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Page 17: Equation (47) should read
7 - F, S0

Page 25, line 15: TImmediately following the sentence ending with the word
"constant" insert the following sentences:

It should be noted that the four functions described above do not destroy the
contents of the multiplier-quotient register, C(MQ), although C(M3) may be
altered as a result of the shifting. This fact ig used in some portions of the
program to avoid storing C(MQ). Therefore any routines written to replace the
funetions discussed here must not destroy C(MQ).

Page 25, line 23: Immediately preceding the last paragraph insert the fol-
lowing paragraphs:

In addition to the program input to be discussed in the section PROGRAM
INPUT DATA, thermodynamic data must be supplied to the program. These data are
assumed to be available as a master data tape, which must be loaded onto tape
handler number four at the start of computation and unloaded when the computa~
tions have been completed. Since this master dats tape is used for both reading
and writing it cannot be file protected. ILoading and unloading the data tape is
time consuming and costly. It has been found to be economical to make the data,
tape from binary cards rather than to stop the computer for loading and unload~
ing the data tape. The following changes will permit operation in this fashion.
For the IBM 7090 program, replace card number 123, page 87 (PAUSE 11111) with

5000 REWIND 4
CALIL. BCREAD (DATA(44), DATA(L))
DATA(23)=DATA(28)

WRITE TAPE 4, (DATA(I), I=1, 23)
IF (MDATA(1)-MEND) 5000, 429, 5000

Also remove card number 332, page 88 (PAUSE 77777)e The corresponding change
for the IBM 704 program involves replacing card number 106, page 50,
(PAUSE 11111) with

E-1670 Issued 2-27-6% Page 1 of 3 pages
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5000 REWIND 4
CALL BCREAD (DATA(44), DATA(1))
DATA(23)=DATA(26)

WRITE TAPE 4, (DATA(I), I=1, 23)

s CLA DATA(1)
S SUB END
S TNZ*5000),

and removing card number 432, page 53 (PAUSE 77777). If these changes are made,
then the master data tape is no longer needed but the equivalent binary cards
must be availsble. These can be made from the master data tape.

These changes use the Subroutine BCREAD (A,B). This subroutine is part of
a computer system at the Lewlis Research Center and is not given in this report;
however, its only function is to read binary cards punched by a companion Sub-
routine BCDUMP (A,B). In both cases the arguments A and B are, respectively,
the first and last words to be read or punched. BEach binary card contains
- 22 words of information and thus, since the data for each species requires
23 words (see fig. 6), two cards are required for each species. The first of
each palr of cards contains the first 22 words while the second card of each
pair contains the 23rd word plus the first 3 words of the record for identifica-
tion purposes. These two subroutines are not essential and can be replaced by
any equivalent subroutines or sequence of instructions.

Page 62: Replace card number 1418, statement number 1126, with
IF (EN LN(J)) 2125, 1126, 2125

2125  P=P+EXPF(EN LN(J))

1128  CONTINUE

Page 64: Replace card number 1709, statement number 309, with

309 PCP(25)=PCP(IADD)
IADD=25

Page 96 Replace card number 1033, statement number 1031, with
1031 IF (WF) 1050, 1050, 1040
Page 96: Replace card number 1039 with
1050 DO 2000 I=1,15
Page 99: Replace card number 1333 with
IF (ABSF(D IN T)-ABSF(X(IQL))) 501, 913, 913
Page 99: Replace card number 1341 with

IF (DEL N(J)) 917, 917, 1917
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Page 99: Replace card number 1374, statement number 1126, with

IF (EN LN(J)) 2125, 1126, 2125
2125  P=P+EXPF(EN LN(J))
1126  CONTINUE

Page 102: Replace card number 1656, statement number 309, with

309 PCP(25)=PCP(TADD)
IADD=25

NASA-Langley, 1963 Issued 2-27-63 Page 3 of 3 pages
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A GENERAL, IBM 704 OR 7090 COMPUTER PROGRAM FOR COMPUTATION
OF CHEMICAL EQUILIBRIUM COMPOSITIONS, ROCKET
PERFORMANCE, AND CHAPMAN-JOUGUET
DETONATTIONS

By Frank J. Zeleznik and Sanford Gordon

SUMMARY

A detailed description of a computer program for computations in-
volving chemical equilibrium in complex systems is given. It is based
on iteration equations for chemical equilibrium computations that are
independent of choice of components. The program permits calculations
such as: (l)-chemical equilibrium for assigned temperatures and presg-
sures, (2) theoretical rocket performance for both frozen and equilib-
rium compositions during expansion, and (3) Chapman-Jouguet detonation
properties.

A discussion of some of the problems attendant with the presence
of condensed species as reaction products is also given.

INTRODUCTION

The problem of the numerical solution of the nonlinear algebraic
equations describing chemical equilibrium has been the subject of nu-
merous papers. Reference 1 contains an extensive bibliography on the
subject prior to 1959. Since the publication of reference 1, many addi-
tional papers have been written dealing with the computation of chemical
equilibrium properties (refs. 2 to 16). Some of the references describe
programs for digital computers. Reference 1, for example, contains a
detailed description of a program written at the Lewis Research Center
for the IBM 650 to calculate equilibrium compositions and rocket per-
formance. ‘

The purpose of this report is to describe in detail a computer pro-
gram written at the Lewls Research Center for the IBM 704 and 7090 for
the computation of chemical equilibrium in complex systems with several



applications. Use has been made of the modified Huff method described
in reference 15, which permits iteration equations to be written in a
Fform independent of the choice of components. The program can perform
the following calculations: (1) chemical equilibrium for assigned tem-
peratures and pressures, (2) theoretical rocket performance for both
frozen and equilibrium composition during expansion, and (3) Chapman-
Jouguet detonation properties.

The objective has been to develop a program that can compute equi-
librium compositions for any chemical system for which thermodynamic
data exist. To accomplish this objective, several special techniques
were 1ncorporated to handle problems that would otherwise not converge.
These techniques, which have proven successful in the many problems at-
tempted, include a flexible convergence control parameter, automatic
inclusion of condensed species with the possibility of triple points,
and a pivoting procedure during solution of the iteration equations.

The computer program will be described in the following sections
of the report with sufficilent detall to permit its use. The following
are some of its general features: '

(1) It requires only simple input.
(2) It requires no initial estimates.

(3) It handles up to 15 chemical elements and a total of 90 reac-
tion products including condensed species.

SUMMARY OF EQUATIONS USED IN THE PROGRAM

The derivations of equations used in the progrem and a discussion
of the assumptions involved have been previously published (refs. 1, 15,
17, 18, and 19). However, for convenience in describing the computer
program, the pertinent equations from these references will be summa-
rized in this report.

The notation of these references was used when possible. However,
since the notation in all these references is not exactly the same, com-
plete consistency was not possible, in particular for thermodynamic func-
tions. In this report, for heat capacity, enthalpy, entropy, and free
energy, a capital Roman letter refers to the quantity per mole, while
a capital script letter is the dimensionless form (which, in the case
of entropy and free energy, may include additional dimensionless terms).
A lower-case Roman letter is the quantity per unit mass, while a lower~
case script letter has the units of moles per unit mass of reactant.



Equilibrium Compositions and Properties of
Complex Mixtures

The equilibrium compositions are obtained by a Newton-Raphson iter-
ation. The iteration equations are those of the modified Huff method,
which were derived in reference 15 and are presented in figure 2 of that
report. These equations are presented herein as table I with symbols
altered to correspond to those used in this report. The corrections to
the estimates that are obtained from this set of iteration equations
are unaffected by the choice of components and are only affected by the
current estimates. These equations make no distinction between compo-
nents and constituents, and thus any species can be dropped from the
calculation. The iteration equations give corrections to the moles of
each condensed species and the variables A and T directly. (Symbols
are defined in appendix A.) The corrections to the moles of gaseous
species are obtained from the following equation (see eq. (88), ref."15):

1
Alnng = - 3€ + EE: gy Alnuy +d Aln T (i=121,2,...,m)
k=1

(1a)

It is sometimes disadvantageous to apply the entire correction
called for by the iteration equations. Conseguently an empirical con-
vergence parameter A(O < A < 1) is used to control the size of the
corrections. A numerical value for A 1s determined at each iteration.
Methods for evaluating A are discussed in the section Evaluation of
Convergence Parameter A. New estimates are obtained from the following
equations:

j+1 j . =
1n néJ ) = 1n niJ) + AN Alnng (i =1,2, . . ., m)
41 .
ngJ )=n§J)+7\An. (i=m+1l,m+2, ..., n)
i i i
> (1p)
" .
AT\ CACH NS PN D IS
10 200 _ 9y 0l3) Ly Aan T 3
The indices J and J+1 signify the estimates for the Jth and
(j+1)St iterations. When the iteration has converged, the moles of

gaseous specles nj will be numerically equal to the partial pressures

pi(i =1,2, ..., mn).



After the equilibrium compOSltlons have been determined, the three
independent first derivatives , (0 1n M/d 1n T)p, and (O In M/3 1n P)q

can be evaluated by a procedure analogous to that described in refer-
ence 1. The calculation of c, and (0 In M/0 1n T)p requires the de-

rivatives (3 lnn;/d InT)p (1 =1, 2, . . ., m), (d n;/d 1n T)p
(i=m+1,m+2, ...,n),and (3 1n A/ In T)p. Following the pro-
cedure of reference 15 for the elimination of linear combination terms,

the set of equations in table II is obtained for the derlvatives
PBmu/QlnTp (i=1,2,...,1), (dn;/01nT)p

(i=m+1, m+2, ...,n), and (3 1n A/O 1n T)p. The
(3 1n n;/0 1n T)p are related to these by

l
S 1ln nj 3 1In wy
S1n T Jp *%ki\3In T Jp + &y (i=1,2,...,m (2a)

Writing the equation for evaluating the specific heat (eq. (42), ref. 1)
in the notation of this report and substituting equation (2a) in it

give
n m
5 1n uk 33{ 8nj_ M —B in A
axsbhini\ s o WSmT)p” T In T Jp
: —

i=m+1 i=

-

m m
i=1 i=1

The solution of the equations in table II also gives one of the molec-
ular weight derivatives by means of the relation

dlnM\ _(olnaA (32)
BlnTP—BlnTP



The derivative (3 1n M/d 1n P)T can be calculated from

0 1ln M P |
(5 Tn P)T =T m = s (3b)
n U.k
E E Gkini o0 1n A >T
k=1 i=1 '

where the required partial derivatives in (3b) are obtained by a solu-
tion of the equations of table ITIT of this report. The equations (3a)
and (3b) and the equations of table III are identical, respectively, to
equations (48) and (51) and figure 4 of reference 1 except for nota-
tion. It should be noted that the matrix elements of tables II and IIT
are identical with the corresponding elements of table I except for the
sign of the last column in table II. The isentropic exponent ¥ used
in the calculations of the velocity of sound is

r= (355), - [1 e MM r [1 Iz M)P]Z (4’

Q 1n P - E;M S 1n T

Frozen Composition and Properties of Complex Mixtures

In addition to the properties of a complex mixture under conditions
of chemical equilibrium, it is sometimes desirable to obtain properties
of the mixture for a fixed composition. The technique for doing this
has been discussed in reference 1. The procedure employed here is iden-
tical except it has been found convenient to use the composition in
terms of mole fractions. For a mixture of fixed composition, entropy,
and pressure, the temperature is calculated by a Newton-Raphson itera-
tion. The correction to the current estimate for temperature is ob-
tained from

fe - S+

Aln T = I E— (5a)
D €
i=1
The improved estimate for temperature is then obtained by means of
1n 0(3*) 21 0(3) A an T (50)

For frozen composition, the three independent first partial deriva-
tives are:



cp = R ———r (6)
and

and

($34) -0 ©)

The isentropic exponent v 1s

chc (9)

Y=;}ﬁ'c'—_-§

Rocket Performance Parameters

The evaluation of rocket performance parameters for a propellant is
simple once the temperature and composition are known at combustion and
exit points of a nozzle. The temperature and composition in the combus-
tion chamber and at all exit points, with the exception of the throat,
can be determined by the previous iteration equations. The throat con-
ditions are evaluated with the aid of a secondary Newton-Raphson itera-
tion using the equation

PC
C-.] -
F /a1 M(n, - 1)

1+ (y + 1)RT

where <Pc/P)k is the kB estimate for pressure ratio at the throat and
hﬁ is the value of h* for the pressure corresponding to this pressure

ratio and an entropy equal to the combustion entropy. This procedure 1s
identical to the one described in reference 1. The method used to ob-
tain the initial estimate for PC/P and T at the throat is described
in a later section.




The following formulas used in computing the various performance
parameters were derived from the one-dimensional forms of continuity,
energy, and momentum equations and the following assumptions: zero ve-
locity in the combustion chamber, perfect gas law, complete combustion,
homogeneous mixing, adiabatic combustion, and isentropic expansion.

(The units used were h = cal/g, T =%, P=1b force/sq in., A = sq in.,
w = 1b mass/sec, and g, = 32.174 (1b mass/lb force) (ft/sec?).)

Specific impulse with ambient and exit pressures equal,

(1o force)(sec)/lb mass:
c - B
I =1294.98 Y500~ (12)

Specific impulse in vacuum (ambient pressure 7ero) ,
(1b force)(sec)/1b mass:

I =I+P= (12)

Nozzle area per unit mass-flow rate, (sq in.)(sec)/lb:

A 86.4579 T
w - mO (13)
Characteristic velocity, ft/sec:
o* = g, P (‘L—\‘) - 32.174 Pc<é> (14)
W W
t t
Coefficient of thrust:
gcl I
Cp = 5~ = 32.174 I (15)
Mach number:
M= = = (16)
s

|/86.4579 1T
M

The derivatives of these performance parameters and their use for
extrapolation and interpolation of rocket performance calculation are
discussed in reference 17. The formulas for calculating these deriva-
tives are given in table IV. The program calculates the derivatives of



T, I, €, and c* only. The remaining derivatives can be calculated

from these and other equilibrium propertles using the equations in
table IV.

Chapman~Jouguet Detonations

The thermodynamic calculation of the properties of a Chapman-
Jouguet detonation are discussed in reference 18. The calculation in-
volves a Newton-Raphson iteration to determine detonation conditions in
addition to the previously described iteration for determining equilib-
rium compositions. The detonation iteration equations are presented
here as table V. Reference 18 also presents a method for evaluating the
partial derivatives of the detonation velocity, pressure ratio, and tem-
Perature ratio and discusses their use in extrapolating detonation data.
The equations for evaluating the required partial derivatives are pre-
sented here as table VI. When detonation conditions have been deter~
mined, the detonation velocity in meters per second can be calculated ag

= P /YT
Up = 91.1845 o Vi (17)

where T ig in °K.

