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Preface

This Guide describes how to use the Fire Dynamics Simulator (FDS). Because new features are added
periodically, check the current version number on the inside front jacket of this manual.

Note that this Guide does not provide the background theory for FDS. A four volume set of companion
documents, referred to collectively as the FDS Technical Reference Guide [1], contains details about the
governing equations and numerical methods, model verification, experimental validation, and configuration
management. The FDS User’s Guide contains limited information on how to operate Smokeview, the com-
panion visualization program for FDS. Its full capability is described in the Smokeview User’s Guide [2].






Disclaimer

The US Department of Commerce makes no warranty, expressed or implied, to users of the Fire Dynamics
Simulator (FDS), and accepts no responsibility for its use. Users of FDS assume sole responsibility under
Federal law for determining the appropriateness of its use in any particular application; for any conclusions
drawn from the results of its use; and for any actions taken or not taken as a result of analysis performed
using these tools.

Users are warned that FDS is intended for use only by those competent in the fields of fluid dynamics,
thermodynamics, heat transfer, combustion, and fire science, and is intended only to supplement the in-
formed judgment of the qualified user. The software package is a computer model that may or may not have
predictive capability when applied to a specific set of factual circumstances. Lack of accurate predictions
by the model could lead to erroneous conclusions with regard to fire safety. All results should be evaluated
by an informed user.

Throughout this document, the mention of computer hardware or commercial software does not con-
stitute endorsement by NIST, nor does it indicate that the products are necessarily those best suited for the
intended purpose.
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Chapter 1

Introduction

The software described in this document, Fire Dynamics Simulator (FDS), is a computational fluid dynamics
(CFD) model of fire-driven fluid flow. FDS solves numerically a form of the Navier-Stokes equations
appropriate for low-speed (Ma' < 0.3), thermally-driven flow with an emphasis on smoke and heat transport
from fires. The formulation of the equations and the numerical algorithm are contained in the FDS Technical
Reference Guide [3]. Verification and Validation of the model are discussed in the FDS Verification [4] and
Validation [5] Guides.

Smokeview is a separate visualization program that is used to display the results of an FDS simulation.
A detailed description of Smokeview is found in a separate user’s guide [2].

1.1 Features of FDS

The first version of FDS was publicly released in February 2000. To date, about half of the applications of
the model have been for design of smoke handling systems and sprinkler/detector activation studies. The
other half consist of residential and industrial fire reconstructions. Throughout its development, FDS has
been aimed at solving practical fire problems in fire protection engineering, while at the same time providing
a tool to study fundamental fire dynamics and combustion.

Hydrodynamic Model FDS solves numerically a form of the Navier-Stokes equations appropriate for low-
speed, thermally-driven flow with an emphasis on smoke and heat transport from fires. The core algo-
rithm is an explicit predictor-corrector scheme, second order accurate in space and time. Turbulence is
treated by means of Large Eddy Simulation (LES). It is possible to perform a Direct Numerical Simu-
lation (DNS) if the underlying numerical mesh is fine enough. See Sec. 19.1 for further details.

Combustion Model For most applications, FDS uses a single step, mixing-controlled chemical reaction
which uses three lumped species (a species representing a group of species). These lumped species are
air, fuel, and products. By default the last two lumped species are explicitly computed. Options are
available to include multiple reactions and reactions that are not necessarily mixing-controlled.

Radiation Transport Radiative heat transfer is included in the model via the solution of the radiation trans-
port equation for a gray gas, and in some limited cases using a wide band model. The equation is solved
using a technique similar to finite volume methods for convective transport, thus the name given to it
is the Finite Volume Method (FVM). Using approximately 100 discrete angles, the finite volume solver
requires about 20 % of the total CPU time of a calculation, a modest cost given the complexity of radi-
ation heat transfer. The absorption coefficients of the gas-soot mixtures are computed using the RadCal

I'The Mach Number, Ma, is the ratio of the flow speed over the speed of sound.
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narrow-band model [6]. Liquid droplets can absorb and scatter thermal radiation. This is important in
cases involving mist sprinklers, but also plays a role in all sprinkler cases. The absorption and scattering
coefficients are based on Mie theory.

Geometry FDS approximates the governing equations on a rectilinear mesh. Rectangular obstructions are
forced to conform with the underlying mesh.

Multiple Meshes This is a term used to describe the use of more than one rectangular mesh in a calculation.
It is possible to prescribe more than one rectangular mesh to handle cases where the computational
domain is not easily embedded within a single mesh.

Parallel Processing FDS employs OpenMP [7], a programming interface that exploits multiple process-
ing units on a single computer. For clusters of computers, FDS employs Message Passing Interface
(MPI) [8]. Details can be found in Sec. 3.1.2.

Boundary Conditions All solid surfaces are assigned thermal boundary conditions, plus information about
the burning behavior of the material. Heat and mass transfer to and from solid surfaces is usually handled
with empirical correlations, although it is possible to compute directly the heat and mass transfer when
performing a Direct Numerical Simulation (DNS).

1.2 What’s New in FDS 6?

Many of the changes in FDS 6 are improvements to the various sub-models that do not affect the basic
structure or parameters of the input file. Most of the changes listed below do not require additional input
parameters beyond those used in FDS 5.

Hydrodynamics and Turbulence

» Conservative, total variation diminishing (TVD) scalar transport is implemented: Superbee (VLES de-
fault) and CHARM (LES and DNS default). These schemes prevent over-shoots and under-shoots in
species concentrations and temperature.

* Improved models for the turbulent viscosity are implemented: Deardorff (default), Dynamic Smagorin-
sky, and Vreman. These models provide more dynamic range to the flow field for coarse resolution and
converge to the correct solution at fine resolution.

* The conservative form of the sensible enthalpy equation is satisfied by construction in the FDS 6 for-
mulation, eliminating temperature anomalies and energy conservation errors due to numerical mixing.

* The baroclinic torque is included by default.

* Improvements are made to the wall functions for momentum and heat flux. An optional wall heat flux
model accounts for variable Prandtl number fluids.

e Jarrin’s Synthetic Eddy Method (SEM) is implemented for turbulent boundary conditions at vents.

Species and Combustion

» Custom species mixtures (“lumped species”) can be defined with the input group SPEC.



» Turbulent combustion is handled with a new partially-stirred batch reactor model. At the subgrid level,
species exist in one of two states: unmixed or mixed. The degree of mixing evolves over the FDS time
step by the interaction by exchange with the mean (IEM) mixing model. Chemical kinetics may be
considered infinitely fast or obey an Arrhenius rate law.

* It is now possible to transport, produce, and consume product species such as CO and soot. Chemical
mechanisms must be provided by the user and may include reversible reactions.

* It is now possible to deposit aerosol species onto surfaces.

* There are an increased number of predefined species that now include liquid properties.

Lagrangian Particles

* The functionality of Lagrangian particles has expanded to include the same heat transfer and pyrolysis
models that apply to solid walls. In other words, you can now assign a set of surface properties to planar,
cylindrical, or spherical particles much like you would for a solid surface.

* More alternatives and user-defined option are available for the liquid droplet size distribution.
* You can specify the radiative properties of the liquid droplets.

* Drag effects of thin porous media (i.e., window screens) can be simulated using planes of particles.

Solid Phase Heat Transfer and Pyrolysis

* The basic 1-D heat transfer and pyrolysis model for solid surfaces remains the same, but there has been
a change in several of the input parameters to expand functionality and readability of the input file.

* The pyrolysis model allows for the surface to shrink or swell, based on the specified material densities.

HVAC

* Filters, louvered vents, and heating/cooling capability has been added for HVAC systems.

e HVAC is now functional with MPI.

Radiation
* RadCal database has been extended to include additional fuel species.

o In cells with heat release, the emission term is based on a corrected ¢ T* such that when this term is
integrated over the flame volume the specified radiative fraction (default 0.35) is recovered. This differs
from FDS 5 and earlier where the radiative fraction times the heat release rate was applied locally as the
emission term.

Multi-Mesh Computations

* By default, FDS now iterates pressure and velocity at mesh and solid boundaries. You can control the
error tolerance and maximum number of iterations via parameters on the PRES line.



Control Functions

 ctrL functions have been extended to include math operations.

* The evaluation of ravps and DEvCs can be stopped, freezing their value, based upon the activation of a
device or control function.

Devices and Output

» Multiple pipe networks can be specified for sprinklers for reduction of flow rate based on the number of
operating heads.

* The numerical value of a control function can be output with a pevc.
* A line of devices can be specified using a number of POINTS on one DEVC line.

* Statistical outputs for RMS, covariance, and correlation coefficient are available.



Chapter 2

Getting Started

FDS is a computer program that solves equations that describe the evolution of fire. It is a Fortran program
that reads input parameters from a text file, computes a numerical solution to the governing equations, and
writes user-specified output data to files. Smokeview is a companion program that reads FDS output files
and produces animations on the computer screen. Smokeview has a simple menu-driven interface. FDS
does not. However, there are various third-party programs that have been developed to generate the text file
containing the input parameters needed by FDS.

This guide describes how to obtain FDS and Smokeview and how to use FDS. A separate document [2]
describes how to use Smokeview.

2.1 How to Acquire FDS and Smokeview

The project homepage provides detailed instructions on how to download executables, manuals, source-code
and related utilities.

https://pages.nist.gov/fds—-smv/

The typical FDS/Smokeview distribution consists of an installation package or compressed archive, which
is available for MS Windows, macOS, and Linux.

Old versions can be kept by copying the old version’s installation directly to another location so that it
is not overwritten when installing a new version.

2.2 Computer Hardware Requirements

The only hard requirement to run the compiled versions of FDS and Smokeview is a 64 bit Windows, Linux,
or macOS operating system. The single computer or compute cluster ought to have fast processors (CPUs),
and at least 2 to 4 GB RAM per core. The CPU speed will determine how long the computation will take to
finish, while the amount of RAM will determine how many mesh cells can be held in memory. A large hard
drive is required to store the output of the calculations since the FDS output for a single calculation may
consume more than 10 GB of storage space.

Most computers purchased within the past few years are adequate for running Smokeview with the
caveat that additional memory (RAM) should be purchased to bring the memory size up to at least 2 GB.
This is so the computer can display results without “swapping” to disk. For Smokeview it is also important
to obtain a fast graphics card for the PC used to display the results of the FDS computations.


https://pages.nist.gov/fds-smv/

Running FDS using MPI requires shared disk access to each computer on which cases will be run. On
Windows systems this involves a domain network with the ability to share folders. On a Linux or macOS
system this involves NFS cross mounted files systems with ssh keys setup for password-less login. For
Multi-Mesh calculations, the FDS can operate over standard 100 Mb/s networks. A gigabit (1000 Mb/s)
network will further reduce network communication times improving data transfer rates between instances
of FDS running the parallel cases.

2.3 Computer Operating System (OS) and Software Requirements

The goal of making FDS and Smokeview publicly available has been to enable practicing engineers to
perform fairly sophisticated simulations at a reasonable cost. Thus, FDS and Smokeview have been designed
for computers running Microsoft Windows, macOS, and Linux.

MS Windows An installation package is available for the 64 bit Windows operating system. Running
FDS/Smokeview any version of MS Windows released prior to Windows 7 is not recommended.

macOS Pre-compiled executables are installed into a user selected directory using an installation script.
macOS 10.4.x or later is recommended. You can always download the latest version of FDS source
and compile FDS for other versions of macOS (see Chapter 26 for details). Note that Rosetta allows
running FDS compiled on x86-64 architecture on Apple silicon systems; therefore the FDS executable
distributed with the macOS bundle will run on the newer Macs. However, if compiling the source na-
tively on Apple silicon with GNU and Open MPI, it is not currently possible to use the ULMAT pressure
solver (which requires Intel MKL libraries), instead ULMAT HYPRE may be used (see Sec. 21.1.1).

Linux Pre-compiled executables are installed into a user selected directory using an installation script. If
the pre-compiled FDS executable does not work (usually because of library incompatibilities), the FDS
Fortran source code can be downloaded and compiled (See Chapter 26 for details). If Smokeview does
not work on the Linux workstation, you can use the Windows version to view FDS output.

2.4 Installation Testing

If you are running FDS under a quality assurance plan that requires installation testing, a test procedure is
provided in Appendix B of the FDS Verification Guide [4]. This guide can be obtained from the FDS-SMV
website.



Chapter 3

Running FDS

Each FDS simulation is controlled by a single text-based input file, typically given a name that helps identify
the particular case, and ending with the file extension . fds. This input file can be written directly with a text
editor or with the help of a third-party graphical user interface (GUI). The simulation is started directly via
the command prompt or through the GUI. The creation of an input file is covered in detail in Part II. This
chapter describes how the simulation is run once the input file is written.

If you are new to FDS and Smokeview, it is strongly suggested that you start with an existing input file,
run it as is, and then make the appropriate changes to the file for your desired scenario. By running a sample
case, you become familiar with the procedure, learn how to use Smokeview, and ensure that your computer
is up to the task before embarking on learning how to create new input files.

Sample input files are included as part of the standard installation. A good case for a first time user is lo-
cated in the sub-folder called rFires within the folder called Examples. Find the file called
simple_test.fds and copy it to a folder on your computer that is not within the installation folder. The
reason for doing this is to avoid cluttering up the installation folder with a lot of output files. Follow the
instructions in Sec. 3.1.2 to run this simple single mesh case. The simulation should only take a few minutes.
Once the simulation is completed, use Smokeview to examine the output. In this way, you will quickly learn
the basics of running and analyzing simulations.

3.1 Computer Basics

3.1.1 A Brief Primer on Computer Hardware

FDS simulations can exploit multiple processing units on a single computer or multiple computers on a
network. Before running an FDS simulation, you should familiarize yourself with your computer hardware.

