPE (REACTION.TYPE), POINTER :: RN

TYPE (SPECIES.MIXTURE.TYPE), POINTER :: SM

LOGICAL :: DO_REACTION, REALIZABLE

Q = 0._EB
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221 Q-EXISTS = .FALSE.
222
223 || CHIR = 0..EB

224 || IF (REACSOURCE.CHECK) QREAC=0._EB
225
226 || IF (TRANSPORT_UNMIXED FRACTION .AND. &

227 || COMPUTEZETA SOURCE.TERM  .AND. &

228 || TRANSPORT ZETA SCHEME==1 ) CALL ZETAPRODUCTION(DT) ! scheme 1: zeta production before mixing
229
230 || ZETA_P => WORK1

231 || ZETAP = 0._EB

232 IF (TRANSPORT_UNMIXED_FRACTION) ZETAP = ZZ(:,:,: ,ZETAINDEX)
233
234 || AIT_P => WORK2

235 || AIT_P = 0..EB

236 IF (REIGNITION.MODEL) AIT.P = AIT
237
238 || DO K=1,KBAR

239 || DO J=1,]JBAR

240 || ILOOP: DO I=1,IBAR

241 || ! Check to see if a reaction is possible

242 || IF (SOLID(CELLINDEX(I,] ,K))) CYCLE ILOOP

243 || IF (CCIBM) THEN

244 || IF (CCVAR(I,] ,K,IBM.CGSC) /= IBM.GASPHASE) CYCLE ILOOP
245 || ENDIF

246 || ZZ.GET = ZZ(1,] ,K,1:N_.TRACKED_SPECIES)

247 || IF (CHECK._REALIZABILITY) THEN

248 || REALIZABLE=IS_REALIZABLE (ZZ_GET)

249 IF (.NOT.REALIZABLE) THEN

250 || WRITE(LU_ERR, ) 1,],K

251 || WRITE(LU_ERR, ) ZZ_GET

252 || WRITE(LU_ERR, ) SUM(ZZ.GET)

253 || WRITE(LU_ERR, x) 'ERROR: Unrealizable mass fractions input to COMBUSIIONMODEL’
254 || STOP.STATUS=REALIZABILITY_STOP

255 || ENDIF

256 || ENDIF

257 || CALL CHECKREACTION

258 || IF (.NOT.DOREACTION) CYCLE ILOOP ! Check whether any reactions are possible.
259 || DZZ = ZZ.GET ! store old ZZ for divergence term

260 s sk st st s s sk st st s sk ok sk sk ok ok sk oK ok ok oK K R oK ok sk K K R oK sk K K R ok Sk 3K K K oK oK 3K K K oK ok 3K KK K ok sk K K R ok sk 3K K K oK ok 3K K ok ok oK K K K ok sk ok K ok ok K K ok oK
261 ! Call combustion integration routine for Cartesian cell (I,],K)

262 || CALL COMBUSTION.MODEL( T,DT,ZZ.GET,Q(1,] ,K) ,MIX.TIME(I,] ,K) ,CHI-R(I,] ,K) &
263 || CHEMSUBIT.TMP, REAC_SOURCE.TERM.TMP, Q REAC_TMP, &

264 || T™MP(I,] ,K) RHO(I,] ,K) MU(I,]J ,K) KRES(I,] K),&

265 || ZETA_P(1,],K),AIT-P(I,],K) ,PBAR(K,PRESSURE_ZONE(I,] ,K)),&

266 || LES_FILTER_-WIDTH_FUNCTION (DX(1) ,DY(J) ,DZ(K)) ,DX(I)*DY(] )+DZ(K) )

267 kst ok o ook sk ok sk ok ok sk ok o o ok sk ok ok o ok sk sk ok o ok ok sk ok s ok ok sk ok o o ok sk sk o e ok ok ok ok o ok ok sk ok o ok sk ok o o ok ok sk ok e ok ok ok ok ok ok sk ok ok o ok sk ok ok ok ok ok ok ok
268 IF (OUTPUT-CHEMLIT) CHEMSUBIT(I,] ,K) = CHEM_SUBIT-TMP

269 || IF (REACSOURCE.CHECK) THEN ! Store special diagnostic quantities

270 || REACSOURCETERM(I,] ,K,:) = REACSOURCE.TERM.TMP

271 || QREAC(I,] ,K,:) = QREAC.TMP

272 || ENDIF

273 IF (CHECK_REALIZABILITY) THEN

274 || REALIZABLE=IS_.REALIZABLE (ZZ_GET)

275 || IF (.NOT.REALIZABLE) THEN

276 || WRITE(LU_ERR, %) ZZ_GET,SUM(ZZ.GET)

277 || WRITE(LU_ERR, *) ‘ERROR: Unrealizable mass fractions after COMBUSTION.MODEL’
278 || STOP.STATUS=REALIZABILITY_STOP

279 || ENDIF

280 || ENDIF

281 || DZZ = ZZ.GET — DZZ
282 || ! Update RSUM and ZZ

283 || DZZ.IF: IF ( ANY(ABS(DZZ) > TWO_EPSILON.EB) ) THEN

284 || IF (ABS(Q(I,],K)) > TWO.EPSILON.EB) Q_EXISTS = .TRUE.

285 || | Divergence term

286 || CALL GET.SPECIFIC_HEAT(ZZ.GET,CP,TMP(I,] ,K))

287 || CALL GET.SPECIFIC.GAS.CONSTANT (ZZ.GET,RSUM(I, ] ,K))

288 || DO N=1,N_.TRACKED_SPECIES

289 || SM => SPECIES_MIXTURE (N)

290 || CALL GET.SENSIBLE_ENTHALPY_Z(N,T™MP(1,] ,K) ,HS.N)

291 || DSOURCE(I,]J ,K) = DSOURCE(I,] ,K) + ( SM/RCON/RSUM(I,] ,K) — H.S.N/(CP+IMP(I,] ,K)) )*DZZ(N)/DT
292 || MDOT-PPP(I,J ,K,N) = M.DOTPPP(I,]J ,K,N) + RHO(I,] ,K)+DZZ(N) /DT
293 || ENDDO

294 || ENDIF DZZ.IF

295 || ENDDO ILOOP

296 || ENDDO

297 || ENDDO

298

299 || IF (TRANSPORT-UNMIXED FRACTION) ZZ(: ,:,: ,ZETAINDEX) = ZETA_P
300

301 || IF (TRANSPORT_UNMIXED FRACTION .AND. &
302 || COMPUTE_ZETA_SOURCE_TERM LAND. &

303 || TRANSPORT_ZETA SCHEME==2 ) CALL ZETAPRODUCTION(DT) ! scheme 2: zeta production after mixing
304

305 || IF (.NOT.Q.EXISTS) RETURN

306

307 || ! Set Q in the ghost cell , just for better visualization.

308
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309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346

347
348
349
350
351
352
353

354
355
356
357
358
359
360
361
362
363
364

365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393

DO IW=1,N_EXTERNAL WALL.CELLS
IF (WALL(IW)%BOUNDARY.TYPE/=INTERPOLATED BOUNDARY .AND. WALL(TW)%BOUNDARY.TYPE/=OPEN.BOUNDARY) CYCLE
11 = WALL(IW)%ONED%I T

J] = WALL(IW)%ONE.D%] J

KK = WALL(IW )%ONE_DVKK

1IG = WALL(IW)%ONED%IIG

1IG = WALL(IW)%ONED%]] G

KKG = WALL(IW )%ONE_DVKKG

Q(II,]JJ ,KK) = Q(IIG,]JJG KKG)

ENDDO

CONTAINS

SUBROUTINE CHECK REACTION

! Check whether any reactions are possible.
LOGICAL :: REACTANTSPRESENT

DOREACTION = .FALSE.
REACTION.LOOP: DO NR=1,N_REACTIONS
RNESREACTION (NR)

REACTANTSPRESENT = .TRUE.

DO NS=1,N_TRACKED SPECIES

IF ( RNANU(NS) < —TWO_EPSILON_EB .AND. ZZ.GET(NS) < ZZMIN.GLOBAL ) THEN
REACTANTS_PRESENT = .FALSE.

EXIT

ENDIF

ENDDO

DOREACTION = REACTANTS_PRESENT

IF (DOREACTION) EXIT REACTION.LOOP
ENDDO REACTION_LOOP

END SUBROUTINE CHECK REACTION
END SUBROUTINE COMBUSTION.GENERAL

SUBROUTINE COMBUSTION.MODEL.1(T, DT, ZZ_.GET, Q. OUT, MIX_TIME.OUT, CHI_R_OUT , CHEM_SUBIT_OUT , REAC_SOURCE_TERM.OUT,
QREAC.OUT, &

TMP_IN,RHO_IN,MUIN, KRES_IN , ZETA INOUT, AIT_IN , PBAR_IN, DELTA , CELL VOLUME)

USE COMP_FUNCTIONS, ONLY: SHUTDOWN

USE MATH.FUNCTIONS, ONLY: EVALUATERAMP

USE PHYSICAL FUNCTIONS, ONLY: GET.AVERAGE SPECIFIC_HEAT, GET.SPECIFIC.GAS.CONSTANT , GET ENTHALPY

/INTEGER,INTENT(IN) :: I1,],K ladded asin 6.2.0

REAL(EB) , INTENT(IN) :: T,DT,TMP.IN,RHOIN,MUIN,KRES_IN,PBARIN, AIT_IN ,DELTA,CELL VOLUME

REAL(EB) , INTENT(OUT) :: QOUT,MIX.TIME.OUT, CHI.R_OUT,REAC_SOURCE.TERM.OUT (N_.TRACKED SPECIES) ,Q_ REAC_OUT(
N_REACTIONS)

INTEGER, INTENT(OUT) :: CHEM.SUBIT.OUT

REAL(EB) , INTENT(INOUT) :: ZZ.GET(1:N_TRACKED_.SPECIES) ,ZETA_INOUT

REAL(EB) :: ERR_EST,ERR.TOL,Al(1:N.TRACKED_SPECIES) ,A2(1:N_TRACKED_SPECIES) A4 (1:N.TRACKED_.SPECIES) ,ZETA, ZETA 0,4

DT.SUB, DT.SUBNEW, DT_ITER , ZZ_STORE (1:N.TRACKED_SPECIES, 1:4) ,TV(1:3 ,1:N.TRACKED_SPECIES) ,CELL_MASS, &

ZZ_DIFF (1:3,1:N_.TRACKED_SPECIES) ,ZZ_MIXED ( 1: N.TRACKED_SPECIES) ,ZZ.UNMIXED ( 1:N.TRACKED_SPECIES) ,&

ZZ MIXEDNEW ( 1:N_.TRACKED_SPECIES) , TAU.D, TAU.G, TAU.U, TAU.MIX,, TMP_MIXED, TMP_.UNMIXED, DT_SUB_MIN , RHO_HAT, &

PBAR.0, VELRMS, TAU_RES, ZZ_0 (1:N_.TRACKED_SPECIES) ,&

QREAC.SUB(1:N_REACTIONS) ,Q_REAC_1 (1:N_REACTIONS) ,Q_REAC_2 (1:N_REACTIONS) ,Q_REAC 4 (1:N_REACTIONS) &

QREAC.SUM ( 1:N_REACTIONS) ,CHI_R_SUM , TIME_RAMP _FACTOR, &

TOTALMIXED_MASS_1, TOTAL MIXED_MASS 2, TOTAL_ MIXED_MASS_4, TOTAL MIXED_MASS, &

ZETA_1,ZETA2,ZETA4,AITLOC, QSUM, QCUM, ZZ.TEMP (1:N.TRACKED_SPECIES) ladded QCUM QSUM ZZ.TEMP(1:
N_TRACKED_SPECIES)

INTEGER :: NR,NS,ITER,TVI,RICH.ITER, TIME_ITER , RICHITER MAX,CO_PASS,N.COPASS,SR /added SR

INTEGER, PARAMETER :: TV_ITER MIN=5

LOGICAL :: TV_FLUCT (1:N.TRACKED_SPECIES) ,EXTINCT

TYPE(REACTION.TYPE) , POINTER :: RN=>NULL()

REAL(EB) , PARAMETER :: C.U = 0.4 _EB%0.1_EB+SQRT(1.5_EB) | C_U+C_DEARDOREF/SQRT(2/3)

ZZTEMP = ZZ.GET !added as in 6.2.0
7270 = ZZ.GET
EXTINCT = .FALSE.

VELRMS = 0._EB
IF (FIXEDMIX.TIME>0._EB) THEN

MIX_TIME_OUT=FIXED_MIX_TIME

ELSE

TAUD=0._EB

DO NR =1,N_REACTIONS

RN => REACTION (NR)

TAUD = MAX(TAU.D, D_Z (MIN(4999 ,NINT(TMP_N) ) ,R\N/FUEL_SMIX_INDEX) )

ENDDO

TAUD = DELTA##2/MAX(TAU.D, TWO_EPSILON_EB) I FDS Tech Guide (5.20)
IF (LES) THEN

TAUU = C.U+RHO_IN+DELTAx+2/MAX(MU_IN, TWO_EPSILON_EB) I FDS Tech Guide (5.24)
TAU.G = SQRT(2._EB+DELTA/(GRAV+1.E—10_EB)) I FDS Tech Guide (5.2)

MIX_TIME_OUT= MAX(TAU.CHEM,MIN(TAU.D, TAU.U, TAUG,TAUFLAME) ) ! FDS Tech Guide (5.22)
VELRMS = SQRT(TWIH) *MU_IN/ (RHO_IN*C_DEARDORFF+DELTA )

ELSE

MIX_TIME_OUT= MAX(TAU.CHEM, TAUD)

ENDIF

ENDIF
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394
395 || IF (TRANSPORT_UNMIXED_FRACTION) THEN
396 || ZETA.0 = ZETAINOUT

397 || ELSE
398 || ZETA.0 = INITIAL.UNMIXED-FRACTION
399 || ENDIF

400 || CELLMASS = RHOIN*CELL.-VOLUME

401 || TAURES = MU.IN/(RHOIN*SC) /MAX(2. -EB*KRES_IN , TWO_EPSILON-EB)
402
403 || IF (REIGNITION-MODEL) THEN
404 || AIT.LOC = AIT_IN

405 || ELSE

406 || AIT.LOC = 1.E20_EB

407 || ENDIF

408

409 || DTSUBMIN = DT/REAL(MAX_CHEMISTRY_ITERATIONS, EB)
410

411 || N.COPASS = 1
412 || IF (EXTINCTMOD==EXTINCTION.3) N.CO_PASS = 2
413
414 || COEEXTINCT.LOOP: DO CO_PASS = 1,N.CO_PASS
415
416 || ZZSTORE(: ,:) = 0._EB

417 || QOUT = 0._EB

418 ||QCUM = 0..EB  /added

419 || QSUM = 0..EB  /added

420 || ITER= 0

421 || DTITER = 0._EB

422 || CHILR.OUT = 0._EB

423 || CHEMLSUBIT.OUT = 0

424 || REAC.SOURCE.TERMLOUT(:) = 0._EB

425 || QREAC.OUT(:) = 0..EB

426 || QREACSUM(:) = 0._EB

427 || IF (N_FIXED.CHEMISTRY SUBSTEPS>0) THEN

428 || DT.SUB = DI/REAL(N.FIXED_.CHEMISTRY_SUBSTEPS, EB)
429 || DT.SUBNEW = DT.SUB

430 || RICHITER MAX = 1

431 || ELSE

432 || DTSUB = DT

433 || DT.SUBNEW = DT

434 || RICHITER MAX = 5

435 || ENDIF

436 || ZZUNMIXED = ZZ.GET

437 || ZZMIXED = ZZ.GET

438 || Al = ZZ.GET

439 || A2 = ZZ.GET
440 || A4 = ZZ.GET
441

442 || ZETA = ZETAO

443 || RHOHAT = RHOIN

444 || TMPMIXED = TMP_IN

445 || TMPUNMIXED = TMP.IN
446 || TAUMIX = MIX.TIME.OUT
447 || PBAR.0O = PBAR.IN

448 || added upto as in 6.6.0
449
450 || INTEGRATION.LOOP: DO TIME.ITER = 1,MAX.CHEMISTRYITERATIONS
451
452 || IF (SUPPRESSION) CALL CHECK_AUTOIGNITION (EXTINCT, TMPMIXED, AIT_.LOC, CO_PASS)
453 || IF (EXTINCT) EXIT INTEGRATION.LOOP

454

455 || INTEGRATORSELECT: SELECT CASE (COMBUSTION.ODE SOLVER)
456

457 || CASE (EXPLICIT_EULER) ! Simple chemistry

458

459 || ! May be used with N_FIXED.CHEMISTRY SUBSTEPS, but default mode is DT.SUB=DT for fast chemistry
460
461 || CALL FIRECFORWARD_EULER (ZZMIXEDNEW,ZZ MIXED,ZZ UNMIXED, ZETA, ZETA 0, DT_SUB, TMP_MIXED, TMP_UNMIXED, RHO HAT, &
462 || CELL.MASS, TAUMIX, PBAR.0,DELTA, VEL.RMS, Q_ REAC_SUB, TIME_ITER , TOTAL MIXED_-MASS, CO_PASS)

463 || ZETAL0 = ZETA

464 || ZZMIXED = ZZ MIXEDNEW

465 || IF (SIMPLE.CCHEMISTRY .AND. N_FIXED.CHEMISTRY.SUBSTEPS<0 .AND. TIME.ITER>1) THEN

466 || CALL SHUIDOWN( 'ERROR: Error in Simple Chemistry )
467 || ENDIF
468

469 || CASE (RK2) ! Runge—Kutta 2 stage (use in combination with N_FIXED.CHEMISTRY_SUBSTEPS)
470
471 || CALL FIRE.RK2(ZZMIXEDNEW,ZZ MIXED,ZZ UNMIXED, ZETA, ZETA 0, DTSUB, 1 , TMP-MIXED, TMP.UNMIXED, RHO HAT, &
472 || CELL-.MASS, TAUMIX, PBAR.0,DELTA, VEL.RMS, Q_REAC.SUB, TIME_ITER , TOTAL MIXED-MASS, CO_PASS)

473 || ZETA0 = ZETA

474 || ZZMIXED = ZZ MIXED NEW

475
476 || CASE (RK3) ! Runge—Kutta 3 stage (use in combination with N_FIXED_.CHEMISTRY_SUBSTEPS)
477
478 || CALL FIRE_RK3(ZZMIXEDNEW,ZZ MIXED,ZZ UNMIXED, ZETA, ZETA_ 0, DT_SUB, 1 , TMP_MIXED, TMP_UNMIXED, RHO_HAT, &
479 || CELLMASS, TAUMIX, PBAR_0,DELTA, VEL.RMS, Q_ REAC_SUB, TIME_ITER , TOTAL MIXED_MASS, CO_PASS)

480 || ZETA.0 = ZETA

481 || ZZMIXED = ZZ MIXEDNEW
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482
483 || CASE (RK2RICHARDSON) ! Finite—rate (or mixed finite—rate/fast) chemistry
484
485 || | May be wused with N_FIXED-CHEMISTRY_SUBSTEPS, but default mode is to use error estimator and variable DT.SUB
486
487 || ERR.TOL = RICHARDSON_ERROR TOLERANCE

488 || RICH-EX_LOOP: DO RICH.TER = 1,RICHITERMAX
489
490 || DT.SUB = MIN(DT_SUBNEW,DT-DT_ITER)
491
492 ! FDS Tech Guide (E.3), (E.4), (E.5)

493 || CALL FIRE_RK2(A1,ZZMIXED,ZZ.UNMIXED, ZETA_1,ZETA_0,DT_SUB,1 , TMP.MIXED, TMP_UNMIXED, RHO.HAT, CELL_LMASS, TAU_MIX,
PBAR.0,&

494 || DELTA, VELRMS, Q_REAC_1, TIME_ITER , TOTAL.MIXED-MASS_1, CO_PASS)

495 || CALL FIRE_RK2(A2,ZZ MIXED,ZZ UNMIXED, ZETA_2,ZETA_0,DT_SUB,2 , TMP_MIXED, TMP_.UNMIXED, RHOHAT, CELL.MASS, TAUMIX,
PBAR.0,&

496 || DELTA, VEL.RMS, Q_.REAC2, TIME_ITER , TOTAL.MIXED-MASS_2, CO_PASS)

497 || CALL FIRE_RK2(A4,ZZMIXED,ZZ UNMIXED, ZETA_4,ZETA_0,DT_SUB,4 , TMP_MIXED, TMP_.UNMIXED, RHO.HAT, CELL.MASS, TAUMIX,

PBAR.0,&
498 || DELTA, VELRMS, Q_REAC4, TIME_ITER , TOTAL.MIXED_-MASS 4, CO_PASS)
499
500 || ! Species Error Analysis
501 || ERR-EST = MAXVAL(ABS((4._-EBxA4—5._EB*xA2+Al)))/45. . EB ! FDS Tech Guide (E.7)
502

503 || IF (N-FIXED-CHEMISTRY SUBSTEPS<(0) THEN
504 || DTSUBNEW = MIN(MAX(DT-SUB*(ERR-TOL/ (ERR-EST+TWO_EPSILON_EB) ) * *(0.25_EB) ,DT.SUB.MIN) ,DI-DT.ITER) ! (E.8)
505 || IF (ERR-EST<ERR.TOL) EXIT RICH-EX_.LOOP

506 || ENDIF

507

508 || ENDDO RICH_EX_LOOP
509

510 || ZZMIXED
511 || Q-REACSUB

(4. _EB*A4-A2)+ONIH | FDS Tech Guide (E.6)
(4. _EB*QREAC_4-Q_REAC_2) *ONTH

512 || ZETA (4. _EB*ZETA_4-ZETA_2)«ONTH
513 || ZETA0 ZETA

514

515

516 || END SELECT INTEGRATOR.SELECT

517

518 || ZZ.GET = ZETA+ZZUNMIXED + (1..-EB-ZETA)*ZZ MIXED ! FDS Tech Guide (5.29)
519 || ZETAINOUT = ZETA

520
521 || DTITER = DT.ITER + DT.SUB

522 || ITER = ITER + 1

523 || IF (OUTPUT_CHEM.IT) CHEM.SUBIT.OUT = ITER

524

525 || QREACSUM = QREACSUM + QREAC.SUB

526

527

528 || ! Compute heat release rate

529 (| print x, “Calculating heat release rate according to FDS—6.2.0"

530 || QSUM = 0._EB
531 || IF (MAXVAL(ABS(ZZ.GET-ZZ.TEMP)) > TWO_EPSILON.EB) THEN

532 || QSUM = QSUM — RHO_IN#SUM(SPECIES MIXTUREY%H F % (ZZ_.GET-ZZ.TEMP)) | FDS Tech Guide (5.14)  replaced RHO(I,] ,K) by
RHON as in 6.6.0

533 || Iprint =, 'first if print QSUM,RHOIN’, QSUM, RHOIN

534 || ENDIF

535 || IF (QCUM + QSUM > Q.UPPER+DT) THEN

536 || QOUT = Q.UPPER

537 || ZZ.GET = ZZ.TEMP + (Q-UPPER+DT/(QCUM + QSUM) ) % (ZZ.GET-ZZ.TEMP)

538 ! print x, ’“second print QOUT, ZZ.GET', QOUT, ZZ.GET
539 EXIT INTEGRATION.LOOP
540 || ELSE

541 [| QCUM = QCUM+QSUM
542 || QOUT = QCUM/DT

543 I print =, "last else QCUM, QOUT" , QCUM , QOUT

544 || ENDIF

545

546

547 || ! Total Variation (TV) scheme (accelerates integration for finite—rate equilibrium calculations)
548 || ! See FDS Tech Guide Appendix E

549

550 || IF (COMBUSTION.ODE SOLVER==RK2 RICHARDSON .AND. N_REACTIONS>1) THEN
551 || DO NS = 1,N.TRACKED-SPECIES
552 ||DO TVI = 1,3
553 || ZZSTORE(NS, TVI)=ZZ STORE(NS, TVI+1)
ENDDO

554
555 || ZZ.STORE(NS,4) = ZZ.GET(NS)
556 || ENDDO

557 || TV.FLUCT (1) = .FALSE.

558 || IF (ITER >= TV_ITER.MIN) THEN

559 || SPECIES.LOOP.TV: DO NS = 1,N.TRACKED_SPECIES

560 ||DO TVI = 1,3

561 || TV(TVI,NS) = ABS(ZZ.STORE (NS, TVI+1)—ZZ.STORE(NS, TVI))

562 || ZZ_DIFF(TVI,NS) = ZZ.STORE(NS, TVI+1)—ZZ.STORE (NS, TVI)

563 || ENDDO

564 || IF (SUM(TV(: ,NS)) < ERR.TOL .OR. SUM(TV(:,NS)) >= ABS(2.9 -EB+SUM(ZZ.DIFF (: ,NS)))) THEN ! FDS Tech Guide (E.10)
565 || TV.FLUCT(NS) = .TRUE.
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566
567
568
569
570
571
572
573
574
575
576
577
578
579
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584
585
586
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593
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604
605
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608
609
610
611
612
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615
616
617
618
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620
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622
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627
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633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650

ENDIF

IF (ALL(TV_FLUCT)) EXIT INTEGRATION_.LOOP
ENDDO SPECIES_.LOOP-TV

ENDIF

ENDIF

IF ( DT.TER > (DT+TWO.EPSILON.EB) ) CALL SHUIDOWN( 'ERROR: DT_ITER > DT in COMBUSTIONMODEL ")
IF ( DT.TER > (DI-TWO.EPSILON.EB) ) EXIT INTEGRATION.LOOP

ENDDO INTEGRATION.LOOP

ladded as in 6.6.0
! Extinction model

IF (SUPPRESSION) THEN

SELECT CASE(EXTINCTMOD)

CASE(EXTINCTION_1) ; CALL EXTINCT.1(EXTINCT,ZZ.0, TMP.IN)
CASE(EXTINCTION.2) ; CALL EXTINCT.2(EXTINCT,ZZ.0,ZZ MIXED, TMPIN)
CASE(EXTINCTION.3) ; CALL EXTINCT.3(EXTINCT,ZZ.0,ZZMIXED, TMP_IN, CO_PASS)
END SELECT

ENDIF

IF (.NOT.EXTINCT) THEN
EXIT CO_EXTINCT_LOOP

ELSE

77Z.GET = 770

7ZSTORE(: ,:) = 0._EB

QOUT = 0._EB

CHIR.OUT = 0._EB
CHEM.SUBITOUT = 0
REAC.SOURCE.TERM.OUT (:) = 0._EB
QREAC.OUT(:) = 0._EB
QREACSUM(:) = 0._EB

ENDIF

ENDDO CO_EXTINCT_LOOP

!'TF (REAC.SOURCE.CHECK) REACSOURCETERM(I,] ,K,:) = (ZZUNMIXED-ZZ.GET)+CELL.MASS/DT | store special output
quantity
! Reaction rate—weighted radiative fraction

IF (SUM(QREAC.SUM)>TWO_EPSILON_EB) THEN
CHIRSUM=0._EB

DO NR=1,N_REACTIONS

RNE>REACTION (NR)

TIME_RAMP_FACTOR = EVALUATERAMP(T, 0. _EB ,RNRAMP_CHI_R INDEX)
CHIR.SUM = CHIRSUM + QREAC.SUM (NR)*RNVCHI_R+TIME_RAMP_FACTOR
ENDDO

CHIR.OUT = CHIR.SUM /(SUM(QREAC.SUM) )

ENDIF

CHIR.OUT = MAX(CHI_R_MIN ,MIN(CHI_R MAX, CHI.R_OUT) )

! Store special diagnostic quantities

IF (REACSOURCE.CHECK) THEN

REACSOURCE.TERM.OUT = RHOINx*(ZZ.GET-ZZ.0) /DT
QREAC.OUT = QREACSUM/CELLVOLUME/DT

ENDIF

add complete as in 6.6.0

END SUBROUTINE COMBUSTION_.MODEL1 I'changing names

SUBROUTINE COMBUSTION.MODEL(T, DT, ZZ.GET,Q.OUT, MIX_TIME.OUT,, CHI_LR_OUT, CHEM SUBIT_OUT , REAC_SOURCE.TERM.OUT,
QREAC.OUT, &

TMP_N,RHO_IN, MU_N, KRES_IN , ZETA INOUT, AIT_IN , PBAR_IN, DELTA, CELL VOLUME)

USE COMP_FUNCTIONS, ONLY: SHUTDOWN

USE MATH.FUNCTIONS, ONLY: EVALUATERAMP

USE PHYSICAL_FUNCTIONS, ONLY: GET.AVERAGE_SPECIFIC_HEAT, GET_SPECIFIC_.GAS.CONSTANT , GET ENTHALPY

REAL(EB) , INTENT(IN) :: T,DT, TMPIN,RHOIN,MU.IN,KRESIN,PBARIN, AIT_IN ,DELTA,CELLVOLUME

REAL(EB) , INTENT(OUT) :: Q.OUT,MIX.TIME.OUT, CHL.R.OUT,REAC.SOURCE.TERM.OUT (N_.TRACKED_SPECIES) ,Q_REAC.OUT(

N_REACTIONS)
INTEGER, INTENT(OUT) :: CHEM.SUBIT.OUT
REAL(EB) , INTENT(INOUT) :: ZZ.GET(1:N.TRACKED_SPECIES) ,ZETAINOUT

REAL(EB) :: ERR.EST,ERR.TOL,Al(1:N_.TRACKED_SPECIES) ,A2(1:N.TRACKED_SPECIES) ,A4 (1:N.TRACKED_SPECIES) ,ZETA, ZETA 0,&
DT.SUB, DT.SUB.NEW, DT_ITER , ZZ.STORE (1:N_TRACKED_SPECIES, 1:4) ,TV(1:3,1:N_.TRACKED_SPECIES) ,CELL_MASS, &

77 DIFF (1:3,1:N.TRACKED_SPECIES) ,ZZ MIXED ( 1: N.TRACKED_SPECIES) ,ZZ UNMIXED ( 1:N_.TRACKED_SPECIES) ,&

ZZ MIXEDNEW ( 1:N_TRACKED_SPECIES) , TAU.D, TAU.G, TAU_U, TAU_MIX, TMP_MIXED, TMP_UNMIXED, DT_SUB_MIN , RHO_HAT, &
PBAR.0, VEL.RMS, TAU_RES, ZZ_0 (1:N.TRACKED_SPECIES) &

QREAC.SUB(1:N_REACTIONS) ,Q_REAC_1 (1:N_REACTIONS) ,Q_REAC.2 (1:N_REACTIONS) ,Q_REAC_4 (1:N_REACTIONS) &
QREAC.SUM ( 1:N_REACTIONS) ,CHI_R_SUM , TIME_RAMP_FACTOR, &

TOTAL_MIXED_MASS_1, TOTAL MIXED_MASS_ 2, TOTAL_ MIXED_MASS_4, TOTAL MIXED_MASS, &

ZETA_1,ZETA2,ZETA_4, AIT.LOC

INTEGER :: NR,NS,ITER,TVI,RICH.ITER, TIME_ITER , RICHITER MAX,CO_PASS, N_.CO_PASS

INTEGER, PARAMETER :: TV_ITER.MIN=5

LOGICAL :: TV_.FLUCT (1:N_.TRACKED.SPECIES) ,EXTINCT

TYPE(REACTION.TYPE) , POINTER :: RN=>NULL()

REAL(EB) , PARAMETER :: C.U = 0.4 _EB#0.1_EB+SQRT(1.5_EB) | C_.U+C.DEARDORFF/SQRT(2/3)

770 = ZZ.GET
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EXTINCT = .FALSE.

VELRMS = 0._EB

IF (FIXED_MIX_TIME >0._.EB) THEN

MIX_TIME_OUT=FIXED_MIX_TIME

ELSE

TAUD=0._EB

DO NR =1,N_REACTIONS

RN => REACTION(NR)

TAUD = MAX(TAU.D, D_Z(MIN(4999 ,NINT(TMP_IN) ) ,R\NWFUEL SMIX_INDEX) )

ENDDO
TAUD = DELTA##2/MAX(TAU.D, TWO_EPSILON_EB) I FDS Tech Guide (5.20)
IF (LES) THEN

TAUU = C.U+RHO_IN+DELTA#+2/MAX(MU_IN, TWO_EPSILON_EB) I FDS Tech Guide (5.24)
TAU.G = SQRT(2._EB+DELTA/(GRAV+1.E—10_EB)) I FDS Tech Guide (5.2)

MIX_TIME.OUT= MAX(TAU.CHEM,MIN(TAUD, TAU.U, TAU.G, TAUFLAME) ) | FDS Tech Guide (5.22)
VELRMS = SQRT(TWTH) +MU.IN / (RHO_IN+C_DEARDORFF+DELTA)

ELSE

MIX_TIME.OUT= MAX(TAU.CHEM, TAU.D)

ENDIF

ENDIF

IF (TRANSPORT_UNMIXED FRACTION) THEN

ZETA.0 = ZETAINOUT

ELSE

ZETA.0 = INITIAL_UNMIXED_FRACTION

ENDIF

CELL.MASS = RHO_IN+CELL.VOLUME

TAURES = MUIN/(RHO.IN*SC) /MAX(2 . .EB+KRES_IN , TWO_EPSILON_EB)

IF (REIGNITION_.MODEL) THEN
AITLLOC = AIT.IN

ELSE

AIT.LOC = 1.E20_EB

ENDIF

DTSUBMIN = DT/REAL(MAX_CHEMISTRY_ITERATIONS, EB)

N.CO.PASS = 1
IF (EXTINCTMOD==EXTINCTION.3) N.COPASS = 2

CO_EXTINCT-LOOP: DO COPASS = 1,N.CO_PASS

ZZ.STORE (: ,:)
QOUT = 0._EB
ITER= 0
DT.ITER = 0._EB

CHIROUT = 0._EB

CHEM.SUBITOUT = 0

REAC.SOURCE.TERM.OUT (:) = 0..EB

QREAC.OUT(:) = 0._EB

QREACSUM(:) = 0._EB

IF (N_FIXED.CHEMISTRY.SUBSTEPS>0) THEN

DT.SUB = DI/REAL(N.FIXED_CHEMISTRY.SUBSTEPS, EB)
DT.SUBNEW = DT.SUB

RICHITER MAX = 1

ELSE

DT.SUB = DT

DTSUBNEW = DT

RICHITER MAX = 5

ENDIF

ZZUNMIXED = ZZ.GET

ZZMIXED = ZZ_GET

= 0._EB

Al = ZZ.GET
A2 = ZZ.GET
A4 = ZZ.GET

ZETA = ZETA0

RHOHAT = RHOIN
TMPMIXED = TMP_IN
TMP.UNMIXED = TMP_N
TAUMIX = MIX_TIME.OUT
PBAR.0 = PBAR.IN

INTEGRATION.LOOP: DO TIME.ITER = 1,MAX.CHEMISTRY ITERATIONS

IF (SUPPRESSION) CALL CHECK-AUTO.IGNITION (EXTINCT, TMP-MIXED, AIT-LOC, CO_PASS)

IF (EXTINCT) EXIT INTEGRATION.LOOP

INTEGRATOR SELECT: SELECT CASE (COMBUSTION-ODE-SOLVER)

CASE (EXPLICIT_.EULER) ! Simple chemistry

! May be used with N_FIXED_CHEMISTRY _SUBSTEPS, but default mode is DT.SUB=DT for fast chemistry

CALL FIRE_FORWARD_EULER (ZZ MIXED_NEW, ZZ MIXED , ZZ UNMIXED, ZETA, ZETA_ 0 , DT_SUB , TMP_MIXED, TMP_UNMIXED, RHO_HAT, &
CELL.MASS, TAUMIX, PBAR_0,DELTA, VEL.RMS, Q_ REAC_SUB, TIME_ITER , TOTAL MIXED_MASS, CO_PASS)

ZETA0 = ZETA
ZZMIXED = ZZ MIXEDNEW
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IF (SIMPLE.CHEMISTRY .AND. N_FIXED.CHEMISTRY_SUBSTEPS<0 .AND. TIME_ITER>1) THEN
CALL SHUIDOWN( 'ERROR: Error in Simple Chemistry”)
ENDIF

CASE (RK2) ! Runge—Kutta 2 stage (use in combination with N_FIXED.CHEMISTRY_SUBSTEPS)

CALL FIRE_-RK2 (ZZMIXEDNEW, ZZ MIXED,ZZ UNMIXED, ZETA, ZETA 0, DT_SUB, 1 , TMP-MIXED,, TMP_UNMIXED, RHO HAT, &
CELL-MASS, TAUMIX, PBAR.0,DELTA, VEL.RMS, Q_.REAC_SUB, TIME_ITER , TOTAL-MIXED-MASS, CO_PASS)

ZETA.0 = ZETA

ZZ MIXED = ZZ MIXEDNEW

CASE (RK3) ! Runge—Kutta 3 stage (use in combination with N_FIXED_.CHEMISTRY_SUBSTEPS)

CALL FIRE_RK3 (ZZMIXEDNEW, ZZ MIXED,ZZ UNMIXED, ZETA, ZETA_ 0, DT_SUB, 1 , TMP_MIXED, TMP_UNMIXED, RHO HAT, &
CELL.MASS, TAUMIX, PBAR_0,DELTA, VELRMS, Q_ REAC_SUB, TIME_ITER , TOTAL MIXED_MASS, CO_PASS)

ZETA.0 = ZETA

ZZMIXED = ZZ MIXEDNEW

CASE (RK2RICHARDSON) ! Finite—rate (or mixed finite—rate/fast) chemistry
! May be used with N_FIXED.CHEMISTRY_SUBSTEPS, but default mode is to use error estimator and variable DT.SUB

ERR.TOL = RICHARDSON._ERROR-TOLERANCE
RICH.EX_.LOOP: DO RICH.ITER = 1,RICHITER-MAX

DT.SUB = MIN(DTSUBNEW, DT-DT_ITER)

! FDS Tech Guide (E.3), (E.4), (E.5)

CALL FIRE_RK2(Al,ZZMIXED,ZZ UNMIXED, ZETA_1, ZETA_0, DT.SUB,1 , TMP_MIXED, TMP_UNMIXED, RHO_HAT, CELL_MASS, TAU_MIX,
PBAR.0,&

DELTA, VELRMS, Q_.REAC_1, TIME_ITER , TOTAL.MIXED_-MASS_1, CO_PASS)

CALL FIRE_RK2(A2,ZZ MIXED,ZZ UNMIXED, ZETA_2,ZETA_0,DT_SUB, 2 ,TMP-MIXED, TMP_.UNMIXED, RHO_HAT, CELL_MASS, TAUMIX,
PBAR.0,&

DELTA, VELRMS, Q_.REAC_2, TIME_ITER , TOTAL.MIXED-MASS_2, CO_PASS)

CALL FIRE_RK2(A4,ZZ MIXED,ZZ UNMIXED, ZETA 4,ZETA_0,DT_SUB, 4 ,TMP-MIXED, TMP_.UNMIXED, RHO_HAT, CELL_MASS, TAUMIX,
PBAR.0,&

DELTA, VELRMS, Q_.REAC_4, TIME_ITER , TOTAL.MIXED-MASS_4, CO_PASS)

! Species Error Analysis
ERR_EST = MAXVAL(ABS ((4._EBxA4—5._EBxA2+A1))) /45..EB | FDS Tech Guide (E.7)

IF (N_FIXED-CHEMISTRY SUBSTEPS<(0) THEN

DTSUBNEW = MIN(MAX(DT_-SUB*(ERR-TOL / (ERR-EST+TWO.EPSILON_EB) ) % x(0.25_EB) ,DT_-SUB.MIN) ,DT-DT.ITER) ! (E.8)
IF (ERR.-EST<ERR.TOL) EXIT RICH-EX_.LOOP

ENDIF

ENDDO RICH_EX_.LOOP

ZZMIXED = (4._EB*A4-A2)+ONIH ! FDS Tech Guide (E.6)
QREACSUB = (4._EB*Q_REAC_4-Q_REAC_2)*ONIH

ZETA = (4._EB*ZETA_4—ZETA_2)+ONIH

ZETA0 = ZETA

I'l debug

!ZETAL0 = ZETA
!7ZZ MIXED = A4
!QREAC.SUB = Q-REAC 4

END SELECT INTEGRATOR.SELECT

27 GET = ZETA*ZZUNMIXED + (1..EB—ZETA)+ZZMIXED ! FDS Tech Guide (5.29)
ZETAINOUT = ZETA

DT.TER = DT.ITER + DT.SUB
ITER = ITER + 1
IF (OUTPUT.CHEM.IT) CHEM.SUBIT.OUT = ITER

QREACSUM = QREACSUM + QREAC.SUB

! Total Variation (TV) scheme (accelerates integration for finite—rate equilibrium calculations)
! See FDS Tech Guide Appendix E

IF (COMBUSTION.ODE SOLVER==RK2 RICHARDSON .AND. N_REACTIONS>1) THEN
DO NS = 1,N.TRACKED_SPECIES

DO TVI = 1,3

ZZ STORE(NS, TVI)=ZZ STORE (NS, TVI+1)

ENDDO

7Z.STORE(NS,4) = ZZ.GET(NS)
ENDDO

TVFLUCT(:) = .FALSE.

IF (ITER >= TV_ITER.MIN) THEN

SPECIES.LOOP.TV: DO NS = 1,N.TRACKED_SPECIES

DO TVI = 1,3

TV(TVI,NS) = ABS(ZZ.STORE(NS, TVI+1)-ZZ_STORE (NS, TVI))

ZZ_DIFF(TVI,NS) = ZZ.STORE(NS, TVI+1)-ZZ_STORE (NS, TVI)

ENDDO

IF (SUM(TV(:,NS)) < ERR.TOL .OR. SUM(TV(:,NS)) >= ABS(2.9 EB*SUM(ZZ_DIFF (: ,NS)))) THEN ! FDS Tech Guide (E.10)
TV_FLUCT(NS) = .TRUE.
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ENDIF

IF (ALL(TV_FLUCT)) EXIT INTEGRATION_.LOOP
ENDDO SPECIES_.LOOP-TV

ENDIF

ENDIF

IF ( DT.TER > (DT+TWO.EPSILON.EB) ) CALL SHUIDOWN( 'ERROR: DT_ITER > DT in COMBUSTIONMODEL ")
IF ( DT.TER > (DI-TWO.EPSILON.EB) ) EXIT INTEGRATION.LOOP

ENDDO INTEGRATION.-LOOP
! Compute heat release rate

Q.OUT = —RHO_IN+SUM(SPECIES MIXTUREYH_F + (ZZ.GET-ZZ.0) ) /DT | FDS Tech Guide (5.14)
I'print =, "first if print QOUT", Q.OUT

! Extinction model

IF (SUPPRESSION) THEN

SELECT CASE(EXTINCTMOD)

CASE(EXTINCTION.1) ; CALL EXTINCT.1(EXTINCT,ZZ.0,TMP_IN)
CASE(EXTINCTION.2) ; CALL EXTINCT.2 (EXTINCT, ZZ_0,Z2Z MIXED, TMPIN)
CASE(EXTINCTION.3) ; CALL EXTINCT.3 (EXTINCT, ZZ_0,Z2Z MIXED, TMP_IN, CO_PASS)
END SELECT

ENDIF

IF (.NOT.EXTINCT) THEN
EXIT CO_EXTINCT_LOOP
ELSE

Z7Z.GET = ZZ.0
ZZSTORE(:,:) = 0._EB
QOUT = 0._EB
CHIR.OUT = 0._EB
CHEM.SUBIT.OUT = 0
REACSOURCE.TERM.OUT(:) = 0._.EB
QREAC.OUT(:) = 0._EB
QREACSUM(:) = 0._EB
ENDIF

ENDDO CO-_EXTINCT_LOOP
! Reaction rate—weighted radiative fraction

IF (SUM(QREAC.SUM)>TWO_EPSILON_EB) THEN
CHIRSUM=0._EB

DO NR=1,N_REACTIONS

RN=>REACTION (NR)

TIME_RAMP_FACTOR = EVALUATERAMP(T,0. _EB ,RNARAMP_CHI_R INDEX)
CHIRSUM = CHIRSUM + QREAC.SUM (NR)*RNVCHI_R+TIME_-RAMP_FACTOR
ENDDO

CHIR.OUT = CHI_R.SUM /(SUM(QREAC.SUM))

ENDIF

CHIR.OUT = MAX(CHI_R_MIN ,MIN(CHI_R MAX, CHI.R_OUT) )

! Store special diagnostic quantities

IF (REACSOURCE.CHECK) THEN
REACSOURCE.TERM.OUT = RHOINx*(ZZ.GET-ZZ.0) /DT
QREAC.OUT = QREACSUM/CELLVOLUME/DT

ENDIF

END SUBROUTINE COMBUSTION.MODEL

SUBROUTINE CHECK_AUTO.IGNITION (EXTINCT, TMP_MIXED, AIT_IN , CO_PASS)
LOGICAL, INTENT(INOUT) :: EXTINCT

INTEGER, INTENT(IN) :: CO_PASS

REAL(EB) , INTENT(IN) :: TMP.MIXED, AIT_IN

INTEGER :: NR

REAL(EB) :: AIT_LOC

TYPE(REACTION.TYPE) ,POINTER :: RN=SNULL()

EXTINCT = .TRUE.

SELECT CASE (EXTINCTMOD)

CASE DEFAULT

! if ANY reaction exceeds AIT, allow all reactions and proceed to EXTINCTION MODEL
! note: here we include finite—rate reactions , else combustion model will exit
! integration loop (as presently coded)

REACTION_.LOOP: DO NR=1,N_REACTIONS

RN => REACTION (NR)

IF (AIT.IN < 1.E10.EB) THEN

AIT_.LOC = AIT_IN

ELSE

AIT_.LOC = RNVAUTOIGNITION.TEMPERATURE

ENDIF

IF ( TMPMIXED > AIT_LOC ) THEN

EXTINCT = .FALSE.

115



Source Code files for edited portions of FDS

912 || EXIT REACTION.LOOP

913 || ENDIF

914 || ENDDO REACTION.LOOP

915

916 || CASE(EXTINCTION.3)

917 || | special case: CO production with 2 fast reactions

918 || ! CO-PASS==1 —> check hydrocarbon AIT

919 || ! CO-PASS==2 —> check CO AIT (not subject to pilot zome ignition [AIT.IN < 1.E10-EB])

920 || RN => REACTION(CO-PASS)
921 || IF (COPASS==1 .AND. AIT.IN < 1.E10.EB) THEN
922 || AIT.LOC = AIT_IN

923 || ELSE

924 || AIT_LOC = RNVAUTOIGNITION.TEMPERATURE

925 || ENDIF

926 || IF ( TMPMIXED > AIT_LOC ) EXTINCT = .FALSE.
927

928 || END SELECT

929

930 || END SUBROUTINE CHECK_AUTOIGNITION

931

932

933 || SUBROUTINE EXTINCT.-1(EXTINCT, ZZ_IN, TMP_IN)

934 || USE PHYSICAL_FUNCTIONS,ONLY: GET_AVERAGE_SPECIFIC_HEAT
935 || REAL(EB) ,INTENT(IN) :: TMP.IN, ZZ_IN (1:N_.TRACKED_SPECIES)
936 || LOGICAL, INTENT(INOUT) :: EXTINCT

937 || REAL(EB) :: Y.O2,Y_O2_CRIT,CPBAR

938 || INTEGER :: NR

939 || TYPE(REACTION.TYPE) ,POINTER :: RN=>NULL()

940
941 EXTINCT = .FALSE.

942 || REACTION.LOOP: DO NR=1,N_REACTIONS

943 || RN => REACTION(NR)

944 IF (.NOT.RNVFAST_.CHEMISTRY) CYCLE REACTION.LOOP

945 || CALL GET_-AVERAGE_SPECIFIC_HEAT (ZZ_IN ,CPBAR, TMP_IN)

946 || Y-O2 = ZZ_IN (RNLAIR.SMIX_INDEX)

947 || Y_-O2_CRIT = CPBARx* (RN/CRIT_FLAME_TMP-TMP_IN ) /RN/EPUMO2
948 IF (Y-O2 < Y_O2.CRIT) EXTINCT = .TRUE.

949 || ENDDO REACTION_LOOP

950
951 || END SUBROUTINE EXTINCT_1
952
953
954 || SUBROUTINE EXTINCT-2(EXTINCT, ZZ_0-IN ,ZZ_IN ,TMP_IN)

955 || USE PHYSICAL_FUNCTIONS,ONLY: GET_[ENTHALPY

956 || REAL(EB) ,INTENT(IN) ::TMP_IN,ZZ_0_IN (1:N.TRACKED_SPECIES) ,ZZ_IN (1:N_.TRACKED_SPECIES)
957 || LOGICAL, INTENT(INOUT) :: EXTINCT

958 || REAL(EB) :: ZZ_HAT.0(1:N_TRACKED_SPECIES) ,ZZ HAT (1:N_TRACKED_SPECIES) ,H.0,H_.CRIT

959 || INTEGER :: NS

960 || TYPE(REACTION_TYPE) , POINTER :: RI=>NULL()

961
962 IF (NREACTIONS /= 1 .OR. .NOT.REACTION(1)%FAST_-CHEMISTRY) RETURN
963 || R1 => REACTION(1)

964
965 || DO NS = 1,N.TRACKED_SPECIES

966 || IF (NS==R1%FUEL_SMIX_INDEX) THEN

967 || ZZZHAT-0(NS) = ZZ_0_.IN(NS) ! FDS Tech Guide (5.15)

968 || ZZHAT(NS) = ZZ.IN(NS) ! FDS Tech Guide (5.18)

969 || ELSEIF (NS==R1%AIR-SMIX_INDEX) THEN

970 || ZZZHAT-0(NS) = ZZ_.0.IN(NS) — ZZ_IN(NS) ! FDS Tech Guide (5.16)

971 || ZZHAT(NS) = 0._-EB ! FDS Tech Guide (5.19)

972 || ELSE

973 || ! FDS Tech Guide (5.17)

974 || ZZHAT.O(NS) = ( (ZZ.0.IN (RI%AIRSMIX_INDEX) — ZZ_IN (RI%AIR_ SMIX_INDEX)) / ZZ_0_IN (RI%AIR.SMIX.INDEX) ) * ZZ_0_IN

(NS)
975 || ZZHAT(NS) = ZZHAT.O(NS) + ZZIN(NS) — ZZ_0.IN(NS) ! FDS Tech Guide (5.20)
976 || ENDIF
977 || ENDDO

978
979 || ZZHAT.0 = ZZ HAT.0/SUM(ZZ_HAT.0)
980 || ZZHAT = ZZHAT/SUM(ZZHAT)

981

982 || | See if enough energy is released to raise the fuel and required "air” temperatures above the critical flame
temp .

983

984 || CALL GETENTHALPY(ZZ_HAT.0,H.0,TMPIN) ! H of reactants participating in reaction (includes chemical enthalpy)
985 || CALL GET_ENTHALPY (ZZ HAT,H_CRIT,REACTION (1)%CRIT_FLAME.TMP) ! H of products at the critical flame temperature
986 || IF (H.0 < H.CRIT) EXTINCT = .TRUE. ! FDS Tech Guide (5.21)

987
988 || END SUBROUTINE EXTINCT.2
989
990
991 || SUBROUTINE EXTINCT.3 (EXTINCT, ZZ_0_.IN ,ZZ_IN,TMP_IN, CO_PASS)

992 || USE PHYSICAL_FUNCTIONS,ONLY: GET_ ENTHALPY

993 || REAL(EB) ,INTENT(IN) ::TMP_N, ZZ_0_IN (1:N_.TRACKED_SPECIES) ,ZZ_IN (1:N_.TRACKED_SPECIES)
994 || INTEGER, INTENT(IN) :: COPASS

995 || LOGICAL, INTENT(INOUT) :: EXTINCT

996 || REAL(EB) :: ZZ_HAT.0(1:N.TRACKEDSPECIES) ,ZZ HAT(1:N_TRACKED_SPECIES) ,H.0, H.CRIT

997 || INTEGER :: NS
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998
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TYPE(REACTION_TYPE) , POINTER :: RI=>NULL() ,R2=>NULL()

! R1: Fuel + 02 => CO + Products
!'R2: CO + (1/2)02 => CO2

! extinction model:

! 1. (first pass) Evaluate EXTINCT based on R1 + R2

! 2. (second pass, EXTINCT=T on first pass) Evaluate EXTINCT based on R2
R1 => REACTION(1)

R2 => REACTION(2)

DO NS = 1,N_TRACKED_SPECIES
IF (NS==R1%FUEL_SMIX_INDEX .OR. NS==R2%FUEL_SMIX_INDEX) THEN
7Z HATO(NS) = ZZ_0_IN(NS)

ZZHAT(NS) = ZZ_IN(NS)

ELSEIF (NS==R1%AIR_SMIX_INDEX) THEN

7Z HATO(NS) = ZZ_0_IN(NS) — ZZ_IN(NS)

77 HAT(NS) 0._EB

ELSE

ZZHATO(NS) = ( (ZZ.0.IN(RI%AIR.SMIX_INDEX) — ZZ_IN (RI%AIR.SMIX.INDEX)) / ZZ_0_IN (RI%AIR_SMIX_INDEX) ) * ZZ_0_IN
(NS)

ZZHAT(NS) = ZZIN(NS) — ZZ_0IN(NS) + ZZHAT.O(NS)

ENDIF

ENDDO

ZZHAT.0 = ZZHAT.0/SUM(ZZHAT.0)
ZZHAT = ZZHAT/SUM(ZZHAT)

! See if enough energy is released to raise the fuel and required "air” temperatures above the critical flame
temp .

CALL GETENTHALPY(ZZ HAT.0,H.O,TMP.IN) ! H of reactants participating in reaction(includes chemical enthalpy)

CALL GET_ENTHALPY (ZZHAT, H_.CRIT ,REACTION(CO_PASS)%CRIT FLAME.TMP) ! H of products at the critical flame
temperature

IF (H.0 < H.CRIT) EXTINCT = .TRUE.

END SUBROUTINE EXTINCT.3

SUBROUTINE FIRE.FORWARD.EULER-1(ZZ.OUT,ZETA.-OUT, ZZ_IN ,ZETA_IN , DT_LOC, TMP_MIXED, RHO HAT, ZZ_ UNMIXED, CELL.MASS,
TAUMIX) !Subroutine FIREFORWARD_EULER-1 for 6.2.0

USE COMP_FUNCTIONS, ONLY:SHUIDOWN

USE PHYSICAL FUNCTIONS, ONLY: GET-REALIZABLE-MF, GET_AVERAGE_SPECIFIC_HEAT

!USE RADCONS, ONLY: RADIATIVE FRACTION-1 !changed name RADIATIVE_FRACTION.1

REAL(EB) :: RADIATIVE_FRACTION ladded this as required

REAL(EB) , INTENT(IN) :: ZZ.IN (1:N_.TRACKED_SPECIES) ,ZETA_IN,DT.LOC,RHOHAT,ZZ UNMIXED( 1:N_.TRACKED_SPECIES) ,
CELL_MASS, &

TAUMIX

REAL(EB) , INTENT(OUT) :: ZZ.OUT(1:N.TRACKED_SPECIES) ,ZETA.OUT

REAL(EB) , INTENT(INOUT) :: TMP.MIXED

REAL(EB) :: ZZ.0(1:N.TRACKED_SPECIES) ,ZZNEW (1:N_TRACKED_SPECIES) ,DZZ(1:N_TRACKED_SPECIES) ,UNMIXED_MASS.0(1:
N.TRACKED_SPECIES) &

BOUNDEDNESS.CORRECTION, MIXED_MASS ( 1 : N.TRACKED_SPECIES) , MIXED_MASS_0 ( 1:N.TRACKED_SPECIES) , TOTAL MIXED_MASS, Q.TEMP,
CPBAR

INTEGER :: SR

INTEGER, PARAMETER :: INFINITELY.FAST=1,FINITE_RATE=2

LOGICAL :: TEMPERATURE.DEPENDENT REACTION=.FALSE.

ZETA.OUT = ZETA_IN+EXP(—DT_LOC/TAUMIX) ! FDS Tech Guide (5.29)

IF (ZETA.OUT < TWOEPSILON_EB) ZETAOUT = 0..EB

MIXED-MASS 0 = CELL-.MASS%ZZ_IN

UNMIXED-MASS.0 = CELL-MASS+ZZ UNMIXED

MIXED-MASS = MAX(0.-EB,MIXED-MASS0 — (ZETA.OUT — ZETA.IN)*UNMIXED-MASS0) ! FDS Tech Guide (5.37)
TOTALMIXED MASS = SUM(MIXED_MASS)

ZZ_0 = MIXEDMASS/MAX(TOTALMIXED_MASS, TWO_EPSILON_EB) ! FDS Tech Guide (5.35)

IF (ANY(REACTION ( :)%FAST.CHEMISTRY)) THEN

DO SR = 0,N_SERIES_.REACTIONS

CALL REACTION_RATE_1(DZZ,ZZ_0 ,DT_LOC,RHOHAT, TMP MIXED, INFINITELY_FAST) !changed name to REACTION_RATE.1 for
6.2.0

ZZNEW = ZZ.0 + DZZ | test Forward Euler step (5.53)

BOUNDEDNESS.CORRECTION = FUNCBCOR(ZZ.0,ZZNEW) | Reaction rate boundedness correction

ZZNEW = ZZ.0 + DZZ«xBOUNDEDNESS.CORRECTION ! corrected FE step for all species (5.54)

770 = ZZNEW

ENDDO

ENDIF

IF (.NOT.ALL(REACTION (:)%FAST_CHEMISTRY)) THEN
CALL REACTION_RATE.1(DZZ, ZZ_0 ,DT.LOC,RHOHAT, TMPMIXED, FINITE_RATE) !changed name to REACTION.RATE1 for 6.2.0
ZZNEW = ZZ.0 + DZZ

BOUNDEDNESS.CORRECTION = FUNC.BCOR(ZZ_0 ,ZZ.NEW)

ZZNEW = ZZ.0 + DZZ+BOUNDEDNESS.CORRECTION

IF (TEMPERATURE.DEPENDENT_REACTION) THEN

Q.TEMP = SUM(SPECIES_MIXTUREY%H _F+DZZ+BOUNDEDNESS . CORRECTION))

CALL GET_AVERAGE_SPECIFIC_HEAT (ZZNEW, CPBAR, TMP_MIXED)

TMPMIXED = TMPMIXED + DT_.LOC* (1._EB—RADIATIVE_FRACTION ) *Q_TEMP/CPBAR

ENDIF

ENDIF
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1078 || ! Enforce realizability on mass fractions

1079

1080 || CALL GET.REALIZABLE-MF (ZZNEW)

1081

1082 || ZZ.OUT = ZZNEW

1083

1084 || END SUBROUTINE FIRE_FORWARD_EULER-1 I'changing names
1085

1086 || SUBROUTINE FIRE_.FORWARD_EULER(ZZ.OUT,ZZ_IN ,ZZ UNMIXED, ZETA-OUT, ZETA_IN , DT_LOC, TMP-MIXED, TMP_UNMIXED, RHOHAT,
CELL-MASS, TAUMIX, &

1087 || PBAR.O,DELTA, VEL_RMS, Q_REAC_LOC, SUB_IT , TOTAL_MIXED_MASS, CO_PASS)

1088 || USE COMP_FUNCTIONS, ONLY:SHUIDOWN

1089 || USE PHYSICAL FUNCTIONS, ONLY: GET_REALIZABLE MF,GET_AVERAGE_SPECIFIC_ HEAT

1090 || REAL(EB), INTENT(IN) :: ZZ_IN(1:N_TRACKED_SPECIES) ,ZETA_IN,DT.LOC,RHOHAT,ZZ UNMIXED(1:N_TRACKED_SPECIES) ,
CELL.MASS, TAUMIX, &

1091 || PBAR.0,DELTA, VEL_RMS, TMP_UNMIXED

1092 || INTEGER, INTENT(IN) :: SUB.IT,CO.PASS

1093 || REAL(EB) , INTENT(OUT) :: ZZ.OUT(1:N_.TRACKED_SPECIES) ,ZETA_ OUT,QREAC.LOC (1:N_REACTIONS) ,TOTAL MIXED MASS
1094 || REAL(EB), INTENT(INOUT) :: TMP.MIXED

1095 || REAL(EB) :: ZZ.0(1:N.TRACKED.SPECIES) ,ZZNEW (1:N.TRACKED_SPECIES) ,DZZ(1:N.TRACKED.SPECIES) ,&

1096 || MIXED-MASS (1:N.-TRACKED_SPECIES) ,MIXED-MASS.0 (1:N.TRACKED_SPECIES) ,&

1097 || QREAC.OUT (1:N_REACTIONS) ,TOTAL-MIXED-MASS.0

1098 || INTEGER, PARAMETER :: INFINITELY.FAST=1,FINITE.RATE=2

1099
1100 || ! Determine initial state of mixed reactor zone
1101
1102 || TOTALMIXED-MASS0 = (1..EB-ZETA_IN)*CELL-MASS
1103 || MIXED.MASS.0 = ZZ_IN*TOTALMIXED_MASS_0

1104
1105 || ! Mixing step
1106
1107 || ZETA.OUT = MAX(0._EB, ZETA_IN*EXP(—DT_LOC/TAUMIX) ) ! FDS Tech Guide (5.28)

1108 || TOTALMIXEDMASS = (1._EB—ZETA_OUT)«CELL.MASS

1109 || MIXED.MASS = MAX(0._EB,MIXED_-MASS.0 — (ZETA.OUT — ZETA_N)«ZZUNMIXED«CELLMASS) | after mixing step , FDS Tech

Guide (5.36)
1110 || ZZ.0 = MIXED.MASS/MAX(TOTALMIXED.MASS, TWO_EPSILON_EB) ! FDS Tech Guide (5.37)
1111
1112 || | Enforce realizability on mass fractions
1113
1114 || CALL GET-REALIZABLE-MF(ZZ.0)
1115
1116 || QREAC.LOC(:) = 0.-EB
1117
1118 || ! Removed TEMPERATURE DEPENDENTREACTION until other bugs are sorted out

1119 || TMP.MIXED = TMP.UNMIXED

1120 || IF (ANY(REACTION ( :)%FAST.CHEMISTRY)) THEN

1121 || CALL REACTION.RATE(DZZ, ZZ.0 ,DT.LOC,RHOHAT, TMP_MIXED, INFINITELY _FAST , PBAR 0, DELTA, VEL RMS, Q REAC_.OUT, SUB.IT
CO_PASS)

1122 || ZZNEW = ZZ.0 + DZZ

1123 || ZZ.0 = ZZNEW

1124 || QREACLOC = QREACIOC + QREAC.OUT*TOTALMIXED.MASS

1125 || ENDIE

1126 || IF (.NOT.ALL(REACTION (: ) %FAST_.CHEMISTRY) ) THEN

1127 || CALL REACTION_RATE(DZZ, ZZ_0 ,DT.LOC,RHOHAT, TMP.MIXED, FINITE_.RATE , PBAR.0, DELTA, VEL RMS, Q REAC.OUT, SUB_IT ,CO_PASS)
1128 || ZZNEW = ZZ.0 + DZZ

1129 || QREACLOC = QREACIOC + QREAC.OUT+TOTALMIXED MASS

1130 || ENDIF

1131

1132 || ! Enforce realizability on mass fractions
1133

1134 || CALL GET-REALIZABLE-MF (ZZNEW)

1135

1136 || ZZOUT = ZZNEW

1137

1138 || END SUBROUTINE FIRE_ FORWARD_EULER

1139

1140

1141

1142 || REAL(EB) FUNCTION FUNCBCOR(ZZ_.0,ZZNEW)
1143 || | This function finds a correction for reaction rates such that all species remain bounded.
1144

1145 || REAL(EB) , INTENT(IN) :: ZZ.0(1:N.TRACKED-SPECIES) ,ZZNEW (1:N_.TRACKED_SPECIES)
1146 || REAL(EB) :: BCOR,DZ.IB,DZ.OB

1147 || INTEGER :: NS

1148
1149 || !print %, 'BCOR function’
1150
1151 || BCOR = 1..EB

1152 || DO NS=1,N.TRACKED_SPECIES

1153 || IF (ZZNEW(NS)<0._.EB) THEN ! FDS Tech Guide (5.55)

1154 || DZ.IB=ZZ_0 (NS) ! ' DZ "in bounds”

1155 || DZ.OB=ABS(ZZNEW(NS)) ! DZ "out of bounds”

1156 || BCOR = MIN( BCOR, DZ.IB/MAX(DZ_IB+DZ.OB, TWO_EPSILON.EB) )
1157 || ENDIF

1158 || IF (ZZNEW(NS)>1._EB) THEN ! FDS Tech Guide (5.55)

1159 DZ.1B=1._EB—ZZ_0(NS)

1160 || DZ.OB=ZZNEW(NS) —1._EB

1161 || BCOR = MIN( BCOR, DZ.IB/MAX(DZ_IB+DZ.OB, TWO_EPSILON.EB) )

118



Source Code files for edited portions of FDS

1162
1163
1164
1165
1166
1167
1168

1169
1170
1171

1172
1173
1174
1175
1176

1177
1178
1179
1180
1181
1182
1183

1184

1185
1186
1187
1188
1189
1190
1191
1192
1193

1194
1195
1196
1197
1198

1199
1200
1201
1202
1203

1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215

1216
1217
1218

1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239

ENDIF

ENDDO

FUNCBCOR = BCOR

END FUNCTION FUNCBCOR

SUBROUTINE FIRE_RK2.1(ZZ.OUT,ZETA.OUT, ZZIN ,ZETA_IN, DT_SUB, N.INC, TMP-MIXED, RHOHAT, ZZ UNMIXED, CELL-MASS, TAU_-MIX)
!'changed name to FIRE_.RK2.1 for 6.2.0
! This function wuses RK2 to integrate ZZ.O from t=0 to t=DTSUB in increments of DT_LOC=DT-SUB/N_.INC
REAL(EB) , INTENT(IN) :: ZZ_IN(1:N_TRACKED_SPECIES) ,DT_SUB,ZETA_IN,RHOHAT,ZZ UNMIXED (1:N_.TRACKED_SPECIES) ,
CELL_MASS, &
TAUMIX
REAL(EB) , INTENT(OUT) :: ZZ.OUT(1:N_.TRACKED_SPECIES) ,ZETA.OUT
REAL(EB) , INTENT(INOUT) :: TMP.MIXED
INTEGER, INTENT(IN) :: N.INC
REAL(EB) :: DT.LOC,ZZ.0(1:N.TRACKED.SPECIES) ,ZZ_1 (1:N_.TRACKED_SPECIES) ,ZZ_2 (1:N_.TRACKED_SPECIES) ,ZETA_ 0, ZETA_1,
ZETA2
INTEGER :: N
DTLOC = DT_SUB/REAL(N.INC,EB)
770 = ZZIN
ZETA0 = ZETA.IN
DO N=1,N.INC
CALL FIRE.-FORWARD.EULER.1(ZZ-1,ZETA.1,ZZ.0,ZETA0,DT_LOC, TMP-MIXED, RHOHAT, ZZ UNMIXED, CELL.MASS, TAUMIX) !changed
name
CALL FIRE.-FORWARD.EULER-1(ZZ-2,ZETA.2,77.1,ZETA_1,DT_LOC, TMP-MIXED, RHOHAT, ZZ UNMIXED, CELL.MASS, TAUMIX) !changed
name
ZZ.OUT = 0.5_EB*(ZZ.0 + ZZ.2)
270 = ZZ.OUT
ZETAOUT = ZETA_1
ZETA0 = ZETAOUT
ENDDO
END SUBROUTINE FIRE_RK2.1 I'changed name
SUBROUTINE FIRE_RK2(ZZ.OUT,ZZ_IN ,ZZ UNMIXED, ZETA_ OUT, ZETA_IN, DT_SUB, N_INC, TMP _MIXED, TMP_UNMIXED, RHO HAT, CELL_MASS
, TAUMIX, &
PBAR.0,DELTA, VEL.RMS, Q REAC.OUT, SUB._IT , TOTAL.MIXED-MASS.OUT, CO_PASS)
! This function uses RK2 to integrate ZZ.O from t=0 to t=DT.SUB in increments of DTLOC=DT.-SUB/N_INC
REAL(EB) , INTENT(IN) :: ZZ.IN(1:N.TRACKED-SPECIES) ,DT-SUB,ZETA.IN,RHOHAT,ZZ UNMIXED (1:N-TRACKED_SPECIES) ,
CELL-MASS, &
TAUMIX, PBAR_0,DELTA, VEL_RMS, TMP_UNMIXED
REAL(EB) , INTENT(OUT) :: ZZ.OUT(1:N.TRACKED.SPECIES) ,ZETA.OUT,Q.REAC.OUT (1:N.REACTIONS) ,TOTAL MIXED.MASS.OUT
REAL(EB) , INTENT(INOUT) :: TMP.MIXED
INTEGER, INTENT(IN) :: N.INC,SUB.IT,CO_PASS
REAL(EB) :: DT.LOC,ZZ.0(1:N.TRACKED_SPECIES) ,ZZ_1 (1:N_.TRACKED_SPECIES) ,ZZ_2 (1:N_.TRACKED_SPECIES) ,ZETA 0, ZETA_1,
ZETA2,&
Q-REAC.1(1:N_REACTIONS) ,Q_-REAC.2 (1:N_REACTIONS) ,TOTAL.MIXED_MASS_0, TOTAL.MIXED_MASS_1, TOTAL MIXED_MASS_2
INTEGER :: N
DTLOC = DT.SUB/REAL(N.INC,EB)
770 = ZZIN
ZETA0 = ZETAIN
QREACOUT(:) = 0.-EB
TOTALMIXED-MASS0 = (1..EB—ZETA.0)+CELL.MASS
DO N=1,N.INC

CALL FIREFORWARD EULER(ZZ.1,ZZ.0,ZZ UNMIXED, ZETA 1, ZETA .0, DT_LOC, TMP_MIXED,, TMP.UNMIXED, RHO HAT, CELL_MASS, TAU_MIX
&
PBAR.0,DELTA, VEL.RMS, Q_REAC_1,SUB_IT , TOTAL MIXED_MASS_1, CO_PASS)

CALL FIRE FORWARD_EULER(ZZ_2,ZZ_1,ZZ UNMIXED, ZETA 2, ZETA_1,DT_LOC, TMP_MIXED, TMP_UNMIXED, RHO HAT, CELL_MASS, TAU_MIX
&
PBAR.0,DELTA, VELRMS, Q_REAC_2, SUB_IT , TOTAL_MIXED_MASS 2, CO_PASS)

IF (TOTALMIXED-MASS_2>TWO_EPSILON_EB) THEN

ZZOUT = 0.5_EB*(ZZ_0xTOTALMIXED.MASS0 + ZZ_2*TOTALMIXED_MASS_2)
TOTALMIXED-MASS OUT = SUM(ZZ.OUT)

77 OUT = ZZ.OUT/TOTALMIXED.MASS_ OUT

ELSE

770UT = ZZ.0

ENDIF

ZETA.OUT = MAX(0._EB,1._EB—TOTAL MIXED_MASS.OUT/CELL MASS)
QREAC.OUT = QREAC.OUT + 0.5_EBx(Q_REAC.1+Q_REAC.2)

770 = ZZ.OUT

ZETA0 = ZETA.OUT

TOTALMIXED_MASS0 = TOTAL MIXED MASS.OUT

ENDDO

END SUBROUTINE FIRE_RK2
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igi(l) SUBROUTINE FIRE_RK3(ZZ.OUT,ZZ_IN ,ZZ_UNMIXED, ZETA_.OUT, ZETA_IN, DT_SUB, N_INC , TMP_MIXED, TMP_.UNMIXED, RHO HAT, CELL_.MASS
1242 PBAR,O,,&[I{]%X[,)%SLRMS ,QREAC.OUT, SUB.IT , TOTALMIXED-MASS_.OUT, CO_PASS)
ﬁﬁ ! This function uses SSP RK3. See Gottlieb , Shu, Tadmor, SIAM Review, 2001.
gii REAL(ECIS];)[:L%gT(IN) 11 ZZIN(1:N_.TRACKED-SPECIES) ,DT_SUB, ZETA_IN ,RHOHAT, ZZ_ UNMIXED ( 1: N.TRACKED_SPECIES) ,
, &

1247 || TAUMIX, PBAR.O,DELTA, VEL.RMS, TMP.UNMIXED

1248 || REAL(EB) , INTENT(OUT) :: ZZ.OUT(1:N_.TRACKED_.SPECIES) ,ZETA_OUT,QREAC.OUT (1:N_REACTIONS) ,TOTAL MIXED_MASS.OUT
1249 || REAL(EB) , INTENT(INOUT) :: TMPMIXED

1250 || INTEGER, INTENT(IN) :: N.INC,SUB.IT,CO_PASS

1251 || REAL(EB) :: DT.LOC,TOTAL-MIXED-MASS.0, TOTAL.MIXED-MASS_1, TOTAL.MIXED-MASS_2, TOTAL.MIXED_MASS_3, &

1252 || ZZ_0(1:N_.-TRACKED.SPECIES) ,ZZ_1 (1:N_.TRACKED_SPECIES) ,ZZ_2 (1:N.TRACKED_SPECIES) ,ZZ_3 (1:N_.TRACKED_SPECIES) ,&
1253 || ZETA0,ZETA_1,ZETA2,ZETA3,&

1254 || Q-REAC-1(1:N_REACTIONS) ,Q-REAC.2(1:N_REACTIONS) ,Q-REAC_3 (1:N_REACTIONS)

1255 || INTEGER :: N

1256
1257 || DT.LOC = DT.SUB/REAL(N.NC,EB) ! in principle , multiple increments could be used for Richardson extrapolation
1258 || ZZ.0 = ZZIN

1259 || ZETA0 = ZETA.IN

1260 || QREAC.OUT(:) = 0..-EB

1261 || TOTALMIXED-MASS0 = (1..EB—ZETA_0)+CELL.MASS

1262

1263 || INCLLOOP: DO N=1,N_INC

1264

1265 || CALL FIRE_LFORWARD_EULER(ZZ_1,ZZ.0,ZZJUNMIXED, ZETA_1,ZETA0, DT.LOC, TMP.MIXED, TMP.UNMIXED,RHOHAT, CELL MASS,
TAUMIX, &

1266 || PBAR.0,DELTA, VEL.RMS, Q_REAC_1, SUB_IT , TOTAL_MIXED_MASS_1, CO_PASS)

1267

1268 || CALL FIRE_LFORWARD_EULER(ZZ.2,ZZ.1,ZZJUNMIXED, ZETA_2,ZETA_1, DT.LOC, TMP.MIXED, TMP.UNMIXED,RHOHAT, CELL_MASS,
TAUMIX, &

1269 || PBAR.0,DELTA, VELRMS, Q_REAC.2, SUB.IT , TOTAL .MIXED_MASS_2, CO_PASS)

1270

1271 IF (TOTALMIXED-MASS_2>TWO_EPSILON_EB) THEN
1272 || ZZ2 = 0.75_EB*ZZ_0+*TOTALMIXED.MASS 0 + 0.25_EB+ZZ_2+TOTAL.MIXED-MASS_2
1273 || 222 = 7Z7.2/SUM(ZZ.2)

1274 || ELSE

1275 || 222 = ZZ.0

1276 || ENDIF

1277

1278 || Q.REAC2 = 0.25_EB * (Q-REAC.1 + Q.REAC.2)

1279

1280 || ZETA2 = 0.75_EB*ZETA0 + 0.25_EB*ZETA2

1281

1282 || CALL FIRE.FORWARD_EULER(ZZ.3,Z2Z2,ZZUNMIXED, ZETA_3,ZETA 2, DT.LOC, TMPMIXED, TMP_UNMIXED, RHOHAT, CELL.MASS,
TAUMIX, &

1283 || PBAR.0O,DELTA, VEL.RMS, Q_REAC_3,SUB_IT , TOTAL_MIXED_MASS_3, CO_PASS)

1284

1285 || IF (TOTALMIXED_MASS_3>TWO_EPSILON_EB) THEN

1286 || ZZ.OUT = ONTH+xZZ_0*TOTAL.MIXED_MASS.0 + TWIH*ZZ_3*TOTAL MIXED_MASS_3
1287 || TOTALMIXED-MASS OUT = SUM(ZZ.OUT)

1288 || ZZOUT = ZZ.OUT/TOTALMIXED-MASS_ OUT

1289 || ELSE

1290 || ZZOUT = ZZ.0

1291 || ENDIF

1292

1293 || QREAC.OUT = QREAC.OUT + TWIH * (Q-REAC2 + Q-REAC.3)
1294

1295 || ZETA.OUT = MAX(0._EB, 1. _EB-TOTALMIXED-MASS OUT/CELL-MASS)
1296

1297 || ZZ0 = ZZ.OUT
1298 || ZETA.0 = ZETA.OUT
1299 || TOTALMIXED_MASS 0 = TOTAL_MIXED MASS OUT

1300

1301 || ENDDO INC_LOOP

1302

1303 || END SUBROUTINE FIRE_RK3

1304

1305 || SUBROUTINE REACTION_RATE_1(DZZ,ZZ.0,DT_LOC,RHO.0, TMP_0, KINETICS) I'changed name to REACTION_RATE.1 for 6.2.0
1306 || USE PHYSICAL_FUNCTIONS, ONLY : GET_MASS_FRACTION_ALL,GET_SPECIFIC_.GAS.CONSTANT , GET_GIBBS_FREE_LENERGY

GETMOLECULAR WEIGHT

1307 || REAL(EB), INTENT(OUT) :: DZZ(1:N.TRACKED_SPECIES)

1308 || REAL(EB), INTENT(IN) :: ZZ.0(1:N.TRACKED_SPECIES) ,DT.LOC,RHO.0, TMP.0

1309 || INTEGER, INTENT(IN) :: KINETICS

1310 || REAL(EB) :: DZ.F(1:N.REACTIONS) ,YY_PRIMITIVE (1:N_SPECIES) ,DGRXN,MA,MOLPQV3
1311 || INTEGER :: I,NS

1312 || INTEGER, PARAMETER :: INFINITELY_FAST=1,FINITE_RATE=2

1313 || TYPE(REACTION.TYPE) ,POINTER :: RN=>NULL()

1314
1315 || DZ.F = 0._EB
1316 || Dzz = 0._.EB

1317

1318 || KINETICS_SELECT: SELECT CASE(KINETICS)

1319

1320 || CASE(INFINITELY.FAST)

1321 IF (EXTINCT1) RETURN !changed name for 6.2.0
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1322 || REACTION.LOOP.1: DO I=1,N_REACTIONS

1323 || RN => REACTION(T)

1324 || IF (.NOT.RNVFAST_.CHEMISTRY) CYCLE REACTION.LOOP-1
1325 || DZ.F(I) = ZZ.0(RN%FUEL.SMIX.INDEX)

1326 || DZZ = DZZ + RNUNUMW.OMWF+DZ_F(1)

1327 || ENDDO REACTION.LOOP-1

1328
1329 || CASE(FINITE-RATE)

1330 || REACTION.LOOP2: DO I=1,N-REACTIONS

1331 || RN => REACTION(I)

1332 || IF (RNV&FAST_CHEMISTRY .OR. ZZ_0(RN%FUEL_SMIX_INDEX) < ZZ MIN.GLOBAL) CYCLE REACTION_LOOP2
1333 || IF (RN%AIR_SMIX_INDEX > —1) THEN

1334 || IF (ZZ_.0 (RN\N%AIR_SMIX_INDEX) < ZZMIN.GLOBAL) CYCLE REACTION.LOOP2 ! no expected air

1335 || ENDIF

1336 || CALL GET.MASS FRACTION_ALL(ZZ_0,YY_PRIMITIVE)

1337 || DO NS=1,N_SPECIES

1338 || IF (RN\NN_S(NS)>= —998._EB .AND. YY_PRIMITIVE(NS) < ZZMIN.GLOBAL) CYCLE REACTION.LOOP2

1339 || ENDDO

1340 || DZ_F(I1) = RNA_PRIMEs*RHO_0x*RN/RHOEXPONENT*TMP_05*RNVN _T*EXP(—RNVE / (RO*TMP_0) ) ! FDS Tech Guide, Eq. (5.49)
1341 || DO NS=1,N_SPECIES

1342 || IF (RN%N-S(NS)>= —998..EB) DZ.F(I) = YY.PRIMITIVE (NS)+*RN/N_S (NS) *DZ_F (1)

1343 || ENDDO

1344 || IF (RN%IHIRD-BODY) THEN

1345 || CALL GETMOLECULAR WEIGHT(ZZ-0 MA)

1346 || MOLPCM3 = RHO.0AVW%0.001-EB ! mol/cm"3

1347 || DZ.F(I) = DZ.F(I) * MOLPCM3

1348 || ENDIF

1349 || IF (R\NREVERSE) THEN ! compute equilibrium constant

1350 || CALL GET.GIBBS_FREE_ENERGY (DGRXN,RN/ANU, TMP_0)

1351 || RNWK = EXP(—DGRXN/(RO+TMP.0))

1352 || ENDIF

1353 || DZZ = DZZ + RNVNUMW.OMW F+DZ _F (1) *DT.LOC/RN/K

1354 || ENDDO REACTION_LOOP2

1355

1356 || END SELECT KINETICS_SELECT

1357

1358 || END SUBROUTINE REACTION_RATE.1 I'changed name
1359

1360 || SUBROUTINE REACTION_RATE(DZZ,ZZ_0,DT_SUB,RHO.0, TMP.0, KINETICS, PBAR.0, DELTA, VEL.RMS, Q REAC.OUT, SUB_IT , CO_PASS)
1361 || USE COMPFUNCTIONS, ONLY: SHUIDOWN

1362 || USE PHYSICALFUNCTIONS, ONLY : GET-MASS_FRACTION.ALL, GET_SPECIFIC.GAS.CONSTANT , GET_GIBBS_FREE_.ENERGY,
GET_MOLECULAR WEIGHT

1363 || REAL(EB) , INTENT(OUT) :: DZZ(1:N.TRACKED_SPECIES) ,Q REAC.OUT (1:N_REACTIONS)

1364 || REAL(EB), INTENT(IN) :: ZZ.0(1:N.TRACKED-SPECIES) ,DT_SUB,RHO.0, TMP.0, PBAR.0,DELTA, VEL.RMS

1365 || INTEGER, INTENT(IN) :: KINETICS,SUB.IT,CO_PASS

1366 || REAL(EB) :: DZ.F,YY_PRIMITIVE (1:N_SPECIES) ,DGRXN,MW,MOLPCM3, DT.TMP ( 1:N_.TRACKED_SPECIES) ,DT_MIN, DT_LOC, &

1367 || ZZ.TMP (1:N_.TRACKED_SPECIES) ,ZZNEW (1:N_TRACKED_SPECIES) ,Q.REAC_.TMP (1:N_REACTIONS) ,AA, DTHETA

1368 || INTEGER :: I,NS,SUB.IT_USE, OUTERIT

1369 || LOGICAL :: REACTANTS_PRESENT

1370 || INTEGER, PARAMETER :: INFINITELY.FAST=1,FINITE_.RATE=2

1371 || TYPE(REACTION.TYPE) , POINTER :: RN=>NULL()

1372
1373 || ZZNEW = ZZ.0

1374 || QREACOUT = 0._EB

1375 || QREAC.TMP = 0._EB

1376 || SUBIT_-USE = SUB.IT ! keep this for debug

1377

1378 || KINETICS.SELECT: SELECT CASE(KINETICS)
1379

1380 || CASE(INFINITELY_FAST)

1381

1382 || FAST.REAC.LOOP: DO OUTER.IT=1,N.REACTIONS

1383 || IF (CO_PASS==2 .AND. OUTER.IT/=2) CYCLE FAST_REAC_LOOP

1384 || ZZIMP = ZZNEW

1385 || DZZ = 0._EB

1386 || REACTANTS PRESENT = .FALSE.

1387 || REACTION.LOOP_1: DO I=1,N_REACTIONS

1388 || RN => REACTION(T)

1389 || IF (.NOT.RNVFAST.CHEMISTRY) CYCLE REACTION_LOOP_1

1390 || IF (RN%AIR.SMIX_INDEX > —1) THEN

1391 || DZ_F = ZZ.TMP (RNVFUEL_SMIX_INDEX) +ZZ TMP (RN%AIR_ SMIX_INDEX) | 2nd—order reaction

1392 || ELSE
1393 || DZ_F = ZZ.TMP(RN/WFUEL_SMIX.INDEX) ! Ist—order
1394 || ENDIF

1395 || IF (DZ.F > TWO_EPSILON.EB) REACTANTSPRESENT = .TRUE.

1396 || DTHETA = FLAME SPEED_FACTOR (ZZ.TMP,DT_LOC,RHO.0, TMP.0, PBAR.0, T ,DELTA, VEL_RMS)
1397 || AA = RNVeA PRIME FAST * RHO_0x+RNVRHO_EXPONENT FAST + DTHETA

1398 || DZZ = DZZ + AA * RNNUMW.OMWEF % DZ.F

1399 || QREAC.TMP(I) = RNYHEAT.OF.COMBUSTION * AA % DZ.F

1400 || ENDDO REACTION.LOOP_1

1401 || IF (REACTANTS.PRESENT) THEN

1402 || DT.TMP = HUGE_EB

1403 || DO NS = 1,N_TRACKED_SPECIES

1404 || IF (DZZ(NS) < 0._EB) DT.IMP(NS) = —ZZ.TMP(NS)/DZZ(NS)

1405 || ENDDO

1406 || DTMIN = MINVAL(DT.TMP)

1407 = ZZIMP + DZZ+DTMIN

1408 || QREAC.OUT = QREAC.OUT + QREAC.TMP+DTMIN
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1409 || ELSE
1410 || EXIT FAST_REAC.LOOP
1411 || ENDIF

1412 || ENDDO FAST_REAC.LOOP
1413 || DZZ = ZZNEW — ZZ.0
1414
1415 || CASE(FINITE-RATE)
1416
1417 || DT.LOC = DT-SUB

1418 || SLOWREACLOOP: DO OUTERIT=1,N_REACTIONS

1419 || ZZIMP = ZZNEW

1420 || DZZ = 0._EB

1421 || REACTANTS PRESENT = .FALSE.

1422 || REACTION.LOOP2: DO I=1,N_REACTIONS

1423 || RN => REACTION(T)

1424 || IF (RNV&FAST_.CHEMISTRY) CYCLE REACTION_LOOP2

1425 || IF (ZZ.TMP(RNJFUEL_SMIX.INDEX) < ZZMIN_.GLOBAL) CYCLE REACTION.LOOP2

1426 || IF (RN%AIR_SMIX_INDEX > —1) THEN

1427 || IF (ZZ.TMP(RN%AIR.SMIX_INDEX) < ZZMIN.GLOBAL) CYCLE REACTION.LOOP2 ! no expected air
1428 || ENDIF

1429 || CALL GET-MASS_FRACTION-ALL(ZZ_-TMP, YY_PRIMITIVE)

1430 || DO NS=1,N._SPECIES

1431 || IF (RN%N-S(NS) > —998._.EB .AND. YY_-PRIMITIVE(NS) < ZZMIN.GLOBAL) CYCLE REACTION_LOOP2

1432 || ENDDO

1433 || DZ.F = RN%A PRIME*RHO_0% *RN/RHOEXPONENT*TMP 0+ +RNVN T+ EXP(—RNYE / (RO*TMP.0) ) ! dZ/dt, FDS Tech Guide, Eq. (5.47)
1434 || DO NS=1,N._SPECIES

1435 || IF (RN%N-S(NS) > —998._EB) DZ.F = YY_PRIMITIVE (NS)*+RNVN_S (NS) *DZ_F

1436 || ENDDO

1437 || IF (RN)IHIRD_BODY) THEN

1438 || CALL GETMOLECULAR WEIGHT (ZZ_TMP MW)

1439 || MOLPCM3 = RHO.0MW%0.001_EB ! mol/cm"3

1440 || DZ.F = DZF x MOLPCM3

1441 || ENDIF

1442 || IF (RN/REVERSE) THEN ! compute equilibrium constant

1443 || CALL GET.GIBBS_FREE_ENERGY (DGRXN,RNVANU, TMP_0)

1444 || RNUK = EXP(—DGRXN/(RO*TMP.0))

1445 || DZ_F = DZ_F/RN/K

1446 || ENDIF

1447 || IF (DZ_F > TWO-EPSILON_EB) REACTANTSPRESENT = .TRUE.

1448 || QREAC.TMP(1) = RN/HEAT.OF.COMBUSTION # DZ_F % DTLOC ! Note: here DZ.F=dZ/dt, hence need DT_-LOC
1449 || DZZ = DZZ + RNZNUMW.OMW F+DZ_F+DT_LOC

1450 || ENDDO REACTION.LOOP2

1451 || IF (REACTANTS.PRESENT) THEN

1452 || DT.TMP = HUGE-EB

1453 ||DO NS = 1,N_.TRACKED_SPECIES

1454 || IF (DZZ(NS) < 0._.EB) DT.IMP(NS) = —ZZ.TMP(NS)/DZZ(NS)

1455 || ENDDO

1456 || ! Think of DTMIN as the fraction of DTLOC we can take and remain bounded.
1457 || DTMIN = MIN(1._EB ,MINVAL(DT.TMP) )

1458 || DT.LOC = DTLOC3x*(1._.EB-DT_MIN)

1459 || ZZNEW = ZZTIMP + DZZxDTMIN

1460 || QREACOUT = QREAC.OUT + QREAC.TMP*DTMIN

1461 || IF (DT_LOCKTWO_EPSILON_EB) EXIT SLOW_REAC.LOOP

1462 || ELSE
1463 || EXIT SLOW_REAC.LOOP
1464 || ENDIF

1465 || ENDDO SLOW_REACILOOP
1466 || DZZ = ZZNEW — ZZ.0
1467
1468 || END SELECT KINETICS_SELECT
1469
1470 || END SUBROUTINE REACTION._RATE
1471
1472
1473 || REAL(EB) FUNCTION FLAME.SPEED_FACTOR(ZZ.0,DT.LOC,RHO.0, TMP_0, PBAR.0,NR, DELTA, VEL_RMS)

1474 || USE PHYSICALFUNCTIONS, ONLY : GET.SENSIBLE_ENTHALPY , GET.SPECIFIC_.GAS_.CONSTANT, GET_SPECIFIC_HEAT

1475 || REAL(EB), INTENT(IN) :: ZZ.0(1:N.TRACKED_SPECIES) ,RHO.0, TMP.0, PBAR.0,DT.LOC,DELTA, VEL RMS

1476 || INTEGER, INTENT(IN) :: NR

1477 || TYPE(REACTION.TYPE) ,POINTER :: RN=>NULL()

1478 || REAL(EB) :: DZ.F,ZZB(1:N.TRACKED.SPECIES) ,TMPB,H.S_B,RHOB, H.S_0 ,RSUM.B, PHI,S_L ,S_T ,HLNEW, TMP_2, CP_B
1479 || INTEGER :: IT

1480 ! REAL(EB) :: DPHI ! debug
1481
1482 || FLAMESPEED FACTOR = 1._EB
1483

1484 || RN=>REACTION (NR)
1485 || IF (RNZFLAMESPEED<0._.EB) RETURN

1486

1487 || ! equivalence ratio of unburnt mixture

1488 || PHI = RNVS+ZZ_0 (RN%FUEL_SMIX_INDEX) /ZZ_0 (RN%AIR_SMIX_INDEX)
1489

1490 || ! burnt composition

1491 || DZ_F = MIN(ZZ_0 (R\N%FUEL_SMIX_INDEX) , ZZ_0 (R\N%AIR_SMIX_INDEX) /RN%S )
1492 || ZZB = ZZ_.0 + RNVNUMW.OMW F«DZ_F

1493 || ZZB = MIN(1._EB ,MAX(0._EB,ZZB))
1494
1495 || ! find burnt zone temperature

1496 || CALL GET_SENSIBLE_ENTHALPY(ZZ.0,H.S_.0,TMP_0)
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1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562

1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
1581
1582
1583

HNEW
TMP_B
T™MP2

TMP_0
MP_B

DO 1T=1,10

CALL GET-SENSIBLE.ENTHALPY(ZZ.B,H.S_B,TMP_B)
CALL GET-SPECIFIC_.HEAT(ZZ.B,CP_B,TMP.B)

TMPB = TMPB+(HNEW — H.S_B)/CP-B

! < 10 K error for determining flame speed is
IF (ABS(TMP2-TMP_B) <10..EB) EXIT

TMP2 = TMP.B

ENDDO

! compute burnt zone density
CALL GET_SPECIFIC_.GAS_.CONSTANT(ZZ.B,RSUM.B)
RHOB = PBAR.0/(RSUM.B+TMP_B)

! get turbulent flame speed

I''I' (debug) check laminar flame speed ramp

! PHI = 0._EB

! DPHI = .1_.EB

!' DO IT=1,20

! PHI = PHI+DPHI

! S_.L = LAMINAR_FLAME_SPEED(TMP.0, PHI ,NR)
! print =,PHI,S_L

! ENDDO
I' stop

S_L = LAMINARFLAME_SPEED(TMP.0, PHI,NR)
IF (S.L<TWO_EPSILON.EB) THEN

FLAME_SPEED FACTOR = 0._EB
ELSE

H.S.0 + (1..EB-RNVCHI.R)*DZ_F+RN/HEAT.OF. COMBUSTION

sufficient

S.T = MAX( S-L, S.-L*( 1..EB + RNVIURBULENT_FLAMESPEED_ALPHA *(VEL.RMS/S_L ) x*RN/G[URBULENT_FLAME_SPEED_EXPONENT ) )

FLAME_SPEED FACTOR = RHOB/RHO.0 * S_T x DT.LOC/DELTA

ENDIF

END FUNCTION FLAME_SPEED.FACTOR

REAL(EB) FUNCTION LAMINAR FLAME SPEED (TMP, EQ,NR)
USE MATH.FUNCTIONS, ONLY: EVALUATERAMP, INTERPOLATE2D

REAL(EB) , INTENT(IN) :: TMP,EQ

INTEGER, INTENT(IN) :: NR
TYPE(REACTION._TYPE) ,POINTER :: RN=>NULL()
RN=>REACTION (NR)

IF (RN%T'ABLE_FS.INDEX>0) THEN

CALL INTERPOLATE2D (RN%I' ABLE_FS_INDEX , EQ, TMP, LAMINAR FLAME_SPEED)

ELSE

LAMINAR FLAME SPEED = RNVFLAME_SPEED s (TMP/RN/&FLAME_SPEED_TEMPERATURE ) # *RN/FLAME_SPEED_EXPONENT &

*EVALUATERAMP(EQ, 0. _EB ,R\NV.aRAMP_FS_INDEX)
ENDIF

END FUNCTION LAMINAR FLAME SPEED
SUBROUTINE ZETA PRODUCTION(DT)
USE MASS, ONLY: SCALARFACE.VALUE

REAL(EB) , INTENT(IN) :: DT
INTEGER :: I,],K,1IG,]]G KKG,IOR,IW, II ,JJ ,KK

REAL(EB) :: Z.F,DENOM,ZZZ(1:4) ,DZDX,DZDY,DZDZ

REAL(EB) , POINTER, DIMENSION (: ,: ,:) :: ZFX=>NULL() ,ZFY=>NULL() ,ZFZ=>NULL() ,ZZP=>NULL () ,UU=>NULL() ,VV=>NULL () JWW=>

NULL ()
TYPE(WALL.TYPE) , POINTER :: WG>NULL()

ZFX =>WORK1
ZFY =>WORK2
ZFZ =>WORK3
ZZP =>WORK4

U=>U
VW=>V

I$OMP PARALLEL PRIVATE(ZZZ)
I$OMP DO SCHEDULE (STATIC)
DO K=0,KBP1

DO J=0,]BP1

DO 1=0,IBP1

ZzP(1,] ,K) = ZZ(1,] ,K,REACTION(1)%FUEL_SMIX_INDEX)
ENDDO

ENDDO
ENDDO
!$OMP END DO
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1584

1585 || ! Compute scalar face values

1586

1587 !$OMP DO SCHEDULE(STATIC)

1588 || DO K=1,KBAR

1589 || DO J=1,JBAR

1590 || DO 1=1,IBM1

1591 || ZZZ(1:4) = ZZP(1-1:1+2,] ,K)

1592 || ZFX(I,] ,K) = SCALARFACE.VALUE(UU(I,] K) ,ZZZ, FLUX-LIMITER)
ENDDO

1593

1594 || ENDDO

1595 || ENDDO

1596 1$OMP END DO NOWAIT
1597

1598 || 19OMP DO SCHEDULE(STATIC)

1599 || DO K=1,KBAR

1600 || DO J=1,]BM1

1601 || DO T=1,IBAR

1602 || ZZZ(1:4) = ZZP(1,] —1:7+2 K)

1603 || ZFY(1,] ,K) = SCALARFACEVALUE(VV(I,] K),ZZZ, FLUX_LIMITER)
ENDDO

1604

1605 || ENDDO

1606 || ENDDO

1607 || /$OMP END DO NOWAIT
1608

1609 || /$OMP DO SCHEDULE(STATIC)

1610 || DO K=1,KBMI1

1611 || DO J=1,JBAR

1612 || DO 1=1,IBAR

1613 || zZZ(1:4) = ZZP(1,] ,K—1:K+2)

1614 || ZFZ(1,] ,K) = SCALARFACEVALUEWA(I ] K) ,ZZZ, FLUX_LIMITER)

1615 || ENDDO
1616 || ENDDO
1617 || ENDDO

1618 || /$OMP END DO

1619 || /$OMP END PARALLEL
1620
1621 || WALLLLOOP2: DO IW=1,N_EXTERNAL.-WALL_CELLS+N_INTERNAL.-WALL_CELLS
1622 || WEWALL(IW)

1623 || IF (WCOBOUNDARY_TYPE==NULLBOUNDARY) CYCLE WALL.LOOP2

1624
1625 || 1T = WCAONEIDAII
1626 = WCUONE.D%] ]

1]
1627 || KK = WCXONEDWKK
1628 || 1IG = WCXONEDWIIG

1629 || JIG = WCUONEID%]JG

1630 || KKG = WCHONEID/KKG

1631 || IOR = WCUONEDVAOR

1632

1633 || Z_F = WCUONE.D%ZZ_F (REACTION (1)%FUEL_SMIX_INDEX)
1634

1635 || SELECT CASE(IOR)

1636 || CASE( 1); ZFX(IIG —1,]J]JG ,KKG)
1637 || CASE(—1); ZFX(IIG,]JJG ,KKG)
1638 || CASE( 2); ZFY(IIG,]JJG —1KKG)
1639 || CASE(-2); ZFY(IIG,]JJG ,KKG)
1640 || CASE( 3); ZFZ(IIG,]JJG ,KKG-1)
1641 || CASE(-3); ZFZ(IIG,]JJG ,KKG)
1642 || END SELECT

1643
1644 || | Overwrite first off —wall advective flux if flow is away from the wall and if the face is not also a wall cell
1645
1646 || OFF_.WALL_IF.2: IF (W®BOUNDARY.TYPE/=INTERPOLATED BOUNDARY .AND. WC(BOUNDARY TYPE/=OPEN.BOUNDARY) THEN
1647
1648 || OFF_WALL_SELECT_2: SELECT CASE(IOR)
1649 || CASE( 1) OFF.WALL_SELECT.2

1650 ! ghost FX/UU(II+1)
1651 || ! /// I /) I+l | 1142 |
1652 ! ® WALLINDEX(II+1,+1)

1653 || IF ((UU(11+1,]] ,KK)>0..EB) .AND. .NOT.(WALLINDEX(CELLINDEX(II+1,]] KK),+1)>0)) THEN
1654 || 2Z2(1:3) = (/Z.F,ZZP(11+1:11+2,]] ,KK) /)
1655 || ZEX(11+1,]] ,KK) = SCALARFACE.VALUE(UU(TI+1,]] ,KK) ,ZZZ, FLUX_LIMITER)

1656 || ENDIF

1657 || CASE(—1) OFF.WALL_SELECT_2

1658 || ! FX/uU(II —2) ghost
1659 || ... | -2 | -1 /// 11 /)
1660 ! * WALLINDEX(I1I —1,-1)

1661 || IF ((UU(II—2,]] ,KK) <0._EB) .AND. .NOT.(WALLINDEX(CELLINDEX(II —1,]] ,KK),—1)>0)) THEN
1662 || 2ZZ(2:4) = (/ZZP(11 —2:11 —1,]] ,KK) ,Z_F /)

1663 || ZEX(11—2,]] ,KK) = SCALARFACE.VALUE(UU(II —2,]] ,KK) ,ZZZ, FLUX_LIMITER)

1664 || ENDIF

1665 || CASE( 2) OFF.WALL_SELECT.2

1666 || IF ((VV(II,]J+1,KK)>0..EB) .AND. .NOT.(WALLINDEX(CELLINDEX(II,JJ+1,KK),+2)>0)) THEN
1667 || 2ZZ(1:3) = (/Z.F,ZZP(11,]] +1:J] +2,KK) /)

1668 || ZFY(I1,]]+1,KK) = SCALAR FACE.VALUE(VV(II,JJ +1 KK) ,ZZZ, FLUX_LIMITER)

1669 || ENDIF

1670 || CASE(—2) OFF.WALL_SELECT.2

1671 || IF ((VV(II,]J] —2,KK)<0._.EB) .AND. .NOT.(WALLINDEX(CELLINDEX(II,]J —1KK),—2)>0)) THEN
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1672
1673
1674
1675
1676
1677
1678
1679
1680
1681
1682
1683
1684
1685
1686
1687
1688
1689
1690
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1705
1706
1707
1708
1709
1710
1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
1723
1724

1725
1726
1727
1728
1729
1730
1731
1732
1733
1734
1735
1736
1737
1738
1739
1740
1741
1742
1743
1744
1745
1746
1747
1748
1749
1750
1751
1752
1753
1754
1755
1756
1757
1758

777(2:4) = (/ZZP(11,]] —2:J] —1KK) ,Z_F/)

ZFY(I1,]] —2,KK) = SCALARFACEVALUE(VV(II ,JJ —2KK) ,ZZZ, FLUX_LIMITER)

ENDIF

CASE( 3) OFF.WALL.SELECT.2

IF ((AWW(II,J] ,KK+1)>0._EB) .AND. .NOT.(WALLINDEX(CELLINDEX(II,JJ ,KK+1),+3)>0)) THEN
777.(1:3) = (/Z.F,ZZP(11,]] KK+1:KK+2) /)

ZFZ(11,]] ,KK+1) = SCALARFACE.VALUEWW(II ,JJ ,KK+1) ,ZZZ, FLUX_LIMITER)

ENDIF

CASE(—3) OFF_.WALL_SELECT2

IF ((WW(II,J] ,KK—2)<0._EB) .AND. .NOT.(WALLINDEX(CELLINDEX(II,]J KK—1),—3)>0)) THEN
777(2:4) = (/ZZP(11,]] ,KK—2:KK—1),Z_F/)

ZFZ(11,]] ,KK—2) = SCALARFACE.VALUEWW(II ,JJ ,KK—2),ZZZ, FLUX_LIMITER)

ENDIF

END SELECT OFF_WALL_SELECT2

ENDIF OFF_.WALL_IF.2

ENDDO WALL_LOOP2

! Production term

DO K=1,KBAR

DO J=1,JBAR

DO 1=1,IBAR

IF (SOLID(CELLINDEX(I,J ,K))) CYCLE
DZDX = (ZFX(1,] ,K)—ZFX(1—1,] ,K))*RDX(1)
DZDY = (ZFY(1,] ,K)=ZFY(1,] —1,K))*RDY(])
DZDZ = (ZFZ(1,] ,K)=ZFZ(1,] ,K—1))*RDZ(K)

DENOM = RHO(I,] ,K)=( ZZP(I1,] ,K) — ZZP(I,] ,K)*=2 )

IF (DENOMSTWO_EPSILON.EB) THEN

! scale sgs variance production

ZETASOURCE.TERM(1,] ,K) = 2._EBsMU(I,J ,K)/SCx( DZDXx*2 + DZDY#*2 + DZDZx*2 ) / DENOM
ELSE

! cell is pure, unmix

ZETASOURCE.TERM(T,] ,K) = (1..EB — ZZ(I,],K,ZETAINDEX))/DT

ENDIF

77(1,] ,K,ZETAINDEX) = MIN( 1._EB, ZZ(I1,],K,ZETAINDEX) + DT+ZETA SOURCE.TERM(I,] ,K) )
ENDDO

ENDDO
ENDDO

END SUBROUTINE ZETA_PRODUCTION

! CCREGION.COMBUSTION

SUBROUTINE CCREGION.COMBUSTION(T, DT, NM)

USE PHYSICAL_FUNCTIONS, ONLY: GET_SPECIFIC.GAS_.CONSTANT, GET_MASS_FRACTION_ALL, GET_SPECIFIC_.HEAT,
GETMOLECULAR WEIGHT, &

GET_SENSIBLE.ENTHALPY.Z, IS.REALIZABLE , LES_FILTER-WIDTH_FUNCTION

USE COMPLEX.GEOMETRY, ONLY : IBM.CGSC,IBM.GASPHASE

REAL(EB) , INTENT(IN) :: T, DT
INTEGER, INTENT(IN) :: NM

! Local Variables:

INTEGER :: I,],K,ICC,JCC,NCELL,NS,NR,N, CHEM_SUBIT_TMP

REAL(EB) :: ZZ.GET(1:N_TRACKED_SPECIES) ,DZZ(1:N_TRACKED_SPECIES) ,CP,H.S_N,&
REAC_SOURCE.TERM_TMP (N_TRACKED_SPECIES) ,Q REAC.TMP (N_REACTIONS) ,VCELL
REAL(EB) :: AIT.P,ZETA.P

LOGICAL :: Q_EXISTS.CC

TYPE (REACTION.TYPE), POINTER :: RN

TYPE (SPECIES.MIXTURE.TYPE), POINTER :: SM

LOGICAL :: DOREACTION, REALIZABLE, DEBUG

LOGICAL :: Q.EXISTS

Set to zero Reaction , Radiation sources of heat and thermodynamic div:
K=1,KBAR

J=1,JBAR

DO 1=1,IBAR

IF (CCVAR(I,] ,K,IBM.CGSC) == IBM.GASPHASE) CYCLE

Q(I,J,K) = 0..EB

QR(I,],K)= 0..EB

D.SOURCE(I,] ,K)= 0._EB

ENDDO

!
DO
DO

ENDDO
ENDDO

! Now do COMBUSTION.GENERAL for cut—cells .
Q_EXISTS.CC = .FALSE.

IF (REACSOURCE.CHECK) THEN
DO ICC=1,MESHES(NM)%N_.CUTCELL MESH
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1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
1774
1775
1776
1777
1778
1779
1780
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1782
1783
1784
1785
1786
1787
1788
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1803
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813
1814
1815
1816
1817
1818
1819
1820
1821
1822
1823
1824
1825
1826
1827
1828
1829
1830
1831
1832
1833
1834
1835
1836
1837
1838
1839
1840
1841
1842
1843
1844
1845
1846

DO JCC=1,CUT-CELL(ICC )%NCELL
CUT-CELL (ICC)%QREAC(: ,JCC) = 0..EB
ENDDO

ENDDO

ENDIF

ZETAP = 0..EB
DEBUG = .FALSE.

ICC.LOOP : DO ICC=1,MESHES(NM)%N_CUTCELL MESH
I = CUT.CELL(ICC)%IJK (IAXIS)
] = CUT.CELL(ICC)%IJK (JAXIS)
K = CUT.CELL(ICC)%IJK (KAXIS)

VCELL

DX(1)+DY(])*DZ(K)
IF (SOLID(CELLINDEX(I,]J,K))) CYCLE ICCLLOOP ! Cycle in case Cartesian cell inside OBSTS.

NCELL = CUT-CELL(ICC)%NCELL
JCC_LOOP : DO JCC=1,NCELL

! Drop if cut—cell is very small compared to Cartesian cells:
IF ( ABS(CUT.CELL(ICC)%VOLUME(JCC)/VCELL) < 1.E-12_EB ) CYCLE JCC.LOOP

CUT.CELL(ICC)%CHIR(JCC) = 0._.EB
7Z.GET = CUT.CELL(ICC)%ZZ(1:N.TRACKED_SPECIES, JCC)

AIT_P = 0._EB
IF (REIGNITION.MODEL) AIT_P = CUT.CELL(ICC)%AIT (JCC)

IF (CHECK_REALIZABILITY) THEN

REALIZABLE=IS_REALIZABLE (ZZ_GET)

IF (.NOT.REALIZABLE) THEN

WRITE(LUERR, %) I,],K

WRITE(LU_ERR, ) ZZ_.GET

WRITE(LU_ERR, ) SUM(ZZ.GET)

WRITE(LU_ERR, *) 'ERROR: Unrealizable mass fractions input to COMBUSTION.MODEL’
STOP_STATUS=REALIZABILITY_STOP

ENDIF

ENDIF

CALL CCCHECK REACTION

IF (.NOT.DOREACTION) CYCLE ICC.LOOP ! Check whether any reactions are possible.

DZZ = ZZ.GET ! store old ZZ for divergence term

ottt otttk ok sk sk sk ok ok ok oK oK oK oK 5K 5K 5K 5K K K K K oK oK oK oK o o o o o o o o o o o o o o KRR KKK KKK KKK K 5K oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK oK
! Call combustion integration routine for CUT.CELL(ICC)%XX(]CC)

CALL COMBUSTIONMODEL( T, DT, ZZ.GET,CUT.CELL (ICC)%Q(JCC) ,CUT.CELL(ICC )%MIX_TIME (JCC) , &
CUT.CELL(ICC)%CHIR (JCC) ,&

CHEM_SUBIT_TMP, REAC_ SOURCE_.TERM.TMP, Q_ REAC_TMP, &

CUT-CELL(ICC)%IMP(JCC) ,CUT.CELL (ICC)%RHO(JCC) MU(1,] ,K) ,KRES(I,] ,K),&

ZETA_P, AIT_P ,PBAR(K, PRESSURE_ZONE(1,] ,K) ) &

LES_FILTER_WIDTH.FUNCTION (DX(1) ,DY(]) ,DZ(K) ) ,&

CUT_CELL(ICC)%VOLUME(JCC) )
_/***************************************************************************************
IF (REACSOURCE.CHECK) THEN ! Store special diagnostic quantities

CUT-CELL (ICC )%REACSOURCE.TERM ( 1 : N.TRACKED_SPECIES,, JCC ) =REAC_SOURCE.TERM.TMP ( 1 : N.TRACKED_SPECIES)
CUT-CELL (ICC)%QREAC (1:N-REACTIONS, JCC) =Q_REAC.TMP ( 1:N_REACTIONS)

ENDIF

IF (CHECK_REALIZABILITY) THEN

REALIZABLE=IS_REALIZABLE (ZZ_.GET)

IF (.NOT.REALIZABLE) THEN

WRITE(LU_ERR, ) ZZ_GET,SUM(ZZ_GET)

WRITE(LU_ERR, *) 'ERROR: Unrealizable mass fractions after COMBUSTION.MODEL’
STOP_STATUS=REALIZABILITY_STOP

ENDIF

ENDIF

D77 = ZZ_.GET — DZZ

! Update RSUM and ZZ

DZZ.IF: IF ( ANY(ABS(DZZ) > TWO.EPSILON.EB) ) THEN

IF (ABS(CUT-.CELL(ICC)%Q(JCC)) > TWO-EPSILON.EB) Q-EXISTS = .TRUE.

! Divergence term

CALL GET_SPECIFIC_HEAT (ZZ.GET,CP,CUT-CELL (ICC)%IMP(JCC) )

CALL GET-SPECIFIC.GAS_.CONSTANT (ZZ.GET, CUT_CELL (ICC)%RSUM(JCC) )

DO N=1,N.TRACKED_SPECIES

SM => SPECIES_MIXTURE (N)

CALL GET-SENSIBLE_ENTHALPY_Z(N, CUT_CELL (ICC)%IMP(JCC) ,H.S_N)
CUT_CELL(ICC)%DSOURCE(JCC) = CUT-CELL(ICC)%DSOURCE(JCC) + &

(- SMZRCON/CUT_CELL (ICC)%RSUM(JCC) — H.SN/(CP+CUT_CELL(ICC)%IMP(JCC)) )*DZZ(N)/DT
CUT.CELL (ICC)%M_DOT_PPP(N,]JCC) = CUT.CELL(ICC)%M.DOTPPP(N,JCC) + &
CUT_CELL(ICC)%RHO(JCC) +DZZ(N) /DT

ENDDO

ENDIF DZZ_IF

ENDDO JCC_LOOP

ENDDO ICC_LOOP
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1847
1848
1849
1850
1851
1852
1853
1854
1855
1856
1857
1858
1859
1860
1861
1862
1863
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934

! This is for plotting regular slices:
DO ICC=1,MESHES(NM) %N_.CUTCELL-MESH

I = CUT.CELL(ICC)%IJK (IAXIS)
] = CUT.CELL(ICC)%IJK (JAXIS)
K = CUT.CELL(ICC)%IJK (KAXIS)

VCELL = DX(1)=DY(])=*DZ(K)
IF (SOLID(CELLINDEX(I,] ,K))) CYCLE ! Cycle in case Cartesian cell inside OBSTS.

NCELL = CUT.CELL(ICC)%NCELL

DO JCC=1,NCELL

Q(I,7,K) = Q(I,],K)+CUT.CELL(ICC)%Q(JCC ) *CUT.CELL(ICC )%OLUME(JCC)
D.SOURCE(I,J ,K)=D.SOURCE(I, ] ,K)+CUT.CELL (ICC )%D_SOURCE(JCC ) *CUT.CELL (ICC ) %OLUME(JCC)
M.DOT_PPP(I,],K,1:N.TOTALSCALARS) = M.DOT.PPP(I,],K,1:N.TOTALSCALARS) + &
CUT.CELL (ICC )%M_DOT_PPP ( 1:N.TOTAL.SCALARS, JCC ) *CUT_CELL (ICC )%VOLUME(JCC)
ENDDO

Q(1,7,K) = Q(I,],K)/VCELL

D.SOURCE(I ,J ,K)=D.SOURCE(I, J ,K) /VCELL

M.DOTPPP(I,],K,1:N.TOTALSCALARS) = M.DOTPPP(I,],K,1:N.TOTAL.SCALARS) /VCELL
ENDDO

RETURN

CONTAINS

SUBROUTINE CCCHECK REACTION

! Check whether any reactions are possible.
LOGICAL :: REACTANTS_PRESENT

DOREACTION = .FALSE.

REACTION.LOOP: DO NR=1,N_REACTIONS
RN=>REACTION (NR)

REACTANTS PRESENT = .TRUE.
DO NS=1,N_.TRACKED_SPECIES

IF ( RNNU(NS) < —TWO_EPSILON.EB .AND. ZZ GET(NS) < ZZMIN.GLOBAL ) THEN
REACTANTS PRESENT = .FALSE.

EXIT

ENDIF

ENDDO

DOREACTION = REACTANTS PRESENT

IF (DOREACTION) EXIT REACTION_LOOP

ENDDO REACTION_LOOP

END SUBROUTINE CCCHECK_REACTION

END SUBROUTINE CCREGION_.COMBUSTION

ladded this function for 6.2.0
LOGICAL FUNCTION FUNC_EXTINCT (ZZ-MIXED_IN , TMP MIXED)
REAL(EB) , INTENT(IN) :: ZZ MIXED.IN (1:N_TRACKED.SPECIES) ,TMPMIXED

FUNC_EXTINCT = .FALSE.

IF (ANY(REACTION ( : ) %FAST.CHEMISTRY) ) THEN

SELECT CASE (EXTINCTMOD)

CASE(EXTINCTION.1)

FUNC_EXTINCT = EXTINCT.1.1(ZZMIXEDIN, TMPMIXED)  !edited name
CASE(EXTINCTION 2)

FUNC_EXTINCT = EXTINCT.2.1(ZZMIXEDIN, TMP.MIXED)  /edited name
CASE(EXTINCTION 3)

FUNC_EXTINCT = .FALSE.

END SELECT

ENDIF

END FUNCTION FUNC_EXTINCT

LOGICAL FUNCTION EXTINCT-1.1(ZZ.IN,TMPMIXED) ledited name
USE PHYSICAL_FUNCTIONS,ONLY: GET_AVERAGE_SPECIFIC_HEAT
REAL(EB) ,INTENT(IN) :: ZZ_IN (1:N_.TRACKED_SPECIES) ,TMP_MIXED
REAL(EB) :: Y.O2,Y_O2_CRIT,CPBAR

INTEGER :: NR

TYPE(REACTION.TYPE) ,POINTER :: RN=>NULL()

EXTINCT-1.1 = .FALSE. ledited name

REACTION.LOOP: DO NR=1,N_REACTIONS

RN => REACTION (NR)

IF (.NOT.RN/&FAST.CHEMISTRY) CYCLE REACTION_.LOOP

AIT_IF: IF (TMPMIXED < RNVAUTOIGNITION.TEMPERATURE) THEN
EXTINCT-1.1 = .TRUE. ledited name

ELSE AIT_IF

CALL GET_AVERAGE_SPECIFIC_HEAT (ZZ_IN ,CPBAR, TMP-MIXED)

Y02 = ZZ_IN (RNLAIR.SMIX_INDEX)

Y_O2_CRIT = CPBAR* (RNVCRIT_FLAME_TMP-TMP-MIXED) /RN/EPUMO2
IF (Y-O2 < Y_O2_.CRIT) EXTINCT-1.1 = .TRUE. ledited name
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1935 || ENDIF AIT_IF
1936 || ENDDO REACTION.LOOP

1937

1938 || END FUNCTION EXTINCT.1-1 l'edited name

1939

1940

1941 || LOGICAL FUNCTION EXTINCT-2.1(ZZ-MIXED.IN, TMPMIXED) ledited name

1942 || USE PHYSICAL_FUNCTIONS,ONLY: GET_SENSIBLE_ENTHALPY

1943 || REAL(EB) ,INTENT(IN) :: ZZ_ MIXED_IN (1:N_.TRACKED_SPECIES) ,TMP_MIXED

1944 || REAL(EB) :: ZZ.F,ZZ HAT.F,ZZ_GET_F(1:N.TRACKED.SPECIES) ,ZZ_A,ZZ HAT-A,ZZ_GET-A (1:N.TRACKED_SPECIES) ,ZZ.P ,ZZ . HAT.P
&

1945 || ZZ_GET_P (1:N_.TRACKED_SPECIES) ,H_F_0 ,H.A_0,H.P.0 ,H.F.N,H.AN,HP.N

1946 || INTEGER :: NR

1947 || TYPE(REACTION.TYPE) ,POINTER :: RN=>NULL()

1948
1949 EXTINCT-2.1 = .FALSE. ledited name

1950 || REACTION.LOOP: DO NR=1,N_REACTIONS

1951 || RN => REACTION(NR)

1952 || IF (.NOT.RNV.FAST.CHEMISTRY) CYCLE REACTION.LOOP

1953 || AIT_IF: IF (TMPMIXED < RNAUTOIGNITION.TEMPERATURE) THEN
1954 || EXTINCT-2.1 = .TRUE. ledited name

1955 || ELSE AIT_IF

1956 || ZZ_F = ZZ MIXED_IN (RN\N%FUEL_SMIX_INDEX)

1957 || ZZ.A = ZZ MIXED_IN (RNAAIR-SMIX_INDEX)

1958 || ZZP = 1..EB — ZZF — ZZA

1959
1960 || ZZ.HAT.F = MIN(ZZ_F,ZZ MIXED_IN (RNAAIR SMIX_INDEX) /RN%S) ! burned fuel , FDS Tech Guide (5.16)

1961 ZZHATA = ZZHATF+«RNVS | FDS Tech Guide (5.17)

1962 || ZZHAT.P = (ZZHAT.A/(ZZ.A+TWO_EPSILON_EB) ) x(ZZ_.F — ZZHAT.F + ZZ_P) ! reactant diluent concentration , FDS Tech

Guide (5.18)
1963
1964 || ! "GET” indicates a composition vector. Below we are building up the masses of the constituents in the wvarious
1965 || ! mixtures. At this point these composition vectors are not normalized.
1966

1967 || ZZ.GET.F = 0._EB

1968 || ZZ.GET_A = 0._EB

1969 || ZZ_GET.P = ZZ MIXED_IN
1970
1971 || ZZ-GET_-F (RN)FUEL_SMIX_INDEX)
1972 || ZZ.GET-A (RNAAIR.SMIX_INDEX)
1973
1974 || ZZ-GET-P (RNWFUEL-SMIX.INDEX) = MAX(ZZ.GET_P (RN%FUEL_SMIX_INDEX)-ZZ HAT_F,0. _EB) ! remove burned fuel from product
composition

1975 || ZZ-GET-P (RNAAIR-SMIX_INDEX) = MAX(ZZ.GET-P (RN%AIR SMIX.INDEX) —ZZ.A,0._EB) ! remove all air from product
composition

ZZHATF | fuel in reactant mixture composition
ZZHAT.A | air in reactant mixture composition

1976
1977 || ! Normalize concentrations

1978 || ZZ.GET_F = ZZ_GET.F/(SUM(ZZ_GET_F)+TWO_EPSILON_EB)
1979 || ZZ.GET_A = ZZ GET_A/(SUM(ZZ_GET_A)+TWO_EPSILON_EB)
1980 || ZZ.GET.P = ZZ_.GET.P/(SUM(ZZ_GET.P)+TWO_EPSILON_EB)
1981
1982 || | Get the specific heat for the fuel and diluent at the current and critical flame temperatures
1983 || CALL GET_SENSIBLE_ENTHALPY (ZZ_GET.F, H_F_0 , TMP_MIXED)

1984 || CALL GET_SENSIBLE.ENTHALPY (ZZ.GET-A,H_A_0, TMP_MIXED)

1985 || CALL GET.SENSIBLE.ENTHALPY (ZZ_.GET-P,H_P.0 , TMP_MIXED)

1986 || CALL GET.SENSIBLE.ENTHALPY (ZZ_GET.F,H-F-N ,R\N/CRIT_FLAME.TMP)

1987 || CALL GET.SENSIBLE.ENTHALPY (ZZ.-GET-A,H.AN,R\N/CRIT_FLAME.TMP)

1988 || CALL GET.SENSIBLE.ENTHALPY (ZZ_-GET-P,H-P-N ,RN\N/CRIT_FLAME.TMP)

1989
1990 || ! See if enough energy is released to raise the fuel and required "air” temperatures above the critical flame
temp .

1991 || IF ( ZZ.HAT.F+(H-F.0 + RN\NYJHEAT.OF.COMBUSTION) + ZZHAT-AxH.A0 + ZZHATP+*H.P0 < &

1992 || ZZHAT F+HFN + ZZHATA+HAN + ZZHATP+HPN ) EXTINCT.2.1 = .TRUE. ! FDS Tech Guide (5.19) ledited name
1993 || ENDIF AIT_IF

1994 || ENDDO REACTION_LOOP

1995
1996 || END FUNCTION EXTINCT.2_1 ledited name
1997
1998
1999 || LOGICAL FUNCTION EXTINCT_.3.1(ZZ MIXED.IN,TMPMIXED) !edited name

2000 || USE PHYSICAL_FUNCTIONS,ONLY: GET_SENSIBLE_.ENTHALPY

2001 || REAL(EB) ,INTENT(IN) :: ZZ MIXED.IN (1:N.TRACKED_SPECIES) ,TMP_MIXED

2002 || REAL(EB):: H.F.0,H.A0,H.P.0,HPN,Z.F,ZA,ZP,ZASTOICH,ZZ HAT.F,ZZ HAT-A,ZZ HATP &

2003 || ZZ-GET.F (1:N.TRACKED-SPECIES) ,ZZ_GET_A (1:N-TRACKED.SPECIES) ,ZZ_GET_P (1:N_-TRACKED_SPECIES) ,ZZ_GET_F_-REAC(1:
N-REACTIONS) ,&

2004 || ZZ-GET-PFP (1:N-TRACKED.SPECIES) ,DZ_F (1:NREACTIONS) ,DZ_FRAC_F (1:NREACTIONS) ,DZ_F.SUM, &

2005 || HOC-EXTINCT, AIT_.EXTINCT , CFT_-EXTINCT

2006 || INTEGER :: NS,NR

2007 || TYPE(REACTION.TYPE) ,POINTER :: RN=>NULL()

2008
2009 || EXTINCT 3.1 = .FALSE. ledited name
2010 || Z_.F = 0._EB

2011 || Z.A = 0._EB

2012 || Zz.P = 0._EB

2013 || DZ.F = 0..EB

2014 || DZFSUM = 0._EB

2015 || Z.ASTOICH = 0._EB

2016 || ZZ.GET.F = 0._EB
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2017 || ZZ.GET_A = 0._EB
2018 || ZZ.GET.P = ZZ MIXED_IN
2019 || ZZ.GET_PFP = 0._EB

2020 || HOCEXTINCT = 0._-EB
2021 || AIT-EXTINCT = 0._EB
2022 || CFT-EXTINCT = 0._EB

2023
2024 || DO NS=1,N.TRACKED_SPECIES

2025 || SUM_FUELLOOP: DO NR = 1,N_REACTIONS

2026 || RN => REACTION(NR)

2027 || IF (RNVFAST.CHEMISTRY .AND. RNVHEAT.OF.COMBUSTION > 0._EB .AND. NS == RNVFUEL_SMIX_INDEX) THEN

2028 || Z.F = Z_F + ZZ_MIXED_IN (NS)

2029 || EXIT SUM_FUELLOOP

2030 || ENDIF

2031 || ENDDO SUM_FUELLOOP

2032 || SUM_AIRLOOP: DO NR = 1,N_REACTIONS

2033 || RN => REACTION(NR)

2034 || IF (RNWFAST.CHEMISTRY .AND. RNPHEAT.OF.COMBUSTION > 0._EB .AND. RNANU(NS) < 0..EB .AND. NS /= RNVFUEL_SMIXINDEX)
THEN

2035 || ZA = ZA + ZZMIXED.IN (NS)

2036 || ZZ.GET_P(NS) = MAX(ZZ.GET_P(NS) — ZZMIXEDIN(NS) ,0._EB)

2037 || EXIT SUM_AIR.LOOP

2038 || ENDIF
2039 || ENDDO SUM.AIR_LOOP
2040 || ENDDO

2041 || ZP = 1. EB — ZF — ZA

2042 || DO NR = 1,N_REACTIONS

2043 || RN => REACTION(NR)

2044 || IF (RNVFAST.CHEMISTRY .AND. RNPAHEAT.OF.COMBUSTION > 0._EB) THEN
2045 || DZF(NR) = 1.E10_EB

2046 ||DO NS = 1,N.TRACKED_SPECIES

2047 || TF (RNUANU(NS) < 0._EB) THEN

2048 || DZ.F(NR) = MIN(DZ.F(NR),—ZZ MIXED_IN (NS) /RN/ANUMW.OMWE(NS) )
2049 || ENDIF

2050 || IF (RNANU(NS) < 0._EB .AND. NS /= RNVFUEL.SMIXINDEX) THEN
2051 || Z.ASTOICH = Z_ASTOICH + ZZ.MIXED.IN (R\NVFUEL_SMIX_INDEX ) +RNVS

2052 || ENDIF
2053 || ENDDO
2054 || ENDIF
2055 || ENDDO

2056 || IF (Z-ASTOICH > Z.A) DZF.SUM = SUM(DZ.F)

2057 || DO NR = 1,N_REACTIONS

2058 || RN => REACTION(NR)

2059 || IF (Z.ASTOICH > Z.A .AND. RNVHEAT.OF.COMBUSTION > 0._EB) THEN

2060 || DZLFRAC_F(NR) = DZ_F(NR) /MAX(DZ_F.SUM, TWO_EPSILON_EB)

2061 || ZZ_GET_F(RNAFUEL_SMIX_INDEX) = DZ_F(NR)*DZ_FRAC_F(NR)

2062 || ZZ_GET_P(RNFUEL_SMIX_INDEX) = ZZ_GET_P(RNAFUEL_SMIX_INDEX) — ZZ.GET_F (RNAFUEL_SMIX_INDEX)
2063 || ZZ_GET_PFP (RNAFUEL_SMIX_INDEX) = ZZ_GET_P (RNVFUEL_SMIX_INDEX)

2064 ||DO NS = 1,N.TRACKED_SPECIES

2065 || IF (RNVANU(NS)< 0._EB .AND. NS/=RNVFUEL_SMIX.INDEX) THEN

2066 ZZ _GET-A(NS) = RNVS*ZZ_GET_F (RN.FUEL_SMIX_INDEX)

2067 7Z_.GET.P(NS) = ZZ.GET.P(NS) — ZZ.GET.A(NS)

2068 zz _GET.PFP(NS) = ZZ_.GET_P(NS)

2069 || ELSEIF (RI\P/J\]U(NS) >= 0._.EB ) THEN

2070 || ZZ.GET_PFP(NS) = ZZ_.GET_P(NS) + ZZ_GET.F(RNVFUEL_SMIX_INDEX ) RN/ANUMW.OMW.F(NS)

2071 || ENDIF
2072 || ENDDO
2073 || ELSE

2074 || ZZ_.GET_F (R\N%FUEL_SMIX_INDEX) = DZ.F (NR)

2075 || ZZ-GET_P(RNVFUEL_SMIX_INDEX) = ZZ.GET_P(RNAFUEL_SMIXINDEX) — ZZ.GET_F (RNAFUEL_SMIX_INDEX)
2076 || ZZ-GET_PFP (RNFUEL_SMIX_INDEX) = ZZ.GET_P (RNVFUEL_SMIX_INDEX)

2077 || DO NS = 1,N.TRACKED_SPECIES

2078 || IF (RNVANU(NS) < 0._EB .AND. NS/=RNVFUEL_SMIX_INDEX) THEN

2079 zz _GET.A(NS) = RNVS*ZZ_GET_F (RN.FUEL _SMIX_INDEX)

2080 ZZ_GET.P(NS) = ZZ.GET.P(NS) — ZZ.GET.A(NS)

2081 zz _GET_PFP(NS) = ZZ_.GET_P(NS)

2082 || ELSEIF (RNVANU(NS) >= 0._EB ) THEN

2083 || ZZ.GET.PFP(NS) = ZZ_.GET.P(NS) + ZZ_GET_F (RN/FUEL_SMIX_INDEX ) *RN/ANUMW.OMW_F(NS)

2084 || ENDIF

2085 || ENDDO

2086 || ENDIF

2087 || ZZ.GET_F.REAC(NR) = ZZ_GET_F (RN\NV\FUEL_SMIX_INDEX)
2088 || ENDDO

2089

2090 || ZZ.-HAT-F = SUM(ZZ.GET.F)

2091 || ZZHAT.A = SUM(ZZ.GET-A)

2092 || ZZHAT.P = (ZZHAT-A/(Z-A+TWO.EPSILON.EB) ) *(Z-F—ZZ HAT-F+SUM(ZZ_-GET.P) )
2093 || !M-P.ST = SUM(ZZ-GET-P)

2094
2095 || ! Normalize compositions

2096 || ZZ.GET_F = ZZ_GET_F/(SUM(ZZ_GET_F)+TWO_EPSILON_EB)

2097 || ZZ.GET_F.REAC = ZZ_GET_F_REAC/(SUM(ZZ_GET_F_REAC)+TWO_EPSILON_EB)
2098 || ZZ.GET_A = ZZ_ GET_A/(SUM(ZZ_.GET_A)+TWO_EPSILON_EB)

2099 || ZZ.GET.P = ZZ_.GET.P/(SUM(ZZ.GET.P)+TWO_EPSILON_EB)

2100 || ZZ_GET_PFP = ZZ_GET.PFP /(SUM(ZZ_GET_PFP )+TWO_EPSILON_EB)

2101
2102 || DO NR = 1,N_REACTIONS
2103 || RN => REACTION(NR)
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2104 || AIT_LEXTINCT
2105 || CFT_EXTINCT
2106 || HOC_EXTINCT

AIT_EXTINCT+ZZ_GET_F_REAC (NR) *RNVGAUTO_IGNITION_.TEMPERATURE
CFT_EXTINCT+ZZ_GET_F_REAC (NR) *RNV(«CRIT_FLAME_TMP
HOC_EXTINCT+ZZ_GET_F_REAC (NR) *RNVAHEAT_OF.COMBUSTION

2107 || ENDDO

2108

2109 || IF (TMPMIXED < AIT-EXTINCT) THEN

2110 || EXTINCT-3.1 = .TRUE. ledited name

2111 || ELSE

2112 || ! Get the specific heat for the fuel and diluent at the current and critical flame temperatures

2113 || CALL GET.SENSIBLE.ENTHALPY(ZZ-GET.F,H_F_0 ,TMP-MIXED)

2114 || CALL GET_SENSIBLE_ENTHALPY (ZZ_GET_A,H_A_0,TMP_MIXED)

2115 || CALL GET_SENSIBLE_ENTHALPY(ZZ_GET.P,H_P_0 ,TMP_MIXED)

2116 || CALL GET_SENSIBLE_ENTHALPY (ZZ_GET_PFP,H_P_.N,CFT_EXTINCT)
2117
2118 || ! See if enough energy is released to raise the fuel and required "air” temperatures above the critical flame
temp .

2119 || IF (ZZ_HAT_F*(H_F_0+HOCEXTINCT) + ZZHAT.AxH.A.0 + ZZHATP+H.P.0 < &

2120 || (ZZHAT F+ZZHAT A+ZZ HATP)«H_P.N) EXTINCT.3.1 = .TRUE. ! FED Tech Guide (5.19) ledited name

2121 || ENDIF

2122
2123 || END FUNCTION EXTINCT.3_1 ledited name
2124
2125 || ladded for 6.2.0

2126 || SUBROUTINE GET-REV _fire (MODULEREV, MODULEDATE)
2127 || INTEGER, INTENT (INOUT) :: MODULEREV

2128 || CHARACTER(255) ,INTENT(INOUT) :: MODULEDATE
2129
2130 || WRITE(MODULEDATE, " (A) ") firerev (INDEX(firerev , :')+2:LEN.TRIM(firerev)—2)
2131 || READ (MODULEDATE, ' (15) ") MODULEREV

2132 || WRITE(MODULEDATE, ' (A) ) firedate

2133
2134 || END SUBROUTINE GET_REV fire
2135
2136 || END MODULE FIRE

A2 read.f90

1 || MODULE READINPUT

2

3 || USE PRECISION.PARAMETERS

4 || USE MESH.VARIABLES

5 || USE GLOBAL.CONSTANTS

6 || USE TRAN

7 || USE MESH_POINTERS

8 || USE OUTPUT.DATA

9 || USE COMP_FUNCTIONS, ONLY: SECOND, CHECKREAD, SHUIDOWN, CHECKXB, SCAN_INPUT_FILE

10 || USE MEMORY.FUNCTIONS, ONLY: ChkMemErr, REALLOCATE2D

11 || USE COMP_FUNCTIONS, ONLY: GET.INPUT.FILE

12 || USE MISC_FUNCTIONS, ONLY: SEARCH.CONTROLLER, WRITE.SUMMARY_INFO

13 || USE EVAC, ONLY: READ_EVAC

14 || USE HVACROUTINES, ONLY: READHVAC,PROCHVAC

15 || USE COMPLEX.GEOMETRY, ONLY: READ.GEOM

16 || USE MPI

17

18 || /Sesa

19 || USE penalization

20 || USE SCRC

21

22 || IMPLICIT NONE

23 || PRIVATE

24

25 || PUBLIC READ_DATA,READ_STOP

26

27 || CHARACTER(LABEL LENGTH) :: ID,MB,ODESOLVER

28 || CHARACTER(MESSAGELENGTH) :: MESSAGE, FYI

29 || CHARACTER(LABEL LENGTH) :: SURF.DEFAULT='INERT ' ,EVACSURFDEFAULT='INERT " ,FUEL RADCAL.ID="MEIHANE",
LES_FILTER.WIDTH="null"’

30 || LOGICAL :: EX,THICKEN.OBSTRUCTIONS,BAD,IDEAL=.FALSE. ,SIMPLE_FUEL_DEFINED =.FALSE. , TARGET_PARTICLES INCLUDED=.FALSE

31 || REAL(EB) :: XB(6) ,TEXTURE-ORIGIN(3)

32 || REAL(EB) :: PBX,PBY,PBZ

33 || REAL(EB) :: MWMIN,MWMAX

34 || REAL(EB) :: REAC.ATOM.ERROR,REAC.MASSERROR, HUMIDITY=—1._EB

35 || INTEGER :: I,]J,K,IZERO,IOS, N.INIT_-RESERVED ,MAX LEAKPATHS,.DUM(10)

36 || INTEGER :: FUELSMIX.INDEX ! Simple chemistry fuel index

37 || TYPE (MESH.TYPE), POINTER :: M=>NULL()

38 || TYPE(OBSTRUCTION.TYPE) , POINTER :: OB=>NULL()

39 || TYPE (VENTS.TYPE), POINTER :: VT=>NULL()

40 || TYPE(SURFACE.TYPE) , POINTER :: SF=>NULL()

41 || TYPE(MATERIAL.TYPE) , POINTER :: MI=>NULL()

42 || TYPE(REACTION.TYPE) , POINTER :: RN=>NULL()

43

44

45 || CONTAINS
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46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

SUBROUTINE READDATA (DT)

REAL(EB) :: DT, T

! Create an array of output QUANTITY names that
CALL DEFINE.OUTPUT-QUANTITIES

! Get the name of the input file by reading the
CALL GET.INPUT_FILE

' If no input file is given, just print out the
IF (FNINPUT(1:1)=="
IF (MYID==0) THEN
CALL WRITE SUMMARY INFO(LU_ERR)

WRITE(LUERR, "(/A) ") ' Consult FDS Users Guide
WRITE(LU_ERR, " (/A) ") Hit Enter to ’
READ(5, * ,ERR=2 END=2)

ENDIF

2 STOP

ENDIF

") THEN

Escape ...

! Stop FDS if the input file cannot be found in

INQUIRE( FILE=FN_INPUT, EXIST=EX)

IF (.NOT.EX) THEN

IF (MYID==0) WRITE(LU_ERR, " (A, A,A) ")
directory”

STOP

ENDIF

"ERROR:

! Allocate the global orientation vector

N.ORIENTATION.VECTOR = 0
ALLOCATE(ORIENTATION_VECTOR(3 ,10) )

! Set humidity data
CALL CALCH20HV

! Open the input file

OPEN(LU_INPUT, FILE=FN_INPUT, ACTION= "READ ")

The

are included in the various NAMELIST groups

command line argument

version number and stop

Chapter, Running FDS, for further

the current directory

file , 7, TRIM(FNINPUT) ,”, does not exist in

! Read the input file , NAMELIST group by NAMELIST group

CALL PROCMATL
CALL PROC_SURF.2
CALL READDUMP
CALL READ_CLIP
CALL PROCWALL

IF
IF
IF
IF
IF

(STOP_STATUS==SETUP_STOP)
(STOP_STATUS==SETUP_STOP)
(STOP_STATUS==SETUP_STOP)

CALL READDEAD  ; IF (STOP.STATUS==SETUP_STOP)
CALL READHEAD  ; IF (STOP.STATUS==SETUP_STOP)
CALL READMISC ~ ; IF (STOP.STATUS==SETUP_STOP)
CALL READMULT  ; IF (STOP.STATUS==SETUP_STOP)
CALL READMESH(1) ; IF (STOP.STATUS==SETUP_STOP)
CALL READEVAC(1) ; IF (STOP.STATUS==SETUP_.STOP)
CALL READMESH(2) ; IF (STOP.STATUS==SETUP_STOP)
CALL READ.TRAN  ; IF SETUP_STOP)
CALL READWIND  ; IF
CALL READ_TIME(DT); IF
CALL READPRES  ; IF
CALL READREAC ~ ; IF
CALL READSPEC  ; IF
CALL PROC.REAC.1 ; IF
CALL READRADI  ; IF
CALL READPROP  ; IF
CALL READDEVC ~ ; IF
CALL READPART  ; IF (STOP.STATUS==SETUP_STOP)
CALL READ.CTRL ~ ; IF (STOP.STATUS==SETUP_STOP)
CALL READMATL  ; IF
CALL READSURF  ; IF (STOP.STATUS==SETUP_STOP)
CALL READ.CSVF  ; IF (STOP.STATUS==SETUP_STOP)
CALL READOBST ~ ; IF (STOP.STATUS==SETUP_STOP)
CALL READGEOM  ; IF (STOP.STATUS==SETUP_STOP)
CALL READVENT ~ ; IF
CALL READZONE  ; IF
CALL READEVAC(2) ; IF
CALL READHVAC  ; IF
CALL PROCSURF.1 ; IF
CALL READRAMP  ; IF
CALL PROCWIND  ; IF
CALL PROCSMIX  ; IF
CALL PROC.REAC2 ; IF
CALL PROCHVAC  ; IF

instructions .’

the

current
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133 || CALL PROCPART ; IF (STOP_STATUS==SETUP.STOP) RETURN
134 || CALL READ_INIT IF SETUP_STOP) RETURN
135 || CALL READ.TABL IF SETUP_STOP) RETURN

136 || CALL PROC.CTRL

137 || CALL PROC.PROP

138 || CALL PROC.DEVC(DT)
139 || CALL PROC.-OBST

140 || CALL READ-PROF

141 || CALL READ.SLCF

142 || CALL READ.SOF

143 || CALL READBNDF

144 || CALL READ_BNDE

145
146 || ! Sesa

147 || CALL read_pen
148 || CALL read_trunks
149
150 || ! Close the input file , and never open it again
151
152 || CLOSE (LU.INPUT)
153
154 || | Set QUANTITY ambient values
155
156 || CALL SET-QUANTITIES_.AMBIENT
157
158 || END SUBROUTINE READDATA
159
160
161 || SUBROUTINE READ_DEAD
162
163 || CHARACTER(80) :: BAD.TEXT
164
165 || ! Look for hidden carriage return characters at the beginning of namelist input lines.
166
167 || REWIND(LU_INPUT) ; INPUT_FILE_LLINE.NUMBER = 0

168 || CALL SCAN_INPUT_FILE (LUINPUT, IOS ,BAD_TEXT)

169 || IF (IOS==0) THEN

170 || WRITE(MESSAGE, ' (3A) ") “ERROR: Hidden carriage return character in line starting with: ' ,BADTEXT(2:15), ...~
171 || CALL SHUIDOWN(MESSAGE)

IF SETUP_STOP) RETURN
IF SETUP_STOP) RETURN
IF (STOP.STATUS==SETUP.STOP) RETURN

IF (STOP_STATUS==SETUP_.STOP) RETURN
IF (STOP_STATUS==SETUP_STOP) RETURN
IF (STOP_STATUS==SETUP_STOP) RETURN

172 || ENDIF

173

174 || ! Look for outdated NAMELIST groups and stop the run if any are found.
175

176 || REWIND(LUINPUT) ; INPUT.FILE_LLINE.NUMBER = 0

177 || CALL CHECKREAD( 'GRID " ,LUINPUT, IOS)

178 || IF (I0S==0) CALL SHUIDOWN( 'ERROR: GRID is no longer a valid NAMELIS
179 || REWIND(LUINPUT) ; INPUT_FILE_.LLINE.NUMBER 0

180 || CALL CHECKREAD( 'HEAT’,LUINPUT,IOS)

181 IF (I0S==0) CALL SHUIDOWN( 'ERROR: HEAT is no longer a valid NAMELIST group. Read User Guide discussion on PROP
and DEVC. ")

182 || REWIND(LUINPUT) ; INPUT.FILE.LLINE.NUMBER = 0

183 || CALL CHECKREAD( 'PDIM’ ,LUINPUT,IOS)

184 || IF (I0S==0) CALL SHUIDOWN( 'ERROR: PDIM is no longer a valid NAMELIST group. Read User Guide discussion on MESH. ")
185 || REWIND(LUINPUT) ; INPUT-FILE.LLINEXNUMBER = 0

186 || CALL CHECKREAD( ‘PIPE " ,LUINPUT,IOS)

187 || IF (I0S==0) CALL SHUIDOWN( 'ERROR: PIPE is no longer a valid NAMELIST group. Read User Guide discussion on PROP
and DEVC. ")

188 || REWIND(LUINPUT) ; INPUT.FILE_LLINE.NUMBER
189 || CALL CHECKREAD( ‘PL3D " ,LUINPUT,IOS)

190 IF (10S==0) CALL SHUIDOWN( 'ERROR: PL3D is no longer a valid NAMELIS
191 || REWIND(LUINPUT) ; INPUT.FILE_LINE.NUMBER = 0

192 || CALL CHECKREAD( 'SMOD’ ,LUINPUT, I0S)

193 || IF (I0S==0) CALL SHUIDOWN( 'ERROR: SMOD is no longer a valid NAMELIS
194 || REWIND(LUINPUT) ; INPUT_FILE_.LINE.NUMBER 0

195 || CALL CHECKREAD( 'SPRK’,LUINPUT,IOS)

196 || IF (I0S==0) CALL SHUIDOWN( 'ERROR: SPRK is no longer a valid NAMELIST group. Read User Guide discussion on PROP
and DEVC. ")

197 || REWIND(LUINPUT) ; INPUT.FILE_LLINEXNUMBER = 0

198 || CALL CHECKREAD( 'THCP’ ,LUINPUT,IOS)

199 || IF (I0S==0) CALL SHUIDOWN( 'ERROR: THCP is no longer a valid NAMELIST group. Read User Guide discussion on DEVC.")
200
201 || REWIND(LUINPUT) ; INPUT_FILE_LLINE.NUMBER = 0
202
203 || END SUBROUTINE READDEAD
204
205
206 || SUBROUTINE READ HEAD

207 || INTEGER :: NAMELENGIH

208 || NAMELIST /HEAD/ CHID, FYI,STOPFDS, TITLE

group. Read User Guide discussion on MESH. ")

0

group. Read User Guide discussion on DUMP. ")

group. Read User Guide discussion on DEVC. ")

209

210 || CHID = ’null’
211 || TITLE =

212 || STOPFDS=—1

213

214 || REWIND(LUINPUT) ; INPUT_FILE_.LINE.NUMBER = 0
215 || HEADIOOP: DO

216 || CALL CHECKREAD( 'HEAD’ ,LUINPUT,IOS)

217 || IF (IOS==1) EXIT HEADIOOP
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218
219
220
221
222
223
224
225
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227
228
229
230
231
232
233
234
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239
240
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243
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245
246
247
248
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270
271
272
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275
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286
287
288
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290
291
292
293
294
295
296

297
298
299
300
301
302

READ(LU_INPUT ,HEAD,END=13 ,ERR=14 ,IOSTAT=IOS )

14 IF (IOS>0) THEN ; CALL SHUIDOWN( 'ERROR: Problem with HEAD line ) ; RETURN ; ENDIF
ENDDO HEAD_LOOP

13 REWIND(LUINPUT) ; INPUT.FILE_LLINE.NUMBER = 0

CLOOP: DO 1=1,39

IF (CHID(I:1)==".") THEN ; CALL SHUIDOWN( 'ERROR: No periods allowed in CHID") ; RETURN ; ENDIF
IF (CHID(I:1)==" ") EXIT CLOOP

ENDDO CLOOP

IF (TRIM(CHID)=="null ") THEN

NAMELENGIH = LEN_TRIM (FN_NPUT)

ROOINAME: DO I=NAMELENGIH2, —1

IF (ENANPUT(1:1)==".') THEN

WRITE(CHID, ' (A) ') FNINPUT(1:1-1)
EXIT ROOINAME

ENDIF

END DO ROOTNAME

ENDIF

! Define and look for a stop file

FN.STOP = TRIM(CHID)// " .stop

INQUIRE ( FILE=FN_STOP , EXIST=EX)

IF (EX) THEN

STOP-AT.ITER=READ.STOP() ! READ.STOP() returns 0 if there is nothing in the .stop file
IF (STOP_AT.ITER<=0) THEN

WRITE(MESSAGE, ' (A,A,A) ") "ERROR: Remove the file , ” TRIM(FNSTOP),”, from the current directory”
CALL SHUIDOWN(MESSAGE) ; RETURN

ELSE

WRITE(LU_ERR, " (A,A,A) ") "NOTE: The file , ” ,TRIM(EN.STOP),”, was detected .’
WRITE(LU_ERR, ' (A, 10 ,A) ")"This FDS run will stop after ”,STOP_ATITER,” iterations.”

