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NOMENCLATURE

. -1
A area (m?) W molecular weight (kg mol )
b combustion efficiency (-) P thickness dimension (m)
P
c, discharge coefficient (-) E emissivity (=)
. -1 -1 i -3
¢, heat capacity (Jkg =~ K ) o density (kg m ) o
D smallest fuel dimension (m) g Stefan-Boltzmann constant (W m K
- . - -1
g gravitational acceleration (m s )
_ - -2 -1 Subscripts
h convective coefficient (W m K )
air air
h enthalpy (J)
) b vaporization
h, combustion enthalpy (J)

o -1 ep excess pyrolysate
sh calorific value ( J kg )

) -1 hot gases: pool
AhP total heat of pyrolysis @ kg )

o -1 -1 o ambient
k thermal conductivity (Wm ~ K )
P pyrolysis
m mass (kg)
o r window radiation
M initial fuel mass (kg)
\Y ventilation, window
a heat (J)
w walls, including ceiling
Q heat flow (W)
r stoichiometric air/fuel ratio (-) Superscripts
T temperature (K) time rate
. _ -1
p regression velocity (m's ) v per volume
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COMPF2--A PROGRAM FOR CALCULATING
POST-FLASHOVER F IRE TEMPERATURES

Vytenis Babrauskas

COMPF2 is a computer program for calculating the
characteristics of a post-flashover fire in a single
building compartment, based on Ffire-induced ventilation
through a single door or window. It is intended both

for performing design calculations and for the analysis
of experimental burn data.

wood, thermoplastic, and
liquid fuels can be treated.

iqu . _In addition to the capa-
bility of performing calculations for compartments with

completely determined properties, routines are included
for calculating fire behavior by an innovative variable
abstraction method. A comprehensive sutput Fformat is
provided which ?ives gas temperatures, heat flow terms,
and flow variables. The documentatlon jpcludes input
instructions, sample problems, and a 1isting of the
program. The program is written iIn Fortran and consti-
tutes an improved version of an earlier program, COMPF.

Key words: Computer programs--fire protection; fire

protection; fire resistance; fire tests; Tire walls;
safety engineering--fires.

1. INTRODUCTION

With increasing efforts [1-41l towards rational methods of providing
fire endurance for structural building components, it becomes highly desir-
able for both the designer and the researcher to have available computer
programs for calculating expected fire temperatures and heat transfer through
the building components. A Fire is not considered as becoming a threat to a
structure and its Ffire barriers until It reaches the flashover stage. Flash-
over of a room is defined as that fire stage when the bulk of the room volume
becomes involved in flames. Operationally, this roughly coincides with flames
coming out the door or window, Oor an upper gas ?pace temperature of around
600° C, or a radiant heat flux at floor level o

about 20 kW/m’. For the
purpose of designing for fire endurance, then, only post-flashover fires are
considered.

The present report describes a computer program for calculating
the expected temperatures, heat and mass flows and other variables in

post-flashover building fires. Different routines are incorporated for
producing design time-temperature curves and for permitting comparative
theoretical curves to be generated based on experimental mass loss rates.

2. HISTORY OF DEVELOPMENT

The First computer program for calculating post-flashover fire tempera-
tures was developed by Kawagoe (5],

in conjunction with his pioneering studies
leading to a theoretical room fire model. This model was an adaptation of an
earlier graphical technique. The main limitations of both the computer program

"Numbers in brackets refer to the literature references listed at the end of
this paper.




and the theoretical model was the restriction to ventilation-limited Fires.
Fuel-l1imited Fires could only be expressed in terms of an empirical tempera-
ture change rate. Magnusson and Thelandersson (3] studied heat release rates
in more dstail and produced a model. An unpublished computer program was

used to implement that model. The normalized shape of the fire time-temperature
curves was an input variable in this model: the shape was based on sets of
typical measurements. Based on Magnusson and Thelandersson's theory, Fedock
[7] published _a similar computer program with emphasis on prestressed caoncrete
structures. The first program to provide for theoretically based calculations
of both ventilation-limited and fuel-limited burning was written by Tsuchiya
(8], Iltwas restricted to fires starting in ventilation control and to fuel
consisting of sparsely-packed wood "sticks,

The predecessor to the present program, COMPF [9], was issued in 1975
and incorporated several new advances, Including the ability to treat entirely
fuel-limited fires, to allow for temperature-dependent wall properties, to
permit the optional use of numerical input fuel weight loss rates, and to
perform certain variable abstraction (pessimization™) calculations as an aid
to design. (These techniques enable an input variable to be treated non-
deterministically.) Program coupr2 is intended to replace program COMPF and
differs from it in the following main ways:

1. A subroutine has been added to allow treatment of fires where
thermoplastic or liquid fuel exists in the form of a pool on the
floor. The routine implements the theory discussed in reference [10]
and outlined in section 4.1; examples of calculations are also given
and discussed in that reference.

2. The deterministic wood fuel burning model has Seen extended to include
the possibility of densely-packed cribs.

3. Both pool fire and densely-packed crib options have been incorporated
into the pessimization routines.

‘4. In addition to performing transient calculations, the program can
now also treat steady-state solutions, for both lossy and adiabatic
walls.

5. The program is now in S.I. units throughout.

6. Certain corrections and improvements have been incorporated in the
calculation routines. The method for the iterative solution of the
heat balance equation has especially been improved.

3. THEORY
) The post-flashover compartment Tire theory has been given in some detail
in reference (11], thus, only a brief summary will be given here. The main
assumptions are:

* The compartment represents a well-stirred reactor, i,s,, spatial
temperature variations in the hot fire gases are ignored.

* The model is quasi-steady. Time variations in fuel release rate and
in conduction losses are fully included. However, time rate of change
terms In gas phase mass and energy balance are dropped.

Air supply and gas outflow is through a single window in a vertical wall
and is the result of fire-induced convection.

The thermal discontinuity away from the window region is at a level below
the bottom of the window. The volume below the discontinuity is occupied
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by cold incomin1 air. In a flashed-over fire this discontinuity is close
to the TFloor.

surning is limited by rates of air or fuel supply rather than by gas
phase chemical Kkinetics.

Walls (including the ceiling) are modeled as portions of a homogeneous
solid of finite thickness. Temperature-dependent material properties
are allowed for.

The heat balance equation is:

(h - hzgg) - Q. - QI‘ -0 =0 (1)

W ep
f

where h denotes enthalpy and the definition of symbols #sS given in the
Nomenclature section. The subscripts on_the enthalpy terms denote_the tempera-
ture at which they are evaluated. The window radiation loss is, simply

h_=-m

c £ T

_ N 4
0 =2, 0 (T, - T) (2)

The wall loss term has a radiative and a convective component,

_ 1 4 L
Q = Ay [0 eg + I/ -1 (Tg = T,) +h (Tg = T)] (3)

The convective coefficient i above is not well known since the exact flow
conditions at the wall and ceilin% surfaces in a post-flashover fire are not
known in detail. - The convective fraction is much less than the radiative
fraction, permitting a rather simplified treatment. For turbulent-free con-
vection flow over flat plates the value for h should depend (13] on
(T - Tw)1/3. A value of

h =50 1i3
= 5.0 (7, - T) (4)
was selected as being in reasonable agreement with data.

The analysis in [11] shows that for compartments greater than about 2 m
on a side, a flame emissivity of e=0.9 may be used.

The enthalpy evolved from combustion, h., must be evaluated as the lesser

of
rhpAhC bP (5)
or
air N Pp. (6)
r

ts exact location below the window bottom is immaterial (12].



when equation (5) is limiting, the combustion is known as "fuel-limited™",
while If equation (6) is smaller.,combustion is "ventilation-limited". Here
bp represents the maximum combustion efficisncy and is a largely unknown
number. Since it represents, effectively, the "unmixedness" oOf the combustion,
there may be a scale effect, with smaller compartment spaces showing less
complete mixing: Experimental data can generally be correlated within range
of about 0.7 < bp < 0.9.

The value of moir is obtained from the Bernoulli equation at the window
and is

R
f*o’ "o ' £ | a /R 7)
[1+(Won/wao[1+(mp/mair) 12)1737¢

EQ
I
win

Cdpo 2g

The discharge coefficient has been determined by Prahl and Emmons (14]
to be 0.68 for normal-shaped windows. This value does not hold iIn cases
where the window takes up almost an entire wall. For such windows the flow
patterns have not been studied, but data can be correlated by taking c, at
about one-half its normal value. The molecular weight of the .products; We,
is not exactly known since the composition of the gases, especially the =~
unburned fuel gases (excess pyrolysates) is generally unknown. For simplicity
their molecular weight has been assumed equal to that of nitrogen. The
contribution of carbon monoxide and other minor combustion products is also
ignored. The main dependence of m,;, s on the window parameter A /h,. For
reasonable values of temperature the whole expression becomes approximately
equal to

Mgy = (0,45 to 0.50 ) A, /EV (8)

But this approximation has not been employed here.

Ventilation through multiple openings has not been provided for in this
program. An approach for treating such problems is given in [11] .

The heat of combustion, ah_,, is taken as the net value since the hot gas
outflow is above 100> c. The sfoichiometric ratio, r, is a constant for a pure
material: a tabulation of values is given iIn (15].

_ The rate of pyrolysis, fy, is one of the hardest quantities to determine.
A discussion of available valles is given iIn thes .next section.

The outflow mass rate, m¢, s by mass conservation the sum of m,;, and

m The enthalpy of the outflow products, n and h,45 is evaluated on the
' ; £

aBsumption that the combusted fuel goes to €Of and 4.0, No account is
taken of CO for two reasons: because the effect on a mass basis would be
very small, and because it was considered advisable not to introduce any
reaction kinetics. Also, only elements C, H, O, and N have been considered
for the fuel composition.

The excess pyrolysate term Qgp, IS the heat required to vaporize the
excess pyrolysates. Note that with the conventional definition of heat of
combustion, the loss for vaporization of combusted pyrolysates is already
included inan_.

n TPf second major equation to be solved is for heat conduction through
the wall.




re

3T AT
W o ' 11
°Cy 3t = (kM +4 (9)

The wall is initially at ambient temperature, T , and is subjected to
boundary conditions at the fire side of:

T
w

IxX

and on the unexposed side (x = L),

4 4
-k =h [Tg - T (0)] + 0 [T, - T, (0)] (10)

3T
_ W o_ 4 u
k Tl h [TW(L) - TO] + €0 [Tw (L) - TO] (11)

For the fire side the convective coefficient has been given above. For
the unexposed side a value of

h = 1.87 [TO - Tw (L)]l (12)
was taken.

4. PYROLYSIS RATES
4.1 Liquid or Thermoplastic Pools

There is currently only one fuel arrangement where the pyrolysis rate may
adequately be predicted from theory. |t consists of a pool of thermoplastic

or liquid fuel on the floor. The fuel is rolyzed solely by radiant flux
and '"sees" the compartment with a view factor of 1.0 and itself with a view

factor of zero. In addition, the fuel must pyrolyze at a known surface
temperature, T, and with a known heat of pyrolysis, Ah . Tpan-
o :

b (13)

P £ Th
P

Tewarson and Pion (16] have measured heats of pyrolysis for numerous
thermoplastic materials.

The above simple model is fully adequate for steady-state solutions.

At the start of the fire, however, the radiation feedback is small from the
hot gas volume but may be larger from the local plume above the pool itself.
u lume _term should pe added in to model the arting transient. Ve
T?m?teﬁ gxperimqnta? 8ata_ y Burgess (17] ang 3% Moggk_[ls can be used tory

derive an empirical relationship for the plume pyrolysis rate as:

o= A 0.0014 48 (kg/s) (14)
Ah
_ This _relationship does not take into account differences in flame
emissivities for various materials; as a rssult, it only provides a crude
measure. In the present application, however, the contribution of this term
is minor; therefore, an appﬁoximate expression is_adequate. Also,_as the
room radiation Increases, the effect of plume radiation on pyrolyzing the
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fuel decreases. For a radiatively black room, at high temperature, the plume
term should properly be negligible. This interaction is crudely modeled by
multiplying the plume term by a proportionality factor before adding to the
far-field term. The proportionality factor, y, has been set equal to

T4 T4
1700% - T,

With x>0.
4,2 Solid Fuels

Empirical data are available for the mass loss rates of wood planks in
Fflashed-over fires. Because of the nature of wood combustion, these rates are
not especially sensitive to room radiation and can be specified [11] using
a regression velocity of 7-15 um/s. This relationship iIs adeguate to describe
the burning of large, isolated wood panels. For pieces thin in two_or three
dimensions, yet still widely spaced, the following expression is suitable:

_F m 1-1/F
=z ( M ) (16)

=h

Here M_ is the original mass, m is the mass at a given time, and F is a
constaRt equal to 2 for cylinders or rectangular sticks and equal to 3 for
spheres or cubes. C is given by

- . _ D
C=3
P

the regression velocity. For

ith D being t llest fuel di ; d
e R o e Spproximatery ' onston and Vg
Vp = 1.7 x 10 D (m/s) (17)

The final arrangement for wood fuel for which data are available is a
crib, or a regular stacked array. From the data of nilsson (19] and Yamashika
{201, a set of simplified relationships has been evolved for the three crib
burning regimes.

Fuel Surface Control

h =%.v (% ) M (kg/s) (18)

<
"
F
~
x
o
]
(2]
o




Crib Porosity Control

4

- S M
= 4.4 10 ( ) o
mp X /hc =2 (19)
s, = ratio of stick clear spacing to crib height
h

(o]

Room Ventilation Control

. (20)
thy = 0.12 a,, /ﬁv

In calculations, each of the three rates above are determined and the
lowest rate taken as governing.

5. DETAILS OF SUBROUTINES

The program routines are written in Fortran language. A complete
listing is given in appendix B. The following are brief descriptions of the
operation of each subroutine.

5.1 COMPF2

COMPF2 is the main program, It calls most of the calculational routines.
A flow chart of coMpr2 is given in figure 1. The program starts with the
initialization of certain constants and default values. The input title and
namelist are then read in. I1f tabular data are specified, subroutine INC is
called. [ICONDS is then called iIn to set initial starting values. The input
data are echoed in ECHOID. After that, the appropriate computational routine
is called in. 1If no iteration failure has occurred the program then loops
back to the start and goes to the next problem. In case of iteration failure,
the program returns to the same problem, this time printing out additional
intermediate calculation values. This intermediate output can also be forced
to appear by specifying KTRACE=1.

5.2 CRIB

Subroutine CRIB calculates the burning of wood crib fires. A trial gas
temperature value is assumed for the first time step, TIhis value is preset,
but may be overridden by sPecifying a value of TINPT. The flow quantities
are computed, then the wall losses are determined by calling DESOLV. The heat
balance is then determined. If the normalized residue is greater than 0.002,
the iteration continues. The new temperature is normally determined by the
Newton method. [IFf divergence results, a scanning technique is used iP{tially
and a splitting of differences once a bounded oscillation results. After
successful convergence a new wall temperature profile is established by calling
RSTA. The calculation then proceeds to the next time step. Computation is
terminated at the end of time MTIME, or when gas temperature drops to 353 K,
or if errors or convergence failure is detected.

5.3 DEQNS

Subroutine DEQNS computes wall heat conduction using the Crank-Nicolson
method {21]. DEQNS has two entry points: DESOLV and RSTA. The radiation
boundary condition is linearized; updating every iteration rather than every
time step ensures minimal error. An additional within-loop iteration is also
used. DEQNS calls TRIDGF to solve the equation matrix.

7




5.4 ECHOID

Subroutine ECHOID echoes the input data. The complete data set is given
for each run, ratrer than just the changed values. Care has been taken to
give physical-meaning for the variables printed.

5.5 1CONDS

Subroutine ICONDS initializes starting values and does some preliminary
calculations on the input data. It also makes a few checks on the validity
of the input data. The user, however, is cautioned that this checking is
very rudimentary and in case of error exit or iteration failure the input
data must be carefully examined.

5.6 INC
Subroutine INC is called in when tabular input data are to be read.
5.7 OUTPUT

Subroutine OUTPUT is the primary output routine. 1t writes at each
time step a large number of variables to output files (logical units) 2 and
3. The temperatures, burning rates, and other primary variables are put on
file 2, while the heat balance values and the mass fractions are written on
file 3. OUTPUT also converts temperatures from Kelvin to degrees Celsius
before printing them out.

5.8 PFLFIX

PFLFIX is a pessimization design routine. Fuel pyrolysis rate is
calculated according to governing equations, but the ventilation is pessimized
by instantaneously adjusting the window width to give the highest possible
temperatures. Wood stick or wood crib fuel is assumed unless PLFUEL=T,
in which case a pool fire is used. The window width is not allowed to exceed
a maximum, as set by awpow/Hwoow. Calculations stop when the fuel, as
specified by FLOAD, is exhausted, since the window width would be undefined
beyond that point. Calculational procedures are similar to those in CRIB.

5.9 POOL

POOL is a pool Ffire burning routine. Computational details are similar
to those as in CRIB. The pyrolysis rate is based on equations 13, 14, and 15.
Three modes of subroutine operation are possible. |If STOICH=T, the steady-
state temperatures and pool area are determined for stoichiometric burning.
IT 215CcaN=T, the steady-state solution is found for a given pool area greater
than stoichiometric. The pool area is specified by use of the parameter EITA,
defined as [10]

n = — (21)

£ stoich

For constant window size, this becomes simply a ratio of pool areas. No
solutions are possible for n>1. Finally, a transient calculation can be made,
which proceeds similarly as Tn the other transient calculations. The user
must make sure that the pool size given is sufficiently large so that n<l.
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5.10 PP

Subroutine PP is a plotting routine. Details are not given since plotting
routines are dependent on the hardware used.

5.11 PVTFIX

PVTFIX is a pessimization routine, and is effectively the inverse of
PFLFIX. In PVTFIX a fixed ventilation openin? is specified. The fuel release
rate is instantaneously varied to always result in the highest possible burning
temperature. Temperatures drop after the fuel load is consumed. Computational
details are similar to those iIn prLFIX.

5.12 RPFIX

i For comparison of measured data against numerical predictions a routine
is needed which can accept m rates as an input tabular Ffunction of time.

RPFIX %rovides for this typePof chec#ing_ca%?ulation, The cgse of _measured
combustion rate 1nput (as provided, for instance, 5y oxygen depletion measure-

ments in the window outflow) can also be treatad by dividing the measured rate
by 8h (net) and setting br = 1.0.

5.13 STFLOW

Subroutine STFLOW is a wall heat conduction routine. - .
DEQNS. except that only the steady-state temperatures are détefindgilar to

5.14 TLU
Function TLU is a tabular data interpolating function used in several
subroutines. |If the independent variable entered is smaller than the smallest

data point or larger than the largest data point, the output iIs set equal to
the smallest, or largest dependent value, respectively.

5.15  TRIDGF

_ Subroutine TRIDGF uses a Gauss elimination procedurs to solve a set OF
tri-diagonal matrix equations.

6. AGREEMENT WITH EXPERIMENT

A comparison of numerical predictions with experimental results has been

given in (22] for the program COMPF. Sipilar agreenent should.hold for coupr2,
since covpr2 is improved mainly in opePational®features, especially Increased

¥ersatilit , WQi|? retgining the s%m? &h%oretical model as_in COMPF. For pool
ires useaple full-scale experimental data are not available,

7. INPUT INSTRUCTIONS
7.1 Deck Set-up

The input is assigned to file 1. :
three card groups, as Fol lows: Each problem run consists of two or

1. Title card (20a4). One card only. Card must be present. The
identifying information from the title card is printed at the head

of the output.

2. Namelist card(s)., One or more cards. Details are given in the next
section.




3. Tabular input (optional). This input group IS contained only for
the first run and for those ensuing runs where NEWPRP=T. If no
tabular input is present, then blank cards must not be inserted. If
tabular input is present, it is arranged as follows:

First card: NCN, NCP, NEM, NR, NQG (1013). These are the number of
points for the wall thermal conductivity, wall heat capacity, wall
emissivity, mass pyrolysis rate, and wall heat generation rate,
respectively. The number of points may be 0, 1, or greater than 1.
If N=0, then the previous run value is unchanged. |IT y=1, then it
is assumed the value is a constant, independent of temperature or
time. If y>1, then an array is inputted.

Ensuling card(s) : These "are in the format (8r10.0) and arranged in
pairs (independent, dependent). For wall thermal properties, tempera-
ture is the independent variable, while for mass pyrolysis rate it is
time. The order is: CNDA, CPW, EMSA, RPX, oGey. First all the points
(ifany) for CNDA are read in, four pairs per card. Then a new card

is started even if the last card is part-full, and cpw is read in.

The process is continued for EMSA, RPX, QGEN. NO blank cards may be
inserted. |If N=1 for an array, then the constant value is entered

in columns 11-20.

After cards_for one run are finished, the cards for the next one are
stacked, again with no blank cards.

7.2 Namelist VARS

For all non-tabular data, the namelist format was adopted. This
undeservedly obscure Fortran feature is highly advantageous for the present
application. Its features include:

* Semi free-format input
* Variables may be in any order
* Unneeded variable values need not be specified

* Variables needed, but not specified in current run are automatically
set equal to the prior given value.

The namelist card(s) must contain the following information: the first
card must start with $vars in columns 2-6, then a space, then the desired”
values, separated by commas. InEut may be continued on continuation cards,
each of which must _have columns 1-2 blank. The stream is terminated by a $
after the last variable.

The user is cautioned to check the input carefully, since namelist
format proyides for only rudimentary error messages. The namelist VARS
values are written to file 5 when read in. In normal operation file 5_can
be rewound or discarded. |If error failures occur, however, the VARS listing
on file 5 may be useful in determining Input errors.

Table 1 lists all the variables inputted in namelist VARS.

7.3 Modes of Program Operation

Time

Three possibilities are available: complete time-temperature curve
calculation, calculation of steady-state temperature for a given wall, or the
calculation of a steady-state temperature for adiabatic walls. To select

adiabatic walls, set aDIA=TRUE. To select steady-state solution for real walls,
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set STEADY=TRUE. To obtain complete time-temperature curve, set ADIA and
STEADY both FALSE. Note that for some fuel pyrolysis conditions below not

all three possibilities are available.
Fuel Pyrolysié

The following modes of operations are available:

1) Pool fire
Set PLFUEL=TRUE,

a. Time-temperature curve.for given ventilation and pool area.
Specify SIZE. Set STOICH and EISCAN both FALSE.

b. Burning conditions at steady state for stoichiometric pool size,
that is, determine values for EITA=1. Set STOICH=TRUE. Do not
input SIZE. Do not set EISCAN=TRUE,

c. Burning conditions for any other EITA. Set EISCAN=TRUE. Specify
EITA. Thgs OBtlon must be preceded by the Stoichiometric problem
(optionlb, above). SIZE input is not used; if given, the value
is disregarded.

2) Wood crib fire. This is the default option. Set FLSPEC, PLFUEL,
RPSPEC, and VTSPEC all FALSE.

a. Simple stick burning. ust specify a value for REGRES greater
than zero.

b. Nilsson®s crib_formulas for crib burning in three possible
regimes. Specify REGRES=0. (default). Also specify SH.

3) Checking option when tabular input pyrolysis rates are given.

Set RPSPEC=TRUE. Also must set NEWPRP=TRUE and give an appropriate

array of RPX.

4) Pessimization over ventilation. Set rLspec=Trug. Window width is
automatically adjusted, but is no greater than determined by the
inputted value of AWDOW/HWDOW. Pprogram stops when fuel is exhausted.
a. Simple stick burning. Must specify a value for REGRES greater

than zero and set PLFUEL=FALSE.

b. Nilsson"s crib formulas for crib burning in three possible
regimes. Set PFLUEL=FALSE and REGRES=0, Also specify SH.

c. Pool burning. Set PLFUEL=TRUE.

