NUREG/CR 4561
LA- 10678-M L

—————— e —

,,,FIRAC User s Manual -
- A Computer Code to Simulate
- Fire Accidents in Nuclear FaCIIltles

Manuscript Cc::r.n'pleted:,February. 1986
Date Published: April 1986

Prepared by

"~ .~B. D. Nichols, W. S. Gregory

- Los Alamos National Laboratory
"+:Los Alamos, NM 87545

Prepared for

Division of Fuel Cycle and Material Safety :
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission -

- Washington, D.C. 20555

- NRC FIN A7152






CONTENTS -

Y Y O A 1
I. INTRODUCTION. .. eeituiieiieeeeneneeeeonecoeasncancaccasacasnnoennans 2
I, PHYSICAL MODELS. . .cuusenesnusesneeeeannaeneaceansenasaseasennecnsennns 3
A. Gas Dynamics ModelS. . uiiiieeeineeeeeeeeeeccasesaceacancsnaonnsns e 3
B. Material Transport Models..... ceeeeeseneescccccersactonsteonaneas 9

C. Duct Heat Transfer Model......ceeeeeinerncenennaancncans ceeeeaenn 14

D. FIRIN Fire and Radioactive Source Term S1mulat10n ................ 15

III. SYSTEM MODELING STRATEGIES FOR FIRE INDUCED TRANSIENTS ............... 19
T W € -1 1= o U 19

B. Fire Accident System MOE1ing....eeeeeeveceeenceneecanseennnnenns 19

C. System Modeling EXamMpleS...eeeeeeeneerececeosneaeceacasaacancanens 23

IV. USER INFORMATION AND PROGRAMMING DETAILS....cteeeeecnccencnnns eveeans 35
A. Input Organization...... eeseessscssassasscsecsnnns esessscscsasnss - 35

B. Input FOrmat...ieeeeeoeeeeeanoeecacesossavsessasesscsssccscssasanscs 37

C. Improved FIRAC Input Specifications....ciceeeeeerencnrenannneenes 38

D. Input ProcessSing.ceeceecececsscccnccnscnnn eesecesecsssssenscannns 111

E. Output Processing..e.eeeeiieeiieeceeescceescscecacsosceasesaanasans 111

F. Diagnostic MeSSa0eS...cueeuiriereceaiosnacssosesssscsnsossnnasnans 118

G. FIRAC Programming Details.....civevercicecaccaccnne eessssscsaenae 119

H. Compiling, Loading, and Executing Instructions......cccceeeneenne 122

I. General User Hints and SuggestionsS.....eccevececacnes eesssescenes 128

J. Time and Cost Estimates...cceeiieieeecrcescnsescscnscnsnssnsnncas 130

V. ~ SAMPLE PROBLEMS....... “eceetcsssssessesancstcsassceassasnoacsns eescasns 130
A. Introduction....c.ceeuiiiinnieineneienreecencnanoecnanns eesecsnnens 130

B. Sample Problem l......ccciuunnn.. eesecrseianscsassasesacascsaansans 131

.C. Sample Problem 2.....c.ciivuniinnnne.. eeeeseccesvianancee esescennee 161
APPENDIX A. GAS DYNAMICS SUMMARY ...t ueivierearecneesscacscasnacacsacassasns 185
APPENDIX B. DUCT HEAT TRANSFER THEORY AND METHODS......ceiveeieennnnnennn. 189
APPENDIX C. MATERIAL TRANSPORT THEORY ................ feessssccccssnnnne vees 203
APPENDIX D. BLOWER MODEL..... eceseenin eeecessscescesecesenanens eesansess 229
APPENDIX E. CONTROL DAMPER MODEL . eueuevernnennncennnens tesesesessssenssann 231
" APPENDIX F. MODELING DUCTS AND VALVES. . cveeieereeesoecscacsccasasosancnans 233
APPENDIX G. SAMPLE OUTPUT . veineeeeneeecenencnnnncnsnnn cesesssesesscsaceane 236
REFERENCE S . ettiteeineereecesoesescosassasassssscsaseasosesosnssocnsscscnss 300






NOMENCLATURE o Y
fDuct inlet gas temperature

;:t Dict out]et gas temperature
g ‘Average gas temperature in duct | IR o
y - Duct wall temperature on outside surface A “:};f; ' ' _ii
i Duct wall temperature on inside surface
j - ‘ Duct wa]] temperature at node-j
o Air temperature outside duct }
% Net amount of'energy‘transfer from the gas to the duct 1ns1de ‘surface:
because of forced convect1on and radiation heat transfer o
Qci ,-Net-ameunt of energy transfer from the gas to thelduct inside surface
-~ ‘because of forced convect1on heat - transfer' ' ‘ S _
p;Qrif " Net amount;of energyptransfer‘from the gas to the duct inside surface.- o 3,;5
because of radiation heat transfer .
Qo A';_Net amount of energy.transfer from the duct outside-surface to the
environment because of natural convection and radiation heat transfer
Qco - Net amount of energy transfer from the duct outside surface to the
environment because of natural convection heat transfer
Qrd Net amount of energy transfer from the duct outside surface to the
environment because of radiation heat transfer
A Neat transfer area of wall ) =
fD * Duct equivalent diameter (four times the cross-sectional area divided by
the perimeter) 4 B '
‘Ig v'Rad1at1on 1ntens1ty factor. eva]uated at the average gas temperature
'Iw Radiation jntensity factor eva]uated at the inside wall temperature , :
Re - Reynolds number
Pr . Prandtl number
Gr Grashof number
Cp Gas specific heat at constant pressure

Cow Wall specific heat at constant pressure

= - S = B

Duct mass flow rate
Gas or air thermal conductivity
W Duct wall thermal conductivity
Heat transfer coefficient (natural or forced convection)



vi

Duct wall density - -

Time

Time-step size

Thickness of each wall node

Stephan-Bol tzman constant.

Emissivity of duct inside. surface v _

Em1551v1ty of duct outside surface eva]uated at the outs1de duct wa]]
temperature

- Absorptivity of the duct outside surface evaluated at the outside air

temperature



FIRAC USER 'S MANUAL | :
A COMPUTER CODE TO SIMULATE FIRE ACCIDENTS IN NUCLEAR FACILITIES |

© " B. D. Nichols and W. S. Gregory

ABSTRACT =~ .- .~ ;]

This user's manual supports the fire accident analysis com-
puter code FIRAC. FIRAC s designed to estimate radioactive and
nonradioactive source‘terms and to predict fire-induced flows
~and thermal and material transport within the ventilation sys- -
tems of nuclear fuel cycle facilities. FIRAC has been expanded
and modified to include the capabilities of the zone-type com-
partment fire model computer code FIRIN developed by Battelle

_Pacific Northwest Laboratories. The two codes have been coupled .

_to provide an 1mproved simulation of a fire-induced transient
within a facility. The basic material transport capability of"
FIRAC has been retained and includes estimates of entrainment,
convection, depos1t1on and: filtration of mater1a1_ Also, the
interrelated effects of filter plugging, heat transfer, gas dy- .

. namics, material transport, and fire and rad1oact1ve source
terms are simulated. '

This report summarizes the phys1ca1 models that ‘describe- the
gas dynam1c material transport, heat transfer, and source term

processes and illustrates how a typical facility is modeled us=" -

ing the code. The modifications required to couple the code to

FIRIN also are presented. F1na11y, the input and code-calculat-
ed ‘output “for several sample problems that 11]ustrate some of -
the capabilities of the -code are descr1bed




1. INTRODUCTION

This user's manual supports an expanded and modified version of the com-
puter code FIRAC. The expanded version is designed'to predict the radioactive
and nonradioactive source terms that lead to gas dynamic, material transport,
~and heat transfer transients in a nuclear facility when it is subjected to a
fire. Tne code's capabilities are directed toward nuclear fuel cycle facili-
ties and the primary release pathway--the ventilation system. However, the
~code ‘is applicable to other facilities and can be used to model other airflow
pathways within a structure.

This is one in a family of codes designed to provide improved safety anal-
ysis methods for the nuclear industry. Its predecessors include
h,

e TORAC (a code to analyze tornado-induced gas dynamics and material

e TVENT (a code to analyze tornado-induced gas dynamics

tranSportZ), and , v
. EXPAC'(a code to analyze explosion-induced gas dynamics andqmateria1
transport3).
The FIRAC cbmputer code now 1nc]ude5sthe capabilities of the zone-type compart-
ment fire model FIRIN,
Laboratories (PNL). The two codes have been coupled to allow .an improved simu-

which was developed by Battelle Pacific Northwest

lation of a fire-induced transient within a facility.

The physical models used in the code may be divided into four principal
categories. o N ‘

e Gas dynamics models

e Material transport models

o  Heat transfer models t

o FIRIN fire and radioactive source term models ’
These models are summarized in Sec. iI, and a detai]éd.description of the mod-
els (except for the FIRIN fire and radioactive source‘terms4) is presented
in the appendixes. Setting up a computer model to simulate a given system's
response to a fire transient is discussed in Sec. [II. Modeling strategies and
examples for several flow networks are given.

Translating the computer model to the actual deck that the code uses as
input is discussed in Sec. IV. The data deck organization and input card
specifications are presented,'ahd the output from the computer code also is

discussed. This includes both expected results and diagnostic messages that



may bé returned in case of program abort. Also, several system-dependent fea-
tures of the code are discussed in Sec. IV. Information concerning installing
‘the code on a computing system, computer storage requirements, file require-
ments, and system-dependent subpfograms is presentea.

 An illustration of the modeling strategies for several flow networks is
discussed in Sec. V. Also, the initial inputs needed to run the selected sam-
p1e problems are discussed, and the data (input) deck required to run the sam-
ple problems is provided. Finally, typical selected output results are pre-
sented and discussed. '

IT. PHYSICAL MODELS

A. Gas Dynamics Models

A system is modeled using a flow network. The flow network consists of
two distinct types of components: nodes and branches. A node can be either a
boundary node, where the conditions (pressure and temperature) are known as a
~ function of time, or a room node, where the laws of conservation of mass and
energy are applied. Branches connect any two nodes, and branch models are pro-
vided to represent '
ducts,
dampers or valves,

filters, and

- o blowers or fans.
The physical models representing these components are quite varied. and are sum-
marized below. The equations used .and the numerical solution method for the
resu]ting~eq&ations are detailed in Appendix A.

1. Ducts. Ducts are modeled using a momentum equation that includes the
effects of inertia, friction, heat transfer, and gravity (buoyancy). In the
case of high flow rates, the momentum equation is replaced by a choking condi-
tion. A distinguishing characteristic of the duct model is the nonlinear
steady-state pressure drop relationship:

Ap = Rpv .



where ap is the pressure drop aéross the duct, p is the.density, v is the gas
velocity, and R is a constant resistance coefficient. The code will ca]cu]étev
" the value of the resistance coefficient based on input values of preséure drop
and flow. A user-specified resistance coefficient also may be used. The re-
sistance coefficient; are used tb obtain both the steady—state and transient
results. | _ | |

Because a lumped-parameter formulation is used in this code (Appendix A),
no spatial distribution of paraméters along the length of the duct is calculat

ed. However, the user may obtain more spatial detail by dividing the duct in-
to a number of smaller sections. For eXamp]e, a 100-ft-long (30.48 m) duct
could be treated as 10 10-ft (3.05-m)-long ducts in series. This method is
illustrated in one of the sample problems in Sec. V. ‘ ‘ '

Heat transfer effects along the length of the duct will be calculated if
requested by the user; otherwise, they are ignored. Morevdetails on the avail-
able heat transfer models are given in Sec. II.C and Appendix B.

2. Filters. Filters are modeled as elements that exhibit only resistance
to flow (that is, no inertia, buoyancy, or heat transfer). The fundamental
aspects of filter behayior are reviewed in Appendix C. In general, the pres-
sure drop across a clean filter consists of a sum of linear and quadratic de-
pendencies on the flow rate. The equation is of the form

ap, = aQ * boQ? )

where ap, is the filter pressure drop, Q is the volumetric flow rate, p is

the gas density, and a and b are constants. In gerieral, only the linear part
of the curve (b = o) is applicable to fire situations. In this case, the code
will .calculate the value of the resistance coefficient, a, based on input val-
ues of pressures and flow rates. If necessary, the complete equation may be
specified, which requires additional user input.

A filter plugging model is provided that modifies Eq. (1) when there is
material accumulation on the filter. This model is derived in Appendix C. The
net result is that a filter with material accumulated on it is modeled by a re-
lation of the form



ap - _
Apo—l"'aMa .

where ap, is the pressure drop for a clean filter (at the same flow rate), ap
is the pressure drop for the dirty fi]ter, Ma is the material mass on the
filter, and a is the filter plugging factor dependent on filter and material
properties and has units of the reciprocal of mass. The resistance for dirty
filters usually is estimated as 2 to 5 times that for clean filters.

3. Dampers and Valves. Dampers and valves are modeled as elements that

exhibit only resistance to flow. The pressure drop across these elements is
modeled as a quadratic dependence on the flow rate,

sp = RS .

The resistance coefficient, R, may be calculated by the code or entered by the
user (similar to the input for ducts). -
4. Blowers and Fans. - The model of a blower or fan is discussed in

Appendix D. The model esséntia]]y depends on the performance curve of the
lb]ower obtajned at standard conditions. The model then adjusts these data to
predict the blower performance at dff—design conditions. The blower head/flow
chakacteristic curve is input as a number of pbints on the curve obtained from
the manufacturers' data and measured at standard conditions [p = 0.075 1b/ft3
(1.20 kg]m3)]. The curve then is approximated by a number of straight-line
segments as shown in Fig.'l. As discussed in Appendix D, all the segments
_should have a negative slope.

A fire event usually will not lead to blower performance in the outrunning
(AP negative) or backflow (Q negative) regions. If this is the case, points on
the curve in these regions need not be entered. However, estimafes'must be made
if it is necessary to enter data in these regions because there is little manu- |
facturer data for these regions. The Los Alamos National Laboratory has obtained
blower data in the outrunning and backflow regiohs from which such estimates can
be obtained. An example of these data is shown in Fig. 2. This information is
preliminary, and more data are needed before the blowers can be modeled accur-
ately in the abnormal flow regions. However, this information can be used as a
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guideline for estimating the blower performance. in these regions. As an ap-
proximation, we use the same slope in the backflow quadrant as that fo'the
right of the typical operating point in our blower model inputs.

5. Rooms, Cells, or Plenums. Components that have a finité'vo]dme (such

as rooms, gloveboxes, plenums, and cells) are modeled using capacitance nodes
or room nodes. The capacitance of the node is represented by its volume. Duct
volume should be taken into account by including its volume in an adjacent
room(s). {See Sample Problem 1 in Sec. V for an example of this concept.)

Mass and énergy storage at these nodes is taken into account by.using the con-
servation of mass and energy equations. The conservation equations are applied
to the room nodes using a lumped-parameter formulation assuming a homogeneous
mixture and thermodynamic equilibrium. Therefore, spatial details within the
nodes are not predicted. ' , ]

An ideal gas (air) equation of state is assumed in the conservation equa-
tions. In the room nodes, the user may specify various combinations of pres-
sure and temperature transient values along with various combinations of energy
and mass sources. If the quantities are not specified, they are calculated by
the code.

6. Boundary Nodes. Any node for which the pressure and temperathre can

be specified is considered a boundary node.- An example is the supply and ex-
haust openings from a ventilation system to the atmosphere. The computer model
of a system must have at least two boundary nodes. These nodes serve as bound-
ary conditions for the remainder of the system. Both pressure and temperature
must be specified for any boundary nodes contained in the computer model. The
values of these quantities may be held constant for the transient, or they may
be varied by a user-defined time function.

In addition to the standard boundahy node described above, the coupled
version of the code requires that the model of the system under study have at
least two internal boundary nodes if FIRIN is used to simulate the fire-induced
transient. The internal boundary nodes are necessary to represent the fire
compartment within the network. An internal bouhdahy node should not be con-
fused with an internal node representing a room (volume). The internal boundary
node is not treated as a capacitance node but is treated like a standard bound-
ary node within the FIRAC computational formulation. The details and impor-
tance of the internal boundary node will be discussed and explained in
Sec. II.D.



7. Leakage. Leakage pathé from the system to the atmosphere may be ap-
proximated in the model by using a boundary node and a fictitious duct. "The .
initial specified duct flow rate is the desired leak rate. During the course
of a transient, the leak rate will vary, depending on the calculated system
pressure response. ’

B. Material Transport Models

1. Introduction. The material transport portion of the code estimates

the movement of material (aerosol or gas) in an interconnected network of ven-
tilation system components representing a given fuel cycle facility. Using
this capability, the code can calculate material concentrations and material
mass flow rates at any location . in the network. Furthermore, the code wil]
perform these transport calculations for various gas dynamic transients. The
code solves the entire network for transient flow and in so doing takes into
account system interactions. v o '

A generalized treatment of material transport under fire-induced accident
conditions could become very complex. Several different types of materials
could be transported, and more than one phase could be involved, including
solids, liquids, and gases with phase transitions. Chemical reactions could
occur during transport that lead to the formation of new species. . Further;
for each type of material there will be a size distribution that varies with
time and position depending on the relative importance of effects such as homo-
geneous nucleation, coagu]ation‘(mater1a1 interaction), diffusion (both by
Brownian motion and by turbulence), and gravitational sedimentation. We know
of no codes that can model transient-flow-induced material transport in a net-
work system subject to the possibility of all of these.complications. The
transport portion of the code does not include this level of generality either.
However, this version of the code does provide a simple materia] transport cap-
ability. ‘ o o 4
"~ The material transport components of this code are
1. material characteristics, |
2. transport initiation,

3. convective transport,
4. aerosol depletion, and
5. filtration.
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Material characteristics and transport initiation are areas that must be con-
sidered by the user as he begins:fd sét up the'code to_so1ve a‘given:problem.
Calculations of convective transport, aerosol depletion, ‘and filtration are
performed automatically by the code. Items 2--5 are actually separafe subrou-
tines or modules within the code. Item 3, convectivé transport, is a key sub-
routine that calls on items 2, 4, and 5 as needed during the course of the cal- .
cu]atibn. Each of the components listed above is subject to certain limita-
tions and assumptions that will be broughtiout below or in Appendix C. We also
will specify the required user inputs and prOVide appropriate'references for |
the theory in each case. ' _

2.- Material Characteristics. The material transport models have some

limitations with regard to the phyéiEaluand chemical chéractériétics‘of the
material. The pneumatically trahéportablefcohtaminant material can cohsist of
any number of aerosol or gaseous sbeciés. Howéver, no phase transitions or
chemical reactions are allowed.. For example, condensation and gas-to-particle
conversion are not permitted. If the contaminant is an aerdso] (solid parti-
cles or liquid drop]éts suspended in air), a size distribution can be simu-
lated. In this case, within each size range, the material will be treated.as
monodisperse (equal-sized), homogeneous (uniform density), spherical particles
or droplets during a given code run. Both the size and density of each spécie
must be specified by the user. If the contaminant is a gas, then it is assumed
to be inert. User guidance'in the area of aerosol and gas characteristics is
provided in Appendix C. Some éuggestions are made for describing fuel-grade
plutonium and uranium oxide powders. |

3. Transport Initiation. To calculate material transport uSing the code,

the analyst must determine or assume the location, distribution, and total
quantity of contaminant material. This material can be located or generated
in rooms, internal boundary nbdes representing the fire compartment, cells,
gloveboxes, corridors, or rectanguiar ductwork. (An assumption about material
distribution is only necessary when the user wishes to exercise the calculated
aerodynamic entrainment of dry powder'from thick beds option discussed bé]ow.)
A total quantity (mass of material) must be known or assumed., '

There are three options for material transport initiation: user-speci-
fied, calculated aerodynamic entrainment, and FIRIN-calculated material genera-
tion. The user-specified option allows the anaTySt considerable flexibility



but requ1res eng1neer1ng judgment to spec1fy input to the code. This option
1nvo]ves prepar1ng a tab]e or graph of material- generat1on rate or mass injec-
t1on rate (k110gram per second) vs_t1me The data are supplied to the code on
the input deck TIME FUNCTION DEFINITION DATA CARDS. ' |

'For example, a given cell can have a-given quantity of fuel-grade uranium
or plutonium powder injected at a specifiédffate. The injected material also
could bé a gas. This user—épecified bption may be selected to calculate the °
cdnsequen;es of a.hypOthetiCal aerosol or gaéeous release and is recommended
for the case of:reenffainment from thin beds (dikty cells or dUctWork) The
code was deve]oped assum1ng that off-design flows are the primary cause of
source term initiation. Los Alamos is developing other codes specifically to
assess the conseduencgs of tornados and explosions. For accidents that do not
disrupt the normal ventilation system flow significantly, such as pressurized
release, sp111s, and equipment fa11ures, a genera] purpose utility code may be
used. Guidance for the user to est1mate source terms may be found 1in
Appendix C. o '

The user may wish to specify a material generation rate vs time. This
procedure is exactly the same as that discussed above. That is; a table or
graph of mass 1njéction rate can be specified to simulate the injection of
material associated with the event.

The calculated entrainment option specifically refers to a subroutine
designed to calculate aerodyhamic entrainment of dry powder from thidk beds.
This subroutine can be useful for analyzing materia]'transport initiation. It
uses a new semi-empirical analytical approach for ca1cuTating entrainment that
takes advantage of detailed flow information produced by the gas dynamics mod-
ule. To arrive‘at our estimate of mass of material entrained at each time step |
of calculation, this subroutine calculates when the surface particles will be-
gin to move. To do this, particle, surface, and flow characteristics are taken
into account. It also accounts for the aerodynamic, interparticle (cohesion),
and surface to particle (adhesion) forces that may be acting. This procedure

was used previously (Ref. 5) and is discussed more fully in Appendix C. The
..ca1cu1ated entrainment option may be used whenever powder beds are known or
assumed to be present. The code must bhe provided with particle size and densi-
>'ty (Appéndix C), total mass of contaminant, and the floor area of the (assumed
duct) surface ovér which the powder is unﬁform]y distributed.

1



The FIRIN module (subroutine) calculates various particulate and gaseous

specie generation rates and concentrations for the fire compartment.

If the

user selects the FIRIN modelsftp simulate the release of particulate materia],‘

up to 13 particulate and 3 gaseous species can be transpoftqd by the

terial transport, models.

nspecie =

The first two particulate species (nspecie
2) are the total smoke and total radioactive particulates,

FIRAC ma-
=1 and
respec-

tively. The total radioactive barticulate mass released as a result of the

fire has been divided jhto 11 particle size distributions. These particle size

distributions are generated Within the FIRIN radioactive source term subrou-

tines and are transported as the remaining 11 partiéh]ate species (nspecie = 3

through nspecie

= 13). The particle size distributions are shown in Table I.

Particulate

Smoke paffitd]éie
Total radioactive particulate

Radioactive
Radioactive
Radiocactive
Radioactive
Radioactive

Radioactive

Radioactive
Radioactive
Radioactive
Radioactive
Radioactive

particulate

‘particulate

particulate

particulate

particulate
partitu]até
particulate
particulate
particu]ate
particulate
particulate

Gaseous Species

Oxygen

" Carbon dioxide

Carbon monoxide

TABLE 1

< 0.1 ym

between
between
between
between
between
between
between
between
between
> 20.0

*See input specifications for RUN

12

and 0.3 pm
and 0.5 um
and 0.7 um

0.1
0.3
0.5
0.7
0.9
1.1
2 and 6 um
6 and 10 um
10 and 20 um
um |

and 0.9 um
and 1.1 um
and 2 um.

CONTROL CARD II.

FIRIN-GENERATED SPECIES AND SPECIE IDENTIFICATION

Specie Identification Number

nspecie*
nspecie
nspecie
nspecie*
nspecie
nspecie
nspecie
nspecie
nspecie
nspecie
nspecie
nspecie
‘nspecie

1

W O N L AW N

e S = S S R
w N - O

Specie Identification

- ngspecie*
ngspecie
‘ngspecie

i

1
2
3



"L;‘FIRIN The user. can transport all 11 rad10act1ve part1cTe si

v:f*The sum of the mater1a1 apport1oned within part1cu1ate spec1es 3 through 13 1s
-‘,‘equ1va1entﬂto the totaT rad1oact1ve part1cu1ate mater1a1 (mass) represented by
The user has two optlons to. transport rad1oact1ve part1cu

nspecie : . | .
ate. generated by

_esﬁor only the
“ total rad1oact1ve part1cu]ate (nspecie = 2) If the d1str1but10n of mater1aT

is to be transported the code will restrlct the transport of the tota] part1— e .

-culate quant1ty automat1ca11y The system wou]d contain tw1ce the amount of
radioactive mater1a1 actually ava1TabTe if nspec1e =2 through nspec1e 13

were transported ‘The transport of onTy the totaT rad1oact1ve part1cu1ate re-
quires that the user set.the number of part1cu1ate spec1es (1nput parameter
nspecies) equaT to 2 and seTect a representat1ve part1c1e dlameter and dens1—
‘ty. The, transport of mater1a1 does contr1bute to the totaT t1me (cost) for a
f1re—1nduced fTow 51mu1at1on.z (See Sec. IV Jee ) In some cases 1t may be poss1—.
' bTe for the user to reduce the number of spec1es (us1ng the OPthH-QESCFJbed
above) and thus reduce the runn1ng t1me (cost) for a caTcuTation_without Tosf_;}
ing detail. ' i | ‘ |

“3'“_«' .

4. Conrective~Transportuv-The;code incTUdes‘a sjmple'materiaT;transport, ,

model with the capability. of p-edicting airborne material distribution in a
- flow network and its release to. the'environment Accidental release to:the
fenv1ronment from a. f1re 1s a major. concern: in nucTear fac111t1es because the
“a1rborne mater1a1 cou]d be rad1oact1ve or chem1ca1]y tox1c.- The model 1s based
on the assumpt1ons that the part1c1e size is. smalT and its. mass fract1on is
'small reTat1ve to the gas mass 1n the same. voTume. This allows us to assume
that the mater1a] and the gas form a homogeneous m1xture and that they are in
. dynamic equ111br1um. In this case, the gas dynam1c aspect of .the problem is
not affected by the presence of ‘the a1rborne mater1a1, and the part1cuTate or
mater1aT ve10c1ty is the same as the gas veToc1ty at any Tocat1on and- tlme.
t»Accord1ngTy, the. on]y re]at1on needed to descr1be the motion of the mater1a1 1s
~ the cont1nu1ty equat1on. Th1s modeT1ng -and the under]y1ng assumpt1ons are: ’
presented in more detail in Appendlx C o :

13



5. Material Depletion. Once the user has chosen to ‘exercise material =~

transport, he can calculate aerosol losses caused by graVitationaT_sedimenta;
ttOn in horizonta] rectangular, or round ducts. Aerosol depletion may be
ca]cu]ated througnout the network dur1ng transient flow. The theory is based .
on quasi- steady—state sett]]ng w1th the terminal sett11ng ve]oc1ty corrected
by ‘the Cunningham slip factor. ‘The flow in ducts and rooms is assumed to be
well-mixed so that the aerosol concentration is uniform within the volume.
The user must supply the aerosol d1ameter, dens1ty, and duct height to this
model.  The aerosol may consist of solid part1cles or 11qu1d drop]ets. (More
detail and references may be found in Append1x C. ) v

6. Filter Loading. A phenomeno]og1ca1 approach to f11ter 1oad1ng is

presented. The filter gas’ dynam1c performance can be changed by the accumula—
tion of airborne mater1a1 on the f1]ter wh1ch 1n turn causes an 1ncrease in ’
resistance. A linear model is used in which the 1ncrease in. res1stance is
linearly proportional to the amount of material on the filter. The proportion-
ality constant is a function of the fuel source'and fi]ter7propérties.'The user
supplies the f11ter eff1c1ency and p]ugg1ng factor Some information on‘the
filter plugg1ng factor is glven in Append1x c. ' "f3f5~?{u' - '

C. Duct Heat Transfer Model , ,
The purpose of the duct heat transfer model is to- pred1ct how the combus—

tion gas in the system heats up or coo]s down as it flows througnout the ducts i
in the vent11at1ng ‘system. - The mode] predicts the ex1t gas temperature for any
section- of the duct if the inlet temperature and gas propert1es are known. An
ancillary result of the calculation is the duct wall temperature. A heat
transfer calculation is performed for a duct component. Furthermoré, the cai—
culation is performed in a g1ven duct on]y if that branch has been flagged in
the 1nput deck. Exper1ence in using the code ‘has shown that duct heat trans-

- fer calculations can’ 1ncrease ‘the computer runn1ng t1me by a ‘factor of 2.
‘Therefore,,we adv1se that duct heat transfer ca]cu]at1ons be performed only =
where needed. Genera]]y, the main region, of’ 1nterest and concern’ is those
ducts downstream from the f1re compartment and espec1a]1y between the fire com-
“partment and any filters downstream from it.

The overall model is composed of five distinct sub-models of heat trans—
fer processes a]ong with a numerical so]ut1on procedure to evaluate them ‘The
"fo1low1ng heat transfer processes are- mode]ed. . “

14



e Forced convection. heat transfer between the combustion gas and the
’ ’e-1ns1de duct walls - . o SRV i
’.o ”Rad1at1on heat transfer . between the combust1on gas and the 1ns1de duct
walls v
o Heat conduction through the duct wa]] -
e Natural convection heat transfer from the outside duct wa]]s to the .
surround1ngs _ L . |
® Radiation heat transfer from the outs1de duct walls to the atmosphere
' Detaj]s concerning the physical assumptions and s1mp11f1cat10ns.as well as the
heat transfer corre]atidns and their ranges of app]icabi]ityiarevgiven.1n
Appendix B. There it is shown that the total amount of,energy.removed from
‘the gas as it flows through the duct.is'the_sdlution;of a set of four nonlinear
~ algebraic equations. The solution procedure used to solve these equations -also
s presented in Appendix B.. : o ‘ o _
The user inputs required to exeécute the duct heat transfer mode1 include .
the following duct properties. .
e Equivalent diameter and. heat transfer area
e Qutside wall emissivity and absorptivity
e Wall density, therha] conductivity, specific'heat, and thickness.
, A typical appllcat1on of the duct heat transfer model is. shown in one.of
the sample problems presented in Sec. V.: The -actual-code inputs are shown, and
typical output results are discussed for a full-scale (but simple) system.

D. FIRIN F1re and Radioactive Source Term. S1mu]at1on

1. Summary. Fire-generated rad10act1ve and nonrad1oact1ve source terms
“are estimated in. the FIRIN module of the FIRAC code. . .The FIRIN code, which
- was developed by PNL under the sponsorship of the Division. of RiskrAna1ysisrof
the US Nuclear Regulatory Commission, uses a zone-type compartment fire model.
A zone—type'fire compartment assumes that the gas in the room. is divided.into,
~ two homogeneous regions, or layers, during a fire. One layer (the hot layer)
develops near the_cei1ing and contains the hot combustion products released:
from the burning material. The cold layer, which js between the hot layer and
- the floor, contains fresh air. FIRIN predicts the fire source mass 10ss rate,
‘energy generation rate, and fire room conditions (temperatures of the two
“layers and room pressure) as a function of time. It also calculates the mass
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generation rate and particle-sizé‘diStribUtions for radioactive and nonradio-
active partic]eS“that can become .airborne for a given:fire‘éctidéht scenario.
The radioactive release factors incorporated within the FIRIN module ‘are pri-

-marily those developed in experimental work at PNL, and the combustion product

data were developed from a literature search of combustibles that- common]y areA
found in nuclear fac111t1es.4- More 1nformat1on on the fire and radioactive
source term models and FIRIN code assumptlons is available in Ref. 4.

2. FIRAC/FIRIN Integration .

a. Introduction. The coupling scheme chosen for integrating FIRAC and_

FIRIN uses internal boundary nodes to represent the fire compartment within the
network. InternaT“boundary nodé5>are boundary nodes that are located within -
the network. Typically, boundary nodes are used to define the conditions ‘at
the inlet and outlet of the network; The use of internal boundary nodes with-
in a system required that FIRAC and FIRIN be modified to produce an interactive

. code’ version.

An interéctive version of the code was obtained by requiring that FIRIN
calculate the fire compartment*thérmodynamic conditions:(pre$sure and' tempera-

"ture for each layer) and the partiCUlate»and gaseous releases (in the form of

toncentrations) at each time step. This FIRIN- supp11ed information is trans-
ferred to FIRAC through ‘the: internal boundary node scheme. The 1ntgrna1 bound-
ary nodes that represent the fire compartment are -assigned the FIRIN-calculated
pressures,-temperaturés;;parti;ujaté,'and gaseous species conéehtratﬁons at

.each time step. Within the compdtational formu]ation of FIRAC, the internal

boundary nodes are treatedfas}standard bounqary nodes; that is, the internal -

boundary nodes can have preSSUres and temperatures specified as. a function of

_time. Because boundary nodes are-zero-capacitance nodes, several modifications

to the material transport subroutines were made to permit material concentra-
tions to be assigned at the internal boundary nodes. When the FIRIN-calculated

fire compartment conditions for that time step have been transferred to FIRAC

(as boundary node conditidns), the network résponée (system flows, material -
transport, and heat ‘transfer) can be determined by FIRAC. The FIRAC-calculated

©’ total inlet and outlet volumetr1c flow rates for the fire compartment (baséd

-on the current fire compartment conditions) are transferred to FIRIN to com
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At least two;interna&gpoundary nodes are required to represent the fire

‘compartment because the FIRINﬁione—type model requires an inflow and outﬁ]ow

condition for the compartment. Three- 1nterna] boundary nodes can be: used to
extend the fire compartment model The additional internal boundary node is
not required but could be used to. s1mu]ate a potential leak path or an addi-
tional compartment f]ow cond1t1on. For.example,- if there were several inflow/
outflow conditions that needed to be modeled, it could be beneficial to use the
third internal boundary node 1nstead’of lumping the flow conditions into a ma-
jor .inflow/outflow condition.  (See Sec. III.C.)

b. FIRAC Input Changes. :The input specifications for FIRAC requires

several values in addition to the necessary FIRINyinput.data.i These additional
input values assist .in the transfer of information between the FIRIN module and

‘the FIRAC subroutines. The FIRIN 1nput and the new 1nput var1ab1es that assist
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in ‘the coup]1ng of the two codes are 1ncorporated w1th1n ‘the input specifica-
tions section of the manual. (See Sec. IvV.C.) . ' :
C. Internal Boundary Node Pressures -and Temperatures. The FIRIN two-

1ayer f1re compartment model calculates a pressure, a cold- 1ayer temperature,
and a hot- layer temperature for the compartment The two 1nterna1 boundary
nodes are ass1gned the FIRIN—ca1cu1ated compartment pressure at each time step.
Based on the user-spec1f1ed duct elevation and d1ameter of the 1n1et or outlet
of the fire compartment and the pos1t1on of the hot Tayer, the 1nterna1 bound-
ary nodes are ass1qned ‘a value of the FIRIN ca1cu1ated cold layer, hot layer,
or an averaged temperature va]ue. If the not 1ayer is positioned above the
duct centerline elevation plus one—ha1f the duct d1ameter ~the internal bound-
ary node representing the fire compartment 1n1et or ‘outlet would be assigned a

.temperature value equa] to the FIRIN cold-layer temperature. Similarly, if the

hot layer is positioned below the -duct centerline elevation minus one-half the
duct diameter, the internal boundary node is assigned the value of the FIRIN
hot—layer”temperaturetf;when the hot_Tayer'fs.positioned within the region of
the flow boundary; thelinternal boundary node is assigned a-temperature value
that is a function of the hot-and cold-layer temperatures and the posﬁtionbof
the hot layer with respect to the flow boundary center]ine.e]evation.‘ The user
must enter the duct elevations and diameters for the internal boundary nodes
in the fire compartment initial conditions and noding data cards.

d. Internal Boundary Node Material Transport. The improved FIRAC code

version is capabTe of transporting 13 particulate species and 3 gaseous species



generated by FIRIN. Eleven of the'thirteen~particu1ate species are radioactive
particles -ranging in size from.less than 0.1 um.in diameter to greater than

20 uym in diameter.. The remaining part1cu1ate spec1es are the. total smoke and -
 radioactive particulate generated by the fire. The three.gaseous species that
.can be transported are the hot-layer combustion products (oxygen, carbon.diox-
ide, and carbon mohbxide) The Values of the smoke, radioactive particles,
oxygen, -carbon dioxide, :and carbon monoxide concentratlons calculated by the
FIRIN subroutine are transferred to FIRAC at each time step. Based on the user-
specified physical properties of the species, the FIRAC material transport mod-
els (convection, deposition, entrainment, and so on) are used to determine the
time-dependent transport characteristics and -concentration of the particulate
and gaseous species throughout ‘the system.

ITT. SYSTEM MODELING STRATEGIES FOR FIRE-INDUCED TRANSIENTS

A. General B o

FIRAC is designed to predict airflows in an arbitrari]y connected network
system. In a nuclear facility, this network system could include process
. eells, canyons, laboratories. offices, corr1dors, and offgas systems. In
addition, an integral part of this network is ‘the ventilation system. The
ventilation system is used to move air_intp; through, and out of the facili-
ty. Therefore, the code must be capable of predicting flow through a network
system'that also includes ventilation system components:such as filters, dam-
pers, ducts, and blowers. These ventilation system components are connected
to the rooms and corridors of the facility to form a complete network for
moving air through the structure and perhaps ma1nta1n1ng pressure 1eve]s in
certain areas.

B. Fire Accident System Modeling

1. Model Set Up. The first and most critical step is setting up a mode

of the air pathways in a nuclear facility, which requires a schematic showing
the system components and their interconnections. Drawings, specifications,
material lists, safety analysis reports, and existing schematics are sources
that can be used in deriving a system description. A physical inspection of
the facility and consultations with the designer(s) before and after the sche-
matic is drawn may be necessary to verify that it is correct. Frequently,
there is a lack of needed data at this step. Although there is no substitute
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for accurate data, certainﬂassumptjohs,-averaging, or conservative,esfimates
can be used to make the prob]em manageab]e. Figures 4. and 5 show how a simple
ventilation system within a facility structure can be transformed into a net-
work schematic. We will illustrate the system modeling concepts in the next.
section and-then provide additional detail for the flow and material transport
modeling. = ' o o

2. System Definitions. Three terms are used to:describe the construc- -

tion of a model and are used extensively in the remainder of this report.

e System — A network of components (branches) joined together at points
called nodes. o

e Branch - A connect1ng member between upstream and downstream nodal
points. A branch conta1ns one component such as a duct, valve, dam-
per, filter, or blower. Gas flow, pressure differential, and material
flow are associated with branches.

e Node - A connection point or junction for one or more branches. Vol-
ume elements such as rooms, gloveboxes, and plenums are defined as
capéEitance nodes. ‘Even a long duct or slow pathway is divided into

a series of Vo]ume ﬁodes;’?Compressibility of the system fluid is
taken into account at these capac1tance nodes. Boundary points a]so7
are defined at nodes, gas pressure, dens1ty, temperature, material
concentrat1on, and mass fract1on are specified at nodes. The im- '
proved FIRAC code version has a third type of junction or po1nt the
‘internal boundary node. As ment1oned earlier (Sec. 11.D.2), 1nterna1
boundary nodes are required to represent the fire if the FIRIN fire
»compartment effects subroutine (modu]e) is selected.

3. Fire Compartment Mode11ng Options. The organization of the ventila-

tion system components that will form the complete network will depend on the
user-specified fire simulation option. Two options are available in FIRAC to
simulate a fire within a ventilation system. One is to use the FIRIN fire com-
partment model that has been 1ntegrated within FIRAC. The second is to apply
the user-specified t1me function capability. This option enables the user to
simulate a fire in a capac1tance node by inputting an energy release rate (to
simulate heat addition to the ‘room) and particulate and gaseous spec1es gener-
ation rates (to similate combustion particles and gases and radioactive parti- -

cle releases) for that volume. o
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e Fig. 5.
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If the user selects the FIRIN fire cohpértment module, internal boundary
nodes must be used to represent the fire compartment (room). The remainder;ofi
the system can be modeled with the more conventional components>(brancnes and’’
capacitance and boundary nodes). If the user- ~specified time function. opt1on '
is selected, the system model requires the use of convent1onal~components on]yQ
Internal boundary nodes should be used only if the user plans to enable the
FIRIN module. '

Typically, the user would select one of the two possible options'to stmu—
~late a fire. However, both options could be used 51mu1taneous]y to s1mu1ate
several fires in a facility. The FIRIN modu]e can bé used:. to s1mu1ate a f1re
in only one location of the facility network, however, the userfspec1f1ed time
function option could be used to represent édditiona] fires in. other capaci-
tance'nodes. |

C. System Mode]wng Examples

Network systems for ‘airf low through a nuc]ear facility may be constructed
using a bu1]d1ng block approach. The building blocks that are used,to con-
struct fire network analysis systems are shown in Fig. 6 and can be arranged

" as shown in Figs. 7(a) and 7(b) to form arbitrary systems. These building

b]ock symbo]s w11] -be used throughout th1s report An examp]e showing. how the
building block schematic corresponds to a sxmp]e network system for the user-
specified time funct1on fire simulation option is presented in Fig. 8(a).
Nodes 1 and 11 in Fig. 8(a) are boundary nodes. A'capacitance node (node 4)
represents the sampling room where the fire is postulated to occUr.‘ Branches
are shown in Fig. 8(a) at the'tips of arrows-' The branch numbers are enc]osed'
in parentheses adJacent to their correspond1ng branches. Note tnat branch 3

is connected on the upstream side by node 3 and on the downstream 51de by

node 4. _

Figure 8(b) illustrates how the example shown in Fig. 8(a) would be mod -
fied to accomodate the FIRIN option for a postulated fire in node 4. The nodes
representing the intake and exhaust conditions (nodes 1 and 12) are boundary
nodes. The samp1ing room and postulated fire location that was represented by
a capacitance node (node 4) in Fig. 8(a) is replaced with two internal boundary
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nodes (nodes 4 and 5) as shown in Fig. 8(b). Two internal boundary nodes are
required to model the room's intake and exhaust. In the input deck, the user
will specify the fire room intake and exhaust branch identification parameters,
duct elevations and diameters, the two internal boundary node identification
parameters, and other information that will enable the FIRIN compartment. model
and the FIRAC Systems code to be interactive.

We have illustrated extremely simple network systems. A S]ight]y more
comp.lex systgm'is shown in Ejg; 9, and the corresponding schematics are shown
in Figs. 10(a) and 10(b). The cqnventibhally modeled system shown in
Fig. 10(a) illustrates a room (node 2) with three connected branches (1, 2,
and 3), and a leakage path around the cell (node 3) actess hatch also is mod-
eled using branch 5 .and node 5. If a fire were postulated to occur in the
cell, the user could specify the necessary time function data for node 3
(energy release rate, particulate and gaseous species release rates, and so
on) to simulate the fire accideht. If the user selected the FIRIN model. op-
tion, the flow network computer schematic shown in Fig. 10(b)'present§ an -
example of one possible noding arrangement for this option. The cell can be
represented by three internal boundary nodes. Internal bdundary nodes 3 and 4 .
model the intake and exhaust to the cell, and internal boundary node 5 models
the potential leak path (access hatch). FIRAC can model three main connec-
tions (requiring three internal boundary nodes) to a FIRIN fire compartment
(Sec. II.D.2). If more than thkee inflow/outflow conditions are speéified for:
the room that will represent the fire compartment, several approximations.may
be required. The selection of the inf]ow/dutf]ow approximations is an impor-
tant consideration because the flow conditions influence the mass and energy
balance in the fire compartment. For example, if the fire compartment had the
inflow/outflow conditions as shown in Fng 11(a), two feasible modeling options
are possible [Figs. 11(b) and 11(c)]. The first option would be to combine the
inf]ow conditions of intakes 2 and 3 because these intakes represent a frac-
tion of the total inflow condition and are located at the same room elevation.
~ Another possibility would be to combine all three intakes [Fig. 11(c)]. This
arrangenment would require an average inflow room elevation and duct diameter
(required fire compartment input parameters) based on the three intakes.
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Fig. 10(a).
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leak path using internal boundary noding.
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This cOnfigurafibn would not be ds accurate because of the engineering approx-
’ imation$ for fhe inflow elevation and duct diameter. In some cases the user
ﬁmay be confronted -with using: approximations and. may need to'perform a sensi-

) tﬁVity study to deééfmine the importance of the approximations selected.

" Iv. USER INFORMATION AND PROGRAMMING DETAILS

A. Input Organfzétion

The improved FIRAC input deck is divided into 10 sections: problem con-

trol, branch geometry, specie description, boundary node, time function, capac--

itance node, component, initial cbﬁditidns, FIRIN module, and time-step. These
blocks of data afe read in the order sh0wn'in Fig. 12 and compose the FIRAC
input - file FIN. The problem contro]l data cards contain general prob]em con-

~ trol informétion including title cards for Qnoblem identification, output and
plotting package control, steady—state'or transient run options, iteration con-
vergence criteria, and geometry, component, FIRIN simulation option and.time
function control options. The branch gedmetky data blocks specify the branch
.general geometric characteristics (branch identifier, adjacent nodes, length,

" flow area, and so on) and branch heat transfer'chéracteristics if the heat

" transfer option is enabled. - '

- The boundary node data block section conta1ns 1n1t1a1 values for the
boundary node, pressure, and/or temperature time function identifiers and the
.boundary node- type. Internal boundary nodes are requ1red if the FIRIN simula-
tion option' is selected. (See Secs. II and III.) ,

If particulate and gaseous. species are present'ahd indicated in the prob-
1em-controi data block, the data for the species'se1ected will follow the
branch geometry -input. For particu]ate'species, the usef must‘specify the
particle identifier, diameter, and density and can input 1n1t1a1 mass frac—
tions and initial wall mass if desired. For the gaseous species, the user
must specify the gaseous species identifier and can select initial volume
" fractions. The selection of particulate and gaseous specie identifiers is re
strlcted by internal modifications made to FIRAC to accomodate FIRIN. These
vrestr1ct1ons are d1scussed in Sec. II B.3 and only apply if FIRIN is selected
to simulate the transient.
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_ The time function data conta1n time-dependent data for boundary nodes and
" capacitance nodes. - Pressure and temperature time funct1ons can be: defined for
boundary*andﬁcapaCItance.(room) nodes; and energy add1t1on, maSS-addltjon,
~particulate, and gaseous species sources also can be:defined for room nodes. .
* The required room data block that follows the time function information speci-
":fies the room”node identifier, room volume, cross-sectional area, eTevation;
and time function- “identifiers. ' '

Component data cards define the input parameters for the b]ower and filter-
~components of the system. "An identifier and performance curve are required
”f'1nput for the blower. The filter:data card specifies the f1]ter identifier,
::-eff1c1ency, and plugg1ng factor. ,

, In1t1a1 pressure and/or -temperature conditions can be defined for each
| system node if desired. The pressure and/or temperature control parameter: 1n
~ the prob]em ‘control data block.must be enabled for this opt1ona1 input.

If the user selects the FIRIN module to simulate the nonradioactive and/or
radioactive releases caused by fire, the user must define the-fire growth con-
cept; the type, quantity, and burn area of the:fuel; output control:parameters
* that specify the edit frequency for the FIRIN-generated data; the dimensional
and material Characteristies of the burn room; and the type and amount of radi-
oact1ve contaminant and the release mechanisms . assoc1ated w1th that contami-

o ‘nant - Also, -the user can specify add1t1ona1 f]ow path connect1ons to the fire

'“'compartment potential--equipment heat sinks, and pressurized vessel

“failures if desired.

The last set of input information:is the time step cards that control the
»ca1CU1at10n. -The problem transient time can be divided into time domains.
Each time domain can have.different time-step sizes and output edit-intervals.’

