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ABSTRACT

'-_,The computer code COMPBRN determlnlstlcclly models tne.behav1or of fire
Tin a compartment ThlS manual presents 1nformat10n necessary to run
frCOMPBRN 1nc1ud1ng descrlptlons of- reqnmred 1nput and resultrng output.

Also 1nc1uded are . a‘sample problem and a llstlng of the code (wrltten 1nm

FORTRAN for an IBM 3033 computer) This manual is to.be used'rn~con-

; junction.with NUREG/CR-2269, "Probabilistic Modéls*for the Behanior:of

‘Compartment?Fires,"fAugust 1981, whichiﬂescribes the fire modeis em-

S,

- ployed by COMPBRN.
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- Chapter 1

"INTRODUCTION

 00MPBRN%is A detérmiﬁiéticmfire hazar&gléomputer'éfbgraﬁ.dééigﬁedtﬁo'be )
ZZ#Séd in-a pfgﬁébilisfiéiahaiysis 6f f1r§ growth in é:pgréicular room.
 ?As desCribedyin R§fereﬁcé$ (I),tthugh (3);1fhig‘probab%}istic én§1§§isl‘
iS'réquired;ﬁhen'aSseésiﬂgﬂfhe?fisk”asspciated with ffres‘iﬁigﬁﬁiéar
powe¥'plants. ééﬁéiblg;oﬁtppts of the program iﬁciude:Fhe tbté}rhéatf
release fate.of thé‘firé;/£hé temperature éﬁdfthiCknesS'df*the ﬁgf gas;
layer near the compa;tmeﬁt Céiiing; the mass burningifate féryiﬁdiVidual- 

_fuei elements,.ahd the thermal'heat“fluX'at*user-specified~locations.5i

The varioﬁS'stB-models ﬁsed*£6 construct COMPBRN‘areiobtained ffom:'
‘the fire rege;rch‘literatufé;' Efforfsfare-made to keeﬁ.thé‘modél*éom--
plexity'to-a.iow-level, ‘due fbythe large unCertaintieé"inhéfent in‘the
;jddeling‘of5éccidéntal fiies; ) |
| Model simpliéity iskalsg desirable from aﬁ economic poihtféf Vibw,
- sihce,compﬁting costs-can be-greatly magnifieavin a pfobabiliétié?énaly-v
sis. .However, simplifications-in modeling natﬁ:ally lead to somé'loss
of accuracy for certéin tYpeé ofvgceharios. ThéHaésumptions made‘in
COMPBRN are geared towards the modéling’of relatively small_firesvin
iérge rooms. Thus,; the code's prediétions are expected toibe:mosf rea-~

sonable for fire scenarios involving small fuel loads and for the .early

portions of fire 'scenarios involving larger fuel loads.




N Verificatigﬁ of the code's p;ediggions for conditions typiéal of'nuf ..
clear pqwér plant fires is currént1§ in progress.v | | N

“This manual documents an updatéd edition of,CQMPBRN;‘the éarlier pro- :
grém was documented in a»draft vérsiéhvof UCLA-ENG-8113. The p;imafy
changes are in the computétion'of the.éverage temperature and extent of
the hot gasvlgyef lyiﬁg‘undernea;h the compartqggt;ceiling.. In fheaear-
lier form? fhese quantitiesjweré dérived using;a Newton-Raphson itgréfl
“tion scheme. Numeiical QQEQergence problemé were éubsequently;experi-
enced. in a number of‘casés; a éloWér but more stabiq scheme is employed
in this‘version. “

Thé'current version of COMPBRN employea atvUCLA,iS_compiled with the
FORTRAN .H Extended'compilei, using 650K b&tes.of storage space.on an IBM
3033 machine. .'The load module obtainéd after link-editting reéuires ap-
proximately ZQOK,bytes instorage,,dépending upon . the amount.of array
: spéée called for by the;MAIN subroutiné.'"Runping times’afe‘relafively
short (on thefofder of seconds) for most problems; they aré dirgctly re-
lated to fhe.ﬁumber of_timé steps and:thg total»pumber of fuel cells

used in the scenario of interest.



Chapter 2

METHODO LOGY ‘

2.1 THEORY

_ The overall model underlylng COMPBRN is descrlbed in Reference (1), de-

\Escrlptlons of the model forﬁa particular flre“scenatlo.and of the‘proba-

bilistic risk analysisfin which the;model was used are given in Refer-

" ences (4) and (5). Brlefly, the burnlng rate of a fuel element is used -

to determlne the heat output- rate of that element The burnlng rate de-
pends on the phys1cal propertles of the fuel and on the compartment

ventllatlon rate . U51ng standard shape factor analys1s and 1dea1121ng'“

v,f

the flame as a cy 1nder, the heat transferrethofother;fuel elements,’”
'-the walls and ‘ceiling via radlatlon 1s computed Correlations~are used
to determlne the convectlve heat transfer in the buoyant plume of hot

gases.above the flames.~ Provisions arelalso.made to 51mply-mode1 the;“

effect.of the - walls and celllng,'thermal harrieis-withithhe?room, andbl.

_ the layer of hot gases accumulating near.the ce111ng”as thermal sources
The times required“forfignitipn of the .fuel elements-are thenqcomputed;,L
and an element is consideredhignited if itscignition tlme:is less than
the time thatfthe~e1ementbhas been exposedvto the heat source. Time‘is

" incremented, and the process starts over, with newly ignited fuel ele-

ments adding their contributions’ té the total rate of heat reledse. A

flow chart for this process isigiven in Figure 1.




l3Compdte Burning“Rate a(t):'

?Coﬁﬁute Heéf‘Release Rate Q(t) |

’Charééfe;iZéaGasvi-ﬁ
A Layer Near.Ceiling
“(Temperature, Depth, etc.)

Coﬁbuté'ﬁégéfof'ﬂéat L
. Transfer to Fuel
Elemehts_ﬁitﬁin Room

o Determine Gas Flow.
Rate Into Cdmpartment 

. Determine If Non-Burning . -
_Fuel Elements Ignite

X

‘Increﬁent‘Tiﬁé> 

Figure 1: “ Flow Chart for Combﬁtétidhal’ﬁodel B




The mﬁdéls used_to»descriﬁéithégé;iﬁdividuéi;pﬁéAOmeﬁa théh€qompfi§éiv
thé~overa11 modef'aéé};with;the exééption.of thé céilingfgasfiayer mo:'
del, algeﬁraically :qﬁite sihble.r;'Thg. ﬁain role of thé‘ computer ‘inv
COMPBRN is to keep tfackvof.the.heatfinput aﬂd:Output of each of.the«f

many fuel‘eléménts used tqg¢0de1 a éomplgx fuelzbed;f--

2.2 - ADDITIONAL MODELING DURING APPLICATION

Because there are a number of assumptionS'implicit.in'COMPBRN's various

models, further modeling of:the compartment is required before an actual

" fire can be analyzed.

In general, a compartment fife'will involve “a fuel bed of arbitrary

'geometry, location, and orientation. Furthermore,® the fuel bed_méy.be

composed of -a number of'different'fﬁel types, the. relative amounts of
which may vary with location,f,

In preparing thevinbut‘data for CQMPBRN, the*analyst‘must proceed as

ifollows;

lL;tA CafteéiéﬁJCOafdinate-syétem'isAdefined:with respect to
: _somé aibitrary'loéaéioﬁfin phe;compartment. The z-axis
alw;§; représentsfthé ngticéi directioﬂ.~ The’compé;tf-
. .-,ment walis éndibeiling are assumed to be réqtanguiér_iﬂ
’ﬁshépé éndvpéralielyto théﬁp}anes defiﬁed_by the ﬁoordi-
nate axes. e |

2. Thé fuel Bed is modeled with a series of hsmOgeheous,
two-dimensional rectangular slabs, called5 "superf mo-
1

- dules." The long axis of ~each slab definesyits‘"difec-:*

tion;" and must -be parallel’ to one of the" coordinate .. °




~axes. The direction normal to the- slab's: face defines

' and “also must bewpﬁraliel to one of

',its."orientation,'
the coordinate . axes: . The imbdéition'df a regular géomé-
try on the fuel bed is not=aiways’a Severe»modeliﬁg res-
triction, since a physical fuel*élgment can Be modele& as
a"ﬁumber of contiguoué”supér mgdules. ﬁowever, COMPBRN is
presently incépable of mbdéling;fires1progressi#g*along
.'an-incliped surface.

.~ The supef mpdulesware,thgn fpffher discretized‘(élbng the
-direction df tﬁeir‘loqg axeé)-into contiguous fuei'pack-.,
ets, called "fﬁe1 ce1is,“’ These fuel cells should be al-
most square in dimensioﬁ¥§hen modeling'hoiizontal fuel
-vbeds;'sinpe COMPBRN'S flamé’ﬁédéls for this: configuration
vare.bésed on re;ultsAf¥om flémes over square ér round
pools-of ;fuel. :
Th;’fuei bed is fuftﬁér'm6agiedﬁusing fhe "porosity -fac-
tor“:and_the "commuﬁigation métﬁixxﬁ;:The ppfosity faétqr
is required since ‘a "raﬁghf'fuélvelementmfeug. cables in
-a cable tray Secfion)éwiliwhave'morg surfge; area availa-
ble for burning thanﬁproVidte£y'the representing flat
sﬁperimédule of thefséme-nominéladiﬁegsions. This factor
is defined'as the QQZual afeavava%lableffér-burning pef
-H;unit base.(éuper,mbduie),ayeé.

-~ The cémﬁunicatipn:métfix is cdnstructea“by-theuana;
iyst. It allowsuh%m'téfspecifyﬂyhich‘%ppéf'modules or

fuel cells. are contiguous, and which ones cannot transmit




"heat to pthers“(dﬁe'fo intervenéion by other fuel ele-.
‘ments, barriers, ‘etc.). If‘instructibns to:the conirary
are nof pfovided,.all fuel elements are assumed to be
able to f'éommp;iicate 'With," i.e. transmit heat to, all
othervfﬁel élemeﬁts.‘ |

| The porosi£§ factor and the communication matrix allow
some fine-tuning of COMPBRN's simple‘modéling. It must
bé reéiizedﬁhOWever that the memoryvspace requirémént for
the communication matrix expands as the square of the
number . of fuel'celis, and this»is-a:pfactigalflimiting
fégtgr,in the ‘ability of COMPBRN to handle complex prob-’

lems in detail. -




Chapter 3

_ EXPLANATION - PROGRAM FLOW

COMPBRN'is a FORTRAN computer code which ié divided into a main program,
a.group of primafy subroutines,‘and a number 9f auxi1iary subroutines
sary for executiog.efficiency, but is.iﬁteﬁdedgto‘éiiow the analy;t to
incorporaté improvéa,models as they becomg a&ai¥able; All of the su-.
 broutinés'inéorporafg_Variably-dimensiéned éfrays; ifwtﬁéffue1 bed con-
figuration reduires a large number of fuéllcells, only ﬁhe main program
need be modified and rééémpiled.l

v As één be seen ianiguré.Z, CbMPBRN execution begins with the MAIN
'pfbgram;_ Fue1  bed gebhetry, initial fire characteristics, fuel' type
charactefistics; commpnicatién métrix data, coﬁpartmenf paramet#rs, mo-
del vafiétion factors, and §u£put format data are read using NAMELIST
direcfed iﬁpuf.‘ MAIN calls subroutiﬁe INCHK, in which vériouS'p§rtions
of the input da£a can be’printedeor vefifiéafion{;énd.then the two ini-
“.‘tializatiori"Subroutin-es, INIT and TINIT. =

After#pfobleg:Qefinitiqnuéﬁd‘inifializétion is céﬁplete, éubroutine

SOURCE i§ uséd to compute;#hé fue1 bu?ning:;ate, ?hé_resulting rﬁté of
‘_héat outpﬁt, and'the-fléme.héight, for eacﬁ burning fpél'cell. The mo- .
dels vary according fo the:&egfee of compattment ventilation and whether
the fuel element.is hqfizontal of vertical. The strengthvof each eie-:

ment as ‘a source of heat flux is then calculated. The auxiliary;su-



MAIN

Figure 2: COMPBRN Subroutine Flow -



broutines.BARR, DIFFUS, or CEiﬁNG.are caliéd by SOURCE‘tb;determine thé o
heat fluges from a thermal bapriér, a wall, or the ceiling, respectiVé-
ly. Subroutine CEILNG, if called, requires the use of function subrout-
ine RADEQ, which solvéé%a épecial version of the quartic equation to ob-
pain an improved value-for the hot gas layer temperature, and subroutine
~ ZDNEW, thch updates the height of the'neutral density pléne within the
compartment given ancupdated hot.gas layer temperature. |
Subroutine TRANSF follows SOURCE, andbtransférs the heat flu#es from
the various soﬁrceéffowthé targetﬁélemeﬂfé via coﬁvecfive'and/or-radia;
“tive pathways. The shape féctors used ‘in the flamé'fadiatiqn transfer-
. calculations are computed using the funiction subrouﬁinés CYLPAR aﬁdf
CYLPER;. The shapé factors'for-transfé% froﬁ‘rectangular“soﬁrées (é.g; 
the ceiling).were éomputed earlier usiﬁg SHAPE agd RECT, and aré ;tored
'in the;commuﬂication'mafrix, :Spécia1>models are used fo acgount’fér the -
feedbaék radiation of a fla@e_over a vertical slaB back to the 'slab, and
for tﬁe conduction'of héét:tq contigﬁous (én& non-burning) fuel ele-
ments. i
Subroutine IGNIT is*used'to determine if'non-burning fuel elements
have absorbed enoﬁgh_heat.to igqité, and subroutine OUTPUT prints dafa

desired by the anaiyst for each-time step.

':;-;, 10 -



Chapter 4 |

OUTPUTS

COMPBRN p;inté‘two sectibns of‘dutput data. The first is used to verify
the problem input data;'while thg‘second'liétSwuser-specified variables
during éompﬁ£ations. ’ |

The input,;data‘ check is regulatedA using ‘the indicétor véfiable
INCHCK. 1If INQHCk equais kaonly headingxmaterial and the model varia;’
tion parameters stéred in the array FCTR are output. These variation
' parameters can be used to multiply thé computed results of a particular
correlatioh, if vindividuél’ model uncertainties are to bé propégated
through fhe code. A list of‘the models which can be modified with FCTR
is given in Section 5.12,‘ If INCHCK equals 1, the physical param;fers
characterizing thé fuel are also output. If INCHCK is not equal to O or
1, all inppf data, with one exception, arelprinted. Invthe case of the
super module coordinéteé, the»sﬁper quulé midpoints input (SMX, SMY,
and SMZ in Section 5.4) arelhéf printéd‘when IﬁCHCK is not -equal to O;Qr
1. Instead, the ;ode outputs the coordinates of the first fuel celi in
each super module, wheré the cells are numbered as described in Section
5.4, |

The output data listed each time step is specified with the indicator
variables IOUTPT and NSMOUT, and the arrays MOUTPT and MSMOUT. IOUTPT
determines the number of output variables to be printed. and the ele-

ments of MOUTPT specify which variables are to be printed (see Section

- 11 -



5. 13) 'Slmilarly, NSMOUT - determlnes the number of super modules foeru

which output data is to’ be’ pr1nted and the elements of MSMOUT spec1fyl 5(

.whlch partlcular super modules are’ 1ncluded in this number - If IOUTPT.
and NSMOUT equal O, only the elapsed time since 1n1t1at10n and the total
mass burning rate in the compartment are prlnted If -IOUTPT equals 0
and NSMOUT -is not equal to 0 " the elapsed t1me, the burn1ng rate, and an
_;ndlcator varlable_array, $BURN, wh1ch spec1f1es whlch fuel cells (if

any). in the specified super module‘are burnlng, are prxnted;




| 6habter 5

o INPUTS

COKPBRN feqﬁirés a lﬁrgé_amount of‘inpdt data to specify each particular
problem. -This‘data'is.read;using NAMELIST format, and the NAMELISTs

' must be inpuﬁ in. the brder presented.

5.1 QVERALLJOB’PARAMETERS‘(SSTRT)
 This data block defines parameters which are in effect for all of the
jobs to be performgd.,_All Subseduent data blocks apply only for>th¢

'-particulér jgbvbeiﬁg executed.
Data Set Members

NJOB The numbér;of_jqbs to be :un,.win general, the entire

-input. data.block must be repeated for each job,.. 1
NTIME = The maximqm number of time steps for;gach job. Jobs may- ;
end earLier if certain iteratiQ?_caiculations do‘not &
gpnvérge‘gufficiently qgickly or:if,a}l fuel which can be
1‘;ignite& ﬁaé beennexﬁ?u§£ed.
‘NREAD_.=~:The_logiéaljunit ﬂﬁmggr off which remaining data is to .
. be read.v(defau1t>§;5).
NWRITE = ‘Thé logical upit nqmber on which output is to be written
,(défauip,= 6).
| DELT = The time step inéégmentﬁin seconds.

- 13 -



5.2 TITLE CARD

The first 80 Characters on this card willibe‘reprodhqeabas_the job title

in the code output.

5.3. INDIVIDUAL JOB PARAMETERS (&SIZE)

The limits given in this' data block are for the COMPBRN version listed

in Appendix B.

- Data Set Members

NSM =

'NFUEL - ‘=

NCOM =

%

NNCOM =

NPILOT =

- IROOM =~

INITG - =

The number of>sﬁpéf modules.  (NSM < 12)

The maximum number of fuel typeé.:(NFUEL < 5)

The number of entrieé for the construction of Fhe adja-
;engy portion of the communication_ﬁ;tfix ICOMM. See-

Section 5.8. (NCOM < 30)

. The number of,non-communicating‘entries‘for the con-

struction of ICOMM. See Section 5.9.> (NNCOM < 200)

The number®of fuel cells initially on fire.

(NPILOT < 10)

The indicator variable which determines if compartment

- data is to-be included or nofﬁ_."~ This latter option. is

useful when the'firé‘is‘Shffiéiently small with respect
to the room suchifhét enclosuré’effects can Bé neglectea.
- IROOM=1 => compartment data'is“inﬁut
IROOM#l’éé'ﬁo’dbmbartment datdiinput
The indicato;‘variablg which sﬁpr’if‘the hét gas»layer
has some initial chéracteristics and/or if the initial

externél'heat fluxes"arefnon-zefo. Inpﬁt}qnly if

- 14 -



IROOM =1.
. II:IITG‘=1".'_ ?> Initial véiju’e's*fot gas_llayer and/or
) : ﬂeat fluxes are ‘input -
INITG#1 => TG (Gaé Layer Temperature) = 296°K
| 1‘DfoGa$ Layer Thickﬁess) =0.0m
| QEXT'(E#ternal Héat Fluxes

fdr All FﬁeliElements) = 0.0 W/m?

5.4 ° FUEL BED DEFINITION - (§FUELB)

This data block must be entefed once for each super module, i.e. NSM

times. The first/eptry corresponds to super qupie number 1, the second

to module 2, etc.

Data Set Members

% SMY

L. sMzZ

SLNG

© SWID
~ SDEP
- SMASS

SPOR

'SLOSS
" NFCL'

- -IORNT"

x-coordinate midpoint of super module (m){

: y-coo:dinate{midpoint'of super module’ (m).

z-coordinate ‘midpoint of supéx"module" (m).

Super module length (m).

Super module width (m).
Super mddﬁle'depth (m).
Super module bass (kg);
Super'module'porosity-.fac;tor.fp a (Dimensionlessj.

Undefined variable.

'Number’of fuel cells in super module.

Orientation of super module. -

IORNT=1 => Normal axis is in the x;dixection.

- 15 -




IORNT=2 => Normal -axis is in the y-directiom. -

o IORNT532=>'Normal axis is&in'the z-directidn:}t»

IDIREC "'Directionsoﬁgsuper module.

' IDIREC=1 => Long .axis is in the x-direction;;itr.f”
. IDIREC=2, => Long axis is in the y—directiqniy
";IDIREC=3YF>:LQng'axis is ‘in the z?dlrectibn.‘

. IFTYP

Super module fuel name/identification number.

IFTYP Super'module fuel type locationfidentifier; This para-

meter identifies the partlcular 1ocat10n 1n the array -
IFUEL of_NAMELISwalockaUELT‘(Sectionj5§6)-which=corre-_

sponds to_the'fpel‘for the super module described.

Exnmple: "IFTYP 3" means that the super module fuel is type
3 where fuel type 3 is deflned by p051t10n 3 of ar-

- ray,IFUEL..4Note that IFTYP < NFUEL.

COMPBRN w111 automatlcally compute the locat1ons of the fuel cells in
each super module.. It w111 also number the fuel cells, the numbers in-
creasing'withyulstance,in:the d1rect10n=ofgthe-lgng»ax;s;_-Thus,.Lf the -
super module fs directed:elong the x-axis, a fuel cell'étvx=1 will'hnue.

a lower numberfthen a fuel cell-at x=2.

fi,s 5 PILOT FUEL PARAMETERS (E.PILOT)

COMPBRN assumes that a compartment f1re starts ‘on top of a- small number
“of selected fuel cells ‘in the fuel bed.v Thesellnltxal frres, called pl-
'lot fires?'may ianlve;materials notzcomprisingathe_mainvfuel.bedf'.Forv_

~ example, afsegment of cablewtréy mayebe‘overlaiqlby-an amduntanéeﬁters




w;nal fuel wh1ch 1s used to 1n1t1ate the compartment f1re 'Thefloeatibn'ub
”of th1s p110t f1re 1s, however, treated. as being 1dent1cal w1th the lo-”
i_catlon pf*theLunderlylng.fuelycel1.

* Each item,in this data block .is an array, withttheyfirst,entry)eor?

e respondlng to ‘the first pllot fuel cell, the second'with_jthe seeond' __L‘

cell, and so forth.. NPILOT entr1es should be made for each array

Data ‘Se‘t:‘Mgrnber"';f__ﬂ"'

IPIL .. Array listing the super modules of the pilot’fuelsﬂl!b

‘Array-listingptherparticularvfuel”pells,(within'the fpf? B

_JPIL
. ” v given'supervmodule)’which are assigned'pilot ﬁires.
: Ege;nbie: 1f N"P:IJII_:.'(‘)'I""=2;'4‘,‘:. IPIL=(3,2), and 3P1L=(4.5);“'£,1Qis means"%.*"’
2 :fthatfthereTafe two pilot fires, the first;heingjlo-
catedon tth:e‘::'to’p of the 4th fuel cell of th‘e 3,:;1 'su;-.
| per module, and the second .being on'top of the 5th_ j

e fuel ce11 of the 2nd super module.

TIPFUEL_, ] P110t fuel type array This entry‘cerresponds tofIFTYPe
- F‘Edeflned 1n Sectlon 5.4, Fuel»types are numbered‘consec-f
utiVely Thus, if the 3rd entry of IPFUEL is '5', thls_

means that the 3rd pllot f1re 1nvolves fuel type 5.

B

PMASS Pllot fuel mass array (kg)
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5.6 PHYSICAL FUEL PARAMETERS (SFUELT)
'Each of the 1tems in thlS data block represents an’ array of dlmen51on
7’NFUEL,_ The:flrst-entry in each array‘corresponds td“fuelrtype~l, “the
seeond-entry”oorreSponds to fuel type 2, and so forth.
" Data Set {’Members_i- -
Ny IFUEL, = Array of idendification numhérsﬁtnames)'assigned to
' each fuel type.