ENDIF

ELSE

IF (STOPFDS>=0) THEN
STOP_AT.ITER = STOPFDS

WRITE(LUERR, ' (A,A,A) ") "NOTE: The STOPFDS keyword was detected on the &IFAD line.”
WRITE(LU_ERR, " (A, 10 ,A) ")”This FDS run will stop after ”,STOP.ATITER,” iterations.”
ENDIF
ENDIF

END SUBROUTINE READ HEAD

INTEGER FUNCTION READ_STOP ()

! if a stop file exists and it contains a positive integer then
! stop the fds run at when it computes that number of iterations

INTEGER :: IERROR
READ_STOP=0
! this routine is only called if the stop file exists

OPEN (UNIT=LU_STOP, FILE=FN_STOP ,FORM= "FORMATTED " ,STATUS="OlD’ ,IOSTAT=IERROR )
IF (IERROR==0) THEN

READ(LU.STOP, " (15) " ,END=10,IOSTAT=IERROR) READ.STOP

IF (IERROR/=0) READ.STOP=0

ENDIF

10 CLOSE(LU.STOP)

END FUNCTION READ_STOP

SUBROUTINE READ_MESH (IMODE)

USE GLOBAL.CONSTANTS, ONLY : OPENMP.USED.THREADS, OPENMP.USERSET.THREADS, USE.OPENMP

USE EVAC, ONLY: N.DOORS, N_EXITS, N.CO_EXITS, EVAC.EMESH.EXITS.TYPE, EMESH.EXITS, EMESH.ID, EMESH.IJK, EMESH.XB,
&

EMESHNM, N.DOORMESHES, EMESH.NFIELDS, HUMAN.SMOKEHEIGHT, EVAC.DELTASEE, &

EMESH.STAIRS, EVAC_EMESH.STAIRS.TYPE, N.STRS, INPUT.EVAC.GRIDS, NO-EVACMESHES

INTEGER, INTENT(IN) :: IMODE

INTEGER :: IJK (3) NM,NM2, CURRENT_MPI.PROCESS, MPI.PROCESS,RGB(3) ,LEVEL,N.MESHNEW, N, TI , JT , KK, NMESHES READ,NNN,
NEVAC MESHES, IERR, &

NMESHES EVAC, NMESHES FIRE, NM.EVAC, N.THREADS

INTEGER, ALLOCATABLE, DIMENSION (:) :: NEIGHBOR.LIST

LOGICAL :: EVACUATION, EVACHUMANS

REAL(EB) :: EVAC_Z.OFFSET,XB1,XB2,XB3,XB4,XB5,XB6

CHARACTER(25) :: COLOR

CHARACTER(LABELLENGTH) :: MULT.ID, PERIODIC_.MESH_IDS (3)

NAMELIST /MESH/ COLOR, CYLINDRICAL, EVACUATION, EVAC HUMANS, EVAC_Z.OFFSET, FYI,ID, IJK ,LEVEL, MPI_PROCESS, MULT.ID,
PERIODIC_MESH._IDS, &

RGB, XB,N_THREADS

TYPE (MESH.TYPE), POINTER :: M,M2

TYPE (MULTIPLIER.TYPE), POINTER :: MR

NMESHES = 0
NMESHESREAD = 0
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303
304
305
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390

NMESHESEVAC = 0
NMESHES_FIRE = 0
NEVACMESHES = 0

IF (IMODE==1) THEN
NOEVACMESHES = .TRUE.
INPUT-EVAC.GRIDS = 0
IF (NOEVACUATION) THEN
NEVAC = 0

RETURN

END IF

END IF

REWIND(LUINPUT) ; INPUT.FILE.LINEXNUMBER = 0

COUNTMESHLOOP: DO

CALL CHECKREAD( 'MESH ', LUINPUT, I0S)
"MESH_LOO!

IF (I0S==1) EXIT COUNT.
MULTID = "null’
EVACUATION = .FALSE.
EVACHUMANS = .FALSE.

READ(LU.INPUT ,MESH,END=15 ,ERR=16 ,IOSTAT=10S)
NMESHESREAD = NMESHESREAD + 1

IF (NOEVACUATION .AND. EVACUATION) CYCLE COUNTMESHIOOP ! skip evacuation meshes
IF (EVACUATION.DRILL .AND. .NOT.EVACUATION) CYCLE COUNTMESHIOOP ! skip fire meshes
IF (EVACUATIONMCMODE .AND. .NOT.EVACUATION) CYCLE COUNTMESHIOOP ! skip fire meshes

IF (EVACUATION) NEVACMESHES = NEVACMESHES + 1
(IMODE==1 .AND. EVACHUMANS) NO.EVACMESHES = .FALSE.

DO N=1,NMULT
MR => MULTIPLIER (N)

IF (MULTID==MR0ID) NMESHNEW = MR/N_COPIES

ENDDO

IF (NMESH. ==0) THEN
WRITE(MESSAGE, " (A, A, A, 10) ")
NMESHES READ

CALL SHUTDOWN(MESSAGE) ;
ENDIF
ENDIF

NMESHES = NMESHES + N.MESHNEW
IF (.NOT.EVACUATION) NMESHES FIRE =
16 IF (10S>0) THEN ; CALL SHUIDOWN( 'ERROR:

ENDDO COUNTMESH_LOOP
15 CONTINUE

EVACMMODEIF: IF (IMODE==1) THEN
REWIND(LUINPUT) ; INPUT.FILE_LINE.NUMBER = 0
IF (NOEVACMESHES) THEN

_TRUE.

_FALSE.

_FALSE.

NOZEVACUATION
EVACUATION_DRILL
EVACUATION.MCMODE
N_EVAC

RETURN

END IF

0

", TRIM(MULTID) ,” not found on MESH line’, &

NMESHES FIRE + N.MESHNEW

MESH line . ") ; RETURN ; ENDIF

ALLOCATE(EMESH.ID MAX(1,INPUT_EVAC.GRIDS) ), STAT=IZERO)

CALL ChkMemErr( 'READEVAC”, "EMESH_ID " ,IZERO)

ALLOCATE(EMESH.XB(6,  MAX(1,INPUT.EVAC.GRIDS)) , STAT=IZERO)

CALL ChkMemErr( 'READEVAC”, "EMESH.XB" ,IZERO)

ALLOCATE(EMESH_IJK (3, MAX(1,INPUT.EVAC.GRIDS) ), STAT=IZERO)

CALL ChkMemErr( 'READEVAC”, "EMESH_IJK " , IZERO)

NM = 0

EVACMESHLOOP: DO N = 1, NMESHES READ
! Set evacuation MESH defaults

IJK(1)= 10

K (2)= 10

K (3)= 1

XB(1) = 0..EB

XB(2) = 1..EB

XB(3) = 0..EB

XB(4) = 1..EB

XB(5) = 0..EB

XB(6) = 1..EB

RGB = -1

COLOR = "null’

1D = ‘null’
EVACUATION = .FALSE.
EVACHUMANS = .FALSE.

! Read the MESH line

CALL CHECKREAD( ‘MESH’, LUINPUT, I0S)
IF (10S==1) EXIT EVACMESHLOOP

READ(LU_INPUT, MESH)
IF (.NOT.EVACUATION)

CYCLE EVACMESHIOOP ! skip fire meshes

IF (.NOT.EVACHUMANS .AND. EVACUATION) CYCLE EVACMESHIOOP ! skip additional evac meshes

NM=NM + 1
! Reorder XB coordinates
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391
392
393
394
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400
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CALL CHECKXB(XB

)
EMESHID(\M) = TRIM(ID)
EMESH_IJK (1 NM) = IJK (1)
EMESH._IJK (2 NM) = IJK (2)
EMESH_IJK (3 NM) = IJK (3)
EMESHXB(1 NM) = XB(1)
EMESHXB(2 NM) = XB(2)
EMESHXB(3 NM) = XB(3)
EMESH.XB(4 NM) = XB(4)
EMESHXB(5 NM) = XB(5)
EMESH.XB(6 NM) = XB(6)

END DO EVACMESH_LOOP

REWIND(LU_INPUT) ; INPUT_FILE_.LINE.NUMBER = 0
RETURN

END IF EVAC.MODE._IF

IF (.NOT. NOEVACUATION) NMESHES
IF (.NOT. NOEVACUATION) NMESHES

NMESHES + N.DOORMESHES + NEVACMESHES
NMESHES + N_STRS

NMESHESEVAC = NMESHES — NMESHES_FIRE
! Stop the calculation if the number of MPI processes is greater than the number of meshes

IF (NOEVACUATION) THEN

IF (NMESHESXN_MPI_PROCESSES) THEN

CALL MPI_FINALIZE (IERR)

WRITE(MESSAGE, " (A, 10 ,A,10) ") 'ERROR: The number of MPI processes, ' ,N.MPILPROCESSES, ', exceeds the number of
meshes, ' ,NMESHES

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ELSE

IF (NMESHES_FIRE+1<N_MPI_.PROCESSES) THEN

CALL MPI_FINALIZE (IERR)

WRITE(MESSAGE, " (A, 10 ,A,10) ") "ERROR: The number of MPI processes, ' ,N.MPI.PROCESSES,&
", exceeds the number of fire meshes + 1, ' ,NMESHESFIRE+1

CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

! Allocate parameters associated with the mesh.

ALLOCATE(MESHES (NMESHES) ,STAT=IZERO)
CALL ChkMemErr( 'READ’ , "MESHES ", IZERO)
ALLOCATE(PROCESS (NMESHES) ,STAT=IZERO)

CALL ChkMemErr( 'READ’, 'PROCESS” ,IZERO)
ALLOCATE(MFESH.NAME (NMESHES) ,STAT=IZERO)

CALL ChkMemErr( 'READ’, "MESHINAME ", IZERO)
ALLOCATE(PERIODIC_MESH_NAMES (NMESHES, 3 ) ,STAT=IZERO)
CALL ChkMemErr( 'READ’ , PERIODIC MESH NAMES *,IZERO)
ALLOCATE(CHANGE_TIME_STEP_INDEX (NMESHES) ,STAT=IZERO)
CALL ChkMemErr( 'READ , "CHANGE TIME STEPINDEX " ,IZERO)
CHANGE_TIME_STEP_INDEX = 0
ALLOCATE(EVACUATION.ONLY (NMESHES) ,STAT=IZERO)

CALL ChkMemErr( 'READ”, "EVACUATION.ONLY " ,IZERO)
EVACUATION.ONLY (1:NMESHES_FIRE) = .FALSE.

IF (NMESHES_FIRECNMESHES) EVACUATION.ONLY (NMESHES_FIRE+1:NMESHES) = .TRUE.
ALLOCATE(EVACUATION_SKIP (NMESHES) ,STAT=IZERO)

CALL ChkMemErr( 'READ”, "EVACUATION.SKIP” ,IZERO)
EVACUATION.SKIP = .FALSE.
ALLOCATE(EVACUATION_Z.OFFSET (NMESHES) ,STAT=IZERO)
CALL ChkMemErr( 'READ”, "EVACUATION_Z.OFFSET” ,IZERO)
EVACUATION_Z.OFFSET = 1.0_EB

! Read in the Mesh lines from Input file

REWIND(LU_INPUT) ; INPUT_FILE_.LINE.NUMBER = 0

IF (NMESHES<1) THEN ; CALL SHUIDOWN( 'ERROR: No MESH line(s) defined.”) ; RETURN ; ENDIF
NM = 0

MESHLOOP: DO N=1,NMESHES READ

! Set MESH defaults

IJK(1)= 10
IJK(2)= 10
IJK(3)= 10
TWOD = .FALSE.
XB(1) = 0..EB
XB(2) = 1..EB
XB(3) = 0._EB
XB(4) = 1._EB
XB(5) = 0._EB
XB(6) = 1._EB
RGB = -1
COLOR = "null”’

CYLINDRICAL = .FALSE.
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480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565

ID = "null’
EVACUATION

EVAC_Z_OFFSE
EVACHUMANS
MPI_PROCESS

LEVEL

=0

MULTID =
PERIODIC.MESH.IDS = "pnull’
N.THREADS = -1

.FALSE.
= 1.0.EB
.FALSE.
-1

=

null’

! Read the MESH line

CALL CHECKREAD( ‘MESH ', LUINPUT, I0S)
IF (I0S==1) EXIT MESH.LOOP
READ(LU_INPUT ,MESH)

IF (NOEVACUATION .AND. EVACUATION) CYCLE MESHIOOP ! skip evacuation meshes
IF (EVACUATION.DRILL .AND. .NOT.EVACUATION) CYCLE MESHIOOP ! skip fire meshes
IF (EVACUATIONMCMODE .AND. .NOT.EVACUATION) CYCLE MESHIOOP ! skip fire meshes

! Reorder XB coordinates

CALL CHECKXB(XB)

! Multiply meshes if need be

MR => MULTIPLIER (0)
DO N\N=1,N.MULT
IF (MULTID==MULTIPLIER (\\N)%I[D) MR => MULTIPLIER (N\N)

ENDDO

if necessary

KMULT_LOOP: DO KK=MR/&K LOWER,MR/&K_UPPER
JMULT_LOOP: DO J]J=MR{J_LOWER ,MR%]_.UPPER
IMULT.LOOP: DO IT=MR/d_LOWER, MRAI_UPPER

IF (.NOT.MR/SEQUENTIAL) THEN

XB1
XB2
XB3
XB4
XB5
XB6
ELSE
XB1
XB2
XB3
XB4
XB5 =
XB6 =
ENDIF

XB(1)
XB(2)
XB(3)
XB(4)
XB(5)
XB(6)

XB(1)
XB(2)
XB(3)
XB(4)
XB(5)
XB(6)

+ MRVDX0 +
+ MRWDX0 +
+ MRADYO +
+ MRADY0O +
+ MRWDZ0 +
+ MRWDZ0 +

+ MRDX0
+ MRDX0
+ MRDYO
+ MRDYO
+ MRWDZ0
+ MRWDZ0

bt o+

1 *MRADXB (1)
TTMRADXB(2)
TJ “MRUDXB(3)
1] AMRUDXB (4)
KKAMRDXB(5)
KKAMRADXB(6)

1 AMRADXB (1)
1 MRADXB(2)
1 MRADXB(3)
1 MRADXB (4)
11 MRDXB(5)
11 MRDXB(6)

! Increase the MESH counter by 1

NM =NM + 1

! Determine which PROCESS to assign the MESH to

IF (MPI_PROCESS>-1) THEN
CURRENT-MPI_PROCESS = MPI_PROCESS

IF (CURRENT-MPI.PROCESS>N_-MPI_PROCESSES—1) THEN

IF (N-MPI.PROCESSES > 1) THEN
") ’ERROR: MPIPROCESS for MESH " ,NM, ' greater than total number of processes’

WRITE(MESSAGE, " (A, 10 ,A)

CALL SHUTDOWN(MESSAGE)

ELSE

! Prevents fatal
WRITE(MESSAGE, " (A, 10 ,A)
IF (MYID==0) WRITE(LU_ERR, '

CURRENT_MPI_PROCESS=0

ENDIF
ENDIF
ELSE

CURRENT-MPI_PROCESS = MIN(NM-1,N_MPI_PROCESSES—1)

ENDIF

! Fill

; RETURN

") 'WARNING

in MESH related variables

M => MESHES(\M)
MAMESH_LEVEL = LEVEL

IBARMAX =

IF (EVACUATION)

IJK (1)
1JK(2)
IJK (3)

MAX(IBAR MAX, MUBAR)
MAX(JBAR MAX, M/JBAR)
MAX(KBAR MAX,M/&KBAR)
MUN_EXTERNAL WALL.CELLS = 2:M/dBARAJBAR+2:MABARAUKBAR+2+MJBARAKBAR

EVACUATION.ONLY (NM)
IF (EVACHUMANS) EVACUATION.SKIP (NM)

.TRUE.
.TRUE.

error when testing a run on a single core with MPI.PROCESS set for meshes
MPI_PROCESS set
(A) ") TRIM(MESSAGE)

for MESH “ ,NM, * and only one MPI process exists’
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566 || IF (EVACUATION) EVACUATION.Z OFFSET(NM) = EVAC_Z_OFFSET

567 IF (EVACUATION) MAN_EXTERNAL.WALL.CELLS = 2+M/BAR+AM/EKBAR+2 Vo BARAVKBAR
568 || IF (EVACUATION .AND. .NOT.EVACHUMANS) THEN

569 || WRITE(MESSAGE, ' (A) ") "ERROR: NO DOOR FLOW EVACUATION MESHES IN FDS6”

570 || CALL SHUIDOWN(MESSAGE) ; RETURN

571 || ENDIF

572
573 || IF (MJBAR==1) TWOD = .TRUE.

574 || IF (TWOD .AND. MiJBAR/=1) THEN

575 || WRITE(MESSAGE, " (A) ") 'ERROR: IJK(2) must be 1 for all grids in 2D Calculation’
576 || CALL SHUIDOWN(MESSAGE) ; RETURN

577 || ENDIF

578 IF (EVACUATION .AND. M/KBAR/=1) THEN

579 || WRITE(MESSAGE, ' (A) ) 'ERROR: IJK(3) must be 1 for all evacuation grids’

580 || CALL SHUTDOWN(MESSAGE) ; RETURN

581 ENDIF

582

583 ! Associate the MESH with the PROCESS
584

585 || IF (MYID==CURRENT-MPI.PROCESS) THEN

586 || LOWERMESHINDEX = MIN(LOWER MESHINDEX,NV)
587 || UPPER-MESH.INDEX = MAX(UPPER-MESH.INDEX ,NV)
588 || ENDIF

589
590 || PROCESS(NM) = CURRENT.MPI.PROCESS

591 || IF (MYID==0 .AND. VERBOSE) &

592 || WRITE(LU-ERR, " (A, 10 ,A,10) ") * Mesh * NM, " is assigned to MPI Process ', PROCESS(NMV)
593 || IF (EVACUATION.ONLY(NM) .AND. (N.MPI.PROCESSES>1)) EVACPROCESS = N_MPI.PROCESSES—1
594
595 || ! Check the number of OMP threads for a valid value (positive, larger than 0), —1 indicates default unchanged
value

596 || IF (N.THREADS < 1 .AND. N.THREADS /= —1) THEN

597 || WRITE(MESSAGE, ' (A) ") 'ERROR: N.THREADS must be at least 17

598 || CALL SHUTDOWN(MESSAGE) ; RETURN

599 || ENDIF

600

601 || ! If OMP number of threads is explicitly set for this mesh and the mesh is assigned to this MPI process,
602 || ! then set this value

603 || IF (MYID == PROCESS(NM) .AND. N.THREADS > 0) THEN

604 || ! Check if OPENMP is active

605 || IF (USE.OPENMP .NEQV. .TRUE.) THEN
606 || WRITE(MESSAGE, " (A) ") 'ERROR: setting NIHREADS, but OPENMP is not active’
607 || CALL SHUIDOWN(MESSAGE) ; RETURN

608 || END IF

609

610 || ! Check if the process’ thread number was already set in a previous mesh definition
611 || IF (OPENMP_USER SET_THREADS .EQV. .TRUE.) THEN

612 || ! Check if previous definitions are consistent

613 || IF (N.THREADS .NE. OPENMP_USED.THREADS) THEN
614 || WRITE(MESSAGE, ' (A)’) 'ERROR: N.THREADS not consistent for MPI process’
615 || CALL SHUTDOWN(MESSAGE) ; RETURN

616 || END IF

617 || END IF

618

619 || ! set the value—changed—flag and the new thread number
620 || OPENMP_USER SET.THREADS = .TRUE.

621 || OPENMP_USED.THREADS = N.THREADS

622 || END IF

623

624 || ! Mesh boundary colors

625

626 || IF (ANY(RGB<0) .AND. COLOR=='null’) COLOR = 'BLACK’
627 || IF (COLOR /= 'null’) CALL COLOR2RGB(RGB,COLOR)

628 || ALLOCATE(M/RGB(3) )

629 || MIRGB = RGB

630
631 || | Mesh Geometry and Name
632
633 || PERIODIC_.MESHNAMES(NM, :) = PERIODIC_MESH_IDS (:)
634 || WRITE(MESHNAMEMNM) , * (A, 17.7) ") "MESH." NM

635 || IF (ID/='null ') MESHNAME(NM) = ID

636
637 || | Process Physical Coordinates
638
639 || IF (XB2-XBI1<TWO-EPSILON_EB) THEN

640 || WRITE(MESSAGE, " (A, 10) ") "ERROR: XMIN > XMAX on MESH “, NM
641 || CALL SHUIDOWN(MESSAGE) ; RETURN

642 || ENDIF

643 || IF (XB4—XB3<TWO_EPSILON.EB) THEN

644 || WRITE(MESSAGE, ' (A, 10) ') 'ERROR: YMIN > YMAX on MESH *, NM
645 || CALL SHUIDOWN(MESSAGE) ; RETURN

646 || ENDIF

647 IF (XB6—XB5<TWO_EPSILON_EB) THEN

648 || WRITE(MESSAGE, " (A, 10) ") "ERROR: ZMIN > ZMAX on MESH “, NM

649 || CALL SHUIDOWN(MESSAGE) ; RETURN

650 || ENDIF

651 || IF (EVACUATION .AND. ABS(XB5 — XB6) <= SPACING(XB(6))) THEN

652 || WRITE(MESSAGE, " (A, 10) ") "ERROR: ZMIN = ZMAX on evacuation MESH ~, NM
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653 || CALL SHUTDOWN(MESSAGE) ; RETURN

654 || ENDIF
655

656 ||MXS = XB1

657 ||MXF = XB2

658 ||MeYS = XB3

659 || MoYF = XB4

660 ||MWwZS = XB5

661 ||MWwZF = XB6

662 || IF (.NOT.EVACUATION ) THEN

663 || XSMIN = MIN(XS_MIN ,M/eXS)

664 || XEMAX = MAX(XEMAX,M/XF)

665 || YSMIN = MIN(YS_MIN ,M/YS)

666 || YEMAX = MAX(YFMAX,MGYF)

667 || ZSMIN = MIN(ZS_MIN ,M/ZS)

668 || ZEMAX = MAX(ZFMAX,M/ZF)

669 || ENDIF

670 || MWDXI = (MUXF-MAXS)/REAL(MABAR,EB)
671 || MDETA = (MAYF-M&YS)/REAL(MJBAR,EB)
672 || MUDZETA = (MUZF-MAZS) /REAL(M/KBAR, EB)
673 || MWRDXI = 1._EB/MADXI

674 || MARDETA = 1._EB/MMDETA

675 || MWRDZETA= 1._EB/MMDZETA

676 || MWBM1 = MWBAR—1

677 ||MgBM1 = MWJBAR—1
678 || MA&KBMI = M&KBAR-1
679 || MWIBP1 = MWBAR+1
680 || MWJBP1 = MABAR+1
681 || MWKBP1 = MMKBAR+1
682
683 || IF (TWOD) THEN

684 || MWCELL_SIZE = SQRT(M/DXIAM/DZETA)

685 || ELSE

686 || MWCELL.SIZE = (MWDXIAV/DETAAM/DZETA ) % +ONTH
687 || ENDIF

688

689 || IF (.NOT.EVACUATION.ONLY(\V) ) CHARACTERISTIC_.CELLSIZE = MIN( CHARACTERISTIC_.CELLSIZE , MA\CELL.SIZE )
690
691 || ENDDO I.MULT.LOOP
692 || ENDDO J-MULT.LOOP
693 || ENDDO K MULT.LOOP
694
695 || ENDDO MESH.LOOP
696
697 || NMEEVAC = NM
698
699 || ! Check for bad mesh ordering if MPILPROCESS used
700
701 || DO NM=1 ,NMESHES

702 || IF (NM==1) CYCLE

703 || IF (EVACUATION.ONLY(NM)) CYCLE

704 || IF (PROCESS(NM) < PROCESS(NM-1)) THEN

705 || WRITE(MESSAGE, " (A, 10 ,A, 10 ,A) ") "ERROR: MPI.PROCESS for MESH “, NM, " < MPI.PROCESS for MESH ~ NM-1,&
706 ’. Reorder MESH lines.’

707 || CALL SHUTDOWN(MESSAGE) ; RETURN

708 || ENDIF

709 || ENDDO

710 || DO NM=1,NMESHES
711 || IF (NVE=1 .OR. .NOT.EVACUATION.ONLY(NM)) CYCLE
712 || IF (.NOT.EVACUATION.SKIP(NM) ) CYCLE

713 || IF (PROCESS(NM) < PROCESS(NM-1)) THEN

714 || WRITE(MESSAGE, ' (A, 10 ,A, 10 ,A) ") "ERROR: MPIPROCESS for evacuation MESH ', NM, " < MPLPROCESS for MESH ' NM-1,&
715 ". Reorder MESH lines

716 || CALL SHUIDOWN(MESSAGE) ; RETURN

717 || ENDIF

718 || ENDDO

719

720 || !Sesa—added as in 6.2.0

721 || ! Allocation for mean forcing (required here, instead of init, because of hole feature)
722

723 || IF (ANY(MEANFORCING)) THEN

724 || DO NM=1,

725 || ME>MESHES (NM)

726 || ALLOCATE(M/AMEAN_FORCING.CELL (0:M®oIBP1,0:Me]BP1 , 0 :MKBP1) ,STAT=IZERO)
727 || CALL ChkMemErr( "INIT ", "MEAN_FORCING.CELL " ,IZERO)

728 || MAMEAN _FORCING.CELL=.TRUE.

729 || ENDDO

730 || ENDIF

731

732 || ! Min and Max values of temperature
733

734 || TMPMIN = MAX(1._EB , MIN(TMPA,TMPM) —10._EB)

735 IF (LAPSE_RATE < 0._EB) TMPMIN = MIN(TMPMIN, TMPA+LAPSE_RATE*ZF MAX)
736 || TIMPMAX = 3000._EB

737
738 || REWIND(LU_INPUT) ; INPUT_FILE_LLINE.NUMBER = 0
739 !Sesa—addition end

740
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741
742 || | Define the additional evacuation door flow meshes
743
744 || !Timo: Mesh counter NMEVAC is now fire meshes plus main evac meshes
745 || IF (.NOT. NOZEVACUATION) CALL DEFINE_EVACUATION.-MESHES(NMEVAC)

746
747 || | Determine mesh neighbors
748
749 || ALLOCATE(NEIGHBOR.LIST(10000) )

750 || DO NM=1 ,NMESHES

751 || M => MESHES (NM)

752 || MIN_NEIGHBORING.MESHES = 0

753 || NEIGHBOR_LIST = 0

754 || DO NM2=1,NMESHES

755 || IF (\N\M/=NM2 .AND. EVACUATION.ONLY(NM2)) CYCLE

756 || M2 => MESHES(NM2)

757 || IF  ((M2XSSMUXFNANOMETER .OR. M2XFMVXS-NANOMETER .OR. &
758 || M26YSSMYF+HNANOMEIER .OR. M26YFMLYS-NANOMEIER .OR. &

759 || M2WZSIVVZF+NANOMETER .OR. M2WZFMALZS-NANOMETER) .AND. &
760 || PERIODIC_.MESH.NAMES(NV, 1) /=MESHNAME(NM2) .AND. &

761 || PERIODIC_.MESH.NAMES (NV, 2 ) /=MESHNAME (NM2) .AND. &

762 || PERIODIC_.MESH.NAMES(NV, 3) /=MESHNAME(NM2) ) CYCLE

763 || MANNEIGHBORING MESHES = M/AN.NEIGHBORINGMESHES + 1

764 || NEIGHBOR-LIST (M/AN.NEIGHBORING.MESHES) = NM2

765 || ENDDO

766 || ALLOCATE(M/ANEIGHBORING.MESH (M/dN NEIGHBORING-MESHES) )

767 || DO I=1 M/ANNEIGHBORING.MESHES

768 || MWNEIGHBORINGMESH (1) = NEIGHBOR.LIST(I)

769 || ENDDO

770 || ENDDO

771 || DEALLOCATE(NEIGHBOR_LIST)

772

773 || REWIND(LUINPUT) ; INPUT_FILE_LINENUMBER = 0
774

775 || CONTAINS

776

777 || SUBROUTINE DEFINE_EVACUATION_-MESHES (NM)
778 || IMPLICIT NONE

779 || | Passed variables
780 || INTEGER, INTENT(INOUT) :: NM
781 ! Local wvariables

782 || INTEGER :: N, N.EEND, I, J, NN, JMAX, NMOLD, I.MAIN.EVAC MESH
783 || REAL(EB) :: ZMID

784
785 ||N = 0

786 ||DO 1 = 1, NM

787 || IF (EVACUATION.SKIP(I) .AND. EVACUATION.ONLY(I)) THEN

788 [|[N =N + 1 ! Main evacuation mesh index for EMESHEXITS(N) array
789 || EMESHNM(N) = I

790 || END IF
791 || END DO
792

793 || NMLOLD = NM
794 || LOOPEMESHES: DO N = 1, NEVACMESHES

795 || | Additional meshes for the main evacuation meshes. These will be
79 || ! at different z level than the corresponding main evacuation mesh.
797

798 || IMAIN.EVAC.MESH = NM.OLD — NEVACMESHES + N

799

800 || ! Set MESH defaults

801

802 || RGB = MESHES(I.MAIN_EVAC_MESH )%RGB

803 || COLOR = "null

804 || ID = TRIM(TRIM( 'Emesh.’ // MESHNAME(LMAIN_.EVAC.MESH) ) )
805 || MPI.PROCESS = —1

806 || LEVEL = 0

807 || EVACUATION = .TRUE.

808 || EVACHUMANS = .FALSE.

809
810 ! Increase the MESH counter by 1
811
812 [|[NM =NM + 1
813
814 || ! Fill in MESH related variables
815
816 || M => MESHES(NM)

817 || MAMESH LEVEL = LEVEL

818 || MWBAR = MESHES(I.MAIN_.EVAC_MESH )%IBAR

819 || MJBAR = MESHES(I.MAIN_.EVAC_MESH)%/BAR

820 || MAKBAR = MESHES(I.MAIN_EVAC_MESH )%KBAR

821 IBARMAX = MAX(IBAR MAX,M/ABAR)

822 || JBARMAX = MAX(JBAR MAX,M/JBAR)

823 || KBARMAX = MAX(KBARMAX,M/&KBAR)

824 || EVACUATION.ONLY(NM) = .TRUE.

825 || EVACUATION.SKIP(NM) = .FALSE.

826 || EVACUATION_Z.OFFSET(NM) = EVAC_Z_.OFFSET ! Not used, this line is not needed
827 || MJAN_.EXTERNAL.WALL.CELLS = 2:+M/BAR+AMEKBAR+2 V] BARAVKBAR

828 IF (EVACUATION .AND. M/KBAR/=1) THEN
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829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916

WRITE(MESSAGE, ' (A) ") "ERROR: IJK(3) must be 1 for all evacuation grids’
CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF

! Associate the MESH with the PROCESS

IF (MYID==CURRENT_MPI.PROCESS) THEN

LOWER MESH.INDEX = MIN(LOWER MESH INDEX,NM)
UPPER-MESH.INDEX = MAX(UPPER-MESH_INDEX ,NM)
ENDIF

PROCESS(NM) = CURRENT_MPI_PROCESS
IF (MYID==0 .AND. VERBOSE) WRITE(LU.ERR, ' (A,10,A,10)") ~ Mesh '~ NM,’ is assigned to MPI Process ' ,PROCESS(NM)
IF (EVACUATION.ONLY(NM) .AND. (N.MPI.PROCESSES>1)) EVACPROCESS = N_MPI.PROCESSES—1

! Mesh boundary colors

IF (ANY(RGB<0) .AND. COLOR=='null ') COLOR = 'BLACK’
IF (COLOR /= 'null’) CALL COLOR2RGB(RGB,COLOR)
ALLOCATE(M/RGB(3) )

M®RGB = RGB

! Mesh Geometry and Name

WRITE(MESHNAME(NM) , (A, 17.7) ") 'MESH.* NM
IF (ID/="null’) MESHNAME(M) = ID

ZMID = 0.5_EB x(MESHES(LMAIN_EVAC_MESH)%ZS + MESHES(I.MAIN_EVAC_MESH )%ZF)
ZMID = ZMID — EVACUATION_Z_OFFSET (LMAIN_EVAC_MESH) ~ + HUMAN.SMOKEHEIGHT
MWXS = MESHES(LMAIN_EVAC_MESH)%XS

MWXE = MESHES(I.MAIN_EVAC_MESH )%XF

MWYS = MESHES(IMAIN_EVAC_MESH)%YS

MWF = MESHES(I.MAIN_EVAC_MESH)%YF

MWZS = ZMID — EVAC.DELTASEE

MWF = ZMID + EVAC.DELTA_SEE

MWDXI = MESHES(I.MAIN_EVAC_MESH )%DXI

MVUDETA = MESHES(I.MAIN_EVAC_ MESH )%DETA

MUDZETA = (MWZF-MiZS) /REAL(MKBAR, EB)

MURDXI = MESHES(I.MAIN_EVAC MESH )%RDXI

M/®RDETA = MESHES(I.MAIN_EVAC_.MESH )%RDETA

M®RDZETA= 1._EB/MWDZETA

MWBM1 = MAWBAR-1

M/BM1 = M4JBAR-1

MKBM1 = M/EKBAR-1

MALIBP1 = MWBAR+1

M4BP1 = MGBAR+1

M/EKBP1T = MKBAR+1

! WRITE (LU.-ERR,FMT="(A,10,3A) ') ' EVAC: Mesh number ', NM, ' name ', TRIM(ID), ' defined for evacuation’

END DO LOOP_EMESHES

NEND = N_EXITS — N_.CO.EXITS + N.DOORS

LOOP_EXITS: DON = 1, NEND

I = EMESH_EXITS(N)%EMESH | The main evacuation mesh index (for EMESHEXITS(I) array)
IF (.NOT.EMESH_EXITS (N)%DEFINE MESH) CYCLE LOOP_EXITS

EMESH_EXITS (N)%MAINMESH = EMESHNM (EMESH_EXITS (N)%EMESH) ! The 1,... NMESHES index
! Only main evacuation meshes in FDS6
EMESH_EXITS (N)%MESH = EMESH_EXITS (N)%MAINMESH ! The mesh index (all meshes included)

! Set MESH defaults

IJK (1)= EMESH.IJK(1,1)
IJK (2)= EMESH.JK(2,1)
IJK (3)= EMESH.JK(3,1)

ALLOCATE(EMESH_EXITS (N)%U_EVAC (0: IJK (1) +1,0:IJK (2) +1) ,STAT=IZERO)
CALL ChkMemErr( 'READ’, " EMESH_EXITS (N)%LU_EVAC ", IZERO)
ALLOCATE(EMESH_EXITS (N)%V_EVAC (0: IJK (1) +1,0: IJK (2) +1) ,STAT=IZERO)
CALL ChkMemErr( 'READ’, " EMESH_EXITS (N)%V_EVAC’,IZERO)

CYCLE LOOP_EXITS
ENDDO LOOP_EXITS

NN =
0

JMAX

DOI =1, \M

EV_IF: IF (EVACUATIONSKIP(I) .AND. EVACUATION.ONLY(I)) THEN
=0 ! Index of the flow field (for a main evacuation mesh)
NN = NN + 1 ! Main evacuation mesh index

! NN = EMESH_INDEX (NM)

EMESHNFIELDS(NN) = 0 ! How many fields for this main evacuation mesh
LOOP_EXITS.0: DON = 1, NEND

IF (.NOT.EMESH_EXITS (N)%DEFINE MESH) CYCLE LOOP_EXITS.0

IF (.NOT.EMESH._EXITS (N)%EMESH == NN) CYCLE LOOP_EXITS.0

J =1 +1

EMESH_EXITS (N)%_DOORS_EMESH = ]

EMESH.NFIELDS(NN) = J

nmn o

—
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917 || END DO LOOP_EXITS.0
918 || IF (EMESH.NFIELDS (NN)==0) THEN

919 || WRITE(MESSAGE, ' (A, 10 ,3A) ") "ERROR: EVAC: Emesh “ ,NN,’ ', TRIM(EMESHID(NN)), ' needs at least one DOOR/EXIT
920 || CALL SHUIDOWN(MESSAGE) ; RETURN

921 || ELSE

922 || WRITE(LU-ERR,FMT=" (A, 10 ,3A,10 ,A) ")~ EVAC: Emesh * NN, ', TRIM(EMESHID(MN)),  has ',&

923 || EMESHNFIELDS(NN) , " door flow fields’

924 || ENDIF

925 || ENDIF EV._IF

926 || ENDDO

927

928 || ! Next line should be executed only once during a FDS+Evac run

929 || JMAX = MAXVAL(EMESH_NFIELDS, 1)
930 || EVAC_TIME_ITERATIONS = EVAC_TIME_ITERATIONS*JMAX

931

932 || LOOPSTAIRS: DON = 1, N.STRS

933

934 || ! Evacuation meshes for the stairs.
935

936 || ! Set MESH defaults

937

938 || RGB EMESH_STAIRS (N)7RGB

939 || COLOR = "null”’
940 || ID = TRIM( 'Emesh." // TRIM(EMESH.STAIRS(N)%ID) )
941 || MPI.LPROCESS = —1

942 || LEVEL = 0

943 || EVACUATION = .TRUE.

944 || EVACHUMANS = .TRUE.

945 || EVAC_Z_OFFSET = EMESH_STAIRS (N)%EVAC_Z_OFFSET
946
947 || ! Increase the MESH counter by 1
948
949 ||INM = NM + 1

950 || EMESH._STAIRS(N)%MESH = NM
951
952 || ! Fill in MESH related wvariables
953
954 || M => MESHES(NM)

955 || MIWMESH.LEVEL = LEVEL

956 || MWBAR = EMESH.STAIRS(N)%IBAR

957 || MAJBAR = EMESH.STAIRS (N)%JBAR

958 || MIKBAR = EMESH.-STAIRS (N)%KBAR

959 || IBARMAX = MAX(IBAR-MAX MAIBAR)

960 || JBARMAX = MAX(JBAR-MAX M/JBAR)

961 || KBARMAX = MAX(KBAR MAX,M/KBAR)

962 || EVACUATION.ONLY(NM) = .TRUE.

963 || EVACUATION.SKIP(\M) = .TRUE.

964 || EVACUATION_Z OFFSET (NM) = EVAC_Z_OFFSET

965 || MFAN_EXTERNAL WALL CELLS = 2:M/IBARKSVIKBAR+2 M/ BARAVIKBAR
966 || IF (EVACUATION .AND. M/KBAR/=1) THEN

967 || WRITE(MESSAGE, " (A) ") “ERROR: IJK(3) must be 1 for all evacuation grids’
968 || CALL SHUIDOWN(MESSAGE) ; RETURN

969 || ENDIF

970

971 || | Associate the MESH with the PROCESS

972

973 || IF (MYID==CURRENT_MPI.PROCESS) THEN
974 || LOWERMESHINDEX = MIN(LOWERMESH INDEX,NV)
975 || UPPER-MESH.INDEX = MAX(UPPER-MESH.INDEX ,NM)

976 || ENDIF

977

978 || PROCESS(NM) = CURRENT-MPI_PROCESS

979 || IF (MYID==0 .AND. VERBOSE) WRITE(LU_ERR, (A,10,A,10)") ’ Mesh ' NM, " is assigned to MPI Process ' ,PROCESS(NM)
980 || IF (EVACUATION.ONLY(NM) .AND. (N.MPI.PROCESSES>1)) EVACLPROCESS = N_MPI.PROCESSES—1

981

982 || ! Mesh boundary colors

983

984 || ALLOCATE(M/RGB(3) )

985 || MRGB = EMESH_STAIRS (N)%RGB
986
987 || | Mesh Geometry and Name
988
989 || WRITE(MESHNAME(NM) , (A, 17.7) ") '"MESH.” NM

990 || IF (ID/="null ") MESHNAME(NM) = ID
991

992 ||MiXS = EMESH.STAIRS(N)%XB(1)

993 ||MWXF = EMESH.STAIRS (N)%XB(2)

994 ||M&YS = EMESH.STAIRS(N)%XB (3)

995 ||MGYF = EMESH.STAIRS (N)%XB (4)

996 ||MiZS = EMESH.STAIRS(N)%XB (5)

997 ||MiZF = EMESH.STAIRS (N)%XB (6)

998 || MWDXI = (MUXE-M/XS)/REAL(M/ABAR,EB)
999 || MADETA = (MYE-MAYS)/REAL(M/BAR,EB)
1000 || MMDZETA = (MAWZF-M/ZS) /REAL(M/KBAR, EB)
1001 ||MGRDXI = 1._EB/MDXI

1002 || MWRDETA = 1._EB/MUDETA

1003 || M/IRDZETA= 1._EB/M/DZETA
1004 || MWIBM1 = MWIBAR-1
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1005 ||MGgBM1 = MJBAR-1
1006 || MAKBM1 = MUKBAR-1
1007 ||MGIBP1 = MABAR+1
1008 ||M&JBP1 = MABAR+1
1009 || MWKBP1 = MUKBAR+1

1010 || WRITE (LU_ERR,EMT="(A,10,3A)") ~ EVAC: Mesh number ", NM, ’ name ', TRIM(ID), ' defined for evacuation
1011

1012 || ENDDO LOOP_STAIRS

1013

1014 || IF (ALL(EVACUATION.ONLY)) THEN
1015 ||DON = 1, NMESHES
1016 || M => MESHES(NM)

1017 || XSSMIN = MIN(XS_MIN ,MXS)
1018 || XFMAX = MAX(XFMAX,MoXF)
1019 || YSMIN = MIN(YS.MIN M»YS)
1020 || YEMAX = MAX(YFMAX MoYF)
1021 || ZSMIN = MIN(ZS.MIN ,MZS)
1022 || ZEMAX = MAX(ZF MAX ,M/ZF)
1023 || ENDDO

1024 || ENDIF

1025

1026 || RETURN

1027 || END SUBROUTINE DEFINE_EVACUATION.MESHES
1028

1029 || END SUBROUTINE READ MESH
1030

1031

1032 || SUBROUTINE READ_TRAN

1033 || USE MATHFUNCTIONS, ONLY : GAUSS]
1034
1035 || ! Compute the polynomial transform function for the vertical coordinate
1036
1037 || REAL(EB) , ALLOCATABLE, DIMENSION((: ,:) :: A,XX

1038 || INTEGER, ALLOCATABLE, DIMENSION(: ,:) :: ND

1039 || REAL(EB) :: PC,CC,COEF, XI,ETA,ZETA

1040 || INTEGER IEXP,IC,IDERIV,N,K,IERROR,IOS, I ,MESHNUMBER, NIPX,NIPY,NIPZ,NIPXS,NIPYS, NIPZS, NIPXF, NIPYF, NIPZF NM
1041 || LOGICAL :: PROCESS.TRANS

1042 || TYPE (MESH.TYPE) , POINTER :: Me>NULL()

1043 || TYPE (TRAN.TYPE), POINTER :: T=>NULL()

1044 || NAMELIST /TRNX/ CC,FYI,IDERIV ,MESHNUMBER, PC

1045 || NAMELIST /TRNY/ CC,FYI,IDERIV ,MESHNUMBER, PC

1046 || NAMELIST /TRNZ/ CC,FYI,IDERIV ,MESHNUMBER, PC

1047

1048 || ! Scan the input file , counting the number of NAMELIST entries
1049

1050 || ALLOCATE(TRANS(NMESHES) )

1051

1052 || MESHLOOP: DO NV=1,NMESHES

1053

1054 || M => MESHES(NM)

1055

1056 || ! Only read and process the TRNX, TRNY and TRNZ lines if the current MPI
1057 || ! process (MYID) controls mesh NM or one of its neighbors.
1058

1059 || PROCESS.-TRANS = .FALSE.
1060 || DO N=1 M/dN-NEIGHBORING-MESHES
1061 || IF (MYID==PROCESS (M/ANEIGHBORINGMESH(N) ) ) PROCESS.TRANS = .TRUE.

1062 || ENDDO

1063

1064 || IF (PROCESS.ALL-MESHES) PROCESS.TRANS = .TRUE.

1065

1066 || ! A fast fix for fire+evacuation calculation with MPI and neighboring._mesh array problem
1067 || ! Evacuation meshes need fire mesh obst information => evacuation process processes all fire meshes
1068 || IF (MYID==EVAC_PROCESS .AND. .NOT.EVACUATION.ONLY(\M)) PROCESS.TRANS = .TRUE.

1069

1070 || IF (.NOT.PROCESS.TRANS) CYCLE MESH.LOOP

1071

1072 || T => TRANS(NM)

1073

1074 || DO N=1,3

1075 || TMNOC(N) = 0

1076 || TRNLOOP: DO

1077 || IF (EVACUATION.ONLY(NM)) EXIT TRNLOOP

1078 || SELECT CASE (N)

1079 || CASE(1)

1080 || CALL CHECKREAD( 'TRNX',LUINPUT, I0S)

1081 || IF (10S==1) EXIT TRNLOOP

1082 || MESH.NUMBER = 1

1083 || READ(LU_INPUT ,NMI=TRNX,END=17 ,ERR=18 ,IOSTAT=I0S)

1084 || IF (MESHNUMBER>0 .AND. MESH.NUMBER/=\M) CYCLE TRNLOOP
1085 || CASE(2)

1086 || CALL CHECKREAD( 'TRNY ' ,LUINPUT,IOS)

1087 || IF (I0S==1) EXIT TRNLOOP

1088 || MESHNUMBER = 1

1089 || READ(LU_INPUT NML=TRNY,END=17 ,ERR=18 ,JOSTAT=IOS)

1090 || IF (MESHNUMBER>0 .AND. MESH.NUMBER/=\M) CYCLE TRNLOOP
1091 || CASE(3)

1092 || CALL CHECKREAD( "TRNZ’ ,LUINPUT,I0S)
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1093 || IF (I0S==1) EXIT TRNLOOP

1094 || MESH.NUMBER = 1

1095 || READ(LUINPUT ,NMI=TRNZ, END=17 ,ERR=18 ,IOSTAT=I0S)

1096 || IF (MESHNUMBER>0 .AND. MESH.NUMBER/=\M) CYCLE TRNLOOP

1097 || END SELECT

1098 || TUNOC(N) = TUNOC(N) + 1

1099 || 18 IF (I0S>0) THEN ; CALL SHUIDOWN( ‘ERROR: Problem with TRN+ line ') ; RETURN ; ENDIF
1100 || ENDDO TRNLOOP

1101 || 17 REWIND(LUINPUT) ; INPUT_FILE_LINE.NUMBER = 0

1102 || ENDDO

1103
1104 || TUNOQMAX = MAX(TUANOC(1) , TNOC(2) , T/NOC(3) )
1105 || ALLOCATE(A (T/NOQMAX+ 1, TPNOQMAX+1) )

1106 || ALLOCATE(XX (TVNOQMAX+1,3) )

1107 || ALLOCATE(ND( T/NOQMAX+1,3) )

1108 || ALLOCATE(T%C1 (0: TUNOCQMAX+1,3) )

1109 || T%C1 0..EB
1110 || T4C1(1,1:3) 1._EB
1111 || ALLOCATE(T%C2 (0: TUNOQMAX+1,3) )

1112 || ALLOCATE(T%C3 (0: TUNOQMAX+1,3) )

1113 || ALLOCATE( T%CCSTORE (T/NOQMAX, 3) )

1114 || ALLOCATE( T%PCSTORE (T/NOQMAX, 3) )
1115 || ALLOCATE( T%[DERIVSTORE (T/NOQMAX, 3 ) )
1116
1117 || TMTRAN = 0
1118
1119 || DO 1C=1,3

1120 || NLOOP: DO N=1,T%NOC(IC)

1121 || IDERIV = -1

1122 || IF (IC==1) THEN

1123 || LOOP1: DO

1124 || CALL CHECKREAD( 'TRNX' ,LUINPUT,I0S)

1125 || IF (I0S==1) EXIT NLOOP

1126 || MESHANUMBER = 1

1127 || READ(LU_INPUT, TRNX,END=1,ERR=2)

1128 || IF (MESHNUMBER==0 .OR. MESH.NUMBER=\M) EXIT LOOP1
1129 || ENDDO LOOP1

1130 || ENDIF

1131 || IF (IC==2) THEN

1132 || LOOP2: DO

1133 || CALL CHECKREAD( 'TRNY ' ,LUINPUT, I0S)

1134 || IF (10S==1) EXIT NLOOP

1135 || MESH.NUMBER = 1

1136 || READ(LUINPUT, TRNY,END=1,ERR=2)

1137 || IF (MESHNUMBER==0 .OR. MESH.NUMBER=2\M) EXIT LOOP2
1138 || ENDDO LOOP2

1139 || ENDIF

1140 || IF (IC==3) THEN

1141 || LOOP3: DO

1142 || CALL CHECKREAD( 'TRNZ’ ,LUINPUT,I0S)

1143 || IF (I0S==1) EXIT NLOOP

1144 || MESHNUMBER = 1

1145 || READ(LUINPUT, TRNZ,END=1,ERR=2)

1146 || IF (MESHNUMBER==0 .OR. MESH.NUMBER=\M) EXIT LOOP3
1147 || ENDDO LOOP3

1148 || ENDIF

1149 || TACCSTORE(N,IC) = CC

1150 || TWPCSTORE(N,IC) = PC

1151 || TWDERIVSTORE(N, IC) = IDERIV

1152 || IF (IDERIV>=0) TUdTRAN(IC)
1153 || IF (IDERIV<0) TWTRAN(IC)
1154 || 2 CONTINUE

1155 || ENDDO NLOOP

1156 || 1 RENIND(LUINPUT) ; INPUT.FILE_LINE.NUMBER = 0

—

1157 || ENDDO

1158

1159 || ICLOOP: DO IC=1,3

1160

1161 || SELECT CASE (T%TRAN(IC))
1162

1163 || CASE (1) ! polynomial transformation
1164 ||ND(1,IC) =0

1165 || SELECT CASE(IC)

1166 || CASE(1)

1167 || XX(1,1C) = MAXF-M/XS

1168 || TUC1(1,IC) = MXF-MWXS

1169 || CASE(2)

1170 || XX(1,1IC) = MLYF-M/tYS

1171 || T%C1(1,IC) = MLYF-MKYS

1172 || CASE(3)

1173 || XX(1,1C) = MWZFE-MWZS

1174 || TAC1(1,IC) = MAWZF-MAZS

1175 || END SELECT

1176
1177 || NNLOOP: DO N=2,T%NOC(IC) +1

1178 || IDERIV = T%IDERIVSTORE(N-1,IC)

1179 || IF (IC==1) CC = TUCCSTORE(N-1,1C)-MAXS
1180 || IF (IC==2) CC = TUCCSTORE(N-1,IC)-MbYS
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1181 || IF (IC==3) CC = TWCCSTORE(N-1,IC)-MAZS

(
1182 || IF (IC==1 .AND. IDERIV==0) PC = T%PCSTORE(N-1,IC)- XS
1183 ( .AND. IDERIV==0) PC = TYPCSTORE(N-1,IC)-MbYS
1184 ( .AND. IDERIV==0) PC = TY%PCSTORE(N-1,IC)-MAZS
1185 ( .AND. IDERIV>0) PC = T%PCSTORE(N-1,IC)
1186 .AND. IDERIV>0) PC = T%PCSTORE(N-1,IC)
1187 .AND. IDERIV>0) PC = T%PCSTORE(N-1,IC)
1188 = IDERIV
1189 = CC

1190 || T%C1(N,IC) = PC
1191 || ENDDO NNLOOP
1192
1193 || DO K=1,T%NOC(IC)+1

1194 || DO N=1,T9OC(IC)+1

1195 || COEF = IFAC(K,ND(N,IC))
1196 || IEXP = K-ND(N,IC)

1197 || IF (IEXP<0) A(N,K) = 0._EB
1198 || IF (IEXP==0) A(N,K) = COEF
1199 || IF (IEXP>0) A(N,K) = COEF+XX(N, IC)#*IEXP
1200 || ENDDO

1201 || ENDDO

1202
1203 || IERROR = 0

1204 || CALL GAUSS](A, TNOC(IC ) +1, TVNOQMAX+1, T%C1 (1: TYNOQMAX+1,IC) ,1,1,JERROR)

1205 || IF (IERROR/=0) THEN ; CALL SHUIDOWN( 'ERROR: Problem with grid transformation’) ; RETURN ; ENDIF
1206

1207 || CASE (2) ! linear transformation
1208

1209 || T™4C1(0,IC) = 0._EB

1210 || T%C2(0,IC) = 0._EB

1211 || DO N=1,T9OC(IC)

1212 || IF (IC==1) CC = TWCCSTORE(N, IC)-MeXS
1213 || IF (IC==2) CC = TWCCSTORE(N, IC)-MkYS
1214 IC==3) CC = TUCCSTORE(N, IC)-MAZS
1215 PC = T%PCSTORE(N, IC )-M/AXS
1216 PC = TY%PCSTORE(N, IC )-MALYS
1217 PC = T%PCSTORE(N, IC )-MAZS
1218 || TAWC1(N,IC) = CC

1219 || TWC2(N,IC) = PC

1220 || ENDDO

1221

1222 || SELECT CASE(IC)

1223 || CASE(1)

1224 || TWCL(TYNOC(1) +1,1) = MXF-MXS
1225 || TAC2(TYNOC(1) +1,1) = MXF-MXS
1226 || CASE(2)

1227 || TWC1(TVNOC(2) +1,2) = MoYFIMLYS
1228 || TWC2(TVNOC(2) +1,2) = MYFMLYS
1229 || CASE(3)

1230 || TAUC1(TVNOC(3) +1,3) = MZF-MLZS
1231 || TWC2(TVNOC(3) +1,3) = MZFMLZS
1232 || END SELECT

1233
1234 || DO N=1,T%NOC(IC)+1

1235 || IF (T%C1(N,IC)—T%C1(N—1,IC)<TWO_EPSILON_EB) THEN

1236 || CALL SHUIDOWN( 'ERROR: Do not specify endpoints in linear grid transformation”)

1237 || RETURN
1238 || ENDIF
1239 || TAC3(N,IC) = (T%C2(N,IC)—T%C2(N—1,IC)) / (T4C1 (N, IC)—T%C1 (N—1,IC))
1240 || ENDDO

1241 || END SELECT
1242 || ENDDO ICLOOP
1243
1244 || DEALLOCATE(A)
1245 || DEALLOCATE(XX)
1246 || DEALLOCATE(ND)
1247
1248 || | Set up grid stretching arrays
1249
1250 || ALLOCATE(M/R (0:MAIBAR) ,STAT=IZERO)
1251 || CALL ChkMemErr( 'READ”, 'R’ ,IZERO)

1252 || ALLOCATE(M/RC (0:MAIBAR+1) ,STAT=IZERO)
1253 || CALL ChkMemErr( ‘READ”, "RC" ,IZERO)
1254 ||MRC = 1..EB

1255 || ALLOCATE(M/RRN (0:MAIBP1) ,STAT=IZERO)
1256 || CALL ChkMemErr( 'READ”, "RRN’ ,IZERO)
1257 || MARRN = 1..EB

1258 || ALLOCATE(M/X (0:MALIBAR) ,STAT=IZERO)
1259 || CALL ChkMemErr( 'READ", "X’ ,IZERO)

1260 || ALLOCATE(M/XC (0:MWIBP1) ,STAT=IZERO)
1261 || CALL ChkMemErr( 'READ’, "XC’ ,IZERO)

1262 || ALLOCATE(M/AHIX (0:MA4IBP1) ,STAT=IZERO)
1263 || CALL ChkMemErr( 'READ”, 'HX’ ,IZERO)
1264 || ALLOCATE(M/DX (0:MoIBP1) ,STAT=IZERO)
1265 || CALL ChkMemErr( 'READ”, "DX’ ,IZERO)
1266 || ALLOCATE(M/&RDX (0:M4IBP1) ,STAT=IZERO)
1267 || CALL ChkMemErr( 'READ”, "RDX’ ,IZERO)
1268 || ALLOCATE(M/DXN (0 :MALIBAR) ,STAT=IZERO)
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1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356

CALL ChkMemErr( 'READ’, 'DXN’ ,IZERO)
ALLOCATE(M/RDXN ( 0:MAIBAR) ,STAT=IZERO)
CALL ChkMemErr( 'READ’, 'RDXN” ,IZERO)
ALLOCATE(M%Y (0:M/JBAR) ,STAT=IZERO)
CALL ChkMemErr( ‘READ’, 'Y’ ,IZERO)
ALLOCATE(M/4YC (0:M4JBP1) ,STAT=IZERO)
CALL ChkMemErr( 'READ’, "YC ,IZERO)
ALLOCATE(M/HY (0:M4JBP1) ,STAT=IZERO)
CALL ChkMemErr( 'READ’, “HY ,IZERO)
ALLOCATE(M/DY (0:M%]BP1) ,STAT=IZERO)
CALL ChkMemErr( ‘READ’, ‘DY’ ,IZERO)
ALLOCATE(M/RDY ( 0:M/sJ BP1) ,STAT=IZERO)
CALL ChkMemErr( 'READ’, 'RDY’ ,IZERO)
ALLOCATE(M/DYN (0:M/gBAR) ,STAT=IZERO)
CALL ChkMemErr( 'READ’, 'DYN’ ,IZERO)
ALLOCATE(M/RDYN (0 :MiJBAR) ,STAT=IZERO)
CALL ChkMemErr( 'READ’, 'RDYN” ,IZERO)
ALLOCATE(MYZ (0:MUKBAR) ,STAT=IZERO)
CALL ChkMemErr( 'READ’, 7" ,IZERO)
ALLOCATE(M/ZC (0 :MUKBP1) ,STAT=IZERO)
CALL ChkMemErr( ‘READ’, '7C’ ,IZERO)
ALLOCATE(M/HZ (0 :MKBP1) ,STAT=IZERO)
CALL ChkMemErr( ‘READ’, 'HZ’ ,IZERO)
ALLOCATE(M/DZ (0 :MWKBP1) ,STAT=IZERO)
CALL ChkMemErr( 'READ, "7’ ,IZERO)
ALLOCATE(M/RDZ( 0 :M/KBP1) ,STAT=IZERO)
CALL ChkMemErr( ‘READ”", 'RDZ’ ,IZERO)
ALLOCATE(M/DZN (0 :M/KBAR) ,STAT=IZERO)
CALL ChkMemErr( 'READ’, ‘DN’ IZERO)
ALLOCATE(M/RDZN (0 :MUKBAR) ,STAT=IZERO)
CALL ChkMemErr( 'READ’, 'RDZN” ,IZERO)

! Define X grid stretching terms

M/DXMIN = 1000._EB
DO 1=1MUBAR

XI = (REAL(I,EB) —.5)sMDXI
MUHX(T) = GP(XI,1,NM)

MUDX (1) = MAIX(T) ADXI
MDXMIN = MIN (MAXMIN,MDX (1))
IF (MAHX(1)<=0..EB) THEN

WRITE(MESSAGE, " (A,10) ") 'ERROR: x transformation not monotonic, mesh
CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF

M/RDX(I) = 1._EB/M/DX(I)

ENDDO

MEHX(0) = MAHX(1)

MUHX(MGIBP1) = MAIX(MABAR)
M/DX(0) = M/DX(1)

MUDX(MGIBP1) = MDX(MABAR)
M/RDX(0) = 1._EB/M/DX(1)
MARDX(MALIBP1) = 1._EB/MDX(MLBAR)

DO 1=0 MWBAR
XI = T:VDXI

MX(T) = MWXS + G(XI,1,NV)
IF (CYLINDRICAL) THEN
MR(T) = MX(1)

ELSE
MR(I) = 1._EB

ENDIF

MDXN(I) = 0.5_EBx(MDX(1)MDX(1+1))
MURDXN(1) = 1._EB/MDXN(I)

ENDDO

MX(0) = MIXS

MX(MABAR) = MiXF

DO 1=1M4BAR
MXC(I) = 0.5_EBx(MX(1)MX(I-1))
ENDDO

M/XC(0) = MLXS — 0.5_EB+A/DX(0)
MXC(MALIBP1) = MoXF + 0.5 _EBAWDX(MoIBP1)

IF (CYLINDRICAL) THEN
DO 1=1MAWBAR

MURRN(T) = 2. EB/(MR(T)MR(I-1))
MRC(I) = 0.5_EB*(M@R(I)MR(I—1))

ENDDO

M&RRN(0) = MURRN(1)
M@RRN(MLIBP1) = MRRN(MABAR)
ENDIF

! Define Y grid stretching terms
M@DYMIN = 1000._EB

DO ] =1 M{JBAR
ETA = (REAL(J,EB) —.5)VEDETA

145

M



Source Code files for edited portions of FDS

1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444

MAY(]) = GP(ETA,2 NM)
MDY (]) = MAHY(] ) VUDETA
M/DYMIN = MIN(MADYMIN MDY (] ))
IF (M/AHY(])<=0..EB) THEN

WRITE(MESSAGE, " (A, 10) ") 'ERROR: y transformation not monotonic,

CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF

MURDY(J) = 1..EB/MDY(J])

ENDDO

MAY(0) = MUHY(1)

MY (M6JBP1) = MY (MJBAR)

MDY (0) = MDY(1)

MDY (MBP1) = MDY (MIBAR)

MURDY (0) = 1._EB/MDY(1)

M/RDY (MJBP1) = 1._EB/M/DY(M4JBAR)

DO J=0 M4JBAR

ETA = JVUDETA
MY(T) = M&YS + G(ETA,2 NM)
MDYN(]) = 0.5_EBx(MDY(])MDY(J+1))
MURDYN(]) = 1._EB/MDYN(J)

ENDDO

MY (0) = MYS

M&Y (MABAR) = MAYF

DO J=1M4JBAR
MYC(]) = 0.5_EBx(MeY(J)MeY (] —1))
ENDDO

MYC(0) = M&YS — 0.5_EBARDY(0)
MWYC(MGJBP1) = MWYF + 0.5_EBMDY(M4JBP1)

! Define Z grid stretching terms

M/DZMIN = 1000._EB
DO K=1 MMKBAR

ZETA = (REAL(K,EB) —.5_EB)AVIDZETA
MUHZ(K) = GP(ZETA,3 NM)

MUDZ(K) = MAHZ(K) SMUDZETA

MDZMIN = MIN (MIDZMIN,MDZ(K) )

IF (MAHZ(K) <=0._.EB) THEN

WRITE(MESSAGE, ' (A, 10) ") 'ERROR: z transformation not monotonic,
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

M®DZ(K) = 1. _EB/MDZ(K)

ENDDO

MAEHZ(0) = M/HZ(1)

MHZ(MEKBP1) = MHZ(MEKBAR)

MDZ(0) = MDZ(1)

M/DZ(MKBP1) = M/DZ(MEKBAR)

MARDZ(0) = 1._.EB/MWDZ(1)

M/®RDZ(MKBP1) = 1._EB/M/DZ(MEKBAR)

DO K=0 M/&KBAR
ZETA = KeM/DZETA

MZ(K) = MWZS + G(ZETA,3 NM)
MDZN(K) = 0.5_EBx(MDZ(K)MDZ(K+1))
MURDZN(K) = 1._EB/MDZN(K)

ENDDO

MIZ(0) = MWZS

MVZ(M/AKBAR) = MWZF

DO K=1 M&KBAR
MZC(K) = 0.5_EBx(MZ(K)MZ(K—1))
ENDDO

MIZC(0) = MWZS — 0.5_EBMDZ(0)
MZC(MKBP1) = MWZF + 0.5_EBAVADZ(MWKBP1)

! Set up arrays that will return coordinate positions

NIPX = 500+MWBAR
NIPY = 500+«M/4JBAR

NIPZ = 500+M/KBAR

NIPXS = NINT(NIPXAEDX(0) / (MXFE-MIXS) )
NIPXF = NINT(NIPXAVVDX(MAIBP1) / (MXFE-MXS) )
NIPYS = NINT(NIPYAEDY(0) / (MYF-MLYS) )
NIPYF = NINT(NIPYMDY (M4BP1) / (MYF-MAYS) )
NIPZS = NINT(NIPZAEDZ(0) / (MZF-MIZS) )
NIPZF = NINT(NIPZsM/DZ(MKBP1) / (MZFE-MIZS) )
MURDXINT = REAL(NIPX,EB) / (M/aXF-MXS)

MURDYINT = REAL(NIPY,EB) / (MYF-MAYS)
= REAL(NIPZ,EB) / (WZF-MWZS)

ALLOCATE (M/CELLSI(—NIPXS : NIPX+NIPXF) ,STAT=IZERO)
CALL ChkMemErr( '‘READ”, "CELLSI" ,IZERO)

146

mesh

mesh

M

N



Source Code files for edited portions of FDS

1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1463
1464
1465
1466
1467
1468
1469
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486

1487
1488
1489
1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531

ALLOCATE (M/CELLSJ(—NIPYS : NIPY+NIPYF) ,STAT=IZERO)
CALL ChkMemErr( 'READ”, "CELLS] " ,IZERO)
ALLOCATE (M/CELLSK(—NIPZS : NIPZ+NIPZF) ,STAT=IZERO)
CALL ChkMemErr( 'READ”, "CELLSK " ,IZERO)

DO 1=—NIPXS, NIPX+NIPXF
MVUCELLSI(1) = GINV(REAL(I,EB) /MWRDXINT, 1 ,NM) VBRDXI

MOCELLSI(1) = MAX(MACELLSI(1),—0.9_EB)
MOCELLSI(1) = MIN(MACELLSI(I) ,REAL(MWIBAR) +0.9 -EB)
ENDDO

DO J=—NIPYS, NIPY+NIPYF
MACELLSJ (]) = GINV(REAL(J ,EB) /MARDYINT,2 NM) AVIRDETA
MWCELLSJ (] ) = MAX(MWCELLS](J),—0.9_EB)

MWCELLSJ (] ) = MIN(MWCELLS] (] ) ,REAL(MAJBAR) +0.9 _EB)
ENDDO

DO K=—NIPZS, NIPZ+NIPZF

MUCELLSK(K) = GINV(REAL(K,EB) /M/RDZINT, 3 NM) VURDZETA

MUCELLSK (K) = MAX(MWCELLSK (K) , —0.9_EB)
MICELLSK (K) = MIN(MACELLSK (K) ,REAL (M/&KBAR) +0.9 _EB)
ENDDO

ENDDO MESH.LOOP

CONTAINS

INTEGER FUNCTION IFAC (11 ,NN)
INTEGER, INTENT(IN) :: II NN
INTEGER :: III

IFAC = 1

DO I11=11-N\N+1, 11

IFAC = IFACxIII

ENDDO

END FUNCTION IFAC

END SUBROUTINE READ.TRAN

SUBROUTINE READ_TIME (DT)

REAL(EB) :: VEL.CHAR,DT

NAMELIST /TIME/ DT,EVAC.DTFLOWFIELD, EVAC.DT_STEADY.STATE, FYI, LIMITING.DT-RATIO , LOCK.TIME_STEP , RESTRICT-TIME_STEP
, &

T-BEGIN, T-END, T.EEND.GEOM, TIME_SHRINK_FACTOR , WALLINCREMENT, WALL INCREMENT_HT3D, &

TWEIN ! Backward compatibility

DT = —1..EB
EVAC_DT_FLOWEFIELD = 0.01_EB
EVAC_DT.STEADY_STATE = 0.05_EB
TIME_SHRINK FACTOR = 1._EB
T_BEGIN = 0._.EB
T_END = 1..EB
T_END_GEOM = T_END

IF (ALL(EVACUATION.ONLY)) DT = EVAC.DT_STEADY_STATE

REWIND(LUINPUT) ; INPUT.FILE_LINE.NUMBER = 0

READ_TIME_LOOP: DO

CALL CHECKREAD( ' TIME’ ,LUINPUT, 10S)

IF (10S==1) EXIT READ.TIME.LOOP

READ(LU_INPUT, TIME,END=21 ,ERR=22 ,JOSTAT=I0S )

22 IF (I0S>0) THEN ; CALL SHUIDOWN( ‘ERROR: Problem with TIME line ') ; RETURN ; ENDIF
ENDDO READ_TIME_LOOP

21 REWIND(LUINPUT) ; INPUT_FILE_LINE.NUMBER = 0

IF (T_END<=T_BEGIN) SET_.UP.ONLY = .TRUE.
TEND = T_BEGIN + (T_END-T_BEGIN)/TIME_SHRINK_.FACTOR

! Compute the starting time step if the user has not specified it.

IF (DT<=0._EB) THEN
VEL.CHAR = 0.2 _EB+SQRT(10. _EB *(ZFEMAX-ZSMIN) )

IF (ABS(UO)>TWO_EPSILON_EB .OR. ABS(V0)>TWO_EPSILON_EB .OR. ABS(W0)>TWO_EPSILON.EB) &
VEL.CHAR = MAX(VEL.CHAR, SQRT (U0 #2+V0#2+W0s %2) )

DT = CFLMAX+CHARACTERISTIC_CELL SIZE/VEL.CHAR

ENDIF

END SUBROUTINE READ.TIME

SUBROUTINE READ MULT

REAL(EB) :: DX,DY,DZ,DXB(6) ,DX0,DY0,DZ0

CHARACTER(LABEL LENGTH) :: ID

INTEGER :: N,LLOWER,I_UPPER,J.LOWER,]J.UPPER K LOWER, K_UPPER ,N.LOWER, N_UPPER

TYPE(MULTIPLIER_TYPE) , POINTER :: MR=>NULL()

NAMELIST /MULT/ DX,DXB,DX0,DY,DY0,DZ,DZ0, FYI,ID,[.LOWER, .LUPPER ,J.LOWER, ] _UPPER ,K IOWER, K_UPPER ,N.LOWER, N_UPPER
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1532 || NMULT = 0
1533 || RENIND(LUINPUT) ; INPUT.FILE_LINE.NUMBER = 0
1534 || COUNTMULTLOOP: DO

1535 || CALL CHECKREAD( 'MUIT’ ,LUINPUT, I0S)

1536 || IF (10S==1) EXIT COUNTMULTLOOP

1537 || READ(LUINPUT ,NMI=MULT,END=9 ,ERR=10,IOSTAT=IOS )
1538 || NMULT = NMULT + 1

1539 || 10 IF (I0S>0) THEN

1540 || WRITE(MESSAGE, " (A, 10 ,A,10) ") "ERROR: Problem with MULT number’ ,NMULT, ", line number’ , INPUT-FILE.LINE.NUMBER
1541 || CALL SHUIDOWN(MESSAGE) ; RETURN
1542 || ENDIF

1543 || ENDDO COUNTMULTLOOP

1544 || 9 REWIND(LUINPUT) ; INPUT_FILE_.LINE.NUMBER = 0
1545
1546 || ALLOCATE(MULTIPLIER (0:N.MULT) ,STAT=IZERO)
1547 || CALL ChkMemErr( 'READ’, "MULTIPLIER * ,IZERO)

1548

1549 || READMULTLOOP: DO N=0,NMULT
1550

1551 || ID = ‘null”’

1552 || IF (N==0) ID = "MULT DEFAULT’
1553 || DX 0..EB

1554 || DY 0.-EB

1555 || DZ 0.-EB

1556 || DX0 0..EB

1557 || DYO 0..EB

1558 || DZ0 0.-EB

1559 || DXB 0._EB

1560 || LLOWER = 0

1561 || I.UPPER = 0
1562 || JLOWER = 0

1563 || J.UPPER = 0

1564 || KLOWER = 0

1565 || K.JUPPER = 0

1566 || NLOWER = 0

1567 || NUPPER = 0

1568

1569 || IF (N>0) THEN

1570 || CALL CHECKREAD( "MULT’ ,LUINPUT,IOS)

1571 || IF (I0S==1) EXIT READMULTLOOP
1572 || READ(LU.INPUT ,MULT)

1573 || ENDIF

1574

1575 || MR => MULTIPLIER (N)

1576 || MRAID = ID

1577 || MRADXB = DXB

1578 || MRADXO = DX0

1579 || MRADYO = DY0

1580 || MRADZ0 = DZ0

1581 || IF (ABS(DX)>TWO_EPSILON_EB) MR/DXB(1:2) = DX
1582 || IF (ABS(DY)>TWO_EPSILON_EB) MR/MDXB(3:4) = DY
1583 || IF (ABS(DZ)>TWO_EPSILON_EB) MR/MDXB(5:6) = DZ

1584

1585 || MR/ LOWER = I.LLOWER
1586 || MRl _.UPPER = I_.UPPER
1587 || MRGJ_.LOWER = J.LOWER
1588 || MR%J.UPPER = J.UPPER
1589 || MR&KILOWER = KLOWER
1590 || MR6K_UPPER = K_UPPER

1591 || MR%N_COPIES = (I.UPPER—I.LOWER+1) % (J.UPPER—].LOWER+1) % (K_.UPPER-K LOWER+1)
1592
1593 || IF (NLOWER/=0 .OR. N.UPPER/=0) THEN
1594 || MR/ASEQUENTIAL = .TRUE.

1595 || MRA_LOWER = NLOWER

1596 || MRGI_.UPPER = N_UPPER

1597 || MRGJ_LOWER = 0

1598 || MR4J_.UPPER = 0

1599 || MRKIOWER = 0

1600 || MRGK_UPPER = 0

1601 || MRGN_COPIES = (N_UPPER-NLOWER+1)
1602 || ENDIF

1603

1604 || ENDDO READMULT.LOOP

1605 || REWIND(LUINPUT) ; INPUT.FILE_LLINE.NUMBER = 0
1606
1607 || END SUBROUTINE READ MULT
1608
1609
1610 || SUBROUTINE READ_MISC
1611
1612 || USE MATH_FUNCTIONS, ONLY: GET_RAMP_INDEX

1613 || REAL(EB) :: MAXIMUM_VISIBILITY

1614 || CHARACTER(LABEL LENGTH) :: ASSUMED.GAS TEMPERATURE RAMP, RAMP_GX, RAMP.GY, RAMP_GZ, TURBULENCE MODEL, &

1615 || NEAR WALL TURBULENCE MODEL, COMBUSTION_MODEL SELECT !'Sesa—added this new MISC option COMBUSTION.MODEL SELECT
1616
1617 || NAMELIST /MISC/ AGGLOMERATION, AEROSOL_AL203, ALLOW_SURFACE_PARTICLES, ALLOW_UNDERSIDE_PARTICLES,
ASSUMED_GAS_TEMPERATURE, &

1618 || ASSUMED.GAS.TEMPERATURE RAMP, &
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1619
1620
1621
1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644

1645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666
1667
1668
1669
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680
1681
1682
1683
1684
1685
1686
1687
1688
1689
1690
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1705

BAROCLINIC, BNDF_DEFAULT, CC_IBM , CCVOL_LINK, CC_ZEROIBM_VELO, CHECK_MASS CONSERVE, &

CNF_.CUTOFF, CFLMAX, CFL.MIN, CFL_VELOCITY_NORM, &

CHECKHT, CHECK_REALIZABILITY , CHECK_VN, CLIP_.MASS_FRACTION , COMPUTE-CUTCELLS.ONLY, &
COMPUTE-VISCOSITY-TWICE , COMPUTE_ZETA_SOURCE_TERM, CONSTANT_H_SOLID, CONSTANT_SPECIFIC_HEAT _RATIO, &
CORRECT_SUBGRID.TEMPERATURE, COUPLED-1D3D-HEAT_TRANSFER , C_ DEARDORFF, C RNG, C_.RNG_.CUTOFF, CSMAGORINSKY, C.VREMAN, &
CWALE,DNS, DOIMPLICIT.CCREGION , DRAG.CFL.MAX, ENTHALPY TRANSPORT, &

EVACUATION.DRILL, EVACUATION.MC MODE, EVAC PRESSURE_ITERATIONS , EVAC_SURF_.DEFAULT, EVAC_TIME_ITERATIONS, &
EVAPORATION, EXTERNAL BOUNDARY.CORRECTION, EXTINCTION.MODEL, HVAC PRES_RELAX, HT3D_TEST, &
FDS5.OPTIONS , FLUX_LIMITER , FREEZE_VELOCITY , FYI ,GAMMA, GRAVITATIONAL_DEPOSITION, &

GRAVITATIONAL SETTLING, GVEC, DT_HVAC, H.F REFERENCE.TEMPERATURE, &

HRRPUV MAX SMV, HUMIDITY , HVAC_MASS_ TRANSPORT, &

IBLANK_SMV , IMMERSED_BOUNDARY_METHOD, INITIAL_UNMIXED_FRACTION, &

LES_FILTER.WIDTH , MAX_CHEMISTRY_ITERATIONS, &

MAXLEAK PATHS, MAXIMUM_VISIBILITY , MPL. TIMEOUT, &

N_FIXED_.CHEMISTRY _SUBSTEPS , N_INITIAL_PARTICLE_SUBSTEPS ,NEAR WALL TURBULENCE MODEL, &

NOISE, NOISE_.VELOCITY ,NO_EVACUATION, NO_RAMPS, &

OVERWRITE, PARTICLE_CFL MAX, PARTICLE_CFL_MIN, PARTICLE_CFL , PERIODIC_TEST , PROFILING , POROUS_FLOOR, &
PR, PROJECTION, P_INF , PROCESS_ALL_.MESHES , RAMP_GX, RAMP_GY, RAMP_GZ, &

RADIATION, RESEARCH.MODE, RESTART , RESTART_CHID , RICHARDSON_ERROR_TOLERANCE, &

SC,SHARED_FILE_SYSTEM, SLIP_.CONDITION , SMOKE.ALBEDO, SOLID_PHASE.ONLY , SOOT_-OXIDATION, &
STRATIFICATION , SUPPRESSION , SURF_.DEFAULT , TEMPERATURE .DEPENDENT_REACTION, &

TENSOR-DIFFUSIVITY , TERRAIN.CASE, TERRAIN IMAGE, TEST _FILTER QUADRATURE, TEXTURE-ORIGIN, &
THERMOPHORETIC_DEPOSITION, THICKEN_-OBSTRUCTIONS, TRANSPORT_-UNMIXED_FRACTION, TRANSPORT ZETA SCHEME, &
TMPA, TURBULENCE MODEL, TURBULENT_DEPOSITION,, TURB_INIT_CLOCK , UVW_FILE, &

VEG.LEVEL SET-COUPLED, VEG_LEVEL.SET_.UNCOUPLED, VERBOSE, VISIBILITY.FACTOR ,VN.MAX, VN.MIN, Y_.CO2_INFTY, Y_-O2_INFTY &

WD_PROPS, WIND.ONLY, COMBUSTION -MODEL SELECT, HRRPUA SHEET, HRRPUV_AVERAGE, SIX !Sesa—added to namelist MISC —
COMBUSTION-MODEL.SELECT , HRRPUA_-SHEET

!HRRPUV_AVERAGE

! Physical constants

TMPA = 20._EB ! Ambient temperature (C)

GAMVA = 1.4_EB ! Heat capacity ratio for air

P_INF = 101325._EB ! Ambient pressure (Pa)

MU_AIR.0 = 1.8E—5.EB ! Dynamic Viscosity of Air at 20 C (kg/m/s)

CP_AIR.0 = 1012._EB ! Specific Heat of Air at 20 C (]J/kg/K)

PR_AIR = 0.7_EB

K-AIR-0 = MU.AIR.0xCP-AIR_0/PR_AIR ! Thermal Conductivity of Air at 20 C (W/m/K)

! Empirical heat transfer constants

PRONTH = PR-AIR*+ONTH

ASSUMED.GAS TEMPERATURE = —1000. ! Assumed gas temperature , used for diagnostics

! Miscellaneous constants

RESTART.CHID = CHID

RESTART = .FALSE

NOISE = .TRUE.

LES = .TRUE.

DNS = .FALSE

SOLID_PHASE.ONLY = .FALSE.

IBLANK_SMV = .TRUE.

TEXTURE.ORIGIN(1) = 0..EB

TEXTURE.ORIGIN(2) = 0..EB

TEXTURE-ORIGIN(3) = 0.-EB

! EVACuation parameters

EVAC_PRESSUREITERATIONS = 50

EVAC_TIME_ITERATIONS = 50

EVACUATION.MC MODE = .FALSE.

NO_ZEVACUATION = .FALSE.

EVACUATION_DRILL = .FALSE.

! LES parameters

PR = —1.0.EB ! Turbulent Prandtl number

SC = —1.0.EB ! Turbulent Schmidt number

! Misc

ASSUMED_GAS TEMPERATURERAMP = "null’

RAMP_GX = ’null

RAMP_GY = ’‘null’

RAMP.GZ = 'null’

EXTINCTION-MODEL = ‘null’

GVEC(1) = 0..EB ! x—component of gravity

GVEC(2) = 0._EB ! y—component of gravity

GVEC(3) = -GRAV ! z—component of gravity

THICKEN_OBSTRUCTIONS = .FALSE.

CFLMAX = 1.0.EB ! Stability bounds

CFLMIN = 0.8_EB

VNMAX = 1.0_EB

VN.MIN = 0.8_EB

PARTICLE_CFL.MAX = 1._EB

PARTICLE_CFL_.MIN = 0.8_EB
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1706
1707
1708
1709
1710
1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
1723
1724
1725
1726
1727
1728
1729
1730
1731
1732
1733
1734

1735
1736
1737
1738
1739
1740
1741
1742
1743
1744
1745
1746
1747
1748
1749
1750
1751
1752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
1774
1775
1776
1777
1778
1779
1780
1781
1782
1783
1784
1785
1786
1787
1788
1789
1790
1791
1792

DRAG.CFLMAX = 1.0_EB

VEG_LEVEL.SET = .FALSE

VEG.LEVEL.SET.COUPLED = = .FALSE.

VEG.LEVEL.SET.UNCOUPLED = .FALSE.

TERRAINIMAGE = ’“xxxnull”’

MAXIMUMLVISIBILITY = 30..EB ! m

VISIBILITY.FACTOR = 3..EB

TURBULENCE MODEL = ‘null’

NEAR WALL.TURBULENCEMODEL = "null”’

MAXLEAK PATHS = 200

COMBUSTION_MODEL SELECT = 'null !'Sesa—added for selecting combustion model
HRRPUA SHEET = 200._EB ! Sesa—added as in 6.2.0 kW/m"2
HRRPUV_AVERAGE = 2500._EB !Sesa—added as in 6.2.0 kW/m"3
IF (N_MPI_PROCESSES<=50) VERBOSE = .TRUE.

! Initial read of the MISC line

REWIND(LU_INPUT) ; INPUT_FILE_LINE.NUMBER = 0

MISC_LOOP: DO

CALL CHECKREAD( 'MISC’,LUINPUT, IOS)

IF (I0S==1) EXIT MISC_.LOOP

READ(LU_INPUT,MISC ,END=23 ,ERR=24 ,IOSTAT=10S )

24 IF (I0S>0) THEN ; CALL SHUIDOWN( 'ERROR: Problem with MISC line ") ; RETURN ; ENDIF
ENDDO MISC_LOOP

23 REWIND(LUINPUT) ; INPUT.FILE_LINE.NUMBER = 0

!'Sesa—Combustion model select

!'IF (COMBUSTION_.MODELSELECT/="null ') THEN

! WRITE (MESSAGE, "(A,A,A) ') "ERROR: COMBUSTION.MODELSELECT, ’,TRIM(COMBUSTION_.MODELSELECT) ,’, is not
appropriate.’

! CALL SHUTDOWN(MESSAGE) ; RETURN

!ELSE

! COMBUSTION.MODEL.SELECT = 'COMBUSTION.SIX" !Sesa—default model is combustion model of 6.6.0

!ENDIF

!'Sesa—Combustion

! FDS 6 options

IF (DNS) THEN
CFL.VELOCITY.NORM = 1
CFLMAX = 0.5
CFLMIN = 0.4
VNMAX = 0.5

VNMIN = 0.4

FLUX_LIMITER = CHARM_LIMITER

IF (TURBULENCEMODEL/="null ") THEN

WRITE(MESSAGE, " (A, A,A) ") "ERROR: TURBULENCEMODEL, * , TRIM(TURBULENCEMODEL) , ", is not appropriate for DNS.’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

ELSE

FLUX_LIMITER = SUPERBEE_LIMITER
TURBULENCEMODEL = "DEARDORFE”
LES_FILTER.WIDTH = 'MEAN’

ENDIF

! FDS 5 options (diagnostic timing purposes)

IF (FDS5.OPTIONS) THEN

FLUX_LIMITER = CENTRAL_LIMITER
TURBULENCEMODEL = "CONSTANT SMAGORINSKY
BAROCLINIC = .FALSE.

CFL.VELOCITY.NORM = 3
CONSTANT._SPECIFIC_HEAT RATIO = .TRUE.
MAX_PRESSUREITERATIONS = 1 ! see PRES
EXTINCTION.MODEL = 'EXTINCTION 1°

ENDIF

! Re—read the line to pick up any user—specified options
REWIND(LU_INPUT) ; INPUT._FILE_LLINE.NUMBER = 0

CALL CHECKREAD( 'MISC ", LUINPUT, I0S)

IF (I0S==0) READ(LU.INPUT,MISC)

REWIND(LUINPUT) ; INPUT.FILE.LINE.NUMBER = 0

! Temperature conversions

TMPA
TMPA4

TMPA + T™MPM
TMPAs* %4

! Miscellaneous

ASSUMED_GAS TEMPERATURE = ASSUMED.GAS.TEMPERATURE + TMPM
TEX.ORI = TEXTURE.ORIGIN

GRAV = SQRT(DOTPRODUCT(GVEC,GVEC) )

! Velocity , force, and gravity ramps
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1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1803
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813
1814
1815
1816
1817
1818
1819
1820
1821
1822
1823
1824
1825
1826
1827
1828
1829
1830
1831
1832
1833
1834
1835
1836
1837
1838
1839
1840
1841
1842
1843
1844
1845
1846
1847
1848
1849
1850
1851
1852
1853
1854
1855
1856
1857
1858
1859
1860
1861
1862
1863
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880

IRAMPAGT =0

I.RAMP_GX =0

IRAMP.GY =0

IRAMP.GZ =0

NRAMP =0

ALLOCATE(RAMPID(100))

ALLOCATE(RAMP_TYPE(100) )

IF (ASSUMED.GAS.TEMPERATURERAMP/="nul!l ") CALL GET_-RAMP_INDEX(ASSUMED.GAS TEMPERATURE RAMP, “TIM!
IF (RAMP.GX/="null ") CALL GET.RAMPINDEX(RAMP.GX, "TIME" ,I.RAMP_-GX)
IF (RAMP.GY/="null ") CALL GET.RAMPINDEX(RAMPGY, "TIME" ,IRAMP.GY)
IF (RAMP.GZ/="'null’) CALL GET_RAMP.INDEX(RAMPGZ, 'TIME" ,I.RAMP_GZ)
! Prandtl and Schmidt numbers

IF (DNS) THEN

LES = .FALSE.

IF (PR<0..EB) PR = 0.7_EB

IF (SC<0..EB) SC = 1.0.EB

ELSE

IF (PR<0..EB) PR = 0.5_EB

IF (SC<0..EB) SC = 0.5_EB

ENDIF

RSC = 1..EB/SC

RPR = 1..EB/PR

! Check for a restart file

APPEND = .FALSE.

IF
IF

(RESTART .AND. RESTART.CHID == CHID) APPEND = .TRUE.
(RESTART) NOISE = .FALSE.

! Min and Max values of flux limiter

IF (FLUX.LIMITER<O .OR. FLUX.LIMITER>5) THEN

WRITE(MESSAGE, ' (A) ") "ERROR on MISC: Permissible values for FLUX_LIMITER=0:5"
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

!'Sesa—Combustion Model

SELECT CASE (TRIM(COMBUSTION.MODEL.SELECT) )

CAS]

E ('COMBUSTION.SIX ")

COMB MODEL=COMBUSTIONSIX

CAS]

E ('COMBUSTION.TWO")

COMB MODEL=COMBUSTIONTWO
END SELECT

I'Se

sa

! Turbulence model

SELECT CASE (TRIM(TURBULENCEMODEL) )

CASI

E ( 'CONSTANT SMAGORINSKY ")

TURBMODEL=CONSMAG

CAS|

E ('DYNAMIC SMAGORINSKY ")

TURBMODEL=DYNSMAG

CAS]

E ('DEARDORFF ")

TURBMODEL=DEARDORFF

CAS]

E ('VREMAN')

TURBMODEL=VREMAN

CAS]

E ('RNG')

TURBMODEL=RNG

CAS]

E (WALE')

TURBMODEL=WALE

CAS]

E (‘null’)

TURBMODEL=NO_TURB.MODEL

CASI

E DEFAULT

", L.LRAMP_AGT)

WRITE(MESSAGE, ' (A, A,A) ") 'ERROR: TURBULENCEMODEL, *,TRIM(TURBULENCEMODEL) , ', is not recognized.’
CALL SHUTDOWN(MESSAGE) ; RETURN
END SELECT

! Near wall eddy viscosity model

SELECT CASE (TRIM(NEARWALL.TURBULENCEMODEL) )

CAS|

E DEFAULT

NEARWALL.TURB.MODEL=CONSMAG

CAS]

E (WALE')

NEAR WALL TURB.MODEL=WALE
END SELECT

! Extinction Model

IF

(TRIM(EXTINCTION.MODEL) /=" null ) THEN

SELECT CASE (TRIM(EXTINCTION.MODEL))

CASI

E ('EXTINCTION 1')

EXTINCTMOD = EXTINCTION_1

CASI
I'Si

E ('EXTINCTION 2')
ngle—step product based calculation

EXTINCTMOD = EXTINCTION_2
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1881 CASE ('EXTINCTION 37)

1882 || /Two—step fuel —> CO, CO> CO2

1883 || EXTINCTMOD = EXTINCTION_3

1884 || CASE DEFAULT

1885 || WRITE(MESSAGE, " (A, A,A) ") "ERROR: EXTINCTION.MODEL, * , TRIM(EXTINCTION.MODEL) , ", is not recognized .’
1886 || CALL SHUIDOWN(MESSAGE) ; RETURN

1887 || END SELECT

1888 || ELSE

1889 || EXTINCTMOD = EXTINCTION_2

1890 || EXTINCTION.MODEL = "EXTINCTION 2’

1891 || ENDIF

1892

1893 ! Check range of INITIAL.UNMIXED _FRACTION

1894

1895 || IF (INITIAL.UNMIXED_FRACTION<O0._.EB .OR. INITIAL_.UNMIXED_FRACTION>1._.EB) THEN
1896 || WRITE(MESSAGE, '(A) ") 'ERROR on MISC: Permissible values for INITIAL.UNMIXED_FRACTION=[0,1]"’
1897 || CALL SHUIDOWN(MESSAGE) ; RETURN

1898 || ENDIF

1899

1900 || ! Level set based model of firespread in wvegetation

1901

1902 || IF (VEG.LEVEL.SET.COUPLED)  VEG.LEVEL.SET = .TRUE.

1903 || IF (VEG.LEVEL.SET_UNCOUPLED) VEG.LEVEL.SET = .TRUE.

1904 || IF (VEG.LEVELSET_UNCOUPLED) WINDONLY = .TRUE.
1905
1906 || IF (HRRPUV.MAXSMV<0.0) THEN
1907 || HRRPUV.MAXSMV=1200.0

1908 || USE HRRPUV_MAX SMV=0

1909 || ELSE

1910 || USEHRRPUV_MAX SMV=1

1911 || ENDIF

1912

1913 || | Set the lower limit of the extinction coefficient
1914

1915 || EC.LL = VISIBILITY_FACTOR/MAXIMUM_VISIBILITY

1916

1917 || IF (HUMIDITY<0..EB) HUMIDITY=40._EB

1918

1919 || ! Do not allow predefined SURF as DEFAULT

1920

1921 || IF (TRIM(SURF-DEFAULT)=="OPEN .OR. &
1922 || TRIM(SURF-DEFAULT) IRROR .OR. &
1923 || TRIM(SURF-DEFAULT) NTERPOLATED’ .OR. &
1924 || TRIM(SURF-DEFAULT) ’ERIODIC” .OR. &
1925 || TRIM(SURF_DEFAULT ) == "HVAC’ .OR. &
1926 || TRIM(SURF_DEFAULT) MASSLESS TRACER’ .OR. &
1927 || TRIM(SURF_DEFAULT) DROPLET’ .OR. &
1928 || TRIM(SURF_DEFAULT)=="VEGETATION .OR. &
1929 || TRIM(SURF.DEFAULT ) =="EVACUATION. OUTFLOW " .OR. &
1930 || TRIM(SURF_DEFAULT) TASSLESS TARGET’ ) THEN

1931 || WRITE (MESSAGE, '(A,A,A)’) ’'ERROR: Problem with MISC. Cannot set predefined SURF as SURFDEFAULT’
1932 || CALL SHUIDOWN(MESSAGE) ; RETURN

1933 || ENDIF

1934
1935 || ! Sesa—added as in 6.2.0

1936 || !Change units of combustion quantities
1937
1938 || HRRPUV_AVERAGE
1939 || HRRPUA SHEET
1940 !'Sesa—added end
1941
1942
1943 || FUEL_SMIX_INDEX=2
1944
1945 || H.F REFERENCE.TEMPERATURE = H_F_REFERENCE.TEMPERATURE + TMPM
1946
1947 || END SUBROUTINE READ-MISC
1948
1949
1950 || SUBROUTINE READ WIND
1951
1952 || USE MATHFUNCTIONS, ONLY: GET_RAMP_INDEX

1953 || USE PHYSICAL_FUNCTIONS, ONLY: MONIN.OBUKHOV_SIMILARITY

1954 || REAL(EB) :: CORIOLIS.-VECTOR(3)=0.-EB,FORCE_.VECTOR(3) =0..EB ,OBUKHOV.LENGIH, L,Z7Z,ZETA, Z .0 , AERODYNAMIC ROUGHNESS,
SPEED, DIRECTION, &

1955 || REFERENCE HEIGHT, Z_REF ,USTAR, THETA_0, THETA STAR, TMP, U, REFERENCE_TEMPERATURE, THETA REF, TMP_REF, P_REF

1956 || INTEGER :: NM

1957 || LOGICAL :: INITIALIZATION-ONLY

1958 || CHARACTER(LABELLENGTH) :: RAMP_FVX.T,RAMP_FVY.T,RAMP.FVZ.T,RAMP.U0-T,RAMP_V0.T,RAMP_W0.T, &

1959 || RAMP_U0.Z,RAMP_V0_Z,RAMP_W0.Z, RAMP_TMP0_Z , RAMP_DIRECTION , RAMP_SPEED

1960 || TYPE(RESERVED_RAMPS TYPE) , POINTER :: RRP,RRP2

1961 || EQUIVALENCE(Z_0 ,AERODYNAMIC ROUGHNESS)

1962 || EQUIVALENCE(Z_REF , REFERENCE_HEIGHT)

1963 || EQUIVALENCE(TMP_REF, REFERENCE_.TEMPERATURE)

1964 || EQUIVALENCE(L ,OBUKHOVIENGIH)

1965 || REAL(EB) , PARAMETER :: KAPPAVK = 0.41_EB

1966
1967 || NAMELIST /WIND/ CORIOLIS_-VECTOR, DIRECTION , DT-MEAN_FORCING, FORCE_VECTOR, FYI , GROUND_LEVEL, INITIALIZATION_.ONLY, L, &

HRRPUV.AVERAGE*1000._-EB IW/m3
HRRPUA SHEET*  1000._EB IW.m3
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1968 || LAPSE_RATE, MEAN_FORCING, OBUKHOV LENGTH, &

1969 || POTENTIAL.TEMPERATURE.CORRECTION, RAMP_DIRECTION, RAMP_SPEED, RAMP_FVX_T,RAMP_FVY_T,RAMP_FVZ_T,&

1970 || RAMP.TMP0.Z, RAMP_U0.T, RAMP_V0.T, RAMP.W0_T, RAMP_U0Z, RAMP_V0_Z, RAMP.W0_Z, REFERENCE_HEIGHT , REFERENCE.TEMPERATURE, &
1971 || SPEED, SPONGE.CELLS, STRATIFICATION , THETA.STAR, TMP_REF, U STAR, U0, V0,W0, Z_0 , Z_REF

1972

1973 || | Default values

1974

1975 || DIRECTION = 270..EB ! westerly wind
1976 || DT-MEAN_FORCING = 1..EB I's
1977 || INITIALIZATION.ONLY = .FALSE.

1978 || LAPSE_.RATE = 0..EB ! K/m
1979 || MEAN_FORCING = .FALSE.

1980 || OBUKHOV_LENGTH = 0..EB I'm
1981 || RAMP_DIRECTION = 'null’

1982 || RAMPSPEED = 'null’

1983 || RAMP.UO.T = 'null’

1984 || RAMP.VO.T = 'null’

1985 || RAMP_WO.T = 'null’

1986 || RAMP_U0Z = 'null

1987 || RAMP.V0.Z = 'null’

1988 || RAMP.W0Z = 'null’

1989 || RAMP.TMP0.Z = ’null

1990 || RAMP_FVX.T = 'null’

1991 || RAMP_FVY.T = ‘null’

1992 || RAMPFVZT = ‘null”’

1993 || SPEED = —1..EB !'m/s
1994 || SPONGE-CELLS =3

1995 || THETASTAR = 0..EB 'K
1996 || TMP_REF = —1._.EB I C
1997 || USTAR = —1..EB I'm/s
1998 || UO = 0._EB Im/s
1999 || VO = 0..EB I'm/s
2000 || WO = 0..EB I'm/s
2001 || 2.0 = 0.03_EB I'm
2002 || Z_-REF = 2..EB I'm
2003

2004 || ! Initial read of the WIND line

2005

2006 || REWIND(LUINPUT) ; INPUT-FILE_LLINE.NUMBER = 0

2007 || WINDLOOP: DO

2008 || CALL CHECKREAD( "WIND’ ,LUINPUT, IOS)

2009 || IF (10S==1) EXIT WIND.LOOP

2010 || READ(LU-INPUT,WIND,END=23 ,ERR=24 ,IOSTAT=I0S)

2011 || 24 IF (IOS>0) THEN ; CALL SHUIDOWN( 'ERROR: Problem with WIND line’) ; RETURN ; ENDIF
2012 || ENDDO WIND_LOOP

2013 || 23 REWIND(LU_INPUT) ; INPUT_FILE_LINENUMBER = 0

2014
2015 || ! Check compatibility of constant_specific_heat_ratio and stratification
2016
2017 || IF (CONSTANT.SPECIFIC_HEAT RATIO .AND. STRATIFICATION) THEN

2018 || WRITE(MESSAGE, ' (A,A,A) ")  "ERROR: CONSTANT.SPECIFIC_HEAT RATIO option is incompatible with STRATIFICATION
2019 || CALL SHUIDOWN(MESSAGE) ; RETURN

2020 || ENDIF

2021

2022 || ! Do not impose MEANFORCING if the user just wants to initialize the wind speed
2023

2024 || IF (INITIALIZATION.ONLY) MEANFORCING = .FALSE.

2025

2026 || ! Convert wind speed to directions

2027

2028 || IF (USTAR>0..EB) SPEED = U.STAR+LOG(Z-REF/Z_.0)/KAPPA_VK
2029 || DIRECTION = DIRECTION=PI/180..EB

2030 || IF (SPEED>0..EB) THEN

2031 || IF (RAMPDIRECTION/="null ") THEN

2032 || U0 = SPEED

2033 || VO = SPEED

2034 || ELSE

2035 || U0 = —SPEED=*SIN (DIRECTION)

2036 || VO = —SPEED«+COS(DIRECTION)

2037 || ENDIF

2038 || ELSE

2039 || SPEED = SQRT(U0x%2 + VOs*2)

2040 || ENDIF

2041

2042 || | Apply mean forcing in all directions if any wind component is non—sero
2043

2044 || IF ((U0/=0..EB .OR. V0/=0..EB .OR. W0/=0..EB) .AND. .NOT. INITIALIZATION.ONLY) MEANFORCING = .TRUE.
2045

2046 || ! Miscellancous

2047

2048 || FVEC = FORCE.VECTOR

2049 || OVEC = CORIOLIS_-VECTOR

2050

2051 || ! Velocity , force, and gravity ramps
2052

2053 || I.RAMP_DIRECTION
2054 || LRAMP_SPEED
2055 || .LRAMP_.UO.T = 0

=0
=0
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2056 || I.RAMP_VO.T
2057 || I.RAMP.-WO0.T
2058 || .LRAMP_U0.-Z
2059 || I.LRAMP_V0.Z
2060 || I.RAMP_W0.Z
2061 || IL.RAMP_.TMP0_Z
2062 || LRAMP_FVX_T=
2063 || LRAMP_FVY_
2064 || LRAMP_FVZ.T=
2065
2066 || IF (RAMPDIRECTION/="null’) THEN ! create dummy time RAMPs for U0 and VO and fill in later
2067 || RAMP_.UO_T RAMP _DIRECTION

2068 || RAMP_VO.T RAMP _DIRECTION

2069 || ENDIF

2070 IF (RAMP.UO.T/="null’

coocll ococoo

) CALL GET_RAMP_INDEX(RAMP_UO.T, "TIME’,I_.RAMP_U0.T , DUPLICATE_RAMP=_TRUE. )
2071 || IF (RAMP.VO.T/="null ) CALL GET_.RAMP.INDEX(RAMP_V0.T, "TIME’,I_.RAMP_V0_T , DUPLICATE_RAMP=.TRUE. )
2072 || IF (RAMP.WO.T/="null ") CALL GET_.RAMP.INDEX(RAMP_WO.T, 'TIME’,I.RAMP.WO_T)
2073 || IF (RAMP.U0Z/="null ') CALL GET_-RAMP_INDEX(RAMP.U0Z, 'PROFILE ", I.RAMP.U0.Z)
2074 || IF (RAMP.V0Z/="null ') CALL GET.RAMPINDEX(RAMP_.V0.Z, 'PROFILE ", I.RAMP_V0.Z)
2075 || IF (RAMP.WO0Z/="null ") CALL GET.RAMPINDEX(RAMP.W0.Z, 'PROFILE ", ] RAMP_W0.Z)
2076 || IF (RAMPFVX.T/="null ') CALL GET_RAMPINDEX(RAMP_FVX.T, "TIME’,I.RAMP_FVX_T)
2077 || IF (RAMPFVY.T/="null ') CALL GET_RAMPINDEX(RAMP_FVY.T, "TIME’,I.RAMP_FVY.T)
2078 || IF (RAMPFVZ.T/='"null ') CALL GET_RAMPINDEX(RAMP_FVZT, TIME’,I.RAMP_FVZ.T)
2079 || IF (RAMPSPEED/="null ') CALL GET_RAMPINDEX(RAMPSPEED, 'TIME ’,I.RAMP.SPEED)
2080 || IF (RAMPDIRECTION/="null ') CALL GET_RAMPINDEX(RAMP DIRECTION, 'TIME " ,I RAMP_DIRECTION)
2081
2082 || IF (STRATIFICATION) THEN
2083
2084 || IF (RAMP.TMPOZ=="null’ .AND. ABS(OBUKHOV.IENGIH)<1.E—10_EB) THEN
2085 || N.RESERVED_RAMPS = N_RESERVED_RAMPS + 1
2086 || RRP => RESERVED_RAMPS(N_RESERVED_RAMPS)
2087 || ALLOCATE(RRPANDEPENDENT.DATA (2) )
2088 || ALLOCATE(RRPDEPENDENT.DATA (2) )
2089 || RRPANDEPENDENT.DATA (1) = ZSMIN
2090 || RRPANDEPENDENT.DATA(2) = ZF.MAX
2091 || RRPADEPENDENTDATA (1) (TMPA+LAPSE_RATE * (ZS_ MIN-GROUND.LEVEL) ) /TMPA
2092 || RRPADEPENDENT.DATA (2) (TMPA+LAPSE_RATE * (ZF MAX-GROUND.LEVEL) ) /TMPA
2093 || RRPANUMBER DATA POINTS = 2
2094 || RAMP.TMPOZ = 'RSRVD TEMPERATURE PROFILE
2095 || CALL GET_RAMPINDEX(RAMP.TMP0.Z, 'PROFILE’ , . RAMP_.TMPO0_Z)

2096 || ENDIF
2097

2098 || IF (ABS(OBUKHOVIENGIH) >1.E—10_.EB) THEN
2099 || N.RESERVED.RAMPS = N_RESERVED_RAMPS + 1
2100 || RRP => RESERVED_RAMPS(N_RESERVED_RAMPS)
2101 || RRPANUMBER DATA POINTS = 51

2102 || N.RESERVED_RAMPS = N_RESERVED_RAMPS + 1
2103 || RRP2 => RESERVED_RAMPS(N_RESERVED_RAMPS)
2104 || RRP2NUMBER DATA POINTS = 51

2105 || ALLOCATE(RRP%NDEPENDENT.DATA (51) )

2106 || ALLOCATE(RRP%DEPENDENT.DATA (51) )

2107 || ALLOCATE(RRP24NDEPENDENT DATA (51))

2108 || ALLOCATE(RRP2%DEPENDENT.DATA (51) )

2109 || IF (USTAR<O0..EB) USTAR = KAPPA_VK+SPEED/LOG(Z_REF/Z_.0)
2110 || IF (TMP_REF<0._EB) THEN

2111 || TMPREF = TMPA

2112 || ELSE
2113 || TMPREF = TMPREF + TMPM ! C to K
2114 || ENDIF

2115 || P.REF = P_INF — RHOA*GRAVx(Z_REF—Z_0)

2116 || THETAREF = TMP_REFx(P_INF/P_REF) % x0.286_EB

2117 || IF (ABS(THETASTAR) <1.E—10_.EB) THEN

2118 || THETAO = THETA_REF/(1._EB+USTAR##2+LOG(Z_REF/Z_0) / (GRAV+KAPPA_ VK *2+OBUKHOVLENGTH) )
2119 || THETASTAR = U.STAR##2+THETA 0/ (GRAV+KAPPA VK+OBUKHOV_LENGTH)

2120 || ELSE
2121 || THETA0 = THETAREF — THETA_STAR+LOG(Z_-REF/Z_0) /KAPPA_VK
2122 || ENDIF

2123 || TMPA = THETAO ! Make the ground temperature the new ambient temperature

2124 || DO I=1,51

2125 || ZETA = (I-1)*(ZFMAX-ZSMIN) /50.

2126 || ZZZ = Z_.0+EXP(LOG(ZFMAX/Z_0) *(ZETA-ZS.MIN) / (ZEMAX-ZS_MIN) )

2127 || CALL MONIN.OBUKHOV SIMILARITY (ZZZ, Z.-0 ,OBUKHOVLENGTH, U STAR, THETA STAR, THETA 0, U, TMP)
2128 || RRP7NDEPENDENT DATA(T) = ZZZ

2129 || RRP%DEPENDENTDATA(T) = TMP/TMPA

2130 || RRP2%INDEPENDENT DATA(I) = ZZZ

2131 || RRP2%DEPENDENTDATA( 1) = U/SPEED

2132 || ENDDO

2133 || RAMP.IMP0Z = 'RSRVD TEMPERATURE PROFILE’

2134 || CALL GET RAMP.INDEX(RAMP_TMP0.Z, 'PROFILE ", . RAMP_.TMP0_Z)
2135 || RAMP.U0OZ = 'RSRVD VELOCITY PROFILE’

2136 || CALL GET_RAMP_INDEX(RAMP_-U0.Z, 'PROFILE ", I.RAMP_U0.Z)

2137 || RAMP.V0.Z = 'RSRVD VELOCITY PROFILE’
2138 || CALL GET_RAMP_INDEX(RAMP_V0_Z, 'PROFILE ", .RAMP_V0.Z)

2139 || ENDIF

2140

2141 || ! Add a RAMP for the vertical profile of pressure (the values are computed in INIT)
2142

2143 || N.RESERVED_RAMPS = N_RESERVEDRAMPS + 1
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2144
2145
2146
2147
2148
2149
2150
2151
2152
2153
2154
2155
2156
2157
2158
2159
2160
2161
2162
2163
2164
2165
2166
2167
2168
2169
2170
2171
2172
2173
2174
2175
2176
2177
2178
2179
2180
2181
2182
2183
2184
2185
2186
2187
2188
2189
2190
2191
2192
2193
2194
2195
2196
2197
2198
2199
2200
2201
2202
2203
2204
2205
2206
2207
2208
2209
2210
2211
2212
2213
2214
2215
2216
2217
2218
2219
2220
2221
2222
2223
2224
2225
2226
2227
2228
2229
2230
2231

CALL GETRAMPINDEX( 'RSRVD PRESSURE PROFILE ", "PROFILE ", I.RAMP_P0.Z)
RRP => RESERVED_RAMPS(N_RESERVED_RAMPS)
ALLOCATE(RRP7INDEPENDENT DATA (2) )

ALLOCATE(RRP%DEPENDENT DATA (2) )

RRPYINDEPENDENTDATA (1) = ZSMIN

RRPYINDEPENDENTDATA (2) = ZFMAX

RRPYDEPENDENTDATA(1) = 0._EB ! Dummy values to be filled in later
RRP7DEPENDENTDATA(2) = 1..EB ! Dummy values to be filled in later
RRPYINUMBER DATA POINTS = 2

ENDIF

! External kinetic energy

HO = 0.5_EB % (UQs#%2+V0s%%2+W0s 2)

! Allocation for mean forcing (required here, instead of init, because of hole feature)

IF (ANY(MEANFORCING)) THEN

DO NV=1,

IF (MYID/=PROCESS(NM) .OR. EVACUATION.ONLY(NM)) CYCLE

M=>MESHES (NM)

ALLOCATE(M/MEAN_FORCING_CELL (0 :M4IBP1 , 0 :M4]BP1 , 0 :MKBP1) ,STAT=IZERO)
CALL ChkMemErr( "INIT ", "MEAN_FORCING.CELL" ,IZERO)

M/MMEAN _FORCING.CELL=.TRUE.

ENDDO

ENDIF

! Min and Max values of temperature

TMPMIN = MAX(1._EB , MIN(TMPA, TMPM) —10._EB)

IF (LAPSERATE < 0._EB) TMPMIN = MIN(TMPMIN, IMPA+LAPSE_RATE s (ZF MAX-GROUND_LEVEL) )
TMPMAX = 3000..EB

END SUBROUTINE READ_WIND

SUBROUTINE PROC_WIND
! This short routine takes a time ramp of wind speed and direction and converts to Cartesian ramps for U0, VO

REAL(EB) :: THETA
INTEGER :: I

IF (I.LRAMP_DIRECTION/=0) THEN

DO 1=0,RAMPS(I_.RAMP_DIRECTION )%NUMBER INTERPOLATION_POINTS+1
THETA = RAMPS(I_.RAMP_DIRECTION )%NTERPOLATED_DATA (1) PI /180._EB
RAMPS(I_.RAMP_UO.T )%INTERPOLATED DATA (1) = —SIN (THETA)

RAMPS(I_.RAMP_V0_T )%NTERPOLATED DATA (1) = —COS(THETA)

ENDDO

ENDIF

END SUBROUTINE PROC_WIND

SUBROUTINE READ DUMP

! Read parameters associated with output files

REAL(EB) :: DT.DEFAULT

INTEGER :: N,SIG_FIGS, SIG_FIGS_EXP

NAMELIST /DUMP/ CLIP.RESTART_FILES , COLUMN.DUMP_LIMIT, CTRL.COLUMN_.LIMIT, &
DEVC.COLUMN_LIMIT, DT_BNDE, DT_BNDF, DT_CPU, DT_.CTRL, DT_DEVC, DT_DEVC_LINE, DT_FLUSH, &

DT.GEOM, DT_HRR, DT_ISOF , DT.MASS, DT_PART, DT_PL3D , DT_PROF, DT_RESTART, DT_SL3D , DT_.SLCF, EB_PART_FILE &
FLUSH_FILE_BUFFERS , GEOM.DIAG, MASS_FILE , MAXIMUM_PARTICLES, MMS_TIMER, NFRAMES, PLOT3D_PART_ID , PLOT3D_-QUANTITY, &
PLOT3D_SPEC_ID, PLOT3D_SPEC_ID , PLOT3D_VELO_NDEX, RENDER_FILE, SIG_FIGS , SIG_FIGS_EXP ,SMOKE3D, SMOKE3D_QUANTITY, &
SMOKE3D_SPEC_ID, STATUS_FILES , SUPPRESS_DIAGNOSTICS , UVW_TIMER, VELOCITY_ERROR_FILE , WRITEXYZ
! Set defaults

GEOMDIAG = .FALSE.

FLUSH.FILE_BUFFERS = .TRUE.

MAXIMUMPARTICLES = 1000000

MMS.TIMER = 1.E10.EB

NFRAMES = 1000

PLOT3D.QUANTITY (1) = "TEMPERATURI

PLOT3D.QUANTITY (2) = 'U-VELOCITY’

PLOT3D.QUANTITY (3) = "V-VELOCITY’

PLOT3D.QUANTITY (4) = "W-VELOCITY’

PLOT3D.QUANTITY (5) = “HRRPUV’

PLOT3D-PART_ID = 'null

PLOT3D_SPEC_ID = 'null’

PLOT3D_-VELO.INDEX = 0

RENDER_FILE = 'null’

SMOKE3D = .TRUE.

SMOKE3D.QUANTITY = "null’

SMOKE3D_SPEC_ID = 'null’

SIG_FIGS =8
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2232 || SIG_FIGS_EXP =3
2233 || IF (NMESHES>32) THEN
2234 || SUPPRESS.DIAGNOSTICS = .TRUE.

2235 || ELSE

2236 || SUPPRESS_.DIAGNOSTICS = .FALSE.
2237 || ENDIF

2238 || UVW.TIMER = 1.E10-EB
2239

2240 || DT.GEOM = 1..EB

2241 DT_-BNDE = —1._.EB

2242 || DT_.BNDF = —1._.EB

2243 || DT-CPU = 1000000._EB
2244 || DT_RESTART = 1000000._EB

2245 || DT_FLUSH = —1._.EB

2246 || DT_DEVC = —1._.EB

2247 || DT.DEVC.LINE = 0.5_EBx*(T_EEND-T_BEGIN)
2248 || DT HRR = —1._.EB

2249 DT_ISOF = —1._.EB

2250 || DT_MASS = —1._.EB

2251 || DT_PART = —1._.EB

2252 || DT_PL3D = 1.E10-EB

2253 || DT-PROF = —1._.EB

2254 || DT_SLCF = —1._.EB

2255 || DT_SL3D = 0.2_EB*(T-END-T_BEGIN)
2256 || DT-CTRL = —1._.EB

2257

2258 ! Read the DUMP line

2259

2260 || REWIND(LU_INPUT) ; INPUT.-FILE_LLINE.NUMBER = 0

2261 || DUMPLOOP: DO

2262 || CALL CHECKREAD( 'DUMP’ ,LUINPUT,IOS)

2263 || IF (I0S==1) EXIT DUMPLOOP

2264 || READ(LU_INPUT,DUMP,END=23 ,ERR=24 ,IOSTAT=I0S)

2265 || 24 IF (IOS>0) THEN ; CALL SHUIDOWN( 'ERROR: Problem with DUMP line ") ; RETURN ; ENDIF
2266 || ENDDO DUMP_LOOP

2267 || 23 REWIND(LUINPUT) ; INPUT_FILE_LINENUMBER = 0

2268

2269 || ! Set output time intervals

2270

2271 || DT.DEFAULT = (T.END — T_BEGIN) /REAL(NFRAMES, EB)

2272

2273 || IF (DTBNDE < 0._EB) THEN ; DTBNDE = 2._EB«DT.DEFAULT ; ELSE ; DT.BNDE = DI.BNDE /TIME_SHRINK FACTOR ; ENDIF
2274 || IF (DTBNDF < 0._EB) THEN ; DT.BNDF = 2._EB«DT.DEFAULT ; ELSE ; DT.BNDF = DT.BNDF /TIME_SHRINK FACTOR ; ENDIF
2275 || IF (DTDEVC < 0..EB) THEN ; DT.DEVC = DT.DEFAULT ; ELSE ; DT.DEVC = DT.DEVC /TIMESHRINK_FACTOR ; ENDIF
2276 || IF (DT.HRR < 0._EB) THEN ; DTHRR = DT.DEFAULT ; ELSE ; DTHRR = DTHRR /TIMESHRINK_FACTOR ; ENDIF
2277 || IF (DT.SOF < 0._EB) THEN ; DT.ISOF = DT_DEFAULT ; ELSE ; DT.SOF = DT.ISOF /TIMESHRINK_FACTOR ; ENDIF
2278 || IF (DT.MASS < 0._EB) THEN ; DTMASS = DT_DEFAULT ; ELSE ; DTMASS = DTMASS /TIME_SHRINK_FACTOR ; ENDIF
2279 IF (DTPART < 0..EB) THEN ; DT.PART = DT_DEFAULT ; ELSE ; DTPART = DTPART /TIMESHRINK_FACTOR ; ENDIF
2280 || IF (DT-PROF < 0._EB) THEN ; DT_PROF = DT.DEFAULT ; ELSE ; DT_PROF = DT.PROF /TIMESHRINK_FACTOR ; ENDIF
2281 IF (DTSLCF < 0..EB) THEN ; DT.SLCF = DT.DEFAULT ; ELSE ; DTSLCF = DT.SLCF /TIME.SHRINK_FACTOR ; ENDIF
2282 || IF (DT-CIRL < 0._-EB) THEN ; DT.CTRL = DT-DEFAULT ; ELSE ; DT.CTRL = DT.CIRL /TIME.SHRINK_FACTOR ; ENDIF
2283 || IF (DT_FLUSH< 0._-EB) THEN ; DT-FLUSH= DT-DEFAULT ; ELSE ; DTFLUSH= DT_FLUSH/TIME_SHRINK_FACTOR ; ENDIF
2284

2285 ! Check Plot3D QUANTITIES

2286

2287 || PLOOP: DO N=1,5
2288 || CALL GET-QUANTITYINDEX (PLOT3D_SMOKEVIEW_LABEL(N) ,PLOT3D.SMOKEVIEW BAR_LABEL (N) ,PLOT3D-QUANTITYINDEX(N) ,I.DUM (1)

, &
2289 || PLOT3D.Y.INDEX(N) ,PLOT3D_Z_INDEX(N) ,PLOT3D_PARTINDEX(N) , DUM(2) ,LDUM(3) ,ILDUM(4) , 'PLOI3D", &
2290 || PLOT3D-QUANTITY(N) , ‘null’,PLOT3D.SPEC.ID(N) ,PLOT3D_-PART.ID(N) , "null ", "null’, "null ")

2291 || IF (OUTPUT-QUANTITY (PLOT3D-QUANTITY.INDEX (N) )%INTEGRATED-PARTICLES) PL3D_PARTICLE.FLUX = .TRUE.
2292 || ENDDO PLOOP

2293

2294 || ! Check SMOKE3D wviability

2295

2296 || IF (TWOD .OR. SOLID_PHASE.ONLY) SMOKE3D = .FALSE.
2297

2298 || IF (SMOKE3D.QUANTITY=="null ") THEN

2299 || IF (SOOTINDEX > 0) THEN

2300 || SMOKE3D.QUANTITY = '"MASS FRACTION

2301 || SMOKE3D_SPECID = SPECIES (SOOTINDEX)%ID

2302 || ELSE

2303 || IF (N.RREACTIONS > 0) THEN
2304 || SMOKE3D.QUANTITY = 'HRRPUV’
2305 || ELSE

2306 || SMOKE3D = .FALSE.

2307 || ENDIF

2308 || ENDIF

2309 || ENDIF

2310

2311 || IF (SMOKE3D) THEN
2312 || CALL GET_.QUANTITY_INDEX (SMOKE3D.SMOKEVIEW_LABEL, SMOKE3D.SMOKEVIEW BAR LABEL, SMOKE3D_.QUANTITY INDEX, LDUM(1) , &
2313 || SMOKE3D.YINDEX, SMOKE3D_Z INDEX, .DUM (2) ,LDUM(3) ,L.DUM (4) ,LDUM(5) , ‘SMOKI3D ', &

2314 || SMOKE3D.QUANTITY, "null’ ,SMOKE3DSPEC.ID, "null ", "null”, "null ", "null ")
2315 || ENDIF

2316

2317 || ! Set format of real number output

2318
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2319 || WRITE(FMTR, " (A, 12 .2 A, 12 .2 A, 11 1)) 'ES’,SIG_FIGS+SIG_FIGS_EXP+4, .’ ,SIG_.FIGS—1, F’ ,SIG_FIGS_EXP
2320
2321 || END SUBROUTINE READDUMP
2322
2323
2324 || SUBROUTINE READ_SPEC
2325
2326 || USE MATHFUNCTIONS, ONLY : GET_RAMP_INDEX

2327 || USE PHYSICAL FUNCTIONS, ONLY : WATERVAPORMASS FRACTION

2328 || USE PROPERTY.DATA, ONLY: GAS_PROPS,FED_PROPS,CHECK PREDEFINED

2329 || USE SOOT_ROUTINES

2330 || REAL(EB) :: MW, SIGMALJ, EPSILONKL], VISCOSITY ,CONDUCTIVITY, DIFFUSIVITY , MASS_EXTINCTION.COEFFICIENT, &

2331 || SPECIFIC_HEAT , REFERENCE_ENTHALPY, REFERENCE.TEMPERATURE, FIC.CONCENTRATION,, FLD_LETHAL DOSE, &

2332 || SPECIFIC_HEAT.LIQUID , DENSITY_LIQUID , VAPORIZATION.TEMPERATURE, HEAT OF_VAPORIZATION , MELTING_TEMPERATURE, &

2333 || H.V_REFERENCE.TEMPERATURE, MEAN DIAMETER, CONDUCTIVITY_SOLID, DENSITY_SOLID , ENTHALPY.OF FORMATION, MASS_FRACTION!.0, &
2334 || CONVERSION, PR.GAS, CONDUCTIVITY_LIQUID, VISCOSITY _LIQUID , BETA_LIQUID , H_F_IN

2335 || REAL(EB) :: MASSFRACTION (MAX_SPECIES) ,VOLUMEFRACTION (MAX_SPECIES) ,MIN_.DIAMETER, MAX DIAMETER

2336 || INTEGER :: N.SPEC.READ,N,NN,NNN,NS2,NR,N_SPEC_READ.2,N_SUB_SPECIES NS, N_BINS ,N.COPY,N.FOUND

2337 || INTEGER, ALLOCATABLE, DIMENSION(:) :: YJINDEX

2338 || LOGICAL :: LUMPED.COMPONENT.ONLY, AEROSOL,BACKGROUND, &

2339 || DEFINED BACKGROUND, REAC _FUEL READ=.FALSE. , PRIMITIVE ,COPY LUMPED

2340 || LOGICAL, ALLOCATABLE, DIMENSION(:) :: PREDEFINED,PREDEFINED_SMIX,NEW_PRIMITIVE

2341 || CHARACTER(LABELLENGTH) :: RAMP.CP,RAMP_CP_L,RAMPXK,RAMPMU,RAMPD,RADCALID,RAMP.G_F, SPEC_ID (MAX SPECIES)

2342
2343 || CHARACTER(LABELLENGTH) , ALLOCATABLE, DIMENSION (:) :: PREDEFINED_SPEC.ID,SPEC_ID_READ

2344 || CHARACTER(LABELLENGTH) ::

2345 || TYPE(SPECIES_TYPE) , POINTER :: SS=>NULL()

2346 || TYPE(SPECIES.MIXTURE.TYPE) , POINTER :: SVESNULL()

2347 || NAMELIST /SPEC/ AEROSOL,BACKGROUND, BETA_LIQUID , CONDUCTIVITY, CONDUCTIVITY_LIQUID , CONDUCTIVITY SOLID, COPY LUMPED, &
2348 || DENSITY_LIQUID , DENSITY_SOLID , DIFFUSIVITY , ENTHALPY_OF FORMATION, EPSILONKL] , FIC.CONCENTRATION, FLD_LETHAL DOSE, &
2349 || FORMULA, FYI, HEAT.OF_VAPORIZATION , H.V_REFERENCE.TEMPERATURE, ID , LUMPED.COMPONENT.ONLY, &

2350 || MASS_EXTINCTION.COEFFICIENT , MASS FRACTION, MASS_FRACTION.0, MAX DIAMETER, MEAN DIAMETER, MELTING TEMPERATURE, &

2351 || MIN.DIAMETER , MW, N_BINS , PR_GAS, PRIMITIVE , RADCAL ID, &

2352 || RAMP.CP, RAMP.CP_L, RAMPD, RAMP.G_F, RAMP K, RAMPMU, REFERENCE_ENTHALPY , REFERENCE_TEMPERATURE, SIGMALJ, SPEC_ID, &

2353 || SPECIFIC_.HEAT , SPECIFIC_HEAT_LIQUID , VAPORIZATION.TEMPERATURE, VISCOSITY , VISCOSITY .LIQUID , VOLUME_FRACTION

2354
2355 || IF (SIMPLE.CHEMISTRY) THEN
2356 || MINT.SPECIES = 9

2357 || ELSE
2358 || MINT_SPECIES = 5
2359 || ENDIF

2360 || REWIND(LUINPUT) ; INPUT.-FILE.LLINE.NUMBER = 0
2361 || N_SPECIES=0

2362
2363 || COUNT.SPEC_LINES: DO

2364 || READ(LUINPUT ,NML=SPEC ,END=19 ,ERR=20,IOSTAT=IOS)
2365 || MINT_SPECIES=MINT_SPECIES+1

2366 || IF (N_PARTICLE_BINS > 0) THEN

2367 || MINT_SPECIES=MINT_SPECIES+N_PARTICLE_BINS

2368 || ENDIF
2369 || 20 IF (IOS>0) THEN
2370 || WRITE(MESSAGE, " (A, 10 ,A,10)") "ERROR: Problem with SPECies number’ ,N_SPECIES+1, , line number’,

INPUT_FILE_LINE_.NUMBER

2371 || CALL SHUIDOWN(MESSAGE) ; RETURN

2372 || ENDIF

2373 || N.SPECIES = N._SPECIES+1

2374 || ENDDO COUNT_SPEC.LINES

2375 || 19 REWIND(LUINPUT) ; INPUT.FILE.LINE.NUMBER = 0
2376
2377 || ! Allocate species inputs

2378 || ALLOCATE(PREDEFINED (MINT-SPECIES) )

2379 || ALLOCATE(PREDEFINED_SMIX (1: MINT_SPECIES) )
2380 || ALLOCATE(NEW_PRIMITIVE (0: MINT_SPECIES) )
2381 || NEW_PRIMITIVE=.FALSE.

2382 || ALLOCATE(PREDEFINED_SPEC_ID (MINT_SPECIES) )
2383 || ALLOCATE(SPEC_ID_READ (MINT_SPECIES) )

2384
2385 || ! Create predefined inputs related to simple chemistry mode
2386
2387 || PREDEFINED = .FALSE.

2388 || PREDEFINED_SMIX = .FALSE.
2389
2390 || N.SPEC.READ = 0

2391 || N.TRACKED-SPECIES = 1
2392
2393 || IF (SIMPLE.CHEMISTRY) THEN
2394 || NSPECIES = 7

2395 || PREDEFINED (1:7) _TRUE.
2396 || PREDEFINED_SPEC.ID(1) = REACTION(1)%FUEL
2397 || PREDEFINED_SPEC_ID(2) = 'NITROGEN’

2398 || PREDEFINED_SPECID(3) = ‘OXYGEN

2399 || PREDEFINED_SPEC_ID (4)
2400 || PREDEFINED_SPEC_ID(5)
2401 || PREDEFINED_SPEC.ID(6) = 'WATER VAPOR’

2402 || PREDEFINED_SPEC_ID(7) = 'SOOT’

2403 || PREDEFINEDSMIX(1:3) = .TRUE.

2404 || IF (REACTION(1)%C <=0..EB .AND. REACTION(1)%1 <=0._EB) PREDEFINED.SMIX(2) =.FALSE.
2405 || N.TRACKED_SPECIES = 3

"CARBON DIOXIDE’
"CARBON MONOXIDE”
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2406 || ELSE

2407 || ! If not simple chemistry look for a background species and if none force creation of AIR lumped species
2408 || REWIND(LUINPUT) ; INPUT_FILE_LINENUMBER = 0
2409 || CHECK BACKGROUNDILOOP: DO

2410 || BACKGROUND = .FALSE.

2411 || READ(LU.INPUT ,NML=SPEC ,END=21,IOSTAT=10S)

2412 || IF (BACKGROUND) EXIT

2413 || ENDDO CHECK BACKGROUND_LOOP

2414 || 21 REWIND(LUINPUT) ; INPUT.FILE_LLINE.NUMBER = 0
2415 || IF (BACKGROUND) THEN

2416 || N_.SPECIES = 0

2417 || DEFINEDBACKGROUND = .TRUE.

2418 || ELSE

2419 || N_SPECIES = 4

2420 || PREDEFINED (1:4) = .TRUE.
2421 || PREDEFINED_SPEC.ID(1) = 'NITROGEN"
2422 || PREDEFINED_SPEC.ID(2) = 'OXYCEN'

2423 || PREDEFINED_SPEC_ID (3) "CARBON DIOXIDE ’
2424 || PREDEFINED_SPEC.ID (4) "WATER VAPOR’
2425 || PREDEFINEDSMIX (1) = .TRUE.

2426 || DEFINED BACKGROUND = .FALSE.

2427 || ENDIF

2428 || ENDIF

2429

2430 || ! Pass 1: Count SPEC lines determine number of primitive and tracked species and check for errors
2431

2432 || REWIND(LU.INPUT) ; INPUT.FILE_LLINE.NUMBER = 0
2433 || COUNTSPEC.LOOP: DO

2434 || CALL SET.SPEC.DEFAULT

2435 || CALL CHECKREAD( 'SPEC " ,LUINPUT,IOS)

2436 IF (I0S==1) EXIT COUNTSPEC.LOOP

2437 || READ(LUINPUT ,NML=SPEC ,END=29 ,IOSTAT=IOS )

2438 || N.SSPEC.READ = N.SPEC.READ + 1

2439 SPEC.ID_-READ (N.SPEC_READ) = ID

2440
2441 || IF (ID=="null ") THEN

2442 || WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: Species ' ,NSPECREAD, ' needs a name (ID=...)"
2443 || CALL SHUIDOWN(MESSAGE) ; RETURN

2444 || ENDIF

2445

2446 || ! Prevent use of 'AIR’ unless a new BACKGROUND has been defined .
2447

2448 || IF (ID=="AIR’ .AND. .NOT. DEFINED BACKGROUND) THEN
2449 || WRITE(MESSAGE, “ (A, 10 ,A) ") "ERROR: SPEC ’ ,NSPECREAD, ": Cannot redefine AIR without defining a BACKGROUND species

2450 || CALL SHUIDOWN(MESSAGE) ; RETURN

2451 || ENDIF

2452

2453 || | Make sure both ramps and constant values have not been given
2454

2455 || IF (SPECIFIC_.HEAT > 0._EB .AND. RAMP.CP/='null’) THEN

2456 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: SPEC “, TRIM(ID), : Cannot specify both SPECIFIC_HEAT and RAMP.CP’
2457 || CALL SHUIDOWN(MESSAGE) ; RETURN

2458 || ENDIF

2459 || IF (SPECIFIC_HEAT.LIQUID > 0._.EB .AND. RAMP.CP.L/="null’) THEN

2460 || WRITE(MESSAGE, * (A, A,A) ") "ERROR: SPEC ", TRIM(ID), " : Cannot specify both SPECIFIC_HEAT LIOUID and RAMP.CP.L’
2461 || CALL SHUIDOWN(MESSAGE) ; RETURN

2462 || ENDIF

2463 || IF (CONDUCTIVITY > 0._EB .AND. RAMPK/='null’) THEN

2464 || WRITE(MESSAGE, " (A, A,A) ") "ERROR: SPEC ", TRIM(ID), : Cannot specify both CONDUCTIVITY and RAMPK’
2465 || CALL SHUIDOWN(MESSAGE) ; RETURN

2466 || ENDIF

2467 || IF (DIFFUSIVITY > 0._EB .AND. RAMPD/='null’) THEN

2468 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: SPEC “,TRIM(ID), : Cannot specify both DIFFUSIVITY and RAMPD’
2469 || CALL SHUIDOWN(MESSAGE) ; RETURN

2470 || ENDIF

2471 IF (VISCOSITY > 0..EB .AND. RAMPMU/="null ") THEN

2472 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: SPEC “ ,TRIM(ID),’: Cannot specify both VISCOSISTY and RAMPMU’
2473 || CALL SHUIDOWN(MESSAGE) ; RETURN

2474 || ENDIF

2475

2476 || | REFERENCE.ENTHALPY requires additional parameters

2477

2478 || IF (REFERENCEENTHALPY > —2.E20.EB .AND. (SPECIFIC_.HEAT < 0..EB .AND. RAMP.CP=="null ")) THEN

2479 || WRITE(MESSAGE, " (A, A,A) ") "ERROR: SPEC ", TRIM(ID), " : REFERENCEENTHALPY requires SPECIFIC_.HEAT or RAMP.CP’
2480 || CALL SHUIDOWN(MESSAGE) ; RETURN

2481 || ENDIF

2482

2483 ||DONN = 1,N.SPEC.READ-1

2484 || IF (ID==SPEC_ID_READ(NN)) THEN

2485 || WRITE(MESSAGE, " (A, 10 ,A, 10 ,A) ") 'ERROR: Species ' ,NSPECREAD, ' has the same ID as species NN,
2486 || CALL SHUIDOWN(MESSAGE) ; RETURN

2487 || ENDIF
2488 || ENDDO
2489

2490 || IF (BACKGROUND) THEN
2491 IF (LUMPED.COMPONENT.ONLY) THEN
2492 || WRITE(MESSAGE, " (A) ’) "ERROR: Cannot define a LUMPED.COMPONENT.ONLY species as the BACKGROUND species’
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2493 || CALL SHUIDOWN(MESSAGE) ; RETURN

2494 || ENDIF

2495 || IF (SIMPLE.CHEMISTRY) THEN

2496 || WRITE(MESSAGE, " (A) ") 'ERROR: Cannot define a BACKGROUND species if using the simple chemistry’
2497 || CALL SHUIDOWN(MESSAGE) ; RETURN

2498 || ENDIF

2499 || ENDIF

2500 || IF (LUMPED.COMPONENT.ONLY .AND. MASS_FRACTION.0>0._.EB) THEN

2501 WRITE(MESSAGE, ' (A) ") 'ERROR: Cannot define MASSFRACTIONO for a LUMPED.COMPONENT.ONLY species’
2502 || CALL SHUIDOWN(MESSAGE) ; RETURN

2503 || ENDIF

2504

2505 || IF (PRIMITIVE) THEN

2506 || IF (SPEC.ID(1)/='null’ .AND. SPEC.ID(2)=='"null ') THEN
2507 || NEW_PRIMITIVE (N_SPEC_READ) =.TRUE.

2508 || IF (.NOT. CHECK_PREDEFINED(SPEC.ID(1))) THEN

2509 || WRITE(MESSAGE, " (A, 10 ,A, 10 ,A) ") "ERROR: SPEC.ID(1) for species ' ,NSPECREAD, ' must be a predefined species’

2510 || CALL SHUIDOWN(MESSAGE) ; RETURN

2511 ENDIF

2512 || ELSEIF (SPEC.ID(1)/="null’ .AND. SPEC.ID(2)/="null ") THEN

2513 || WRITE(MESSAGE, “ (A, 10 ,A, 10 ,A) ") 'ERROR: Species ' ,NSPECREAD, ' is declared PRIMITIVE and has more than one
SPEC.ID given’

2514 || CALL SHUIDOWN(MESSAGE) ; RETURN

2515 || ENDIF

2516 || ENDIF

2517

2518 || IF (SPEC.ID(1)=='null’ .OR. PRIMITIVE) THEN

2519 || N_SPECIES = N_SPECIES+1

2520 || IF (SIMPLE.CHEMISTRY) THEN

2521 || IF (TRIM(ID) /=TRIM (REACTION (1)%FUEL) ) THEN

2522 || IF (.NOT. LUMPED.COMPONENT.ONLY .AND. .NOT. BACKGROUND) N.TRACKED.SPECIES
2523 || ENDIF

2524 || ELSE

2525 || IF (.NOT. LUMPED.COMPONENT.ONLY .AND. .NOT. BACKGROUND) N.TRACKED.SPECIES = N.TRACKED.SPECIES + 1
2526 || ENDIF

2527 || ELSE

2528 || IF (SIMPLE.CHEMISTRY) THEN

2529 || IF (TRIM(ID) /=TRIM(REACTION (1)°%FUEL) ) N.TRACKED_SPECIES = N_TRACKED_SPECIES + 1

N_TRACKED_SPECIES + 1

2530 || ELSE

2531 || IF (.NOT. BACKGROUND) N.TRACKED.SPECIES = N.TRACKED.SPECIES + 1

2532 || ENDIF

2533 || ENDIF

2534

2535 || ! If predefined species, check to see if the species has already been defined .

2536 || IF (PREDEFINED_SMIX (1)) THEN

2537 || DO NN=1,N_SPECIES—1

2538 || IF (TRIM(PREDEFINED_SPEC_ID (NN) )==TRIM(ID) ) THEN

2539 || IF (.NOT. SIMPLE.CHEMISTRY) THEN

2540 || IF (SPEC.ID(1)/='null’) THEN

2541 || WRITE(MESSAGE, ' (A, 10 ,A) ") "ERROR: Species ' ,N.SPEC.READ+1, &

2542 ". Lumped species has the same ID as a predefined species’
2543 || CALL SHUIDOWN(MESSAGE) ; RETURN

2544 || ENDIF

2545 || ELSE

2546 || IF (SPECID(1)/="null’) THEN
2547 || IF (TRIM(ID) /=TRIM(REACTION (1)%FUEL)) THEN
2548 || WRITE(MESSAGE, ' (A, 10 ,A) ') 'FRROR: Species ' ,N.SPECREAD+1, &

2549 ".  Lumped species has the same ID as a predefined species’
2550 || CALL SHUIDOWN(MESSAGE) ; RETURN
2551 || ELSE

2552 || PREDEFINEDSMIX(2) = .FALSE.
2553 || REAC_FUELREAD = .TRUE.

2554 || ENDIF
2555 || ELSE
2556 || IF (TRIM(ID)==TRIM(REACTION (1)%FUEL)) REAC.FUELREAD = .TRUE.
2557 || ENDIF
2558 || ENDIF

2559 || PREDEFINED(NN) = .FALSE.
2560 || N.SPECIES = N_SPECIES — 1

2561 || EXIT

2562 || ENDIF

2563 || ENDDO

2564 || ENDIF

2565 || ENDDO COUNT.SPEC.LOOP

2566

2567 || 29 REWIND(LUINPUT) ; INPUT.FILE_LLINE.NUMBER = 0
2568

2569 || IF (SIMPLE.CHEMISTRY .AND. .NOT. (REAC.FUELREAD .OR. SIMPLE_FUEL.DEFINED)) THEN
2570 || WRITE(MESSAGE, " (A, A,A) ") "ERROR: Simple chemistry fuel, ', TRIM(REACTION(1)%FUEL), ", not defined on REAC or SPEC
2571 || CALL SHUIDOWN(MESSAGE) ; RETURN

2572 || ENDIF
2573
2574 || | Allocate the primitive species array.

2575 || ALLOCATE(SPECIES (N_SPECIES) ,STAT=IZERO)
2576 || CALL ChkMemErr( ‘READ’, SPECIES ', IZERO)

2577
2578 || ALLOCATE(Y_INDEX (N_SPECIES) )
2579
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2580
2581
2582
2583
2584
2585
2586
2587
2588
2589
2590
2591
2592
2593
2594
2595
2596
2597
2598
2599
2600
2601
2602
2603
2604
2605
2606
2607
2608
2609
2610
2611
2612
2613
2614
2615
2616
2617
2618
2619
2620
2621
2622
2623
2624
2625
2626
2627
2628
2629
2630
2631
2632
2633
2634
2635
2636
2637
2638
2639
2640
2641
2642
2643
2644
2645
2646
2647
2648
2649
2650
2651
2652
2653
2654
2655
2656
2657
2658
2659
2660
2661
2662
2663
2664
2665
2666
2667

! Pass 2: read and process primitive species
N=0

N_SPEC.READ.2 = N.SPEC_READ

N.SPECREAD = 0

PRIMITIVE_.SPEC_.READ.LOOP: DO WHILE (N.SPECREAD < N.SPEC.READ.2 .OR. N < N.SPECIES)
N=N+1

CALL SET.-SPEC.DEFAULT

IF (PREDEFINED(N)) THEN

ID = PREDEFINED_SPEC_ID(N)

LUMPED.COMPONENT.ONLY = .TRUE.

ELSE

READ(LU_INPUT ,NMIL=SPEC)

N.SPECREAD = N.SPEC_READ + 1

IF (SIMPLE.CHEMISTRY) THEN

IF (TRIM(ID ) ==TRIM (REACTION (1)%FUEL) ) PREDEFINED_SMIX (2) =.FALSE.

ENDIF

IF (SPEC.ID(1)/="null’” .AND. .NOT. NEW_PRIMITIVE(N.SPEC.READ)) THEN
gYZLI]\EI ;R%MITIVESPECREAD,LOOP

ENDIF

ENDIF

SS => SPECIES(N)

SS%K_USER = CONDUCTIVITY
SS%CONDUCTIVITY_SOLID = CONDUCTIVITY_SOLID
SS%D_USER = DIFFUSIVITY
SS%DENSITY_SOLID = DENSITY_SOLID
SS%EPSK = EPSILONKL]
SSYFIC_CONCENTRATION = FIC.CONCENTRATION
SS%FLD_LETHAL_DOSE = FLD_LETHAL_DOSE
SSYFORMULA = FORMULA

SS%H_F = ENTHALPY.OF FORMATION x1000. -EB
SS%ID = ID

SS7RADCALID = RADCALID
SS7MMASS_EXTINCTION.COEFFICIENT = MAX(0. -EB, MASS_EXTINCTION_COEFFICIENT)
SS7MEAN_DIAMETER = MEAN_DIAMETER
SS%MU_USER = VISCOSITY

SSIWW =MV

SS%PR_USER = PR.GAS

SSYRAMP_CP = RAMP_CP
SSYRAMP_CP_L = RAMP.CPL

SSYRAMP D = RAMPD

SSYRAMP K = RAMPK

SSYRAMP_G_F = RAMP.GF
SSYRAMPMU = RAMPMU

IF (REFERENCE.TEMPERATURE < -TMPM) REFERENCE TEMPERATURE = 25._EB

SSYREFERENCE_TEMPERATURE = REFERENCE.TEMPERATURE + TMPM
SS%SIG = SIGMALJ

SS%SPECIFIC_.HEAT = SPECIFIC_.HEAT *1000._EB
SSYREFERENCE_ENTHALPY = REFERENCE.ENTHALPY*1000._EB
SS7%YY0 = MAX(0._EB,MASS FRACTION.0)

SS%DENSITY_LIQUID
SS7BETA_LIQUID
SS%K_LIQUID
SS7MU_LIQUID

DENSITY_LIQUID
BETA_LIQUID
CONDUCTIVITY.LIQUID
VISCOSITY-LIQUID

IF ((HEAT.OF.VAPORIZATION > 0._EB .AND. SPECIFIC_.HEAT_LIQUID <= 0..EB) .OR. &
(HEAT_.OF_VAPORIZATION <= 0._EB .AND. SPECIFIC_.HEAT_LIQUID > 0..EB)) THEN
WRITE(MESSAGE, ' (A, 10 ,A) ") "ERROR: SPEC * ,N.SPECREAD, &

"+ If one of SPECIFIC_.HEAT_LIQUID or HEAT.OF.VAPORIZATION defined , both must be’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

IF (SPECIFIC_HEAT_LIQUID > 0..EB) THEN

IF (MELTING.TEMPERATURE < —IMPM) THEN

WRITE(MESSAGE, " (A, 10 ,A) ") 'ERROR: SPEC ~ ,NSPECREAD, ": MELTING.TEMPERATURE not set’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

SS%SPECIFIC_.HEAT.LIQUID = SPECIFIC_HEAT_LIQUID%1000._EB
SSYHEAT.OF-VAPORIZATION = HEAT.OF.-VAPORIZATION *1000._EB

SS%IMPMELT = MELTING.TEMPERATURE + T™MPM

IF (H.V.REFERENCE TEMPERATURE < —~TMPM) H.V_REFERENCE TEMPERATURE = MELTING.TEMPERATURE
55%4H.V_REFERENCE_ TEMPERATURE = H.V_REFERENCE.TEMPERATURE + 273.15_EB

IF (VAPORIZATION.TEMPERATURE<C —IMPM) THEN

WRITE(MESSAGE, ' (A, 10 ,A) ") 'ERROR: SPEC ~ ,N.SPECREAD, : VAPORIZATION.TEMPERATURE not set’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

SS%UTMP.V = VAPORIZATION.TEMPERATURE + TMPM

ENDIF

IF (N_BINS > 0) THEN
IF (AGGLOMERATION.INDEX>0) THEN
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2668
2669
2670
2671
2672
2673
2674
2675
2676
2677
2678
2679
2680
2681
2682
2683
2684
2685
2686
2687
2688
2689
2690
2691
2692
2693
2694
2695
2696
2697
2698
2699
2700
2701
2702
2703
2704
2705
2706
2707
2708
2709
2710
2711
2712
2713
2714
2715
2716
2717
2718
2719
2720
2721
2722
2723
2724
2725
2726

2727
2728
2729
2730
2731
2732
2733
2734
2735
2736
2737
2738
2739
2740
2741
2742
2743
2744
2745
2746
2747
2748
2749
2750
2751
2752
2753
2754

WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: SPEC ' ,N.SPECREAD, ": Can only specify N.BINS for one &SPEC input’
CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF

IF (N.BINS < 2) THEN

WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: SPEC ' ,N.SPECREAD, ": N_BINS must be >=2'
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

IF (.NOT. AEROSOL) THEN

WRITE(MESSAGE, " (A, 10 ,A) ") 'ERROR: SPEC “ ,NSPECREAD, ": AEROSOL must be .TRUI to use N_BINS’
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

IF (MAXDIAMETER < 0._EB) THEN

WRITE(MESSAGE, ' (A, 10 ,A) ') 'ERROR: SPEC ' ,N.SPECREAD, ": MAXDIAMETER not set’
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

IF (MINDIAMETER < 0._EB) THEN

WRITE(MESSAGE, ' (A, 10 ,A) ') 'ERROR: SPEC ' ,N.SPEC.READ, ": MIN.DIAMETER not set’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

IF (MAXDIAMETER <= MIN.DIAMETER) THEN

WRITE(MESSAGE, " (A, 10 ,A) ") 'ERROR: SPEC " ,N.SPECREAD, ": MAXDIAMETER <= MIN.DIAMETER’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

IF (.NOT. LUMPED.COMPONENT.ONLY) THEN

WRITE(MESSAGE, " (A, 10 ,A) ") 'ERROR: SPEC “,NSPECREAD, ": LUMPED.COMPONENT.ONLY must be .TRUE. to use N_BINS’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

N_PARTICLE_BINS = N_BINS

MAX_PARTICLE_DIAMETER = MAXDIAMETER

MIN_PARTICLE_DIAMETER = MIN_DIAMETER
N_TRACKED_SPECIES=N_TRACKED_SPECIES+N_PARTICLE_BINS

AGGLOMERATION INDEX=N

MIN_PARTICLE_DIAMETER = MIN_PARTICLE.DIAMETER * 1.E—6_EB

MAX_PARTICLE DIAMETER = MAX_PARTICLE.DIAMETER * 1.E—6_EB

SSUAGGLOMERATING = .TRUE.

CALL INITIALIZE AGGLOMERATION

ENDIF

IF (NEW_PRIMITIVE(N.SPEC_READ) ) THEN

SS%PROP_ID = SPEC.ID (1)

ELSE

SS%PROPID = ID

ENDIF

H.FIN = SS%H.F

CALL GAS_PROPS(SS%PROP_ID, SS%SIG , SS%EPSK , SSU%PR_GAS, SS/VMW, SSUFORMULA, SS%LISTED , SSU%ATOMS, SS%H_F , SS%RADCAL ID)
IF (SIMPLE.CHEMISTRY) THEN

IF (TRIM(SS%ID)==TRIM(REACTION (1)%FUEL) .AND. .NOT. SS%LISTED) SS%H.F = H_F_IN
ENDIF

CALL FED_PROPS (SS%PROP_ID , SS%FLD_LETHAL DOSE , SS%FIC_CONCENTRATION )

IF (SS%H.F > —1.E23_EB) SS%EXPLICIT_H_F=.TRUE.