B. Input Format

The FIRAC'inpUt'specificatiQns (Sec. IV.C) give the organization of the
ihput deck (FIN)’that must be followed. If the FIN fixed formats are not fol-
Towed (the location of card information is prescribed), the program will at-
tempt to read data from an_adjacent column or from the next line of input and
prdbab]y will abort with a format error. Input diagnostic messages have been
incorporated within the input processor to help the user debug improperly for-
matted input. ‘
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There are three types.of input data in FIRAC: (a) A/N, anhanuheric data
:(any combination of letters and numbers); (b) FP, f]oating,pojnt’data;'and’
(c) I, integef data.: Alphanumeric data should be left-justified with:respect.
to the first eblumn;of the field definition (data should start :in the first
column of the field). Integer data should be right-justified in the data
field (the last data character should appear in the r1ght—most column of the
field). For example, the integer 6 placed in column 4 of the first branch
description card would be interpreted as branch 60 because the field defini-
‘tion encompasses columns 1 through 5. If branch 6 were to be specified, it
should be placed in column 5. Floating point data also are right-justified.
Only large or small f]oating point numbers require the form +*nnnE+mm where n
and m are integers; Intermediate floating point numbers may be .specified.as
'inn—-;nnnn-— with.the decimal point given. Values of data occufking.under:the,
heading "Default Value" are used if the input data field is left bIank;M

C. Improved FIRAC Input Specifications S o .
In the FIRAC input deck (Table II), the sets of information are separated
by data separator cards. These cards must be inc]uded'in the positions indi--

cated . in the speeifications (Tabie’III) and should be Used to identify the
data that will follow. The sets of information that form the input deck data
cards. Each date card.descriptioh hasﬁfour.pahts: - data card'descriptor, card
comments, data type, format:andivariab1es, and data_deseription.v,The data
type, formét; and variables follow the data card commenfs. The data type
(a]phanumerfc; fleating point;”or 1nteger)ﬂis indicated by the actual. format
used in theacdde.-_Thevvariab]es-are presented -in the order_they occur on the
data card. The data description section contains a brief description of. the
data, the variable name associated with the data, the. card location (column)
of that'variable the variable default value, and the variable's maximum value.
User-oriented. comments pertaining to that particular data card: are presented
~after the data descriptor and occas1ona11y f0110w1ng the data description
section. ‘ ' '
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TABLE II

_ FIRAC INPUT DECK ORGANIZATION

“Card Identifjcation[;_

~_ Data separator
TITLE
Data sep‘a'r_af_t'::'c‘)_r'

RUN CONTROL I

Data separatofi
PRINT/PLOT CONTROL, CARD 1
PRINT/PLOT CONTROL, CARD 2

Data separator

PLOT FRAME

Data ééparétdr

RUN CONTROL II

Déta separator

BOUNDARY CONTROL

Data separator

‘ Generé] Information

'User—specified probiem identification

~ Run option, initial output time, time step
for output, last output

time?land special output times

Units for output-lists and plots,
- additional output times, number of plot
frames of each type

Number.of plots of various information for
~each specie

Number of curves on each frame and
“identification number of node or branch

Maximum. iterations, convergence criterion,
calculated deposition and entrainment
options, relaxation parameter, initial
pressure input option, initial temperature

- - input option, initial particulate species

mass fraction option, initial gaseous
 species volume fraction option, number of
gaseous species, number of particulate
:species, natural convection option, and
fire simulation options '

.Number of boundary nodes, étmospheric

" pressure and temperature, and total number

of each time function (pressure,
temperature, energy, mass, particulate
. species, and gaseous species)
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TABLE II (CONT)

Card Identification General Information

GEOMETRY AND COMPONENT CONTROL Total number of branches, nodes, rooms,
- blower function types, f11ter types, and
control dampers :
Data separator

BRANCH DESCRIPTION DATA, CARD 1 Branch number, upstream node, downstream
‘ : node, initial flow estimate, flow area,
duct. length, component type, differential
pressure, and blower function
“identification

| BRANCH DESCRIPTION DATA, CARD 2 Forward and backward resistance
coefficients, filter type duct height,
duct floor area, and heat transfer option

BRANCH DESCRIPTION DATA, CARD 3~ Duct equivalent diameter, heat transfer
' " area, wall thickness, emissivity,
absorptivity, thermal conductivity,
density, specific heat, initial wall
‘temperature, and number of wall heat
,transfer nodes
Data separator

PARTICULATE SPECIES DATA, CARD 1 Particulate species identification,
‘ - ‘diameter, and particle density

PARTICULATE SPECIES DATA, CARD 2 Initial part1cu1ate spec1es mass fract1on
, L at each. node _ _

PARTICULATE SPECIEé'DATA, CARD 3 Initial particulate species wall mass
Data separator | | '

GASEOUS SPECIES DATA, CARD 1~ Gaseous species identification

GASEOQUS SPECIES DATA, CARD 2 ' Initial gaseous species volume fraction at

each node
Data separator L ‘

BOUNDARY 'NODE DATA .. : Node number, ‘node type, initial pressure,
- pressure time function number, initial

-temperature temperature time function

number, and elevation

Data separator. ‘

PRESSURE TIME FUNCTION ' t’Funct1on 1dent1f1cat1on number and number

DATA CONTROL of sets of points

PRESSURE/TIME DATA » Coordinates - value of time and pressure
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Card Identification

TABLE 1I (CONT)

Data separator

TEMPERATURE TIME FUNCTION
DATA CONTROL :

TEMPERATURE/TIME DATA
Data separator

ENERGY TIME . FUNCTION '
DATA CONTROL

ENERGY/TIME DATA
Data separator
MASS TIME FUNCTION
DATA CONTROL
MASS/TIME DATA
Data separatdr

PARTICULATE SPECIES-
TIME FUNCTION DATA CONTROL

~ PARTICULATE-SPECIES/TIME DATA

~ Data separator

- GASEQUS SPECIES TIME FUNCTION

DATA CONTROL
- GASEQUS-SPECIES/TIME DATA
Data separatbr

. ROOM DATA, CARD 1

-ROOM DATA, CARD 2

General Information

-Funct1on 1dent1f1cat1on number and number

of sets

Coordinates - value of time and temperature

Function jdentification number and number
~ of sets

Coordinates - value of time and energy rate

Function identification number, number of
sets, and temperature functlon associated
with injected mass

Coordinates - value of time and mass rate

Function identification number and number .

~of sets

Coordinates — value of time and mass rate

Function identification number and number
of sets

Coordinates - value of time and mass rate

Node number, volume, energy, mass,

_pressure, and temperature time function

identification numbers, and initial values
of energy, mass, pressure, and temperature

Cross-sectional area of room, number of
particulate species time functions, number
of gaseous species time functions, and
elevation
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Card Identification

TABLE II (CONT)

Genera]llnformation

ROOM DATA, CARD 3

ROOM DATA, CARD 4

Data separator

CONTROL DAMPER

Data separator

BLOWER CURVE CONTROL

BLOWER CURVE DATA
Data separator

FILTER DATA

Data separator
PRESSURE INPUT
Data separétor
TEMPERATURE INPUT
Data separator

SCENARIO CONTROL SPECIFICATIONS,
CARD 1

SCENARIO CONTROL SPECIFICATIONS,
CARD 2

Data separator

INITIAL CONDITIONS

INFLOW SPECIFICATIONS
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Particulate species number corresponding to
source function, time function number, and
initial value of the source function

Gaseous species number corresponding to
source function, time function number, and
initial value of source function

Controlled node, branch number, damper
type, pressure range, initial damper angle,
rate of damper angle change

Function identification number and-numbér
of points

. Coordinates - flow and head

Filter identification number, filter
efficiency, filter plugging factor, -number
of species, and turbulent and 1am1nar
coefficients. ,

Initial value of pressure at each node
Initial value of temperatufé at eachlnode‘

Fire duration, output
frequency, and fire growth option

Fire growth option, number of
additional flow paths, number of pieces of
equipment and vessels, and third fire

~compartment node identifier

Initial cbmpartment temperature and pressure

Inflow branch nhmber, inflow node number,
and height and diameter of inlet ventilator



Card Identification

TABLE I1 (CONT)

Gerieral Information

OUTFLOW SPECIFICATIONS
THIRD COMPARTMENT NODE
SPECIFICATIONS

Data separator

FUEL MASS DATA |
FUEL SURFACE AREA DATA
Data separator

FIRE COMPARTMENT GEOMETRY

Data Separator

"FIRE COMPARYMENT MATERIALS

COMBUSTIBLES IDENTIFICATION
- Data separator '

EQUIPMENT/VESSEL IDENTIFIER
EQUIPMENT/VESSEL GEOMETRY

EQUIPMENT/VESSEL CONTENT

Data separator

ADDfTIONAL FLOW PATH DATA

Data separator
RADIOACTIVE SOURCE IDENTIFIER

CONTAMINATED COMBUSTIBLE SOLID
IDENTIFIER

Outflow branch nﬂmbef, b&tf]ow.node_number,

and height and diameter of outlet ventilator .-

Third node branch number, third node.

.~ number, and height and diameter of extra

ventilator a

Mass of fuels

Surface area of fuels

Length, width, and height of compartment;
thickness of ceiling, wall, and floor; and
height of flame base

Ceiling, wall, and floor construction
materials S

{dentification of combustibles

Identification of equipmént and vessels at
risk '

Width, length, and height of equipment/ -
vessels; construction materials; and weight

Volume of contents, moisture content,
initial surface temperature, initial inside
temperature, and failure (rupture) pressure
of equipment/vessel

Failure times of additional flow paths,
heights of paths, pressures at outlets, and
diameters of paths

Number of radioactive source terms
Form of radiocactive contaminant,

material identification, tracking number,
and burning order
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TABLE II (CONT)

General Information

~ Card Identification

CONTAMINATED COMBUSTIBLE
SOLID-MASS -

CONTAMINATED COMBUSTIBLE LIQUID-
IDENTIFIER -
CONTAMINATED COMBUSTIBLE . LIQUID
MASS
CONTAMINATED SURFACE
UNPRESSURIZED RADIOACTIVE LIQUID

PRESSURIZED RADIGACTIVE POWDER

?RESSURIZED RADIOACTIVE LIQUID

RADIOACTIVE PYROPHONICv ”S_QLvI'D |

TIME STEP CARDS

a4

Mass of radioactive material

Form of radioactive contaminant, material
identification, tracking number, and
burning order

Mass of radioactive material

Tracking number and mass of radioactive

material

Identification number,‘tracking number, and
mass of radioactive material

Identification number, tracking number, and
mass of radioactive material

Identification number, track1ng number, and
mass of radioactive mater1a1 :

Track1ng number, burning order, mass of

o radioactive'material, and size of metal

Time step size, end of time doma1n, and -
print edit interval



" TABLE IIT |
 FIRAC INPUT DATA DECK

“DATA SEPARATOR CARDS

Col.(s) " : Data Description

1-80 These cards may be left blank or may contain alphanumeric
data. These cards are used to separate different types of
data cards.. .The contents of these cards are not used by the
FIRAC. |

Only one data separator card is shown here, but these cards should be
placed in the input deck in the positions indicated in Table II.

TITLE CARD
Col.(s) Data Description
1-80 ' Eighty columns of a]phanumeric data are avai]ab]e to the

user. This title is used for héadings on output lists and
~user identification of the problem. ’

45



RUN CONTROL I CARD

(FORMAT 3X, A2, 2F5.0, E10.0, I5, 5F5.0) RUNT, TINIT, DTI, TOT, NSPOUT,
’ souT(I), (I =1,5)

< ' Default  Maximum
Col.(s) Variable Data Description Value Value

4-5 RUNT Run option | | ST
' .SS - steady-state solution only
ST - steady-state plus transient

6-10 TINIT First output time(s) 0.0
11-15 | DTI Time between outputs(s) o 0.01
16-25 - T0T Last output time(s) _ 1.0
30 NSPOUT Number of special outputs -0 5
31-35 SOUT (1) © First special output time(s) 0.0
3640 SOUT (2) Second special output time(s) 0.0
41-45 SOUT (3) Third special output time(s) 0.0
46-50 SOUTA(4) Fourth special output time(s)'v 0.0
51-55 SOUT (5) 0.0

Fifth special output time(s)

Transient values of pressure, temperature, mass, and volume flows are
saved for listing and plotting. These values are spaced uniformly between the
first output time ‘and the Tast output time. Additionally, up to five special
output times may be kequested. ” | :
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PRINT/PLOT CONTROL CARD

(FORMAT A2, A3, 615), LUNITS,.PLTOPT, NPFRMS, NQFRMS
o NMFRMS, NAFRMS ., NTFRMS NSPECC

;_HDefaulf:

Maximum [

for which plots will be

requested. (next- set :of - data cards)

| .Col.(s) Variable Data Description Value ~ Value
1-2 LUNITS “* -Units for output lists and - (BLANK)" yields
' plots. SI specified'here‘ '  spressures Vv .
yields pressures (kPa), - (in. w.g. at..60°F),
flows’ (m /s), and -~ flows (cfm), and
_ temperatures (K). temperatures C F).
3-5 PLTOPT Entering the letters (BLANK) Lists
: ‘"ALL“”produees lists produced only
of pressures, flows, ~at start time,
- temperatures, -and total run
differential pressures at :time, and
~every output time (including special out-
‘ special outputs). ' put. times.
6-10 NPFRMS Number .of pressure plot frames. := 0 10
11-15 NQFRMS> Number of - vd]umetric flow rate 0 . 10
. plot frames : : ;.
16-20 NMFRMS Number of mass Flow rate plot..~ 0 10
a frames . .- . - ,
21-25  NTFRMS “Number of temperature plot frames O 10
26-30 | - NAFRMS ~  Number of damper blade angle * 0 10
_ ‘frames. _ N
31-35 NSPECC i - Number of particulate species: 0 5

The maximum number of plot frames that can be requested is 25; therefore,

the sum of pressure frames, volumetric flow rate frames, mass flow rate frames,

temperature frames, and particulate species frames must not exceed 25.
entries may be left blank if printer plots are not desired.

These
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~ These cards are provided only if NSPECC is > O.

PRINT/PLOT CONTROL -CARD

(Seéond Card —- Parﬁiculate.Specjes Specification Card)

This quantity is

spec1f1ed in Cols.. 36 -40 of the first PRINT/PLOT control card. NSPECC cards
must be provided. .

(FORMAT 715) KNDSPC(I) NFLXFR(I), NPMOFR(I), NWMAFR(I), NSRCFR(I), NSINFR(I),
NYFRMS(I), (I =1, NSPECC) ‘

Col.(s)

Variable

Data Description

Default  Maximum

Value Value

1-5
6-10

11-15
,16—20
21-25
26-30

31-35

KNDSPC
- NFLXFR

NPMOFR

NWMAFR

NSRCFR

NSINFR

NYFRMS

Particulate species number
Number of particulate flow rate
plots for this particulate
species number
Number of ..integrated particulate
flow rate through branch p1ot5‘f6r
this particulate species number
Number of particulate mass on
duct wall plots for this
particulate species5ngmber
Number of entrainment rate

p]ots for this part1cu]ate
species number -

Number of deposition rate

plots for‘this particulate
species number

-Number ' of ‘mass fraction

plots for this particulate
species number
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PLOT FRAME CARD:.

(FORMAT 515, F10.0) NCRVS(K), NCID(1,K), NCID(2;K), NCID(3,K) NCID(4,K),
XSCL(K), (K =1, NFMT)

: 7 Default Maximum

Col.(s)  Variable Data Description Value Value
1-5 NCRVS'_ Total number of curves this frame 0 4
6-10  NCID ' 'dié/branch_number for first curve 0 100
11-15 NCID Ndde/bfanch number for second curve 0 100
16-20  ° NCID  Node/branch number for third curve - 0 100
21-25 NCID Node/branch number for fourth curve O 100
26-35 XSCL Scale limit for frame BLANK

- Pressures, temperatures, and mass fraction quantities are ayai]ab]e for
plotting at each node. Volumetric flow rate and mass flow rate aré available
for plotting at each branch. Particu]aie flow rate, integrated particulate flow
rate, particulate mass on duct wall, entrainment rate, and deposition rate are
~available for plotting for each duct type branch. Tnis card identifies how many
and which nodes or branches are to appear as. curves on the print/plot frame.

© Different quantities cannot:be mixed on the: same frame. There is one p]ot-frame'

card for each frame. These cards may be omitted if plot frames are not request-
ed on-the print/plot controT‘térd. A scale limit may be specified for the |
frame; otherwise the plot routine finds the maximum value of. all the pressures,
flows, or temperatures on the frame and uses this value as 100% of full scale.
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" RUN CONTROL II CARD

(FORMAT 15, F10.0, 4X, 11, 4X, I1, 4X, Al, 4X, Al, 215, 5K, I5, 5X, 3I5) MAXIT,

CONVRG, IDEP, IENT
PINP,TINP, IAINP,
IGINP, IFIRIN,

NGSPECE ,NSPECES, INC

Default Maximum

Col.(s)  Variable . Data Description . Value. Value
1-5 MAXIT Maximum iterations permitted per 1000

time step. The program will

~‘abort if convergence (discussed

- .in App. A)vhas_not been achieved
for this number of iterations. .
Ten times this number is permit-

4 . ted for steady-state calculations.
6-15 CONVRG ~  Criterion for iteration conver= 0.0001
g gence (App. .A). -
20 IDEP Calculated particulate depositionA 0
‘option. If IDEP =1, deposition
o is calculated. E o
25 TENT Ca]cu1ated.parﬂicu1ate entrainment 0
option. If IENT = 1, entrainment is
calculated. : S
30 PINP Initial pressure input option. ((BLANK) - -
Insert the letter "P" in this ‘no input
column if pressures at nodal ~ pressures
points are to be supplied. supplied
TIN? Initial temperature input option. (BLANK)

35

Insert the letter "T" in this
column if temperatures at nodal
points are to be supplied. '

implies all
ambient
values
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(FORMAT 15, F10.0, 4X,

RUN CONTROL II CARD (CONT) -

11, 4X, 11, 4X, Al; 4X, AL, 215, 5X, 5, 5X, 315) MAXIT,

CONVRG, PINIP,
TING, TAINP, IGINP,
IFIRIN, NGSPECE,
NSPECES, INC

Default  Maximum

INC

Col.(s) ‘Variable Data Descriptibn_ -f - Value Value
40 - IAIN 1 if initial particulate specier =~ 0
mass fractions are to be input.
‘45 IGINP 1 if initial gas species volume 0.
s .. fractions are to be input.
- 55 IFIRIN 1 if time functions are to be used 0
' to simulate the fire © '
0 if the FIRIN module is to ‘simulate
“the fire.* See Sec. III on modeling
strategies. o
61-65 NGSPECE  Number of.gaseous species - : - 0 5
66-70 NSPECES Number of particulate species 0
75

1 if buoyancy term in Eq. (A-3) (BLANK)
~is to be included. [ (BLANK) |
(recommended) results in -
vheglecting this term.]

*[f the FIRIN module simulates the fire, the fire accident will not begin until

‘the problem time equals 2.0 s.
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BOUNDARY CONTROL CARD

(FORMAT 215, 2F10.0, 5I5) NPFN, NBNODS, PZERO; TAMB, NTFN, NEFN, NMFN, NCFN,

NGFN
_ Default Max imum
- Col.(s) Variable Data Description Value Value
1-5  NPFN Tota]lnumber of pressure- 0 5
time functions
6-10 NBNODS Total number of boundary nodes 0 10
11-20 PZERO Value for atmospheric pressure 14.7
' (psia)
21-30 - TAMB Value for atmospheric - 60
temperature (°F)
35 _NTFN ~ Total number of tempenature— 0 5
' time functions
40 NEFN Total number of energy- 0 5
time functions '
. 45 ‘ NMF N Total number of mass—time functions 0
50 " NCFN Total number of particulate species 0
' addition time functions
55 NGFN Total number of gaseous species 0 5

‘addition time functions -

The code is limited to handle a maximum of 10 boundary nodes and a maximum

of 5 time functions of each type.
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GEOMETRY AND COMPONENT CONTROL CARD

(FORMAT 215, 5X, 3I5) NBRCH, NNODES, NROOMS, NBLFNS, NFILRS

: : : Default Maximum

Col.(s) Variable Data Description 3 Value Value

1-5 NBRCH ~ Number of branch description 0 100
data card sets | -

6-10 NNODES Number of nodes defined for | 0 100
) ‘ problem (includes boundary nodes)

16-20 NROOMS Total number of rooms 0 100

21-25 NBLFNS Total number of blower o 0 15

characteristic functions o
26-30 NFILRS Total number of special filter types 0 20
31-35 NCDAMP Total number of control dampers 0 100

Values of these parameters control the reading of input data and should

not exceed maximum values.
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BRANCH DESCRIPTION DATA, CARD 1 -

(FORMAT 315, 3F10.0, Al, 4X, F10.2, 10X, 12) IBRN, INDU(IBRN), INDD(IBRN),
» Q(IBRN), FA(IBRN), XL(IBRN),
ICPTYP(IBRN), DP(IBRN), IBCN

Default Max imum

Col.(s) Variable Data Description ) Value Value
1-5  IBRN Branch number 0 100
6-10 = INDU Upstream node number . : 0 - 100

11-15 INDD Downstream node number - - : 0 100

- 16-25 Q Initial estimate of flow (cfm). (0.1 x FA)

This value is used to calculate
damper, filter, and duct-resistance

» coefficients. )
26-35 FA Flow area (ft°) 1.0
36-45 XL " Duct length (ft) C(FA)?2
46 ICPTYP - Component type 0
S .V L....Damper ’
F..... Filter
B ..... Blower
D ..... Duct o
51-60 DP Branch pressure differential 0.0
N (in. w.g. at 60°F)
71-72 IBCN Blower curve identification -0 15.

‘Tdentifies which blower curve to
use for component type B.
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" BRANCH DESCRIPTION DATA, CARD 2

© (FORMAT 2£10.0, 110, 20X, 2€10.0, 9X, I1) FZ, RZ, NFE, HEIGHT(IBRN),
’ o | FLAREA(IBRN), IHNT(IBRN)

- | Default  Maximum
Col.(s) Variable Data Description Value ‘Value
1-10 FzZ Forward resistance coefficient Code-
| ﬁ for branch. If > 0, this value ~ calculated
overrides that ca]cuiated_py the value
- code frbm pressure differential |
, and initial flow. . g
11-20 ;QZ . Rear resistance coeffiéient‘for Code-

' branch. If > 0, this value over- cé]cu]ated o
rides that calculated by the code value '
from pressure differential and
initial flow.

21-30 NFE Filter type. . B 0
51-60 HEIGHT ~ Duct height (use h ;_2pg%dk;rpund 0
| S duct) (Ft). L "

1 61-70 FLAREA  Duct floor area (ft°). 0
80 IHNT Heat transfer option = 1 if heat -0
transfer calculation is to be '
performed-for}this branch.

Two cards. are required per branch. The branch pressuré differential is

~used with the initial estimate of brénch flow to calculate a resistance coeffi-

cient. The differential pressures also are used to calculate initial starting

-point system pressures if these pressures are not input separately.
The BRANCH DESCRIPTION CARDS need not be ordered in the input deck

(branch 10 might precede branch 5).

However, the number of cards should agree

with that specified in Cols. 1-—5 of the GEOMETRY AND COMPONENT CONTROL card.
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The blower curve. 1dent1f1cat1on refers to the blower curve number identi-
fier specified ‘later on the BLONER CURVE CONTROL CARD \
The filter type refers to special type f11$ers for which a plugging calcu-
The filter types are specified on the FILTER DATA |

CARD(S). The filter type may be left blank if a p]ugg1ng ca]cu]at1on (detai]ed
in App. C) is not requested

lation is to be performed.

BRANCH‘DESCRIPTION DATA, CARD 3

This card is read only if duct heat transfer is requested on the second

branch description data card (Co] 80)

(FORMAT 2E8.0,

18;,7E8.0) DIA, HTAREA, NODES, THICK, EMISS, ABST, KWALL, RHOW,

CPW, TWALL
. Default  Maximum

Col.(s) Variable Data Description Value Value
1-8 DIA | Duct_ equivalent diameter (ft) 0.0
9-16 HTAREA Ductwhegt transfer area (ftz) 0.0
17-24 NODES Number of heat transfer nodes 1

in wall |
25-32 THICK Duct wall thickness. (in.) 0.0
33-40 EMISS Duct emissivity (outside) 0.0
41-48 ABST Duct absorptivity (outside) 0.0
49-56 KWALL Wall thermal conductivity 0.0

(Btu/n/ft-"F) |
57-64 RHOW Wall density (lbm/ft>) 0.0
65-72 CPW Wall specific heat (Btu/1b-"F) 0.0 a
73-80 TWALL  Initial wall temperature (°F) 0.0
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PARTICULATE SPECLES DATA, CARD 1

These cards are read only if NSPECIES is > 0. This quantity is in
:, Cols. 66-—-70 of RUN CONTROL CARD II. Provide NSPECIES sets of these cards.
(One for each partitu]ate specie.) R _ fﬁ;; B

g

* (FORMAT 110, 2X, A8, 2E10.0) ISPEC, IDSPEC, DIAP, RHOP

A o L - © Default Maximumv
Col.(s) = Variable Data DesCriptiéni o - Value . Value
1-10 ISPEC Species Number -0 NSPECIES
13-20 [DSPEC . Identification of this species "~ BLANK
o ' ', . (up to eight characters) -
21-30 DIAP Particle diameter (um) 0.0
31-40 RHOP Particle density (g/cm) 0.0
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'PARTICULATE SPECIES DATA, CARD 2
Initial Particulate Species Wall Mass

The following card should be present only if RUN CONTROL CARD II (Col. 40)
indicates that initial paftitﬂ]ate'specie quantities are to be input. The de-
fault for these quantities is zero. Use as many cards as necessary to define
~the initiél‘particu]ate specie mass fraction at all nodes. The number‘of gquan-
tities to be provided should be the“same“as specified in Cols. 6—-10 of the

GEOMETRY AND COMPONENT CONTROL CARD. Values that are Teft blank are assumed to

be zero. .

(Format 5E15.0)

_ Default  Maximum
Col.(s) , Data Description -~ Value Value
1-15 s  Mass fraction in the first node 0.0
16-30 Mass fraction in the second node. 0.0
31-45 . Mass fraction in the third node 0.0
46-60 _ , ~ Mass fraction in the fourth node 0.0
61-75 . Mass fraction in the fifth node 0.0
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uf-'1nd1cates that initial part1cu1ate specie quant1t1es are to be 1nput The .de- -

' ;gthe initial particulate spec1e mass. conta1ned on. the wa]]s of each branch The-

* PARTICULATE 'SPECIES, DATA CARD 3 © = .

”'**NInitia]-Pantiédlate'SbétTe‘waJW*MN.*: -
The following card should be present only if RUN'CONTROL CARD IT (Col.. 46)'f'”

. fault for these quant1t1es is. zero. Use as many cards as ‘necessary to. def1ne .

i :'numner of quant1t1es to be prov1ded shou]d be the same as spec1f1ed in Co]s 1--5
~of the GEOMETRY AND COMPONENT CONTROL CARD Va]ues that are 1eft blank are as-
'sumed to be zero. ' R s '

(FORMAT 5E15,0):

: . : : v S - Default Maximum -
1Coli(s) . - ~Data"Description - -Value -~ Value-

| 1-15 ©  Wall mass in the first branch - . 0.0
e- -30 f{y o __etttj *wa11.ma§s in the second branch ..~ 0.0
_ ‘a?31—45 o N57ﬁa - Wa11;mass in the thikq branch . ' 0.0

“l46-60 . " - Wall mass in the fourth branch- 0.0
61-75 . * ° _ Wall mass in the fifth branch - 0.0
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" GASEOUS SPECIES.DATAy CARD 1

These cards are read only if NGSPECIES is > 0. This quantity is in.

Cols. 61—65-of RUN CONTROL CARD II. Provide NGSPECIES sets of these cards
(one for each,gaseohs»specie). L :

(FORMAT 110, 2X, AB) ISPEC,. IDSPEC

Default

(Up to eight characters)

L : : ST i + Maximum
Col.(s) Variable Data Description Value Value
1-10 ISPEC  Species No. 1 < ISPEC < NGSPECIES 0

13-20 . IDSPEC Identification of this:species BLANK
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© GASEOUS SPECIES DATA, CARD'?2

Initial Gasepus.SpécieS Volume Fraction
" The following card should be present only if .RUN CONTROL CARD II (Col. 45)
indicates that initial gaseous specie quantities are to be input. The default

for these quantities is zero. Use as many cards as necessary to define the ini- -
tial volume fraction of this specie at all nodes,;?The‘nUmber oﬁ}quantities pro- -

vided should be the same as specified in Cb]s._ﬁ-elo,of the GEOMETRY AND COMPO-
NENT CONTROL CARD. o

(FORMAT 5E15.0)

Default Max imum

Col.(s) ' A Data Description » Value . Value
1-15 - Volume fraction in the first node .0.0

16-30 o Volume fraction in the second node . 0.0

31-45 Volume fraction in the third node 0.0

46-60 Volume fraction in the fourth node 0.0

61-75 Volume fraction in the fifth riode 0.0
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BOUNDARY NODE DATA CARD

15, FlQ.O) IBNNR(I), ITYPBN(I), PB(I), IBPFN(I),

(FORMAT 15, 12, F11 0 F10.0,
. TBI(I), IBTFN(I), ELEV[IBNNR(I)],
[I =1, NBNODS]

_ S S , Default = Maximum
Col.(s) Variable DataDescription Value ~ " Value
1-5 IBNNR = Boundary node number o 0 10
6-7 CITYPBN  Boundary node type (ITYPBN = 1 0

| denotes an internal boundary
node) ,
8-18 PB Ihitia] value of pressure at node atmo-
1(1n w.g. at 60°F) spheric
19-22 I1BPFN Identification number of pressure- 0 5
time function at the boundary node (Steady
(See Time Function Daté card.) value of
o . ) ' A pressure)
23-32 TBI Initial value of temperature (°F) atmo-
v | - ; ' spheric
33-37 IBTFN  Identification of temperature- 0 5
timeAfunétion number

: aét this boundéky node

38-47 -

ELEV

Elevation (ft)
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© TIME FUNGTION ‘DATA-CONTROL ‘GARD ™ -

(FORMAT. 215, 3K, 12) IFN, NP(IFN), ITEM(IFN)- "=

S o , o ~_:Default  Maximum
Col.(5s) Variable ‘Data Description - . - - © - Value © : Value -

1-5 '*,. IFN o Time function identifier. L 0: 5 -
6-10 NP ~ Number of data p01nts in-time - : -0, 20 _

| : ' .funct1on definition. A data ’ o RSt

po1nt is def1ned as dan ordered )
. pair of values of - t1me and function ,

DT - of time. . )
14-15 _' ITEM Temperature function number for mass 0" 5

B o injection. | .

_ This cardvcontFOIS”the reading of .subsequent TIME FUNCTION DEFINITION cards .

| ,”éndwshou1d precede each time function definition. The TIME FUNCTION DATA CON-
'£; TROL card is followed by one or more TIME FUNCTION DEFINITION data cards. This’
>itset of cards- may be present but -it-.¥s not. requ1red for steady-state runs, o
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TIME FUNCTION DEFINITION ‘DATA CARD

~ (Format 3(2F10.0)) T(I,IFN), FT(L,IFN), (I =1, INP) REPEATED

Defau]t Max imum

Col.(s) ~ Variable Data Description . Value Value
1-10 T Value of time for first time - 0.0
, function data point. ,
11-20 FT :‘ Value of variable for first time 0.0
’ function.data point.
21-30 T - Value‘of time for second time 0.0
: _ function data .point. A ‘
31-40 FT . Value of variable for second time 0.0 -
function data point. -
41-50 T Value of time for third time 0.0
| fgnctioh'data point. | |
51-60 FT ~Value of variable for third time 0.0
e function data point.

‘Insert .as. many TIME. FUNCTION DEFINITION cards :as needed to define :all-~the *«. .
data points. The TIME FUNCTION data card sets are used to define all the time-
dependent user—specified data for the problem. This includes time-dependent
data for both boundary nodes and capacitance nodes (rooms). Each_EXEg of time
. function must be preceded by a data separator card.

Use as many TIME FUNCTION DATA CARD DESCRIPTION and TIME FUNCTION DEFINITION
DATA CARD DESCRIPTION sets as: necessary to def1ne all the time function sets
reqUired byythe'problem. The card sets must be in the following order and in
the quantities provided in the indicated units.

‘e Pressure (psig) |

e Temperature (°F)

o Energy (kW)

e Mass (1bm/h)

e Particulate species (g/s)

e Gaseous species (cfm)

The defining times must be in ascending order.
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~ ROOM DATA, CARD 17

_(FORMAT 15, F10:0, 415; 4F10.0) IND(K), VOL(K), NOE(K), NOM(K), NGP(K), NOT(K),
: | REDOT(K); RMDOT(K), RP(K), RT(K), (K =1, NROOMS)

T o - . R Default -~ Maximum
Col.(s) Variable-  Data Description et e Value Value
1-5 ~ IND ¢ Node number for room ¢ 0 '106
6-15 WO Room volume (f£3) T 00 |
20 NOE " Energyﬁfﬁme function number o 5
25 NOM . Mass addition time function number 0 5
30 " NOP Presstre tfhe'fUﬁttion number 0 5
35 NOT Temperature time function number 0’ 5
36-45 . REDOT - Initial.value of energy (kW) == - - 0.0
46-55 RMDOT - Initial value of mass (1bm/h) 0.0
56-65 RP Initial value of pressure | .
» o (in. w.g. at 60°F) = ' 0.0
66-75 RT ~° Initial value of temperature (°F)  atmos-
' ' ‘ : pheric

Two cards are-required per room. The volume dimension is used in the cal-

-culation of capacitance coefficients, and zero volume is not permitted. Room
volumes are required input for steady—state'ruhs. Duct volume (if significant)
‘ must be'input as a pseudo-room requiring an additional node. Rooms cannot be
| ~ located at boundary'nodes. The ROOM DATA cards need not be in numerical order.

65



ROOM DATA, CARD 2 -

- ELEV(IND(K))

© (FORMAT £10.0, 2110, 10X, E10.0) RFA(K), (K = 1, NROOMS), NOPFNS, NOGFNS,

‘Col.(s)

Vatjéble

- , " Default
Data Descriptjona_ ' Value.

Max imum
Value

1-10
11-20

21-30

41-50

RFA

NOPFNS
NOGFNS

ELEV .

_Room-areag(ft?)‘(flow area) - 0.0

‘No. of particulate species source

time functions for this room 0.

.. No. of gédseous species source time 0
_ functions for this room

Elevation (ft) s 0.0
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~ ROOM' DATA, CARD"3

;quticuﬂate 5pe¢ies-Soukce;Specjfication Card .

These cards are presentonly if thereagre particulate specie sources in
this room (Cols. 11-—-20 on the second roomvdata card). There is one card for
- each particulate time function requested forvthis réom. The.total number of
cards must’be‘thevsame as the numbér of -particulate sources specified in
Cols. 11--20 of the second room data card. - - ’

~(FORMAT 2110, E10.0) ISPEC, IPTFNO, PCDOT

"Defadit Max imum

Col.(s) : Variab]é Data Description o " Value Va]ue'
1-10° ISPEC Species number for this source- o 0
must agree with that stated on the
particulate species data cards)
{11=20  IPTFNO Time function number describing 0
' this source
|21-30 PCDOT Initial value of the particulate - 0.0

source (kg/s)
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ROOM DATA, CARD 4
(Gaseous Species Source Specification Cards)

These cards are present only if there are gaseous specie sources in this
room (Cols. 21--30 on the second room data card). There is one card for each
gaseous species‘time function requested for this room. The total number of
cards must be the same as the number of gaseous species sources specified in
Cols. 21--30 of the second ROOM DATA CARD. ‘ '

(FORMAT 2110, -E10.0) ISPEC, IGTFNO, GCDOT

o . Default Max imum
Col.(s) Variable Data Description - - ' Value Value

1-10 ISPEC Species number for this source 0
(must agree with that stated on
the gaseous species data cards)

11-20 IGTFNO  Time function number describing 0
this source ‘

21-30 GCDOT ~ Initial value of the gaseous 0.0
specie source (cfm)
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CONTROL DAMPER CARD ..

 Format (315 5F.10.0) CTLNODE, DAMPNUM, TYPE, PMIN, PMAX, |
| THETA, dTHETA CtDELAY

Default Maximum

Col.(s). - Variable Data Description.. . . Value . © Value
1-5 CTLNODE The node at wn1ch a pressure is be1ng 100
maintained. L
6-10 - DAMP NUM The branch number of’ the contro111ng 100
o damper.. e '
"11-15 TYPE The damper type. ‘ 1 3

1 - opposed-blade medium duty-
2 - opposed-blade light duty
3 - parrallel-blade light duty

16-25 - PMIN The minimum pressure allowed at the 0
: ' controlled node (in. wg.). o
26-35 PMAX The maximum pressure allowed at the "0
' 4% 7 controlled node (in. wg.). - SRR :
36-45 . THETA  The initial ang]e of the damper . 0 . 90°
: ' - blade. . 4 ’ :
90° - -open -
L - 0° - closed : I

46-55 DTHETA  _ The number of degrees:that. the 0° °

90
"blower opens if the pressure ‘is- :
above PMAX or. .closes if the: pressure. ¢
is below PMIN. (negat1ve if the damper o
e closes .at high pressures)..
56-65 TDELAY The time that the pressure must. 0
remain above or below the limits
before the damper will respond (s).

The control damper model can be used to mode1 fixed dampers by setting '
THETA to the blade angle of the damper and dTHETA to 0°. Additional damper
types can be added to FIRAC by the procedure exp1a1ned in Append1x E.. Control
dampers respond by closing or opening DTHETA degrees after the pressure has
been outside of the specified range for TDELAY seconds. After the damper re-
sponds, it will wait another TDELAY seconds before responding again. To obtain
“continous" opening or closing of a damper use a TDELAY equal to the timestop
and a DTHETA to match. |
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BLOWER CURVE CONTRGL CARD
(FORMAT 2I5) JB, NPBC(JB)

Default .Maximum‘

Col.(s) Variable Data Description Value Value
“1-5 JB Blower curve number identifier, -0 15
6-10 NBC Number of points defining this . 0 20

~ blower curve. A point is defined
as an ordered pair of values of
flow (cfm) and head (jn; w.g.'
at 60°F).

.The blower curve data are ordered.in'the same way as time function data--a
curve input control card is followed by one or more curve description cafds. B
One curve control card is required for each b]ower type. The o}der of.the
blower curves is unimportant (turvg 3 might precede curve 1); however, this
card is used in reading the fo]]bWﬁnQ blower curve data:points and must appear

just before the appropriate curve description card(s).
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(FORMAT 3(2F10.0)) XB(I, JB), FXB(I, JB),-[I = 1, NPBC(JB)] REPEATED

BLOWER CURVE. DATA CARD

T | : S ‘Default  Maximum |
1 Col.(s)  Vvariable Data Description .~ Value- Value
1210 XB Flow (cfm) for-the first point . 0.0,
“11-20 - FXB “Blower. head (in. w.g. at 60°F) for 0.0 .
o L the first point .. .
21-30 XB  Flow for the second point = 0.0
'_‘31-;4’_0 ,  FXB Blower head'for;'-,the second po_int' 0.0
4150,  XB Flow for the third point : - R
1 5160 FXB ‘Blower head for the third point 0.0
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FILTER  DATA CARD(S)

(FORMAT 110, 4F10.2) NFE, FEF(NFE), ALF1(NFE), AKL(NFE), AKT(NFE)

Default . Maximum

Col.(s) Variable Data Description - Value - Value
1-10 NFE Filter type number (required) 0 NF ILRS
11-20 " FEF Filterefficiency (required) 0.0
21-30 ALF1 Filter plugging factor (1/kg) 0.0

(optional) - '
31-40 AKL Laminar filter factor KL 0.0
41-50 AXT 0.0

Turbulent filter factor KT

One card for each special filter type specified in Cols. 26—-30 of'fhe

GEOMETRY AND COMPONENT CONTROL CARD.
which a plugging calculation is to be performed.
plugging factor is given in Eq. (C-42).

tors are defined by Eqs. (C-39) and (C-40).
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PRESSURE 'INPUT CARD

.(FORMAT 5£15.0) P(I), (I =1, NNODES)'(Five entries per card)

" Default  Maximum

Col;(s) Variable . Data Description _ Value Value
1-15 p | Pressure (in. w.g. at 60°F) at the 0.0

‘ first node ' . s
16-30 , Pressure at the second node 0.0
31-45 ‘ Pressure at the third node 0.0
46-60 Pressure at the fourth node 0.0
61-75 : Pressure at the fifth node 0.0

These cards are required only if Col. 30 of the RUN CONTROL II CARD is set

to P. The values of bressure for boundary nodes may be left blank because these

values are supplied on the BOUNDARY NODE DATA cards. Use as many cards as re-
quired to define all the system pressures.
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(FORMAT 5E15.0) T(I), (I= 1, NNODES) Five entries per card

TEMPERATURE INPUT' CARD

Default

Max tmum

Col.(s) Data -Description Value Value
1-15 Temperature (°F) at the first node 0.0

16-30 Temperature at the second node 0.0

31-45 Temperature at the third node 0.0

'46-60. "Temperature at the fourth node 0.0

61-75 Temperature at the fifth node 0.0

These cards are required only if Col. 35 of the RUN CONTROL II CARD is set

to T.

The values of temperature for boundary nodes may be left blank because

these va]ues are supplied on the BOUNDARY NODE DATA_tards. Use as many cards

as required to define all the system temperatures.
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' SCENARIO:CONTROL SPECIFICATIONS; CARD 1.

. (FORMAT F10.2, 2110) TSPEC, IPRNT, MIBO.

o S : : Default .“‘MaXimum.
Col.(s) Variable  Data Description : ' ‘Value Value

1-10 - TSPEC User-specified fire duration in 0.0
: ' real-time seconds (used only in
| S . FIRIN module). e
11-20 ,ffIPRNT , _User spec1f1ed frequency of time A,. 0
o ~ step intervals for which the
‘t'computedudata are pr1nted into the
- output unit files. For example,.
if the time-step interval (DTMAX) is
0.1 s and the user wishes to obtain
computed dataAevery 10°s in real -
t1me of the fire, IPRNT 100
. : should be spec1f1ed K )
C 230 MIBO ‘One way to approximate fire growth 0 .5
" with the FIRIN module;: users - e
. must estimate the orders:of fuel

consumption ‘(burning order) in the

' fire if more than one combustible
material is specified at risk in the

o éompakfmehf MIBO is' the max1mum 2
'number of burn1ng orders, and it
'governs the number. of phys1ca] card
"requirements for FIRE SOURCE TERM
DATA CARDS
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SCENARIO CONTROL;SRECIFICATIONS;bCARQ'Z

(FORMAT 110, F10.1, 110, F10.1, 2110) IGNITE, PFLOW, NFP, EQUIP, MJE, IFLOW3

Ve

: R S Default  Maximum
Col.(s) Variable Data Description o Value Value

1-10 IGNITE A less cdnseryative way to ap- 0
' ' proximate fire growth with the
FIRIN module is using the igni-
tion energy concept. This ap-
proximation.allows auto-ignition
of combustib]es at risk if the heat
flux levels generated by the .initial
burning combustibles in the compart-
ment are sufficient. The :ignition
energy levels required for auto-
ignition of the combustibles depend
-on méterial.properties; and they are
stored 1n‘the program. To use this
concepp;fqrcapproximation, IGNITE = 1
must be input;: otherwise, IGNITE = 0
must be spec%fied. When this concept
is applied, MIBO =2 must be speci-
-fied where the first burning order
(IBO = 1), the fuel quantity, and
‘the Syrfacg~area are input for initial
_ burning materials, and for second
burning order (IBO = 2), the quantity
and surface area of combustibles at
*risk.(because of possible auto-igni-
tion) are’speCified.' I
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SCENARIO CONTROL SPECIFICATIONS, CARD 2 (CONT)

Co].(s)

Variable

Default

Data Description

Value -

Max imum

~ Value |

11-20

21-30

31-40

PFLOW

NFP

EQUIP

Numeric identifier for additional
flow paths to/from the fire
compartment . '
FLOW = 1.0 (additional
flow péths), or
0.0 (no additional
flow paths). .

FLOW

[f FLOW = 0.0 is specified, no

input data are required for addi-
tional FLOW PATH DATA CARDS.
Number of additional flow paths
to/from the fire compartment. A
g]ovebox>is an example of a compart-
ment that has glove ports as its
additional flow paths where the
gloves a;téched to it have burnt
off. The_va1ue selected for NFP
governs the number of physical card
requirements for additional FLOW
PATH DATA CARDS. If NFP = 0, no
data inputvis réquired for these
cards.
Numeric identifier for equipment
and vessels at risk in the fire
compartment. |
EQUIP = 1.0 (equipment
' and vessels)
EQUIP = 0.0 (no equipment
or vessels)

0.0

0.0

50
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SCENARIO CONTROL SPECIFICATIONS, CARD 2. (CONT)

Col.(s) Variable

" ‘Default

Data Description - ‘Value .

Max imum
Value

41-50 MJE .

51-60 _ IFLOW3

If EQUIP = 0.0 is specified, no

input data are required for
EQUIPMENT/VESSEL GEOMETRY CARDS
or EQUIPMENT/VESSEL CONTENT DATA

- CARDS.

Number of pieces of equipment and 0

vessels at risk inside the fire

compartﬁent. The number assigned

for MIE is the number required for

each type of EQUIPMENT/VESSEL

GEOMETRY CARDS.

Numeric identifier for third 0
fire compartment node.

IFLOW3 = 1 Third node contributes .
: ~ to inflow at steady-
statevcohditions.
IFLOW3 = O No third node.
IFLOW3 = -1 Third node contributes

to outflow at steady-
state conditions.

10
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INITIAL: CONDITIONS CARD

(FORMAT FL0.2, F10.6) TENIT, PINIT

Default

R . o E ’ Méxihum
O :Co].(s) Variable  'Data Description . Value Value
1-10  TENIT Initial temperature (°F) of the 0.0 -
_ - “ fire compartment - : ' |
11-20 PINIT  Initial pressure (in. w.g.) inside 0.0
’ the fire compartment '
' INFLOW SPECIFICATIONS CARD
(FORMAT 2110, 2F10.2) IBRCHI, IFCNDL, ZIF, DIF
o , o _ Default Max imum
- Col.(s) Variable  Data Description - Value Value
1-10 IBRCHI ~ Fire compartment inflow branch 0
" number ,
11-20 IFCND1 Fire compartment inflow node | 0
'number o A ' .
21-30 ZIF Height of elevation (ft) of the . 0.0
’ ' center plane of inlet ventilator
“from the floor. level in the
compartment
3140 DIF Diameter (ft) of inlet ventilator 0.0

79



OUTFLOW SPECIFICATIONS CARD

(FORMAT 2110, 2F10.2) IBRCHO, IFCND2, ZOF, DOF

Default Max imum
Col.(s) Variable Data Description Value Value
1-10 IBRCHO Fire compartment outflow branch 0
| number
11-20 IFCND2 Fire compartment outflow node 0
: - number
21-30 Z0F Height of elevation (ft) of the 0.0
center plane of outlet ventilator
from the floor level in the
compartment
31-40 DOF Diameter (ft) of outlet 0.0
| ventilator |
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THIRD COMPARTMENT NODE SPECIFICATIONS CARD

This card. is not required if IFLOW3 = O (SCENARLO CONTROL SPECIFICATIONS
CARD 2). B o . |

" (FORMAT 2110, 2F10.2) IBRCH3, IFCND3, ZIOF3, DIOF3

Defau]f Maximum

Col.(s) Variable _Daté'Descriptign - Value  Value
1-10 IBRCH3 Third compartméhtdnode branch. - | -0
- i number iy .
11-20 IFCND3 Third compartment node number 0
21-30 - ZI0F3 Height of elevation (ft) of the 0.0

center plane of extra ventilator

(option of efther inflow or out

flow) from the floor level in the
compartment v '

| 31-40 DIOF3 - Diameter (ft) of extra ventilator 0.0
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"'FUEL SOURCE TERMS DATA CARDS -

The number of -sets of the following two card types is governed by the num-
ber of burning orders, MIBO (SCENARIO CONTROL SPECIFICATIONS CARD‘l) MIBO sets
must be entered in sequence, and all FUEL MASS DATA CARDS must be entered before
any FUEL SURFACE AREA DATA CARDS : o "

FUEL MASS DATA CARDS

(FORMAT 9F8.2) FUEL (I, 180), (I = 1, 9; 80 = 1, MIBO)

Default Max imum

Col.(s) Variable Data Description | Value  Value
ji-8' : FUEL' ' . Mass’ (pounds) of nine different 0.0
916 . types of combustible fuel mate- o
17-24 - rials (I = 1, 9) commonly found
25-32 o }1n fuel cycle facilities and

.f‘33-40‘m;';f':' e :’g poss1b]y,present_1ntthe fire com

| 41-48 .~ partment. I is the humeric identi-

la9-56 . fier for types of fuels, which are .
57-64 - ~~ described in Table IV*. IBO is the

‘>.65¥72‘,‘ o rburn1ng order (that is, first, sec-

3-ond third, fourth and so on) of
fuels spec1f1ed by the user. 'Put
0.0 in the corresponding columns of
“each physical card where that parti-
cular fuel is not.involved in the
. fire. Currently, up to nine combust-
" “ible materials can be burning all
at once, and burn1ng orders can be up
to MIBO = 5.