IFUEL(ljv< IOX?>?Super:modnle is combustible .fuel.

0 <
louﬁflEUEL(T);<'20”E> Snper*module is a Heteétor,(use?h

-~ ful for measﬁring heat fluxes).
20 < TFUEL(I) < 30 => Super-module is a wali.
,SO'S'IFUEL(l) < 40 =>j$u§e£‘m§au1é is;a;thermal harrier;

40 § IFUEL(ljwsASO';>Nsnperlnoaule”is_the"room ceilinggff

Note that'the‘rOOm ceiling can'onlyhhe;hdaéleleith one Super module,l
and that those super modules- modellng the cellrn; and the walls ‘may .only

_:have one fuel‘oell each |

In the follow1ng llst entrles must'be pronrdeo for alllfuel types,

»;but reallstlc entrles are optlonal for the ranges of.IFUEL noted below‘
;(where for notatlonal 81mp11c1ty, we let K IFUEL(I))

""Den51ty (kg/m ) (10 K <20 and 30 K < 40)

DENS »
SPﬁT »¥lgspec1f1c heat (J/kg°K) (10 K < 20 and 30 < K < 40) |
THK = Thermal conduct1v1ty (W/m°K) (10 K < 20) | J
l - HEAT = neating Qalue '(J/kg) (10 K 5»50)'
f?rlGTP = Plloted 1gn1t10n temperature (°§i; (16 <'Kv{ Sb)ﬁ
" FIGTS i=ffSpontaneous 1gn1t10n tenperature (°K) (10 K < 50)
}lBRATV é'lhentllatlon controlled burnlng rate

ey et

B T




BRAfSo

g *iRATsy
GAMMA
fABSRP

- REFL

‘constant CV' tDiméhSionies#). (10 < K< 50)
 Surface1¢bntro11ed burning iategconstgnt‘ T(

7 6" (kg/m?s) . (10f573:< 50)

0

"Surface cbntrolledfburﬁihg rate ‘constant

C_ (kg/m?s). (10 < K‘<‘50j

S

Fraction of flame heat releqéedfés?f'

radiéﬁion'«(Dimensionless). (Idfﬁ‘K’fVSQ)%;ﬁi

'Absorption'coefficient'for fla@é’gaseé o

(m™*). (10 <K < 50)

: Réfiectivify (Dimension1e§§5. (0 = Kf< 20)

5.7 MISCELLANEOUS'DATA (gMISC) =

Data Set Members

RTEMP

FICF.

Room. temperature (°K). (Défauiﬁ = 298.)

Heat trénéfér coefficient for heat transfer :in a

flame (W/m2°K).

5.8 COMMUNICATION DATA (&SEE)

This data block is ‘used to input- information defining’ffiﬁ given fuel,
cell touches another fuel cell. “This affects. the heat transfer models::

used, transfer between contiguous cells béing greater than ffansfer bet-‘ 

ween disconnected cells.

£d
LA
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COMPBRN automatlcally establlshes 'adjacency for consecutiveu.fueljf
;lcells 1n-each’super modulei_ Furthermore, by default,‘all fuel cells can
transmit'heat to;allfotherlfuelﬂcells (i;éavthey communicate");"lhe
- purpose of thie;data,block rs_toldeliue aome,exceptiohs to these‘general

rulesc(non-commuhicat{bn.is.handled‘in Section 5.9). ,NCOM'entries'muet_

'D'qtﬂa?t Set f‘Merybgfp‘s» o

IV'_%iié elehentiarray contalnlpg_adjaceqcy data. If fuel cell
fijgoffsupefIMOdule i is adjacent tojfuel‘cellﬁl;of_super

“'f&odule‘k I»kwould be - (1,J,k 1). - If super modules i and

.:.k are parallel‘ have the same number of fuel cells, are
J'}gof the same length and are adJacent v wdu1d~be
."Ji(l 999k, 0) The 999 tells COMPBRN that the Jth cell
_of super module i 1s adJacent to the jth cell of super
.5? Jmodule k "r j _WNFCL; Note that'the adjacency rela-
1qﬁt10nsh1p 1s.symmetr1ca1 Two Separate entriea; (i,j,k, 1)

~and (k, 1 1,3) are not requlred, only enter one of the two.

EX "NONPCOMMUN.ICATION DATA - (SNSEE)

SYT.Thls data block deflnes wh1ch fuel cells cannot transmlt heat to. certaln

other fuel cells | It is treated 31m11ar1y to the precedlng data block

NNCOM entrles be1ng requlred

< "'DataSet: M‘er'nb_é'rs

4 element array containing nonscommunication data. If

:"- 20 -




\'_fuel cell J of super module i cannot transmlt heat to _

:rfvfuel cell 1 of super module k NV would be - (1 J,k 1)

If -all of the fuel cells in super module i cannot trans;\
mit heat to all of the fuel cellslln super module Kk, NV
would be (1 999 k 0) If all of the fuel cells in super
module i cannot transmlt heat to’ all “of the fuel cells

in super»modules j through j - NV would be (i, 888,3 i D

' Note that the non communlcatlon relatlonshlp 1s asymme~?“l-

trical.

5.10 ROOM DATA (&ROOM)

This data block should be entered only if IROOM‘?rl. Default values are

-assigned for some of the parameters.

) Data Set v Members

DCF

~DHGT

‘DWID

FC

FH =
GABSRP

HCEIL -

Coefficient offdischafge,fot;dobrwayfi(Dlﬁensiohless){”.iﬁ
(Defau1tﬂ%‘1.05~f_' | ' Y
Height@of“doorWayi (mju

Wiothhof doorway -(m)."

Fraction of forced ventilation inflow:which'enters the
gas layer (DimensionleSs);A

Fraction of forced ventilation outflow_whieh leaves the
gas layer (Dimensionless).

Absorption,coefticient for'ceiling'gas layer (m~1).
(Default = 1.4) |

Heat transfer coefficient for ceiling (W/m2°K).

a1 -




PLCF1 "

PLCF2

. THETA:

VFV

Buoyantfplumélentféinment,coeffidient, flame tip is
above neutral plane (Dimensionless).

(Default-= 1.0)

_Buoyahf plume -entrainment coefficient, flame tip is

below neutral ﬁlane (Dimensionless). .
(Default = 0.5) .-
Convergence acceleration parameter used in calculation

of neutral plane height ZD.

(Default = 0.5)

Forced §enti1ation volumetric airflow (m?/s).

5.11 - INITIALIZATION-DATA  (GINIT)

. This data blbck shqﬁld,be“entetgd only if IROOM = 1 and INITG = 1.

Ddta Set Membérs

TG,

DG

QEXT

Initial gas layer temperature (°K).

.Initial gas layer thickness (m).

‘Two dimensional array containing initial external heat

fluxes impingiqg on-each fuel cell, the (i,j) entry

corresponding to fuel cell j of super module 1i.

- 22 -



5.12 . MODEL VARIATION FACTORS (SMODVAR)- - ~ & ‘i

This data block allows' the user, to multiply the results of various mo-

‘dels by a specified factor. VUnléSSJOtherwiSe speqified,?éll factors .are

‘'set to 1.0.

.Data Set Members

FCTR

L'1)‘

- “2)

3y

Uy

,5)
.f.6)

7)

- 8)

.9)'.

10)

11)

12)

13)

14).

15)

= 15 element array containing the modificafioﬁffaCtOré fo::

15-models: = - e

ﬁodifiés

room-aQeragéd valué for CV (vgntilation:con-

trolled burning rate constant). -

Modifies
Modifies

Médifies

Nt

Modifies;

Modifies

Modifies:-
7faqes in.

Modifies

surfaces

‘Modifies

Modifies
bed back

Modifies

surface controlled burping rate of fuel.

flame height over horizontal fuel slabs.
flame héight over wvertical fuel slabs..
fadiatiVe'heat'qux received by target element.

buoyant plume temperature.above flame:

heat transfer coefficient for .vertical sur-

the flame.
heat transfer coefficient for horizontal
in the flame.

convective heat flux received by-each element.

‘heat transfer from flame over vertical fuel

‘to fuel bed.

conductive heat flux received.

Undefined.

Undefined.

Modifies

Modifies

critical time for spontaneocus ignition.
critical time for piloted ignition.
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513 OUTPUT DEFINITION (GOUTF)

ThlS data block allows the user ‘£o. spec1fy the prlnted output de51red

(see Sectlon 4)

' ‘Data Set Members

mINCHQK _;’“Indicatorzvariable.égutrolliug.tﬁeﬂamouutbof input data}“
T.printed;;‘
~"INCHCK=0 —> Only headlng mater1a1 and FCTR.

"iNCHCKé "‘> Above, plus fuel parameters |

(Sectlon S 6)

1NCHCK-2“-> A11 1nput data

_iOUTPT: 'Number of output varlables to be prlnted (fOUTPT 'il).’f

ZJZMOUTPT V= ~Array whote 1th element is the 1dent1f1cat10n number

o of the outpu'~var1ab1e de31red IOUTPT:elements shouldir H

JINA“be-lnput.

_I;D.-Numbers:f 1ijota1 mass burnlng rate TMDOT (kg/s)
o 2){Tota1 heat release rate TQDOT W)-.
“é)'Gas layer temperature”TG'( K).*
'y Gas layer thlckness DG . (m)

,5)~Fue1 cell 1nd1cator varlable for burning

LnrsBURN $BURN(1,J)— TRUE =5 fuel cell j of
.super module i-is. burnlng
. - 6) Fuel.eell sourte“heat:flux QDOTZP'(W/mz).V.l
fiﬁFuel:éell.exterual heat flufoEXTg(W/m?)u :
‘SJEFuel cell mass : FMASS (kg) ‘ |
ig)fFlame helght over fuel cell FLHT (m)
%'zaidi}Fuel cell: flame temperature FLTEMP (° K)

-2 -;;v:




: li)%FUél cell surface Eemperature'TEMP“ffK)‘

- (useful only for ﬁalls, barrierS; and ceiling).’

_NSMOUTv = Numbér of super ﬁédules:for'whi¢h variables (I.D. numbers
5 through 11) are: to Séiprinted.' ‘5
MSMOUT_t=ﬁ Array whose‘ith element is the identifiqatidn_number of

”5~;the_superfmpdg1e,to‘be dchmented.
For examﬁlé;:if'thé input card is:
" OUTPT  IOUTPT=3, MOUTPT=1,6,7, NSMOUT=2, MSMOUT=1,2, SEND

_ COMPBRN ‘will print'the?ﬁotal maSS burning rate for the
" compartment, and the source and external heat fluxes for

each fuel cell in-sﬁper modules 1 and 2.

Notes: 1) IOUTPT=0 and NSMOUT=0 => Only TMDOT, the total mass
burning:rate, is printed.
2) IOUTPT=0 and NSMOUT#0 => TMDOT and $BURN, an array

'WhiChﬁghOWS wﬁicb_fuel cells are burning, are printed.

T



' Chaptef 6

A SAMPLE‘PROBLEM_‘

In this séctiOn, we use COMPbRN to predict the behavior of:a wood crib
fire in a compartment. The wood'cfib*consisfs of threé iayérs of three
sticks; as shown in Figure 3, and is,K located on the floor in the middle
of the room. The room itself is shownbin F%gure 4. 'The ronvWalls and
ceiling arévéoncrete, Ana have no oﬁéginééﬁgfher than ﬁhe 2?4 m high by
1.0m wide”doo#way in one wall; There:is no forced ventilation airflow
. into the room. The fire is iﬁitiated on the centta} stick'of the bottom
llayer.in the crib.. |

We model the crib with 9 super modules, as seen in Figure 5. Each
super @odule consists of:S fﬁel cells: To improve our analysis of the
firé;'we make 3 addi£idnal modeling asShmptions:hy.

1. The f§6£oéify  factor of éach fuel super module is- set
equai"to 3.0. Thié éccdﬁnfé for the'surface area éf tﬁe
wood stick éiae; which are availableffor burning.

2. The feedback coefficient, BRATSI (c, in Referénce (1)),
.is set equal to O for the bottom two layers. Our model-

-.ihg thus prohibits enhanced _bugning within the crib,
since the crib latfiéework restricts the aﬁount of fresh
sair wﬁich can reach the'fire. |

3. Thg” bottom super ‘modules (numbers .-1, 2, and 3) cannot

transmit large amounts of heat directly to the uppermost

.‘?26_ﬁ



20 -

Figure 3:

Wood Crib
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A

Piggre 4: Compartment Housing Crib

X

/)

b

X = 13.1 ft
Y= 19.7 ft
z=13.1 ft
xD; 3.30 ft

ZD- 7.90 ft
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1

 Model of Wood Crib

“Figure 5:




super modules knumberS}Z,JS, and 9) because the intermed-
iate wood sticks lntervene. .Furthermore, each la%ff 6£
sticks cannot transmit significant amounts of heat to any
uhderlylnéllayers. .

. These assumptlons have proven useful in the earlier wood crib
;flre 51mulat10ns descrlbed in Reference (. | More importantly, -
'lthey illustrate how the,porosity»factor.SEOR,_the communlcatlon

.matrix. ICOMM and the a'rtyi'fic'i'al -' .defin;itio':n? of various fuel -
types can be used to 1mprove our modellng

The enclosure is modeled.w1th two super modules:  one repre-
sents’ the celllngvand the other represents one of the walls. To
measure the heat flux contrlbutlon from the wall (to see if more
walls should be added to the model), we also.place a heat’flux
detector near the wall and use the communlcatlon matr1x to pre-
iwentbtheldeteotor.from:seeing_anyaheat;souroes_other than the
The problem inout andvoutputfare respectively_given}ln Ta-
;;lee 1aand TabléQZ. iA géaph of theforlb's total mass burning

‘rate is presented\inaFigure}6 and - the heat flux from the wall

to the detector is plotted in Flgure 7 Finally, the average

» hot gas layer temperature is plotted in Flgure 8.
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TABLE 1 -

COMPBRN Sample Problem Input -

&STRT NJOB=1, NTIME=30, NREAD=5, NWRITE=6, DELT=60.", &END

&SIZE NSM=12, NFUEL=5, NPILOT=1, NCOM=0, NNCOM=29,
INITG=0, &END
#diddsdiis TEST CASE:

&NSEE

“* &NSEE
&NSEE

. &NSEE

“ &NSEE

--. &NSEE

" &NSEE
&NSEE
&NSEE
&NSEE

&NSEE
. &NSEE .

&NSEE
&NSEE

&NSEE

&NSEE
-&NSEE
&NSEE

vv-1,999,3 0, &END
NV=1,999,9,0, &END
NV=1,888;11,12, &END
NV=2/,888,10,12, &END
NV=3,999,1,0, &END
NV=3,999,7,0, -&END

NV=3,888,10,12, &END
NV=4,888,1,3, &END, -

NV=4,999,10,0; &END

NV=4,999,12,0, . &END

NV=5,888,1,3, &END
=5,999,10,0, &END

'NV=5,999,12,0, &END

NV=6,888,1,3, &END
NV=6,999,10,0, &END
NV=6,999,12,0, &END
NV=7,888,1,6, &END
NV=7,999,12,0, &END

- 31 -

IROOM-l

-WOOD CRIB IN ENCLOSURE **+*++«*++*+*++*++****+***

&FUELB SMX=2.0, SMY=2.7968, SMZ=0.05G8, SLNG=0.508,
' SWID=.1016, SDEP=0.1016, SMASS=4.20, SPOR=3.0,
. SLOSS=1., NFCL=5,‘IORNT=3,’IDIREC=1, IFTYP=1,'&END'
', &FUELB SMY=3.0, &END:* . ~ AT L _ ‘
&FUELB SMY=3.2032, &END . : o =
&FUELB SMX=1.7968, SMY=3.0, smz—o 1524 IDIREC=2;$ &END .
: - &FUELB 'SMX=2.0, &END 3 o
&FUELB SMX=2.2032, SEND , : . - _
&FUELB SMX=2.0, SMY=2.7968, SMZ=0.2540, IFTYP=2, IDIREC=1, &END
&FUELB SMY=3.0, &END
&FUELB SMY=3.2032, &END
&FUELB SMX=2.0, SMY=0.0, SM2=2.0, SLNG=4.0, SWID=4.0,
‘ SDEP=0. 1 SMASS=1.0, SPOR=1.0, SLOSS=1.0,
NFCL=1, IORNT=2,vIDIREC=1, IFTYP=3, &END
&FUELB SMY=3.0, SMZ=4.0; SLNG=6.0, :
- IORNT=3, IDI[EC=2, IFTYP=4, &END
&FUELB - SMY=0.1, SMZ=2.0, SLNG=0.1, SWID=0.1,
. SLOSS=1.0, IORNT=2, IDIREC=1, IFTYP=5, &END
&PILOT IPIL=2, JPIL=2, IPFUEL=1, PMASS=0. 1, -&END .
&FUELT IFUEL=1,2,20,40,10, DENS=2*800.,3%1000., SPHT=2%1045.,3%2000.,
~ “THK=2%0.092, 31 , BRATV=3%0., FABSRP=2%1. 4,3%0., REFL=5%.1,
BRATS1=0.,5.53E-7,3%0., GAMMA=2*.4,3%0., : -
BRATS0=2%.0062, 3*0 '
HEAT=2%1.86E7,3%0.
FIGTP=2%480: '3+o »
“FIGTS=2%530, ,3%0., &END
&MISC RTEMP=298. FLCF—22 - &END




&NSEE.
&NSEE-
~ &NSEE-

* &NSEE

&NSEE

'&NSEE
&NSEE
'&NSEE
"&NSEE

NV=8,888,1,6, &END

'NV=8,999,10,0,. &END

NV=8,999,12,0, &END
NV=9,888,1,6, &END

NV=9,999,10,0, ‘&END .
&NSEE -
- &NSEE:

NV=9,999,12,0, &END

'NV=10,888,2,6, &END
NV=10,888,8,9, &END

Nv=11,888,1,6; &END -

.NV=11,999,12,0, &END-
Nv=12, 888,1,11, &END -
- &ROOM -

DCF=1.0, DHGT=2.4,. DWIDQI o, FC 0. O FH—O 0 GABSRP—l 4,
HCEIL=3.0, PLCFl 1.0, PLCF2=1.5, THETA—O 5y VFV—O 0 , &END

&MODVAR FCTR=15%1., &END.

S0UTF

INCHCK=2, IOUTPT—7 MOUTPT 1,2, 3 4 5 6,7, o i
NSMOUT—IZ ~MSMOUT=1, 2, 3,4,5, 6 7, 8 9 10 11 12 &END ]
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TABLE 2

COMPBRN i'-‘s“ample 'P‘rob'l_én_i Output '

PROGRAM COMPBRN < A DETERMINISTIC CODE TO COMPUTE THE PROCRESS OF FIRE
* /OVER A GIVEN FUEL ARRAY WITHIN ENCLOSING . S . i
" BOUNDARIES. - ALL UNITS ARE - IN THE MKS SYSTEM I - '

| wwswaweawss TEST CASE: WOOD CRIB IN ENCLOSURE **eeessnvenvanunsssnsrass ;
INPUT DATA: |
.°JoB 1 OF 1 JOBS




VARIABILITY FACTORS ron‘rtasinpoELs:
VENTILATION CONTROLLED éuRNlNc'RATE_j'-
- FUEL-SURFACE CONTROLLED BURNING RATE
FLAME HEIGHT FOR HORIZONTAL FUEL
* FLAME HEIGHT FOR_VERTICAL FUEL
RADIATIVE HEAT FLUX INTERCHANGE
BUOYANT PLUME TEMPERATURE |
CONVECTIVE HEAT TRANSFER COEFFICIENT FOR FLAME
CONVECTIVE HEAT TRANSFER COEFFICIENT FOR PLUME
'CONVECTIVE HEAT FLUX .
HEAT TRANSFER TO SELF FOR VERTICAL FUEL
HEAT TRANSFER TO ADJACENT FUEL
HEAT FLUX FROM CEILING HOT GAS LAYER
HEAT FLUX FROM REFLECTIONS OFF. WALLS
CRITICAL TIME TO SPONTANEOUS IGNITION
. CRITICAL TIME TO PILbeD.IGNITION s

~.1.0000
1.0000
11.0000

1.0000
1.0000
1.0000
1.qodo
1.0000

- 1.0000

1.0000
1.0000

1.0000
1.0000 .

1.0000

. .1.0000




NUMBER OF FUEL TYPES: 5 .
DATA FOR FUEL TYPE 1:

'FUEL TYPE: 1.

. DENSITY (KG/M##3):

. DATA

SPECIFIC HEAT (J/KG~K):
THERMAL - CONDUCTIVITY (W/M=K):

HEAT OF COMBUSTION (J/KG):.

PILOTED IGNITION TEMPERATURE (DEG. K) -

SPONTANEOUS IGNITION TEMPERATURE (DEG. K):

VENTILATION CONTROLLED BURNING RATE FACTOR (KG/M**2,5-S):
SURFACE CONTROLLED SPECIFIC BURNING RATE (KG/M**2-S):
SPECIFIC BURNING RATE RADIATION AUGMENTATION (KG/J=M#%2):
FRACTION OF HEAT RELEASED AS RADIATION:

SMOKE ATTENUATION FACTOR (M“'-l)

REFLECTIVITY:

FOR FUEL TYPE 2:
FUEL TYPE: 2
DENSITY. (KG/M##3):

- SPECIFIC HEAT (J/KG=-K}:

DATA

DATA

DATA

THERMAL CONDUCTIVITY. (W/M=K):

HEAT OF COMBUSTION (J/KG):

PILOTED IGNITION TEMPERATURE (DEG. K):

SPONTANEOUS IGNITION TEMPERATURE  (DEG. K):

VENTILATION CONTROLLED BURNING RATE FACTOR (KG/M*#2 5-S):
SURFACE CONTROLLED SPECIFIC BURNING RATE (KG/M*#2-5):
SPECIFIC BURNING RATE RADIATION AUGMENTATION (KG/J- M**Z)
FRACTION OF HEAT RELEASED AS RADIATION: .

SMOKE ATTENUATION FACTOR (M##-1):

REFLECTIVITY:

FOR FUEL TYPE 3:

FUEL TYPE (WALL): 20
THERMAL CONDUCTIVITY (W/M-K):
THERMAL DIFFUSIVITY (M*%2/S):

REFLECTIVATY:

FOR FUEL TYPE 4:

FUEL TYPE (CEILING): 40
THERMAL CONDUCTIVITY (W/M=-K):
THERMAL DIFFUSIVITY (M“*Z/S):
REFLECTIVITY:

'FOR FUEL TYPE 5:
FUEL TYPE (DETECTOR): 10

800,
10u5.,

. 0,092
. 1860E+08
480.
530.

.0
.6200E-02

"7 0.400 .
1.400
0.100

800.
1045.
- 0.092
. 1860E+08
480.
530. -

.0

.6200E-02
.5530£-06
0.400
1.400
0.100

1.000
.5000€E-06
0.100

1.000
.5000E-06
0.100




~ROOM PARAMETERS'

CEILING LENGTH HIDTH HEIGHT (M):
DOOR HEIGHT, WIDTH (M), ORIFICE COEFFICIENT'
FORCED VENTILATION . (M**3/S):
FORCED VENTILATION CONSTANTS (FH AND FC):
- PLUME ENTRAINMENT CONSTANTS (PLCF1 AND PLCF2):
- HOT GAS ABSORPTION COEFFICIENT (M**-1):
NUMERICAL ACCELERATION PARAMETER (THETA):

“* CEILING HEAT TRANSFER COEFFICIENT (H/M*“Z DEG K)

6.00°
2.40 .