IF (SS%SPECIFIC_.HEAT > 0._EB) THEN

! HEF overrides REFERENCE_ENTHALPY

IF (ENTHALPY.OF FORMATION > —1.E23_EB) THEN

SSYREFERENCE_ENTHALPY = SS%H._F/SS%WMW+1000._EB — SS%SPECIFIC_HEAT*H_F REFERENCE.TEMPERATURE

ELSE

IF (SSYREFERENCE ENTHALPY < —1.E20.EB) SS%REFERENCE ENTHALPY = SS%SPECIFIC_.HEAT x* SS7REFERENCE.TEMPERATURE

SS%H.F = (SSY%REFERENCE ENTHALPY + SS%SPECIFIC_HEAT * (H-FREFERENCE.TEMPERATURE-SS%REFERENCE.TEMPERATURE) ) +SS7%/MW
*0.001.EB

I'Adjust SS%REFERENCE-ENTHALPY to 0 K

SSYREFERENCE ENTHALPY = SSY%REFERENCE ENTHALPY — SS%SPECIFIC_HEAT x* SSYREFERENCE.TEMPERATURE

ENDIF

ENDIF

IF (SSYRAMP.CP/="null’ .AND. SSYREFERENCEENTHALPY < —1.E20.EB) SS%REFERENCEENTHALPY = 0._EB
IF (TRIM(SS%FORMULA)=="null ") WRITE(SSYFORMULA, ' (A,10) ") 'SPEC." N

! For simple chemistry Determine if the species is the one specified on the REAC line(s)

IF (SIMPLE.CHEMISTRY) THEN

IF (TRIM(ID)==TRIM (REACTION (1)%FUEL)) THEN
FUELINDEX = N

WRITE(FORMULA, ' (A, 10) ') “SPEC_" N

IF (TRIM(SS%FORMULA) ==TRIM(FORMULA) ) SS%M = REACTION (1)%VIW_FUEL
ENDIF

IF (TRIM(ID)=="S00T") SSWW = REACTION(1)%MW.SOOT

ENDIF

SSURCON = RO/SSW

SSUMODE = GAS_SPECIES

! Special processing of certain species
SELECT CASE (ID)

CASE( "WATER VAPOR")
H20INDEX = N
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2755 || IF (MASS_FRACTION.O > 0._EB .AND. LUMPED.COMPONENT.ONLY) THEN

2756 || WRITE(MESSAGE, " (A) ') 'WARNING: MASS_FRACTION.O specified for WATER VAPOR with LUMPED.COMPONENT.ONLY = .TRUE. ’
2757 || IF ( ==0) WRITE(LU_ERR, ' (A) ") TRIM(MESSAGE)
2758 || ENDIF

2759 || IF (PREDEFINED-SMIX (1)) Y-H20.INFTY = WATER-VAPORMASS FRACTION (HUMIDITY, TMPA, P_INF )
2760 || CASE( 'CARBON DIOXIDE")

2761 || CO2INDEX = N

2762 || CASE( 'CARBON MONOXIDE")

2763 || COJINDEX = N

2764 || CASE( 'OXYGEN")

2765 || O2.INDEX = N

2766 || CASE( 'NITROCGEN ")

2767 || N2.INDEX = N

2768 || CASE( "HYDROGEN")

2769 || H2INDEX = N

2770 || CASE( 'HYDROGEN CYANIDE ")

2771 || HCNINDEX = N

2772 || CASE( 'NITRIC OXIDE")

2773 || NOINDEX = N

2774 || CASE( 'NITROCEN DIOXIDE ")

2775 || NO2INDEX = N

2776 || CASE( 'SOOT")

2777 || SOOTINDEX = N

2778 || IF (MASS_EXTINCTION.COEFFICIENT < 0.-EB) SS%MASS_EXTINCTION_-COEFFICIENT = 8700.-EB
2779 || END SELECT

2780
2781 || IF (SS%RADCALID=="500T" .AND. SOOTINDEX==0) SOOTINDEX = N
2782 || IF (SS%ID=="500T1" .AND. AEROSOL.AL203) SS%DENSITY_ SOLID = 4000.
2783 || IF (AEROSOL) SS%MODE = AEROSOL_SPECIES

2784
2785 || ! Get ramps

2786 || IF (SSY%RAMP.CP/="null ") THEN

2787 || CALL GET_RAMP_INDEX(SSY%RAMPCP, "TEMPERATURE" NR)
2788 || SS7RAMP_CPINDEX = NR

2789 || ENDIF

2790 || IF (SS%RAMP.CPL/="null’) THEN

2791 || CALL GETRAMP_INDEX(SS%RAMP_CP_L, "TEMPERATURE” NR)
2792 || SS7%RAMP_CP_LINDEX = NR

2793 || ENDIF

2794 || IF (SSYRAMPD/="null’) THEN

2795 || CALL GETRAMP_INDEX(SSYRAMPD, "TEMPERATURE" NR)
2796 || SS7RAMP-DINDEX = NR

2797 || ENDIF

2798 || IF (SS%RAMP.GF/="null ") THEN

2799 || CALL GET_RAMP_INDEX(SS%RAMP_G_F, "TEMPERATURE’ ,NR)
2800 || SSYRAMP_G_FINDEX = NR

2801 || ENDIF

2802 || IF (SSYRAMPK/='null’) THEN

2803 || CALL GET_RAMP_INDEX (SSYRAMPK, "TEMPERATURE’ ,NR)
2804 || SS%RAMP_KINDEX = NR

2805 || ENDIF

2806 || IF (SSYRAMPMU/="null’) THEN

2807 || CALL GET_RAMP_INDEX(SS7RAMPMU, "TEMPERATURE " NR)
2808 || SS7TRAMPMUINDEX = NR

2809 || ENDIF

2810 || ENDDO PRIMITIVE_SPEC_READ_LOOP
2811

2812 || ! Unmixed fraction

2813 || IF (TRANSPORT-UNMIXED-FRACTION) THEN
2814 || N-PASSIVE_SCALARS=1

2815 || ZETAINDEX=N.TRACKED_SPECIES+1

2816 || ENDIF

2817
2818 || ! IMPORTANT: define number of total tracked scalars
2819 || N.TOTAL.SCALARS=N_TRACKED_SPECIES+N_PASSIVE_SCALARS
2820
2821 || ! Pass 3: process tracked species (primitive and lumped)
2822 || ALLOCATE(SPECIES_MIXTURE (1:N.TOTAL.SCALARS) ,STAT=IZERO)
2823 || CALL ChkMemErr( ‘READ’, "SPECIES MIXTURE ", IZERO)

2824

2825 || | Process non—predefined mixtures first

2826 || REWIND(LUINPUT) ; INPUT.FILE_LINEXNUMBER = 0
2827 ||N =1

2828 || DEFINEDBACKGROUND = .FALSE.
2829 || N.SPEC.READ = 0

2830 || N.COPY = 0

2831 || NFOUND = 1

2832
2833 || TRACKED_SPEC.LOOP.1: DO WHILE (N.FOUND <= N.TRACKED.SPECIES .OR. .NOT. DEFINEDBACKGROUND)
2834 || IF (PREDEFINED_SMIX(N)) THEN

2835 || CALL SET_SPEC_DEFAULT

2836 || IF (N==1) BACKGROUND = .TRUE.

2837 || ELSE

2838 || FIND.TRACKED: DO

2839 || CALL SET.SPEC_DEFAULT

2840 || READ(LU_INPUT ,NMI=SPEC)

2841 || N.SPECREAD = N.SPEC_READ + 1

2842 || IF (LUMPED.COMPONENT.ONLY .AND. N.BINS < 0) CYCLE FIND.TRACKED
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2843
2844
2845
2846
2847
2848
2849
2850
2851
2852
2853
2854
2855
2856
2857
2858
2859
2860
2861
2862
2863
2864
2865
2866
2867
2868
2869
2870
2871
2872
2873
2874
2875
2876
2877
2878
2879
2880
2881
2882
2883
2884
2885
2886
2887
2888
2889
2890
2891
2892
2893
2894
2895
2896
2897
2898
2899
2900
2901
2902
2903
2904
2905
2906
2907
2908
2909
2910
2911
2912
2913
2914
2915
2916
2917
2918
2919
2920
2921
2922
2923
2924
2925
2926
2927
2928
2929
2930

IF (COPYUMPED) THEN

IF (N_BINS >0) THEN

WRITE(MESSAGE, " (A, A,A) ") 'ERROR: SPEC ’ ,TRIM(SMBGID),’, cannot specify both COPYTUMPED and N_BINS.’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

IF (BACKGROUND) THEN

WRITE(MESSAGE, " (A, A,A) ") 'ERROR: SPEC ’ ,TRIM(SMBGID),’, cannot specify both COPYLUMPED and BACKGROUND. ’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

N.COPY = N.COPY+1

EXIT FIND.TRACKED

ENDIF

IF (ANY(MASSFRACTION>0._.EB) .AND. ANY(VOLUMEFRACTION>0._.EB)) THEN
WRITE(MESSAGE, ' (A,A,A) ) ’ERROR: SPEC ’ ,TRIM(SMWID),’, cannot specify both MASSFRACTION and VOLUMEFRACTION. ’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

EXIT

ENDDO FIND_.TRACKED

IF (COPYIUMPED) THEN

NFOUND = N + N.COPY

CYCLE TRACKED_SPEC_LOOP_1

ENDIF

IF (N.BINS > 0) THEN

DO N\N=1,N_PARTICLE_BINS

MEANDIAMETER = 2._EB+PARTICLE_RADIUS (NNN)

SPEC_ID (1) =SPECIES (AGGLOMERATION INDEX)%ID

WRITE(ID, ' (A, A, 10) ") TRIM(SPECIES (AGGLOMERATIONINDEX)%ID) , " " NNN
MASS_FRACTION (1) =1._EB

CALL DEFINE_MIXTURE

N=N=+1

ENDDO

AGGLOMERATIONINDEX = N — N_PARTICLE_BINS

N=N-1

ELSE

CALL DEFINE.MIXTURE

ENDIF

IF (SIMPLE.CHEMISTRY) THEN

SM => SPECIES_MIXTURE (N)

IF (TRIM(SM%ID )==TRIM(REACTION (1)%FUEL) ) THEN

FUEL_SMIX_INDEX = N

IF (ABS(SMVATOMS( 1) +SMVATOMS (6 ) +SMUATOMS( 7 ) +SMYATOMS(8) — SUM(SMVATOMS) ) > SPACING (SUM(SMVATOMS) ) ) THEN
WRITE(MESSAGE, ' (A) ") 'ERROR: Fuel FORMULA for SIMPLE.CHEMISTRY can only contain C,H,0, and N’
CALL SHUIDOWN(MESSAGE) ; RETURN

ELSE

REACTION (1)%C = SMVATOMS(6)

REACTION (1)%H = SMVATOMS(1)

REACTION (1)%0 = SMPATOMS(8)

REACTION (1)7%N = SMVATOMS(7)

REACTION (1)%MWFUEL = SNPAVW

ENDIF

IF (REACTION (1)%C<=TWO.EPSILON_EB .AND. REACTION (1)%H<=TWO-EPSILON.EB) THEN

WRITE(MESSAGE, " (A) ) 'ERROR: Must specify fuel chemistry using C and/or H when using simple chemistry’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

ENDIF

ENDIF

IF (BACKGROUND) THEN

DEFINED BACKGROUND = .TRUE.

IF (N==1) N=N+ 1

ELSE

N=N+1

ENDIF

NFOUND = N + N.COPY

ENDDO TRACKED_SPEC_LOOP_1

IF (N.COPY >= 1) N\NN = N
! Process predefined mixtures second

IF (ANY(PREDEFINED_SMIX)) THEN
REWIND(LUINPUT) ; INPUT_FILE_LINE.NUMBER = 0

N=1

DEFINED BACKGROUND = .FALSE.

TRACKED_SPEC_LOOP2: DO WHILE (N <= N.TOTALSCALARS .OR. .NOT. DEFINED.BACKGROUND)
IF (PREDEFINED_SMIX (N)) THEN

CALL SET_SPEC_DEFAULT

CALL SETUP_PREDEFINED_SMIX (N)

IF (N==1) BACKGROUND=.TRUE.

CALL DEFINE_MIXTURE

ELSE

BACKGROUND = .FALSE.

ENDIF

IF (BACKGROUND) THEN

DEFINED.BACKGROUND = .TRUE.

IF (N==1) N=N + 1

ELSE

163



Source Code files for edited portions of FDS

2931
2932
2933
2934
2935
2936
2937
2938
2939
2940
2941
2942
2943
2944
2945
2946
2947
2948
2949
2950
2951
2952
2953
2954
2955
2956
2957
2958
2959
2960
2961
2962
2963
2964
2965
2966
2967
2968
2969
2970
2971
2972
2973
2974
2975
2976
2977
2978
2979
2980
2981
2982
2983
2984
2985
2986
2987
2988
2989
2990
2991
2992
2993
2994
2995
2996
2997
2998
2999
3000
3001
3002
3003
3004
3005
3006
3007
3008
3009
3010
3011
3012
3013
3014
3015
3016
3017
3018

N=N+1

ENDIF

ENDDO TRACKED_SPEC_LOOP_2
ENDIF

REWIND (LUINPUT)

TRACKED_SPEC_.LOOP3: DONN = 1, N.COPY
FIND.TRACKED2: DO

CALL SET_SPEC_DEFAULT

READ(LU_INPUT ,NML=SPEC)

IF (.NOT. COPY.LUMPED) CYCLE FIND.TRACKED2
DO N=1,NNN-1

IF (SPECIES_MIXTURE (N)%ID==SPEC_ID (1)) THEN
SPECIES.MIXTURE (N\N) = SPECIES_MIXTURE (N)
SPECIES_MIXTURE (N\\NN)%ID = ID

EXIT FIND.TRACKED_2

ELSE

IF (N==NNN-1) THEN

WRITE(MESSAGE, ' (A, A,A,A) ") "ERROR: SPEC * ,TRIM(ID),’, cannot find tracked

CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF

ENDIF

ENDDO

ENDDO FIND_-TRACKED.-2

NAN = N\N + 1

ENDDO TRACKED_SPEC_LOOP-3

REWIND (LUINPUT) ; INPUT_FILE_LLINE.NUMBER =

! Normalize the initial mass fractions of the

0

lumped species if necessary

IF (SUM(SPECIES_.MIXTURE (2:N_TRACKED_SPECIES)%ZZ0) > 1._EB) &
SPECIES_MIXTURE (2:N_.TRACKED_SPECIES)%ZZ0 = SPECIES_MIXTURE (2:N_TRACKED_SPECIES)%ZZ0/ &

SUM(SPECIES_MIXTURE (2 : N_.TRACKED_SPECIES )%ZZ0)

species ', TRIM(SPEC_ID (1))

SPECIES_MIXTURE (1)%ZZ0 = 1._.EB — SUM(SPECIES_MIXTURE (2:N_TRACKED_SPECIES)%ZZ0)

DEPOSITION = ANY(SPECIES-MIXTURE%DEPOSITING)

I'Deallocate species inputs
DEALLOCATE(PREDEFINED)
DEALLOCATE(PREDEFINED _SMIX)
DEALLOCATE(NEW _PRIMITIVE)
DEALLOCATE(PREDEFINED_SPEC.ID)
DEALLOCATE(SPEC_ID_READ)
DEALLOCATE( Y_INDEX)

CONTAINS

SUBROUTINE DEFINE MIXTURE
USE PROPERTY_DATA, ONLY:GETFORMULA WEIGHT
! Create a species mixture
IF (BACKGROUND) THEN

NN =1

ELSE

IF (N==1) N=N+ 1

NN = N

ENDIF

CONVERSION = 0._EB

SM => SPECIES_MIXTURE (NN)

.AND. DEPOSITION

IF (SPEC.ID(1)=='null’) THEN

SPECID(1) = ID

VOLUMEFRACTION(1) = 1.0_EB

ELSE

SVPK _USER = CONDUCTIVITY

SVPD_USER = DIFFUSIVITY

SVBEPSK = EPSILONKL]
SVPFIC_CONCENTRATION = FIC.CONCENTRATION

SVPFLD LETHAL DOSE = FLD.LETHAL_DOSE

SVPAMU_USER = VISCOSITY

SVPPR_USER = PR.GAS

SVPRAMP.CP = RAMP.CP

SVIRAMP D = RAMPD

SVPRAMP_G_F = RAMP.GF

SVIRAMP K = RAMPK

SVIRAMP MU = RAMPMU

IF (REFERENCE.TEMPERATURE < —IMPM) REFERENCE.TEMPERATURE = 25._EB
SVPREFERENCE.TEMPERATURE REFERENCE.TEMPERATURE + TMPM

SMYSIG
SMYSPECIFIC_HEAT
SMYREFERENCE_ ENTHALPY
SMYeH_F

SIGMALJ

SPECIFIC_HEAT*1000._EB
REFERENCE ENTHALPY % 1000. _EB
ENTHALPY.OF FORMATION % 1000._EB

IF (SMVRAMP.CP/="null’ .AND. SMUREFERENCE ENTHALPY < —1.E20.EB) SMVREFERENCEENTHALPY = 0._EB
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3019
3020 || ! Get ramps

3021 || IF (SMVRAMPCP/="null ") THEN

3022 || CALL GETRAMP_INDEX(SVVRAMP_CP, “TEMPERATURE " NR)
3023 || SMVRAMP_CPINDEX = NR

3024 || ENDIF

3025 || IF (SMPRAMPD/="null ") THEN

3026 || CALL GET-RAMP_INDEX(SM/RAMPD, “TEMPERATURE " NR)
3027 || SMYRAMP DINDEX = NR

3028 || ENDIF

3029 || IF (SMVRAMP.GF/="null’) THEN

3030 || CALL GET_RAMP_INDEX(SMVRAMPD, "TEMPERATURE” ,NR)
3031 || SMVRAMP_G_FINDEX = NR

3032 || ENDIF

3033 || IF (SMVRAMPXK/="null ") THEN

3034 || CALL GET_RAMP_INDEX (SMVRAMPK, "TEMPERATURE ,NR)
3035 || SMVRAMP_KINDEX = NR

3036 || ENDIF

3037 || IF (SMPRAMPMU/="null ") THEN

3038 || CALL GETRAMP_INDEX(SVVRAMPMU, “TEMPERATURE " NR)
3039 || SMVYRAMPMUINDEX = NR

3040 || ENDIF
3041 || ENDIF
3042

3043 || SM®ID = ID

3044 || SMWZZ0 = MAX(0.-EB,MASS_FRACTION.0)
3045
3046 || ! Count the number of species included in the mixture
3047
3048 || N.SUB_SPECIES = 0

3049 || COUNTSPEC: DO NS=1,N_SPECIES

3050 || IF (TRIM(SPEC.ID(NS)) /= 'null’) THEN
3051 || N.SUB.SPECIES = N_SUB.SPECIES + 1

3052 || ELSE

3053 || EXIT

3054 || ENDIF

3055 || ENDDO COUNT.SPEC
3056

3057 || IF (N_.SUB.SPECIES == 1) THEN
3058 || MASSFRACTION=0._EB

3059 || MASSFRACTION (1) =1.-EB

3060 || VOLUMEFRACTION=0._EB

3061 || ENDIF

3062

3063 || ! Allocate arrays to store the species id, mass, volume fractions
3064

3065 || ALLOCATE (SMYSPEC._ID (N_SPECIES) ,STAT=IZERO)

3066 || ALLOCATE (SMPVOLUMEFRACTION (N_SPECIES) ,STAT=IZERO)
3067 || ALLOCATE (SMPAMIASS FRACTION (N_SPECIES) ,STAT=IZERO)
3068
3069 || SMASPEC_ID = ‘null’

3070 || SVPVOLUMEFRACTION = 0._EB

3071 || SWWAMASSFRACTION = 0._EB

3072 || YANDEX = —1

3073 ||DO NS = 1,N.SUB_SPECIES

3074 || FIND_SPEC.ID: DO NS2 = 1,N_SPECIES

3075 || IF ((.NOT. NEW._PRIMITIVE(N.SPEC.READ) .AND. TRIM(SPECIES(NS2)%ID) == TRIM(SPEC.ID(NS))) .OR. &
3076 || ( NEW_PRIMITIVE (N.SPEC_READ) .AND. TRIM(SPECIES(NS2)%ID) == TRIM(ID))) THEN

3077 || SWSPEC.ID (NS2) = SPECIES (NS2)%ID

3078 || YANDEX(NS) = NS2

3079 || IF (N.SUB.SPECIES==1) THEN

3080 || SMVFORMULA = SPECIES (NS2)%FORMULA

3081 || SM/SINGLE_SPEC_INDEX=NS2

3082 || ENDIF

3083 || IF (SPECIES(NS2)%MODE == AEROSOL_SPECIES) THEN

3084 || IF (N_SUB_SPECIES == 1) THEN

3085 || SV/DEPOSITING = .TRUE.

3086 IF (ABS(MEANDIAMETER—1.E—6_EB)<=TWO_EPSILON_EB) THEN

3087 || SMVAMMEANDIAMETER = SPECIES (NS2)%VIEAN.DIAMETER

3088 || ELSE
3089 || SMVAMEAN.DIAMETER = MEAN_DIAMETER
3090 || ENDIF

3091 || IF (ABS(DENSITY.SOLID—1800..EB) <=TWO.EPSILON.EB .AND. &
3092 || ABS(DENSITY_SOLID-SPECIES (NS2)%DENSITY_SOLID) <=TWO.EPSILON.EB) THEN
3093 || SMVDENSITY.SOLID = DENSITY.SOLID

3094 || ELSE

3095 || SMUDENSITY.SOLID = SPECIES (NS2)%DENSITY_SOLID

3096 || ENDIF

3097 || SMUCONDUCTIVITY_SOLID=SPECIES (NS2)%CONDUCTIVITY_SOLID
3098 || ELSE

3099 || WRITE(MESSAGE, ' (A,A,A) ") 'WARNING: Cannot do deposition with a lumped species Species ', TRIM(SM%ID) ,&
3100 * will not have deposition”’

3101 || IF (MYID==0) WRITE(LU_ERR, ' (A) ') TRIM(MESSAGE)

3102 || ENDIF

3103 || ENDIF

3104 || EXIT FIND_SPEC.ID

3105 || ENDIF

3106 || ENDDO FIND_SPEC.ID
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3107
3108
3109
3110
3111
3112
3113
3114

3115
3116
3117
3118
3119
3120
3121
3122
3123
3124
3125
3126
3127
3128
3129
3130
3131
3132
3133
3134
3135
3136
3137
3138
3139
3140
3141
3142
3143
3144
3145
3146
3147
3148
3149

3150
3151
3152
3153
3154

3155
3156
3157
3158
3159
3160

3161
3162
3163
3164
3165
3166
3167
3168
3169
3170
3171
3172
3173
3174
3175
3176
3177
3178
3179
3180
3181
3182
3183
3184
3185
3186
3187
3188
3189
3190

IF (YINDEX(NS)<0) THEN

WRITE(MESSAGE, " (A, A, A, 10 ,A) ") "ERROR: SPEC * ,TRIM(SM%ID),’, sub species ' ,NS,’ not found

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

IF (MASSFRACTION(NS) >0._.EB) CONVERSION = CONVERSION + MASS FRACTION (NS) / SPECIES (Y_INDEX (NS) ) AW

IF (VOLUMEFRACTION(NS) >0..EB) ~ CONVERSION = CONVERSION + VOLUMEFRACTION(NS) * SPECIES (Y-INDEX(NS) )W

IF (.NOT. PREDEFINED.SMIX(NN) .AND. MASS FRACTION(NS) <=0..EB .AND. VOLUMEZFRACTION(NS) <=0..EB) THEN

WRITE(MESSAGE, " (A, A, A, 10 ,A) ") "ERROR: SPEC ~ TRIM(SM%ID) ,”, mass or volume fraction for sub species ' ,NS,” not
found .’

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDDO

IF (ANY(MASSFRACTION>0._EB)) THEN

DO NS = 1,N_SUB_SPECIES

SMYVOLUME FRACTION (YINDEX (NS) ) = MASSFRACTION(NS) / SPECIES (Y. INDEX(NS) )W / CONVERSION

SMYAMASS FRACTION ( Y_INDEX (NS) ) MASS_FRACTION (NS)
ENDDO

ENDIF

IF (ANY(VOLUMEFRACTION>0..EB)) THEN

DO NS = 1,N.SUB.SPECIES

SMPAMASS_FRACTION (Y_INDEX (NS) )
SMYVOLUME_FRACTION (Y_INDEX (NS) )
ENDDO
ENDIF

VOLUMEFRACTION(NS)  SPECIES(YINDEX(NS) )W / CONVERSION
VOLUME_FRACTION (NS)

! Normalize mass and volume fractions , plus stoichiometric coefficient

SMYVAMASS FRACTION = SMYAMASS FRACTION / SUM(SMYVAMASS_ FRACTION)
IF (.NOT. SIMPLE.CHEMISTRY) SMVADJUSTNU = SUM(SMVeVOLUME FRACTION)
SMY&VOLUME FRACTION = SMY&VOLUME_FRACTION / SUM(SM/VOLUME_FRACTION)

! Calculate the molecular weight and extinction coefficient

SMAW = 0._EB

SMVMASS_EXTINCTION_COEFFICIENT = 0._EB

DO NS = 1,N._SPECIES

IF (SMPAMASS FRACTION(NS) <TWO-EPSILON.EB) CYCLE

IF (MASS_EXTINCTION.COEFFICIENT > 0..EB) THEN

SMVMASS_EXTINCTION_COEFFICIENT = MASS_EXTINCTION_COEFFICIENT

ELSE

SMVMASS_EXTINCTION_COEFFICIENT = SMVAMASS_EXTINCTION COEFFICIENT+SMPAMASS FRACTION (NS) #*SPECIES (NS)%
MASS_EXTINCTION_COEFFICIENT

ENDIF

IF (MW > 0..EB) THEN

SMAW = MV

ELSE

SMAW = SMAVW + SMVVOLUME FRACTION(NS) * SPECIES(NS)WMW ! «SMVUADJUSTNU ::term for potential non—normalized
inputs

ENDIF !

IF (SPECIES(NS)%FORMULA (1:5)=="SPEC_") SVEWALIDATOMS = .FALSE.

IF (FORMULA /= 'null’ .AND. .NOT. PREDEFINED_SMIX(NN)) THEN

CALL GET_FORMULA WEIGHT (FORMULA, SNPAVIW, SMYATOMS)

ELSE

SMYATOMS = SMPATOMS + SMZVOLUME FRACTION (NS) xSPECIES (NS)%ATOMS || «SMUAWADJUSTNU :: term for potential non—

normalized inputs
ENDIF
ENDDO

SMVRCON = RO/SMIAVW

IF (SVPGH.F > —1.E23_EB) SMWH.F = SVRGH_F/SVMEAW%1000._EB ] /mol — ] /kg

IF (SVBSPECIFIC_HEAT > 0._EB) THEN

IF (SVIGH.F > —1.E23_EB) THEN

SVEWREFERENCE_ENTHALPY = SMYGH.F — SMVPUSPECIFIC_HEAT*H.F_REFERENCE.TEMPERATURE

ELSE

IF (SVDREFERENCE.ENTHALPY < —1.E20_EB) SMPREFERENCE.ENTHALPY = SMUSPECIFIC_HEAT * SMYREFERENCE.TEMPERATURE
SVIWH_F = SVRREFERENCEENTHALPY + SMVESPECIFIC_HEAT « (H.F_REFERENCE.TEMPERATURE — SMYREFERENCE.TEMPERATURE)
ENDIF

ENDIF

END SUBROUTINE DEFINE_MIXTURE

SUBROUTINE SET_SPEC_DEFAULT

AEROSOL = .FALSE.

BACKGROUND = .FALSE.

BETA_LIQUID = —1._EB

CONDUCTIVITY = —1._EB

CONDUCTIVITY_LIQUID = —1._.EB

CONDUCTIVITY_SOLID = 0.26 _EB !W/m/K Ben—Dor, et al. 2002. (710 x air)
COPY_LUMPED = .FALSE.

DENSITY_SOLID = 1800._EB !kg/m*3 Slowik , et al. 2004
DIFFUSIVITY = —1._.EB

EPSILONKL] = 0..EB

FIC.CONCENTRATION = 0..EB
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3191
3192
3193
3194
3195
3196
3197
3198
3199
3200
3201
3202
3203
3204
3205
3206
3207
3208
3209
3210
3211
3212
3213
3214
3215
3216
3217
3218
3219
3220
3221
3222
3223
3224
3225
3226
3227
3228
3229
3230
3231
3232
3233
3234
3235
3236
3237
3238
3239
3240
3241
3242
3243
3244
3245
3246
3247
3248
3249
3250
3251
3252
3253
3254
3255
3256
3257
3258
3259
3260
3261
3262
3263
3264
3265
3266
3267
3268
3269
3270
3271
3272
3273
3274
3275
3276
3277
3278

FLD_LETHAL_DOSE = 0..EB

FORMULA = 'null’

FYI = 'null’

ENTHALPY_.OF FORMATION = —1.E30-EB ! ]/mol
1D = ‘null”’
LUMPED.COMPONENT.ONLY = .FALSE.

RADCALID = ‘null’
MASS_EXTINCTION_COEFFICIENT = —1._.EB | m2/kg
MASS_ FRACTION = 0..EB
MASS_FRACTION.O = —1..EB

MEAN_DIAMETER = 1.E-6.EB
MV = 0..EB

PR_.GAS = —1._EB

PRIMITIVE = .FALSE.
REFERENCE_TEMPERATURE = —300..EB ! C

SIGMALJ = 0..EB

SPEC.ID = 'null’

SPECIFIC_.HEAT = —1._.EB
REFERENCE_ENTHALPY = —2.E20_EB

VISCOSITY = —1._.EB
VISCOSITY_LIQUID = -—1._EB
VOLUME_FRACTION = 0..EB
DENSITY_LIQUID = —1._.EB
HEAT_.OF_VAPORIZATION = —1._.EB ! kJ/kg
H.V_REFERENCE.TEMPERATURE =~ = —300._EB
MELTING.TEMPERATURE = —300._.EB I'C
SPECIFIC_.HEAT_LIQUID = —1._.EB ! kJ/kg—K
VAPORIZATION_TEMPERATURE = —300._EB ' C
RAMP_CP = 'null’

RAMP.CP_L = 'null’

RAMPD = 'null’

RAMP_G_F = 'null’

RAMP K = 'null’

RAMPMU = 'null’

N_BINS = -1

MIN_DIAMETER = —1._.EB !um
MAXDIAMETER = —1._.EB !um

END SUBROUTINE SET_SPEC_DEFAULT

SUBROUTINE SETUP_PREDEFINED_SMIX (N)

! Set up the SMIX line either for the SIMPLE.CHEMISTRY mode or for a primitive species
INTEGER, INTENT(IN) :: N

TYPE(REACTION_TYPE) , POINTER :: RN

MASSFRACTION = 0._EB

SELECT CASE(N)

CASE(1)

1D = "AIR

FORMULA = 70’

SPEC.ID(1) = 'WATER VAPOR’

SPEC.ID(2) = 'OXYGEN’

SPEC.ID(3) = 'CARBON DIOXIDE’

SPEC._ID (4) = ’NITROGEN"’

MASSFRACTION (1) = Y_H20_INFTY

MASSEFRACTION (2) = Y_O2_INETY *(1._EB—Y.H20_INFTY)
MASSFRACTION (3) = Y_.CO2_INFTY x (1._EB—Y_H20_INFTY)
MASS_FRACTION (4) = 1._EB-SUM(MASS_FRACTION)
CASE(2)

RN => REACTION(1)

1D = RNV&FUEL

FORMULA = '7Z1’

SPEC_ID (1) = RNVFUEL

MASSFRACTION(1) = 1._EB

CASE(3)

RN => REACTION(1)

ID = 'PRODUCTS’

FORMULA = 72’

SPEC.ID(1) = ARBON MONOXIDE

SPEC.ID(2) = 'SO0T”’

SPEC.ID(3) = 'WATER VAPOR’

SPEC.ID (4) = 'CARBON DIOXIDE”’

SPEC.ID(5) = 'NITROGEN

RNVANU.CO = (SPECIES.MIXTURE (FUEL_SMIX_INDEX ) %/M/MW.CO) *RNVCO_YIELD
RN/ANU_SOOT = (SPECIES.MIXTURE (FUEL_SMIX_INDEX ) %/M/RN/AMW_SOOT) *RN/SOOT_YIELD
RNVANU_H20 = 0.5_EB*+RNVH — 0.5 _EB+RN/ANU_SOOT+RN/SOOT_H_FRACTION
RNVANU_CO2 = RNWC — RNVNU.CO — RN/ANU_SOOT * (1. .EB-RN/SOOT_H_FRACTION))
IF (RNVNU.CO2 <0..EB) THEN

WRITE(MESSAGE, " (A) ) 'ERROR: REAC, Not enough carbon in the fuel for the specified CO.YIELD and/or SOOT.YIELD’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

RNVANU.O2 = RNVNU.CO2 + 0.5 _EB * (RN/ANU.CO+RN/ANU_H20-RN%O)
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3279
3280
3281
3282
3283
3284
3285
3286
3287
3288
3289
3290
3291
3292
3293
3294
3295
3296
3297
3298
3299
3300
3301
3302
3303
3304
3305
3306
3307
3308
3309
3310
3311
3312
3313
3314
3315
3316
3317
3318
3319
3320
3321
3322
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3324
3325
3326
3327
3328
3329
3330
3331
3332
3333
3334
3335
3336
3337
3338
3339
3340
3341
3342
3343
3344
3345
3346
3347
3348
3349
3350
3351
3352
3353
3354
3355
3356
3357
3358
3359
3360
3361
3362
3363
3364
3365
3366

RNVANU N2
VOLUME_FRACTION(1)
VOLUMEFRACTION (2)

RN/N=%0.5_EB
RNVANU.CO
RNVANU_SOOT

VOLUMEFRACTION(3) = RNVANUH20 + SPECIES_MIXTURE (1)%VOLUMEFRACTION (H20_INDEX) +RNVINU.O2 / &

SPECIES_MIXTURE ( 1)%VOLUME_FRACTION (O2_INDEX)

VOLUMEFRACTION (4) = RNVANU.CO2 + SPECIES_MIXTURE (1)%VOLUMEFRACTION (CO2.INDEX) +RNVINU.O2 / &

SPECIES_MIXTURE ( 1)%VOLUME_FRACTION (O2_INDEX)

VOLUMEFRACTION (5) = RNVANUN2 + SPECIES_MIXTURE (1)%VOLUME FRACTION (N2 INDEX) xRN/NU.O2 / &

SPECIES_MIXTURE ( 1)%VOLUME_FRACTION (O2_INDEX)

VOLUME FRACTION = VOLUME FRACTION/SUM(VOLUME FRACTION)

SPECIES (SOOT_INDEX)%ATOMS=0. _EB
SPECIES (SOOT_INDEX)%ATOMS( 1) =RN#SOOT_H_FRACTION

SPECIES (SOOTINDEX )%ATOMS(6) =1._EB-RN/SOOT_H_FRACTION

END SELECT

END SUBROUTINE SETUP_PREDEFINED_SMIX

END SUBROUTINE READ_SPEC

SUBROUTINE PROC_SMIX

! Create the Z to Y transformation matrix and fill up the gas property tables

USE PHYSICAL.FUNCTIONS, ONLY: GET.SPECIFIC.GAS.CONSTANT

USE MATH.FUNCTIONS, ONLY: EVALUATERAMP

USE PROPERTY.DATA, ONLY: JANAF.TABLE, CALC.GASPROPS, GASPROPS, CALC_MIX_PROPS
REAL(EB) , ALLOCATABLE, DIMENSION (:) :: MU.IMP,CP_TMP,K.ITMP,H.TMP, D.TMP, G_F.TMP, ZZ_GET, &
MU_TMP_Z, CP.TMP_Z , K.TMP_Z ,H.TMP_Z, D.TMP_Z, G_F_.TMP_Z ,RSQ MW_Y

REAL(EB) :: CP1,CP2,H1,H2, H_REF_SENSIBLE (1:N.TRACKED_SPECIES) ,REF.TEMP

INTEGER :: NN,N
TYPE(SPECIES_TYPE) , POINTER :: SS=>NULL()
TYPE(SPECIES_MIXTURE.TYPE) , POINTER :: SVESNULL()

! Setup the array to convert the tracked species array to array of all primitive species

ALLOCATE(Z2Y (N_SPECIES ,N.TRACKED_SPECIES) ,STAT=IZERO)

CALL ChkMemErr( 'READ”, " 72Y " ,IZERO)
Z2Y = 0..EB

DO N=1,N.TRACKED_SPECIES
SM => SPECIES.MIXTURE (N)

DO NN=1,N _SPECIES

Z2Y(NN,N) = SMPMASS FRACTION (NN)
ENDDO

ENDDO

ALLOCATE(RSQMW_Y (N_SPECIES) ,STAT=IZERO)
CALL ChkMemErr( ‘READ”, "RSOMW_Y" ,IZERO)

RSQMW.Y=1. _EB/SQRT(SPECIES’M)
! Set up the arrays of molecular weights

ALLOCATE(MWR Z(N_TRACKED_SPECIES) ,STAT=IZERO)
CALL ChkMemErr( 'READ”, "MW_AVGY ", IZERO)

ALLOCATE(RSQMW_Z(N_TRACKED-SPECIES ) ,STAT=IZERO)
CALL ChkMemErr( 'READ”, "RSOMW_Z" ,IZERO)

MWRZ = 1._EB/SPECIES_MIXTUREW&WW
RSQMW_Z = 1._EB/SQRT(SPECIES-MIXTUREAW)

ALLOCATE(ZZ_GET (N.TRACKED_SPECIES) )

ZZ_.GET = SPECIES.MIXTURE%ZZ0

CALL GET.SPECIFIC.GAS.CONSTANT (ZZ_.GET ,RSUM0)
DEALLOCATE(ZZ.GET)

MWMIN
MWMAX

MINVAL(SPECIES_MIXTURE ( 1: N_.TRACKED_SPECIES ) %/W)
MAXVAL(SPECIES_MIXTURE ( 1: N_.TRACKED_SPECIES ) /W)

! Compute background density from other background quantities

RHOA = P_INF /(TMPA+RSUMO)
! Compute constant—temperature specific heats
GMIOG = (GAMMA-1._EB) /GAMMA

CPGAMMA = SPECIES-MIXTURE (1 )%RCON/GMIOG
CPOPR = (PGAMMA/PR

! Compute gas properties for primitive species 1 to N_SPECIES.

ALLOCATE(D.TMP(N_SPECIES) )
D.IMP = 0._EB
ALLOCATE(MU.TMP(N_SPECIES ) )
MUIMP = 0._EB
ALLOCATE(CP.TMP (N_SPECIES) )
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3367 || CP.TMP = 0._EB

3368 || ALLOCATE(H.TMP(N_SPECIES) )
3369 || HTMP = 0._EB

3370 || ALLOCATE(K.TMP(N_SPECIES) )
3371 || KTIMP = 0._EB

3372 || ALLOCATE(G.F.TMP (N_SPECIES) )
3373 || G.F.TMP = 0._EB

3374
3375 || ALLOCATE(D-TMP_Z (N.TOTAL.SCALARS) )
3376 || D-TMP-Z = —1.E30-EB

3377 || ALLOCATE(MU.TMP_Z(N.TOTAL.SCALARS) )
3378 || MUIMPZ = —1.E30_EB

3379 || ALLOCATE(CP_TMP_Z (N.TOTAL.SCALARS) )
3380 || CP.TMPZ = —1.E30_EB

3381 || ALLOCATE(H.TMP_Z(N_.TOTALSCALARS) )
3382 || HTMPZ = —1.E30_EB

3383 || ALLOCATE(K_TMP_Z(N.TOTAL.SCALARS) )
3384 || KTMP.Z = —1.E30_EB

3385 || ALLOCATE(G_F.TMP_Z (N_TOTALSCALARS) )
3386 || G.F.-TMP.Z = —1.E30.EB

3387
3388 || ALLOCATE(CPBAR-Z(0:5000 ,N.TOTAL.SCALARS) )
3389 || CALL ChkMemErr( ‘READ”, "CPBAR.Z" ,JZERO)
3390 || CPBARZ = 0..EB

3391
3392 || ALLOCATE(CP-AVG.Z(0:5000 ,N.-TOTAL.SCALARS) )
3393 !CALL ChkMemErr('READ’,'CP.AVG.Z" ,IZERO)
3394 ICP.AVGZ = 0._EB

3395
3396 || ALLOCATE(H_SENS_Z(0:5000 ,N.TOTAL SCALARS) )
3397 || CALL ChkMemErr( 'READ’, "H_SENS_Z" ,IZERO)
3398 || HSENS.Z = 0._EB

3399
3400 || ALLOCATE(KRSQMW_Z(0:5000 ,N.TOTAL.SCALARS) )
3401 || CALL ChkMemErr( ‘READ’, "KRSOMW_Z" ,IZERO)
3402 || KRSQMW.Z = 0._EB

3403
3404 || ALLOCATE(MURSQMW.Z(0:5000 ,N.TOTAL.SCALARS) )
3405 || CALL ChkMemErr( ‘READ”, "MURSOMW.Z" ,IZERO)
3406 || MURSOMW.Z = 0._EB

3407
3408 || ALLOCATE(CP-Z(0:5000 ,N.TOTAL.SCALARS) )
3409 || CALL ChkMemErr( 'READ”,"CP_2" IZERO)
3410 || CP-Z = 0..EB

3411
3412 || ALLOCATE(D_Z(0:5000 ,N.TOTAL.SCALARS) )
3413 || CALL ChkMemErr( 'READ”,'D_Z" ,IZERO)
3414 || DZ = 0._EB

3415
3416 || ALLOCATE(G.F_Z(0:5000 ,N.TOTAL.SCALARS) )
3417 || CALL ChkMemErr( ‘READ”,"G_F_Z' ,IZERO)
3418 || G.F.Z = 0._EB

3419
3420 || ! Adjust reference enthalpy to 0 K if a RAMPCP is given

3421 || DO N=1,N_SPECIES

3422 || SS => SPECIES(N)

3423 || IF (SS%RAMP_CPINDEX > 0) THEN

3424 || IF (SS%H.F > —1.E20-EB) THEN

3425 || CP2 = EVALUATERAMP(1. .EB,1._EB,SS7%RAMP.CPINDEX) *1000._EB

3426 || H2 = 0..EB

3427 || DO ] =1,INT(HFREFERENCE TEMPERATURE) +1

3428 || H1 = H2

3429 || CP1 Cpr2

3430 || CP2 = EVALUATERAMP(REAL(] ,EB) ,1._EB, SS%RAMP_CP_INDEX) %1000._EB
3431 || H2 = H2 + 0.5_EB*(CP1+CP2)

3432 || ENDDO

3433 || SSYREFERENCE ENTHALPY = SS%H_F/SS%MWx1000._EB — &

3434 || (H1 + (H2-H1) %(H.F_REFERENCE.TEMPERATURE-INT (H_F_REFERENCE.TEMPERATURE) ) )
3435 || ELSE

3436 || IF (SS%REFERENCE.TEMPERATURE<=TWO_EPSILON_EB) CYCLE

3437 || CP2 = EVALUATERAMP(1._EB,1._EB, SS%RAMP_CP_INDEX) %1000._EB

3438 || H2 = 0._EB

3439 || DO J=1,INT(SS%REFERENCE TEMPERATURE) +1

3440 || H1 = H2

3441 || CP1 = CP2

3442 || CP2 = EVALUATERAMP(REAL(] ,EB) ,1._EB,SS7%RAMP_CPINDEX) x1000._EB

3443 || H2 = H2 + 0.5_EBx*(CP1+CP2)

3444 || ENDDO

3445 || SSYREFERENCE ENTHALPY = SSY%REFERENCEENTHALPY — &

3446 || (H1 + (H2-H1) % (SS%REFERENCE.TEMPERATURE-INT ( SS%REFERENCE.TEMPERATURE) ) )
3447 || IF (SS%H_F <= —1.E20) THEN

3448 || CP2 = EVALUATERAMP(1._EB,1._EB, SS%RAMP_CP_INDEX) %1000._EB

3449 || H2 = SSYREFERENCE ENTHALPY

3450 || DO J=1,INT(HFREFERENCE. TEMPERATURE) +1

3451 || H1 = H2

3452 || CP1 = CP2

3453 || CP2 = EVALUATERAMP(REAL(] ,EB) ,1._EB, SSYRAMP_CP_INDEX) %1000._EB

3454 || H2 = H2 + 0.5_EB*(CP1+CP2)
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3455 || ENDDO
3456 || SS%H-F = (H1 + (H2-H1) *(HF_REFERENCE. TEMPERATURE-INT (H_F_REFERENCE_TEMPERATURE) ) ) x*SS%WM:0.001 _EB
3457 || ENDIF

3458 || ENDIF
3459 || ENDIF
3460 || END DO
3461

3462 || DO N=1,N_TRACKED .SPECIES

3463 || SM => SPECIES_MIXTURE (N)

3464 || IF (S\BRAMP_CPINDEX > 0) THEN

3465 || TF (SVPGH.F > —1.E20_EB) THEN

3466 || CP2 = EVALUATERAMP(1._EB,1._EB,SVBRAMP_CPINDEX) %1000. _EB

3467 || H2 = 0._EB

3468 || DO J=1,INT(H.F_REFERENCE TEMPERATURE) +1

3469 || H1 = H2

3470 || CP1 = CP2

3471 || CP2 = EVALUATERAMP(REAL(] ,EB) ,1._EB,SVPRAMP.CP_INDEX) 1000._EB
3472 || H2 = H2 + 0.5_EB«(CP1+CP2)

3473 || ENDDO

3474 || SVWREFERENCEENTHALPY = SMUHF — &

3475 || (H1 + (H2-H1) (H.F_REFERENCE_.TEMPERATURE-INT (H_F_REFERENCE.TEMPERATURE) ) )
3476 || ELSE

3477 || IF (SVEAREFERENCE.TEMPERATURE<=TWO_EPSILON_EB) CYCLE

3478 || CP2 = EVALUATERAMP (1. EB,1._EB,SVERAMP_CPINDEX) %1000. _EB

3479 ||H2 = 0._EB

3480 || DO ] =1,INT(SMPREFERENCE.TEMPERATURE) +1

3481 || H1 = H2

3482 || CP1 = CP2

3483 || CP2 = EVALUATERAMP(REAL(] ,EB) ,1._EB,SVPRAMP_CPINDEX) 1000._EB

3484 || H2 = H2 + 0.5_EB«(CP1+CP2)

3485 || ENDDO
3486 || SVPAREFERENCE_ENTHALPY = SVPREFERENCEENTHALPY — &

3487 || (H1 + (H2-H1) *(SVPREFERENCE.TEMPERATURE-INT (SVP4REFERENCE. TEMPERATURE) ) )
3488 || IF (SVRWH.F <= —1.E20) THEN

3489 || CP2 = EVALUATERAMP(1._EB,1._EB,SVERAMP_CP.INDEX) *1000. _EB

3490 || H2 = SVEAREFERENCE_ENTHALPY

3491 || DO J=1,INT(H.F_REFERENCE_TEMPERATURE) +1

3492 || H1 = H2

3493 || CP1 = CP2

3494 || CP2 = EVALUATERAMP(REAL(] ,EB) ,1._EB,SM/RAMP_CPINDEX) *1000._EB

3495 || H2 = H2 + 0.5_EB*(CP1+CP2)

3496 || ENDDO

3497 || SMVH-F = H1 + (H2-H1) * (H-F REFERENCE_.TEMPERATURE-INT (H-F_REFERENCE.TEMPERATURE) )
3498 || ENDIF

3499 || ENDIF

3500 || ENDIF

3501 IF (SMeH.F <= —1.E20_.EB) THEN

3502 || SMXH-F = 0._EB

3503 || DO J=1,N_SPECIES

3504 || SMVH.F = SMH_F + SMWOLUMEFRACTION(]) * SPECIES(J)%H.F ! Calculate HF of mixtures

3505 || ENDDO

3506 || SMVH-F = SMYH_F/SMAVW=x1000. -EB

3507 || ENDIF

3508 || END DO

3509

3510 || ! Loop through temperatures from 1 K to 5000 K to get temperature—specific gas properties. Data from JANAF 4
3511

3512 || TABLELLOOP: DO ]J=1,5000

3513

3514 || ! For each primitive species , get its property values at temperature |
3515

3516 || DO N=1,N_SPECIES

3517 || SS => SPECIES(N)

3518 || CALL CALC.GAS_PROPS(]J ,N,D.TMP(N) ,MUIMP(N) ,K.TMP(N) ,CP_TMP(N) ,H.TMP(N) , SS%ISFUEL , G_E_TMP (N)) )
3519 || IF (SS%RAMP.CPINDEX>0) THEN

3520 || CP.TMP(N) = EVALUATERRAMP(REAL(] ,EB) ,0._EB, SS%RAMP_CP_INDEX) 1000. _EB

3521 || HIMP(N) = SS%REFERENCEENTHALPY

3522 || ENDIF

3523 || IF (SS%RAMP.DINDEX>0) D.IMP(N) = EVALUATERAMP(REAL(],EB) ,1._EB,SS%RAMP.D_INDEX)

3524 || IF (SS%RAMP_G_FINDEX>0) G_F.TMP(N) = EVALUATERRAMP(REAL(] ,EB) ,1._EB, SS%RAMP.G_F_INDEX)

3525 || IF (SS%RAMPKINDEX>0) ~KTMP(N) = EVALUATERAMP(REAL(],EB) ,1._EB,SS%RAMP_KINDEX) /SQRT(SS’MMW)
3526 || IF (SS%URAMPMUINDEX>0) MUTMP(N) = EVALUATERAMP(REAL(],EB) ,1._EB ,SS%RAMPMUINDEX) /SQRT(SSVI)
3527 || ENDDO

3528

3529 || DO N=1,N.TRACKED_SPECIES

3530 || SM => SPECIES.MIXTURE (N)

3531 || CALL CALC_MIX_PROPS(J ,D.TMP_Z(N) ,MU.TMP_Z(N) ,K.TMP_Z(N) ,CP_.TMP_Z (N) ,H.TMP_Z (N) ,SVP4EPSK ,SV4SIG ,SMPeD_USER, &
3532 || SVPAMUUSER, SMPaK _USER , SNPAVIW, SMP.SPECIFIC_HEAT , SVPAREFERENCE_ENTHALPY , SVPAREFERENCE_TEMPERATURE, SVPPR_USER )
3533 || IF (SVERAMP.CP_INDEX>0) THEN

3534 || CP.TMP_Z(N) = EVALUATE.RAMP(REAL(] ,EB) ,0._EB ,SV/RAMP.CP_INDEX) x1000. _EB

3535 || H.TMP_Z(N) = SVPAREFERENCE_ENTHALPY
3536 || ENDIF

3537 || IF (SVERAMP.DINDEX>0) D.TMP_Z(N)
3538 || IF (SVBRAMP_G_FINDEX>0) G_F.TMP_Z(N)
3539 || IF (SVERAMP_KINDEX>0) ~ K.TMP_Z(N)
3540 || IF (SVERAMP.MUINDEX>0) MU.TMP_Z(N)
3541 || ENDDO

3542

EVALUATERAMP(REAL(] ,EB) ,1._EB ,SVERAMP D_INDEX)
EVALUATERAMP(REAL(] ,EB) ,1._EB,SVERAMP_G_F_INDEX)
EVALUATERAMP(REAL(] ,EB) ,1._EB ,SVERAMP_K_INDEX) +RSQ MW Z(N)
EVALUATE.RAMP(REAL(] ,EB) ,1._EB ,SVIRAMP MU.INDEX) +RSQ MW Z(N)
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3543
3544
3545
3546

3547
3548
3549
3550
3551
3552
3553
3554
3555
3556
3557
3558
3559
3560
3561
3562
3563
3564
3565
3566
3567
3568
3569
3570
3571
3572
3573
3574
3575
3576
3577
3578
3579
3580
3581
3582
3583
3584
3585
3586
3587
3588
3589
3590
3591
3592
3593
3594
3595
3596
3597
3598
3599
3600
3601
3602
3603
3604
3605
3606
3607
3608
3609
3610
3611
3612
3613
3614
3615
3616
3617
3618
3619
3620
3621
3622
3623
3624
3625
3626
3627
3628
3629

! For each tracked species , store the mass—weighted property values

DO N=1,N.TRACKED_SPECIES

IF (SPECIES_MIXTURE (N)%REFERENCE_ENTHALPY < —1.E20_EB) SPECIES_MIXTURE (N)%REFERENCE_ENTHALPY = SUM(Z2Y (: ,N)
HIMP(:) )

IF (D.TMPZ(N) > 0..EB) THEN

D_Z(] ,N) = D.TMP_Z(N)

ELSE

D_Z(] ,N) = SPECIES.MIXTURE (N)’AsSUM(Z2Y (: ,N)+D.TMP (:) /SPECIES (: ) %)

ENDIF

IF (CP.TMP_Z(N) > 0._EB) THEN

CPZ(J ,N) = CP_TMP_Z(N)

IF (J==1) CP_Z(0,N) = CP_Z(1,N)

H.SENS_Z(J ,N) = H.SENS_Z(] —1N) + 0.5_EB*(CP_Z(J ,N)+CP_Z(] —1N))

IF (J>1) THEN

CPBARZ(J ,N) = (CPBARZ(J—1N)*REAL(] —1,EB)+0.5_EB«(CP_Z(] ,N)+CP_Z(] —1N)))/REAL(] ,EB)

ELSE

CPBARZ(0,N) = H.TMP_Z(N)

CPBARZ(J ,N) = CPBARZ(0,N) + CP_Z(J ,N)

ENDIF

ELSE

CP_Z(J ,N) = SUM(Z2Y(: ,N) % CPTMP(:))

IF (J==1) CP_Z(0,N) = CP.Z(1,N)

H.SENS_Z(J ,N) = H.SENS.Z(J] —1N) + 0.5_EB*(CP_Z(]J ,N)+CP_Z(] —1N))

IF (J>1) THEN

CPBARZ(J ,N) = (CPBARZ(J—1N)+REAL(] —1,EB)+0.5_EB(CP_Z(] ,N)+CP_Z(J —1N)))/REAL(] ,EB)

ELSE

CPBARZ(0,N) = SUM(Z2Y (: ,N) * H.IMP(:))

CPBARZ(J ,N) = CPBARZ(0,N) + CP_Z(] N)

ENDIF

ENDIF

IF (MUTMPZ(N) > 0._EB) THEN

MURSQMW.Z(J ,N) = MU.TMPZ(N)

ELSE

MURSQMW.Z(J ,N) = SUM(Z2Y (: ,N) * MUIMP(:)) / SUM(Z2Y(: ,N) % RSQMW.Y(:)) * RSQMWZ(N)

ENDIF

IF (K.TMP_Z(N) > 0._.EB) THEN

KRSQMW.Z(J ,N) = K.TMP_Z(N)

ELSE

KRSQMW.Z(J ,N) = SUM(Z2Y(: ,N) * KIMP(:)) / SUM(Z2Y(: ,N) * RSQMW.Y (:)) * RSQMWZ(N)

ENDIF

IF (G.F.-TMP.Z(N) > 0..EB) THEN

G.F.Z(J ,N) = GF.TMP_Z(N)

ELSE

G_F.Z(J ,N) = SUM(Z2Y (: ,N) * GF.TMP(:))

ENDIF

ENDDO

ENDDO TABLE_LOOP

! Adjust HSENS.Z to 0 at the H.F.REFERENCE.TEMPERATURE
IF (CONSTANT.SPECIFIC_HEAT_RATIO) THEN

REF.TEMP = 0._EB

ELSE

REF.TEMP = H_F_REFERENCE.TEMPERATURE

ENDIF

] = INT(REF.TEMP)

H_REF_SENSIBLE (:) = H.SENS_Z(] ,:) +(REF.TEMP-REAL(]J ,EB) ) * (H.SENS_Z (J +1,:)—~H.SENS_Z(] ,:) )
H.SENS_Z (0 ,:) = —H_REF_SENSIBLE (:)

DO | = 1, 5000

H.SENS.Z(J ,:) = H.SENS.Z(] ,:)—H_REF_SENSIBLE (:)
| CPAVG.Z(],:) = H.SENS_Z(],:) /REAL(] ,EB)
ENDDO

DO N=1,N.TRACKED_SPECIES

SVE>SPECIES MIXTURE (N)

IF (SVIH.F <=—1.E20.EB) THEN

H1=CPBAR_Z (INT (H_F_REFERENCE.TEMPERATURE) ,N) +REAL (INT (H_F_REFERENCE.TEMPERATURE) ,EB)
H2=CPBAR_Z (INT (H_F_REFERENCE.TEMPERATURE) +1 ,N) *REAL (INT (H_F_REFERENCE.TEMPERATURE) +1,EB)
SVBLH_F = H1+(H2-H1) + (H_F_REFERENCE.TEMPERATURE-REAL (INT (H_F_REFERENCE_TEMPERATURE) ,EB) )
ENDIF

END DO

DEALLOCATE(RSQMW.Y)

DEALLOCATE(D.TMP)
DEALLOCATE(MU.TMP)
DEALLOCATE(CP.TMP)
DEALLOCATE(H.TMP)
DEALLOCATE(K_TMP)
DEALLOCATE(G_F_TMP)

DEALLOCATE(D.TMP_Z)
DEALLOCATE(MU.TMP._Z)
DEALLOCATE(CP.TMP.Z)
DEALLOCATE(H.TMP_Z)
DEALLOCATE(K_TMP_Z)

END SUBROUTINE PROC_SMIX
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3630
3631
3632
3633
3634
3635
3636

3637
3638
3639
3640
3641
3642
3643
3644
3645
3646

3647
3648

3649
3650
3651
3652
3653
3654
3655
3656

3657
3658
3659
3660
3661
3662
3663
3664
3665
3666
3667
3668
3669
3670

3671
3672
3673
3674
3675
3676

3677
3678
3679
3680
3681
3682
3683
3684
3685
3686
3687
3688
3689
3690
3691
3692
3693
3694
3695
3696
3697
3698
3699
3700
3701
3702
3703
3704
3705
3706
3707
3708
3709
3710
3711

SUBROUTINE READ_REAC

USE PROPERTY.DATA, ONLY : ELEMENT,GET FORMULA WEIGHT, MAKE_PERIODIC_TABLE , SIMPLE_SPECIES MW , GAS_PROPS, LOOKUP.CHLR

USE MATH.FUNCTIONS, ONLY : GET_RAMP_INDEX, GET_TABLE_INDEX

CHARACTER(LABELLENGTH) :: FUEL,RADCALID='null’,SPECID_.NU(MAX.SPECIES) ,SPEC_ID_N_S (MAX_SPECIES) ,RAMPFS,
TABLEFS, &

RAMP_CHLR

CHARACTER(LABEL LENGTH) :: FORMULA

CHARACTER(255) :: EQUATION

CHARACTER(100) :: FWDID

INTEGER :: NR,NS,NS2,NFR

REAL(EB) :: SOOT.YIELD,CO.YIELD,EPUMO2, A, &

CRITICAL FLAME.TEMPERATURE, HEAT.OF.COMBUSTION,, E,C,H,N,0, &

AUTO IGNITION.TEMPERATURE, SOOT-H_FRACTION, N_T,K,NU(MAX_SPECIES ) ,N_S (MAX_SPECIES) ,&

FLAME_SPEED, FLAME_SPEED_EXPONENT, FLAME.SPEED.TEMPERATURE, &

TURBULENT_FLAME_SPEED_ALPHA , TURBULENT_FLAME.SPEED_EXPONENT, RADIATIVE FRACTION ! RADIATIVE_FRACTION.1 |Sesa—added
RADIATIVE_FRACTION_1

REAL(EB) :: E.TMP=0._EB,S.TMP=0._EB,ATOM.COUNTS(118) MWFUEL=0._EB,H_F=0._EB,PR.TMP

LOGICAL :: L.TMP,CHECK ATOM BALANCE, FAST.CHEMISTRY , REVERSE, THIRD_BODY , SERIES_REACTION I Sesa—added
SERIES_REACTION as in 6.2.0

NAMELIST /REAC/ A, AUTO.IGNITION.TEMPERATURE, C,CHECK ATOM BALANCE, CO_YIELD, CRITICAL FLAME_TEMPERATURE, &

E,EPUMO2, K, EQUATION, FIXED_MIX_TIME , FLAME SPEED , FLAME_SPEED_EXPONENT, FLAME_SPEED_ TEMPERATURE , FORMULA, FUEL, &

FUEL_RADCAL.ID, FWDD, FYI ,H, HEAT.OF.COMBUSTION, &

D, IDEAL,N,NU,N_S,N.T,0, ODE.SOLVER, RADIATIVE_FRACTION , RAMP_CHL R, RAMP FS, REAC_ATOM.ERROR, &

REAC.MASS_ERROR, REVERSE, SOOT_H_FRACTION, SOOT_YIELD, &

SPEC_ID_N_S ,SPEC_ID_NU , TABLE_FS , TAU.CHEM, TAU_FLAME, &

THIRD_BODY , TURBULENT_FLAME SPEED_ALPHA , TURBULENT_FLAME _SPEED_EXPONENT, Y_P_MIN_EDC, &

HRRPUA_SHEET, HRRPUV_AVERAGE | RADIATIVE_FRACTION.1 ISesa—added HRRPUASHEET and HRRPUV_AVERAGE
RADIATIVE_FRACTION_1 as in 6.2.0

CALL MAKE_PERIODIC_TABLE

CALL SIMPLE_SPECIES. MW

ATOM.COUNTS = 0._EB

N_REACTIONS = 0

REWIND(LU_INPUT) ; INPUT.FILE_LLINEXNUMBER = 0

COUNTREACLOOP: DO

CALL CHECKREAD( 'REAC” ,LUINPUT, IOS)

IF (I0S==1) EXIT COUNTREACLOOP

CALL SET_REAC._DEFAULTS
READ(LU.INPUT,REAC,END=435 ,ERR=434 ,IOSTAT=10S)
NREACTIONS = N.REACTIONS + 1

IF (A< 0..EB .AND. E < 0._EB .AND. TRIM(SPEC_ID.NU(1))=="null’ .AND. TRIM(EQUATION)=="null ') SIMPLE.CHEMISTRY =
.TRUE.

IF ((A> 0..EB .OR. E> 0..EB) .AND. (SPEC.ID.N.S(1)=='null’ .OR. N.S(1) < —998._.EB)) THEN

WRITE(MESSAGE, " (A, 10 ,A) ") 'ERROR: Problem with REAC ’,N.REACTIONS, . SPEC_ID_.N.S and N.S arrays must be defined’

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

IF (.NOT.SIMPLE.CHEMISTRY .AND. TRIM(SPEC.IDNU(1))=="null’ .AND. TRIM(EQUATION)=="null") THEN
WRITE(MESSAGE, ' (A, 10 ,A) ") "ERROR: Problem with REAC ' ,N.REACTIONS, '. SPEC.ID.NU and NU arrays or EQUATION must be
defined’

CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF
434 IF (I0S>0) THEN

WRITE(MESSAGE, " (A, 10) ") "ERROR: Problem with REAC ' ,N.REACTIONS+1
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

ENDDO COUNT-REAC.LOOP

435 REWIND(LU.INPUT) ; INPUT_FILE-LINE.NUMBER = 0
ALLOCATE(REACTION (N_REACTIONS) ,STAT=IZERO)

! Read and store the reaction parameters

NER = 0 ! Number of fast reactions

REACREADIOOP: DO NR=1,N_REACTIONS

! Read the REAC line

CALL CHECKREAD( 'REAC”,LUINPUT,IOS)

IF (I0S==1) EXIT REACREAD.LOOP

CALL SET-REAC.DEFAULTS

READ(LU_INPUT,REAC)

! Ensure that there is a specified fuel

IF (FUEL=='null” .AND. ID/='null’) FUEL = ID ! Backward compatibility
IF (FUEL=='null’ .AND. ID=='null’") THEN

WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: REAC " ,NR,’ requires a FUEL’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

! Set up the SIMPLE.CHEMISTRY model
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3712
3713 || RN => REACTION(NR)

3714 || IF (SIMPLE.CCHEMISTRY) THEN

3715 || IF (C<=TWO_EPSILON.EB .AND. H<=TWO_EPSILON.EB) THEN

3716 || IF (TRIM(FORMULA)=="null ") THEN

3717 || CALL GAS_PROPS(FUEL,S.TMP, E.TMP, PR .TMP, MW _FUEL, FORMULA, L_.TMP, ATOM.COUNTS, H_F , RADCAL ID)

3718 || ELSE

3719 || CALL GET_FORMULA.WEIGHT (FORMULA, MW_FUEL, ATOM.COUNTS)

3720 || LTMP = .TRUE.

3721 ENDIF

3722 || IF (L.TMP) THEN

3723 SIMPLE_FUEL_DEFINED = .TRUE.

3724 || IF (ATOM.COUNTS(1)+ATOM.COUNTS(6)-+ATOM.COUNTS(7) +ATOM.COUNTS(8) — SUM(ATOM.COUNTS) < 0._.EB) THEN

3725 || WRITE(MESSAGE, ' (A) ) ’ERROR: Fuel FORMULA for SIMPLE.CHEMISTRY can only contain C,H,0, and N’
3726 || CALL SHUIDOWN(MESSAGE) ; RETURN

3727 || ELSE

3728 || C = ATOM.COUNTS(6)

3729 || H = ATOML.COUNTS(1)

3730 || O = ATOM.COUNTS(8)

3731 || N = ATOM.COUNTS(7)

3732 || ENDIF

3733 || IF (C<=TWO.EPSILON_EB .AND. H<=TWO_EPSILON_EB) THEN
3734 || WRITE(MESSAGE, " (A) ) ’'ERROR: Must specify fuel chemistry using C and/or H when using simple chemistry
3735 || CALL SHUIDOWN(MESSAGE) ; RETURN

3736 || ENDIF
3737 || ENDIF
3738 || ELSE

3739 || SIMPLE_FUEL_DEFINED = .TRUE.
3740 || MWFUEL = ELEMENT (6 )%VIASS+C+ELEMENT (1)%VIASS+H+ELEMENT (8 ) %MASS+O+ELEMENT ( 7 ) %MASS+N

3741 || ENDIF

3742 || ENDIF

3743 || RNVA_IN =A

3744 || RNA PRIME =A

3745 || RNLAUTOIGNITION.TEMPERATURE = AUTOIGNITION.TEMPERATURE + TMPM
3746 || RNWC =C

3747 || RNWCHECK ATOM BALANCE = CHECK ATOMBALANCE

3748 || RNCO.YIELD = CO.YIELD

3749 || RN/CRIT_FLAME.TMP = CRITICAL.FLAME.TEMPERATURE + TMPM
3750 || RNVGE = Ex1000._EB

3751 || RN\NVGE-IN =E

3752 || RN/K =K

3753 || RNVEQUATION = EQUATION

3754 || RNVEPUMO2 = EPUMO2%1000._EB

3755 || RNVFAST CHEMISTRY = FAST.CHEMISTRY

3756 || RNVFLAME_SPEED = FLAME_SPEED

3757 || RNVFLAME SPEED_EXPONENT = FLAME SPEED_EXPONENT

3758 || RNVEFLAME SPEED_TEMPERATURE FLAME SPEED_TEMPERATURE + TMPM
3759 || IF (RNYFLAME_SPEED TEMPERATURE <=0._EB) RNJFLAME SPEED TEMPERATURE = TMPA

3760 || RN/FUEL FUEL

3761 || RNVFWD_ID FWDID

3762 || RNVGFYI FYI

3763 || RNvH H

3764 || RN\VAHEAT_ OF . COMBUSTION HEAT.OF . COMBUSTION * 1000. _.EB
3765 || RN%ID 1D

3766 || RN/MW FUEL MW_FUEL

3767 || RN/AMW.SOOT ELEMENT(6)%MASS * (1..EB-SOOT-HFRACTION) + ELEMENT(1)%MASS+SOOT_H-FRACTION
N

3768 || RN/AN

3769 || RN\NVN_T N.T

3770 || RNZO @]

3771 || RNVRAMP_CHI.R RAMP_.CHIR

3772 || RNVRAMP_FS RAMP_FS

3773 || RN%T'ABLE_FS TABLE-FS

3774 || R\NVREVERSE REVERSE

3775 || RN“SOOT_H_FRACTION SOOT_H_FRACTION

3776 || RN“WSOOT-YIELD SOOT.YIELD

3777 || RNWIHIRD-BODY THIRD_BODY

3778 || RN%IURBULENT_FLAME SPEED_ALPHA = TURBULENT_FLAME_SPEED_ALPHA

3779 || RN%IURBULENT_FLAME SPEED_EXPONENT = TURBULENT_FLAME_SPEED_EXPONENT

3780 || RN%SERIES.REACTION = SERIES_REACTION !Sesa—added as in 6.2.0
3781

3782 IF (RNVRAMPFS/="null " .AND. RNV ITABLE_FS/="null ") THEN

3783 || WRITE(MESSAGE, " (A) ") 'ERROR: Can only specify one of RAMPFS or TABLE_FS’
3784 || CALL SHUIDOWN(MESSAGE) ; RETURN

3785 || ENDIF

3786 || IF (RN\NVWRAMPFS/="null ") CALL GET_RAMPINDEX(RN/RAMP_FS, "FOUIVALENCE RATIO " ,RNRAMP_FS_INDEX)
3787 || IF (RNVWRAMP_-CHIR/="null ") CALL GET_RAMP_INDEX(RN?RAMP_CHIR, "TIME " ,RNZRAMP_CHI.RINDEX)

3788 || IF (RN%TABLE.FS/="null’) CALL GET.TABLE.INDEX(RN%TABLE_FS, FLAME SPEED_TABLE, RNTABLE_FS_INDEX)
3789
3790 || IF (RNYA_PRIME==—1._.EB .AND. RNVE==-1000..EB .AND. .NOT.RNVREVERSE) THEN
3791 || RNVFAST_CHEMISTRY = . TRUE.

3792 || NFR = NFR + 1

3793 || ENDIF

3794

3795 || ! Check appropriate extinction model

3796

3797 || IF (NFR > 1 .AND. (EXTINCTMOD == 2 .OR. EXTINCTMOD == 6) .AND. SUPPRESSION) THEN

3798 || WRITE(MESSAGE, ' (A) ) ’'ERROR: The default EXTINCTION MODEL is designed for 1 reaction. See Tech Guide’

3799 || CALL SHUIDOWN(MESSAGE) ; RETURN
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3800
3801
3802
3803
3804
3805
3806
3807
3808
3809
3810
3811
3812
3813
3814
3815
3816
3817
3818
3819
3820
3821
3822
3823
3824
3825
3826
3827
3828
3829
3830
3831
3832
3833
3834
3835
3836
3837
3838
3839
3840
3841
3842
3843
3844
3845
3846
3847
3848
3849
3850
3851
3852
3853
3854
3855
3856
3857
3858
3859
3860
3861
3862
3863
3864
3865
3866
3867
3868
3869
3870
3871
3872
3873
3874
3875
3876
3877
3878
3879
3880
3881
3882
3883
3884
3885
3886
3887

ENDIF

! Determine the number of stoichiometric coefficients for this reaction

IF (.NOT.SIMPLE.CHEMISTRY) THEN

NS2 = 0
DO NS=1,MAX_SPECIES

IF (TRIM(SPEC.ID-NU(NS))/="null ') THEN

NS2=NS2+1

ELSE

EXIT

ENDIF

ENDDO
RNVGN_SMIX = NS2
NS2 =0

IF (TRIM (RNVEQUATION) /="null ") RNN_SMIX = MAX_SPECIES

DO NS=1,MAX_SPECIES

! Store the "read in” wvalues of N.S, NU, and SPECID.NU for use in PROCREAC.

IF (TRIM(SPEC_ID_N_S(NS))/="null ") THEN
NS2=NS2+1

ELSE

EXIT

ENDIF

ENDDO

RNVN_SPEC = NS2

ELSE

RNVN.SMIX = 3

RNVN_SPEC = 0

ENDIF

IF (R\WN.SPEC > 0) THEN
ALLOCATE(RN/N_S_READ (RNVaN_SPEC) )
RNVAN.S_READ (1:RNVAN_SPEC) = N._S(1:RN/N_SPEC)
ALLOCATE(RN/SPEC_ID_N_S_READ (RNVaN_SPEC) )
RNVSPEC.ID.N.S_READ = "null’
RNVSPEC_ID_N_S_READ (1:RNVaN_SPEC)=SPEC_ID_N_S (1:RNV/aN_SPEC)
ENDIF

ALLOCATE (RN/NUREAD (RNVN_SMIX) )
RNVANUREAD (1:RN/aN_SMIX) = NU(1:RN/N_SMIX)
ALLOCATE(RN/SPEC ID-NU_READ (RNZaN_SMIX) )
RNVSPECIDNUREAD = "null”’
RNVSPECID-NU_READ (1:RN/aN_SMIX)=SPEC_ID.NU (1:RN/aN_SMIX)
IF (RADIATIVEFRACTION < 0._EB) THEN

IF (DNS) RNVCHIR = 0._EB

IF (LES) CALL LOOKUP_CHIR(FUEL,RNACHIR)
ELSE

RN/CHIR = RADIATIVE_FRACTION

ENDIF

!'Sesa—added for RADIATIVE_FRACTION_1

! IF (LES) RADIATIVE_.FRACTION.1 = 0.35_EB
! IF (DNS) RADIATIVE_FRACTION-1 = 0.00_-EB
!'Sesa—adding end

ENDDO REACREAD_LOOP

REWIND(LUINPUT) ; INPUT-FILE.LINE.NUMBER = 0

CONTAINS

SUBROUTINE SET_REAC_DEFAULTS

AUTOIGNITION_TEMPERATURE
A

C

CHECK ATOM BALANCE
CO.YIELD
CRITICAL_FLAME_TEMPERATURE
E

EPUMO2

K

EQUATION

FAST CHEMISTRY
FLAME_SPEED

FLAME SPEED_EXPONENT
FLAME SPEED.TEMPERATURE
FORMULA

FUEL

FWDID

FYI

H

HEAT_OF.COMBUSTION

1D

N

NU

—IMPM

—1._EB

0..EB

.TRUE.

0..EB

1427._EB ! C (See C. Beyler, Ch 7, Eq 6, SFPE Handbook, 4th Ed.)
—1._.EB ! kJ/kmol
13100._.EB ! kJ/kg
1._EB

null’

.FALSE.

—1._EB

0..EB

—273.15_EB

null”’

null”’

null’

"null”’

0..EB

—2.E20.EB

"null’

0..EB

0._EB
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3888
3889
3890
3891
3892
3893
3894
3895
3896
3897
3898
3899
3900
3901
3902
3903
3904
3905
3906
3907
3908
3909
3910
3911
3912
3913
3914
3915
3916
3917
3918
3919
3920
3921
3922
3923
3924
3925
3926
3927
3928
3929
3930
3931
3932
3933
3934

3935
3936
3937
3938
3939
3940
3941
3942
3943
3944
3945
3946
3947
3948
3949
3950
3951
3952
3953
3954
3955
3956
3957
3958
3959
3960
3961
3962
3963
3964
3965
3966
3967
3968
3969
3970
3971
3972
3973
3974

N.S = —999._EB
N.T = 0..EB

o = 0..EB
ODE_SOLVER = 'null’
RADIATIVE_FRACTION = —1._.EB
RAMP_CHIR = ‘null’
RAMP_FS = ‘null’
REAC_ATOM.ERROR = 1.E-4.EB
REAC_MASS_ERROR = 1.E-4.EB
REVERSE = .FALSE.
SOOT_H_FRACTION = 0.1_EB
SOOT.YIELD = 0.0_EB
SPEC_ID.NU = 'null’
SPEC_ID_N_S = 'null’
TABLE_FS = 'null’
THIRD_BODY = .FALSE.
TURBULENT_FLAME_SPEED_ALPHA = 1._EB
TURBULENT_FLAME SPEED_EXPONENT = 2._EB
SERIES_.REACTION = .FALSE.

END SUBROUTINE SET_REAC_DEFAULTS

END SUBROUTINE READREAC

SUBROUTINE PROC_REAC.1
USE PROPERTY.DATA, ONLY :

! see O. Gulder. 23rd Int. Symp. on Comb.

1990.

!'Sesa—added as in 6.2.0

PARSE_EQUATION, SHUIDOWN.ATOM

REAL(EB) :: MASSPRODUCT,MASSREACTANT, REACTION_BALANCE(118)
INTEGER :: NS,NS2,NR,NSPEC
LOGICAL :: NAMEFOUND, SKIP_ATOM.BALANCE

TYPE (SPECIES.MIXTURE.TYPE), POINTER :: SM

IF (N.REACTIONS <=0) RETURN

! Basic input error checking

IF (SIMPLE.CHEMISTRY .AND. N_REACTIONS > 1) THEN
WRITE(MESSAGE, " (A) ")

CALL SHUTDOWN(MESSAGE)
ENDIF

; RETURN

"ERROR: can not have more than one reaction when using simple chemistry’

! The following information is what the user would have entered into the input file in the more general case

IF (SIMPLE.CHEMISTRY) THEN
RN => REACTION(1)
IF (R\N/ANU.02<=0._EB) THEN

WRITE(MESSAGE, ' (A) ") 'ERROR: Fuel specified for
combustion .’

CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

RNVSPECID_NU_READ(1) = RN/FUEL

RNVSPECIDNUREAD(2) = "AIR’

RNV/SPECIDNUREAD (3) = 'PRODUCTS’

RNVANUREAD(1) = —1..EB

RNVANUREAD(2) =

RNVANUREAD(3) =

SPECIES.MIXTURE (3)%W

RNVAN_SMIX =3

ENDIF

REAC.LOOP: DO NR=1,N_REACTIONS

RN => REACTION (NR)

IF ((R\N%APRIME > 0._EB .OR. RNVE > 0._EB) .AND.
WRITE(MESSAGE, ' (A) ") 'ERROR: cannot use both finite
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

IF (TRIM(RNVEQUATION) /="null ") THEN

IF (ANY(ABS (R\NVANUREAD)>TWO_EPSILON_EB) ) THEN
WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: Problem with REAC
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

CALL PARSE_EQUATION (NR)

RNVIN_SMIX = 0

DO NS=1,N_.TRACKED_SPECIES+1

IF (ABS (RNNU_READ(NS) )>TWO_EPSILON_EB) THEN
RNVAN_SMIX = RNVAN_SMIX+1

ENDIF

ENDDO

ENDIF

IF (TRIM(RNVFUEL)=="null ) THEN
WRITE(MESSAGE, ' (A, 10 ,A) ') 'ERROR: Problem with REAC
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

simple chemistry

has NU.O2 <=0 and it must require air for

—RN/INU.O2/SPECIES MIXTURE (1)%VOLUMEFRACTION (O2_INDEX)
—(RN\NVANUREAD( 1) *SPECIES_.MIXTURE (FUEL_SMIX_INDEX ) A/MARN/ANUREAD ( 2 ) *SPECIES_MIXTURE (1)%MW) / &

(R\NVCSTWO_EPSILON_EB  .OR. RNV&>TWO_EPSILON_EB) ) THEN

rate REAC and simple chemistry’

" ,NR,’. Cannot set NUs if an EQUATION is

specified .’

“NR, . FUEL defined’

must be

! Allocate the arrays that are going to carry the mixture stoichiometry to the rest of the code
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3975
3976
3977
3978
3979
3980
3981
3982
3983
3984
3985
3986
3987
3988
3989
3990
3991
3992
3993
3994
3995
3996
3997
3998
3999
4000
4001
4002
4003
4004
4005
4006
4007
4008
4009
4010
4011
4012
4013
4014
4015

4016
4017
4018
4019
4020
4021
4022
4023
4024
4025
4026
4027
4028
4029
4030
4031
4032
4033
4034
4035
4036
4037
4038
4039
4040
4041
4042
4043
4044
4045
4046
4047
4048

4049
4050
4051
4052
4053
4054
4055
4056
4057
4058
4059
4060

ALLOCATE(RN/SPEC_ID_NU (1:N_.TRACKED_SPECIES) )
ALLOCATE(RNNU( 1:N_.TRACKED_SPECIES) )

ALLOCATE (RNVNUMW_.OMW.F(1:N.TRACKED-SPECIES) )
ALLOCATE(RN%SPEC_ID_-N_S (1:N_SPECIES) )

ALLOCATE(RN%N_S (1: N_SPECIES) )

RNVSPECIDNU = "null”’

RNV%SPEC_ID-N.S = "null”’

RNVANU = 0._EB

RNVN_S = —999._EB

! Transfer SPECIID.NU, SPECID_.N, NU, and N.S that were indexed by the order they were read in
! to now be indexed by the SMIX or SPEC index

DO NS=1,RNaN_SMIX

IF (TRIM(RN%SPEC_ID_.NU_READ(NS) )=="null ') CYCLE
NAMEFOUND = .FALSE.
DO NS2=1,N_.TRACKED_SPECIES

IF (TRIM(RN/SPEC.ID_.NU_READ(NS) )== (SPECIES_MIXTURE (NS2)%ID) ) THEN
RNVSPECID_NU(NS2) = RNVSPEC_ID_NU_READ (NS)

RNVANU(NS2) = RNVANUREAD(NS)

NAMEFOUND = .TRUE.

EXIT

ENDIF

IF (TRIM(RNVEQUATION) /=" null ') THEN
IF (TRIM(RN%SPEC ID_NU_READ(NS) ) ==TRIM (SPECIES_MIXTURE (NS2)%fORMULA) ) THEN
RNVSPEC_ID_NU(NS2) = SPECIES_MIXTURE (NS2)%ID

RN/INU(NS2) = RNVANUREAD(NS)

NAMEFOUND = .TRUE.

EXIT

ENDIF

ENDIF

ENDDO

IF (.NOT. NAMEFOUND) THEN

WRITE(MESSAGE, “ (A, 10 ,A,A,A) ") "ERROR: Problem with REAC * NR, . Tracked species ', TRIM(RNASPECIDNUREAD(NS)),&
not found.’

CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

ENDDO

! Look for indices of fuels, oxidizers , and products. Normalize the stoichiometric coefficients by that of the

fuel .
DO NS2=1,N_.TRACKED_SPECIES

IF (ABS(RN/ANU(NS2) )<TWO_EPSILON_EB) CYCLE

DO NSPEC=1,N_SPECIES

IF (SPECIES_MIXTURE (NS2)%SPEC_ID (NSPEC)==RNVFUEL .OR. SPECIES_MIXTURE (NS2)%ID==RNV&FUEL) THEN
RNVFUEL_SMIX_INDEX = NS2

RNVANU = —RNPANU/RNPANU(NS2)

EXIT

ENDIF

ENDDO

ENDDO

! Find AIR index

GET-AIRINDEX_.LOOP: DO NS = 1,N.TRACKED-SPECIES

IF (RNYNU(NS) < 0..EB .AND. NS /= RNWFUEL_SMIX_INDEX) THEN
RN%AIR SMIX_INDEX = NS

EXIT GET-AIRINDEX_LOOP

ENDIF

ENDDO GET-AIRINDEX_LOOP

! Adjust mol/cm"3/s based rate to kg/m"3/s rate

RNVRHOEXPONENT = 0._EB

DO NS=1,RNVN _SPEC

IF (TRIM(RN%SPEC_ID_N_S_READ(NS))=="null ") CYCLE

IF (RN%A_PRIME < 0.0_EB) CYCLE

NAMEFOUND = .FALSE.

DO NS2=1,N_SPECIES

IF (TRIM(RNVSPEC_ID_N_S_READ (NS) ) ==TRIM(SPECIES (NS2)%ID) ) THEN
RNVSPEC_TD_N_S(NS2) = RNUSPEC_ID.N_S_READ (NS)

RNVN_S (NS2) = RNVIN_S_READ(NS)

RNVeA PRIME = RNA PRIME % (1000._EB*SPECIES (NS2)%MW) s#%(—RNAN_S(NS2)) ! FDS Tech Guide, Eq. (5.46), product
term

RNVRHOEXPONENT = RNVRHOEXPONENT + RNVGN_S (NS2)

NAMEFOUND = .TRUE.

EXIT

ENDIF

ENDDO

IF (.NOT. NAMEFOUND) THEN

WRITE(MESSAGE, " (A, 10 ,A,A,A) ") &

"ERROR: Problem with REAC " ,NR, . Primitive species ', TRIM(RN%WSPECID.N.S.READ(NS)),  not found.’
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDDO

RNVRHOEXPONENT = RN/JRHOEXPONENT — 1._EB ! subtracting 1 accounts for division by rho in Eq. (5.49)
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4061 || RN\N%A PRIME = RNWA PRIME % 1000._EB*SPECIES_.MIXTURE (RN/FUEL_ SMIX_INDEX)%MW ! conversion terms in Eq. (5.46)
4062

4063 || ! Adjust mol/cm”3/s based rate to kg/m"3/s rate for FAST.CHEMISTRY (this will get removed when we overhaul
combustion)

4064 ! Fictitious Arrhenius rate is dC_F/dt = —1E10xC_FxC_A

4065

4066 || IF (RNVFAST_CHEMISTRY) THEN

4067 || IF (RNAIRSMIX_INDEX > —1) THEN

4068 || RNVRHO_EXPONENT.FAST = 1._EB

4069 || RN%A_PRIME_FAST = 1.E10-EB*(1000._EB+SPECIES_-MIXTURE (RNVAIR_SMIX_INDEX )W) % x(—1._.EB)
4070 || ELSE

4071 || RNVRHO_EXPONENT FAST = 0._EB

4072 || RN%A_PRIME_FAST = 1.E10_EB

4073 || ENDIF

4074 || ENDIF

4075

4076 || ! Compute the primitive species reaction coefficients
4077

4078 || ALLOCATE(RN:NU_SPECIES (N_SPECIES) )
4079 || R\%NU_SPECIES = 0._EB

4080 || DO NS=1,N.TRACKED.SPECIES

4081 || SM => SPECIES-MIXTURE (NS)

4082 || RNPNU(NS) = RNVANU(NS) #SMPADJUST NU
4083 || DO NS2 = 1,N_SPECIES

4084 || RN%NU-SPECIES(NS2) = RN/WNU_SPECIES(NS2) + RN/NU(NS)*SVVVOLUME FRACTION (NS2)
4085 || ENDDO

4086
4087
4088
4089
4090 || ! Check atom balance of the reaction
4091
4092 || IF (.NOT. SIMPLE.CHEMISTRY .AND. RN/CHECK ATOMBALANCE) THEN

4093 || SKIP_ ATOM.BALANCE = .FALSE.

4094 || REACTION.BALANCE = 0._EB

4095 || DO NS=1,N.TRACKED.SPECIES

4096 || IF (ABS(RN/NU(NS) )>TWO.EPSILON.EB .AND. .NOT. SPECIES_MIXTURE (NS)%VALID.ATOMS) SKIP.ATOM_BALANCE = .TRUE.
4097 || REACTION.BALANCE = REACTION.BALANCE + RN/NU(NS) *SPECIES_MIXTURE (NS)%ATOMS

4098 || ENDDO

4099 || IF (ANY(ABS(REACTION-BALANCE)>REAC ATOM_ERROR) .AND. .NOT. SKIP_.ATOM-BALANCE) THEN

4100 || CALL SHUTDOWNATOM(REACTION-BALANCE,NR, REAC.ATOM.ERROR) ; RETURN

NS
NS

VATER VAPOR”) LWATER
"CARBON DIOXIDE") I.CO2

4101 || ENDIF

4102 || ENDIF

4103

4104 || ! Check the mass balance of the reaction
4105

4106 || MASSREACTANT = 0._EB

4107 || MASSPRODUCT = 0._EB

4108
4109 || DO NS=1,N_.TRACKED_SPECIES

4110 || IF (RNVANU(NS) < —TWO_EPSILON_EB) MASSREACTANT = MASSREACTANT + RN/NU(NS) «*SPECIES_MIXTURE (NS)%W
4111 || IF (RNVANU(NS) > TWO_EPSILON_EB) MASSPRODUCT = MASSPRODUCT + RN/INU(NS) «SPECIES_MIXTURE (NS)%W
4112 || ENDDO

4113 || IF (ABS(MASSPRODUCT) < TWO_EPSILON_EB .OR. ABS(MASSREACTANT) < TWO_EPSILON_EB) THEN

4114 || IF (ABS(MASSPRODUCT) <TWO_EPSILON.EB) WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: Problem with REAC * NR, . Products not
specified .’

4115 || IF (ABS(MASSREACTANT)<TWO_EPSILON.EB) WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: Problem with REAC * NR, . Reactants not
specified .’

4116 || CALL SHUIDOWN(MESSAGE) ; RETURN

4117 || ENDIF

4118 || IF (ABS(MASS PRODUCT+MASS REACTANT) /ABS (MASS PRODUCT) > REAC.MASS ERROR) THEN

4119 || WRITE(MESSAGE, ' (A, 10, A, F8.3 A, F8.3) ') 'ERROR: Problem with REAC *,NR,”. Mass of products, ’,MASSPRODUCT, &

4120 ", does not equal mass of reactants,’,—MASSREACTANT

4121 || CALL SHUIDOWN(MESSAGE) ; RETURN

4122 || ENDIF

4123

4124 || | Mass stoichiometric coefficient of oxidizer

4125

4126 || DO NS=1,N.TRACKED_SPECIES
4127 || RRNUMW.OMWE(NS) = RNPNU(NS) #SPECIES_MIXTURE (NS )0/ SPECIES_ MIXTURE (RNVFUEL SMIX_INDEX )9/
4128 || IF (RNANU(NS)< 0._EB .AND. NS /= RNVFUEL_SMIX.INDEX) THEN

4129 || RN%S = —RNVNUMW.OMW.F(NS)

4130 || ENDIF

4131 || ENDDO

4132

4133 || ENDDO REAC.LOOP
4134

4135 || | Select integrator
4136

4137 || IF (TRIM(ODESOLVER)/='null ") THEN
4138 || SELECT CASE (TRIM(ODE.SOLVER))

4139 || CASE ('EXPLICIT EULER’)

4140 || COMBUSTION.ODESOLVER = EXPLICIT_EULER
4141 || CASE ('RK2")

4142 || COMBUSTION.ODE.SOLVER
4143 || CASE ('RK3")

4144 || COMBUSTION.ODE SOLVER = RK3
4145 || CASE ('RK2 RICHARDSON”)

RK2
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4146
4147
4148
4149
4150
4151
4152
4153
4154
4155
4156
4157
4158
4159
4160
4161
4162
4163
4164
4165
4166
4167
4168
4169
4170
4171
4172
4173
4174
4175
4176
4177
4178
4179
4180
4181
4182
4183
4184
4185
4186
4187
4188
4189
4190
4191
4192
4193
4194
4195
4196
4197
4198
4199
4200
4201
4202
4203
4204
4205
4206
4207
4208
4209
4210
4211
4212
4213
4214
4215
4216
4217
4218
4219
4220
4221
4222
4223
4224
4225
4226
4227
4228
4229
4230
4231
4232
4233

COMBUSTION_ODE SOLVER = RK2RICHARDSON

CASE DEFAULT

WRITE(MESSAGE, ' (A) ) 'ERROR: Problem with REAC. Name of ODESOLVER is not recognized.’
CALL SHUTDOWN(MESSAGE) ; RETURN

END SELECT

ELSE

FAST.CHEM.LOOP: DO NR = 1,N_REACTIONS

RN => REACTION (NR)

IF (.NOT. RNVFAST.CHEMISTRY) THEN
COMBUSTION.ODE SOLVER = RK2 RICHARDSON
EXIT FAST.CHEM_LOOP

ELSE

COMBUSTION.ODE SOLVER = EXPLICIT_EULER
ENDIF

ENDDO FAST_CHEM.LOOP

ENDIF

END SUBROUTINE PROC_REAC.1

SUBROUTINE PROC_REAC.2
INTEGER :: NS,NR,HF.COUNT,_HFRT ,NRR ISesa—added NRR as in 6.2.0
REAL(EB) :: H.F.OLD(1:N.TRACKED.SPECIES) ,D_HFRT,D_H

LOGICAL :: REDEFINE_H_F (1:N_TRACKED_SPECIES) , LISTED_FUEL

TYPE (SPECIES_MIXTURE.TYPE) , POINTER :: SM,SMF

TYPE(REACTION.TYPE) , POINTER :: RNN=>NULL()

IF (NREACTIONS <=0) RETURN

REDEFINE_H.F = .FALSE.
LISTED_-FUEL = .FALSE.
HF.OLD = SPECIES_MIXTURE%H_F

REACLOOP: DO NR=1,N_REACTIONS

RN => REACTION(NR)

SMF => SPECIES.MIXTURE (R\NWFUEL_SMIX_INDEX)

IF (SIMPLE.CHEMISTRY) THEN

LISTED_FUEL = .TRUE.

DO NS=1,N_SPECIES

IF (SMPAVOLUMEFRACTION(NS) >0._.EB .AND. .NOT. SPECIES (NS)%EXPLICIT_H.F) LISTED_FUEL=.FALSE.

IF (.NOT. SPECIES(NS)%LISTED .AND. SPECIES(NS)%RADCALID=="null") SPECIES(NS)%RADCALID=FUEL_RADCALID
ENDDO

ENDIF

! Heat of Combustion calculation

HOC.E: IF (RNYAHEAT.OF.COMBUSTION > —1.E21) THEN ! User specified heat of combustion
IF (SIMPLE.CHEMISTRY) THEN

IF (IDEAL) THEN

RNVHEAT.OF COMBUSTION = RNVHEAT.OF COMBUSTION * SMEAMW * 0.001 !]/kg —> ]/mol
RNVHEAT.OF COMBUSTION = RNVHEAT.OF. COMBUSTION + ( &

RN/ANU.CO # (SPECIES (CO2INDEX)%H_F — SPECIES (COINDEX)%H.F) &

+ RNVNUSOOT * SPECIES (CO2INDEX)%H-F % (1._.EB — RNSOOTHFRACTION) &

+ RN/NUSOOT * SPECIES (H20INDEX)%H_F * RN/SOOT H_FRACTION * 0.5_EB)
RN/HEAT OF . COMBUSTION = RN/HEAT.OF . COMBUSTION / SMPAMW * 1000._EB !]/mol—>]/kg
ENDIF

RN/EPUMO2 = RNVHEAT OF . COMBUSTION*SMEAMW / (RN/NU.O2 + SPECIES (O2_INDEX ) /W)
ENDIF

HE.COUNT = 0

DO NS = 1,N.TRACKED_SPECIES

IF (RNYNU(NS) /= 0..EB) THEN

IF (SPECIES-MIXTURE (NS)%H-F <= —1.E21) HE.COUNT = HE.COUNT +1

IF (HF.COUNT > 1) THEN

WRITE(MESSAGE, ' (A,10 ,A) ") 'ERROR: Problem with REAC ' ,NR,’. Missing more than 1 species heat of formation.’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

ENDDO

! Find heat of formation of lumped fuel to satisfy specified heat of combustion

IF (REDEFINE_H_F (RN/eFUEL_SMIX_INDEX) ) THEN

WRITE(MESSAGE, " (A,10 ,A) ") 'WARNING: H_F for FUEL for REACtion ' ,NR,’ was redefined multiple times.’
IF ( ==0) WRITE(LU_ERR, ' (A) ") TRIM(MESSAGE)

ENDIF

REDEFINE_H_F (R\NFUEL_.SMIX_.INDEX) = .TRUE.

SMFZH_F = RN/HEAT OF.COMBUSTION * ABS(RN/NU(RNFUEL_SMIX_INDEX) ) * SMEPAW * 0.001_EB

DO NS = 1,N.TRACKED_SPECIES

IF (NS == RNWFUEL-SMIX.INDEX) CYCLE

SME>SPECIES_MIXTURE (NS)

SMF%H-F = SMF4H.F + RNANU(NS) * SMVH-F + SMAMW + 0.001-EB

ENDDO

IF (SMP/SINGLE_SPEC_INDEX>0) SPECIES (SMF/SINGLE_SPEC_INDEX)%H_F = —SMF/eH_F/ RN/NU(RNeFUEL_SMIX_INDEX)
SMF/H_F = —SMFeH_F/ (RN/ANU(RNGFUEL_ SMIX_INDEX) * SMEPAW * 0.001_EB)

ELSE HOC.IF ! Heat of combustion not specified

IF (SIMPLE.CHEMISTRY) THEN ! Calculate heat of combustion based oxygen consumption

IF (R\NvEPUMO2 > 0..EB .AND. .NOT. LISTED.FUEL ) THEN

RNVHEAT OF . COMBUSTION = —RNVEPUMO2 * RNVNU_SPECIES (O2INDEX) % SPECIES (O2INDEX)%WW / SMFAW
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4234 || REDEFINE_H_F (R\N%FUEL_SMIX_INDEX) = .TRUE.

4235 || SMF/eH_F = RNVHEAT.OF . COMBUSTION * ABS (RNVANU(RN/FUEL_SMIX_INDEX) ) * SMFAMW x 0.001_EB
4236 || DO NS = 1,N.TRACKED_SPECIES

4237 || IF (NS == RNWFUEL_SMIX.INDEX) CYCLE

4238 || SM=>SPECIES-MIXTURE (NS)

4239 || SMFH_F = SMFH_F + RNJNU(NS) * SMUH_F + SMAW x 0.001_EB

4240 || ENDDO

4241 || IF (SMF/SINGLE_SPEC.INDEX>0) SPECIES (SMFXSINGLE_SPEC_INDEX)%H.-F = —SMF/H_F/ RN/NU(RN4FUEL-SMIX_INDEX)
4242 || SMFeH F = —SMF/eH F/ (RN/NU(RNFUEL_SMIX_.INDEX) * SMEAW * 0.001-EB)

4243 || ELSE

4244 || RNVHEAT.OF COMBUSTION = 0._EB

4245 || DO NS = 1,N_.TRACKED_SPECIES

4246 || SM=>SPECIES_MIXTURE (NS)

4247 || RNVHEAT.OF COMBUSTION = RNVAHEAT_ OF COMBUSTION — RNYANU(NS) * SMVeH_F + SMPAVIW

4248 || ENDDO

4249 || RNVHEAT.OF . COMBUSTION = RN/HEAT.OF.COMBUSTION / SMEAW

4250 || RNVEPUMO2 = RN/AHEAT.OF . COMBUSTION * SMEAW / (RN/ANU.O2 + SPECIES (O2.INDEX)%/MW)

4251 || ENDIF

4252 || ELSE

4253 || RNVHEAT.OF . COMBUSTION = 0._.EB

4254 || DO NS = 1,N.TRACKED_SPECIES

4255 || SM=>SPECIES-MIXTURE (NS)

4256 || RNVHEAT.OF . COMBUSTION = RNVAHEAT.-OF COMBUSTION — RNVANU(NS) * SMVH.F + SMAVW

4257 || ENDDO

4258 || RNVHEAT.OF . COMBUSTION = RNVAHEAT-OF.COMBUSTION / SPECIES-MIXTURE (RNFUEL-SMIX_INDEX)%/MW
4259 || ENDIF

4260 || ENDIF HOC.IF

4261

4262 || IF (NR==1) REACTIONVHOC.COMPLETE = RNVHEAT.OF.COMBUSTION
4263

4264 || ENDDO REACLOOP

4265

4266 || ! Sesa—Added this as in 6.2.0

4267 || ! Determine number of fast/potentially fast series reactions

4268 || N_.SERIES_.REACTIONS = 0

4269 || SERIES.REACTION_LOOP: DO NR = 1,N_REACTIONS
4270 || RN => REACTION(NR)

4271 || RN4SERIES.REACTION = .FALSE.

4272 || | Special treatment of series reactions is only needed for fast chemistry

4273 || FAST.CHEM.IF: IF (RNV&FAST.CHEMISTRY) THEN

4274

4275 || | Determine whether a product of reaction RN is fuel of a different reaction RNN

4276 || SERIES_SPECIES_LOOP: DO NS = 1,N.TRACKED_SPECIES
4277 || PRODUCTS.IF: IF (RN/NU(NS) > 0..EB) THEN

4278
4279 || RNNLLOOP: DO NRR = 1,N_REACTIONS

4280 || RNN => REACTION (NRR)

4281 || IF (RNNVFAST.CHEMISTRY) THEN

4282 || IF (NRR == NR) CYCLE RNN.LOOP

4283 || IF (NS == RNNVFUEL_SMIX_INDEX) THEN

4284 || N_SERIES_REACTIONS = N_SERIES_REACTIONS + 1
4285 || RN%SERIES_REACTION = .TRUE.

4286 || ENDIF

4287 || ENDIF

4288 || ENDDO RNN_LOOP
4289

4290 || ENDIF PRODUCTS.IF

4291 || ENDDO SERIES_SPECIES.-LOOP
4292
4293 || ENDIF FAST_CHEM.IF

4294 || ENDDO SERIES_REACTION.LOOP
4295 || ! Sesa—end added as in 6.2.0
4296
4297 || | Correct CP.BAR array if H.F is redefined.

4298 || IF (ANY(REDEFINE.H.F)) THEN

4299 || DO NS=1,N_.TRACKED_SPECIES

4300 || IF (.NOT.REDEFINE.H.F(NS)) CYCLE

4301 || CPBARZ(0,NS) = CPBARZ(0,NS) + SPECIES_MIXTURE(NS)%H_F — H_F_OLD(NS)
4302 || DO J=1,5000

4303 || CPBARZ(J ,NS) = CPBARZ(],NS) + (SPECIES.MIXTURE (NS)%H_F — H.F.OLD(NS) ) /REAL(] ,EB)

4304 || ENDDO

4305 || ENDDO

4306 || ELSE

4307 || IF (SIMPLE.CHEMISTRY .AND. CONSTANT-SPECIFIC_HEAT-RATIO) THEN

4308 || HFF.OLD = 0..EB

4309 || I.LHFRT = INT(H-FREFERENCE.TEMPERATURE)

4310 || D-HFRT = H.F_REFERENCE.TEMPERATURE — REAL(I-HFRT,EB)

4311 || RN => REACTION(1)

4312 || DO NS=1,N.TRACKED.SPECIES

4313 || H.F.OLD(NS) = RNYANU(NS) «SPECIES_MIXTURE (NS)%/MWs (CPBAR_Z (1_.HFRT ,NS) +D_HFRT * (CPBAR_Z (I.HFRT +1,NS)—CPBAR_Z (I.HFRT ,NS

)))
4314 || ENDDO
4315 || HFF.OLD = H_F.OLD*H_F_REFERENCE_.TEMPERATURE
4316 || DH = -SUM(H_F.OLD) /SPECIES_MIXTURE (R\NFUEL_SMIX_INDEX ) %VIW-RN/HEAT OF.COMBUSTION
4317 || CPBARZ(0 ,RN%FUEL_SMIX_INDEX) = CPBAR_Z(0 ,RN/FUEL SMIX_INDEX) — DH
4318 || DO J=1,5000
4319 || CPBARZ(]J ,RNZFUEL_SMIX_INDEX) = CPBARZ(] ,RN/FUEL_SMIX_INDEX) —D_H/REAL(]J ,EB)
4320 || ENDDO
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4321
4322
4323
4324
4325
4326
4327
4328
4329
4330
4331
4332
4333
4334
4335
4336
4337
4338
4339
4340
4341

4342
4343
4344
4345
4346
4347
4348
4349
4350
4351
4352
4353
4354
4355
4356
4357
4358
4359
4360
4361
4362
4363
4364
4365
4366
4367
4368
4369
4370
4371
4372

4373
4374
4375
4376
4377
4378
4379
4380
4381
4382
4383
4384
4385
4386
4387
4388
4389
4390
4391
4392
4393
4394
4395
4396
4397
4398
4399
4400
4401
4402
4403
4404
4405
4406

ENDIF
ENDIF

END SUBROUTINE PROC_REAC2

SUBROUTINE READ_PART

USE MATHFUNCTIONS, ONLY : GET_RAMP_INDEX

USE DEVICE_VARIABLES, ONLY : PROPERTY.TYPE

USE RADCONS, ONLY : MIENDG

USE MATH.FUNCTIONS, ONLY: GET.TABLE_INDEX

INTEGER :: SAMPLING_FACTOR,N,NN, ILPC, IPC ,RGB(3) ,N.STRATA,N_LAGRANGIAN.CLASSES READ

REAL(EB) :: DIAMETER, GAMMAD,AGE, INITIAL.TEMPERATURE, HEAT.OF. COMBUSTION, &

VERTICAL_VELOCITY , HORIZONTAL_VELOCITY, MAXIMUM. DIAMETER, MINIMUM_DIAMETER, SIGMA D, &

SURFACE_TENSION , BREAKUP_RATIO, BREAKUP.GAMMA D, BREAKUP_SIGMA D, &

DENSE.VOLUME_FRACTION, REAL_REFRACTIVE_INDEX , COMPLEX_REFRACTIVE_INDEX, RUNNING_AVERAGE FACTOR

REAL(EB) :: DRAG.COEFFICIENT (3) ,FREE_AREA FRACTION, PERMEABILITY (3) ,POROUS.VOLUME_FRACTION

REAL(EB) , DIMENSION(3,10) :: ORIENTATION

REAL(EB) , DIMENSION(3) :: ORTEMP

CHARACTER(LABELLENGTH) :: SPEC._ID,DEVC.ID, CTRLID,QUANTITIES(1:10) ,QUANTITIES SPEC_ID (1:10) ,SURF_ID ,DRAGLAW,
PROPID, &

RADIATIVE_PROPERTY TABLE="n 1]/ ,CNF.RAMPID="nul * ,BREAKUP.CNFRAMPID="nu 1], DISTRIBUTION , BREAKUP_DISTRIBUTION

CHARACTER(25) :: COLOR

LOGICAL :: TARGET.ONLY,MASSLESS, STATIC , MONODISPERSE, BREAKUP, CHECK_DISTRIBUTION , TURBULENT_DISPERSION, &

PERIODIC_X , PERIODIC_Y , PERIODIC_Z , SECOND_ORDER PARTICLE.TRANSPORT

TYPE(LAGRANGIAN_PARTICLE.CLASS.TYPE) , POINTER :: LPC=>NULL()

NAMELIST /PART/ AGE, BREAKUP, BREAKUP_CNF_RAMP_ID, BREAKUP_DISTRIBUTION , BREAKUP.GAMMA D, BREAKUP_RATIO, &

BREAKUP SIGMA D, CHECK_DISTRIBUTION , CNF_RAMP_ID, COLOR, COMPLEX_REFRACTIVE_INDEX, &

CTRL_ID , DENSE_VOLUME_FRACTION, &

DEVC_ID, DIAMETER, DISTRIBUTION , DRAG_COEFFICIENT, DRAGLAW, FREE_AREA_FRACTION , FYI,GAMMA D, HEAT OF.COMBUSTION, &

HORIZONTAL_VELOCITY, ID , INITIAL_.TEMPERATURE , MASSLESS, MAXIMUM_DIAMETER, MINIMUM.DIAMETER, MONODISPERSE, &

N.STRATA, ORIENTATION, PERMEABILITY , PERIODIC_X , PERIODIC_Y , PERIODIC_Z , POROUS.VOLUME_FRACTION, PROP_ID , QUANTITIES, &

QUANTITIES_SPEC_ID , RADIATIVE_PROPERTY .TABLE , REAL_REFRACTIVE_INDEX , RGB, RUNNING_AVERAGE_FACTOR, &

SAMPLING_FACTOR, SECOND.ORDER_PARTICLE.TRANSPORT, SIGMA D, SPEC_ID , STATIC, &

SURFACE.TENSION, SURF_ID , TARGET.ONLY, TURBULENT.DISPERSION , VERTICAL_VELOCITY

! Determine total number of PART lines in the input file

REWIND(LUNPUT) ; INPUT-FILE.LINE.NUMBER = 0
N_LAGRANGIAN.CLASSES = 0
N_LAGRANGIAN.CLASSES READ = 0

COUNT_PART.LOOP: DO
CALL CHECKREAD( 'PART’,LUINPUT, I0S)

IF (I0S==1) EXIT COUNT.PARTLOOP

READ(LU_INPUT, PART,END=219 ,ERR=220 ,IOSTAT=I0S

N_LAGRANGIAN.CLASSES READ = N_LAGRANGIAN.CLASSESREAD + 1

220 IF (I0S>0) THEN ; CALL SHUIDOWN( ‘ERROR: Problem with PART line ') ; RETURN ; ENDIF
ENDDO COUNT_PART_LOOP

219 REWIND(LUINPUT) ; INPUT_FILE_LINENUMBER = 0

! Add reserved INIT lines to account for devices for 'RADIATIVE HEAT FLUX GAS’ or 'ADIABATIC SURFACE TEMPERATURE
GAS’

N_LAGRANGIAN.CLASSES = N.LAGRANGIAN.CLASSES READ

IF (TARGETPARTICLESINCLUDED) N.LAGRANGIAN.CLASSES = N_.LAGRANGIAN.CLASSES + 1

! Allocate the derived type array to hold information about the particle classes
IF (N-LAGRANGIAN.CLASSES>0) PARTICLE-FILE = .TRUE.
ALLOCATE(LAGRANGIAN_PARTICLE_CLASS (N_LLAGRANGIAN_CLASSES) ,STAT=IZERO)

CALL ChkMemErr( 'READ”, "N LAGRANGIAN CLASSES’ ,IZERO)

N_LP_ARRAY_INDICES = 0

IPC = 0

ILPC = 0

READ_PART.LOOP: DO N=1,N_LAGRANGIAN.CLASSES

! Read the PART line from the input file or set up special PARTICLE.CLASS class for water PARTICLEs or tracers
IF (N<=N.LAGRANGIAN.CLASSES READ) THEN

CALL CHECKREAD( 'PART” ,LUINPUT,IOS)

IF (I0S==1) EXIT READPART.LOOP

CALL SET_PART-DEFAULTS

READ(LU_INPUT, PART)

ELSE

! Create a class of particles that is just a target

CALL SET_PART_DEFAULTS

WRITE(ID, " (A) ") 'RESERVED TARGET PARTICLE’

TARGET.ONLY = .TRUE.
STATIC = .TRUE.
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4407 || ORIENTATION(1:3,1) = (/1..EB , 0._.EB , 0..EB/) ! This is just a dummy orientation
4408
4409 || ENDIF
4410
4411 || LPC => LAGRANGIAN_PARTICLE_ CLASS(N)
4412
4413 || ! Identify the different types of Lagrangian particles , like massless tracers, targets , droplets , etc.
4414
4415 || IF (SURF.ID/="null ") THEN

4416 || SOLID-PARTICLES = .TRUE.

4417 IF (CNFRAMPID=="null") MONODISPERSE = .TRUE.

4418 || LPC%SOLID_.PARTICLE = .TRUE.

4419 IF (SAMPLING_FACTOR<=0) SAMPLING.FACTOR = 1

4420 || IF (DIAMETER>0._EB) THEN

4421 || WRITE(MESSAGE, " (A,10 ,A) ") 'ERROR: PART “,N,’ cannot have both a specified DIAMEIER and a SURF.ID.’
4422 || CALL SHUIDOWN(MESSAGE) ; RETURN

4423 || ENDIF
4424 || ENDIF
4425

4426 || IF (TARGET.ONLY) THEN

4427 || LPCZMASSLESS_.TARGET = .TRUE.

4428 SURFID = "MASSLESS TARGET’

4429 || SOLID-PARTICLES = .TRUE.

4430 || IF (CNFRAMPID=="null ") MONODISPERSE = .TRUE.
4431 || STATIC = .TRUE.

4432 || IF (SAMPLING FACTOR<=0) SAMPLINGFACTOR = 1
4433 || ENDIF

4434
4435 IF (SPEC.ID/="null’) THEN

4436 || SURF.ID = 'DROPLET’

4437 || LPCY%LIQUID_DROPLET = .TRUE.

4438 || IF (SAMPLING_FACTOR<=0) SAMPLINGFACTOR = 10

4439 IF (DIAMETER<=0._EB .AND. CNF.RAMP.ID=='null") THEN

4440 || WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: PART " ,N,’ requires a specified DIAMEIER.’

4441 || CALL SHUIDOWN(MESSAGE) ; RETURN

4442 || ENDIF

4443 || IF (MASSLESS) THEN

4444 || WRITE(MESSAGE, " (A) ") 'ERROR: Cannot have MASSLESS=.TRUE. with evaporating PARTICLEs’
4445 || CALL SHUIDOWN(MESSAGE) ; RETURN

4446 || ENDIF
4447 || ENDIF
4448

4449 || IF (MASSLESS) THEN
4450 || LPC%MASSLESS.TRACER = .TRUE.
4451 || DIAMETER = 0._EB

4452 || SURFID = 'MASSLESS TRACER’

4453 || IF (SAMPLING FACTOR<=0) SAMPLING_FACTOR = 1

4454 || ENDIF

4455

4456 || ! If particle class has no ID at this point, stop.
4457

4458 || IF (SURF.ID=="null ") THEN
4459 || WRITE(MESSAGE, " (A, 10 ,A) ") 'ERROR: PART ' ,N,’ needs a SURF.ID.’
4460 || CALL SHUIDOWN(MESSAGE) ; RETURN

4461 || ENDIF

4462

4463 || | If particle class has no ID at this point, stop.
4464

4465 || DO 1=1,10
4466 || IF (QUANTITIES(I)=="MASS FLUX" .AND. QUANTITIES.SPEC.ID(I)=="null") THEN

4467 || WRITE(MESSAGE, ' (A) ") "ERROR: PART QUANTITIES "MASS FLUX" requires QUANTITIES SPECID.”

4468 || CALL SHUIDOWN(MESSAGE) ; RETURN

4469 || ENDIF

4470 || ENDDO

4471

4472 || | Set default colors for Smokeview. Water droplets are BLUE. Fuel droplets are YELLOW. Everything else is BLACK.
4473

4474 || IF (TRIM(SPEC.ID)=="WATER VAPOR’) THEN

4475 || IF (ANY(RGB<0) .AND. COLOR=='null ') COLOR= BLUE’
4476 || ENDIF

4477
4478 || IF (SIMPLE.CHEMISTRY) THEN

4479 || IF (TRIM(SPEC_ID)==TRIM(REACTION (1)%FUEL) ) THEN
4480 || IF (ANY(RGB<0) .AND. COLOR=='null ") COLOR="YEIIOW’

4481 || ENDIF

4482 || ENDIF

4483

4484 || IF (ANY(RGB<0) .AND. COLOR=='null ") COLOR = 'BLACK’
4485

4486 || IF (COLOR /= 'null’) CALL COLOR2RGB(RGB,COLOR)

4487

4488 || ! Determine if the SPEC.D is OK

4489 || LPCASPECID = SPEC.ID

4490 || IF (LPC%LIQUID_DROPLET) THEN

4491 || DO NN=1,N.TRACKED_SPECIES

4492 || IF (TRIM(SPECIES_MIXTURE (NN)%ID ) ==TRIM(LPC%SPEC_ID) ) THEN
4493 || LPC%ZINDEX = NN

4494 || SPECTES_MIXTURE (NN)%EVAPORATING = .TRUE.
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4495 || EXIT
4496 || ENDIF
4497 || ENDDO

4498 || IF (LPC%WZINDEX < 0) THEN
4499 || WRITE(MESSAGE, " (A, A,A) ") "ERROR: PART SPEC.ID ", TRIM(LPC%SPEC_ID), " not found’
4500 || CALL SHUIDOWN(MESSAGE) ; RETURN

4501 ENDIF

4502 || IF (SPECIES-MIXTURE (LPC%ZINDEX)%SINGLE_SPEC_.INDEX < 0) THEN

4503 || WRITE(MESSAGE, " (A, 10 ,A) ") ’ERROR: PART line ’,N,’. Particles cannot evaporate to a lumped species
4504 || CALL SHUIDOWN(MESSAGE) ; RETURN

4505 || ELSE

4506 || LPC%Y INDEX = SPECIES_MIXTURE (LPC%Z_INDEX )%SINGLE_SPEC_INDEX

4507 || ENDIF

4508 || IF (SPECIES (LPC%Y_INDEX)%DENSITY_LIQUID > 0._EB) LPC%DENSITY=SPECIES (LPC%Y_INDEX)%DENSITY_LIQUID
4509 || ENDIF

4510
4511 || ! Arrays for particle size distribution
4512
4513 || IF (MONODISPERSE) THEN
4514 || LPCZN.STRATA = 1

4515 || ELSE

4516 || LPC7AN.STRATA = N.STRATA
4517 || ENDIF

4518

4519 || IF (DIAMETER > 0._EB .OR. CNF.RAMPID/=’null’) THEN
4520 || ALLOCATE(LPCY%CNF(0:NDC) ,STAT=IZERO)

4521 || CALL ChkMemErr( 'READ’, CNF’ ,IZERO)

4522 || ALLOCATE(LPCY%CVEF (0:NDC) ,STAT=IZERO)

4523 || CALL ChkMemErr( "READ”, 'CVF’ ,IZERO)

4524 || ALLOCATE(LPCY%R_.CNF (0:NDC) ,STAT=IZERO)

4525 || CALL ChkMemErr( 'READ’, 'R.CNF’ ,IZERO)

4526 || ALLOCATE(LPC%IL_CNF (LPC%N.STRATA) ,STAT=IZERO)
4527 || CALL ChkMemErr( ‘READ’, 'IL_CNF’ ,IZERO)

4528 || ALLOCATE(LPCY%IU_CNF (LPC%N.STRATA) ,STAT=IZERO)
4529 || CALL ChkMemErr( ‘READ’, 'TU.CNF’,IZERO)

4530 || ALLOCATE(LPCYW.CNF(LPCY%N STRATA) ,STAT=IZERO)
4531 || CALL ChkMemErr( ‘READ’, "W.CNF’ ,IZERO)

4532 || ENDIF

4533

4534 || | Arrays related to particle break—up model
4535

4536 || IF (BREAKUP) THEN

4537 || ALLOCATE(LPC%BREAKUP.CNF (0:NDC) ,STAT=IZERO)
4538 || CALL ChkMemErr( 'READ’, 'BREAKUP.CNF ', IZERO)
4539 || ALLOCATE(LPC%BREAKUP_R.CNF (0:NDC) ,STAT=IZERO)
4540 || CALL ChkMemErr( ‘READ’, 'BREAKUP R CNF' ,IZERO)
4541 || ALLOCATE(LPC%BREAKUP_CVE (0:NDC) ,STAT=IZERO)
4542 || CALL ChkMemErr( 'READ’, 'BREAKUP.CVE’,IZERO)

4543 || ENDIF

4544

4545 || | Radiative property table
4546

4547 || IF (RADIATIVEPROPERTY.TABLE /= 'null’) THEN
4548 || CALL GET_-TABLEINDEX (RADIATIVE PROPERTY_TABLE, PART_RADIATIVE_PROPERTY , LPC%RADIATIVE _PROPERTY INDEX)
4549 || LPC%RADIATIVE_PROPERTY.TABLEID = RADIATIVE_PROPERTY.TABLE

4572 || LPCYDIAMETER

4573 || LPC7MEAN.DROPLET_-VOLUME

4574 || LPCYMMAXIMUM DIAMETER

4575 || IF (MINIMUM.DIAMETER<0._EB) THEN
4576 || MINIMUM_DIAMETER = 0.005_EB*DIAMETER
4577 || ENDIF

4578 || LPC/ZAMINIMUM_DIAMETER
4579 || LPC%KILL_RADIUS

DIAMETER 1. E—6_EB
FOTHPI* (0.5 . EB+LPCUDIAMETER) %3 | recomputed for distributions
MAXIMUM. DIAMETER* 1.E—6_EB

4550 || ELSE

4551 || LPC%RADIATIVE.PROPERTYINDEX = 0

4552 || ENDIF

4553

4554 || | Assign property data to LAGRANGIAN_PARTICLE.CLASS class
4555

4556 || LPC%ID = ID

4557 || LPC/BREAKUP = BREAKUP

4558 || LPC/BREAKUP RATIO = BREAKUP_RATIO

4559 || LPC/BREAKUP.GAMMA = BREAKUP.GAMMA D

4560 || IF ( BREAKUPSIGMAD > 0._EB ) THEN

4561 || LPCYBREAKUP.SIGMA = BREAKUPSIGMA D

4562 || ELSE

4563 || ! per tech guide, sigmaxgamma=1.15 smoothly joins Rosin—Rammler and lognormal distribustions
4564 || LPC/BREAKUP SIGMA = 1.15_EB/BREAKUP.GAMMA D
4565 || ENDIF

4566 || LPC%CTRL-ID = CTRL.ID

4567 || LPC%DENSE_-VOLUME FRACTION = DENSE_-VOLUME_FRACTION
4568 || LPC%DEVC.ID = DEVC.ID

4569 || LPC%WTMP_INITIAL = INITIAL.-TEMPERATURE + TMPM
4570 || LPC%SAMPLING = SAMPLING_FACTOR

4571 || LPC/RGB = RGB

MINIMUM.DIAMETER 1. E—6_EB
MINIMUM DIAMETER*0.5_EB *1.E-6_EB%0.171_EB ! 0.171 ???

4580 || LPC7%MIONODISPERSE MONODISPERSE
4581 || LPC%PERIODIC.X PERIODIC_X
4582 || LPC%WPERIODIC.Y PERIODIC.Y
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4583 || LPC%WPERIODIC.Z = PERIODIC.Z

4584 || LPC%PROP_ID = PROP.ID

4585 || LPCZQUANTITIES = QUANTITIES

4586 || LPCZQUANTITIES.SPEC.ID = QUANTITIES-SPEC.ID
4587 || LPC/GAMMVA = GAMMAD

4588 || IF ( SIGMAD > 0..EB ) THEN

4589 || LPC/SIGMA = SIGMA.D

4590 || ELSE

4591 || LPC/SIGMA = 1.15_EB/GAMMAD

4592 || END IF

4593 || LPC%DISTRIBUTION = DISTRIBUTION

4594 || LPC%WCHECK_DISTRIBUTION = CHECK_DISTRIBUTION
4595 || LPC%BREAKUP_DISTRIBUTION = BREAKUP_DISTRIBUTION
4596 || LPCZCNF_RAMP_ID = CNFRAMP_ID

4597 || LPC/BREAKUP_CNF_RAMP_ID
4598
4599 || IF (LPCUCNFRAMPID/="null ") THEN

4600 || CALL GET_RAMP_INDEX (LPC%CNFRAMP.ID, 'DIAMETER ", LPCACNF_RAMP_INDEX)

4601 || ENDIF

4602 || IF (LPCY%BREAKUP.CNFRAMPID/="null ") THEN

4603 || CALL GET_RAMPINDEX(LPC/BREAKUP.CNF_RAMPID, 'DIAMETER ", LPC/BREAKUP_.CNF_RAMP INDEX )

BREAKUP_CNF_RAMP 1D

4604 || ENDIF
4605
4606 || LPC%I'MP_INITIAL = INITIAL.TEMPERATURE + T™MPM

4607 || LPC%REAL_REFRACTIVEINDEX = REAL.REFRACTIVE.INDEX
4608 || LPCWCOMPLEX REFRACTIVEINDEX = COMPLEX REFRACTIVEINDEX
4609 || IF (LPC%REAL-REFRACTIVEINDEX <= 0._-EB .OR. LPC%WCOMPLEX REFRACTIVEINDEX < 0..EB) THEN

4610 || WRITE(MESSAGE, ' (A,A) ") ’'Bad refractive index on PART line ' ,LPC%ID
4611 || CALL SHUIDOWN(MESSAGE) ; RETURN

4612 || ENDIF

4613 || LPC/ZHEAT OF COMBUSTION = HEAT_ OF.COMBUSTION*1000._EB

4614 || LPCXFTPR = FOTHPI*LPC%DENSITY

4615 || LPC%KILL_MASS = LPC%UFTPR*LPC%KILL_RADIUS % %3

4616 || LPC%LIFETIME = AGE

4617 || LPC%TURBULENT_DISPERSION = TURBULENT_DISPERSION

4618 || LPC%STATIC = STATIC

4619 || LPC%SPEC_ID = SPEC.ID

4620 || LPC%SURF.ID = SURF.ID

4621 || LPC%SURF_INDEX =-1

4622 || LPC%SURFACE_TENSION = SURFACE.TENSION

4623 || LPC%ADJUST_EVAPORATION 1._EB ' If HOC>0. this parameter will have to be reset later

4624 || LPC%VERTICAL.VELOCITY = VERTICAL.VELOCITY
4625 || LPC7HORIZONTAL.-VELOCITY = HORIZONTAL.VELOCITY
4626 || LPC%SECOND-ORDER PARTICLE . TRANSPORT = SECOND.ORDER PARTICLE.TRANSPORT

4627 || LPC%DRAG_COEFFICIENT = DRAG_COEFFICIENT

4628 || IF (DRAG_COEFFICIENT (1) >=0._.EB .AND. DRAGIAW=='SPHERE") DRAGLAW = 'USER’
4629

4630 || ! Count and process the number of orientations for the particle

4631

4632 || LPC7N_ORIENTATION = 0

4633

4634 || DO NN=1,10

4635 || IF (ANY(ABS(ORIENTATION(1:3 NN) )>TWO_EPSILON_EB)) LPCY/N.ORIENTATION = LPC%N_ORIENTATION + 1
4636 || ENDDO

4637 || IF (TRIM(DRAGIAW)=='SCREEN’ .AND. LPC%N_.ORIENTATION/=1) THEN

4638 || WRITE(MESSAGE, " (A, 10 ,A) ") ’ERROR: PART line ’,N,’. Must specify exactly one ORIENTATION for SCREEN drag law.’
4639 || CALL SHUIDOWN(MESSAGE) ; RETURN

4640 || ENDIF

4641

4642 || IF (LPCY%N.ORIENTATION>>0) THEN

4643 || ALLOCATE(LPCY%SOLID_ANGLE ( 1: LPC%N_ORIENTATION)) )

4644 || LPC%SOLIDANGLE = 4. _EBxPI

4645 || LPCAORIENTATIONINDEX = N_ORIENTATION.VECTOR + 1

4646 || DO NN=1,LPCY%N_ORIENTATION

4647 || ORTEMP(1:3) = ORIENTATION(1:3 ,NN)

4648 || N.ORIENTATION.VECTOR = N.ORIENTATION.VECTOR + 1

4649 || TF (N.ORIENTATION_VECTORSUBOUND(ORIENTATION_VECTOR,DIM=2) ) THEN

4650 || ORIENTATION.VECTOR => REALLOCATE2D(ORIENTATION.VECTOR, 1,3 ,1 ,N.ORIENTATION_VECTOR+10)

4651 ENDIF

4652 || IF (ALL(ABS(OR.TEMP(1:3) )<TWO_EPSILON.EB)) THEN

4653 || WRITE(MESSAGE, " (A, 10 ,A) ") 'ERROR: PART line ' ,N,’ . All components of ORIENTATION are zero
4654 || CALL SHUIDOWN(MESSAGE) ; RETURN

4655 || ENDIF

4656 || ORIENTATION_VECTOR (1:3 ,N.ORIENTATION_VECTOR) = ORIENTATION (1:3 ,NN)/ NORM2(OR.TEMP)

4657 || ENDDO

4658 || ENDIF

4659 || LPC/FREE_AREA FRACTION = FREE_AREA _FRACTION

4660

4661 || SELECT CASE(DRAGLAW)

4662 || CASE( 'SPHERE ")

4663 || LPCADRAGLAW = SPHERE.DRAG

4664 || CASE('CYLINDER ")

4665 || LPCADRAGIAW = CYLINDER DRAG

4666 || CASE( 'USER ")

4667 || LPCADRAGIAW = USERDRAG

4668 || CASE( 'SCREEN ")

4669 || LPCUDRAGIAW = SCREEN.DRAG

4670 || LPCAPERMEABILITY (1:3) = 3.44E—9_EB+LPC%FREE.AREA FRACTION % %1.6_EB
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4671 || LPC%WDRAG_COEFFICIENT (1:3) = 4.30E—2_EB*LPC/FREE_AREA FRACTION*%2.13 _EB

4672 || CASE( 'POROUS MEDIA ")

4673 || IF (ANY(DRAG_COEFFICIENT<TWO_EPSILON.EB) .OR. ANY(PERMEABILITY<TWO_EPSILON_EB)) THEN
4674 || WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: PART line ' N&

4675 *. For POROUS MEDIA must specify all compoents for DRAG.COEFFICIENT and PERMIABILTIY. "
4676 || CALL SHUIDOWN(MESSAGE) ; RETURN
4677 || ENDIF

4678 || LPCXDRAGLAW = POROUSDRAG

4679 || LPC/7PERMEABILITY = PERMEABILITY

4680 || LPC7POROUS.-VOLUMEFRACTION = POROUS.VOLUMEFRACTION

4681 || CASE DEFAULT

4682 || WRITE(MESSAGE, ' (A) ") 'ERROR: unrecognized drag law on PART line’
4683 || CALL SHUIDOWN(MESSAGE) ; RETURN

4684 || END SELECT

4685
4686 || ! Determine the number of slots to create in the particle evaporation and radiation arrays
4687
4688 || IF (LPC%LIQUID.DROPLET .OR. LPC%SOLID_PARTICLE) THEN

4689 || N.LP_ARRAY_INDICES = N_LP_ARRAY_INDICES + 1

4690 || LPC%ARRAYINDEX = N.LP.ARRAY-INDICES

4691 || IF (LPC%SOLID-PARTICLE .AND. RUNNING.AVERAGEFACTOR<O0..EB) LPC/RUNNING.AVERAGEFACTOR
4692 || IF (LPC%LIQUID-DROPLET .AND. RUNNING.AVERAGEFACTOR<0..EB) LPCYRUNNING.AVERAGEFACTOR
4693 || ENDIF

4694

4695 || ENDDO READ_PART-LOOP

4696

4697 || | Allocate radiation arrays
4698

4699 || PLOOP2: DO ILPC=1,N.LAGRANGIAN.CLASSES
4700 || LPC=>LAGRANGIAN _PARTICLE.CLASS(ILPC)

4701 || IF (LPCY%LIQUID.DROPLET) THEN

4702 || ALLOCATE(LPC%NQABS(0: MIEINDG, 1: NUMBER SPECTRAL BANDS) )
4703 || CALL ChkMemErr('INIT’, "WOABS' ,IZERO)

4704 || LPC%NQABS = 0._EB

4705 || ALLOCATE(LPC%AQECA (0 : MIENDG, 1: NUMBER SPECTRAL BANDS) )
4706 || CALL ChkMemErr( ' INIT’, "WCECA” ,IZERO)

4707 || LPCHNQECA = 0. EB

4708 || ALLOCATE(LPC%R50 (0:MIENDG) )

4709 || CALL ChkMemErr('INIT ', R50 ,IZERO)

4710 || LPC%R50 = 0. EB

4711 || ENDIF

4712 || ENDDO PLOOP2

4713

4714 || | Determine output quantities
4715

4716 || DO ILPC=1,N_LAGRANGIAN.CLASSES

4717 || LPC=>LAGRANGIAN PARTICLE.CLASS(ILPC)

4718 || LPC%N_.QUANTITIES = 0

4719 || IF (ANY(LPCWQUANTITIES/="null ')) THEN

4720 || QUANTITIES.LOOP: DO N=1,10

4721 || IF (LPCAQUANTITIES(N)=="null ') CYCLE QUANTITIES.LLOOP

4722 || LPC%N.QUANTITIES = LPC%N.QUANTITIES + 1

4723 || CALL GET_.QUANTITY_INDEX (LPC%SMOKEVIEW_LABEL (LPC%N_QUANTITIES) , LPC%SMOKEVIEW_BAR_LABEL (LPC’%N.QUANTITIES) , &
4724 || LPCAQUANTITIES_INDEX (LPC%N_QUANTITIES) ,LDUM (1) , &

4725 || LPCAQUANTITIES_Y INDEX (LPC%N_QUANTITIES) ,LPC%QUANTITIES_Z_ INDEX (LPC’%N_QUANTITIES ) , &
4726 || ILDUM(4) ,LDUM(5) ,L.DUM(6) ,LDUM(7) , PART', &

4727 || LPCAQUANTITIES(N) , ‘' null " ,LPCAQUANTITIES_SPECID(N) , "null ", "null ", "null ", "null ")

4728 || ENDDO QUANTITIES_LOOP

4729 || ENDIF

4730 || ENDDO

4731

4732 || CONTAINS

4733

4734

4735 || SUBROUTINE SET_PART_DEFAULTS

4736

4737 || BREAKUP = .FALSE.

4738 || BREAKUP RATIO = 3..EB/7..EB ! ratio of child Sauter mean to parent size in Bag breakup regime
4739 || BREAKUP.GAMMA D = 2.4 EB

4740 || BREAKUPSIGMA D = —99999.9_EB

4741 || CTRL.ID = ‘null”’

4742 || DENSE_VOLUME FRACTION = 1.E-5.EB ! Limiting volume fraction for drag reduction
4743 || DEVC.ID = ‘null’

4744 || INITIAL.TEMPERATURE =TMPA — TMPM ! C

4745 || HEAT.OF .COMBUSTION = —1..EB ! kJ/kg

4746 || DIAMETER = —1..EB !

4747 || MAXIMUM.DIAMETER = 1.E9.EB ! ‘microns , meant to be infinitely large and not used
4748 || MINIMUM.DIAMETER = —1..EB I ‘microns, below which the PARTICLE evaporates in one time step
4749 || MONODISPERSE = .FALSE.

4750 || NSTRATA =6

4751 || GAMMAD = 2.4 EB

4752 || SIGMA D = —99999.9_EB

4753 || AGE = 1.E6.EB I's

4754 || ID = ‘null’

4755 || PERIODIC_X = .FALSE.

4756 || PERIODIC.Y = .FALSE.

4757 || PERIODIC_Z = .FALSE.

4758 || PROP_ID "null’
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4759 || ORIENTATION

4760 || QUANTITIES

4761 || QUANTITIES_SPEC.ID

4762 || RADIATIVE_PROPERTY.TABLE
4763 || RGB

4764 || SPEC.ID

4765 || SURF.ID

4766 || SURFACE.TENSION

4767 || COLOR

4768 || SAMPLING.FACTOR

0..EB

"null’

"null’

null

-1

"null”’

"null”’

72.8E-3.EB | N/m, applies for water
‘null’

-1

4769 || STATIC .FALSE.
4770 || MASSLESS .FALSE.
4771 || TARGET.ONLY .FALSE.
4772 || TURBULENT_DISPERSION .FALSE.
4773 || REAL_REFRACTIVE_INDEX 1.33_EB
4774 || RUNNING_AVERAGE FACTOR —1._EB
4775 || COMPLEX_REFRACTIVE_INDEX 0.01_EB
4776 || VERTICAL_.VELOCITY 0.5_EB
4777 || HORIZONTAL_VELOCITY 0.2_EB
4778 || DRAGLAW "SPHERE "

4779 || DRAG.COEFFICIENT
4780 || PERMEABILITY

4781 || DISTRIBUTION

4782 || CNF.RAMP.ID

4783 || CHECK_DISTRIBUTION
4784 || BREAKUP_DISTRIBUTION
4785 || BREAKUP.CNF_RAMP_ID “null

4786 || FREE_LAREA FRACTION 0.5_EB

4787 || SECOND_ORDER PARTICLE TRANSPORT = .FALSE.
4788
4789 || END SUBROUTINE SET_.PART_DEFAULTS
4790
4791 || END SUBROUTINE READ_PART
4792
4793
4794 || SUBROUTINE PROC_PART
4795
4796 || USE PROPERTY.DATA, ONLY: JANAF.TABLE.LIQUID

4797 || USE MATHFUNCTIONS, ONLY: EVALUATERAMP

4798 || INTEGER :: N,NN,],ITMP,I.MELT,1_BOIL

4799 || REAL(EB) :: H.L,H.V,CPBAR,H.G.S,H.G_S_REF,H_L_REF,TMP_REF, TMPMELT, TMP.V, TMP.WGT, DENSITY , MASS, VOLUME, RO, R I , &
4800 || MU_LIQUID, K_LIQUID , BETA_LIQUID

4801 || TYPE(LAGRANGIAN_PARTICLE.CLASS.TYPE) , POINTER :: LPC=>NULL()

4802 || TYPE(SPECIES_TYPE) ,POINTER :: SS=>NULL()

4803 || TYPE(SURFACE.TYPE) ,POINTER :: SF=>NULL()

"ROSIN-RAMMILERT OGNORMAL”
"null”’

.FALSE.
"ROSIN-RAMMIERTOGNORMAL’

4804
4805 || IF (N.LAGRANGIAN_CLASSES == 0) RETURN
4806
4807 || PART_LLOOP: DO N=1,N_LAGRANGIAN_CLASSES
4808

4809 || LPC => LAGRANGIAN_PARTICLE.CLASS(N)
4810 || SF => SURFACE(LPC%SURF_INDEX)

4811
4812 || ! Assign device or controller
4813
4814 || CALL SEARCH.CONTROLLER( 'PART " ,LPCACTRL.ID , LPC%DEVCID, LPC%DEVCINDEX, LPC%CTRLINDEX,N)
4815
4816 || ! Get density if the particles are liquid droplets or have mass
4817
4818 || IF (LPC%LIQUID-DROPLET) THEN

4819 || CALL JANAF.TABLE_LIQUID (1,CPBAR,H.V,H.L,TMP_REF,TMP.MELT, TMP_V, SPECIES (LPC%Y_INDEX)%ID , LPC’%FUEL , DENSITY, &
4820 || MU_LIQUID, K_LIQUID , BETA_LIQUID)

4821 IF (LPCY%DENSITY < 0._EB) THEN

4822 || LPC%DENSITY = DENSITY

4823 || LPCXFTPR = FOTHx*PI+xDENSITY

4824 || LPC%KILL.MASS = LPC%FTPR*LPCY%KILL_RADIUS %3

4825 || IF (SPECIES (LPC%Y_INDEX)%DENSITY_LIQUID <0._.EB) SPECIES (LPC%Y_INDEX)%DENSITY_LIQUID = DENSITY

4826 || ENDIF

4827 || IF (SPECIES (LPC%Y_INDEX)%MU_LIQUID < 0._EB) SPECIES (LPC%Y_INDEX)%MU_LIQUID = MU_LIQUID

4828 || IF (SPECIES (LPC%Y_INDEX)%K_LIQUID < 0._EB) SPECIES (LPC%Y_INDEX)%K_LIQUID = K_LIQUID

4829 || IF (SPECIES (LPC%Y_INDEX)%BETA_LIQUID < 0._EB) SPECIES (LPC%Y_INDEX)%BETA_LIQUID = BETA_LIQUID

4830 || ENDIF

4831
4832 || IF (SF%THERMALLY.THICK) THEN

4833 || MASS = 0._EB

4834 || VOLUME = 0._EB

4835 || DO NN=1,SF%N_CELLS_INI

4836 || SELECT CASE (SF%GEOMEIRY)

4837 || CASE (SURF.CARTESIAN)

4838 || MASS = MASS + (SF%X_S (NN)—SF%X_S (NN—-1)) +*SUM(SF%RHO.0 (NN, 1: SFZNMATL) )
4839 || VOLUME = VOLUME + (SF%X_S (NN)—SF%X_.S (NN-1))

4840 || CASE (SURF_CYLINDRICAL)

4841 R_I = SFZWNNERRADIUS + SFZTHICKNESS — SF%X_S (NN)

4842 || RO = SF%UINNERRADIUS + SF%IHICKNESS — SF%X_S (NN-1)

4843 || MASS = MASS  + (R.O##2—R _I%%2)+SUM(SF4RHO-0(NN, 1: SFAN.MATL) )

4844 || VOLUME = VOLUME + (R.O##2—R _I%%2)

4845 || CASE (SURF.SPHERICAL)

4846 || R.I = SF%UINNERRADIUS + SF%IHICKNESS — SF%X_S (NN)

185



Source Code files for edited portions of FDS

4847 || RO = SF%UINNERRADIUS + SF%IHICKNESS — SF%X_S (NN-1)

4848 || MASS = MASS  + (R-O*#3—R_I%=3)+SUM(SF%RHO-0(NN, 1: SFYN.MATL) )
4849 || VOLUME = VOLUME + (R-O%#3—R_Ix%*3)

4850 || END SELECT

4851 || ENDDO

4852 || LPC%DENSITY = MASS/VOLUME

4853 || LPC%FTPR = FOTHx*PI+LPC%DENSITY

4854 || ENDIF

4855

4856 IF (SF/HEAT.-TRANSFER MODEL>0) THEN ; CALL SHUIDOWN( 'ERROR: HEATTRANSFER MODEL not appropriate for PART") ;
RETURN ; ENDIF

4857

4858 || ! Set the flag to do particle exchanges between meshes

4859

4860 || OMESH_PARTICLES=.TRUE.

4861

4862 || ! Only process DROPLETs

4863

4864 || SURF.ORSPEC: IF (LPCY%SURFINDEX==DROPLET_SURF.INDEX) THEN

4865

4866 || SS => SPECIES (LPC%Y_INDEX)

4867

4868 || IZERO = 0
4869 || IF (.NOT.ALLOCATED(SS%C_P_L)) ALLOCATE(SS%C_P_L (0:5000) ,STAT=IZERO)

4870 || CALL ChkMemErr('PROC PART ', 55%C_P_L.* ,IZERO)

4871 || SS%C_P_L=SS%SPECIFIC_HEAT_LIQUID

4872 || IF (.NOT.ALLOCATED(SS%C_P_L_BAR)) ALLOCATE(SS%C_P_L_BAR (0:5000) ,STAT=IZERO)
4873 || CALL ChkMemErr( 'PROC PART’, 'SS%C P L BAR ' ,IZERO)

4874 || IF (.NOT.ALLOCATED(SS%H_L)) ALLOCATE(SS%H_L(0:5000) ,STAT=IZERO)

4875 || CALL ChkMemErr('PROC PART ', "SS%H 1" ,IZERO)

4876 || IF (.NOT.ALLOCATED(SS%H.V)) ALLOCATE(SS%H.V (0:5000) ,STAT=IZERO)

4877 || CALL ChkMemErr('PROC PART”, 'SS%.V ,IZERO)

4878
4879 || TMP.REF = —1._EB

4880 || TMP.MELT = —1._EB

4881 || TMP.V = —1._EB

4882 ||DO ] = 1, 5000

4883 || IF (SS%C_P_L(J) > 0._EB) THEN

4884 || SS%H.L(J) = (REAL(],EB)—SS%IMP.MELT)*SS%C_P_L(])

4885 || IF (J==1) THEN

4886 || CALL JANAF.TABLE_LIQUID (J,CPBAR,H.V,H.L, TMP_REF, TMPMELT, TMP.V, SS%PROP_ID , LPC%FUEL , DENSITY, &
4887 || MU_LIQUID, K_LIQUID , BETA_LIQUID)

4888 || IF (SS%H.V_REFERENCE.TEMPERATURE < 0._EB) SS%H.V_REFERENCE.TEMPERATURE=TMP_REF

4889 || IF (SSWIMP.V < 0._EB) SS%IMP.V = TMP.V

4890 || IF (SS%TMP.V < 0._EB) THEN

4891 WRITE(MESSAGE, " (A,A,A) ") "ERROR: SPEC “ , TRIM(SS%ID) ,’ requires a VAPORIZATION.TEMPERATURE’
4892 || CALL SHUIDOWN(MESSAGE) ; RETURN

4893 || ENDIF

4894 || IF (SS%TMPMELT < 0._EB) SS%IMPMELT = TMPMELT

4895 || IF (SS%IMPMELT < 0._EB) THEN

4896 || WRITE(MESSAGE, ' (A,A,A) ') 'ERROR: PARTicle class ', TRIM(SS%ID),  requires a TMP.MELT’

4897 || CALL SHUTDOWN(MESSAGE) ; RETURN

4898 || ENDIF

4899 || IF (LPC%DENSITY < 0._EB) LPC%DENSITY = DENSITY

4900 || IF (LPC%DENSITY < 0._EB) THEN

4901 || WRITE(MESSAGE, * (A, A,A) ") "ERROR: PARTicle class ', TRIM(SS%ID),  requires a density’
4902 || CALL SHUIDOWN(MESSAGE) ; RETURN

4903 || ENDIF

4904 || LPC%WFTPR = FOTHx PI+LPC%DENSITY

4905 || ENDIF

4906 || ELSE

4907 || CALL JANAF.TABLE.LIQUID (J,SS%C-P_L(J),H.V,H.L, TMP_REF, TMPMELT, TMP.V, SS%ID , LPC%FUEL, DENSITY, &
4908 || MU_LIQUID, K_LIQUID , BETA _LIQUID)

4909 || IF (SS%RAMP_CP_LINDEX>0) SS%C_P_L(J) = EVALUATERAMP(REAL(] ,EB) ,1._EB ,SS%RAMP_CP_LINDEX) 1000._EB
4910 || IF (J==1) THEN

4911 IF (SSY%H.V_REFERENCE.TEMPERATURE < 0._EB) SS%H.V_REFERENCE.TEMPERATURE=TMP_REF

4912 IF (SS%IMP.V < 0._EB) SS%IMPV = TMP.V

4913 IF (SS%IMPV < 0._EB) THEN

4914 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: PARTicle class ', TRIM(SS%ID), " requires a TMP.V’

4915 || CALL SHUIDOWN(MESSAGE) ; RETURN

4916 || ENDIF

4917 || IF (SS%IMPMELT < 0._EB) SS%IMPMELT = TMPMELT

4918 || IF (SS%IMPMELT < 0._EB) THEN

4919 WRITE(MESSAGE, " (A,A,A) ") "ERROR: PARTicle class *, TRIM(SS%ID), " requires a TMPMELT’

4920 || CALL SHUIDOWN(MESSAGE) ; RETURN

4921 ENDIF

4922 || IF (LPCXDENSITY < 0._EB) LPC%DENSITY = DENSITY

4923 || IF (LPC%DENSITY < 0..EB) THEN

4924 || WRITE(MESSAGE, " (A,A,A) ") "ERROR: PARTicle class ', TRIM(SS%ID),  requires a density’

4925 || CALL SHUIDOWN(MESSAGE) ; RETURN

4926 || ENDIF

4927 || LPCYWFTPR = FOTHx*PI+LPCZ%DENSITY

4928 || IF (SS%C_P_L(J) < 0._EB) THEN

4929 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: PARTicle class ', TRIM(SS%ID), " requires CP, H.V, TMPMELT, TMPV, and T_REF’
4930 || CALL SHUIDOWN(MESSAGE) ; RETURN

4931 || ENDIF
4932 || SS%H.L(J) = H.L + SS%C_P_L(J)
4933 || ELSE
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4934
4935
4936
4937
4938
4939
4940
4941
4942
4943
4944
4945
4946
4947
4948
4949
4950
4951
4952
4953
4954
4955
4956
4957
4958
4959
4960

4961
4962
4963
4964
4965
4966
4967
4968
4969
4970
4971
4972
4973
4974
4975
4976
4977
4978
4979
4980

4981
4982
4983
4984
4985
4986
4987
4988
4989
4990
4991
4992
4993
4994
4995
4996
4997
4998
4999
5000
5001
5002
5003
5004
5005
5006
5007
5008
5009
5010

5011
5012
5013
5014
5015
5016
5017
5018

SS%H.L(]) = SS%H.L(J—1) + 0.5_EBx(SS%C_P_L(J)+SS%C.P_L(J—1))
ENDIF

ENDIF

END DO

SS%C_P_L(0) = SS%C_P_L(1)

SS%HL(0) = SS%H.L(1) — SS%C_P_L(1)

! Adjust liquid HLL to force H.V at H.V.REFERENCE.TEMPERATURE

IF (SS%HEAT_ OF .VAPORIZATION > 0._EB) H.V = SSY%HEAT.OF_VAPORIZATION
ITMP = INT (SS%H.V_REFERENCE_TEMPERATURE)

TMPWGT = SS%H.V_REFERENCE.TEMPERATURE — REAL(ITMP, EB)

H.L_REF = SS%H_L(ITMP)+IMPWGT (SSY%H_L (ITMP+1)—SS%H_L (ITMP) )

H_G_S_REF=(CPBAR_Z(ITMP, LPC%Z_INDEX ) +TMP.WGT* (CPBAR_Z (ITMP+ 1, LPC%Z_INDEX ) —CPBAR Z (ITMP , LPC%Z_INDEX ) ) ) #&c
SS%H_V_REFERENCE.TEMPERATURE

SS%HL = SS%H.L + (H.G.SREF — H.L_REF) — HV

IMELT = INT(SS%TMPMELT) — 1

I.BOIL = INT(SS%IMPV) + 1

! Determine the properties of the PARTICLE

DO ]=1,5000

H.GS = CPBARZ(] ,LPC/ZINDEX)*REAL(] ,EB)

SSYHV(]) = H.G.S — SS%H-L(])

IF (SS%H.V(J) < 0.-EB .AND. ] > I.MELT .AND. ] < I.BOIL) THEN

WRITE(MESSAGE, ' (A,A,A) ") "ERROR: PARTicle class ', TRIM(SS%ID), ~ HV(T) < 0. Check inputs for C.P gas and C.P
liquid ’

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

IF (J==1) THEN

SS%C_P.L.BAR(J) = SS%H.L(])

ELSE

SS%C_P.L.BAR(J) = SS%H.L(]J) / REAL(],EB)

ENDIF

ENDDO

SSUH.V(0) = SS%H.V(1)
SS%C_P_L_BAR(0) = SS%H.L(1)
TMPMIN = MIN(TMPMIN, SS%TMP_MELT)

SS%PR-LIQUID = SS%MU_LIQUID*SS%C-P_L (NINT(TMPA) ) /SS%K-LIQUID
ENDIF SURF-OR-SPEC
! Adjust the evaporation rate of fuel PARTICLEs to account for difference in HoC.

