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ANALYSIS OF THE APOLLO HEAT SHIELD PERFCRMANCE
Volume il - CHAD Computer Program

By David W. Halstead, Richard S, Gaudette,
Eduardo P, del Casal, and Vladimir Deriugin
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PREFACE

This report was prepared by the Aerospace Systems Division, Aerospace Group
of The Boeing Company, Seattle, Washington 198124, The Boeing Company program

manager was Mr. Vladimir Deriugin, head of Heat Transfer and Thermal Protection
in the Structures Research & Development Organization.

The program was initiated under NASA Contract NAS 9-7964, Analysis of
the Apolio Heat Shield Performance, issued through the National Aeronautics and
Space Administration, Manned Spacecraft Center, Houston, Texas 77058. The
NASA fechnical monitors were Messrs, Don M. Curry and Paul Murad of the
Thermal Technology Branch of the Structures and Mechanics Division.

Results obtained during this sfudy are published in two volumes: Volume |,
Analytical Methods; and Volume 1, CHAD Computer Program, Boeing document
numbers assigned fo these volumes are D3-114433-1 and -2, respectively.
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ANALYSIS OF THE APOLLO
HEAT SHIELD PERFORMANCE

By David W. Halstead, Richard 5. Gaudette,
Eduardo P. del Casal. and Vladimir Deriugin

GENERAL INFORMATION

The one-dimensional CHAD. (CHarring Ablation with Diffusion) computer pro-
gram described in this document was developed from the ablation analysis portion
of the existing Boeing CHAP* program. This was done in support of the analytical -
investigation on the ablation performarice of the Apollo vehicle ablation material

(AVCOAT 5026-39/HC-G).

The CHAD computer program was developed to include the following areas
of analysis:

FRAm .

i i T BN ,Q

1)  Three reaction zones (virgin plastic pyrolysis, silica—carbon reactions,
and carbon deposition).

2)  Temperature, composition, and pressure veriant thermal conductivity ;
and specific heat for the char and virgin plastic. §

3)  Variable char density and variable char composition.
4)  Gas specific heat which can be varied with time and composition.
5) Internal pressure profile determined and gas diffusion calculated.

6) Erosion rate prediction by the shear recession correlation of reference 1.

The CHAD dblation model is given the boundary layer conditions as input :
data. The surface heat balance includes surface sublimation and surface combus=- iﬁ
fion terms. The program is written in Fortran IV. It is machine independent
and, as much as possible, system independent. ;,ﬁ

The CHAP program is a combination convective heating and ablation analysis
program, The ablation analysis portion is commonly called the CHARM pro-
gram. Reference 2 describes the CHAP program, and reference 3 describes-- ]‘ :
the initial CHARM program. ' fﬁ/ r

\




Purpose

The purpose of the CHAD computer program is to predict the performance of
charring ablators with more confiderice. It provides an ablation analysis of more
sophistication than previous programs by including multiple internal reactions and
internal diffusion. Surface recession is determined and profiles of femperature,
densities, gas flow rate, internal pressure, and gas concentrations are calculated,

Assumptions

A number of assumptions are made to simplify the program model, A brief
list follows: |

1)  Virgin material is considered to be a combination of char material and
decomposable material, The char material is considered fo be silica
and carbon,

2)  Internal radiation may be accounted for in the thermal conductivity
term, Paic
3) The thermal conductivity of the ablation material is o linear combin- -
ation of the thermal conductivity of the char material and of the
decomposable material.

4) The thermal capacity of the ablation material is a linear combination
of the thermal capacity of the char and of the decomposable material,

5)  Thermal expansion or contraction is neglected.

6) The mass flow rate of the gas equals the amount formed or used up;
that is, there is no capacity term in the gas flow equation,

| )

" 7) The gos is in thermal equilibrium with the solid.

78 There is no separately-considered gas thermal conduction.

The finite~difference equations, which approximate the” mathematical model,
use the following assumptions: |

o . ) v :
1)  The temperature of a nodal interface represents the temperature of *
the adjacent half-nodes.

\
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?2)  Each half-node may be represented by a single density.
3) The thermal conductivity at the midpoint between nodal inferfaces
" is a function of the average temperaiure and density of the two
adjacent half-nodes.
Limitations

Limitations of the CHAD computer program are:

1)  The maximum number of materials for one problem is 10.

2)  The maximum number of nodes is 100 and the minimum is 2,

3)  Char thermal properties and density are the same for all materials,

4)  The maximum number of major nodes* in the pyrolysis reaction zone
is 16, The program, as it operates, will not allow more nodes to
be included in the pyrolysis reaction zone, It will wait until a
node is dropped by near éxhaustion (85%) of decomposable material

before picking up a deeper node for the reaction zone.

There is some |imitation inherent in the problems input to the program.
Very high surface recession can cause the problem solution fo become unstable.

A rapidly oscillating heating rate to the ablation surface can result in an unstable

problem solution. In each case above, the problem solutions require small time-
steps for calculation resulting in excessive use of computer fime and, in some
cases, a computer error stop would result,

PROCEDURE

The foilowing sections deal with the mathematical model used in the CHAD
computer program. The governing equations and procedure of solution are dis-
cussed. All quantities are in consistent f.p.s. units, unless otherwise noted in
the text. Most symbols are defined both in the nomenclature and in the immed-
iate context of their use,

*  Major nodes are the nodes as input. They are quartered by the program for
the pyrolysis reaction zone.
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Nomenclature

frequency factor; area

activation temperature

blowing parameter

specific heat

concentration of species

source (or sink) of species i

binary diffusivity

weight fraction of pyrolysis gas which is deposited as solid carbon
gravitational constant

heat transfer coefficient

heat of decomposition af temperature T
thermal conductivity; specific reaction rate
diffusion reduction parameter, eq. (29)
equilibrium constant

mass flux

molecular weight

order of reaction

pressure

heat flux

total heat flux

rddius; reacfion rate

gas constant

surface recession rate

time )

temperature

velocity in y=direction

mass fraction

distance A
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y distance .
compressibility factor
o absorptivity |
I permeability "
emissivity ‘
! y/S
i viscosity
'] porosity
c density
o Stefan-Bol tzmann constant
;’ T tortuosity ‘
' blocking efficiency *
| w mass fraction
% 92 |
. | Subscripts and indexes: l
: a average quantity
ac of active (decomposable) material f
& C . air of air 1
s char of char formied after virgin plastic pyrolysis
cony convective
C carbon
CH 4 methane
comb combusticn
d decomposable
D diffusion regime :
dep | of d‘epoéifion of carbon
gq. equilibrium
- f | of fluid L
! g of gases 6\
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gp ~gas phase
H of hydrogen
i species index
[ time~-step index
k see eq. (24)
m of porous matrix
o initial value
02 of oxygen
P at constant pressure
P, pPYr of pyrolysis gas
r reactant
R reaction regime
s of solid; at surfag.e
SiO of silicon monox‘«”‘s”de
sub sublimation total
trans transition regime
T temperature -
vV of \!Qi’é
VP virgin plastic
X in x=~direction
1 viscous
2 inertial
oo! freestream or unsaturated condition
+ on positive side of interface
- on negative side of interface w :
Superscripts:
. ﬁ“me derivaﬁve .
- average quantity |
—> vector quantity
* refererice quantity
’ corrected .yg\lue
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Mathematical Model

The mathematical model represents a simplified physical model that will be
described briefly. The virgin ablation material is considered a porous char filled
with decomposable material. When the decomposable material is heated, it decom-
poses to form a gaseous product. Eventually only the char remains. The gas flows
freely toward the heated surface. Within the char, the gaseous kvdrocarbons can
undergo a deposition reaction which results in carbon depositing in the char and
hydrogen gas being formed. The char is assumed to be a combincition of carbon
and silica. The carbon and silica may react to form gaseous SiO (silicon monoxide)
and CO (carbon monoxide). The char at the surface may sublime, burn, and erode

which results in surface recession. Thermal expansion and contraction are neglected.

Main Governing Equations

Equation of continuity for the fluid. - The simplified equation assumes that
the change in mass flux of the gas equals the change in solid density; that is,
there is no capacity term in the gas flow,

CLUN M

Energy equation for the solid. - The thermal conductivity of the solid includes
the radiafive component, Gaseous conduction is neglected.

= (p, 1) + 3y (2w, i) = 5= (k »5-;,—\ (2)

For use in the CHAD program, this equation is recast as follows:

2p.
oT _ ©° oT . ol i
ps cp,s oF oy (ks oy ) Cp,g rng oy 2 (HT,i -5f—-) 3)
where HT = heat of reaction at temperature T,
rhg = gas flux,
and p. = density of reactant i.

e o
o R e e A




Diffusion equation, - To determine the concentrations of different gases with=- M} |
‘n the ablafion m~terial, the following equation is used:
5 aCi .
~57(Civ-'Di -a-;-) = Ci (4)
Convection = Diffusion = Source
where Ci = concentration of species i, mass per unit void volume,
éi = source (or sink) of species i,
D. = binary diffusity, used as an approximation of diffusivity
! in the multicomponent mixture,
and v = velocity in y=direction
Pressure distribution, = The following modified Darcy equation is used for the
pressure distribution in the porous media:
oP o 2
+ My + y_ = 0 (5)
oy I I
1 2 —~
.
where I, = viscous permeability o
and 1‘2 = inertial permeability.

Equations for thermal and flow properties. = The virgin plastic ablation
material undergoes pyrolysis upon being sufficiently heated and eveniually reduces
to an irreducible char, The properties of the partially decomposed material are
considered fo vary between those of the virgin material and those of the char.
The mathematical model used treots the virgin material as a combination of active
(decomposable) material and irreducible char. -

Heat capacity of the solid, - The heat capacity of the solid (pS Cp, s term)
is solved in tferms of the virgin plastic and char-properties for the pyrolysis re-
action zone and beyond. The specific heats are considered to be a function of ?
temperature and are determined by the following cubic equations:
2 3 '*

pvp T Evp T Ry T T Gy Tt el G

SE +F, TH+G, TEaH, T (6b)

cp, char char char -~ char char

The cubic coefficients are part of the input data.
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In the pyrolysis reaction zone, the char density is held constant. The fol =
lowing equation is used for the heat capacity: |

pOC

P cp,s B [(pVP cp, VP) B (pchar cp,char) ] pVP - pchar

7

p

R

char cp, char

e e 2

where P e is *he density of the active material, and varies between

The magnifude of p _ depends on the extent of decomposition in the region being
ac

con5|dered It is zefo when the material i completely decomposed and is :

(p ) when decomposition has not yet been initiated. '

VP ~Pehar L

Beyond the pyrolysns reaction zone in the durechon of the ablation surface,

the char density varies because of the char deposmon and silica~carbon reactions. '

The heat capacity of the char in this region is determined' as Pehar o. char using
the ¢ ., found from the cubic equation for the char. P
p, chdr
- | Thermal conductivity of the solid, = The theimal conductivities of the vnrgm
@ plastic and of the char are considered to be funchon:» primarily of temperature and
are determined by the following cubic equations: |
ko = Ao+ B o T+ CoT2 + D o (8a)
VP VP VP VP VP ‘
1?
-A, +B, T+C, TP+D, T (8b) 3
char char char char char b

The cubic coefficients are part of the input data. The following correction is i
applied to the calculsted virgin conductivity to take into account the effect of f
pressure. K

k! = VP +.,0001120 0o

Y M ( 622 + 2.164 I-)
‘ = _://L P

In the pyronSIs reaction zone, the thermal conduchvni'y depends on the
extent of the decomposition of the virgin material.

“or = kyp 7 kep )‘(p e ) * Keha (10)
char VP pchar - char |
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Beyond the pyrolysis reaction zone in the direction toward the ablation sur=
face, the char conductivity may at fimes be considered a function of density as
well as of temperature. (The present documented version of the program is not
using any variation of char thermal conductivity with density.) Equation (10) is
still used, if any decomposable material remains.

Specific heat of the gas. - The specific heat of the gas is considered to be
«a function of temperature only. It is determined by a cubic equation whose cubic
coefficients are included in the input data.

c =A+BT+CT2+DT3 (1)
P,d g g g g

Viscosity of the gas. = The viscosity of the gas is determined from the follow=

ing relation:
T 0.7
by =B [’T’*] (12)

Where p* is the viscosity at the reference temperature T*.

Molecular weight of the gas.- The average molecular weight of the total
gas is found by the following: . )
0 )

M = 9 (13)

>()

Porosity of the solid. - The porosity of the virgin plastic or of the material
in the pyrolysis reaction zone is found by

P
£=1- o (14)
where § = porosity.
and p*= theoretical maximum density of the virgin material.
The porosity of the char is found from
Psio. p i |
gcha; =1 - 0 2* - "S:Tc (15)
sio,” fc
J : \ 2
where Psio o= i'heorefical maximum d'ehsi’ry of silica )
and pé = theoretical maximum density of carbon, :
o {ﬂ ¥
VA
' i
'IO } (/:“




Permeabilities of the solid. - The viscous and inertial permeabilities are
given by the following relationships

o= T (é,)B(‘] -;ég )2(1 +.016 :,;]'4> (16)

where F] = viscous permeability,
F]* = viscous permecbility at the reference porosity,
and £* = reference porosity.

2 *
* 3 ( i -§ ) |
= T — —_—
-1 () (52 17
where I‘z = inertial permeability, |

Tz* = inertial permeability at the reference porosity,

and §* = reference porosity.

Diffusivities of the gases. - The diffusivity for hydrogen through the other
gases In H‘/sec is found by

D _ .0551 T3/ 2
- 18)
Hy  (0.49° PQ (
where .
-.0181 (—T-\)[l - oo7(l)] 19
Q=087e" 58 Y\ %8 (
The diffusivity for each of the other gases through the remaining gas is found by
D _ .0308T3/ 2
"0, 30.49° PQ | 20
where T T
(= 0.877 e -.018] (TZZ') [] 007(144)] 29
Velocity of the gas.- The velocity of the gas is determined by
v = (22)
: pgrv e
with the gas density, based on void volume, -defined as pg v ,E__.l‘_.’\_ (23)
"

e T pre g

- e -+
R R e R B




where "r;: = gas mass flux per void area, ~7
M = average molecular weight of the gas,
P = pressure, |
R = gas constant,
T = temperature,
and pg,v= gos density based on void volume

Reaction equations, = There are three different types of in-depth reactions in
the ablating material which are provided for in the CHAD program. They are the
virgin material decomposition reaction, the carbon deposition reaction, and the
silica=carbon reaction,

Virgin material decomposition reaction. = The ablation rate of the virgin plas=-
fic is assumed to follow an Arrhenius rate law, The ablation rate is

n

ac (a1
- -3 AP [ : ] c (24
ot = VPLAVP T Pehar

The Arrhenius equation is present in this form since it readily uses the constants
available in the literature and since it behaves in a manner compatible with the
ablation model. A series of two reaction terms is used to represent the decompo-
sition of the active material. '

Carbon deposition reaction. - The carbon deposition reaction uses a Langmuir=
Hinshelwood model. It is

2 * ) 2 2
{4PH y +[(PH2 KK o dep) " PCH4] z + 4PCH4 PH2 yz = ey Py z}

: * 2 4 2
"C,dep N x ]—i (25)

[1 _p. y Pl oz =P PLyz
Hy? *en,® T Ten, Tl
For more details on this equation, including values of the ‘t}'},onsfonts, see Volume 1,

page 23, of this report.

Silica-carbon reaction. = An Arrhenius ’rypeﬂ equation is used for the reaction
of silica and carbon,

n :

s/1[ Psio, | ;
Me.n = Ac € e (26) N

10, f #5100

| , E

12 | ,,
9




where rhSiOz = Ibm SiO.,2 reacted per f’r3-sec

psa'02

il

density of siiica per total volume,

and - pSiOZ,o = initial density of silica

The reaction constants are part of the input data. ' !

Surface recession equations. - Surface recession results from surface sublima-
tion and combustion and from surface erosion. The combination of these processes
gives the total surface recession,

Surface combustion. - The combustion is either reaction-conirolled, diffusion-
controlled, or a combination of these.

Reaction regime. - For the reaction regime (low surface temperatures), the
combustion rate is determined using an Arrhenius fype relationship which is

n
, _oalo2 P e"B/T (27)
Mcomb, R 2116.2 |

For carbon, the constants in this equation are shown in reference 4 to be

4473 x 107 < A < 6.729 x 10°

3.8315 x 104 < B < 3.9855 x 104
0 < n <1

A T

g

Generally the reaction order n is taken to be 1/2.

Diffusion regime. - For moderc’re"‘j‘é‘.’gﬁfrface temperatures, the diffusion regime
is the controlling regime. The diffusion coniiolled combustion rate is (reference 5)

SN S

*‘*‘*"‘A»}W’\-ﬁ;%«;&w)}o—;<~:\k¥»}w2mm»—q'~‘w—v-r« "y

ﬁlc:omb,D = B*H ‘ (28)v

The constant B*, called the blowing parameter, is shown in reference 5 for car-
bon to be ‘

B* = 0,1737

13
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The blowing parameter B* is usually determined for a reaction befween oxygen and </
a single surface material. Reference 6, however, performs a simplified analysis

showing ihe effects of the ablation gases competing with the surface material for

the oxygen in the boundary layer. After a slight modification, the results of the

analysis are

. _ n# _ .
™ omb, D B*yH - K mg (29

where K is a material property herein called the diffusion reduction parameter.
This equation indicates that the combustion rate is reduced due to the oxygen in
the boundary layer reacting in part with the ablation gases rather than entirely
with the surface.

Transition regime. ~ The transition regime consists of the gradual hansition
from fhe reaction regime to the diffusion regime. The ablation rate is shown in
reference 7 to be

1 ]/n 1 ]/n i 1/n
) ) )
M char, comb Mcomb, R Meomb, D

where n is the reaction order. The above equation is used to define the surface T
combustion rate for all regimes. The heat flux fo the suiface is increased by the
amouni of surface combustion, which is assumed to be

qchar, comb mchar, comb Hchar, comb L (31

Surface char sublimation. - At high temperatures the char begins subliming.
Reference 7, which cnalyzes carbon, shows the sublimation rafe to be

r p ~C
. A 5 -B/T 32
M ckiar, sub A Meomb, D [2”6.2] © (32)
where, for the sublimation of carbon, the constants are
A = 1,6x 107
B = 1.11 x 10°°R |
C = 0.67 o T

14




As the char surface sublimes, the heat flux to the surface is reduced by the heat
absorbed in char sublimation which is assumec to be

PR

i = n H (33)

Schar, sub Mchar,sub ' char, sub

Surface erosion.- A shear removal correlation for the surface recession of the
Apollo ablation material was developed in a previous NASA contract. For ease
of analytical input this correlation is divided into three straight lines for use in
the CHAD program (see Volume 1, page 35), and the amount of material lost by
shear removal is included in the surface recession calculated.

Ablation surface heating. - The heat flux to the surface is the sum of a
number of individual fluxes

Yot ~ 9misc ~ Frad +<:lcomb,g - 9¢, sub * Yomb,s ¢qconv (34)

where é‘fo’r = total flux,
g . = unblocked heating to surface,
misc
qmd = heat reradiated by ablation surface,
4 comb, gp = gas phase combustion,
qC,sub = carbon sublimation,
A comb, s = surface combustion, |
Y = blocking factor,
and Y eony = unblocked convective heating.

Procedure of Solution

The calculation of temperatures is the backbone of the solution. The size
of the time step and the decision on whether or not to reiterate at a given time
step is controlled by the amount of deviation between estimated and calculated
temperatures, |

The one-dimensional heat equation is solved by the implicit Crank -Nicolson
finite difference method (reference 8). The material properties which are func-
tians of a number of variables, particularly temperature, are determined at a
temperature which is an average of the old-calculated and the new-estimated tem-
peratures. The varicbles other than temperature are largely decoupled from each

other.

15 f




In_the Crank-Nicolson finite difference procedure, a matrix equation of the -
form AT = d results where A is a fridiagonal mafrix. The sef of simultaneous
equations is reduced by Gauss elimination.

The order of solution is briefly:

(1) Intersal gas pressures are calculated from the modified form of Darcy's
equation.

(2)  The gas component concentrations are separately defermined by an implicit
finite~difference solufion of the diffusion equation.

(3)  Temperatures and decomposable densities are estimated for the end of the
time step (j + 1).

(4) Surface recession is determined. This establishes the position of moving
nodes at times (] + 1/2) and (i + 1).

(5 Decomposable densities are calculated via an Arrhenius type equation.
Pyrolysis gas rate and pyrolysis reaction heat are found for each node.

(6)  Similarly, the silica-carbon and the carbon deposition reactions are cal -
culated to determine the silica and carbon densities, the sources of silicon
monoxide and carbon monoxide, and the sink for pyrolysis gas.

(7  Thermal conductivity and thermal capacity are determined.

(8) The elements of the tridiagonal matrix for the temperature deferminations
are calculated and are reduced by Gauss elimination.

(9)  The frontablotion surface heat halance is calculated.
(10) Temperatures are calculated from the front to the back. !
ARV the temperatures estimated agree (within the error criterion) with those

calculated, the time step is complete. Otherwise, the process from

step 3 through step 10 is repeated. If the process does not succeed in 3
attempts, the time step is reduced in size.

RESULTS AND DISCUSSION

The accuracy of the program is difficult to verify when it is run with ali
possible complexities, such as reactions, surface recession, and variable thermal
and flow properties. ‘ C A

16




The basic one-dimensional solid thermal conductivity model within the program i
has been verified to give excellent agreement with analytical results determined
independently for the following cases:

1. Finite slab, constant properties, uniform initial temperature, insulated
at the rear surface, constant heat flux at the front surface.

2. Finite slab, constant properties, uniform initial temperature, insulated
at the rear surface, constant temperature at the front surface.

2

Semi-infinite slab, constant properties, variable initial temperature,
constant temper-iures at both surfaces, one surface which is moving
with a constant velocity.

The other parts of the program = those sections where surface recession rates,
gas component concentrations, infernal and suiface reaction rates, and internal __
gas oressures and velocities are determined - were checked separately by compar=-
ing rheir results with expected results.

CONCLUSIONS AND RECOMMENDATIONS

The CHAD program is based upon the CHAP program which has been used
successfully for nearly three years. The CHAD program which has been developed
from it through modification is a very versatile tool for the examination of vew ;
parameters not previously open fo exomination, such as the effect of permeability, :
diffusivity, char-density changes, char-deposition reaction, and the silica-carbon

reaction. It will find its greatest inifial use in the investigation of these para-
meters.

Because the contract for which CHAD was developed was a study of the !
Apollo heat shield performance, the program is rather specific to this material .
In addition, because it is a modification of a more general program [and was
kept compatible with that program (CHAP), so that it might be used as a part of

it] it contains many parts from CHAP which are not needed in the present CHAD
program.

In its present form, CHAD can be considered as a good basis for a mare
generalized ablation performance prediction program. |
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INPUT-OUTPUT

Input

All user supplied input is via punched cards. There are two fypes of data
cards provided to the program. One type is the standard data cards; the other
type is a set of block data subroutine cards. The standard data cards are in the

order: TITLE, TABLES, MATERIALS, and INITIAL TEMPERATURE.

Standard data card input, TITLE. - The first data card is the title card, and
oil informafion in columns 1-72 on this card is printed out on the run output.

Standard data card input, TABLES.- There must be four tables provided.
Either Table 3-1 or fable 3-2 is inpuf, not both. The independent variable in
all cases is tfime. The tables must be in the ‘order of increasing time except for
the last card. The last card, which is not ‘actually a point of the table. has
time equal fo zero to signal the end of the table. From the four tables, the jow -
st maximum time is picked for the end problem time. Each of the tables can

have a maximum of 99 data points. The tables are listed below:

Table Card no. Card type Format Celumns Value

bt et e

1. Max. calculation 1 Table no. 116~ 1-10 ]
time-step confrol .
' 2 to n=1 Table points  2F10.0 1-10  Time,sec

11-20 Max. calcula-
tion time-step,
sec

N End F10.0  1-10 0

2. Prinf time-step "1 Table no. 110 1-10
T control - ‘ ' o
2 to n~1 Table points 2F10.0 1-10 Time,sec

11-20 Print time-step,

sec
| n End ™ F10.0 _ 1-10 0 _
" 3-1 Surface heat 1 Table no. 2110 1-10 B
Flux - = i

18
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Table Card no. Card type Format Columns Value

s . s i w4 gt e

307 sitace heat 2 to n-1  Table points 4F10.0  1-10  Time,sec

flux (Coneluded) 11-20 Recovery en=- \}

thalpy Btu/lbm ‘\
21-30 Heat transfer }
porcmezfer,
lbm/ﬂ -sec
31-40 Heat flux un-
affected by

blocking,
Btu/ft“=sec
n End F10.0 1-10 0
3-2 Surface temper- 1 Table no. 2110 1-10 3
ature
, 11-20 2 !
2 to n-1 Table points 2F10,0 1-10  Time,sec 5,’
11-20 Temperature, }
°R !
n End F10.0  1-10 0
4. Locdl static pres- 1 Table no. 110 1-10
sure and flow "
condition E

2 to n-l Table points 4F10,0 1-10  Time,sec

11-20 Local static 3
pressure, |bF/ff2

21=30 1, for laminar or
2. for turbutent

31-40/ Local shear 2
stress, |bF/in

n End F10.0  1-10 0

ept i MY

The maxifium calculation time-step control table is used to set the maximum
time-step that the program may use in the calculation, The print time-step con-
 trol table sets the times for print. The following table will iilustrate.

A -
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Time Print Time Step
0. 3.

10. 50.

100. 300.

1000. 300.

The fimes that would be printed are 0., 3., 6., 9., 10., 60., 100., 400., 1000.
. Table 3-1, the surface heat flux table, provides the data for a heat flux drive
to the ablation surface while Table 3-2, the surface temperature table, provides
a temperature drive for the ablation surface. Table 4, the local static pressure

and flow condition table needs no added explanation.

Standard data card input, MATERIALS and INITIAL TEMPERATURE. - The
material widths and noding are input by cards in the format shown below. They
are ended by a final card with a zero for the material number. '

Card no. Card type Format Columns Value
1 to n-1 Material {10 1-10 Material number
2A6 11-22 Material name
F10.4 31-40 Material width, in.
no 41-50 . Number of nodes
n End F10.0 1-10 0

Materials are numbered from 1 to 10. The material number must correspond to
the proper material data in the block data subroutine. In the supplied block data
subroutine Material 1 is AVCOAT 5026-39/HC-G and Material 2 is aluminum
(2024T3). The order of the material cards must be from back surface to front
ablation surface.

The final data card is the initial temperature card: S\
Card type Format Columns Value
Initial temperature F10.4 1-10 Initial temperature

for all nodes

Block data input.~ Material properties, reaction constants, erosion constants,
nodal spacing, and initial temperatures are introduced as data via a block data
subroutine, BLKD/C2, See page 99 for a listing of the block data program from the
sample cases, All cards above the second DATA statement card are always required
. A §
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without change as is the final END card. Data is introduced by the DATA state -
ment cards which have the following format:

. . * /
DATA  list/d),dy,...sd /, list/dy, do, k¥, ....pd /oo

where
1. list contains the names of the variables being defined,
2. d's ar» “de values corresponding fo the variables in list,

and 3. k is an integer constant which indicates the number of times
the value is repeated.

(Block data subroutines and DATA statements are a standard part of
FORTRAN V)
The required DATA stateménts fall into the followirg groups:

Material 1 dafa
Material 2 data

Material J data (J = 1 to 10)
Char data
Gas data
Internal flow and diffusion constants
Miscellaneous data
Each group:will be separately considered and described. A sign & is used fo

mark the requured da.a values.

A
i

N\c’reriol J Data

A ACTENV (1,J), I =1, n n=1t 2 Activation temperatfure (OR)
A EFCOLV (1, )), Collision frequency (1/sec)

AREORDV (1, J), 1= 1 o Reaction order

7

!
—
-

The above reaction constants are for the pyrolysis reaction of the decompos-
able material. Up to 2 simultaneous reactions may' be used to describe the pyro-
lysis reaction, in which case n = 2, see equahon (24).

A HOFM (J)  Heat of pyrolysis at 536.67 °R (B\}u/lb )
- & COEFT (,)), t =1,4 Cubic coefficients for vurgm specific heat equahon
A CONST (I,.‘l),pl = 1,4 Cubic coefncnen’rs for vnjgm conductivity equation
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The conductivity and specific heat of the virgin material are inserted as a function
of temperature in the form of cubic equations. The equations are represented as

L= A+ BT +CT2 40T

c =E+FT+GT2+HT

3
P ‘

where
COEFT (1,)) = A =
COEFT (2, =B =

COEFT (3,)) = C
COEFT (4,)) = D

Constant term (Bfu—in/ffz-sec —OR)

Linear term

Square term

Cubic term

I

and
CONST (1,J) = E = Constant term (Btu/Iby,="R)
CONST (2,)) = F = Linear ferm
CONST (3,J)) = G = Square term
CC?{;NST (4,)) = H = Cubic ferm I
A EMIS (J)  Virgin emissivity
A ABSORP (J) Virgin absorptivity
A RHOV (J)  Virgin density (b /f)
A SLOPE (J) Transpiration factor for ablation gasesﬁ. This value is the
} value for laminar flow
Material doi‘d is listed for each separate mq’reriol.
Char Data
A ACTENC " Activation temperature °R)
A EFCOLC Collision frequency (1/sec)
A RE({?RDC Reaction order o
A HCOM Heat of combustion (Btu/lb'm)
These reaction constants are for the surface combustion reaction
& ACTENS l :Ac’rivaﬁgn ’remperof"‘ure. °R)
& EFCOLS Collision frequency (1/sec) L

- ;\‘\\:\/
A
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A REORDS Reaction order
HSUB Heat of sublimation (Btu/lb.)

>

These reaction constants are for surface sublimation.

A CCPC (I), | = 1,4 Cubic coefficients for char specific heat equation
A CKC (I), 1 = 1,4 Cubic coefficients for char conductivity equation
4 EMISC Char emissivity l
4 ABSC Char absorptivity
A RHOC ‘ Char density after pyrolysis and before char deposition
or silica=carbon reaction (Ibm/F’r3\
A TRCHAR Transpiration factor for the char combustion and char v
subiimation gases
A CHARRO The carbon density in the char formed by pyrolysis ‘
' (Ib_/Ft3)
Gas Data |

A CCPG (), | = 1,4 Cubic coefficients for gas heat capacity (B’ru/ibm—oR
for the constant term)

_ pyrolysis and before char deposition of silica-carbon
reaction (‘\»‘ém/FfB)

A HCOMG Heat of combustion for the gas phase at the surface
(Btu/Ib
m
Internal Flow and- Diffusion- Sonstants
A C/ARTS Theoretical maximum density of carben (|bm/ff3\ ;
A RHOTS ‘Theoretical maximum density of the char formed by
|

A SILTS Theoretical /’}naximum density of silica (Ibm/f'f3) E
& PORT ) Reference porosity for permeability caleulation == Er
equations (16) and (17) 4
| £
A PERT1 Reference viscousipermeability ‘foi viscous permeability i
, calculation == equation (16 (ft) 3
& PERT2 Reference inertial permeability for inertial permeability
calculation == equation (17) () .
A VIS5CO Reference viscosity in viscosity calculation =- equation
(12) (Ibm/ft-sec)
@ A VISCON Reference temperature for reference viscosity R

23
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DCOCM
DCODP

DCOH
DCON
DCOO
DCOPY
DCOS!
ANMW
AOMW
BMW
DMW
HMW
PMW
SMW

Carbon monoxide

Gases other hydrogen produced in
deposition reaction

' Hydrogen

Nitrogen
Oxygen
Methane

Silicon monoxide

Molecular

Molecular
Molecular
Molecular
Molecular
Molecular

Molecular

Miscellaneous Constants

BSTAR
DIFC(l), 1=1,4

Qs!
QDEP

QBRN
AF

BF
SILICA

REO

Blowing parameter

weight
weight
weight
weight
weight
weigh"r
weight

of
of
of
of
of
of
of

nitrogen

oxygen

carbon monoxide
deposition gas
hydrogen
methane

silicon monoxide

These are the con-
stants D~ for the
ablating surface
diffusion where
D= DC\[JH

Cubic coefficients for diffusion reduction parameter
caleulation =~ equation (29

Heat of reaction for the silica-carbon reaction
(Bfu/lbm of reactants)

Heat of reaction for the carbon deposition reaction
(Btu/lb of carbon deposited)

(Not in use)

Collision frequency for silica—carbon reaction (1/sec)

Activation temperature for ;silica-carbon reuction Ry

Initial density of silica before the silica-carbon
reaction begins

Reaction order of the silica-carbon reaction

!
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ACXD, 1=1,6 Values for the carbon deposition reaction (see
equation (25) on page 12 ). The relationship is
as follows:

cX(l) = X )
CX(2) = Y >for Pst .02834 atm
CX@) = Z
CX(4) = X )
CX(5) = Y >For PH2> .02834 atm
CX(6) = Z_

Listing of Input

The listing of data card input is included with each sample case. The block
data input used with these sample cases may be found as the first subroutine list-
ing in the Program Listing section of this report.

Output

The two sample cases may be referred fo as examples of output listing.

OPERATING INSTRUCTIONS

Deck Setup

The deck setup for a run requires, in addition to the usual control cards and
data cards, the inclusion of the block data subroutine. For the SRU 1108 com-
puter with the program tape, the deck setup will be as follows:

~ {Initial Control Cards]
ASG A = (Program Tape No.) | "
XQT CUR |
TRW A
IN A
TRI A

25
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|Block Data Subroutinel
XQT MAIN
[Data Cardsl

Run Time and Amount of Output

A typical run time for an Apollo heating rate input is six minutes on the
SRU 1108 computer. Two or three pages of output are printed for each time point
requested in the data input. |

PROGRAMMING INFORMATION

Program Design

The original CHARM program was completely rewritten to make it a part of
the CHAP program. This gave a combined program with both o complex ablation
program and a sophisticated convective heating routine. The CHAD computer pro-
gram described herein was developed from the ablation analysis part of CHAP by
deleting the convective heating routines and adding input and output routines,
two more internal reaction calculations, an internal pressure determination, and
the calculations of gas concentrations by the diffusion equation.

Noding. - The materials are divided info major nodes which are numbered
consecutively from 1 to n, n being the total number of major nodes. At the abla-
tion surface and in the region where the virgin decomposition reaction is occurring,
a higher number of nodes is needed than elsewhere. The major nodes are sub-
divided in these regions into more nodes which are called minor nodes. The
subdivided regions are called zones - the front zone and the reaction zone. The
ratio of minor nodes to major nodes is called the "nodal density".

Temperatures are estimated and calculated at nodal interfaces. When one
node is of one material type and the next node is of another material type, the
temperature at the nodal inferface in-between is applied only to the adjacent half-
nodes for reaction calculations and decomposable density calculations.

Movable node.~ Only the front major node’ is @ movable node. It is divided
into equal-size minor nodes. As the ablation surface recedes, these minor nodes
decrease equally in size. Corrections for this nodal shift are made for values
involved.

26
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Subscripting and storage.- The major nodes are stored according to their
nodal numbers. The minor nodes are stored starting at 119 in the storage array
for zone 1 and at 187 for zone 2. The decomposable densities for the upper half-
nodes which are next to major nodal interfaces are the only ones necessary to cal-~
culate or store. They are stored starting at 205 in the storage arrays for densities.

Grouping. - The procedure of calculation has been set up on the basis of
groups of nodes. The nodes are divided by the calculation control section into
graups of nodes which satisfy the following:

1.  All the nodes of a group are either in no zone or the same zone.
2. All the nodes of a group are either non-moving nodes or moving nodes.
3. No more than 40 minor or major nodes are allowed in a group.
Problem types. - The original setup of CHAP provided for three problem types:
1) nodes changing at the surfaces but not in the center, 2) nodes changing only

at the ablation suiface, and 3) all nodes changing. The present CHAD program is
fixed at problem type 3.

Temperature calculation. -~ Temperatures are calculated by reducing the matrix
elements of nodal groups from the back surface to the ablation surface. The front
group temperatures are then found. If they deviate by more than set limits from
predicted temperatures, the front group temperatures are again predicted and cal -
culated. All temperatures of other groups are calculated. If any calculated
temperature deviates by more than the set limits from predicted femperatures, all
temperatures are again predicted, and temperatures of all groups are again calcu-
lated. If the third iteration has not resulted in calcuiated and predicted tempera-
tures that are within the limits, the size of the time step is reduced. By this
procedure, problem stability is obtained while the time step is kept as large as
possible. o

Node shifting and combining. - The front major node is movable; that is, it
changes in size. If the major node next to it is of the same material type, the
two are combined whenever the front major node reaches one-half the size of the
original node that was added to the front node. If the two front nodes are of
different materials, the front node is allowed to decrease in size to zero. The
time step is controlled so that the front node goes to zero just at the end of the
time step.




Main Routfine and Subroutine Descriptions

Purpose of each subroutine. - MAIN is the main routine. It is a short routine
which handle: fhe input of the initial required data and the output of this initial
data, the control of the calculation time step, the control of the output of cal-
culated information, and the control of the ending time for the problem calculation.
Other than system or utility routines there are only three subroufines which are

calied from MAIN: WRITE and CHARM.

WRITE is the output routine for calculated data.

CHARM does the calculation of the ablation analysis with the help of a
large number of subroutines that it calls upon.

All subroutines are now listed in alphabetical order. They are classified as
CHARM, CHARM-Name, WRITE or Urility subroutines. Subroutines called from
CHARM are classified as CHARM, subroutines reached from a subroutine called
from CHARM are classified as CHARM-Name, and subroutines used by a number
of subroutines are classified as Utility.

Subroutine Classification Function

BLK D/D2 Utility Provides input data to the program. It
is a Block Data subroutine

BLOCK CHARM Calculates the blocking function

CHARM/S4 Calculates ablation analysis with help

' of many subroutines

~

COMBIN CHARM-FRONT Combines 2 front major nodes intc 1
major node

CONDF CHARM Calculates thermal conductivity

CPBA - CHARM Calculates internal gas specific heat

DEPO CHARM Calculates the rate of carbon deposition
and the change in solid carbon density

DIFUS CHARM Calculates the concentrations of the

gaseous components

o
N,
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Subroutine

FLOWS

FONEV

FREC

FRONT

GPCOM

GRIN

ITERS

IWR

LLD

MOLWT

PCAPF

PORO

Classification

CHARM

Utility

CHARM-RECEED

CHARM

CHARM

Utility

CHAR?A-RECEED

CHARM

Utility

CHARM

CHARM

CHARM=FLOWS

Function

Calculates the internal pressures, internal
gas velocities and the diffusion coeffi-
cients for hydrogen and other gases

Linearly interpoiates the value of f(x)
from a table given the independent
variable x

Calculates a simple arithmetic function
for RECEED

Determines whether to drop the front
major node, to combine it with the
one next fo it, or to divide the major
node next to the front

Calculates the heat to the ablating sur-
face from exterior gas phase combustion

Provides the subscripting from arrays
needed for calculation

Finds a solution for x in the equation :

x = f(x)

Sl e e

Calculates enihalpy given the tempera-
ture and the compressibility factor

s fina R 2

Determines the major node number
given a minor node number

Calculates the molecular weight of the
internal gas from the gas component con-
cenfrations

Calculates the thermal capacity of a
node (or half-node) |

Cal¢ulates the porosites and permeabili-
ties of the solid and the viscosities of

the internal gas

29




Subroutine Classification Function

RECEED CHARM Determines the material lost by carbon
combustion and carbon sublimation

RHOSE CHARM Determines the rate of virgin decomposi=
tion and required accessory values

SHIFT1 CHARM Shifts storage of minor nodes and adds
CHARM=-FRONT values fo zone storage when a major
node is subdivided

SHIFT 2 CHARM Shifts location of minor nodes in zone
' storage
SIC CHARM Calculates the rate of the silica~carbon

reaction and the changes in silica and
carbon densities

SUBZ CHARM Calculates the compressibility factor

given the temperature and pressure e
TBSTEP Utitity Finds the value of the step function
- f(x) given the independent variable x
WRITE Outputs all desired colculated informa-
‘ tion
Flow charts. = Most of the subroutines are relatively simple and have been
described in the previous section. A few subroutines are of sufficient complexity
to warrant flow charts for the program user. They are CHARM, COMBIN,
DIFUS, FRONT, and SHIFT1 and are presented here in that order.
/,”/j;;y’ )}
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time through?

Initislization of values and set up o front zone (subdivision i
of the front node into 4 minor nodes

Calculation control section: set up of subseript limits for
calculation groups

[Celculation of nodel widths for minor nodes at front |

P R

Will
the Salc'fx‘lat{on
time” step result i,n time
(j+1) exceeding thé tIme for
“
veturn to the main
p?oﬁam?

s Y e

Calculation of porosities, permeabilities, lq....( . . Reset of the calculation
viscosities, gas velocities, Internal gas FLOWS—-).z W 1 time step and the pre-

pregsures, and diffusivities ( PORO )..: . | dicted temperstures and
1 | ‘ i;] densities ‘
,7‘.1;\ '

Calcﬁlation of the concentrations (dénaities) of the ........,
components of the internal gas ‘ nd DIFUS

Calculation of thé total gas density and of the average .... .
molecular weight for each node i 7 .
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CHARM (Continued)

Caleulation of mass recession by surface combustlon and ‘
sublimation, shear recession erosicn rate, blocking factor, v

and new surface digtance of ablation surface

LR 4_(’”
the front node §
P SN
Na diocappear by// w8
time (J+1)?
N

Reset of the calculation time step and
i the predicted temperature and densities

1

Determination of nodial width for movable nodes at time (3 + é—')
[Calculation of the shift factor for the movablie nodus |

!

[Caiculation of density of decomposable material |

e ge”

Caleulatlon of gas mass flux end reaction heat from virgin decompbsitidgj

!

Calculation of carbon deposition and silica-carbon reaction., Correction
of gas mass flux because of these reactions :

!

Caloulation of thermal capaclity, thermal conductivity and heating of
flowing gas -

1] I i
g

[Calculation of elements of coefficlent matrix in temperature caloulation | ‘ a

A

| 1f a flux drive, calculation of the ablation‘suvﬁaca'hent flux |

[Determination of temperatures by Gauss elimin&bidnj '

32
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S |
S
falaptumnn: S WA

CHARM  (Coneluded)

Was” the

mq;iﬁﬁm allSDnhlj z
devia‘{ion between calculated ——; o @
and predicted temperatures b
» P
exceeged? , ;
[Determinations for new time step | Redtction in 8lze of Gime stip 3
and reset predicted tempern- o
Prediction of temperatures and densities for tures and densities

next time step

&

| Placement of various values into basic nodal storage positions|

! «&

[New prediction of front surface temperatur via a "aamper"” procedure | ;

i

" 1s it
o4 \ __etime for returng a3
to the MAIN-" ;

routine? i’

~/ !

(Sgturn to MAIN

Check front node and . N
1) combine it with second node If it is 3 original value and of same
material as senond node; or
2) delete it when its size rescheg extinction end it is of differant
material than second node

[Check decomposition reaction zcne and ahift L1ts location whenever Lt is indicated |

i
il

E , b
Have any’ J

~ghéinges in zoneQR£§\
' the front node™ -

OB S R
\\\\ :

pcaug{gd?’
]
]
r// . :g

R NN
il
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X e DN

COMBIN

1
Initiulize

\

Place velues of temperatures, densitles, distances, etn.,
oo into storage &rrays for use in interpolation, On the lat
pass, store the major node next to the front, and on the

2nd pass, store the front major node.

: 18t or and ™\, -

Set the index J = K3T [=

rl

Are the
Different - ~ nodgs the same or QLI —me————
erent material?

get the KST index to the start
of the zone storage. Set KHDN P 3
to "nodal density" of zone

Place the proper values of temperatuves,‘déﬁsitiea,
etc., in the zone start location .
Petermine certaln preliminary values |

i

Place remaining velues of temperatures, densities,
ete,, into zone locatlon for the combined node>

i |

Change the density for upper-helf node at the
”rront node location

( p—— i)‘

1 rn the gese of different materinls fcr the two‘fronb nodes, the front
node ig dropped becesuse it is at extinetion and the second node 18
placed in the zone storage poaition.

g +
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DIFUS

Initialize

Calculate diffusion drive factor at surface layer

Repeat ,until all nodal interface
points are completed

'J'--_- AP G GUED WD NS VS OVED MU Gt hulh IR ASEN SRR MERG GRDR TR G S O WMETR WS SR
) - ‘ t
| |Btore diffusion coefficient ! g
] l ! ;
| \ \ j.
: Determine source (or sink)term ! <
v \ .
! i : g
2N | Set up coefficlents of concentration | :f
) | (matrix elements) : :
At : l |
! ¢

: Reduce matrix elements by Gauss elimination : .
: : |

[Calculate front concentration of the gas component J

l

Calculate gas component concentrations at othur
nodal interfaces )

Set all gas component concentrations behind de-
compoaition reaction zone to gas component won- |
centretion at the stari-of decomposition reaq-
tion ztne i

b
( RETURN )

PR AR AR S

it (e
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\ i
*!
Ave the
twg ('rz;qt major @
noaes 142 SmeE, \
material?”//rf
Set NCUT indicator
(NCUT = NCUT + 2) — -
=
Is the,
No ~_Jast zone only ope
major zogi///’
wide?
“How mAny
nnes are
) there? \
Is he start
No t the last zonewt the
Nend of the previnua
iCOM = 3
! , et ICOM indicator ;
|
{
|
Ly
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FRONT (Coneluded)

h
Front nndes nre ;f:;>

1,2 e
’/Frnnt nodes &are of
same materlan Lf'ferent materiai; front
node has reached extinotion
Like 4 except front nade
4 has not reached extinntion #
NCUT = 1 NCUT = 1
4
Combine the two 1,2
{ront major nodes
into one .
Add a second node
e o
SHIFTI; into front zone
‘l
RETURN
N
Switech
6 cecording to Y
; ICOM
irdicator

Zone start and ends, number of groups, last group start
and ends are reset here according to path from ICOM
switch

i Mske the other neceséary changes required by the com-

biiing or dropping of the front node

(o)

ST P

PR




20 ‘ 10
Is the zone to
Left }e - be altered on the left s{Right
or the right?
-~

1

Store the shift value (number of major Store the shift value (number of major
nodes to be added or deleted from the nodes to be added or deleted from the
zone) for SHIFT2 zone) for SHIFT2
\
Store the group number of the group Store the group number of the group
to the left of the zone to the right of the zone
1
I 3 | =
! Change the sign~ of the shift value -

Are nodes being

eleted added or delifed from 22 » Added
(=) zone? (+)
B f ' 3
(\7 RETURN _;) Find the "nodal density" of edjacent group”,
if 1t is in a zone

[ Skt the numper of minor nodes to be added |

Lo

Zohe altered\\ ’
eft or night?e "{Right ’
i ;

[Set necessary subscripts |

l Insert the right end values | .- !
B " ‘ ’ for extended zone {

e =

foe
20
e
N
B i
s

Yot
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(::jSHIPTl (Concludodz—:>

Is "nodal density" of'
the zone higher or l%wer
than adjacent group-?

Higher

Add values to the zone by
plcking them from the adjacent
group

(:— RETURN > \

Interpolste values from ad Jacent group

and 8dd to the zone, proceeding from

T right to left (high node number to low
; node number) »

RETURN

0

The sign of the shift value is minus for zone boundary
movement to the left and positive for zone boundary
movement to the right.

The sign of the shift value at this point indicates
whether nodes are being added (+) or deleted (-).

The adjacent’grgup is the group next to the zone side
which is being added to.

B B

’ i
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e. - The nomenclature of all CHAD routines is included

Program nomenclatur
The listing indicates a subroutine only when the quan-

in the following section.
tity is specific fo that subroutine.

F5
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Program
Symbol

A

A
ABSC
ABSORP

ABVAL

ABVALM

ABVALS

ACTENC
ACTENS
ACTENV
AERN

AERO

i

s, max

max

Dim.

Units  Subroutine
BTU/sec--R  CHARM
None BLOCK
ft/sec. DIFUS

ITERS
None
None
None
Nons
None

°R RECEED
°R RECEED
°R RHOSB

2
tbm/f4” void
llom/ffsvc)id

Description

Coefficient of temperature
mith

=1
Term in equation for block-
ing function,

Coefficient of gas compon-
ent copc:renfrcfion

Cpr 2 )

Temporary value calculated
in this subroutine

Char absorptivity for ther-
mal radiation

Virgin absorptivity for ther-
mal radjation

Palative absolute error of
calculated temperature;

écalc = TCOlC - T!pred

Tpred

Maximum relative absolute
error for front group

Maximum rel~tjve absolute
error for all groups except
the front group

Activation temperature for
char combustion

Activation tempe..:ture for
char sublimation

Activation temperafure for
virgin decomposition
Concentratisn of nitrogen
in gas phase

Corcentration of oxygen
in gas phase

R




Program
Symbol
i‘::'bF
AIRM
ALLGAS
ALP
ALPH
ALPHA
ALPHA
ANMW
AOMW
AREA

AREAC

AREAY

ARM

AST
ASTORE

A2

Math,
Symbol

B .
s

M

air

dep

Dim.

Units

1/sec

lbm/mole

ibm/ftsvoid

ft/sec
ft/sec
ft/sec
f'f/ sec

|bm/mo|e

Ibm/mole |

Fi2

me?erz/gm

HoF/in2

Subroutine

SIC

DIFUS
DIFUS
DiFUS

FLOWS

DEPO

COMBIN

Description

Colljsion frequency for
silica~carbon reactior;

Molecular weight of air
(28.96) o

Concenfration of jotal gas
in the gas phase

Gas velocity of node i
at time |

Gas velscity of node
i=1 af time j

Gas velocity of node
it] at fime j

Temporary storage for gas
velocity

Mol ecular weight of
nifrogen

Molecuiar weight of oxygen

Area for thermal conduction
(It is set equal to 1 for
this program)

Value calculated in the
determination of decompos~
able density

Area for heat capacity,
(This area multiplied by
nodal thickness gives d
velume, It is set equal
to 1, for this prograrm)

Effective surface area for
the carbon deposition
reaction

Aerodynamic shear force

Storage array for TEMPA
values needed for infer~-
polation later in the routine




.Program

Symbol
B

BDUM
BF

BLDEN
BLPRES

BMW

BSTAR

BESTORE

BURN

C

e

Math,
Symbol

si

Pa;s

-

o

Mbum

Cburn‘

Dim,
Units

BTU/sec - R

None

ft/sec

. 3
lpm/ft

2
lbf/ft
lbm/mole

Ibm/ffsvoid

BTU/sec~"R

ft/sec

Subroutine

CHARM

BLOCK

DIFUS

IWR

RECEED

SIC

COMBIN

CHARM

CHARM

DIFUS

Description

Coefficient of temperature
it

The power Ain the blouk—
ing function '}U e

Coefficient of gas com-

ponenf c]oncentraflon

(€, '
l

Temporary value calculated
in this subroutine

Temporary value calculated
in this subroutine

Activation Temperature for
silica~carbon reaction

Local density at surface
Local pressure at surface

Molecular weight of carbon
monoxide gas

Blowing parameter associated
with the diffusion of the abla-
tion gases into the houndary
iayer

Storage array for TEMPA2
values for interpolation
later in the routine

Concentration of carbon
monoxide gas phase

Coefﬁc;ent of temperature
qi*h

i+
Coefficmni‘ of densinf
((” qndg s 7

densMy ﬁquqﬁons where nodes
are "movable”.