4,00 4.00

1.00 1.00
' 0.0
0.0 0.0
1.00 1.50
© 1.4000
0.50

" '3.000 -



'PILOT FIRE DATA:
" NUMBER OF PILOT FIRES: 1
' DATA FOR PILOT FIRE 1:

LOCATION.OF PILOT FIRE (FUEL ARRAY, FUEL CELL): - B L 2, 2"
" FUEL TYPE: ; B - S AR

' L
MASS (KG): : 0.100"
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NUMBER OF FUEL ARRAYS: 12

' DATA FOR FUEL ARRAY 1: o _ _
INITIAL FUEL CELL COORDINATES (X,Y Z) (My: 1.80  2.80 ' 0.05

Nwvowuw

" DIMENSIONS (LENGTH,WIDTH,DEPTH) (M): 0.51 0.10 0.10
NUMBER OF FUEL CELLS: : : : : 5
DIRECTION OF AXIS, ORIENTATION: : X Z
MASS (KG): : = , 0.8400
POROSITY FACTOR (DIMENSIONLESS): : 3.0000
HEAT LOSS FACTOR (UNDEFINED): : . . ) . 1.000

_-FUEL TYPE: T 1

DATA FOR FUEL ARRAY 2:
INITIAL FUEL CELL COORDINATES (X,Y,Z) (M): 1,80 3.00 0.05
DIMENSIONS. (LENGTH, WIDTH, DEPTH) (M): 0.51 0.10 0.10
NUMBER OF FUEL CELLS: . 5
DIRECTION OF AXIS, ORIENTATION: , X b4
MASS (KG): - _ Ly 0.8400
POROSITY FACTOR (DIMENSIONLESS): . , " 3.0000
. . HEAT LOSS FACTOR (UNDEFINED): . o 1.000
~ FUEL TYPE: : : o R
DATA FOR FUEL ARRAY 3: _
INITIAL FUEL CELL COORDINATES (X,Y,Z) (M): . 1.80 3.20 0.05
DIMENSIONS (LENGTH,WIDTH,DEPTH) (M ): o .0.51 0.10 0.10
NUMBER OF FUEL CELLS: _ — 5
DIRECTION OF AXIS, ORIENTATION: o X z
MASS (KG): 0.8400
POROSITY FACTOR (DIMENSIONLFSS): - : " 3.0000
HEAT LOSS FACTOR (UNDEFINED): : : * . 1.000
FUEL TYPE: , . - . 1
DATA FOR FUEL ARRAY U:
INITIAL FUEL CELL COORDINATES (X,Y,Z) (M): *1.80 2.80 0.1
"DIMENSIONS (LENGTH,WIDTH,DEPTH) (M): 0.51 0.10 0.1
NUMBER OF FUEL CELLS: - : :
DIRECTION OF :AXIS, ORIENTATION: . s Y
MASS (KG): s : 0.8400
POROSITY. FACTOR (DIMENSIONLESS): , o ' . 3.0000
HEAT: LOSS FACTOR (unocrluso) ‘ o L . 1.000
FUEL TYPE: A o _ T 1
DATA FOR FUEL ARRAY 5: ,
INITIAL FUEL CELL COORDINATES (X,Y,Z) (M): . 2.00 2.80 0.15
DIMENSIONS (LENGTH,WIDTH,DEPTH) (M): _ ' 0.51 0.10 . 0.10
NUMBER OF FUEL CELLS: 5
DIRECTION OF AXIS, ORIENTATION. S , Y Z
MASS (KG): ‘ : 0.8400
POROSITY FACTOR (DIMENSIONLESS): - _ _ ‘ 3.0000

- HEAT LOSS FACTOR (UNDEFINED): "~ - _ L 1.000

FUEL TYPE: - = ' 1
DATA FOR FUEL ARRAY 6: "

INITIAL FUEL CELL COORDINATES (X,Y,Z) (M): 2.20 2.80 0.15

DIMENSIONS (LENGTH,WIDTH,DEPTH) (M): § "0.51 °  0.10 0.10

NUMBER OF FUEL CELLS: - : , 5

,DIRECTION OF AXIS, ORIENTATION: L Y b4

_MASS (KG): o . ' 0.8400
‘POROSITY FACTOR (DIMENSIONLESS): - 3.0000

HEAT LOSS FACTOR (UNDEFINED): : ‘ . - 1.000

.



DATA

DATA

FUEL TYPE:
FOR FUEL ARRAY T:

INITIAL FUEL CELL COORDINATES ( »Y Z)
DIMENSIONS (LENGTH,WIDTH, DEPTH) (M):
NUMBER OF FUEL CELLS:

DIRECTION OF AXIS, ORIENTATION:

MASS (KG):

POROSITY FACTOR (OIMENSIONLESS)

HEAT LOSS FACTOR (UNDEFINED):

FUEL TYPE:

FOR FUEL ARRAY 8:

" INITIAL FUEL CELL COORD1NATES (X,Y Z)

OIMENSIONS (LENGTH,WIDTH,DEPTH) (M):
NUMBER OF FUEL CELLS'

DIRECTION OF AX1S, ORIENTATION:

MASS (KG):

R . POROSITY FACTOR (DIMENSIONLESS)

DATA

HEAT LOSS FACTOR (UNDEFINED):
FUEL TYPE'

FOR FUEL ARRAY 9

“INITIAL FUEL CELL COORDINATES (X, Y,Z)

" DIMENSIONS (LENGTH, WIDTH,DEPTH) (M):

'DATA

DATA

NUMBER OF FUEL CELLS:
DIRECTION OF AX!S, ORIENTATION:
MASS (KG):

POROSITY FACTOR (DIMENSIONLESS):
HEAT LOSS FACTOR (UNDEFINED)"
FUEL TYPE:

FOR FUEL ARRAY 10:

“INITIAL FUEL CELL COORDINATES ( ,Y,Z)

DIMENSIONS . (LENGTH,WIDTH, DEPTH) (M):
NUMBER OF FUEL CELLS:

DIRECTION OF AXIS, ORIENTATION: -
MASS (KG):

POROS I TY -FACTOR (DIMENSIONLESS):

HEAT LOSS- FACTOR (UNDEFINED):

FUEL ‘TYPE:

FOR FUEL ARRAY 171:

INITIAL FUEL CELL COORDINATES (X,Y,Z)
DIMENSIONS (LENGTH,WIDTH, DEPTH) (M)
NUMBER OF FUEL CELLS?

DIRECTION OF AXIS, ORIENTATION'

~MASS (KG):
_ POROSITY FACTOR (DIMENSIONLESS):

DATA

HEAT LOSS FACTOR (UNDEFINED):
FUEL TYPE:

'FOR FUEL ARRAY 12:

INITIAL FUEL CELL COORDINATES '(X,Y Z)
DIMENSIONS (LENGTH,WIDTH,DEPTH) (M):
NUMBER Of FUEL CELLS:

DIRECTION OF AXIS,. ORIENTATION:

MASS (KG):

POROSITY FACTOR (DIMENSIONLESS):

HEAT LOSS FACTOR (UNDEFINED):

-39 -

(M):

(M)

(M)

(M)

(M)

(M)

2.80 -

0.10

3.20
0.10

3.00
4.00

0.10

- 0.10

0.25

0.10 . -

0.8400
3.0000
1.000

0.25
0.10

0.8400

-3.0000

1.000

0.25
0.10

0,8400

3.0000
1.000 "

2.00
0.10

1.0000
1.0000

1.000 -

" 4.00 .

0.10

" 1.0000

1.0000
1.000

2.00
0.10

1.0000
1.0000
1.000




FUEL TYPE:




" COMMUNICATION DATA:

NON COMMUN!CATION DATA:
"NUMBER OF NON-COMMUNICATING FUEL CELLS 29

FUEL CELL PAIR _ (FUEL ARRAY,FUEL CELL) , (FUEL ARRAY,FUEL CELL)

1 1 " 999 3

2 1 999 9

3 1 . 888 1

4 2 888 10

5 3 999 1 0
6 3 -."999 7 0
7 3 - 888 10 12
8 4 -888.. - 3.
9 4, 999 10 0
10 4 999 12 0
n 5 888 -1 3
12 5 999 .10 0
13 °5 999 12 0
M 6 888 : 10 -3
15 -6 999 10 0
16 6 999 12 0
17. 7 888 1 6
18 7. 1999 12 0
19 8" - 888 1 6 .
20 .8 999 10. 0 B
21 8 - 999 - 12 0
22 9 ~..888 ¢ ! 6
23 9 . °999 10 0
24 9 999 12 0
25 - 10 888. 2 6
26 “10 888 .- 8 ‘9
27 N 888 - 6
28 11 999 -2 0
29 12 - 888 1 n




MISCELLANEOUS:

ROOM TEMPERATURE (DEG. K): 298.
CONVECT IVE HEAT TRANSFER COEFFICIENT FOR FLAME (W/M*#2-K): 22.00
TIME INCREMENT (S): 60.00
NUMBER OF TIME STEPS FOR JOB: 30
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T T TS fEéi_CAéE;

~TIME (SEC):

0.

TOTAL MASS BURNING RATEI(KG/S):

TOTAL HEAT RELEASE RATE (W)
HOT GAS. LAYER TEMPERATURE (K)
HOT GAS LAYER THICKNESS (M)

MODULE:
'MODULE:

MODULE: .
- MODULE: -

"MODULE:

. MODULE:

" MODULE:
. MODULE :

' MODULE:

MODULE:

- MODULE:

- MODULE:
MODULE:

 MODULE:

MODULE :
MODULE :
MODULE :
MODULE:
MODULE :

MODULE:

MODULE:
MODULE:
" MODULE:

‘MODULE:

MODULE:
MODULE:

TN—OOVBNANEWN =

- ad b

N OOR~NANEWN =

T EXT
- EXT

BURN:
- BURN
" BURN
BURN
 BURN
" _BURN
“BURN

BURN
BURN
BURN
BURN
BURN

" SRCE

SRCE
SRCE

 SRCE
~ SRCE

SRCE
SRCE

SRCE-

SRCE
SRCE
SRCE

SRCE

:3EXT.W

EXT

EXT
EXT

EXT

“TEXT EL
CEXT -
SEXTY
EXT

-~ EXT

19206-03
: 3571,
s . 298.1
: 1.600
ING ? F F
ING 7 <F T
ING ? F - F
ING ? - F . - F
ING 7 - F . F
ING 7 _F f
ING ? F F
ING ? B F
ING 7 F - F
ING ? _ F :
ING ? - F
ING ? - F
FLUX .0 .0 o
FLUX - .0 - ~ +306E+05
FLUX = .0 .0 -
FLUX ~ .0 .0
FLUX . .0 .0
FLux - .0 -~ 0.
FLUX -~ .0 .0
FLUX - .0 .0
FLUX ~ .0 .0
FLUX 403.
FLUX 448,
FLUX .0
“:J3SE+OQ»M‘.3535+OQ
-1 . .
“.148E+OY
+04° - . 201E+O4
‘ 109E+0h" .201E+04
«516 : 6u2. )
128E*0ua 1uae+ou .
.317E+0u; .308£+05 :
. 124E+0Y <JU3EHOL

“FLUX 98 1

FLUX = 146.2".
FLUX . 402,
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MmmmmAmM,

000000000

© 2 Y3S5E+04.

. 126E+05

~130E+04

300E+04
300E+0Q'
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.1zus+ou;;
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COO0O000O0O00
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1uaE+ou
978
2015+0u
.201E404 -
642.
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898.

R-Y-T-1-Y-1-1-T-Y-!
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1u3£+ou '
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W

157,
. 907. .
707,

. 109E+04
516.

-691.
"828.
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1o9£*ou =



‘ - ‘cnunuuuuuuuo TEST CASE‘
TIME' (SEC) 60.

TOTAL MASS BURNING RATE {KG/S):

"TOTAL HEAT RELEASE RATE (W)
HOT GAS LAYER TEMPERATURE (K)
HOT GAS LAYER THICKNESS (M)

~“MODULE: 1 BURNING ?
MODULE: 2. BURNING ?
MODULE: 3 BURNING ?
'MODULE: " 4" -BURNING ?

. MODULE:" 5 - BURNING 7'
"MODULE: 6  BURNING ?

. MODULE: 7 . BURNING ?

. MODULE:"- '8 BURNING ?
MODULE:: 9  BURNING 7
MODULE:~ 10  BURNING 7 .
‘MODULE: 11 BURNING ?

. MODULE: ~12 #,BURNING 7 e

;smsFNX"

_>571
298.1
1.600

MMM Mn Mm-S

. 1920E- 03

S TMHMTM M-,

MMM N~T

"ocooccocoooco

_ MODULE: " "1 .0 BT .0 .
MODULE: * 2 - SRCE FLUX ,0°¥ 306E+05 ..o
MODULE: ° 3 .% SRCE FLUX- .0° .0 .0
MODULE: -~ 4  : SRCE FLUX .0 .0 .0
MODULE: " 5:-SRCE FLUX : .0 .0 0
MODULE: © 6 - SRCE FLUX .0 .0 .0 -
‘MODULE: - 7 - SRCE FLUX .0 .0 0 .
MODULE:.. 8 : SRCE FLUX = .0 . . .0 .0 -
.MODULE: ‘9.7 SRCE FLUX . .0 -~ - .0. .0
MODULE: 10 ,SRCE{FLux~'Qu1u. g
MODULE: 11 - “SRCE FLUX. . 4u8.%:

MODULE: .12 ' “SRCE FLUX . .0
-, ¥ MODULE: 1. FLUX . 1355+0u;;_.151§+oq,~:.135£+0u.

“MODULE: = 2 ° SFLUX:™ T J126E405: 1.0 e A26E+05:

- MODULE: 3% ° SFLUX T - 130E+04° 7, TUBE+OY . 4, 130E+04
‘MODULE:. y CFLUX " ,109E+04: -~ . 201E+04" ", 300E+04 "
‘MODULE:" ' 5 CFLUX . TO9E+04 -, 201E+O4r . 300E+04
MODULE: ' 6 CFLUX 0516, 62, \699
- MODULE: 7 - FLUX: 129E+0u,1‘“ 129E+0u
MODULE: 8 ~ELUX J17E+QL - 3an+05 .317E+04

~ MODULE: © 9: LFLUX 12u£+ou;l lussfou 12u£+ou
MODULE:. 10" < FLUX 8.1 IR

~ MODULE: 1.  EXT.FLUX- ="

. MODULE: 12 EXT FLUX - 413,
- 44’h.“’ '-

< 103E+0U4
148E+04
e 20 1E+0Y
.201£+ou“
6u2,

948,
1u3£+ou
898

coocoocooo

HOOD‘CRIB lN:ENCLQSURE n@uuén*qu@«p«Quuf}»qu*n

159,
- 907.
- 707, - -
- .109E+04

‘.1095*0“ .
-516.. -
692,71
828.
6u2." -

v
i

MMM MANA .




zin»unnc;nnnn TEST 6‘55:
- TIME (SEC): 120,

~ TOTAL MASS BURNING RATE (KG/S):

. 1295€-02

TOTAL HEAT RELEASE RATE (W). : . .2409E+05 oo
- HOT GAS LAYER TEMPERATURE (K) : . 299.0 . .
HOT GAS LAYER THICKNESS (M) : 1.600 " ,
“7'MODULE: 1 BURNING ? - F F POF
. MODULE: 2 BURNING ? - . | LT T,
MODULE: ~ 3 - BURNING ? LF F L F
MODULE: & . BURNING ? F F T T
MODULE:. 'S5 ~ BURNING ? .. B . F T
MODULE: . 6 "BURNING 7 B R F
MODULE: 7 BURNING ? ‘F F
MODULE: © 8 BURNING ? T < T ST
© “MODULE:" . 9 _BURNING 7 “F F Fo.
"MODULE: 10 '. BURNING ? F N '
MODULE: 11 BURNING ? - F
_MODULE: 12 BURNING ? . = ° F
"MODULE: 1 SRCE FLUX *.0 - . 50 0
.MODULE: -2 SRCE FLUX ~ .306E+05 "~ ..306E+05  .306E+05
'MODULE: ~ 3 SRCE FLUX .0 .00 .0 -
MODULE: &4 . ~SRCE FLUX .0 e 7.0
“MODULE: 5°. SRCE FLUX ~ .0 .0
- MODULE: ~ 6 SRCE.FLUX * .0 .0 - -
MODULE: . 7 . SRCE FLUX .0 0 - o
 MODULE: © 8 ~SRCE FLUX -.0 -.533E+405 - -,
" MODULE: ~ 9. - SRCE FLUX . .0 i Co
MODULE: 10 SRCE FLUX 115,
. MODULE: '1V  SRCE FLUX 453,
. MODULE: 12 ~'SRCE FLUX .0
C MODULE: 1 -EXT.FLUX . LB13E404 © [ 38B1E+04°
ZMODULE: 2 *EXT FLUX 0 . .148E+04
“ MODULE: . 3.° EXT FLUX . . 4OBE+O4 . 3T76E+0h -
" MODULE: = 4 EXT FLUX- % 3TME+Q4" ~.610E+0U4 -+, 349E+05""
. 'MODULE: 5 “EXT FLUX -~ ,314E+04° ~.610E+04 ' - 3U9E+05
- MODULE: 6 “EXT FLUX - ,164E+04  .214E+04 .~ .241E+04
.~ MODULE:. 7; - EXT.FLUX - .568E+0l4 . -,630E+0O4" %, .568E+04
" :MODULE: : 8 ~ EXT'FLUX - * ;569E+05% : 184E+05° . :569E+05
“MODULE: 9 EXT FLUX ' “,563E+04 ~“.625E+04 ~ .563E+0H
'MODULE:. 10 . EXT'FLUX - 99.2 v - ' -
. “MODULE: 11 EXT FLUX . .538E+04
“MODULE: 12  EXT FLUX 413,
- 45 -

NCETS1-T-1-2-7-%

5,

‘ .299E+0l .
. :610E+04 -
,610E+0l: -, 314E+0Y

w“aoo’éﬁiﬂflﬂ.éNCLSSdﬁEL;‘;;4¥;5”"z;“:;’*‘;§';*”E;'}
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oococcoo000

. 304EMON :.225E408
- 150E+05 . 299E+04

214E+0L - . 164E+O4

Y U38E+OY ¢ T 321E+404
LTTBE+O4 0
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TH26E+0L

1220E+04 .
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snnunnnnnne TEST CASE:

TIME (SEC):

180.

TOTAL MASS BURNING RATE (KG/S):

TOTAL HEAT RELEASE RATE (W) .
HOT GAS LAYER TEMPERATURE (K)
HOT GAS LAYER THICKNESS (M)

. MODULE:

MODULE:

. MODULE: -
- MODULE:

. MODULE:
“MODULE:
"MODULE:
" MODULE:
MODULE:
MODULE:
MODULE:
MODULE:

MODULE:
MODULE:
MODULE:
MODULE:
MODULE:
MODULE:
MODULE:
MODULE:
MODULE:
MODULE:
MODULE:
MODULE:

" . MODULE:

- MODULE:
MODULE:
MODULE:
MODULE:
MOOULE:
MODULE:
MODULE:
'MODULE:
MODULE:
MODULE:
MODULE:

- d b
N2 OVO~NOVMEWN -

. BURNING

N~OWVE®~NAVEWN =

- b —

o EXT
< EXT

NaOOVD~NANE N —

L

BURN NG
BURNING
BURN ING
- BURNING
BURNING
BURN ING
BURNING.
BURNING
BURN ING
BURN I NG
. BURNING

" SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE
SRCE

FLUX
FLUX
FLUX
FLUX
FLUX

FLUX
FLUX
FLUX

FLUX

EXT FLUX

“- EXT FLUX

“EXT
EXT
- EXT
SEXT

FLUX

FLUX

EXT FLUX
EXT FLUX
EXT. FLUX

EXT FLUX

R R R PR PR

FLUX -

FLUX -
FLUX

FLUX-
FLUX - ¢
FLUX .

FLUX -~

-306€E+0

CO00O0

. 6LIE+05
0

416.
u74.

L 452E+04

. .238E+04
< QUGE+OL
L.611E+QL4
L 669E+0YL -
“U22E+04 - -
Lo TUYE+QS:
. 354E+05
S JTU3IE+OS
115,

. 13UE+05
428.

MMM AA NS —

.U4317€E-02

. 8029E+05

302.4 .
2.292

.306E+05

LR R

 orocooo

62E+405

S11E+04L
. 148E+0Y
- {506E+0Y4
.. 206E+05
.220E+05
<60UE+OY

. 160E+05 " .

.276E+05

 Z159E+05 - -

A4 A=~

<0 :
.306E+05
00
<~306E+05

.306E+05
.0

.0
© .6U9E+05
o

LSTTE+0Y
. JUBE+OY

.S506E+04 -
7. 187E+05

S210E+05
. 750E+0k
. 15TE+05
".365E+05

. 156E+05"

A A At

.0
. 306E+05

QO

.0
.0
. 384E+05

o

" 4S2E+04
‘.. 238E+0L

- <HUGE+OY
-, 206E+05

1 220E405 -
- ., 604E+OL .
L, TIGEHQS | .

. 255E+05

“ +135E+05

R P
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.355E+04

U 156E+05
. 350E+04
. 611E+04
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U22E+04
.106E+05
.293E+05

. 105E+05



. 03¢9n¢Q»§¢0 TEthCASE:
© TIME :(:SEC):. 2u0.°

TOTAL MASS BURNING RATE (KG/S):
TOTAL HEAT RELEASE ‘RATE (W)

HOT GAS LAYER TEMPERATYRE (K) :

" HOT -GAS LAYER THICKNESS (M) :

MODULE:

MODULE:

-+ MODULE: -
. MODULE:
.- MODULE:

‘MODULE:
MODULE:
MODULE:
MODULE:
MODULE:

. MODULE:

MODULE: -

< MODULE:

MOOULE:
MODULE:
MODULE:
MODULE:
MODULE:
.MODULE:
MODULE:
“MODULE:
MODULE:
MODULE:
MODULE:

. MODULE:
- MODULE:
MODULE:

> .~MODULE

" MODULE:
- MODULE:

.. MODULE:"

MODULE:
MODULE:

MODULE?Y

_ MODULE:
MODULE:

Y e ok b

- b -

-
N=OVO~NOVNEWN =

N=OOVOR~NOANE (WA =

N~OOVONANEWN =

I BURN
. ~BURN
 BURN
‘BURN
- BURN
_BURN

BURN

"BURN

BURN
BURN
BURN

-BURN

'SRCE_
. SRCE
‘SRCE

SRCE

"SRCE

SRCE
SRCE

SRCE.
SRCE?

SRCE

" SRCE

SRCE

EXT
EXT
EXT

CEXT
- EXT

EXT

EXT

EXT:
EXT
EXT.
EXT

EXT

ING .
ING
ING
ING
ING
ING
ING~
ING-
ING
ING "
ING -
ING -

FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX

FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX.

FLUX

FLUX
FLUX
FLUX

FLUX -

23 N ) D N ) ) D )=

O
. 306E+05
o -

.0
+306E+05
0

“B3SE+05
.556E+05

.STTE+O4 -

.299E+04
L498E+QY
.245E+05

© . 120E+05

. 120€+05
.34T7E+0S

.6UBE+05

«339E+05
.260E+04
-U95E+05
. 116E404

MM AA A A

.. 306E+05

<516E+05 .