' *Téb]e IV follows the compietion of Table III on p. 110.
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. (FORMAT 9F8.2) AREC (I, IB0), I & 1;.9; 180 = 1mmoxﬁy

" FUEL SURFACE AREA 6AfA?eARDS“' ”

‘ o A s Defau{t Max1mum
Col.(s) Variable Data Description =~ ~ . Value- Value o

o les2  should be filléd-for for each’

128 AREC  Surface area (ft°) of 0.0 x E
9-16 . .. fuels for“nine ‘different. types of S _v;f?" T ';E
17-24 o -comdet1b1e'mater1ais (1= 1, 9) e o ' -
| 25-32 _ 7~ ‘1uf‘ . A value of -0.0 should be entered o
133240 .. inthe correspond1ng columns, of B
| 41-48 o i E};-each phys1ca1 card’when that-

v-'49756 | ~ particular fuel is not involved
57-64  in thé fire. A total of nine values

physical‘Card as in‘FUEL (I, IB0).
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FIRE COMPARTMENT GEOMETRY CARD

(FORMAT 7F10.3) RL, WR, ZR, XCEIL, XWALL, XFLOOR, ZFIRE

' , Default Max imum
Col.(s) . Variable Data Description o Value Value
1-10 RL Length (ft) of fire compartmént. 0.0
11-20 WR Width (ft) of fire compartment. 0.0
21-30 IR Height (ft) of fire compartment. 0.0
31-40 XCEIL Thickness (ft) of compartment 0.0
ceiling. ‘ o ,
41-50 XWALL Thickness (ft) of compartment _ 0.0
wall.
51-60 XFLOOR Thickness (ft) of compartment . - 0.0
' vf]oor. If fhe”compartment,is on
floor level with no other
,co@pértment below it, a large
"value for XFLOOR is suggested
for:heat transfer considerations.
6170 ZFIRE Normalized height (ft) of 0.0

the flame base from the floor

“level. Specifying this value

requires the user's judgment. For
example, when a glovebox is in

a fire, ZFIRE is the height of

the glovebox floor from the

ground level. In all cases,

ZFIRE must be given a positive,
nonzero value.
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FIRE COMPARTMENT MATERIALS CARD

(FORMAT 3110) MATERC, MATERW, MATERF

o , Default Max imum
Col.(s) Variable Data Description P Value = Value

1-10 MATERC ~ Ceiling construction material.. .. O

Use the numeric identifier
MATERC = 1, 2,...15 (Table:V*)
for noncombustible solid
materials. MATERC = 1 denotes
concrete as the ceiling material.

11-20 MATERW Wall construction material. Use 0
the numeric identifier as for
MATERC. -

21-30 MATERF  Floor construction material. Use O
the numeric ‘identifier as for
MATERC. |

*TabTe V ToTTows the comp]étion of Tabie III on p.. 110.



COMBUSTIBLES IDENTfFiCATION CARD

This card type is required only when the 1gn1t1on energy concept 1s ap—
plied, IGNITE =1 (SCENARIO CONTROL SPELIFICATIONS CARD 2).

(FORMAT 915) NBO(L), (I = 1, 9)

Default  Maximum

Col.(s)  Variable  Data Description Value Value

1-5 NBO Numeric identifier for the nine © 0 3

6-10 : combustibles at risk. o o

11-15 . Input NBO(I) = O for material that

16-20 . | _burns initially in
21-25 o ~ the fire. |
'26e30 ' NBO(I) =fl_fqr'combustib1es that

31-35 e are at risk and that

36-40 . . - can contribute to the

41-45 | S " fire through the igni-

tion energy concept.

il
N

NBO(I) for any of the nine
" combustible types that
will not contribute to
: ~ the fire at all. |
NBO(I) = 3 for-material types that

burn at the start of
the fire and are also
at risk because of igni-
tion energy'concept.
- Nine input values are required on this
card.’ Entef.NBO(I) 2 for combustibles
“not 1nvo]ved in the f1re
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_ EQUI?MENT/VESSEL;IDENTIFLER CARD
'”7f_ Thjs card is required only if equipment or vessels:are at risk .inside the
fire compartment. For this to be true, MJE > O (SCENARIO CONTROL SPECIFICATIONS;.

CARD 2). .Only one card is necessary.

(Format 4F10.2) NVES (IE), (IE =1, 4)

Default - Maximum

Col.(s) Variable ‘Data Description R Value Value
1-10° ~ NVES ~  Number of pieces of equipment or 0 - - 10
11-20 o vessel of type 1E =1, 2, 3, and 4 ’ -
21-30 . Type 1 - simple heat sink
31-40 - " Type 2 - pressurized containers
- of . powder

Type 3 - pressurized containers
| of liquid -
Type 4 - open 1iquid containers
Enter NVES(1E) = 0 if Type IE is not
found in the fire compartment.

\
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EQUIPMENT/VESSEL GEOMETRY CARDS
The following five card types~decribe the pieces of equipment and vessels
at risk inside the fire compartment. The number of sets of cards is governed
by the number of pieces, MJE_(SCENARIO CONTROL SPECIFICATION, CARD 2), one set
for every piece of equipment or vessel. If MIJE =0, no cards are required.

EQUIPMENT/VESSEL GEOMETRY, CARD 1

(FORMAT 4F10.2) WD(IE, JE), (IE =1, 4; JE = 1, MJE)

Default Maximum

Col.(s) Variable  Data Description ‘ ' Value Value
1-10 WD Width (ft) of the equipment 0.0
11-20 ~and/or vessels. The FIRIN module
21-30 is limited to only four types of
31-40 ‘equipment or vessels (IE =1, 4):

simple heat sink, pressurized
containers of powder, pressurized
1iquid containers, and open liquid
containers. JE denotes number of
each type of equipment or vessels,
up to 10 for each type (MIE = 10).
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CE - EQUIPKENTIVESSEL GEORETRY, CARD:2

. (FORMAT 4F10.2) HEQ(IE, JE)

. Defau]t '.'.,:"')[t/lvaximur‘ll' }
“Value” - Value- -

:WHST;($)T‘ Vékiébie 'ﬁétqueéékﬁptidﬁyw“

21100 . HEQ- - Length (fx);éflthé'eqUTbment"ﬁ;~- fjfo,05;¢ |
11-20" S (diameter‘of?cyiindehs;fjength SRERS T
21-30 : . ﬁbeXDOSEd to fire for:boxes) and/or T
31-40 . o .vessels: préseﬁtﬁﬁﬁ the fire
;'compartment Same dnput e
~requ1rement as’ WD(IE JE) above 35”

'EQUIPMENT/VESSEL GEOMETRY, CARD 3

0 (FORMAT 4F10.2) HTF(IE, JE), (IE = 1, 43.0E = 1, MIE).-

i g _ : * Default Mékimum-
~1+Coli('s). ~ Variable Data Description . . Value Value

1-10 HTF Height (ft) of the base of 0.0
11-20 - . equipment and/or vessels from the |
1'21'30;. o . _ ﬁgif]oor Jeve] Same 1nput require
31240 © ment as WD(IE, Jt) above.¢
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EQUIPMENTIVESSEL GEOMETRY?fGARD 4

.GmmTMw)mmM(m,ﬁn(ﬁ=1;4JE:LMm)

LT . _ Default 2 Maximumv~
Col.(s) Variable Data Description Value Value
1-10 MATERE Construction material of the four 0

11-20 types of equipment or vessels
21-30 " mentioned above (IE =1, 4).
31-40 MATERE is a numeric identifier for
_ types of noncombustible materials.
. IE denotes number of each type of
jequipment or vessels, with up to
seven types of possible construc- o
tion material. For example,
MATERE (IE, JE) = 3 denotes the
JEth piece of equipment or vessel
Type IE constructed of stainless
steel. " See Table VI.*
" EQUIPMENT/VESSEL GEOMETRY, CARD 5°
"(FORMAT 4F10.2) WMASS (IE, JE), (IE =1, 4; JE = 1, MJE)
' S T Default Max imum
.Col.(s) Variable Data Description Value Value |

1-10 WMASS Weight (pounds) of equipment or 0.0
11-20 o vessels. Similar input require-

21-30 ‘ments as for WD(IE,JE), HFT(IE,JE),
31-40 and HEQ(IE,JE).

 *Table VI_fd1joWs the completion of Table III on p. 111.
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.*-EQUIPMENT/VESSEL.CONTENTSfCARDS R

'kThe fo]]owing_lsycard'types describe the contents of the_equipment and ves—

sels at risk in the fire compartment, The number of entries on each card must

IFICATIONS CARD 2). "If MJE = 0.0, no cards are required; otherwise, each card

' type must be entered.’

EQUIPMENT/VESSEL CONTENTS, CARD 1

(FORMAT 10F8.2) VGAS2 (JE), (JE = 1, MIE)

: -equal the number'of>pieces of equipment and vessels, MJE (SCENARIO.CONTROL SPEC- .-

Default Max imum

Col.(s) Variable Data Description =~ _ Value Value
‘ 1-8 - VGAS2 Gas volume (ft3) inside _ 0.0
I every 8 ~ Vessel Type 2 (IE = 2, pressurized

container). MJE values must be
input on this card; for equipment
or yesée]s not Type 2, enter 0.0 in
the corresponding array, spaces.

: 0



EQUIPMENT/VESSEL CONTENTS, CARD 2

(FORMAT 10F8.2) VPWD(JE), (JE = 1, MIE)

Default

‘ : Max imum
Col.(s) Variable Data Description - ‘ - Value Value
1-8 VPWD Volume of powder (ft’) inside 0.0
every 8 Vessel Type 2 (IE = 2, pressurized

container). See EQUIPMENT/VESSEL
CONTENTS, CARD 1.
EQUIPMENT/VESSEL CONTENTS, CARD 3

(FORMAT 10F8.2) WH202 (JE), (JE = 1, MIE)

: Default Max imum
Col.(s) Variable Data Description ‘ Value Value

1-8 WH202 Moisture content (pounds) inside 0.0

every 8 Vessel Type 2. See EQUIPMENT/VESSEL
CONTENTS, CARD 1.
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EQUIPMENT/VESSEL CONTENTS, ‘CARD 4

~ (FORMAT 10F8.2) VGAS3(JE), (JE = 1, MIE)

‘ Default

f . ‘ - Maximum
Col.(s) Variable Data Description - . Value Value
1-8 VGAS3 Volume of gas (ft>) inside’ 0.0
{ every 8 Vessel Type 3 (IE = 3, pressurized
liquid containers). See EQUIPMENT/
VESSEL CONTENTS CARD 1. '
EQUIPMENf/VESSEL CONTENTS, CARD 5
(FORMAT 10F8.2) WH203(JE), (JE = 1, MIE)
L o : . : Default Max imum
Col.(s) Variable Data Description Value - Value
1-8 - WH203  Moisture content (pounds) inside 0.0

every' 8 Vessel Type 3. See EQUIPMENT/
VESSEL CONTENTS, CARD 1.
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EQUIPMENT/VESSEL CONTENTS, CARD 6

(FORMAT 10F8.2) FVOL(JE), (JE = 1, MJIE)

Max imum

o Default

Col.(s) Variable Data Description : Value Value
1-8 FVOL Liquid volume (ft’) inside 0.0
every 8 Vesse]_Type 4 (IE = 4,,open 1iq01d

| | containers). See EQUIPMENT/VESSEL

CONTENTS, CARD 1.
EQUIPMENT/VESSEL CONTENTS, CARD 7
(FORMAT 10F8.2) TE1(JE), (JE = 1, MIE)
o . : : Default Max imum

Col.(s) Variable Data Description h Value Value-
1-8 TEL Initial surface temperatqre‘(°F) of 0.0

every 8 . ' equipment or Vessel Type 2
(IE = 2, pressurized containers).
See EQUIPMENT/VESSEL CONTENTS, CARD 1.
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| EQUIPMENT/VESSEL CONTENTS, CARD'8 "

" “(FORMAT 10F8.2) TE2(JE), (JE = 1, MIE)

oo e . e Default  Maximum
Col.(s): . Variable Data Description =~ Value - Value

18~ T2 Initial surface temperature: (°F) 0.0
every 8 . of equipment .or Vessel Type 20 ..

(IE = 2,ApfésSuri?éd‘éohtainerS) 7
“See EQUIPMENT/VESSEL CONTENTS, CARD 1.

" EQUIPMENT/VESSEL" CONTENTS, CARD 9 = -

~ (FORMAT 10F8.2) TE3(JE), (JE = 1, MIE)

B R N - - _ Default - - Maximum
" | Col.(8)"  Variable Data Description =~ - | .. Value Value

1-8 - TE3 ’ :Initiél surface temperature (°F) of 0.0
eyery’8;‘ S eduipment»or:VesSélﬁTypé“3 (1E =3,
S ' ' “:pres§yrﬁzéd‘4iqu1d cbntainers).'
See EQUIPMENT/VESSEL CONTENTS,_CARD 1.
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EQUIPMENT/VESSEL, CONTENTS, CARD-10 .

(FORMAT 10F8.2) TE4(JE), (JE = 1, MIE)

Default Makimum

Col.(s) - Vvariable  Data Description - ‘Value  Value-
1-8 TE4 Initial surface.temperature (*F) of 0.0
every 8 ~ equipment or Vessel Type 4 -

(IE = 4,“open.1jquid containers).
See EQUIPMENT/VESSEL CONTENTS, CARD. 1.

EQUIPMENT/VESSEL CONTENTS, CARD'11 .-

- (FORMAT 10F8.2) TI2(JE), (JE = 1, MJE)

. ' o . ) Défault “ﬂMaximum
Col.(s) Variable Data Description .. T Value .. Value
1-8 TI2 “Initial:inside temperature (°F) of ~ 0.0
every 8 B equipment .or-Vessel Type 2..
See EQUIPMENT/VESSEL :CONTENTS, CARD 1.
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EQUIPMENT/VESSEL CONTENTS, CARD 12 -

7 (FORMAT 10F8.2) TI3(JE), (JE = 1, MIE)

_ e - ' Default Maximum
Col.(s) Variable Data Description , Value. Value
1-8 TI3 - Initial inside.temperature (°F) of
every. 8 : wequipment or -Vessel Type 3.

- See EQUIPMENT/VESSEL 'CONTENTS, CARD 1.
| | ‘
EQUIPMENT/VESSEL CONTENTS, CARD 13
. ~(FORMAT 10F8.2) TL(JE), (JE = 1, MIE)

L . Default Max imum
Col.(s).-  Variable Data Description - . Value- Value

| 1-8 . o TL S . InitiaT“]iquid”temperature»(°F) of
every 8 Vessel Type' 4. See EQUIPMENT/
) VESSEL CONTENTS, CARD 1.
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EQUIPMENT/VESSEL :CONTENTS, -CARD 14 ...

(FORMAT 10F8.2) PF2(JE), (JE = 1, MIE)

. : Default Maximum
Col.(s) Variable Data Description T Value -~ Value ~
1-8 - PF2 Failure (or rupture) pressure (psia) 0.0
every 8 of equipment or Vessel -Type 2. See .

{ EQUIPMENT/VESSEL CONTENTS, CARD 1.
EQUIPMENT/VESSEL CONTENTS, CARD15 - -
(FORMAT 10F8.2) PF3(JE), (JE = 1, MIE)
' : . , Default  Maximum
Col.(s) Variable ~ Data Description - .- .. Value “Value
1-8 o PF3, . ~Failure: (or rupture)fpreésure_(bSia).-0.0

every 8. _ " of equipment or Vessel-Type 3.. See .
EQUIPMENT/VESSEL CONTENTS,; CARD 1.
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| ADDITIONAE FLOW PATH DATA CARDS

Descr1pt1on cards of the add1t10na] flow paths . 1nto the flre compartment
The number of, cards requ1red 1s equa] to the number of r]ow paths, NFP (SCENAR—
10 CONTROL SPECIFICATIONS, CARD 2). If. NFP = 0 no cards are requ1red

" (FORMAT 4F10.2) TFP(IFP),vHFP(IFP),_PFP(IFP),'DFP(IFP), (IFP'=v1;“NFP)4%”

» S DefaQJf “ Max1mum
Col.(s) Variable = ' Data Description =~ - = - Value Va]ue

1-10 TFP ~§FeFa11ure times .(s) of. the ‘;ihh . ‘O:OZN“‘
additional flow paths to the fire
. ‘compartment during the.course of

: the fire. :
C11-20 HFP Heights (ft) of theiadditiona1 0.0
' ' o flow paths. - . ES R )
21-30 "PFP . - Pressures.(psia) at the outlets of 0.0
: " the additional flow paths to the
| ‘compartment. ‘ :
3140  DFP . Diameters (ft) of the additional - 0.0

flow paths to the compartment.




E

RADIQACTIVE SOURCE IDENTIFIER CARD

L(FORMAT 7110)' NRAD(J); (3=1, 7)

fill in the format of seven integers
if the mechanism(s) is/are not in-
volved. Thus, NRAD(L) = 2 denotes

- that there are two radioactive source

~ terms Fesulting from burning two

types of contaminated combustibie
solids. The values specified for

”NRAD(J) are the numbers of physical

cards required for the next nine
card types.

‘ . _ Default Max imum
Col.(s) Variable Data Description Value Value
1-10 NRAD Number of radioactive source terms 0
11-20 . that will be generated under the
21-30 Jth type of release mechanism. J
31-40 is the numeric identifier for fhe
41-50 total of :seven: types of radioactive
- 51-60 ‘release mechanisms described in
61-70 ““Table VI. Zeros are‘required to
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CONTAMINATED:COMBUSTIBLE SOLID IDENTIFIER CARD

Number of this card typé is govefned by NRAD(1) (RADIOACTIVE SOURCE - . -
IDENTIFIER CARD). If NRAD(1l) = O,Ino-cards are required

‘(FORMAT 4110) IFORM, I, JACT, IBO |

Col.(s)

Variable

Data Description -

Default
Value

Max imum
Value

1-10

11-20

21-30

31-40

IFORM

JACT

180

The physical form of radioactive
contaminént found on the combust-
ible solid. ,
IFORM = 1 (powder)
IFORM = 2 (liquid)
The numeric identifier for types
of combustible materials, where
I =1, 9. See Table IV for the

combustible materials and their

corresponding numeric identifiers.
Any integer ranging from 1 to 20
aSéigned to a source term for
identification among other possible
source terms in a single fire
scenario. Up to 20 radioactive
source terms can be tracked.

The burning order of the contami-
nated combustible solids. See
descriptions for FUEL SOURCE TERMS
DATA CARDS. -

20
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CONTAMINATED COMBUSTIBLE SOLID MASS CARD

Number of this card type is governed by NRAD(I)'(éADIOACTIVE SOURCE IDENTI-
FIER CARD). If NRAD(1l) = 0, no cards are required. :

~ (FORMAT E10.4) QRADL

. Default Max imum
Col.(s). Variable Data Description ‘ Value - Value

1-10 ~ QRAD1 Estimated total mass (pounds) of 0.0
radioactive material
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CONTAMINATED;QOMBUSfIBLE;LiQuiuﬁlﬁENTIFIER3CARD

- Number of th1s card: type is governed by. NRAD(Z) (RADIOACTIVE,SOURCEVIDENTI—
FIER CARD) If NRAD(2) = O, noAcards areirequ1red ‘

' (FORMAT 4110) IFORM, I, JACT, IBO

o o ‘ : _ Default Max imum
Col.(s) "~ Variable Data Description - - Value Value

110 IFORM The physical form of radicactive 0
T " contaminant found bn.the.combus-
‘tible solid. -
‘ IFORM = 1 (powder)
s IFORM = 2 (liquid) |
| 11-20 I .The numeric identifier for types 0
o of combustible materials, where
I=1,9. Sée Table IV for the
. combustible materials. and their

| : - corresponding numeric. identifiers. .
21-30 JACT Any 1hteger ranging from 1 to 20 0 20
. assigned to a source term for
“identification among other poss1b]e
source terms in a s1ng]e fire
scenario. Up to 20 rad1oact1ve
. .source terms can be tracked.
”31—40 IBO The-burnwng order of the contami- 0.
' o ~ nated COmDUStible solids. See
descriptions for FUEL SOURCE TERMS
DATA CARDS '
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CONTAMINATED"COMBUSTIBLE!LIQUID MASS CARD

Number of this card type is governed by NRAD(2) (RADIOACTIVE SOURCE
"IDENTIFIER CARD). If NRAD(2) = 0, no cards are required. '

(FORMAT E10.4) QRAD2

Default Maximum
Col.(s) Variable Data Description " Value: Vaiue
1-10 QRAD2 Estimated total mass (pounds) of _.VO.O‘

radioactive material

CONTAMINATED SURFACE CARD

Number of this card type is governed by NRAD(3) (RADIOACTIVE SOURCE. IDENTI-
FIER CARD). If NRAD(3) = 0, no cards are required. =~

(FORMAT 110, E10.4) JACT, QRAD3

Default Max imum

Col.(s) Variable Data Description | Value Value
1-10 JACT See JACT, CONTAMINATED COMBUSITBLE 0 20
. SOLID IDENTIFIER CARD. . .
11-20 QRAD3 | Estimated mass (pounds) of radio- 0.0

active material on the surface
heated by the fire.
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- UNPRE SSURI ZED 'RADI OACTIVE. LIQUID CARD

Number of this card type is governed by NRAD(4) (RADIOACTI

IDENTIFIER CARD). If NRAD(4) = 0, .no cards are required. :

- (Format 2110, E10.4) IVES, JACT, QRAD4

VE “SOURCE

N a ‘ Default Maximum
Col.(s) Variable Data Description Value Value
1-10 IVES A number from 1 to 10 identifying 0 10
up to 10 vessels of radioactive
. Tiquid.
11-20 JACT See JACT, CONTAMINATED COMBUSTIBLE 0 20
' » SOLID IDENTIFIER CARD.
- 121-30 QRAD4 Estimated mass (pounds) of radio- 0.0

active material in the'liquid
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PRESSURI ZED. RADLOACTIVE POWDER CARD

Number of this card type is governed by NRAD(5) (RADIOACTIVE SOURCE
IDENTIFIER CARD). If NRAD(5) = 0, no cards are required. .

(FORMAT 2110, E10.4) IVES, JACT, QRAD5

Default  Maximum

Col.(s) Variable ‘Data Description = Value - Value
1-10 " IVES A number from 1 to 10 identifying 0 10
| 'up to 10 vessels of radioactive
powder. .
11-20 - JACT See JACT, CONTAMINATED COMBUSTIBLE 0 : .'20
~ SOLID IDENTIFIER CARD.

21-30 QRAD5S Estimated mass (pounds) of radio- 0.0
' active material in the liquid
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PRESSURIZED RADIOACTIVE LIQUID CARD

Number of this card type is governed by NRAD(6) (RADIOACTIVE SOURCE

IDENTIFIER CARD). If NRAD(6) = 0, no cards are required.

(FORMAT 2110,‘E10.4) IVES, JACT, QRAD6

active material in the liquid

Default Max imum,
Col.(s) Variable Data Description Value Value
1-10 IVES See IVES, UNPRESSURIZED 0 10
' RADIOACTIVE LIQUID CARD. ‘
11-20 JACT See JACT, CONTAMINATED COMBUSTIBLE 0 20
' - SOLID IDENTIFIER CARD. ‘
21-30 - QRAD6 Estimated mass (pounds) of radio- 0.0

107



RADICACTIVE PYROPHONIC SOLID CARD

Numbe?;of,this,card type is governed by NRAD(?) (RADIOACTIVE SOURCE:
IDENTIFIER CARD). If NRAD(7) = 0, no cards are required. '

e

.~ (FORMAT 2110, 2E10.4) JACT, 1BO, QRAD7, SQ

N . . v - Default  Maximum
Co1.(s) ;. Variable Data Description : Value Value
1-10 IACT See JACT, CONTAMINATED COMBUSTIBLE 0 20
SOLID IDENTIFIER CARD. -

11-10 1B0 See 1B0, CONTAMINATED COMBUSTIBLE 0 MI BO
R SOLID IDENTIFIER CARD. ;
21-30 ~ QRAD7 ‘Estimated mass (podnds):of.metal - 0.0
' S o _ bukhed,‘ - | |
3140 © sq Size (pounds) of radioactive metal. 0.0
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‘TrME STEﬁ«cARDs |

jr

The. t1me span 1s separated into doma1ns Each doma1n may have d1fferent

;t'sAt1me—step sizes and ed1t 1ntervals, and one card is requ1red per domaln ~A¢
“"“least one: card must be entered ' ' '

;(FORMAT’IOX,'4E10.0)MDfMAX;'TENﬁ;?EDINT

‘ ) L . Defadlt " Max-imum
Col.(s) Variable ~~~ Data Description . Value Value®

| 11-20 DTMAX ,,..Timesstep-sizef(S)’for this time 0.0 : ' L ﬁf h“frf
| o Coodomain K
21-30 TEND - End of this time domain (s) o '0.0,fke . R
3140 EDINT Print edit interval (s) for this 0.0 .. o
e - - domain R ' g
1 a150 FRFINT - Graphics interval | 0.0

s




TABLE" IV
COMBUSTIBLE MATERIALS FOR THE FIRE COMPARTMENT

" Material No. ' | Combustib1e Material

~ Polymethylmethacrylate
Po}ystyrenev _
Polyvinylichloride
Polychloroprene
Cellulose (0Oak)?
Cellulosic Material
Kerosehe o
User's Option

W 0 N O W N =

- User's Option

d0ak was se]ected to represent wood products based on the extens1ve
1nformat1on ava1]ab1e

TABLE V
NONCOMBUSTIBLE MATERIAL OPTIONS FOR THE EIRE COMPARTMENT

Material No. o Noncombustib]e Material

Concrete

Fire brick
Stain]eéSfSteel
Stee]l‘
Aluminum

o s W N =

Copper

~

: Brass
8 to15: = - | User's Option
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RSTA

, . , TABLE VI 2 _
SUBROUTINES FOR‘ESTIMATING RADIOACTIVE RELEASES

Subroutine Name - d ‘Release Mechanism?

RST1 1 Burning of contaminated combustible solids |
- RST2 2 .Burning of'contaminatédfCombustib]e liquids
- RST3 3 Heating of contaminated surface

4 Heating of unpressurized radioactive liquids

"’RSTSb 5 Pressurized releases of radioactive powders

RsT6P 6 Pressurized releases of radioactive liquids

RST/ 7 . Burning of radioactive pyfopﬁonjc metals

" 8Spilling of radioactive materials has yet to be incorporated into FIRINI1.

bA release factor is used to model pressurized releases at this time. A more
realistic .model is currently under development and will be 1ncorporated when
completed.

- D.. Input Process1ng

' Before the system response to the selected trans1ents can be ca]cu]ated
the FIRAC input information must.be examined by the -input processor subrout1ne. _
~ The information supplied to the input processor (subroutine INPROC) is obtained
'fkdm the user-prepared input deck FIN. As the input is retrieved from the in-
put file, the user-selected input parameters are checked to ensUre the problem
set-up is consistent. If inconsistencies are found, diagnostic or error mes-—
sages will appear in the output file FOUT and locally on the user's terminal.
Typically, the error messages reveal the type of input error and its Tocation
when corrections are needed. Several input diagnostic messages and examples
“are shown''in Sec. IV. " | |

CE. 0utput Process1ng

) The improved FIRAC code produces seven primary output files: FOUT, PRINT1,
PRINT2, PRINT3, RST, TAPE1Q, TAPE14 (shown in Fig. 13) and three secondary out-
put files: TAPE1ll, TAPE13, and FCOMP. Tables VII and VIII present a descrip-

| tion of the informatidn stored on each primary and secondary output file, re-

spectively. The first five primary output files listed are in a printed format

m
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FIRIN MODULE

-Fig. 13.

Improved FIRAC primary output files.




.FiTe Name

FOUT

PRINTL ;$1IV
PRINTZ -

PRINT3

CRST
TAPELO

TAPE14*

FTIe Name

TAPE1l
TAPEL3:

FCOMP

- TABLE VII

© " PRIMARY OUTPUT DATA FILES

Subroutine(s)

Do

Generat1ng Informat1on

"OUTPROC

FIRIN
FIRIN -
“ FIRIN

" FIRIN
OUTPROC

‘TENS and FIRIN

) F1re compartment parametersVé B

- Type of Informat1on StoredIF11e Purpose :

_f System gas dynam1c and mater1a1
 transport parameters ‘

_ r1re source term parameters

| F1re compartment part1cu1ate at flow
-boundaries P

'fRad1oact1ve source term parameters

F1Te used for FOUT I1ne—pr1nter

" “processed graphics of gas dynamic and o
. material -transport :parameters . e

"Filé Used for post-processed graph1cs e

of fire compartment parameters -

TABLE VIII

SECONDARY OUTPUT DATA FILES.

Subrout1ne(s)

Generating- Informat1on .

6CoMP
OUTFLE and WPSPEC

FIRIN-

pre[of'lnformation Storedfﬁile;Purpose

File used for post-processed graphics
of gas dynamic and mater1a1 transport .

“parameters

“File used for conversion of systemi'as -

dynamic and mater1a1 transport
parameters :

" Additional fire compartment parameters‘_;

3
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W T

and conta1n helpful 1nformat1on for ana]yz1ng and poss1b]y debugg1ng the cal—
culatuon._ FOUT presents the gas dynam1c parameters p]us mater1a1 concentra-
tions, mass fract1ons -material f]ow rates, and material accumu]at1ons.'=The
pressures, temperatures, and dens1t1es are calculated at nodal points; volume
flows, mass flows, pressure differentials, and heat transfer parameters are

'.calculated for branches. The material concentrations and mass fractions are

calculated at nodal points, but the material flow rates and the -amount passing
through branches or the accumulat1ons on filters are calculated for branches.
A comp]ete table of pressures, temperatures, and flows a]ways is given for the
first and last ca]cu]at1on ‘time step. “These "archival data" also are broken
down into.component pressures and flows. tFther_materia] accumuTation data -
_are given for all filters in the system“in tabular form. Pressures, tempera-
tures,jand mass:and volume flows are. avai]ab]e on time pTots.iffrequested'in
the: program. control sect1on of the input. ‘ V -
' : A summary of extreme values spann1ng the entlre period of the problem is
jeproduced at’ the end of-the problem. Pressures and flows are inspected at each

-”tt1me step dur1ng the, calculation in compiling data- for this 11st so that ex-
;;treme va]ues are not m1ssed by poor selection of output frequency. Frequently,

‘one might- wish output lists for a spec1f1c point in time not covered in the’
tse]ect1on of output frequency A max1mum of five spec1a1 output times may. ‘be .
-se]ected Tnese spec1a1 output: t1mes ‘do not. appear in the printer plots be-
'cause the po1nts must be equ1dlstant in- t1me. The:printed data are broken
down 1nto the fo]10w1ng 14 categor1es. L
| - A-T S An exact Tisting (echo) of the input file
:';A-II ,-A summary of the contro]11ng information and any d1agnost1cs for
v * missing’ or inconsistent data
“'A-III A summary of problem parameters
'-,A71Vf A sumnary of model parameters

'ﬁfiA summary of noda] 1nFormat10n (type, inﬁtiai pressure,iand'con—
necting branches) '
-A7V;f,>D1men51on]ess friction: factors and cr1t1ca1 mach numbers for chok-
| »_,,41ng o : : :
A-VII Filter branch data
~ A-VLII Blower branch data
A-IX ”Summary5of solution parameters
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- AX ‘Archival 11st of output parameters B o
‘ EA XI ‘ Breakdown of archival. data accord1ng to component type R
HA—XII ‘Pressure differential between rooms . , . R
"A—XIII Summary of extreme values. for ca]cu]atlon t1me (step) _

A-XIV Summary of extreme values for ent1re prob]em

The PRINT family of f11es (PRINTl PRINTZ, and - PRINT3) Conta1ns the FIRIN—?TZ

ca]cu]ated results for the f1re compartment PRINTL presents the vo]umetr1c =
flow rates at the boundaries; the average hot- 1ayer temperature the hot—]ayer
"thlckness, the oxygen concentrat1on near the. burn1ng mater1a], and the compart—
ment pressure. The fire source term 1nformat1on on PRINT2 contains the total
- smoke and soot generat1on rates, .the total mass l16ss’ rate from burning combus—
tible materials, the total heat rate to the gases, and the total heat loss rate
to the surrounding heat sinks in the compartment. PRINT3 presents the smoke,
soot, . .and radioactive mass at the flow boundaries The FIRIN radioactive
source term output file RST contains mass flow. rates for each radioactive part-
icle size distribution and the total mass- f]ow rate of radioactive part1c1es
re1eased by the fire. Table IX summarizes the FIRIN-generated output- informa-
tion for the four FIRIN output files. The output frequency for the FIRIN out—
put is specified in ‘the FIRIN data sect1on of the 1nput f1]e.

A sample of the FIRAC and FIRIN output 1s found in Append1x E. The FOUT
samp]e inc¢ludes all output from the code 1n reach1ng a steady—state solution
and the output from the last t1me step -

If plots are requested in the prob]em contro] data block TAPElO and
TAPE1l will be. generated and will contain- 1nformat1on for the: FOUT 11ne printer
plotting package and the post—processed graph1cs program GOPLOT. For the line
: printer plots, a max1mum of 25 frames can be requested w1th a maximum of 4
curves per frame. Each curve is identified.by .an a]phabet1c character A
through D." Overlapping curves are shown - by the character X at the point of
- overlap.  The program partially fl]]S the plot frame page: when ‘the number of
i -output times 1s sparse by spac1ng with blank lines between po1nts - The. extreme
value summar1es can serve as valuable guides in se]ect1ng the node or. branch

o cand1dates for p]ott1ng Further the final extreme value: summary can be

__checked for missing extrema on the plots.  Printer p]ots are not prec1se how—t=

~ ever, they can give the analyst a good picture of the system response.




TABLE 1X

““FIRIN OUTPUT INFORMATION

Fiie. Varijable o o Description
PRINTL . |
 Pcomp - Fire compartment pressure (atm)
FM02 k. Oxygen concentrat1on near the burning ob3ect1ve
HL - ' .Th1ckness of the hot layer (m)
CVIF ) Vo]umetr1c f]ow rate (m3/s) at the 1n1et vent11ator
_VOF o _«vo]umetr]c f}ow_rate (m3/s),at the outlet ventilator
- THLUC - : ‘.AverageotemperatUre in the hot layer (°F)
PRINT2 o | | |
TIME =~ - =Fire transient real time (s)
'fitQLOSSN 7 Total heat Toss rate (103 Btu/h) to equipment,

"+ vesséls,.walls, ceiling and floor from a. fire. "
_,)(negat1ve 1nd1cates heat 1oss)

TdNET» _‘1;" Total heat rate (10‘3 Btu/h) to the gases from a

fire (negative indicates heat loss or heat transfer
"from the gases)'

,t;MQKN. | Tota] smoke generat1on rate (g/s) from borning of

combust1b1e ‘materials

TSOOTN . ~ Total soot generat1on rate (g/s) from burn1ng of
T combust1b1e mater1a]s TSOOTN s~ fract1on of TSMOKN

,TMASSN . .Tota] mass 1oss rate (10‘3 1b/h) from burn1ng
N .fcombust1b1e materials

PRINT3 ” ﬁ,t .', g

WSMIF - . ‘Smoké (g) at the’inlet

NSOIF . Soot (g) at the inlet

WRADIF -~ = Rad1oact1ve materlals (g9) at the-inlet

WSMOE f?FSmoke (g) at the outlet

'5«:n ;w§OQF:z ;% 1ﬂ§oot'(g) at the out]et

'WRADOF - -“Radioact1ve_mater1alsr(g)'at-the'outlet
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TABLE IX (CONT)

File _ Variable SDescfiption

P~
wn
|

JACT Source term identifier allowing isotopes with
different levels of activity to be traced (for
example, JACT = 2 could indicate radioactive particles
form heating contaminated surfaces, whereas JACT =1
could indicate particles given off from the burning
gloves). Mass rate is given for the particle size
bins indicated in the output file. In this way, the
particle size distribution for the radioactive source
terms is provided. v

TOTAL Total mass rate (g/s) of radioactive particles given
' off in a fire. 1t is the sum of the mass rates of all
size ranges. ' '

TAPE10 contains FIRAC-generated output data formatted for using the GOPLOT
graphics post-processor program. GOPLOT uses the DISSLA library and other Los
Alamos computing system libraries to produce the graphic results and is compiled
with the FORTRAN-4 extended,1anguage'compi]er. This compiler is available under
control of the CDC 7600 computer and»produces a controller (or absolute binary
file) that can be executed on the Livermore Time Sharing System (LTSS). &GOPLOT
,produces a binary output file, FIREPL, that can be examined by the Los Alamos
utility PSCAN on a graphics terminal. The plots requested in the problem con-
trol data for the line printer plots will produce the data for the more precise
plots that can be created by GOPLOT automatically. The line printer plots and
the GOPLOT- generated plots are identical in content and format.

The FIRIN-generated output written to TAPEl4 can be post-processed by the
FOPLOT graphics program. TAPE14 will be generated only if FIRIN is selected to
simulate the fire transient. FOPLOT uses the DISSPLA library and other Los
~ Alamos computing system libraries to produce the graphic results. FOPLOT also
is compiled with the FORTRAN-4 extended language compiler. F@PLOT produces a
binary output file PLOT that can be viewed on a high-resolution gfaphics term-
inal by the Los Alamos utility PSCAN. The information written to TAPE14 is rig-
idly formatted. That is, the user has no control over the number and types of
plots that will be generated. The user can specify only the edit frequency by
using the print edit frequency parameter in the FIRIN data block. Table X'pre—
sents the order and descriptions of the plots that are generated automatically
in- the FIRIN module. '
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| “TABLE X o
AVAILABLE PLOTS FROM FIRIN PLOTTING PACKAGE

Plot No. ‘ ‘ Description
1 | Hot “layer height vs time -
2 | Fire compartment preésufe ' time
3 Oxygen concentration VS time
: 4 Carbon dioxide concentration v; time
5 Carbon monoxide concentration vs time
6 ‘v o Total smoke concentration vs time |
7 Total radioactive partfcle concentraﬁion Vs
time
8 Radioactive particle concentrationé\(siie
: distributions <0.1 to 0.8 um) vs time
9 Radioactivé particle concentrations (gize
distributions 0.8 to 4 um) vs time
10 ' Radioactive particle concentrations (size
distributions 8 to »20 um) vs time
il Fuel mass vs.time
- 12 ; . Fuel burning rate vs time

Because GOPLOT and FOPLOT use and require Los Alamos computing faci]ityllie
braries and’uti1ities, we recommend that thesevgraphics post-processors-not be
used unless the user has access to LTSS. .

F. Diagnostic Messages

Diagnostic (warning or errof) messages are provided to help the user iso-
late possible input data or modeling errors. In most cases, the error is easily
discerned from the message; however, out-of-order or missing'cards tend to pro-
duce confusing messages. In these cases, a careful check of the inp@t return
Tist and a review of inbut_spécifications (Sec. IV.C.) usually can jsolate the
problem.
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Diagnostic,messages are'produced duning»input proceésing or the system sol-
ver calculations; hence, there is}no'set,patyern_to their location in the out-
put. ***DIAGNOSTIC ME SSAGE S always precedesAthese messages, and if ‘the error
is fatal, either ERROR wITH INPUT - GAN 'T CONTINUE or ****FATAL ERROR**** SEE
_PREVIOUS MESSAGES ‘is printed following the message. See Fig. 14 for an example
~ of the mixture of informative (nbnfatal) messages and fatal error messages that

can -occur.

G. FIRAC Programming Details ‘ :

‘This code was developed to be executed on the COC 7600 computing system.
The FORTRAN source code consists of 9149 lines of coding and <is compiled with
the FORTRAN-4 extended language compiler on LTSS. This compiler is available
under control of the SCOPE 2 system for the CDC 7600 computer'and produces a
controllee (or absolute binary file) that requires 154 713 words of SCM and
275 040 words of LCM to execute on LTSS. |

In addition to the above réquifed storage capacity, 11 additional disk

files [10 formatted (BCD) and 1 unformatted (binary)] are used. The names of
these files, their types, and brief descriptions of their functions are shown
~in Table XI.

BRANCH 6 FLOW NEGATIVE, UP AND DOWN-STREAM NODES 6 5 REVERSED BY PROGRAM
, . PRESSURES READ IN (NOT CALC, FROM DP)
INPUT RESISTANCE - 1.00000E-04 USED FOR BRANCH 4

INPUT RESISTANCE ~ 6.94400E-07 USED FOR BRANCH 5
CAN'T CALC. RESISTANCE (SET TO MIN. VALUE) FOR BRANCH 6
© INPUT RESISTANCE  6.94400E-07 USED FOR BRANCH , 13
INPUT RESISTANCE  1.42800E-03 USED FOR BRANCH 14
INPUT RESISTANCE  6.94400E-07 USED FOR BRANCH 23
INPUT RESISTANCE ~ 3.08600E-07 USED FOR BRANCH 24

'BRANCH COUNT IMPOSSIBLE FOR NODE 1  COUNT = 1
BRANCH COUNT IMPOSSIBLE FOR NODE 25  COUNT = 1
HxkkxxFATAL ERROR*****SEE PREVIOUS MESSAGES

Fig. 14.
Example of a multiple diagnostic list.
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NAME,

Name
FIN
FOUT

PRINT1
PRINT2
PRINT3 -
RSTI
FCoMP

TAPELO
TAPE13
TAPE14

TAPES9

TYPE, AND PURPOSE OF

Type
BCD
BCD

BCD
BCD
BCD -
BCD
BCD

BCD
Binary
BCD
BCD

TABLE XI
THE 11'FiLE$ USED IN CODE EXECUTION

Purpose

User-prepared input file.

Code-generated output file. Code results

are contained in this file.

FIRIN output data from compartment effects
(compartment history).

FIRIN output data from file source terms
computation. '

FIRIN output data from compartment effects
(filter accumulations).

FIRINI output data from radioactive source
temporary file.

Additional FIRIN fire compartment output
data.

Output for FIRAC graphics package.
Temporary file.

Output for FIRIN graphics package.
Code-generated ohtput file. Brief error

messages are contained in this file if
abnormal termination of the run has.occurred.

To allow a high degree of interchangeability of this code for other oper-

ating systems, US standard FORTRAN language has been used wherever practicable.

We have identified five procedures used in the code that are not necessarily

required to be supplied by the compiler in US Standard FORTRAN. In most cases,

the majority of these programs will be included in a standafd FORTRAN complier.

To facilitate conversion of this code to other systems, information concekning



these five programs is given in Tab]e XII. These programs conven1ently are
divided into two catagor1es and are not requ1red to be 1ncluded in standard
FORTRAN compw]ers but are inciuded in the FORTRAN-4 extended 1anguage compiler.

TABLE XII
SUBROUTINES THAT' ARE STANDARD IN FORTRAN-4 EXTENDED

Program Name - Called:from E
and Arguments , Subroutine . ' Purpose

EOF (LUN) - 1EOF Routine to. test for:end of file.
. LUN--Logical unit. number ,
EOF--1--End of file or end of
- information encountéred on unit LUN
—0--No end of file or end of
information encountered on unit LUN

MOVLEV (SOURCE, SINK ,NW) , SCCoPY Routine to copy contiguous.blocks
o of data. ’
SOURCE-~First word address of
‘source.data block.
" SINK—-First word address of S1nk
data-block.
NW--Number of words to be cop1ed

DATE (IDATE) o MAIN ““Routine to return the current date
: IDATE--current date in the form
10H mm/dd/yy, where mm is the
number - of the month, .dd is the
number of the day within the
month and yy is the year.

TIME (ITIME) ' . MAIN Rout1ne to return the current
' S ' "~ ‘reading of the system clock.
" ITIME—current time in the form
10H hh.mm.ss, where hh, mm, and
ss are the number of hours,
minutes, -and seconds, respectively.

SECOND (CPTIME) Co Routine to return the centra]
: : : - .processor time.
~CPTIME—the central processor. time
from start-of-job in seconds.
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- If any of these ‘routines. is not ava11ab]e, the brief descr1pt1on of thelr func—
tions g1ven in Table XII should allow the user to subst1tute an equ1va1ent
routine. i _

D1mens1oned arrays used in the code limit the types of prob]ems that may
be run. The maximum size of key parameters has been selected as a compromise

‘between absolute binary file size (63 400 words) and the ability to run real-
jstic problems without modifying DIMENSION statements in the source code. Cur-

'rent input parameter limits defining restrictions on the code are listed in
Table XIII. These restrictions can be mod1f1ed eas11y by changing the DIMEN-
SION statements within the source program. '

Also, LTSS requires that severa] of the larger arrays be allocated to
large core memory (LCM) with. LEVEL 2 statements. The LEVEL 2 statement is
app11cable only to Control Data CYBER 170 Model 176 CYBER 70 Model 76, and
CDC 7600 computers. _

H. Comp111ng, Loading, and Execut1ng Instructlons

Tne compiling, loading, and executing procedures for the 1mproved FIRAC ;
source code on LTSS are outlined. The executing procedures for the graph1cs
post—processor executab]e files GOPLOT and FOPLOT also are descr1bed Even
though the out11ned procedures are specific to LTSS, a similar set of proce-
" dures ex1sts for other comput1ng systems. If the user plans to use LTSS to
execute FIRAC, we recommend that the LTSS primer and LTSS user's guide be ob-
tained from the “Computing Division Documentation. Group at Los Alamos.

1. Compi]ing~ahd Loadiogfthe FIRAC Program. Before the improved code

| version can be compi]ed,:]oaded, or.executed, the source file (program), which
is supplied on magnetic tape, must be instaf]ed on the user's system. The user
should contact the System's'computing services information group toﬁobtain the
details of how a program'written on a magnetic tape is placed on the system.
When the program has been. 1nsta11ed the user should attempt to compile and
load  the program. A s1mp1e execute line called the ftn control statement is
used to comp11e and load a FORTRAN program on LTSS " The control statement

- form recommended for LTSS 1s ftn (j =‘source, cname = exec). |
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TABLE XIII

MAXIMUM PROBLEM SIZE

System Parameter

= Branches

"Nodes

Room

Blowers

Boundary nodes

Internal boundary nodes .
Time functions of each type
Points per time function
Blower functions

Filter types

Points per blower function
Points per plot

Plots per frame

Frames

Number of particulate'species

information to be plotted

Maximum No. -

100
100
100
- 40
10
3
5
50 .
15
20
20
100
4
25
5
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After the ftn statement is submitted, LTSS will respond with the following.

* * * rynning ftn compiler * * *
* ofile, source/pa. A
dfile,alistqz.

cfile,alistqz/pr.

*  *

*

dfile, atmpbin.

*

cfile,atmpbin/ab.

* dfile,aqoqzzi.

* 1fc(a,i=source,l=alistqz, lcm=1i,z, b=atmpbin).
14.164 cp seconds compilation time’

~* goto, 1.
* 1,exit.
3 cpu time 14.350 sec -
$ sys time - 0.468 sec
$ i/o time  10.372 sec
$ total = 0.419 minutes
*

* * finished ftn compiler * * *
* * * Jod summary * * *
- code bloc exec written
file size= 0162736 0030520
f1d 1gth= 0275536 0155411

-all done , | ' 7

The i parameter specifies the input file or pfogram name. This file must
be in packed-ASCII format. The cname parameter specifies the name of the abso-
lute binary file (contro]]eé) that will be loaded automatically. The name file
is the file that will be used to execute the program. The sym parameter at-
taches the symbol table to the end of the controllee. The symbol table is
necessary to debug the program if the program terminates as the result of an
error (aborts).
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* The load summary indicated that the controller exec has been written. The
“first number in the file size line is the controller size; the second nunber is ,
the symbol table size. The first number in the fld lgth line is the large-core - ‘21
field length; the second number is the small -core field length. | A R

I[f FORTRAN errors are present, they can be located by examining the listftn -
file located in the user's Tocal file space. If system-related errors (such as
_‘maximum'file size exceeded) occur during the compilation or loading bf the pro-
gram, the user should contact the system's consultant office for assistance.

2. Executing the FIRAC Program. After the program has been loaded and
compiled on the system without errors and the input deck has been created and
placed in the user's local file space, the user can attempt to execute (run)..the
program. The program is executed simply by typing in the following statément.

exec

This executable file will run the program until the time limit specified for the
execution has expired or until the simulation has been completed. A normal exit
or termination for FIRAC is shown below. ‘

end of time step cards reached -- normal exit
total iterations for problem ; 5887 !
0 points written to the plot file

stop ftn normal termination from main program

exec Ttss time  343.020 seconds . é
cpu= 286.301 ilo=  1.183°  meme 55.536
all done

A summary of the combi]ation, loading, and execution procedures is shown in _
Table XIV. More information on computer time—]imit‘requirements is presented in
Sec. IV.J. .

3. Executing the Graphics Post-Processors. The two graphic post-processor
files, GOPLOT and FOPLOT, are absolute binary files (controllers) and therefore
require no compilation and loading instructions. The programs are executed by
typing in the file name. For example, to excute GOPLOT, the user would enter
the following.

goplot
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TABLE XIV
COMPILATION, LOADING, AND EXECUTION SUMMARY

files
27542r source
all done

ftn (i=source,cname=exec,Sym= )
* * * pynning ftn compiler * * *
*.ofile, source/pa.’