Coefficient of gas component
concenfration (c. i ] |

li+l
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Program
Symbo)

CAJA

AR

CARBN]1
CARBNS
CARTS

cC

cC

CCPC

CCPG

CFIX
CFXCM

CFXDP

CFXH

CFXN

44

Math, Dim,
Symbol Units Subroutine
SHIFT1
1 /ft DEPO
. 3
lbm/Ft
3
|bm/ft
3
£a!
lbm/,.
CHARM
DIFLS
BTU/Ib °R
(for First term)
BTUAL %%
(For FirdP term)
C ., Ih /fr3 DIFUS
5,1 -
. 3
C;S, co lbm/fr
c b /i
spdep 'm

, 3
(:.5p N lbm/fr

Description

Rate of change of molecular
weight

Effective surface area per
unit volume for the silica~
carbiori reaction

Density of carbon in the
char at time |

Density of carbon in the
char at time of | + 1

Theoretical maximum density
of carbon

The Qqa?ﬁgiein? of the tempera~-
)

fure (T ; after reduction
of the original coefficients

The cosfficient of the gas
component concentration
P '

(C| 1) after reduetion of
[4 | o e ve ¢ /
the' original coefficient

Coefficients of the cubic
equation wsed to calculate
char specific heat

Coefficients of the eubic
equation used to calculate
gas specific heat

Surface concentration of gas
component |

Surface concentration of
carbon monoxide

Surface concentration of
"deposition gas" (gas other
thary_hydrogen formed in
carbon depesition reaction
[Net In yse] )

Surface concentraiion of
hydrogen -

Surface concesfration of
nitrogen




Ll

MO YL T L

Rt e

Program Math, Dim. i
Symbol Symbol Units Subroufine Description |
3 |
CFXO CS:OZ lbm/ft Surface concentration of oxygen %
CFXPY Cs o b /fts Surface concentration of |
) PYTom . |
pyrol ysis gas
CF XS C, 3 |b,m/ft:3 Surface concentration of
o silicon monoxide
3
CHARRO (.chrb lbm/ft' Carbon density in the char
| formed oy pyrolysis
CINZ SHIFTI Rate of charge of graphite
(Not in use)
CKC kc BTUvan/ftzse.c. °R Cubic coefficients for char
] (For fiist term) conductivity equation ,
COEFT Cov BTU-ln/ftzseg °R Cubic coefficients for virgin g
Pr (For first term) specific heat equation |
COMMAX Afqu sec, Maximum time step the
ik CHARM subroutine is allowed
to take
CONC  C, b /iPyeid  DIFUS Concentration of gas com- \
' m ponent i ‘
COND Ki BTU/ftzngmsag Thermal conductance through
| a node
CONDC  K_  BTU/-"R-sec CONDF  Char tharmal condustance
COMDF Function subroutine which
' calcuiates thermal
coriductance L.
CONDV KV BTU/ffZHQRwsag CONDF Virgin thermal conductance i
CONDX K BTU/TTZ"QR“S@G Last thermal conductance deter- 3
mined in a group i
CONDXX K BTLJ,/!’??2 &qR-ﬁsaa Last thermal conductance deter- ;‘

mined in the group prier fo
group under calculation

CONDRG K BTLJ/H2~QR - 580G Thermal - conductance of node Q.
‘ This 15 o dummy value far use
in caleulations fer.back boundary

I N A SRRSO

CONST Kv BTUnln/ffzmeRm 586 Cublic coefficients for virgin ;
(For first term) ~ conguctivity equation
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Pragram
Symbol

COORD

CPBAR

CPC

CPV
CRUZ

CSTORE

CX

DACT

pCo

46

Math,
Symbol

Ca
Pgl

(e

(¢ CP)V

Dim.

Units Subroutine

v (@]

BTU/!bmm R

BTU/FF R PCAPF

BTU/P-R  PCAPF
SHIFT]
COMBIN
DEPO

BTU/sec~ R CHARM

ft/sec DIFUS

-DIFUS

Description

Type of one~dimensional
coordinate system:
1 = cartesian,

= cylindrical, 3 = spherical
(Not in use)

Specific heat of gas at
mode i

Thermal capacity of the char
Thermal capacity of the .
virgin

Rate of change of carbon
moneoxide source ‘

Storage array for TEMPAS
values for interpolation

. later in the routine

(See description in thea block )
data subroutine input In the
INPUT-OUTPUT section of

this volume)

The value D, in the
tamperqture aquahon.
T 1, e,
M “i
The: vqlue D, is the gas
apmp an nk concen’r]rcxﬂgn equation:
+ + =
A Cl W TBCLT TG P
The net amount of methana * \
remaining in the exiting gas )

The diffusion parameter P for
the ablating surface for gas
compenent |




Program
Symbol

DCOCM
DCODP
DCOH
PCON
bCOO
DCOPY
PCOSI

pCuU

PD

pD

DEL

DELA

DELTAX

PELTX

PELX

DEP

DEPX
DERPXX

Math, Dim,
Symbol  Units

in,

None
O In,

C

Coen ‘klbm/ﬁ vold

Subroutine

DIFUS

CHARM

DIFUS

Description

The diffusion parameter D for
the ablating suiface for gas
components carbon monoxide,
"deposition gas" (not in use),
hydrogen, nitrogen, oxygen,
pyrolysis gas, and silicon mon-
oxide, respectively

The diffusion coefficient for the
abtating surface,
D, = DWPH

The vaiue D aofter reduction
(See the program symbol D
for subroutine CHARM)

The value D after reduction
(See the program symbol D
for subroutine DIFUS

The nodal width of previous
node  used in calculation
of deposition and silica~carbon
reactions

Temporary storage of the nodal
width  used in calculation
of deposition and silica-carbon
reactions

The nedal width for all minor
nodes and non=subdivided
major nades

The narmalized nodal width
for the moving minor nodes

The nodal width for ail major
nodes

Concentration of "deposition
gas in gas phase

(Not in use)
(Nat In use)
(Mot in use)

47
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Program
Symbol

DGAS

DIFC

DIFCAL
DIFCH

DIFCO

DIFCQS
DIFR
DIFREC

DIS

DISTL
PMW

DPRINT
D@

DR
Ps
DSTEP

. PTAU
DTAUC

48

Math.
Symbol

Falan

Dim,

Units Subroutine
RECEED
DIFUS
fts/sec,
2 .
ft*/sec DIF US
2 ;
ft"/sec DIFUS
ftz/sec
RECEED
In COMBIN
In
lbm/mgle
Sec MAIN
0
BTU/lbm- R
RECEED
RECEED
Sec MAIN
COMBIN
Sec CHARM
Sec

CHARM

Description .
The time rate of change of
the exiting gas mass/flux

Cubic coefficients in the
equation for calculation of
the diffusion reduction
parameter

(Not in use)

Diffusion coefficients for
hydrogen

Storage locations in DIFUS
subroutine for diffusion
coefficients

Temporary storage of diffusion
coefficient (i -~ 1)

Diffusion coefficients for gases
other than hydrogen '

Diffusion reduction parameter
see equation (30)

Distance value used for inter=
polation in combining front *
nodes

Narmalized distances for
moving nodes ‘

Molecular weight of the
"deposition gas" (Not in use)

Print iritarvql

Rate of change of net ablation
surface heating with temperature *

Surface combustion rate
Surface sublimation rate

Storage array of max, calcu-
lation interval (An input table)

Sforqgé array for distance
values for use in Interpolation

Calculation time step

Maximum calculation time step e
dptermined by CHARM |




Program
Symbol

DTAUS

DTAUX

DTEND

DTF

DTR

DWFDX

PDWFDXX

DX

EDFLUX

EDFX
EDFXX
EF

EFCOLC

EFCOLS

EFCOLV

EK

Math. Dim.
Symbol Units

Sec,
Sec,
Sec
None
Ak
Bc |/sec
Bs 1/sec
iy J/sec

Subroutine

CHARM

CHARM

MAIN

CHARM

CHARM

COMBIN

FONEY
WRITE

CHARM

Description

Calculation time step for
previous step

An average of the old and
new calculation time steps

Time until the end-of -problem
time

Calculation time step factor
used in cases where cal=
culation time step is too large

An array of surface temperature
rate of change with time
used in "damper" procedure

- Amount of methane formed

between back surface and
end node of group being
calculoted

DWFDA (see above) value at
previous group calculation

It is used separately in each

of the subroutines COMBIN,

FONEV, and WRITE for
(distance)

Heat source to node i
(Not in use)

(Not in use)
(Not in use)

The normalized distance at
time | multiplied by 2

Collision frequency for the
surface char combustion
reaction

Collision frequency for the
surface carbon sublimation
process

Collision frequency far virgin
plastic decomposition reaction

Factor used in interpolations of
carbon and silica densities to

account for moving nadal
interfaces

49




Frogram
Symbol

EMBM

EMI

EMIS
EMISC

EMWT
EROC
ERODE
ETA

ETAS

FCT

FF

FHT
FHTX

FHTXX

FIVE
FLOW

30

Math,
Symbol:

Dim.
Units Subroutine

None
None

me/ mole

l.bm/sec

. 2
le/m

ITER8

SHIFT1

Description

Value calculated ter the
determination of decompos-
able density

Factor for shift correction
of movable nodes

Emissivity of virgin material
Emissivity of char

Average molecular weight
of the total internal gos

Constants in the surface
shear removal correlation

The mass eroded by aero-
dynamic shear remaval

Fixed errcr criterion for
calculated temperature

The minimum of ETA (see
above) and a second error
criterion: 40/T

Aerodynamic shear stress at
the surface

Argument of an external
function

Storage arvay for flow condi-
tion indication (laminar or
turbulent) (An input table)

Nodal heat input from the
virgin decompasition reaction

The last FHT (see above)
determined in a group

The last FHT (see 2 items above)
determined in the group prior
to gioup under consideration

Value used for interpolation

Turbulent or laminar flow
indication {1 for laminar and
2 for turbulent)

\3
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Program
Symbaol

FMFP
FNRDIV

FONEV

FOUR

GABY

GAGC

GAS
GASI

GCON

GRAF1
GRAFS

GX

GY

Math, Dim,

Symbol  Units Subroutine
DEPO
WRITE
SHIFT1
SHIFT!
m
GeS
m
s 3
R = bfﬂb mole —R

Description

Factor used in determination
of partial pressures

Floating point equivalent

of NRDIV

Function subroutine which
performs a fable lookup
using linear interpolation

Rate of change of decomposuble
density for time (j+ 1} with
respect to distance

Rate of change of pyrolysis
gas source

Interim value found in the
calculation of coefficient
matrix elements for temperature
determination

The ablation gas mass flux at
the surface at time |+ 1/2

The ablation gas mass flux
at the surface at time | - 1/2

Gas constant which equals
1545 for these dimensional
units

Interim value determined in
finding matrix element for
ablation surface node tempera-
ture equation

Graphite density at time j
(Not in use)

Graphite density at time |+ 1
(Not in use)

Interim value determined in
finding ablation surface
temperature

Interim value determined in
finding the ablation surface
temperature




Program
Symbol

GZ

HCOM

HCOMG

HCONV

HDA

HECT
HERE

HAW

HOFM

HOLD
HOW
HSUB

HYD

HYDC

IBE
1BS

IBSPM

1BSPN
52

Math. Dim.
Symbol Units

H BTU/’lbm

Ho . BTU/!bm

H b /ftz-sec
m
My
BTU/ibm
y
BTU/ibm

3
lbm/ﬁ void

aim

Subroutine

SHIFTI

DEPO

DEPO

Description

One-half the rate of change
of the ablation surface heat
flux with temperature

Heat of combustion of the
ablation surface

Heot of combustion of the
gas phase at surface

Heat transfer parameter at
the surface

Coefficients of the quartic
equation for determining the
heat of reaction for the
decomposition reaction

Rate of change of carbon
deposition source

Interim value in determination
of carbon deposition rate

Molecular weight of hydrogen
Heat of virgin decog\posiﬁgn
reaction at 536.67 R (25 Q)
Temporary storage location
Temporary storage location
Heat of carbon sublimation
Concentration of hydrogen in
the gas phase

Partial pressure of hydrogen

Subscript for general use, but
particularly for material “type

Array of the ending interfaces
of the groups

Array of the starting interfaces
of the groups

[Starting location in decompos-
able density storage arrays for
upper holf-node values} -1

IBSPM -1




/
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Program
Symbol

iICOM

IERR

IERROR

G

IGC
1GL
IGLD

IGR
IGRL

IGT
IGTYP

IGX

. 1G2

DN |

IHYS
INCOM
INEG
INFRST

INT

I(NZ'

Subroutine

FRONT

CHARM

SHIFT1

MAIN

Description
An indicator which determines
the direction through the
latter part of the subroutine
Error indicator in comparison
of predicted and calcuiated

_temperatures.

{1 = no error, 2 = error)

Error indicator for major pro-
gram errors resulting in problem

being ended

Group nuthber

Used for certain group numbers
1IG =1

Group indicator used in calcu=-
lation control section

First reaction group number

Last reaction group number.
(Used otherwise also)

Used for certain group numbers

The group type (0 for no zone,
1 for zone 1, 2 for zone 2)

Used for certain group numbers

Lowest group number of

problem fype 2

An array of the numbers of
minor nodes pet major node for
each group type

(Not in use)
Shift value
IX -1

Indicator of:the table point
number (1 - first, 2 - other
than first)

Maijor nodal interface number for
decomposition reagtion zone start

Major jjddﬁl interface number for !
,-Zosiﬁon reaction zone end

1

decom)
il

i
F:

4
#

i
i
i
i

/




Program
Symbol
1P
IPLUS

ISAVEIT
[SAVE2
ISAVES
ISAVE4
ISAVES
ISAVE6
ISPY"

ITER

ITERT
19, !

IYS
1ZB
’!ZG
lZG'{I:‘

. JBE
JBEM
JBNDI
JBND2
JBS
JBSM
JBSPM
JBSPN
JBX

.;'\\ .
Subroutine

WRITE

SHIFTI,
SHIFT2,

Description

Problem number

IX+1

Table entry positions
saved dfter table lookup
by FONEV subroutine

Indicator of direction through
routine (1 = first pass;
2 = second pass)

Number of iterations for
the time step

"\ Total number of iterations

' Number of groups in the
‘zone

Mdior nodal interface at
start of moving nodes

Array of starting storage loca-
tions for the zones

Array of groupr’ numbers for
each zone

Total number of groups in |

a zone

" Ending interface for a group

JBE -1 |

Statting boundary type
Ending boundary type
Starﬁng interface for a group
BS-1 ”

IBSPN + JCSN

JBSPM =1

Last minor node number for

~

the group

ey

PRI LY
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Program
Symbol Subroutine
JBXX
JCEN
JCENM
JCSN
JCSNM
JE
JE
JE2
JHDN
JHDN . COMBIN
JHDN © SHIFTI
JLSW
JRSW
JSLAB )
SUB  WRITE
'7;’,/';(/:5 f
KHDN7 C;OM%IN
KHDN GHIFT!
KK Lo
ﬂ |
i D ({\

Description
)

Last minor node number for
the previous group
The mdjor nodal interface
for the end of a group
JCEN =1
The major nodal inteiface
for the start of o group
JCSN =1
JET + 1
The number of minor nodes
in a group
JET -1
The number of minor nodes
per major node for the group
The number of minor nodes per
major hode for the front group
The number of minor nodes per
major node for the zone

Indicatar for whether group
has moving nodes or not
(1 - not movmg, 2 = moving)

indicator for whether group is
in decomposition redction zone
or not (1 - before zone,

2 - dfter zone, & - m z:cmﬁé)

Number of major rodes in a

group

S‘torqge location of decomposable
density for upper hdh node ot

ab!ahon sutface

The number of minor hiodes pér
major..hode for the new combmed
node : ~

i

The number of minor nodes
per major node

‘Commonly used for the storage

location of the decompowble

densﬂ“y for the upper hti!F node |

55
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Progrdtn
Symbol

KK

KL

KL

K SUBI
KSUBJ
K1

L
LANDID

LFT

LL D’:]
LRY
MARK
MARY
MAT

MCXT

METC

. : "»q? \ i:
" Dim.
Units Subroutine
DIFUS
DIFUS
FONEVY
FONEV
SHIFT1
DEPO
atm " DE PO

Desctiption
Maior hode number below
mdjor nade KL
Comimonly used for relative -
storage location of the
minot nodes
Mdjor node number
One of the table points for
use in the linear interpolation
The other table point for use
in the linear interpolation
K+ 1
Alwdys equal to 1 in CHAD

An indicator in the Cdlculation

Control section of CHARM

Left (toward back) indicator
for side of zone to be added
to or subtracted from

Function subroutine which
determines major node corres=
ponding t6 a minor node

Right (towatd ablation surface)
indicator for the side of zone to
be added to or subtracted from
Indicator of whether or not to
enter calculation control

" (1 =No, 2 - Yes)

Rate of change of silicon
monoxide source with respect

~to distance

Ah array of material numbers
which indicate matericl type for
each major node

Rate factor for the earbon
deposition reaction

Partial pressure of methane

=SSt e s




Program
Symbol

MG
MNOD

N
N
NADD

NASW
NBNDST
'N'BNDI
NBND2
NBSW
NCEN

NCSN

NCVT
ND

NDOYTS
NDOTSX

 NHDN

NLR

.
A
AN

Lo

EEDNRL 1% T o MRl i

Subroutine
ITERS
MAIN
SHIFT1

N

Y
./

Description
The total number of groups
The front major nodal
interface number

Alwdys equal to 1 in CHAD

An array for a group of tha
humber of major nodes of ’

the same material and width

in the group

The type of boundary at the
ablation surface |

Used in calculation control
section of CHARM

An array of starting boundary
types for the groups

An array of the ending boundary
types for the groups

The type of boundary at the
back surface

An array of the ending major
interface numbers for the groups
An array of the starting major
interface numbers for the groups
An indicator used by FRONT
subroutine (See FRONT flow
sheet)

Node divider array, ND(1) is
used to indicate position between
moving and non-moving nodes
An array of the number of
points in the input tables

A Vs«ubscripf limit us‘.gd in table

- output section

An’array of the number of minor

" nodes per mdjor node for each

Zone
Left=-right switch, (See LFT and
LRT) .

57-
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Program

Symbol
NLSW

NLZON
NN
NNP

NOF

NONE
NOTIME
NPBSW

NPETN

~ NPS2N

NPTSW

NRDIV

NREND

NRGO

NRID

 NRSW

NRZON

NISHL

7 . \\‘A
¢ Vaa
S Uﬁ\fj{gu‘n ne

Description

An drray of the indicators for
each group of whether the
hodes are movihg or non=moving
The largest zone number

The maximum major node number
The maximum major nodal inter-
face number. Equals NN + 1

The ablation surface interface
number (minor nede basis)

The shift value

Total number of time steps

Switch based on problem type

and is used in the calculation
control section of CHARM
Major nodal interface for the
ending of probiem 1

Major nodal interface for the
start of problem 2

Swiich for refurning from
CHARM back to MAIN
(1 = Stay, 2 = Return)

The number of miror nodes per
major node

The ending major interface of
the zone

The starting major interface

of the zone

Indicator used tn calculation
control section in CHARM

An arfay of the indicators for
each group of where or not the
group is in the decomposition
reaction zone

" The zone number. for the reac=

tion zone

An array of the shift values fo
the left for each zone

g -
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Program
Symbol

NZSN
OMG

ONE

P
PARTIN
PC

PCAPF

PCX
PCXX

PERM]I
PERM2

PERT1

PERT2

~ PHI

PMW

POR
PORT

3
_l\bmff /Il:zf sec

Dim.
Units Subroutine

RECEED

SUBZ

BTU/sec

BTU/sec

2

|bmn2/abf. sec?

2

ft

None

ibm/lb mol e

. None

FLOWS

/ c{emuvnamu’: shear erosion’

( i\& lefermingtion - | 59

Description

*, An array used for the major

nodal interfaces of the start
of zones

Interim value used in calcu-
lating diffusion reduction
parameter

Temporary storage location
Local pressure at the suiface

Same as DELTA X
Thermal copacity divided

. by time step

Function subroutine which «
calculates thermal capacity g
Last PC calculated in a group
Last PC determined in just prior
group

Viscous permeability multiplied i
Inertial permeability multiplied |
Lav gc

Reference viscous permeability

. for viscous permeability

calculation

Reference inertial permeability
for inertial permeabnh’ry
caiculation

Blocking parameter
Molecular weight of pyrolysis
gas

Porosity

Reference porosuty for poros:tv
calculation

Storage array for local surface’

~ pressure (An input table)

Local surface pressure

Infemdl gas pressure

Paramefer calculdred for use in

T MR T T T P




Program

Symbol

NSHR
NSLAB
NSLABH

NSOUR

NST

NSTILL

NSW

NTAB
NTABT

NTYP
NXSW
NZEN
NZON

NZONC

NZONX

Subroutine

DIFUS

CHARM

CHARM

CHARM

MAIN
MAIN

MAIN

CHARM

SHIFT1

Description

An array of the shift values
to the right for each zone
An array of the number of
major nodes in each group

An array of the number of
minor nodes in each group

Switch in DIFUS set in CHARM
according to the gas componerit
being determined

Switch used in CHARM which
is set fo 1 for first pass into

CHARM and to 2 thereafter

Switch which is set to 1 for
no decomposifion reaction and
to 2 for decomposition reaction
occurring within the group

Switch in calculation control

section of CHARM

Table number

The total of tables what have
been input

The type of table 3
temperature or heat flux

Switch in iteration control
section which aliows recalcula-
tion of front group of error
found there on first iteration

An array of the ending major
nodal interfaces for the zones
Subscript used for zone numbers
Initializing value for calculation
control section. It equals 1
normally and 2 when there is no
decomposition reaction zone
Zone type for group adjacent to
zone being changed




Program
Symbol

PSQ

PSTORE

PSTEP
PYRO
QBACK
QBRN
QBYRAD

QCOMB

QCOND

QCONY

QDEP

QGAS -

QGPCOM

QMISC
QMU
QSAVE
Qs!

QSTORE

QSUBL

Dim.
Units

3 .
|bm/ff void
2
BTU/ft ~sec
BTU/Ib
)
BTU/ft™ =sec

BTU/Ibm
BTU/ffz-sec

BTU/Ib _
el
BTU/ft ~sec
2
BTU/ft ~sec
2
BTU/ft" =sec
2
BTU/f+" =sec
2_
BTU/ft"-sec

BTU/I‘bm

BTU/Ibm

Subroutine

FLOWS

COMBIN

COMBIN

Description

The square of the internal
gas pressure

Storage array for SILCAT.
values needed for interpolation
later in the routine

Storage array for print inter-
vals (An input table)

Concenfraﬁon of methane in
the gas phase '

Heat flux to the back surface
(Not in use)

Heat of reaction for internal
combustion (Not in use)

Heat radiated from the abla-
tion surface

Heat of surface combustion
Conducted heat flux

Unblocked convective heat
flux to the dblation surface

Heat of reaction for carbon
deposition

Heat radiated by hot gas .
toward ablation surface

Heat flux of gas phase combus-
tion to ablation surface

Heat fo_ablainn surface that
is not blocked

. Storage array for unblocked

heat flux (An input table)
Total heat Flfux to ablation
surface d

Heat of reaction for silica-
carbon reaction

“Storage array for CARBNT1 values

needed for interpolation later
in the routine

Heat of sublimation
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Program Math, Dim.

Symbol Symbol Units Subroutine Description

QTOT BTU/ffz-'sec Partial total of heat
fluxes to the ablation
surface

QTOTAL BTU/F’rZ-sec Total heat flux to the ¢
ablation surface ‘

RATE Virgin material decomposition
rate

REO n None Reaction order of the silica=
carbon reaction

REORDC None " Reaction order of the surface
combusion reaction

REORDS None Reaction order of the surface
sublimation

REORDV None /, Reaction order of the virgin
decomposition reaction

REQ None So.me as REO

RH Storage array for heat trans-
fer paramefers (An input fable)

RHO Ibm/‘i’f3 WRITE Density value for prinf-out

RHOC /Oc lbm/ff3 Char densify after pyrolysis and

before char deposition or silica-
carbon reaction

RHODE /00 lbm/ﬂ3 WRITE Density of decomposable material
RHOTS . Theoretical maximum density of
i virgin material
- RHOV /Ov lbm/ff3 Density of the virgin material
RHOT1 (/é)! Ibm/ﬂ’3 Density of decomposable material
! at time | ;

RHO?2 (/D)!H (est) b /‘Ff3 Estimated density of decomposable )

o i m . e "

, matferial af time |+ 1
RHO3 (/9)| (est) b /fr Estimated density of decomposable .,
4 : m material at time of |+ 1/2 .‘

RHO4 P TV2 (e b i Average of RHO3 for +

di+ ]/2 ' - 4 : verage o or TWO

adjacent half-nodes
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W '/
begrcm Math. . Dim. .
’ (:* Symbol Symbol Units Subroutine - Description |
N i+ 1 3 .
RHOS5 (P): (cale) b /ft Calculated density of 5
a'i m . .
. decomposable material at ;
RSTORE ‘ | COMBIN  Storage array for RHOT
S values needed for interpola- |
tion later in the routine
SAVE" Temporary storag}Q
SCHECK In Front nodal fhig!;ihess at
v which the fro’ﬁ’r node is com-
bined with' the next one if
materials are the sqr’ne
5 SDN In . ' Amount of surface recession
- for half o time step
( SDOTN | in/sec o Surface recession rate at 3'
- | , K time |+ 1/2 f
SET MAIN Minimum COMMAX allowed
SILICAT (()S. )| Ib /ff3 , Density of silica in the char
: IO m . . ;
at time | ‘

SILICAS (()S O |+] llon;/i:m‘3 - y | Density of silica in the char

at time j+ 1

e g e B PR

i sLica b /i Initial density.of silica before
} the |I|ca-carbon reaction begins
> SIQTS Theoretical “moximum: d*nﬂafy
E of 4 ch* .
= SLOPE Trc:r;sm "““'.th.i“:qcfor for ablation
Gas
SMW M.. Molecujﬁ\;’c’ar;;\}\?éi‘ sf silicon
, Si0o o g S
monoxide T
SN - Thlckness of niw va"aﬁe nc;w""‘
a’r //lme i+ l/2 S
SNT ¢ Thickne
SOURCE ,
SOX ‘(,oncmi*mi'uon of oxygen in
| ih#\ gu.‘ |$hase
SPEED Ve

TR
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Program Math, Dim, . :
Symbol Symbol Units Subroutine - Description | 4
' ‘ T
.
TAR , Area of back surface -
(Not in use)
TAUOUT ' Time for return from CHARM
to the MAIN routine )
TAUST An array of times corresponding ’
to TEMPST and DTR for use in
“ "damper"” procedure
TAU1 | Time | start of the time step
TAU2 ' | Time i+ 1 the end of the
; time step
- TAU2S ’ Time |+ 1 for the previous
: - iteration
TBSTEP _ ~ Function subroutine which does
' ‘ a table lookup on a step
function
TEMPA ’\ : Temperature for use in an im=-
| pending calculation
TEMPAT T! °R Temperature at a ‘:\‘r‘,;.)odal inter= \;
o l face at time | |
TEMPA2 (T! ]) o+ °R ' Estimated temperature at a
' © nodal interface at time |+ 1
TEMPAS ul ]/Z)esf OR ‘ Estimated temperafure at a
' | nodal interface at time |+ 1/2
TEMPA4 (1! j_ :;;)esf °R : Average of TEMPA3 for two
| ! adjacent nodal interfaces
- TEMPAS - (T: ])calc ° Calculated temperature at a P
) nodal interface at time j+1 :
TEMPST | An array of temperatures corres=- |
ponding to.TAUST for use in
"damper" procedure
TEND MAIN End compute time
TEST DEPO A limit imposed on carbon
deposition based on amount of
methane produced
- TIENDA SHIFTI " Rate of change of internal gas
o . 4 mass flux
TIME | Sec MAIN Same as TAUR

Y




Program Math. Dini.
( : - Symbol Symbol Units Subroutine Description-
- TIME! o
TIME2 Sec. Time arrays for the
TIME3 input tables
TIME4
TPRINT T Sec Time for output of calculated
data
" TRCHAR | /L None Transpiration factor for gases
“ resulting from surface combus~
tion and surface sublimation
TS T! °R Same as TEMPAL
i
TT Storage array for ablation
surface temperature (An input g‘
table) |
TWALL A'blation surface temperature ?
UHOLD COMBIN Storage array for WFD values
needed for interpolation later
in the routine :
(% - USTORE COMBIN | Storage array for EMWT values 9
- | needed for interpolation !ater g
, | in the routine ‘ 3
VHOLD COMBIN  Storage array for carbon deposi- r
tion sources needed for inter- ¥
' polation later in the routine |
VisSC /“‘ vlbm/ﬁ-sec Viscosity of the internal gas ;f
VISCO o Ib_/ft-sec Reference viscosity for viscosity %
| m calculation / :
VISCON T* °R Temperature corresponding to Y
the reference viscesity - )
VSTORE = COMBIN  Storage array for internal gas |
: mass flux needed for interpola- :
tion later in the routine i
' WBRI\i |bm/sec . Source of carbon monoxide )
WBRNX b /sec The last WBRN value deter-
| / m mined in the group
o TWBRNXX Ib_/sec The last WBRN value determined ;
() m - in the group prior to the group F

under consideration
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STt ar U Yam

I/

ML

Program Dim.
Symbol Units Subrot

.
tine

]

]

€«

WDEP Ibm/sec'

WDEPX lbm/sec,

WDEP |bm/se.c |

WDEPX lbm/sec

WDEPXX Ibm/sec

WEF lbm/Ff2 -sec

WFD
WFDX

WEFDXX

WFP
“WFX

WEXX"

WHOLD : COMBIN

e

WS
WSIO?2 | S I Te
WSIX . |

y
7

wsixx!

A

A
e

- WSTORE COMBIN

66

Description
Source of deposited carbon

WDEP value determined in
the group prior to the group
under consideration

Source of deposited carbor

The last WDEP value deter=
mined in a group

The last WDEP value deter-
mined in the group prior to
the group under consideration

Internal gas mass flux

Source of pyrolysis gas

Last WFD value determined
in the group

Last WFD value determined
in the group prior to the last
group under consideration

Interim value in the calcula-
tion of WF

Last WF value determined in

a group '

Last WF value determined in a
group prior to|the last group
under consideration

Storage array for silicon monoxide

source needed for interpolation
later in the routine

Silicon monoxide source i

The last WSI ‘value determined
in the group

The last WSI value determined
in the group prior to the group
under consideration

Storage array for GRA?1 values
needed for interpolation later

in the routine

i . “
e
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Program

Symbol

XHOLD

XIR
XIWALL

XLEFT

XMDOTC

XMDOTD

XMDOTG
XMDOTL

XMDOTR

XMDOTS

XRi

XSAVE

ZWALL

Math.
Symbol

z

CUURER TR RN B CAE T

Dim. :
Units Subroutine

COMBIN

BTU/Ibm

In

Ibm/sec

Ibm/sec

A |bm/sec

|bm/sec

.lbm/sec

None

e i A e M ey s e rr oL i ey g

Description

Storage array for WBRN
values needed for inter=~
polation later in the routine

Recovery enthalpy
Enthalpy at the wall
Distance to major nodal inter-

faces from the back surface

Mass recession at the ablation
surface from combustion and
sublimation

Diffusion-limited surface
combusion rate

Same as GAS

Sutface combustion rate

Reaction rate limited surface
combustion rate

Surface sublimation rate

Storage array for recovery

- enthalpies (An input table)

" Test value for determining

whether to end the problem

" or not because of complete

foss of ablating material

Compressibility factor at the
ablation surface
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SAMPLE CASES

The two sample cases presented have used the same basic data. The first
case (I) is a temperature drive input and the second case (ll) is a heat flux drive
input, The calculated data output at a limited number of /time points is shown for
each case. | | -

)
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1 T i
il ’ S
A
i
G
i L , '
e SAMPLE CASE | |
~ Temperature drive - DATA INPUT CARDS
- XQT MAIN , _
TEMPERATURF DRIVE SAMPLF CASF ‘ _
1 THAE STEP CONTROL TABLE ;
O, 1.0
40, O0e2 H
100, 140 it
600, 240 %
1078, 240 A
O O ‘ &
? PRINT STEP CONTROL TABLE :
; Oe 10, o
| 100, 20,
600, 100. :
: 1078, 100, !
! 0, Oe g
3 2 !
i O 560 « 00004 g
s 20 1708, 000030 g
; 40 1849 00061 ¥
o 604 3262 000391 gy
)‘ 80 5625 e01086 i
: 100, 4911, «01341 i
120, 4193, 000932 ‘ :
_140. 3905, « 00786 . - L
160, 3655, « 00650 '
180, 21374, «00503
200, 3145, « 00395
220 2994 « 00335
240, 2924, 200308
260, 2881, « 00295
280, 2842, « 00282
300, 2802 «00268
320, 2831, 000285
340, 2866 » 00302
160, 2904 000326
380 2997, 200381
400, 3142 e 00475
420, 3293, « 00607 | 1
440, 3401, 0007‘{5 ,\\.\.\ T L
460, 3194, « 00845 3\ o » i
‘ 4804 30090 000929 . . )
4 500, 2708, 000561 4
‘ 540, 2113, 200685 , ks
600, 1628, « 00650 :
700, 990, 001030 \\
800, 703, ¢01360 k
900, 641e = 01460
1000, 6120 «01550
1678, 599, «01603 ,
Oo O :
; 4 : LNCAL STATIC PRESSURE AND FLOW C
5 O ¢0360 le +00004013 ;
? 40, 1756 le. 2000639 ¥
: 500 1065 le “e001944 -
§ 60 66408 le  «004779 :
d {
kS &
& i




i.";" * ; ".
"'f’.dl" e
70, 363,0
80, 512.8
B%, 76760
90, 1030.0
95, 92040
100, 818,1
105, 75540
110C. 65140
115, 549,0
1206 41069
130, 349,40
140, 29860
150, 25840
160, 21344
170, 156.0
180, 12541
190, 9649
200, TT7e7
2104 6642
240, 4745
300, 3643
350 49,8
370, 61e5
390, 9046
410 1476 -
430, 2364
450, 366
4706 459,
480, 4964
4909 4800
510, 411,
530 318,
5500 287
570, 307,
706, T34,
7564 1115,
1078 2117
Oe O
' 2 ALUMINUM
1 AVCOAT

560

0

2008796
«012207
«01308
«013202
«012724
e012542
¢0113384
¢009522
+ 008698
«007690
« 006707
+006108
s005552
+004909
e 004192
0003612
«003218
« 00277
«002413
«00209%
«001795
2002061
e 002261
+ 002834
« 003475
2004399
e 005078
« 005091
20048913
0004298
¢0013504
2002628
2002214
s 001667
900118 -

0001561 N

«001972

015
1,976

§
g
!
i
§
i




e e e Rt g e e ] P e B ST o T
{ =
. 4 o
TITLE=<ee TEMPERATURE DRIVE SAMPLE CASE .
CALCULATION TIHE STEP CONTROL .TABLE _ wef
e e meeeo ... YINE TIME STEP . L. - @D
(SETH: - {SEQ) =
: « 00, i.0000C -
e e ~_%0.00 22000 ——— e e e e . <D
\ 10000 1.0000 , -
600400 2.,0000 9_:_
. 107800 __  2,0000 -
- q &
PRINT TINKE STEP CONTROL TABLE o
e = Jine JTIRE SYEP . e e e - -
(SEC) {SEC) : [
) «00 100000 :.
- . 100400 . 20.0000_ _ <
60G+00 100.0000 D
. 1078000 100.0000 '
SURFACE TEMPERATURE TABLE = o
TIKE TEMPERATURE NEAT TRANSFER ' =
. i o . _ PARAMETER —
(SEC) {DEG R) (L.BM/FY2=5EC} e
200 S80.00 - \"0990.0‘5 -
e e _.20600 | 1708,00_ _ _ +00030 _ __ e o . e R
’ 40403 ° 184%.00 s 000!}
60400 3262400~ +00391 o
8000 5625.00 «01086 -1
100.00 49)1.00 203341
12000 4193400 +00932 —
meeevr eeime. 140000 3905.00 _ 00786 e o e e e s =
160.00 3655,00 «00660 e
- 180.00 3374000 «00503 —i
. . . .200000 _ 3145200 . .+00395 —
. " T 220600° 2994+00 «003235 >
‘ 240400 2924.00 +00308 —
I L. WL . 260400 ..2881400 =~ 200295 _ Ce e e e e e e e
28000 2842.00 05282 =
300400 2802400 «00268 =
32000 _ 283100 <00D285
a 340.00 2866000 «00302 - C
, , - 360400 2994460 00326 —i
e e e 380000 2997.00 __ .00381 —_ . e e e e I
€ 400.00 3142.00 ©00475 ’ >
. 420400 3293.00 «00607 (v.~]
__%40.00 '3401.00 o00755
) " 46000 3194400 « 00865 E
480¢C0 3009.,00 «00®39% wh
e 500.00 2708.00 «008é1_ e ——
54000 2113400 *00685 - N
600.00 162300 200650
o e . ._.._. . 709000 .. 990.00 «0;030
- . 200.00 703.00 «01340
g - 900,00 641400 001440
- ~ - —_ 100000 €12.00 01580 . __ _ -
~ 1078400 599,00 201603
AR o T sy s A S e o, RS T T B R . R i e N

i
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TR MY e e et . .
SN RARCTRAS TR A SRR J35-- NV S VY o T e e -

LOCAL STATi¢ PRESSURE AND FLOS cONTROL TABLE

e e YARE __LOc PRESS _  FLOw  LOCAL STRESS | e m e - -
(SEC) (LaF/FT2) tes}  (LBF/INZ)
“«00 « 0360 Le : «8000
. 40600 . 17560, ie +DQ0é
5000 1050060 le 0019
6000 66,0800 le s 0048
et et s et mm __.70e00 _ . 393.0000 e | 0084 , - - S,
8000 5:2.8000 ie 0122
8S+00 747.0000 le «0131
. .. _.90s00 . 1030.0000 - 1) 08132
95,00 920,0000 e 0127
10000 - 81841000 1o «+0125
U 11} 111 7550000 . _ 1. 0118
5ll0o00 65!00000‘ fe «0085
© 11500 $49.0000 1e +0087
120-00 41C.9000 e 3077
13000 . 349,0000 1 0047
140.00 298.0000 le +00a&)
e et o= .2 180000 258.0000 __ 1. . . .00Sé - - . - -
18000 21344000 . 0049
170609 156.0000 le <0042
180.00 125.1000 le - . «0036
= 3 190200 96,9000 s «0032
200,00 77.2000 e 20028
: . . ..210%80_ 86,2000 - 1. ~0024 ) ..
| " & 240400 47.5000 ie +0021 B
- » v . 300.00 36423000 le «.0018
’ ‘ 350400 ©  49.8000 1o 5021
370400 s1.5000 1e 0623
390.00 906000 1s «0028
i 410400 47,0000 = le +0035 .
' 43000 230.0000 le » 0044 i
= 450000 35640000 le « 0051
° 470,00 ~ . 459.0900 e ‘ «0051
480.00 495,0000 le «B0%7
49000 430,0000 te «00423
_ 510400 411.0000 s 20035 i
53000 318.0000 e 0026 o T STt T
N 550400 247.0000 le «0022 ,
¥ 4 : 570400 307.0000 ie °0017 ~
R 706400 734.0000 1e 20012
: 756'00 1114,9999 | Y Q01L& -
- . _ _AD78.00 _ 2117.0000 _le_ _ _.  e0020_ e i mam e .
. "
E pR—g ! \C."t:::_- ,’




‘ ’ i
RATERJALS
MATERIAL NAME TRHICKNESS NUMBER OF
‘ o L1 NODES
£27 ALUMINUN «0150 1
(1) AyEOAT 1.9760 k1Y
-7 ""MATERIAL PROPERTIES OF VIRGIN MATERIALS T TomTTmT T m e s T
MATERIAL.. . € B3 _ . _.
FIRST REAC SECOND REAC
. e e o ACTIVATION TEMPERATURE \DEG R 2330086 0
i COLLISION FREQUENCY,1/SEC «1120%0+05 «000000
REACTION ORDER 10000 o0
" MEAT OFf DECGHPOSITION,BTU/LBM 350,00
) = _ . _.SPECIF]C HEAT,BTU/LBM«DEG R {  +4300=007e( ¢9936=01)T+( 0000 TeeZo( .0000 1Teel
CONDUCTIVITY BTU=IN/FT2-SEC=DEG R ( +2440205)e¢( ¢4125=0])T+( 20000 )Tee2+( ,0000 1Tee3
EMISSIVITY | +»9000 .
ABSORPTIVITY . «9000
5 DENSITY,LBM/FT) : 34,00
é - o em. . .. JYRANSPIRATION FACTOR_ (ABL GASES) he2000 e e« .
§ MATERIAL ¢ 2) .
% - FIRSY REAC SECOND REAC
: ACTIVATION TEMPERATURE,DEG R «0 «0
% - beeee . (COLLISION FREQUENCY,1/SEC »000000 _~_.000000 , )
: REACTION ORDER »0000 .
| ~ HEAT OF DEGOMPOSITION,BTU/LBM 120,00
§ B SPECIFIC HEAT,8TU/LBN=DEG R t +0000 dol o1842=04)Te¢ 0000 1Teo2+( L0000 1Teel
T - .. CONDUCTIVITY BYU=IN/FT2«SEC-DEG R { «]153=06)e( +9610=05)T*( +0000 _ 17ee2+( .0000 1T0el
EHISSIVITY «2000
ABSORPTIV]TY « 6000
DENSITY LBM/FTS 484,00
TRANSPIRATION FACTOR (ABL GASES) +7000
- MATERJAL 'PROPERTIES OF THE CHAR
: o COMBUSTION REACTION  CMAR SUBLIMATION
ACYIVATION TEMPERATURE,DEG R 3965540 o0
e e e . COLLISION FREQUENCY,]/SEC _+6273000¢0% 000000 e n
REACYION ORDER « 5000 «0
-NEAY OF COMBUSTION.,BTU/LBMN . ... 00 . .
HEAT OF SUBLIMATION,STU/LBM «00
o amt e m—n o — = EMISS]viTY et e e 08500 e e — e - .
3 ABSORPTIV]TY 1 «0G00
DENSITY :LBM/FT) 20.00
e feobh B RIS T e T T R R S Neein e o S v koot o ot s R SR S BN “ 00 AR AR RIRRINE S PRl Adlgp 3 i By T Pk 2 ¢ - A R

FRRR S



é TR :«,! el Bt D

R

e e -y rvie. ware e s

NG TRANSPIRATION FACTOR (CHAR GASES) j+0000 —— —
) DENSITY OF THE CARBON IN CHARR,LBWN/FTI  10.C0
. ABLATION G&S PROPERTIES
- SPECTFIC WEAT,BTU/LBN=DEG R < 7000-007e7 L0000 — 1Te{ 0000 —1Tesze( 0000 1tee3
N HEAY OF GAS COMBUSTIOR;BTU/LBM 6173,00 S
OTHER CONSTANTS
YTREORETICAL CARBON DEWNSTTV . LBM/FTI 131,00 -
. THEORETICAL VIRGIN DENSITY,LBM/FT) 70,00
S ... .. THEOREYICAL SILICA DEMSITY;LBM/FTI 137030 e . .
REFERENCE POROSITY +7500 §
REFERENCE VISCOUS PERMEABILITY,FT2 410000009
REFERENCE INERTIAL Ffﬁgzgstxtv.rt » 10000002
.. REFERENCE VISCOS|TYLBR/FV=SEC +100000-04 - ~ L I .
REFERENCE TEMPERATURE FOR ViSCeoR $30.00 ‘
‘ SURFACE DIFFUSION CONSTANY, rrz;sec _
CARBON MONOXIDE ¢« 100000G+0)
DEPOSITION GAS (EXCEPT NYDROGEN) +100000+0}
e e e N1TROGEN +100000¢01 e ) - ~
. : OXYGEN o 10000001
METHANE » 100000401
N SILICON MONOXI1DE 4100000401 N
4
o e ot . BLOWING PARAMETER 24300 e e e
- DIFFUSION REDUCTION PARAMETER T e 899000101 =92540001)1ETA¢( =¢42300+0) ETAe®2s( =4B7B0=00)ETAG®]
HWEAT OF REACTION, S102=C,BTU/LBM +00
HEAY OF REACTION, C DEPosxTKON. aTu/LBNM + 00 _
SILICA=CARBON REACTION CONSTANTS
. . ACTIVATION TEMPERATURE,DEG R 407650 - L o o R .
" COLLISION FREQUENCY 41 /SEC 420921004
REACTICN ORDER i.0000
SILICA DENSITY [K INITIAL CHSR,LBN/FT) 8419 -

e e o CARBON DEPOS1VION REACYION CONSTYANTS

LOW HYDROGEN

HIGH HYDROGER

X 0136500-01 240600003 e
N Y 211620083 +114000=0:
bd +177700+0¥ +422000¢01

B el
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SAMPLE CASE |

Temperature drive -~ OUTPUT OF CALCULATED DATA AT VARIQUS TIMES

The following listing shows the CHAD program output at time =
0, 100, 200, and 500 seconds.
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TINEs * «00 TOTAL JTERATIONSa 1 L -
e e o e e e : UV ; ;
N DISTANCE CONDUCTED cenececnenmenenncesDENS[TIES (LBM/FT3)enecccacrcmcena [NTERNAL P
NODE FROM BACK TEMP CHEAT FLUX TOTAL DECOMP CARgON GRAPHJTE  SILICa PRESSURE MOL nl VELOCITY b
(IN) (DEG F) (BTU/FT2=5EC) : (LBF/FT2) {FT/SEC) R
37 1.7910 100433 « 0050 34,0000 14,0000 10,0000 » 0000 10,0000  +36000-01 20.000 « 00000 S e
T 3e 1.9769 TTTD8e31 . »0000 T "7734,0000  14.0000 10,0000 C.0000 777 10,0000  036000-01 204000 2 0UOOD e R '
36 19628 100631 «0000 34,0000 140000 10.0000 000" 10,0000  ¢360060=01 264000 2 00UGUG .
. 36 1.9487 100031 ~ «2000 34,0000 14400006 10.0000 «000U 100000 «36000=01 20.000 +000G0
38 149345 100431 : «0000 34,0000 14,0000 10,0000 »0000° 16.000U «36000~0D1 20.000 2 QUUOU
35 1.6781 100e31 ‘ « 0000 34,0000 1440000 10,0000 »0000 100006 «36000=01 20.000 «GUDGO
3% 1.8216 _ _ 10031 _ . _ 060D 34,0000 140000 16,0000 «00G0 100000 «36000=01 20.0G0 ¢ 00000
33 147652 100431 «0000 34,0000 19+0000 10,0000 .0000 10400006 «3600UD=01 20.00G «00000
32 17087 . 100233 «0000 34,0000 1400000 i0.0000 20000 1040000 +36000=01 20.000 « 00000
31 1.6523 100031 v +0000 34,0000 140000 10,0000 «0000 100600 +36000=01 206000 £00000 A
30 145956 10Ca31 +0000 34,0000 i4.0000 16,0000 .0000 1000600 +36000=01 204060 «00000 . R
29,7 145393 160631 +0000 34,0000 1440000 10,0000 +00C0 100000 +36000-01 204000 »0UGOD D
2p/  1e4829 1003} _.0000 34,0600 14+0000 10,0000 _ +00GC 10.0C00 ¢36000~01 20,000 20LOGO : »
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7 » 0000 «00 200 «00 «00 0731=04 «356=03 451 =04 «157=02 «000 0354=05 +273=02 *478=02
6 »0000 00 «00 «00 «00 «731=04 0356=03 *45]1 =04 e157=02 2000 ¢354205 +273%02 478202
S + 0000 . «00__ __ 00 _ _ «00 ___ 00 0731=04 ¢356=03 __+451=04_ +157=02 <000 _ +354=05_ 0273=02 e478=02
4 «+0000 «00 e 00 +00 «00 + 731 =04 «356=03 e45i =04 a157-02 + 000 l)SQ'US 2273=02 e478=p2
3 <0000 «00 «60 «00 «00 *73}=04 «356=03 e451=04 , +157=02 «000 +354=05 *273-02 *e478=02
2 29000 «00 «00 «00 _ 00 +731=04 2356=03 045104 +157=02 «000 *354=0% 0273=02 *478°02
1 20000 «00 .00 e 00 +00 +73)1=04 +356=03 451 =04 «157=02 «000 0354=05 0273%02 °478-02
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SAMPLE CASE I | 7
Heat flux drive -~ DATA INPUT CARDS
. - XQT MAIN
% FLUX DRIVE SAMPLF CASE
1 TIME STEP CONTROL TABLE
Oe 1.0
40, 0e2
100, 1.0
600, 2¢0
1078, 260
Oe Oa
2 PRINT STEP CONTROL TABLE
O, 10,
100, 20
: 600, 100,
3 1078, 100.
: 0o Oa
: 3 1
i O 26751 «00004
20, 24843, « 00030 0067
40, 24935, «00061 . 12433
60, 24854, «00391 33,88
, . 80, 22965, «01086 192431
¢ , 100, 18058, 001341 30431
B 120, 14524 « 00932 7¢25 _ .
: 140, 12713 000786 3491 Y
E 1600 11419, ¢ 00660 2043 S
g 1806 10614, 000503 1475 e
200, 10133 e 0G395 let7
220, 9810 ¢ 00335 1436
240, 9572 « 00308 1626
260, 9408 « 00295 1022
- 280 9240 000282 1¢19
300, 9076 200268 1415
320, 8902, 200285 1,10
m 340, 8727, 000302 1.05
o 360, 85306 000326 *985
a 380, 8275%. « 00381 «925
] 400. 7880 ¢ 00475 0905
B 420, 7280 000607 e97
A 440, 64200 « 00755 14115 °
: 460, 5245, 000865 1422 :
- 480, 3858 « 00939 leld4
A 500, 2720e 7 40CB861 +785
5400 12456 « 00685 245 ;
600, 560 »00650 %
700, 110, +01030 ;
800, 114 «01360 !
900, 117, «01460 :
1000, 123 «01550
1078, 124, 201603
Oe Os
4 LOCAL STATIC PRESSURE AND FLOW
O «0360 le «00G00403 .
40, 1¢756 ‘10 2000639
50, 105 1, e 001944
60 66,08 le 004779

AL S T T e
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70. 39340 le 008396
B0, 51248 le 012207
85, 76740 le 01308
90, 1030.0 le 4013202
9%, 92040 le #012724
100, 818,.1 le 012542
4 106, 75540 1e +0117384
5 110, 65140 le 009522
o 115 54940 1e +008698
- 120. 41049 le 007690
= 130, 349,0 le 006707
;’ 140, 29840 le «006108
: 150, 25840 le 005552
'f,g 160, 2134 le 004909
ki 170, 15640 l1e 004192
S 180, 12541 le 0003612
4 190, 9649 le 003218
} 200, 7767 1e 00277
] 210. - 662 le ¢« 002416
N 240, 475 le 002095
}‘ 300, 36e3 1le « 001795
i 350 4908 le 002061
“: £ 370, 61e5 le 4002261
. (; o 390.. 9046 lo 4002834
OF- B 4104 147 le 4003475
a 430, 2360 le 0004399
x 450, 366 le +005078
A 4706 459, le 4005091
. 480, . 496, ~ le 004893
o 490, 480 1e 004296
T 510, 411, 1l 4003504 .
B1 530, 318, le 002628
& 550 287, le 002214
R 570, 307, la 001667
706. 7346 1le «00118 . L
e 7564 1115, le +001561 £
% 1078, 2117 le 001672 o i
. "‘ Oe , Oa : S i
P 2 ALUMINUM «015 1 hS 5
b 1 AVCOAT 1.976 35 \ I
560
1001882 00136

AL TR N S L e s e
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o TITLE=mme FLUX DRIVE SAMPLE CASE e
O~
e _ CALCULAT[ON TIHE STEP CONTROL TABLE __ e L
TINME TIME STEP
(SEC) . {SEC)
— «00 Js0000 e e e
TTTOTTTT T U T 4pene T T T T, z000
10000 1.0000
. .. 600.090 2,0000 - e
1078400 2,0000
e e JPRINT_TIME SYEP CONTROL TABLE . S,
TIME TINE STEP
{SEgC) (SEC)
~ «00 10,0000 i i
100.00 20,0000
640000 100,0000
e e e e 107800 100,0000 _ N R,
SURFACE HEAT FLUX TABLE
TIHE 2ECOVERY HEAT TRANSFER _MISC MEAT
ENTHALPY PARAMETER TO SURFACE
(SEC) (BTU/ZLBM,. (LBM/FT2eSEC) {BTU/SEC)
. o 00 2475100  _____.00004 4000
i 2000 24843,00 500030 G667
§ 40400 24935,00 +000s | 12:330
E 60400 24854,00 00039 . 33,880 N
: 80.00 22965400 + 01086 192+310
E 100,00 18058,00 01341 30,310
‘ 126.00 14524,00 200932 74250
- oo T 140,007 7 1271300 — T .6076 T 3,970 7T -
“ 16000 114919,00 200640 24430
N 180400 10614,00 «00%03 _be?50
- 20000 10133,00 200368 16470
220400 98)10.,00 «00335 1360
——an e —— n gﬁoﬁgo o ?;57..2'.09,. — .,!_9..0..308 “?.‘.’0 e —— -
260400 9408.00 «00295% 1.220
28000 9240,00 »002g2 1+190
300400 9076.,00 200248 i _lel50
320,00 8902.00 «00285 1100
340000 8727.00 «00302 1850
. e e .. 340400 8530,00 = __ 00326 « 985 e
380.00 8275.,00 «00J381 925
400+00 7880400 «D0475 2905
420400 7280400 +00607 . e970 i
44000 6420.00 «00755 1ed18
' 440.00 5245,00 200865 1e¢220
e . .u4BO.DOD__ _ 3858,00 _____.00%2¢ lelto
SD0.00 2720.00 <0084} <785
S40+00 1245400 «00485 e 245
. 60D.00 560400 _e00650 ~ =,000
700400 118,00 ~01030 o006
800400 14,80, 01360 -,000
e e e 1 w4 ... %0000 __ ___ _li7.00 —..201%60 _...>+000 -
1000.00 123,00 «01550 -,00D
1076400 124,00 01603 «,000
) /} ;
e -
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LOCAL STATIC PRESSURE AND FLOW C

TIME
(SECY
« 030
40.00
5000
60.00

70.007°

80.00
850,00
50,00
95,00

lO0,0Dﬁ_

105400
110.00
115000
12000
130000
14000
15000
16000
17000
18000
190.00
200.00
210,00
24000
~300sC0
350.900
370.00
399.50

831000

430600
450,00
470200
430460
490,00
51000
530.00
550.00
57000
706400
76600

1078.00

ONTROL_ TABLE

et - ————— o et o

LOC PRESS FLOW LOCAL STRESS
(LBF/FT2) {==) (LBF/7IN2]
00360 | I «000G0
1.7560 PR ;11 T T S
10,5000 le 20019
66,0800 fe 0048
= §93,000077 77 1. e008%
512,8000 te e0122
767.0000 ds o .s0131
1030,0000 1. 0G132
20,0000 1. G122
818,1000 Te 0123
755,0000 T 1. TeDT14
65).0000 fer »0095
549,0000 BTN «0087
5,410,9008. e T e0077
S5 Y ¢ TGOV 1o «0067
298,0000 1 0061
268.0000 " 1. T T .008§
213.4000 1o « 0049
15640000 le . s0042
125,1000 1e T $0036
96,9000 e 00032
77.7000 la 00028
" €6,2000 v 7T L0024
47,5000 Te 002!
36,3080 i 0038
49,8000 i «00621
51,5000 1o «0022
20,6000 le +0028
T¥7.c000 7T AR T B0 D E -
216,0000 ie « 00K Y
366,0000 1e «0051
459,0000 ie <0051
‘494 ,0000 | Y «0049
_ 480,0000 1, 40043
411,0000 Te «0Da%
18,0000 | I + 0026
287.0000 le 0022
307.0080 1e «0017
734,.0000 le «0012
11149.9999 Ie 00016
2117.,0000 "~ 1. +0020

2,
’

T



WATERIALS
MATERIAL N&ME THICKNESS  NUMBER OF .
—_ A I "~ NobES
(2) ALUMINUM | «0150 !
(1) AVCOAY 1:9760 35

MATERIAL PROPERTIES OF VIRGIN MATERIALS

MATERIAL ¢ 1D

/ '

, I FIRST REAC ___SECOND REAC
T T CACYIVATION TEMPERATURE ,DEG R Z23300.0 <0
COLLISION FREQUENCY,|7SEC e 112090405 +000006
REACTION ORDER . legooo 07
_HEAT OF DECOMPOSITION,BTyu/LEM 350.00
TTTT T T TSPECIFIC WEAT,BTU/LBHDEG R (+4300<001el ¢9936=01)T¢( 20000 ~ )Tee2e( L0UOL  ITee3
CONDUCTIVITY BTU=IN/FT2~GEC=DEG R { +24940=05)e¢l o4[25-01)T+( L0000 JTee2e( L0000 )Teeld
} i EMISSIVETY o T T 000
ABSORPTIVITY - +9000
. _ __ DENSITY,LBM/FT3 34,00 N o
TRANSPIRAT.1IGN FACTOR (ABL GASES) 12060
MATERLIAL ( 2) e e e e e e
FIRSY REAC SECOMD REAC
o __ ACTIVATION TEMPERATURELEG R~~~ 0 .0
COLLISTON FREQUENCY,[7SEC . 000000 +000000
REACTION ORDER + 0000 .0
HEAT OF DECOMPOSITION,BTy/LBM " 128,00
I __ SPECIFIC_HEAT,BTU/LBAN-DEG R L _eB0D0 _ )el _,1642-04)Tel L0000 _1Tee2e( ,0000_  )Teel
cououct!vltv.sru-lu/rrz-sec DEG R { o3153<D6)el (96i0=-051Te¢( 0000 )Tee2e( 40000 iTee3
EMISSEVIYY e ... _._22000_
ABSGRPTIVITY »6000
DENSITY LBM/FT) %84,00
) . _TRANSPIRATION FACTOR (ABL GASES) ST080 e,
MATERIAL PROPERTIES OF THE CHAR =
COMBUSTIOM REACTION CHAR SUSLIMAT]ON
_ __ACTIVATION TEMPERATURE,DEG R 3985540 . a0 L L
TTEOLLISION FREQUENCY,17SEC s 673000+09 ,000000
REACTION ORDER +5000 e 0
"" WEAT OF COMBUSTION,8TU/LBM <00
WEAT OF SUBLIMATION,BTU/LBM +00
T T TEmyssTvITY ® N .e500 - ot e o
ABSORPTIVITY 1+0000
- DENSITY,LBM/FT) e ~+00
, é
e
£ oS et o atnt S B e N —;';,;,ﬁé,;j;r: N ~ e

et ven

3
¢
1
¥




RS R LR A A N

. — st —

RN T—
.y

S

-—— m.