Thermodynamic Data

The thermodynamic data used by the program must be in the form of
empirical equations; thus

O
—R2=al+a2T+a5T2+a4T3+a5T4 (1.8)
and
Ho a a a a a
T . 2 B2 L3y S me, 6
ey g T T T = T 4 (19)
and
S a
T 3 3 . 85 4
£ =8 In T +apl + — T2 + ?? T - % + 2y (20)
The constants ai(i =1, 2, . . ., 7) can be evaluated by the least-

squares method of reference 19 for one or more temperature intervals.



Continuity of the three functions across intervals is assured by the
aforementioned method since it requires that the residuals vanish at the
first point of each interval. The equations for determining the con-
stants are given in table VII. Appendix B lists coefficients for z24
substances obtained by means of the equations in table VII. The coeffi-
cients for most substances cover the range from 300° to 5000° K in the
two intervals 300° to 1000° K and 1000° to 5000° K.

The enthalpy base selected was an assigned value of zero at
298.15° K for the reference substances: Al(s), Be(s), C(graphite),
Clz(g); Fz(g): Hz(g); Li(s), Mg(s), Ng(g); Na(s), Oz(g)) P(vhite),
S(rhombic), and Si(c), and zero at 0° K for Ar(g), He(g), and Ne(g).

The value H%98.15 for a substance formed from any of these refer-

ence substances except the inert gases is its heat of formation relative
to these substances at 298.15° K. For example, for CO,,
Hogg.15 = OHpgg, 15 = -94,001.8 cal/mole, which can be obtained from the

coefficients in the 300° to 1000° K interval with T = 298.15° K.

Input Calculations

The input calculations are identical to those described in refer-
ence 1. For convenience they will be described in this report. The
reactants are divided into two groups, fuels and oxidants. The fuels
are those reactants which will be primarily oxidized, while oxidants
are those reactants which will be primerily reduced. The fuels can be
combined into an effective fuel by specifying the relative proportions
of each fuel. Similarly, the oxidants can be combined into an effective
oxidant by specifying the relative proportions of the oxidants. The
overall composition (i.e., the bg’s) can be calculated by specifying
the relative amounts of the effective oxidant and effective fuel. This
method of assigning the overall composition is particularly convenient
if calculations are to be performed for various relative amounts of ef-
fective oxidant and effective fuel. The gram-atoms of the 1th element
per gram of effective oxidant or of effective fuel are, respectively,

N W
2 = —— oX, <4 21,
( X)i > Wﬁ i M% (21la)
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or

(2), - = 4
2} = of, L (21p)
1 E Wi g

In terms of these equations, the gram-atoms per gram of reactant bg
can be calculated as

(bg)i + (O/F)(b;)

i = 1+ (O/F)

1

(22)

Formulas analogous to formulas (21) and (22) are used to calculate
the following enthalpies:

Enthalpy per gram of effective oxidant:

1 OXWf]-C
h, = (B) 2 (23a)
W TJM}F
k d
k J
Enthalpy per gram of effective fuel:
1 £ W
hy = = (m3). = (23b)
i J My
k J

Enthalpy per gram of reactant:

he + (o/F)hX

1+ (O/F) (24)

ho=

The relative amounts of effective oxidant and fuel are sometimes given
as the weight percent of fuel 4%F, which is related to the oxidant-to-
fuel weight ratio O/F by

= T (o) (2)
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A third way of specifying the relative amounts of oxidant and fuel is
by means of an equivalence ratio, which can be related to O/F. Let

V{ and V3 be the positive and negative oxidation states of an element
in its commonly occurring compounds. At least one of these will be
zero. Thus, for example, the negative oxidation state for chlorine is
-1 and its positive oxidation state i1s zero. In terms of the common
oxidation states for the elements, oxidation states per gram of effec-
tive oxldant and fuel are

1
Vo= :z: V;(bi), (26)
5=1 ’
1

(27)

§>4<:l
1l
S
—
o
MO
S
[}

J=1
2
+ +(,.0
v = :E: Vj(bf)j (28)
. j=1
7
- - (.0
v = :Z: Vj(bf)j (29)
p)

where the sum is over the various elements. In terms of these four
quantities, the positive and negative oxidation states of the propellant
are

+ +
v+ (o/F)VX

+
V' =TT/ (30)
- Vi o+ (o/F)v; (51)
-1+ (O/F)
The equivalence ratio is now defined as
+ -Vt - (o/F)VE
@E_V f X (52)

v T Wz + (o/F)Vy



1z

With this definition, =1, 8 <1, and R > 1 correspond to the stoi-
chiometric, the oxidant-rich, and the fuel-rich conditions, respectively.
The equivalence ratio used in this report is the reciprocal of the one
used in reference 1.

INITTAT, ESTIMATES

All of the iteration equations listed in the previocus section re-
quire an initial set of estimates. The methods for obtaining estimates
for each of the iterations will be described below.

Equilibrium Compositions

Experience has shown that for the determination of equilibrium com-
positions it is unnecessary to begin the iteration with a good set of
estimates, although a good set of estimates will reduce the number of
iterations required to converge to a solution. However, in the case of
complex systems, it is often extremely difficult and time consuming to
obtain a good set of composition estimates manually. The cost of a few
extra iterations on the computer will be small rélative to the cost of
obtaining estimates manually and inserting them as part of the input in-
formation. Furthermore, in the case of rocket performance calculations,
estimates are potentially useful only for combustion conditions. The
results of combustion conditions serve as estimates for exit conditions.
Therefore, the importance of initial estimates decreases as the number
of exit points increases. Because of these considerations, the computer
program to be described in later portions of this report will not accept
estimates for any variable other than combustion temperature.

For the first point, the computer program uses a partial pressure
of 1 atmosphere for all gaseous species and zero moles for all condensed
specieg ag initial composition estimates. If the calculation is for an
assigned enthalpy and no combustion temperature estimate is given, then
an estimate for temperature of about 3800° K is used. For the mass
variable A, an estimate of approximately 150 grams is used. For suc-
ceeding points, the results of the preceding point are used as esti-
mates.

Rocket Nozzle Throat
Good estimates, primarily, for throat pressure and, secondarily,

for throat temperature, can result in an appreciable decrease in the
number of iterations because of the presence of a secondary iteration
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in the calculation of throat conditions in a rocket nozzle. An excel-
lent estimate of the throat pressure ratio for both equilibrium and
frozen compositions is

Ye
Yo F 1
P./P = (“'“—2 > (33)

This relation usually gives a throat pressure ratio, which is correct
to three places. The throat temperature is estimated from the equation

2

=Ty v, (34)

T T

C

Chapman-Jouguet Detonations

Because the Chapman-Jouguet calculation is a Newton-Raphson itera-
tion within the Newton-Raphson iterations to determine equilibrium gas
properties, it is very desirable to have good estimates for the pressure
ratio and the temperature ratio across the detonation wave. A method
(ref. 18) for obtaining excellent estimates of the temperature and pres-
sure ratio will be described here briefly. Let the initial estimate for
pressure ratio be (P/Pl)o and the initial estimate for temperature

ratio be (T/Tl) where T in this initial estimate is the flame tem-
perature corresponding to an enthalpy

b= by + éiﬁ(.lf_) (35)

The initial estimates (P/Pl)o and (T/Tl)o can be further improved by

successive use of the following equations (ref. 18):

4y
(%1) _%Y;Y 1+‘/1-~————S}5—§ (36)
1 K+l k. (1 +v)

|

v 1
<£> - (2) 5_R (E’.) b LR Tk - <_P_> (37)
T T\t ) T 4 Mce \P 2 Mje, P
L/en 1 0 1 p\1 0 1-p k+1 L1
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where
T
1 M
a = \=] =— : (38a)
k <T)k My
and
P
k+1

The quantities M, y, and Ccp in equations (36) to (38) are the equilib-
rium properties for the conditions (P/Pl)o and (T/Tl)o. The technique

of obtaining good estimates for the iteration equations of table V by
means of equations (36) and (37) is so successful that it has been found
possible to arbitrarily set (P/Pl)o = 15 for all chemical systems.

If desired, it is also possible to calculate the detonation proper-
ties by using the equilibrium specific heat ratio « in place of .
The specific heat ratio and the isentropic exponent are related by the
expression

K = y[l + (%%-E-%)T] (39)

CONVERGENCE

Convergence in an iterative calculation involves two numerical
problems: (1) how to assure numerical convergence, and (2) to determine
at what stage the iteration should be terminated. Both of these are
discussed in the following sections.

Evaluation of Convergence Parameter A

When poor estimates are used in a Newbton-Raphson iteration, the
iteration equations will invariably give corrections that are too large
(ref. 1). If these corrections were to be used directly, they could
produce a nonconvergent iteration. This type of situation normally oc-
curs in the early stages of a calculation. At later stages of the iter-
ation when the problem seems to be converging satisfactorily, the itera-
tion sometimes attempts to make large increases in the partial pressures
of species that are present in trace amounts. In both of these cases
it is essential to place some restriction on the size of the correction.
This is accomplished by introducing a convergence parameter A into
equation (1b).
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The numerical value of the convergence parameter A 1is determined
on the basis of two empirical rules, which experience has shown to be
satisfactory. For the variables T, A, and n. for those gaseous spe-
cies for which ln(nj/Po) > -18.5 and for which A 1ln n. > 0, a number

J
A 1is defined as
2

M = (A1 T, [& 1= &], & 1n n3) (3=1,2,...,m (40)

This limits the change in T and A and the increase in njs for those
gaseous species whose gas phase mole fraction exceeds 10“8,-to a factor

e® = 7.3891. TFor those gaseous species for which ln(nj/Po) < -18.5

and A ln ny > 0, a number Ay, 1is defined as

i

n Py - 9.212 - 1n n;
A (3

1
min( A in l’lJ' J ] = l; 2; v ey m) (4:1)

This prevents a gaseous species with a mole fraction less thaﬁ 10-8
from Iincreasing its partial pressure so that its gas phase mole fraction

would exceed 10™%, The parameter A to be used in equation (1b) is de-
fined in terms of AN and Ay, as

A =min(L, Ay, Ag) (42)

-

Criteria for Convergence

The criteria for convergence, which are used in the various itera-
tive schemes in the program, will be briefly described. If, for some
applications, the criteria seem too stringent, they can readily be re-
laxed by making the appropriate changes in the program.

Equilibrium compositions. - It is assumed that the iteration has
converged to the correct composition when

N
-;ré—— |A 1n ny] < 0.5%10™° (3=2,2, . .., m)
Y M
k=1
. > (43)

ne.
'n. 3l < 0.5%107° (3 =m+1l,m+2, ... .,mn)
25: Tk _J

k=1
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This has the effect of insuring accuracy to five places in composition
when it is expressed as mole fractions.

Throat conditions. - The throat conditions in a rocket nozzle are
assumed to be satisfied if

*
h, - h

-4
p— < 0.4x10 (44)

This condition in effect makes certain that the Mach number will satisfy
the condition that

M= 1 0. 2x10"% (45)

Chapman-Jouguet detonations. -~ The Chapman-Jouguet conditionsg are
considered satisfied when

A 1n P/Py| < 0.5x107° b
1

and > _ (46)

J

A 1n T/T;] < 0.5x107°
1

CONDENSED PHASES

Apart from some control on correction size there are essentially
no numerical difficulties in determining equilibrium compositions in a
gaseous system. A straightforward application of the iteration equations
of table I produces rapid convergence to the correct answers. In prin-
ciple there should similarly be no difficulty in applying these iteration
equations to systems containing pure, insoluble condensed phases. Un-
fortunately, a consideration of pure condensed phases does in actuality
produce some difficulties. The following sections discuss some of the
problems that are encountered and present, when possible, methods for
their solution. Some of these methods have been incorporated into the
computer program.

Condensation

The condition for inclusion of the condensed species in the calcu-
lation can be easily derived 1f it is assumed that the equilibrium com-
position of the system without the condensed species is known at the

assigned conditions and that the condensed species under consideration
has a vapor form. This has been done in reference 1, and the condition
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is based on the fact that the condensation will occur when the partial
pressure of a species 1s greater than or equal to the vapor pressure.

From reference 1, the condition for inclusion of a condensed species in
the calculation is

W‘J/ﬁ}
F - T, el < 0 M (47)
where the subscripts ¢ and g indicate condensed and gaseous phases,
respectively.

When the condensed species does not have a corresponding vapor form,
the inequality (eq. (47)) is no longer applicable. The only recourse 1s
to include the condensed species in the iteration. If 1ts converged
value is negative, then 1t must be removed from the calculation and the
composition redetermined. The only species of this type in appendix B
is aluminum oxide (Al50z). One of its condensed phases will almost cer-
tainly be present in any system containing aluminum and oxygen and,
therefore, should be assumed present at the start of the iteration.

Phase Transitions and Triple Points

The calculstion method is based on the assumption that condensed
phases are pure. Therefore, the possibility exists of encountering
phase transition between solid and liquid (melting points) or between
two stable solid phases. Such transitions constitute triple points since
three phases of the same species coexist, one gaseous and two condensed.
Such triple points are characterized by a definite vapor pressure and
temperature, independent of the relative proportions of each phase. This
is shown by the fact that the iteration equations of table I become sin-
gular for an assigned temperature and pressure and the inclusion of two
condensed phases of the same speciles. At a triple point, for a speci-
fied system pressure, the relative amounts. of the phases can be deter-
mined only if either the enthalpy or the entropy is agsigned.

The problem of determining equilibrium conditions in the vicinity
of a phase transition can be best discussed by consideration of an ex-
ample. Assume that the state is specified by an assigned pressure and
an assigned entropy per unit mass, and let the phase transition be the
solid-liquid transition with the transition temperature T, (i.e., the
melting temperature). An analysis for assigned enthalpy, similar to that
to be given for assigned entropy, could also be made. However, in rocket
performance calculations triple points occur most often at the exit
points of a nozzle, and, therefore, only the assigned entropy problem
will be treated in detail. Figure 1 sketches the typical dependence of
system entropy upon temperature for_a constant pressure. The dashed ex-
tension of the liquid-vapor curve PoPg would be the system entropy if
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the liquid were stable below the melting point. A similar statement
holds for the extension of the solid-vapor curve PzPs;. At P, all of

the condensed phase is liquid, while at Pz all of the condensed phase

is solid. Intermediate points correspond to various relative amounts of
liguid and solid phases. Along the extension P1Py the solid phase is
present in negative amounts, while along P3P4 the amount of liquid is
negative.