5) Pressimization over FTuel pyrolysis rate. Set vTspeEc=TrRUE, Fuel
pyrolysis rate is automatically adjusted for pessimal burning
conditions.

8. FILES USED

The Fortran file logical units must be declared as follows:

File 1 -- Input ) ) _

File 2 -- Output (echoed input and main calculated variables)

File 3 -- Output Eheai:balance and mass fractions)

File 4 -- Output (intermediate tracing output - used only if KTRACE=1)

File 5 -- Output (listingof namelist vARs contents).
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File 5 can be arranged to be rewound after each problem so that it will
contain data only in case of error failure.

9.  IMPLEMENTATION

Program coMpr2 has been successfully implemented on a UNIVAC 1108 computer.
The predecessor program, COMPF, was run on a CDC 6400 computer. The program
uses, as much as possible, only standard Fortran expressions. Minor unavoidable
implementation differences exist, however, in commands associated with file
usage-

10. LIST OF VARIABLES

Table 2 gives a list of all the major problem variables.
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Table 1.

Variables specified in the input Namelist VARS

Default Values

variable First
run
ADIA FALSE
AFLOOR none
AWALL none
AWDOW none
BPF none
CD 0.68
CFLPC 44.4
CPPYR(2) CPN2
CVGROS none
DENSW none
DHP none
DTIME none
EF 0.9
EISCAN FALSE
EITA none
FLOAD none
FLSPEC FALSE
HFLPC 5.4
HADOW none
1RUN 1
IX 10
KTRACE 0
MTIME 360.
MWPYR 28.97
NEWPLT FALSE
NEWPRP TRUE
NFLPC 0.
OFLPC 0.
PLFUEL FALSE
PLOT FALSE
PNCH FALSE
PRNT none
REGRES 0.
RPSPEC FALSE
SH 0
SHAPE 2.
SIZE none
STEADY FALSE
STOICH FALSE

Following
run

DY

pv
pv
pv
pv

pv
pv
pv
PV
pv
pv
pv
PV
FALSE

pv

pv
FALSE

pv

[SA%
sequential
[9A%

0

pY

pv

FALSE
FALSE
pv
oYy
FALSE
pv
oYy
pYv

DY
FALSE
v

pv

pv

FALSE

FALSE

Information

if true, walls area adiabatic and only
steady-state solution is sought

area of floor (m?)

gross area of walls and ceiling (m?)

area of window (m?)

maximum Fraction of pyrolyzed fuel burned
to be <1.0

discharge coefficient

percent, by weight, of carbon in fuel
heat capacity of pyrolysis gases (J/kg-K)

upper calorific value Tor dry fusl (J/kg)

wall density (kg/m?)

total heat of gasification for fuel (J/kg)
increment of time step (s)

gas emissivity, assumed gray )

if true, solve steady-state problem in
PooL for a given EITA

normalized air-fuel parameter for pool
burning

fuel load (kg/m? floor area)

if true, pessimize ventilation for a
specified ﬁyrolysis rate

percent of hydrogen, by weight, in fuel

window height (m)

run problem number

number of wall slices, to be < 10

print intermediate output if =1

maximum Fire time (s)

molfcglar weight of pyrolysis gases (g/g-
mole

iT true, start new plot frame

iT true, new_data arrays will be _given
percent of nitrogen, by weight, in fuel
percent of oxygen, by weight, in fuel

if true, fuel 1s a pool fire

if true, plot time-temperature curve

if true, punch time-temperature curve
interval at which results are to be
printed (s)

rate of fuel regression (m/s)

if true, use tabular input fuel pyrolysis
ratio of clear spacing between sticks/cribp
height for crib

shape factor in pyrolysis equation for
wood sticks

for cribs: smallest dimension of

stick (m)

for pools: pool area (m?)

if true, only steady-state solution is to

_be sought o i
if true, BI1TA=1 solution is sought in
POOL

14



Table 1. (continued)

TBOILC 0. pv fuel vaporization temperature for pools (c)

THICKW none pv wall thickness (m)

TINPT 0. 0. optional input iteration gas temperature
(K)

VTSPEC FALSE FALSE if true, pessimize pyrolysis rate for a
specified ventilation _ )

WFLPC 0. pv percent of water, by weight, in fuel

Note :

pv = previous value
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ADIA
AFLOOR
AWALL
AWALLN
AWDOW
BPF
BWDOW
BWORST
C

CD
CFLDC
CND
CNDA
CNG
CNL
CNV
CPA
CPCO
CPCO2
CPH2
CPHZ20
CPN2
CPO2
CPPYR

CPhW
CVGROS
CVNET
DENF
DENSA
DENSW
DENU
DERIVI
DERIVZ
DIF
DTGAS
DTIME
DX

EF
E1SCAN
EITA
EMS
EMSA
FC
FLOAD
FLREM
FLSPEC
FUELPC
Fl

Table 2. List of variables

true if walls are adiabatic

area of floor (m?)

gross area of walls and ceiling (m?)

AWALL minus window area

area of window (m?)

maximum Ffraction of pyrolyzed fuel burned

width of window (m)

window width (.LE.B8WDOW) which maximizes gas temperatures (m)

moles of carbon in fuel (mole/kg fuel)

discharge coefficient

percent of carbon, by weight, in fuel

conductivity of a given wall slice (W/m-K)

conductivity of the wall, as a function of temperature (W/m-X)

average conductivity, next to higher numbered slice

average conductivity, next to lower numbered slice

numerical factor in heat transfer coefficient

heat capacity of ambient ailr (J/kg-K)

heat capacity of CO, as a function of temperature (J/kg-K)

heat capacity of CO;, as a function of temperature (J/kg-K)

heat capacity of H,, as a function of temperature (J/kg-K)

heat capacity of H,0, as a function of temperature (J/kg-K)

heat capacity of ¥,, as a function of temperature (J/kg-K)

heat capacity of 0,, as a function of temperature (J/kg-K)

heat capacity of pyrolysis gases, as a function of temperature
(J/kg=K)

wall heat capacity, as a function of temperature (J/kxg-K)

upper calorifTic value for dry fuel (J/kg)}

lower calorific value for moist fuel (J/kg)

Biot Number/2--fire side

ambient air density (kg/m?)

wall density (kg/m )

Biot Number/2--unexposad side

current derivative of heat balance remainder (w/K)

previous derivative of heat balance remainder (W/K)

temperature error in iteration (K)

increment in gas temperature (X)

time increment (s)

wall thickness increment (m)

effective flame grey body emissivity

true iIf seeking contant 1Ta#l solution

dimensionless air/fuel parameter for pool burning

computed wall emissivity for parallel plane problem

wall emissivity, as a function of temperature

true if in fuel control

fuel load (xg/m? of Floor area)

mass of fuel remaining at a given time (kg)

true if fuel pyrolysis rate 1s fixed and ventilation pessimized

percent of original fuel supply still remaining

current heat balance error (W)

previous heat balance error (W)

acceleration of gravi (m/s2)

moles of hydrogen in fuel (mole/kg fTuel)

variable in solving differential equation

effective heat transfer coefficient, fire side (W/m?-K)

percent of hydrogen, by weight, _in fuel i} s

effective heat transfer coeTficient, unexposed side (W/m--K)

height of neutral plane (m)

fractional height of neutral plan above window bottom

height of window (m

line number




Table 2. (continued)

IPG page number

IRUN run -number

IX number of wall slices

IXC number of middle slice

IXL number of penultimate slice

J number of current time step

IM maximum number of time steps

JPRINT output to be printed every JPRINT time steps

K number of trial iterations at any given time step
KD number of iterations to converge differential eguation
KITER equals 0 for normal operation, equals 1 Ffor convergence failure
KNTRL parameter indicating exit status

KTRACE  print intermediate tracing output if KTRACE-1
MTIME maximum time for fire simulation (g,

MWIN molecular weight of ambient air (g /q_mole)

MWOUT molecular weight of exhaust gasesq\g/g-mULe)
MWPYR molecular weight of pyrolysis gases (g/g-mole)

N moles of nitrogen in fuel (mole/kg Tuel)

NCND number of points in CNDA table

NCPW number of points in cPw table

NEMS number of points in EMSA table

NEWPLT  true if start new plot frame (notoverlay previous one)
NEWPRP true If read in new set of tabular data

NFLPC percent of nitrogen, by weight, in fuel

NQGEN number of points in QGEN table

NRP number of points in RPX table

0] moles of oxygen in fuel (mole/xg fuel)

OFLPC percent OF oxygen by weight, in fuel

OPENF opening factor ration (m°'’)

PLFUEL  true if pool fire configuration

PLOT true 1T plot time-temperature curve

PNCH true if punch time-temperature curve

PRNT number of times per second output is to be printed
QCONW heat transfered to walls by convection (w)

QFIRE heatf%enerated by combustion_(w) _

QFLOW net flow enthalpy (exhaustminus inflow)

QFUEL heat lost in heating up unburned fuel fraction (w)
QGEN wall heat generation, as a function of temp (w/m?)

QRADO heat radiated out the window_ (w) .
QFLOW new flow enthalpy (exhaustminus inflow) (y,

QFUEL heat lost in heating up unburned fuel fraction (w)
QGEN wall heat generation, as a function of temp (w/m?)
QRADO heat radiated out the window (W) .
QRADW heat transfered to walls by radiation (w)
QWLSUM total heat removed from compartment and passing into t_hewalls (J)
R stoichiometric air/fuel mass ratio
RO stoichiometric oxygen/fuel mass ratio
RC rate of burning (kg/s)
REGRES rate of fuel surface regression (m/s)
RMA mass inflow rate of air (xq/s)
RMF mass outflow rate of hot gases (kg/s)
RP rate of pyrolysis (kg/s)
RPSPEC  true if rate of pyrolysis 1Is prescribed as input
RPX rate of pyrolysis, as a function of time (kg/s)
SCAN true if search for solution by scanning temperatures
SH ratio of clear spacing between sticks to crib height
SHAPE contant indicating shape of fuel sticks
SIGMA Stefan-Boltzmann constant (w/m2-k*)
SIZE thickness of crib sticks (m)
area of pool (m?)
SIZEL pool area for EITa=1 condition (m?)
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STEADY
STOICH
TAMB
TGAS
TGAS1
TGAS2
TGASC
TGASN
TGASP
TGOLD
THICKW
TINPT
TITLE
TSF

Table 2. (continued)

true-if only stesady-state calculation to be made
true if pool fire and EITA=1

ambient temperature (K)

gas temperature (K)

previous value of TGAS (K)

previous value of TGASI (K)

gas temperature (C)

closest gas temperature, lower. than true (K)
closest gas temperature, higher than true (K)
value of TGAS from prior time step (K)

wall thickness (m)

input trial starting gas temperature (K)
title of this run

wall surface temperature, fire side (K)

wall surface temperature, unexposed side (X)
total time (s)

old wall temperature profile (K)

new wall temperature profile (k)

wall temperature profile (C)

average inflow velocity (m/s)

true i1f ventilation is fixed andfpyrolysis rate pessimized
moles of water in fuel (mole/kg fuel)

format constant

format constant

percent of water, by weight, in fuel

initial total mass of fuel (kg)

mass fraction of co, in outflow

mass fraction of H20 in outFlow

mass fraction of N, in outflow

mass fraction of 0. in outflow

mass fraction of pyrolysates in outflow
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PLTRST

F INC

r_!

ICONDS

[

RPFIX

i PFLFIX
L
PVTFIX Y
[

PLFUEL.AND.
NOT.FLSPEC

KTRACE=1
KITER=1

Figure 1. Flow chart for main program COMPF2
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APPENDIX A -- SAMPLE PROBLEMS

Given below is a set of ten concatenated input problems. Each problem
is intended to test out a subroutine or other feature of the program. The
output for the problems is given following the input.

TEST PROGRAM FOR POOL FIREs STEADY STATE. EITA=1.0
JVARS AFLOOR=20e ¢+ AWALL 2806+ AWDOWS4¢ ¢ BPFE0.T7¢COZ0.68,CFLPCE85,7,
CVGROS=46¢ SE6 sDENSWETO0¢ s DHP22,4EG¢EITA=10,FLOAD=200 s HFLPC=14¢ 3+
HWOOW=E]1 ¢ S+OFLPC=20.0¢PLFUEBL3TSTOICH=T ,TBOILC=29060
THICKW=0e038¢WFLPC=2040S
001000001
Qel?
0.8
TEST PROGRAM FOR POOL FI!REs STEADY STATE. EITA=0e01
SVARS EISCAN=T.EITA=0¢01¢PLFUEL=TS
TEST PROGRAM WITH DELIBERATE ERROR TO CHECK KTRACE OPERATION
SVARS B1SCAN=T, PLFUSL=T,TBOILC=2000e8
TEST PROGRAM FGR POOL FIREes TRANSIENT CASE. SIZE=7.5 M2
SVARS OTIME=60e ¢ MTIME=3600e e NEWPRP=Ty PLFUEL=T, PRNTZ60+¢S1ZE=7.5s
TBOILC=390e$
000001
840¢
TEST PROGRAM FOR WOOD CRIB FIRE' REGRES SPECIFIED
SVARS CFLPC=84¢4¢CVGROS=]8¢8EG)FLOAD®L 00 0eHFLPC=S5¢4+0FLLPC=2842,
REGRES=1¢ SE=5¢ SHAPE—2.0 ¢S1ZE20.08.WFLPC=12,05S
TEST PROGRAM § FOR WQOD CRIB FIRE, NILSSON'S FORMULAS
SVARS REGRES=QeQ+SH=QeiOS
TEST PROGRAM 2 FOR WOOD CRIB FIREs NILSSON"S FORMULAS
SVARS FLOAD=20¢ ¢ SH=0e20$
TEST PROGRAM FOR PVTF1lX ROUTINE, VARIABLE WALL PROPERTIES
SVARS NEWPRP=T,VTSPECsTS

004008

2736 0.21 372, 0.21 373 el 6 1073, Qe26
273 1050¢ 372 1090¢ 3730 47300¢ 383 47300.
384 5000 4130 5000e 414, 840 1073 8404

TEST PROGRAM FOR-PFLFIX ROUTINEs POOL OPTION
SVARS AWOOWE}L 0¢ ¢« CFLPC=85¢T¢CVGRUSZ 466586 FLSPEC=T ¢HFLPC=14,3+NEWPRP=T,
OFLPC=0e 0s PLFUEL=T ¢SIZE=8 .0+ WFLLPC=0e OS
001001
Qel7
840¢
TEST PROGRAM FOR RPFIX ROUTINE
SVRRS MTIME=1903¢ ¢+ NEWPRPaT RPSPEC=TS
000000000003
0.0 0.12 120 0.12 121. 0e28
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TEST PROGRAM WITH DELIBERATE ERROR TO CHECK KTRACE OPERATION

T~GEOMETRY AND VENT ILATIOH-——-

wALL SURFACE AREA = 8040 M2
FLOOR AREA = 20400 Y2
WINDOW HEIGHT = 1450 H

AREA a 4.00 M2

CPENING FACTOR = 4.899 M2.5
Ol SCHARGE COQOEFF.a ,68

— — —FUELLOAD PROPERTIES~===
FIRE LOAD PER FLOOR AREA =

TOTAL ENTHALPY OF PYROLYS!IS=
BOILING TEMPERATURE=®2000. DEG ¢

2040 KG/M2
2.4Q0406 J/KG

FUEL CQOMPQSITION
CARBON 2 8547 PERCENT BY WEIGHT

HYOROGEN = (4,3 PERCENT
OXYGEN z «0 PERCENT
NITROGEN = «Q PERCENT
WATER = «0 PERCENT
R = 14,78
ROo= 3.43

HEAT Of COMBUSTION OF DRY FUEL =
LOWER ACTUAL HEAT OF COMBUSTION = 43,36+06 J/KG
MOLECULAR WE[GHT OF UN8B8URNT PYROLYSATES = 28.97
cP OF PYROLYSIS GAS = ( «1127¢7GAS + 10104} J/KG-K
MAXIMUM FRACTION OF PYROLYSATES BURNED = o790
GREY—-GAS FLAME EMISSIVITY = +900

FUEL ARE A= 174.07 M2

46.,50406 J/KG

——=-WALL THERMAL PROPERT[ES=—=~~

THICKNESS = ,038 Y
DENSITY = 790. KG/M3
THERMAL CONDUCTIVITY = 170 W/M=K

EMISSIVITY = «50

THERMOPLASTIC PQOL FIRE

TIME TEMP waLL TEMPS RP RC EXC WPYR, FUEL
s GAS.C c KG/S  KG/S XG/S PCT
— — ITERATIO AILURE~=~
TGASE 1890.00
TGAS.LT.TBOIL TGAS®  1890.0 GO TO NEXT CASE
RUN NO. 3
TGASI TGAS2 Fl F2 OERIV1L K KO XH J Ta(1) TSF
1800.00 .00 2.43¢08 0400 135409 1 3 0 1 1730.8%
1810400 180000 2.40+408 243—e -2.93¢08 2 3 0 I 1740.49
1900400 181000 210408 2,40¢08 -3,33408 3 3 O 1 1827.13

23

1791443
180ia351
1892.16

AIR

XG/S

4,028+0% -1.009408
2.891404 -1.008¢08
20405403 -53.183+07

COYPFZ VERSION 11

RUN NOe

PAGE NO. {

I'N NePo

OF I RE OFLOW

VELOCXTY
M/S

QRADW

MOL WY

RP

3

RUN NO.

FUEL
CNTRL

RC

4.052+05~59.938 + 009
4,083+05-59.068 <001
4.363+05-50.558 «000



ROy

TEST PROGRAM FOR POOL FIREs TRANSIENT CASE. SIZE=7e5 M2

— ——GEOMETRY AND VENTILATION=———=

WALL SURFACE AREA = 80e¢0 H2
FLOOR AREA = 20000 M2
WINOOW HEIGHT = 1050 M

AREA = 400 M2
OPENING FACTOR = 40899 M2.5
OISCHARGE CQEFF.= 068

— ——FUEL LOAD PROPERTIES — -
FIRE LOAD PER FLOOR AREA = 2040 KG/M2
TOTAL ENTHALPY OF PYROLYSIS= 2440406 J/KG

BOILING TEMPERATURE= 390. DEC C

FUEL COMPOSITION
CARBON = 8547 PERCENT BY WEIGHT

HYOROGEN = 1443 PERCENT

OXYGEN = «Q0 PERCENT

NITROGEN = «0 PERCENT

WATER = «Q0 PERCENT

R = 14.78

RO= 3.43

HEAT OF COMBUSTION OF DRY FUEL = 46450406 J/KG

LOWER ACTUAL HEAT OF COMBUSTION = 43.36+06 J/KG
MOLECULAR WEIGHT OF UNBURNT PYROLYSATES = 28497
CP OF PYROLYSIS GAS = ( «1127%TGAS + 10100) J/KG=K

MAXIMUM FRACTION OF PYROLYSATES BURNED = e 70
GREY—GAS FLAME EMISSIVITY = 900
FUEL AREA= 7¢50 M2

— —--WALL THERMAL PROPERTI[ES===-=

THICKNESS * 0038 M
OENSITY = 7900 KG/M3

THERMAL CONDUCTIVITY = «170 W/M=K
HEAT CAPACITY = 840+ J/KG=K

EMISSIVITY = <50




e ~NOUNDAWN=

10

TINE

THERMOPLASTIC POOL FIRE

T1ME TEMP

s GAS.C
0. 739.
60 826,
120. 852
180. 870.
240. 882.
300. 891.
360. 898.
4206 903.
480, 907,
540 911,
600, 914,
660, 917.
720. 919.
780. 921.
840. 923.
900. 925
960. 926,
1020. 358.
1080 255,
1140. 211
1200. 184,
1260, 164,
1320. 149.
1380. 138.
14400 129.
1500. 121.
15604 114e
1620 108.
1680. 103e
17404 0.
1800. 95
1860 91
1920. 88
1980. 85.
2040. 82
2100. 80.

WALL TEMPS

$13.

257.

238
222,

209«
198
1884
179
171t
164,
157.
151.
146
141,
136,

Cc

26. 25
3. 25
53. 2S.
83. 26
117. 27 m
151. 30«
183. 34e
213. .
240, 46,
26S. 53.
288, 61

347. 85,
364, 93.
380. 101.
394. 108.
407. 11S.
ale. 122,
412. 128.
402. 133.
387. 137
371. 141.
355. 143,
339. 145.
324« 145
310. 145
296« 144.
284, 142,
272« 140,
261 137,
251e 13S.
241. 132.
232, 129.
223. 1206

215. 123,

TWERMOPLASTIC POOL FIRE

GAS FLOW
PCT

44.886
51.859

584196
584693
59.095
S9.440
59.737
59.996
60.224
60.427
60.610
60.776
60.927
96.257
97.357

98.180
98.223
98.258
984,285
98,306
984328

HEAT BALANCE

UNO RAQ
PCT

Sed22
Tet T4
7950
Be546
8.943
9.250
Se486
9.681

10.097
10.201

WALL CNV
PCT

11.092
4.559
3.297
2.523
24091
1.787
1.574
1ea11
l.283
1.180
1.09¢
1 w022
«960
«907
«860
«818
«781
-40.770
-52.654
-58.391
—62.064
-64.780
-67.042
—68.677
—-69.805
=T71093
—71.919
-72.779
=T73e334
=73.959
=-74.362
~74.862
-75.240
—75.620
~75.777
~764079

RP
KG/S

.308
.362
.381
<396
406
413
19
“a24
28
w431
434
.436
439
.440
242
443
*845
000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.0g0
.000
+000
.000
000
.000
<000
«000

WALL R
PCT

28.910
22.952
20.091
17.707
16.097
14.794
13785
124954
12.252
11.659
11.144
10.691
10.290
9.929
9.604
9.308
9,037
-59.079
—47.486
=41.795
—37.859
-35.129
~33.129
~31.505
~30.128
~294103
—28.159
~27.407
—26e712
—26.146
—25.603
~25.162
~24.,756
~244394
-24.028
~-23.73%

RC
KG/S

«108
«106
«108
el 08
« 108
«103
+103
«103
«103
<103
<102
«102
<102
«102
<102
«102
+102
«000
<G00
«000
«000
«000
<000
«000
«000
«30Q
«000
«000
«000
+000
«000
<000
«000
«000
«000
«000

AD

EXC+PYR.
KG/S

« 198
* 256
277
«292
«302
«310
«3186
«321
«325
«328
331
«334
«336
«338

342
343
«000
«000
<300
+ 000
«000
=000
«000
«000
«000
«000
<000
«000
<000
<000
«000
«000
«000
+000
«000

Q-FIRE
w

4.694+4006
4.582+06
4.543406
45 14406
4.496406
4.481406
4470406
4.461+06
4, 453+06
444474056
4.442¢06
4.437406
40433406
40429406
4.,426406
44423406
4.420406
0.000

0.000

©Co0O000O0O0OO0OOOOO
o
o
o

25

FUEL
PCT

95.4
900
84.3
B3
72.2
6640
9.7
53.4
4740
40.5
3A.0
275
20.9
143
746
1.0
-0
0
.0
-G
0
+0
-0
-0
0
«0
.0
-0
0
.0
.0
0
«0
0
«Q
.0

AIR IN

KG/S

2429
2.23
2.21
2.20
219
2.18
2418
2.17
2.17
2417

2016
2.16

2416
2.16
2415
2415
2.47

2.39
2032
2.26

2416

2409
2.05

19
1497
1.5
1.92
1.90
188
1.86
1%
1.8

0—WALL
SUM
J

1e127+08
L.883+08
2.520+08
3.068+08
2.559+08
4.005+08
4.4 17408
4+801+08
S5.163+08
5.505+08
S.832+08
6e1a3408
6.443408
6.731+08
7.008+08
7.277+08
7.537+08
7.537+08
7.537+08
7.537+08
7.537+408
7.537+08
7.537+08
7.537+08
7.537+08
7.537+08
7.537+08
7.537+08
7.537+08
7.537+08
7.537+08
7.537408
7.537408
7.537+08
7537408
7.537+08

Yoz

MASS

2060
«058
«058
«057
+057
«057
<057
«0S7
«056
<056
«056
+056
«056
+056
»056
«0568
«056
«230
«230
« 230
«230
«230
230
«230
«230
«230
* 230
<230
«230
+230
«230
«230
«230
«230
+230
230

VE

PAGE NO«

LOCITY
M/S

1.86
1.87
1.87
1.87
1.87
1.87
l.87
1.87
1.87
1.87
1.87
1.87
l.a7
1.87
1.87
1.87
1.87
1.78
1466
1459
le54
1.4
145

le42
1 e39
1.36
1.34
1.31
1.30
1.28
1.26
le26
1.23
1.22
1.20
119

PAGE NO.