* dfile,alistqz.

~cfile,alistqz/pr.

*

dfile, atmpbin.
cfile,atmpbin/ab.
dfile,aqoqzzi.

* ¥ %

1fc(a, i=source, l1=alistqz,lcm=1,z, b=atmpbin).
14 .224 cp seconds compilation time

*.goto, 1.

* 1,exit.

$ cpu time 14 410 sec

$ sys time 0.448 sec

$ i/o time 15.870 sec

$ total = 0.512 minutes

* * * finished ftn compiler * * *

* x * Jod summary * * ¥

code bloc exec written

file size = (0162736 0030520

fld 1gth = 0275536 0155411
ail done

files

162736r exec
- 234571d 1qo
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S TABLEXIV (CONT) ©

564566r listftn
5513 map
275424r source

all done

files
© 162736r exec -
1251r fin
234571d 1go .-
. 564566r listftn
5513 map
‘ 275424r source

~all done
exec
u‘The excutable file goplot WTif.éun the(prdgram unti] the time 15mif’$pecified

for the execution has expired or until all. the p]ot frames have been generated
A normal ex1t for GOPLOT is shown be]ow _ '

. firepl done. pages =  15. words = 34852

- graphics ¢l = u . C A v.
. 14 p]ot frames with- 5 points for representative féeility,ﬁ
. goplot ltss time  13.358 seconds o

© cpu=  10.118  1/0= ' 1.562  mem= 1.679

" In this example GOPLOT produced 14 plot frames-consisting of 34 852 words. The

14 plot frames located in the file firepl can be examined with the LTSS utility
PSCAN. Documentation on the PSCAN utility can be obtained from the comput1ng

"’ffjfac111ty documentation group at Los Alamos.
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_ If the user elects, to use the FIRIN graph1cs post—processor FOPLOT the
execut1on procedures outlined for GOPLOT should be fo]]owed. ‘The results of
FOPLOT are contained in a b1nary file named ElQE This file can be examined by
PSCAN also. A normal ex1t for FOPLOT “is’ shown below. -

PLOT DONE. PAGES = ~ 14. WORDS = 35316
GRAPHICS CL = U |
END FTN MAIN.
FOPLOT LTSS TIME  15.373 SECONDS
CPU=  11.667 /0= 2.053 ME M= 1.653

ga]]tdone .

Source f11es for GOPLOT and FOPLOT are not supplied to the user because

"*the programs are constructed around Los A]amos comput1ng facility libraries and

Cutilities. These programs- cannot be used un]ess the user “has access to LTSS. .

I. General User Hints and Suggestions -

The suggestions and hints given in this section are divided primarily into ‘
the areas of 1nput output, and system mode]1ng strategy -

The task of def1n1ng res1stance coefficients (fr1ct1on character1st1cs) for
a system may be s1mp11f1ed and se]f—checked 1f the program is "allowed to calcu-
‘late these values from a "known" set of f]ows, pressures, and filter and blower
characteristics for the system. The alternative approach is to prescribe a re-
sistance coefficient for each branch separately. Such a set of data usda]ly ts |
feferenced to a normal steady-state operating condition. In the case of a new
~system, information about the friction characteristics and flows must be esti-
J,;mated; This can be done using the method deécfibed in Appendix G. This
>” epproach usually-allows the user to reach a steady-state solution the first:

- time.
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- The amount of output obtained in the case of an abort caused by an input
error depends on the time during the solution when this error is encountered.
. For examp]e, an incorrect format specified in the 1nput resultlng from data be-
ing out of order will limit the output to Table A—I (echo of 1nput) Mode]1ng
inconsistencies are diagnosed when the input echo is read 1n or when the input
data are reworked before entering the solution.- Approprlate messages are
printed when this happens. An abort during the solution occurs when a particu-.
lar time-step caiculation fails to converge. A message to this effect is
printed along with a partial dump of the mass flow rates, pressures, densities,
and correction terms being used followed by a printout oftTab]e A-VI through
~ Table A-XII for time = 0.0 s and the last time step before the. abort 6ccurreq.

The output is designed to help the user easily find discrepancies in the

input that result in an incomplete or incorrect solution. For example, an
echo of the input file is presented first to help uncover format errors. If the
problem aborts at this point, some diagnostic messages follow that suggest pos-
sible reasons why this happened. When the input data are free of format errors
and consistent the program prepares for the solution. This preparatidn pro-
duces additional data that give the user an opportunity to check the accura-
¢y of the input. This portion of the output a]so contains any default va]ues.
The steady—state and transient calculations are performed next. If a part1cu—
lar time-step calculation fails to converge, a dump of pertinent parameters ‘
and a list of possible reasons will be printed. The results of the previous'-
time-step will be printed. B T | :

A1l the categories of data are printed automatically and cannot be sup-

' pressed or changed by the user. However, the user has control over the amount
of output generated Two options are ava1]ab1e.' . .

e If printed plots are requested, only the results from the f1rst and
last calculation times will be printed. This assumes that the plots.
will be sufficient for a cursory look at the results and that these
very limited results are enough to bracket the solution. |

o If prints of all the intermediate results are desired as well, the
word “ALL" on the PRINT/PLOT CONTROL card will cause all the results -
to be output. '
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e Up to five special output times can be requested. This thfbn serves
two'purposes;‘f(l) it permits the user to specify outputs betwéen the
evenly spaced times computéd by the program, and (2) it permits the
printouts when the intermediate output times are suppressed..

If time, filter, and b]oWer functions are not to be used in the described
solution, they still may appear in the input if their existence is specified.
This feature provides the flexibility that is especially useful in paramétric
studies. '

J. Time and Cost Estimates

The CPU and. problem times required for the two samp]e‘prob1ems'are com-
pared below. : : *

Number of
Sample ~ Problem ~ Burn Particulate
Problem CPU(s) Time(s) Time(s) - Species Branches - Nodes
1 1470 1000 ~763 B VA T

2 3575 1000 ~ ~810 13 37 22

The SampTe Problem 'l CPU time was approximéte]yione—half the CPU time required
for Sample Problem 2 because of the differences in system model size. The Sam-
ple Problem 2 mode] required more than twice the number of branches than the
system model for ‘Sample Problem 1. If the user had elected to transport the
total radioactive particulate species (instead of each individual particle
size). for the Sample Problem 2 calculation, the CPU time would have been
reduced ~10 . o

V. SAMPLE PROBLEMS

A. Introduction

The Sample Problems are given to help the user prepare the input deck and
implement several important user options. Sample Problem 1 illustrates the
FIRIN module autoéignition concept and the FIRAC duct heat transfer and materi-
al depletion options for a compartment fire in a simple facility as shown in
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Fig. 15. The FIRIN sequential burning option for a compartment fire in a more
complex facility (Fig. 16) is demonstrated in Sample Problem 2. Both ample
problems predict releases from a compartment fire where radioactive materials
are at risk. Sémp]e Problem 1 predicts the release of material resulting from
the heating of a contaminated surface and the burning of a Contaminated
combustible liquid. The radioactive release resulting from the'burning of a-
contaminated combustible 1iquid is calculated in Sample Problem 2.

B. Sample Problem 1

1. Description and Computer Model of the Facility. This sample problem

" illustrates the application of the code to a simple ventilation system as shown
in Fig. 15. This simple system is modeled after the Lawrence Livermore Nation-
al Laboratory (LLNL) full-scale fire test facility. ‘In'this sample calcula- -
tion, the fire compartment has a volume of approximately 5100 ft3. The walls,
~ceiling, and floor of the compartmeqt conSist of an A1203 - SIOZirefractory

‘material with the following properties.

Walls Ceiling/Floor
Density (1bm/ft>) 89.90  119.90°
(kg/m>) . 1440.00 .  1920.00
Thermal conductivity (Btu/ft h°F) 023 1 0.35
(WmK) - 0.41 . 0.63
Specific heat (Btu/lbm'F) - 0.25 0.25

(3/kg K) 1046.00 1046.00

‘ The fire compartment floor is assumed to be 3.3 ft (1.0 m) thick, and the
’"ce11ing and walls are assumed to be 0.5 ft (0.15 m) thick. The fire compartment

has two flow boundaries. Fresh air drawn in by the blower enters the compart-
ment near the floor, and air/combustion products are exhausted through a 26-1‘n.2

(0.017—m2) duct located near the ceiling. A high-efficiency particulate air
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@ - ROOM NODE
. © - STANDARD BOUNDARY NODE
8 - INTERNAL BOUNDARY NODE

FIRE COMPARTMENT

. HEPA oo
FILTER  BLOWER ;7 L 18
u 12 13 1\
-———@ 18 -
268-IN. SQ. DUCT 12-IN. DIA. DUCT
32-FT. LONG 25-FT. LONG

Fig. 15.
Schematic of .the system used in sample problem 1.
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~ Schematic of the system used in sample problem 2.
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(HEPA) filter is located 32 ft (10 m) downstream of the fire compartment. A .
centrifugal bldWer with an exhaust damper is Tocated approximately 25 ft (8 m)
downstream of the HEPA filter. The filter and blower are connected by a 12-in.
(0.30-m)-diam, 25-ft (8-m)-long duct. Air or combustion products passing
through the damper are exhausted to the atmosphere. The 32-ft (9.75-m)-1ong
duct is assumed to have 1/4-in. (6.3~-mm)-thick steel walls; the 25-ft (8-m)-long
duct is assumed .to have 1/16-in. (0.16-mm)-thick steel walls.
E1ghteen nodes and seventeen branches were used to model the facility.
Nodes 1 and 18 .are boundary nodes representing the assumed atmospheric condi-
tions. Fourteenfcapacitance nodes were used to model the inlet to the fire com
partment and the 32-ft (9.75-m)-Tong and the 25-ft (8-m)-Tong ducts. The fire
compartment exhaust duct [32-ft (9.75-m)-Tong] is finely noded (11 nodes) to
predict the temperature distribution between the fire compartment and the HEPA
~filter. The volume specified for each of the capacitance nodes is shown in
Table XV. Note that the 26-in.2 (0.017-m%)
between 11 duct nodes, and the 12—in. (0. 30—m)—d1am round duct volume is dis-

duct volume is distributed equa]ly

tributed equa]]y between nodes 16 and 17. The 17 branches used to connect .
adJacent nodes consist of 13 ducts, 2 dampers, 1 f11ter, and 1 blower. The
branch types, along with the1r re]ated f]ow and heat—transfer areas, are shown
in Table XVI. The blower characteristic curve for this problem is shown in
Table XVII. - o ‘

Because the FIRIN module will be used to simulate the nonradioactive and.
radioactive source terms, two interné] boundary nodes (nodes 3 and 4) were used
to represent the fire compartment. ' The impoftantvfire compartment input para—
meters are outlined in Table XVIII.

In addition to the above information, a description of the system initial
conditions as described in Sec. IV is required. The steady state of the system
may be obtained by prescribing branch resistances, the nodal pressureé or a

combination of branch resistances and nodal‘pressures. For this sample proo]em
description, an assumed pressure distribution and user-prescribed branch resis-
‘tances were used to obtain a steadyfstate solution. This information repre-
sents a data base sufficient for the code to establish a consistent steady state
of all the calculated variables corresponding to any ambient temperature (56°F
for this sample problem). A complete listing of the computer code input file
(FIN) used to execute Sample Problem 1 is shown in Table XIX.
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TABLE XV
INITIAL DATA FOR EACH NODE

Volume Initial Pressure

Node (£t | (in. w.g.)

1 * ' 0.0

2 1.00 ' - -0.06

3 * | 0.0

4 * : - 0.0

5 13.64 v - -0.02

6 13.64 = ~0.04

7 13.64 R -0.06

8 13.64 . ~ -0.08

9 13.64 . -0.10

10 13.64 - -0.12

11 13.64 | -0.14

12 13.64 © -0.16

13 13.64 ‘ -0.18
14 14.64 o -0.20

15 13.64 © _1.165
16 9.80 -1.365
17 9.80 e 0.035
18 * | 0.0

*Boundary node - no volume specified.'_
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TABLE XVI

BRANCH DATA
Heat-
= _ Flow Transfer
Branch . Branch Area Area
No. Type (ft2) _(ft2)
1 Damper © 4.6940 | 0.0
2 Duct 4.6940 0.0
3‘ Duct 4.6940 27.8
4 Duct 4.6940 27.8
5 Duct 4.6940 27.8
6 \ Duct | 4.6940 - 27.8
7 Duct 4.6940 27.8
8 Duct 4.6940 ' 27.8
9 Duct 4.6940 27.8
10 Duct | 4.6940 27.8
11 Duct 4.6940 27.8
12 Duct 4.6940 - 27.8
13 Filter ~ 0.7854 0.0
14 Duct 0.7854 78.5
15 Blower 0.7854 0.0
16 Damper - . 0.7854 0.0
TABLE XVII

DIGITIZED BLOWER CHARACTERISTIC CURVE
FOR SAMPLE PROBLEM

Volumetric flow " Head

(ft3/min) (in. w.g.)
-8000 8.0
0 1.8

1123 ' 1.5278

6000 0.0
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Parameter(s)

IPRINT
MIBO
IGNITE
PFLOW, NFP
EQUIP, MJE,
IFLOW3
TENIT

PINIT
1BRCHI

IFCNDL
ZIF

-DIF
IBRCHO
IFCND2

Z0F

DOF

FUEL(7,1)

FQEL(7,2)

AREC(7,1)

AREC(7,2)
RL

’

2
1

56.0

-0.20 -~

1.084

2.166

. 11.76

2.166

5.75

2.16
4.0
2.0
20.0

TABLE XVIII

FIRIN INPUT PARAMETERS.FOR SAMPLE PROBLEM.1 !

VéTue(s) ,
100

Description(s)/Comment(s)

Edit'frequency for FIRIN output
Number of burning orders

Ignition energy concept option——this requires
MIBO = 2

These options were not used for this calculation

Initial fire compartment temperature (°F)

Initial fire compartment pressure (in. w.g.)

Fire compartment inflow branch identities

Fire compartment internal bouhdary node
connected to IBRCHI

Elevation if the centerline plane of the inlet

~ventilation from the compartment floor (ft)
'Diametef of the inlet ventilator (ft)

. Fire compartment outflow branch identifier

Fire compartment internal boundary node
connected to IBRCHO ' -

Elevation of the centerline plans of the outflow
ventilator from the compartment floor (ft)

Diameter of the outflow ventilator (ft)

Amount of kerosene fuel—burning order 1 (1bm)
Amount of kerosene fue]--burning-order 2 (1bm)
Burn area of fuel--burning order 1 (ft2)

Burn area of fuel--burning Qrdér 2 (ftz)

- Fire compartment length (ft)
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Parameter(s)

“WR '
R

XCEIL
XWALL
XFLOOR
ZFIRE
MATERW
MATERF
NBO(1-6)

NBO(7)
NBO(8-9)
NRAD(1, 4-7)

NRAD(2)
NRAD(3)
IFORM

JACT
18U

138

Value(s)

17.0

15.0

0.

N W O w

492

.492
.281
452

TABLE XVIII (CONT)

Description(s)/Comment(s)
Fire compartment width (ft)

Fire compartment height (ft)

“Ceiling thickness (ft)

Wall thickness (ft)

Floor thickness (ft)

Height of the flame base from the floor (ft)
Wall material identifiers

Floor material identifier

Combustibles at risk to auto-ignition concept
identifier. NBO = 2 signifies the combustible
is not at risk, NBO = 1 signifies the
combustible is at risk to auto-ignition

Radioactive release mechanism identifiers:

NRAD = 0 indicates that these release mechanisms
will not be used, NRAD(2) = NRAD(3) =1
indicates that the second and third release
mechanisms will be used

The following fire input values- correspond to
the NRAD(2) release mechanism. IFORM =1
indicates that the contaminant found on the
combustible is in powder form. I = 7 indicates
that fuel type 7 (kerosene) is a contaminated
combustible. JACT =1 identifies the source
term and IBO = 2 indicates the burning order of
the contaminated combustible. QRAD 1 = 0.2205
specifies the total mass of radioactive material
in/on the combustible. B



TABLE XVIII (CONT)

Parameter(s)“ Value(s) - Description(s)/Comment(s)
.~ QRADL ' 0.2205 |
JACT 2 ‘The last two FIRIN input values describe the

NRAD(3) release mechanism. JACT = 2 is the _
identifier associated with the source term and
QRAD3 = 0.1653 specifies the total mass of
radioactive material on the contaminated surface.

QRAD3 -~ 0.1653
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39

I3
o

41
42
43
a4
45
46
a7
48
49
50
51
52
$3
54
55
56
57

58

59
60
61
62
63
64

TABLE XIX

COPY OF INPUT DECK USED TO RUN
SAMPLE PROBLEM 1

sample problem 1

#
st

#
al

- ek s b b N

-

LobhdbrbLLLLLDLDOAELDLE WOWN - —

L ASESRSESNSENRRSEANTNNNNY LISy )

16 18

2 2
9.5000e-08

1.389e-08
2.167
4 5

2.167
2.167
2.167
2.167
2.167
2.167

10 i1

2.167
1 12

run control card 1

1200.

1. 999.0 .
print / plot control! card
1 12 5
1
1
1
]
1
plot frame description car
3 4 5 :
14 15 17
3 13 15
3 8 15
3 4 5
14 16 17
3 13 14
3 13 14
3 13 14
3 13 14
3 13 14
3 13 14
3 13 14
3 13 14
3 13 14
3 13 14
run control card 2 *ifirin"
t o
boundary control card
56 .
geoma try and component control card
14 1 1
branch description data cards
2 1200. 4.6944 .25 .06
3 1200. 4.6944 .25 .14
S 1200. 4.6944 3.2 .02
2.1666
27.77 1 .25 .3 26.2
6 1200. 4.6944 3.2 .02
2.1666
27.77 1 .25 .3 26.2
7 1200. 4.6944 3.2 .02
2.1666
27.77 1 .25 .3 26.2
8 1200. 4.6944 3.2 .02
2.1666
27.77 1 .25 .3 26.2
9 1200. 4.6944 3.2 .02
2.1666
27.77 1 .25 .3 26.2
10 1200. 4.6944 3.2 .02
2.1666
- 27.77 1 .25 .3 26.2
11 1200. 4.6944 3.2 .02
2.1666
27.77 1 .25 .3 26.2
12 1200. 4.6944 3.2 .02
2.1666
27.77 1 .25 .3 26.2
13 4.6944 3.2 .02

489.

489.

489,

489.

489.

- 489.

489.

489

13

.9333

.12

.9333

.12

.9333

.12

.9333

.12

.9333

.12

.9333

.12

.9333

.12

.9333
.12 .

56.

56.

' 56.

56.
56.
$6.
56.

$6.



65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
‘81
82

83
84

85
86
87
88
89
80
91
92

93

94
95
96
97
98
99

100

101

102

103

104

105

106

107

108

109

110

11

112

113

114

115

116

17 .

118
119
120
121
122
123
124
12%
126
127
128

TABLE - XIX. (CONT) ..

2.167 27.77 1 .25 .3 .3
12 13 14 1200. 4.6944 3.2 d
2.167 27.77 1 .25 .3 '3
13 14 15 1200. .7854 B
1 - .
14 15 16 1200. .7854 25. d
1. 78.5 ‘1 . 0625 3 . .3
15 16 17 - .1200. .7854 b
16 17 18 1200. - .7854 0.5 .- v
1.0e-07
- particulate specie data cards
1 smoke 100.
2 total rad part 20..
3 rad part .1 |
4 rad part .2 .2
5 rad part .4 .4
6 rad part .6’ .6
7 . rad part .8 .8
8 rad part 1. 1. .
9 rad part 1.5 1.5
10 rad part 1.9 1.9
11 rad part 8. 8.
12 rad part 15. 15.°
13 rad part 20. 20.
boundary node data
10 0. 56.
31 0. 56.
4 1 0. 56.
i8 O 0. 56.
room data
‘2 1.0
4.6944
-5 13.636
4.6944
6 13.636
4.6944
-7 13.636
4.6944
8 13.636
4.6944
9 13.636
4.6944
10 13.636
4.6944
11 13.636
4.6944
12 13.636
4.6944
13 13.636 '
4.6944
14 13.636
4.6944
15 13.636
.7854
16 9.8
.7854
17 9.8
.7854
blower curve cards
1 4

P T T

- ah wh o ik b b h ad b b b -

2.1666 6.9333
26.2 489. .12
.02 :

- '2.1666 6.9333
26.2 489. 112
. 965
.2
"2, 75.
26.2 489. .12
-1.4 - 1
.2

. 56

56.

.56.

14]



TABLE XIX (CONT)

129 -8000. 8. 0. 1.8 1200 1.5278

130 6000. . 0. : oL

131 # : filter data -

132 : 1 . 9995 . 1.

133 # . 7 temperature data

134 .. 56. * 786, : 56. 56. ' 56.
135 ’ 56. . 56. 56. 56. 56.
136 56. ' 56. 56. . 56 . 56.
137 56. 56. 56 .

138 # fire scenario control specifications C“iflow3d"

139 1100. 100 2 ) =

140 o1 0.0 o 0.0 (o} (o]

141 # fire compartment initial conditions and noding

142 56.0 -.20 ’ i ) : )

143 .2 N 3 “1.084 2.166

144 3 4. 11.76 .  2.166

145 # fuel type, mass ,and burn area

146 0.0 0.0 0.0 0.0 0.0 0. 0 5.750 0.0 0.0
147 0.0 0.0 0.0 = 0.0 0.0 0.0 2.150 0.0 0.0
148 0.0 0.0 0.0 © 0.0 0.0 0.0 4.0 0.0 0.0
149 ‘0.0 0.0 0.0 . 0.0 0.0 0.0 -2.0 | 0.0 0.0
150 # fire compartment dimensions and materials Rt

151 20.0 17.0 15.0 - 0.492 0.492 3.281 0.492
152 -9 8 9 E

153 » " combustible identifier card (required if ignite > 0O)

‘154 2 2 2 2 2 2 1.2 2 o

155 # radioactive source term input . ) B
156 (o] T I 1 (o] (o] (o] (o]
157. . 1 7. 1 2

158 22050 :

159 . 2 0.1653

160 # : time step cards .

161 .001 3.0 1.0

162 o .01 10.0 1.0

163 .. .05 999.0 50.0
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2. F1re Accident Scenar1o._ “In Samp]e Prob]em lé‘ttviszpostulated that
two open cans’ of f]ammab]e solvent (kerosene) are 1oc_nh

partment One of the cans of . kerosene is assumed to be contam1nated with a

, ;m1xed oxide powder ‘theé other can is not contam1nated .The. uncontam1nated can -
~js’ assumed to have an exposed surface area of 4.0 ft2
5.75 1bm (2.61 kg) "The sma]]er contam1nated can has an exposed surface area e

:’hfof 2.0 ft2 (0 18 ‘m ) and a mass of 2.16 Tbm (0.98 kg). To initiate- ‘the acci-

; "’dent sequence, it is postu]ated that the uncontam1nated can becomes - ignited.

:The second (contam1nated) can. of f]ammab]e so]vent has been contam1nated with v:~
0.22 1bm (0. lO kg) of m1xed ox1de powder and 1s suscept1b1e to 1gn1t1on via

'ﬁffthe FIRIN auto_1gn1t1on mode] ‘The~ auto—1gn1t1on model assumes ‘that the com-

'_bust1b1e at risk to 1gn1t1on from other burning combust1b]es w1th1n the fire

3d;_:compartment will 1gn1te if the heat f]ux Tevels are suff1c1ent -In ‘addition

T to the contam1nated f]ammab]e so]vent 0.165 1bm (0 075 kg) of m1xed oxide pow-
i‘der is assumed ‘to be d1str1buted even]y over the compartment floor. Th1s ‘mate-.
‘ ;'r1a1 can become a1rborne as a resu]t of the f1re—1nduced heat1ng of the contam—'f
:f:1nated surface’ (floor) ‘
' ‘3. Calculated Results. L
;35.' System Response. The fire. (1gn1t1on of ‘the uncontam1nated kerosene)

2 0 s’ into the tran51ent and initiates the" acc1dent sequence. Thé” se— "

yof events for this samp]e ca]cu]atlon is. presented in Table XX. - The:
ompartment (represented by nodes 3 and 4) rapidly pressur1zes from its

,,;_gﬁgrstea y—state value of -20 in. w..v . (- 50.0 cm w.g.) to a va]ue approach1ng

" 0 10 1n. w.g. (0 25 cm w.gjf as a resu]t of the rap1d vo]umetr1c expans1on of
hthe gases w1th1n the: compartment The heat1ng of the air w1th1n the compartment
~of the fire causes the rapld expans1on. F1gures 17 .and 18 show the pressure
;response of the system. The pressures near the- f11ter and b]ower 1ocat1ons of

31_,the system are perturbed sl1ght1y The system capac1tance represented by the

- ‘duct ‘volume’ located between the f1re compartment and f11ter and' blower pos1—

d w1th1n the f1re com— L

(O 37 m2) and a mass of, e

‘tlons dampens the 1nf1uence of ‘the f1re. Also, as a resu]t of the rap1d pres— SR

sure increase 1n the fire compartment a reversa] of. flow at the 1n1et ‘and in-
'Hcrease of exit f]ow to the fire compartment is ca1cu1ated by.. FIRAC - The system
volumetric and mass f]ow resu]ts are presented in Figs. 19 and 20. The system
~ mass f]ow rates exhibit trends s1m11ar to those shown in the vo]umetr1c flow.
.Once the hot layer has descended -to the center11ne elevation:of the ex1t branch
(node 4, branch 3), the mass flow rates are reduced as the warmer gases are
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"TABLE XX -+
TRANSIEN?éEVENTfSEQUENCE FOR SAMPLE PROBLEM 1

Event

Uncontaminated kerosene ignites v

']Max1mum f1re compartment pressure (0 05 in, w. ) attalned

(hot layer descends to elevation of outflow boundary)
Contam1nated kerosene 1gn1tes via auto—1gn1t1on

Transport of rad1oact1ve material initiated -
(hot layer descends to center11ne e]evat1on of 1nflow boundary)

Max1mum system temperature (~240° F) atta1ned

Fire term1nated

',Release of rad1oact1ve mater1a] from cont1nued heat1ng of the

‘ re51due o

;End“gf;ca]puiation

144

Time. (s)

=10
~12

. 582

582
~621_

763

7763
- 1060




VK§AMPLE;PROBLEM 1 B - %= NODE

X10-2

5.0
- e
[ ]

.00

-5.0

=100
0.0

~=15.0
1

'PRESSURE (IN. W)

:=20.0
)

-25.0
L

-30.0
L

~-35.0

00 1000 2000 3000 400.0 5000 -600.0 700.0 8000 900.0 1000
TIME (S) ' s

Fig. 17.
Pressure response for nodes 2, 3, 4, and 5.
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SAMPLE! PROBLEM 1 -
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Fig. 18."

Pressure response for nodes 4, 14,.15, and 17..
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VOLUME FLOW (CFM)

SAMPLE PROBLEM 1 . B
S : » = BRANCH 13 .
~2=BRANCH 15

1.6

X103

.08

0.6
1

-06

b
o
R
Q
o
Q
o~
o
B
-
o
|
P T - T - v‘_-ﬁ B I v - v Ll
Q.0 100.0 200.0 300.0 4000 S000 6000 700.0. 800.0 900.0 1000
TIME (S)
Fig. 19. :

Volumetric flow rates for branches 2, 3, 13, and 15.
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SAMPLE PROBLEM e,
MPL L ! : ) - 0 » BRANCH 3

) L : * a2 BRANCH 8
"o o=HBRANCH 15
o) — — -
x

Q

Q.

o
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o

a |
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o

'?[V 1§ Iv T T Y L vA Y T

80 1000 2000 3C0.0 400.0 5000 600.0 700.0 B00.O0 S900.0 1000

TIME (S) '
Fig. 20.

. Mass flow rates for branches 2, 3, 8, and 15.
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transported through the exhaust duct. The hot-]ayer position and temperafure

vs time are shown in Figs. 21 and 22, respectively. System temperature profiles'
in and around the fire compartment are shown in Fig. 23, and the temperature
profiles midway between the fire compartment and the fi]ter and at the filter
inlet and blower exit are shown. in Fig. 24. At any time during the transient,b-~'
the decrease in gas temperature with increasing distance from the fire compart-
ment is a result of the gas heat Tosses because of convection and radiation heat
transfer occukring in the exhaust duct. After the hot layer has descended below
the exhaust elevation of the fire compartment, the system responéé (pressures,
flow rate,:and temperatures) remains stable. At ~500 s, tne hot layer has de-
scended near the elevation of the inflow (node 3, branch 2). As the hot layer
passes over the inflow boundary, node 3 is assigned an averaged hot-layer tem-
 perature value (Fig. 23). Until this time in the transient, the uncontaminated
kerosene has been the only enérgy.50urce for the fire. The other fuel source

is the contaminated can of solvent susceptible to ignition via the}FIRIN auto-
jgnition option. At ~582 s, FIRIN calculates that the fire compartment heat
flux levels have reached the required level to ignite the second fuel source.
The autoignition of the additional fuel is indicated in several of the.graphic

~ results.” For example, the system pressures and flows are perturbed égain as
additional -heat is added to the system. The pressures are calculated to in-
crease throughout the system, whereas the inlet flow is reduced and the exhaust
flow is slightly enhanced. Also, the additional heat source assists in the
growth of the hot layer, an iqcrease in hot-layer temperature, and an increased
fuel burning rate. After the contaminated can of kerosene has ignited, the hot
layer descends'to the floor very quickly, and the inflow boundary node (node 3)
achieves a value équiva]ent to the hotélayer temperature. Another assumption

~ of the FIRIN auto-ignition concept'is combining of fuels and fuel 'surface areas
after auto-ignition has been achieved. The model assumes that the fuel -(mass)
remaining from the initial fuel source is lumped with the at-risk fuel mass and
that the fuel surface burn areas are combined. For this calculation, the fuel
burn area after ~582 s was 6.0 ft2 (0.6 m2). Combining the burn areas enhances
the burning rate (consumption of fuel) as shown in Figs. 25 and 26. After the
hot Tayer has descended to the floor, the.inlet air becomes mixed with the hot

149



SAMPLE PROBLEM 1
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Fig. 21.

Hot-layer height vs time.
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. HOT LAYER TEMPERATURE (DEG F) . . .. .
00200 400 600 800 1000 1200 400 1BOO 10O 2000 2200 2400 2806 2800

SAMPLE PROBLEM 1 =

" Hot-layer -te

2000 3000 4000 5000 6000 7000 8000 9000 1000,

T TIME (S)

Fig. 22. :
mperature vs time. -
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SAMPLE PROBLEM 1

kP &N

X102
2

1

16
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1

1.2

TEMPERATURE (DEG. F)
B X I

0.8
1

00 1000 200G 3000 4000 5000 600.0 7000 800.0 900.0° 1000
TIME (S)

Fig. 23.
Temperature response for nodes 2, 3, 4, and 5.
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SAMPLE PROBLEM 1 =~ =" ] vanoot ™ o
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- Temperature response for nodes 9,._']4, 16, 17.
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" SAMPLE PROBLEM 1.

0.06 - .

" FUEL TYPE 7 == KEROSENE

—

0.012 o.;tiiir'

4 0'.010

. 0.008

FUEL BURNING RATE (LB/SEC).
0.006

" 0.004

' ‘o.goz

0.000

00 1000 2000 = 3000. 4000 5000 6000 700.0 8000 .900.0 ' 00C.
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“ Fig. 25.
S vFue] buvrm’ng rate vs time. o
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. SAMPLE PROBLEM 1
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FUEL MASS (LB)
FUEL

" FUEL TYPE 7 - KEROSENE

500

100. 1000 2000 3000 4000 5000 6000 7000 - 8000 9000 1000.

T BE Y S

- TIME (S) -

' Fig. 26. . -
Fuel mass vs.. time.
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géses of the hot layer and is no longer supplying the fire with fresh air. The
firé, which is assumed to be located appkbximate]y 0.6 ft (0.2 m) above the
floor, begins to entrain a mixture of air and combustion products, which de-
creases the overall oxygen concentration of the compartment (Fig. 27). Al the
combustible materials were consumed by ~763 s. After the fire has termlnated
the system beg1ns to recover and reestab11sh the 1n1t1a1 steady—state cond i-
tions. - A ,

b. Materia] Transport. The transport of smoke particulate and radioactive
particulate was calculated for the sample problem. The quantity -of smoke parti-

culate generated by the burning of the kerosene and transported to the filter

is shown in Fig. 28. This plot reveals that a significant portion of the smoke
particu]éte was not transported to the filter because of deposition. As a re-
sult of theffilter remaining unplugged, the blower performance was not affected
by the smoke. The smoke particulate diameter was shown to be unrealistically
large (~100:um) so that the effects of particle size on the depositionarate
could be seen in the results. Deposition is an.important consideration and can
affect the results of a calculation. For exampTe, improper selection of parti-
cle diameter could lead to an unrealistic dep051t10n rate that 1nh1b1ts material
from challenging the HEPA filter in a f§c1]1ty. This could Tlead to m1s]ead1ng
results in terms of fire strength/duration and radioactive particle release
rates. _ | | o

During this fire transient, the radioactive release mechanisms:-were used to

simh]ate the release of radioactive material. Heating of a cgntamiﬁated surface
and bhrning>pf a contaminated combustible 1iquid were the two mechanisms. The
release resulting from the heating of the contaminated floor is not evident in
the results. The release rate for this mechanism is several orders of'magnitude,
less than the release rate for burn1ng of a contam1nated 11qu1d As a result,

the particulate. flow rate -and accumulat1ons for the 20—um part1c1es shbwn in
Figs. 29 and 30 do not indicate a s1gn1f1cant release before ~600 s. - The 20-um
particulate size distribution is released by both mechanisms. After ~600 s, .
‘the burning of the contaminated combustible 1iquid produces the paftic]e{f]ow o
rate and. accumulations shown in the figures. This mechanism has two stages for
particulate release. Stage one is the burning phasei‘and stage two is the con-
tinued heating of the residue after the burning has stopped. Stage one occurs
between ~600 s and ~763 é, and stage two occurs between ~763 s and.1000‘s,_fThe
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SAMPLE PROBLEM 1
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FIRIN rate of re]ease mechan1sm assumes that the’ heat1ng of- the res1due J[“r
continues 10 min after the burning has stopped g ‘ .
| 4. Summary. Samp]e Problem 1 demonstrated severa] user opt1ons of the im—
proved FIRAC:: auto—1gn1t1on of a contam1nated combust1b1e, re]ease of radlo—
active mater1a] by ‘the release mechanisms; heat1ng of a contam1nated surface

and’ burning of a ‘contaminated combustible liquid; 2 internal boundary nodes .
represent1ng the f1re compartment transport of 11 rad1oact1ve part1c]e s1ze o
d1str1but1ons and dep]et1on of mater1a1, and" duct heat. transfer capab111ty

.Thls sample prob]em 1nd1cates how comp11cated the 1nterpretat1on of the ca]cu—'

lated results’ can become when severa] opt1ons havef”een:enab]ed. The user

should -become fam111ar with all the options and how they w111 af‘ect ‘the calcu—
lation. Also, the interactions that can occur between the various opt1ons
shou]d be ant1c1pated to_assist in the ana]ys1s of the results. '

- C. :Sample Problem 2.

1. Descr1pt1on and Computer Mode] of the Fac111ty To iilustrate how the

1mproved fire code can be app]1ed to a more comp]ex fac111ty, con51der the Sys-
- tem ‘schematic shown-.in. F1g. 16. The fac111ty presented in the. schemat1c s

) :representatwve of most nuc]ear fuel cyc]e vent11at1on systemsfln that it con-

| ta1ns mu1t1p1e fans, compartments,: dampers, filter systems, and para]]e]/ser1es
'flow conflgurat1ons. For th1s scenar1o,,the fire is assumed to occur in the *

. compartment represented by 1nterna1 boundary.nodes 9, 21, and 22. Three?ﬁnter—-
;nal boundary nodes were requ1red because the compartment has three fTow'connec— ;

tions:* two inflow (branches 16 and 17) and one outflow (branch‘14) connection.i:

The inlet and outlet branches (ducts) to the fire compartment have been 'posi-

t1oned so that the- genera] vent11at1on f]ow direction in-the room is downward

. Most compartment vent11atlon ducts in fuel cycle fac111t1es arf conf1gured in

th1s manner to help settle contamlnated a1rborne part1cu1ates,#’h1ch reduces p;j
the risk of contamination throughout the fac1]1ty A. ‘closeup of the- f1re
'compartment noding is shown in Fig. 31. ’ o

The fire compartment is assumed to be 39 ft (12 m) long, 39 ft (12 m) wide

and 20 ft (6.m) high. The centerline elevation (measured from the,f]oor) of the

*A maximum of three internal boundary nodes can be used to represent:the
o FIRIN fire compartment. For this sample calculation, two internal boundary
' nodes could have been used (Sec. III.C).
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. twofiniet'ventTTatjons is 18.74 ft (5:71 m), and the centerline eievation'of_the_

. outlet ventiTation’is,B.O ft (0.9 m). Also, the fire compartment is assumed. to

have a concrete floor, ceiling, and walls. The ceiling and floor are assumed to

-be 1.0 ft (0.3 m) thick, and the walls are assumed to be 0.5 ft (0.2 m) thick.

_ When the system is operating under’ steady—state cond1t1ons ‘the fire com-

7” partment has a pressure of -0. 30 ing w. g..( 0.76: cm w.g. )-at a temperature of
70°F (21 C). The two inlet ventilators (branches 16 and 17) supply 3679 ft /min
af(l 736 m3/s) and 290 ft3/m1n (0.137 m3/s) of air to the compartment.. The outlet

'~ ventilator exhausts 3969 ft3/m1n (1.873 m /s) under steady-state cond1t1ons The

fire compartment/overall system steady state was achieved by select1ng an ini-

‘ ’*:(t1a1 ‘system pressure distribution and u51ng res1stance coeff1c1ents The fire .-

f: compartment exhaust filter (branch 17) is assumed to- be 99. 95 eff1c1ent and
©" have a plugging factor of 20. 1/kg. A 1arge f11ter p]ugg1ng factor was se]ected
~to illustrate the 1mportance of the filter plugging model on the ca]culated '
results. ' o
The facility mode] features 37 branches, 22 -nodes [17 capac1tance (room)

- nodes, 2 standard boundary, and 3 internal boundary], 2 blowers, and 9 filters.

A comp]ete 11st1ng of the input deck for samp]e problem 2 showing the assumed
- blower curves, initial system pressure’ dlstr1but1on, f1re compartment 1nput
1spec1f1cat1ons, and so on is presented in Table. XXI. ’ i o
| 2. Fire Acc1dent Scenario. -The purpose of sample problem 2 is to i1lus—
trate the use of the FIRIN.sequentja] burning option. Two fue]s (kerosene and

. polystyrene) will be burned'sequentially inathe calculation. . The fire compart;

- ment is assumed to contain 3.0 1bm:.(1.4 kg) of uncontaminated kerosene. The
2 = 2
N

mconta1ner of kerosene has-an exposed surface (burn) area of 5. O ft 0.5m ).

“b.In addition to the kerosene, the. compartment contains 30.0 ]bm (13 6 kg) of con—;v

' taminated polystyrene The po]ystyrene is assumed to have an exposed surface

area of 7.0 ft2 (0.7 m ) and is contaminated: w1th 0.22 Tbm (0 10 kg) of m1xed
oxide powder. : : , v

. Because the scenario assumed that the two combust1b1es at r1sk w1th1n the

tr fire compartment will burn sequent1a11y, the ‘maximum number of burn1ng orders .
'L(1nput parameter, MIBO) is 2 "The kerosene was selected to 1n1t1ate the acc1dent
_sequence and has a burn1ng order (IBO) of 1. After all the kerosene has been

. consumed, the po]ystyrene (burn1ng order I1B0 = 2) will ignite to continue the
'»firefinduced,transient. Nhen usingvthe sequentia] burning option, the combus-

tib]esvinput information must be entered according to the burning order.' For
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TABLE XXI

INPUT DECK LISTING FOR SAMPLE PROBLEM 2

1 ) .
2 sample problem 2
3 # run control |
4 st 0. 1. 999.
5 # print ./ plot control card
6 alt 1 1 | 1 S5
7 1 1 1
8 2 1 1
: 9 11 1 1
10 12 1. R |
11 13 1 1 '
"12 # frame description cards
13 4 9 15 - 21 22
14 . 3 14 16 - 717
15. 3 14 16 17
16 4 9 15 21 22
17 4 14 34 35 36
18 4 14 34 35 36
19 4 14 34 35 36
20 4 14 = 34 35 36
21 4 14 34 35 36
22 4 14 34 35 36
23 4 14 34 35 36
24 4 14 34 35 36
25 4 14 34 35 - 36
26 4 14 34 35 36
27 # : run control card 2 ° : "1firin®
28 p t (o] (8] 13
29 # boundary control o (p. t. e, m) ' Co
30 5 - 70. :
"31-# geometry and component control
32 37 22 17 2 3
~33 # branches . .- '
34 1 1 2 17600.00 12.000 10.000v
. 35 O. 0. _ 3.464
- 36 2 2 3° 17600.00 12.000 0.000f
37 O. R ¢ o 1 - ' - 3.464
) 38 .3 3 4 17600.00 12.000. 0.000b
39 O. . . S 3.464
40 4 4 5 17600.00 12.000 =~ 15.000v
41 0. 3.464
42 5 ) 6 7710.00 . 5.000 10. 000V :
43 O. O. ] - ) 2.236
44 6 7 15 578.00 - .. .380 . - 0.000f
45 O. . 1 . .6164
46 7 6 7 413.00 .290 °  i20.000v ) :
47 O. 0. . .5385
48 . 8 6 11 50.00 .290. 1.000v . ’
49 O. 0. ’ . .5385
50 -9 11 7 . 143.00 . 100 1.000v
51 O. 0. .3162
52 10 8 15 433.00 . .290 0.000f - .
53 2" 0. 0. _ 1 . ) .5385
54 11 6 11 50.00 .290 1.000v
55 0. o] : © .5385
56 12 6 8 . 290.00 .200 20.000v o
Y 0. O. . .4472
- 58 13 i1 8 . 143.00 . 100 1.000v ] .
. 59 O. - o. 1.3162
60 14 21 15 3766.00 2.500 0.000f : i ’
61 2.600e-04 O. : 2 LT 1,581
62 15 6 1 100.00 0.100 - 1.000v
"63 0, 0. B . S 1 .3162
64 16 6 9 3480.00 2.300 20.000v
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TABLE'XKI' (CONT)

.12’9. 2 . 500.00

130 120.000
131 2 %%800.00

132 120.000

133 . 800.00

135 5 . 500.00

136 1202000

137 6 %00.00

138 50.000 _

139 - 7 ..3600.00

140. . 180.00

141 8  4440.00

142 222.00

143 10, 87400.00
144 - 4370.0

145 11 10200.00

146 . 5‘0.00

147 . 12.117300.00

148 " 5865.0 - N
149 - 13 20000.00 .. -

~ 150 . 1000.0 y , ‘ o .

T 181 14 20000.00 - . . . | : -
152.. ' 1000.0 S o E o |
153 © 15 . 500.00

_154 .1 120.000 v
158 BT 500. 00

156 . 120.000
157 . . 17 500.00
158 120.000

160 120.000

© 162 50.00
163 # Dblower curves
164 1 6 S e L
165  -5600.00 :13.80 - 0.00 9.80" '12000.00 9.70
166 . 17600.00 8.15  2520C.00 4.00 ' 30800. oo _0.00
167 2 6 e .
168 -7700.00 - 18.10 - 0.00 . 12.10  8000. oo “ 12.00
169.. 17600.00 - 11.10 26700.00 6.00 34400.00- ~0.00
170 # filter data . o : S
171 N .9995 - - 0
172 ’ 2 .9995 20.~
173 3 .9995 o _
174 # pressures ’ e S
176 . 0.0000 © ..-8.1800. " -7.1500 1.0000 - .5000
176+ - 0.0000 ‘ -.3000 .~ . =.3000: " 7. -.3000. -. 3000
177 . =.1500 . =.18500 . -2..3000 -.3000 ~13480
178 . -7.6000 - - " -10.6000 - o "~ .5000 .7 0.0000 0.0000
179 . - 0.0000 © - 0.0000 ' i o
180 # ' temperatures . : T L -
181 o 70.0 70.0 70.0  ° . 70.0 . 70.0
182 70.0 " -70.0 70,0 70.0" 70.0
183 S T10.0 0 70.0 '70.0. - 70.0 o 70.0
184 70.0 @ . 70.0 70.0 - . 70.0 . ° 70.0
185 "70:0 70.0 " N '
186 # - fire scenario control speclfications’,_ *' "iflow3” . |
187 . 1100. 100- 2 t AP
188 - 0 0.0 (o) 0.0 o R
189 # tire compartment initial conditions and nodlng e
180 .70.0 © ~-0.30 :
91 . . 16 ST e 18,74 1.517

- .. R 2 3.000 1.581
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- TABLE.XXI (CONT). ...

193 - 17 . 22 18.74 .4359 .
194 # - . fuel type, mass ,and burn area A : )
. 195 0.0 0.0 0.0 0.0 0.0 0.0 3.00 0.0 0.0
196 0.0 -30.0 ' 0.0 0.0 0.0 0.0 - 0.0 0.0 0.0
197 0.0 . .0 0.0 0.0 0.0 0.0 5.0 0.0 0.0
198 - 0.0 7.0, 0.0 0.0 0.0 0.0 0.0 0.0 0.0
199 # ~ fire compartment dimensions and materials '
200 ] 39.0 39.0 . 20.0 1.000 . 0.500 1.000 1.500
- 201% “ 1 1
202 radioactive source term input (polystyrene)
203 ) 1 -0 0 " 0 (o] 0 o} B
204 1 2. . 1 . 2 '
.205 .2205 s : _ o "
206 7 ) time step cards. ‘ . o ' .
. 207" : . .001 - 3:001 0.5
.. 208 . N 0} 10.01 1.0
50.

209 ' .05 999.05 "
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of kerosene- precedes the 1nput value for the

- this prob]em, the amount (maSs;
amount of po]ystyrene The same format follows for the 1nput of the respective
fuel burn areas. ' ’

- The radioactive source term 1nput for the release rates resuIt1ng from the
burning of the contam1nated ponstyrene requ1res that NRAD(l) 1) Tn1s input
value for NRAD(1) indicates the rad1oact1ve release of part1cu1ates will be
estimated in the contaminated combustible soI1d reIease subrout1ne The assump-
tion that. the contam1nat1on is in the form of  a powder requires 1nput parameter

~ IFORM be assigned a value of 1. The combustibles ‘material identifier (I) has
been selected to be 2-—po]ystyrene is fuel type (combust1b1es 1dent1f1er) 2.
The burning order (IBO) of the polystyrene is. 2, and the total mass of powder
contaminate (QRAD 1) is 0.22 Tbm (0 10 «g)

3. Sample Problem 2 Results.

a. System Response The sequence of events for the Sample Problem 2 cal-
cu]at10n 1s g1ven in Table XXII ~The kerosene ignition initiates the accident

TABLE XXII
TRANSIENT EVENT SEQUENCE FOR SAMPLE PROBLEM 2"

Event | Time (s)

Kerosene ignites ' o . 2
Hot Tlayer descends to center11ne elevation of 1nf]ow boudar1es' =12
Hot layer descends” to centerline elevation of outflow boundary : - ~190
Contaminated polystyrene ignites : ~265
Transport of radioactive material initiated | o ~265
Fire compartment exhaust filter begins to plug I » - =325
Maximum system temperature (~190°F) attained : ) ~806

" Fire terminated o - ‘ ~806 *

End of calculation S Y . 1000
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sequence 2-s into the simulation. The fire compartment (represented by nodes
9, 21, and 22 in the system model) rapidly pressurizes from its steady-state
operating value of -0.30 in. w.g. (-0.76 cm w.g.) to approximately 0.5 in. w.g.
(1.3 cm w.g.) because of the rapid volumetric expansion of the gases within the
compartment caused by the fire. Figdfe 32 shows the fire compartment pressure
response for the entiée transient. vAé a result of the preséure increase in the
compartment, a reduction in flow at the intakes (branches 16 and 17) and an
increase .in flow at the compartment exhaust (branch 14) is calculated by FIRAC.
Volumetric and mass flow rate results for the fire compartment are presented in
Figs. 33 and 34, respectively. | -

Between 2 and ~200 s, the hot layer gradually expands and descends toward
the outflow ventilator (Fig. 35). As the outflow ventilator begins to exhaust
the hot combustion. products/gases composing the hot iayer, the fire compartment
begins to depressurize. The volumetric and mass flows at the intakes to the
compartment are enhanced by the depressurization. The compartment exhaust flow
rate decreases because of the depressurization and the presence of the hot
(less dense) combustion gases at the outflow ventilator. Thne temperature his-
tory for the fire compartment is shown in Fig. 36. |

The system is perturbed again as the kerosene fire terminates and the con-
taminated polystyrene ignites via the sequential burning option. This Fig. 32
transition occurs between ~250 and ~275 s as shown in Figs. 37 and 38. The ig-
nition of the po]ystyréne repressurizes the fire compartment to approximately
l.O‘in. w.g. (2.5 cm w.g.). The flow rates to the compartment are affected by
the repressurization:'4enhanced exhaust flow (branch 14) and reduced flow at
the intakég"(branches 16 and 17). As the polystyrene burns, the compartment
remains pressurized at approximately 0.9 in. w.g. (2.3 cm w.g.) and becomes
“more concentrated with smoke particulates. Burning polystyrene releases a
significantly ]argeﬁ amount of smoke then does burning'kerosene as shown in
Fig. 39. The introduction of smoke at a faster rate within the compartment
begins to deplete the amount of oxygen available to the fire (Fig. 40). The
polystyrene continues to burn until ~806 s. At this time, all the combustible
materiaTs within the fire compartment have been consumed, and the system begins
to recbver to a new steady-state operating condition.

b. Material Transport. The combination of the smoke release rate of the

burning -polystyrene material and a fire compartment exhaust filter plugging
factor of 20.1/kg significantly influences the system response to the fire.

