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ABSTRACT

The capabilities of the Fire Dynamics Simulator (Version 3) (FDS3) have been examined
to determine whether a large pool fire test can be reasonably simulated. Activities
undertaken include 2-D and 3-D pool fire modeling in the absence of wind and heat sinks
within the fire principally to compare flame height predictions to established correlations,
wind field modeling specifically targeted at developing initial velocity and boundary
conditions to use in the simulation of an actual pool fire, and simulation of a specific pool
firetest conducted by Sandia National Laboratoriesin 1983. Processeswere developed for
determining flame heights based on the criterion that flame height is defined as the height
at which the flameis observed at least 50% of the time and for transforming wind field data
associated with an outdoor test into initial and boundary conditions for simulating the test.
It was concluded that modeling of large pool fires should be accomplished with full 3-D
models, maximum burn rate should not be specified, the default radiation fraction in FDS3
should be explicitly overridden with a value of zero, and ignitors should be specified to
initiate combustion. While the FDS3 simulations reflect the “highly turbulent nature of a
large open pool fire and its susceptibility to winds [which] produce temperature and flow
fields that are very nonuniformin both a spatial and temporal sense,” further refinement of
the grid in the area of the calorimeter and instrumentation model ed and reassessment of the
heat of vaporization of JP-4 are expected to improve agreement between simulation results
andtest data. Thereisasignificant difference between established flame height correlations
and simulation results, and a potential explanation is presented. It also appears—other
factors being the same—that the minimum pool dimension may be a better correlating
parameter for flame height that equivalent diameter or hydraulic diameter. Severa
recommendations regarding potential enhancements to the FDS code are also included
which, if implemented, would facilitate future modeling of outdoor fire tests.
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1. INTRODUCTION

Fire analysis runs the gamut from the use of textbook correlations to complex computer
modeling to various types of testing and is performed in support of design, safety analysis,
and post-fire assessments. Analyses may be pursued to test hypotheses concerning fire
origin and spread or be undertaken to demonstrate that a design would meet specified
conditions when testing falls short of prescribed conditions. Regardless of the application,
the limitations and validity of the analysis approach applied must be understood.

The analyses reported herein have been undertaken to develop a validation simulation
comparing results of the Fire Dynamics Simulator computer code—specifically, Version 3
[FDS3-TRG; FDS3-UG]—to measured fireand cal orimeter temperaturesobtainfromalarge
pool firetest. Achieving such an objectiveiscomplicated by the transient, turbulent nature
of fire compounded by the effects of wind outdoors, limitations on the understanding and
modeling of transport mechanisms, and computing resource limitations which affect mesh
refinement from the standpoints of both adequate resol ution and timely compl etion of runs.

Thisintroduction presents an overview of fire analysis requirementsfor packaging, facility
safety analysis, and design, principally for nuclear activitiesin Sect. 1.1; adescription of the
FDS3 codein Sect. 1.2; abrief introduction to pool fire tests conducted by Sandia National
Laboratoriesin 1983 in Sect. 1.3; and a summary of inherent difficultiesin fire analysisin
Sect. 1.4. Chapter 2 presents material properties needed to implement the current analyses,
and Chapter 3 examines radiation to thermally-thick and -thin wall models to verify heat
transfer capabilities for evaluating backface temperatures in a calorimeter. Chapter 4
presents a series of two- and three-dimensional pool fire modelsin the absence of wind and
without a calorimeter. This chapter compares standard correlations and methods for
estimating flame height and compares FDS3 results to the classical methods. Chapter 5
presents the derivation of the wind field model used in the simulations of a selected Sandia
pool fire that are presented in Chapter 6. Conclusions and recommendations for future
modeling efforts are presented in Chapter 7.

1.1 FIRE ANALYSISREQUIREMENTS

Thefollowing sectionsoutlinerequirementsthat may invokefireanalysis. Therequirements
address safety analysis and design requirements for packaging for the transportation of
nuclear materials and for nuclear facilities.

1.1.1 Safety AnalysisReport for Packaging
Packaging for the transportation of nuclear materialsis required to meet a specified set of

tests conducted in a prescribed sequence including drop, thermal, and immersion testing.
Compliance with the requirements of 10 CFR 71, Packaging and Transportation of



Radioactive Material [10 CFR 71], is demonstrated in a Safety Analysis Report for
Packaging (SARP). The thermal test is specified 10 CFR 71.73©)(4):

Thermal. Exposure of the specimen fully engulfed, except for a simple
support system, in a hydrocarbon fuel/air fire of sufficient extent, and in
sufficiently quiescent ambient conditions, to provide an average emissivity
coefficient of at least 0.9, with an average flame temperature of at least
800°C (1475°F) for a period of 30 minutes, or any other thermal test that
providesthe equivalent total heat input to the package and which providesa
time averaged environmental temperature of 800°C. The fuel source must
extend horizontally at least 1 m (40 in), but may not extend more than 3 m
(10ft), beyond any external surface of the specimen, and the specimen must
be positioned 1 m (40 in) above the surface of the fuel source. For purposes
of calculation, the surface absorptivity coefficient must be either that value
which the package may be expected to possessif exposed to thefire specified
or 0.8, whichever isgreater; and the convective coefficient must bethat value
which may be demonstrated to exist if the package were exposed to thefire
specified. Artificial cooling may not be applied after cessation of external
heat input, and any combustion of materialsof construction, must be allowed
to proceed until it terminates naturally.

Note that the regulations permit testing or cal culationsto demonstrate compliance. Testing
may be performed in a pool fire or inside afurnace. Calculations may be used directly to
simulatethe thermal testing requirements or may be used as an adjunct to testing when some
aspect of the testing falls short of the requirements.

When a package cannot meet the hypothetical accident conditions described in 10 CFR
71.73, an alternative approach is available which is documented in a Transportation Safety
Risk Assessment [see 10 CFR 71.41©)]. This alternative approach is similar to that
described in the following subsection.

1.1.2 Documented Safety Analysis’

A different approach is taken when analyzing accidents in nuclear facilities. In this case,
accident scenarios—and, hence, specific accident characteristics reflecting facility specific
conditions(i.e., accident sequence, flametemperature, duration, relativelocation of fuel and
hazardous materials, etc.)—are defined pursuant to the preparation of aDocumented Safety
Analysis (DSA) for anuclear facility [3009 CN2, p. 14]:

" Documented Safety Analysisisterminology introduced by 10 CFR 830, Nuclear Safety
Management, when referring to the document eval uating the safety of anuclear facility. One
standard that is used for preparing DSAs is DOE-STD-3009. Earlier revisions of DOE-
STD-3009 used the term Safety Analysis Reports which may be more familiar to readers.

2



The complete spectrum of accidents are examined in hazard analysis. A
limited subset of accidents... that bound* the envel ope of accident conditions
to which the operation could be subjected” are carried forward to accident
analysis ... These scenarios are the accidents requiring formal definition.
Information obtained from specific accidents or representative accidents
envel oping many small accidentsare used to specify functional requirements
for safety class [structures, systems, and components (SSC9)] ...

Test results introduced subsequently along with other tests documented in the test report
[SAND85-0196] suggest large fires may have average temperatures exceeding those
required for the preparation of SARPs. An example of the application of higher
temperatures being appliedin support of aDSA isprovidedinreports prepared by the author
[WRW; WRW&JCA]. In these analyses, the principal results were estimated times to
failure of cylinders containing uranium hexafluoride, with subsequent work directed at
defining the consequences and specifying controls to prevent or mitigate the postulated
accident.

1.1.3 Design

Design criteriafor U.S. Department of Energy (DOE) nuclear facilities are specified in a
DOE Order and supporting guide which draw a clear relationship between safety analysis
and design. DOE O 420.1A, Facility Safety, states [420.1A, p. 4]:

Detailed application of [design] requirements shall be guided by safety
analysesthat establish theidentification and functions of safety (safety class
and safety significant) [SSCs] for afacility and establish the significanceto
safety of functions performed by those SSCs. ... A safety analysis shall be
performed at the earliest practical point in conceptual or preliminary design,
so that required functional attributes of safety SSCs can be specified in the
detailed design. ...

Likewise, DOE G 420.1-1, Nonreactor Nuclear Safety Design Criteria and Explosives Safety
Criteria Guide for Use with DOE O 420.1, Facility Safety, states [G 420.1-1, pp. 5 and 6]:

Selection and design of safety SSCsisanimportant part of theoverall facility
design process. As the facility design progresses from conceptual design
through the finalization of design, designers and safety analysts must
exchange information in an iterative process. ...

Sufficient hazard and accident analyses must be completed during the
preliminary design to verify and finalize the selection of safety SSCs. These
hazard and accident analyses must be sufficiently complete to determine the
design environmental and load conditions for safety SSCs. ...



While much design work is guided by established design practices, opportunities may arise
for applying fire modeling simulation codes.

1.2 FIRE DYNAMICS SIMULATOR, VERSION 3 (FDS3)

The FDS3 code isacomputational fluid dynamics model for simulation of fire-driven fluid
flow developed by the Nationa Institute of Standards and Technology. The software
implements 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 formulation of
equations and numerical algorithmsis described in Fire Dynamics Simulator (Version 3) —
Technical Reference Guide [FDS3-TRG]. Guidance for preparing and executing FDS3
models is provided in Fire Dynamics Simulator (Version 3) — User’s Guide [FDS3-UG].
The following subsections provide a high-level description of the FDS3 code.

1.2.1 Hydrodynamic M odel

An approximateform of the Navier-Stokes equationsappropriatefor low Mach number flow
isusedinthemodel. Theapproximationinvolvesfiltering out acoustic waves—nby replacing
pressureinthe state and energy equationswith the background pressure—whileallowing for
large variations in temperature and density giving the equations an elliptic character
consistent with low speed, thermal convective processes. The computation can either be
treated as a Direct Numerical Simulation (DNS), in which the dissipation terms are
computed directly, or asalLarge Eddy Simulation (LES), inwhichthelarge-scaleeddiesare
computed directly and the sub-grid scale dissipation processes are modeled. The choice of
DNS versus LES depends primarily on the resolution of the computational grid. For
example, when simulating the flow of smokethrough alarge, multi-room enclosure, itisnot
possible to resolve the combustion and transport processes directly. However, for small-
scale combustion experiments, it is possible to compute transport directly and the
combustion processesto some extent. The LESmodel, which isthe default optionin FDS3,
isapplicableto the multi-room example, whilethe DNS model could be used for small-scale
combustion. [FDS3-TRG, pp. 3-4; FDS3-UG,; p. 15]

1.2.2 Combustion M odel

Two types of combustion models have been implemented in the FDS3 code. The choice
dependson theresol ution of theunderlying grid. For aDNS calculation wherethediffusion
of fuel and oxygen is evaluated directly, a global one-step, finite-rate chemical reaction is
most appropriate. However, in an LES calculation where the grid is not fine enough to
resolvethediffusion of fuel and oxygen, amixturefraction-based combustion model isused.

The mixture fraction combustion model assumes a mesh refinement sufficiently dense that
large-scale convective and radiative transport phenomena can be simulated directly, but
physical processes occurring at smaller length and time scales must be approximated. The



approximations employed reflect the spatial and tempora resolution limits of the
computation and current limited understanding of the phenomenainvolved.

The chemical rate processes that control combustion energy release in fire scenarios are
often unknown. Evenif they wereknown, the spatial and temporal resol ution limitsimposed
by present and foreseeable computer resources place a detailed description of combustion
processes beyond reach. Thus, the model adopted in FDS3 assumes that combustion is
mixing-controlled which implies that al species of interest can be described in terms of a
mixture fraction Z(x, t). The mixture fraction is a conserved quantity representing the
fraction of material at agiven point that originated asfuel. The relations between the mass
fraction of each species and the mixture fraction are known as “ state relations’. The state
relation for the oxygen mass fraction provides the information needed to cal culate the local
oxygen mass consumption rate. The form of the state relation that emerges from classical
laminar diffusion flametheory isapiecewiselinear function. Thismodeling approach leads
toa“flamesheet” model, wheretheflameisatwo-dimensional surface embedded in athree-
dimensional space. The local heat release rate is computed from the local oxygen
consumption rate at the flame surface, assuming that the heat release rate is directly
proportional to the oxygen consumption rate, independent of the fuel involved.

In the numerical algorithm implementing the mixture fraction model, the local heat release
rate is computed by first locating the flame sheet, then computing thelocal heat release rate
per unit area, and finally distributing the energy to the grid cells cut by the flame sheet. In
thisway, the genuinely, infinitely thin flame sheet is smeared out over the width of onegrid
cell, consistent with all other gas phase quantities.

The physical limitation of the mixture fraction approach to modeling combustion is the
assumption that fuel and oxygen burn instantaneously when mixed. For alarge-scale, well-
ventilated fire, this assumption is appropriate. [FDS3-TRG, p. 8-11]

1.2.3 Radiation Transport

The default mode of radiation heat transfer assumes a non-scattering gray gas since the
radiation spectrum of soot is continuous. A wide band model can be invoked (which is
recommended only if the fuel isrelatively non-sooting).

In calculations in which grid cells are on the order of a centimeter or larger, the average
temperature of a cell cut by the flame surface may be significantly reduced from the
temperature that would be associated with the flame itself with a consequent significant
impact on radiation heat transfer. To compensate, the code by default assumes afraction of
the energy release by combustion within the cell is emitted as thermal radiation. This
fraction can be adjusted by the user or use of the gas temperature can be forced. [FDSS3-
TRG, pp. 13-14; FDS3-UG, pp. 25-26, 64, 66]



1.2.4 Geometry

Thegoverning equationssolvedinthe FDS3 codearewrittenintermsof athree-dimensional
Cartesian coordinate system. Severa options are available for refining the computational
grid. Onemethod, multiblocking, allows specification of several gridswith the code giving
precedence when grids overlap to the first specified mesh. Another option isto stretch the
mesh, but this option is limited to two of three coordinate directions. Obstructions, vents,
etc., are forced to conform with the grid(s) established by the user. Two-dimensional
Cartesian or axisymmetric cylindrical models can aso be developed. [FDS3-UG, pp. 1,
17-18, 64]

1.2.5 Boundary Conditions

A widerange of boundary conditions can be specified for solid surfaces, liquid fuel surfaces,
and for vents. Solid surfaces may be thermally thick or thermally thin, and conduction
through awall can also be modeled. Pyrolysis characteristics can be specified for solid and
liquid surfaces. Vents may be open or forced flow can be specified. Material properties
associated with solids and fuels may be specified in the input file of in a database invoked
from the input file. [FDS3-TRG, pp. 16-18; FDS3-UG, pp. 1, 20ff]

1.2.6 Model Accuracy

The FDS3 code is an evolving fire model originally designed to analyze industrial-scale
fires. For cases where the building isrelatively largein relation to the fire, the FDS3 code
predicts flow velocities and temperatures to an accuracy of 10 to 20% relative to
experimental measurements[FDS3-TRG, p. 41]. A comparison of predicted to experimental
temperatures for large, outdoor firesisagoal of thisthesis.

1.3 SANDIA FIRE TESTS

In 1983, Sandia National Laboratories conducted a series of tests in which a 5-ft-diameter,
21-ft-long, mild steel calorimeter was exposed to fire above a 30 ft by 60 ft pool. The
calorimeter is similar in size to packages that are subject to the packaging requirements
previously discussed. Thetestswerewell instrumented to characterize thefire environment
and the thermal response of the calorimeter. A direct comparison between one of the tests
and resultsfrom an FDS3 simulation isan objective of thisstudy. Several summariesof fire
temperature results are provided in Appendix A for the three tests in the series. These
summaries demonstrate the variability of the fire environment. Details of the test site are
provided in Chapter 6.



1.4 INHERENT DIFFICULTIESIN FIRE ANALYSIS

A number of difficulties present themselves immediately when considering fire analysis.
First, areal fire exhibitslarge and small scale transient, unsteady behavior. Asnoted inthe
introduction of the Sandia report [SAND85-0196, p. 7]:

Thethermal environment in an actual large open pool fireisnot well-defined
... Thehighly turbulent nature of alarge open pool fire and its susceptibility
to winds produce temperature and flow fields that are very nonuniform in
both a spatial and temporal sense.

For the current pool fire modeling, the preceding quote notes another complicating factor:
wind ... wind direction and speed continually vary withtime. Development of thewindfield
model used in the simulation of one of the Sandiafiretestsis presented in Chapter 5. The
wind field model in the absence of afire is compared to datain Sect. 5.2.3 and in the
presence of firein Sect. 6.3.2.

Other difficulties arise with the code used to model afire. For example, FDS3 is based on
aCartesian coordiante system, but the calorimeter to be modeled iscylindrical. Also, while
the FDS3 code considers conduction perpendicular to a wall, conduction parallel to the
surface is not considered.



2. MATERIAL PROPERTIES

Thermophysical propertiesare required for JP-4, the fuel used for the Sandia pool firetests
and the current modeling, for the A517 steel used to fabricate the large calorimeter (see
Chapter 5), and for the generic steel used for the wall modeling in Chapter 3.

2.1 JP-4

JP-4isanaviation fuel typically composed of about 50-60% gasoline and 40-50% kerosene,
is highly volatile, and contains hydrocarbons in the C4-C16 range [TI#19206].
Toxicological Profile for Jet Fuels JP-4 and JP-7 identifiesaheat of combustion, anignition
temperature, adensity range, and listings of hydrocarbon constituents useful for estimating
an effective molecular weight, heat of vaporization, and combustion stoichiometry of JP-4
[ATSDR, Tables 3-3, 3-5, 3-6, and 3-8]. Other thermophysical properties—thermal
conductivity, heat capacity, and thermal diffusivity—are based on information contained in
Perry’s Chemical Engineers’ Handbook [Perry’s, Tables 3-200, 3-275] and the gasoline/
kerosene composition noted previously.

Table 2.1 lists JP-4 properties used in the current analyses. Maximum burn rate and heat of
vaporization are discussed further in the following paragraphs.

Maximum Burn Rate. The Sandiatest report provides information for estimating average
burn rate which can be set asthe maximum burn rate in the FDS3 models. Theinitial depth
of JP-4 for Tests A and B was about 8.5 in. while the depth for Test Cwas 7.5 in., and burn
timeswere 35 minfor thefirst two testsand 29 min for the third test [SAND85-0196, p. 12].
These data yield burns rates, based on the average density of JP-4, of 0.080 and
0.085 kg/m?-s, respectively. The value for BURNING _RATE_MAX used in this report,
0.074 kg/m?-s, was carried over from an earlier course assignment and the discrepancy was
not noted until may of the cases documented herein had been executed. The anticipated
impact of correcting the maximum burn rate to the average value for Test C would be an
increase in temperatures and flame height [and is observed in the results for the last case
considered in Chapter 6 whenthe burnrateisnot constrained (i.e., tower flametemperatures
and flame height are greater for Case C-175d than for Case C-175b)]. A more fundamental
observation—that a maximum burn rate should not be set at all—is discussed in Sect. 6.3.3.