When using a computer running Microsoft Windows, open up the Task Manager, Performance tab, and
look for the number of sockets, cores, and logical processors'. The socket refers to the physical connector
on the motherboard that has a power supply and a connection to random access memory (RAM). This is
usually referred to as the central processing unit or CPU. Some motherboards have multiple sockets that can
in turn support multiple CPUs, but for typical Windows desktops or laptops, there is one socket/CPU. Each
CPU, however, typically has multiple cores, and each core is essentially an independent processing unit that
shares access to power and memory. Sometimes cores are referred to as physical cores to distinguish them
from logical cores or logical processors. A logical processor is one of multiple threads that can be supported

IThe terms sockets, cores, and logical processors are used by the Windows 10 Task Manager on a computer using an Intel
processor. These terms might vary with different versions of Windows and different processors.



by a core. For the purpose of running FDS on a Windows computer, the number of logical processors is the
most important consideration.

If you are running FDS under any variety of Linux or macOS, you can determine the number of logical
processors using the command “Iscpu” for Linux or “sysctl hw” for OS X. These operating systems might
use slightly different terms, but the processors are similar if not the same as those on a Windows computer.

3.1.2 Two Ways to Use Multiple Processors

FDS can be run on a single computer, using one or more cores, or it can be run on multiple computers.
Starting with FDS version 6.2.0, for each supported operating system (Windows, Linux, macOS) there is a
single2 executable file called f£ds (with an .exe file extension on Windows).

There are two ways that FDS can be run in parallel; that is, exploit multiple cores on a single computer
or multiple processors/cores distributed over multiple computers on a network or compute cluster. The first
way is OpenMP (Open Multi-Processing) [7] which allows a single computer to run a single or multiple
mesh FDS simulation on multiple cores. The use of OpenMP does not require the computational domain to
be broken up into multiple meshes, and it will still work with cases that have multiple meshes defined. The
second way to run FDS in parallel is by way of MPI (Message Passing Interface). Here, the computational
domain must be divided into multiple meshes and typically each mesh is assigned its own process. These
processes can be limited to a single computer, or they can be distributed over a network.

What is OpenMP?

If your simulation involves only a single mesh, you can only run it on one computer, but you can exploit
its multiple processors or cores using OpenMP. When you install FDS, it will query your computer to
determine the number of available cores. By default, FDS will use approximately half of the available
cores® on a single computer. This is done for two reasons: (1) to prevent taking over your entire machine
when running a simulation, and (2) because using all cores for a single simulation may not minimize the
run time. OpenMP works best when exploiting multiple (logical) cores associated with a single (physical)
processor or “socket”. For example, if your computer has two processors, each with 4 cores, using all 8
cores in an OpenMP simulation may not be worthwhile. You need to experiment with your own machine to
determine the strategy that is best for you. To change the number of cores that are available for a given FDS
simulation, you can set an environment variable called ovp_nuM_THREADS. The way to do this depends on
the operating system and will be explained below.

When the job is started, FDS will print the number of cores being used for that job. Note that this setting
only applies until you log out of or restart your machine. To set the default value of available cores upon
startup, the oMP_NUM_THREADS environment variable can also be set in the startup configuration scripts on
the machine. Refer to the documentation for the machine’s operating system for more information on how
to configure environment variables upon startup.

What is MPI?

MPI (Message-Passing Interface) [8] enables multiple computers, or multiple cores on one computer, to run
a multi-mesh FDS job. The main idea is to break up the FDS domain into multiple meshes, and then the
flow field in each mesh is computed as an MPI process. The process can be thought of as a “task” that you
would see in the Windows Task Manager or by executing the “top” command on a Linux/Unix machine.

Zprevious releases of FDS contained two executables, one that ran on a single processor and one that ran on multiple processors.
Starting with FDS 6.2.0, these two executables have been combined into one, and it can run either in serial or parallel mode.
3To determine the number of cores used by OpenMP, just type £ds at the command prompt.
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MPI handles the transfer of information between the meshes, i.e. MPI processes. Usually, each mesh is
assigned its own process in an MPI calculation, although it is also possible to assign multiple meshes to a
single MPI process. In this way, large meshes can be computed on dedicated cores, while smaller meshes
can be clustered together in a single process running on a single core, without the need for MPI message
passing.

Also note that FDS refers to its meshes by the numbers 1, 2, 3, and so on, whereas MPI refers to its
processes by the numbers 0, 1, 2, and so on. Thus, Mesh 1 is assigned to Process 0; Mesh 2 to Process 1,
and so on. You do not explicitly number the meshes or the processes yourself, but error statements from
FDS or from MPI might refer to the meshes or processes by number. As an example, if a FDS case with five
meshes, the first printout (usually to the screen unless otherwise directed) is:

Mesh 1 is assigned to MPI Process 0
Mesh 2 is assigned to MPI Process 1
Mesh 3 is assigned to MPI Process 2
Mesh 4 is assigned to MPI Process 3
Mesh 5 is assigned to MPI Process 4

This means that 5 MPI processes (numbered O to 4) have started and that each mesh is being handled by its
own process. The processes may be on the same or different computers. Each computer has its own memory
(RAM), but each individual MPI process has its own independent memory, even if the processes are on the
same computer.

There are different implementations of MPI, much like there are different Fortran and C compilers. Each
implementation is essentially a library of subroutines called from FDS that transfer data from one process to
another across a fast network. The format of the subroutine calls has been widely accepted in the community,
allowing different vendors and organizations the freedom to develop better software while working within
an open framework. For macOS, we use Open MPI, an open source implementation that is developed
and maintained by a consortium of academic, research, and industry partners (www.open-mpi.org). For
Windows and Linux, we use Intel MPI.

MPI and OpenMP can be used together. For example, 4 MPI processes can be assigned to 4 different
computers, and each MPI process can be supported by, say, 8 OpenMP threads, assuming each computer
has 8 cores. Most of the speed up is achieved by the MPI. For a reasonably fast network, you can expect 4
MPI processes to speed up the computation time by a factor of about 0.9 times 4. The OpenMP can provide
an extra factor up to about 2, regardless of the number of cores used beyond about 4.
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3.2 Launching an FDS Job

To start an FDS simulation, you can either use a third-party graphical user interface (GUI) or you can invoke
the computer’s command prompt and type a one-line command, as described in the following sections.

3.2.1 Single Computer Running MS Windows

Open up the special FDS command prompt, CMDfds, which should appear on your desktop when you
install FDS. By opening this special command prompt, a script is run automatically ensuring that the FDS
commands and libraries are all consistent. Change directories (“cd”) to where the input file for the case is
located. Decide how many logical processes you want to devote to the simulation. Suppose you have 8
logical processors (cores) available, and you have an FDS job that uses 4 meshes, type the following at the
command prompt:

fds_local -p 4 -o 2 job_name.fds

This job will exploit all 4 x 2 = 8 logical processors, which you can confirm by opening the Task Manager.
The -p parameter indicates the number of MPI processes, and the -o indicates the number of OpenMP
threads.

The progress of the simulation is indicated by diagnostic output that is written onto the screen. Detailed
diagnostic information is automatically written to a file job_name . out. Screen output can be redirected to a
file via the alternative command:

fds_local ... job_name.fds > job_name.err

It is recommend that the simulation be run in a folder associated with a drive that is physically attached
to the computer. Saving files to a network share or a folder controlled by a cloud service (e.g. OneDrive) can
result in simulation failures if a network issue or a file lock during automated backup results in Windows
preventing FDS from writing data to a file.

3.2.2 Multiple Computers Running MS Windows

The following procedure is intended for a Windows domain network; that is, a network where user accounts
are centrally managed such that any user can log in to any machine using the same credentials.

1. The first time you run a job, you must provide your domain name and password by issuing this com-
mand:

mpiexec -register

2. Create a text file, say hosts.txt, and in it list, line by line, the names of the computers:
fred:3

wilma:2
dino:3
where the number following the name is the number of MPI processes that you want to invoke on that
computer. The sum of all the numbers should be the number of MPI processes for the job, usually equal
to the number of meshes.

3. Test your network by running the following test program:

mpiexec -machine hosts.txt test_mpi
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If this command returns a “Hello World” message from each of the computers you listed in the hosts . txt
file, proceed to the next step. If this command fails, check the network connection between the com-
puters by using each computer to “ping” the other computers. Also, make sure that the same version of
FDS is installed on all computers.

4. Share (with both read and write privilege) a working directory on your machine. Do not put this direc-
tory within the “Program Files” folder because it is write-protected. Share the working directory with
everybody so that all other computers can see it. Note how this directory is defined on the other com-
puters. Sometimes it is \\<my_computer>\<my_shared_directory>\ and sometimes it is defined via
the numerical IP address, like \\129.6.129.87\<my_shared_directory>\. The definition depends on
the way your domain name server (DNS) works. Blank spaces in directory names or filenames should
be avoided as they can cause problems unless you are a DOS/Windows expert.

5. Within the command prompt, cd to the working directory. At the command prompt, type:

mpiexec -wdir <working directory> -machinefile hosts.txt fds job_name.fds

where <working directory> is the full path name of the directory from which the command was
invoked.

If you want to use more than one OpenMP thread per MPI process, add the argument
mpiexec ... —env OMP_NUM_THREADS <threads> fds_openmp job_name.fds
If you accidentally set too many OpenMP threads, you can overload your logical processors and reduce

the job efficiency.

6. If successful, you should see the usual FDS printout indicating which MPI processes are assigned to
which computer. If not successful, check with your network administrator or monitor the FDS help
forums for advice.

3.2.3 macOS

To run a single core FDS job on macOS, cd to the working directory and simply type:
fds Jjob_name. fds

Mac systems tend to be single machines, but may have several cores to utilize. It may be helpful to use
the OpenMP version of the code that is provided in the distribution. To run FDS on macOS with OpenMP
do the following:

export OMP_NUM_THREADS=4 # may be set in ~/.bash_profile as well
fds_openmp job_name.fds

Even if you have only one machine, you may use the cores for MPI (distributed) parallel computing.
You can map one or more meshes to a given MPI process or rank. On macOS, without OpenMP (one core
per MPI process), run a four process job like this:

mpiexec -n 4 fds job_name.fds

To utilize MPI and OpenMP together (4 MPI ranks with 4 OpenMP threads each, requiring 16 total
cores) on macOS do:

export OMP_NUM_THREADS=4
mpiexec -n 4 fds_openmp job_name.fds
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or

mpiexec -n 4 -x OMP_NUM_THREADS=4 fds_openmp job_name.fds

3.24 Linux

A compute cluster that consists of a rack of dedicated compute nodes usually runs one of several variants of
the Linux operating system. In such an environment, it is suggested, or required, that you use a job scheduler
like PBS/Torque or Slurm to submit jobs by writing a short script that includes the command that launches
the job, the amount of resources you require, and so on. Tips for running FDS under Linux or macOS can
be found here.

If you opt to run the job without using a job scheduler, you can issue the commands directly at the
command prompt. It is best to do this only when running short, small jobs, for example when testing a
new computer or a new installation. Do not run large, time-consuming jobs this way because your jobs can
potentially interfere with other scheduled jobs. Here is an example of how to run a job that uses four meshes
where two MPI processes are assigned to node001 and two are assigned to node002:

mpiexec -n 4 -host node001,node002 /home/username/.../fds job_name.fds
When the job starts, you should see print out to the screen that looks like this:

Starting FDS

started on node001
started on node001
started on node002
started on node002

MPI Process
MPI Process
MPI Process
MPI Process

w N = O

Number of MPI Processes: 4

Note that the pre-compiled packages for either macOS and Linux contain the program mpiexec®, but they
are not exactly the same on each operating system. The Linux installation of FDS makes use of the Intel
MPI libraries, whereas macOS uses Open MPI. The command shown above works under Linux. There are
many options for mpiexec and it is best to experiment with them using a small, multi-mesh job. Check the
screen printout, and also, if possible, login to the nodes that you have specified and run the t op command to
see if your processes are running properly.

3.2.5 Using MPI and OpenMP Together

MPI is the better choice when using multiple meshes because it more efficiently divides the computational
work than OpenMP. However, combining MPI and OpenMP in the same simulation is possible. If you have
multiple computers at your disposal, and each computer has multiple cores, you can assign one MPI process
to each computer, and use multiple cores on each computer to speed up the processing of a given mesh
using OpenMP. Typically, the use of OpenMP speeds the calculation by at most factor of 2, regardless of
how many OpenMP threads you assign to each MPI process. It is usually better to divide the computational
domain into more meshes and set the number of OpenMP threads to 1. This all depends on your particular
OS, hardware, network traffic, and so on. You should choose a good test case and try different meshing and

4There are two very similar programs used to launch MPI jobs—mpiexec and mpirun. The former is typically used at the
command line and the latter is typically used within a job scheduling script.
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parallel processing strategies to see what is best for you. The following command runs a 4 mesh FDS job
using 4 MPI processes split over two nodes with 4 OpenMP threads attached to each process (Linux):

mpiexec —-n 4 -host node001,node002 —-genv OMP_NUM_THREADS 4 /home/username/.../fds_
openmp job_name. fds

When the job starts, you should see print out to the screen that looks like this:

Starting FDS ...

MPI Process 0 started on node001
MPI Process 1 started on node001
MPI Process 2 started on node002
MPI Process 3 started on node002
Number of MPI Processes: 4

Number of OpenMP Threads: 4

Note that the name of the FDS executable file is fds_openmp rather than fds because there is a separate
FDS executable that recognizes OpenMP commands. The reason for this is that the compiler’s optimization
strategy changes with and without the presence of OpenMP directives. If OpenMP is not considered in the
compilation, the optimization is faster. Thus, it can sometimes be of no advantage to add extra OpenMP
threads to the MPI processes. Of course, results may be different on different computers with different
hardware. It is best to experiment to see what is best for your situation.