169



LEGEND R

SAMPLE. PROBLEM 2 v = NODE 9
o=NODE 15
+=NODE 21

X10-1
10.0

0.0

,;o
Z9
> r~
@8 /N [\
T " I N i \ |
& N \
| \ | N

L
: //
.
r

(o] . . .
# s
\_~
o .
m .
~N .
1 ki B 1 T T T —— T T
0.0 100.0 200.0 300.0 400.0 5000 6000 700.0 8000 900.0 1000
TIME (S) :
Fig. 32.

.Pressure rééponse'for nodes 9, 15, 21, and 22.

170



SAMPLE PROBLEM 2 ... LEGEND
. ) . v = BRANCH 14
: o= BRANCH 16

Mo L =BRANCH 17
Qs —
x,
ol /
=>"1v
[
O
[
't
30N
o
-
o
) o
=
>
b
On
>
=
Te]
o'..
o™ 4
©7 Looem. 1A
. ’ ..""s...* I. ‘>~
" ‘- ...’..'“""‘"'-00--&-‘%-«.‘! ‘.W\\'o,\'..
| T T . T . Y v T T T T -
0.0 100.0 200.0 300.0 400.0 5000 6000 700.0 800.0 S00.0 1000
- TIME. (S)
Fig. 33.

Fire compartment volumetric flow rates (branches 14, 16, and 17).

171



SAMPLE PROBLEM 2 i 1.. e‘a‘fﬁ{:ﬁ
. ¥ 0= BRANCH
- . & = BRANCH

X104
~1.. 39

12
1

_ MASS FLOW (LB/HR)
08~ 10

©
=E
-
o
e
'_O"‘
S R !
o | : A
| o'-‘ ..—'Q.‘ :’"‘\
T‘."'-..._‘. ‘\. !
~ ’ N .“°""°°°--o-~--o...._...,,_°,”z -\‘.«‘?.‘~
c|> T — —~ Y 1‘ T ;r " v 1‘ LB T
" 0.0 100.0 200.0 -300.0 400.0  500.0 600.0 700.0 800.0 9G0.C 1000
' TIME (S)
Fig. 34.

- Fire compartment mass flow rates (branches 14;°16, and 17).

172



240 .

'SAMPLE PROBLEM 2

220

200

6.0 8.0

1“0 .
Il

HOT LAYER HEIGHT (FT)
'OL.O 1?0

8.0
I\

0.0

00 1000 2000 3000 4000 S000 6000 7000 8000 9000 1000.
L TIME (S)
Fig. 35.

Hot-layer height vs time.

173



* SAMPLE PROBLEM 2

[
>
© ]
m‘-q
) f"-i
Y . .
L N T o
O 2 f , o
w g ' \
o 2 Lo h
~ ' .
! * : .
@ 2 { o
é?} : . :
(=] . o . ’
= . H . <
- - _
QD"
S
-«
O.."
TN
o'..
o, o
o T .l T
0.0- 100.0 200.0 3000 4000 $00.0 600.0 700.0 aooo 9000 1000
- S - TIME (S) ,
F1g 36. L
15, 21, and 22.

Temperature response for nodes 9,



0.012

FUEL BURNING RATE (LB/SEC)

0002 0003 0.004

0011 . B

0.005 0006 -0.007 0008 0009 0010

0.000 0.001,

SAMPLE PROBLEM 2 -

0.013

FUEL TYPE 7. —- KEROSENE

- TIME (S)

Fig. 37.
Kerosene burning: rate vs time..

e gaskewey ‘1 TV e S v - T T ’ ' Al :
- 0.0 1000 2000 3000 400.0 . 500.0 600.0 . 700.0 ° 800.0 900.0 1000

175




SAMPLE- PROBLEM 2 -

0.065
1

FUEL TYPE 2 —— POLYSTYRENE

0.060

)

0 . 0.045 0050 0.055
) B de e

1

FUEL BURNING RATE (LB/SEC)
0015 0020 0025 0030 0035 - 004

g.’
o4
=}
. B
8.
&
O
8l . N . .
8 e . . N
. g -1 — | ) L T - T ) LB g 1L |
0.0 100.0 200.0 300.0 400.0 500:0 " 600.0 © 700.0 8000 - 9000 1000
TIME (S)
Fig. 38.

Polystyrene: burning raterSTtimeﬁ.

176



2.2

SMOKE CONCENTRATION. (G/M3)

1.2
.

SAMPLE PROBLEM. 2

14

10

08

ke

TIME, (S)

Fig. 39.
Fire compartment smoke concentration vs time.

T

¥ - T 1 . 1 N R T T v Ll : >:
‘0.0°71000° 20007 '300.0 ' 400.0° 5000 ~600.0 700.0° B00.0 900.0 ~ 1000.

177




Lo

i

52

ey
e

oo R
R

ST

e




"f;The system flow to:and from the fire compartment:is reduced.gradoalTy (after o
-_,~3OOFS) as the compartment exhaust filter (branch 14, filter no. 2) p]ugs w1th
‘the smoke’ partlculate. As the filter plugs, the po]ystyrene burns at a constant -

burning rate, thereby ma1nta1n1ng a constant fire compartment pressure.- Even
though the intake flows to the compartment are be1ng reduced, a sufficient oXy—
gen concentration level (>15%) is available to sustain a constant fuel burning -
“rate (Fig. 40). Figures 41 and 42 present the smoke mass flow rate and mass
accumulation on the compartment exhaust filter and at several locations near
the exit to the facility. The smoke particulate release rates indicate an in-
creasing accumulation rate-in'branch 14, After ~300 s, the flow rate in branch
14 decreases with time, (Fig. 33); howeyer, the smoke concentration in:the hot
layer (Fig. :39) steadily increases. The net result is the mass flow rate pro-
file in Fig. 41. | |

The release mechanism for radioactive material s the burn1ng of a’ contami-
nated combustible solid (polystyrene). Because the burning order (IBO) for the

polystryrene is 2 and the kerosene was assumed to be uncontaminated, rad1oact1ve o

material is not transported through the system unt1] the polystyrene has been
ignfted The radioactive particulate mass flow rate and mass accumu]at1ons for
- the 20-um part1c1e size d1str1but1on are presented in Figs. 43 and 44. . The
radioactive particulate results are similar to the smoke part1cu]ate¢resu1ts
and can be explained similarly. | | .

Following the termination of the fire (~ 806 s), the smoke  and. rad1oact1ve
particulate flow rate begins to decrease as the particulate concentrations in :
the hot layer decrease and as the compartment exhaust flow decreasest-'The Sys— .
tem gradually will establish new steady-state operating conditions based on the -
consequences of the fire. By ~1000 s, more than 1.21 1bm (0.55 kg) of smoke
particulate has been depos1ted .on the fire compartment exhaust f11ter. To the
system, the particulate mass on the f11ter represents an increase in res1stance
for branch 14. The system will readJust and establish new steady—state cond1—
tions based on the increase in flow path resistance for branch 14.

C. Sumnary

Sample Problem 2 illustrated how FIRAC can be applied to a more comp]ex
facility. Also implementation of the FIRIN sequential burning option, the
influence of the filter plugging factor option, the release of radioactive
v materialiby burning a contaminated conbustible solid, three internal boundary
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nodes representing the fire compartment, and the transport of 11 radioactive
particle sizes and smoke particulate were demonstrated. Sample Problem 2'5150
"indicates how complicated the interpretation of the ca]cu]ated results can be-
come when several user options are enabled. For this samp]e problem, the filter
plugging factor proved to be an important input variable. . The system's response
to the fire would have been different if the filter plugging option had not been
used. If the user plans to make a best—est1mate calculation,. input var1ab1es
and code options that influence the results s1gn1f1cant1y should be recogn1zed
and used with consideration. _ ,
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- APPENDIX A"

~GAS DYNAMICS SUMMARY

1. INTRODUCTION

This discussion inciudes a very brief summary of the gas dynamics used in.,
the code. The formulation of the equations is similar to those used in the
EXPAC code, .

formu]at1on of -the worxking. equat1ons is descr1bed theres - o r

and a more: deta11ed d1scuss1on of the theoret1ca] and numer1ca1

- The lumped- parameter method Hse the ba51c formu]at1on that descr1bes the

~};system.¢ .No spat1a1 distribution of. parameters. is cons1dered An-this approach,

~but an- effect of spat1a1~d1str1but1on<canvoe,approx1mated;oy noding. . .Network

theory, using the ]umped—parameter method, includes a number of system elements,f'f'

~called branches, joined at certain points, called nodes. . Vent11at1on system
» components that exhibit f]ow res1stance and 1nert1a, such as dampers, ducts,
"'valves, and- filters, and that Bxnibit" f]ow potent1a1, 'such’ asto]owers, are
‘1ocated w1th1n the branches of the: system. B '

The connection points. of branches are'nodes for components that have f1n1te
~vo]umes, such as rooms, g]oveboxes, and p]enums, and for boundar1es where the
~volume is practically infinite. Therefore, a]] 1nterna] nodes possess some f1—

"::fn1te volume where fluid’ mass and energy storage are accounted for.

“11 MASS EQUATION

C The cont1nu1ty equat1on (conservat1on of mass) is app11ed at: each 1nterna]
-node. The mass equat1on for such nodal- po1nts is B

TR - | By (A
e D
R k ' : IR . S o

.

where me. is the mass flow rate in branch k, and p is the density of the node

MS is thé user- spec1f1ed mass source per unit time for the vo]ume, and. V 1s the
vo]ume of the node. The convention used here is that pesitive mass f]ows repre—
-sent flow into the .node.
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II1. ENERGY EQUATION

"Tné;energy equaﬁjon'used in the code is

2

Ty k(nk CTy * 2—) + M CTs *+ E . | (A-2)

The nodal pressure is p, and R, C, and'CB_représentﬁthé gas constant, specific
heat at constant volume, and specific heat at constant pressure, respectively.

T, and v, are the branch gas temperature andmve]OCity ~The" temperature assdcj—'vuv“

k k
ated with mass add1t1on is T and the energy add1t1on is E A perfect gas law

~has been used to obtain th1s expression.
L _ . /

IV,' MOMENTUM EQUATION

A momentum equat1on of 1ncompress1b1e form for a duct w1th constant areab
is used. ' ' '

" where £ and A are the duct 1éngth'and cmoss—section,areé, p.isvthefaVergge.den~'
sity in the branch,lg is the acceleration ofggravfty, and Az is the elevation

. change ‘across the branch. The values f and D' represent the Mobdy;friction fac-

| for and hydraulic diameter. For._a branch with sudden area change, the f0110w1ng

zmomentum equat1on is obtained:

- F dm h ' 5 ”.F”l; mim| , — : :
T (Pi.ffpj) “Refr iz T, P97
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I represents the inertia effect of the flow path between nodal points i and 3.
This includes the rooms as well as the duct. Keff is the total effective resis-
tance coefficient; the minor losses, such as turning, entrance, and exit are
represented by the K's.

ﬁV. CHOKING OF COMPRESSIBLE FLOW WITH DISSIPATION

The steady-state flow rate in incompressibie flow is determined by the
'bressure drop. In compresSib]e flow, the flow rate will reach a maximum value
regardless of how much the downstream pressure is decreased if the ugstream
‘pressure is constant. This phenomenon is called choking.

We treat the quasi-steady compressib]e'floh inside a constant area duct,
where the usual dne—dimehSiohal approximation is assumed. Heat: transfer is not
taken into aécount, but friction is. For a duct with friction loss, the'Mach
number at the duct entrance (location 1) can rééch a maximumn, and the value is
]ess than 1. This upstream critical Mach numbervM1 is uniquely related to
the friction loss, so that

m = viA = AN vPiep .

This is the maximum allowable mass flow rate that a particular branch can supply
for a given condition at 1. This flow rate will be compared with that from the
“momentum equation. Choked flow is used if the former is smaller.
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An implicit numerical scheme is used to solve for the pressure‘and density
corrections at each node. The iterative process continues until both the prés—
sure and density corrections, &p and'ce, approach zero and the system is bal-
anced. Additional detail can be found in Ref. 6. L .

The result of the gas dynamic transient provides the«driving force for ma-
terial convection and also interacts with the material source and sink. These

effects are presented in Appendix C.
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APPENDIX B

DUCT HEAT TRANSFER THEORY AﬁD-METHODS '

I. INTRODUCTION ) |

The purpdse Ofithi§"Appendix is to give the details of the heat transfer
,correlations and methods used in the duct heat transfer module. This module
evaluates the gas temperature (T t) ‘leaving any section of the duct if the gas
velocity and 1n1et temperature (T ) are known. This temperature is the temper-
ature (T ) needed to evaluate tqe_energy equation in the gas dynamics module
[Eq. (A—Z)]. In addition, this module:describes how the combustion gas in the
system heats up or coo]S down as it flows through the ducts in the venti]ating
system. These temperatures and the physica] geometry are shown on Fig. B-1.

The user may divide the duct into one or more sections by breaking the duct
into a number of branches. Each section of the duct (or branch) is character-
~ized by an ‘average gas temperature (T ) for that branch. This average temper-
ature is s1mp]y the mean of its 1nlet and outlet temperatures. The outlet tem—
'perature is a function of the 1n1et temperature . and the amount of energy the gas -
~ loses as- it passes through this section of the duct. This energy loss is: a”sum
of two terms,-Qr and Qc’ Qr
tion from the gas to the duct wall. QC is the energy loss resulting from forced

is the net amount of energy loss because of radia-

convection heat transfer from the gas to the duct wall.

It will be shown that the gas temperature is a function of the energyAIOSS,
- but furthermore, the energy loss is a function of the gas temperature and wall
" temperature (Ti)’ which itself is a function of the energy loss. Because the
.heat-transfer processes are nonlinear in temperature, solving the equations re-
quires that a set of nonlinear coupled:-differential and algebraic equations be
solved. This set of equations is solved using an iterative method. '

189



190

TYPICAL PORTION OF DUCT

{

e S S e S S SN

' T .
ONE SECTION 2
OF DUCT —"T .

In Tou' :

WALL SECTION : !
OF DUCT
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Def1n1t1on of temperatures and physical geometry
used in the duct heat transfer module.



I1. MODEL DESCRIPTION

A, Energy Equation for Duct

We consider a section of duct w1th a known inlet temperature ‘and mass flow
rate. We wish to determine the outlet temperature to solve the energy ba}ance
for the downstream room node. The energy balance across this section of duct
gives ' '

T et -1, | | L (B-1)

~ where Qi is the net amount of energy transferred from the gas to the duct
) wall, m is the mass flow rate through the duct, and Cp
heat. The net amount of energy transferred is the sum of convection and radia-
"tion heat transfer processes from the flowing gas to the duct inside wall. The
solution of Eq. (B-1) for the duct outlet temberature is the net result of the
duct heat transfer model. "The quantites me and Tin are‘known, and thus the |
evaluation of the net energy transfer Qi will allow the solution of the equa-

tion.

is the gas specific

B. Heat Transfer from Combustion Gas to Inside Duct Walls

The net energy transfer between the combust1on gas and duct walls may be
proken into two components,

(B-2)

where Qci is the net amount of energy transferred from the gas to the duct
insjde surface because of forced-convection heat transfer and Qri is the net
amount of energy transferred from the gas to the duct wall because of radiation
heat transfer. Each of these quantities may be determined independently. They
are evaluated using standard correlations based on experimental data. These
correlations are described in the following sections.
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1. Forced-Convection Heat Transfer (Inside Duct). In genera1, the

-forced-convection héat transfer may be calculated from an equation of the form

where A is the wall (heat transfer) surface area, Tg is the bulk.gaé tempera-
ture, ;i is the inside dgct wall temperature, and h is the heat transfer coeffi-
~ c¢ient.” There are many available correlations for h. The best correlation
for a particular application depends on many factors. Many‘corre]étions for
forced convection are summarized in Ref. 8. A particularly suitable correlation

for cooling of gases is

h = .023 K (Re)‘8(Pr)’3 . | . (B-4)

‘where Re is the Reynolds number, Pr is the Prandt1 number, k is the gas thermal
conductivity, and D is the duct equivalent d1ameter.9 Th1s is the correlat1on
used in the model, and it applies when the Prandtl number is between 0.7 and
120, the Reynolds number is in the range 10 000--120 000, and the length of the
duct is at least 60 equivalent dlameters.40 For small temperature differences
[(T —T ) < 100°F] the physical properties are evaluated at the gas (bu]k) tem—
perature. For larger temperature differences, the properties are evaluated at
the average of the two tempefatures. Thus, the heat transfer coefficient is a
function of the duct geometry, fluid'properties,’gas mass flow rate, and tﬁe-gas
'and duct wall temperatures. For a fixed gedmetry, Eq. (B-3) has the functional
dependence

Q

ci ~ f(Tg’ n) - | e (B-5)

The gas temperature is known, but the wall temperatufe must be described by an
additional model to evaluate the forced-convection heat transfer.
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2. Radiation Heat Transfer (Jhsidé Duct). For the case of airflow in a
duct, the emissivity and absorptivity go to zero, and radiation heat transfer

is unimportant. Hottel10 states that-gases with symmetric molecules (for exam-
ple, hydkogen, oxygen, and nitrogen) do not have emissivities of sufficient
magnitude to cause radiation'heat transfer to-be an important effect.

. On the other hand, if. the gas tontains any heterpolar constituents (for
examp]a COZ’ HZO’ 502; and hydrocarbons), radjatibn heat transfer from the gas
to the structure may become significant. It becomes even more significant ‘if
‘the gas containsvluminbus flames, glowing char particles, soot, or black parti-
cles. In this case, the-emissivity and absorptivity are complex functions of
their temperature, partial pressure, superimposed radiation, and.system geom-
etry. - ' , | ‘

A complete treatment of radiation heat transfer that includes these com-
plications is beyond the scope of this project. Furthermore, the basic code
structure into which this model is intended to be integrated does not account
for the various possible gas constituents.. Therefore, we have chosen to -in-
clude a simple gas radiation model that does not include many of the above-
mentioned complexities but still includes many of the salient features of the

. physical process as it is germane to this problem.

~ This model is intended to benapp1ied in ducts away from the fire source.
.Therefore, we may assume that luminous flames do not exist in the region. This
simplifies matters somewhat because the radiation from luminous flames depends
on the concentration of particles, flame size and shape, and geometric factors.
The second simplification results from the duct géometry. For this geometry,

~essentially all of the radiation emitted by the gas‘wi]]'be intercepted by thé
duct walls. Furthermore, we may assume that the duct 1éngth is much larger
than its diameter, and for this case, the geometric considerations are greatly
simp]ified.ll Finally, we may assume that the gas pressure is near atmospheric
pressure because variations from this pressure in a typical ventilation system
are small. This fact greatly simplifies the use and interpretation'of experi-
mental data, which are generéI]y available at 1 atm.
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Taking into account the above assumptions, the net radiation energy trans-
‘fer from a nonluminous gas to its surroundings (that is, the duct:.wall) may be
found from ' - -

Qpj = Aejllg = Ig) - L (88)

In this equation, €] is the emissivity of the surface, Ig is an intensity
factor that is a function of the gas composition and temperature, and IS is
an intensity factor that is a function of the gas composition and wall tempera-
ture. _ _

" The intensity factors have been tabulated for a vériety of individual

gases and compositions of gases. To evaluate the intensity factors appear-
ing in Egq. (B-6), we have selected a typical gas consisting of 0.8 mole of wa-
ter vapor per molie of carbon dioxide. A fit of these data for typical duct
geometries gives the fo]]owjng equation for both the intensity factors (that

is, I_‘and IS).

9

: T + 460 SR :
I(T) = 199 ((—W)) _ | - (B-7)

where T is either the gas témperature or wall temperature and I(T) is in units
| of Btu/h—ftz. Using Eq. (B-7) in Eq. (B—6), we have an expression for the

net radiation energy transfer between the combustion gas and the duct wall.

It takes the form

| a .4, - | |
Qr1=f(TgsT1) . o , ' (3—3)

Using Eqs. (B-5) and (B-8) in Eq. (B-2), we have an expression for the total
net energy transfer between the combustion gas and duct walls. It is of the
form ' ' '
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Therefore, we see that the total energy"transfer is a function of the wall tem-
perature as well as the gas temperature. Therefore, we cannot evaluate this
term without a model for the duct wall temperature. This model is discussed
below. ’

C. Heat Conduction Through the Duct Wall
The model for heat conduct1on through the duct wall 1s based on standard

models such as Patankarlz and will only be summarized here. The direction

of heat flow is perpendicular to the direction of the gas flow, and axial con-
duction (along the wall) is neglected. The method may be understbod by consid-
ering the quantities shown on Fig. B—Z. This figure is an expanded view of the
wall section of duct shown on Fig. B-1. On the inside of the wall there is an
energy input, Q,, givén by Eg. (B-9.); similarly, on the outside we have an
energy loss, Qo. Yet the origin of the coordinate system, be atfthe inside

of the structure with positive direction out. We will calculate the tempera-

" ture at specified points w1th1n the wall, xJ with j = 1, N. The number of
nodal points could be only 1, in which case the temperature is tne average duct
wall temperature. For N = 2, the model will give the inside and outside wall
temperatures. fFor N >_2, tnhe model will give the wall temperatures as well as
temperatures at interior nodes. (The nodes are assumed to be equally spaced.)
An energy balance at each node gives the following set of coupled differential
equations. ) 3 ' '

d" » [} . 1
gt (oCpT1) =0y Ty * ¢ T * 0

d [} .l

at (°pr N = Ay Ty Phy Ty Y Qg
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~MWheke p-is the density of the wall, pr is the constanfﬂpféssure specific. heat
7 \ L h .

of the wall, and a;, b;, and c; are constants. To solve the set of equations,

|A',
J* J _
the derivative terms are put into a finite difference form:

Here Tg.Signifies the temperature at node j and time t". Using this expres-
sion in Eq. (B-10) reduces the set of differential equations to the following
set of algebraic eguations.

7,M1 by

dy ¢ . o 1 1 Q.
n+l '
c, d2 e, 0 T.2 ‘ -b2 0
_. ntl =+ '
c; di e; | T]. b1 0 | (B-11)
0 . ) )
, : n+l o '
T Dy %

The constants in the equations are functions of the wall-prbperties 0s pr,
and kw; the geometry ax; ‘the time-step size at; and the nodal temperatures

at the brevious (known) time. These constants are defined as
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. _ k v,l
& = ax
oC_.  AX
b, = —P¥W__. 11N .
1 At 1

The set of equations in Eq. (B-11) may be written in the compact matrix form

e -Brg .

The E matrixnis'tridiagonal as shown in Eq. (B-11). -1t is easily inverted By
the tridiagonal—matrix algorithm detailed in Ref. 12 with the result

™o elg el _ | o (B-12)

where"nE“1 is the inverse of métrix E. Thus, if. the energy deposition on both

- sides of the duct wall is known (that is, Q and Q ), all temperatures at an
.advanced time, tn+1, can be obtained from those at a previous time ",

. ' :Eq.~(B—9) gives ah expression for Qi; however, Eq. (B-12) shows that we
still need to evaluate QO before we can solve for the temperatures. Further-
more, Eq. (B-9) shows that we must solve Eq. (B-12) for the temperatures before

. the energy sodrcef[ﬁq. (B-9)] can be evaluated.

D. Heat Transfer from Qutside Duct Walls to the Atmosphere
The net energy transfer between the duct out51de surface and the

surround1ngs may be broken into two components:

| Q.o; Qeo YOy s ‘ ' _  v: | ?(8513)
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where Q““ is the net amount of energy transferred from the duct wall because

of natura] convection- neat transfer and Q is the net amount of energy trans—r
ferred from the outs1de duct wal] to the atmosphere resulting “from radiation
heat transfer. Each of these quantities may" be determined 1ndependent1y The
correlations used to evaluate these quantities are descr1bed in the fo]]o~1ng
sections. '

1. Natura] Convection Heat Transfer (Outside Duct) Experimental data
13

show that natural convection heat transfer from horizontal ducts may be cor-

re]ated well with the funct1ona] form

Qo =N ATy-T,) - o (B-14)

co N

where h is a heat-transfer coeff1c1ent based on exper1menta] data, A is the
“ duct OutS]de heat-transfer area, TV is the duct outside wall temperature,
and T is the air'temperature. The correlation used for h is divided into
twio d1st1nct regimes. ’ |

h = 0.53 & (6rpr) 2> - 6rer < 10° , and ,.
~ (B-15)

=
I

0.094249 £ (arer)t/3 | erer > 10° .

Here k is the‘air thermal conductivity, D is the duct equiva]entldiameter, Gr
is the Grashof number, and Pr is the Prandtl number. ATl thermodynamic quan-
tities are evaluated at the film temperature (average of wall and air tempera-
tures).

2. Radiation Heat Transfer (Outside Duct). The net energy 1nterchange

"between the outside duct walls and the env1ronment may be approximated by the
formu]a14 for the energy transfer between a diffuse-gray surface and a black
surface:

Q. = oA (eT 4, - uTO

ro . | : (B~16)
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Here s is the Stephan—Bo]tzman constant, A is. the duct outside heat-transfer
area, ¢ is the emissivity of the outside duct wall evaluated at temperature
TN; and o« is the absorpt1v1ty_of the duct wall evaluated at temperature To

Using Egs. (8-14) through (B-16) in Eq. (B-13) gives the final expression
for the total net energy transfer between the outside duct wall and tihe envi-
ronment. It is of the form |

0 - f () - | | (817)

III. THE SOLUTION METHOD FOR THE EQUATIONS

The net result of the duct heat-transfer model is to predict the gas
temperature (T ) 1eav1ng any section of duct if the gas propertles and
inlet temperature (T ) are known. Tne outlet temperature ‘is given by the

equation
Qi . . L
Tout = Tin — 52 - : ‘ . . (B-18)
e m Cp : :

However as shown above, the net energy transferred from the gas'(Q ) is
dependent on the duct wa]l temperatures In fact, the quant1ty Q is the
partial solution of the following set of four equations in four unknowns.

' 4 4
Q'I = f(T99 T." Tg > T] ) >
QO = f (TN ) )
T, =

f (Q;, Q 5 Ty) » and

—
]

f Qs Q T3) -
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The equations are non11near, and a direct so]utlon is not p0551b1e.‘ The heat-
transfer modu]e solves these four equat1ons using an iterative metnod._ To
so]ve»these equat1ons we def1ne the tilde (temporary) quant1t1es. ' These are
the best (latest) est1mates of the exact solution of the coup]ed equations.
For the first 1terat10n in a t1me step, these quantities are est1mated to be

the solution of the equat1ons at the previous time step. The t1]de quant1t1es
are ca]cu]ated in the fo]]ow1ng order.

0 = f (Tgs T,)

and

p—
-
]
-h
—_
LO
o
-
L
-
~—
-

—
]

L= Q) .

where the functional form is defined’ﬁy the abbve'models. The duct outlet |
temperature then is evaluated:

This duct outlet temperatufe is used as -the room inlet temperature in the gas
dynamics ehergy equation for a downstream room»node. A solution of the room
energy equations produces‘newcduct gas temperatures (Tg and Tin)’ and the
process is repeated until convergence is achieved in the gas dynamics itera-
tion.
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' IV. SUMMARY

The duct heat transfer modu]e eva]uates the gas temperature leaving any
duct for glven duct Anlet temperatures and gas propert1es. Four distinct heat-
transfer reg1mes are modeled These are forced: convect1on and radiatiun heat
transfer between the combust1on products and the inside duct wall and natura]

'convectlon and radiation neat transfer between the out51de duct wall and the
environment. The total amount of energy removed from the gas as it flows
. through the duct is shoWn to be,the solution of a set of four coupled nonlinear
' ,algebra1c equations. These equations are solved using an iterative procedure.
The pr1mary output from this module is the downstream (outlet): duct tempera-—
ture. A secondary quantity calculated is the duct wall temperatures. The in-
puts necessary to execute the module include the following.
e Duct equ1va]ent d1ameter
‘Duct heat transfer area _
- Duct outside wall emissivity
Duct outside wall absorpt1v1ty
Duct wall thermal conduct1v1ty
Duct wa]] density _
Duct wall specific heat
~~ Number of heat transfer nodes: 1n duct wa]]
Duct wall thickness ~ _
Duct wall temperatures at:previOUS'time'step
Environmental temperature outside duct
. Upstream (duct inlet) gas temperature -
Duct average gas temperature
Duct average ganveiocity |
~ Duct average gas den51ty
T]me step size-
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. APPENDIX C: . -

- MATERIAL TRANSPORT THEORY

1. “INTRODUCTION

The purpose . of the mater1a1 transport aTgorIthms 1n ‘the code 1s to. prov1de
an est1mate of the aerosoT or gas transport w1th1n a nucTear fueT cycTe fac1]1—

Jtyl- U1t1mate1y, we woqu 11ke to pred1ct the quant1ty and phys1ca1 and chem1ca1'ui'7

characteristics of hazardous mater1a] that may be released from the. fac1]1ty as

a result of an. exp]os1on. ‘The transport can occur through rooms, ce]]s, can-

fyons, corr1dors, gToveboxes, and. ductwork 1nsta1]ed within the fac1]1ty T e
ent1re fTow pathway forms, 1n many cases, a comp]ex 1nterconnected network sys—»
“tem.. Us1ng the computer code, mater1a] concentrat1ons and materlal mass f]ow

“rates can be ca]cu]ated at any Tocation. 1n the network, 1nc1ud1ng the supp]y and *

- exhaust of the network system. Most importantly, the code will perform the
(transport ca]cu]at1ons‘as a function of time for an arbitrary user—spec1f1ed
fexp]osdye'transient. There is no need to assume steady flow as required in some
"material transport codes, but we can use the .code..to determine mater1a] trans-
port under steady flow cond1t1ons if, desired. .

- A generaT1zed treatment of ‘material transport under. acc1dent cond1t1ons

-cou]d become very complex. Several different types of.materials could be,tranS—

w;ported. More than one phase;also«could be involved ‘including solids, liquids,

- .and gases with phase transitions. - Chemical reactions could occur during trans--

.port.and lead to the formation of new species. Further, there will be a size

distribution function for each type of material that varies with;time;and'posj—. N
tion, depending on the relative importance of effects such as.homogeneous nucle- -

"atjon, coagulation (material interaction), diffuston (both‘by-Brownian motion
and by turbu]ence), and gravitational sedimentation.. -We know of no .computer

,:.code that can handle transient-flow-induced material transport in a network sys--

tem. subject to the possibility of all of these complications. The transport
portion of this code does not include this level of generality either. fThis
-'1nit1a1.materia1 transport capability consists of the-foTTowing.

e Gas dynamics decoup]ed"from material transport

e Homogeneous mixture and dynamic equilibrium
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‘e Material transport prov1ded for an arb1trary number of partlcu]ate and
gaseous species ) '
No material 1nteractﬁon during transport ,
e Material deposition based on gravitational settling using relationships
from the literature’
e Turbulent and Brownian diffusion, and thermophoretic effects are ne-
~ glected | h
é Phase change, chemlca] react1on, and e]ectrlcal m1grat1on not al]owed
e . Material entralnment can be specified arb1trar1]y uSIng tabu]ar inputs
o “or calculated us1ng semi- emp1r1cal relatlonshlps based on w1nd .tunnel
data

The code is organlzed 1nto modules so that 1mproved versions can be 1ncorporated‘ .

eas11y. Th1s is discussed in the following sectlon fo]]owed by 1nformat1on on
mater1a] characterlst1cs that may be useful to. the ana]yst. -The sectlons that
fol]ow are detailed descr1pt1ons of the mater1a] transport modu]es found w1th1n :
'_gth]S version of the code. o ‘ ‘

II. MODULAR STRUCTURE

Movement or transport of material by a flowing fluid involves several
basic mechanisms. The primary mechanism for movemeht is the fiow,of-thevfluid
itself. This process will carry along material and is referred t6 as material

"convection., This mechanism is the primary materjal transport process. The
other mechanisms involve physical models that could be upgraded as ‘the state of
~the art improves. The basic mechanisms that we will consider- in a f1re—1nduced
flow environment are '

e transport 1n1tiation,

‘e convective -transport,

e transport interaction, and

e transport depletion.” ' e

The material transport capability uses all of the basic mechanisms except trans—
port interaction. In addition, the transport dep]et10n module is restr1cted to
grav1tat1ona] settling-and filtration.
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-'"’MATERIAL CHARACTERISTICS

'v_.type (aeroso] or gas) quant1ty, and 1ocat1on of mater1a1 at risk. If the ma-

Qter1a1 is a solld or 11qu1d aerosol, a character1st1c size and dens1ty must be - .
“f'spec1f1ed for example, if the. user is concerned pr1mar11y with the transport

~of aeroso]s in the size range . of Dp < 12 um and w1th densities of 0.5 < o
< 12 g/cm he could run the code for some assumed cases of (Dp,_pp)‘to
determ1ne entrajnment_or depos1t]on sensitivity. '

' ~The user may wish to characterize a nonideal aerosol contaminant with

.., approximate or idealized values of (Dp, pp) “We advise caution in this because )

'fthere are many different ways to characterize the d1ameter of aerosols of irre-

gular shape and nonuniform density. For examp]e diameters representing a mean :

: va]ue're1at1ve to tota]'count,:surface area, - vo]ume, weight, or terminal set- -
‘t]ing VeToCity may befestimated based on frequency of occurrence data.

' - For the case of aerosol transport ‘along fuel cycle facility pathways, we
are 1nterested in changes in aerosol concentrat1on resulting from entrainment,

i-“d11ut1on, depos1t1on, and filtration. Entra1nment dep051t1on, ‘and f]]trat1on f

all depend on the quasi- steady aerodynam1c drag characteristics of the aerosol.
?Un1ess the aerosol is very small (1ess than 0.5 um), the probability that a

s pherical partlc]e or droplet will depos1t depends on the magnltude of its ter- .

':m1nal sett11ng ve]oc1ty u i

Etﬁ i Cg/18u o ” . | ,: . -: _.(cLy)

's T Ppp
where
"pp = actual density,
Dp ;-diameter,.

C .= Cunnindham slip factor,
‘g = gravitational acceleration, and

w = air dynamic viscosity.

205

FIn app1y1ng the mater1a] transport capab111ty, the user. must 1dent1fy the,,

B
!
b
]
%4



Most aekosois,(sphericéi or not) having the same settling velocity will be dis-
tributed throughout a ventilation system network in a similar manner. The rec-
ommended deposition parameter is the aerodynamic diameter or Stokes diameter.
(1) Aerodynamic diameter, Da’ is ‘the diameter of a sphere of unit density’
having the same terminal speed as the contaminant.
(2) Stokes diameter, Ds’ is the diameter of a sphere with the same bulk
density and terminal speed as the contaminant.

These diameters are related by the equation

u = ppDSZng/18u - poD‘aZCég/l&i . | (c-2)
where C and C are the slip factors associated with D and Da’ respectively,
and °0 1s unit den51ty “For the contaminant of 1nterest D or D -may be meas-
ured directly using such aerodynamic classification deVices as impactors, cen-
trifuges, sedimentometers; or air elutriators.  These devices are suitable for
measuring the size of irregularly shaped partiC]es. An aerodynamic diameter
meaéurement should bé based on activity if possible. Otherwise, we recommend
using D based on mass measurements.

If count frequency data (for example, based on projected area diameter for
irregular shaped particles) are available for the contaminant, it must be con-
verted to aerodynamic diameter. Such data should be plotted on log-probability
paper and fit with a straight line. If this straight- 1ine’fif to the data is
acceptab]e, the size distribution is approximately log-normally distributed and
may be described completely by two parameters, geometric count median diameter,
Dgc’ and geometric standard deviation, og- Most fine particle systems formed
by comminution of a bulk material or grown by accretion have log-normal size
distributions; thérefore, this assumption is recommended.

Thus, the user can obtain DgC and o_ from iogigormaiiy distributed
count frequency data. Now the set of Hatch-Choate =~ transformation equations
apply. These equations relate Dgc and % to a number of other median and
mean diameters that may be important depending on how the toxic substance or -
"activity" is related to the physical properties of the particle. For example,
the activity may be proportional to the total number,'totai surface area, or

- 206



. total mass of the particles. We choose to work on a mass basis. The user may
. calculate the geometric mass median diameter ng, the volume mean diameter
D, and the weight mean diameter D, from

log D log Dgc + 6.908 1092

= g ’
gm ‘ ) g _ : :
log DV = log DgC + 3.4545109 g > and : | . (C-3)
log D, = 1og Dgc + 8.023 log °g >

where the logarithms are calculated using base 10. The median diametérs:refer-
enced: above divide the count-based and mass-based size distributions in half.
For example, half of the mass of the éamp}e lies above ng and half below. A
mean diameter is the diameter of a hypothetical particle that is intended to
represent the total number of particles in the sample.

In the absence of specific information on the aerodynamic properties of the
aerosol of .interest, Stockham15 recommends using Dw as an approximation to aero-
dynamic size. An alternative is to convert Dv to an aerodynamic diameter. (If
- we assume the material density to be uniform, independent of size, and known,
| the}mass of the partic]g.with size Dv is a mean mass.) To do this, use

_ 1/2
D, = 6/n pp/o0 ag/K, b, > (C-4)
where
ay = volume shape factor, and
K; = resistance shape factor.
Values of a3y Kr are listed in Mercer, where this calculation is.discussed.16

. We also advise caution in estimating aerosol density. The aerosol produced
by accident conditions may consist of flocculi and agglomerates with actual den-
sities. well below the theoretical density of the pure parent materials. The
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floc densities may be as_much'as an order of magnitude_less than the nbrmal_den-
éity._ Pertinent information contérning fuel grade poWder.size and density is
given in Refs. 17 and 18,'and usefdlvinformation concérning drop sizes and den-
sities is given in Ref. 17.

IV. TRANSPORT INITIATION

The code provides the}ana1yst with two options for transpdrt initiation:

(1) user specification of mass injection rate vs time and (2) calculated aero-
dynamic entrainment. These optidns are quite difrferent. They require different
levels of effort and judgment from the analyst. In this section, we will pro-
vide background to help the user supply numbers for source term initiation using
option (L). We will describe the procedure and equations used with option (2)
in detail. The primary cause of initiation is assumed to be transient flow in-
duced by an accident. Two examples illustrating the use of option (1) will be
discussed first.

As a first example, consider a decomissioned fuel reprocessing facility
with contaminated enclosures. The analyst can estimate the preaccident aerosol
concentrations in these areas using the resuspension factor concept. The resus-
pension factor K was used extensively to quantify airborne contamination levels
in operational fuel cycle facilities. By definition, »

. . 3 :
K - aerosol concentration (g/m”) L 1/m .

surface loading (g/m2)

Sutter19

The tables include values of K derived from measurements of airborne contamina- -

has tabulqted ranges of K that were compiled from numerous references.

tion resulting from numerous and varied cases of outdoor wind stresses and in-
door mechanical stresses. Sutter's summary tables are useful for obtaining
bracketing or bounding values of K. With assumed or measured values of K and
surface loading, the user can calculate tne airborne material concentration sub-
ject to transport. Based on the enclosure volume, a quantity or mass of con-
taminant subject to transport cén be calculated from the concentration. This
mass can be injected using the user-specified option at the system node repre-
senting the enclosure of interest. Mass injection rate must be specified by

the analyst.
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Healyzq reviewed many measurements and appl1catlons of this s1mpl1st1c
'resuspension factor concept Several of its l1m1tat1ons are noteworthy. F1rst
measured values of K range over 11 orders of magnltude. For benign cond1t10ns
where K is most reliable, the uncertaInty is at least 2 orders of magnitude. g3 ;
Further, K fails to account for partlcle, surface, or local flow character1stics- ‘ ;i
except as they existed during a particular measurement.: Thus, we.recommend us- -
- ing the resuspension factor only for estimating preaCCidentfairDOrne mass sub-
ject to transport as suggested by this example. o

- As a second example, consider a mixed—oxide'fuel fabrication facility in

wh1ch bulk MOX powder is being protected. The user nay elect to ‘model tnis
fac1l1ty and run the code for a transient u1thout materIal transport This
prel1m1nary run would supply an est1mate of system flow. rates and pressure drops -
,;durlng the accident. Some controlled areas may be subJected to abnormally high . -
'alr veloc1t1es that could. lead to- entralnment because of aerodynamlc stress. A
knowledge of the air velocity t1me h1story w1ll be useful to est1mate the quan- -
“tity of . materlal made airborne.

We w1ll summarize briefly three methods that can be used to estlmate aero—
dynam1c entrainment of aerosol material. Sutter19 has reV1ewed and compiled
_data from numerous papers under the heading "aerodynam1c entralnment *  This
. paper is a good source of reference 1nformat1on. The analysts' obJect1ve here
should be to est1mate a quant1ty of material’ made a1rborne durlng the first part ' :
of or durlng the- entlre tornado trans1ent. This quant1ty must be converted to ' ‘%j
a mass 1nJect1on rate for 1nput to the code as in" the f1rst example. o
» The first method for est1mat1ng the quantlty of mater1al made a1rborne by
miaerodynam1c entra1nment is to apply the “per cent alrborne“ and “resuspens1on '

:'flux“ data measured’ by Mlshlma and Schwendlman.}a For example, t1ey measured : it

entrainment of uranium dioxide powder and uranium nltrate solutlon at dlfferent
air velocities. The appl1cat1on of these data w1ll requ1re englneer1ng Judge—
- ment, ' _ '
A second method for estlmatlng entra1nment is to use the results developed

21,22

by Singer et al. to estimate coal dust entralnment.: These results are

discussed by Sutter as well. 19 F1nally, the analyst may use the resuspen51on

23

rate concept 1ntroduced by Sehmel and Lloyd. Resuspens1on rate is def1ned

as fraction of initial mass resuspended per second:
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A
S=m"

where S

= resuspension rate, fraction/s; »
= -mass suspended and flowing horizontally
through'a given cross-sectional area, g;
-G = ground source mass, g; and |
At = duration of sampling, S.

Measurements of S obtalned dur1ng a number of atmospher1c fleld tests are tabu—
lated in Sutter's paper.
' The procedure and equat1ons used with opt1on (2), calculated aerodynamic
entra1nment of dry powder from th1ck beds, will be ‘discussed in detail. This
techn1que is mode]ed in the code. It has the advantage of ca]cu]at1ng entra1n~
ment automat1ca1ly for the user. As with the three methods d1scussed in the
second examp]e above, our obJect1ve is to provide the material convection module
with an estimate of the guantity of part1cu1ate material that can be entra1ned
from a contam1nated surface as a result of acc1dent—1nduced transient flow con-
ditions. However the prev1ous three methods are not suitable for use in the
code betause they are based on steady—state measurements for spec1f1c condi-
tions. vcxcept for S1nger s work with coal dust, 21 they fail to couple un-
steady tlow‘(chang1ng ve]oc1ty) conditions to the amount of mater1a1 entralned
In addition~t0'1oca1 f]ow‘character1st1cs, the previous methods fail to account
for material or surface'characteristics in a systehatic way. Thus, the resus- .
pension factor, resuspens1on rate, and per cent airborne wou]d have to be meas-
ured for 1nnumerab1e cases to encompass accident conditions.
The analytical method used in the code for ca]cuiating aerodvnamic entrain-
ment was proposed-and illustrated in a fuel cyc]e facility application in
Ref. 5. T0'estinate the quantity of material entrained, this method considers
“the following questions.” (1) When does the surface material begin”to;move?
(2) What criterion determines when material will be suspended? (3) How much
'materiallbecomes suspended? A valid answer to (1) implies that .particle, sur-
} face, and flow characteristics have been taken into account. Some account also
must be made for the forces acting, namely, aerodynamic, interparticle (cohe-
sion), and surface to particle (adhesion) forces. This procedure is similar to
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the apbroaéhjtakenipy Travis, 24 who developed a éoﬁﬁgter modé]nto'préditf”}e— '
entrainment and redistribution of soil cbhtaminénté as a result of eolian ef-
fects. A | fT‘

The first'questidn we must answer is: When does material begin to move
Before particle motion can occur, a threshd1d»air7speed must be equalled or ex-
ceeded so that the aerodynamic forces will be sufficient to overcome restraining
forces. To relate threshold air speed to surface effects, we introduce the
| friction speed | ’

= tle - o (c-5)

where T

mean shear stress at the surface, and

p- = fluid density.

'Experimental_meaéurements of thresho]d friction speed, Uy s obtained at the
onset of material movement are available for a wide range of material sizes and
densities.

25

These measurements are fitted™ to the following semi-empirica]‘equations.

A = (0.108 + 0.0323/B - 0.00173/8%) | (C-6a)

. 2012
+
x (1 +0.055/0 g0.)

1/2

where A = uy,/ (pp - p)gDp/p ;

B = u, D /v,
D, = average particle diameter,.
p_ = particle density,
g = gravitational acceleration, and

v = u/p = fluid kinematic viscosity.
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- Equation (C- 6a) holds for 0. 22 < B < 10. The variable A is the threshold
coeff1c1ent The variable B 1s the particle friction Reyno]ds ‘number.
For the range B < 0. 22 Eq. (C—6b) applies:

2)1/2

A = 0.266(1 + 0.055/ppgDp (C—Gb)

x (1+2. 1233)‘”2 )

Equations (C-6) collapse the threshold friction speed data in the appropriate
range of B onto a single curve with Dp and Pp as parameters.” Given a partic-
ular aerosol size and density we can calculate Uyt from Eqs. (C-6). An iter-
ative technique is used to solve for u,, in Egs. (C-6) because this variable
appears implicitly on both sides of the equations. The value of v was assumed
to be constant at v = 0.1454 cmzls, corresponding to standard atmospheric con-
ditions.

In Uy We have a measufe of when particle motion will occur and, there-
fore, when entrainment is possible. Under given flow and surface conditions, a
value of the friction ve]oc1ty exceeding the threshold friction ve]oc1ty can
produce entrainment. That is, entrainment can occur only when u, > Upy- We
may relate u, to the corresponding velocity at the turbulent boundary layer
edge using one of the following two equations. For a smooth surface with a lam-

inar sub]ayer,15

u(y)/u, = (1/0.41) In (yu,/v) + 5.0 . _ (C-7)
. i 26
For a rough surface with no laminar sublayer,

w9 fuy = (1K) T (yly,)  (c-8)
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distance from surface,

=
"

0.4 = Von Karman constant,

Yo = R/30 = roughness length, and

-~
]

average surface roughness height,

and where the velocity d(y) is Célcu]atedvby the gas dynamics module of the

code. For a duct with fully developed turbulent airflow conditions, the center-
line velocity or velocity at the boundary layer edge may be 25 times higher than
the average or bulk velocity. This version of the code uses Eq. (C-8) for a

rough surface with an assumed boundary layer thickness of y = 10 cm and a rough-
ness length of Yo = 0.0104 cm (a moderately rough surface). Our use of Eq. (C-8)
will lead to higher values of u, for the same values of u(y) and y than Eq. (C-7).
Because entrainment is known to depend on the difference (u, - "*t)’ our choice
of Eq. (C-8) will lead to conservative estimates of entrained material.

The next quéﬁtion is: What determines whether particles go into suspen-
sion That is, of all the particles, how do we divide those that could become
airborne from those thai‘remain close.fo the surface Iversen et a1.27 have
shown that, for partic]es;smaller than 52 um, suspension occurs as soon as the
threshold speed is reached. The criterion assumed here was that suspension will
occur for those particles for which u fu, = 1 and u, > u,,, where u, is the par-
ticle fall or terminal speed. The friction speed u, is of the same order of
magnitude as the vertical component of turbulence in a boundary layer. Values
of Dp < 50 ym for’suspension are in agreement with measurements using soils.24
We have assumed that all of the particles are subject to suspension.