YN2
PCT
MASS

«679
4663
«657
<652
«650
667
646
644
«643
<642
«681
<641
«640
+639
«639
+638
«638
770
«770
«770
770
«770
«770
<770
«770
<770
«T70
«T7T70
<770
« 770
«770
«770
<770
« 770
»770
«770

vc02
PCT
MASS

«131
128
127
- 126
. 126
« 125
«125%5
+125
0124
«124
o124
e 124
124
°124
«123
«123
=123
«000
«000
«000
<000
« 000
«000
<000
«000
+000
<000
«000
«000
=000
«000
«000
+000
«000
000
«000

1 RUN NQe

MOL.wT FUEL
CNTRL
.87 F
29.85% F
29.85 F
29.84 F
29.84 F
20.83 F
29.83 F
29.83 F
2983 F
2.8 F
29.82 F
0. F
29.82 F
poksod F
29.82 F
29¢82 F
29.82 F
26.90 T
26+95% T
26.4 T
26.90 T
26.87 T
26.84 T
26.80 T
26.78 T
26.75 T
26.73 T
2670 T
26.67 T
26.64 T
2%6.62 T
26.60 T
26458 T
26.56 T
26454 T
26452 T
| RUN NO.
YH20 YPYR
PCcTY PCT
MASS MASS
054 «076
- 052 099
«052 « 107
«052 «113
«051 ell6
<051 119
« 051 22
«051 «128
« 051 o128
«051 . 126
«051 al 28
« 051 129
+ 051 +130
+051 «130
<051 «131
<0514 «132
«+050 132
<000 «000
«0Q00 <000
+000 «000
<200 «000
<000 +000
«000 +000
«000 <000
«000 <000
«000 «000
«000 «000
«000 «000
«000 «000
«000 +000
«000 +000
«000 «000
«000 «000
«000 =000
«000 «000
«000 «000



..TEST PROGRAM FOR wQOOD CRIB FIREes REGRES SPECIFIED

=e==GEOMETRY AND VENTILATION=——-

WALL SURFACE AREA = 800 M2

FLOOR AREA = 20000 M2

WINDOW HEIGHT = 1050 M
AREA = 4.00 M2

OPENING FACTOR = 44899 M2.45

DI SCHARGE COEFF.= 068

— ~T"FUEL LOAD PROPERTIES — -

FIRE LOAD PER FLOOR AREA = 100 KG/M2

FUEL COMPOSITION
CARBON = 4444 PERCENT B8Y WEIGHT

HYDROGEN = S+4 PERCENT

OXYGEN = 3802 PERCENT

NITROGEN = ¢«0 PERCENT

WATER = 1200 PERCENT

R = 5432

RO= 123

HEAT OF COMBUSTION GF DRY FUEL = 18¢80+06 J/KG
LOWER ACTUAL HEAT OF COMBUSTION = 15007406 J/KG

MOLECULAR WEIGHT OF UNBURNT PYROLYSATES = 28497
CP OF PYROLYSIS GAS = ( «1127%#TGAS + 1010s) J/KG=K
MAXIMUM FRACTION OF PYROLYSATES BURNED = «70

GREY—-GAS FLAME EMISSIVITY = 0900
RATE OF REGRESSION = 1500~-06 M/S
FUEL OIMENSION = 4050 M

SHAPE FACTOR = 2000

~---=-wWALL THERMAL PROPERTIES — --

THICKNESS = 0038 M

DENSITY = 790+ KG/M3

THERMAL CONDUCTIVITY = 0170 W/M=K
HEAT CAPACITY = 8400 J/KG=K
EMISSIVITY = +50

26




e
asBRh~boowownrwn—

TIME

CRIB FIRE

TIME TEYP

s

0.
60,

GAS+C

S10.
560,
572.

574 »
S71.
563.
553.

540,
526
510,
494
476.

457 .

438.

L7,
396.
374.

352,
328
304.

CRIB FIRE

GAS FLOW

PCT

55.544
63.693
67.496
70.479
72.815
74.815
76.584
784203
7.721
814173

97.559
97.750

984139
984135
98.127
98.116
984104

WALL TEMPS

26 . 5.
30. 5.
4l 25.
584 25.
784 26.
98. 28,
117 30.
134. 33.
149. 37
162 424
174. 46
184. Sle
192. 566

209, 70.
212. T4
214, 78.
216 81.
216 aa.
216 ar.

214. 89.
213. 9l
210. 93.
207. A
203, 9B
98. 96
193, 96,
187. 90e
181 96
175, 9B

HEAT BALANCE

WND RAD
PCT

3.3
4.410
4.843
54113
5.238
5.278
5.253
5.181
5.074
4.941

WALL CNV
PCT

19.249

-74.839
—75.239

-754698
~76.063

RP RC
KG/S  KG/S
.2640 168
231 .162
222 .156
214 =150
.205 w143
.196 137
«187 «131
«178 « 125
.169  .119
o161 112
«152 « 106
143 1 00
2134 L0394
.125 087
el16 <081
.107 075
.098  .069
.089  .062
080  .056
«071 « 049
«061 «043
082 036
«0a2 «030
«033 «023
022 L0106
« 011 <008
«000 «000
«000 » 000
2000 000
2000 000
.000 <000

WALL RAD

PCT

21.906
20.800

19.040

174334

15.828

164.473

13.244

12.109

114086

10.036

9.062
8.112
7.173
6.232
5.281
4.299
3.268
24150
. 902
-.632

2. 188
~3.814

5.614
—7.776
-10.734
-16.2190
—26.340
—25.412
-24.810
—24.354
—23.994

EXCePYR4
KG/S

« 072
« Q69
« 067
« 064
« 061
« 059
+ 056
«053
,051
« 048
« 045
« 043
- 040
«037
«035
« 032
029
« 027
s 024
+021
«018
«Q16
+01L3
«010
« 007
003
«000
« 000
«000
«000
«000

Q-FRE
w

2.531+06
24438+06
24345406
24252406
24139+06
2. 066406
10973406
1. 880+06
le786¢06
1693406
1+ 599+06
1.505+06
1a411+06
le3i7¢06
16222406
1e127406
1+ 032+06
9+ 368+05
8+.407+05
7.440405
64 465+05
5.479+05
4476405
3.446+05
2¢366+05
1.134¢0%
0.000

0.000

0.000

0.000

0.000

27

FUEL
PCTY

2.29
219

1.96
1 .74
1.68
l.63
1.2
1+585

Q-wWALL
SUM
4

64250¢07
1.092+08
1.481408
1.811¢08
2095408
24342408
Re5S57¢08
2+4745408
2+908+08
34049408
36170408
36273408
3¢359+08
3ea29+08
364 85+08
34527408
3.556+08
34573408
3.580+08
3.580+08
3.580¢08
3.580+08
35 80408
3.580+08
3.580408
3.580+08
3.580+08
3.580+08
3.580408
3.580+08
3.580+08

N.P.

81
«40
40
+40
«40
«40
41

«48
49
49

vyaz
PCT
MASS

« 129
e132
«136
«139
«143
187
1 50
«154
158
*161
o165
ul 69
«172
«176
«180
«183
.187
«191
«194
«198
.202
«206
«210
214
.218
224
«230
«230
«230
«230
«230

PAGE NO.

VELOCITV

VN2
PCcT
MASS

«699
<701
704
«706
«709
<711
714
«716
719
«722
724
. 727
«729
«732
«735
«737
«740
w742
o785
«748
« 750
«753
« 756
« 759
«762
+766
«770
«770
e 770
«770
«770

M/S

yc02
PCT
MASS

«106
«102
<098
« 094
«091
+« 087
«083
« 079
+Q75
«072
« 068
«064
« 060
« 056
«052
«049
« 045
+ 041
« 037
« 033
<029
«025
«021
«017
«012
<006
«000
«000
«000
+000
«000

I RUN NO.
MOL.WT FUEL
CNTRL
29.90 T
29.86 T
29.83 T
29.79 T
2.76 T
29.72 T
29.69 T
29468 T
29.62 T
29+58 T
29+5% T
29.51 T
29.48 T
29.44 T
2941 T
29.37 T
29.33 T
2.0 T
2.6 T
29.23 T
29. 19 T
29.15 T
2912 T
29.08 T
29,03 T
28498 T
28.92 T
28492 T
28+92 T
8.2 T
28.92 T
1 RUN NoO.
YH20 YPYR
PCT PCT
MASS MASS
« 043 «028
«0al «027
« 040 4026
<038 +025
« 037 «024
« 035 «023
« 034 022
<032 «021
«030 <020
«d29 -019
« 027 «018
« 026 «017
«024 «J16
«023 «215
<021t «014
«020 «013
«018 .012
<017 +011
«015 «010
«013 009
«012 <008
<010 .007
<009 <006
<007 +00s
«00S «Q003
«003 +J02
«000 <000
« 000 «000
«000 «000
«000 «000
=000 «000

]

5



TEST PROGRAM 1 FOR WOOD CRIB FIRE, NILSSON'S FORMULAS

— ——GEOMETRY AND VENTILATION====

WALL SURFACE AREA = 8040 M2

FLOOR AREA = 20000 M2

WINDOW HEIGHT = 1.50 M
AREA = 4400 M2

OPENING FACTOR = 40899 M2.S
OISCHARGE COEFF.= 068

FUEL LOAD PROPERTIES———
FIRE LOAD PER FLOOR AREA = 100 KG/M2

FUEL COMPOSITION
CARBON = 44,4 PERCENT BY WEIGHT

HYOROCEN = Se4 PERCENT
OXYGEN = 38e¢2 PERCENT
NITROGEN = ¢«Q PERCENT
WATER = 1200 PERCENT
R = Se32
RO= 1623

HEAT OF COMBUSTION OF DRY FUEL = 18480406 J/KG
LOWER ACTUAL HEAT OF COMBUSTION = 15.074¢06 J/KG
MOLECULAR WEIGHT OF UNBURNT PYROLYSATES = 28.97
CP OF PYROLYSIS GAS = ( +1127%TGAS t 1010e¢) J/KG=K
MAXIMUM FRACTION OF PYROLYSATES BURNED = «70
GREY—-GAS FLAME EMISSIVITY = 4900

RATE OF REGRESSION = 00000 M/S

FUEL DIMENSION = 4050 M

SHAPE FACTOR = 2000

CRIB SPACING/HEIGHT RATIO= 4100
-——==-%AlL THERMAL PROPERTIES— — — —

THICKNESS = 038 M
DENSITY = 790¢ KG/M3

THERMAL CONDUCTIVITY = 170 W/M=K
HEAT CAPACITY = 8400 J/KG=K

EMISSIVITY =& 50

28




q‘

CONOUPWN -~

TIME

60,
120.
180.
240.
300.
360,
420
480«
540
600.
660e
720,
780.
840
900
960
1020.
1080,
1140
1200.
1260
1320
1380,
1440.
1500.
1560
1620,
1680.
1740.
1800,
1860,
1920 =

cute ‘FIRE

TIME TEMP

S

0.
60
120.
180.
240.
300.
360.
4204
480,
540
600.
©60.
720
780
840
9004
960.
1020,
1080.
1140,
1200,
1260,
1320,
1380,
1440,
1500.
1560,
1620.
1680,
1740,
1800.
1860.
1920.

G

GASeC

408,
452,
a72.
487.
498.
S06.
S513.
s19.
524
524,
512
497.
481.
464,
445,
425,
405,
384.
362,
330.
315
291,
266
240.
213,
185.
154,
109.
95.
89.
X Y
81
77.

CRIB FIRE

AS FLOW
PCT

57.683
64.928
084196
70.573
72.319
73.706
74.838
75787
76.597
77.663
79.542
8le169
82.701%
84+ 190
85.673
87.180
88.743
90,393
92.159
94.085
96.227
97.021
97.247
97.458
97.655
97.836
97.997
98.133
98.137
984130
98.120
98.108
98,095

WALL TEMPS
C
217 2S5, 25
315. 28. 25.
357. 36. 25
386, 49. 2%,
408. S0 26,
424. 8V 27
438. 96 29
449. 111. 31l
458s l26. 34.
463. L39. 38.
a58. 152 42
449, 164, 46
438. 174. 51e
425, 183, 55.
41l 191 60
396. 198, 64.
381. 203. 68
354, 207, 72.
348. 2104 76.
330. 212 79.
313. 213. 826
2964 213, 85.
279« 213, 87.
26le 211 90e
242+ 209 9le
222. 206. 93
201. 203 94 u
175, 199. 94.
157« 194, 95.
146. 189« 95.
138+ 183. 95.
131 177. 95.
125, 171, 94.
HEAT BALANCE
wND RAD YALL CNV
PCT PCT
2.530 22.491
3.282 14.508
3.673 11.511
3.978 9.568
d.215 8.266
4.411 7.306
4.570 6.571
44717 5.985
4.341 5.508
4e912 5.042
4.862 4.485
4.755 4.077
4.618 3.722
4ed61 3.388
4.291 3.052
44113 2697
3.930 2.307
3.745 l1.864
3.560 1.351
3.378 w759
3.200 +135
2.979 ~e524
2.753 —=1+857
2.882 ~3.970
2.345 =T7e264
2.164 ~-12.695
2.003 ~23.094
10867 -624659
1.863 -74.329
1.870 =75.024
l.880 -75.537
1.892 -75.938
1.905% -76.262

RP
KG/S

176
«176
«175
«176
«176
“176
«176
«176
76
173
« 165
«156
147
«i138
129
e120
o111
02
+093
«084
«075
<066
4057
047
+038
«028
«017
«002
<000
<000
«000
«003
000

wALL R
PCT

17.294
17.280
16.622
15.881
15.200
14.578
14.020
13.518%
13.059
12.382
11.111
10.001
84962
7.965
6.989
64017
5.036
4.022
2.951
1le783
1453
-1.158
~2.747
-4.448
~64383
~8.823
~-12.532
~23.888
~254735
-25.025
~244512
~244116
=23.798

RC
KG/S

¢ 123
¢123
#3123
0123
+123
«123
«123
«123
«123
e121
«115
=l 09
+103
«097
=090
<084
<078
<072
2065
« 059
«053
« 046
« 040
« 033
«027
«G20
012
«001
<000
«000
+000
«000
«000

AD

EXCePYRo
KG/S

«053
« 053
+053
« 053
«053
«053
«053
+053
053
« 052
049
« 047
<044
e 041
«039
.OM
+033
«031
<028
«025
«023
<020
017
«0la
011
«008
005
001
000
«000
<000
«04Q0
«000

Q-F 1RE
]

1e856+06
1856406
1. 856406
1e BSE+06
1.856+06
1856406
1.856¢06
1856406
1.856406
1.829+400
1e 736406
14643406
leS50406
1.456+06
1362406
1.268+006
le 174406
1.080+06
9.850+05
8897405
74938405
6e973¢0S
Se 998405
S¢009+05
4,001405
2.,958+4085
1+840+0S
2191404
0.000

0.000

0.000

0.000

a 000

29

FUEL
PCcT

94.7
89.4
3442
78.9
73.6
6843
€3.0
57.8
52.5
47.3
42.3
37.7
33.3
29e1
25.2
2146

AIR IN

KG/S

2436
2.38
2.38
2.38
2438
2438
2.38
2.39
2.39
2439
2.39
2.40
2.40
2440
2.40
2.40
2.40
2.39
2.39
2.38
2.36
2.34
2.31
2.27
2.22
2,15
2.04
1.80
170
165
1.60
156
1.53

0-WALL
Sum
J

44431+07
74971407
1e110+08
1e394+08
1.e55+08
1.899+08
2.128+408
24345408
2.552+08
24743408
2+906¢08
3.045¢08
3.162+08
3.262+408
3.344408
3.410+08
3.462408
36500408
3.525+08
3.539+08
3.542¢08
3.542+08
3.542+08
3.542408
3e542+408
3¢542¢08
34542¢08
3.542+408
3.542¢08
34542408
3e542+08
3.542+08
3+542408

NePo

.42
.42
a1
41
4l
«41
41
a1
.4t
41
sl
.81

42
.42
.42

.42

.43
.43
.44
.44
.44
«45
.45
«46
«46
.47
.48
o 48
48
«48
.49
.49

v02
PCT
MASS

a1l Se
«155
155
«155
+15%
155
=155
«155
*155
156
« 160
«163
167
o171
174
«178
wl 81
-185
«189
=193
«196
+20Q0
«204
«208
«212
«216
s221
229
«230
«230
«230
+230
+230

PAGE NO«

VELOCITY

M/S

le74
1.78
179
1.80
l1.80
1.81
1.81
1.81
1.82
1.82
1.81
1.81
1«80
1a79
1.78
177
1.76
1.74
1.72
170
1467
1464
1.61
1.57
1.51
1.45
1.36
1.17
1.10
106
1.03
1.00
.98

PAGE NO.

¥N2
PCT
MASS

«717
e717
<717
«717
<717
« 71T
717
« 717
«717
+718
2720
+723
«726
«728
«731
«733
«736
«738
«741
«744
<746
« 749
«752
+ 7354
« 757
«760
«763
7609
«770
«770
«770
+770
« 770

YCo2
PCT
MASS

« 079
«079
«078
«078
.078
«078
<078
«078
«078
« 077
«073
«070
«066
«062
+058
« 054
«051
« 047
«043
«039
«035
<031
«027
«023
«019
«015
<010
<001
+000
000
« 000
«000
«000Q

1 RUN N0
MCL UT FUEL
CNTRL
29.65 T
29.65 T
29.65 T
29.65 T
29.65 T
29.65 T
29.65 T
29465 T
29.65 1
29.64 T
29.60 T
29.56 T
29.53 T
29.49 T
29.46 T
29442 T
29.39 T
2935 T
29432 T
2928 T
29.25 T
29.21 T
29417 T
29414 T
29.10 T
29.06 T
29.01 T
28.93 T
28492 T
28.92 T
28492 T
28.92 T
28e92 T
1 RUN NO
YH20 YAYR
[eh g PCT
MASS MASS
«032 «021
«032 s021
«032 021
«032 «021
«032 02t
<032 «221
+032 <021
« 032 <021
« 032 21
+031 <020
+030 «019
<028 <018
«027 17
2025 .016
+023 <015
«022 «Qla
«020 «013
«013 «012
«017 «011
«016 «310
«01ls «009
«013 <008
«011 «007
+ 009 +006
+008 +005S
2006 «004
+ 008 +003
«001 « 000
«000 -00Q
=000 <000
«000 000
<000 «000
«000Q «000

6




TEST PROGRAM 2 FOR WOOD CRIB FIREs NILSSON'S FORMULAS-

— GEOMETRY AND VENTILATION— --—

WALL SURFACE AREA = 80.0 M2
FLOOR AREA = 20000 M2
WINDOW HEIGHT = 1050 M

AREA = 4,00 M2

OPENING FACTOR = 44899 M2.5
DISCHARGE CQEFF.= 068

——e=FUEL LOAD PROPERTIES==—-

FIRE LOAD PER FLOOR AREA = 2040 KG/M2

FUEL COMPOSITION
CARBON = 4444 PERCENT BY WEIGHT

HYOROGEN = 5S¢4 PERCENT
OXYGEN = 38+2 PERCENT
NITROGEN = «Q PERCENT
WATER = 1200 PERCENT
R = S5e32
RO= 1.23

HEAT OF COMBUSTION OF DRY FUEL = 18.80+406 J/KG
LOWER ACTUAL HEAT OF COMBUSTION = 1507406 J/KG
MOLECULAR WEIGHT OF UNBURNT PYROLYSATES = 28497

CP OF PYROLYSIS GAS = ( «1127#TGAS ¢ 1010s) J/KG=K
MAXIMUM FRACTION OF PYRGLYSATES BURNED = «70
GREY—-GAS FLAME EMISSIVITY = «900

RATE OF REGRESSION = 00000 M/S

FUEL DXMENSION = 4050 M

SHAPE FACTOR = 2000

CRIB SPACING/HEIGHT RATIO=s 200
~===WALL THERMAL PROPERTIES==—-

THICKNESS = 0038 M
DENSITY = 790+ KG/M3

THERMAL CONDUCTIVITY = 0170 W/ M=K
HEAT CAPACITY = 840, J/KG=K

EMISSIVITY = 50



CONO®DWN—

TIME

CRIB FIRE

TIME TEMP
S GASC
Q 739w
604 858.
120. 902.
180. 936,
240, 960.
300, 9655,
360. S942.
420. 924.