3.2.6 Running Very Large Jobs

Most FDS simulations reported in the literature use one to several dozen meshes, and MPI is the method of
choice to parallelize these jobs. Usually the meshes are mapped to MPI processes in a one-to-one manner
and the meshes contain a comparable number of grid cells. However, it is possible to run FDS jobs that
involve thousands of meshes. In 2016, the FDS developers at NIST were given access to the Oak Ridge
Leadership Computing Facility at Oak Ridge National Laboratory in Tennessee. The facility provides users
access to compute clusters with very large numbers of processors connected via a high speed network. FDS
simulations were performed using up to approximately 10,000 MPI processes. If you have access to facilities
such as this one, here are a few pointers:

1. Use MPI only. OpenMP will probably not speed up the run time appreciably, and it will consume cores
that could be put to better use running more MPI processes.

2. SetDT_cpU to some convenient time interval on the pump line. This parameter directs FDS to periodically
write out a file (CHID_cpu. csv) that records the wall clock time that each MPI process consumes in the
major subroutines. This can help you determine if any of the MPI processes spend an inordinate amount
of time idling. Note that the CPU file is written out automatically at the end of the simulation.

3. Run your job for a short amount of time to estimate the time required for the full job. Most large compute
clusters will limit you to a certain amount of wall clock time, after which your job is simply stopped. If
you have to use the restart feature in FDS, practice first with a short job to make sure that the job can be
continued properly.

4. Do a strong scaling study for your particular case. That is, run the job a fixed number of time steps with
the least number of meshes that can fit within the machine’s memory. Then divide the mesh by factors
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of 2, 4, or 8 until reaching a point where the increased number of meshes/processes does not provide a
significant speed up.
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3.3 Efficiency of Multi-Process Simulations

At the end of a calculation, FDS prints out a file called cHID_cpu. csv that records the amount of CPU time
that each MPI process spends in the major routines. For example, the column header veLo stands for all the
subroutines related to computing the flow velocity; mMass stands for all the subroutines related to computing
the species mass fractions and density. The column header MATN represents all of the CPU time that is not
explicitly accounted for; that is, time spend in the main control loop. Ideally, this ought to be a few percent
of the overall CPU time usage.

3.3.1 MPI Efficiency

There are two basic approaches to assessing the efficiency or scalability of MPI. The first is known as “weak
scaling,” in which the amount of work done by each MPI process stays the same and additional processes
are added to solve a larger problem. For example, if you are simulating the wind over a patch of terrain,
and you keep adding more and more meshes of the same physical and numerical dimension, assigning each
new mesh to its own MPI process, so as to simulate a larger and larger patch of terrain, then you would
expect that the overall time of the simulation would not increase significantly with each additional mesh.
The efficiency of such a calculation is given by the following expression:

E, 3.1

=
where ¢#; is the CPU time for the case with 1 mesh (MPI process), and #y is the CPU time for the case with
N meshes (MPI processes). The left hand plot of Fig. 3.1 shows the results of a weak scaling study of FDS.
Meshes with dimension 50 by 50 by 50 are lined up side by side, ranging from 1 to 432 meshes. Ideally, the
CPU time ought to be about the same for all cases, because each MPI process is doing the same amount of
work. Only mesh to mesh communication should lead to inefficiencies. However, notice in the figure that
the efficiency of the 1, 2, 4, and 8 mesh cases is greater than those with more MPI processes. The reason
for this is that on most compute clusters, each node has multiple cores, and typically jobs run faster when a
node is less than completely full. These test cases were run at NIST, where there is a compute cluster with
8 cores per node, and one with 12 cores per node.

The second way to assess MPI efficiency is known as “strong scaling.” Here, you simulate a given
scenario on a single mesh, and then you divide the mesh so that the cell size and the overall number of cells
does not change. Ideally, if you divide a given mesh into two and run the case with two MPI processes
instead of one, you would expect computational time to decrease by a factor of two. However, more MPI
processes requires more communication among the processes. Additionally, more meshes results in more
mesh boundary cells to compute, even though the overall number of gas phase cells remains the same. The
efficiency of such a set of calculations is given by:

2!
Es= Niv 3.2)
In the strong study demonstrated here, a single mesh of dimension 180 by 160 by 120 is divided into a
range of smaller meshes, with the smallest partitioning being 432 meshes of dimension 20 by 20 by 20. The
resulting decrease in the CPU time of the entire calculation and the major subroutines is shown in the right
hand plot of Fig. 3.1. Ideally, the CPU time should be inversely proportional to the number of meshes (MPI
processes); that is, the relative CPU times ought to follow the black dotted lines. The one notable exception
to this rule is for “COMM” or COMMunications. This curve represents the time spent in communicating

information across the network.
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Figure 3.1: Example of a weak (left) and strong (right) scaling study.

3.3.2 OpenMP Efficiency

To confirm the speedup provided by OpenMP, a series of test cases® are run for two mesh sizes (64> and

1283), varying the number of OpenMP threads. The setup is a simple channel flow carrying two extra
species to mimic the scalar transport performed in typical fire problems. The results are shown in Fig. 3.2.
Generally, users can expect a factor of 2 speedup using 4 cores (default setting).
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Figure 3.2: Benchmark timing comparison for the OpenMP test cases. The computer that ran these jobs has 2 (physi-
cal) sockets, and each socket has 4 (logical) cores. This explains the decrease in efficiency beyond 4 OpenMP threads.

3The input files are available in the FDS GitHub repository.
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3.4 Monitoring Progress

Diagnostics for a given calculation are written into a file called cHID.out. The current simulation time
and time step is written here, so you can see how far along the program has progressed. By default, the
diagnostics are written out every 100 time-steps after the first 100 time-steps. A different time interval can
be specified by the user:

&DUMP DIAGNOSTICS_INTERVAL=100 /

At any time during a calculation, Smokeview can be run and the progress can be checked visually.

By default, the diagnostics in the cuID.out file are verbose. By default, its value is r for jobs involving
32 Meshes or less, and T for bigger numbers. When running large MPI jobs, quieting this output, which
only written by MPI process 0, may be advantageous. To do this, add

&DUMP SUPPRESS_DIAGNOSTICS=T /

Be aware the output file will not monitor mesh boundary velocity errors in this case; it will echo only the
simulation time and time step. You could still output a BNDF of QUANTITY='VELOCITY ERROR', if necessary.

To stop a calculation before its scheduled time, create a file in the same directory as the output files
called cr1ID. stop. The existence of this file stops the program gracefully, causing it to dump out the latest
flow variables for viewing in Smokeview.

Since calculations can extend to hours or days, there is a restart feature in FDS. Details of how to use
this feature are given in Sec. 5.6. Briefly, specify at the beginning of calculation how often a “restart” file
should be saved. Should something happen to disrupt the calculation, like a power outage, the calculation
can be restarted from the time the last restart file was saved.

It is also possible to control the stop time and the time restart files are dumped by using control functions
as described in Sec. 18.5.
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Chapter 4

User Support

Various problem, some related to FDS and some computer-related, may arise over the course of a project.
FDS is a CPU and memory intensive simulation software that can push the computer’s processor and mem-
ory to its limits. In fact, there are no hardwired bounds within FDS that prevent you from starting a cal-
culation that is too large for your hardware. Even if your machine has adequate memory (RAM), you can
still easily set up calculations that can require weeks or months to complete. Predicting at the start of a
simulation just how long and how much memory will be required is difficult. Learn how to monitor the
resource usage of your computer. Start with small calculations and build your way up.

Although many features in FDS are fairly mature, there are many that are not. FDS is used for practical
engineering applications, but also for research in fire and combustion. As you become more familiar with the
software, you will inevitably run into areas that are of current research interest. Indeed, burning a roomful
of ordinary furniture is one of the most challenging applications of the model. So be patient, and learn to
dissect a given scenario into its constitutive parts. For example, do not attempt to simulate a fire spreading
through an entire floor of a building unless you have simulated the burning of the various combustibles with
relatively small calculations.

Along with the FDS User’s Guide, there are resources available on the Internet. These resources include
an “Issue Tracker” for reporting bugs and requesting new features, a “Discussion Group” for clarifying
questions and discussing more general topics rather than just specific problems, and “Wiki Pages” that
provide supplementary information about FDS-SMV development, third-party tools, and other resources.
Before using these on-line resources, it is important to first try to solve your own problems by performing
simple test calculations or debugging your input file. The next few sections provide a list of error statements
and suggestions on how to solve problems.

4.1 The Version Number

When requesting assistance with FDS problems, it is crucial to submit, along with a description of the
problem, the FDS version number. Each release of FDS comes with a version number, for example 6.7.2,
where the first number is the major release, the second is the minor release, and the third is the maintenance
release. Major releases occur every few years, and as the name implies significantly change the functionality
of the model. Minor releases occur every few months, and may cause minor changes in functionality.
Release notes can help you decide whether the changes should affect the type of applications that you
typically do. Maintenance releases are just bug fixes, and should not affect code functionality. To get the
version number, just type the executable at the command prompt without an input file, and the relevant
information will appear, along with a date of compilation (useful to you) and a so-called Git hash tag (useful
to us). The Git hash tag refers to the GitHub repository number of the source code. It allows anyone to
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obtain the exact source code files that were used to build that version’s executable.

Get in the habit of checking the version number of your executable, periodically checking for new
releases which might already have addressed your problem, and telling us what version you are using if you
report a problem.

4.2 Common Error Statements

An FDS calculation may end before the specified time limit. Following is a list of common error statements
and how to diagnose the problems:

Input File Errors: The most common errors in FDS are due to mistyped input statements. These errors
result in the immediate halting of the program and a statement like, “ERROR: Problem with the HEAD
line.” For these errors, check the line in the input file named in the error statement. Make sure the
parameter names are spelled correctly. Make sure that a / (forward slash) is put at the end of each
namelist entry. Make sure that the correct type of input data is provided for each input parameter, such
as one real number, several integers, or something else. Make sure there are no non-ASCII characters
being used, as can sometimes happen when text is cut and pasted from other applications or word-
processing software. Make sure that the number zero (0) is not typed as the capital letter O and vice
versa. Make sure that the number one (1) is not an exclamation point (!) or lower case letter I. Make sure
apostrophes are used to designate character strings. Make sure the text file on a Unix/Linux machine
was not created on a Windows machine, and vice versa. Make sure that all the parameters listed are still
being used — new versions of FDS often drop or change parameters forcing you to re-examine old input
files.

Numerical Instability Errors: Input errors are numerical errors during a simulation may result in high ve-
locities in the domain that cause the time step size to decrease to a point' where logic in the code decides
that the results are unphysical and stops the calculation with an error message in the file cHID.out. In
these cases, FDS ends by dumping out one final Plot3D file giving you a hint as to where the error is
occurring within the computational domain. Usually, a numerical instability can be identified by fic-
titiously large velocity vectors emanating from a small region within the domain. Common causes of
such instabilities are:

» mesh cells that have an aspect ratio larger than 2 to 1
* achange in grid resolution of more than a factor of 2 at a mesh interface

» mismatched obstructions or hollow ducts at a mesh interface where the grid resolution changes

* high speed flow through a small opening, in particular openings intended to model leakage. There
are better ways to model leakage, as described in Sec. 10.3.2.

* asudden change in the heat release rate

* the use of ap1aBATIC as a solid phase boundary condition. This parameter should only be used
for testing because no solid material has a thermal conductivity of zero. Using this parameter can
cause unphysical fluctuations at the solid-gas interface.

* the removal or creation of an obstruction, like the opening or closing of a door

* a high (>100 g/mol) molecular weight fuel molecule that is not in the FDS database, Appendix A.
In such cases, reduce the molecular weight but maintain the atom ratios or define the fuel specific
heat on spec. See Sec. 12.1.3 for details.

IBy default, the calculation is stopped when the time step drops below 0.0001 of the initial time step. This factor can be changed
via the TIME line by specifying the LIMITING_DT_RATIO.
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* long, sealed tunnels, in which pressure fluctuations can cause spurious numerical artifacts. See
Sec. 21 for details.

* large number of automatically generated pressure zones. This can happen when a preprocessor
simply converts CAD geometry stored as faces to thin obstructions. For example, on a 10 cm
grid, a typical interior gypsum board wall will appear in an FDS input file as two thin obstruc-
tions representing the gypsum board enclosing a single grid cell wide volume of air. FDS will
automatically identify these regions as pressure zones; however, they can sometimes result in in-
stabilities developing. The pressure zones identified by FDS can be determined by reviewing the
casename.out file. Telling FDS to automatically fill these zones (see Section 10.3.4) or manually
fixing the geometry to fill the regions can reduce these issues.

There are various ways to solve the problem, depending on the situation. Try to diagnose and fix the
problem before reporting it. The originator of the input file is by far the best person to diagnose the
problem.

Inadequate Computer Resources: The calculation might be using more RAM than the machine has (you
will see an error message like “ERROR: Memory allocation failed for ZZ in the routine INIT”) , or the
output files could have used up all the available disk space. In these situations, the computer may or
may not produce an intelligible error message. Sometimes the computer is just unresponsive. It is your
responsibility to ensure that the computer has adequate resources to do the calculation. Remember, there
is no limit to how big or how long FDS calculations can be — it depends on the resources of the computer.
For any new simulation, try running the case with a modest-sized mesh, and gradually make refinements
until the computer can no longer handle it. Then back off somewhat on the size of the calculation so that
the computer can comfortably run the case. Trying to run with 90 % to 100 % of computer resources is
risky; using MPI and multiple machines would be better. If you are using a Linux/Unix machine, make
sure that the stacksize is unlimited, which will allow FDS to access as much of the RAM as possible.
Changing the stacksize limit differs with each shell type, so it is best to do an on-line search to find out
how to ensure that the stacksize is unlimited.