Heat of Vaporization. A heat of vaporization was estimated based on values at 25°C
[Perry’s, Table3-171]; however, valuesreflective of theignition or evaporation temperature
would be more appropriate and lower the estimate used. Further review of Toxicological
Profile for Jet Fuels JP-4 and JP-7 indicates aflashpoint for JP-4 of -23 to 1°C and boiling
pointsranging from 45to 300°C [ATSDR, Tables 3-3]. The FDS3 User’ s Guide states that
“HEAT_OF _VAPORIZATION ... isthe amount of energy required to vaporize a solid or
liquid fuel onceit hasreached it ignition temperature TMPIGN”; therefore, alesser heat of
vaporization and an “ignition temperature” more reflective of the effective boiling point of
JP-4 would be more appropriate for future modeling (see further discussion in Sect. 6.3.3).
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Table2.1. Input to FDS3 for JP-4

Property \F/Ersizble Value Units Ref.
REAC lines:
Molecular weight MW_FUEL 112.42  g/mol Note 1
NU_O2 16.06 —
Ideal stoichiometric coefficients NU_CO2 803 — Note 1
NU_H20 8.03 —
Fuel fraction converted to CO CO YIELD 0012 — Note 2
Fuel fraction converted to soot SOOT_YIELD 0.019 — Note 3
Energy release per O, consumed EPUMO2 9362.5 kJkg Note 4
SURF lines:
Ignition temperature TMPIGN 246 °C ATSDR
Heat of vaporization U,EAP(EFQCI);KTI ON 364 kJkg geze{ei(t
Heat of combustion e o 42800 kJkg  ATSDR
Maximum burn rate E&X?glll\\l/l(/%( 0.074 kg/m?-s geze{ei(t
Thickness of heated layer DELTA 01 m Note 2
Thermal conductivity KS 0.14 W/m-K  Note5
Thermal diffusivity ALPHA 8.6x10% m?/s Note 6

1. Molecular weight is based on listed weight fractions and molecular weights of components
[ATSDRY]; estimates ranged from about 112 to about 130 with a hydrogen to carbon ratio of
about 2. Stoichiometric coefficients are based on complete combustion of Cg g;H 1 06

CO_YIELD and DELTA arecarried over fromthe FDS3 DATABASE3file valuesfor kerosene.

3. SOOT_YIELD isbased on the value for kerosene in the FDS3 DATABASE3 file multiplied by
0.45, the mid-point composition for kerosene [T1#19206].

4. EPUMO?Z2 iscalculated from the heat of combustion and reaction stoichiometry.

Thermal conductivity (and heat capacity, 2.1 kJkg-K) are based on datafrom Perry’ s and typical
composition [T1#19206].

6. ALPHA is based on KS, heat capacity cited in Note 5, and an average density of 776 kg/m®
[ATSDR].



2.2 STEEL

Table 2.2 lists propertiesfor the steelsused in the current analyses. For theinitial radiation
modeling discussed in Sect. 2.2, general properties for steel were obtained from Perry’s
[Tables3-133, 3-137, 3-271, and 3-274]. Thelarge calorimeter used in the Sandia pool fire
tests is constructed of A517 steel; however, materia properties for A514, which isin the
same product family as A517 [ISG], were used [MatWeb].

Table2.2. Input to FDS3 for Steel

Property \Flgrsizble Value Units Ref.

SURF lines for thick and thin wall radiation model (Sect. 2.2):
Thermal diffusivity ALPHA 1.11x10° m%s Note 1
Thermal conductivity KS 436 W/m-K  Notel
Wall thickness DELTA 0.03175 m —
Backface boundary condition BACKING ‘INSULATED’ — FDS3-UG
;Taloij‘;;tcifng gnag%c;é y C_DELTA_RHO 120 kJm*-K Notel
Emissivity EMISSIVITY 1 (default) — FDS3-UG

SURF lines for large calorimeter (Chapter 4):
Thermal diffusivity ALPHA 1.31x10° m%s Note 2
Thermal conductivity KS 46,6 W/m-K  MatWeb
Side wall thickness DELTA 0.03175 m Note 3
End cap thickness DELTA 0.0127 m Note 3
Backface boundary condition BACKING ‘INSULATED’ — FDS3-UG
Emissivity EMISSIVITY 08 — Note 4

1. Based on properties from Perry’s.

2. Based on properties for A514 from MatWeb.

3. Based on calorimeter description from SAND85-0196 [p. 8].
4

Variousreferencesindicateawiderange of emissivities—typically lessthan 0.8—for varioussteels
and surface conditions. Regulations specify use of aminimum value of 0.8 for surface absorptivity

[10 CFR 71.73(c)(4)].
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3. RADIATION MODELING TO THICK AND THIN WALLS

An FDS3 model without combustion was developed to evaluate radiation modeling
capabilities. One set of modeling resultsis compared to analytical results.

3.1 FDS3 M ODEL FOR RADIATION TO THICK AND THIN WALLS

The FDS3 code can model four thermal boundary conditions. constant temperature surface,
constant heat flux surface, thermally-thick solid yielding a temperature gradient
perpendicularly into the surface, or thermally-thin sheet which yieldsauniform temperature
in the surface material as it is heated or cooled [FDS3-UG, p. 21]. There is no heat
conduction parallel to the surface.

The FDS3 model for evaluating radiation consists of five surfaces at afixed temperature of
800° radiating to a sixth wall initially at 20°C (default initial condition) consisting of six

panel sfor simul ating thermally-thi ck and -thin boundary conditions(seeFig. 3.1). Theinput
fileisprovided in Appendix B.1.

3.2 ANALYTICAL MODEL FORA THIN WALL

For a thermally-thin surface, an analytical solution is readily derived. As a materia is
heated,

Q=mc(T,-T), @)

where Q
m

total energy gained by the material,
mass of material,

0 heat capacity of material,

w wall temperature, and

i initial wall temperature.

(]

—

thick thin thick

thin thick thin

0 2 4 6

Fig. 3.1. Arrangement of thick and thin surfacesfor radiation model.
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The mass of the material can be expressed as:

m=Adp, 2
where A = surface area,

o = surface thickness, and

P = density of material.

The heat flux to the surface, assuming all emissivitiesare 1, is given by

l d& — 4 4
A gt - For=-Tw), ©)
where t time,

shape factor,
Stefan-Boltzmann constant, and
R radiation temperature.

—QaQ T

Taking the derivative of Eq. 1 and combining with Egs. 2 and 3 yields

AT,

g = Fo-T.). (4)

c,0p

Rearranging and integrating Eq. 4 from initial conditions (0, T;) to timet (t, T,) yields the
analytical solution:

4; 5700 t = { In [i_j:((%;%s))_] + arctan (TW/TR)}

- { In [ %(%%3_] + arctan (Ti/TR)} , (5)

3.3 RADIATION MODELING RESULTS

Theresults of the FDS3 model and the analytical solution areplotted in Fig. 3.2. The model
results plotted arethe averages of the three panels (see Fig. 3.1) corresponding to each of the
boundary conditions (i.e., thermally-thick and -thin). The differences between maximum
and minimum values for the code results at a given time are less than 2°C. Variation
between surface and backface temperaturesfor the thermally thick model approached 30°C.
Point by point comparison between the code and analytical results for the thermally-thin
model was not made, but visual observation shows reasonable consistency for the current
effort.
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Fig. 3.2. Modeling resultsfor radiation to thermally-thick and -thin surfaces.
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4. POOL FIRE MODELING AND FLAME HEIGHT

Thischapter focuses on comparing computational pool firemodeling resultswith established
criteriaand correlations for estimating flame height. Both two-dimensional axisymmetric
models and three-dimensional models of square and rectangular pools are considered.

4.1 CRITERIA AND CORRELATIONSFOR ESTIMATING FLAME HEIGHT

Fire plumes may be divided into three regions. a continuous flame region, an intermittent
flameregion, and athermal plumeregion. Visibleflametipsintheintermittent region have
temperatures in the range of 320 to 400°C. Flame height is defined as the height at which
the flame is observed at least 50% of the time; this height isin the intermittent region. The
following correlations of Heskestad and Thomas, respectively, are widely used to estimate
the flame height of pool fires[NUREG-1805, pp. 3-14, 3-16 — 3-18]:

H, = 023532 -1.02D, (6)
and
. 0.61
ni
_ S —y , 7
= 420 S 707" ] "
where H, = flame height, m,
Q = heat release rate of the fire, kW,
D = diameter of thefire, m,
ni” = burning or mass loss rate per unit area, kg/m?s,
Pa = ambient air density, kg/m?, and
g = gravitational acceleration, m/s.

The heat release rate is estimated by

(5 = fﬁ //AHc,eff Af ( 1 - e_KﬁD ) ’ (8)
where aH.; = effective heat of combustion, kJ/kg, and

A = horizontal burning area of the fuel, m.

kB = empirical constant, m™

For the larger pool fires considered herein, the exponential termin Eq. 8 is negligible (x4
isabout 3.6 for JP-4 [NUREG-1805, p. 3-4]). For non-circular pools, the effective diameter,
D., tobeusedin place of D in Egs. 6 and 7 is defined by

D, = (4A D). 9)
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While several approachesfor estimating flame height from FDS3 output were consider (and
will be briefly discussed in Sect. 4.2), an approach based on the 50% criterion was
determined best suited for the current effort. Specifically, point measurements of heat
releaserates per unit volume (HRRPUV) wererecorded at specified heightsalong the plume
centerline using the THCP namelist group in FDS3. When burning occurs at the specified
height, HRRPUV is positive; otherwise, the value is zero. For the purpose of evaluating
these data against the 50% criterion, values less than 0.1 are assigned a zero value and all
other values are assigned 1. Summing the 1s and dividing by the total number of readings
yieldsthe burntimefraction. Plotting burntimefraction against centerline height yieldsthe
flame height when the fraction fallsto 0.5.

4.2 FDS3 2-D PooL FIRE MODELSAND RESULTS

Two sets of axisymmetric pool fire models were run with radii of 0.75, 1.5, 3, and 6 m, the
latter radius being comparable in size to the Sandia pool fires. Horizontal grid sizes were
0.125, 0.25, and 0.5 mwith vertical grid sizesequal to the horizontal grid sizeinthefirst set
of cases run and three times in the second set. Simulation time was set to 600 s, and data
were collected every second. When data from the 2-D series are plotted, pool radius is
identified by the first three digits (equivalent to radius in cm), and grid size is determined
by raising 0.5 to the power specified by the digit after the hyphen.

Intheinitial set of runs, temperature, heat rel ease rate per unit volume, and mixture fraction
datawere collected in ther-z plane; convective heat flux was collected at specified heights;
and heat release rate per unit volume was collected over specified volumes. The
temperature, heat release rate, and mixture fraction data were examined to determine
whether a method was available to determine flame height. Applying the temperature
criterion identified in Sect. 4.1, it was expected that a plot of the maximum average
temperature versus height would yield flame height when the temperatures fell to the 320
to 400°C range. (The maximum average temperature used for a given height was the
maximum of the average temperatures for each radial distance at that height. Average
temperatures were determined using the fds2ascii program available in the FDS3 package
[FDS3-UG, p. 74].) Figure 4.1 plots data from the initial axisymmetric pool fire models,
which indicate (in comparison to Egs. 6 and 7) that excessively large flame height resulted.
Other approaches considering heat rel ease rate and cumul ativefraction of heat released were
dismissed because there was no sufficiently obvious change in plots of data versus height
to suggest avalid criterion for flame height. Use of the stoichiometric mixture fraction as
acriterion wasal so dismissed sincetheaverage could be easily skewed by afew largevalues
in comparison to more numerous small values (if such werethe case) and since aplot of the
stoichiometric mixture fraction also appeared to yield excessive flame heights.

After dismissing thesefirst attemptsfor estimating flame height, the approach to estimating
lame height described at the end of Sect. 4.1 was developed from the 50% criterion Input
filesfor thefirst set of runs were modified to collect heat release rate per unit volume data
at specified heights along the centerline. An example of one of theinput filesis provided
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Fig. 4.1. Initial 2-D models. temperature vs height. Excessively high
flame heights are anticipated relative to the criterion that flame height
corresponds to an average temperature of 320 to 400°C.

in Appendix B.2. Flame height results applying the burn timefraction method are provided
in Fig. 4.2. The observed heights are excessive relative to the correlations provided in
Sect. 4.1. Note that initial fire development took from about one-half to almost 2 minin
these simulations, so the burn timefraction isbased on FDS3 output from 200 through 599 s,
inclusive.

A final axisymmetric model [3-m radius (6-m diameter)] with equal horizontal and vertical
grids (0.25 m) was made as atransition to the 3-D modeling. Results are presented in the
next section.

4.3 FDS3 3-D PooL FIRE MODELSAND RESULTS

Three-dimensional models of square and rectangular poolswere devel oped for comparison
to the axisymmetric models and to the correlations for flame height. These models used a
0.25-m grid above the pool and a0.75-m grid for the balance of the computational domain,
taking advantage of the multiblocking feature introduced in FDS3. Aninitial seriesof 3-D
runs considered quarter-, half-, and full 3-D modelsof a6 m x 6 m pool, which hasthe same
hydraulic diameter as a 6-m diameter pool. Hydraulic diameter is defined by

D, = 2LW/(L+W), (10)
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Fig. 4.2. Second set of 2-D models: burn timefraction vsheight. Flame

height is determined when the burn time fraction fallsto 0.5. Excessively
high flame heights are again indicated.

where D, = hydraulic diameter,
L = pool length, and
W = pool width.

Flame heightsfor thisinitial sereisof 3-D runsare plotted in Fig. 4.3 along with the results
for the final 2-D run (Case R6dia-2) and the earlier 300 series. The 3-D results yield a
significant improvement in estimated flame heights, though they remain greater than would
be predicted by Egs. 6 and 7.

In addition to showing a significant improvement in the estimation of flame height, this
initial series suggests that full three-dimensional models are preferred to quarter- or half-
models ... and that invoking symmetric (mirror) boundary conditions in less than full 3-D
simulations does not adequately reflect the large eddies and turbulent mixing in a fire
environment. The6 m x 6 m model (see Appendix B.3 for input data) servesasabasisfor
the next seriesof runswhich includes asequence of three modelshaving the same hydraulic
diameter (L x W =6 x 6, 12 x 4, and 21 x 3.5; D, = 6 m) and a second sequence of three
models having the same effective diameter (L x W =6 x 6, 12 x 3, and 24 x 1.5; D, =
6.77 m). Results from these two sequences are provided in Fig. 4.4.
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Fig. 4.3. 3-D model resultsfor a6 m x 6 m pool fire. 2-D 300-series
results are repeated from Fig. 4.2, and results for the fina 2-D case are
included for comparison. All cases have the same hydraulic diameter (6 m).

1.0 l‘\ =
N
N —0— \W6X6-2
. q —0— W12x4-2
- \‘ \ —0-  W21x3.5-2
o AN W12x3-2
5 ‘\ \ W24x1.5-2
< o, \
T LA
[ 0.5 {-ermereermereemeeshineeeeend R T
= v
= W
o \ L
) c N\
N
0.0 ‘ ‘ ‘ =20
0 18 36 54
HEIGHT, m

Fig. 4.4. Results for 3-D rectangular pool models. The first 3 cases
identified in the legend have the same hydraulic diameter (6 m) while the
first and last two cases have the same effective diameter (6.77 m).
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The effect of averaging time on burn time fraction estimates is illustrated in Figs. 4.5
and 4.6. Figure 4.5 provides running averages for the indicated times which are plotted at
the end of the averaging time. As averaging time increases, the variation in averages
decreases, which is apparent in Fig. 4.5. This trend is presented statistically in Fig. 4.6
which provides assurance that the plume height estimates presented in this chapter, which
are based on 400-s averages, are not subject to significant variation.

4.4 COMPARISON OF M ODELING RESULTSAND CORRELATIONS

Figure4.7 provides adirect comparison between flame heights predicted by FDS3 3-D pool
fire models and the flame height correlations of Heskestad and Thomas (Egs. 6 and 7).
Three different bases were used for plotting the heights derived from the FDS3 models:
effective diameter (EqQ. 9), hydraulic diameter (Eg. 10), and the minimum pool dimension
(i.e., the width). Flame height estimates derived from FDS3 models when plotted against
the minimum dimension of the rectangular pool visually correlate well to twice the average
of the flame height correlations. In addition to the 3-D model results already presented in
this chapter, results from the Sandia pool fire simulations (Cases C-175b and C-175d) are
alsoincluded. Theseresultsinfer that neither effective diameter nor hydraulic diameter are

appropriate for estimating flame height for non-circular pools. Rather, the results suggest
that the minimum dimension of the pool should be used.

While application of the 50% criterion yields flame height estimates from FDS3 runs that
are approximately twice that expected from the correlations, an interesting result was
obtained by considering the effect of alarge fire on observed temperature. Following the
argument that “in ... large hydrocarbon pool fires, it [is] reasonable to assume an emissivity
of 1.0" since“the flames only have to be 3 to 6 feet thick to be optically opague” [Buck and
Belason], temperatures over a 1-m distance were averaged as follows:

T = [(Tr4 +0.75 Tr—0.254 +05 Tr—0.504 +0.25 Tr—0.754)/2'5]0'25 , (11)

where T,; = effective absolute temperature, and
T, = absolute temperature at radius r from the centerline.

Equation 11 was applied to time averaged temperature profiles at 13.5 and 16.25 min the
Y-Z plane from the 6 m x 6 m output. These heights correspond roughly to the heights
estimated by Eqgs. 7 and 6, respectively. The effective temperatures (converted from their
absolute values) are plotted in Fig. 4.8 as dots at the radii of the outermost temperature
considered with abar extending toward the centerline 1 meter. Theinteresting result isthat
effective temperatures in the vicinity of 320 to 400°C are observed at 2 m from the
centerline. If Eq. 11 were modified for a 2-m thickness, the effective temperature would
increase. What has not been considered are the specific impacts of carbon dioxide, water
vapor, and soot on the emissivity of the fire plume; however, thisresult suggeststhat if the
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measurement of plume height is dependent on visual observation clouded by smoke or
instrument measurements of temperature, there may be significant room for error in
inferences made from observations when developing correlations of flame height. An
interesting consideration for a future simulation would be to model severa thin-walled
surfaces aligned perpendicular to the plume centerline with a limited view factor and
estimate the effective temperature of the plume from an external vantage point.
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5. WIND FIELD MODELING

The development of the wind field model used in the subsequent simulation of one of the
Sandiafiretestsisdescribed inthischapter. Thefirst stepisreduction of time-varyingwind
field data (direction and vel ocity) from the Sandiafire teststo aform suitable for input into
the FDS3 code (i.e., velocity vectors based on a Cartesian coordinate system). The
transformed datais then applied asinitial and boundary conditionsin a manner that yields
awind field across the domain of the model comparable to the original data.

5.1 DATA REDUCTION

The Sandia fire test report presents data for three tests including wind field data. To
facilitate this current study, datafrom the 1983 tests were requested and received from the
authors of the report. The following isabrief description of the wind patterns during each
test and reflects some inferences drawn from the smoothing process presented in Sect. 5.1.1
and illustrated by application to data from Test C. Wind field data were obtained from an
anemometer atop a bunker located about 120 ft (37 m) from the western edge of the pool
[SAND85-0196, pp. 7, 8, and 12].

Test A: At the beginning of the test, the wind direction was from dlightly north of east
moving to slightly south of east over thefirst few minutes, then remaining slightly south of
east for much of the test before shifting rapidly over the last several minutes around to the
north and on to coming out of thewest. Thistest had the most significant variationsinwind
speed with time. Thefirst half the test reflected neutral or stable conditions while the last
half generally reflected unstable conditions. (Daytime conditionstypically reflect unstable
conditions unless wind speed picks up—about 6 m/s and above—and insolation is slight
[AS&PP, p. 591, T 13.2]).

Test B: Unstable conditions characterized the atmosphere during this test with significant
variations in wind direction and speed both moment-by-moment and on average. Wind
directions varied, on average, from north northeast around to the south, always with an
easterly component.

Test C: Thistest reflected neutral to stable conditions throughout the test except during an
early transition of wind direction from the east around to the southwest. The unstable
conditionsin this case were driven more by the general shift in direction over the averaging
time rather than significant moment-by-moment variations. Wind speed also exhibited less
moment-by-moment variations than the other tests.