.1061E-01
. 1974E+06
544.6

o ) = =

.0
. 3J06E+05
.0
+306E+05
.0
~UUGE+OS

BUSE+05 .

656 E+0Y
;. 238E+04
‘L ST6E+0l

. 150E+05
~166E+05
.272E405 .
.380E+05
.610E+05
. 372E+05
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.0

306E+05
0

- .306E+05
-306E+05
.306E+05

SUYLE+OS

. .562E+05
TUYIE+O5

.683E+04
.295E+0U .
...60UE+OL

.2U3E+05

" 293E+05
. 255E+05
. 489E+05

. T21E+05
LL4B81E+05

A A o =
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.0
.306E+05

.0
-306E+05
- 306€+05

TU29E+05

. .+505E+05

- . U29E+05

.656E+0U
.238E+04
JSTOE+QU
'« 150E+05
. 166E+05

.2T2E+05 -
.365E+05 -

.583E+05
<3ISTE+05

e

e e T L L L DL I

.0
.306E+05
.0 .

.0 o
.306E+05 . -
0 .

. 4O6E+05
.525E+05
. BOGE+05

.S5TTE+0O4
. 299E+04
<498E+0Y
.2U5E+05
“120E+05

.. L309E+05

T120E405
J317E+05
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Appendlx A

SOME DETAILS ON THE MODELS FOR WALLS AND
: THERMAL BARRIERS

In our analysis of compartment fires, we' are often-interested in the be-"

havior of slahsmcffnon-combuatible materials as they absorb heat “from

fthe'flames;hQWeAare$particu1ar1y'interested_in.their:strength as heat

flux sonrces,'sinCe the heat from these slabs may enhance the growth

rate of a'fire; If'we*arefinterested'injthe.heat flux radiating from
the back‘(unexposed) side of the slab, we treat: the slab as a "barrier "

If the heat flux re- radlated and reflected from the front face of the

slab is of 1nterest we treat the slab as a "wall:"

A1 THERMAL BARRIER MODEL

“Con51der a slab of width L w1th an 1sotrop1c heat flux of strength qO
llnnlnglng‘on the left face (x=0) “The tlne cependent diffusion equa-
thn, with appropriate boundary.cond1t1ons, then governs the temperature

profilé within the barrier: ’

BT - o : @

'52. _ 9x

t =0: T(x,0) = T0

x = 0: eq; = b 100, ©)-T, ] + os[T“(o t)- T“ -’k aT| T (A.2)
x =L -k E£!| =h [T(L,t)-T ] + og[T*(L,t)-T*] (A.3)

3x'L L A A } i
where ‘o ='barrier’thermalgdiffusivity (ﬁz/g)
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B
#

barr1er em1551v1ty

Stefan Boltzmann constant (5 6697 X 10 8 W/m2°K“) ﬂ;gAQﬂ':

"

barrler surface heat transfer coeff1c1ent (W/m2°K)?a°‘

h
k7 barrler thermal conduct1v1ty (W/m°K)
T

#_qmbient temperapure¢(°x) . . hl-'; i;%i el
If we;;qssume that steady-stéte‘4conditions%fexist,,nthe?'sblutiOn;;ofV

'EqUation;(A.l) is a linear temperaep;eeproféle,fi.e.

'ﬁ'_T(x) = T(0) + [T(#)vfffcéil(g/idf -fe, ‘fif;ff»'i¥  B (A;§> =
'V?;and.the_beundary.conditione:beegée.(assumihg*a}cqné?aﬁfﬁh);
eqo = il['T(O)'lfi'A] %? o [.T" (O)TA"] [T(L)T(O)](k/L) (AS) :

',--—[T(L> “T(0)] = h[T(L)-T ]+ oE [T (1): T“] 77§;?:n:;77r-~?fé-65

Equatlons (A. 5) and (A 6) can be solved numerlcally for T(O) and T(L)  3'

The radlatlve heat flux emerglng form the back 51de of the barrler 1sef

'then

.
"

qL = . oeT* (L) et (A.7)
Thebeonﬁective“coﬁponenf is relatively small ferehighhvalﬁeé of T(L),
and willhnot”impact en distanf:objecfef

To cemputefthe net heat f1ﬁ§ iﬁpiﬁging.on an object ﬁaintainea”af’am*.qc
bient temperature; we'use_

= os[T“(L)*"3:] e e

The valuee of §" 'computed from Equatlons (A 7) and (A 8) Vary only

- slightly for significant levels of thermal radlatlon
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 We note that the steady-state assumption “is -conservativé, since a
_‘thermal,Wa?e“takesua finiﬁe-amountﬁof tiﬁe'to penetrate the slab. The -
time scale for th1s penetratlon is” of the order ’

T o~ Lz/a

and may be very 1ong for dense, poorly conductlng materials. For exam-

?ple, theutlme constant - for two: inches of concrete is about 1.5 hours (by'

which time,,the fire may.befextinguished)u

A 2 WALL MODEL

vThe governlng equatlons for the wall temperature are also Equatlons:“

(A 1), (A 2), and (A 3) However srnce the’ walls tend to be th1ck and

are often composed of concrete, we cannot 1gnore thelr tran51ent behav-

ior under thermal.loids.AVWe”must therefore‘solve the governlng-equai

- tions: numerlcally

In COMPBRN - we choese “to model the - wall W1th a very coarse spat1a1

fgrld con31st1né only.of 10 mesh polnts ‘ These mesh p01nts are lumped'
near the wall s exposed surface,.51nceﬂthe penetration of'the thermal
wave is very slow In fact the t1me scale“of many fires is sufficient-
_~ly short that the actual wall thlckness has 11tt1e 1mpact on the calcu-
zlatlons; we'can eas11y f1x T(L t) at amblent levels, and 1gnore Equa-;
o tlon _(A 3) w1thout 31gn1f1cant1y changlng our results | The actual

uv‘

numer1cal solutlon is" obtarned us1ng a Crank N1colson scheme descrlbed
_in Reference'(6). |

.Once_the-temperature proflle within the:nall is found for.anyiparti_
cular time step,AtheﬁradiatiVQJheat.flungsource strength of the wall;s'

exposednface;is’giVen:by

a.9)




wﬁere_
p = wall reflectivity
As in the barrier model, the target ?bject'§ ;é-radigtion Can.be ac-i
counted for by‘subtrécting'a te;m p?qp@ttio?al to T;. IWé giso:neglect .
the convectivé heat flux frdm the wall ih COMP§RN, although Sﬁitabie mOAI

dels can be incorporated easily by the user,bif desired.’
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© % CODE LISTING -

: : o ’ ‘o
‘ : ’ ) " i . . . .
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"”5ﬁ?c*************************+*+**+*++****++****+**** ********************;

COMPBRN - A COMPUTER PROGRAM FOR ¢ MODELING THE BEHAVIOR
OF COMPARTMENT FIRES N

AUTHOR - NATHAN 0. SIU

VERSION - IBM 3033 (7/82)

niakacwc:cmcao
#F F k% 4 % *:

’}c*+*+*+*++*+*++**+¢**++*+*++*+****+*+~+***+..5*+****++*¢***++*+¢*e¢=+¢++'

I,C*++***+*++**+**+**+******+++**e*++***+¢****+**+* sk ****L*+¢+****&*+++*
“C- MAIN PROGRAM (READS INPUT DATA CALLS SUBROUTINES) . . T

IMPLICIT LOGICAL ($) T LR ' :

o _
" 'C FUEL CELL ARRAYS
C

) DIMENSION BRAT(12, S), FLHT(12 5), FLTEMP(12 5), FMASS (12, 5),

1 FX(12,5), FY(12,5), FZ(12,5), GAMN(12,5), QDOT2P(12;5),
2 . QU2,5), QOTC(12,5), QEXT(12,5), QEXTO(12,5), %7
3 " SUMQSQ(12,5), TEMP(12,5,10), ICOUNT(12,5),.- . .-
4 | $BURN(12,5),"SFHASS(12}5), SPIGN(12; 5. $STRTO(12 5),
5 §T0P(12,5)”
€ SUPER- MODULE VECTORS :x
| DIMENSION AREA(12), DELS(12), DEP(12), FING(12), FLOSS(12),f
.1 FMASS0(12), RAD(12), POR(12), WID(12)," - '
#7200 IDIR(12), CIORT(12), ITYP(12), MSHOUT(12); NFC(12),
3 B2, S002), $DA2), W(12)
. C " FUEL TYPE VECTORS
-/ DIMENSION BRATSO(S),. BRATSI(5), BRATV(S), DENS(S); DIFF(S),
R © FABSRP(S), FIGTP(S); FIGTS(S), GAMA(S); HEAT(S),
2 SPHT(S), REFL(5), THK(S), - .
3 TFUEL(5);
SR $BF(5), $CF(5),. $DF(5), $WF(5)
€ PILOT FIRE VECTORS.
I .u . .
DIMENSION PBRATV(10), PBRTSO(10), PBRTSl(lO), PHEAT(lO), :
1- - PMASS(10), PMDOTS(10), |
2 IPIL(10), IPFUEL(10), JPIL(lO),
3 SPMASS (10)
N
'C  COMMUNICATION ARRAYS AND VECTORS
'DIMENSTON IV(4), NV(4), ICOMM(60,60), IAD(30,4); NAD(200;4)
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‘ C

OOO

oaa

COMMON-STATEME_ 

© 17
2
3

1
2

1

1

1

COMMON /ALL/ ACEIL AWALL DELT, FCTR(lS), FLCF RTEMP TIME,

TITLE(20),

ICEIL, IJOB' INCHCK INITG IOUTPT»‘MOUTPT(ll),»

$DOOR, S$SEND, $ROOM

COMMON /GAS/ A4, CDOOR, cF, CFV, DCF, DEN, DG, DHGT DWID,

FC, FH, GABSRP, HCEIL, PLCFl PLCF2,

TG, TGO, THETA, VFV, WFL, WFVC, .WFVH, ZD, ZN
DATA IDIM1/12/, IDIMZ/S/, IDIM3/60/ IDIM4/30/ IDIMS/ZOO/,.

NREAD/S/ NWRITE/6/ .
NAMELIST /STRT/ NJOB, NTIME, NREAD NWRITE -DELT

NAMELIST /SIZE/ NSM, NCOM, NFUEL, NNCOM, NPILOT, IROOM,
NAMELIST /FUELB/ SMX, SMY, SMZ, SLNG, SWID, SDEP SMASS SPOR

;SLOSS NFCL,. IORNT, ’IDIREC IFTYP
NAMELIST /PILOT/ IPIL JPIL, IPFUEL, PMASS o
NAMELIST /FUELT/ IFUEL DENS ;- SPHT THK, HEAT, "FIGTP,

FIGTS, BRATV, BRATSO, BRATSl GAMMA FABSRP, REFL

. NAMELIST /MISC/ RTEMP , - FLCF

NAMELIST /SEE/ IV
NAMELIST /NSEE/ NV

NAMELIST /ROOM/ DWID‘ 'DHGT, ' DCF, FC FH, GABSRP HCEIL, PLCFl
S o

PLCFZ THETA, VFV.»

NAMELIST :/GINIT/: TG, DG, QEXT
NAMELIST /MODVAR/ FCTR - : - v
_NAMELIST /OUTF/ INCHCK, IOUTPT MOUTPT NSMOUT MSMOUT
-READ (NREAD,STRT) - o

_IF (NJOB.EQ.0) NJOB = 1

ﬁ?DO 8000 IJOB=1,NJOB"

INPUT PROBLEM DATA '

‘READ - (NREAD SIZE) :
READ- (NREAD 9100) ~TITLE .

"READ FUEL BED CHARACTERISTICS_

DO1000 I=1,NSM. R o

'READ (NREAD,FUELB)
" XNFCL = FLOAT(NFCL).
DELS(I) = SLNG/XNFCL

AREA(I) = DELS(I)*SWID ::

:'- RAD(I) = SQRT(AREA(I)/3. 141595

"IF (IORNT.EQ:3) RAD(I) = SWID/Zi

FMASSO(I) = SMASS/XNFCL .
WID(I) = SWID - - :
POR(I) ="SPOR .. L
FLOSS(I) = SLOSS : o
FING(I) = SING

DEP(I) = SDEP

IDIR(I) = IDIREC.
IORT(I) = IORNT
ITYP(I) = IFTYP "

NFC(I) = NFCL

'J -_58L;.¢.




aao

aaa

- 500 CONTINUE
:;000 CONTINUE

$D(D)
SW(I)

1

.FALSE.
.FALSE.
$B(I) = .FALSE.
$C(I) = .FALSE. ' B U
CALL SETUP(I, IDIREC, IDIMl IDIMZ NFCL, SMX, SMY snz SLNG DELS(I),

. FX,FY,FZ) . . L
DO 500 J=1,NFCL - . .. o L -,gp:*y »;A“,fx““ L
FMASS(I,J) = FMASSO(I) BT Lo Sl S

READ PILOT FIRE CHARACTERISTICS

READ FUEL TYPE CHARACTERISTICS

- IF ((ITYPE.GE.10).AND. (ITYPE LT 20)) $DF(I)¥

. IF ((ITYPE.GE.40).AND.(ITYPE.LT.50)) $CF(I) ==
~ DO 2500 J=1,NSM = : ’ 4

" $C(J) = .TRUE.
SICEIL = J -

2500
2900

3000-

3100

3200
3300
3500

SWF(I)
$BF(I)

“IF ($DF(I)) $D(J)

READ (NREAD PILOT)

READ (NREAD,FUELT)

DO 2900 I=1,NFUEL .

DIFF(I) = THK(I)/(DENS(I)*SPHT(I))

$DF(I) = .FALSE. .

.FALSE.

.FALSE.

$CF(I) = .FALSE. , o

ITYPE = IFUEL(I) - o PR L

IF (ITYPE.LT.10) GO TQ 2900 ° ' : R

LTRUE:™ * = - C
JTRUE.® , S

IF ((ITYPE.GE.20).AND.(ITYPE.LT.30)) $WF(L).
IF ((ITYPE.GE.30).AND. (ITYPE.LT.40)) $BF(I):

IF (ITYP(J).NE.I) GO TO 2500 s L o S
.TRUE. : T A
IF ($WF(1)) $W(J) = .TRUE. . U ded L
IF ($BF(I)) $B(J) = ‘. TRUE.
IF (.NOT.$CF(I)) GO° TO 2500

II HH

CONTINUE
CONTINUE-

READ (NREAD,MISC) S —
DO 3100 I=1,IDIM3 Lo : =3

DO 3000° J=1,IDIM3 - :

ICOMM(I,J) =1 . S e . - o o
CONTINUE .. - Lo : , AT S L
CONTINUE : » B o )
IF (NCOM.EQ.0) GO TO 3500

DO 3300 I=1,NCOM

READ (NREAD,SEE)

DO 3200 J=1,4

IAD(I,J) = IV(J)

CONTINUE

,CONTINUE .

IF (NNCOM.EQ. 0) GO TO 3900
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"DO 3800 1=1; NNCOM_,;*
-READ (NREAD,NSEE):-
DO 3700 J=1,4 .
- NAD(I, J)*"'NV(J)
3700 CONTINUE'
3800 CONTINUE . B B
3900 CALL COMM(NCOM NNCOM NSM IDIMI, IDIM3 IDIM4 IDIMS5, NFC IAD NAD
1 7 T ICOoMM)
$ROOM = .(IROOM.EQ.1)
IF ( NOT. $ROOM) GO TO 5000

READ ROOM CHARACTERISTICS

' READ (NREAD ROOM)

~ ADOOR = DWID*DHGT -
$DOOR - (ADOOR.LE.1:E~2)

- CDOOR ="3. S6*DCF*ADO0R*SQRT(DHGT) ,
CFV =352.6%VFV L AN
CF = 1000.*%CFV = s '
IF (INITG.EQ.1):READ (NREAD GINIT)

"IF (DCF.EQ.0.).DCF = 1. = ‘

. IF. (GABSRP.EQ.0.) GABSRP ='1.4
IF (PLCF1.EQ.0.) PLCF1 = 1.

.5

IF..(PLCF2.EQ.0.) PLCF2'= .5
IF (RTEMP.EQ.0.) RTEMP = 298. :.
IF (THETA.EQ.0.) THETA =5 "

' WFVC =-CFV/RTEMP .- e i
5000 READ (NREAD, MODVAR) o Hooe
DO 6000 I=1,15" o PO A

IF - (FCTR(I).LE.0; o) FCTR(I)

" 6000 CONTINUE

READ (NREAD CUTF)

'$'ECHO CHECK FOR INPUT DATA

CALL INCHK (FX FY, FZ ,QEXT, DEP FLNG FLOSS FMASSO POR, WID BRATSO
-1 BRATS1,BRATV,DENS,DIFF, FABSRP,FIGTP, FIGTS GAMMA ;HEAT, REFL, SPHT
2 THK, PMASS IDIR,IORT, ITYP,NFC,IFUEL,IPIL, IPFUEL JPIL,IAD, NAD
“3 $BF,sCF, $DF SWF, IDIM1,IDIM2,IDIM4; IDIMS NCOM, NFUEL NJOB
4 NNCOM NPILOT NSM, NTIME NWRITE) Y

INITIALIZE JOB VARIABLES

CALL INIT(QEXT SUMQSQ FX FY FZ TEMP $BURN $FMASS AREA DELS, POR

-1 WID,BRATSO,BRATS1,BRATV,HEAT,PBRATV,PBRTSO,PBRTS1, PHEAT, PMASS
. 2 IDIR,IORT,NFC,IPIL,IPFUEL,JPIL, $PMASS ICOMM $B $C, $w IDIMl

-3 IDIM2,IDIM3;NFUEL,NPILOT ,NSM)

TIME = 0.0 - . L

.DO. 7000 ITIME 1, NTIME » ‘

 TIME-STEP INITIALIZATIONS o

‘CALL TINIT(FLHT FLTEMP Q QDOTZP QEXT QEXTO $PIGN $STRTO NFC
1 IDIMl IDIMZ NSM) ,




COMPUTE SOURCE HEAT FLUXES
CALL SOURCE(BRAT FLHT FLTEMP,FMASS, FZ GAMN Q QDOTC QDOT2P QEXT
1 QEXTO,TEMP,AREA’,DELS ,DEP,FMASSO,POR,RAD,VWID, PBRATV, PBRTSO, PBRTS1,
2 PHEAT,PMASS PMDOTS_BRATSO BRATS1,BRATV DIFF»GAMMA HEAT,REFL,THK,
3 ICOUNT, IORT,ITYP,NFC,IPIL,IPFUEL JPIL'$BURN'$FMASS'$STRTO,$TOP,

4 $B;$C,$D,$W, $PMASS IDIM1,IDIM2, NFUEL NPILOT NSM NWRITE)
IF ($END) GO TO 8000 ' ; L P

g COMPUTE HEAT FLUX TRANSFER TO RECEIVERS
*CALL TRANSF(FLHT FLTEMP FX, FY FZ QDOTC QDOTZP QEXT TEMP AREA
1 DELS,RAD, WID FABSRP, GAMMA ICOUNT IORT; ITYP,NFC; ‘ICOMM, $BURN
-+2 $PIGN,$B, $C,$D,$W, IDIMl IDIMZ IDIM3 NFUEL NSM NWRITE)
IF ($END) GO TO 8000 : : .
DETERMINE IF OTHER FUEL CELLS IGNITE

CALL IGNIT(QEXT SUMQSQ TEMP DIFF FIGTP FIGTS THK ITYP NFC
1 $BURN $FMASS $PIGN $B $C, $D $W IDIM1, IDIM2 NFUEL ,NSM)-

OUTPUT FOR EACH TIME STEP
CALL OUTPUT(FLHT FLTEMP FMASS QDOTZP QEXT TEMP $BURN NFC, MSMOUT

. 1 IDIM1,IDIM2,NSM,NSMOUT; NWRITE)
TIME = TIME + DELT '

© 7000 CONTINUE
8000 CONTINUE .y
9100 FORMAT (20A4)
' 9000 STOP

END. -
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c

c

CHRFRFRETRTTTSARTTRNFRENTRRddSddddddddbdddodddddoridoldodhdddoddildiidiofikdns

SUBROUTINEEINCHK:(FX,FY,FZ,QEXT,DEP,FLNGiFLOSS;FMASSO,POR,WID,

C SUBROUTINE INCHK (READ' CHECK FOR INPUT DATA)

| Qe il edolieie ek einioledeine il ke deiioleelnloioiole i iioedeioioieiiioe e ook
- ' ; . %
.

%

'1 BRATSO,BRATS1,BRATV,DENS ,DIFF; FABSRP,FIGTP,FIGTS,GAMMA  HEAT ,REFL,

2 SPHT,THK,PMASS,IDIR,IORT,ITYP,NFC,IFUEL,IPIL, IPFUEL,JPIL,IAD,
3 NAD, $BF,$CF,S$DF, $WF,IDIM1,IDIM2,IDIM4,IDIM5 ,NCOM,NFUEL,NJOB,

4 NNCOM,NPILOT,NSM,NTIME NWRITE)

IMPLICIT LOGICAL ($) : -
DIMENSION QEXT(IDIM1,IDIM2), FX(IDIMl IDIMZ), FY(IDIMl IDIM2),

S

1

W=

DIMENSION

1

-1
2

WRITE.
. WRITE

WRITE
WRITE

- WRITE

- ‘WRITE
WRITE

WRITE .

WRITE

WRITE
WRITE -

WRITE

WRITE

WRITE
WRITE
WRITE
WRITE

DIMENSION

DIMENSION

HFZ(IDIMl IDIM2).