Two situations will be considered. First let the assigned entropy
have the value sq. If only the data for the liquid phase are used, the

iteration will converge to the tempersature Ti. Since this temperature

is below the melting point, the liquid phase cannot exist; therefore,
the data for the liguid phase must be replaced with data for the solid
phase. This time the iteration will converge to the correct tempera-
ture T2 Consider next the situation where the assigned entropy has

oy
the value s, where sg < sy < s;. With only the liquid phase present,

the converged temperature is T;. Since this temperature is lower than

. the melting point, this cannot be the correct answer. If the calculation
is repeated, this time using the data for the solid phase, the calcula~-

tion will converge to a temperature T . This again is not the correct

answer since Tg 1is greater than the melting point. Returning to the
liguid phase again produces convergence to TZ’ and the calculation, if

allowed to continue in this manner, would oscillate between -T; and

T.. It is apparent (fig. 1) that the correct temperature T, can only

be obtained by a simultaneous consideration of both solid and liquid
Phases in the iteration.

The problem of oscillatory behavior can be eliminated by specifying
that 1in going from a consideration of liguid phase to consideration of a
8011d phase the intermediate situation of coexistence of solid and liquid
must always be considered. This technique will always work. Take again
the case where the assigned entropy is s;. After the temperature Ti

wag converged to, the solid and liguid phases would be considered simul-
taneously. This time the converged temperature would be T,, but the
amount of liquid would be negative. Removing the liquid phase would then

permit convergence to the correct temperature Té. For this type of a
situation, such a "modus operandi' is uneconomical since it unnecessarily
requires one extra solution of the equilibrium equations. A more eco-
nomical procedure would be to require simultaneous consideration of solid
and liquid only in the region of oscillatory behavior indicated by the
cross hatching (fig. 1). It can be seen from figure 1 that oscillatory
behavior will occur for a given entropy if either of these conditions is
satisfied

T, -T; <Tg - Ty (48a)
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or

T, - T, <Tg - T (48b)

s
When the iteration converges to T;, inequality (48a) is used to estimate

whether ’I‘S will be greater than T, . When the iteration converges to

T inequality (48b) is used to estimate whether T, will be less than
T An approximate relation between Tg and T; can be obtained by

using the fact that the entropy difference between the temperature Ty
on the T Ps curve and the temperature Ty on the PzPg curve is zero.
The specific heats of the two equilibrium mixtures are (cp)Z at Ty

and (cp)s at T, respectively, while the entropies at the points Py

and Pz are s and sg, respectively. Therefore, approximately

T, Ty
s(Tg) = s(Ty) + (CP)Z 1n T, " (s7 - sg) + (cp)S 1n T (49a)
and, as a result,
Ty I
s(Ty) - s(Tg) =0 =5y - (cp)Z 1n T{ - s + (cp)s in Tg (491b)

The points P, and Pxz differ only in the fact that at P, all of the
condensed phase is liquid, while at Pz all of the condensed phase 1s
solid. Tet the molecular weight of the equilibrium mixture at T, be

M, and the combined mole fraction of solid and liquid in the equilib-
rium mixture be x,. If the heat of fusion per mole of condensed spe-

cies is AHy,, then s; and sy are related by the expression

Xy Oy
SZ= S+—T (50)
M Ty
Substituting this expression into equation (49b) gives
Xy Aty T Tn
T (cp)Z 1n T + (cp)s 1n T, = 0 (51)

At the temperature Tj, the quantities (cp)s, M,, and x, would be un-
known. If, however, the difference between Ty and Ty is not too
large, then (cp)s, M,, and x; can be approximated by their values at
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T;. Under these conditions, equation (51) can be solved to give

_ Xy Oy
TS = Tz exp m (52)

where the subscript 11 indicates the quantities are to be evaluated at
TZ' Substitution in equation (48a) gives as the condition of no oscil-
lation

Iy

Xy Aty
T < expkfﬂzggzﬁg] | (53)

At a temperature Tg, a similar treatment gives the condition for no
oscillation as:

T X AHm

m S
— > expl- 54
TS MSZ Cp5sTm ( )

where the subscript s indicates quantities are evaluated at Tg.

There is one disadvantage connected with the use of either inequal-
ity (53) or (54) in a computer program; that is, it requires the com-
putation of AH, M, Cps and the mole fraction of the condensed species.
However, it is possible to use inequalities (53) and (54) to estimate
the width of the oscillatory region about T, by using data in the vi-
cinity of T,. Thus, for example, applying inequality (53) to data cor-
responding to PC/P = 2.5 and inequality (54) to data corresponding to
P./P = 3.5 of table X and using 26 kilocalories as the heat of fusion
for Al,0z give Tm/TZ < 1.0363 and Tm/TS > 0.964. These data imply
that oscillation will not occur if Ty, - T; > 81° K and Tg - Ty > 87° K.
Using data for a few other typical systems indicated that a satisfactory
region would be 100° K on each side of Ty, and,therefore, this value was
incorporsted into the program. However, 1t is possible that a system
could be encountered where this interval is insufficient to prevent os-
cillation. For such a system the interval would have to be widened.

With the technique just described, if a liquid phase is being con-
sidered and the resulting temperature is below the melting point, two
possibilities exist. If the temperature is more than 100° K below the
melting point, the solid phase will replace the liquid phase and the
iteration will be restarted. If the resulting temperature is less than
100° K below the melting point, the solid will be included, the liquid
phase retained, and the iteration restarted. After convergence with
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both phases considered, the resulting temperature will be the melting
point. The iteration 1s finished if the amounts of both phases are
positive. If, however, the liquid phase 1s negative, it is removed and
the iteration is restarted. An analogous procedure is followed if the
solid phase only is being considered and if the temperature is above the
melting point.

Accidental Singularities

A peculiar type of singularity can occur in the equations for de-
termining the equilibrium conditions in a system with condensed products.
The conditions Tor its occurrence are so restrictive that it may be
termed an accidental singularity. These conditions are:

(1) The state of the system must be specified by an assigned tem-
perature and pressure.

(2) For an l-element system (7 > 1) there must be 1 - 1 condensed
species.

(3) For 1 > 2, at least 1 - 1 of the elements must appear in the
condensed species.

(4) For 1 = 2, both elements must appear in the one condensed spe-
cles.

These conditions are sufficient, but not necessary, to have the gaseous
composition completely determined by the equilibrium equations for the
condensed species and the pressure equation without recourse to the mass-
balance relations. This can most readily be seen by examining the itera-
tion equations (fig. 1) for the two-element case. When the aforemen-
tioned conditions are satisfied, the 1 mass-balance equations serve
only to determine the mass variable A and the moles of the 1 - 1 con-
densed species. If the gas compositions nj(j =1,2, ..., m) are
known, the mass-balance equations

m+l-1 o
E ajgns - bIA = - E 8450y (1=21,2,...,1) (55)
J=m+1 J=1

are a set of linear equations for the 1 variables: A and

nj(j =m+ 1, m+2, .. .,m+ 1 -1). The equations do not possess
a nontrivial solution if the determinant of the coefficient matrix
vanishes; that is, if
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o]

8 m+l  lmiz v - ¢ 2,mtl-1 Pl

' e}

8z m+l  @2,m+2 v ¢+ 82mtl-l P2

.. . ... ... ...l =90 (56)
@]
8y m+l  Sl,mi2 v o+ Slmtl-l 1

The determinant (eq. (56)) could vanish if the [1 X (1 - 1)] matrix of
aij's is of rank less than 1 - 1. This case ig excluded from consid-
eration. For the simple case 1 = 2, equation (56) reduces to

a O
w1 (57)
82,m+l b3

The significance of the criterion (eq. (56)) for the existence of a
singularity can be seen immediately if it is realized that the determi-
nant will vanish when it is possible to find a linear combination of
the first 1 - 1 columns, which will equal the last column (in other
words when the overall composition can be expressed in terms of the con=
densed products alone).

Tt must be emphasized that this type of problem is singular only
if the thermodynamic state is specified by an assigned temperature and
pressure. If the state is specified by an assigned pressure and either
an enthalpy or entropy, then a solution can be obtained because the gas
phase composition is no longer determined exclusively by the equilibrium
constants for the condensed phase and the pressure equation. While the
occurrence of such singularities is rare, they have been encountered.
One such case is the stoichiometric lithium-oxygen system. An important
product in this system is the stoichiometric liquid LiBO(Z). This satis-
fies (eq. (57)) and hence corresponds to a singularity. Many other exam-
ples could be given, but this one example sufficiently illustrates the
point. Because these singularities are so rare, a routine for recogniz- -
ing the situation and taking corrective measures was not incorporated
into the program.

Assigned Pressures Too Low

In an all gaseous system, a pressure can be assigned to the system
quite arbitrarily. However, in a system with condensed products, the
assigned pressure can no longer be specified with complete freedom. The
assigned pressure must be greater than the sum of the vapor pressures of
the condensed species. The amount by which the assigned pressure nust
exceed the sum of the vapor pressures is determined by the partial pres-
sures of other species in the gaseous phase. Should too low a pressure
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be assigned, the iteration will not converge since this would require
that some of the partial pressures become negative. Because the correc-
tions are logaritimic, a negative partial pressure cannot be obtained.
Such a situation is characterized by large and negative A ln n. for
some gases and small A In ns for a few of the gases. The gases with
small A ln ny are the vapors of the condensed species and those gases
whose partial pressures can be expressed entirely in terms of equilibrium
constants and the vapor pressures of the condensed species. The correc-
tion A ln A is also large and negative. Agaln, because of the rarity
of such a problem, no corrective measures have been incorporated into
the program. The correct answer can be obtained by repeating the calcu-~
lation with fewer condensed species present or by assigning a higher
pressure.

THE COMPUTER PROGRAM

A computer program, based on the equations presgented in the previous
sections, was written for an IBM 704 computer with an 8K core, an 8K
drum, and eight tape handlers. A detailed listing of this program is
given in appendix C. The program -has also been converted for use on
an IBM 7090 computer with a 32K core and eight tape handlers. The
7090 program is given in appendix D.

The program can accommodate up to a 1l5-element system with 90 prod-
ucts of reaction and a maximum of 20 iteration equations. These limits
on the size of the system that can be accommodated are dictated pri-
marily by the IBM 704 core capacity. For the IBM 7090, the program can
be readily altered to handle a larger system. At present, the program
does not handle ionized species although provision has been made in
Subroutine SEARCH for future consideration of ionized species.

The computer program can handle any one of five different problems.
Each of these five calculations has been given an alphabetic code name
with some mnemonic significance. Thus, an H,S problem is a rocket-
performance calculation where the combustion is at an assigned enthalpy
and pressure; this is followed by isentropic expansion, with composition
in chemical eguilibrium, to various exit pressures. The exit points are
assigned in terms of pressure ratio PC/P. A maximum of 25 pressure
ratios may be specified including combustion pressure ratio PC/P =1
and throat pressure ratio. Since the program supplies its own estimate
for the throat pressure ratio, a value of zero should be read in as the
throat pressure ratio. The T,8 problem differs from the H,S problem
only in the fact that combustion is at an assigned temperature rather
than at an assigned enthalpy. Both the H,S and the T,S problems in-
clude calculations for frozen composition during isentropic expansion.
The T,P problem calculates equilibrium compositions for an assigned
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temperature and a series of up to 25 pressures. The P,T problem cal-
culates equilibrium compositions for an assigned pressure and a series
of temperatures not exceeding 25 in number. The DETN problem deter-
mines Chapman~Jouguet detonation properties for an assigned temperature
and pressure preceding the detonation wave.

If, for some reason, it is desired to terminate the problem before
the entire schedule of points has been completed, this can be done with
sense switeh 6. When sense switch 6 1s in the down position, the problem
will be continued for only one additional iteration for chemical composi-
tion. Intermediate output for this iteration will be written as well as
the data for all completed points.

Because of the limited amount of core storage that was available on
the IBM 704 computer, it was necessary to segment the problem into five
core-loads, each with its own main program and subroutines. The five
segments, or core-loads, are assumed to be available ag five consecutive
records comprising the first file on tape unit two. At the Lewis Re-
search Center a computer monitoring system loads the core~loads onto
tape two. These core-loads are then brought into core storage from tape
two in any arbitrary sequence by the call statement CALL PONG (I) where
I=1,2,...,5. Aprogram for loading the core-loads onto tape two
will not be supplied since most computing centers will already have some
system for doing this operation. The subroutine for calling core-loads
also will not be supplied, and its function must be performed by an
analogous subroutine available at the respective computing centers. The
coding for the IBM 704 program is partially in FORTIRAN IT and partially
in the pseudo-SAP of FORTRAN IIT.

The 7090 version of the program is essentially identical to the
704 version, except that because of the much larger core storage 1t was
unnecessary to segment the program. In the program for the 7090, the
main program for core-load one is the main program for the entire com-
puter program while the main programs for core-loads two, three, four,
and five are subroutines. The elimination of program segmenting has the
dual effect of (1) appreciably decreasing the computation time because
of the elimination of a great deal of tape handling, and (2) somewhat
simplifying the program. During the course of program conversion, all
FORTRAN IIT pseudo-SAP coding was eliminated to obtain a program written
exclusively in FORTRAN ITI. This was made possible because of the avail-
ability (at the Lewls Research Center) of four functions to perform
shifting operations. These functions ALSF(N,X), ARSF(N,X), LLSF(N,X),
and LRSF(N,X) are compiled into the object program as open subroutines
and replace the machine language instructions ALS, ARS, LLS, and LRS, re-
spectively. The first argument N specifies the number of places that
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the second argument X 1s to be shifted. The subroutines are compiled
as:

CAL N
ARS 18
STA *+2
CAL X
(Appropriate shift instruction)
Either STO for non-Boolean statements
or SLW for Boolean statements

For non-Boolean statements N can be either a fixed-point variable or
a fixed point constant, while X can be either a fixed- or floating-
point unsubscripted variable or constant. For Boolean statements N
must be either a fixed-point variable or a Boolean constant whose last
six octal digits must be zeros (e.g., 6000000), while X must be a
floating-point unsubscripted variable or constant.féﬁﬁ/

The description of the program in the following sections and in the
flow charts (figs. 2 to 9) will be confined to the IBM 704 version be-
cause the two programs are virtually identical. Since 80 card columns
of input are used, input to both programs must be by means of an IBM
1401 or other card-~to-tape equipment that will put all 80 card columns
on tape. Under certain circumstances, the input may be through a card
reader; this will be discussed further in the section PROGRAM INPUT DATA.

