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Disclaimer

The US Department of Commerce makes no warranty, expressed or implied, to users of the Fire Dy-
namics 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 con-
clusions drawn from the results of its use; and for any actions taken or not taken as a result of analyses
performed using these tools.

Users are warned that FDS is intended for use only by those competent in the fields of fluid dynamics,
thermodynamics, combustion, and heat transfer, and is intended only to supplement the informed 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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1 Getting Started

Fire Dynamics Simulator (FDS) is a computational fluid dynamics (CFD) model of fire-driven fluid flow.
The software described in this document solves numerically aform of the Navier-Stokes equations appro-
priate for low-speed, 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 a companion document, called
Fire Dynamics Smulator — Technical Reference Guide [1]. The intent of this User's Manual is to explain
how calculations are performed and how to analyze the results.

Fire Dynamics Simulator consists of two computer programs. The first, called simply fds, is a Fortran
90 computer program that solves the equations described in Ref. [1]. The second, called smokeview is an
OpenGL graphics program that allows one to visualize the results. All of the input parameters required by
fds to describe the particular scenario of interest are conveyed via one or two text files created by the user.
Version 1 of smokeviewhas alimited Graphical User Interface (GUI), with major parameters controlled by
aGUI and minor parameters controlled via atext file.

1.1 Howto get FDS
All of the files associated with FDS are linked to the URL

http://fire.nist.gov

The FDS distribution consists of the Fortran 90 source code for fds, a compiled executable for the PC
(fds.exg, a compiled executable of smokeviewfor the PC (smokeview.exg and several popular UNIX
workstations, and sample input files for the cases discussed below.

1.2 Computer Hardware Requirements

Fire Dynamics Simulator requires arelatively fast CPU and a substantial amount of random-access memory
(RAM). Both fds and smokevieware portable and can be run on a variety of computing platforms. For
a Windows-based PC, the processor should be at least as fast as a 450 Mhz Pentium |1, with at least 256
Mbytes of memory. Of course, more is better, but this configuration should allow the user to do fairly large
calculations in areasonable time period. For UNIX-based workstations, the processor and memory should
be at least as fast and as large as the PC specs.



2 Running fds

Running fds is relatively smple. All of the parameters that describe a given fire scenario are typed into
a text file that will be referred to as the “data’ file. In this document, the data file will be designated
as casename.data In practice, the user chooses the identifying string “casename” so that all of the files
associated with agiven calculation all have acommon prefix. A second text file, referred to asthe “ database”
file, contains parameters describing specific materials, sprinklers, and other devices that can be referred to
by name in the datafile. In Section 4, several datafiles will be presented, along with entries pulled from the
database file. It is suggested that anew user start with an existing data file and make the appropriate changes
to reflect the desired scenario.

2.1 Compiling the Source Code

If acompiled version of fds exists for the machine on which the calculation is to be run, there is no need to
compile the code, and this section may be skipped. For example, the file fds.exeis the compiled program
for a Windows-based PC; thus PC users do not need a Fortran compiler and do not need to compile the
source code. For machines for which an executable has not been compiled, the user must compile the code.
A Fortran 90 compiler is needed for compilation. Table 1 lists the files that make up the source code. These
files contain fixed form Fortran 90 instructions conforming to the ANSI and 1SO standards except for the
machine-specific instructions found in the files named sys***.f . Before compiling, the user should select
the sys***.f file that is appropriate for the operating system of the machine on which the program will be
compiled and run. Presently, there are machine-specific filesfor IBM AIX (sys aix.f), SGI IRIX (sys irix.f),
SUN Solaris (sys sol.f), DEC UNIX (sysdec.f), and Digital Visua Fortran (sys dvf.f). These files contain
timing and buffer flushing calls that are not standard in Fortran 90 and differ from machine to machine. If
none of the available filesis appropriate, the user should either use sys gen.fasis, or modify it appropriately.
The source files should be compiled in the order in which they are listed in Table 1 because some routines
are dependent on others. For UNIX users, a Makefile has been provided that will assist in the compilation.
Compiler options differ from platform to platform. The only compiler options that need to be prescribed are
those that optimize performance.