Because of the more uniform stability and consistency in moment-to-moment winds, Test C
was chosen as the basis for FDS3 fire simulations presented in Chapter 6.
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5.1.1 Smoothing Wind Field Data

Test dataweretypically collected every 4.5 salthough longer times between sequential data
are noted. Because of the variations in time, the duration reflecting the averaging time
varied from 2.85 to 3.22 min, with averaging times of 2.92 and 3.15 s being typical.
Average values were directly obtained by averaging 31 data values—the datum at the
specific time plus the 15 values immediately preceding and the 15 immediately following
the time of interest. The goal was to use athree minute averaging time for wind field data
which isin line with the range of averaging times used by various researchers correlating
dispersion data [AS& PP, p. 591]. Both wind speed and direction were averaged, and—to
estimate stability—the standard deviation of wind direction was also determined [AS& PP,
p. 591, T 13.3]. Figure 5.1 illustrates data, average values, and stability information for
Test C.

5.1.2 Transforming Smoothed Data to Velocity Vector Components

The following steps—illustrated in Fig. 5.2—were taken to obtain wind field input for the
FDS3simulation of Test C. First, areasonable number of straight-line segmentsarevisually
overlayed on the 3-min averaged velocity and direction data, taking advantage of
“significant” changes in the trend of the data. The overlays are created by specifying
ordered pairs of time with velocity and direction. Next, east-west and north-south velocity
components are calculated by applying the following equations to velocity and direction
values interpolated from the overlays:

V, = =Vcos[(90-0)(~/180)], (12)
and
V, = -Vsn[(90-60)(~x/180)], (13)
where V, = east-west component of velocity (winds from the east are negative),
Vv, = north-south component of velocity (winds from the north are negative),
\Y = absolute wind velocity (frominitial overlays), and
v = direction from which wind originates (from initial overlays), °.

The calculated values of V, and V, are then overlayed in the same manner as the 3-min
averaged velocity. The ordered pairs of time with V, and V, provide the basis for the wind
field model in the FDS3 simulation of Test C (see Table 5.1). Finaly, as a check of the
process, velocity and direction values are cal culated from interpol ated component overlays
using the following equations to verify that the node points in the component overlays are
an appropriate basis for the FDS3 simulation of Test C:

Vo= (V2+V7)08, (14)
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Table5.1. Wind Field Velocity
Componentsfor Test C

Time, Velocity components, m/s
S V, v,
0 -0.40 0.00
120 0.18
160. -0.52
220 0.60
266.1 0.00
300 0.73
350 0.64
360 0.46
500 0.57 0.76
640 1.00 1.25
860 0.86 0.97
1060 1.39 144
1200 1.06 0.92
1300 157 1.08
1550 2.18 0.69
1700 248
1800 2.10 0.00
and
0 = A+Bacos(V,/V)/ r. (15)
where A if V, >0andV, <0, then 450; otherwise, 90, and

B if V, <0, then -180; otherwise, 180.
Figure 5.2 demonstrates the process and shows a favorable comparison between the initial
overlays and the values calculated form Eq. 14 and 15.

5.2 IMPLEMENTATION

The implementation process proceeded through a series of models until amodel capable of
providing a wind field comparable to Test C was developed for the 30-min test period.
During this process, a number of the FDS3 flow field options, which are summarized in
Sect. 5.2.1, were exercised. Section 5.2.2 highlights several stepsin the modeling process,
including the final wind field model. Resultsfrom thefinal wind field model are compared
in Sect. 5.2.3 to the smoothed data summarized in Table 5.1.
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5.2.1 FDS3 Flow Field Options

Initial Conditions. Initial velocity components— UOQ, V0, and WO (m/s)—may be specified
as part of the MISC namelist group. Default valuesare 0 m/s. [FDS3-UG, p. 16]

Velocity Boundary Conditions. Velocity boundary conditions are specified on the SURF
namelist. Both normal and tangential velocities can be specified; however, because the
RAMP namelist is only applied to the normal velocity, specifying the tangential velocity
for atime varying wind is not useful. Therefore, only VEL (m/s) is used to specify the
normal velocity. Itisimportant to note that when VEL is specified for an external surface
or the surface of an obstruction, a negative value specifies flow into the computational
domain; however, when VEL is specified for flow through afree-standing VENT within a
computational domain, anegatvie value specifiesflow in the negative coordinate direction
normal to the vent. [FDS3-UG, pp. 22, 23, 28, and 29]

Time Dependent Boundary Conditions. While severa options are available in the FDS3
code for ramping initial conditionsto a specified value over a specific interval of time, the
approach useful in the current modeling function allows a user-defined function to vary the
boundary condition as a function of the maximum value. In particular, the RAMP_V
function is set equal to a character string designating a specific ramp function on a SURF
namelist, then the ramp function is specified using the RAMP namelist; for example,

&SURF ID =*Southwind’,  VEL =-1.44, RAMP_V = *SouthRamp’
& SURF ID = *SouthWind-nf’, VEL = 1.44, RAMP_V =‘SouthRamp’
&RAMPID =‘SouthRamp’, T= 0., F=0.00/
&RAMPID = ‘SouthRamp’, T = 120., F=0.13/
&RAMPID =‘SouthRamp’, T = 160., F=0.24/

Theselines, extracted from asimulation of SandiaTest C, use the same RAMP function for
air coming out of the south surface into the computational domain (hencethe negativevalue
of VEL) and for air blown through vents along the east and west sides of the model (with the
positivevalueof VEL). T specifiestimeand Fisavalue between 0 and 1, inclusive, which
multiplies VEL. Negative values of F are not permitted. [FDS3-UG, pp. 23-24] (During
development of wind field model, the use of negative values of F appeared to provide
expected results; however, inducing flow into a boundary is not appropriate.)

Obstructions. TheOBST namlist groupisused to specify obstructionswhich arerectangul ar
solids defined by two opposing corner points, (X, , y,, z;) and (X,, Y,, Z,). Boundary
conditions on the surface of the obstruction are set by specifying surface descriptors using
SURF_ID, SURF_IDS, or SURF_ID6 which, respectfully, establish the same boundary
conditions on al sides of the obstruction; different boundary conditions for the top, sides
(i.e., samefor al sides), and bottom; or unique boundary conditionsfor each surface. While
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SURF_ID6 was used in some early wind field models, SURF _ID is sufficient in the final
modeling approach since only one of the six surfacesfor agiven obstruction directly affects
thewind field (the other five surfaces are adjacent to other obstructions (e.g., the ground) or
the boundaries of the computational domain. [FDS3-UG, pp. 27-28]

Vents. The VENT namelist group may be used to prescribe planes adjacent to obstructions
(e.g., to represent a vent in a wall), an external wall or vent, or a fan within the
computational domain. VENTS are al so specified by opposing corner points, but two of the
six coordinates must be the same (e.g., X, = X,). SURF_ID is used to define a surface
descriptor which is developed in the SURF namelist. Two SURF_ID descriptors are
reserved: OPEN and MIRROR. Both OPEN and MIRROR vents can only be applied to
exterior boundaries of the computational domain. The OPEN descriptor is useful in wind-
field modeling. [FDS3-UG, pp. 28-29]

Creating and Removing Obstructions; Opening and Closing Vents. Theability to createand
remove obstructions and to open, close, activate, and deactivate vents in an FDS3 model
[FDS3-UG, pp. 55-57] facilitatescomplex wind field modeling sincethe sign onthevel ocity
(i.e., positive or negative) cannot be changed and the multiplier F specified by the ramp
function islimited to valuesfrom 0 to 1, so it cannot change the sign of the velocity value.
However, somelimitationsare encounteredin practice. For example, whileobstructionscan
be created and removed, vents cannot. To model a shift in wind from east to west (asin
Test C), an OPEN vent can be established initially for the*west” boundary of the model and
an obstruction with an appropriate surface (with anegative vel ocity) can be specified on an
obstruction for the “east” boundary. The east-boundary obstruction is removed when the
east-west component of velocity shifts from west to east and an OPEN vent is activated on
that boundary whilean obstructioniscreated on thewest boundary with asurfaceto simulate
the west wind. While the use of obstructions was necessary when modeling a shift inwind
direction at the boundaries of the computational domain, interior vents (i.e., fans) with a
velocity of one sign can be specified to activate coincident with deactivation of afan having
avelocity of the opposite sign.

Atmospheric Profiles. The FDS3 code provides the option to specify wind profiles and
temperature lapse rates. The wind profile parameters apply only to the normal velocity and
the complexities introduced by applying these additional features in conjunction with
variable wind direction and stability has not been pursued.

5.2.2 Modeing Wind

A series of models was developed in pursuit of awind field model suitable for the fire
simulation. While the model eventually needs to be capable of simulating wind initially
coming from the east, that moves around to the south, and finally comes out of the west,
initial modelslooked at wind coming from the south moving around to thewest. All models
used the RAMP functionto vary thewind speed. Theinitial approach used only the vel ocity
perpendicular to the south and west boundaries, which would provide the right amount of
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air flow intothemodel domain; however, ahigh velocity region devel opsfrom the southwest
corner in a direction determined by the relative velocities from the boundaries, while the
wind velocitiesvary only slightly from the perpendicul ar velocity and direction far fromthe
southwest corner, asillustrated in Fig. 5.3.

Sincethe RAM P function cannot be applied to thetangential component of vel ocity, the next
model sought to overcome the central jet formation by stair-stepping the west and south
boundaries, as illustrated in Fig. 5.4. Simply applying the perpendicular component of
velocity at the boundariesstill resulted in acentral region of higher velocities, but theregion
is broader, asillustrated in Fig. 5.5.

A further refinement to the stair-stepped model modified the perpendicular velocities of
adjoining sides of a particular step to maintain the total flow from those two sides while
recognizing that some modification of the flows might better align flow across the entire
flow field. Specifically, using the FDS3 velocity nomenclature,

nU+mV, =nU,+mV, (26)

where n,m = relative step sizes perpendicular to the U and V velocity components,

NIST SkaEWEV;f 31 - Apr 92003 Slics

Frame: z44

Time: 1030 A—— ]

Fig.5.3. Wind field assuming per pendicular flow from theboundaries
into the modeled domain. Vectors represent relative velocity and
direction while colors represent the east-west vel ocity component, V, (or U
in FDS3 nomenclature). Time = 1098 s.
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Fig. 5.4. Anintermediate wind field model.

Fig. 5.5. Wind field assuming perpendicular flow from stair-stepped
boundariesinto the modeled domain. Time= 1098 s.
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U = east-west component of velocity,
\Y = north-south component of velocity, and
1o = subscripts signifying the original and adjusted velocity components.

When applying Eq. 16, either U, or V, may be set and the other value can then be calculated
by one of the following equations, as appropriate:

V, = (n/m) (U;-U,) +V, (17)
U, = U+ (m/n) (V,-V,) (18)

Based onthemodel inFig. 5.4, theratios of stepsizesare1:1, 2:1, and 12:1. When the step
sizesare 1:1, thevalues of U and V are unchanged. The approach to establishing the other
velocitieswasto take afraction of the velocity perpendicular to the longer of the two edges,
then calculate the other velocity. If one velocity is zero, the other velocity must retain its
original value. Also, the calculated velocity applicable to the shorter edge should not be
allowed to change excessively, so the reduction in the perpendicular velocity on the longer
edge will need to be limited. Too much reduction in the velocities perpendicular to the
longer edges can result in eddiesin the center diagonal of the domain and a diverging wind
field rather than asingle converging jet at ahigher velocity, asillustrated in Fig. 5.6. Less
reduction in the velocities perpendicular to the longer edges can result in a central high
velocity region that represents a further improvement over simply using the perpendicular
components of thewind velocity, asillustrated in Fig. 5.7; nevertheless, thisimproved flow
field is still inadequate. Also, the model shown in Fig. 5.4 cannot handle winds blowing
form the east, which isthe initial wind direction for Test C.

Another intermediate model was devel oped using columnson three sides of thedomainwith
the surfaces providing airflow into or out of the domain or across the space between the
columns based on the normal component of the wind velocity. As with the previously
discussed model s, windsfrom only the south and west weremodeled. Themodel and results
corresponding to the same time as the results presented so far in this section are provided in
Fig. 5.8. Thismodel yields more uniform results across the modeled domain, at least in the
sense of direction, but air flow needs to be introduced along an entire edge to avoid the
channeling observed.

Clearly, the most desirable approach would be impart to both normal and tangential
components of velocity along two sides; however, as noted previously, the tangential
component cannot be varied. The next approach was to specify surface vents on the east,
west, and south faces with vents specified perpendicular to these outside surface vents to
impart the tangential component of flow. This configuration resulted in the most uniform
wind field presented so far, asillustrated in Fig. 5.9, but it still 1acks the ability to model
flow over the full 180° change of direction. Another concern with this model is that flow
is both forced and induced which could become a problem when combustion is simulated.
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Fig. 5.6. Wind field with overly adjusted velocities that maintain air
flow into the domain. Time = 1098 s.

NIST Smokeview 3.1 - Apr 9 2003
T T TR )

Fig. 5.7. Wind field with reasonably adjusted velocities that maintain
airflow into thedomain. Time= 1098 s.

32



MNIST Smokeview 31 - Apr 8 2003

Frame: 244
Time: 1098.1

Fig.5.8. Wind field resulting from per pendicular flow intothedomain
and between columns. Time = 1098 s.
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Fig. 5.9. Wind field resulting from surface vents blowing or inducing
flow into the domain and short vents perpendicular to the surfaces
imparting tangential flow. Time=1098s.
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Given the uniformity of results acrossthe domainillustrated by Fig. 5.9, aswell asthe need
to model wind directions varying over 180°, the ability to create and remove obstructions
and vents wastested and refined over several models. A general schematic of thewindfiield
model used for modeling the Sandia fire test is shown in Fig. 5.10. The following lines
illustrate how the surface vents and obstructions are specified to yield the normal flow into
the domain (thereisno induced flow) and how vents perpendicular to the outer surfacesare
specified to yield tangential flow:

&VENT CB = YBARO, SURF_ID = *Southwind’ / south face
&VENT CB = YBAR, SURF_ID =*OPEN’ / north face
&VENT CB =ZBAR, SURF_ID =‘OPEN’ / top

&VENT XB =-37.8, -37.8, -36.75, 36.75, 0, 50.4,

SURF_ID =‘OPEN’ / west face
&OBST XB =-37.8, -36.75, -36.75, 36.75, 0, 50.4,

SURF_ID = ‘WestWind-wf’, T_CREATE = 266. /west face
&OBST XB = 36.75, 37.8, -36.75, 36.75, 0, 50.4,

SURF_ID =‘EastWind-ef’, T_REMOVE =266. /eastface
&VENT XB = 37.8, 37.8, -36.75, 36.75, 0, 50.4,

SURF_ID = “OPEN’, T_OPEN = 266. | east face

&VENT XB =-33.6, -33.6, -36.75, -35.7, 0, 50.4, SURF_ID = ‘EastWind-ef’,
T_DEACTIVATE = 266. /

&VENT XB =-31.5, -31.5, -36.75, -35.7, 0, 50.4, SURF_ID = ‘EastWind-ef’,
T_DEACTIVATE = 266. /

&VENT XB =-33.6, -33.6, -36.75, -35.7, 0, 50.4, SURF_ID = ‘WestWind-€f’,
T_ACTIVATE = 266. /

&VENT XB =-31.5, -31.5, -36.75, -35.7, 0, 50.4, SURF_ID = ‘WestWind-€f’,
T_ACTIVATE = 266. /

&VENT XB =-36.75, -35.7, -33.6, -33.6, 0, 50.4, SURF_ID = ‘SouthWind-nf" /
&VENT XB =-36.75, -35.7, -31.5, -31.5, 0, 50.4, SURF_ID = ‘SouthWind-nf" /

The first and second sets of input code preceding the vertical ellipsis are required to shift
form an east wind to awest wind since the RAM P function used to vary wind speed can only
be used to specify fractions between 0 and 1, inclusive. The numbers included in this
illustration are specific to the final wind field model and are extracted from the complete
input data file which is provided in Appendix B.4. Results from thiswind field model are
illustrated in Fig. 5.11 at the same time as the resultsin Figs. 5.3 and 5.5 through 5.9.
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Fig. 5.10. General schematic of wind field model for Test C.
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Fig. 5.11. Final wind field model which serves as the basis for the
Test C wind field models. Time = 1098 s.
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5.2.3 Comparison to Smoothed Input Data

Having compared qualitatively one model against another, it is also necessary to compare
model results to the input data summarized in Table 5.1. This comparison is provided in
Fig. 5.12. Theinput data, derived from measured wind field data, reflects alocation about
46 m west (i.e., x = —46 m) of the vertical centerline of the model. The comparison data
from the model were obtained at a height of 10 m along each axis +20 m from the vertical
centerline (10 m is typical anemometer height and is assumed throughout this report).
Surfaces providing normal flow into the domain of the model are located 36.75 m from the
vertical centerline on the east (X = 36.75 m), west (x =—-36.75 m), and south (y =—-36.75m)
sides. The obstruction providing the surface vent on the east side is removed at 266 s and
is replaced by an open vent at x = 37.8 m. An open vent isinitially specified on the west
side at x =—-37.8 m; this vent is replaced by an obstruction at 266 s providing normal flow
from the west at the distance already noted.

Chartsaand bin Fig. 5.12 compare the east-west and north-south components of velocity,
showing general agreement with the trends of increasing and decreasing vel ocities, but with
apparently significant differencesin the magnitude of the velocity, particularly in the east-
west direction. It is noted that the difference becomes less as the velocitiesincrease. Itis
also noted that the deviations from the input to the ssmulated velocities differ most at the
points farthest from the inflow boundaries. Turning attention to Fig. 5.12(c), a vertica
component to flow is observed in contrast to the implicit zero vertical flow, with a
significant perturbation around 300 s“measured” at the X+ location (x =20 m). Thislatter
flow isexaminedin Fig. 5.13 andisassociated with theremoval of the obstruction providing
the initial easterly flow (i.e., wind from the east) in the model; this obstruction is seen in
image a, but removed inimage b. Inimage b agreen edge is seen on the right side of the
vertical flow field dlices, which becomes red in successive images, moves inward, and
dissipates. These images reflect a sudden influx of air from the open boundary to fill the
void left by theremoval of the obstruction. Thissudden influx of air isdiverted upwardsas
it meets the previously established mass of air moving to the west.

While the differences noted in Fig. 5.12 at first appear significant in comparison to actual
data and derived input, the differences may not be that significant. First, there is a
significant variation in wind speed and direction from moment to moment as shown in
Fig. 5.1. These variations—only captured in the horizontal plane—are greater than
variations in any individual trace. Second, observing the affects of wind blowing through
trees or picking up dust across a play ground, there is considerable local variation in wind
speed, so aripple effect that dissipates across an almost stagnant flow field (corresponding
to calmwind conditions of lessthan 1 m/svelocity)—albeit inadvertently introduced by the
removal of an obstruction—does not seem so unreasonable. Also, theinduced ripple effect
essentially dissipates outside the expected region of the fire to be simulated. While it is
arguably desirable for the average velocity components to more closely reflect the
anticipated conditions predicated on the data reduction leading to the input parameters, the
fact that the averages do converge as the wind speed increasesis positive.

36



T
~

s/w ‘(XA) ALIDOTIA M-3

1800

1200

600

TIME, s

(a) Comparison of the east-west velocity component.

=+ + _w.
O X X > > £
L]

'

[ | |
\\\\\\\ T 1T
Lo [ > #5  E D

I I i i

[ | | |

[ | | |
\\\\\\\ - -t —— -t

[ i | |
\\\\\\\ (it - Sl ek i S

[ | | |

Iy~ | |
\\\\\\\ (=<7 T W

| Wx// | | |

[ | | |

[ | |

[ | | |

[ J | |

[ | |

[ | |

[ | |

[ ! | |

[ | | |

[ | | |

[ | | |

[ | | |

[ | | |

[ | | |

[ | | |

L \

[ | |

L1 1 1 1

~N - o -

s/w ‘(AA) ALIDOTIA SN

1800

1200

600

TIME, s

(b) Comparison of the north-south velocity component.