CRIB FIRE

GAS FLOwW

85.814
87.960
90.318
92. 946
93.846

wWALL TEMPS

S14,
T4S.
ai1%.
8366,
900.
90S.
0970
884.
866,
846,
822.
797.
769.
740
709.
678
644,
610,
S7Se
540.
504,
467,
429,
3904
350.
307.
261
236
219.
20%.
194,
184,
178,
168,
161,
15Se
149,
144,
139.
135,
131.
127

HEAT BALANCE

WNO RAD
PCT

S5.446
8.578
10.01 1
11.207

Cc
26, 25.
A. .
S4. 2%,
as. 26,
1220 27.
189, 3Q.
194, 34.
237« 40,
255. 47,
281. S5
302, 63
321. T2
336, 80
349. 89,
360. 97,
368, 104,
374, iile
378, 147
380. 122.
38Q. 127
379. 131
376. 134,
3r2,. 137
3e6. 139
359. 181
350 142.
341, 143,
330, 143,
318, 143,
306. 142.
294, 141
282. 139.
270. 137,
2604 1385,
250 133.
240, 130,
231. 128,
223. 12%.
214. 122,
207, 119
199. 117
192. 114
WALL CNV
PCT
11.986
4.838
3.385
24533
2058
1.715
1.524
1.389
1.287
1,203
1.128
1.056
978
.388
«778
+ 640
404
+243
«010
—e3l4
-1.020
—2.239
—-4.264
=7+« 700
~14+093
-28.573
—66.264
—68.413
-69.81s
-70.898
—71.769
—72.49%5
=73.116
—73.665
—73.913
~74.573
= 74.768
—75.114
—75.413
-75.679
=754769
=B 979

RP
KG/S

«479
*861
XY Y3
.426
<409
«391
«374
«356
«338
«321
303
+285
267
«250
«232
21e
+ 196
178
160
s142
«123
«105
+086
066
+ 046
«023
«000
«0G0
«000
«000
«000
+0G0
«G G0
<000
«000
«000
«000
2000
«000
«000
+000
«000

wALL R
PCT

31.326
26713
23.867
214006
19,706
17.383
15674
14.222
12.939
114759
10.638
9.543
Beass
Te317
64136
4.874
3,496

-31.,701
—30.274
—29. 183
—28¢312
—27.590
-~26.981
—26.462

-25.954
-25460b
-25 .10 |
—~24.888
—24.604

~24.347
-24.079
-23.887

RC
KG/S

+268
+286
286
+286
«286
274
+261
249
237
224
<212
«200
«187
«175
162
<150
«137
«125
s112
+ 099
» 086
«073
+06Q
«046
<032
«016
«000
«000
,000
*000
«000
+000
<000
+000
2000
«000
«000
«000
+000
«000
<000
«000

AD

EXC o PYRS
KG/S

e 191
«176
158
elal}
123
« 117
«112
- 107
«10%
096
«091
« 086
« 080
« 075
=070
« 064
<059
« 053
« 048
+042
«037
<031
« 026
+020
«01s
«007
«000
<000
«000
=000
+000
«000
<000
+000
«030
<000
«000
« 000
«000
«000
+000
+000

4.303+06
4.310406
de 125406
3.939¢06
3.754¢406
34568406
3e381¢06
3.195406

3.008+086
24821406
2.633406

2.445+06
24256406
20674006
1. 877406
1. 686406
le494006
1 300406
1e 103¢006
9 040¢05
64995405
4.853+05

FUEL
PCcT

92.8

.2

72.8
66e7
60.8
5542
89

44,8
40.0

3le2
27.2

200
1648
13.8
1n.1
8.7

4.8

1«9
9
.2
-0
-0
-0
0
.0
.0
.0
.0

.0
«0
+0
0
.Q
«Q
«Q
«Q

0— WALL
sum
J

lei 28408
1+9a3+08
2.647+08
3.265408

3.828408

4.300¢08
4.707+408
$.058+08
54363408
S.626+408
$.851¢08
6.043408

6.202408
64332408
6.433408

60508408
6.557408
6.582408

beS583+08
6.583+08
Ge583408
6.583408

6e583+408
64583408
6.583408

64583408
6¢ S 83408
6583408
6. 583408
6.583+08

5.583+08
64583408
6.583408
6.583+08
6.583+08
Ge 583408
Ge 583408
6e583+08
64583408

N.P.

Yo2
PCT
MASS

<058
=0S6
«056
«0S7
20587
« 064
«071
.078
+086
«093
+101
«108
«116
<123
ul 31
«139
o146
<154
. 162
- 169
o177
«185
192
«200
«209
219
«230
« 230
«230
«230
+230
+230
«230
«230
«230
<230
«230
«230
«230
«230
«230
«230

PAGE NGO

VELOCITY

(.74

13

1.85
1.86
187

1.87
1.88
1.88
1.88
l.88
1.88
1.88

l.s8
1.8

1.87

1.86
1.88
1.84

1.8l
1.78
178
171
164
1+54
1.37
1.31
1.27
la24

1.18
118
1413
11

1.07
105
1«00
1@
1.00

e e]

PAGE NO.

YN2
PCT
MASS

632
+635
«639
40
+648
«653
«658
<663
0669
674
679
+684
«690
<695
«700
«706
«711
«716
«722
727
2733
«738
«T4e
, 749
«?55
.« 762
«770
+770
«770
¢ 770
« 770
<770
«7T70
«770
«770
<770
«?770
«?770
«770
«770
«770
o770

Ycoz
PCTY
MASS

«176
177
.178
179
«180
73
« 166
158
« 150
o142
« 135
127
119
=111
«103
«09%
- 087
« 079
2071
+063
« 055
« Q47
«039
«031
222
«012
+ 000
«000
+000
<000
«000
«000
<000
«000
«000
«000
«000
=000
«000
«000
«000
«000

1 RUN NGe
MOL.uT FUEL
CNTRL
30.80 F
0.0 F
0.60 F
30,59 F
D2 T
30.52 T
30.45 T
30.38 T
30.31 T
30.24 T
30417 T
30.09 \s
30.02 T
29,95 T
2087 T
29.80 T
20.73 T
29.65 T
29458 T
2951 T
29.43 T
29.36 T
29.28 T
29.21 T
212 T
29.03 T
28.92 T
28.92 T
28.92 T
28.92 T
28+92 T
28.92 T
28492 T
28.92 T
28492 T
28.92 T
28+92 T
28.92 T
8.2 T
28.92 T
28492 T
28.92 T
1 RUN NO
YH20 YPYR
PCT PCT
MASS MASS
«074 «071t
074 « 067
<073 «06 1
«073 <054
« 073 087
<070 «080
« 067 084
2068 062
2061 <060
« 058 «037
-« 054 +03S
«051 «933
«088 «031
« 045 <029
<082 «027
- 038 .02%8
« 035 4023
«032 «a21
<029 <019
<026 X154
s022 <015
<019 012
<016 «010
«012 -008
+009 2006
« 008 «003
<000 «000
«000 «000
«000 <000
«000 <000
«000 «000
=000 <000
«000 «000
+000 «00Q
«000 «000
«000 +000
<009 «000
« 000 «000
« 000 «000
«000 +000
«000 «000
0000 «000




TEST PROGRAM FOR PVTFIX ROUTINE. VARIABLE WAU PROPERTIES

~—==GEOMETRY AND VENT ILATION=—==-

WALL SURFACE AREA = 8060 H2
FLOOR AREA = 20000 M2
WINDOW HEIGHT = 1050 M

AREA = 400 H2
OPENING FACTOR = 4.899 M2.S
OI SCHARGE CQOEFF.= 068

-FUEL LOAD PROPERTIES— — ——

FIRE LOAD PER FLOOR AREA = 2000 KG/M2

FUEL COMPOSITION

CAREON = 4444 PERCENT BY WEIGHT

HYOROGEN = Se4 PERCENT

OXYGEN = 38.2 PERCENT

NITROGEN = «0 PERCENT

WATER = 1200 PERCENT

R = 5.32

RO= 1.23

HEAT OF COMBUSTION OF DRY FUEL = 18.80+06 J/KG
LOWER ACTUAL HEAT OF COMBUSTION = 15607+06 J/KG
MOLECULAR WEIGHT OF UNBURNT PYROLYSATES = 2897

CP OF PYROLYSIS GAS = ( «1127%TGAS + 1010.) J/KG-K
MAXIMUM FRACTION OF PYROLYSATES BURNED = «70
GREY-GAS FLAME EMISSIVITY = «900

=== ANALL THERMAL PROPERTIES — - -—

THICKNESS = <038 M
DENSITY = 790e¢ KG/M3

THERMAL CONDUCTIVITY ARRAY {(W/M=K)
TEMPERATURE CONDUCTIVITY

273.0 0210
372.0 «210
373.0 0160
1073.0 e260

HEAT CAPACITY ARRAY (J/KG=K)
TEMPERATURE HEAT CAPACITY

273.0 1090.
372.0 1090.
3730 47300.
383.0 413000
38440 S000.
413.0 50000
41440 840,
1073.0 840.
EMISSIVITY = 450

32




©CONOUAWN™

TIME

VENTILATION SPECIFIED, FUEL PYROLYSIS

TIME TEMP

S GASC

Q 720.
60 853 »
120. 887.
180. 913.
240. 933.
300. 947.
360. 959.
420, 969
480, 978.
540C. 986e
600. 992.
€60, 990.
720. 1002.
780, 1007.
840, 1010.

900 1013
960, 101S.

1020, 4260
1080. 296.
11604 239.
1200. 203.
1260. 178,
13204 160.
1380, 145
1440, 134,
1500. 126,
15604 115.
1620. 108.

1680 102.
1740, 96.
1800. R

1860. 87.

1920. .

1980, 80.
2040, 77 -

VENTILATION SPECIFIED.

GAS FLOW
PCT

48.339
58. 154
60.6%4
624608
640103
65.155
660 052
664825
67.492
68.080
68¢ 577
68.996
694354
69.673
69.940
70.160
70.342
95.334
96.914
97.433
97.701
97.857
97.958
98.025
984071
98.101
98.121

WALL TEMPS

453
729
787.
829.
860.

881
898.
Fide
927.
938,
947

955.

961
967.
972
976
Y804
606

298
269
245,
226
209
194.
181
170.

1604
152.
144,
137.

131
165,

Cc

26, 25.
32, 2S5
48. 2S.
7%, 26,
96. 27.
131 29
146, 32
218, 36.
252 ale
278, 47.
312. 53.
343. 57,

416. 72
a28. 73
433. 74
419. 76 .
392. T7.
364. 8.

337. 79
312 80
290, 81,
271 8ie
255. 82,
240 82
227, 82.
216 82
205 83.
196, 83.
187, 83,
179. 83,
172, 83«

HEAT BALANCE

_WND RAD
PCT

4.946
8.318
9.415
10.308
11,047
11590
12.068

14.149
14.313
14,448
14.561
4.665
3.086
24567
2.299
20143
2.042
1.975
1.929
1.899
1.879
1.857
1.862
le.862
1.865
1.872
1.881
1.8
1.908

WALL CNV
PCT

~67.489
—69.232
=-70.589
—T71e719
—72.665
~734461}
-74.133
~744703
-75.188
=-754603
-75.96 O
—76.269

RP
KG/S

419
«d1la
«@l2
«4ll
410
+409
+409
«408
+408
<407
<407
«407
4 07
«406
+406
<406
-4 06
«000
«000
«00C0
«0G0
<000
«000
«000
+000
+000
«000
«000
«000Q
«00Q
«000
«000
«000
<000
«000

FUEL PYROLYSIS

WALL R
PCT

32.022
28.134
25.768
23.808
22.137
20.860

—30e 849
~29 4483
~284347
~27.396
—266598
~254925
254355
~24.871
—24.459
—-24.108
~23.809

ADJUSTED FOR WORSY CONOITIONS

RC  EXC.PYRe FUEL
KG/S KG/S PCT
+293 * 126 93.7
«290 o124 85
«289 o126 81.3
«288 123 B2
.287 * 123 6.0
287 +123 6249
«286 +123 5.7
* 286 «l22 5046
«285 s122 45
«285 «122 38.4
«285 «122 23
«285 «122 26.2
285 st22 01
284 «122 1440
»284 «122 79
«284 122 18
284 «122 «0
+000 +020 .0
+000 2000 .0
=000 «Q00 .0
«300 «000 «0
«000 =000 «0
+000 «00Q «0
«000 +000 «0
<000 «000 -0
«000 « 000 0
«000 « Q00 «0
«000 «000 o0
«000 =000 -0
«000 « 000 «0
«000 <000 .0
«000 «000 0
«000 +000 «0
«000 + 000 -0
«000 «000 .0
ADJUSTED FOR WORST
AD Q~-FIRE

w
4.419406
4.,363+406
4,347+06
403344006
4.324¢06
40317406
4.3 10+06
4, 305+06
4.301+06
4,296406
4e293406
4. 290406
4.288+06
44 285+06
40284¢06
20282406
44281406
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

33

AIR IN

KG/S

223

2.19
219

2.18
2417
2.17
2147
2617
2417

216

2416
2416
2.16
2.16

CONDITIONS

a-WALL
SUM
J

l.240+08
21 18+08
2.896+08
3.599+08
4.2444+08
4.845+08
541 1+08
5+945408
6451 +08
6+.534¢08
7396408
7.841¢08
8.27 1408
8.687¢08
94092¢08
O«488+08
9876408
9. 876+08
9. 876+08
9.876+408
S.B76+08
S.876408
Oe 8 76+ 08
9.8 76+08
9.8 76+08
9.876+08
9«876+08
9. 876408
9876408
9876408
e 876408
9.876+08
9.876+08
9076 +08
Oe876+08

47
a7
.47

.48
.48
.28
48
.48
+48

.48
49
.49

Yoz
pCcT
MASS

<057
« 057
«0ST
+057
«0S7
«057
<057
«057
« 057
«057
<087
«057
«0ST
«057
«057
«0S57
« 087
«230
«230
«230
«230
«230
<230
«230
«230
«230
.230
«230
«230
«230
<230
«230
=230
«230
«230

PAGE NQ.

VELOCITY
M/S
l.84
186
187
1.87
1.87
1.87
1.87
1.88
1.88
18
1.88
1.8
1.88
l.88
1.83
1.88
le88
179
l1.07
1
1.5
144
138
1633
1.29
1425
.21
1.17
114
111
1.8
1.05
1.03
1.0
«98
PACE nNo.
¥YN2 YCcGc2
PCT PCT
MASS MASS
608 <1890
648 180
648 « 180
648 -~ 180
«648 80
688 =180
«648 «180
<648 ~180
648 -180
<648 «180
2648 «180
“648 +180
<648 «180
648 «180
«648 «180
«648 «180
«648 «180
o770 «000
«770 +000
«T70 «000
«77Q « 000
770 «000
«770 2000
.770 «000
«770 «000
«770 «000
«770 +000
« 770 « 000
« 770 <000
«?77Q «000
«?770 0000
«770 «000
«770 «000
«770 «000
« 770 <000

1 RUN NO.
MOL. wT  FUEL
CNTRL
30.59 F
30.59 F
30.59 F
30.59 F
30.59 F
30.59 F
30.59 F
34.59 F
30.59 F
30659 F
30. 59 F
30.59 F
30.59 F
30459 F
30.59 F
30.59 F
30.59 F
28452 T
28.92 T
28.92 T
28.92 T
28.92 T
28.92 T
28,92 T
28.92 T
28.92 T
28.92 T
28.92 Y
28.92 T
28.92 T
28.92 T
28.92 T
28452 T
28.92 T
28.92 T
| RUN NO
YH20 YPVR
ecY PcT
MASS MASS
073 .047
=073 0487
073 087
.073 087
073 047
073 047
.073 L0847
.073 .0a7
.073 047
+ 073 .047
073 047
.073 087
=073 087
=073 «087
.073 ‘087
.073 087
<073 07
-000 +900
«000 .000
«000 <000
.000 .000
,000 .J00
.000 <000
.000 «300
«000 -000
-000 .000
.000 .000
. 000 «000
«000 000
«000 «000
-000 <000
.000 <000
.000 <000
.000 <000
«000 «000




TEST PROGRAM FQR PFLFIX ROUTINE. POOL OPTION
—==GEOMETRY AND VENTILATION— — —

WALL SURFACE AREA = 80.0 M2

FLOOR AREA = 20000 M2

WINOOW HEIGHT = 1eS50 M
AREA = 1000 M2

OPENING FACTOR = 126247 M245

DISCHARGE CQEFF.= 068

—==FUEL LOAD PROPERTIES—=—=-
FIRE LOAD PER FLOOR AREA = 2000 KG/M2
TOTAL ENTHALPY OF PYROLYSIS= 20440406 J/KG

BOILING TEMPERATURE= 390 DEC C

FUEL COMPOSITION

CARBON = 8547 PERCENT BY WEIGHT
HYDROGEN = 1463 PERCENT

OXYGEN = «Q PERCENT

NITROGEN = 00 PERCENT

YATER = ¢«Q PERCENT

R = 14,78

RO= 3443

HEAT OF COMBUSTION OF DRY FUEL = 46450406 J/KG
LOWER ACTUAL HEAT OF COMBUSTION = 43 ¢36+06 J/KG

MOLECULAR WEIGHT OF UNBURNT PYROLYSATES = 28,97
CP OF PYROLYSIS CAS = { «1127#%TGAS + 1010.) J/KG=K
MAXIMUM FRACTION OF PYROLYSATES BURNED = «70
GREY—GAS FLAME EMISSIVITY = 4900

FUEL AREA= 5400 M2

— ——WALL THERMAL PROPERTIES — — —

THICKNESS = 038 M
DENSITY = 790e KG/M3

THERMAL CONDUCTIVITY = ¢ 170 W/M=K
HEAT CAPACITY = 840e¢ J/KG=K
EMISSIVITY = 450
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" TEST PROGRAM FOR RPFIX ROUTINE

~——=<GEOMETRY AND VENTILATION==—=

WALL SURFACE AREA = 8000 M2

FLOOR AREA = 20000 M2

WINOOW HEIGHT = 1eS50 M
AREA = 10000 M2

OPENING FACTOR = 124247 M2.5
OCI SCHARGE CQEFF.= «68

— — —FUELLOAD PROPERTIES— ———

FIRE LOAD PER FLOOR AREA = 20.0 KG/M2
FUEL COMPOSITION

CARBON = 8547 PERCENT 8Y WEIGHT

HYDROGEN = 14,3 PERCENT
OXYGEN = «0 PERCENT

NITROGEN «Q0 PERCENT

WATER 00 PERCENT

R = 14,78

RO= 3.43

HEAT OF COMBUSTION OF DRY FUEL = 46450+06 J/KG
LOWER ACTUAL HEAT OF COMBUSTION = 43.36+06 J/KG
MOLECULAR WEIGHT OF UNBURNT PYROLYSATES = 28497

CP OF PYROLYSIS GAS = ( «1127%TGAS T 1010e) J/KG=K
MAXIMUM FRACTION OF PYRCLYSATES BURNED = «70
GREY—-GAS FLAME EMISSIVITY = e300

RATE OF PYROLYSIS (KG/S)

TIME RP
00 0120

120. 0120

1210 0250

~~==wWALL THERMAL PRQOPERT]ES====

THICKNESS * o038 M
DENSITY = 790. KG/M3

THERMAL CONDUCTIVITY = e 170 W/M=K
HEAT CAPACITY = 840¢ J/KG=K

EMISSIVITY = +50Q

36




CO~NOUMNWN =

TIME

60
120.
180.
240
300
360
420
480
540.
600,
660
720
7804
840«
900.
960
1020.
1080.
1140.
1200.
1260.
1320.
1380.
1440,
1500.
1560.
1620«
1680,
1740,
1800.
18604
1920

TIME

60e
120.
180.
240
300.
360.
420.
480,
5406
600e
€60,
720
780,
840,
9Q00.
960
1020.
11080.
1140,
11200.
1260,
1320,
1380.
1440,
1500.
1560
1620,
1680.
1740,
1800.
L1860,
1320,

G

INPUTTED VALUES OF RP ARE USED

TENP
GASeC

432,
457.
467.
805.
843.
856
860
872
877.
881.
884.
887,
889.
891.
893.
894.
896
897.
898,
899.
900.
901
902,
903,
904«
904.
305
905.
906
206.
148,
126
112.

INPUTTED VALUES OF RP ARE USED

AS FLOW
PCT

75919
80.960
82.877
72.523
76.015
77.201
78.063
78.650
79.090
79.441
79.729
79.970
806176
80.355
80.513
80.653
80.778
80e.892
80.996
81090
81ls178
814258
81.333
81.402
81l.4c6
814526
81.582
81.635
81.683
97.678
98.014
98.094
98.127

YALL TEMPS

234,
323,
355.

666,
756.

784,
804,
817,
827
835
841
846.
851
855
858«
1%
864,
866.

868.

870
872.

8744
876
877
878.

a80.
881.

882.

883,
376
357.
307
272.

C

26,
29
37.
Sle
Tl
97.
128.
160.
190.
218
244.
267
2894
309.
327,
344.
360.
375.
389.
401
413.
425.
435.
445,
454,
463,
471.
478.
485.
491 .
491.
481
464,

HEAT BALANCE

WND RAD
PCT

3.719
4.296
4.533
10.016
11.532
12.086
12.502
12.792
13.013
134191
13.339
13.464
13.571
13.665
13.748
13.822
13.889
13.949
14,005
14.055
14,102
t4.le0
14.186
14.224
14,258
14,291
14,322
14,350
14.377
26322
1.986
1906
1.873

WALL CNV

1

)
-6
-6
-7

25.
25,
25.
25.
26.
27.
29.
32.
37.
42,
49
56
64 .
72
YO
88e
IS
102.
109.
116,
122.
127,
133,
138,
142.
147,
151.
154.
158.
161
164,
167.
169«

PCTY

14044
6.596
Sel71
3.312
1e779
1379
1.122
«963
848
. 7.62
694
«639
=594
«556
«523
494
.469
2447
«427
«4%09
«393
«378
+364
<352
340
«330
«320
«31i
+303
Se416
4641
84298
0.817

RP RC
KG/S KG/S

«120 <084
.1 20 « 084
=l 20 +084
*250 o175

«250 75
+250 «175
«250 n7s
«250 a7s
2250 «175
«250 75

»250 al 75
«250 175
+250 «175
«250 75
«250 175
+250 «175
+25Q 175
«250 « 175
«250 «175
«250Q «175
«250 «175
«250 «175
*250Q +175
+250 175
+250 75
«250 «1 75
«250 75
«250 «178
«250 «175
«000 »000
«000 «Q00
<000 <000
«200 +000

WALL RAD
acT

Fe317
84147
7:419
L4.154
10.659
9.318
84308
7.606
7.049
6.606
6.239
5.927
5.659
5.424
Se217
5031
4.864
4.712
4.573
4.44s
4.328
44219
4.117
4.023
3.935
34853
3.776
3.704
3.637
-44.732
-35.282
-31e506
-2940066

EXC+PYR.
KG/S

«036
+036
+036
« 075
«075
«075
4075
075
=075
«075
<075
+078
« 075
« 075
« Q7S
«075
2075
«Q75
« 075
« 075
« 075
« 075
« 075
<075
« Q75
. 075
<075
« 075
«075
«000
+000
«000
«000

a~FIRE
”

3.642¢006
3. 642406
346424006
7.588+086
7.588406
T.588+406
74588406
7.588+06
7.588¢06
7.588+06
7.588+06
7.588+40Q6
7.588+006
T.588+06
T+588+06
7.588+06
7+588+06
7.588+06
7588406
7588406
7.588+06
7.588+4006
74588406
T7e588¢06
7e588+06
7.588+006
T7.588¢06
7.588+06
7.588+06
0.0 00

0.000

0.000

0.000

FUEL
PCT

9842
96e4
94,6
909
87.1
83.4
79.6
75.9
7261
68.4
6446
63.9
57. 1
53.4
49.6
05.9
42.1
38.4
3446
3049
27.1
2344
19.6
15.9
12.1
8.4
446

.9

.0

.0

.0

«0

.0

AIR IN

KG/S

6.11
6e13
6413
S.98
95
94
94
93
93

.92
92
5.92
5.92
5.92
5.92
Se92
Se91
Se91
S.91
5,91
5.91
Se91
Se91
5491
5a91
5.91
5.91
5.91
5.58
5408
4,80
4.58

aaoaaaaaa

aQ-wALL
SUM
J

4.450407
7.672¢407
1.042+08
le837+¢08
2.,4044+08
2.891+08
3.320+08
3.710+408
3.070+08
4,405+¢08
4.721+08
5.020¢08
54305408
5e577¢+08
5.838+08
6,090+08
6.332+408
64567408
44795408
7.016408
7.231408
T7e440+08
7T+644+08
7.843+08
Be.038+08
8e228+08
8+.415408
B8.598¢08
84777408
8.777+08
8777408
8,777¢08
8777408

NePo

-38
«38
.38
.38
.38
.38
.38
.38
.38
«46
.47

.48

Y02
PCTY
MASS

«179
179
«180
« 124
124
e124
«124
<124
sl 24
e124
.123
=123
«123
«123
«123
«123
e123
«123
«123
w123
123
«123
w123
+123
+123
+123
<123
«123
«123
«230
«230
«230
«230

VE

YN2
PCT
MASS

«75S
«755
«755
«739
+739
«739
<739
«739
«739
«739
«739
«739
«739
« 739
+739
«?739
<739
«739
«739
« 739
« 739
«739
«739
« 739
«739
«739
«739
e 739
« 739
«770
«770
«770
«770

PAGE NO.