The source program decks for either the IBM 704 or IBM 7090 will be
made available to computing centers if a written request is addressed to
the authors at the Lewls Research Center. The thermodynamic data of ap-
pendix B will be furnished for program checkout purposes if a written
request is made. The data will be supplied in the form of 23 word rec-
ords (see fig. 6) copied onto a tape furnished by the computing center
making the request. Because of continuous reevaluation of thermodynamic
data, the data in appendix B will differ somewhat from the data in cur-
rent use by the thermodynamics section for performance calculations.
Current data will be furnished, upon request, in the same form as the
data used for program checkout purposes. qur

'
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Cpre—Load One

Core-load one consists of MAIN PROGRAM ONE (fig. 2) and the three
Subroutines INPUT, SEARCH, (fig. 6) and BYPASS (fig. 7). The principal
function of this core-load is to process input information. This por-
tion of the program (1) assembles thermodynamic data from the master
data tape, (2) determines which species shall be used in the calcula-
tion, (3) determines which of the five types of problems is to be
worked, and (4) calculates the overall system composition from the
assigned value of any one of the three quantities: O/F, %F, or R.

Subroutine INPUT. - Subroutine INPUT processes the input information
on the reactant cards, which contain the formulas of the fuels or oxi-
dants, their enthalpies, and densities. ZFrom this information the sub-
routine calculates the gram-atoms of each element per gram of effective
fuel, the gram-atoms of each element per gram of effective oxidant, and
the corresponding enthalpies (see eqs. (21) and (23)). In addition to
the various gram-atoms and enthalpies per gram, the positive and negative
oxidation states per gram are also calculated (see egs. (26) to (29)).

‘The densities of the effective fuel and oxidant are calculated by
Subroutine INPUT except in the case of a detonation problem. For deto-
nation problems, the specific heats of the reactants must be read into
the computer in place of the densities. These are used to calculate
(cp)f’ which in turn is used in the evalustion of detonation derivatives

with respect to T; (see table VI).

In order for Subroutine INPUT to perform the aforementioned calcu-
lations, a table of symbols, atomic weights, and oxidation states for
the chemical elements is needed. This table is read into storage by
calling the Subroutine BCREAD(A,B), which reads a set of absolute binary
cards into ATOM(I,J). The element symbols are in ATOM(I,1l), the atomic
weights are in ATCM(I,2), and the oxidation states are in ATOM(I,3).
Pince the index I can range from 1 to 103, there is space for 103 4if-
ferent chemical elements. The symbols for the chemical elements must be
in binary coded decimal and left-adjusted (e.g., ALOOOO, HbOOOO), while
the atomic weights and oxidation states must be floating point-numbérs.
The oxidation states are those which correspond to the most common oxi-
dation states of the elements (e.g., aluminum, +3.0; sulfur, +4.0;
chlorine, -1.0). Subroutine BCREAD is a part of the computer system at
the Lewls Research Center and is not given in this report. Any subrou-
tine or sequence of statements that will read the element data into
ATOM(I,J) can be substituted for subroutine BCREAD. The element data
in ATOM(I,J) are considered constants of the program rather than input
data (see section PROGRAM INPUT DATA), inasmuch as they are constant for
all problems.
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Subroutine SEARCH. -~ Subroutine SEARCH selects the thermodynamic
data to be used in the problem. A scan is made of the master thermody-
namic data tape; those species that are consistent with the chemical
system under consideration are selected. These are written as a separate
file on the master data tape. As the thermodynamic data are being se-~
lected, the subroutine also compiles a set of formula numbers 813 from
the formulas of the reaction products.

Subroutine BYPASS. - Subroutine BYPASS interrogates or alters any
one of 90 bit positions in one of the three words PROD(1), PROD(2), or
PROD(3). Each bit position is associated with a particular reaction
product. A reaction product is considered in the calculation only if
its corresponding bit position is zero. The first argument (J) of the
subroutine specifies a particular bit position, while the second (IARG)
determines the function to be performed by the subroutine. If TARG =1,
BYPASS interrogates bit position J, setting IPROD to 2 if the bit is O
or setting IPROD to 1 if it is nonzero. When IARG = 2, BYPASS changes
the appropriate bit from a O to a 1, while for IARG = 3 BYPASS changes
a 1l to O.

Core-Load Two

MAIN PROGRAM TWO (fig. 3) and the Subroutines BYPASS (fig. 7),
MATRTX (fig. 8), and GAUSS (fig. 9) comprise core-load two. All computa-
tions of the equilibrium compositions of complex mixtures are performed
in this core-load. In addition, for H,S and T,S problems, this core-
load also calculates equilibrium rocket performance parameters.

Subroutine BYPASS. - Subroutine BYPASS is described under core=-load

one.

Subroutine MATRIX. - Subroutine MATRIX's sole function is the con~
struction of the iteration equations (see table I) appropriate to the
current problem.

Subroutine GAUSS. -~ Subroutine GAUSS is used to solve the set of
simultaneous, linear iteration equations constructed by Subroutine
MATRIX. The solution is effected by performing a Gauss reduction using
a modified pivot technique. In this modified pivot technique only rows
are interchanged. The row to be used for the elimination of a variable
ig selected on the basis that the largest of its elements, after division
by the leading element, must be smaller than the largest element of the
other rows after division by thelr leading elements.

An iterative festure has been incorporated into Subroutine GAUSS.
A correction to the solution is obtained by replacing the right-hand
side of the equation by the residuals, that is, by the difference between
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the right-hand side and the value of the right-hand side as calculated
from the solution. This set of equations 1s now re-solved for correc-
tions to the previous solution. Iteration is continued until no further
improvement in the solution is possible or for a maximum of four itera-
tions. The criterion for improvement of a solution is the decrease of

a test function defined to be the sum of the magnitudes of the fractional
residuals for those equations whose right-hand sides are greater than 1
in magnitude plus the sum of the magnitudes of the residuals of the re-~
maining equations.

Core-lioad Three

The evaluation of rocket performance parameters for isentropic ex-
pansion with composition frozen at the equilibrium composition in the
combustion chamber is done in MAIN PROGRAM THREE (fig. 4). 'There are
no subroutines for this core load.

Core-Lioad Four

Core-load four does the calculations required to obtain Chapman-
Jouguet detonation properties and prints the results in a suitable
form. A flow chart for MATN PROGRAM FOUR is given in figure 5. Flow
charts for the Subroutines OUT, COMP, ONCE, and SPEC are not given
since these only print the answers in a convenient form.

Core-Load Five
The last core-load is an output program; that 1s, it merely takes
the results of calculations for H,S; T,S; T,P; and P,T problems and
prints them in a convenient form. No flow chart is given for this pro-
gram.

PROGRAM INPUT DATA

A number of options are available in the program. These options
include the following:

(1) Selection of any of five types of problems

(2) Omisgion of any gaseous reaction product
(3) Initial consideration of any condensed reaction product

Because of these options, the input to the program, although simple and
straightforward, is larger than it need be for a less flexible program.
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In addition to blank cards, five types of input cards are needed to
supply all of the required information to the program (see discussion

of element data in section Subroutine INPUT). These five types of cards
are given in the appropriate order in table VIIL. Blank cards are used
after each input card type whose number is variable. Upon encountering
a blank card the program will terminate the reading of one card type and
will begin reading the next card type in the input sequence. A descrip-
tion of the nonblank cards is given below.

Reactant Cards

Table IX gives three sets of reactant cards. The first set corre-
sponds to a typical solid propellant, the second is typical of the set
of reactants for a liquid or gaseous propellant, and the third is a
typical set for a detonation calculation. In particular, these three
sets of reactant cards are those used in the calculations of tables X
to XV.

The format selected for these cards was based on ease of specifying
the reactants for eilther gaseous, liquid, or solid propellants. For
liquid or gaseous propellants the reactants are generally categorized as
fuels or oxidants. An F Lkeypunched into column 72 indicates that the
substance is a fuel, while an O signifies an oxidant. When more than
one fuel is used, the program combines the fuels into an effective fuel
if the relative weight of each fuel is given in columns 46 to 53 (a dec-
imal point must be given). If only one fuel is used, then any number
(with a decimal point) may be placed into columns 46 to 53. A similar
description covers the case where the propellant contains one or more
oxidants. '

For solid propellants, the reactants are usually not labeled as
either fuels or oxidants. The composition of the solid propeliant is
normally glven in terms of the relative weights of each ingredient.
However, for input purposes each ingredient of a solid propellant is
designated as a fuel (i.e., F in column 72). Since all ingredients are
congsidered as components of a fuel, 100-percent fuel must be specified
on the mixture card (see below).

The chemical formuls for the reactant appears in columns 1 to 45
and may contain up to five different chemical elements per reactant.
Each chemical symbol is allowed two columns (left-adjusted for a one-
symbol element). Each formula number is allowed up to six figures plus
a decimal point. The decimal point is required even for integers.

The state of the reactants (S, L, or G in column 63) and their tem-
perature (columns 64 to 71) are for information purposes only. They may
be omitted if desired since this information is not required by the pro-
gram. The enthalpies of the reactants are given in columns 54 to 62,
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which supply enough space for eight digits and a decimal point if the
number is positive or seven digits, a sign, and a decimal point if the
number is negative. The enthalpy values must be consistent with the
enthalpy base selected for the thermodynamic dats (see the discussion

in the section Thermodynamic Data). These enthalpies are used in equa-
tion (23) to calculate h, and hp, which are then used in equation (24)

to calculate assigned enthalpies for H,S problems. For the H,S; T,S;
T,P; and P,T type problems, columns 73 to 80 are reserved for the densi-
ties of the reactants. Space has been provided for seven digits and a
decimal point. If the densities of all reactants are given, the density
of the propellant mixture will be calculated; otherwise the propellant
density is printed as zero in the output. For a DETN type problem, col-
umns 73 to 80 must contain the heat capacity at constant pressure for
the reactant.

If an on-line card reader is used to read the input data instead of
an IBM 1401, the contents of columns 73 to 80 will not be read. For the
H,S; T,S; P,T; and T,P problems, all calculations will be unaffected
(and a value of zero will be printed on the output format for the density
of the unreacted mixture). For the DETN problem, all answers will be
correct except for detonation derivatives with respect to Tl and the

following functions of the unreacted mixture: isentropic exponent, sonic
velocity, and Mach number of the detonation wave.

Omit-Insert Cards

Subroutine SEARCH, previously described, selects from the master
thermodynamic tape all species that are consistent with a given chemical
system. In the absence of prior information the program makes the ini-
tial assumption that all the selected gaseous species may exist in appre-
ciable concentrations and that condensed species will not be present, at
least for the equilibrium conditions corresponding to the first point.
When the iteration converges, the latter assumption is checked and, if
" necessary, corrected automatically.

Onit-Insert cards serve two different purposes depending on whether
the formula for a gaseous or condensed species appears on the card. If
the formula for a gaseous species is on the card, that specles will not
be considered by the program for all assigned conditions. This permits
the omission of any gaseous specles from the calculation without the
necessity of remsking the master thermodynamic data tape. The omission
of one or more gaseous species may be desired in order to determine the
resulting effect on composition or other properties of the system. 'The
omission of gaseous species may sometimes also be desired in order to
reduce calculating time. (This assumes some "a priori" knowledge of
which species may be omitted without affecting the results to the de-
sired number of significant figures.) If the formula for a condensed
species is on the Omit-Insert card, the program will initislly consider
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this species to be present at the assigned conditions corresponding to
the first point. After convergence, this assumption is checked automat-
ically and corrected if necessary. In contrast to gaseous species, a
condensed species can be omitted from consideration by the program only
by removing it from the master thermodynamic tape.

The names of up to four species can appear on each Omit-Insert card
in columns 1 to 12, 16 to 27, 31 to 42, and 46 to 57. The names must be
keypunched exactly as they appear on the master thermodynamic tape (ap-
pendix B).

Problem Cards

These cards are used to specify which one of the five problems is
to be worked (H,S; T,S; P,T; T,P; or DETN) and also to assign an identi-
fying case number to the problem. Columns 1 to 4 contain the alphabetic
designation for the problem beginning in column 1. The assigned case
number is a set of five digits keypunched into columns 6 to 10. This
case number appears on the output listing.

Schedule Cards

Every type of problem except DETN requires a schedule of points to
be calculated. For the DETN problem the schedule cards and the blank
card that follows them must be omitted while the other input cards re-
main as before. The schedule for the other four problems must not ex-
ceed 25 points. For the H,S and T,S problems the schedule of points is
a series of pressure ratios PC/P. The first pressure ratio (combustion
chember) must be unity; the second, corresponding to throat, is left
blank; and all others are optional. For the T,P problem, the schedule
is a series of 25 or less assigned pressures in atmospheres. TFor the
'P,Toproblem the schedule is a series of 25 or less assigned temperatures
in “K.

Each schedule card contains as many as five assigned values in col-~
umns 1 to 10, 11 to 20, 21 to 30, 31 to 40, and 41 to 50. Thus there is
enough space for nine digits and the required decimal point for each ag-
signed value.

Mixture Cards

The mixture card is used to specify the relative amounts of the ef-~
fective fuel and oxidant and to provide either initial estimates or as-
signed values for pressure and temperature. In addition, the mixture
card permits two options. The first option permits intermediate output
to be printed for each composition iteration if an integer is keypunched
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in column 7z2. The intermediste output i1s described in the section
INTERMEDIATE OUTPUT. The second option may be used only in the DETN
problem. If the code columns (i.e., columns 51 to 55) are left blank,
the sonic velocity of the burned gas is calculated by use of vj3 if they
are nonblank (any integer with no decimal point), then the sonic veloc-
ity is calculated from K, the ratio of equilibrium specific heats.

The relative amount of fuel and oxidant is specified by any one of
the three quantities R, O/F, or %F; the card columns corresponding to
the remaining two are left blank. Columns 1 to 10, 11 to 20, and 21 to
30 are for R, O/F, 4F, respectively. In each case, there is sufficient
space for nine digits plus a required decimal point. Columns 31 to 40
and 41 to 50 provide space for a pressure and temperature, respectively.
The purpose of the pressure and temperature differs from problem to
problem. For the H,S problem the pressure in pounds per square inch ab-
solute is the assigned combustion pressure, while the temperature in °x
is the estimate for combustion temperature. For this problem the tem-
perature is optional. If the temperature is left blank, the program
automatically uses a temperature estimate approximately equal to 3800° K.
For a T,S problem, the pressure in pounds per sgquare inch absolute-is the
combustion pressure and the temperature in %K is taken to be the combus-
tion temperature. For the T,P problem the pressure is ignored by the
program, while the temperature in “°K is the assigned temperature for the
series of pressures read in on the schedule card. For the P,T problem
the pressure in atmospheres is the assigned pressure for the series of
temperatures read in on the schedule card, while the temperature on the
mixture card is ignored. In the DETN problem, the pressure in atmos-
pheres and the temperature in °K correspond to the pressure and tempera-
ture preceding the detonation wave.