—
X+

—_—X-

Y+

—_—

= = Input

S/W ‘(ZA) ALIDOT3A TVOILY3IA

1800

1200

600

TIME, s

(c) Comparison of the vertical velocity component

to the implicit zero-velacity input data.

Fig. 5.12. Comparison of final wind field resultsto input data.
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(8) 265.6 s (b) 270.1s

(c) 274.6 s (d) 279.0 s
(e) 288.3s (f) 297.2 s
(9) 3106s (h) 337.6s

Fig.5.13. Propagation of wind field pertur bation followingremoval of obstruction and
implementation of an open boundary on theeast (right) sideof themodel. Imagesaand
b show the transition. Image g corresponds to the maximum velocity in Fig. 5.12(c) and h
to the minimum. Each image shows vertical velocitiesat y = 0 m and z = 10 and 50.4 m.
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5.3 SUMMARY AND RECOMMENDATIONS

A process for reducing velocity-direction data to obtain velocity components that can be
used in developing boundary conditions for awind field model was presented in Sect. 5.1.
In Sect. 5.2, available functions in FDS3 were examined and applied to implement awind
field model, with several configurationsexamined. Thissection summarizes characteristics
of the final wind field model that will be utilized in simulating Sandia Fire Test C.

5.3.1 Characteristics of the Final M odel

A generalized schematic of thefinal wind field model isillustrated in Fig. 5.10. Thismodel
providesfor control of both normal and tangential time-varying flows at the boundary, and
the approach allows for at least a 180° shift in wind direction. Flows are forced into the
modeled domain since induced flows might adversely affect air flow downstream of afire.
The final approach does induce aflow anomaly when an obstruction is removed; however,
it appearstheanomaly would effectively dissi pate before having animpact onamodeledfire
provided the domain is sufficiently large.

5.3.2 Enhancing FDS3 Wind Field Modeling

To facilitate future modeling of wind fields, particularly in association with validation
simulations, it is recommend that new boundary capabilities be introduced into the FDS3
model. Specifically, the following capabilities would be desirable:

1. Specification of time, direction, velocity triples as input data with interpolation of
direction and velocity versustime. The code would determine appropriate U and V
velocity components at the forced boundary.

2. Specification of north viaan (x,y) ordered pair. Thiswould allow fixed objectsto
be modeled in amost favorable orientation for the objects.

3. Given1and 2, the FDS3 code would determine the boundary to which forced flow
would be applied (i.e., the normal component of the flow would beinto the modeled
domain). Other side boundaries and the top boundary would be open.

4. |If possible, implement the capability to model the outer boundary as a circular
boundary. This would permit the forced boundary to always be £90° from the
specified (or interpolated) wind direction, thus minimizing the potential impact of
reversed flows at a boundary (i.e., the flow across the domain lags behind the
boundary flows, so when aboundary transitions from open to forced flow, the flow
field does not immediately match). An alternativeto acircular boundary that might
be considered is to allow the program to determine the points on the boundary
corresponding to +90° from the wind direction and allowing the transition point
between forced flow and an open boundary to vary with time along the edges.
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6. SMULATION OF SANDIA FIRETEST C

Thischapter detailsthe simulation of SandiaFire Test C, which was selected for simulation
on the basis of uniform stability and consistency in moment-to-moment winds (see
Sect. 5.1). The details of the final wind field model presented in Chapter 5 are carried
forward into the fire test smulations. This chapter presents details on the test site and
equipment in Sect. 6.1, then provides background in Sect. 6.2 on the derivation of input for
the FDS3 simulations. Results are presented in Sect. 6.3, followed by a summary and
recommendations in Sect. 6.4.

6.1 FIRE TEST CONFIGURATION

This section presents information about the Sandia pool fire tests which are pertinent to this
modeling effort.

6.1.1 Test Site

The Sandiafiretest site consists of a concrete pool 30 ft wide x 60 ft long (in the east-west
direction) x 3 ft deep (9.1 m x 18.3 m x 0.9 m). For thetests, alayer of JP-4 jet fuel about
8.5in. (0.22 m) in depth was added on top of 26 in. (0.66 m) of water for the first two tests
(Tests A and B); the fuel depth for Test C was about 7.5 in. (0.19 m). The calorimeter
(described in Sect. 6.1.2) was centered over the pool and supported on a steel stand about
3 ft (0.9 m) above the fuel surface. [SAND85-0196, pp. 7 and 12]

6.1.2 Calorimeter

The large test calorimeter was 21-ft long (6.4 m), 56.5-in. outside diameter (1.4 m) A517
steel pipe with 1.25-in. thick (0.032 m) walls. Around the outside of the pipe were 2-in.
(0.05 m) thick by 6-in. (0.15 m) wide reinforcing rings located on 24-in. centers (0.61 m).
0.5-in thick (0.013 m) steel plates were bolted on the ends to seal the interior of the pipe.
The insides of the pipe and end caps were insulated. [SAND85-0196, p. 8]

Several smaller calorimeters—4 and 8 in. in diameter—were also installed to gather
additional data from the fire. Due to limitations on grid refinement relative to their size,
these small calorimeters were not model ed.

6.1.3 Instrumentation
Thissection describesinstrumentation and | ocationsthat were subsequently modeled. Some
instruments were not modeled due to limitations in FDS3 modeling capabilities and

resolution that could be reasonably achieved.

Calorimeter Backface and Near-Surface Flame Temperatures. Thermocoupleswere placed
on the inner surface (backface) of the calorimeter and two inches away from the outer
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surface between the reinforcing rings at three axial locations on the top, bottom, and both
sides. These thermocouple locations are identified by afour digit descriptor; thefirst digit
(1, 2, or 3) represents the axial location from the east end of the calorimeter (1'-6", 10-9",
and 19'-6", respectively) while the last three digits (000, 090, 180, and 270) represent the
radial position (the bottom, south side, top, and north side, respectively). Thermocouples
were also placed insideand 2 in. outside the end caps; positionsfor these thermocouplesare
simply identified as East End Cap and West End Cap. [SAND85-0196, p. 8]

Flame Temperatures. Flame temperatureswere measured at several heightson eight towers
located around the cal orimeter ... three on each sideand oneon each end. Threetowers, with
thermocouples at 56 and 103 in. above the initial fuel level, were located on the south and
north sides of thewest end of the calorimeter (Towers A and B, respectively) and on the east
sideof thecalorimeter (Tower C). The other fivetowershad thermocouplesat 56, 103, 216,
and 440 in.; they are identified, beginning with the tower on the west end and rotating
clockwise through the remaining positions, as Towers 3, 2, 7, 6, and 4. Measurementsfrom
a photograph (Fig. 2 in the Sandia report) were used to approximate the location of the
towersintheeast-west direction, asdiscussed | ater; north-south | ocations, except for Towers
C and 3were not well defined (Fig. 1 in the Sandiareport isnot to scale). [SAND85-0196,
pp. 8 —11]

Wind Field. Wind field data—direction and velocity—were measured at a location 120 ft
(37 m) west of the pool.

6.2 FDS3IMPLEMENTATION

Thissection focuses on trangl ating the availableinformation on the test siteinto information
that can be used as input to an FDS3 simulation. Note that earlier chapters addressed
information on thermophysical properties (Chap. 2) and the wind field (Chap. 5) That
information is not repeated in this chapter. Subsection 6.2.1 addresses the modeling of the
major sitefeatures: the pool and the large calorimeter. Subsections6.2.2 and 6.2.3 address
the modeling of instrumentation installed at the test site and the capture of other simulation
results.

6.2.1 Modeling the Physical Configuration of the Site

The modeling the physical configuration of the pool and large calorimeter must be
accomplished in the Cartesian coordinate system of the FDS3 code. The grid system
established for the model must permit areasonabl e approximation of the actual dimensions,
and the cylindrical calorimeter must be appropriately represented within the limitations of
FDS3. For the current effort, the calorimeter is represented by an obstruction having the
length of the calorimeter and a square cross section having the same hydraulic diameter as
the calorimeter; specifically, the edge of this cross section isthe samelength asthe diameter
(seeEq. 10). Table6.1 identifiesactual and modeled dimensions; the modeled dimensions
are compatible with agrid size of 0.35 m.
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Table6.1. Physical and Modeled Dimensions of the Pool
and Large Calorimeter

o Physical dimension Modeled
Description : )
ft or in. m dimension, m
Pool length 60 ft 18.3 18.2
Pool width 30 ft 9.1 9.1
Top edge of pool to fuel surface — — 0.35
Caorimeter length 21 ft 6.4 6.3
Caorimeter diameter 56.5in. 144 —
Modeled cross-section dimension of o o 14
calorimeter (vertical and horizontal) '
Elevation of bottom of calorimeter ~ 3t 0.9
aboveinitial fuel surface '
1.05

Elevation of bottom of calorimeter . 11

above final fuel surface

The OBST namelist is used to model the ground surrounding the pool, the pool itself, and
the large calorimeter. The horizontal dimensions of each of these features are centered on
the vertical axis of themodel. Four OBST lines are used to model the ground, with the top
surface at z = O; inert surface conditions are assumed. The pool is modeled with its top
surfaceat z=-0.35m; the parameter SURF_IDSisused to specify ‘ JP-4' for thetop surface
and ‘INERT’ for the other surfaces (see Sect. 2.1 for parameters and values invoked by
specifying ‘ JP-4’). The calorimeter surfaces are specified using the SURF_ID6 parameter;
‘0.5A517 isused for those surfaces representing the end capsand * 1.25A517’ for the body
of the calorimeter (see Sect. 2.2).

6.2.2 Modeling Instrumentation

The THCP namelist group provides severa parameters for gathering temperature and flow
field information. These parameters was used to capture information for comparison to the
Sandia data. Appropriate values for LABEL were specified in each group to provide for
easy identification of datain the output file.

Calorimeter Backface Temperatures. To track the calorimeter wall and end cap backface
temperatures, the parameter QUANTITY wassetto ‘' INSIDE WALL_TEMPERATURE'.
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Other parameters on each THCP lineinclude XY Z to specify location; DEPTH, which was
set equal to 0.03175 m for the 1.25-in. pipe walls and 0.0127 for the 0.5-in. end caps; and
IOR, which is set to provide the orientation from the thermocouple to the surface. The
location was specified using the coordinates corresponding to the surface of the obstruction
representing the calorimeter. While Stations 1 and 3 are located a uniform distance from
each end of the calorimeter, Station 2 is 3 in. off-center (x = —0.08 m in the mode)..

Calorimeter Near-Surface Flame Temperatures. The location parameter XYZ of
thermocoupl esfor measuring near-surface flame temperatureswas specified 0.05 m outside
the surface of the calorimeter obstruction with coordinates otherwise corresponding to those
for the backface thermocouples. ‘TEMPERATURE' was specified for the parameter
QUANTITY.

Flame Temperatures. ‘TEMPERATURE’ was specified for the parameter QUANTITY.
The following paragraphs detail the derivation of coordinates specified by the location
parameter XY Z.

Thermocouple heights on the towerswere specified relative to theinitial fuel surfacewhich
is about 0.9 m below the calorimeter; at the end of the fire, the fuel surface will have
dropped about 0.2 m. Inthe model, the fuel surface ismodeled at a constant 1.05 m below
the modeled calorimeter, corresponding to z = —-0.35 m. In this context, if a variable fuel
surfaceweremodeled, theinitial fuel surfacewould beat z=-0.2 m. For the current model,
tower thermocouple heights were converted from inches to meters, rounded to the nearest
tenth of a meter, then 0.2 m was subtracted from that height to establish the value of the z
coordinate.

The east-west (x) coordinates were established by scaling from the photograph mentioned
previously. To accomplish the scaling, measurements were taken across the page of the
horizontal location of each tower and of the length of the calorimeter. The positions of
towersdirectly acrossthe calorimeter from each other (e.g., TowersA and B) were averaged
to establish their east-west position. For Towers 6 and 7, which had support arms for the
thermocouples, it was assumed the thermocoupl eswerelocated midway al ong the horizontal
arm; these positions were averaged to represent the location of these towers.

Therewasinsufficient information to clearly establish the north-south (y) coordinates of the
towers along the side of the calorimeter, The locations were assumed to be 0.5 m from the
sides of the calorimeter. The towers at each end are located at y = 0.

Wind Field Data. By specifying ‘U-VELOCITY’, ‘V-VELOCITY’, and ‘Z-VELOCITY"
for the parameter QUANTITY, wind field data were collected at a height of 10 m on the
z-axisand on the x- and y-axes at £20 and £30 m. While these datado not provide adirect
comparison at the location of the weather station, they do permit an assessment of the
impacts of the fire on the local environment. The 10 m height is a standard elevation for
gathering wind field data.
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6.2.3 Other Model Output

Flame Height Data. Heat release rate data were collected along the vertical centerline by
setting QUANTITY to ‘HRRPUV’. These data were utilized, as outlined in Sect. 4.1, to
determine flame height.

Wind Field and Temperature Data. Animated planar sliceswere obtained for vel ocitiesand
temperatures using the SLCF namelist group. These dlices were obtained along the x and
y axes, at 10 m height, and at the top and open (north) side of the model

6.3 SIMULATION RESULTS

The casesinitially planned and those finally executed are described in Sect. 6.3.1. Results
are presented and discussed in Sects. 6.3.2 and 6.3.3.

6.3.1 Cases

Initially, a set of cases was planned to examine the impact of grid refinement on the
simulation of the Test C. The region external to the fire was maintained throughout the
modeling effortswith agrid size of 1.05 m, primarily because more refined models had too
many nodes to execute successfully. Also, the region immediately around the cal orimeter
had to be modeled on agrid of no more than 0.35 m to adequately represent the dimensions
detailedin Table6.1. Thefirst case executed intheinitial set useda0.35 mgridinaregion
with a foot print slightly larger than the pool from the bottom to the top of the region
simulated. Thisfirst case was terminated, the input data file revised to enlarge the region
surrounding the fire, and restarted from the beginning ... after observing air flow patterns
into thefire, it seemed reasonablethat air flow into the fire should primarily result from the
upwind side of the fire being drawn into the downwind side and not from air flow induced
from the downwind side. The second case, C-105, limited the 0.35-m grid region to the
footprint of the pool up to aheight 1.05 m above the calorimeter. Both of these casesran to
the completion of the 30-min simulation. A third case, C-175 with arefined 0.175-m grid
to 18.375 minside a0.35-m grid inside the 1.05-m wind field grid terminated at about 140
s. At the time of failure, results from the first two cases had been reviewed and indicated
excessive backface temperatures, so no attempt was made to restart the C-175 case. The
excessive temperatures—specifically, backface temperatures exceeding flame
temperatures—resulted from the default value of 0.35 for RADIATIVE_FRACTION, a
parameter in the REAC namelist. This parameter establishes a fraction of the energy
released from the flame as thermal radiation independent of thermal radiation heat transfer
considerations with the intent of offsetting low averaged temperatures resulting from an
insufficiently refined grid. Input filesfor subsequent cases set RADIATIVE_FRACTION
to zero.

Theinitial caserunwith RADIATIVE_FRACTION set to zero (C-175a) took over 200 sto
effectively ignite. Because of this delay, the run was stopped and two ignitors were added
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to the model. These ignitors were modeled as 0.35-m sguare cross-sectioned obstructions
running amost the full length of the pool, set back 0.35 m from each edge. A constant
temperature of 1000°C was specified for the bottom surface of each ignitor. Theignitors
were removed 10 s into the simulation. Successful ignition of the fire resulted from this
modification. Two cases, C-175b and C-35b, used input files modified from C-175 and
C-35, respectively, by setting RADIATIVE_FRACTION to zero, adding ignitors, and
adjusting the extent of the grids, both horizontally and vertically.

Two additional cases, C-175c and C-175d, were executed to examine effectsof burnrateand
heat of vaporization. C-175c was modified from C-175b by setting the ignition temperature
totheinitial temperature and the heat of vaporizationto 1 kJ/kg with theintent of effectively
forcing the maximum burnrate. C-175d was also modified from C-175b, in thisinstance by
deleting the maximum burn rate but retaining the ignition temperature and heat of
vaporization used for all other fire simulations reported herein except C-175c. Table 6.2
summarizesthepool fire casesexecuted to completion that wereintended to simulate Sandia
Test C. A listing of C-175b is provided in Appendix B.5.

6.3.2 Results

This section compares results of the six completed FDS3 simulations of Test C to
temperature and wind field data collected during the Sandiatests. Flame height results are
also presented.

Calorimeter Backface Temperatures. Figures 6.1 through 6.5 present cal orimeter backface
temperature traces from the FDS3 simulations and data from Test C. Case C-105, which
used thedefault radiation fraction, and Case C-35b, which used only themedium grid for the
fireand aradiation fraction of O, provide the upper and lower curvesin these figures. Case
C-105 typically exceeds the Test C data, with exceptions occurring early in the simulation.
Case C-35resultstypically exceed or liein thevicinity of the data, but thisresult reflectsthe
default radiation fraction. The three cases run with a fine grid—C-175b, C-175c, and C-
175d—yield temperatures sometimes above and sometimes below the data. Of these latter
cases, C-175c, which was intended to push the burn rate toward the specified maximum
value by minimizing theignition temperature and heat of vaporization, yieldsthe maximum
temperature trace. The other two fine grid cases—C-175b and C-175d—yield similar
temperature traces which might suggested the simulated burn rate is near the maximum and
that with adequate refinement and setting the radiation fractionto zero, thefuel burnrate can
be properly determined by the basic principals of heat transfer encoded in FDS3. Onefinal
observation is that some data and simulation traces for the fine grid cases almost appear
reversed; in other words, better agreement might beinferred if the datatracesinFigs. 6.2 and
6.4 were exchanged while the simulation traces were retrained.

Calorimeter Near-Surface Flame Temperatures. Some trends seen in the backface results
are observed in the near-surface temperature results presented in Fig. 6.6 ... Case C-35b
havingthelowest temperatures... C-175band C-175d yielding comparableresults... C-175c
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Table6.2. Variationsin Input Data Filesfor Test C

Parameter C-35 C-105 C-35b C-175b C-175¢ C-175d
i
Finegrid, 0.175m |
X, extent No fine arid ! +9.45
Y, extent g i +4.725
Z, maximum i 16.975
i
Medium grid, 0.35m i
X, extent +105 | 9.1 -10.15/ +10.85
Y, extent +7.0 | 455 +7.0
Z, maximum 49.35 i 3.15 40.95
Wind field grid, 1.05 m
X, extent +47.25 +47.25
Y, extent -46.2 / +37.8 -46.2 / +37.8
Z, maximum 49.35 40.95
i
Finegrid, 0.175m i
IBAR . . ! 108
IBAR No fine grid i 54
KBAR i 100
i
Medium grid, 0.35m i
IBAR 60 | 52 60
JBAR 40 | 26 40
KBAR 144 i 12 120
Wind field grid, 1.05 m
IBAR 90 90
JBAR 80 80
KBAR 48 40
Radiative fraction 0.35 (default) 0.
Ignitors No Yes
Ignition temperature, °C 264. E 20. 264.
]
Heat of vaporization, kJ/kg 364. i 1 364.
MaX|2mum burn rate, 0.074 _Nq
kg/m*-s limit
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yielding higher temperaturesthan C-175b and C-175d. Whilesomeresultsfrom CasesC-35
and C-105 appear favorable, they are compromised by the default radiative fraction. The
resultsfrom Cases C-175b, C-175c, and C-175d are often favorable; however, therearealso
significant differences between the averages of the simulation results and the data.
Comparing standard deviations often indicates similar variability in ssmulations and data.
The impact of the square cross section of the modeled calorimeter versus the actual cross
section is not known.