LOCETY
M/S

179
1.80
1.81
191
1.92
1.92
1.92
1.92
1.92
1.92
1.92
1.92
1.92
1.92
1.92
le92
1e92
1.92
l1e92
1.92
1.92
1.93
1.93
1.93
1.93
1.93
193
1«93
1.93
1«51
134
1.26
1.19

PAGE NQe

Yc02
PCT
MASS

<042
«042
042
~088
« 089
+089
+089
«089
« 089
+089
«089
+089
2089
« 089
«089
=089
«089
« 089
« 089
+089
« 089
« 089
« 089
«089
<089
«089
« 389
« 089
«089
« 300
<000
«000
«000

1 RUN No.
MOL. wT FUEL
CNTRL
29.23 T
29.23 T
29.23 T
29+S6 T
29450 1
29.56 f
29.56 T
29.57 T
29.57 T
29.57 T
29.57 T
29.57 T
29.57 T
29.57 T
29.57 T
29.57 T
29.57 T
29.57 T
29.57 T
29.57 1
29.57 T
29.57 7
29.57 T
29.57 T
29.57 T
29.57 T
29.57 T
29.57 T
29.57 T
28.92 T
28.92 T
28.92 T
29492 T
1 RUN NG«
YH20 YPYR
PCT pCT
MASS MASS
017 .006
017 «006
017 .006
.036 .12
.036 012
-036 «012
«036 <012
+036 012
«036 012
« 036 «0t2
036 012
.036 2
« 037 <012
=037 2012
037 012
.037 012
.037 012
« 037 .012
.037 012
037 12
.037 .012
.037 012
.037 012
927 .012
«Q037 «012
«037 otz
.037 12
.037 012
«037 012
.000 2000
+000 000
«000 +000
«000 .000

10

LO
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COMPF2==MAIN PROGRAM

CONSTITUTES REVISION OF PROGRAM COMPF

COMPF2 VERSION 100 PROGRAMMED 1 MARCH 1978 BY Ve BABRAUSKAS
VERSION 1+1 MINOR REVISIONS 18 AUG 1978

O o000 00

; COMMON /CNSTS/ AWALLN.BWDOW.DENSA+G+GASCNT ,KTRACE sMTIME
COMMON /CP/ CPAsCPCO(2)4CPCO2(2) 4CPH2( 2) +CPH20(2) 4 CPN2(2) o
1 CPO2(2) s CPPYR(2)
COMMON /FUEL/ CeCFLPC9CVGROSs CYNEToHs HFLPC® MWPYReNs NFLPCs O°
1 OFLPCyRs ROWREGRES»SHy SHAPE9 SIZEsWeWFLPC, WTFUEL
COMMON /GP/ AWOOW ¢ BPF 3 CDy CNVy DTIME ¢EMS( 2) sHWOOW o I Xy IXCo IXL o
1 Je IMsJP s JPRINT ¢ Ko KDy KHyKITER(KNTRLy MWINs MWOUT s RC*RP e SIGMA
COMMON /L0OGIC/ FCyFLSPECIKRITyNEWPLTNEWPRP +PLFUELsPLOTPNCH,
1 RPSPECsVTSPEC
COMMON /PLAST/ TBOILC+OHP¢STOICHSIZE1+EITALEISCAN
COMMON /PRBLM/ AO1As AFLOOROANALL 9 DENSWeFLOADeIRUNOOPENF
1 PRNTeSTEADY ¢ TH ICKY
COMMON /TEMP/ DENF ¢ DENUs TAMBy TGASs TINPT 4T 1(20)eT2(20)+TSF,TSUV
COMMON /THERML/ CNDA(2¢10)sCPW(2410)sDX+EF+EMSA(2+10) s
1 NCNDo NCP Wy NEMS ¢ NQGEN s NRP s QGEN( 2, 10) 4 RPX( 2+50)
COMMON /TITLE/ TITLE(14)
COMMON /CPLOT/ BUFX(500)+BUFY(500),SCALX+sSCALY +SPECS(30)
INTECER TITLE
LOGICAL ADIAeEISCAN, FCyFLSPEC KRITsNEWPLT ¢ NEWPRP. PLFUEL\
1 PLOTePNCHeRPESPEC)STEADY»STOICH, VT SPEC
REAL MW Ny MWOUTsMWPYRy MTIMEsN ,NFLPC

OATA ADIAsCDsCFLPCICNVICPALDENSAWEF G
/eFALSEe90068184¢495¢001005001018¢0¢9¢90870¢
HFLPCs IRUN. IX¢MT BME,MWPYRy NEWPRP
7/5¢4400100360¢¢280¢979TRUE S/
NFLPCoOFLPCPLOT +sPNCHe REGRES s SHy SHAPE
/Z70e09 38629 sFALSEey eFALSE«91060900e092¢/
SIGMAeSIZE L1+ STEADY«TINPT»WFLPC
/50669 TE=89=1009 eFALSEe90e0012607

C HEAT CAPACITIES ARE GIVEN IN THE FORM CP(1)STEMP+CP(2)

DATA CPCO /7041185¢ 10184/

NO DA WON -

1 CPCO2 7021144 9314/
2 CPH20 /0.3%49, 18144/
3 CPH2 /70.68€2,y 139664/
4 CPO02 /7063704y 93147,
S CPNZ /70e1127s 10104/
6 CPPYR /0411279 1010./
C PROPERTIES OF PYROLYSIS GASES ARE ASSUMED SAME AS FOR NITROGEN

NAMELIST /VARS/ AOTAJAFLOOR ¢ AVALL e AVDQ W+ BPF 1CDe CFLPCeCPPYR+CVGROS s
1 DENSWy DHPs OTIMESEFyEISCAN, EITAWFLOAO+FLSPECIHFLPCoHWDOWe
2 I RUN, I Xy KTRACE, MT IMEy MWPYReNEWPLT ¢ NEWPRP#NFLPC. OFLPC+PLFUELSs
3 PLOT¢+PNCHsPRNT yREGRES¢ RPSPECeSHsSHAPE. SIZE+STEADYsSTOICH»
4 TINPTsTHICKW s TBOILCY VT SPECy WFLPCy SCALX s SCALY
10 READ (1+9004END=150) TITLE
900 FORMAT (13A€eA2)
WRITE(2+910) TITLE
910 FORMAT(1H1¢13A69A2)
EISCAN=.FALSE.,
STOICH=.FALSE,.
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o000

@]

20

30

40
901

STEADY=.FALSE, R
KITER= O

TINPT= O

KNTRL=s 1

KTRACE= O

NEWPLT= L FALSE,

RPSPEC= JFALSE,

FLSPEC= +FALSE,

VTSPEC= .FALSE.

PLFUEL= JFALSE.,

IRUN= TRUN+1

READ (1sVARS)

WRITE (SsVARS)

IF(AD MeOReEXSCANeCReSTOICH) STEAOY=,TRUE.
IF (PNCH) PUNCH 900y TITLE

IF (NEWPLT «ANDePLOT) CALL PLTRST
IF (NEWPRP) CALL INC

NEWPRP= L,FALSE,

CALL ICONOS

IF (KNTRLJEQs2) GOTO 10

IF (KTRACEJ«NE.1)GOTO S0

WRITE (4+901) IRUN

FORMAT (*'1 RUN NOe®sl4//

1 * TGASI TGAS2 Fl F2 DERIVI K KD ¢

2 YKH J T2(1) TSF QFIRE QFLOW QRADW .
3 ° RP RC /)

IF (KITEReEQel) GO TO 60

S0

60

70

80

90

100
110

120

130
140

903

180

CALL ECHOXD
IF (RPSPEC) GOTO 70
IF (FLSPEC) GOTO 80
IF (VTSPEC) GOTO 90
IF (PLFUEL«AND««NQT.FLSPEC) GOTO 100
CALL CRIB
GOTO 110
CALL RPFIX
GOTO 110
CALL PFLFIX
GOTO 110
CALL PVTFIX
GOTO 110
CALL POOL
GO TO (120r10+130,120)+sKNTRL
KNTRL= 1 INITIAL VALUE
KNTRL= 2 INPUT ERROR OETECTEDs PROCEED TO NBW RUN
KNTRL= 3 ITERATION FAILURE- — PRINT OUT STEPS EVEN IF KTRACE= 00
KNTRL=® 4 SIMULATION TIME LIMIT EXCEEDED
CONTINUE
INSERT HERE ANY REWIND COMMAND TO BE WNE IF NO ERROR
IF (PLOT<OR«PNCH) CALL DOUT
GO TO 10
IF (KTRACE.EQel) COTO 10
KTRACE= 1
KITER- 1
WRITE (24903) TGAS
FORMAT (*Q===ITERATION FAILURE===1'/' TGAS=*,Fl16,2)
GO TO 30
CONTINUE
ENDFILE S
STOP
END
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20

30

40

45

SUBROUTINE CR18

€RIB FIRE ROUTINE
BEQUATIONS FOLLOW NILSSON'S OATA FOR WOOD CR1B8S.

COTHER FUEL CRIBS CAN BE TREATEO IF PYROLYSIS CONSTANTS
ARE KNOWNe

COMMON /CNSTS/ AWALLN¢BWDOWe DENSA+G9sGASCNT o KTRACE ¢MTIME
COMMON /CP/ CPALCPCO(2),CPCO2(2) oCPH2( 2) ¢ CPH20(2) s CPN2(2)
1 CPO2(2)+CPPYR(2)

COMMON /FUEL/ CeCFLPCoCVGROSeCVNETeHe HFLPCoMWPYReNs NFLPCe O+
1 OFLPCsRy ROeREGRESe SHy SHAPE, S1ZE,We WFLPC, WTFUEL

COMMON /GP/ AWDOW ¢ BPF ¢ CO» CNVo DTIME ¢EMS( 2) »HWOOW, X, I1xCy XL,
1 JeIMeJPs IJPRINTeKeKDsKHeKITERgKNTRLoMWI Ne MWOUT ¢ RCoRP s STGMA
COMMON /L0OGI1C/ FCoFLSPECIKRITINEWPLT o NEWPRP ¢PLFUEL PLOT +PNCH,
1 RPSPEC, VTSPEC

COMMON /PLAST/ TBOILC,DHP,STOICHsSIZE1,EITA+EISCAN

COMMON /PRBLM/ ADIAJAFLOOR. AWALL ¢ DENSW+FLOAD+IRUNOPENF,
t PRNTy STEADY s THICKW

COMMON /GS/ GQCONWs QFIRE +QFLLOWs QRADO ¢ QRADW ¢ QWL SUM

COMMON /TEMP/ DENF+DENUs TAMBs TGASsTINPT+sT1(20)eT2(20) s TSFTSU
COMMON /THERML/ CNDA(2,10)¢CPW(2010) ¢DXIEF+EMSA(2¢10)

1 NCND o NCPW ¢ NEMS s NQGEN s NRPy QGGEN( 24 10) sRPX(2+50)

COMMON /WOUT/ BWORSTe FLREMs HRATIO#s RMA¢RMF ¢ TT IMEe VAV GINs

1 WA, WBeYCO24 YH20,e YN2, YO2, YPYR

LOGICAL ADIANMEISCANyFCoFLSPECsKRIT¢NEWPRPPLFUEL

1 PLOT ¢ PNCHy RPSPECe SCANy STEADY ¢ STOICH,VTSPEC

REAL MWINgMWOUTeMWPYRyMTI MEy NeNFL PC

IF (STEAQY) GOTO 190

FCz oFALSE.

SCAN= .FALSE,

QRADW=0.

QCONW= 0O,

F2=0.

F1=0e

DTGAS=10.

CALL HEAONG

START TIME LOOP
DO 170 J=1sJdM

KH= 0
DERIV1I= 10
TGAS2= 00
TGAS1= 00

TGASP= 20000
TGASN= TAMB
CONTINUE
K= 0
CONTINUE
IF (FLREM«GT.0.,) GOTO 40
RC= 0.
RP= 00
GO TO SO
IF (REGRES<LEe0+0) GOTO 45
USE THIS FORMULA IF INPUT REGRES IS SPECIFIED
RP= REGRES®2 ., 8SHAPE/SIZESFLREM®$(1¢=]/SHAPE)S®WTFUEL%®%(1./SHAPE)
GO TO SO
CONTINUE
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FUEL SURFACE CONTROL
ASSUME CRIB STICK DENSITY RHOCR= 800 KG/M%®%3
RMOCR=. 500
REGRENZ 1¢24E=3/RHOCR®SIZES®=0.6
RP1s REGREN®2.,2SHAPE/SIZEXFLREMER(]1.=1./SHAPE)SWTFUEL%®%(1./SHAPE)
CRIB POROSITY CONTROL
RP2= Q422%#WTFUEL/(RHOCR®S EE)*SH
ROOM VENTILATION CONTROL
RP3=2 04120%AWDOWESQRT (HWDOW)
RP= AMIN1 (RP1sRP2+RP3)
RMF = RMA+RP
YCO22 34 GO7RCFLPCRRC/100e/RMF
YH20= (WFLPCERP+9,0%XHFLPCRRC)/ 100+ /RMF
Y022 (0e23%RMA=RORRC)/RMF
YN2E Q¢e77#RMA/RMF +NFLPCBRP/100./RMF
YPYR= (RP=RC)/RMF
IF(YPYRWLTee0) YPYR= Qo
MWOUT = 84.8YCO2+18.%YH204+28¢2YN2+32.2YO2+MWPYRSYPYR
HRATIO= 1¢/7(1e+((TGAS/TAMB)®(MWIN/MWOUT)®(1.+RP/RMA)E%2)
1 *%0,3333333333)
NOTE HIN 18 TAKEN AS POSITIVE
HIN= HWOOW® HRATIO
2W=1 «=MWOUTRTAMB/MWIN/TGAS
IF(2W)1985¢55,55%
VAVGINZ 0.668E67%2SQRT(2.%GEHINSZW)
RMAz COBVAVGINBHINZEWOOWRDENS A
RMF =z RMA+RP
IF (RMA/R=RP) 6006065
RC= BPFXRMA/R
GO TO 70
RC= BPF=®RP
FC= «TRUE.
CONTINUE
QFLOW= RMFR(YCO2% (TGAS*(0.5®CPC02(1)*TGAS+CPC0O2(2))~TAMBE(0,5*
1 CPCO2( 1) ®RTAMB+CPC02(2))) +YH20%(TGAS®R(0.SRCPH20(1)®TGAS+
2 CPH20(2) )=TAMB%(0.5%CPH20( 1) *T AMB+CPH20(2))) +YO2#(TGASS(
3 0+S8CP0O2(1 )XTGCAS+CP02(2) )=TAMBR(0.5%CP0O2(1)%TAMB+CP02(2)))
4 +YN2B(TGASR( 0. SSCPN2(1 )XTCGAS+CPN2(2) )=TAMBR(0es5%CPN2( 1)*
] TAMB+CPN2(2))) +YPYRE(TGAS®(0.,S%CPPYR(1)%TGAS+CPPYR(2))
6 ~TAMBR(O.S®CPPYR( 1) XTAMB+CPPYR(2))))
QFIRE= RCE®CYNET
IF (ADIA) GOTO 90
CALL DEsOLYVY
QRADWE AWALLNREMS(1)%SIGMAR(TGAS*®4.~TSFER4,)
QCONW= AWALLN®(TGAS=TSF)SCNVS((TGAS=TSF)IS(TGAS=TSF))*%0. 16666667
CONTINUE
QRADO= AWOOWRSIGMAS(TGAS®%4.~TAMB*%4,)
Kz K+1
F3=F2
Fa=F1
Fi= QFIRE«QFLOW=QRADO=QRADW=QCONW
TGAS3=TGAS2
TGAS2=TGAS 1
TGASI=TGAS
IF (F1lelTe0eeANDTGASLT«TGASP) TGASP=TGAS
IF (F1eGTe0e¢eANDeTGAS«GT«TGASN) TGASN=TGAS
DERIV2= DERIVI
IF (TGAS1.EQ.TGAS2) GOTO 130
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DERIV 1=(F1=F2)/(TGAS1-TGAS2)
IF (KTRACE«GT«0) WRITE (4+99) TGAS1+:TGAS2,F1+F2+DERIV1+K KD
‘1 KHsJeT2( 1) s TSF¢ QF IRE ¢ QFLOW s GRADWs RP+RC
99 FORMAT(2F902a3(1959.2)o3IS.IS'2(OPF9-2)o3(lPElO-S,-Z(OPF7'3))
IF («NOT«SCAN) GOTO 95
IF (F1/F2.GE«0Q0e0) GOTO O3
SCAN= FALSE.
GOTO 100
93 TGAS= TGAS-DTGAS
IE (TGASLT.TAMB) GOTO 200
GOTO 120
95 1F (DERIVI-LchOoAND.ABS(F2).GT..OOOI)GOTO 100
IF(DERIV2eLTee0eANDeJGTe2) COTO 100
TGAS= TGAS1+DTGAS/S.
GOTO 120
100 DIF= ABS(F1/QFLOW)
IF (DIFeLTe0.002e6ANDeABS(TGAS2~TGAS1) ,LTe2¢) GOTO 130
TGAS=(F1%TGAS2=F23%TGAS1)/(F1=F2)
IF (KeGTo10eANDWF 1L TeOe o AND.TGAS.GT.TGASP) GOTO 10s

IE (KeGT o 10, ANDeF1+4GT ;0eeANDeTGAS LT TGASN) GOTO 10S
IF (KeEQel e ANDeKHeEQeO) TGAS= TGASL +10.

IF (TGAS«GT«20006) GOTO 110
IF (TGAS.LT(TAMB+30.)) GATO 110
GOTO 120
105 TGAS= (TGASN+TGASP1/2e
GOTO 120
110 SCAN= +TRUE.
TGAS= 1900,
120 CONTINUE
IF (K=200) 30+309200
130 CONTINUE
CALL ASTA
FLREM= FLREM=RP®DTIME
| FCFLREMeLTe00) FLREM=0Q.
IF (QCONWeGTeg,) QWLSUM= QWLSUM+{QRADW+GCONW )*DTIME
IF (TTIME .GE. MTIME) GO TO 210
IF (TGAS.LE.BSB.oANDQJ.GE.lO‘ GO TO 210
IF (JeEQel) GO TO 1850
IF (JPJLTJPRINT) GO TO 160
JP= 0O
150 CALL QUTPUT
160 JP= JPR+1
TT ME= TT MME+OTIME
170 CONTINUE
END TIME STEP DOILOOP
180 CONTINUE
185 CALL OUTPUT
RETURN
ERRCR IN INPUT
190 CONTINUE
KNTRL= 2
WRITE (24910)
910 FORMAT (77/7* CR1B ROUTINE OOES NOT ACCEPT STEADY- STATE CASE")
RETURN
SQUARE ROOT ERROR
198 CONTINUE
| FCKT RACE. EQe1J WRITE(2,930) TGASIRCoRPsYPYR sZWRMAMWOUT
930 FORMAT (/* TGAS=*sF5e0s® RC=*9E10ebs®' RP=*,EL10e4
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1 ¢ YPYR=Z®,E1Q0e8e® ZW='F6ele® RMAZ®*,E10,4+°* MWOUT=?,F6el)

C FAIL TO CONVERGE. ERROR EXIT
200 CONTINUVE
KNTRL=3
RETURN
Cc FIRE IS OVER (TRANSIENT CASE)

210 CONTINUE
CALL OUTPUT
RETURN
END
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DIFFERENTIAL EQUATION SOLVER BASED ON CRANK=NICOLSON METHQD.

COMMON 7GR/ AWDOW ¢ BPF 9 CDoCNVoDTIMEEMS(2) ¢ HWDOW o IX» IXCo IXL o
1 Je JMsJR s JPRINT Ko KOgKHeKITEReKNTRLoMWI Ny MWOUT sRC WRP oS IGMA
COMMON /PRBLM/ ADIAsAFLOORsAWALL ¢ DENSWeFLOAD il RUNeOPENFs»

1 PRNT»STEADY « THICKW

COMMON /TEMP/ DENF s DENUyTAMBoTGAS+sTINPT T 1(20)¢T2(20)+TSF,.TSU
COMMON /THERML/ CNOA(2410)eCPW(2410) BOX+EF+EMSA(2410) 4

1 NCND ¢ NCPWo NEWS. NQGENs NRPy QGEN( 24 10) +RPX( 2¢80)

DIMENSION A(20)48(20)¢C(20)¢sCND(20)s0D(20)sHCP(20)

ENTRY ASTA

ENTER HERE WHEN READY FOR NEW TIME STEP (FINISHED ITERATING)

DO 10 I=141X

Ti1(1)= T2(1)

CONTINUVE

TGOLD= TCAS

IF (JeEQe0) TGOLO=TAMB
RETURN

ENTRY OESOLV
SOLVE DIFFERENTIAL EQUATION

KD= 1

DX1= DX

DO 20 I=1s1X

CND(1)= TLU(CNDAyNCNDsT1(1))

HCP(I)= DENSWH*DX/DOTIMEXTLU(CPWeNCPW,T1(I))

EMS(1)= 1e7(1+/TLU(EMSAJNEMS¢TSF) +1./EF =1.)
EMS(2)= TLU(EMSANEMS,TSU)

DO 50 I=2,1XL

CNL= 1«/(DX/CND(I=1)+DX/7CND(1)})

IF (1eEQe2 ) CNL= 14/(DX1/CND(1)+DX/7CND(2))

CNG= 147(DX/CND(I)+DX/CND(1I+1))

A(l)= =CNL

8(1)= HCP(I)+CNL+CNG

C(l)= =CNG

D(I)= (HCP(1)=CNL=CNG)*T1(I)+CNLETL1(I-1)+CNGRT1(1+1)
IF (NQGENeGT .0) D(I)= D(I)+DX*TLU(QGENsNQGEN+T1(I))
CNG= 14/(DX1/CND(1)+DX/CND(2))

Cc(1)= -CNG

CNL= 1./(DX/CND(IXL)+OX/7CND(IX))

A(IX)= =CNL

ENTER HERE WHEN KDeGTel SINCE PRIOR EXPRESSIONS DO NOT CHANGE

TSFOLO= TSF

ZRF= TGASR(TGASR(TGAS+TSF ) ¢TSFRTSF)+TSFRTSF&TSF
ZCF= CNVE((TGAS=TSF)R(TGAS=TSF))*%0, 1666666667
HF= ZCF+SIGMAXEMS(1)%2RF

DENF= HFRDX1/2./CND(1)

IFz HF/2e/(DENF+1.)
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100

B(1)= HCP(1)+ZF+CNG

D(1)= (HCP(1)=ZF=CNG)*T1(1)+ZF*(TGAS+TGOLD) +CNGRT1(2)
IF (NQGENeGT.0) D(1)= D(1)+DXSTLU(QGEN+NQGEN,T1(1))
ZRU= TAMB®(TAMBR(TAMB+TSU)+TSUSTSU)+TSUSTSUSTSU

ZCU= 1487%((TAMB=TSU)*(TAMB=TSU))*%0,1666666667

HU= ZCU+SIGMAREMS(2)%ZRU

DENU= HUBDX/2+./CND(IX)

ZU= HU/Z2+./7(DENU+1,.)

B(IX)= HCP(IX)+ZU+CNL

DEIX)= (HCP(IX)=ZU=CNL)RT1(IX)+ZUR2 .« TAMB+CNL*T1(IXL)
IF (NQGENeGT+0) D(IX)= D(IX)+DX®TLU(QGEN+NQGEN,T1 (1X))
CALL TRIDGF (AsBeCoeDeT291IX)

TSF= (DENF2TGAS+T2(1))/(DENF+1,.)

TEU= (DENUSTAMB+T2(IX))/(DENU+1,.)