IF (LPCYHEAT.OF.COMBUSTION > 0._EB) LPC%ADJUST_EVAPORATION = LPCY%HEAT OF . COMBUSTION/REACTION (1)%
HEAT_OF.COMBUSTION

ENDDO PART.LOOP

END SUBROUTINE PROC_PART

SUBROUTINE READ_PROP

USE DEVICE_.VARIABLES

USE MATH.FUNCTIONS, ONLY : GET_RAMP_INDEX, GET_-TABLE.INDEX

USE PHYSICAL_FUNCTIONS, ONLY : SPRAY.ANGLE_DISTRIBUTION

REAL(EB) :: ACTIVATION.OBSCURATION, ACTIVATION.TEMPERATURE, ALPHA C, ALPHA E, BETA.C,BETAE, &

BEAD_DIAMETER, BEAD_EMISSIVITY , BEAD_SPECIFIC_.HEAT , BEAD_DENSITY, &

BEAD_HEAT_TRANSFER_COEFFICIENT , HEAT_TRANSFER_COEFFICIENT , DIAMETER, DENSITY , SPECIFIC_HEAT, &

CFACTOR, CHARACTERISTIC_VELOCITY , ORIFICE_DIAMETER , DROPLET_VELOCITY , EMISSIVITY , &

PARTICLE_-VELOCITY , FLOW_RATE, FLOW.TAU, GAUGE_EMISSIVITY , GAUGE.TEMPERATURE, INITIAL.TEMPERATURE , K FACTOR, &

LENGTH, SPRAY-ANGLE(2 ,2) ,OFFSET , OPERATING_PRESSURE, RTI , PDPA_START, PDPA_END, PDPA_RADIUS, MASS FLOW RATE, &

SPRAY_PATTERN.MU, SPRAY_PATTERN._BETA, &

PDPA_HISTOGRAM_LIMITS (2) , &

P0,PX(3) ,PXX(3,3)

EQUIVALENCE (PARTICLE_-VELOCITY , DROPLET_-VELOCITY )

EQUIVALENCE(EMISSIVITY , BEAD_EMISSIVITY )

EQUIVALENCE (HEAT_TRANSFER_COEFFICIENT , BEAD_HEAT_TRANSFER_COEFFICIENT)

EQUIVALENCE (DENSITY , BEAD_DENSITY)

EQUIVALENCE (DIAMETER, BEAD_DIAMETER )

EQUIVALENCE (SPECIFIC_HEAT , BEAD_SPECIFIC_HEAT)

INTEGER ::1,N,NN,PDPAM,PDPAN, PARTICLES_PER_SECOND, VELOCITY.COMPONENT, PDPA_HISTOGRAM NBINS, FED_ACTIVITY

LOGICAL :: PDPA_INTEGRATE, PDPA NORMALIZE, PDPA HISTOGRAM, PDPA HISTOGRAM.CUMULATIVE

EQUIVALENCE (LENGTH, ALPHA C)

CHARACTER(LABELLENGTH) :: SMOKEVIEW.ID(SMOKEVIEW_OBJECTS_.DIMENSION) ,QUANTITY="null * ,PART.ID="null ' ,FLOWRAMP="
null’”, &

SPRAY PATTERN_TABLE="null ’* ,SPEC.ID="null " ,&

PRESSURE_RAMP="null " ,SMOKEVIEW_PARAMETERS (SMOKEVIEW_OBJECTS_DIMENSION) , &

SPRAY_PATTERN_SHAPE="CAUSSIAN

TYPE (PROPERTY.TYPE), POINTER :: PY=>NULL()

NAMELIST /PROP/ ACTIVATION.OBSCURATION, ACTIVATION.TEMPERATURE, ALPHA_C, ALPHA E, BETA_C, BETA _E, FED_ACTIVITY, &

CHARACTERISTIC_VELOCITY , C_ FACTOR, DENSITY , DIAMETER, EMISSIVITY , FLOW RAMP, FLOW RATE, FLOW_TAU, &
GAUGE_EMISSIVITY , GAUGE.TEMPERATURE, HEAT_TRANSFER_COEFFICIENT, ID, &
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5019
5020
5021
5022
5023

5024
5025
5026
5027
5028
5029
5030
5031
5032
5033
5034
5035
5036
5037
5038
5039
5040
5041
5042
5043
5044
5045
5046
5047
5048
5049
5050
5051
5052
5053
5054
5055
5056
5057
5058
5059
5060
5061
5062

5063
5064
5065
5066
5067
5068
5069
5070
5071
5072
5073
5074
5075
5076
5077
5078
5079
5080
5081
5082
5083
5084
5085
5086
5087
5088
5089
5090
5091
5092
5093
5094
5095
5096
5097
5098
5099
5100
5101
5102
5103
5104

INITIAL.TEMPERATURE , K. FACTOR, LENGTH, MASS_ FLOW _RATE, OFFSET , OPERATING_PRESSURE, ORIFICE_DIAMETER, P0, &

PARTICLES PER.SECOND, &

PARTICLE.VELOCITY , PART-ID , PDPA_END, PDPA_ HISTOGRAM, PDPA_HISTOGRAM_LIMITS, PDPA_HISTOGRAM NBINS, &

PDPA_HISTOGRAM.CUMULATIVE, PDPA_INTEGRATE, PDPAM, PDPA_N, PDPA NORMALIZE, PDPA_RADIUS, &

PDPA_START, PRESSURE_RAMP, PX, PXX, QUANTITY, RTI , SMOKEVIEW_ID, SMOKEVIEW PARAMETERS, SPEC_ID , SPECIFIC_.HEAT ,SPRAY_ANGLE
&

SPRAY PATTERN.BETA ,SPRAY PATTERN.MU, SPRAY PATTERN.SHAPE, SPRAY_PATTERN.TABLE , VELOCITY.COMPONENT, &

BEAD_EMISSIVITY , BEAD_-HEAT.TRANSFER.COEFFICIENT , DROPLET_VELOCITY,& ! Backward compatability

BEAD.DENSITY , BEAD_DIAMETER, BEAD _SPECIFIC_HEAT ! Backward compatability

! Count the PROP lines in the input file. Note how many of these are cables.

N_PROP=0

REWIND(LU_INPUT) ; INPUT_FILE_LLINE.NUMBER = 0
COUNT.PROP.LOOP: DO

CALL CHECKREAD( 'PROP’ ,LUINPUT, I0S)

IF (I0S==1) EXIT COUNT-PROPLOOP
READ(LU_INPUT, PROP, ERR=34 ,JOSTAT=10S)

N_PROP = N_PROP + 1

34 IF (I0S>0) THEN

WRITE(MESSAGE, " (A, 10 ,A,10) ") "ERROR: Problem with PROP number”, NPROP+1,’, line number’ ,INPUT-FILE.LINE.NUMBER
CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF

ENDDO COUNT-PROP_LOOP
! Allocate the PROPERTY derived types

ALLOCATE(PROPERTY (0:N_PROP) ,STAT=IZERO)
CALL ChkMemErr( ‘READ’ , 'PROPERTY " ,IZERO)

! Read the PROP lines in the order listed in the input file

REWIND(LU_INPUT) ; INPUT_FILE_.LINE.NUMBER = 0

READ_PROP.LOOP: DO N=0,N_PROP

CALL CHECKREAD( 'PROP’ ,LUINPUT,I0S) ! Look for PROP lines in the input file

CALL SET_PROP_DEFAULTS ! Reset PROP NAMELIST parameters to default values
IF (N > 0) READ(LU.INPUT,PROP)

! Pack PROP parameters into the appropriate property derived types

PY => PROPERTY(N)

PY%ACTIVATION.OBSCURATION = ACTIVATION.OBSCURATION

PYYACTIVATION.TEMPERATURE = ACTIVATION_TEMPERATURE | NOTE: Act_.Temp remains in degrees C. It is just a
SETPOINT .

PY%ALPHA.C ALPHAC

PY%ALPHA E ALPHAE

PYYBETA_C BETAC

PYYBETA_E BETA_E

PY%DENSITY DENSITY

PYVDIAMETER DIAMETER

PY%EMISSIVITY EMISSIVITY

PYZHEAT_TRANSFER_COEFFICIENT:
PY%SPECIFIC_HEAT

HEAT_TRANSFER_COEFFICIENT
SPECIFIC_HEAT % 1000. _EB/TIME_SHRINK_FACTOR

PY%C_FACTOR CFACTOR
PY%CHARACTERISTIC_VELOCITY = CHARACTERISTIC_VELOCITY
PY%GAUGE_EMISSIVITY GAUGE _EMISSIVITY

PYY%GAUGE TEMPERATURE GAUGE.TEMPERATURE + TMPM
PY%ID D

PY%INITIAL TEMPERATURE INITIAL_ TEMPERATURE + TMPM
PY%PARTICLES_PER SECOND PARTICLES PER SECOND
PY%OFFSET OFFSET
PY%OPERATING_PRESSURE OPERATING_PRESSURE
PY%PART_ID PART.ID

PY%QUANTITY QUANTITY

IF (PY%PARTID/='null’ .AND. PYYQUANTITY == 'null’ ) PYWQUANTITY = 'NOZZLE’
PY%RTI = RTI

IF (SMOKEVIEW.ID(1)/="null ') THEN

PY%SMOKEVIEW 1D = SMOKEVIEWID

PY/IN_SMOKEVIEW.IDS = 0
DO NN=1,SMOKEVIEW._OBJECTS_DIMENSION

IF (SMOKEVIEWID(NN)/="null ") PY%N.SMOKEVIEWIDS = PY%N.SMOKEVIEWIDS + 1
ENDDO

ELSE

PYY%N_SMOKEVIEW DS = 1

SELECT CASE(PYYQUANTITY)

CASE DEFAULT

PYYSMOKEVIEWID(1) = ‘sensor’

CASE( 'SPRINKLER LINK TEMPERATURE")
PYVSMOKEVIEWID(1) = 'sprinkler_pendent’

CASE( 'NOZZLE")

PYV/SMOKEVIEWID(1) = 'nozzle’

CASE( 'LINK TEMPERATURE’)

PYVSMOKEVIEWID(1) = "heat_detector’

CASE( 'spot obscuration’, 'CHAMBER OBSCURATION ")
PYYSMOKEVIEWID(1) = 'smoke_detector’

CASE( "THERMOCOUPLE ")
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5105 || PY%SMOKEVIEWID(1) = “thermocouple’

5106 || END SELECT

5107 || ENDIF

5108 || PY%SMOKEVIEW PARAMETERS = SMOKEVIEW PARAMETERS

5109 || PYZN.SMOKEVIEW PARAMETERS = 0

5110 || DO I=1,SMOKEVIEW_OBJECTS_DIMENSION

5111 || IF (PY%SMOKEVIEW PARAMETERS(1)/="null ") PY/N.SMOKEVIEW PARAMETERS = PY7N.SMOKEVIEW PARAMETERS + 1

5112 || ENDDO

5113 || PY%SPEC.ID = SPEC.ID

5114 IF (PARTID/='null’ .AND. SPRAY_PATTERN.TABLE /= 'null’) THEN

5115 || CALL GET_-TABLE_INDEX (SPRAY_PATTERN._TABLE,SPRAY_PATTERN, PY%SPRAY_PATTERN_INDEX)

5116 || PY%XTABLE.ID = SPRAY_PATTERN.TABLE

5117 || ELSE

5118 || PY%SPRAY PATTERN_INDEX = 0

5119 || ENDIF

5120 || PY%SPRAY_ANGLE = SPRAY_ANGLE=+PI/180._EB

5121 || IF (ANY(PY%SPRAY.ANGLE(1:2,2) <0)) PY%SPRAY_ANGLE(1:2,2)=PY%SPRAY_ANGLE(1:2,1)

5122 || SPRAY_PATTERN.MU=SPRAY PATTERN.MU=PI /180._EB

5123 IF (PARTID/='null’ .AND. SPRAY_PATTERN.TABLE == 'null’ ) THEN

5124 || ALLOCATE(PY%SPRAY.LON_CDF (0:NDC2) ,PY%SPRAY LON (0:NDC2) ,PY%SPRAY.LAT (0:NDC2) ,PY%SPRAY_LAT_CDF (0:NDC2,0:NDC2) )

5125 || IF (SPRAY_PATTERN.MU<O0._.EB) THEN

5126 || IF (SPRAY.ANGLE(1,1) >0..EB) THEN

5127 || SPRAY_PATTERN.MU=0.5 _EB+SUM(PY%SPRAY_ANGLE(1:2,1))

5128 || ELSE

5129 || SPRAY_PATTERN.MU=0._EB

5130 || ENDIF

5131 || ENDIF

5132 || CALL SPRAY_ANGLE_DISTRIBUTION (PY%SPRAY.LON, PY/SPRAY_LAT, PY%SPRAY_LON_CDF, PYX%SPRAY_LAT.CDF, &

5133 || SPRAY_PATTERN_BETA ,SPRAY_PATTERN_.MU, PY%SPRAY_ANGLE &

5134 || ,SPRAY_PATTERN_SHAPE,NDC2)

5135 || ENDIF

5136

5137 || ! PDPA model

5138

5139 || PYYPDPA_START = PDPA_START

5140 || PYYPDPA_END = PDPA_END

5141 || PY%PDPA_RADIUS = PDPA_RADIUS

5142 || PY%PDPAM = PDPAM

5143 || PY%PDPAN = PDPAN

5144 || PY%PDPAINTEGRATE = PDPA_INTEGRATE

5145 || PY%@DPANORMALIZE = PDPANORMALIZE

5146 || IF (TRIM(PY/QUANTITY) == 'NUMBER CONCENTRATION’) THEN

5147 || PY/®PDPAM =0

5148 || PY/PDPAN =0

5149 || ENDIF

5150 IF ((TRIM(PYZQUANTITY) == 'MASS CONCENIRATION") .OR. &

5151 (TRIM(PYZQUANTITY) == 'ENTHALPY") .OR. &

5152 (TRIM(PYZQUANTITY) == 'PARTICLE FLUX X") .OR. &

5153 (TRIM(PYZQUANTITY) == 'PARTICLE FLUX Y') .OR. &

5154 || (TRIM(PY%QUANTITY) == 'PARTICLE FLUX Z')) THEN

5155 || PY/%PDPAM =3

5156 || PY/PDPAN =0

5157 || ENDIF

5158

5159 || ! Histograms of PDPA data

5160 || PY%PDPA HISTOGRAM = PDPA_HISTOGRAM

5161 || PY%PDPA_HISTOGRAM._NBINS = PDPA_HISTOGRAM.NBINS

5162 || PY%PDPA_HISTOGRAM.LIMITS = PDPA_HISTOGRAM_LIMITS

5163 || PY/PDPA HISTOGRAM.CUMULATIVE = PDPA HISTOGRAM.CUMULATIVE

5164 || IF (PDPA_HISTOGRAM) THEN

5165 || IF (PDPA_HISTOGRAMNBINS<2) THEN

5166 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: Problem with PROP “ , TRIM(PY%ID) , ", PDPAHISTOGRAM needs PDPANBINS>2’

5167 || CALL SHUIDOWN(MESSAGE) ; RETURN

5168 || ENDIF

5169 || IF (ABS(PDPA_HISTOGRAM_LIMITS (1)—PDPA_HISTOGRAM_LIMITS(2) ) < TWO_EPSILON_EB) THEN

5170 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: Problem with PROP ", TRIM(PY%ID) , ", PDPAHISTOGRAM needs PDPAHISTOGRAM_LIMITS’

5171 || CALL SHUIDOWN(MESSAGE) ; RETURN

5172 || ENDIF

5173

5174 || ENDIF

5175

5176 || PY%FED_ACTIVITY = FED_ACTIVITY

5177 || IF (FED-ACTIVITY < 1 .OR. FED_ACTIVITY > 3) THEN

5178 || WRITE(MESSAGE, * (A, A, A, 10) ") "ERROR: Problem with PROP *  TRIM(PY%ID) , ", FED_ACTIVITY out of range: ' ,FED.ACTIVITY

5179 || CALL SHUIDOWN(MESSAGE) ; RETURN

5180 || ENDIF

5181

5182 || PATCH.VELOCITY.IF: IF (VELOCITY.COMPONENT>0) THEN

5183 || IF (VELOCITY.COMPONENT > 3) THEN

5184 || WRITE(MESSAGE, " (A, A,A,10) ") "ERROR: Problem with PROP * TRIM(PY%ID), , VELOCITY.COMPONENT > 3: ',
VELOCITY.COMPONENT

5185 || CALL SHUIDOWN(MESSAGE) ; RETURN

5186 || ENDIF

5187 || IF(PO<—1.E9_.EB) THEN

5188 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: Problem with PROP * , TRIM(PY%ID) , ", VELOCITY PATCH requires PO’

5189 || CALL SHUIDOWN(MESSAGE) ; RETURN

5190 || ENDIF

5191
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5192
5193
5194
5195
5196
5197
5198
5199
5200
5201
5202
5203
5204
5205
5206
5207
5208
5209
5210
5211
5212
5213
5214
5215
5216
5217
5218
5219
5220
5221
5222
5223

5224
5225
5226
5227
5228
5229
5230
5231
5232
5233
5234
5235
5236
5237
5238
5239
5240
5241
5242
5243
5244
5245
5246
5247
5248
5249
5250
5251
5252
5253
5254
5255
5256
5257
5258
5259
5260
5261
5262
5263
5264
5265
5266
5267
5268
5269
5270
5271
5272
5273
5274
5275
5276
5277
5278

PY%I_-VEL = VELOCITY.COMPONENT

PY%P0 = PO ! wvalue at origin of Taylor expansion

DO J=1,3

PYWPX(J) = PX(J) ! first derivative of P evaluated at origin
DO 1=1,3

IF (I>]) PXX(I,])=PXX(J,I) ! make symmetric

PYWPXX(1,]) = PXX(L,J) ! second derivative of P evaluated at origin
ENDDO

ENDDO

ENDIF PATCH.VELOCITY_IF

! Set flow wvariables

PY7MASS FLOW_RATE =MASS FLOW _RATE

PYYFLOW RATE =FLOW_RATE

IF (PARTID/='null’ .AND. PRESSURERAMP /= ’'null’) THEN

CALL GET_RAMP_INDEX (PRESSURE.RAMP, 'PRESSURE ", PYYVPRESSURE_.RAMP_INDEX)

ELSE

PY%PRESSURE_RAMP_INDEX = 0

ENDIF

! Check sufficient input

IF (PY%PRESSURE_RAMPINDEX == 0 .AND. FLOWRATE > 0._EB) THEN

IF (KFACTOR < 0..EB) KFACTOR = 10.0_-EB

ENDIF

IF (PARTID /='null” .AND. ABS(PDPA_RADIUS) <= TWO_EPSILON_EB) THEN

IF (MASSFLOWRATE > 0._EB) THEN

PY7MASS FLOW_RATE = MASS FLOW RATE

IF (ABS(PARTICLE_VELOCITY) <= TWO_EPSILON_EB) THEN

WRITE(MESSAGE, " (A, A,A) ") 'ERROR: Problem with PROP “ ,TRIM(PY%ID) ,’, must specify PARTICLE.VELOCITY with
MASS FLOW RATE’

CALL SHUIDOWN(MESSAGE) ; RETURN

ELSE

PY%PARTICLE.VELOCITY = PARTICLE_.VELOCITY

ENDIF

ELSE

IF ((FLOWRATE>0._.EB .AND. KFACTOR<=0._.EB .AND. OPERATING_PRESSURE<=0._EB) .OR. &

(FLOWRATE<O0._.EB .AND. KFACTOR>=0._.EB .AND. OPERATING.PRESSURE<=0._.EB) .OR. &

(FLOWRATE<0..EB .AND. KFACTOR<=0._.EB .AND. OPERATING.PRESSURE>0..EB)) THEN

WRITE(MESSAGE, ' (A,A,A) ") "ERROR: Problem with PROP * , TRIM(PY%ID), ", too few flow parameters’

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

IF (KFACTOR < 0._EB .AND. OPERATING_PRESSURE > 0._EB) KFACTOR = FLOW_RATE/SQRT(OPERATING_PRESSURE)

IF (FLOWRATE < 0._EB .AND. OPERATING.PRESSURE > 0._EB) FLOW_RATE = KFACTOR*SQRT(OPERATING_PRESSURE)

IF (OPERATINGPRESSURE < 0._EB .AND. KFACTOR > 0._.EB) OPERATING_PRESSURE = (FLOW_RATE/KFACTOR) %2

PYYK FACTOR = KFACTOR

PYYFLOW RATE = FLOWRATE

PY/OPERATING_PRESSURE = OPERATING_PRESSURE

IF (PARTICLE.VELOCITY<=TWO_EPSILON_.EB .AND. ORIFICE_.DIAMETER<=TWO_EPSILON_EB .AND. &

PRESSURERAMP=="null " .AND. SPRAYPATTERN.TABLE=='null’) THEN

WRITE(MESSAGE, ' (A, A,A) ") "WARNING: PROP “ , TRIM(PY%ID) ,” PARTICLE velocity is not defined

IF ( ==0) WRITE(LUERR, ' (A) ") TRIM(MESSAGE)

ENDIF

IF (PARTICLE.VELOCITY > 0._EB) THEN

PY%PARTICLE_VELOCITY = PARTICLE.-VELOCITY

ELSEIF ((ORIFICE.DIAMETER > 0..EB) .AND. (FLOWRATE > 0..EB)) THEN

PY%PARTICLE_VELOCITY = (FLOWRATE/60..EB/1000..EB) /(PI«(ORIFICE_LDIAMETER /2. _EB) *%2)

ENDIF

ENDIF

ENDIF

IF (FLOWRAMP /= 'null’) THEN

CALL GET_RAMP_INDEX (FLOWRAMP, 'TIME ", PY/FLOW_RAMP_INDEX)

ELSE

PY/FLOW RAMPINDEX = 0

ENDIF

IF (ABS(FLOW.TAU) > TWO_EPSILON.EB) THEN

PYYFLOW.TAU = FLOW.TAU/TIME_SHRINK_FACTOR

IF (FLOW.TAU > 0._EB) PYZFLOWRAMPINDEX = TANHRAMP

IF (FLOWTAU < 0..EB) PY%FLOWRAMPINDEX = TSQRRAMP

ENDIF

! Check for SPEC.ID

IF (PY%SPEC.ID/="null’) THEN

CALL GET_SPEC.OR.SMIX_INDEX (PY%SPEC_ID , PY%Y_INDEX, PY%Z_INDEX)

IF (PY%ZINDEX>=0 .AND. PY%Y_INDEX>=1) THEN

IF (TRIM(PYZQUANTITY)=="DIFFUSIVITY ") THEN

PY%Y_INDEX=—-999

ELSE

PY%Z INDEX=—-999

ENDIF

ENDIF

IF (PY%Y_INDEX<1 .AND. PY%Z_INDEX<0) THEN

WRITE(MESSAGE, ' (A, A,A) ") "ERROR: PROP SPEC_ID “ , TRIM(PY%SPEC.ID), " not found
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5279
5280
5281
5282
5283
5284
5285
5286
5287
5288
5289
5290
5291
5292
5293
5294
5295
5296
5297
5298
5299
5300
5301
5302
5303
5304
5305
5306
5307
5308
5309
5310
5311
5312
5313
5314
5315
5316
5317
5318
5319
5320
5321
5322
5323
5324
5325
5326
5327
5328
5329
5330
5331
5332
5333
5334
5335
5336
5337
5338
5339
5340
5341
5342
5343
5344
5345
5346
5347
5348
5349
5350
5351
5352
5353
5354
5355
5356
5357
5358
5359
5360
5361
5362
5363
5364
5365
5366

CALL SHUTDOWN(MESSAGE) ;
ENDIF

ENDIF

ENDDO READ_PROP-LOOP

CONTAINS

SUBROUTINE SET_PROP_DEFAULTS
ACTIVATION_OBSCURATION = 3.24 EB I %/m
ACTIVATION_.TEMPERATURE = —273.15.EB ! C
ALPHAC = 1.8_EB ! m, Heskestad Length Scale
ALPHA E = 0.0.EB

BETAC = —1.0_.EB

BETA_E = —1.0_.EB

DENSITY = 8908._EB ! kg/m3 (Nickel)
DIAMETER = 0.001 I'm
EMISSIVITY = 0.85_EB
HEAT_TRANSFER.COEFFICIENT= —1._EB ! W/m2/K
SPECIFIC_HEAT = 0.44 _EB ! kJ/kg/K (Nickel)
CFACTOR = 0.0.EB
CHARACTERISTIC_VELOCITY = 1.0_.EB !'m/s
PARTICLE_-VELOCITY = 0..EB ! 'm/s
PARTICLES_PER SECOND = 5000

IDT_INSERT = 0.01 I's

FLOW RATE = —1._EB ! L/min
MASS FLOW _RATE = —1._EB

FLOW_RAMP = ‘null

FLOW_TAU = 0..EB

GAUGE_EMISSIVITY = 1._EB

GAUGE.TEMPERATURE = TMPA — TMPM
INITIAL.TEMPERATURE = TMPA — TMPM

ID = ’null

KFACTOR = —1.0.EB I L/min/bar=%0.5
MASS FLOW RATE = —1..EB ! kg/s
OFFSET = 0.05.EB I'm
OPERATING_PRESSURE = —1.0.EB ! bar
ORIFICE_DIAMETER = 0.0.EB I'm

PART_ID = ’nul

PDPA START = T_BEGIN

PDPA_END = TEEND + 1.0_EB
PDPA_RADIUS = 0.0_EB

PDPAM =0

PDPAN =0

PDPA HISTOGRAM =.FALSE.

PDPA HISTOGRAM.CUMULATIVE =.FALSE

PDPA _HISTOGRAM_NBINS =-1
PDPA_HISTOGRAM_LIMITS = 0..EB

PDPA_ HISTOGRAM_.CUMULATIVE = .FALSE

PDPA INTEGRATE = .TRUE.

PDPANORMALIZE = .TRUE.

PRESSURE_RAMP = ’‘null’

0 = —1.E10_EB

PX = 0..EB

PXX = 0..EB

QUANTITY = ‘null’

RTI = 100..EB ! (ms)*%0.5
SMOKEVIEW_ID = ’‘null’

SMOKEVIEW PARAMETERS = ’null

SPEC_ID = ’null

SPRAY_ANGLE(1,1) = 60..EB ! degrees
SPRAY_ANGLE(2,1) = 75._EB ! degrees
SPRAY_ANGLE(1,2) = —999._EB ! degrees
SPRAY_ANGLE(2,2) = —999._EB ! degrees
SPRAY_PATTERN_-TABLE = ’null
SPRAY_PATTERN_SHAPE = 'GAUSSIAN’

SPRAY PATTERN.MU = —1._.EB
SPRAY_PATTERN.BETA = 5.0.EB

FED_ACTIVITY =2 ! light work
'VELOCITY.COMPONENT =0

END SUBROUTINE SET_PROP_DEFAULTS

END SUBROUTINE READ_PROP

SUBROUTINE PROC_PROP

USE DEVICE_VARIABLES

REAL(EB) :: TOTALFLOWRATE, SUBTOTALFLOWRATE
INTEGER :: N,NN,N.V_FACTORS, ILPC

LOGICAL :: TABLENORMED(1:N.TABLE)

TYPE (PROPERTY.TYPE), POINTER :: PY=>NULL()

TYPE (TABLES.TYPE), POINTER :: TA=>NULL()

TYPE (LAGRANGIAN_PARTICLE.CLASS.TYPE) ,POINTER :: LPC=>NULL()

RETURN
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5367 || TABLENORMED = .FALSE.
5368
5369 || PROPLLOOP: DO N=0,N.PROP
5370 || PY => PROPERTY(N)

5371

5372 || ! Assign PARTINDEX to Device PROPERTY array
5373

5374 || IF (PY%PART.ID/="null ") THEN

5375

5376 || DO ILPC=1,N.LAGRANGIAN.CLASSES

5377 || LPC => LAGRANGIAN_PARTICLE CLASS(ILPC)
5378 || IF (LPC%ID==PY%PART_ID) THEN

5379 || PYYPARTINDEX = ILPC

5380 || EXIT
5381 || ENDIF

5382 || ENDDO

5383

5384 || IF (PYY%PARTINDEX<0) THEN

5385 || WRITE(MESSAGE, ' (A, 10 ,A) ) 'ERROR: PARTID for PROP ' N,  not found’
5386 || CALL SHUTDOWN(MESSAGE) ; RETURN

5387 || ENDIF

5388

5389 || IF (LPC%ID==PY%PART_ID .AND. LPC’%MASSLESS.TRACER) THEN
5390 || IF ( .NOT.(TRIM(PY%QUANTITY)=="NUMBER CONCENTRATION’ .OR. &

5391 || TRIM(PY/QUANTITY)=="U-VELOCITY .OR. &

5392 || TRIM(PY/QUANTITY)=="V-VELOCITY .OR. &

5393 || TRIM(PY%QUANTITY) == "W-VELOCITY OR. &

5394 || TRIM(PY%QUANTITY)=="VELOCITY ") ) THEN
5395 || WRITE(MESSAGE, ' (A,10 ,A) ") ’'ERROR: PART.D for PROP " ,N,’ cannot refer to MASSLESS particles’
5396 || CALL SHUIDOWN(MESSAGE) ; RETURN

5397 || ENDIF

5398 || ENDIF

5399

5400 || PARTICLE_FILE=.TRUE.

5401

5402 || ENDIF

5403

5404 || ! Set up spinkler distributrion if needed

5405

5406 || IF (PY%SPRAY_PATTERNINDEX > 0) THEN
5407 || TA => TABLES(PY%SPRAY_PATTERN_INDEX)
5408 || ALLOCATE(PY%TABLEROW ( 1: TA%NUMBER ROWS) )
5409 || TOTAL.FLOWRATE=0._EB

5410 || SUBTOTALFLOWRATE=0._EB

5411 || DO NN=1,TA%NUMBER ROWS

5412 || IF (TA%TABLEDATA(NN,6) <=0._EB) THEN

5413 || WRITE(MESSAGE, " (A, A,A,10) ") "ERROR: Spray Pattern Table, ’ TRIM(PYWI'ABLEID), ', massflux <= 0 for line NN
5414 || CALL SHUIDOWN(MESSAGE) ; RETURN

5415 || ENDIF

5416 || TOTALFLOWRATE = TOTALFLOWRATE + TA%TABLE.DATA (NN, 6)

5417 || ENDDO

5418 || IF (TABLENORMED(PY%SPRAY_PATTERN.INDEX)) THEN

5419 || DO NN=1,TA7NUMBER ROWS

5420 || SUBTOTALFLOWRATE = SUBTOTALFLOWRATE + TA%TABLEDATA (NN, 6)
5421 || PY%TABLEROW (NN) = SUBTOTALFLOWRATE/TOTALFLOWRATE

5422 || ENDDO

5423 || ELSE

5424 || DO NN=1,TA7ANUMBER ROWS

5425 || TA%TABLE.DATA(NN, 1) = TA%TABLEDATA(NN,1) % PI/180._EB

5426 || TA%IABLE.-DATA(NN,2) = TA%IABLEDATA(NN,2) % PI1/180.-EB

5427 || TA%TABLE.-DATA(NN,3) = TA%IABLEDATA(NN,3) = PI1/180.-EB

5428 || TA%IABLE.-DATA(NN,4) = TA%IABLEDATA(NN,4) = PI1/180._EB

5429 || SUBTOTAL FLOWRATE = SUBTOTALFLOWRATE + TA%TABLE DATA (NN, 6)
5430 || PY%TABLEROW (NN) = SUBTOTAL FLOWRATE/TOTAL FLOWRATE

5431 || ENDDO

5432 || TABLENORMED(PY%SPRAY PATTERN_INDEX) = .TRUE.
5433 || ENDIF

5434 || PY%TABLEROW (TA7NUMBERROWS) = 1._EB

5435 || END IF

5436

5437 || | Set up pressure dependence

5438 || IF (PY%PRESSURE.RAMPINDEX > 0) THEN
5439 || IF (PY%SPRAYPATTERN.INDEX > 0) THEN
5440 || N.V.FACTORS = TAYINUMBER ROWS

5441 || ELSE
5442 || N.VFACTORS = 1
5443 || ENDIF

5444 || ALLOCATE(PY%V FACTOR (1:N.V_FACTORS))

5445 || IF (PY%SPRAY_PATTERNINDEX > 0) THEN

5446 || DO NN=1,TA%NUMBER ROWS

5447 || PY%V_FACTOR(NN) = TA%TABLE.DATA(NN,5) /SQRT(PY%OPERATING PRESSURE)

5448 || ENDDO

5449 || ELSE

5450 || PY%V_FACTOR = PY%PARTICLE_VELOCITY/SQRT(PY/OPERATING_PRESSURE)
5451 || ENDIF

5452 || ENDIF

5453

5454 || ENDDO PROP_.LOOP
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5455
5456 || END SUBROUTINE PROC_PROP
5457
5458
5459
5460 || SUBROUTINE READMATL
5461
5462 || USE MATHFUNCTIONS, ONLY : GET-RAMP_INDEX

5463 || CHARACTER(LABELLENGTH) :: CONDUCTIVITY_RAMP, SPECIFIC_ HEAT_RAMP

5464 || CHARACTER(LABEL.LENGTH) :: SPEC.ID(MAXSSPECIES, MAX REACTIONS)

5465 || REAL(EB) :: EMISSIVITY ,CONDUCTIVITY, SPECIFIC_HEAT , DENSITY , ABSORPTION_COEFFICIENT, BOILING_ TEMPERATURE, &

5466 || PEAK REACTION_RATE, POROSITY

5467 || REAL(EB) , DIMENSION(MAXMATERIALS,MAX REACTIONS) :: NUMATL

5468 || REAL(EB) , DIMENSION(MAXREACTIONS) :: A,E,HEATINGRATE, PYROLYSIS RANGE, HEAT OF REACTION, &

5469 || N_S,N.T,N.O2, REFERENCE _RATE, REFERENCE_ TEMPERATURE, THRESHOLD_TEMPERATURE, HEAT.OF COMBUSTION, &

5470 || THRESHOLDSIGN, GAS DIFFUSION_DEPTH, NU_O2, BETA.CHAR

5471 || REAL(EB) :: NUSPEC(MAX.SPECIES,MAX_REACTIONS)

5472 || LOGICAL, DIMENSION(MAXREACTIONS) :: PCR

5473 || LOGICAL :: ALLOW.SHRINKING, ALLOW.SWELLING, VEGETATION

5474 || CHARACTER(25) :: COLOR

5475 || INTEGER :: RGB(3)

5476 || CHARACTER(LABELLENGTH) , DIMENSION(MAXMATERIALS, MAXREACTIONS) :: MATLID

5477 || INTEGER :: N,NN,NNN, I0S,NR,N_REACTIONS

5478 || NAMELIST /MATL/ A, ABSORPTION.COEFFICIENT , ALLOW SHRINKING, ALLOW.SWELLING, BETA_.CHAR, BOILING_.TEMPERATURE, COLOR,
CONDUCTIVITY, &

5479 || CONDUCTIVITY RAMP, DENSITY, E, EMISSIVITY , FYT,&

5480 || GAS.DIFFUSION.DEPTH , HEATING RATE, HEAT_-OF.COMBUSTION, HEAT-OF_REACTION, ID , MATLID,NUMATL, NU_SPEC, N.REACTIONS, &
5481 || N_S,N.T,N.O2,NU.O2, PCR, POROSITY , PYROLYSIS_.RANGE , REFERENCE_RATE, REFERENCE.TEMPERATURE, RGB, &

5482 || SPECIFIC_HEAT , SPECIFIC_HEAT RAMP, SPEC_ID , THRESHOLD SIGN , THRESHOLD_TEMPERATURE, VEGETATION

5483
5484 || ! Count the MAIL lines in the input file
5485
5486 || REWIND(LUINPUT) ; INPUT.FILE_LINE.NUMBER = 0
5487 || NMATL = 0

5488 || COUNTMATLLOOP: DO

5489 || CALL CHECKREAD( 'MATL" ,LUINPUT,IOS)

5490 || IF (10S==1) EXIT COUNTMATLLOOP

5491 || READ(LU.INPUT,MATL, ERR=34 ,IOSTAT=IOS)

5492 || NMATL = NMATL + 1

5493 || MATLNAME(N.MATL) = 1D

5494 || 34 IF (I0S>0) THEN

5495 || WRITE(MESSAGE, " (A, 10 ,A,10) ") "ERROR: Problem with MATL number”, NMATL+1,", line number’ , INPUT_FILE.LINE.NUMBER
5496 || CALL SHUIDOWN(MESSAGE) ; RETURN

5497 || ENDIF

5498 || ENDDO COUNTMATLI1OOP

5499

5500 || ! Allocate the MATERIAL derived type

5501

5502 || ALLOCATE(MATERIAL (1:N.MATL) ,STAT=IZERO)
5503 || CALL ChkMemErr( 'READ”, "MATERIAL" ,IZERO)

5504

5505 || ! Read the MATL lines in the order listed in the input file
5506

5507 || REWIND(LUINPUT) ; INPUT.FILE-LINE.NUMBER = 0
5508

5509 || READMATLIOOP: DO N=1,NMATL

5510

5511 || ML => MATERIAL(N)

5512

5513 || ! Read user defined MATL lines

5514

5515 || CALL CHECKREAD( 'MATL",LUINPUT,IOS)
5516 || CALL SET_MATL_.DEFAULTS
5517 || READ(LUINPUT,MATL)

5518

5519 || ! Do some error checking on the inputs

5520

5521 || NOT_BOILING: IF (BOILING.TEMPERATURE>4000..EB) THEN

5522

5523 || IF ( ( ANY(THRESHOLD.TEMPERATURE>-TMPM) .OR. ANY(REFERENCE.TEMPERATURE>-TMPM) .OR. ANY(A>=0._EB) .OR. ANY(E>=0.
_EB) .OR. &

5524 || ANY(ABS(HEAT.OF REACTION)>TWO_EPSILON_EB) ) .AND. N_REACTIONS==0) THEN

5525 || WRITE(MESSAGE, " (A,A,A) ") 'ERROR: Problem with MATL number ', TRIM(ID), . A reaction parameter is used, but

N_REACTIONS=0’

5526 || CALL SHUTIDOWN(MESSAGE) ; RETURN

5527 || ENDIF

5528

5529 || DO NR=1,N_REACTIONS

5530 || IF (REFERENCE.TEMPERATURE(NR)<-IMPM .AND. (E(NR)< 0._EB .OR. A(NR)<0._EB)) THEN

5531 || WRITE(MESSAGE, ' (A, A, A, 10 ,A) ") 'ERROR: Problem with MATL ’,TRIM(ID),’, REAC ' ,NR, . Set REFERENCE.TEMPERATURE or I
, A

5532 || CALL SHUIDOWN(MESSAGE) ; RETURN

5533 || ENDIF

5534 || IF (ABS(SUM(NUMATL(: ,NR) ) )<=TWO_EPSILON_EB .AND. ABS(SUM(NU.SPEC (: NR)))<=TWO_EPSILON_EB) THEN

5535 || WRITE(MESSAGE, ' (A, A, A, 10 ,A) ") "WARNING: MATL *, TRIM(ID),”, REAC ',NR,”. No product yields (NUs) set’

5536 || IF (MYID==0) WRITE(LU_ERR, '(A) ) TRIM(MESSAGE)

5537 || ENDIF

5538 || ENDDO
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5539
5540 || ELSE NOT.BOILING ! Is liquid
5541
5542 || N.-REACTIONS = 1

5543 || IF (ABS(HEAT.OF-REACTION(1) )<=IWO.EPSILON.EB) THEN

5544 || WRITE(MESSAGE, " (A,A) ") "ERROR: HEAT OFREACTION should be greater than zero for liquid MATL * , TRIM(ID)
5545 || CALL SHUIDOWN(MESSAGE) ; RETURN

5546 || ENDIF

5547

5548 || ENDIF NOT-BOILING

5549

5550 || ! Error checking for thermal properties

5551

5552 || IF (ABS(DENSITY) <=TWO_EPSILON_EB ) THEN
5553 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: Problem with MATL *,TRIM(ID), : DENSITY=0’
5554 || CALL SHUIDOWN(MESSAGE) ; RETURN

5555 || ENDIF

5556 || IF (ABS(CONDUCTIVITY) <=TWO_EPSILON_EB .AND. CONDUCTIVITYRAMP == ‘null’ ) THEN
5557 || WRITE(MESSAGE, " (A, A,A) ") "ERROR: Problem with MATL *,TRIM(ID), " : CONDUCTIVITY = 0
5558 || CALL SHUIDOWN(MESSAGE) ; RETURN

5559 || ENDIF

5560 || IF (ABS(SPECIFIC_.HEAT )<=TWO_EPSILON.EB .AND. SPECIFIC_.HEAT_RAMP == "null’ ) THEN

5561 || WRITE(MESSAGE, * (A, A,A) ") "ERROR: Problem with MATL *,TRIM(ID),": SPECIFIC_HEAT = 0

5562 || CALL SHUIDOWN(MESSAGE) ; RETURN

5563 || ENDIF

5564 || IF (SPECIFIC.HEAT > 10..EB) WRITE(LU.ERR, ' (A ,A) ") "WARNING: SPECIFIC_HEAT units are kJ/kg/K check MATL *, TRIM(ID)
5565
5566 || ! Pack MATL parameters into the MATERIAL derived type
5567
5568 || IF (COLOR/="null’) THEN
5569 || CALL COLOR2RGB(RGB,COLOR)
5570 || ENDIF

5571 || IF (ANY(RGB< 0)) THEN

5572 || RGB(1) = 255

5573 || RGB(2) = 204

5574 || RGB(3) = 102

5575 || ENDIF

5576 || MI%RGB = RGB
5577

5578 || MI%A (:) = A(:)
5579

5580 || ALLOCATE(MI%ADJUST-BURN_RATE (N.TRACKED_SPECIES ,MAX(1 ,N.REACTIONS) ) ,STAT=IZERO)
5581 || CALL ChkMemErr( 'READ”, "MATERIAL" ,IZERO)

5582 || MI%ADJUST_BURN_RATE 1._EB
5583 || MI%ALLOW SHRINKING ALLOW_SHRINKING

5584 || MI%ALLOW.SWELLING ALLOW_SWELLING

5585 || MI%BETA_CHAR (:) BETA.CHAR(:)

5586 || MI%C_S 1000. _EB+SPECIFIC_HEAT /TIME_SHRINK_FACTOR
5587 || MI%E (:) 1000. _EB+E(:)

5588 || MI%EMISSIVITY EMISSIVITY

5589 || MI%FYT FYI

5590 || MI%GAS_DIFFUSION_DEPTH ( :
5591 || MIYAHEAT OF . COMBUSTION
5592 || MI9eH R (:)

= GAS_DIFFUSION_DEPTH (:)
1000. _EB+HEAT.OF COMBUSTION
1000. .EB+HEAT.OF REACTION (:)

5593 || ML%ID 1D

5594 || MLY%KAPPA_S ABSORPTION_COEFFICIENT
5595 || MI%K_S CONDUCTIVITY

5596 || ML%N_-REACTIONS N_REACTIONS

5597 || ML%N-O2 (:) N.O2(:)

5598 || ML%NU.O2(:) NU.O2(:)

5599 || MI%N.S (:) NS (:)

5600 || MI%N_T (:) NT(:)

5601 || MI%NU_RESIDUE NUMATL

5602 || MLYANU_SPEC NU_SPEC

5603 || ML%POROSITY POROSITY

5604 || MI%SPEC_ID SPEC.ID

5605 || MI%RAMP_C_S SPECIFIC_HEAT_RAMP

5606 || ML%RAMP K_S CONDUCTIVITY_RAMP

5607 || ML%RHO-S DENSITY ! This is bulk density of pure material.
5608 || MLY%RESIDUE MATL NAME MATLID

5609 || MIZHEATINGRATE(: )
5610 || MI9PYROLYSIS_RANGE (:)
5611 || MIZ%PCR(:)

5612 || ML%TMP_BOIL

5613 || MIZ%IMP_THR (:)

5614 || MI%TIMP_REF (:)

5615 || MI%THR-SIGN (:)

5616 || MI%RATE-REF (:)

5617
5618 || ALLOCATE(MILYNNU_GAS(N_TRACKED_SPECIES, N_ REACTIONS) ,STAT=IZERO)
5619 || CALL ChkMemErr( 'READ’, "MATERIAL" ,IZERO)

5620 || ML9%NU.GAS=0. .EB

5621
5622 || ! Additional logic
5623
5624 || IF (BOILING.TEMPERATURE<5000._.EB) THEN
5625 || MI%PYROLYSIS MODEL = PYROLYSIS_LIQUID
5626 || MIZN_REACTIONS = 1

HEATINGRATE (:) /60._EB
PYROLYSIS_RANGE (:)

PCR(:)

BOILING.TEMPERATURE + TMPM
THRESHOLD.TEMPERATURE (:) + TMPM
REFERENCE.TEMPERATURE (:) + TMPM
THRESHOLD.SIGN

REFERENCE_RATE (: )
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5627 || ELSEIF (VEGETATION) THEN
5628 || MI9%PYROLYSISMODEL = PYROLYSIS_-VEGETATION

5629 || MI%ALLOW SHRINKING = .FALSE.

5630 || MI%ALLOWSWELLING = .FALSE.

5631 || ELSE

5632 || MI%PYROLYSIS MODEL = PYROLYSIS.SOLID

5633 || ENDIF

5634

5635 || IF (N.REACTIONS==0) MI%PYROLYSISMODEL = PYROLYSIS NONE
5636

5637 || IF (MIY%RAMPK.S/="null’) THEN

5638 || CALL GET_RAMP_INDEX(MLY%RAMP_K.S, "TEMPERATURE" ,NR)
5639 || MI%K_S = —NR

5640 || ENDIF

5641
5642 || IF (MI%RAMP_CS/="null’) THEN

5643 || CALL GET_RAMP_INDEX(MI%RAMP_CS, "TEMPERATURE’ ,NR)
5644 || MI%C.S = -NR

5645 || ENDIF

5646

5647 || ! Determine A and E if REFERENCE.TEMPERATURE is specified
5648

5649 || DO NR=1,MI%N_REACTIONS
5650 || IF (MI%TMP_REF(NR) > 0._.EB) THEN

5651 || IF (MI%RATE_REF(NR) > 0._EB) THEN

5652 || PEAK_REACTION RATE = MI%RATE_REF (NR)

5653 || ELSE

5654 || PEAK.REACTIONRATE = 2._EB#MI%HEATING_RATE(NR) (1. _EB-SUM(MI%NU_RESIDUE (: ,NR) ) ) /MI%PYROLYSIS_RANGE (NR)
5655 || ENDIF
5656 || MI%E (NR)
5657 || MI%A(NR)
5658 || ENDIF
5659
5660 || MI%N_RESIDUE(NR) = 0

5661 || DO NN=1,MAX MATERIALS

5662 || TF (MI%RESIDUEMATLNAME(NN,NR) /="nu11 ") MI%N_RESIDUE(NR) = MI%N_RESIDUE (NR) + 1

EXP (1._EB)+PEAK_REACTION_RATE+RO+MI%TIMP_REF (NR) 2 /MIYHEATING RATE (NR)
EXP (1._EB)+PEAK_REACTION_RATE+EXP (MI%E (NR) / (RO+MI%IMP_REF(NR) ) )

5663 || ENDDO

5664 || ENDDO

5665

5666 || ENDDO READMATL.LOOP

5667

5668 || ! Assign a material index to the RESIDUEs
5669

5670 || DO N=1,N.MATL

5671 || ML => MATERIAL(N)

5672 || MI%RESIDUE_.MATL INDEX = 0

5673 || DO NR=1,MI%N_REACTIONS

5674 || DO NN=1,MI%N_RESIDUE (NR)

5675 || DO NNN=1,N.MATL

5676 || IF (MATLNAME(NNN) ==MI%RESIDUE.MATL NAME (NN,NR) ) MI%RESIDUE_.MATL INDEX (NN,NR) = N\N

5677 || ENDDO

5678 || IF (MI%RESIDUE.MATL_INDEX (NN,NR)==0 .AND. MI%NU_RESIDUE(NN,NR) >0._EB) THEN

5679 || WRITE(MESSAGE, " (5A) ) 'ERROR: Residue ', TRIM(MIZRESIDUEMATLNAME(NN,NR) ), " of ', TRIM(MATLNAME(N) ), " is not
defined .’

5680 || CALL SHUIDOWN(MESSAGE) ; RETURN

5681 || ENDIF

5682 || ENDDO

5683 || ENDDO

5684 || ENDDO

5685

5686 || ! Check for duplicate names

5687

5688 || IF (NMATL>1) THEN

5689 || DO N=1,N.MATL~1

5690 || DO NNeN+1,N.MATL

5691 || IF (MATLNAME(N)==MATLNAME(NN) ) THEN

5692 || WRITE(MESSAGE, ' (A,A) ") 'ERROR: Duplicate material name: ', TRIM(MATLNAME(N) )
5693 || CALL SHUIDOWN(MESSAGE) ; RETURN

5694 || ENDIF

5695 || ENDDO

5696 || ENDDO

5697 || ENDIF

5698

5699 || ! Check material porosity values

5700

5701 || DO N=1,N.MATL
5702 || ML => MATERIAL(N)
5703 || IF ((1.0_EB-MI%POROSITY) < 1.0E—5.EB) THEN

5704 || WRITE(MESSAGE, " (2A) ") "ERROR: Too high porosity for material  , TRIM(MATLNAME(N))
5705 || CALL SHUTDOWN(MESSAGE) ; RETURN

5706 || ENDIF

5707 ! MIYRHONONPOROUS = DENSITY /(1. _EB—POROSITY)

5708 || ENDDO

5709

5710 || CONTAINS

5711

5712 || SUBROUTINE SET_MATL_DEFAULTS

5713
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5714
5715
5716
5717
5718
5719
5720
5721
5722
5723
5724
5725
5726
5727
5728
5729
5730
5731
5732
5733
5734
5735
5736
5737
5738
5739
5740
5741
5742
5743
5744
5745
5746
5747
5748
5749
5750
5751
5752
5753
5754
5755
5756
5757
5758
5759
5760
5761
5762
5763
5764
5765
5766
5767
5768
5769

5770
5771
5772
5773
5774
5775
5776
5777
5778
5779
5780
5781
5782
5783
5784
5785
5786
5787
5788
5789
5790
5791
5792
5793
5794
5795
5796
5797
5798
5799
5800

A = —1._.EB ' 1/s
ABSORPTION_COEFFICIENT = 5.0E4_EB ! 1/m, corresponds to 99.3% drop within 1E—4 m distance .
ALLOW SHRINKING = .TRUE.

ALLOW_SWELLING = .TRUE.
BOILING.TEMPERATURE = 5000..EB I C
BETA.CHAR = 0.2_EB

COLOR = ’'null

RGB = -1

CONDUCTIVITY = 0.0.EB ! W/m/K
CONDUCTIVITY RAMP = ’‘null

DENSITY = 0..EB ! kg/m3
E = —1._EB ! kJ/kmol
EMISSIVITY = 0.9_EB

FYI = ’‘null’
GAS_DIFFUSION_DEPTH = 0.001_EB I'm
HEAT.OF . COMBUSTION = —1._.EB ! k] /kg
HEAT_.OF REACTION = 0..EB ! kJ/kg
ID = 'null’

THRESHOLD .TEMPERATURE = —TMPM 0K
THRESHOLD SIGN = 1.0

N_REACTIONS =0

N.O2 = 0..EB

NU.O2 = 0..EB

N.S = 1._EB

N.T = 0..EB

NU_SPEC = 0..EB

NUMATL = 0..EB

PCR = .FALSE.

POROSITY = 0._EB

REFERENCE_RATE = —1..EB

REFERENCE TEMPERATURE = —1000._EB

MATL.ID = 'null’

SPECIFIC_HEAT = 0.0.EB ! kJ/kg/K
SPECIFIC_HEAT_RAMP = 'null’

SPEC.ID = 'null’

HEATINGRATE = 5._EB ! K/min
PYROLYSIS_RANGE = 80..EB 'K or C
VEGETATION = .FALSE.

END SUBROUTINE SET_MATL_DEFAULTS

END SUBROUTINE READ MATL

SUBROUTINE PROC.MATL

! Process Materials — do some additional set—up work with materials
INTEGER :: N,]J,JJ ,NS,NS2,NR, Z_INDEX(N_TRACKED_SPECIES , MAX REACTIONS)
PROCMATLLOOP: DO N=1,N.MATL

ML => MATERIAL(N)

! Convert MI%NU.SPEC(I.ORDINAL,I.REACTION) and MI%SPEC_ID (I.ORDINAL,I.REACTION) to MI%NU.GAS(I_.SPECIES ,I_.REACTION

)

ZINDEX = -1
DO NR=1 MIYN_REACTIONS
DO NS=1,MAX_SPECIES

IF (TRIM(MI%SPEC_ID (NS,NR))=="null ’

.AND. MIYNU_SPEC (NS,NR)>TWO_EPSILON_EB) THEN

WRITE(MESSAGE, ' (A, A, A, 10 ,A,10) ") "ERROR: MATL ', TRIM(MATLNAME(N)) , ' requires a SPEC.ID for the’,&
NS, ’th yield of reaction

CALL SHUTDOWN(MESSAGE)
ENDIF

;

", NR
RETURN

IF (TRIM(MI%SPEC_ID(NS,NR))=="null ") EXIT
IF (NS==2 .AND. MI%PYROLYSIS MODEL==PYROLYSIS_.LIQUID) THEN

WRITE(MESSAGE, ' (A, A, A)
CALL SHUTDOWN(MESSAGE)
ENDIF

)

;

"ERROR: MATI
; RETURN

DO NS2=1,N.TRACKED.SPECIES
IF (TRIM(MI%SPEC.ID (NS,NR) ) ==TRIM (SPECIES_-MIXTURE (NS2)%ID) ) THEN

ZINDEX(NS,NR) = NS2

", TRIM(MATLNAME(N) ) ,* can only specify one SPEC.ID for a liquid’

MILYANU.GAS(Z INDEX (NS,NR) ,NR) = MIYNUSPEC (NS,NR)

EXIT
ENDIF
ENDDO

IF (ZINDEX(NS,NR)==—1) THEN

WRITE(MESSAGE, " (A, A, A, A A) ")

"ERROR:

SPECies ', TRIM(MI%SPEC_ID (NS,NR) ) &

" corresponding to MATL ', TRIM(MATLNAME(N) ),  is not a tracked species’

CALL SHUTDOWN(MESSAGE)
ENDIF

ENDDO
ENDDO

;

RETURN
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5801
5802
5803
5804
5805
5806
5807
5808
5809
5810
5811
5812
5813
5814
5815
5816
5817
5818
5819
5820
5821
5822
5823
5824
5825
5826
5827
5828
5829
5830
5831
5832
5833
5834
5835
5836
5837
5838
5839
5840
5841
5842
5843
5844
5845
5846

5847
5848
5849
5850
5851
5852
5853
5854
5855

5856
5857
5858
5859
5860
5861
5862
5863

5864
5865
5866
5867
5868
5869
5870
5871
5872
5873
5874
5875
5876
5877
5878
5879
5880
5881
5882
5883
5884
5885

! Adjust burn rate if heat of combustion is different from the gas phase reaction value

IF (NREACTIONS>0) THEN
RN => REACTION(1)

DO NS = 1,N.TRACKED_SPECIES

DO ] =0,MAX(1 ,MI%N_REACTIONS)

J] = MAX(J,1)

IF (MI%HEAT.OF. COMBUSTION( ] ) >0._EB .AND. RNVAHEAT.OF.COMBUSTION>0..EB) &
MI%ADJUST_BURN_RATE (NS, JJ ) = MI%HEAT.OF. COMBUSTION( J] ) /RNVHEAT.OF.COMBUSTION
ENDDO

ENDDO

ENDIF

! Check units of specific heat
IF (ML%RAMP_.CS/="null’) THEN

NR = —NINT(MIL%C_S)
IF (.NOT.RAMPS(NR)%DEP_-VAR_UNITS.CONVERTED) THEN

RAMPS(NR)7INTERPOLATED DATA (:) = RAMPS(NR)%NTERPOLATED_DATA (:) %*1000._EB/TIME_SHRINK_FACTOR
RAMPS(NR)%DEP_VAR_UNITS.CONVERTED = .TRUE.

ENDIF

IF (RAMPS(NR)%DEPENDENTDATA (1) > 10._EB) &

WRITE(LU_ERR, " (A,A) ") "WARNING: SPECIFIC_HEAT units are kJ/kg/K check MATL *, TRIM(ID)

ENDIF

ENDDO PROC.MATLLOOP

END SUBROUTINE PROCMATL

SUBROUTINE READ_SURF

USE MATH.FUNCTIONS, ONLY : GET_RAMP_INDEX

USE DEVICE_.VARIABLES, ONLY : PROPERTY.TYPE

CHARACTER(LABELLENGTH) :: PART.ID,RAMP.MF(MAX_SPECIES) ,RAMP.Q,RAMP.V, RAMP.T, MATL ID (MAX LAYERS, MAX MATERIALS) &

PROFILE , BACKING, GEOMETRY, NAME _LIST (MAX MATERIALS*MAX_LAYERS) , EXTERNAL_FLUX_RAMP, RAMP_EF, RAMP PART, &

SPEC_ID (MAX_SPECIES) ,RAMP_T_I,RAMP_V X, RAMP_V.Y,RAMP_V Z

EQUIVALENCE (EXTERNAL FLUX RAMP, RAMP_EF)

LOGICAL :: ADIABATIC,BURNAWAY, FREE_SLIP ,NO_SLIP ,CONVERT.VOLUME.TO MASS

CHARACTER(60) :: TEXTURE.MAP,HEAT.TRANSFER MODEL

CHARACTER(25) :: COLOR

REAL(EB) :: TAU.Q,TAU.V,TAU.T, TAUMF(MAX_SPECIES) ,HRRPUA, MLRPUA, TEXTURE.WIDTH, TEXTURE_HEIGHT, VEL_T (2) &

TAU_EXTERNAL FLUX, TAU_EF, E_.COEFFICIENT , VOLUME.FLOW, VOLUME_FLUX, &

TMP_FRONT, TMPINNER (MAX_LAYERS) , THICKNESS (MAX_LAYERS) , VEL, VEL_BULK , INTERNAL HEAT SOURCE (MAX_ LAYERS) &

MASS_FLUX (MAX_SPECIES) , Z0, PLE, CONVECTIVE_HEAT FLUX, PARTICLE_MASS_FLUX, &

TRANSPARENCY, EXTERNAL FLUX, TMP_BACK, MASS_FLUX_TOTAL, MASS_FLUX_VAR , STRETCH_FACTOR (MAX_LAYERS) ,
CONVECTION_LENGTH.SCALE, &

MATL_MASS_FRACTION (MAX_LAYERS, MAX MATERIALS) , CELL_SIZE_FACTOR , MAX_PRESSURE, &

IGNITION_TEMPERATURE , HEAT.OF_VAPORIZATION, NET_HEAT FLUX, LAYER_DIVIDE, &

ROUGHNESS, RADIUS, INNER_RADIUS, LENGTH, WIDTH, DT_INSERT , HEAT.TRANSFER_COEFFICIENT , HEAT_TRANSFER_COEFFICIENT_BACK, &

TAU_PART, EMISSIVITY , EMISSIVITY_BACK , EMISSIVITY_DEFAULT, SPREAD_RATE, XYZ(3) ,MINIMUM_LAYER THICKNESS, VEL.GRAD, &

MASS_FRACTION (MAX_SPECIES) ,MASS_TRANSFER_COEFFICIENT, &

C_FORCED.CONSTANT, C_LFORCED_PR_EXP , C_FORCED_RE, C_FORCED_RE_EXP , C_VERTICAL , C.HORIZONTAL, ZETA FRONT, &

AUTOIGNITION_TEMPERATURE

EQUIVALENCE (TAU_EXTERNAL FLUX, TAU_EF)

INTEGER :: NPPC,N,IOS,NL,NN,NNN,NRM, N_LIST , N_LIST2 , INDEX_LIST (MAX MATERIALS TOTAL) ,LEAK PATH (2) ,DUCTPATH(2) ,RGB
(3) &

NR, IL ,N.CELLS MAX

INTEGER :: VEGETATION.LAYERS,N.LAYER CELLS MAX(MAXLAYERS)

REAL(EB) :: VEGETATION.CDRAG,VEGETATION.CHAR FRACTION, VEGETATION_ELEMENT_DENSITY, VEGETATION HEIGHT, &

VEGETATION_INITIAL_TEMP , VEGETATION_LOAD, VEGETATION .LSET_IGNITE_TIME , VEG_LSET_QCON, VEGETATION_MOISTURE, &

VEGETATION.SVRATIO, &

FIRELINE_MLR_MAX , VEGETATION.GROUND.TEMP, VEG_LSET_.ROS_HEAD, VEG_LSET_ROS_FLANK , VEG_LSET_ROS_BACK , &

VEG_LSET_WIND_EXP, VEG_LSET_BETA , VEG_LSET_.HT , VEG_LSET_SIGMA , VEG_LSET_ELLIPSE_HEAD

LOGICAL :: VEGETATION, VEGETATION.NO_BURN, VEGETATION_LINEAR DEGRAD, VEGETATION_ARRHENIUS DEGRAD,
VEG_LEVEL_SET_SPREAD, &

DEFAULT, EVAC DEFAULT, VEG_LSET_ELLIPSE , VEG_LSET.TAN2 , TGA_ANALYSIS, COMPUTE_EMISSIVITY , COMPUTE_EMISSIVITY_BACK, &

H3D

NAMELIST /SURF/ ADIABATIC, AUTOIGNITION.TEMPERATURE, &

BACKING, BURN.AWAY, CELL_SIZE_FACTOR ,C_FORCED.CONSTANT, C_.FORCED_PR_EXP, C_FORCED_RE, C_LFORCED.RE_EXP, &
C_HORIZONTAL, C_VERTICAL,COLOR &

CONVECTION_.LENGTH.SCALE, CONVECTIVE_HEAT_FLUX, CONVERT_VOLUME.TO_MASS, DEFAULT, &

DT.INSERT , EMISSIVITY , EMISSIVITY_BACK , EVAC_DEFAULT, EXTERNAL FLUX, E_.COEFFICIENT , FIRELINE_MLR MAX, &

FREE _SLIP , FYI ,GEOMEIRY, HEAT.OF .VAPORIZATION, HEAT.TRANSFER_COEFFICIENT , HEAT_TRANSFER_COEFFICIENT BACK, &
HEAT.TRANSFER MODEL, HRRPUA, HT3D, ID , IGNITION.TEMPERATURE , INNER_RADIUS, INTERNAL HEAT SOURCE, LAYER_DIVIDE, &

LEAK PATH, LENGTH, MASS FLUX, MASS_FLUX_TOTAL, MASS FLUX_VAR, MASS FRACTION, MASS_TRANSFER COEFFICIENT , MATLID, &
MATL_MASS FRACTION, MINIMUM_LAYER THICKNESS, MLRPUA, N_.CELLS MAX, N_.LAYER CELLS_ MAX, NET_HEAT_FLUX, &

NO_SLIP ,NPPC, PARTICLE_MASS_FLUX , PART_ID, PLE, PROFILE , RADIUS, RAMP_EF, RAMP_MF, RAMP_PART, RAMP.Q, RAMP.T, RAMP T I, &
RAMP_.V, RAMP_V X, RAMP_V_Y, RAMP_V Z, &

RGB,ROUGHNESS, SPEC_ID , SPREAD_RATE, STRETCH_FACTOR, &

TAU_EF, TAUMF, TAU_PART, TAU.Q, TAU.T, TAU.V, TEXTURE_HEIGHT , TEXTURE_MAP, TEXTURE_WIDTH, &

TGA_ANALYSIS, TGA_FINAL TEMPERATURE, TGA_ HEATING RATE, THICKNESS, &

TMP_BACK, TMP_FRONT, TMP_INNER, TRANSPARENCY, VEGETATION , VEGETATION_ARRHENIUS DEGRAD, VEGETATION.CDRAG, &
VEGETATION.CHAR FRACTION, VEGETATION.ELEMENT_DENSITY , VEGETATION.GROUND.TEMP, VEGETATION _HEIGHT, &
VEGETATION.INITIAL.TEMP , VEGETATION.LAYERS, VEGETATION_LINEAR DEGRAD, VEGETATION LOAD, VEGETATION_LSET_IGNITE_TIME, &
VEG.LSET.QCON, VEGETATION.MOISTURE, VEGETATION.NO_BURN, VEGETATION.SVRATIO, VEG.LEVEL_SET.SPREAD, &
VEG_LSET_ROS.BACK , VEG_LSET_ROS_FLANK , VEG_LSET_ROS_HEAD, VEG_LSET.WIND_EXP, &
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5886
5887
5888
5889
5890
5891
5892
5893
5894
5895
5896
5897
5898
5899
5900
5901
5902
5903
5904
5905
5906
5907
5908
5909
5910
5911
5912
5913
5914
5915
5916
5917
5918
5919
5920
5921
5922
5923
5924
5925
5926
5927
5928
5929
5930
5931
5932
5933
5934
5935
5936
5937
5938
5939
5940
5941
5942
5943
5944
5945
5946
5947
5948
5949
5950
5951
5952
5953
5954
5955
5956
5957
5958
5959
5960
5961
5962
5963
5964
5965
5966
5967
5968
5969
5970
5971
5972
5973

VEG_LSETSIGMA, VEG_LSET_HT, VEG_LSET_BETA , VEG_LSET_ELLIPSE , VEG_LSET_TAN2, VEG_LSET_ELLIPSE_HEAD, &
VEL, VEL.BULK, VEL.GRAD, VEL_T , VOLUME FLOW, WIDTH, XYZ, Z0 , ZETA_FRONT, &
EXTERNAL FLUX RAMP, TAU_EXTERNAL FLUX, VOLUMEFLUX ! Backwards compatability??

! Count the SURF lines in the input file

REWIND(LUINPUT) ; INPUT.FILE.LINE.NUMBER = 0
N.SURF = 0

COUNT.SURF.LOOP: DO

HRRPUA = 0._EB

MLRPUA = 0._EB

CALL CHECKREAD( ‘SURF’ ,LUINPUT, I0S)

IF (I0S==1) EXIT COUNT.SURF.LOOP
READ(LU_INPUT, SURF, ERR=34,IOSTAT=IOS)

N.SURF = N.SURF + 1

34 IF (I0S>0) THEN

WRITE(MESSAGE, " (A, 10 ,A,10) ") "ERROR: Problem with SURF number’, NSURF+1,’, line number’ ,INPUT_.FILE_.LINE_.NUMBER
CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF

ENDDO COUNT_SURF_LOOP

! Allocate the SURFACE derived type, leaving space for SURF entries not defined explicitly by the user
N._SURF_RESERVED = 11

ALLOCATE(SURFACE ( 0 : N.SURF+N_SURF_RESERVED) ,STAT=IZERO)

CALL ChkMemErr( 'READ”, "SURFACE " ,IZERO)

! Count the SURF lines in the input file

REWIND(LU_INPUT) ; INPUT_FILE_LINE.NUMBER = 0
NN = 0

COUNT_SURF_.LOOP_AGAIN: DO

CALL CHECKREAD( 'SURF’ ,LUINPUT, IOS)

IF (I0S==1) EXIT COUNT.SURFLOOP-AGAIN
READ(LU_INPUT, SURF)

NN = NN+1

SURFACE(NN)%ID = ID

ENDDO COUNT_SURF.LOOP_AGAIN

! Add extra surface types to the list that has already been compiled

INERT_SURF_INDEX =0
OPEN_SURF.INDEX = NSURF + 1
MIRROR-SURF.INDEX = NSURF + 2
INTERPOLATED_SURF_INDEX = NSURF + 3
PERIODIC_SURF_INDEX = NSURF + 4
HVAC_SURF_INDEX = NSURF + 5
MASSLESS TRACER SURFIINDEX = N.SURF + 6
DROPLET_SURF_INDEX = NSURF + 7
VEGETATION_SURF_INDEX = NSURF + 8
EVACUATION_SURF_INDEX = NSURF + 9
MASSLESS_. TARGET SURFINDEX = N.SURF + 10
PERIODIC_WIND_SURF_INDEX = NSURF + 11
N.SURF = N.SURF + N_SURF_RESERVED

SURFACE (INERT_SURF_INDEX)%ID = 'INERT”’

"OPEN’
"MIRROR
"INTERPOLATED”

SURFACE (OPEN_SURF_INDEX)%ID
SURFACE (MIRROR _SURF_INDEX ) %ID
SURFACE (INTERPOLATED_SURF_INDEX)%ID

SURFACE ( PERIODIC_SURF_INDEX)%ID "PERIODIC '
SURFACE (HVAC_SURF_INDEX)%ID "HVAC’

SURFACE (MASSLESS_TRACER_SURF_INDEX ) %ID "MASSLESS TRACER’
SURFACE (DROPLET_SURF_INDEX )%ID "DROPLET’

SURFACE (VEGETATION_SURF_INDEX ) %ID
SURFACE (EVACUATION_SURF_INDEX ) %ID
SURFACE (MASSLESS_TARGET_SURF_INDEX ) %ID
SURFACE (PERIODIC_WIND_SURF_INDEX ) %ID

"VEGETATION’
"EVACUATION.OUTFLOW’
"MASSLESS TARGET”’
"PERIODIC WIND’

SURFACE ( 0 ) %USER_DEFINED = .FALSE.
SURFACE (N_SURF-N_SURF_RESERVED +1:N_SURF )%USER_DEFINED = .FALSE.

! Check if SURFDEFAULT exists

CALL CHECK SURFNAME (SURF_DEFAULT, EX)
IF (.NOT.EX) THEN

WRITE(MESSAGE, " (A) ") 'ERROR: SURFDEFAULT not found’
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

! Add evacuation boundary type if necessary

CALL CHECK_SURF.NAME (EVAC.SURF.DEFAULT,EX)
IF (.NOT.EX) THEN

WRITE(MESSAGE, ' (A) ") "ERROR: EVACSURF.DEFAULT not found’
CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF

198



Source Code files for edited portions of FDS

5974 ! Read the SURF lines
5975
5976 || REWIND(LUINPUT) ; INPUT.FILE_LLINE.NUMBER = 0
5977 || READSURF.LOOP: DO N=0,N_SURF

5978

5979 || SF => SURFACE(N)

5980

5981 || ! Allocate arrays associated with the SURF line
5982

5983 || ALLOCATE( SFYMASS FRACTION ( 1:N.TRACKED_SPECIES) ,STAT=IZERO)

5984 || CALL ChkMemErr( 'READ”, 'SURFACE” ,IZERO) ; SF/AMASSFRACTION = 0._EB
5985 || ALLOCATE(SF/MASS_FLUX (1:N_.TRACKED_SPECIES) ,STAT=IZERO)

5986 || CALL ChkMemErr( 'READ”, 'SURFACE” IZERO) ; SF/XMASSFLUX = 0._EB
5987 || ALLOCATE(SF%IAU( —5:N_TRACKED_SPECIES) ,STAT=IZERO)

5988 || CALL ChkMemErr( 'READ”, 'SURFACE’ ,IZERO) ; SF%IAU = 0._EB

5989 || ALLOCATE(SF%ADJUST_BURN_RATE( —5:N_.TRACKED_SPECIES) ,STAT=IZERO)
5990 || CALL ChkMemErr( 'READ”, 'SURFACE’ IZERO) ; SF®ADJUST.BURN.RATE = 1._EB
5991 || ALLOCATE(SF/RAMPINDEX( —8:N_.TRACKED_SPECIES) ,STAT=IZERO)

5992 || CALL ChkMemErr( 'READ”, 'SURFACE’ ,IZERO) ; SF/RAMPINDEX = 0

5993 || ALLOCATE(SF/RAMPMF (1:N_.TRACKED_SPECIES) ,STAT=IZERO)

5994 || CALL ChkMemErr( 'READ”, 'SURFACE" ,IZERO) ; SF/RAMPMF = 'null’

5995

5996 || ! Read the user defined SURF lines
5997

5998 || CALL SET_SURF.DEFAULTS

5999

6000 || IF (SF%USER.DEFINED) THEN
6001 || CALL CHECKREAD( 'SURF’",LUINPUT,IOS)
6002 || READ(LU_INPUT,SURF)

6003 || ENDIF

6004

6005 ! Check to make sure that a DEFAULT SURF has an ID
6006

6007 || IF (DEFAULT) THEN
6008 || IF (ID=="null’) ID = 'DEFAULT SURF’
6009 || SURF.DEFAULT = TRIM(ID)

6010 || ENDIF

6011

6012 || IF (EVACDEFAULT) EVACSURF.DEFAULT = TRIM(ID)

6013

6014 || ! Look for special TGA_ANALYSIS=.TRUE. to indicate that only a TGA analysis is to be done
6015

6016 || IF (TGA_ANALYSIS) THEN
6017 || GEOMEIRY = 'CARTESIAN'

6018 || LENGTH = 0.1

6019 || WIDTH = 0.1

6020 || BACKING = 'INSULATED’

6021 || IF (THICKNESS(2)>0._.EB) THEN

6022 || WRITE(MESSAGE, " (A) ’) "ERROR: IF TGA_ANALYSIS=.TRUE., the surface can only be one layer thick’
6023 || CALL SHUIDOWN(MESSAGE) ; RETURN

6024 || ENDIF

6025 || THICKNESS = 1.E—6_EB

6026 || HEAT_TRANSFER_COEFFICIENT = 1000._EB
6027 || MINIMUM_LAYER.THICKNESS = 1.E—12_EB
6028 || TGASURFINDEX = N

6029 || INITIAL_.RADIATION_ITERATIONS = 0

6030 || ENDIF

6031

6032 || ! Vegetation parameters

6033

6034 || IF (VEGETATION) WFDSBNDRYFUEL = .TRUE.
6035

6036 || ! Level set vegetation fire spread specific

6037 || SF%VEG_LSET_.SPREAD = VEG._LEVEL.SET_SPREAD

6038 SF%VEG_LSET_.ROS HEAD = VEG.LSET_ROSHEAD !head fire rate of spread m/s

6039 || SF%VEG_LSET_ELLIPSE_ HEAD = VEG_LSET_ELLIPSE_HEAD !no—wind, no—slope ros for elliptical model in level set
6040 || SF%VEG.LSET_ROS_FLANK = VEG.LSET.ROSFLANK !flank fire rate of spread

6041 || SF%VEG-LSET_ROS_.BACK VEG_LSET_ROS.BACK !back fire rate of spread

6042 || SF%VEG_LSET_WIND_EXP VEG.LSET.WIND_EXP !exponent on wind cosine in ROS formula

6043 SF4GVEG_LSET_SIGMA VEG.LSETSIGMA s 0.01 !SAV for Farsite emulation in LSET converted to 1/cm
6044 || SF%VEG.LSET_HT VEG_LSET_HT

6045 || SF%VEG_LSET_-BETA VEG_LSET_BETA

6046 || SF%VEG_LSET_ELLIPSE VEG_LSET-ELLIPSE

6047 || SF%VEG_LSET_TAN2 VEG_LSET.TAN2

6048
6049 || ! Boundary Vegetation specific
6050

6051 || SF%VEGETATION = VEGETATION /T or F

6052 || SF%VEGNOBURN = VEGETATION.NO.BURN

6053 || IF (WIND.ONLY) SFWVEGNOBURN = .TRUE.

6054 || ! IF (SF%VEGETATION) ADIABATIC = .TRUE.

6055 || SF%VEG.CHARFRAC = VEGETATION.CHAR FRACTION
6056 || SFVEGMOISTURE = VEGETATION_MOISTURE

6057 || SFVEGHEIGHT = VEGETATION_HEIGHT

6058 || SF%VEG_INITIAL.TEMP = VEGETATION_INITIAL_TEMP
6059 || SFAVEG.GROUNDTEMP = VEGETATION.GROUND_.TEMP
6060 || IF (ABS(VEGETATION.GROUND.TEMP+99._EB)>TWO_EPSILON_EB) SF/WEG.GROUND_ZERORAD = .FALSE.
6061 || SFWVEGIOAD = VEGETATION.LOAD
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6062 || SF%FIRELINE.MLR.MAX = FIRELINE_.MLR.MAX

6063 ! SF%VEG.DEHYDRATION-RATEMAX = SRF_-VEG.DEHYDRATION_RATE_MAX

6064 || SFWVEGPACKING = VEGETATION.LOAD/VEGETATION_HEIGHT/VEGETATION_ELEMENT_DENSITY
6065 || SFRAVEGSVRATIO = VEGETATION.SVRATIO

6066 || SFAVEGKAPPA = 0.25_EB*VEGETATION_SVRATIO*SF/VEG_PACKING

6067 || SFXNVEG.L = INT(1. + VEGETATION_HEIGHT * 3. _EB*SF%VEG.XKAPPA)

6068 || IF(VEGETATION._LAYERS > 0) SF/NVEG.L = VEGETATION_LAYERS

6069 || SFRVEG-DRAG.INI = VEGETATION.CDRAG*SF%VEG PACKING*SF%VEG_SVRATIO

6070 || SFRVEG-LSET_IGNITE.T = VEGETATION_LSET_IGNITE_TIME

6071 IF (SF%VEG.LSET_IGNITE.T > —1..EB) SF%VEG_LSET.SPREAD = .TRUE.

6072 SF%VEG_LSET_QCON = —VEGLSET.QCON=*1000._EB !convert from kW/m"2 to W/m"2
6073 || SF%VEG_LINEAR. DEGRAD = VEGETATION_LINEAR DEGRAD

6074 || SFAWVEGARRHENIUS DEGRAD = VEGETATION_ARRHENIUS DEGRAD

6075 IF (VEGETATION_ARRHENIUS DEGRAD) SF%VEG.LINEAR DEGRAD = .FALSE.

6076
6077 || ALLOCATE(SF%VEG_FUEL_FLUX_L (SF/ANVEG.L) ,STAT=IZERO)
6078 || CALL ChkMemErr( 'READ SURF’, "VEG FUEL_FLUX_L " ,IZERO)
6079 || ALLOCATE(SF%VEG-MOIST_FLUX_L (SFXNVEG.L) ,STAT=IZERO)
6080 || CALL ChkMemErr( 'READSURF’, "VEG MOIST_FLUX_L " ,IZERO)
6081 || ALLOCATE(SF%VEG_DIVQNET_L (SF/NVEG.L) ,STAT=IZERO)

6082 || CALL ChkMemErr( 'READSURF”", "VEGDIVONET " ,IZERO)

6083
6084 || ALLOCATE(SF%VEGFINCM_RADFCT.L (0: SF%NVEG.L) ,STAT=IZERO) !add index for mult veg
6085 || CALL ChkMemErr( 'READSURE’, "VEG FINCM_RADFCT_L." ,IZERO)

6086 || ALLOCATE(SF%VEG-FINCP_-RADFCT_L (0: SF%NVEG.L) ,STAT=IZERO)
6087 || CALL ChkMemErr( 'READ’, "VEG FINCP RADFCT 1" ,IZERO)

6088
6089 || ALLOCATE(SF%VEG_SEMISSP_RADFCT_L (0: SF/NVEG_L, 0: SF/NVEG_L) ,STAT=IZERO) !add index for mult veg
6090 || CALL ChkMemErr( 'READ”, "VEG SEMISSP RADFCT_L’ ,IZERO)

6091 || ALLOCATE(SF%VEG_SEMISSM_RADFCT_L (0: SF%NVEG_L, 0 : SFYINVEG_L) ,STAT=IZERO)

6092 || CALL ChkMemErr( 'READ”, "VEG SEMISSM_RADFCT L, IZERO)

6093
6094 || ! If a RADIUS is specified , consider it the same as THICKNESS(1)
6095
6096 || IF (RADIUS>0..EB) THICKNESS(1) = RADIUS
6097
6098 || ! Check SURF parameters for potential problems
6099
6100 || LAYERLOOP: DO IL=1,MAXLAYERS

6101 || IF ((ADIABATIC.OR.NET_HEAT_FLUX<1.E12_EB.OR.ABS(CONVECTIVE HEAT_FLUX)>TWO_EPSILON_EB .OR. TMP FRONT>-TMPM) &
6102 || .AND. MATLID(IL,1)/="null’) THEN

6103 || WRITE(MESSAGE, " (A) ") 'ERROR: SURF '//TRIM(SF%ID)//’ cannot have a specified flux or temperature and a MATLID’
6104 || CALL SHUIDOWN(MESSAGE) ; RETURN

6105 || ENDIF

6106 || IF (THICKNESS(IL)<=0._.EB .AND. MATLID(IL,1)/='null ') THEN

6107 || WRITE(MESSAGE, " (A, 10) ") 'ERROR: SURF “//TRIM(SF%ID)// ' must have a specified THICKNESS for Layer ’,IL
6108 || CALL SHUIDOWN(MESSAGE) ; RETURN

6109 || ENDIF

6110 || ENDDO LAYER_LOOP

6111

6112 || IF ((GEOMEIRY=='CYLINDRICAL" .OR. GEOMEIRY=='SPHERICAL") .AND. RADIUS<0..EB .AND. THICKNESS(1) <0..EB) THEN
6113 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: SURF ', TRIM(SF%ID),  needs a RADIUS or THICKNESS’
6114 || CALL SHUIDOWN(MESSAGE) ; RETURN

6115 || ENDIF

6116

6117 || ! Identify the default SURF

6118

6119 || IF (ID==SURF.DEFAULT) DEFAULT.SURF.INDEX = N

6120

6121 ! Pack SURF parameters into the SURFACE derived type
6122

6123 || SF => SURFACE(N)

6124 || SF%ADIABATIC = ADIABATIC

6125 || SFRAUTOIGNITION.TEMPERATURE = AUTOIGNITION.TEMPERATURE + TMPM
6126 || SELECT CASE(BACKING)
6127 || CASE( 'VOID")

6128 || SF%BACKING = VOID

6129 || CASE( 'INSULATED ")

6130 || SF%BACKING = INSULATED
6131 || CASE( 'EXPOSED ")

6132 || SF%BACKING = EXPOSED

6133 || CASE DEFAULT

6134 || WRITE(MESSAGE, " (A) ") "ERROR: SURF ’"//TRIM(SF%ID)// ", BACKING '//TRIM(BACKING)//  not recognized’
6135 || CALL SHUIDOWN(MESSAGE) ; RETURN

6136 || END SELECT

6137 || SF/BURN.AWAY = BURN.AWAY

6138 || SF%CELL.SIZE_FACTOR = CELLSIZE_FACTOR

6139 || SF/CONVECTIVE HEATFLUX = 1000. -EBxCONVECTIVE HEAT FLUX
6140 || SF%CFORCED.CONSTANT = CFORCED.CONSTANT

6141 || SF%C_FORCED_PR_EXP = C_FORCED_PR_EXP

6142 || SF%C_FORCED_RE = C_FORCED_RE

6143 || SF%C_FORCED_RE_EXP = C_FORCED_RE_EXP

6144 || SF/C_HORIZONTAL = CHORIZONTAL

6145 || SF%UC_VERTICAL = C_VERTICAL

6146 || SFCONVLENGTH = CONVECTION_LENGTH.SCALE

6147 || SFACONVERT_VOLUME.TOMASS = CONVERT_.VOLUME.TOMASS
6148 || IF (SF%CONVERT.VOLUME.TOMASS .AND. TMPFRONT<O0..EB) THEN
6149 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: SURF “ , TRIM(SF%ID) ,’ must specify TMPFRONT for CONVERTVOLUMETOMASS’
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6150
6151
6152
6153
6154
6155
6156
6157
6158
6159
6160
6161
6162
6163
6164
6165
6166
6167
6168
6169
6170
6171
6172
6173
6174
6175
6176
6177
6178
6179
6180
6181
6182
6183
6184
6185
6186
6187
6188
6189
6190
6191
6192
6193
6194
6195
6196
6197
6198
6199
6200
6201
6202
6203
6204
6205
6206
6207
6208
6209
6210
6211
6212
6213
6214
6215
6216
6217
6218
6219
6220
6221
6222
6223
6224
6225
6226
6227
6228
6229
6230
6231
6232
6233
6234
6235
6236
6237

", IRIM(SF%ID) , © GEOMEIRY not recognized’

N_LAYER CELLS_ MAX must be >= 2

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

SF/NET_HEAT FLUX = 1000. EB+NET_HEAT_FLUX
SF/DUCT PATH = DUCTPATH

SF%DT_INSERT = DT_INSERT

SF%E_COEFFICIENT = E_COEFFICIENT
SFREMISSIVITY = EMISSIVITY

SFREMISSIVITY BACK = EMISSIVITY_BACK
SFY%FIRE_SPREAD_RATE = SPREADRATE / TIME_SHRINK_FACTOR
SF%FREE_SLIP = FREE_SLIP

SF%NO_SLIP = NO.SLIP

SF%FYI = FYI

SFY%EXTERNAL FLUX = 1000. _EB*EXTERNAL_FLUX
SFZ%INNER_RADIUS = INNER_RADIUS

SELECT CASE(GEOMEIRY)

CASE( 'CARTESIAN ")

SF%UGEOMETRY = SURF.CARTESIAN

IF (SFY%WWIDTH>0._EB) SF/BACKING = INSULATED
CASE( 'CYLINDRICAL ")

SF/AGEOMEIRY = SURF_.CYLINDRICAL

IF (SF%INNER-RADIUSKTWO.EPSILON.EB) SF/BACKING = INSULATED
CASE( 'SPHERICAL ")

SFAGEOMEIRY = SURF_SPHERICAL

IF (SF%INNER-RADIUSKTWO.EPSILON.EB) SF/BACKING = INSULATED
CASE DEFAULT

WRITE(MESSAGE, " (A, A,A) ") "ERROR: SURE

CALL SHUIDOWN(MESSAGE) ; RETURN

END SELECT

SF/H-V = 1000. _EB*HEAT_-OF_VAPORIZATION
SELECT CASE(HEAT.TRANSFER MODEL)

CASE DEFAULT

IF (ABS(C.FORCED.CONSTANT)>TWO_EPSILON.EB .OR. ABS(C.FORCED_RE)>TWO_EPSILON.EB) THEN
SFYHEAT_TRANSFER MODEL = H.CUSTOM

ELSE

SF/HEAT TRANSFER MODEL = H.DEFAULT

ENDIF

CASE( 'TOGLAW’ , 'LOG LAW")

SF/HEAT.TRANSFER MODEL = HIOGLAW

CASE( "ABL")

SF/HEAT.TRANSFER MODEL = H_ABL

CASE( 'RAYLEIGH ")

SF/HEAT.TRANSFER MODEL = H_RAYLEIGH

CASE( "YUAN')

SF/HEAT.TRANSFER MODEL = HYUAN

END SELECT

SF/HRRPUA = 1000. _EB*HRRPUA

SF/MLRPUA = MLRPUA

SF%LAYER_DIVIDE = LAYER_DIVIDE

IF (LEAKPATH(2) < LEAKPATH(1)) THEN

SFULEAK PATH (2) = LEAKPATH(1)

SFULEAK PATH(1) = LEAKPATH(2)

ELSE

SF/dEAK PATH = LEAKPATH

ENDIF

SF/dENGTH = LENGTH

SF/MASS FLUX = 0..EB

SF/MASS FLUX_-VAR = MASSFLUX_.VAR

SF/MASS FRACTION = 0..EB

SF/MAX PRESSURE = MAXPRESSURE
SF/MINIMUM._LAYER THICKNESS = MINIMUM.LAYER THICKNESS
SF/N_.CELLS MAX = N_.CELLS.MAX

IF (ANY(N.LAYER.CELLSMAX<1)) THEN

WRITE(MESSAGE, ' (A, A,A) ') 'ERROR: SURF *, TRIM(SF4ID) ,
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

SF%N_LAYER CELLS MAX = N.LAYER.CELLS.MAX+1

SF/ANRA = NUMBER RADIATION_ANGLES
SF/INSB = NUMBER SPECTRAL BANDS
ALLOCATE(SF%PARTICLE_INSERT_CLOCK (NMESHES) ,STAT=IZERO)
CALL ChkMemErr( 'READ”, "PARTICLEINSERT CLOCK ", IZERO)
SFY/PARTICLEINSERT.CLOCK = T_BEGIN

SF/NPPC = NPPC

SF/PARTICLE MASS FLUX = PARTICLE.MASS_FLUX
SF%PARTID = PART.ID

SF%PLE = PLE

SELECT CASE (PROFILE)

CASE( 'null”)

SF/PROFILE =0

CASE( 'ATMOSPHERIC ")

SF/PROFILE = ATMOSPHERIC_PROFILE

CASE( 'PARABOLIC ")

SF/PROFILE = PARABOLIC_PROFILE

CASE( 'BOUNDARY LAYER")

SF%PROFILE = BOUNDARY_LAYER PROFILE

CASE( 'RAMP" )

SF%PROFILE = RAMP_PROFILE

END SELECT

SF/RAMP_EF = EXTERNAL_FLUX RAMP
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6238
6239
6240
6241
6242
6243
6244
6245
6246
6247
6248
6249
6250
6251
6252
6253
6254
6255
6256
6257
6258
6259
6260
6261
6262
6263
6264
6265
6266
6267
6268
6269
6270
6271
6272
6273
6274
6275
6276
6277
6278
6279
6280
6281
6282
6283
6284
6285
6286
6287
6288
6289
6290
6291
6292
6293
6294
6295
6296
6297
6298
6299
6300
6301
6302
6303
6304
6305
6306
6307
6308
6309
6310
6311
6312
6313
6314
6315
6316
6317
6318
6319
6320
6321
6322
6323
6324
6325

SF/RAMP MF = 'null’
SF/RAMP.Q = RAMPQ
SF/RAMPV = RAMP.V
SFY/RAMP_T = RAMPT
SF%RAMP_T_I = RAMP.T.I
SFYRAMP PART = RAMPPART
SFY/RAMP_V_X = RAMP.V.X
SF/RAMP_VY = RAMP.V.Y
SFY/RAMP_V_Z = RAMP.V.Z

IF (COLOR/="null ") THEN

IF (COLOR=='INVISIBLE ") THEN
TRANSPARENCY = 0._EB

ELSE

CALL COLOR2RGB(RGB,COLOR)

ENDIF

ENDIF

IF (ANY(RGB< 0)) THEN

RGB(1) = 255

RGB(2) = 204

RGB(3) = 102

ENDIF

IF (SF%ID=="OPEN") THEN

RGB(1) = 255

RGB(2) =0

RGB(3) = 255

ENDIF

SF/RGB RGB
SF/ROUGHNESS ROUGHNESS
SF%IRANSPARENCY TRANSPARENCY
SFY/STRETCH_FACTOR STRETCH_FACTOR
SFY/STRETCH_FACTOR MAX(1.0-EB, SFXSTRETCH_FACTOR)
SF%IAU(TIME_HEAT) TAU.Q/TIME_SHRINK_FACTOR
SF%IAU(TIME_VELO) TAU_V/TIME_SHRINK_FACTOR

SFU4TAU(TIME.TEMP)
SF%TAU(TIME_EFLUX)
SF%TAU(TIME_PART)

TAU_T/TIME_SHRINK_FACTOR
TAU_EXTERNAL_FLUX/TIME_SHRINK_FACTOR
TAUPART/TIME_SHRINK_FACTOR

SFAGTEXTUREMAP TEXTUREMAP
SF%IEXTURE.WIDTH TEXTURE-WIDTH
SF%IEXTURE HEIGHT TEXTURE-HEIGHT
SF%IHERMALLY.THICK HT3D = HI3D
SF%IMPIGN IGNITION.-TEMPERATURE + TMPM
SF%VEL VEL
SF%VEL.BULK VEL-BULK
SF%VEL.GRAD VEL.GRAD
SF%VEL.T VEL.T
SF%VOLUME FLOW VOLUMEFLOW
SFY%NIDTH WIDTH

SF%Z0 Z0

SF%ZETA FRONT ZETA FRONT

IF (HEAT.TRANSFER.COEFFICIENT_BACK < 0._EB) HEAT_TRANSFER.COEFFICIENT_BACK=HEAT_TRANSFER_.COEFFICIENT

SF%H_FIXED = HEAT_TRANSFER_COEFFICIENT
SF6H_FIXED_B = HEAT_TRANSFER_.COEFFICIENT_BACK
SF/HM_FIXED = MASS_TRANSFER_COEFFICIENT
SF/XYZ = XYZ

! Convert inflowing MASSFLUX.TOTAL to MASSFLUX

IF (MASSFLUX.TOTAL >= 0..EB) THEN
SF%MASS FLUX.TOTAL = MASS FLUX.TOTAL

ELSE

WRITE (MESSAGE, " (A, A,A) ") 'ERROR: Problem with SURF: * TRIM(SF%ID), &
MASS_FLUX.TOTAL should only be used for outflow. Use MASSFLUX for inflow’

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

! Error checking

IF (DEFAULT .AND. &

"OPEN’ .OR.
MIRROR .OR.
TRIM(ID)=="INTERPOLATED " .OR.

"PERIODIC’ .OR.
HVAC’ .OR.
MASSLESS TRACER’ .OR.

.OR.
.OR.
.OR.

VR‘R‘Z“Z‘Z“Z"Z"R"%

TRIM(ID ) == "MASSLESS TARGET”) THEN

WRITE (MESSAGE, " (A, A,A) ") "ERROR: Problem with SURF: ’ TRIM(SFAID), . Cannot set predefined SURI
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

IF (ABS(VOLUMEFLUX) >0..EB) THEN

WRITE (MESSAGE, ' (A, A,A) ") "ERROR: Problem with SURF: * ,TRIM(SF%ID) , . VOLUMEFLUX is deprecated;

CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF

IF (ANY(MASSFLUX>0..EB) .AND. ANY(MASSFRACTION>0._.EB)) THEN
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6326 || WRITE (MESSAGE, " (A,A,A) ") 'ERROR: Problem with SURF: ', TRIM(SF%ID), . Cannot use both MASSFLUX and MASSFRACTION

6327 || CALL SHUIDOWN(MESSAGE) ; RETURN
6328 || ENDIF

6329
6330 || IF (ANY(MASSFLUX<O0..EB) .OR. PARTICLE.MASS_FLUX<0..EB) THEN

6331 WRITE (MESSAGE, " (A,A,A) ") 'ERROR: Problem with SURF: “ , TRIM(SF%ID), . MASSFLUX cannot be less than zero’
6332 || CALL SHUIDOWN(MESSAGE) ; RETURN

6333 || ENDIF

6334
6335 || IF (ANY(MASS_FLUX>0._EB) .AND. ABS(VEL)>TWO_EPSILON.EB) THEN

6336 || WRITE (MESSAGE, " (A,A,A) ") 'ERROR: Problem with SURF: ', TRIM(SFeID), . Cannot use both MASSFLUX and VEL’
6337 || CALL SHUIDOWN(MESSAGE) ; RETURN

6338 || ENDIF

6339
6340 || IF (ANY(MASS_FLUX>0._EB) .AND. ABS(MASSFLUX.TOTAL)>TWO_EPSILON.EB) THEN

6341 || WRITE (MESSAGE, " (A,A,A) ") 'ERROR: Problem with SURF: ', TRIM(SF%ID), . Cannot use both MASSFLUX and
MASS_FLUX_TOTAL "

6342 || CALL SHUIDOWN(MESSAGE) ; RETURN

6343 || ENDIF

6344
6345 || IF (ABS(MASSFLUX.TOTAL)>TWO.EPSILON_EB .AND. ABS(VEL)>TWO._EPSILON_EB) THEN

6346 || WRITE (MESSAGE, " (A,A,A) ") 'ERROR: Problem with SURF: * , TRIM(SF%ID), . Cannot use both MASSFLUXTOTAL and VEL’
6347 || CALL SHUIDOWN(MESSAGE) ; RETURN

6348 || ENDIF

6349
6350 || IF (ANY(MASSFRACTION<O0..EB)) THEN

6351 || WRITE (MESSAGE, " (A, A,A) ") 'ERROR: Problem with SURF: “ , TRIM(SF%ID), . Cannot use a negative MASSTRACTION’
6352 || CALL SHUIDOWN(MESSAGE) ; RETURN

6353 || ENDIF

6354
6355 || IF (ANY(MASSFLUX/=0._EB) .OR. ANY(MASSFRACTION>0._.EB)) THEN

6356 || IF (SPEC.ID(1)=="null’) THEN

6357 || WRITE (MESSAGE, " (A,A,A) ") 'ERROR: Problem with SURF: ', TRIM(SF%ID),&

6358 ". Must define SPEC.ID when using MASSFLUX or MASSFRACTION’
6359 || CALL SHUIDOWN(MESSAGE) ; RETURN
6360 || ELSE

6361 || DO NN=1,MAX_SPECIES
6362 || IF (TRIM(SPEC_ID (\N) )=="null ') EXIT

6363 || DO N\NN=1,N_TRACKED_SPECIES

6364 || IF (TRIM(SPECIES_.MIXTURE (NNN)%ID ) ==TRIM(SPEC_ID (\N) ) ) THEN

6365 || SFAMASSFLUX(NNN) = MASS_FLUX (NN)
6366 || SFAMASSFRACTION (NNN) = MASS_FRACTION (NN)

6367 || SFATAU(NNN) = TAUMF(\N) /TIME_SHRINK_FACTOR
6368 || SFURAMPMF(NNN) = RAMPMF(NN)

6369 || EXIT

6370 || ENDIF

6371 IF (NNN==N_TRACKED_SPECIES) THEN
6372 || WRITE(MESSAGE, " (A, A, A,A,A) ") "ERROR: Problem with SURF: ', TRIM(SF%ID),  SPEC * , TRIM(SPEC.ID(NN)),  not found’
6373 || CALL SHUIDOWN(MESSAGE) ; RETURN

6374 || ENDIF
6375 || ENDDO
6376 || ENDDO
6377 || ENDIF

6378 || IF (SUM(SF/MASSFRACTION) > TWO_EPSILON_EB) THEN

6379 || IF (SUM(SFZMASSFRACTION) > 1._EB) THEN

6380 || WRITE (MESSAGE, " (A,A,A) ") 'ERROR: Problem with SURF: * , TRIM(SF%ID), . SUM(MASSFRACTION) > 1~
6381 || CALL SHUIDOWN(MESSAGE) ; RETURN

6382 || ENDIF

6383 || IF (SFYMASSFRACTION(1) > 0..EB) THEN

6384 || WRITE (MESSAGE, " (A, A,A) ") 'ERROR: Problem with SURF: “ , TRIM(SF%ID), &

6385 ’. Cannot use background species with MASSFRACTION.

6386 || CALL SHUIDOWN(MESSAGE) ; RETURN

6387 || ENDIF

6388 || SFXAMASS FRACTION(1) = 1..EB — SUM(SF/MASSFRACTION (2:N_TRACKED_SPECIES) )
6389 || ENDIF

6390 || ENDIF

6391

6392 IF (SF/HEAT-TRANSFER MODEL==H_RAYLEIGH .AND. GRAWIWO_EPSILON_EB) THEN
6393 || WRITE (MESSAGE, " (A,A,A) ") 'ERROR: Problem with SURF: * ,TRIM(SF%ID), . Cannot use a RAYLEIGH model with GRAV=0"’
6394 || CALL SHUIDOWN(MESSAGE) ; RETURN

6395 || ENDIF

6396

6397 || | Set wvarious logical parameters

6398

6399 || IF (ABS(SF%VEL-T(1))>TWO-EPSILON-EB .OR. ABS(SF%VEL-T(2))>TWOEPSILON.EB) SF%SPECIFIED-TANGENTIAL.-VELOCITY = .
TRUE.

6400

6401 || ! Count the number of layers for the surface, and compile a LIST of all material names and indices

6402

6403 || COMPUTE_EMISSIVITY = .FALSE.

6404 || COMPUTE_EMISSIVITY BACK = .FALSE.

6405 || IF (SF%EMISSIVITY <0._.EB) COMPUTE_EMISSIVITY = .TRUE.

6406 || IF (SF%EMISSIVITY BACK<0._.EB) COMPUTE_EMISSIVITY.BACK = .TRUE.

6407

6408 || SF%N_LAYERS = 0
6409 || N_LIST = 0
6410 || NAMELIST = "null’
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6411
6412
6413
6414
6415
6416
6417
6418
6419
6420
6421
6422
6423
6424
6425
6426
6427
6428
6429
6430
6431
6432
6433
6434
6435
6436
6437
6438
6439
6440

6441
6442
6443
6444
6445
6446
6447
6448
6449
6450
6451
6452
6453
6454
6455
6456
6457
6458
6459
6460
6461
6462
6463
6464
6465
6466
6467
6468
6469
6470
6471
6472
6473
6474
6475
6476

6477
6478
6479
6480
6481
6482
6483
6484
6485
6486
6487
6488
6489
6490
6491
6492
6493
6494
6495
6496

SF%IHICKNESS = 0._EB

SFULAYERMATLINDEX

SF%LAYER_DENSITY

INDEX_LIST = -1

ALLOCATE( SF%LAYER.THICKNESS (MAX_LAYERS) )

SF%LAYER THICKNESS = 0._EB

COUNTLAYERS: DO NL=1,MAXLAYERS

IF (THICKNESS(NL) < 0.-EB) EXIT COUNTLAYERS

SFYIN_LAYERS = SF%N.LAYERS + 1

SF%LAYER THICKNESS(NL) = THICKNESS(NL)

SF/IN_LAYER MATL(NL) = 0

EMISSIVITY = 0._EB

COUNT.LAYER MATL: DO NN=1,MAXMATERIALS

IF (MATLID(NL,NN) == "null’) CYCLE COUNTLAYERMATL

N.LIST = N_LIST + 1

NAME_LIST(N_LIST) = MATL.ID(NL,\N)

SFUNLAYER MATL(NL) = SF%N.LAYERMATL(NL) + 1

SFULAYER MATL NAME(NL,NN) = MATLID (NL,NN)

SFY/LAYER MATL FRAC(NL,NN) = MATLMASS_ FRACTION (NL,NN)

DO N\N=1,N.MATL

IF (MATLNAME(NNN)==NAME_LIST(N_LIST)) THEN

INDEX_LIST (N_LIST) = NN\N

SFYLAYER MATLINDEX (NL,NN) = NNN

SF%LAYER.DENSITY (NL) = SF%LAYER._DENSITY (NL)+SF%LAYER MATL FRAC (NL,NN) /MATERIAL (N\NN)%RHO_S

EMISSIVITY = EMISSIVITY + &

MATERIAL (NNN) %EMISSIVITY % SF/dAYER MATL FRAC (NL,NN) /MATERIAL(NNN)%RHO-S ! wvolume based

ENDIF

ENDDO

IF (INDEX_LIST(N_LIST)<0) THEN

WRITE(MESSAGE, " (A, A,A,A,A) ") "ERROR: MATLID * , TRIM(NAMELIST(N_LIST)), ", on SURF: ’ TRIM(SF%WID), ', does not
exist’

CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

ENDDO COUNT_LAYER MATL

IF (SF%LAYER.DENSITY(NL) > 0..EB) SF%LAYER.DENSITY (NL)

IF (COMPUTE-EMISSIVITY_BACK) SFXEMISSIVITY _BACK

IF (NL==1 .AND. COMPUTE_EMISSIVITY) SF%EMISSIVITY

SF%THICKNESS = SF%IHICKNESS + SF%LAYER THICKNESS(NL)

ENDDO COUNT_LAYERS

0..EB

1./ SF%LAYER_DENSITY (NL)
EMISSIVITY *SF%LAYER-DENSITY (NL)
EMISSIVITY %« SF/LAYER_DENSITY (NL)

! Set emissivity to default value if no other method applies.

IF (SF%EMISSIVITY < 0..EB) SF%GEMISSIVITY = EMISSIVITY_DEFAULT
IF (SF%EMISSIVITY BACK < 0..EB) SF%EMISSIVITY_.BACK = EMISSIVITY_.DEFAULT
! Define mass flux division point

IF (SF%LAYERDIVIDE < 0._EB) THEN

IF (SF/BACKING==EXPOSED) THEN

SF%LAYER.DIVIDE = 0.5_EB * REAL(SF/IN_.LAYERS,EB)

ELSE

SF%LAYER_DIVIDE = REAL(SF%N_LAYERS+1)

ENDIF

ENDIF

! Add residue materials

DO I = 1,MAXSTEPS ! repeat the residue loop to find chained reactions — allows MAXSTEPS steps
N_LIST2 = N_LIST

DO NN = 1,N_LIST2

MI=>MATERIAL (INDEX_LIST (\N) )
DO NR=1,MI%N_REACTIONS

DO N\N=1,MI%N_RESIDUE (NR)

IF (MI%RESIDUEMATLNAME(NNN,NR) == 'null’) CYCLE

IF (ANY(NAME_LIST==MLYRESIDUE MATL NAME (NNN,NR) ) ) CYCLE

N_LIST = N_LIST + 1

IF (N_LIST>MAXMATERIALS.TOTAL) THEN ; CALL SHUIDOWN( 'ERROR: Too many materials in the surface.’”) ; RETURN ;
ENDIF

NAMELIST (N_LIST) = MI%RESIDUEMATLNAME (NNN,NR)

INDEX_LIST (N_LIST) = MI%RESIDUE.MATL_INDEX (NNN,NR)

ENDDO

ENDDO

ENDDO

ENDDO

! Eliminate multiply counted materials from the list

N_LIST2 = N_LIST

WEED-MATL_LIST: DO NN=1,N_LIST

DO NN\N=1 NN-1

IF (NAME_LIST (\\N) ==NAME_LIST (\N) ) THEN
NAMELIST(NN) = "null’

INDEX_LIST(\N) = 0

N_LIST2 = N_LIST2-1

CYCLE WEED_MATL.LIST

ENDIF

ENDDO

ENDDO WEED_MATL_LIST
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6497
6498
6499
6500
6501
6502
6503
6504
6505
6506
6507
6508
6509
6510
6511
6512
6513
6514
6515
6516
6517
6518
6519
6520

6521
6522
6523
6524
6525
6526
6527
6528
6529
6530
6531
6532
6533
6534
6535
6536
6537
6538
6539
6540
6541
6542
6543
6544
6545
6546
6547
6548
6549
6550
6551
6552
6553
6554
6555
6556
6557
6558
6559
6560
6561
6562
6563
6564
6565
6566
6567
6568
6569
6570
6571
6572
6573
6574
6575
6576
6577
6578

6579
6580
6581
6582

! Allocate parameters indexed by layer

IF (TMPFRONT >= -TMPM) TMPMIN = MIN(TMPMIN, TMP FRONT+IMPM)
IF (TMPBACK >= ~IMPM) TMPMIN = MIN(TMPMIN, TMP_BACK+IMPM)
IF (ASSUMED.GASTEMPERATURE >= 0._EB) TMPMIN = MIN(TMPMIN, ASSUMED.GAS TEMPERATURE)

SFANMATL = N_LIST2

SF%THERMALLY.THICK = .FALSE.

IF (SF%LAYERDENSITY(1) > 0._EB) THEN
SF%ATHERMALLY.THICK = .TRUE.
SF%ATMPINNER = TMPINNER + TMPM

IF (SF%ATMPINNER(1) >=0..EB) THEN
SF%IMP_FRONT = SF%IMPINNER (1)
SFATAU(TIME.TEMP) = 0._EB

ELSE

SF%TMPFRONT = TMPFRONT + TMPM

ENDIF

SF%TMPBACK = TMPBACK + TMPM
ALLOCATE(SF%N_LAYER CELLS (SF/N_LAYERS) )
ALLOCATE( SF%MIN _DIFFUSIVITY (SF/N_LAYERS) )

The number of cells in each layer

The smallest diffusivity of materials in each layer
ALLOCATE( SFZMATLNAME (SF/N.MATL) ) The list of all material names associated with the surface
ALLOCATE(SF/MMATLINDEX (SF/N.MATL) ) The list of all material indices associated with the surface
ALLOCATE( SF%RESIDUE_INDEX ( SF%N-MATL, MAX_MATERIALS, MAXREACT[ONS))’ Each material associated with the surface has

a RESIDUE
ALLOCATE( SF%NTERNAL HEAT_SOURCE ( SF%N_-LAYERS) ) ! Volumetric source term set by the user
ELSE
SF%IMPFRONT = TMP_FRONT + TMPM
SF%IMP_INNER = SF%IMP_FRONT
SFRIMPBACK = SF4AIMP_FRONT
ENDIF

DO NN = 1,SF/N_LAYERS

IF (TMPINNER(NN)>= ~TMPM) TMPMIN = MIN(TMPMIN, TMP_INNER (NN) +IMPM)

ENDDO

! Store the names and indices of all materials associated with the surface
N\N = 0

DO NN=1,N_LIST

IF (NAME_LIST(NN) /="null ") THEN
NN = N\N + 1

SFYMATLNAME(NNN) = NAME_LIST (NN)
SF/MATLINDEX(NNN) = INDEX_LIST (NN)
ENDIF

ENDDO

! Store the RESIDUE indices

DO NN=1,SF/&N.MATL

ML => MATERIAL (SF%MATLINDEX(NN) )

IF (MI%N.REACTIONS>0 .AND. SF%TMPIGN<5000..EB) THEN

WRITE(MESSAGE, ' (A) ') “ERROR: SURF '//TRIM(SF%ID)// ' cannot have a REACting MATL and IGNITION.TEMPERATURE’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

DO NR=1,MI%N_REACTIONS

DO NRM=1 ,MI%N_RESIDUE (NR)

DO N\NN=1, SF/AN.MATL

IF (MI%RESIDUE MATL INDEX (NRM,NR) ==SF/MATLINDEX(NNN) ) - SF%RESIDUE_INDEX (NN,NRM,NR) = NNN

ENDDO

ENDDO

ENDDO

ENDDO

! Specified source term

IF (SF%N.LAYERS>0 .AND. SF%LAYER.DENSITY(1)>0..EB) THEN

SF/ANTERNAL HEAT SOURCE (1: SF/N_.LAYERS) = 1000._EB+INTERNAL HEAT SOURCE (1:SF/N_LAYERS)

IF (MAXVAL(ABS(SFZNTERNAL HEAT.SOURCE) ) > TWO.EPSILON.EB) SF%SPECIFIED_.HEAT SOURCE = .TRUE.

ENDIF

! Thermal boundary conditions

IF (SF%ADIABATIC .AND. (SF/NET-HEATFLUX < 1.E12_EB .OR. ABS(SF/ACONVECTIVE.-HEAT FLUX)>TWO-EPSILON_EB)) THEN

WRITE(MESSAGE, “ (A) ") "ERROR: SURF '//TRIM(SF%ID)//&

’ cannot have both ADIABATIC and NET_HEATFLUX or CONVECTIVEHEAT FLUX"

CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

IF (SF/NET-HEATFLUX < 1.E12_EB .AND. ABS(SF/CONVECTIVE.HEAT FLUX)>TWO-EPSILON_EB) THEN

WRITE(MESSAGE, " (A) ") "ERROR: SURF "//TRIM(SF%ID)// ' cannot have both NETHEATFLUX or CONVECTIVEHEATFLUX'

CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

IF (SF%IHERMALLY.THICK HT3D) THEN

IF ( SF/NET_HEATFLUX < 1.E12_EB .OR. ABS(SFACONVECTIVE HEATFLUX) > TWO_EPSILON_EB .OR. TMPFRONT >= —IMPM )
THEN

WRITE(MESSAGE, " (A) ") "ERROR: SURF '//TRIM(SF%ID)// ' cannot have HI3D with specified TMP or FLUX bc’

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF
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6583
6584
6585
6586
6587
6588
6589
6590
6591
6592
6593
6594
6595
6596
6597
6598
6599
6600
6601
6602
6603
6604
6605
6606
6607
6608
6609
6610
6611
6612
6613
6614
6615
6616
6617
6618
6619
6620
6621
6622
6623
6624
6625
6626
6627
6628
6629
6630
6631
6632
6633
6634
6635
6636
6637
6638
6639
6640
6641
6642
6643
6644
6645
6646
6647
6648
6649
6650
6651
6652
6653
6654
6655
6656
6657
6658
6659
6660
6661
6662
6663
6664
6665
6666
6667
6668
6669
6670

SFGTHERMAL BCINDEX = SPECIFIED_.TEMPERATURE

IF (SF%ADIABATIC) THEN

SF%ITHERMAL BCINDEX = NET_FLUX.BC

SF/%NET_HEATFLUX = 0._EB

SF%EMISSIVITY = 1._EB

ENDIF

IF (SF/NET_HEATFLUX < 1.E12_EB) SFIHERMAL BCINDEX
IF (ABS(SF/CONVECTIVE.HEAT FLUX)>TWO_EPSILON-EB) SF%IHERMAL BCINDEX
IF (SF%IHERMALLY.THICK) SF%IHERMAL BCINDEX
IF (SF%IHERMALLY.THICK HT3D) SF%ITHERMAL BC_INDEX
IF (SF%PROFILE==ATMOSPHERIC_PROFILE) SF%ITHERMAL BC_INDEX
IF (SF%VEGETATION) SF%ITHERMAL BC_INDEX

NET-FLUX-BC
CONVECTIVE_FLUXBC
THERMALLY THICK
THERMALLY_THICK HT3D
INFLOW_ OUTFLOW
VEG_BNDRY_FUEL

! Boundary layer profile

IF (SF%PROFILE==BOUNDARY.-LAYER_PROFILE) THEN

IF ( ABS(VEL.BULK)>ABS(VEL) ) THEN

WRITE(MESSAGE, ' (A) ") 'ERROR: SURF ’"//TRIM(SF%ID)// ' VELBULK invalid , must have VELBULK <= VEL’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

! Set convection length scale automatically for spheres. Set to 1 m for everything else.

IF (SF%CONVIENGTH<O0._EB) THEN
SELECT CASE(SF%GEOMEIRY)
CASE(SURF.SPHERICAL)  ; SFUCONVLENGTH
CASE(SURF_.CYLINDRICAL) ; SF%CONVLENGTH
CASE DEFAULT ; SFUCONVIENGTH
END SELECT

ENDIF

2. _EB % (SF/INNER_RADIUS+SF%THICKNESS)
2. _EB*SF)IHICKNESS
1..EB

! Determine if REIGNITION.MODEL is to be used
IF (SF%AUTOIGNITION.TEMPERATURE < 1.E20.EB ) REIGNITION.MODEL = .TRUE.
! Ramps

IF (SFARAMP.Q/="null ') THEN
CALL GET_RAMP_INDEX (SFARAMP.Q, "TIME " ,NR)

SFURAMP_INDEX (TIME_HEAT) = NR

ELSE

IF (SF%TAU(TIME.HEAT) > 0._EB) SFURAMP.INDEX(TIME_HEAT)
IF (SF%TAU(TIME.HEAT) < 0._EB) SFURAMP_INDEX(TIME_HEAT)
ENDIF

TANHRAMP
TSQR_RAMP

IF (SFRAMPN/="null ') THEN

CALL GET_RAMP.INDEX (SF/RAMP.V, 'TIME " ,NR)
SF%RAMP_INDEX(TIME_VELO) = NR

ELSE

IF (SFATAU(TIME.VELO) > 0._.EB) SFURAMP.INDEX(TIME.VELO)
IF (SFATAU(TIME.VELO) < 0._.EB) SFURAMP.INDEX(TIME_VELO)
ENDIF

TANHRAMP
TSQRRAMP

IF (SFARAMP.T/="null’) THEN
CALL GET_RAMP_INDEX (SF/RAMP.T, “TIME " ,NR)

SFU%RAMP_INDEX (TIME.TEMP) = NR

ELSE

IF (SF%TAU(TIME.-TEMP) > 0._EB) SF%RAMP.INDEX(TIME.TEMP)
IF (SF%TAU(TIME.-TEMP) < 0._EB) SF%RAMP_INDEX(TIME.TEMP)
ENDIF

TANHRAMP
TSQRRAMP

IF (SF%WRAMP_T.I/="null’) THEN

CALL GET_RAMP_INDEX (SF/WRAMP_T.I, "TIME’ ,NR)
SF%RAMP_T_IINDEX = NR

ENDIF

IF (SFYRAMPEF/="null ") THEN

CALL GET_RAMP_INDEX(SF/RAMP_EF, "TIME " ,NR)

SFYRAMPINDEX(TIME_EFLUX) = NR

ELSE

IF (SF%IAU(TIME.EFLUX) > 0..EB) SF/RAMPINDEX(TIME.EFLUX) = TANHRAMP
IF (SF%IAU(TIME.EFLUX) < 0..EB) SF/RAMPINDEX(TIME.EFLUX) = TSQRRAMP
ENDIF

IF (SFURAMPPART/="null’) THEN
CALL GET _RAMP_INDEX (SF/RAMP_PART, "TIME ' NR)
SF%RAMP_INDEX (TIME_PART) = NR

ELSE

IF (SFUTAU(TIME_PART) > 0._EB) SFURAMP_INDEX(TIME_PART)
IF (SFUTAU(TIME_PART) < 0._EB) SFU%RAMP_INDEX(TIME_PART)
ENDIF

TANHRAMP
TSQR_RAMP

IF (SFYRAMP.V.X/='null’) THEN

CALL GETRAMP_INDEX(SF/RAMP_V.X, 'PROFILE " NR)
SFYRAMP_INDEX(VELO_PROF.X) = NR

ENDIF
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6671
6672
6673
6674
6675
6676
6677
6678
6679
6680
6681
6682
6683
6684
6685
6686
6687
6688
6689
6690
6691
6692
6693
6694
6695
6696
6697
6698
6699
6700
6701
6702
6703
6704
6705
6706
6707
6708
6709
6710
6711
6712
6713
6714
6715
6716
6717
6718
6719
6720
6721
6722
6723
6724
6725
6726
6727
6728
6729
6730
6731
6732
6733
6734
6735
6736
6737
6738
6739
6740
6741
6742
6743
6744
6745
6746
6747
6748
6749
6750
6751
6752
6753
6754
6755
6756
6757
6758

IF (SFYRAMP.V.Y/='null’) THEN

CALL GETRAMP.INDEX(SF/ARAMP.V.Y, "PROFILE

SF/RAMPINDEX(VELO.PROF.Y) = NR
ENDIF

IF (SFYRAMP.VZ/='null’) THEN

CALL GET_RAMP_INDEX (SF/RAMP.V_Z, 'PROFILI

SF/RAMPINDEX(VELO.PROF.Z) = NR
ENDIF

ENDDO READ_SURF_LOOP

" /NR)

" NR)

CONTAINS

SUBROUTINE SET_SURF_DEFAULTS
ADIABATIC = .FALSE.
AUTOIGNITION_TEMPERATURE = 1.E20_EB
BACKING = "EXPOSED’
BURN.AWAY = .FALSE.
CELL_SIZE_FACTOR = 1.0
C_FORCED.CONSTANT = 0..EB
C_FORCED_PR_EXP = 0..EB
C_FORCED.RE = 0..EB
C_FORCED_RE_EXP = 0..EB
C_VERTICAL = 1.31.EB ! Vertical free convection (Holman, Table 7-2)
C_HORIZONTAL = 1.52_EB ! Horizontal free convection
COLOR = ’‘null
CONVECTIVE_HEAT FLUX = 0..EB
CONVECTION_LENGTHSCALE = —1._EB
CONVERT.VOLUME.TOMASS = .FALSE.
NET_HEAT_FLUX = 1.E12_EB
DEFAULT = .FALSE.
DT_INSERT = 0.01_EB
DUCTPATH =0
E_COEFFICIENT = 0..EB
EMISSIVITY = —1._.EB
EMISSIVITY_DEFAULT = 0.9_EB
EMISSIVITY_BACK = —1..EB
EVACDEFAULT = .FALSE.
EXTERNAL_FLUX = 0..EB
EXTERNAL FLUX RAMP = ’null
FREE_SLIP = .FALSE.
NO_SLIP = .FALSE.
FYI = ’null
GEOMEIRY = 'CARTESIAN’
HEAT_OF_VAPORIZATION = 0..EB
HEAT_TRANSFER MODEL = 'null”’
HEAT_TRANSFER_COEFFICIENT = —1._EB
HEAT_TRANSFER.COEFFICIENT_.BACK = —1._EB
MASS_TRANSFER_.COEFFICIENT = —1._EB
HRRPUA = 0._EB
HT3D = .FALSE.
1D = ‘null’
IGNITION.TEMPERATURE = 5000..EB
INNER_RADIUS = 0..EB
INTERNAL HEAT_SOURCE = 0..EB
LAYER_DIVIDE = —1..EB
LEAK PATH = -1
LENGTH = —1..EB
MASS_FLUX = 0..EB
MASS_FLUX_.TOTAL = 0..EB
MASS_FLUX.VAR = —1._.EB
MASS_FRACTION = 0..EB
MATL.ID = 'null”’
MATLMASS_FRACTION = 0..EB
MATLMASS FRACTION (: ,1) = 1._EB
MAXPRESSURE = 1.E12_EB
MINIMUM_LAYER THICKNESS = 1.E—6_EB
MIRPUA = 0..EB
N.CELLS.MAX =0
N_LAYER.CELLS_MAX = 999

NPPC =1
PARTICLE.MASS_FLUX = 0..EB
PART.ID = ’null
PLE = 0.3_EB
PROFILE = ’null
RADIUS = —1..EB
RAMP MF = ’null
RAMP.Q = ’null
RAMPV = ’null
RAMP.T = 'null’
RAMP.T.1 = 'null”’
RAMP PART = 'null’
RAMP_V X = 'null’
RAMP_V.Y = 'null’
RAMP.V_Z = 'null’
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6759
6760
6761
6762
6763
6764
6765
6766
6767
6768
6769
6770
6771
6772
6773
6774
6775
6776
6777
6778
6779
6780
6781
6782
6783
6784
6785
6786
6787
6788
6789
6790
6791
6792
6793
6794
6795
6796
6797
6798
6799
6800
6801
6802
6803
6804
6805
6806
6807
6808
6809
6810
6811
6812
6813
6814
6815
6816
6817
6818
6819
6820
6821
6822
6823
6824
6825
6826
6827
6828
6829
6830
6831
6832
6833
6834
6835
6836
6837
6838
6839
6840
6841
6842
6843
6844
6845
6846

commercial

RGB = -1

IF (LES) ROUGHNESS = 0..EB !4.5E-5_EB | meters,
IF (DNS) ROUGHNESS = 0..EB

SPEC_ID = ‘null

SPREAD_RATE = —1..EB
STRETCH_FACTOR = 2._EB

TAUMF = 1._EB

TAUQ = 1..EB

TAUV = 1._EB

TAU.T = 1..EB

TAUPART = 1._EB
TAU_EXTERNAL_FLUX = 0.001_EB
TEXTUREMAP = ’null
TEXTURE_WIDTH = 1._EB
TEXTURE_HEIGHT = 1._EB

TGA_ANALYSIS = .FALSE.

THICKNESS = —1..EB

TMP_BACK = “IMPM-1._EB
TMP_FRONT = “IMPM-1._EB
TMP_INNER = -“IMPM-1._EB
TRANSPARENCY = 1..EB

VEL = 0..EB

VEL_.BULK = 0..EB

VEL.GRAD = —999999._EB

VEL.T = 0..EB

VOLUME_FLUX = 0..EB ! deprecated
VOLUME FLOW = 0..EB

WIDTH = —1._.EB

XYZ = —1.E6.EB

Z0 = 10..EB

ZETA_FRONT = INITIAL_.UNMIXED_FRACTION
VEGETATION = .FALSE.
VEGETATIONNO_BURN = .FALSE.
VEGETATION.CDRAG = 1.0_EB
VEGETATION_-CHAR FRACTION = 0.20_EB
VEGETATION_ELEMENTDENSITY = 512._EB !kg/m"3
VEGETATION_HEIGHT = 0.50_-EB !m
VEGETATION_INITIAL_.TEMP = TMPA-TMPM
VEGETATION.GROUND_TEMP = —99._EB
VEGETATION_LOAD = 0.30_EB !kg/m"2
FIRELINE_MLR_MAX = 999. lkg/m/s wxRx(1—ChiChar)
!SRF_VEG.DEHYDRATION_RATE MAX = 999. !kg/m"2/s
VEGETATION._LAYERS =0
VEGETATION_MOISTURE = 0.06_EB
VEGETATION _SVRATIO = 12000_-EB !1/m
VEGETATION_LSET_IGNITE.TIME = —1._EB
VEGETATION_LINEAR_DEGRAD = .TRUE.
VEGETATION_ARRHENIUS DEGRAD = .FALSE.
VEG_LSET_ROS_HEAD = 0.0-EB
VEG_LSET_ELLIPSE_HEAD = 0.0-EB
VEG.LSET_ROS_FLANK = 0.0-EB
VEG_LSET_ROS_.BACK = 0.0-EB
VEG.LEVEL.SET_SPREAD = .FALSE.
VEG_LSET_-WIND_EXP = 1.0_EB
VEG_LSET_ELLIPSE = .FALSE.
VEG_LSET-TAN2 = .FALSE.
VEG.LSET_HT = 0.0_EB
VEG_LSET_BETA = 0.0_EB
VEG_LSET_SIGMA = 0.0_EB
VEG_LSET-QCON = 0.0_EB

END SUBROUTINE SET_SURF_DEFAULTS

END SUBROUTINE READ_SURF

SUBROUTINE PROC_SURF_1

! Go through the SURF types and process

USE MATHFUNCTIONS, ONLY
INTEGER :: N,NSPC,NR, ILPC

: GET_RAMP_INDEX

TYPE (LAGRANGIAN_PARTICLE.CLASS.TYPE) , POINTER ::

PROCESS_SURF_.LOOP: DO N=0,N_SURF

SF => SURFACE(N)

! Get ramps for the surface mass fraction and flux

DO NSPC=1,N_TRACKED_SPECIES
IF (TRIM(SF/RAMPMF(NSPC))/="null ') THEN
CALL GET_RAMP.INDEX (SF/RAMPMF(NSPC) , " TIME’ ,NR)

SF%RAMP_INDEX (NSPC) = NR
ELSE

IF (SF%TAU(NSPC) > 0._EB)
IF (SF%TAU(NSPC) < 0._EB)

SF/RAMP_INDEX (NSPC)
SF/RAMP_INDEX (NSPC)

LPC=>NULL()

TANHRAMP
TSQRRAMP
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6847 || ENDIF

6848 || ENDDO

6849

6850 || ! Look for particle classes that use SURF for property info
6851

6852 || DO ILPC=1,N.LAGRANGIAN.CLASSES

6853

6854 || LPC=>LAGRANGIAN_PARTICLE.CLASS(ILPC)

6855

6856 || IF (LPC%SURF_ID==SF%ID) THEN
6857 || LPC%SURFINDEX = N

6858
6859 || IF (.NOT.LPC%SOLID_PARTICLE) CYCLE

6860 || TF (LPCUDRAGIAW==SCREEN.DRAG) CYCLE

6861 || SELECT CASE (SFY%GEOMEIRY)

6862 || CASE(SURF.CARTESIAN)

6863 || IF (SP%THICKNESS<=0._EB) THEN

6864 || WRITE(MESSAGE, ' (A, A,A) ') 'ERROR: SURF *,TRIM(SF%ID),” needs a THICKNESS'
6865 || CALL SHUTDOWN(MESSAGE) ; RETURN

6866 || ENDIF

6867 || IF (.NOT. LPCYDRAGIAW==POROUSDRAG) THEN

6868 || IF (SFENGTH<=0._.EB) THEN

6869 WRITE(MESSAGE, " (A,A,A) ") "ERROR: SURF “ , TRIM(SF%ID), " needs a LENGIH’
6870 || CALL SHUTDOWN(MESSAGE) ; RETURN

6871 || ENDIF

6872 || IF (SFANIDTH<=0._EB) THEN

6873 || WRITE(MESSAGE, ' (A, A, A) ') “ERROR: SURF *,TRIM(SF%ID),  needs a WIDIH

6874 || CALL SHUIDOWN(MESSAGE) ; RETURN

6875 || ENDIF

6876 || ENDIF

6877 || CASE(SURF.CYLINDRICAL)

6878 || IF (.NOT. LPCYDRAGIAW==POROUSDRAG) THEN

6879 || IF (SFAENGTH <0._EB) THEN

6880 || WRITE(MESSAGE, ' (A, A,A) ') 'ERROR: SURF ', TRIM(SF%ID),” nceds a LENGIH’
6881 || CALL SHUTDOWN(MESSAGE) ; RETURN

6882 || ENDIF

6883 || ENDIF

6884 || END SELECT

6885 || ENDIF

6886 || ENDDO

6887

6888 || ENDDO PROCESS_SURF_LOOP

6889

6890 ' If a particle class uses a SURF line, make sure the SURF ID exists
6891

6892 || DO ILPC=1,N.LAGRANGIAN_CLASSES
6893 || LPC=>LAGRANGIAN_PARTICLE_.CLASS(ILPC)
6894 || IF (LPC%SURF_INDEX<0) THEN

6895 || WRITE(MESSAGE, " (A, A,A) ") "ERROR: SURF “, TRIM(LPC%SURF.D) ,  not found’
6896 || CALL SHUIDOWN(MESSAGE) ; RETURN

6897 || ENDIF

6898 || ENDDO

6899

6900 || END SUBROUTINE PROC_SURF.1

6901

6902

6903 || SUBROUTINE PROC_SURF.2

6904

6905 || ! Go through the SURF types and process
6906

6907 || INTEGER :: ILPC,N,NN,NNN,NL

6908 || REAL(EB) :: ADJUSTED.LAYER DENSITY,R_L (0:MAXLAYERS)
6909 || INTEGER :: IVEG.L,IIVEG_L,I.FUEL,LGRAD

6910 || REAL(EB) :: DETA.VEG,DZVEG.L,ETA_H,ETAFM.VEG, ETAFP_VEG
6911 || LOGICAL :: BURNING,BLOWING,SUCKING

6912

6913 || TYPE(LAGRANGIAN_PARTICLE CLASS TYPE) , POINTER :: LPC=>NULL()
6914

6915 || PROCESS_SURF_LOOP: DO N=0,N_SURF

6916

6917 || SF => SURFACE(N)
6918 || IF (SF%IHERMALLY.THICK) ML => MATERIAL(SF/_AYER MATLINDEX(1,1))

6919

6920 || SELECT CASE(SF%GEOMEIRY)

6921 || CASE(SURF.CARTESIAN) ; LGRAD = 1
6922 || CASE(SURF-.CYLINDRICAL) ; I.GRAD = 2
6923 || CASE(SURFSPHERICAL) ; LGRAD = 3
6924 || END SELECT

6925

6926 || ! Particle Information

6927

6928 || SF/PARTINDEX = 0

6929 || IF (SF%PART.ID/='null’) THEN

6930 || DO ILPC=1,N.LAGRANGIAN.CLASSES

6931 || LPC=>LAGRANGIAN PARTICLE.CLASS(ILPC)

6932 || IF (LPC%ID==SF%.PART.ID) SF4WPARTINDEX = ILPC
6933 || ENDDO

6934 || IF (SF/PARTINDEX==0) THEN
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6935 || WRITE(MESSAGE, " (A) ") "ERROR: PART.ID “//TRIM(SF%PARTID)//" not found’
6936 || CALL SHUIDOWN(MESSAGE) ; RETURN

6937 || ENDIF

6938 || PARTICLE_FILE=.TRUE.

6939 || ENDIF

6940

6941 ! Determine if surface has internal radiation
6942

6943 || SFXAINTERNAL RADIATION = .FALSE.

6944 || DO NL=1,SF%N_LAYERS

6945 || DO NN =1,SF%N_LAYER MATL(NL)

6946 || ML => MATERIAL(SF%LAYER MATL_INDEX (NL,N\N) )

6947 || IF (MI%KAPPA S<5.0E4_.EB) SFANTERNALRADIATION = .TRUE.

6948 || ENDDO

6949 || ENDDO

6950

6951 || ! In case of internal radiation , do not allow zero—emissivity
6952

6953 || IF (SFNTERNAL-RADIATION) THEN

6954 || DO NL=1,SF%N_LAYERS

6955 || DO NN =1,SFAN.LAYER MATL(NL)

6956 || ML => MATERIAL(SF%LAYER MATLINDEX (NL,NN) )

6957 || IF (MI%EMISSIVITY == 0..EB) THEN

6958 || WRITE(MESSAGE, ' (A) ") 'ERROR: Zero emissivity of MATL ’//TRIM(MATLNAME(SF/ALAYER MATLINDEX(NL,NN)))// &

6959 " is inconsistent with internal radiation in SURF ’'//TRIM(SF%ID)//
6960 || CALL SHUIDOWN(MESSAGE) ; RETURN

6961 || ENDIF

6962 || ENDDO

6963 || ENDDO

6964 || ENDIF

6965

6966 || ! Determine if the surface is combustible/burning
6967

6968 || SF%PYROLYSISMODEL = PYROLYSIS.NONE

6969 || BURNING = .FALSE.

6970 || DO NL=1,SF%N_LAYERS

6971 || DO NN=1,SF%N_LAYER MATL(NL)

6972 || NNN = SFU%LAYER MATL INDEX (NL,NN)

6973 || ML => MATERIAL(NNN)

6974 || IF (MI%PYROLYSIS MODEL/=PYROLYSIS.NONE) THEN
6975 || SFPYROLYSISMODEL = PYROLYSIS_PREDICTED
6976 || SF%STRETCH.FACTOR(NL) = 1..EB

6977 || IF (N.REACTIONS>0) THEN

6978 || IF (REACTION (1)%FUEL_SMIX_INDEX>=0) THEN
6979 || IF (ANY(MI%NU_SPEC (REACTION (1)%FUEL_SMIX_INDEX ,:) >0._EB)) THEN
6980 || BURNING = .TRUE.

6981 || SF%TAU(TIME_HEAT) = 0._EB

6982 || ENDIF
6983 || ENDIF
6984 || ENDIF
6985 || ENDIF
6986 || ENDDO
6987 || ENDDO
6988

6989 || IF (SFYHRRPUA>0._EB .OR. SF/MILRPUA>0._.EB) THEN
6990 || IF (SF%PYROLYSISMODEL==PYROLYSIS_PREDICTED) THEN
6991 || WRITE(MESSAGE, " (A) ") 'ERROR: SURF “//TRIM(SF%ID)//" has a specified HRRPUA or MIRPUA plus another pyrolysis model

6992 || CALL SHUIDOWN(MESSAGE) ; RETURN

6993 || ENDIF

6994 || IF (NLREACTIONS > 1) THEN

6995 || WRITE(MESSAGE, " (A) ") "ERROR: SURF “//TRIM(SF%ID)//" has HRRPUA or MIRPUA set and there is more than one reaction’
6996 || CALL SHUIDOWN(MESSAGE) ; RETURN

6997 || ENDIF

6998 || BURNING = .TRUE.
6999 || SF/PYROLYSIS MODEL = PYROLYSIS_SPECIFIED

7000 || ENDIF

7001

7002 || IF (BURNING .AND. N_REACTIONS==0) THEN

7003 || WRITE(MESSAGE, ' (A) ") 'ERROR: SURF “//TRIM(SF%ID)//’ indicates burning, but there is no REAC line’
7004 || CALL SHUIDOWN(MESSAGE) ; RETURN

7005 || ENDIF

7006

7007 || ! Make decisions based on whether there is forced wventilation at the surface
7008

7009 || BLOWING = .FALSE.

7010 || SUCKING = .FALSE.

7011 || IF (SF%VEL<O0..EB .OR. SF®OLUMEFLOW<O0..EB .OR. SF/%MASSFLUX.TOTAL < 0..EB) BLOWING = .TRUE.
7012 || IF (SF%VEL>0..EB .OR. SFWVOLUMEFLOW>0..EB .OR. SF/%MASSFLUX.TOTAL > 0..EB) SUCKING = .TRUE.
7013 || IF (BLOWING .OR. SUCKING) SFY%SPECIFIED_NORMAL_VELOCITY = .TRUE.

7014 || IF (SUCKING) SF%FREE_SLIP = .TRUE.

7015

7016 || IF (BURNING .AND. (BLOWING .OR. SUCKING)) THEN

7017 || WRITE(MESSAGE, " (A) ") '"ERROR: SURF “//TRIM(SF%ID)//’' cannot have a specified velocity or volume flux’
7018 || CALL SHUTDOWN(MESSAGE) ; RETURN

7019 || ENDIF

7020

7021 || ! Neumann for normal component of wvelocity
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7022
7023 || IF (SF%VEL.GRAD > —999998. EB) THEN

7024 || SFY%SPECIFIED.NORMAL.GRADIENT = .TRUE.
7025 || SF%SPECIFIED.NORMAL_VELOCITY = .FALSE.

7026 || ENDIF

7027

7028 || | Set predefined HRRPUA
7029

7030 || BURNING.IF: IF (BURNING .AND. .NOT.ALL(EVACUATION.ONLY)) THEN

7031 || IF (SF%HRRPUA>0._EB) THEN

7032 || RN => REACTION(1)

7033 || SF/MASS_FLUX (RNVFUEL_SMIX_INDEX) = SF/HRRPUA/RNVAHOC.COMPLETE

7034 || ENDIE

7035 || IF (SF/MVLRPUA>0._.EB) THEN

7036 || RN => REACTION(1)

7037 || SF/aVASS FLUX (RNAFUEL_SMIX_INDEX) = SF/MVLRPUA

7038 || ENDIF

7039 || I.FUEL = REACTION (1)%FUEL_SMIXINDEX

7040 || IF (SF%N.LAYERS > 0 .AND. SF%THERMALLY.THICK) THEN

7041 || SF%ADJUST BURN.RATE(I.FUEL) = MATERIAL (SF/MATLINDEX (1) )%ADJUST BURN_RATE(I_FUEL , 1)
7042 || SFAMASSFLUX(I.FUEL) = SFUMASSFLUX(I.FUEL)/SF%ADJUST BURN.RATE(I.FUEL) ! This is the true burning rate of the

fuel .
7043 || ENDIF
7044 || SFATAU(I-FUEL) = SFUTAU(TIME_-HEAT)
7045 || SF/ARAMPMF(I_FUEL) = SF/RAMPQ
7046 || SFYRAMPINDEX(I.FUEL) = SF/RAMPINDEX(TIME HEAT)
7047 || ENDIF BURNING_IF
7048
7049 || ! Compute surface density
7050

7051 || SF%SURFACE_DENSITY = 0._EB
7052 || R.L(0) = SFUTHICKNESS

7053 || DO NL=1,SF%N_LAYERS

7054 || ADJUSTED_LAYER.DENSITY = 0._EB

7055 || MATLIOOP:DO NN=1,SF%N_LAYER MATL (NL)

7056 ||NNN = SF%LAYERMATLINDEX (NL,NN)

7057 || ML => MATERIAL (N\N)

7058 || ADJUSTED_LAYER DENSITY = ADJUSTED.LAYER DENSITY + SFALAYERMATLFRAC (NL,NN) /MI%RHO.S
7059 || ENDDO MATLLOOP

7060 || IF (ADJUSTED.LAYER.DENSITY > 0._EB) ADJUSTED_LAYERDENSITY = 1./ ADJUSTED_LAYER DENSITY
7061 || R.L(NL) = R_L(NL—1)-SF%LAYER THICKNESS (NL)

7062 || SF%SURFACE.DENSITY = SF%SURFACE.DENSITY + ADJUSTED_LAYER.DENSITY * &

7063 || (R.L(NL—1)%*+[.GRAD-R_L (NL)*+[.GRAD) / (REAL(I.GRAD, EB) +SF%ATHICKNESS * (.GRAD—1))

7064 || ENDDO

7065
7066 || IF ((ABS(SF%SURFACE.DENSITY) <= TWO_EPSILON_EB) .AND. SFYBURNAWAY) THEN

7067 || WRITE(MESSAGE, ' (A,A,A) ') 'WARNING: SURF ’, TRIM(SF4ID),’ has BURNAWAY set but zero combustible density’
7068 || IF (MYID==0) WRITE(LU.ERR, ' (A) ') TRIM(MESSAGE)

7069 || ENDIF

7070

7071 || | Ignition Time

7072

7073 || SF%IIGN = T_BEGIN

7074 || IF (SF%IMPIGN<5000._EB) SF%T_IGN = HUGE(T_END)
7075 || IF (SF/PYROLYSIS MODEL==PYROLYSIS_PREDICTED) SF%I_IGN = HUGE(T-END)
7076

7077 || | Species Arrays and Method of Mass Transfer (SPECIES-BCLINDEX)
7078

7079 || SF%SPECIES_BC_INDEX = NO.-MASSFLUX

7080

7081 || IF (ANY(SF%MASSFRACTION>0..EB) .AND. (ANY(ABS(SF/MASSFLUX)>TWO_EPSILON.EB) .OR. SFPYROLYSIS MODEL/=
PYROLYSISNONE) ) THEN

7082 || WRITE(MESSAGE, " (A) ") 'ERROR: SURF "//TRIM(SF%ID)//’' cannot specify mass fraction with mass flux and/or pyrolysis’
7083 || CALL SHUIDOWN(MESSAGE) ; RETURN
7084 || ENDIF

7085 IF (ANY(SF/MASSFRACTION>0..EB) .AND. SUCKING) THEN
7086 || WRITE(MESSAGE, ' (A) ") '"ERROR: SURF “//TRIM(SF%ID)//’ cannot specify both mass fraction and outflow velocity’
7087 || CALL SHUIDOWN(MESSAGE) ; RETURN

7088 || ENDIF

7089 || IF (ANY(SF/dEAKPATH>=0) .AND. (BLOWING .OR. SUCKING .OR. SF/PYROLYSISMODEL/= PYROLYSISNONE)) THEN

7090 || WRITE(MESSAGE, " (A) ") '"ERROR: SURF “//TRIM(SF%ID)//’' cannot leak and specify flow or pyrolysis at the same time’
7091 || CALL SHUIDOWN(MESSAGE) ; RETURN

7092 || ENDIF

7093 || IF (ANY(ABS(SF%MASSFLUX)>TWO.EPSILON_EB) .AND. (BLOWING .OR. SUCKING)) THEN
7094 || WRITE(MESSAGE, " (A) ") 'ERROR: SURF “//TRIM(SF%ID)//’ cannot have both a mass flux and specified velocity”’
7095 || CALL SHUIDOWN(MESSAGE) ; RETURN

7096 || ENDIF

7097

7098 || IF (BLOWING .OR. SUCKING) SF%SPECIES_BCINDEX = SPECIFIED-MASS_FRACTION
7099 || IF (ANY(SF/MASS FRACTION>0._EB)) SF%SPECIES_BC_INDEX = SPECIFIED_MASS_ FRACTION

7100 || IF (ANY(ABS(SF/MASS FLUX)>TWO_EPSILON.EB) .OR. &

7101 || SFPYROLYSIS MODEL==PYROLYSIS_PREDICTED) SF%SPECIES_BC_INDEX = SPECIFIED_MASS_FLUX
7102
7103 || IF (SF%SPECIES_BC_.INDEX==SPECIFIED_MASS_FRACTION) THEN

7104 || IF (ALL(ABS(SF%MASSFRACTION)< TWO_EPSILON.EB)) &

7105 || SF/MASSFRACTION (1:N.TRACKED_SPECIES) = SPECIES.MIXTURE (1:N_TRACKED_SPECIES )%ZZ0
7106 || ENDIF

7107
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7108 || ! Boundary fuel model for wvegetation

7109

7110 || IF (SF%VEGETATION) SF%SPECIES-BC.INDEX = SPECIFIED-MASS_FLUX
7111

7112 || | Texture map info

7113

7114 || SFASURF.TYPE = 0

7115 || IF (SF%IEXTUREMAP/="null ") SF%SURF.TYPE = 1
7116

7117 || | Set BCs for wvarious boundary types

7118

7119 || SF%VELOCITY_BCINDEX = WALLMODELBC
7120 || IF (DNS) SF%VELOCITY_BCINDEX = NO_SLIP_BC
7121 || IF (SF%FREE_SLIP) SF%VELOCITY_BC_INDEX FREE_SLIP_BC

7122 || IF (SF%NO_SLIP) SF%VELOCITY_BC_INDEX = NO._SLIP_BC
7123
7124 || IF (N==OPEN_SURF_INDEX) THEN

7125 || SFIHERMALBCINDEX = INFLOW.OUTFLOW

7126 || SF%SPECIES_.BC_INDEX = INFLOW_OUTFLOW_MASS FLUX
7127 || SFWVELOCITY BCINDEX = FREE_SLIP_BC

7128 || SF%SURF.TYPE = 2

7129 || SFXEMISSIVITY = 1._EB

7130 || ENDIF

7131 || IF (N==MIRROR_SURF.INDEX) THEN

7132 || SF%IHERMAL BCINDEX = NO.CONVECTION

7133 || SF%SPECIES_-BCINDEX = NO-MASSFLUX

7134 || SF%VELOCITY_BC.INDEX = FREE.SLIP.BC

7135 || SF%SURF.TYPE = -2

7136 || SF%XEMISSIVITY = 0._EB

7137 || ENDIF

7138 || IF (N==INTERPOLATED_SURF_INDEX) THEN

7139 || SF%IHERMAL BCINDEX = INTERPOLATED_BC

7140 || SF%SPECIES_BC_INDEX = INTERPOLATED_BC

7141 || SF%VELOCITY_BC.INDEX = INTERPOLATED_VELOCITY_BC
7142 || ENDIF

7143 || IF (N==PERIODIC_SURF_INDEX) THEN

7144 || SFRITHERMALBCINDEX = INTERPOLATED_BC

7145 || SF%SPECIES_-BCINDEX = INTERPOLATED-BC

7146 || SF%VELOCITY_BC.INDEX = INTERPOLATED.VELOCITYBC
7147 || ENDIF

7148 || IF (N==PERIODIC_.WIND_SURF.INDEX) THEN

7149 || SF%IHERMAL BCINDEX = INFLOW.OUTFLOW

7150 || SF%SPECIES-BCINDEX = INFLOW.OUTFLOW-MASS FLUX
7151 || SF%VELOCITY.BC.INDEX = INTERPOLATED.VELOCITY-BC
7152 || ENDIF

7153 || IF (N==HVACSURF_INDEX) THEN

7154 || SF%IHERMAL BCINDEX = HVACBOUNDARY

7155 || SF%SPECIES_BC_INDEX = HVACBOUNDARY

7156 || ENDIF

7157 || IF (N==MASSLESS_TRACER SURF_INDEX) THEN

7158 || SF/ARA = 1

7159 || SF7NSB = 1

7160 || ENDIF

7161 || IF (N==DROPLET_SURF.INDEX) THEN

7162 || SF/ANRA = 1

7163 || SFZNSB = 1

7164 || ENDIF

7165 || IF (N==VEGETATION.SURF.INDEX) THEN

7166 || SFZANRA = 1

7167 || SFYNSB = 1

7168 || ENDIF

7169 || IF (N==EVACUATION.SURFINDEX) THEN

7170 || SF%IHERMAL BCINDEX = INFLOW.OUTFLOW

7171 || SF%SPECIES_BC_INDEX = SPECIFIED_MASS_FRACTION
7172 || SF%SPECIFIED_.NORMAL_VELOCITY = .TRUE.

7173 || SF%FREE_SLIP = .TRUE.

7174 || SF%VELOCITY_BCINDEX = FREE_SLIP_.BC

7175 || SF%VEL = +0.000001_EB ! VEL
7176 || SF%TAU(TIME_VELO) = 0.1.EB ! TAU.V
7177 || SFYRAMPINDEX(TIME_VELO) = TANHRAMP

7178 || ENDIF

7179 || IF (N==MASSLESS_ TARGET_SURF.INDEX) THEN
7180 || SFXEMISSIVITY = 1._EB

7181 || ENDIF

7182

7183 ! Do not allow N.LAYERS or N_.CELLS_INI to be zero
7184

7185 || IF (.NOT.SF%THERMALLY.THICK) THEN

7186 || SFN_LAYERS 1

7187 || SFAN.CELLSMAX = 1

7188 || SF%N_CELLS_INI 1

7189 || SHANMATL = 1

7190 || ALLOCATE(SF%N_LAYER_ CELLS (SF’N_LAYERS) )
7191 || ALLOCATE(SF%X_S (0 : SF%N.CELLS MAX) )

7192 || SF%X_S(0) = 0._EB

7193 || SF%X_S(1) = SF%THICKNESS

7194 || ALLOCATE(SF%RHO.0(0: SF%N.CELLS MAX+1,SF/N.MATL) )
7195 || SFXRHO.0 = 0..EB
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7196 || SF%TMPINNER (1) = TMPA

7197 || ENDIF

7198

7199 || ! Boundary surface vegetation
7200

7201 || DZVEGL
7202 || DETA.VEG

SF%VEGHEIGHT/REAL (SF/NVEG_L, EB)
SF%VEGKAPPA*DZVEG.L

7203

7204 || | Factors for computing decay of +/— incident fluxes
7205

7206 || SF%VEG_FINCM_RADFCTL(:) = 0.0_EB

7207 || SF%VEG_FINCP_RADFCT.L(:) = 0.0_EB

7208 || ETAH = SFWVEGKAPPA*SFY%VEG HEIGHT
7209 || DO IVEG.L = 0,SF%NVEGL

7210 || ETAFMLVEG = IVEG_L*DETA_VEG
7211 || ETAFP_-VEG = ETA_H — ETAFM.VEG
7212 || SF%VEG_FINCM_RADFCT_L(IVEG_L)
7213 || SF%VEG_FINCP_RADFCT_L(IVEG.L)

EXP(—ETAFMLVEG)
EXP(—ETAFP_VEG)

7214 || ENDDO

7215

7216 || | Integrand for computing +/— self emission fluxes
7217

7218 || SFAVEG-SEMISSP.RADFCT_L(:,:) = 0.0_EB

7219 || SFAVEGSEMISSM.RADFCTL(:,:) = 0.0_EB

7220 || ! g+

7221 || DO IIVEG-L = 0,SFWNVEG.L !grid coordinate

7222 || DO IVEG.L = HIVEG.L ,SF/NVEGL !integrand index

7223 || ETAFMLVEG = (IVEG_L-IIVEG_L)*DETA_VEG

7224 || ETAFP.VEG = ETAFM.VEG + DETA_VEG

7225 || SF%VEG_SEMISSP_RADFCT_L(IVEG._L,IIVEG_L) = EXP(—ETAFM_VEG) — EXP(—ETAFP_VEG)

7226 || ENDDO
7227 || ENDDO
7228 || | g—

7229 || DO IIVEG.L = 0,SF/NVEGL

7230 || DO IVEG.L 1,IIVEG_L

7231 || ETAFM.VEG = (IIVEG.L-IVEG.L)*DETA_VEG
7232 || ETAFP.VEG = ETAFM.VEG + DETA_VEG

7233 || SF%VEG.SEMISSM_RADFCT_L(IVEG_L,IIVEG_L) = EXP(—ETAFM.VEG) — EXP(—ETAFP.VEG)
7234 || ENDDO

7235 || ENDDO

7236
7237 || ENDDO PROCESS_SURF.LOOP
7238
7239 || END SUBROUTINE PROC_SURF.2
7240
7241
7242
7243 || SUBROUTINE PROC.WALL
7244
7245 || | Set up 1-D grids and arrays for thermally—thick calcs
7246
7247 || USE GEOMETRY_FUNCTIONS

7248 || USE MATHFUNCTIONS, ONLY: EVALUATERAMP
7249
7250 || INTEGER :: SURFINDEX,N,NL,II ,IL ,NN,N.CELLS MAX

7251 || REAL(EB) :: K_S.0,C.S_0,SMALLEST.CELL_SIZE (MAXILAYERS) ,SWELLRATIO, DENSITY_MAX, DENSITY_MIN
7252
7253 || | Calculate ambient temperature thermal DIFFUSIVITY for each MATERIAL, to be used in determining number of solid
cells

7254
7255 || DO N=1,NMATL

7256 || ML => MATERIAL(N)

7257 || IF (MI%K_.S>0._.EB) THEN
7258 || K_S.0 = MI%K_S

7259 || ELSE
7260 || K.S_.0 = EVALUATERAMP(TMPA, 0. _EB,—NINT (ML%K_S ) )
7261 || ENDIF

7262 || IF (MI%C_S>0..EB) THEN
7263 || C.S.0 = MI%C.S

7264 || ELSE

7265 || C.S.0 = EVALUATERAMP(TMPA, 0. _EB,—NINT(MI%C_.S) ) *1000._EB
7266 || ENDIF

7267 || MI%DIFFUSIVITY = K_S_0/(C_S_0+MI%RHO.S)

7268 || ENDDO

7269

7270 || NWPMAX = 0 ! For some utility arrays, need to know the greatest number of points of all surface types
7271

7272 || ! Loop through all surfaces, looking for those that are thermally—thick (have layers).
7273 || | Compute smallest cell size for each layer such that internal cells double in size.
7274 || ! Each layer should have an odd number of cells.