Flame Temperatures. Figures 6.7, 6.8, and 6.9 summarize and compare simulation results
and Test C data from the tower thermocouples. Figure 6.8 also provides a schematic of
tower locations around the calorimeter. A trend noted in these results is that averaged
temperatures from the simulations seem more uniform with height than the Test C data,
which typically decrease with increasing thermocouple height. It isnoted that while Cases
C-175b and C-175d yield similar results at the lowest thermal couple height, the differences
between averaged temperatures for Cases C-175d and C-175b become greater with height
(C-175d temperatures being the greater). Also, temperaturesfor Case C-175c¢ exceed those
for the other fine grid cases at the lower heights, with the difference decreasing sufficiently
that at the greatest height temperatures are consistent with or fall below the averaged
temperatures of Cases C-175d and C-175b. Thesetrends may be explained by thetreatment
of burn rate and heat of vaporization, as subsequently discussed. Aswith the near-surface
temperature comparisons, it is noted that standard deviations typically indicate similar
variability in simulations and data.

Sincetower locationsin the east-west direction were estimated from aphotograph and since
there was no clear basis for estimating the north-south location, averaged temperatures as
afunction of location along the mid-planes were extracted from FDS3 slice files at heights
approximating the locations of the tower thermocouples. These averaged temperatures are
plotted in Fig. 6.10, with Test C data plotted at the distance specified in input files;
horizontal lines enable acomparison of datato the simulated tracesfor considering whether
specifying different tower locations in the input files could have improved the comparison
of simulation results to Test C data. It is not immediately apparent that adjusting tower
locations would improve the comparisons.

Wind Field. Original wind field dataand the modeled input are presented in Chapter 5—see
specifically Figs. 5.1 and 5.2, respectively. Wind field measurementsfrom case C-175d are
presented in Figs. 6.11 and 6.12. Results from 20 and 30 m east and west of the center of
the pool aregivenin Fig. 6.11, with similar resultsto the north and south in Fig. 6.12. The
effects of the fire environment are evident with results nearest the forced boundaries most
nearly reflecting the input wind field, while those nearer, around, and downwind of thefire
exhibit the effects of air flow into the fire. As the wind shifts from east to west, upwind
transition occursfairly quickly (before 400 s) while downwind effects evolve more slowly
(over several minutes) before reflecting a somewhat more uniform—albeit erratic—
behavior.
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56



2,000
1,500 A
LL
i
© —0O— Elev 1
P ~ - Elev2
é 1,000 1 —-+- Elev3
T A« i A e S SO 400 < = N I ity Elev 4
% < Dataat Elev
L
|_
500 -
0
-10 0 10
<S Tower4 NORTH-SOUTH LOCATION, m Tower2 N>
2,000
1,500 A
L
i
© —0O— Elev 1
E — 0 — Elev2
é 1,000 + — -+ - Elev3
T I = 7 - S A" A0 W I Ry Elev 4
% < Data at Elev
L
'_
500 A
0
-10

<W  Towers EAST-WEST LOCATION, m Towerc E >
Fig. 6.10. Comparison of averaged midplane flametemperaturefor C-175d to data.

57



20 m East

20 m West

360

Bap ‘NOILOFHIA ANIM

Q
@ o
= =3

T 270

S/W ‘ALIDOT3IA pue TvINOZI4OH

S/W ‘ALIDOT3IA

pue TvINOZI4OH

400 600 800 1000 1200 1400 1600 1800 2000
TIME, s

200

400 600 800 1000 1200 1400 1600 1800 2000
TIME, s

200

30 m East

30 m West

360

T 270

Bap ‘NOILOIHIA ANIM
(=]
g

360

o~

S/W ‘ALIDOTIA

T 270

pue TVINOZIHOH

Bap ‘NOILOIHIA ANIM
(=]
g

58

S/W ‘ALIDOTIA

pue TVINOZIHOH

400 600 800 1000 1200 1400 1600 1800 2000
TIME, s

200

400 600 800 1000 1200 1400 1600 1800 2000
TIME, s

200

Fig. 6.11. Wind field resultsfor C-175d (west and east of the pool center).



20 m South 20 m North

3 360 3 - 360
2 2
€ €
> >
= =
o o t 270
o] o]
] j=2] ] j=2]
w @ w [
> ° > °
z z
] ]
G G
b 180 3
x x
© a © a
s 2 s 2
2 2 2 2
= =
5 01 + 90 g t 90
N N
@ @
o o
5 | I
1 . . . . . . . . . 0 1 . . . . . . . . . 0
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000
TIME, s TIME, s
30 m South 30 m North
3 360 3 360
£ £
€ €
> >
e e
G + 270 G 21 + 270
o] o]
— j=2] - j=2]
w [ w [
> ° > °
z z
] ]
3 3
+180 3 1 +180 3
x x
=l o =l o
c a c [a)
it = it =
< 2 < 2
= =
5 ot + 9% 50 + 9%
N N
o o
o o
I I
1 . . . . . . . . . 0 1 . . . . . . . . . 0
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800 2000
TIME, s TIME, s

Fig. 6.12. Wind field resultsfor C-175d (south and north of the pool center)



Flame Height. Burntime fraction versus plume height for the six ssimulations of Test C are
presented in Fig. 6.13; the flame heights marked are based on the criterion that burntime
fraction equals 0.50. The flame height for Case C-175b is aso plotted in Fig. 4.7 in the
comparison of flame height correlations and the results from simulations reported herein.
Except for Case C-175d, for which a flame height was not determined by interpolation of
simulation results but was estimated at about 44 m from Fig. 6.13, al cases considered
reflect the same maximum burn rate (however, ssmulated burn rates may be less; see
subsequent discussion). This latter greater flame height (in comparison to the C-175b and
C-175c) may indicate that greater burn rates occurred when the maximum burn rate was
removed asalimiting parameter. Figure 6.14 showsthat the vertical velocity at the surface
of the pool was greater for the case without a maximum burn rate; by Eq. 6 and 7, agreater
mass release or heat release rate leads to greater flame heights. While Fig. 6.14 suggests
there should be a difference in flame heights for Cases C-175b and C-175c, the lack of
differenceisprobably well within the boundsof uncertainty. Thefact that moreenergy from
thefirewould beavailablein C-175c for heating thefire plumein the absence of heating and
evaporating theliquid fuel from the pool may |ead to increased turbulencein the plume, with
greater fuel-air mixing resulting in the observed results.

Direct Comparison of Simulation Results and Data. Appendix C provides a direct
comparison between data from Test C and the FDS3 simulation results Case C-175d.

1.0 —

c-35
C-105
C-35b
0.5 A n A C-175b
=O=C-175¢
=O=C-175d

BURNTIME FRACTION

A Flame Height

0.0

0 8 16 24 32 40 48
CENTERLINE HEIGHT, m

Fig. 6.13. Flame height for Test C simulations. A burntime
fraction of 0.5 isthe criterion for flame height.
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Fig. 6.14. Vertical velocity from the pool surface for Cases C-175b, c, and d.

6.3.3 Discussion of Results

Several issues arose during the evolution of the Test C simulations and the review of results
during and after those cases were executed. An early concern was the observation of
excessive backface temperatures which was traced to the default radiation fraction.
Subsequent to this observation, the radiation fraction was set to zero; however, ignitors,
which were removed after 10 s of simulation, had to be modeled to initiate combustion.
Consideration of the final three cases warrant further discussion with respect to maximum
burn rate, heat of vaporization, and grid refinement. It isnoted that neither Test C nor the
simulations would meet the thermal test temperature requirements for packaging ... “... an
average temperature of at least 800°C (1475°F) for a period of 30 minutes ...” (see
Sect. 1.1.1). Ontheother hand, the FDS3 simulationsdo reflect the* highly turbulent nature
of alarge open pool fire and its susceptibility to winds [which] produce temperature and
flow fields that are very nonuniform in both a spatial and temporal sense” (cf, Sect. 1.4).

Maximum Burn Rate. All casesreported herein—except Case C-175d—erroneoudly utilized
amaximum burn rate predicated on aaverage derived from thetimeit took to burn aknown
depth of fuel. The error is that the burn rate is not uniform across the pool; therefore,
utilizing an average as the maximum limits the material burned to a rate less than that
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average observed. Removing the maximum burn rate from the input file for Case C-175d
resulted in the following observations rel ative to Case C-175b:

1. lower backface termperatures along the bottom of the calorimeter (Fig. 6.1);

2. other backface temperatures are essentialy the same, though often slightly lower
(Figs. 6.2, 6.3, 6.4, and 6.5);

3. increased temperaturesfor the higher tower thermocouples (Figs. 6.7, 6.8, and 6.9);
4. anincreased flame height (Fig. 6.13); and
5. more material released (see Fig. 6.14).

Taking an averagefor the velocity profilesplotted in Fig. 6.14, the burn rate isincreased by
about 40%. While the results presented in Chap. 4 suggested that flame heights may be
underestimated by recognized correlations, Egs. 6 and 7 can be mani pul ated using the height
estimated for Case C-175b, theincreased heat rel ease or burning rateinferred fromFig. 6.14,
and—when applying Egq. 6—an approximate diameter, to estimate an increase in flame
height of about 20%. This20% increaseiscomparableto the height increase observed from
the simulation results. Anincreasein burn rate (i.e., mass loss rate from the pool surface)
and the increased flame height is also consistent with the increased temperatures observed
for the higher thermocouples. Finally, an increased burn rate would move the flame front
away from the pool surface resulting in lower backface temperatures at the bottom of the
calorimeter and lesser effects as flow proceeds up and around the calorimeter (which are
more directly exposed to the flame and hot combustion gases).

Heat of VVaporization and Ignition Temperature. All casesreported—except C-175¢c—used
the same heat of vaporization and ignition temperatures. For Case C-175c, the heat of
vaporization was reduced to a negligible value and the ignition temperature was set to the
ambient temperature. Theintent of these changeswas to maximize the burn rate by forcing
ittothe specified value. Itisunclear whether thiswasactually achieved ... Relativeto Case
C-175b, the increased vertical velocity from the pool combined with the increased density
(dueto alower ignition/evaporation temperature) would imply ahigher releaseratefor Case
C-175c; however, theflame height isthe samefor both cases, implying aconsistent burnrate
(perhaps not inconsistent with since the same maximum burn rate was specified).
Temperatures resulting from Case C-175c are consistently higher than those for C-175b,
which would be expected since energy typically lost from thefireto the pool to increase the
liquid temperature and evaporate the fuel is now available for heating the fire plume.
Further review of the appropriate ignition/evaporation temperature is warranted (i.e., is
burning occurring on the pool surface or is boiling the primary mechanism to get fuel into
the fire plume so that it will combust) ... and the heat of vaporization needs to reflect the
ignition temperature specified. For futureefforts, use of the BNDF namelist group to collect
mass loss rate per unit area results via the QUANTITY, ‘BURNING_RATE’, would
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facilitate understanding of the actual consequences of the parameters changed from Case
C-175b to Cases C-175c¢ and C-175d [FDS3-UG, pp. 36 and 39].

Grid Refinement. As noted previously, FDS3 models the flame as a two-dimensional
surface, determinesthe heat rel ease rate, and smearsthe energy released acrossthe cells cut
by the flame sheet, resulting in a temperatures typicaly less than would be actually
observed. As the grid is refined—to the limits permitted by the code algorithms,
computational error, and computer capacity—computed temperature averages and
maximums are expected to increase, at least until the effects of smearing are off-set by the
wafting of the fire sheet in the turbulent environment of the fire. With respect to the final
simulations (C-175b, C-175c, and C-175d), thegridsresult in over amillion nodes (multiply
each applicable set of IBAR, JBAR, and KBAR valuesin Table 6.2, then sum the results),
and runtimeswere approximately 30 day for each caseson aPC having a3.00 GHz Pentium
4 processor and 2.00 GB of RAM.

6.4 SUMMARY AND RECOMMENDATIONS

Initial simulations of the Sandia Fire Test C indicated that the default radiation fraction
assumed in FDS3 could yield asignificant overestimation of temperaturesfor acal orimeter
engulfedinafireasthegridisrefined. Subsequent simulations set the radiation fraction to
zero and used ignitors over the first 10 s of the simulation to initiate the fire. Later runs
indicated reasonabl eresults could be obtained with arefined grid, and thefinal case, C-175d,
indicated that it is not necessary to limit the burn rate. It was observed that the variation in
results over the course of a simulation was similar to the variation in test data. It is
anticipated that further grid refinement along with adjustments to the heat of vaporization
and ignition temperatures could result in further improvement in the agreement between
simulation results and test data.

The following recommendations are made for future large pool fire simulations:

1. Reduce the grid size encompassing the fire itself below the 0.175 m refinement of
the simulations reported herein.

2. Settheradiation fraction to zero, and use ignitors to initiate the fire.
3. Do not limit the burn rate.

4. Review and, asappropriate, adjust the heat of vaporization and ignition temperature.
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7. CONCLUSIONSAND RECOMMENDATIONS

The capabilities of FDS3 have been examined to determine whether a major pool fire test
can be reasonably simulated. Simulation activities were undertaken sequentially to
addressed the following:

1

4.

Radiation modeling from constant temperature wall sto assessthethick and thinwall
modeling capabilities of FDS3 (Chapter 3).

2-D and 3-D pool firemodeling in the absence of wind and heat sinkswithinthefire
principally to compare flame height predictions to established correlations
(Chapter 4).

Wind field modeling specifically targeted at developing awind field to use in the
simulation of an actual pool fire (Chapter 5).

Simulation of a specific pool fire test (Chapter 6).

Sections 7.1 and 7.2 summarize conclusions and recommendations presented earlier in this

report.

7.1 CONCLUSIONS

C1.

C2.

Cs.

C4.

Reasonabl e results are obtained from the thermally thick and thin wall boundary
conditions based on visual comparison of plotted analytical results for a thin wall
boundary condition and FDS3 results (Chapter 3).

A process has been established to determine flame height based on the criterion that
flame height is defined as the height at which the flameis observed at |east 50% of
the time (Chapter 4).

There is a significant difference in estimated flame heights between 2-D-radial
models and quarter, half, and full 3-D models that arguably represent the samefire
environment (Chapter 4). Full 3-D models should be developed when simulating
fires.

When flame heights are plotted against equivalent diameter (EqQ. 9), hydraulic
diameter (Eg. 10), and minimum pool width, minimum pool width appearsto provide
the most consistent basis for estimating height, all other parameter being the same.
When the results were plotted for comparison, a curve twice the average of the
Heskestad and Thomas correl ations passed through the flame hei ghts pl otted against
minimum pool width. (The*“factor” of two would likely increase based on the later
observation that maximum burn rate should not be specified.) Anargument hasbeen
presented that flame height observations—and hence correlations derived from
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Cs.

C6.

Cr7.

C8.

Co.

C10.

them—may be influenced by fire size ... since afireisopticaly opaqueif it ismore
than 1- to 2-mthick, the observed temperature or fraction of timetheflameispresent
may be less than the actual values. (Chapter 4.)

A process has been outlined and successfully implemented for transforming wind
field data associated with an outdoor test into initial and boundary conditions for
simulating the test (Chapters 5 and 6).

When modeling large pool fires, the default radiation fraction should be overridden
by explict specification of afraction equal to zero. It will be necessary to include
ignitorsfor abrief period at the beginning of the simulation period to ignite thefire
in the absence of the default Also, maximum burn rate should not be specified.
(Chapter 6.)

It isanticipated that reducing the heat of vaporization to better reflect itsvalue at the
ignition temperature would improve the comparison between simulation results and
data (Chapter 5).

Itisanticipated that further grid refinement would generally resultinincreased flame
temperatures at the points specified in the Test C simulations, thus improving the
comparison between simulation results and data. (Chapter 6).

It is noted that neither Test C nor the simulations would meet the thermal test
temperature requirements for packaging ... “... an average temperature of at least
800°C (1475°F) for aperiod of 30 minutes...” (Chapter 6).

Itisnoted that the FDS3 simulations do reflect the * highly turbulent nature of alarge
open pool fire and its susceptibility to winds [which] produce temperature and flow
fields that are very nonuniform in both a spatial and temporal sense” (Chapter 6).

7.2 RECOMMENDATIONS

Thefollowing recommendations apply to users of the FDS code (FDS3 or future revisions).

R1.

R2.

R3.

R4.

Full 3-D models should be used when simulating afire (Chapter 4).

Theradiation fraction should beexplicitly set to zero and ignitors should bemodeled
for abrief period to ignite the fire (Chapter 6).

A maximum burn rate should not be specified (Chapter 6).

When preparing to model large pool fires, care should betaken in specifying the heat
of vaporization and the ignition temperature (Chapter 2 and 6).
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RS.

If possible, further refinement of thefine grid should be considered inthe areaabove
the pool, and sufficiently outside the pool to ensure adequate modeling of the fire.
A grid size about 1 m appears adequate for the wind field beyond the pool. A
transition (medium) grid extending outside the refined grid should be specified to
facilitate air flow from the large wind field grid to the fine grid over the fire.
(Chapter 6.)

Thefollowing recommendationsareoffered for consideration when correl ating flame height
data or enhancing the capabilities of the FDS code.

R6.

R7.

Theapplicability of established pool fire correlationsfor estimating the flame height
of large fires should be reviewed in light of the results presented in Chapter 4 (with
the caveat noted in Conclusion 4 relative to maximum burn rate).

To facilitate future modeling, several recommendations regarding potential
enhancements to the FDS code were included in Sect. 5.3.2.
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APPENDIX A. SANDIA FIRE TEST RESULTS

Thefollowing tables are transcribed from Thermal Measurements in a Series of Large Pool
Fires [SAND85-0196, Tables 1, 2, and 3].

TableA.1l. Average Flame Temperaturesfor Tower Thermocouples (°F)

Tower B Tower 2 Tower 7
H:c Test Test Test Test Test Test Test Test Test
in. A B C A B C A B C

56 1483 1835 2011 1738 1797 1836 1847 1922 1773
103 1473 1641 1935 1538 1451 1476 1417 1814 1792

216 1126 1184 1244 764 1188 1401
440 577 951 1007 914 981 1133
Tower 3 Tower C

Hqe, Test Test  Test Test Test  Test
in. A B C A B C
56 1410 1657 N 1806 1970 1957

103 1078 1431 1335 w + E 1305 1503 1658

216 993 918 625 S

440 1112 722 381

Tower A Tower 4 Tower 6
H:c Test Test Test Test Test Test Test Test Test
in. A B C A B C A B C

56 1145 1219 1800 1649 1577 1519 1701 1509 1505

103 962 846 1321 1431 1294 1402 1184 1048
216 990 1023 921 736 852 821
440 512 618 552 425 517 636
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Table A.2. Flame Temperatures Statisticsfor Entire Test

Test A Test B Test C
Elevation: 56in.
Min (°F) 600 827 344
Max (°F) 2412 2299 2323
Avg (°F) 1597 1690 1757
Std Dev (°F) 382 351 317
SD/Avg (%) 24 21 18
Elevation: 103in.
Min (°F) 248 454 286
Max (°F) 2376 2371 2386
Avg (°F) 1326 1396 1509
Std Dev (°F) 489 491 487
SD/Avg (%) 37 35 32
Elevation: 216in.
Min (°F) 163 228 255
Max (°F) 2292 2311 2356
Avg (°F) 922 1033 1003
Std Dev (°F) 484 497 507
SD/Avg (%) 52 48 51
Elevation: 440in.
Min (°F) 156 192 128
Max (°F) 2360 2229 2254
Avg (°F) 708 758 742
Std Dev (°F) 495 459 479
SD/Avg (%) 70 61 65
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Table A.3. Flame Temperatures Statistics for
Low Wind Conditions

Test A Test B Test C
Elevation: 56in.
Min (°F) 1119 870 908
Max (°F) 2412 2244 2243
Avg (°F) 1758 1750 1793
Std Dev (°F) 235 301 286
SD/Avg (%) 13 17 16
Elevation: 103in.
Min (°F) 677 606 619
Max (°F) 2376 2308 2302
Avg (°F) 1577 1561 1541
Std Dev (°F) 415 431 450
SD/Avg (%) 26 28 29
Elevation: 216in.
Min (°F) 394 320 327
Max (°F) 2292 2311 2088
Avg (°F) 1234 1282 975
Std Dev (°F) 501 485 411
SD/Avg (%) 48 38 42
Elevation: 440in.
Min (°F) 297 255 153
Max (°F) 2360 2229 1980
Avg (°F) 1165 1023 611
Std Dev (°F) 609 518 356
SD/Avg (%) 52 51 58
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V.