How much material becomes suspended Travis24 has suggested the follow-
ing expression for q,» the mass of particles per unit area per unit time that
go into suspension:

)PI3

’qv:é % (cvlqztéh) (di/u*t -1 | ’ o (C-9)
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‘:’Wheré P.= mass percentage of suspendable particles, and

10 and 1078, respectively).

cv, < vempiricaiiconstants (2 x 10

In Eq (C- 9), ay, is the mass. of mater1a1 mov1ng horlzontally through a ver— »
tical p]ane perpendicular to the surface -per un1t w1dth per un1t time and may

be determined’ from24

e

, The calcu]ated aerodynam1c entra1nment in the mater1a1 transport module is -
a ‘model that uses Egs. (C-6)" through (C-10). " The steps can be summarlzed ‘as
follows. At a g1ven time, the gas dynam1cs module of the code ‘calculates the
ve]oc1ty ufy) for every vo]ume with mater1a] subJect to aerodynam1c entrainment.

Th1s va]ue of u(y) and the turbu]ent boundary Tayer ve]oc1ty prof1]e [Eq (C—8)] téﬁ*

are used to compute a surface fr1ct1on ve]oc1ty u*.. A character1st1c value of
.thresho]d friction ve]oc1ty Uy for the 1nput mater1a1 character1st1cs is ob-
| tained from Eqs. (C 6). If u, < u*t, no entra1nment occurs. [See Eq. (C- 10) ]
Tfue > upy,
. to estimate the vertical flux of suspendab]e mater1a] q Know1ng q and the

then the semi- emp1r1ca] entralnment Eqs (C 9) and (C-10)* are used

floor area over which the contamlnant 1s un1form1y d1str1buted A, we can conF
~pute the source term ' Lofere R : L

Mo = QAL ()

?wh1ch has the un1ts k1lograms per - second As a source term £q. (C 11)

frepresents a pos1t1ve contr1but1on to’ the Mp term on the rlght—hand s1de of
"Eq. C-29. The floor area A is assumed to be f]at and free of obstac]es or
protuberances o

' The quest1on of how heav11y a surface must be 1oaded before equat1ons 11ke
Eqs. (c6), (C-9),. and (C—lO) are’ app11cab]e is debatable. For the: reallst1c ‘
’types “of " 1oad1ngs such as we expect to. f1nd 1n many 10cat1ons of a fuel cyc]e

214




faci]ity, the empirica] constant in Eq.. (C- iO)jmay not .be satisfactory.because
it was- obta1ned for re]at1ve1y th1ck powder beds. Funtbermore, the empirical
: »'coeff1c1ents in Eq. (C-9) are: suspect because they were obta1ned from exper1- :
ments with soil particles. , '

We believe the recent exper1menta1 and theoretical work under]y1ng
Eqs. (C-6) and.(C-10) is the best avaﬂab]e.25 27 ?8 .Thus, the basis for
predicting u,, using Eq. (C-6) is sound; however, the data’ base to which
Eq. (C-6) was fit is sparse.for small, heavy particles. Iniprinciple,‘these-
uncertainties could be checked and reduced with appropriate experimentation.

V. CONVECTIVE TRANSPORT

A. Assumptions

_ The usua] mathemat1ca1 formu]at1on for the motion of a multiphase, multi-
component material system is based on the concept of continuum mechanics with
some pertinent qua]ificatibns:29 We can obtain a set of partial differential
equations for some macroscopic parameters with a few phenomenological descrip-
~ tions of the stress, heat f]ux,‘and diffusion, p]us other formulations for the

. physical and chemical 1nteract1ons among phases ‘and components and with the

boundary. Some of the re]at1onsh1ps are. either 1nc0mp]ete or not yet known.
dDepending on the range of interest, an extensive 51mp11f1cat1on 1s necessary.
The fo]]owing assumptions ‘are made to reduce the comp1exity of the problem but
still allow us to meet our simple obJect1ve, name]y, the capab1]1ty of handling
material transport w1thout d1sturb1ng the main gas f]ow to any significant de-
gree. _ - _ ‘

N Ne-define the material as-any'pneumatiCally transportable substance'in a
ventilation system. The material can be solid, 1iduid on gas. othendtban the
main gas stream. The 1nd1v1dua1 mater1a1 is assumed to be qu1te small in size
if it is in the condensed phase. A mater1a1 cloud is an ensemb]e of material.
Throughout the ventilation system, “the main body of the” gas and the material
cloud form a m1xture, the descr1pt1on of the flow system is based on the contin-
uum point of view. . we will neg]ect all chemical reactions and physical proc-
esses (depositibn, entra1nment coalescence, mater1a1 break-up, evaporation,
and condensation). The material generation rate is a prescribed quantity; when
the material cloud is formed and mixed with the main-gas stream, our attention
will be on the movement of the material. |
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Even for a dusty cloud, the volume occupied by the materia]'is quite small
compared with the gas volume, and we will assume this is the case and refer to
it as the disperse condition. A‘conéequencé of this is that the matérié] motion
is dominated by the aerodynamic forces (mainly drag) but not by the inter-mater-
ial forces. Furthermore, the material size we most often encounter ih_a venti-
lation system falls into the micron range, and the aerodynamic'ré]axation time
is quite small compared with the typical residence time. This means the mater-
ial can respond quickly to the variation of gas velocity, and most of the time
the material velocity would be nearly identical to that of the gas at any loca-
tion énd time. Thus, we have obtained the dynamic equilibrium condition between
the gas and the material cloud, and the only equation needed to find out the
material flow rate is the material continuity equation. We can add one more
equilibrium condition (that is, the material temperature is assumed to be the
sane as the gas), and we have a hdmogeneous équi]ibrium model for the gas and
material cloud mixture. This mixture can be tfeated as a simpTé gas with proper
thermodynamic and transport properties.

In principle, we could proceed to solve the set of gas dynamic equat1ons
for the mixture; however, the mixture transport properties’ are not easy to’
determine. On the other haﬁd, we still can obtain governing equations for the
main gas stream and for the material cloud separately. Some of these equations
will contain terms that express the effect of interaction between tne gas stream
and the material. A c]oser exam1nat1on of these terms reveals that if the ma-
terial mass fract1on is qu1te small compared with that of the gas, the effect
of the interaction on the gas phase flow is negligible. This is the d1sperse
condition for the material cloud relative to the gas mass, and we will assume
this is the case. At this point, we have achieved the complete separation of
the gas-phase flow dynamics from the material cloud. The gas dynamic aspect of
the material transport problem can be solved first; then the continuity relation
of the material will be used to determine the material flow. A more complete
presentation of various multiphase, mu1t1component flow problems is g1ven in the

29-31

literature. A1l the above assumptions and steps leading to the final

simplification of the material transport problem are based on those references.

H
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B. Continuity Equation

In a volume V, a part of it is occupied by the material with'maSsﬁMpvandf
volume Vp and the rest by the gas of mass‘Mg and volume Vg; obviouslyf'

Vv +vV . T e
P g . : o (c-12)
We define a volume fraction of the material by
)

ap = - | . (C-13)

and the densities of the material and gas based on the miXture volume,

=

p 9

M , o
pr = VE and o'y = Vg_ , | - (c-14)

which differ from the densities based on the volume of the individual phase,

<|3
©

M | o
and . p_ = Vﬂ_ . ' . (C-15)
g _

©

Only o_ is related to the pressure and temperature through the equation of
state. The mass fraction of the material is defined as

Yp M g M B : (C-16)
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We can express the mass fraction in terms of volume fraction through the
following relation: ' ' '

. - : ‘('c-17‘)

Because the material-phase density of a liquid or solid is usua]]y'so much
larger than the gas-phase density, the disperse condition (up<<l) does not
imply the dilute condition (Yp<<1) unless

R

A

A
O} ©
<

H . (C"]-B)

which is a more stringent condition. We shall assume this is.the case in the
current material convection model. _
The velocity of ‘a mixture is defined as

u | o ‘ : (C—i9)

with

o=t kol L . - (c-20)

p is thg density of'the mixture, and 4 Y represent the mixture velocity,

> U
_ P g
material velocity, and gas velocity; they are vector quantities. Using the

-mass fraction Yp, we have

=Y, v 1Y g, | | (C-21)

218"



~If u _and u_ are of the same ordef of magnitude andj?or'the dilute conditibha;_"
' (Yb <§ 1),: B

u JJ . : | , - - . (C—22)

The mixture velbcity is dominated by the gas velocity. --Also from Eq. (C-20),
~ the mixture denéity is roughly the same as the gas density.- We expect this
should be the case for a light loading situatidn.. From now on; we shé]] drop
the sdbscript g for all quantities associated with the gas phase.

~ The continuity equation for ahy phase or COmponent in a mixture 1531

cds ML - - (C-23)

d N _ o
at °pdV = e p S ) -

VP s °pdp

The time derivative term on the 1eft—hand side represents the change of the
amount of material inside a con.rol volume V. The first term on the right-hand
side is the materialrflqw through the boundary S of the volume V, and the last
term'is the material source.’ Assumin§ that °h is unifofm over the.cdhtrol
volume and using the same representation we have for the gas continuity:-equa-
tion, Eq. (C-23) becomes ' ' -

ey, o o )
Vgt = 5 0 i Upg Ay T M | (C-24)

. Here we grop the vector notion for the velocity but add subscript i to indicate
-the f]prpgth cOnnecting_to that volume. Ai is the flow area andlu'i is the
flow velocity normal to the area. The positiveness of the flux term is referred
to as the flow into the volume. Agéjh, we introduce Yé into Eq. (C-24):

',.V—q[Yp]<=-Y-p-u.A-+f:1 , (C-25)
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or

R + - —_— Y P :
Ve i Te fii A TP Y VG o (C-25)

ot

The last term in Eq. (C-26) is the gas density change and is determined by the
gas continuity ‘equation. | ' g k& .

Under the dynamic equilibrium condition, the material velocity is almost
jdentical to the gas velocity everywhere and at any instance, namely, '

U, o= us . | " - (C-27)

g us represents the gas velocity in the pathway‘i. Substituting that into
Eqg. (C-26) and recalling that the gas mass flow in branch i is

mp=ey Uy Ay . - (C-28)
we obtain.
@ . a0 |
Vet s i ™ T o e - | | ()

Equation (C-29) is a differential equation for the unknown Yp. Once the gas-
dynamic quantities (p,bmi) are known, Eq. (C-29) can be iqtegrated to obtain

Yp at a new time. The advantage of using Yp instead of Py, 3S upknpwpkis that
Yp is not subject to the effect of comprgssibi]ity as is Phye Once’Yp is palcu-
lated, the material density can be obtained through ’

pr =Y op . J . A ' (C-30)
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The quantity mass fraction (or mo]ar‘fract{on) has been used extensively in‘* -
fluid flow w1th chem1ca1 react1on. N “ o R .

Finally, we must emphas1ze agaln that the assumpt1ons we have ‘made about
the dilute condition of material enable us to solve the gas dynam1c prob]em
independently. The validity of the assumpt1ons depends on the 1nd1v1dual case
we are facing, but we do believe tnis s1mp1e model covers a broad range of prob-
1ems related to actual nuclear fuel fac111t1es ' '

VI. MATERIAL DEPLETION:

As the flow Reynolds number based on the enclosure or duct hydréulic5diam—
eter and fluid bulk velocity will be greater than about 2100 for ‘most cases of
interest here, the flow will be assumed to pe turbulent. We will assume that
all flows are developed fully so that boundary layer or duct velocity profile
shapes are constant with distance. This will be approximately true-suffibientIy
far from inlets (20 to 50 hydraulic diameters) so that entrance effects are
unimportant in our calculations. ‘

Under these conditions, not all of the mater1a1 that 1s made a1rborne at
the location of material transport initiation will survive convective transport
to the filtration systems or facility boundary. Depending on the aerosol aero-
~ dynamic characteristics and-passage geometry, there may be a sizable reduction
in aerosol concentratipn. As such, an enclosure or duct acts as an aerosol fil-
ter.

A number of processes that can cause aerosol depletion, and hence contri-
bute to a material transport sink term, should be considered. Particles that
come sufficiently close to surfaces can be intercepted mechanically and stick.
Particles with enough inertia can deviate from the flow streamlines, impact, and
stick to roughness elements, obstacles, or bends. Particles with sizes less
than about -1 um can be transported to surfaces by both turbulent (eddy) and
molecular (Brownian) diffusion.- Particles with sizes greater than about 1 um.
and being transported parallel to surtaces can be deposited because of the fluc-
tuating velocity components norimal to the surface (turbulent inertial deposi-
tion). Also, particles moving through passages that are horizontal (or not
exactly Vertica1) will deposit through gravitational sedimentation. Lower flow
velocities enhance deposition caused by molecular diffusion and sedimentation.
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- Unless the surfaces are sticky, the net rate of deposition will depend on the
relative rates of transport and reentrainment. Exéept for fibrous particles or
very light part1c1es, interception may be neglected because particles large
enough to be intercepted w111 most likely deposit as a result of inertial ef-
fects or sedimentation. _ :

Under certain conditions other effects may become important for fhe small-
est particles. These effects include thermophoresis, diffusiophoresis, and
electrical migration. The latter three effects are discussed in Ref. 26 and
Ref. 32. They are believed to be>re1ative1y unimportant compared with other

effects. . _

The current version of the code is restricted to gravitational sedimen-
tation. The particle flux J resulting from gravitational sedimentation i526

J=un , | | o (C-31)
'whgre_the units of J are particles per unit area per unit time, us'is the
terminal ‘settling velocity, and n is the uniform local aerosol number _
concentration in particles per unit volume. If we multiply both sides of

(C-31) by the homogeneous particulate mass Mo then ‘

J' = ushpp . | - (C-32)
where the units of J' are mass per unit area per unit time and pp = nmp
is the aerosol mass concentrat1on per unit volume. The terminal settling
velocity is calculated from

U = p.D2qC/18y | » (c-33)

s PP ' : _ : '
where
1
oy = aerosol density,
Dp = aerosol diameter,
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g = gravitational acceleration,
C = Cunningham slip correction factor, and
p = fluid dynamic viscosity{

The code input variables for material depletion are pp and Dp. These vaki-
ables may be assumed or selected to be aerodynamic diameter with unit density
or Stokes diameter with the material bulk density. This selection was discuésed

in Sec. A above. To calculate the slip correction factor, the code uses26

C =1+ (2L/D)) (A + Ajexp(- A3Dp/L)) , - : (c-34)

where L is the molecular mean free path'and the A's are dimensionless constants
based on experimental measurements of small particle drag. The code uses

L = 0.065 um,
A = 1.257,
A, = 0.400,
A; = 0.550, |
g = 981 cm/sz, and
w = 0.0001781 g/cm s,

where L, u, and g are taken at standard sea level conditions.
We know ey from the material transport mass balance calculation for-the
previous time step for each node (volume or duct). Then, knowing ug and the

projected floor area, for sedimentation A, we can compute the sink term using
Egq. (C-32):

M =-J'A=-upA . - (C-35)

P s°p
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Because aerosol depletion is a sink term, we have used a minus sign in _
Eq. (C—35). Thjs equation represents'a-negative contributiqn to the Mp term
on the right hand side of Eq. C-29 in Sec. V. above. Aerosol deplietion by
“sedimentation may be selected for all volumes and ducts and is calculated in
the same manner.

VIT. FILTER MODEL

A. Introduction - '

- Experimental evidence33 indicates that the pressure drop across a filter

commohly used for air cleaning in chemical and nuclear industries increases non-

linearly at high-speed flow, in contrast to the linear relation applicable to

. the Tow-speed flow region for normal or near normal apph‘cation.1 We can take
an entirely experimental approach to determine all the influence coefficients
on filter and flow properties, or we can model the filter flow based on the
pkincip]e of flow through porous media and determine the re]ationship between
the flow rate and the pressure drop with most if not all pertinent pérameters
explicitly included. Even so, some empirical constants still are needed; for
practical purposes, we can combine some filter properties into these constants
and. determine them by experimental means. We will review some theoretical works

- and then present a model that is suitable for our needs.

The purpose of using an air filter in a ventilator system is to remove air-
borhe material in the stream to prevent harmful elements from getting into the
environment. Experience shows that the accumulation of material, usually in
the condensed phase, will cause the pressure drop to increase for the same flow
rate, thué.causing degradation in system performance. In the case of fire, rap-
id flow resistance increases as the result of large. amounts of material caught
by the filter, which is known as filter plugging or clogging. Following the
same analytical works in filter modeling, we will review the filter plugging
phenomena briefly, but a semi-emperical formulation eventually is proposed to

~ describe this condition. ‘

B. Filter Model

The pioneer work of D'Arcy”  established the foundation of the principles
~of fluid flow through porous media; his experimental results led to an under-

34

standing of the linear relationship between the flow rate and the pressure drop
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through an empirical coﬁstant, permeability. This_paral]elszquite well the con-
clusion of fully-developed laminar flow through pipe made by Hagen—Poisei]]e.35
It is not surpfising-to find that many theoretical models on flow through. porous
media are based on that concept with different qualifications, among themsthe

most successful one is the Kozeny-model.36

According to his theory, the por-
ous medium is represented by an assemblage of channels with various cross-
sections and a definite length. The flow through the channels 1s'determined by
the Navier-Stokes equations, and the permeabi]ity’is”éxpresSed in terms of vis-
cosity and the porous medium properties. However, an empirical constant is
needed to inc]ude the effect of the tortuous characteristic of:the”medium; a
modification of the Kozeny model by'Car'man37 defines the constant, known as
tortuosity, in a more explicit way. This new model still requires an empiricaT
coefficient to account for the uncertainty of determining various porous medium
properties. ' ‘ - | _

Another point of view on pressure drop with flow through a porous medium-
is based on the drag theory; the dragging obstacles can be particles or fibers.
A mode]38 using the fiber as porous medium leads to a permeability that is
weakly dependent on flow rate. As a result of the actual complexity of the me-
~dium, some empirical adjustment is needed for this model. | _

So far we have discussed the D'Arcy law and its derivatives, which are ade-
quate only when the flow velocity -is low; the pressure drop is proportional to
the viscous dissipation by the porous medium. For the channel f]ow,.as'the f]dw
velocity 1hcreases, the dissipation mechanism changes from viscous effect to
turbulence, and the pressure drop is proportional to the Kinetic energy of the

35 Following the reasoning of Kozeny in modeling porous media as chan-

stream.
nels, a quadratic re]ation39 is established between the pressure drop and flow
rate at high velocity. Again, an empirical coefficient equivalent to the resis-
tance factor in pipe flow under turbulence conditions is introduced. The
summation of viscous effect and turbulent dissipation leads to an equation

proposed by Ergun:40

' 2 uu . ou_2 -
Ap = 150 (1-¢) _m, 1.75 (1-¢) m s (C-36)
ﬁ € dg € dp . .
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Cowith

Y pressure'depg”
. f = bed -length,
g.= gravitational constant,« ''''
e =.void fract1on, -
u =-v1scos1ty,, : ,
‘d,. = effective porous medlum part1c1e s1ze,
. p”=:f]UId dens1ty, and -

u = superf1c1a] ve]oc1ty

Sdpérficia] velocity is the flow . velocity approaching the packed bed,.nbt;the

average f]ow velocity in the 1nterst1t1a] reg1on Eqdation (C736)yé]so can be
vexpressed in a: d1fferent form [ '

-oap = KL w ; ,.1+HKT9.;2;1, h v_‘j; S : -.f:~. e 'f%§C73Z) :

where‘Q and A represent volume flow rate and the frontal area of the packed
“column:- It-can be ea511y 1dent1f1ed that ' SR

"_(9;39)
and
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'Ne'can:see‘that KL and KT are d1mens1on1ess and are dependent on the proper-_"
' t1es of the porous med1a. Equation (C- 37) is 1dent1ca] to the express1on of
Reyno]ds4l on pipe flow in laminar and turbu]ent reglons .

As we discussed ear]1er, no matter what theoret1ca]_mpdé]'we'choose to usé,vhw
some empirica]'toefficients must be included to account for the;eomp1exit¥ and
uncertainty of the porous medium.- Obviously, it does notvmattér‘if we‘dhtain )
‘ KL and. KT first from Egs. (C'39) and (C-40) and add.experimental correction
later or if we go ahead to determine the effect1ve KL and Ky directly from
experiment. The task is no more d1ff1cu1t than finding the correction factors
a1one'becadse there are only two unknowns involived as presented in Eq. (C-37).
~ From.now on, we will use Eq. (C-37) as the foundation of our filter model
: regard]ess of what filtration media we use as long as we can determine the two .-
coeff1c1ents through experiment or ana]yt1ca1 means. '

C. Filter P]ugg]hg

The physical phenomena involving the capture of suspended particulate in a
stream by some filtration medium are quite comphcated.42 The porous material
' provides various sites for_materia] retention: resting on the surface of the
. bed grain, wedged in a crevice, stopped at a constriction, and contained in a
pore cavity. The normal pressure of the fluid, fr1ct1on, 1nterpart1cu1ate force
and chemical bonding force give the requ1red means of no]dlng the part1cu1ate
on the s1te - The mechanisms for the suspended material reach1ng the retention
site 1nc1ude gravity, inertia, hydrodynam1c force, interception, and Brownian
motion. Attempting to relate the overa]] f11ter efficiency with the aforemen—
t1oned sites, forces, and mechanisms without. any experimental coefficient is
almost impossible and impractical. A more useful approach is a phenomeno]og1ca])
one; namely, we assume some form of dependence of fi]ter efficiency on the total
amount of retention; experiments indicate a small increase in the efficiency for
increasing retention. For all practical purposes, we assume the filter effi-
ciency'remains constant in any flow condition.

The same conclusion cannot be made about the flow resistance of the filter
for the increasing amount of material gatnered. The increase in resistance can
be quite substantial and should be dealt with properly. The plugging is related
to material size, shape, and phase; the filter structure; and the quantity of

captured material. Using the filter model of Carman—Kozeny,37 the material
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retent1on reduces the spec1f1c surface, def1ned as the total surface of the bed
1gra1n per un1t fllter vo]ume,_and thus 1ncreases the effectlve res1stance. we»_
can express the genera] relation as '

lyrzﬁjbyf}ﬁ(ma);’d | o N : ;faf (F_41)

where (Ap) is the pressure‘drOplfor a clean filter, shown in Eq. (C-37), and
f is.a monotonlcally 1ncreas1ng function of material ‘mass M on the filter._

Clearly f(M, = o0) = .' For light loading cond1t1on, f is a linear functlon'
of_Ma: _
f(Ma) =1+ aMa N | B | :‘ | o . (C—42) o

where o’ is a coefficient dependent on filter and material properties-and hds
the unit of the reciprocal of mass. More recent work of Bergman’s using the
fiberous ‘drag model of Da;ies32'conc1ude§'that a depends on’ the Fibér volime
.fraCtion,:fibeF'§1ze’add partic]e size. However, the foundation of Davies' mo d-
el is still empirical. For the time being, we ‘shall postu]ate the phenomeno-
10910a1 re1atidh*of Eq (C—42) with « be1ng ‘determined by exper1ment As fu-
ture data warrant we ‘shall mod1fy the equat1on w1th more exp11c1t re1at10ns '

1nc1uded
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APPENDIX D

- BLOWER MODEL

B]owers or fans are approx1mated by a model .that describes the 1nteract10n
of the gas (or air) in the system with the blower. Specifically, the model cal-
culates the volumetric flow rate through the blower as a function of the dlffer—
ential pressure across tne blower and the gas dens1ty at the inlet to the
blower. ‘ 4 |

 The blower module depends on the measured constant Sﬁeed.performanee curve
of the fan. These data usually are reported by the manufacturer in the form of
a curve.

ap(Po) = f(Q) | h | _ : ". Ly" (D—I)

where AP is the static pressure difference across the blower and Q is the
volumetric flow rate through the blower. This curve app11es at a given density
(p = Po) and fan speed and may be obtained from the manufacturer s literature.
Dur1ng a fire transient, the gas density at the fan may vary a great deal,
and the curve Eq. (D-1) must be modified to ta«e into account the density : |
variation from standard conditions. S1m11ar1ty analysis and exper1menta1
~ measurements show44 that it is possible to correlate the blower performance
~at any density, o, if the performance at a given density (o = Po) is measured.

Specifically, the result is of the form

Ap(o) = F% aP(Po) . ‘ (D-2)
Because ap(Po) is known, Eq. (D-1), we have

ap(p) = p% f(Q) . (D-3)
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' Therefdre, the blower head-flow Chafacteristic curve is known at all densities.
In the solution procedure for the gas dynamics it is necessary to have an
expression for the flow rate as a function of the differential pressure; thus

Eq. (D-3) must be inverted. The solution is of the form

This .inversion can be performed only if the function, f, is single valued.
Therefore, as discussed, in Sec. II.A.4, certain manufacturer's curves may not
“be mode]éd exactly but must be distorted slightly.

The actual user input to the code is a number of points on the blower
characteristic curve. The curve then is .approximated by a series of straight-
Tine segments as shown in Fig. 1.. If a]T of the segments have a negative slope,
there_wif] be no prob]em.{n obtéining the inverse function represented by
Eq. .(D-4). '
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CONTROL DAMPER MODEL =

: In many ventilation systems, control dampers are used to maintain a pres-
sure 1in a room automatically. For th1$3reasonvan option for modeling dampers . -
that open or close based on the pressure in'a'given room. In the initia1’véf—
sion there are three types of dampers with the ability to add more'daﬁper_fypes
~as data become available. ' n - o e : o
The dampers initially modeled in FIRAC are 2-ft by 2-ft opposed-b]aqe
Tight-duty dampers,.opposed—blade medium-duty dampers, and pargllel—bladé
light-duty dampers. The dampers were manufactured by Americah‘warming:and,_' _ B
Ventilation, Inc. Figure E-1 shows the configurations of;theéé dampers{k,' R

le—— 25.4cD ]

|-Blades

|-Blades el - ) N L
, ' S N |

Control . C : Control
l-Linkage = - : . -4 Linkage

$7.15cm
57.15cm

I 4
/7

FLOW

.Parallel Blade

Opposed Blade
Damper

Damper

Fig. E-1.
Side views of the opposed-blade and the parallel-blade dampers.
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The damper models are based on experimenta] data relating flow rate through a

" damper and the pressure drop across a damper. In FIRAC pressure drop and flow
rate across a damper are related using'the equation P = R x QZ, where R is a
resistance coefficient. The resistance coefficients for these damper types
were determined experimentally in reference to different damper angles. Using
this information, a least-squares polynomial fit was made to the data. The
resulting equations are quartics of the following general form.

R'=a + b(theta) + c(theta‘)2 + d(theta)3 + e(theta)4 .

The coeff1c1ents of these ‘equations should be ca]cu]ated with the units of R
being kPa/L(m /s) '] and theta being in degrees.

. Adding more damper types can be done by simple modifications to the sub-
routtne damper. The first step in adding a damer type. is to increase the array
size of the coefficients in subroutine damper to the total number of damper
types: ava11ab1e, 1nc1ud1ng the one being added. ‘The second step is to add the
coefficients" for the new damper type to the end of the data statements that de-
fine the coeff1c1ents After these two changes have oeen made, the damper can
be modeled by spec1fy1ng a damper type on the control damper card that corres-
ponds to_the:anray location :of the coefficients in subroutine -damper.

A control damper is modeTed.in FIRAC by changing the resistance coefficient
of -a damper ‘to correspond with the opening and closing of the damper. A damper
can be made'to&open or close based on the pressure in any room in the system.
This is done by specifying a minimum and a maximum présSure in. the room, the
damper type, the amount the damper opens or closes at one'response time, and
‘the time between responses. If the damper closes at pressures above pmax then
dthata (the amount the damper opens at pressures above pmax) should be a nega-
tive numbefﬁ
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APPENDIX F
MODELING DUCTS AND VALVES

Ducts and valves are modeled in FIRAC based on resistance coeffecients
re]at1ng the pressure.drop across a duct to the vo]umetrlc flow rate through
“the duct The equat1on show1ng this re]at1onsh1p is

dP = RC * Q% . | - | (F-1)
Reasonable values for.these resistance coefficients can be calculated based on
ambient conditions, . flow:rate though the duct or valve, and the .configuration
of the duct or valve. The pressures throughout the system can be approximated
based on these resistance coefficients. '

To calculate the resistance coefficient (RC)rfof‘a component using this -
method, a dimensionless coefficient or k value for the component first must be
cdmputed. Some of :the .morie. common values:for this- coefficeint are given in
Fig. F-1. A more complete list of values can be found in Ref. 45. Using this
-dimension]ess'k value, the resistnace coefficjént can be calculated using the

equation Cam e T e

RC - K _X_ Pambient
2 x A® x Raip X T

where k is the crane k value, Pambient is the ambient pressure, ‘A is the

flow area of’the'duct Ra1r is the gas constant for air,. and T is the ambient
temperature. A value for R that will allow you to 1nput temperature in R

area in ft2 and amb1ent pressure in psia is

ft2 psia
Raip = 222.64 x 103 .
ar . minZ in. wg. OR
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" ENTRANCE -

|
I

LOSS DUE TO LENGTH OF DUCT

Fod

K=f-L/D

L

—

WHERE f IS THE MOODY FRICTION FACTOR
EXAMPLE o -

K=.78 K=f-L/D K=1.

TOALK=78+(f-L/D)+1

Fig. F-1.
"~ Typical K values.
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Using this value for R jp Produces resistance coefficients wjthrthe-units of’
inches water gauge per cubic foot per minute squared, which are tne units
needed for'FIRAC’input. The pressure drop across a duct can then'be
calculated using Eq. (E-1). ’ -

.
K
:

]

Kl
i
o
i
i
1
<
I
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APPENDIX G
SAMPLE OUTPUT

(1) Sample Problem 1 system response (FOUT) oUtput file.
(2) Sample Probiem 1 fire compartment effects (PRINT 1) output fi]e; :

(3) Sample Problem 1 radioactive source term (RST) output file.
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(1) Sample Problem 1 systém'response (FOUT) output file.

time ;21:56:02

executed on ; ‘'84/06/14
’ table no. i

),

11{st of input data

Lee

’ 10 20 30 40 - 50 6C 70 80
“12345678901234567890123456789012345678901234567890123456789012345678901234567890
2%  sample problem 1 ) o
384 ’ run control card 1
43 st 1. 999.0 . .
5S¢4 print / plot control card
6% all 2 1 1 2 5 :

7% 1 -1 1

‘8% 2 | 1

<. 9% 3 1 1

10% 10 1 1

11¢ 13 1 - . -

12¢4 plot frame description card

133 4 2 3 4

14% 4 4 14 15 17

15¢ 4 2 3 13 15

163 4 2 3 -8 .15

17% 4 2 .3 4 5

18% 4 . 9 14 16 17

19% 4 2 3 137 14

. 208 4 2 3 .13 14

218 4 2 3 13~ 14

22% 4 2 3 13 14

23% 4 2 3 13 ~ 14

243 4 2 3 13 14

25% 4 2 3 13 14

26% 4 - 2 3 13 14

27% 4 2 3 13 14

288 ¢ 4 2 3 13 14 .

2984 e run control card 2 "{firin"

30% t o .- 0 ;13

318K boundary control card .
~ 382% o 4 56 . -

- 3384 . geometry and componant control card

‘348 16 18 14 1 X .

35%# . branch description data cards

'36% 1 1 2 1200. 4.6944 .25 v .06

37% R .

38% 2 2 3 1200. 4.6944 .25 d .14

39%$9.5000e-08 . . )
40 . 3.4..- 4 S 1200. 4.6944 3.2 d .02 :

. 41% 1.389e-08 . 2.1666  6.9333 y
- 428 2.167 27.77 1. .25 .3 . .3 26.2 489. .12 56.
./43% 4 5 6 1200. 4.6944 3.2 d .02
. 44% R h 2 . 2.1666 6.9333

- 45% 2.167 27.77 1 .25 .3 .3 26.2  489.. .12 56.
" 468 S- 7 1200. 4.6944 3.2 .d .02 o

47% ’ : o o -2,1666 6.9333

48% 2.167 27.77 1 .25 R .3 26.2 489. S .12 56.
49% 6 7 8 1200. 4.6944 3.2 d .02 -

50% ) oo 2.1666 6.9333

51% 2.167 27.77 . 1 .25 .3 .3. 26.2 489. - .12 56.
52% 7 8 9 1200. 4.6944 3.2° :d .02




8€¢

executed on ;

84/06/11

time ;21:56:02

table no.

1 (page

2)

11st of input data

1

10 20 . 30 40 50 60 70 80
12345678901234567890123456789012345678901234567890123456789012345678901234567890
53% . ) - 2.1666 6.9333 1
54% 2.16 27.77 1 -1 N .3 26.2 489. .12 56.
55¢% 8 . 9 10 1200. 4.6944. 3.2 d : .02
56¢ - R o s 2.1666 6.9333 1
‘57% 2.167.. 27.77 1 .25 .3 .3 26.2 489. .12 56 .
58% 9 1o i1 1200. 4.6944 3.2 d .02
59¢ . - : 2.1666 6.9333 1
60%- 2.167 27.77 1 .28 - .3 .3 26.2 489, .12 56.
61% 10 11 12 1200. 4.6944 3.2 . d . .02
62% - s - 2.1666 6.9333
63% 2.167 27.77 1 .25 .3 N | 26.2 '489. .12 "56.
64% 11 12 13 . 1200. - 4.6944 3.2 d - .02
65% L 2.1666 . 6.9333 1
66¢% 2.167 27.77 1 .25 .3 .3 26.2 489, .12 56.
67¢ 12 13 14 1200. 4.6944 3.2 d .02
68% ' ) 2.1666 6.9333 1
69% 2.167 27.77 1 .25 .3 .3 26.2 489. .12 56.
70% i3 14 15 1200. . 7854 £ - . 965
Ti¢ -~ o 1
72% 14 1S 16 1200. .7854 25. d .2
73% : 2. 75. 1
74% 1 78.5 1 .0625 < .3 26.2 489. 12 56.
75% 15 16 17 1200. .7854 b -1.4 1
76% i
77% 16 17 .- 18 1200. . 7854 0.5 v .2
78¢  1.0e-07
TOH particulate spncie data cards
80% 1 smoke 100. i.
81% 2 tota! rad part 20. 1.
82% 3 rad part .1 -1 1.
83% 4 rad part .2 .2 1.
84s 5. rad part .4 .4 1.
85% 6 rad part .6 .86 1.
86% 7 rad part .8 .8 1.
87% 8 rad part 1. 1. 1.
88% - 9 rad part 1.5 1.5 1.
89% 10 rad part 1.9 1.9 1.
90% 11 rad part 8. 8. 1.
91s 12 rad part 5. 15. 1.
92¢% 13 rad part 20. 20. - 1.
934 boundary node data
94% t o 0. : 56.
95% 31 0. 56.
. 96% 4 1 . 0. - 56.
97¢ ig8 O 0. S e 56.
98BS 4 room data ’
-99% 2 1.0
100% 4.6944
101% 5 13.636
102¢ 4.6944
103¢ 6 13.636
104% 4-.6944
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executed on ; 84/06/11 tlme.;21:56:bz
tablie no. 1 (page 3)

1ist of input data
10 - 20 30 40 50 60 70 " 80

123456789012345678901234567890123456789012345678901234567890 1234567890 1234567890 -
105¢ . 7 13.636

106% 4.6944

107% 8 13.636

108% 4.6944

109% 9 - 13.636

110¢ 4.6944 .

114¢ 10 13.636

112% 4.6944 :

113¢ 11 13.636

114¢ 4.6944

115% 12 13.636

116¢ 4.6944.

117¢ 13 13.636

118% 4.6944

119% 14 13.636

120¢ 4.6944 .

121¢ 1S 13.636

122% .7854 -

123% 16 | 9.8

124¢% . 7854

125% 17 9.8

126% .7854

A27%# blower curve cards

128% 1 4 . .

129¢%-8000. 8. 0. 1.8 . 1200. 1.5278

130%$6000. 0. Co e [ i

13184 fflter data

132% 1 .999% 1.

133%# temperature data

t34% 56. 56. 56. 56. 56.
135% 56 .- 56. S6. 56. 56.
136% . 56. - 56. 56. 56. 56. -
137¢ 56. 56. T 56.

138%# fire scenario control! specifications *"iflowld"

139% 1100. 100 2 ’

140¢ ’ 1 0.0 [0} 0.0 0. (o]

18184 fire compartment initial conditions.and noding

142% 56.0 -.20. . C

143% 2 '3 1.084 2.166 :

144% 3 4 11,76 2.166

145¢#4 fue! type. mass ,and burn area - :

146% 0.0 0.0 0. 0.0 0.0 0.0 5.750 0.0 0.0
147% 0.0 0.0 0.0 0.0 0.0 0.0 2.150 0.0 0.0 °
148% 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.0 0.0
149% 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0
150%# fire compartment dimensions and materials :

151% 20.0 i17.0 15.0 0.492 0.492 3.281 0.492
152¢ 9 8 - 9 L.

153%# combustible identifier card (required {f ignite > 0)

154% 2 2 2 2 2 2 1 2 2

155¢# " radioactive source term input :
156% . [o) 1 1 o) . o o o
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executed on ; 84/06/11 time :21:56:02
. table no. 1 (page 4)

1 1st of {fnput data

. 10 - 20 - 30 40 S0 60 70 80
12345678901234567890123456789012345678901234567890123456789012345678901234567890
157¢ = = R 7 1 : 2 :
158¢% . 22050
159% 2 0.1653
160%# time step cards
161% ’ .001 3.0 1.0
162% o .01 10.0 1.0
163% .05 999.0 $0.0
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table no. #{#

summary of control information and diagnostics

*xsktixss* -- yarning -- the number of parti;yiété species must be between 0 and 5 -- nspeces

boundary nodes = 4

pressure functions = 0

energy functions = .
temperature functions = o

mass addition functions = ~ O
particulate addition functions = o
gas addition functions = o
branches t6

nodes 18

rooms 14

number of blower curves = 1.

number of filter types = 1

buoyancy effects will not be considered

13
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table no. i

summary of problem control parameters

problem type ss/trans maximum tterations per time step 1000
’ convergence criteria 1.00e-04
times for line printer plots
0.0000 10.0000 . 20.0000. 30.0000 40.0000 50.0000 60.0000
80.0000 90.0000 100. 0000 110.0000 120.0000 130.0000 140.0000
160. 0000 170. 0000 180.0000 190.0000- 200.0000 210.0000 220.0000
240.0000 250.0000 260.0000 270.0000 280.0000 290.0000 300.0000
320.0000 330.0000 340.0000 350.0000 360.0000 370.0000 380.0000
400 . 0000 410.0000 420.0000 430. 0000 440.0000 450.0000 460.0000
480.0000 490.0000 500.0000 $10.0000 520.0000 530.0000 540.0000
560 .0000 570.0000 580.0000° 590.0000 600.0000 610.0000 620.0000
640.0000 650.0000 660. 0000 670.0000 680.0000 690 .0000 700.0000
720.0000 730.0000 740.0000 750.0000 760.0000 770.0000 780.0000
800. 0000 810.0000 820.0000 830.0000 840.0000 850. 0000 860.0000
880.0000 890.0000 900. 0000 910.0000 920.0000 930.0000 940.0000
960 . 0000 970.0000 980.0000 990. 0000
) boundary data ) .
p-ambient= 14.7000 psia t-ambient= -56.000 f number of boundary nodes= 4
node initial p fn {nitial t fn node initial p fn initial t fn node inttial p fn
no. pressure no. temp. no. no. pressure no. temp. no. no. pressure no.
1 0.00 (o} 56.00 0 3 0.00 0 56.00 o} 4 0.00 o}
18 0.00 o] 56.00 o
geometry and component data
number of branchess= 16 number of nodes (boundary+ ordinary)= 18
number of blowers = 1 number of blower curves= 1 ’
number of rooms = 14 :

70

150.
230.
310.
390.
- 470.
550.
630.
710.
790.
870.
950.

initial
temp.

.0000

0000
0000
0000

0000
0000

0000

t fn
no.

o]
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‘table no. iv

summary of model control parameters

branch data

tn out initial flow comp exp resist intercept
no. node node flow area type curve q :

1 ) 2 1.200e+03 4.694e+00 valv 2.0 4.167e-08

2 2 3 1.200e+03 4.694e+00 duct 2.0 9.500e-08

3 4 5 1.200e+03 4.694e+00 .duct 2.0 1.389%e-08

4 S 6 1.200e+03 4.694e+00 duct 2.0 1.38%9e-08

5 6 7 1.200e+03 4.694e+00 duct 2.0 1.389%e-08

6 7 8 1.200e+03 4.694e+00. duct 2.0 1.389%-08

7 8 9 1.200e+03 4.694e+00 duct 2.0 1.389e-08

8 9 10 1.200e+03 4.694e+00 duct 2.0 1.389%e-08

9 10 11 1.200e+03 4.694e+00 duct ©.2.0 1.38%e-08

10 11 12 1.200e+03 4.694e+00 duct 2.0 1.38%9e-08

11 12 13 1.200e+03 4.694e+00 duct 2.0 1.389%-08

12 13 14 1.200e+03 4.694e+00 duct 2.0 1.389e-08

13 14 15 1.200e+03 7.854e-01 filt 1.0 8.042e-04

14 15 16 1.200e+03 7.854e-01 duct 2.0 1.389e-07

15 16 17 1.200e+03 7.854e-01 Dblwr 1 1.0-4._409e+03 7.94e+03
16 17 18 1.200e+03 7.854e-01 valv 2.0 1.000e-07
heat transfer data
branch nodes ° htarea diameter delta-x emmisivity absorbtivity k
3 1 2.78e+01 2.17e+00 2.50e-01 . 300 .300 2.62e+01
4 A 2.78e401 2.17e+00 2.50e-01 .300 .300 2.62e+01
5 1 2.78e+01 2.17e+00 2.50e-0t : . 300 . 300 . 2.62e+01
6 1 2.78e+01 2.17e+00 2.50e-01% . 300 . .300 1. 2.62e+01
7 1 2.78e+01 2.17e+00 2.50e-01 . 300 .300 - 2.62e+01
8 1 2.78e+01 2.17e+00 2.50e-01 . 300 . 300 2.62e+01
9 1 2.78e+01 2.17e+00 2:50e-01 - - .300 ) .300 2.62e+01
10 1 2.78e+01 2.17e+00 2.50e-01 . 300 . 300 2.62e+01
11 1 2.78e+01 2.17e+00 2.50e-01 .300 .300 2.6204+01
12 1 2.78e+01 2.17e+00 2.50e-01 . 300 . 300 2.62e401t
14 1 7.85e+0t 1.00e+00 6.25e-02 . 300 . .300 2.62e+01
room data
room node - vol. area room node vol. area room node vol.

1 29
5 8 1
9 12 1.

9

13 16

.000e+00 4.694e+00
.364e+01 4.694e+00

364e+01 4.694e+00

.800e+00 7.854e-01

blower curve data

6 1.364e+01
10 1.364e+01
14 {.364e+01

2 5 1.364e+01 4.694e+00 3
6 9 1.364e+01 4.694e+00 7
10 13 1.364e+01 4.694e+00 t
14 .17 9.800e+00 7.854e-0t

coefficients

inttial

delta-p

.000e-02
.000e-02
.000e-02
.000e-02
.000e-02
.000e-02
.000e-02
.000e-02
.000e-02
.000e-02
.000Qe-02
.000e-02
.650e-01
.000e-01
. 400e+00
.500e-02

WaNORNNNONNNNNODOO
DOWONANIAIAOINNDAO W

rho cp

. 89e+02
.89e+02’
.89e+02
.89e+02
.89e+02 1.20e-01

4 1.20e-01
4 1
4 1
4 1
4 1
4.89e+02 1.20e-01
4 1
4 1
4 1
4 1
4 1

.20e-01
.20e-01
.20e-01

.89e+02 1.20e-01
.89e+02 1.20e-01
.89e+02 1.20e-0t
.89e+02 1.20e-01
.89e+02 1.20e-01

4.6946400 4
4.694e+00 8
4.694e+00 12

inertia rev resist
.325e-02 4.167e-08
.325e-02 9.500e-08
.817e-01 1.389e-08
.817e-01 1.389%e-08
.817e-01 1.389e-08
.817e-01 1.389e-08
.817e-01 t.389e-08
.817e-01 1.389e-08
.817e-01 1.389%e-08
.8t7e-01 1.389%e-08
.817e-01 1.389e-08
.817e-01 1.389e¢-08
8.042e-04
. 183e+01 1.389e-07
0.
.366e-01 1.000e-07
tnitial

temperature

56.00

56.00

. 56.00

$6.00

$6.00

56.00

56.00

$6.00

56.00

56 .00

56.00

7 1.3640401 4.694e+00°
11 1.364e+01 4.694€+00
15 1.364e+01 7.854e-01
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node node(-,for boundary

no.

1t

-k ks b b -
ONONEBWN

-
QUONANDWN =

type(+,room no+1000)

0.
-6.
0.
0.
-2.
-4,
-6.
~B.
-1,
-1,
-1,
-1.
-1.
-2.
-1,
-1.
3.
0.

summary of node type, inittia) pressure and branch connectfops

pressure

0000e-02
0000e-02
0000e-02
0000e-02
0000e-01
2000e-01
4000e-01
6000e-01
8000e-01
0000e-01
1650e+00
3650e+00
5000e-02

table no.

associated branéhes

VOoO~NOAAO M

10

12
13
14
15
16

v
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table no. vi

dimensionless résttance factors and critical mach numbers

branch no. up. node . dn. node fwd rf ' rev rf fwd mach rev mach
4 1 2 1.435e+01 1.335e+01 .20108 .20735
2 2 3 3.172e+01 3.272e+01 . 14159 i . 13959
3 4. S 4.784e+00 3.784e+00 .31158 . 33899
4 5 6 4.783e+00 4.783e+00 .311459 .. .31159
S 6 7 4.783e+00 4.783e+00 .31159 .31159
6 7 8 4.783e+00 4.783e+00 .31159 .31159
7 8 9 4.783e+00 4.783e+00 .31159 .31159
8 9 10 4.783e+00 4.783e+00 .31159 .31159
9 10 11 4.783e+00 4.783e+00 .31159 .31159
10 AR 12 4.783e+00 4.783e+00 .31159 .31159
11 12 13~ 4.783e+00 4.783e+00 .31159 .31159
12 13 14 4.783e+00 4.783e+00 .31159 .31159
13 14 1S 0. -6.934e-01 1.00000 1.00000
14 15 t6 1.339e+00 1.339e+00 .47051. .47051
15 {6 17 0. 0. 1.00000 1.00000
16 17 i8 -3.596e-02 9.640e-01 1.00000 . .51353
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t".tttt!tt.‘tt"""0"‘itt.tt000.&00‘0‘0_‘0t"tttﬁ‘_ﬁh.tottt‘t‘tﬁt'tt"'.‘tii.‘iiii“.'iQttttttiitti'ttt.t"'tt'..‘tttt"tt00‘
time = 0.° ) .delt = O, nstep = o] ktotr = (o] igtot = o) iptot = [o] cpu time = 8. 10e-01

0"0"'_‘ﬁt.t“.““"."ﬁ‘tit.‘t‘ttt'i."‘ﬁ‘t“‘..‘."t".t.'Oi‘..t“"‘iit‘.‘".'tl"’iitt.t.‘.O".O‘O't.‘l.‘.‘..t'..'.“.