Table 1: Source Code Files

File Name | Description

mods.f Glaobal arrays and constants
sys*** f | Machine-specific timing, flushing routines
read.f Read input parameters
init.f Initialize variables and Poisson solver
divg.f Compute the flow divergence
mass.f Mass eguation(s) and thermal boundary conditions
pres.f Spatial discretization of pressure (Poisson) equation
pois.f Poisson solver
velo.f Momentum eguations
part.f Thermal elements and combustion
sprk.f Sprinkler activation and spray dynamics
dump.f Dumps output data into files
| main.f | Main program, calls subroutines




2.2 Creating the data file

The data file provides the program with all of the necessary information to describe the scenario under
consideration. The most important inputs determine the physical size of the overall rectangular domain,
the grid dimensions, and the additional geometrical features. Next, the energy sources must be prescribed
and other boundary conditions. Finally, there are a number of parameters that customize the output files
to capture the most important flow quantities. Input data is prescribed by writing a small file containing
Fortran NAMEL| ST formatted records. Each record consists of a line or lines in the data file beginning
with the character & followed immediately by the name of the NAMELI ST group (HEAD, GRI D, VENT,
etc.), followed by alist of the input parameters corresponding to that group. Each list is terminated with a
dash. Note that the parameters listed are only those that the user desires to be changed from the default. A
Glossary of Input parameters is found in Section 5 along with several sample data files in Section 4. It is
recommended that a new user simply execute one of the sample cases that best resembles the scenario of
interest, and then modify that sample case appropriately. By doing this, the user will quickly learn how to
create adatafile.

2.3 Running fds

Windows: Open up a DOS shell session, and change directories to where the data file for the case is, then
run the code by typing

fds < casenane. data

to begin arun. The character string casenan® is the name of the case designated in the user-generated
input file called casename.dataThe input parameters will be read in as standard input, and the diagnostic
output will be written out onto the screen. If one desires to save the diagnostic output, the job should be run

fds < casenane. data > casenane. out

The diagnostic output will then be saved to afile called casename.outThisfile can be checked periodically
to monitor the progress of the calculation.

UNIX: Change directories to where the data file for the case is, then run the code by typing
fds < casenane. data > casenane. out &

to begin arun. The input parameters will be read in as standard input, and the diagnostic output will be
written out as standard output to a file called casename.out To watch the progress of a run on the screen,

simply type
fds < casenane. dat a

Note that in the latter case, the job will be run in the foreground and the diagnostic output will not be saved.
It is preferable to run jobs in the background so that arecord of the calculation diagnostics will be saved.

2.4 Monitoring Progress

Diagnostics for a given calculation are either written out onto the screen or into afile, usually called case-
name.outby the user. The CPU usage and simulation time will be written here, so a user can see how far
along the program has progressed. At any time during a cal culation, smokeviewcan be run and the progress
can be checked visualy. To stop a calculation before its scheduled time, a user can either kill the process,
or preferably create afile in the same directory as the output files called casename.stop The existence
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of this file will stop the program gracefully, causing it to dump out the latest flow variables for viewing in
smokeview

Since calculations can be hours or days long, there is arestart capability built into fds. Details of how
to use this feature are given in Section 5.6. Briefly, the user specifies at the beginning of calculation how
often a “restart” file should be dumped. Should something happen to disrupt the calculation, like a power
outage, the calculation can be restarted from the time the last restart file was dumped. Also, if the user stops
the calculation by creating afile called casename.stoparestart file will be dumped.



3 Running Smokeview

A software tool named smokeviewis provided that allows you to visualize data generated by the fds fire
model. smokeviewpresents a 3D perspective view of the simulation along with animations of smoke (or
tracer) particles, animated shaded contour slices of gas data and surface data. In addition you may also view
shaded contour and vector plots anywhere within the ssmulation scene at afixed time. Normally smokeview
is used after an fds run has finished to analyze the simulation results. smokeviewnay also be used during a
run to monitor a simulation’s progress and before a run to visualize blockages, vent locations, sprinkler and
heat detector locations in order to more quickly set up correct cases.

3.1 Getting Started

To start using smokeviewon the PC, double-click on the file icon named casename.smwhere casename
is the name of the case you have defined via the CHID keyword within the fds input data file. Alternatively,
you may run smokeviewon al platforms (including the PC) by opening a command shell (DOS shell on
the PC) and typing:

snokevi ew casenane

While smokeviewis running you may click on the right mouse button to view a menu of options.
Using the menu, you may then load and unload fds output data files, show and hide various parts of the
simulation, render the scene etc. The Help menu item gives information on how to use keyboard shortcuts
to perform various tasks (pausing simulation, selecting views, creating graphic files of smokeviewscenes
etc. Current versions of the software, documentation and example cases may be found on the World Wide
Web at http://fire.nist.gov/smokeview

3.2 Installation

smokeviewis written in standard ANSI Fortran 90 and C using the OpenGL[2] and GLUT[3] graphics
libaries. Fortran 90, C and the graphics libraries are portable enabling smokeviewto run on a PC running
Windows 9x/NT and a number of UNIX workstations.