Run-Time Errors: An error occurs either within the computer operating system or the FDS program. An
error message is printed out by the operating system of the computer onto the screen or into the diag-
nostic output file. This message is most often unintelligible to most people, including the programmers,
although occasionally one might get a small clue if there is mention of a specific problem, like “stack
overflow,” “divide by zero,” or “file write error, unit=...” Sometimes the error message simply refers to a
“Segmentation Fault.” These errors may be caused by a bug in FDS, for example if a number is divided
by zero, or an array is used before it is allocated, or any number of other problems. Before reporting
the error to the Issue Tracker, try to systematically simplify the input file until the error goes away. This
process usually brings to light some feature of the calculation responsible for the problem and helps in
the debugging.

MPI Timeout Errors: If there is an error or delay in communication from one MPI (Message Passing
Interface) process to another, you might see an error statement like “ERROR: MPI exchange ... timed
out for MPI process ...” This indicates that, for whatever reason, an MPI message never reached its
destination and the program shut down. The input parameter MPI_TIMEOUT, specified on the mIsc line,
sets the time that FDS waits for the communication to complete. By default, it is 600 s. This is an
extremely long period of time to wait for an MPI communication to complete and it typically means
that something has gone very wrong. If you believe that there is a reason for the delay, for example one
mesh is much bigger in size or has much more work to do than other meshes, then set MPI_TIMEOUT to
a larger value and hope for the best. However, the timeout might indicate that there is something wrong
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with the way the calculation has been set up, or something wrong with your network and the particular
communication fabric that it uses. If you cannot determine the problem, submit a simple version of the
case that fails to the Issue Tracker.

Mesh Connection Error: If the arrangement of meshes is complicated, FDS may not be able to sort out
which mesh is connected to which, and typically the error message “Mesh connection test timed out
for MPI process ...” appears early in the simulation, before any time-stepping occurs. One possible
remedy to this problem, besides simplifying the mesh arrangement, is to ensure that the fine meshes or
any embedded meshes are listed first in the input file. That way, FDS has a better chance of registering
the proper connections between meshes.

File Writing Errors: Occasionally, especially on Windows machines, FDS fails because it is not permitted
to write to a file. A typical error statement reads:

forrtl: severe (47): write to READONLY file, unit 8598, file C:\Users\...\

The unit, in this case 8598, is just a number that FDS has associated with one of the output files. If this
error occurs just after the start of the calculation, you can try adding the phrase
FLUSH_FILE_BUFFERS=F

on the pump line of the input file (see Sec. 22.1). This will prevent FDS from attempting to flush
the contents of the internal buffers, something it does to make it possible to view the FDS output in
Smokeview during the FDS simulation. On some Windows machines, you might encounter security
settings that prevent command line programs such as FDS from writing to system folders that contain
program files. In this case, try to rerun the case in a non-system folder (i.e., a location within your home
directory).

Poisson Initialization: Sometimes at the very start of a calculation, an error appears stating that there is a
problem with the “Poisson initialization.” The equation for pressure in FDS is known as the Poisson
equation. The Poisson solver consists of large system of linear equations that must be initialized at the
start of the calculation. Most often, an error in the initialization step is due to a mesh 1Jx dimension
being less than 4 (except in the case of a two-dimensional calculation). It is also possible that something
is fundamentally wrong with the coordinates of the computational domain. Diagnose the problem by
checking the MEsH lines in the input file.

4.3 Support Requests and Bug Tracking

Because FDS development is on-going, problems will inevitably occur with various routines and features.
The developers need to know if a certain feature is not working, and reporting problems is encouraged.
However, the problem must be clearly identified. The best way to do this is to simplify the input file as
much as possible so that the bug can be diagnosed (i.e., create and submit a minimal working example).
Also, limit the bug reports to those features that clearly do not work. Physical problems such as fires that do
not ignite, flames that do not spread, etc., may be related to the mesh resolution or scenario formulation, and
you need to investigate the problem first before reporting it. If an error message originates from the operating
system as opposed to FDS, first investigate some of the more obvious possibilities, such as memory size,
disk space, etc.

If that does not solve the problem, report the problem with as much information about the error message
and circumstances related to the problem. The input file should be simplified as much as possible so that the
bug occurs early in the calculation. Attach the simplified input file if necessary, following the instructions
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https://github.com/firemodels/fds/issues

provided at the web site. In this way, the developers can quickly run the problematic input file and hopefully
diagnose the problem.

Note: Reports of specific bugs, problems, feature requests, and enhancements should be posted to the
Issue Tracker and not the Discussion Group.
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Part 11

Writing an FDS Input File
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Chapter 5

The Basic Structure of an Input File

5.1 Naming the Input File

The operation of FDS is based on a single ASCII' text file containing parameters organized into namelist®
groups. The input file provides FDS with all of the necessary information to describe the scenario. The
input file is saved with a name such as job_name. fds, where job_name is any character string that helps to
identify the simulation. If this same string is repeated under the sEAD namelist group within the input file,
then all of the output files associated with the calculation will then have this common prefix name.

There should be no blank spaces in the job name. Instead use the underscore character to represent
a space. Using an underscore characters instead of a space also applies to the general practice of naming
directories on your system.

Be aware that FDS will simply over-write the output files of a given case if its assigned name is the
same. This is convenient when developing an input file because you save on disk space. Just be careful not
to overwrite a calculation that you want to keep.

5.2 Namelist Formatting

Parameters are specified within the input file by using namelist formatted records. Each namelist record
begins with the ampersand character, &, followed immediately by the name of the namelist group, then a
comma-delimited list of the input parameters, and finally a forward slash, /. For example, the line

&§DUMP NFRAMES=1800, DT_HRR=10., DT_DEVC=10., DT_PROF=30. /

sets various values of parameters contained in the pumMp namelist group. The meanings of these various
parameters will be explained in subsequent chapters. The namelist records can span multiple lines in the
input file, but just be sure to end the record with a slash or else the data will not be understood. Do not add
anything to a namelist line other than the parameters and values appropriate for that group. Otherwise, FDS
will stop immediately upon execution.

Parameters within a namelist record can be separated by either commas, spaces, or line breaks. It is
recommended that you use commas or line breaks, and never use tab stops because they are not explicitly
defined in the namelist data structure. Comments and notes can be written into the file so long as nothing
comes before the ampersand except a space and nothing comes between the ampersand and the slash except
appropriate parameters corresponding to that particular namelist group.

I ASCII — American Standard Code for Information Interchange. There are 128 characters that make up the standard ASCII text.
2 A namelist is a Fortran input record.
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The parameters in the input file can be integers, reals, character strings, or logical parameters. A logical
parameter (outside of Fortran known as boolean parameter) is either T (for True) or r (for False). The
periods following numbers (e.g. 10.) are a convention for specifying a real as opposed to an integer (10.
is equivalent to 10.0). Character strings that are listed in this User’s Guide must be copied exactly as
written — the code is case sensitive and underscores do matter. The maximum length of most character input
parameters is 60.

Most of the input parameters are simply real or integer scalars, like pT=0.02, but sometimes the inputs
are multidimensional arrays. For example, when describing a particular solid surface, you need to express
the mass fractions of multiple materials that are to be found in multiple layers. The input array MATL_MASS_
FRACTION (IL, IC) isintended to convey to FDS the mass fraction of component 1c of layer 1. For example,
if the mass fraction of the second material of the third layer is 0.5, then write

MATL_MASS_FRACTION(3,2)=0.5
To enter more than one mass fraction, use this notation:
MATL_MASS_FRACTION(1,1:3)=0.5,0.4,0.1

which means that the first three materials of layer 1 have mass fractions of 0.5, 0.4, and 0.1, respectively.
The notation 1: 3 means array elements 1 through 3, inclusive.

Note that character strings can be enclosed either by single or double quotation marks. Be careful not
to create the input file by pasting text from something other than a simple text editor, in which case the
punctuation marks may not transfer properly into the text file.

Some text file encodings may not work on all systems. If file reading errors occur and no typographical
errors can be found in the input file, try saving the input file using a different encoding. For example, the
text file editor Notepad works fine on a Windows PC, but a file edited in Notepad may not work on Linux
or macOS because of the difference in line endings between Windows and Unix/Linux operating systems.
Other text editors, such as Notepad++, typically work better, but try a simple case first.

5.3 Input File Structure

In general, the namelist records can be entered in any order in the input file, but it is a good idea to organize
them in some systematic way. Typically, general information is listed near the top of the input file, and
detailed information, like obstructions, devices, and so on, are listed below. FDS scans the entire input file
each time it processes a particular namelist group. With some text editors, it has been noticed that the last
line of the file is often not read by FDS because of the presence of an “end of file” character. To ensure that
FDS reads the entire input file, add

&TAIL /

as the last line at the end of the input file. This completes the file from sHEAD to sTATL. FDS does not even
look for this last line. It just forces the “end of file” character past relevant input.

Another general rule of thumb when writing input files is to only add parameters that make a change
from the default value. That way, you can more easily distinguish between what you want and what FDS
wants. Add comments liberally to the file, so long as these comments do not fall within the namelist records.

The general structure of an input file is shown below, with many lines of the original validation input
file’ removed for clarity.

3The actual input file, WTC_05 . fds, is part of the FDS Validation Suite
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&HEAD CHID='WIC_05', TITLE='WTC Phase 1, Test 5' /

&MESH IJK=90,36,38, XB=-1.0,8.0,-1.8,1.8,0.0,3.82 /

&TIME T_END=5400. /

&MISC TMPA=20. /

&§DUMP NFRAMES=1800, DT_HRR=10., DT_DEVC=10., DT_PROF=30. /

&REAC FUEL = 'N-HEPTANE'
FYI = 'Heptane, C_7 H_16'
C = 7.
H = 16.
CO_YIELD = 0.008

SOOT_YIELD = 0.015 /
&OBST XB= 3.5, 4.5,-1.0, 1.0, 0.0, 0.0, SURF_ID='STEEL FLANGE' / Fire Pan

&SURF ID

= 'STEEL FLANGE'
COLOR = 'BLACK'
MATL_ID = 'STEEL'
BACKING = 'EXPOSED'
THICKNESS = 0.0063 /

&QENT MB='XMIN', SURF_ID='OPEN' /

ééLCF PBY=0.0, QUANTITY='TEMPERATURE', VECTOR=T /

ééﬁDF QUANTITY='GAUGE HEAT FLUX' /

;béVC XY7z=6.04,0.28,3.65, QUANTITY='VOLUME FRACTION', SPEC_ID='OXYGEN', ID='EO2_FDS' /

&TAIL / End of file.

It is recommended that when looking at a new scenario, first select a pre-written input file that resembles
the case, make the necessary changes, then run the case at fairly low mesh resolution to determine if the
file is set up correctly. It is best to start off with a relatively simple file that captures the main features
of the problem without getting tied down with too much detail that might mask a fundamental flaw in the
calculation. Initial calculations ought to be meshed coarsely so that the run times are less than an hour and
corrections can easily be made without wasting too much time. As you learn how to write input files, you
will continually run and re-run your case as you add in complexity.

Table 5.1 provides a quick reference to all the namelist parameters and where you can find the reference
to where it is introduced in the document and the table containing all of the keywords for each group.
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Table 5.1: Namelist Group Reference Table

Group Name

Namelist Group Description

Reference Section

Parameter Table

BNDF Boundary File Output 22.5 23.2

CATF Concatenate Input Files 5.4 23.3

CLIP Clipping Parameters 19.5 23.4

COMB Combustion Parameters 13 23.5

CSVF Initialization File 20.5 23.6

CTRL Control Function Parameters 18.5 23.7

DEVC Device Parameters 18.1 23.8

DUMP Output Parameters 22 239

GEOM Unstructured Geometry 7.3 23.10
HEAD Input File Header 6.1 23.11
HOLE Obstruction Cutout 7.2.8 23.12
HVAC Heating, Vent., Air Cond. 10.2 23.13
INIT Initial Condition 20 23.14
ISOF Isosurface File Output 22.6 23.15
MATL Material Property 8.3 23.16
MESH Mesh Parameters 6.3 23.17
MISC Miscellaneous 19 23.18
MOVE Transformation Parameters 114 23.19
MULT Multiplier Parameters 7.6 23.20
OBST Obstruction 7.2 23.21
PART Lagrangian Particle 15 23.22
PRES Pressure Solver Parameters 21 23.23
PROF Profile Output 22.3 23.24
PROP Device Property 18.3 23.25
RADF Radiation Output File 22.10.14 23.26
RADT Radiation 14.1 23.27
RAMP Ramp Profile 11 23.28
REAC Reaction Parameters 13 23.29
SLCF Slice File Output 22.4 23.30
SPEC Species Parameters 12 23.32
SURF Surface Properties 7.1 23.33
TABL Tabulated Particle Data 18.3.1 23.34
TIME Simulation Time 6.2 23.35
TRNX Mesh Stretching 6.3.5 23.36
VENT Vent Parameters 7.4 23.37
WIND Wind Parameters 16.2 23.38
ZONE Pressure Zone Parameters 10.3 23.39
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5.4 Concatenating Input Files

The namelist group catr allows for the inclusion of input information from different files into a simulation.
The input line:

&CATF OTHER_FILES='file 1.txt','file_2.txt' /

adds the contents of the two listed files into the current input file. The contents of the other files will be
inserted at the location of each respective caTF line in the input file. Up to 20 files can be listed on one caATF
line, and multiple caTF lines can be included in the input file. After reading the input file, FDS creates a
new input file, CHID_cat . fds, and then runs the case.

When using this feature, limit the number of characters per line in both the original and added input files
to 400.

5.5 Protecting Old Cases

When you run a job that has been run previously, FDS will automatically overwrite the old output with new.
If you do not want this to happen, set ovERWRITE=F on the MIsc line, in which case FDS will check for the
existence of previously created output files and stop execution if they exist.