APPENDIX B. FDS3INPUT FILES

B.1 Radiation to Thermally-Thick and -Thin Surfaces

&HEAD
&GRID
&PDIM

&MI1SC

&TIME

&SURF

&SURF

&SURF

&SURF

&0OBST
&0OBST
&0OBST
&0OBST
&0OBST
&0OBST

&THCP
&THCP
&THCP
&THCP

CHID="WALL",TITLE="Thin/Thick Test Wall
1BAR=6,JBAR=6,KBAR=4 /
XBARO=-1,XBAR=5, YBARO=0, YBAR=6,ZBAR0=0,ZBAR=4 /

in Constant T Enclosure® /

DATABASE="c:\nist\fds\database3\database3.data",
SURF_DEFAULT="CTWALL",

NFRAMES=400 /

TWFIN=1800. /

ID="CTWALL", TMPWAL=800. /

ID="STEEL-thin",
C_DELTA_RHO=120.,
BACKING="INSULATED"/

ID="STEEL-thick ",
ALPHA=1_11E-5,
KS=43.6,
DELTA=0.03175,
BACKING="INSULATED"/

ID="STEEL-PLATE",
C_DELTA_RHO=120 /

XB=-1,0,0,2,0,2, SURF_ID="STEEL-thin®* /

XB=-1,0,2,4,0,2, SURF_ID="STEEL-thick" /

XB=-1,0,4,6,0,2, SURF_ID="STEEL-thin®* /

XB=-1,0,0,2,2,4, SURF_ID="STEEL-thick" /

XB=-1,0,2,4,2,4, SURF_ID="STEEL-thin®* 7/

XB=-1,0,4,6,2,4, SURF_ID="STEEL-thick" /

XYZ=-0.001,1,1, I0R=1, QUANTITY="WALL_TEMPERATURE®, LABEL="LL-thin*
XYZ=-0.001,3,1, I0R=1, QUANTITY="WALL_TEMPERATURE®, LABEL="LC-thick"
XYZ=-0.001,5,1, I0R=1, QUANTITY="WALL_TEMPERATURE®, LABEL="LR-thin~
XYZ=-0.001,1,3, I0R=1, QUANTITY="WALL_TEMPERATURE®, LABEL="UL-thick"

/
/
/
/
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QUANTITY="WALL_TEMPERATURE",
QUANTITY="WALL_TEMPERATURE",

QUANTITY="BACK_WALL_TEMPERATURE",
QUANTITY="BACK_WALL_TEMPERATURE",
QUANTITY="BACK_WALL_TEMPERATURE",
QUANTITY="BACK_WALL_TEMPERATURE",
QUANTITY="BACK_WALL_TEMPERATURE",
QUANTITY="BACK_WALL_TEMPERATURE",

&THCP XYZ=-0.001,3,3, I0R=1,
&THCP XYZ=-0.001,5,3, I0R=1,
&THCP XYZ=-0.001,1,1, I0R=1,
&THCP XYZ=-0.001,3,1, I0R=1,
&THCP XYZ=-0.001,5,1, I0R=1,
&THCP XYZ=-0.001,1,3, I0R=1,
&THCP XYZ=-0.001,3,3, I0R=1,
&THCP XYZ=-0.001,5,3, I0R=1,
&BNDF QUANTITY="WALL_TEMPERATURE® /

&BNDF

QUANTITY="BACK_WALL_TEMPERATURE" /

B.2 2-D Pool Fire Model (HRV600-3.data)

&HEAD CHID
&GRID IBAR
&PDIM RBAR

&TIME
&M1SC

TWFIN

&REAC 1D

MW_FUEL

NU_02
NU_CO
NU_H2

REACTION =

2
0]

"HRV600-3*
288, JBAR
36., YBAR

600. 7/

CO_YIELD
SOOT_YIELD

EPUMO
&SURF 1D
RGB
TMPIG

HEAT_OF_VAPORIZATION

2

N

*Jp-4",

HEAT_OF_COMBUSTION
BURNING_RATE_MAX

DELTA

TITLE =

1,

0.1,

NFRAMES =

"6-m Pool
KBAR 576 /
ZBAR 216. /

Fire w/ 0.125-m H x

600 /

*Jp-4",
112.42,
16.06,
8.03,
8.03,
0.012,
0.019,
9362.5 /

*Jp-4",
0.0, 0.0, 0.5,
246.,
364.,
42800.
0.074,
0.10,

LABEL="UC-thin® /
LABEL="UR-thick" /

LABEL="LL-thin*
LABEL="LC-thick"
LABEL="LR-thin*
LABEL="UL-thick"
LABEL="UC-thin*
LABEL="UR-thick"

0.375-m V grid® 7/

NNNNNN



9.

KS = 0.14,

ALPHA = 8.6E-8,

PHASE = "LIQUID" /
&VENT XB = 0.0, 6.0, 0.0, 0.1, 0.0, 0.0, SURF_ID = *JpP-4* /
&VENT CB = RBAR, SURF_ID = "OPEN* /
&VENT CB = ZBAR, SURF_ID = "OPEN* /
&THCP XYZ = 0.0, 0.0, 6., QUANTITY = "HRRPUV", LABEL = "HRRPUV 6"
&THCP XYZ = 0.0, 0.0, 12., QUANTITY = "HRRPUV", LABEL = "HRRPUV 12+
&THCP XYZ = 0.0, 0.0, 18., QUANTITY = "HRRPUV", LABEL = "HRRPUV 18+
&THCP XYZ = 0.0, 0.0, 24., QUANTITY = "HRRPUV", LABEL = "HRRPUV  24*
&THCP XYZ = 0.0, 0.0, 30., QUANTITY = "HRRPUV", LABEL = "HRRPUV  30°
&THCP XYZ = 0.0, 0.0, 36., QUANTITY = "HRRPUV", LABEL = "HRRPUV 36"
&THCP XYZ = 0.0, 0.0, 42., QUANTITY = "HRRPUV", LABEL = "HRRPUV  42*
&THCP XYZ = 0.0, 0.0, 48., QUANTITY = "HRRPUV", LABEL = "HRRPUV  48*
&THCP XYZ = 0.0, 0.0, 54., QUANTITY = "HRRPUV", LABEL = "HRRPUV  54*
&THCP XYZ = 0.0, 0.0, 60., QUANTITY = "HRRPUV", LABEL = "HRRPUV  60-
&THCP XYZ = 0.0, 0.0, 66., QUANTITY = "HRRPUV", LABEL = "HRRPUV 66~
&THCP XYZ = 0.0, 0.0, 72., QUANTITY = "HRRPUV", LABEL = "HRRPUV  72°
&THCP XYZ = 0.0, 0.0, 78., QUANTITY = "HRRPUV", LABEL = "HRRPUV 78"
&THCP XYZ = 0.0, 0.0, 84., QUANTITY = "HRRPUV", LABEL = "HRRPUV  84*
&THCP XYZ = 0.0, 0.0, 90., QUANTITY = "HRRPUV", LABEL = "HRRPUV  90*
&THCP XYZ = 0.0, 0.0, 96., QUANTITY = "HRRPUV", LABEL = "HRRPUV 96~
&THCP XYZ = 0.0, 0.0, 102., QUANTITY = "HRRPUV", LABEL = "HRRPUV 102*
&THCP XYZ = 0.0, 0.0, 108., QUANTITY = "HRRPUV", LABEL = "HRRPUV 108"
&THCP XYZ = 0.0, 0.0, 114., QUANTITY = "HRRPUV", LABEL = "HRRPUV 114*
&THCP XYZ = 0.0, 0.0, 120., QUANTITY = "HRRPUV", LABEL = "HRRPUV 120*
&THCP XYZ = 0.0, 0.0, 126., QUANTITY = "HRRPUV®", LABEL = "HRRPUV 126~
&THCP XYZ = 0.0, 0.0, 132., QUANTITY = "HRRPUV®", LABEL = "HRRPUV 132°
&THCP XYZ = 0.0, 0.0, 138., QUANTITY = "HRRPUV®", LABEL = "HRRPUV 138~
&THCP XYZ = 0.0, 0.0, 144., QUANTITY = "HRRPUV", LABEL = "HRRPUV 144-
&THCP XYZ = 0.0, 0.0, 150., QUANTITY = "HRRPUV®", LABEL = "HRRPUV 150°
&THCP XYZ = 0.0, 0.0, 156., QUANTITY = "HRRPUV®", LABEL = "HRRPUV 156~
&THCP XYZ = 0.0, 0.0, 162., QUANTITY = "HRRPUV®", LABEL = "HRRPUV 162°
&THCP XYZ = 0.0, 0.0, 168., QUANTITY = "HRRPUV®", LABEL = "HRRPUV 168~
&THCP XYZ = 0.0, 0.0, 174., QUANTITY = "HRRPUV", LABEL = "HRRPUV 174*
&THCP XYZ = 0.0, 0.0, 180., QUANTITY = "HRRPUVT", LABEL = "HRRPUV 180-
&THCP XYZ = 0.0, 0.0, 186., QUANTITY = "HRRPUV®", LABEL = "HRRPUV 186~
&THCP XYZ = 0.0, 0.0, 192., QUANTITY = "HRRPUV®", LABEL = "HRRPUV 192°
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&THCP XYZ = 0.0, 0.0, 198.
&THCP XYZ = 0.0, 0.0, 204.
&THCP XYZ = 0.0, 0.0, 210.
&THCP XYZ = 0.0, 0.0, 216.
&SLCF PBY = 0.0, QUANTITY
&SLCF PBY = 0.0, QUANTITY
&SLCF PBY = 0.0, QUANTITY
&SLCF PBY = 0.0, QUANTITY
&SLCF PBY = 0.0, QUANTITY
&SLCF PBY = 0.0, QUANTITY

QUANTITY
QUANTITY
QUANTITY
QUANTITY

"HRRPUV*,
"HRRPUV*,
"HRRPUV",
"HRRPUV",

LABEL
LABEL
LABEL
LABEL

"HRRPUV
"HRRPUV
"HRRPUV
"HRRPUV

"TEMPERATURE"
"U-VELOCITY"
"W-VELOCITY"
"HRRPUV*
"MIXTURE_FRACTION*
"DIVERGENCE"

NNNNNN

B.3 3-D Pool Fire Model (W6x6-2.data)

198"
204"
210"
216"

NN NN

432 /
108. 7/

144 7/
108. 7/

&HEAD CHID = "W6x6-2", TITLE = "Whl 6x6 Pool w/ 0.25 fire 0.75 domain® /
&GRID IBAR = 30, JBAR = 30, KBAR
&PDIM XBARO = -3.75, XBAR = 3.75, YBARO = -3.75, YBAR = 3.75, ZBAR
&GRID IBAR = 40, JBAR = 40, KBAR
&PDIM XBARO = -15, XBAR = 15., YBARO = -15, YBAR = 15., ZBAR
&TIME TWFIN = 600. /
&MISC REACTION = "JP-4, NFRAMES = 600 /
&REAC 1D = "Jp-4-,

MW_FUEL = 112.42,

NU_02 = 16.06,

NU_C02 = 8.03,

NU_H20 = 8.03,

CO_YIELD = 0.012,

SOOT_YIELD = 0.019,

EPUMO2 = 9362.5 /
&SURF 1D = "Jp-4-,

RGB = 0.0, 0.0, 0.5,

TMPIGN = 246.,

HEAT_OF_VAPORIZATION = 364.,

HEAT_OF _COMBUSTION = 42800.
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&VENT
&VENT
&VENT
&VENT
&VENT
&VENT

&THCP
&THCP
&THCP
&THCP
&THCP
&THCP
&THCP
&THCP
&THCP
&THCP
&THCP
&THCP
&THCP
&THCP
&THCP
&THCP
&THCP
&THCP

&THCP
&THCP
&THCP
&THCP
&THCP
&THCP
&THCP
&THCP

BURNING_RATE_MAX
DELTA

KS

ALPHA
PHASE

XB
CB
CB
CB
CB
CB

XYZ
XYZ
XYZ
XYZ
XYZ
XYZ
XYZ
XYZ
XYZ
XYz
XYZ
XYZ
XYZ
XYZ
XYZ
XYZ
XYz
XYZ

XYz
XYZ
XYZ
XYZ
XYZ
XYZ
XYZ
XYZ

-3.0, 3.0,

[eNeoNoNeoNoNoNoNooNoNoNoNoNoNoNoNoNe]

[eNeoNeoNoNoNoNolololoNoNoNoNoNoNoNeoNe)

[eNeoNeoNoNoNoNololololoNoNoNoNoNoNeoNo)

[eNeoNeoNoNoNoNeoloNooloNoNooNoNoNeNe

[eNoNeoNeoNeoNoNeoNe)

[eNeoNoNoNeoNeoNoNe]

aaooaooo oo

[eNeoNeoNeoNoNoNeoNe)

0.074,
0.10,
0.14,
8.6E-8,

“"LIQUID® /

3.0, 0.0, 0.0, SURF_ID = "JP-4* /

"OPEN" 7/
"OPEN" 7/
"OPEN" 7/
"OPEN" 7/
"OPEN" 7/

QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY

QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY
QUANTITY

LABEL
LABEL
LABEL
LABEL
LABEL
LABEL
LABEL
LABEL
LABEL
LABEL
LABEL
LABEL
LABEL
LABEL
LABEL
LABEL
LABEL
LABEL

LABEL
LABEL
LABEL
LABEL
LABEL
LABEL
LABEL
LABEL

"HRRPUV
"HRRPUV
"HRRPUV
"HRRPUV
"HRRPUV
"HRRPUV
"HRRPUV
“"HRRPUV
"HRRPUV
"HRRPUV
"HRRPUV
"HRRPUV
“"HRRPUV
"HRRPUV
“"HRRPUV
“"HRRPUV
“"HRRPUV
“"HRRPUV

"H
"H
"H
"H
"H
"H
"H
"H

X+.5
X+.5
X+.5
X+.5
X+.5
X+.5
X+.5
X+.5

6"
12+
18+
24*
30"
36"
42"
48"
54*
60"
66"
72"
78"
84"
90"
96"

102"
108"

6"
12+
18"
24+
30-
36"
42-
48+

NNNNNNNN NONNNSNNSNNNNNNNNNNNNNN
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&THCP XYZ = 0.5, 0.0, 54., QUANTITY = "HRRPUV", LABEL = "H X+.5 54*
&THCP XYZ = 0.5, 0.0, 60., QUANTITY = "HRRPUV", LABEL = "H X+.5 60"
&THCP XYZ = 0.5, 0.0, 66., QUANTITY = "HRRPUV", LABEL = "H X+.5 66"
&THCP XYZ = 0.5, 0.0, 72., QUANTITY = "HRRPUV", LABEL = "H X+.5 72"
&THCP XYZ = 0.5, 0.0, 78., QUANTITY = "HRRPUV", LABEL = "H X+.5 78"
&THCP XYZ = 0.5, 0.0, 84., QUANTITY = "HRRPUV", LABEL = "H X+.5 84"
&THCP XYZ = 0.5, 0.0, 90., QUANTITY = "HRRPUV®", LABEL = "H X+.5 90"
&THCP XYZ = 0.5, 0.0, 96., QUANTITY = "HRRPUV", LABEL = "H X+.5 96"
&THCP XYZ = 0.5, 0.0, 102., QUANTITY = "HRRPUV", LABEL = "H X+.5 102*
&THCP XYZ = 0.5, 0.0, 108., QUANTITY = "HRRPUV", LABEL = "H X+.5 108"
&THCP XYZ = -0.5, 0.0, 6., QUANTITY = "HRRPUV®", LABEL = "H X-.5 6"
&THCP XYZ = -0.5, 0.0, 12., QUANTITY = "HRRPUV®", LABEL = "H X-.5 12~
&THCP XYZ = -0.5, 0.0, 18., QUANTITY = "HRRPUV®", LABEL = "H X-.5 18"
&THCP XYZ = -0.5, 0.0, 24_, QUANTITY = "HRRPUV®", LABEL = "H X-.5 24-
&THCP XYZ = -0.5, 0.0, 30., QUANTITY = "HRRPUV", LABEL = "H X-.5 30"
&THCP XYZ = -0.5, 0.0, 36., QUANTITY = "HRRPUV", LABEL = "H X-.5 36"
&THCP XYZ = -0.5, 0.0, 42_, QUANTITY = "HRRPUV", LABEL = "H X-.5 42¢
&THCP XYZ = -0.5, 0.0, 48., QUANTITY = "HRRPUV", LABEL = "H X-.5 48"
&THCP XYZ = -0.5, 0.0, 54., QUANTITY = "HRRPUV", LABEL = "H X-.5 54~
&THCP XYZ = -0.5, 0.0, 60., QUANTITY = "HRRPUV®", LABEL = "H X-.5 60"
&THCP XYZ = -0.5, 0.0, 66., QUANTITY = "HRRPUV®", LABEL = "H X-.5 66"
&THCP XYZ = -0.5, 0.0, 72., QUANTITY = "HRRPUV®", LABEL = "H X-.5 72°
&THCP XYZ = -0.5, 0.0, 78., QUANTITY = "HRRPUV®", LABEL = "H X-.5 78"
&THCP XYZ = -0.5, 0.0, 84., QUANTITY = "HRRPUV®", LABEL = "H X-.5 84~
&THCP XYZ = -0.5, 0.0, 90., QUANTITY = "HRRPUV®, LABEL = "H X-.5 90~
&THCP XYZ = -0.5, 0.0, 96., QUANTITY = "HRRPUV®, LABEL = "H X-.5 96"
&THCP XYZ = -0.5, 0.0, 102., QUANTITY = "HRRPUV", LABEL = "H X-.5 102°
&THCP XYZ = -0.5, 0.0, 108., QUANTITY = "HRRPUV", LABEL = "H X-.5 108*°
&THCP XYZ = 0.0, 0.5, 6., QUANTITY = "HRRPUV®, LABEL = "H Y+.5 6"
&THCP XYZ = 0.0, 0.5, 12., QUANTITY = "HRRPUV", LABEL = "H Y+.5 12+
&THCP XYZ = 0.0, 0.5, 18., QUANTITY = "HRRPUV", LABEL = "H Y+.5 18"
&THCP XYZ = 0.0, 0.5, 24., QUANTITY = "HRRPUV", LABEL = "H Y+.5 24+
&THCP XYZ = 0.0, 0.5, 30., QUANTITY = "HRRPUV", LABEL = "H Y+.5 30-
&THCP XYZ = 0.0, 0.5, 36., QUANTITY = "HRRPUV", LABEL = "H Y+.5 36
&THCP XYZ = 0.0, 0.5, 42., QUANTITY = "HRRPUV", LABEL = "H Y+.5 42°
&THCP XYZ = 0.0, 0.5, 48., QUANTITY = "HRRPUV", LABEL = "H Y+.5 48~
&THCP XYZ = 0.0, 0.5, 54., QUANTITY = "HRRPUV", LABEL = "H Y+.5 54*
&THCP XYZ = 0.0, 0.5, 60., QUANTITY = "HRRPUV", LABEL = "H Y+.5 60"