PROGRAM OUTFPUT

Tables X to XIII are examples of the final output for three types
of problems. Tables X and XTI are the output of an H,S problem for a
solid propellant. Table XII is the output of a P,T provlem for stoichio-
metric hydrogen-air. Table XIII is the output of a Chapman-Jouguet de-
tonation calculation (DETN) for stoichiometric hydrogen-oxygen.

The three tables are almost completely self-explanatory; however,
the symbols for some quantities are somewhat different than those used
in the text. The reason for this is that the IBM printer does not con-
tain characters such as lower-case letters, Greek letters, subscripts,
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or superscripts. The following examples illustrate the differences:

(DLI/DLEC)PC/P = (3 1n I/ 1n P.)P./P, h,

(DLCS/DHC)PC/P = (O 1n c*/dh,)P./P, P,

(DLAR/DLPCP)S = (3 1n ¢/d 1n P,/P)

i

During the calculation of the data of table X, the program consid-
ered the possible occurrence of 11 condensed species (counting solid and
liquid phases of the same species separately). Of these 11 only four
appeared in nonzero amounts, nemely, MgO(s), MgClo(s), Al50z(s), and
A1,05(1). Of these four species, only Alp0z(1) was keypunched into an
Omit-Insert card for initial consideration by the program; the other
three species were put into the calculation, at the appropriate time,
by the program. Furthermore, MgO(s) and Alp0z(l) were removed from the
calculation based on decisions made by the program. Points four, five,
and six of table X illustrate the typical behavior when two condensed
forms of the same species coexist. In this example, the coexisting spe-
cies are Al;0z(1) and Al,0z(s) and the temperature for these points is
the melting point of Al,0z(s). For these same three points, the molec-

ular weight derivatives appear as zero. The reason for this is that the
equations of tables IL and ITT are singular for the coexistence of two
forms of the same condensed species. This prevents the calculation of
the molecular weight derivatives and the heat capacity at constant pres-~
sure. However, for the purpose of calculating a velocity of sound it
was felt desirable to calculate a frozen heat capacity at constant pres-
sure, which could then be used to calculate a frozen isentroplc exponent.
As a final point, i1t should be noted that the program lists separately
those species that were considered in the calculation but which were
only present in trace amounts and those species that were intentionally
omitted from the calculation because their formulas were keypunched on
Omit-Insert cards.

In table XI only four points are listed although the same points
that were calculated in the equilibrium calculation of table X were
specified in the frozen calculations. The reason for this 1s that in
the frozen program the calculation is terminated when a sufficiently
low temperature is reached so that a species, present at combustion, no
longer has thermodynamic data at this temperature. In table XI the spe-
cies Al,0z(1) has data only to the melting temperature 2317° K. Since
the program permits extrapolations for 20° beyond the end point, the
program considers that data for AlgOz(1) exist to 2297° K. The pres-
ence of the last point at a temperature of 2270° K can be accounted for
because the program permits completion of the calculation for the first
point past the 20° extrapolation limit.
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The program can list the reactant input data in one of two format
types. The first of these is used when at least one of the reactants
has a noninteger formula number. This type is illustrated in tables X,
XT, and XIT. The second format is reserved for those systems where all
formula numbers are integers. Thig is illustrated in table XIII.

The preliminary output (table XIV) is written primarily to provide
information as to what problem the program is working in the event no
final output is obtained. The last line of table XIV ig printed during
frozen expansion in the event that the exit temperature is below the
temperature range of a species (see discussion of table XI).

INTERMEDIATE OUTPUT

Many safety features have been incorporated into the program that
will prevent the calculation from becoming divergent. However, it was
not possible to include corrective measures for two situations. The
first is the problem of poorly conditioned iteration equations whose
solution results in excessive fractional residuals (>O.5xlO'4). The
second 1s the problem of singular iteration equations. In these two
situations the program returns to the first iteration for the initial
point and begins iterating, this time printing intermediate output to
assist in debugging. Table XV is the debug output from the solid pro-
pellant calculations shown in tables X and XI. This output was obtained
by the method described in the section Mixture Cards, rather than result-
ing from either of the two situations Jjust discussed.

M1 of the legends that appear on the right-hand side of table XV(a)
are not written by the program. Similarly the headings in table XV(b)
have also been typed. In table XV(a) the first line gives the case num-
ber assigned to the problem and the type of problem; the second line
gives O/F, 4F, R, and P.; the third and fourth lines give the enthalpy
per gram of propellant hp and the gram-atoms of the elements per gram
of propellant bY, which for this problem are bR, bF, bRy, by, bR, bE,

bZl’ and bﬁg. The next 22 lines are the iteration equations correspond-

ing to table I. TFor some problems each iteration equation requires only
one line. However, for this example, each equation of table I requires
two lines. The first 16 of these 22 lines correspond to eight reduced
mass-balance equations for the eight elements in this problem which have
been taken in the following order: nitrogen (N), hydrogen (H), chlorine
(1), oxygen (0), carbon (C), sulfur (S), aluminum (Al), end magnesium
(Mg). The next two lines are for Al,0z(l). The last four lines are for
the pressure and enthalpy equations. For this problem, the coefficients
of A ln w, AnAlzos(Z)’ -A In A, Aln T, and the right-hand side of

each equation are given by the eight columns of line one and the first
four columng of line two for each pair of lines. The fifth column of
line two gives the fractional residuals for that equation (see discus-
sion of fractional residuals in the section on Subroutine GAUSS).
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In table XV(a) following the set of iteration equations are two
lines which give the solution to the preceding set of iteration equa-
tions. The next line gives the current value of T, P, A, and A. The
remaining 81 lines give the formulas, ni, -ln n;, A ln ny (or Ang; for
condensed species),lﬂi and /Xi for each of the 81 species. The word
OMIT preceding the formula for a speciles indicates that this product is
not considered as a product of reaction for this problem. It may be
noted that the initisl estimate is 1 atmosphere for each gaseous species
and zero moles for each condensed species. A zero in the An; column

for a condensed reaction product indicates that this species is not being
considered during the iteration. It should also be noted that the cor-
rection to Al,0z(1) is negative, and, therefore, Alp0z(1) will be present
in negative amount during the second iteration although when the itera-
tion converges it will be positive. This indicates the inadvisability
of checking the condensed specles at each stage of the iteration. A
final point to note is that A for this iteration was determined by the
species CO(g).

The previous sequence of lineg 1s printed for each iteration. When
the iteration converges, the answers are printed as shown in table Xv(v).
This set of answers corresponds to the throat pressure ratio
P,/P = 1.777 of the data of table VIII.

Lewis Research Center
National Aeronautics and Space Administration
Cleveland, Ohio, June 26, 1962
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APPENDTIX A

* SYMBOLS
total mass reactant
nozzle area per unit mass-flow rate

area per unit mass-flow rate at nozzle throat

formula numbers giving gram-atoms of ith element in
jth species

formula numbers of oxidants and fuels giving gram-
atoms of ith element in jB oxidant and fuel, re-
spectively

constants in empirical equations for thermodynamic
data

gram-atoms of 1th element per unit mass of mixture,

l n
F ) 8130
=
(e}

assigned value for gram-atoms of ;th

unit mass of reactant

element per

gram~-atoms of 1%h element per gram of effective
oxidant or effective fuel

thrust coefficient

heat capacity of jth specieg at constant pressure
a(H%)j a<s%>j
per mole, " =T
S EEEE o |p

heat capacity per mole at constant pressure for jth

6]
(c3),
R

species divided by gas constant,
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heat capacity of reaction products at constant pressure
per unit mass

frozen heat capacity of the unreacted mixture at constant
pressure per unit mass evaluated at Tq

heat capacity of reaction products at constant pressure
per unit mass evaluated at T; and Tg, respectively

heat capacity of reaction products at constant volume per
unit mass

characteristic wvelocity
stangard-state free energy per mole of jth species,
)
(HT)j - T(ST)j
welight or mass percent fuel

free energy per mole of jth species divided by RT,

(FR) .

-_R-T—i + 1n l’lj (J = l, 2, e v ey m) and
@]

=,

T (3 =m+1,m+2, ..., n)

gravitational conversion factor,
32.174 (1b mass/1b force)(ft/sec?)

heat of fusion per mole of condensed species

enthalpy per mole of jth species
HR)Y .
(B7) 4

enthalpy per mole of jth species divided by RT, R

enthalpy of reaction products per unit mass of reactant,
1 n
o)
A E: (HT)jnj
3=l

combustion enthalpy of reaction products per unit mass of
reactant
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ho assigned enthalpy per unit mass of reactant
hy enthalpy per unit mass of reactant before detonation wave
. . YRT

h¥* throat iteration parameter, h + EV

h enthalpy of reaction products per unit mass of reactant
divided by RT, h/RT

AR hy - A

AO assigned enthalpy per unit mass of reactant divided by
RT, hq/RT

T specific impulse with ambient and exit pressures equal,

(1b force)(sec)/lb mass

Loge specific impulse into vacuum (ambient pressure equal to zero),
(1o force)(sec)/1b mass

1 number of different chemical elements

M molecular weight, A/P

M, combustion-chamber molecular weight

M%,M{ formula weights of ith oxidant and iR fuel

M; .MMy molecular weight at T;, T, and Tg, respectively

My molecular weight of gas before detonation wave

M Mech mumber, U/Ug

m number of gaseous reaction products

n total number of reaction products

nj moles of jth species

o/F oxidant-to-fuel weight or mass ratio

P static pressure, atm

AP Po-P

P combustion pressure, atm
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PO asgigned static pressure, atm
P pressure before detonation wave, atm
Py partial pressure of jth speciles, atm
R universal gas constant, 1.98726 cal/{(mole)(°K)
R equivalence ratio, -[V] + (o/E)VE1/Ivy + (O/F)V:]
r density ratio across a shock, p/pl
m
Tik = Tgi T E &1 3%
=1
(S%)_ entropy per mole of jth species in standard state
J
Zn (£9)
a m
/s P m.
/Xf x4 Rl-inlnxi+ln?chi
1=1 i= i=1

i=1
Ag entropy per mole of jth species divided by R,
(s0)
T3
= - 1n n; (3j=1,2, . . ., m) and
(sq)
= J (j=m+1,m+2, ..., n)
s entropy per unit mass of reactant
s combustion entropy per unit mass of reactant

S7,8¢ entropy per unit mass of reactant at T; and Tg, respectively
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50

assigned entropy per unit mass of reactant (taken to be equal
to s.)
c

entropy per unit mass of reactant divided by R,
1 &
=z A
j=1

AO—A

=) Lo}

assigned entropy per unit mass of reactant divided by R,
s~ /R
0

absolute temperature

combustion chamber temperature

equilibrium temperature for assigned entropy and pressure
where condensed species is all liquid, mixture of liquid
and solid, or all solid, respectively

absolute temperature before detonation wave

flow velocity

detonation velocity

sound velocity, \/(8P/Bp)s

K th component of solution vector of iteration equations in
table I where k=1, 2, .. ., 1

positive and negative oxidation states of an element in its
commonly occurring compounds

weight of ith oxidant or ith fuel

mass-flow rate, 1b mass/sec

mole fraction of jth gpecies in mixture

mole fraction of condensed speciles at Ty, Tyo and T,
respectively

(El.) M
TJx My
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v isentropic exponent, (d 1n P/B In p)s

Yo isentropic exponent in combustion chamber

€ area ratio

K cp/ey

A any parameter

A empirical parameter (0 < A < 1) used to control size of correc-

tions during iteration, defined in eq. (42)

A sAy  convergence parameters defined in egs. (40) and (41), respec-
tively

o] density
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APPENDIX B

THERMODYNAMIC DATA

Pormula

Temperature range for
which data exists

]