-branﬁh data

branch vol., flow . mass flow velocity
(m++3/s) (xg/s) (m/s)
] 5.663e-01 6:988e-01 1.299%e+00
2 5.663e-01 6.987e-0f . 1.299e+00
3 5.663e-01. 6.988e-0t 1.299e+00
4 5.663e-01 6.988e-01 1.299e+00
S 5.663e-01 6,988e-01 1.299e+00
6 5.663e-01 6.987e-0t 1.299e+00
7 5.663e-01 6.987e-01 1.29%e+00
8 5.663e-01 6.9870-01 1.29%e+00
.9 5.663e-01 6.986e-01 1.299%e+00
10 5.663e-01 6.986e-01 1.29%e+00
1" 5.663e-01 6.986e-01 1.299e+00
12 5.663e-01°" 6.985e-0f1 1.299%e+00
i3 5.663e-01: 6.983e-01t 7.762e+00
14 5.663e-01 6:, 969e-01 7.762e+00,
15 5.663e-01 6.965e-01 - 7.762e400
16 5.663e-01 6.,98%e-01 7.762e+00
node data
node (] ot rho
(pa) (k) (kg/m++3)
1 1.0135e+05 2.865e+02 1.234e+00
2 1.0134e+05 2.865e+02 1.234e+00
3 1.0135e+05 2.865e+02 1.234e+00
4 1.0135e+0S5 2.865e+02 1.234e+00
S 1.0135e+05 2.865e+02 1.234e+00
6 1.0134e+05 2.865e+02 1.234e+00
7 1.0134e+05° 2.865e+02.. 1.234e+00
8 1.0133e+05 2.865e+02 1.234e+00
9 1.0133e+05 2.865e+02 ‘1.234e+00
10 1.0132e4+05 2.865e+02 1.234e+00
11 1.0132e+05 2.865e+02 1.234e+00
12 1.0131e+05 2.865e+02 1.233e+00
13 1.0131e+05 2.865e+02 1.233e+00
14 1.0130e+0S 2.865e+02 1.233e+00
15 .1.0106e+05 2.865e+02 1.230e+00
16 1.0101e+05 2.865e+02 "1.230e+00
17 1.0136e+05 -2.865e402 1.234e+00
18 1.0135e+05 2.865e+02 1.234e+00

heat transfer in?ormatfon

branch tavg ’ aqaq _hco qco qro hci oqed qri ryn

3 2.865e+02 0. 0. 0. . 0. 0. 0. O. 0.
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wall temﬁeratures
branch ‘ tavg
4 2.865e+02
wall temperétures
brénch tavg

5  2.865e+02
wall té‘beréiureé

branch = tavg

6  .2.865e+02
wall teﬁheratures

branch tavg

7 2.865e+02

wal) tempé%ﬁkures
branch . t;vg

8 2.865e+oé
wall teﬁperatures
branch  tavg

9  2.865e+02
wali.{;ﬁbéré;ures
braﬁéh:u féQg

10 2.865e+02
watl téﬁperatures
branch tavg

" 5.365;*02
wal!(témp;ratures
braﬁch {avg )

12: . 2.865e+02

wall temperatures

branch tavg

Catee o

14 2.865e+02

wall temperatures

(k)

0.

(k)

(k)

(k).

(k)

(W)

qaq

aqaq

qaq

aqq

aqq

qaqq

aaa

aqaq

qaq

qaq

2.865e+02
hco
0.
2.8650+02 .
hco
0.
2.865e+02
hco
0.
2.865e+02
heo
0.
2.865e+02
" heo
0.
2.865e+02
hco
0.
2.865e+02
" heo
0. -
2.éssé€pz
oﬁ’,'

2.865e+02

St

2.865e+02

hco

2.865e+02

qco

qco

qco

gco

qco

qco

Qco

qco

qco

qco

qro

qro

qro

qro

qro

qro

qro

'fqro

qro

‘het

het

het

hect

hei

hci

hei

hei

qci
qct
aci

-

ac

qci-

qci

qci

acl

qrt

qri

qri

ari

qri

qri

qrt

qri

qri

qri

2 ryn

ryn

T ryn

ryn

ryn

ryn

ryn

ryn

. ryn

ryn
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CEEALLUINFI IR G LBR LIRS RE ISR L Rttt DArLICUIALE SPECIE dAtA S0 0 et ettt ta sttt AC AU I RS EH6e bt bbbttt ettstsnd

species no. 1 smoke
specie nodal mass fraction
frac. 0. 0. 0. 0. (o8 0. 0. 0.
0. 0. 0. 0. 0. 0. 0. 0.
0. . 0.
speé!e nodal concentratioa (k§/m0~3)‘ ~
conc. 0. ‘0. 0. : 0. 0. - o, 0. : 0.
. . 0. 0. 0. 0. 0. 0. 0. 0.
0. 0. :
specte branch flux (kg/sec)
df lux 0. 0. 0. 0. 0o 0. 0. o
, o. 0. : 0. 0. o 0. 0 o
specie integrated branch flux (kg)
int.mass 0. - 0. o] o] 0. 0. o] o
0. 0. o o 0. 0. o] o]
front filter mass (kg)
fil._mass . 0.
back filter mass (kg)
fil.mass 0..
total specie mass on filters : O.
airborn mass (kg)
air mass 0. 0. 0. 4 0 0. 0. o o]
0. 0. 0. (o] 0. 0. (o] (o]
0. 0.
total specie airborn mass ; O.
specie mass on duct wall (kg)
mass R T ©e. ool o 0. 0 0. o
0. 0. . 0. ] 0. (o] 0. [o]
deposition rate at each branch (kg/s)
rate o. . o, 0. 0. 0 0. 0. 0
0. 0. 0. 0. (o] 0. 0. (o]
entrainment rate at sach branch (kg/s)
rate 0. . . 0. 0. 0. 0. o 0. 0
0. 0. .. 0. 0. 0. o 0. (o)
species no. 2 total rad part
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specie nodal mass fraction

frac. ) 0. - 0.
0. - 0.
0. 0.

specie nodal concentration (kg/ms+3)

conc. . 0. L 4 0.
. 0. 0.
0. 0.

specie branch flux (kg/sec)

df Yux o. 0.
o. 0.

specie lntegrgtedvbranch flux (kg)

1n§.mass ' 0. 0.
0. (o]

front filter mass (kg)

fil.mass 0.

back filter mass (kg)

© fil.mass . 0. .

total specie mass on filters ;: O.
airborn mass (kg)
air mass 0.

0.
o.

jeXeNe]

total spectie airborn mass : O.

specie mé$§ on duct wall (kg)

© mass ‘ 0. 0.

0. 0.
deposition rate at each branch (kg/s)

rate 0. 0.
0. 0.

entrainment rate at each branch (kg/s)

rate -0, 0.
' 0. g 0.

specie nodal mass fraction

frac. . 0.
0.
0.

ooo

oo

species no.

3

o0

[« X o]

oo

[oFe

°o

oo

oo

rad part

[oX =]

o0

o0

o0

oo

oo

oo

o0

oo

oo

o0

eo
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specie nodal concengretioﬁ (kg/m++3)

conc. ” 0. . 0. 0. 0. 0. - 0. 0. 0.
N N : . 0. o. o 0. 0. 0. o.
o. . 0. : g , .
specie branch fﬁux (kg/sec) .
df tux 0. T ol o, 0. 0. 0. 0. 0.
0. C o, . o, 0 0. 0. 0. 0.
specie integrated branch Flui“(kg)
int.mass 0. o, 0. 0. ' o. . o. 0. 0.
0. : 0. 0. o. : 0. 0. 0. 0.
front filter mass.(kg) '
“f£i1.mass © o,
_back filter mass (kg)
fil.mass ‘0.
tota! specie mass on filters.; O.
airborn mass (kg) : :
air mass 0. C 0. 0 0 0. 0. 0 0
o ’ 0. - Y 0. (o] (o] 0. 0. [o] (o]
» 0. 0. ‘
total specﬂe'airborh mass ;‘O.
.specfe mass on duct wa)f (kg)
mass SR o RV 0. ) 0. 0. 0. 0. . 0. 0.
0. 0. 0. - 0. . o. : 0. 0. 0.
deposﬁtloﬁ rate at each branch (kg/s) y
rate . 0. o. 0. 0. 0. 0 0. 0.
: : 0. o. . o. 0. 0. 0 0. 0.
entrainment rate at each. branch (kg/s$ .
rate . . o. .. % o)  o. 0. 0. o 0 o.-
o] ’ 0. 0. 0. _0. (o] 0 0.
species no. 4 rad part .2
specie nodal mass.fractlon
frac. . 0.~ 7 o. 0. 0. 0. 0. 0. .. o.
" o.. 0. 0. 0. o. 0. 0. - o..
0 ¥ o... . o : B
specie nodal concentration'(kg/m*'a)
conc. o 0. 0. o. " o. - .0. 0. .ol
. 0. - 0. -~ o. o. 0. S o. 0. or
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0. 0.
specie branch flux (kg/sec)

df lux 0. 0.
0. 0.

specie integrated branch flux (kg)

int.mass 0. 0.
0. 0.

front filter mass (kg)
fil . mass . 0.

back filter mass (kg)
fil.mass 0.

total specie mass on filters ;0.
airborn mass (kg)
air mass 0.

0.
0.

o090

total specie airborn mass ; O.
specie mass on duct wall (kg)

mass - : 0. 0.
0. 0.

deposition rate at each branch (kg/s)

rate 0. 0.
: : 0. 0.

entrainment rate at each branch (kg/s)

" rate 0. 0.

0. 0.

specie nodal mass fraction

frac. ) 0. . 0.
0. 0.
0. 0.

specie nodal concentration (kg/m++3)

conc. 0. 0.
- 0. . 0.
0. ] 0.

specie branch f[ﬁx (kg/sec)

df Tux 0. 0.

00

Qo

species no.

(o] o]

5

00

rad part

o0

o0

°co

o0

o0

[oXo]

oo

oo

o0

oo

o0

o0

00

o0

[oXe]
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0. 0. 0. 0. 0. o 0. -~ o.
specie integrated branch flux (kg) U
int.mass - 0. 0. . o. 0. 0. 0. 0. 0.
0. 0. 0. 0. . . . 0. 0.
froﬁt fi1ter mass. (kg) -
f11.hass - o 0.
back filter mass (kg)

£11.mass 0.

total specie mass on filters ; O.

airborn mass (kg)- e
air mass 0. 0. 0., 0. o} 0. 0 o
o 0. O.s [o] 0. (o] 0. (o] (o]
0. Q.
total specie a(rbprn mass ; O.
specie mass on duct wall (kg)
mass ) o. .. 0. 0. 0. 0. 0. 0. 0.
: 0. 0. 0. - o. 0. 0. . 0. 0.
deposition rate at each branch (kg/s)
rate 0. .o 0. 0. 0. 0. 0. 0.
’ 0. 0. 0. 0. 0. 0. 0. 0.
entrainment rate at each b;éqch (kg/s)
rate °. 0. 0 ) 0. 0 ) o
0. 0. [o] (o] 0. (o] (o] (o]
species no. 6 rad part .6
specie nodal mass fraction
frac. 0. 0. [o] (o] 0. o] 0. (o]
0. 0. o. o. - o. o. o. )
0. . 0. o . : .
specie nodal concentration (kg/mtta)
conc. 0. 0. 0o o) . 0. (o] 0. (o]
’ 0. 0. [o] o [ (o] 0. [o]
0. .o
specie branch flux (ké/secfv
df Tux 0. . 0. 0. 0. 0. ~o. °. o.
O. 0. 0. ' 0. 0. 0. 0. O
specie {ntegrated branch flux (kg)
Int.mass 0. ' 0. ‘ 0. 0. 0. 0. . 0. 0.




0. 0. . 0. 0.

v§e

frdnttfllter mass (kg)

F1) . mass 0.

back filter mass (kg)

f£11.mass | . 0.

total specie mass onAfilteEst: 0.

airborn mass (kg)

air masé : . 0. 0. (o) 0
' - 0. ‘0. o} (o]
[0. 0.

_tota! specie airborn mass ; O.
spacie mass on duct wall (kg)
mass 0. 0. - 0. - 0.

) 0. 0. . 0. 0.

depos(t{bh rate at each branch (kg/s)
rate 0. 0. 0. 0.
0. . 0. 0. 0.

“entrainment rate at each branch (kg/s)

rate 0. fp. . 0. 0.
0. 0. 0. 0.
species no. 7 rad part
specie noaél mass fraction
frac. . o. ‘o. 0. 0.
" 0. - 0. 0. 0.
0. o.
specie nodal concentration (kg/m*+3)
conc. - - 0. 0. 0. o
S .0 --0. 0. o
0. 0.
specte branch flux (kg/sec)

" dflux 0. 0. - [ 0.
. £ 0. 0. 0. 0.
spec!e‘integrated branch flux (kg): v
int.mass; c 0L . 0. 0. 0.

0. 0. 0. . 0.
front filter mass'(kg) '

fil_mass 0.

QO

[o]e]

oo

o0

Q9
oo

oo

o9
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back filter mass (kg)-
£11._mass : [o .
total specie mass on filters ; O.

airborn mass (kg)

air mass, - 0. o [o] 0. 0. (o) (o 0
0..- o (o] 0. . 0. (o] (o] o
0. o
fota! specte airborn mass ; O.
specie mass on duct wall (kg)
mass 0. o 0. 0. o 0. 0. 0 '
0. . 0. 0.. 0. o 0. 0. )
deposition rate at eacﬁ branch (kg/s) )
_rate 0. 0. 0. 0. 0. o, 0. 0.
. 0. 0. ‘ 0. 0. 0. 0.’ 0. 0.
entrainment rate at each branch (kg/s) v '
rate o. 0. - 0. 0. 0. - 0. ) ‘0.
‘0 0. 0. 0. 0. - 0. ) 0.
. ’ ) species no. B8 rad part 1.
specie nodal mass_fract{on : ' ’ ’
frac. ' T o. T o 0. 0. 0. 0. 0. 0.
0. . . 0. - 0. - 0. 0. - : 0. 0.. 0.
0. s 0. - L
speéié nodal! concentration (kg/htts)
conc. o. .- o 0. o 0. 0. o. 0.
0. -~ 0. - o 0. . o. 0. - 0. _ .0.
o. . . . o ' : : : B
specie branch flux (kg/sec) »
df Tux 0. 0. 0. . o ~ 0. 0. 0. 0.
- .o, ©o0. . 0. 0. 0. 0. - o. 0. ..
specie integrated branch flux (kgi T
int.mass - 0. 0. = . 0. - o. 6. ‘0.
: 0. o.. . 0. 0. 0. 0. 0.

front fiilter mass (kg)
fi1.mass 0.

back . filter mass (kg)

'fiiimass 0.

BN
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total specie mass on filters ; O.

atrborn mass (kg)
air mass 0.

0.

0.
0. - 0.
(o)

total spectie airborn mass : O.

specie mass on duct watll (kg)

mass 0.
- 0.

deposition rate at each branch (kg/s)

rate 0.
. 0.

entrainment rate at each branch (kg/s)

rate ) 0.
0.

specie nodal mass fraction

frac. 0.
0.
0.

specie nodal concentration (kg/m*+3)

conc. 0.
0.
0.

specie branch flux (kg/sec)

df Tux 0.
0.

specie integrated branch flux (kg)

tnt.mass 0.
. 0.

front.-filter mass (kg)
fil.mass 0.

back f1lter mass (kg)
fil.mass 0.

totatl specie mass on filters
airborn mass (kg)

air mass 0.

0.
0.

0.
0.

0.
0.

0.
0.
- 0.

0.
0.
0.

0.
0.

0.
0.

oo

oo

species no.

o0

oo

9\

oo

o0

ee

e9

eo°

oo

[o e

o9

rad part 1.5

o0

o9

QO

[oXe

o0

oo

oo

e9

- 99

oo

[o X

oo

oo

o0
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0. 0.
0. . 0.

total specie airborn mass ; O.
specie mass on duct wall (kg)

mass 0. 0.
0. 0.

deposition rate at each branch (kg/s)

rate o, 0.
. . o. 0.

.entrainment rate at each branch (kg/s)

rate . 0. 0.
0. 0.

épecie nodal! mass fraction

frac. O; : ) 0.
0. . 0.
< 0. 0.

specie nodal concentration (kg/mtfa)

conc. ' 0. - 0.
: _o. S o
0. 0.

specie branch flux (kg/sec)

af lux. 0. " 0.
: : 0. 0.:

specie integrated branch flux'(kg)

int.mass 0. . 0.
0. 0.

front filter mass (kg)

fil _mass 0.

' back filter mass (xg)

f11 .mass 0.
total specie mass on filters ; O.
airborn mass (kg)

air m;ss_ 0:

Lo
0.

ooo

total specié atrborn mass ; O.

[o o]

species no. 10

00

o0

°0o

o0

o0

90

oo

oo

- rad part 1.9

0.
0.

oo

o0

°o -

00

(oo}

oo

©eo

o0

oo

oo

Qo

o0

o0

o0

QO

0.
0.
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speéie mass on duct wall (kg)

o0

o0

mass 0. 0. 0. 0.. 0.
. 0. 0. (8 0. 0.
deposition rate at each branch (kg/s)
rate . 0. 0. 0 0. 0.
0. 0. o] 0. 0,
entrainment rate at each_bfanch (kg/s)
rate [o 8 0. 0. (o} 0.
0. 0. 0. (o] 0.
_ species no. 11 rad part 8.
§pecie'nodal mass fraction '
frac. - o, - 0. 0. o0 0.
0. . 0. 0. 0. 0.
0. : 0.
specie nodal concentratioh (kg/m*+3)
conc. . 0. 0. 0. 0. 0.
c0. 0. o. o] 0.
0. 0.
specie branch flux (kg/sec) B
df Tux E 0. 0. 0. o 0.
[ 0. 0. 0. (o] 0.
specie integrated branch flux (kg)
int.mass 0. 0. 0. 0. 0.
0. (o] 0. -0, 0.
front filter mass  (kg)
fil.mass 0.
back filter mass (kg)
fi1.mass 0.
”3totél specie mass on filters : O.
" atrborn mass (xg) .
air mass _d; 0. o 0. 0.
: B o ¥ 0. [o] - 0. 0.
0. o.

total specie airborn mass ; b.
specie mass on duct wall (kg)

mass ' 0. ’ 0.
0. 0.

[eXe}
[]
[+]

o0

Qo
oo

oo
QQ

o0
[eNe]

o0
[eNe}
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E régg . 0.

deposition rate at eﬁch“bfbﬁéﬁ}(kg/s)

B U S e el mL e
entrainment rate at each branch (kg/s)

Crate o.” . o
) Co- o. - - 0.
spe¢|e nodaf’mass fraction
frac. L 0. - .O,
: . 0. 0. .
- . 0. . : 0.

specie nodal concentration (kg/me+3)

conc. 0.

; i 0.

_ - . -0
specte branch f#ui (kg/sec)

dflux . .. 0. S 0.

o 0. 0.

specie Integrated branch flux (kg)

tnt.mass 0. . 0.
0. 0.

fFont.f;lter masé-(kg)
F;l.mass ‘ 0.
back filter méss (kgi
Fil.m;ss 0.
total specie mass on f!ltersnﬁio.

airbérn mass (kg)

air mass 0. 0.
. 0. 0.
0. AOQ

total specie airborn mass ; O.
specie mass on duct wall (kg)

mass » 0. 0. -
0. 0. -

deposition rate at each branch (kg/s)

r;fé » 0. d.
. 0. 0.

oo

. species no. {2

Q0

[o )]

0. o
0. o
0. 0.
0. Co

rad part 15.

o 0.
o.
0. 0.
0. o.
0. "~ o.
0. o.
0. 0.
0. 0.
o o
o o
0. 0.
o. ‘0.
0. 0.
0. 0.

[oXo]

oo

0.
0.
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entrainment rate at each branch (kg/s)

rate 0. 0. " 0. 0 0. (] [s) 0.
0. 0. - 0. [o) 0. [o] (o] 0.
species no. 13 rad part gg.
specle hoda! mass fraction
frac. 0. 0. 0. 0. - 0. 0. 0. 0.
0. 0. o. 0. 0. o. o. 0.
0. 0. :
specie nodal concentration (kg/me+3)
conc.. - 0. 0. 0. 0. 0. 0. 0. 0.
- 0. 0. 0. 0. o. 0. 0. 0.
0. 0.
specte branch flux (kg/sec)
df Tux 0. 0. o] 0. (o] 0. o] 0.
0. 0. 0 0. o o. o o.
specie integrated branch flux (kg)
int. mass 0. ‘0. . 0. 0. 0. o o. o.
0. 0. : 0. 0. 0. o] 0. 0.
front filter mass (kg)
£11. mass o.
back filter mass (kg)
£11_mass 0.
total specte méss on filters ; O.
atrborn mass (kg)
atr mass 0. 0. o] (o] 0. 0. (o] 0.
0. 0. - 0 (o] 0. o [¢] o.
0. " 0.
‘total specie airborn mass : O.
specie ma§§ on duct watll (kg)
mass 0. 0. . 0. 0. o (o 0. 0.
0. . 0. 0. 0. o] (o] 0. 0.
deposition rate at each‘branch (kg/s)
" rate 0. 0. . 0. o 0 0. o 0
0. - o. .o o o 0. o 0
entrainment rate at each branch (kg/s) .
rate 0. . o. 0. 0. o 0. 0. o
0. o] 0. 0. (o]

0. - 0. " o.




dett = 1.00e-03"
steady state results_m

totttttto000.0'00.0ttt.0Cto'it‘.t.ttiO.t"‘tt.ttt.t“tttO“““.i.“tt'i‘ittt.‘tt.“ttt..’ﬁtt"t

Yime = 0

i"t.'.'.‘i.itt‘ 'it't"."t‘i‘ﬁ‘ i't“‘.O’ﬁ"“'ﬂttﬁ‘tttt‘tlt“.*‘.t...ﬁ.“""‘..t“'*‘..O“O.‘tttttt'.ttt.tt.t.‘.

branch 'vol flov

(m-ta/s) (kg/s)

1 5.296e701 n6:5359 015‘
2 5.296e-01 6.535e-01
"3 5.296e-01. 6.532e-01 -
4 5.286e-01 6.521e-0f
5 . 5.286e-04--. 6.520e-0t
6 © $5.287e-01 6.522e-01
7. 5.290e-01 :6.5266-01 .
8 5:294e-01 6.530e-01
9 »5.298e-04 6.535e-01
10 - '~ 5.301e-01 6:538e-01
11 5.302e- 01. ..6.539%9e-01
12 . 5.299e-01: 6:536e-01" "
13 - §.298e-01 6.533e- Lo}
14 5.299e-01 6.516e-01
15 '5.292e-01 - 6.508e-01".
16 5.268e-01 6.502e-01

node data’
node - t
: (pa) k)
- . 1.01359405 2.865e+02
2 1.01340+405 - 2.865e+02
"3 1.0131e+05 ~ 2.865e+02
4 1.0131e405 . 2.865e+02.
5 1.0131e405 2.865e+02
6 1.01316405 ~ 2.865e+02
7. 1.0131e405  2.865e+02
8 - 1.0131e+05.: 2.865e+02
9° - 1.0131e+05 .2.865e+02.
10 {1,0131e+05 . 72, 865e+02"
S 1.0131e+05 2.865e+02
127 1.0130e4+0% . 2.865e+02
13 1.0130e+05 .2.B65e+02
14 1.0130e+05.. "2.865e+02
15 1.0105e+05 2.865e402 .
16 1.0099e+05:" 2.865e+02. °
17 . 1.0139e+05 2.865e+02
18 1.0135e+05 2

f'delt -

branch data

. S new . t!me doma!n reached
tend 3 009400

'mass Flow;'

"1.214e+00

'1.212e+00

-1.213e+00..
. 214e+00
-.1.215@+00 -

AL 2159+OO

7:260e+00.

- s sk ks b - b > = b -

.865e+02"

grfint = 0.

-

edint = 1.00e+00

.t"i“f..t."" .“.‘.‘ )

‘f44h lgtot 1ptot . .cpu. time = 1. 969,00

ytoct,

velocity

1.2140+00.
1.2120400°

1.212e+00°

1.:216e+00,.
1. 2158+OO

7.262e+00°
7.253e+00
7.220e+00

I

- rho .
(kg/m++3)
. 234400
.234e+00 -
.233e+00
.233e+00
.234e+00
~23464+00
.234e+00
.234e+00 -
234e+400 _
.233e400
.233e4+00: .
.233e+00. -
.233e4+00 .
.233e4+00.
5230e+00 : )
;‘2309.4’00_:.'1_? ’ ~ o
1.234e+00 : SRR
1.234e04+00,

T . -
L
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branch . ‘tavg

heat transfer information

qQaq

3 . 2.865e+02 1.393e-02

wall teﬁperatures

branch tavg

4 2.865e+02

walil tempeﬁaturés

'branch>.- fébg

5 2.865e+02
wall temberatures

branch : tavg

6 2.865e+02

wall temperatures
branch- .ﬁiévg

7  2.865e+02

wall témpefatures

branchi_ tfévg
8 _3[3659405
waltl témpéﬁatures
braﬁch\ » éavg .
9  2.865e+02
wail tempetétures

branch tavg

10 2.865e+02

wall tempéfétures
brénch tavg

11 2.865e+02

wall temperatures

branch tavg

12 2.865e+02  7.235€-02 _

(k)

qqq

© 2.571e-01

(k)

. qaq

3.963e-01

)
qaq

3.906e-01

(%)

Qqa

" 3.393e-01
k)

aaq
2.815e-04

(%)
 .quq

 2.257e-01

(k)

_aaq
}.7249-0!
(k)

- qaq

1.212e-01

(k)

qaq

2.

2.

2.

2

2

2

2.

2.

2

hco
-5.943e-03
865e+02

hco
-1.226€-02
865e+02

hco

-1.366e-02

865e+02

hco

-1.360e~02

.865e+02

hco

~1.311e-02

.865e+02

+.hco

-1.24%9e-02

.865e+02

‘hco
-1.181e-02
865e+02

hCO

-1.103e-02

865e+02
7 heo

-1.010e-02

.865e+02

hco

-8.908e-03

qco

qco

qco

qco

qco

qco

qco

qco

qco

qco

qr6

Toqro

qro

qro

qro

qro

qro

qro

qu

qro

w

hci

.592e+00

hei

.578e+00

hei

.577e+00

hcf

.578e+00

hci

.581e+00

hct

.584e+00

het

.586e+00

" het

.588e+00

" hei

.588e+00.

he

.586e+00

-

qel

.057e-02

qct

.949e-01

qci

.004e-01

qci

.962e-01

. qct

.572e-01

acl -
. 135e-01

qci

.712e-01

qci

.308e-01

qci

.. 196e-02

qci’

.487e-02

qri

. 363e-03

qri

.217e-02

qri

.584e-02

qri

.446e-02

qri

.202e-02

dri'

.803e-02

art

.452e-02

o ari

. 163e-02

art.
.928e-02

qri

.748e-02

ryn

.499e+04

ryn

.481e+04

ryn

.481e+04

ryn

.482e+04

ryn

5. 485e+04

ﬁyp'

.489e+04

ryn

.492e+04

fyn

495404

ryn

.495e+04

ryn 

.492e+04



wall tempérafgfes (k) 2.865€+02

branch ta&ﬁ qaq hco qco ‘aro het act - qfi “ryn
14 2.865e+03  2.8486+00 -2.974e-02 0. 0. - 2.717e401  2.673e+00  1.751e-01  1.509e+05
“wall temperatures (k); 218659462 T ' N ’ o L . . )

CEEI LI IELRESIETERIIIRIEILIGEESSIrssvesness pDarticulate SPECie CAta + #4022 80400t s 0ttt st ettt d bttt bt ttsttttdtsaidtns

spec}es ho. 1 smoke
specie nodal mass fﬁéq;}on . .
- frac. 0 ‘0. o 0. (o] o 0.
0. 0. (o] 0. (o] (o] " 0.
o.
specie nodal concentration (kg/me+3) " o .
conc. - 0. . o. . 0. 0. 0. 0. o] . 0.
40, 0. ] 0. 0. o. 0. o] 0.
T :
specie branch flux (kg/sec) .
“df Tux : ‘0. - S0, ) 0 0. 0 °. 0
. 0 0. _ o] (o] 0. (o} 0 0
specie intégrated branch flux (kg) o f_ ;‘
int.mass T o. ool 0. o. 0. 0. 0. 0
’ S 0. : 0. 0. 0. 0. 0. 0
“front fiite#iﬁass (xg) -
£11 . mass o ToJ
back filter mass (kg) .
fil. mass 0 PR L . _ T ‘ : 3 ‘
total specie maés 6n filters : O.
airborn mass (kg) i
aif mass 0. C 0. : 0. - 0. 0. ' 0. 0. 0.
o. . - 0. S o. 0. : 0. . o. 0.
0. (o] . ’ '
total specie airborn fmass : O.
specie mass on duct wall (kg)
mass o. 0. - 0. o. 0. 0. 0. 0.
. 0. “0. 0. T B ¢ 0. . 0. 0. 0.
deposition rate at each branch (kg/s)
r rate o T o, o. o, . 0. o 0. - 0. 0.
AN ‘ 0. : 0. 0. o- 0. - 0. 0. S oon
w S . v :
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entratnment rate at each branch (kg/s)

rate 0. 0.
0. 0.

specie nodal mass fraction

frac. 0. 0.
' 0. 0.

0. 0.

specie nodal concentration (kg/m++3)

conc, 0. 0.
. 0. 0.
0. 0.

specie branch flux (kg/sec)

df Tux . 0. - 0.
v 0. 0.

specie integrated branch flux (kg)

int.mass 0. 0.
' ’ 0. 0.

front filter mass (kg)
fFil.mass 0.
back filter mass (kg)

fil.mass 0.

_total specie mass on filters ; O.

airborn mass (kg)

air mass 0.
0.
0.

000

total specie airborn mass : O.
specie mass on duct wall (kg)

mass 0. 0.
0. ’ 0.

deposition rate at each branch (kg/s)

rate 0. 0.
0. 0.

entrainment rate at each branch (kg/s)

rate 0. 0.
0. 0.

species no.

°o

o9

oo

oo

2

o0

total r~ad part

0.
(o)

°9

oo

oo

[ R

[eXe

°9°

oo

oo

00

o0

eo

°°

oo

oo

o0

oo

[oXo]
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rate : o. . 0.
- 0.

specie nodal mass fraction

frac. 0. 0.
‘0. 0.
o. - 0.

specie nodal concentration (kg/me«3)

conc. 0. ' 0.
0. T 0.

0. - 0. -
specie branch flux (kg/sec)’

df Tux 0. 0.
0. 0.

specie integrated branch flux (kg)

int.mass 0. R 0.
- 0. -0

front filter mass (kg)

filt.mass : 0.

back filter mass (kg)

fi1 _mass 0.

total specie mass on filters ; O.

airborn mass (kg)

air mass B+ B 0.
0. 0.
0. Lo}

total specie airborn mass : O.

specie mass on duct wall (kg)

mass 0. 0.
0. 0.

deposttion rate at each branch (kg/s)

rate 0. - [0
0. : 0.

entrainment rate at each branch (kg/s)

0.

species no.

[e Xo!

[o X o]

oo

Qo0

Qo0

o0

species no.

3

4

o0 oo

o0

rad part

rad part

[oXe]

oo

o0

oo

.OfD

[o Yo}

0o 0o -

oo

[ Xe]

oo

o0

o0

[oXe}



992

" frac. 0.

specie nodal mass fraction

frac. - 0. 0.
0. 0.
0. 0.

specie nodal concentration (kg/mvs+3)

conc. 0. 0.
0. 0.
0. 0.

specie branch flux (kg/sec)

df lux 0. B ‘0.
’ 0. (o]

specie integrated branch flux (kg)

int.mass 0. 0.
0. . 0.

front filter mass (kg)”

£11.mass 0.

“back filter mass (kg)'

fil.mass 0.

total specie mass on filters ; O.

airborn mass (kg)

air mass .. 0. : 0.
0. 0.
0. o

total! specie alrborn mass ; O.

specie mass on duct wall (kg)

mass 0: 0.
o. 0.

deposition rate at each branch (kg/s)

rate o. 0.
0.« 0.

entrainment rate at each branch (kgls)

rate 0. Q.
: : 0. 0.:

specie nodal mass fraction

O.
0.

ec0

o0

species no.

S

o0

o0

rad part

o0

oo

eo

oo

o0

o0

00

oo

o0

oo

o0

[oXe]

oo

oo



T spec!e nodal concentrat'on (kg/mtta)

',”conc

'fspecie branch Flux (kg/sec)

. fdflux

specle.integrated branch flux (kg)

o int. mass

oc

. front filter mass (kg)

" FH1 mass ;' _: 0.

back fl!ter mass (kg)

,totai spec!e mass on filters O,

_alrborn mass (kg)

air mass O.’

[o]
‘000

lrtotal specie a!rborn mass ;0.7

~’specie mass on duct wall (kg) .

oo

oo

' entralnment rat

rate

oo

species no. .6  rad part .6

specie nodal mass fraétion

“frac. - .. T

.. Specie nodal concentration (kg/mvs+3)

C.conc.

09

)
=Y

0.
0.

o
o

_p@yf”

oo . "




89¢"

0. 0.

specte branch flux (kg/sec)

df Tux 0. 0.

0. 0.
specte integrated branch flux (kg)

int.mass 0. 0.
0. . 0.

front filter mass (kg)

fil.mass 0.
back f1|ter‘mass (kg)
fil.mass _,0.
total specie mass on ?1l}ers H O;
airborn mass (kg)
air mass 0.

0.
0.

[oNeNo]

total specie airborn mass ; O.

specie mass on duct wall (kg)

mass 0. O.

o. 0.

deposition rate at each branch (kg/s)

rate 0. 0.
0. 0.

entrainment rate at each branch (xg/s)

rate 0. 0.
S 0. 0.

specte nodal mass fraction

frac. - 0. 0.
-; 0. 0.
0. 0.

specie nodal concentration (kg/m»+3)

conc. 0. . 0.

0. : 0.
0. 0.

specie branch flux (kg/sec)

df Tux 0. 0.

o0

00

Q0o

oo

oo

oo

species no.

7

oo

00

o0

rad part

oo

99

o0

eo

o0

o0

o Q

00

00

090

o0

°9
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v, 0. ' 0.

specie {integrated branch flux (kg)

int.mass o. 0. 0.
’ 0. - 0. 0.
front filter mass (kg)
f1).mass 0.
pack filter mass (kg}
fil._mass 0.
total! specie mass on filters : O.
airborn mass (kg)
air mass . 0. 0.
: 0. 0.
0. 0.
total specie airborn mass ; O.
specie mass on duct wall (kg)
mass . 0. 0. 0.
’ o. 0. 0.
deposition rate at each branch (kg/s)
rate 0. . 0.
0. - 0.
entrainment rate at each branch (kg/s)
rate i 0. 0. - 0.
. 0 0. . 0.

species no.

specte nodal mass fraction

frac. 0. . 0. 0.
. .0~ : 0. o..
0. : 0.

_specie nodal concentration (kg/me+3)

conc. . .- 0. 0. 0.
0. 0. 0.
0. 0.

specie branch flux (kg/sec)

df lux . 0. 0. 0.

‘ 0. 0. 0.
spéc(n integrated branch filux (kg)
int,maés‘ 0. ’ 0. 0.

oo

Q0o

8

oo

o0

rad part 1.

Qo

oo

oo

o0

oo

oo

00 s

Q9

159

o0

Qo0

[oXe]

oo



0L¢

- air mass 0.

0. 0.
front filter mass (kg)
fil.mass 0.
back filter mass (kg)
£11.mass 0.
total specie mass on filters ; O.
airborn mass (kg) '

0.
0.

000

total specie airborn ﬁass : 0.
specie mass on duct wall (kg)

mass 0. . 0.
0. 0.

dépos!tion rate at each branch (kg/s)

rate 0. 0.
0. 0.

enfrainﬁen§ rate at each branch (kg/s)

rate 0. 0.
0. 0.

specie nodal mass fraction

fracl 0. 0.
0. e
0. 0.

speéle nodal concentration (kg/m+*+3)-

conc. 0. ' 0.
0. 0.
0. . - - O.

specie branch flux (kg/sec)

df lux . 0. 0.
’ 0. 0.

spacie {ntegrated branch flux (kg)

int _mass 0. 0.
0. (o]

front filttar mass (kg)

£11.mass - 0.

oo

o0

oo

species no.

oo

9

o0

00

[oXo]

o0

o0

rad part ﬂ.5

Q.
0.

Qo0

oo

o0

oo

Qo

o0

°0

oo

°o

o0

o0

oo

o0



back ftlter mass (kg)
f{1.mass 0.
{ota! épecle mass on filters ;7 0.

airborn mass (kg)

air mass V . 0. 0 o 0. [o] 0. (o) (o)
- 0. 0 0 0. 0 0. o o
B 0. 0
total specie airborn mass : 0.
sbeqie mass on duct wall (kg)
mass 0. : o 0.° 0. . 0. : 0. 0. ' 0.
T SoL 0. . . o. 0. - 0. 0. 0. 0.
_qepositioh rate at each branch (kg/s)
rate 0. - o - o ~o. - o. 0. 0. 0.
o ’ 0. _ 0. 0. 0. 0. 0. . 0. 0.
entrainment rate at each branch (kg/é) .
rate 0. o. ' 0. 0. , 0. 0. o 0
: 0. 0. o 0. o o. 0. o
i _ species no. 10 rad part 1.9 ‘ e
specte noda!lmaés fraction
frac. - 0. , 0. o. 0. o 0. 0. 0.
0. 0. 0. 0. [o] 0. © 0. 0.
0. 0. :
specie nodal concentration (kg/mes3) _
conc.. 0. 0. 0. 0. - o. 0. 0. " o.
o.. 0. .. 0. 0. . o. o o. 0.
o D ’ 0.
specié branch flux (kg/seé),
df 1ux ol o, o 0 o 0. 0 0
0. ' : 0. (o} o o] [« 8 (o] (o]

_specie tntegrated branch flux (kg)

int.mass o. . . 0.
0. -0

[sXe)
.OO
Qo
00
[eXe]
QO

front filter mass (kg)
fiv.mass - 0.

back filter mass (kg)

1z

£i1.mass O.




N total specie mass on filters ; O.
<
™~ airborn mass (kg)
air mass 0. 0. 0. 0. 0. 0.
. 0. 0. 0. 0. 0. 0.
0. [o] ’ .
total) specie airborn mass ; O.
' specie mass on duct wall (kg)
mass . 0.. 0. 0. . Q. 0. 0.
0. : 0. 0. . 0. 0. (o]
deposition rate at each branch (kg/s)“
rate Y s 0. 0. ) 0. 0.
’ 0. 0. 0. (o] 0. 0.
entrainment rate at each branch (kg/s)
rate 0. 0. o. o. 0. 0.
0. 0. 0. 0. 0. 0.
species no. {t rad part 8.
specie nodal mass fraction
frac. . 0. - 0. 0. 0. (o] 0.
0. 0. 0. 0. o 0.
o. o.
specie nodal concentration (kg/m++3)
conc. - 0. 0. 0. 0. 0. 0.
- 0. 0. . o. 0. 0. 0.
0. 0.
specie branch flux (kg/sec)
df lux 0. 0. ‘0. o. o. o..
- T < 0. o. - 0 o.
specie integrated branch flux (kg)
int.mass ‘0. 0. 0. 0. 0. 0.
) 0. . 0. . 0. 0. o 0. 0.

j'front filteé mass (kg)
fil.masg . 0.
back _f_ijter masé (xg).
fdl.masé 0.
fot;ivspecle mass on‘Flltefs K 0.

fw . ) airboqn mass (kg)

atr mass 0.+ 0. 0. . 0. ’ 0. 0.’

~

°°

oo

oo

e0
oo

°e9°
ee



€L

[ 0.
0. 0.
‘total specie airborn mass ; O.

specie mass on duct wall (kg)

mass O. 0.
0. 0.

deposition rate at each branch (kg/s)

‘rate - . V -0, 0.

0. . o.
entrainment rate at each branch (kg/s)

rate 0. 0.
: : o. - O.

specie nodal mass fraction

frac. 0. . 0.
S 0. - 0.
0. 0.

specie nodal concentration (kg/m+v+3)

conc. a 0. i 0.
. 0. 0.
0. - 0.

specie branch flux (kg/sec)

df Tux - 0. 0.
0. 0.

specie integrated branch flux (kg)

int.mass 0. 0.
0. (o]

front filter mass (kg)
£11.mass 0.
back filter mass (k«g)

fi1.mass 0.

‘total specie mass on filters : O.

airborn mass (kg)

air mass 0.
0.
0.

ooo

total specie airborn mass ; 0.

Qo

o0

species no.

o0

oo

12

oo oo

oo

oo

oo

o0

oo oo

oo

rad pari 15.

o0

o0

oo

00

[o}e]

o0

00

°9

o0

oo

eQ

o0

o0

oo

[o Jo]

o0

00



w2

specie mass on duct wall (xg)

oo

mass 0. 0. 0. [o 8 0.
0. 0. 0. 0. (o
deposition rate at each branch (kg/s)
rate : O. 0. ' o 0. 0.
. 0. ) 0. [¢] 0. 0.
entrainment rate at each branch (kg/s)
rate 0. ] 0. o 0. 0.
- 0. 0. (o] 0. 0.
species no. 13 rad part 20.
specie nodal mass fraction
frac. ] 0. 0. " o. (o] 0.
0. ’ 0. 0. (o] 0.
0. : 0.
specte nodal concentration (kg/me+3)
conc. E 0. 0. 0. o 0.
0O. 0. 0. (o] 0.
0. 0.
specie branch flux (kg/sec)
dftux - o. ' 0. 0. o 0.
0. 0. 0. (o) 0.
specie integrated branch flux (kg)
int.mass . 0. 0. 0. 0. 0.
: ’ 0. 0. 0. 0. ) 0.
front filter mass (kg)
F!i.mass . 0.
back filter mass (kg)
fil.mass 0.
totat specié mass on filters ; O.
airborn mass (kg)
air mass O. (o] 0. 0. (o]
0. (o] 0. 0. (o)
0. (o]
total specie airborn mass ; O.
specie mass on duct wall (kg)
mass o, 0. 0. 0. 0.
: o. 0. 0 0. (o]

oo
oo

o0

o0
oo

o0 o0

Qo

Q0

oo
Qo0



a2

déb§§|t16h réte at each branch {kg/s)

rate ) o T el 0. o [ “o. o o]
o 0. 0. 0. 0 0 0. ) o
”entrgﬁﬁmént‘rate 5} each bfanéﬁ-(kg/s)
irate 0. Se0. P 0L 0. 0. . 0. 0. 0.
: o el 0. ool 0. “o. 0. o,

“.“"ii‘i“itt'tttttﬁ‘tt."".“‘C‘tt."t‘t“‘.."t..““..it"“.t't..“‘f".i‘..t...t*i‘“bi*‘ltt'i.tt.tttt't“‘.t.t.‘

end of t!me step cards reached -- normal ‘exit .
'Qf.ti‘tttt.tit'ttOiitttttttﬁ .ttttttti‘ttttt‘itttittttttl’tt‘0tiitt‘itt“ttt‘tttttttti.tttt‘ttttltottttttttttttttttotttt

time’= 9. 9§05é+02‘ delt = 5 OOe 02 . nstep -23481 ktotr =27086 igtot = O iptot = 298699 cpu time = 1, 47e+03_‘

..“‘ti"0.‘0‘v.ttﬁ.t't."*.'.t’it‘t“‘0C*‘..iiti‘i‘tt..i.‘ﬁ..t..*“l“it’.‘t‘iitttti"t.t‘ﬁ‘tit.i‘i.*t.i.‘t“ltittt.t.‘t.

. branéh_patgﬂ~

branch vol. flow- mass flow veloclty

- (m*+3/s). (kg/s) : (M/s) Lo S e
1 © 4.732e-01 s.sage 01  1.085e+00°
2 4.732e-01 5.839%e-01 1.085e+00
3 4.9516é-01° 5.559%9e-01 1. 135e+00 : : .
4 4.947e-01 5.558e-01 ~ 1i134e+00 : A . g
5 - 4.941e-01 5.557e-01"+ 1.133e+00 = : R : T R
6 4.935e-01, 5.556e-01 - 1.132e+00 ,
7 ' -4:929e-01" 5.555e-01 1.130e+00 _
8 4.923e-01 . 5.554e-01 1.129e+00
9 4.916e-01 " " '5.554e-01 1.127e+00
10 4.910e-01 5.553e-01" 1.126e+00
11 4.904e-01 5.552e-01 1.124e+00
12 4.898e-01 - 5.552e-01 1.123e+00
13 4.897e-01 5.551e-01 6.711e+00
14 4.935e-01 5.549e-01 6.763e+00
15 4:949e-014 5.547e-01 6.782e+00
16 4.931e-01 5.546e-01 6.758e+00
node data -
node: P AR “rho
(pa) (k) ] (kg/mtta)
i - 1.0135e+405 2.86%e+402 1.234e+00
2 54.0134e405° 2.865e+02  -1.234e+00
3 1.0132e+05 3.151e402 1.121e+00
4 1.0132e405 3.151e+02 1.121e+00
5 1.0131e+05 3. 14Be+02 1.123e+00
6 1.0131e+05 3.145e4+02 {.124e+00 -
7 1.0131e+05 3.141e+02 1.125e+00
8 1.0130e+05 ' 3. 138e+02 {.126e+00
.9 1.0130e405 3.134e+02 1.127e+00
10- .1.0130e+05;,:~ 3.131e+02. " '1.129e+00
11 1.012%e40% ° 3.127e402. . 1.130e400
12 1.0129e+05 3.123e+02. 1.131e400-:
12 A k<l 1

.0129e+065 .-

. 120e+02 ..

. 13%2e+00




9%z

14 1.0128e+05
15 1.0105e+05
16. 1.0101e+05
17 1.0138e+05
.18 1.0135e+05
branch tavg

3 3.149e+02
wall teﬁpeﬁétures
branch tavg

4- 3.146e+02
wall temperatures
branch . tavg

S 3.]43e+02
wall teméeratures
branch ) ‘tavg

6 3.139e+02
wall temperatures
branch tavg

7 3.136e+02
wall temperatures.
branch ‘ tavg

8 3.132e+02

wall temperatures

" branch tavg

9 3. 128e+02
wall temperatures
branch tavg

10 3. 125e+02
wall temperatures
branch tavg

11 -3.121e+02

. 116e+02
. 116e+02
. 143e+02
. 144e+02
.865e+02

NWWWwWw

. 134e+00
. 131e+00
.12te+00
. 125e400
.234e+00

- . k-

heat transfer information

qaq
'2.3158+0é
kk) . 3.
qqq
-2.352e+02
(k) . 3.

qaq

-2.387e+02

() 3.

aqaq

-2.417e+02

(x) 3.
qaa
-2.440e+02
(k) 3.
qaa
-2.444e+02
) - 3.
qaq
-2.459e+02
(k) 2.
qaq
-2.470e+02
(1) 2.

aaq

- -2.478e4+02

7 hco
3.055€+00
025402
hco
3.030e+00
020e+02
hco
3.004e+00
015e+02
hco
2.978e+00
009e+02
hco
2.953e+00
004e+02
hco
2.933e+00
0009#65
héo
2.909e+00
996e+02
hco
2.885e+00
991e+02
hco

2.861e+00

-1.

-1.

-1

-1

qco

: 266e+02

qco

.213e+02

gco

160e+02

qco

110e+02

qéo

.062e+02

qco

.025e+02

qaco

.821e+01

qco

.408e+01

qco

.01de+01

-6.

-6

-6.

qro

.205e+01

qro

.941e+01

aro

677e+01

qro

.426e+01

qro

187e+01

qro

.999e+01

gro

.781e+01

qro

.572e+01

qro

.371e+01

het

.017e+00

hei

.C18e+00

hci

.016e+00

hel

.014e+00

hei

.012e+00

hci

.010e+00

het

.008e+00

hci

.006e+00

" het

.005e+00

-1

-1

-1

qci

.603e+02

qcl

.631e+02

“qct

.657e+02

. qct

.680e+02

qci

.698e+02

qci

.703e+02

qci

.715e+02

qct

.725e+02

qci

.732e+02

qri

-7.118e+01

art
-7.210e+01

qri
-7.299e+01

qrt
-7.368e+01

qri
-7.422e+01

qri

-7.416e+01

qrd

-7.442e+01

qrt
-7.458e+01

qri

-7.463e+01

ryn

. 366@+04

ryn

.371e+04

ryn

.374e+04

ryn

.377e+04

ryn

.379e+04

ryn

.382e+04

ryn

.385e+04

ryn

.388e+04

ryn

.392e+04



LLe-

- wall temperatures (ki

2.087e+02

branch tayb qqq . heco

aco .

qrd”

" het

qcl

ari

r

yn

12 3.117e+02 -2.482e+02  2.837e+00 -B8.640e+01 -5.179e+01 5.003e+00 -1.736e+02 -7.456e+01  4.395e+04

wall temperétures (k) 2.9832+402

“branch tavg qaq hco

14 3.120e+02 1.454e+03 4. 414e+00

wall temperatures (k) 3.204e+02

qco.

1.091e+03

qro

-4.713e+02

2.439e+01

. het

1.323e+03

qct

1.304e+02

drl

ryn

1.206e+05

CrEdEr RS ESOBARSIIRIRRIIIESRIRRIResebsnees Darticulate specie data I mmnIInImmI MmO ™™

species no.

specie nodal mass fraction

frac. 0. 0.

4.58681e-05 3.08097e-05
3.13915e-09  O.

specie nodal concentration (kg/m*+3)

conc. 0. 0. .
5.17094e-05 3.47719e-05
3.53087e-09 O.

specie branch flux (kg/sec)

df 1ux oo " o. ,

. 1.71108e-05 1.14860e-05

specte integrated branch flux (kg)

-3.60396e-06 -3.17228e-06
2.42867e-02 1.62485e-02

iﬁt.nasg
front filter mass (kg)
f11.mass, 4.aoessé<oa
back filter>mas§;(kg)
fi1._.mass : 63
total specie mass.on filters ;14.807e-03
afirborn mass (kg)
air mass . . 0. 0.