. oy )
- ' . "ABLAT]ON GAS PROPERTIES

G 07
et .
L _TRANSPIRATION FACTOR (CHAR GASES) £+0000 L . ] L
DENSITY OF THE CARBON IN CHARSLBM/FT3 10,00,
Tttt v TUSpECTFIC HEAT BTUZLEN-DEG R . 7000-001+1 L0000 1Te!  o0000 )Tee2ei <0000 ~ “:Teel -
HEAT OF GAS COMBUSTION,BTU/LBM $173.00
OYHER CONSTARTS
Tt T GUEGRETICAL CARBON DENSITY,LBMIFTY 131,00 - T T 7 B - T
THEORETICAL VIRGIN DENSITY,LBM/FT3 70,00 :
THEQORETICAL SlLlCAVngSITY.LQH!ﬁTJ 337390
REFERENCE POROSITY -~ . +7500
REFERENCE V1SCOUS PEHMEABILJTY FY2  +100000-09 _ _ _ __. i ) . . _
. REFERENCE INERYTAL FERNEAalLlTV.FI » 10000002
77 REFERENCE v:scos;vv.usn/rros:c  +100000~04 _ _
2 REFERENCE YENPER&KURE FOR VISC.R §30.00
' SURFACE_DIFFUSION P’NSTANILFTZISQC U,
CARBON /AONOXIDE +100000+01
DEPOSITION GAS (EXCEPT HYDROGEN) «100000+0)
NITROGEN L . + 10000001
. OKYGEN) . 100000%01
e METH m; «100000+0)
o TSSHETCON MOWOXIDE 100000401 . _ o _
BLOWING PARAMETER \ 4300
DIFFUSION REDUCTION PARangrsa ("= e6490-0001¢1 =o254909011ETAS( =¢2300+01)ETAe®2¢( =¢B780-001ETA® ]
HEAT OF RCACTION, SI02-C,BTU/LBM +00
HEAT OF chcggq&l_g_osPOerlou. B8TU/LBM <00 . o L i
SILICA=CARBON REACTION CONWSTANTS
ACTIVATION TEMPERATURE,DEG R . 40765.0 .
COLLISION FREQUENCY 1/SEC ¢20921004
REACTION ‘ORDER 1+0000
SILICA DENSITY IN INITIAL CHAR,LBH/FT) Bel® - TTTTTT T T T T )
CARBON DEPOSITION REACTION_CONSTANTS . o y )

LO® HYDROGEN

HlGH HYDROGEN

. UL — ¢ 136500-01 +606000-03
0 Y +11620003 o 114000-01
z *177700e0% «422000¢01
“ “
PN

T .

.
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SAMPLE CASE 1 |

Heat flux drive - OUTPUT OF CALCULATED DATA AT VARIOUS TIMES

The following listing shows the CHAD program output at time =
0, 100, 200, and 500 seconds. ‘

5 Zacart
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Cmer mepeeers er o oo c
§

__TiMEs ‘o080 _ YOTAL ITERATIONSe 1 e e e e e e e e wt  ————— e et e+ ——— e = )
[ :
DISTANCE CONDUCTED ceccesmoremsacnaccaPENS|TIES (LBH/FTl)remcecceaccances |NTERNAL -
NODE FROM BACK .  YEMP HEAT FLUX ~ 7 TOT4L = T DECOMP T 'CARBON GRAPH]}TE SILICA PRESSURE HOL o7 VELOCITY ]
LIND {DEG F) (BTU/FT2~SEC) {(LBF/FT2) {FT/SEC) sy
ST s
TTTTTTETTT O TT.99100 0 T 100931 T T 7T T T.0000 3%, 6000 14.0000 10,0000 - ~“.0000° 10,0000 e3600%=01 20,000 « 00000 B
36 1.9769 100631 «D000 34,0000 14,0000 10.0000 +0000 10,0000 «36000-01 20,000 « 00600 R T
36, 149628 - 10043} «0000, 34,0000 _ 14,0000 10,0000 +0000 10,0000  +360QU=0! 20,000 +00000 Pl et
kY 1.9487 100631 0000 3470000 1440000 10.0000 « 0000 10,0000 »3600U=01 20,000 +00000 '
3 129345 10031 + 0060 34,0000 14,0000 10,0000 +0000 i0.U000 +36000~01 20,000 »00000 .
35 18781 160631 «0000 34,0000 14.0000 100000 «0000 10,0000 «36000=01 20,000 «00000
R T Te82186 ‘16031 " egood” T 34,0000 T 14.0000° " 1D.0000 «0000 10.0000 «360p0~=U1 20.000 « 00000 ?
33 127652 10031 «0000 34,0000 140000 10,0000 « 0000 10.0000 «3600U~01 20,000 «00000 ; -
32 1.7087 10031 e00OC 34,0000 1400000 10,0000 « 0000 t0s0D0U  +3860gu=~01 20.000 +00000 e
3N 1.6%23 10031 +0000 34,0000 140000 10,0000 "+ 0000 10,0000 3800001  20.000 +000TG §ohn
30 1.5958 100431 <0000 34,0000 1450000 100000 + 0000 10,0000 «36000=01 20.000 + 00000 B .
29 105393 100031 +0000 34,0000 14,0000  10.0000 +0000 10,0000 +36000-01 20.000 «0000C ’ i w
Z8 1,4829 100631 “.0000 7 34,0000 TT4e.0000 10,0000 +0000 10,0000  «3600U=01 20,000 « 00000 . S
27 1oN264 100631 +0000 34,0000 140000 10.0000 +0000 10,0000  +35000=01 20.000° +000G0 R T
. 21,3700 100.3! s0000 34,0000  14.0000 10.0000 +0G00 10,007 . «3600G=01  20.000 +G0000 oo e
25 103435 1006314 +0000 34,0000 14,0000 10.0000 » 0000 10600us-.  «36000=01 20,000 « 00000 beont
24 142571 100e31 +0000 34,0000 14,0060 10,0000 »0000 10.UQ00 - +360uuU=01 20,000 + 00000 foe
. .23 _ 1e2006 10031 . +0000 ____ 34,0000 __ 14.0000 __ 10.0000 +0000 _ 10.0000  +360ypU=0! 20.G00 » 06000 — =
227 7 141441 100431 <0800 39,0000 14,0000 10,0000 . ep000 10,0000 +36000=0! 20,406 orsdibols] A
23 10877 10031 +0000 34,0000 14,0000 10,0000 + 0000 10,0000 »360p0=01 20,000 «+ 00000 i o ot
. 2n 140312 10031 +0000 34,0000 14,0000  10.0000 <0000 1U.0000 »3600u0%01 20,000 205008 B o
19 " e974e 100431 +0000 34,0000 14,0000 10,0000 <0000 10,0000 «36000-01 20,000 + 00000 o :
; 18 9383 10031 +0000 34,0000 14,0000 100000 «0000 10,0000 »360GU=0! 20.000 + 000006 :
§ R ¥ J +8619 160431 . +0000 34,0000 _ 14,0000 _ 10,0790 « 0000 §1G.U000 «340pu=~01 20,600 « 00000 .
: ie 8054 100631 <0000 34,0000 14.0000 10.0000 + 0000 10,0000 +36000-01 20,000 «00000 “
15 7429 100031 20000 34,0000 14,0000 100000 « 0000 100000 +3600U=01 20,000 «DO0OOU s
14 6925 100031 +0000 34,0000 14,0000 1040000 <0000 10,0000 +26000=01 20.000 «00000 S
12 26360 100+31 20000 34,0000 1400000 10,0000 = 0000 10,0000 e 34000=01 20,000 » 00000 :
12 a5796 100431 « 00600 34,0000 14.0000 1040000 +0000 10.0000 ¢3600u=01 20,000 200000 o
. on 5231 100+31) +0000 34,0000 14.0000 10,0000 «0000 10,0000 +3600U~01 20.000 +00000 B R
10 24667 10031 +0000 34,0000 140000 “10+0000 +000D 10.0000 e3d600U=0) 20,000 + 00000 SR )
9 «4102 100431 +D00C 34,0000 "f4.0000 100000 «0000 10,0000 +3600u=01 20,600 + 00OV L
[ +3537 1100+ 31 *0000 34,0066 1400000 10+0000 «0D00 10,0000 «36000=01 . 20,000 « 000U i
7 2972 500631} +0000 “34,0000 j4.0000D 10,0000 +0000 10,0000 +36000=01 . 20,000 « Q000U !
6 +2408 100431 +0000 34,0000 14,0000 10,0000 « 0000 10.0000 «36000=01 20,000 + 00000 :
B I ¥ X L L ..1003) . eDDODO_ 34,0000 1440000 _ 10.0000 _ +0000 10,0000 +36000=0) 20,000 »00000
4 2E079 §00031 +0000 30 veuo 14,0000 "1040000° «0000 10,0000 +36000°01 20,000 200000
3 20715 ~ 10031 *0000 34,0000 14.0000 16+0000 + 0000 10,0000 +36000=01 20,000 + 00000
2 20150 100631 + 0000 4B4,0000 46%,0000 10,0000 «0000 18,0000 +34000=0! 20,000 +00000
1 <0000 100431 °0000 »0000° ~20.0060 10.0000 «0000 10,0000 «36000=01! 20,000 + 00000
o i . GAS FLO®  cmeae==SOURCES AND S|NKSm=eevses -"f::::'tﬁ:::;?:fy-::-°---'n--°---CONCENYRAY]ONs------------a--u--cn-----
‘NODE RATE(LBM/ {LBM/NODE~SEC! . {LBM/FTI VOID).
., FY2«SEC)  PYRC DEPO SjeC INT €OnB  OQXYGEN NITROGEN HYDROGEN PYRO DEPD s10 BURN ToTAL
‘ 37 ol527=14 19=15 .00 »00 «00 T L0000 2000 ~  ,000 «000 «000 «000 «000 10019
36 L1336-14 «38-15  »00 W00 «00 «000 +000 «000 « 000 «000 » 00U <000 2 100=1%
36 .9544-15  L38-15 .00 .00 _ .00 2000 +000 +000 00U . .e000 2000 _ .00U +100=19
O 36 .5726~15 T ,38-15 00 +00 <00 000 ~.000 <000 .000 -000 000" 000 T 7 L100-iy
ot 36 19p9-15 «19=15 400 «00 «00 <000 «000 «000 «000 +000 +LDO « 000 «100=19 ‘
3s° L0000 of: 4086 <00 _ _ 80 .000 006G _ .0OD « 000 «00D0 e 9§ . 000 o 160=19
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_NWLENP NDOO= N AENNS NP OO

.0000
.02000
+ 0000
+0000
+0000
«0000
0000
0000
+0000
.0000
.0000
«0000
» 0000

«0000°

« 0000
+0000
«0000
.0000
+0000
»0000
<0000
» 0000
0000
»0000
0000

+0000 |

«0000
. 0000
»0000
.0000
+0000

-« 0000

.0000
«0000

o ————— ot g (a2 e
- I

e00 00 _ . +00 «00 +290 +000 2000 2009

+00 +00 «00 .00 ~e000 .000 ~ " Te000" " T .000
«00 +00 200 .00 + 000 + 000 « 000 «000
+ 00 «00 « 00 «00 + 000 « 000 «+000 «000
+ 00 «00 «00 .00 o000 000 +000 «000
+«00 00 +00 «00 «000 +000 «000 +000
«00 L fOO,V_ +00 .00 «000 «000 2000 «000
«00 <90 CondeTT T, DDTTTTTTTRERO T T T g00 T T 000 2000
«00 »00 «00 - +00 - 0000 «000 + 000 » 000
+00 «00 +00 « 00 +000 « 000 «000 2000
°00 W00 Y «00 «00 + 000 +000 5000 + 000
«00 00 «+00 «00 «000 +000 +»000 «000
«00 « 00 «00 +00 + 000 « 300 «0D00 +DOO
«00 «00 «03 - RUo T TTTTTVo00TTTTT L0007 «000 «000
200 00 00 «00 000 000 <000 «000
«00 +00 200 «00 « 000 « 300 «000 + 000
«00 «00 «00 »00 +000 «000 ¢ 000 « 000
+0C «00 «00 «00 « 000 «000 «000 2000
«00 QOO _qu- . 109 o «000 «000 - +000 +000
00 +00 +00 ,00 777 Jond T Lo0o " 4000 +000
« 00 «00 +30 00 «000 « 000 + 000 «300
«00 + 00 «00 |0° 2000 «000 +000 +000
«00 «00 200 200 o000 + 000 2000 +000
«00D +00 + 00 »00 «000 «000 « 000 +000
«00 +00 «00 200 +000 «000 »000 +000
¢ 00 «00 007 TL.00 7T 7T GJBODTT T T.000° 77 000 « 00U
«00 200 «00 +00 +000 «+ 000 « 000 2000
«00 +00 200 «00 «000 «000 +000 2000
+00 «00 o+ 00 +00 « 000 <000 « 000 + 000
« 00 +00 ¢ 00 200 +»000 «000 «000 2000
« 00 +00 + 00 +00 0000 2000 ¢ 000 + 000
e 00 ¢ GO "0 00 .00 T TTTSDOGTTT T U Joob” 2000 ¢«000
«00 «00 ‘.00 +00 +000 + 000 » 300 + 000
« 00 +0C +00 «00 7009 + 000 + 000 +000

= |
S
& T N A

« 00U
«000
« 000
+ 000
« 000
« 000
«000
2000
« 000
+000
+«000
« 000
+ 000
« 000
c QU0
« 000
+ 000
2000
+C0O
« 000
«000
« 000
<000
+ 000
+000
¢ 000
+ 000
+000
«000
« 000
+0UOC
«000
«¥00
2000

4000,
2000
«000
+000
+U00
«000
+000

~LT0
+ 000
«000
2U00
+500
«000
+UOOo
«000
+U00
200D
600
2000
+ 000
00U
« 000
« 000
«000
+000
«000
<000
«00U
« 000
+000
«000
«000
+ 00

000

« 000
+000
+000
«000
+ 000
+ 000
+000
"2 600
«000
«000
+ 000
+ 00U
2000
« 000
«000
+ 000
+000
«000
<000
+000
«000
+ 000
«000
+000
+000
+»000
<000
+ 000
« 000
«000
+ 000
+000
« 000
«000

«100=19
«100=19
210019
«100=19
«100=19
s 10019
e100=}9
2 100=1}9
«100~19
e100=19
2 100=19
o160~19
e 100=19
olOO'l’
s 100=19
o 100~19
o 100=19
010019
¢«100=19
o 100=19
o 100=19
s 100=19
W 40U=19
e 100=19
+100=19
«100=19
o 100-19
0 J00=19
o 100=19
« 10019
2100=19
«100=19
«100=19
«100-19

N

W,
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" NODE

37
36
36
s
3s
3s
34
33
32
32
32
32

-3
3
33
3
30
29

T 28
27
26
25
24
23
22
21
20

1

I

-—nu.cmo-umoo‘

.
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: 22 IPYELY 10124 . +0014 34,0000 14,0000 '10.0000 0000 10,0000 +12450¢03 19,001 « 00000 S
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13 06360 100430 +0000 34,0000 14,0000 100000 « 0000 100000 +12450403 19,001 + 00000
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GAS FLOW secnesaS0URCES AKD SINKSeocorcwa """V’-'-------'-°-°-°-°-----¢---CONCE“TR&TlONS---—----OOOOO------O-----
_NODE RATE(LBMs_ . (LBM/NODE=SEC)_ — e eeeme o o . .. ALBMW/ETI3 VOID).
FY2«SEC) PYRO DEPO SleC INT COmB OXYGEN .NITROGEN HYDROGEN PYRO DEPO Slo BURN TOoTaAL

kT »9428=0) of e26~1]) «97=ps s00_ e672-04_ 257=0) ¢l62-04 0239-04 000 ¢ VeQ5 e145=03 ¢5]2-0)

et e s o A vt g SRy gy gy e

SRS 1 T U o WS OIS S PR

N



35 -i618-03
35 .9594'03
35 +9565-03
is «9534=03
34 *9451-03
33 09349°03
32 «9381=03
31 7 Jl1sB-D2
g «1275=02
29 .1288=02
286° .1288-D2
28 .1288=02
28 .1016-02
28 .3637=0)
27 .3009-04
27 «1463=05
27 +6562-07

= 27 «1683-08

. 26 L0000
25 40000
C 24 -« 0000
22 +0060
21 »0000
20 «2000
19 .0000
18 +0000
17 0000
16 0000
15 +0000
14 »0000
13 .0000
12 0000
] .0000
10 «0000
9  ,00n00

8 <0000
7 0000
é « 0000
S .0000
4 +0000
3 .0000

2 eOQOO.
L} +0000

+ 00
«00
« 00
00
+00
«00
000’
«00
«00
«00
«00
+27-03
«65-03
l33'b3

.29'0“;

e 14-05
6407
e17~08
«00
«00
«00
«00
«00
«00
+ 00
+00
«00
«00
«00
+00
«00
<00
«00
« 00
«00
+00
« 00
200
+00
000
00
«00
«00
«00

NESPESEPES §- S VE RSN A X

e26~11 -24705
e26=11 «29=05
¢e26=10 931=05
e 16=07 +83=05
037=06 el 1=04
¢93=05 e62=05
+23=-023 ¢29=05
el 1=023 e11-05
0 13-04 «28=06
«00 «00

« 00 + 00

« 00 +00

« 00U 200

o« 00 00~
00 «0C

« 00 000

s 00 « 00
200 +00
«00 00
« 00 e 00

« 00 «00

« 00 «00
«00 «00
«00 «00
200 ¢ 00
+00 +00
«00 «00
«00 « 00

« 00 00

« 00 . «C0
«00 «00

« 00 + 00
200 « 00

« 00 «00
«00 « 00
200 «00
«00 00
200 « 00 .
200 «00
+00 o 00
«00 000
+00 00
«00 .00 —_
+00° “«00

RS RS 31 BN

_+247-03

+ D0 .6y5-q4 24
0G0 TTTTTVETY S0 .238=03
+G0 e573=04 0228-03
00 v567=04 e219=03
«00 T e473=pnd +185=03
«Q0 2 388=04 e154=03
«00 0317'04 1129'03_
T 00 T G248-n04" " 4103-03
«00 o191=04 82604
«00 0{%9'04 e668-04
«00 ¢130=04 «b619=04
«00 o116=04 ¢e575=04
«00 v 105=04 e 545=04
W00 T TUTTTIITIS04 T e835-04
000 «i100=04 e534-04
+ GO 2+ 100=04 ¢e534«04
»00 «100~04 vS34-04
+00 o 100=04 ELEI L)
«00 2100=0%  «534=04
.00 T T el00=D4 s534=p4
s00 «100-04 «S534=04
+00 e 100~0D4 e 534=04
« 00 «i1U0=04  «534-04
«00 e 100~04 eH534=0Y
«00 ¢ 100=D4 .S3ﬂ‘04
200 7T I100-04 " .534=04
+00 + 100=04 - RL LA L
+00 «100=04 «eS34=DYy
«00 ¢ 100=04 v»534=04
s 00 + 100=04 «e534=0N
« 00 2 100~04% - REEIL]
00T Tl 000y T e834eDy
2«00 +100=-04 ¢e534=04
«0D" +100=04  «534=04
200 «100=04 ¢534=04
«00 ¢ 100=04 «eS34=04
e 00 0 100=-04 «534-04
0T T T e l00=04 T T 4534=04
«00 0 100~-04 e5J4«04
« 00 olDO'OqA ‘.53ﬂ'0q
v 00 «100-04 ¢534=04
+00 e 10D=04 eHIUN>0Y
<00 -lUQ'q“ 0531:gﬂ-
" J0D «i00-04 S534<04

._5169'04
0175=04
v182-04
e 189«04
021804
¢ 249-04
.276‘0‘4

T 0263204
¢231=04
v199=04
v 18804
2 177=04
0e168=04

Tef65=04
e 16404
e 16404
o 15404
v164=04
cel64=04
v164-04
o l164=08
2 164=04
e 164~04
e lblU>UN
e164=04
Telb4=U4
o1 6%=04
o 164=04
o1 64=04
21 64=04
e]lb68-04
Tl64=04
o1 64=C4%
o 164=04
164204
el 6404
vlb64=04
Tv164=04
o} 64=04
slb64=04
e164=04
elb4=04
0164=04

- e

Pl64-04

TR S

«258=04
«277=04%
«295-04
o3l“'0q
«J87=048
W 459=04¢
¢535=04
v 866~04
2130-02
¢188=~03
«209-03
«233-02
¢258=013
«275=03
v277-03
¢277=03
0277'03
0277-013
0277=03
2277=03
0277=03
0277=013
0277203
277-03
027703
¢277-03
«277=03
+277=03
0277=03
«277-01
«277=013
027703
0277=03
0277=03
0277~03
0277-0)
e277=03
0277-03
e277=03
0277=03
«e277=02
0277=03
s277=02

0277003

s 000
« 000
+ 000
2000
«000
«000
000
«000
«000
« 000
2000
« 000
« 000
«000
«000
«000
« 000
+ 000
+000
«000
«000
« 000
000
2000
«000
«000
«000
« 000
« 000
+000
«000
«000
¢ 000
+000
+000
«000
«000
2000
2000
«000
«000
« 000

»000
+ 000

¢355-05

"w377-05

+396=05
v413=05
e 439205
c4}2=05
¢359=05
+288-05
0223=05
e 169=U5
¢152=05
e 136=05
e 23=US
«118=05
2118=05
v} 18=05
¢e118=05
e118=05
«118=05%
e} 18«05
ei18=05
¢158=05
e118=05
el 18=US
+118=05
01)8=05S
2118=05
«i18=0%
¢118=05
¢118=05
e)18=05
el 18=05
e118-05
»118=05
2)18=05
+118=05
e} 18=U5S

“el18=0S

v118°08%
o1} 8=05
e} 18=05
¢t 18=05
2}18=05

el 18=05

2156=02
+168-02
«179=01
v 190-03
023403
0276=03
ed15-03
+340-03
0366~0)
421~02)
e 443=03
470-013
+502=03
0525-02
+528=012
e528=023
«528-02
2528=03
2528=-023
¢528=03
¢528-03
¢528=03
+528=02
v528=03
e528-03
e528=02
¢528«0)
v528-03
¢e528=013
+528-03
+528-02
0526=0)
e528~01)
0528-023
¢528<«013
e528=03
0528=03
+528=03
c528=0)
05268=03
0528«03
528-0)
«528<03

" +528=0)

e 514=03
«e516=013
0518=03
0520=03
¢e531=0)
«e544«G3
+5460-03
e584=~03
0622=010
«711=02
07“7.03
«791=02
«eB844~0)
«881-02
.886-03
«886=03
2886=03
+886=03
«886=023
«886-0)
«886=~03
«+886=03
886203
«886-013
88601
+886=0)
o886-03
v886=012
886=02
+8586=02
+886-03
«886=02
v886=02
«886=03
s886=023
«88620)
886=013
0886=03
«886-0)
«886+0)
886203
«886=013
9886.03
v886=03
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_.JOTAL 1TERATIQONS= 1078 -

. J1KEs 500000

[EpU

DISTANCE CONDUCTED cmceucrenmccencaeca=DENSITIES (LBH/FTI)e-secmcomnmeces INTERNAL
i NODE FROM BACK TEMP HEAT FLUX T0TAL "DECONP C&RBON GRAPHITE SILICA PRESSURE LMOL Y VELCCITY
tIN} (DEG F) (BYU/FT2=SEC) (LBF/FT2) (FT/SEC)
T T IE T T 148864 T 2288e87 T T =293 7 0TIBHE T 70060 T 1446579 + 0000 5,4965  e4489540) 244500 +30829=-00
34 1,8702 2262433 -si518 21,8084 . 0000 15438086 <0000 624277 + 45202403 194735 +31774=00
34 148540 2263043 0943 235730 ~e0000 1664121 «0000 7el609 45590403 174409 ¢32659-00
34 1.8378 2263423 025607 2542916 =,0000 175084 «0000 747832 e446070+03 16,008 13344700
34 1.8216 226108 «7047 27,0208 »0000 18,6123 + 0000 8.40485 + 46659403 15071 034151=00
33 147652 2239411 102039 24,3865 -, 0000 1540354 +0000 9,351} 1 46762+0C3 144683 +35118=00
T 732 T 1.7087 7199667 1:6878 2973171 7 T.0000 7 " 19.5871 «0000 2.7301) 446980403 14942 PH44}1=00
3 146523 2141072 20,0415 27.6216 =,0000 17737} 20000 9. 8845 147142403 15.009 «e43583=00
30 §45958 2067043 2024156 21,8138 T ,0000 1148632 . 0000 99506 247258403 150222 +43594=00
29 165393 197972 2+3664 20.5022 -e0000 10¢5223 20000 9.9799 47340903 15516 +43177-0C
28 1.5829 1878¢34 2+4312 20,1104 » 0000 1001177 + 0000 9.9927 474 440D 1548647 141653*00
27 1e4264 1761458 204393 20.0189 <0000 §0e0210 «GOO0O 9.9978 47488403 164263 ¢39461=U0
26 143700 1625694 2.3870 "20,0022 77 eu0000 10,0026 . 0000 9:.9996 e47555+03 16,700 036783-00
25 143135 14964072 243149 20,0001 000! 10,0060 +0000 10.0000 e H48C5T7403 174252 039922-00
24 142994 141902 202603 20,1650 01650 100000 + 0000 100000 48187403 17433 +36620~L0
24 12853 136925 201391 “21.0770 1e0770 10,0000 +0000 10,0000 +481324¢03 17615 +36980-00
’ 24 102712 131130 1+9119 23,8359 31,8359 100000 « 0002 10,0000 s 48515403 17,797 +32687-00
24 12571 1236401 Ieb286 28.2045 8e2045 10,0000 +0000 100000 48756403 174955 e22569-UC
23 {.2429 L 1130.60 1+3650 319192 1169193 100000 +0000 100000  +48929+03 18,053 $97133=01
23 12288 ‘1002¢63 11385 33,.468) 13466 10.0000 s 0000 100000 e 48982303 18,091 v25280=U] —
22 1.2147 882.20 9437 33,8774 13.8774 10,0000 + 0000 1040000 e 48994403 18,103 4960902
23 142006 782457 sbH Y 33,9213 1349213 10,0000 + 0000 10+0000 489954023 184107 4879903
22 1e1B65 70524 TEYS 33,9984 139984 10,0000 « 0000 10.0000 WH4B99640) 184109 134569=U1
22 1e1724 635410 6422 33,9995 1369995 10+0000 « 0000 §0+0000 *48996+03 184110 v21676-03 W1
22 1.1583 566037 o427 “33,9999 7 T 13,9999 1000000 »0000 10.0000 48997203 18s111 «10153~03 g;%
22 le1491 50151 03822 34,0000 140000 10,0000 « 000G 10.0000 48997403 18ei11 LT1247=1) T
21 1.0877 334,51 2284 34,0000 14,0000 10,0000 20000 10,0000 4899703 18,111 «00000
20 1o0312 235.44 01357 34,0000 1440000 100000 » 0000 10.0000 48997403 18,111 + 00000
19 9748 17665h 20792 34,0000 14,0000 10,0000 0000 10,0000 48997403 184111 « 00000
18 29183 © 142621 +0450 34,0030 _14.0000 10.0000 .0000 10,0000 489972203 184111 .QoU0D
177 8619 122e6Y +0248 34,0000 14.0000 100000 « 0000 100000 e48997+03 18,111 »00U00
16 + 8054 11185 0133 34,0000 14+0000 10,0000 20000 10.0000 48997402 180111 + 00000
15 27489 106406 20068 34,0000 140000 10.0000 «0000 10,0000 248997403 18,111 sogGou
1% ¢ 6925 103410 + 0034 34,0000 14,0000 10+0000 «0000 1G+0000 48997403 186111 . 00000
13 06360 101462 20016 34,0000 1440000 10,0000 «0000 10,0000 4899702 18443} + 00000
12 05796 106,94 +0008 34,0000 14,0000 10,0000 .0000 10.0000 048997403 18,111 00000
11 5221 100656 .0003 "~ 34,0000 7 t4.0000 7 1040000 ° «0000 10,0000 48997403 184111 + 00000
10 4667 10041 «0002 34,0000 1440000 10,0000 «+0000 10,0000 48997403 184111 » 00000
9 s 4102 10034 «000! 34,0000 14,0000 10.0000 +0000 10,0000 48997603 18,111 . 20000
8 3537 10032 20000 34,0000 14,0000 10,0000 00000 10.0000 $ 48997403 1B,111 200000
7 02973 10032 +0000 34,0000 14,0000 10,0000 «0000 +4+ 0000 +48997403 1684111 L0000
6 ¢ 2408 100.30 +0000 34,0000 1440000 10,0000 «0000 10.0000 48997403 18,111 « 00000
s 1344 10030 «0000 34,0000 [4,0000 ‘10.0000 +»0000 10,0000  «48997¢03  18.11) «00000
§ 1279 10037 +0000 34,0000 1440000 10,0000 +0000 10,0000 489970023 18,11 «00000
3 «0715 100430 =+0000 34,0000 14,0000 10.0000 »G0O0OD 15.0000 48997403 184111 +0N0O000
2 «0150 100+34d + 0000 484,0000 44440000 10.0000 +0000 10,0000 489974023 186111 +00000
1 . 0000 100.30 + G000 .0000 -20,0000 10,0000 « 0000 }0.0000 e 4B997403 18111 +00000
O n e e om . . . . o R oo
~ GAS FLOW cemeeaeSOURCES AND S{NKS===-===- e memr raeceomnemensesacesanasseneeCONCERTRAT [N ecreacaremcmnrcrnrccacas
NODE RATE(LBH/ (LBM/NODE=SEC) (LBM/FT3 VOID)
" F12«5EC) PYF DEPO S1-¢ 1M1 COMB OXYGEN "TROGEN HYDROGEN PYRO DEPO ) BURN TOTAL

g
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«6800=03
¢7399=03
e7683=03
e7573=03
«7642=03
+74637=03

T .7599=03

28045=012
.8664-03
+8995=02
09132'03
«9179=03
2919103
+9194-03
«9194=023
+5933<03
«7TR?=03
«5233-03
NY TR L]
«1637=04
a%j97'05
«1286=05
«3376=06
e 697607
«&5099=08
«0000
.0000
«0000
. 0000
«0000
«0000
«0000
« 0000
«0000
<0000
<0000
.0000
«0000
+0000
«0000
0000
0000
» 0060
«0000
«0000
«0000

«00
«00
« 00
200
+00
« 00
00
« 00
« 00
« 00
« 00
«NO
«00
+00
e2604
e 1103
026=03
029=03
15203
«50~04
+$12-04
e 29=05
e 95=06
e27=04
eb64-07
vb1=08
s 00
« 00 .
¢ 00
«00
«00
«00
«00
«00
+00
00
«00
«00
+00
«0D
G0
«00
200
«00
« 00
»00
«00

[ S

e60~-04
229=04
+ 00
«00
«00
«00

s48epy

vb4=0Yy
RE AL
e15=0¢
+Si=05
el 4=06
027=06
«00
o 0D
+00
00
« 00
« 00
«00
«00
»00
«00
«00
200
UV
« 00
«00
+ 00
« 00
00
+00
200
200
«00
+ 00
«00
00
e 00
«00
«00
500
s 00

"+ 00

oGP
s00 -
«00

.+00

+36-06
+87=06
9706
«11=05
+25-05
38205
»32-05
«23*05
s14=05
+81=06
039=06
1606

W 47-07

200
«00
«00
+00
«00
«00
«00
« 00
+00
+ 00
+00

" <00

+00
W00
+ 00
+00
00
s 00
«00
«00
«00
¢ 00
« 00
LRs1e]
o 0D
s00
«00
«00

+00
« 00
«00
«0D
«00

200
«00
«00
w00
«00
«00
00"
«00
«00
«00
+00
«00
" 200
¢ 00
e 00
00
2«00
«00
200 °
<00
200
+ 00
«00
Q0
«00
+00
«00
200
+00
«0N
00
« 00
00
«00
«00
«00

w00 7

«00
20D
PYs2i]
« 00
00
<00
«00
«00
«00
+ 00

o g e

TEE6T03 T T 4221-02
«395=03 153=02
e262-03 »105~02
e171-03 e719~03
«110-03 1 497=03
.969'04 s 450=013

T Te828-04 T 4396-03
«70l-04 e348=03
«591=p4 2305023
e 458=04 02869-03
«419=0D4 0238~03
+35)1=-04 ¢213=023
0292=047 " 4192=023
«236=D4 173023
«218=04 s168=03
0202=04 0 163=013
e 188=04 e} 60=03

WolZﬂ'ﬂ“ !l$7°03
o} 72=04 «157=03
17104 0 157=03
«170-04 0 157=023
'170'04 1157'03
e170=-04 «157=03
«170=04 0157=03
«170=-04 “T7157=03
«17D0-04 +157=03
el 70=04 e157=03
el 70=04 +157=03
a|70'0q 0157‘03
o1 70~D4 0157'03

T eT170=04 T «157=-03
«170-04 «157-03
e170-04 ¢ 157=03
el 70~04 «157-03
s 170~04 «157=03
0170=04  +157=03

" «170=0% " s157=03
s 170=04 «157=03
e 170=04 v 157=p3
¢ 170=-04 «e157=013
s+ 170=04 0 157=03
+170=04 _+157=03
e170=04 T ,157-03
e 170-04 e157-03
«170=04 «157=03
+170=0%4 0 157=012
e 170=-04 «157=03

+382=04
«109=03
2 167=03
0215=-03
0254~03
0261-03
e251=03
¢242-03
0227‘03
2209-03
v 191=902
ejJ74=02
"9 1%8=03
e141=-02
+135-03
«130=03
»125~-03
el22=03
¢120-02
el119=03
+119-03
¢119=03
+119-03
e119~03
¢l 19=02
e119=03
e 119-03
0119=03
v 119=023
0119=03
01 19=03
0 1)9=-03
el19-03
e119=03
0119=-03
2119-02)
s119=-03
«119=D3
0} 19=-03
01 19-02
o} 19-03
0[39'03
«119-03
211903
e119-U2
+119~03
o119-02

052804
«e216=03
0328-013
e403=03
v452-03
'36Q'03
«H554=03
063703
o 746-013
e862-U3
0 279-03
ol 10~02
e 122-02
¢338~02
¢ 143-02
v148=02
s 1549=02
s 160~=02
v164=02
¢e165=02
.166-02
e166~02
e166=02
e 166=02
e 166=02
0 166=02
s lb6-02
0o 166=02
e166=02
21166=02
s 166=02
e 166=-02
olbb6=02
elbo=02
clbb=02
e166=02
w166=02
v166=02
o l&6=02
«166=02
e166=02
e l66=02

clbb=02

elbd=02
«166~02
v166=02
vlb6=~02

« 000
2 000
« 000
U000
« 200
+ 000
«000
«0DC
+LOU
«U00
s 000
2 000
«00Q0
s 0G0
+000
2000
« 000
<000
+ 000
« 00U
«000
+000
+ 000
«000
« 000
« 000
s U00
« 500
«+ 000
« 000
« 000
« 000
2000
« 000
+000
<000
« 000
+ 000
«000
+ 000
« 000

«000

+000
2000
+ 000
«000
2+ 000

+513=05
2206=04%
¢« J08=04
e359-04
2 384=04
0 379=04
+351=04
«Jd15~04
«e275=04
2236=04
+200=04
e 168=NHY
14)=04
o) 13=04
4+ 105=04%
«e974~05
'906-05
o854%«05
«830=05%
821=05
B19-0US
81905
«81%¥=05
e8519=05
«819=05
yle-Os
«819=065
s839=05
«819=05
e819=05
eB81i¥=05
«819=205
e819=05
«819=-05
»819=05
!819'05
+819=05
«819=05
2 819-05
«819=05
e819=05
08!9:05
+819=05
+819=05
e815=08
2819=05%
e819=05

v334=03
e136=-02
v207-02
v254«02
v286=02
0290-02
e287«02
v 284=02
«279=02
«275=202
2273=02
e273~02
0277202
2286=02
0290-02
0294-02
0299=02
+306=02
¢J3]10=02
+313=02
«313=-02
«Jl4=02
«e314=02
03 14=02
e314=02
03!“'02
21t =02
«J14=02
«eJ14=02
e314=02
e d)4=02
e 314=-02
s 314~02
0J3]14=02
sJ14=02
31402
v 3}H=02
¢ Jl4=02
¢e314=02
eJ14=02
¢ J14=02
0%]“-02
edj4=02
e314+02
vJ14=02
+J14=02
+Jl4=02

¢323=-02
036302
+A91=02
40902
QQZI‘QZ
«421=02
o H419=02
eY17=0C2
cH15=02
W 416-02
e420-0C2
eH26-02
e436=02
e 459=02
ed66=02
e475-02
s 485-02
e 496=02
e 50%4=0U2
«508~012
050902
e5H10=02
«S510~02
e511=02
«S11=02
sSll=U2
291 1=02
e511=02
e511e02
oS511=02
«511=02
v511=02
+511=02
2511=02
#511=02
OSII'UZ
e511-02
511202
¢S5 1202
+511=02
eSjle02
«511=02
«511=02
e511°02
e511=02
-511-02
+S511=02



This is a sequenced listing of the CHAD computer program (including sub=-
routines), |

- FOR BLKD/D2sRLKD/D2sBLKD/C2

BLOCK DATA CHD00000
COMMON /BLOCKA/ ; CHD00010
1ABSORP(10) +ABSC s ACTENC vACTENS yACTENV{4»10)s CHD00020
2BSTAR sCCPC(4) +CCPG( 4) yCHARPT(101) »CKC(4) s CHD00030
3COEFT (4910} »CONDC sCONDV(100) +CONST(4910} »COVERX(100) » CHD0O004O
4CPBAf »CPC »CPV{100) +DIFREC sUMATER(10) » CHD0OOGSO
5EFCOLC »EFCOLS yEFCOLV (4910} sEMIS(10) sEMISC » CHD00060
6HOFM(10) »HCOM »HCOMG sHSUB yMAT (100) » CHDD0070
TMATOMN sMA TMNE sMN »NN YNNP » CHDOO0O0BO
BNNSAVE sNRD IV sNREND s NRGO 'NST » CHD00090
9PARTIN(101) »PHI »QBYRAD » QCOMB »QEXTR » CHN00100
10GPCOM »QSUBL sRECPRO _ 9REORDC »REORDS » CHDOO110
2REORDV{4+10) sRHOSZ »RHO5(305). = sRHOCPX(101) sRHOC » CHD00120
3RHOV(10) »SABL » SABLC »SDOT »SDOTC s CHNO0130
4SLOPE(10)  »TMELT(10) . »TSZ 2750208} s TRCHAR + CHD00140 g
SWIF2 »WF1208) » XCHAR +XINIT »XLEFT(101) » CHDOO150 I
6XMASS »XMDOTC »XMDOTD »XMDOTG »XMDOTL » CHD00160 :
7XMDOTR sXMDOTS s XTOTAL sXVIRG(101) »XZONE CHD00170
COMMON/BLOCKC/ - R CHD0O160
1BLPRES{20¢11} y COMMAX sCUTOFF  »F(20011) »  CMD00190 ;
2FLOW(20511) sHCONV(20511) s IERROR » JUNCT oL » CHD00260 ;
o 3N sNOSECH » QBACK sOCONV{2G911)90GASt20917) » CHD0O?10 E
Y ' 4OMISC »TIME sTPRINT . sTWALL(20¢11)sXIWALL(20511)s CHD00220 - E
o 5XIR(79911) ' . €HDOO07 30 g
COMMON /BLOCKJ/ CHD00240 3
lFLUXI(ZOO)sTEDEP(ZOO)9XEDEP(10’)gEDEP(lOl)oNTEDEPo _CH[00250 N
2NXEDEP s ITEPEPyEDFLUX(100) €HD00260 g
COMMON /BLOCKK/NN1»QCOND(205) CHD00270 y
COMMON/BLOCKN/COORD CHD00280 !
COMMON/BLOCKR/DIFC(4) s EROC( &L 9ERODE - CHD00290 |
COMMON /CHCOM/ DTAU, IBE(10) IBS(10) IBSPN» CHD00300 ;
11GTYP(10)s IHDR (4}, IMs 128(3), 1ZG(2910) s CHD001310 ‘
212GT(3) JRSW»  NCSN(10)s  NSHE{31 NSHR(3) CHD00320
INZEN(3) s NZSN{3)s  RHO1(30%5)s RHO2{3057» RHO3(410)> CHD00330
41 sTEMPA2 (205) »TEMPA3(42) s TEMPALL42) ~TEMPAS(205)) CHD00340
5 DELX(100)sDISTLI100) sDUM clo)oa\@m CHD00350
61V5aLFT9MGvMDUMoNCEN(10!oNCUToND(B\oNLZONoSN& iN1s CHDO0360 : ,
TSCHECK S ' CHD00370 L a
COMMON /NASCOM/ CHARROsATRM, CHD00380 "

1CARBN1(’05)0CARBN5(205)oSlLCAl(ZO5)oSl;LAS(ZO BePYRO(ZOS)oDEP(EOS)CHDOOB9G
29HYD(?0599AERO‘205)'AERN4205)oBURN(ZOB’oNFD(?OW’o WDEPPeOS’tHSI(?OCHDOOAOO

35) sWBRN(205) oEMWT (205) sPRG{ 205} . 7T CHDOC410
49TIMEX{50) »TFT(50) sNFTS ' G ) . CHDO00620
59POR(205)OPERM1(205)9PERM2(°05)oV'SC(ZGS)oGCONvRHOT§vCAPTSQSILTSQ CHDO00430
6PORTvPERTloPERﬂBoDCOHoDCOOoDCGP yDCODPoDCOS!yDCOCM’DCONQCFXHtCFXOoCHDOOQ#O P
7CFXPY9CFXDP.CFXSI0CFXCM|CFXN90!FCO(205)pSOX(ZQS) 2 CHD0OO0450 !
oaALLGAS(205)aGRAF1(205loGRAF5(205)ooPEED(ZOS’wD‘FCH(ZOS)leFR(ZOS)CHDOO@bO ‘
9OV!SCOOVISCON!AF98F’SlLICA’REOOPMH!DMW’HMW’AGMW’ANMW!SMWOBMN?CX(6,CHD°°Q70

19QSTsQBRNQDEP CHDOO048O
DATA NSTeLoN» CGORDvA!RMoGCONI10§o1v1o928096 15654/ - CHDO0490 S
DATA CFXO@CFXN:CFXH.CFXPYvCFXDP:CcXSi9CFXCM/7*O. ‘ CHDOO0%00 S
C THE ABOVE DATA STATEMENTS ARE NORMALLY LEFT UNCH&NGED ‘ CHDGCOS10
C MATERIAL 1 DATA -CHD00520

DATA (ACTEMV(I91)s1=2192)7233000906/ W_ - CHNO0S30

il
i

e e a2 e

99

i
i
i
[
!
z




DATA
DATA

DATA
DATA
DATA
DATA
MATERIAL
DATA
DATA
DATA
DATA
DATA
DATA
DATA
CHAR DATA
DATA
DATA
DATA
DATA
DATA
DATA
GAS DATA
DATA
INTERNAL
DATA
11.E-1

(EFCOLV!Tai)el=192)
(REOFDVIls1)el=192)

HOFM(11/3504/

({COEFT(I191)s1z1904)/e¢43+00900204/
(CONST(Iol)ol=1,4)/.244E—5011.53E—8v-1g67E-lloOo/
EMIS(I)’ABSORP(I)oRHOV(l)’SLOPE(I)/o9yo9o34a9]o2/

? DATA

'I

/

1
1

1?09.000/

[ 00./

(ACTENV(I92)91=192)/06504/
(EFCOLV(192)91=2192)/06400/
(REORDV{I192191=192)/06e900/

HOFM(2)/120e/

(COEFT(I,Z)oI=1o4)/-09936901642E-avohOSSE-89o1389E-10/
(CONST(192)013194)/.041259-9615-500000./
EMIS(Z)’ABSORP(Z)ORHOV(Z)QSLOPE(?)/0290604340007/

ACTENCEFCOLCsREORDC,HCOM /39855.0-675E9005p0o/
ACTENSsEFCOLSyREORDSsHSUB /0e90e90e206/

(CCPC(I)9Inl984)/ 042900900900/

(CRC(I)pI=1vdi) /e lfd

CHARRO/10./

(CCPGIT)olulot) tHCOMG/ o T90090690e961736/

e 16 E=29y=e2968E=5901751E~89~02402E~12/
EM!SCOABSCoRH@ﬁv?QCHAR/-65oloOoZOo01./

FLOW AND DIFFUSION CAONSTANTS

CARTSoRHOTSoSILTSbﬁDRT9PERT1'PERTZ/IBIov70.9137e3vo759

09100/

DATA VISCOsVISCON/)eE~5+5304/

DATA DCOCMsDCODP»DIOHsDCON»DCOO
DATA ANMW;AOMW-BMW9DMW0HMW9PMW9

MISCELLAN

DATA BSTARs(DIFC(I)yI=194)/

FOUS CONSTANTS

DATA QST +GWDEP9QBRN/OssNes0e/

DATA
END

100

AF yBFSILICAIRED/ 24

0921E354076598e1964914/
DATA (CX(1)o12196)/e0136591166291777096+06E

sDCOPY sDCOSI/TH*1e/
SMW/Zeo 232, 9289 920,92. 16, 24l g/

oh30=0b0499~2e549~22709=e87R/

=43e0114060022/

CHD00540
CHNOO0550

CHD00560
CHDOOS570
CHDOO0580
CHDV0590
cHPN0600
cHN00610
CHNNN620
CHDNO0630
CHDO0640
CHDO0U650
CHRO0660
CHDOO0K70
CHNOO0680
CHDOO0690
CHDOOT00
CHNOOT10
CHD00720
CHDOO730
CHDOO0740
CHDOO750
CHDOO760
CHDOOT770
CHDOO780
CHDOO790
CHDO0800
CHDOO0810
CHD00820
CHNOOR30
CHDO0OO0B4O
CHDO0850
CHNO0900
CHD00910
CHDO00920

ST
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ERPRYE

- FOR RLOCKBLOCK

R T SR b b A Al A A

g

et

SUBROUT INE BLOCK(XMC.TC'GASoSLOPEoHoFoPH!% CHD009130
XMG=0OAS CHD0G0940
TG=SLOPE CHDOC9S%0
[F{F=1e1) 1010920 CHDO00960
10 A (XMCHTC+XMG®TG) CHDCD9T70
GO0 10 30 CHPNOO980
20 An (XMCE#TC##3+XMGHTGH%3) /3 CHDpO99@
30 B=A/(H+1sE~20) CHDO1000
IF({B-8B86¢)40940+50 CHDO1010
40 PHI=EXP (-B) CHDO1020
GO 10 60 CHDO1030C
50 PHI=0, CHDO1040
60 RETURN CHDO1050
END CHDO1060
000015 0001