5.6 Stopping and Restarting Calculations (.restart)

An important MIsc parameter is called REsTaArRT. Normally, a simulation consists of a sequence of events
starting from ambient conditions. However, there are occasions when you might want to stop a calculation,
make a few limited adjustments, and then restart the calculation from that point in time. To do this, first
bring the calculation to a halt gracefully by creating a file called cHID. stop in the directory where the output
files are located. Remember that FDS is case-sensitive. The file name must be exactly the same as the cHID
and ‘stop’ should be lower case. If you have a catr line in your input, you will need to use CHID_cat . stop.
FDS checks for the existence of this file at each time step, and if it finds it, gracefully shuts down the
calculation after first creating a file (or files in the case of a multiple mesh job) called cHID.restart (or
CHID_nn.restart). To restart a job, the file(s) cHID.restart should exist in the working directory, and the
phrase RESTART=T needs to be added to the m1sc line of the input data file. For example, suppose that the
job whose cHID is “plume” is halted by creating a dummy file called plume.stop in the directory where all
the output files are being created. To restart this job from where it left off you will need to delete the file
CHID.stop so that FDS does not immediately stop the calculation and add RESTART=T to the mMIsc line of
the input file plume. £ds, or whatever you have chosen to name the input file. The existence of a restart file
with the same cHID as the original job tells FDS to continue saving the new data in the same files as the old*.
If RESTART_CHID is also specified on the m1sc line, then FDS will look for old output files tagged with this
string instead of using the specified caID on the HEAD line. In this case, the new output files will be tagged
with cu1D, and the old output files will not be altered. When running the restarted job, the diagnostic output
of the restarted job is appended to output files from the original job.

There may be times when you want to save restart files periodically during a run as insurance against
power outages or system crashes. If this is the case, at the start of the original run set DT_RESTART=50. on
the puwmp line to save restart files every 50 s, for example. The default for pT_rRESTART is 1000000, meaning

4By default, when a job is restarted, the spreadsheet output files will be appended at the time the job was restarted, not the time
the job was stopped. If you want the output files to be appended without clipping off any existing data, even though some duplicate
output will be left over, then set CLIP_RESTART_FILES to F on the DUMP line.
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no restart files are created unless you gracefully stop a job by creating a dummy file called cEID. stop. The
control function feature (see Sec. 18.5) can be used to stop a calculation or dump a restart file when the
computation reaches some measurable condition such as the first sprinkler activation.

Between job stops and restarts, major changes cannot be made in the calculation like adding or removing
vents and obstructions. The changes are limited to those parameters that do not instantly alter the existing
flow field. For example, changing the output frequency of data sent to the heat release rate (»_hrr.csv) or
device («_devc.csv) files, or even slice file output. The new frequency is set on the pump line (see Table
23.9 for a complete list of output frequencies). If no frequency is set on the new run, the frequency from the
previous run is maintained. However, this is not true of bT_RESTART; if no DT_RESTART is present for the
new run, then no restart files will be written (this prevents overwrites of old restart files).

Since the restart capability has been used infrequently by the developers, it should be considered a
fragile construct. Examine the output to ensure that no sudden or unexpected events occur during the stop
and restart.
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Chapter 6

Setting the Bounds of Time and Space

This chapter describes global input parameters that affect the general scope of the simulation, like the simu-
lation time and the size and extent of the computational domain. Essentially, these parameters establish the
spatial and temporal coordinate systems that are used by all other components of the simulation, which is
why these parameters are usually listed at the top of the input file and why they are described here first.

6.1 Naming the Job

The first thing to do when setting up an input file is to give the job a name. The name of the job is important
because often a project involves numerous simulations in which case the names of the individual simulations
should be meaningful and help to organize the project. The namelist group HEAD contains two parameters,
as in this example:

&HEAD CHID='WIC_05', TITLE='WIC Phase 1, Test 5' /

cHiD stands for Character ID, it is a string of 50 characters or less used to tag the output files. If, for
example, CHID="WTC_05", it is convenient to name the input data file wTc_05. £ds so that the input file
can be associated with the output files. No periods or spaces are allowed in cHID because the output
files are tagged with suffixes that are meaningful to certain computer operating systems. If cHID is not
specified, then it will be set to the name of the input file minus everything at and beyond the first period.

TITLE is a string of 256 characters or less that describes the simulation. It is simply a descriptive text that
is passed to various output files.
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6.2 Simulation Time

TIME is the name of a group of parameters that define the time duration of the simulation and the initial time
step used to advance the solution of the discretized equations.

6.2.1 Basics

Usually, only the duration of the simulation is required on this line, via the parameter T_tnD. The default is
1 s. For example, the following line will instruct FDS to run the simulation for 5400 s.

&TIME T_END=5400. /

If T_END is set to zero, only the set-up work is performed, allowing you to quickly check the geometry in
Smokeview.

To start the time line a number other than zero, use the parameter T_BEGIN to specify the time written
to file for the first time step. This would be useful for matching time lines of experimental data or video
recordings.

6.2.2 Controlling the Time Step

The initial time step size can be specified with pT. This parameter is normally set automatically by divid-
ing the size of a mesh cell by the characteristic velocity of the flow. During the calculation, the time step
is adjusted so that the CFL (Courant, Friedrichs, Lewy) condition is satisfied. The default value of DT is
(0x0y0z) 3 /Vehar 8. In this formula, the characteristic velocity scale is estimated to be Vep, = 0.2+/gH m/s,
where 8x, 0y, and Oz are the dimensions of the smallest mesh cell, H is the height of the computational do-
main, and g is the acceleration of gravity. Physically the characteristic velocity is an estimate of the average
velocity of a buoyant plume over the height of the computational domain which provides a reasonable initial
guess for the time step in a typical fire simulation. By default, the time step is not allowed to increase above
its initial value. To allow this to happen, set RESTRICT_TIME_STEP=F

If something sudden is to happen right at the start of a simulation, like a sprinkler activation, setting the
initial time step to avoid a numerical instability caused by too large a time step is beneficial. Experiment
with different values of bT by monitoring the initial time step sizes recorded in the output file job_name. out.

At the end of the first part of the explicit predictor-corrector time update, the time step is checked to
ensure that it is within the appropriate stability bounds. If it is not, it is adjusted up or down by 10 % (or
until it is within limits) and the predictor part of the time step is re-run. If you want to prevent FDS from
automatically changing the time step, set L.ock_TIME_STEP equal to T on the TIME line, in which case the
specified time step, T, will not be adjusted. This parameter is intended for diagnostic purposes only, for
example, timing program execution. It can lead to numerical instabilities if the initial time step is set too
high.

The diagnostic output file called cHID. out contains information about the time step and CFL number in
each mesh. However, for simulations that involve dozens or hundreds of meshes, assessing the global time
step information can be difficult. For detailed information about the time step, there is an optional output
file called cuID_cf1.csv that contains, for every time step, the time (s), time step size (s), maximum CFL
number, the mesh and mesh indices where the maximum CFL value occurs, the six velocity components
on the six faces of the grid cell where the maximum CFL number occurs, and the divergence (1/s), viscos-
ity (kg/m/s), HRRPUV (kW/m?), and combustion mixing time (s) where the maximum CFL occurs. Also
listed is the maximum VN (Von Neumann) number and the mesh and cell indices were it occurs. To output
this file, set cFL_FILE to T on the puwmp line. It is normally set to F.
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The Final Time Step

In some special circumstances controlling the final time step of the calculation may be necessary. By default,
FDS sets the last time step to be T_END - T where T is the current time. Because of floating point arithmetic,
this final time step may be very small and cause unintended consequences. You can control this final time
step in two ways, using the parameters DT_END_MINIMUM or DT_END_FILL (you should not need both). Using
pDT_END_MINIMUM has the effect of setting a minimum for the final time step and so T_gND is not strictly
observed (hence our default pt_eNp_mMINIMUM is roughly the machine epsilon). The final simulation time
will be T + pT_END_MINIMUM. Alternatively, you could set DT_END_FILL to some value (should be less
than the last time step). Then if T+DT+DT_END_FILL > T_END, where DT is the computed stable time step
(or specified time step), FDS will recompute the time step to be bT = T_END - T. If you set one of these
parameters, double check the cHID. out file to make sure the expected behavior has been observed.

Simulation Time Ramp

WARNING: This feature should only be used for verification purposes.

There may be situations where you would like to specify the time step sequence in FDS, most likely to make
a comparison with another application. You can add a TIME_RamMp to the T1ME line where the independent
variable, T, specifies the end-of-time-step value of the time (s). The simulation time steps will then take on
the value of the increments between the ramp values. The first time step will be the first value of the ramp
minus T_BEGIN. For example, the following code snippet specifies the time values for the plot in Fig. 6.1,
which simply outputs ambient temperature values at the specified time snapshots.

&TIME T_BEGIN=0., T_END=10., RAMP_TIME='time-ramp' /

&RAMP ID='time-ramp', T=1 /
&RAMP ID='time-ramp', T=2 /
&RAMP ID='time-ramp', T=5 /
&RAMP ID='time-ramp', T=7 /
&RAMP ID='time-ramp', T=9 /
FDS-6.10.1-0-g12efal6-release
30 : .
- Ramp Time (ramp_time)
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Figure 6.1: An example of ramping the simulation time values.
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6.2.3 Steady-State Applications

Occasionally, there are applications in which only the steady-state solution (in a time-averaged sense) is
desired. In a time-dependent code such as FDS, reaching steady-state requires that the simulation be run long
enough that a steady-state flow field and gas temperature field develops and that steady-state temperature
profiles develop in solid surfaces. Developing steady-state temperature profiles can take a long time as the
surface must be heated up in-depth. This can make the cost of the calculation prohibitive. Given steady-
state boundary conditions, the time it takes a surface to heat up is proportional to its specific heat. Therefore,
under steady conditions, this time can be accelerated by reducing the specific heat. So that the spEcIFIC_
HEAT inputs on MATL can remain the same but still provide a means to reduce the heating time of a surface,
the M1sc input of TIME_SHRINK_FACTOR can be used. The sPECIFIC_HEAT inputs on MATL are reduced by
this factor. For a T1ME_sHRINK_FACTOR of 10, the specific heats of the various materials is reduced by a
factor of 10. This speeds up the heating of solid materials roughly by a factor of 10. An example of an
application where this parameter is handy is a validation experiment where a steady heat source warms up a
compartment to a nearly equilibrium state at which point time-averaged flow quantities are measured.

TIME_SHRINK_FACTOR does not reduce the time for the flow and gas temperature fields to develop;
however, these often develop much faster than the wall temperature profile.

Note that when TIME_SHRINK_FACTOR is used a device with QUANTITY="TIME' or a device or control
function with a pELAY will have those values adjusted by the value of TIME_SHRINK_FACTOR. For example
if a 10 s pELAY is specified for a cTRL input with a T1ME_SHRINK_FACTOR of 10, then FDS will adjust the
DELAY to 1 s. However, use of time based device or control functions that change the simulation implies a
non-steady scenario where the use of TIME_SHRINK_FACTOR may no longer be appropriate.
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6.3 Computational Meshes

All FDS calculations must be performed within a domain that is made up of rectilinear volumes called
meshes. Each mesh is divided into rectangular cells, the number of which depends on the desired resolution
of the flow dynamics. MESH is the namelist group that defines the computational domain.

6.3.1 Basics

A mesh is a single right parallelepiped, i.e., a box. The coordinate system within a mesh conforms to the
right hand rule. The origin point of a mesh is defined by the first, third and fifth values of the real number
sextuplet, xB, and the opposite corner is defined by the second, fourth and sixth values. For example,

&MESH IJK=10,20,30, XB=0.0,1.0,0.0,2.0,0.0,3.0 /

defines a mesh that spans the volume starting at the origin and extending 1 m in the positive x direction, 2 m
in the positive y direction, and 3 m in the positive z direction. The mesh is subdivided into uniform cells
via the parameter 1Jk. In this example, the mesh is divided into 10 cm cubes. It is best if the mesh cells
resemble cubes; that is, the length, width and height of the cells ought to be roughly the same. Non-uniform
mesh cells in particular direction may be specified using the namelist groups TRNX, TRNY and/or TRNZ (See
Sec. 6.3.5).

Any obstructions or vents that extend beyond the boundary of the mesh are cut off at the boundary. There
is no penalty for defining objects outside of the mesh, and these objects will not appear in Smokeview.

The pressure solver in FDS employs Fast Fourier Transforms (FFTs) in the y and z directions, and this
algorithm works most efficiently if the number of cells in these directions (the J and x of 1Jk) can be factored
into low prime numbers, like 2, 3, and 5. The number of cells in the x direction (the T in 1JK) is not affected
by this restriction because the pressure solver does not use an FFT in the x direction. However, since the
pressure solver uses less than 10 % of the total CPU time, the gains in using low prime dimensions are
usually negligible. Experiment with different mesh dimensions to ensure that those that are ultimately used
do not unduly slow down the calculation.

6.3.2 Two-Dimensional and Axially-Symmetric Calculations

The governing equations solved in FDS are written in terms of a three dimensional Cartesian coordinate
system. However, a two dimensional Cartesian or two dimensional cylindrical (axially-symmetric) calcu-
lation can be performed by setting the J in the 1k triplet to 1 on the MEsH line. For axial symmetry, add
CYLINDRICAL=T to the MEsH line, and the coordinate x is then interpreted as the radial coordinate r. If more
than one mesh is used, all the meshes must be specified as 2-D or cyLINDRICAL—you cannot mix 2-D,
3-D and cylindrical geometries. No boundary conditions should be set at the planes y = YMIN=XB (3) or
y=YMAX=XB (4),nor atr = XMIN=XB (1) in an axially-symmetric calculation if » = XB(1)=0 (Note that
xB (1) does not have to be 0). For better visualizations, the difference between xB (4) and xB (3) should be
small so that the Smokeview rendering appears to be in 2-D. An example of an axially-symmetric helium
plume is given in Sec. 21.2.