Firat tempera-

a; a a; g, [ 8 2
ture interval 1 2 s 4 5 6 7
Second temper- a: a, a: 2, 2, 2, a-
ature interval o 2 N 4 5 s 7
ALL(o) 300.00  5000.00 i
1000. 5000, 2.5378209¢ 00 =-6.0990708E-05 3.9335798E-08 ~-1.1559831E-11 1.2920262E~15 3.8209820€ 04 5.3500915E 00
300.  1000. 2+5352368k 00 -1.5134D12E~03 2.7183744E-06 =2.2060285E-09 6. TATLTOLE-13 3.8160129% 04 3.9T723901E 00
ALty 932.00  5000.00
1600. 5000.  3.5224379€ 00 =0. -0. -0. -0. 1.6656099E 02. -1.5508453E 01
300, 1000,  3.5224379€ 00 =-0. -0. -0, -0, 1.6656099€ 02 —1.5508453€ 01
ALL{S} 300.00 932.00
1000« 5000 Q. . [ ' G Q. 0.
300. 1000, 203894182k 00  2,2240533E-03 =-1.9377647E-06  2.14101406-09 =-8.4670972E~13 =-7,9799765E 02 —-1.0797954E 01
ALZLG) 300,00  5000.00
1000. 5000,  4.3671430€ 00  3.0532349E-04 =1.31590706-07  3.3852618E-11 =-2.5891547E-15 5.7515589E 04  1.9181777E 00
3005 1000,  3.6400942E 00  3.8082087E-03 -6.5342309E-06  5.2533020E-09 -1.5953154E-12  5.7639052E 04  5.2971737€ 00
ALLCLLLG) 300,00 5000,00
1600. 5000,  453435193E 00  2.4626925:-04 =-8.0T80977E-08  1.2587611E-11 =-1.7476140& ~7.0265398E 03  2.5080407€ 00
300, 1000.  3.15096698 00  5.6965381E-03 =9.7632780E-06  7.8095008£-09 =-2.3742884E-12 -6.8070185E 03  8.1294577€ 00
ALLCL3LG) 300,00  5000.00
1000. 5000. 9242056598 00 645940634L-04 =-2,9058869E-07 5064622T4E~11 ~4.0336916E-15 =-7.2876725E 04 =—1.6346444E 0L
300.  1000. 5.0572488L 00 1.99272636~02 =~3,3537735€-05 2.6)9T755E-08 —7.8027250E-12 =-7.2040540E 04 4+3859034E 00
ALLEL(G) 300.00 5000.00
1000. 5000. 4412500028 00 4.T152930E~04 -1.8874659E-07 3.6937215E-11 =2.6595077E-15 -3,2164337€ 04 2.0564913€ 00
300. 1000, 246936710t GO  5.7333440E-03 -7.68497356-06  4.9038110E-09 -1.2037923E-12 -~3.1845665€ 04  9.1080542E 00
ALLF3{6) 300.00 5000.00
1000. 5000, 8,0682068E 00 1.6204060L-03 ~-7,.1915113€-07 1.4050250E-10 =-1.009%185E-14 ~1.4621756E 05 —1.701331LlE 0L
3004 1000. 243231444k 00  2.6091341k-02 =3.8375822E-05  2.6854646E-08 =T7.2874477E=-12 —1.4487581E 05  1.3404073E 01
ALIF3(S) 300.00 727,00
1000+  5000.  0a 0. 0. 0- 0. 0. 0.
300. 1000, =-1.1651746L 00  6.3861994L-02 -1.39538328-04  1.5222939€-07 =6.2728634E-11 -1.8082155€ 05  5.7075114E-01
ALLF3(S) 127.00 1551.70
LG00. 5000.  1.0532089E Gl  1.5096162L=03 ~0. ~0s -0. ~1.8256162E 05 =-5.2826117E 01
300+ L000.  1.0532089% 0L 1.5096L62¢~03 =0, -0. -0, -1,8256162E 05 —5.2826117€ OL
ALLHLEG) 300.00  5000.00
1uuo. 5000, 343055232k 00 1.3458802L-03 -5.3535427E-07 1.0142734€-10 -7.1297971L~15 2.9881497c 04 3.2542706E 00
300.  LO00.  3.771654Zc 00 -2.7674907E~03  B.7990133E-06 =-8.1865699E-09  2.59374706-12  2.9912423E 04  1.5929917¢ 00
ALLULIG) 30¢.00 5000.00
1000« 5000,  3.95175420 00  6.71612996-04 =2.8263938E-07  5.5049053E~11 =-3.68187885-15  T7.1749763€ 03  3.3586492€ 00
300. 1000,  2.8420587L 00  3.70B8L03t-03 =3.02756526-06  5.9586224E-10  2.12928726-13  7.4725229E 03  9.0649964E 00
ALZ0LG) 300.00 5000.00
1000. 5000, TT1T507E 00 1377159303  =0.03072336-07 1s1694669E~10 -~8.3363570E~15 -2.1806545E 04 -2.731288%E 00
300. 1000, 425147 00 l.l8b6k17E-02 -1.3328517c~05 6.84427T1E-09 -1.2599683:-12 -2,1006485E 04 1.3529702E 01
ALc02t(5) 300.00  5000.00
1000 5000,  8.502b524k 00  2.2358185t~03 =9.7926896E-07  1.9006350E~10 =-1.3595570k-14 =5,5983474€ 04 =-1.8757561€ 01
300, 1000.  2.9710403: 00  2.23 2 -2, 1-967! : -5.13479766-12 ~—5.4704576E 04  8.6050963E 00
AL203CL) 231700 5000.00
1000. 5000,  1.7612190& 01 -0. -0. -0, -0. -1,9925561& 05 —9.6060673E 01
300.  loou. =-0. =0. =0. =0 -0, -0, =0
AL203(S) 0.00 231800
1000, 500U.  9.1785079k 00  1.146U618E=02 =T7.8355820E-06  2.5056206L-09 =3.1153252E-13 =-2.0496297C 05 =-5.0027668L 01
300. 1000. =-4.9920865k U0  8.0006037L~-0Z =1.342856BL~04  L.O711676E-07 =3.28482196~11 -2.0256090E 05  1.5801944E 01
ALLOLBTL(G) 300.00  5000.00
1000. 5000, 6.7507573E GO 8.5767200L-04 <=3,8L91279E-07 Te JeTIB2E-11 ~5.4209511E-15 —4.9505540E 04 -9.1527385€ 00
300. 1U00.  2.7871112c 00  1.7363022E-02 =-2.7400723E-05  Z.u391301E-08 -5.8443709E-12 -4.8699473E 04  9.9190667E 00
ALLOLFLLG) 300,00 5000.G0
1000- 5000.  6.3993573E 00  1.2466650E-03 ~5.5102929E=0T7  1.0742911k-10 =T7.7066767E=15 =T.4145336E 04 -9.1831766E 00
300. 1000,  L.1376981E 00  2.2321712E-0Z —3.3766878£-05  2-4240955E-08 -6.T427594E-12 =-7.3036114€ 04  1.6335228E 01
ARL{GY 300400 5000.00
1000.  5000. 2.4998921L 00 T43440646E~08 -3.3705635E~11 1.0586262E~-14 =-1.2191864E-18 943976654£-02 4+366841T€ 00
300. 1000,  24489991LE OO T.49906546-05 -1.94022BLE-07  2.084970TE-10 =7.94748316-14  9.9251226E-01  4.40772538 00
BLlL) 300,00 5000.00
1000+  5000. = 2.502972zE 00 =-7.2796638E-06  6.7266744E-09 -2.6446144E-12  3.7018T276-16  6.4932567E 04  4.1828497E 00
500, 1000. 2050916008 00 -5.0370772E-05  1.0926182£-07 -Ll.05378526-10  3.7472246L-14  6.4932010E 04  4.1568983E 00
BLIL) 2300.00  $000.00
1000. 5000. 3.6733995& 00 -0, =0 =0 =0. 8.9872494E 01 -2.1153170€ ol
300. 1000. =0« =0. -0. =0. =0, -0, -0.
BL{S) 300.00 2300.00
1000.  5000.  6.83843676-01  3.6040T84E-03 =1.8416031E-06  3.9954954E-10 ~2.2617850E~14 =1.7127029E 02 =-4.1743641E 00
300. 1000. =2.676961BE-0L 943280007k=U3 —1.6683605E~05 L1+7788969E-08 =T7.3434201E-12 =-1.7802426E 01 1.2911252€-01
82061 300400 - 5000.00
1000. 5000,  3.9064189E 00  7.0427690E-04 =-2.8030770E-07  5.3475995E-11 -3.7666405E-15  9.7403159E 04  1.6082688 00
300. 1000.  3.0060020E 00  2.3624124£-03 29357754E-07 —~2.41382B4E-09  1.2319348E-12  9.7686232E 04  6.4465602€ 00
BITLLEG) 300,00  5000.00
L000. 5000.  4.0956886L 00  4.9957207E-04 -1.96630256-07  3.7673670E-11 =-2.6435798E-15  1.9302594E 04  1.9757198E 00
300. 1000,  2-69B8825E 00 5.4 3 -6.9028205€ 4.1759555 -9.68366726-13  1.9628152E 04  6.909L747E 00
B1CL2(G) 300.00 5000.00
1000. 5000. 6.30543806 00 T+8874908E-04 =3.4908668E-07 6483021B2E~11 =4.9176506E-15 =-1.1913095E 04 =-3.5344914€ 00
300, 1000.  3.5481932L 00 1.1l490621€-02 ~-1.6741809-05 1.1703637E-08 -3.1923586E-12 =-1.1313991E O4  9.9245853€ .00
BLCLF(G) 300,00 5000,00+
1600, 5000, 8.6203460L 00 1.5588465€-03 =6,8620129E-07 1+3355931E-10 =9.5694464E~15 =5.1759400£ 04 ~1.5290532E 01
300. 1000  3.1207850L 00  2.2B49076E-02 =-3.32145106-05  2.3162470E-08 -6.3018435E-12 -5.0561958E 04  1.1562869€ 01
BLFLIG} 306.00 5000.00
1000, 5000,  3.5528910E 00  1,0662656L=03 =—4.4232374E-07  8.4706187E-11 =5.9999521E-15 -2.5138324E b4  3.3860235E 00
300. 1000, 3.558B8682E 00 ~1.6286373E-03 T.6368278E-06 ~d.15040416~09 2.6388860€-12 -2.5000100E 04 4.0338770E 00
B 206 . 300.00  5000.00
LU00. 5000, 5.4047657L 00 1.7569443E-03 =7.6134143E-07 1.4666216L=-10 =1.0433260E-14 -6.9724693E 04 -2.0050351E 00
300. 1000.  3.0590521F 00 B.145267TLE-03 =6.5334231E-06  1.6970858E-09  1.6863576E~13 =—6,9072524E 06  1.0134743€ 01
BLF3(G) 300,00 5000.00 .
1000+ 5000.  6.9712009t 00  3.32914526~03 -1.4398589E-06  2.7687134E-10 -1.9663726E-14 =-1.3844161E 05 -1.0937645E Ol
300. 1000, 241119086L 00 1.7689339E-02 ~1.6876008E-05 T411261126-09 -9.2021652E-13 ~1.3T714589E 05 1.3933536E 01
BLFLCLILG) . 5000.00
1000+ 5000,  $.948750Zt 00  L.1769309E-03 -5.15435176-07  1.0002224E-10 -7.1535146E-15 -4.1101B05E 04 -2.4634651E 00
300+ 1000. 341915115 00 1.0620249€-02 =~1.3019321E-05 T+6564412E-09 =1.7458071E-12 =-4.0439658E 04 1.1307306€ 01




BLHLIG)
1000. 5000.
300. 1000,
BLH3{G)
1000. 5000,
300« 1000,
BLN1(G)
100. 5000,
300, 1000.
BINL(S)
L000.  5000.
300, 1000.
BLOL{G)
1000. 5000.
300. 1000,
BlUZIG)
1000, 5000,
300. 1000.
B20216)
1000, 5000.
300.  1000.
B2U3LG)
Lud0. 50006.
300.  1000.
B2U3(LY
1000. 5000,
300. 100U,

BlakCL1(G)
L000.  5000.
300, 1000.

B303CL3(G)
1wod.  S0Lu.
300. 1000.

BLULFL(G}
1600, 5000,
300, 100U.
B3LIF36)
Lu00. 5000,
300.  1000.
Blsliu)
1600, 5000.
300. 100U
BEL(G)
1000. 5000+
300. 100U,
sLlIL)
1000. 5000.
300, 1000.
BELLS)
1000. 50004
300. 1000,
BELCLL(G)
1660, 5000,
300. .1000.
BelCl2ty)
LO00. 5000
300. 100G,
BELLL2(L)
1000, 5000,
300.  looo.
sLlCla(s)
1600, 50004
300, 1000,
BELFLLG)
LuB0. 5000,
300.  1000.
BELE2UG)
LO0G.  5000.
00, 1000,
BLLE2LL)
1600, 5000,
$00. 100U,
BLLE2(S)
1000, 50004
300.  100G.
BELFLCLL{G)
1000 5000.
300,  1000.
BELHLIG)
1000, 5000.
300. 1000
BEloL{G)
1000, 50004
300. 1000,
BELUL(L)
Lwor. 5000,
30U, 1000,
6LIOLLS)

1000. 5000,
300+ 1000«

.00
2.3550687t 00
3.72587140¢ 00

300,00
1.9286212E 00
4,0347166E 0O

3ue.
3.4469541E VO
3.6749186C 00

300.00
4,0615435C 00
=1.1073212k 00

300,00
3.1114126E€ 00
348411771k 00

300.00
5.6595095E 00
2.0440309E 00

300.00
6.7782064¢ 00
2.6671L77C 4O

300.00
6.6342182¢ VO
1.8024791t 00

300.00
1.5322605k 01
3.6805218c 01

300.00
5.5031930E 00
2.5880460E QO

300.00
1.9802290& U1
-3.387804%E-02

300,00
5.029771 41 0O
242253179L 00

l.UdOlé}bl: ol
-1.4024932E 00

300.00
3.6003577L 00
3.2283229€ Q0

400.00
243978915k 00
2.4945010& 00

1556400
3.7740406& 00

300.00
2.8926324L G0
-1.G397CL3k U0

300,00
4.09427485; 00
2.7LT8220E 00

100,00
6.45398491 U0
2.4650300L U0

678.00
1.1070519L 0L
Lel0703519c 01

100,00
-0

5.4849391k 00

300.00
3.700031 7 GO
3.3508932¢ 00

300.00
5.3886042L U0
1.39501L6r 00

1070.00
L.zu78930 OL

300.00
8.27269711 00
Ba.27269710L VO

QU . 0U
5.9472074L 00
120705781 GO

300,00
3.0170590t 00
3.4113034 00

30C.00
4.0807162L 00
3.66523058 00

2843.00
T.2964787& 0O
0.

300.00
4412382900 00
=3.5322081e 00

5000.00
1.6528384L~03
=1.5968308:-03

5000.00
745249258k-03
=1.1420593E-03

5000.00
L. 1674045E-03
=2.2994576E-03

5000.00
1.7180004€-03

1.6570514E-02,

5000, 00 _
1.466004TE-D3
~2.88150726-03

000,00
2.0458232E-03
1.30466661~02

5000.00
3.92863y
1.960017:

5000.00
6,775 L T3E-03
T LaT4T4524L-02

3900.00
=2.0489002E-01

5000.00
2.0969014E-03
1.41069692E-02

5000.00
5.8745664(-03
842746198c-02

53000.00
2.57353121:-03
1.3012319E~02

5000400
T.01036136-03
Be0443553(E-02

5000.00
1.2278096E-03
6e1853701E-04

5000.00
2.0449278L-04
441386213E-05

5000.00

1556400
=5+3075709L-04
+6815633L-02

5000.00
5.0067207E-04
5.2788145E~03

$000.00U
Lel861923E-03
1.6816399L~02

5000.0u

=0.
618,00

=0.
T.4977606L-03

9006.00
9.1285500L-04
=2.5760447L-04

5000.00
2.3309c45E-03
1.4634404E-02

5000.00

0.

1070.00
5.1025028L~04
2. lU25U28L-04

5000.00
2 7304756L~-03
l.72551470-02

5000. 00
1.5728187e-03
~2.4852219L-03

5000.00
~2.4834112E=-04
=2.2914047¢-03
5000.060

Q.

Q.
2843.00

2.689810 03
3.55072298=-02

=6+2466534E-07
3.4172109E-06

=2.9150822E-06
9.2131971E-06

=44 7953649E-07
B.4689361E-06

—4.9911199E-07
-1.9929047£-05

=6.0059983E-07
T.71704576-06

-8.9191322E-07
=1.3055148E-05

=1+6590453€-06
~2.6766238E-05
i

=2.8737012E-06
—8.2523247E-06

0.
7.8993534E-04

-8.8218191L-07
—2.1332608E-05

=2,5894155E-06
~1.2020781E-04

-1.0773675E-06
~1.7034903E-0%

~3.0941469E-06
—1+0730304£-04

~6.5868559E~07
3.64494226-06

-1.2906023E-07
=1.0781513€-07

-0.
~0.