101




- FOR CHARM/S4+CHARM/S4
SUBROUT INE CHARM CHDO1070
CHann CHARM SUBROUTINE IN CHAP ~-=JULY 1966 VERSIGN CHDOlo080
C LISTING FOR GAUDETTE 8528 TAPE CHDO1090
COMMON /BLOCKA/ CHD01100
1ABSORP(10) +ABSC »ACTENC ' ACTENS oACﬁENV(&olO)o CHDO1110
2BSTAR yCCPC(4) yCCPGL4Y yCHARPT (1011 »CKC{4) » CHDO1120
3COEFT(4+10) »CONDC »CONDV(100) »CONST(4510) »COVERX(100) o CHDO1130
4CPBAR s CPC yCPVI100) 'DIFREC yUMATER(10) » CHDN1140
SEFCOLC yEFCOLS sEFCOLVI(49)0)EMIS(10) sEMISC » CHDO1150 i
6HOFM(10) sy HCOM s HCOMG yHSUB 'MAT(100) s CHDO11690 ;
TMATOMN s MATMNE » MN s NN s NNP » CHDO1l170 :
BNNSAVE s NRDIV sNREND sNRGO sNST y CHDO1180 v
9PARTIN(101) »PHI sQBYRAD ' QCOMB sQEXTR s+ CHDO1190 ;
10GPCOM »QSUBL »RECPRO » REORDC yREORDS » CHDO1200 i
2REORDV (44101 9RHO5Z »RHOS (305) yRHOCPX(101) »RHOC e CHDO1210 I
3RHOV(10) »SABL s SABLC »SDOT” $SDOTC » CHDOl1220 y
4SLOPE{10) s TMELT(10) »TS2 1 TS(205) » TRCHAR » CHDO1230 %
SWFZ yWF(208%) s XCHAR s XINIT oXLEFT(101) » CHDOl240 ﬁ
6XMASS 9 XMDOTC. 2 XMDOTD » XMDOTG » XMDOTL s CHDO1250 B
TXMDCTR s XMDOTS s XTOTAL yXVIRG(101) +XZONE CHDO1260 i
COMMON /BLOCKB/ USER(243)+BLDEN(20s11) CHDO1270 g
COMMON/BLOCKC/ CHDO1280
1BLPRES(20011) » COMMAX »CUTOFF #sF{20011) y CHDO01290
2FLOW(20911) oHCONVI(2Go11)9IERROR y JUNCT oL » CHDO0O1309
N *NOSECH sQBACK sQCONV(20911) 90GAS(20e11) » CHDO1310
4QMISC o TIME s TPRINT s TWALL{20911) o XIWALL(20911) s CHDO1320
5XIR(20s11) . ' CHDO1330
COMMON /BLOCKJ/ : CHDO1340
1FLUXI(200) s TEDEP(260) s XEDEP(101)sEDEP(101)sNTEDEP CHDO1350 :
2NXEDEP ITEPEPEDFLUX(100) CHPO1360 —
COMMON /BRLOCKK/NN19QCOND(205) CHDO1370 b
COMMON /RLOCKN/COORD cCHDO1380 E
COMMON/BLOCKR/DIFCIL) yEROC(4) 1ERDDE CHDO011390 :
COMMON /CHCOM/ DTAU» IBE(10)» IBS(10)+» IBSPN» CHD01400 §
1IGTYP(10)s TIHDN(4) IMe 1ZB(3), 12G(3+10)» CHDO1410 |
212GT(3)s JRwa NCSN{10) s NSHL(3)» NSHR(3)» CHDO01420 !
INZEN(3 )y NZSN(B): RHO1(305)s RHO2(305)s RHO3(410))» CHDO1430 E
41 - s VEMPA2(205) s TEMPA3 (42) s TEMPAL(42) »TEMPA5(205)) CHDO1440 ;
5 "DELX(100)9DISTLI100)sDUM (10)51COM» CHNO1450
6!Y$vLFTyMGoMDUMoNCEN(10)'NCUToND(B)vNLZONoSNoSNlo CHDO 1460
TSCHRECK ‘ CHDO1470
COMMON /NUCOM/ NA7A9 b CHDOl480 X
1EM(42) Ji CHDO1490 ;
COMMON /DACOM/ A\#Z)o - jl CHDO01500
1ABVAL »ABVALMABVALSBI(42) »Cl42) » CC(205) +COND(42) s CHDO1510
2CONDX »CONDXXs DI(42) 000(205)oDE%TX(lOl)oDGAS’DQ’ CHNO01520
IDTAUC »DTAUS »DTAUX 'DTFoDTR(3)/fDFXoEDFXX EMI(42) CHNO1530
QETAoETASoFHT(QZ)oFHTXeFHTXXoGAGfoGASloGKoG yGY G2y CHDO1540
SHDA(SOIO)’IBSPMolERRolGC'LGL'IF DY IGRIIGRLIGT 9 1G2 CHDO1550
61HY59!NEG-INIQINZQXPOlPLU59!TEROITERT!!Xv!leZkoJBEo CHDO1560
7JBEM» JBEX » JBND1 9JBND2 98BS+ JBSMeJBSPMeJBSPN e JBX o JBXX 9 JCEN» CHNO1%70 -
§JCENM o JCSNo JCSNM 9 JE 9 JE1 v JE2 9 JHON 9 JHDON1 9 JLSWo JSLABIX9JZ s CHDO01580
9K19LANDIDsLRT o MARKSNADD(42) yNASWsNBNDSToNBND1(11) CHDO1590
‘_NBSW’NDCONDCM’NLSW‘10’ONOF’NOTIME'NPBSW!NPEIN’NPSZN'NPTSNO CHDO01600
r
\\
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AT L A SUuS. L A RN A ) T W SRR Y

?NRID'NR!DCONRSW(10)vNRZON9N5LA8(10)ONSLABH(IO)'NSWQNXSWD
1NZGN9N&0NC'ONE0PSI'OSAVEoOTOT'QTOTALoREFCTR’SBKoSDNo
4500TN!5N5!5RAOTAR91AUOUTOTAUST(3)9TAU10TAU20TAU25%TEMPAO
5TEMPST(3"THREE’TWODWFP'WFXOWFXX!XlOXMCOM'XSAVE

COMMON /NASCOM/ CHARROsAIRMy

CHDO1610
CHDO01620
CHDO1630
CHDO1640
CHNO1650

ICARBNI(ZOS)OCARBNS(ZOS)-SILCA1(205)oSILCAS(ZOS)oPYRO(205)oDEPKZOS)CHDOI660
ZoHYD(ZOS)'AERO(ZOS)oAERN(ZOS)vBURN(205)vWFD(205)o WDEP (2051 sWSI(20CHDO1670

215) yWBRN (205) sEMWT (205) »PRG( 205)
4y TIMEX(50)sTFT(50)sNPTS

CHNO1680
cHNO1690

SoPOR(ZOS)oPERMl(ZOS)oPERMZ(ZOS)onSC(ZOS)’GCON'RHOTSoCARTSoSILTSo CHDO1700

6PORToPERTloPERTZoDCOH’DCOO.DCOPYoDCODPoDCOSloDCOCMoDCONoCFXH.CFXO

7CFXPY.CFXDP»CFXSX;CFXCM9CFXNoDlFCO(205”150X(205)

»CHDO1710

CHDO1720

8:ALLGA5€205)-GRAF1(205);GRAFS(ZO%)vSPEED(ZOS)ngFCH(ZOS)oDlFR(ZOS)CHDOI730
90VISCO’VISCON9AF08F951LXCAoREOoPMWJDMW’HMWoAOMW;ANMWoSMWoBMWoCX(6)CHDOI?QO

19QS1+QBRNQDEP»DACT

COMMON /TABCOM/ NDOTS(&)’T!MEI(IOO)QTIMEZ(IOO)’TIME3(IOO)0
1TIMEQ(100)-DSTEP(100)vPSTEP(lOO)9XR1(IOO)oRH(IOO)oQMU(IOO)o
?TTi]OO)oPP(]OO)oFF(]OO)’AST(IOD) . :
DIMENSION AREAC(&Z)oCONDO(43)oEMBM(QZ)9NBNDZ¢10):NHDN(3)v
1PC(42)sRATE(42)9RHO4(306) DELTAX(1)sTEMPAL(1)

S X3 2] DIMENSION STATEMENTS
C
DIMENSION AREA{42)sARFAV(42)
C
CHuud COMMON STATEMENTS
C
C
Chuns EQUIVALENCE STATEMENTS
C
EQUIVALENCE (NBND1(2) sNBND2(1))
EQUIVALFNCE (WF{1)sRATE(1))
EQUIVALFNCE,(IHDN(Z)»NHDN(I))
EQUIVALFNCE (RHO2(103)sRHOG (1))
EQUIVALFNCE (CONDO(?2)9COND(T))
EQUIVALENCE (TEMPAl(l)vTS(l))»(DELTAX(I)'PARTIN(Ii)
EQUIVALENCE (EMBM{1}YsPC(1}))
FQUIVALFNCE (XMDOTGsGAS)
EQUIVALENCE {MNOD s NNP) .
EQUIVALENCE (RHD3(307)» PCLI) ) (RHO3(350) s AREACI(1))
EQUIVALENCE (RHOCPX(4430AREA(l)vARFAV(AW))
C
CHi¥n ENTRY POINT TO SUBROUTINE
C '
TAUOUT=TAUL1+COMMAX
GO TO (10+13527)sNST
C .
ChRun INITIAL SECTION-=10-2599 (PASS THRCUGH ON FIRST ENTRY ONLY)
C , §
CHauw SETUP OF VARIOUS COEFFICIENT S~ SPECIFIC HEAT

gl

Crw¥s DECOMPOSITION REACTION FREQUENCY FACTORS#HEAT OF DECOMPOSITION

10 CONTINUE
~ TWALL(191)sTS(NNP)
DO 11 J=14
11 CCPC(J} = RHOCHCCPC(J)/126

CHDO1750
CHDO1760
CHDO1770
CHDO1780
CHDO1790
CHNG1800
CHDO1810
CHDO1820
CHNO1830
CHDO1840
CHDO1850
CHDO1860
CHDO1870
CHDO1R8O
CHDO1890
CHDO01900
CHPO1910
CHNO1920
CHNN1930
CHNO1940
CHD01950
CHDO1960
CHDO01970
CHDO1980
CHDO1990
CHNO2000

CHD02020

CHD02030
CHDO2040
CHNO2050
CHD02060
CHD02070
CHD02080
CHD02090
CHN02100
CHD02110
CHDO2120
CHN02130
CHDO217G
CHD02220
CHD02230

o e g (1o

R

1
b



12

13

14

10016

20016

16

17

RSRN

DO 16 I=1910

PO 12 J=1+4

COEFT(Jel) = COEFT(JO!)*RHOV(I)/IZ-

ONE = RHOV(1)-RHOC

IF {ONE) 13413410016

CONTINUF

DO 14 J=1e4

EFCOLVIJsI) = Oo

HDA{JsI) = 0o

CONTINUE

GO 70 16

CONTINUF

TWO = 12,/0NE

DO 20016 J=194

EFCOLV(JsI) = EFCOLV(Jo])#RHOV! I )/ONE##REORDV(Js 1)
HDA(Js1) = (CCPGIS)~TWOR(COEFT(Js1)=CCPCIJI)I/FLOATI(J)
TEMPA = 536.67

HDA(S o) = HOFM(!)—(HDA(IOI)+(HDA(291)+(HDA(30’)+HDA‘“OI,
1#TEMPA)#TEMPAY*TFMPA)YRTFMPA

RHOV(1)=0ONE+1.E-10

DO 9 K=11+42

AREA(K) =1,

AREAV(K) =1+

ZEROING AND INITIALIZATION
ZONE CONTROL VALUES SET

1zBt1) = 119
1ZR(2)y = 187
12R(3) = 187
.. 185PM = 204
IBSPN = 203
THAN(1) = 1
NHDN(1! = &
NHDN(2) = &4
NHDN(3) = &4
NZSN({1) = NN
NZFN(1) = MNOD
NRZON = 1 i
NLZON = 1
1P = 3
NPEIN = 1
NPS2N = 1
NODE DIVIDERS SET
ND{1) = NN
ND(2) = 500
ZEROING
DO 17 J=193
NSHLtJ) = O
NSHR(J) = O
DGAS = 0.
GASY1 = Oe
1=0

104

CHDO2240
N ul)OZ? 50
CHD02260
CHDO2270
CHDO02280
CHD02290
CHD02300
CHDO02310
CHDG2320
CHDO02330
CHD02340
CHD02350
CHDO02360
CHDO02370
CHD02380
CHDD2390
CHNO02400
CHNO2410
CHNO02420
CHD024130
CHDO02440
CHDO02450
CHD02460
CHD02540
CHD02550
CHD02560
CHDO02570
CHDO02580
CHDO02590
CHDO02600
CHNO02610
CHDO02620
CHD02630
CHNO02640
CHDN2650
CHD02660
CHDO2670
CHDO2680
CHDO02690
CHDO2700
CHDO2710
CHNDO2720
CHDO2730
CHDO02740
CHDO2750
CHD0D2760
cHDO02770
CHPO2780

. CHPO2790 ..
FHNO2800

CHDO2810
CHDO2820
cHNO02830
CHDO2840
CHDO2850

L, St

R




N

WF(11=0,
1SAVE]1=0C
1SAVE?=0
1SAVE4=0
1 SAVESR=0
ISAVE6=0
QGAS(IDI)zoo

ITERT = Q

NOTIMF = 0 .
OTHER VALUES SET

PERT1=PERT1#32.2

PERT2=PERT2#32e2

NRIDC =

NZONC = 1

!
—

NCUT

- NPTSW = 1

C
C

18
C
Chuns
Conn
C

19

20
CHRBE

LFT = 1

LRT = 2

DO 18 J=1+3
TAUST({J) = Oe
DTR(J) = Os
TEMPST(J) = TS(NN)
CONTINUE

SETUP OF TEMPERATURES AND DENSITIES
PLACEMENT OF NODAL WIDTH VALUES INTO DELX ARRAY
XLEFT{1)=00
XSAVE=0e¢6*¥PARTIN(1)+XLEFT (1)
DO 19 J=1sNN
1 = MAT(J)
RHO1(J) = RHOV(I)
XLEFT (J+1)=XLEFT{J)+PARTIN(J)
DELX(J) = PARTIN(J)
DO 20 1=1sMNOD
TEMPA2(1) = TS!1)
TEMPAS(T) = TS(I)

RHO2( 1) = RHO1{I)
RHOS5{1) = RHO1(1)
J = 1+1BSPM

gHO1(J) = RHO1(I)
RHO2(J) = RHOL(I)
RHO3(J) = RHO1(1)
RHO4(J) = RHOM(I)
RHO5{J) = RHO1(1)

I = 1zZB(1)=1
K = NHDON(T)+1
TEMPA = TEMPAL(NN)
SETUP OF FRUNT ZONE
ONE = (TEMPAI(MNOD?nTEMPAI(NN))/FLOAT(NHDN(I))
DO 30 J=1sK 3

CHD02860
CHNO2862

cHDO028673
CHDO286¢4

"CHDO2865

CHD02866
FHNR02867
cHDN2870
CHDO2880
rHNO02890
CHDN2900
CHDO02910
CHD02920
CHD02630
CHD02940
CHNO2950
CHD02960
rHN02970
£HD02980
CHD0z990
CHD03000
CHDO0O3010
CHDO03020
CHDO3N30
CHDC3040
CHNO3050
CHDO3060
CHDO3070
CHDO3060
CHD030%0
CHD03100
CHPO3110
CHN0O2170
CHDNO3130
CHDO3140
CHP?3150
CHDO3160
CHpO3170
CHDO3180
CHDO03190
cCHNO3200
CHDO3210
¢HN03220
HNO03230
CHDQ3240
CHD03250
CHDO3260
CHNO3270
CHNO03280
CHDN3290
CHN03200
¢HDO03310
CHDO3320
cHDO03330
cHN03340
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30

40
50

(-2 X 23

211

CHann

230
CHuny

Cruns

2600

2603

2606

106

I = 141

TEMPAl(1) = TEMPA
TEMPA2(1) = TEMPA
TEMPAS(1) = TEMPA
TEMPA = TEMPA+ONE
RHO1(1) = RHO1(NN)
RHO2{1}Y = RHO1(1)
RHOS{ 1) = RHO1( D)

HOLD=RHOC-CHARRO
DO 40 J=1»205
CARRN1(J)=CHARRO
CARBNS ( J)=CHARRO
GRAF1(J)=0.
GRAFS(J)=0.
SILCA1(J)=HOLD

STLCAS(J)=HOLD

PYRO(Ji=1,
FMWT ( J) =A1RM
CONTINUF

NO S0 J=1,100
EDFLUX{J)=0e

SETTING OF TIMES AND DELTA TIMES

TAUQUT = COMMAX
DTAU = COMMAX

DTAUS = DTAU
DTAUC = DTAU |
DTAUX = 0.5%#DTAY -
TAUL = O,

TAU? = OGTAU

NORMALIZED DISTANCES AND NORMALIZED NODE WIDTHS

IYs = ND(1)

SN1 = XLEFT(MNOD)-XLEFT(IYS)

DO 230 J=1YSsMNOD

DISTL(J) = (XLEFT(U)-XLEFT(IYS))/SN1
DELX(J) & DELX(J)/SN]

SCHECK = 0o5%#SN1
CALCULATION CONTROL=--260G0-2684

NPBSW = 1P
MARK 1
IG = 1
LANDID
NRID =
NDC = 1
NDCM =

162 =M 16 ;

GO TO (2606+2614+2615) +NPRSY
NBND1(IG) = NBSW+5

NCSNUTG) = 1

H

=1
NRIDC

CHNO03350
CHDN3360
CHDO3370
CHDO3380
CHNG3390
CHDO03400
CHDO03410

- .CHDO3420

CHNO034130
CHNDO03440
CHNO03450
CHDO3460
CHDO3470
CHDO3480
CHDO03490
CHDO3500
CHNO3510
CHNO3520
CHDO3530
CHD035132
CHDO03534
CHD03540
CHDO3550
CHNPO3560
CHNO03570
CHDO3580
CHDO03590
CHDO03600
CHDO03610
CHDO03620

" CHDO0O3630

CHDO3640
CHDO3650
CHDO3s60
CHDO3670
CHDC3680
CHD036S0
CHDO3700
CHDO3710
CHDO03720
CHRO3730
CHDO3740
CHPO3750
CHDO3760
CHDO3770
CHDO03780
CHDO3790
CHDO3800
CHDO3a10
CHDO3820
CHDO3R830
CHDO3840
CHDG3A850
ZMD03860
CHNO3Aa70

- ;M-/

?\l
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2608

2614

2615

2620

2625
2628

2629
12629

12630

2635
2640

f

2644

2645
12645

12646

2646
2647

2648
2650
2651

2655

e

R P G TR SO Sl P a4

>

NBNDST =
NCFNI1G)
NSW = 1
GO TO 2640
NBNDI(IGY = &
NCSNIEIGY = NP'S2NH
GO T0 2620
NBND1(IG) = NBSW+5
NCSNIIG) = 1

NPEIN

NZON = NZONC .
NBNDGT = 5 -
IGC = 0 L

IF {(NCSN{UIG)=NZSN(NZON))26289264492AU4
IF {NZSN{NZON}-ND(NDC)) 2635+92635+2629
IF (NCSN(UIG}=NDiNDC)) 1263091.2629912629

LANDID=13

NDC = NDPC+1

NDCM=1

IGLD=1G6

GC TO 2635
NCEN(IG)=ND(NDC)
NDC = NDC+1
LANDID=2

NSW = 5

NDCM = 2

GO TO 2640
NCEN(TG) = NZSN(NZON)
NSW = 2

IGTYP(IG) = 0

JHDN = 1 ‘
18S(1GH = NCSNUIG)
GO TO 2660

1GC = 1GC+1

IF (NZEN(NZONJ}-ND(NDC)) 264R$26461+2645
I'F (NCSN(IG) ~ NDINDC))1264691264541264%
LANDID = 3 .
NDC = NDC + 1

NDCM=1

IGLD=1G

GO 7O 2648

NSW = 2

GO TO 2647

NSW = 3 )

NCEN{IG) = NDINDC)

NDC = NDC+1

NDCM = 2

LANDID = 2

GO TO 2655

NCEN(IGY = NZEN(NZON)

IE (NZEN(NZON)-MNOD) 2650+265192651

NSW = 3 ‘

GO TO 2655
NBNDST = NASW
NSW = &4

IGTYP({1G) = NZON

CHPO38B0O
CHHN3A/90
CHDO03900
CHPO3910
CHNO03920
CHNO03930
CHDO03940
CHNO03950
CHDO03960
CHDO3970
cHD03980
CHDO03990
CHDO0400C0
CHDO4010
CHD04020
CHD0O4030
CHPO4%040
CHDO4050
CHNPO4060
¢CHNO4070
CHDO4080
CHD04090
CHDO4100
CHDO4110
CHNO&4120
CHDO04130
CHNO&4140

CHD04150

CHDO4160
CHDO4170
CHNO04180
CHDO04190
CHNO04200

CHNO04210°

CHDO4220
CHN04230
CHDO04240
CHDO4250
CHD04260
CHNO%270
CHDO0O4280
CHN04290
CHDO4300
CHDO4310
CHDO4320
CHDO4330
CHDO4340
CHDO04350
CHDO4360
CHDO4370
CHDO4380
CHD042390
CHDO04400
CHDO4410
CHDO4420
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JHDN = NHDN(NZON)
T1ZGINZON,1GCY= IG
IZGTINZON) = 1GC
IF (1IGC=1) 265792657+2656
2656 IBS(IG) = IRE(IG-1)
GO TO 2658
2657 IBS(IG) = IZB(NZON}
2658 IF (MZON-NRZON) 2660265942660
2659 NRSW(IG) = 13
NRID = 2
GO TO 2661
2660 NRSW(IG) = NRID
2661 NSLAB(IG) = NCEN(IG)=NCSNIIG)
NSLABH(IG) = NSLAB(IG)#*JHDN
IF (NSLARH(IG)~40) 266692666+2680
26¢ NBHND2(1G) = NBNDST
IBELIG) = IBS(IG)+NSLABHI(IG)
NDCM = 1
IF (LANDID-2) 266792669+2668
2667 NLSW(IG) =1
Go TO 2670
2668 NLSW(IG) = 2
GO TO 2670
2669 NLSW(IG) = 1
IGLD=1G+1
LANDID = 3
2670 IGL = IG
IG = 1G+1
GO TO (267192672+267392675+2674)sNSW
2671 NPBSW = 2 '
GO TO 2603
2672 NCSN(IG) = NCENUIGL)
GO TO 2644 . :
2673 NZON = NZON+1
IGC = O
2674 NCSN{I1G) = NCENC(IGL)
GO TO 2625
2675 MG = IGL
’ NOF = IBE(IGL)
GO TO 2685
2680 NSLAB(1G) = 40/JHDN
NCEN(IG) = NCSN(IG)+NSLAB(IG)
NRND2(1G) = 5
NSLABH(IG) = NSLAB(IG)*JHDN
IBE(IG) = IBS(IG)+NSLABH(IC)
GO TO (12683+12682) »NDCM
12682 NDC = NDC - 1
NDCM = 1
*12683 CONTINUE
IF (LANDID=2) 2682+268292683
2682 NLSW(IG) =1
GO TO 2684
2683 NLSW(IG) = 2
2684 IG = 1G+1
NCSN(IG) = NCEN(IG-1!
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rHN044730
CHNOL44O
CHDO&450
CHDO0&4460
CHDO&44T0
CHDO4480
CHDO04490
CHD04500
CHDO4%10
CHDO04520
CHNO04530
CHDO04540
CHNO04550
CHDO04560
CHDO04570
CHDO04580
CHN04590
CHD04600
CHDO04610
CHDO04620
CHDO04630
CHPO4640
CHDO04650
CHDO4660
CHDOA46TO
CHDO04680
CHD04690
CHDO04700
CHDO4T10
CHDO04720
CHDO47130
CHDO4740
CHDO&4750
CHDO4T760
CHD0O4TT0
CHNO4780
CHDO04790
CHDO0480DO
CHDO4R10
CHDO4R20
CHDO04830
CHD 04840
CHD04850
CHDO4R60
CHD04870
CHDO0O488O
CHD04890
CHDO490G0
CHDO4910
CHDO4920
CHDD49130
CHDO04940
CHDO4950
CHD04960
CHDO04970
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CHuna

2685

2686

Crunn
Cxxs
CHunn
12687

12688
12689

2687

2688

CHane
Cronn

2690

GO TO (2608+2625926449264492625) sNSW

CALCULATION OF NODE WIDTHS FOR MINOR NODFS

DO 2686 1G=1MG

NZON = IGTYP(IG)

ONE = NHDN(NZON)

JCSN = NCSNI(IG)

JCENM = NCEN(IG)-1

DO 2686 K=JCSN»JCENM

DELTX(K) = DELX(K)/ONE
DELTAX(K) = DELTX(K)

CONTINUE

DELTX (JCENM+1) = DELTX (JCENM)
DELTAX(JCENM+1) = DELTAX(JCENM)

CHECK COMMAX (DELTA TIME FROM CHAP) :
AND RESET DTAUs PREDICTED TEMPERATURESs AND PREDICTED DENSITIES
IF DTAU LARGER THAN COMMAX

CONTINUE

IGR=12G{NRZON»1)

IF (IGR-1)12688+12588512689

IGR=2

CONTINUF
BLPRES(N;L)=FONEV(TAU1’ISAVEZ'TXMEQ’PPQNDOTS(A)91)
CALL SUBZ (ZWALL»TEMPA1(NOF)»BLPRESINsL))
BLDEN(NoL):BLPRES(N’L)*AIRM/(ZWALL*GCON*TEMPAI(NOF))
FLOW(NsL )=TBSTEP(TAUL»TIME4sFFoNDOTS(4))
Fi{NsL)=FONEV(TAU1sISAVE2 s TIME4sASTsNDOTS(4) 91)
HCONV(NsL):FONEV(TAUl,ISAVEévTIME3aRH9NDOTS(3)91)
CFX0=0421#BLDEN(NsL)

CFXN=0e 79 %0 DEN(NsL)

CALL FLOWS

CALL DIFUS (DG »1sDCOQ »CFXO sAEPO)

CALL DIFUS (DN 52sDCON »CFXN sAERN)

CALL DIFUS (DH »3+DCOH sCFXH sHYD )

CALL DIFUS (DPYs4sDCOPYsCFXPYsPYRO)

CALL DIFUS (DS1969sDCOSIsCFXSTI»SOX )

CALL DIFUS (DCM2T7+DCOCMyCFXCMsBURN)

CALL MOLWT

CONTINUF

IF (TAUQUT~TAU1-e99%DTAU} 2688+2690+2690
DTF=(TAUOUT-TAUL1}/DTAU '

GO TO 3296

CHD04980
CHD04990
CHN05000
CHDO05010
CHD05020
CHD05030
CHPO5040
CHDO05050
CHNO5C60
CHPO5070
CHNO5080
CHD05090
CHDO05100
CHD05110
CHD05120
CHDO5130
CHNO5140
CHDO05150
CHD05160
CHPO5170
CHD05180
CHDO05190
CHD05200
CHD05210
CHNO05220
CHD05230
CHD05240
CHD05250
CHDO05270
CHD05273
CHD05277
CHD05278
CHNN5280
CHD05290
CHNO5300
CHDO05310
CHMN05320
CHD05330
CHDO05340
CHD05350
CHN05360
CHNO5370
CHDO05380
CHD05390
CHDO05400
CHDO5410

SETUP OF COEFFICIENTS AND CALCULATION OF TEMPFRATURES=-=2690-~3370CHD05420

ENTRANCE HERE FROM 3360+ FOR RECALC OF ALL GROUPS--DTAU/2

NXSW = 1
ITFR = 1
ITERT = ITERT+1
1ERR = 1

CHD05430
CHDO5440
CHDO5450
CHD05460
CHDO5470
CHDO5480
CHD05490
CHDO5500




Cwxnn
C
2693

CHuan

4%50

4600

2694

2695

2692

Cuuns
Crans

22696
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ENTRANCE HERE FROM 3375+ FOR RECALC OF ALL GROUPS

CONTINUF
I = 1
WFX = 0,
FHTX = Qe
PCX = 0.
JBX = 0,
EDFX = 0o
WFDX=0o
WBRNX=00
WDEPX=0.
WSIX=0e
DEPX=0«
DWFDX=0e

CALCULATION OF MASS RECESSION RATES

TEMPA = 0e5% (TEMPA1(NOF)+TEMPAS (NOF))

GAS = GAS1+DGAS*DTAUX

CALL RECEED(TEMPA)

I=MAT (NN)

SLOP=1+12#SLOPE(])

CALL BLOCK{XMDOTCsTRCHARGASsSLLOPsHCONVINsL) sFLOWINSL)2PHI)
REFCTR=1.

PSI=PHI*F (NsL)%46325%0,58%(1sE4/TWALLINsL))
EROC(1)=-34672

FROC(2)=43347

IF (PSleLTs3e¢3) GO TO 4600

IF (PS14GTe%e0) GO TO 4550

EROC(1)=-4022915

ERNC(2)= 1634309

GO TO 4400

EROC(1)==9.04855

EROC(2)=6436877

PSI=ALOG10(PSI+1eE=15)
ERODE=EROC(1)+PSI*#(EROC(2)+PSI*®*(ERQC(3)+PSI#EROC(4)}))
FRODE=(20¢/16451%104%**ERODE .
JRSW=NRSW(MG)

GO TO (26949269592694)9JRSW

CONT INUF )
SDOTN=(-XMDOTC—-ERODE )/ (RHOC+RHO2 (NOF~1)) %12,

£Q TO 2692
SDOTN=(-XMDOTC-ERODE) / (CARBN1 {NOF=1)+SILCA] (NOF~1)+GRAF1{NOF-1))
1#12¢

CONT INUF

SDN =, SDOTN®DTAU/2.

SN = SN1+SDN

CHECK SIZE OF FRONT NODE AND ADJUST DTAUs IF
NECESSARY TO PREVENT TIME STEP BEING TOO LARGE

IF (SN+SDN) 22696922710+22710
DTF = =SN1/(2+%*SDN)
NCUT = 2 '

CHNO5510
CHD05520
CHNO05530
CHD05540
CHDO05550
CHDO05560
CHDO05570
CHDO5580
CHDN5590
CHDO05600
CHPO05610
CHD05620
CHD05630
CHDO5643
CHDO5647
CHDO5648
CHD05650
CHD056£0
CHDO5670
CHDO5680
CHDO5690
CHPO5700
CHPO5710
CHDO05720
CHPO5730
CHDO5740
CHDO05750
CHPO5760
CHDO5770
CHD05780
CHDO05790
CHD05800
CHDOSR10
CHPO5820
CHDO5830
CHDO5840
CHDO5850
CHDO5860
CHDO5870
CHDO5880
CHDO5890
CHD05900
CHD05910
CHD05920
CHD05930
CHDO5940
CHDO05950
CHD05960
CHDO5970
CHDO5¢60
CHD05990
CHDO06000
CHDG§010
CHDO6820

CHD06030

oot e e e




. M

22710
C

C
CHuns

C

2696
C
Crmun
C
CH#R®®
C
12696

CRunn
CrRERR

GO TO 3296
CONT INUE

TEMPA3 (1) = 0eS%(TEMPAL(1)+TEMPAS(1))
CALCULATE DELTAX

50 2696 J=1YSsMNOD
DELTAX(J* * DELTX(Jj%*SN

ENTRANCE HERE FROM 3225+ FOR CALC OF WEXT GRQUP

GROUP INITIALIZATION

JBs = IBS(IG)

JBSM = JBS=1
JLSW = NLSW(IG)
JR5W = NRSW(IG)
JE1 = NSLABH(IG)
JE = JE1+1

JE2 = JE1-1

JBND1 = NBND1(16G)=~3
JBND2 = NBND2(1G)

IGL = I1G-1

JRE = IRF(IG)
JBEM = JBE-1
JCSN = NCSNIIS)
JCEN = -NCEN(IG)

" JCENM = JCEN=~1

IGC = IGTYP(iG)
JHDON = NHDN(IGC)
JSLAR = NSLAB(IG)
JBSPM = IBSPN+JCSN
JBSPN = JBRSPM-1

TWO = SON/(24%#SN)
WFXX = WEX
FHTXX = FHTX
CONDXX = CONDX
JBXX = JBX

PCXX = PCX
EDFXX=EDFX
WFDXX=WFDX

WPEMXX=WDEPX
WSIAX =WSIX

HERMX(=WBRNX
DEPXXsDEPX
DWFDX K =DWFDX

SETUP OF NADD ARRAY (NUMRER OF
MAJOR NODES OF SAME MATFRIAL AND WIDTH)

JX = 1
1Y = JCSN
12 = JCENM~1

CHD06040
CHNDO6OSN
CHD06060
CHDO6070
CHD06080
CHD06090
CHD06100
CHDO6110
CHN06120
CHD06130
CHDO06140
CHD06150
CHD06160
CHD06170
CHD06180
CHD06190
CHD06200
CHD06210
CHDO6220
CHD06230
CHD06240
CHD06250
CHDOAZ260
CHD06270
CHN06280
CHD08290
CHD06300
CHD06310
CHD067320
CHD06330
CHN06340
CHNO6350
CHD06360
CHNO06370
CHD06380
CHD06390
CHDO6400
CHDO06410
CHD06420
CHD06430
CHPO6440
CHD06450
CHD06460
CHDO64T0
CHDO06485
CHD06690
CHD06503

CHDOK507

CHDO6510
CHNO6520
CHPG6530
CHD06540
CHD0B550
CHDO$560
CHD06570

m




Rt /

12697 NADD(JX)=1 CHD06580 g
2697 IX = 1Y CHD0659C !
IY = IX+) CHD06600 Bl
IF (IX=-12) 26981269892702 CHD06610 f
2698 IF (DELTAX{IY)=DELTAX(IX)) 2701926992701 CHD06620 o

2699 IF (MAT(IY)=MAT(IX)) 2701+270052701 CHD06630 7

2700 NADD(JX) = NADD(JX)+1 CHDO06640 "

GO TO 2697 CHD06650 {

2701 JX = JUX+1 CHD06660 .

GO TO 12697 CHNO06670 i

C CHD06680 .

2702 GO TO {2708+2703)9JLSW CHN06690 ;

C CHDO06700 t

Chu®n CALCULATION OF THE LANDAU MULTIPLYING FACTOR CHDO6710 5

C . CHD06720 .

2703 CONTINUE CHDO6730 '

KK = 0 CHD06740 3

PO 2707 J=JCSNeJCEN CHNO6750 4

KK = KK+1 CHDO6760 .

I = KK CHDU6770 o

EMI(KK) = TWO*DISTL(J)/DELTX(J) CHDO5780 3

IF (J-JCENY 2704+270792707 CHD06790 o

2704 K = 2 CHD06800 ¥

2705 IF (K-JHDN) 2706270692707 CHPG6810 .

2706 EMI(KK+1) = EMI(KKI+TWO CHNO06A20 i

- KK = KK41 CHD06830

K = K+1 CHDO06840 !

GO TO 2705 CHDO06850 !

2707 EMI(1) = TWOR2%DISTLIJ)/(DELTX(JI+DELTX(J=1)) CHNO6860 i

2708 CONTINUE CHDO6870 S

c . CHPO6880 |

Cruns ENTRANCE HERE FROM 3325+ FOR RECALC OF FRONT GROUP CHD06890 S

crs#e CALCULATE TEMPAY AND TEMPA4 CHD06900 ;

« CHD06910 :
2710 DO 2711 J=2,JE : . CHD06920
K = JBSM+J CHD06930
TEMPA3(J) = 0o5%(TEMPAL(K)+TEMPASI(K)) CHD06940

2711 TEMPA4(J~1) = QeB#(TEMPA3({JI+TEMPA3(J-1)) cHD06950 ,

TEMPAGL(JF) = TEMPA3(JE) CHNO6960 i

NSTILL=1 CHDO6970 L

: GO TO (2791927122714 5 JRSW CHNDN6980 i

2712 1=MAT(JICSN) CHNO6990 :

- IF (RHO1(JBS)=0a01) 2791279102714 CHNO70600 :

#7714 CONTINUF CHDOTO10 :

NSTILL=2 CHDO07020 ?

, GO TO 4275092716) 9 JLSW CHDO7030 :

2716 CONTINUE . CHDC7040 i

C CHDOT050 |

C#omn CALCULATION OF DFNSITY FOR LANDAU GROUP CHNOT7060 i

c CHDO7070 j

K =0 CHDO7080 |

KL= JBSM CHDPO7090 :

JaMBTLJCSN) CHDO7100 4

KK s JBSPM+JSLAB CHDPOT110 i

2730 K = K+l CHDOT120 4

. 14
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KL = KL+1 CHNO7130 8
CALL RHOSR (KsKL) | FHNST140 %
IF (K=1) 2720+2720+2732 THDOT150 ;
2732 IF (K=JE1) 273492733+2736 CHDOT160 8
2733 RHO1{(KL+1) = RHO1(KK) CHDOTITO
RHOS (KL+1)=RHO5 (KK} CHNOT189Q ¥
2734 DIK) = (RHO1(KL+1)=RHO1(KL=1))#EMI(K)+RHO1{KL)*EMBM(K}+AREAC(K)  CHDO7190 4
12DTAU | CHD67200 =
GO TO 2720 CHNPNT210
2736 ONE = EMBM(K)=3c*EMI(K) CHNPOT7220
CIK) = 4o%*EMI(K)/ONE CHNO7230 ;
DIK) = ((EMBM(K)+3e%EMI(K))#RHOL1(KL)~{4e*RHOY(KL-1) : CHDO0T7240 o
1-RHO1 (KL=~2) ) #EMI(K)+AREAC(K!#DTAU)/NNE , CHD07250 ;
THREE = -EMI(K)/ONE ‘ CHPOT7260 é
K = K-1 CHPOT270 !
TWO = EMBM(K)+EMI(K)*C(K*1) CHDO7280 i
ClK) = EMI(K)®(1s+THREE)/TWO CHN07290 i
DIK) = (D(K)+EMI{K)*D(K+1))/TWO CHPOT7300 !
2737 K = K=1 ' CHDO7310 >
IF (K=1) 2740927402738 CHDO07320 ?
2738 ONE = EMBM(K)+C(K+1)*EMI(K) CHDO7330 ;
C(K) = EMI(K)/ONE CHNO7340 ?
D(K) = (D(K)4DIK+1)*EMI(K))/ONF CHNO7350 i
GO TO 2737 : CHNO7360 g
27640 RHOS(JBS) = RHOL(JBS)4+AREAC(1)#DTAU/EMBMI(T) CHDOTA70 i
KL = JBS CHD07380 5
DO 7742 K=2»JE] CHNO7390 :
KL = KL+1 CHDO7400 g
2762 RHOS(KL) = D(K)<C(K)*RHOS(KL~-1) CHDOT410 f
= ~ RHO5(KK) = O{JE)-C(JE)*RHO5{¥L)=RHOS (KL=1) #THREE CHDU7420 i
( GO TO 2774 CHDO7430
' < CHDOT440
Cewnw CALCULATION OF DENSITY FOR REGULAR GROUP CHDOT450
, C CHDO7460
2750 IX = 0 CHDO7470
K =0 CHDO7480
KL = JBSM CHDO7490
KK = JBSPM CHDO7500
IM = JCSN CHDOT510
2760 1% = IX+1 CHDO7%20
| 1 = MAT(IM) €HD07530
: T IM = IM+NADD(IX) CHNOT7540 ;
1 1J = JHDN#NADD{IX) CHI07550 :
KK = KK+NADD(IX) CHPOT560 ;
DO 2763 J=1y1J CHNOT7570 g
K = K+l CHDO7580 i
KL = KL+1 | CHDO7590 B
“AF (RHOY(KLj=eO1#RHOVII)) 2761276152767 CHDO7600 i
2761 RHO1(KL)=0, CHDOTE10 o
RHOB5 (KL ) =0, CHNOT7620 ¥
GO TO 2763 CHD07630 5
2762 CONTINUE CHDOT640 ‘8
CALL RHOSB(KKL) CHDO7650 5
, RHO5 { KL ) «RHO1 (KL)+AREAC(K) /EMBM(K ) ¥DTAU CHDOT660 i
2763 CONTINUE - CHDOT6T0
¢
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2764

CHEpin
CRudn

2774

2775

12775
2776

2777
2778
12779

2779
2780

2781

2782

2783
12783

12784

17785
12786

2784
2785
2786

K=K+

CALL RHOSB{K1KK) )
RHOS(KK) = RHO1 (KK )+AREAC(K)/EMBMIK)#DTAU
KxK~-1

IF (IM~JCEN) 2760276492764

CONTINUE ‘ .

CHECK TO SEE THAT RHO5 15 GREATER THAN 2EROS CALCULATE
RHO31s RHO4» GAS FLOWs AND REACTION HFAT

I¥ = 0

K =0

1J=0

1K = JHDN

KK = JBSPM

KL = JBSM

IM = JCSN

11X =1X+]

I = MAT(IM)

1J=1J+JHDN#NADD (1X)

KK 3 KK+1

K = K+l

KL = KL+1

IF (RHOS(KL)=e01) 27770277852778

RHOS(KL) = O

RHNOA(K) = (RHO(KL)+RHOS (KLY ) /7

GO TO (1277992779) s JLSW

WFP = (RHO1{KL) = RHOS(KL))/DTAU

GO TO 2780

WFP = RATE(KL)#(RHO1(KL)=RHOS(KL))~AREAC(K)

WFD{KL ) «WFP#DELTAX(IM)#AREAVIK) /12,

TEMPA = TEMPA3I(K)

TWO = HDAUS o1 )+(HDA(Y1s] +(HDA{203)+(HDA{ 3411 4HDA(44])
1#TEMPA)#TEMPA) #TEMPA ) #TFMPA

IF {K=1) 2781»2781:778?

OME = OcS5®WFDI(KL)
WFD(KL ) =WFDX+ONE

WF(KL) = WFX+ONE

FHT(K) = FHTX=ONE®#TWO

G0 TO 2783

RHOL4 (K=1% = (RHO3{K~1)+RHO3(K) /2.
FHT(K) = =TWOSWFD(KL)

WFIKLY = WFIXL=1)4WFD(KL)

IF (K=IK) 2776+12783,12783

COMT INUE ‘

iK = IK+JHDN

IF (K=1J) 127849278492734
RHOS{KK) = RHOG(KL+1)

IF (RHO5(KK)=201) 12785¢12766912786
RHOS (KK} = O,

CONT INUE

GO TO 12775 ;

IF (RHOS(KK)=e01) 2785927686+2786
RHOS{KKY = Oy

RHOR (KK %= (RHO1(KKI+RHOK(KK)) /2

H
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CHDO7680
CHDO7690

CHDNT7700
CHDOT7710
CHDO?7:0
CHROT730
CHDOT740
CHDOT7750

CHNOT7760

CHPOT770
CHD07780
CHDO7790
CHDO7800
CHDO7810
CHDOTB20
CHDO7830
CHDO 7840
CHNOTASO
CHDO7860
CHPO7570
CHDO7880
CHDOT7A90
CHD07900
CHD07910
CHN07920
CHNO07910

CHDO7940

CHDOT7950
CHDOT7960
CHDPOBT370
CHDO7980
CHDOT7990
CHDO8N0o
cHNOBO10
CHP0B020
CHNO8030
CHDOBO4O
CHDO8050
CHDOBOAO
CHDGBO70
cHD0B8080
CHROBOYO0
CHNNB100

CHNOB110

CHDOB120
CHPO8120
CHDOB140
CHNOB150
CHNOB8160
CHDOB170
CHN0B180
CHP0B190
¢HDOB200
CHDOB8210
CHPOB8220
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12787

2787
2788

2789

2791

2793
2794
27948
2797
2798
3000

Conny

4990

4995

5000

RHO4(K) = (RHO3(K)+RHOI(KK)) /24

GO TO (1278752787)9JLSW

WFP = (RHO1(KK) - RHO5(KK))/DTAU

GO TO 2788

WFP = RATE(KL+1)%(RHO1(KK}=RHO®(KK))-AREAC(K+1)
ONE=WFP#0s5#DELTAX( IM)#AREAV(K+1)/12.

WFX = WF(KL)4+ONE

WFDX=ONE

TEMPA = TEMPA3(K+1)

TWO = HDA{Ss1)+(HDA(1ol)4+(HDA(291)+(HDA( 391 )+HDA 41}
1#TFMPA) #TEMPA) #TFMPA } #TFMPA

FHTX & —-QNE#TWO

IM = IM+NADD(IX)

IF (IM=JCENM) 27750277542789

WF(JBE) = WFX

WFD( JBE ) =WFDX

GO TO 3000

D0 2793 =1y JE

K = JBSM+)

RHO3(J) = RHOS5(K}

RHO4{J) = RHOB{K) ;
GO TO (279492797+3000)»JRSW
DQ 279% J=JRS+JBE
WFD(JY=0,

WF(J) = 0

GO0 TO 3000

DO 2798 JzJBSeJBE

WFD(J) =04,

WF(J) = WFK

WFD(JRS)=WFNX

CONTINUF .

CALCULATIﬂN OF DEPOSITION AND OTHER REACTIONS

DWFDX=DWFDX 42376 7% (WFX=WFXX )

GO TO (4990+5000324990) s RSW

DO 4995 JsJBS»sJBE , ,
WBRN( J) =0,

Wi1iJ)=0,

WDEP(J)=0,

CONY INUF

G TO 5110

*INT INUE

KL=JBSM

DEL=Q.

SAVE= Qo

DELA = DELTAX(JCEN)

DELTAX(JCEN) = 0. ,
DO 5100 J=1yJE ‘

KL=K| +1

TEMPA=TEMPA3(J)

KaLLDI(KL)

WF (KL} sWF (KL ) +SAVE

DACT=DWFDX=DEPX

CHNO8?230
CHNOB240
CHD08250
cHD0B260
CHDOB270
CHD0B280
CHD0O8290
CHD0O8300
CHN08310
CHNOB320
cHN0B8330
CHDO08340
CHNOB350
CHNO08360
CHDGB8370
CHDO0B8386
CHNO0B390
CHDO0B400
CHDOB410
CHDO08420
CHDO0B8430
CHD08440

CHD0B8450

CHD0B469)
CHNOB4TD

- CHDO0B8480

CHD08490
CHD0B500
CHDOB510
CHNO08520
CHD08530
CHDOBS 40
CHPOBSS50
CHNOB560
CHDOBS 70
CHNOB575
CHD0BS80
CHD08590
CHD08&00
CHDO08g10
CHDOB& 20
CHNOBE30
CHDOBK4D
CHDOB650
CHDOB6 60
CHDOB&70
CHD0B6B0
CHN0B490
CHD0OB700
CHNOB710
CHDO08720
CHNOB730
CHDOB740
CHD0B753
CH00§757

115




5090

5092

5100

5101

5102
5108

5110

%500

CHh#uM

3005

3615

116

cCALL SIC (KeKLes TEMPASDEL)
CALL DFPO (K oKL o TEMPASNFL)
DEPX=DEPX+1e3333#WDEP (KL
ONE=DWFPX=DEPX

IF (ONE) 5090450925092
WDFEP (XL )=WDEP(KL)+e75%ONE

PEPX=DWFDX

CONT INUE

HOW=WST (KL )=WREP{KL )+WBRNIKL)
WF (XL )sWF (KL )+HOW
SAVE=SAVE+HOW

DEL=NFLTAX(K)

CONT INVE

GO TO (510895101)9JLSW
CONT INUE

K=0

EF=2+%SDN/SN1

DO 5102 J=JRS»JBEM
K=K+1

EK=K

EK=EK*EF

stCA5(J+1)sstCA5(J+1)«11.+EK)-SILCA5<J»uEK
CARBNS { J+11=CARBNS ( J+1)#{ 16 +EK)

CONT INUF

CONT INUF

DELTAX(JCEN) = DELA

WDEP ( JBS ) =WDEP( JBS ) +WDEPX
WSI1(JBS) =WSI(JBS)I+WSIX
WBRN{JBS) =WRARN(JBS ) +WBRNX
CONT INUE ’
WDEPX=WDFP ( JBE)

WSIX =WSI{JBE)
WBRNX=WBRN( JBE)
WFX2WF ( JBE)

CONTINUE

CALCULATION OF THERMAL CAPACITY »CONDUCTIVITYsENERG

IXx = 0

K =0

KK = JBSPM
K1 =1

IM = JCSN
IX = IX+1°
1 = MATLIM)

1J = JHDN#NADD(IX)
KK = KK+NADD(IX)
DO 201% J=191.)

K = K+l

PC{K) = PCAPFIK)

EDFLUX(K)=EDFkMX(K)“DELTAX!IM’/IZ«*(RHOV(!)+RHOC{

COND(K}=CONDF(K)
1Y=JBS+K

QCONﬂ(IY)=2¢*COND(K)*(TEM?A3(K+1!~TEMPA3(K)!

CONTINUF

=CARBNS ( J) #EK

Y DEPOSITION

CHDOB758
CHNOBT760
CHPOB780
CHNPOBT81
CHDO08782
CHP0B783
CHDOB784
CHDOB7RS
CHNOBTAG
CHPOBT87
CHPOBT88
CHNOBT89
CHDOBTS0
CHPOBBOO
CHDP08B10
CHDOBB 20
CHD08830
CHNOBB4O
CHDO8BS0
CHDOBB60
CHDO8870
CHDP0B88BBO
CHPOBA9O
CHN08900
CHPOB910
CHD08920
CHP08930
CHD08940
CHD08950
CHD0B960
CHPOBSTO
CHD0B980
CHDP08990
CHD09000
CHD09010
CHDG?2020
CHD09030
CHDO9040
CHD09060

CHD05070

CHNO9080
CHD09090
CHDP09100
CHD09110
CHDO0912C
CHDO09130
CHNO9140
CHDO9150
CHN09160
CHNO9170
CHGO9180
CHN09190
CHD09200
CHD09210

CHD09220

o et

R I R R
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3031

CRanw

3040

3045
1046

3052

3056
3060
C

Cruns
Corapy
Credn
Cerpan
Canan
- C

3105

PCIKI) = (PCX+PCIK1)) /2
EDFLUX(K1)=(EDFX+EDFLUX(KT) /24
K1 = K+

ONE = RHN3(K1)

RHO3(K1) = RHO3(KK)

PCX = PCAPF(K1)
EDFX=EDFLUX({K1)#DELTAX(IM)/12+#(RHOVI(])+RHOC)
RHO3(K1) = ONE

IM = IM+NADD(TX)

IF (IM=JCFN) 200&,3N3),2013]

JRX = JRSM+K

CONNX = CONDI(K)

CALCULATION OF MATRIX ELEMENTS

TEMPA1{JBSM) = TEMRAI(JUBXX)
J =0

COND{J)Y = CONDXX

WF{JBSM) = WF{JUBXX)

DO 3060 J=1sJE1

IX = J+JRSM
IPLUS = IX+)
INEG = [IX~1

CALL CPRA (JysIXsTEMPA3(J)4CPBAR)

GAGC = ~WF(INEG)*CPRAR/4,

GO TO (204693045) +JLSW

GAGC = GAGC+PC(J)#EMI(J)

C(J) = GAGC+COND(J)

A(J) = -GAGC+COND(J~1)

GK = AlJI+C(J)

DIJ) = CUJI#TEMPAT(IPLUS)+{PC(J)=GK I #TEMPAL (1X)
1+A(J)#TEMPAL ( INEG) +FDFLUX{ J)

ALJ) = PCLJ)+GK

G TO (1060+3052530%6) ¢ JRSW

CONT IRUE

D(J)=D(J)+WDEP( 1X)#QDEP+NST{ 1% ) #QST +WARN ( 1X ) #OBRN
GO TO (3060+3056) yNSTILL

DIS) = DIJI+FHT(J)

CONT INUE

DIRECTOR--STARTING BOUNDARY OF GROUP
1--(2118)--FIXED TEMP (BOUNDARY FOR PROALFM START IN INTERIOR)
2-=(3120)~~INTERIOR (NQRMAL TYPE FOR BOUNDARY BETWEEN GROUPS)
3-~(3105)~--FLUX DRIVE (BACK SURFACE!
4--(3110)-~TEMP DRIVE (BACK SURFACE)

GO TO (3115+312093105+3110) »JBND}

D(1)=COND(1)#TEMPA]Y (JUBS+1)+(PC{1)~COND{1))®#TEMPAL{JIBS)
ONE = PC(1)+CONDI(1)

CC{JBS) = ~COND(1)/0ONE

DD(JBS) = D(1)/0KE "
GO TO 3200

SBK = 2,%COND(1)

CCliuBsy) = 0.

OD{JRS)Y = YEMPA2(JRS)

CHPO9230
CHNO9240
CHD09250
CHN09260
CHP09270
CHD09280
CHNO9290
CHD09300
cHN09310
CHNO9320
CHN09330
CHNO9340
CHD09350
CHDN2360
CHDO%170
¢HDOS380
CHD09390
CHDO9400
CHDO09410
CHD09420
CHD094130
CHDO9440
CHD09450
CHNN9460
CHNO9470
CHNO94B0
CKD09490
CHPO9500
CHD09510
CHD09520
CHD09530
CHNO9540
CHNO9550
CHRO9560
CHNO9570
CHNO9580
CHDG9590
CHD09800
CHD09610
CHD09620
CHDN9620
CHDO9640
CHD09650
CHD09660
CHDO9670
CHDO9680

CHD09690 -

CHDD9700
CHDD9729
CHDO92710
CHDO9740
CHNO9750
CHDPO09760
CHDOS9TT0
CHPO9780

117




Capns
3120

3200

1202

CHERE
Cepnsn
CHRE#
Cn¥s
CHnis
CHRNN

3210
3225

Go 10 3200
INTERIOR BOUNDARY
ONE =2 B(1)+A(1)%CCLIBXX)
cC(JBs) = =~C(1)/0NE
DD(JBS) = (D(Y1)+A(1)#DD(JBXX))/ONE
DO 3202 J=24.JEl
K = JRSM+J
ONE = B(JI+A(J)I*CC(K~1)
CCtK) = —=C(J)/ONE
DDIK) = (D{J)+A(I)I#ND(K=1))/ONE

DIRECTOR-~ENDING BOUNDARY OF GROUP
1--1{3240)~--FLUX DRIVE (FRONT SURFACE)
2--(3260)=-TEMP DRIVE (FRONT SURFACE)
3--{1260)--NOT IN USE

4—-—-(1225)-=FIXED TEMP (BOUNDARY FOR PROBLEM END IN INTERIOR)
5--{3226)--INTERIOR (NORMAL TYPE FOR BOUNDARY BETWEEN GRGUFS)

GO TO (3240+32109326003225973225)9JBND2
TEMPAS {NOF)=FONEV(TAU2» ISAVE1 s TIMEAsTToNDOTS(2}s1)
GO TO 3260

IG = 1G+1

TEMPA3(1) = TEMPARLJE)

GO T0 12696

PC(JE) = PCX

EDFLUX(JE)=EDFX

CALL CPBA (JE:NOF»TFMPA3(JE) »CPBAR)

GAGC =z -WF(NOF=1)#CPBAR/4e+PC(JE)REMI{JE)
IX = IBSPM+JCENM

IM = JCERM

TEMPA4L(JE) = TEMPA3(JE)

RHO4(JEY = RHO3(IX)

1 = MAT(JCENM)

COND{JE ) =CONDF (JE) .