KD= KD+1}

IF (ABS(TSF=TSFOLD)«.LT«.4) RETURN

IF (KDeLE.6) GO TO 30

WRITE (24100) TSF.TSFOLD

FORMAT (*0 FAIL TO CONVERGE DeEe TSF='4F7e2¢° TSFOLD="
IF (XKDeLE«30) GO TO 30

RETURN

END
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SUBROUTINE ECHOID
SUBROUTINE TO ECHO HENPUT DATA

COMMON /CPR/ CPAsCPCO(2)sCPCO2(2) +CPH2(2) +CPH20(2) + CPN2(2)
1 CPO2(2) s CPPYR(2)

COMMON /FUEL/ CoCFLPC+CVGROSy CYNET ¢HoHFLPC s MWPYR N+ NFLPC, Oy

1 OFLPCsRsROIREGRESsSHy SHAPE, ST-ZEe We WFLPCy WTFUEL

COMMON /GP/ AWDOW, BPF ¢ COe CNV s DTIMELEMS( 2) +HWDOW, IXs IXCy IXL
1 JeJMyJP s JPRINT e KeKDeKHy KITEReKNTRLyMWINsMWOUT e RCoRP s SIGMA
COMMON /ZLOGIC/ FCoFLSPEC ,XRITyNEWPLT¢NEWPRP sPLFUEL+PLOTsPNCHe
1 RPSPECs VTSPEC

COMMON /PLAST/ TBOILC,DHP+STOICHs SIZEL1+EITAIEISCAN

COMMON /PR BLM/ AD BReAFLOOReAWALL + DENSWsFLOADs | RUNs OPENF
1 PRNTsSTEADYs THICKW

COMMON /THERML/ CNDA(2+10)¢CPW(2510) sDXsEFsEMSA(2+10)
1 NCND o NCP W NEMS e NQGEN NRP )y QGEN(2410) ¢RPX( 2+50)

LOGICAL ADIAeEISCANIFCIFLSPECIKRI T NEWPRPPLFUEL s
1 PLOTs PNCH ¢ RPSPEC, STEADY$STOICH, VTSPEC

REAL MWINysMWOUT s MWPYR, Ns NFLPC

WRITE (2990) IRUN

WRITE (2+91) AWALL,s AFLOOR, HWDOW, AWDOW, OPENFs+ CD

WRITE (2+92) FLOAD

IF (PLFUEL) WRITE (2+93) OHP,TBOILC

WRITE (2+94) CFLPCyHFLPCeOFLPCeNFLPCyWFCPCeRsRO

WRITE (2+95) CVGROSsCVNET ¢ MWPYR4CPPYRBPF +EF

IF (oNOT e (PLFUEL ¢OReVTSPECSOR «RPSPEC) ) WRITE (2+496) REGRESsSIZEs
1 SHAPE

IF (PLFUELANDe «NOT«STOICH) WRITE (2+97) SIZE

IF (oNOT ¢ (PLFUEL 4OReVTSPEC.OReRPSPEC) ¢ ANDeSHeGT e0e0) WRITE (2+908)

1 SH
IF (RPSPECsANDsNRP+EQel) WRITE (2+4913) RPX(241)

IF (RPSPECJAND+NRPeNES1) WRITE (2,914) ((RPX(14J)sIx192)9J=19sNRP)

IF(ADIA) GOTO 200
WRITE (2¢98) THICKWsDENSW
1F (NCND.EQel) WRITE (2+900) CNDA(241)
I (NCNOeGTe1) WR NTE (2490 1JC(CNDAC|+J)s B21s2)s =1 4NCND)
IF (NCPWJ.EQs1) WRITE (2¢904) CPW(2,1)
IF (NCPWeGTosl) WRITE (2+905) ((CPW(IeJ)ol=le2)sJ2lsNCPW)
IF (NEMS<EQel)} WRITE (2+902) EMSA(2+1)
IE (NEMSeNEe1) WRITE (2¢903)((EMSA( BeJ)+I=142)0J=1,NEMS)
I F (NQGENJEGe1) WRITE (2,906) QGEN(2+1)
IF (NQGENJGT+1) WRITE (2,907) ((QGEN(I4+J)sI=14+2)9+J=1,NQGEN)
200 WF(AD! A) WRITE(24909)
RETURN
S0 FORMAT (1H+s TB8E¢*COMPF2 VERSION lel = RUN NOo*'s14)
91 FORMAT (!Q==e=GEOMETRY AND VENTILATION====t//
' WALL SURFACE AREA = ' F8alys* M2/
FLOOR AREA = '4F842,' M2'/
WINOOW HEIGHT = *+FBe2s* M/
AREA ® 1 ,F8,2+" M2'/
OPENING FACTOR = ®4F7,3¢s°' M2,5%/
' DISCHARGE GCOEFF .,z '4F4.2/)
92 FORMAT ('Q===eFUEL LOAD PROPERTIES==s=t//
1 ' FIRE LOAD PER FLOOR AREA ='+sF6el4s' KG/M2')
913 FORMAT ('ORATE OF PYROLYSIS ='yF7424' KG/S')
914 FORMAT ('ORATE OF PYROLYSIS (KG/S)e/* TIME RP ¢

oM+ N —
> & =
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1 S0(/3XeFS5«00F93))
93 FORMAT (* TOTAL ENTHALPY OF PYROLYSIS= *

1 o 1PE10e2¢* J/KG'/!' BOILING TEMPERATURE=*,0PFS,0s* DEC C')
94 FORMAT ('0FUEL COMPOSITION'/

1 ! CARBON = *oF8e14' PERCENT BY WEIGHT '/
2 * HYDROGEN = ®*osF&8ele*® PERCENT*/

3 * OXYGEN = *9F8e41¢* PERCENTY/

4 ' NITROGEN = ®*+F8eles*® PERCENT'/

5 * WATER = ',Fd4.ly' PERCENT 7/

6 ' R = % FS.2/

7 ' RO= '4,FS5.2)

95 FORMAT ( * HEAT OF COMBUSTION OF DRY FUEL = ¢,2PE10e2+' J/KG*'/
¢ LOWER ACTUAL HEAT OF COMBUSTION = ',E1042,' J/KG'/
* MOLECULAR WEIGHT OF UNBURNT PYROLYSATES = *+0PF6e2/
! CP OF PYROLYSIS GAS = (*sF6c4¢*%TGAS + '"9F6.00
*) J/KG=K'/
* MAXIMUM FRACTION OF PYROLYSATES BURNED = *,F5e2/
* GREY-CAS FLAME EMISSIVITY = ¢F8,3)
96 FORMAT (' RATE OF REGRESSION = ',2PEGe2,' M/S/
1 ' FUEL DIMENSION = *s0PFS+,3¢° M/
2 * SHAPE FACTOR = '4+Fé4s2 /)
97 FORMAT (' FUEL AREA='4F1062s°* M2¢)
908 FORMAT (* CRIB SPACING/HEIGHT RATIO=*,F6.3)
98 FORMAT ('Q===<WALL THERMAL PROPERTIES=wwm=t//
1 * THICKNESS = %¢FSe3¢° Mt/
2 ¢ OENSITY = 'yF&e0s"' KG/M3')
909 FORMAT (! Qm====WALL THERMAL PROPERTIES~==='//
1 ! '"ADIABATIC WALL'//)
900 FORMAT ('OTHERMAL CONDUCTIVITY = *sF7¢3s!' W/M=K*)
901 FORMAT ('OTHERMAL CONDUCTIVITY ARRAY (W/M=K)*/
1 ' TEMPERATURE CONDUCTIVITY'e 10(/3XeF7e 144XeF10.3))
902 FORMAT (*OQEMISSIVITY = ',F4,2)
903 FORMAT ('QEMISSIVITY ARRAY'/* TEMPERATURE EMISSIVITY'
1 10(/3XeF7e104XsF10.3))
904 FORMAT ('QHEAT CAPACITY = *9F7e0¢* J/KG=K!')
905 FORMAT ('QHEAT CAPACITY ARRAY (J/7KG-K)*'/
1 * TEMPERATURE HEAT CAPACITY'y 10(/3XeF7e104XeF10.0))
$06 FORMAT ('OwALL HEAT GENERATED = '+F943¢ ' W/M3?*)
907 FORMAT ('OWALL HEAT GENERATED ARRAY (wW/M3)*/
1 ¢t TEMPERATURE QGEN?', 10(/73XeF7e108XeF10e3))
END

oM NN ™
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SUBROUTINE ICONOS
SET INITIAL CONDITIONS AND CONSTANTS

COMMON /CNSTS/ AWALLN ¢ BWDOW, DENSA G +GASCNT , KTRACE s MTIME
COMMON /cCP/ CPAsCPCO(2),CPCO2(2)+CPH2(2) 4CPH20(2) s CPN2(2),
1 CP02(2)+CPPYR(2)

COMMON /FUEL/ CoeCFLPCsCVGROSs CYNET oHosHFLPC» MWPYReNs NFLPC, O,
1 OFLPCsRs ROyREGRES )y SHy SHAPE. S1ZE+We WFLPCs WTFUEL

COMMON /GP/ AWDOW, BPF,CDysCNVsDTIME,EMS(2) +HWOOW4 | X9 EIXC»s IXL s
1 JoJMeJP s JPRINT 4K sKDs KHe KITER¢ KNTRLoMWIN, MWOUT sRC4RP s SIGMA
COMMON /LOGIC/ FC,FLSPEC, KRIT,NEWPL T, NEWPRP+PLFUELsPLOTePNCH,
1 RPSPEC. VTSPEC

COMMON /PLAST/ TBOILC,DHP,STOICH,+SIZE1,EITALEISCAN

COMMON /PRBLM/ ADIAJAFLOOR, AWALL + DENSW+FLOAD» IRUN,OPENF,

1 PRNT+STEADY THICKW

COMMON vsQs/ QCONW+QF IRE,QFLOWs GRADO+QRADW,QWL SUM

COMMON /TEMP/ DENF +DENUs TAMBs TGASes TINPT T 1(20)eT2(20) e TSF,4TSU
COMMON /THERML/ CNDA(2,10)¢CPW(2+10)sDXsEFsEMSA(2+10)

1 NCND s NCPW ¢ NEMS s NOGENs NRP+ QGEN( 2, 10) sRPX(2+50)

COMMON /wWQoUT/ BWORSTsFLREMy HRATIOsRMARMF s TTIME s VAVGIN,
1 WA WBsYCO26YH20+sYN2, Y02, YPYR

LOGICAL ADIA+EISCANSFCFLSPEC+KRIT,NEWPRP,PLFUEL

1 PLOT«PNCHes RPSPECsSTEADYSTOICH

REAL MNINe MVOUT+ MWPYR,MTIME, Ne NFLPC

FC= oFALSE.

KNTRL= 1

AWALLN= AWALL-AWDOW

BWOOW= AWDOW/HWOQOW

WTFUEL= FLOAD* AFLOOR

OPENF= AWOOW*SQRT(HWDOW)

MWIN= 28.97

MWOUT= MWIN

TAMB= 2938,

TGAS= 1800.

IF (TINPT«GT«0e) TGAS= TINPT

IXL= [X-1
IXC= IX/2
TSF= TAMB
TSU= TAM8
DENF= Q.
DENU= 0.
WA= 6H
wB= SH

IF («NOT.FLSPEC) GO TO 10
WA= 6HWINDOW

WwB= SHWIDTH

JP= 0

IF («NOT<STEADY) JPRINT= PRNT/OTIME + (140-1.E=6)
IF (STEADY) GOTO 20

IF (DTIME«GT.0.00001) GOTO 15

WRITE (2,95)

KNTRL= 2

RETURN

FORMAT (///* FOR NON-STEADY PROBLEMS MUST SPECIFY DTIME s
1 'GREATER THAN ZERO*)

IF (MTIME.GT.DTIME) GOTO 20
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WRITE (2492)

92 FORMAT (///% FOR NON=STEADY PROBLEMS MUST SPECIFY MTIME %

20

60

90

70

1 'GREATER THAN OTIME®*)

KNTRL= 2

RETURN

CONTINUE

IF (oNOT.STEAOY) JM= MTIME/OTIME +2

IF (STEADY) Jm= 2

DX= THICKW/IX

FLREM= WTFUEL

TTIME= 00

EMS(1)= 1¢/7( 1e/TLU(EMSAJNEMS; TAMB) +1./EF =1a)

QWL SUM= Q.

DO 60 I=1,1IX

T2(1)= TAMB

J= 0

CALL RSTA

TOTAL= CFLPC+HFLPC+OFLPC+NFLPC+WFLPC

IF (TOTALeLT«101¢1¢ANDeTOTALeGTe98.9) GOTO 70

CHECK FOR ERRORS |IN FUEL COMPOSITION

KNTRL= 2

WRITE (2+90)

FORMAT (///%* SUM OF FUEL COMPOSITION INPUT IS INCORRECT")

RETURN

C= CFLPC%(10./12.)

H= HFLPC%®10,

O= OFLPC%*(10+/164)

w= WFLPC*(104/18.)

N= NFLPC*¥(10./14,)

RO= (C+H/4.-0/2.)%32./1000.

R= R0O/0.232

CVNET= CVGROS*(1.-WFLPC/100¢)=(WFLPC+9.0*HFLPC)/100.%2440.E+3
LATENT HEAT OF H20 EVAPORATION= 2440E+3 J/KG AT 25 C

RMA= 0.16%AWOOW*DENSA*SQRT (G*HWOOW)

RMF= RMA
RC= BPF*RMA/R
YQ2= 0.10

IF (STOICH) EITA= 1.

IF (EISCAN) S!ZE= SIZEI/EITA
RETURN

END
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SUBROUTINE INC

ROUTINE TO INPUT ALL CONSTANTS NOT GIVEN | N NAMELIST

COMMON /THERML/ CNDA(2,10) +CPW(2410) ¢+DXsEFsEMSA(2+10)
1 NCND ¢ NCPWe NEMS ¢ NGGENs NRPs QGEN(2410) s+RPX(24+50)
NQGEN= 0

READ (1491) NCNoNCPoNEMyNRsNQG

IF (NCNeEQe0) GO TO 10

NCND= NCN

READ (1990) (CNDA(1¢I)4CNDA(2+1)¢1=14sNCND)
IF (NCP.EQs0) GO TO 20

NCPW= NCP

READ (1990) (CPW(1s1)sCPW(2s1)s1=1¢NCPW)

IF (NEM.EQ.0) GO TG 30

NEMS= NEM

READ (1+990) (EMSA(1+1)+EMSA(2,41)el=1,NEMS)
IF (NR.EQ.0) GO TO 40

NRP= NR

READ (1+90) (RPX(1e1)sRPX(2+1)sI=1sNRP)
NQGEN= NQG

IF (NQG.EQ.0) GO TO SO

READ (1+90) (QGEN(1s1)+QGEN(2+I)9s1=14NQGEN)
RETURN

FORMAT (8F10.0)

FORMAT (1013)

END

-VARS -
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SUBROUTINE OUTPUT
PRINTS QUTRPUT DATA

COMMON /FUEL/ CoeCFLPCoCYGROSICYNET ¢ HyHFLPC o MWPYR¢Nes NFLPCs Os
1 OFLPCyRe ROSREGRES ¢ SHy SHAPE ) SIZEyWe WFLLPCy WTFUEL

COMMON /GP/ AWDOWe BPF s CO9sCNVyDTIME ,EMS( 2) ¢+ HWDOW+» I X9 IXCs IXL,
1 JoJIMe JP s JPRINT oK o KDsKHeKITEReKNTRL ¢ MWIN, MWOUT s RCoRP » ST GMA
COMMON /LOGIC/ FCHFLSPECIKRITINEWPLT ¢NEWPRRPsPLFUELPLOT +PNCH,
1 RPSPECsVTSPEC

COMMON /PLAST/ TBOILCDHP¢STOICH)SIZE14EITAIEISCAN

COMMON /PRBLM/ ADIALAFLOORIAWALLe DENSW4FLOADSIRUNJOPENF,

1 PRNTsSTEAOY, THICKW

COMMON r/QS/ QCONWs QF IRE+ QFLOWe QRADO s QRADW o QWL SUM

COMMON /TEMP/ DENF ¢ DENUs TAMBs TGASsTINPT sT 1(20)+T2(20) ¢ TSF,TSU
COMMON 7 wOUT/ SWORST ) FLREM) HRAT IOy RMAJRMF s TTIME s VAVGIN,

1 WA WBeYCO2+sYH2QOsYN29YO2,,YPYR

LOGICAL ADIAJEISCANsFCsFLSPECIKRITyNEWPRP, PLFUELY®

1 PLOTePNCHs RPSPECYSTEADYs STO KHy VT SPEC

REAL MWINe MWOUT s MWPYRe Ne NFLPC

LOGICAL DATPRT

DIMENSION T2C(3)

DATA OATPRT /.FALSE./

IF (KITER«EQs1l) RETURN

IF (PLOT«ORPNCH) CALL OSTO (TT MEyTGAS)

IF (ILINE.LE.47) GO TO %0

DATPRT= +TRUE,

GO TO 300

&0 TGASC= TGAS=273.

T2C(1)= TSF=273,

T2Cc(2)= T2( KC)=~273,

T2C(3)= TSU=273,

FUELPC= FLREM/WTFUEL®100.

QNORM= QFIRE/ 100.

IF (QCONWeL Te0) GNORM= (QFLOW+QRADO)/1000

ZFLOW= QFLOW/GNORM

ZRADO= QRADOC/ GNORM

ZCONW= QCONW/QNORM

ZRADW= QRADW/QNQORM

EXCESS= RP=RC

ILINE = ILINE+)

WRITE (2+90) JoeTTIME¢TGASCsT2CsRP +sRCIEXCESS s FUELPCsRMAsHRATIO,
1 VAVGIN) MWOUT ¢ FC

IF (FLSPEC) WRITE (2¢91) BWORST

WRITE (3+92) TTIMEsZFLOWs ZRADO+ ZCONW»ZRADW s QFIRE s QWLSUM,

1 Y029+ YN2e YCO24 YH209s YPYR

IF (STQICH) WRITE (2+901) S1ZE}

RETURN

ENTRY HEADNG
START NEW PAGE
IF (KITER«EQel) RETURN
IPG = 1
300 CONTINUE
ILINE = O
IF («NOT.RPSPEC) GOTO 315
WRITE (29¢94) IPGsIRUN
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WRITE (3+94) 1PGy»IRUN
GO TO 400
315 IF («NOTWFLSPEC) GOTO 325
IF ¢ «NOTPLFUEL) WRITE (2.95) IPG+ IRUN
IF («NOTPLFUEL) WRITE (3,9%) IPG:+IRUN
I F (PLFUEL) WRITE (24908) IPG+IRUN
IF (PLFUEL) WRITE (3,9085) I1PG,IRUN
GO TO 400
325 |IF («NCOT.VTSPEC) GOTO 335
WRITE (2¢96) IPGeslIRUN
WRITE (3¢96) I1PGyIRUN
GO TO 400
335 IF («NOT.PLFUEL)} GO TO 345
WRITE (2997) 1PGeIRUN
WRITE €(3+97) IPG,IRUN
GO TO 400
345 WRITE (2¢98) IPGsIRUN
WRITE (3+498) IRPGsIRUN
400 IPG = 1PG+]
WRITE (2¢99) WA WB
WRITE (3+900)
IF («NOT.DATPRT) RETURN
DATPRT= FALSE.
GO TO S0
90 FORMAT (1M ¢34 eT61F8e0sT15¢F7e09T25¢3FCe0+T484F6e3+sTS14F 6430
1 TEOsF6e30TEDIFS el e T?799FAe2,T879F702sTI96+F9e2:T109¢F6e2e5X0Ll1)
91 FORMAT (1H+s T1244¢ F€a42)
O2 FORMAT (1H oF7e008F11e¢301PE15:3,E1%5e63+1X+0P(SF863))
94 FORMAT (1H1eT14+* INPUTTED VALUES OF RP ARE USED'
1 T100¢ 'PAGE NOe'9I39T115¢'RUN NOe'e14/11
95 FORMAT (1H1+T14s ' FUEL PYROLYSIS (CRIB) SPECIFIEDs VENTILATION '

1 * ADJUSTED FOR WORST CONOITIONS's T100+*'PAGE NOe®9+13+T115,
2 'RUN NCe*s14//7)

S¢ FORMAT (1H1+T14+* VENTILATION SPECIFIED. FUEL PYROLYSIS ADJUSTED'
1 * FOR WORST CONDITIONS*+T100+*PAGE NGO« '+ I3,T115¢'RUN NOs 018/
2 /)

97 FORMAT (1H1+T144* THERMOPLASTIC POOL FIRE'+»T100s'PAGE NO.*
1 I3eT11S5¢*RUN NOo's I4/7)
98 FORMAT (1H1eT 144 'CRIB FIRE'+T100¢ 'PAGE NOos' 13,
1 T115e*RUN NOe*'914/)
99 FORMAT (1HOeT10e *TIME® 4 T17+'TEMP® , T30, WALL TEMPS®+TAa7,4'RP*,
TS49"RC* e TEG9 'EXCePYRe '+ T70s'FUEL*yT78e¢'AIR IN*eT90s*NePo '
T8¢ *VELOCITY* 3 T109+ " MOLWT® s T118+'FUEL"® +T124,4A6/
TA1e'S T 170 'GASsC?' T34 C*,TA6,'KG/ST,TS34'KG/S'yT6H1
YKG/S " sT71+'PCT* s T794'KG/S*+sT101+*°M/S5*,T108,
T118+°CNTRL'sT124,A5/)
900 FORMAT (T8, 'TIME' ¢+T24+*HEAT SALANCE'»T7S,'Q=WALL®,T88,'Y(02',T96,
YYN2*eT 1049 *YCO2°9T 112y 'YH20'4T 120 *YPYR®/
T13¢°GAS FLOW' 1 T25,'WND RAD' »T369 *WALL CNV*,T47,*WALL RAD' *
T60,°Q=FIRE"sT76¢ 'SUM' +T88+'PCT® 4 T96+*'PCT*sT104+*'PCT*,T112,
*PCT*sT120+*PCT ¢/
T16e'PCT O T274 *PCT" 2T 39+ 'PCT* s T49¢ 'PCT*eT 624 W' +sT770
1, TBB8e " MASE® TGEs *MASS? s T104,*MASS?,T112+°MASS*,
T120e *MASS'/)
901 FORMAT (//' STOICHIOMETRIC FUEL SIZE= 'yF843s*' M2°)
905 FORMAT (1H1+T14e ' FUEL PYROLYSIS (POOL) SPECIFIED. VENTILATION'
1 * ADJUSTED FOR WORST CONDITIONS's T1004s'PAGE NOe*»I3sT11Z,
2 'RUN NO«'918/77)

END

e WON R

~oOPpPwpNhN
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O0O00000 0O

SUBROUTINE PFLFIX

PESSIMIZATION ROUTINE

FIXED FUEL PYROLYSISs WINOOW WIDTH VARIED FOR WORST
BURNING CONDITIONS.