7.4508224€-07
=2.8775045E-05

=1.9518744E-07
—6.5064710E-06

—5.2491041£-07
—2.4729612E-05

=0.
~0.

=0,
=0.

=3%.74078056-07
5.3169342E6-06

-1.0113536L-06
=1.4883871E-05

-0.
=0.

=0
-0.

=7.5551323e-07
=2,.3000996L-05

~6.1395392E-07
643094992€-06

3.5022984£-07
8.7253562E-006

0.
[

-=1.0772104E-06

=5.68220965-05

1.1285332E~-10
=1.6979088E-09

5.1922765t~10
=6.2604053L-09

9.0431634C~11
=8.4358062E~09

T.8802658E-11
1.4457119E-08

L.1001849€-10
~6.4599236E-09

1.7255128E-10
9.6761323L-09

3.1432647C-10
1+9821426E-08

5.4567159E=10
=2.0803348E~09

'
=¥.1799183E-07

140665947E-10
1.6446286L-08

5.0443645E-10
843891398£~08

2.0287789E-10
1.1880141€-08

6.0416288E-10
6.8653566E-08

126060992E-10
=5.2558461£~09

2.7413253€-11
1.1661783E~10

=0
~U.

3.6530209L-10
243342718C-08

3.6432020E-11
3.74761416-09

1.0273231£-10
1.7461162E-08

=0.
-0,

0.
-0

7.0937271k-11
=6.55253936~09

1.9495829E-10
6+T7312589C-09

-0
—0.

=0.
=G

L.4628105L~10
L.4987230E-08

l.1380482L-10
=4, 7649985L-09

~545095477E~11
~849055942E-09

0.
0.

240353250610
4«37406057C-08

=7.6610410E-15
1.40088896~13

~3.,4891596E~14
1.1773524E-12

~6425106336-15
2.8L04731€6-12

=-5.1372766£-15
=4.6371698L-12

~7.0368629E-15
1.8630677:-12

-142314027€-14
=7.3803048E-13

—2+.2109823E-14
~5.98246886-12

~3.8424386E-14
2.0989392E-12

0.
3.4152643£-10

=1.1696264¢~14
~4.99852216-12

—3.6233293L-14
=-2.2839870F~11

=Ll.4206619E-14
=3.3683309L-12

=4,3427652E-14
=1.7113413€-~11

=1.2578712E=14
2.0815538E~12

=7« 7685397E-16
—4a4T29455L~14

=0.
-0

=1.9839302E-13
~T.0695416E-12

=24 3966847E-15
—8.0398524C-13

=T+3994416E~15
=4.8043815E-12

=0.
=0.

=0.
=0.

~449326462E-15
2.44T1316E~12

=1.3874162E-14
=94 77484776-13

~0.
=0.

=0a
~C.

~1e044406TE=-14
-3.8539546L-12

~T«8746509E~15
l.2112125E~-12

1.6058349€-15
30356028612

0.
0.

=1.4413285E~14
=1.3013435E-11

5.5716400E
5.5546278E

8.6871002E
8.3241972¢

7.4653488E
T« 4T44375E

=3.2145048E
=3.0593968¢

1.8777191E
1.8176566E

=4,4594729E
~44.3656018€

~5.8580476E
=5.7620798E

=1.0848269t
=1.0697856E

~1.5740266E
=L.5604006€

=4.4610112L0
=4.3987074E

=240936983E
—2.0504926E

=7.3224108E
=7.2568392C

~2.9227943E
=2.8765436E

3.8031894¢&
3.8209308¢

3.8490518E
3.8454869E

~4,5118896E
=0.

=9.5512609E
=2.2596996E

1.7294492E
1.7618157¢

~4%.5684370E
=444823496E

~6+1900929E
—6.1900929E

=0
~6.1346824E

6+48706450E
8.8988562E

~9.3965418E
=9.2930686E

-1.2457152E
-0.

-1.2381218¢
+23B1218E

=7.0010254€
=6.9022337€

3.8327846E
3.8230628E

1.3916785€
1.4267956E

=6.8666976E

=7.3636946€
~7.2113816E

04
04

03
03

04
04

04
04

03
03

04
04

04
04

05
05

05
05

04
04

05
05

04
04

05
05

04
04

04
04

02
02

04
04

04
04

04
04

02
02

04
04

05
05

04
04

04
04

04
04

04
04

3.9654563E 00
~2.3447266E-01

9.5682689E 00
—4.2045995e-01

5.4012515E 00
4.9571132€ 00

~2.2949093E 01
3.9638480E 00

6.2718598E 00
3.1420279& 00

—5.2120875E 00
=3190390E 01

=1.1457691E OL
B.8104848E 00

~843426297E 00
1.7365142€ 01

—8.1439342& 01
=1.4928169E 02

-3.9025829€ 00
1.0207262E 0L

—-7.3963120E 01
2.2903226€ 01

-2.8029988E 00
1.1055508E 01

~7.1419556€ 01
28398464E 01

4.9812773€ 00
7.2906102E 00

246893508E 00
2.1557333€ 00

~2.0819144E 01
=0a

=1.5490516E 01
3.1456032E 00

2.4707799E 00
9-3198141E 00

~844512879E 00
1.0986582E 01

~5«1770676E 01
~5«L7T0676€ 0L

~0a
~2+2667512E 01

3.2036670E 00
5+5351947€ 00

~54652954BE 00
la4698212¢ 0L

~6+3559840E Ol
=0.

~4.0392709E 01
=4.0392709E. 01

~6.5405302E 00
1.4613342E 01

3.6069494E 00
3.7899569E~02

=3.6730129€-01
3.2507899€ 00

=4,0840683E 01
0.

=2.3246285E 01
1.3390352€ 01
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BELOZHZ{G)
1000. 5000,
360. 1000
BE202(6)
1000.  5000.
300. 1000
BE303(G}
1000. 500C.
300.  1000.
BE4D41G)
1000.  5000.
300.  1000.
cLis)
1000.  5000.
300. 1000.
Ci(s)
1000.  5000.
300, 1000.
c2ie)
1000. 50004
300.  1000.
C3(6)
1000. 5000,
300. 1000,
CICLLiG}
1600, 5000.
300.  1000.
CLEL416)
1000.  5000.
300, 1000,
CLELLG)
1000.  5000.
100,  1000.
cir26)
1000+ 500u.
300. 1000,
CLE3LG)
1000.  5000.
300, 1000.
CLF4LG)
1000, 5000.
500.  1000.
CIHLE6)
1000, 5000.
300.  1000.
Clnzis)
1000, 5000.
300, 1000,
CLiatG)
ivuo. 5000.
300. 1600,
L1841G)
1,0, 500u.
500, 100U,
can2io)
1600, 5000.
200, 1000.
cenatsl
Lu00. 5000,
300 1000.
Clulta)
1000.  5000.
300, 100U.
canzts)
1600, 5000«
160, 1000.
Cluiio)
1600, 5000.
300, 1000.
clu2(o)
1600, 5600,
500, 1000
CLULCL21G)
1000, 5000,
300, 1000.
CLULCLLIFL(G}
1600.  5000.
300.  1000.
CLULF2L0)
1600. 5000,
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1~1189541E 04

1.0617978E 04
1.1385505¢ 04

T+0759267E 03
7.8119147& 03

8.T171463E 03
8.6619693E 03

-1.3091705& 03
~9.8919251E 02

2.54T1626E 04
2.5473072E 04

=-8.6892051€ 02
~9.6869866E 02

=7.0084991E 04
=6.9482296E 04

=1.2341623€ 05
=1.2159532€ 05

~2.8057384E 05
=2.7505153k 05

=1.1906174c 04
=1.2149134E 04

1.4426168E 04
1.4682584E 04

~2.7820147E 03
~2.7995993E 03

~3.345260TC 04
=343649646E 04

~2.9888994E 04
=3.0288770L 04

1.7393974E 04
1. 70240208 04

~3.3859808€ 03
~3.6095585L 03

~8.9092124£-02
-9.9023618£-03

1.,0L11123€ 04
1.0034515€ 04

1.8624119t 04
1.8598592E 04

=6.95178B27E 02
=1.0965420£& 03

Q.
~8.4371812E 02

2.404515LE 04
2,43189654E 0%

=2.4095699E 04
-2.3800670E 04

8.7902632€
4+3527623E

3.0001737E
T-T052771E

240545109€
B.59T16H0E

=3.0060154E
8.3540775€

2.2586947E
9.33191L99€

=1+7873577E
1.5205337€

3.6441914E
1.0498211E

»204192053E
1.2705468E

~3.5699167E
1.2613908E

3.8314370E
3+41964920E

1.0435338E
T«5131989E

00
00

00
00

00
00

0u
00

00
00

o1
01

00
ol

00
o1

o0
01

00
00

00
00

=447447219E-01
=4.3851027E~G1

-1.8472212€
=1.4731534E

00
o0

4.9686 TY9E~01L

1.0561250E

~1.7777290E
1.8872871E

~T.8677512€
4.2134826E

6.6280129¢€
244477521

244945637€
9.2688169E

T+ 30442326
4«89TLE6TE

3.7531290€
1.0536081€

6.8838391¢

oL

ol
oL

23
01

00
0o

00
00

00
oo

00
Q0

00

—6+8616246E~01

6.4256706E

00

-3.92302576-01

7.9327186E
2.3660042E

[
00

9.1429628E-01
941492015E-01

6.3316717E
5.0789355E

2.8858270€
2.4388285E

=1.5680612E
~2.4464640E

0.
=1.2498461E

~146359295€
2.1325175€

1.1348996E
B8.1501199E

00
00

00
o0

o1
01

00
20

00
ov

45



486

LIlCL1{L)
1000. 5000,
300. 1000,
LILCLL(S)
1000. 5000,
300. 1000.
Liz2cLzte!
10Q0. 5000.
300. 1000,
L1LFLLG)
1000, 5000.
300. 1000,
LILFLL)
1000. 5000,
300, 1000.
LILF1(S)
1000, 5000.
300. 1000.
LI2F2iG}
L000. 5000,
300. 1l000.
LI3F3(G)Y
1000.  5000.
300, 10004
LILHL(GY
L000. 5000,
300, 100U«
L1otie)
1000. 5000,
300, 1000.
LI20346)
1000. 5000,
300. 1000,
Liz20LtL)
1000, 5000,
300, 1000,
LizoLts)
1000, 5000,
300. 1000,
L110LHEIG)
1000. 5000«
300, 1060.
LELULHLILY
1000, 5000,
300. 1000,
LLLOLHLES)
1000. 5000.
300.  1000.
L1202H2EG)
. 5000,
300, 1o00.
MGLIG)
1000. 5000,
300. 1000,
MGLIL)
L1600, 50004
300. 1000,
HLLIS)
1000, 50004
300, 1000,
HGICL1(G)
1000,  5000.
300, 1000.
NGLCL24G!
1000, 5000.
300. 1000,
HGLCL2¢L)
1000, 5000,
300, 1000,
MGICLZ{S)
1000, 35000,
300, 1000,
MGLEL(G)
1000. 5000.
300, 1000.
MGLF216)
1000. 5000,
300, 1000.
MG1F2{L)
1000. 5000.
300. 1000,
HULF2{5)
1000. 5000.
300%  1000.
MGIFLCLLIG)
1000. 5000.
300, 1000.
MGLHL (&)
1000. 5000,
300. 1000,

880,00
7.77452376 00
7.7745237E 0O

300.00
[0}
3.8578623C 00

300.00
9.4955231L 00
4.4900863E 00

300.00
4,0395917E 00
2.7393082c 00

l121.00
727040750 00
~0.

300,00
5.1340557€ 00
8.0628070E~01

9.1949698E 00
2.645045TE 00

300.00
1.,2888686E O1
1.5326555E 00

300.00
3.5617370e 00
3.5048021; 00

300,00
3.9094136E 00
2,9569600L 00

300.00
5.9053346L 00
243130146E 00

1700.00
1.2076930€ 01

300.00
3.8995906& 00
=~2.5%50786E 00

300.00
4.118183LE 00
3.0906573E 00

144,30
1.0436480E 01
1.0436480E 01

300.00
0.
-2.5965216E 00

. 300.00
9.4722433E 00
1.5953202L 00

300.00
2.40435906 00
244396392t 00

923,00

2.3968576L 00
-1.2076232€ 00

300.00
0.
2.6724626E 00

300,00
4+3693863E 00
3.2096483E 00

300,00
7.1103608¢ 00
3.8279892L 0O

1.1120!4402 oL
1.1120840E 01

- 300,00
=0,
1.5726281€ 00

300.00
402063912 00
2.7293920€ 00

300.00
6. T119472E 00
1.8137078E 00

153600
1.1404648L 01

300.00
8.1014233E 00
1.328416E 00

300400
6.9151697L 00
2,3816241L 00

300.00
3.4304253c 00
3.62960441L 00

$000.00
-0, -0, -0. -0. —4,9762536€
-0. “0. -0 -0. =4.9762536E
860,00

. 0. G o. 0.
1.0403506L-02 =1.77351T0E~05  1.7820003€-08 ~6.71395626=12 «5.0651157¢
5000.00

5.8171912E-04 =2 7 5. 11 -3.6435 15 -7.5 3
2.39907136-02 ~4.27195076~05  3.4971351:-08 -1.07672536-11 -T.4491856E
5000.00

5.8209706L-04 -242261733E~07  4.28142056-11 =3,0356123E-15 ~4.1213860E
48069812003 ~5.349T046E-06  2.74284416-09 -5.00579L6E-13 -4.0892489E
5000.00
8. ~0. -0 -g. -7.3712704€
-0, -0. -o. -0, -0.
1121.00 :

3.7670728£~03 ©4430601E~06  4.5584666E-09 -8.5384268E-13 ~-7.5395926E
2.3602744L-02 =4.0828340E~05  3.3413011E~08 =-9.83L0149E-12 =-T7.4609098k
000,00

9.3004194E~06 ~4.15826716~07  8.1873T03E~11 -5.91B7496€-15 =-1.1499626E
3.05570226~02 =5.2666426E~05  4¢1967247E=08 =~1.2T17744E-11 =1.13TT194E
5000400 .