DEP(NSM), FLNG(NSM), FLOSS(NSM), FMASSO(NSM), POR(NSM),
WID(NSM), IDIR(NSM), IORT(NSM), ITYP(NSM), NFC(NSM)
BRATSO (NFUEL), BRATS1(NFUEL), BRATV(NFUEL), DENS(NFUEL),
DIFF(NFUEL), FABSRP(NFUEL), FIGTP(NFUEL), FIGTS(NFUEL), '
GAMMA (NFUEL), HEAT(NFUEL), REFL(NFUEL), SPHT(NFUEL),

- THK(NFUEL), IFUEL(NFUEL),

$BF(NFUEL), $CF(NFUEL), $DF(NFUEL), $WF(NFUEL)
PMASS(NPILOT), -

- IPIL(NPILOT), IPFUEL(NPILOT), JPIL(NPILOT)
DIMENSION IAD(IDIM&4,4), NAD(IDIMS5,4)
COMMON /ALL/ ACEIL, AWALL DELT, FCTR(lS), FLCF RTEMP, TIME

ICEIL,
$DOOR,

“TITLE(20),,. "
IJOB 'INCHCK;. INITG, IOUTPT, MOUTPT(ll),H

$END, “$ROOM -

COMMON /GAS/ A4, CDOOR, CF, CFV, DCF, DEN, DG DHGT DWID,

FC, FH, GABSRP, HCEIL, PLCF1, PLCF2,
~ TG, TGO, THETA, VFV, WFL, WFVC WFVH ZD, ZN
LDATA X/1HX/ ,» Y/1HY/ Z/lHZ/ '

(NWRITE,9000),

(NWRITE,9100)

(NWRITE,9101)
(NWRITE,9102)

(NWRITE,9103)
(NWRITE,9104)
(NWRITE,9105)
(NWRITE,9106)

“(NWRITE,9107)

(NWRITE,9108)
(NWRITE,9109)

(NWRITE,9110)
(NWRITE,9111)
(NWRITE,9112)

(NWRITE,9113)
(NWRITE,9114)
(NWRITE,9115)

TITLE ~IJOB, NJOB

FCTR(l)
FCTR(2)
FCTR(3)
FCTR(4)
FCTR(5)
FCTR(6)
FCTR(7)
FCTR(8)
FCTR(9)
FCTR(10)
FCTR(11)
FCTR(12)
FCTR(13)
FCTR(14)
FCTR(15)

- IF (INCHCK.EQ.0) RETURN
 WRITE (NWRITE,9200) NFUEL
".DO 6000 I=1,NFUEL '

WRITE

6, 9210) I

" IF. ($DF(I)) GO TO 1000

IF ($WF(I)) GO 'TO 12000
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IF ($BF(I)) GO TO 3000
- IF ($CF(I)) GO TO 4000 . . R T
© WRITE (NWRITE,9220) IFUEL(I) - - .- . = #. .. :
WRITE (NWRITE,9230) DENS(I) . . :
WRITE (NWRITE,9240) SPHT(I) ..
WRITE (NWRITE,9250) THK(I)
WRITE (NWRITE,9255) HEAT(I)
WRITE: (NWRITE,9260) FIGTP(I)
WRITE (NWRITE,9270) FIGTS(I)
WRITE  (NWRITE,9280) BRATV(I) -
" WRITE (NWRITE,9290) BRATSO(I)
‘WRITE (NWRITE,9300) BRATS1(I) ~ -
_ WRITE (NWRITE;9310) GAMMA(I): -« .
WRITE (NWRITE,9320) FABSRP(I) -
WRITE (NWRITE,9330) REFL(I)
GO.TO 6000 - .
- 1000 WRITE (NWRITE,9340) IFUEL(I)
‘" GO TO 6000 - '
2000 WRITE . (NWRITE,9350) IFUEL(I)
- GO .TO 5000 :

" 3000 WRITE (NWRITE, 9360) IFUEL(I)

GO,TO 5000. = : - o ‘ S P
* 4000 WRITE (NWRITE,9370) IFUEL(I) - : g mh :
" 5000 WRITE (NWRITE,9250) THK(I)
WRITE (NWRITE,9400) DIFF(I)
WRITE (NWRITE,9330) REFL(I) o
6000 CONTINUE
. ‘IF. (INCHCK.EQ.1) RETURN
_-IF '(.NOT.$ROOM) GO TO. 7000
.'WRITE (NWRITE,9500)
"~ WRITE . (NWRITE,9501) FLNG(ICEIL), WID(ICEIL), FZ(ICEIL 1)
VWRITE?(NWRITE,9510)1DHGT ‘DWID,. DCF
+.  WRITE {(NWRITE,9520)-VEV - .
. :  WRITE: (NWRITE;9525) FH, FC -, .
- WRITE:-(NWRITE,9530) PLCF1, PLCF2
. . WRITE:(NWRITE, 9540)'GABSRP ’
* WRITE' (NWRITE,;9550) THETA -
~ WRITE (NWRITE,9570) HCEIL
+ .IF (INITG.EQ.0) GO TO 7000 -
. WRITE (NWRITE,9580).TG,.DG.
WRITE: (NWRITE,9585): -
' DO 6900 I=1,NSM
NFCI =-NFC(I) e '
. WRITE. (NWRITE, 9590) (QEXT(I J) J=1 NFCI)
6900 CONTINUE RS -
7000 WRITE (NWRITE,9600) NPILOT
~ DO 7500 I=1;NRILOT-
WRITE (NWRITE,9605) I+ . =
‘WRITE (NWRITE,9610) .IPIL(I), JPIL(I)
WRITE (NWRITE,9620) IPFUEL(I) :
. WRITEf(NWRITE,9630)APMASS(I)
~ 7500 CONTINUE ', '
. -~ " WRITE (NWRITE,9700) NSM
~ DO 8000 I=1,NSM

-.-‘:6_3..-



WRITE (NWRITE 9705) 1 o B BE
; " WRITE" “(NWRITE,9710) FX(I;1), FY(I, 1), FZ(I, 1)
“ WRITE .(NWRITE;9720). FLNG(I) WID(I), DEP(I)
- WRITE (NWRITE, 97309 NFC(I) -

~ IF"(IDIR(I).EQ:1) DIREC =X - " 7 '*”;ﬁ
“. IF (IDIR(I).EQ.2) DIREC =Y ' . Sl
IF "(IDIR(I).EQ:3) DIREC = Z
IF (IORT(I).EQ.1) ORNT =X
IF (IORT(I).EQ:2) ORNT = Y
- IF (IORT(I).EQ.3) ORNT = Z

WRITE (NWRITE,9740) DIREC, ORNT
WRITE (NWRITE,9750) FMASSO(I)
"WRITE ; (NWRITE; 9760). POR(I) *

. 'WRITE (NWRITE, 9770) FLOSS(I)
v WRITE (NWRITE 9780) ITYP(I)
‘8000 CONTINUE *

. IF ((NCOM.NE. 0) OR. (NNCOM NE". 0)) WRITE (NWRITE 9790)
- IF (NCOM. EQ 0) GO TO 8500
WRITE (NWRITE, 9800) NCOM

DO 8200 I=1,NCOM -

-+ _ . WRITE (NWRITE 9810) I
8200 CONTINUE

.(IAD(I P J=1,4)

" 8500:IF (NNCOM.EQ.0) GO O 8900
‘WRITE (NWRITE, 9820) NNCOM -
DO 8800 I=1,NNCOM

WRITE (NWRITE 9810) 1'
- 8800 CONTINUE |

(NAD(I, J) J=1 4)

8900 WRITE (NWRITE, 9900) i
’ WRITE (NWRITE, 9910) RTEMP :

"WRITE (NWRITE,9920) FLCF
WRITE - (NWRITE,9930) DELT -

WRITE (NWRITE 9940) NTIME -

9000 FORMAT

(1H1, 'PROGRAM COMPBRN - A DETERMINISTIC CODE IO COMPUTE

b ]

THE PROGRESS OF FIRE o/ s 19X OVER A GIVEN FUEL ARRAY WITHIN',,,f

1
‘2 ﬁ? ENCLOSING ,/ 19X, BOUNDARIES
'3

9100
9101
9102
- 91031
9104
9105
9106
9107,
. 1
9108" FORMAT
1

9109 FORMATI

9110 FORMAT
9111 FORMAT
-9112 FORMAT
:9113 _FORMAT

9114 FORMAT

nINPUT DATA:
' (1H1, VARIABILITY "FACTORS FOR FIRE MODELS : "y :
..(1HO,5X, 'VENTILATION, CONTROLLED BURNING RATE';T89,F7. 4)
" (1HO,;5X, ' FUEL-SURFACE CONTROLLED BURNING RATE ,T89,F7.:4)
“ (1HO,5X,'FLAME HEIGHT FOR HORIZONTAL FUEL',T89,F7. 4)

" (1HO,5X, 'CONVECTIVE HEAT TRANSFER COEFFICIENT FOR

:(1HO SX CONVECTIVE HEAT TRANSFER COEFFICIENT FOR

ALL UNITS ARE IN THE

- SYSTEM: ', ///,1X,20A4,

', /17 % JOB',I3; OF 13 JOBS )

(1HO,5X;'FLAME HEIGHT FOR VERTICAL FUEL' T89 F7 4)

[ (1HO;5X, RADIATIVE HEAT FLUX INTERCHANGE T89 F7 4)

(1HO0,5X; 'BUOYANT PLUME.TEMPERATURE',T89, F7 &)

'"FLAME',T89,F7.4)

, 'PLUME',T89,F7.4) = -
(1HO,5X, * CONVECTIVE HEAT FLUX" 189, F7 4)

(1HO,5X .'HEAT ‘TRANSFER ‘TO-SELF - FOR VERTICAL FUEL' T89 F 4)f’f_ i

(1HO, 5X ! HEAT TRANSFER TO ADJACENT FUEL',T89;F7. 4) Lo
(1HO,5X; HEAT FLUX FROM CEILING HOT -GAS LAYER ,T89F7. 4)

(1HO,5X; "HEAT  FLUX FROMjREFLECTIONS ‘OFF" WALLS JT89 F7 .4)«
‘(1H0 5X CRITICAL TIME

jSPONTANEOUS IGNITION T89 F7 4)




9330

19115
9200

9210
9220

19230

FORMAT-
FORMAT
FORMAT
FORMAT
FORMAT
9240 FORMAT
19250° FORMAT
' 9255 FORMAT
9260 FORMAT
S
19270 FORMAT
o 1
9280 FORMAT
9290 FORMAT
9300 FORMAT
% |

'-9310 FORMAT

A |
- 9320

9340
9350
9360
9370
- 9400

FORMAT
FORMAT

1
9500@EQRMAT
19501 FORMAT

:'*9510 FORMAT

1
9520 FORMAT

9525 FORMAT

-1

9530 FORMAT'

1

9540 FORMAT

+ 9550 FORMAT

9570 FORMAT
Lo

9580 FORMAT
1

-2

9585 FORMAT

9590 FORMAT

9600 FORMAT
* ' 9605 FORMAT
9610 FORMAT

1
9620 FORMAT
9630 FORMAT

FORMAT -
FORMAT
FORMAT'

FORMAT
FORMAT

(1H0
(1H1,
‘(1HO,
(IHO
{1HO,
(1H .,
(1H -,
(1H ¢

(1H ,
QaH ,
(1H ,

(1

(IH

fIH

(1H ,
(1H ,

(1H -,

(1H. ,
(1H .,
(1H ,
(1H ,

(1H1

“(1HO

(1H

(1H ,
(1H ,

(1H
(1H ,
(1H ,

(lHO

(1H0

(1H1,
(1H -,

(1H1,
(1Ho,
(1HO,

(1H
(1H

, 10X, '"FUEL TYPE:
,10X, 'MASS (KG):

5X, 'CRITICAL: TIME TO PILOTED IGNITION' T89 F7.4)
5X, 'NUMBER  OF FUEL TYPES: 15) o
5X, "DATA FOR FUEL TYPE',I3,':')
10X, 'FUEL TYPE:",3X,13) |
10X, 'DENSITY (KG/M**3):',T90, ,F6.0)
10X, 'SPECIFIC HEAT (J/KG-K):',T90,F6.0)
10X, 'THERMAL CONDUCTIVITY (W/M- K):',T90,F6.3)
:10X, 'HEAT OF COMBUSTION (J/KG):',T84,G12. 4 -
10X, 'PILOTED IGNITION TEMPERATURE (DEG. X):",T90, -
. F6.0)
10X, ' SPONTANEOUS IGNITION TEMPERATURE (DEG. K):

. T90,F6.0) T
10X, ' VENTILATION CONTROLLED BURNING RATE FACTOR',

(KG/M**2.5-S): ', T84,G12.4) °

TOX SURFACE CONTROLLED SPECIFIC BURNING RATE

" (KG/M#**2-8):' ,T84,G12.4) .
10X, 'SPECIFIC BURNING RATE RADIATION AUGMENTATION
Y (KG/J-M¥*2): " T84, G12.4)
,10X, 'FRACTION OF HEAT RELEASED AS RADIATION
T90,F6.3) -
10X, ' SMOKE ATTENUATION FACTOR (MFs-1) ;.
,10X, '"REFLECTIVITY: ", T90,F6: 3)
10X, 'FUEL TYPE (DETECTOR) 'LI4)
,10X, '"FUEL TYPE (WALL): 14) :
10X, 'FUEL TYPE (BARRIER):',14)
10X, 'FUEL TYPE (CEILING):',I4)
10X, 'THERMAL DIFFUSIVITY - (M**Z/S)
G12.4)

,T90,F6. 3)

T84,

;/5X, 'ROOM PARAMETERS: ')
,10X,'CEILING LENGTH, WIDTH, HEIGHT (M):'
,lox;'DOOR'HEIGHT, WIDTH (M), ORIFICE ',

,T78,3F6.2)

'COEFFICIENT:',T78,3F6.2) ‘
10X, 'FORCED VENTILATION (M**3/S):',T89, F7.2)
, 10X, FORCED VENTILATION CONSTANTS (FH AND FC)

T84,2F6.2)

, 10X, PLUME ENTRAINMENT CONSTANTS (PLCF1 AND' ,

' ‘PLCF2):',T84,2F6.2)

10X, 'HOT GAS ABSORPTION COEFFICIENT (MF%-1 1,
" T90,F6.4)

10X, NUMERICAL ACCELERATION PARAMETER (THETA):

T89,F7.2)

10X, 'CEILING HEAT TRANSFER COEFFICIENT Y,
' (W/M*“Z DEG.K):',T90,F6.3)

// 6X, 'INITIAL CEILING GAS LAYER PARAMETERS :
11X, 'AVERAGE GAS TEMPERATURE ,T89,F7.2,/,
‘11x 'GAS LAYER DEPTH:',T89,F7.3) : -

"INITIAL HEAT FLUXES TO FUEL BED:',//)

'MODULE 13,7/, 10D12 4)

PILOT FIRE DATA:',/,6X, NUMBER OF PILOT FIRES:

5%, DATA FOR PILOT FIRE',I3,':")

10X, LOCATION OF PILOT FIRE (FUEL ARRAY,FUEL CELL)

,T89,13, ,13)
T91 15)
',T90;F6.3)”

'://;

,15)
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- 9730

19700 FORMAT.-

' 9705 FORMAT

'~ 9710 FORMAT
1

9720 FORMAT

1

9740
9770
9750
9760
9780
9790
9800

FORMAT.
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
2 .
3.

9810 FORMAT
9820 FORMAT

1
2
3
9900 FORMAT
9910 FORMAT

9920 FORMAT .

1
9930 FORMAT

9940 FORMAT
* RETURN'

END

FORMAT
FORMAT .

(1H1 5X, NUMBER OF: FUEL ARRAYS
(1HO,5X, DATA FOR FUEL ARRAY" I3 ")

IS)

"INITIAL FUEL CELL COORDINATES (X Y, Z) (M) T70, .

(1HO,10X,

- ' F8.2,1X,F8.2,1X,F8.2) o
(1H 10X, ' DIMENSIONS: (LENGTH,WIDTH DEPTH) (M) 0y = .-
e F8.2,1X,F8.2;1X,F8. 2). -

(1H ,10X, 'NUMBER OF FUEL CELLS:',T91,15)

(1H ,10X, 'DIRECTION OF- AXIS, ORIENTATION T86 Al 8X; A1)
(1H ,10X, 'HEAT LOSS - FACTOR (UNDEFINED) : T90 F6b§)

(1H ,10X, 'MASS (KG):',T88,F8.4) CL

(1H ,10X, 'POROSITY FACTOR (DIMENSIONLESS) ',T89,F7.4)
(1H ,10X, 'FUEL TYPE:',T91 ,15) :
"(1H1,5X, COMMUNICATION DATA:',/)

(1Ho,, 5X, NUMBER OF ADJACENT FUEL CELLS NOT IN SAME FUEL

.(1H .,
(1H0 // 6X, "NON- COMMUNICATION DATA:

' ARRAY:',IS5,//,14X,'FUEL CELL. "PAIR',3X, -

' (FUEL ARRAY FUEL- CELL) , (FUEL ARRAY FUEL CELL',/)
19X%,13, 12X,I13,8X,13,11X,13,8X I3) o
"/ 11X NUMBER OF "

NON COMMUNICATING FUEL CELLS:",I5; sl s G
14X FUEL CELL PAIR',3X,'(FUEL ARRAY FUEL CELL)

.{FUEL. ARRAY FUEL CELL) 1)
(1H1, 6X MISCELLANEOUS Yoo
10X, 'ROOM TEMPERATURE (DEG. K): T90 F6. 0)

(1H ,
(1H ,

‘(1H

(1H

10X, 'CONVECTIVE. HEAT TRANSFER COEFFICIENT FOR FLAME
' (W/M*%2-K):',T90, F6 2)

,10X, "TIME INCREMENT (s):',T90,F6.2)

,10X, 'NUMBER OF TIME STEPS FOR JOB:',T91,I5)




C

C*********************************************************************** .

*

c SUBROUTINE "INIT (INITIALIZATION OF PROBLEM PARAMETERS) ¥

c

*

C+******+**********+**************************+*++**+**+******+*********

SUBROUTINE INIT(QEXT,SUMQSQ,FX,FY,FZ,TEMP,$BURN, $FMASS,AREA,DELS,

1 POR,WID,BRATSO,BRATS1,BRATV,HEAT,PBRATV,PBRTSO,PBRTS1, PHEAT,

2 PMASS,IDIR;,IORT,NFC,IPIL,IPFUEL,JPIL,$PMASS,ICOMM,S$B, $C SW,
3 IDIM1,IDIM2,IDIM3,NFUEL,NPILOT ,NSM) ,

IMPLICIT LOGICAL ($)

DIMENSION QEXT(IDIM1,IDIM2), SUMQSQ(IDIMl IDIMZ), FX(IDIMl IDIM2),

1 - FY(IDIM1,IDIM2), FZ(IDIM1,IDIM2), TEMP(IDIM1,IDIM2, 10),
2 .+ $BURN(IDIM1,IDIM2), $FMASS(IDIMI1, IDIM2)

* DIMENSION AREA(NSM), DELS(NSM), POR(NSM), WID(NSM),

1 - IDIR(NSM), IORT(NSM), NFC(NSM),

2 “-$B(NSM), S$C(NSM), SW(NSM)

DIMENSION BRATSO(NFUEL), BRATS1(NFUEL), BRATV(NFUEL), HEAT(NFUEL)
DIMENSION PBRATV(NPILOT), PBRTSO(NPILOT), PBRTS1(NPILOT),.

1 PHEAT (NPILOT), PMASS(NPILOT),
2 - IPIL(NPILOT), IPFUEL(NPILOT), JPIL(NPILOT),
3 $PMASS (NPILOT) .

DIMENSION ICOMM(IDIM3,IDIM3)
COMMON /ALL/ ACEIL, AWALL, DELT, FCTR(IS), FLCF, RTEMP, TIME
‘TITLE(20),

+ 1
2 o ICEIL, IJOB, INCHCK INITG, IOUTPT, MOUTPT(11),
3

1
2
3
4
.C
C C
.
1100

$DOOR, $END, $ROOM
COMMON - /GAS/ A4, CDOOR, CF, CFV, DCF, DEN, -DG, DHGT, DWID,
1 FC, FH, GABSRP, HCEIL, PLCF1, PLCF2,
. TG, TGO, THETA, VFV, WFL, WFVC, WFVH, ZD, 2N
COMMON /VENTC/ AFUEL, AFUELO, CVA, CVAO,.FHTA, FRADA, FUELA, QMAX,

N

QTOT, QTOTO, QTOT1, QTOTZ2, TMDOT “TMDOTO,
TMDOTS, TQDOT,; TQDOTC, WIN, ZO0A,
NBURN, NBURNO,
$DECAY, $FLUX1, $FLUX2 $VENT, $VCONT
OMPUTE SHAPE FACTORS FROM WALLS, BARRIERS AND” CEILING TO OBJECTS

1J =

DO 1900 I=1,NSM

NFCI = NFC(I)

IF ($W(I).OR.$B(I).OR.$C(I)) GO TO 1100

1J ="1J + NFCI

GO TO 1900

‘DO 1700 J=1,NFCI

IJ=1J + 1

KL=0

DO 1500 K=1,NSM

NFCK = NFC(K)

DO 1300 L=1,NFCK

KL = KL + 1

IF (I.EQ.K) ICOMM(IJ, KL)

IF (ICOMM(IJ,KL).EQ.0) GO TO 1300

F12 = SﬁAPE(IORT(I) IORT(K), IDIR(I),FX(I,J),FY(I,J), ,
1 'FZ(1,J),FX(X,L),FY(K,L),FZ(K,L),DELS(I);WID(I))

- 67 -




1300
1500
1700
1900

2500

3000

3100
3200

~3300
3500
3700

~ NBURN

c

“CVA
TGO

ICOMM(IJ KL) ="IFIX(F12%1000.)
CONTINUE ' -
CONTINUE -

CONTINUE

CONTINUE

_IF (.NOT.$ROOM) GO ‘TO 3000

IF ((INITG.EQ.1).AND. (ZD GT.0. )) GO TO. 2500 .
TG = 300. , , .
ZD = 0.2%DHGT

ZN = 2.%ZD

IF (T6.EQ. o ) TG 300.

a é
G) -

QTOT = 0

QTOTO
QTOT1
QTOT2
AWALL
ACEIL = AREA(ICEIL)

QMAX = 4.21E6*FZ(ICEIL, 1)*ACEIL
SVENT = .FALSE.

o o

] -II o
O

$VCONT = .FALSE.
'$DECAY .= .FALSE.
$FLUX1 = .FALSE.
TMDOT = 0. :
TMDOTS = 0.

DO. 3700 I=1,NSM:. "
NFCI = NFC(I) ..
DO 3500 J=1,NFCI. -

'$BURN(I,J) = .FALSE. .. - +. 7

$FMASS(I,J) = ..FALSE.
IF ($ROOM. AND. (INITG EQ 1)) GO TO 3100 o

- SUMQsQ(1, J)
- QEXT(I,J) =
‘GO TO 3200 -

SUMQSQ(I,J) = QEXT(I, J)**Z
DO 3300 K=1,10
TEMP(I,J,K) = RTEMP
CONTINUE

CONTINUE ,

CONTINUE . . -

SEND = ‘FALSE.;f

AFUEL o

-

INITIALIZE PILOT FIRES

DO 4000 I=1,NPILOT
NBURN. = NBURN + 1 v
AFUEL = AFUEL + POR(IPIL(I))*AREA(IPIL(I))
$BURN(IPIL(I),JPIL(I)) = .TRUE: *.
IPTYP = IPFUEL(I)
PBRATV(I) -= BRATV(IPTYP)
PBRTSO(I) =- BRATSO(IPTYP)

"*FZ(ICEIL 1)*(DELS(ICEIL) + WID(ICEIL))

N




'PBRTS1(I) =/BRATSI(IPTYP) =~
'PHEAT(I) = HEAT(IPTYP) :
. $PMASS(I)'="iTRUE.  ~°~ -
4000 :CONTINUE '
END
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c e O *
c SUBROUTINE TINIT (PERFORMS TIME STEPLINITIALIZATIONS) - *
S * .: IZATIONS) - *

C*:‘f*** E*,‘--L*-L»L** Icul..l_’l.-l..h 1t nt L.I.*-LJ-.L-LJ.*.I.* k.L**-h*,l—-l- 'r’l.’l..l.-l.-l.’h-'..lr.lr k.l.-l- I-J_.L LJ‘-I_-I. '—.L-L.L L*»‘.**** o

SUBROUTINE TINIT(FLHT,FLTEMP,Q, QDOTZP QEXT, QEXTO $PIGN $STRTO
1 NFC,IDIM1,IDIM2,NSM)
IMPLICIT LOGICAL ($) o ’
DIMENSION FLHT(IDIM1,IDIM2), FLTEMP(IDIMl IDIMZ), Q(IDIM1,IDIM2),
1  QDOT2P(IDIM1,IDIM2),. QEXT(IDIM1,IDIM2), QEXTO(IDIMI, IDIMZ),
2 NFC(NSM), $PIGN(IDIM1,IDIM2), $STRTO(IDIM1,IDIM2)
COMMON /ALL/ ACEIL, AWALL, DELT, FCTR(15), FLCF,:RTEMP, TIME,
1 TITLE(ZO), '
2 - ICEIL, 1JOB, INCHCK, INITG IOUTPT MOUTPT(ll),
3 $DOOR, $END $ROOM
COMMON . /GAS/ A4, CDOOR, CF, CFV, DCF, DEN, ‘DG, DHGT DWID,
1 " FC, FH, GABSRP, HCEIL, PLCF1l, PLCF2, .
' TG, TGO, THETA, VFV, WFL, WFVC, WFVH, ZD, ZN
COMMON /VENTC/ AFUEL, AFUELO, CVA, CVAO, FHTA, FRADA, FUELA, QMAX
~ QTOT, QTOTO, QTOT1, QTOT2,. TMDOT, TMDOTO,
TMDOTS,  TQDOT, TQDOTC, WIN, ZOA
“_ NBURN, NBURNO, o
$DECAY, $FLUX1, $FLUX2, $VENT; SVCONT
IF ( NOT. $ROOM) GO TO 1000 - se
-CVAO = CVA*FCTR(I)
" CVA = o
" FHTA =
FUELA =
- TGO = T o
Z0A = 0. '
$FLUX2 = $FLUX1
$FLUX1 = .FALSE.
1000 ‘AFUELO = AFUEL
- =+ AFUEL =
TMDOTO = TMDOT
TMDOT =
TMDOTS. = o
TQDOT =
TQDOTC’
NBURNO
~ NBURN. = 0
- DO 2500 I=1,NSM
-..-NFCI = NFC(I)

"~ DO 2000 J=1,NFCI .
QEXTO(I,J) = QEXT(I,J)
QEXT(1,J) = 0.
$PIGN(I,J) = .FALSE.