QCOND{NQF +1)=4 ¢ #COND(JE) # (TEMPA3 (JE ) ~TEMPA4(JEL))
A(JE) = ~GAGC+CONDI(JEL) '
ClJE) = GAGC+COND(JE)

GK = ALJEI+C(JE)

B{JE) = PC(JE)+GK

GX = #25%(COND{JE)I+COND(JEL))

CALCULATION OF FRONT 'SURFACE HEAT INPUT

TEMPA = O«5#({TEMPAL (NOF)+TEMPAS{NOF!)

13239

17240

132641

1 = MAT(NN)

IX =1

CONT INUF

KK=1BSPN+MNOD

IF (RHO1(KKi=e98#RHOVII 1} 1324041324]191324)
ONE = ARSC

TWO = EMISC

GO TO 13242

ONF = ARSORP(1 )

. . CHDN9790

CHDO9AO0O

CHD09810
CHD09820

CHD09830
CHD09840
CHD09850
CHNO9RGO
CHNO9KT0
CHNO98AO
CHDOSA/S0
CHDN9900
CHD09910
CHD09920
CHDO%930
CHDO09940
CHNO9950
CHD09960
CHD09970
€HD09980
CHDO09990
CHD10000
CHN10010

- CHD10929

CHD10030
CHN10040
CHN100650
CHD10060
¢HD10070
CHD10080
CHD10090

CHD10100

CHD10110
cHP10120
CHD10130
CHN10140
CHD10150
CHD10160
CHD10170
CHD10180
CHD10190
CHD10200
CHD10210
CHD10220
CHD10230
CHD10240
CHN10250
CHDP10260
cHN10270
CHD10280
CHD10290
¢HN10300
CHD10210
CHD10320
CHD103130

PES S
s

‘ ‘
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CHD10890

IF (TEMPAS(NOF)) 3250032603260

TWO = EMIS(T ) CHN10240
132642 ORYRAD=TWO#*+481E-124TEMPARRS €HD101350
TIME=TAU1 CHD10355
CALL GPCOM CHNP1G360
XMCOM=XMDOTL +XMDOTG# (DIFREC=1+711) CHD10370
TF(XMCOM)324193242+3242 CHD10380
3241 XMCOM=0, CHP10390
31242 QCOMB=HCOM¥XMCOM CHD10400
QSURL =HSUB#XMDOTS CHD10410
XIR(NsL)=FONEV(TAUL» ISAVEAs TIME3+XRIsNDOTS(3) 1) CHN10420
OMISC=FONEV{TAUL s ISAVES s TIME39QidUsNDOTS(2)41) CHD10430
HCONV (N oL )=FONEV(TAUL » ISAVEE s TIME39RHINDOTS (31 +1) CHD10440
Q70T = QMISC+QCOMB-QSUBL+GGPCOM CHD10450
CALL SUBZ (2ZWALLeTEMPASBLPRES(NsL)) CHD10460
CALL IWR (ZWALLsTEMPAIXT) CHNP10470
QCONV{NyL) = HCONVINILI®{XIRINsL)=XT) CHN10480
OTOTAL = QTOT+ONE#QGASINsLI+PHI#QCONV(NsL)~-QBYRAD CHD10490
OTOTAL=QTOTAL*AREA(JE) ' CHD10500
GO TO (13243+13244) 01X ¢HN10510
13243 CONTINUE - CHDP10520
QSAVE = QTOTAL CHD10530
: TEMPA = TEMPA+10. CHD10540
. CALL RECFED(TEMPA) CHNP10550"
; 1X=2 . CHN10560
r GO TO 13242 CHD10570
i 13244 CONTINUF CHD10580
5 DA = —~(QTOTAL=GSAVE)/10. CHD10590
T GZ = DQ/2s cHDP10600
(o GY = QSAVE+GZ#TEMPAS{NOF) CHD10610
N ‘ONE = C(JE}/GX CHD10620
5 DIJE) ={PC{JE)~GK)#TEMPAL {NOF } +GK* TEMPAL (NOF=1) +ONE*GY+EDFLUX (JE) CHD10630
) ' GO TO (324493246493243) 9 JRSW CHD10640
y 31246 GO TO (324793243)sNSTILL CHD10650
\ 3243 D(JE) = D{JEI+2+%FHTX CHN10660
| 1747 CONTINUE : CHD10670
. DIJE)=D{JE)+2¢* {WDEP (NOF ) #QDEP+WS 1 (NOF ) #QS 1 +WBRN (NOF 1 *GBRN) CHD10680
} 3244 ONE = B(JE)+ONE#GZ4+GK*CC(NOF=1) CHP10690
; C ' CHD10700
j CHuwn TEMPERATURE CHECK AND DETERMINATION OF DIRECTION CHNP10710
‘ cean® OF FURTHER CALCULATION CHNP10720
= C. CHD10G730
¢ C CALCULATION AND CHECK OF SURFACE TEMPERATURE CHD10740 ;
i c CHP10750 i
5 ABVALS = 0. E i CHD10780 |
: ABVALM = 0o _ CHDP10790
TEMPA = TEMPAS (NOF) CHP10800 g
TEMPAS (NOFJ = (D{JE)+GK#DD(NQF=1)1/0ONE CHD10A10 é
ABVAL = ABRS((TEMPAS (NOF)=TEMPA)/TEMPA) CHN10820 1
ETAS=AMINI(ETA»40/TEMPA) CHDP10830 i
IF {ABVAL=ABVALS) 19246413246413245 CHD10840 N
13245 ARVALS = ABVAL CHD10850 b
19246 CONTINUE , CHD10A60 Hi
IF(ABVAL~ETAS)3260+326043245 CHD10870 P
3245 lERR = 2 “ eHD10880




1250

1260

3261

13261
13262

1262
3263

1264
3265

3266
3267
3270
3274
3275

3276
277

3278
Chnmn
3280

3282
3283

37284

3285
3287

CHuns

120

TEMPAS{NOF) = 106

CALCULATION AND CHECK OF TEMPERATURES
167 = IG2
GAS=WF X
DGAS=(GAS~GAS1)/DTAUX
DO 1265 1=14JE1L
J = IBE(1G)-1
K = J+l
TEMPA = TFMPAS(J)
TEMPAS (J) = DD(J)=CClI)Y*TEMPASI{K)
ARVAL = ABS(tYEMPAS(J)~TEMPA)fTEMPA)
1 (ABVAL-ABVALS) 13262+13262913251
ABVALS = ABVAL
CONTINUE
GO TO (21262+3265)1ERR
CONT INUE
IF (ABVAL-ETA) 3265932653263
IERR = 2
IF (TEMPAS5(J)) 3264+3265+3265
TEMPAG(J) 2 10
CONTINUF
IF (1G-MG) 3267132663266
ABVALM = ABVALS
ABVALS = O
CONTINUF
GO TO (23270+3274) sNXSW
NXSW = 2
IX = 1
GO TO (3274+3375)+1ERR
IF (16=1G6T) 327532753277
IF (1GL) 3278327842276
16T = 1
IX = IBE(IGL)
JBS = IBS(IG)
TEMPAS ({1X) = TEMPAS(JBS)
16 = 1GL
161 = IGL-1
JE1 = NSLABH(IG!
GO TO 3261 '
GO TO (3280+3290)s IFRR

NO ERROR IN TEMPERATURES--DETEFRMINE NEW TIME STEP

ONE = ETA*DTAU

IF {1TER-2) 3282432853287

IF {ABVALM-1s1%ABVALS) 3283+3284+3284
DTAUC = 0¢BO%ONE/ABVALS

GO TO 3400

DTAUC = 1¢0%ONE/(ABVALM+1E=6)

GO TO 3400
DTAUC=ONE/AMAX1 (ABVAL S¢ABVALMs1E~6)
DTAUC = 0«80#DTAUC

GO TO 3400

ERROR IN TEMPERATURES=-REITERATE OR CUT TIME STEP

CHD10900
CHD10910
CHD10920
CHD10933
CHD10937
CHD10938
CHD10940
CHD10950
~HN109060

CHN10970.

CHD10980
CHD10990
CHD11000
CHD11010
CHD11020
CHD1104%0
CtN11040
CHD11050

- CHD11060

CHD11070
CHD11080
CHD11090
CHD11100
CHDP11110
CHD11120
CHD11130
CHD11140

CHD11150

CHD11160
CHD11170
CHD11180
CHD11190
CHD11200
CHD11210
CHD11220
CHD11230
CHD11240
CHD11250
CHD11260
CHD11270
CHD11280
CHD11290
CHD11300
CHDP11310
CHD11320
CHD11330
CHD11340
CHD11350
CHD11360
CHD11370
CHD11380
CHD11390

CHD1140C
CHD1141G

CHD11420




0y
- - -

Cxa#x AND RFSTART ON CALCULATION CHDP11430

D c CHD11640
b 3290 CONTINUE CHD11450
% ' IF (1TER-3) 3370432953245 CHD11460
) 3295 DTF a ETA/AMAX1(ABVALSsABVALM! CHD11470
IF (DTF=45) 13295413297+13296 ’ CHD11480
13295 DTF = .25 CHD11490
GO TO 13297 CHD11500
13296 DIF = 0,5 CHD11510
13297 CONTINUF CHN11520
C CHD11530
Canns RESET OF DTAUsPREDICTED TEMPERATURESs AND PREDICTED DENSITIES CHD11540
d ‘ CHD11550
3296 CONTINUF CHD11560
ONE = DTF#*DTAU CHN115706 g
TWO = DTAU-ONE CHD11580 .
TAU? = TAU2-TWO {HP11590
DTAU = ONF CHMD11800 ‘
DTAUX = DTAUX=TWO/2. CHD116120 ;
DTAUC = DTAU ' CHN11620 ’
3340 DO 3360 [=1+MG CHD11630
JBS = 1BS(I) CHMD11640
JBE = IBE(I) CHD11650
DO 3350 J=JBS»JBE CHD11660
TEMPA2 (J) = TEMPAL(J)4DTF#*(TEMPA2(J)=TEMPAL(J)) CHD11670
3350 TEMPAS{J) = TEMPA2(J) CHD11680
IF (NRSW(I)=3) 336053355+3360 CHD116950
1355 DO 3356 J=JRS»JBE CHD11700
‘ RHO2(J) = RHO1(J)+DTF*(RHO2(J)=RHO1(J)) CHD11710
p 3356 RHOS(J) = RHO2(J) . CHD11720
( : JBS = IBSPM+NCSN(16) . CHP11730
N JBE = UBS+NSLAB(IG)-~} : CHD11740
R DO 3357 J=JRS+JBE CHD11750
: RHO2(J} = RHO1(J)¢DTFR(RHO2(J)=RHO1{J}) CHD11760
3957 RHO5(J) = RHO2(Jj . CHD13770
. 3360 CONTINUE CHD11Y&0
g GO TO 2690 CHD1179%0
] 3370 16=1 CHD11800
ix = 2 CHD11810
3375 1ERR=1 ' , CHD11820
ITER = ITER+1 CHD11830
ITERT = ITERT+1 CHD11840
o GO TO 13395526931s1X CHD11850
: 3395 CONTINUE CHD11860
. JBS = IBS(MG) - CHD11870
~ TEMPA3(1) = OeS*(TEMPAL(JBS)+TEMPAS (JBS)) CHD11880 ]
WFX = WFXX CHD11890 ’
FHTX = FHTXX CHD11900 !
CONDX- = CONDXX CHP11910 ‘
JRX = JBXX CHD11920 3
PCX = PCXX CHD119130 h
EDFX=EDFXX CHD11940 :
WFDX=WFDXX CHD11950 )
WDEPX=WDFPAX CHD11960
WSTX =WS1XX CHD11970 at
bt I
P
H
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CHARR

3400

CHaus

3424
3426

3427
2428
3430
3432

3500

Crran

Crmuw
CHuns

3505
13508
3506

3507
3508

3509

122

WBRNX=WBRNXX
DEPX=DFPXX
DWFDX=DWFDXX
GO TO 2710

NEW TIME STEP
CONTINUE
SETTING OF TIMES AND DELTA TIMES

DTAUS = DTAU

NOTIME = NOTIME+1

CONTINUE

DTAU = DTAUC

IF (TAU2+1e1#DTAU~TAUOUT) 3500534273427
TAU?2S=1.,0000001%TAU?

IF (TAUPS=-TAUOUT) 342853430,3430

DTAU = TAUOUT=-TAU2

GO TO 3500

TAU2 = TAUOUT

NPTSW = 2

TAUOUT = TAU2+COMMAX

GO TO 3424 .
CONT INUE

TAU1 = TAUZ

TAU2 = TAU2+DTAU
DTAUX = 0.5%(DTAU+DTAUS)

CHD11980
CHN11993
CHD11997
CHD11998
CHD12000
CHD12010
CHD12020
CHD12030
CHD12040
CHD12050
CHD12060
CHD12070
CHD12080
CHD1209%0
CHD12100
CHD12110
CHD12120
CHD12130
CHD12140
CHD12150
CHD12160
CHD12170
CHD12180
CHD12190
CHD12200
CHD12210
CHD12220
CHD12230
CHD12240

CALCULATION OF SURFACE DISTANCE AT J AND SETTING OF GAS AT J-1/2CHD12250

§N1 = SN+SDN
GAS1 = GAS

PREDICTIONS OF TEMPERATURES AND DENSITIES FOR NEXT STEP.

PLACEMENT OF VALUES INTO BASIC NODES

DO 3505 J=xls2

TAUST(J) = TAUST(J+1)

TEMPST(J) = TEMPST(J+1)

DTR(JY = DTR(J+1}

TAUST{3) = TAUl

TEMRST(3) = TEMPA5(NOF)
IF(TAUST{3)~14001#TAUST(1)1350993509+1350C8
CONTINUE

DTR{3) = (TEMPAS(NOF)-TEMPA1(NOF))}/DTAUS
IF (DTR{3)=-DTR(2)) 3506+3509+3507

IF (DTR(2)=DTR{11) 3509235053508

IF (DTR(2)~DTR{1)) 350853509+2509

CONTINUE

TEMPST(3) = (TEMPST(2)+TEMPST(3)+{TEMPST(3)~-TEMPST(1))

10 (TAUST(3)=TAUST(2)) /7 (TAUST(3)=TAUST(1})1/2.

TEMPAS (NOF) = TEMPST(3)
DTR{3) = (TEMPAS(NOF)=TEMPA1(NOF))/DTAUS
CONTINVE

CHD12260
CHD12270
CHD12280
CHD12290
CHD12300
CHD12310
CHD12320

CHD12330

CHD12340
CHD12350
CHD12360
CHD12370
CHD12380
CHD12390
CHD12400
CHD12410
CHD12420
CHD12430
CHD12440
CHD12450

CHD12460

CHD12470
CHD12480
CHD12450

CHD12%00

WP
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23503

23504
23505

3510

13510

13511
13512

JBE=1

DO 23505 1G=1sMG
JBS=18S{1G}

JBEX=JRE

JBF=1RE(IG)

JBEM=JBE~1 ,

QCOND{ JBS)=QCOND{ JBFX )
K=NCSN(1G)=-1
IFLIGTYP(1G)123505523505+23503
DO 235064 J=JBS» JBEM, JHDN
K=K+1

QCOND (K ) =QCOND(J)
QCOND( JBEX)=QCOND(JBS)
QCOND (NOF ) =QCOND (NOF+1)
QCOND (MNOD ) =QCOND { NOF )
QCOND (1) =QBACK
JBS=1RS(1)

QCOND( JBS)=QBACK

TWO = DTAU/DTAUS

JBE =.0

DO 3526 1G=19MG

JBS = IBS{IG) :
IF (JBS=JBE) 13511+13510+13511
KK = JUBS+1

GO TO 13512

KK = JBS

CONTINUE

JBE = [BE(IG)

JBEM = JBE-1,

DO 3511 J=KK »JBE
SILCAL1(U)=SILCAB ()
CARAN1(J)=CARBNS5(J)
GRAF1(J)=GRAF5(J)

- TEMPA2({J) = ONE®TEMPAS(JI=TWORTFMPAL(J)
TEMPA1(J) = TEMPAS(J)
TEMPAS(J) = TEMPA2(J)

3511

3514
1%15

3516
3517

IX = IGTYP(IG)

IF (1X) 3517935173514
JHDN = NHDN(IX) -

JCSN = NCSN(1G)

JCSHM = JCSN-1

K = JCSNM .

JCEN = NCEN({IG)

DO 3516 J=JBSs JBEMs JHDN
K = K+1 :

WFD (K)=WFD (J)
SILCAL(K)=SILCAL(J}
CARBN1(K)=CARBN1(J)
GRAF1({K)=GRAF1(J)
TEMPAL1(X) = TEMPA1(J)
WFIK) = WF(J)
TEMPA2(K) = TEMPA2(J})
TEMPAS(K) = TEMPA2(J)
IF (NRSW(IG)=2) 3526+3518+3518

CHD12510
CHD12520
CHD125130

CHD12540

CHB12550
CHD12560
CHN12570
CHD12580
CHN12590
CHD12600
cHD12610
CHN12620
CHD12630
CHD12640
CHD12650
CHD12660
CHD12670
CHD12680
CHD12690
CHD12700
CHD12710
CHD12720
CHD12730
CHD12740
CHD12750
CHD12760
CHD12770
CHD12780
CHD12790
CHD12800
CcHD12810
CHD12820
CHN12830
CHN1284D
CHN12850
CHD12860
CHD12870
CHD12880
¢HD12890
CHND12900
CHN12910
¢HD12920
CHD129130
CHD12%40
CHD12950
CHD12960
CHD12970
CHD12980
CHN12590
CHN13000
CHD13010
CHD13020
CHD13030
CHD13040
CHD13050

B L R I T




1518
3519
1520

3521
3522
3523

3524

CONTINUF
Ix = 1 .
DO 1573 J=JRS»JBEM

RHO2(J) = ONE#RHOS5(J)-=TWO#RHO1(J)

IF {RHO2(J)) 3521935224+3522
RHO2tJ} = O,

RHO1{J) = RHO5(J)

RHO5(J) = RHO2(J)

GO TO (352443526 s1X

K = JCSNM

DO 3525 J=JRSsJBEMsJHDN

K= KL
RHO1(K) = RHO1(J}
RHO2(K) = RHO2(J)

31525

RHOS LK) = RHOS5(J)
JBS = JCSN+1BSPM
JBEM = JCEN+1BSPN

SIX o= 2

31826

13525

13526
14000
14001

13527

124

GO TO 3%20

CONTINUE

WFD (MNOD)=WFD (NOF)
WDEP (MNOD) =WDEP { NOF §
WS1 (MNOD)=WST (NOF)
WBRN{MNOD) =WBRN (NOF §
WDEP { NN ) =WDEP { NOF =4 )
WST (NN)=WS! (NOF=4)
WBRN { NN ) =WBRN ( NOF =4 )

TEMPA1(MNOD) = TEMPAL(NOF}
TEMPA2 (MNOD) = TEMPA2(NOF)
TEMPAS (MNOD) 2 TEMPAS(NGF)

GRAF1(MNOD)=GRAF1 (NOF )
SILCAL(MNOD)=STLCAT (NOF)
CARRN1 ( MNOD) =CARBN1 (NOF )
WF (MNOD) = WF (NOF)

GO TO (13529+13525)NPTSW
CONT INUE

NPTSW = 1

DO 13526 J=14153

DOtJ) = RHOS(J)

CClJ) = RHO5{J+152)

CONT INUF B

PO 14000 J=10203

RHOB { J) aRHOS { J 3 4GILCAL (JI+CARBNL (J)+GRAFT L)

DO 14001 J=20%9303

RHO5( J§=RHO5( J)+SILCAL (J=203)4CARBN1(J=-203)+GRAF1(J~203)

RHOS ( 1BSPM) = De
NRDIV = NHDN(1)

NRGO = NZSN(1)

NREND = NZEN(1)
TWALL(NsL) = TEMPA1(NOF)

XLEFT(MNOD) = SN14XLEFT(IYS)

RETURN

CONTINUE

DO 13528 J=1»153
RHOStJ)Y = DD(JY

)

CHN13060
CHD13070
CHP13080
CHD13090
CHD13100
CHD13110
CHN13120
CHD13130
CHN13140
CHD13150
CcHN13160
CHD13170
CHNP13180
CHD13190
CHD13200
CHD13210
CHD13220
CcHD13230
CHD13240
CHD13250
CHN13260
CHD13270
CHN13280
CHD13290
CHN13300
CHN13310
CHD13320
CHN13330
CHD13340
CHD13350
CHD13360
CHN13370
CHND13380
¢HN13390
CHD13400
CHD13410
CHD13420
CHD134130C
CHN13440
CHD13450

CHD13460

CHN13470
CHD13480
CHD13490
CHD13500
CHD13510
CHB13520
CHN13530
CHB13540
CHD13550
CHN13560
CHR13570

- €CMD13580

CHD13590
CHD13600

™
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e




13528
13529

CHuns
13530

13531
23529

Gt

23527
23528

3527
3528
3530

3531
3532
13532

vvv" ,‘5:
EEOCSER
PRI
K «)))/ e :

PR ' + :

RHO5( J+152) = CC(J)
CONT INUE

FRONT CONTROL

IF (SN1~SCHECK) 13530513530,413531
CONT INUE

CALL FRONT

MARK = 2

CONTINUE

IF (N20MC=1) 268752%352992687
CONTINUF

CHECK LOCATION OF REACTION ZONE

IGR = 1ZG(NRZON»1)
JX = 12GT(NRZON}
IGRL = IZG{(NRZONJIX)
16 = IGRL |
JHDN 3 NHDN({NRZON)
M = NCSN(IGR)
.= MAT(!M) ‘
JBS £ 1BS(IGR)
JBF = I1AF(IGR)
JBEM = JRE=1
JHON1 & JHDN+1
1F (RHOI(JBS)*.OB‘RHOV(!)) 23527123527+23528
IN1 = JBS=1
GO T0 3530
CONTINUE
KL = 0
DO 3528 J=JBS»JBEM
IM =2 (KL/JHDN)+NCSN(IGR)
KL £ KL+1
1 = MAT@?M’

1F (ABS{RHO1 J)-RHOV(!)»-.O@«RHovtxi) 15289452793527

iN1 = J=1

GO 19 3530

CONTINUF

IN1 = JBFM

JBS = 18S(1G)

JBE = IBE(IG)

JBEM = JBE-1

K = JBE

KL = JHON

DO 3532 J=JBSeJBEM

K = K=1

M = NCEM(!G»~KL/JHDN

KL = KL+1

IF (RH&](K)~o15*RHOV(l)) 25224365224 259)
IN2 = K

GO TO 353% -
CONTINUFE -

IF (16=1GR) 13533413533913532
16 = 1G=1 /

)

CHD13610
CHD13620
CHD136120
CHD13640
CHD13650
CHD13660
CHD13670
CHD13680
CHD12690
CHP13700
CHD13710
cHN13720
CHD13730
CHD13740
CHD13750
CHD13760
CHD13770
CHD13780
¢HD13790
¢HD13800
cHP13810
CHD13820
CHD13830
CHD13840
CHD13850
CHD13860
CHD13870
¢HD13880
CHD13890
CHD13900
cHD13910
CHD13920
CMN13930
CHD13940
¢HD13950
CHD12960
CHD13970
CHE13980
CHD13990
CHD14000
CHD14010
CHD14020
CHD14030
CHD14040
CHN14059
CHD14060
CHD14070

cHN14080

cHD14090
cHP14100

CHD14110%

CHD14120
¢Hpidl130

TCHD14140

CHD14150

ke S N PR




- ERE VR

4
{
!
!
&
5

4
@
K]
A
i
B
Al
b
ad
?
wd
;1
#*1
s
'§
1
§
»
¥
[
P \;rl
i
E
o

135313
C
CRukn
C
3533
3536
100

3534

3535
3538
3540

3542
35413

3544

3545
3546

3550
3552

3554

3555,

3556
3557

3558

GO TO 3530
CONTINUE
IN2 = JBS=-1

ZONE SHIFT

lF(?LFFT(MNOD) ~XSAVE1 3536 $7536 #3534
WRITE(6+100)TIME

CHD14160
CHP14170
CHD14180
CHD14190
CHD14200
CHD14210
CHD14220
CHD14240

FORMAT(IH //////741X36KALL VIRGIN MATERIAL HAS BEEN ABLATED///SZXISCHDI“Z&O

1HCASE TFRMINATED///81XTHTIMF = F1064)

CALL EXIT |
J=NZENINRZON)=NCEN(MG)

JBEM = [BE(IGRL)=1

IF (JDEM=IN2) 353553535,3542
IF (J+1) 3560+353893545
NLZON = NLZON~1

CALL SHIFT1 (NRZONsLRT»1)
MARK = 2

GO TO 3545

IF (JUBEM=IN2=JHDN=1) 354593543+3543
CALL SHIFT1 {(NRZON:LRT#»-1)

MARK = 2

IF (J) 3545+354493544
CONTINUE

1267120 = 1

12G(2+1) = MG+l

IGTYP(MG+2) = 1

IBE(MG+1) = 12B(2})
1BS(MG+2) = IBE(MG)=NHDN{1)
NCSN(MG+2) = NCEN(MG?}=1
NZSNINRZON®1) = NCSN(MG42)
NZEN{NRZON+1) = NCSN(MG+2)
CALL SHIFT1 (NRZON+1sLRTs1)
MARK = 2

NLZON = NLZON+1

IF ((NZEN(NRZON)=NZSN(NRZON)+1)#JHDN=68) 354652355443554

JBS = 18S(IGR)

iF (IN1-UBS=1) 35509355003554

IF (NZSNC(NRZON)=1) 3556+355613552
CALL SHEIFT1 (NRZONoLFT’-I)

MARK ] 2

GO TO 3556

IF (IN1-JBS~JHDN=-1}) 3556-3556:35%5

SCALL SHIFT1 (NRZONsLFTs1}

MARK 2z 2

CALL SHIFT2

IF (NZEN(NRZON)-NZSN(NRZON) ;3558355753558
NZONC = 2

NRIDC = 2

GO TO 2600

CONTINUE

GO TO (12687452600) sMARK

END
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cHN14250
CcHD14260
¢HD14280
CHD14290
CHD14300
CHD14310
CHD14320
CHD14330
CHN14340
CHD14350
CHD14360
CHD14370
CHN14380
CHD14390
CHD144OO
CHDN14410
cHP14620
CHD14430
CHD14440
CHD14450
CHDIQ&&O
CHDI4470
CH014480
CHN14490
CHN14%00
CHN14510
CHD14520
CHD14530
CHD 14540
CHD14550
CHD14560
CHD14570
CHD14580
CHN14590
CHD14600
CHD14610
CHD14620
CHD14630
CHD14640
CHD14650
CHD16660
CHD14670
CHD14680
CHD14690




- FOR

Crung

COMRINI COMRIN ' o
SURROUITINF COMAIN rHN14700

THE COMBIN SUBROUTINE GOMBINES 2 MAJNR NODES INTO 1 CHN14710
DIMENSION ASTORFE (20)¢ BSTORE(?01s CSTORE(20) cHN14720
INDSTORE(20)sRSTORF(20) +5STORFI20) FHD14730
DIMENSION UHOLD(20) +VHOLDI20) sWHOLD (20} s XHOLD(20) CHN14740
PIMFNSTON NHNN{3), PHO4({306) FHD14760
PIMENSTAN DFLTAX(T)s TFMPAT (1) CHD147A/D
DIMENSTON PSTORE L7201 sQSTORE(20) : CHD14770
DIMENSION USTORE(20)sVSTOREL20)sWSTNRE(20) ~ CHD14780
COMMON /RLOCKA/ . cHD147906
L {ABSORP110) »ABSC - vACTENC sACTENS sACTENVILs10)s CHDI4BOO
ZBSTAR yCCPC L4 yCEPG L4 YCHARPT(1011 +CKCl4] » CHP14810
ACOEFTI4510) »CONDC sCONDV (100!}  sCONSTI410) sCOVERX{100) » CHD14820
4CPBAR »CPC yCPV (1001 sDIFREC SUMATERI10) » CHD14830
SEFCOLC vEFCOLS sEFCOLV U410 sEMIS (0] sEMISC s CHD14B4O
6HOFM(10) yHCOM yHCNMG yHSUR yMAT(100) i CHN14850
TMATOMN sMATMNE sMN s NN s NNP sy CHN14B60
BNNSAVE sNRD1V sNREND sNRGD sNST sy CHD14870
9PARTIN(101) »PHI »QBYRAD sy QCOMB sQEXTR s CHD144B8O
10GPCOM »QSUBL yRECPRO sREORDC yREORDS sy CHD14R90
JREORDV{4510) sRHOSZ sRHOS (305} sPHOCPX(1D1) sRHOC s FHD14900
IRHOV(10) ' SABL sSABLC »SHOT »SPOTC » CHD14910
4SLOPE(10)  +TMELT(10) 4782 3 TS1205) » TRCHAR » CHP14G70
EWFZ yWF(205) » XCHAR W XINTT sXLEFT(101) o CHD14030
6XMASS » XMDOTC » XMDOTD P XMDOTG » XMDOTL y CHD14940
TXMDOTR + XMDOTS 'y XTOTAL sXVIRG(101) sXZONE CHN14950
COMMON/BLOCKC/ ! CHD14960
1BLPRES(20511) » COMMAX sCUTOFF 3FUL20511) y CHD14970
2FLOW(20511) sHCONV(20+11)+IERROR s JUNCT sl s CHD14980
3N yNOSECH yQBACK $OCONVI20+11)30GAS(20511) » CHND14990
LOM1SC s TIME s TPRINT sTWALL(20+11) s XIWALLI20s11)s CHD15000
5XIR(20911) o . ‘ CHN15N10
COMMON /CHCOM/ DTAU, IBE(10)s 1IBS(101), IBSPN s CHD15620
11GTYP(103s THDNC(4) s T 1ZB(3) 12G(3510) s CHP15030
S12GT(a) JRSH s i NCSN(10)s NSHL(3) s NSHR(3) ¢ CHN15040
INZEN(3) NZSNU3)s RHO1(305§» RHP2(305)s RHO3(410) CHD15050
41 sTEMPA2(205) s TEMPA3(42) 9 TEMPAL(47) sTEMPASL205) 5 CHD15n60
DELX(IOO);DISTL(]OO)ODUM {10} 41COM, CHD15670
6!YSoLFToMGoMDUM9NCEN(10)’NCUTOND(B)9NLZON9§M95N10 CHD15080
TSCHFCK CHNR15090
COMMON /NASCOM/ CHARROAIRM, CHD15100

1CARBN1(205)9CARBN5(205)9SILCA1¢205)vS!LLAS(?OS)oPYRO(ZOS)9DEP(2059CHDI5110
29HYD(205) »AERO( 2055 o AERN (205 ) sBURN( 205) sWFDi205) s WDEP(205) sWST(70CHD15120

35) sWBRN(205) sEMWT (2051 sPRG( 205 ) CHN15130

by TIMEXISO)sTFT(50)sNPTS CHN15140
55POR(205) »PERM1(2051 sPERM2(205)sVISC(205) ¢+GCONSRHOTSsCARTS4SILTSy CHD15150
6PORT sPERT19PERT25DCOHIDCO0»DCOPY 9DCADP sDCOST sDCOCMsDCON S CFXH s CFXO5CHD15160

TCFXPY s CFXDPsCFXSIsCFXCMsCFXNIDIFCO(205) s50X(205) CHD15170
B8sALLGAS(705) »GRAF1(205) CHN15180
EQUIVALFMCE (THDN(2)sNHDON(1)) CHD15190
EQUIVALENCE (RHO2(103)sRHOL4L1) Y ; CHD15200
EQUIVALENCE (TEMPAL (1) sTSC1)) s (DELTAX(1+PARTINIT) Y ' CHD15210
FOUIVALFNCE (MNODJNNP) CHN15220
SF = 1, CcHP15220
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KX = 0o rHN15240
iX =0 (HP15250
PSTORF(1) = O CHN15260
16 = MG=1 fHP15270
KHDN = JHDN CHP15780
KST = JST CHD15290
J=NCFNU1G-1) cHN15300
ONF = DFLTAX(J)#SF FHN15310
JX = 1GTYP(1G) CHD15326G
JHPN = NHPN(JXY FHP15%30
JST = [RF{1GI-JHDN C£HDH15340
K = JST-1 o CHD15350
JY = JHDN4IX CHD15%60
5 DO 10 I=1sJY CHD15370
K o= K41 cHN15380
KX = KX+1 CHN15290
UHOLD (KX ) =WFD (K) CHD15400
VHOLD (KX ) =WDEP(K) cHP15410
WHELN KX =WST (K) CHN15420
XHOLD (KXY =WBRN{K) CHD15430
USTORF (KX ) =EMWT (K) CHD15440
VSTORF (KX 1=WF(K) CHN15450
WSTORF (KX ) =GRAF1(K} CHN15460
ASTARE(KX) = TEMPAT(K) FHN15470 ,
ASTORE(KX) = TEMPA?(K) CHN15480 :
CSTARE(KX) = TEMPASI(K) CHD15490 :
DSTORE(KX+1) = DSTORE(KX 14ONF CHD15500 p
PSTORF(¥X)=STLCAL(K) CHD15510 i
OSTORF (KX § =CARBN1 (K} CHN15520 i
RSTORF(KX) = RHOL(K) CHDP15530 !
SSTORE(KX) = RHOZ(K) CHD15540 4
SF = SN1/SN CHP15550 :
IX = 1%+1 CHD15560 o~
16 = MG CHD15570 ‘jji' )
GO TO (3512)s1X CHDP15580 -
CONTINUVE" CHD15590 i
J = KST CHD15600 i
IF (1COM=2) 14 $164+13 CHN15610 5
3 KST = JST CHEA5620 §
KHDN = JHON cHN15630 r
i CONTINUF f CHN15640 I
TEMPAL (KST) = TEMPAT(J ) CHN15650 i
TEMPAS(KST) = TEMPA2(J ) CHN15640
TEMPASL{KST) = TEMPAS(J ) CHD15470
SILCAYI(KSTI=SILCAL(J) CHD15680
GARBN1 (KST}=CARBN1(J) CHDP15690
WFD (KST)=WFD (J) cHD15700
WDFP(KST)=WDFP(J) CHP15710
WS1 (KST)=WST (J) CHD15720
WBRN(KST ) =WBRN(J) - CHD15730
EMWT LKST)2EMWT(J) CHND15740
WF (KST)=WF (J) CHD15750
GRAF1(KST)=GRAF1(J) CHN15760
RHO1(KST) = RHO1(J ) CHD15770
RHNOP(KSTY = RHO2(J) ¢HN15780

1 4 E o : ’ o : | ‘ g"f)




20
21
23

30

DX = 40000Q%DSTORE(KX)/FLNATIYHDM)
hl~ = 0.

K = 1

DO 30 J=1+KHDN

DIS = DIs+DX

KX = KST4+J

ONE = DSTORE(K+1)-D1S

IF (ONFY 21923422

K = K41

GO to 20 ‘

THRFE = BSTORF(K+11-DSTORE(K)

ONE = ONE/THREE

TWO = (D15~-DSTORE(K))/THREE

WFD (KX )=ONE#UHOLD (K )+ TWO*UHOLD (K+1)

WOEP (KX ) =ONE #VHOLD (K )+ TWOXVHOLD (K +1)

WST (KX )=ONE#WHOLN(K)+TWOWHOLD (K+1)

WRRM (KX ) =ONE#XHOLD (K ) $TWO#XHOLD (¥ +1)

EMWT (KX § =ONE#USTORE (K )4+ TWORUSTORE (K+1)

WF (KX ) =ONE#VSTORE (K)+TWOXVSTORE (¢+1)
GRAF1(KX)=ONE#WSTORE(K)+TWO*WSTORE(K+1)
TEMPA](KX) = ONE®ASTORE(K)+TWOXASTORE (K+1)
TEMPAD (KX) = ONE*BSTORE(K)+TWO#BSTORE (K41}
TEMPAS(KX) = ONF#CSTORF{K)+TWORCSTORF (K+1)
SILEAL kX )=ONE#PSTORF (K )+TWN#PSTORF (K41
CARARNY (KX )=ONE#QSTORE (K )4+TWORDSTARE (K+1)
RHO1{KX) = ONE#RSTORE(K)+TWO#RSTORE (K+1)
RHO2 (KX) = ONE#SSTORF (K)4TWN®SSTORE (K+1)

K = IRSPN+NN

1t

RHO1(KY = RHO1(K+1)
RHO2{K) = RHO2(K+1)
PETURN

END

rHnis 790
FHN15800
rHN15810
CHD15820
CHD15830
CHD15840
rHN15R%0
rHN15840
CHD15870
CHD15880
CHD15890
CHD15900
CHD15910
CHD15920
CHN15940
CHD15940
CHN15950
CHD15960
CHP15970
CHD15980
CHD15990
CHD16000
CHN16010
CHN16020
CHN16030
CHD16040
CHD16050
CHD16060
CHD16070
CHN16080
CHP16090
CHNP16100

129

T SEREREY s

SR Wb~

‘W‘Wﬁ:ﬁm* A o SR L AT




= FOR CONDF s CONDF o )

FUNCT 1ON CONDF (K) CHD16110
Craan THE CONDF SUBROUTINE CALCULATES HEAT CONDUCTIVITY CHN16120
DIMENSTION NHDN(3)e RHO4(306) CHN16130
DIMENSION DELTAX(1)s TEMPA1(1) ¢HD16140
COMMON /BL.OCKA/ ; ~ CHD16150
1ABSORP(10) +ABSC s ACTENC s ACTENS sACTENV(4+10)s CHD16160
2BSTAR 2CCPC(4) yCCPG(4) yCHARPT(101) +CKC(4) » CHD16170
3COEFT(44510) »CONDC sCOUM (100) sCONST(4910) +COVERX(100) s CHD16180
4CPBAR . sCPC 2CPVI100) sDIFREC sUMATER(10) » CHD16190
SEFCOLC 'EFCOLS sEFCOLV(4910) 9EMIS(10) JEMISC » CHD16200
6HOFM{ 10} yHCOM »HCOMG yHSUB sMAT(100) » CHD16210
TMATOMN s MATMNE »MN s NN sNNP » CHD16220
SNNSAVE sNRDIV +NREND yNRGO 'NST » CHD16230
9PARTIN(101) »PHI 'QBYRAD »QCOMB JQEXTR » CHD16240
1GGPCOM » QSUBL »RECPRO sREORDC yREORDS » CHD16250
2REORDV (45101 »RHOSZ sRHO5(305) sRHOCPX(101) sRHOC s CHD16260
3RHOV(10) » SABL »SABLC »SDOT . »SDQTC » CHDH16270
4SLOPE(10) yTMELT /109 »TS2 ' TS(208} » TRCHAR » CHD16280
SWFZ IWF (205 » X CHAR P XINTT sXLEFT(101) o+ CHD16290
6XMASS s XMDOTC »XMDOTD *XMDOTG » XMDOTL » CHD16300
TXMDOTR 9 XMDOTS ' XTOTAL 'XVIRG(101) +XZONE CHD1u310
COMMON/BLOCKC/ ; C11D16320
1BLPRES(20911) » COMMAX »CUTOFF sF(20911) s (HD16330
2FLOW(20+s11) »sHCONV(20911)+IERROR » JUNCT 'L s (CHD16340
3N sy NOSECH »OBACK sOCONV{20911)sQGAS(20+11) s CHD16350
4OMISC » T IME sTPRINT sTWALL (20911) s XIWALL(20s11)s CHD16360
5XIR(20911) ‘ CHD16370
COMMON /CHCOM/ DTAUS IBE(10}» 1BS(10) s IBSPN CHD16380
11GTYP(10)s IHDN(4) IMe 12B(3), 12G(3510) CHD16390
212GT(3)y JRSW NCSN(10)s  NSHL(3) NSHR(3) CHD16400 N
AINZEN(3) NZSN(3) RHO1(30%)s RHO2(305)5 RHO%(410)» CHD166410 S
41 s TEMPA2(205) 9y TEMPA3(42) » TEMPAL(42) sTEMPAS(205) CHD16420 R
5 DELX(100)sDISTLI100)sDUM (1015 1COMs CHN16430
61VSsLFT oMGIMDUMoNCEN(10) sNCUTsMD(3) sNLZON9SNsSN1 s CHD16440
TSCHECK CHN16450
COMMON /DACOM/ A(42)) CHD16460
1ABVAL sABVALMsABVALSsB(42) +Cl42) , CC1205)9COND (42} CHD16470
2CONDX 9CONDXX+# D(42) »sDD(205)sDELTX(101)9DGASsDOs , CHD16480
3DTAUC »DTAUS sDTAUX sDTFsDTRI3)sEDFXIEDFXX2EMI (421 CHD16490
LETAWETASsFHT (42) s FHTX9sFHTXX s GAGC 9GAS1 9GK 9GX9GY 9GZ s CHN16500
SHDA(5+10) s IBSPMe TERRY IGCH IGL +JGLD s IGRsIGRL s IGT91G2 . CHD16510
6I1HYS sy INEGsIN1 o IN2sIPs IPLUSSITERSITERTsIX91Y91Z9JsJBES CHD16520
TJBEM s JBFX9JBND1 9 JBND2 5 JBS > JBSMaJBSPM 9 JBSPN s JBX s JBXX 9 JCEN s CHD16530
BJCENM 9 JCSN 9 JCSNM 9 JE 9 JE1 9 JE2 9 SJHDN o JHNDNT s JLSW o USLAB s UX 2 JUZ s CHD16540
K1 9L ANDIDSLRT sMARKIMADD (42) ¢NASWsNBNDSToNBND1(11) CHD16550
INBSWsNDC s NDCMsNLSW(10) »NOF sNOTIME sNPBSWoNPEIN»NPS2NINPTSEW CHD16560
2NRIDSNRIDLSNRSW(10) sNRZONINSLAB(10) sNSLABH(10) sNSWINXSW CHD16570 ,
INZONSNZONCsONE sPST 9OSAVE sQTOTsQTOTAL sREFCTR 9 SBK9SDN s CHD16%80
4SDOTNsSNS9SRA s TAR;TAUOUT:TAUST(3)oTAUleTAUZoTAUZSoTEMPAo CHD16590
STEMPST(3) s THREE» TWOsWFP sWFX 9 WFXX 9 X1 9 XMCOM 9 XSAVE CHN16600
COMMON /NASCOM/ CHARROsATRM CHN16610

1CARBN1(205)tCARBNS(ZOS)yleCAl(ZOS)oS!LCAS(ZOS)oPYRO(ZOS)oDEP(205)CHDl66ZQ
29HYD(205) s AERO(205) sAERN(205) sBURN(205) +»WFD(205) 9 WDEP(205)+WSI(20CHD16630
25) yWBRM(205) 9EMWT (205 ) «PRGI( 205) CHN16640
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4
5

2
13

15

17
18

49T IMEX(S0)sTFT(50) sNPTS | CHD16650
5 ,POR( 2051 «PERMI (205) s PERM2(205) sVISC(205) yGCONSRHOTS »CARTSsSILTSs CHD16660

6PORTGPERT1OPERTZSDCOH’DCOO'DCOPY’DCODP'DCOS!’DCOCM’DCON!CFXH!CFXO1CHD1667O

TCFXPY o CFXDP s CFXSTsCFXCMsCFXNsDIFCO1205) 550X (205) CHD16680
BsALLGAS (2051 9GRAF1(205) CHD16690
EQUIVALENCE (IHDN{2) sNHDON(11) CHD16700
EQUIVALENCE (RHO3(103)sRHO4(1)) CHD16710
EQUIVALENCE (TEMPAL(1)sTS(11)s(DELTAX(1) sPARTIN(1)) CHD16720
FOUIVALENCE (MNODyNNP) CHD16730
DIMENSTON AREA(42)9sAREAV(62) CHD16740
EQUIVALENCE (RHOCPX(44)sAREA(1)»AREAV(43)) CHP16750
KL =JBSM+K CHD16760
TEMPA=TEMPAL (K) CHD16770
GO TO (13s494)3JRSW CHD16780
CONT INUE CHD16790
IF (TEMPA4(K)=64604) 79795 CHD16800
TEMPA=4460, | CHD16810
CONDC=CKC (1) +TEMPAR(CKC(2)+TEMPA® (CKC(3)+TEMPARCKC(4))) CHD16820
CONDV = CONST(191)4TEMPALIK)#(CONST(2+1)+TEMPALI(K) CHD16830
1#(CONST(291)+TEMPAL (K)#CONST(42111) CHD16840
CONDV=CONDV/{ 0622420164 %#TEMPA4 (K)/{BLPRES(NsL)+1eE=10)}+,0001120 CHD16850
GO TO (15917917)sJRSW CHD16860
CONDF = CONDV CHD16870
GO TO 18 | CHD16880
CONDF = (CONDV-CONDC ) #RHO4{K)/RHOV{1)+CONDC CHD16890
CONDF =CONDF®#APEA(K) /(24 #DELTAX( IM)) CHN16900
RETURN CHD16910
END CHD16920




~ FCOR CPRAsCPRA

SUBROUT INE CPBA(JsKsTEMPALCPBAR) CHD16930 I
COMMON /RLOCKA/USFR(58)+CCPGI4) .(Hﬁ16940 -
COMMON /NASCOM/ CHARRO,ATIRM, CHN16950

ICARBNI(ZOS)oCARBNS(?Oﬁ)fSILCA](205)ySIL(AS(?OS)oPYRO(?OS)vDEP(ZOS)CHDI6960
2 HYD(205) sAERO(205) sAERN(205) sBURN(205) sWFD(205) 9 WDEP(205)sWSI(20CHD16970
28) yWRRN (2051 s EMWT (205) sPRG( 205} CHD1698B0
4LyTIMEX(S50)+TFT(50)sNPTS CHD16990
59POR(205)9PERM1(?05)’PERMZ(ZOS!oVTSC(ZOSl’GCONoRHOTS9CARTS’SILTSv CHD17000
6PORTOPERT1OPERTZODCOH’DCOODDCOPYODCODP'DCOSIQDCOCM’DCONQCFXHQCFXO'CHDI701O

7CFXPY9CFXDP9CFXSI9CFXCM¢CFXN¢D?FCO(205)950X(205) CHD1T7020
8;ALLGAS(?05)oGRAF1(?05) ‘ ; CHD17030
CPBAR=CCPG(1)+TEMPA*(CCPG(2)+TFMPA*(CCPG(3)+TFMPA*CCPG(4))) CH0170hO
FND CHD17050
i
i
¥ " t i\.:, \\\\: ) !
\\\\ % B
\.> e
132 = TR .
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TR - FOR DEPOsDEPO

R \il] SUBROUT INE DEPO (KsKLsTFMPASDEL) ' CHD17060

W o C — CHN17070 X
g Chmmn CARBON DEPOSITION CHD17080 H
- c CHD17090 i
COMMON /BLOCKA/ E CHD17100 i
1ABSORP(10) +ABSC s ACTENC yACTENS »ACTENV(49510)s CHP17110 3
2BSTAR yCCPC(4) » CCPG( 4) s CHARPT (101} »CKCi4) s CHD17120 |
E 3COEFT 14910} »CONDC »yCONDV(100) »CONST(4010) »COVERX(100) » CHD17130 ;
’ 4CPBAR »CPC »CPV(100) »DIFREC PUMATER(10) » CHD17140 >
SEFCOLC »EFCOLS yEFCOLV(4s10)9EMTEL1G) WEMISE » CHD17150 L
_ 6HOFM( 10} yHCOM s HCOMG yHSUB sMAT (100) y CHD17160 &
B TMATOMN sMATMNF s MN WNN 'NNP y CHD17170 i
BNNSAVE sNRDIV sNREND yNRGO sNST » CHD17180 w
9PARTIN(101) sPHI »QBYRAD » QCOMB »QEXTR » CHD17190 |
1QGPCOM »QSUBL »RECPRO »REORDC sREORDS » CHD17200 i
s 2REORDV (49 10) »RHOS5Z JRHO5(305)  sRHOCPX(101) sRHOC » CHD17210 ;
3 3RHOV(10) » SABL » SABLC »SDOT »SDOTC s CHD17220 g
2 4SLOPE(10)  »TMELT(10)  »TSZ ‘ »7S(205) » TRCHAR ~ s CHD17230 o
> SWFZ sWF(205) » XCHAR s XINIT sXLEFT(101) » CHD17240 oy
. 6XMASS » XMDOTC » XMDOTD »XMDOTG » XMDOTL s CHD17250 s
. TXMDOTR »XMDOTS »XTOTAL +XVIRG(101) +XZONE CHD17260 4
% . COMMON/BLOCKC/ CHD17270 o
i 1BLPRES(20+11) » COMMAX yCUTOFF sF(20911) » CHD17280 .
- 2FLOW(20+11) sHCONV(20s11)IERROR » JUNCT sL. sy CHD17290 N
“ 3N s NOSECH »QBACK yQUONV(20911) 90GAS(20911) » CHD17200 i
4QM1SC »TIME » TPRINT »TWALL(20911) s XIWALL{20911)s CHD17310 ®
5XIR(20911) CHD17320 i
COMMON /RLOCKJ/ CHP17330 o)
1FLUXT (200} sTEDEP(200) sXEDEP(101)sEDEP{101) ¢NTEDEPS CHD17340 5

2NXEDEP s ITEPEPEDFLUX(100) . CHD17350 3
COMMON /RLOTKK/NN1sQGCOND(205) CHD17360 o

COMMON /BLOCKN/COORD L CHD17370 o
COMMON/BLOCKR/DIFC(4)sEROC(4) yERODE CHD17380 i
COMMON' /CHCOM/ DTAU, IBE(10)» IBS(101), IBSPN» CHN1T7390 y
11GTYP(10)s TIHDN(&} IM» 1ZB(3), 12G(2510) > CHN17400 i
212GT(3) JRSW NCSN(10)s  NSHL(2)» NSHR(3) CHD17410 !
3NZEN(3) s NZSN(3)s RHO1(205)s RHO?2(305)s RHO3(410), CHD17420 ;
41 ~ »TEMPA2(205) s TEMPA3(42) »TEMPA4(42) yTEMPA5(205) CHD17430 :
5 DELX(100)sDISTL(100)sDUM (10} ICOMy CHD17440 t
6IVSsLFTsMGIMDUMSNCEN(10) sNCUTsND(3) sNLZOR +SNsSN1 > CHD17450 .
7SCHECK CHD17460 %
CHunn DIMENSION STATEMFNTS CHD17470 :
c CHD17480 ,
DIMENSION DELTAX(1)sTEMPA1(1) CHD17490 3
EQUIVALENCE (TEMPA1(1)sTS(1))s(DELTAX(1)sPARTIN(1Y) CHD17500 %
COMMON /NASCOM/ CHARROsAIRM, : CHD17510 f

1CARBN1(205)tCARBNﬁ(ZCS)sSILCAL(ZOS)9SILCA5(205)oPYRO(205)oDEP(ZOS)CHDl7520
29HYD(205) sAERO(205) sAERN(205) »BURN(205) sWFD(205) s WDEP(205)sWS1(20CHD17530

g A

E

35) yWRBRN(205) sEMWT (205) sPRG( 205) CHD17540 %
43 TIMEX{B0)sTFT{(50)sNPTS : CHD17550 1
S,POR(ZOS)’PERMI(ZOS)9PERM2(205)’VISC(ZOS)OGCONORHOTSOCARTSQSILTSO CHD17560 i
GPORTOPERTIQPERTZQDCOHQDCOOQDCOPYQDCODPODCOSIQDCOCMODCON9CFXH’CFXO!CHDi7570 2
TCEXPY s CEXDPsCFXSTsCFXCMsCFXNsDIFCO(205)9S0X(205) CcCHD17580 :
BQALLGAS(ZOS)OGRAFI(ZOS)96RAF5(205’95PEED(205"DIFGH(ZOi)’DIFR(ZOS)CHDI7590 B
i