7275

7276 || SURF.GRID_LOOP: DO SURF.INDEX=0,N_SURF

7277

7278 || SF => SURFACE(SURF.INDEX)

7279 || IF (SF%IHERMALBCINDEX /= THERMALLY.THICK) CYCLE SURF_GRID_LOOP
7280
7281 || | Compute number of points per layer , and then sum up to get total points for the surface
7282
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7283
7284
7285
7286
7287
7288
7289
7290
7291
7292
7293
7294
7295
7296
7297
7298
7299
7300
7301
7302
7303
7304
7305
7306
7307
7308

7309
7310
7311
7312
7313
7314
7315
7316
7317
7318
7319
7320
7321
7322
7323
7324
7325
7326
7327
7328
7329
7330
7331
7332
7333
7334
7335
7336
7337
7338
7339
7340
7341
7342
7343
7344
7345
7346
7347
7348
7349
7350
7351
7352
7353
7354
7355
7356
7357
7358
7359
7360
7361
7362
7363
7364
7365
7366
7367
7368
7369

SF%N_CELLS_INT
N.CELLS.MAX

0
0

LAYERLOOP: DO NL=1,SF/N_LAYERS

SF%MIN_DIFFUSIVITY (NL) = 1000000..-EB

DO N = 1,SF/N.LAYER MATL(NL)

ML => MATERIAL (SF%LAYER MATLINDEX(NL,N) )

SF%MIN_DIFFUSIVITY (NL) = MIN(SF/AMIN_DIFFUSIVITY (NL) ,MIL%DIFFUSIVITY )

ENDDO
DENSITY MAX = 0._EB
DENSITY MIN = 10000000._EB

DO N = 1,SFAN.MATL

ML => MATERIAL (SF%MATLINDEX(N) )

DO NN = 1,SFUN.LAYER MATL(NL)

IF ((MI%PYROLYSIS MODEL==PYROLYSIS_SOLID .OR.MI%PYROLYSIS MODEL==PYROLYSIS_VEGETATION) .AND. &
SFYLAYER MATL INDEX (NL,NN) ==SF/MATLINDEX(N) ) THEN

DENSITY.MAX = MAX(DENSITY_MAX, SFALAYER MATL FRAC (NL,NN) SF%LAYER_DENSITY (NL) )

ENDIF

ENDDO

DENSITY MIN = MIN(DENSITY_MIN,MI%RHO.S)

ENDDO

SWELL.RATIO = 1._EB

IF (SF%PYROLYSIS.MODEL==PYROLYSIS_PREDICTED .AND. DENSITY MIN>TWO.EPSILON.EB) SWELL-RATIO = DENSITY-MAX/
DENSITY MIN

SWELLRATIO = MAX(1.0_EB, SWELLRATIO)

! Get highest possible number of cells for this layer

CALL GET_N_LAYER_CELLS (SF%MIN_DIFFUSIVITY (NL) ,SWELL RATIO*SF%LAYER THICKNESS(NL) , SF%STRETCH FACTOR(NL) , &
SF%CELL_SIZE_FACTOR , SF/dN_.LAYER CELLS MAX(NL) , SFZN_LAYER CELLS(NL) ,SMALLEST_CELL_SIZE (NL) )
N.CELLSMAX = N.CELLSMAX + SF/N_LAYER.CELLS(NL)

! Get initial number of cells for this layer

CALL GET-N.LAYER.CELLS (SF%MIN_DIFFUSIVITY (NL) , SF%LAYER - THICKNESS(NL) , SF/STRETCH.FACTOR(NL) , &
SF%CELL.SIZE_FACTOR , SF/dN.LAYER CELLS_. MAX(NL) , SF’N_LAYER.CELLS(NL) ,SMALLEST_CELL_SIZE (NL) )
SF%N_CELLS_INI= SF%N_CELLS_INI + SF%N_LAYER-CELLS(NL)

ENDDO LAYER LOOP
IF (SFYIN.CELLS.MAX==0) SF/N.CELLSMAX = N.CELLSMAX
! Allocate arrays to hold x_.s, 1/dx_.s (center to center, RDXN), 1/dx_s (edge to edge, RDX)

NWPMAX = MAX(NWPMAX, SF’%N_CELLS MAX)
ALLOCATE(SF%DX( 1: SF%N_CELLS MAX) )

ALLOCATE( SF%RDX ( 0 : SF%N.CELLS MAX+1) )

ALLOCATE( SF/RDXN (0 : SF%N_CELLS MAX) )

ALLOCATE( SF/DXWGT (0 : SF/N.CELLS MAX) )
ALLOCATE(SF%X_S (0: SF%N.CELLS MAX) )

ALLOCATE( SF%LAYER INDEX ( 0 : SF/%N_CELLS MAX+1) )
ALLOCATE( SF/MF_FRAC (1: SF%N.CELLS MAX) )
ALLOCATE(SF%RHO.0 (0 : SF%N.CELLS MAX+1,SF/AN.MATL) )

! Compute node coordinates

CALL GET-WALLNODE.COORDINATES(SF%N_CELLS_INI, SF%aN_LAYERS, SF%N_LAYER.CELLS, &
SMALLEST CELL_SIZE (1: SF%N.LAYERS) ,SF%STRETCHFACTOR (1: SF%N_LAYERS) ,SF%X_S)

CALL GET.WALL NODE_WEIGHTS(SF%N_CELLS_INI , SF%N_LAYERS, SF%N_LAYER_CELLS, SF%LAYER_THICKNESS , SF4GEOMEIRY, &
SF%X_S , SFULAYER DIVIDE , SF/DX, SF%RDX, SF/RDXN, SF/DX WGT, SFADXF, SF%DXB, SF%LAYER INDEX, SF/MF_FRAC , SFNNER_RADIUS)

! Initialize the material densities of the solid
SF/RHO0 = 0._EB

DO 11=0,SF%N_CELLS_INI+1

IL = SF%LAYERINDEX(IT)

IF (SF%IMPINNER(IL) <=0..EB) SF%IMPINNER(IL) = TMPA

DO NN=1,SF/dN.LAYER MATL(IL )

DO N=1,SF/N.MATL

IF (SF%LAYERMATLINDEX(IL ,NN)==SF%MATLINDEX(N)) &

SF/RHOO(II ,N) = SFLAYERMATLFRAC(IL ,NN)+SF%LAYER-DENSITY (IL)
ENDDO

ENDDO
ENDDO

ENDDO SURF_GRID_LOOP

ALLOCATE(AAS(NWPMAX) ,STAT=IZERO)
CALL ChkMemErr( 'INIT , AAS’ ,IZERO)
ALLOCATE(CCS (NWPMAX) ,STAT=IZERO)
CALL ChkMemErr( ' INIT , 'CCS’ ,IZERO)
ALLOCATE(BBS (NWPMAX) ,STAT=IZERO)
CALL ChkMemErr( ' INIT ", 'BBS’ ,IZERO)
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7370 || ALLOCATE(DDS(NWPMAX) ,STAT=IZERO)

7371 || CALL ChkMemErr( ' INIT , 'DDS’ ,IZERO)
7372 || ALLOCATE(DDT(NWPMAX) ,STAT=IZERO)

7373 || CALL ChkMemErr('INIT ', ‘DT’ ,IZERO)
7374 || ALLOCATE(K_S (0:NWPMAX+1) ,STAT=IZERO)
7375 || CALL ChkMemErr('INIT ', K S’ ,IZERO)
7376 || ALLOCATE(C_S (0:NWPMAX+1) ,STAT=IZERO)
7377 || CALL ChkMemErr('INIT ", C.S’ ,IZERO)
7378 || ALLOCATE(Q_S (1:NWPMAX) ,STAT=IZERO)
7379 || CALL ChkMemErr('INIT ', Q.S’ ,IZERO)
7380 || ALLOCATE(RHO.S (0:NWPMAX+1) ,STAT=IZERO)
7381 || CALL ChkMemErr('INIT ', ‘RHO.S',IZERO)

7382 || ALLOCATE(RHOCBAR ( 1:NWPMAX) ,STAT=IZERO)
7383 || CALL ChkMemErr( ' INIT ', 'RHOCBAR’ ,IZERO)
7384 || ALLOCATE(KAPPA.S (1:NWPMAX) ,STAT=IZERO)
7385 || CALL ChkMemErr( ' INIT ', KAPPA S’ ,IZERO)
7386 || ALLOCATE(X_S.NEW (0:NWPMAX) ,STAT=IZERO)

7387 || CALL ChkMemErr( ' INIT ', X S.NEW,IZERO)
7388 || ALLOCATE(DX_S (1:NWPMAX) ,STAT=IZERO)
7389 || CALL ChkMemErr( 'INIT ", 'DX.S’,IZERO)
7390 || ALLOCATE(RDX_S (0:NWPMAX+1) ,STAT=IZERO)
7391 || CALL ChkMemErr( ' INIT*, 'RDX.S’ ,IZERO)
7392 || ALLOCATE(RDXN.S (0 :NWPMAX) ,STAT=IZERO)
7393 || CALL ChkMemErr( ' INIT*, 'RDXN.S’ ,IZERO)
7394 || ALLOCATE(R_S (0:NWPMAX) ,STAT=IZERO)

7395 || CALL ChkMemErr( 'INIT ', R S’ ,IZERO)

7396 || ALLOCATE(R.S.NEW (0:NWPMAX) ,STAT=IZERO)
7397 || CALL ChkMemErr( 'INIT ', RS.NEW,IZERO)

7398 || ALLOCATE(DX_WGT.S (0:NWPMAX) ,STAT=IZERO)

7399 || CALL ChkMemErr( 'INIT ", DX.WGTS” ,IZERO)

7400 || ALLOCATE(LAYERINDEX (0:NWPMAX+1) ,STAT=IZERO)
7401 || CALL ChkMemErr( 'INIT ', 'LAYERINDEX " ,IZERO)
7402 || ALLOCATE(MF_FRAC (1:NWPMAX) ,STAT=IZERO)

7403 || CALL ChkMemErr( 'INIT ", "MFFRAC’ ,IZERO)

7404 || ALLOCATE(REGRID_FACTOR (1:NWPMAX) ,STAT=IZERO)
7405 || CALL ChkMemErr( 'INIT ", 'REGRID_FACTOR " ,IZERO)
7406
7407 || END SUBROUTINE PROC_WALL
7408
7409
7410 || SUBROUTINE READ_PRES
7411
7412 || USE SCRC, ONLY: SCARCMETHOD , SCARCKRYLOV , SCARCMULTIGRID, SCARCSMOOTH , SCARCPRECON, &
7413 || SCARC.COARSE , SCARC.INITIAL, SCARC.ACCURACY, SCARCDEBUG , &

7414 || SCARCMULTIGRID.CYCLE, SCARCMULTIGRID_LEVEL , SCARCMULTIGRID.COARSENING , &

7415 || SCARC_.MULTIGRIDITERATIONS, SCARCMULTIGRID_ACCURACY, SCARCMULTIGRIDINTERPOL, &

7416 || SCARC.KRYLOV.ITERATIONS, SCARCKRYLOV_ACCURACY, &

7417 || SCARC.SMOOTH.ITERATIONS, SCARCSMOOTHACCURACY, SCARCSMOOTH.OMEGA, &

7418 || SCARC_PRECONITERATIONS, SCARCPRECON_ACCURACY, SCARCPRECON.OMEGA, &

7419 || SCARC_.COARSE.ITERATIONS, SCARC.COARSE_ACCURACY

7420
7421 || CHARACTER(60) :: SOLVER='FFT’
7422
7423 || NAMELIST /PRES/ CHECKPOISSON, FISHPAK_BC, ITERATION_SUSPEND_FACTOR, LAPLACE_PRESSURE_.CORRECTION, &
7424 || MAX_PRESSUREITERATIONS, PRESSURE_RELAX_TIME , PRESSURE_.TOLERANCE, RELAXATION_FACTOR, &

7425 || SCARCMETHOD , SCARCKRYLOV , SCARCMULTIGRID, SCARCSMOOTH , SCARCPRECON, &

7426 || SCARC.COARSE , SCARC.INITIAL, SCARC.ACCURACY, SCARCDEBUG , &

7427 || SCARCMULTIGRID-CYCLE, SCARC MULTIGRID_LEVEL, SCARC.MULTIGRID.COARSENING , &

7428 || SCARC.MULTIGRIDITERATIONS, SCARCMULTIGRID.ACCURACY, SCARC.MULTIGRIDINTERPOL, &

7429 || SCARC.KRYLOV_ITERATIONS, SCARCKRYLOV.ACCURACY, &

7430 || SCARC.SMOOTHITERATIONS, SCARCSMOOTH ACCURACY, SCARCSMOOTHOMEGA, &

7431 || SCARC.PRECONITERATIONS, SCARCPRECON.ACCURACY, SCARCPRECON.OMEGA, &

7432 || SCARC_.COARSE_ITERATIONS, SCARC.COARSE ACCURACY, &

7433 || SOLVER, SUSPEND_PRESSURE_ITERATIONS , VELOCITY_TOLERANCE

7434
7435 || | Read the single PRES line
7436
7437 || REWIND(LUINPUT) ; INPUT.FILE.LINEXNUMBER = 0

7438 || READLOOP: DO

7439 || CALL CHECKREAD( 'PRES’ ,LUINPUT, IOS)

7440 || IF (IOS==1) EXIT READLOOP

7441 || READ(LU_INPUT, PRES,END=23 ,ERR=24 ,IOSTAT=IOS)

7442 || 24 IF (IOS>0) THEN

7443 || CALL SHUIDOWN( 'ERROR: Problem with PRES line’) ; RETURN
7444 || ENDIF

7445 || ENDDO READ_LOOP

7446 || 23 REWIND(LUINPUT) ; INPUT.FILE.LLINE.NUMBER = 0

7447
7448 ! Given the chosen SOLVER, define internal variable PRESMETHOD:
7449
7450 || SELECT CASE(TRIM(SOLVER))

7451 || CASE( 'SCARC")

7452 || PRESMETHOD = 'SCARC’

7453 || ITERATE_PRESSURE = .FALSE.

7454 || IF (SCARCMETHOD == 'null’) SCARCMETHOD = 'KRYLOV' ! Taken as default for SCARC when SOLVER is SCARC and
7455 || | SCARCMETHOD is not defined .

7456 || CASE( 'CIMAT")

7457 || PRESMETHOD = 'CIMAT’

215



Source Code files for edited portions of FDS

7458 || GLMATSOLVER = .TRUE.

7459 || PRESON.WHOLEDOMAIN = .FALSE.
7460
7461 CASE( 'GLMAT IBM ")

7462 || PRESMETHOD = 'CIMAT’

7463 || GLMATSOLVER = .TRUE.

7464 || PRESON.WHOLEDOMAIN = .TRUE.

7465

7466 || CASE DEFAULT

7467 || ! Nothing to do. By default PRESMETHOD is set to 'FFT' in cons.f90
7468 || END SELECT

7469

7470 || | Determine how many pressure iterations to perform per half time step.
7471

7472 || IF (VELOCITY_-TOLERANCE>100._.EB) THEN

7473 || ITERATE_PRESSURE = .FALSE.

7474 || ELSE

7475 || ITERATE_PRESSURE = .TRUE.

7476 || IF (VELOCITY_-TOLERANCE>TWO_EPSILON_EB .OR. PRESSURE.TOLERANCE>TWO_EPSILON_EB .OR. MAX_PRESSURE.ITERATIONS/=10) &
7477 || SUSPEND_PRESSURE_ITERATIONS=.FALSE.

7478 || IF (VELOCITY.-TOLERANCE<TWO_.EPSILON.EB) VELOCITY.TOLERANCE =
7479 || IF (PRESSURE.-TOLERANCE<TWO_.EPSILON.EB) PRESSURE.-TOLERANCE =
7480 || ENDIF

7481
7482 || IF (NMESHES>1 .AND. ANY(FISHPAK _BC==FISHPAK_BC.PERIODIC)) THEN

7483 || CALL SHUIDOWN( 'ERROR: Cannot use FISHPAK.BC_PERIODIC with NMESHES>1") ; RETURN

0.5 _EB*CHARACTERISTIC_CELL_SIZE
20.0 .EB/CHARACTERISTIC_CELL_SIZE* %2

7484 || ENDIF

7485

7486 || IF (ANY(FISHPAK_BC>0)) THEN
7487 || CALL SHUTDOWN( 'ERROR: Cannot have FISHPAK BC>0') ; RETURN
7488 || ENDIE

7489

7490 || END SUBROUTINE READ_PRES
7491

7492

7493 || SUBROUTINE READ_RADI

7494

7495 || USE RADCONS

7496 || REAL(EB) :: BAND_LIMITS(MAXNUMBERSPECTRAL BANDS+1), RADIATIVE FRACTION=—1._EB

7497 || NAMELIST /RADI/ ANGLEINCREMENT, BAND_LIMITS,C MAX,C.MIN, INITIAL_RADIATION ITERATIONS , KAPPAO,NMIEANG,

NUMBER RADIATION_ANGLES, &

7498 || PATH.LENGTH, &

7499 || QR_CLIP,RADIATION, RADIATION ITERATIONS, RADIATIVE_FRACTION ,RADTMP, RTE SOURCE_.CORRECTION, TIME _STEP_INCREMENT, &
7500 || WIDE.BAND MODEL, MIE MINIMUM._DIAMETER, MIE MAXIMUM DIAMETER, MIENDG, &

7501 || NUMBER_INITIALITERATIONS !, RADIATIVELFRACTION.1 ! Backward compatibility — Sesa—added RADIATIVE_FRACTION_1
7502 || REAL(EB) THETALOW, THETAUP

7503 || INTEGER NRA,N

7504

7505 || ! Set default values

7506

7507 || BAND_LIMITS(:) = —1._EB

7508

7509

7510 || INITIAL.RADIATION.ITERATIONS = 3
7511 || NUMBER RADIATION_ANGLES = 100
7512 || TIME_STEP.INCREMENT =3
7513 || IF (TWOD) THEN

7514 || NUMBERRADIATION.ANGLES = 60
7515 || TIME_STEP.INCREMENT =2
7516 || ENDIF

7517

7518 || KAPPAO 0.-EB
7519 || RADIMP 900._EB
7520 || WIDE BAND_MODEL .FALSE.

7521 || NMIEANG
7522 || PATHLENGTH
7523 || ANGLEINCREMENT

15
—1.0_.EB ! calculate path based on the geometry
-1

7524 || MIEMAXIMUM. DIAMETER 0..EB

7525 || MIEMINIMUM_DIAMETER 0..EB

7526 || MIENDG 50

7527 || QR.CLIP 10._.EB ! kW/m3, lower bound for radiation source correction
7528

7529 || ! Read radiation parameters

7530

7531 || REWIND(LUINPUT) ; INPUT_FILE_LINENUMBER = 0

7532 || READIOOP: DO

7533 || CALL CHECKREAD( 'RADI’ ,LUINPUT,IOS)

7534 || IF (10S==1) EXIT READLOOP

7535 || READ(LUINPUT, RADI,END=23 ,ERR=24 ,IOSTAT=IOS)

7536 || 24 IF (10S>0) THEN

7537 || CALL SHUIDOWN( 'ERROR: Problem with RADI line’) ; RETURN
7538 || ENDIF

7539 || ENDDO READ.LOOP

7540 || 23 REWIND(LUINPUT) ; INPUT.FILE_LINE.NUMBER = 0

7541
7542 || IF (RADIATIVEEFRACTION >=0._EB) THEN

7543 || CALL SHUIDOWN( 'ERROR: RADIATIVE FRACTION is now specified on REAC. ")
7544 || RETURN
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7545 || ENDIF

7546

7547 || RADIMP = RADIMP + TMPM

7548 || QR.CLIP = QR.CLIP*1000._.EB ! kW/m3 to W/m3
7549

7550 || ! Define band parameters

7551

7552 || IF (WIDE.BBANDMODEL) THEN

7553 || NUMBER SPECTRAL BANDS = 6

7554 || TIME_STEP INCREMENT=MAX(1 , TIME_STEP_INCREMENT)

7555 || ANGLEINCREMENT = 1

7556 || ULIDIM=NUMBER SPECTRAL BANDS

7557 || ELSE

7558 || NUMBER SPECTRALBANDS = 1

7559 || IF (ANGLEINCREMENT < 0) ANGLEINCREMENT = MAX(1,MIN(5 ,NUMBER RADIATION_ANGLES/15))
7560 || UITDIM = ANGLEINCREMENT

7561 || ENDIF

7562

7563 || ! Define custom wavelength band limits
7564

7565 || IF (ANY(BAND._LIMITS>0._EB)) THEN

7566 || NUMBER SPECTRAL BANDS = COUNT(BAND.LIMITS>0._.EB) — 1

7567 || IF (NUMBERSPECTRALBANDS<2) THEN ; CALL SHUIDOWN( 'ERROR: Need more spectral band limits.”) ; RETURN ; ENDIF
7568 || IF (ANY((BAND_LIMITS (2 :NUMBER SPECTRAL BANDS+1)-BAND_LIMITS (1:NUMBER SPECTRAL.BANDS) ) <0._EB) )

7569 || CALL SHUIDOWN( 'ERROR: Spectral band limits should be given in ascending order.”)
7570 || RETURN
7571 ENDIF

7572 || ALLOCATE(WL HIGH ( 1:NUMBER SPECTRAL BANDS) )
7573 || ALLOCATE(WLLOW ( 1:NUMBER SPECTRAL BANDS) )
7574 || DO 1=1,NUMBER SPECTRAL BANDS

7575 || WLLOW(I) = BAND_LIMITS(I)

7576 || WLHIGH(1)= BAND_LIMITS(I+1)

7577 || ENDDO

7578
7579 || TIME_STEPINCREMENT=MAX(1 , TIME_STEP_INCREMENT)
7580 || ANGLEINCREMENT = 1

7581 || UTDIM=NUMBER SPECTRAL BANDS

7582 || ENDIF

7583

7584 || ! Calculate actual number of radiation angles and determine the angular discretization
7585

7586 || IF (.NOT.RADIATION) THEN

7587

7588 || NUMBERRADIATION.ANGLES = 1

7589 || INITIAL_RADIATION_ITERATIONS = 1
7590
7591 || ELSE
7592
7593 || NRA = NUMBER RADIATION_.ANGLES
7594
7595 || | Determine the number of polar angles (theta)
7596
7597 || IF (CYLINDRICAL) THEN

7598 || NRT = NINT(SQRT(REAL(NRA)))
7599 || ELSEIF (TWOD) THEN

7600 || NRT = 1

7601 || ELSE

7602 || NRT = 2%NINT(0.5_EB*1.17*REAL(NRA) **(1._EB /2.26))
7603 || ENDIF

7604

7605 || | Determine number of azimuthal angles (phi)

7606

7607 || ALLOCATE(NRP(1:NRT) ,STAT=IZERO)
7608 || CALL ChkMemErr('INIT ', 'NRP’ ,IZERO)
7609
7610 || N = 0

7611 || DO 1=1,NRT

7612 || IF (CYLINDRICAL) THEN

7613 || NRP(I) = NINT(REAL(NRA) / (REAL(NRT)))

7614 || ELSEIF (TWOD) THEN

7615 || NRP(1) = 4xNINT(0.25 _EB+REAL(NRA))

7616 || ELSE

7617 || THETALOW = PI+REAL(I—1)/REAL(NRT)

7618 || THETAUP = PI+REAL(I)/REAL(NRT)

7619 || NRP(1) = NINT(0.5_EB+REAL(NRA) * (COS(THETALOW)—COS(THETAUP) ) )
7620 || NRP(1) = MAX(4 ,NRP(1))

7621 || NRP(1) = 4xNINT(0.25 _EB+REAL(NRP(I)))
7622 || ENDIF

7623 ||N = N + NRP(I)

7624 || ENDDO

7625 || NUMBER RADIATION_ANGLES = N
7626

7627 || ENDIF

7628

7629 || END SUBROUTINE READ_RADI
7630

7631

7632 || SUBROUTINE READ_CLIP
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7633
7634
7635
7636
7637
7638
7639
7640
7641
7642
7643
7644
7645
7646
7647
7648
7649
7650
7651
7652
7653
7654
7655
7656

7657
7658
7659
7660
7661
7662
7663
7664
7665
7666
7667
7668
7669
7670
7671
7672
7673
7674
7675
7676
7677
7678
7679
7680
7681
7682
7683
7684
7685
7686
7687
7688
7689
7690
7691
7692
7693
7694
7695
7696
7697
7698
7699
7700
7701
7702
7703
7704
7705
7706
7707
7708
7709
7710
7711
7712
7713
7714
7715
7716
7717
7718
7719

REAL(EB) :: MAXIMUM.DENSITY, MINIMUM_DENSITY, MINIMUM.TEMPERATURE, MAXIMUM.TEMPERATURE
NAMELIST /CLIP/ FYI,MAXIMUM.DENSITY, MAXIMUM.TEMPERATURE, MINIMUM DENSITY , MINIMUM.TEMPERATURE
! Check for user—defined mins and maxes.

MINIMUM DENSITY = —999._EB

MAXIMUM DENSITY = —999._EB

MINIMUM.TEMPERATURE = —999._EB

MAXIMUM.TEMPERATURE = —999._EB

REWIND(LU_INPUT) ; INPUT.FILE_LINE.NUMBER = 0

CLIP_.LOOP: DO

CALL CHECKREAD( 'CLIP " ,LUINPUT, IOS)

IF (I0S==1) EXIT CLIP.LOOP

READ(LU_INPUT, CLIP ,END=431 ,ERR=432 ,IOSTAT=IOS )

432 IF (I0S>0) THEN ; CALL SHUIDOWN( 'ERROR: Problem with CLIP line’) ; RETURN ; ENDIF
ENDDO CLIP.LOOP

431 REWIND(LU.INPUT) ; INPUT_FILE.LLINEXNUMBER = 0

IF (MINIMUM.TEMPERATURE>-TMPM) TMPMIN
IF  (MAXIMUM.TEMPERATURE>-TMPM) TMPMAX

MINIMUM.TEMPERATURE  + TMPM
MAXIMUM.TEMPERATURE + TMPM

IF (IMPMAX > 5000..EB) THEN ; CALL SHUIDOWN( 'MAXIVUMITEMPERATURE cannot be greater than 4726.85 C (5000 K)") ;
RETURN ; ENDIF

IF (MINIMUM.DENSITY>>0._EB) THEN

RHOMIN = MINIMUM_DENSITY

ELSE

RHOMIN = MIN(0.1 _EB+RHOA, P_INFAMW.MIN/ (RO<IMPMAX) )
ENDIF

IF (MAXIMUM.DENSITY>0._EB) THEN

RHOMAX = MAXIMUM.DENSITY

ELSE

RHOMAX = 3.0 _EB*P_INFsMWMAX/ (RO*MAX(TMPMIN, 1. _EB))
ENDIF

END SUBROUTINE READ_CLIP

SUBROUTINE READRAMP

REAL(EB) :: X,Z,T,F,IM

INTEGER :: I,II ,NN,N,NUMBERINTERPOLATION_POINTS, N_RES RAMP
CHARACTER(LABEL LENGTH) :: DEVC.D,CTRL_ID

TYPE(RAMPS.TYPE) , POINTER :: RP

TYPE(RESERVED_RAMPS.TYPE) , POINTER :: RRP

NAMELIST /RAMP/ CTRL.ID,DEVC.ID,F,FYI,ID,NUMBERINTERPOLATION_POINTS, T, X, Z

IF (NRAMP==0) RETURN
ALLOCATE(RAMPS(N.RAMP) ,STAT=IZERO)
CALL ChkMemErr( 'READ”, "RAMPS” ,IZERO)

! Count the number of points in each ramp
NRESRAMP = 0

COUNTRAMPPOINTS: DO N=1,NRAMP

RP => RAMPS(N)

IF (RAMPID(N) (1:5)=="RSRVD’) THEN
N_RESRAMP = N_RESRAMP + 1

RRP => RESERVED_RAMPS(N_RES.RAMP)

RP4RESERVED = .TRUE.

RPYNUMBER DATA POINTS = RRP7NUMBER_ DATA POINTS

ELSE

REWIND(LU_NPUT) ; INPUT_FILE_LLINE.NUMBER = 0

RPZNUMBER DATA POINTS = 0

SEARCH.LOOP: DO

CALL CHECKREAD( ‘RAMP’ ,LUINPUT, I0S)

IF (I0S==1) EXIT SEARCH.LOOP

READ(LU_INPUT ,NMI=RAMP, ERR=56 ,JOSTAT=IOS )

IF (ID/=RAMPID(N)) CYCLE SEARCH.LOOP

RP%NUMBER DATA POINTS = RP%UNUMBER DATA POINTS + 1

56 IF (I0S>0) THEN ; CALL SHUIDOWN( 'ERROR: Problem with RAMP “//TRIM(RAMPID(N)) ) ; RETURN ; ENDIF
ENDDO SEARCH.LOOP

ENDIF

IF (RPYINUMBER.DATA POINTS<?2) THEN

IF (RP7NUMBER DATA POINTS==0) WRITE(MESSAGE, ' (A,A,A) ") 'ERROR: RAMP *, TRIM(RAMPID(N)), ' not found’

IF (RP%NUMBER DATA POINTS==1) WRITE(MESSAGE, (A, A,A) ") 'ERROR: RAMP *, TRIM(RAMPID(N)), ' has only one point’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

ENDDO COUNT_RAMP_POINTS
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7720 || ! Read and process the ramp functions
7721

7722 || NRESRAMP = 0

7723

7724 || READRAMPLOOP: DO N=1,N.RAMP

7725

7726 || RP => RAMPS(N)

7727

7728 || RP%DEVC.ID = "null’

7729 || RP%CTRLID = "null’

7730 || ALLOCATE(RP/NDEPENDENT.DATA ( 1: RP%NUMBER DATA POINTS) )
7731 || ALLOCATE(RPYDEPENDENT DATA ( 1: RPF7ANUMBER DATA POINTS) )
7732 || NUMBER.INTERPOLATION_POINTS=5000

7733
7734 IF (RP%RESERVED) THEN
7735
7736 || NRESRAMP = N_RESRAMP + 1

7737 || RRP => RESERVED_RAMPS(N_RES_RAMP)

7738 || RP7ANDEPENDENT-DATA ( 1:RP7ANUMBER.DATA POINTS) = RRPYANDEPENDENTDATA ( 1:RRPYNUMBER DATA_POINTS)
7739 || RPYDEPENDENTDATA (1: RP7NUMBER DATA POINTS) = RRPYDEPENDENTDATA (1:RRPYANUMBER DATA POINTS)

7740 || RPYANUMBER INTERPOLATION_POINTS = NUMBER INTERPOLATION_POINTS

7741

7742 || ELSE

7743

7744 || REWIND(LUINPUT) ; INPUT.FILE.LINE.NUMBER = 0
7745 ||[NN = 0

7746 || SEARCH.LOOP2: DO

7747 || DEVCID = 'null’

7748 || CTRLID = 'null’

7749 || X —1.E6_EB

7750 || Z —1.E6_EB

7751 || CALL CHECKREAD( 'RAMP’ ,LUINPUT, I0S)
7752 || IF (10S==1) EXIT SEARCH.LOOP2

7753 || READ(LU_INPUT ,RAMP)

7754 || IF (ID/=RAMPID(N)) CYCLE SEARCH.LOOP2

7755 || IF (RP%DEVCID =="null ') RP%DEVCID = DEVC.ID
7756 || IF (RPACTRLID =='null’) RP%CTRLID = CTRL.ID
7757 || IF (X>—1.E5.EB) THEN

7758 || RAMP.TYPE(N) = "X COORDINATE

7759 || SPATIAL.GRAVITY_VARIATION = .TRUE.

7760 || STRATIFICATION = .FALSE.

7761 || T = X

7762 || ENDIE

7763 || IF (Z>-1.E5.EB) THEN

7764 || RAMP.TYPE(N) = "7 COORDINATE’

7765 || T = 2

7766 || ENDIE

7767 || IF (RAMP.TYPE(N)==TEMPERATURE') T = T + TMPM
7768 || IF (RAMP_TYPE(N)=="TIME ") T = TBEGIN + (T-T_BEGIN)/TIME_SHRINK_FACTOR

7769 || NN = NN+1
7770 || RPYANDEPENDENT.DATANN) = T

7771 || IF (NN>>1) THEN

7772 || IF (T<=RP%NDEPENDENT.DATA(NN-1)) THEN

7773 || WRITE(MESSAGE, * (A, A,A) ") "ERROR: RAMP * ,TRIM(RAMPID(N)), ' variable T must be monotonically increasing’
7774 || CALL SHUIDOWN(MESSAGE) ; RETURN

7775 || ENDIF

7776 || ENDIF

7777 || RPYDEPENDENT DATA(NN) = F

7778 || RPYANUMBERINTERPOLATION POINTS = NUMBERINTERPOLATION POINTS
7779 || ENDDO SEARCH.LOOP2

7780
7781 || ENDIF
7782
7783 || RP%I_MIN = MINVAL(RP7AINDEPENDENT_DATA)
7784 || RP%IMAX = MAXVAL(RP7AINDEPENDENT_DATA)
7785 || RP%SPAN = RP%IMAX — RP%I_MIN

7786

7787 || ENDDO READRAMP_I1.OOP

7788

7789 || ! Set up interpolated ramp values in INTERPOLATED.DATA and get control or device index
7790

7791 || DO N=1,NRAMP

7792 || RP => RAMPS(N)

7793 || RP%RDT = REAL(RP/NUMBERINTERPOLATION_POINTS, EB) /RP%SPAN

7794 || ALLOCATE(RAMPS(N)%INTERPOLATED DATA ( 0 : RF%*NUMBER INTERPOLATION POINTS +1) )

7795 || RAMPS(N)%NTERPOLATED DATA (0) = RP%DEPENDENT.DATA (1)

7796 || DO 1=1,RPNUMBER INTERPOLATION_POINTS—1

7797 || TM = RP’ANDEPENDENT DATA (1) + REAL(I,EB)/RP%RDT

7798 || TLOOP: DO 1I=1,RP%NUMBER DATA POINTS-1

7799 || IF (TM>=RPNDEPENDENT.DATA(11) .AND. TMKRPNDEPENDENT.DATA(I1+1)) THEN

7800 || RPANTERPOLATED.DATA (1) = RP%DEPENDENT.DATA(I1) + (TM-RPZNDEPENDENTDATA(II1)) = &
7801 || (RP%DEPENDENT.DATA (11 +1)—RP%DEPENDENT.DATA( 11 ) ) / (RPANDEPENDENT.DATA ( 11 +1)—RP%NDEPENDENT DATA (11 ))
7802 || EXIT TLOOP

7803 || ENDIF
7804 || ENDDO TLOOP
7805

ENDDO
7806 || RPYINTERPOLATED_DATA (RPYANUMBER INTERPOLATION_POINTS)
7807 || RPYINTERPOLATED DATA (RPYANUMBER INTERPOLATION_POINTS+1)

RPYDEPENDENT_DATA (RPYANUMBER DATA POINTS)
RPYDEPENDENT_DATA (RPYANUMBER DATA POINTS)
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7808
7809 || ! Get Device or Control Index
7810
7811 || CALL SEARCH.CONTROLLER( ‘RAMP’ ,RP%CTRL.ID , RP%DEVC_ID, RP%DEVCINDEX, RP%CTRLINDEX,N)
7812
7813 || ENDDO
7814
7815 || END SUBROUTINE READRAMP
7816
7817
7818 || SUBROUTINE READ.TABL

7819 || REAL(EB) :: TABLE.DATA(9)

7820 || INTEGER :: NN,N,I,J

7821 || TYPE(TABLES.TYPE) , POINTER :: TA=>NULL()
7822 || NAMELIST /TABL/ FYI,ID,TABLE.DATA

7823
7824 IF (N_.TABLE==0) RETURN
7825
7826 || ALLOCATE(TABLES(N_TABLE) ,STAT=IZERO)
7827 || CALL ChkMemErr( 'READ’, "TABLES’ ,IZERO)
7828
7829 || | Count the number of points in each table
7830
7831 || REWIND(LUINPUT) ; INPUT-FILE.LINE.NUMBER = 0
7832 || COUNT-TABLEPOINTS: DO N=1,N.TABLE

7833 || TA => TABLES(N)

7834 || REWIND(LUINPUT) ; INPUT.FILE_.LINE.NUMBER = 0
7835 || TA7NUMBERROWS = 0

7836 || SELECT CASE (TABLE.TYPE(N))

7837 || CASE (SPRAY_PATTERN)

7838 || TA7ZNUMBER COLUMNS = 6

7839 || CASE (PART-RADIATIVE_PROPERTY)

7840 || TA7ZNUMBER COLUMNS = 3

7841 || CASE (TABLE2D.TYPE,FLAME_SPEED.TABLE)

7842 || TAZNUMBER COLUMNS = 3

7843 || END SELECT

7844 || SEARCH.LOOP: DO

7845 || CALL CHECKREAD( 'TABL’,LUINPUT, IOS)

7846 || IF (I0S==1) EXIT SEARCH.LOOP

7847 || TABLEDATA = —999._EB

7848 || READ(LU_INPUT ,NMI=TABL, ERR=56 ,JOSTAT=IOS)

7849 || IF (ID/=TABLE.ID(N)) CYCLE SEARCH.LOOP

7850 || TAYNUMBERROWS = TA%NUMBERROWS + 1

7851 || MESSAGE="null

7852 || SELECT CASE(TABLE.TYPE(N))

7853 || CASE (SPRAY_PATTERN)

7854 || IF (TABLE.DATA(1) <0._.EB .OR. TABLEDATA (1) >180._EB) THEN

7855 || WRITE(MESSAGE, ' (A, 10 ,A,A,A) ") 'ERROR: Row ', TA%NUMBERROWS,  of ', TRIM(TABLEID(N)),  has a bad Ist lattitude’
7856 || CALL SHUTDOWN(MESSAGE) ; RETURN

7857 || ENDIF

7858 || IF (TABLE.DATA (2)<TABLE.DATA (1) .OR. TABLEDATA(2) >180._.EB) THEN

7859 || WRITE(MESSAGE, ’ (A, 10 ,A,A,A) ") 'ERROR: Row ', TAYNUMBERROWS, ~ of ', TRIM(TABLEID(N)),  has a bad 2nd lattitude’
7860 || CALL SHUTDOWN(MESSAGE) ; RETURN

7861 || ENDIF

7862 || IF (TABLEDATA(3) <—180..EB .OR. TABLEDATA (3) >360..EB) THEN

7863 || WRITE(MESSAGE, " (A, 10 ,A,A,A) ") "ERROR: Row ', TAYNUMBERROWS, * of * , TRIM(TABLE.ID(N)),  has a bad lst longitude’
7864 || CALL SHUIDOWN(MESSAGE) ; RETURN

7865 || ENDIF
7866 || IF (TABLELDATA (4)<TABLEDATA(3) .OR. TABLEDATA (4) >360._.EB) THEN

7867 || WRITE(MESSAGE, * (A, 10 ,A,A,A) ") 'FRROR: Row ', TAWNUMBERROWS, * of ', TRIM(TABLE.ID(N)),” has a bad 2nd longitude’
7868 || CALL SHUIDOWN(MESSAGE) ; RETURN

7869 || ENDIF

7870 || IF (TABLE.DATA(5) <0._EB) THEN
7871 || WRITE(MESSAGE, * (A, 10 ,A,A,A) ") 'ERROR: Row ' TA%NUMBERROWS, = of ', TRIM(TABLE.ID(N)),  has :
7872 || CALL SHUTDOWN(MESSAGE) ; RETURN

bad velocity

7873 || ENDIE
7874 || IF (TABLE.DATA(6) <0._EB) THEN

7875 || WRITE(MESSAGE, ’ (A, 10 ,A,A,A) ") 'ERROR: Row ', TA%NUMBERROWS,  of ', TRIM(TABLEID(N)),  has a bad mass flow’
7876 || CALL SHUTDOWN(MESSAGE) ; RETURN

7877 || ENDIE

7878 || CASE (PART.RADIATIVE_PROPERTY)
7879 || IF (TABLEDATA(1)<0._.EB) THEN

7880 || WRITE(MESSAGE, ' (A, 10 ,A,A,A) ") 'ERROR: Row ', TA%NUMBERROWS, ~ of ', TRIM(TABLEID(N)),  has a bad wave length’
7881 || CALL SHUTDOWN(MESSAGE) ; RETURN

7882 || ENDIF

7883 || IF (TABLELDATA(2)<=0._EB) THEN

7884 || WRITE(MESSAGE, " (A, 10 ,A,A,A) ") "ERROR: Row ', TAYNUMBERROWS, ~ of * ,TRIM(TABLE.ID(N)),  has a bad real index’
7885 || CALL SHUIDOWN(MESSAGE) ; RETURN

7886 || ENDIF

7887 || IF (TABLEDATA(3)< 0._EB) THEN

7888 || WRITE(MESSAGE, " (A, 10 ,A,A,A) ") "ERROR: Row ', TAYNUMBERROWS, ~ of ', TRIM(TABLE.ID(N)),  has a bad complex index’

7889 || CALL SHUIDOWN(MESSAGE) ; RETURN

7890 || ENDIF

7891 || CASE (TABLE2D.TYPE,FLAME_SPEED.TABLE)

7892 || IF (TA%NUMBERROWS == 1) THEN

7893 || IF (INT(TABLEDATA(1)) <= 0._EB) THEN

7894 || WRITE(MESSAGE, " (A, 10 ,A,A,A) ") "ERROR: Row ', TAYZNUMBERROWS, = of ', TRIM(TABLE.ID(N)),&
7895 " has 1 x entries’
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7896
7897
7898
7899
7900
7901
7902
7903
7904
7905
7906
7907
7908
7909
7910
7911
7912
7913
7914
7915
7916
7917
7918
7919
7920
7921
7922
7923
7924
7925
7926
7927
7928
7929
7930
7931
7932
7933
7934
7935
7936
7937
7938
7939
7940
7941
7942
7943
7944
7945
7946
7947
7948
7949
7950
7951
7952
7953
7954
7955
7956
7957
7958
7959
7960
7961
7962
7963
7964
7965
7966
7967
7968
7969
7970
7971
7972
7973
7974
7975
7976
7977
7978
7979
7980
7981
7982
7983

CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF
IF (INT(TABLEDATA(2)) < 0..EB) THEN
WRITE(MESSAGE, ' (A, 10 ,A,A,A) ") "ERROR: Row ’ , TAYNUMBERROWS, © of ', TRIM(TABLE.ID(N)),&
has < 1 y entries’
CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF
ENDIF
END SELECT
56 IF (1I0S>0) THEN ; CALL SHUIDOWN( 'ERROR: Problem with TABLE ’//TRIM(TABLEID(N)) ) ; RETURN ; ENDIF

ENDDO SEARCH_LOOP
IF (TA%NUMBER ROWS<=0) THEN

WRITE(MESSAGE, ' (A, A,A) ") "ERROR: TABLE * ,TRIM(TABLEID(N)), ' not found’
CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF

IF (TABLE.TYPE(N) == TABLE.2D_TYPE .OR. TABLE.TYPE(N) == FLAME_SPEED.TABLE) THEN

IF (TA%NUMBER ROWS<=1) THEN

WRITE(MESSAGE, ' (A, A,A) ") "ERROR: 2D TABLE ’ , TRIM(TABLEID(N)), ' must have at least one row of data’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

ENDDO COUNT.-TABLE_POINTS

READ.TABL.LOOP: DO N=1,N_TABLE
TA => TABLES(N)

ALLOCATE(TA%TABLE_DATA (TA%NUMBER ROWS, TA%NUMBER COLUMNS) ,STAT=IZERO)
CALL ChkMemErr( ‘READ”, "TA%IABLE DATA " ,IZERO)

REWIND(LU_INPUT) ; INPUT_FILE_LLINE.NUMBER = 0

NN = 0

SEARCH.LOOP2: DO

CALL CHECKREAD( ‘'TABL " ,LUINPUT,IOS)

IF (I0S==1) EXIT SEARCH.LOOP2

READ(LU_INPUT, TABL)

IF (ID/=TABLE.ID(N)) CYCLE SEARCH.LOOP2

NN = NN+1

TA%TABLEDATA(NN, :) = TABLE.DATA (1: TAYNUMBER COLUMNS)
ENDDO SEARCH.LOOP2

TABLE_2D_IF: IF (TABLE.TYPE(N)==TABLE2D_TYPE) THEN
IF (TA%NUMBER ROWS-1/=INT (TA%TABLE.DATA (1,1) ) *INT(TA%TABLE.DATA (1,2))) THEN

WRITE(MESSAGE, ' (A, A,A) ") ERROR: 2D TABLE ', TRIM(TABLEJID(N)), ' is not rectangular
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

TA%LX = MINVAL(TA%TABLE DATA (2 : TA%/UMBER ROWS, 1) ,1)

TA%UX = MAXVAL(TA%TABLE_DATA (2 : TAY/UMBER ROWS, 1) ,1)

TA%LY = MINVAL(TA%TABLE_DATA (2 : TA%NUMBER ROWS, 2) ,1)

TA%UY = MAXVAL(TA%TABLE_DATA (2 : TA%/NUMBER ROWS, 2) ,1)

ALLOCATE(TA%X (INT (TA%TABLE.DATA(1,1) ) ) ,STAT=IZERO)
CALL ChkMemErr( 'READ”, "TA%X ", IZERO)

ALLOCATE(TA%Y (INT (TA%TABLE.DATA (1 ,2) ) ) ,STAT=IZERO)
CALL ChkMemErr( ‘READ”, "TA%Y " ,IZERO)

ALLOCATE(TA%Z (INT (TA%TABLEDATA (1,1) ) ,INT(TA%TABLEDATA(1,2) ) ) ,STAT=IZERO)
CALL ChkMemErr( ‘READ’, "TA%Z" ,IZERO)

NN = 1

TAY7NUMBER ROWS = INT (TA%TABLEDATA(1,1))
TAYNUMBER COLUMNS = INT(TA%TABLE.DATA(1,2))

DO I = 1, TAYNUMBERROWS

DO | = 1, TAYNUMBER COLUMNS

NN = NN + 1

IF (J==1) THEN

TA%X (1)=TA%IABLE DATA(NN, 1)

ELSE

IF (TA%TABLEDATA(NN,1) /= TA%X(1)) THEN
WRITE(MESSAGE, " (A,A,A) ") "ERROR: 2D TABLE “ , TRIM(TABLEID(N)), ' x value must be the same for each row
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

IF (I==1) THEN

TA%Y (] ) =TA%TABLE.DATA (NN, 2)

ELSE

IF (TA%TABLEDATA(NN,2) /= TA%Y(])) THEN

WRITE(MESSAGE, " (A, A,A) ") "ERROR: 2D TABLE “,TRIM(TABLEID(N)), * y value must be the same for each column’

CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF

ENDIF

TA%Z(1,]) = TA%TABLEDATA(NN,3)

ENDDO

ENDDO

IF (TABLE.TYPE (N)==FLAME_SPEED.TABLE) TA%Y=TA%Y-+IMPM
ENDIF TABLE_2D_IF

ENDDO READ.TABL_.LOOP

END SUBROUTINE READ.TABL

SUBROUTINE READ.OBST

USE GEOMETRY_FUNCTIONS, ONLY: BLOCK_CELL
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7984
7985
7986
7987
7988
7989
7990
7991
7992

7993
7994

7995
7996
7997
7998
7999
8000
8001
8002
8003
8004
8005
8006
8007
8008
8009
8010
8011
8012
8013
8014
8015
8016
8017
8018
8019
8020
8021
8022
8023
8024
8025
8026
8027
8028
8029
8030
8031
8032
8033
8034
8035
8036
8037
8038
8039
8040
8041
8042
8043
8044
8045
8046
8047
8048
8049
8050
8051
8052
8053
8054
8055
8056
8057
8058
8059
8060
8061
8062
8063
8064
8065
8066
8067
8068
8069

TYPE(OBSTRUCTION.TYPE) , POINTER :: OB2=>NULL() ,OBT=>NULL()

TYPE(MULTIPLIER.TYPE) , POINTER :: MR=>NULL()

TYPE(OBSTRUCTION.TYPE) , DIMENSION (:) , ALLOCATABLE, TARGET :: TEMP.OBSTRUCTION

INTEGER :: NM,NOM, N_OBST.O,NNN, IC ,N,NN,NNNN, N.NEW_OBST,RGB(3) ,N.OBST.NEW, 11 , ]J ,KK, EVACN

CHARACTER(LABELLENGTH) :: ID,DEVCID,PROP_D,SURF.ID,SURF.IDS(3) ,SURF.ID6 (6) ,CTRLID, MULTID, MATLID

CHARACTER(60) :: MESH.ID

CHARACTER(25) :: COLOR

LOGICAL :: EVACUATION.OBST,OVERLAY

REAL(EB) :: TRANSPARENCY,XB1,XB2,XB3,XB4,XB5,XB6, BULK_DENSITY , VOL ADJUSTED, VOL_SPECIFIED , UNDIVIDED_ INPUT_AREA (3)
&

INTERNAL_HEAT.SOURCE

LOGICAL :: EMBEDDED, THICKEN, PERMIT_HOLE, ALLOW VENT, EVACUATION, REMOVABLE, BNDF_FACE( — 3:3) ,BNDF.OBST, OUTLINE,
NOTERRAIN, HT3D

NAMELIST /OBST/ ALLOW.VENT,BNDF_FACE, BNDF.OBST, BULK_DENSITY, &

COLOR, CTRL_ID , DEVC_ID, EVACUATION, FYI ,HT3D, ID ,INTERNAL HEAT.SOURCE, MATL_ID, MESH.ID, MULT.ID, NOTERRAIN, &

OUTLINE, OVERLAY, PERMIT_HOLE, PROP_ID ,REMOVABLE, RGB, SURF_ID , SURF_ID6 , SURF_IDS , TEXTURE_ORIGIN , THICKEN, &

TRANSPARENCY, XB

MESHLOOP: DO NM=1,NMESHES
IF (PROCESS(NM) /=MYID .AND. MYID/=EVAC_PROCESS) CYCLE MESHIOOP

M=>MESHES (NM)
CALL POINT_TO-MESH (NM)
! Count OBST lines

REWIND(LU_INPUT) ; INPUT.FILE.LINE.NUMBER = 0
N.OBST = 0

COUNT.OBST_LOOP: DO

CALL CHECKREAD( ‘OBST’ ,LUINPUT, IOS)

IF (I0S==1) EXIT COUNT.OBST_LOOP

MULT.ID = "null

READ(LU_INPUT ,NML=OBST ,END=1,ERR=2 ,IOSTAT=IOS )
N.OBSTNEW = 0

IF (MULTID=='null’) THEN

N.OBSTNEW = 1

ELSE

DO N=1,N.MULT

MR => MULTIPLIER (N)

IF (MULTID==MRAWID) N.OBSTNEW = MRN_COPIES

ENDDO

IF (N.OBSTNEW==0) THEN

WRITE(MESSAGE, " (A, A, A, 10 ,A,10) ") "ERROR: MULT line ’, TRIM(MULTID),  not found on OBST ', N.OBST+1,&
line number’ , INPUT-FILE.LINE.NUMBER

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

N.OBST = N_.OBST + N.OBSTNEW
2 IF (10S>0) THEN

WRITE(MESSAGE, " (A, 10 ,A,10) ") 'ERROR: Problem with OBST number’ ,N.OBST+1,’, line number’ ,INPUT_FILE_.LINE_.NUMBER
CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF

ENDDO COUNT_OBST_LOOP
1 REWIND(LUINPUT) ; INPUT_FILE_.LINE.NUMBER = 0

IF (EVACUATION.ONLY (NM) ) CALL DEFINE_EVACUATION.OBSTS(NM,1,0)
! Allocate OBSTRUCTION array

ALLOCATE (M/OBSTRUCTION (0:N_OBST) ,STAT=IZERO)

CALL ChkMemErr( 'READ”, "OBSTRUCTION " ,IZERO)
OBSTRUCTION=>M/OBSTRUCTION

N

N_OBST-O
EVACN

0
N.OBST
1

READ_OBST_LOOP: DO NN=1,N_OBST_O

ID
MATL.ID
MULTID
PROP_ID
SURF_ID
SURF.IDS
SURF_ID6
COLOR null ’

MESH.ID null”’

RGB = -1

BULK_DENSITY= —1._EB

HT3D = .FALSE.

INTERNAL HEATSOURCE = 0._.EB ! for HT3D only
TRANSPARENCY= 1._EB

"null
‘null” ! for HT3D only
"null’
"null’
null
null’
null’

BNDFFACE = BNDF.DEFAULT
BNDF.OBST = BNDF.DEFAULT
NOTERRAIN = .FALSE.

THICKEN = THICKEN.OBSTRUCTIONS
OUTLINE = .FALSE.
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8070
8071
8072
8073
8074
8075
8076
8077
8078
8079
8080
8081
8082
8083
8084
8085
8086
8087
8088
8089
8090
8091
8092
8093
8094
8095
8096
8097
8098
8099
8100
8101
8102
8103
8104
8105
8106
8107
8108
8109
8110
8111
8112
8113
8114
8115
8116
8117
8118
8119
8120
8121
8122
8123
8124
8125
8126
8127
8128
8129
8130
8131
8132
8133
8134
8135
8136
8137
8138
8139
8140
8141
8142
8143
8144
8145
8146
8147
8148
8149
8150
8151
8152
8153
8154

8155
8156

OVERLAY = .TRUE.

TEXTURE.ORIGIN = —999._EB

DEVC.ID = 'null’

CTRL.ID = 'null’

PERMIT HOLE = .TRUE.

ALLOW.VENT = .TRUE.

REMOVABLE = .TRUE.

XB = —9.E30-EB

IF (.NOT.EVACUATION.ONLY(NM) ) EVACUATION
IF ( EVACUATION.ONLY(\M) ) EVACUATION
IF ( EVACUATION.ONLY (\M) ) REMOVABLE

! Read the OBST line

EVACUATION.OBST =

.FALSE.

.FALSE.
.TRUE.
.FALSE.

IF (EVACUATION.ONLY(NM) ) CALL DEFINE_.EVACUATION.OBSTS(NM, 2 ,EVACN)

EVACUATION.OBSTS:

CALL CHECKREAD( 'OBST’ ,LUINPUT, IOS)
IF (I0S==1) EXIT READ.OBST_LOOP
READ(LU_INPUT, OBST,END=35)

END IF EVACUATION.OBSTS

! Reorder OBST coordinates

CALL CHECKXB(XB)

! If any obstruction

is

if necessary

IF (.NOT. EVACUATION.OBST) THEN

to do 3D heat transfer (HI3D), set a global parameter

IF (HI3D) SOLID_HT3D = .TRUE.

! No device and controls for evacuation obstructions

IF (EVACUATION.ONLY(\NM) ) THEN
DEVC.ID
CTRL_ID
PROP_ID

END IF

! Loop over all

"null”’
"null’
"null”’

MR => MULTIPLIER (0)
DO NNN=1,N.MULT

possible multiples of the OBST

(EVACUATION .AND. .NOT.EVACUATION.ONLY (NM))) THEN

that are within a half grid cell of the current mesh. If the obstruction is thin and has

IF (MULTID==MULTIPLIER (NNN)%ID) MR => MULTIPLIER (NNN)
ENDDO
KMULT.LOOP: DO KK=MR/K LOWER,MR/K_UPPER
JJMULT_LOOP: DO ]]=MR/{J LOWER,MRV] . UPPER
I.MULT.LOOP: DO 11=MRG_LOWER,MR/I_UPPER
IF (.NOT.MR/SEQUENTIAL) THEN
XB1 = XB(1) + MRADX0 + ITMRDXB(1)
XB2 = XB(2) + MRADX0 + ITMRDXB(2)
XB3 = XB(3) + MRWDYO + JJMRDXB(3)
XB4 = XB(4) + MRAWDYO + JJ+MRDXB(4)
XB5 = XB(5) + MRWDZ0 + KKAVR/DXB(5)
XB6 = XB(6) + MRWDZ0 + KK+MR/DXB(6)
ELSE
XB1 = XB(1) + MRDX0 + IT+MRADXB(1)
XB2 = XB(2) + MRWDX0 + IT+MRADXB(2)
XB3 = XB(3) + MRWDY0D + IT+MRADXB(3)
XB4 = XB(4) + MRADY0 + IT+MRAdDXB(4)
XB5 = XB(5) + MRWDZ0 + IT+MRADXB(5)
XB6 = XB(6) + MRWDZ0 + IT+MRADXB(6)
ENDIF
! Increase the OBST counter
N=N+1
! Evacuation criteria
EVACN = EVACN + 1
IF (MESH.ID/=MESHNAMEMM) .AND. MESH.ID/="null ") THEN
N = N-1
N.OBST = N.OBST-1
CYCLE [.MULT_LOOP
ENDIF
IF ((.NOT.EVACUATION .AND. EVACUATION.ONLY(NM)) .OR
N = N-1
N.OBST = N.OBST-1
CYCLE .MULT_LOOP
ENDIF
! Look for obstructions
the
! THICKEN attribute , look for it within an entire grid cell.
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8157 || IF ( (XB2>=XS—0.5_EB+DX(0) .AND. XB2<XS) .OR. (THICKEN .AND. 0.5_EB(XB1+XB2)>=XS-DX(0) AND. XB2<XS) ) THEN
8158 || XB1 = XS

8159 || XB2 = XS

8160 || THICKEN = .FALSE.

8161 || ENDIF

8162 || IF ( (XB1<XF+0.5_EB+DX(IBP1) .AND. XBI1>XF) .OR. (THICKEN .AND. 0.5_EBx(XB1+XB2)< XF+DX(IBP1) .AND. XBI>XF) ) THEN
8163 || XB1 = XF

8164 || XB2 = XF
8165 || THICKEN = .FALSE.

8166 || ENDIF
8167 || IF ( (XB4>=YS—0.5_EB+DY(0) .AND. XB4<YS) .OR. (THICKEN .AND. 0.5_EBx(XB3+XB4)>=YS-DY(0) AND. XB4<YS) ) THEN
8168 || XB3 = YS

8169 || XB4 = YS

8170 || THICKEN = .FALSE.

8171 || ENDIF

8172 || IF ( (XB3<YF+0.5_EB+DY(JBP1) .AND. XB3>YF) .OR. (THICKEN .AND. 0.5_EBx(XB3+XB4)< YF+DY(JBP1) .AND. XB3>YF) ) THEN
8173 || XB3 = YF

8174 || XB4 = YF

8175 || THICKEN = .FALSE.

8176 || ENDIF

8177 || IF ( ((XB6>=ZS—0.5_EB+DZ(0)  .AND. XB6<ZS) .OR. (THICKEN .AND. 0.5 _EBx(XB5+XB6)>=ZS-DZ(0) AND. XB6<ZS)) .AND

L&

8178 || .NOT.EVACUATION.ONLY (NM) ) THEN

8179 || XB5 = ZS

8180 || XB6 = ZS

8181 || THICKEN = .FALSE.

8182 || ENDIF

8183 || IF ( ((XB5<ZF+0.5_EB+DZ(KBP1) .AND. XB5>ZF) .OR. (THICKEN .AND. 0.5_EB#(XB5+XB6)< ZF+DZ(KBP1) .AND. XB5>ZF)) .AND
L&

8184 || .NOT.EVACUATION.ONLY(NM) ) THEN
8185 || XB5 = ZF

8186 || XB6 = ZF
8187 || THICKEN = .FALSE.

8188 || ENDIF

8189

8190 || ! Save the original , undivided obstruction face areas.
8191

8192 || UNDIVIDEDINPUT_AREA (1) = (XB4-XB3) *(XB6—XB5)
8193 || UNDIVIDEDINPUT_AREA (2) = (XB2-XB1) *(XB6—XB5)
8194 || UNDIVIDEDINPUT_AREA (3) = (XB2-XB1) *(XB4—-XB3)
8195
8196 || ! Throw out obstructions that are not within computational domain
8197
8198 || XB1 = MAX(XBI1,XS)

8199 || XB2 = MIN(XB2,XF)

8200 || XB3 = MAX(XB3,YS)

8201 || XB4 = MIN(XB4,YF)

8202 || XB5 = MAX(XB5,ZS)

8203 || XB6 = MIN(XB6,ZF)

8204 || IF (XBI>XF .OR. XB2<XS .OR. XB3>YF .OR. XB4<YS .OR. XB5>ZF .OR. XB6<ZS) THEN
8205 || N = N-1

8206 || N.OBST = N_OBST—1

8207 || CYCLE I.MULT.LOOP

8208 || ENDIF

8209

8210 || ! Begin processing of OBSTruction
8211

8212 || OB=>OBSTRUCTION (N)

8213

8214 || OB%UNDIVIDEDINPUT-AREA (1) = UNDIVIDEDINPUT-AREA (1)
8215 || OB%UNDIVIDEDINPUT-AREA (2) = UNDIVIDEDINPUT-AREA (2)

8216 || OB%UNDIVIDED.INPUT-AREA (3) UNDIVIDED_INPUT-AREA (3)
8217

8218 || OB%X1 = XB1

8219 || OB%X2 = XB2

8220 || OB%Y1 = XB3

8221 || OB%Y2 = XB4

8222 || OB%Z1 = XB5

8223 || OB%Z2 = XB6

8224

8225 || OBYNOTERRAIN = NOTERRAIN

8226

8227 || ! Thicken evacuation mesh obstructions in the z direction
8228

8229 || IF (EVACUATION.ONLY(NM) .AND. EVACUATION) THEN

8230 || OBWZ1 = ZS

8231 || OB%WZ2 = ZF

8232 || XB5 = 7S

8233 || XB6 = ZF

8234 || ENDIF

8235

8236 ! Determine the indices of the obstruction according to cell edges, not centers.
8237

8238 || OB%I1
8239 || OB%I2
8240 || OB%J 1
8241 || OB%]2
8242 || OB%K1

NINT( GINV(XBI-XS,1 NM)+RDXI )
NINT( GINV(XB2-XS,1 NV)+RDXI )
NINT( GINV(XB3-YS,2 NM) +RDETA )
NINT( GINV(XB4-YS,2 NV) +RDETA )
NINT( GINV(XB5—ZS,3 NM) *RDZETA )
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8243 || OB%K2 = NINT( GINV(XB6-ZS,3 NM)+RDZETA )
8244
8245 ! If desired , thicken small obstructions
8246
8247 || IF (THICKEN) THEN

8248 || IF (OB%I1==0OB%I2) THEN

8249 || OB%I1 = INT(GINV(.5_EBx*(XB1+XB2)—-XS,1 NV) +*RDXI)

8250 || OB%I2 = MIN(OB%I1+1,IBAR)

8251 || ENDIF

8252 || IF (OB%)1==0B%]2) THEN

8253 || OB%J1 = INT(GINV (.5 _EB*(XB3+XB4)—YS,2 NM)+RDETA)

8254 || OB%J2 = MIN(OB%J1+1,JBAR)

8255 || ENDIF

8256 || IF (OB%K1==0B%K2) THEN

8257 || OBY%K1 = INT(GINV(.5 _EB(XB5+XB6)—ZS,3 NM)) «RDZETA)

8258 || OBY%K2 = MIN(OBYK1+1,KBAR)

8259 || ENDIF

8260 || ELSE

8261 || !Don’t allow thickening if an OBST straddles the midpoint and is small compared to grid cell
8262 || IF (GINV(XB2-XS,1 NM)-GINV(XB1-XS,1 ,NM) <0.25_EB/RDXI .AND. OB%I1 /= OB%I2) THEN

8263 || IF (GINV(XB1-XS,1 NM)-REAL(OB%I1 ,EB) < REAL(OB%I2 ,EB) — GINV(XB2-XS,1 ,NM)) THEN

8264 || OBY%I2=0B%I1

8265 || ELSE

8266 || OB%I1=0B%I2
8267 || ENDIF

8268 || ENDIF

8269 || TF (GINV(XB4-YS,2 NM)—-GINV (XB3-YS,2 NM) <0.25_EB/RDETA .AND. OB%]1 /= OB%J2) THEN
8270 || TF (GINV(XB3—XS,2 NM)—REAL(OB%]1,EB) < REAL(OB%]2 ,EB) — GINV(XB4-YS,2 NM)) THEN
8271 || OB%J2=0B%]J 1

8272 || ELSE

8273 || OB%J 1=0B%] 2
8274 || ENDIF

8275 || ENDIF

8276 || IF (GINV(XB6-ZS,3 NM)—-GINV (XB5-ZS,3 NM) <0.25_EB/RDZETA .AND. OB%K1 /= OB%K2) THEN
8277 || IF (GINV(XB5-ZS,3 NM)—REAL(OB%I1 ,EB) < REAL(OB%I2 ,EB) — GINV(XB6-ZS,3 NV)) THEN
8278 || OBYK2=0BV%K1

8279 || ELSE

8280 || OBY%K1=0B%K2

8281 || ENDIF

8282 || ENDIF

8283 || ENDIF

8284

8285 ! Throw out obstructions that are too small
8286

8287 || IF ((OB%I1==0B%I2 .AND.OB%]J1==0B%]2) .OR. (OB%I1==0B%I2 .AND.OB/K1==0B%K2) .OR. (OB%J1==0B%]2 .AND.OB/K1==0B%K2))
THEN

8288 || N = N-1
8289 || N.OBST= N_OBST-1
8290 || CYCLE I MULT_LOOP

8291 || ENDIF

8292

8293 || ! Check to see if obstruction is completely embedded in another
8294

8295 || EMBEDDED = .FALSE.

8296 || EMBED.LOOP: DO NN\N=1,N-1

8297 || OB2=>OBSTRUCTION (NNN)

8298 || IF (OB%I1>0B2%I1 .AND. OB%I2<OB2%I2 .AND. &
8299 || OB%J1>0B2%]1 .AND. OB%]2<OB2%]2 .AND. &
8300 || OB%KI>0OB2%K1 .AND. OB%K2<OB27%K2) THEN

8301 || EMBEDDED = .TRUE.

8302 || EXIT EMBED.LOOP

8303 || ENDIF
8304 || ENDDO EMBED_ILOOP
8305

8306 || IF (EMBEDDED .AND. DEVC.ID=='null’ .AND. REMOVABLE .AND. CTRL.ID=='null’ ) THEN
8307 || N = N-1

8308 || N.OBST= N_OBST-1

8309 || CYCLE I MULT_LOOP

8310 || ENDIF

8311

8312 || ! Check if the SURF IDs exist

8313

8314 || IF (EVACUATION.ONLY(NM) ) SURF.ID=EVAC.SURF.DEFAULT
8315

8316 || IF (SURFID/='null ') CALL CHECKSURFNAME(SURF_ID,EX)

8317 || IF (.NOT.EX) THEN

8318 || WRITE(MESSAGE, ' (A, A,A) ") 'ERROR: SURFID ', TRIM(SUREID),  does not exist’
8319 || CALL SHUIDOWN(MESSAGE) ; RETURN

8320 || ENDIF

8321
8322 || DO NNNN=1,3

8323 || IF (EVACUATION.ONLY(\NM) ) SURF_IDS (NNNN)=EVAC_SURF_DEFAULT

8324 || IF (SURF_IDS(NNNN)/='null ') CALL CHECK.SURF.NAME(SURF_IDS (NN\N) ,EX)

8325 || IF (.NOT.EX) THEN

8326 || WRITE(MESSAGE, ' (A, A,A) ') 'ERROR: SURF.ID ', TRIM(SURFIDS(N\NNN)),  does not exist’
8327 || CALL SHUTDOWN(MESSAGE) ; RETURN

8328 || ENDIF

8329 || ENDDO
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8330
8331
8332
8333
8334
8335
8336
8337
8338
8339
8340
8341
8342
8343
8344
8345
8346
8347
8348
8349
8350
8351
8352
8353
8354
8355
8356
8357
8358
8359
8360
8361
8362
8363
8364
8365
8366
8367
8368
8369
8370
8371
8372
8373
8374
8375
8376
8377
8378
8379
8380
8381
8382
8383
8384
8385
8386
8387
8388
8389
8390
8391
8392
8393
8394
8395
8396
8397
8398
8399
8400
8401
8402
8403
8404
8405
8406
8407
8408
8409
8410
8411
8412
8413
8414
8415
8416
8417

DO N\\N=1,6

IF (EVACUATION.ONLY (NM) ) SURF._ID6 (N\NNN) =EVAC_SURF.DEFAULT

IF (SURF.ID6(NN\N) /="null ") CALL CHECKSURFNAME(SURF_ID6 (N\NNN) ,EX)

IF (.NOT.EX) THEN

WRITE(MESSAGE, " (A,A,A) ") "ERROR: SURF.ID “  TRIM(SURF.ID6(NNNN) ) , " does not exist
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDDO

! Save boundary condition info for obstacles
OB%SURF_INDEX (:) = DEFAULT_SURF.INDEX

NNWN = 0

DO NNN=0,N_SURF

IF (SURFID  ==SURFACE(NNN)%ID) OB%SURF.INDEX (:)

IF (SURF_IDS (1)==SURFACE(NNN)%ID) OB%SURF.INDEX (3)

IF (SURF_IDS (2)==SURFACE(NNN)%ID) OB%SURF.INDEX( —2:2)

IF (SURF_IDS (3)==SURFACE (N\N)%ID) OB%SURF_INDEX(—3)
(
(

IF (SURF_ID6 (1)==SURFACE(NNN)%ID) OB%SURF_INDEX(—1)
IF (SURF_ID6 (2)==SURFACE(NNN)%ID) OB%SURF_INDEX( 1)
IF (SURF.ID6 (3)==SURFACE(NNN)%ID) OB%SURF_INDEX(—2)
IF (SURF_ID6 (4)==SURFACE(NNN)%ID) OB%SURF_INDEX( 2)
IF (SURF_ID6 (5)==SURFACE(NNN)%ID) OB%SURF_INDEX(—3)
IF (SURF.ID6 (6)==SURFACE(NNN)%ID) OB%SURF_INDEX( 3)
IF (TRIM(SURFACE(NNN)%ID )==TRIM (EVAC.SURF_DEFAULT) ) NNAN = NAN
ENDDO

28%%%%%%%%

! Fire + evacuation calculation: draw obsts as outlines by default

IF (.NOT.OUTLINE .AND. EVACUATION.ONLY(NM) .AND. .NOT.ALL(EVACUATION.ONLY)) THEN
IF (SURFACE(NNAN)%TRANSPARENCY < 0.99999 _EB .AND. .NOT.OUTLINE) THEN

OUTLINE = .FALSE.

ELSE

OUTLINE = .TRUE.

ENDIF

ENDIF

! Determine if the OBST is CONSUMABLE

FACELOOP: DO NNN=-3,3

IF ==0) CYCLE FACE.LOOP

IF (SURFACE(OB%SURF_INDEX (NNN) ) 7%BURN.AWAY) OB#CONSUMABLE = .TRUE.
ENDDO FACE_LOOP

! Calculate the increase or decrease in the obstruction volume over the user—specified
VOL_SPECIFIED = (OB%X2-OBVX1) % (OBJY2-OB%Y1) * (OB%Z2-OB%Z]1)

VOLADJUSTED = (X(OB%I2)—X(OB%I1) ) *(Y(OB%J2)—Y (OB%]J 1)) *(Z(OB%K2)—Z (OB%K1) )

IF (VOL_SPECIFIED >0._EB .AND..NOT.EVACUATION.ONLY(N\M) ) THEN

OB%VOLUME_ADJUST = VOL_ADJUSTED/VOL_SPECIFIED

ELSE

OB%OLUME_ADJUST = 0._EB
ENDIF

! Creation and removal logic
OB%DEVC.ID = DEVC.ID
OB%CTRL.ID = CTRL.ID
OB/HIDDEN = .FALSE.

! Property ID

OB%PROP_ID = PROP_ID

CALL SEARCH.CONTROLLER( ‘OBST " ,CTRL.ID , DEVC_ID, OB7DEVC_INDEX, OB%CTRL_INDEX,N)
IF (DEVCID /='null’ .OR. CTRLID /='null’) OB/REMOVABLE = .TRUE.

IF (OB%CONSUMABLE .AND..NOT.EVACUATION.ONLY(NM) ) OB’REMOVABLE = .TRUE.
! Choose obstruction color index

SELECT CASE (COLOR)

CASE ('INVISIBLE")
OB%COLORINDICATOR = —3
RGB(1) =

RGB(2) = 204

RGB(3) = 102

TRANSPARENCY = 0._EB
CASE ('null’)

IF (ANY (RGB<0)) THEN
OB/ COLORINDICATOR = —1
ELSE

OB%COLORINDICATOR = —3
ENDIF

CASE DEFAULT

CALL COLOR2RGB(RGB,COLOR)
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8418
8419
8420
8421
8422
8423
8424
8425
8426
8427
8428
8429
8430
8431
8432
8433
8434
8435
8436
8437
8438
8439
8440
8441
8442
8443
8444
8445
8446
8447
8448
8449
8450
8451
8452
8453
8454
8455
8456
8457
8458
8459
8460
8461
8462
8463
8464
8465
8466
8467
8468
8469
8470
8471
8472
8473
8474
8475
8476
8477
8478
8479
8480
8481
8482
8483
8484
8485
8486
8487
8488
8489
8490
8491
8492
8493
8494
8495
8496
8497
8498
8499
8500
8501
8502
8503
8504
8505

OB/COLORINDICATOR = -3

END SELECT

OB/RGB = RGB

OB%IRANSPARENCY = TRANSPARENCY

! Miscellaneous assignments

OB%SIEXTURE (:) = TEXTURE.ORIGIN (:) ! Origin of texture map
OB/ORDINAL = NN ! Order of OBST in original input file
OB/PERMIT_HOLE = PERMIT-HOLE

OB/JALLOW.VENT = ALLOW_.VENT

OBZOVERLAY = OVERLAY

! Only allow the use of BULK.DENSITY if the obstruction has a non—zero volume

IF (EVACUATION.ONLY (NM) ) BULK_DENSITY = —1._.EB
OB/BULK_DENSITY = BULK_DENSITY

IF (ABS(OB%VOLUME_ADJUST)<TWO_EPSILON_EB .AND. OB/BULK_DENSITY>0._.EB) OB/BULK_DENSITY = —1._EB

! Error traps and warnings for HI3D

IF (.NOT.HI3D .AND. ABS(INTERNAL-HEAT.SOURCE)>TWO_EPSILON_EB) THEN

WRITE(MESSAGE, " (A, 10 ,A) ") 'ERROR: Problem with OBST number ’ NN, , INTERNAL.HEAT_SOURCE

CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF

! No HT3D for EVAC or zero volume OBST

IF (EVACUATION.ONLY(NM)) HT3D=.FALSE.

OB/HT3D = HI3D

IF (OBVHT3D .AND. ABS(OBWOLUMEADJUST)<TWO_EPSILON_EB) THEN
WRITE(LU_ERR, " (A, 10 ,A) ") "WARNING: OBST number " NN,  has zero volume,
OB/HT3D=.FALSE. ! later add capability for 2D lateral ht on thin obst
ENDIF

IF (OB/HT3D .AND. TRIM(MATLID)=="null ") THEN

consider THICKEN=T,

WRITE(MESSAGE, " (A,10 ,A) ") "ERROR: Problem with OBST number * NN, ’, HI3D requires MATLID.’

CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF

! Set MATLINDEX for HI3D

IF (OBVHT3D) THEN
OB/MATLID = MATLID

DO N\N=1,N.MATL
MI=>MATERIAL (N\N)

IF (TRIM(OB/MATLID)==TRIM(MI%ID)) THEN
OB’MATL INDEX=NNN
OB’%BULK_DENSITY=MI%RHO_S
EXIT

ENDIF

ENDDO

IF (OB/MATLINDEX<0) THEN

WRITE(MESSAGE, ' (A, 10 ,A) ") "ERROR: Problem with OBST number NN, ', MATLID not found.’

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

OB/INTERNAL HEAT SOURCE = INTERNALHEATSOURCE = 1000._EB ! W/m"3
ENDIF

! Make obstruction invisible if it’'s within a finer mesh

DO NOM=1,NM-1

IF (EVACUATION.ONLY(NCM)) CYCLE

IF (EVACUATION.ONLY(\M) ) CYCLE

IF (XBISMESHES(NOM)%XS .AND. XB2<MESHES(NOM)%XF .AND. &
XB3>MESHES(NOM)%YS . AND. XBA<MESHES(NOM)%YF .AND. &

XB5>MESHES (NOM)%ZS .AND. XB6<MESHES (NOM)%ZF) OB%COLOR INDICATOR=—2
ENDDO

! Prevent drawing of boundary info if desired

IF (BNDF.DEFAULT) THEN
OBVSHOW.BNDF(:) = BNDF.FACE(:)

IF (.NOT.BNDF.OBST) OB/SHOWBNDF(:) = .FALSE.
ELSE

OBVSHOW.BNDF(:) = BNDF.FACE(:)

IF (BNDF.OBST) OB/SHOWBNDF(:) = .TRUE.

ENDIF

IF (EVACUATION.ONLY(NM)) OBYSHOWBNDF(:) = .FALSE.

! In Smokeview , draw the outline of the obstruction
IF (OUTLINE) OBZ%IYPEINDICATOR = 2
ENDDO I-MULT_LOOP

ENDDO ] MULT_LOOP
ENDDO K.MULT_LOOP
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8506 || ENDDO READ_OBST_LOOP
8507 || 35 REWIND(LUINPUT) ; INPUT_FILE_LINENUMBER = 0

8508

8509 || ENDDO MESH.LOOP

8510

8511 || ! Read HOLEs and cut out blocks

8512

8513 || CALL READHOLE

8514

8515 || ! Look for OBSTructions that are meant to BURNAWAY and break them up into single cell blocks
8516

8517 || MESH.LOOP2: DO NM=1,NMESHES

8518

8519 || IF (PROCESS(NM) /=MYID .AND. MYID/=EVAC_PROCESS) CYCLE MESH_LOOP2
8520

8521 || ME>MESHES(NM)

8522 || CALL POINT.TO_MESH (NM)
8523
8524 || N.OBST-O = N.OBST

8525 || DO N=1,N.OBST.-O

8526 || OB => OBSTRUCTION(N)

8527 || IF (OB%CONSUMABLE .AND..NOT.EVACUATION.ONLY (NM) ) THEN
8528
8529 || NNEW.OBST = MAX(1,0B%I2-OB%I1)+MAX(1 ,0B%]J2-OB%] 1) +MAX(1 ,OB%K2-OB%K1)
8530 || IF (N.NEW.OBST > 1) THEN

8531
8532 || | Create a temporary array of obstructions with the same properties as the one being replaced , except coordinates
8533
8534 || ALLOCATE(TEMP.OBSTRUCTION (N.NEW_OBST) )
8535 || TEMP_OBSTRUCTION = OBSTRUCTION(N)

8536 [|NN = 0

8537 || DO K=OB%K1,MAX(OB%K1,0BK2—1)

8538 || DO J=OB%J1 ,MAX(OB%]1 ,0B%J2 —1)

8539 || DO I=OB%I1 ,MAX(OB%I1 ,OB%I2 —1)

8540 [|NN = NN + 1

8541 || OBT=>TEMP.OBSTRUCTION (NN)

8542 || OBT%I1 = I

8543 || OBT%I2 = MIN(I+1,0B%I2)
8544 || OBT%J1 = ]

8545 || OBT%J2 = MIN(]J+1,0B%]2)
8546 || OBT%K1 = K

8547 || OBT%K2 = MIN(K+1,0B%K2)
8548 || OBT%X1 = M/X(OBT%I1)

8549 || OBTYX2 = MX(OBT%I2)
8550 || OBT%Y1 = MY (OBT%]J1)
8551 || OBT%Y2 = MY (OBT%J2)
8552 || OBT%Z1 = MUZ(OBTY%K1)
8553 || OBT%aZ2 = MZ(OBT%K2)

8554 || ENDDO
8555 || ENDDO
8556 || ENDDO
8557

8558 || CALL RE_.ALLOCATE_OBST (NM, N_.OBST,N.NEW_OBST—1)

8559 || OBSTRUCTION=>M/{OBSTRUCTION

8560 || OBSTRUCTION(N) = TEMP_-OBSTRUCTION (1)

8561 || OBSTRUCTION (N-OBST +1:N_OBST+N.NEW_OBST—1) = TEMP.OBSTRUCTION (2:N.NEW_OBST)
8562 || N.OBST = N.OBST + N.NEW.OBST-1

8563 || DEALLOCATE(TEMP_-OBSTRUCTION)

8564

8565 || ENDIF

8566 || ENDIF

8567 || ENDDO

8568

8569 || ENDDO MESH_LOOP2

8570

8571 || ! Allocate the number of cells for each mesh that are SOLID or border a boundary
8572

8573 || ALLOCATE(CELL.COUNT(NMESHES) ) ; CELL.COUNT = 0

8574

8575 || ! Go through all meshes, recording which cells are solid

8576

8577 || MESH.LOOP.3: DO NM=1,NMESHES

8578

8579 || IF (PROCESS(NM) /=MYID .AND. MYID/=EVACPROCESS) CYCLE MESH-LOOP3
8580

8581 || ME>MESHES (NM)
8582 || CALL POINT-TO-MESH (NM)
8583
8584 || ! Compute areas of obstruction faces, both actual (ABO) and FDS approximated (AB)
8585
8586 || DO N=1,N_OBST

8587 || OB=>OBSTRUCTION (N)
8588 || OB/ANPUT.AREA (1)
8589 || OB/dNPUT.AREA (2)
8590 || OB%INPUT.AREA (3)
8591 || OB/FDS_AREA (1)
8592 || OB/FDS_AREA (2)
8593 || OB%FDS_AREA (3)

(OB%Y2-OB%Y1)  (OBAWZ2-OBAZ1 )
(OBYX2—OB%X1)  (OBAWZ2—-OBAZ1)
(OBYX2—-OB%X1) * (OBY2—-OB%Y1)
(Y (OB%J2)—Y (OB%J 1)) *(Z(OB%K2)—Z (OB/K1) )
(X(OB%I2 )—X(OB%I1) ) % (Z(OB/K2)—Z (OB%K1) )
(X(OB%I2 )—X(OB%I1) ) % (Y(OB%] 2 )—Y (OB%J 1))

228



Source Code files for edited portions of FDS

8594
8595
8596
8597
8598
8599
8600
8601
8602
8603
8604
8605
8606
8607
8608
8609
8610
8611
8612
8613
8614
8615
8616
8617
8618
8619
8620
8621
8622
8623
8624
8625
8626
8627
8628
8629
8630
8631
8632
8633
8634
8635
8636
8637
8638
8639
8640
8641
8642
8643
8644
8645
8646
8647
8648
8649
8650
8651
8652
8653
8654
8655
8656
8657
8658
8659
8660
8661
8662
8663
8664
8665
8666
8667
8668
8669
8670
8671
8672
8673
8674
8675
8676
8677
8678
8679
8680
8681

OBYDIMENSIONS (1) = OB%I2 — OB.I1

OB/DIMENSIONS (2) = OB%J2 — OBJ]1

OB/DIMENSIONS (3) = OB%K2 — OB%K1

ENDDO

! Create main blockage index array (ICA)
ALLOCATE(M/CELLINDEX (0:1BP1,0:JBP1,0:KBP1) ,STAT=IZERO)

CALL ChkMemErr( 'READ’, "CELLINDEX",IZERO) ; CELLINDEX=>MAWCELLINDEX ; CELL.INDEX = 0

DO K=0,KBP1
IF (EVACUATION.ONLY(\M) .AND. .NOT.(K==1)) CYCLE
DO J=0,]BP1

DO 1=0,1

IF (CELLINDEX(I,] K)==0) THEN

CELL.COUNT(\M) = CELL.COUNT(\M) + 1
CELLINDEX(I,],K) = CELL.COUNT(N\M)

ENDIF

ENDDO

DO I=IBAR, IBP1

IF (CELLINDEX(I,],K)==0) THEN

CELL.COUNT(\M) = CELL.COUNT(\M) + 1
CELLINDEX(I,] ,K) = CELL.COUNT(N\M)

ENDIF

ENDDO

ENDDO

ENDDO

DO K=0,KBP1
IF (EVACUATION.ONLY(\M) .AND. .NOT.(K==1)) CYCLE
DO 1=0,IBP1

DO J=0,1

IF (CELLINDEX(I,],K)==0) THEN

CELL.COUNT(\M) = CELL.COUNT(\M) + 1
CELLINDEX(I,] ,K) = CELL.COUNT(\M)

ENDIF

ENDDO

DO J=JBAR,JBP1

IF (CELLINDEX(I,] K)==0) THEN
CELL.COUNT(\M) = CELL.COUNT(\M) + 1
CELLINDEX(I,] ,K) = CELL.COUNT(N\M)
ENDIF

ENDDO

ENDDO

ENDDO

DO J=0,]BP1

DO 1=0,IBP1

DO K=0,1

IF (EVACUATION.ONLY(NM) .AND. .NOT.(K==1)) CYCLE
IF (CELLINDEX(I,] K)==0) THEN
CELL.COUNT(\M) = CELL.COUNT(\M) + 1
CELLINDEX(I,],K) = CELL.COUNT(N\M)
ENDIF

ENDDO

DO K=KBAR, KBP1

IF (EVACUATION.ONLY(NM) .AND. .NOT.(K==1)) CYCLE
IF (CELLINDEX(I,] K)==0) THEN

CELL.COUNT(NM) = CELL.COUNT(\M) + 1
CELLINDEX(I,]J,K) = CELL.COUNT(\M)

ENDIF

ENDDO

ENDDO

ENDDO

DO N=1,N_OBST

OB=>OBSTRUCTION (N))

DO K=OB%K1,OB%K2+1

IF (EVACUATION.ONLY(NM) .AND. .NOT.(K==1)) CYCLE
DO J=OB%J1 ,0B%]J 2 +1

DO T=OB%I1 ,0B%I2 +1

IF (CELLINDEX(T,],K)==0) THEN
CELL.COUNT(\M) = CELL.COUNT(\M) + 1
CELLINDEX(I,],K) = CELL.COUNT(N\M)
ENDIF

ENDDO

ENDDO

ENDDO

ENDDO

! Store in SOLID which cells are solid and which are not

ALLOCATE(M/SOLID (0 : CELL.COUNT(\M) ) ,STAT=IZERO)
CALL ChkMemErr( 'READ’, 'SOLID’ ,IZERO)

MUSOLID = .FALSE.

ALLOCATE (MGEXTERIOR ( 0 : CELL.COUNT (\M) ) ,STAT=IZERO)
CALL ChkMemErr( ‘READ’, 'EXTERIOR” ,IZERO)
MUEXTERIOR = .FALSE.
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8682 || SOLID=>M/SOLID

8683 || ALLOCATE(M/AOBST_INDEX_C (0:CELL.COUNT (NM) ) ,STAT=IZERO)
8684 || CALL ChkMemErr( ‘READ”, "OBST_INDEX.C ", IZERO)

8685 || MWOBSTINDEX.C = 0

8686 || OBSTINDEX-C=>MOBST_INDEX-C

8687
8688 || ! Make all exterior cells solid
8689
8690 || CALL BLOCK.CELL(NV, 0, 0, 0,BP1, 0,KBP1,1,0)
8691 || CALL BLOCK.CELL(NM, IBP1,IBP1, 0,JBP1,  0,KBP1,1,0)
8692 || CALL BLOCK.CELL(NM,  0,IBP1, 0, 0, 0,KBP1,1,0)
8693 || CALL BLOCK.CELL(NM,  0,IBP1,JBP1,JBP1,  0,KBP1,1,0)
8694 || CALL BLOCK.CELL(NM,  0,IBP1, 0,JBP1, 0, 0,1,0)
8695 || CALL BLOCK.CELL(NM,  0,IBP1,  0,JBP1,KBP1,KBP1,1,0)
8696
8697 || ! Block off cells filled by obstructions
8698
8699 || DO N=1,N_OBST

8700 || OB=>OBSTRUCTION(N)

8701 || CALL BLOCK.CELL(NM,OB%I1 +1,0B%I2 ,0B%]1+1,0B%J2 ,0B%K1+1,0B%K2,1 ,N)

8702 || ENDDO

8703

8704 || ! Create arrays to hold cell indices

8705

8706 || ALLOCATE(MVI-CELL (CELL.COUNT(NM) ) ,STAT=IZERO)
8707 || CALL ChkMemErr( 'READ”, "I.CELL " ,IZERO)

8708 || MWl CELL = —1

8709 || ALLOCATE(M%] _CELL (CELL.COUNT (\M) ) ,STAT=IZERO)
8710 || CALL ChkMemErr( ‘READ’, '] CELL " ,IZERO)

8711 || MW _CELL = —1

8712 || ALLOCATE(M/K_CELL (CELL.COUNT (\M) ) ,STAT=IZERO)
8713 || CALL ChkMemErr( ‘READ’, 'K CELL’,IZERO)

8714 || MWK CELL = —1

8715 || I.CELL=>MI_CELL

8716 || J.CELL=>M4J_CELL

8717 || K.CELL=>MVK_CELL

8718
8719 || DO K=0,KBP1

8720 || DO J=0,]BP1

8721 || DO 1=0,IBP1

8722 || IC = CELLINDEX(I,] ,K)
8723 || IF (IC>0) THEN

8724 || I.CELL(IC) =1

8725 || J.CELL(IC) =]

8726 || K.CELL(IC) = K

8727 || ENDIF

8728 || ENDDO

8729 || ENDDO

8730 || ENDDO

8731

8732 || ENDDO MESH.LOOP.3

8733

8734 || CONTAINS

8735

8736 || SUBROUTINE DEFINE_EVACUATION.OBSTS (NM, IMODE, EVAC.N)
8737

8738 Define the evacuation OBSTs for the doors/exits , if needed. A VENT should always

/
!
8739 || ! be defined on an OBST that is at least one grid cell thick or the VENT should be
/
/
/

8740 on the outer boundary of the evacuation mesh, which is by default solid.
8741 The core of the STRS meshes are also defined.
8742

8743 USE EVAC, ONLY: N.DOORS, N.EXITS, N_CO_EXITS, EVAC.EMESH.EXITS.TYPE, EMESH_EXITS, &
8744 || N.STRS, EMESH.STAIRS, EVAC_EMESH_STAIRS_TYPE
8745 || IMPLICIT NONE

8746 ! Passed wvariables
8747 || INTEGER, INTENT(IN) :: NM, IMODE, EVACN
8748 ! Local wvariables

8749 || INTEGER :: N, NEND, I1, 12, J1, J2
8750 || REAL(EB) :: TINY

8751
8752 || TINY = 0.1_EB*MIN(MESHES(NM)%DXI, MESHES(NM)%DETA )
8753 || NEND = N_EXITS — N_CO-EXITS + N.DOORS

8754 || IMODE.1_IF: IF (IMODE==1) THEN

8755 || NENDLOOP.1: DON = 1, NEND

8756
8757 || IF (.NOT.EMESH.-EXITS (N)%DEFINEIMESH) CYCLE NEND.LOOP-1

8758 || IF (EMESH-EXITS (N)%MESH==\M .OR. EMESH._EXITS (N)%VAINMESH==\M) THEN
8759 || EMESH-EXITS (N)%I-OBST = 0

8760
8761 ! Move EMESH_EXITS(N)%XB to mesh cell boundaries

8762 || EMESH_EXITS(N)%XB(1) = MAX(EMESH_EXITS (N)%XB (1) ,MESHES(NM)%XS)
8763 || EMESH_EXITS (N)%XB(2) = MIN(EMESH_EXITS (N)%XB (2) ,MESHES (NM)%XF )
8764 || EMESH_EXITS (N)%XB(3) = MAX(EMESH_EXITS (N)%XB (3) ,MESHES (NM)%YS )
8765 || EMESH_EXITS (N)%XB (4) = MIN(EMESH_EXITS (N)%XB (4) ,MESHES (NM)%YF )

8766

8767 || 11 = NINT(GINV(EMESH_EXITS (N)%XB ( 1)—MESHES(NM)%XS, 1 ,NM) *MESHES (N\V)%RDXI )
8768 || 12 = NINT(GINV(EMESH_EXITS (N)%XB (2)—MESHES (NM)%XS, 1 ,NM) *MESHES (N\V)%RDXI )
8769 || 71 = NINT(GINV(EMESH_EXITS (N)%XB (3 )—MESHES (NM)%YS, 2 ,NM) +MESHES (NV) %RDETA )
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8770
8771
8772
8773
8774
8775
8776
8777
8778
8779
8780
8781
8782
8783
8784
8785
8786
8787
8788
8789
8790
8791
8792
8793
8794
8795
8796
8797
8798
8799
8800
8801
8802
8803
8804
8805
8806
8807
8808
8809
8810
8811
8812
8813
8814
8815
8816
8817
8818
8819
8820
8821
8822
8823
8824
8825
8826
8827
8828
8829
8830
8831
8832
8833
8834
8835
8836
8837
8838
8839
8840
8841
8842
8843
8844
8845
8846
8847
8848
8849
8850
8851
8852
8853
8854
8855
8856
8857

J2 = NINT(GINV(EMESH_EXITS (N)%XB (4 )—MESHES (NM)%YS, 2 ,NM) *MESHES (NV) %RDETA )
EMESH_EXITS (N)%XB (1) = MESHES(NM)%X (11)

EMESH_EXITS (N)%XB(2) = MESHES(NM)%X(12)

EMESH_EXITS (N)%XB (3) = MESHES(NM)%Y (J1)

EMESH_EXITS (N)%XB (4) = MESHES(NM)%Y (]2)

! Check if the exit/door is at the mesh boundary, then no OBST is needed.
SELECT CASE (EMESH_EXITS(N)%IOR)

CASE (-1)

IF (MESHES(\M)%XS >= EMESH_EXITS (N)%XB(1)~TINY) CYCLE NEND_LOOP_1

CASE (+1)

IF (MESHES(NM)%XF <= EMESH_EXITS (N)%XB(2)+TINY) CYCLE NEND_LOOP._1

CASE (-2)

IF (MESHES(NM)%YS >= EMESH_EXITS (N)%XB(3)—TINY) CYCLE NEND_LOOP.1

CASE (+2)

IF (MESHES(NM)%YF <= EMESH_EXITS (N)%XB(4)+TINY) CYCLE NEND_LOOP.1

END SELECT

N.OBST = N.OBST + 1

EMESH_EXITS (N)%I-OBST = N_OBST

EVACUATION.OBST = .TRUE.

END IF

END DO NEND.LOOP-1
NSTRS-LOOP-1: DON = 1, N.STRS

IF (.NOT.EMESH_STAIRS (N)%DEFINE.MESH) CYCLE NSTRS.LOOP_1
IF (EMESH_STAIRS (N)%MESH=-\M) THEN

! Move EMESH_STAIRS(N)%XB.CORE to mesh cell boundaries

EMESH_STAIRS (N)%XB.CORE (1) = MAX(EMESH_STAIRS (N)%XB.CORE (1) ,MESHES (NM)%XS )
EMESH_STAIRS (N)%XB.CORE (2) = MIN(EMESH_STAIRS (N)%XB_CORE (2) ,MESHES (NM)%XF)
EMESH_STAIRS (N)%XB.CORE (3) = MAX(EMESH_STAIRS (N)%XB_CORE (3) ,MESHES(NM)%YS)
EMESH_STAIRS (N)%XB.CORE (4) = MIN(EMESH_STAIRS (N)%XB_CORE (4) ,MESHES(NM)%YF)

11
12
J1
]2

NINT (GINV (EMESH_STAIRS (N)%XB_CORE (1)~MESHES (NM)%XS , 1 ,NM) *MESHES (NM) %RDXI )
NINT(GINV (EMESH.STAIRS (N)%XB_CORE ( 2 ) ~MESHES (N\M)%XS, 1 ,;NM) *MESHES (NV)%RDXI )
NINT (GINV (EMESH_STAIRS (N)%XB_CORE (3 ) —MESHES (N\M)%YS , 2 ,NM) +MESHES (NM) %RDETA )
NINT (GINV (EMESH_STAIRS (N)%XB_CORE (4 )—MESHES (N\M)%YS , 2 ,NM) *MESHES (NM) %RDETA )

EMESH_STAIRS (N)%XB.CORE (1) = MESHES(NM)%X (1)

EMESH_STAIRS (N)%XB.CORE (2) = MESHES(NM)%X (12 )
EMESH_STAIRS (N)%XB_CORE(3) = MESHES(NM)%Y (J1)
EMESH_STAIRS (N)%XB_CORE (4) = MESHES(NM)%Y (]2 )

N.OBST = N.OBST + 1
EMESH_STAIRS (N)%I_OBST = N_OBST
EVACUATION.OBST = .TRUE.

END IF

END DO NSTRS_LOOP_1

END IF IMODE_1.IF

IMODE_2_IF: IF (IMODE==2) THEN

NEND_LOOP2: DON = 1, N.END

IF (.NOT.EMESH_EXITS (N)%DEFINEMMESH) CYCLE NEND_.LOOP2

IF (EMESH_EXITS (N)%I.OBST==EVACN .AND. (EMESH_EXITS(N)?%MESH==\M .OR. EMESH_EXITS (N)%VAINMESH=-\M) ) THEN
EVACUATION.OBST = .TRUE.

EVACUATION = .TRUE.

REMOVABLE = .FALSE.

THICKEN = .TRUE.

PERMIT.HOLE = .FALSE.

ALLOW.VENT = .TRUE.

MESH.ID = TRIM (MESH.NAME(NM) )

XB(1) = EMESH_EXITS (N)%XB (1)

XB(2) = EMESH_EXITS (N)%XB (2)

XB(3) = EMESH_EXITS (N)%XB(3)

XB(4) = EMESH_EXITS (N)%XB (4)

XB(5) = EMESH.EXITS (N)%XB(5)

XB(6) = EMESH_EXITS (N)%XB(6)

SELECT CASE (EMESH.EXITS(N)%OR)

CASE (—1)

XB(1) = MAX(MESHES(NM)%XS, XB(1) — 0.49 _EB+MESHES(NM)%DXI)
CASE (+1)

XB(2) = MIN(MESHES(NM)%XF, XB(2) + 0.49 _EB+MESHES((NM)%DXI)
CASE (—2)

XB(3) = MAX(MESHES(NM)%YS, XB(3) — 0.49 _EB+MESHES(NM)%DETA)
CASE (+2)

XB(4) = MIN(MESHES(NM)%YF, XB(4) + 0.49 _EB+MESHES(NM)%DETA)
END SELECT

RGB(:) = EMESH_EXITS (N)%RGB(:)

ID = TRIM( ' Eobst_ ' // TRIM(MESHNAME(NM) ) )

END IF

END DO NEND_LOOP2

NSTRS_LOOP2: DON = 1, N.STRS
IF (.NOT.EMESH_STAIRS (N)%DEFINEIMESH) CYCLE NSTRS_LOOP_2
IF (EMESH._STAIRS(N)%I_.OBST==EVACN .AND. EMESH_STAIRS (N)%MESH==\M) THEN
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8858
8859
8860
8861
8862
8863
8864
8865
8866
8867
8868
8869
8870
8871
8872
8873
8874
8875
8876
8877
8878
8879
8880
8881
8882
8883
8884
8885
8886
8887
8888
8889
8890
8891
8892
8893
8894
8895
8896
8897
8898
8899
8900
8901
8902
8903
8904
8905
8906
8907
8908
8909
8910
8911
8912
8913
8914
8915
8916
8917
8918
8919
8920
8921
8922
8923
8924
8925
8926
8927
8928
8929
8930
8931
8932
8933
8934
8935
8936
8937
8938
8939
8940
8941
8942
8943
8944
8945

EVACUATION.OBST = .TRUE.
EVACUATION = .TRUE.

REMOVABLE = .FALSE.

| THICKEN = .TRUE.

PERMIT.HOLE = .FALSE.

ALLOW.VENT = .FALSE.

MESH.ID = TRIM (MESH.NAME(NM) )

XB(1) = EMESH.STAIRS (N)%XB.CORE (1)

XB(2) = EMESH.STAIRS (N)%XB.CORE (2)

XB(3) = EMESH.STAIRS (N)%XB.CORE (3)

XB(4) = EMESH_STAIRS (N)%XB.CORE (4)

XB(5) = EMESH.STAIRS (N)%XB(5)

XB(6) = EMESH.STAIRS (N)%XB (6)

RGB(:) = EMESH.STAIRS (N)%RGB(:)

ID = TRIM( Eobst_’ // TRIM(MESHNAMEMNM) ))
END IF

END DO NSTRS_.LOOP_2

END IF IMODE_2_IF

RETURN
END SUBROUTINE DEFINE_EVACUATION.OBSTS

END SUBROUTINE READ.OBST

SUBROUTINE READ_HOLE

CHARACTER(LABELLENGTH) :: DEVC.D,CTRL.ID,MULTID
CHARACTER(60) :: MESH.ID

CHARACTER(25) :: COLOR

LOGICAL :: EVACUATION.HOLE, EVACUATION, BLOCK WIND

INTEGER :: NM,N_HOLE,NN,NDO,N, 11,12 ,]J1,J2,K1,K2,RGB(3) ,NHOLENEW,N_HOLEO, I1 , J]J ,KK,NNN, DEVC_INDEX_O, CTRL.INDEX_O
REAL(EB) :: X1,X2,Y1,Y2,Z1,Z2, TRANSPARENCY

NAMELIST /HOLE/ BLOCKWIND, COLOR, CTRL.ID , DEVC.ID,EVACUATION, FYT,ID ,MESH_ID, MULT_ID, RGB, TRANSPARENCY, XB
REAL(EB) , ALLOCATABLE, DIMENSION(: ,:) :: TEMPXB

LOGICAL, ALLOCATABLE, DIMENSION (:) :: CONIROLLED
TYPE(OBSTRUCTION_TYPE) , ALLOCATABLE, DIMENSION(:) :: TEMP.OBST
TYPE(MULTIPLIER-TYPE) , POINTER :: MR=>NULL()

LOGICAL, ALLOCATABLE, DIMENSION(:) :: TEMPHOLEEVAC
ALLOCATE(TEMP-OBST (0:6) )

N.HOLE =0

NHOLEO = 0

REWIND(LU_INPUT) ; INPUT_FILE_LLINEXNUMBER = 0

COUNTLOOP: DO

CALL CHECKREAD( 'HOLE’ ,LUINPUT, IOS)

IF (I0S==1) EXIT COUNTLOOP

MULTID = "null

READ(LU_INPUT ,NML=HOLE, END=1,ERR=2 ,IOSTAT=10S )

NHOLEO = NHOLEO + 1

NHOLENEW = 0

IF (MULTID=="null ") THEN

NHOLENEW = 1

ELSE

DO N=1,N.MULT

MR => MULTIPLIER (N)

IF (MULTID==MRWID) NHOLENEW = MRN_COPIES

ENDDO

IF (N.HOLENEW==0) THEN

WRITE(MESSAGE, " (A,A,A,10) ") "ERROR: MULT line ', TRIM(MULT.ID),  not found on HOLE line’, N.HOLE.O
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

NHOLE = NHOLE + NHOLENEW

2 IF (I0S>0) THEN

WRITE(MESSAGE, " (A, 10 ,A,10) ")  'ERROR: Problem with HOLE number’ ,N.HOLEO+1, , line number’ , INPUT_FILE_.LINE_.NUMBER
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDDO COUNT_LOOP

1 REWIND(LUINPUT) ; INPUT._FILE.LLINE.NUMBER = 0

CALL DEFINE_EVACUATION_HOLES(1)

ALLOCATE (TEMP_XB(N.HOLE.O,6))

TEMPXB = 0..EB

ALLOCATE (CONTROLLED(N_-HOLE.O) )

CONIROLLED = .FALSE.

! TEMP.HOLEEVAC(:) indicates if the given HOLE is to be used in the EVACUATION routine
IF (ANY(EVACUATION.ONLY) ) THEN
ALLOCATE(TEMP_HOLE EVAC (1:N_HOLE.O) )

READ_HOLE_EVACLOOP: DO N=1,N.HOLE.O
EVACUATION.HOLE = .FALSE.
CALL DEFINE_ EVACUATION_HOLES(2)
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8946 || EVACUATION = .TRUE.

8947 || IF (.NOT.EVACUATION.HOLE) THEN

8948 || CALL CHECKREAD( 'HOLE" ,LUINPUT,IOS)

8949 || IF (I0S==1) EXIT READ.HOLEEVACLOOP

8950 || READ(LU-INPUT,HOLE)

8951 || END IF

8952 || TEMP.HOLE EVAC(N) = EVACUATION

8953 || ENDDO READ_HOLE-EVAC_LOOP

8954 || REWIND(LUINPUT) ; INPUT.FILE-LINE.NUMBER = 0

8955 || ENDIF

8956

8957 || READ HOLELOOP: DO N=1,N_HOLE O

8958

8959 || ! Set default wvalues for the HOLE namelist parameters
8960

8961 || BLOCKWIND = .FALSE.
8962 || DEVC.ID "null

8963 || CTRL.ID "null

8964 || ID "null

8965 || MESH.ID "null”’
8966 || MULTID "null’

8967 || COLOR null’

8968 || RGB -1

8969 || TRANSPARENCY = 1._EB
8970 || EVACUATION = .FALSE.
8971 XB = —9.E30_.EB
8972

8973 ! Read the HOLE line
8974

8975 || EVACUATION_HOLE = .FALSE.

8976 || IF (ANY(EVACUATION.ONLY)) CALL DEFINE_EVACUATION_HOLES(3)
8977 || EVACUATION HOLES: IF (.NOT. EVACUATION.HOLE) THEN

8978 || CALL CHECKREAD( 'HOLE" ,LUINPUT,IOS)

8979 IF (I0S==1) EXIT READ_HOLEILOOP

8980 || READ(LU.INPUT,HOLE)

8981 || END IF EVACUATIONHOLES

8982
8983 || ! Re—order coordinates , if necessary
8984
8985 || CALL CHECK.XB(XB)

8986 || TEMPXB(N,:) = XB

8987 || ! Check for overlap if controlled

8988 || IF (DEVCID/="null’ .OR. CTRL.ID/='null ") CONTROLLED(N) = .TRUE.

8989 || IF (N>1) THEN

8990 ||[DONN = 1,N-1

8991 || IF (TEMPXB(NN,1) >= XB(2) .OR. TEMPXB(NN,3) >= XB(4) .OR. TEMPXB(NN,5) >= XB(6) .OR. &
8992 || TEMPXB(NN,2) <= XB(1) .OR. TEMPXB(NN,4) <= XB(3) .OR. TEMPXB(NN,6) <= XB(5)) CYCLE
8993 || IF ((TEMPXB(NN,1) <= XB(2) .AND. TEMPXB(NN,2) >= XB(1)) .AND. &

8994 || (TEMPXB(NN,3) <= XB(4) .AND. TEMPXB(NN,4) >= XB(3)) .AND. &

8995 || (TEMPXB(NN,5) <= XB(6) .AND. TEMPXB(NN,6) >= XB(5))) THEN

8996 || IF (CONTROLLED(N) .OR. CONTROLLED(NN)) THEN

8997 || WRITE(MESSAGE, " (A, 10 ,A,10) ")  "ERROR: Cannot overlap HOLEs with a DEVCID or CTRL.ID. HOLE number’ ,N.HOLE.O+1,&
8998 ", line number’ , INPUT_FILE_LLINE.NUMBER

8999 || CALL SHUIDOWN(MESSAGE) ; RETURN

9000 || ENDIF

9001 || ENDIF

9002 || ENDDO

9003 || ENDIF

9004

9005 || ! Loop over all the meshes to determine where the HOLE is

9006

9007 || MESHLOOP: DO NM=1,NMESHES

9008

9009 || IF (PROCESS(NM)/=MYID .AND. MYID/=EVACPROCESS) CYCLE MESHLOOP
9010

9011 || ME>MESHES (NM)
9012 || CALL POINT.TO_MESH (NM)

9013

9014 ! Evacuation criteria

9015

9016 || IF (MESHID/='null’ .AND. MESH.ID/=MESHNAMEMNM)) CYCLE MESHIOOP

(
9017 || IF (EVACUATION .AND. .NOT.EVACUATION.ONLY(NM)) CYCLE MESHLOOP
9018 || IF (EVACUATION.ONLY(NM) ) THEN
9019 || IF (.NOT.TEMP.HOLEEVAC(N)) CYCLE MESHLOOP

9020 || DEVC.ID = ‘null’

9021 || CTRL.ID = ‘null’

9022 || ENDIF

9023

9024 || ! Loop over all possible multiples of the HOLE
9025

9026 || MR => MULTIPLIER (0)

9027 || DO NNN=1,N.MULT

9028 || IF (MULT.ID==MULTIPLIER (\\N)%ID) MR => MULTIPLIER (NNN)
9029 || ENDDO

9030
9031 || KMULT.LOOP: DO KK=MRMAK LOWER, MR/ _UPPER
9032 || JMULT.LOOP: DO ]]=MR4_LOWER MR/ _UPPER
9033 || LIMULT.LOOP: DO I1=MRM_LOWER,MR4_UPPER
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9034
9035
9036
9037
9038
9039
9040
9041
9042
9043
9044
9045
9046
9047
9048
9049
9050
9051
9052
9053
9054
9055
9056
9057
9058
9059
9060
9061
9062
9063
9064
9065
9066
9067
9068
9069
9070
9071
9072
9073
9074
9075
9076
9077
9078
9079
9080
9081
9082
9083
9084
9085
9086
9087
9088
9089
9090
9091
9092
9093
9094
9095
9096
9097
9098
9099
9100
9101
9102
9103
9104
9105
9106
9107
9108
9109
9110
9111
9112
9113
9114
9115
9116
9117
9118
9119
9120
9121

IF (.NOT.MR/SEQUENTIAL) THEN

X1
X2
Y1
Y2
Z1
z2
ELSE
X1
X2
Y1
Y2
Z1
z2
ENDIF

! Check if hole is contained within the current mesh

XB(1) + MRMDX0
XB(2) + MRMDX0
XB(3) + MRADY0
XB(4) + MRUDY0
XB(5) + MRUDZ0
XB(6) + MRADZ0

= XB(1) + MRWDX0
XB(2) + MRADX0
XB(3) + MRADYO
XB(4) + MRADYO
XB(5) + MRWDZ0
XB(6) + MRDZ0

TTMRADXB (1)
TTAMRADXB(2)
JJ SMRUDXB(3)
1] AMRUDXB (4)
KKAMRDXB(5)
KKAMRADXB(6)

+o+ o+ o+ +

11 MRADXB(1)
11 MRDXB(2)
11 MRDXB(3)
11 MRDXB(4)
11 MRDXB(5)
11 MRDXB(6)

b+ o+

IF (XI>=XF .OR. X2<=XS .OR. YI>YF .OR. Y2<=YS .OR. ZI>ZF .OR. Z2<=/S) CYCLE I.MULT.LOOP

! Assign mesh—limited bounds

X1
X2
Y1
Y2
Z1
z2

11
12
T
72
K1
K2

MAX(X1,XS—0.001_EB+DX(0))
MIN(X2, XF+0.001 _EB*DX(IBP1))
MAX(Y1,YS—0.001_EB+DY(0))
MIN(Y2, YF+0.001 _EB*DY(JBP1))
MAX(Z1,ZS—0.001_EB+DZ(0))
MIN(Z2, ZF+0.001 _EB*DZ(KBP1))

NINT( GINV(X1-XS,1 NM) *RDXI
NINT( GINV(X2—XS,1 ,NM) *RDXI
GINV(Y1-YS,2 NM) +RDETA
NINT( GINV(Y2-YS,2 NM) +RDETA
NINT( GINV(Z1-ZS,3 NV) +RDZETA )
NINT( GINV(Z2-ZS,3 NM) +RDZETA )

)
)
)
)

! Remove mean forcing in hole region

IF (ANY(MEAN_FORCING)

DO K=K1,K2+1
DO J=J1,]2+1
DO 1=11,12+1

.AND. BLOCKWIND) THEN

MAMEAN FORCING.CELL(I, ] ,K) = .FALSE.
ENDDO

ENDDO
ENDDO
CYCLE [ MULT_LOOP
ENDIF

NN=0
OBST_LOOP: DO
NNENNH+1

IF (NNSN_OBST) EXIT OBST_LOOP
OB=>OBSTRUCTION (NN)

DEVCINDEX.O = OB%DEVCINDEX
CTRLINDEX.O = OB%CTRL.INDEX

IF (.NOT.OB%WPERMIT_-HOLE) CYCLE OBST.LOOP

I TEMP.OBST(0) is
TEMP_OBST (0) =

TEMP_OBST (0)%I 1
TEMP_OBST (0)%I2
TEMP.OBST (0)%] 1
TEMP.OBST (0)%]J 2
TEMP.OBST (0) %K1
TEMP.OBST (0)%K2

TEMP_OBST (0)%X1
TEMP.OBST (0)%X2
TEMP.OBST (0)%Y1
TEMP.OBST (0)%Y2
TEMP.OBST (0)%Z1
TEMP.OBST (0)%22

the intersection of HOLE and OBST

OBSTRUCTION (NN)

MAX(I1 ,0B%I1)
MIN(12 ,0B%I2)
MAX(]1 ,0B%]1)
MIN(]J2 ,0B%J2)
MAX(K1,0B%K1)
MIN(K2,0B%K2)

MAX(X1,0B%X1)
MIN(X2 ,0B%X2)
MAX(Y1,0B%Y1)
MIN(Y2,0B%Y2)
MAX(Z1,0B%Z1)
MIN(Z2 ,0B%Z2)

! Ignore OBSTs that do not intersect with HOLE or are merely sliced by the hole.

IF (TEMP_OBST(0)%I2—TEMP_OBST(0)%I1<0 .OR. TEMP_OBST(0)%]2—TEMP.OBST (0)%J1<0 .OR. &

TEMP_OBST (0)%K2-TEMP_OBST (0)%K1<0) CYCLE OBST_LOOP
IF (TEMP_OBST (0)%I2—TEMP_OBST(0)%I1==0) THEN
IF (OB%I1<TEMP_OBST(0)%I1

ENDIF

IF (TEMP.OBST (0)%]2—TEMP.OBST (0)%] 1 ==0) THEN
IF (OB%]1<TEMP.OBST(0)%] 1

ENDIF

IF (TEMP.OBST (0)%K2-TEMP_OBST (0)%K1==0) THEN

.OR. OB%I2>TEMP_OBST(0)%I2) CYCLE OBST_LOOP

.OR. OB%J2>TEMP_OBST (0)%J2) CYCLE OBST_LOOP
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9122
9123
9124
9125
9126
9127
9128
9129
9130
9131
9132
9133
9134
9135
9136
9137
9138
9139
9140
9141
9142
9143
9144
9145
9146
9147
9148
9149
9150
9151
9152
9153
9154
9155
9156
9157
9158
9159
9160
9161
9162
9163
9164
9165
9166
9167
9168
9169
9170
9171
9172
9173
9174
9175
9176
9177
9178
9179
9180
9181
9182
9183
9184
9185
9186
9187
9188
9189
9190
9191
9192
9193
9194
9195
9196
9197
9198
9199
9200
9201
9202
9203
9204
9205
9206
9207
9208
9209

IF (OB%K1<TEMP_.OBST(0)%K1 .OR. OB%WK2>TEMP_OBST(0)%K2) CYCLE OBST_LOOP
ENDIF

IF (TEMP.OBST (0)%X2<=X1 .OR. TEMP.OBST(0)%X1>=X2 .OR. TEMP.OBST(0)%Y2<=Y1 .OR. TEMP.OBST(0)%Y1>=Y2 .OR. &
TEMP.OBST (0)%Z2<=Z1 .OR. TEMP_OBST(0)%Z1>=72) CYCLE OBST_.LOOP

! Start counting new OBSTs that need to be created

NDO=0

IF ((OB%I1<I1.AND.I1<OB%I2) .OR. (XB(1)>=XS.AND.I1==0.AND.OB%I1==0)) THEN
NDO=NDO+1

TEMP.OBST (NDO) =<OBSTRUCTION (NN))
TEMP.OBST(NDO)%I1 = OBY%I1

TEMP_OBST (NDO)%I2 = 11
TEMP_OBST (NDO)%X1 = OB%X1
TEMP_OBST (NDO)%X2 = X1
ENDIF

IF ((OB%I1<I2.AND.I12<OB%I2) .OR. (XB(2)<=XF.AND.I2==IBAR.AND.OB%I2==IBAR)) THEN
NDO=NDO+1

TEMP_OBST (NDO) =OBSTRUCTION (NN)

TEMP.OBST (NDO)%I1 = 12

TEMP.OBST (NDO)%I2 = OB%l2
TEMP.OBST (NDO)%X1 = X2
TEMP.OBST (NDO)%X2 = OB%X2

ENDIF
IF ((OB%J1<J1.AND.J1<OB%J2) .OR. (XB(3)>=YS.AND.]1==0.AND.OB%]1==0)) THEN
NDO=NDO+ 1

TEMP.OBST (NDO) =<OBSTRUCTION (NN))

TEMP_OBST(NDO)%I1 = MAX(I1 ,OB%I1)
TEMP_OBST (NDO)%I2 = MIN(I2 ,OB%I2)
TEMP.OBST (NDO)%X1 = MAX(X1,0B%X1)
TEMP.OBST (NDO)%X2 = MIN(X2,0B%X2)
TEMP.OBST (NDO)%] 1 = OB%]J 1
TEMP_OBST (NDO)%J2 = J1

TEMP_OBST (NDO)%Y1 = OB%Y1
TEMP_OBST (NDO)%Y2 = Y1

ENDIF
IF ((OB%J1<]2 .AND.J2<OB%J2) .OR. (XB(4)<=YF.AND.]2==JBAR.AND.OB%]2==JBAR)) THEN
NDO=NDO+ 1

TEMP.OBST (NDO) =<OBSTRUCTION (NN))

TEMP_OBST (NDO)%I1 = MAX(I1 ,OB%I1)
TEMP_OBST (NDO)%I2 = MIN(12 ,OB%I2)
TEMP_OBST (NDO)%X1 = MAX(X1,0B%X1)
TEMP_OBST (NDO)%X2 = MIN(X2,0B%X2)
TEMP_OBST(NDO)%J1 = ]2

TEMP.OBST (NDO)%]2 = OB%J2
TEMP.OBST (NDO)%Y1 = Y2

TEMP.OBST (NDO)%Y2 = OB%Y2

ENDIF

IF ((OBWKI<KI.AND.KI<OB/K2) .OR. (XB(5)>=ZS.AND.K1==0.AND.OB/K1==0)) THEN
NDO=NDO+ 1

TEMP.OBST (NDO) =<OBSTRUCTION (NN))

TEMP.OBST(NDO)%I1 = MAX(I1,0B%I1)

TEMP.OBST (NDO)%I2 = MIN(12 ,0B%I2)

TEMP.OBST (NDO)%X1 = MAX(X1,0B%X1)

TEMP.OBST (NDO)%X2 = MIN(X2,0B%X2)

TEMP_OBST (NDO)%]1 = MAX(J1 ,OB%]J1)
TEMP_OBST (NDO)%]2 = MIN(J2 ,0B%]J2)
TEMP_OBST (NDO)%Y1 = MAX(Y1,0B%Y1)
TEMP_OBST (NDO)%Y2 = MIN(Y2,0B%Y2)
TEMP_OBST (NDO)%K1 = OB%K1
TEMP_OBST (NDO)%K2 = K1

TEMP_OBST (NDO)%Z1 = OBAZ1
TEMP_OBST (NDO)%Z2 = Z1

ENDIF

IF ((OBWKI<K2.AND.K2<OB/K2) .OR. (XB(6)<=ZF.AND.K2==KBAR.AND.OB/K2==KBAR)) THEN
NDO=NDO* 1

TEMP.OBST (NDO) =<OBSTRUCTION (NN))

TEMP.OBST (NDO)%I1 = MAX(I1,0B%I1)

TEMP.OBST (NDO)%I2 = MIN(12 ,0B%I2)

TEMP.OBST (NDO)%X1 = MAX(X1,0B%X1)

TEMP.OBST (NDO)%X2 = MIN(X2,0B%X2)

TEMP.OBST (NDO)%J1 = MAX(J1,0B%]J1)
TEMP.OBST (NDO)%J2 = MIN(]J2 ,0B%]J2)
TEMP.OBST (NDO)%Y1 = MAX(Y1,0B%Y1)
TEMP_OBST (NDO)%Y2 = MIN(Y2,0B%Y2)
TEMP_OBST (NDO)%K1 = K2

TEMP_OBST (NDO)%K2 = OB%K2
TEMP_OBST(NDO)%Z1 = Z2

TEMP_OBST (NDO)%Z2 = OBAZ2

ENDIF
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9210 || ! Maintain ordinal rank of original obstruction , but negate it. This will be a code for Smokeview.
9211

9212 || TEMP.OBST (:) #ORDINAL = —OB%ORDINAL

9213

9214 || ! Re—allocate space of new OBSTs, or remove entry for dead OBST

9215

9216 || NEW_OBSTIF: IF (NDO>0) THEN

9217 || CALL RE_ALLOCATE_OBST (NM, N_OBST ,NDO)

9218 || OBSTRUCTION=>M/OBSTRUCTION

9219 || OBSTRUCTION (N.OBST +1:N_OBST+NDO) = TEMP.OBST (1:NDO)
9220 || N.OBST = N_OBST + NDO

9221 || ENDIF NEW_OBST.IF

9222

9223 || ! If the HOLE is to be created or removed, save it in OBSTRUCTION(NN), the original OBST that was broken up
9224

9225 || DEVC.ORCIRL: IF (DEVCID/='null’ .OR. CTRLID/='null’) THEN

9226

9227 || OBSTRUCTION(NN) = TEMP_OBST(0)
9228 || OB => OBSTRUCTION (NN)

9229 || OB%DEVC.INDEX.O = DEVCINDEX.O
9230 || OBCTRLINDEX.O = CTRLINDEX.O
9231 || OB%DEVC.ID = DEVC.ID

9232 || OB%CTRLID = CTRL.ID

9233 || CALL SEARCH.CONTROLLER( "HOLE",CTRL-ID, DEVC.D,OB%DEVCINDEX, OBCTRLINDEX,N)
9234 || IF (DEVCID/='null’ .OR. CTRLID /="null’) THEN

9235 || OBJREMOVABLE =~ = .TRUE.

9236 || OB%HOLE-FILLER = .TRUE.

9237 || IF (DEVC.ID/="null ") OBWCTRLINDEX
9238 || IF (CTRL.ID/='null’) OB/WDEVCINDEX

-1
-1

9239 || ENDIF
9240 || IF (OBACONSUMABLE)  OBYREMOVABLE = .TRUE.
9241

9242 || SELECT CASE (COLOR)

9243 || CASE ('INVISIBLE ")

9244 || OBACOLORINDICATOR = —3

9245 || OBARGB(1) = 255

9246 || OBARGB(2) = 204

9247 || OB4RGB(3) = 102

9248 || OB%TRANSPARENCY = 0._EB

9249 || CASE ('null’)

9250 || IF (ANY(RGB>0)) THEN

9251 || OB4COLORINDICATOR = —3

9252 || OBRGB = RGB

9253 || OB%IRANSPARENCY = TRANSPARENCY

9254 || ENDIF

9255 || CASE DEFAULT

9256 || CALL COLOR2RGB(RGB,COLOR)

9257 || OBACOLORINDICATOR = —3

9258 || OB%RGB = RGB

9259 || OB%TRANSPARENCY = TRANSPARENCY

9260 || END SELECT

9261

9262 || ELSE DEVC_OR.CTRL

9263

9264 || OBSTRUCTION(NN) = OBSTRUCTION (N_OBST)
9265 || N.OBST = N.OBST-1

9266 || NN = NN-1

9267

9268 || ENDIF DEVC.OR.CTRL

9269

9270 || ENDDO OBST_LOOP

9271 || ENDDO I.MULT_.LOOP

9272 || ENDDO J.MULT_LOOP

9273 || ENDDO K MULT.LOOP

9274 || ENDDO MESH.LOOP

9275 || ENDDO READ_HOLE_LOOP

9276

9277 || REWIND(LUINPUT) ; INPUT_FILE.LINE.NUMBER = 0
9278

9279 || IF (ANY(EVACUATION.ONLY) ) DEALLOCATE(TEMP_HOLE_EVAC)
9280 || DEALLOCATE(TEMP_OBST)

9281 || DEALLOCATE (CONTROLLED)

9282 || DEALLOCATE (TEMPXB)

9283

9284 || CONTAINS

9285

9286 || SUBROUTINE DEFINE_-EVACUATION-HOLES (IMODE)

9287 || !

9288 || ! Clear the STRS meshes by a hole with size of XB of the stairs.
9289 || ! The core is put there applying permit_hole=false .

9290 || USE EVAC, ONLY: N_STRS, EMESH.STAIRS, EVAC_EMESH_STAIRS_TYPE
9291 || IMPLICIT NONE

9292 ! Passed wvariables
9293 || INTEGER, INTENT(IN) :: IMODE
9294 ! Local wvariables

9295 || INTEGER :: 1
9296 || REAL(EB) :: TINYX, TINY.Y, TINY.Z
9297
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9298
9299
9300
9301
9302
9303
9304
9305
9306
9307
9308
9309
9310
9311
9312
9313
9314
9315
9316
9317
9318
9319
9320
9321
9322
9323
9324
9325
9326
9327
9328
9329
9330
9331
9332
9333
9334
9335
9336
9337
9338
9339
9340
9341
9342
9343
9344
9345
9346
9347
9348
9349
9350
9351
9352
9353
9354
9355
9356
9357
9358
9359
9360
9361
9362
9363
9364
9365
9366
9367
9368
9369
9370
9371
9372
9373
9374

9375
9376
9377
9378
9379
9380
9381
9382
9383
9384

IF (.NOT.ANY(EVACUATION.ONLY)) RETURN

IMODE_1.IF: IF (IMODE==1) THEN

NSTRS.LOOP.1: DO I = 1, N.STRS

IF (.NOT.EMESH.STAIRS(I)%DEFINEMESH) CYCLE NSTRS.LOOP_1
NHOLEO = NHOLEO + 1

NHOLE = NHOLE + 1 ! No mult for evacuation strs meshes
EMESH_STAIRS(1)%I_-HOLE = N_.HOLE.O

EVACUATION.HOLE = .TRUE.

END DO NSTRS_LOOP-1

END IF IMODE_1.IF

IMODE_2_IF: IF (IMODE==2) THEN

EVACUATION.HOLE = .FALSE.

NSTRS.LOOP.2: DO I = 1, N.STRS

IF (.NOT.EMESH._STAIRS (I )%DEFINEMMESH) CYCLE NSTRS_LOOP_2
IF (.NOT.EMESH.STAIRS (I )%_HOLE==N) CYCLE NSTRS_LOOP.2
EVACUATIONHOLE = .TRUE.

EXIT NSTRS.LOOP_-2

END DO NSTRS_LOOP_2

END IF TMODE_2_IF

IMODE_3_IF: IF (IMODE==3) THEN

EVACUATIONHOLE = .FALSE.

NSTRS_LOOP.3: DO I = 1, N.STRS

IF (.NOT.EMESH STAIRS( I )%DEFINE MESH) CYCLE NSTRS_.LOOP_3

IF (.NOT.EMESH.STAIRS(I )% .HOLE==N) CYCLE NSTRS_.LOOP_3

EVACUATION.HOLE = .TRUE.

RGB = EMESH_STAIRS (I )%RGB

XB = EMESH.STAIRS(I)%XB

TINYX = 0.01 _EBx*(EMESH.STAIRS(I)%XB(2)—EMESH_STAIRS (1)%XB (1)) /EMESH_STAIRS (1 )%IBAR
TINY.Y = 0.01 _EBx*(EMESH_STAIRS(I)%XB(4)—EMESH_STAIRS (1)%XB(3) ) /EMESH_STAIRS (1 )%BAR
TINY_.Z = 0.01_EB

XB(1) = XB(1)-TINYX ; XB(2) = XB(2)+TINY.X

XB(3) = XB(3)-TINY.Y ; XB(4) = XB(4)+TINY.Y

XB(5) = XB(5)-TINY.Z ; XB(6) = XB(6)+TINY_Z

EVACUATION = .TRUE.

MESH.ID = TRIM(MESHNAME(EMESH_STAIRS (T )%dMESH) )

EXIT NSTRS_LOOP.3

END DO NSTRS_LOOP_3

END IF IMODE_3_IF

END SUBROUTINE DEFINE EVACUATION_-HOLES

END SUBROUTINE READ_HOLE

SUBROUTINE RE_ALLOCATE_OBST (NM, N_OBST ,NDO)

TYPE (OBSTRUCTION.TYPE) , ALLOCATABLE, DIMENSION (:) :: DUMMY
INTEGER, INTENT(IN) :: NM,NDO,N.OBST
TYPE (MESH.TYPE) , POINTER :: M=>NULL()
M=>MESHES (NM)

ALLOCATE(DUMMY( 0 : N_OBST) )

DUMMY(0:N_OBST) = M/OBSTRUCTION (0: N OBST)
DEALLOCATE (MUOBSTRUCTION)
ALLOCATE(M/OBSTRUCTION (0 : N_OBST-+NDO) )
MVOBSTRUCTION (0:NOBST) = DUMMY(0:N_OBST)
DEALLOCATE

END SUBROUTINE RE_ALLOCATE.OBST

SUBROUTINE READ.VENT

USE GEOMETRY_FUNCTIONS, ONLY : BLOCK.CELL,CIRCLE_CELL.INTERSECTION_AREA
USE DEVICE_VARIABLES, ONLY : DEVICE

USE CONTROL_VARIABLES, ONLY : CONIROL

USE MATH_FUNCTIONS, ONLY: GET_RAMP_INDEX

INTEGER :: N,NN,NM,NNN,N_VENT.O,IOR,I1,12,]1,J2,K1,K2,RGB(3) ,N.EDDY,N.VENT.NEW, II , JJ ,KK

REAL(EB) :: SPREAD.RATE,TRANSPARENCY,XYZ(3) ,TMP_EXTERIOR, DYNAMIC PRESSURE, XB1,XB2,XB3, XB4, XB5,XB6, &

REYNOLDS STRESS (3 ,3) ,L_EDDY, VELRMS, L_EDDY_I] (3 ,3) ,UVWW(3) ,RADIUS

CHARACTER(LABELLENGTH) :: ID,DEVCID,CTRL.ID,SURF.ID ,PRESSURE.RAMP, TMP_EXTERIOR RAMP, MULT.ID

CHARACTER(60) :: MESH.ID

CHARACTER(25) :: COLOR

TYPE(MULTIPLIER_TYPE) , POINTER :: MR

LOGICAL :: REJECT.VENT,EVACUATION, OUTLINE, EVACUATION.VENT, WIND

NAMELIST /VENT/ COLOR,CTRL_ID, DEVCID, DYNAMIC PRESSURE, EVACUATION, FYI, ID,IOR, L EDDY, L_EDDY _I] ,MB, MESH.ID, MULT.ID,
N_EDDY, OUTLINE, &

PBX, PBY, PBZ, PRESSURE_RAMP, RADIUS, REYNOLDS_STRESS, RGB, SPREAD_RATE, SURF_ID , TEXTURE_ORIGIN , TMP_EXTERIOR, &

TMP_EXTERIOR_RAMP, TRANSPARENCY, UVW, VEL_RMS, WIND, XB, XYZ

MESH_LOOP-1: DO NM=1,NMESHES

ME>MESHES (NVD)
CALL POINT.TO.MESH (\M)

REWIND(LU_INPUT) ; INPUT_FILE_LINE.NUMBER = 0
N.VENT = 0

237



Source Code files for edited portions of FDS

9385
9386
9387
9388
9389
9390
9391
9392
9393
9394
9395
9396
9397
9398
9399
9400
9401
9402
9403
9404
9405
9406
9407
9408
9409
9410
9411
9412
9413
9414
9415
9416
9417
9418
9419
9420
9421
9422
9423
9424
9425
9426
9427
9428
9429
9430
9431
9432
9433
9434
9435
9436
9437
9438
9439
9440
9441
9442
9443
9444
9445
9446
9447
9448
9449
9450
9451
9452
9453
9454
9455
9456
9457
9458
9459
9460
9461
9462
9463
9464
9465
9466
9467
9468
9469
9470
9471
9472

COUNT.VENTLOOP: DO
CALL CHECKREAD( "VENT’ ,LUINPUT, IOS)
IF (I0S==1) EXIT COUNT.VENT.LOOP

1D = 'null”’
MULTID = "null’
SURF.ID = "null”’

READ(LU_INPUT ,NML=VENT,END=3 ,ERR=4 ,I0OSTAT=10S )
N_VENTNEW = 0

IF (MULTID=='null’) THEN

N.VENTNEW = 1

ELSE
IF (SURF.ID=="HVAC’) THEN
WRITE(MESSAGE, ' (A, 10 ,A,10) ") ’'ERROR: Cannot use MULT with an HVAC VENT, VENT ', N.VENT+1,&

, line number’ , INPUT_FILE.LINE NUMBER
CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF
DO N=1,N.MULT
MR => MULTIPLIER (N)
IF (MULTID==MR%GID) N.VENTNEW = MRN_COPIES

ENDDO
IF (N.VENTNEW==0) THEN
WRITE(MESSAGE, ' (A, A, A, 10,A,10) ") "ERROR: MULT line *, TRIM(MULTID),  not found on VENT ', N.VENT+1,&
line number’ , INPUT_FILE_.LINE_ZNUMBER
CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF
ENDIF
IF (SURF.ID=="HVAC’ .AND. ID=='null’) THEN
WRITE(MESSAGE, ' (A, 10 ,A,10) ") 'ERROR: must specify an ID for an HVAC VENT, VENT ', N.VENT+1,&
, line number” , INPUT_FILE_.LINE_ZNUMBER
CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF
N.VENT = N.VENT + N_VENTNEW
4 IF (IOS>0) THEN
WRITE(MESSAGE, " (A, 10 ,A,10) ") "ERROR: Problem with VENT “ ,N.VENT+1,’, line number’ ,INPUT_FILE_LLINE.NUMBER
CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF
ENDDO COUNT_VENT_LOOP

3 REWIND(LUINPUT) ; INPUT.FILE.LINE.NUMBER = 0

IF (EVACUATION.ONLY (NM) ) CALL DEFINE_EVACUATION_VENTS(NM, 1)

IF (TWOD) N.VENT = N.VENT + 2
IF (CYLINDRICAL .AND. MiXS<=TWO_EPSILON_EB) N.VENT = N.VENT + 1
IF (EVACUATION.ONLY (\M) ) N.VENT = N.VENT + 2

ALLOCATE(M/VENTS (NVENT) ,STAT=IZERO)
CALL ChkMemErr( 'READ’, "VENTS' ,IZERO)
VENTS=>M/VENTS

N_VENT.O
N

N_VENT
0

REWIND(LUINPUT) ; INPUT_FILE_LINE.NUMBER = 0
READ_VENT_LOOP: DO NN=1,N_VENT.O

IOR

MB

PBX

PBY

PBZ
SURF_ID
COLOR
MESH.ID
MULT.ID
1D ‘null’

RGB —1

TRANSPARENCY = 1._EB
DYNAMICPRESSURE = 0._EB
PRESSURERAMP = "null”’
XYZ = —1.E6.EB
SPREAD.RATE = —1._EB
TMP_EXTERIOR = —1000.
TMP_EXTERIOR RAMP = "null’
TEXTURE-ORIGIN = —999._EB
OUTLINE = .FALSE.
DEVCID = "null’

CTRLID = "null’
EVACUATION = .FALSE.
N_EDDY=0

L.EDDY=0._EB
L_EDDY_IJ=0._EB
VELRMS=0._EB
REYNOLDS_STRESS=0._EB

UW = —1.E12_EB

RADIUS = —1._EB

WIND = .FALSE.

0

null’
—1.E6.EB
—1.E6.EB
—1.E6.EB
"null’
‘null’
‘null’
‘null”’

IF (NN==N_VENT.O-2 .AND. CYLINDRICAL .AND. XS<=TWO_EPSILON_EB) MB="XMIN"
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9473
9474
9475
9476
9477
9478
9479
9480
9481
9482
9483
9484
9485
9486
9487
9488
9489
9490
9491
9492
9493
9494
9495
9496
9497
9498
9499
9500
9501
9502
9503
9504
9505
9506
9507
9508
9509
9510
9511
9512
9513
9514
9515
9516
9517
9518
9519
9520
9521
9522
9523
9524
9525
9526
9527
9528
9529
9530
9531
9532
9533
9534
9535
9536
9537
9538
9539
9540
9541
9542
9543
9544
9545

9546

9547
9548
9549
9550

9551
9552
9553
9554
9555
9556
9557

IF (NN==N_VENT.O-1 .AND. TWOD) MB="YMIN"
IF (NN==N_VENT.O .AND. TWOD) MB="YMAX"
IF (NN==N_VENT.O-1 .AND. EVACUATION.ONLY (NM) ) MB="7MIN"
IF (NN==N_VENT.O .AND. EVACUATION.ONLY (NM) ) MB="7/MAX"

IF (MB=='"null ') THEN
EVACUATION.VENT = .FALSE.

IF (EVACUATION.ONLY(NM)) CALL DEFINE_EVACUATION_VENTS(NM, 2)
EVACUATION.VENTS: IF (.NOT. EVACUATION.VENT) THEN

CALL CHECKREAD( 'VENT',LUINPUT, I0S)

IF (I0S==1) EXIT READ.VENT_LOOP

READ(LU_INPUT, VENT,END=37) ! Read in info for VENT N
END IF EVACUATION.VENTS

ELSE

SURF.ID = "MIRROR’

ENDIF

IF (MESHID/='null’” .AND. MESHID/=MESHNAMENM)) CYCLE READ_VENT_LOOP

IF (PBX>-1E5.EB .OR. PBY>-1E5.EB .OR. PBZ>-1.E5.EB) THEN
IF (MULTID/="null ") THEN

WRITE(MESSAGE, ' (A, 10 ,A) ") “ERROR: MULTID cannot be applied to VENT’ NN,  because it uses PBX, PBY or PBZ.’
CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF

XB(1) = XS

XB(2) = XF

XB(3) = YS

XB(4) = YF

XB(5) = 7S

XB(6) = ZF

IF (PBX>—1E5.EB) XB(1:2) = PBX
IF (PBY>-1E5.EB) XB(3:4) = PBY
IF (PBZ>-1E5.EB) XB(5:6) = PBZ

ENDIF

IF (MB/='null ') THEN

IF (NMESHES>1 .AND. SURF.ID=='PERIODIC ") THEN

WRITE(MESSAGE, ' (A, 10 ,A) ") 'ERROR: Use PBX,PBY,PBZ or XB for VENT’ NN, ' multi—mesh PERIODIC boundary ’
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

IF (MULTAID/="null’) THEN

WRITE(MESSAGE, " (A,10 ,A) ") “ERROR: MULTID cannot be applied to VENT’ NN,  because it uses MB.’

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF
XB(1) = XS
XB(2) = XF
XB(3) = YS
XB(4) = YF
XB(5) = ZS
XB(6) = ZF

SELECT CASE (MB)
CASE( "XMIN')

XB(2) = XS

CASE( XMAX”)

XB(1) = XF

CASE( 'YMIN")

XB(4) = YS

CASE( "YMAX")

XB(3) = YF

CASE( 'Z/MIN")

XB(6) = ZS

CASE( 'ZMAX")

XB(5) = ZF

CASE DEFAULT

WRITE(MESSAGE, ' (A, 10 ,A) ') 'ERROR: MB specified for VENT' NN, ’ is not XMIN, XMAX, YMIN, YMAX, ZMIN, or ZMAX’
CALL SHUTDOWN(MESSAGE) ; RETURN

END SELECT

ENDIF

! Check that the vent is properly specified

IF (ABS(XB(3)—XB(4))<=SPACING(XB(4)) .AND. TWOD .AND. NN<N_VENT.O—1) THEN

IF (ID=="null ")WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: VENT ’ NN, ’ cannot be specified on a y boundary in a 2D
calculation’

IF (ID/='null ")WRITE(MESSAGE, ' (A,A,A) ") 'ERROR: VENT ', TRIM(ID),  cannot be specified on a y boundary in a 2D
calculation

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

IF (ABS(XB(1)-XB(2))>SPACING(XB(2)) .AND. ABS(XB(3)—XB(4))>SPACING(XB(4)) .AND.ABS(XB(5)—XB(6))>SPACING(XB(6))
) THEN

IF (ID=='null ') WRITE(MESSAGE, ' (A,10 ,A) ') 'ERROR:
IF (ID/='null’) WRITE(MESSAGE, '(A,A,A) ") 'ERROR:
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

ENT “ NN, " must be a plane’

V
VENT “,TRIM(ID) , " must be a plane’

CALL CHECKXB(XB)
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9558 || IF (ALL(EVACUATION.ONLY)) THEN

9559 || DEVC.ID = ‘null’

9560 || CTRL.ID = 'null’

9561 || END IF

9562

9563 || ! Loop over all possible multiples of the OBST
9564

9565 || MR => MULTIPLIER (0)

9566 || DO NNN=1,N.MULT

9567 || IF (MULTID==MULTIPLIER (\\N)%ID) MR => MULTIPLIER (NNN)
9568 || ENDDO

9569
9570 || KMULT.LOOP: DO KK=MR/K LOWER,MR4K_UPPER
9571 || JMULT.LOOP: DO ]] =MR4J_LOWER MR/ _UPPER
9572 || LMULT.LOOP: DO 11=MRM_LOWER,MR/4I_UPPER

9573

9574 || REJECT_.VENT = .FALSE.

9575

9576 || IF (.NOT.MR/SEQUENTIAL) THEN

9577 || XB1 = XB(1) + MRWDX0 + IT«MR/DXB(1)
9578 || XB2 = XB(2) + MRWDX0 + IT«MRDXB(2)
9579 || XB3 = XB(3) + MRWADY0 + JJ«MRWDXB(3)
9580 || XB4 = XB(4) + MRWADY0 + JJ«MRDXB(4)
9581 || XB5 = XB(5) + MRWDZ0 + KK«MR/DXB(5)
9582 || XB6 = XB(6) + MRWDZ0 + KKAMR/DXB(6)
9583 || ELSE

9584 || XB1 = XB(1) + MRWDX0 + II+«MRDXB(1)
9585 || XB2 = XB(2) + MRMDX0 + I1+MRMXB(2)
9586 || XB3 = XB(3) + MRMDY0D + I1+MRMXB(3)
9587 || XB4 = XB(4) + MRMDYO + I1+MRDXB(4)
9588 || XB5 = XB(5) + MRADZ0 + II+MRWDXB(5)
9589 || XB6 = XB(6) + MRWADZ0 + II«MR/ADXB(6)
9590 || ENDIF

9591

9592 ! Increase the VENT counter

9593

9594 ||IN =N + 1

9595

9596 || VI=>VENTS(N)

9597

9598 || IF (ABS(XB1—XB2)<=SPACING(XB2) ) VI%UNDIVIDEDINPUT_AREA
9599 || IF (ABS(XB3—XB4)<=SPACING(XB4) ) VI%UNDIVIDEDINPUT_AREA
9600 || IF (ABS(XB5—XB6)<=SPACING(XB6) ) VI%UNDIVIDEDINPUT_AREA

(XB4-XB3) x (XB6—XB5)
(XB2-XB1) % (XB6—XB5)
(XB2—-XB1) % (XB4—XB3)

9601 || IF (RADIUS>0._EB) VI%UNDIVIDEDINPUT AREA = PIs«RADIUS 2
9602

9603 || VI%X1_ORIG = XB1
9604 || VI%X2_ORIG = XB2
9605 || VI%Y1.ORIG = XB3
9606 || VI%Y2.ORIG = XB4
9607 || VI%Z1.ORIG = XB5
9608 || VI%Z2_ORIG = XB6
9609

9610 || XB1 = MAX(XB1,XS)
9611 || XB2 = MIN(XB2,XF)
9612 || XB3 = MAX(XB3,YS)
9613 || XB4 = MIN(XB4,YF)
914 || XB5 = MAX(XB5,ZS)
9615 || XB6 = MIN(XB6,ZF)
%16

9617 || IF ((XB1-XF)>SPACING(XF) .OR. (XS-XB2)>SPACING(XS) .OR. &
9618 || (XB3—YF)>SPACING(YF) .OR. (YS—XB4)>SPACING(YS) .OR. &
9619 || (XB5—ZF)>SPACING (ZF) .OR. (ZS—XB6)>SPACING(ZS)) REJECT.VENT = .TRUE.

9620

9621 || VI%I1 = MAX(0, NINT(GINV(XBI1-XS,1 NV)«RDXI  ))
9622 || VI%I2 = MIN(IBAR,NINT(GINV(XB2-XS,1 NM)*RDXI )
9623 || VI%J1 = MAX(0,  NINT(GINV(XB3-YS,2 NM)+RDETA ))
9624 || VI%J2 = MIN(JBAR,NINT(GINV(XB4-YS,2 NM)+RDETA )
9625 || VI%K1 = MAX(0,  NINT(GINV(XB5-ZS,3 NM)«RDZETA ))
9626 || VI%K2 = MIN(KBAR,NINT (GINV (XB6—ZS,3 ,NM) *RDZETA ) )
9627

9628 ! Thicken evacuation mesh vents in the z direction
9629

9630 || IF (EVACUATION.ONLY(NM) .AND. EVACUATION .AND. VI%K1==VT%K2 .AND. .NOT.REJECT_VENT) THEN
9631 || VI%K1 = INT(GINV (.5 _EB(XB5+XB6)—ZS,3 ,NM) +RDZETA)

9632 || VI%K2 = KBAR

9633 || XB5 = 7S

9634 || XB6 = ZF

9635 || IF (ABS(XB1—XB2)>SPACING(XB2) .AND. ABS(XB3—XB4)>SPACING(XB4) ) THEN

9636 || IF (ID=="null") WRITE(MESSAGE, ' (A, 10 ,A) ") 'ERROR: Evacuation VENT ' NN, " must be a vertical plane
9637 || IF (ID/='null’) WRITE(MESSAGE, ' (A,A,A) ") 'ERROR: Evacuation VENT ', TRIM(ID),  must be a vertical plane
9638 || CALL SHUIDOWN(MESSAGE) ; RETURN

9639 || ENDIF

9640 || ENDIF

9641

9642 || IF (ABS(XB1-XB2)<=SPACING(XB2) ) THEN

9643 || IF (VT%J1==VT%J2 .OR. VT%K1==VT%K2) REJECT_VENT=.TRUE.
9644 || IF (VI%I1>IBAR .OR. VI%I2 <0) REJECT_VENT=.TRUE.
9645 || ENDIF
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9646 || IF (ABS(XB3—XB4)<=SPACING(XB4) ) THEN

9647 || IF (VT%I1==VT%I2 .OR. VI%K1==VT%K2) REJECT.VENT=.TRUE.
9648 || IF (VI%J1>JBAR .OR. VT%]2 <0) REJECT_VENT=.TRUE.
9649 || ENDIF

9650 || IF (ABS(XB5-XB6)<=SPACING(XB6) ) THEN

9651 || IF (VI%I1==VT%I2 .OR. VT%]J1==VT%]2) REJECT.VENT=.TRUE.

9652 || IF (VI%KI>KBAR .OR. VT%K2<0) REJECT_VENT=.TRUE.
9653 || ENDIF

9654

9655 ! Evacuation criteria

9656

9657 || IF (.NOT.EVACUATION .AND. EVACUATION.ONLY(NM)) REJECT_-VENT=.TRUE.
9658 || IF (EVACUATION .AND. .NOT.EVACUATION.ONLY(NM)) REJECT_VENT=.TRUE.