N

W

0 ‘
NBURN.

" $STRTO(I,J) = FALSE
" FLTEMP(I,J) = 0.’
FLHT(I,J) = 0.
. QDOT2P(1, J) = 0.
.QI,3) =

20007 ‘CONTINUE
»25Q9 CONTINUE-




END
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c**+*+******¢¢+****+*¢*++++¢+**++++*+~*+*+¢+**+LL+u*L¢+¢*L«*+*+**¢+¢****v

c++**+**+*+*+****+¢**++++*¢**L*+¢*+**++*+¢*++¢++*+++*+**+++**********+*+‘
. - *
SUBROUTINE SOURCE (COMPUTES HEAT FLUX SOURCE STRENGTH OF FUEL *

ELEMENTS WALLS BARRIERS, AND CEILING) S
- *

SUBROUTINE SOURCE (BRAT,FLHT ,FLTEMP, FMASS,FZ ,GAMN, Q, QDOTC , QDOT2P,
1 QEXT,QEXTO,TEMP,AREA DELS ,DEP , FMASSO, POR ,RAD ,WID , PBRATV | PBRTSO,
2 PBRTS1,PHEAT,PMASS ; PMDOTS, BRATSO, BRATS1, BRATV DIFF, GAMMA ,HEAT,.
3 REFL,THK, ICOUNT, IORT ITYP,NFC,IPIL, IPFUEL,JPIL,
4 $BURN, $§FMASS, $STRTO', $TOP, $B, $C, $D, $W, SPMASS,
5 IDIMIL,IDIN2,NFUEL,NPILOT,NSM NWRITE)

IMPLICIT LOGICAL ($)

DIMENSION: BRAT (IDIMI, 1IDIM2), FLHT(IDIMI, IDIMZ),
FLTEMP (IDIM1,IDIM2), FMASS(IDIMI,IDIM2), FZ(IDIMI1, IDIMZ),‘
. GAMN(IDIM1,IDIM2), Q(IDIMI,IDIM2), QDOTC(IDIMI1,IDIM2),
. QDOT2P(IDIM1,IDIM2),. QEXT(IDIM1, IDIM2), QEXTO(IDTMI, IDIM2), *

_ TEMP(IDIM1,IDIM2,10), ‘
~ ICOUNT (IDIMI, IDIM2) .- $BURN(IDIM1 IDIMZ), :

$FMASS (IDIMI1,IDIM2), $STRTO(IDIM1,IDIM2),. $TOP(IDIMI, IDIMZ)
DIMENSION AREA(NSM), DELS(NSM), DEP(NSM), FMASSO(NSM), 'POR(NSM),

. RAD(NSM), WID(NSM), - .
TORT (NSM), 'ITYP(NSM), NFC(NSM),

.. $B(NSM);: $C(NSM), $D(NSM), $W(NSM)

DIMENSION PBRATV(NPILOT), PBRTSO(NPILOT), PBRTSl(NPILOT),

O\knl-\u‘l'\?r-t

WK =

-1 - PHEAT(NPILOT), PMASS(NPILOT), PMDOTS (NPILOT),

2 s 'IPIL(NPILOT), IPFUEL(NPILOT); JPIL(NPILOT),4
3 : $PMASS (NPILOT) ' S :
DIMENSION BRATSO(NFUEL), BRATS1(NFUEL) ,- BRATV(NFUEL) DIFF(NFUEL),’
1 - GAMMA (NFUEL) , HEAT(NFUEL), REFL(NFUEL), THK(NFUEL)

COMMON /ALL/ ACEIL, AWALL, DELT, FCTR(15), FICF, RTEMP, TIME,
1 TITLE(20),
- “ ICEIL, 1)0B, INCHCK, INITG, IOUTPT MOUTPT(ll),
$DOOR; , SEND, * $ROOM
COMMON /VENTG/. AFUEL, AFUELO, CVA, CVAO, FHTA, FRADA, FUELA, QMAX,
“QTOT, QTOTO, QTOT1, QTOT2, TMDOT,' TMDOTO,
TMDOTS, TQDOT, TQDOTC, WIN, Z04,.
NBURN, NBURNO, ‘ o
- SDECAY, $FLUX1 .$FLUX2, $VENT;f$VCONT'_ .

W N

TP WN

PILOT FIRE BURNING RATE

DO 1900 1 1,NPILOT
IF (.NOT.$PMASS(I)) GO TO 1900
IPILOT = IPIL(I) :
- JPILOT = JPIL(I)"
_ PAREA = AREA(IPILOT) . .
IF (PMASS(I).GT.O. 0) 60 TO 1500

"PAREA = 0. 0
- PMASS(I) =
" $PMASS(I) = FALSE SN "
1500 PMDOTS (1) = (PBRTSO(I) + PBRTSl(I)“QEXTO(IPILOT JPILOT))*
L1 . PAREA¥POR(IPILOT)*FCTR(2)

$STRTO(IPILOT JPILOT) = ($PMASS(I))

’“:f72"'ﬂ




1900 CONTINUE
.;DO 8000 I1=1,NSM

~“IF ($D(T).OR. $W(15‘0R $B(I) OR. $C(I)) GO TO sooo

FRMASS = .3*FMASSO(I)
ITYPE = ITYP(I) -

~ NFCI = NFC(I) x
~ ~“'$ORNT = (IORT(I).NE.3)
- DO 4000 J=1,NFCI ..

IF (.NOT.$BURN(I, J)) GO TO 4000
NBURN = NBURN +.1
$STRT = $STRTO(I,J)

. IF (.NOT.$STRT) GO TO 2500
. 2DO 2000 II=1,NPILOT . |
“IF ((I.NE. IPIL(II)) OR.(J. NE.JPIL(1D))) GO TO 2000

2000

. C
C.
. C.

aan

aQaaa

2500

INDEX = IT
GO TO 2500
CONTINUE

_ BURNING RATES (VENTILATION- AND FUEL SURFACE CONTROLLED)

AFUEL = AFUEL + AREA(I)*POR(I)

- FMDOTS = (BRATSO(ITYPE) + BRATSl(ITYPE) *QEXTO(I,J))*

» 1 * AREA(I)*POR(I)

IF ($STRT) FMDOTS = PMDOTS (INDEX)
IF (FMDOTS.GT.O0.) Go"Io 2700

" BRAT(I,J) = 0.

2700

$BURN(I,J) = .FALSE.
GO'TO‘4000

FMDOT = FMDOTS ;

IF (.NOT.$ROOM) GO T6“29oo

"FBV = BRATV(ITYPE) ..

"IF ($STRT) FBV = PBRATV(INDEX)

' ‘CVA = CVA + FBV*AREA(I)*POR(I)

2900

'IF ($VENT) FMDOT = WIN*AREA(I)LPOR(I) CVAO/AFUELO*“Z i

TMDOT = TMDOT + FMDOT
TMDOTS = TMDOTS + FMDOTS
BRAT(I, J) FMDOT '

- HEAT PRODUCTION RATE

QCOMB = HEAT(ITYPE) -

IF ($STRT) QCOMB = PHEAT(INDEX)

Q(1,J) = FMDOT*QCOMB

TQDOT = TQDOT + Q(I,J)

GAMN(I,J) = 1. - GAMMA(ITYPE)

IF ($STRT) GAMN(I,J) = 1. - GAMMA(IPFUEL(INDEX))

~-DECREMENT FUEL MASS

IF ($STRT) GO TO. 3000

XMASS = FMASS(I,J) - FMDOT*DELT
IF (XMASS.GT. -FRMASS) GOTO ‘3500
SBURN(I,J) = .FALSE.
$FMASS(I,J) = .TRUE.
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FMASS(I J) FRMASS

GO TO 4000 -
C_ DECREMENT PILOTvMASS ,
C
3000 PMASS(INDEX) MASS(INDEX) - FMDOT*DELT
GO TO 4000 . - .

3500 FMASS(I,J) =vXMASS
4000 CONTINUE S

FLAME HEIGHTS .

oo

~ VMDOT =
KCOUNT = :
DO 5900 J—1 NFCI .
IF (.NOT. $BURN(I J)) GO TO 5900
FMDOT = BRAT(I,J)
IF ($ORNT) GO TO 5100

FLAMES OVER HORIZONTAL FUEL SLABS

caa

FHT = (30. 64*RAD(I)“(BRAT(I J)/(AREA(I) SQRT(RAD(I))))*“ 61)
1 *FCTR(3)

IF ($ROOM) ZOA = Z0A + FZ(I,J)*TMDOT
GO TO 5700 \

C : A

€ 'FLAMES OVER VERTICAL FUEL SLABS

c- c

5100 VMDOT = VMDOT + FMDOT
'KCOUNT = KCOUNT + 1
IF ((J.LT.NFCI).AND. $BURN(I J+1)) GO TO 5500
FHT = (29.7%(VMDOT/WID(I))¥**.6667)% FCTR(&) + DELS (L)
IF ($ROOM) ZOA = ZOA + FZ(I J KCOUNT+1) VMDOT
VMDOY = 0.0
KCOUNT =
$TOP(I,J) = .TRUE.
GO TO 5700

5500 FHT = DELS(I)
$TOP(I,J) = .FALSE.

5700 FLHT(I,J) = FHT >
IF .(.NOT.$ROOM) GO TO 5900
FUELA = FUELA + AREA(I)
FHTA = FHTA + FHT*FMDOT

- 5900 CONTINUE

c :
C SOURCE STRENGTH OF FLAMES
C .
IF ($ORNT) GO TO 7000
HORIZONTAL FUEL SLABS

Toaaa

DO 6000 J=1, NFCI . i
IF (.NOT.$BURN(I,J)) GO TO 6000
HTFLUX = Q(I J)/(3 14159*RAD(I)+(RAD(I) + 2. *FLHT(I J)))

Sy -



© QDOT2P(1,J) = HTFLUX
FLTEMP(I,J) = SQRT(SQRT(HTFLUX/S 6697E 8))
QDOTC(I,J) = GAMN(I,J)*Q(I,J)
TQDOTC = TQDOTC + QDOTC(I J)
6000 CONTINUE

"GO TO 8000
c
C  VERTICAL FUEL SLABS
c :
7000 IBOTP = 1
7100 JCOUNT = »
$BOT = .FALSE.
"IBOT = IBOTP

DO 7300 J=IBOT,NFCI
IF (.NOT.$BURN(I,J)) GO TO 7300
IF (.NOT.$BOT) IBOTP =
$BOT = .TRUE. :
JCOUNT = JCOUNT + 1
ICOUNT(I J) = JCOUNT
IF ($TOP(I,J)) GO TO 7500
7300 CONTINUE :
GO TO 8000 _
7500 ITOP = IBOTP + JCOUNT - 1
. TFLHT =‘o o '
- VQDOT = o
DO 7700 J-IBOTP,ITOP
TFLHT = TFLHT + FLHT(I,J)
VQDOT = VQDOT + Q(I,J)
7700 CONTINUE _
QDOTC(I,ITOP) = VQDOT*GAMN(I,ITOP)
" HTFLUX = VQDOT/ (2.*TFLHT*WID(I))
FLAMT = SQRT(SQRT(HTFLUX/5.6697E-8))
‘DO 7900 J=IBOTP,ITOP
QDOT2P(I,J) = HTFLUX
FLTEMP(I,J) = FLAMT
7900 CONTINUE..
IBOTP = ITOP + 1
: IF  (IBOTP.LE.NFCI) GO TO 7100
8000 CONTINUE
IF (NBURNO.EQ.0) GO TO 9500
IF (.NOT.$ROOM) GO TO 8200
FRADA = SQRT(FUELA/3.14159)
FHTA = FHTA/TMDOT
Z0A = ZOA/TMDOT
8200 DO 8900 I=1,NSM
ITYPE = ITYP(I)
NFCI = NFC(I)
EPS = 1. - REFL(ITYPE)
TK = THK(ITYPE)
TDIFF-= DIFF(ITYPE)
DELX = DEP(I)/10. _
IF ($W(I).OR.$C(I)) GO TO 8500
IF ($B(I)) CALL BARR(IDIM1,IDIM2,I,NFCI,NWRITE,TK,EPS,
-1 _ DEP(I),FZ,QDOT2P,QEXTO,TEMP)
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IF- ($END) GO TO 9000
GO TO 8900 o Ceei R
/8500 IF ($C(I)) CALL CEILNG(EPS REFL(ITYPE) QDOTZP(ICEIL 1),

1 QEXTO(ICEIL, 1), TEMP(ICEIL 1, 1) FZ(ICEIL,1), NWRITE)ﬂ ‘
" IF ($END) GO TO 9000 - .
'DO 8700 J=1,NFCI
HL = HCEIL W '
'CALL DIFFUS(IDIM1,IDIM2,1,J NWRITE DELX,EPS FZ(I J),HL;:
1 . QEXT(I,J), QEXTO(I,J) ,TDIFF,TK ,TEMP)
IF ($W(I))-QDOT2P(I J) = 5.6697E-8*EPS*TEMP(I,J,1)¥¥4 4
1  REFL(ITYPE)*QEXTO(I, J) 5

. IF (SEND) GO TO 9000
8700 CONTINUE
8900 CONTINUE -

9000 RETURN

9500 WRITE (NWRITE 9600) B T
19600 FORMAT. (1HO, 'END OF JOB: NO FLAMES OVER FUEL BED ) 3

'$END = .TRUE. : . .
RETURN
END -
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e c**+%**********'*********%*4—*******#—*****%----\--:-'c****v'---+***++*********

c ’ S

' C SUBROUTINE TRANSF (COMPUTES HEAT FLUX TRANSMITTED TO FUEL . *
o C N ‘ ELEMENTS, WALLS, BARRIERS, AND CEILING). L
c - L L

C**s"**"c*********:‘-***"c"'*-‘-+W*:"****H"‘*i""*“*"*****“"*‘“**++++++*+**"‘******

‘SUBROUTINE TRANSF (FLHT ,FLTEMP,FX,FY,FZ,QDOTC,QDOT2P,QEXT,TEMP,

1 AREA,DELS,RAD,WID,FABSRP,GAMMA, ICOUNT, IORT,ITYP,NFC, ICOMM,

2 $BURN, $PIGN, $B,$C,$D,$W,IDIM1, IDIM2, IDIM3,NFUEL,NSM; NWRITE) : g
IMPLICIT LOGICAL ($) . ‘ !
DIMENSION FLHT(IDIM1,IDIM2), FLTEMP(IDIMI IDIM2), FX(IDIMI IDIMZ), o

FY(IDIM1,IDIM2), FZ(IDIM1,IDIM2), QDOTC(IDIM1,IDIM2),

'QDOT2P(IDIM1,IDIM2), QEXT(IDIM1,IDIM2),

" TEMP(IDIM1, IDIM2 10), ICOUNT(IDIM1,IDIM2),

, ‘$BURN(IDIM1,IDIM2), $PIGN(IDIM1,IDIM2)

DIMENSION AREA(NSM), DELS(NSM), RAD(NSM), WID(NSM),

IORT(NSM), ITYP(NSM), NFC(NSM);.
SB(NSM), S$SC(NSM), $D(NSM), $W(NSM)

- DIMENSION FABSRP(NFUEL), GAMMA(NFUEL).

DIMENSION' ICOMM(IDIMS3,IDIM3)

COMMON /ALL/ ACEIL, AWALL, DELT, FCTR(15), FLCF, RTEMP, TIME;

1 TITLE(20), o

2 . ICEIL, IJOB, INCHCK, INITG, IOUTPT, MOUTPT(ll),

3 ‘ $DOOR, $END, S$ROOM
COMMON /GAS/ A4, CDOOR, CF, CFV, DCF, .DEN, ‘DG, DHGT, DWID,

1 . FC, FH, GABSRP, 'HCEIL, PLCF1, PLCF2,

TG, TGO, THETA, VFV, WFL, WFVC, WFVH ZD, IN

COMMON /VENTC/ AFUEL AFUELO, CVA, CVAO, FHTA, FRADA, FUELA, QMAX

W N

N

N

1 QTOT, QTOTO, QTOT1, QTOT2, TMDOT, TMDOTO,
2 TMDOTS, -TQDOT,, . TQDOTC, WIN, " Z0A,
3 NBURN, NBURNO, A
4 $DECAY, $FLUX1, $FLUX2, SVENT, $VCONT
1J =0 AT L o
c ‘ , .
C  HEAT FLUX. SOURCE LOOP N ST - g

DO 5900 I=1,NSM
NFCI = NFC(I)
IF (.NOT.$D(I)) GO TO 1000
1J = 1J + NFCI o
GO TO 5900
1000 FRAD = RAD(I)
ITYPE = ITYP(I)
SWALBR = ($W(I).OR.$B(I).OR. $C(I))
$ORNT = (IORT(I).NE.3)
DO{SSOO'J=1,NFCI
J=1J +1
IF ($WALBR) GO TO 2000 S
IF (.NOT.$BURN(I, J)). GO TO 5800

CC
. C  FLAME LOCATION
" FLX =FX(1,J) -
FLY = FY(I,J)
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FLZ1 = FZ(I J)
IF ($0RNT) FLZ1 = FLZ1 - DELS(I)/Z
FLZ2 = FLZ1 # FLHT(I, J)
: HTFLUX = GAMMA(ITYPE) *QDOT2P(1,J)
2000 KL 0 ' : :

c
Cc HEAT FLUX RECEIVER LOOP
c

DO 5500 K=1,NSM
NFCK = NFC(K)

© 7 $IK = (I.EQ.K) -

' 3000 IF ($WALBR) GO TO 3500 S
SORNT2 = (IORT(X).NE.3) : R
SORNT3 = ($ORNT.AND. $ORNT2) ‘

3500 DO 5000 L=1,NFCK °

" KL =KL + 1
IF (ICOMM(IJ,KL). EQ 0) GO TO sooo
IF ($WALBR) GO TO'4700 :
IF (ICOMM(IJ,KL).EQ.2) GO To-sooo

RECEIVER LOCATION (FLAME LOOP)

aaa

FZKL = FZ(X,L)

FR = SQRT((FX(K,L) - FLX)**2 + (FY(K L) - FLY)**Z)
DELZ1 = ABS(FZKL - FLZ1) .

DELZ2 = ABS(FZKL - FLZ2)

" IF (FR.LE.RAD(I)) GO TO 4300

RADIATIVE HEAT FLUXES (WHEN FR.GT.FRAD) -

coaaa’

IF ($0RNT2) GO TO 4000
Ql = CYLPAR(DELZ1,FR,FRAD)
Q2 = CYLPAR(DELZ2,FR,FRAD)
GO..TO 4100
4000 Q1 = CYLPER(DELZ1, FR ,FRAD)
Q2 = CYLPER(DELZZ2, FRVFRAD)
4100 IF (FZKL.GT.FLZ2) Q2 = -Q2
IF (FZKL.LT.FLZ1) Q1 = -Ql
DELTQ = ((DELZ1%*Q1 -+ DELZZ“QZ)/FLHT(I J))*HTFLUX‘FCTR(S)
GO TO 4800

CONVECTIVE AND RADIATIVE HEAT FLUXES (WHEN‘FR.LE;FRAD).fril

aaooaoQ

4300 IF ((QDOTC(I,J).LT.100.).0OR.(FZKL.LT.FLZ1).OR.
1 ((I.EQ.K).AND.$BURN(K,L))) GO.TO" sooo
IF (FZKL.GE.FLZ2) GO TO. 4400
'$PIGN(K,L) = .TRUE. .
. DELTQ = GAMMA(ITYPE)* QDOTZP(I J) e
IF (.NOT.($BURN(K, L) OR. $ORNT2)) DELTQ QDOTZP(I,J)“'
GO TO 4800  ° N
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C PLUME TEMPERATURE USING ALPERT S CORRELATION
:C
aaoo PLTEMP = .169*(QDOTC(I, J)*¥*.6667)/(DELZ1%%*1, 6667) + RTEMP
- PLTEMP = AMIN1(PLTEMP,FLTEMP(I, J))*FCTR(6) '
IF (,NOT. $0RNT2) GO TO 4500

C FOR VERTICAL OBJECTS, HEAT 'TRANSFER ‘COEFFICIENT = FLAME COEFFICIENT %
PLCOEF = FLCF*FCTR(7) 3

GO TO 4600 .