4
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9.VISCO.VXSCONOAFoBFoSILICAOREQoPMW DMWOHMN:AOMWQANMNOSMWoBMWoCX(6)CHDI7600 -
1,QS1sQBRNIQDEPIDACT CHD1760%
REAL MCXToMETC , CHD17610
FMFPzEMWT(KL)/ALLGAS(KL)*PRG(KL)/2116- ‘ CHD17620
METC= PYRO(KL)/16¢#FMFP CHN17640
HYDC= ¢ 2 #METC CHN17645
IF (HYDC-,02834) $0+10+20 CHN17650
10 M=1 : ' CHD17660
GO TO 30 ﬁ ' CHD17670
20 M=2 CHD17680
30 CONTINUE ‘ -’ CHD17690
50 ARM=1., \ CHD17730
60 CONTINUE CHD17740
CAR=ARM# 4882 0 4 #*RHOC CHD17750
MCXT2328900#EXP(~51894¢/TEMPA) #CX(3#M=2) CHD17760
YH=HYDC®CX(3#M=1} CHD1T7770
ZM=METC#C X 3%M} , R CHD17780 )
IMYH=ZM#YH ‘ CHD17790 4 .
WDEP(KL):-CAR*MCXT*&.*(YH+(HYDC**Z*CX(B’M)/20048.-ZM/4.)+ZMYH-ZMYHCHDI7800 4
1#YH) /(1 e=YH4ZM=2 ¢ #ZMYH) #22~ CHD17810
HERE=(DELTAX(K)+DEL)/24e | CHD17820
TEST=472#DACT/HERE s CHD17830
IF (WDEP(KL)-TEST) 80580970 . CHD17840
70 WDEP(KL)=TEST hE : CHD17850
GO TO 90 ; CHD17860
80 IF (WDEP(KL)) 85190590 ’ CHD17870
85 WDEP(KL)=0e CHD17880
90 CONTINUE CHD17890
CARBNS (KL ) =CARBNS (KL)+WDEP{ KL ) #DTAU CHD17900
WDEP (KL ) =WDEP (KL ) ®HERE CHD17910 g”“§
RETURN : CHD17920 v

END CHD17930

—
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m;
R 4

1 FORMAT(1H1+4Xs45HEXIT THROUGH MERRS BECAUSE OF DIVIDE OVERFLOW/5X

S
. e T el TR G L
DIAGEDIAGH

SURRQUT INF NIAG6

COMMON /BLOCKC/ DUMMY(B8R2) 4 1ERROR
1=87

CALL PICKUP(IsX)

WRITE (6911 X

144HTHF ADDRFSS OF THE OFFENDING INSTRUCTINN 18 '012)
IFRROR=17

CALL ERRORS3

END

CHND17940
CHD17950
CHD17960
CHD17970
CHD17980
CHD17990
CHR18N00O
cHD18010
CHD180O20
CHD180130

ECTCAR NP (R .:Lm A R e e 240 RPN =

TR SR TR




A
<

~ FOR DIAGT +DYAGT

SURROUT INF DIAGT
COMMON /RLOCKC/

1ERROR=17

CALL FRROR3

END

1ALPRES( 20411
2FLOW(204+11)
N
40M15C
5X1R(20s11)

WRITE (691

FORMAT(///71H +4Xy29HEXIT BECAUSE OF JUMP T(O) MERRS)

+HCONVI(?20+11) s IERROR

yNOSECH
» TIME

» COMMAX

s QBACK
s TPRINT

sCUTNFF
s JUNCT

YOCONVI20511) 90GAS(20911)
yTWALL(20+11) 9 XTWALL (20911

sF{20s11)
sl

1}
’
’
)

tHD18040
CHN18050
FHN18060
cHD18070
CHD18080
CHD18090
cHN18100
CHD18110
CHN18120
CHN18130
CHN18140
CHD18150

AT I s e
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- FOR DIFUSsDIFUS

« SURROUT INE DIFUS (DIFCALINSOUR +DCO»CFIX2CONC)

COMMON /ALOCKA/

1ABSORP(10) +ABSC »yACTENC sACTENS yACTENV(4+10)
PSBSTAR sCCPC(4) sCCPGILAL) yCHARPT (1017 sCKC(4) )
3COEFT(4910) sCONDC »CONDV(100) sCNONST(4910) +COVERX(100)
4CPBAR »CPC »CPV(100) yDIFREC sUMATER(10)
EEFCOLC sEFCOLS 'EFCOLY(4910)9EMIS{10) yEMISC ’
6HOFM{ 10} sHCOM sy HCOMG sHSUR yMAT(100) ’
TMATOMN s MATMNE s MN » NN » NNP ’
ANNSAVFE sNRD1V +NREND 'NRGO o NST ’
GPARTIN(101) sPHI sQBYRAD sQCcoMB yODEXTR )
10GPCOM »Q5UBL 'RECPRO »REORDC sREORDS ’
2REORDV(410) sRHOBZ sRHOS5{ 305) ORHOCPX(}OI) »RHOC »
3RHOV(10) » SABL »SABLC »SDOT »SDOTC ’
4SLOPE(10) yTMELT(10) »TS2Z »TS(205) s TRCHAR ’
5WF2 sWF{205) » XCHAR s XINIT s XLEFT(101)
6 XMASS s XMDOTC » XMDOTD »XAMDOTG » XMDOTL ’
T7XMDOTR s XMDOTA s XTOTAL »XVIRG(101) » XZONE

COMMON /RLOCKB/ USER{247)BLDEN(20s11)

COMMON/BLOCKC/ ,

1BLPRES{20911) »y COMMAX sCUTOFF sFL20911)
2FLOW(20+11}) »HCONVI(20911)2IERROR s JUNCT sl

3N sNOSECH »yQBACK yQCONV (209111 sQGAS(20911)
4OMISC ' TIME ' TPRINT s TWALL(20911) o XIWALL(20911
5XIR(20¢11) i

COMMON /RLOCKJ/
1FLUXT{2003»TEDEP(200) s XEDEP(101)4EDEP(101)NTFDEP,
2NXEDEPs ITEPEPSEDFLUX(100)

COMMON /RLOCKK/NN19QCOND(205)

COMMON/BLOCKN/COORD

COMMON/BLOCKR/DIFC(4) 9EROC(4) sERODE

COMMON /CHCOM/ DTAUS IBE(10)y IBS(10) IBSPN»
11GTYP(10)s IHDN(4), IMy 1ZB(3), IZG(3+10)
212GT(3) JRSW, NCSN(10) s NSHL{%) NSHR(3) s
3NZEN(3)y NZSN{3)» RHO1(305)s RHO2(305)s RHO3(410)>
41 2y TEMPA2{205)sTEMPA3(42) s TEMPA4L42) »TEMPAS5{205)y
5 DELX(1Q0)sDISTLI100)sDUM  (10) 9 ICOM»
61YSsLFT oMGsMDUMINCEN(10) sNTCUTsND(3) sNLZONSSNsSN1s
7SCHECK

COMMON/NUCOM/ NADA
1EM(42)

COMMON /DACOM/ A(42)5 o

1ABVAL. 2 ABVALMsABVALSB(42) oC{42) CC(205)9COND(42) 5
2CONDX s CONDXXe D(42) sDD(205)sDELTX(101)9sDGASDOY

3DTAUC »DTAUS sDTAUX sDTFsDTR(3) sEDFXsEDFXXeEMI(421)
GETASETASsFHT(42) s FHTX sFHTXX s GAGC»GAS1 9GK2GX9GY 9GL
SHDA(5910) 9 IBSPMe IERR IGCHIGL s IGLDsIGRIGRL s IGT91G2 s

GIHYS» INEGYINLoINZ»IP s IPLUSSITEReITERTIXs1Y9I20J9JBE>
TIBEMy UBEX 9 JBNUI » JBND2 9 UBSs JBSM e JBSPM e JBSPN 9 JBX s JBXX 9 JCEN
BJCENM s JCS5Ns JCSNM o JE 9 JE1 9 JE2 9 JHDN o JHDN1 s JLSWo JSLAB UX s U2 s
9K1sLANDIDILRTsMARKsNADD(42) s NASWINBHRDSToNBND1(21) p-
INBSWeNDC s NDCMosNLSW(10) sNOF sNOTIME +NPBSWINPEININPS2NINPTSW
2NRIDINRIDCINRSW( 101 s NRZONINSLAB(10) sNSLABH{10) sNSWsNXSWs
3INZONINZONCIONEPST 2 QSAVEsQTOTH»QTOTAL sREFCTR2SBK9SDN e

’
»
’
Y

CHD18160
CHN18170
CHD18180
CHN18190
cHD18200

' CHD18210

CHD18220
CHN18230
CHN18240
CHN16250
CHD18260
CHD18270
CHD18280
CHD18290
CHD18300
CHD18310
CHD18320
CHD183130
CHD18335
CHD18340
CHD18350
CHD18360
CHD18370
CHD18380
CHD18390
CHD18400
CHD18410
CHD18470
CHD18430
CHD18440
CHD18450
CHD18460
CHD18470
CHD18480
CHD18490
CHD18500
CHD18510
CHD18520
CHD18530
CHN18540
CHD18550
CHD18560
CHD18570
CHD18580
CHD18590
CHD18600
CHD18610
CHD18620
CHD18630
CHD18640
cHD18650
CHD18660
CHD18670
CHD18680

LY

ER N

o

R i e




Aot

Sl b

ASDOTN.SNS'SRAOTAQQTAUOUToTAUST(3)-TAUloTAUZOTAUZSoTEMPA0
STEMPST(ﬁ)-THREEoTWOoWFPoWFX.NFXX;XIcXMCOMOXSAVE

306
307

309

312

13

COMMOM 7NASCOM/ CHARROsAIRM),

CHD18690
CHD18700
r4N18710

1CARBN1(205)9CARBN5(205)0$ILCA](205)oSILCAS(ZOS)oPYRO(ZOS)9DEP(205)CH018720

24HYD(205) »AERO(205) sAERN{205) sBURN(205)

25) yWBRN(205) +EMWT (205) 9sPRG( 2051
4yTIMEX(S50)sTFTI50)9NPTS

5,POR(206) »PERM1(205) »PERM2(205)9VISC(205}
6PORTYPERT19PERT29DCOHsDCOOsDCOPY »DCODPIDCOST
7CFXPY s CFXDPsCFXST s CFXCMCFXNIDIFCO(205) 950X 1205)

yWFD(205) 9 WDEP(205)eWSI(20

CHD187730

CHD18740
CHD18750

yGCONIRHOTSICARTS»SILTSs CHD18760
sDCOCMIDCONCFXHICFXO9CHD18770

CHN18780

8’ALLGAS(205)9GRAF1(205)vGRAFS(ZOS)oSPEFD(ZOS)vDIFCH(ZOS)oDIFR(ZOS)CH01879O

DIMENSION NBND2(10) sNHDN(3)
EQUIVALENCE (NBND1{2)sNBND?(
EQUIVALENCE (IHDN({2)sNHDN(1)
EQUIVALENCE (TEMPA1(1)»TSI(1)
DIMENSION DELTAX(1)sTEMPAL(1
DIMENSION SOURCE (208) sCONC(1
DIFCOS=0, ‘
ALPH=0,
DCU=DCO#PHI*HCONV{N,L)/BLDEN(N,L)

DO 100 1G=IGR#MG

CALL GRIN(IG)

DO 9 J=JBS»JBE
DIFCO(J)=D1FR(J’*POR(J)

GO TO (1929394959697)sNSOUR
SOURCE(J)=-1023333%WARN(J)

GO TO 9

SOURCE(J)=e01798%#WFD(J)

60 TO 9
SOURCE(J)=000002*WFD(J)+03333*WDEP(J)
DIFCO(J)=DIFCH{J)Y*POR(J)

GO TO 9 .
SOURCE(J)2e3T76T#WFD(J)=143333#WDEP(J)
GO TO 9

SOURCE{J)=0.

60 TO 9

SOURCE(J)=e61111#WST{ )

GO TO 9

N

sduﬁcs<4)=.6053*wFD(J)+2.3aaa*weRN(J)@.ehse¢%w5f(J)

CONTINUE

K=0 -
ALP=SPEED(JBS)*POR(JBS)
DO 10 J=JUBSs»JBEM

K=K+1 ‘
KLzLLD(J)

KK=LLD(J=-1)

IF (KK=KL) 307+3079306
KK=KL-=1

CONTINUE

1F (POR(JI) 30993099312
ALPHA=0,

D(K,=Oo

GO TO 213

CONTINVE
ALPHA=SPFED(J+1)#POR(J+1)

8

1
)
)9 (DELTAX{1)9PARTIN(1))
)
}

SR

CHD18A0ON
CHN18A10
CHN18820
CHD188130
CHD18840
CHN18aS50
CHD18860
cHD18870
CHD188AR0O
CHD18890
CHN18900
CHD18910
CHN18920
CHD18930
cHN18940
CHD18950
CHD18960
CHD18970
CHD18980
¢HN18990
CHD19000
CHN19010
CHD19020
CHN19030
CHN19040
CHD19050
CHD19060
CHD19070
CHD19080
CHND19090
CHD19100
CHD19110
CHD19120
CHN19130
CHD19140
CHD19150
CHD19160
CHD19170
CHD19180
CHN19190
CHN19200
CHD19210
CHD19220
CHD19220

P
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313

10

11

12

13

14

15

20

100

101

105

106

DIK)=SOURCE(J)/PORLY)

CONTINUF

A{KI=(DIFCOS+DIFCO(J) ) %6 /DFLTAX(KK) |
SAVF=(DIFCO(JI+DIFCOtJ+1))%ge/s DFLTAX(KL)
C{K)=-SAVE

BIK)=SAVF+A(K)+  ALP

AlK)==A(K)=  ALPH

ALPH=ALP '

ALP=ALPHA

DIFCOS=DIFCO(J}

CONTINUE

IF (16G=16GR) 11911512

Bl{11=A(1)+B(1)
CCtJURSY=C(1)/R (1
DD(JBSI=D(11/B(1
GO TO 13
ONE=R(1)-CClJBXX)*A(1)

CClJURS)=C{1)/0NE

DO(JRSY=(DI1)=A{1)%ND{JRXX) ) /ONE

CONTINUF

PO 20 J=2sJF1

K=JBSM+J

ONF=R(J)-CC(K=1)*A(J}

IF (ONE) 15914915

CCtk)=0

DD(K ) =0

GO TO 20

CONT INUE

CC(K)=C(J)/ONE

DDIK)=(D(J)~A(J)%DD(K~1))/0ONE

CONTINUF

JEXX=JUBEM

CONT INUF :

Al1)2=ALPH-SAV

Bl1)= ALPHA+DCU+SAVE
D(]1)=DCU*CFIX+SOURCE(JRBF)/(POR(JREI+1.E~10)

IF (B(1)=-CC(JUBE~1)%#Al1)) 10551035105

CONC(JUBE) =0 .

GO TO 106

CONTINUE A
CONCUJUBE)I={D{1)~A(1)#DD(JUBE-1))17{B{11-CCLUBE=~1)%A(1))
IF (CONC{JUBF)) 10351034106

CONTINUF

JBX=JRE

DO 7200 IG=MGsIGRy=-1

CALL GRIN(IG).

CONC( JBF)=CONC(JBX)

DO 150 J=JBEMsJBSy~1

CONC(J) = DD(J) = CCLJIXCONC(J+1)

1F (CONC(J)) 108+108+150

CONC(J) = O,

CONTINUE

JBx=JBS

CONTINUF '

)
)

HOLD=CONC (JUBX)

CHN19240
CHD19250
CHP19260
CHP1927N
“HN19280
CHP19290
CHN19200
CHD19310
£HP19320
CHP19310
CHP19340
CHP19350
~HD19360
c+N19370

" CHD19380

CHD19390
CHD19400
CHN19410
CHP19420
CHN19430
CHN15440
CHD19450
CHN19460
CHD19470
CHD19480
CHN19490
CHD19500
CHN19510
CHD19520
CHD19%30
CHN19540
CHD19550
CHN19560
CHN19570
CHD19580
CHP19%90
CHD19600
CHN19610
CHD13620
CHD19630
CHD19640
CHN19650
CHN19660
CHD19670
CHD19680
CHN19690
CHD19700
CHD19710
CHPM19720
CHD19730
CHN19740
CHP19750

- CHD19760

CHD19770
CHD19780
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205

210
215

230

250

IF (1GR-1) 2055205,21C
1G6RL=1

G0 TO 218
1GRL=1GR-1
CONTINUE

DO 250 1G=1s1GRL
CALL GRIN(IG)

PO 550 J=JBSeJBE
CONC(J)=HOLD
CONTINUE

RFTURN

END

'CHD19790

CHD19800
fHN19810
CHD19820
CHD19830
CHD19840
CHD19850
CHD19860
CHD19870
CHD19880
CHD19890
CHD19900




- FOR FRROR3sFRROR?

S LTRSS

Sl e

T L S R e,

e b

SURROUT INE FRROR3 CHN19910
COMMON /BLOCKA/. ; CHD19920
1{ABSORP(10) »ABSC yACTENC syACTENS +yACTENV(64+10)s CHD19930
2BSTAR yCCPC{4) yCCPG(4) yCHARPT(101) +CKCl4) sy CHD19940
ACOEFT(4910) »CONDC yCONDV (100}  »CONST(4+10) »COVERX(100) » CHD19950
4CPBAR WCPC sCPVI100) yDIFREC yUMATFRI10) » CHD19960
5EFCOLC yEFCOLS yEFCOLV(4510)9EMIS(10) yEMISC y CHD19970
6HOFM{10) yHCOM yHCOMG yHSUB ¢MAT (100) » CHD19980
TMATOMN sMATMNE s MN s NN + NNP » CHD19990
BNNSAVE sNRDIV yNREND yNRGO sNST » CHD20000
SPARTIN(101) »PHI +QBYRAD »OCOMB sQEXTP » CHD20010
10GPCOM $sQSUBL syRECPRO yREORDC yREORDS » CHD20020
2REORDV(44+10) sRHOSZ yRHOS5 (205) yPHOCPX(101) sPHCC y CHD?0030
aRHOV(10) » SABL s SABLC $SDOT »SDOTC »y CHD?20040
4SLOPE(10) »TMELT(10) 2 TS7 »TS(208%) » TRCHAR s CHD20650 :
S5WF2 yWF(205) s XCHAR P XINIT sXLEFT(101) » CHD20060 i
6XMASS » XMDOTC » XMDOTD » XMDOTG »y XMDOTL s CHD?20070 ,
TXMODTR » XMDOTS yXTOTAL yXVIRG(101) sXZONE CHD20080 :
COMMON/BLOCKB/ CHD20090 g
1ALY s AOFA s AOF ACH sBETA(20) yRLCOM(20911)y CHN20100 :
2BLDEN(20511) 9BLENT(20911)>BLTEM(20511)9BLVEL(20s11)sBLRN{20911) » CHD20110 ;
1BMULT sDIST(20911) +FSCOM s FSGAM yLENGTH(21) s CHD20120 ;
4NDIM sNTEMP sNTHETA sNTIME sPAMB » CHD20130 i
5PSP " WPTOTAL +QAMB s QSHOUL ’ CHD20140 !
6R(20911) sREFCOM(20911) sREFDEN{20911) » CHP20150 y
TREFENT(20911) yREFRN(20911)»REFTEM(20911) » CHD20160 :
BREFVIS(20+11) »RHOA yRHOVIS syRNPERF s CHD20170 s
9RTRAN sSOF S sSWEEP »yTHETA(11) s THETSH » CHD?018R0 3
1TTOTAL »yUAMB »V1SCOS $X(20911) +XEQ(20911) » CHD20190 3
2X 1AMB sXISP » XL TRAN » XMACH » XX » CHD20200 {
- 3ATEMP oBLVIS(20911) 9 ZWALL sREFPR(20511) sHMAX CHD20210 g
< T COMMON /BLOCKC/ CHD20220 B
=N 1BLPRES(20911) » COMMAX yCUTOFF sF(20911) s CHD20230 't
2FLOW(20511) sHCONV(20511)s1ERROR s JUNCT sL s CHD20240 "
aN yNOSECH »yQBACK sQUONV(20911)9QGAS(20911) » CHD20250 .
4OM15¢ »TIME »yTPRINT sTWALL(20911) o XIWALL(20511)s CHD20260 §
5XIR(20911) CHD20270 L
COMMON /BLOCKD/ CHN20280 |
1ALPHA(200) »sAMBP(200) »yAMBT (200) rAMULT (200) +AXLD(200) » CHD20290 !
2BWTEST » IATMOS s IPR s IPRINT(20+10) sy CHD20300 ;
3iQ o IX KK sMELTN sMELTL 'y CHD2G310
4 MVTEST sNKK sNCHARM sNMATILU s CHD20320
SNMATL sNMATLD +NSTRES yNTBW sNTIME1 s CHD20330
6NTIME?2 yPRINT sPUT( 20} »yQBAC{200) sQINC{20) sy CHD20340 -
TOINCR »yQM{200) »QTIME(20) »QTABLE(69200) s CHD20350 !
BRPRINC sROINC sRXINC yT(200) s TBW(200) s CHD20360 :
9TEMP(7) yTNT(20) sTORIBW(200) » CHN?20370
1TSIN(101) »TT(200) »V(200) s XINC(20) s CHD201380
2XINCRY XTIME(20) +2(200) v22(200) CHD20390
COMMON /BLOCKE/ ( CHD20400
101V : yIP y IWPLOT sLPLOTH(20) sLPLOTQ(20) yCHD20410
2LPLOCW{20) sNCAM sNCPL(20) s NDRUMA s NDRUMB yCHD204 20
3NDRUMC »y NDRUMD sNDRUME s NDRUMF - INLOCPH »yCHD20430
4NLOCPA. s NKLOCW sNNODEC s NNODET " aNNSP yCHD20440
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EQUIVALENCE (DTAUsDDTAU(1))s(DIV,DDIVIT1))
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5NPAGF sNPLOTHE20) sNPLOTQ(20)  oNPLOCWI(20) sNTIMEP sCHD20450
6NTPLL20) yNVALUC(20)  »NVALUT(20) »PLOTH »PINCI(20) » CHD20460
TPINCR yPPRINT sPTIME(20) »RPLINC »SPECS(31) »CHD20470
8STOPPL s TM sNNPRFV CHD?20480
COMMON /RLOCKF/ CHD?20490
1ASTR(205) »AXLDEQ yCCOMSCH4) »y CCOMSV(4510) sCEMODC(4) » CHD20500
2CEMODV{G,10) o CEXPCi4) yCEXPV(4+10) »CLCOFF »yCMWGAS(4) » CHD20510
3CNUCL4) yCNUVI(4,10) »CSHRSCI(4) sCSHRSV(44510)9CSTRO(205) » CHD20520
LCTENSC( 4) sCTENSVI(4510)sGP(205) yPERMC yPIN » CHD20530
5POROSC +POROSV(10) »sPSTR1(205) »PSTR2(205) »PSTR3(205) » CHD20540
6RIN +sRSTRO(205) +SHRSTR(20S) »SSMAX(205) »RAD(205) CHD20550
7sNSLART CHD20560
COMMON/RLOCKG/ CHD20570
1Q80LD sQBWTOT »QCLD(20510) »QCOLD sQCONVT (20210} +CHD20580
2QGAST(20+10) »QGLD(20+10) »QGOLD yOMISCT »yQMOL D CHD20590
COMMON /CHCOM/ DTAU IBE(10)» IBS{10)s IBSPNs CHD20600
11GTYP(10)s IHDN(4), IMy 1ZB(3) 1ZG(3510)» CHD20610
212GT(3) JRSW) NCSN{10) NSHL(3) NSHR(3) CHD20620
INZEN(3)» NZSN(3)s RHO1(305)s RHO2(305)s RHO3(410) CHD20630
41 yTEMPA2(205) s TEMPA3(42) s TEMPAL(42) »TEMPAS(205) CHD20640
5 DELX(100)sDISTL{100)sDUM (10),1COM, CHN20650
61YSsLFT sMGIMDUMSNCEN(10) sNCUToND(3) sNLZON»SNsSN1» CHD20660
TSCHECK CHD20&70
COMMON /BLOCKH/ CHD20680
1DABS(50) »yDABSC(50) sDACTEC(50) +sDACTES(50) +DACTEV(4950)s CHD20690
2DBSTAR(S50) +DCCPCl4950) »DCCPGI4950) sBCCSC(4950) sDCCSVIi4950) » CHD20700
ADCEMC (4950) sDCEMV(4+50) sDCEXPC(4950) 9sDCEXPV(4950)9DCKC(4950) 9 CHD20710
LDCLCOE(50) +DCNUC(4+50) »sDCNUV(4350) sDCOE(4950) +DCON(4+50) » CHD20720
5DCSHSC(4+50) s DCSHSV (49503 sDCTSCI4950) o+DCTSVI4950) »DDIFFU(50) » CHD20730
6DEFCOCIS50) »DEFCOS(50) +DEFCOV(4950)sDEMIS(50) sDEMISC(50) » CHD20740
7DHCOM(50) »DHCOMG(50) »DHOFMI(50) »DHSUR(50) 'DMWGAS(4+50)y CHD20750
8DPERMC(50) »DPCRC(50) »sDPORV(50) sDREORC(50) »DREORS(50) » CHD20760
9DREORV(4950) s DRHOC(50) »yDRHOV(50) sDSLOPE(50) »DTMELT(50) » CHD20770
1DTRCHA(SD) sDMATER(50) »XMATER(100+2} sTITLE(T70) » CHD20780
2MELT1(50) sMELT2(50) sTHICK{100) sMNODE(100) CHD20790
COMMON /BLOCKM/CARD(14) ' CHD20800
COMMON /NASCOM/ DCHARR(588%3) CHN20810
COMMON /DACOM/ A(42) CHN20820
TABVAL sABVALMsABVALSeB(42) »C(42) » CC(205)sCOND(42) CHD20830
2CONDX s CONDXXs D(42) sDD(20519DELTX(101)9DGAS»DQs CHD20840
3DTAUC »DTAUS +»DTAUX sDTFsDTR(3) sEDFXsEDFXXSEMI(42) » CHD20850
L 4ETASETASsFHT (42) s FHTXsFHTXX s GAGC+GAS]1 sGK 9GX 9GY 9GZ s CHD20860
5HDA(5910) s IBSPMyIERR» IGC»IGL»1GLDsIGR9IGRL+IGT91G2 CHD20870
6IHYS» INEGyIN1sIN29 139 IPLUS»ITERSITERT 9149 1Ys129JsJBE, CHD20880
7JBEMs JBEX s JEND1 9 JBND2 s JBS s JBSMs JBSPM 5 JBSPN» JBX 9 JBX X s JCEN» CHD20890
BICENM » JCSN9 JCSNMo JE 9 JE1 9 JE2 » JHDN 9 JHDON1 4 SLSW o ISLAB s UX 9 JZ CHD20900
9K1yLANDIDsLRT 9MARK yNADD (42) sNASWoNBNDSTsNBND1(11)y . CHD20910
INBSW sNDC sNDCMoNLSW{10) 9 NOF s NOTIME sNPBSWoNPEINsNPS2NsNPTSW CHD20920
2NRID$NR!DC9NRSW(10)ONRZONONSLAB(IO)vNSLABH(lO)oNSWoNXSNQ CcHD20930
3NZONsNZONC sONE2PSI »QSAVEsQTOTsQTOTAL »REFCTR+SBK9SDN» CHD20940
46SDOTNsSNSsSRASTAR» TAUOUT » TAUST(3) s TAUL»TAU2»TAU2S» TEMPA CHD20550
ETEMPST(3)y THREE s TWOsWFPosWF Xy WFX X9 X1 9 XMCOM o XSAVE CHD20960
DIMENSION XQBOLD(1)9XNAME(10)sISTOP(10)»DALT(1! ‘CHD20970
DIMENSION DDTAU(1),,DDIVIY) CHD?0980
CHN20990
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250

310
320
3120
340
350
360
370
380
384
388

390
4n0

1018
1019

FQUIVALENCE (XQBOLDI(1)s0OBOLD) o {NDALT(1)sALT)

DATA XNAME(1)/6HBLOCKA/ sXNAME(2)/6HBLNCKB/ s XNAME (3)/6HBLOCKC/
DATA XNAME (4))6HBLOCKD/ o XNAME (5) /6HBLNCKE / s XNAME (6) /6HBLOCKF /
DATA XNAME(7)/6HBLOCKG/ s XNAME(8) /SHCHCOM/

DATA XNAME(9)9XNAME(lO)/%HDACOMo6HNASCOMl

DATA ISTOP(])/]865/9IQTOP(?)/QOQR/’ISTOP(Q)/199]/vISTOP(A)/QQSI/
DATA 5TOP(5)/1}1/vI§TOP(6)/7115/91STOP(?)/806/9ISTOP(B)/1Bhk/
DATA 15TOP(91s1'STOP(10)/1080+5881/

DATA NPT1/7220/4NPT2/100/

DO 400 I=1+10

GO TO (2509400592509400540094009400425082509250) 1
NSTOP=1STOPA 1)

WRITF (651018)XNAMF (1)

DO 390 J=1+NSTOP,.8

KGO=J~1

KSTOP=J+7

GO TO (310932093309340935093609370+3809384,388) 1
WRITE (691019)KGOs (ABSORP(X)sK=JsKSTOP)

GO T0O 390

WRITE (6+1019)KGOs (DALTI(K)sK=JyKSTOP)

GO TO 390

WRITE (691019)KGO» (BLPRF&IK 1) 9K2JeyKSTOP)

GO TO 39C

WRITE (6510191KGO» (ALPHA(K) yK=JsKSTOF)

60 T0 390 -

WRITE (691019)KGOs (DDIVIK) sK=JsKSTOP)

GO TO 390

WRITE (891019)KGOs (ASTRIK) sK=JsKSTOP)

GO TC 390

WRITE (6+1019)KGO» (XQBOLNDI(K) 9X=JsKSTOP)

GO YO 390

WRITE (6+1019)KGO» (DDTAU(K) sK=JsKSTOP)

GO TO 390

WRITE (691019)KGOs (A(K) oK=JsKSTOP!

GO TO 390

WRITE (6+1019) KGOs (DCHARR(K) sK=JsKSTOP)

CONTINUF

CONTINUF

FORMAT(1H160X16HDECIMAL DUMP OF A6/)

FORMAT(1H 06s1X98E1547)

CALL EXIT

END

CHND21000
CHD21010
cHD21020
CHD21030
CHD21040
CHD?21050
CHD?21060
CHD?1070
CHD?1080
CHD21090
CHD21100
CHD21110
rHN21120
CHN?211130
CHD?21140
CHD21150
CHD21160
CHD? 11790
CHD21180
CHD21190
CHD?1200
CHN21210
CHD21220
CHD21230
CHD21240
CHD21250
CHD21260
CHD21270
CHD21280
CHD21290
CHD21300
CHD211310
CHD21320
CHD21330
CHD21340
CHD21350
CHP21360
CHD21370
cH4D21280
CHD21390
CHD21400
CHD21410
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- FOR FLOWSSFLOWS —

SUBROUTINF FLOWS CHD? 1420 1
COMMON /RLOCKA/ CHD21430
1ABSORP{10) +ABSC yACTENC s ACTENS sACTENV(4510) s CHD21440
2BSTAR »CCPC(4) yCCPG(4) »yCHARPT(101) #CKC(4) s CHD21450
ACOEFT{4910) sCONDC 2CONDVI(100)  »CONST(4910) sCOVERX{100) » CHD21460
4CPBAR yCPC sCPV(100) yDIFREC sUMATER(10) » CHD21470
SEFCOLC yEFCOLS sEFCOLV(4+10)9EMIS(10) sEMISC s CHD21480
6HOFM(10) sHCOM yHCOMG sHSUB sMAT(100) y CHD?1460
TMATOMN sMATMNF s MN yNN sNNP s+ CHD21500
ANNSAVE »NRDIV sNREND yNRGN sNST s CHN?21510
9PARTIN(101) HPHI »yQBYRAD »OCOMB »QEXTR s CHD21520
10GPCOM »yQSUBL yRECPRO »yREORDC sREORDS » CHD21530
2REORDV(44510) yRHOSZ yRHO5 (305} sRHOCPX (101} »RHCC s CHD21540
IRHOV(10) s SABL »SABLC »SDOT »SDOTC y CHD21550
4SLOPE(10) s TMELT(10) » 752 yTS(7085) »y TRCHAR » CHD21560
SWF2Z sWF(208) » XCHAR L aXINIT yXLEFT(101) o+ CHD21%70
6XMASS s XMDOTC s XMDOTD " W XMDOTG » XMDOTL » CHD?1580
IXMDOTR » XMDOTS yXTOTAL yXVIRGi101) +XZONE CHD?1590
COMMON/RLOCKC/ CHD?1600
1B8LPRES(70911) »y COMMAX sCUTOFF yF{20911) s CHD21610
2FLOW(20+11) »HCONV(20511) s IERROR » JUNCT sl sy CHD21620
3N yNOSECH »QBACK sQCONV(20911)90GAS(20s11) » CHD21630
4OM1SC ~ sTIME sTERINT sTWALL(20911) s XIWALLI20s11)s CHD21640
5X1R{20s11) CHD?21650
COMMON /RLOCKJ/ CHN?1660
1FLUXT(200)sTEDEP(200) sXEDEP(1071)+EDEP(10})»NTEDEP, CHD21670
2NXEDEP, ITEPEPEDFLUX(100) CHD21680
COMMON /BLOCKK/NN1sGCOND(205) CHD?21690
COMMON/RLOCKN/COORD CHD21700
COMMON/BLOCKR/DIFC(4)+sEROC(4) sERODE CHD21710
COMMON /CHCOM/ DTAU, IBE({10)s IBS(10) IBSPN, CHD?1720 -
11GTYP(10)s IHDN(4), M, 1ZR(3), 12G1(3410) s CHP?21730 M
212GT (3}, JRSW NCSN(10) s NSHL(3) NSHR(13) CHD?21740 :
INZFN{3) s NZSN(3)s RHO1(305)s RHO2(305)s RHO3(410) CHD? 1750
4 41 yTEMPA2 (205) s TEMPA3(42) s TEMPAL(42) sTEMPAS{205]) CHD?1760
: 5 DELX(100)sDISTL(100)sDUM (10),1COM CHD21770
) E1YSsLFT yMGsMDUMINCEN(10) sNCUTsND(3) sNLZONsSNsSN1» CHD21780
7SCHFCX _ CHD21790
COMMON /NUCOM/ DX(205) sXNHD(205) sNADA(42) yMATA(205) » CHD21800
1EM(42) CHD21810
COMMON /BALOM/ A(42) " CHD21820
1ABVAL ARVALMsABVALSB(42) +C(42) CC(7205)sCOND(42) CHN21840
2CONDK s CONDXXs D(42) +sDD(205) sDELTX(101)sDGASDOy CHD? 1840
3DTAUC sDTAUS »DTAUX sDTFsDTR(31sEDFX>EDFXXsEMI(42), CHD21850
LETASETASsFHT (62) s FHTXsFHTXX »GAGC»GAS19GKGX2GY sGZ s CHD21860
5HDA (5910} » IBSPMs IERRIGCsIGLs IGLDsIGR9IGRL» IGT 21G2 CHD21870
- 6IHYS s INEGsIN1SIN2 s IP s IPLUSSITERSITERT sIXo1Ys129JsJBE CHD21880
» TJBEMs JBEX 9 JBND1 s JBND2s IJBSs JBSMy JBSPM s JBSPN» JBX s JBXX s JCEN CHD?21890
BJCENM3 JCSN» JCSNMs JE 9 JE1 9 JE2 s JHDN s JHDN1 9 JLSWs USLAB JX 9 JZ CHD21900
9K1 sLANDIDSLRT sMARK s NADD (42) ¢ NASWsNBNDSTsNBND1(11) CHD21910
INBSWsNDCsNDCMsNLSW{10) s NOF sNOTIMEsNPBSWsNPEINsNPS2NsNPTSW » CHD21920
2NRIDSNRIDCsNRSW{10) «NRZONSNSLAB(10) sNSLABH(10) sNSWsNXSWs CHD21930
3NZONSNZONC s ONEsPSI »QSAVE »QTOTsOTOTAL 9REFCTR 9sSBK9SDN» CHD21940

4SDOTN &89 SRAYTAR» TAUOUT » TAUST(3) s TAUL»TAU2 s TAU2Ss TEMPA CHD21950
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20

30
¢ 40

50

100

140

142
150

153

155
157

STEMPST(3) s THREE s TWOWWFP s WFXsWFXX 9 XT 9 XMCOMy XSAVE CHD21960
COMMON ¢NASCOM/ CHARROsAIRM, CHN21970
1CARBN1(205)»CARBNS(205)9SILCA1(205)9sSILCAS(205)sPYRO(205)+DEP(2051CHND21980
2 HYD(205)+AERO(205) yAERN(205) +»BURN(205) yWFD (2051 WDEP(205)sWSI(20CHD21990
35) yWBRN(205) sEMWT (205) s PRG( 205) CHD22000
4o TIMEX{501oTFT(50) oNPTS CHD22010
59POR(20%)sPERML(205) sPERM2(205)9VISC(205) sGCONIRHOTS9sCARTSH»SILTSs CHD22020
6PORTsPERT1sPERT29DCOH»DCOOsDCOPY s DCODP 9DCOST sDCOCM9DCONs CFXH»CFX09CHD22030
TCFXPY s CFXDPoCFXST s CFXCMyCFXNSDIFCO(205) s SOX(205) CHD22040
B+sALLGAS(205) sGRAF1(205)sGRAFS5(205)+SPEED(205)sDIFCHI205) +DIFR(205)CHD22050

DIMENSION NRAD2(10)sNHDN(3) CHD22060
DIMENSION DELTAX(1)sTFMPAL(1) CHN?2070
EQUIVALENCE (TEMPA1(1)sTS(1))»(DELTAX(1)sPARTIN(1)) Cc4D22080
EQUIVALENCE (NBND1(2)sNBND2(1)) CHD22090
EQUIVALENCE (IHDN(2)sNHDN(1)} CHD22100
DO 100 1G=IGRIMG CHD22110
CALL GRIN(IG) CHN22120
IF {IG~IGR) 30+30,20 CHN?22130
POR(JRS) =POR (JREX) CHD22140
PERM1 (JRS)Y=PERM1 (JRFX) CHD22150
PERM2 (JBS)=PERM2 (JUBFX) CHD22160
VISC{UBS)Y=VISC(JBEX) . CHD22170
KK=JBS+1 CHD22180
GO TO 40 CHD22190
KK=UBS CHD22200
PO 50 J=KKs»JBE CHN22210
CALL PORO CHD22220
CONTINUF CHN222130
JBEX=JBFE CHD22240
CONTINUE CHD22250
PRFRNT=BLPRES(NsL) CHD22260

ALPHA=WF ( JBE ) *GCON*#TEMPA1 (JBE) / (

EMWT (UBE ) #PRFRNT#POR(JBE)+1eE~1CHD22270

15) CHD22280
DO 200 1G=MGsls=1 CHD?2290
CALL GRIN(IG) CHD22300
PRG(JBE ) =PRFRNT CHD22310
SPEED( JBF ) =ALPHA €MD22320
GO TO (140915051501 s JRSW CHD22330
CONTINUE CHD22340
DO 142 J=JBEMsJBSs=1 CHD22350
SPEEN(J) =04 CHN22360
PRG{J)=PRFRNT . CHD22370
GO T0 170 CHD22380
DO 160 J=JBEMsJBSs~1 CHD22390
K=LLD(J) CHD22400
IF (POR(J)) 151+151,153 CHD22410
PRG(J)=PRG(J+1) CHD22420
SPEEN(.J)=04 CHD22430
GO TO 160 CHD22440
CONT INUF CHN22450
IF (PFRM1(J)) 15151514155 CHN22460
IF (PERM2(J)) 1519151157 CHN22470
CONTINUE ~ €HD22480
PSQ=PRG(J+1)#%#2+GCON®TEMPAL (J) / (EMWT (J)+1.E=10)#(VISCIJ)#WF(J)/( CHD22490

1POR(J)#PERMI(J)+1eE~15)1+(WF(J)/(POR(J)+1.E=15) )##2/(PERM2{J)+1eE~ CHN22500
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!
220V i%DFLTAXIK)Y /12, CHD?2510
PRG(J)=SARTIPSQ) , : CHN22520
SPEED(J)-WF(J)*GCON*TEMPA](J)/( EMWT(J)%PRG(J)*POR(JI+1eF=-15) CHN?22530
160 CONTINUF , . CHN22540
D0 165 J=JBSsJBE , CHD22550
TEMPA=TEMPA] (J) *%] .5 : S §o ; CHD22560
TEMPB=TEMPA] (J} %% ‘ CHD22570
DIFR(J)=,37B03E-4*TEMPA/((PRG(J)+1, F-vS)*FXP(-.12\7E B*TFMPAI(J) CHD22580 ¢
1+6110E-R%TEMPBI ) *POR(J) CHP? 2590 :
DIFCH(J) =467627F~ A*TEMPA/((PRG(J)+1-F 15)#FXP(~o184TF~ 3*TFMPA1(J)CHD226OO k
1+e1119F~ T*TFMPR))*POR(J) CHN?2610 .
165 CONTINUF , CHD?22620 : 5
170 CONTINUE CHD226130 i
.PRFRNT=PRG(JBS) CHD22640 i
ALPHA=SPEED(JBS) CHD22650 b
700 CONTINUF CHD22660 ;
RETURN CHN22670 :
FND CHN?2680 N
Vi
i
~ ;;
i
.
J
x i
\i\'\ / \ — . e
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FOR FONEV,FONEV

20

40
60

80
120

140

160

180
200

240

260

280
300

FUNCTION FONEV(ARGsISAVE 9 XRAYsYRAYsNPTS» IDELT)
DIMENSION XRAY(1l) sYRAY (1)
KPATH = 0 - FIRST PASS OF SEARCH IN XRAY
KPATH = -IDELT ~ DECREASE ISAVE
KPATH = IDELT - [INCREASE ISAVE
KDELT=IDELT

KPTS=NPTS

KSAVE=]SAVE

XARG=ARG

KPATH=0

IF(KPTS)20e20040

CONTINVE

WRITE OUTPUT TAPE 651000+XARG
CALL EXIT

CONTINUE

IF(KSAVE) 1209609120

CONT INUE

KSAVE=KDELT+1
IF(XRAY(KSAVE)-XRAY(1)180+205120
CONTINUE

KSAVE==KSAVE

CONTINUF

KSUBJ=T1ABS(KSAVE)
KSUBI=KSUBJ=KDELT
FACT=1SIGN(19KSAVE)

GO TO 160

CONTINUE

KSUBI=KSUBJ

KSUBJ=KSUBJ+KPATH

CONTINUE

X2=XRAY(KSUBJ)

Y2=YRAY(KSUBJ)

DX=X2~-XARG '

FACTNX=FACT®DX .
IF(KPATH) 22091809260 ‘
CONTIRUE

IF(FACTDX)240+2605200

CONTINUE

KPATH==KDELT

KLIMIT=KDELT+1

GO TO 140

CONTINUE

KSUR=KSURT

IF(FACTDX13204+300,280

CONTINUFE

KPATH=KDELT :
KLIMIT=KDELT#(KPTS=11+1

CONTINUE

KSUB=KSUBJ

IF({FACTDX)280+3005320

CONTINUE
IF(KSUB~-KLIMIT)140+3209140
CONTINUE

FONEV=Y2

Y
)
it

CHD22690
CHD22700
CHD22710
CHD22720
CHD22730
CHD22740
CHD22750
CHD22760
CHD22772
CHD22780
CHD22790
CHD22800
CHD22810
CHD22820
CHD22830
CHD22840
CHD22850
CHD22860
CHN22870
CHD22880
CHD22890
CHD22900
CHD22910
CHD22%920
CHN22930
CHDZ22940
CHD22950
CHD22960
CHD22970
CHD22980
CHD22990
CHD23000
CHD23010
CHN23020
CHD?3030
CHD23040
CHD23050
CHD23060
CHD23070
CHD23080
CHG23090
CHD23100
CHN23110
CHD23120
CHD23130
CHD23140
CHD23150
CHD23160
CHD23170
CHD23180
CHD23190
CHD23200
CHD23210
CHD23220
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&ti}
GO TO 340 CHD23230
320 CONTINUF CHD23240
X12XRAY(KSUBT) CHD23250
Y1aYRAY (KSUBT) | CHD23260
DXI1=X2=X1 CHD23270
FONEVa=(Y2-Y1)/DX1#DX+Y2 CHN23280
340 CONTINUE CHD23290
ISAVE=ISIGN(KSUBsKSAVE) . CHD23300
RETURN _CHD23310
1000 FORMAT{1H10:22HFONEV = IND VARIABLE =»E1847) : CHD23320
END | CHD23330
¥
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Q,nf - FOR FRECFRF( -
o FUNCTION FREC(RKsRFORDC sRDUMBDUM) ' CHD23340
FREC=RDUM/ (RDUM*BDUM+RK## (REORDC=1e ) #(RK+14 )} CHD23350
RETURN : CHD23360
END CHD23370




- FOR

Crunn
CHuns

310
320
330

340
350

360
370
380
190
400

150

f
w0

FRONT ¢ FRONT
SURROUT INF FRONT
THE FRONT SUBROUTINE DETERMINES IF FRONT NODE Is DROPPED CR

COMBINED

DIMENSION NHDN(3)s RHKO4(305)

DIMFNSION DFLTAX(1)s TFMPAL(1)

COMMON /BLOCKA/
1ABSORP(10) 2 ABSC s ACTENC s ACTENS sACTENV(4410)
2BSTAR 2 CCPCHLY) 'CCPGLAG) yCHARPT(101) »CKkCI(4) ’
ACOEFT(4410) »CONDC »yCONDVI(100) sCONST(4+10) sCOVERX(100) »
4CPBAR yCPC sCPV(100) sDIFREC »UMATERI(10) ’
SEFCOLC s EFCCLS yEFCOLVI4410)sEMIS(10) sEMISC ’
6HOFM{10) » HCOM yHCOMG sHSUB +MATL10O) o
TMATOMN s MATMNE s MA ' NN s NNP ’
8NNSAVE sNRDIV sNREND sNRGO sNST ’
9PARTIN(101) »PHI sQRYRAD » OCOMBR s QEXTR ’
1QGPCOM »O5SUBL yRECPRO sREORDC yREORDS ’
2REORDV{4510) sRHOSZ »RHOS (305) yRHOCPX{101) +RHOC ’
ARHOVI(10) » SABL s SABLC s SDOT s SDOTC ’
4LSLOPE(10) »y TMELT(10) s TSZ »T75(205) s TRCHAR ’
S5WFZ sWF(206) » XCHAR s XINIT s XLEFT{101) 9
6XMASS + XMDOTC » XMDOTD *» XMDOTG » XMDOTL »
T7XMDOTR s XMDOTS s XTOTAL s XVIRG(101) s XZCNE

COMMON/BLOCKC/
1BLPRES({20+11) s COMMAX sCUTOFF oF(20911) ’
JFLOW(?204511) sHCONV{20s11)sIERROR » JUNCT ol "
3N s NOSECH »QBACK yQCONV(20911) 9QGAS(20511) »
HOMISC » T IME s TPRINT sTWALL (209211 o XIWALL (20011}
5XIR{Z0»11)

COMMON /CHCOM/ DTAU, IBE(10)» IRS(10) 18SPN»
11GTYP(10)s THDNI(4), M 1ZB(3), 12G(3+10)
212GT(3) JRSW NCSN(10)» NSHL(4) NSHR(31}
ANZEN(3) s NZSN(3) RHO1(308)s RHO2(305)s RHO3{410})y
41 0TEMPA2(205)oTEMPAB(QZYoTEMPAQ(hZ) sTEMPAS(205)

5 DELX(100)sDISTL({100)sDUM (101} 1COMy
&£1YSSLFT 9sMGsMDUMINCEN(10) sNCUToND(3) sNLZON9SN9SN1»
T7SCHECK

EOUIVALENCE (ITHON(2) s NHDN(1))

EQUIVALENCE (RHOB(IOBQ’RHOQ(]))

EQUIVALENCE (TEMPAl(lﬂsttl))’(DELTAX(])!PARTIN(I)’

EQUIVALENCE {(MNODsNNP)

IF (MAT (MNOD~2)~MAT(MNOD=1}) 2310,320+210

NCUT = NCUT+2

IF (NZEN(NLZON!=NZSN{NLZON)=-1) 330,340:330

ICOM = 1

GO TO 390

IF (NLZON=1) 3509350360

ICom = 4 : /

GO TC 390

IF {NZSN(NLZON)~NZEN(NLZON-1)) 370,380,270

ICOM = 3

GO TO 390

iCOM = 2 )

GO TO (4209420+400+430) 9NCUT

NCUT = 1

CHD?23380
CHD23390
CHD23400
CHD23410
CHN23420
CHD234130
CHD23440
CHD23450
CHD?3460
CHD23470
CHD23480
CHD23490
CHD23500
CHD23510
CHD23520
CHD23530
CHD23540
CHD23550
CHD23560
CHD23576
CHD23580
CHD?23690
CHD?3600
CHN?23610
CHD?23670
CHD23630
CHD23640
CHD23650
CHD23660
CHD?23670
CHD?3680
CHD23690
CHD23700
CHD?Z3710
CHD23720
CHD23730
CHN23740
CHD23750
CHD23760
CHD23770
CHD23780
CHD23790
CHD23800
CHD23810
CHD23820
CHD23R30
CHD23840

" eHN23850

CHD23860
CHD22870

CHD23880

CTHD23890

| cHD23900
' CHDZ3910

- omargpmrt T a4 =g e




410
415
420

430

440

4590

460
470

480

4990

7

&

I\

RS
J
v

IF (ICOM=2) 415+415,410
CALL SHIFT1 (NLZONLFTs-1)
RETURN

CONTINUE

CALL COMBIN

NCUT = 1

GN TO (640+450e460+460) 4 ITOM
MG = MG~

12GT(NLZON}Y = IZ2GT{NLZON)}-1
NZEN(NLZON) = NZFN(NLZON)-1
GO TC 490 N
NLZON = 1

MC: = MG=~1

GO TO 490

IF (NCEN(MG=1)-NCSN{MG~1)=1) 4705470480
I1BS(MG=1) = IBS5(MG)
IBE(MG=1) = [BE(MG)
1ZGINLZON»1) = MG-1
NZEN{NLZON) = NZSN(NLZON)
NZSN{NLZON) = NZSN(NLZON)-1
MG = MG-1

GO TO 490

NZFN(NLZON) NZSN{NLZON)
NZSNINLZONY = NZSN{NLZON)=-1
NCFN{MG) = NCSN(MG)
NCSN(MG) = NCSN(MG)-1
NCEN(MG=1) = NCEN{MG~-1}1-1
IBE(MG-1) = IBE(MG-1)-1
CONTINUE

ND{1) = ND(11)=1

XLEFT(NN) = XLEFT(IYS)+SN1
MNOD = NN

NN = NN~1

IYS = ND(1) L

SCHECK = 0eS5H#DELX(TVS)

SN1 = XLEFT(MNOD)~-XLEFTI(IYS)
DISTLIIYS) = Qo

DISTL(MNOD) = 1.
DELX(1YSi=1.