Windows. smokeviewmay be obtained by accessing the web site given above. You may then either down-
load a setup program or request a CD. The CD contains examples and documenatation in addition to the
smokeviewinstallation program. After obtaining the setup program, install smokeviewon the PC by either
selecting Setupfrom the Windows Start/Run... menu or double clicking on the smokeviewsetup program.
The setup program will also ingtall if necessary the OpenGL and GLUT graphics libraries used by smoke-
view.

UNIX: Presently, there are compiled versions of smokeviewfor the following UNIX workstations: 1BM
AlX, SGI IRIX, SUN Solaris, DEC Alpha, and HP UX. These programs may also be obtained from the
web site given above. In order to run smokeview the OpenGL and the GLUT libraries must be installed.
The installation of these libraries varies from machine to machine, thus the user must contact the system
administrator or manufacturer to determine if the libraries have been installed.

3.3 Menu Options

A pop up menu is displayed when you click the right mouse button anywhere within the scene. The main
menu options are: Load/Unload, Show/Hide, Frame Rate, Render, Tour, Reset View Help and Quit.

1Graphics Library Utility Toolkit



Menu items only appear if they are currently relevant. For example, if a PLOT3D file does not exist or is
not loaded then no other menu item pertaining to PLOT3D files will be visible.

Load/Unload This menu item allows you to load or unload particle, slice, PLOT3D or boundary files.
You may also load or create customization files.

Show/Hide  This menu item allows you to show or hide various parts of the scene such as the plot being
visualized or geometric components such as walls, vents or blockages.

Max Frame Rate  This option controls the maximum rate at which image frames are displayed. The
actual frame rate may be slower if the scene is complex. You may aso specify unlimited or
step which alows you to display the frames as rapidly as your graphics hardware permits or to
step through the frames manually one frame at at time.

Render  Thisoption allows you to create GIF files of the current scene.
Tour Causes the scene to rotate slowly.

Reset View  Reset the simulation scene back to the original view.

Help Display alist of keyboard equivalent commands.

Quit Quit smokeview.

3.4 Keyboard Commands

Many menu commands have equivalent keyboard shortcuts. These shortcuts are described in Table 2 and
are also described briefly under the “Help” menu item from within smokeviewitself.

3.5 Command Line Options

Normally command line options are not necessary. However, they may be used for cases with very large
particle files or when you wish to generate a customization file. To obtain alist of command line options,

type:
snokevi ew
without any arguments which results in the following output:
Snokevi ew 1. 0.0 - Rel ease January 2, 2000
Visualize fire/snoke flow sinmulations. Al paraneters are optional.
Usage:
snokevi ew casenanme -points m-franmes n -ini -nopart
wher e
project id (file names without the extension)

maxi mum nunber of particles. Default=5000000
maxi mum nunber of particle franes. Default=501

=]
1
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Table 2: Keyboard shortcuts

Key

| Description

X Toggle the visibility of the PLOT3D data plane
along the x axis (parallel to the yz plane).

y Toggle the visibility of the PLOT3D data plane
aong they axis (parald to the xz plane).

z Toggle the visibility of the PLOT3D data plane
along the z axis (paralel to the xy plane).

p Show the next variable in the PLOT3D data set.

v Toggle the vector visibility. This option is only
active if thereare U, V and/or W velocity compo-
nents present in the PLOT3D data set.

a Toggle the vector arrow size. A reference arrow is
displayed on the lower Ieft portion of the screen.

s Increment the number of grid cells between dis-
played vectors.

[ Toggle the visiblity of iso-contours (or equiva
lently 3d surface contours).

b increment the number of adjacent cells used to
display iso-contours (default is 1 cell).

Page Up Increment/decrement the PLOT3D plane location

Page Down | shown in the xy plane.

Left/Right Increment/decrement the PLOT3D plane location

Cursor shown in the xz plane.

Up/Down Increment/decrement the PLOT3D plane location

Cursor shown in the yz plane.

t Toggle the time stepping mode. When time step-
ping mode is turned on then you may step through
the ssmulation on time step at atime.

1.--9 advance a time step or data plane 1---9 respec-
tively.

g Toggle the grid visiblity. The x, y and z keys may
be used to show grids along different planes.

r Render the current scene as a Gl Ffile.

- Advance a data plane or time step in a negative
direction.

space bar Advance a data plane or time step in a positive

direction.




-ini = output default snokeview paranmeters to snokevi ew.ini
-nopart = do not |oad particle file

If you do not wish to show the particle file then type:
snmokevi ew casenane - nopart

If your particle file has more then 5,000,000 points then pick alarger number (say 6,000,000) and type:
snmokevi ew casenane -poi nts 6000000

where in both cases casenamas the basename of the fds output files.