9659

9660 || IF (ALL(EVACUATION.ONLY)) THEN
9661 || DEVC.ID = ’‘null’

9662 || CTRL.ID = ’‘null’

9663 || END IF

9664

9665 || ! If the VENT is to rejected
9666

9667 || IF (REJECT.-VENT) THEN
9668 || N = N-1

9669 || N.VENT = N.VENT-1
9670 || CYCLE [.MULT.LOOP

9671 ENDIF

9672

9673 ! Vent area
9674

9675 || VI%X1 = XB1
9676 || VI%X2 = XB2
9677 || VI%Y1 = XB3
9678 || VI%Y2 = XB4
9679 || VI%Z1 = XB5
9680 || VI%Z2 = XB6
9681

9682 || IF (ABS(XB1-XB2)<=SPACING(XB2) ) VT%NPUT_-AREA
9683 || IF (ABS(XB3—XB4)<=SPACING(XB4) ) VIZNPUT.AREA
9684 || IF (ABS(XB5-XB6)<=SPACING(XB6) ) VIZNPUT-AREA
9685
9686 || ! Check the SURF.ID against the list of SURF’s
9687
9688 || CALL CHECK SURFNAME(SURF.ID,EX)
9689 || IF (.NOT.EX) THEN

(XB4-XB3) % (XB6—XB5)
(XB2—-XB1) % (XB6—XB5)
(XB2—-XB1) % (XB4-XB3)

9690 || WRITE(MESSAGE, “ (A, A, A, 10 ,A,10) ") "ERROR: SURF.ID * , TRIM(SURF.ID),  not found for VENT ' ,N.VENT,&
9691 ", line number ', INPUT_FILE_LLINE_ZNUMBER

9692 || CALL SHUIDOWN(MESSAGE) ; RETURN

9693 || ENDIF

9694

9695 || ! Assign SURFINDEX, Index of the Boundary Condition

9696

9697 || VIZSURFINDEX = DEFAULT_SURF.INDEX
9698 || DO NNN=0,N_SURF
9699 || IF (SURF.ID==SURFACE(NNN)%ID) VT%SURF_INDEX = NNN

9700 || ENDDO

9701

9702 || IF (SURF.ID=="OPEN") VI%TYPEINDICATOR = 2

9703 || IF (SURF.ID=="MIRROR" .OR. SURF.ID=='PERIODIC") VI%IYPEINDICATOR = -2

9704 || IF ((MB/='null’ .OR. PBX>-1E5.EB .OR. PBY>-1E5.EB .OR. PBZ>-1.E5.EB) .AND. SURF.ID=="OPEN") VI%IYPEINDICATOR
9705 || IF (SURF.ID=='PERIODIC" .AND. WIND) VI%SURF.INDEX = PERIODIC.WIND.SURF.INDEX
9706

9707 || VIZBOUNDARY.TYPE = SOLID_BOUNDARY

9708 || IF (VI%SURFINDEX==OPEN_SURF_INDEX) VIYBOUNDARY.TYPE = OPEN_BOUNDARY
9709 IF (VT%SURFINDEX==MIRROR_SURF_INDEX) VIVBOUNDARY.TYPE = MIRROR BOUNDARY
9710 || IF (VI%SURFINDEX==PERIODIC_SURF_.INDEX) VIVBOUNDARY.TYPE = PERIODIC_BOUNDARY
9711 IF (VT%SURFINDEX==PERIODIC_.WIND_SURF.INDEX) VT/BOUNDARY.TYPE = PERIODIC_BOUNDARY
9712 || IF (VIT%SURFINDEX==HVAC_SURF.INDEX) VIYBOUNDARY.TYPE = HVACBOUNDARY
9713

9714 || VIZdOR = IOR

9715 || VI%ORDINAL = NN

9716

9717 || | Activate and Deactivate logic

9718

9719 || VI%ACTIVATED = .TRUE.

9720 || VIZDEVCID = DEVC.ID

9721 || VIZCTRLID = CTRL.ID

9722 || VI%ID = 1D

9723 || CALL SEARCH.CONTROLLER( 'VENT,CTRL-ID , DEVC.ID, VI%DEVC_INDEX, VI%CTRLINDEX ,N)
9724 || IF (DEVCID /= ’'null’) THEN

9725 || IF (.NOT.DEVICE (VIZDEVCINDEX)%INITIAL.STATE) VIZ%ACTIVATED = .FALSE.

9726 || ENDIF

9727 || IF (CTRLID /= 'null’) THEN

9728 || IF (.NOT.CONTROL(VT%CTRLINDEX)%INITIAL.STATE) VI%ACTIVATED = .FALSE.

9729 || ENDIF

9730

9731 IF ( (VIYBOUNDARY_TYPE==OPENBOUNDARY .OR. VT/BOUNDARY.TYPE==MIRROR BOUNDARY .OR. &
9732 || VI%BOUNDARY.TYPE==PERIODIC BOUNDARY) .AND. &
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9733 (VI%DEVCID /= 'null” .OR. VI%CTRLID /= ’'null’) ) THEN

9734 IF (ID=="null ") WRITE(MESSAGE, ' (A,10 ,A,10) ") 'ERROR: VENT “ NN, &

9735 " cannot be controlled by a device, line number ', INPUT_FILE_.LINE.NUMBER
9736 IF (ID/="null’) WRITE(MESSAGE, ' (A,A,A) ") 'ERROR: VENT ', TRIM(ID), " cannot be controlled by a device”’
9737 || CALL SHUIDOWN(MESSAGE) ; RETURN

9738 || ENDIF

9739

9740 || ! Set the VENT color index

9741

9742 || SELECT CASE(COLOR)

9743 || CASE( " INVISIBLE )

9744 || VIZ%COLORINDICATOR = 8
9745 || TRANSPARENCY = 0._EB
9746 || CASE( 'null’)

9747 || VIZ%COLORINDICATOR
9748 || CASE DEFAULT

9749 || VI%COLORINDICATOR = 99
9750 || CALL COLOR2RGB(RGB,COLOR)
9751 || END SELECT

99

9752 || IF (VI%COLORINDICATOR==8) VI%IYPEINDICATOR = —2

9753 || IF (OUTLINE) VI%IYPEINDICATOR = 2

9754 || VIZRGB = RGB

9755 || VI%IRANSPARENCY = TRANSPARENCY

9756

9757 || ! Parameters for specified spread of a fire over a VENT
9758

9759 || VI%X0 = XYZ(1)

9760 || VI%Y0 = XYZ(2)

9761 || VI%Z0 = XYZ(3)

9762 || VI%FIRE.SSPREAD_RATE = SPREADRATE / TIME_SHRINK_FACTOR
9763
9764 || ! Circular VENT
9765
9766 || IF (RADIUS>0._.EB) THEN

9767 || IF (ANY(XYZ<-1.E5.EB)) THEN

9768 || WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: VENT “ NN, ' requires center point XYZ’
9769 || CALL SHUIDOWN(MESSAGE) ; RETURN

9770 || ENDIF

9771 || VIRADIUS = RADIUS
9772 || ENDIF

9773

9774 || ! Dynamic Pressure
9775

9776 || VIZDYNAMIC PRESSURE = DYNAMIC PRESSURE

9777 || IF (PRESSURERAMP/="null’) CALL GET_RAMP_INDEX(PRESSURE RAMP, "TIME ", VI%PRESSURE_RAMP _INDEX)
9778
9779 || ! Synthetic Eddy Method
9780
9781 || VI%NEDDY = N_EDDY

9782 || IF (L.EDDY>TWO_EPSILON_EB) THEN

9783 || VI%SIGMA_I] = L.EDDY

9784 || ELSE

9785 || VI%SIGMA_I] = L_EDDY.I] ! Modified SEM (Jarrin , Ch. 7)
9786 || VIZSIGMA.I] = MAX(VI%SIGMA_IJ,1.E—10-EB)

9787 || ENDIF

9788 || IF (VELRMS>0._.EB) THEN

9789 || VI%R_1]=0._.EB

9790 || VI%R-1J (1,1)=VEL-RMSx* 2

9791 || VI%R_1J (2 ,2)=VELRMSx* %2

9792 || VI%R-1J (3 ,3) =VEL-RMSx* %2

9793 || ELSE

9794 || VI%R-1] = REYNOLDS_STRESS

9795 || VI%R_1] = MAX(VT%R_IJ ,1.E—10_EB)

9796 || ENDIF

9797

9798 || ! Check SEM parameters
9799

9800 || IF (N_EDDY>0) THEN
9801 || SYNTHETIC_ EDDY METHOD = .TRUE.
9802 || IF (ANY(VI%SIGMA _IJ<TWO_EPSILON_EB)) THEN

9803 || WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: VENT “ NN,  LEDDY = 0 in Synthetic Eddy Method’

9804 || CALL SHUIDOWN(MESSAGE) ; RETURN

9805 || ENDIF

9806 || IF (ALL(ABS(VI%R_1]J)<TWO.EPSILON.EB)) THEN

9807 || WRITE(MESSAGE, " (A, 10 ,A) ") ’ERROR: VENT ’ NN,  VELRMS (or Reynolds Stress) = 0 in Synthetic Eddy Method”
9808 || CALL SHUIDOWN(MESSAGE) ; RETURN

9809 || ENDIF

9810 || IF (TRIM(SURF.ID)=="HVAC") THEN
9811 WRITE(MESSAGE, ' (A,10 ,A) ") 'ERROR: VENT ’ ,NN,’ Synthetic Eddy Method not permitted with HVAC’
9812 || CALL SHUIDOWN(MESSAGE) ; RETURN

9813 || ENDIF

9814 || ENDIF

9815

9816 ! Miscellaneous
9817

9818 || VI%IMP_EXTERIOR = TMP_EXTERIOR + TMPM
9819 || IF (VI%IMP_EXTERIOR>0._EB) TMPMIN = MIN(TMPMIN, VI%IMP_EXTERIOR)
9820 || IF (TMP_EXTERIOR RAMP/="null ") CALL GET_RAMPINDEX(TMP_EXTERIORRAMP, "TIME " ,VI%IMP_EXTERIOR_ RAMP_INDEX)
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9821
9822
9823
9824
9825
9826
9827
9828
9829
9830
9831
9832
9833
9834
9835
9836
9837
9838
9839
9840
9841
9842
9843
9844
9845
9846
9847
9848
9849
9850
9851
9852
9853
9854
9855
9856
9857
9858
9859
9860
9861
9862
9863
9864
9865
9866
9867
9868
9869
9870
9871
9872
9873
9874
9875
9876
9877
9878
9879
9880
9881
9882
9883
9884
9885
9886
9887
9888
9889
9890
9891
9892
9893
9894
9895
9896
9897
9898
9899
9900
9901
9902
9903
9904
9905
9906
9907
9908

VT%IEXTURE (:) = TEXTURE.ORIGIN (:)

VIAVW = UW
IF (ALL(VIAMW > —1.E12.EB)) THEN

VIVVW = VIUVW/SQRT (VTN ( 1) #2+VIANW( 2 ) 552+ VINW(3) % %2)
ENDIF

ENDDO I -MULT.LOOP
ENDDO ] _MULT.LOOP
ENDDO K.MULT_LOOP

ENDDO READ_VENT_LOOP
37 REWIND(LU_INPUT) ; INPUT_FILE.LINENUMBER = 0

ENDDO MESH_LOOP-1

! Go through all the meshes again, but this time only if PROCESS(NM)==MYID
MESH-LOOP2: DO NVI=1 ,NMESHES

IF (PROCESS(NM) /=MYID) CYCLE MESH.LOOP.2
Me>MESHES (NM)

CALL POINT-TO-MESH (NM)

! Get total number of vents (needed for detailed wind BC)
N_VENT_.TOTAL = N_VENT.TOTAL + N_VENT

! Check vents and assign orientations
VENT_LOOP2: DO N=1,N_VENT

VT => VENTS(N)

11T = MAX(0,VT%I1)

12 = MIN(IBAR, VT%I2)

J1 = MAX(0,VT%J1)

J2 = MIN(JBAR, VT%]2)

K1 = MAX(0,VT%K1)

K2 = MIN(KBAR, VT%K2)

IF (VI%dOR==0) THEN

IF 0 .AND. 12==0) VIIOR = 1
IF IBAR .AND. 12==IBAR) VI%IOR = —1
IF (J1== 0 .AND. J2==0) VI%IOR = 2
IF (J1==]BAR .AND. ]2==JBAR) VI%IOR = —2
IF (Kl== 0 .AND. K2==0) VI%OR = 3
IF (K1==KBAR .AND. K2==KBAR) VT%OR = -3
ENDIF

ORIENTATIONIF: IF (VI%OR==0) THEN

IF (I1==I2) THEN

DO K=K1+1,K2

DO J=J1+1,]2
IF (.NOT.SOLID(CELLINDEX(12+1,] ,K))) VI%OR
,J.K)))

IF (.NOT.SOLID(CELLINDEX (12 VI%OR = —1
ENDDO

ENDDO

ENDIF

IF (J1==]2) THEN

DO K=K1+1,K2

DO I=11+1,12
IF (.NOT.SOLID(CELLINDEX(I,J2+1,K))) VIOR
IF (.NOT.SOLID(CELLINDEX(I,]2 ,K))) VIHOR
ENDDO

ENDDO

ENDIF

IF (K1==K2) THEN

DO J=J1+1,]2

DO 1=11+1,12

IF (.NOT.SOLID(CELLINDEX(I,],K2+1))) VI%dOR
IF (.NOT.SOLID(CELLINDEX(I,J,K2 ))) VI%OR
ENDDO

ENDDO

ENDIF

ENDIF ORIENTATION_IF

IF (VAOR==0) THEN

WRITE(MESSAGE, " (A, 10 ,A,10) ") ERROR: Specify orientation of VENT ' ,VI%ORDINAL,
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

! Other error messages for VENTs

SELECT CASE(ABS(VI%OR))
CASE(1)
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9909
9910

9911
9912
9913
9914
9915
9916
9917
9918
9919
9920
9921
9922

9923
9924
9925
9926
9927
9928
9929
9930
9931
9932
9933
9934

9935
9936
9937
9938
9939
9940
9941
9942
9943
9944
9945
9946
9947
9948
9949
9950
9951
9952
9953
9954
9955
9956
9957
9958
9959
9960
9961
9962
9963
9964
9965
9966
9967
9968
9969
9970
9971
9972
9973
9974
9975
9976
9977
9978
9979
9980
9981
9982
9983
9984
9985
9986
9987
9988
9989
9990
9991
9992
9993

IF (I1>=1 .AND. I1<=IBM1) THEN

IF (VIYBOUNDARY.TYPE==OPEN.BOUNDARY .OR. VI%BOUNDARY._TYPE==MIRROR BOUNDARY .OR. VI%BOUNDARY_TYPE==PERIODIC_BOUNDARY )
THEN

WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: OPEN, MIRROR, OR PERIODIC VENT ’“ ,VI%ORDINAL, ’ must be an exterior boundary.’

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

IF (VIYBOUNDARY-TYPE/=HVACBOUNDARY) VI%BOUNDARY.TYPE = SOLID.BOUNDARY

IF (.NOT.SOLID(CELLINDEX(I12+1,J2,K2)) .AND. .NOT.SOLID(CELLINDEX(I2,]2,K2))) THEN

WRITE(MESSAGE, " (A, 10 ,A) ")  ’ERROR: VENT ' ,VIZORDINAL, ' must be attached to a solid obstruction’

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

CASE(2)

IF (J1>=1 .AND. J1<sJBM1) THEN

IF (VIYBOUNDARY_TYPE==OPEN.BOUNDARY .OR. VI%BOUNDARY_TYPE==MIRROR BOUNDARY . OR.. VI7BOUNDARY_TYPE==PERIODIC_BOUNDARY)
THEN

WRITE(MESSAGE, " (A, 10 ,A) ")  "ERROR: OPEN, MIRROR, OR PERIODIC VENT ' ,VI%ORDINAL, ' must be an exterior boundary.’

CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

IF (VIYBOUNDARY.TYPE/=HVACBOUNDARY) VT%BOUNDARY.TYPE = SOLID_BOUNDARY

IF (.NOT.SOLID(CELLINDEX(I12,]J2+1,K2)) .AND. .NOT.SOLID(CELLINDEX(I2,]J2,K2))) THEN

WRITE(MESSAGE, " (A, 10 ,A) ")  "ERROR: VENT ' ,VI%ORDINAL, ' must be attached to a solid obstruction’

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

CASE(3)

IF (K1>=1 .AND. Kl1<=KBM1) THEN

IF (VTYBOUNDARY_TYPE==OPEN.BOUNDARY .OR. VIY8OUNDARY_TYPE==MIRROR BOUNDARY . OR.. VI7BOUNDARY_TYPE==PERIODIC_BOUNDARY)
THEN

WRITE(MESSAGE, " (A, 10 ,A) ") ’ERROR: OPEN, MIRROR, OR PERIODIC VENT ’,VI%ORDINAL, ' must be an exterior boundary.’

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

IF (VIVBOUNDARY_TYPE/=HVACBOUNDARY) VTYBOUNDARY.TYPE = SOLID BOUNDARY

IF (.NOT.SOLID(CELLINDEX(I2,]J2,K2+1)) .AND. .NOT.SOLID(CELLINDEX(I2,]J2,K2))) THEN

WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: VENT ’ ,VI%ORDINAL, ' must be attached to a solid obstruction’

CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

END SELECT

! Open up boundary cells if it is an open vent

IF (VIYBOUNDARY_TYPE==OPEN.BOUNDARY) THEN

SELECT CASE(VI7dOR)

CASE( 1)

CALL BLOCK_CELL(NM, 0, 0,J1+1, J2,Kl+1, K2,0,0)

CASE(—-1)

CALL BLOCK.CELL(NM, IBP1,IBP1,J1+1, J2,Kl+1, K2,0,0)

CASE( 2)

CALL BLOCK.CELL(NM, I1+1, 12, 0, 0,K1+1, K2,0,0)

CASE(—-2)

CALL BLOCK.CELL(NM, I1+1, 12,JBP1,JBP1,K1+1, K2,0,0)

CASE( 3)

CALL BLOCK.CELL(NM, I1+1, 12,J1+1, ]2, 0, 0,0,0)

CASE(-3)

CALL BLOCK.CELL(NM, I1+1, 12,J1+1, ]J2,KBP1,KBP1,0,0)

END SELECT

ENDIF

! Check UVW

IF (ABS(VIZWUVW(ABS(VIZIOR))) < TWO-EPSILON_EB) THEN

WRITE(MESSAGE, ' (A, 10 ,A) ") "ERROR: VENT “ ,VI%ORDINAL, ' cannot have normal component of UVW equal to 0

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDDO VENT.LOOP_2

! Compute vent areas and check for passive openings
VENT_.LOOP3: DO N=1,N.VENT
VT => VENTS(N)

IF (VI%SURFINDEX==HVACSURF.INDEX .AND. N>1) THEN
DO NN=1,N-1

IF (TRIM(VT%ID)==TRIM(VENTS(NN)%ID) .AND. VENTS(NN)%SURF_INDEX==HVAC_SURF_INDEX) THEN
WRITE(MESSAGE, " (A,A) ") "ERROR: Two HVAC VENTS have the same ID. VENT ID: ', TRIM(VI%ID)
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDDO

ENDIF

VI%FDSAREA = 0._EB

IF (VI%RADIUS>0._EB) VI%NPUTAREA = 0._EB

11 = VI%I1

12 = VI%I2

J1 = VI%J1
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9994

9995

9996

9997

9998

9999
10000
10001
10002
10003
10004
10005
10006
10007
10008
10009
10010
10011
10012
10013
10014
10015
10016
10017
10018
10019
10020
10021
10022
10023
10024
10025
10026
10027
10028
10029
10030
10031
10032
10033
10034
10035
10036
10037
10038
10039
10040
10041
10042
10043
10044
10045
10046
10047
10048
10049
10050
10051
10052
10053
10054
10055
10056
10057
10058
10059
10060
10061
10062
10063
10064
10065
10066
10067
10068
10069
10070
10071
10072
10073
10074
10075
10076
10077
10078
10079
10080
10081

12 = VI%J2
Kl = VI%K1

K2 = VI%K2

VI%GHOST CELLS.ONLY = .TRUE.

SELECT CASE(ABS(VI%IOR))

CASE(1)

DO K=K1+1,K2

DO J=J1+1,]2

IF (J>=1 .AND. J<=/BAR .AND. K>=1 .AND. K<=KBAR) VT%GHOST.CELLS.ONLY = .FALSE.

IF ( VI%RADIUS>0._.EB) THEN

VI%NPUT.AREA = VI%INPUT_AREA + CIRCLE.CELLINTERSECTION_AREA (VI%Y0,VT%Z0,VI%RADIUS, Y (] —1),Y(J) ,Z(K—1),Z(K))
IF (((YC(J)=VI%Y0) # %2+(ZC(K)—VI%Z0) #+2)>VI%RADIUS* x2) CYCLE

ENDIF

VI%FDS_AREA = VI%FDSAREA + DY(])+DZ(K)

ENDDO

ENDDO

CASE(2)

DO K=K1+1,K2

DO 1=T1+1,12

IF (I>=1 .AND. I<=IBAR .AND. K>=1 .AND. K<=BAR) VT%GHOST.CELLS.ONLY = .FALSE.

IF ( VI%RADIUS>0..EB) THEN

VI%INPUT_AREA = VI%NPUT.AREA + CIRCLE.CELLINTERSECTION_AREA (VI%X0,VI%Z0 , VI%RADIUS, X (1 —1) ,X(1) ,Z(K—1),Z(K))
IF (((XC(I1)=VT%X0) * %2+(ZC(K)—VI%Z0) % +2)>VI%RADIUS* x2) CYCLE

ENDIF

VI%FDSAREA = VI%FDSAREA + DX(I)+DZ(K)

ENDDO

ENDDO

CASE(3)

DO J=J1+1,]2

DO I=11+1,12

IF (I>=1 .AND. I<=IBAR .AND. ]>=1 .AND. J<=/BAR) VT%GHOST.CELISONLY = .FALSE.

IF ( VT%RADIUS>0._.EB) THEN

VI%NPUT.AREA = VI%INPUT.AREA + CIRCLE.CELLINTERSECTION_AREA (VI%X0,VT%Y0, VI%RADIUS, X(1—1),X(1),Y(J —1),Y(]))
IF (((XC(T)=VT%X0) ##2+(YC(] )—VT%Y0) %+ 2)>VI%RADIUS* 2) CYCLE

ENDIF

VI7FDSAREA = VIZFDS_AREA + DX(1)*DY(])
ENDDO

ENDDO
END SELECT

ENDDO VENT.LOOP-3
ENDDO MESH_LOOP_2
CONTAINS

SUBROUTINE DEFINE_EVACUATION_VENTS (NM, IMODE)

!

! Define the evacuation outflow VENTs for the doors/exits.

!

USE EVAC, ONLY: N.DOORS, N._EXITS, N_CO_EXITS, EVAC.EMESH._EXITS.TYPE, EMESH_EXITS
IMPLICIT NONE

! Passed variables

INTEGER, INTENT(IN) :: NM, IMODE

! Local variables

INTEGER :: N, N.END

NEND = N_EXITS — N.CO_EXITS + N.DOORS

IMODE_1.IF: IF (IMODE==1) THEN

NENDLOOP.1: DON = 1, NEND

IF (.NOT.EMESH_EXITS (N)%DEFINEMESH) CYCLE NEND_LOOP.1
IF (EMESH_EXITS(N)%MESH==\M .OR. EMESH_EXITS (N)’MANMESH==\M) THEN
N.VENT = N.VENT + 1

EMESH_EXITS (N)%_.VENT = N_.VENT

EVACUATION.VENT = .TRUE.

EVACUATION = .TRUE.

END IF

END DO NEND_LOOP_1

END IF IMODE._1.IF

IMODE.2_IF: IF (IMODE==2) THEN

! Evacuation VENTs (for the outflow wvents) need: XB, EVACUATION, RGB, MESH.ID, SURF.D, IOR
NEND_LOOP2: DON = 1, NEND

IF (.NOT.EMESH-EXITS (N)%DEFINEIMESH) CYCLE NEND.LOOP-2

IF (EMESH-EXITS(N)%I-VENT==AN .AND. (EMESH-EXITS(N)%MESH==\M .OR. EMESH.-EXITS (N)%VAINMESH==\M) ) THEN
EVACUATION_VENT = .TRUE.

EVACUATION = .TRUE.

SURF.ID = 'EVACUATION.OUTFLOW

MESH.ID = TRIM (MESH.NAME(N\M) )

XB(1) = EMESH_EXITS (N)%XB(1)
XB(2) = EMESH_EXITS (N)%XB(2)
XB(3) = EMESH.EXITS (N)%XB(3)
XB(4) = EMESH_EXITS (N)%XB(4)
XB(5) = EMESH.EXITS (N)%XB(5)
XB(6) = EMESH.EXITS (N)%XB(6)

RGB(:) = EMESH._EXITS (N)%RGB(:
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10082
10083
10084
10085
10086
10087
10088
10089
10090
10091
10092
10093
10094
10095
10096
10097
10098
10099
10100
10101

10102
10103
10104
10105
10106
10107
10108
10109
10110
10111
10112
10113
10114
10115
10116
10117
10118
10119
10120
10121
10122
10123
10124
10125
10126

10127
10128
10129
10130
10131
10132
10133
10134
10135
10136
10137
10138
10139
10140
10141
10142
10143
10144
10145
10146
10147
10148
10149
10150
10151
10152
10153
10154
10155
10156
10157
10158
10159
10160
10161
10162
10163
10164
10165
10166
10167

ID = TRIM( ' Event.’ // TRIM(MESHNAME(NV) ) )
END IF

END DO NEND_.LOOP2

END IF IMODE_2_IF

RETURN
END SUBROUTINE DEFINE_ EVACUATION_VENTS

END SUBROUTINE READ_VENT

SUBROUTINE READ_INIT

USE PHYSICAL_FUNCTIONS, ONLY: GET_SPECIFIC_.GAS_ CONSTANT

USE COMP_FUNCTIONS, ONLY: GET_FILE.NUMBER

USE DEVICE_VARIABLES, ONLY: DEVICE.TYPE, DEVICE, N.DEVC

REAL(EB) :: DIAMETER, TEMPERATURE, DENSITY,RR SUM, ZZ_GET (1:N_TRACKED_SPECIES) ,MASS PER VOLUME, &

MASS_PER_TIME, DT_INSERT ,UVW(3) ,HRRPUV,XYZ(3) ,DX,DY,DZ, HEIGHT, RADIUS, MASS FRACTION (MAX_SPECIES) , &

PARTICLE_WEIGHT _FACTOR,, AUTOIGNITION.TEMPERATURE, VOLUME_FRACTION (MAX_SPECIES )

INTEGER :: NM,N,NN,NNN, IT , JJ ,KK,NS,NS2, NUMBER-INITIAL_PARTICLES,, N_.PARTICLES , N.INIT.NEW , N_INIT_READ
N_PARTICLES_PER-CELL

LOGICAL :: CELL.CENTERED

EQUIVALENCE(NUMBER INITIAL_PARTICLES, N_.PARTICLES)

CHARACTER(LABELLLENGTH) :: ID,CTRL.ID,DEVC.D, PART.ID,SHAPE, MULTID, SPEC-ID (1:MAX_SPECIES)

TYPE(INITIALIZATION._TYPE) , POINTER :: IN=>NULL()

TYPE(MULTIPLIER-TYPE) , POINTER :: MR=>NULL()

TYPE(LAGRANGIAN_PARTICLE.CLASS.TYPE) , POINTER :: LPC=>NULL()

TYPE(DEVICE.TYPE) , POINTER :: DV

NAMELIST /INIT/ AUTO.IGNITION . TEMPERATURE, CELL.CENTERED, CTRL_ID , DENSITY , DEVC_ID , DIAMETER, DT_INSERT, DX, DY, DZ, &

HEIGHT,HRRPUV, ID , MASS FRACTION, &

MASS_PER_TIME , MASS PER VOLUME, MULT_ID, N_PARTICLES,, N_PARTICLES PER_CELL , PART_ID , PARTICLE_ WEIGHT FACTOR, &

RADIUS, SHAPE, SPEC_ID , TEMPERATURE, UVW, VOLUME FRACTION, XB, XYZ, &

NUMBER_INITIAL_PARTICLES !Backwards compatability

N.INIT = 0
N.INIT_READ = 0
REWIND(LU_INPUT) ; INPUT.FILE_LLINEXNUMBER = 0

COUNTLOOP: DO

CALL CHECKREAD( "INIT " ,LUINPUT,IOS)

IF (I0S==1) EXIT COUNTLOOP

MULTID = "null”’

READ(LU_INPUT ,NML=INIT ,END=11 ,ERR=12 ,IOSTAT=10S )

N_INIT-READ = N.NIT-READ + 1

12 IF (10S>0) THEN

WRITE(MESSAGE, " (A, 10 ,A,10)") "ERROR: Problem with INIT number ' ,N_INIT_.READ+1, ', line number’,
INPUT_FILE_LINE_ZNUMBER

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

NINIT.NEW = 0

IF (MULTID=='null’) THEN

NINIT.NEW = 1

ELSE

DO N=1,NMULT

MR => MULTIPLIER (N)

IF (MULTID==MR%ID) N.INITNEW = MRWN_COPIES

ENDDO

IF (N.NITNEW==0) THEN

WRITE(MESSAGE, " (A, A, A, 10) ") "ERROR: MULT line ', TRIM(MULTID),  not found on INIT line’, NJINIT_.READ
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

N_INIT = N_INIT + N_INIT_NEW

ENDDO COUNT_LOOP

11 REWIND(LUINPUT) ; INPUT_FILE.LINEXNUMBER = 0
! Add reserved INIT lines

N.INIT = N.INIT + N_INIT_RESERVED

' If there are no INIT lines , return

IF (N.INIT==0) RETURN

ALLOCATE(INITIALIZATION (N.INIT) ,STAT=IZERO)
CALL ChkMemErr( ‘READ”, "INITIALIZATION " ,IZERO)

DO NN=1,N_INIT
ALLOCATE(INITIALIZATION (NN)%MASS_FRACTION (N.TRACKED_SPECIES) ,STAT=IZERO)

CALL ChkMemErr( 'READ”, "INITIALIZATION ", IZERO)
INITIALIZATION (NN)%MASS FRACTION=0._EB

ENDDO

NN = 0

INIT_LOOP: DO N=1,N_INIT_READ+N_INIT_RESERVED

IF (N<=N_INIT_READ) THEN
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10168
10169 || ! Read in the INIT lines
10170
10171 || CALL CHECKREAD( 'INIT “,LUINPUT,I0S)

10172 || IF (I0S==1) EXIT INIT_LOOP

10173 || CALL SET-INIT-DEFAULTS

10174 || READ(LU-INPUT, INIT)

10175 || IF (ANY(MASSFRACTION>0._EB) .AND. ANY(VOLUMEFRACTION>0._EB)) THEN

10176 || WRITE(MESSAGE, ' (A, 10 ,A) ") ’ERROR: INIT line ’, N, ”. Do not specify both MASSFRACTION and VOLUMEFRACTION."
10177 || CALL SHUIDOWN(MESSAGE) ; RETURN

10178 || ENDIF

10179

10180 || ELSE

10181

10182 || ! Use information from DEVC line to create an INIT line for 'RADIATIVE HEAT FLUX GAS’ or 'ADIABATIC SURFACE

TEMPERATURE GAS’
10183
10184 || CALL SET_INIT_.DEFAULTS

10185 || DV => DEVICE(INIT_RESERVED (N-N_INIT_READ )%DEVC_INDEX)
10186 || DX = INIT_RESERVED (N-N_INIT_READ )%DX

10187 || DY = INIT_RESERVED (N-N_INIT_READ )%DY

10188 || DZ = INIT_RESERVED (N-N_INIT_READ )%DZ

10189 WRITE(PART-ID, " (A) ") 'RESERVED TARGET PARTICLE

10190 || N.PARTICLES = INIT_RESERVED (N-N_INIT_READ )%N_PARTICLES
10191 || XB(1) = DVX

10192 || XB(2) = DVX + (N_PARTICLES—1)+DX

10193 || XB(3) = DW&Y
10194 || XB(4) = DWY + (N_PARTICLES—1)+DY
10195 || XB(5) = DWZ

10196 || XB(6) = DWZ + (N_PARTICLES—1)+DZ
10197 || ID = DV%ID

10198 || ENDIF

10199

10200 || ! Transform XYZ into XB if necessary , and move XYZ points off of mesh boundaries.
10201

10202 || IF (ANY(XYZ>-100000.-EB)) THEN

10203

10204 || MESH.LOOP: DO NM=1,NMESHES

10205 || IF (EVACUATION.ONLY(NM)) CYCLE MESH.LOOP

10206 || ME>MESHES (NVI)

10207 || IF (XYZ(1)>3V0XS .AND. XYZ(1)<VUXF .AND. XYZ(2)>MeYS .AND. XYZ(2)<2M&YF .AND. XYZ(3)>MWZS .AND. XYZ(3)<2VZF)
THEN

10208 || IF (ABS(XYZ(1)-MAXS)<TWO-EPSILON.EB) XYZ(1) = XYZ(1) + 0.01-EB#M/DXI
10209 || IF (ABS(XYZ(1)-MAXF)<TWO-EPSILON.EB) XYZ(1) = XYZ(1) — 0.01-EB#M/DXI
10210 || IF (ABS(XYZ(2)-M&YS)<TWO_EPSILON.EB) XYZ(2) = XYZ(2) + 0.01_EB-MMETA
10211 || IF (ABS(XYZ(2)-M&YF)<TWO_EPSILON.EB) XYZ(2) = XYZ(2) — 0.01_EBMMETA
10212 || IF (ABS(XYZ(3)-MWZS)<TWO_EPSILON_EB) XYZ(3) = XYZ(3) + 0.01_EB=M@DZETA
10213 || IF (ABS(XYZ(3)-MWZF)<TWO_EPSILON_EB) XYZ(3) = XYZ(3) — 0.01_EB=M@DZETA
10214 || EXIT MESH.LOOP

10215 || ENDIF

10216 || ENDDO MESH.LOOP

10217

10218 || XB(1:2) = XYZ(1)

10219 || XB(3:4) = XYZ(2)

10220 || XB(5:6) = XYZ(3)

10221 || ENDIF

10222

10223 || ! If an offset has been specified , set the SHAPE to LINE.

10224

10225 || IF (DX>0.-EB .OR. DY>0..EB .OR. DZ>0._.EB) SHAPE = 'LINE’

10226

10227 || IF (N-PARTICLES>0 .AND. SHAPE=='LINE') THEN

10228 || XB(2) = XB(1) + DX*(N_PARTICLES—1)

10229 || XB(4) = XB(3) + DY*(N_PARTICLES—1)

10230 || XB(6) = XB(5) + DZ*(N_PARTICLES—1)

10231 || ENDIF

10232

10233 || ! Create a box around a CONE

10234

10235 || IF (SHAPE=='CONE’ .OR. SHAPE=='RING ') THEN

10236 || XB(1) = XYZ(1) — RADIUS

10237 || XB(2) = XYZ(1) + RADIUS

10238 || XB(3) = XYZ(2) — RADIUS

10239 || XB(4) = XYZ(2) + RADIUS

10240 || XB(5) = XYZ(3)

10241 || XB(6) = XYZ(3) + HEIGHT

10242 || IF (SHAPE=='RING") XB(6) = XB(5)

10243 || ENDIF

10244

10245 || ! Reorder XB coordinates if mnecessary

10246

10247 || CALL CHECKXB(XB)

10248

10249 || ! Loop owver all possible multiples of the INIT

10250

10251 || MR => MULTIPLIER (0)
10252 || DO NNN=1,N.MULT
10253 || IF (MULTID==MULTIPLIER (N\NN)%ID) MR => MULTIPLIER (NNN)
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10254 || ENDDO
10255
10256 ||NNN = 0

10257 || KMULT.LOOP: DO KK=MR/&KLOWER,MRK_UPPER
10258 || JJMULT-LOOP: DO ]]=MR4J_LOWER,MR4]_.UPPER
10259 || IMULT-LOOP: DO IT=MR/d-LOWER,MRAI_.UPPER
10260
10261 [[NNN = N\N + 1 ! Counter for MULT INIT lines
10262
10263 ||NN = NN + 1

10264 || IN => INITIALIZATION (NN)
10265
10266 || ! Store the input parameters
10267
10268 || IF (.NOT.MR/SEQUENTIAL) THEN

10269 || IN%X1 = XB(1) + MRMDX0 + IT+MRDXB(1)
10270 || IN%X2 = XB(2) + MRMDX0 + IT+MRDXB(2)
10271 || IN%Y1 = XB(3) + MRMDY0 + JJ«MRDXB(3)
10272 || IN%Y2 = XB(4) + MRMDY0 + ] *MRDXB(4)
10273 || IN%Z1 = XB(5) + MRMDZ0 + KK«MRDXB(5)
10274 || IN%Z2 = XB(6) + MRMDZ0 + KK«MR/DXB(6)
10275 || ELSE

10276 || IN%X1 = XB(1) + MRADX0 + IT«MRDXB(1)
10277 || IN%X2 = XB(2) + MRADX0 + IT+MRADXB(2)
10278 || IN%Y1 = XB(3) + MRADYO + II«MRWDXB(3)
10279 || IN%Y2 = XB(4) + MRADYO + II+MRMDXB(4)
10280 || IN%Z1 = XB(5) + MRMDZO + II+MRMDXB(5)
10281 || IN%Z2 = XB(6) + MRMDZO + II+MRMDXB(6)
10282 || ENDIF

10283

10284 || IF (MRAN_COPIES>1) THEN

10285 || WRITE(IN%ID, ' (A,A,15.5) ) TRIM(ID), ' NNN
10286 || ELSE

10287 || INAID = ID

10288 || ENDIF

10289

10290 || IN%CELL.CENTERED = CELL-CENTERED
10291 || IN%DIAMETER = DIAMETER*1.E—6_EB
10292 || INYDX = DX

10293 || INYDY = Dy

10294 || IN%DZ =Dz

10295 || IN%CTRL-ID = CTRL.ID

10296 || IN%DEVC.ID = DEVCID

10297 || CALL SEARCH.CONTROLLER( 'INIT *,IN%CTRL_ID , IN%DEVC_ID, IN4DEVC_INDEX,, IN%CTRL_INDEX ,N)
10298 || INYVOLUME = (INVeX2—INaX1)  (INYY2—INYY1) # (IN%Z2—IN%Z1)
10299 || IN%TEMPERATURE TEMPERATURE + TMPM

10300 || IN%DENSITY DENSITY
10301 || IN%SHAPE SHAPE
10302 || IN%HEIGHT HEIGHT
10303 || IN%RADIUS RADIUS

10304 || IN%HRRPUV HRRPUV *1000. _EB
10305 || IN%AIT AUTOIGNITION.TEMPERATURE + TVMPM

10306 || IF (HRRPUV > TWO_EPSILON.EB) INIT.HRRPUV = .TRUE.

10307 || IF (DENSITY > 0._EB) RHOMAX = MAX(RHOMAX, IN%DENSITY)

10308 || IF (AUTOIGNITION.TEMPERATURE < 1.E20.EB) REIGNITION.MODEL = .TRUE.
10309
10310 || SPEC.INIT_IF: IF (ANY(MASSFRACTION > 0._EB)) THEN
10311 || IF (SPECID(1)=='null ') THEN

10312 || WRITE(MESSAGE, " (A, 10 ,A,A) ") ’ERROR: Problem with INIT number “,N,’. SPEC.ID must be used with MASSFRACTION’
10313 || CALL SHUIDOWN(MESSAGE) ; RETURN
10314 || ENDIF

10315 || DO NS=1,MAX_SPECIES

10316 || IF (SPEC.ID(NS)=='null ') EXIT

10317 || DO NS2=1,N_.TRACKED_SPECIES

10318 || IF (NS2>0 .AND. TRIM(SPEC_ID (NS))==TRIM(SPECIES.MIXTURE (NS2)%ID)) THEN
10319 || INAMIASS_FRACTION (NS2) =MASS_FRACTION (NS)

10320 || EXIT

10321 ENDIF

10322 IF (NS2==N_TRACKED_SPECIES) THEN

10323 || WRITE(MESSAGE, ’ (A, 10 ,A,A,A) ") 'ERROR: Problem with INIT number " ,N,’ tracked species ',&
10324 || TRIM(SPEC.ID(NS) ), " not found’

10325 || CALL SHUIDOWN(MESSAGE) ; RETURN

10326 || ENDIF

10327 || ENDDO
10328 || ENDDO
10329

10330 || IF (SUM(IN7MASSFRACTION) > 1._EB) THEN

10331 || WRITE(MESSAGE, ' (A, 10 ,A,A) ") "ERROR: Problem with INIT number " ,N,”. Sum of specified mass fractions
10332 || CALL SHUIDOWN(MESSAGE) ; RETURN

10333 || ENDIF

10334 IF (IN7MASSFRACTION(1) <=TWO_EPSILON_EB) THEN

10335 || IN%MASSFRACTION(1) = 1._EB-SUM(IN%MASSFRACTION (2:N_TRACKED_SPECIES) )

10336 || ELSE
10337 || WRITE(MESSAGE, " (A, 10 ,A,A) ") "ERROR: Problem with INIT number ' ,Né&
10338 . Cannot specify background species for MASSFRACTION’

10339 || CALL SHUIDOWN(MESSAGE) ; RETURN
10340 || ENDIF
10341 || ZZ-GET (1:N_.TRACKED_SPECIES) = IN%MASS_FRACTION (1:N_TRACKED_SPECIES)
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10342 || CALL GET_SPECIFIC_.GAS_.CONSTANT (ZZ_GET,RR.SUM)
10343
10344 || ELSEIF (ANY(VOLUMEFRACTION>0..EB)) THEN SPEC_INIT_IF

10345 || IF (SUM(VOLUMEFRACTION) > 1._EB) THEN

10346 || WRITE(MESSAGE, ' (A, 10 ,A,A) ") "ERROR: Problem with INIT number ",N,”. Sum of specified volume fractions >

10347 || CALL SHUIDOWN(MESSAGE) ; RETURN

10348 || ENDIF

10349 || IF (SPEC.ID(1)=="null’) THEN

10350 || WRITE(MESSAGE, " (A,10 ,A,A) ") ’ERROR: Problem with INIT number “,N,’. SPEC.ID must be used with VOLUMEFRACTION "
10351 || CALL SHUIDOWN(MESSAGE) ; RETURN

10352 || ENDIF

10353 || DO NS=1,MAX_SPECIES

10354 || IF (SPEC_ID(NS)=="null ') EXIT

10355 || DO NS2=1,N_.TRACKED_SPECIES

10356 || IF (NS2>0 .AND. TRIM(SPEC_ID(NS))==TRIM(SPECIES_MIXTURE (NS2)%ID)) THEN

10357 || MASS_ FRACTION (NS2) =VOLUME FRACTION (NS ) *SPECIES_MIXTURE (NS2 ) %%/W

10358 || EXIT

10359 || ENDIF

10360 IF (NS2==N_TRACKED.SPECIES) THEN

10361 || WRITE(MESSAGE, ' (A, 10 ,A,A,A) ") 'ERROR: Problem with INIT number ' ,N,’ tracked species ',&

10362 || TRIM(SPEC.ID(NS)), " not found’

10363 || CALL SHUIDOWN(MESSAGE) ; RETURN

10364 || ENDIF

10365 || ENDDO

10366 || ENDDO

10367 || IF (MASSFRACTION(1) <=TWO.EPSILON.EB) THEN

10368 || MASSFRACTION (1) = (1..-EB-SUM(VOLUMEFRACTION) )*SPECIES_MIXTURE (1)%W

10369 || ELSE

10370 || WRITE(MESSAGE, " (A, 10 ,A,A) ") "ERROR: Problem with INIT number " ,Né&
10371 ’. Cannot specify background species for VOLUMEFRACTION’

10372 || CALL SHUIDOWN(MESSAGE) ; RETURN

10373 || ENDIF

10374 || MASS FRACTION (1:N_.TRACKED_SPECIES) = MASS FRACTION (1:N_TRACKED_SPECIES) /SUM(MASS_ FRACTION (1:N_TRACKED_SPECIES) )
10375 || IN%MASS_FRACTION (1:N_TRACKED_SPECIES) = MASS_FRACTION (1:N_TRACKED_SPECIES)

10376 || ZZ-GET (1:N_.TRACKED_SPECIES) = IN%MASS_FRACTION (1:N_TRACKED_SPECIES)

10377 || CALL GET_SPECIFIC_.GAS_.CONSTANT (ZZ_GET,RR.SUM)

10378
10379 || ELSE SPEC_INIT.IF

10380 || IN%MASS_FRACTION (1:N_TRACKED_SPECIES) = SPECIES.MIXTURE (1:N_TRACKED_SPECIES)%ZZ0
10381 || RRSUM = RSUMO

10382

10383 || ENDIF SPEC.INIT.IF

10384

10385 || IF (TEMPERATURE > 0.-EB) TMPMIN = MIN(TMPMIN, IN%IEMPERATURE)
10386

10387 || IF (IN%IEMPERATURE > 0._EB .AND. IN%DENSITY < 0._EB) THEN
10388 || IN%DENSITY P_INF / (IN%IEMPERATURE+RR SUM )

10389 || IN%ADJUST_DENSITY .TRUE.

10390 || ENDIF

10391 || IF (IN%IEMPERATURE < 0._EB .AND. IN%DENSITY > 0._EB) THEN
10392 || IN%IEMPERATURE = P_INF /(IN%DENSITY*RR SUM)

10393 || IN%ADJUST.TEMPERATURE = .TRUE.

10394 || ENDIF

10395 || IF (IN%IEMPERATURE < 0._EB .AND. IN%DENSITY < 0._EB) THEN

10396 || IN%IEMPERATURE = TMPA

10397 || IN%DENSITY = P_INF / (IN%IEMPERATURE+RR SUM)

10398 || IN%ADJUST_DENSITY = .TRUE.

10399 || ENDIF

10400

10401 ! Special case where INIT is used to introduce a block of particles
10402

10403 || IN%MASS_PER-TIME = MASS_PER.TIME

10404 || IN%MASS_PER VOLUME = MASS_PER VOLUME

10405
10406 || IF (N_PARTICLES_PER.CELL>0 .AND. N_PARTICLES>0) THEN

10407 || WRITE(MESSAGE, " (A,10 ,A) ") 'ERROR: INIT ’,N,’ Cannot use both N_PARTICLES and N_PARTICLES_PER.CELL’
10408 || CALL SHUIDOWN(MESSAGE) ; RETURN

10409 || ENDIF

10410
10411 || IN%N_PARTICLES = N_PARTICLES

10412 || IN%N-PARTICLES_PER.CELL = N.PARTICLES-PER.CELL
10413 || IN%PARTICLE.-WEIGHT_FACTOR = PARTICLE.-WEIGHT_FACTOR
10414
10415 || IF ( IN%MASSPER-VOLUME>0._.EB .AND. IN%VOLUME<=TWO.EPSILON-EB) THEN
10416 || WRITE(MESSAGE, " (A, 10 ,A) ") ERROR: INIT “,N,” XB has no volume’

10417 || CALL SHUTDOWN(MESSAGE) ; RETURN

10418 || ENDIF

10419
10420 || IN%DT-INSERT = DT-INSERT

10421 || IF (DT.INSERT>0._EB) IN%SINGLE_INSERTION = .FALSE.
10422
10423 || ! Set up a clock to keep track of particle insertions
10424
10425 || ALLOCATE(IN%PARTICLE INSERT_CLOCK (NMESHES) ,STAT=IZERO)
10426 || CALL ChkMemErr( ‘READ’, "PARTICLE INSERT CLOCK '’ ,IZERO)
10427 || IN%PARTICLE.INSERT_.CLOCK = T_BEGIN

10428
10429 || ALLOCATE(IN%ALREADY_INSERTED (NMESHES) ,STAT=IZERO)
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10430
10431
10432
10433
10434
10435
10436
10437
10438
10439
10440
10441
10442
10443
10444
10445
10446
10447
10448
10449
10450
10451
10452
10453
10454
10455
10456
10457
10458
10459
10460
10461
10462
10463
10464
10465
10466
10467
10468
10469
10470
10471
10472
10473
10474
10475
10476
10477
10478
10479
10480
10481
10482
10483
10484
10485
10486
10487
10488
10489
10490
10491
10492
10493
10494
10495
10496
10497
10498
10499
10500
10501
10502
10503
10504
10505
10506
10507
10508
10509
10510
10511
10512
10513
10514
10515
10516
10517

CALL ChkMemErr( ‘READ”, "ALREADY INSERTED ", IZERO)
IN%ALREADY_INSERTED = .FALSE.

! Assign an index to identify the particle class
PART.ID.IF: IF (PART.ID/='null’) THEN

DO NS=1,N.LAGRANGIAN.CLASSES

IF (PART-ID==LAGRANGIAN_PARTICLE.CLASS(NS)%ID) THEN

IN%PARTINDEX = NS

PARTICLE FILE = .TRUE.

EXIT

ENDIF

ENDDO

IF (IN%PARTINDEX<1) THEN

WRITE(MESSAGE, ' (A, A,A) ") ‘ERROR: PARTID ', TRIM(PARTID),’ does not exist’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

LPC => LAGRANGIAN_PARTICLE.CLASS (INVPART INDEX)

IN%N_PARTICLES = N_PARTICLES#MAX(1 , LPCYN.ORIENTATION)
IN%N_PARTICLES_PER CELL = N_PARTICLES_PER_CELLAMAX(1,LPC%N_ORIENTATION)

IF (IN%MASS_PER.TIME>0..EB .OR. INYAMASS_PER VOLUME>0._.EB) THEN

IF (LPC%DENSITY < 0._EB) THEN

WRITE(MESSAGE, ’ (A, A,A) ") “INIT FRROR: PARTicle class ', TRIM(LPC%ID),  requires a density’
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

! Make sure that all particles are inside of the domain
IF ( LPC%PERIODIC.X .AND. (IN%X2>=XFMAX .OR. IN%X1<=XSMIN) ) THEN

WRITE(MESSAGE, " (A,10 ,A,A) ") "ERROR: Problem with INIT number ’,N,’. Particle at boundary or outside of domain.’
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

IF ( LPC®PERIODIC.Y .AND. (IN%Y2>=YFMAX .OR. IN%Y1<=YSMIN) ) THEN

WRITE(MESSAGE, ' (A, 10 ,A,A) ") "ERROR: Problem with INIT number ’,N,’. Particle at boundary or outside of domain.’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

IF ( LPC%PERIODIC.Z .AND. (IN%Z2>=/FMAX .OR. IN%Z1<=ZS.MIN) ) THEN

WRITE(MESSAGE, ' (A,10 ,A,A) ") 'ERROR: Problem with INIT number ",N,’. Particle at boundary or outside of domain.’
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF PART.ID.IF
! Initial velocity components

IN%UO = UVW(1)
IN%VO = UVW(2)
INVAND = UVW(3)

ENDDO I MULT_LOOP
ENDDO ] MULT_.LOOP
ENDDO K.MULT_LOOP

ENDDO INIT_LOOP
! Check if there are any devices that refer to INIT lines

DEVICE_LOOP: DO NN=1,N.DEVC
DV => DEVICE (NN)

IF (DWINIT_ID=="null ') CYCLE

DO 1=1,N_INIT

IN => INITIALIZATION (1)

IF (IN%ID==DV%INIT_ID) CYCLE DEVICE_LOOP

ENDDO

WRITE(MESSAGE, * (A, A,A) ") "ERROR: The INIT_ID for DEVC *, TRIM(DVAID),  cannot be found .’
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDDO DEVICE_LOOP

! Rewind the input file and return
REWIND(LUINPUT) ; INPUT.FILE.LINE.NUMBER = 0

CONTAINS

SUBROUTINE SET.INIT_DEFAULTS

! Set default values

AUTOIGNITION_.TEMPERATURE = 1.E20_.EB
CELL.CENTERED = .FALSE.
CTRL.ID = ‘null’
DENSITY = —1000._.EB
DEVC.ID = 'null’
DIAMETER = —1._EB
DT_INSERT = —1._EB
DX = 0..EB
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10518
10519
10520
10521
10522
10523
10524
10525
10526
10527
10528
10529
10530
10531
10532
10533
10534
10535
10536
10537
10538
10539
10540
10541
10542
10543
10544
10545
10546
10547
10548
10549
10550
10551
10552
10553
10554
10555
10556
10557
10558
10559
10560
10561
10562
10563
10564
10565
10566
10567
10568
10569
10570
10571
10572
10573
10574
10575
10576

10577
10578
10579
10580
10581
10582
10583
10584
10585
10586
10587
10588
10589
10590
10591
10592
10593
10594
10595
10596
10597
10598
10599
10600
10601
10602
10603
10604

DYy = 0..EB

DZ = 0..EB
HEIGHT = —1..EB
HRRPUV = 0..EB

1D = ‘null’
MASS_FRACTION = 0..EB
MASS_PER.TIME = —1..EB

MASS PER VOLUME = —1..EB
MULT-ID = ‘null’
N-PARTICLES =0
N_PARTICLES_PER_.CELL =0

PARTICLE_ WEIGHT_FACTOR = 1.0_EB
PART.ID = ‘null”’
RADIUS = —1..EB

SHAPE = ’BLOCK’
SPEC.ID = ’'null
TEMPERATURE = —1000._.EB
Ow = 0..EB
VOLUME_FRACTION = 0..EB

XB(1) = —1000000._EB
XB(2) = 1000000._EB
XB(3) = —1000000._EB
XB(4) = 1000000.-EB
XB(5) = —1000000._EB
XB(6) = 1000000.-EB
XYZ = —1000000.-EB

END SUBROUTINE SET_INIT_DEFAULTS

END SUBROUTINE READ_INIT

SUBROUTINE READ_ZONE

REAL(EB) , ALLOCATABLE, DIMENSION (:) :: LEAK.AREA, LEAK REFERENCE_PRESSURE, LEAK PRESSURE_EXPONENT
INTEGER :: N,NM,NN,N_EVAC_ZONE,N.EVACMESH,NM_EVAC

LOGICAL :: SEALED,READ_ZONE_LINES, PERIODIC

CHARACTER(LABELLENGTH) :: ID

NAMELIST /ZONE/ 1D,LEAK_AREA, LEAK_PRESSURE.EXPONENT, LEAK_REFERENCE_PRESSURE, XB, PERIODIC

ALLOCATE (LEAK-AREA (0:MAXLEAK PATHS))
ALLOCATE (LEAK_REFERENCE_PRESSURE (0:MAXLEAK PATHS) )
ALLOCATE (LEAK PRESSURE.EXPONENT (0:MAXLEAK PATHS) )

NZONE = 0
REWIND(LU_NPUT) ; INPUT_FILE_LLINE.NUMBER = 0
COUNT_ZONELOOP: DO

CALL CHECKREAD( 'ZONE' ,LUINPUT, I10S)

IF (I0S==1) EXIT COUNT_ZONELOOP
READ(LU_INPUT,NML=ZONE, END=11 ,ERR=12 ,JOSTAT=10S
NZONE = NZONE + 1

12 IF (10S>0) THEN

WRITE(MESSAGE, " (A, 10 ,A,10) ") "ERROR: Problem with ZONE number ~ ,NZONE+1, , line number’ ,INPUT_FILE_LINE.NUMBER
CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF

ENDDO COUNT-ZONE_LOOP
11 REWIND(LUINPUT) ; INPUT.FILE.LINE.NUMBER = 0

! Check to see if there are any OPEN vents. If there are not, and there are no declared pressure ZONEs, stop with
an error.

SEALED = .TRUE.

NLEVACZONE = 0

DO NVi=1,NMESHES

IF (.NOT.EVACUATION.ONLY(\M) ) THEN

M => MESHES(NM)

DO N=1 MAN_VENT

VT => MWENTS(N)

IF (VI%BOUNDARY.TYPE==OPEN BOUNDARY) SEALED
IF (VI%BOUNDARY.TYPE==PERIODIC_.BOUNDARY) SEALED
ENDDO

ELSE

IF (EVACUATION.SKIP(\M) ) N.EVACZONE = NEVACZONE + 1
END IF

ENDDO

.FALSE.
.FALSE.

! If the whole domain lacks on OPEN or PERIODIC boundary, assume it to be one big pressure zone

READ_ZONE_LINES = .TRUE.
IF (SEALED .AND. N_ZONE==0) THEN

NZONE = 1
READ_ZONE_LINES = .FALSE.
ENDIF

IF (ANY(EVACUATION.SKIP) ) THEN
IF (READ_ZONE_LINES) THEN
NZONE = NZONE + N_EVACZONE
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10605 || ELSE
10606 || NZONE = N.EVACZONE
10607 || ENDIF

10608 || END IF

10609

10610 || ! Make sure that there are no leak paths to undefined pressure ZONEs
10611

10612 || DO N=0,N_SURF

10613 || SF => SURFACE(N)

10614 || IF (SFALEAKPATH(1)>(N_ZONE-N.EVACZONE) .OR. SFWLEAKPATH(2)>(NZONE-N.EVACZONE)) SFAEAKPATH = —1
10615 || ENDDO

10616
10617 || ! Allocate array to indicate if pressure ZONEs are connected
10618
10619 || ALLOCATE(CONNECTED_ZONES(0:N_ZONE, 0 : N.ZONE,NMESHES) ,STAT=IZERO)
10620 || CALL ChkMemErr( ‘READ’, "CONNECTED ZONES” ,IZERO)

10621 || CONNECTEDZONES = .FALSE.

10622
10623 ! If there are no ZONE lines , return
10624
10625 || IF (NZONE==0) RETURN
10626
10627 || ! Allocate ZONE arrays
10628
10629 || ALLOCATE(P-ZONE (NZONE) ,STAT=IZERO)
10630 || CALL ChkMemErr( 'READ”, 'P ZONE" ,IZERO)

10631

10632 || ! Read in and process ZONE lines

10633

10634 || READ_ZONELOOP: DO N=1,N_ZONE-N_EVAC_ZONE
10635

10636 || ALLOCATE(P_ZONE (N)%LEAK_AREA (0:N_ZONE) ,STAT=IZERO)

10637 || CALL ChkMemErr( ‘READ’, 'L EAK AREA’,IZERO)

10638 || ALLOCATE(P_ZONE (N)%LEAK PRESSURE_EXPONENT (0 :N_ZONE) ,STAT=IZERO)
10639 || CALL ChkMemErr( 'READ” , ‘T EAK PRESSURE EXPONENT ,IZERO)

10640 || ALLOCATE(P_ZONE (N)%LEAK_REFERENCE_PRESSURE (0:N_ZONE) ,STAT=IZERO)
10641 CALL ChkMemErr( "READ’ , "LEAK_REFERENCE_PRESSURE ’ /IZERO)

10642
10643 || IF (N<1000) WRITE(ID, (A, 13) ) 'ZONE.' N
10644 || IF (N<100) WRITE(ID, (A, 12)’) 'ZONE.' N
10645 || IF (N<10) WRITE(ID, '(A,11)’) 'ZONE.' N
10646 || LEAK AREA = 0._EB

10647 || LEAK_REFERENCE_PRESSURE = 4._
10648 || LEAK PRESSURE_EXPONENT = 0.5_

10649 || XB(1) = —1000000._EB
10650 || XB(2) = 1000000._EB
10651 || XB(3) = —1000000..EB
10652 || XB(4) = 1000000..EB
10653 || XB(5) = —1000000..EB
10654 || XB(6) = 1000000..EB
10655 || PERIODIC = .FALSE.

10656
10657 || IF (READ_ZONE.LINES) THEN

10658 || CALL CHECKREAD( 'ZONE’ ,LUINPUT, I0S)
10659 || IF (I0S==1) EXIT READ.ZONELOOP
10660 || READ(LU_INPUT,ZONE)

10661 || ENDIF

10662
10663 || CALL CHECK XB(XB)
10664
10665 || PZONE(N)%ID = ID

10666 || PZONE (N)%LEAK_AREA (0:N.ZONE) = LEAK_AREA (0:N.ZONE)

10667 || PZONE (N)%LEAK_REFERENCE_PRESSURE (0:N_ZONE) = LEAK_REFERENCE_PRESSURE (0:N_ZONE)
10668 || P_ZONE (N)%LEAK_PRESSURE_EXPONENT (0:N_ZONE) = LEAK_PRESSURE_EXPONENT (0:N_ZONE)
10669 || PZONE(N)%X1 = XB(1)

10670 || PZONE(N)%X2 = XB(2)
10671 || PZONE(N)%Y1 = XB(3)
10672 || PZONE(N)%Y2 = XB(4)
10673 || PZONE(N)%Z1 = XB(5)
10674 || PZONE(N)%Z2 = XB(6)

10675 || P_ZONE (N)%EVACUATION = .FALSE.
10676 || PZONE(N)%PERIODIC = PERIODIC

10677 || IF (N> 1) THEN

10678 || DONN = 1,N-1

10679 || IF (P_ZONE(NN)%LEAK_AREA (N) >0._EB) THEN
10680 || IF (PZONE(N)%LEAKAREA(NN) > 0._EB) THEN

10681 || WRITE(MESSAGE, " (A, 10 ,A,10) ") ERROR: LEAK.AREA specified twice for ZONE ' ,N,” and ' NN
10682 || CALL SHUIDOWN(MESSAGE) ; RETURN
10683 || ELSE

10684 || PZONE(N)%.EAK_AREA(NN) = P_ZONE (NN)%LEAK_AREA (N)
10685 || P_ZONE (N)%LEAK_REFERENCE_PRESSURE(NN) = P_ZONE (NN)%LEAK_REFERENCE_PRESSURE (N)
10686 || P_ZONE (N)%LEAK_PRESSURE_EXPONENT(NN) = P_ZONE (NN)%LEAK PRESSURE_EXPONENT (N)

10687 || ENDIF
10688 || ENDIF
10689 || ENDDO
10690 || ENDIF
10691

10692 || ENDDO READ_ZONE_LOOP
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10693
10694
10695
10696
10697
10698
10699
10700
10701
10702
10703
10704
10705
10706
10707
10708
10709
10710
10711
10712
10713
10714
10715
10716
10717
10718
10719
10720
10721
10722
10723
10724
10725
10726
10727
10728
10729
10730
10731
10732
10733
10734
10735
10736
10737
10738
10739
10740
10741
10742

10743

10744
10745

10746
10747

10748
10749

10750
10751
10752

10753
10754
10755
10756
10757
10758
10759
10760
10761
10762
10763
10764
10765
10766
10767
10768
10769
10770
10771
10772
10773
10774

READ_EVACUATION_ZONELOOP: DO N=N_ZONE-N_EVAC_ZONE+1,N_ZONE
ALLOCATE(P_ZONE (N)%_EAK_AREA (0 :N_ZONE) ,STAT=IZERO)

CALL ChkMemErr( ‘READ”, "LEAK_AREA ", IZERO)
WRITE(ID, "(A,12.2) ") "ZONE." N
LEAK_AREA = 0._EB

N_EVACMESH = 0

NMEVAC = 0

EVAC MESHNUMBER: DO NM=1,NMESHES

IF (EVACUATION.SKIP(NM) ) THEN

NEVACMESH = NEEVACMESH + 1

NMEVAC = NM

IF (NEVACMESH == N—(N_ZONE-N_EVACZONE)) EXIT EVACMESH.NUMBER
END IF

ENDDO EVAC.MESH.NUMBER

XB(1) = 0.5 _EB *(MESHES (NM.EVAC)%XS+MESHES (NM_EVAC) %XF)
XB(2) = 0.5 _EB *(MESHES (NM_EVAC)%XS+MESHES (NM_EVAC) %XF)
XB(3) = 0.5 _EB *(MESHES (NM.EVAC)%YS+MESHES (NM_EVAC)%YF)
XB(4) = 0.5 _EB *(MESHES (NM.EVAC)%YS+MESHES(NM_EVAC)%YF)
XB(5) = MESHES(NM_EVAC)%ZS

XB(6) = MESHES(NM_EVAC)%ZF

PZONE(N)%ID = ID

PZONE(N)%ID = TRIM( ' EvacPzone.’) // TRIM(MESHNAME(NMEVAC))
P_ZONE(N)%LEAK_AREA (0:N.ZONE) = LEAK_AREA (0:NZONE)
P_ZONE(N)%X1 = XB(1) —0.5_EB

P_ZONE(N)%X2 = XB(2)+0.5_EB

P_ZONE(N)%Y1 = XB(3) —0.5_EB

P_ZONE(N)%Y2 = XB(4)+0.5_EB

P_ZONE(N)%Z1 = XB(5)

P_ZONE(N)%Z2 = XB(6)

P_ZONE(N)%EVACUATION = .TRUE.

P_ZONE(N)%MESH.INDEX = NM.EVAC

ENDDO READ_EVACUATION_ZONELOOP
REWIND(LUINPUT) ; INPUT.FILE.LINE.NUMBER = 0
DEALLOCATE (LEAK-AREA)

END SUBROUTINE READ.ZONE

SUBROUTINE READ_DEVC
! Just read in the DEViCes and the store the info in DEVICE()

USE DEVICE_.VARIABLES, ONLY: DEVICE.TYPE, DEVICE, N.DEVC, N.DEVC.TIME, N.DEVC.LINE,MAX_DEVC_LINE_POINTS,
DEVC_PIPE_.OPERATING

INTEGER  :: NN,NM,MESHNUMBER, N.DEVC_READ, IOR, TRIP_DIRECTION , VELO_INDEX, POINTS, I_.POINT , PIPE_INDEX ,
ORIENTATION_INDEX, &

ORIENTATION.NUMBER, STATISTICS LOCATION_INDEX , GHOST_.CELL_IOR (3)

REAL(EB) :: DEPTH,ORIENTATION (3) ,ROTATION, SETPOINT, FLOWRATE, BYPASS FLOWRATE, DELAY, XYZ(3) ,CONVERSION_FACTOR,
SMOOTHING FACTOR, &

OR.TEMP(3) ,QUANTITY RANGE(2) ,STATISTICS_START ,COORD_FACTOR

CHARACTER(LABELLENGTH) :: QUANTITY,QUANTITY2, PROP_ID, CTRLID, DEVC.ID, INIT_ID , SURF_ID, STATISTICS , PART_ID,MATLID,
SPEC_ID,UNITS, &

DUCTID,NODEID(2) ,R.ID,X_ID,Y_ID, Z_ID ,NO.UPDATE.DEVCID,NO_.UPDATE_CTRL ID, REAC_ID

LOGICAL :: INITIAL_STATE ,LATCH,DRY, TIME AVERAGED, EVACUATION, HIDE.COORDINATES, RELATIVE, OUTPUT,
NEW_ORIENTATION_VECTOR, TIME_HISTORY, &

LINE_DEVICE

TYPE (DEVICE.TYPE), POINTER :: DV=>NULL()

NAMELIST /DEVC/ BYPASSFLOWRATE, CONVERSION_FACTOR, COORD_FACTOR, CTRL_ID , DELAY, DEPTH, DEVC_ID, DRY, DUCTID, EVACUATION
,FLOWRATE, FYT, &

GHOST.CELL_IOR , HIDE.COORDINATES, ID , INITIAL_STATE , INIT_ID , IOR, LATCH, MATL ID, NODEID, &

NO_UPDATE.DEVC_ID,NO_UPDATE.CTRL.ID, ORIENTATION, ORIENTATION.NUMBER, OUTPUT, PART_ID , PIPE_INDEX , POINTS, &

PROP_ID,QUANTITY, QUANTITY2, QUANTITY_RANGE, &

REAC.ID,RELATIVE, R_ID ,ROTATION, SETPOINT , SMOOTHING FACTOR, SPEC_ID , STATISTICS , STATISTICS.START , SURF_ID, &

TIME.AVERAGED, TIME_HISTORY , TRIP_DIRECTION , UNITS, VELO_INDEX, XB, XYZ, X_ID, Y_ID , Z_ID

! Read the input file and count the number of DEVC lines

NDEVC = 0

NDEVCREAD =
N.DEVC.TIME =
N.DEVC.LINE =

0
0
0

REWIND(LU_INPUT) ; INPUT_FILE.LINE.NUMBER = 0
COUNT.DEVC.LOOP: DO

CALL CHECKREAD( ‘DEVC’,LUINPUT, I0S)

IF (I0S==1) EXIT COUNT.DEVCLOOP

POINTS = 1

TIME_HISTORY = .FALSE.

READ(LU_INPUT ,NMI=DEVC,END=11,ERR=12 ,JOSTAT=I0S)
N.DEVC = N.DEVC + POINTS

NDEVCREAD = N.DEVCREAD + 1
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10775 || IF (POINTS>1 .AND. .NOT.TIME_HISTORY) MAXDEVC_LINEPOINTS = MAX(MAX_DEVC_LINE_POINTS, POINTS)
10776 || 12 IF (10S>0) THEN

10777 || WRITE(MESSAGE, " (A, 10 ,A,10) ") "ERROR: Problem with DEVC number ' ,N.DEVCREAD+1,’, line number’,
INPUT_FILE_.LINE_.NUMBER

10778 || CALL SHUIDOWN(MESSAGE) ; RETURN

10779 || ENDIF

10780 || ENDDO COUNT_DEVC_LOOP

10781 || 11 REWIND(LUINPUT) ; INPUT.FILE_LINE.NUMBER = 0

10782
10783 || IF (N.DEVC==0) RETURN
10784
10785 || ! Allocate DEVICE array to hold all information for each device
10786
10787 || ALLOCATE(DEVICE(N.DEVC) ,STAT=IZERO) ; CALL ChkMemErr( 'READ’, 'DEVICE’ ,IZERO)
10788
10789 ! Speceial case for QUANTITY='RADIATIVE HEAT FLUX GAS’ or 'ADIABATIC SURFACE TEMPERATURE GAS’
10790
10791 || ALLOCATE(INIT_RESERVED (N.DEVC) ,STAT=IZERO) ; CALL ChkMemErr( 'READ’, "INIT_RESERVED ' ,IZERO)
10792 || NINIT_-RESERVED = 0

10793
10794 || ! Read in the DEVC lines , keeping track of TIME-history devices , and LINE array devices
10795
10796 || N-DEVC = 0
10797
10798 || READ.DEVCLOOP: DO NN=1,N.DEVC READ
10799
10800 || CALL CHECKREAD( 'DEVC” ,LUINPUT, IOS)
10801 IF (I0S==1) EXIT READ_DEVC_LOOP
10802 || CALL SET_DEVC_DEFAULTS

10803 || READ(LU_INPUT,DEVC)

10804

10805 || IF (QUANTITYRANGE(2) <= QUANTITY.RANGE(1)) THEN

10806 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: DEVC ’,TRIM(ID),  has QUANTITY.RANGE(2) <= QUANTITY RANGE(1)
10807 || CALL SHUTDOWN(MESSAGE) ; RETURN

10808 || ENDIF

10809

10810 || ! Determine if the device is a steady—state "line” device or the usual time—history device.
10811

10812 || LINE.DEVICE = .FALSE.

10813 || IF (POINTS>1 .AND. .NOT.TIME_HISTORY) LINE_DEVICE = .TRUE.
10814
10815 ! Parse 'MAXLOC X', etc.
10816
10817 || IF (STATISTICS(1:

‘MAXLOC” LOR. STATISTICS (1:6)=="MINLOC") THEN

10818 || IF (STATISTICS(8: 'X") STATISTICS_.LOCATION_INDEX = 1
10819 || IF (STATISTICS(8: "Y’) STATISTICS_.LOCATION_INDEX = 2
10820 || IF (STATISTICS(8:8)=="Z") STATISTICS.LOCATION.INDEX = 3
10821 || IF (STATISTICS(1:6)=="MAXLOC") STATISTICS = 'MAX’

10822 || IF (STATISTICS(1:6)=="MINLOC") STATISTICS = 'MIN’

10823 || UNITS = 'm’

10824 || ENDIF

10825

10826 || ! Error statement involving POINTS

10827

10828 || IF (POINTS>1 .AND. ANY(XB<—1.E5.EB) .AND. INIT.ID=="null’) THEN

10829 || WRITE(MESSAGE, " (A, A,A) ")  'ERROR: DEVC ", TRIM(ID),” must have coordinates given in terms of XB’
10830 || CALL SHUIDOWN(MESSAGE) ; RETURN
10831 || ENDIF

10832 || IF (LINE_DEVICE .AND. TRIM(STATISTICS)/="null”’ AND. &
10833 || TRIM(STATISTICS) /="RMS’ AND. &
10834 || TRIM(STATISTICS) /="COV’ AND. &

10835 || TRIM(STATISTICS) /="CORRCOEF" .AND. &
10836 || TRIM(STATISTICS) /="TIME MIN’ .AND. &
10837 || TRIM(STATISTICS) /="TIME MAX") THEN

10838 || WRITE(MESSAGE, " (A,A,A) ")  'ERROR: DEVC ', TRIM(ID),’ cannot use a steady-—state line device and STATISTICS at the
same time’

10839 || CALL SHUIDOWN(MESSAGE) ; RETURN

10840 || ENDIF

10841 IF (.NOT.LINE.DEVICE .AND. (TRIM(STATISTICS)=="TIME MIN" .OR. &

10842 || TRIM(STATISTICS)=="TIME MAX") ) THEN

10843 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: DEVC “  TRIM(ID), " cannot compute STATISTICS. Set POINTS>1.’

10844 || CALL SHUIDOWN(MESSAGE) ; RETURN
10845 || ENDIF

10846
10847 ! Make ORIENTATION consistent with IOR
10848
10849 || SELECT CASE(IOR)

10850 || CASE( 1) ; ORIENTATION=(/ 1._EB, 0._EB, 0..EB/)
10851 || CASE(—1) ; ORIENTATION=(/—1._EB, 0._EB, 0..EB/)
10852 || CASE( 2) ; ORIENTATION=(/ 0._EB, 1._EB, 0..EB/)
10853 || CASE(—2) ; ORIENTATION=(/ 0._EB,—1._EB, 0..EB/)
10854 || CASE( 3) ; ORIENTATION=(/ 0._EB, 0._EB, 1._EB/)
10855 || CASE(—3) ; ORIENTATION=(/ 0._EB, 0..EB,—1._.EB/)

10856 || END SELECT
10857
10858 || ! Add ORIENTATION to global list
10859
10860 || NEW_ORIENTATION.VECTOR = .TRUE.
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10861 || ORIENTATION.INDEX = 0
10862
10863 || DO I=1,N.ORIENTATION_VECTOR

10864 || IF (ORIENTATION (1)==ORIENTATION.VECTOR(1,1) .AND. &
10865 || ORIENTATION (2)==ORIENTATION.VECTOR(2,1) .AND. &
10866 || ORIENTATION (3)==ORIENTATION.-VECTOR(3,1)) THEN

10867 || NEW.-ORIENTATION.VECTOR = .FALSE.

10868 || ORIENTATION.INDEX = I

10869 || EXIT
10870 || ENDIF
10871 || ENDDO
10872

10873 || IF (NEW_ORIENTATION_.VECTOR) THEN

10874 || ORTEMP(1:3) = ORIENTATION(1:3)

10875 || N.ORIENTATION_.VECTOR = N_ORIENTATION_.VECTOR + 1

10876 || IF (N_ORIENTATION.VECTORSUBOUND(ORIENTATION_VECTOR,DIM=2)) THEN

10877 || ORIENTATION_VECTOR => REALLOCATE2D(ORIENTATION.VECTOR, 1,3 ,1 ,N.ORIENTATION_VECTOR+10)

10878 || ENDIF

10879 || IF (ALL(ABS(OR.TEMP(1:3))<TWO_EPSILON_EB)) THEN

10880 || WRITE(MESSAGE, ' (A, A,A) ") "ERROR: DEVC “ , TRIM(ID), ’ All components of ORIENTATION are zero.’
10881 || CALL SHUTDOWN(MESSAGE) ; RETURN

10882 || ENDIF

10883 || ORIENTATION.VECTOR (1:3 ,N.ORIENTATION.VECTOR) = ORIENTATION (1:3)/ NORM2(OR.TEMP)

10884 || ORIENTATION.INDEX = N.ORIENTATION.VECTOR

10885 || ENDIF

10886
10887 || ! Check if there are any devices with specified XB that do not fall within a mesh.
10888
10889 || IF (POINTS==1 .AND. XB(1)>-1E5.EB) THEN
10890
10891 || IF (QUANTITY/="PATH OBSCURATION" .AND. QUANTITY/="TRANSMISSION ") CALL CHECKXB(XB)
10892
10893 || BAD = .TRUE.

10894 || CHECK MESHIOOP: DO NV=1,NMESHES

10895 || IF (EVACUATION.ONLY(NM) ) CYCLE CHECKMESH.LOOP

10896 || ME>MESHES (NM)

10897 || IF (XB(1)>3WeXS .AND. XB(2)<aWXF .AND. XB(3)>aMtYS .AND. XB(4)<=MALYF .AND. XB(5)>aWZS .AND. XB(6)<aWaZF) THEN
10898 || BAD = .FALSE.

10899 || EXIT CHECKMESH.LOOP

10900 || ENDIF

10901 || ENDDO CHECK MESH.LOOP

10902

10903 || IF (BAD .AND. .NOT.ALL(EVACUATION.ONLY)) THEN

10904 || WRITE(MESSAGE, " (A,A,A) ")  'ERROR: XB for DEVC ', TRIM(ID),  must be completely within a mesh
10905 || CALL SHUIDOWN(MESSAGE) ; RETURN

10906 || ENDIF

10907

10908 || ENDIF

10909

10910 || ! Process the point devices along a line, if necessary
10911

10912 || POINTS_LOOP: DO I.POINT=1,POINTS

10913

10914 || IF (XB(1)>-1.E5.EB) THEN

10915 || IF (TRIM(QUANTITY)=="VELOCITY PATCH") THEN

10916 || IF (XYZ(1) <-1.E5.EB) THEN

10917 || XYZ(1) = XB(1) + (XB(2)-XB(1))/2._EB

10918 || XYZ(2) = XB(3) + (XB(4)-XB(3))/2._EB

10919 || XYZ(3) = XB(5) + (XB(6)-XB(5))/2._.EB

10920 || ENDIF

10921 || ELSE

10922 || IF (POINTS > 1) THEN

10923 || XYZ(1) = XB(1) + (XB(2)—XB(1))+REAL(I_POINT—1,EB) /REAL(MAX(POINTS—1,1) ,EB)
10924 || XYZ(2) = XB(3) + (XB(4)—XB(3))+REAL(I_POINT—1,EB) /REAL(MAX(POINTS—1,1) ,EB)
10925 || XYZ(3) = XB(5) + (XB(6)—XB(5))+REAL(I_POINT —1,EB) /REAL(MAX(POINTS—1,1) ,EB)
10926 || ELSE

10927 || XYZ(1)
10928 || XYZ(2)
10929 || XYZ(3)
10930 || ENDIF
10931 || ENDIF

XB(1) + (XB(2)-XB(1))/2._EB
XB(3) + (XB(4)-XB(3))/2._EB
XB(5) + (XB(6)-XB(5))/2._.EB

10932 || ELSE
10933 || IF (XYZ(1) < —1.E5_.EB .AND. DUCT.ID=='null” .AND. NODEID(1)=="null’ .AND. INIT.ID=="null ") THEN
10934 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: DEVC ", TRIM(ID),’ must have coordinates, even if it is not a point quantity’

10935 || CALL SHUIDOWN(MESSAGE) ; RETURN
10936 || ENDIF

10937 || ENDIF

10938
10939 ! Determine which mesh the device is in
10940
10941 || BAD = .TRUE.

10942 || MESH.LOOP: DO NM=1,NMESHES

10943 || IF (EVACUATION.ONLY(NM)) CYCLE MESH.LOOP

10944 || M=>MESHES (NM)

10945 || IF (XYZ(1)>M/XS .AND. XYZ(1)<MWXF .AND. XYZ(2)>3M4YS .AND. XYZ(2)<MYF .AND. XYZ(3)>MAZS .AND. XYZ(3)<3MWZF)
THEN

10946 || IF (ABS(XYZ(1)-M/XS)<TWO_EPSILON_EB) XYZ(1)
10947 || IF (ABS(XYZ(1)-M/XF)<TWO_EPSILON_EB) XYZ(1)

XYZ(1) + 0.01_EBsMWDXI
XYZ(1) — 0.01_EB+#MeDXI
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10948 || IF (ABS(XYZ(2)-MkYS)<TWO_EPSILON.EB) XYZ(2) = XYZ(2) + 0.01_EBMAWDETA
10949 || IF (ABS(XYZ(2)-MYF)<TWO_EPSILON_EB) XYZ(2) = XYZ(2) — 0.01_EBAM/DETA
10950 || IF (ABS(XYZ(3)-MWZS)<TWO_EPSILON_EB) XYZ(3) = XYZ(3) + 0.01_EBAVIDZETA
10951 || IF (ABS(XYZ(3)-MWZF)<TWO_EPSILON_EB) XYZ(3) = XYZ(3) — 0.01 _EBAVIDZETA

10952 || MESHNUMBER = NM

10953 || BAD = .FALSE.

10954 || EXIT MESH.LOOP

10955 || ENDIF

10956 || ENDDO MESH.LOOP

10957

10958 ! Process EVAC meshes

10959

10960 || EVACUATION.MESH.LOOP: DO NM=1,NMESHES

10961 IF (.NOT.EVACUATION.SKIP(NM) ) CYCLE EVACUATION_MESH.ILOOP

10962 || ME>MESHES (NM)

10963 || IF (XYZ(1)>M/XS .AND. XYZ(1)<MWXF .AND. XYZ(2)>3M4YS .AND. XYZ(2)<MYF .AND. XYZ(3)>MAZS .AND. XYZ(3)<aMiZF)
THEN

10964 || IF (BAD) MESHNUMBER = NM

10965 || IF (.NOT.BAD .AND. EVACUATION .AND. QUANTITY=="TIME’ .AND. SETPOINT<=T_BEGIN) THEN
10966 || MESHNUMBER = NM

10967 || BAD = .FALSE.

10968 || END IF

10969 || EXIT EVACUATION.MESH.LOOP

10970 || ENDIF

10971 || ENDDO EVACUATION.MESH LOOP

10972

10973 || ! Make sure there is either a QUANTITY or PROP.D for the DEVICE

10974

10975 IF (QUANTITY=="null” .AND. PROP.ID=='null’) THEN

10976 || WRITE(MESSAGE, ' (A,A,A) ")  'ERROR: DEVC ’ TRIM(ID),  must have either an output QUANTITY or PROP.ID’
10977 || CALL SHUIDOWN(MESSAGE) ; RETURN

10978 || ENDIF

10979

10980 || IF (BAD) THEN

10981 IF (DUCTID/="null’ .OR. NODEID(1)/="null” .OR. INIT.ID/="null’) THEN

10982 || XYZ(1) = MESHES(1)%XS

10983 || XYZ(2) = MESHES(1)%YS

10984 || XYZ(3) = MESHES(1)%ZS

10985 || MESHNUMBER = 1

10986 || ELSE

10987 || IF (ALL(EVACUATION.ONLY)) CYCLE READ_DEVC.ILOOP

10988 || WRITE(MESSAGE, " (A, A,A) ") 'WARNING: DEVC 7 TRIM(ID), " is not within any mesh.’
10989 || IF (MYID==0) WRITE(LU_ERR, ' (A) ") TRIM(MESSAGE)

10990 || CYCLE READ.DEVC.LOOP

10991 || ENDIF

10992 || ENDIF

10993

10994 || ! Don’t print out clocks

10995

10996 || IF (QUANTITY=="TIME" .AND. NO_UPDATEDEVCID=="null’ .AND. NO_UPDATE.CTRLID=='null’ ) OUIPUT = .FALSE.
10997

10998 || ! Determine if the DEVC is a TIME or LINE device

10999

N.DEVC.TIME + 1
N_DEVC.LINE + 1

11000 || IF (.NOT.LINE.DEVICE .AND. OUTPUT) N_DEVC.TIME
11001 || IF (LINE.DEVICE .AND. I_.POINT==1) N.DEVC.LINE

11002

11003 || ! Assign properties to the DEVICE array
11004

11005 || N-DEVC = NDEVC + 1

11006

11007 || DV => DEVICE(N.DEVC)

11008

11009 || DWRELATIVE = RELATIVE

11010 || DW&CONVERSION_FACTOR = CONVERSION_FACTOR
11011 || DW&COORDFACTOR = COORD_FACTOR
11012 || DWDEPTH = DEPTH

11013 || DWAOR = IOR

11014 || IF (POINTS>1 .AND. POINTS<=99 .AND. .NOT.LINE_DEVICE) THEN

11015 || WRITE(DV%ID, " (A, A, 12.2) ") TRIM(ID), "' ,I.POINT

11016 || ELSEIF (POINTS>99 .AND. POINTS<=999 .AND. .NOT.LINE.DEVICE) THEN
11017 || WRITE(DV%ID, " (A, A, 13 .3) ") TRIM(ID), " ,I.POINT

11018 || ELSEIF (POINTS>999 .AND. .NOT.LINE.DEVICE) THEN

11019 || WRITE(DV%ID, " (A, A, 16 .6) ") TRIM(ID) , "~ ,I.POINT
11020 || ELSE
11021 || DV%ID = 1D

11022 || ENDIF
11023 || IF (LINE-DEVICE) DV%LINE = N_DEVC.LINE
11024 || DV/POINT = I.POINT

11025 || DWAMESH = MESHNUMBER

11026 || DW&ORDINAL = NN

11027 || DWGORIENTATIONINDEX = ORIENTATION_INDEX
11028 || DV%PROP_ID = PROP_ID

11029 || DVDEVC.ID = DEVC.ID

11030 || DVCTRL.ID = CTRL.ID

11031 || DVSURF_ID = SURF.ID

11032 || DVAPART_ID = PART.ID

11033 || DVWMATLID = MATLID

11034 || DV%SPEC_ID = SPEC.ID
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11035
11036
11037
11038
11039
11040
11041
11042
11043
11044
11045
11046
11047
11048
11049
11050
11051
11052
11053
11054
11055
11056
11057
11058
11059
11060
11061
11062
11063
11064
11065
11066
11067
11068
11069
11070
11071
11072
11073
11074
11075
11076
11077
11078
11079
11080
11081
11082
11083
11084
11085
11086
11087
11088
11089
11090
11091
11092
11093
11094
11095
11096
11097
11098
11099
11100
11101
11102
11103
11104
11105
11106
11107
11108
11109
11110
11111
11112
11113
11114
11115
11116
11117
11118
11119
11120
11121
11122

DV/DUCTID = DUCT.ID

DW%INIT_ID = INIT.ID

DV/NODEID = NODEID

DV%REACID = REAC.ID

DVQUANTITY = QUANTITY

DV/QUANTITY2 = QUANTITY2

DV/ROTATION = ROTATION+TWOPI/360._EB
DVYSETPOINT = SETPOINT

DVAATCH = LATCH

DWOUTPUT = OUTPUT

DW/ORIENTATION.NUMBER = ORIENTATION.NUMBER
DVJ%IRIP_DIRECTION TRIP_DIRECTION
DV%INITIAL_STATE INITIAL_STATE

DV/CURRENT_STATE = INITIAL.STATE
DW/%PRIOR STATE = INITIAL.STATE
DWEFLOWRATE = FLOWRATE
DWBYPASS FLOWRATE = BYPASS FLOWRATE
DV/SMOOTHING FACTOR = SMOOTHING_FACTOR
DV/STATISTICS = STATISTICS

DV/STATISTICS_.LOCATION.INDEX = STATISTICS_.LOCATION_INDEX
DVX%STATISTICS.START = STATISTICS_START

DV/ANO_UPDATE_DEVC.ID
DVWANO_UPDATE_CTRLID
DWQUANTITY RANGE
DWGHOST_CELL.IOR

NO_UPDATE_DEVC_ID
NO_UPDATE_CTRL.ID
QUANTITY_RANGE
GHOST_CELLIOR

DV%TIME_AVERAGED = TIME_AVERAGED
DV4SURF_INDEX =0

DVUNITS = UNITS

DVDELAY = DELAY / TIME.SHRINK FACTOR
DVX1 = XB(1)

DWVaX2 = XB(2)

DWY1 = XB(3)

DV%Y2 = XB(4)

DVAZ1 = XB(5)

DVAZ2 = XB(6)

DX = XYZ(1)

DVY = XYZ(2)

DVZ = XYZ(3)

IF (X.ID=='null’) XJID = TRIM(ID)// " x’
IF (Y.ID=='"null’) Y.ID = TRIM(ID)// v’
IF (Z.ID=='"null’) ZJID = TRIM(ID)// 7’
DV%R_ID = R.ID

DV%X_ID = X.ID

DV%Y_ID = Y.ID

DV%Z_ID = ZID

DVDRY = DRY
DVEVACUATION = EVACUATION
DVVELO_INDEX = VELOINDEX
DV/PIPE_INDEX = PIPE_INDEX

IF (LINE.DEVICE) THEN
IF (.NOT.HIDE.COORDINATES) THEN

IF (ABS(XB(1)—XB(2))> SPACING(XB(2)) .AND. ABS(XB(3)—XB(4))<=SPACING(XB(4)) .AND. &
ABS(XB(5)—XB(6) )<=SPACING(XB(6) ) ) DWINE.COORD.CODE = 1

IF (ABS(XB(1)—XB(2))<=SPACING(XB(2)) .AND. ABS(XB(3)—XB(4))> SPACING(XB(4)) .AND. &
ABS(XB(5)—XB(6) )<=SPACING(XB(6))) DWdINE.COORD.CODE = 2

IF (ABS(XB(1)-XB(2))<=SPACING(XB(2)) .AND. ABS(XB(3)-XB(4))<=SPACING(XB(4)) .AND. &
ABS(XB(5)—XB(6) )> SPACING(XB(6))) DWJINE.COORD.CODE = 3

IF (ABS(XB(1)-XB(2))> SPACING(XB(2)) .AND. ABS(XB(3)-XB(4))> SPACING(XB(4)) .AND. &
ABS(XB(5)—XB(6) )<=SPACING(XB(6))) DWLINE.COORD-CODE = 12

IF (ABS(XB(1)-XB(2))> SPACING(XB(2)) .AND. ABS(XB(3)—XB(4))<=SPACING(XB(4)) .AND. &
ABS(XB(5)—XB(6) )> SPACING(XB(6))) DWALINE.COORD.-CODE = 13

IF (ABS(XB(1)—XB(2))<=SPACING(XB(2)) .AND. ABS(XB(3)—XB(4))> SPACING(XB(4)) .AND. &
ABS(XB(5)—XB(6))> SPACING(XB(6))) DV/LINE.COORD.CODE = 23

IF (DV%R.ID/="null’) DWAINECOORD.CODE = 4 | Special case where radial coordinates are requested
ELSE

DW/ALINE.COORD.CODE = 0

ENDIF

ENDIF

! Special case for QUANTITY='RADIATIVE HEAT FLUX GAS’ or 'ADIABATIC SURFACE TEMPERATURE GAS’.

! Save information to create INIT line.

IF (DVQUANTITY=="RADIATIVE HEAT FLUX GAS’ .OR. &
DWIQUANTITY=="RADIANCE” .OR. &

DWIQUANTITY=="ADIABATIC SURFACE TEMPERATURE GAS’) THEN

DV%INIT_ID = DV%ID

TARGET_PARTICLES INCLUDED = .TRUE.

IF (DVPOINT==1) THEN

N_INIT_RESERVED = N_INIT_RESERVED + 1

INIT_RESERVED (N_INIT_RESERVED )%DEVCINDEX = N.DEVC

INIT_RESERVED (N_INIT_RESERVED )%N_PARTICLES = POINTS

IF (POINTS>1) THEN

INIT_RESERVED (N_INIT_RESERVED)%XYZ(1) = XB(1)

INIT_RESERVED (N_INIT_RESERVED)%XYZ(2) = XB(3)

INIT.RESERVED (N_INIT_RESERVED)%XYZ(3) = XB(5)

INIT_RESERVED (N_INIT_RESERVED)%DX = (XB(2)—XB(1))/(REAL(POINTS,EB)—1)
INIT_RESERVED (N_INIT_RESERVED)%DY = (XB(4)—XB(3)) /(REAL(POINTS,EB) —1)
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11123
11124
11125
11126
11127
11128
11129
11130
11131
11132
11133
11134
11135
11136
11137
11138
11139
11140
11141
11142
11143
11144
11145
11146
11147
11148
11149
11150
11151
11152
11153
11154
11155
11156
11157
11158
11159
11160
11161
11162
11163
11164
11165
11166
11167
11168
11169
11170
11171
11172
11173
11174
11175
11176
11177
11178
11179
11180
11181
11182
11183
11184
11185
11186
11187
11188
11189
11190
11191
11192
11193
11194
11195
11196
11197
11198
11199
11200
11201
11202
11203
11204
11205
11206
11207
11208
11209
11210

INIT.RESERVED (N_INIT_RESERVED)%DZ = (XB(6)—XB(5)) /(REAL(POINTS,EB) —1)

ENDIF
ENDIF
ENDIF

ENDDO POINTS_LOOP

! Coordinates for non—point devices

IF ((XB(1)>—1.E5_EB.OR.STATISTICS/="null")

NM = DWAMESH

.AND. POINTS==1) THEN

)
)

ME>MESHES (NM)

XB(1) = MAX(XB(1) MiXS)

XB(2) = MIN(XB(2) MiXF)

XB(3) = MAX(XB(3) MAYS)

XB(4) = MIN(XB(4) MAYF)

XB(5) = MAX(XB(5) MiZS)

XB(6) = MIN(XB(6) MWZF)

DWaX1 = XB(1)

DWeX2 = XB(2)

DVY1 = XB(3)

DVY2 = XB(4)

DWiZ1 = XB(5)

DWiZ2 = XB(6)

DWelI1 = NINT( GINV(XB(1)-MiXS,1 ,NV) VZRDXI )
DWI2 = NINT( GINV(XB(2)-MiXS,1 ,NV) MRDXI )
DV%J1 = NINT( GINV(XB(3)-MAYS,2 NM) AM/RDETA
DV%J2 = NINT( GINV(XB(4)-MAYS,2 NM) AM/RDETA
DWK1 = NINT( GINV(XB(5)-MiZS,3 NV) VRDZETA )
DWK2 = NINT( GINV(XB(6)-M\ZS,3 NV) VRDZETA )

IF (DVo%I1<DV%I2) DWll = DV%Il + 1
IF (DV%J1<DV%J2) D1 = DV%J1 + 1
IF (DVK1<DV%K2) DVK1 = DV%K1 + 1

IF (ABS(XB(1)—XB(2))<=SPACING(XB(2)
IF (ABS(XB(3)—XB(4))<=SPACING(XB(4)
IF (ABS(XB(5)-XB(6))<=SPACING(XB(6)

ENDIF

) .AND. IOR==0) DVMOR.ASSUMED
) .AND. IOR
) .AND. IOR==0) DV{ORASSUMED

=0) DWJIOR_ASSUMED

I
[N]

IF (TRIM(DWQUANTITY) == 'CHEMISTRY SUBITERATIONS ) OUTPUT-CHEM.IT = .TRUE.

IF (TRIM(DVQUANTITY) == 'REAC SOURCE TERM’

.OR. TRIM(DVZQUANTITY) == "HRRPUV REAC’) REACSOURCE.CHECK=.TRUE.

IF (TRIM(QUANTITY)=="SOLID CELL O.5’) STORE.Q_DOT_PPPS = .TRUE.

IF (TRIM(QUANTITY)=="DUDI’ .OR. TRIM(QUANTITY)=="DVDT’ .OR. TRIM(QUANTITY)==DWDI’) STORE.OLD_VELOCITY=.TRUE.

ENDDO READ_DEVC.LOOP

ALLOCATE (DEVC_PIPE.OPERATING (MAXVAL(DEVICE%PIPE_INDEX) ) )
DEVC_PIPE_.OPERATING = 0

REWIND(LU_INPUT) ; INPUT_FILE_LINE.NUMBER = 0

CONTAINS

SUBROUTINE SET_DEVC.DEFAULTS

RELATIVE = .FALSE.
CONVERSION_FACTOR = 1._EB
COORD_FACTOR = 1._EB

= 0._EB
IOR =0
ID = ‘null’
ORIENTATION(1:3) = (/0..EB,0._EB,—1._EB/)
PROP_ID = 'null’
CTRL.ID = ’‘null’
DEVC.ID = 'null’
SURE_ID = ’‘null’
PART_ID = 'null’
MATL.ID = 'null’
SPEC.ID = 'null’
DUCTID = 'null’
INIT_ID = 'null’
NODE_ID = ‘null’
REAC.ID = ‘null’
FLOWRATE = 0._EB
DELAY = 0._EB
BYPASS FLOWRATE = 0._EB
QUANTITY = ’‘null’
QUANTITY2 = ’‘null’
ROTATION = 0._EB
XB(1) = —1.E6_EB
XB(2) = 1.E6.EB
XB(3) = —1.E6_EB
XB(4) = 1.E6.EB
XB(5) = —1.E6_EB
XB(6) = 1.E6.EB
INITIAL_STATE = .FALSE.
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11211
11212
11213
11214
11215
11216
11217
11218
11219
11220
11221
11222
11223
11224
11225
11226
11227
11228
11229
11230
11231
11232
11233
11234
11235
11236
11237
11238
11239
11240
11241
11242
11243
11244
11245
11246
11247
11248
11249
11250
11251
11252
11253
11254

11255
11256
11257

11258
11259
11260
11261
11262
11263
11264
11265
11266
11267
11268
11269
11270
11271
11272
11273
11274
11275
11276
11277
11278
11279
11280
11281
11282
11283
11284
11285
11286
11287
11288
11289
11290
11291
11292
11293
11294
11295
11296

LATCH = .TRUE.
OouTPUT = .TRUE.
ORIENTATION.NUMBER = 1
POINTS =1
SETPOINT = 1.E20.EB
SMOOTHINGFACTOR = 0._EB
STATISTICS = ’‘null’
STATISTICS.START = —1.E20_.EB
TRIP.DIRECTION =1
TIME_AVERAGED = .TRUE.
TIME_HISTORY = .FALSE
UNITS = 'null
VELOINDEX =

XYz = —1.E6.EB
R.ID = 'null
XD = 'null
Y_ID = 'null’
Z.1D = 'null
HIDE_.COORDINATES = .FALSE.
DRY = .FALSE.
EVACUATION = .FALSE.
PIPE_INDEX =1

NO.UPDATE.DEVCID= "null’
NO_UPDATE.CTRLID= "null’
QUANTITYRANGE(1)= —1.E50_EB
QUANTITYRANGE(2)= 1.E50_EB
STATISTICS_LOCATION_INDEX = 0
GHOST_.CELLIOR(1:3) = (/0,0,0/)

END SUBROUTINE SET_DEVC_DEFAULTS

END SUBROUTINE READ_DEVC

SUBROUTINE READ_CTRL
! Just read in the ConTRoL parameters and store in the array CONTROL

USE CONTROL-VARIABLES
USE MATH.FUNCTIONS, ONLY : GETRAMP.INDEX

LOGICAL :: INITIAL.STATE, LATCH, EVACUATION

INTEGER :: CYCLES,N,NC, TRIP_DIRECTION

REAL(EB) :: SETPOINT(2), DELAY, CYCLE.TIME,CONSTANT,PROPORTIONAL GAIN,INTEGRAL GAIN, DIFFERENTIAL GAIN,
TARGET_VALUE

CHARACTER(LABELLENGTH) :: ID,FUNCTION.TYPE,INPUT.ID (40) ,RAMP_ID,ONBOUND

TYPE (CONTROLTYPE), POINTER :: CE=>NULL()

NAMELIST /CTRL/ CONSTANT, CYCLES, CYCLE_TIME, DELAY, DIFFERENTIAL_GAIN , EVACUATION, FUNCTION_TYPE, ID , INITIAL_STATE,,
INTEGRAL_GAIN, &

INPUT.ID , LATCH, N, ON.BOUND, PROPORTIONAL.GAIN, RAMP_ID, &

SETPOINT , TARGET_VALUE, TRIP_DIRECTION

N.CTRL = 0
REWIND(LU_INPUT) ; INPUT_FILE_LLINE.NUMBER = 0
COUNT.CTRL.LOOP: DO

CALL CHECKREAD( 'CTRL’,LUINPUT, I0S)

IF (I0S==1) EXIT COUNT.CTRLIOOP

READ(LU_INPUT ,NMI=CTRL,END=11,ERR=12 ,JOSTAT=I0S
N.CTRL = N.CTRL + 1

12 IF (I0S>0) THEN

WRITE(MESSAGE, " (A, 10 ,A,10) ") "ERROR: Problem with CIRL number * ,N.CTRL+1,", line number’ ,INPUT_-FILE.LINE.NUMBER
CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF

ENDDO COUNT_CTRL_LOOP
11 REWIND(LU_INPUT) ; INPUT.FILE_LINE.NUMBER = 0

IF (N.CTRL==0) RETURN
! Allocate CONIROL array and set initial values of all to 0

ALLOCATE(CONTROL(N.CTRL) ,STAT=IZERO)
CALL ChkMemErr( 'READ’ , ‘CONTROL” ,IZERO)

! Read in the CTRL lines

READ.CTRL.LOOP: DO NC=1,N.CTRL

CALL CHECKREAD( 'CTRL",LUINPUT,IOS)

IF (I0S==1) EXIT READ.CTRL.LLOOP

CALL SET_CTRL_DEFAULTS

READ(LU_INPUT, CTRL)

! Make sure there is either a FUNCTION.TYPE type for the CTRL

IF (FUNCTION.TYPE=="null ") THEN

WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: CIRL ’ ,NC,’ must have a FUNCTION.TYPE’

CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF
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! Assign properties

CF => CONTROL(NC)
CPAUCONSTANT

CFAID

CPALATCH
CFAINITIAL_STATE
CPACURRENT.STATE
CFAPRIOR STATE
CF4SETPOINT
CI/DELAY
CFACYCLE.TIME
CPUCYCLES
CFWRAMP_ID

CPN

CFAINPUT_ID
CP/EVACUATION
CFATRIP_DIRECTION

CF/PROPORTIONAL.GAIN =PROPORTIONAL.GAIN

CPANTEGRAL.GAIN =

CPF/WDIFFERENTIAL.GAIN = DIFFERENTIAL-.GAIN

to the CONTROL array

CONSTANT

1D

LATCH
INITIAL.STATE
INITIAL.STATE
INITIAL.STATE
SETPOINT

CYCLE.TIME
CYCLES

RAMPID

N

INPUT.ID
EVACUATION
TRIP_DIRECTION

INTEGRAL.GAIN

CPGIARGET-VALUE = TARGET_VALUE
IF (ONBOUND=='UPPER") THEN

CF/ONBOUND = 1
ELSE
CP/ONBOUND = —1
ENDIF

I'Assign control index
SELECT CASE(FUNCTION.TYPE)

CASE( 'ALL’")
CP/CONTROLINDEX =
CASE( 'ANY")
CP/CONTROLINDEX =
CASE( "ONLY ")
CP/CONTROLINDEX =
CASE('AT_LEAST")
CP/CONTROLINDEX =
CASE( ' TIME_DELAY ")
CF/CONTROLINDEX =
CASE( 'DEADBAND )
CF/4CONTROL INDEX
CASE('CYCLING )
CPWCONTROLINDEX =
CASE( 'CUSIOM ")
CP/WCONTROLINDEX =

CALL GET_RAMP_INDEX(RAMP.ID, "'CONTROL" ,CF/JRAMP_INDEX)

CPAATCH = .FALSE.
CASE( 'KILL")
CP/CONTROLINDEX =
CASE( 'RESTART )
CP/CONTROLINDEX =
CASE( 'SUM ")
CP/CONTROLINDEX =
CASE( 'SUBTRACT")
CF/CONTROLINDEX =
CASE( 'MULTIPLY ")
CF/CONTROLINDEX =
CASE( ' DIVIDE ")
CF/4CONTROLINDEX =
CASE( TOWER")
CP/WCONTROLINDEX =
CASE('XP ")
CP/UCONTROLINDEX =
CASE( '1.0G")
CFACONTROLINDEX =
CASE( 'SIN ")
CP/CONTROLINDEX =
CASE('COS")
CP/CONTROLINDEX =
CASE( ' ASIN ")
CP/CONTROLINDEX =
CASE("ACOS")
CP/CONTROLINDEX =
CASE( 'PID ")
CF/4CONTROLINDEX =

AND.GATE

OR.GATE

XOR.GATE

X-OF.N_.GATE

TIME_DELAY

= DEADBAND

CYCLING

CUSTOM

KILL

COREDUMP

CESUM

CF.SUBTRACT

CEMULTIPLY

CF_DIVIDE

CFPOWER

CF_EXP

CF_LOG

CF_SIN

CF.COSs

CF_ASIN

CF_ACOS

CF_PID

IF (CF%IARGET.VALUE<-1.E30-EB) THEN

WRITE(MESSAGE, ' (A, 10 ,A) ") "ERROR:
CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF

CASE DEFAULT

WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR:
CALL SHUTDOWN(MESSAGE) ; RETURN

END SELECT

ENDDO READ_CTRL.LOOP

REWIND(LUINPUT) ;

INPUT_FILE_.LINEZNUMBER = 0
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11385 || CONTAINS
11386
11387 || SUBROUTINE SET_CTRL.-DEFAULTS

11388 || CONSTANT = —9.E30-EB
11389 || ID = 'null’
11390 || LATCH = .TRUE.
11391 || INITIAL.STATE = .FALSE.
11392 || SETPOINT = 1.E30.EB
11393 || DELAY = 0._EB
11394 || CYCLE-TIME = 1000000.-EB
11395 || CYCLES =1

11396 || FUNCTION.TYPE = 'null’
11397 || RAMPID = ‘null’
11398 || INPUT.ID = 'null’
11399 || ONJBOUND = 'LOWER’
11400 || N =1

11401 || EVACUATION = .FALSE.

11402 || TRIP_DIRECTION = 1

11403 || PROPORTIONAL.GAIN = 1._EB

11404 || INTEGRAL.GAIN = 0..EB

11405 || DIFFERENTIAL.GAIN = 0..EB

11406 || TARGET-VALUE = 0..EB

11407

11408 || END SUBROUTINE SET-CTRL-DEFAULTS
11409

11410 || END SUBROUTINE READ.CTRL

11411

11412

11413 || SUBROUTINE PROC_CTRL

11414

11415 || | Process the CONTROL function parameters
11416

11417 || USE CONTROL_VARIABLES

11418 || USE DEVICE.VARIABLES, ONLY: N.DEVC,DEVICE

11419 || LOGICAL :: CONSTANT_SPECIFIED,TSF WARNING=.FALSE.
11420 || INTEGER :: NC,NN,NNN

11421 || TYPE (CONTROL.TYPE), POINTER :: CF=>NULL()

11422
11423 || PROC.CTRL.LOOP: DO NC = 1, N.CTRL
11424
11425 || CF => CONTROL(NC)

11426 || CONSTANT.SPECIFIED = .FALSE.

11427 || IF (CPHCONTROLINDEX== TIME.DELAY) TSF-WARNING=.TRUE.
11428 || ! setup input array

11429
11430 || CPNINPUTS = 0

11431 || INPUT.COUNT: DO NN=1,40

11432 || IF (CPLINPUTID(NN)=="null ") EXIT INPUT.COUNT

11433 || END DO INPUT_.COUNT

11434 || CF/N_INPUTS=NN-1

11435 || IF (CPANINPUTS==0) THEN

11436 || WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: CTRL ’,NC,” must have at least one input’
11437 || CALL SHUIDOWN(MESSAGE) ; RETURN

11438 || ENDIF

11439 || SELECT CASE (CF4CONTROLINDEX)

11440 || CASE (CF.SUBTRACT, CF_DIVIDE ,CFPOWER)

11441 || IF (CFNINPUTS /= 2) THEN

11442 || WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: CTRL ’,NC,” must have at only two inputs’
11443 || CALL SHUIDOWN(MESSAGE) ; RETURN

11444 || ENDIF

11445 || CASE (CFSUM,CFMULTIPLY)

11446 || CASE DEFAULT

11447 || IF (ANY(CFXINPUT_ID=="CONSIANT")) THEN

11448 || WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: CTRL “,NC,’ the INTPUT.ID of CONSIANT cannot be used’
11449 || CALL SHUIDOWN(MESSAGE) ; RETURN
11450 || ENDIF

11451 || END SELECT

11452 || ALLOCATE (CFWJNPUT (CF/ANINPUTS) ,STAT=IZERO)

11453 || CALL ChkMemErr( ‘'READ”, "CEXINPUT " ,IZERO)

11454 || ALLOCATE (CFWNPUT.-TYPE (CF/AN_INPUTS) ,STAT=IZERO)
11455 || CALL ChkMemErr( ‘READ”, "CEXUINPUT_TYPE’ ,IZERO)
11456 || CFPLINPUT_TYPE = —1

11457
11458 || BUILD.INPUT: DONN = 1, CFNINPUTS

11459 || IF (TRIM(CFAINPUT.ID (NN) ) ==TRIM(CF%ID)) THEN

11460 || WRITE(MESSAGE, " (A, 10 ,A) ") "ERROR: CTRL " ,NC,” cannot use a control function as an input to itself’
11461 || CALL SHUIDOWN(MESSAGE) ; RETURN

11462 || ENDIF

11463 || IF (CEAWINPUTID (NN)=="CONSIANT ') THEN

11464 IF (CONSTANT_SPECIFIED) THEN

11465 || WRITE(MESSAGE, ' (A, 10 ,A) ") "ERROR: CTRL ’,NC,” can only specify one input as a constant value’
11466 || CALL SHUIDOWN(MESSAGE) ; RETURN
11467 || ENDIF

11468 || IF (CPACONSTANT < —8.E30.EB) THEN

11469 || WRITE(MESSAGE, " (A,10 ,A) ")  "ERROR: CIRL ' ,NC,’ has the INPUT.ID CONSTANT but no constant value was specified’
11470 || CALL SHUIDOWN(MESSAGE) ; RETURN

11471 ENDIF

11472 || CFPLNPUT_TYPE(NN) = CONSTANTINPUT
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CONSTANT.SPECIFIED = .TRUE.
CYCLE BUILD_INPUT

ENDIF

CTRL.LOOP: DONWN = 1, N.CTRL

IF (CONTROL(NNN)%ID == CPAINPUT_ID (NN)) THEN
CFANPUT(NN) = NN

CFAINPUT.TYPE (NN) = CONTROLINPUT

IF (CP4CONTROLINDEX == CUSTOM) THEN

WRITE(MESSAGE, ' (A, 10 ,A) ")  "ERROR: CUSIOM CTRL ’,NC,’ cannot have another CIRL as input’
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

EXIT CTRLLOOP

ENDIF

END DO CTRL.LOOP

DEVCILOOP: DONNN = 1, N.DEVC

IF (DEVICE(NNN)%ID == CFlINPUT_ID (NN)) THEN

IF (DEVICE (NNN)%OUTPUTINDEX==41 .OR. DEVICE(NNN)%OUTPUT2INDEX==41) TSF.-WARNING=.TRUE.
IF (CFWINPUT_TYPE(NN) > 0) THEN

WRITE(MESSAGE, " (A, 10 ,A, 10 ,A) ") "ERROR: CTRL * ,NC,” input NN,  is the ID for both a DEVC and a CIRL’
CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF

CFANPUT (NN) = NNN

CFANPUT_TYPE(NN) = DEVICEINPUT

EXIT DEVC.LOOP

ENDIF

END DO DEVC.LOOP

IF (CRANPUT.TYPE(NN) > 0) CYCLE BUILD_INPUT

WRITE(MESSAGE, ' (A, 10 ,A,A) ")  'ERROR: CIRL ' ,NC, " cannot locate item for input ', TRIM(CFANPUT.ID (NN))
CALL SHUTDOWN(MESSAGE) ; RETURN

IF (ALL(EVACUATION.ONLY)) CYCLE BUILD.INPUT

END DO BUILD_INPUT

END DO PROC_.CTRL_LOOP

IF (ABS(TIMESHRINK FACTOR—1._EB)>TWO_EPSILON_EB .AND. TSF.WARNING) THEN

IF ( ==0) WRITE(LUERR, '(A)’) 'WARNING: One or more time based CIRL functions are being used with
ITME_SHRINK_FACTOR”

ENDIF

END SUBROUTINE PROC.CTRL

SUBROUTINE PROC.OBST

USE GEOMETRY_FUNCTIONS, ONLY: BLOCK_.CELL
INTEGER :: NMN,1,] ,K,IS,JS,KS,IC1,IC2

MESH_LOOP: DO NV=1 ,NMESHES

IF (PROCESS(NM)/=MYID)  CYCLE MESH.LOOP
IF (EVACUATION.ONLY(\M) ) CYCLE MESH.LOOP

M=>MESHES (NM)
CALL POINT_TOMESH (NM)

! Assign a property index to the obstruction for use in Smokeview

DO N=1,N.OBST

OB=>OBSTRUCTION (N))
IF (OBWPROP.ID /= null’) THEN

CALL GET_PROPERTY_INDEX (OB%PROP_INDEX, ‘OBST " ,OBAPROP_ID)
ENDIF

ENDDO

! Make mesh edge cells not solid if cells on either side are not solid

DO K=0,KBP1,KBP1
IF (K==0) THEN ; KS=1 ; ELSE ; KS=—1 ; ENDIF

DO ]=0,JBP1,]BP1

IF (J==0) THEN ; JS=1 ; ELSE ; JS=—1 ; ENDIF

DO 1=1,IBAR

IC1 = CELLINDEX(I,J+JS,K) ; IC2 = CELLINDEX(I,] K+KS)

IF (.NOT.SOLID(IC1) .AND. .NOT.SOLID(IC2)) CALL BLOCK.CELL(\NM,I,T,],],K,K,0,0)
ENDDO

ENDDO
ENDDO

DO K=0,KBP1,KBP1

IF (K==0) THEN ; KS=1 ; ELSE ; KS=—1 ; ENDIF

DO 1=0,IBP1,IBP1

IF (I==0) THEN ; IS=1 ; ELSE ; IS=—1 ; ENDIF

DO J=1,JBAR

IC1 = CELLINDEX(I+IS,],K) ; IC2 = CELLINDEX(I,]J K+KS)

IF (.NOT.SOLID(IC1) .AND. .NOT.SOLID(IC2)) CALL BLOCK.CELL(NM,I,I,J,J,K,K,0,0)
ENDDO

ENDDO

ENDDO
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DO ]=0,JBP1,JBP1
IF (J==0) THEN ; JS=1 ; ELSE ; JS=—1 ; ENDIF
DO 1=0,IBP1,IBP1

IF (I==0) THEN ; IS=1 ; ELSE ; IS=—1 ; ENDIF
DO K=1,KBAR

IC1 = CELLINDEX(I+IS,J,K) ; IC2 = CELLINDEX(I,J+]S K)
IF (.NOT.SOLID(IC1) .AND. .NOT.SOLID(IC2)) CALL BLOCK.CELL(NM,I,1,J,],K,K,0,0)

ENDDO
ENDDO
ENDDO
ENDDO MESH_LOOP

END SUBROUTINE PROC.OBST

SUBROUTINE PROCDEVC(DT)
! Process the DEViCes

USE COMP_FUNCTIONS, ONLY : CHANGE.UNITS
USE CONTROL-VARIABLES

USE DEVICE.VARIABLES, ONLY : DEVICE.TYPE, DEVICE, N.DEVC, PROPERTY, PROPERTY.TYPE, MAXPDPA HISTOGRAMNBINS,

N_PDPA _HISTOGRAM
REAL(EB) , INTENT(IN) :: DT
INTEGER  :: N,NN,NNN,NM, QUANTITY_INDEX, QUANTITY2.INDEX, MAXCELILS, I, ] ,K
REAL(EB) :: XX,YY,ZZ,XX1,YY1,ZZ1,DISTANCE,SCANDISTANCE, DX, DY, DZ
TYPE (DEVICE.TYPE), POINTER :: DV=>NULL()
IF (NDEVC==0) RETURN
! Set initial wvalues for DEViCes

DEVICE (1:N.DEVC)%ALUE = 0._EB
DEVICE (1:N.DEVC)%ITMEINTERVAL = 0._EB

PROC_DEVC.LOOP: DO N=1,N.DEVC
DV => DEVICE(N)

! Check for HVAC outputs with no HVAC inputs

IF ((DVWDUCTID/="null” .OR. DWANODEID(1)/="null’) .AND. .NOT. HVACSOLVE) THEN
WRITE(MESSAGE, ' (A) ")  'ERROR: HVAC outputs specified with no HVAC inputs’

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

! If the Device has a SURF.ID, get the SURFINDEX

IF (DWSURF.ID/="null ") THEN

DO NN=1,N_SURF

IF (SURFACE(NN)%ID==DV%SURF_ID) DVW/SURFINDEX = NN
ENDDO

ENDIF

! Check if the device PROPERTY exists and is appropriate

DW@PROPINDEX = 0

IF (DWPROP.ID /='null’) THEN

CALL GET_PROPERTY_INDEX (DW&PROPINDEX, 'DEVC” ,DVPROP.ID)

IF (DW&QUANTITY=="null " .AND. PROPERTY (DV/PROPINDEX)%QUANTITY=="null ") THEN

WRITE(MESSAGE, ' (5A) ") 'ERROR: DEVC ", TRIM(DW%ID) , " or DEVC PROPerty ', TRIM(DWWPROP.ID) ,  must have a QUANTIITY’

CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF

IF (DW&QUANTITY=="null " .AND. PROPERTY (DV%PROPINDEX)%QUANTITY/="null ") DV&QUANTITY = PROPERTY (DWROP_INDEX)%

QUANTITY
ENDIF

! Check if the output QUANTITY exists and is appropriate

QUANTITYIF: IF (DW&QUANTITY /= 'null’) THEN

CALL GET_QUANTITY INDEX (DV/%SMOKEVIEW LABEL, DV/SMOKEVIEW BAR LABEL, QUANTITY INDEX, LDUM(1) , &
DVoY INDEX, DV7%aZ INDEX , DWaP ART INDEX , DV/dDUCTINDEX, DVVNODEINDEX (1) , DVAREACINDEX, 'DEVC’, &

DVQUANTITY, "null " ,DVWSPEC.ID ,DV%PART-ID , DV%«DUCTID,DV/dNODEID (1) ,DV%REAC-ID)

IF (DWQUANTITY=="CONITROL" .OR. DWQUANTITY=="CONTROL VALUE") UPDATE.DEVICES.AGAIN = .

IF (OUTPUT_QUANTITY (QUANTITY INDEX)%NTEGRATED .AND. DV%X1<=—1.E6_EB) THEN

WRITE(MESSAGE, ' (3A) ") "ERROR: DEVC QUANTITY * , TRIM(DVMQUANTITY) , " requires coordinates using XB'

CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF

IF (QUANTITYINDEX<0 .AND. DWJOR==0 .AND. (DW/STATISTICS=="null’.OR.DVLINE>0) .AND. DV%INIT_ID=="null ") THEN
WRITE(MESSAGE, " (A,A,A) ") 'ERROR: Specify orientation of DEVC ’ TRIM(DWAID), " using the parameter IOR’

CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF
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11646
11647 || IF (QUANTITYINDEX < 0 .AND. (DV%STATISTICS=="MASS MEAN’ .OR. DV%STATISTICS=="VOLUME MFAN’ .OR. &
11648 || DVASTATISTICS=="VOLUME INTEGRAL’ .OR. DVASTATISTICS=="MASS INTEGRAL’ .OR. &

11649 || DVASTATISTICS=="ARFA INTEGRAL’ .OR. DVW4STATISTICS=="MASS’ .OR. &

11650 || DVASTATISTICS=="VOLUVE')) THEN

11651 || WRITE(MESSAGE, ' (A,A) ") "FRROR: Invalid STATISTICS specified for wall DEVC ’, TRIM(DV%4ID)

11652 || CALL SHUIDOWN(MESSAGE) ; RETURN

11653 || ENDIF

11654
11655 || TF (QUANTITYINDEX > 0 .AND. DV%STATISTICS=='SURFACE INTEGRAL’ .OR. DV%STATISTICS=='SURFACE ARFA’) THEN
11656 || WRITE(MESSAGE, ' (A,A) ') 'ERROR: Invalid STATISTICS specified for gas DEVC *, TRIM(DV%ID)

11657 || CALL SHUIDOWN(MESSAGE) ; RETURN

11658 || ENDIF

11659

11660 || IF (QUANTITYINDEX > 0 AND. &

11661 || DVASTATISTICS/="null”’ AND. &

11662 || DVASTATISTICS/="TIME INTEGCRAL’ .AND. &

11663 || DVASTATISTICS /= "RMS’ AND. &

11664 || DVGSTATISTICS/="COV’ AND. &

11665 || DVWSTATISTICS /="CORRCOEF" AND. &

11666 || DV%STATISTICS/="TIME MIN’ AND. &

11667 || DVASTATISTICS/="TIME MAX" .AND. DW%I1 <0) THEN

11668 || WRITE(MESSAGE, " (A,A) ") "ERROR: XB required when geometrical STATISTICS specified for gas DEVC ', TRIM(DV%ID)
11669 || CALL SHUIDOWN(MESSAGE) ; RETURN

11670 || ENDIF

11671
11672 IF (TRIM(DV/QUANTITY) == "NODE PRESSURE DIFFERENCE ") THEN

11673 || CALL GET_-QUANTITY_INDEX (DV/SMOKEVIEW_LABEL, DVVSMOKEVIEW _BAR_LABEL, QUANTITY_INDEX, I.DUM(1) , &
11674 || DW6Y_INDEX , DV%Z INDEX , DV’ ART_INDEX , DV/dDUCT INDEX, DV/NODEINDEX (2) ,LDUM(2) , 'DEVC’, &

11675 || DWQUANTITY, 'null * ,DVSPEC.ID ,DVPART_ID ,DV%DUCTID,DV/ANODEID(2) , "null ")

11676 || IF (DV/ANODEINDEX (1)==DVWNODEINDEX (2)) THEN

11677 || WRITE(MESSAGE, ' (A,A) ) 'ERROR: NODE PRESSURE DIFFERENCE node 1 = node 2 ', TRIM(DV%ID)
11678 || CALL SHUTDOWN(MESSAGE) ; RETURN

11679 || ENDIF

11680 || ENDIF

11681

11682 || IF (OUTPUT-QUANTITY (QUANTITY_INDEX)%NTEGRATED_PARTICLES) DEVC_PARTICLE FLUX = .TRUE.
11683
11684 || IF (ANY(ABS(DV/GHOST.CELL.IOR)>0)) THEN

11685 || IF (DV%STATISTICS/="null ") THEN

11686 || WRITE(MESSAGE, " (A,A) ") "ERROR: Statistics not appropriate for GHOST.CELLIOR DEVC ", TRIM(DV%ID)
11687 || CALL SHUIDOWN(MESSAGE) ; RETURN

11688 || ENDIF

11689 || ENDIF

11690

11691 || ENDIF QUANTITY_IF

11692

11693 || ! Even if the device is not in a mesh that is handled by the current MPI process, assign its unit.
11694

11695 || DVOUTPUTINDEX QUANTITY INDEX
11696 || DV/QUANTITY OUTPUT_QUANTITY (QUANTITY INDEX ) YNAME
11697 || IF (DWUNITS=="null ") DWOUNITS = OUTPUT.QUANTITY (DV/OUTPUTINDEX)%UNITS

11698

11699 || ! Only process the device if it belongs to the current MPI process.

11700

11701 || ! IF (PROCESS(DV%MESH) /=MYID) CYCLE PROC.DEVC.LOOP

11702

11703 || ! Assign properties to the DEVICE array

11704

11705 ||M => MESHES(DV/VESH)

11706

11707 || DVW%I.CHANGE = 1.E7_EB

11708 || DV%I = MAX( 1 , MIN( MAWBAR , FLOOR(GINV (DV/eX-M/XS,1 ,DV/AMESH) sM/eRDXI)  +1 ) )
11709 || DV%] = MAX( 1 , MIN( MJBAR , FLOOR(GINV (DV/%Y-M4YS,2 ,DVWAVESH) M/RDETA) +1 ) )
11710 || DVK = MAX( 1 , MIN( M/KBAR , FLOOR(GINV (DV/Z-M\ZS,3 ,DVWAVESH) M/RDZETA) +1 ) )
11711 || DW&CTRLINDEX =0

11712 || DW%T = T_BEGIN

11713 || DVWIMP_L = TMPA

11714 || DVII-VALUE = 0..EB

11715 || DVATI.T = 0..EB

11716

11717 || | COVariance and CORRelation COEFficient STATISTICS requiring QUANTITY2

11718

11719 || QUANTITY2.IF: IF (TRIM(DV/QUANTITY2)/="null ") THEN

11720 || IF (TRIM(DV%STATISTICS) /="COV’ .AND. TRIM(DV%STATISTICS) /="CORRCOEF") THEN

11721 WRITE(MESSAGE, ' (A,A) ") "ERROR: QUANTITY2 only applicable to COV and CORRCOEF STATISTICS for DEVC ", TRIM(DV%ID)
11722 || CALL SHUIDOWN(MESSAGE) ; RETURN

11723 || ENDIF
11724 || IF (DV%RELATIVE) THEN

11725 WRITE(MESSAGE, " (A,A) ") 'ERROR: RELATIVE not a pp\icd ble for COV and CORRCOEF STATISTICS for DEVC ", TRIM(DV%ID)
11726 || CALL SHUTDOWN(MESSAGE) ; RETURN

11727 || ENDIF

11728 || DWRELATIVE=.FALSE.

11729 || CALL GET_QUANTITY _INDEX (DV%SMOKEVIEW_LABEL, DV/SMOKEVIEW_BAR LABEL, QUANTITY2_ INDEX, I DUM(1) , &
11730 || DV%Y_INDEX ,DV%Z INDEX , DV%PART_INDEX , DVWdDUCT INDEX, DVVANODE INDEX (1) ,DWREACINDEX, 'DEVC’ , &
11731 || DVAQUANTITY2, "'null * , DVSPEC_ID ,DV%PART_ID ,DV%DUCT.ID,DV/NODEID (1) ,DV%REAC_ID)

11732 || DWOUTPUT2INDEX = QUANTITY2INDEX

11733 || DWQUANTITY2 = OUTPUT.QUANTITY (QUANTITY2_INDEX ) “NAME
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11734
11735
11736
11737
11738
11739
11740
11741
11742
11743
11744
11745
11746
11747
11748
11749
11750
11751
11752
11753
11754
11755
11756
11757
11758
11759
11760
11761
11762
11763
11764
11765
11766
11767
11768
11769
11770
11771
11772
11773
11774
11775
11776
11777
11778
11779
11780
11781
11782
11783
11784
11785
11786
11787
11788
11789
11790
11791
11792
11793
11794
11795
11796
11797
11798

11799
11800
11801
11802
11803
11804
11805
11806
11807
11808
11809
11810
11811
11812
11813
11814
11815
11816
11817
11818
11819
11820

DV/SMOKEVIEW LABEL = TRIM(DV4QUANTITY) // " '/ /TRIM(DV%QUANTITY2) // " '/ /TRIM(DV%STATISTICS)
DVZSMOKEVIEW BAR LABEL = TRIM(OUTPUT.QUANTITY (DV4OUTPUT INDEX)%SHORTNAME) / /" ' // &

TRIM (OUTPUT.QUANTITY (DVOUTPUT2 INDEX)%SHORT.NAME) // * '/ /TRIM(DV%STATISTICS )

SELECT CASE(TRIM(DV%STATISTICS))

CASE( 'COV")

DV%UNITS = TRIM(OUTPUT.QUANTITY (DV%OUTPUTINDEX)%UNITS) // "+ / /TRIM(OUTPUT.QUANTITY (DVOUTPUT2 INDEX ) %UNITS )
CASE( "CORRCOFF ")

DV/UNITS =

END SELECT

ENDIF QUANTITY2.IF

! Initialize histogram

IF (PROPERTY (DV/PROP_INDEX ) %PDPA_HISTOGRAM) THEN

ALLOCATE (DV/&’DPA_HISTOGRAM.COUNTS (PROPERTY (DV7PROP_INDEX ) %PDPA_HISTOGRAM_NBINS) )

DV/&@PDPA HISTOGRAM.COUNTS (:) =0._EB

N_PDPA_HISTOGRAM=N_PDPA HISTOGRAM+1

MAX_PDPA_HISTOGRAM.NBINS  =MAX(MAX_PDPA_HISTOGRAM.NBINS, PROPERTY (DV7aPROP_INDEX ) %PDPA_HISTOGRAM NBINS)
ENDIF

! Do initialization of special models

SPECIAL.QUANTITIES: SELECT CASE (DV%QUANTITY)

CASE ('CHAMBER OBSCURATION")

IF (DVWWROPINDEX<1) THEN

WRITE(MESSAGE, ' (A, A,A) ") "ERROR: DEVC ", TRIM(DV%ID) , " is a smoke detector and must have a PROP.ID’
CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF

IF (PROPERTY (DV%PROP_INDEX )%Y _INDEX<0 .AND. PROPERTY (DV%PROP_INDEX)%Z INDEX<0) THEN
IF (SOOTINDEX<1) THEN

WRITE(MESSAGE, " (A, A,A) ") "ERROR: DEVC *  TRIM(DWID), " is a smoke detector and requires a smoke source’
CALL SHUTDOWN(MESSAGE) ; RETURN

ELSE

PROPERTY (DV/&PROP_INDEX)%Y_INDEX = SOOTINDEX

ENDIF

ENDIF

ALLOCATE(DV%T_E (—1:1000))
ALLOCATE(DV%Y _E ( —1:1000) )

DV%T_E = T_BEGIN — DT
DV%Y_E = 0..EB
DV%N.T_E = -1

DV%Y_C = 0..EB

DV/SETPOINT = PROPERTY (DV/PROP_INDEX )%ACTIVATION_.OBSCURATION
IF (PROPERTY (DV%PROP_INDEX)%Y INDEX>0) DV%Y_INDEX = PROPERTY (DV/PROP_INDEX)%Y _INDEX
IF (PROPERTY (DV%PROP_INDEX)%Z INDEX>0) DV%Z INDEX = PROPERTY (DV/PROP_INDEX)%Z_INDEX

CASE ('LINK TEMPERATURE’ , 'SPRINKLER LINK TEMPERATURE’ )

IF (DWWPROPINDEX<1) THEN
WRITE(MESSAGE, ' (A, A,A) ") "ERROR: DEVC “ , TRIM(DV%ID) , " must have a PROP.ID’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

IF (PROPERTY (DV/PROP_INDEX)%ACTIVATION_.TEMPERATURE <= —273.15_EB) THEN

WRITE(MESSAGE, “ (A,A) ") "ERROR: ACTIVATION_TEMPERATURE needed for PROP “ , TRIM(DV%WPROP.ID)
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

DW/SETPOINT = PROPERTY (DV%PROPINDEX)%ACTIVATION.TEMPERATURE

DV%IMP_L = PROPERTY (DV%ePROPINDEX ) %INITIAL.TEMPERATURE

CASE ('THERMOCOUPLE")

IF (DWSTATISTICS=="MAX' .OR.DVASTATISTICS=="MIN".OR.DV%STATISTICS=="MASS MEAN".OR.DV%STATISTICS=="VOLUME MEAN".OR
&

DW/STATISTICS=="MASS INTEGRAL " .OR.DV%STATISTICS=="VOLUME INTEGRAL’ .OR.DVGSTATISTICS=="MEAN" .OR.&

DW/STATISTICS=="AREA INTEGRAL") THEN

WRITE(MESSAGE, ' (A, A,A) ") "ERROR: DEVC “ , TRIM(DV%ID) , " cannot use volume STATISTICS’

CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

DV%IMP_L = PROPERTY (DV/ePROP_INDEX)%INITIAL.TEMPERATURE

CASE ('SOLID DENSITY ")

IF (DWMATLID=="null ") THEN

WRITE(MESSAGE, ' (A, A,A) ") "ERROR: DEVC ", TRIM(DV%ID) , " must have a MATLID’
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

CASE ('LAYER HEIGHT’ , "UPPER TEMPERATURE’ , '"LOWER TEMPERATURE")

DW/K1
DW/K2

MAX(1 ,DV%K1)
MIN (MAKBAR, DV2K2 )

CASE ('TRANSMISSION , "PATH OBSCURATION )

IF (DV/PROPINDEX>0) THEN
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11821 IF (PROPERTY (DV2PROPINDEX )%Y _INDEX<1 .AND. PROPERTY (DV%PROPINDEX)%Z INDEX<1) THEN
11822 || IF (SOOTINDEX<1) THEN

11823 || WRITE(MESSAGE, " (A, A,A) ") "ERROR: DEVC ", TRIM(DV%ID) ,” is a smoke detector and requires a smoke source’
11824 || CALL SHUIDOWN(MESSAGE) ; RETURN
11825 || ELSE

11826 || PROPERTY (DVPROPINDEX)%Y INDEX = SOOTINDEX
11827 || ENDIF
11828 || ENDIF

11829 ELSE

11830 IF (SOOTINDEX <=0) THEN

11831 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: DEVC “ , TRIM(DVID) , " is a smoke detector and requires a smoke source’
11832 || CALL SHUIDOWN(MESSAGE) ; RETURN

11833 || ENDIF

11834 || ENDIF

11835 || IF (PROPERTY (DV%PROP_INDEX)%Y_INDEX>0) DVoY_INDEX
11836 || IF (PROPERTY (DV%PROP_INDEX)%Z INDEX>0) DW/Z INDEX
11837 ||NM = DV/AMESH

11838 || ME>MESHES(NM)

11839 || DISTANCE = SQRT ((DV/aX1-DV%X2) %2 + (DWoY1-DVWY2) %2 + (DVAZ1-DVZ2) 5 *2)
11840 || SCANDISTANCE = 0.0001_EB % DISTANCE

11841 || DX = (DWoX2-DV%X1) =+ 0.0001_EB

PROPERTY (DV/PROP_INDEX ) %Y INDEX
PROPERTY (DV/PROP_INDEX ) %Z_INDEX

11842 || DY = (DW%Y2-DV%Y1) * 0.0001_-EB
11843 || DZ = (DV%Z2-DVZ1) * 0.0001_-EB
11844 || XX = DWAX1
11845 || YY = DWAY1
11846 || ZZ = DV&Z1

11847 || MAXCELLS = 2+MAX(MABAR M/JBAR M&KBAR)
11848 || ALLOCATE(DV%I_PATH (MAXCELLS) )

11849 || ALLOCATE(DV%J_PATH (MAXCELLS) )

11850 || ALLOCATE(DV/&K PATH (MAXCELLS) )

11851 || ALLOCATE(DVo%D_PATH (MAXCELLS) )

11852 || DWDPATH = 0._EB

11853 || DAL _PATH = MIN(MWBAR , INT(GINV(DV%X1-M/XS,1 NMV)MRDXI)  + 1)
11854 || DV PATH = MIN(MBAR , INT(GINV(DV2%Y1-M&YS,2 NMV) MURDETA)  + 1)
11855 || DK PATH = MIN(MAKBAR , INT(GINV (DV%Z1-MiZS,3 NV) MURDZETA) + 1)

11856 || DVANPATH = 1

11857 ||NN = 1

11858 || DO NNN=1,10000

11859 || XX = XX + DX

11860 || I = MIN(MABAR , INT(GINV(XXM/XS,1 NM) MRDXI)  + 1)

11861 || YY = YY + DY

11862 || J = MIN(M4JBAR , INT(GINV(YY-MA4YS,2 NM)MURDETA) + 1)

11863 || 22 = 72 + DZ

11864 || K = MIN(MAKBAR , INT(GINV (ZZ-M/ZS,3 NM) M/RDZETA) + 1)

11865 || IF (I1==DV%I_PATH(\N) .AND. J==DV%J _PATH(\N) .AND. K==DV%KPATH(\N)) THEN
11866 || DVAD_PATH(NN) = DVdD_PATH(NN) + SCANDISTANCE

11867 || ELSE

11868 || NN = NN + 1
11869 || DV%I_PATH (NN)
11870 || DV%J_PATH (NN)
11871 || DV _PATH (NN)
11872 || Xx1 = DX
11873 || YY1 = DY
11874 || zz1 = Dz
11875 || IF (PROCESS(DV/AVIESH)==MYID) THEN

11876 || IF (I<DVAIPATH(NN-1)) XX1 = XX-MGX (Dl PATH (NN-1)—1)
11877 || IF (ISDWAPATH(NN-1)) XX1 = XX-MX(DV/l PATH (NN-1))
11878 || IF (J<DWJ PATH(NN-1)) YY1 = YY-M&Y (DV% PATH (NN-1)—1)
11879 || IF (J>DWJ PATH(NN-1)) YY1 = YY-M&Y (DV% PATH (NN-1))
11880 || IF (K<DV&KPATH(NN-1)) ZZ1 = ZZ-MiZ (DK PATH(NN-1)—1)
11881 || IF (KSDWKPATH(NN-1)) ZZ1 = ZZ-MiZ(DVK PATH(NN-1))
11882 || ENDIF

11883 || DVD_PATH (NN)
11884 || DVD_PATH (NN-1)

o u
—

SCANDISTANCE — SQRT (XX1##2+YY1s%*2+ZZ1 % *2)
DV PATH(NN-1) + SCANDISTANCE — DVYD_PATH (NN)

11885 || ENDIF
11886 || ENDDO

11887 || DVANLPATH = NN
11888

11889 || CASE ('CONTROL’)
11890

11891 || DO NN=1,N_CTRL

11892 || IF (CONTROL(NN)%ID==DV%CTRL_ID) DV4CTRLINDEX = NN

11893 || ENDDO

11894 || IF (DV%CTRLID/="null’ .AND. DWCTRLINDEX<=0) THEN

11895 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: CONIROL * , TRIM(DVACTRL.ID) , " does not exist’
11896 || CALL SHUIDOWN(MESSAGE) ; RETURN

11897 || ENDIF

11898 || DWSETPOINT = 0.5

11899 || DWIRIP-DIRECTION = 1

11900
11901 CASE ('CONTROL VALUE")
11902
11903 || DO NN=1,N_CTRL
11904 || IF (CONIROL(NN)%ID==DV%CTRL_ID) DV CTRLINDEX = NN

11905 || ENDDO

11906 || IF (DV%CTRLID/="null’ .AND. DV%CTRLINDEX<=0) THEN

11907 || WRITE(MESSAGE, " (A, A,A) ") 'ERROR: CONTROL ', TRIM(DV&CTRL.ID) , " does not exist’
11908 || CALL SHUIDOWN(MESSAGE) ; RETURN
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11909
11910
11911
11912
11913
11914
11915
11916
11917
11918
11919
11920
11921
11922
11923
11924
11925
11926
11927
11928
11929
11930
11931
11932
11933
11934
11935
11936
11937
11938
11939
11940
11941
11942
11943
11944
11945
11946
11947
11948
11949
11950
11951
11952
11953
11954
11955
11956
11957
11958
11959
11960
11961
11962
11963
11964
11965
11966
11967
11968
11969
11970
11971
11972
11973
11974
11975
11976
11977
11978
11979
11980
11981
11982
11983
11984
11985
11986
11987
11988
11989
11990
11991
11992
11993
11994
11995

ENDIF
CASE ('ASPIRATION ")

! Check either for a specified SMOKE SPECies, or if simple chemistry model is being used
IF (DW&@PROPINDEX>0) THEN

IF (PROPERTY (DV/PROPINDEX)%Y INDEX<1 .AND. PROPERTY (DV/PROP_INDEX)%ZINDEX<1 .AND. SOOT.INDEX<1) THEN
WRITE(MESSAGE, " (A,A,A) ") "ERROR: DEVC ", TRIM(DV%ID) , " is a smoke detector and requires a smoke source
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

! Count number of inputs for detector and verify that input is DENSITY with a specified SPEC.ID for smoke
N\N = 0

DO NN=1,N.DEVC

IF (DEVICE (NN)%DEVC_ID==DV%ID) THEN

IF (DEVICE (NN)%QUANTITY/="DENSITY ~ .OR. DEVICE(NN)%SPEC_ID=="null ') THEN

WRITE(MESSAGE, ' (A, A,A) ) &

"ERROR: DEVICE “ , TRIM(DEVICE(NN)%ID) ,” must use QUANIITY="DENSITY" and a SPEC_ID”

CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

NNN = N\N + 1

ENDIF

ENDDO

ALLOCATE(DV/DEVCINDEX (N\N) ,STAT=IZERO)

CALL ChkMemErr( 'READ”, "DVZDEVCINDEX ", IZERO)

DWEDEVCINDEX = —1

ALLOCATE(DV%YY SOOT(NNN,0:100) )

CALL ChkMemErr( 'READ”, "DV%YY SOOT ", IZERO)

DWeYYSOOT = 0._EB

ALLOCATE(DV%TIME_ARRAY (0:100) )

CALL ChkMemErr( 'READ” , "DVZITIME_ARRAY ", IZERO)

DW4IIME_ARRAY = 0._EB

DV%ITOTALFLOWRATE = DV/BYPASS FLOWRATE

DWDT = —1..EB

DWANINPUTS = NNN

N\N = 1

DO NN=1,N.DEVC

IF (DEVICE (NN)%DEVC.ID==DWID) THEN

DV%ITOTALFLOWRATE = DV/%IOTALFLOWRATE + DEVICE (NN)%FLOWRATE

DWDT = MAX(DV%DT, DEVICE (NN)%DELAY)

IF (NN > N) THEN

WRITE(MESSAGE, ' (A, A,A) ") "ERROR: ASPIRATION DEVICE “ , TRIM(DV%ID) , " is not listed after all its inputs
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

DWDEVC INDEX (NN\N) = NN

NNN = N\N + 1

ENDIF

ENDDO

DWDT = DWDT * 0.01_EB

CASE ('FED")

IF (DWSTATISTICS /= 'null’ .AND. DW4STATISTICS /= 'TIME INTEGRAL’) THEN

WRITE(MESSAGE, " (A) ) 'ERROR: Only TIME INTEGRAL statistics can be used with FED devices’

CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

DWSTATISTICS = "TIME INTEGRAL’

IF (DWWPROPINDEX>0) THEN

IF (PROPERTY (DV/PROPINDEX)%FED_ACTIVITY<1 .AND. PROPERTY (DV%PROPINDEX)%FED_ACTIVITY >3) THEN
WRITE(MESSAGE, " (A, A,A) ") 'ERROR: DEVC 7 TRIM(DV%ID) , " is a FED detector and requires an activity’
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

DV FED-ACTIVITY = PROPERTY (DV/&PROPINDEX)%FED_ACTIVITY

ENDIF

CASE ('VELOCITY PATCH')

PATCH.VELOCITY = .TRUE.

ALLOCATE(DWDEVC_INDEX (1) ,STAT=IZERO)
DV%DEVCINDEX(1) = 0

DO NN=1,N.DEVC

IF (DEVICE(NN)%ID==DV%DEVCID) DV%DEVCINDEX(1) = NN
ENDDO

IF (DWDEVCINDEX(1)==0) THEN

WRITE(MESSAGE, " (A) ") "ERROR: A VELOCITY PATCH DEVC line needs a DEVCID to control it’
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

END SELECT SPECIAL.QUANTITIES

IF (DWSTATISTICS/="null ") CALL CHANGE.UNITS(DVQUANTITY,DV%UNITS,DV/STATISTICS ,MYID, LU_ERR)

IF (DWGLINE == 0 .AND. (DW/STATISTICS=='RMS’ .OR. DVASTATISTICS=="COV’ .OR. DWWSTATISTICS=="CORRCOLF")) THEN
DV%IIME_ AVERAGED=.FALSE.

IF (DWSTATISTICS.START < T_BEGIN) DV/STATISTICS_START = T_BEGIN

ENDIF

IF (DWANO_UPDATEDEVCID/="null” .OR. DWANO_UPDATE.CTRLID/="null") &

CALL SEARCH.CONTROLLER( "DEVC” ,DVNO_UPDATE_CTRLID, DV7aNO.UPDATE_DEVC_ID, DV/dNO_UPDATE_DEVC INDEX, DV%
NO.UPDATE_CTRLINDEX,N)
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11996
11997
11998
11999
12000
12001
12002
12003
12004
12005
12006
12007
12008
12009
12010
12011
12012
12013
12014
12015
12016
12017
12018
12019
12020
12021
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12023
12024
12025
12026
12027
12028
12029
12030
12031
12032
12033
12034
12035
12036
12037
12038
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12040
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12042
12043
12044
12045
12046
12047
12048
12049
12050
12051
12052
12053
12054
12055
12056
12057
12058
12059
12060
12061
12062
12063
12064
12065

12066
12067
12068
12069
12070
12071
12072
12073
12074
12075
12076
12077
12078
12079
12080
12081
12082

ENDDO PROC.DEVC.LOOP

END SUBROUTINE PROC.DEVC

SUBROUTINE READ.PROF

INTEGER :: N,NM,MESHNUMBER,NN, N_PROFO, IOR, FORMAT INDEX
REAL(EB) :: XYZ(3)

CHARACTER(LABEL LENGTH) :: QUANTITY

TYPE (PROFILE_TYPE), POINTER :: PF=>NULL()

NAMELIST /PROF/ FORMAT.INDEX, FYI,ID,IOR,QUANTITY,XYZ

N_PROF = 0

REWIND(LU_NPUT) ; INPUT_FILE_LLINE.NUMBER = 0
COUNT.PROF.LOOP: DO

CALL CHECKREAD( 'PROF’ ,LUINPUT, 10S)

IF (I0S==1) EXIT COUNT.PROF.LOOP

READ(LU_INPUT ,NML=PROF, END=11,ERR=12 ,JOSTAT=I0S )
N_PROF = N_PROF + 1

12 IF (I0S>0) THEN

WRITE(MESSAGE, " (A, 10 ,A,10) ") "ERROR: Problem with PROF number
CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF

ENDDO COUNT_PROF.LOOP
11 REWIND(LUNPUT) ; INPUT.FILE.LINEXNUMBER = 0

IF (N_PROF==0) RETURN

ALLOCATE(PROFILE (N_PROF) ,STAT=IZERO)
CALL ChkMemErr( 'READ”, "PROFILE " ,IZERO)

PROFILE (1:N_PROF)%QUANTITY = TEMPERATURE’
PROFILE (1:N_PROF)%IOR 0
PROFILE (1:N_PROF)%W 0

N_PROFO = N.PROF
N 0

PROF.LOOP: DO NN=1,N_PROFO

N = N+1

FORMATINDEX = 1

IOR =0

SELECT CASE(N)

CASE(1:9)

WRITE(ID, " (A, 11)") 'PROFILE " N
CASE(10:99)

WRITE(ID, " (A,12) ") 'PROFILE ' N
CASE(100:999)

WRITE(ID, " (A,13) ") 'PROFILE ~ N
END SELECT

CALL CHECKREAD( 'PROF " ,LUINPUT, IOS)

IF (I0S==1) EXIT PROF.LOOP

READ(LU_INPUT, PROF)

! Check for bad PROF quantities or coordinates

IF (IOR==0) THEN

WRITE(MESSAGE, ' (A, 10 ,A) ") 'ERROR: Specify orientation of PROI
CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF

BAD = .FALSE.