EITHER CRIB OR POOL FUELS ACCEPTEO

FOR POOL FUELS, MUST ALSO SET PLFUEL=,TRUE,

COMMON /CNSTS/ AWALLNe BWDOWe DENSA G ¢ GASCNT sKTRACE 4MTIME
COMMON /¢P/ CPAyCPCO(2)9+CPCO2(2) sCPH2{ 2) +CPH20(2) ¢+ CPN2(2),
1 CPO2(2)+CPPYR(2)

COMMON /FUEL/ CoCFLPCYyCVGROS¢CVNET s HeHFLPC s MWPYR ¢ No NFLPCy O

1 OFLPCyRe RO REGRESeSHy SHAPEZS1ZE,We WFLPC. WTFUEL

COMMON /GPR/ AWDOWs BPF 9 COs CNVoDTIME +EMS( 2) ¢ HWDOW s I Xs IXCo I XL

1 JoJIMe P ¢ JPRINT ¢ K¢ KDg KHeKITERyKNTRL s MWIN, MWOUT ¢ RC o RP ¢ STIGMA

20

30

38

COMMON /L0GIC/ FCoFLSPECIKRITINEWPLTINEWPRP ¢PLFUELPLOTsPNCH,
1 RPSPEC VTSPEC

COMMON /PLAST/ TBOILCesOHP¢STOICHsSIZEL1+EITALEISCAN
COMMON /PREBLM/ ADIA9AFLOORIAWALLeOENSWeFLOADSIRUN. CPENF,
1 PRNT ¢ STEAOY»THICKW

COMMON /QS$/ QCONWsQF IRE+QFLOW s GRADO ¢ GRADW ¢ QWL SUM
COMMON /TEMP/ DENF¢DENUs TAMBsTGASe TINPTT1(20)+sT2(20)+TSF,TSU
COMMON /THERML/ CNDA(2910)sCPW(2410) yDXsEF¢EMSA(24¢10)
1 NCND ¢ NCPWy NEMS y NQGENINRPo QGEN(2,10) 4RPX(2+50)

COWMON /WwWOoUT/ B8WOR| Te FLREMs HRATY Os RMAs RMF ¢ TTIME ¢ VAVG I No
1 WAoWBeYCO2e YH209sYN2e YO2y YPYR

LOGICAL ADYAGEISCANIFCoFLSPECIKRI Ty NEWPRPyPLFUEL
1 PLOT ¢ PNCHyRPSPEC) SCAN, STEADYySTOICH,VTSPEC

REAL MWINyMWOUT ¢ MWPYR, MTIME )Ny NFLPC

IF (STEAOY) GOTO 190

FC3 «FALSE.,

SCANS +FALSE.

QRADW=0 .

QCONW= 00

F2=0e

F1=0.

DTGAS=10e.

TBOIL=TBOILC+273.

CALL HEADNG

START TIME LOOP

DO 170 J=1e¢JM

KH= O

DERIVi= 1,

TGAS2= 0.

TGASl= 00

TGASP= 20000

TGASN= TAMSB

CONTINUE

K= 0O

CONTINVE

KR= O

RMA= 0.€66667%CD%0.SEAWDOWRDENSA®SQART (GEHWOOWR(1.=TAMB/TGAS))
IF (FLREM) 220+220,35%

AS SOON AS FUEL |'S EXHAUSTEO PROGRAM MJST STOP.
SINCE WINOOW SIZE WOULD NOT 8& WELL DEFINED.
IF («NCOT.PLFUEL) GCOTO 40




RP= S1ZESEF*SIGMAR(TGAS*%4,~TBOIL#*4,.)/0HP
*PLUME= S1ZE®0.0014%CVNET/DHP
PROP= 1+=(TGASSS4 . ~TBOIL*%4,)/(1700.%%4,~-TBOIL*%4.)
IF (PROP«LT«0.) PROP= 00
RP= RP+PROPEPLUME
GO TO %0
IF (REGRESLE«040) GOTO 45
USE THIS FORMULA IF INPUT REGRES | S SPECIFIED
RP= REGRES®2 ,#SHAPE/SIZE®FLREMRR( | =] ,/SHAPE)RWTFUEL®%*(1+/SHAPE)
GO TO 50
CONTINUE
FUEL SURFACE CONTROL
ASSUME CRIB STICK DENSITY RHOCR= §00 KG/M#®%3
RHOCR= &S00
REGREN= 1e24E=3/RHCOCR*S]ZER&R=0,6
RP1= REGREN®2,#SHAPE/SIZE®FLREMARR( | ,~1,/SHARPE)SWTFUEL®%(]./SHAPE)
CRIB POROSITY CONTROL
RP2= 0422%WTFUEL/(RHOCR®S]I ZE )% SH
RP= AMIN1 (RP1sRP2)
RMF= RMA+ RP
YCO2= 3e6EEE67ECFLPCRRC/ 100e/RMF
YH20= (WFLPCRRP+9 (08HFLPCERRC) /100 «/RMF
Y02= (0e23%RMA=RORRC)/RMF
YN2=2 Q+778RMA/RMF +NFLPCERP/100./RMF
YPYR= (RP=RC)/RMF
IF(YPYRJW,.Tee0) YPYR= (00
MWOUT = 44.%YC02+18«¥YH20+428 %X YN2+32 ¢RYO2+MWPYREYPYR
HRATIO= 1o/ ( Le+((TGAS/TAMB)R(MWIN/MWOUT)®( 1 .+RP/RMA)E%2)
1 *%0,2333333333)
NOTE HIN I S TAKEN AS POSITIVE
HIN= HWDOWS HRATIO
IW=1 o=MWOUTRTAMB/MWIN/TCAS
IF(ZW)195455,455
VAVGIN=S 0.CEEE66TRSQRT (2.%GRHINEZW)
RMA= CDEVAVGINEHIN®BWOOWEDENS A
IF (RP=RMA/R) 60,60+465
RC= RPSBPF
BWORST= BWOOWSRC®¥R/RMA
RMA= RC2®R/BPF
GO TO 70
RC= BPFSRMA/R
BWORST= BWDOW
RECALCULATE Y= VALUES SINCE RP+RC HAVE BEEN CHANGED
KR= KR+1
IF (KR=3) 5097575
CONTINUE
QFLOW= RMFR(YCO2R(TGASH*(0.5%CPCO2(1)#TGAS+CPC02(2))-TAMB®(0 ,5%
CPCO2(1 ) *TAMB+CPC02(2)) ) +YH2OR(TGAS®R(0.5%CPH20(1)%TGAS+
CPH20(2) )=TAMBR(0,5%CPH20( 1) *TAMB+CPH20(2))) +Y02%(TGAS%(
OoS*CPOE(l)*TGA$+C902(2))‘TAMB*(O.5*CPOZ(l)‘TAMchpoz(Z*))
+YN2R(TCASE( 0. S®CPN2( 1) RTGAS+CPN2(2) )=TAMBR(0e SBCPN2(1)
TAMB+CPN2(2))) tYPYRE®(TGASXR(0S*CPPYR(1)XTGAS+CPPYR(2))
~TAMBR(0 «S*CPPYR( 1)*TAMB+CPPYR(2))))
QF1RE= RCSCVNET
1IF (ADIA) GOTC 90
CALL OESOLV
QRAD W= AWALLNZREMS(1)%SIGMAR(TGASRRA . ~TSFR%4.)
QCONW= AWALLNX(TGAS-TSF)IRCNVE((TGAS=TSF)®(TGAS-TSF))*%0e 16666667

oOWmAWN -
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90 CONTINUE
QRADO= HWOOWSBWORSTHSIGMASR(TGASSRA .~TAMBAR%RS , )
K= K+l
F3=F2
F2=F1
Fi= QF]RE=QFLOW=QRADO=QRADW=QCONW
TGAS3=TCAS2
TGAS2=TGAS 1
TGAS1=TGAS
IF (FlelLTeOe cANDeTCASeLT«eTGASP) TGASP=TGAS
IF (F1eGTe0eeANDeTGAS«GT«TGASN) TGASN=TGAS
DERIV2= DERIVI
IF (TGAS1.EQeTGAS2) COTO 130
DERIV1=(F1=F2)/(TGAS1-TGAS2)
IF (KTRACE«GT«0) WRITE (4999) TGAS1+TGAS2+F1 +F2+,DERIV1I+KeKD»
1 KHe JoT2(1) s TSFoQFIRE(QFLOW s QRADW,RP,RC
99 FORMAT(2F9¢293(1PE9e2)9313¢I592(0PF962)+3(1PEL10¢3)+2(0PF7.3))
IF («NOTeSCAN) COTO 95
IF (F1/F24GE«0+0) GOTO 93
SCAN= ,FALSE.
GOTO 100
93 TGAS= TGAS—-DTGAS
IF ((PLFUEL ¢ ANDe( TGASeLT«TBOIL)) cORe(TGAS.LT.TAMB)) GOTO 200
GOTO 120
95 |IF (DERIV2.LTee0eANDesABS(F2)«GT&¢0001)GOTD 100
IF(DERIV2+LTee0eANDaJeGTo2) GOTO 100
TGAS= TGAS1+0TGAS
GOTO 120
100 DIF= ABS(F1/QFLOW)
IF (DIFelT«e04002.ANDeABS(TGAS2=TGAS1)eLTe2.) GOTO 130
TGAS=(F18TGAS2=F28TGAS1)/(F1=F2)
IF (KeGTel10eANDeF1eLTe0e0cAND«eTGAS.GTeTGASP) GOTO 105
IF (KeGTe1l0eANDe F1leGT e00eANDaTGASeLTeTGASN) GOTO 105
IF (TGAS eGT e TGASP¢OReTGAS«LTeTGASN) TGAS=(TGASP+TGASN)/2.
IF (KeEQel aANDeKHeEQe0) TGAS= TGAS1+10.
IF (TGAS«GT«2000.) COTO 110
I F (TGASSLT(TAMB+30.)) COTO 110
IF (PLFUEL.AND.TGAS.LT.TBOIL) GOTO 110
GATO 120
105 TGAS= (TGASN+TGASP)/2.
COTO 120
110 SCAN= (TRUE.
TGAS= 1900.
120 CONTINUE
IF (K=200) 304300200
130 CONTINUE
CALL RSTA
FLREM= FLREM=RP#®DTIME
| F{FLREMeLTo0) FLREM=0,
IF (QCONWeGT <0.) QWLSUM= QWLSUM+(QRADW+QCONW )®DTIME
IF (TTIME oGEe MTIME) GO TO 210
IF (TGASeLEe3%3eeANDeJeGE«10) GO TO 210
IF (JeEQel) GO TO 1850
IF (JPeLTJPRINT) GO TO 160
JP= 0
150 CALL OUTPUT
160 JP= JUP+1
TTIME= TTIME+DOTIME




170 CONTINUE
END TIME STEP DO~-LOOP
RETURN
ERROR IN INPUT
190 CONTINUE
KNTRL= 2
WRITE (24910)
910 FORMAT (//7* PFLFIX ROUTINE DOES NOT ACCEPT STEADY-STATE CASE')
195 CONTINUE
IF (KTRACE+EQs1) WRITE(26930) TGAS ¢RCsRP+ YPYR s ZW s RMA, MWOUT
930 FORMAT (/° TGAS=?¢FE.0s% RC=*,E10.8+* RP='4E1004,
1 ¢ YPYR='9EL1Oebo? ZW=*FS e,y RMA=?® +E10e80° MWOUT=* 4F6e1)
FAIL TO CONVERGE. ERROR EXIT
200 CONTINUE
KNTRL=3
RETURN
FIRE IS OVER (TRANSIENT CASE)
210 CONTINUE
CALL OUTPUT
220 CONTINUE
RETURN
END
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SUBROUTINE POOL

PLASTIC FUEL (POOL FIRE) ROUTINE

FUEL *'SEES!

COMMON /CNSTS/
COMMON /CP/

ONLY COMPARTMENT AND NOT !TSELF

AWALLN¢BWDOW, DENSA +G ¢ GASCNT s KTRACE s MTIME
CPAsCPCO(2)+CPCO2(2) 4CPH2(2) ,CPH20(2) s CPN2(2)»

1 CP02(2) +CPPYR(2)

COMMON /FVUEL/

CoCFLPCyCVGROSsCVNET ¢HyHFLPC s MWPYR N+ NFLPC» Oy

1 OFLPCsRsROsREGRES e SHe SHAPEe S | ZEsWe WFLPC s WTFUEL

COMMON /GR/

AWOOWyBPFeCOyCNVyDTIMEIEMS (2) 4+ HWOOWe IXe IXCy IXL s

1 JeJMeJPs JPRINT o KeKDeKHeK| TERYKNTRL yMWIN, MWOUT s RCyRP s SIGMA

COMMON /L0OGIC/

FCoFLSPECIKRIToNEWPLT s NEWPRP 4 PLFUEL + PLOT +PNCH,

1 RPSPECs VTSPEC
COMMON /PLAST/ TBOILCsDOHP¢STOICHsSIZE1,EITAIEISCAN

COMMON /PRBLM/

ADIAAFLOORIAWALLe OENSWoFLOADGIRUNOPENF o

1 PRNT» STEADY» THICKW

COMMON /QS/
COMMON /TEMP/

COMMON /THERML/

QCONW, QFIREsQFLOWsQRADO s QRADW ¢ QWL SUM
DENF s DENUsTAMBs TGASs TINPT s T1(20)¢T2(20)eTSFTSU
CNDA(2+10) s CPW(2910) ¢DX+EF+EMSA(24+10)

1 NCNDyNCPWoNEMS ¢« NGGEN NRPs QGEN( 2 11 0) +RPX( 2+50)

COMMON /%QUT/

BWORSTeFL REM. HRATIQeRMA4RMF s TT IME»VAVG IN»

1 WA WBeYCD2y YH209 YN2e YO24 YPYR

1

LOGICAL ADI A EISCANIFCoFLSPECIKRITINEWPRP4PLFUEL,
PLOT ¢ PNCHyRPSPEC) SCANy STEADYSTOICHVTSPEC
REAL MWINysMWOUT s MWPYRe MTIMEWNs NFLPC
Y= OENCOTE MASS FRACTIONS OF OUTFLOW
RMA= MASS INFLOW RATE
RMF= MASS OUTFLOW RATE
R= STOICHIOMETRIC AIR/FUEL MASS RATIO
RO= STOICHIOMETRIC OXYGEN/FUEL RATIO
SCAN+ oFALSE.
INITIALIZES STOQICHIOMETRIC CASE
IF (STOICH) EITA =1.

QRADW=0.
QCONW=2 Qo
F2=0.
F1=0.

OT GAS= 10e

TBOIL=TBOILC+273,

FC=z oFALSE.
CALL HEADNC
TF2= TCAS

START TIME STEP

DO 170 J=1leJM
KH= 0

DERIVi= 1.
TGAS2= 00
TGAS1= Q.
TGASP= 2000
TGASN= TAMB
CONTINUE

K= 0

30 CONTINUE
IF (sTOICH) ¢OYQ 34
32 RPz S| 2E2EF 2SI GMAR(TGAS*%4 ,=TBOIL*%4,) /OHP
IF (STEADY) GOTO 23
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33

35

36
37

40

a5

90

PLUME= SIZE%*0.0014%CVNET/0HP
PROP= Lle=(TGASK®4 ,~TBOIL*%4,]/(1700e%%4.=TBOILR*4,)

IF

RP=
CONTINUVE

RMF= RMA+RP

IF(FLREMJLE«Q)RP=0Q,

YCO02= 3.66667%CFLPC®RC/100e/RMF

YH20= (WFLPCRRP+9.,0%HFLPCHRC) /100 +/RMF

Y02= (0423%RMA~RO®RRC)/RMF

YN2= Qe 7TTRRMA/RMF +NFLPCE®RP/100+/RMF

YPYR= (RP=RC)/RMF

IF(YPYR.LT..O) YRPYR= 00

QFUEL= (RP=RC)%DHP

MWOUT= 44.%YCO2¢18.RYH20428%YN2+32 ,4YO2+MWPYRRYPYR
HRATIO= 1/ (10+((TGAS/TAMB)®(MWIN/MWOUT)*( 1« +RP/RMA)%%2)

1

(PROP«LT«0e) PROPS Qo
RP+PROP®PLUME

*%0 033333333331
NOTE HIN 1S TAKEN AS POSITIVE

HIN= HWDOWS HRATIO

In=
IF(

1 e=MWOUT=®T AMBOMW I N/T GAS
W) 198, 35, 3%

VAVGIN= Qe EE6EETRSQRT (2.XGRHIN®RZW)
RMA= CD®VAVGINXHIN®ZBWOOWEDENSA
RMF= RMA+RP

ondWN-

RC=
IF
I F
IF
FC=
GO
FC=
RC=

YCO
YH2
Yoz
YN2
YPY

BPF®RMA/R
(STOICH) RP= RC/BPF
((EISCANCANDEITACLTe10e)e0RsSTOICH) GOTO 37
(RC+GT «RP%BPF) GOTO 40
«FALSE .
TO 45
«TRUE .
RPRBPF
RECALCULATE VALUES IF IN FUEL CONTROL REGIME.
2= 3e86EECT7TRCFLPCRRC/ 100 /RMF
O= (WFLPCRRP+9¢0%HFLPC%XRC) 0100e/RMF
= (0e23%RMA=~RO®RC)/RMF
= Qe 77®*RMAORMF +NFLPC®¥APO100e/RMF
R= (RP=RC)/RMF

CONTINUE

QFL

QF1
I F
I F
IF

Ow= RMFX(YCO2%(TGASR(0.5%CPCC2( 1)*TGAS+CPC02(2))=TAMB%(0,.%%

CPCO2( 1) *TAMB+CPCO2(2)) ) +YH20%(TGASR(05S®CPH20(1 )®TGAS+

CPH20(2))=TAMB#R(0.5%CPH20( 1 )*TAMB+CPH20(2))) +YO28(TGAS® (
0e5®CPO2(1 )RTGAS+CPO2(2) )=TAMBR(0.5%CP02( 1)®TAMB+CP0O2(2)))
+YN2R(TGASE(0.5S8CPN2( 1) #TGAS+CPN2(2))-TAMBR(0.5%CPN2(1)*
TAME+CPN2(2))) +YPYRX(TGAS®(0.5%CPPYR(1)2TGAS+CPPYR(2)})

=TAMB®(0 .S2CPPYR( 1)®*TAMB+CPPYR(2))))

RE= RCSCVNR

(ADIA) GOTO 90

(«eNOT+STEADY) CALL DESOLV

(STEADY) CALL STFLOW

QRADW= AWALLN®EMS (1 )BSIGMAR(TGASER%3 ,~TSF%%4,)

QCONW= AWALLNZ(TGAS=TSF)RCNVR((TGAS=TSF)*®(TGAS=TEF)}*%0,.16666667
CONTINUE

QRADO= AWDOWRSIGMAR(TGAS®%4.~-TAMBE%R4 )

K= K¢1

F3=F2

Fa2=F1

Ft= QFIRE=QFLOW=QFUEL=QRADO=QRADW=QCONW
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99

93

100

108

110

120

130

150
160

170

180

TGAS3=TGAS?2

TGAS2=TGAS]

TGAS1=TGAS

IF (Flek.TeO0oeANDeT GASeLT «TGASP) TGASP=TGAS

IF (F1eGTe0oe eANDeTGAS.GT«TGASN) TGASN=TGAS

DERIvV2= DER1V1

IF (TGAS1.EQeTGAS2) GOTO 130

DERIV1I=(F1=-F2)/(TGAS1-TGAS2)

IF (KTRACE«GT ¢0) WRITE (4¢99) TGAS1+TGAS2:F1eF2,0ERIV1+KeKD
1 KHeJoeT2(1) e TSFeQFIREQFLOW+ QRADWIRP4RC

FORMAT (2F9¢2¢3(1PEFe2)9313915¢2(0PF9:2)+3(1PE10e3)+2(0PF7.3))
IF («NOT «SCAN) GOTO 95

IF (F1/F2eGE«0e0) GOTO 93

SCAN= LFALSE.

GOTO 100

TGAS= TGAS=DTGAS

IF (TGAS.LT.TAMB) GOTO 200

IF (TGAS LT eTBOILAND(FLREMeGTe060)) GOTO 190

GOTO 120

IF(DERIV2eLTee0eANBeJeGT42) GOTO 100
TGAS= TGAS1+DTGAS
GOTO 120
DIF= ABS(F1/QFLOW)
IF (DIFelTe06002¢ANDABS(TGAS2=TGAS1)eLTe2.) GOTO 130
TGAS=(F1*¥TGAS2=-F2%TGAS1)/(F1=F2)
IF (KeGT ¢ 10eANDF 1eLTc0¢eANDeTGAS4GT+TGASP) GOTO 105
IF (KeGT ¢ 106 AND eF 16GT 6 0a ¢ ANDeTGAS LT «TGASN) GOTO 10S
IF (KeEQel eANDeKHeEQeO) TGAS= TGAS1+10e.
IF (TGAS.GT.2000.) GOTO 110
IF (TGASLT<(TAMB+30,)) GOTO 110
IF (TGAS«LTTBOILAND(FLREMeGT ¢000)) GOTO AIO
GOTO 120
TGAS= (TGASN+TGASP)/2.
GOTO 120
SCAN= TRUE.
TGAS= 1900.
CONTINUE
IF (STEADYeAND < «eNOT.ADIA) CALL STFLOW
IF (K=200) 30¢300200
IF (STEADY) GOTO 180
CALL RSTA
FLREM= FLREM=RP®DOTIME
| F(FLREM.LT«.0) FLREM=0,
IF (QCONWeGTo0s) QWLSUM= QWLSUM+(QRADW+QCONW )SDTIME
IF (TTIME .GE. MTIME) GO TO 210
IF (TGAS elLEe353¢¢ANDeJeGEL10) GO TO 210
IF (JeEQel) GO TO 150
IF (JPeLTJPRINT) GO TO 160
JP= 0
CALL OUTPUT
JP= JP+1
TTIME= TTIME+DTIME
CONTINUE

€NO TIME STEP O00=LOOQP
CONTINUE
IF( «NOTSTOICH) GOTO 188

FIND STOICHIOMETRIC FUEL S1ZE
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4

..S1ZE1= RP/(EF®SIGMA® (TGASSR4.~TBOIL#*#*4,)/0HP)

188

190

910

195

930

200

210

CALL OUTPUT
NORMAL EXIT WHEN STEADY.EQeT

RETURN
ERROR EXIT

CONTINUE

IF (KTRACE«EQel) WRITE (2,910) TGAS.

FORMAT(///7* TGAS.LT.TBOIL TGAS=*+sF8elo* GO TO NEXT CASE'///)

G MO 200
SQUARE ROOT ERROR

CONTINUE

IF(KTRACE.EQel) WRITE(2,930) TGAS,RCsRPsYPYR¢ZW+RMA,MWOUT

FORMAT (/°* TGAS='9sFS¢0¢* RC=Y,E10e4+°' RP='4E10e4

1 ' YPYRZ'9E10e84° ZW='4F6s8¢¢ RMA='3E1Qe40 ' MWOUT=',F6.1)
FAIL TO CONVERGE. ERROR EXIT

CONTINUE

KNTRL=3

RETURN
FIRE IS OVER (TRANSIENT CASE)

CONTINUE

CALL OUTPUT

RETURN

END
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O000

(@]

SUBROUTINE PP

PLOTTING SUBROUTINE .
THIS ROUTINE 1S LEFT BLANK SINCE IT IS MACHINE=DEPENDENT

ENTRY PLTRST
THIS ENTRY SETS UP THE INIALIZATIGON OF PLOTTING
ENTRY DS$STO
THIS ENTRY 1S CALLED EACH TIME TO STORE A OATA POINT
ENTRY DOUT
THIS 1S THE LAST ENTRY FOR A GIVEN RUN
RETURN
END
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SUBROQUTINE PVTFIX

PESSIMIZATION ROUTINE
FIXED VENTILATIONsWORST POSSIBLE FUEL PYROLYSIS RATE.