When processing results for a cyLINDRICAL simulation, note that integrated output quantities with the
SPATIAL_STATISTIC attribute apply only to the specified 2-D or cylindrical coordinates. Thus, the cylindri-
cal coordinates define a cylindrical sector, like a slice of cake, even though Smokeview will not render it this
way. The fully integrated quantity can be calculated by multiplying the reported value by 27 66, where 66
is the difference between ymMax and yMIN in radians. The values chosen for yMax and yMIN do not matter as
long as the rendering in Smokeview is to your liking.
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When performing solid phase heat transfer while using a 2-D cYLINDRICAL coordinate system, you
must designate GEOMETRY="'CYLINDRICAL' on a surface (SURF line) that is facing radially outward (positive
r direction) or GEOMETRY="'INNER CYLINDRICAL' on a surface that is facing radially inward (negative r
direction). In the latter instance, you must also specify the INNER_RaADIUS (m) of the cylinder. For the outer
cylindrical boundary, specify an INNER_RADTUS if appropriate. Its default value is O m. Because your inward
and outward facing boundaries might occur at various radii, you must create separate surr lines for each
with the appropriate values of GEoMETRY and INNER_RADIUS. For an obstruction (OBST), use SURF_ID6 to
assign individual surr 1Ds to each of the six faces. Because this is a 2-D simulation, the third and fourth
entries representing the surr 1Ds in the y or angular direction can just be designated ' INERT'.

6.3.3 Multiple Meshes

The term “multiple meshes” means that the computational domain consists of more than one computational
mesh, usually connected although this is not required. If more than one mesh is used, there should be a
MESH line for each. The order in which these lines are entered in the input file matters. In general, the
meshes should be entered from finest to coarsest. FDS assumes that a mesh listed first in the input file has
precedence over a mesh listed second if the two meshes overlap. Meshes can overlap, abut, or not touch
at all. In the last case, essentially two separate calculations are performed with no communication at all
between them. Obstructions and vents are entered in terms of the overall coordinate system and need not
apply to any one particular mesh. Each mesh checks the coordinates of all the geometric entities and decides
whether or not they are to be included.

Figure 6.2: An example of a multiple-mesh geometry.

To run FDS in parallel using MPI (Message Passing Interface), you must break up the computational
domain into multiple meshes so that the workload can be divided among the processes. In general, running
multiple mesh cases using MPI is better if you have the resources available, but be aware that two processes
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will not necessarily finish the job in half the time as one. For MPI to work well, there has to be a comparable
number of cells assigned to each MPI process, or otherwise most of the processes will sit idle waiting for
the one with the largest number of cells to finish processing each time step. You can use multiple meshes on
a single processor without using MPI , in which case one CPU will serially process each mesh, one by one.

If your meshes are uniformly spaced, you can use the MuLT feature (Section 7.6) to arrange them. For
example, the lines

§MESH IJK=24,24,24, XB=-0.12,-0.06,-0.12,-0.06,-0.12,-0.06, MULT_ID='mesh' /
§MULT ID='mesh', DX=0.06, DY=0.06, DZ=0.06, I_UPPER=3, J UPPER=3, K_UPPER=3 /

create a 4 by 4 by 4 array of meshes, each of which is 0.06 m on a side.

Usually in an MPI calculation, each mesh is assigned its own process, and each process its own proces-
sor. However, both assigning more than one mesh to a single process and assigning more than one process
to a single processor is possible. Consider a case that involves six meshes:

&MESH ID='meshl', IJK=..., XB=..., MPI_PROCESS=0 /
&MESH ID='mesh2', IJK=..., XB=..., MPI_PROCESS=1 /
&MESH ID='mesh3', IJK=..., XB=..., MPI_PROCESS=1 /
&MESH ID='mesh4', IJK=..., XB=..., MPI_PROCESS=2 /
&MESH ID='mesh5', IJK=..., XB=..., MPI_PROCESS=3 /
&MESH ID='mesh6', IJK=..., XB=..., MPI_PROCESS=3 /

The parameter MPI_PROCESS instructs FDS to assign that particular mesh to the given process. In this case,
only four processes are to be started, numbered O through 3. Note that the processes need to be invoked in
ascending order, starting with 0. Why would you do this? Suppose you only have four processors available
for this job. By starting only four processes instead of six, you can save time because ‘mesh2’ and ‘mesh3’
can communicate directly with each other without having to transmit data using MPI calls over the network.
Same goes for ‘mesh5’ and ‘mesh6’. In essence, it is as if these mesh pairs are neighbors and need not send
mail to each other via the postal system. The letters can just be walked next door.

For cases involving many meshes, you might want to assign them colors using either the character string
coLor or the integer triplet RGB. You may also want to consider using the multiplying feature to easily create
a 3-D array of meshes. See Sec. 7.6 for details.

One other useful parameter for larger MPI jobs is called vErRBOSE on the m1sc line. This logical param-
eter suppresses information related to MPI process and OpenMP thread assignments that is printed to the
diagnostic output files. By default, its value is T for MPI jobs involving 50 or less processes, and r for larger
jobs.

6.3.4 Mesh Alignment

Whether the calculation is to be run using MPI or not, the rules of prescribing multiple meshes are similar,
with some issues to keep in mind. The most important rule of mesh alignment is that abutting cells ought to
have the same cross sectional area, or integral ratios, as shown in Fig. 6.3.

The following rules of thumb should also be followed when setting up a multiple mesh calculation:

* When running multi-mesh calculations you need to closely monitor vELOCITY_ERROR at mesh interfaces,
which is reported in the cHID.out file. Check that you are not consistently hitting the MAX_PRESSURE_
ITERATIONS, Which defaults to 10. If you are, then this indicates a potential problem and you may
consider increasing this value to 20 or even 100 in some cases. Velocity errors are proportional to mass
loss errors. If your errors are too large for your application, you may need to tighten the vELoCITY_
TOLERANCE or else consider using a different pressure solver, see Sec. 21.1.
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This is the ideal kind of mesh to mesh
alignment.

This is allowed so long as there are an in-
tegral number of fine cells abutting each
coarse cell and each coarse cell only sees
fine cells from one mesh.

This is allowed, but of questionable
value.

This is not allowed because each large
cell must be completely covered by small
ones.

This is not allowed because there is a
coarse cell which sees fine cells from two
different meshes.

This is not allowed because there is a non-
integral number of fine cells abutting each
coarse cell.

Figure 6.3: Rules governing the alignment of meshes.
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* In general, there is little advantage to overlapping meshes because information is only exchanged at
exterior boundaries. This means that a mesh that is completely embedded within another receives infor-
mation at its exterior boundary, but the larger mesh receives no information from the mesh embedded
within. Essentially, the larger, usually coarser, mesh is doing its own simulation of the scenario and
is not affected by the smaller, usually finer, mesh embedded within it. Details within the fine mesh,
especially related to fire growth and spread, may not be picked up by the coarse mesh. In such cases,
it is preferable to isolate the detailed fire behavior within one mesh, and position coarser meshes at the
exterior boundary of the fine mesh. Then the fine and coarse meshes mutually exchange information.

* Be careful when using the shortcut convention of declaring an entire face of the domain to be an opEN
vent. Every mesh takes on this attribute. See Sec. 7.4 for more details.

* If a planar obstruction is close to where two meshes abut, make sure that each mesh “sees” the obstruc-
tion. If the obstruction is even a millimeter outside of one of the meshes, that mesh does not account for
it, in which case information is not transferred properly between meshes.

If you would like to check the mesh alignment without running the case, set CHECK_MESH_ALIGNMENT tO T
on any MESH line along with setting T_END to zero. If the job stops with no errors, the meshes obey the
alignment rules. This check can sometimes take a few tens of seconds, but you can open Smokeview after
launching the job to check the alignment by eye.

The criterion for rejecting the alignment of two meshes is as follows. Suppose the size of the abutting
coarse grid cell is dx, and the fine grid cell is dx;. The meshes are out of alignment if

’5%_”5” <0.001 6.1)

Ox¢

where n is the ratio of fine to coarse cells. The value of 0.001 can be changed via the M1sc line parameter
ALIGNMENT_TOLERANCE.

Accuracy of the Multiple Mesh Calculation

Experiment with different mesh configurations using relatively coarse mesh cells to ensure that information
is being transferred properly from mesh to mesh. There are two issues of concern. First, does it appear
that the flow is being badly affected by the mesh boundary? If so, check your velocity errors and consider
tightening your velocity tolerance or changing pressure solvers, see Sec. 21.1. Second, is there too much of
a jump in cell size from one mesh to another? If so, consider whether the loss of information moving from a
fine to a coarse mesh is tolerable. Mesh refinement ratios of more than 4:1 to should be avoided if possible.

6.3.5 Mesh Stretching

By default the mesh cells that fill the computational domain are uniform in size. However, it is possible
to specify that the cells be non-uniform in one or two' of the three coordinate directions. For a given
coordinate direction, x, y or z, a function can be prescribed that transforms the uniformly-spaced mesh to a
non-uniformly spaced mesh. Be careful with mesh transformations! If you shrink cells in one region you
must stretch cells somewhere else. When one or two coordinate directions are transformed, the aspect ratio
of the mesh cells in the 3D mesh will vary. To be on the safe side, transformations that alter the aspect ratio
of cells beyond 2 or 3 should be avoided. Keep in mind that the large eddy simulation technique is based

f you are stretching the mesh in two coordinate directions, limit the number of cells to approximately 1 million. The Poisson
solver that is used for two-coordinate stretching exhibits floating point overflow errors during the initialization phase when very
large meshes are used. If you require more than a million cells, consider using multiple meshes instead of one large mesh.
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Figure 6.4: Piecewise-linear mesh transformation. Figure 6.5: Polynomial mesh transformation.

on the assumption that the numerical mesh should be fine enough to allow the formation of eddies that are
responsible for the mixing. In general, eddy formation is limited by the largest dimension of a mesh cell,
thus shrinking the mesh resolution in one or two directions may not necessarily lead to a better simulation
if the third dimension is large. Transformations, in general, reduce the efficiency of the computation, with
two coordinate transformations impairing efficiency more than a transformation in one coordinate direction.
Experiment with different meshing strategies to see how much of a penalty you will pay.

Here is an example of how to do a mesh transformation. Suppose your mesh is defined

&MESH IJK=15,10,20, XB=0.0,1.5,1.2,2.2,3.2,5.2 /

and you want to alter the uniform spacing in the x direction. First, refer to the figures above. You need
to define a function x = f(&) that maps the uniformly-spaced Computational Coordinate (cc) 0 < & < 1.5
to the Physical Coordinate (pc) 0 < x < 1.5. The function has three mandatory constraints: it must be
monotonic (always increasing), it must map & = 0 to x = 0, and it must map & = 1.5 to x = 1.5. The default
transformation function is f(&) = & for a uniform mesh, but you need not do anything in this case.

Two types of transformation functions are allowed. The first, and simplest, is a piecewise-linear func-
tion. Figure 6.4 gives an example of a piecewise-linear transformation. The graph indicates how 15 uni-
formly spaced mesh cells along the horizontal axis are transformed into 15 non-uniformly spaced cells along
the vertical axis. In this case, the function is made up of straight line segments connecting points (cc,pc), in
increasing order, as specified by the following lines in the input file:

&MESH ..., TRNX_ID='my trnx' /
&TRNX ID='my trnx', CC=0.30, PC=0.50 /
&TRNX ID='my trnx', CC=1.20, PC=1.00 /

Note that an 10 may be applied to a set of TrNx lines and invoked using a TRNx_1ID, etc., on the desired MESH
lines. This strategy also works when a MULT_1D is applied to the MEsH. Alternatively, you may indicate the
integer MESH_NUMBER (based on the order of the MEsH lines) for which you wish to apply the transformation
(this approach is deprecated because it requires a set of transformation lines for each mesh, which can be
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impractical for MPI calculations). To apply the transformation to all meshes, set MESH_NUMBER to 0. Thus,
an equivalent representation of the previous example applied to all meshes would be:

&TRNX CC=0.30, PC=0.50, MESH_NUMBER=0 /
&TRNX CC=1.20, PC=1.00, MESH_NUMBER=0 /

The parameter cc refers to the Computational Coordinate, &, located on the horizontal axis; pc is the Phys-
ical Coordinate, x, located on the vertical axis. The slopes of the line segments in the plot indicate whether
the mesh is being stretched (slopes greater than 1) or shrunk (slopes less than 1). The tricky part about this
process is that you usually have a desired shrinking/stretching strategy for the Physical Coordinate on the
vertical axis, and must work backward to determine what the corresponding points should be for the Com-
putational Coordinate on the horizontal axis. Note that the above transformation is applied to the second
mesh in a multiple mesh job. It should be also noted that the start and endpoints should not be specified in
this linear grid transformation.
The second type of transformation is a polynomial function whose constraints are of the form

d"f(cc)

Figure 6.5 gives an example of a polynomial transformation, for which the parameters are specified:

&MESH ..., TRNX_ID='my trnx' /
&TRNX ID='my trnx', IDERIV=0, CC=0.75, PC=0.75 /
&TRNX ID='my trnx', IDERIV=1, CC=0.75, PC=0.50 /

which correspond to the constraints f(0.75) =0.75 and g—g (0.75) = 0.5, or, in words, the function maps 0.75
into 0.75 and the slope of the function at & = 0.75 is 0.5 . The transform function must also pass through
the points (0,0) and (1.5,1.5), meaning that FDS must compute the coefficients for the cubic polynomial
f(E)=co+c1&+crE%+c3E3. More constraints on the function lead to higher order polynomial functions,
so be careful about too many constraints which could lead to non-monotonic functions. The monotonicity
of the function is checked by the program and an error message is produced if it is not monotonic.