3.6 Customization Files

Itisnot practical to have menu items for every possible smokeviewfeature and parameter. Many parameters
such as line size, point size etc may be set in startup files. In addition to being read at the beginning of a
visualization session, they are read each time a data file (particle, PLOT3D etc) isloaded and also when the
load startup files menu option is selected. This allows you to override smokeviews selection of min and
max’s by setting these or any other parameters in a customization file.

smokeviewlooks for two customization files. One is named smokeview.iniand the other is named
casename.ini(again where casename is the prefix of al fds output files). Both customization files are
optional. The file smokeview.iniis located in either a directory pointed to by the environment variable
SMOKEVIEWINI 2 or the current directory containing the fds data files you are visualizing. The second
customization file is casename.iniand is located in the current directory.

Table 3 contains definitions for parameters that are used to change the minimum or maxium data values
displayed. Table 4 contains definitions for parameters that are used to reduce the memory required to display
various data files. Each entry in Table 3 (except for V. PLOT3D) has the form

KEYWORD
mn flag, mn val, nmax flag, max val

smokeviewuses mi n val and/or max val if the corresponding min or max flag is set to 1 (rather than
0). For example, the KEY WORD/value combination

V_PARTI CLES
115 1 28

will result in smokeviewusing 15 and 28 for min and max particle values while

V_PARTI CLES
0 15 1 100

will only use 100 for the max particle value. Each entry in Table 4 has the form

KEYWORD
val ue

2The SMOKEVIEWINI environment variable may be defined on the PC by adding the line:
set SMOKEVI EW NI =di r
to the file c:\ autoexec.bat where dir isthe directory you wish to store the global customization file.
It may be defined on a UNIX workstation under a cshshell by adding the line:
setenv SMOKEVI EW N dir
to a.login or .cshrc start up file, again where dir isthe directory where you wish to store the global customization file.
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Table 3: Customization parameter definitions - data bounds.

| Keyword | Description/Format | Default Value
T_PARTICLES | Min and max time values for the | 01.000.0
particle file.
T_SLICE Min and max time values for the | 01.000.0
dlicefile.
T_BOUNDARY | Min and max time values for the | 01.000.0
boundary file.
V_PARTICLES | Min and max solution values for | 01.00 0.0
the particle file.
V_SLICE Min and max solution values for | 1 15.0 1 100.0
the dicefile.
V_BOUNDARY | Min and max solution values for | 01.00 0.0
the boundary file.
V_PLOT3D Min and max solution values for | 5
the PLOT3D file. 101.000.0
201.000.0
301.000.0
401.000.0
501.000.0




Table 4: Customization parameter definitions - data loading.

Keyword

Description/Format

| Default Value

MAXFRAMES

Maximum number of particle
frames

501

MAXPOINTS

Maximum number of particle
points

5000000

PARTPOINTSTEP

Particle file point stepping pa
rameter. If PARTPOINTSTEPIs
set to 3 then every 3rd particle
file point will be read in.

PARTFRAMESTEP

Particle file frame stepping pa-
rameter. |f PARTFRAMESTEP
is set to 3 then every 3rd particle
file frame will be read in.

SLICEFRAMESTEP

Slice file frame stepping param-
eter. |If SLICEFRAMESTEP is
set to 3 then every 3rd dlice file
frame will beread in.

BOUNDFRAMESTEP

Boundary file frame step-
ping parameter. If BOUND-
FRAMESTEP is set to 3 then
every 3rd boundary file frame
will beread in.

PARTPOINTCOMPRESS

Particle file compression flag. If
PARTPOINTCOMPRESS is set
to 1 then particle locations are
stored in acompressed format re-
quiring only 4 bytes of storage
per particle rather than 16. The
positions of the particle will be
in error by plus or minus two
pixels. If PARTPOINTCOM-
PRESS is set to 0 then particles
are placed on the screen with full
precision.
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4 Case Studies

This section documents some calculations performed with the FDS model. The cases vary in complexity
from simple room fires to more complicated warehouse fires. Note, however, that the computational domain
in each case is a rectangular block, divided into a rectilinear mesh. For each case, the parameters used
to perform the calculations will be presented and explained in terms of the physical descriptions of the
experiments. A complete listing of the input parameters isincluded below.