MESH.LOOP: DO NM=1,NMESHES
IF (.NOT.EVACUATION.ONLY(\M) ) THEN
ME>MESHES (NM)

" ,NPROF+1, ", line number’ , INPUT_FILE_LLINE.NUMBER

AN,

using the parameter IOR’

IF (XYZ(1)>3MWeXS .AND. XYZ(1)<aMUXF .AND. XYZ(2)>MYS .AND. XYZ(2)<aMWYF .AND. XYZ(3)>3WZS .AND. XYZ(3)<MWZF)
THEN

MESHNUMBER = NM
EXIT MESH.LOOP

ENDIF

ENDIF

IF (NVE=NMESHES) BAD = .TRUE.
ENDDO MESH_LOOP

IF (BAD) THEN
N = N-1
N_PROF = N_PROF-1
CYCLE PROF_LOOP
ENDIF

! Assign parameters to the PROFILE array

PF => PROFILE(N)
PFAFORMATINDEX = FORMAT.INDEX
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12083
12084
12085
12086
12087
12088
12089
12090
12091
12092
12093
12094
12095
12096
12097
12098
12099
12100
12101
12102
12103
12104
12105
12106
12107
12108
12109
12110
12111
12112
12113
12114
12115
12116
12117
12118
12119
12120
12121
12122
12123
12124
12125
12126
12127
12128
12129
12130
12131
12132
12133
12134
12135
12136
12137
12138
12139
12140
12141
12142
12143
12144
12145
12146
12147
12148
12149
12150
12151
12152
12153
12154
12155
12156
12157
12158
12159
12160
12161
12162
12163
12164

12165
12166
12167
12168
12169

PRUORDINAL = NN
PF/MESH = MESH.NUMBER
PRAD = ID
PF4QUANTITY = QUANTITY
PFX = XYZ(1)

PE%Y = XYZ(2)

PRUZ = XYZ(3)
PFAOR = IOR

ENDDO PROF_LOOP
REWIND(LU_INPUT) ; INPUT_FILE.LINEXNUMBER = 0

END SUBROUTINE READ_PROF

SUBROUTINE READ_ISOF

REAL(EB) :: VALUE(10)

CHARACTER(LABELLENGTH) :: QUANTITY, SPEC_ID

INTEGER :: N,VELO.INDEX

TYPE(ISOSURFACE_FILE_-TYPE) , POINTER :: IS=>NULL()
NAMELIST /ISOF/ FYI,QUANTITY, SPEC._ID,VALUE, VELOINDEX

NISOF = 0

REWIND(LUINPUT) ; INPUT.FILE.LINE.NUMBER = 0
COUNTISOF_.LOOP: DO

CALL CHECKREAD( ' 1SOF,LUINPUT, I0S)

IF (I0S==1) EXIT COUNT.ISOF_.LOOP

READ(LU_INPUT ,NMIL=ISOF ,END=9 ,ERR=10,IOSTAT=IOS)
N.ISOF = N.SOF + 1

10 IF (I0S>0) THEN

WRITE(MESSAGE, " (A, 10 ,A,10) ") "ERROR: Problem with ISOF number *,NJISOF, ", line number’ ,INPUT.FILE.LINEZ.NUMBER
CALL SHUTDOWN(MESSAGE) ; RETURN
ENDIF

ENDDO COUNT.ISOF.LOOP
9 REWIND(LU_INPUT) ; INPUT._FILE_LLINE.NUMBER = 0

ALLOCATE(ISOSURFACE_FILE (N_ISOF) ,STAT=IZERO)
CALL ChkMemErr( ‘READ”, "ISOSURFACE_FILE ", IZERO)

READ_ISOF.LOOP: DO N=1,N_ISOF
IS => ISOSURFACE_FILE (N)
QUANTITY "null’
SPEC.ID "null’
VALUE —999._EB
VELO_NDEX 0

CALL CHECKREAD( '1SOF ” ,LUINPUT, I0S)
IF (I0S==1) EXIT READISOF.LOOP
READ(LU_INPUT, ISOF)

1S%VELOINDEX = VELO.INDEX

CALL GET_QUANTITY_INDEX ( IS%SMOKEVIEW LABEL, IS%SMOKEVIEW_BAR LABEL, IS7NDEX,I.DUM(1) , &
1S%Y_INDEX, IS%Z INDEX,I.DUM (2) ,I.DUM(3) ,I.DUM(4) ,J.DUM(5) , 'ISOF ", &
QUANTITY, "null” ,SPEC.ID, "null”, "null ", "null”, "null ")

VALUELOOP: DO 1=1,10
IF (VALUE(1)<=-998._EB) EXIT VALUE.LOOP
IS%N.VALUES = I

IS%VALUE(1) = REAL(VALUE(I) ,FB)

ENDDO VALUE.LOOP

ENDDO READ_ISOF_LOOP
REWIND(LU_INPUT) ; INPUT_FILE_.LINE.NUMBER = 0

END SUBROUTINE READ_ISOF

SUBROUTINE READ_SLCF

REAL(EB) :: MAXIMUM.VALUE, MINIMUM.VALUE

REAL(EB) :: AGL.SLICE

INTEGER :: N,NN,NM,MESHNUMBER, N.SLCF.O,NITER, ITER , VELOINDEX, IOR

LOGICAL :: VECTOR,CELL.CENTERED, FACE.CENTERED, FIRE.LINE, EVACUATION,LEVEL_SET_FIRE_LINE

CHARACTER(LABEL LENGTH) :: QUANTITY, SPEC.ID , PART.ID,QUANTITY2, PROP_ID,REACID, SLICETYPE

REAL(EB) , PARAMETER :: TOL=1.E—10_EB

REAL(EB) :: DELX, DELY, DELZ, SMV_OFFSET

TYPE (SLICE.TYPE), POINTER :: SL=>NULL()

NAMELIST /SLCF/ AGL.SLICE ,CELL.CENTERED, EVACUATION, FACE.CENTERED, FIRE_LINE , FYI, ID,IOR, LEVEL_SET_FIRE_LINE,,
MAXIMUM.VALUE, &

MESH.NUMBER, MINIMUM.VALUE, PART_ID , PBX, PBY, PBZ, PROP_ID , QUANTITY, QUANTITY2, REAC_ID,, SLICETYPE , SMV_OFFSET, SPEC_ID &

VECTOR, VELOINDEX, XB

MESHLOOP: DO NM=1,NMESHES
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12170
12171
12172
12173
12174
12175
12176
12177
12178
12179
12180
12181
12182
12183
12184
12185
12186
12187
12188
12189
12190
12191
12192
12193
12194
12195
12196
12197
12198
12199
12200
12201
12202
12203
12204
12205
12206
12207
12208
12209
12210
12211
12212
12213
12214
12215
12216
12217
12218
12219
12220
12221
12222
12223
12224
12225
12226
12227
12228
12229
12230
12231
12232
12233
12234
12235
12236
12237
12238
12239
12240
12241
12242
12243
12244
12245
12246
12247
12248
12249
12250
12251
12252
12253
12254
12255
12256
12257

IF (MYID/=PROCESS(\NM)) CYCLE MESH.LOOP

M=>MESHES (NM)
CALL POINT-TO-MESH (NM)

NSLCF =0
N.SLCF.O = 0

REWIND(LUINPUT) ; INPUT_FILE_LINE.NUMBER = 0

COUNT.SLCF.LOOP: DO

VECTOR = .FALSE.

EVACUATION = .FALSE.

MESH.NUMBERNM

CALL CHECKREAD( 'SL.CF ', LUINPUT, I0S)

IF (I0S==1) EXIT COUNT.SLCF.LOOP

READ(LU_INPUT ,NMI=SLCF ,END=9 ,ERR=10,IOSTAT=I0S)

N.SLCF.O = NSLCF.O + 1

IF (MESHNUMBER/=\M) CYCLE COUNT.SLCFLOOP

IF (.NOT.EVACUATION.ONLY(NM) .AND. EVACUATION) CYCLE COUNT.SLCF.LOOP

IF ( EVACUATION.ONLY(NM) .AND. .NOT.EVACUATION) CYCLE COUNT.SLCF.LOOP

IF (EVACUATION.ONLY(NM) .AND. .NOT.EVACUATION.SKIP(NM)) CYCLE COUNT.SLCFLOOP
NSLCF = NSLCF + 1

IF (VECTOR .AND. TWOD) N.SLCF = N.SLCF + 2

IF (VECTOR .AND. .NOT. TWOD) N.SLCF = N.SLCF + 3

10 IF (I0S>0) THEN

WRITE(MESSAGE, " (A, 10 ,A,10) ") "ERROR: Problem with SLCF number ' ,N.SLCF.O+1,", line number’ ,INPUT_-FILE_.LINE.NUMBER
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDDO COUNT_SLCF.LOOP

9 CONTINUE

ALLOCATE(M/SLICE (N_SLCF) ,STAT=IZERO)
CALL ChkMemErr( 'READ”, "ISP1 " ,IZERO)
CALL POINT.TOMESH(NM) ! Reset the pointers after the allocation

N_TERRAIN.SLCF = 0

REWIND(LUINPUT) ; INPUT.FILE.LINE.NUMBER = 0
SLCF.LOOP: DO NN=1,N_SLCF.O

QUANTITY = "null’
QUANTITY2 = "null”’
SMV_OFFSET = 0.0_-EB
PBX = —1.E6.EB
PBY = —1.E6.EB
PBZ = —1.E6.EB
VECTOR = .FALSE.

ID = 'null’
MESHNUMBER-NM
MINIMUM.VALUE = 0._EB
MAXIMUMVALUE = 0._EB
AGLSLICE = —1._EB
REACID = "null
SPEC.ID = "null
PARTID = "null
PROPID = "nul
SLICETYPE = 'SIRUCTURED’
IOR = 0

CELL.CENTERED = .FALSE.
FACE.CENTERED = .FALSE.
FIRE_.LINE =.FALSE.

EVACUATION = .FALSE.
VELOINDEX = 0
LEVEL_SET_FIRE_LINE = .FALSE.

CALL CHECKREAD( “SLCF” ,LUINPUT, I0S)

IF (I0S==1) EXIT SLCF.LOOP

READ(LU_NPUT, SLCF)

IF (MESHNUMBER/\M) CYCLE SLCF.LOOP

IF (.NOT.EVACUATION.ONLY(NM) .AND. EVACUATION) CYCLE SLCF.LOOP
( EVACUATION.ONLY (\M) .AND. .NOT.EVACUATION) CYCLE SLCF.LOOP

IF (EVACUATION.ONLY(NM) .AND. .NOT.EVACUATION.SKIP(NM)) CYCLE SLCF.LOOP
(

IF (CELL.CENTERED .AND. FACE.CENTERED) FACE.CENTERED = .FALSE.
IF (PBX>-1E5.EB .OR. PBY>—1E5_EB .OR. PBZ>—1.E5.EB) THEN
XB(1) = XS

XB(2) = XF

XB(3) = YS

XB(4) = YF

XB(5) = 7S

XB(6) = ZF

IF (PBX>—1E5.EB) XB(1:2) = PBX

IF (PBY>—1E5.EB) XB(3:4) = PBY

IF (PBZ>-1E5.EB) XB(5:6) = PBZ

ENDIF
CALL CHECKXB(XB)

XB(1) = MAX(XB(1),XS)
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12258
12259
12260
12261
12262
12263
12264
12265
12266
12267
12268
12269
12270
12271
12272
12273
12274
12275
12276
12277
12278
12279
12280
12281
12282
12283
12284
12285
12286
12287
12288
12289
12290
12291
12292
12293
12294
12295
12296
12297
12298
12299
12300
12301
12302
12303
12304
12305
12306
12307
12308
12309
12310
12311
12312
12313
12314
12315
12316
12317
12318
12319
12320
12321
12322
12323
12324
12325
12326
12327
12328
12329
12330
12331
12332
12333
12334
12335
12336
12337
12338
12339
12340
12341
12342
12343
12344
12345

XB(2) = MIN(XB(2) ,XF)
XB(3) = MAX(XB(3),YS)
XB(4) = MIN(XB(4),YF)
XB(5) = MAX(XB(5),ZS)

XB(6) = MIN(XB(6) ,ZF)

IF (IOR == 0) THEN ! determine slice orientation if not already specified

DELX = ABS(XB(1)—-XB(2))
DELY = ABS(XB(3)—XB(4))

DELZ = ABS(XB(5)—XB(6))

IF( DELX < MIN(DELY,DELZ) )THEN

IOR = 1

ELSE IF( DELY < MIN(DELX,DELZ) )THEN
IOR = 2

ELSE

IOR = 3

ENDIF

ENDIF

! Reject a slice if it is beyond the bounds of the current mesh

IF (XB(1)>XF .OR. XB(2)<XS .OR. XB(3)>YF .OR. XB(4)<YS
N.SLCF = N.SLCF — 1

IF (VECTOR .AND. TWOD) N.SLCF = N.SLCF — 2

IF (VECTOR .AND. .NOT. TWOD) N.SLCF = N.SLCF — 3
CYCLE SLCF.LOOP

ENDIF

! Process vector quantities

NITER = 1
IF (VECTOR .AND. TWOD) NITER = 3
IF (VECTOR .AND. .NOT. TWOD) NITER = 4

VECTORLOOP: DO ITER=1,NITER
N=N+1

SL=>SLICE (N)

SL%ID = ID

SL%SLICETYPE = TRIM(SLICETYPE)
SL%OR = IOR

.OR. XB(5)>ZF .OR. XB(6)<ZS) THEN

IF ((FACE.CENTERED .OR. CELL.CENTERED) .AND. NITER==1) THEN ! scalar raw data

DO 1=1,IBAR
IF ( ABS(XB(1)-XC(I)) <
IF ( ABS(XB(2)-XC(I)) <
ENDDO

oo

5_EB+DX(I1) + TOL ) SL%I1 =
5_EB+DX(I1) + TOL ) SL%I2 =

DO J=1,JBAR

IF ( ABS(XB(3)-YC(])) < 0.5_EBs+DY(]J) + TOL ) SL%]J
IF ( ABS(XB(4)-YC(])) < 0.5_EB*DY(J) + TOL ) SL%]
ENDDO

DO K=1,KBAR

IF ( ABS(XB(5)-ZC(K)) < 0.5.EB*DZ(K) + TOL ) SL%KI
IF ( ABS(XB(6)—ZC(K)) < 0.5_EB«DZ(K) + TOL ) SL%K2
ENDDO

N =

IF (SL%I1<SL%I2) SL%I1=SL%I1—1
IF (SL%J1<SL%J2) SL%]J1=SL%]J1—1
IF (SL%KI1<SL%K2) SLY%K1=SL%K1—1
ELSE
SL%I1
SL%I2
SL%] 1
SL%]2
SLY%K1
SLY%K2
ENDIF
SLYMINMAX(1) = REAL(MINIMUM.VALUE, FB)

SLYMINMAX(2) = REAL(MAXIMUM.VALUE, FB)

IF (ITER==2) QUANTITY
IF (ITER==3 .AND. .NOT. TWOD) QUANTITY
IF (ITER==3 .AND. TWOD) QUANTITY
IF (ITER==4) QUANTITY

NINT( GINV(XB(1)—XS,1 NM)*RDXI )
NINT( GINV(XB(2)—XS,1 NM) *RDXI )

NINT( GINV(XB(3)—YS,2 NM) *RDETA )
GINV (XB(4)—YS,2 NM) xRDETA )
NINT( GINV(XB(5)—ZS,3 NV) «RDZETA " )
NINT( GINV(XB(6)—ZS,3 NV) *RDZETA )

"U-VELOCITY’
"V-VELOCITY’
"W-VELOCITY ’
"W-VELOCITY ’

IF (ITER==1 .AND. FIRE_LINE) QUANTITY = "TEMPERATURE’
IF (ITER==1 .AND. LEVEL_SET_FIRE_LINE) QUANTITY = 'TEMPERATURE’

IF (ITER==1) THEN
SL%FIRE.-LINE = FIRE_LINE
SL%LEVEL_SET_FIRE_.LINE = LEVEL_SET_FIRE_LINE

IF (LEVEL.SET.FIRE.LINE .AND. .NOT. VEG.LEVEL.SET) THEN

WRITE(MESSAGE, " (A) ") “ERROR: VEG.LEVEL.SET must be TRUI
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ELSE

SL%FIRE_LINE = .FALSE.

SL%LEVEL_SET_FIRE_LINE = .FALSE.

SPEC.ID = ’‘null’

ENDIF

SL%VELOINDEX = VELOINDEX

on MISC line to run the LS model”

CALL GET_QUANTITY_INDEX (SL%SMOKEVIEW LABEL, SL%SMOKEVIEW_BAR_LABEL, SLY%NDEX, SL%NDEX2, &
SL%Y INDEX, SL%Z INDEX , SL%PART_INDEX, I DUM(1) ,.DUM(2) ,SLY%REACINDEX, 'SLCF’, &
QUANTITY, QUANTITY2, SPEC_ID ,PART.ID, 'null ", "null " ,REACID)
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12346
12347
12348
12349
12350
12351
12352
12353
12354
12355
12356
12357
12358
12359
12360
12361
12362
12363
12364
12365
12366
12367
12368
12369
12370
12371
12372
12373
12374
12375
12376
12377
12378
12379
12380
12381
12382
12383
12384
12385
12386
12387
12388
12389
12390
12391
12392
12393
12394
12395
12396
12397
12398
12399
12400
12401
12402
12403
12404
12405

12406
12407
12408
12409
12410
12411
12412
12413
12414
12415
12416
12417
12418
12419
12420
12421
12422
12423
12424
12425
12426
12427
12428
12429
12430
12431
12432

' If the user needs to do a particle flux calculation , detect that here.
IF (OUTPUT.-QUANTITY (SLY%INDEX)%INTEGRATED PARTICLES) SLCF.PARTICLE_FLUX = .TRUE.

! For terrain slices , AGL=above ground level

! FIRE_LINE==.TRUE. means a terrain slice at one grid cell above ground with quantity temperature.

! Smokeview will display only regions where temperature is above 200 C. This is currently hard wired.
! LEVEL.SET-FIRE_LINE = .TRUE. will create a slice file !l this is not fully functional !!!

IF (ITER == 1 .AND. (AGLSLICE > —1..EB .OR. FIRE.LINE .OR. LEVEL_.SET_FIRE.LINE ) ) THEN
SL%TERRAIN_SLICE = .TRUE.

IF (FIRE_LINE) THEN

SLYSMOKEVIEW LABEL = “Fire line”

SLYSMOKEVIEW BARLABEL = “Fire line”

ENDIF

IF (LEVEL_SET_FIRE.LINE) THEN

SLYSMOKEVIEW_LABEL = “Level Set Fire line”

SLYSMOKEVIEW BARLABEL = “1.S_Fire line”

ENDIF

IF (AGLSLICE <= —1._.EB .AND. FIRE_LINE) AGL_SLICE
IF (AGLSLICE <= —1._.EB .AND. LEVEL_SET_FIRE.LINE) AGL_SLICE
SL%SLICE.AGL = AGL.SLICE

N_TERRAIN.SLCF = N_TERRAIN.SLCF + 1

ENDIF

IF (ITER==2 .OR. ITER==3 .OR. ITER ==4) THEN

IF (SLICE (N—1)%TERRAIN_SLICE) THEN

SL%TERRAIN.SLICE = .TRUE.

SL%SLICE.AGL = SLICE (N—1)%SLICE_AGL

N_TERRAIN.SLCF = N_TERRAIN.SLCF + 1

ENDIF

ENDIF

MiZ(1) — MAZ(0)
0._EB

! Disable cell centered for wvelocity

! IF (QUANTITY=="VELOCITY" .OR. &
! QUANTITY=="U-VELOCITY" .OR. &
! QUANTITY=="V-VELOCITY" .OR. &
! QUANTITY=="W-VELOCITY ") THEN

! CELL.CENTERED = .FALSE.

! ENDIF

SL%CELL.CENTERED = CELL.CENTERED
SL%FACE.CENTERED = FACE_CENTERED

! Check if the slcf PROPERTY exists (for FED-ACTIVITY input)

SL%PROP_INDEX = 0

IF (PROP.ID /='null’) THEN

CALL GET_PROPERTY_INDEX (SL%PROP_INDEX, 'SLCEF’ ,PROP_ID)

ENDIF

SL%SMV _OFFSET = SMV_OFFSET

ENDDO VECTORLOOP

IF (TRIM(QUANTITY)=="CHEMISTRY SUBITERATIONS") OUTPUT-CHEMIT = .TRUE.

IF (TRIM(QUANTITY)=="REAC SOURCE TERM’ .OR. TRIM(QUANTITY)=="HRRPUV REAC’") REACSOURCE.CHECK = .TRUE.

IF (TRIM(QUANTITY)=="H PRIME" .AND. .NOT.EXTERNALBOUNDARY.CORRECTION) THEN

WRITE(MESSAGE, ' (A, 10 ,A) ") 'ERROR: Problem with SCLF ’ ,NN,’, H PRIME requires EXTERNALBOUNDARY.CORRECTION=T on
MISC”

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

IF (TRIM(QUANTITY)=="SOLID CELL Q.5") STORE.Q.DOT_.PPP.S = .TRUE.

IF (TRIM(QUANTITY)=="SUBGRID TEMPERATURE CORRECTION’ .AND. .NOT.CORRECT_SUBGRID_.TEMPERATURE) THEN
WRITE(MESSAGE, " (A,10 ,A) ") "ERROR: Promblem with SCLF " NN, , requires CORRECTSUBGRID.TEMPERATURE=T on MISC’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

IF (TRIM(QUANTITY)=="DUDI" .OR. TRIM(QUANTITY)=="DVDI" .OR. TRIM(QUANTITY)=="DWDI") STORE.OLD_VELOCITY =.TRUE.
ENDDO SLCF.LOOP
ALLOCATE(M/oK_AGL_SLICE (0:IBP1,0:JBP1,N.TERRAIN.SLCF) ,STAT=IZERO)

CALL ChkMemErr( 'READ”, "K_AGL.SLICE" ,IZERO)
MeK_AGLSLICE = 0

N =0
DO NN = 1,N.SLCF
SL=>SLICE (NN)

IF (SL%TERRAIN_SLICE) THEN

TERRAIN.CASE = .TRUE.

N=N+1

MVK_AGL.SLICE (0:TBP1,0:JBP1,N) = INT(SL%SLICE_.AGL-AM/RDZ(1))

! Subtract one because bottom of domain will be accounted for when cycling through walls cells
M/K_AGL.SLICE (0:1BP1,0:]JBP1,N) = MAX(0 MoK_AGL.SLICE (0:1BP1,0:]JBP1,N)—1)

ENDIF
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12433
12434
12435
12436
12437
12438
12439
12440
12441
12442
12443
12444
12445
12446
12447
12448
12449
12450
12451
12452
12453
12454
12455
12456
12457
12458
12459
12460
12461
12462
12463
12464
12465
12466
12467
12468
12469
12470
12471
12472
12473
12474
12475
12476
12477
12478
12479
12480
12481
12482
12483
12484
12485
12486
12487
12488
12489
12490
12491
12492
12493
12494
12495
12496
12497
12498
12499
12500
12501
12502
12503
12504
12505
12506
12507
12508
12509
12510
12511
12512
12513
12514
12515
12516
12517
12518
12519
12520

ENDDO
NSLCFMAX = MAX(N_SLCF-MAX, N_SLCF)

IF (VEG-LEVEL.SET) THEN
ALLOCATE(M/\LS_Z_TERRAIN (0:1BP1,0: JBP1) ,STAT=IZERO) ; CALL ChkMemErr( 'READ’, [.S_Z TERRAIN " ,IZERO)
ENDIF

ENDDO MESH.LOOP

END SUBROUTINE READ_SLCF

SUBROUTINE READ_BNDF

USE DEVICE_VARIABLES

USE COMP_FUNCTIONS, ONLY : CHANGE.UNITS

INTEGER :: N

LOGICAL :: CELL.CENTERED

CHARACTER(LABELLENGTH) :: QUANTITY, PROP.ID,SPEC.ID, PART.ID, STATISTICS
NAMELIST /BNDF/ CELL.CENTERED, FYI,PART_ID,PROP_ID,QUANTITY, SPEC._ID , STATISTICS
TYPE(BOUNDARY_FILE.-TYPE) , POINTER :: BF=>NULL()

NBNDF = 0
REWIND(LUINPUT) ; INPUT_FILE_LINE.NUMBER = 0
COUNTBNDFLOOP: DO

CALL CHECKREAD( 'BNDF’ , LUINPUT, I0S)

IF (10S==1) EXIT COUNTBNDF.LOOP
READ(LU_INPUT ,NMIL=BNDF, END=209 ,ERR=210,JOSTAT=I0S
NBNDF = NBNDF + 1

210 IF (I0$>0) THEN

WRITE(MESSAGE, " (A, 10 ,A,10) ") "ERROR: Problem with BNDF number * ,NBNDF+1, ', line number’ ,INPUT_FILE_.LINE_.NUMBER
CALL SHUIDOWN(MESSAGE) ; RETURN
ENDIF

ENDDO COUNT_BNDF_LOOP
209 REWIND(LU.INPUT) ; INPUT_FILE.LINE.NUMBER = 0

ALLOCATE(BOUNDARY FILE (N.BNDF) ,STAT=IZERO)
CALL ChkMemErr( 'READ”, "BOUNDARY_FILE" ,IZERO)

BNDEFE.TIME_INTEGRALS = 0

READ.BNDF.LOOP: DO N=1,N.BNDF
BF => BOUNDARY_FILE (N)
CELL.CENTERED = .FALSE.
PARTID = "null’

PROP.ID = "null’
SPEC.ID = 'null’
STATISTICS = "null”’
QUANTITY = "WALL.TEMPERATURE’

CALL CHECKREAD( 'BNDF’ ,LUINPUT, IOS)
IF (I0S==1) EXIT READ-BNDF_LOOP
READ(LU_INPUT ,BNDF)

IF (TRIM(QUANTITY)=="AMPUAZ’" .OR. TRIM(QUANTITY)=="CPUAZ’ .OR. TRIM(QUANTITY)=="MPUAZ") THEN
IF (N_LP_.ARRAY.INDICES == 0) THEN

WRITE(MESSAGE, ' (A,10) ") 'ERROR: CPUAZ, MPUAZ, and AMPUAZ require liquid droplets. BNDF line ’,N
CALL SHUIDOWN(MESSAGE) ; RETURN

ELSE

IF (.NOT. ALL(LAGRANGIAN_PARTICLE.-CLASS%LIQUID_-DROPLET)) THEN

WRITE(MESSAGE, ' (A,10) ") 'ERROR: CPUA.Z, MPUAZ, and AMPUAZ require liquid droplets. BNDF line ’,N
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

ENDIF

! Look to see if output QUANTITY exists

CALL GET_QUANTITY_INDEX ( BF/SMOKEVIEW LABEL, BF/SMOKEVIEW_BAR_LABEL, BRZANDEX, . DUM(1) , &
BF%Y_INDEX, BF%Z INDEX , BR/JP ART_INDEX, I DUM (2) ,IDUM(3) ,JDUM(4) , 'BNDF', &

QUANTITY, "null " ,SPEC.ID,PART.ID, "null ", "null’, "null ")

BF/JUNITS = OUTPUT-QUANTITY ( BFZdNDEX)%UNITS

! Assign miscellaneous attributes to the boundary file

BF/CELL.CENTERED = CELL.CENTERED

! Check to see if PROP.ID exists

BF/PROPINDEX = 0
IF (PROP.ID/="null ") CALL GET_PROPERTY.INDEX(BFPROPINDEX, 'BNDI " ,PROP.ID)

! Check to see if the QUANTITY is to be time integrated
IF (STATISTICS=="TIME INTEGRAL") THEN

BNDFE_TIMEINTEGRALS = BNDF.TIME.INTEGRALS + 1
BFGTIMEINTEGRALINDEX = BNDF_TIMEINTEGRALS
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12521
12522
12523
12524
12525
12526
12527
12528
12529
12530
12531
12532
12533
12534
12535
12536
12537
12538
12539
12540
12541
12542
12543
12544
12545
12546
12547
12548
12549
12550
12551
12552
12553
12554
12555
12556
12557
12558
12559
12560
12561
12562
12563
12564
12565
12566
12567
12568
12569
12570
12571
12572
12573
12574
12575
12576
12577
12578
12579
12580
12581
12582
12583
12584
12585
12586
12587
12588
12589
12590
12591
12592
12593
12594
12595
12596
12597
12598
12599
12600
12601
12602
12603
12604
12605
12606
12607
12608

CALL CHANGE_UNITS(QUANTITY, BFUNITS, STATISTICS ,MYID, LU_ERR)
ENDIF

ENDDO READ_BNDF.LOOP
REWIND(LUNPUT) ; INPUT-FILE.LINE.NUMBER = 0

END SUBROUTINE READ_BNDF

SUBROUTINE READ_BNDE

USE DEVICE_.VARIABLES

INTEGER :: N

LOGICAL :: CELL-CENTERED

CHARACTER(LABELLENGTH) :: QUANTITY, PROP_ID, SPEC.ID,PART.ID
NAMELIST /BNDE/ CELL.CENTERED, FYI,PART._ID,PROP.ID,QUANTITY, SPEC_ID
TYPE(BOUNDARY_ELEMENT_FILE.TYPE) , POINTER :: BE=>NULL()

NBNDE = 0

REWIND(LUINPUT) ; INPUT.FILE.LINE.NUMBER = 0
COUNTBNDELOOP: DO

CALL CHECKREAD( ‘BNDE’ ,LUINPUT, I0S)

IF (I0S==1) EXIT COUNTBNDELOOP
READ(LU_INPUT ,NML=BNDE, END=309 ,ERR=310 ,IOSTAT=10S)
NBNDE = NBNDE + 1

310 IF (I0S>0) THEN

WRITE(MESSAGE, " (A, 10 ,A,10) ") "ERROR: Problem with BNDE number * ,NBNDE+1,’, line number’ ,INPUT_-FILE.LINE.NUMBER

CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDDO COUNT_BNDE_LOOP

309 REWIND(LU.INPUT) ; INPUT_FILE_LINE.NUMBER = 0

ALLOCATE(BOUNDARY_ELEMENT FILE (N.BNDE) ,STAT=IZERO)
CALL ChkMemErr( 'READ’, "BOUNDARY ELEMENT_FILE" ,IZERO)

READBNDE_LOOP: DO N=1,N.BNDE

BE => BOUNDARY_ELEMENT_FILE(N)
CELL.CENTERED = .TRUE.

PART.ID null ’

PROP_ID null ’

SPEC.ID null ’

QUANTITY WALL.TEMPERATURE

CALL CHECKREAD( 'BNDE’ ,LUINPUT, I0S)
IF (I0S==1) EXIT READBNDELOOP
READ(LU_INPUT, BNDE)

! Look to see if output QUANTITY exists

CALL GET_QUANTITY_INDEX ( BEYSMOKEVIEW LABEL, BEYSMOKEVIEW BAR_LABEL, BEYANDEX, I DUM(1) , &
BE%Y_INDEX, BE%Z INDEX , BEYJP ART_INDEX, I DUM(2) ,IDUM(3) ,JDUM(4) , 'BNDE', &

QUANTITY, "null " ,SPEC.ID,PART.ID, "null”, "null’, "null ")

! Assign miscellaneous attributes to the boundary file

BE/CELL.CENTERED = CELL.CENTERED

! Check to see if PROP.ID exists

BE%PROPINDEX = 0
IF (PROPID/="null") CALL GETPROPERTYINDEX(BE%PROPINDEX, 'BNDE’ ,PROP-ID)

ENDDO READ_BNDE.LOOP
REWIND(LU_INPUT) ; INPUT_FILE.LLINEXNUMBER = 0

END SUBROUTINE READ_BNDE

SUBROUTINE CHECK SURFNAME (NAME, EXISTS)

LOGICAL, INTENT(OUT) :: EXISTS
CHARACTER () , INTENT(IN) :: NAME
INTEGER :: NS

EXISTS = .FALSE.
DO NS=0,N_SURF

IF (NAME==SURFACE(NS)%ID) EXISTS = .TRUE.
ENDDO

END SUBROUTINE CHECK.SURF.NAME

SUBROUTINE GET_QUANTITY_INDEX (SMOKEVIEW_LABEL, SMOKEVIEW_BAR_LABEL, OUTPUT_INDEX, OUTPUT2.INDEX, &

Y_INDEX, Z INDEX , PART_INDEX , DUCT_INDEX, NODE_INDEX, REACINDEX, OUTTYPE, &
QUANTITY, QUANTITY2, SPEC_ID_IN , PART.ID , DUCT.ID,NODEID, REACID)
CHARACTER( ) , INTENT(INOUT) :: QUANTITY

CHARACTER( ) , INTENT(OUT) :: SMOKEVIEW.LABEL,SMOKEVIEW.BAR LABEL
CHARACTER(*) :: SPEC.ID.IN,PART.ID,DUCT.ID,NODEID
CHARACTER(LABELLENGTH) :: SPEC.ID
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12609 || CHARACTER(x*) , INTENT(IN) :: OUTTYPE,QUANTITY2, REACID
12610 || INTEGER, INTENT(OUT) :: OUTPUTINDEX,Y_INDEX,Z_INDEX, PARTINDEX, DUCTINDEX, NODEINDEX, REACINDEX, OUTPUT2INDEX
12611 || INTEGER :: ND,NS,NN,NR,N_PLUS,N.MINUS

12612

12613 || ! Backward compatibility

12614

12615 IF (QUANTITY=="VEG.TEMPERATURE ") QUANTITY="PARTICLE TEMPERATURE”
12616

12617 || IF (QUANTITY=="oxygen ') THEN

12618 || QUANTITY = 'VOLUME FRACTION"

12619 SPEC.ID.IN = 'OXYGEN’

12620 || ENDIF

12621 IF (QUANTITY=="carbon monoxide ") THEN
12622 || QUANTITY "VOLUME FRACTION “
12623 SPEC._ID.IN "CARBON MONOXIDE "

12624 || ENDIF
12625 || IF (QUANTITY=="carbon dioxide ") THEN

12626 || QUANTITY = 'VOLUME FRACTION’
12627 SPEC.ID_.IN = 'CARBON DIOXIDE"
12628 || ENDIF

12629 || IF (QUANTITY=="so00t ') THEN

12630 || QUANTITY = 'VOLUME FRACTION"
12631 || SPECID.IN = 'SOOT”’

12632 || ENDIF

12633 || IF (QUANTITY=="soot density ') THEN

12634 || QUANTITY "DENSITY ’

12635 || SPEC.ID.IN = 'SOOT”’

12636 || ENDIF

12637 || IF (QUANTITY=="fuel ') THEN

12638 || QUANTITY = 'VOLUME FRACTION"

12639 || WRITE(SPEC_ID_IN, " (A) ") REACTION (1)%FUEL
12640 || ENDIF

12641

12642 || DO ND=—N_OUTPUT_-QUANTITIES, N.OUTPUT_QUANTITIES
12643 || IF (QUANTITY==OUTPUT.QUANTITY (ND)%OLDNAME) QUANTITY = OUTPUT-QUANTITY (ND)%NAME
12644 || ENDDO

12645
12646 || ! Initialize indices
12647
12648 || YAINDEX
12649 || ZINDEX
12650
12651 || SPEC.ID = SPEC.ID.IN
12652
12653 IF (QUANTITY:

"OPTICAL DENSITY " LAND. SPEC_ID=="null’) SPEC.ID="500T"
12654 IF (QUANTITY: [INCTION COEFFICIENT”  .AND. "null’”) SPEC.ID="500T"
12655 || IF (QUANTITY: AEROSOL VOLUME FRACTION” .AND. ‘null’”) SPEC.ID="500T"
12656 || IF (QUANTITY=="VISIBILITY " LAND. SPEC.ID=='null’) SPEC.ID="500T"
12657
12658 || PARTINDEX
12659 || DUCTINDEX
12660 || NODEINDEX
12661 || OUTPUT2INDEX = 0
12662 || REACINDEX = 0
12663
12664 || ! Look for the appropriate SPEC or SMIX index
12665
12666 || IF (SPEC.ID/='null’) THEN

12667 || CALL GET.SPEC.OR.SMIX_INDEX (SPEC-ID, Y_INDEX, Z_INDEX)
12668 || IF (ZINDEX>=0 .AND. Y_INDEX>=1) THEN

12669 IF (TRIM(QUANTITY) =="DIFFUSIVITY ") THEN

12670 || YINDEX=-999

0
0
0

12671 || ELSE

12672 || ZINDEX=-999

12673 || ENDIF

12674 || ENDIF

12675 || IF (ZINDEX<0 .AND. Y_INDEX<1) THEN

12676 || WRITE(MESSAGE, " (A, A, A,A) ") 'ERROR: SPEC.ID “ ,TRIM(SPEC.ID),’ is not explicitly specified for QUANTITY * TRIM(

QUANTITY)

12677 || CALL SHUIDOWN(MESSAGE) ; RETURN
12678 || ENDIF

12679 || ENDIF

12680
12681 || ! Assign HVAC indexes
12682
12683 || IF (DUCTJID/='null’) THEN
12684 |[DOND = 1, N.DUCTS

12685 || IF (DUCTID==DUCT(ND)%ID) THEN
12686 || DUCTINDEX = ND

12687 || EXIT
12688 || ENDIF
12689 || ENDDO
12690 || ENDIF
12691

12692 || IF (NODEID/='null ") THEN

12693 ||DONN = 1, N.DUCINODES

12694 || IF (NODEID==DUCINODE(NN)%ID) THEN
12695 || NODEINDEX = NN
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12696
12697
12698
12699
12700
12701
12702
12703
12704
12705
12706
12707
12708
12709
12710
12711
12712
12713
12714
12715
12716
12717
12718
12719
12720
12721
12722
12723
12724
12725
12726
12727
12728
12729
12730
12731
12732
12733
12734
12735
12736
12737
12738
12739
12740
12741
12742
12743
12744
12745
12746
12747
12748
12749
12750
12751
12752
12753
12754
12755
12756
12757
12758
12759
12760
12761
12762
12763
12764
12765
12766
12767
12768
12769
12770
12771
12772
12773
12774
12775
12776
12777
12778
12779
12780
12781
12782
12783

EXIT

ENDIF
ENDDO
ENDIF

IF (TRIM(QUANTITY)=="FILTER LOADING") THEN

YINDEX = —999

DO NS = 1,N.TRACKED_SPECIES

IF (TRIM(SPECIES_MIXTURE (NS)%ID)==TRIM(SPEC_ID)) THEN
ZINDEX = NS

EXIT

ENDIF

ENDDO

IF (ZINDEX<0) THEN

WRITE(MESSAGE, ' (A,A,A) ") “ERROR: FILTER LOADING. ', TRIM(SPEC.ID),  is not a tracked species’
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

IF (TRIM(QUANTITY)=="EQUILIBRIUM VAPOR FRACTION" .OR. TRIM(QUANTITY)=="FOQUILIBRIUM TEMPERATURE") THEN
YINDEX = —999

DO NS = 1,N.TRACKED_SPECIES

IF (TRIM(SPECIES_MIXTURE (NS)%ID)==TRIM(SPEC_ID)) THEN

ZINDEX = NS

EXIT

ENDIF

ENDDO

IF (ZINDEX<0) THEN

WRITE(MESSAGE, ' (A, A,A) ") 'ERROR: EQUILIBRIUM VAPOR FRACTION. ', TRIM(SPEC.ID),  is not a tracked species’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

IF (.NOT. SPECIES_MIXTURE (Z_INDEX)%EVAPORATING) THEN

WRITE(MESSAGE, " (A,A,A) ") ’ERROR: EQUILIBRIUM VAPOR FRACTION. ’,TRIM(SPEC.ID),’ is not an evaporating species’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

IF (TRIM(QUANTITY)=="MIXTURE FRACTION") THEN

IF (N.REACTIONS/=1) THEN

WRITE(MESSAGE, ’ (A) ") 'ERROR: MIXTURE FRACTION requires one and only one REAC input’
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

N.-PLUS = 0

NMINUS = 0

DO NN = 1,N.TRACKED_SPECIES

IF (REACTION(1)7%NUNN) > 0) THEN

N._PLUS = NPLUS + 1

ZINDEX = NN

ELSEIF (REACTION(1)%NUMNN) < 0) THEN

NMINUS = NMINUS + 1

ENDIF

ENDDO

IF (N_PLUS/=1 .AND. N.MINUS/=2) THEN

WRITE(MESSAGE, ' (A) ) 'ERROR: MIXTURE FRACTION requires REAC of the form A + B —> C’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

IF (TRIM(QUANTITY)=="HRRPUV REAC’) THEN
DO NR = 1,N_REACTIONS

IF (TRIM(REAC.ID)==TRIM(REACTION (NR)%ID)) REACINDEX = NR

ENDDO

IF (REACINDEX==0) THEN

WRITE(MESSAGE, ' (3A) ') 'ERROR: Output QUANTITY ', TRIM(QUANTITY) , " requires a REAC.ID’
CALL SHUTDOWN(MESSAGE) ; RETURN

ENDIF

ENDIF

! Assign PARTINDEX when PART.ID is specified

IF (PARTID/="null ") THEN

DO NS=1,N.LAGRANGIAN.CLASSES

IF (PARTID==LAGRANGIAN_PARTICLE.CLASS(NS)%ID) THEN
PARTINDEX = NS

EXIT

ENDIF

ENDDO

ENDIF

! Loop over all possible output quantities and assign an index number to match the desired QUANTITY
DO ND=—N_OUTPUT_QUANTITIES, N.OUTPUT_QUANTITIES

IF (OUTPUT.QUANTITY (ND)?NAME=="nu11 ") CYCLE

IF (QUANTITY2==OUTPUT QUANTITY (ND)7%NAME) THEN

OUTPUT2.INDEX=ND
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12784 || IF (OUTPUT-QUANTITY (ND)%SPEC_ID_REQUIRED .AND. (Y.INDEX<1 .AND. Z.INDEX<0)) THEN

12785 || WRITE(MESSAGE, ' (3A) ") "ERROR: Output QUANTITY2 * TRIM(QUANTITY2) , " requires a SPEC.ID’
12786 || CALL SHUIDOWN(MESSAGE) ; RETURN

12787 || ENDIF

12788
12789 || ! QUANTITY2 only works with SLCF at the moment

12790 || IF (.NOT.OUTPUT.-QUANTITY (ND)%SLCF_APPROPRIATE) THEN

12791 || WRITE(MESSAGE, " (3A) ")  "ERROR: The QUANTITY2 * TRIM(QUANTITY2) ,” is not appropriate for SLCE’
12792 || CALL SHUIDOWN(MESSAGE) ; RETURN

12793 || ENDIF
12794

12795 || ENDIF

12796 || ENDDO

12797

12798 || QUANTITY.INDEX_LOOP: DO ND=—N.OUTPUT.QUANTITIES, N.OUTPUT_QUANTITIES
12799

12800 || QUANTITYIF: IF (QUANTITY==OUTPUT.QUANTITY (ND)%NAME) THEN

12801

12802 || OUTPUTINDEX = ND

12803

12804 || IF (OUTPUT-QUANTITY (ND)%QUANTITY2 REQUIRED .AND. OUTPUT2INDEX==0) THEN

12805 || WRITE(MESSAGE, " (3A) ") "ERROR: Output QUANTITY * , TRIM(QUANTITY) , " requires a QUANTITY2"
12806 || CALL SHUIDOWN(MESSAGE) ; RETURN

12807 || ENDIF

12808
12809 || IF (OUTPUT-QUANTITY (ND)%SPEC.ID_REQUIRED .AND. (Y.INDEX<1 .AND. ZINDEX<0)) THEN

12810 || IF (SPEC.ID=="null ") THEN

12811 || WRITE(MESSAGE, " (3A) ")  'ERROR: Output QUANTITY ’ TRIM(QUANTITY) , " requires a SPEC.ID’

12812 || ELSE

12813 || WRITE(MESSAGE, " (5A) ") "ERROR: Output QUANTITY ’ , TRIM(QUANTITY) , . SPEC.ID ', TRIM(SPEC.ID),  not found.’
12814 || ENDIF

12815 || CALL SHUIDOWN(MESSAGE) ; RETURN

12816 || ENDIF

12817
12818 || IF (OUTPUT.QUANTITY (ND)%PART_ID_REQUIRED .AND. PARTINDEX<1) THEN

12819 IF (PARTID=='null’) THEN

12820 || WRITE(MESSAGE, " (3A) ") "ERROR: Output QUANTITY *,TRIM(QUANTITY) , " requires a PART.ID’

12821 || ELSE

12822 || WRITE(MESSAGE, ' (5A) ") "ERROR: Output QUANTITY *, TRIM(QUANTITY) , " . PART.ID “ , TRIM(PART.ID),  not found.’
12823 || ENDIF

12824 || CALL SHUIDOWN(MESSAGE) ; RETURN

12825 || ENDIF

12826
12827 || IF (OUTPUT-QUANTITY (ND)%DUCTID-REQUIRED .AND. DUCTINDEX<1) THEN

12828 IF (DUCTID=="null’) THEN

12829 WRITE(MESSAGE, " (3A) ") "ERROR: Output QUANTITY *, TRIM(QUANTITY) , " requires a DUCT.ID’

12830 || ELSE

12831 || WRITE(MESSAGE, ' (5A) ") "ERROR: Output QUANTITY *, TRIM(QUANTITY) ,". DUCTID ’,TRIM(DUCTID),  not found.’
12832 || ENDIF

12833 || CALL SHUIDOWN(MESSAGE) ; RETURN

12834 || ENDIF

12835
12836 || IF (OUTPUT-QUANTITY (ND)%dNODEID_REQUIRED .AND. NODEINDEX<1) THEN

12837 || IF (NODEID=="null ") THEN

12838 || WRITE(MESSAGE, " (3A) ") "ERROR: Output QUANTITY 7, TRIM(QUANTITY) ,* requires a NODEID’

12839 || ELSE

12840 || WRITE(MESSAGE, ' (5A) ") "ERROR: Output QUANTITY “, TRIM(QUANTITY) , . NODEID “, TRIM(NODEID),  not found.’
12841 || ENDIF

12842 || CALL SHUIDOWN(MESSAGE) ; RETURN

12843 || ENDIF

12844

12845 IF (( QUANTITY=="RELATIVE HUMIDITY” .OR. QUANTITY=="HUMIDITY ") .AND. H20.INDEX==0) THEN
12846 || WRITE(MESSAGE, ' (A) ')  "ERROR: RELATIVE HUMIDITY and HUMIDITY require SPEC=WATER VAPOR’

12847 || CALL SHUIDOWN(MESSAGE) ; RETURN
12848 || END IF

12849
12850 || IF (TRIM(QUANTITY)=="DIFFUSIVITY " .AND. DNS .AND. Z_INDEX < 0) THEN

12851 WRITE(MESSAGE, " (A) ") "ERROR: DIFFUSIVITY requires a tracked species SPEC.ID when using DNS’
12852 || CALL SHUIDOWN(MESSAGE) ; RETURN

12853 || ENDIF

12854
12855 || IF (TRIM(QUANTITY)=="SURFACE DEPOSITION ") THEN

12856 || YAINDEX = —999

12857 || DO NS=1,N_.TRACKED_SPECIES

12858 || IF (TRIM(SPEC.ID)==TRIM(SPECIES_.MIXTURE (NS)%ID)) THEN
12859 || ZINDEX = NS

12860 || EXIT
12861 || ENDIF
12862 || ENDDO

12863 IF (ZINDEX < 0) THEN

12864 || DO NS=1,N_SPECIES

12865 || IF (TRIM(SPEC_ID)==TRIM(SPECIES (NS)%ID)) THEN

12866 || YANDEX = NS

12867 || EXIT

12868 || ENDIF

12869 || ENDDO

12870 IF (YINDEX < 0) THEN

12871 || WRITE(MESSAGE, " (A, A, A,A) ") "ERROR: SURFACE DEPOSITION for ', TRIM(SPEC.ID),  is invalid as species’, &
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12872 " is not a tracked species’
12873 || CALL SHUIDOWN(MESSAGE) ; RETURN
12874 || ELSE

12875 || IF (SPECIES (Y INDEX)%MODE /= AEROSOL_SPECIES) THEN
12876 || WRITE(MESSAGE, " (A, A, A, A) ") 'ERROR: SURFACE DEPOSITION for , TRIM(SPEC.ID),” is invalid as species’, &

12877 ' is not an aerosol species’
12878 || CALL SHUIDOWN(MESSAGE) ; RETURN
12879 || ENDIF

12880 || IF (SPECIES (Y-INDEX)%AWMINDEX < 0) THEN

12881 N_SURFACE_DENSITY_SPECIES = N_SURFACE_DENSITY.SPECIES + 1

12882 || SPECIES (Y. INDEX)7%AWM.INDEX = N_SURFACE_DENSITY_SPECIES

12883 || ENDIF

12884 || ENDIF

12885 ELSEIF (Z.INDEX==0) THEN

12886 || WRITE(MESSAGE, " (A) ") 'ERROR: Cannot select background species for deposition’
12887 || CALL SHUIDOWN(MESSAGE) ; RETURN

12888 || ELSE

12889 IF (.NOT. SPECIES.MIXTURE (Z.INDEX)%DEPOSITING) THEN

12890 || WRITE(MESSAGE, " (A, A,A) ") "ERROR: SURFACE DEPOSITION for ', TRIM(SPEC.ID),  is not an aerosol tracked species’
12891 || CALL SHUIDOWN(MESSAGE) ; RETURN

12892 || ENDIF

12893 || IF (SPECIES-MIXTURE (Z_INDEX)%AWMINDEX < 0) THEN

12894 || N.SURFACE_DENSITY_SPECIES = N_SURFACE_DENSITY_SPECIES + 1

12895 || SPECIES_-MIXTURE (ZINDEX)%AWMINDEX = N_SURFACE_DENSITY_SPECIES

12896 || ENDIF
12897 || ENDIF
12898 || ENDIF
12899

12900 || IF (TRIM(QUANTITY)=="MPUV_Z" .OR. TRIM(QUANTITY)=="ADD_Z" .OR. TRIM(QUANTITY)=="ADT 7" .OR. TRIM(QUANTITY)=="
ADAZ" .OR. &

12901 || TRIM(QUANTITY)=="0OABS.Z" .OR. TRIM(QUANTITY)=="0SCA_ 7" .OR. TRIM(QUANTITY)=="MPUAZ" .OR. TRIM(QUANTITY)=="CPUAZ
" .OR. &

12902 || TRIM(QUANTITY)=="AMPUAZ") THEN

12903 || IF (N_.LAGRANGIAN_CLASSES==0) THEN

12904 || WRITE(MESSAGE, ' (3A) ") "ERROR: The OQUANTITY  , TRIM(QUANTITY) , " requires liquid droplets’

12905 || CALL SHUIDOWN(MESSAGE) ; RETURN

12906 || ELSE

12907 || IF (.NOT. ALL(LAGRANGIAN_PARTICLE.CLASSYLIQUID_-DROPLET)) THEN

12908 || WRITE(MESSAGE, " (3A) ") "ERROR: The QUANTITY * , TRIM(QUANTITY) , " requires liquid droplets’

12909 || CALL SHUIDOWN(MESSAGE) ; RETURN
12910 || ENDIF

12911 || ENDIF

12912 || ENDIF

12913

12914 || SELECT CASE (TRIM(OUTTYPE) )

12915 || CASE (SLCT ')

12916 || ! Throw out bad slices

12917 IF (.NOT. OUTPUT-QUANTITY (ND)%SLCF-APPROPRIATE) THEN

12918 || WRITE(MESSAGE, " (3A) ") "ERROR: The OUANTITY ', TRIM(QUANTITY) , " is not appropriate for SLCE’
12919 || CALL SHUIDOWN(MESSAGE) ; RETURN

12920 || ENDIF

12921 || CASE ('DEVC’)

12922 || IF (.NOT.OUTPUT-QUANTITY (ND)%DEVC_APPROPRIATE) THEN

12923 || WRITE(MESSAGE, ' (3A) ") "ERROR: The OQUANTITY * , TRIM(QUANTITY) , " is not appropriate for DEVC’
12924 || CALL SHUIDOWN(MESSAGE) ; RETURN

12925 || ENDIF

12926 || IF (QUANTITY=="AMPUA" .OR. QUANTITY=="AMPUAZ") ACCUMULATEWATER = .TRUE.

12927 || CASE ('PART")

12928 || IF (.NOT. OUTPUT-QUANTITY (ND)%PART-APPROPRIATE) THEN

12929 || WRITE(MESSAGE, ' (3A) ') 'ERROR: *, TRIM(QUANTITY) , " is nolt a particle output QUANTITY”

12930 || CALL SHUIDOWN(MESSAGE) ; RETURN

12931 || ENDIF

12932 || CASE ( 'BNDE")

12933 IF (.NOT. OUTPUT-QUANTITY (ND)%BNDF_APPROPRIATE) THEN

12934 || WRITE(MESSAGE, " (3A) ")  'ERROR: The QUANTITY ’ , TRIM(QUANTITY) , " is not appropriate for BNDF’
12935 || CALL SHUIDOWN(MESSAGE) ; RETURN

12936 || ENDIF

12937 IF (QUANTITY=="AMIJA" .OR. QUANTITY=="AMPUAZ") ACCUMULATEWATER = .TRUE.

12938 || CASE ( 'BNDE’)

12939 || IF (.NOT. OUTPUT.QUANTITY (ND)%BNDE_APPROPRIATE) THEN

12940 || WRITE(MESSAGE, " (3A) ") "ERROR: The OQUANTITY * , TRIM(QUANTITY) , " is not appropriate for BNDE’
12941 || CALL SHUIDOWN(MESSAGE) ; RETURN

12942 || ENDIF

12943 || IF (QUANTITY=="AMPUA" .OR. QUANTITY=="AMPUAZ") ACCUMULATEWATER = .TRUE.

12944 || CASE( '1SOF ")

12945 || IF (.NOT.OUTPUT-QUANTITY (ND)%ISOF_APPROPRIATE) THEN

12946 || WRITE(MESSAGE, " (3A) ")  "ERROR: ISOF quantity ', TRIM(QUANTITY),  not appropriate for isosurface’
12947 || CALL SHUIDOWN(MESSAGE) ; RETURN

12948 || ENDIF

12949 || CASE ('PLOT3D )

12950 || IF (OUTPUT.QUANTITY (ND)%SOLID_PHASE) THEN

12951 || WRITE(MESSAGE, ' (5A) ") ‘ERROR: “ , TRIM(OUTTYPE) , " OUANTITY ', TRIM(QUANTITY) , ' not appropriate for gas phase’
12952 || CALL SHUIDOWN(MESSAGE) ; RETURN

12953 || ENDIF

12954 IF (.NOT.OUTPUT-QUANTITY (ND)%SLCF_APPROPRIATE) THEN

12955 || WRITE(MESSAGE, ' (5A) ") “ERROR: ', TRIM(OUTTYPE) , " OUANTITY * , TRIM(QUANTITY), ' not appropriate for Plot3D’
12956 || CALL SHUIDOWN(MESSAGE) ; RETURN

12957 || ENDIF
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12958
12959
12960
12961
12962
12963
12964
12965
12966
12967
12968
12969
12970
12971
12972
12973
12974
12975
12976
12977
12978
12979
12980
12981
12982
12983
12984
12985
12986
12987
12988
12989
12990
12991
12992
12993
12994
12995
12996
12997
12998
12999
13000
13001
13002
13003
13004
13005
13006
13007
13008
13009
13010
13011
13012
13013
13014
13015
13016
13017
13018
13019
13020
13021
13022
13023
13024
13025
13026
13027
13028
13029
13030
13031
13032
13033
13034
13035
13036
13037
13038
13039
13040
13041
13042
13043
13044
13045

CASE ('SMOKE3D)

IF (SMOKE3D .AND. (.NOT.OUTPUT-QUANTITY (ND)%MASS FRACTION .AND. ND/=11)) THEN

WRITE(MESSAGE, ' (5A) ") "ERROR: * , TRIM(OUTTYPE) , "OUANTITY ' , TRIM(QUANTITY) , ' must be a mass fraction’
CALL SHUIDOWN(MESSAGE) ; RETURN

ENDIF

CASE DEFAULT

END SELECT

! Assign Smokeview Label

IF (ZINDEX>=0) THEN

IF (TRIM(QUANTITY)=="MIXTURE FRACTION ) THEN

SMOKEVIEW_LABEL = TRIM(QUANTITY)

SMOKEVIEW_BAR_ LABEL = TRIM(OUTPUT.QUANTITY (ND)%SHORT NAME)

ELSE

SMOKEVIEW.LABEL = TRIM(SPECIES_MIXTURE (ZINDEX)%ID)// ' '//TRIM(QUANTITY)

SMOKEVIEW BAR LABEL = TRIM(OUTPUT.QUANTITY (ND)%SHORT.NAME) // "’ / /TRIM (SPECIES_ MIXTURE (Z_INDEX)%ID)
ENDIF

ELSEIF (Y.INDEX>0) THEN

SMOKEVIEW LABEL = TRIM(SPECIES (YINDEX)%ID)// " ’//TRIM(QUANTITY)

SMOKEVIEW BAR LABEL = TRIM(OUTPUT.QUANTITY (ND)%SHORTNAME) // "/ /TRIM(SPECIES (Y_INDEX )%FORMULA )
ELSEIF (PARTINDEX>0) THEN

SMOKEVIEW LABEL = TRIM(LAGRANGIAN PARTICLE.CLASS(PARTINDEX)%ID)// " //TRIM(QUANTITY)
SMOKEVIEW BAR LABEL = TRIM(OUTPUT.QUANTITY (ND)%SHORT NAME)

ELSEIF (OUTPUT2INDEX/=0) THEN

SMOKEVIEW.LABEL = TRIM(QUANTITY)//’ '//TRIM(QUANTITY2)

SMOKEVIEW_BAR LABEL = TRIM(OUTPUT.QUANTITY (ND)%SHORTNAME) // **/ /TRIM(OUTPUT.QUANTITY (OUTPUT2.INDEX ) %SHORT NAME)
ELSEIF (REACINDEX/=0) THEN

SMOKEVIEW LABEL = TRIM(QUANTITY)//’ '/ /TRIM(REACTION (REAC.INDEX)%ID)

SMOKEVIEW_BAR LABEL = TRIM(OUTPUT.QUANTITY (ND)%SHORT.NAME) // "/ /TRIM(REACTION (REAC INDEX)%ID )
ELSE

SMOKEVIEW.LABEL = TRIM(QUANTITY)

SMOKEVIEW_BAR_LABEL = TRIM(OUTPUT.QUANTITY (ND)%SHORT NAME)

ENDIF

RETURN
ENDIF QUANTITY_.IF

ENDDO QUANTITY_INDEX_.LOOP
! If no match for desired QUANTITY is found, stop the job

WRITE(MESSAGE, ' (5A) ") 'ERROR: * , TRIM(OUTTYPE) , " QUANTITY ’ , TRIM(QUANTITY) , ' not found’
CALL SHUIDOWN(MESSAGE) ; RETURN

END SUBROUTINE GET_QUANTITY_INDEX

SUBROUTINE GET_SPEC_OR_SMIX_INDEX (SPEC_ID, Y_INDX, Z_INDX)

! Find the appropriate SPEC or SMIX index for the given SPEC.ID
CHARACTER () , INTENT(IN) :: SPEC.ID

INTEGER, INTENT(OUT) :: Y.INDX,Z.INDX

INTEGER :: NS

YINDX
ZINDX

= —999
= —999

DO NS=1,N_SPECIES

IF (TRIM(SPEC_ID)==TRIM(SPECIES (NS)%ID)) THEN
YINDX = NS

EXIT

ENDIF

ENDDO

DO NS=1,N_.TRACKED_SPECIES

IF (TRIM(SPEC.ID)==TRIM(SPECIES_MIXTURE (NS)%ID) ) THEN
ZINDX = NS

RETURN

ENDIF

ENDDO

END SUBROUTINE GET_SPEC_OR_-SMIX_INDEX

SUBROUTINE GET_PROPERTY_INDEX (P_INDEX, OUTTYPE, PROP.ID)

USE DEVICE_.VARIABLES

CHARACTER(*) , INTENT(IN) :: PROP.ID
CHARACTER(*) , INTENT(IN) :: OUITYPE
INTEGER, INTENT(INOUT) :: P_INDEX
INTEGER :: NN

DO NN=1,N_PROP

IF (PROP_ID==PROPERTY (NN)%ID) THEN
PINDEX = NN
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13046
13047
13048
13049
13050
13051
13052
13053
13054
13055
13056
13057
13058
13059
13060
13061
13062
13063
13064
13065
13066
13067
13068
13069
13070
13071
13072
13073
13074
13075
13076
13077
13078
13079
13080
13081
13082
13083
13084
13085
13086
13087
13088
13089
13090
13091
13092
13093
13094
13095
13096
13097
13098
13099
13100
13101
13102
13103
13104
13105
13106
13107
13108
13109
13110
13111
13112
13113
13114
13115

13116
13117
13118
13119
13120
13121
13122
13123
13124
13125
13126
13127
13128
13129
13130
13131
13132

SELECT CASE (TRIM(OUTTYPE))

CASE ('SLCF’)
CASE ('DEVC”)
CASE ('PART”)

CASE ('OBST”)
CASE ('BNDF’)
CASE ('PLOT3D")
CASE DEFAULT
END SELECT
RETURN

ENDIF

ENDDO

WRITE(MESSAGE, ' (5A) ")  'ERROR: ', TRIM(OUTTYPE) , " PROP_ID ', TRIM(PROP.ID),  not found’
CALL SHUTDOWN(MESSAGE) ; RETURN

END SUBROUTINE GET_PROPERTY_INDEX

SUBROUTINE READ.CSVF
USE OUTPUT.DATA

CHARACTER(256) :: CSVFILE,UVWFILE="null’
NAMELIST /CSVE/ CSVFILE,UVWFILE

N.CSVF=0

REWIND(LU_INPUT) ; INPUT.FILE.LINE.NUMBER = 0

COUNT.CSVF_LOOP: DO

CALL CHECKREAD( 'CSVE’",LUINPUT,IOS)

IF (I0S==1) EXIT COUNT.CSVF.LOOP

READ(LU_INPUT ,NML=CSVF ,END=16 ,ERR=17 ,JOSTAT=I0S )

N_CSVF=N_CSVF+1

16 IF (I0S>0) THEN ; CALL SHUIDOWN( 'ERROR: problem with CSVF line ) ; RETURN ; ENDIF
ENDDO COUNT-CSVE.LOOP

17 REWIND(LUINPUT) ; INPUT.FILE_LLINE.NUMBER = 0

IF (N.CSVF==0) RETURN
! Allocate CSVFINFO array

ALLOCATE(CSVFINFO (N-CSVF) ,STAT=IZERO)
CALL ChkMemErr( 'READ”, "CSVE’ ,IZERO)

READ.CSVF.LOOP: DO 1=1,N.CSVF

CALL CHECKREAD( 'CSVE’ ,LUINPUT, IOS)
IF (I0S==1) EXIT READ.CSVF_LOOP

! Read the CSVF line
READ(LU_INPUT, CSVF,END=37)

CSVFINFO(1)%CSVFILE = TRIM(CSVFILE)

IF (TRIM(UVWEFILE) /=" null© .AND. ISNMESHES) THEN

CALL SHUIDOWN( ' Problem with CSVF line: UVWFLE must be in order with MESH. ") ; RETURN
ELSE

CSVFINFO( I )%UVWFILE = UVWFILE

UVWRESTART = .TRUE.

ENDIF

ENDDO READ.CSVF_LOOP
37 REWIND(LUINPUT) ; INPUT.FILE.LINE.NUMBER = 0

END SUBROUTINE READ_CSVF

SUBROUTINE CALC_H20_HV

USE PROPERTY.DATA, ONLY: JANAF_TABLE,JANAF_TABLE_LIQUID
CHARACTER(LABELLENGTH) :: WATERVAPOR="WATER VAPOR
INTEGER :: I

REAL(EB) :: CP.G,CP.G.O,CP.L,CP.L.O,HG,HL,H.G.0,H.L.0,G.F,RCON,H.V,T_.R,T.M, T_B, DENSITY, MU.LIQUID, K_LIQUID,

BETA_LIQUID
LOGICAL :: FUEL

DO 1=0,5000
CALL JANAF.TABLE (I,CP.G,H.-G.0,WATERVAPOR,RCON, FUEL, G_F)

CALL JANAF.TABLE.LIQUID (I,CP.L,H.V,H.L.0,T-R,TM, T_-B,WATER VAPOR, FUEL, DENSITY , MU_LIQUID, K_LIQUID, BETA_LIQUID)

IF (I==0) THEN

HG = H.GO

HL = HLO

ELSE

HG = HG + 0.5_EB«(CP.G+CP.G.O)
HL = HL + 0.5_EB*(CP_L+CP_L.O)
ENDIF

H.V.H20(1) = HG-H.L
CP.G.0=CP.G

CP_L.O=CP.L

END DO

280



Source Code files for edited portions of FDS

13133 || END SUBROUTINE CALCH20HV

13134

13135 || ! Sesa

13136 || SUBROUTINE read.-pen
13137

13138 || integer :: 11

13139

13140 || !creating a namelist group name PENA

13141 NAMELIST /PENA/ penalizationParameter, blendingParameter, dampingParameter, &
13142 || penXmin, penXmax, penYmin, penYmax, penZmin, penZmax, &

13143 || mX, mY, mZ, b , dataFileName, pena.l, pena.], pena K/, penU0, penV0, penW0,
13144
13145 || lopening the input file and reading the PENA namelist
13146 || OPEN(LU_INPUT, FILE=FN_INPUT, ACTION= 'READ ")

13147
13148 || npen=0

13149 || pendat_size=0

13150

13151 || /counting the number of penalisation regions mentioned in input file
13152 || COUNTPEN.LOOP: DO

13153

13154 || CALL CHECKREAD( 'PENA’,LUINPUT,IOS)

13155 || IF (IOS==1) EXIT COUNTPEN.LOOP

13156 || READ(LU-INPUT ,NML=PENA,END=66 ,ERR=17, IOSTAT=I10S)
13157 || npen=npen+1

13158 || pendat.-size (npen)=(pena.l +1)*(pena.] +1)*(pena.K +1)
13159 || ENDDO COUNT-PEN_LOOP

13160
13161 || 66 if (npen.gt.0) allocate(pendat(npen,(15+3+(maxval(pendat_size)))))
13162
13163 || pendat=0d0
13164
13165 || REWIND(LU_INPUT)
13166
13167 || !reading the penalisation regions
13168 || READPEN.LOOP: DO 11=1,npen

13169
13170 || !make sure everything is read fresh
13171 || penalizationParameter=0d0

13172 || penXmin=0d0

13173 || penXmax=0d0

13174 || penYmin=0d0

13175 || penYmax=0d0

13176 || penZmin=0d0

13177 || penZmax=0d0

13178 || penU0=0d0

13179 || penV0=0d0

13180 || penW0=0d0

13181 || blendingParameter=0d0

13182 || mX=0d0

13183 || mY=0d0

13184 || mZ=0d0

13185 || b=0d0
13186 || dampingParameter=0d0
13187

13188 || READ(LU_INPUT ,NMI=PENA,END=16 ,ERR=17 ,JOSTAT=IOS)

13189 || !opening and reading the csv files

13190 || OPEN(UNIT=fileread , FILE=dataFileName, STATUS='OLD’, FORM= TORMATIED , ACTION="READ’, IOSTAT=IERROR)
13191
13192 || IF (IERROR/=0) THEN

13193 || MESSAGE = 'ERROR: Problem with the csv file
13194 || CALL SHUIDOWN(MESSAGE)

13195 || RETURN

13196 || ENDIF

13197
13198 || READ( fileread ,*) !skipping the first line

13199 || READ( fileread ,*) penXmin, penXmax, penYmin, penYmax, penZmin, penZmax,mX,mY,mZ,b,pena_I, pena.], pena.K
13200 || READ( fileread ,*) timesttep

13201
13202 if (ALLOCATED(penU0Q)) deallocate (penU0)

13203 || allocate (penUO((pena_-I+1), (pena_J+1), (pena_K+1)))
13204
13205 if (ALLOCATED(penV0)) deallocate (penV0)

13206 allocate (penVO((pena_-I+1), (pena-J+1), (pena.K+1)))
13207
13208 if (ALLOCATED(penW0)) deallocate (penWO0)

13209 allocate (penWO((pena-I+1), (pena-J+1), (pena.K+1)))
13210
13211 || DO penZ=1,pena.-K+1

13212 || DO penY=1,pena_]J+1

13213 || DO penX=1,pena_I+1

13214 || READ( fileread ,* ,JOSTAT=IERROR) penUO(penX,penY,penZ) ,penVO0(penX,penY,penZ) ,penW0(penX,penY ,penZ)
13215
13216 IF (IERROR/=0) THEN

13217 || penUO(penX,penY,penZ)=0._EB
13218 || penVO(penX,penY,penZ)=0._EB
13219 || penWO(penX,penY ,penZ) =0._EB
13220 || ENDIF
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13221
13222
13223
13224
13225
13226
13227
13228
13229
13230
13231
13232
13233
13234
13235
13236
13237
13238
13239
13240
13241
13242
13243
13244
13245
13246
13247
13248
13249
13250
13251
13252
13253
13254
13255
13256
13257
13258
13259
13260
13261
13262
13263
13264
13265
13266
13267
13268
13269
13270
13271
13272

ENDDO
ENDDO
ENDDO

pendat(1l ,:)=(/ penalizationParameter, blendingParameter, dampingParameter, &
penXmin, penXmax, penYmin, penYmax, penZmin, penZmax, &

mX, mY, mZ, b, timesttep, &

penU0(:,:,:), penVO(:,:,:), penWO(:,:,:) /)

16 IF (IOS>0) THEN ; CALL SHUIDOWN( 'ERROR: problem with PENALIZATION line”) ; RETURN ;ENDIF
ENDDO READ_PEN.LOOP

close(fileread)
17 close (LUINPUT)

END SUBROUTINE read_pen

SUBROUTINE read_trunks

lopen the input file again look for the &trnk line
!'read it and close the file

namelist /trnk/ ntrunks, trunks, eta,trnk_min,trnk_max
namelist /tloc/ trnk_loc

lopen the file with the trunk details in it
OPEN(LU-INPUT, FILE=FEN_INPUT ,ACTION="READ ")

COUNT.TRUNK_LOOP: DO

CALL CHECKREAD( "TRNK " ,LUINPUT,IOS)

IF (I0S==1) EXIT COUNT.TRUNK_LOOP

READ(LU_INPUT ,NML=trnk ,END=16 ,ERR=17 ,JOSTAT=I0S)

16 IF (I0S>0) THEN ; CALL SHUIDOWN( 'ERROR: problem with TRNK line ") ; RETURN ;ENDIF

ENDDO COUNT_TRUNK_LOOP

rewind (LUJINPUT)
allocate (trnk_loc (2,ntrunks))

GET.TRUNK_LOOP: DO

CALL CHECKREAD( 'T1.0C ", LUINPUT, I0S)

IF (10S==1) EXIT GET.TRUNK_LOOP

READ(LU_INPUT ,NMI=tloc ,END=18 ,ERR=17 ,JOSTAT=10S)

18 IF (I0S>0) THEN ; CALL SHUTDOWN( FRROR: problem with TLOC line ') ; RETURN ;ENDIF
ENDDO GET_TRUNK_LOOP

17 close (LUINPUT)

END SUBROUTINE read_trunks

END MODULE READ_INPUT

A3 wvelo.f90

O 00 NI QN Ul WM =

MODULE VELO

! Module computes the wvelocity flux terms, baroclinic torque correction terms, and performs the CFL Check

USE PRECISION_PARAMETERS

USE GLOBAL.CONSTANTS

USE MESH_POINTERS

USE COMP_FUNCTIONS, ONLY: SECOND

IMPLICIT NONE
PRIVATE

PUBLIC COMPUTE_VELOCITY_FLUX, VELOCITY_PREDICTOR, VELOCITY_CORRECTOR, NO_FLUX, BAROCLINIC_.CORRECTION, &

MATCH_VELOCITY, MATCH.VELOCITY_FLUX, VELOCITY .BC, COMPUTE_VISCOSITY , VISCOSITY .BC
PRIVATE VELOCITY_FLUX, VELOCITY_FLUX_CYLINDRICAL

CONTAINS

SUBROUTINE COMPUTE_VELOCITY_FLUX (T , DT,NM, FUNCTION.CODE)
REAL(EB) , INTENT(IN) :: T,DT

REAL(EB) :: TNOW

INTEGER, INTENT(IN) :: NM FUNCTION.CODE

IF (SOLID_PHASE.ONLY .OR. FREEZE_VELOCITY) RETURN

282



Source Code files for edited portions of FDS

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
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93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117

TNOW = SECOND()

SELECT CASE(FUNCTION.CODE)

CASE(1)

IF (PREDICTOR .OR. COMPUTE.VISCOSITY.TWICE) CALL COMPUTE.VISCOSITY (T ,NM)
CASE(2)

BAROCLINIC_ TERMS_ATTACHED = .FALSE.

IF (PREDICTOR .OR. COMPUTE.VISCOSITY.TWICE) CALL VISCOSITY_BC (NM)

IF (.NOT.CYLINDRICAL) CALL VELOCITY_FLUX(T,DT,NM)

IF ( CYLINDRICAL) CALL VELOCITY_FLUX.CYLINDRICAL (T ,NM)

END SELECT

T.USED(4) = T_USED(4) + SECOND() — TNOW
END SUBROUTINE COMPUTE_VELOCITY FLUX

SUBROUTINE COMPUTE_VISCOSITY (T ,NM)

USE PHYSICAL_FUNCTIONS, ONLY: GET_VISCOSITY ,LES_FILTER-WIDTH._FUNCTION ,GET_POTENTIAL TEMPERATURE
USE TURBULENCE, ONLY: VARDENDYNSMAG, TEST_FILTER , FILL_EDGES , WALL.MODEL, RNG_EDDY_VISCOSITY , WALE_VISCOSITY
USE MATH.FUNCTIONS, ONLY:EVALUATERAMP

REAL(EB) , INTENT(IN) :: T

INTEGER, INTENT(IN) :: NM

REAL(EB) :: ZZ.GET(1:N.TRACKED.SPECIES) NUEDDY,DELTA,KSGS,U2,V2,W2,AA, A_I] (3,3) ,BB, B_I] (3,3) &

DUDX, DUDY, DUDZ, DVDX, DVDY, DVDZ, DWDX, DWDY, DWDZ, MU _EFF, SLIP_COEF , VEL_.GAS, VEL_T ,RAMP.T, TSI, &

VDF, LS, THETA 0, THETA 1, THETA 2, DTDZBAR, WGT

REAL(EB) , PARAMETER :: RAPLUS=1._EB/26. EB, C.LS=0.76_EB

INTEGER :: 1,],K,1IG,]JJG KKG,1I,]J ,KK,IW,IOR

REAL(EB) , POINTER, DIMENSION(: ,: ,:) :: RHOP=>NULL() ,UP=>NULL() ,VP=>NULL() WE=>NULL() , &

UP_HAT=>NULL () ,VP HAT=>NULL () ,WPHAT=SNULL() , &

UU=>NULL (), VV=>NULL() WAESNULL() ,DTDZ=>NULL ()

REAL(EB) , POINTER, DIMENSION (: ,:,:,:) :: ZZP=>NULL()

INTEGER, POINTER, DIMENSION (:,:,:) :: CELL.COUNTER=>NULL()

TYPE(WALL.TYPE) , POINTER :: WG>NULL()

TYPE(SURFACE.TYPE) , POINTER :: SF=>NULL()

IF (EVACUATION.ONLY(NM) ) RETURN ! No need to update viscosity , use initial one
CALL POINT-TO-MESH (\M)

IF (PREDICTOR) THEN

RHOP => RHO
uw =1U
W =V
W =>Ww
z7P => 7Z
ELSE

RHOP => RHOS
UUu = Us
W = VS
WV => WS
77P => 77S
ENDIF

! Compute wviscosity for DNS using primitive species

I$OMP PARALLEL DO FIRSTPRIVATE (ZZ.GET) SCHEDULE( guided )
DO K=1,KBAR

DO J=1,JBAR

DO 1=1,IBAR

IF (SOLID(CELLINDEX(I,],K))) CYCLE

ZZ.GET (1:N.TRACKED.SPECIES) = ZZP(I,],K,1:N.TRACKED_SPECIES)
CALL GET.VISCOSITY (ZZ.GET ,MUDNS(1,] ,K) ,TMP(I,] ,K))
ENDDO

ENDDO

ENDDO

I$OMP END PARALLEL DO

CALL COMPUTE.STRAIN_RATE (NM)

SELECT.TURB: SELECT CASE (TURBMODEL)

CASE (NO.TURBMODEL)

MU = MUDNS

CASE (CONSMAG,DYNSMAG) SELECT.-TURB ! Smagorinsky (1963) eddy viscosity
IF (PREDICTOR .AND. TURBMODEL==DYNSMAG) CALL VARDENDYNSMAG(NM) ! dynamic procedure , Moin et al. (1991)
DO K=1,KBAR

DO J=1,JBAR

DO I=1,IBAR

IF (SOLID(CELLINDEX(I,],K))) CYCLE

MU(I,J ,K) = MUDNS(I,J ,K) + RHOP(I,]J ,K)*CSD2(1I,]J,K)*STRAIN.-RATE(I,] K)
ENDDO

ENDDO
ENDDO
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118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
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152
153
154
155
156
157
158
159
160
161
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165
166
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171
172
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174
175
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177
178
179
180
181
182
183
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185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205

CASE (DEARDORFF) SELECT_TURB ! Deardorff (1980) eddy viscosity model (current default)

! Velocities relative to the p—cell

UP => WORK1
VP => WORK2
WP => WORK3
UP=0._EB
VP=0._EB
WP=0._EB

DO K=1,KBAR
DO J=1,JBAR
DO 1=1,IBAR
IF (SOLID(CELLINDEX(I,],K))) CYCLE

UP(I,],K) = 0.5_EB+(UU(I,],K) + UU(I—1,] ,K))
VP(I,],K) = 0.5_EB*(VV(I,],K) + VW(I,]-1K))
= 0.5_EBx(WW(I,],K) + WA(I,],K-1))

WP(T, ] ,K)
ENDDO

ENDDO
ENDDO

! fill mesh boundary ghost cells

DO IW=1,N_EXTERNAL WALL.CELLS
WCESWALL(IW)

SELECT CASE(WCBOUNDARY.TYPE)
CASE(INTERPOLATED_BOUNDARY)

11 = WCUONED%I

7] = WCAONEDV%]

KK = WCUONEDVKK

UP(II,J] ,KK) = U.GHOST(IW)

VP(11,]] ,KK) = V.GHOST(IW)

WP(IT,]] ,KK) = W.GHOST(IW)

CASE (OPENBOUNDARY, MIRROR BOUNDARY))
1T = WCMONEDAIT

] = WC/ONEID%] ]

KK = WCUONEDUKK

1IG = WCUONED%IIG

1IG = WCONED%]G

KKG = WCUONE.DVKKG

UP(11,]] ,KK) = UP(IIG,]J]G ,KKG)

VP(11,]] ,KK) = VP(IIG,]J]G ,KKG)
WP(II,]J KK) = WP(IIG,]]G ,KKG)
END SELECT

ENDDO

! fill edge and cormer ghost cells

CALL FILL_EDGES (UP)
CALL FILL_EDGES(VP)
CALL FILL_EDGES (WP)

UP_HAT => WORK4
VP HAT => WORK5
WP HAT => WORK6
UPHAT=0..EB
VP HAT=0._-EB
WPHAT=0._EB

CALL TEST_FILTER (UP.HAT,UP)
CALL TEST_FILTER (VP_HAT,VP)
CALL TEST_FILTER (WP_HAT,WP)

center

POTENTIAL_TEMPERATURE_IF: IF (.NOT.POTENTIAL.TEMPERATURE CORRECTION) THEN
1$OMP PARALLEL DO PRIVATE(DELTA, KSGS, NUEDDY) SCHEDULE(static)

DO K=1,KBAR
DO J=1,JBAR
DO 1=1,IBAR
IF (SOLID(CELLINDEX(I,J,K))) CYCLE

DELTA = LES_FILTER-WIDTH_FUNCTION (DX(1I) ,DY(]) ,DZ(K))

KSGS = 0.5_EBx( (UP(I,],K)—UPHAT(I,] K))**2 + (VP(I,] ,K)—-VPHAT(I,] ,K))*%2 + (WP(I,] K)—WPHAT(I,] K))#2 )
NUEDDY = C.DEARDORFF+DELTA#SQRT(KSGS)

MU(I,],K) = MUDNS(I,] ,K) + RHOP(I,] ,K)+NUEDDY
ENDDO

ENDDO

ENDDO

I$OMP END PARALLEL DO

ELSE POTENTIAL TEMPERATURE_IF
DIDZ => WORK?

DIDZ = 0..EB

DO K=0,KBAR

DO J=0,JBAR

DO 1=0,IBAR

THETA.1 = GET_POTENTIAL.TEMPERATURE (TMP(I,] ,K) ,ZC(K))

THETA2 = GET_POTENTIAL.TEMPERATURE(TMP(I,] ,K+1) ,ZC(K+1))
DIDZ(1,] ,K) = (THETA2-THETA_1)+RDZN(K)
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206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
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224
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227
228
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230

231
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233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292

ENDDO

ENDDO

ENDDO

DO K=1,KBAR

DO J=1,JBAR

DO I=1,IBAR

IF (SOLID(CELLINDEX(I,],K))) CYCLE

DELTA = LES_FILTER-WIDTH-FUNCTION (DX(1) ,DY(] ) ,DZ(K))

LS = DELTA

KSGS = 0.5.EBx( (UP(I,],K)—UPHAT(I,] K))**2 + (VP(L,] ,K)=VPHAT(I,] ,K))*%2 + (WP(I,] ,K)-WPHAT(I,] K))*#2 )
DIDZBAR = 0.5_EB(DIDZ(1,J ,K)+DIDZ(I,] ,K+1))

IF (DTDZBAR>0..EB) THEN

THETA0 = GET_POTENTIAL.TEMPERATURE(TMP.0(K) ,ZC(K))

LS = C_LS*SQRT(KSGS) /SQRT(ABS(GVEC(3))/THETA 0«xDIDZBAR) ! won Schoenberg Eq. (3.19)
ENDIF

NUEDDY = C.DEARDORFF+MIN(LS ,DELTA) *SQRT(KSGS)

MU(I,],K) = MUDNS(I,],K) + RHOP(I,J ,K)+NUEDDY

ENDDO

ENDDO
ENDDO
ENDIF POTENTIAL.TEMPERATURE.IF

CASE (VREMAN) SELECT.TURB ! Vreman (2004) eddy viscosity model (experimental)

I"A. W. Vreman. An eddy—viscosity subgrid—scale model for turbulent shear flow: Algebraic theory and applications
! Phys. Fluids, 16(10):3670—3681, 2004.

DO K=1,KBAR

DO J=1,JBAR

DO I=1,IBAR

IF (SOLID(CELLINDEX(I,],K))) CYCLE
DUDX = RDX(I)+(UU(I,],K)-UU(I—1,] ,K))

DVDY = RDY(]) *(VV(I,],K)-VW(I,]—1,K))

DWDZ = RDZ(K) +WA(T, T ,K)-WA(T, ] ,K—1))

DUDY = 0.25_EB*RDY(])*(UU(I,J +1,K)-UU(I,J —1,K)+UU(I —1,] +1,K)-UU(1 —1,] -1, K))
DUDZ = 0.25_EB*RDZ(K) *(UU(I,] ,K+1)-UU(I,J ,K—1)+UU(I —1,] ,K+1)-UU(1 —1,] ,K—1))
DVDX = 0.25 EB#*RDX(1) *(VW(I+1,] ,K)-VV(I—1,] ,K)+VV(I+1,] —1K)-VV(I—-1,] —1,K))
DVDZ = 0.25 EB*RDZ(K) * (VW (I,] ,K+1)-VV(I,] , K—1)+VV(I,] —1K+1)-VV(I,] —1,K-1))
DWDX = 0.25 _EB+RDX(T)+WA(T+1,] ,K)-WA(TI —1,] ,K)AW(I+1,] , K—1)-WA(1—1,] ,K—1))
DWDY = 0.25_EB+RDY(] ) WA(T,J+1,K)-WA(T, ] —1,K)AW(T, J+1,K—1)-WA(T,] —1,K—1))

! Vreman, Eq. (6)

A_IJ(1,1)=DUDX; A_IJ(2,1)=DUDY; A_IJ(3,1)=DUDZ
A_IJ(1,2)=DVDX; A_1J(2,2)=DVDY; A_IJ(3,2)=DVDZ
A_IJ(1,3)=DWDX; A_1J(2,3)=DWDY; A_IJ(3,3)=DWDZ

AA=0._EB

DO

DO
AA AIJ(IT,JT)*«AIJ(I1,]])

I

! Vreman, Eq. (7)

B_IJ(1,1)=(DX(I)*«A_IJ(1,1))*x2 + (DY(J)*A_IJ(2,1))*x2 + (DZ(K)*A_IJ(3,1))*%2
B_IJ(2,2)=(DX(1)*A_IJ(1,2))*x2 + (DY(J)*A_IJ(2,2))*%2 + (DZ(K)*A_IJ(3,2))*%2
B_1J(3,3)=(DX(1)*A_IJ(1,3))**2 + (DY(J)*A_IJ(2,3))**2 + (DZ(K)*A_IJ(3,3))*x2

B_IJ (1,2)=DX(1)##2%A_IJ (1,1)*A_IJ (1,2) + DY(])#x2xA_IJ (2,1)xA_I](2,2) + DZ(K)#*2xA_I] (3,1)*A_IJ (3,2)
B_IJ(1,3)=DX(1)#+2%A_IJ (1,1)*A_IJ (1,3) + DY(])#x2xA_IJ (2,1)xA_I]J(2,3) + DZ(K)#*2xA_I] (3,1)*A_IJ (3,3)
B_1J(2,3)=DX(1)#+2xA_IJ (1,2)*A_IJ (1,3) + DY(])#x2xA_IJ (2,2)xA_1] (2,3) + DZ(K)#*2xA_I] (3,2)*A_IJ (3,3)

BB = B_IJ(1,1)*B_1J(2,2) — B_IJ(1,2)%+2 &
+ B_IJ(1,1)*B_IJ(3,3) — B_IJ(1,3)%x2 &
+ B_IJ(2,2)*B_1J(3,3) — B_IJ(2,3)*x2 ! Vreman, Eq. (8)

IF (ABS(AA)>TWO_EPSILON_EB .AND. BB>TWO_EPSILON.EB) THEN
NUEDDY = CVREMAN#SQRT(BB/AA) ! Vreman, Eq. (5)

ELSE

NUEDDY=0._EB

ENDIF

MU(I,],K) = MUDNS(I,],K) + RHOP(I,] ,K)+NUEDDY
ENDDO

ENDDO

ENDDO

CASE (RNG) SELECT.TURB

!"A. Yakhot, S. A. Orszag, V. Yakhot, and M. Israeli. Renormalization Group Formulation of Large—Eddy Simulation .
! Journal of Scientific Computing, 1(1):1-51, 1989.

DO K=1,KBAR
DO J=1,JBAR
DO 1=1,IBAR
IF (SOLID(CELLINDEX(I,J,K))) CYCLE
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380

DELTA = LES_FILTER_WIDTH_FUNCTION (DX(1) ,DY(]) ,DZ(K))

CALL RNG.EDDY.VISCOSITY (MU.EFF,MUDNS(I, ] ,K) ,RHOP(I,] ,K) ,STRAIN.RATE(I,]J ,K) ,DELTA)
MU(T,J ,K) = MUEFF

ENDDO

ENDDO
ENDDO

CASE (WALE) SELECT-TURB

DO K=1,KBAR

DO J=1,JBAR

DO 1=1,IBAR

IF (SOLID(CELLINDEX(I,],K))) CYCLE

DELTA = LES_FILTER WIDTH_FUNCTION (DX(1) ,DY(]) ,DZ(K))
! compute wvelocity gradient tensor

DUDX = RDX(I)*(UU(T,J ,K)-UU(I-1,] ,K))

DVDY = RDY(J)*(VV(I,],K)-V(I,]-1K))
DWDZ = RDZ(K) +(AW(T, ] ,K)-WA(T,] ,K—1))

DUDY = 0.25_EB+RDY(])*(UU(I, J+1,K)-UU(I,J —1,K)+UU(I —1,] +1,K)-UU(I —1,] —1,K))
DUDZ = 0.25 _EB+RDZ(K) *(UU(I, ] ,K+1)-UU(I,J ,K—1)+UU(I —1,] ,K+1)-UU(I —1,] ,K—1))
DVDX = 0.25 _EB+RDX(1)*(VV(I+1,] ,K)-VV(I—1,] ,K)+VV(I+1,] —1,K)-W(I—-1,] —=1K))
DVDZ = 0.25 _EB+RDZ(K) *(VV(I,] ,K+1)-VV(I,J ,K—1)+VV(I,] —1,K+1)-WW(I,] —1,K-1))
DWDX = 0.25 _EB*RDX (1) x(AW(I+1,] ,K)-WA(T —1,] ,K)AW(I+1,] , K—1)-WW(I—1,] ,K—1))
DWDY = 0.25 EB*RDY(] ) *(AW(T, J+1,K)-WA(T, ] —1,K)SAW(T, J+1,K—1)-WA(I,J —1,K—1))
A_IJ(1,1)=DUDX; A_IJ(1,2)=DUDY; A_IJ(1,3)=DUDZ

A_IJ(2,1)=DVDX; A_IJ(2,2)=DVDY; A_IJ(2,3)=DVDZ

A_IJ(3,1)=DWDX; A_IJ(3,2)=DWDY; A_IJ(3,3)=DWDZ

CALL WALE_VISCOSITY (NUEDDY, A_I] ,DELTA)
MU(I,],K) = MUDNS(I,] ,K) + RHOP(I,] ,K)+NUEDDY
ENDDO

ENDDO

ENDDO

END SELECT SELECT_TURB

! Compute resolved kinetic energy per unit mass
DO K=1,KBAR

DO J=1,JBAR

DO 1=1,IBAR
IF (SOLID(CELLINDEX(I,J,K))) CYCLE

U2 = 0.25_EB«(UU(I—1,] ,K)+UU(I,] ,K))**2
V2 = 0.25_EB#(VV(I,]—1,K)+VV(I,] K))**2
W2 = 0.25_EB#«(WW(I,] , K—1)8W(I,] ,K))**2
KRES(I,],K) = 0.5_EB*(U2+V2+W2)

ENDDO

ENDDO

ENDDO

! Mirror viscosity into solids and exterior boundary cells
CELL.COUNTER => IWORK1 ; CELL.COUNTER = 0
WALLLOOP: DO IW=1,N.EXTERNAL-WALL.CELLS+N_INTERNAL.-WALL.CELLS

WGESWALL(IW)
IF (WC%BOUNDARY.TYPE==NULLBOUNDARY) CYCLE WALLILOOP
11 = WCONEDAII

7] = WCWONEDY] ]

KK = WCUONEDVKK

IOR = WCUONEDVOR

1IG = WCUONED%IIG

1IG = WCONED%]G

KKG = WCUONEDVKKG

SF=>SURFACE (WC%SURF_INDEX )

SELECT CASE(W(BOUNDARY_TYPE)
CASE (SOLID_BOUNDARY)

IF (ABS(SF4T_IGN-T_BEGIN)<=SPACING (SF%T_IGN) .AND. SF/RAMPINDEX(TIME.VELO)>=1) THEN
TSI = T

ELSE

TSI = T-SF%TIGN

ENDIF

RAMP.T = EVALUATE.RAMP(TSI , SFUTAU(TIME_VELO) , SF/RAMP_INDEX (TIME_VELO) )

VEL.T = RAMP.T*SQRT(SF%VEL_T (1) %2 + SF%VEL.T(2) **2)

SELECT CASE(ABS(IOR))

CASE(1)
VEL.GAS = SQRT( 0.25_EBx( (VV(IIG,]]G ,KKG)+VV(IIG,JJG —1KKG) ) %2 + (WMIIG ,JJG ,KKG)MWW(IIG ,]]G ,KKG—1))*%2 ) )
CASE(2)
VEL.GAS = SQRT( 0.25_EBx( (UU(IIG,]J]G ,KKG)+UU(IIG —1,]]JG ,KKG) ) %2 + (WWIIG ,JJG ,KKG)MWW(IIG ,]JG ,KKG—1))*%2 ) )
CASE(3)

VEL.GAS = SQRT( 0.25_EBx*( (UU(IIG,]JJG KKG)+UU(IIG —1,]JG ,KKG) )**2 + (VV(IIG,]JJG KKG)+VV(IIG,JJG —1KKG))**2 ) )
END SELECT
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381
382 || CALL WALLMODEL(SLIP_.COEF ,WC%U.TAU , WC%Y .PLUS, VEL.GAS-VEL.T, &

383 || MUDNS(IIG,JJG ,KKG) /RHO(IIG , JJG ,KKG) , 1. -EB/WCONEDVRDN, SURFACE (WC%SURF_INDEX ) 7ROUGHNESS)
384
385 || IF (LES) THEN

386 || DELTA = LES_FILTER-WIDTH-FUNCTION (DX(IIG) ,DY(JJG) ,DZ(KKG) )

387 || SELECT CASE(NEARWALL.TURB.MODEL)

388 || CASE DEFAULT ! Constant Smagorinsky with Van Driest damping

389 || VDF = 1..EB—EXP(—WChY_PLUS*RAPLUS)

390 || NUEDDY = (VDF+C.SMAGORINSKY+DELTA)##2+STRAIN_RATE (11G , JJG ,KKG)
391 || CASE(WALE)

392 || ! compute velocity gradient tensor

393 || DUDX = RDX(IIG) #(UU(1IG , JJG ,KKG)-UU(IIG —1,]JG ,KKG) )

394 || DVDY = RDY(JJG) %(VW(IIG,]JJG ,KKG)-VV(IIG ,JJG —1 KKG) )

395 || DWDZ = RDZ(KKG) *WW(IIG , JJG ,KKG)-WW(IIG , JJG ,KKG—1))

396 || DUDY = 0.25 EB*RDY(JJG ) *(UU(IIG ,JJG +1 ,KKG)-UU(IIG , JJG —1,KKG) +UU(TIG —1,J]G +1 ,KKG)-UU(IIG —1,]]G —1 KKG) )
397 || DUDZ = 0.25 _EB*RDZ(KKG) * (UU(IIG , JJG ,KKG+1)-UU(IIG , JJG ,KKG—1)+UU(TIG —1,JJG ,KKG+1)-UU(IIG —1,]]G ,KKG—1))
398 || DVDX = 0.25 _EB*RDX(IIG ) +(VV(IIG+1,]JG ,KKG)-VV(IIG —1,]JG ,KKG) +VV(IIG +1,]]G — 1, KKG)—-VV(IIG —1,]JG —1 KKG) )
399 || DVDZ = 0.25 _EB*RDZ(KKG) *(VV(IIG , JJG ,KKG+1)-VV(IIG , JJG ,KKG—1)+VV(IIG , JJG —1 KKG+1)-VV(IIG , JJG —1,KKG—1))
400 || DWDX = 0.25_EB*RDX(IIG ) *WA(TIG +1,]JG ,KKG)-WA(TIG —1,]]G ,KKG) MWW(TI1G +1,]]G ,KKG—1)-WA(TIG —1,]JG ,KKG—1))
401 || DWDY = 0.25_EB#RDY(J]G ) *WA(TIG , J]G +1,KKG)-WA(TIG , JJG —1,KKG) MW(IIG , JJG +1,KKG—1)-WA(TIG , JJG —1,KKG—1))
402 || A_IJ(1,1)=DUDX; A_IJ(1,2)=DUDY; A_IJ(1,3)=DUDZ

403 || A_IJ(2,1)=DVDX; A_IJ(2,2)=DVDY; A_IJ(2,3)=DVDZ

404 || A_IJ(3,1)=DWDX; A_IJ(3,2)=DWDY; A_IJ(3,3)=DWDZ

405 || CALL WALE_VISCOSITY (NU_EDDY, A _IJ ,DELTA)
406 || END SELECT

407 || IF (CELL.COUNTER(IIG ,JJG ,KKG) ==0) MU(IIG ,JJG ,KKG) = 0._EB

408 || CELL.COUNTER(IIG ,]JG ,KKG) = CELL.COUNTER(IIG,JJG ,KKG) + 1

409 ||WGT = 1._EB/REAL(CELL.COUNTER(IIG ,JJG ,KKG) ,EB)

410 ||MU(IIG,JJG ,KKG) = (1..EB-WGI)sMU(IIG,JJG ,KKG) + WGT*(MUDNS(IIG,JJG ,KKG) + RHOP(IIG,]JG ,KKG) *NU_EDDY)
411 || ELSE

412 ||MU(IIG,JJG ,KKG) = MUDNS(IIG, JJG ,KKG)

413 || ENDIF
414

415 || IF (SOLID(CELLINDEX(II,JJ ,KK))) MU(II,JJ ,KK) = MU(IIG,]]G ,KKG)
416

417 || CASE(OPEN.BOUNDARY, MIRROR BOUNDARY)

418

419 ||MU(IT,]] ,KK) = MU(IIG, JJG ,KKG)
420 || KRES(II,JJ ,KK) = KRES(IIG,]JG ,KKG)

421

422 || END SELECT

423

424 || ENDDO WALLLOOP
425

426 ||MU(  0,0:JBP1, 0) =MU( 1,0:JBP1,1)
427 ||MU(IBP1,0:]JBP1,  0) = MU(IBAR,0:JBP1,1)
428 || MU(IBP1,0:]BP1,KBP1) = MU(IBAR,O0:JBP1,KBAR)
429 [[MU(  0,0:]JBP1,KBP1) = MU(  1,0:JBP1,KBAR)
430 [[MU(0:1BP1, 0, 0) = MU(0:IBP1, 1,1)
431 ||MU(0:1BP1,]JBP1,0) = MU(0:1BP1,JBAR, 1)

432 [|MU(0:1BP1,JBP1,KBP1) = MU(0:IBP1,JBAR,KBAR)
433 ||MU(0:1BP1,0,KBP1) = MU(0:1BP1, 1,KBAR)

434 ||MU(0,  0,0:KBP1) MU( 1, 1,0:KBP1)
435 || MU(IBP1,0,0:KBP1) MU(IBAR,  1,0:KBP1)
436 ||MU(IBP1,JBP1,0:KBP1) = MU(IBAR,JBAR,0:KBP1)
437 ||MU(0,JBP1,0:KBP1) =MU( 1,JBAR,0:KBP1)
438
439 || END SUBROUTINE COMPUTE_VISCOSITY
440
441
442 || SUBROUTINE COMPUTE.STRAIN_RATE (\M)
443
444 || INTEGER, INTENT(IN) :: NM

445 || REAL(EB) :: DUDX,DUDY,DUDZ, DVDX,DVDY, DVDZ, DWDX, DWDY,DWDZ, 11,522, 33,512,513, 523 ,ONTHDIV
446 || INTEGER :: 1,],K,IOR,IIG,JJG ,KKG,IW,SURF_INDEX

447 || REAL(EB) , POINTER, DIMENSION(: ,:,:) :: UU=>NULL() ,VV=>NULL() WAE>NULL()

448 || TYPE(WALL.TYPE) , POINTER :: WG=>NULL()

449
450 || CALL POINT.TO.MESH (NV)
451
452 || IF (PREDICTOR) THEN
453 [[UU = U

454 [[VW =V

455 |[[WW=> W

456 || ELSE

457 || UU = US

458 [ VW = Vs

459 |[WW => Ws

460 || ENDIF

461
462 || SELECT CASE (TURBMODEL)

463 || CASE DEFAULT

464 || DO K=1,KBAR

465 || DO J=1,JBAR

466 || DO 1=1,IBAR

467 || IF (SOLID(CELLINDEX(I,],K))) CYCLE
468 || DUDX = RDX(1)*(UU(I, ] ,K)-UU(I—1,] ,K))
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DVDY

S

DVDX
DVDZ
DWDX
DWDY

S11
522
S33
S12
S13
S23

RDY(]) *(VV(I,],K)-VV(I,]-1K))

RDZ(K) *(AWW(T, ] ,K)-WA(T,] ,K~1))

0.25_EB+RDY(J) % (UU(I, ] +1,K)-UU(T, ] —1,K)+UU(1 —1,] +1,K)-UU(I —1,] —1,K))
0.25_EB+RDZ(K) *(UU(I,J ,K+1)-UU(T, ] ,K—1)+UU(1 —1,] ,K+1)-UU(I1 —1,] ,K—1))
0.25 _EB+RDX(1) *(VV(I+1,] ,K)-WW(I—1,] ,K)+VV(I+1,] —1,K)-VV(I —1,] —1,K))
0.25_EB+RDZ(K) (W (I, ] ,K+1)-WV(I,] ,K—1)+VV(I,] —1,K+1)-VV(I,] —1,K—1))
0.25 _EB+RDX(1) «WA(T+1,] ,K)-WAN(T —1,] ,K)MWA(I+1,] , K—1)-WA(I —1,] ,K—1))
0.25_EB+RDY(J ) «WA(T, ] +1,K)-WW(T , ] —1,K)MWA(T, ] +1,K—1)-WA(T, ] —1,K—1))

ONTHDIV = ONIHx* (DUDX+DVDY+DWDZ)
DUDX

— ONTHDIV
DVDY — ONTHDIV
DWDZ — ONTHDIV
0.5 _EB * (DUDY+DVDX)
0.5 _EB * (DUDZHDWDX)
0.5 _EB + (DVDZ+DWDY)

STRAIN.RATE(I,J ,K) = SQRT(2._EBx(S11##2 + S2242 + S33x#2 + 2. EB#(S124%2 + S13#42 + S23%%2)))
ENDDO

ENDDO

ENDDO

CASE (DEARDORFF)

! Here we omit the 3D loop, we only need the wall cell values of STRAIN.RATE
END SELECT

WALLLOOP: DO IW=1,N_EXTERNAL WALL.CELLS+N_INTERNAL WALL.CELLS
WGESWALL(IW)
IF (WCBOUNDARY.TYPE/=SOLID.BOUNDARY) CYCLE WALLLOOP

SURF_INDEX = WSURF_INDEX

IIG =
1JG =
KKG =
IOR =

WCONED%IIG
WCONEDV%] ]G
WCUONE DVKKG
WCUONE DVAOR

! Handle the case where OBST lives on an external boundary
IF (IW>N_EXTERNAL.WALL_CELLS) THEN
SELECT CASE(IOR)

CASE(

1); IF (IIGSIBAR) CYCLE WALLLOOP

CASE(—-1); IF (IIG<1) CYCLE WALLLOOP

CASE(

2); IF (JJG>JBAR) CYCLE WALLLOOP

CASE(—2); IF (JJG<1)  CYCLE WALLLOOP

CASE(

3); IF (KKGKBAR) CYCLE WALLIOOP

CASE(—3); IF (KKG<1)  CYCLE WALLLOOP
END SELECT

ENDIF

DUDX
DVDY

DWDZ =

RDX(IIG) *(UU(1IG , JJG ,KKG)-UU(1IG —1,]]G ,KKG) )
RDY(JJG) *(VV(IIG, JJG ,KKG)-VV(IIG , JJG —1 KKG) )
RDZ(KKG) +WA(TIG , JJG ,KKG)-WA(IIG , JJG ,KKG—1))

ONTHDIV = ONTH:x* (DUDX+DVDY+DWDZ)

S11 = DUDX — ONTHDIV
$22 = DVDY — ONTHDIV

$33 = DWDZ — ONTHDIV

DUDY = 0.25_EB+RDY(JJG ) +(UU(IIG , JJG +1 KKG)-UU(IIG , JJG —1 KKG) +UU(IIG —1,]JG +1 ,KKG)-UU(IIG —1,JJG —1 KKG) )
DUDZ = 0.25_EB+RDZ(KKG) * (UU(IIG , JJG ,KKG+1)-UU(IIG , JJG ,KKG—1)+UU(1I1G —1,]JG ,KKG+1)-UU(IIG —1,]JG ,KKG—1))
DVDX = 0.25_EB+RDX(IIG ) % (VV(IIG +1,]]G ,KKG)-VV(IIG —1,JJG ,KKG)+VV(IIG +1,]JG —1,KKG)-VV(IIG —1,]JG —1 KKG) )
DVDZ = 0.25_EB+RDZ(KKG) *(VV(IIG , JJG ,KKG+1)-VV(IIG , JJG ,KKG—1)+VV(IIG, JJG —1 KKG+1)-VV(IIG , ]JG —1 KKG—1))
DWDX = 0.25 -EB*RDX(IIG ) * WA(T1G +1,]]G ,KKG)-WW(IIG —1,]]G ,KKG) WW(IIG +1,]JG ,KKG—1)-WA(TIG —1,]]G ,KKG—1))
DWDY = 0.25 EB*RDY(JJG )+ WA(IIG , JJG +1 ,KKG)-WW(IIG , JTG — 1 KKG) MW(TIG , TG +1 KKG—1)-WA(IIG , JJG —1,KKG-1))
S12 = 0.5_EBx(DUDY+DVDX)

S13 = 0.5_EB(DUDZDWDX)

$23 = 0.5 _EBx(DVDZDWDY)

STRAIN_RATE(IIG , JJG ,KKG) = SQRT(2._EB#(S11#%2 + S22%%2 + S33#%2 + 2._EB#(S12x%2 + S13xx2 + S23xx2)))
ENDDO WALLLOOP

END SUBROUTINE COMPUTE_STRAIN_RATE

SUBROUTINE VISCOSITY _BC (NM)

! Specify ghost cell values of the viscosity array MU

INTEGER, INTENT(IN) :: NM

REAL(EB) :: MU.OTHER,DP.OTHER, KRES OTHER

INTEGER :: 1II,]JJ ,KK,IW,IIO,JJO ,KKO,NOM, N_INT_CELLS
TYPE(WALL.TYPE) ,POINTER :: WG=>NULL()

TYPE (EXTERNAL WALL.TYPE) ,POINTER :: EWG=>NULL()

CALL POINT.TO_MESH (NM)

! Mirror viscosity into solids and exterior boundary cells

WALLLOOP: DO IW=1,N_EXTERNAL WALL.CELLS
WC =>WALL(IW)

EWG=>EXTERNAL WALL (IW)

IF (EWCAOM==0) CYCLE WALLIOOP
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II = WCONED%II
7] = WCOWONEDVW] ]

KK = WCUONEIDVKK

NOM. = EWC/ANOM

MU.OTHER 0._EB

DP.OTHER 0._EB

KRES.OTHER = 0._EB

DO KKO=EWCKKO MIN, ENCYKKOMAX

DO JJO=EWC%JJO-MIN ,BAC%JO_MAX

DO TTO=EWC%IIO -MIN , EAC%IO_MAX

MU.OTHER = MU.OTHER + OMESH(NOM)’MU(IIO , JJO ,KKO)
KRES.OTHER = KRESOTHER + OMESH(NOM)%KRES(110 , JJO ,KKO)
IF (PREDICTOR) THEN

DP.OTHER = DP.OTHER + OMESHNOM)%D( 110 , JJO ,KKO)
ELSE

DP.OTHER = DP.OTHER + OMESH(NOM)%DS(IIO , JJO ,KKO)
ENDIF

ENDDO

ENDDO

ENDDO

N_INT.CELLS = (EWCHIOMAX-EWCAIOMIN+1) * (EWCAHJOMAX-EWCHJJOMIN +1) * (EWCHKKOMAXEWCKKOMIN+1)
MU.OTHER = MU.OTHER/REAL(N_INT.CELLS, EB)
KRES.OTHER = KRES.OTHER/REAL(N_INT.CELLS,EB)
DP.OTHER = DP.OTHER/REAL(N_INT.CELLS, EB)
MU(II,JJ ,KK) = MUOTHER

KRES(11,]J ,KK) = KRES.OTHER

IF (PREDICTOR) THEN

D(II,]J ,KK) = DP.OTHER

ELSE

DS(1I,]J ,KK) = DP.OTHER

ENDIF

ENDDO WALLLOOP

END SUBROUTINE VISCOSITY_BC

SUBROUTINE VELOCITY_FLUX(T, DT ,NV)
! Compute convective and diffusive terms of the momentum equations

USE MATHFUNCTIONS, ONLY: EVALUATERAMP
USE COMPLEX.GEOMEIRY, ONLY: CCIBM.VELOCITY_FLUX

!'Sesa
USE MESH_POINTERS
USE penalization

INTEGER, INTENT(IN) :: NM

REAL(EB) , INTENT(IN) :: T,DT

REAL(EB) :: MUX,MUY,MUZ, UP,UM, VP,VM, WP, WM, VTRM, OMXP,OMXM, OMYP,OMYM, OMZP,OMZM, TXYP, TXYM, TXZP , TXZM, TYZP , TYZM, &
DIXYDY, DTXZDZ, DTYZDZ, DTXYDX, DTXZDX, DTYZDY, &

DUDX, DVDY, DWDZ, DUDY, DUDZ, DVDX, DVDZ, DWDX, DWDY, &

VOMZ,WOMY, UOMY, VOMX, UOMZ,WOMX, &

RRHO, GX (0:IBARMAX) ,GY (0:IBARMAX) ,GZ(0:IBARMAX) , TXXP, XXM, TYYP, TYYM, TZZP, TZZM, DTXXDX, DTYYDY, DTZZDZ, &
DUMMY=0. _EB

REAL(EB) :: VEGUMAG

INTEGER :: I,J,K,IEXP,IEXM,IEYP,IEYM,IEZP,IEZM,IC,IC1,IC2

REAL(EB) , POINTER, DIMENSION (: ,:,:) :: TXY=>NULL() , TXZ=>NULL() ,TYZ=>NULL() OMX>NULL() OMY=>NULL() JOMZ=>NULL() , &
UU=>NULL() ,VV=>NULL () WAESNULL() ,RHOP=>NULL () ,DP=>NULL ()

!'Sesa
integer :: 11
double precision :: xloc,yloc

CALL POINT_TO_MESH (NM)

IF (PREDICTOR) THEN
w = U
W=V

WV = W

DP = D
RHOP => RHO
ELSE

uu = US

W => VS

WW => WS

DP => DS
RHOP => RHOS
ENDIF

TXY => WORK1
TXZ => WORK2
TYZ => WORK3
OMX => WORK4
OMY => WORK5
OMZ => WORK6
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! Compute vorticity and stress tensor components

ISOMP PARALLEL DO PRIVATE(DUDY, DVDX, DUDZ, DWDX, DVDZ, DWDY, &
I1SOMP& MUX, MUY, MUZ) SCHEDULE(STATIC)
DO K=0,KBAR

DO ]=0,JBAR

DO 1=0,IBAR

DUDY = RDYN(]) %(UU(T , J+1,K)-UU(I,] ,K))
RDXN(T) *(VV(I+1,] ,K)-V(I,],K))
RDZN(K) *(UU(1, ] ,K+1)-UU(1, ] ,K))
RDXN(T) «WA(T+1,] ,K)-WW(T, T ,K))
RDZN(K) *(VV(1,] ,K+1)-VV(I,] ,K))
DWDY = RDYN(J ) «WW(I, ] +1,K)-WA(T, ] ,K))
OMX(I,],K) = DWDY — DVDZ

N
z
[T

DUDZ — DWDX

OMZ(1,J,K) = DVDX — DUDY
MUX = 0.25_EB«MU(I,J+1,K)+MU(I,] ,K)+MU(T,] ,K+1)+MU(T, T +1,K+1))
25 _EB+(MU(I+1,],K)+MU(T, ] ,K)+MU(T, ] ,K+1)-MU(1+1,] ,K+1))
25 _EB+(MU(T+1,],K)+MU(T, ] ,K)+MU(T, T +1,K)-MU(T+1,]+1,K))

) = MUZx(DVDX + DUDY)

K
,K) = MUY*(DUDZ + DWDX)
,K

) = MUX%(DVDZ + DWDY)

!$OMP END PARALLEL DO

! Wannier Flow (Stokes flow) test case

IF (PERIODIC_TEST==5) THEN
OMX=0._EB
OMY=0._EB
OMZ=0._EB

OMEE
ENDIF

—1.E6.EB

! Compute gravity components

IF (.NOT.SPATIAL.GRAVITY.VARIATION) THEN

GX(0:IBAR) = EVALUATERAMP(T ,DUMMY, . RAMP_GX) *GVEC(1)
GY(0:IBAR) = EVALUATERAMP(T ,DUMMY, . RAMP_GY) *GVEC(2)

GZ(0:1BAR) = EVALUATERAMP(T,DUMMY, | RAMP_GZ ) *GVEC(3)
ELSE

DO 1=0,IBAR

GX(1) = EVALUATERAMP(X (1) ,DUMMY, [_RAMP.GX ) *GVEC(1)
GY(1) = EVALUATERAMP(X (1) ,DUMMY, [ _RAMP.GY ) *GVEC(2)
GZ(1) = EVALUATERAMP(X (1) ,DUMMY, [ RAMP.GZ)+GVEC(3)
ENDDO

ENDIF

! Compute x—direction flux term FVX

ISOMP PARALLEL PRIVATE(WP, WM, VP, VM, UP, UM, &
I$OMP& OMXP, OMXM, OMYP, OMYM, OMZP, OMZM, &
I$OMP& TXZP, TXZM, TXYP, TXYM, TYZP, TYZM, &
I$OMP& IC, IEXP, IEXM, IEYP, IEYM, IEZP, IEZM, &
I$OMP& RRHO, DUDX, DVDY, DWDZ, VIRM)

I$OMP DO SCHEDULE( static) &

I$OMPS& PRIVATE (WOMY, VOMZ, TXXP, TXXM, DTXXDX, DTXYDY, DIXZDZ)

DO K=1,KBAR

DO J=1,JBAR

DO 1=0,IBAR

WP =WW(I,],K) +WWI+1,],K)
WM = WW(I,],K—1) + WA(I+1,] ,K—1)
VP = VV(I,],K) + VV(I+1,],K)
VM = VW(I,]-1K) + VWW(I+1,]—1K)
OMYP = OMY(I,] ,K)

oMM = OMY(I,],K—1)

OMZP = OMZ(1,] ,K)

oMM = OMZ(T,] —1,K)

TXZP = TXZ(I,],K)

™M = TXZ(1,] ,K—1)

TXYP = TXY(I,] ,K)

XYM = TXY(I,]-1K)

IC = CELLINDEX(I,] ,K)

IEYP = EDGEINDEX(8,IC)

IEYM = EDGEINDEX(6,IC)

IEZP = EDGEINDEX(12,IC)

IEZM = EDGEINDEX(10,IC)

IF (OMEE(—1,IEYP)>—1E5_EB) THEN
OMYP = OME.E(—1,IEYP)
TXZP = TAUE(—1,IEYP)

ENDIF

IF (OMEE( 1,IEYM)>—1E5_EB) THEN
OMM = OMEE( 1,IEYM)
TAUE( 1,IEYM)

XM =
ENDIF

IF (OMEE(-2,IEZP)>-1.E5_EB) THEN
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733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
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760
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766
767
768
769
770
771
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773
774
775
776
777
778
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784
785
786
787
788
789
790
791
792
793
794
795
796
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798
799
800
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802
803
804
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807
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809
810
811
812
813
814
815
816
817
818
819
820

OMZP = OMEE(—2,IEZP)

TXYP
ENDIF

TAUE(—2,IEZP)

IF (OMEE( 2,IEZM)>-1.E5_EB) THEN
oMM = OMEE( 2,IEZM)
TXYM = TAUE( 2,IEZM)

ENDIF
Womy
vomz
RRHO
DVDY
DWDZ
TXXP
DVDY

i

Wi

VIRM =

2..EB/(RHOP(I,] ,K)+RHOP(1+1,] ,K))
(VW(I+1,],K)-VV(I+1,] —1,K))*RDY(])
WW(I+1,] ,K)-WAM(I+1,] ,K-1))*RDZ(K)

MU(I1+1,] ,K) *( FOTH«DP(1+1,] ,K) — 2._EB*(DVDY+DWDZ) )

(VW(I,],K)-VV(I,]—1K))*RDY(])
WW(T,T,K)-WA(T,] ,K—1))*RDZ(K)

MU(I,J,K) *( FOTH«DP(I1,],K) — 2._EB+(DVDY+DWDZ) )

RDXN( T ) * (TXXP-TXXM)
RDY(J) *(TXYP-TXYM)
RDZ(K) *(TXZP-TXZM)
DIXXDX + DTXYDY + DIXZDZ

FVX(I,],K) = 0.25_EB*(AOMY — VOMZ) — GX(I) + RRHO*(GX(I)*RHO.0(K) — VIRM)

ENDDO
ENDDO
ENDDO

!$OMP END DO NOWAIT

! Compu

te y—direction flux term FVY

I$OMP DO SCHEDULE( static) &
1$OMP& PRIVATE (WOMX, UOMZ, TYYP, TYYM, DIXYDX, DIYYDY, DIYZDZ)

DO K=1,KBAR
DO ]=0,JBAR

DO 1=1,IBAR

UP  =UU(I,],K) + UU(I,J+1,K)
W = UU(I-1,],K) + UU(I-1,]+1,K)
WP =WAW(I,],K) +WAWI,]+1K)
WM = WW(I,T,K—1) + WA(I,]+1,K-1)
oMXxP = OMX(I,] ,K)

OMXM = OMX(T, ], K—1)

oMZP = OMZ(1,] ,K)

oMM = OMZ(1-1,] ,K)

TYZP = TYZ(1,] K)

TYZM = TYZ(I,] ,K—1)

TXYP = TXY(I,] ,K)

XYM = TXY(I-1,] K)

IC = CELLINDEX(I,] ,K)

IEXP = EDGEINDEX(4,IC)

IEXM = EDGEINDEX(2,IC)

IEZP = EDGEINDEX(12,IC)

IEZM = EDGEINDEX(11,IC)

IF (OMEZE(—2,IEXP)>—1.E5_EB) THEN

OMXP = OMEE(—2,IEXP)
TYZP = TAUE(—2,IEXP)

ENDIF

IF (OMEE( 2,IEXM)>-1.E5_.EB) THEN
OMXM = OMEE( 2,IEXM)
TYZM = TAUE( 2,IEXM)

ENDIF

IF (OMEE(—1,IEZP)>—1E5_EB) THEN
OMZP = OMEZE(—1,IEZP)
TXYP = TAUE(—1,IEZP)

ENDIF

IF (OMEE( 1,IEZM)>-1E5_EB) THEN
OMM = OMEE( 1,IEZM)
TXYM = TAUE( 1,IEZM)

ENDIF
WavX
wovzZ
RRHO
DUDX

VIRM =

WP+OMXP + WVEOMXM
UPOMZP + UMOMZM
2. _EB/(RHOP(I,] ,K)+RHOP(I,J+1,))
(UU(T,J+1,K)-UU(I—-1,]+1,K))=*RDX(I)
WW(T, J+1,K)-WA(T,]+1,K-1))=+RDZ(K)

MU(I, ] +1,K) *( FOTH+DP(I,]+1,K) — 2._EBx(DUDXDWDZ) )

(UU(1,7 ,K)-UU(I—1,] ,K) ) *RDX(1)
WW(T,T ,K)-WA(T,] ,K—1))*RDZ(K)

MU(T,J ,K) =( FOTH«DP(I,] ,K) — 2._EBx*(DUDX+DWDZ) )

RDX(1) = (TXYP-TXYM)

= RDYN(] ) *(TYYP-TYYM)

RDZ(K) = (TYZP-TYZM)
DIXYDX + DIYYDY + DIYZDZ

FVY(I,],K) = 0.25_EB*(UOMZ — WOMX) — GY(I) + RRHO*(GY(I)*RHO.0(K) — VIRM)
ENDDO

ENDDO
ENDDO

1$OMP END DO NOWAIT

! Compu

te z—direction flux term FVZ

!$OMP DO SCHEDULE( static) &

291



Source Code files for edited portions of FDS

821
822
823
824
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829
830
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885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908

I$OMPS PRIVATE (UOMY, VOMX, TZZP, TZZM, DIXZDX, DTYZDY, DIZZDZ)

DO K=0,KBAR

DO J=1,JBAR

DO I=1,IBAR

ur uu(I,J ,K) + UU(I,] ,K+1)
w uu(l-1,] ,K) + UU(I-1,] ,K+1)

VP W(I,],K)  + VW(I,] K+1)
W W(I,]-1K) + W(I,]—1K+1)
OMYP = OMY(1,],K)

oMM = OMY(1-1,] ,K)

OMXP = OMX(I,],K)

QMM = OMX(T,] —1,K)

TXZP = TXZ(I,] K)

™XM = TXZ(1-1,] ,K)

TYZP = TYZ(I,] K)

TY2M = TYZ(1,] -1K)

IC = CELLINDEX(I,] ,K)

IEXP = EDGEINDEX(4,IC)

IEXM = EDGEINDEX(3,IC)

IEYP = EDGEINDEX(8,IC)

IEYM = EDGEINDEX(7,IC)

IF (OMEE(—1,IEXP)>—1.E5_EB) THEN
OMXP = OME.E(—1,IEXP)

TYZP = TAUE(—1,IEXP)

ENDIF

IF (OMEE( 1,IEXM)>-1.E5_EB) THEN
QOMXM = OMEE( 1,IEXM)

TYZM = TAUE( 1,IEXM)

ENDIF

IF (OMEE(—2,IEYP)>—1.E5_EB) THEN
OMYP = OMEE(—2,IEYP)

TXZP =

TAUE(—2,IEYP)

ENDIF
IF (OMEE( 2,IEYM)>—1E5_EB) THEN
OMYM = OMEE( 2,IEYM)
TXZM = TAUE( 2,IEYM)

ENDIF
UOMY = UPOMYP + UMBOVYM

VOMX = VPsOMXP + VVEOVXM

RRHO = 2._EB/(RHOP(I,] ,K)+RHOP(I,] K+1))

DUDX = (UU(I,J,K+1)-UU(I—1,] ,K+1))+RDX(I)

DVDY = (W(I,],K+1)=WV(I,]—1,K+1))+RDY(])

TZZP = MU(I,] ,K+1)*( FOTH+DP(I,] ,K+1) — 2._EBx(DUDX+DVDY) )
DUDX = (UU(I,J,K)-UU(I1-1,] ,K))*RDX(I)

DVDY = (VW(I,],K)—=VV(I,]—1,K))+RDY(])

TZZM = MU(I,],K) *( FOTH«DP(I,],K) — 2._EB«(DUDXDVDY) )
DIXZDX= RDX(1) *(TXZP-TXZM)

DIYZDY= RDY(]) *(TYZP-TYZM)

DIZZDZ= RDZN(K)  (TZZP-TZZM)

VIRM = DIXZDX + DIYZDY + DIZZDZ
FVZ(1,] ,K) = 0.25_EB*(VOMX — UOMY) — GZ(I) + RRHOx(GZ(T) %0.5_EB*(RHO.0(K)+RHO.0(K+1)) — VIRM)
ENDDO

ENDDO

ENDDO

!$OMP END DO NOWAIT
!$OMP END PARALLEL

IF (EVACUATION.ONLY(NM) ) THEN

FVZ =

0.-EB

RETURN
END IF

! Additional force terms

IF (ANY(MEAN.FORCING))

IF (ANY(ABS(FVEC)>TWO_EPSILON.EB)) CALL DIRECT_FORCE
IF (ANY(ABS(OVEC)>TWO_EPSILON.EB)) CALL CORIOLIS_FORCE

!'Sesa
do 11=1,size(pendat,1)

cntr=0

if

(pendat(11,14).ge.0) then

if (pendat(11,14).le.floor(T)) then

if (11.1e.4)

then

DO K=0,KBAR
DO J=0,JBAR
DO 1=0,IBAR

I'penalisation

if

region start
(pendat(11,13).eq.1) then

CALL MOMENTUMNUDGING

! Mean forcing
! Direct force
! Coriolis force

if ((Z(K).le.pendat(1ll,9)).and.(Z(K).ge.pendat(1l,8))) then
if ((Y(J).le.pendat(1ll,7)).and.(Y(]).ge.pendat(1l,6))) then
if ((X(I).le.pendat(ll,5)).and.(X(I).ge.pendat(1l,4))) then

cntr=cntr+1
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909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924

925
926
927
928
929
930
931

932
933
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935
936
937
938

939

940
941

942
943

944
945
946
947
948
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950
951
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958
959
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962
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965
966
967
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969
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972
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984
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990

FVX(T,],K)
FVY(I,],K)
FVZ(1,],K)

FVX(I,],K) + ((pendat(11,13))*(UU(I,],K)— pendat(1l,14+cntr)))/pendat(1l,1)
FVY(I,] ,K) + ((pendat(11,13))*(VV(I,] ,K)— pendat(1ll,14+size(penU0)+cntr)))/pendat(1l,1)
FVZ(1,] ,K) + ((pendat(11,13))*«WA(I,] ,K)— pendat(1l,14+size(penU0)+size (penV0)+cntr)))/pendat(1l,1)

endif

endif

endif

else

!'blending region start

if ((Z(K).le.pendat(1ll,9)).and.(Z(K).ge.pendat(1l,8))) then
if ((Y(J).le.pendat(1ll,7)).and.(Y(]).ge.pendat(1l,6))) then
if ((X(I).le.pendat(ll,5)).and.(X(1).ge.pendat(1l,4))) then

cntr=cntr+1
FVX(I,] ,K) = FVX(I,J,K) + (pendat(1l,13) + pendat(11,10)*X(I)—((pendat(11,10)*(1—pendat(1l,10))=*pendat(1l,5))/2d0
&

—(pendat(11,10) *(1+pendat(11,10))=*pendat(11,4)/2d0))=*(UU(I,] ,K)—pendat(1l,14+cntr))/pendat(1l,2) &
+ (pendat(11,13) + pendat(1l,11)*Y(J)—((pendat(1l,11)=*(1—pendat(1l,11))*pendat(1l,7))/2d0) &
—(pendat(11,11)*(1+pendat(11,11))xpendat(1l,6)/2d0 ))=*(UU(I,]J K)—pendat(1l,14+cntr))/pendat(1l,2) &
+ (pendat(1l,13) + pendat(1l,12)*Z(K)—((pendat(1l,12)=*(1—pendat(1l,12))*pendat(1l,9))/2d0) &
—(pendat (11 ,12) *(1+pendat(11,12))*pendat(1l,8)/2d0 ))=*(UU(I,] ,K)—pendat(1l,14+cntr))/pendat(1l,2)

FVY(I,] ,K) = FVY(I,J ,K) +(pendat(1l,13) + pendat(1l1,10)=+X(I)—((pendat(1l,10)=(1—pendat(11,10))xpendat(11l,5))/2d0)
&

—(pendat(11,10) *(1+pendat(1l ,10))=*pendat(1l ,4)/2d0 ))*(VV(I,] ,K)—pendat(ll,14+size(penU0)+cntr))/pendat(ll ,2) &
+(pendat(11,13) + pendat(1l,11)*Y(]J)—((pendat(1l,11)*(1—pendat(1l,11))*pendat(1l,7))/2d0) &

—(pendat (11 ,11) *(1+pendat(1l ,11))x*pendat(1l,6)/2d0 ))*(VV(I,] ,K)—pendat(ll ,14+size(penU0)+cntr))/pendat(ll ,2) &
+ (pendat(1l,13) + pendat(1l,12)*Z(K)—((pendat(1l,12)x(1—pendat(1l,12))*pendat(1l,9))/2d0) &

—(pendat (11 ,12) *(1+pendat(1l ,12))=*pendat(1l,8)/2d0 ))*(VV(I,] K)—pendat(ll ,14+size(penU0)+cntr))/pendat(1l,2)

Fvz(1,] ,K) = FVZ(1,] ,K) +(pendat(1l,13) + pendat(1l,10)*X(I)—((pendat(1l,10)=*(1—pendat(1l,10))*pendat(1l,5))/2d0)
&

—(pendat(11,10) *(1+pendat(11,10))=*pendat (11 ,4)/2d0 ))*«WA(I,] ,K)—pendat(1l ,14+size (penU0)+size (penV0)+cntr))/
pendat(11,2) &

+(pendat(11,13) + pendat(11,11)*Y(J)—((pendat(11,11)*(1—pendat(1l,11))=*pendat(11,7))/2d0) &

—(pendat(11,11) *(1+pendat(11,11))=*pendat(1l,6)/2d0 ))*«WA(I,] K)—pendat(1l ,14+size (penU0)+size (penV0)+cntr))/
pendat(11,2) &

+ (pendat(11,13) + pendat(11,12)+Z(K)—((pendat(11,12)=*(1—pendat(1l,12))xpendat(1l,9))/2d0) &

—(pendat (11 ,12) *(1+pendat(11,12))xpendat(11,8)/2d0 ))+*WW,] K)—pendat(1l,14+size (penU0)+size (penV0)+cntr))/
pendat (11 ,2)

endif
endif
endif
endif
ENDDO
ENDDO
ENDDO

endif
if ((11.gt.4) .AND. pendat(1l,14).le. floor(T)) then

if (mod(11 ,4).eq. 1) then
pendat (1l —1,14)=—
pendat (11 —2,14)=-1
pendat (11 —3,14)=—
pendat (11 —4,14)=—

endif

DO K=0,KBAR
DO J=0,JBAR
DO 1=0,IBAR

I'penalisation region starts
if (pendat(ll,13).eq.1) then

if ((Z(K).le.pendat(1l,9)).and.(Z(K).ge.pendat(1l,8))) then
if ((Y(J).le.pendat(1ll,7)).and.(Y(]).ge.pendat(1l,6))) then
if ((X(I).le.pendat(1l,5)).and.(X(I).ge.pendat(1l,4))) then

cntr=cntr+1
FVX(T,],K)

FVY(I,] ,K)
Fvz(1,] ,K)

FVX(I,],K) + ((pendat(1l,13))*(UU(I,],K)— pendat(1l,14+cntr)))/pendat(1l,1)
FVY(I,] ,K) + ((pendat(1l,13))=(VV(I,] ,K)— pendat(1l,14+size(penU0)+cntr)))/pendat(1l,1)
Fvz(1,] ,K) + ((pendat(1l,13))*WA(I,] ,K)— pendat(1l,14+size(penU0)+size (penV0)+cntr)))/pendat(ll ,1)

endif

endif

endif

else

I'blending region starts

if ((Z(K).le.pendat(1ll,9)).and.(Z(K).ge.pendat(1l,8))) then
if ((Y(J).le.pendat(1ll,7)).and.(Y(]).ge.pendat(1l,6))) then
if ((X(I).le.pendat(ll,5)).and.(X(I).ge.pendat(1l,4))) then

cntr=cntr+1
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1034
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1038
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1042
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1044
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1046
1047
1048
1049
1050
1051
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FVX(I,]J ,K) = FVX(I,J,K) + (pendat(11,13) + pendat(11,10)*X(I)—((pendat(11,10)*(1—pendat(1l,10))=*pendat(11,5))/2d0
&

)
—(pendat(11,10)*(1+pendat(11,10))=*pendat (1l ,4)/2d0))*(UU(I,]J ,K)—pendat (1l ,14+cntr))/pendat(1l ,2) &
+ (pendat(11,13) + pendat(11,11)*Y(]J)—((pendat(1l,11)=*(1—pendat(1l,11))xpendat(1l,6))/2d0) &
—(pendat (11 ,11)*(1+pendat(11,11))*pendat(11,7)/2d0 ))=*(UU(I,]J K)—pendat(1l,14+cntr))/pendat(1l,2) &
+ (pendat(11,13) + pendat(11,12)*Z(K)—((pendat(1l,12)=*(1—pendat(1l,12))xpendat(1l,8))/2d0) &
—(pendat(11,12) *(1+pendat(1l ,12))*pendat(1l,9)/2d0 ))*(UU(I,] K)—pendat(1ll,14+cntr))/pendat(l1l,2)

FVY(I,] ,K) = FVY(1,],K) +(pendat(1l,13) + pendat(1l,10)*X(I)—((pendat(1l,10)*(1—pendat(1l,10))*pendat(1l,5))/2d0)
&

—(pendat(11,10) *(1+pendat(1l ,10))=*pendat (1l ,4)/2d0 ))=*(VV(I,] ,K)—pendat(ll ,14+size(penU0)+cntr))/pendat(ll ,2) &
+(pendat(11,13) + pendat(1l,11)*Y(]J)—((pendat(1l,11)*(1—pendat(1l,11))=*pendat(1l,6))/2d0) &
—(pendat(11,11) *(1+pendat(1l ,11))=*pendat(11,7)/2d0 ))=*(VV(I,] ,K)—pendat(ll ,14+size(penU0)+cntr))/pendat(ll ,2) &
+ (pendat(1l,13) + pendat(ll,12)*Z(K)—((pendat(1l,12)=*(1—pendat(1l,12))*pendat(1l,8))/2d0) &

—(pendat (11 ,12) *(1+pendat(11,12))=*pendat(11,9)/2d0 ))*(VV(I,] K)—pendat(1ll ,14+size (penU0)+cntr))/pendat(1l,2)

FVZ(1,] ,K) = FVZ(1,] ,K) +(pendat(11,13) + pendat(11,10)=X(I)—((pendat(1l,10)=(1—pendat(11,10))=pendat(11,5))/2d0)

&

—(pendat(11,10) *(1+pendat(11,10))=*pendat (11 ,4)/2d0 ))*«WA(I,] ,K)—pendat(1l ,14+size (penU0)+size (penV0)+cntr))/
pendat(11,2) &

+(pendat(11,13) + pendat(11,11)*Y(]J)—((pendat(11,11)=*(1—pendat(1l,11))x*pendat(1l,6))/2d0) &

—(pendat (11 ,11)*(1+pendat(11,11))xpendat(1l,7)/2d0 ))+*WWI,] K)—pendat(1l,14+size (penU0)+size (penV0)+cntr))/
pendat(11,2) &

+ (pendat(1l,13) + pendat(ll,12)*Z(K)—((pendat(1l,12)*(1—-pendat(1l,12))*pendat(1l,8))/2d0) &

—(pendat(11,12) *(1+pendat(1l ,12))*pendat(11,9)/2d0 ))*WW(I,] ,K)—pendat(1l ,14+size(penU0)+size (penV0)+cntr))/
pendat(11,2)

endif
endif
endif

endif
ENDDO
ENDDO
ENDDO
endif

endif
endif
enddo

TRUNK.F: IF (trunks) THEN
do 11=1,ntrunks

DO 1=0,IBAR

DO ]=0,JBAR
xloc=trnk_loc(1,11)
yloc=trnk_loc(2,11)

if ((X(I).eq.xloc)) then
if ((Y(J).eq.yloc)) then

do k=0,KBAR

if ((Z(K).gt.trnk_min).and.(Z(K).1t.trnk.max)) then
FVX(1,] ,K)=FVX(I,],K)+UU(I,] ,K)/eta

FVY(I,] ,K)=FVY(I,] ,K)+W(I,] ,K)/eta

FVZ(1,] ,K)=FVZ(I,] ,K)WA(I,] ,K)/eta

endif

enddo

endif
endif
ENDDO
ENDDO
enddo
ENDIF TRUNK.IF

IF (WFDSBNDRYFUEL) CALL VEGETATION.DRAG ! Surface vegetation drag

IF (PATCH.-VELOCITY) CALL PATCH.VELOCITY FLUX(DTNV) ! Specified patch wvelocity

IF (CCIBM) CALL CCIBM.VELOCITY_FLUX(DTNM) ! Direct—forcing Immersed Boundary Method
IF (PERIODIC.TEST==7) CALL MMS_VELOCITY_FLUX(NM, T) ! Source term in manufactured solution
CONTAINS

SUBROUTINE MOMENTUMNUDGING
! Add a force wvector to the momentum equation that moves the flow field towards the direction of the mean flow.