Do not specify either linear transformation points or IDERIV=0 points at coordinate values corresponding
to the mesh boundaries. This is done automatically by FDS.

6.3.6 Mesh Resolution

A common question asked by new FDS users is, “What should my grid spacing be?”” The answer is not easy
because it depends considerably on what you are trying to accomplish. In general, you should build an FDS
input file using a relatively coarse mesh, and then gradually refine the mesh until you do not see appreciable
differences in your results. This is referred to as a mesh sensitivity study.

For simulations involving buoyant plumes, a measure of how well the flow field is resolved is given by
the non-dimensional expression D*/dx, where D* is a characteristic fire diameter

. ) )5
D= —— 6.2
<pmcl,Tm\/§ ©2)

and Sx is the nominal size of a mesh cell’>. The quantity, O, is the total heat release rate of the fire. If it
changes over time, you should consider the corresponding change in resolution. The quantity D* /Sx can be

2The characteristic fire diameter is related to the characteristic fire size via the relation Q* = (D*/ D)S/ 2 where D is the physical
diameter of the fire.
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thought of as the number of computational cells spanning the characteristic (not necessarily the physical)
diameter of the fire. The more cells spanning the fire, the better the resolution of the calculation. It is better
to assess the quality of the mesh in terms of this non-dimensional parameter, rather than an absolute mesh
cell size. For example, a cell size of 10 cm may be “adequate,” in some sense, for evaluating the spread
of smoke and heat through a building from a sizable fire, but may not be appropriate to study a very small,
smoldering source.

The FDS Validation Guide [5] contains a table of the values of D*/8x used in the simulation of the vali-
dation experiments. The table is near the end of the chapter that describes all the experiments. These values
range over two orders of magnitude and were chosen based on a grid resolution study and the particular at-
tributes of the given fire scenario. Taking any of these values as an “acceptable” minimum is inappropriate.

There are a number of special output quantities that provide local measures of grid resolution. See
Sec. 22.10.28 for details.
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Chapter 7

Model Geometry

A considerable amount of work in setting up a calculation lies in specifying the geometry of the space to
be modeled and applying boundary conditions to the solid surfaces. The geometry is described in terms of
rectangular obstructions that can heat up, burn, conduct heat, and so on, and vents from which air or fuel
can be either injected into, or drawn from, the flow domain. A boundary condition needs to be assigned to
each obstruction and vent describing its thermal properties. A fire is just one type of boundary condition.
This chapter describes how to build the model.

7.1 Specifying Boundary Conditions

Before describing how to build up the geometry, it is first necessary to explain how to describe what com-
prises the bounding surfaces of the geometry. The surr namelist group defines the structure of all solid
surfaces or openings within or bounding the flow domain. Boundary conditions for obstructions and vents
are prescribed by referencing the appropriate surr line(s) whose parameters are described in this section.

The default boundary condition for all solid surfaces is that of a smooth inert wall with the surface
temperature fixed at TMPA, and is referred to as ' INERT'. Do not confuse this with a surface for which heat
transfer does not occur (this is an adiabatic surface which will change in temperature to maintain zero heat
transfer, refer to Sec. 8.2.3). To maintain the surface temperature at TMpA when exposed to a gas temperature,
which may be above or below TMpa, FDS calculates the required heat transfer coefficient, and hence the heat
transfer between the surface and the gas phase. You can think of INERT as the ultimate ambient temperature
heat sink; such as a water-cooled panel.

If only this boundary condition is needed, there is no need to add any surr lines to the input file. If
additional boundary conditions are desired, they are to be listed one boundary condition at a time. Each surr
line consists of an identification string 1p='...' to allow references to it by an obstruction or vent. Thus,
on each oBsT and VENT line that are to be described below, the character string surrF_1D=". .. ' indicates the
1D of the sURF line containing the desired boundary condition parameters. If a particular surr line is to be
applied as the default boundary condition, set DEFAULT=T on the SURF line.
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7.2 Creating Rectilinear Obstructions

The namelist group oBST contains parameters used to define obstructions. The entire geometry of the model
is made up entirely of rectangular solids, each one introduced on a single line in the input file.

7.2.1 Basics

Each oBsT line contains the coordinates of a rectangular solid within the flow domain. This solid is defined
by two points (x1,y1,z1) and (x2,y2,z2) that are entered on the oBsT line in terms of the real sextuplet xg. In
addition to the coordinates, the boundary conditions for the obstruction can be specified with the parameter
SURF_1D, which designates which surr line (Sec. 7.1) to apply at the surface of the obstruction. If the
obstruction has different properties for its top, sides and bottom, do not specify only one surr_1p. Instead,
use SURF_IDS, an array of three character strings specifying the boundary condition 1ps for the top, sides
and bottom of the obstruction, respectively. If the default boundary condition is desired, then SURF_ID or
SURF_IDS need not be set. However, if at least one of the surface conditions for an obstruction is the inert
default, it can be referred to as ' INERT', but it does not have to be explicitly defined. For example:

&SURF ID='FIRE', HRRPUA=1000.0 /
&OBST XB=2.3,4.5,1.3,4.8,0.0,9.2, SURF_IDS='FIRE', 'INERT', 'INERT' /

puts a fire on top of the obstruction. This is a simple way of prescribing a burner.
In addition to surr_1D and SURF_IDS, you can also use the sextuplet SURF_1D6 as follows:

&OBST XB=2.3,4.5,1.3,4.8,0.0,9.2,
SURF_ID6='FIRE', 'INERT', 'HOT', 'COLD', 'BLOW', 'INERT' /

where the six surface descriptors refer to the planes x =2.3,x=4.5,y=1.3,y=4.8,z=0.0,and z =9.2,
respectively. Note that surr_1D6 should not be used on the same 0BST line as SURF_ID Or SURF_IDS.
Obstructions may be created or removed during a simulation. See Sec. 18.4.1 for details.

7.2.2 Thin Obstructions

An obstruction that is relatively thin compared to the gas phase numerical grid spacing is approximated as
an infinitely thin sheet. These obstructions, like window panes, form a flow and (partial) radiation barrier,
but if the numerical mesh is coarse relative to its thickness, the obstruction might be unnecessarily large if
it is assumed to be one layer of mesh cells thick. Smokeview renders this obstruction as a thin sheet, but it
is allowed to have thermally-thick boundary conditions.

This obstruction has the drawback that it is not possible to specify a normal velocity component on
its surface. A thin sheet obstruction can only have one velocity vector on its face, thus a gas cannot be
injected or extracted reliably from a thin obstruction because whatever is pushed from one side is necessarily
pulled from the other. If you want to create a simple fan, for example, the obstruction should be specified
to be at least one mesh cell thick. To prevent FDS from allowing thin sheet obstructions, set THICKEN_
OBSTRUCTIONS=T on the MIsc line, or THICKEN=T on each oBsT line for which the thin sheet assumption is
not allowed.

Another drawback occurs when using the default FFT-based pressure solver. Thin obstructions are more
prone to errors in the normal velocity at the obstruction. If thin obstructions see large pressure gradients
across the obstruction or are impacted by high normal velocities, then tighter tolerances for the FFT-based
solver or the use of another pressure solver may be warranted. For details see the discussion in Sec. 21.1.
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Thin obstructions may generate a mass source without specification of a normal velocity component.
The gas cell next to the obstruction is given a volumetric source term, but the momentum at the surface
remains zero.

7.2.3 Specified Versus Actual Areas

The oBsT dimensions specified by xB in the input file may not (usually do not) perfectly align with the
underlying Cartesian mesh. FDS then “snaps” the geometry to fill (or void) the volume of the nearest cell.
Obstructions that are too small relative to the underlying numerical mesh are rejected. That is, if at least two
of the three obstruction dimensions are less than half of the corresponding cell dimensions, the obstruction
isignored. As mentioned above, if you always want the cell to be filled, then specify THICKEN=T on the 0BST
line.

When the oBsT snaps to the Cartesian mesh, the area of the cell face is changed, and therefore the total
area of a surr may slightly change. If a specified mass flux boundary (including HrRRPUR) is given, then
FDS will automatically adjust this mass flux so that total of the specified area times the specified mass flux
is maintained.

7.2.4 Overlapping Obstructions

If the faces of two obstructions overlap each other, FDS will choose the surface properties of the obstruction
that is specified second in the input file. If this is unwanted, add ovERLAY=F to the oBsT line of the second
obstruction, in which case the surface properties of the first obstruction will be applied. The default value
of OVERLAY IS T

When obstructions overlap, Smokeview renders both obstructions independently of each other, often
leading to an unsightly cross-hatching of the two surface colors where there is an overlap. A simple remedy
for this is to “shrink™ the obstruction you do not wish to take precedence by slightly by adjusting its coor-
dinates (xB) accordingly. Then, in Smokeview, toggle the “q” key to show the obstructions as you specified
them, rather than as FDS rendered them.

The simulation will be stopped with an error if all of the following occur: (1) surfaces of two obstructions
overlap, (2) the surface properties are different, and (3) one or both of the obstructions can be removed or
created during the simulation.

7.2.5 Preventing Obstruction Removal

Obstructions can be protected from the HOLE punching feature. Sometimes creating create a door or window
using a HOLE is convenient. For example, suppose a HOLE is punched in a wall to represent a door or window.
An obstruction can be defined to fill this hole (presumably to be removed or colored differently or whatever)
so long as the phrase PERMIT_HOLE=F is included on the oBsT line. In general, any obstruction can be made
impenetrable to a HOLE using this phrase. By default, PERMIT HOLE=T, meaning that an obstruction is as-
sumed to be penetrable unless otherwise directed. Note that if a penetrable obstruction and an impenetrable
obstruction overlap, the obstruction with PERMIT_HOLE=F should be listed first.

If the obstruction is not to be removed or rejected for any reason, set REMOVABLE=F This is sometimes
needed to stop FDS from removing the obstruction if it is embedded within another, like a door within a
wall.

In rare cases, you might not want to allow a VENT to be attached to a particular obstruction, in which
case set ALLOW_VENT=F.
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7.2.6 Transparent or Outlined Obstructions

Obstructions can be made semi-transparent by assigning a TRANSPARENCY on the oBsT line. This real param-
eter ranges from O to 1, with 0 being fully transparent. The parameter should always be set along with either
COLOR Or an RGB triplet. It can also be specified on the appropriate surr line, along with a color indicator. If
you want the obstruction to be invisible, set COLOR="'INVISIBLE'.

Obstructions are typically drawn as solids in Smokeview. To draw an outline representation, set OUTLINE
equal to T

7.2.7 Method for avoiding mesh interfaces in blockage outline view

FDS splits a blockage into separate parts, one part for each mesh. As a result when Smokeview draws block-
ages as outlines it draws extra lines where blockages intersect mesh interfaces. The following procedure can
be used to eliminate these extra lines for a case named say casename.fds .

1. Create a one mesh version of casename.fds. Name it casename_single.fds (or anything different
than casename. fds. Set T_END to 0 and CHID to casename_single.

2. After running casename_single. fds with de, rename casename_single.smv tO casename. smo.
3. Issue the command: smokeview casename.

4. Select the show/Hide>Geometry>Obstacles>0Outline only menu item to view the blockages as out-
lines.

5. press the g key to toggle between viewing blockages split at mesh boundaries (how fds handles them)
and how blockages are defined in the input file.

Figure 7.1 shows an example where blockages are drawn as specified in the input file and drawn split at
mesh interfaces.

outlines drawn at blockage edges and mesh interfaces outlines drawn as specified in the input file

Figure 7.1: Blockage outlines drawn at mesh interfaces and as specified in the input file.
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7.2.8 Creating Holes in Obstructions

The HOLE namelist group defines parameters that carve a hole out of an existing obstruction or set of ob-
structions. To do this, add lines of the form

&HOLE XB=2.0,4.5,1.9,4.8,0.0,9.2 /

Any solid mesh cells within the volume 2.0 < x < 4.5,1.9 <y < 4.8, 0.0 < z < 9.2 are removed. Obstruc-
tions intersecting the volume are broken up into smaller blocks. If the hole represents a door or window, a
good rule of thumb is to punch more than enough to create the hole. This ensures that the hole is created
through the entire obstruction. For example, if the oBsT line denotes a wall 0.1 m thick:

§OBST xB=1.0,1.1,0.0,5.0,0.0,3.0 /
and you want to create a door, add this:
§HOLE XB=0.99,1.11,2.0,3.0,0.0,2.0 /

The extra centimeter added to the x coordinates of the hole make it clear that the hole is to punch through
the entire obstruction.

When a HOLE is created, the affected obstruction(s) are either rejected, or created or removed at pre-
determined times. See Sec. 18.4.1 for details. To allow a hole to be controlled with either the cTrRL or
DEVC namelist groups, you will need to add the cTRL_ID or DEVC_ID parameter respectively, to the HOLE
line'. When the state of the HOLE evaluates to F, an obstruction will be placed in the HoLE. By default the
obstruction filling the HoLE will take the color of the surrounding oBsT that the HoLE was punched through.
To make the obstruction filling the HoLE a different color than the original obstruction, set the corL.or or
integer triplet RGB on the HOLE line (see Sec. 7.5). If you want the obstruction filling the HOLE to be invisible,
then set coLor="1NVISIBLE'. Additionally, you may use the keyword TRANSPARENCY, real number from O
to 1, to make the obstruction filling the HOLE transparent. See Sec. 18.4.1 for an example.

If an obstruction is not to be punctured by a HOLE, add PERMIT_HOLE=F to the oBsST line. Note that a
HOLE has no effect on a VENT or a mesh boundary. It only applies to oBsTructions.

It is a good idea to inspect the geometry by running either a setup job (T_END=0 on the TIME line) or a
short-time job to test the operation of devices and control functions.