NNNNNNNNNN
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&THCP XYZ = 0.0, 0.5, 66., QUANTITY = "HRRPUV®", LABEL = "H Y+.5 66"
&THCP XYZ = 0.0, 0.5, 72., QUANTITY = "HRRPUV", LABEL = "H Y+.5 72"
&THCP XYZ = 0.0, 0.5, 78., QUANTITY = "HRRPUV", LABEL = "H Y+.5 78"
&THCP XYZ = 0.0, 0.5, 84., QUANTITY = "HRRPUV", LABEL = "H Y+.5 84"
&THCP XYZ = 0.0, 0.5, 90., QUANTITY = "HRRPUV", LABEL = "H Y+.5 90"
&THCP XYZ = 0.0, 0.5, 96., QUANTITY = "HRRPUV", LABEL = "H Y+.5 96"
&THCP XYZ = 0.0, 0.5, 102., QUANTITY = "HRRPUV", LABEL = "H Y+.5 102*
&THCP XYZ = 0.0, 0.5, 108., QUANTITY = "HRRPUV", LABEL = "H Y+.5 108"
&THCP XYZ = 0.0, -0.5, 6., QUANTITY = "HRRPUV®", LABEL = "H Y-.5 6"
&THCP XYZ = 0.0, -0.5, 12_, QUANTITY = "HRRPUV®", LABEL = "H Y-.5 12~
&THCP XYZ = 0.0, -0.5, 18., QUANTITY = "HRRPUV®", LABEL = "H Y-.5 18"
&THCP XYZ = 0.0, -0.5, 24_, QUANTITY = "HRRPUV®", LABEL = "H Y-.5 24-
&THCP XYZ = 0.0, -0.5, 30., QUANTITY = "HRRPUV®", LABEL = "H Y-.5 30"
&THCP XYZ = 0.0, -0.5, 36., QUANTITY = "HRRPUV®", LABEL = "H Y-.5 36"
&THCP XYZ = 0.0, -0.5, 42_, QUANTITY = "HRRPUV", LABEL = "H Y-.5 42¢
&THCP XYZ = 0.0, -0.5, 48., QUANTITY = "HRRPUV", LABEL = "H Y-.5 48"
&THCP XYZ = 0.0, -0.5, 54_, QUANTITY = "HRRPUV", LABEL = "H Y-.5 54*
&THCP XYZ = 0.0, -0.5, 60., QUANTITY = "HRRPUV®", LABEL = "H Y-.5 60"
&THCP XYZ = 0.0, -0.5, 66., QUANTITY = "HRRPUV®", LABEL = "H Y-.5 66"
&THCP XYZ = 0.0, -0.5, 72., QUANTITY = "HRRPUV®", LABEL = "H Y-.5 72°
&THCP XYZ = 0.0, -0.5, 78., QUANTITY = "HRRPUV®", LABEL = "H Y-.5 78"
&THCP XYZ = 0.0, -0.5, 84., QUANTITY = "HRRPUV", LABEL = "H Y-.5 84~
&THCP XYZ = 0.0, -0.5, 90., QUANTITY = "HRRPUV®", LABEL = "H Y-.5 90"
&THCP XYZ = 0.0, -0.5, 96., QUANTITY = "HRRPUV®", LABEL = "H Y-.5 96"
&THCP XYZ = 0.0, -0.5, 102., QUANTITY = "HRRPUV", LABEL = "H Y-.5 102°
&THCP XYZ = 0.0, -0.5, 108., QUANTITY = "HRRPUV", LABEL = "H Y-.5 108"
&SLCF PBX = 0.0, QUANTITY = "TEMPERATURE" /

&SLCF PBX = 0.0, QUANTITY = "U-VELOCITY" /

&SLCF PBX = 0.0, QUANTITY = "W-VELOCITY" /

&SLCF PBX = 0.0, QUANTITY = "HRRPUV* /

&SLCF PBX = 0.0, QUANTITY = "MIXTURE_FRACTION" /

&SLCF PBX = 0.0, QUANTITY = "DIVERGENCE" /

&SLCF PBY = 0.0, QUANTITY = "TEMPERATURE" /

&SLCF PBY = 0.0, QUANTITY = "U-VELOCITY" /

&SLCF PBY = 0.0, QUANTITY = "W-VELOCITY" /

&SLCF PBY = 0.0, QUANTITY = "HRRPUV* /

&SLCF PBY = 0.0, QUANTITY = "MIXTURE_FRACTION" /

NNNNNNNN
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&SLCF PBY = 0.0, QUANTITY = "DIVERGENCE" /

B.4 Wind Field Model (wndfld-1.data)

&HEAD CHID = “wndfld-1", TITLE = "9.1 x 18.2 Pool Fire Site w/ 1.05-m H x 2.1-m V grid" /

&GRID IBAR = 72, JBAR = 70, KBAR = 24 /
&PDIM XBARO = -37.8, XBAR = 37.8, YBARO = -36.75, YBAR = 36.75, ZBARO = 0., ZBAR = 50.4 /

&TIME TWFIN = 1800. /
&MISC NFRAMES = 400, UO = -0.4 /

&VENT CB = YBARO, SURF_ID = "SouthWind* / south face

&VENT CB = YBAR, SURF_ID = "OPEN" / north face

&VENT CB = ZBAR, SURF_ID = "OPEN- / top

&VENT XB = -37.8, -37.8, -36.75, 36.75, 0, 50.4, SURF_ID = "OPEN" / west face
&0OBST XB = -37.8, -36.75, -36.75, 36.75, 0, 50.4, SURF_ID = "WestWind-wf", T_CREATE = 266. / west face
&0BST XB = 36.75, 37.8, -36.75, 36.75, 0, 50.4, SURF_ID = "EastWind-ef", T_REMOVE = 266. / east face
&VENT XB = 37.8, 37.8, -36.75, 36.75, 0, 50.4, SURF_ID = "OPEN", T _OPEN = 266. / east face
&VENT XB = -33.6, -33.6, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T _DEACTIVATE = 266. /

&VENT XB = -31.5, -31.5, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T _DEACTIVATE = 266. /

&VENT XB = -29.4, -29.4, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T _DEACTIVATE = 266. /

&VENT XB = -27.3, -27.3, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T _DEACTIVATE = 266. /

&VENT XB = -25.2, -25.2, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T _DEACTIVATE = 266. /

&VENT XB = -23.1, -23.1, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T _DEACTIVATE = 266. /

&VENT XB = -21.0, -21.0, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T _DEACTIVATE = 266. /

&VENT XB = -18.9, -18.9, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T _DEACTIVATE = 266. /

&VENT XB = -16.8, -16.8, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T _DEACTIVATE = 266. /

&VENT XB = -14.7, -14.7, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266. /

&VENT XB = -12.6, -12.6, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266. /

&VENT XB = -10.5, -10.5, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266. /

&VENT XB = -8.4, -8.4, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266. /

&VENT XB = -6.3, -6.3, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266. /

&VENT XB = -4.2, -4.2, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266. /

&VENT XB = -2.1, -2.1, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266. /

&VENT XB = 0.0, 0.0, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266. /

&VENT XB = 2.1, 2.1, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266. /
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&VENT XB = 4.2, 4.2, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE
&VENT XB = 6.3, 6.3, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE
&VENT XB = 8.2, 8.2, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE
&VENT XB = 10.5, 10.5, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE
&VENT XB = 12.6, 12.6, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE
&VENT XB = 14.7, 14.7, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE
&VENT XB = 16.8, 16.8, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE
&VENT XB = 18.9, 18.9, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE
&VENT XB = 21.0, 21.0, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE
&VENT XB = 23.1, 23.1, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE
&VENT XB = 25.2, 25.2, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE
&VENT XB = 27.3, 27.3, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE
&VENT XB = 29.4, 29.4, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE
&VENT XB = 31.5, 31.5, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE
&VENT XB = 33.6, 33.6, -36.75, -35.7, 0, 50.4, SURF_ID = "EastWind-ef", T_DEACTIVATE
&VENT XB = -33.6, -33.6, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = -31.5, -31.5, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = -29.4, -29.4, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = -27.3, -27.3, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = -25.2, -25.2, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = -23.1, -23.1, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = -21.0, -21.0, -36.75, -35.7, 0, 50.4, SURF_ID = “WestWind-ef", T_ACTIVATE =
&VENT XB = -18.9, -18.9, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = -16.8, -16.8, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = -14.7, -14.7, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = -12.6, -12.6, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = -10.5, -10.5, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = -8.4, -8.4, -36.75, -35.7, 0, 50.4, SURF_ID = “WestWind-ef", T_ACTIVATE =
&VENT XB = -6.3, -6.3, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = -4.2, -4.2, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = -2.1, -2.1, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = 0.0, 0.0, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = 2.1, 2.1, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = 4.2, 4.2, -36.75, -35.7, 0, 50.4, SURF_ID = “WestWind-ef", T_ACTIVATE =
&VENT XB = 6.3, 6.3, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = 8.2, 8.2, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE =
&VENT XB = 10.5, 10.5, -36.75, -35.7, 0, 50.4, SURF_ID = “WestWind-ef", T_ACTIVATE =
&VENT XB = 12.6, 12.6, -36.75, -35.7, 0, 50.4, SURF_ID = “WestWind-ef", T_ACTIVATE =
&VENT XB = 14.7, 14.7, -36.75, -35.7, 0, 50.4, SURF_ID = “WestWind-ef", T_ACTIVATE =
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&VENT XB = 16.8, 16.8, -36.75, -35.7, 0, 50.4, SURF_ID = “WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 18.9, 18.9, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 21.0, 21.0, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 23.1, 23.1, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 25.2, 25.2, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 27.3, 27.3, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 29.4, 29.4, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 31.5, 31.5, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 33.6, 33.6, -36.75, -35.7, 0, 50.4, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -36.75, -35.7, -33.6, -33.6, 0, 50.4, SURF_ID = "SouthWind-nf*" /
&VENT XB = -36.75, -35.7, -31.5, -31.5, 0, 50.4, SURF_ID = "SouthWind-nf*" /
&VENT XB = -36.75, -35.7, -29.4, -29.4, 0, 50.4, SURF_ID = "SouthWind-nf* /
&VENT XB = -36.75, -35.7, -27.3, -27.3, 0, 50.4, SURF_ID = "SouthWind-nf* /
&VENT XB = -36.75, -35.7, -25.2, -25.2, 0, 50.4, SURF_ID = "SouthWind-nf* /
&VENT XB = -36.75, -35.7, -23.1, -23.1, 0, 50.4, SURF_ID = "SouthWind-nf* /
&VENT XB = -36.75, -35.7, -21.0, -21.0, O, 50.4, SURF_ID = "SouthWind-nf" /
&VENT XB = -36.75, -35.7, -18.9, -18.9, 0, 50.4, SURF_ID = "SouthWind-nf* /
&VENT XB = -36.75, -35.7, -16.8, -16.8, 0, 50.4, SURF_ID = "“SouthWind-nf* /
&VENT XB = -36.75, -35.7, -14.7, -14.7, 0, 50.4, SURF_ID = "SouthWind-nf* /
&VENT XB = -36.75, -35.7, -12.6, -12.6, 0, 50.4, SURF_ID = "SouthWind-nf" /
&VENT XB = -36.75, -35.7, -10.5, -10.5, 0, 50.4, SURF_ID = "SouthWind-nf* /
&VENT XB = -36.75, -35.7, -8.4, -8.4, 0, 50.4, SURF_ID = "SouthWind-nf" /
&VENT XB = -36.75, -35.7, -6.3, -6.3, 0, 50.4, SURF_ID = "SouthWind-nf* /
&VENT XB = -36.75, -35.7, -4.2, -4.2, 0, 50.4, SURF_ID = "SouthWind-nf" /
&VENT XB = -36.75, -35.7, -2.1, -2.1, 0, 50.4, SURF_ID = "SouthWind-nf" /
&VENT XB = -36.75, -35.7, 0.0, 0.0, 0, 50.4, SURF_ID = "SouthWind-nf*" /
&VENT XB = -36.75, -35.7, 2.1, 2.1, 0, 50.4, SURF_ID = "SouthWind-nf" /
&VENT XB = -36.75, -35.7, 4.2, 4.2, 0, 50.4, SURF_ID = "SouthWind-nf" /
&VENT XB = -36.75, -35.7, 6.3, 6.3, 0, 50.4, SURF_ID = "SouthWind-nf*" /
&VENT XB = -36.75, -35.7, 8.4, 8.4, 0, 50.4, SURF_ID = "SouthWind-nf*" /
&VENT XB = -36.75, -35.7, 10.5, 10.5, 0, 50.4, SURF_ID = "SouthWind-nf" /
&VENT XB = -36.75, -35.7, 12.6, 12.6, 0, 50.4, SURF_ID = "SouthWind-nf" /
&VENT XB = -36.75, -35.7, 14.7, 14.7, 0, 50.4, SURF_ID = "SouthWind-nf" /
&VENT XB = -36.75, -35.7, 16.8, 16.8, 0, 50.4, SURF_ID = "SouthWind-nf" /
&VENT XB = -36.75, -35.7, 18.9, 18.9, 0, 50.4, SURF_ID = "SouthWind-nf" /
&VENT XB = -36.75, -35.7, 21.0, 21.0, O, 50.4, SURF_ID = "SouthWind-nf*" /
&VENT XB = -36.75, -35.7, 23.1, 23.1, 0, 50.4, SURF_ID = "SouthWind-nf*" /
&VENT XB = -36.75, -35.7, 25.2, 25.2, 0, 50.4, SURF_ID = "SouthWind-nf*" /
&VENT XB = -36.75, -35.7, 27.3, 27.3, 0, 50.4, SURF_ID = "SouthWind-nf*" /
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&RAMP ID = "SouthRamp®, T = 1550., F = 0.48 /

&RAMP ID = "SouthRamp®, T = 1700., F = 0.19 /

&RAMP ID = "SouthRamp®, T = 1800., F = 0.00 /

&THCP XYZ = O, 0, 10, QUANTITY = "U-VELOCITY", LABEL = "U ctl~
&THCP XYZ = O, 0, 10, QUANTITY = "V-VELOCITY", LABEL = "V ctl~
&THCP XYZ = O, 0, 10, QUANTITY = "W-VELOCITY", LABEL = "W ctl~
&THCP XYZ = 0, 0, 10, QUANTITY = "VELOCITY", LABEL = "Vel ctl*
&THCP XYZ = 20, 0, 10, QUANTITY = "U-VELOCITY", LABEL = "U X+"
&THCP XYZ = 20, 0, 10, QUANTITY = "V-VELOCITY", LABEL = "V X+"
&THCP XYZ = 20, 0, 10, QUANTITY = "W-VELOCITY", LABEL = "W X+"
&THCP XYZ = 20, 0, 10, QUANTITY = "VELOCITY", LABEL = "Vel X+*©
&THCP XYZ = -20, 0, 10, QUANTITY = "U-VELOCITY", LABEL = "U X-"
&THCP XYZ = -20, 0, 10, QUANTITY = "V-VELOCITY", LABEL = "V X-"
&THCP XYZ = -20, 0, 10, QUANTITY = "W-VELOCITY", LABEL = "W X-"
&THCP XYZ = -20, 0, 10, QUANTITY = "VELOCITY", LABEL = "Vel X-*
&THCP XYZ = 0, 20, 10, QUANTITY = "U-VELOCITY", LABEL = "U Y+"
&THCP XYZ = 0, 20, 10, QUANTITY = "V-VELOCITY", LABEL = "V Y+"
&THCP XYZ = 0, 20, 10, QUANTITY = *"W-VELOCITY", LABEL = "W Y+~
&THCP XYZ = 0, 20, 10, QUANTITY = "VELOCITY", LABEL = "Vel Y+*©
&THCP XYZ = 0, -20, 10, QUANTITY = "U-VELOCITY", LABEL = "U Y-~
&THCP XYZ = 0, -20, 10, QUANTITY = "V-VELOCITY", LABEL = "W Y-~
&THCP XYZ = 0, -20, 10, QUANTITY = *"W-VELOCITY", LABEL = "W Y-~
&THCP XYZ = 0, -20, 10, QUANTITY = "VELOCITY", LABEL = *"Vel Y-*
&SLCF PBX = 0.0, QUANTITY = ®"U-VELOCITY", VECTOR = _TRUE. /

&SLCF PBX = 0.0, QUANTITY = *V-VELOCITY" /

&SLCF PBX = 0.0, QUANTITY = *“W-VELOCITY" /

&SLCF PBX = 0.0, QUANTITY = "VELOCITY* /

&SLCF PBX = 0.0, QUANTITY = "DIVERGENCE" /

&SLCF PBY = 0.0, QUANTITY = ®“U-VELOCITY" /

&SLCF PBY = 0.0, QUANTITY = ®V-VELOCITY" /

&SLCF PBY = 0.0, QUANTITY = *"W-VELOCITY" /

&SLCF PBY = 0.0, QUANTITY = "VELOCITY* /

&SLCF PBY = 0.0, QUANTITY = "DIVERGENCE" /
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&SLCF
&SLCF
&SLCF
&SLCF
&SLCF

&SLCF
&SLCF
&SLCF
&SLCF
&SLCF

&SLCF
&SLCF
&SLCF
&SLCF
&SLCF

PBY = 36.7, QUANTITY = "U-VELOCITY"
PBY = 36.7, QUANTITY = "V-VELOCITY"
PBY = 36.7, QUANTITY = "W-VELOCITY"
PBY = 36.7, QUANTITY = "VELOCITY"

PBY = 36.7, QUANTITY = "DIVERGENCE"
PBZ = 10.0, QUANTITY = "U-VELOCITY"
PBZ = 10.0, QUANTITY = "V-VELOCITY"
PBZ = 10.0, QUANTITY = "W-VELOCITY"
PBZ = 10.0, QUANTITY = "VELOCITY"

PBZ = 10.0, QUANTITY = "DIVERGENCE"
PBZ = 50.4, QUANTITY = "U-VELOCITY"
PBZ = 50.4, QUANTITY = "V-VELOCITY"
PBZ = 50.4, QUANTITY = "W-VELOCITY"
PBZ = 50.4, QUANTITY = "VELOCITY"

PBZ = 50.4, QUANTITY = "DIVERGENCE"

B.5 SandiaFireTest C (C-175d.data)

&HEAD CHID = *"C-175d", TITLE = "9.1 x 18.2 Pool Fire w/ 0.175-m H x 0.175-m V grid" /

&GRID
&PDIM

&GRID
&PDIM

IBAR = 108, JBAR = 54, KBAR = 100 /

XBARO = -9.45, XBAR = 9.45,

YBARO = -4.725, YBAR = 4.725,
ZBARO = -0.525, ZBAR = 16.975 /
IBAR = 60, JBAR = 40, KBAR = 120 /
XBARO = -10.15, XBAR = 10.85,

YBARO = -7.0, YBAR = 7.0,

ZBARO = -1.05, ZBAR = 40.95 /
IBAR = 90, JBAR = 80, KBAR = 40 /
XBARO = -47.25, XBAR = 47.25,

YBARO = -46.20, YBAR = 37.8,
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ZBARO = -1.05, ZBAR = 40.95 /

&TIME TWFIN = 1800. /
&MISC REACTION = "JP-4°, NFRAMES = 400, DTCORE = 60, U0 = -0.4 /

&REAC 1D = "Jp-4-,
MW_FUEL = 112.42,
NU_02 = 16.06,
NU_CO02 = 8.03,
NU_H20 = 8.03,
CO_YIELD = 0.012,
SOOT_YIELD = 0.019,
EPUMO2 = 9362.5,
RADIATIVE_FRACTION = 0. /
&SURF 1D = "Jp-4-,
RGB = 0.0, 0.0, 0.5,
TMPIGN = 246._,
HEAT_OF_VAPORIZATION = 364.,
HEAT_OF_COMBUST ION = 42800.
DELTA = 0.10,
KS = 0.14,
ALPHA = 8.6E-8,
PHASE = "LIQUID" / deleted BURNING_RATE_MAX
&SURF 1D = "1.25A517",
RGB = 0.5, 0.5, 0.5,
ALPHA = 1.31E-5,
KS = 46.6,
DELTA = 0.03175,
BACKING = "INSULATED",
EMISSIVITY =0.87
&SURF 1D = "0.5A517",
RGB = 0.5, 0.5, 0.5,
ALPHA = 1.31E-5,



68

KS = 46.6,
DELTA = 0.0127,
BACKING = "INSULATED",
EMISSIVITY =0.87
&SURF 1D = "SOURCE",
TMPWAL = 1000. /
GROUND
&0BST XB = -47.25, -9.1, -46.2, 37.8, -1.
&0BST XB = -9.1, 9.1, -46.2, -4.55, -1.
&0BST XB = -9.1, 9.1, 4.55, 37.8, -1
&0OBST XB = 9.1, 47.25, -46.2, 37.8, -1.
POOL

&0BST XB = -9.1, 9.1, -4.55, 4.55, -1.05,
SURF_IDS = "JP-4%", "INERT", "INERT"

.05,

05,
05,

cNeoNeoNe

05,

-0.35,

&0OBST XB = -8.75, 8.75, 3.85, 4.2, 0, 0.35,
SURF_IDS = "INERT", "INERT", "SOURCE®",

RGB = 0.0, 0.0, 0.0, T_REMOVE = 10.