HEAT TRANSFER COEFFICIENT FOR HORIZONTAL OBJECTS '

HeRks ke

4500 RKL = SQRT(DELS(K)*WID(K)/S 14159)/DELZ1
- PLCOEF = .64
IF (RKL.LT.0:18) PLCOEF 2 06"
. PLCOEF = (PLCOEF*(QDOTC(I J)/DELZ1)*%*, 3333)*FCTR(8)

c
~C CONVECTIVE HEAT FLUX
4600 DELTQ = PLCOEF*(PLTEMP - TEMP(I,J, 1))*FCTR(9)
GO TO 4800
C  WALL, BARRIER, AND CEILING SOURCES ;)
c ' | E

4700 DELTQ = ICOMM(IJ,KL)*QDOT2P(I,J)/1000.
" IF ((FZ(K,L).GT.ZD).AND.SROOM) . ’
1 5 DELTQ = DELTQ + HCEIL*(TG - TEMP(K L, 1)) -
4800 QEXT(K,L) = QEXT(K,L) + DELTQ ‘
$FLUX1 = .TRUE.
5000 -CONTINUE
5500. CONTINUE

HEAT TRANSFER TO SELF FOR VERTICAL FUEL CELLS o
(USING A BEST-FIT FOR THE SHAPE 'FACTOR FROM- FLAME TO FUEL)

‘an0oa

IF. (( NOT. $0RNT) OR.$VCONT.OR: $WALBR) GO TO 5800
~ XCOUNT = ICOUNT(I,J)

_VSHAPE = -.197 + .24*WID(I) + .02*FLHT(I,J) + 0538“DELS(I)
1 * (XCOUNT - .5) + .0256% DELS(I)*(XCOUNT- 5)/FLHT(I J)
2 + 0724*FABSRP(I)

VSHAPE = AMIN1(1l.,AMAX1(0.,VSHAPE))
DELTQ = GAMMA (ITYPE)*QDOT2P(I,J)* VSHAPE*FCTR(IO)
QEXT(I,J) = QEXT(I,J) + DELTQ
5800 CONTINUE
5900 CONTINUE
IF (.NOT. $ROOM) GO TO 6000

. DETERMINE IF VENTILATION CONTROLLED (USING SIMPSON'S‘RULE
- EXTRAPOLATION FOR HEAT -SUPPORT BY AIR INITIALLY IN ROOM:-:

(oMo NoNe]

DQTOT = DELT* (-QTOTO + 8.*QTOT1 + 5.*TQDOT)/12.
QTOT = QTOT + DQTOT
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QTOTO é QTOT1
~ +"QTOT1 = QTOT2 -
‘QTOT2 = TQDOT ;1
"$FLUX = ($FLUX1.AND.$FLUX2)

nooao

6000

©.6050

IF ((.NOT.$VENT).OR.($VENT.AND. $DECAY AND $FLUX)) TMDTSO = - TMDOTS:
TMDOTV = CVAO*WIN/AFUELO ER =
$VENT = ((TMDOTV.LT.TMDTSO) .AND. (QTOT GE. QMAX))

$DECAY  ($DECAY..OR. (NBURN.LT. 'NBURNO) ) -

$VCONT ($VENT ‘AND. .NOT. $DECAY)

HEAT TRANSFER TO ADJACENT (NON- BURNING) FUEL CELLS FROM
’ CONTINUOUS PROPAGATION OF FLAMES '

13 =

DO 6900 1=1,NSM

NFCI = NFC(I) L
IF (.NOT.($D(I).OR. $W(I) OR. $B(I) OR $C(I))) GO TO 6050

IJ = IJ #<NFCI - - & R i e

GO TO 6900
ITYPE = ITYP(I)
SORNT = (IORT(I) NE. 3)

DO 6600 J=1,NFCI’ J:E-»=f§5~a~:!ffpyw;

CITJ =13+ 1

C.

IF (.NOT.$BURN(I,J)) GO TO 6600
;FLZ FZ(I J)

c CONDUCTIVE HEAT TERM

c

1 © WID(I)

QCOND (. 01157+5 6697D SJFLTEMP(I J))“(FLTEMP(I J) TEMP(I J 1))*

KL'=0

DO 6400  K=1,NSM

" AREAK = WID(K)*DELS(K)

DO 6300 L—1 NFCK
"KL = KL +'1

'NFCK = NFC(K)
$0RNT2 -(SORNT. AND. (IORT(K) NE 3))

IF ((ICOMMEIJ,KL)-. NE. 2) 0R_$BURN(K L)) GO TO 6300‘_m

- IF. ($ORNT2) ‘GO TO 6100

* QRAD-'= GAMMA (ITYPE)* *QDOT2P(I, J)*AREA(I)

x,LDELTQ (QRAD + QCOND)/AREAK

6200

e 6300
:~“§400

L 16600
“ 26900

.60 TO 6200
6100.

DELTQ = QCOND/AREAK I

IF ((1.EQ.K).AND: (L.GT.J)) DELTQ = QDOTZP(I J)
QEXT(K,L) = QEXT(K,L) + DELTQ*FCTR(ll)
$PIGN(K,L) = .TRUE.

CONTINUE
CONTINUE
CONTINUE ~
'CONTINUE .'::..
END.
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C SUBROUTINE IGNIT (DETERMINES IF. XPOSED FUEL ELEMENTS IGNITE) lf. o

c : *o
c**+**++*+*+*****++***+¢+*++*+****+++¢**++*+*+*v+*+****¢+*****+***+****+,;
SUBROUTINE IGNIT(QEXT;, SUMQSQ TEMP,DIFF,FIGTP,FIGTS, THK, ITYP,NFC,
1 $BURN, $FMASS $PIGN, $B,$C, $D $w, IDIMl IDIMZ NFUEL NSM) :
IMPLICIT: LOGICAL (§$)
DIMENSION QEXT(IDIM1, IDIMZ),'SUMQSQ(IDIMl IDIMZ), . :
1 TEMP(IDIMl IDIMZ 10), $BURN(IDIM1' DIMZ), $FMASS(IDIM1 IDIMZ),
2. $PIGN(IDIM1 IDIM2) - - »
DIMENSION DIFF(NFUEL); FIGTP(NFUEL), FIGTS(NFUEL), THK(NFUEL),Vf'

1.0 " ¢ ITYP(NSM); NFC(NSM); $B(NSM), $C(NSM); $D(NSM), $W(NSM)
COMMON /ALL/ ACEIL, AVALL, DELT, FCTR(15),:FLCF, RTEMP, TIME,
174, “TITLE(20), ~ . .
2 CICEIL, I1JOB, INCHCK INITG IOUTPT MOUTPT(ll),
3 $DO0R $END $RO0M , ‘

- DO 8000 I= 1;NSM.’ :

- IF ($D(I) OR: $W(I) OR. $B(I) OR $C(I)) GO. TO 8000 °
© ITYPE = ITYB(I)™ . . s EE T
. “NFCI.= NFC(T) |

DO 7000 J=1,NFCI - . o
" IF ($BURN(I,J).OR. $FMASS(I J)) GO TO 7000 »
“'TIG = FIGTS(ITYPE) - e

IF ($PIGN(I J)) TIin =;FIGTP(ITYPE) , Co
SUMQSQ(I,J) = SUMQSQ(I,J). + QEXT(I, J)*“Z‘DELT ,
. IF (SUMQSQ(I, J).NE.0.) GO TO 6000 g
~* TCRIT = 1.E30 . - ,
;. GO TO: 6100 '
~ 6000 IF (TIME.NE.O.): AVGHT = SUMQSQ(I J)/TIME
IF (TIME.EQ. 0.). AVGHT = QEXT(T, J)HH2: ., Lo
TIMIG = .7854%(THK(ITYPE)*(TIG® + TEMP(I J 1)))**2/
1 . (DIFF (ITYPE)*AVGHT) -
TCRIT = TIMIG*FCTR(14)
IF ($PIGN(I,J)) TCRIT = TIMIG“FCTR(lS) ,
- 6100 IF" ((TIME. LT. TCRIT) OR. (TIME EQ 0. )) GO TO 7000_
" "$BURN(I,J) =.TRUE. o
. $PIGN(I,J) = .TRUE. Atfa.-
© 7000 CONTINUE = . - Ce
8000 CONTINUE:.
"RETURN
END =
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c , N R - o ) “ *
C 'SUBROUTINE ; OUTPUT : (PRINTS' PROGRAM OUTPUT-) h e AR

C*++++++*’L-L*J¢J‘-*’L l-* l:.l_.l-*,lrvl_.lf.’_ L-L L-I-’LJ--I-J‘.LJ-J‘J_.L-I{-I-J.J‘&J-J- '--I--' J.’L nlao '-J.’I-J- nle u! L.l_’l_ I..I..L lru"-l.’h-l-.b»l-’l-*

SUBROUTINE OUTPUT (FLHT ; FLTEMP,FMASS QDOTZP QEXT, TEMP, $BURN NFC,
1 MSMOUT,IDIM1,;IDIM2,NSM,;NSMOUT NWRITE)

IMPLICIT LOGICAL ($) '

 DIMENSION FLHT(IDIM1,IDIM2), FLTEMP(IDIMl IDIM2),

"1 * FMASS(IDIM1;IDIM2), QDOT2P(IDIMI1;IDIM2),
2 _ QEXT(IDIM1,IDIM2), TEMP(IDIM1,IDIM2,10);
3 % $BURN(IDIM1,IDIM2), MSMOUT(NSMOUT), NFC(NSM)“
COMMON /ALL/: ACEIL, AWALL; DELT, FCTR(15), FLCF, RTEMP,’ TIME
1 o "TITLE(20), :
2 . - ICEIL, IJOB, INCHCK, INITG, IOUTPT MOUTPT(ll),
3 " $DOOR, $END, S$ROOM ‘

COMMON /GAS/ A4, CDOOR, CF, CFV, DCF, ‘DEN; DG DHGT, DWID
- FC, FH, GABSRP, HCEIL, PLCF1, PLCF2, -
: TG, TGO THETA, VFV, WFL, WFVC,~WFVH, ZD, ZN ,
COMMON /VENTC/ AFUEL, AFUELO, CVA, CVAO, FHTA,:FRADA, FUELA, QMAX,
' QTOT, QTOTO, QTOT1, QTOT2, TMDOT;. TMDOTO ‘
TMDOTS, TQDOT, TQDOTC, WIN, ZOA, o
"NBURN, 'NBURNO,, o
- . - $DECAY, $FLUX1, $FLUX2 $VENT $VCONT
WRITE (NWRITE 9000) TITLE, TIME %
$OUT ‘= (NSMOUT.EQ.0)
IF*(IOUTPT NE.0) GO TO 2000
WRITE -(NWRITE,9100) TMDOT -
IF ($OUT) RETURN _ '
DO 1000 I=1,NSMOUT - .
K = MSMOUT(I)
_NFCK = NFC(K) ) z S
WRITE (NWRITE,9500) K ($BURN(K,J),J=1,NFCK)
1000 CONTINUE i T
RETURN
2000 DO 5000.I1=3,I0UTPT
INDEX = MOUTPT(II)
GO TO (2100,2300,2500, 2700,2900, 2900 2900 2900 2900 2900 2900),
-1 INDEX
2100 WRITE (NWRITE,9100) TMDOT
GO TO. 5000
2300 WRITE (NWRITE, 9200) TQDOT
GO TO 5000 °:° : ,
2500 WRITE (NWRITE 9300) TG
GO TO 5000 ‘ o
. 2700 WRITE (NWRITE 9400) DG
: GO TO 5000
12900 IF ($OUT) GO TO 5000
" WRITE (NWRITE,9450)
DO 4000 I=1,NSMOUT .
MSMOUT(I) ‘
NFCK NFC (K) . ’ : ‘ _
GO TO (400044000, 4000 aooo 3000 3100 3200 3300 3400 3500 3600),
1 INDEX . : SR

N

SN
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3000 WRITE (NWRITE,9500)
© GO TO 4000 - o
' 3100 WRITE_(NWRITE 9600) K, (QDOTZP(K J) J=
GO TO 4000 ;
3200 WRITE. (NWRITE, 9700) K, (QEXT(K J) J—l NFCK)
‘G0 TO 4000 ~ * - s
3300 WRITE (NWRITE, 9800) K;’(FMASS(K J) J=1 NFCK)z'
o G0. TO .4000 :
3400 WRITE" (NWRITE, 9900) K,:(FLHT(K J) J—l NFCK)
" GO TO 4000 ' o
3500 WRITE (NWRITE,5930) K,_(FLTEMP(K J) J— h__hmprg
. GO TO 4000 . **” e
3600 WRITE (NWRITE,9950) K,'(TEMP(K J 1) =1 NFCK)
4000. CONTINUE -

NFCK)

5000 CONTINUE S ‘

19000 FORMAT (1H1,20A4 /, TIME (SEC) ,F6.0; //) -
9100 FORMAT (1H ,'TOTAL MASS BURNING RATE (KG/S) ,G12.4) .

© 9200 FORMAT (1H ,'TOTAL HEAT RELEASE RATE :(W): ,612.4)

9300 FORMAT (1H , HOT GAS LAYER TEMPERATURE; (K). ,G12:4j"*_
~ 9400 FORMAT (1H ,'HOT GAS LAYER THICKNESS (M) :v,G12.4){ﬂ

9450 FORMAT (1HO)

9500 FORMAT (1H ,'MODULE:',14,3X, BURNING ?',10611.3) "
9600 FORMAT (1H ,'MODULE:’',14,3X,'SRCE FLUX',10G11.3) "
'9700°FORMAT (1H ,'MODULE:',14,3X,'EXT FLUX ',10G11.3) -

9800 FORMAT (1H ,'MODULE:',I14,3X,'FUEL MASS,,10G11 3) -
9900 FORMAT (1H ., 'MODULE:',I4,3X,'FLAME HGT',10G11.3)
9930 FORMAT (1H ,'MODULE:',I4,3X,'FLAME TMP',10G11.3) -
9950 FORMAT (1H ,'MODULE:",I14,3X,'FUEL TEMP 10G11,3) .

RETURN ‘
END
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SUBROUTINE ADJCTP FILLS IN BLOCKS OF .THE ADJACENCY MATRIX. -
IF NADJ(IND,2) EQUALS '999', MODULE NADJ(IND,1) DOES NOT : -
COMMUNICATE WITH MODULE NADJ (3). IF NADJ(2) EQUALS '8s8s’', -
MODULE NADJ(IND,1) DOES NOT COMMUNICATE WITH MODULES NADJ (IND 3) -
THRU NADJ(IND,4) . : o , -

SUBROUTINE ADJCTP(IJ KL,NFCL, NSTOP IDIM3, ICOMM)
- IMPLICIT LOGICAL ($) g
DIMENSION ICOMM(IDIM3,IDIM3)
I11J = 1J ,
DO 2000 LI=1,NFCL
KKL = KL
DO 1000 LL=1,NSTOP
‘KKL = KKL + 1
ICOMM(II1J,KKL) =
1000 CONTINUE
IIJ=11J + 1
2000 CONTINUE
RETURN
END
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SUBROUTINE ‘BARR COMPUTES THE HEAT FLUX FROM A THERMAL\BARRIER E
~ ASSUMING THAT THE THERMAL WAVE PENETRATES THE: BARRIER INSTANTLY‘

SUBROUTINE BARR(IDIMI IDIM2,I, NFCL, NWRITE TK,EPS, FDEP
1 - FZ,QDOT2P, QEXTO TEMP)

IMPLICIT LOGICAL ($) : '

. DIMENSION FZ(IDIM1,IDIM2), QDOTZP(IDIMI IDIMZ),

1 QEXTO(IDIM1,IDIM2), TEMP(IDIM1,IDIM2,10) =
COMMON /ALL/ ACEIL, AWALL, DELT, FCTR(lS),VFLCF RTEMP, TIME
1 : TITLE(ZO), _ ’
2 ~ ICEIL, IJOB, INCHCK, INITG IOUTPT MOUTPT(ll),
3 $DOOR, $END, $ROOM - .°
COMMON /GAS/ A4, CDOOR,” CF,.CFV, DCF, DEN, DG DHGT DWID,
1 . " 'FC, FH, GABSRP, HCEIL, PLCF1, PLCF2,
2 TG, TGO, THETA, VFV; WFL WEVC, WFVH 2D, ZN
DO 1000 J=1,NFCL
J1 =737
TE = RTEMP

500

IF (SROOM.AND.(FZ(T,J).GT. zn)) TE = TG
BOLD = TEMP(I,J,1)

AOLD = (TEMP(I J 10) - BOLD)/FDEP

JCOUNT =
TB1 = BOLD
TB2 .= 'AOLD*FDEP + BOLD

F = -TK*AOLD - HCEIL*(TE - TBl) - 5. 6697E-B*EPS* (TE#%4" = - TB1%%4 )

1 - EPS*QEXTO(I J)

"G = -TK*AOLD - HCEIL¥*(TB2 - TE) - 5.6697E=8#EPS* (TB2%%4 = TE¥%*4)

-FA = -TK

FB.= HCEIL + 2. 268E 7*EPS*TB1#¥*3 o '
GA = -(TK + HCEIL*FDEP + 2.268E-7*EPS*FDEP* TB2”*3)
.GB= : Lo

-(HCEIL + 2.268E- 7“EPS“TB2**3)

"D = FA*GB - GA*FB " "

ANEW = AOLD - (F*GB - G* FB)/D

‘BNEW = BOLD - (G*FA - F*GA)/D
TB1P = BNEW T S
. TB2P = ANEW*FDEP + BNEW
. ERR1. = ABS(TB1P - TB1)
. ERR2' = ABS(TB2P - TB2)

IF ((ERR1.LE.1.).AND.(ERR2.LE.1.)) GO TO 700
IF (JCOUNT.GT.30) GO TO 8000

- AOLD"=. ANEW

700

1000

8000
8100

BOLD = BNEW

JCOUNT = JCOUNT + 1
GO TO 500
TEMP(I,J,1). = TBI1P

TEMP(I,J,10) = TB2P

QDOT2P(I,J) = 5.6697E- 8“EPS“(TB2P*“4 - TE**Q)

CONTINUE

GO TO 9000 . o
WRITE (NWRITE 8100) I, J1, JCOUNT, TB1P, ERR1, TB2P, ERR2
FORMAT (iHO,'ITERATION MAX EXCEEDED- IN. SUBROUTINE BARR:',/,
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3

1. MODUiE:',14;3x,'FUELacELL‘ 14/, NO. OF ITERATIONS;'
2 /," HOT WALL- TEMPERATURE : .G12.4, 5X, 'ERROR: ',612.4,/,
3 1 -

COLD WALL: TEMPERATURE _G12 '4,5X, "ERROR: ' ,G12.4)

“$END '="“TRUE. , * . ; .~
9ooo RETURN - :
_ END
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SUBROUTINE CEIING CALCULATES' THE CEILING HOT GAS LAYER BEHAVIOR -
USING ‘AN’ IMPLICIT ‘DIFFERENCE SCHEME TO SOLVE THE HEAT CONDUCTION - -
PROBLEM FOR THE, CEILING AND A STEPWISE ITERATION SCHEME FOR T6 -

™
€
.C
c .'
C
g C
o

: SUBROUTINE CEILNG(EPS WREFL, QCEIL QEXTC TCEIL ZCEIL, NWRITE)
IMPLICIT LOGICAL . ($153_ , ,

DIMENSION .2(2,2) ' : ' ‘
_COMMON /ALL/ ACEILy AWALL DELT FCTR(lS), FLCF, RTEMP TIME
1 TITLE(ZO), .
2 - ICEIL, IJOB,* INCHCK, INITG IOUTPT MOUTPT(ll),
3 " $DO0R ‘$SEND, $ROOM ~
COMMON /GAS/ ‘A4, :CDOOR;- CF,” CFV, DCF DEN; DG, DHGT "DWID,

: 'FC, FH, GABSRP, 'HCEIL, PLCFl ‘PLCF2,

“'TG, TGO, THETA, VFV, WFL, WFVC, WFVH, ZD, ZN

COMMON /VENTC/ AFUEL, AFUELQ, CVA, CVAO FHTA,. FRADA, FUELA QMAX,.

i QTOT, QTOTO, QTOT1, QTOT2, TMDOT, TMDOTO
“TMDOTS, TQDOT," TQDOTC WIN, ZOA; s
'NBURN, NBURNO, o
$DECAY, $FLUX1 ' §FLUX2, $VENT,f$VCONT5

N

ES SN OURN N3

C CHARACTERIZE HOT GAS LAYER

}er TMDOT*(PLCFl*FHTA/FRADA + 1 )**2 5 ﬁ
FSIG = EPS*5.6697E-8 e
IF (VFVILE.1.E-3) GO TO 1000 -
DF = FH - FC-. ‘ to
*. DFMX = (TQDOTC + ACEIL*(HCEIL*(TCEIL - RTEMP) + FSIG*(TCEIL**& -
“:1 .. RTEMP**4)))/CF * : §
A3 HCEIL/FSIG Lo o :
. -A4 = -(HCEIL*TCEIL/FSIG + TCEIL**A + (TQDOTC - CF*DF)/(FSIG*
! ACEIL)).. :
" $DFLO = (DF.LE.O0.)
-$DFHI = (DF.GE.DFMX)
$DFLH = ($DFLO.OR.$DFHI) _
~-TIF . ($DOOR.AND - $DFLH) GO TO 7000 -
’ IF ($DFLH) GO 'TO 1000 ;

c SOLUTION WHEN ZN > DHGT

RADEQ (A3 A4)
DFR FH/TG - FC/RTEMP .
IF (DFR LT.0.) GO TO 1000
WFVH = CFV/TG
:-WPL ‘CFV*DFR
(FRADA/PLCFl) ((WPL/TMDOT)*‘ 4 -1.) + ZOA
IF (ZD GT.FHTA) ZD = (FRADA/PLCFZ)*((WPL/WFL)*‘ 6 - 1.)

1 ’ + FHTA
IF (ZD LT.DHGT) GO TO 500

ZN = DHGT .

GO TO 7999 °

500 WDC = WPL - DF*WFVC
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CIF (ZDPl LE.0.)" GO TO 7800
ZDh2 = AMINl(DHGT 995“ZDMX)

f;TQCALL ZDNEW (ZD2 ZDP2 FSIG, 1) -
ﬁwaSLOPE (ZDPZ = ZDPl)/(ZDZ'- ZD1):%,
IF; ((ASLOPE GE. 0. )..AND. (ZDP1.GT. ZDl) AND (ZDP2 (
IF ((ASLOPE- LE 0 ) AND (ZDP2 GT ZD2)) GO "TO, 7900

'R**Z 4 Q+*3

ACEIL))

TGP = TG

PO 1500 °J=1,2 *

CALL . ZDNEW (ZD ZDP FSIG 0)

‘ '5}-Z(J 1)
2T 2) ZDP ,

'gIF (ABS(ZDP ZD). LE 0. 001) GO TO 7999
"jIF (ZDP .GE.ZD) 'ZD
IF (2DE.L7.20) 2D

1500

222 -
"IF - (Z12.GT. 222) GO TO. 1750\ v
Z110= 'Z2(1,1) s

JHZ(Z 2). .

'z21°=2(2,1)

Uz,

Z(2,2) W
SLOPE (z(2, 2)-- Z(1 2))/(Z(2 l)v-»Z(l 1))
= (Z(1y2) - SLOPE*Z(1, 1))/(1 /= SLOPE):

: 1750°

221.

Z2(1,2) = 222

212 -

”*‘rIF (2p: GE.ZDMX) ZD =

o IF (zn LE 0. ) ZD

DHGT*((R + SQRT(Dj)

= (TQDOTC + ACEIL*(HCEIL*(TCEiL - RTEMK
- RTEMP**4)))/ (1000%*RTEMP
IF (WFL GE: WPLMX) ZDMX

,CALL ZDNEW (ZDl ZDFL FSIG 1)

'ZD +: THETA*(AMINI(ZDPQ
ZD + THETA (AMAXI(ZD‘

21l r

(1

+ FsiG*(TCEIL**A

= (FRADA/PLCFI);((WPLMX/TMDOT)** 4 - 1. )

ZD2))_ GO TO 7800

2(2,1) + THETA*(ZDMX Sz
THETA)*Z(I 1) -




-1
‘CALL ZDNEW (2D, ZDP, FSIG ,0)

- 2000

2100

2200

5000

IF

DZ =
IF

((SLOPE GE. 0 ) AND (ASLOPE'LE 0 ). AND (ZDP2 LE. ZD2) AND
ZD + THETA*(ZDMX ZDn)-

(ABS (ZD- Z(2 1)).1E.1.E-3)) ZD

ZDP - ZD- . e
(ABS(DZ).LE.0.001) GO TO 7999

. IF (Z(2,2).LT. ZD) GO TO zooo
221 = 2(2,1)
722 = 2(2,2)
2(2,1) #'ZD
Z2(2,2) = ZDP
Z(1,1) = 221 -
Z(1,2) =222
GO TO 5000 "
IF (Z(2,1).GT. ZD) GO TO 2100
Z11 = 72(1,1)
212 = 2(1,2)
Z(1,1) = 2D
~.2(1,2) = ZDP
Z2(2,1) = 211
Z(2,2) = 212
GO TO 5000 -
IF (DZ. LT o ) GO TO 2200
z(1,1) =
Z2(1,2) = ZDP
GO TO 5000
Z(2,1) = ZD
Z(2,2) = ZDP
ZD01 = ZD02
ZD02 = ZDO3
.ZD03 = ZD .
IF (ITR.LE.3) GO TO 6000

6000

" 7000

7500

7800

7900

7999

ZDo

ERRMSQ = ((ZD01-ZDOA)**2 +:: (ZD02 ZDOA)*“Z + (ZDO03- ZDOA)**Z)/B

A ='(zDO1 + zD02 + ZD03)/3.