4.1 Isolated Fire Plume

The most obvious test of the numerical model is to compute a buoyant plume from a fire. To perform a
simulation of an isolated fire plume, the minimum length scale that must be resolved is the characteristic fire
diameter D* = (Q/ PesCp.eo Teor/0) %> which is roughly comparable to the actual fire diameter near the base. It
involves the total heat release rateQ directly, and can be seen both in the dimensionless form of McCaffrey’s
plume correlations [4] and by considering the dimensionless form of the Navier-Stokes equations for this
problem. In fact, if the governing equations discussed in Ref. [1] were made non-dimensional using D as
the length scale, \/(gD*) as the velocity scale, \/(D*/g) as the time scale, and T, as the temperature scale,
al the physical constants would disappear from the inviscid terms in the equations. Only the Reynolds
and Prandtl numbers would remain in the viscous stress and heat conduction terms. For this reason, the
calculation discussed here is representative of awide range of fire sizes.

Figure 1 shows an instantaneous snapshot of three temperature contours obtained from a simulation in
which the burner itself is spanned by an 8 cell by 8 cell mesh. The contours correspond to the boundaries
of the continuous flame, intermittent flame, and plume zones as defined by Baum and McCaffrey [4]. Note
that the image is an instantaneous snapshot of the fire, and that time averages of the output of this kind
of simulation must be produced in order to make quantitative comparison with most experimental data.
Indeed, it is the fact that the results of the simulation can be averaged in a routine way while the equations
of fluid mechanics cannot is the basis of the whole approach presented here. Figure 2 displays the time-
averaged centerline and radial temperature and velocity profiles compared with McCaffrey’s correlation.
The computation reproduces the correlation very well, except it over-predicts the temperature near the fuel
surface. The reason for this is that the mesh spanning the burner is relatively coarse, but fairly typical of
most practical calculations where the fire plume comprises only a small fraction of the total volume of the
computational domain. If the objective of the calculation were to study only the fire, then afiner grid could
be afforded, and it would be possible to resolve the diffusion flame that separates the fuel-rich inner region
from the oxygen-rich outer region. The flame sheet is less than a centimeter thick, thus the grid spanning
the 0.2 m by 0.2 m burner would have to have at least 20 cells in each direction before any meaningful
study of the actual fire could take place. The objective here isto predict the temperature and velocity above
the fire. The reason why the predicted plume temperature and velocity are accurate even though the fire
temperature is over-predicted is that the prescription of the total heat release rate and the partition of the
energy into a convective and radiative component is based on measurements. Regardless of the distribution
of the energy within the fire itself, the heat flux through ahorizontal plane above the fireis the same in both
the calculation and the actua fire. The objective of the calculation is not to predict the heat release rate, but
rather the transport of the combustion products above the fire.

The input file for the isolated plume calculation is included in Fig. 3. More detail about the input
parameters may be found in Section 5. A brief description is provided here.

&HEAD CHI D=" pl une’ , TITLE="Single Fire Plunme’ /

Thefirst line of the file provides a character string ’ pl urme’ that will be common to all output files. The
TI TLE isjust for identifying the job. Note that single quotes should surround all character string input, and
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Figure 1: Instantaneous snapshot of a pool fire simulation. The contours correspond roughly to the
boundaries of the continuous flame, intermittent region and plume. The square burner is 0.2 m by
0.2 m, the dimensions of the computational domain are 1.5 m by 1.5 m by 3.5 m.
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Figure 2: Time-averaged centerline (left) and radial (right) profiles of velocity and temperature for
the pool fire simulation shown in Fig. 1.

that character strings are case sensitive.

&CRI D | BAR=32, JBAR=32, KBAR=72 /
&PDI M XBAR=1. 5, YBAR=1. 5, ZBAR=3. 5 /
&TRNX | DERI V=0, CC=0. 75, PC=0. 75 /
&TRNX | DERI V=1, CC=0. 75, PC=0.5 /
&TRNY | DERI V=0, CC=0. 75, PC=0. 75 /
&TRNY | DERI V=1, CC=0. 75, PC=0.5 /

The dimensions of the numerical grid are given by the integers | BAR, JBAR and KBAR. The dimensions of
the computational domain are given by XBAR, YBAR and ZBAR, all in meters. The parameters found on the
lines TRNX and TRNY call for the computational grid to be stretched in the x and y directions, so that more
cells can be concentrated in the fire. In this case, the grid cells near the center of the domain are half aswide
as they would have been if no stretching of the mesh were called for.