'If you add a CTRL_ID or DEVC_ID to the HOLE line, do not overlap this HOLE with another. The control logic can fail.
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7.3 Creating Unstructured Geometry (Beta)

The namelist ceoM describes one or more unstructured closed geometric surfaces that enclose solid portions
of the fluid domain. These surfaces consist of a collection of triangular faces, where each face is built from
three vertices. The user can assign a specific boundary condition to each of the faces.

7.3.1 My First Geometry

To get you acquainted with the new geometry features we allow for some of oBsT namelist parameters to be
applied to ceom. Therefore, subject to the limitations listed at the end of this section (see Sec. 7.3.11), you
should be able to take a case built from oBsT and simply do a replace with GEoM to begin using unstructured
geometry. For example, if you have a burner built like this

&OBST xB=-1,1,-1,1,0,0.5, SURF_IDS='FIRE', 'INERT', 'INERT' /
You can replace this with
&GEOM XB=-1,1,-1,1,0,0.5, SURF_IDS='FIRE', 'INERT', 'INERT' /

Further, the GEoM may be transformed using a MOvE line as discussed in Sec. 7.3.8.

7.3.2 Unstructured Geometry Basics

A simple example of an unstructured solid is given by

&GEOM ID='My Solid'
SURF_ID='FIRE', 'INERT'
VERTS= -1.0, -1.0, 0.0,

1.0, -1.0, 0.0,

0.0,
1.0

4

1D specifies the name, 'My Solid', VERTS specify the coordinates of each vertex (xi,y1,21; X2,¥2.22, ...),
and races define each triangular face—three vertices and one boundary condition index: (v,v,v3,b). The
vertex indices range from 1 to the number of vertices listed in vErTs. The order of the three vertices defines
which side of the triangle is outward facing. Observed from the outside, the vertices of each triangle should
be ordered counter-clockwise, following the right-hand rule convention.

The boundary condition index b ranges from O to the number of entries in surr_1D. b = 0 applies the
default boundary condition. In the example above, the first face has an index, b = 2, which corresponds to
"INERT', the second and third faces have b = 1 corresponding to 'FIRE', and the fourth corresponds to the
default.

7.3.3 Triangulated Surfaces Quality

In order for FDS to correctly detect the solid portion of the volume from the rest of the fluid domain, some
tests are performed at start on the quality of the triangulated surfaces.

The following conditions are enforced by FDS on the collection of vertices and faces of each cEom
namelist:
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1. Each vertex must be unique, shared by edges, be part of an only well-formed surface so that its neighbor
ring of faces could in theory be continuously deformed to a disk: a vertex that abides to these conditions
is called non-degenerate and manifold. Examples of good and bad vertices are presented in Figure 7.4.

2. Each edge connecting vertices must have a non-zero length, and must always be shared by exactly two
faces. An edge that abides to these conditions is called non-degenerate and manifold. See examples of
good and bad edges in Figure 7.5.

3. Each face cannot intersect the others and must have a non-zero area; such a face is called non-intersecting
and non-degenerate.

4. The vertex orderings for the faces shall be chosen so that adjacent faces have outward consistent normals,
as illustrated in Figure 7.2.

5. Each ceoM namelist may define one or more distinct volumes (unconnected volumes) that should not
mutually intersect or self-intersect. See an example of a bad intersecting geometry in Figure 7.8.

If the previous conditions are respected, a well-formed Geom namelist is obtained that represents one or
more closed, manifold, orientable, non intersecting triangulated surfaces, that enclose well-defined volumes.
An example of a well-formed triangulated surface is presented in Figure 7.3.
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Figure 7.2: Good GEOM: consistent normals on a Figure 7.3: Good GEOM: a well formed triangulated
manifold orientable surface. surface.

Whenever one of the checks on these conditions fails, FDS outputs an error message describing the
problem and its location in the domain. For example:

ERROR: GEOM ID='Cube': Non manifold geometry at edge: ...

7.3.4 Intersections

Several types of intersections can happen between Geoms and between GEoms and other namelists:

* GEOM - GEOoM and GEoM - oBST: whenever these types of intersection happen, FDS attempts to perform
a boolean operation uniting the objects, respecting the boundary conditions of the surfaces. When a
geometry intersects with another geometry, the vertices and edges defining that intersection have not
been input by the user. The exact intersection may be very complicated to discern in the general case,
and we employ a linearization that generates the approximate boundary faces within the cell from edges
defined on its Cartesian faces. An example for two intersecting spheres is shown below in Fig. 7.9. If
the geometry is too complex, this operation can fail. In such a case the cell will be left void. The user is
recommended to apply geometry unions in their preprocessor of choice if possible.

* GEOM - HOLE: currently there is no interaction.

7.3.5 Coloring and Texture Maps

Coloring and texture maps for GEoM objects are specified in the same way as for oBsT (see Sec. 7.5).

7.3.6 Self-Generated Geometries

The ceoM namelist allows the quick definition of particular kinds of geometric objects, blocks using xB,
spheres using SPHERE_ORIGIN and SPHERE_RADIUS and a 2D terrain elevations using zvars. FDS generates
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Figure 7.4: Bad GEOM: the vertex shared by the two Figure 7.5: Bad GEOM: the edge shared by the two
cubes is not manifold, because it is connected to two cubes is not manifold, because more than two faces
rings of faces, that cannot be continuously deformed are incident on it. The other edges are manifold.

to a single disk. The other vertices are manifold.

Figure 7.7: Good GEOM: by adding a thickness FDS
can differentiate the internal volume from the rest of
the domain.

Figure 7.6: Bad GEoM: FDS cannot differentiate the
internal volume from the rest of the domain, because
the triangulated surface is open.
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Figure 7.8: Bad GEoM: This volume is self-intersecting.
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Figure 7.9: Linearization at intersections: sphere example. (Left) Two intersecting spheres as input to FDS. (Right)

The final linearized geometry without hanging vertices.
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vertices and faces to represent these objects, equivalent to what would have been defined using vErTs and
FACES.

Blocks

A Geom namelist defining a block is specified by

§GEOM ID='block'
SURF_ID="'S1"'
XB=0.0,1.0,0.0,1.0,0.0,1.0/

where xB=xmin, xmax, ymin, ymax, zmin, zmax defines the min and max bounds of the block. The xB pa-
rameter is used in the same way as on an oBST or VENT line. A block may be refined into many parts
by specifying the 1Jk parameter. For example, 1Jx=8, 6, 4 would split the block into 8 parts along the x
dimension, 6 parts along the y dimension and 4 parts along the z dimension.

The surr_1D parameter assigns the specified boundary condition to all the generated faces. Similar to
OBST, you can also use suRF_1IDs and SURF_ID6 lists to specify surface conditions (see Sec. 7.2.1).

Spheres

A ceoM namelist defining a sphere centered at (0,0,0) with radius 1 is specified by

&GEOM ID='sphere'
SURF_ID="'S1l"'
SPHERE_ORIGIN=0.0,0.0,0.0, SPHERE_RADIUS=1.0/

Spheres are discretized by default so that each face is consistent in size with the grid resolution. One may
specify a N_1LEVEL parameter which defines the number of times the sphere is split.

Cylinders

A ceom namelist defining a cylinder geometry with centroid at cyL.1npER_ORTGIN = (0,0, 0), axis CYLINDER_
ax1s = (1.,0,0), length cyLInDER_LENGTH = 2. and radius cYLINDER_RADIUS = 0.5 is specified by

&GEOM ID='cylinder', SURF_ID='Sl',
CYLINDER_LENGTH=2.,
CYLINDER_RADIUS=.5,
CYLINDER_ORIGIN=0.,0.,0.,
CYLINDER_AXIS=1.,0.,0.,
CYLINDER_NSEG_AXIS=6,
CYLINDER_NSEG_THETA=48 /

where the cylinder is discretized using 6 segments along its axis and 48 segments across its circumference.
The keyword surr_1D can be replaced by surr_1Ds='s1', 's2', 's3', where the strings 's1', 's2', 's3"
correspond to the surface IDs of top, sides and bottom surfaces respectively.

2D Terrain Elevations

A ceoM namelist defining a 2D terrain elevation is given by

&GEOM ID='terrain'
SURF_ID='S1l'
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IJK=ivals, jvals, XB=xmin,xmax,ymin,ymax,
EXTEND_TERRAIN=etlog, ZVAL_HORIZON=zvhr,
ZVALS=.../

where xB defines a rectangular region bounded by (Xmin,Ymin) and (Xmax,Ymax) and where zvars defines
elevation data in this region. 1Jx specifies how many vertices occur in this region along each dimension. In
this example ivals values occur along the x dimension and jval values occur along the y dimension. The
zvaLs keyword is used to specify elevations at each (x,y) location. The elevation data specified after the
zvaLs keyword is arranged in row major order. The first row contains ivals elevation values occurring at
the the ymin position from xmin to xmax. Similarly, the last row contains ivals elevation values for the
ymax position again from xmin to xmax. There are then jvals rows and ivals columns of elevation data.
The optional fields ExTEND_TERRATIN and zvaL,_HORIZON are used in the following form. If the computational
domain is set larger than the xB defined terrain patch, such that it contains the terrain completely, setting
EXTEND_TERRAIN=T allows for the terrain to be extended to the domain boundaries. This can be helpful
when trying to reduce boundary effects on a calculation. If, additionally, the real number zZvAL_HORIZON is
set on the GEoM line, this elevation will be used on the domain boundaries when extending the domain. As
with the blocks and spheres, FDS uses the information provided by these keywords to construct vertices and
triangular faces. The bottom elevation of the geometry (used only for visualization purposes in Smokeview)
may be set with the parameter zmM1N.

Additionally, terrain geometries can be specified defining a triangulation with a convex regular bound-
ary, as seen from the top. This triangulation will represent the terrain of interest and will define the top
boundary of a terrain GeoM. The terrain surface is specified by VERTs and FACES as in a basic geometry
(Sec. 7.3.2), and the field 1s_TERRAIN needs to be set to T, such that FDS knows this is a terrain unstruc-
tured surface. Surface types per faces are specified in the same manner as in basic geometries. Also, the
EXTEND_TERRAIN logic can also be applied.

Geometries Extruded From Simple Planar Polygons

In this case, a geometry can be defined specifying the vERTS, connectivity PoLy, and extrusion distance
EXTRUDE. For example:

&GEOM ID='ExtPoly', SURF_ID='Polyl',

VERTS =
-1.0, -1.0, 1.0,
0.5, -1.0, 1.75,
1.0, -1.0, 2.0,
0.0, 0.0, 1.5,
1.0, 1.0, 2.0,
-1.0, 1.0, 1.0,

pPOLY =1, 2, 4, 3, 5, 6,

EXTRUDE=0.5 /

The polygon defined by pory must be simple, non degenerate (no segment intersections, no repeated
vertices) and all segments must lay on the same plane in three dimensional space. It can have a maximum
of 1000 vertices. The value of EXTRUDE can be a positive or negative real, but not zero. A single surface ID
can be provided, or top, sides and bottom surface IDs through a surr_1Ds field, in the same manner as the
cylinders of Sec. 7.3.6. Note that the bottom surface in surr_1Ds always refers to the polygon defined in
POLY, from where the extrusion operation is performed.
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7.3.7 Generating Complex Geometries

Generating well-formed complex geometries is a time-consuming and error-prone process. Several third-
party pre-processing tools are provided by the FDS-SMV community for automatically translating CAD
files to ceom namelists.

These tools should always enforce quality checks on the triangulated surfaces and produce well-formed
GceoM namelists. Links to these tools can be found at the project home page at https://pages.nist.gov/fds-smv/
under “Third-Party Tools and Training”.

7.3.8 Transforming Objects

A geometry may be translated, rotated and scaled. For example, in the following cEoM namelist,

&MOVE ID='ChairMove', AXIS=...,...,..., ROTATION_ANGLE=..., DX=, /
&GEOM ID='chair'
SURF_ID="woodSID', 'apholsterySID',
VERTS=X1,Y1,Z1,...,XM, ¥YM, ZM,
FACES=F1_1,F1_2,F1_3,F1_SID,...,FN_1,FN_2,FN_3,FN_SID
MOVE_ID="'ChairMove'/

the chair object is translated and rotated using a reference to the Move namelist, defined and explained in
Sec. 11.4.

7.3.9 Reading Geometry Node Locations And Connectivity Data From Binary

In cases where geometries have very large numbers of nodes and surface triangles, greater setup time ef-
ficiency can be achieved by reading this data from an FDS produced binary file. This binary file can be
obtained running the case in setup only mode (T_EnD=0.0). Consider the chair geometry defined in the pre-
vious section. When a geometry is read by FDS, the xyz and face connectivity data FACEs is automatically
written into a binary file with name CHID_GEOM_ID.bingeom on the run directory (here, GEOM_ID="'chair").
If an 1D is not provided, the name of the binary file will be cCHID_N_GEOM.bingeom, where N_GEOM is the
number defining the order of appearance of the geometry line on the FDS input file.

Then, supposing the case ID is CHID="DiningRoom', the next time the case is run, the geometry line can
be modified to:

&GEOM ID='chair',
SURF_ID='woodSID', 'apholsterySID',
BINARY_FILE='DiningRoom_chair.bingeom',
MOVE_ID='ChairMove' /

where the presence of BINARY_FILE instructs FDS to read nodes and faces from the binary geometry file.
Note we have deleted the vERTS, FACES arrays from the input line. This manner of loading large geometries
avoids the testing and reading of all lines related to these arrays on the FDS input file. This approach is
particularly efficient in large parallel calculations, where parallel file systems are used. See Sec. 27.19 for
more information on geometry I/O binary format. If a different name than the default is used, it can be
specified in the field BTnarRY_FILE. The location directory can also be added in the BINARY_FILE string.
Terrains can also be read and written in binary format, and in this case only their top surface triangulation
is recorded. The binary contains their geometry infor