ERRMSQ = SQRT(ERRMSQ)

IF (ERRMSQ.LE.1.E-4) GO TO. 7999
IF (ITR.EQ.20) GO TO 8000 E
CONTINUE
GO TO 7999 s
IF ($DFHI) GO TO.7500
TG = RADEQ (A3, A&)
ZD.= 0.
ZN ='0.
GO TO 7999
TG = RTEMP
ZD = 0.
ZN = 0.
GO TO 7999
TG = TGP
ZD = 0.
ZN = 0.
GO TO 7999
ZD = DHGT
ZN = DHGT
CDOOR SQRT(RTEMP/TG)“SQRT(I

WDC =

_89_,.

"< RTEMP/TG)*(1. - ZN/DHGT)*+1.5 .




WIN wnc + WFvc'f*
DG = ZCEIL - zn

c DETERMINE HEAT FLUX FROM GAS LAYER

 EX1 = EXP( 1. S*GABSRP“DG) o
“ QCEIL = 5.6697E- 8*(EPS”EX1“TCEIL**4
1 (1. s EXl)*(l + WREFL*EXI)“TG**A) + WREFL*QEXTC*EXI**Z
GO TO 9000 L
8000 WRITE (NWRITE 8100). ZN, ZD, TG
8100 FORMAT- (1H0 "INNER ITERATION MAX EXCEEDED IN SUBROUTINE CEILNG

1 /,! NEUTRAL PLANE HEIGHT:',G12.4,/,
2 " PLANE HEIGHT AT DOOR ,G12.4,/,
2 Lo GAS TEMPERATURE - ',G12.4)
- $END.= .TRUE. R o
9000 ‘RETURN

- END




SUBROUTINE COMM CONSTRUCTS THE ADJACENCY (COMMUNICATION) MATRIX -
FOR THE INDIVIDUAL FUEL CELLS - 0 = NO COMMUNICATION, -
1 = COMMUNICATION, 2 = ADJACENCY -

SUBROUTINE COMM(NCOM,NNCOM,NSM, IDIM1, IDIM3 IDIM4, IDIMS ,NFC, IAD,

1 NAD, ICOMM)

IMPLICIT LOGICAL ($) .

DIMENSION IAD(IDIM4,4), NAD(IDIMS,4), ICOMM(IDIM3 IDIMS),

1 NFC(IDIM1)

IF (NCOM.EQ.0) GO TO 1000

DO 900 IND=1,NCOM

1IJ=0

DO 800 I=1,NSM

NFCI = NFC(I)

IF (IAD(IND,1).EQ.I) GO TO 100

1J = 1J + NFCI

GO TO 800
100 DO. 700 J=1,NFCI

IJ=1J+1

$IADJ = (IAD(IND,2).EQ.999)

$ID = ($IADJ.OR. (IAD(IND,2).EQ.J))

IF (.NOT.$ID) GO TO 700

KL =0

DO 600 K=1,NSM

NFCK = NFC(K)

IF (IAD(IND,3).EQ.K) GO TO 200

KL = KL + NFCK

GO TO 600
200 IF ($IADJ) GO TO 400

DO "300 L=1,NFCK

KL=KL + 1

IF (IAD(IND,4).NE.L) GO TO 300

ICOMM(IJ,KL) = 2

ICOMM(KL,IJ) = 2

GO TO 900
300 CONTINUE
400 DO 500 L=1,NFCK

KL =KL + 1

1COMM(IJ,KL)

ICOMM(KL,1J)

IJ=1J+1
500 CONTINUE

GO TO 900
600 CONTINUE
700 CONTINUE
800 CONTINUE
900 CONTINUE
1000 IF (NNCOM.EQ.0) GO TO 2000

DO 1900 IND=1,NNCOM

1J=0

DO 1800 I=1,NSM

2
2
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1100

NFCI “NFC(I)" '
IF (NAD(IND 1).EQ. 1) GO TO 1100 .

13= 13 + NFCI -

GO TO 1800
DO 1700° J—l NFCI
IJ =13+ 1

'$NADJP = (NAD(IND,2).EQ.888)

:$NADJ = (NAD(IND;2). EQ.999)

$ND = ($NADJ.OR.$NADJP.OR. (NAD(IND,2). EQ J))
IF (.NOT.$ND) GO TO 1700

. KL =0
. DO 1600 K=1,NSM

1200

NFCK = NFC(K)

IF (NAD(IND,3). EQ K) ‘GO TO 1200
KL = KL + NFCK : .

GO TO 1600 - .

IF ($NADJP) .GO TO: 1330 -

IF . ($NADJ) GO TO 1380

. IF (NAD(IND,4).EQ. 999) GO TO 1400

DO 1300 L=1,NFCK

KL= KL + 1

1300
1330

_IF (NAD(IND, 4) NE L) GO TO. 1300

ICOMM(1J,KL) =

GO " TO "1900
CONTINUE

NSTOP = 0 - SAEREY
KL1 = NAD(IND, 3)
KL2 = NAD(IND,4).:-

' DO 1350 KLDUM=KL1, KL2

_,1350
1380

1400

NSTOP = NSTOP + NFC(KLDUM)
CONTINUE
- CALL ADJCTP(1J, KL 'NFCI, NSTOP IDIM3 ICOMM)

GO *TO 1900

NSTOP = NFCK. : o

CALL. ADJCTP(IJ KL, NFCI NSTOP; IDIM3 ICOMM)
GO TO 1900 , , .

DO 1500.1~1,NFCK

KL= KL +°71

1500:

1600
1700

-1800°
.. 1900°
L .- 2000

' DO 2500 J—I”NFCI

g ICOMM(iJ K1) =2

ICOMM(IJ,KL) =
CONTINUE |

GO TO 1900 .
CONTINUE
CONTINUE -
CONTINUE
CONTINUE

1IJ=0 :
DO*3000 I=1, NSM
NFCI = NFC(I)

IJ 2 1T+ 1
ICOMM(IJ 1)) =

.EQ. NFCI) GO TO 3000i




2500 CONTINUE
3000 CONTINUE -
- . RETURN
. END

g

" ICOMM(KL,1J)
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FUNCTION CYLPAR FINDS THE HEAT :FLUX FROM A CYLINDRICAL FLAME TO -
AN INFINITESIMAL SURFACE PARALLEL TO THE GROUND RV .-

FUNCTION CYLPAR(Z,FR,FRAD)
IMPLICIT LOGICAL ($)
IF (Z.GT.0.0) GO TO 100
_CYLPAR = |
. RETURN
100 X = Z/FRAD
Y = FR/FRAD
YPLS =Y + 1.
_YMIN'= Y - 1.
A = YPLS¥*%2 + X¥#2
B = YMIN#%2 + X#%2. = v
CYLPAR = ATAN(X/SQRT(Y**2 - 1. )) :
1 + X*((A - 2. *Y)*ATAN(SQRT(A“YMIN/(B*YPLS)))/SQRT(A*B)

2 - ATAN(SQRT(YMIN/YPLS)))
.CYLPAR = CYLPAR/(3 14159 Y) ‘
" RETURN

END



AN - INFINITESIMAL SURFACE. PERPENDICULAR ‘TO THE GROUND . T

c

c , . L . .
C  FUNCTION CYLPER FINDS -THE HEAT. FLUX FROM' A CYLINDRICAL FLAME TO -

c

c

c

FUNCTION CYLPER(Z FR, FRAD)
IMPLICIT LOGICAL ($) "
PI = 3.14159 =
IF (Z.NE.0:0) GO TO 100
- CYLPER = :
"RETURN.
. 100:X = .Z/FRAD &
- Y = FR/FRAD =
A = (1.4Y)**2 + x**z
B = (1.-Y)**2 ¥ X2
YMIN =Y - 1.
. YPLS = Y + 1. '
" CYLPER = (1. /(PI*Y))*ATAN(X/SQRT(Y**Z 1.)) + (X/PI)*’
1 ((A-2. *Y)*ATAN(SQRT(A*YMIN/(B*YPLS)))/(Y’SQRT(A*B))
2 - (1, /Y)*ATAN(SQRT(YMIN/YPLS)))
RETURN
END

n |l II.»
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C

C

----_—-----—----——------_---_—-—--------—--------------—---————-———_--_

SUBROUTINE DIFFUS(IDIMl IDIMZ 11,31, NWRITE DELX EPS FZIJ HL

SUBROUTINE DIFFUS SOLVES THE TIME DEPENDENT HEAT CONDUCTION
EQUATION FOR GEOMETRY USING A CRANK NICOLSON SCHEME ’

QXT, QXTO TDIFF TK TEMP)

IMPLICIT LOGICAL ($)

. DIMENSION BETA(10), GAMMA(lO), D(lO), V(10) TEMP(IDIMl IDIMZ 10)ﬁ :

COMMON /ALL/ ACEIL, AWALL, DELT FCTR(lS), FLCF RTEMP TIME

1
2

Lg et o
COMMON /GAS/ A4, CDOOR, CF, CFV, DCF, DEN;.

.,2 .'

INITIALIZATIONS ,_v:_:

FSIG
. TLAM

BJ
B1
.C1
- CB
DO .

1

3500 CONTINUE

*TITLE(20), .
ICEIL, IJOB, INCHCK INITG‘ IOUTPT MOUTPT(ll),
$DOOR SEND, SROOM yg' '

‘ DG DHGT DWID S
‘FC, FH, GABSRP, HCEIL, PLCFI@ PLCF2
TG, TGO, THETA VFV WFL,. WFVC WFVH_“

D;’ZN"

= EPS*S 6697E-8 .
= S*TDIFF*DELT/DELX**2

1. + 2.*TLAM .
-4 . *TLAM =

- 5*TLAM -

-3.*DELX.-

-3500. J=2,10"
D(J)

= TEMP(I1, JI WJ) +° TLAM*(TEMP(Il Jl J-1) - 2 *TEMP(Il J1 J)
L+ TEMP(Il J1 J+1)) L

V10LD TEMP(Il Jl 1)

,BEGIN ITERATIONS

DO .8000 ITR—l 20

D1

TRW N

- 'c2

II.

ILHS BOUNDARY . . .
Al = 1. + 3.5%TLAM - TLAM“CB*(HL + FSIG%VIOLD*L3)/TK

TEMP(Il J1,1):+ TLAM*(-3. S*TEMP(II J1, 1) + 4, *TEMP(Il Jl 2)
e 5“TEMP(I1 J1,3)) -
4 CB*HL* (-TLAM*TG + TLAM* (TEMP(Il J1 1)~- TGO))/TK

+ CB* (TLAM* (FSIG* (TEMP(11,J1, 1)%*%4 - TGO**4) - EPS*QXTO)

L - TLAM*(FSIG*TG**4 + EPS*QXT))/TK ‘
-TLAM*(l : C1/A1)

TRANSFORMED COEFFICIENTS (BETA AND GAMMA)

BETA(Z) BJ + TLAM*Bl/Al . :
< GAMMA(2) = (D(2) + TLAM*Dl/Al)/BETA(Z)

- DO 6000 I= 3 9
BETA(I) = BJ - TLAM*TLAM/BETA(I 1) :

. GAMMA(I) = (D(I) + TLAM GAMMA(I 1))/BETA(I)
6000 CONTINUE -

BETA(10) = BJ - TLAM*TLAM/BETA(9) ..
GAMMA(lO) (D(10) + TLAM*(RTEMP ¥ GAMMA(9)))/BETA(10)
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- C ’
C  SOLVE FOR TEMPERATURES ,
c N S DTN Y
- vV(@Q0) = GAMMA(IO) i
DO 7000 I=2,8
" K=11-1 : S
V(K) = GAMMA(K) + TLAM*V(K+1)/BETA(K)
. 7000 CONTINUE .
V(2) GAMMA(Z) - CZ*V(3)/BETA(2)
'V(l) (D1 - B1*V(2) - C1*V(3))/Al

c e )
c CONVERGENCE BASED ON BOUNDARY TEMPERATURE ERROR
C .
ERRL = ABS(V(1) - V10LD)
IF (ERRL.LT.1.) GO TO 8900
VIOLD = V(1)
8000 CONTINUE
C  TEMPERATURE DUMP IF ITERATION MAXIMUM EXCEEDED

- C

WRITE- (NWRITE 8100) 11, J1, V(1), ERRL
8100 FORMAT (1H0 ITERATION MAX EXCEEDED IN SUBROUTINE DIFFUS:',/,

1 ' MODULE: ',14,3X, 'FUEL CELL:',I4 ,/,' ITERATION NO. 20',
2 /,' SURFACE TEMPERATURE ' E15.7,3X, 'ERROR:',E15.7)
$SEND = .TRUE. . \ ,

GO TO 9000

8900 .DO 8950 I=1,10 .
TEMP(Il,Jl;I) = V(I)
8950 CONTINUE .
9000 RETURN
END

- 97 -




- C . FUNCTION _RADEQ -SOLVES THE QUARTIC EQUATION: X**4 + A3*X + A4 =0 -

_ FUNCTION RADEQ (A3, Aa)
 IMPLICIT LOGICAL ($).

R = 0. S*AB**Z

Q = -4.%A4/3.

D R**Z + Q¥*3 s
= (R + SQRT(D))**(l /3. ) - (SQRT(D) - R)**(l /3. ) e
RADEQ .5%(SQRT(2.* SQRT(Yl**Z = 4.%A4) = Y1) - SQRT(Yl))
RETURN : :
END

n II

o 9._8.-




ER R R R R L L R R R R E R R R R DR R X

c

c -

C  FUNCTION- RECT(A B C $P) FINDS THE SHAPE FACTOR FROM.A DIFFERENTIAL -
.C - ELEMENT TO A RECTANGLE OF DIMENSIONS A X B, AND SSPACED C AWAY . -
C. FROM THE ELEMENT. $P- TRUE:-=> ELEMENT IS PARALLEL.TO RECTANGLE, ‘-
c $fP;—-.FALSE => ELEMENT IS PERPENDICULAR - -
C ) - - S

c

' FUNCTION RECT(ZDEP, XLEN ,YWID, $PARL)
-“IMPLICIT LOGIGAL ($)- L
-IF ((ZDEP.EQ.O. DO) OR. (XLEN. EQ.0. DO) OR. (YWID EQ 0. DO))
B . G0.TO 200
- PI-= 3.14159 : : : .
IR ( NOT. $PARL) GO TO 100
X = XLEN/ZDEP. ”
Y = YWID/ZDEP _ Lo . : L . \ i
- A= SQRT(1. + x**z) o R S v = Lt "
‘B = SQRT(1. + Y¥¥2) o ' S - . Lo
RECT = .5%(X*ATAN(Y/A)/A + Y*ATAN(X/B)/B)/PI , : S _ i
RETURN : : - . : : A
100 X = XLEN/YWID ‘ ' R
* Y = ZDEP/YWID
A = SQRT(XLEN#¥*2 + ZDEP¥%2)
RECT = 5*(ATAN(YWID/ZDEP) - 'ZDEP* ATAN(YWID/A)/A)/PIJ
. RETURN
200 IF '($PARL.AND. (ZDEP.EQ.0.D0)) RECT = .5
IF- (.NOT.$PARL.AND. (ZDEP.EQ.0.D0)) RECT = .25 Coe L g
IF. ((XLEN.EQ.0.D0).OR. (YWID.EQ.O. DO)) RECT = 0. e " C
RETURN - s o
END , e .
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SUBROUTINE SETUP(I IDIREC IDIMl IDIMZ NFCL SMX SMY SMZ SLNG

- FX(1,)
CFY(IL,T)

<100

200

. 300

400

‘ SUBROUTINE SETUP COMPUTES THE FUEL CELL LOCATIONS FROM THE INPUT
SUPER-MODULE DATA -~ : "

DS, FX,FY; FZ)

IMPLICIT LOGICAL ($)

DIMENSION

FX(IDIMl IDIM2), FY(IDIMI IDIMZ), FZ(IDIMl IDIMZ)

IF (IDIREC.EQ.3) GO TO 400
. IF-(IDIREC.EQ.2) GO TO 200
. FX0 = SMX

DO 100 J=

FZ(I,J)
CONTINUE

FY(I,J) =
FX(I,J) =

FZ(1,J) =
CONTINUE
GO TO 600

FZ0 = SMZ

DO 500 J=

FZ(I1,J) =
FX(I,J) =

CFY(1,J3) =

500

600

'CONTINUE

- (SING + DS)/2.
1,NFCL

FX0 + J*DS

SMY

SMZ

L (SLNG + DS)/2

-1,NFCL

FYO :+. J*DS
SMX .
SMZ -

- (SLNG + DS)/2 R
1,NFCL: © % 7wl

FZ0 + J*DS

SMX

- SMY

CONTINUE: '

RETURN.. -
END




. ELEMENT TO AN ARBITRARILY LOCATED RECTANGLE USING- FUNCTION RECT =~ = ~

C
e oL R N
C FUNCTION SHAPE FINDS THE SHAPE . FACTOR FROM A DIFFERENTIAL FUEL -
C
C
C--___"_-----___-.._..__--__..--.'-_-..----__---.‘___-_ _________________________
FUNCTION SHAPE (IOR,KOR,IDIRC,X1,Y1,21,X2,Y2,22, D1, D2)
" IMPLICIT LOGICAL ($)
, DU = ABS(X1 - X2) ‘
~ - IF (IOR:EQ.2) DU = ABS(Y1 - Y2)
. IF (IOR.EQ.3) DU = ABS(Z1 - 22)
GO TO (100,200 300), IDIRC '

.. 100 WO = X2
L W= Xl'--D1/2
V0 = Y2
Vi =Yl < D2/2 , :
IF (IOR. NE 2) GO TO. 400 "
Vo = 22 .
V1 = 21 - D2/2
. GO TO 400
200 Wo = Y2
W1l = Y1.- D1/2.
Vo = X2 '
V1l = X1 - D2/2.
IF .(IOR.NE. 1) GO TC 400
Vo = Z2
Vi =21 - D2/2;
. G0 TO 400 -
300 WO = Z2
W1l =21 - D1/2..
VO = X20
V1l = X1 - D2/2.
IF (IOR.NE.1) GO TOQ 400
v =v2 SR
V1 = Y1 - D2/2.

400 W2 = W1 + D1~ s o . R
V2 = V1 + D2 j e o o e y
WSIGN = 1. e T L
VSIGN = 1.

IF ((WO.GT.W2).OR.(WO.LT.W1)) WSIGN
IF ((V0.GT.V2).OR.(V0.LT.V1)) VSIGN

o
. -
—

DW2 = ABS(W2 - WO)
DW1 = ABS(W1 -.WO)
DV2 = ABS(V2 - VO)
DV1 = ABS(V1 - VO0)
DWA = AMAX1(DW2,DW1)
DWB = AMIN1(DW2,DW1)
DVA = AMAX1(DV2,DV1)
DVB =.AMIN1(DV2,DV1)
' $PR = (KOR.EQ.IOR)

IF (.NOT.$PR.AND. (KOR. NE IDIRC)) GO TO 500 .

SHAPE = RECT(DU,DWA,DVA,$PR) + VSIGN“RECT(DU DWA,DVB,SPR) 7
1 WSIGN*RECT(DU DWB, DVA $PR) + VSIGN“WSIGN“RECT(DU DWB,DVB, $PR)
RETURN
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500 SHAPE = RECT(DU,DVA,DWA,$PR) + VSIGN*RECT(DU,DVB,DWA,$PR) . :
1 -WSIGN*RECT(DU,DVA,DWB,$PR) -+ VSIGN*WSIGN*RECT(DU,DVB,DWB,$PR) -




" SUBROUTINE ZDNEW (ZIN, ZOUT FSIG IBRNCH):
IMPLICIT LOGICAL ($) :
COMMON /ALL/ ACEIL, AWALL DELT FCTR(lS) FLCF RTEMP TIME

b(»_Nt—l

1
2
3

N =

1

 TITLE(20),
ICEIL, 1JOB, :INCHCK,
$DOOR, $END, $ROOM

INITG, IOUTPT MOUTPT(ll), '

COMMON /GAS/ ‘A4, CDOOR, CF, CFV, DCF, DEN, DG, DHGT DWID

‘ZFLA = FHTA + Z0A
DO 1000 K=1,50

IF (ZIN.LT. ZOA) WPL = TMDOT
IF ((ZIN.GE.ZOA) .AND. (ZIN.LE. ZFLA))
1 WPL = TMDOT* (PLCF1*(ZIN - ZOA)/FRADA + 1. )**2 5

IF (ZIN.GT. ZFLA)

‘FC, FH, GABSRP, HCEIL,. PLCF1, PLCF2,.
TG, TGO, THETA, VFV, WFL, WFVC, WFVH ZD, . IN |
COMMON JVENTC/ AFUEL, AFUELO, CVA, CVAO, FHTA, FRADA, FUELA QMAX,
QTOoT, QTOTO, QTOT1,.
TMDOTS TQDOT, TQDOTC WIN ZOA
NBURN, NBURNO, :
SDECAY, $FLUX1

'QTOT2, TMDOT TMDOTO

$FLUX2 $VENT $VCONT

] WPL = WFL‘(PLCFZ“(ZIN - ZFLA)/FRADA + 1. )**(5 /3% )
A3TH = (HCEIL*ACEIL + (WPL + FC“WFVC)*IOOO )/(FSIG‘ACEIL)

TG = RADEQ (A3TH,A4) .
C1 = CDOOR*SQRT(1. - RTEMP/TG)
C2 = C1*SQRT(RTEMP/TG)

-WFVH = CFV/TG
RN = 1. - (((WPL - FH‘WFVH + FC“WFVC)/CZ)*‘Z)**(I /3. )

ZN = RN*DHGT

" A1ZD = 3.*RN
A3ZD = 4 .*((WPL. + (FC - FH)* WFVC)/Cl - RN**B)
IF (IBRNCH EQ.1) GO TO 2000
- IF (ABZD GE.0.) GO TO 500

~ “500
1000

2000

ZD0 = ZIN
GO-TO 2000

ZIN = ZDO + THETA*(ZIN - ZDO)

CONTINUE

"ZD0 =-0.

R
q
D = R¥*2 + Q%3
IF (D.LT.0.) RD
IF (D.GE.0.) RD

IF ((RiLT.O.).AND
ZOUT = RD*DHGT
RETURN -

END

- .5%A3ZD - (AlZD*“3)/27
- (A1ZD/3.)**2

‘RN* (2. *COS(ARCOS(R/SQRT( Q**3))/3.) - 1. ).
(ABS(R) + SQRT(D))**(1./3.) :
4+ :(ABS(R) - 'SQRT(D))** (1. /3 )

(D.GE.O. )) RD
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