&TI ME DT=0. 05, TWFI N=20. /
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&HEAD CHI D=" pl unme’ , TITLE=" Single Fire Plume’ /

&GRI D | BAR=32, JBAR=32, KBAR=72 /

&PDI M XBAR=1. 5, YBAR=1. 5, ZBAR=3. 5 /

&TRNX | DERI V=0, CC=0. 75, PC=0. 75 /

&TRNX | DERI V=1, CC=0. 75, PC=0.5 /

&TRNY | DERI V=0, CC=0. 75, PC=0. 75 /

&TRNY | DERI V=1, CC=0. 75, PC=0.5 /

&TI ME DT=0. 05, TWFI N=20. /

&SURF | D=" bur ner’ , HRRPUA=600. , TBO=0. 20 /

&0OBST XB=0. 65, 0. 85, 0. 65, 0. 85, 0. 00, 0. 15 /

&VENT XB=0. 65, 0. 85, 0. 65, 0. 85, 0. 15, 0. 15, SURF_| D=" burner’ /
&VENT CB=" XBAR , SURF_I D=" OPEN
&VENT CB=" XBARO' , SURF_| D=" OPEN
&VENT CB=" YBAR , SURF_| D=" OPEN
&VENT CB=" YBARO' , SURF_| D=" OPEN
&VENT CB=' ZBAR , SURF_| D=" OPEN
&PART QUANTI TY=" TEMPERATURE" /
&PL3D DTSAMES. /

&SLCF XB=0. 75, 0. 75, 0. 75, 0. 75, 0. 00, 3. 50, QUANTI TY=" TEMPERATURE’
&SLCF XB=0. 75, 0. 75, 0. 75, 0. 75, 0. 00, 3. 50, QUANTI TY=" W VELOCI TY’
&SLCF XB=0. 00, 1. 50, 0. 00, 1. 50, 2. 50, 2. 50, QUANTI TY=" TEMPERATURE'
&SLCF XB=0. 00, 1. 50, 0. 00, 1. 50, 2. 50, 2. 50, QUANTI TY=" W VELOCI TY’

~ — — ~— —

~ O~~~

Figure 3: Input file for isolated plume calculation.

The time of the simulation is given by TWFI Nin seconds. The initial time step size DT is also included,
but this number will be automatically adjusted based on the CFL conditiod. If no initial time step sizeis
chosen, it will be set t0 0.05 s.

&SURF | D=' bur ner’ , HRRPUA=600. , TBO=0. 20 /
&0OBST XB=0. 65, 0. 85, 0. 65, 0. 85, 0. 00, 0. 15 /
&VENT XB=0. 65, 0. 85, 0. 65, 0. 85, 0. 15, 0. 15, SURF_I D=" bur ner’ /

The burner and fire are defined by the next three lines. The SURF line defines the fire size and burn-out
time of the thermal elements that will represent the fire. The SURF line is essentially a boundary condition
applied at the plane defined by the first VENT line. This plane is the top of the solid obstruction that is
defined by the OBST line. Thus, as far as the calculation is concerned, the burner is arectangular solid out
of whose top Lagrangian particles are gected, and these particles distribute energy onto the computational
grid for 0.20 s. The number of Lagrangian particles released may be changed by the user, but in all casesthe
total heat release rate of the fire will be (600 kW/nf) x (0.2 m)? = 24 kW. The fraction of the total energy

emitted as thermal radiation is by default 35%, but the user may change this parameter as well on the SURF
line. In the present calculation, the thermal radiation is assumed lost, because neither the smoke nor the
boundaries have been designated as absorbing media. In fact, there are no walls or ceiling in the calculation,
asindicated by the five VENT lines that call for the planes x = 0 (XBARO), x = 1.5 (XBAR), y = 0 (YBARO),

y=1.5(YBAR), and z= 3.5 (ZBAR) to be OPEN, that is, open to the atmosphere.

&PART QUANTI TY=" TEMPERATURE" /
&PL3D DTSAME=S. /
&SLCF XB=0. 75, 0. 75, 0. 75, 0. 75, 0. 00, 3. 50, QUANTI TY=" TEMPERATURE" /

3The Courant-Friedrichs-Lewy (CFL) condition dictates that a fluid parcel cannot cross more that the width of a grid cell over
the course of atime step.
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&SLCF XB=0. 75, 0. 75, 0. 75, 0. 75, 0. 00, 3. 50, QUANTI TY="W VELOCI TY' /
&SLCF XB=0. 00, 1. 50, 0. 00, 1. 50, 2. 50, 2. 50, QUANTI TY=" TEMPERATURE" /
&SLCF XB=0. 00, 1. 50, 0. 00, 1. 50, 2. 50, 2. 50, QUANTI TY="W VELOCI TY" /