RETURN

END

]

CHN23G20
CHD23930
CHD23940
CHD23950
CHD23960
CHD22970
CHD?3980
CHD?23¢90
CHD?24000
CHDZ24010
CHD24020
CHD24030
CHD24040
CHD24050
CHD24060
CHD24070
CHD?24080
CHD24090
CHD24100
CHD24110
CHD24120
CHD24130
CHD24140
CHD24150
CHN24160
CHD24170
CcHD24180
CHD24190
CHD24200
CHD24210
CHD24220
CHD2462130
CHD24240
CHD?4250
CHD24260
CHD24270
CHD24280
CHD24290
CHD?24300
CHD24310
CHN24320
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- FOR GPCOM«GPCOM '
CHN24330

SURRNUT INF GPCOM
COMMON /RLOCKA/ CHN24340
1ABSORP(10) +ABSC yACTENC . syACTENS yACTENV(44910)s CHD?24350
?BSTAR »CCPCL4) yCCPG(4) yCHARPT(101) +CKCI4) » CHD24360
ACOEFT(4910) +CONDC sCONDV(100)  »CONST(4910) »COVERX({100) » CHD24370
4CPBAR yCPC yCOV{100) sDIFREC 'UMATER(10) » CHD24280
SEFCOLC »yEFCOLS sEFCOLV(4910) 0EMIS(10) yEMISC y CHD24390
6HOFM(10) yHCOM yHCOMG sHSUB +MAT (100} » CHD24400
TMATOMN sMATMNF s MN yNN sNNP s CHD24410
BNNSAVE sNRDIV yNREND sNRGN INST » CHD?4420
9PARTIN(101) sPHI »yQBYRAD » OCOMB s QEXTR » CHD?44130
10GPCOM »QSUBL sRECPRO yREORDC sREORDS s CHD24440
2REORDV(4,4+10)sRHOSZ yRHOS (305) yRHOCPX(101) »RHOC y CHD?4450
4RHOV(10) »SABL »SABLC »SDOT »SDOTC » CHD24460
4SLCPE(10) »yTMELT(10) yT52 2 TS(205) s TRCHAR s CHD24470
SWF2 yWF(205) 2 XCHAR P XINIT 'XLEFT(101) » CHD26480
6XMASS » XMDOTC » XMDOTD » XMDOTG » XMDOTL » CHD24490
7XMODTR » XMDOT S 'y XTOTAL »XVIRG(101) »XZONE CHD24500
COMMUN /RLOCKC/ CHD24510
1RLPRES(20911) » COMMAX syCUTOFF WFI20s11) s CHD?4520
2FLOW(20511) sHCONVI?0»s11)sIFRROR y JUNCT oL » CHD?4530
3N +NOSECH »yQBACK sQCONV(205911)5QGAS(20921) » CHD24540
4QM1SC s TIME »TPRINT yTWALL (20911 ) sXIWALL(20911)s CHD24559
SXIR(20911) CHD24560
IF {TIME-450e) 10520920 CHD24570
10 CONTINUF CHN24580
XKOE=423144 CHD24590
XMDOTN=PHI #HCONV (N ) #XKOE CHN24600 .
XMDOTR=XKOE®DIFREC#XMDOTG/(BSTAR+1sE~=10) CHD>4610 T
QGPCOM=HCOMG#AMIN] (XMDOTO s XMDOTB) CHD24620 o
RETURN CHD24630 N |
20 CONTINUF CHD24640 13
QGPCOM=0, CHD24650
RFETURN CHD24660
FND CHN24670
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- FOP GRINsARIN Y
SURROUT INF GRIN(IG) CHD?4680 g

Cruws CHARM SUBROUTINE IN CHAP = --JULY 1966 VERSION CHD24690 \
C LISTING FOR GAUDFTTF 8528 TAPE CHD24700 7
COMMON /BRLOCKA/ CHD?4710 :
1ABSORP(10)  »ABSC yACTENC »yACTENS sACTENV(4910)s CHND24720 :
2BRSTAR yCCPC(4) yCCPG(4) sLHARPT{101) +CKC(4) » CHD24730 o
ICOEFT(4+10) »CONDC »yCONDV(100) »CONSTI(4510) +COVERX(100) » CHD24740 -
4CPBAR yCPC yCPV(100) 'yDIFREC sUMATER(10) » CHD?4750 7
SEFCOLC +EFCOLS sEFCOLVI(4910)9EMIS(10) yEMISC »y CHD24760 '
6HOFM(10) sHCOM yHCOMG »yHSUB yMAT(100) y» CHD24770 ,
TMATOMN yMATMNE » MN o NN sNNP » CHD2478v 1
8NNSAVE sNRDIV sNREND yNRGO sNST » CHD24790 j
SPARTIN(1C1) »PHI »QBYRAD » QCOMB yOEXTR y CHD24800 ‘
1QGPCOM yQSUBL sRECPRO »yRPENRDC yREORDS » CHD24810 :
2REORDVI(4,4+10) sRHOSZ sRHO5(205) syRHOCPX{101) sRHOC » CHD?4820 ?
ARHOV (10} s SABL »SABLC s SDOT »SDOTC s CHD?248130 :
4SLOPE(10) yTMELT(10) v 752 »T75(205) » TRCHAR » CHD24840
SWF2Z yWF(205) » XCHAR s XINIT sXLEFT(101) » CHD24850
6XMASS » XMDOTC » XMDOTD » XMDOTG » XMDOTL s CHD24860
7XMDOTR s XMDOTS s XTOTAL yXVIRG(101) »XZONE CHD24870
COMMON/RLOCKC/ : CHN24880
1BLPRES(720511) s COMMAX »CUTOFF yF{20511) s CHD24B90
2FLOW(204+s11) sHCONVI20511)sIERROR » JUNCT 'L s CHD?24900
3N sNOSECH »QBACK YyQCONV(20+11) 90GAS(20+11) » CHD?4910
4QM15C »TIME s TPRINT sTWALL(20911) o XIWALL(20s11)s CHD24920
5XIR(20s511) CHD24930
COMMON /BRLOCKJ/ CHD24940 E
lFLUXI(ZOO)'TEDEP(ZOO),XEDEP(IOI),EDFP(IOI)oNTEDEPo CHN24950 i
2NXFDEPy ITEPFPEDFLUX(100) CHD24960 o
COMMON /RLOCKK/NN]sQCOND(205) CHD24970 [ :
COMMON/BLOCKN/COORD CHD?4980 .
COMMON/BLOCKR/DIFC{4) +sEROC(4) yERODE CHD24990 |
COMMON /CHCOM/ DTAUS IBE(10), IBS{10) IBSPN» CHD25000 >
11GTYP(10)s IHDN(4), IM» 1ZB(3), 12G(3510)» CHD25010
212GT(3), JRSW, NCSN(10)» NSHL(3), NSHR (3}, CHD25020 l
INZEN(3)» NZSN(13), RHO1{20%)s RHM2(305)s RHO3(410) CHD25030 j
41 sTEMPAZ2(205) s TEMPA3(42) sTEMPAL(42) »TEMPAS(205), CHD25040 :
5 DELX(100)+DISTL(100),DUM (10} ,1COM, CHD25050 t
61YSsLFTyMGoMDUMINCENT10) 9sNCUTHIND(3) sNLZON SN 2SN s CHD?25060
7SCHECK ~ CHD25070
COMMON /DACOM/ A(42) : " CHD25080
1ABVAL sABVALMsABVALSB(42) ,C(42) CC(205)sCOND(42) CHN25090
2CONDX s CONDXX» D(42) +DD(205)+DELTX(101)9DGASHDQs CHD25100
3DTAUC +DTAUS +DTALUX sDTFeDTRIZ) +EDFXSEDFXXsFMI(42) CHD25110
GETASETASsFHT (42) 9FHTX sFHTXX s GAGC 9GAS1 sGK 9GXsGY 0G2Z s CHN25120
5HDA(5+10) s IBSPMyIERRs IG s IGLs IGLDYIGRIGRLyIGT 162 CHD25130 :
6IHYS Yy INEGyINI o IN2»IP IR LUS»ITERYITERT s IXs1Ys1Z s s JBESs CHD25140 !
7.1BEMs JBEX » JBND1 s JBND2 s JBS 9 JBSM9» UJBSPMs JBSPN ¢ JBX » JBXX s JCEN » CHDP25150 :
BJCENM» JCSN s JCSNM 9 JE 9 JE1 s JE2 3 JHDN s JHDN1 s JLSW s SSLAB» JX s JZ » CHD25160 i
- 9K1sLANDIDSLRTsMARK yNADD(42) sNASWsNBNDSTsNBND1(11) s CHD25170 §
INBSWsNDCsNDCMaNLSW(1D) s NOF »NOTIME sNPBSWsNPELINsNPS2NsNPTSW» CHD25180 8
2NRIDINRIDCINRSW(10) sNRZONSNSLAB(10) sNSLABH{10) sNSWaNXSWs CHD25190 it
3NZONSNZONCIONEsPSI yQSAVEsQTOTsOTOTALIREFCTR9SBKoSDN » CHD25200 g
4SDCTNsSNSsSRASTARsTAUOUT s TAUST (31 vTAUL s TAU2 s TAU2Ss TEMPA » CHD25210 @
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STEMPST(3) s THREE s TWO eWFP s WF X o WF XX s X1 9 XMCOM 3 XSAVE CHD?5220
DIMENSTION NRND?(10) sNHDN( 3} CHN?57130
EQUIVALFENCE (NBND1(2):NBND2( 1) CHD?5740
EQUIVALENCE (IHDN(2)sNHDN(1)) CHD25250
JBS = IRS(IG) CHD25260
JRSM = JRS-1 CHD25270
JLSH = NLSW(IG) CHD?5280
JRSW = NRSW(IG) CHD?57290
JF1 = NSLABH(IG) CHN?25300
JE = JE1+1 CHD251310
JE2 = JE1-1 C¢HD25320
JBNPD1 = NRND1(IG)-3 CHT25330
JBND2 = NBND2(1G) CHD25340
IGL = 1G-1 CHD?25350
JRF = IBF(IG) CHN?51360
JBEM = JRE-1 CHD?5370
JCSN = NCSN(IG) CHN?5380
JCEN = NCEN(IG) CHD?25390
JCSNM=JCSN-1 CHD25400
JCENM = JCEN-1 CHD?5410
IGC = IGTYP(LIG) CHD25420
JHDN = NHON(IGC) CHD25430
JSLAB = NSLAB(IG) CHD25440
JBSPM = [RSPN+JCSN CFHNP 5450
: JBSPN = JBSPM-1 CHN25460
a RFTURN CHD25470
END CHD25480
! "fr“\;
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~ ASM INITHINTT
RFGNAM

%4114 INIT® SX») B1195SAVF ,
MESEA  MIDOFSs+(SLJ STUFF?)
MSSEA  MIERRSs+(J DIAG?)

SAVE J 0
END .

cHN?25490
CHN?25500
CHD?5510
CHD?25520
CHD25530
CHD25540
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FOR

ITFRB8,ITFRA
SUBROUT INE ITERB(TosXI 32 sPsFCTHTOL 1)

T Tl=T

4
1000
2000

5

PO 4 N=1+100
T2=FCT (T1sX1sZ »P]
TA=FCT (T2sX1sZ +P)
IF{T3)1041910
IF(ARSI(TA=T2)/T3)=e01)5559)
IF(T?2-T1)11s2s11
A=(T3A=-T2y/(T72-T1)
1IFIA-14)3382+3

T1=T3

GO 10O &4

Q=A/(A=-1,)
T1=Q*T24+(1e~Q1*T3
IF(T1)442s4

CONT INUF

WRITE (651000)

FORMAT(1HO40X33HCONVERGENCE NOT ACHIEVED IN ITERS)

WRITE(64+2000)T1sX1s2sP

FORMAT{1HO30X4HT = F10e4+5X5HXT = E10+495X4HZ

14)
T=T3
RETURN
END
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E10e495XaHP

CHD?25550
CHD25560
CHD25570
CHD25580
CHD25590
CHN25600
CHN?5610
CHD?25620
CHN?256130
CHN25640
CHD25650
CHD25660
CHD?25670
CHD25680
CHD25690
rHN25700
CHD25710
CHD25720
CHD25730

E10.CHD25740

CHD25750
CHD25760
CHD25770
CHD?25780
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¢ - FOR

TWRs IWR -

SURROUTINF IWR(2sTeXI)
A=54004/7 .
Az(Pe=21%(245+A/(EXP(A)=14))
B=1e+1067006/T"

rF«Z»l.zye.s,ai

IF(2-24)50b0ss
ZERT=1e5%#24+(3064200¢%#2~424800.)/T

GO 10 7 ¢
ZERT=A+2#B+{2-1e2)#(3.4203400,/T)
GO TO 7

IFRT=A+(Z2=Y.)%B

X1 = o04BB5*T#(ZFRT+2)

RETURN

END

CHN25790
CHD256800
CHN?5810
CHD?5820
CHD?5830
CHD25840
CHD25850
ZHD25860
CHD?5870

CHD?58RN

CHD>5890
CHN25900
CHD25910
CHD25920
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- FOR

1
?
9
4
5

LLp.LL D

FUNCTION LLDUJ)
COMMON /CHCOM/ DTAU,
IGTYP({IDYs THDN(4),
12GT(2) JRS W,
NZEN(3) NZSN(3),

: DELX(100)sDISTLI100),,DUM

IF (J=102) 69696
NZON=0
LLD=J
RETURN

IF (J=187)
NZON=1

GO TO 9
NZON=?
K=J-12R(NZON)
¥K=K/4
LLD=NZSN(NZON?
RFTURN

END

7+8+8

+ KK
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RSN DL PRI

IBE(10)
1My

NCSN(10)
RHO1(305)

IBS(10)
1Z2B(3),
NSHL(3)»

RHO2(305)»
1 yTEMPA2 (205) s TEMPA3(42) s TEMPAL (42

IRSPN
1ZG(3,10)
NSHR (31},

RHNO2(410)

» . EMPAG (2058 )

(10),1C0OM,
6IY5|LFT9MGoMDUM’NCEN(10)9NCUT’ND(?)9NLZONQSN,SN19
7SCHECK

CHN?25930
CHN?25940
CHD?25950
CHD25960
CHD25970
cHD?25%80
CHD25990
CHD26000
CHN260610
CHN?26020
CHD26030
CHD26040
CHD26050
CHN26060
CHD26Nn70
CHN?26080
CHD?26690
CHN?6100
CHD26110
CHDZ26120
CHD26130
CHD26140
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10

20

30
33
36
37
40

50

&0

65

70

80

MAINSsMAIN
COMMON /BLOCKC/ USER(220) s COMMAX

CHD26150

COMMON /BLOCKA/ FILL1(627)’MAT(100)oF!LLZ(B)oNNoNNP’FILLE(519PARTXCHDZ6151

IN(1O1) o FILLALG92)9TS(205)

COMMON /DACOM/ UPPED{972) sNASWIUPSIT(84)sTAUIL
COMMON /TABCOM/ NDOTS(4)sTIMEL(100)»TIME2(100)sTIME3(100)
1TIME4(100)’DSTEP(looivPSTEP(1OO)9XR!(100)9RH(100)oOMU(lOﬂ)o
2TT(100)+PP(3100)sFF{100)3AST(100) .
DIMENSION TITLE(12)sNAMF(2)

TPRINT=0,

NTABRT=0

TEND=14F6

TAU1=0.

MT0=0

READ (5+990) TITLE .
WRITE (6+992) TITLE ~ ~

CONTINUF

READ (5,1000) NTABsNTYP

NTABT=NTABT+1

I=1

INFRST=1

CONTINUE

GO TO (109209309401 9NTAB

CONTINUE

READ (5+1010) TIME1(I)sDSTEP(I)

TIMEZ = TIME1(I1)

GO 1O 50

CONTINUF

READ (51010) TIME2(1)sPSTEPI(I)

TIMEZ = TIME2(I1)

GO TO 50

CONTINUE

GO TO (33s386)sNTYP

READ (5,1010) TIME3(I)sXRI(T)sRH(I)»QMULT)
GO TO 37 :

READ (5910101 TIME3({I)sTT(IIWRH(T)
TIMEZ=TIME3(])

NASW=NTYP

GO TO 50

CONTINUE .

READ (5+1010) TIME&4(I)sPP{I)sFFLI)sASTI(I)
TIMEZ=TIME4(1}

CONTINUE

GO O (62+60) 9 INFRST

IF {TIMEZ=TIMEY) 7070465

INFRST=2

CONTINUF

I=1+1

TIMEY=TIMEZ

GO 10 5

NDOTS(NTAB)=1~-1

TEND=AMIN1 (TEND s TIMFY)

IF (NTABT~=4) 3+80,80

CONTINVE

NDOTSX=NDOTS{1)

CHN26157
CHN26160
CHD26170
CHD26180
CHD26190
CHP26195
CHIN26200
CHP?26210
CHD?6220
CHD26230
CHD26233
CHN26235
CHD26238
CHD26240
CHD26250
CHD26260
CHD? 6270
CHN26280
CHD26290
CHN26300
CHD26310
CHD26320
CHN26330
CHD26340
CHD26350
CHN26360
CHD26370
CHD26380
CHD26390
CHD26400
CHD26410
CHD26420
CHD?6430
CHN26440
CHN26450
CHD26460
CHD264T0
CHD26480
CHD26490
CHD26500
CHN?6510
CHD26520
CHD26530
CHD26540
CHD26550.
CHD26560
CHD26570

_CHN26580
CHN?26590

CHD26600
CHD26610
CHD26620
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90

95

98

99

110

111
112

113

100
102

104

106
108

109

WRITE (5+1020) (TIMEL1(I)sDSTEP(I)»1=1sNDOTSX)
NDOTSX=NDOTS(2)

WRITE (64+1022) (TIME2(1)sPSTEP(I)sI1=19NDOTSX)
NDOTSX=NDOTS(3)

GO TO (90498) s NASW

CONTINUF B .
WRITE (651024) (TIME3(I)sXRI(I)sRH(I)»QMU(T}»1=219NDOTSX)
NDOTSX=NDOTS( 4) -

GO TO 98

CONT INUE

WRITE (6+1026) (TIME3(I)oTTLI)sRH{I)s1=1+NDOTSX)
NDOTSX=NDOTS{4)

CONTINUE

WRITE (691028) (TIME4(I)sPPII}4FF(I)sAST(I)s1=21+NDOTSX)
COMMAX=1.E-6 '
WRITE (6»1030) :
NNP=0 '
CONT INUE ;
NN=NNP

READ (551031) MNOsNAME sWIDE ¢NUMERO

IF (MNO) 1129112110

NNP=NNP +NUMERD

NN=NN+1

WRITE (6s1033) MNOsNAME sWIDEsNUMERO
DWICE=WIDE/FLOAT(NUMERO)

MTO=MAXO(MTOsMNO)

DO 111 J=NNsNNP

MAT (J) =MNO

PARTIN{J)Y=DWIDE

CONT INUF

GO TO 99

NN=NNP

NNP=NN+1

READ (5+1032) TS(1)

DO 113 J=1s100 A

TS(1J)=TS(1)

CALL OUTPUT (MTO)

GO TO 109

IF {1.00001#TAU1=TPRINT) 10491025107

CALL WRITE ‘
DPRINT=TBSTEP({TPRINT TIMEZcPSTEPoNDOTS(Z)) -
TPRINT=TPRINT+DPRINT

CONTINUF

IF (TEND-1+00001%#TAU1) 10691064108

CALL EXIT

CONT INUE

DPRINT=TPRINT~TAUL

DTEND=TEND-TAU1
COMMAX=TBSTEP(TAUL s TIME1sDSTEPsNDOTS(1}}
COMMAX=AMINT { COMMAX s DPRINT »DTEND)
SET=1,E-6*TAUL

COMMAX!AMAXI‘COMMAX;SET) o

CONTINUE
CALL CHARM
GO 1O 100

160

CHD26630
CHD26640
CHD26650
CHD?26660
CHN26670
CHD?26680
CHN2669%0
CHN26695
CHD26700
CHN26710
CHD26720
CHD26730
CHD26740
CHD26748
CHN26T49
CHD26750
CHD26751
CHD26752
CHD26753
CHD26754
CHD26755
CHD26756
CHD26757
CHD26758
CHD26TS9
CHD26760
CHD26761
CHD26762
CHN26763
CHN26764
CHD26765
CHD26766
CHD26767
CHD26768
CHD26769
CHD26770
CHD26771
CHN26772
CHD26773
CHN26774
CHD26780
CHD26790
CHD26800
CHD?26810
CHD26820
CHD26830
CHD26840
CHD26850
CHD268690

cHD26870

Lgaaao
CHD¢6890
CHD26B

cnozeqoé«_
CHD26910

,
SO
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990 FORMAT (12A6) CHD26913
992 FORMAT (4X12H TITLE=—=- 12A6/7) CHD26917
1000 FORMA! (2110} CHN26920
1010 FORMAY (4F10.0) CHD26930
1020 FORMAT {{HO9X35HCAL CULATION TIME STEP CONTROL TABLE/19X4HTIME7Xs CHD26940
19HTIME STEP/19XSH(SEC)IBXSHISEC)/(F25423F1364)) CHD26945
1022 FORMAT (1HO9X29HPRINT TIME STEP CONTROL TABLE/19X4GHTIMETK» CHD26950
19HT IME STEP/19X5H(SEC)BXSHISEC)/(F25029F1344)) CHD?6955%
1024 FORMAT ¢1HOs9X23HSURFACE HEAT FLUX TABLE/ CHD2696U
119X4HT IMEBXBHRECOVERY3X13HHEAT TRANSFER3X9HMISC HEAT/ CHD26970
231XeHENTHALPYEX?HPARAMETER5X11H TO SURFACE/19X5H{SEC)I6X9HIBTU/LBM)ICHD26673
33X13H(LBM/FT2—SEC)3X9H(BTU[$F()/(F?SoZ-F13029F13o59F]5-3)) CHD26977

1026 FORMAT (1HOs9X25HSURFACE TE-\" ¢RATURE TABLE/19X4HTIME6X11HTEMPERATUCHD26980
{RE2X13HHEAT TRANSFER/44X9HP; 1AMETER/19XSH(SEC) 7TXTHIDEG R)4X13H(LBMCHD26983
2/FT2=-SEC)/(F25429F13429F13451)) ' CHD26987

1028 FORMKT (1HD»9X44HLOCAL STATIC PRESSURE AND :FLOW CONTROL TABLE/ CHD26990
119X4HT IME6XOHLOC PRESS4X4HFLOW4X12HLOCAL STRESS/19X5H(SEC)SX9HILBFCHD26991
2/FT2)4X4H == 5XOH(LBF/IN2) /(F25029F13¢49F8409F13e4)) CHD?26992

1030 FORMAT (1H19X9HMATERIALS///15X36HMATERIAL NAME THICKNESS ~ NUMBERCHD26993

1 OF/33X4H(IN)TX5HNCDES) CHD26996
1031 FORMAT (110+2A6sF1844s110) CHN26997
1032 FORMAT (F1044) CHD26998
1033 FORMAT (13Xs1H(I191H)2A69F10e4519) A CHD27000

END CHD27010
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- FOR MALWT ¢MAp WT

SURROIT INE MOLWT CHNDTN20
COMMGON /RLOGCKA/ FHN2T030
1ABSORP(10) »ABSC yACTENC sACTENS 2»ACTENV{G»10) s CHD2T040
2BSTAR yCCPC(4) yCCPGI( &) +yCHARPT (101} sCKC(4) sy CHD27050
ACOEFT(44+10) »CONDC +yCONDV(100) »CNHNSTI4910) sCOVERX({100) s CHD?2TNGO
4CPRAR yCPC yCPV(100) yDIFRFC sUMATER(10) » CHN?27070
SEFCOLC yEFCOLS sEFCOLVI(4s10)sEMIS(10) yEMISC »y CHD?7080
6HOFM(10) sHCOM »HCOMG s HSUR »MAT (100) s CHD?27050
TMATOMN yMATMNF sMN y NN s NNP s CHP2T100
8NNSAVE yNRDIV sNREND sNRGO sMST s CHD27110
SPARTINI101) »PHI »yQBYRAD »y QCOMR yOEXTR » CHD27120
10GPCOM sQSUBL sRECPRO sREQRDC »yREORDS » CHD27130
2REORDV(4410) 9RHOSZ sRHOS5(305) yRHOCPX({101}) »RHOC s CHD27140
ARHAVI(10) ySABL »SABLC ' SOOT »SNOTC » CHP27150
LSLOPE(10) sTMELT (1IN 2752 2 TS(2NG) » TRCHAR s CHP?27160
SWF2 sWE(206) vy XCHAR s XINTT SXLEFT(10Y)Y s CHDO2TYITN
6XMASS »yXMDOTC »yXMDOTD » XMDNTG »y XMDO TL s CHD?27180
TXMDOTR ' XMDOTS 'XTOTAL W XVIRG(101) s XZONF CHD? 7190
COMMON/RLOCKC/ CHD27200
1BLPRES(20511) s COMMAX yCUTOFF 2FL20911) sy CHD27210
2FLOW(20+11) sHCONV(Z0s11)sIERROR s JUNCT 'L s CHD27220
N sNOSECH »yOBACK YyACONV (209111 90GAS({20511) » CHD?7230
40OMISC -2 TIME s TPRINT sTWALL(20911) s XIWALL(2Ns11) s CHD27240
SXIR(20s11) CHD? 7250
COMMON /RLOCKJ/ CHN?7260
1FLUXI(200) s TEDEP(200) sXFDES(101)+EDEP(101) sNTEDEP CHN27270
2NXFDEP ITFPEP,EDFLUX(100) CHD27280
COMMON /RLOCKK/NN1sQCOND(205) CHD27250
COMMON /BLOCKN/COQRD CHN27300
COMMON/BLOCKR/DIFC(4) sEROCI4) +ERODF CHD? 7210
COMMNON /CHCOM/ DTAU, IBE(10) IRS110) IRSPNy CHN? 7220
JIGTYP(10)s THDN(4), M, 1ZR(3), 12ZG(3s10) CHN? 7330
212G6T(3), JRSV» NCSN(10)s  NSHLI(3), NSHR(3) CHD?7340
3NZEN(23s - - MZSN(3), RHO1(1305)s RHO?2(205)s RHO2(410)s CHD?27350
41 syTEMPA2(205) »TEMPA3(42) s TEMPAL4(42) sTEMPAS(205) ) CHD27360
5 ‘ DELX(100)sDISTL(100)»DUM (10),ICOM)» CHD27370
61YSsi.FT sMGsMDUMSNCEN{10) sMCUTsND(3) yNLZOMsSNaSN1 s CHD27380
75CHECK CHD2739%
COMMON/NUCOM/ NADA) CHN27400
1EM{42) - CHD? 7410
COMMON /DACCM/ Al42) CHD27420
1ABVAL sABVALMsABVALSsB(42) +Cl42) CC(2058)+9COND(62Z ) CHD? 74130
2CONDX »CONDXXs D{42) #DD(205)sDELTX(101)9DGASsDQ» CHD27440
3DTAUC »DTAUS »DTAUX sDTFsDTR(3)sEDFXsEDFXXsEMI(42) CHD276450
GLETAVETASsFHT (42 ) 9 FHTX sFHTXX ¢ GAGC 9 GAST1 G 9GX sGY 962y CHD27460
SHDA{5910) s IBSPMs IERR IGCHIGLsIGLD s IGRSIGRLIGT 9152 CHD27470
6IHYSs INEGoIN1oIN2sIP o IPLUS» ITER+ITERTsIXs1Ya126JsJBES CHD27480
T7JIBEMs JBEX 9 JBND1 » JBND2 9 JBS» JBSMy JRSPMy JBSPN s JBX » JAXX s JCEN CHD2T7490
8JCENM 9 JCSN JCSNM3 JE 9 JE1 9 JE2 s JHDN 9 JHDNT1 s JLSW e JSLAB» JX 9 U2y CHN27500
9K1sLANDIDSLRTsMARK s NADD(42) yNASWsNBNDSToNBND1(11) CHD?>7%10
INBSWsNDC o NDCMoNLSW(10) s NOF sNOTIME sNPBSWeNPEININPS2NINPTSW s CHD27520
2NRIDsNRIDCHINRSW(10) sNRZONSNSLAB{10) oNSLABH(10) sNSW e NXSW ‘CHD27530
3NZONsNZONCsONEsPSI sQSAVEQTOTsQTOTALYREFCTRSBKsSDN» CHD27540
CHD27550

4SDOTN+SNS9SRA» TAR»TAUOUT » TAUST(3) s TAUT s TAUZ s TAU2S» TEMPA,




20

30
40

50
100
205

210
215

230
250

AT

STEMPST(3) s THREE s TWOSWFP s WF X yWFXX 6 X1 3 XMCOM 3 XSAVE CHN2 7840
COMMON /NASCOM/ CHARRO:AIRM, FHN2 7570
1CARBN1(205) sCARBNS(205) 9SILCAT(208)sSILCAS(208)9PYRO(205)sDEP(20S)CHD?T7580
29HYD(205) »AEROG205) s AERN(205) sBURNI(205) sWFD(205)s WDEP(205)»WSI{20CHD27590
35) yWBRN(205) s EMWT (205) sPRG( 205 CHD27600
4yTIMEX(50)sTFT(BO)+NPTS CHD27610
S,POR(?OS)oPFRMU(ZOS)oPERMZ(ZOS)oVISC(?OS)oGCON-RHOTSoCARTSoSILTSo CHD27620
6PORTsPERT1sPERT29DCOHsDCOOsDCCPY sDCODPIDCOST 9sDCOCM4DCONYCFXHICFXOsCHD27£30
TCFXPY sCFXDP s CFXST s CFXCMZCFXNSDIFCO(205) 9SOX(205) CHD? 7640
B+ALLGAS(205) sGRAF1{205)sGRAF5{205) sSPEED(2051sDIFCH(205) yDIFR(205)1CHN276%0
99sVISCOIVISCOANIAF +sBF s SILICASREQsPMW 9 DMW s HMW s AOMW s ANMW 3 SMW s BMW 9 CX (6 ) CHD2T660

DIMENSION MBND2(10) sNHDN{ %) CHN?2 7670
EQUIVALENCE (NBND1(2)sNBND2(1)) CHD27680
EQUIVALEMCE (IHDN(2)sNHDN(1)) CHD? 7690
EQUIVALENCE (TEMPAL(1)-TS(1))s(DELTAX{1)sPARTINI(I)) CHD27700
DIMENSION DELTAX(1)sTEMPAL(]) CHD27710
DO 100 1G=IGRyMG CHD27720
CALL GRINI(IG) CHD?7730
IF (1G~1GR} 30+30,20 CHN? 7740
CONTINUF CHD27750
ALLGAS{JRS)=ALLGAS{JREX) FHN? 7760
EMWT (UBS ) =EMWT( JBEX) CHDP27770
KK=JBS+1 CHD27780
GO TO 40 CHD27790
KK=JRS CHD?2 7800
DO 50 J=KKsJBF CHP27R810
ALLGAS({J)=PYRO(J)+DEP(JI+HYD{J)+AERO(J)+AERN(J)+SOX(J)+BURN(J) CHN2T820
1+1.E-20 CHD27830

EMWT () =ALLGAStJ) /(PYRO(J) /PMW+DEP( J) /DMW+HYD (J) /HMWH+AERO( J) /AOMW CHD27840

1+AERNTJ) ZANMW+SOX (J) /SMW+PURN(J) /BMW+5.F~-22) CHD27850
CONTINUE CHD27860
JBEX=JBE CHD27870
CONTINUFE CHN> 7880
IF (IGR=1) 205+205,210 CHD27890
IGRL=1 CHP?27900
GO 70 215 CHNZ7910
IGRL=1GR-1 CHN27920
CONTINUF CHN27930
JBEX=IBS(IGR) CHD27940
DO 250 1G=1sIGRL CHN27950
CALL GRIN{IG), CHD27960
NO 230 J=JBS.JBE CHN?2 7270
EMWT () =EMWT (UBEX) CcHD27980
ALLGAS(J)=ALLGAS(JBFX) CHN27990
CONTINUF y CHN28000
RETURN CHD28010
END CHD28020
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- FOR PCAPFsPCAPF . o
FUNCTION PCAPF (K) CHD28030
THE PCAPF SUBROUTINE CALCULATES THE DENSITY=-SPECIFIC HEAT PRODUCHD28040

Ceana
DIMENSION NHON(3)s» RHOG4(306) CHD?8050
DIMENSION DFLTAX(1), TEMPAT (1) CHN28N60
COMMON /RLOCKA/ CHN28070
1ABSORP(10) »ABSC s ACTENC s ACTENS +ACTENV{G4410) s CHD?8080
2BSTAR 2 CCPCHL4) 2 CCPGI 4 yCHARPT(101) sCKC(4) s CHD28090
3COEFT(4910) »CONDC yCOMDV (100) sCONST(4910) +COVERX(100) » CHD28100
4CPBAR yCPC »yCDUM(100) +DIFREC »UMATERI(10) s CHD28110
sEFCOLC s EFCOLS +EFCOLV(4910)+EMIS(10) sEMISC » CHD28120
&HOFMU10) sHCOM s HCOMG s HSUB sMAT (100 s CHD?8130
TMATOMN s MATMNF s MN s NN »NNP s CHD28140
BNNSAVE s NRD1IV sNREND s NRGO sNST s CHD?2815¢
9PARTIN(101) »PHI sQBYRAD » GCOMB sQEXTR v CHD28160
1QGPCOM »yQSUBL +RECPRO + REORDC +REORDS s CHD28170
2REORDVI(4510) sRHOSZ »RHO5(305) »RHOGPX(101) sRHOC y CHD28180
3IREOVI10) » SABL »SABLC »SDOT »SDOTC sy CHD28190
4SLOPE(10) »yTMELT(10) 2 TS2 2 TS(205) » TRCHAR s CHD28200
5WF2Z yWF(205) s XCHAR s XINIT sXLEFT(101) » CHD28210
6 XMASS s XMDOTC + XMDOTD s XMDOTG ' XMDOTL s CHD28220
T7XMDOTR . » XMDOTS s XTOTAL »XVIRGI101) o XZONE CHN?82130
COMMON/BLOCKC/ CHD28240
1BLPRES({20s11) » COMMAX yCUTOFF sF (209111 » CHD28250
2FLOW(20911) sHCONV(20911)1ERROR s JUNCT sl s CHD28260
3N s NOSECH s QBACK »yQCONV{20911)90GAS(20s11) » (CHD28270
4QM1sC » TIME s TPRINT s TWALL(20211) o XIWALL{20s11% CcHD?28280
5XIR(20+11) : CHN28290
COMMON /CHCOM/ DTAU, IBE(101)» IBS(10} IBSPNY CHD28300
1IGTYP{10)» IHDN(4) 1My 12B8(3) 12G{2+10) CHD28410 BN
212GT(3) s JRSW NCSN{10)» NSHL(3) NSHR(3) s CHD28420 S
ANZEN(3)» NZSN(3i RHO1(305)» RHO2(305)s RHO3(410)» CHD28330 e
41 +yTEMPA2(205) s TEMPA3(42) 9 TEMPAL(42) sy TEMPAS(205) » CHD?281340
5 DELX(100)sDISTL(I00)sDUM (10)sICOMy» CHD28350
6[YSOLFT9MGWMDUM’NCEN(10)’NCUT’ND(3)’NLZONOSNOSNIO CHD28360
TSCHECK ' CHDP28370
COMMON /DACOM; A(42) : CHD28380 p
1ABVAL sABVALM»ABVALS3B(42) +C{42) » CCt205) sCOND(42) CHD28390 :
2CONDX »CONDXXs D(£2) yDD(205) +DELTX(101) +DGASsDQs CHD28400 g
aDTAUC sDTAUS sDTAUX sDTFsDTR{3) sEDFXsEDFXXoEMI (42 s CHD28410 '
QETA:ETASoFHT(QZl9FHTX,FHTXXsGAGC@GA51'GKQGXQGYDGZs CHD28420 3
5HDA(59101leSPM!IERRPIGCD]GL!IGLD’IGR’iﬁRL’!GTvIGZo CHD28430 :
61HY59!NEGQIN1!IN29!P$IPLUSo!TER’ITERTOIXOIY’lZ!J'JBEv CHD28440 :
7JBEMiJBEX'JBNDIvJBNDZOJBSQJBSMoJBSPMOJBSPN’JBXQJBXX'JCENO CHD28450 :
BJCENMOJCSNOJCSNM!JEOJEI’JEZ’JHDN!JHDNI9JLSW’JSLAB’JX’JZ’ CHD28460 :
9K]QLANDIDOLRT9MARK9NADD(42)’NASWQNBNDSToNBNDI(II)o CcHD28472
1NBSW9NDC9NDCM9NLSW(10)9NOFtNOTIMEONPBSW9NPEINONPS?N'NPTSWO CHD28480
2NRIDQNRIDC9NRSW(10)9NRZON9NSLAB(10)9N$LABH(1G%@NSW$NXSWD CHD28490
3NZON9NZONC’ONE’P$I’QSAVEQQTOT9QTOTALoREFCTRoSBKKSDNo CHD28500
QSDOTN’SNSGSRAOTAROTAUOUTaTAUST(3§OTAUIQTAUZQTAUZS’fEMPAl CcHD28510
5TEMPST(3)oTHREEoTWOvWFPoWFX.WFXX’XI9XMCOM9XSAVE CHN28520
COMMON /NASCOM/ CHARRO2AIRMy . CHD28530
1CARBN1(?O5)OCARBN5(?05)95!LCA1(205)OSILCAS(?OS)OPYRO(?OS)ODEP(ZOS)CHDZBSQO
2 ,HYD[205) »AERO(205) yAERN(205) +BURN(205) sWFD(205) » WDEP(205) sWSI1{20CHD28550
28) yWEPN(205) »EMWT(205) +PRG( 205) CHN?8560
i }
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G9TIMEX{50)sTFT(50)sNPTS

CHD28570

5sPOR{1205) sPERM1 (2053 sPERM2(205)9VISC(205) vGCON'RHOTS»CARTSHSILTSs CHD26580
6PORTYPERT19PERTZ2»DCOHsDCOO»DTOPY sDCODP+DCOSI +»DCOCMIDCONs CFXHICFXO 2 CHD28590

TCFXPY o CFXDP W CFXST oCFXCM’CFXNaDIFCO(205)QSOX(ZOS)
B8sALLGAS(205)sGRAr °205)
EQUIVALFNCE (THD®* :)sNHDN(1))
EQUIVALENCE (RHO3(103)sRHO4(1))
EQUIVALENCE (TEMPA1(1)oTS(1))s(DELTAX{1)sPARTINI(1)}
EQUIVALENCE (MNODsINNP)
DIMENSION AREA(42)9AREAVI(42)
SQUIVALENCE (RHOCPX(Q&)tAREAil!OAREAV(QB))
KL=JUBSM+K
GO TO (132+7:27)9JRSW
7 CPC = CCPC(1)+TEMPA3(K)#(CCPCI(2)+TEMPA3(K)®#(CCPC(13)
I+TEMPA3 (K )®CCPCI4Y )
CPC= CPC*(CARBNi(KL)+GRAF1(KL)+S]LCA1(KL))/RHOC
13 CPV = COEFT(lol)+TEMPA3(K)*(COEFT(291)+TEMPA3(K)*
1{COEFT(3, 1 )+TEMPAZ(KI#COEFTIL4s1)))
CPV=CPV*RHO3(K)/RHOVI(1])
GO TO (15917917)9JRSW
15 PCAPF = CPV
GO TO 18
17 PCAPF=CPV+CPC
18 PCAPF= PCAPF*DELTAX(IM)*AREAV(K)/(DTAU*I E-20)
RETURN
END

CHD28600
CHD?23610
CHD?8620
CHD28630
CHD28640
CHD28650
CHD28660
CHD28670
CHD28680
CHD28690
CHD28700
CHN28710
CcHD28720
CHD28730
CHD28740
CcHD28750
CHD28760
CHN28770
CHD28780
CHD28790
CHD28800
CHD28810
CcHD28820
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- ASM PICKUPSPICKUP

PICKUP* S AQ 2 WORK SAVE AQ CHND28830
L A 15811 SET ADDR TO FILL FHD2BR4O
SeHL AQsPICK] CHD?8RS0
L AOs2N4R11Y PICK UP LAC TN PICKUP CHN?8RK0
SeHL AOyPICK? « SET ADDR TN PICKUP CHN?28870
PICk2 L AD»$-% PICKUP CONTENTS CHN?8880
PIcK1l S AO»3-3 MOVF CHN28890
L AOQ s WORK RESTORF AO CHN?28900
J 2'811 RETURN CHD28910
WORK RFS 1 CHN?8920
JFACTO fHN?89130
REGNAM CHN?8%40
END ° ~ CHD28950

g
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- FOR POROsPORO
SUBROUT INE PORO
COMMON /RLOCKA/

1ABSORP(10) »ABSC yACTENC yACTENS
?BSTAR sCCPC(4) »CCPG(4) »CHARPT(101)
3COEFT(4510) »CONDC sCONDV (100} »CONST(4910)
4CPBAR sCPC »CPV(100) sDIFREC
SEFCOLC »EFCOLS sEFCOLV(4510)EMIS(10)
6HOFM({ 10} sHCOM s HCOMG s HSUB
TMATOMN sMATMNE »MN s NN
BNNSAVE sNRD1IV s NRENF: sNRGO
9PARTIN(101} sPHI »QBYRAD s QCOMR
10GPCOM »QSUBL sRECPRO »REORDC
2REORDV(4410) sRHCSZ *»RHO51(305) yRHOCPX(101)
3RHOV(10) s SABL s SABLC s SDOT
4SLOPE(10) »TMELT( 107} » 152 9 TS(2051
SWFZ 'WF(205) » XCHAR ' XINIT
6XMASS » XMDOTC » XMDOTD » XMDOTG
TXMDOTR s XMDOTS s XTOTAL s XVIRG{101)
COMMON/BLOCKC/
1BLPRES(20511) s COMMAX sCUTOFF
2FLOW(20911) sHCONV{20s11)sIERROR » JUNCT
3N . »NOSECH »yQBACK
4QM1sC o TIME »y TPRINT

5XIR(20511)
COMMON /BLOCKJ/

2NXEDEP s ITEPEP,EDFLUX(100)
COMMON /RLOCKK/NN1sQCOND(205)
COMMON/RLOCKN/CCORD
COMMON/BLOCKR/DIFC{4)sEROCI4]+ERNDE

COMMON /CHCOM/ DTAUS IBE(10) IBS(10)»
1IGTYP(10)» IHDN(4), IM» [ZB(3)
212ZGT(3) JRSW» NCSN{10)» NSHL(3)»
3NZEN(3) NZSN{3) RHO1(305)s RHO2(3C5)
41 »yTEMPA2(205) s TEMPA3(42) s TEMPAL(42])

5 DELX(100)sDISTL(100)sDUM  (10),1COM)y

61YSsLFT sMGsMDUMINCENT10) sNCUTsND (3} sNLZONS>SMsSN1»

TSCHECK

sQCONV{20511) sQGAS(20,11)
sTWALL(20911) o XIWALL{20011

1IFLUX?(200)sTEDEP(200) s XEDEP(101)+EDEP(101) ¢NTFDFP,

sACTENV (4510}

sCKCI(4)

»COVERX(100)
sUMATER(10)

sEMISC

sMAT(100)

s NNP
+NST
oNEXTPR
sREORDS
sRHOC
+SDOTC
s TRCHAR

s XLEFT(101}

s XMDOTL
» XZONE

sF(20911)
sL

IBSPN>
1ZG(2510)
NSHR(3) s
RHO3(410)
s TEMPAS(205) s

COMMON /NUCOM/ DX(205)sXNHD(205) sNADA(42) sMATA(205)

1EM(42)

COMMON /DACOM/ A(42)s
1ABVAL s ABVALM»ABVALS»B(42)
2CONDX 3 CONDXXs D(42)

20L472)

CC(205) +COND(42)
sDD(2051 sDELTX(1J71)sDGASHINN,

ADTAUC »DTAUS sDTAUX sDTF+sDTR(2) sEDFXSEDFXXsEMI(42)

GETAYETAS»FHT (42 ) s FHTX sFHTXX s GAGCsGAS19GK 9GXsGY G2

5HDA(54+10) 9 IBSPMSsIERRy IGCHIGLIGLD»IGRYIGRLyIGT»1G2
6IHYS»INEGIN1sIN2»IPo IPLUSSTTERSITERTsIXo1Ys1Z9J9JBES
7JIBEM» JBEX 9 JBND1 s JBND2 s JBS s JBSMs JBSPM s JBSPN 9 UBX 9 JBXX 9 JCEN s
BJCENMy JCSN LCSNMe JE 9 JE1 9 JE2 9 JHDN s JHDN1 » JLSW e USLAB» UX s JZ s

9K19LANDIDsLRTsMARK sNADD(42) yNASWsNBNDSToNBND1(11)

INBSWsNDC s NDCMsNL.SW(10) s NOF sNOTIME sNCBSWaNPETNINPS2NsNPTSW
2NRIDINRIDCHNRSWI(10) sNRZONINSLAB(10) sNSHABH(10) sNSWeNXSW»
INZONINZONCsONEsPSI sQSAVEsQTOT»QTOTAL sREFCTR s SBKsSDN s
4SDOTNsSNS»SRAPTARITAUOQUT s TAUST(3) s TAUY»TAU2 s TAU2Ss TEMPA

¢ B WV W W W B e ¢ e O© O v @

»
’
’
Vo

CHD28960
CHN28970
CHD28980
CHD?8990
CHD29000
CHD29010
CHD29020
CHD29030
CHD29040
CHD2905KN
cHN29060
CHD29070
CHD29080
CHD2909¢
CHD29100
CikD29110
CHD29120
CHD29130
CHD29140
CHD25150
CHD29160
CHD29170
CHD29180
CHD29190

CHD29200

CHD29210
CHD29220
CHN 292130
CHD29240
CHD29250
CHD29260
CHD29270
CHD29280
CHD29290
CHD29300
CHD?91310
CHD29320
CHD29330
CHD29340
CHD29350
CHD29360
CHD29370
CHN?9380
CHN?29390
CHD29400

CHD29410"

CHD2S9420
CHD29430
CHD29440
CHD29450
CHD29460
CHD29470
CHD29480
CHD29490

SR S S A U O SO U L vl S



STEMPST(2) s THREF s TWN 2 WFP s WFX s WEXX s X1 s XMCOM ¢y XSAVE CHN29500
COMMON /NASCOM/ CHARRO,AIRM, CHN29510
1CARBN1(205)yCARBNS51205) s SILCALIZ05) sSILCAS{205)sPYROI205)+DEPI205)CHN?29520
25HYD( 2051 s AFRO(205) yAERN(205) sBURN(206) sWED(205)s WDEP(205)sWS1(20CHD29530
38) yWBRNI(205) sEMWT(205) +PRG{ 205} CHD29540
Ly TIMEX(R0GITFT{SO)NPTS CHN?29550
53POR(205)sPERM11205) sPERM2(205)sVISC(205) yGCONIRHOTSsCARTSsSILTSs CHD29560
6PORTsPERT1yPERT2sDCOHDCO0IDCOPY sDCOADPDCOST yBCOCMsDCONICFXH s CFX0sCHD?9570
TCEXPY s CFXDP s CFXSIsCEXCMZCFXNSDIFCOI205) »SOX(205) CHD?9580
8 sALIL.GAS(205) yGRAF1(205) yGRAF5(205) sSPEFD(205)sDIFCHI?NS) 4sDIFR(205)ICHD?9590
9sVISCOVISCONSAF sBF ySTLICASREQ sPMW s DMUW s HMW y AOMW 3 ANMW 3 SMV y BMW »CX (6 )CHD29500

DIMFNSTON NARND2(10) 9NHDPN(3) CHN29610
FQUIVALFEMCE (NRNDT(3)sNBND?({1])) CHN?29420
FOUIVALENCE (THDN(2)+NHDN(1)) ' CHN296130
PIMFNSION TFMPA1(1) CHD?2964C
FQUIVALFNCE (TEMPA1(1)sTS(1)) CHN29650

GO TO (10+20+10)9JRSW CHD29660

10 POR(J)=1e—(RHO1(J)Y+RHOC)}/RHOTS CHD?9670
GO TO 30 CHD29680

20 POR{(J)=1.=-SILCALI(JY/SILTS-(CARBNI(J)+GRAF1(J))/CARTS CHD?9690
30 HOLD=POR(J)/PORT CHD?29700
SAVE={14-PORT)}/(1«~POR(J)) CHD29710
PFRM2 (J)=ROLN#SAVF CHD29720
PERM1(J)=PERM2{J)# %2 #HOLD*PERTI1*#(1e+e016*TEMPAT{JU) #1144/ {PRG(JI+1,CHD29730

‘ 1E~-151) CHD29740
PERMZ2 ( J)=PERM2 ( J) *HOLD#*PERT? CHD29750

C INSFRT VISCOSITY DETFRMINATION CHD29760
VISCIJ)=VISCO®I{TEMPAY (J)/VISCON)I##,7 CHD29770
RETURN CHD29780

END CHD29790
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£ - FOR RFCEFNsRFCEFD
S SURROUTINF RFCEED(TFEMPA) CHN29800
‘ COMMON /RLOTKA/ . FHN29810
¥ 1ABSORP{10) +ABSC s ACTENC yACTENS sACTENV(4910)y CHR29R820 ?
i, ?BSTAR yCCPC(4) yCCPGI4) yCHARPPT(101) »CkC(4) y CHD?29830
3COEFT(4910) sCONDC sCONDV(100)  +COMNST(4s10) sCOVERX(100) » CHD29840
4LCPBAR sCPC yCPV(100) sDIFREC sUMATER(10} 4 CHD29850
5EFCOLC sEFCOLS 'EFCOLV (45101 »EMISI10) sEMISC s CHD29860
6HOFM(10) s HCOM +HCOMG »HSUB yMAT (100} v CHD?29870
TMATOMN »yMATMNE yMN s NN yNNP » CHD29880
BNNSAVE sNRDIV yNREND s NRGO WNSY vy CHD29890
9PARTIN(101) +PHI »GIBYRAD » QCOMB »QEXTR y CHD?9900
10GPCOM s QSUBL sRECPRO yREORDC sRFORDS v CHN29910
2REORDV(44+10) sRHOSZ yRHO5 (308) yRHOCPX (101) »PHOC y CHD?29970
4 3RHOV(10) s SABL »SABLC »SDOT »ySDOTC y CHD29930
d 4SLCME(10) sTMELT(10) 2 TS2 s TS(205) »y TRCHAR s CHD29940
.o 5WFZ sWF(205) s XCHAR ' XINIT +XLEFT(101) » CHD?29950
X 6XMASS » XMDOTC s XMDOTD » XMDOTG » XMDOTL v CHD?29960
§ v 7XMODTR » XMDOTS s XTOTAL yXVIRG(101) sXZONE CHD29970
e COMMON /RLOCKC/ CHN?29980
I 1BLPRES(20s11) » COMMAX »CUTOFF sF120s11) v CHP?9990
¢ 2FLOW(20511) +HCONV(20s11)sIERROR » JUNCT sL » CHD30000 ;
;,.g N s NOSECH 1 QBACK 'QCONV (20 yQGAS(20s11) » (CH4D20010 :
oy 4QMISC s TIME »TPRINT sTWALL(20+11) s XIWALL(20s11}s CHD30020 :
% % 5%1R(20s11) ‘ CHD20030 g
%L P IZOMMON/BLOCKR/DIFC(4) sEROC(4) sFRODF CHD30040 ;
% - C CHD30050 :
£ A C CHD20060
ﬁ r C XMDOTR IS SPELLED XMODTR IN COMMONe WATCH THIS WHEN CHD30070
S C EXAMINING DUMPS AND WHEN CODING. CHD30080
JE . C CHD30090
R ( C CHN20100
SN ‘ EXTERNAL FREC CHD30110
IF(XMDOTG12+2+4 CHN30120
2 XMNOTG=0, CHP30130
NIFREC=0, THD30140
GH TO 6 - CHD30150
4 OMG=ALOG(XMDOTG*TWALL (NsL) *% 6% (o 12%%(1,E4/TWALLINSL))) CHD30160
1/(BLPRES(N»L)/211662))/263026 CHD30170
DIFREC=DIFC{1)+OM5%# (DIFC(2)+IMG*(DIFC(3)1+0OMG*DIFC(4) ) CHD30180
6 XMDUM=BSTAR*HCONV (NsL) CHD20190
XMDOTD=XMDUM=XMBOTG*DIFREC CHD30200
IF(XMDOTN=1+E~6)110910920 CHD20210
10  XMDOTL=0, ' cHN30220
GO TO 30 CHN30230
20 DR=EFCOLC*(BLPRES(NsL)/100770)#*REQORDC CHD0240
XMDOTR=DR#EXP (~ACTENC/TEMPA) CHN30250
XMODTR=XMDOTR CHD30260
IF(XMDOTR~1sE=6)109;0¢25 CHN30270 3
2%  RDUM=XMDOTD#BSTAR**REORDC/XMDOTR CHD30280 e
RDUM= (PHI #HCONV (N L) +XMDOTG) / XMDOTD CHrR30290 {
RK=1e/BDUM . CHD30300 !
CALL ITERBIRKIREORDC3sRDUMIBDUMFRECYI1eE=3,511) "CHD30310 é
. XMDOTL=XMDOTD®(1¢~BDYMRRK ]/ (1e+RK) CHD30320 i
30 DS=EFCOLS*#XMDUJMA#(BLPRESINsL) /211642 ##(-REORDS) CHD20330 {

169

P s G

i

B A el




P

R r
XMDOTS=DNSHEXP(-ACTENS/TEMPAY CHN30340
IF(XMNOTS-1eF=6)40940450 CHN30350
40 XMDOTS=0, . CHD30360
50 XMDOTC=XMDOTL+XMDOTS ' CHN30370
R¥ TURN CHNA30380
END ‘ CHN20390
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- FOR