- 1.99665e-05 1.34264e-05

9.79835e-10 O.

total sbec!e atrborn mass :>|.038e-03

specie mass on duct wé!)'(kg)

mass, 0. - o. v

8.03806e-03 5.39854e-03

[SEA)

N W

-

. -

.32871e-04
.06B4 1e-05

.73287e-04
.33705e-05

.85049e-04
.70627e-06

.59534e-01
.08497e-02

.73287e-04
.02401e-06

.37179e-02
.61835e-03

"

3.
.3878%9e-05

1

3.
.56994e-05

1

3.
6.

S.
2.

smoke

32871e-C4

73287e-04

.24590e-04
5.

16764e-06

.75789%e-01
7.

23117e-03

73287e-04
06 198e-06

69816e-02

42034e-03

-

.24168e-04 1

.50882e-04

-30777e-06 6.23883e-06
.51637e-04 1.69545e-04
.05408e-05 7.07348e-06
.38438e-05 5.63958e-05
.46312e-06 1.73537e-09
.18815e-0t 8.01375e-02
.80895e-03 2.40382e-06
.71643e-05 6.54662e-05
.07009e-06 2.73127e-06
.86803e-02 2.62003e-02

3.77453e- 11

-

.01504e-04
.12745e-09

.14!805-04

3.53708e-09

-

.79147e-05
.73815e-09

.39381e-02
|40320e-06

.40883e-05
.36577e-09

.77084e-02

2
9

1
(o]

.82509%9e-05
. 13339e-09

.68578e-05

.51248e-09

.54771e-05
.74095e-09

.62299e-02
.40225¢-06

. 96770e-05

.74731e-10

.19431e-02



deposition rate at each branch (kg/s)

8L¢

rate 6.07779e-05 4.09648e-05 2.75945e-05 1.85793e-05 1.25033e-05 8.41019e-06
' 0.

0. 0. F
5.65410e-06 3.79927e-06 2.55161e-06 1.71278e-06 O. ) 7.54906e-10 O.
entrainment rate at each branch {kg/s)

rate ol 0. 0. 0. : 0.

0. 0. 0.
0. 0. 0. 0. 0. 7.5%5023e-10 O. 0.
specfes no. 2 total rad part
specie nodal mass fraction
frac. . 0. 0. 0. 0. A 0. o. o 0.
‘ o. - 0. 0. : 0. 0. 0. (o] : 0.
L 0.. 0.
specie nodal concentration (kg/ms+3)
conc. A 0.. o. o 0 0. ) 0. 0
0. 0. o] [o] 0. (o] 0. o]
0. . 0.
specie branch Flux’(kg/sec)
df Tux . 0. 0. 0. 0. 0. 0. 0. 0.
0. .. o.. 0. 0. 0. 0. o. 0.
specie integrated branch flux (kg) '
int.mass  O. ol 0. - 0. 0. 0. o 0
. 0. iz 0. 0. 0. 0. 0. (o] (o]
front filter mass (kg)ﬂﬁ ' . '
f{!.mass . 0. )
back filter mass (kg)
fil.mass 0.
total! specie mass on filters ; O.
airborn mass (kg)
air mass o 0, (o] [o] 0. o 0. 0 (o]
- 0. (o} o) 0. o} 0. 0 0.
0. o
total specie airborn mass ; 0.’
specie mass on duct watl (kg)
fass " o. 0. - o. . o. . 0. 0. _ 0. . 0.
' ' 0. 0. » 0. 0. 0: 0. 0 0.
deposition rate at each branch (kg/s) '
rate 0. . 0. " 0. 0. 0. o, - o 0.

0. ' 0. . 0. - " o. 0. o.. . 0. 0.’
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entra!qqeﬁt rate at each branch (xg/s)

.0. 0. 0.

rate 0. 0. 0. 0. 0.
0. 0. : 0. - 0. 0. 0. 0. 0.
spec!es”no. 3 rad part .1

épec'e nodal mass Fraction )
frac. o] ' .83100e-08 9.83'609408 9.81983e-08 9.80857e-08 9.79724e-08 * 9.78583e-08

. : 0. . ,
9.77434e-08 9.76277e-08. 9.75112e-08 9.73938e-08 9.72756e-08 9.71565e-08 4.85186e-11 4:84758e-11
4.84327e-11 O. k : : o o N L : L

(-1 ]

specie nodal concentration (kg/me+3)

.10219e-07 1.10208e-07 1.10199e-07
;101549707 5.48735e- 11 5.436069311

-

conc. 0. 0. . . 1.10226e-07 1.10246e-07  1.10231e-07
1.10191e-07 1.10183e-07 1.10176e-07 1.10169e-07. 1.10162e-07
5.44765e-11 O. o . - :

épecie branch flux (kg/sec) .

0. : 0. . 5.46522e-08 5.45775e-08 5.45055e-08 5.44338e-08 §5.43623¢-08 5.42909e-08
5.42197e-08 5:41487e-08 5.40778e-08 5.40071e-08 5.39306e-08 2.6922fe-11 2.68905e-11 2.68605e-11

R

df Tux

specie integrated branch flux (kg) .

int.mass -8.91080e-12 -7.84346e-12 B.B2546e-06 B8.779660-06 B8.73508e-06 B.GQOGOE-Oé 8.64624e-06 8.60202e-06
8.55795e-06 8.51403e-06 B8.47026e-06 8.42662e-06 B.381Bie-06 4.16849%9e-09 4.15237e-09 4.13626e-09

ﬁronthf!lter mass (kg)

Fi1.mass . 8.37762e-06

back fi1ter ﬁass (kg)

fi;.mass 0.

total specie mass on filters ; 8.378e-06
airborn mass (kg) o Lo s o . e .j o 5 v )
air mass . - (o) 1;102469-07 t. 10246e-07 4.256349‘08 4.25586e-08 4.25545e-08 4.25510e-08

. 0. :
4.25479¢-08 4.25448e-08 4.25420e-08 4.25392e-08 4.25365e-08 4.25337e-08 2.11882e-11 1.50798e- 11
1.51175e-14 0. ... S i S . .

total specle airborn mass : 6.460e-07

specie mass on duct wall (kg) -

-

.00902e-11 1.00683e-11 1.00460e-11 1.00233e-11 1.00002e-11 9.97655e-12

mass o o. - C k
) : 9.95230e-12 9.92752e-12 9.90221e-12 9.87635e-12 .92048e-15 O. . 0.

°
»

.

deposition rate at each branch. (kg/s)

6.268989-14 6.268'22-14 6.20742e- 14 .20682e;‘4 6.20631e-14 6.20587e- 14

rate 0. 0.: ‘ 6
' 6.20542e- 14 6;205009'14 6.20460e- 14 _6.2042]9"4 0. ,4.3759|Ef‘7 0. OT
entrainment rate Sgﬂeach branch (kg/s) o o ’ v ‘ ‘
. rate 0. = 0. 0. ' 0. 0. 0. - o. 0. .

0. 0. 0. o. . 0. o, 0. . 0.
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‘dflux [o]

species no. 4

specte nodal mass fraction

frac. 0. 0.
8.96453e-08 8.95284e-08
4.43791e-11 . O.

specte nodal concentration (kg/m++3)
conc. ; o

. 0.
1.01062e-07 1.01042e-07
4.99170e-11 O.

specie branch flux (kg/sec)

. 0.
4.97216e-08 4.96504e-08
specie integrated branch flux (kg)

int.mass i -4.00986e-12 -3.52956e-12
7.19954e-06 7.15867e-06

front filter mass (kg)

fil.mass 7.03258e-06

back filter mass (kg)

f!!.ﬁass 0.

totél specie mass on filters ; 7.033e-06

airborn mass (kg)Ar

air mass 0. 0.

3.90228e-08 3.90153e-08
t.38522e-11 O. .

total specie airborn mass ; 5.926e-07

specie mass on duct wall (kg)

mass 0. 0.
2.18516e-11 2.17806e-11

.deposition rate at each branch (kg/s)

rate 0. . 0.
1.48571e-13 1.48543e- 13

entrainment rate at each branch (kg/s)

rate 0. - 0.
0. 0.

.02179e-08

8.94106e-08

&

-

- -

.01172e-07

.01023e-07

.01537e-08
.95793e-08

.44874e-06
.11795e-06

.01172e-07
.90079%e-08

.22586e-11
. 17085e- 1.1

.48762e-13
.48515e-13

spectes no. S

rad part

.02179e-08
.92920e-08

.01172e-07
.01004e-07-

.007549-08
.95083e-08

.406 15e-06
.07738e-06

.01172e-07
.90006e-08

.21924e- 11
.16355e-11

.48724e-13
.48487e- 13

rad part

3.
3.

" 2.
0.

1.
0.

T — B e v

.01050e-08 8.
.91725e-08 - 8.

.01146e-07 1
.00985e-07 1

.00075e-08 4.
.94320e-08 2.

.36455e-06 7.
.03609%9e-06 3.

90554e-08 3.
89932e-08 3.

21258e-11- 2.
.5140%e- 14

48690e-13 1

99913e-08
90522e-08

.01123e-07
.00966e-07

99358e-08
46734e- 11

32308e-06
49745e-09

90464e-08
89858e-08

20586e- 11

.48658e-13
.04704e- 16

-

.98768e-08
.4465%e- 11

.01101e-07
02899¢e- 11

.98643e-08
.4642te- 11

.28175e-06
.48265e-09

3.90381e-08

.94184e- 11

. 19906e- 11

.48628e-13

-

onN

oo

.97615e-08
.44226e- 11.

.01081e-07
.97970e- 11

.97929e-08

.46124e- 11

.24057e-06
.46790e-09

.90303e-08
.38189e-11

.19217e- 11

.48600e-13
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specie noﬁal ﬁass fractlﬁn
frac. 0 ' e

‘ 2.53456e-11: 0.
specfe nodﬁf Edncenfratlon ikg/m?'é)j

conc .- 0. -

Lo T
5.77215e-08 5.77098e-08 §.

2.85083e-14- O.
specie branch flux (kg/sec)

df Tux 0. o)

specie integrated branch flux (kg)

tnt._mass

front filter mass (kg)

f11.mass . 4.00675e-06

back filter mass (kg)

fil_mass . 0.

. - 0. oo
5.12010e-08 5.11337e-08 5.

2.83983e-08 2:835738-08 2.

. -2.22770e-12 -1.96087e-12 4.
4.10223e-06 4.07885¢-06 4.

total specie mass on filters : 4.007e-06

airborn ;;ss (kg)xﬁw

alr mass 0.
7.91121e-12 0.

total specie airborn mass ; 3.3859-0;

specie méss on duct wall (kg)

mass

deposition rate at each branch (kb/é)_

rate . 0.

entrafinment rate at ééch‘prnnch'(QQYS)

rate e .
o) o)

specie nodal mass fraction

frac. 0.

1.59139e-11 0.

e 0.° ©
3.214220-08 3.21007e-08

. N
2.22873e-08 2.22834e-08 2.

.153040-08

10660e-08

5.77869e-08.

76983e-08

.86466e-08

83165e-08

24477e-06
05556e-06

.77869e-08

22790é-08

o. 0. . _84417e-114
3.77325e-11 3.76088e-11 3.

74833e- 11

2.57503e- 13

Ti0. .
2.57159e-13 2.57108e-13 2.

57058e- 13

species no. 6

2.
3.

23457e-08

20589e-08

[ARA]

. 15304e-08
.09978e-08

.77869e-08
.76870e-08

.86039%e-08

.B2756e-08

L2204 1e-06

.03236e-06

.77869e-08
.22746e-08

.83263e-11
.73561e- 11

.57436e-13
.57007e- 13

rad part

.23457e-08
.20167e-08

b b

onN

W w

.146540-08
-09291e-08

.77718e-08
.76756e-08

.85626e-08
.82318e-08

. 19662e-06
.00875e-06

.23073e-08
.22702e-08

.82103e-11

.23056e-08
.19743e-08

.57374e-13

3
3

. 14000e-08
.0B599¢-08

.77580e-08
.76640e-08

.85214e-08
.40915e- 11

. 17289%e-06
.99261e-09

.23020e-08

.22657e-08

.80931e- 11
.61413e- 14

.57317e-13

.81222e-16 -

.22652e-08
.19316e-08

ow

.13341e-08 °

.53954e- 11

.77451e-08
.87217e-11

:84803e-08

.40735e- 11

. 14925e-06
.98414e-09

.22971e-08
. 10903e- 11

.79746e- 114

.57263e-13

oo

3
]

.22245e-08
.59446e- 11

. 12678€-08
.53704e- 11

.773306-08
.84399e- 11

2.843920-08

-

~ N

Qw

3
Al

.40565e-11

. 12670e-06

.97572e-09

.22924e-08
.89221e-12

.78545e-11

.57211e-13

.21835e-08
.59291e- 11
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specie nodal concéntratfon (kg/m+¢3)
cohc.,. 0. - 0. - 3.62730e-08 3.62730e-08 3.62642e-08 3.62563e-08 3.62489e¢-08 3.62421e-08
3:.62356e-08 3,62290e-08 3.62226e-08 3.62163e-08 3.62099e-08 3.62035e-08 1.8033te-t1 1{.78563e-11
1.78937e-11 O. . . _ = .
specie branch flux (kg/sec)

dflﬁx ) 0. o] 1.79815e-08 1.79551e-08 1.79295e-08 1.79040e-08 1.78786e-08 1{.78532¢-08

1.78278e-08 ~1:780259-08 1.77773e-08 1,.77520e-08. 1.77249e-08 8.84742e-12 8.83620e-12 8.82574e-12
specie integra§§¢ branch flux (kgi ‘  . ; o } X ) »
int.mass '-‘.78216ej12:-1;5§8699-12 11.724348-06 2.70908é;06 2.69418e-06 2.67932e-06 2.8645'8-06 2.649760-06
s 2.63505e-06 12.62041e-06 2.60581e-06 2.59127e-06 2.57644e-06 1.28084e-09 1.27551e-09 1{.27022e-09
.front filter mass (kg) "}"'.l: ‘ wf ?' };ﬂ&: o
fil.mass . 2.57515e-06 o '

back filter mass (kg)
F11.mass 0.

‘total ‘specie mass on filters : 2.575e-06
atrborn mass (kg) : i

.39996e-08 .39967e-08 1{.39941e-08
.39792e-08 6.96308e-12 4.95521e-12

73.627300-08 3.62730e-08 1.40026e-08 .
.39817e-08

-
-

air mass o 0.
. ’ 1.39916e-08 1.398%1e-08 - 1.39866e-08 1.39841e-08
4.96726e-12 . 0. _ AR

-
-

toial'spé¢|é atrborn mass : 2.125e-07
specie mass on duct wavl'(kg) )

-0 4.99955e-11 .98558e~11 4.97152e-11 4.95729e-11 4.94287e-11 4.92824e-11

‘mass - - ] 0. 0. 4
. 4.91334e-1t 4.89821e-11 4.88284e-11 4.86724e-11 0. 3.40719e-14 O. 0.
deposition rate at each branch (kg/s) e o S - : -
~ rate ' o. .~ - o. 3.27632e-13 3.27553e-13 3.27481e-13 3.27415e-13 3.27353e-13 3.27294e-13
: . 3.27235e-13 3.27177e-13 3.27120e-13 3{270639“13 0. . 2.30633e-16 O. ‘0.

-

entrainment rate at each branch (kg/s)

0. ) 0.

rate 0. o} 0. [¢) 0 0.
0. 0. 0. (o] 0. (o] o 0.
'Uspeciés no.l 7 rad part .8

specie nodal mass fragtion

frac. . 0. N - 3.20275e-08 3.20275e-08 3.19852e-08 3.19426e-08 3.18998e-08 '3.18566e-08
/3.18132e-08 3.17694e-08 3.17254e-08 3.16810e-08 3.16363e-08 3.15914e-08 1.57736e-11 1.5757te- 11
©1.57412e-11 . 0. - ' o , - ’

-
-

specie hodal concehtra(fbn (kg/me*3)

3.59161e-08 .3.591610-08 3.59046e-08 3.58938e-08 3.58837-08 3.58740e-08

conc: 0. . 0.
. ~ 3.58646e-08 3.58551e-08 3.58458e-0OB 3.58365e-08 3.58272e-08 3.58177e-08 1.7R39Ge-"11 1.76635e-11 -




€82

f 77055e 1' 0

;specie braneh r)ux lug/qpc)

T o 1.78046e-08 1.77770e-08 1.77503e-08' 1.77236e<08 1.76970e-08 1:7670de-08
R V. 764308208 . 76'733 -8 1.75909e-08-  {.75644a-08 ~ 1.75361e-08 '8.7525(e-12 B.74079: 12 8.72998e-12:

qpecie 1ntegrated branch f!ux (kg)

fnt.mass -8.91080e-13 -7.agaase-'3 2.56123e-06 2.54597e-06 2.53105e-06 2.51618e-06 2.50136e-06 2.48660e-06
2. 47'899 os; 2.45724e-06_ 2.44265e-06 2.42812e-06. 2.41338e-06 1.19938e-09 1.1940Be-09 1. 18885e-09

front f(lter mass (kgl

f&és o ES 1217e-06

back Filter mass (kg)

£11.mass ' O.

totai specie mass on filters : 2.412e-06
: . : R oo S

airborn mass {xg)

air mass - 0. . .0.% - 3.50161e-08 3.59161e-08 1.38638e-08 1.38596e-08 {.38557e-08 1.38520e-08
. 1.38483e 08" 1:384476:08 '1.38411e-08 1.38375e-08 1.38339%-08 1.38302e-08 6.88B3Re-12 4.90171e-12 . .
4.91336e-12 0. .0 LT A C P S o e

total specle alrborn mass : 2 '039 07 Vf

kspec!e mass_on duct wa!l (kg)

mgss; 7.6114%-11 7.88521e-11. 7.85884a- 11 7.B32278" |'-¥7.ab§b5éfﬁi5*'

. 7.69492e-11 7.66642e-11 0. - _,-;_5.36213e 140,

0. '
'7 75086e 1

depos!t!on rate at each branch (kg/s) .

. N ST e R L T e .
‘fratp 0. 0. ' 5.45663e-13 "5.45488e-13 5.453256-13 5.45170e-13 'S5.45023e-13 '5.44880e- 1D

5. 447369 i3 5 445959 13 5.444538-13 5.44312e-13 O. . '3.83767e-16 O. 0.

entrainmen( rate at eagh branch (kq/s)

rate 0. . o: ‘ 0. 0 0. 0. 0 o
: 0. - o, E 0. o L 0. 0. 0 - o
speckes‘no. 8 rad part f
" specle nodal maséyfrac}ton )
frac. 0. . - 0. Y . 1.93438Be-08 1.93438e-08 1.93188e-08 1.929376-08 1.92684e:08 :1.92429e-08
T |1.92172¢-08 1.91914¢-08 1.916546-08 ! 1

.91392e-08 1.91129e-08 1.90863e-0B 9.53029e-12  9.52045e-12°

‘9 51'179 s2, o..
i sppcle noda) conrentratlon (kg/mtva) ; e . R i
16BO2@-0B-. 2.16747¢-08 2. 16695¢ 08

‘ 1.07786e- 11 :

. 16861e-08

-conc. “ Q. el - 2.169248-08 2.16924e-08
. . 16447e-08

2. 16645e-08. 2.«6595@;03_ 2. 165460-08 2.16496e-08
1.06980e-11 0.° SRR e

NN - .

cperie bvanch Flux (kg/sec)

d,,u, e g 0. . 1.07535@-0R 1.07372a-OR 1.07212e-0R 1.07056e-08 1:06898e:DB '1.06741e-08




28820e- 12

28”89 !2 5 274849 12
-,guh S0y

Frdie 3 bk Oy

N ) 1. 065849 08 1. 06427e 08 1.06270e-08 1. OGHde 08 3 05946e 08

o [SRTEAMEL RN POy 33e-0y $03Y G Od i

sppr!e lntegrated_branch flux (kg)

ST IR

pew L fS . . : . Lo .
.91080e-13 -7.84346e-13 1.60198e-06 1.59279e-06 .1.58380e-06 1.57485e-06 1.56592e-06 1.55703e-06
‘54617@'06 1. 53935e 06 AL 53055e 06 1.52179e-06 1.51288e-06 7.52027e-10 7. d8807e |O 7.45646e-10
Soorugdas DY 3T IR23eu N e (g 30k N kN 1703 3g%06- 1 ]
“front Filter ‘mass (kg) w g R S OF

int mass

o

AN X BY mass’ N e R P L & 2@_’0‘6‘1‘-\1& PR

back Filter mass (k ] o
ERREE B i trdepes-0p 4l &
e ‘-Hl.mass . U, S0 PA3WARS-0E :
J“behVMEBétfg“%ésﬁ‘ﬁhiFT!ters : _ -
alrborn inass (kg) [ECTC R R« . *} - LEG DO .
air mass 0. 0. 2.16924e-08 2.16924e-08, B 17361e-09 8.37136e-09 8,36924e-09 B.36723e-09
. B.36530e- 09 8.36335e- 09 _8.36144e-09mA8.35954e-09v‘8.357649-09”‘8.3557'e-03“‘4.'61919-12_,2.96'619-!2
. ' 2.96876e- 127 0. g sa N o v
LS o &’ o [ ol : G
total spec!e aOrborn mass 1 270e 07
SpL¥ ALY (BN M Y i
specie mass on duct wall (kg) ) ] -
RS AT Yol Yl S N B -l @kva) K - NAY-RC R L .
“Ymass 0 o. G o. £ 774655742 117 774432762 1127 74208562 117 7¢ 3982064 112 773782831
) 5

.0775%e-14. 0.

7.30452e-11 7.28024e-11 7.25562e-11 _O.

fr«u\...

g 1O LELE

wth AR EERY SN RS FY L"\ E- L0y 2y R ¢ S| .
Fate .' - boo. ﬁ‘o ) LT 4tg7d49el 130 459730361 130 4597170e1131 43970446413 470669561131 4S9
4.96694e- 4.96355e-13 0. 3.49983e-16 O.

4. 9658|e !3 4.96468e- 13

RO 8wy Ou QGCy Meg g o

entrainment rate at each branch (kg/s)
o . 36 -

PO BDBCE
rate. E 0. [o 0.
: 0 0. : 0. . “ 0. e
_e’ev»W‘w 63 PER3ARGC-08 i is wabiyie-g%
. E BN 3 2nieie- 08 i 087 i UERS0E 08
. species no. 9 rad baft 1.8
LifrAdRe - U, 0. ‘ 6.45323e-08 6.45323e-08 6.i44599-08 6:435909-08 6.42715e-08 6.41835e-08

. 6. d09499 08 6.40057e-08 6.39160e-08 6.382566-08 6.37347e-08 6.36432e-08 3.1778%e-11 3.17438e-11
FEA T L S I R (3\ '7'30e_” 0. L T - . .. - !

YRey pan

~

PYRE 0. .23675e-08 7.23675e-08 7.23429e-08 7.23200e-08 7.22983e-08 7.22775e-08
7.22574e-08 7(223728}p8‘ 1,22172%308< 7.%1974e~08ﬁ,7.21775%108 7, 2!5759,08 ;3.594'29-'1’ 3. SSQIGe 1t
3 ¥ 7 A LB i 3 - Y i 3 !

COY‘\C"H

IR ER T $06 -5

;i .. : N 2RiEe-g BORIE IR 3 W'Jwt“ 08
nch flux (kq/seC) ) .
: (LG 60 DLSua g jad | . .
df Tux 0. 0. . _ .. 3.58746e-08 3.58183e-08 3.57638e- oa 3 57095e ‘08 ,3 .56552e - 08 3.56011e-08
: ! 1‘5%470:--03g 3549306708 ' 4 " ¥ X
o A

Sk A7Re-t 1

:4'{ e
specie lnteqrated brnnrh rlux (kg)
FirbD G RLBUWLES L it S AT ]

int .mass - 3. 1'8789 17 -? 74521e-12 5.36713e-06 5.33618e-06 5.30595e-06 5.275R2e-06 5.24579%e-06 §5.21587e-06
. PUasDess by 0 ’ . : .




"_back fllter mass (kg)

"'fil .mass’’ ”Albﬂﬂ:”"

s, 1860Ge: 06 s. 15637e;os’ s, 12679e 06 5'09731e -0 5. 06732e-08 2;§iagéé<o§_¢2.55661§:o§‘ 2.49747e-0

" front flltar mass (kq)

;fll mass: LS. 06478e 06

total. specie mass on filters HD

::alrborn mass (kg)'

7.236750-08 - 7:23675e-08 2.793376-08 _2:792486-08 ‘2791646 odx

air mass ; 6 L )
2 788! 'e 08 2118775.,08U12i78§989308'_2;7862(@-08 38779e 1

-»5.34761e 10: 5.331448-10- 5:31510e-10. 5:79857e:10 . 5:28181e-10"
'5.21224e:10 ' 0. . °3.64760e-13 0. . - - O. "

.QQQ"E

{55778e-12 3:55665e-12 3.55558e:12. 3.55456e°13 . 3.
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- 83833333333883333333233888338888388 .«

-, 9998
.9998
. .9998-
.9998: ~
..9998"
.9999
. .9999
.9999..
. 9999
.9999
.9999
.8999.
..9999
. 9999
.9999
.9999
.9999
. .9999-
.9999
.9999
.9999
. 9999
.9999, . -
.9999’
.9999
.9999
.9999
.9999.
19999
.9999 .
.9999 -
.9999:
.9999.
.9999..

.1902"
- 1906 -
T1a1d

. 1915
T, 1919

. 1923
. 1926
. 1930

©.1933

.1937:

. 1940.

.1943
. 1946
. 1949
1952

-.1958
" .1958

. 1960
. 1963

.1966
. 1968’

a7y
-, 1973
1975

.1978
. 1980
. 1982
. 1984
. 1986
. 1988
. 1990

© 1992

. 1994
1 1996

AhabADABALALDAARAADDROALOADALDADADLLOLD

.5720"
.6720. -
5720 -
.5720,
:5720°
.5720
.5720.
5720
.5720
.5720 .
.5720
6720
.5720
.5720-
5720
:5720
.5720
.8720.
/5720
-5720
.8720
.5720-
.5720
.5720;
.5720
.5720-
16720
.5720
.5720
15720
.5720
.5720
.5720 .
.5720

.5597
.5510-
.5434
.5366.
.5303
..5247
.5196
.5152,
5113
.5079
15049
15022
L4998 °
.4975 -
.4954
.4933
.4914. -
. .4B96
.. 4879
.4864
.4849
.4836. -
.4824.
.4813°
. 4802
.4792
.4783
.4774
.4767.
.4759
“-,47'5.3
;4747
. .4741
.4736

.4826°
.4840
.4853
.4864..
.4870
.4874
.4R78
.4881
.4884
.4888
. 4891
.4894
4897
. 4901
. 4905
.4908 -
L4911
.4914.
.4917:
.4920
.4922
.4925
.4927
.4930
.4932
.4934
.4937
.4939
.494¢ .
.4943
.4944
.4946
. 4948
.4950

157.
153.
150.
2996
144-
My
139,
136.
134
132.
130.
129.
127.
125.
124,
122.
121,
120.
119,
118.
147,
116..:
115.
114,
113.
112,
.9487°
12384
110.
109
109.
108.
108
107-

147

1
11

7987
9748
4892

3704

.6716 .
1764. -

8613,
7061
6935

8086 - -

0377 .
3718
8033
3269,
9377
6302
3985
2370
1402
1038
1238
1964
3180
4858
6969

5636
9219
3
7292
1742
6445




G : )’ oblem - ) ; term_(RST) output f11e
‘270, " 20 0! o - 13%e- 7. .ane;'m..
2 0% L0 - R 0.. : /136e-07. .819e-07:.
.20, . 0. L0, 0. mse 10 .136e-07" .B20e:07" . o7
2 0. 0. . 0. 0. .193e:10.7 . 1360-07" '.822e-07. .967e-07
2 0, 0. . 0. 0. .194e-10 . 136e-07. -.B823e-07 * .968e-07.
.12 0: ‘0. "0 0. - . 194e- 10, ‘:ne-or,_‘ B24e-07" .970e-07
2 .0. 0.: .0 0. .194e-10:.1376-07. .A26e-07. 971e o7,
2.0, 0. 0 L0 195e: 10:; . B
(2000 0. 0. ‘0. <, 1958-10°
.2:0. 0. 0. 0. .195e-10; e :
2.0.. 0% 0: -0, . 196@-10 . .138e-07  .B3te- 01 978e- 07"'_» ‘
20 . . 0. o 0. -.196e-10 .138e-07.. :832e-07. .979e:07;
2°0. 0. =0 . T0. .1966-10.° .1386-07 .834m-OT .98f1e:07.
2 0.7 0. . 0 0. .05 .138e-07- .835e-07 .982e-07.
2 0. 0. 0 0. D0 39e-07: °.8366:07: =07
2.0/ 0. ) B 0. ). '.13%e-07 .81Be-07.
.2 0. 0. o. ~0.. .0: - .139e-07 - .B39%e-07.
:2 0. o, 0. Y« 10 . 139¢-07 .840e-07--
2 0. o. 0. . 0. o .139e-07. .B42e:07
2 0. 0. L0 -0 0:. .140e-07.
2 0. 0. oY SO © 0, . 140e-07.
2 0. 00 o © 0. 0., 40e-07-
2 0. 0" . O 0 0. 40e-07,
2 0. 0. " 0. ‘0. 0 40e-07. :
~2 0. . - R 0: Y0 .84%e-07"
2.0. <0 200 C0. 0, .850@-07
B 2.0 0: G ;0. 0. i
~2°0, ‘0. 0. L0 T o
R 270. 0. ~ 0. 0. . 0.
2 0. -0 0. . 20 - 83 :
. 2 .0: 0 s 0. 0. 0. J142e- 07 -.857@-07.
: 2.0. S04, 0. - 0. 0. .142e-07" ...858e-07
..2.0. 0. 0. T 0. 20, .142e-07 . :8590-07
20. 0. ! 0. 0. -o. ; .880e-07
2 Ou 0L ‘0. N 0. )
2.0 ..0. © 06 0. 0. “ . 143a-07"
2.0 0. 0 0. S0.s" . 143e-07"
2.0 -:0. 0: ‘0. CooL . .143e-07 . .
20" 0. 0. - 0! 0. -.144e-07 .866e-07
20 . 0. .o 0. 0. .1440:07-
20.. 0. 0. . Q. - .144@-07 - -/
2 0. 0. 0. S0t 0 ) .144@-07 . .:870€<07
2 0. 0 0. - 0. 0. ./ 144@-07° .871e-07"
. ‘2 0. ol Q. 0. 0.- 144e-07 ~ .B72e-07"
2 0. R 0. 9. 0. t456-07 .873e-07*
2 0. o 0. 0. o . 145@:07 - a75e 07
2°0. Q. - Q. 0, . 0. _-.'459 071 i
20 - 0 7.0 Lo 0.
"2 0. 0 ) 0.
20.. s - 0. £0.7 0.
270. -0 0. 9.
2 0. 0 0. 1 0. 0 146e:07
T2-0. 0. -0. 0. o 146e-07
"2 0. 0. 0 0. 0. » 146:07
2.0, o 0. Q. 0. 5210 - . 14707 .
“2 0. ) ) - o 0. :2208e-10. . 147e-07 886e-07.~ - 104e- -06,
- -2 04 .0 o ‘0. 0. .209¢-10 -- . 147e-07" .587;-,07{
2 0. 0. 0 0. -0 [U209e-10 L 147e- 07
2°0. 1 0. 10 R A 0 s _2099-?'0" ,'1479 o7 - .. €
2.0, 0. 0% 0 *0 - 210e-10 > 14Re-07. .801e: .07 .105e-06
72 0. 0. Jo.: .o : T 2100-10 ,ueg;-m :892e-07. . 105e-06"
2 0. o 0l o, ‘0. ©.210e- 10 . . 148e -07 ‘R03e-07 .105e- 06 °
2.0. 0. 0. -0: T O 2100 10 14Re 07 .BQ2e-07. .10%e-06
‘2 0. 0. .0, o. 0. ‘211e. 10 . 14Re-0O7 - .895e-07 . 105e- 06
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output for radioactive source terms

o
e "

‘time jact : mass rate (g/sec) accordingto size distribution (microns):

{sec) (<. 1) (.1-.3) (.3-.5) (.5-.7) (.7-.9) (.9-1.1) (!3172) ~(2-6) (6-10) (10-20) (>20)- .
-2.00 00. 0. 0. 0. 0. 0. 0. ‘0. [ 14 N « N 0. - 0: "
: 2.10 2 0. 0: 0. 0. 0. 0. 0. 0. . ;/236e-10 .166e-07 .100e-06 .118e:06 -
.2.20 "2 0. 0. o. S0 0. 0. 0. 0. .248e-10 .174e-07 .105e-06 .124e-06
2.30 2 0. 0. 0. 0. .. o. 0. 0. 0. .254e-10 -.179e-07 :108e-06 .127e-06’
"2.40 - 2. 0. 0. - 0. 0. " 0. 0. 0. 0. .258e-10 .182e-07 .110e-06 .129e-06
2.50 2 0. - 0. 0. 0. 0. 0. 0. . 0. ©.261e-10  .1B4e-07 .111e°06 .131e-06
2.60 . 2 0. 0. 0. 0. 0. 0. 0. 0. ..264e-10 ,1B6e-07 .1{2e-06 .132e-06
2.70 2 0. 0. 0. 0. 0. . 0. 0. 0. .266e-10 . 187e-07 :113e-06 .133e-06
280 2 0. 0. 0. 0. 0. 0. 0. 0. .267e-10 .188e-07 .113e-06 .1)4e-06
290 2'0. 0. 0. 0. 0. 0. 0. - 0. .268e-10 .18%e-07 .1t4e-06 .134e-06 .
3.00 2 0. o. 0 0. 0. 0. 0. 0. +269e-10 .190e-07 .114e-06 .135e-06. ..
: '3.99 2 O. 0. " 0. 0. 0. 0. 0. 0. .275e-10 .19d4e-07 . 117e-06 .138e-06
N 4.99 2.0 0. 0. 0. 0: To. 0. 0. .277e-10 .195e-07 .118e-06 . 138e-06
- 5.99 2 0. 0. 0.. 0. 0. ¢ 0. 0. .277e-10 .195e-07 . . {18e-06 .13%e-06
699 2 0. 0. 0. 0. 0. 0. Q- 0. .277e-10 .195e-07 . 118e-06 . 138e-06
7.99 2 0. 0. 0. -0. 0. 0. 0. 0. .276e-10 .194e-07 .117e-06 .13Be-06
8.99. 2. 0. 0. 0. 0. 0. 0. 0. T 0. .275e-10 . 194e-07 .1176-06 .137e-06
9.99° 2 0. 0. 0. 0. 0 0. 0. © 0. .274e-10 .193e-07 . 116e-06 .137e-06
14.95° 2 O. 0. 0. 0. 0. 0. ‘0. 0. .243e-10 .171e-07 .103e-06 .122e-06
-19.9% 2 O 0. 0. 0. 0. 0. - 0. 0. ' .226e-10 .159e-07 .959e-07 .413e-06
24,95 2 0. 0. 0. 0. 0. . 0. 0. 0. .215e-10 . 151e-07 .914e-07 .107e-06
29.95 2 O. 0. 0. ‘0. 0. 0. 0. 0. ..208e-10 .146e-07 .B8B3e-07 ,104e-06 .
34.95 :2 O. 0. 0. 0. ‘0. ‘0. 0. 0. .203e-10. . 143e-07 . A6te-07 .101e:06 -
39.95 2 O, 0. 0. 0. 0. 0. 0. 0. .199e-10 . 140e-07 .845e-07 .995e-07
44.95 2 O: 0. 0. 0. 0. 0. - 0. 0. .t96e- 10 .138e-07 .B833e-07 .980e-07
49.95. 2 O. 0. "~ C 0. " o. 0. 0. 0. . 0. .194e-10 .136e-07 .824e-07 .969e-07 .
54.95 2 O. 0. 0. 0. 0. 0. 0. - 0. .192e-10 .135e-07 .B817e:07 .961e-07
59.95 2 O. 0. 0. 0. 0. 0. 0. 0. .191e-10 .134e-07 .811e-07 .954e-07
64.95 -2 O 0. 0. 0. 0 0. 0. - 0. .190e-10 .134e-07 .807e-07 .949e-07
69:95 2 0. 0. 0. S 0. 0. 0. 0. . 0. .189%9e-10 .133e-07 .803e-07 .945e-07
- . . 74.95 2 0. 0. . 0. 0. 0. 0. 0. - 0. .188e-10 .133e-07 .800e-07 .942¢-07
- 79.95 2 0. 0. 0. 0. 0. . 0. 0. 0. .188e-10 .132e-07 .79Be-07 .939%e-07
- 84.95 2 0. 0. 0. 0. 0. 0. 0. 0. .188e-10 -.132e-07 .797e-07 .93B8e-07
89.95 2 O. 0. 0. 0. 0. 0. 0. 0. . .187e-10. .132e-07 .796e-07 .936e-07
94.95 2 O. 0. 0. 0. 0. ‘0. 0. © 0. .187e-10 .132e-07 .795e-07 .936e-07
99.95 2 O. 0. 0. 0. 0. 0. 0. 0. ,187@-10 .132e-07 .795e-07 .935e-07
104.95 2 O. 0. 0. - 0. 0. 0. 0. 0. ..187e-10 .132e-07 .795e-07 .935e-07
109.95. -2 O. 0. 0. 0. 0. 0. 0. 0. .187e-10 .132e-07 .795e¢-07 .936e-07
114.95 2 0. 0. 0. 0. [«N . 0. 0. 0. -.187e-10 . 132e-07 .796e-07 .936e:07 .
119.95 2 O. 0. - 0. 0. 0. © 0. 0. 0. .187@-10 .132e-07 .796e-07 .937e-07
124.95 2 O. 0. 0.. 0. 0. - 0. 0. 0. .188e-10 ..132e-07 .797e-07 .938e-07
129.95 2 0. 0. 0. 0. 0. . 0. 0. .0 .188e-10 .132e-07 .798e-07 .939e-07
134.95 2.0. 0. 0 0. 0. 0. 0. 0. .188e- 10 . 132e-07 .799e-07 .940e-07
139.95 2.0. 0. 0. 0. 0. o: 0. - 0. . 18Be- 10 .132e-07 .BOOe-07 .941e-07 -
144.95 2 O: 0. 0. 0. 0. -0. [¢ 28 0. .1R8e- 10 ..133e-07 .BOte-07 .942e-07
149.95 2°0. 0. 0. 0. 0. 0. 0. 0. .189e-10 .133e:07 - .802e-07 .943e-0O7
154.95 2 O: 0., " 0. [N 0. 0., 0. 0. “189e- 10 433e-07 -803e-07 .945e-07
159:9% 2 O. 0. ‘0. 0. 0. 0. 0. 0. .189e-10 .133e-07 .A04e-07 .946e-07
164.95 2 0. 0. ‘o 0. 0. 0. 0. 0. .190e-40- .:133e-07 .ROSe-07 .948e-07
16995 '2°0: 0. 0. 0. 0. 0. 0. 0. .190e- 10 . 134e-07 .RO7e-07 .949e-07
174.95 2 0. 0. 0: 0. 0. ‘0. 0. 0. .190e-10 . 134¢-07 _RORe-07 .951e-07
179.95 2 0. 0. 0. 0. 0. 0. 0. 0. . 190e-10 - . 134e-07 . 809%9e-07 .952e-07
18495 2 0. 0. o 0. - 0. 0. 0. 0. 1910-10 . 134007 .811e-07 .954e-07
1RY:A5 2 0 0. 0. o, 0. 0. ‘0. ;0. .191e-10 . 135%e-07 .81%2e-07 .955@-07
194 95 2° 0. 0. 0. 0. o 0. 0. 0. . 191e-10. . 11%e-07 .At3e-07 .957e-07
199 a5 2 0. 0. 0. 0. 0. 0. 0. 0. ,192e-10 . 135e-07 . 81%58-07 . 95%-07
204.95 2 O. 0. o.. 0. 0. 0. . 0. 0. .19%e- 10 . 13%e-07 .816e-07 .96G0e-07"




529.95° .2t1e- 10 :MBQ-OT .896e-07 105§ -06. R

: : 2 0. 0 0. 0. 0. 0. 0. " 0.
.. . v 534.95 2 0. . 0 o. 0. L 0. S 0: 0. 0:. .211e-10 . .149e-07 .897e-07 .106e-06
. . 539.95 ) 2 0.~ o 0. . ':'0, S 0. 0. - -7 0. . 0. .2%1e-10 .. 149e-07 .898e-07, .106e- 06
544 95 2 0. 0 0. 0. 0. . 0.+ " L0.- ., 0. .212e-10 ..., 149e-07 .900e:07+ . 106e-06
549.95 2 O. o) 0. 0. T 0. R o 0. 0. .212e-10 . 149e-07" 901e-07: . '068,.'06
55495 2 O. o o, 0. o. o’ o: 0. .2120-10 [149e-07 .902e-07 . .106€-06 .
559.95 2 O. 0 o e 0. 0. 0. 0. .212e-10 . 150e-07 .9039 07 . .106e-06
564.95 2 O. 0 o. o 0. 0. o~ o. _213@-10 .150@-07 . .904e-07 .1060-06
569.95 . 2 0. 0. 0. 0. 0. 0. 0. < 0. .213e-10 . 15Ce-07 .905e-07 . 106€-06 -
574,95 2 O.° 0. . 0. 0. 0. -0. 0. 0. .213e-10 | 150e-07 .906e-07:. . |O7é-06 5
579.95 2 O. (o] 0. 0. 0. 0. 0. ~ 0. - 213010+ 150e-07 .907e-07.. .107e- -06- . - =
584 .95 2 O. (o] 0. ~0: 0. [+ [+ 33 0. . .214e-10 - , 1508-07. .908e-07 . .107e- 06" 7
589.95 2 O. o - 0. ‘0. 0. ‘0. 0. . 0. . .214@-10 ,151e-07 . .909e-07 1079 06 .
594 .95 2 O.° [o] . 0. 0. 0. O 0. 0. ".214e-10 . 151e-07 .910e-07. . i07e-06; "
59:9.95 2 0. o 0. 0. ) 0.. © 0. 0. 0. .214e-10 ,151e-07- .912e¢-07 : .'O"O.‘OG-:
604.95 2 0. (o] 0. 0. o. 0! 0. 0: .215e-10 . 151e-07 .913e-07 - .107e¢-06.
609.95 " 2 O. 4] 0. 0. 0, 0. 0. 0., .215e-10 ,151e-07 - .914e-07 .107e-06 A
614 .95 .2 O. 0. o. - 0. o o. - 0. 0. .215e- 10 .152e-07.. .915e-07. .108e-06" .
combustible type 7 has ignited at time:; 619 8000 sec . - . . L . "

.227e-04" " .997e-05 .5548:05 .4430-05 .222e°05 .222e-05 .776e-05 .133e-04 .554e-05. .776e-05 .299e-04 .111e-03 . .

.619.95 1
619.95 2 O. 0. . .. 0. o 0. 0. 0. 0. .216e-10 ' .152e-07 .916e-07 - . 108e-06.
€24.95 1 .222e-04 .99Be-0S .555e-05 [444e-05 -222e-05 ' .222e-05° .776e-05 .133e-04 .555e-05 .776e-05 .299e-04 .1ite-03
624,95 2 0. K TR o 0. o0, 0. 0. . 0. .221e-10.. ,155e-07 .93Be-07. . 11068-06.
629.95 1 .234e-04  .105e-04. .5B84e-05 467e os .234&-05 2349 .05 .8188-05 .140e-04 .5R46-05  .818e-05 .315e-04 - . 117@-03..
629.95 2 O. N o. . oO. 0. o 0: ) 0. .643e-10 .452e-07 .273e-06. .321e-06.
634.95 1. .23de-04 .105e-04 .586e-05 "468e-05 “234e-05 /234e-05 .8208:05 .141e-04 .586e-05 .820e-05 .J16e-04 .117e-03 -
634.95 . 2 0. TR B 0. 0. 0: 0: 0." . 0: : .673e-10 ' .474e-07° .2B6e-06 .336e-06..
639.95 1 .235€-04 . 106€-04 " 587e -05 -.470e- 05 :235e:05 235e 05 :822e-05 . 141e-04 .587e:05 .822e-05 .317e-04. .117e-03 -
639.95 2 O. 0. | 0. 0. 0. . 0. . 0. 0. + . .700e-10 ,493e-07 .298e-06 .350e-06. - -
644.95 1 .235e-04 .106e-04’ 588605 -470e-05 .235e" os .235e-05 ~ .823e-05 .141e-04 .588e-05 .8230-05 .318e-04 - '
64495 20. . . O. ..., 0. .. 0. 0 0. 0 S .726e-10 ' .511e-07 .308e-06-
649 .95 't .236e-04. .106e-04 saee,-os .471e- os zase-‘os 2ase 05 .825e-05 .141e:04' .589e-05-: .825€-05 .318e-04.- o
649.95 2 O. N Y o N NI o . o 174910 - .527e-07 .318e-06  -.375e-06.. oo Lk
654.95 t . 236e-04" _.106e-04" 5909~05 .a712¢" 05 ' .236e-05 ' .236e-05" .B26e-05 .142e-04 .590e-05 ", 826e-05 .31%9e-04° . 118e-03
654.95 2 0. .. o. - o0 - . 0. . ©O.. -  O: o o.. . - 770e-10. .542e-07 .3276-06 . .3850-06: "
659.95 1t .236e-04" . 106e-04 ' .473e-05° .236e-05 .236e-05 ‘837e-05 - uze-oa .591e-05 .B827e¢-05 .319e-04; .11B8e-03.-
659:95 20... - 0. 7~ 0 00 0. o o 0! .790e-10 .556e-07 . .336e-06- .395e-06
664.95 1 .237e-04 . 106e:04 - Y ) ’ .237e-05 - ‘828608 - uze or :592e-05%° ,828e-05 .319e-04 . 118e:03
664,95 2 0. 0. S0 0. B . o 0. o :80Be-10 ' .569e-07 .343e-06 .404e-06
669.95 .t | .237e-04. .107e-04 . L © .237e-05  [237€-0% .8290-05 1426-04 .5920-05 .829e-05 ~.320e-04 .118e-03
669.95 2 0. . 0. .~ 0. 0. .. 0. . 0. O:y, .824e-10. S80e-07 .350e:06.. .412e-06 .
674.95 { :.237e-04 .107e-04- :2376-05. .237e-0%.. .830a-05 u:e 04 .593e-05 .830e-05: .320e-04 ", 119e:03"
674.95 2 O. B A S el e, o= . .839%e-10 .591e-07 .357e-06 -420e-06
679.95 1 .237e-04 C8 237e-05 .237e-05 .B831e-05 u:e 04 .593e°05 .831e-0%5 .320e-04 .119e-03
679.95° 2 OV B P R U AN « 0. .0 .853e-10 .601e-07 -.363e-06 .427e-06
684 .95 1 .2aae 04 . 107e-04 594e os L4758 .238e-05" .238e-05 .831e-05. .1436-04" .594e-05 '.831e-05 .321e-04: .119e-03-
684.95°2 O.. 0. . 0. 0. O« IR B R o, S 0i U . .866e-10 .610e-07 .36Be-06. .43Je-06
689 .95 ¢ .mse 04 1076 04 . : ; zsaé#or,: .238e-05 .83%e-05 - .143e:04" .594e-05 - .832e-05- .321e-04' .119e-03:
689.95 2 O. 0. . T o I 0 B« 0. - 0. . 87Be 10 . ..618e@-07 .:3739‘-06: .439%e: 06
694.95 .zaee 04 .107e-04 .595e-05 . 7 238e: os " 123Be-05 a:aze 05 | Mse-'oA .595e-05. 83205 ..321e:04; .119e:03
694.95: 2 O. 0., -~ i O s TR 0. 0. 0. 0. -. . .889e-10 -.G26e-07: .37Be-06 .445e:06:
699.95 - 1 .z:me 04 107¢-04 5959 05 .476e-0S .238e:05 °. 238e 05" aase 05. .143e-04- ..595e-05 :B33e:05- .J321e-04% ,119e-03
699.95 - 2 O. L0 o 0. L0V ;o ‘0. . o ) ~.899e-10 -:633e-07 . .382e-06: ..as_oe-q,
278 04 .;!O7e-04 5959-05 . © . 23R86-05 .218e:0S '’ 833'@ osx naA 04 ' 7595e:05. _B13e705.  .321e-04 . .-119e:0G3’
20 0] e O 0. o000 L oY 0 0. ' .9096-10 .640e-07 .455e-06:
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