The remaining lines of the file designate what flow quantities to save in the output files. By default, the
locations of the thermal elements will be saved to a file that the graphics package smokeviewwill use
to produce an animation of the simulation. The line PART indicates that the elements are to be colored
by the gas temperature in the animation. It does not affect the calculation. The line PL3D indicates that
a PLOT3D file should be produced every 5 seconds. These files will contain 5 flow quantities at every
point in the computational domain at an instant in time. By default the 5 quantities are temperature, the 3
components of velocity, and the heat release rate per unit volume. The lines entitled SLCF specify that the
listed flow quantities are to be recorded every TWFI N/ 500=0. 04 s aong the line, on the plane or within
the volume indicated by the sextuplet XB. In this case, the time-averaged profiles shown in Fig. 2 were
produced from the data resulting from the SL CF commands.
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4.2 Smoke Movement in a Townhouse

The next example demonstrates the movement of smoke and hot gases from a burning stove in a two-level
townhouse. The scenario is afire on a stove top in the kitchen. The characterization of the fire itself is no
different from the previous plume example — the interest here is the geometrical complexity of the house.
By default, al external walls of the house are accounted for. They coincide with the boundaries of the
rectangular computational domain. There is no need to explicitly introduce external walls in the data file
(Fig. 4). Only open windows to the outside need to be specified via the VENT namelist group. The entry
SURF_I D=" OPEN means that the windows are open to the atmosphere. The pressure at these openingsis
assumed ambient. Internal walls must be explicitly specified with OBST lines. Each OBST line represents
a rectangular block, thus the walls and the floor separating the first and second levels must be entered as
separate chunks. It is permissible to overlap these blocks, but it is not permissible to open a door within a
wall with a VENT statement. A wall with an open door in it must be specified with 3 OBST lines — a block
to the left and right of the door opening, plus a block over the door. Note aso in this example that al the
walls are at least 2 cells thick. Although thisis not absolutely necessary, it is recommended so that thermal
boundary conditions may be applied properly.

&HEAD CHI D=' t ownhouse’ , TI TLE=’ Town House Kitchen Fire' /
&CGRI D | BAR=48, JBAR=64, KBAR=48 /

&PDI M XBAR=6. 4, YBAR=8. 0, ZBAR=4.8 /

&TI ME DT=0. 05, TWFI N=180. 0 /

&PART QUANTI TY=" TEMPERATURE' , NPSAMES /

&PL3D DTSAM=30. /

&SURF | D=" BURNER' , HRRPUA=1000. , TAU_Q=-50. /

&VENT XB=0. 0, 0. 6, 1. 00, 2. 00, O. .9, SURF_I D=" BURNER' /

9,0
&VENT XB=3. 4, 4. 2,0.00, 0.00, 3.2,4.0, SURF_I D=" OPEN' /
&VENT XB=1. 2, 2. 0, 0. 00, 0. 00, 3. 2, 4.0, SURF_| D=" OPEN /
&VENT XB=3. 0, 3. 8, 8. 00, 8. 00, 3.2, 4.0, SURF_| D=" OPEN /
&VENT XB=1. 2, 2.0, 8. 00, 8. 00, 3.2, 4.0, SURF_I D=" OPEN'" /
&VENT XB=4.0, 4. 8, 8. 00, 8. 00, 0.0, 2. 2, SURF_| D=" OPEN /
&OBST XB=0.0,1.1,0.00,0.25,1.5,2.3/
&OBST XB=0.0,0.2,0.25,2.75,1.5,2.3/
&0OBST XB=0.0, 3.6, 2. 75,3.75,0.0, 2. 3/

&PART QUANTI TY=" TEMPERATURE’ , NPSAM=5 /
&PL3D DTSAME30. /

&SLCF PBY=1. 5, QUANTI TY=" TEMPERATURE' /
&SLCF PBZ=2. 2, QUANTI TY=" TEMPERATURE' /
&SLCF PBZ=4. 6, QUANTI TY=" TEMPERATURE' /
&SLCF PBX=4. 4, QUANTI TY=" TEMPERATURE' /
&SLCF PBX=5. 8, QUANTI TY=" TEMPERATURE' /

Figure 4: Input file for townhouse smoke movement calculation.
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Figure 5: Geometry of townhouse simulation.



4.3 Sprinkler Study

The next case study includes a description of aset of large-scale fire experiments. Not all of the information
presented in the description is incorporated into the numerical simulation. The challenge for the modeler is
to decide which of the many bits of information included in the description can be directly incorporated into
the calculation, which can be neglected, and which must be idealized due to limitations of the model.

In January, 1997, a series of 22 heptane spray burner experiments was conducted at the Large Scale
Fire Test Facility at Underwriters Laboratories (UL) in Northbrook, Illinois [5, 6]. The objective of the
experiments was to characterize the temperature and flow field for fire scenarios with a controlled heat
release rate in the presence of sprinklers, draft curtains and a single vent. The results of the experiments
were used to evaluate the predictive capability of the FDS model, and also to provide guidance as to the
interaction of vents and draft curtains with sprinklers.