&0OBST XB = -8.75, 8.75, -4.2, -3.85, 0, O.

35,

SURF_IDS = "INERT", "INERT", "SOURCE",

RGB = 0.0, 0.0, 0.0, T_REMOVE = 10.

NN NN
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&0OBST

XB = -3.15, 3.15,

-0.7, 0.7, 0.7, 2.1,

SURF_ID6 = "0.5A517", "0.5A517",
"1.25A517", "1.25A517°%,
"1.25A517", "1.25A517" /
BOUNDARY CONDITIONS (WIND FIELD)
&VENT XB = -47.25, 47.25, -46.2, -46.2, O, 40.95,
SURF_ID = "SouthWind*® /
&VENT XB = -47.25, 47.25, 37.8, 37.8, O, 40.95,
SURF_ID = "OPEN* /
&VENT XB = -47.25, 47.25, -46.2, 37.8, 40.95, 40.95,
SURF_ID = "OPEN* /
&VENT XB = -47.25, -47.25, -46.2, 37.8, O, 40.95,
SURF_ID = "OPEN* /
&0BST XB = -47.25, -46.2, -46.2, 37.8, O, 40.95,
SURF_ID = "WestWind-wf", T_CREATE = 266.,
BLOCK_COLOR = "INVISIBLE" /
&0BST XB = 46.2, 47.25, -46.2, 37.8, O, 40.95,
SURF_ID = "EastWind-ef", T_REMOVE = 266.
BLOCK_COLOR = "INVISIBLE" /
&VENT XB = 47.25, 47.25, -46.2, 37.8, O, 40.95,
SURF_ID = "OPEN®", T_OPEN 266. /
SOUTH FACE - EAST WIND COMPONENT
&VENT XB = -44.1, -44.1, -46.2, -45.15, 0, 40.95, SURF_ID
&VENT XB = -42.0, -42.0, -46.2, -45.15, 0, 40.95, SURF_ID
&VENT XB = -39.9, -39.9, -46.2, -45.15, 0, 40.95, SURF_ID
&VENT XB = -37.8, -37.8, -46.2, -45.15, 0, 40.95, SURF_ID
&VENT XB = -35.7, -35.7, -46.2, -45.15, 0, 40.95, SURF_ID
&VENT XB = -33.6, -33.6, -46.2, -45.15, 0, 40.95, SURF_ID

south face

north face

top

west face

(east wind)

west face (west wind)

east face (east wind)

east face (west wind)

"EastWind-ef", T_DEACTIVATE
"EastWind-ef", T_DEACTIVATE
"EastWind-ef", T_DEACTIVATE
"EastWind-ef", T_DEACTIVATE
"EastWind-ef", T_DEACTIVATE
"EastWind-ef", T_DEACTIVATE

266.
266.
266.
266.
266.
266.
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&VENT XB = -31.5, -31.5, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = -29.4, -29.4, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = -27.3, -27.3, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = -25.2, -25.2, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = -23.1, -23.1, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = -21.0, -21.0, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = -18.9, -18.9, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = -16.8, -16.8, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = -14.7, -14.7, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = -12.6, -12.6, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = -10.5, -10.5, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = -8.4, -8.4, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = -6.3, -6.3, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = -4.2, -4.2, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = -2.1, -2.1, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 0.0, 0.0, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 2.1, 2.1, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 4.2, 4.2, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 6.3, 6.3, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 8.2, 8.2, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 10.5, 10.5, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 12.6, 12.6, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 14.7, 14.7, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 16.8, 16.8, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 18.9, 18.9, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 21.0, 21.0, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 23.1, 23.1, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 25.2, 25.2, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 27.3, 27.3, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 29.4, 29.4, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 31.5, 31.5, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 33.6, 33.6, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 35.7, 35.7, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 37.8, 37.8, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 39.9, 39.9, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 42.0, 42.0, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.
&VENT XB = 44.1, 44.1, -46.2, -45.15, 0, 40.95, SURF_ID = "EastWind-ef", T_DEACTIVATE = 266.

SOUTH FACE - WEST WIND COMPONENT
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&VENT XB = -44.1, -44.1, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -42.0, -42.0, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -39.9, -39.9, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -37.8, -37.8, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -35.7, -35.7, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -33.6, -33.6, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -31.5, -31.5, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -29.4, -29.4, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -27.3, -27.3, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -25.2, -25.2, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -23.1, -23.1, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -21.0, -21.0, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -18.9, -18.9, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -16.8, -16.8, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -14.7, -14.7, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -12.6, -12.6, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -10.5, -10.5, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -8.4, -8.4, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -6.3, -6.3, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -4.2, -4.2, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = -2.1, -2.1, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 0.0, 0.0, -46.2, -45.15, 0, 40.95, SURF_ID = *WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 2.1, 2.1, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 4.2, 4.2, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 6.3, 6.3, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 8.2, 8.2, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 10.5, 10.5, -46.2, -45.15, 0, 40.95, SURF_ID = “WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 12.6, 12.6, -46.2, -45.15, 0, 40.95, SURF_ID = “"WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 14.7, 14.7, -46.2, -45.15, 0, 40.95, SURF_ID = “"WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 16.8, 16.8, -46.2, -45.15, 0, 40.95, SURF_ID = “"WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 18.9, 18.9, -46.2, -45.15, 0, 40.95, SURF_ID = “"WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 21.0, 21.0, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 23.1, 23.1, -46.2, -45.15, 0, 40.95, SURF_ID = “WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 25.2, 25.2, -46.2, -45.15, 0, 40.95, SURF_ID = “WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 27.3, 27.3, -46.2, -45.15, 0, 40.95, SURF_ID = “WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 29.4, 29.4, -46.2, -45.15, 0, 40.95, SURF_ID = “WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 31.5, 31.5, -46.2, -45.15, 0, 40.95, SURF_ID = “WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 33.6, 33.6, -46.2, -45.15, 0, 40.95, SURF_ID = “WestWind-ef", T_ACTIVATE = 266.
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&VENT XB = 35.7, 35.7, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 37.8, 37.8, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 39.9, 39.9, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 42.0, 42.0, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.
&VENT XB = 44.1, 44.1, -46.2, -45.15, 0, 40.95, SURF_ID = "WestWind-ef", T_ACTIVATE = 266.

&VENT XB = -46.2, -45.15, -44.1, -44.1, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -42.0, -42.0, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -39.9, -39.9, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -37.8, -37.8, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -35.7, -35.7, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -33.6, -33.6, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -31.5, -31.5, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -29.4, -29.4, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -27.3, -27.3, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -25.2, -25.2, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -23.1, -23.1, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -21.0, -21.0, O, 40.95, SURF_ID = "SouthWind-nf* /
&VENT XB = -46.2, -45.15, -18.9, -18.9, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -16.8, -16.8, 0, 40.95, SURF_ID = "SouthWind-nf* /
&VENT XB = -46.2, -45.15, -14.7, -14.7, 0, 40.95, SURF_ID = "SouthWind-nf* /
&VENT XB = -46.2, -45.15, -12.6, -12.6, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -10.5, -10.5, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -8.4, -8.4, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -6.3, -6.3, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -4.2, -4.2, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, -2.1, -2.1, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, 0.0, 0.0, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, 2.1, 2.1, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, 4.2, 4.2, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, 6.3, 6.3, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, 8.4, 8.4, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, 10.5, 10.5, O, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, 12.6, 12.6, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, 14.7, 14.7, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = -46.2, -45.15, 16.8, 16.8, 0, 40.95, SURF_ID = "SouthWind-nf" /
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&VENT XB = -46.2, -45.15, 18.9, 18.9,
&VENT XB = -46.2, -45.15, 21.0, 21.0,
&VENT XB = -46.2, -45.15, 23.1, 23.1,
&VENT XB = -46.2, -45.15, 25.2, 25.2,
&VENT XB = -46.2, -45.15, 27.3, 27.3,
&VENT XB = -46.2, -45.15, 29.4, 29.4,
&VENT XB = -46.2, -45.15, 31.5, 31.5,
&VENT XB = -46.2, -45.15, 33.6, 33.6,
&VENT XB = -46.2, -45.15, 35.7, 35.7,
&VENT XB = -46.2, -45.15, 37.8, 37.8,
&VENT XB = -46.2, -45.15, 39.9, 39.9,
&VENT XB = -46.2, -45.15, 42.0, 42.0,
&VENT XB = -46.2, -45.15, 44.1, 44.1,

&VENT XB = 45.15, 46.2, -44.1, -44.1,
&VENT XB = 45.15, 46.2, -42.0, -42.0,
&VENT XB = 45.15, 46.2, -39.9, -39.9,
&VENT XB = 45.15, 46.2, -37.8, -37.8,
&VENT XB = 45.15, 46.2, -35.7, -35.7,
&VENT XB = 45.15, 46.2, -33.6, -33.6,
&VENT XB = 45.15, 46.2, -31.5, -31.5,
&VENT XB = 45.15, 46.2, -29.4, -29.4,
&VENT XB = 45.15, 46.2, -27.3, -27.3,
&VENT XB = 45.15, 46.2, -25.2, -25.2,
&VENT XB = 45.15, 46.2, -23.1, -23.1,
&VENT XB = 45.15, 46.2, -21.0, -21.0,
&VENT XB = 45.15, 46.2, -18.9, -18.9,
&VENT XB = 45.15, 46.2, -16.8, -16.8,
&VENT XB = 45.15, 46.2, -14.7, -14.7,
&VENT XB = 45.15, 46.2, -12.6, -12.6,
&VENT XB = 45.15, 46.2, -10.5, -10.5,
&VENT XB = 45.15, 46.2, -8.4, -8.4,
&VENT XB = 45.15, 46.2, -6.3, -6.3,
&VENT XB = 45.15, 46.2, -4.2, -4.2,
&VENT XB = 45.15, 46.2, -2.1, -2.1,
&VENT XB = 45.15, 46.2, 0.0, 0.0,
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&VENT XB = 45.15, 46.2, 2.1, 2.1, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = 45.15, 46.2, 4.2, 4.2, 0, 40.95, SURF_ID = *SouthWind-nf*" /
&VENT XB = 45.15, 46.2, 6.3, 6.3, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = 45.15, 46.2, 8.4, 8.4, 0, 40.95, SURF_ID = "SouthWind-nf* /
&VENT XB = 45.15, 46.2, 10.5, 10.5, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = 45.15, 46.2, 12.6, 12.6, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = 45.15, 46.2, 14.7, 14.7, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = 45.15, 46.2, 16.8, 16.8, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = 45.15, 46.2, 18.9, 18.9, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = 45.15, 46.2, 21.0, 21.0, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = 45.15, 46.2, 23.1, 23.1, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = 45.15, 46.2, 25.2, 25.2, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = 45.15, 46.2, 27.3, 27.3, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = 45.15, 46.2, 29.4, 29.4, 0, 40.95, SURF_ID = "SouthWind-nf* /
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&VENT XB = 45.15, 46.2, 35.7, 35.7, 0, 40.95, SURF_ID = "SouthWind-nf* /
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&VENT XB = 45.15, 46.2, 42.0, 42.0, 0, 40.95, SURF_ID = "SouthWind-nf" /
&VENT XB = 45.15, 46.2, 44.1, 44.1, 0, 40.95, SURF_ID = "SouthWind-nf" /

&SURF 1D = “EastWind-wf*, VEL = 0.52 , RAMP_V = "EastRamp® / east wind into west face
&SURF 1D = “EastWind-ef", VEL = -0.52 , RAMP_V = "EastRamp® / east wind out of east face
&RAMP ID = "EastRamp®, T = 0., F=0.77 / and component of south face
&RAMP ID = "EastRamp®, T = 120., F = 0.94 /

&RAMP ID = "EastRamp®, T = 160., F = 1.00 /

&RAMP ID = "EastRamp®, T = 220., F = 0.43 /

&RAMP ID = "EastRamp®", T = 266., F = 0.00 /

&RAMP ID = "EastRamp®, T = 1800., F = 0.00 /

&SURF ID = "WestWind-wf", VEL = -2.48, RAMP_V = "WestRamp® / west wind out of west face
&SURF ID = "WestWind-ef", VEL = 2.48, RAMP_V = "WestRamp® / west wind into east face
&RAMP ID = "WestRamp®, T = 0., F=0.00 7/ and component of south face
&RAMP ID = "WestRamp®", T = 266., F = 0.00 /

&RAMP ID = "WestRamp®", T = 300., F = 0.07 /
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&SURF ID = "SouthWind*®, VEL = -1.44, RAMP_V = "SouthRamp® / south wind out of south face
&SURF 1D = “SouthWind-nf®, VEL = 1.44, RAMP_V = "SouthRamp® / south wind component of
&RAMP 1D = “SouthRamp®, T = 0., F=0.00 7/ west and east face
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&SLCF PBX = 0.0, QUANTITY = "W-VELOCITY" /
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&THCP
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&THCP

-2.7, -0.7, 1.4, QUANTITY = "INSIDE_WALL_TEMPERATURE",
-2, DEPTH = 0.03175, LABEL = "BF 3-090*
-2.7, 0.0, 2.1, QUANTITY = "INSIDE_WALL_TEMPERATURE",
3, DEPTH = 0.03175, LABEL = "BF 3-180"
-2.7, 0.7, 1.4, QUANTITY = "INSIDE_WALL_TEMPERATURE",
2, DEPTH = 0.03175, LABEL = "BF 3-270°

3.15, 0.0, 1.4, QUANTITY "INSIDE_WALL_TEMPERATURE",
1, DEPTH = 0.0127, LABEL = "BF E ndcp”
-3.15, 0.0, 1.4, QUANTITY = "INSIDE_WALL_TEMPERATURE",

H =

-1, DEPT 0.0127, LABEL = "BF W ndcp*
DATA
0, 0, 10, QUANTITY = "U-VELOCITY", LABEL = "U ctl® /
0, 0, 10, QUANTITY = "V-VELOCITY", LABEL = "V ctl® /
0, 0, 10, QUANTITY = "W-VELOCITY", LABEL = "W ctl® 7/
20, 0, 10, QUANTITY = "U-VELOCITY", LABEL = "U X+2° /
20, 0, 10, QUANTITY = "V-VELOCITY", LABEL = "V X+2% /
20, 0, 10, QUANTITY = "W-VELOCITY", LABEL = "W X+2% /
-20, 0, 10, QUANTITY = "U-VELOCITY", LABEL = "U X-2° /
-20, 0, 10, QUANTITY = "V-VELOCITY", LABEL = "V X-27 /
-20, 0, 10, QUANTITY = "W-VELOCITY", LABEL = "W X-2% /
0, 20, 10, QUANTITY = "U-VELOCITY", LABEL = "U Y+2" /
0, 20, 10, QUANTITY = "V-VELOCITY", LABEL = "V Y+2* /
0, 20, 10, QUANTITY = "W-VELOCITY", LABEL = "W Y+2* /
0, -20, 10, QUANTITY = “U-VELOCITY", LABEL = "U Y-2* /
0, -20, 10, QUANTITY = "V-VELOCITY", LABEL = "W Y-2* /
0, -20, 10, QUANTITY = "W-VELOCITY", LABEL = "W Y-2* /
30, 0, 10, QUANTITY = "U-VELOCITY", LABEL = "U X+3" /
30, 0, 10, QUANTITY = "V-VELOCITY", LABEL = "V X+3" /
30, 0, 10, QUANTITY = "W-VELOCITY", LABEL = "W X+3" /
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APPENDIX C. SANDIA FIRE TEST C DATA AND C-175d RESULTS
This appendix presents pairs of charts comparing Test C data (top of each page) to FDS3

simulation results for Case C-175d (bottom of each page). The figure number for the
corresponding chart in the Sandiareport is provided on each page.
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Sandia Figure B20
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Fig. C.1. Flametemperatures—Tower A.
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Sandia Figure B21
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Fig. C.2. Flametemperatures—Tower B.
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Sandia Figure B22
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Sandia Figure B23
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Fig. C.4. Flametemperatures—Tower 2.
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Sandia Figure B24
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Fig. C.5. Flametemperatures— Tower 3.
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Sandia Figure B25

TEMPERATURE, F

2500

2000

1500 A

1000

K
W,
LN
R N N L

0 200 400 600 800 1000 1200 1400 1600 1800 2000

TIME, s

FDS3 Case C-175d

TEMPERATURE, F

2500

2000

1500

1000

500

0 200 400 600 800 1000 1200 1400 1600 1800 2000

TIME, s

Fig. C.6. Flametemperatures— Tower 4.
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Sandia Figure B26

2500

2000

1500 A

1000

TEMPERATURE, F

500

0 200 400 600 800 1000 1200 1400 1600 1800 2000
TIME, s

FDS3 Case C-175d

2500

2000

=

a1

o

o
L

1000

TEMPERATURE, F

500

0 200 400 600 800 1000 1200 1400 1600 1800 2000
TIME, s

Fig. C.7. Flametemperatures— Tower 6.
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Sandia Figure B27
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Fig. C.8. Flametemperatures—Tower 7.
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Sandia Figure B52
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Fig. C.9. Calorimeter temperatures— Position 1-000.
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Sandia Figure B53
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Fig. C.10. Calorimeter temperatures— Position 1-090.
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Sandia Figure B54
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Fig. C.11. Calorimeter temperatures— Position 1-180.
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Sandia Figure B55
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Fig. C.12. Calorimeter temperatures— Position 1-270.

114



Sandia Figure B56
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Fig. C.13. Calorimeter temperatures— Position 2-000.
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Sandia Figure B57
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Fig. C.14. Calorimeter temperatures— Position 2-090.
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Sandia Figure B58
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Fig. C.15. Calorimeter temperatures— Position 2-180.
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Sandia Figure B59
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Fig. C.16. Calorimeter temperatures— Position 2-270.
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Sandia Figure B60
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Fig. C.17. Calorimeter temperatures— Position 3-000.
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Sandia Figure B61
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Fig. C.18. Calorimeter temperatures— Position 3-090.
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Sandia Figure B62
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Fig. C.19. Calorimeter temperatures— Position 3-180.
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Sandia Figure B63
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Fig. C.20. Calorimeter temperatures— Position 3-270.
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Sandia Figure B77
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Fig. C.21. Calorimeter temperatures— East end cap.
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SandiaFigure B78
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