CHuny

2720

2725

2727

2730
2740

RHOSR s RHOSA
SURROUT INF  RHOSR (K eKL) rHDWOaQO
THE RHOSB SUBROUTINF FINDS DATA NFFDED FOR NFNSITY CALCULATIONSCHN30GI1O
DIMFNSTON DFLTAX{1)s TFMPAY(T) CHN20420
DIMENSTON AREAC{ 1) ¢sFMBM{1)oPCI1)sRATEII)aRHAG T ) oWFDI 1) CHD20430
COMMON /RLOCKA/ CHN30440
1ABSCRP(10) »ABSC yACTENC yACTENS sACTENV(4+10)s CHD30450
2BSTAR yCCPCHLY) s CCPGIL) s CHARPT(101) +CKCl4) y CHNA0460
3COEFTI4510) »CONDC »CONDV(100) yCONST{4+10) »COVERX(100) » CHD30470
4CPBAR sCPC 1CPVIT00) yDIFRFC sUMATFRI1I0)Y v CHD20480
5EFCOLC yEFCOLS syEFCOLVI4S10)sFMISLI10) yEMISC + CHD?0490
6HOFM{10) s HCOM yHCAMG +yHSUIB sWAT(100) y CHP30%00
TMATOMM s MATMNF sMN s MM s MNP v CHN20510
BNNSAVE sNRDIV +NREND 'NRGO 'NST » CHD30520
9PARTIN(101) »PHI »QBYRAD »yQCOMA s NEXTR y CHD30530
1QGPCOM »QSUBL sRECPRO sREORDC sRENRDS y CHN305%40
2REORDVI(4510) sRHCS52 sRHO5{305) sRHOCPX {101} sRHNC y CHD?20550
IRHOVI10} »SABL »SABLC s SDOT 1 5DOTC sy CHDN30560
4SLOPE(10) + TMELT(10) 2 TS2 yTS(2605) y TRCHAR y CHD?30570
SWFZ tWF(205) s XCHAR s XINIT s XLEFT(101) s CHD30%80
6 XMASS » XMDOTC Py XMDOTD s XMDOTOG s XMDOTL y CHD30590
TXMDOTR » XMDOTS ' XTOTAL +XVIRG(101) s XZONE CHD30600
COMMON /CHCOM/ DTAU, IBE(10) IBS(10) IBSPNy» CHD30610
1IGTYP(10)s., IHDN(4), 1Mo 12B(3}, 1Z2G(24,10) s CHD30620
2I12GT(3) s JRSW NCSN(10)» NSHL{3)» NEHR(3)» CHD30630
INZEN(3) NZSN(3), RHO1(305)s RHO2{(305)s RHO2(410)) CHD204K40
41 sTEMPA2 (205 )+ TEMPAB(42) s TEMPAL[42) »TEMPAS(205) CHD306%0
5 DELX(10C)sDISTLI100)sDUM (104 1COM, CHN20660
SIYSsLFT sMGIMDUMINCEN(10) sNCUTsND(3) s NLZONSSN9SNT» CHD20670
7SCHECK . CHD30680
EQUIVALENCE (TEMPALI(1)}eTS(1))9(DELTAX{1)sPARTINI(1)) CHD30690
EQUIVALENCE (EMBM{1)ePC(1)) CHD3Q700
FQUIVALENCE (RHO3{103)eRHO4(1)) CHP20T710
FOUIVALFNCE (WFU1)sWFD{1)sRATF(1)) CHNA20720
EAUIVALENCE (RHO3(307)s PCl1))y (RHN3(350}4ARFAC(1)) CHN20730
ONF = (2 *%RHO1(KL}+RHOS(KL) /4, CHN30740
ARFAC(K)=0, CHN20780
THREE=0e CHD30760
IF (ONE=1aE=10) 2727927272720 CHD30770
CONTINUE CHD30780
PO 2725 J=1s2 CHD30790
TWO = =FEFCOLVIJo I 1%EXPI=ACTENV(Js 1) /TEMPAS(K)) CHR20R/00
ARFACIK) = TWORRHO1(KLIY*®REORDV(Js1)+ARFACI{K) CHN30R10
THREE=TWO*REORDV{Js 1 Y #ONE## {RECRDV( s 1) =16 )+ THRFE CHD20820
CONT INUE . CHD208130
CONTINUF CHD30840C
EMBM(X) = 1,~-THREE#*DTAU/2, CHN3085%0
IF (KL=-205) 2730927402740 CHD30860
RATEI{KL )=THREE CHN308T0
CONTINUE CHDA08BO
RETURN CHD30890
END ,CHD30500
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- FOR SHIFT1sSHIFTI1 ,
SUBROUTINE SHIFT1 (NZONs WLR»s INCOM) CHD30910

Crune THF SMIFT1 SUBROUTINE INTERPOLATES NFW VALUES NEFDED FOR NODE CHD30920
Ceuvww ADDITION TO A ZONE ~ CHP30930
DIMENSTON NHDN(3)s RHO4(306) CHD30640
DIMFNSTON DFLTAX(1), TEMPAL(1) CHN20950
COMMON /RLOCKA/ CHN30960
1ABSORP(10) +ABSC s ACTENC s ACTENS vACTENV(4+10)s CHD30970
2BSTAR sCCPC(4) yCCPG(4) »CHARPT(101) »CKC(4) » CHD30680
3COEFT(4910) »CONDC »CONDV(100) sCONST(4s10) »COVERX(100) » CHD30990
4CPBAR 'CPC »CPV(100) sDIFRFC sUMATER(10) » CHD31000
SEFCOLC yEFCOLS yEFCOLV (44101 9EMIS(10) yEMISC »y CHD31010
6HNFM(10) sHCOM yHCOMG sHSUB yMAT (100) » CHD31020
7MATOMN yMA TMNE sMN s NN sNNP » CHD31030
BNNSAVE »NRD 1V sNREND s NRGO yNST » CHD11040
9PARTIN(101) »PHI »QBYRAD +» QCOMR sQEXTR » CHDP31050
10GPCOM »QSUBL sRECPRO » REORDC »REORDS » CHD31060 :
2REORDV (4410 yRHOSZ sRHO5(305)  »RHOCPX(101) sRHOC y CHD3I1070 ;
4RHOV(10) »SABL »SABLC »ySDOT »SDOTC » CHD31080 g
4SLOPF(10)  sTMELT(10)  »TSZ »TS(205) s TRCHAR » CHP31090 !
SWF2Z sWF (205%) » XCHAR sXINTT »XLEFT{101) » CHD31100 :
6XMASS s XMDOTC » XMDOTD »XMDOTG »XMDOTL s CHD21110 )
TXMDOTR » XMDOTS s XTOTAL sXVIRG(101) »XZONE CHP31120
COMMON/RLOCKC/ CHD31130
1BLPRES (2011 s COMMAX yCUTOFF WF(20911) » CHD31140 I
2FLOW(20s11) +HCONV(20111)sIERROR s JUNCT oL » CHD31150 i’
IN sNOSECH »QBACK yQUONV(20511) »QGAS(20s11) » CHD31160 ﬁ
4QM1SC »TIME s TPRINT yTWALL (20911) s XIWALL(20s11)y CHDP31170 |
EXIR(20911) CHD31180 |
COMMON /CHCOM/ DTAU, IBE(10) IRS{10) IRSPN CHD31190 |
11GTYP(10)s THON(4Y, IM» 1ZB(3), 12G(3+10) CHD31200 o
2126T(3), JRSW NCSN(10)s  NSHLI3) NSHR(3) o CHD31210 okl
INZEN(3)y ZSM(3)s RHO1(208)s RHO?(305)s RHO3(410)s CHD21220 o
41 yTEMPA2(205)» TEMPA3(42) s TEMPA4(42) »TEMPAS(Z05) s CHD31230 .
5 DELX(100)+DISTLI100) sDUM  (10) s 1COM, CHD31240 ¥
BIYSeI.FT yMGyMDUMyNCEN(10) sNCUTaND (3} sNLZONsSN9SN1 s CHD31250 L
TSCHFCK CHP31260 i
COMMON /MASCOM/ CHARROjAIRM, CHD31270 )

1CARBN1(205) »CARBN5(205) 9SILCALI(205)sSILLAS{205)sPYRO(205)+DEP(205)CHD31280
2oHYD(205)»AERC(205) yAERN{205)+BURN(205) sWFD(205) s WDEP(205)sWSI(20CHD31290
35) yWBRN{205) »EMWT (205) sPRG(205) CHD31300

Loy TIMEX(SCG) o TFT(50)sNPTS © CHD131310
5uPOR(205)oPERMl(ZOS)aPERNZ(ZOS)9V15C(205)vGCONvRHOTgoCARTSoSILTSO CHD31320
6PORTsPERT1IPERT29DCOHIDCOOIDCOPY s DCODPsDCOST sDCOCM{DCON CFXHsCFXN9CHDA1330

e SR Y I

7CFXPY,CFXDP»CFXSIsCFXCM»CFxNthFCO(ZOS)9SOX(205) : , CHNIL3S0

BsALLGAS(205) »GRAF1(205) | > CHD31250

EQUIVALENCE (THDN(2)sNHONI(1}) : CHN31360

EQUIVALENCE (RHO3(103)sRHC4(1))} CHD21370

EQUIVALENCE (TEMPA1(1)9TS{1)) e (DELTAX(1)sPARTIN(1}) CHD21380

EQUIVALENCE (MNODsNNP) : CHDP31390 - .
REAL MARY CHD3139% : h
NONF = TNCOM CHP31400 '

JHDN = NHDN{NZON) ; 'CHD31410

GO TO (90s10)sNLR _ CHD131420

10 NSHR(INZON) = NONE . ” ' CHD31440
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20

22
25
50
35

40

50

60
65

67
70

IU = 1ZGT(NZON)
IG = TZG{NZON»IU)
IGX = [G+1

GO T0 22

NSHL (NZON) = NDNE
16 = 126(NZONs 1)
NONF = =NONF

IGX = 1G-1 ,

IF (NONF) 80980925
NZONX = IGTYP(1GX)
KHDN = NHDN{NZONX)
NTWO = NONE*JUKHDN
GO TO (50s40)sNLR

1X = IBF(1G)+NTWO
1Y = IBS(1GX)+NONE*KHDN
12 = IBSPN+NCSN{IGX)+NONE

WED (IX)=WFD (1Y)
WDEP(1X)=WDEP(1Y)

WST (IX)=WSI (1Y)

WBRN( IX)=WBRNI(IY)
FMWT(IX I =EMWT (1Y)

WF  (IX)=WF(IY)
GRAF1(IX)=GRAF1{1Y)
TEMPAI(IX) = TEMPAY(IY)
TEMPA2(IX) = TEMPA2(1Y)
TEMPAS({IX) = TEMPAS(1Y)
SILCAIUIX)=STILCALLLY)
CARBN1( IX)=CARBN1(1Y)

GO 7O 60

IX = IBS(IG)

1Y = IBF(IGX) :
1Z = IBSPN+NCSN{IG)

IF (JHDN-KHDN! 65965470
NTHREE = KHDN/JHDN

DO 87 J=1sNTWO

IX = 1X=1

1Y = IY=NTHREE

WFD (IX)=WFD (1Y)
WNFPLIX)Y=WDFP(TY)

wsI (IX)=WwSI (1Y)
WBRN(IX)=WBRN(LY)
EMWT(IX)=EMWT(TY)

WF  (IX)=WFI1Y)
GRAF1(1X)=GRAF1(1Y)
RHOT(IX) = RHO1(1Y)
RHO2(IX) = RHN21TY)
SILCAL(IX)aSILCAL(LY)
CARBN1{ IX)=CARBN1(IY)
TEMPAL(IX) = TEMPAL(1Y)
TEMPA2(IX) = TEMPA2(1Y)
TEMPAS(IX}) = TEMPAS({IY)
GO TO 80

NTHREE = JHDN/KHDN

FIVF = 14/FLOAT{NTHRFE)
KNT1 = O

r

CHD316440

CHD31450

CHN31460

CHD31470

CHD31480

rHN311490

CHP31500

CHD31510

CHP31520

CHD31530
CHD31540

CHD31550

CHN31560

CHP31570
CHN11580
CHD31590
CHP31600
CHD31610
CHD31620
CHN31630
CHN31640
CHD21650
CHD21660
CHP31670
CHN31680
CHD31690
CHD31700
CHD31710
CHDA1720
CHDP21730
CHP31740
CHD31750
CHD31760
CHD31770
CHD31780
CHD31790
CHD31800
CHD31810
FHDP31820
CHD21830
CHD%1840
CHD31850
€HD31860
CHD31870
¢HN31880
¢HD31890
CHD%1900
CHD11910
CHD31920
€HD31930
CHD31540
CHD31950
CHD31960
CHN31970
CHD31980
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71 KNT = O ' CHD31950 -
72 ONE = (TFMPA1(IY)-TFMPAY(1Y-1))#*FIVE CHD32000
TWO = (TFMPAD(IY)I=TFMPAD(1Y-1))*FIVF CHP32010 .
HOLD=(STLCAT (1Y) =STLCAT(IY=1))*FIVF CHD22020
CAVE= (CARRNT(IY)=CARANT (TY=1))#FIVF CHN32036
GARY=(WFD (1Y)I=WFD (1Y=1))#FIVF CHN32040
HECT=(WDEP (1Y)~WDEP (1Y-1))%FIVE CHD32050
MAPY=(WST (1Y)-WST (IY-1))*F[VF CHN22060
CRUZ=(WBRN(IY}-WRRN({IY=1))*FIVE CHD22070
CAJA=(EMWT(IY)-EMWT(IY=1))%F]VF CHD32080
TIENDA={WF(IY)-WF(IY-11)*FIVE CHD32090
CINF=(GRAF1(1Y)~=GRAF1(1Y=1))*FIVF CHD32100
IF (KNTS 73+72»74 CHN22110
73 JX = 12 CHP32120
GO TO 75 CHD32130
74 JX = 1Y CHD32140
75 JY = 1Y CHD32150
THREE = (RHO1(JX)=RHO1(1Y=-1))*FIVE CHD32160
FOUR = (RHO2(JX)=RHO2(1Y=1))*FIVE CHD32170
DO 76 J=1,NTHREF CHD32180
IX = IX-1 CHD32190,
RHO1(1X) = RHO1(JX)-THRFF CHPM32200
RHO2 (1X) = RHO2?(JX)~FOUR CHD32210
SILCAYI(IX)=SILCA1(JY)~HOLD CHD32220
CARBN1{ I1X)=CARBN1(JY)=~SAVE CHD32230
TEMPAL1(IX) = TEMPA1(JY)-ONE CHD32240
TEMPA2(IX) = TEMPA2(JY)=-TWO CHD32250
TEMPAS(IX) = TEMPA2(IX) CHD32260
WED (1X)=WFD (JY)~GABY CHD32270
WDEP( IX) =WDEP(JY)=HECT CHD1327280 .
WST (IX)=WST (JY)=MARY CHD32290 W
WBRN( IX)=WBRN(JY)=CRUZ CHD32300 7
EMWT( IX)=EMWT{JY)=CAJA CHD32310
WF(IX)=WF (JY)=TIENDA CHD32320
GRAFI LIX)=GRAF1{JY)=CINE CHD32330
JX = IR CHD32340
76 JY = JX ° CHD32350
KNT = KNT+1 CHD32360
1Yy = 1Y-1 CHD32370
CIF (KNT-KHDN} 7247878 CHD32380
78 12 = 12-1 CHD32390
KNT1 = KNT1+1 CHD32400
IF (KNT1-NONE) 71+80+80 CHD32410
80 RETURN ' CHN22420
END
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- FOR SHIFT?2sSHIFT?2

Craenyn

10

SURROUTINE SHIFT? . rHD126440
THE SHIFT2 SUBROUTINE DOFS SHIFT OF VALUFS IN ZNNFS CHND32450
DIMFNSION NHDN(3)s RHO&4(208) ' rHh32450
DIMFNSTON DFLTAX(13y TEMPALI(]) FHN22470
COMMON /RLOCKA/ FHN324R0
1ABSORP{10) LABSC vACTENC yACTENS yACTENVIL,INYy CHDI2490
?BSTAR yCCPC(4) W CCPG ) yCHARPT(101) +CvCla) y CHD22500
3COEFT(4910) +»CONDC sCONDV(100)  »CONST(41N) COVERX(IND) » CHD22510
4CPBAR s CPC +CPV(100) sDIFRFC yUMATER(10). o CHD12570
SEFCOLC yEFCOLS yEFCOLV(4410)9FMIS(10) yFMISC » CHD225130
6HOFM(10) yHCOM +HCOMG sHSUB sMAT(1NN) » CHN32840
TMATOMN sMA TMNF yMN s NN s NNP v CHD32550
BNNSAVFE sNRD1IV yNRFND yNRGN yNST sy CHN12560
GPARTIN(101) 4PHI! s QRYRAD v OCOMA sNFXTR sy CHNR228570
1QGPCOM »QSUBL sRFCPRO s RFOPNC sPEORNS y CHN22580
2REORDV( 4,4 10) yRHOS52 sRHO5(30%) sRHOCPX {101 +RHOC » CHD22590
3RHOV(10)} »SABL +SABLC »y£DOT »SDOTC s CHD22600
4SLOPE(10) s TMELT(10) ' 752 »TS(205) » TRCHAR s CHD12610
5WFZ YWF(205) s XCHAR 'y XINIT sXLEFT(101) v CHD32670
6XMASS + XMDOTC » XMDOTD » XMDOTG » XMDOTL y CHD?2630
TXMDOTR s XMDOTS 'y XTOTAL IXVIRGIINT)  4XZONF . CHD2284 4
COMMON/RLOCKC/ CHN32650
1BLPRES(20+11) » COMMAX yCUTOFF 2FI20011) s CHD32¢&0
2FLOW(20+s11) sHCONV(20+11)»IERROR » JUNCT oL y CHD22670
3N s NOSECH »QBACK PQUONVI20911)+sQGAS(20s11) s CHD32680
4QM1ISC 2 TIME »TPRINT sTWALL(20911) o XIWALLIPOw11)s CHD32690
5XIR(20011) CHD3270606
COMMON /CHCOM/ DTAU, IBE(10) IRS{10), IRSPN CHD32710
1IGTYP(10)s IHDN(4), IM, 12B(3), 1213025101, CHN32720
212GT(3) s JRSW NCSN(10) e NSHL(3) NSHR (3, CHN22730
INZEN(3)Y NZSN(3), RHO1(305)s RHO2(205)s RHO2(410) CHD22740
41 pTEMPA2(205)»TEMPA3(42) sTEMPAL(42) +TEMPAS(205) CHD22750
5 DELX(100)sDISTL(100)sDUM (10),1COMs THN22760
6IYSsLFT oMGYMDUMSNCEN(10) sNCUTsMD(3) sNLZON9sSN+SNT » CHD32770
TSCHECK CHD32780
COMMON /NASCOM/ CHARROsAIRM, CHN?22790

1CARBN1(205) s CARBNS(205)sSILCAL(205) sSILCAS{205)sPYRO(205) sDEP(205)CHN32800
2oHYDI205) s AERO(205) yAERN( 2061 yBURNI( 205) sWFD(206) » WDEP{205)sWST(207HD22810
36) sWBRN(P05) 9sEMWT{205) yPRGI{ 205 ) CHDA2R20
GoTIMEX(S0)sTFT(50)9NPTS CHD?22R830
5+POR(205)»PERM1(205) s PERM2(205) sVISC(205) yGCONIRHOTS+sCARTS+SILTS CHN32840
6PORT0PER?1’PERTZ’DCOHoDC009DCOPYoDCODPoDCOSIoDCOCMoDCON'CFXHoCFXOvCHD32850

TCEXPY 9 CFXDP s CFXSTsCFXCMoCFXNIDIFCOI205) s SOX(205) CHN32860
B8sALLGAS(2051yGRAF11(205) CHD32870
EQUIVALENCE (IHDN(2)sNHDPNI1Y) CHNA2RRO
EQUIVALENCE (RHO3(103)sRHO4(1)) rHN32R90
EQUIVALENCE ITEMPAY(1)oTSI1)) o (DFLTAXI1)sPARTINIT)) CHN22900
EQUIVALENCE (MNODNNPY CHB12910
DO 70 NZON=143 CHN32920
IF {NSHL(NZON)) 10160910 = CHD32930
JHDN = NHDN(NZON} o CHD32940
NONE = NSHL(NZON)*JHDR : ’ CHN329%0
JRS = TZR(NZON)+NONF CHN2A2960
1G = 1ZG{NZONs1) CHN?22970
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20

30

40

tU = TZGTINZON)

IGX = T2ZGINZONSIU) '

JBE = IBEC(IGX)+NSHR(NZON} *JHDN
IF (NSHL(NZON}) 20420530

JX = JUBFE

J = -1

GO TO 40

JX = JBS

J =1

1y = JX-4o

IX = 1Y-NONFE

DO 50 K=JBS»JBE
IX = IX+J

1Yy = 1Y+J

TEMPA1(IX) = TEMPA1(1Y)
TEMPA? (IX) = TEMPA2(IY)
TEMPAS(IX} = TEMPAS(1Y)
SILCAL(IX)=SILCAL(TY)
CARRNL( IX1=CARBNI1 (1Y)
WED (IX)=WFD (1Y)

WDEP( IX)=WDEP (1Y)

WST (IX)=WS1 (1Y)

WBRN( IX)=WBRN(1Y)

EMWT (IX)=EMWT (1Y)

WF (IX)=WF(1Y)
GRAF1(IX)=GRAF1(IY)
RHO1{1X) = RHO1(1Y)

50 RHO2(1X) = RHO2(1Y)

NZSNINZON) = NZSN(NZONJ}+NSHL({NZON)

NSHL (NZON) =0 ‘
60 NZENI(NZON) = NZEN(NZON)+NSHR{NZON)
70 NSHR(NZON) = 0

RETURN
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rHN312980
CHN32990
CHD33000
CHD33010
CHD33020
CHD13030
CHD123040
CHD3305%0
CHD133060
CHD33070
CHD33080
CHD33090
CHD33100
CHD133110
cHD33120
CHD331130
CHN33140
CHD33150
CHND33160
CHD33170
CHD23180
CHD33190
CHD23200
CHD33210
CHD33220
CHN1232130
CHD33240
CHD33250
CHD33260
CHD33270 B

CHD33280 i
CHD33290 ' co
€HD23300 "
CHD33310 “
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- FOR S1CySIC

SURRNUTINF S1C (KoKL s TEMPASDEL) CHD33320

C CHD23330
Cewxn SIN>-CARRON RFACTION CHN23340
C ‘ CHD13350
COMMON /RLOCKA/ CHD33360
1ABSORP(10) +ABSC yACTENC yACTENS yACTENV(4910)s CHD33370
2BSTAR JCCPC(4) yCCPGI(4) sCHARPT({101) +CKC(4) y CHD33380
ACOEFT(4+10) s CONDC yCONDVI100) »CONST(4510) »COVERX(100) » CHD32390
4CPBAR yCPC yCPVI100) yDIFREC sUMATERI10) » CHD33400
5EFCOLC syEFCOLS yEFCOLVI4910) sEMIS(10) yEMISC » CHD33410
6HOFM(10) | yHCOM yHCOMG »yHSUR sMAT(100) s+ CHN33420
THMATOMN yMATMNE » MN yNN yNNP y FHD334130
BNNSAVE yNRD IV sNREND yMRGO WNST sy CHD?33440
9PARTIN(101) sPHI sQBYRAD »y GCOMB yQFXTPR sy CHD33450
10GPCOM »QSUBL sRECPRO yREORDC - yREORDS sy CHD33460
2REORDV(4410) sRHOBZ sRHO5{305) yRHOCPX(101) sRHOC s CHD33470
3RHOV (10) s SABL »SABLC »SDOT »SDOTC » CHD33480
4SLOPE(10) s TMELT(10) 2 TS2 »TS(205) s TRCHAR s CHD33490

SWF 2 yWF(2085) s XCHAP Wy XINTT WXLEFT(IN1) » CHD33500
6XMASS »y XMDOTC »y XMDOTD s XMDOTG s XMDOTL y» CHD33510
7XMDOTR © yXMDOTS »XTOTAL yXVIRG({101) sXZONE CHD33520
COMMON/BLOCKC/ CHD33%30
1BLPRES(20911) » COMMAX sCUTOFF sF(20011) » CHD23540
2FLOW(20s11) »HCONVI(20+11)+I1ERROR s JUNCT 'L s CHD3355%0C

3N +yNOSECH sQBACK sQUONV (20914 )sQGAS(20s11) o CHD338&D
4QMISC s TIME »TPRINT sTWALL (20911 ) o XIWALL(20011) s CHD2ZRTC
SXIR(20011) CHD33SRO
COMMON /RLOCKJ/ CHN3259C
1FLUXI1200) sTEDEP{200) »XEDEP(101)+EDEP(101) +NTEDEP X CHD33ANHD
ZNXFDEPs ITEPEPSEDFLUX(100) ' CHP23A10
COMMON /RLOCKK/NN1:QCOND(205) CHD336 ¢
COMMON/RLOCKN/COORD CHD13¢130
COMMON/BLOCKR/DIFC{4)sFROC(4)sFRODE CHN2364 05
COMMON /CHCOM/ DTAU, IBE(10)y I185(10) IBSPN» CHD3366
11GTYP({10)s IHDN(4), 1M, 12B(3), 12G(3+10)» CHN23669
212GT(3) JRSW NCSN(10) NSHL (3 )y NSHR(3) s CHNA3p 7D
INZEN(3) NZSN(13)» RHO1(208)s RHO?{305)s RHO2(410)» CHD3 34RO

41 syTEMPA2(205) s TEMPA3(42) s TEMPAL(42) sTEMPAS(205) CHD32s"C

5 DELX(100)sDISTLI10C)+DUM {10} 1COM)» CHD2370¢
61YSsLFTaMGsMDUMINCEN(10) sNCUTsND(3) sNLZCNsSN9SN1 s CHD2371¢
TSCHECK CHD33720
Chakn DIMFNSION STATFMFNTS CHRAGTRT
C CHD33 74"
DIMENSION DELTAX(1)»TEMPAL(1) CHDI3 VST
FQUIVALENCE (TEMPA1(1)sTS{1))s{DFLTAX(1)+PARTINI(1})) CHD2376C
COMMON /NASCOM/ CHARROsAIRM, CND33770

1CARBN1(205) s CARBNS(205) sSTLCA1(205) »SILCAS(205)sPYRO(205) sDEP(205)CHD33780
23 HYD{205) »AERO(205) »AERN(205) sBURN(205) sWFD(205) s WDEP(205)sWSI(20CHD33790
265 yWBRN(205) sEMWT(205) sPRG( 205) CHD9380C
Ly TIMFX(S50)sTFT(50)sNPTS f CHN23810
54POR(205) sPERM1 (205) »PERM2(205)»VISC(205) sGCONsRHOTSsCARTS»SILTSe CHD3382D
6PORT sPERT1 sPERT29sDCOH sDCOO s DCOPY 4 DTHDPsDCOST sDCOCMsDCON» CFXH»CFXOyCHDIIBRO
TCEXPY yCFXDPsCFXST oCFXCMoCFXNsDIFCO(208) +S0X{205) CHD23840
ByALLGAS(205) sGRAF1(205) sGRAF5(205) » SPEED(205)sDIFCH(205) +DIFR(205)1CHD33850
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9’VISCOvVISCON:AF,BF’SILICAaRFO’PMWoDMW.HMW.AOMWnANMW’SMWeBMw’CX(6)CHD33860
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CHD332870
WSXO?:AF*EXP(-BF/TEMPA)*(SILCAI(KL)/SILICA)**PFD CHN33880
SXLCA%(KL)=SILCA1(KL)—WSIO2*DTAU CHD33890
IF (STLCASIKL)) 5,646 CHD33900
5 SILCAS(KL)Y=O, CHN33910
WSIO?=(SILCA1(KL)-SILCAS(KL))/DTAU CHD33920
6 CONTINUF CHD339130
CARBNS(KL)=CARBN1(KL)-WSIOZ*DTAU*-Z CHD33940
WSE(KL)=WSIOZ*(DELTAX(K)+DEL)*.05 CHD33950
RETURN CHD23660 -
END CHD33970
/ ;
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- FOR SURZySUR?Z

SURRNUTINF SURZ (7 +T+P) CHD34080
XLN=ALOG(P/2116e2)/243026 CHD34090
THETA=T*#(4555556-e069444%XLN) CHD34100
IF (THETA-2000e) 1 1 2 CHN36110
12 = 1. CHD34120
GO 70 3 CHD34130

? 2 = 205+« I*TANHITHETA/S5000e~7 1 +e4#*TANHITHETA/1000e=70) +TANH{THETACHD34140
172500e~548) CHD34150
3 RETURN CHD34160
END CHD34170
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- FOR WRITFWWRITE

S BT
e

4CTENSC(4)

8 - , ,
Y SUBROUT i NE WRITE CHD34220 :
gl , COMMON /RLOCKA/ CHN34230 - ~
;"4$ 1ABSORP(10) »ABSC sACTENC sy ACTENS WACTENV(4510) s CHD34240
I 2RSTAR yCCPC(4) yCCPG(4) SCHARPT(101) »CKC(4) y CHD34250
¥ . ACOEFT(4910) »CONDC JCONDV(100)  sCONST{4910) »COVFRX(100) » CHD34260
. 4LCPRAR »CPC sCPV(100) sNIFRFC JUMATER(10) » CHD24270
" SEFCOLC yEFCOLS yEFCOLV (4310} sEMIS(10) SEMISC y CHD347280 |
- 6HOFM(10) sHCOM y HCOMG yHSUB IMAT(100) s CHD34290 :
£ TMATOMN sMATMNE sMN s NN sNNP s CHD34300 ‘
T BNNSAVF 0 RDTV yNREND yNRGO yNST s CHD34310 N
%g _ 9PARTIN(101) »PHI yOBYRAD s QCOMF, yNEXTR y CHD34320 )
5% 1QGPCOM »QSUBL yRECPR(i yREORDC yREORDS » CHN34330
) 2REORDV(4510) yRHOSZ sRHOS (305 s RHOCPX(101) «RHOC » CHD34340 :
aRHOV (10} » SABL s SABLC »SDOT s8DOTC s CHD34150 B
‘4SLOPE(10) y TMELT(10) » 752 yT5(205) » TRCHAR s CHD34360
2 SWF2Z sWF (2085) s XCHAR yXINIT yXLEFT(101) » CHD34370
2 6XMASS » XMDOTC s XMDOTD s XMDOTG » XMDOTL y CHD34380
. 7XMODTR +XMDOTS yXTOTAL yXVIRG(101) o+ XZONE CHD34390
COMMON/BLCCKB/ CHN34400
1ALT yAOFA +AOF ACH yBETA(20) sBLCOMI20211) s CHD34410
ZBLDEN(ZOcll)9BLENT(?Ov11)oBLTEM(?O,]1)9BLVEL(?0']1ioﬂLRN(ZOoll) s CHD34420
: 4BMUL T yDIST(20s11) +FSCOM yFSGAM JLENGTH(21) » CHD34430
~ 4NDIM s NTEMP JNTHETA sNTIME » PAMB » CHD34440
5P5P sPTOTAL s QAMB s QSHOUL ’ CHD24450
6R{2011) yREFCOM (209117 yREFDEN(20511) » CHD34460 -
TREFENT(20911) © JREFRN(20s11)sREFTEM(20s11) y CHD34470 .
2, BREFVIS(20911) s RHOA s RHOVIS sRNPERF y CHD34480
-~ GRTRAN sy SOF S y SWEEP yTHETA(11} s THETSH v CHD34490
£ ¢ 1TTOTAL sy UAMB sV15COS 2 X120511) sXENR{20911) » CHD34500 .
A 2X1AMB W XI1SP s XLTRAN » XMACH » XX s CHD?24510 =
?”X‘ & 3ATEMP sBLVIS(20511) 9ZWALL yREFPR(70s11 1§ 2+ HMAX CHD24520
7 AN COMMON /BLOCKC/ CHD?4530
N 1BLPRES(20511) s COMMAX yCUTOFF sF (20911} s  CHD34540
LN 2FLOW(20s11) sHCONV(20511) s TERROR » JUNCT 'L s CHD34550 ,
E%ﬁﬁﬁ IN sy NOSECH s QBACK 2QUONV{20911) s0GAS(20511) » CHD34560 ?
Y & 4OMISC » T IME s TPRINT JTWALL (209110 s XIWALL(20s11)s CHD34570
g%f;¥ 5XIR(20s11} CHD245%80
T COMMON /RLOCKD/ CHN34590
7R 1ALPHA (200} sAMBP(200) »AMBT(200) sAMULT (200) sAXLD(200) » CHD34600
& L 2BWTEST » IATMOS » PR yIPRINT(20510) ¢ CHD34610
9 310 0 I X yKK yMELTN yMELTL s CHD34620
4 MVTEST yNKK » NCHARM ¢NMATLU y’ CHD34630 ;
SNMATL s NMATLD sNSTRES »NTBW sNTIME] y CHD34640 Yoo
ENTIME? sPRINT sPUT(20) sGBAC(200) »QINC(20]) y CHD34650 |
7QINCR +QM(200) yQT IME(20) yOTABLF (69200) + CHD34660 4
BRPRINC s ROINC »RX INC yT{200) . »TBW{200) s CHD34670 i
9TEMP(7) "~ sTNT(20) - yTORIBWE200) » CHD346B0 i
1TSIN(107) »77(200) WV (200) yXINC(20) y CHD34690 ﬁ
2X INCR yXTIMEL20) 921200} y22(200) - CHD24700
COMMON /BLOCKF/ _ CHD34710
1ASTRI{20%) s AXLDEQ yCCOMSC(4) sCCOMSV (4510) 9 CEMODC 1 4) » CHD34720
2CEMODV(4910) s CEXPC(4) yCEXPV(4910) »CLCGEF sCMWGAS(4) y THD34730
ICNUGC 4 yCNUVI(a910)  sCSHRSC(4) SCEHPSVIA510) sCSTRG(205) v CHDH4740
yCTENSV(4910)9GP{205) s PERMC yPIN y CHD34750Q
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APOROSC 'POROSV(10)  »PSTRYI(POR)  4PSTR2(205) sPSTR3(205) » CHD34760 B \
6RIN sRSTRO(2705)  +SHRSTR(205) 9SSMAX(205) o»RAD(205) CHD34770 -
ToNSLABT CHD34789

COMMON /Rt OCK G/ CHD34790

10BOLD »yQBWTOT »QCLD(20510) »0COLD 2QCONVT(20510) +CiiD34800
POGAST(20,10)sQGLDI20,10) »QGOLD 'yQMISCT »OMOL D CHD34810

COMMON  /RLOCKK/NNT3NCOND(206) CHN24820
COMMON/BIOCKR/DIFC{4) sFROC(4) s ERNDF CHN24R30

COMMON /DACOM/ UPPFD(B97) s ITERT sMASI T4 ) sNASWSUPSIT(84)»TAUTL CHD348B40

COMMON /NASCOM/ CHARROAIRM, CHD34850

1CARBN1(205) s CARBN5(205)sSILCAL(205)sSILCAS5(205)sPYRO(205)sDEP(205)1CHD34860
22HYD{205) yAERO(205) s AERN(205) »BURN(205) sWFD(205)» WDEP(205)yWSI{20CHD34870
151 sWBRMN(205) »EMWT (205 ) sPRGI( 205) CHD34RB0
Gy TIMEX(50) s TFT({50) 9 NPTS CHN34890
59POR(205) yPERM1(205) sPERM2(205)sVISCI205) yGCONSRHOTSsCARTSH»SILTSs CHD34900
6PORTsPERT1+PERT2sDCOHsDCO0»DCAPY »DCODPYDCOS! 9sDCOCM9DCONICFXH9CFXOsCHD34910

TCFXPY yCFXDPsCFXSI9CFXCMyCFXNsDIFCO(205) »S0X(205) CHD34920
RsALLGAS(7205) sGRAF1(205) sGRAF5(2058) ySPEED(205) CHN34930
DIMENSION RHOR(1)sXR(1}4PRHOA(1) yRHNU(L) CHD34940
EQUIVALENCE (RHO5(119)sRHOR(1)}) » (CHARPT{2)sXR(1}) CHD34950
1 » (RHOU(1) sRHO5(205)) » (PRHOA(1)sXVIRG(1)) CHD34960
DATA HLAM1/6H LAMIN/sHLAM2/2HAR/ sHTURB1/6HTURBUL/sHTURB2/3HENT/  CHD34970
c CHD34980
C , CHN34990
d PRINT TEMPERATURE, DENSITY, AMD GAS PRESSURE DISTRIBUCHD350C0
C FOR DETAILED DESIGN CHDP35010
‘ WRITE (651000) TAULl,ITERT CHD35020
390 WRITE (6+1015) CHD35030 =,
ISPY=1 CHD35040 Y
392 CONTINUF CHN35050 -
PO 470 T1=NNPyls-1 HN35060
IPLUS=1420% CHNP25070
IF (1-NRFND) 40344035400 CHD35080
400 IF (I-NNP) 460,401,401 CHD35050
401 JSUB=192 CHD35100
GO TO 410 ' CHD35110
403 IF (1~-NRGO) 46044605404 CHD35120
404 JSUR=NRNDIV*(1~NRGQ)+120 ‘CHD3513¢C
410 FNRDIV=NRDIV CHN35140
DX=(XLEFTLI)=XLEFT(I=1))/FNRDIV CHN35150
XDUM=XLEFT(1)=XLFFT(1)+DX CHD35160
NO 450 J=1sNRDIV CHP35170
XDUM=XDUM=DX CHD35180
LT=JSUB-J -CHD35190
TOUM=TS (LT }~459469 Y ‘CHD35200
IF(J=114209420+630 CHD35210
4720 RHO=RHOS5(I1PLUS) ) CHD35220
M= [ . CHD35230
GO TO 444 CHI35240
430 RHO=RHOS(LT) (/4335250
M=1-1 - CHD35260
446 GO TO (44596446) 4 1SPY CHB35270
445 CONTINUE CHD35280
- RHODE=RHO-CARBN1{LT)~SILCAl{LT)~GRAF1(LT) CHD25290
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YI9STLCATILT) sPRGILT ) « FMWT (LT s SPFEN(LT)
GO YO 450

4466 CONTINUF
WRITE (&91022)

fHN25310
rHN15320
rHN35330

MaWFILT) oWEDILT)osWDEP(LT) sWST(LT)sWBRN(LT)sAERO(LT)CHN35340

1 9AERN (LT ) sHYDU(LT ) oPYRO(LT) 9DEP(LT) o SOX(LT) sBURN(LT) yALLGAS(LT) CHD35350

450 CONTINUF CHN15360
GO TO 470 CHP25370

460 TDUM=TS(1)=459,60 CHP35380
XDUM=XLEFT(1)=XLFFT(1) CHD35390

GO TO (4613467)s15PY CHP35400

461 CONTINUF CHD35410
RHO=RHOS ( [PLUS) CHD35420
RHODE =RHOS ( IPLUS ) ~CARBN1(1)~SILTAL(T)~GRAFT (1) " CHD354130
WRITE (6+1016) IsXDUMsTDUMsQCOND( I} sRHOSRHODE s CARBNI (1) sGRAF1(I1s CHDA5440
1STLCAL(1)9PRG (T)oEMWT (1) 4SPEED(]Y CHN15450

GO TO 463 CHD15460

462 CONTINUF CHNA5470
WRITE (691022) ToWF{I1)sWFDIT)sWDFP(I)sWST(1)sWBRN(T)sAERO(1)) CHD35480
TAERN(T) »HYD(T) s PYRO(I) sDEP( 1) +SOX (1) sBURN{ T} +ALLGAS(!) CHD35490

463 CONTINUF CHN25500
470 CONTINUE CHD35510
GO TO (4T71+4T2)s15PY . CHD15520

471 1SPY=? _ CHD25530
WRITE (£91071) CHD25540

GO TO 392 CHD35550

‘477 CONTINUF CHD35560
1000 FORMAT (1H196H TIME=FBe2s5X1THTOTAL ITERATIONS=16//1) CHD35570
1015 FORMAT(1HO»TXBHDISTANCE14X9HCONDUCTEDTX] BH=wmmmmmmmm e m e e = CHD25580
135H=DENSITIES (LBM/FT3)=—-mmer=ne———=e=2X ARHINTERNAL/9H NODE FR  CHD355%)
Z30HOM BACK TEMP HEAT FLURTHX2BHTOTAL DECOMP CARBONCHD35600

24X 17HGRAPHITE  SILICA 6X30HPRESSURE MOL WT VELOCITY/9X CHD35610

4 4HUIN)6X22H(DEG F) (RTU/FT2-SECIS9X SHILBF/FT2)14XBHIFT/SEC)/) CHD35620
1016 FORMAT (1H s13+F10e49F12425F156¢492X95F11049F12e5 sF9029E1345) CHD35630
1021 FORMAT(1HOs6X=BHGAS FLOW»3X s 32H--==~-~ SOURCES AND SINKS===mmmm- 5XCHD35640
N S S CONCENTRATJONS==mmmmec e m e CHD35650
Do e e /15H NODE RATE(LBM/»12X14H(LEM/NODE~SEC) +49X14H (LBM/FT3CHD35660

3 VOID)/7X53HFT2-SEC)  PYRO DEPO S1-C INT COMB  OXYGEN CHD35670
43%X27H NLTROGEN HYDROGGEN PYROv6X 9 4HDEPO y 6X3HS IDTX4HBURNGXSHTOTACHD 35680
5L/ - CHN35690
1027 FORMAT(T4+E1106431Xs4EQe248E1007) CHD25700
END CHD35710
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- FOR

TBSTEPTBSTEP
FUNCTION TRSTEP (TAUY+TIMEY1#DSTEPsNPTS)

DIMFNSION TIMF1(1)sDNSTFPI(1)
1=2

IF {1=NPTS) 51594
TBSTEP=DSTEP(I-1)

RETURN

TF (TAUT=TIMFI(I)) 74646
I=7+1

GO 70 3

CONTINUF

TBSTEP=TIMELI (1)-TAUY
TBSTEP=AMIN1 (TBSTEP4DSTEP(1=-11})
RETURN

END

CHD35720
CHD35720
CHNAST40
CHN3575¢C
rHN35760
CHN35770
CHD35780
CHN3I5790
CHN35800
CHD25810
cHN35820
CHD35830
CHD25R40
CHD35850
CHD35860
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- FOR

OUTPUT »DUTPUT

SUBROUT INE OUTPUT (MTO) CHD15870
COMMON /BLOCKA/ CHD35880
1ABSORP(10) »ABSC 2sACTENC yACTENS 'ACTENV44+10) s CHD35890
2BSTAR 2yCCPCHLG) +yCCPG(4) yCHARPT({101) »CKC(4) y CHD35900
3COEFT{4910) ¢JTONDL sCONDVI100) +CONST(4930) +COVERX(100} CHD135910
4CPBAR s CPC »CPV(100) 'sDIFREC sUMATER(10) » CHD%5920
SEFCOLC WEFCOLS sEFCOLVI4910)sEMISI10) syEMISC v CHD35630
6HOFM{10) e HCOM +HCOMG yHSUR »MAT (100) ¢+ CHD35940
TMATOMN oMATMNFE s MN s NN *NNP » CHN35950
BNNSAVE sNRD1V sNREND 'NRGO oNST y CHD15960
9PARTIN(101) PHI »QBYRAD »QCOMB sQEXTR » CHD35970
10GPCOM »GSUBL sRECPRO +REORDC -+REORDS sy CHD35980
2REORDV(44+101 ¢sRHOS52Z »RHO5(305) yRHOCPX (1101} sRHOC » CTHD35990
3RHOV(10) s SABL »SABLC »SDOT 2 SDOTC y CHD26000
4SLOPE(10) s TMELT(10) 2 TS82 2»TS(205) ¢+ TRCHAR s CHDA6010
sWFZ sWF(205) » XCHAR o XINIT s XLEFT(101) » CHD?6020
6XMASS s XMDOTC » XMDOTD s XMDOTG s XMDOTL s CHD3603D
TXMDOTR P XMDOTS » XTOTAL »XVIRG(101) +X2ZONE CHD26040
COMMON/BLOCKC/ ’ CHD36050
1BLPRES{20s11) s COMMAX yCUTOFF 2F(200111) CHD36060

1 ]
PFLOW{20571) +HCONVI20911)9IERROR » JUNCT ol s CHD36070
N 'NOSECH vQBACK yQUONV(20:11)sQ0GAS{20s11) » CHD36080
4QMISC ' TIME s TPRINT pTWALL (20011 ) 9XIWALL(20011)» CHD6090
5XIR(20011) rHN36100
COMMON/BLOCKR/DIFC(4)+EROC(4) +1ERODE CHD36110
COMMON /NASCOM/ CHARROsAIRMy - CHD36120

10

1CARBN11205) sCARBNS (2051 9SILCAL{205) sSILCAS(205)9PYRG(205) oDEP(205)CHD36130
2+HYD1205) sAERD(205) yAERN{1205) sBURN(205) sWFD(205)» WDEP(20%5)sWSI(20CHD36140
35) sWBRN(20%) sEMWT (205 9PRG( 205) CHD36150
49TIMEX(50)sTFT(50) oNPTS : CHD36160
8 ,POR(205) sPERMI (205) sPERM2(205) +VISC(205) s GCONsRHOTSyCARTS2S1LTSs CHD36170
6PORT yPERT1 sPERT2 yDCOH»DCOOsDCOPY s DCODP yOCOST 9DCOCMsDCON s CFXHICFX09CHN36180
TCFXPY s CFXBP s CFXSToCFXCMCFXNoDIFCN(205) 9SO0X(205) CHD36190
B8 sALLGAS(205) sGRAF1(205) yGRAF5(20%) »SPEED(205) sDIFCH(205) yDIFR{205)CHD36200
9sVISCOIVISCONSAF +BF o STLICAIREQ » PMW o DMW s HMW s AOMW s ANMW » SMW » BMWCX (6 ) CHD236210

1+0S1+1GBRN»QDEP CHD36220
WRITE (6+1049) CHD36230
DO 10 I = 14MTO \ CHD36240
WRITE (651050) I : CHD46250
WRITE $6+1051) ‘ CHN26260
WRITY 3691052} ACTENV(1o1)sACTENV(T92)9EFCOLVIL91)9EFCOLVIT92)s  CHD36270
LREORDV(1+1) yREORDViI92] i CHD36280
WRITE {6+1053) HOFM{I) CHD236290
WRITE(691054) (COEFTIIoJ)oJ=194) v CONSTIT0J)rJ=104) CHD36300
WRITE(691055) EMIS(1)9ABSORP{I)sRHOVII}sSLOPE() CHO36310
CONT INUE , CHD36320
WRITE (691056) | . CHN36330
WRITF (691057) c CHN36340
WRITE (6+1052) ACTENCACTENSsEFCOLCEFCOLSsREORDCHIREORDS CHD36350
WRITE (6+1056) HCOM | CHD36360
WRITE (6+1060) HSUB CHD36370
WRITE (601061) EMISCoABSCHRHOC TRCHAR CHD36380
WRITE (691062) CHARRO CHD36390
WRITE (6+1063) CHN36400
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WRITE (6+10864) (TCPG(JU)edeles) CHD36410

WRITE(H91065) HCOMG . CHD36420
WRITE (6+1066) CHD26430
WRITE(691067) CARTSsRHOTSHSILTS ' CHD36440
WRITE (6+1068) PORTSPERT1+PERT2 CHD236450
WRITE (6+1069) VISCO+VISCON CHD36460
WRITE (6£+1070) DCOCMsDCODPsDCON$DCOO¢DCOPYyDCOSI CHD36470
WRITE (691071) BSTARs(DIFC(J)eJ=104) CHD36480
WRITE 16+1072) QSI+QNFP CHN36490
WRITE (6+1073) BFsAFsREO CHD36%00
WRITE (691074} SILICA CHD36510
WRITE (691075) CX(1)9CXU4)9CX(2)9CXI5)sCXI3)sCX(6) CHD326520
1049 FORMAT (1HO»10X»39HMATERIAL PROPERTIES OF VIRGIN MATERIALS) CHD36530
1050 FORMAT (1HOe14Xs11HMATERIAL (s1291H)) CHD36540
1051 FORMAT (1HO959X10HFIRST REAC,6X11HSECOND REAC) CHD36550
1052 FORMAT (1H +24X+28HACTIVATION TEMPERATUREZDEG R 96XsF10e196X9F101CHD36560
1 /725X 925HCOLLISION FREQUENCY»1/SEC vIXsE14e69EL1646 CHD36570
2/25X+14HREACTION ORDER»20X9F10e496X9F10e1) | CHD36580
1653 FORMAT (1HO#»24X229HHEAT OF DECOMPOSITION+BYU/LBMs5X9F1002) . CHD36590

1054 FORMAT {1HO»24Xs2THSPECIFIC HEATsBTU/LBM-DZG R »TX9s1H{EL1Oe493H)+CHD36600
1(9oE10eb s4H)TH(sEL10eb o TH)TH¥2+( yE10e495H) TH#3/25Xy34HCONDUCTIVITY +BCHD36610
2TU~IN/FT2~SEC-DEG R s1H(E10e4s3H)I+(9EL10e&s4H)T+{9ELNeb s TH)TH#2+(y CHD36620

’ JE106he5H)TH*3) CHD36630

1055 FORMAT (IHOOZQXQIOHEMXSSIVITY'24X-F10-4/25X12HABSO OTIVITY=22X» CHD26640
1F1064/725X15HDENRSITY yLBM/FT3919X9F10. 2/25X34HTRANSPIRATIGN FACTOR (CHD36650

2ABL GASES) #F1064) CHN36660
1056 FORMAT (1HO/10X31HMATERIAL PROPERTIES OF THE CHAR) CHD36690
1057 FORMAT (1HO»53X»19HCOMBUSTION REACTION»3Xs16HCHAR SUBLIMATION) CHD36700
1058 FORMAT (1HO»24Xe26HHEAT OF COMBUSTION»BTU/LBMsBXeF1002) CHD236710
1060 FORMAT (1H +24Xs27THHEAT OF SUBLIMATIONSBTU/LBMs7XoF10e2) CHD36720

1061 FORMAT (1HO»24Xe10HEMISSIVITY924X9F1064/25X12HABSORPTIVITY 922X CHD36730
1F1064/725X15HDENSITY oLBM/FT3+19XeF1042/25X34HTRANSPIRATION FACTOR (CHD36740

2CHAR GASFS) oF10.%) ° CHN36750
1062 FORMAT (1HO024Xs38HDENSITY GF THE CARBON IN CHARsLBM/FT3 #F7e2) CHD36760
1063 FORMAT {(1}0/710X23HABLATION GAS PROPERTIES) : CHD36779
1064 FORMAT (1HC»24X92THSPECIFIC HEATBTU/LBM-DEG R 2 TXsIH(E1De&s3H)+CHD36780
1(05E100b94H)TH{sE100t 9 TH) T##2+4( cE10a495H) T#%13) . CHD36790
1065 FORMAT {1H 224X930HNEAT OF GAS COMBUSTIONsBTU/LBMe4XeF31062! CHD36800
1065 FORMAT (1HO/10X15HOTHER CONSTANTS) CHD36810
1067 FORMAT (1HO¢24X34HTHEORETICAL CARBON DENSITYsLBM/FT3+F1062/ CHD36820
125X934HTHEORETICAL VIRGIN DENSITYsLBM/FT39F10s2/ , CHD36830
225Xs34HTHEORETICAL SILICA DENSITYsLBM/FT3sF1062) CHD26540
1068 FORMAT (1HO»24X918HREFERENCE POROSITY»16X+F1004/ CHD36850
125X+ 34HREFERENCE VISCOUS PERMEABILITYsFT29E1406/ CHD36860
225X935HREFERENCE INERTIAL PERMEABILITY*FT +E1346) : CHD36870
1069 FORMAT (1HOC»24X s 30HREFERENCE VISCOSITY 2 LBM/FT=SECEL4p6/ ‘CHD36880
125X934HREFERENCE TEMPERATURE FOR VISCeosR 9F1042) CHD368%Q
1070 FORMAT (1HOo14X 934HSURFACE DIFFUSION CONSTANTFT2/SEC/ CHD?36900
25X+ 15HCARBON MONOXIDE»19X9E14e6/ : CHN16910
2265X432HDEPOSITION GAS (EXCEPT HYDROGEN)oZXquQab/ . CHD36920
325X9BHNITROGEM2»26X0E14e6/ , - © CHP2693D
425X BHOXYGEN 926X9E14e6/ : . CHD36940
525Xo7HMEYHANEo27X El446/ CHD36950
625Xs18HSIL ICON MONOXIDE18X9E144+6) , - CHD36960
1071 FORMAT (1HDO/25Xs 1THBLOWING PARAMETERol?XFlOo4/25X9 CHD36970
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129HDIFFUSION REDUCTION PARAMETERSXIH(E1O0e4e3H)+(9E10e%96HIETA+(» CHD36980

2E1004s9HIETAN#2+(sF10ob4 s THIFTARRY) CHN26990
1072 FORMAT (25X+s32HHEAT OF REACTIONs S102-CyBTU/LBMs2XF10e2/ CHD37000
125X939HHEAT OF REACTIONs C DEPOSITION» BTU/LBMsFBe2]) ¢HD37010
1073 FORMAT (1HOs14X932HSILICA-CARBON REACTION CONSTANTS/ CHD37020
1 25X 928HACTIVATION TEMPERATUREDEG R +6XsF10e1/ CHD37030
2 25X925HCOLLISION FREQUENCY»1/SEC $OX2E14e 6 CHD37040
1/25X 9 14HREACTION ORDERs20XoF10e4) CHD370%0
1074 FORMAT (1HO»24Xs38HSILICA DENSITY IN INITIAL CHARYLBM/FT3y FB8e2) CHD37060
1075 FORMAT {(1HO»14X+36HCARBON DEPOSITION REACTION CONSTANTS/ CHD3T070
11HO»58Xs 12HLOW HYDROGEN&6Xs13HHIGH HYDROGEN/ CHD37080
225X+ 1HX933X9 E14e60E1606/25X91HY ¢33XeE14e69E1606/25X01HZ033X1E1446CHD3T050
31E16e6) CHD37100
RETURN ' CHD37110
END ' CHD37129
000537 . 0013
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