4.3.1 Experimental Description

The Large Scale Fire Test Facility at UL contains a 37 m by 37 m (120 ft by 120 ft) main fire test cell,
equipped with a 30.5 m by 30.5 m (100 ft by 100 ft) adjustable height ceiling. The height of the ceiling may
be adjusted by four hydraulic rams up to a maximum height of 14.6 m (48 ft). A flexible design sprinkler
piping system was available at the ceiling to permit any arrangement of sprinkler spacing with minimum
pressure |osses.

The layout of the heptane spray burner tests is shown in Fig. 6. One 1.2 m by 2.4 m (4 ft by 8 ft) vent
wasinstalled among 49 upright sprinklers on a3 m by 3 m (10 ft by 10 ft) spacing. The ceiling was raised to
aheight of 7.6 m (25 ft) and instrumented with thermocouples and other measurement devices. The ceiling
was constructed of 0.6 m by 1.2 m by 1.6 cm (2 ft by 4 ft by 5/8 in) fire-resistant ceiling tiles suspended
from 3.8 cm (1.5 in) wide steel angle brackets. The manufacturer reported the thermal properties of the
material to be: specific heat 753 Jkg-K, thermal diffusivity 2.6 x 107 m?/s, conductivity 0.0611 W/m-K,
and density 313 kg/n?.

Draft curtains 1.8 m (6 ft) deep were installed for 16 of the 22 tests, enclosing an area of about 450 M
(4,800 ft?). The curtains were constructed of 1.4 m (54 in) wide sheets of 18 gauge sheet metal. The seams
in the draft curtains were connected with aluminum tape.

The orifice diameter of the sprinklers is reported by the manufacturer to be nominally 0.016 m (0.64 in),
the reference actuation temperature is reported by the manufacturer to be 74C (165°F). The RTI (Response
Time Index) and C-factor (Conductivity factor) were reported by UL to be 148 (m-sﬁ (268 (ft-s)%) and
0.7 (m/s)% (1.3 (ft/s)%), respectively [6]. When installed, the sprinkler deflector was located 8 cm (3 in)
below the ceiling. The therma element of the sprinkler was located 11 cm (4.25 in) below the ceiling. The
sprinklers were installed with 3 m by 3 m (10 ft by 10 ft) spacing in a system designed to deliver a constant
0.34 L/(sm?) (0.50 gpmi/ft?) discharge density when supplied by a 1.30 bar (19 psi) discharge pressure®.

A single double leaf fire vent with steel covers and steel curb was installed in the adjustable height
ceiling in the position shown in Fig. 6. The vent doors were recessed into the ceiling about 0.3 m (1 ft).

The heptane spray burner consisted of a1l m by 1 m (40 in by 40 in) square of 1/2 in pipe supported by
four cement blocks 0.6 m (2 ft) off the floor (Fig. 7). Atomizing spray nozzles were used to provide a free
spray of heptane that was then ignited. The number and locations of the atomizing nozzles used depended
on the maximum heptane flow rate expected during a test. The two configurations used were nozzles in
Positions A, B, C and G for fires less than or equal to 5 MW, and A, B, C, D, E, F and G for fires greater
than 5 MW.

4The flow rate from a sprinkler is proportional to the square root of the discharge pressure. The proportionality constant is often
referred to as the K-factor, expressed in units of L/min/bar? or gpm/psi%. For the sprinkler used in these tests, the K-factor was
. . 1 .1
approximately 166 L/min/barz (11.5 gpm/psiz.)
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Figure 6: Plan view of heptane spray burner configuration, Series I. The sprinklers are indicated by
the solid circles and are spaced 3 m (10 ft) apart. The number beside each sprinkler location indicates
the channel number of the nearest thermocouple. The vent dimensions are 1.2 m by 2.4 m (4 ft by 8 ft).
The boxed letters A, B, C and D indicate burner positions. Corresponding to each burner position is

a vertical array of thermocouples. Thermocouples 1-9 hang 7, 22, 36, 50, 64, 78, 92, 106 and 120 in
from the ceiling, respectively, above Position A. Thermocouples 10 and 11 are positioned above and
below the ceiling tile directly above Position B, followed by 12—-20 that hang at the same levels below
the ceiling as 1-9. The same pattern is followed at Positions C and D, with thermocouples 21-31 at C
and 32-42 at D.
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Figure 7: Plan view of heptane spray burner.

For al but one of the tests, the total heat release rate from the fire was ramped following the t-squared
curve

L. /t\2
Q= (5) (1)
where Qp = 10 MW and T = 75 s. Thefire growth curve was followed until a specified fire size was reached
or the firs