COMMON /CNSTS/ AWALLN,BWDOW,DENSA GeGASCNT e KTRACEeMTIME
COMMON /CP/ CPASCPCO(2)+CPCO2(2) oCPH2(2) s CPH20(2)+CPN2(2)
1 CPO2(2) s+ CPPYR(2)
COMMON /FUEL/ CoeCFLPC4sCVGROSy CVNET oeHoHFLPCoMWPYR Ny NFLPCy Qo
1 OF LPCsRe ROSREGRESySHySHARPEYSIZEsWe WFLPC e WTFUEL
COMMON /GPR/ AWDOW s BPF ¢ CDs CNVo DTIME s EMS(2) s HWDOWe IXe IXCoIXLs
1 Je JMyJP s JPRINT s Ko KD¢KH KITER IKNTRL s MW | Ne MWOUT » RCoRP s SIGMA
COMMON /LOGIC/ FCoFLSPECsKRITsNEWPLToNEWPRPPLFUEL +PLOT ,PNCH,
1 RPSPECY VTSPEC
COMMON /PLAST/ TBOILCsOHP¢STOICHs S1ZEL +EITALEISCAN
COMMON /PRBLM/ AO1A sAFLOGR BAWALL » DENSWeFLOAD ¢I RUNeOPENF o
1 PRNTe STEADYe T H ICKW
COMMON /QS/ QCONWe QFIRE s QFLLOW ¢ GRADO » GRAD W QWL SUM
COMMON /TEMP/ DENF ¢ DENUsTAMBy TGASs TINPT T1(20).T2(20)+TSF.TSUV
COMMON /THERML/ CNDA(2510)yCPW(2,10) ¢yDX+sEF+EMSA(2+10)+
1 NCND o NCPWe NEMS s NQGENs NRP¢ QGEN( 24 10) +RPX(24+50)
COMMON /Ww0OUT/ BWORSTFLREMy HRATIOsRMASRMF s TTIME e VAVGINs
1 WAsWBeYCO2sYH20 4 YN29 YO2, YPYR
LOGICAL ADIAsEISCANSFC+FLSPECsKRITs NEWPRP. PLFUEL
1 PLOT ¢ PNCHy RPSPECs SCANy STEADY,STOICH,VTSPEC
REAL MWINyMWOUT s MWPYReMTIME N NFLPC
I F (STEADY) GOTO 190
FC= LFALSE.
SCAN= +FALSE.,
QRADW=0o
QCONW= Qo
F2=0.
F1=0%
DTGAS=10.
CALL HEAONG
START TIME LOOP
DO 170 J=lsJM
KH= 0
DERIV1= e
TGAS2= 0o
TGAS1= Q.
TGASP= 20000
TGASN= TAMB

20

30

32

CONTINUE

K= O

CONTINUE

IF (FLREM.GT.0s) GOTO 32

RC= O.

RP= 0Oe

FC= oTRUE.

RMF= RMA+RP

YCO2= 38666 7RCFLPC®RC/ 100e/RMF
YH20= (WFLPCRRP+9 0% HFLPC®RC)/ 100+ /RMF
Y02= (0e23%RMA=RO®RC) /RMF

YN2=2 0+77%#RMA/RMF +NFLPCRRP/100Q./RMF
YPYR= (RP=RC)/RMF

IF(YPYR«LTee0) YRPYR= Q.
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38

45

oMDwNn -

90

99

93

95

100

MWOUT = 44 ,8YCO2+ 188 YH20+28.82YN2+32,8YD2+MWP YREYPYR
HRATIOE 1e/7{1e+({TGAS/TAMB)S(MWIN/MWOUT)*(1++RP/RMA)*%2)
1 . #%0,3333333333)
NOTE HIN 1S TAKEN AS POSITIVE
HMIN= HWDOWS HRATIO
2ZW=1 «=MWOUTRTAMB/MWIN/TGAS
IF(ZW)195435¢35
VAVGINZ 0.,6668678SQRT(2.#GEHIN®ZW)
RMAz CDRVAVGINBHINSBWOOWSDENSA
RMF= RMA+RP
IF («NOT.FC) RC= BPRFERMA/R
IF («NOT.FC) RP= RC/BPF
CONTINUE
QFLOW= RMFE(YCO2%(TGAS®(0.5%CPC0O2( 1)*TGAS+CPCO2(2) )=-TAMB®*(0 ,5%
CPCO2( 1)*T AMB+CPCO2(2)) ) +YH20%(TGAS®(0,SRCPH20(1)*TGAS+
CPH20(2) )=TAMB*(0.5%CPH20( 1) ®TAMB+CPH20(2))) +YO2# (TGAS®(
0eS%CPO2( 1)2TGAS+CPO2(2) )=TAMBR(0e38CP0O2( 1 )STAMB+CPO2(2J))
+YN2S(TGASE(0.S8CPN2( 1)8TGAS+CPN2(2))-TAMBR(0.5%CPN2(1)%*
TAMBH+CPN2(2))) +YPYRE(TGASR(0.5S®CPPYR(1)XTGAS+CPPYR(2))
~TAMBR(0 S*CPPYR(1)%TAMB+CPPYR(2)))
QF I RE= RC®CVNET
IF (ADIA) GOTO 90
CALL DESOLV
QRADW= AWALLNREMS( 1)%SIGMAR(TGASS*%4 ,~TSF%%4,)
QCONW= AWALLNS(TGAS—TSFIBCNVE((TCAS=TSF)R(TGAS=TSF J)%%0, 16666667
CONTINUE
QRADO= AWDOWESSIGMAR(TGCAS®%4 ,~-TAMB*%4,)
K=z K+1
F3=F2
F2=Ff1
Fl= QFIRE=-QFLOW=QRADO~QRADW=QCONW
TGAS3=TGAS2
TGAS2=TGAS 1
T CAS 1=T GAS
IF (F1eLTe0eeAND«TGASLT«TGASP) TGASP=TGAS
IF (F 1leGTe00eANDeTGASeGT « TGASN) TGASN=TGAS
DERIV2= DERIVI
IF (TGAS1,EQeTGAS2) GOTO 130
DERIV1=(F1=F2)/(TGAS1=-TGAS2)
IF (KTRACEWGT+0) WRITE (84999) TGAS1eTGAS2:F1+¢F2sDERIV1I+KsKD
1 KMHeJeT2(1 ) e TSFyQFIRE)QFLOW + QRADWsRPsRC
FORMAT(2F9¢2¢3( 1PE9e2)¢313,15,2(0PF9¢2)+3(1PEL10+3)+2(0PF7.3))
IF («NOT+SCAN) GOTO 95
IF (F1/F2.GEe«0e0) GOTO 93
SCAN= LFALSE.,
GOTC 100
TGAS= TGAS-DTGAS
IF (TGAS.TTAMB) GOTO 200
GOTO 120
IF (DERIV14LTe000ANDeABS(F2)«GTee0001)GOTO 100
IF(DERIV2elLTee0eANDeJeGTe2) GOTO 100
TGAS= TGAS1+0TGAS
GOTO 120
OlF= ABS(F1/QFLOW)
IF (DIFel,Te0e0020ANDeABS{TGAS2=TGAS1)LTe2.) GOTO 130
TGAS=(F12TGAS2=F2*TGAS1)/(F1~F2)
IF (KeGT o100 sAND¢F 1 oL Te0eeAND«TGASGT«TGASP) GOTO 105
IF (KeGTaea106AND F1loGT eOreAND «TGAS,LT.TGASN) GOTO 10S
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105

110

120

130

150
160

170

190

910

198

930

200

210

I F (KoEQol.AND.KHQEQ.O) T GAS= TGASI +10.
IF (TGAS4GT«2000+) GOTO 110

IF (TGASLT(TAMB#+30.,)) GOTO 110

GOTO 120

TGAS= (TGASN+TGASP)/2.

GOTO 120

SCAN= +TRUE.

TGAS= 1900,

CONTINUE

IF (K=200) 30+30,200

CONTINUE

CALL RSTA

FLREM= FLREM=RP*0T|NME

IF(FLREMLT.0) FLREM=0.,

IF (GCONWeGTe0e) QWLSUM= QWLSUM+(QRADW+QCCNW)*DTIME
IF (TTIME «GEs MTIME) GO TO 210

IF (TGASeLEe3%3eeANDeJeGEL10) GO TO 210
IF (JeEQel) GO TO 150

IF (JP.LTJPRINT) GO TO 160

JP= 0
CALL OUTPUT
JP= JP+1
TTIME= TTIME+DOTIME
CONTINUE

END TIME STEP DO-LOOP
RETURN

ERROR | N INPUT
CONTINUE
KNTRL= 2

WRITE (2+910)
FORMAT (/7//7*' PVTFIX ROUTINE DOES NOT ACCEPT STEADY-STATE CASE’)
RETURN
SOUARE ROOT ERROR
CONTINUE
IF(KTRACEeEGe 1) WRITE(24930) TGASeRCsRPs YPYR®ZWRMAeMWOUT
FORMAT (/¢ TGAS='4FS5e¢09s' RC=*4EL10e#¢® RP="'9EL10e4,
¢ YPYR=®,E10e8¢® ZW='4F6sds*' RMA=®,E10e44* MWOUT=',F6el}
FAIL TO CONVERGEs ERROR EXIT
CONTINUE
KNTRL=3
RETURN
FIRE | S OVER (TRANSIENT CASE)
CONTINUE
CALL OUTPUT
RETURN
END
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20

30

SUBROUTINE RPFIX

TABULAR FUEL PYROLYSIS ROUTINE

* FUEL PYROLYSIS RATE |I'S AN INPUT VARIABLE,

COMMON /CNSTS/ AWALLN)BWOOW,DENSA+GyGASCNT ¢ KTRACE «MT IME
COMMON /CP/ CPAeCPCD(2)9eCPCO2(2) 4CPH2(2) +CPH20(2) +CPN2(2) »

1 CP02(2)+CPPYR(2)

COMMON /FUEL/ CoeCFLPCICVCROSe CYNET o He HFLPC ¢ MWPYRe Ne NFLPC o Do

1 OFLPCeRIROIREGRESsSHeSHAPE e SIZE ¢ We WFLPCo WTFUEL

COMMON /GP/ AWOOW s BPF s COs CNV s DT IMEJEMS (2 ) 4HWDOW s IXs IXCy XL o
1 JeJdMeJP e JPRINT ¢ Ko KDgKHeKITERGKNTRL s MWIN, MWOUT s RCeRP S IGMA
COMMON /LGQGIC/ FCoFLSPECIKRITyNEWPLT NEWPRP JPLFUELPLOT+PNCH

1 RPSPECs VTSPEC

COMMON /PLAST/ TBOILCyOHP+STOICH) SIZEL1eEITA,ELISCAN
COMMON /PRBLM/ ADIAJAFLOORs®AWALL ROENSWsFLOAD+IRUN. OPENFs

1 PRNTeSTEADY e THICKW

COMMON /QS/ QCONW, QF IRE 9 QFLOW ¢ QRADOs QRADW y QWL SUM

COMMON /TEMP/ DENF4DENUs TAMBy TGASs TINPT,T1(20)+T2(20)+TSF,TSU
COMMON /THERML/ CNDA(24110)sCPW(2910) ¢DOX+EFsEMSA(24+10),

1 NCND ¢y NCP Wy NEMS+ NGGENsNRP1QGEN(2910) s RPX(2+50)

COMMON /WwWOUT/ BWORST ¢ FLREMs HRAT 109 RMAJRMF s TTIME ¢ VAVGINg

1 WAy WBeYCO2eYH200YN29y YO24YPYR

LOGICAL ADIA4EISCANsFCyFLSPECsKRIT NEWPRP4PLFUEL
1 PLOT+sPNCHIRPSPECs SCANy STEADY 4STOICH,VTSPEC

REAL MWINeMWOUT ¢ MWPYRy MTIME s N NFLPC
SCAN= (FALSE,
QRAOW =0 «
QCONW= Oo
F2=0e.
F1=0.
DTGAS=10.
CALL HEAONG
START TIME LOOP
DO 170 J=19JM

KH= 0
DERIVI= 10
TGAS2= 00
TGAS1= 0.

TGASP= 20000

TGASN= TAMB

CONTINUE

K= O

CONTINUE

FC= JFALSE.,

IF (FLREMeGTeO0e) RP= TLU(RPXsNRPy TTIME)
IF (FLREMeLEeOe) RP= Q.

RMF = RMA+RP

YCO2= 3.66687%8CFLPCRRC/ 100e/RMF

YH20= (WFLPCRRP+9.02HFLPCERC)I/ 100+/RMF
Y022 (0e23%RMA=RORRC)/RMF

YN2= Qe77ERMA/RMF +NFLPCERRP/100+/RMF
YPYR= (RP=RC)/RMF

IF(YPYR«WTee0) YPYR= Q.

MWOUT= 44.%YCO2+18.8YH20+28.8YN24+32 ,8Y02+MWP YREYPYR
HRATIO= 1¢7( 1.+((TGAS/TAMB)®(MWIN/MWOUT)#(1.+RP/RMAI®%2)
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1 *%0 ,3333333333)

35

40

45

SO

oD WN R

90

99

93

95

100

. NOTE HXN 1S TAKEN AS POSITIVE =
HIN= HWDOWS HRATIO

IWzE le=NMWOUT®T AMB/MWIN/TGAS

IF(ZW) 19859 35+36
VAVGIN= 0+CE6667RSQRT (2.4 GRHINEZW)
RMA= COSVAVGINERHIN®SWOOWSDENSA
RMF = RMA+RP

IF (RMA/R=RP) 40+40+45

RC= BPF®RMA/R

GO TO SO

RC= BPFxRP
FC= oTRUE.
CONTINUE
QFLOW= RMF®(YCO2%(TGAS®R(0.5%CPC0O2(1)*TGAS+CPC02(2))~TAMB%(0.5*
CPCO2(1)%TAMB+CPC02(2)) ) +YH20%(TGASHR(0.S®CPH20( 1)%*TGAS+
CPH20(2) )=TAMB®( 0.5%CPH20( 1) *TAMB+CPH20(2))) +YO2%(TGAS%(
0«S2CPO2(1 )RTGAS+CPO2(2))=TAMB#(0 .S%CPC2( 1)%TAMB+CP02(2)))
+YN2¥(TGAS®(0.5%CPN2(1 )STGAS+CPN2(2))=TAMB®(0.5%CPN2(1)=
TAMB+CPN2(2)) ) +YPYRR(TGASR(0.S8CPPYR(1)*TGAS+CPPYR(2))
~TAMBR(0+S*CPPYR(1)XTAMB+CPPYR(2))))

QFIRE= RC®CVNET

IF (ADIA) GOTO 90

IF («NOT«STEADY) CALL DESOLV

IF (STEADY) CALL STFLOW

QRADW= AWALLNEEMS(1)%XSIGMAR(TGASE®RAE . ~TSFE%4, )

QCONW= AWALLNX®(TGAS=TSF)®RCNVX((TGAS=TSF)®(TGAS=TSF))%*%0,16666667
CONTINUE

QRADO= AWDOWXRSIGMAX(TGAS*®%4 .,~TAMB%*%4,)

K= K+lI

F3=F2

Fa2=F1

F1= QFIRE=GQFLOW=QRADC=QRADW=QCONW

TGAS3=TGAS2

TGAS2=TGAS!

TGAS1=TGAS

IF (F1leLTe0eeANDeTGASLT«TGASP) TGASP=TGAS

IF (F1leGTeOoeeANDeTGASeGTeTGASN) TGASN=TGAS

DERIVZ2= DERIV]

IF (TGAS14EQsTGAS2) GOTO 130

DERIV1=(F1-F2)/(T GAS1=TGAS2)

IF (KTRACE+GT«0) WRITE (84999) TGAS1+sTGAS2+F1+F2+DERIVIIKeKD»
1 KHesJoT2(1) s TSF«QFIRE¢QFLOW s QRADWIRP+RC

FORMAT(2F9¢2¢3( 1PEDe2) 31341591 2(0PF92)s3(1PE10e3)+2(0PF7.3))
IF (eNOTeSCAN) GOTO 96

IF (F1/F2eGEe0+0) GOTO 93

SCAN= JFALSE.

GOTO 100

TGAS= TGAS-DTGAS

IF (TGAS<LT«TAMB) GOTO 200

GOTO 120

IF (DERIV]1 LT ee0ecANDABS(F2)eGT««0001)GOTO 100
IF(DERIV2eLTee0eANDeJeGTe2) GOTO 100

TGAS= TGAS1I+0TGAS

GOTO 120

DIF= ABS(F1/QFLOW)

IF (DIFelTe0e002¢AND«ABS(TGAS2~TGAS1)elLTe2+) GOTO 130
TGAS=(F12TGAS2=F28TGAS 1)/ (F1=F2)
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IF (KeGTe100ANDeF1 eLTe000AND«TGASeGT«TGASP) GOTO 10S
IF (KeGTe10eANDeF1eGTe0eeANDeTGAS.LT.TGASN) GOTO 10S
IF (KeEQel e ANDeKHeEQeO) TGAS=2 TGASLI+10e
IF (TGASeGT«20004) GOTO 110
IF (TGASCLT.(TAMB+30.)) GOTO 110
GOTO 120
105 TGAS= (TGASN+TGASP)/2e
GOTO 120
110 SCAN= TRUE.
TGAS= 1900
120 CONTINUE
IF (STEADY ¢AND ¢ «NOT+ADIA) CALL STFLOW
IF (K=200) 304¢30+200
130 CONTINUE
1IF (STEADY) GOTO 180
CALL RSTA
FLREM= FLREM=RPRDTIME
IF(FLREM.LT«0.) FLREM=0,
IF (QCONWeGT ¢06) QWLSUM= QWLSUM+(QRADW+QCONW)®DTIME
IF (TTIME «GE« MTIME) GO TO 210
IF (TGASeLE «353¢¢ANDeJeGEL10) GO TO 210
IF (JeEQel) GO TO 1850
IF (JPLTJPRINT) GO TO 163
JP= 0
1SO CALL OUTPUT
160 JP= JP+1
TTIME= TTIME+OTIME
170 CONTINUE
END TIME STEP DO-LOOP
180 CONTINUE
185 CALL OUTPUT
NORMAL EXIT WHEN STEADY+EQeT
RETURN
SQUARE ROOT ERROR
195 CONTINUE
IF(KTRACECEQel) WRITE(2¢1930) TGASsRCsRP+YPYReZW.RMA.MWOUT
O30 FORMAT (/' TGAS=*oF5¢00e' RC=Z?9E10e8¢" RP=',E10.4,
1 * YPYRZ'9E1Qed9' ZWS?yF6ede® RMA='9E10e48,"° MWOUT=¢¢F6e1)
FAIL TO CCNVYERGEs ERROR EXIT
200 CONT INUE
KNTRL=3
RETURN
FIRE I'S OVER (TRANSIENT CASE)
210 CO MINUVE
CALL OUTPUT
RETURN
END
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SUBROUTINE STFLOW

CALCULATES WALL HEAT CONOUCTION WHEN STEADY- STATE
CONDITION ONLY 1S NEEDED

COMMON /GP/ AWOOWBPF ¢ CDyCNV ¢ DTIME sEMS(2) sHWDOWIXeIXCe XLy
1 JeJIMe UP ¢ JPRINT oK ¢KDoeKHeKITER ¢ KNTRLyMWIN, MWOUT s RCsRP ¢ ST GMA
COMMON /PRBLM/ ADIAJAFLOOR.AWALL ¢ DENSW,FLOADIRUNIOPENF,
1 PRNTsSTEAOY e THICKW
COMMON /TEMP/ DENF ¢ DENU+sTAMBs TGASsTINPTsT 1(20)¢T2(20)+ TSFLTSU
COMMON /THERML/ CNDA(2+10)sCPW(2910)sDXsEF+EMSA(2¢10)»
1 NCNDs NCPWs NEMS ¢ NQGGENs NRPy QGEN( 29 10) +RPX( 2+50)
810T= 810T NUMBER

KD= O

TSF= TGAS =30,

TSU= TAMS +30.

10 CONTINUE

TSFOLO= TSF

TSUOLD= TSU

EMS(1)= 1e/{1e/TLULEMSAINEMSsTSF) +1./EF =1s)

EMS(2)= TLU(EMSAJNEMS,TSU)

TAVG= (TGAS+TAMB) /2

CND= TLU(CNDAsNCNDsTAVG)

ZRF= TGAS®(TGAS* (TGAS+TSF)+TSFRTSF)+TSFRTSFARTSF

ZCF= CNVR((TGAS=TSF)®(TGAS=TSF) )%%0, 16666667

HF= ZCF+EMS(1)XSIGMABZRF

BIOTF= HF®THICKW/CND

ZRU= TAMB®(TAMB%( TAMB+TSU)+TSURTSU) +TSURTSUXRTSU

2CU= 1318 ((TAMB=TSU)S(TAMB=TSU))%%0.16666667

HU= ZCU+EMS(2)®SIGMASZRU

BIOTU= HURTHI CKW/CND

TSF= ((BIOTF+HF/HU)RTGAS+TAMB) /(1. +BICTF+HF/HU)

TsU= ((SIOTU+HU/HF)XTAMB+T GAS)/( 1le+B10TU+HU/ HF)

T2(1)= TSF= (TSF=TSU)EDX/THICKW/2,.

T2C IXC)= (TSF+TSU)/2.

IF ((ABS(TSF=TSFOLD) eLTe34) ¢AND&(ABS(TSU=TSUOLD)eLTe3¢))
1 RETURN

KD= KD+1

TSU= (TSU+TSUOLD)/2e

IF (KD.LT.20) GOTQ 10

WRITE (2¢90) TSF+TSFOLD

90 FORMAT (/7 ®*®UNSUCCESSFUL ITERATION IN STFLOW'/

1 . TSF='9F15e29s' TSFOLD=',F15.,2)

RETURN

END
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FUNCTION TLU (ARRAY,NUM,VALIN)
TABULAR LOOK—UP INTERPOLATING ROUTINE

DIMENSION ARRAY(2eNUM)
ARRAY(1+1)= INDEPENDENT VARIABLE
ARRAY(2¢31)= OEPENOENT VAR ABLE
INTERPOLATES LINEARLY WITHIN GIVEN OOMAIN, SETS EQUAL TO
SMALLEST OR LARGEST VALUE IF OUTSIDE THE OOMAIN.
IF (NUMeNE«1) GO TO 10
TLU= ARRAY(2e1)
RETURN
10 IF (NUMNE.2) GO TO 20
I= 2
GO TO 80
20 I F (VALINeGT<ARRAY(101)) GO TO 30
TLU= ARRAY(2s1)
RETURN
30 DO 40 I=2¢NUM
I F (VALINSLECARRAY(1,1)) GO TO SO
40 CONTINUE
TLU= ARRAY ( 2y NUM)
RETURN
80 TLU= ARRAY(29s1=1) + (VALIN = ARRAY(1,1-=1))%
1 ((ARRAY(2¢1) = ARRAY(241=1)) / (ARRAY(141) = ARRAY(1,1=-1)))
RETURN
END

SUBROUTINE TRIDGF (AsBeCeDsEeIX)

TRIDIAGONAL GAUSS ELIMINATION PROCEDURE FOR UNSYMMETRIC
MATRICES e

A=LEFT OF DI AGONAL, B=DIAGONAL, C=RIGHT OF DIAGONAL,

O= CONSTANT VECTOR, E= SOLUTION VECTORs IX= SIZE OF MATRIX.

OIMENSION A(20)eB(20)+C(20)¢D(20)+EC(20)+sCP(20)

CP(1)= C(1)r8B(1)

E(1)= D(1)/8(1)

Cc(Ix)= 00

IXLz IXwi

00 10 I=261IX

J= I=1

BX= B(l)=CP(J)®A(1)

CP( D= C(1l)/BX

E(l)= (D(I)=E(J)%®A(l))/BX
10 CONTINUE

00 20 I=1les1IXL

Jz IX-1

E(J)= E(J)I=E(J+1)8CP(J)
20 CONTINUE

RETURN

END
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