REAL(EB) :: UBAR,VBAR,WBAR, INTEGRAL,SUM.VOLUME, VC,UMEAN, VMEAN, WMEAN, DU_FORCING, DV_FORCING, DW_FORCING, DT_LOC
INTEGER :: NSC,1.LO,J.LO,I_HI,]_HI

DT_LOC
NsC

= MAX(DT, DT.MEAN_FORCING)

= SPONGE.CELLS

MEANFORCINGX: IF (MEANFORCING (1)) THEN
SELECT.RAMP_.U: SELECT CASE(I.RAMP_U0.Z)
CASE(0) SELECT.RAMP_.U

INTEGRAL = 0._EB
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1073 || SUM.VOLUME = 0._EB
1074 || DO K=1,KBAR

1075 || DO J=1,]BAR

1076 || DO 1=0,IBAR

1077 || IC1 = CELLAINDEX(I,],K)

1078 || IC2 = CELLINDEX(I+1,] ,K)

1079 || IF (SOLID(IC1)) CYCLE

1080 || IF (SOLID(IC2)) CYCLE

1081 || IF (.NOT.MEAN_FORCING.CELL(I,] ,K) ) CYCLE
1082 || IF (.NOT.MEAN_FORCING.CELL(I+1,] ,K)) CYCLE
1083 || VC = DXN(I)+DY(])+DZ(K)

1084 || INTEGRAL = INTEGRAL + UU(I,] ,K)+VC

1085 || SUMLVOLUME = SUMLVOLUME + VC

1086 || ENDDO
1087 || ENDDO
1088

ENDDO
1089 || IF (SUM.VOLUME-TWO_EPSILON_EB) THEN
1090 || UMEAN = INTEGRAL/SUM.VOLUME

1091 || ELSE
1092 || UMEAN = 0..EB
1093 || ENDIF

1094 || UBAR = UO+EVALUATE.RAMP(T ,DUMMY, .RAMP_U0_T)
1095 || DUFORCING = (UBAR-UMEAN)/DT.LOC
1096 || DO K=1,KBAR
1097 || DO J=1,JBAR
1098 || DO 1=0,IBAR
1099 || IF (.NOT.MEAN_FORCING.CELL(I,J,K) ) CYCLE
1100 || IF (.NOT.MEAN_FORCING.CELL(I+1,] ,K)) CYCLE
1101 || FVX(1,],K) = FVX(I1,] ,K) — DUFORCING

ENDDO

1102
1103 || ENDDO
1104 || ENDDO

1105 || CASE(1:) SELECT_RAMP.U
1106 || K.LLOOP.U: DO K=1,KBAR

1107 || INTEGRAL = 0._EB

1108 || SUM.VOLUME = 0._EB

1109 || DO J=1,]BAR

1110 || DO 1=0,IBAR

1111 || IC1 = CELLINDEX(I,] ,K)

1112 || IC2 = CELLINDEX(I+1,] ,K)

1113 || IF (SOLID(IC1)) CYCLE

1114 || IF (SOLID(IC2)) CYCLE

1115 || VC = DXN(I)+DY(] )+DZ(K)

1116 || INTEGRAL = INTEGRAL + UU(I,] ,K)+VC
1117 || SUM.VOLUME = SUM.VOLUME + VC

1118 || ENDDO

1119 || ENDDO

1120 || IF (SUM.VOLUMESTWO_EPSILON_EB) THEN
1121 || UMEAN = INTEGRAL/SUM.VOLUME

1122 || ELSE

1123 || ! this can happen if all cells in a given row, k, are solid
1124 ||UMEAN = 0._EB

1125 || ENDIF

1126 || UBAR = UO+EVALUATERAMP(T,DUMMY, I.RAMP_U0.T ) *EVALUATE RAMP (ZC(K) ,DUMMY, _LRAMP_U0.Z)

1127 || DUFORCING = (UBAR-UMEAN) /DT_LOC

1128 || | Apply the average force term to bulk of domain, and apply more aggressive forcing at boundary
1129 || I.LO = 0

1130 || I.HI = IBAR

1131 || IF (APPLY-SPONGE.LAYER(1)) THEN

1132 || FVX(0:NSC—1,:,K) = FVX(0:NSC—1,:,K) — (UBARUU(0:NSC—1,:,K) ) /DT.LOC
1133 || I.LO = NSC
1134 || ENDIF

1135 || IF (APPLY.SPONGE.LAYER(—1)) THEN

1136 || FVX(IBAR-NSC+1:IBAR,: ,K) = FVX(IBAR-NSC+1:IBAR,: ,K) — (UBAR-UU(IBAR-NSC+1:IBAR,: ,K))/DT.LOC
1137 || I.HI = IBAR-NSC

1138 || ENDIE

1139 || FVX(I_LO:I_HI,: ,K) = FVX(I.LO:I_HI,: ,K) — DUFORCING

1140 || ENDDO K_LOOP.U

1141 || END SELECT SELECT_-RAMP_.U

1142 || ENDIF MEAN_FORCING.X

1143
1144 || MEANFORCING.Y: IF (MEANFORCING(2)) THEN
1145 || SELECT.RAMP.V: SELECT CASE(I_RAMP_V0.Z)
1146 || CASE(0) SELECT_RAMP.V

1147 || INTEGRAL = 0._EB

1148 || SUMVOLUME = 0._EB

1149 || DO K=1,KBAR

1150 || DO J=0,JBAR

1151 || DO 1=1,IBAR

1152 || IC1 = CELLINDEX(I,] K)

1153 || IC2 = CELLINDEX(I,]+1,K)

1154 || IF (SOLID(IC1)) CYCLE

1155 || IF (SOLID(IC2)) CYCLE

1156 || IF (.NOT.MEAN_FORCING.CELL(I,],K) ) CYCLE
1157 || IF (.NOT.MEAN_FORCING.CELL(I,J+1,K)) CYCLE
1158 || VC = DX(1)+DYN(])+DZ(K)

1159 || INTEGRAL = INTEGRAL + VV(I,] ,K)*VC

1160 || SUMVOLUME = SUM.VOLUME + VC
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1161 || ENDDO
1162 || ENDDO
1163

ENDDO
1164 || IF (SUM.-VOLUME>TWO_EPSILON-EB) THEN
1165 || VMEAN = INTEGRAL/SUM.VOLUME

1166 || ELSE
1167 || VMEAN = 0..EB
1168 || ENDIF

1169 || VBAR = VO+EVALUATE.RAMP(T,DUMMY, . RAMP_V0_T)
1170 || DVFORCING = (VBAR-VMEAN)/DT.LOC

1171 || DO K=1,KBAR

1172 || DO J=0,JBAR

1173 || DO 1=1,IBAR

1174 || IF (.NOT.MEAN_FORCING.CELL(I,]J,K) ) CYCLE
1175 || IF (.NOT.MEAN_FORCING.CELL(I,]+1,K)) CYCLE
1176 || FVY(1,],K) = FVY(I,],K) — DV_FORCING

1177 || ENDDO

1178 || ENDDO

1179 || ENDDO

1180 || CASE(1:) SELECTRAMP.V

1181 || KILOOP.V: DO K=1,KBAR

1182 || INTEGRAL = 0._EB

1183 || SUMVOLUME = 0._EB

1184 || DO J=0,JBAR

1185 || DO 1=1,IBAR

1186 || IC1 = CELLINDEX(I,] K)

1187 || IC2 = CELLINDEX(I,]+1,K)

1188 || IF (SOLID(IC1)) CYCLE

1189 || IF (SOLID(IC2)) CYCLE

1190 || VC = DX(1)+DYN(])+DZ(K)

1191 || INTEGRAL = INTEGRAL + VV(I,] ,K)+VC
1192 || SUM.VOLUME = SUMLVOLUME + VC

1193 || ENDDO

1194 || ENDDO

1195 || IF (SUMLVOLUMESTWO_EPSILON_EB) THEN
1196 || VMEAN = INTEGRAL/SUM.VOLUME

1197 || ELSE
1198 || VMEAN = 0..EB
1199 || ENDIF

1200 || VBAR = VO+EVALUATERAMP(T ,DUMMY, I.RAMP_V0.T) *EVALUATE RAMP (ZC (K) ,DUMMY, _ RAMP_V0.Z)

1201 || DVFORCING = (VBAR-VMEAN) /DT_LOC

1202 || | Apply the average force term to bulk of domain, and apply more aggressive forcing at boundary
1203 || J.-LO = 0

1204 || J_HI = JBAR

1205 || IF (APPLY.SPONGE.LAYER(2)) THEN

1206 || FVY(:,0:NSC—1,K) = FVY(:,0:NSC—1,K) — (VBAR-VV(:,0:NSC—1K))/DT.LOC
1207 || J.LO = NSC
1208 || ENDIF

1209 || IF (APPLY.SPONGE.LAYER(—2)) THEN

1210 || FVY(: ,JBAR-NSC+1:JBAR,K) = FVY(:,JBAR-NSC+1:JBAR,K) — (VBAR-VV(:,JBAR-NSC+1:JBAR,K))/DT.LOC
1211 || J.HI = JBAR-NSC

1212 || ENDIE

1213 || FVY(:,].LO:J.HI ,K) = FVY(:,J.LO:J_HI ,K) — DV.FORCING

1214 || ENDDO K_LOOP.V

1215 || END SELECT SELECT_RAMP.V

1216 || ENDIF MEAN_FORCING.Y

1217
1218 || MEANFORCING.Z: IF (MEANFORCING(3)) THEN
1219 || SELECTRAMP.W: SELECT CASE(I.RAMP_W0.Z)
1220 || CASE(0) SELECTRAMP.W

1221 || INTEGRAL = 0._EB

1222 || SUMVOLUME = 0._EB

1223 || DO K=0,KBAR

1224 || DO J=1,JBAR

1225 || DO 1=1,IBAR

1226 || IC1 = CELLINDEX(I,] K)

1227 || IC2 = CELLINDEX(I,] ,K+1)

1228 || IF (SOLID(IC1)) CYCLE

1229 || IF (SOLID(IC2)) CYCLE

1230 || IF (.NOT.MEAN_FORCING.CELL(I,],K) ) CYCLE
1231 || IF (.NOT.MEAN_FORCING.CELL(I,] ,K+1)) CYCLE
1232 || VC = DX(1)=+DY(])+DZN(K)

1233 || INTEGRAL = INTEGRAL + WW(I,] ,K)*VC

1234 || SUMVOLUME = SUMLVOLUME + VC

1235 || ENDDO
1236 || ENDDO
1237 || ENDDO

1238 || IF (SUM-VOLUME>TWO_EPSILON-EB) THEN
1239 || WMEAN = INTEGRAL/SUM.VOLUME

1240 || ELSE
1241 ||WMEAN = 0._EB
1242 || ENDIF

1243 || WBAR = WO+EVALUATE.RAMP( T, DUMMY, . RAMP_W0.T)
1244 || DWFORCING = (WBARWMEAN) /DT_LOC

1245 || DO K=0,KBAR

1246 || DO J=1,JBAR

1247 || DO 1=1,IBAR

1248 || IF (.NOT.MEAN.FORCING.CELL(I,]J ,K) ) CYCLE
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1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336

IF (.NOT.MEANFORCING.CELL(I,J ,K+1)) CYCLE

FVZ(I,],K) = FVZ(I,],K) — DWFORCING
ENDDO

ENDDO
ENDDO

CASE(1:)

KLOOP.W: DO K=0,KBAR
INTEGRAL = 0._EB
SUMLVOLUME = 0._EB

DO J=1,JBAR

DO 1=1,IBAR

IC1 = CELLINDEX(I,] ,K)

IC2 = CELLINDEX(I,] ,K+1)

IF (SOLID(IC1)) CYCLE

IF (SOLID(IC2)) CYCLE

VC = DX(1)+DY(])+DZN(K)

INTEGRAL = INTEGRAL + WW(I, ] ,K)+VC
SUMVOLUME = SUMVOLUME + VC

ENDDO

ENDDO

IF (SUM.VOLUME>TWO_EPSILON_EB) THEN
WMEAN = INTEGRAL/SUM.VOLUME

ELSE
WMEAN = 0._EB
ENDIF

WBAR = WO+EVALUATE RAMP (T, DUMMY, . RAMP_WO0_.T ) *EVALUATE RAMP(Z(K) ,DUMMY,  RAMP_W0.Z)

DW.FORCING = (WBARWMEAN) /DT_LOC

! Apply the average force term to bulk of domain, and apply more aggressive forcing at boundary

IF (APPLY.SPONGELAYER(—3) .AND. K==KBAR) THEN

DO J=1,JBAR
DO 1=1,IBAR

FVZ(1,],K) = FVZ(I1,] ,K) — (WBARWW(I,J ,K))/DT.LOC
ENDDO

ENDDO

ELSE

FVZ(:,:,K) = FVZ(:,: ,K) — DWFORCING
ENDIF

ENDDO K. LOOP.W

END SELECT SELECT RAMP.W

ENDIF MEAN_FORCING_Z

END SUBROUTINE MOMENTUMNUDGING

SUBROUTINE DIRECT_FORCE ()
REAL(EB) :: TIMERAMP_FACTOR

TIMERAMP_FACTOR = EVALUATERAMP(T,DUMMY, _.RAMP_FVX_T)

1$OMP PARALLEL DO PRIVATE(RRHO) SCHEDULE(STATIC)

DO K=1,KBAR
DO J=1,JBAR
DO 1=0,IBAR

RRHO = 2._EB/(RHOP(I,] ,K)+RHOP(I1+1,] ,K))

FVX(1,],K) = FVX(I,],K) — RRHO+FVEC (1) +*TIME_RAMP_FACTOR
ENDDO

ENDDO

ENDDO
!$OMP END PARALLEL DO

TIMERAMP_FACTOR = EVALUATERAMP(T,DUMMY, . RAMP_FVY.T)

!$OMP PARALLEL DO PRIVATE(RRHO) SCHEDULE(STATIC)

DO K=1,KBAR
DO J=0,JBAR
DO 1=1,IBAR

RRHO = 2._EB/(RHOP(I,] ,K)+RHOP(I,]+1,K))

FVY(I,] ,K) = FVY(I,],K) — RRHO+FVEC(2)*TIME RAMP_ FACTOR

ENDDO
ENDDO
ENDDO
!$OMP END PARALLEL DO

TIME_RAMP FACTOR = EVALUATERAMP (T, DUMMY, .RAMP_FVZ_.T)

!$OMP PARALLEL DO PRIVATE(RRHO) SCHEDULE(STATIC)

DO K=0,KBAR
DO J=1,JBAR
DO I=1,IBAR

RRHO = 2._EB/(RHOP(I,] ,K)+RHOP(I,] ,K+1))

FVZ(1,] ,K) = FVZ(I,] ,K) — RRHO«FVEC (3)+TIME_RAMP_FACTOR
ENDDO

ENDDO
ENDDO
1$OMP END PARALLEL DO

END SUBROUTINE DIRECT_FORCE

SUBROUTINE CORIOLIS_FORCE ()
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1337 || REAL(EB) , POINTER, DIMENSION (: ,:,:) :: UP=>NULL() ,VP=>NULL() ,WE=>NULL()
1338 || REAL(EB) :: UBAR,VBAR,WBAR
1339 || INTEGER :: II,]JJ KK, IW
1340 || TYPE(WALL.TYPE) , POINTER :: WCG>NULL()
1341
1342 || | Velocities relative to the p—cell center (same work done in Deardorff eddy viscosity)
1343
1344 || UP => WORK7
1345 || VP => WORKS
1346 || WP => WORK9
1347 || UP=0._EB
1348
1349
1350
1351
1352
1353
1354
1355 || IF (SOLID(CELLINDEX(I,],K))) CYCLE
1356 || UP(1,],K) = 0.5_-EB*(UU(I,],K) + UU(I-1,] ,K))
1357 || VP(1,],K) = 0.5_EB*(VV(I,] ,K) + VV(I,]-1K))
1358 || WP(T,J,K) = 0.5_EB*xWWW(I,J ,K) + WA(T,] ,K-1))
ENDDO

1359

1360 || ENDDO

1361 || ENDDO

1362 || /$OMP END PARALLEL DO
1363

1364 || DO IW=1,N_EXTERNAL WALL_CELLS
1365 || WGSWALL(IW)

1366 || 11 = WCUONED%II

1367 || J7 = WCUONED%]]

1368 || KK = WCUONEDUKK

1369 || UP(11,J] ,KK) = U.GHOST(IW)
1370 || VP(II,]] ,KK) = V.GHOST(IW)

1371 || WP(IT,JJ ,KK) = W.GHOST(IW)
1372 || ENDDO

1373

1374 || | x momentum

1375

1376 || !$OMP PARALLEL DO PRIVATE(VBAR,WBAR) SCHEDULE(STATIC)

1377 || DO K=1,KBAR

1378 || DO J=1,JBAR

1379 || DO 1=0,IBAR

1380 || VBAR = 0.5 _EB*(VP(I,] ,K)+VP(1+1,],K))

1381 || WBAR = 0.5_EB+(WP(I,] ,K)+WP(1+1,] ,K))

1382 || FVX(1,] ,K) = FVX(I,],K) + 2._EBx(OVEC(2)+WBAR-OVEC(3)+VBAR)
ENDDO

1383

1384 || ENDDO

1385 || ENDDO

1386 || /$OMP END PARALLEL DO
1387

1388 || ! y momentum

1389

1390 || /$OMP PARALLEL DO PRIVATE(UBAR,WBAR) SCHEDULE(STATIC)
1391 || DO K=1,KBAR

1392 || DO J=0,JBAR

1393 || DO 1=1,IBAR

1394 || UBAR = 0.5_EBx(UP(I,] ,K)+UP(I,J+1,K))

1395 || WBAR = 0.5 _EBx(WP(I,] ,K)+WP(I,]+1,K))

139 || FVY(1,7,K) = FVY(I,],K) + 2._EBx(OVEC(3)*UBAR — OVEC(1)+WBAR)

ENDDO

1397

1398 || ENDDO

1399 || ENDDO

1400 1$OMP END PARALLEL DO
1401

1402 !z momentum

1403

1404 || /$OMP PARALLEL DO PRIVATE(UBAR,VBAR) SCHEDULE(STATIC)

1405 || DO K=0,KBAR

1406 || DO J=1,]BAR

1407 || DO 1=1,IBAR

1408 || UBAR = 0.5_EB«(UP(I,] ,K)+UP(I,] ,K+1))

1409 || VBAR = 0.5_EBx(VP(I,],K)+VP(I,] ,K+1))

1410 || FVZ(1,7,K) = FVZ(I,],K) + 2._EBx(OVEC(1)*VBAR — OVEC(2)+UBAR)
ENDDO

1411

1412 || ENDDO

1413 || ENDDO

1414 || I$OMP END PARALLEL DO

1415

1416 || END SUBROUTINE CORIOLIS_FORCE
1417

1418

1419 || SUBROUTINE VEGETATION.DRAG ()
1420

1421 || VEGDRAG(0,:) = VEGDRAG(1,:)
1422 || K=1

1423 || DO J=1,JBAR

1424 || DO 1=0,IBAR
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1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1463
1464
1465
1466
1467
1468
1469
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512

VEGUMAG = SQRT(UU(I,J ,K)#+2 + VV(I,] ,K)**2 + WA(I,] ,K)*%2) | VEGUMAG=2._EB+KRES(I,] K)
FVX(1,],K) = FVX(I,],K) + VEGDRAG(I,])+VEGUMAG+UU(I,] ,K)

ENDDO

ENDDO

VEGDRAG(:,0) = VEGDRAG(:,1)
DO ]=0,JBAR

DO 1=1,IBAR

VEGUMAG = SQRT(UU(T, ] ,K)#+2 + VV(I,] ,K)#x2 + WA(I, ] ,K)%2)
FVY(I,] ,K) = FVY(I,] ,K) + VEGDRAG(I,])+VEGUMAG+WV(I,] ,K)
ENDDO

ENDDO

DO J=1,JBAR
DO 1=1,IBAR

VEGUMAG = SQRT(UU(I,J ,K)#%2 + VV(I,] K)#%2 + WA(I,] K)%2)
FVZ(1,] ,K) = FVZ(1,] ,K) + VEGDRAG(I,])+VEGUMAGMWW(I,] K)
ENDDO

ENDDO
END SUBROUTINE VEGETATION.DRAG

END SUBROUTINE VELOCITY_FLUX

SUBROUTINE MMS_VELOCITY FLUX(NM, T)
! Shunn et al., JCP (2012) prob 3

USE MANUFACTURED.SOLUTIONS, ONLY: VD2D_MMS_U_SRC.3,VD2D_MMS_V_SRC_3
INTEGER, INTENT(IN) :: NM

REAL(EB) , INTENT(IN) :: T

INTEGER :: I,],K

REAL(EB) , POINTER, DIMENSION(: ,:,:) :: UU=>NULL() WWE>SNULL()

CALL POINT_TOMESH (NM)

IF (PREDICTOR) THEN
U=>U

WWSW

ELSE

U=>USs

WWSWS

ENDIF

DO K=1,KBAR
DO J=1,JBAR
DO 1=0,IBAR
FVX(I,],K) = FVX(I,],K) — VD2D.MMS_.USRC3(X(1) ,ZC(K) ,T)

END SUBROUTINE MMS_VELOCITY_FLUX

SUBROUTINE VELOCITY_FLUX_CYLINDRICAL (T ,NM)
! Compute convective and diffusive terms for 2D axisymmetric

USE MATH_FUNCTIONS, ONLY: EVALUATERAMP

REAL(EB) :: T,DMUDX

INTEGER :: 10

INTEGER, INTENT(IN) :: NM

REAL(EB) :: MUY, UP,UM,WP,WM VIRM, DTXZDZ, DTXZDX, DUDX, DWDZ, DUDZ, DWDX, WOMY, UOMY, OMYP,OMYM, TXZP , TX”M, &
AH,RRHO, GX, GZ, TXXP, TXXM, TZZP , TZZM, DTXXDX, DTZZDZ,DUMMY=0. _EB

INTEGER :: I,],K,IEYP,IEYM,IC

REAL(EB) , POINTER, DIMENSION (:,:,:) :: TXZ=>NULL() OMNY=>NULL() ,UU=>NULL() WW=>NULL() ,RHOP=>NULL() ,DP=>NULL()

CALL POINT-TO-MESH (NM)

IF (PREDICTOR) THEN
Uu=>1U

WW => W

DP => D

RHOP => RHO

ELSE

UU = US

WW => WS

DP => DS
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1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
1581
1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
1593
1594
1595
1596
1597
1598
1599
1600

RHOP => RHOS
ENDIF

TXZ => WORK2
OMY => WORK5

! Compute vorticity and stress tensor components
DO K=0,KBAR

DO J=0,JBAR

DO 1=0,IBAR

DUDZ = RDZN(K) = (UU(I,] ,K+1)-UU(I,] ,K))

DWDX = RDXN(I)«WA(I+1,] ,K)-WA\(I,] ,K))

OMY(I,],K) = DUDZ — DWDX

MUY = 0.25_EB*(MU(I+1,] ,K)+MU(T,] ,K)MU(T, ], K+1)+MU(1+1,] ,K+1))
TXZ(1,] ,K) = MUY (DUDZ + DWDX)

ENDDO

ENDDO
ENDDO

! Compute gravity components

GX
GZ

0..EB
EVALUATE RAMP (T ,DUMMY, L RAMP.GZ) *GVEC(3)

! Compute r—direction flux term FVX

IF (ABS(XS)<=TWO_EPSILON_EB) THEN
10 =1

ELSE

10 =0

ENDIE

J=1

DO K= 1,KBAR
DO 1=10,IBAR

IEYP = EDGEINDEX(8,IC)

IEYM = EDGEINDEX(6,IC)

IF (OMEE(—1,IEYP)>—1E5_EB) THEN
OMYP = OMEE(—1,IEYP)

TXZP = TAUE(—1,IEYP)

ENDIF

IF (OMEE( 1,IEYM)>—1E5_EB) THEN
OMWM = OMEE( 1,IEYM)

TXZM = TAUE( 1,IEYM)

WP =WW(I,J,K)  +WW(I+1,],K)
WM = WW(I,T,K—1) + WA(T+1,] ,K—1)
OMYP = OMY(1,],K)

OMM = OMY(I,] ,K—1)

TXZP = TXZ(1,] ,K)

™XM = TXZ(1,] ,K-1)

IC = CELLINDEX(I,] ,K)

ENDIF
WOMY = WP+OMYP + WMECOMYM

RRHO = 2..EB/(RHOP(I,] K)+RHOP(I+1,] ,K))

AH = RHO.0(K)+RRHO — 1._EB

DWDZ = (WA(I+1,],K)-WA(T+1,],K—1))*RDZ(K)

TXXP = MU(I1+1,] ,K)*( FOTH«DP(1+1,] ,K) — 2. EB«DWIZ )

DWDZ = (WA(T,],K)-WW(I,J,K—1))*RDZ(K)

TXOM = MU(I,],K) «( FOTH«DP(1,] ,K) —2._EB«DWIZ )

DIXXDX=' RDXN( 1) * (TXXP—TXXM)

DIXZDZ= RDZ(K) *(TXZP-TXZM)

DMUDX = (MU(I+1,],K)-MU(I,] ,K))+RDXN(I)

VIRM = RRHO*( DIXXDX + DIXZDZ — 2._EB+UU(I,] ,K)+DMUDX/R(I) )
FVX(I,],K) = 0.25_EB#AQMY + GX+AH — VIRM

ENDDO

ENDDO

! Compute z—direction flux term FVZ

DO K=0,KBAR
DO I=1,IBAR

UP  =UU(I,],K) + UU(T,J K+1)
W = UU(I-1,] ,K) + UU(I—1,] ,K+1)
OMYP = OMY(I,],K)

oMM = OMY(I1-1,] ,K)

TXZP = TXZ(I,] ,K)

™XM = TXZ(1-1,] ,K)

IC = CELLINDEX(I,] ,K)

IEYP = EDGEINDEX(8,IC)

IEYM = EDGEINDEX(7,IC)

IF (OMEE(-2,IEYP)>-1.E5_EB) THEN

OMYP = OME.E(—2,IEYP)
TXZP = TAUE(—2,IEYP)
ENDIF

IF (OMEE( 2,IEYM)>-1.E5_EB) THEN
OMWM = OMEE( 2,IEYM)
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1601
1602
1603
1604
1605
1606
1607
1608
1609
1610
1611
1612
1613
1614
1615
1616
1617
1618
1619
1620
1621
1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666
1667
1668
1669
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680
1681
1682
1683
1684
1685
1686
1687
1688

TXZM = TAUE( 2,IEYM)

ENDIF
UOMY = UPOMYP + UMBOVYM

RRHO = 2._EB/(RHOP(I,J ,K)+RHOP(I,] K+1))

AH = 0.5_EBx(RHO.0(K)+RHO.0(K+1))#RRHO — 1._EB

DUDX = (R(I)#UU(I,J ,K+1)—R(I—1)%UU(1—1,] ,K+1))*RDX(1)+RRN(I)
TZZP = MU(I,] ,K+1)+( FOTH+DP(I,] ,K+1) — 2._EB+DUDX )

DUDX = (R(I)#UU(I,J ,K)—R(I—1)+UU(1—1,] ,K))=*RDX(I)*RRN(I)
TZZM = MU(1,] ,K) ( FOTH«DP(I,] ,K) — 2._EB+DUDX )
DIXZDX= RDX(1) #(R(1)*TXZP—R (I —1)+TXZM)+RRN(1)

DIZZDZ= RDZN(K) *( TZZP —TZZM)

VIRM = RRHO=(DIXZDX + DIZZDZ)

FVZ(I,] ,K) = —0.25_EBsUOMY + GZ+AH — VIRM

ENDDO

ENDDO

! Adjust FVX and FVZ at solid , internal obstructions for no flux

END SUBROUTINE VELOCITY_FLUX_CYLINDRICAL

SUBROUTINE NO_FLUX (DT NM)
! Set FVX,FVY,FVZ inside and on the surface of solid obstructions to maintain no flux

USE MATHFUNCTIONS, ONLY: EVALUATERAMP

INTEGER, INTENT(IN) :: NM

REAL(EB) , INTENT(IN) :: DT

REAL(EB) , POINTER, DIMENSION(: ,:,:) :: HP=>NULL() ,OMHP=>NULL()
REAL(EB) :: RFODT,H.OTHER,DUUDT, DVVDT,DWWDT, UN, INOW, DHFCT

INTEGER :: IC2,IC1,N,I,]J,K,IW,II,]JJ KK,IOR,N.INT_CELLS,IIO,]JO ,KKONOM
TYPE (OBSTRUCTION.TYPE) , POINTER :: OB=>NULL()

TYPE (WALL.TYPE), POINTER :: WG=>NULL()

TYPE (EXTERNALWALL.TYPE), POINTER :: EWG=>NULL()

TNOW=SECOND ()
CALL POINT_TOMESH (NM)

RFODT = RELAXATION_FACTOR/DT

IF (PREDICTOR) HP => H
IF (CORRECTOR) HP => HS

! Exchange H at interpolated boundaries
NOSCARCL.F: IF (PRESMETHOD /= 'SCARC’) THEN

DO IW=1,N_EXTERNAL WALL_CELLS
WGSWALL(IW)

EWG=>EXTERNAL WALL (IW)

NOM =EWCAOM

IF ==0) CYCLE

IF (PREDICTOR) THEN
OMHP=>OMFSH (NOM) %H

ELSE

OM HP=>OMESH (NOM) %HS

ENDIF

1T = WCONEID%IT

7] = WCUONED%] ]

KK = WCUONEDUKK

HOTHER = 0._EB

DO KKO=EWCKKOMIN, ENC/KKOMAX

DO JJO=EWC%JJO_MIN ,EANCHJO_MAX

DO [IO=EWC%IIO_MIN ,EANCHIO_MAX
H.OTHER = H.OTHER + OMHP(IIO,JJO ,KKO)
ENDDO

ENDDO

ENDDO

N_INT_CELLS = (ENCHIOMAX-BNCIOMIN+1) * (EWCJOMAX-EWCAHJOMIN+1) * (EWCHKKOMAX-ENCKKOMIN+1)
HP(II,J] ,KK) = H.OTHER/REAL(N_INT.CELLS,EB)
ENDDO

ENDIF NO_SCARC.IF

! Set FVX, FVY and FVZ to drive velocity components at solid boundaries within obstructions towards zero
OBST_LOOP: DO N=1,N.OBST

OB=>OBSTRUCTION (N)

DO K=OB%K1+1,0B%K2

DO J=OB%J1+1,0B%]2

DO 1=OB%I1 ,OB%I2

IC1 = CELLINDEX(I,],K)

IC2 = CELLINDEX(I+1,],K)

IF (SOLID(IC1) .AND. SOLID(IC2)) THEN
IF (PREDICTOR) THEN

DUUDT = —RFODT+U(1,] ,K)
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1689 || ELSE
1690 || DUUDT = —RFODTx*(U(I,],K)+US(I,] ,K))

1691 || ENDIF

1692 || FVX(I,7,K) = —RDXN(I)*(HP(I+1,] ,K)—HP(I,],K)) — DUUDT
1693 || ENDIF

1694 || ENDDO

1695 || ENDDO

1696 || ENDDO

1697

1698 || DO K=OB%K1+1,0B%K2

1699 || DO J=OB%J1 ,OB%J2

1700 || DO 1=OB%I1+1,0B%I2

1701 || IC1 = CELLINDEX(I,] K)

1702 || IC2 = CELLINDEX(I,]+1,K)

1703 || IF (SOLID(IC1) .AND. SOLID(IC2)) THEN
1704 || IF (PREDICTOR) THEN

1705 || DVVDT = —RFODT+V(I,] ,K)

1706 || ELSE
1707 || DVVDT = —RFODT=(V(1,] ,K)+VS(I,] ,K))

1708 || ENDIF

1709 || FVY(I,],K) = —RDYN(]J)*(HP(I,J+1,K)-HP(I,] ,K)) — DVVDT
1710 || ENDIF

1711 || ENDDO

1712 || ENDDO

1713 || ENDDO

1714

1715 || DO K=OB%K1 ,OB%K2

1716 || DO J=OB%J1+1,0B%]2

1717 || DO 1=OB%I1+1,0B%I2

1718 || IC1 = CELLINDEX(I,] ,K)

1719 || IC2 = CELLINDEX(I,] ,K+1)

1720 || IF (SOLID(IC1) .AND. SOLID(IC2)) THEN
1721 || IF (PREDICTOR) THEN

1722 || DAWDT = —RFODTW(1,] ,K)

1723 || ELSE

1724 || DAWWDT = —RFODT*W(1,] ,K)+WS(1,] ,K))

1725 || ENDIF

1726 || FVZ(1,] ,K) = —RDZN(K) *(HP(T,J ,K+1)-HP(I,]J ,K)) — DAWDT
1727 || ENDIF

1728 || ENDDO

1729 || ENDDO

1730 || ENDDO

1731

1732 || ENDDO OBST-LOOP

1733

1734 || | Set FVX, FVY and FVZ to drive the normal velocity at solid boundaries towards the specified value (UN or UWS)

1735 || DHFCT=1._EB
1736 || IF (.NOT. PRES.ON.WHOLEDOMAIN) DHFCT=0._EB

1737
1738 || WALLLOOP: DO IW=1,N_EXTERNAL WALL CELLS+N_INTERNAL WALL_CELLS
1739

1740 || WC => WALL(IW)

1741

1742 || IF (WOBOUNDARY_TYPE==INTERPOLATED_BOUNDARY .OR. WCBOUNDARY_TYPE==OPEN.BOUNDARY) CYCLE WALLLOOP
1743
1744 || IF (IW<=N_EXTERNAL.WALL.CELLS) THEN
1745 || NOM = EXTERNAL.WALL (IW)%NOM

1746 || ELSE
1747 [|[NOM = 0
1748 || ENDIF
1749

1750 || IF (IWSN_EXTERNAL WALL.CELLS .AND. WC%BOUNDARY.TYPE==NULL BOUNDARY .AND. NOM==0) CYCLE WALLLOOP
1751
1752 || 11 = WCHMONEID%IT
1753 || J7 = WCWMONEID%J ]
1754 || KK = WCUONEDVKK
1755 || IOR = WCAONE.DMOR
1756
1757 || IF (NOM/=0 .OR. WCWBOUNDARY.TYPE==SOLID.BOUNDARY .OR. W(%BOUNDARY.TYPE==NULLBOUNDARY) THEN
1758 || IF (PREDICTOR) THEN

1759 || UN = —SIGN(1._EB,REAL(IOR, EB) ) sW(%ONE DVUWS

1760 || ELSE
1761 || UN = —SIGN(1._EB,REAL(IOR, EB) ) *WC/ONE VAW
1762 || ENDIF

1763 || SELECT CASE(IOR)
1764 || CASE( 1)

1765 || IF (PREDICTOR) THEN

1766 || DUUDT = RFODT*(UN-U(II , JJ ,KK))

1767 || ELSE
1768 || DUUDT = 2._EB#*RFODT#*(UN—0.5_EB+(U(II ,JJ ,KK)+US(II,J] ,KK)) )
1769 || ENDIE

1770 || FVX(11,J] ,KK) = —RDXN(II)(HP(11+1,]] ,KK)—HP(II,JJ ,KK))+DHFCT — DUUDT
1771 || CASE(—1)

1772 || IF (PREDICTOR) THEN

1773 || DUUDT = RFODT*(UN-U(II —1,]] ,KK))

1774 || ELSE
1775 || DUUDT = 2._EB#+RFODT#*(UN—0.5_EB+(U(II —1,]] ,KK)+US(II —1,]] ,KK)) )
1776 || ENDIE
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1777 || FVX(II1 —1,]] ,KK) = —RDXN(II —1)%(HP(II ,]J ,KK)—HP(II —1,]] ,KK))+DHFCT — DUUDT
1778 || CASE( 2)

1779 || IF (PREDICTOR) THEN

1780 || DVVDT = RFODT*(UN-V(II,J] ,KK))

1781 || ELSE
1782 || DVVDT = 2. _EB#RFODT»*(UN—0.5_EB*(V (11 ,]J ,KK)+VS(II,]J ,KK)) )
1783 || ENDIF

1784 || FVY(II,]J ,KK) = —RDYN(]J ) *(HP(II , JJ +1,KK)—HP(II ,JJ ,KK) ) «DHFCT — DVVDT
1785 || CASE(—2)

1786 || IF (PREDICTOR) THEN

1787 || DVVDT = RFODT*(UN-V(II ,JJ —1KK))

1788 || ELSE
1789 || DVVDT = 2._EB#RFODT*(UN—0.5_EB+(V(II,JJ —1KK)+VS(II,J] —1KK)) )
1790 || ENDIE

1791 || FVY(II,J] —1,KK) = —RDYN(JJ —1)%(HP(II ,]J ,KK)—HP(II ,JJ —1,KK))+DHFCT — DVVDT
1792 || CASE( 3)

1793 || IF (PREDICTOR) THEN

1794 || DWWDT = RFODT*(UNFW(IT , J] ,KK))

1795 || ELSE
1796 || DAWDT = 2._EB+RFODT*(UN—0.5_EB +W(IT , J] ,KK)+WS(II ,JJ ,KK)) )
1797 || ENDIF

1798 || FVZ(11,]J ,KK) = —RDZN(KK) *(HP(11 , J] ,KK+1)-HP(1I ,JJ ,KK) ) *DHFCT — DAWDT
1799 || CASE(—3)

1800 || IF (PREDICTOR) THEN

1801 || DWWDT = RFODTx*(UNW(IT , JJ ,KK—1))

1802 || ELSE
1803 || DWWDT = 2. _EB#RFODT*(UN—0.5_EB+W(II ,JJ ,KK—1)+WS(II ,JJ ,KK—1)) )
1804 || ENDIF

1805 || FVZ(11,]] ,KK—1) = —RDZN(KK—1)%(HP(1I ,JJ ,KK)—HP(1I ,JJ ,KK—1))+DHFCT — DAWDT
1806 || END SELECT

1807 || ENDIE

1808
1809 || IF (WC%BOUNDARY.TYPE==MIRROR BOUNDARY) THEN
1810 || SELECT CASE(IOR)

1811 || CASE( 1)

1812 || FVX(II ,JJ ,KK) = 0._EB

1813 || CASE(—1)

1814 || FVX(I1—1,]] ,KK) = 0._EB

1815 || CASE( 2)

1816 || FVY(II ,J] ,KK) = 0._EB

1817 || CASE(—2)

1818 || FVY(II,J] —1KK) = 0._EB

1819 || CASE( 3)

1820 || FVZ(1I ,JJ ,KK) = 0._EB

1821 || CASE(-3)

1822 || FVZ(11,]] ,KK—1) = 0._EB

1823 || END SELECT

1824 || ENDIF

1825

1826 || ENDDO WALLLOOP
1827

1828 || T_USED (4)=T-USED (4 )-+SECOND()-TNOW
1829 || END SUBROUTINE NOFLUX

1830
1831
1832 || SUBROUTINE VELOCITY_PREDICTOR (T ,DT,DTNEW,NM)
1833
1834 || USE TURBULENCE, ONLY: COMPRESSION.WAVE

1835 || USE MANUFACTURED.SOLUTIONS, ONLY: UFMMS, WFMMS, VD2D.MMS_U, VD2D MMS.V
1836 || USE COMPLEX.GEOMEIRY, ONLY : CCIBM_VELOCITY.NO.GRADH

1837

1838 || ! Estimates the wvelocity components at the next time step
1839

1840 || REAL(EB) :: TNOW,XHAT,ZHAT

1841 || INTEGER :: I,],K

1842 || INTEGER, INTENT(IN) :: NM
1843 || REAL(EB), INTENT(IN) :: T,DT
1844 || REAL(EB) :: DT.NEW(NMESHES)
1845
1846 || IF (SOLID.PHASE.ONLY) RETURN

1847 || IF (PERIODIC.TEST==4) THEN

1848 || CALL COMPRESSION.WAVE(NM, T, 4)

1849 || CALL CHECK_STABILITY (DT, DTNEW,NM)

1850 || RETURN
1851 || ENDIF
1852

1853 || TINOW=SECOND ()

1854 || CALL POINT_-TO-MESH (NM)
1855
1856 || FREEZE_.VELOCITY.IF: IF (FREEZE_VELOCITY) THEN
1857 || US = U

1858 || VS = V

1859 [|WS =W
1860 || ELSE FREEZE_VELOCITY_IF
1861

1862 || DO K=1,KBAR
1863 || DO J=1,JBAR
1864 || DO 1=0,IBAR
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1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922

1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951

US(I,J,K) = U(I,] ,K) — DT*( FVX(I,],K) + RDXN(I)*(H(1+1,],K)-H(I,],K)) )

ENDDO

ENDDO

ENDDO

DO K=1,KBAR

DO ]=0,JBAR

DO I=1,IBAR

VS(I,],K) = V(I,],K) — DT*( FVY(I,],K) + RDYN(J)*(H(I,J+1,K)-H(I,] K)) )

ENDDO

ENDDO

ENDDO

DO K=0,KBAR

DO J=1,JBAR

DO I=1,IBAR

WS(I,],K) =W(L,],K) — DT«( FVZ(1,] ,K) + RDZN(K) »(H(I,] ,K+1)-H(I,] ,K)) )

ENDDO

ENDDO

ENDDO

IF (PRESMETHOD == 'CIMAT’) CALL WALL.VELOCITY.NO.GRADH (DT, . FALSE.)

IF (CCIBM) CALL CCIBM.VELOCITY NO.-GRADH (DT)

ENDIF FREEZE_-VELOCITY.IF

! Manufactured solution (debug)

IF (PERIODIC.TEST==7 .AND. .FALSE.) THEN

DO K=1,KBAR

DO J=1,JBAR

DO 1=0,IBAR

XHAT = X(I) — UEMMSx(T)

ZHAT = ZC(K) — WEMMSx(T)

US(1,],K) = VD2DMMS.U(XHAT,ZHAT, T)

ENDDO

ENDDO

ENDDO

DO K=0,KBAR

DO J=1,JBAR

DO I=1,IBAR

XHAT = XC(I) — UFMMSx(T)

ZHAT = Z(K) — WEMMS«(T)

WS(1,],K) = VD2DMMS.V(XHAT,ZHAT, T)

ENDDO

ENDDO

ENDDO

ENDIF

! No vertical velocity in Evacuation meshes

IF (EVACUATION.ONLY(NM)) WS = 0._EB

! Check the stability criteria , and if the time step is too small, send back a signal to kill the job

CALL CHECK.STABILITY (DT, DT.NEW NM)

IF (DTNEW(NM)<DT-INITIAL+LIMITING.DT-RATIO .AND. (T+DTNEW(NM)<(T_END-TWO_EPSILON.EB))) STOP.STATUS =
INSTABILITY.STOP

T-USED (4)=T-USED (4) +SECOND () -TNOW

END SUBROUTINE VELOCITY_PREDICTOR

SUBROUTINE VELOCITY_CORRECTOR(T, DT ,NM)

USE TURBULENCE, ONLY: COMPRESSION.WAVE

USE MANUFACTURED SOLUTIONS, ONLY: UFMMS,WEMMS, VD2DMMS_ U, VD2D MMS.V

USE COMPLEX.GEOMETRY, ONLY : CCIBM_VELOCITY.NO.GRADH

! Correct the wvelocity components

REAL(EB) :: TNOW,XHAT,ZHAT

INTEGER :: I,]J,K

INTEGER, INTENT(IN) :: NM

REAL(EB) , INTENT(IN) :: T,DT

IF (SOLID-PHASE.ONLY) RETURN

IF (PERIODIC.TEST==4) THEN

CALL COMPRESSION.WAVE(NM, T, 4)

RETURN

ENDIF

TNOW=SECOND ()

CALL POINT.TO_MESH (\M)

FREEZE_VELOCITYIF: IF (FREEZE.VELOCITY) THEN

U=10Us
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1952 ||V = VS

1953 [|W = WS

1954 || ELSE FREEZE_.VELOCITY_.IF
1955
1956 || IF (STORE.OLD.VELOCITY) THEN
1957 || UOLD = U

1958 || VOLD = V
1959 || WOLD = W
1960 || ENDIF

1961

1962 || IF (PRESMETHOD == 'CIMAT’) CALL WALLVELOCITY NO.GRADH(DT,.TRUE.) ! Store U wvelocities on OBST surfaces.
1963
1964 || DO K=1,KBAR

1965 || DO J=1,JBAR

1966 || DO 1=0,IBAR

1967 || U(T,T,K) = 0.5_EBx( U(I,J,K) + US(I,J,K) — DT*(FVX(I,J,K) + RDXN(I)=(HS(I+1,],K)-HS(I,],K))) )
1968
1969
1970
1971
1972 || DO K=
1973 ||DO J=

1974 || DO I=

1975 || V(1,],K) = 0.5_EBx( V(I,J,K) + VS(I,J,K) — DT*(FVY(I,]J ,K) + RDYN(J)=*(HS(I,]J+1,K)-HS(I,],K))) )
1976 || ENDDO
1977 || ENDDO
1978 || ENDDO
1979
1980 || DO K=0,KBAR
1981 || DO J=1,JBAR
1982 || DO I=1,IBAR
1983 ||W(I1,],K) = 0.5_EBx( W(I,],K) + WS(I,],K) — DT=(FVZ(I,] ,K) + RDZN(K) %(HS(I,] ,K+1)-HS(I,] ,K))) )
1984 || ENDDO

1

1985 || ENDDO

1986 || ENDDO

1987

1988 || IF (PRESMETHOD == 'GIMAT’) CALL WALL.VELOCITY NO.GRADH (DT, . FALSE.)
1989 || IF (CCIBM) CALL CCIBM.VELOCITY NO.GRADH (DT)
1990

1991 || ENDIF FREEZE_VELOCITY_IF

1992

1993 || | Manufactured solution (debug)

1994

1995 || IF (PERIODIC.TEST==7 .AND. .FALSE.) THEN

1996 || DO K=1,KBAR

1997 || DO J=1,JBAR

1998 || DO 1=0,IBAR

1999 || XHAT = X(I) — UFMMS«T
2000 || ZHAT = ZC(K) — WEMMS«T
2001 || U(I,],K) = VD2DMMS.U(XHAT,ZHAT, T)

2002 || ENDDO

2003 || ENDDO

2004 || ENDDO

2005 || DO K=0,KBAR

2006 ||DO J=1,JBAR

2007 || DO I=1,IBAR

2008 || XHAT = XC(I) — UEMMS+T
2009 || ZHAT = Z(K) — WEMMS«T

2010 [|W(I,],K) = VD2D.MMS.V(XHAT,ZHAT, T)
2011
2012
2013
2014 || ENDIF
2015
2016 || ! No wvertical wvelocity in Evacuation meshes
2017
2018 || IF (EVACUATION.ONLY(NM)) W = 0._EB
2019
2020 || T-USED (4)=T_USED (4)+SECOND () ~INOW
2021 || END SUBROUTINE VELOCITY.CORRECTOR
2022
2023
2024 || SUBROUTINE VELOCITY_BC(T ,NM)
2025
2026 || ! Assert tangential wvelocity boundary conditions
2027
2028 || USE MATHFUNCTIONS, ONLY: EVALUATERAMP

2029 || USE TURBULENCE, ONLY: WALLMODEL, WANNIER FLOW

2030 || REAL(EB), INTENT(IN) :: T

2031 || REAL(EB) :: MUA, TSI ,WGT, INOW, RAMP_T, OMW, MUWALL, RHO.WALL, SLIP_.COEF , VEL_T ,UBAR, VBAR, WBAR, &

2032 || UUP(2) ,UUM(2) ,DXX(2) ,MU_DUIDX]J( —2:2) ,DUIDXJ( —2:2) ,PROFILE_FACTOR, VEL_GAS, VEL.GHOST, &

2033 || MU_DUIDXJ_USE (2) ,DUIDXJ_USE (2) ,VEL_EEDDY, U.TAU, Y_PLUS , WT1, WT2, DUMMY

2034 || INTEGER :: 1,],K,NOM(2),I10(2),]JO(2) KKO(2),IE,II,]JJ KK,IEC,IOR,IWM,IWP,ICMM,ICMP,ICPM, ICPP,IC ,ICD,ICDO, IVL,
ISGN, IS, &

2035 || VELOCITY_BC_INDEX, IIGM, JJGM ,KKGM, IIGP , JJGP ,KKGP, SURFINDEXM, SURF_INDEXP, ITMP, ICD_SGN, ICDOSGN, &

2036 || BOUNDARY.TYPEM, BOUNDARY_TYPE P, 152 ,IWPI,IWMI, VENT_INDEX

2037 || LOGICAL :: ALTERED.GRADIENT( —2:2) ,PROCESS_EDGE,SYNTHETIC EDDY.METHOD, HVAC_. TANGENTIAL, INTERPOLATED _EDGE

2038 || INTEGER, INTENT(IN) :: NM

4
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2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
2061
2062
2063
2064
2065
2066
2067
2068
2069
2070
2071
2072
2073
2074
2075
2076
2077
2078
2079
2080
2081
2082
2083
2084
2085
2086
2087
2088
2089
2090
2091
2092
2093
2094
2095
2096
2097
2098
2099
2100
2101
2102
2103
2104
2105
2106
2107
2108
2109
2110
2111
2112
2113
2114
2115
2116
2117
2118
2119
2120
2121
2122
2123
2124
2125
2126

REAL(EB) , POINTER, DIMENSION (: ,:,:) :: UU=>NULL() ,VV=>NULL() WWAE>NULL() ,U_-Y=>NULL() ,UZ=>NULL() , &
V_X=>NULL() ,V_Z=>NULL() ,WX=>NULL() ,W.Y=>NULL() ,RHOP=>NULL () ,VEL.OTHER=>NULL ()

TYPE (SURFACE.TYPE), POINTER :: SF=>NULL()

TYPE (OMESH.TYPE) , POINTER :: OM=>NULL()

TYPE (VENTS.TYPE), POINTER :: VT

TYPE (WALL.TYPE), POINTER :: WQV,WCP

IF (SOLID-PHASE.ONLY) RETURN

TNOW = SECOND()

! Assign local names to variables

CALL POINT.TO.MESH (NM)

! Point to the appropriate velocity field

IF (PREDICTOR) THEN
Uu => US

WV => VS

WW => Ws
RHOP => RHOS
ELSE

Uu =>U

W =V
WW=> W
RHOP => RHO
ENDIF

! Set the boundary velocity place holder to some large negative number

IF (CORRECTOR) THEN
UY => WORKL
UZ => WORK2

VX => WORK3

V_Z => WORK4

WX => WORK5

W.Y => WORK6

uY
vz
VX
7
WX
WY = —1.E6_EB
UVW.GHOST = —1.E6_EB
ENDIF

o
|
It
Jea]
> i
m
>~

! Set OMEE and TAUE to very negative number

TAUE
OMEE

—1.E6_.EB
—1.E6.EB

! Loop over all cell edges and determine the appropriate velocity BCs

EDGELOOP: DO IE=1,N.EDGES

INTERPOLATED EDGE = .FALSE.

! Throw out edges that are completely surrounded by blockages or the exterior of the domain
PROCESS.EDGE = .FALSE.

DO 1S=5,8

IF (.NOT.EXTERIOR(IJKE(IS,IE)) .AND. .NOT.SOLID(IJKE (IS,IE))) THEN

PROCESS_EDGE = .TRUE.

EXIT

ENDIF

ENDDO
IF (.NOT.PROCESS_EDGE) CYCLE EDGE.LOOP

! If the edge is to be "smoothed,” set tau and omega to zero and cycle
IF (EVACUATION.ONLY (NM) ) THEN
OMEE(:,IE) = 0..EB
TAUE(:,IE) = 0..EB

CYCLE EDGE-LOOP

ENDIF

! Unpack indices for the edge
11 = IJKE( 1,IE)

i = IJKE( 2,IE)

KK = IJKE( 3,IE)

IEC = IJKE( 4,IE)

ICMM = IJKE( 5,IE)

ICPM = IJKE( 6,IE)

ICMP = IJKE( 7,IE

ICPP = IJKE( 8,IE

NOM(1) = IJKE( 9,IE)
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2127 || 11O (1) = IJKE(10,IE)

2128 || JJO(1) = IKE(11,IE)

2129 ||KKO(1) = IJKE(12,IE)

2130 [|NOM(2) = IJKE(13,IE)

2131 || IIO(2) = IJKE(14,IE)

2132 || JJO(2) = IJKE(15,IE)

2133 || KKO(2) = IJKE(16,IE)

2134

2135 || ! Get the wvelocity components at the appropriate cell faces
2136

2137 || COMPONENT: SELECT CASE(IEC)
2138 || CASE(1) COMPONENT

2139 || UUP(1) = VV(II,JJ KK+1)
2140 |[UM(1) = VV(II,]] KK)
2141 || UUP(2) =WA(II,JJ+1,KK)
2142 ||ULM(2) = WA(II,]] ,KK)
2143 || DXX(1) = DY(JJ)

2144 || DXX(2) = DZ(KK)

2145 || MUA = 0.25_EBx(MU(II,JJ ,KK) + MU(II,JJ+1,KK) + MU(IT, JJ+1,KK+1) + MU(II,J] ,KK+1) )
2146 || CASE(2) COMPONENT
2147 || UUP(1) =WA(II+1,]] ,KK)

2148 || UUM(1) = WW(II,J] ,KK)
2149 || UUP(2) = UU(II,]] KK+1)
2150 || UUM(2) = UU(II,J] ,KK)
2151 || DXX(1) = DZ(KK)

2152 || DXX(2) = DX(II)

2153 || MUA = 0.25_EB«MU(II,JJ KK) + MU(IT+1,]J KK) + MU(IT+1,]J KK+1) + MU(II, ] ,KK+1) )
2154 || CASE(3) COMPONENT
2155 || UUP(1) = UU(II,]JJ+1,KK)

2156 ||UUM(1) = UU(II,]J KK)

2157 || UUP(2) = VV(II+1,]] KK)

2158 ||UOM(2) = VV(II,]] KK)

2159 || DXX(1) = DX(II)

2160 || DXX(2) = DY(JJ)

2161 || MUA = 0.25_EB+(MU(II,JJ ,KK) + MU(II+1,]] ,KK) + MU(II+1,JJ+1,KK) + MU(IT,JJ +1,KK) )

2162 || END SELECT COMPONENT

2163

2164 || ! Indicate that the wvelocity gradients in the two orthogonal directions have not been changed yet
2165

2166 || ALTERED.GRADIENT = .FALSE.

2167

2168 || ! Loop over all possible orientations of edge and reassign velocity gradients if appropriate
2169

2170 || SIGN.LOOP: DO I.SGN=-1,1,2
2171 || ORIENTATION_LOOP: DO 1S=1,3
2172
2173 || IF (1S==IEC) CYCLE ORIENTATION_.LOOP
2174
2175 || ! IOR is the orientation of the wall cells adjacent to the edge
2176
2177 || IOR = I.SGN=*IS
2178
2179 || ! 1S2 is the other coordinate direction besides IOR.
2180
2181 || SELECT CASE(IEC)
2182 || CASE(1)

2183 || IF (IS==2) IS2 = 3

2184 || IF (IS==3) 1S2 = 2

2185 || CASE(2)

2186 || IF (IS==1) 1S2 = 3

2187 || IF (1S==3) 1S2 = 1

2188 || CASE(3)

2189 || IF (IS==1) 1S2 = 2

2190 || IF (I1S==2) 1S2 = 1

2191 || END SELECT

2192

2193 ! Determine Index_Coordinate_Direction

2194 ! IEC=1, ICD=1 refers to DWDY; ICD=2 refers to DVDZ
2195 ! IEC=2, ICD=1 refers to DUDZ; ICD=2 refers to DADX
2196 ! IEC=3, ICD=1 refers to DVDX; ICD=2 refers to DUDY
2197

2198 || IF (IS>IEC) ICD = IS—IEC

2199 || IF (IS<IEC) ICD = IS—IEC+3

2200 || ICDSGN = I.SGN x ICD

2201
2202 || ! WM and IWP are the wall cell indices of the boundary on either side of the edge.
2203
2204 || IF (IOR<0) THEN

2205 ||WM = WALL.INDEX(ICMM,—IOR)
2206 || IWMI = WALLINDEX(ICMM, 1S2)
2207 || IF (ICD==1) THEN

2208 || IWP = WALLINDEX(ICMP,—IOR)
2209 || IWPI = WALLINDEX(ICMP,—1S52)
2210 || ELSE ! ICD==

2211 || WP = WALLINDEX(ICPM,—IOR)

2212 || IWPI = WALLINDEX(ICPM,—1S2)
2213 || ENDIF
2214 || ELSE
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2215
2216
2217
2218
2219
2220
2221
2222
2223
2224
2225
2226
2227
2228
2229
2230
2231
2232

2233
2234
2235
2236
2237
2238
2239
2240
2241
2242
2243
2244
2245
2246
2247
2248
2249
2250
2251
2252
2253
2254
2255
2256
2257
2258
2259
2260
2261
2262
2263
2264
2265
2266
2267
2268
2269
2270
2271
2272
2273
2274
2275
2276
2277
2278
2279
2280
2281
2282
2283
2284
2285
2286
2287
2288
2289
2290
2291
2292
2293
2294
2295
2296
2297
2298
2299
2300
2301

IF (ICD==1) THEN

WM = WALLINDEX(ICPM,—-IOR)
IWMI = WALLINDEX(ICPM, 1S2)
ELSE | ICD==2

WM = WALLINDEX(ICMP,~IOR)
IWMI = WALLINDEX(ICMP, IS2)
ENDIF

IWP = WALLINDEX(ICPP,—~IOR)
IWPI = WALLINDEX(ICPP,—1S2)
ENDIF

! If both adjacent wall cells are undefined , cycle out of the loop.
IF (WM==0 .AND. IWP==0) CYCLE ORIENTATION_LOOP
' If there is a solid wall separating the two adjacent wall cells , cycle out of the loop.

IF (WALL(IWMI)%BOUNDARY_TYPE==SOLID_ BOUNDARY .OR. WALL(IWPI)%BOUNDARY_TYPE==SOLID_BOUNDARY) CYCLE
ORIENTATION_LOOP

' If only one adjacent wall cell is defined , use its properties.

IF (IWM>0) THEN
WM => WALL(IWM)
ELSE

WM => WALL(IWP)
ENDIF

IF (IWP>0) THEN
WCP => WALL(IWP)

ELSE

WCP => WALL(IWM)

ENDIF

! If both adjacent wall cells are NULL, cycle out.

BOUNDARY.TYPEM = WOM/BOUNDARY_TYPE

BOUNDARY.TYPEP = WCP/BOUNDARY_TYPE

IF (BOUNDARY.TYPE M==NULLBOUNDARY .AND. BOUNDARY-TYPE P==NULLBOUNDARY) CYCLE ORIENTATION.LOOP
! OPEN boundary conditions , both wvarieties , with and without a wind
OPEN.ANDWINDBC: IF ((IWM==0.0R.WALL(IWM)?%BOUNDARY_TYPE==OPEN.BOUNDARY) .AND. &
(IWP==0.0R.WALL(IWP)%BOUNDARY_TYPE==OPEN.BOUNDARY) ) THEN

VENT_INDEX = MAX(WOM/AWVENT_INDEX, WCP/VENT_INDEX)

VT => VENTS(VENT.INDEX)

WINDNO.WIND_F: IF (.NOT.ANY(MEANFORCING)) THEN ! For regular OPEN boundary, (free—slip) BCs
SELECT CASE(IEC)

CASE(1)

IF (]J]== .AND. IOR== 2) WW(IT ,0 ,KK) = WW(IT ,1 ,KK)

IF (JJ==JBAR .AND. IOR==-2) WA(IT ,JBP1,KK) = WW(IT ,JBAR,KK)

IF (KK==0 .AAND. IOR== 3) VV(II,]J,0) = VV(II,]JJ ,1)

IF (KK==KBAR .AND. IOR==-3) VV(II,]JJ ,KBP1) = VV(II,]J KBAR)

CASE(2)

IF (I1== LAND. IOR== 1) WW(0,]J ,KK) =WW(1,]] KK)

IF (II==IBAR .AND. IOR==—1) WAV(IBP1,]J ,KK) = WW(IBAR, JJ ,KK)

IF (KK==0 .AAND. IOR== 3) UU(II,]J,0) = UU(1L,]JJ,1)

IF (KK==KBAR .AND. IOR==-3) UU(II,]] ,KBP1) = UU(II,]] ,KBAR)

CASE(3)

IF (11==0 LAND. IOR== 1) W(0,]] ,KK) = W(1,]] ,KK)

IF (I1==IBAR .AND. IOR==—1) VV(IBP1,]] ,KK) = VV(IBAR,]J ,KK)

IF (]]== AND. IOR== 2) UU(II,0 ,KK) = UU(II,1,KK)

IF (JJ==JBAR .AND. IOR==-2) UU(II ,JBP1,KK) = UU(II ,bJBAR, KK)

END SELECT

ELSE WINDNOWINDIF ! For wind, use prescribed far—field wvelocity all around

UBAR = UO+EVALUATERAMP(T ,DUMMY, . RAMP_U0.T ) *EVALUATE RAMP (ZC (KK) ,DUMMY, _ RAMP_U0.Z)
VBAR = VO0+EVALUATERAMP(T ,DUMMY, .RAMP_V0.T ) *EVALUATE RAMP (ZC (KK) ,DUMMY, _ RAMP_V0_Z)
WBAR = WO+EVALUATERAMP (T, DUMMY, I.RAMP_W0.T ) *{EVALUATE RAMP (ZC (KK) ,DUMMY, . RAMP_-W0.Z)

SELECT CASE(IEC)

CASE(1)

IF (J]==0 AND. IOR== 2) WW(II 0 KK) = WBAR
IF (JJ==]BAR .AND. IOR==—2) WW(II ,]BP1,KK) = WBAR
IF (KK==0 LAND. IOR== 3) WV(II,]],0) = VBAR
IF (KK==KBAR .AND. IOR==—3) VV(II,J] ,KBP1) = VBAR
CASE(2)

IF (1I==0 AND. IOR== 1) WW(0,]J ,KK) = WBAR
IF (II . IOR==—1) WA(IBP1,J] ,KK) = WBAR
IF ( . I0R== 3) UU(II,J],0) = UBAR
IF (KK==KBAR .AND. IOR==-3) UU(II,J] ,KBP1) = UBAR
CASE(3)

IF (I1== LAND. IOR== 1) VV(0,]J ,KK) = VBAR
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2302
2303
2304
2305
2306
2307
2308
2309
2310
2311
2312
2313
2314
2315
2316
2317
2318
2319
2320
2321
2322
2323
2324
2325
2326
2327
2328
2329
2330
2331
2332
2333
2334
2335
2336
2337
2338
2339
2340
2341
2342
2343
2344
2345
2346
2347
2348
2349
2350
2351
2352
2353
2354
2355
2356
2357
2358
2359
2360
2361
2362
2363
2364
2365
2366
2367
2368
2369
2370
2371
2372
2373
2374
2375
2376
2377
2378
2379
2380
2381
2382
2383
2384
2385
2386
2387
2388
2389

IF (I1==IBAR .AND. IOR==-1) VV(IBP1,]J ,KK)
IF (]J]== .AND. IOR== 2) UU(II,0 ,KK)
IF (JJ==]JBAR .AND. IOR:

END SELECT

ENDIF WINDNO-WIND_F

IF (WM/=0 .AND. IWP/=0) THEN

—2) UU(II,JBP1,KK)

VBAR
UBAR
UBAR

CYCLE EDGELOOP ! Do no further processing of this edge if both cell faces are OPEN

ELSE

CYCLE ORIENTATION_LOOP

ENDIF

ENDIF OPEN_AND_WIND_BC

! Define the appropriate gas and ghost velocity

IF (ICD==1) THEN ! Used to pick the appropriate velocity component

IVL=2
ELSE !ICD==2
IVL=1
ENDIF

IF (IOR<0) THEN
VEL.GAS = UUM(IVL)
VEL.GHOST = UUP(IVL)
IIGM = I.CELL (ICMM)
JIGM = J_CELL (ICMM)
KKGM = K_CELL (ICMM)
IF (ICD==1) THEN
IIGP = I.CELL(ICMP)
JJGP = J_.CELL (ICMP)
KKGP = K_CELL(ICMP)
ELSE ! ICD==

IIGP = I.CELL(ICPM)
JJGP = J.CELL (ICPM)
KKGP = K_CELL(ICPM)
ENDIF

ELSE

VEL.GAS = UUP(IVL)
VEL.GHOST = UUM(IVL)
IF (ICD==1) THEN
IIGM = I.CELL (ICPM)
JIGM = J_CELL (ICPM)
KKGM = K_CELL (ICPM)
ELSE ! ICD==

IIGM = I.CELL (ICMP)
JIGM = J_CELL (ICMP)
KKGM = K_CELL (ICMP)
ENDIF

IIGP = I.CELL(ICPP)
JJGP = J.CELL(ICPP)
KKGP = K_CELL(ICPP)
ENDIF

! Decide whether or not to process edge using data interpolated from another mesh

INTERPOLATION.IF: IF (NOM(ICD)==0 .OR. &

(BOUNDARY-TYPE M==SOLID .BOUNDARY .OR. BOUNDARY.TYPE P==SOLID BOUNDARY) .OR. &
(BOUNDARY-TYPE M/ =INTERPOLATED BOUNDARY .AND. BOUNDARY_TYPEP/=INTERPOLATED BOUNDARY) ) THEN

! Determine appropriate velocity BC by assessing each adjacent wall cell. If the BCs are different on each

! side of the edge, choose the one with the specified

velocity or wvelocity gradient, if there is one.

! If not, choose the max value of boundary condition index, simply for consistency.

SURFINDEXM = WOW/SURF_INDEX
SURF_INDEXP = W(P%SURF_INDEX

IF (SURFACE(SURFINDEXM )%SPECIFIED_NORMAL_VELOCITY .OR. SURFACE(SURFINDEXM )%SPECIFIED_NORMAL_GRADIENT) THEN

SF=>SURFACE (SURF_INDEXM)

ELSEIF (SURFACE(SURF.INDEXP )%SPECIFIED_.NORMAL_VELOCITY .OR. SURFACE(SURF.INDEXP )%SPECIFIED_.NORMAL_.GRADIENT) THEN

SF=>SURFACE (SURF_INDEXP)

ELSE

SF=>SURFACE (MAX(SURF.INDEXM, SURFINDEXP) )

ENDIF

VELOCITY-BC.INDEX = SF%VELOCITY_BCINDEX

IF  (WOMAVENTINDEX==W(PVENTINDEX .AND. WCPAVENTINDEX > 0) THEN
IF (VENTS (WOWeVENT INDEX ) %NODE INDEX>0 .AND. WOWONE AW >= 0._.EB) VELOCITY.BCINDEX=FREE_SLIP_BC

ENDIF

! Compute the viscosity in the two adjacent gas cells
MUA = 0.5_EB*MU(IIGM, JJGM KKGM) + MU(IIGP, JJGP ,KKGP) )
! Set up synthetic eddy method (experimental)
SYNTHETIC_EDDY METHOD =

HVAC.TANGENTIAL = .FALSE.
IF (WM>0 .AND. IWP>0) THEN
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2390 || IF (WOMVENTINDEX==WC»VENTINDEX) THEN

2391 || IF (WOWVENTINDEX>0) THEN

2392 || VI=>VENTS (WOMLVENTINDEX)

2393 || IF (VIYN.EDDY>0) SYNTHETIC EDDY METHOD=.TRUE.

2394 || IF (ALL(VIOVW > —1.E12_.EB) .AND. VI%NODEINDEX > 0) HVACTANGENTIAL = .TRUE.

2395 || ENDIF

2396 || ENDIF

2397 || ENDIF

2398

2399 || ! Determine if there is a tangential velocity component

2400

2401 || VEL.T_IF: IF (.NOT.SF/SPECIFIED_.TANGENTIAL_VELOCITY .AND. .NOT.SYNTHETICEDDYMETHOD .AND. .NOT. HVACTANGENTIAL)
THEN

2402 || VEL.T = 0._EB

2403 || ELSE VEL_T._IF

2404 || VELEDDY = 0._EB

2405 || SYNTHETIC_EDDY.IF: IF (SYNTHETIC.EEDDYMETHOD) THEN
2406 || IS.SELECT: SELECT CASE(IS) ! unsigned vent orientation
2407 || CASE(1) ! yz plane

2408 || SELECT CASE(IEC) ! edge orientation

2409 || CASE(2)

2410 || IF (ICD==1) VELEDDY
2411 || IF (ICD==2) VELEDDY
2412 || CASE(3)

2413 || IF (ICD==1) VELEDDY
2414 || IF (ICD==2) VELEDDY
2415 || END SELECT

2416 || CASE(2) ! zx plane
2417 || SELECT CASE(IEC)
2418 || CASE(3)

2419 IF (ICD==1) VEL_EDDY
2420 IF (ICD==2) VEL_EDDY
2421 || CASE(1)

2422 IF (ICD==1) VEL_EDDY
2423 IF (ICD==2) VEL_EDDY
2424 || END SELECT

2425 || CASE(3) ! xy plane
2426 || SELECT CASE(IEC)
2427 || CASE(1)

2428 || IF (ICD==1) VELEDDY
2429 || IF (ICD==2) VELEDDY
2430 || CASE(2)

2431 || IF (ICD==1) VELEDDY
2432 || IF (ICD==2) VELEDDY
2433 || END SELECT

2434 || END SELECT IS_SELECT
2435 || ENDIF SYNTHETIC_EDDY_IF

2436 || IF (ABS(SF%T_IGN—T.BEGIN )<=SPACING (SF%T_IGN) .AND. SF%RAMP.INDEX(TIME_VELO) >=1) THEN
2437 || TSI = T

.5 _EB*(VIYU_EDDY(]] ,KK)+VI%UEDDY(]] ,KK+1))
.5 _EB*(VIWWNEDDY(]] ,KK)+VI%WEDDY(]] ,KK+1))

[l
oo

=}

.5 _EB+(VI%V_EDDY (J] ,KK)+VI%V_EDDY(]] +1,KK) )
.5 _EB+(VI%UEDDY(]] ,KK)+VI%UEDDY(]] +1,KK) )

=)

.5 _EB#(VI%V_EDDY (11 ,KK)+VT%V_EDDY ( 11 +1 KK) )
.5 _EB#(VI%U_EDDY (11 ,KK)+VT%UEDDY (11 +1 KK))

[}
oo

.5 _EB*(VI%NEDDY (11 ,KK)+VT%WEDDY (1T ,KK+1))
.5 _EB*(VI%V_EDDY (1T ,KK)+VT%V_EDDY (II ,KK+1))

[l
oo

.5 _EB*(VI%NEDDY(II , JJ ) +VI%NEDDY (1T, JJ +1))
.5 EB*(VI%VEDDY(II , ] )+VI%VEDDY(II , J] +1))

L]
oo

=}

.5 _EB+(VI%UEDDY (11 , JJ )+VI%UEDDY(11+1,]]))
.5 _EB+(VI%NEDDY (11 , J] )+VI%NEDDY(11+1,]]))

=)

2438 || ELSE
2439 || TSI=T-SF%I_IGN
2440 || ENDIF

2441 || PROFILE_FACTOR = 1._EB

2442 || IF (HVACTANGENTIAL .AND. 0.5 _EB*(WOVWONED/UWSIWCPAONEDVIWS) > 0..EB) HVACTANGENTIAL = .FALSE.
2443 || IF (HVAC.TANGENTIAL) THEN

2444 || VEL.T = 0..EB

2445 || IEC.SELECT: SELECT CASE(IEC) ! edge orientation

2446 || CASE (1)

2447 || IF (ICD==1) VEL.T
2448 || IF (ICD==2) VEL.T
2449 || CASE (2)
2450 || IF (ICD=
2451 IF (ICD
2452 || CASE (3)

2453 || IF (ICD==1) VEL.T = 0.5_EBx*ABS ((WOV/ONE_D/UWSWCONE DVUWS) / VIZVW(ABS (VIIOR ) ) ) xVIANVW(2)
2454 || IF (ICD==2) VEL.T = 0.5_EB*ABS ((WOM/ONEDVAWSHWCPAONE DVUWS) /VIAVW(ABS (VIZOR ) ) ) «VIANW( 1)
2455 || END SELECT IEC_SELECT

2456 || ELSE

2457 || IF (SF%PROFILE/=0 .AND. SF%VEL>TWO_EPSILON_EB) &

2458 || PROFILEFACTOR = ABS(0.5 _EB * (WQVIWO+WCP/AUW0) / SF%VEL)

2459 || RAMP.T = EVALUATERAMP( TSI , SF%TAU(TIME_VELO) , SFYRAMP_INDEX(TIME_VELO) )

2460 || IF (IEC==1 .OR. (IEC==2 .AND. ICD==2)) VEL.T = RAMP.T*(PROFILE_FACTOR*(SFAVEL.T(2) + VEL.EDDY))
2461 || IF (IEC==3 .OR. (IEC==2 .AND. ICD==1)) VEL.T = RAMP.T*(PROFILE_FACTOR*(SFAVEL.T(1) + VEL.EDDY))
2462 || ENDIF

2463 || ENDIF VEL.T.IF

0.5 _EB*ABS ( (WOM/ONE D/UWS+WCPZONE D/UWS) /VIAIVW(ABS (VIZAOR ) ) ) «VIZAIVW(3)
0.5 _EB+ABS ( (WOV/ONE DVAUWS+WCPONE DVAUWS) /VIZVW(ABS (VIZIOR) ) ) *VIZAVW(2)

=1) VEL.T
2) VEL.T

0.5 _EB*ABS ( (WOMUONEDAUWSFWCPUONE DVUWS) /VIZANW(ABS (VIZIOR) ) ) +VIANW(1)
0.5 _EB*ABS ( (WOMUONE_DAUWSFWCPUONE DVUWS) /VIZANW(ABS (VIZIOR ) ) ) +VIZANW(3)

2464

2465 || ! Choose the appropriate boundary condition to apply
2466

2467 || HVACIF: IF (HVACTANGENTIAL) THEN

2468

2469 || VEL.GHOST = 2._EB+VEL.T — VEL.GAS

2470 || DUIDXJ(ICD.SGN) = I.SGN *(VEL_GAS-VEL_GHOST) /DXX(ICD)
2471 || MUDUIDXJ(ICD.SGN) = MUA«DUIDX] (ICD_SGN))

2472 || ALTERED.GRADIENT (ICD.SGN) = .TRUE.

2473
2474 || ELSE HVAC.IF
2475
2476 || BOUNDARY.CONDITION: SELECT CASE(VELOCITY.BC.INDEX)
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2477
2478 || CASE (FREE_SLIP_BC) BOUNDARY.CONDITION
2479
2480 || VEL.GHOST = VEL.GAS

2481 || DUIDXJ(ICD.SGN) = I.SGN s (VEL.GAS-VEL_.GHOST) /DXX(ICD)
2482 || MUDUIDXJ (ICDSGN) = MUA«DUIDX] (ICD_SGN)

2483 || ALTERED.GRADIENT(ICDSGN) = .TRUE.

2484
2485 || CASE (NO_SLIP_BC) BOUNDARY.CONDITION
2486
2487 || WANNIERBC: IF (PERIODIC_TEST==5) THEN
2488 || SELECT CASE(IOR)

2489 || CASE( 1)

2490 || VEL.T = WANNIERFLOW(X(I1),Z(KK) ,2)
2491 || CASE(—1)

2492 || VEL.T = WANNIERFLOW(X(II),Z(KK) ,2)
2493 || CASE( 3)

2494 || VEL.T = WANNIERFLOW(X(I1),Z(KK) ,1)
2495 || CASE(—3)

2496 || VEL.T = WANNIERFLOW(X(I1),Z(KK) ,1)
2497 || END SELECT

2498 || ENDIF WANNIER BC

2499
2500 || VEL.GHOST = 2. EB+VEL.T — VEL.GAS

2501 || DUIDXJ(ICD.SGN) = I.SGN s (VEL.GAS-VEL.GHOST) /DXX(ICD)
2502 || MUDUIDXJ (ICDSGN) = MUA«DUIDX] (ICD_SGN)

2503 || ALTERED.GRADIENT(ICD.SGN) = .TRUE.

2504
2505 || CASE (WALLMODELBC) BOUNDARY.CONDITION
2506
2507 || ITMP = MIN(5000 ,NINT(0.5 _EB*(TMP(IIGM , JJGM ,KKGM) +TMP(IIGP , ]JGP ,KKGP) ) ) )

2508 || MUWALL = MURSQMW.Z(ITMP, 1) /RSQ MW.Z(1)

2509 || RHOWALL = 0.5 _EB»( RHOP(IIGM,JJGM KKGM) + RHOP(IIGP,JJGP ,KKGP)

2510 || CALL WALLMODEL(SLIP.COEF ,U.TAU, Y_PLUS, VEL.GAS-VEL_T ,MUWALL/RHOWALL, DXX (ICD) , SF%ROUGHNESS)
2511 || SELECT CASE(SLIP.CONDITION)

2512 || CASE(0)

2513 || SLIP.COEF = —1._EB

2514 || CASE(1)

2515 || SLIP.COEF = SLIP.COEF

2516 || CASE(2)

2517 || SLIP.COEF = 0.5_EBx(SLIP.COEF—1._EB)

2518 || CASE(3)

2519 || WT1 = MAX(0._EB,MIN(1._EB, (Y-PLUS-Y.WERNER WENGLE) / (Y_PLUS+TWO_EPSILON_EB) ) )

2520 || WI2 = 1._EB-WTIL

2521 || SLIP.COEF = WTI%SLIP_.COEF-WT2

2522 || CASE(4)

2523 || IF ( ABS(0.5 _EB*(WOVAONE D/UWSHWCPUONE D/UWS) )>ABS (VEL.GAS-VEL_T) ) THEN

2524 || SLIP.COEF = —1._EB

2525 || ELSE
2526 || SLIP.COEF = 0.5_EBx*(SLIP.COEF—1._EB)
2527 || ENDIF

2528 || END SELECT

2529 || VEL.GHOST = VEL.T + SLIP_.COEF *(VEL.GAS-VEL.T)

2530 || DUIDXJ(ICD.SGN) = I.SGN *(VEL.GAS-VEL.GHOST) /DXX(ICD)

2531 || MUDUIDXJ(ICD.SGN) = RHOWALL+U.TAUx*#2 * SIGN(1..EB,I.SGN *(VEL.GAS-VEL.T))
2532 || ALTERED.GRADIENT(ICD.SGN) = .TRUE.

2533
2534 || END SELECT BOUNDARY.CONDITION
2535
2536 || ENDIF HVAC.IF
2537
2538 || ELSE INTERPOLATION.IF ! Use data from another mesh
2539
2540 || INTERPOLATED EDGE = .TRUE.
2541 || OM => OMESH(ABS (NOM(ICD)))
2542
2543 || IF (PREDICTOR) THEN
2544 || SELECT CASE(IEC)
2545 || CASE(1)

2546 || IF (ICD==1) THEN
2547 || VEL.OTHER => OM/ANS
2548 || ELSE ! ICD=2

2549 || VEL.OTHER => OM/VS
2550 || ENDIF

2551 || CASE(2)

2552 || IF (ICD==1) THEN
2553 || VEL-OTHER => OWdUS
2554 || ELSE ! ICD=2

2555 || VEL.OTHER => OM/WAS
2556 || ENDIF

2557 || CASE(3)

2558 || IF (ICD==1) THEN
2559 || VEL.OTHER => OMWVS
2560 || ELSE ! ICD=2

2561 || VEL.OTHER => OW/dUS

2562 || ENDIF
2563 || END SELECT
2564 || ELSE
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2565
2566
2567
2568
2569
2570
2571
2572
2573
2574
2575
2576
2577
2578
2579
2580
2581
2582
2583
2584
2585
2586
2587
2588
2589
2590
2591
2592
2593
2594
2595
2596
2597
2598
2599
2600
2601
2602
2603
2604
2605
2606
2607
2608
2609
2610
2611
2612
2613
2614
2615
2616
2617
2618
2619
2620
2621
2622
2623
2624
2625
2626
2627
2628
2629
2630
2631
2632
2633
2634
2635
2636
2637
2638
2639
2640
2641
2642
2643
2644
2645
2646
2647
2648
2649
2650
2651
2652

SELECT CASE(IEC)
CASE(1)

IF (ICD==1) THEN
VEL.OTHER => OMM
ELSE | ICD=2
VEL.OTHER => OM&V
ENDIF

CASE(2)

IF (ICD==1) THEN
VEL.OTHER => OM/J
ELSE | ICD=2
VEL.OTHER => QMM
ENDIF

CASE(3)

IF (ICD==1) THEN
VEL.OTHER => OMA&V
ELSE | ICD=2
VEL.OTHER => OM/J
ENDIF

END SELECT

ENDIF

WGI' = EDGEINTERPOLATION_FACTOR(IE ,ICD)

QwW = 1._EB-WGI

VEL.GHOST = WGT*VEL.OTHER(I1O (ICD) ,JJO (ICD) ,KKO(ICD) )

VEL.GHOST = WGT*VEL.OTHER (110 (ICD) ,JJO (ICD) KKO(ICD) )

VEL.GHOST = WGT*VEL.OTHER (110 (ICD) ,JJO (ICD) ,KKO(ICD) )

VEL.GHOST = WGI*VEL.OTHER (110 (ICD) ,JJO (ICD) ,KKO(ICD) )

VEL.GHOST = WGIxVEL.OTHER(I1O (ICD) ,JJO (ICD) ,KKO(ICD) )

VEL.GHOST = WGIVEL.OTHER(IIO (ICD) ,JJO (ICD) ,KKO(ICD) )

+ QWW«VEL.OTHER (110 (ICD) , JJO (ICD) ,KKO(ICD) —1)

+ QWWKVEL.OTHER (110 (ICD) ,JJO (ICD) —1,KKO(ICD) )

+ QVWKVEL.OTHER (110 (ICD) —1,JJO (ICD) ,KKO(ICD) )

+ QWWAVEL.OTHER (1O (ICD) , JJO (ICD) KKO(ICD) —1)

+ QVW«VEL.OTHER (110 (ICD) , JJO (ICD) —1,KKO(ICD) )

+ QWWAVELOTHER (110 (ICD) —1,JJO (ICD) ,KKO(ICD) )

! Set ghost cell values at edge of computational domain

SELECT CASE(IEC)
CASE(1)

IF (ICD==1) THEN

ELSE | ICD=2

ENDIF

CASE(2)

IF (ICD==1) THEN

ELSE ! ICD=2

ENDIF

CASE(3)

IF (ICD==1) THEN

ELSE | ICD==2

ENDIF

END SELECT

ENDIF INTERPOLATION_IF
SELECT CASE(IEC)

. IOR== 2) WA(II ,J] ,KK)
. IOR==—2) WA(II , JJ +1 KK)
. IOR== 3) VV(II,JJ KK)
. TOR==-3) V(II,]JJ ,KK+1)

JJ>0 .AND. JJ<JBAR .AND.

0.5 _EB * (VEL.GHOST+VEL.GAS)

= 0.5_EB*(VEL.GHOST+VEL.GAS)

IOR== 1) WA(II, JJ ,KK)
IOR==—1) WA(I1+1,]] ,KK)
IOR== 3) UU(II,]] ,KK)
IOR==—3) UU(1I,]JJ ,KK+1)
I1>0 .AND. II<IBAR .AND.

0.5 _EB *(VEL.GHOST+VEL.GAS)

0.5 _EB * (VEL.GHOST+VEL.GAS)

IOR== 1) W(II,J] ,KK)
IOR==—1) W(II+1,]] ,KK)
IOR== 2) UU(II,J] ,KK)
IOR==—2) UU(II, JJ +1 KK)
I1>0 .AND. II<IBAR .AND.

VX(II,]J] ,KK) = 0.5_EBx*(VEL.GHOST+VEL.GAS)

IF (CORRECTOR .AND.
IF (ICD==1) THEN
WY(II,]] KK) =
ELSE ! ICD=2
V.Z(11,]] KK)
ENDIF

ENDIF

CASE(2)

IF (II== AND.
IF (II==IBAR .AND.
IF (KK==0 AND.
IF (KK==KBAR .AND.
IF (CORRECTOR .AND.
IF (ICD==1) THEN
UZ(11,]] KK) =
ELSE | ICD=2
WX(II,]] KK) =
ENDIF

ENDIF

CASE(3)

IF (11==0 .AND.
IF (1I==IBAR .AND.
IF (J]==0 .AND.
IF (JJ==]BAR .AND.
IF (CORRECTOR .AND.
IF (ICD==1) THEN
ELSE ! ICD=2
UY(II,]] KK) =
ENDIF

ENDIF

END SELECT

0.5 _EB * (VEL.GHOST+VEL_GAS)

VEL.GHOST
VEL.GHOST
VEL.GHOST
VEL.GHOST

KK>0 .AND. KK<KBAR) THEN

VEL.GHOST
VEL.GHOST
VEL.GHOST
VEL.GHOST

KK>0 .AND. KK<KBAR) THEN

VEL.GHOST
VEL.GHOST
VEL.GHOST
VEL.GHOST
JJ>0 .AND. JJ<JBAR) THEN
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2653
2654 || ENDDO ORIENTATION.LOOP
2655 || ENDDO SIGN_-LOOP

2656
2657 || ! Cycle out of the EDGELOOP if no tangential gradients have been altered.
2658
2659 || IF (.NOT.ANY(ALTERED.GRADIENT)) CYCLE EDGE.LOOP
2660
2661 || ! If the edge is on an interpolated boundary, and all cells around it are not solid , cycle
2662
2663 || IF (INTERPOLATED_EDGE) THEN
2664 || PROCESS.EDGE = .FALSE.

2665 || DO 1S=5,8

2666 || IF (SOLID(IJKE (IS ,IE))) PROCESSEDGE = .TRUE.
2667 || ENDDO

2668 || IF (.NOT.PROCESS_EDGE) CYCLE EDGE.LOOP

2669 || ENDIF

2670
2671 || ! Loop over all 4 normal directions and compute vorticity and stress tensor components for each
2672
2673 || SIGN.LOOP.2: DO I.SGN=-1,1,2
2674 || ORIENTATION.LOOP2: DO ICD=1,2
2675 || IF (ICD==1) THEN

2676 || ICDO=2

2677 || ELSE ! ICD=2
2678 || ICDO=1

2679 || ENDIF

2680 || ICDSGN = I.SGN=ICD

2681 || IF (ALTERED.GRADIENT(ICD_.SGN)) THEN

2682 || DUIDXJ_USE(ICD) =  DUIDX](ICD_SGN)
2683 || MU_DUIDXJ_USE (ICD) = MU.DUIDX] (ICD_SGN)
2684 || ELSEIF (ALTERED.GRADIENT(—ICD.SGN)) THEN

2685 || DUIDXJ_USE(ICD) = DUIDX]J(—ICD_SGN)
2686 || MU_DUIDX]J_USE(ICD) = MU_DUIDXJ(—ICD_SGN)
2687 || ELSE

2688 || CYCLE ORIENTATION_LOOP2

2689 || ENDIF

2690 || ICDOSGN = I.SGN+ICDO
2691 || IF (ALTERED.GRADIENT(ICDO.SGN)) THEN

2692 || DUIDXJ_USE(ICDO) =  DUIDX] (ICDO.SGN)
2693 || MU_DUIDX]J_.USE(ICDO) = MU_DUIDX] (ICDOSGN)
2694 || ELSEIF (ALTERED.GRADIENT(—ICDO.SGN)) THEN

2695 || DUIDXJ_USE(ICDO) =  DUIDXJ(—ICDOSGN)
2696 || MU_DUIDX]J_.USE(ICDO) = MU_DUIDX]J(—ICDO_SGN)
2697 || ELSE

2698 || DUIDXJ_.USE(ICDO) = 0._EB

2699 || MU_DUIDXJ_.USE (ICDO) = 0._.EB

2700 || ENDIF

2701 || OMEE(ICD.SGN,IE) =  DUIDXJ.USE(1) —  DUIDXJ.USE(2)
2702 || TAUE(ICD.SGN,IE) = MU.DUIDXJ.USE(1) + MU.DUIDX].USE(2)
2703 || ENDDO ORIENTATION_LOOP_2

2704 || ENDDO SIGN_LOOP_2

2705

2706 || ENDDO EDGE.LOOP

2707

2708 || ! Store cell node averages of the velocity components in UVWGHOST for use in Smokeview only
2709

2710 || IF (CORRECTOR) THEN

2711 || DO K=0,KBAR

2712 || DO J=0,JBAR

2713 || DO 1=0,IBAR

2714 || IC = CELLINDEX(I,] ,K)
2715 || IF (IC==0) CYCLE

2716 || IF (UX(1,],K) >-1E5.EB) UVW.GHOST(IC,1) = U.Y(I,J ,K)
2717 || IF (UZ(1,],K) >-1E5.EB) UVW.GHOST(IC,1) = U.Z(I,J ,K)
2718 || IF (VX(I,],K) >-1E5.EB) UVW.GHOST(IC,2) = V.X(I,J ,K)
2719 || IF (V_Z(1,],K) >-1E5.EB) UVW.GHOST(IC,2) = V.Z(I,] ,K)
2720 || IF (WX(I,],K) >-1E5.EB) UVW.GHOST(IC,3) = WX(I,J ,K)
2721 || IF (W.Y(I1,],K) >-1E5.EB) UVW.GHOST(IC,3) = WX(I,J K)
2722 || ENDDO

2723 || ENDDO

2724 || ENDDO

2725 || ENDIF

2726

2727 || T-USED (4)=T-USED (4 ) +SECOND () ~INOW

2728 || END SUBROUTINE VELOCITY-BC

2729

2730

2731 || SUBROUTINE MATCH.-VELOCITY (NM)

2732

2733 || | Force normal component of velocity to match at interpolated boundaries
2734

2735 || INTEGER :: NOM, II,J] ,KK,IOR,IW, IO ,JJO ,KKO
2736 || INTEGER, INTENT(IN) :: NM

2737 || REAL(EB) :: UU.AVG,VV.AVG,WW.AVG,TNOW, DA .OTHER, UU.OTHER, VV.OTHER, WW.OTHER, NOM.CELLS

2738 || REAL(EB) , POINTER, DIMENSION(: ,:,:) :: UUSSNULL() ,VV=>NULL() WW=>NULL() ,OMUU=>NULL () ,OM.VV=>NULL () OMWW=>NULL()
2739 || TYPE (OMESH.TYPE), POINTER :: OVESNULL()

2740 || TYPE (MESH.TYPE), POINTER :: M2=>NULL()
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2741
2742
2743
2744
2745
2746
2747
2748
2749
2750
2751
2752
2753
2754
2755
2756
2757
2758
2759
2760
2761
2762
2763
2764
2765
2766

2767
2768
2769
2770
2771
2772
2773
2774
2775
2776
2777
2778
2779
2780
2781
2782
2783
2784
2785
2786
2787
2788
2789
2790
2791
2792
2793
2794
2795
2796
2797
2798
2799
2800
2801
2802
2803
2804
2805
2806
2807
2808
2809
2810
2811
2812
2813
2814
2815
2816
2817
2818
2819
2820
2821
2822
2823
2824
2825
2826
2827

TYPE (WALL.TYPE), POINTER :: WG>NULL()

TYPE (EXTERNALWALL.TYPE), POINTER :: EWG=>NULL()
IF (SOLID_PHASE.ONLY) RETURN

IF (EVACUATION.ONLY(NM) ) RETURN

TNOW = SECOND()

! Assign local variable names

CALL POINT.TO_MESH (NM)

! Point to the appropriate velocity field

IF (PREDICTOR) THEN

WU => US

VV => VS

WW => WS

D.CORR = 0._EB

ELSE

w = U

VW =>V

WV =>W

DSCORR = 0.-EB

ENDIF

! Loop over all external wall cells and force adjacent normal components of velocty at interpolated boundaries to
match .

EXTERNAL WALL LOOP: DO IW=1,N_.EXTERNAL WALL_CELLS

WGESWALL(IW)

IF (WCOBOUNDARY_TYPE/=INTERPOLATED BOUNDARY) CYCLE EXTERNAL WALL_LOOP

EWCG>EXTERNAL WALL (IW)

11 = WCONEDAIT
7] = WCOWONEDW] ]
KK = WCAONEIDUKK
IOR = WCUONEDVOR
NOM. = EWC/AOM

OM => OMESH(NOM)
M2 => MESHES(NOM)

! Determine the area of the interpolated cell face
DAOTHER = 0._EB

SELECT CASE(ABS(IOR))

CASE(1)

IF (PREDICTOR) OM.UU => OMAUS
IF (CORRECTOR) OMUU => OMJ
DO KKO=EWC/KKOMIN, BNIC/KKOMAX
DO JJO=FWC4JJO_MIN ,FWCHJOMAX
DO TTO=EWCAITO_MIN ,BWCI0 MAX
DAOTHER = DAOTHER + MZDY(JJO ) +M2DZ(KKO)
ENDDO

ENDDO

ENDDO

CASE(2)

IF (PREDICTOR) OM.VV => OMAVS
IF (CORRECTOR) OM.VV => OMA&V
DO KKO=EWCKKOMIN, ENC/KKOMAX
DO JJO=EWC%JJO_MIN ,EANCHJO_MAX
DO [IO=EWC%IIO_MIN ,EANCHIO_MAX

DAOTHER = DAOTHER + M2DX( 110 ) +M2DZ(KKO)
ENDDO

ENDDO

ENDDO

CASE(3)

IF (PREDICTOR) OMWW => OMGAS

IF (CORRECTOR) OMWW => QMW

DO KKO=EWC/KKOMIN, ENC/KKOMAX

DO JJO=EWC%JJO-MIN ,EWC4JJO-MAX

DO TTO=EWC%IIO-MIN ,EWC%IIO-MAX

DA OTHER = DA.OTHER + M2/DX(I110)+M2DY(JJO)

ENDDO

ENDDO

ENDDO

END SELECT

! Determine the normal component of wvelocity from the other mesh and use it for average
SELECT CASE(IOR)

CASE( 1)

UUOTHER = 0._.EB
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2828
2829
2830
2831
2832
2833
2834
2835
2836
2837
2838
2839
2840
2841
2842
2843
2844
2845
2846
2847
2848
2849
2850
2851
2852
2853
2854
2855
2856
2857
2858
2859
2860
2861
2862
2863
2864
2865
2866
2867
2868
2869
2870
2871
2872
2873
2874
2875
2876
2877
2878
2879
2880
2881
2882
2883
2884
2885
2886
2887
2888
2889
2890
2891
2892
2893
2894
2895
2896
2897
2898
2899
2900
2901
2902
2903
2904
2905
2906
2907
2908
2909
2910
2911
2912
2913
2914
2915

DO KKO=EWCKKO MIN, EACUKKOMAX
DO JJO=EWCJO-MIN ,ENCHJOMAX

DO TTO=EWC%IIO_MIN ,BAC%IO_MAX

UU.OTHER = UU.OTHER + OMUU(IIO, JJO ,KKO) *M2/DY (JJO ) *M24DZ(KKO) /DA OTHER

IF (EWCAREA RATIO>0.9_EB) OMUU(IIO,JJO ,KKO) = 0.5_EBx(OMUU(IIO,JJO ,KKO)+UU(0,]] ,KK))
ENDDO

ENDDO
ENDDO

UUAVG = 0.5_EB+(UU(0,]J] ,KK) + UUOTHER)

IF (PREDICTOR) D.CORR(IW) = DS.CORR(IW) + 0.5 (UUAVG-UU(0,]J ,KK))+R(0)+RDX(1)*RRN(1)
IF (CORRECTOR) DS.CORR(IW) = (UUAVG-UU(0,]] ,KK))*R(0)*RDX(1)+RRN(1)

UVW.SAVE(IW) = UU(0,J] ,KK)

Uu(0,]7 KK) = UUAVG

CASE(—-1)

UUOTHER = 0._EB

DO KKO=EWC/KKOMIN, ENCKKOMAX

DO JJO=EWC%JJO-MIN ,ENC/HJJO.MAX

DO TTO=EWC%IIO_-MIN ,ENCXIIO-MAX

UU.OTHER = UUOTHER + OMUU(IIO —1,JJO ,KKO) *M2/DY (JJO ) *M2ZDZ(KKO) /DA.OTHER

IF (EWCWAREARATIO>0.9_EB) OMUU(IIO —1,JJO ,KKO) = 0.5_EB*(OM.UU(IIO —1,JJO ,KKO)+UU(IBAR, JJ ,KK))
ENDDO

ENDDO
ENDDO

UUAVG = 0.5_EB(UU(IBAR, JJ ,KK) + UU.OTHER)

IF (PREDICTOR) D.CORR(IW) = DS.CORR(IW) — 0.5+ (UUAVG-UU(IBAR, JJ ,KK) )R (IBAR)+RDX(IBAR ) *RRN(IBAR )
IF (CORRECTOR) DS.CORR(IW) = —(UUAVG-UU(IBAR, JJ ,KK))+R(IBAR)+RDX(IBAR)+RRN(IBAR)

UVW.SAVE(IW) = UU(IBAR, JJ ,KK)

UU(IBAR, JJ ,KK) = UUAVG

CASE( 2)

VV.OTHER = 0._EB

DO KKO=EWC/&KKOMIN, EWCKKOMAX

DO JJO=EWC%JJO-MIN ,ENC/JJO.MAX

DO TTO=EWC%IIO_-MIN ,ENCXIIO-MAX

VV.OTHER = VV.OTHER + OM.VV(IIO, JJO ,KKO) +M2/DX( 110 ) *M2/DZ(KKO) /DA OTHER

IF (EWCWAREA RATIO>0.9.EB) OM.VV(IIO,]JJO ,KKO) = 0.5_EB*(OM.VV(IIO,]JJO ,KKO)+VV(II,0,KK))
ENDDO

ENDDO
ENDDO

VVAVG = 0.5_EB+(VV(II,0,KK) + VV.OTHER)

IF (PREDICTOR) D.CORR(IW) = DS.CORR(IW) + 0.5 (VVAVG-VV(II 0 ,KK))+RDY(1)
IF (CORRECTOR) DS.CORR(IW) = (VV.AVG-VV(II,0 KK))*RDY(1)

UVW.SAVE(IW) = VV(II,0,KK)

VW(II,0,KK) = VVAVG

CASE(—2)

VV.OTHER = 0._EB

DO KKO=EWCKKO MIN, EACUKKOMAX

DO JJO=EWC%JJO_MIN ,BAC%JO_MAX
DO TTO=EWCHITO_MIN ,ENCAHIOMAX

VV.OTHER = VV.OTHER + OM.VV(IIO , JJO —1,KKO) *M2/DX( T10 ) #M24DZ(KKO) /DA OTHER

IF (EWCUWAREA RATIO>0.9_EB) OM.WV(IIO,JJO —1,KKO) = 0.5_EBx(OMVV(IIO,JJO —1,KKO)+VV(II ,JBAR,KK))
ENDDO

ENDDO

ENDDO

VVAVG = 0.5_EB+(VV(II ,JBAR,KK) + VV.OTHER)

IF (PREDICTOR) D.CORR(IW) = DS.CORR(IW) — 0.5 (VVAVG-VV(II ,JBAR,KK))+RDY(JBAR)

IF (CORRECTOR) DS.CORR(IW) = —(VV.AVG-VV(II ,JBAR,KK))+RDY(JBAR)

UVWSAVE(IW) = VV(II,JBAR,KK)

VV(II,JBAR,KK) = VVAVG

CASE( 3)

WW.OTHER = 0._EB

DO KKO=EWC/EKKOMIN, ENC/KKOMAX

DO JJO=EWC%JJO-MIN ,ENC/JJO.MAX

DO TTO=EWC%IIO_-MIN ,ENCXIIO-MAX

WW.OTHER = WW.OTHER + OMWW(IIO , JJO ,KKO) *M2/DX (110 ) *MZDY (JJO ) /DA.OTHER

IF (EWCRAREA RATIO>0.9.EB) OMWW(IIO,JJO ,KKO) = 0.5_EB*(OMWW(IIO,JJO ,KKO)-WW(II ,]] ,0))
ENDDO

ENDDO

ENDDO
WWAVG = 0.5_EB*WA(II,J] ,0) + WW.OTHER)

IF (PREDICTOR) D.CORR(IW) = DS.CORR(IW) + 0.5+ (WWAVGWA(II ,]J] ,0))+RDZ(1)
IF (CORRECTOR) DS.CORR(IW) = (WW.AVGWA(II,JJ,0))*RDZ(1)

UVWSAVE(IW) = WW(II,]] ,0)

WW(IT, ] ,0) = WWAVG

CASE(—3)
WWOTHER = 0._EB
DO KKO=EWC/KKOMIN, BWC/KKOMAX

DO JJO=EWC%JJO-MIN ,ENC/JJO.MAX
DO TTO=EWC%IIO_MIN ,ENCHIIO-MAX
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2916
2917
2918
2919
2920
2921
2922
2923
2924
2925
2926
2927
2928
2929
2930
2931
2932
2933
2934
2935
2936
2937
2938
2939
2940
2941
2942
2943
2944
2945
2946
2947
2948
2949
2950
2951
2952
2953
2954
2955
2956
2957
2958
2959
2960
2961
2962
2963
2964
2965
2966
2967
2968
2969
2970
2971
2972
2973
2974
2975
2976
2977
2978
2979
2980
2981
2982
2983
2984
2985
2986
2987
2988
2989
2990
2991
2992
2993
2994
2995
2996
2997
2998
2999
3000
3001
3002
3003

WW.OTHER = WW.OTHER + OMWW( 1O , JJO ,KKO—1)+M2ZDX (110 ) xM2ZDY (J]O ) /DA OTHER

IF (EWC%AREARATIO>0.9_EB) OMWW(IIO ,JJO ,KKO-1) = 0.5_EB+@MWW(IIO ,JJO ,KKO—1)#W(IT , JT ,KBAR))
ENDDO

ENDDO

ENDDO

WWAVG = 0.5_EB*WA(II,JJ ,KBAR) + WW.OTHER)

IF (PREDICTOR) D.CORR(IW) = DS.CORR(IW) — 0.5+ (WWAVGWA(II ,J] ,KBAR) ) +RDZ(KBAR)

IF (CORRECTOR) DS.CORR(IW) = —(WWAVGWA(II ,J] ,KBAR))+RDZ(KBAR)

UVWSAVE(IW) = WA(II, JJ ,KBAR)

WW(IT, JJ ,KBAR) = WWAVG

END SELECT

! Save wvelocity components at the ghost cell midpoint

U.GHOST(IW) = 0._EB
V.GHOST(IW) = 0._EB
W.GHOST(IW) = 0._EB
IF (PREDICTOR) OMUU => OMUS

( )
IF (CORRECTOR) OM.UU => OWdJ
IF (PREDICTOR) OM.VV => OMWVS
IF (CORRECIOR) OM.VV => OMV
IF (PREDICTOR) OMWW => OMWNS
IF (CORRECIOR) OMWW => OM/W

DO KKO=EWCKKOMIN, ENC/KKO MAX
DO JJO=EWC%JJO_MIN ,EANCHJO_MAX
DO [1O=EWC%IIO_MIN ,EWCHIO_MAX

U.GHOST(IW) = U.GHOST(IW) + 0.5_EBx(OMUU(IIO , JJO ,KKO)+OM.UU(IIO —1,]JO ,KKO) )
V.GHOST(IW) = V.GHOST(IW) + 0.5_EBx(OMVV(IIO,JJO ,KKO)+OM.VV(IIO , JJO —1,KKO) )
W.GHOST(IW) = W.GHOST(IW) + 0.5_EB*(QVWW(IIO ,JJO ,KKO)+OMWW(1IO , JJO ,KKO-1))
ENDDO
ENDDO

ENDDO
NOM.CELLS = REAL ((ENCHIO MAX-BWC/ITIO -MIN +1) s (BWC/JJOMAX-EWCJJO_MIN +1) + (BWCKKOMAX-BWC/KKOMIN+1) ,EB)
U.GHOST(IW) = U.GHOST(IW) /NOM.CELLS

V_.GHOST(IW) = V.GHOST(IW)/NOM.CELLS
W.GHOST(IW) = W.GHOST(IW) /NOM.CELLS
ENDDO EXTERNAL.WALL LOOP

T.USED (4)=T_USED (4 ) +SECOND ( ) ~“TNOW
END SUBROUTINE MATCH.VELOCITY

SUBROUTINE MATCH_VELOCITY _FLUX (NM)
! Force normal component of wvelocity flux to match at interpolated boundaries

INTEGER :: NOM, IT,]J ,KK,IOR,IW, 11O ,JJO ,KKO

INTEGER, INTENT(IN) ::

REAL(EB) :: TNOW,DA.OTHER, FVX.OTHER, FVY_OTHER, FVZ.OTHER
TYPE (OMESH.TYPE), POINTER :: QM

TYPE (MESH.TYPE), POINTER :: M2

TYPE (WALL.TYPE), POINTER :: WC

TYPE (EXTERNALWALLTYPE), POINTER :: EWC

IF (NMESHES==1) RETURN
IF (SOLID_PHASE.ONLY) RETURN
IF (EVACUATION.ONLY(NM)) RETURN

TNOW = SECOND()

! Assign local wvariable names

CALL POINT.TO.MESH (NM)

! Loop over all cell edges and determine the appropriate velocity BCs
EXTERNALWALLLOOP: DO IW=1,N.EXTERNAL.WALL_.CELLS

WGESWALL(IW)

EWGSEXTERNAL-WALL (IW)

IF (WCBOUNDARY.TYPE/=INTERPOLATED_BOUNDARY) CYCLE EXTERNAL WALL.LOOP

11 = WCONEDAII
J] = WCOWONEDVW] ]
KK = WCUONEDVKK
IOR = WCUONE_DVIOR
NOM = EWCAOM

OM => OMESH(NOM)
M2 => MESHES(NOM)

! Determine the area of the interpolated cell face

DAOTHER = 0._EB
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3004
3005
3006
3007
3008
3009
3010
3011
3012
3013
3014
3015
3016
3017
3018
3019
3020
3021
3022
3023
3024
3025
3026
3027
3028
3029
3030
3031
3032
3033
3034
3035
3036
3037
3038
3039
3040
3041
3042
3043
3044
3045
3046
3047
3048
3049
3050
3051
3052
3053
3054
3055
3056
3057
3058
3059
3060
3061
3062
3063
3064
3065
3066
3067
3068
3069
3070
3071
3072
3073
3074
3075
3076
3077
3078
3079
3080
3081
3082
3083
3084
3085
3086
3087
3088
3089
3090
3091

SELECT CASE(ABS(IOR))
CASE(1)

DO KKO=EWC/KKOMIN, BNIC/KKOMAX

DO JJO=EWC%JJO_MIN ,EANCHJOMAX

DO [TO=EWCAIIO_MIN ,EWCHIO MAX

DAOTHER = DAOTHER + M2ZDY(JJO ) +M2DZ(KKO)
ENDDO

ENDDO

ENDDO

CASE(2)

DO KKO=EWCKKOMIN, ENCUKKO MAX

DO JJO=EWC%JJO_MIN ,EANCHJO_MAX

DO [IO=EWC%IIO_MIN ,EANCHIO_MAX

DAOTHER = DAOTHER + M2DX(II0 ) +M2DZ(KKO)
ENDDO

ENDDO

ENDDO

CASE(3)

DO KKO=EWC/KKOMIN, BWC/KKOMAX

DO JJO=EWC%JJO_MIN ,BAWCHJOMAX

DO TTO=EWCAIIO_MIN ,EWCHIO0 MAX

DAOTHER = DAOTHER + M2ZDX(I10 ) +M2DY (J]JO)
ENDDO

ENDDO

ENDDO

END SELECT

! Determine the normal component of wvelocity from the other mesh and use it for average
SELECT CASE(IOR)

CASE( 1)

FVX.OTHER = 0._EB

DO KKO=EWC/KKOMIN, ENC/KKOMAX

DO JJO=EWC%JJO-MIN ,ENC/JJO.MAX

DO TTO=EWC%IIO_-MIN ,ENCXIIO-MAX

FVX.OTHER = FVX.OTHER + OM/EVX(IIO, JJO ,KKO) +*M2/DY (JJO ) *M2DZ(KKO) /DA.OTHER
ENDDO

ENDDO

ENDDO
FVX(0,J] ,KK) = 0.5_EB«(FVX(0,JJ ,KK) + FVX.OTHER)
CASE(—1)

FVX.OTHER = 0._EB

DO KKO=EWCKKO_MIN, ENCYKKOMAX

DO JJO=EWC%JJO_MIN ,ENCHJOMAX
DO T10=EWC%IIO_MIN ,ENCHIO_MAX

FVX.OTHER = FVX.OTHER + OMEVX (IO —1,JJO ,KKO) +M2Z/DY (J]O ) *MZUDZ(KKO) /DA OTHER
ENDDO

ENDDO

ENDDO

FVX(IBAR, JJ ,KK) = 0.5_EB*(FVX(IBAR,]J ,KK) + FVX.OTHER)

CASE( 2)

FVY.OTHER = 0._EB

DO KKO=EWC/KKOMIN, ENC/KKOMAX

DO JJO=EWC%JJO-MIN ,BAC%JJOMAX
DO TTO=EWC%IIO_MIN ,BAC%IO_MAX

FVY.OTHER = FVY.OTHER + OMAFVY (110, JJO ,KKO) *M24DX( 110 ) M24DZ (KKO) /DA OTHER
ENDDO

ENDDO

ENDDO

FVY(II,0,KK) = 0.5_EB«(FVY(II,0,KK) + FVY.OTHER)

CASE(-2)

FVY.OTHER = 0._EB

DO KKO=EWCKKO MIN, EACUKKOMAX

DO JJO=EWC%JJO_MIN ,BWC%JO_MAX

DO TTO=EWC%IIO_MIN ,BAC%IO_MAX

FVY.OTHER = FVY.OTHER + OMAEVY (110 ,JJO —1,KKO) *MZDX( 110 ) *M24DZ(KKO) /DA OTHER
ENDDO

ENDDO

ENDDO

FVY(II ,JBAR,KK) = 0.5_EBx(FVY(II ,JBAR,KK) + FVY.OTHER)

CASE( 3)

FVZ.OTHER = 0._EB

DO KKO=EWCKKOMIN, ENCUKKOMAX

DO JJO=EWC%JJO_MIN ,EAWCHJOMAX

DO [TO=EWCAIIO_MIN ,EWCHIO_MAX

FVZ.OTHER = FVZ.OTHER + OMAFVZ(IIO ,JJO ,KKO) *M2/DX (110 ) «M2/DY (JJO ) /DA.OTHER
ENDDO

ENDDO
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3092
3093
3094
3095
3096
3097
3098
3099
3100
3101
3102
3103
3104
3105
3106
3107
3108
3109
3110
3111
3112
3113
3114
3115
3116
3117
3118
3119
3120
3121
3122
3123
3124
3125
3126
3127
3128
3129
3130
3131
3132
3133
3134
3135
3136
3137
3138
3139
3140
3141
3142
3143
3144
3145
3146
3147
3148
3149
3150
3151
3152
3153
3154
3155
3156
3157
3158
3159
3160
3161
3162
3163
3164
3165
3166
3167
3168
3169
3170
3171
3172
3173
3174
3175
3176
3177
3178
3179

ENDDO
FVZ(II,J] ,0) = 0.5_EB«(FVZ(II,JJ,0) + FVZ.OTHER)

CASE(-3)

FVZOTHER = 0._EB
DO KKO=EWCKKO MIN, EACUKKOMAX
DO JJO=EWC%JJO_MIN ,BAC%JO_MAX
DO TTO=EWC%IIO_MIN ,BEAC%IO_MAX

FVZ.OTHER = FVZ.OTHER + OMWFEVZ (110, ]]JO ,KKO—1)+MZDX (110 ) «MZDY (JJO ) /DAOTHER
ENDDO

ENDDO

ENDDO

FVZ(II,J] ,KBAR) = 0.5_EB*(FVZ(II,]J ,KBAR) + FVZ.OTHER)

END SELECT

ENDDO EXTERNAL.WALLLOOP

T-USED (4)=T-USED (4) +SECOND () -TNOW

END SUBROUTINE MATCH.-VELOCITY FLUX

SUBROUTINE CHECK-_STABILITY (DT, DT-NEW,NV)

! Checks the Courant and Von Neumann stability criteria , and if necessary , reduces the time step accordingly
USE PHYSICAL FUNCTIONS, ONLY: GET_SPECIFIC_HEAT

INTEGER, INTENT(IN) :: NM

REAL(EB) , INTENT(IN) :: DT

REAL(EB) :: UODX,VODY,WODZ UVW,UVWMAX, R_DX2 , MUMAX,MUIRM, CP, ZZ_GET (1:N_.TRACKED_SPECIES) ,PART_CFL ,MU.TMP
REAL(EB) :: DTNEW (NMESHES)

INTEGER :: I,],K,IW,IIG,]JJG ,KKG

TYPE(WALL.TYPE) , POINTER :: WG>NULL()

REAL(EB) , PARAMETER :: DT.EPS = 1.E—-10_EB

IF (EVACUATION.ONLY (NM) ) RETURN

UWMAX = 0..EB

VN = 0..EB

MURRM = 1.E-9.EB

RDX2 = 1.E-9.EB

! Determine max CFL number from all grid cells

DO K=1,KBAR

DO J=1,JBAR

DO 1=1,IBAR

IF (SOLID(CELLINDEX(I,],K))) CYCLE

UODX = MAXVAL(ABS(US(I—1:1,] ,K)))+RDX(I)

VODY = MAXVAL(ABS(VS(I,J—1:] ,K)))=«RDY(])
WODZ = MAXVAL(ABS(WS(1,] ,K—1:K) ) ) RDZ(K)

SELECT CASE (CFL.VELOCITY.NORM)

CASE(0) ; UVWW = MAX(UODX,VODY,WODZ) + ABS(DS(I,J ,K))

CASE(1) ; UWW = UODX + VODY + WODZ + ABS(DS(I,],K))

CASE(2) ; UWW = SQRT(UODX #2+VODY:#2+WODZ +2) + ABS(DS(I,],K))
CASE(3) ; LW = MAX(UODX, VODY, WODZ)

END SELECT

IF (UVW>2VWMAX) THEN

UWMAX = UVW

ICFL = I

JCFL = J

KCFL = K

ENDIF

ENDDO

ENDDO

ENDDO

HEAT.TRANSFERIF: IF (CHECKHT) THEN

WALLLOOP: DO IW=1,N_EXTERNAL WALL.CELLS+N_INTERNAL. WALL.CELLS

WGESWALL(IW)

IF (WCBOUNDARY.TYPE/=SOLID.BOUNDARY) CYCLE WALL.LOOP

1IG = WCUONED%IIG

1IG = WCONEID%]G

KKG = WCUONEDUKKG

77.GET(1:N.TRACKED_SPECIES) = ZZS(IIG ,JJG ,KKG, 1:N.TRACKED_SPECIES)
CALL GET_SPECIFIC_HEAT (ZZ.GET,CP,TMP(IIG , ]G ,KKG))

UW = WCUONE_DVHEAT.TRANS.COEF / (WCUONE_DVRHO_F+CP) * WCAONEDVRDN
IF (UVW>2VWMAX) THEN

UVAWMAX = LW

ICFL=1IG

JCFL=]JG

KCFL=KKG

ENDIF

ENDDO WALLLOOP

ENDIF HEAT_TRANSFER_IF

CFL = DT+UVWMAX
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3180
3181
3182
3183
3184
3185
3186
3187
3188
3189
3190
3191
3192
3193
3194
3195
3196
3197
3198
3199
3200
3201
3202
3203
3204
3205
3206
3207
3208
3209
3210
3211
3212
3213
3214
3215

3216
3217
3218
3219
3220
3221
3222
3223
3224
3225
3226
3227
3228
3229
3230
3231
3232
3233
3234
3235
3236
3237
3238
3239
3240
3241
3242
3243

3244
3245
3246
3247
3248
3249
3250
3251
3252
3253
3254
3255
3256
3257
3258
3259
3260
3261
3262
3263
3264
3265

PART.CFL = DT+PARTUVWMAX
! Determine max Von Neumann Number for fine grid calcs
PARABOLIC.IF: IF (CHECKVN) THEN

MUMAX = 0._EB

DO K=1,KBAR

DO J=1,JBAR

I.LOOP: DO I=1,IBAR

IF (SOLID(CELLINDEX(I,],K))) CYCLE I.LLOOP
MUIMP = MAX(D_ZMAX(I,] ,K) MU(I,J ,K)/RHOS(I,] ,K))
IF (MUIMP>MUMAX) THEN

MUMAX = MUTMP

IVN=I

J-VN=]

K.VN=K

ENDIF

ENDDO 1.LOOP

ENDDO

ENDDO

IF (TWOD) THEN
R.DX2 = RDX(I.VN)#2 + RDZ(KVN)##2

ELSE

R.DX2 = RDX(I.VN)#%2 + RDY(J.VN)##2 + RDZ(K.VN)**2
ENDIF

MUIRM = MUMAX
VN = DT#2._EB*R_DX2:+MUIRM

ENDIF PARABOLIC_IF
! Adjust time step size if necessary
IF ((CFL<CFLMAX .AND. VNKVNMAX .AND. PART_CFL<PARTICLE.CFL.MAX .AND. DRAG.CFL < DRAG.CFLMAX) .OR.

LOCK.TIME_STEP) THEN
DINEWMNM) = DT

IF (CFL<=CFL-MIN .AND. VN<VNMIN .AND. PART.CFL<PARTICLE.CFL-MIN .AND. .NOT.LOCK-TIME_STEP) THEN

SELECT CASE (RESTRICT.TIME._STEP)

CASE (.TRUE.); DINEWMNM) = MIN(1.1_EB«DT, DT_INITIAL)

CASE (.FALSE.); DINEWNM) = 1.1_EB«DT

END SELECT

CHANGE.TIME_STEP.INDEX(NM) = 1

ENDIF

ELSE

DTNEW(NM) = 0.9 _EB+MIN( CFLMAX/MAX(UVWMAX, DT_EPS) , &

VNMAX/ (2. _EB*R_DX2:+MAX(MUIRM, DT_EPS) ) , &

PARTICLE_CFL.MAX/MAX(PARTUVWMAX, DT_EPS) , &

DT+DRAG.CFL MAX/MAX(DRAG.CFL, DT_EPS) )

DRAG.CFL = 0._EB

CHANGE_TIME_STEPINDEX(NM) = —1

ENDIF

END SUBROUTINE CHECK._STABILITY

SUBROUTINE BAROCLINIC.CORRECTION (T ,NM)

! Add baroclinic term to the momentum equation

USE MATHFUNCTIONS, ONLY: EVALUATERAMP

REAL(EB) , INTENT(IN) :: T

INTEGER, INTENT(IN) :: NM

REAL(EB) , POINTER, DIMENSION(: ,: ,:) :: UU=SNULL() ,VV=>NULL() WAS>NULL () ,RHOP=>NULL () ,HR=>NULL() ,RHMK=>NULL () ,RRHO
=>NULL()

INTEGER :: I,],K,1I,]] KK, IIG,JJG KKG,IOR,IW

REAL(EB) :: P_EXTERNAL, TSI, TIME.RAMP_FACTOR,DUMMY, UN, INOW

LOGICAL :: INFLOW

TYPE(VENTS.TYPE) , POINTER :: VI=>NULL()

TYPE(WALL.TYPE) , POINTER :: WCG>NULL()

TNOW=SECOND ()

CALL POINT.TO-MESH (NM)

! If the baroclinic torque term has been added to the momentum equation RHS, subtract it off.

IF (BAROCLINIC.TERMS_ATTACHED) THEN

FVX = FVX — FVX_B

FVY = FVY — FVY.B

FVZ = FVZ — FVZ.B

ENDIF

BAROCLINIC.TERMS_ ATTACHED = .TRUE.

RHVK => WORK1 ! p=rho *(H-K)

RRHO => WORK2 ! reciprocal of rho
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3266
3267
3268
3269
3270
3271
3272
3273
3274
3275
3276
3277
3278
3279
3280
3281
3282
3283
3284
3285
3286
3287
3288
3289
3290
3291
3292
3293
3294
3295
3296
3297
3298
3299
3300
3301
3302
3303
3304
3305
3306
3307
3308
3309
3310
3311
3312
3313
3314
3315
3316
3317
3318
3319
3320
3321
3322
3323
3324
3325
3326
3327
3328
3329
3330
3331
3332
3333
3334
3335
3336
3337
3338
3339
3340
3341
3342
3343
3344
3345
3346
3347
3348
3349
3350
3351
3352
3353

IF (PREDICTOR) THEN

uw =Uu

W =>V

WV =>W

RHOP=>RHO

IF (PRESSUREITERATIONS>1) THEN

HP => H

ELSE

HP => HS

ENDIF

! Note: this ordering of HP=HS in PREDICTOR is required to achieve 2nd order temporal convergence.
! We should rethink our mnotation and re—examine whether both H and HS are required.
ELSE

U => US

VV => V§

WW => WS

RHOP=>RHOS

IF (PRESSUREITERATIONS>1) THEN

HP => HS

ELSE

HP => H

ENDIF

ENDIF

! Compute pressure and 1/rho in each grid cell

!$OMP PARALLEL PRIVATE(WC, VT, TSI, TIMERAMPFACTOR, PEXTERNAL, &
1$OMP& 11, JJ, KK, IOR, IIG, JJG, KKG, UN, INFLOW)

!$OMP DO SCHEDULE( static)

DO K=0,KBP1

DO ]=0,JBP1

DO 1=0,IBP1

REMK(I, ] ,K) = RHOP(I,J,K)+(HP(I,] ,K)-KRES(I,],K))

RRHO(I,] ,K) = 1._EB/RHOP(I,] K)

ENDDO

ENDDO

ENDDO

!$OMP END DO

! Set baroclinic term to zero at outflow boundaries and P.EXTERNAL at inflow boundaries
!$OMP MASTER

EXTERNALWALL.LOOP: DO IW=1,N.EXTERNAL-WALL-CELLS

WGESWALL(IW)

IF (WCOBOUNDARY.TYPE/=OPEN.BOUNDARY) CYCLE EXTERNAL.WALL_LOOP

IF (WCOWENT.INDEX>0) THEN

VT => VENTS(WCAVENT_INDEX)

IF (ABS(W(ONE D%T_IGN-T_BEGIN ) <=SPACING (WC&ONE D%I IGN) .AND. VTVPRESSURE_RAMP_INDEX>=1) THEN
TSI = T

ELSE

TSI = T — T_BEGIN

ENDIF

TIME_RAMP_FACTOR = EVALUATERAMP( TST ,DUMMY, VI%PRESSURE_RAMP_INDEX)
P_EXTERNAL = TIME_RAMP FACTOR+VT%DYNAMIC PRESSURE

ENDIF

IT = WOONED%GIT

J] = WCONEDL]]

KK = WOONED/KK

IOR = WCONEDVIOR

IIG = WCMONED%IIG

JIG = WOONED%J]G

KKG = WCUHONEDVKKG

INFLOW = .FALSE.

IOR_SELECT: SELECT CASE(IOR)

CASE( 1); UN = UU(II,J] ,KK)

CASE(—1); UN = UU(II —1,]] ,KK)

CASE( 2); UN = W(II,JJ KK)

CASE(—2); UN = VV(II,J] —1KK)

CASE( 3); UN = W\(II,]JJ ,KK)

CASE(—3); UN = WA(II,]JJ ,KK—1)

END SELECT IOR._SELECT

IF (UNxSIGN (1._EB,REAL(IOR,EB))>TWO_EPSILON_EB) INFLOW=.TRUE.
IF (INFLOW) THEN

RHMK(IT ,JJ ,KK) = 2._EB*PEXTERNAL — RHMK(IIG,]JJG ,KKG) ! Pressure at inflow boundary is P_EXTERNAL

ELSE

RHMK(IT ,JJ ,KK) = RHMK(IIG,JJG ,KKG) ! No baroclinic correction for outflow boundary
ENDIF

ENDDO EXTERNAL-WALLLOOP

1$OMP END MASTER
1$OMP BARRIER

! Compute baroclinic term in the x momentum equation , pxd/dx(1/rho)

I$OMP DO SCHEDULE( static )

DO K=1,KBAR

DO J=1,JBAR

DO 1=0,IBAR

FVXB(I,],K) = —®HMK(I,] ,K)*RHOP(I+1,] ,K)+RHMK(I+1,] ,K)+RHOP(I,J ,K) ) +(RRHO(1+1,] ,K)-RRHO(I ] ,K) ) +RDXN(1)/ &
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3354
3355
3356
3357
3358
3359
3360
3361
3362
3363
3364
3365
3366
3367
3368
3369
3370
3371
3372
3373
3374
3375
3376
3377
3378
3379
3380
3381
3382
3383
3384
3385
3386
3387
3388
3389
3390
3391
3392
3393
3394
3395
3396
3397
3398
3399
3400
3401
3402
3403
3404
3405
3406
3407
3408
3409
3410
3411
3412
3413
3414
3415
3416
3417
3418
3419
3420
3421
3422
3423
3424
3425
3426
3427
3428
3429
3430
3431
3432
3433
3434
3435
3436
3437
3438
3439
3440
3441

(RHOP(T+1,] ,K)+RHOP(I,J ,K))

FVX(I,J,K) = FVX(I,],K) + FVXB(I,J K)

ENDDO

ENDDO

ENDDO

I$OMP END DO nowait

! Compute baroclinic term in the y momentum equation , pxd/dy(1/rho)
IF (.NOT.TWOD) THEN

!$OMP DO SCHEDULE( static)

DO K=1,KBAR

DO ]=0,JBAR

DO I=1,IBAR

FVY.B(I,J,K) = —®HIMK(I,] ,K)+RHOP(I,J+1,K)+RHVK(I,J+1,K)*RHOP(I, ] ,K)) *(RRHO(I,J +1,K)-RRHO(I,J ,K) ) +RDYN(J)/ &
(RHOP(I,J+1,K)+RHOP(I,J ,K))

FVY(I,],K) = FVY(I,],K) + FVY.B(I,] K)
ENDDO

ENDDO
ENDDO
I$OMP END DO nowait
ENDIF

! Compute baroclinic term in the z momentum equation , pxd/dz(1/rho)

I$OMP DO SCHEDULE( static )

DO K=0,KBAR

DO J=1,JBAR

DO 1=1,IBAR

FVZB(I,],K) = —®HMK(I,] ,K)RHOP(I,] ,K+1)+RHMK(I ] ,K+1)+RHOP(I,J ,K))+(RRHO(I,] ,K+1)-RRHO(I ] ,K))+RDZN(K) / &
(RHOP(I,] ,K+1)+RHOP(I,] ,K))

FVZ(1,] ,K) = FVZ(1,] K) + FVZ3B(I,] K)

ENDDO

ENDDO
ENDDO
I$OMP END DO nowait
1$OMP END PARALLEL

T.USED(4) = T.USED(4) + SECOND() — TNOW
END SUBROUTINE BAROCLINIC_CORRECTION

! PATCH-VELOCITY FLUX

SUBROUTINE PATCH_VELOCITY _FLUX (DT ,NM)

The user may specify a polynomial profile using the PROP and DEVC lines. This routine
specifies the source term in the momentum equation to drive the local wvelocity toward
this user—specified wvalue, in much the same way as the immersed boundary method

(see IBM_VELOCITY_FLUX) .

USE DEVICE_VARIABLES, ONLY: DEVICE.TYPE,PROPERTY.TYPE,N.DEVC, DEVICE, PROPERTY
USE TRAN, ONLY: GINV

REAL(EB) , INTENT(IN) :: DT

TYPE(DEVICE.TYPE) , POINTER :: DV=>NULL()

TYPE(PROPERTY.TYPE) , POINTER :: PY=>NULL()

INTEGER, INTENT(IN):: NM

INTEGER :: N,I,J,K,IC1,IC2,11,12,]1,J2,K1,K2

REAL(EB) , POINTER, DIMENSION(: ,:,:) :: UU=SNULL() ,VV=>NULL() WAESNULL() ,HR=>NULL ()
REAL(EB) :: VELP,DX0,DY0,DZ0

IF (PREDICTOR) THEN
Uu=>1U
W =>V
WW => W
HP == H
ELSE

UU => US
VV => VS
WW => WS
HP => HS
ENDIF

DEVCLOOP: DO N=1,N.DEVC
DV=>DEVICE(N)

IF (DWQUANTITY/="VELOCITY PATCH') CYCLE DEVC.LOOP

IF (DW@PROPINDEX<1) CYCLE DEVC_.LOOP

IF (.NOT.DEVICE (DVDEVCINDEX (1) )%CURRENT.STATE) CYCLE DEVC.LOOP
IF (DWX1 > XF .OR. DWX2 < XS .OR. &

DWY1 > YF .OR. DV%Y2 < YS .OR. &

DWiZl > ZF .OR. DW%Z2 < ZS) CYCLE DEVCLOOP

PY=>PROPERTY (DVPROP_INDEX)

I_.VEL_.SELECT: SELECT CASE(PY%I_VEL)
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3442
3443
3444
3445
3446
3447
3448
3449
3450
3451
3452
3453
3454
3455
3456
3457
3458
3459
3460
3461
3462
3463
3464
3465
3466
3467
3468
3469
3470
3471
3472
3473
3474
3475
3476
3477
3478
3479
3480
3481
3482
3483
3484
3485
3486
3487
3488
3489
3490
3491
3492
3493
3494
3495
3496
3497
3498
3499
3500
3501
3502
3503
3504
3505
3506
3507
3508
3509
3510
3511
3512
3513
3514
3515
3516
3517
3518
3519
3520
3521
3522
3523
3524
3525
3526
3527
3528
3529

CASE(1) I.VEL_SELECT

11
12
J1
J2
K1
K2

DO K=K1,K2
DO J=]1,]2
DO I=I1,12

IC1 = CELLINDEX(I,] ,K)
IC2 = CELLINDEX(I+1,],K)
IF (SOLID(IC1) .OR. SOLID(IC2)) CYCLE

IF ( X(I)<DWX1 .OR. X(I)>DWX2) CYCLE !

IF (YC(J)<DWeY1 .OR. YC(J)>DW%Y2) CYCLE
IF (ZC(K)<DV%Z1 .OR. ZC(K)>DV%Z2) CYCLE

DX0 = X(I)-DViX
DY0 = YC(J)-DVsY
DZ0 = ZC(K)-DViZ

MAX(0,  NINT( GINV(DV%X1-XS,1 NM)*RDXI  )—1)
MIN(IBAR,NINT( GINV(DW%X2-XS,1 NM)*RDXI ) +1)
MAX(0,  NINT( GINV(DV%Y1-YS,2 NM)+RDETA ) —1)
MIN(JBAR,NINT( GINV(DV%Y2—YS,2 NM)*RDETA ) +1)
MAX(0,  NINT( GINV(DV%Z1-ZS,3 NM) *RDZETA )—1)
MIN(KBAR, NINT( GINV (DV%z2—ZS,3 NM) *RDZETA ) +1)

Inefficient but simple

VELP = PY%P0 + DXO+PY%PX(1) + 0.5_EB*(DX0+DX0+PYUPXX(1,1)+DX0«DY0+PYUPXX (1 ,2)+DX0+DZ0+PYUPXX (1,3) ) &
+ DYO<PYUPX (2) + 0.5_EBx(DY0xDX0+PYUPXX (2 ,1)+DY0+DY0xPYUPXX (2 ,2) +DY0xDZ0+PYUPXX (2 ,3) ) &
+ DZO+PYUPX (3) + 0.5 _EB*(DZ0xDX0+PYUWPXX (3 ,1)+DZ0+DY0xPYUPXX (3 ,2) +DZ0xDZ0+PYWPXX (3 ,3) )

FVX(I,],K) = RDXN(I)*HP(I+1,],K)-HP(I,]J,K)) — (VELP-UU(I,] ,K))/DT
ENDDO

ENDDO
ENDDO

CASE(2) I.VEL_SELECT

11
12
J1
J2
K1
K2

DO K=K1,K2
DO J=J1,]2
DO I=I1,12

IC1 = CELLINDEX(I,] ,K)
IC2 = CELLINDEX(I,]+1,K)

IF (SOLID(IC1) .OR. SOLID(IC2)) CYCLE

IF (XC(I)<DWaX1 .OR. XC(I)>DWX2) CYCLE
IF ( Y(J)<DWeY1 .OR. Y(J)>DWY2) CYCLE
IF (ZC(K)<DWeZl .OR. ZC(K)>DWZ2) CYCLE

DX0 = XC(I)-DViX
DY0 = Y(J)-DVeY
DZ0 = ZC(K)-DViZ

MAX(0,  NINT( GINV(DV%X1-XS,1 NM)«RDXI  )—1)
MIN(IBAR,NINT( GINV(DV%X2-XS,1 NM)*RDXI ) +1)
MAX(0,  NINT( GINV(DV%Y1-YS,2 NM)+RDETA ) —1)
MIN(JBAR,NINT( GINV(DV%Y2—YS,2 NM)*RDETA ) +1)
MAX(0,  NINT( GINV(DV%Z1-ZS,3 NM) *RDZETA )—1)
MIN(KBAR, NINT( GINV (DV%Z2—ZS,3 NM) *RDZETA ) +1)

VELP = PY%P0 + DXO+PY%PX(1) + 0.5_EB*(DX0xDX0+PYUPXX(1,1)+DX0«DY0+PYUPXX (1 ,2)+DX0+DZ0sPYWPXX (1,3) ) &
+ DYO<PYUPX (2) + 0.5_EBx(DY0xDX0+PYUPXX (2 ,1)+DY0+DY0xPYUPXX (2 ,2) +DY0xDZ0+PYUPXX (2 ,3) ) &
+ DZO+PYUPX (3) + 0.5 _EB*(DZ0xDX0+PYUWPXX (3 ,1)+DZ0+DY0xPYUPXX (3 ,2) +DZ0xDZ0+PYWPXX (3 ,3) )

FVY(I,],K) = -RDYN(]J)*(HP(I,]J+1,K)-HP(I,J,K)) — (VELP-VV(I,] ,K))/DT
ENDDO

ENDDO
ENDDO

CASE(3) I.VEL.SELECT

11
12
J1
J2
K1
K2

DO K=K1,K2
DO J=J1,]2
DO I=I1,12

IC1 = CELLINDEX(I,] ,K)
IC2 = CELLINDEX(I,] ,K+1)
IF (SOLID(IC1) .OR. SOLID(IC2)) CYCLE

IF (XC(I)<DWaX1 .OR. XC(I)>DWX2) CYCLE
IF (YC(J)<DV%Y1 .OR. YC(])>DV%Y2) CYCLE
IF ( Z(K)<DV%Z1 .OR. Z(K)>DV%Z2) CYCLE

MAX(0,  NINT( GINV(DWX1-XS,1 NV)*RDXI ~ )—1)
MIN(IBAR,NINT( GINV (DVX2-XS,1 NM)*RDXI ) +1)
MAX(0,  NINT( GINV(DV%Y1-YS,2 NV)*RDETA )—1)
MIN(JBAR,NINT( GINV (DV%Y2—YS,2 NM) *RDETA ) +1)
MAX(0, NINT( GINV(DVZ1-ZS,3 NV)*+RDZETA )—1)
MIN(KBAR,NINT( GINV (DV%Z2—ZS,3 NM) *RDZETA ) +1)
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3530 || DX0 = XC(I)-DWeX
3531 || DYO = YC(])-DVwY
3532 || DZ0 = Z(K)-DWZ

3533 || VELP = PY%PO + DX0«PY%PX(1) + 0.5_EBs(DX0+xDX0xPY%WPXX(1,1)+DX0+DY0xPY%WPXX(1,2)+DX0+xDZ0+PY%WPXX(1,3)) &

3534 || + DYOxPY%PX(2) + 0.5_EBx(DYO*DX0+PY%PXX (2 ,1)+DY0+DY0xPY%PXX (2 ,2)+DY0+DZ0+PY%WPXX (2 ,3)) &

3535 || + DZO*PY%PX(3) + 0.5_EBx(DZ0+DX0xPY%PXX (3 ,1)+DZ0+DY0xPY%PXX (3 ,2) +DZ0+DZ0+PY%PXX (3 ,3) )

3536

3537 || FVZ(1,] ,K) = —RDZN(K) =(HP(I,] ,K)-HP(I,] ,K+1)) — (VELP-WW(I,] ,K))/DT
ENDDO

3538

3539 || ENDDO

3540 || ENDDO

3541

3542 || END SELECT I_.VEL_SELECT

3543

3544 || ENDDO DEVC_LOOP

3545

3546 || END SUBROUTINE PATCH_VELOCITY_FLUX

3547

3548

3549 || ! WALL_VELOCITY NO_.GRADH

3550

3551 || SUBROUTINE WALL_VELOCITY_NO.GRADH (DT,STORE-UN)

3552

3553 ! This routine recomputes velocities on wall cells , such that the correct
3554 || ! normal derivative of H is used on the projection. It is only used when the Poisson equation

3555 || ! for the pressure is solved .NOT. PRESON.WHOLEDOMAIN (i.e. using the GIMAT solver).
3556
3557 || REAL(EB) , INTENT(IN) :: DT

3558 || LOGICAL, INTENT(IN) :: STORE.UN
3559
3560 || ! Local variables:

3561 || INTEGER :: IIG,]JJG KKG,IOR,IW

3562 || REAL(EB) :: DHDN, VELN

3563 || TYPE (WALLTYPE), POINTER :: WC

3564 || REAL(EB) , SAVE, ALLOCATABLE, DIMENSION(:) :: UN.WALLS

3565

3566

3567 || IF (PRES.ON.WHOLEDOMAIN) RETURN

3568

3569 || STOREUN.COND : IF ( STORE.UN ) THEN

3570

3571 ! These wvelocities from the beginning of step are needed for the velocity fix on wall cells at the corrector
3572 ! phase (i.e. the loops in VELOCITY.-CORRECTOR will change U,V,W to wrong reults using (HPI-HP)/DX gradients ,
3573 || ! when the pressure solver in the GLMAT solver.

3574 || IF (ALLOCATED(UN.WALLS)) DEALLOCATE(UN.WALLS)
3575 || ALLOCATE( UNWALLS(1:N_EXTERNAL WALL_CELLS+N_INTERNAL WALL_CELLS) )
3576 || UNWALLS(:) = 0._EB

3577

3578 || STORE.LOOP : DO IW=1,N.EXTERNAL WALL CELLS+N_INTERNAL WALL_CELLS
3579

3580 || WC => WALL(IW)

3581 || 1IG = WCONE D%IIG

3582 || JG = WCUONEID%JJG
3583 || KKG = WCUONEIDVKKG
3584 || IOR = WC%ONE.IDVAOR
3585
3586 || SELECT CASE(IOR)

3587 || CASE( IAXIS)

3588 || UNWALLS(IW) = U(IIG-1,]JG KKG )
3589 || CASE(—IAXIS)

3500 || UNWALLS(IW) = U(IIG ,JJG KKG )
3591 || CASE( JAXIS)

3502 || UNWALLS(IW) = V(IIG ,JJG—1KKG )
3593 || CASE(—JAXIS)

3504 || UNWALLS(IW) = V(IIG ,JJG KKG )
3595 || CASE( KAXIS)

3506 || UNWALLS(IW) = W(IIG ,JJG ,KKG-1)
3597 || CASE(—KAXIS)

3598 || UNWALIS(IW) = W(IIG ,JJG KKG )
3599 || END SELECT

3600

3601 || ENDDO STORE.LOOP

3602

3603 || RETURN

3604

3605 || ENDIF STORE.UN.COND

3606

3607 || ! Case of not storing , recompute INTERNAL.WALL.CELL velocities , taking into acct that DHDN=0._EB:
3608 || PREDICTOR-COND : IF (PREDICTOR) THEN

3609

3610 || ! Loop internal wall cells —> on OBST surfaces:

3611 || WALL.CELL.LOOP_1: DO IW=1,N_.EXTERNAL WALL_CELLS+N_INTERNAL WALL_CELLS

3612

3613 || WC => WALL(IW)

3614

3615 || IF (WCBOUNDARY.TYPE/=SOLID.BOUNDARY .AND. WCBOUNDARY.TYPE/=NULLBOUNDARY) CYCLE
3616

3617 || IIG = WOONEDLIIG

323



Source Code files for edited portions of FDS

3618 || JJIG = WCHONED%JJG
3619 || KKG = WCHONEIDVKKG
3620 || IOR = WCXONEIDZIOR
3621
3622 ||DHDN=0._EB ! Set the normal derivative of H to zero for solids.
3623
3624 || SELECT CASE(IOR)

3625 || CASE( IAXIS)

3626 || US(IIG—-1,JJG ,KKG ) = (U(IIG-1,JJG ,KKG ) — DTx
3627 || CASE(—IAXIS)

3628 || US(IIG ,JJG ,KKG ) = (U(IIG ,JJG ,KKG ) — DT=( FVX(IIG ,JJG ,KKG ) + DHDN ))
3629 || CASE( JAXIS)

3630 || VS(IIG ,JJG —1KKG
3631 || CASE(—JAXIS)

3632 || VS(IIG ,JJG ,KKG )
3633 || CASE( KAXIS)

3634 || WS(IIG  ,JJG  ,KKG-1) = W(IIG ,JJG ,KKG-1) — DT*( FVZ(IIG ,JJG ,KKG-1) + DHDN ))
3635 || CASE(—KAXIS)

3636 || WS(IIG ,JJG KKG ) = W(IIG ,JJG ,KKG ) — DT=( FVZ(IIG ,JJG KKG ) + DHDN ))
3637 || END SELECT

FVX(IIG—-1,JJG ,KKG ) + DHDN ))

(V(IIG  ,JJG-1KKG ) — DT*( FVY(IIG ,JJG-1KKG ) + DHDN ))

(V(IIG  ,JJG  KKG ) — DT*( FVY(IIG ,JJG ,KKG ) + DHDN ))

3638

3639 || ENDDO WALL-CELL-LOOP_1

3640

3641 || ELSE ! Corrector

3642

3643 || ! Loop internal wall cells —> on OBST surfaces:

3644 || WALL.CELL.LOOP2: DO IW=1,N_.EXTERNAL WALL CELLS+N_INTERNAL WALL_CELLS
3645

3646 || WC => WALL(IW)

3647

3648 || IF (WCZBOUNDARY.TYPE/=SOLID_ BOUNDARY .AND. WCBOUNDARY_TYPE/=NULL BOUNDARY) CYCLE
3649

3650 || IIG = WHONE D%IIG
3651 || JJIG = WHONE D%JJG
3652 || KKG = WOONEDVKKG
3653 || IOR = WONEDVAOR

3654

3655 ||DHDN=0._EB ! Set the normal derivative of H to zero for solids.

3656

3657 || VELN = UN.WALLS(IW)

3658

3659 || SELECT CASE(IOR)

3660 || CASE( IAXIS) ! | — Problem with this is it was modified in VELOCITY.CORRECTOR,
3661 'V => Store the untouched U normal on internal WALLs.

3662 || U(IIG=1,]JG ,KKG ) = 0.5_EBx( VELN + US(IIG-1,]JG KKG ) — &

3663 || DT*( FVX(IIG—1,]JG ,KKG ) + DHDN ))
3664 || CASE(—IAXIS)

3665 || U(IIG ,JJG KKG ) = 0.5_EBx( VELN + US(IIG ,JJG KKG ) — &
3666 || DT*( FVX(IIG ,JJG ,KKG ) + DHDN ))

3667 || CASE( JAXIS)

3668 || V(IIG ~,JJIG—1KKG ) = 0.5_EBx( VELN + VS(IIG ,JJG-1KKG ) — &
3669 || DT*( FVY(IIG ,JJG—1KKG ) + DHDN ))

3670 || CASE(—JAXIS)

3671 || V(IIG ~,JJG  KKG ) = 0.5_EBx( VELN + VS(IIG ,JJG KKG ) — &
3672 || DT*( FVY(IIG ,JIG ,KKG ) + DHDN ))

3673 || CASE( KAXIS)

3674 ||W(IIG  ,JJG  KKG-1) = 0.5_EBx( VELN + WS(IIG ,JIG ,KKG-1)
3675 || DT*( FVZ(IIG ,JJG ,KKG—1) + DHDN ))

3676 || CASE(—KAXIS)

3677 ||W(IIG  ,JJG  KKG ) = 0.5_EBx( VELN + WS(IIG ,JJG KKG ) — &
3678 || DT*( FVZ(IIG ,JJG ,KKG ) + DHDN ))

3679 || END SELECT

|
2

3680

3681 || ENDDO WALL_.CELL_LOOP2

3682

3683 || DEALLOCATE(UN.WALLS)

3684

3685 || ENDIF PREDICTOR.COND

3686

3687 || RETURN

3688 || END SUBROUTINE WALL_VELOCITY NO.GRADH
3689

3690 || END MODULE VELO

324



Source Code files for edited portions of FDS

A4 mod_canopy.fo0

1 module penalization

2

3 REAL :: penalizationParameter , blendingParameter, dampingParameter, &

4 penXmin, penXmax, penYmin, penYmax, penZmin, penZmax, &

5 mX, mY, mZ, b, timesttep, newtimestep

6

7 INTEGER :: points_Xmin, points_Xmax, points_-Ymin, points.Ymax, points.Zmin, points_-Zmax, il, jl, temp,
cntr=0, &

8 meshresX, meshresY, meshresZ, pena.l, pena.], pena.K

9

10 character(len=256), dimension(10) :: dataFileName

11 integer, dimension(1000) :: pendat.size

12

13 logical :: trunks

14 integer :: ntrunks, fileread , npen, penX, penY, penZ, IERROR

15 double precision :: trnk.min,trnk.max,eta

16 double precision, dimension(:,:), allocatable :: trnk_loc , pendat

17 double precision, dimension(:,:), allocatable :: pendat._store

18 real , dimension(:,:,:), allocatable :: penU0, penV0, penW0

19 double precision, dimension(:), allocatable :: arraytime

20

21

22

23 end module penalization
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Abstract

Wind is one of the most important environmental variables that
affects the wildland fire spread and intensity. Modelling wind in
physics-based models such as Fire Dynamics Simulator (FDS)
has been shown to reproduce promising results. There are var-
ious methods available to generate wind field in FDS. The cur-
rent paper deals with finding out a better approach to assign
inlet conditions for fire simulations in FDS. Firstly, we explore
some basic methods of wind field generation available in FDS.
The conventional methods of wind field generation are either an
unperturbed inlet profile with a roughness-trip or the by embed-
ding artificial turbulence at the inlet. The wind fields generated
by these inlet conditions are compared with each other as well
as to the wind field generated using a mean-forcing method for
neutral atmospheric conditions. Secondly, we use these inlet
conditions to study the effects of fire spread in FDS, since sim-
ulating the fire plumes is not compatible with periodic bound-
ary conditions. Finally, we test the effect of an underdeveloped
boundary layer on fire spread.

Introduction

Wildland fires occur very frequently in Australian weather con-
ditions, especially during late spring to mid-autumn and im-
pacts people living in the so-called wildland-urban interface.
The frequency of these fires has amplified considerably due to
further climatic changes [1]. These wildland fires are a resul-
tant of many environmental factors, among which wind speed
is the predominant one [2]. Therefore, accurate prediction of
wind is required for accurate fire behavior prediction. Several
types of models have been developed for predicting fire behav-
ior, among which physics-based models [3] has been shown to
reproduce adequate Atmospheric boundary layer (ABL) flow
over flat ground and tree canopies [4]. In the current study, we
have used FDS, version 6.6.0, which is a computational fluid
dynamics (CFD) model of fire-driven fluid flow and the detailed
description of this model can be found in [5]-[6].

The physics-based wildland fire simulations are driven by the
inlet and initial boundary conditions which models the ABL. A
realistic representation of ABL is required to reproduce a cor-
rect manifestation of fire in terms of rate-of-spread, intensity
and heat transfer. The inlet and initial conditions prescribed
for the simulation preferably leads to a realistic flow over the
fire-ground which does not nonphysically develop in space and
time. For example, Mell [7] used a 1/7-power-law model at
the inlet of their simulations. Due to initial perturbations in the
simulation, a fully turbulent flow profile will develop in time
and space as the simulation progresses. The spatial and tempo-
ral development of wind flow comes with the cost of computa-
tional intensiveness to reach a fully developed profile prior to
the start of the fire. Development of techniques for imposing

inlet and initial conditions for flow simulations has been a topic
of interest in the field of fluid dynamics [8].

Wind can be generated with various initial and inlet conditions
with FDS. One way to generate inlet condition is the recycling
method of [9]. While this method is an effective way of gen-
erating a fully developed inlet condition on a single turbulent
inlet such as that required for a channel flow, we aim to even-
tually develop a one-way nesting method for fire simulation in
future, so that complicated wind fields which may change direc-
tion during the simulation can be used. The current study can
be subdivided into two parts. In the first part, we will deal with
the methods of wind generation. The wind can be developed
either by introducing an unperturbed log-law or power-law in-
let profile with a roughness trip or by superimposing eddies at
the inlet with the log-law or power-law wind profile. Wind field
can also be generated by using a “mean-forcing” method fol-
lowing usual log-law profile. This study is limited to neutral
atmospheric conditions only. The second part of this study will
deal with the fire behavior. Fire simulations will be carried out
using these inlet conditions and the rate of fire spread and heat-
release-rate will be compared. We will also see the behavior of
fire when the fire is set in an undeveloped and non-steady ABL
condition. The primary intention of this study is to discover the
fastest method for generating a stable wind profile which can
give consistent fire spread results.

Methodology

We tested the effectiveness of our boundary condition imple-
mentation through simulations in channel-flow configuration.
The reference simulation used in this study is the wind field
generation using the *mean-forcing’ method. In this method,
FDS adds a mean-forcing term to the momentum equation to
‘nudge’ [5] the flow in the direction of specified wind velocity.
In this case we need to provide any specific inlet conditions, as
log-law is used by default for wind generation. The log-law
can be given by equation(1)

u(z) = "lin ]
<0

(€]

K

where u(z) is the wind velocity at height z, u, is the friction ve-
locity, x is the Von Kdrmdn constant which is taken to be 0.41,
20 is the aerodynamic roughness length and z is the distance to
the bottom wall.

The second wind field generation approach deals with the most
commonly used method of wind generation; namely allowing
the wind to develop naturally with the application of a rough-
ness trip over the surface with a power-law profile enforced at
the inlet. In this case, the wind develops over time and space
and acquires turbulence eventually and finally reaches to a fully-
developed flow condition. It takes a reasonable amount of time



for the flow to develop a constant and steady ABL. To speed
up the process, the Synthetic Eddy Method (SEM), which was
originally developed by Jarrin et. al.[8], can be used in FDS,
which accelerates the development of a uniform boundary faster
than other methods such as physical trip. This comprises our
third method of wind field generation. In this method eddies are
injected into the inlet at random positions and advect with the
inlet log-law velocity inflow which subsequently gets rescaled
to match the desired turbulent characteristics. FDS uses the log-
law as presented by [10]. The length, velocity scales and num-
ber of eddies are the parameters that the user supplies. Typically
the velocity and the length scales of the eddies should be cho-
sen in a way so that some turbulent statistics, usually Reynolds
stresses, are reproduced. [11] says that the total number of ed-
dies can be calculated using Equation(2).

N = max(g) 2)

where (0) is the size of eddies, Vp is the box volume of the in-
let where the eddies are embedded. As discussed in [12], the
number of eddies N should be large enough to ensure the Gaus-
sian behaviour of the fluctuating component in each direction.
In this study, N is set to 200.

FDS simulates the fire by solving a system of equations includ-
ing the Navier-Stokes equations for fluid momentum, Mixing-
controlled chemistry for combustion and heat transfer by con-
duction, convection and radiation. To save the computational
cost Large Eddy Simulation (LES) is used in which the fil-
tered Navier-Stokes equations are solved and the effect of the
cut-off scales are modelled. FDS uses the Deardorff model of
turbulent viscosity by default. A detailed discussion about tur-
bulent models and LES has been given by [10]. For combus-
tion, FDS uses a Mixing-controlled combustion model which
involves one gaseous fuel where transport equations for only
the lumped species, i.e. fuel and products (such as O,, CO,,
H,0, N, CO and soot), are solved (the lumped species air is
the default background). In the mixture-controlled method, sin-
gle fuel species that are composed primarily of C, H, O, and N
reacts with oxygen in one mixing controlled step to form H,O,
CO,, soot, and CO. The reaction of fuel and oxygen is con-
sidered infinitely fast. Further details about this model can be
found in [5]. Thermal degradation of solid fuel to gaseous fuel
is modeled with a linear model following [13]. Radiation is
accounted for by solving the radiation transfer equation with a
discrete ordinates method. Convective heat transfer is modelled
using a series of empirical correlations. Conduction is negli-
gible for grassland fuels. References [6] and [5] gives further
details about these models. At some critical points in calcula-
tions, like the moment of ignition, the limitations in the models
or long time steps can lead to large local reaction rates, which
can lead to numerical instabilities. An upper bound on the local
heat release rate per unit volume needs to be maintained in or-
der to prevent this. Following the scaling analysis of pool fires
by [14], FDS 6.2.0 uses an upper bound following Equation(3):

T upper = 200/8x + 2500kW /m? 3)

FDS 6.6.0 does not use a reaction rate threshold, instead
expecting the computation to be sufficiently resolved to avoid
such numerical instabilities. The resolution requirement is
prohibitive for large-scale wildfire simulations. However,
we introduce the threshold Equation(3) to be consistent with
previous fire simulations [15] and to avoid restrictive grid
resolution requirements. The fire simulations for the current
paper has been conducted using this current edited version
of FDS 6.6.0. There are two cases of fire simulations that
have been performed for the current study. In the first case,
the most widely used log-law inlet condition has been used,

which is similar to the first wind simulation, and the fire is
started after the upstream of the fire reaches a steady-state
wind profile obtained from the wind simulations. The second
fire simulation uses SEM introduced at the inlet, with condi-
tions similar to the SEM wind simulation mentioned previously.

Simulation Domain

The size of the external domain is chosen such that it ensures
to capture the largest relevant structures. The overall domain
size for all the simulations is taken to be 130m X 40m X 80m.
Inlet velocity of 4.7 m/s is given at a height of 10 m. The mean
velocity of ~ 5.5m/s at fully developed state is maintained
at 2m for all the simulations. 40 m from the inlet in the
longitudinal direction, the burnable grass plot (40mX40m) was
placed so that there was another 50 m subdomain downstream
of the non-burnable grass plot before reaching an open outlet.
The spanwise of the flow stream is set to periodic boundary
conditions. In case of the fire simulations, a line fire is ignited
which covers the width of the domain (along y) as used by
[16]. The simulation domain has been divided into multiple
meshes with different grid sizes. To avoid any numerical
instabilities, the aspect ratio is maintained not more than 2 for
any grid cell. The sub-domain with burnable grass plot has
0.25 m grid resolution in all direction throughout the height
of the domain. The fuel parameters used in the simulations
were replicated as done by Moinuddin et.al.[15]. Figure(1)
represents a generalized domain used for all the simulations.

" Periodic

20 m <&

Figure 1: Domain of simulation showing the dimensions, fire
plot, fire line and establishment of ABL.

All other relevant information regarding the wind simulations
are given in Table 1 and that for fire simulations are given in
Table 2. The simulations will be depicted using the case names
given in the table hereafter.

Table 1: Wind Simulations

Case Generation Mean Turbulent
name method profile profile
windO mean-forcing Log-law —
windl  Roughness change-trip  1/7 Power law —
wind2 Explicit log-law Log-law SEM




Table 2: Fire Simulations

Case Generation Mean Turbulent
name method profile profile
firecO  Underdeveloped ABL  1/7 Power law —
firel  Roughness change-trip  1/7 Power law —
fire2 Explicit log-law Log-law SEM

Results and Discussions

Several numerical parameters like inlet conditions, domain size,
grid resolution and boundary layer development time are con-
sidered for a systematic approach. In our study, we are consid-
ering a small domain, and our results are strictly according to
the parameters that we have used. The results may vary with
different domain size, grid size, inlet conditions or wind veloc-
ities. The wind simulations wind0, windl and wind2 are run for
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Figure 2: The mean velocity profile comparison for 3 wind cases
over the fire ground.

5000 seconds of simulation time to find out time for a stable
ABL to get established. We observe that wind0 acquires a sta-
ble ABL in less than 100 seconds. In case of wind!, the ABL is
established in approximately 1000-1200 seconds, whereas for
wind?2, it takes less than 1000 seconds. Figure(2) depicts the
mean wind velocity profile on the fire-plot before the start of
the fire. Figure(2) depicts that the three wind simulation cases
produces similar mean velocity profiles. In fire simulations the
mean u-velocity profile as a function of height is more informa-
tive than examining other quantities in wall units. We examined
the TKE(Turbulent Kinetic Energy) and confirmed that the flow
was well developed for each cases when the TKE was oscillat-
ing around a constant value. In case of wind1, the flow trips and
become turbulent leading to a developing boundary layer. This
results in more computational time for wind to get stabilized.
On the other hand for wind2, since the turbulence is embedded
in the form of synthetic eddies along with the inlet log-law pro-
file, the flow develops faster. We observe that the mean profile
pattern for wind0 agrees well with windl and wind2.

We have used the stabilized wind-field generated in wind0 sim-
ulation as the initial condition for the fire simulations fire0, firel
and fire2 to reduce the time to reach the steady-state ABL over
the fire ground and start the fire. We have started the fire for firel
and fire2 after 300 seconds in order to allow a steady-state ABL
to develop prior starting the fire. For fire0 case, we have located
the burnable-grass plot near the inlet with minimum upstream
of the fire, so that the wind is not allowed to get stabilized over
space and started the fire after 100 seconds. The intention here
is to not allow the steady-state ABL establishment prior to the
start of the fire. We have done some adjustments over the axes
so that fire0 can be plotted against firel and fire2 for compari-
son. The fire ignitor was put off after 11 seconds [7]. The fire
took about ~ 25 seconds to burn the burnable grass plot com-
pletely for all the three cases. The fire propagated in a straight

(a) 0 second
» b

(d) 24 seconds

Figure 3: Fire propagation contour for firel.

line across the domain as shown in Figure(3). Figure(4) depicts
the percentage change of wind speeds during the burn at 2.04m
over the fire plot. This depicts the percentage change in wind
speed varies in a similar pattern for all the three cases.
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Figure 4: Wind speed variation over the burnable-grass plot at
2.04 m height.

There are various parameters for comparing the simulated fire.
In the current study, we have compared the Heat Release Rate
(HRR) and the Rate of Spread (ROS) to predict the nature of
fire propagation. HRR represents the height or intensity of fire
whereas ROS depicts fire spread with respect to time.

Figure(5) depicts the HRR for all the three fire simulations to be
similar. we observe that the HRR reaches maximum when the
fire has consumed the whole burnable fuel over the fire plot (at
about 25 seconds) and then drops down to zero as the plume ex-
ists the domain. For the fire simulations, the ROS has been cal-
culated at the maximum value of the fire-front on the boundary
where the temperature of the vegetation is above 400K-500K
(the pyrolysis temperature). From Figure(6), we observe that to-
wards the start of the fire, the ROS is maximum, then it reaches a
quasi-steady of about 2m /s state while burning down the whole
fire plot and the reaches zero when whole of the burnable fuel
has been consumed.

The fire propagation and its characteristics agree good in both
firel and fire2. As discussed previously that fireO simulation
was carried out in an underdeveloped boundary which means
that the fire was started in an unsteady ABL condition. How-
ever, the fire propagation is not much affected by this. It can be
argued that the domain considered in this study is comparatively
smaller, and so the steady-state ABL is getting established in as
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Figure 5: Heat Release Rate (HRR) as functions of time
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Figure 6: ROS vs Time comparison over fire plot.

short as ~ 20m in fire upstream. So we see a fire propagation
pattern similar to the other cases. The simulation results may
vary considerably for larger burnable grass domain.

Conclusion

The wind simulations performed in this study shows that the
SEM and the roughness trip method for wind simulation pro-
duce similar steady-state wind profiles to that generated by
the mean-forcing method. The mean-forcing method generates
achieves a steady-state profile faster than the SEM and rough-
ness trip method and hence uses lesser computational time. The
mean-forcing method and roughness-trip method also require
fewer input parameters than the SEM. The HRR and ROS pro-
files shows very little difference between the three fire cases.
Therefore, simplicity suggests just taking a 1/7th power-law and
a very short upstream distance and spin up time is a simple ap-
proach which still recovers the RoS results of more complicated
methods. We look forward to developing a method in the future
where we can use real-time terrain modified wind data to per-
form more realistic fire simulations. This method will lead to
reduced simulation initialisation time.
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Appendix C

Monin-Obukhov Similarity Theory

The Monin-Obukhov similarity theory (Monin and Obukhov (1954)) states that a hori-
zontally homogeneous atmospheric surface layer is governed by only four parameters:
z,ur, g/ To, Qo, where z is the vertical distance from the ground, u- is the surface fric-
tion velocity, g/ Ty is the buoyancy parameter and Qo represents the surface temperature
flux. The non-dimensionalised mean temperature and mean wind-flow in the surface
layer under non-neutral atmospheric conditions is a function of the dimensionless height

parameter z/L, where L is known as Monin-Obukhov scale length, given by:

-

b= x(g/To)Qo

(C.1)

where « is the Von Kdrmdn constant with a value of 0.41. The wind speed profile u(z) and
the potential temperature T(z) varies with height z, according to the following equations

following (Monin and Obukhov (1954)):

u(z) = ()~ pu(D)] (€2)
T(z) = To+ - lin(2) = pu(F) 3

for z >> zp, where z( is the aerodynamic roughness, T, is the scaling potential tem-
perature, T is the ground level potential temperature and ¢, and ¥, are are similarity

functions which are obtained from measurements. The most common similarity func-
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tions used are those proposed by Dyer (1974). The velocity is calculated by means of
nudging technique as discussed in section(2.2.3). The Obukhov length, L, characterises
the thermal stability of the atmosphere. The atmosphere is said to be stable when the
atmospheric temperature is more than the surface temperature and the surface acts as a
heat sink, usually during the night time. The value of L becomes positive in stable con-
ditions. The atmosphere is said to be unstable when the opposite thing happens and the
surface acts as a heat source, especially during the day time. The value of L is negative
at unstable conditions. The near-stable or neutral atmospheric condition is achieved when
the temperature of both the air and surface are same. The value of L becomes infinity
in this case. The atmospheric stability based on the stability parameter /L following
McGrattan et al. (2017d) can be given in table (C.1) :

Stability h/L value range | Suggested Value
Very Unstable 200 <=L <0 -100

Unstable -500 <=L <-0.02 | -350

Neutral |L| > 500 1000000

Stable 200 <L <=500 | 350

Very stable 0 <L <=200 100

Table C.1: Different Atmospheric stability parameters

Wind and Fire simulations at different stabilities

The ABL is modelled using the Monin-Obukhov similarity theory in FDS. It is ob-
served that Obukhov length L is responsible for characterising the atmospheric stability.
The values given in (C.1) have been used to carry out this preliminary study of fire prop-
agation at various atmospheric stabilities. This is a new inclusion in FDS 6.6.0, and hence
a preliminary study has been done here. A domain similar to the small domain has been
used. The dimensions and properties of the domain is same as the small domain as given

in table(3.3).
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Figure C.1: Mean velocity profile over the fire-plot at various atmospheric stabilities: (a) The
uqg velocities for different stabilities are matched immediately before the ignition line at ~ 7m/s,
the inlet velocity may vary ; (b) The ;g velocities matched at the inlet to 6.5m/s for different

stabilities.

When the atmosphere is unstable, the turbulence is generated from the heat transfer
from the heated surface. On the other hand, when the atmosphere is stable, which is gen-
erated from cooling of the surface, it supresses the turbulence. This kind of atmosphere
is characterised by strong wind shear and small eddies. Two cases have been considered
in this study. For casel, the 11y is matched immediately before the ignition line. The inlet
velocities are different for different stabilities, in this case. For case2, 11 is matched at the
inlet, and is taken to be 6.5 m/s for different stability cases. Due to the effect of stability,
the uy is different immediately before the ignition line, in this case. The wind profiles for

these two cases can be shown in figure(C.1.
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Figure C.2: The HRR plot for the fire simulation at different atmospheric stabilities: (a) The uyg
velocity is matched immediately before the ignition line to ~ 7m/s for various stabilities; (b) The
uqo velocity is matched at the inlet to 6.5m/s for various stabilities.

On conducting fire simulations at various atmospheric stabilities using Monin-Obukhov
similarity theory in FDS, the RoS and HRR profiles are found to be suprising. It is can be
observed from figures(C.2-b, C.3-b), that the HRR and the RoS profiles for different atmo-
spheric stabilities, with same inlet velocity, appears to follow similar trend and overlap
on each other with minimum deviation. Also, the time taken by the fire to reach the end
of fire plot is same for all the stability cases. Eventhough the u1g velocities at all the sta-
bilities have been matched immediately before the ignition line, there is not much change
in the HRR and RoS plots for these cases, and looks identical with minimum deviation

(figures(C.2-b, C.3-b)).
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Figure C.3: The RoS of the fire over the fire plot at different atmospheric stabilities; (a) The uyg
velocity matched immediately before the ignition line to ~ 7m/s for various stabilities; (b) The 1
velocity is matched at the inlet to 6.5m/s for various stabilities.

This shows that the Monin-Obukhov similarity theory as implemented in FDS is still
pre-mature to conduct fire simulations and the results currently are not reliable. These
needs further investigations, which is out of scope of the current studies. These investi-

gations can be taken up as a part of future research.
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