3.5230U60€6-03 -1.554597LE~06  3.0329660E-10 =2.1777982E~14 ~1.7832249¢
4.5414791L-02 -6.1760529E-05  3.9967LT4E-08 -1.0015482E-11 ~1.7576094E
5000.00

1.1259789-03 —4.3721607E~07  8.3615353€~11 ~=5.,9148090€-15  1.5741115&
~1,24662246-03  6.9927550€~06 =-T.555B750E-09  2.6331419E~12  1.5889755¢
5000, 00

7.1351566E~06 ~2.847T513E~0T  5.48719026~11 <3,9001186E-15  5.7645304€
2.7495441E-03 ~T.10165916~07 =-1.5182148E~09  9.1100243E~13  6.0510574¢
5000.00

1.6753178E-03 ~7.3444765E~07  1.4265654E-10 -1,0211945E~14 -2.1032422¢
1.0884968E-02 =—9.6808751E-06  2.90200826~09  1.59535526-13 ~2.0186572¢
5000,00
-0, -0. -0, -0, ~7.0648682€
-0. -0. -0. -0. -0,
1700. 00

1.1789318E-02 ~8.22289556~06  3.4773552E-09 -5.50807026-13 -7.3198682E
5.2344640E-02 -9.6543893E-05  8.5443840E-08 ~-2.8296961E~1L -T.2523735E
5000.00

2.35269056-03 ~8.2767084E~07  1.3743995E=10 =B.7691556E~15 -3.0195411&
4012744036503 6.9269641E~07 -4.2945684E-09  2,1556489E-12 -2.9886931€
5000,00
-0, -o. ~0. -0. ~6.0393496E
~0e -0. -0, -0, ~640393496E
744430

0. 0. 0. 0. [ 8
5.307L0438-02 -1,13124086-04  1.2020097E-07 =-4.8500607E~11 -2.93592078
5000.00

5.5785561E-03 -2.04235126-06  3.5052228£-10 =-2,2972242E-14 ~2.2726531€
3.5601754k-02 =~4.59430036-05  2.9291286E~08 -7.2093621E~12 =9.1025571€
5000.00 -

1.9005770E-04 =-1.1793682E~07  2.3792231E-11 ~3,3893521E-16  1.7202796E
T.78111148-05 -2.0215519E~07  2.1803364E-10 -8.33956256-14  1.7169763€
2500.00

1.9607149E-03 ~5.9072332L~07  2.3152117E-10 =-3.3102729E-14  2.9941793€
1.2591523E-02 =-1.0151878E~05  1.8660340E-09  B.47212728-13  1.1858554€
923.00

0. 0. 0. 0. .

1.02 E-03 -1 7 1.4113027E-09 -8.6630548E=13 ~B.4346544E
5000.00

2.02910606-04 -6.1061697E~08  1.0431818E~11 =—5.2222300E-16 ~5.8761307€
5.49438496-03 -9.4731671€~06  7.6L60T59E-09 -2.3258383E-12 ~3.72631T6E
5000.00 :

4,5064700E-04 -2.0163150E-07 ~ 3.97L5346E~L1 =2.8715039E-15 ~-5.2961128&
1.5386366E~02 ~2.6656943E=05  2.1304965E-08 -6.4661607£-12 =~5,2351835k
5000.00
~0. -o. -0. -0. ~7.6361421E
-0. -0. 0. -o. ~7.6361421E
987.00
-0. ~0. -0, -0, ~0.
3.61916106-02 =-5.4077670E-05  2.70992826-08 —0. ~7.8844972€
5000.00

3.7247087E-06 =1.373446TE-07  2.4894861E=11 =1.5516431E~15 -1.1519246€
6.15049 /8E-03 -B.9508238E-06  6.16T1103E-09 -1.6313164k=12 ~1.1203035E
5000.00

9.0253334E-04 -4.01L1766E~07  7.86324%1E-11 =5,6653499E-15 ~9.2190411€
2.1879751E-02 -3.5656281L-05  2.7220275t-08 ~7.9711201E-12 -9.1221380E
5000,00
-0, -0. -0. -0, ~1.3169142€
-0, 0. -u. . -0,
1536.00 :
~B8.6389T73E-06  3.9829583E~06 =3.2468864E-09  8,4023911E-13 -1.3536571€
3.4723463E-02 —6.21506716~05  5.2416429E-08 -1.5648607€~11 ~1.3433233¢
5000400 .

6.716319LE-04 =2.9859845¢-07  5.84B9T48E~11 =—4,2088436E-15 -T7.258349T¢
2.0932960L~02 =3.565B8266E-05  Z.8153815E-08 ~46T6533E-12 ~7.1725203k
9000.00

1.3073366E-03 -5.42097926-07  1.0827T68E-10 =7.5970385€-15  1.9345305€
~2.0758356£-03  B,48713036-06 —6.72373066~09  2.9791774E-12  1.9438617¢

1]
06

.23
04

L3
04

05
05

05
05

04
04

03
03

04
04

04
04

04
04

04
04

(2]
04

04
04

02
03

02
02

04
o4

o4
0%

04
04

04
04

05

05
o5

oA
04

04
04

=3.6766096E 01
~3.6766096E 0L

0.
=1.8237936E 01

~1.9873584E 01
3.6080745E 00

6.81T7847E-01
7.2268538¢8 00

-3,871937T2€ 0L
-0.

—2.6184493E 01’
~5.08062076E 00

—241514750E 01
9+4450153€ 00

—4,0009658E 01
1.5923332€ 01

~2,4211204E-01
6.9552820€-01

2.1331190€ 00
T.1847356€ 00

~4.2061218E 00
1.2146986E 01

=6.4640360€ 01

~2.0745283€ 01
T.0615398€ 00

2.1508534€ 00
7.6500483€ 00

«5.3644760E OL
—5.3644T60E 01

-0a
8.1817051€ 00

=2.3519482E 01
1.4969178E 01

4.1436162E 00
3.,6648936E 00

=9.0899473€ 00
9.1871104€ 00

1 2
~1.15612203E 0

-

3.0160849€ 00
8.4876869E 00

~9.9360510€ 00
5.5571104E 00

=4.9333501E 01
~4.9333501€ 01

-C.
—6.8179675E 00

2,3507615E 00
9.5422594E 00

~1.0803850€ 01
1.2626802E 01

~5.7366906E 01
-0.

-3,9640827€ 01
~8.7024649E 00

~9.9326134E 00
1.1553267E 01

3.1673993€ 00
2.8573864E 00



MGIULIG)
1000, 5000,
300. 1000,
MGLULLS)
1000,  5000.
300. 1000,
MGLOLIHL(G)
1000.  5000.
300. 1000,
ML1S1UG)
1000. 5000,
300, 1000,
NLLG)
1000, 5000,
300, 1000,
Nzi6)
1000. 5000,
300. 1000,
NLELLGY
1000, 5000.
300. 1000,
NIF2(G)
1000, 5000,
3005 1000,
NLF3IG)
1000. 5000,
300. - 1000,
N2E2(6)
1000.  5000.
300. 1000,
NaF4 )
1000. 5000,
300. 1000,
NIHLIG)
1000, - 50004
300, 1000.
R1H3L6)
1000, 5000,
300. 10004
NLOL(6)
1600, 5000,
300, 1000,
N1L216)
1000. 5000,
300. 1000
N20116)
1000, 5000
300, 1000,
NLSLEG)
1000. 5000,
300, 1000,
NALIG}H
1000. 50004
300, 1000«
NAL(L}
1000, 5000,
300. 1000,
NALLS}
1000, 5000~
300. 1000,
NAL(G)
1000.  5000.
300, 100U.
NALCL1(G)
1000.  5000.
300, 1000
NACL2(G)
1000. 5000,
300, 1000.
NALELtG)
1000, 5000,
300.  1000.
NAZFZ (G}
1000, . 5000.
300. 1000,
NALHL(G)
1000- 5000,
300. 1000
NALOL(G)
1000.  5000.
300. 1000.
NALOLHLI(G)
1000. 5000,
300.  1000.
NALOTHL (L)
1000.  5000.
300. 1000,
NALOIHL(S}
1000, 5000.
"300.  1000.

300.00
1.57397590 00
«54595141 00

300.00
445348647 00
=6+4207082L-02

300.00
4,5649%61E 00
2445943326 09

300.00
443342079 00
3.0460832E 00

300.00
2.43982541 00
2449227528 VO

300.00
2.8609546E U0
3.692738YE 00

300,00
3.9617527€ 00
2.8312862E 00

300.00
5,7106366c 00
2,4348801E 00

300400
T.9274943E 00
4.9963812E-01

300.00
8.2593877L 00
1.2225309L 00

300,00
142681045k 0L
—2.806TL95L=-01

300.00
2.7323948E 00
3.4484270L 0O

ig0.00
2.1395874E 00
3. 17438081 00

3G0.00
3.1551830¢ 00
4.2138789: 00

300.00
4,60414208 00
3449525491 00

300.00
4.6104152¢ 00
2.3981125k VO

300.00
3.8424980c 00
4,0622151t 00

300.00
2.4174623E 00
2,.52937401 00

370498
2.2293458L 00
4.5761129L 00

300.00
=0.
1.6829897c 00

300,00
4.4816540k 00
4.2998955E 00

300.00
4.42602285 00
3.5818939¢ 00

390.00
9.7992842: 00
T:6417366F 00

3Q0G.00
4+3320317E 00
3.0467419¢ 00

300.00
9.6989263E 00
6.45T1786% 00

300.00
3.7957045E 00
3415013448 00

300.00
4.2398042¢ 00
2,7675754E 00

300.00
4.7714693E 00
3.1188732€ 00

592.30
1.0069140E 01
1.0773628L 01

300.00

-0.
8.6474341E 00

5000.00
5,4020523E-03
1.27233520-03

5000.00
2,9477999L=03
2.54632096-92

5000.00
1.86920831-03
1.05542055-02

5000.00
2.4779938L~04
5.9294204£~03

3000400
1.2681515L-04
5.7972804E~05

5000.00
1.585L7656-0%
~1.3411998e-03

5000460
6,6673228
3.832504

5000.00
1.4551743:-03
1.1912004E-02

5000.00
2.3427804E-03
2.96715k1E~02

5000400
1.98019136-03
2.9370923E-92

5000.00
3.7601643E-03
5.3534438L-02

2000.00
1.4098251€-03
5.73123256-04

5000.60
64511 7869E-03
~5.067087LE~04

5000, 00
1.4048594E-03
~4,6222470£-03

5000.00
2.6599992E-03
1.76082576~03

5000.00
3.0533130£-03
L.0219288E-u2

5000,00
T7441728526~04
~2.8190L79k~03

5000.00
1.7995503E-04
=2423338696-04

2500.00
2.2240186:-03
~2:5390745L-03

370.98
=04
La4682014¢-02

2000, 00
242315443104
1.0510830€-03

5000.00
1.67771516-04
440450981E~03

$000.00
2.44T70324E-04
1.0630669t~02

5000.00
2.6411754c-04
5+9100445E-03

5000.00
3.5190302E-04
1.5485877E-02

5000.00
8.9082140E-04
1.2050952E-03

5000.00
3.5864951E~04
6.3739320£-03

5000.00
1.6424058€6-03
9.1706713:&~03

2500.00

=740448T759E-04
566.00

0
~1.3402397£~02

-2.5844603t-06
-1.2693082E-05

~L.7676425E~06
=4,39920986-05%

=6+2089273E-07
~1.39391936~05

~B.2777613E-08
=92.8598641E-06

=8.7353204E-08
=1.5047617E-07

=6, 1T79901E-07
246693385E-06

-2.6302304E~07
=3.1590759£-06

=~6.4178169£-07
=142904760E~05

-1.0323787E-06
=4.0252528€~05

-8.7798989K-07
~4.282459TE-05

~1.66050176-06
~7.6782082E-05

~445212529E-07
=2.087515TE=06

~2.2818258E-06
9.9245863E-06

~5.6989160E-07
1.1011345§-05

~1.1092033L~06
7.93633906-06

=~1.2357618E-06
=1.0814929E-05

~3+0322953€E~07
+3158088£~006

~1.2744458€E-07
5+8917296E-07

~1.2738518€-06
1.4497210E~06

=-0.
-5+2049962E~05

-1.15314906-08
~1.4378583E~06

=3.0996042E-08
~6.945774LE-06

—1+1473532E-07
~1.9345980E~05

-8.4645588£-08
~2.7501857E-06

=1.5859262E-07
~2.8156267€-05

~3.3472808E-07
2,6519336E-06

~1.2843692E-07
=9.7471759-06

=5.2387121E~07

~1.2997836E~05

=0.
=0.

~0. .
2.8384837E~05

5.0563843E-10
1.1359031€~08

540086172E~10
3.60936858E~08

9.8010720E~11
Pe0434384E-09

1.6063989E~11
T.6734301E~09

2.19626656~11
1.6213444E~10

Lall19420E~10
=9.7559574E~10

540938003€~11
T.7572379E6~10

1.25305736~10
601492358€~09

2.0119243E-10
2605202608

1.7206650E~10
2.9828417E~08

342421997E-10
2655723E-08

7.4009378L=11
3.0794744L-09

3.7712311E~10
=9.6206360E-09

L.061506%E-10
=9,2994568E-09

2,1192393E~-10
-1.1082089¢~-08

2433636758-10
6.5703074L-09

5.7411333&~11
-9.50891306~09

3.1573603E-11
T8.4546229E-10

3.3938162E-10
—Ue

=0,
7.4260785E-08

2.4575841E~)2
L.0901677E-09

5.4328400E-12
5.5826335E-09

23516530611
1.601973LL~08

1.6489458E-1]
7.5417007:-09
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6+9171116E-10
=4.51357456-09

6.28403B4E-11
=44 1441265£-09

6.8212796E-11
=~6.8793292E-09

1.7221365E~10
4.0471334E-09

3.0306992E~11
6+2071L096E-09

U
0.

~2.8895204E-15
~625744189E~12

=-3.3022321L-16
~9.7824888E~13

~2+.9007437€-15
=5.5026670E~12

~648513637E~15
=1.21157306-11

«243624693E~15
2.5303142L-13

~8.3844494E~15
~7.76591486-13

~1.7461290L~14
=643748200L-12

~7.8132836E-15
1.5007631k~-12

=4.8137695E-14
2.0400319€-12

=4,2600825E~15
1.72345064E~12

~4,784456E-15

2.6110821€-12 * -

-1.2248362E-14
=64 44TTS8TE-13

-2.0739258E~15
~1.6654723E-12

0.
0.

7.7534916E
T28174967E

2.2660741E
2.2788933E

=2.27LT268E
~2.2128913€

~T.7186275E
=7.5887065¢E

1.0808561E
1+3126160€

~643718807E
~6+2945708E

=1.9233078E
=1+9046378€

4.3959998€
4.3866323E

1.9035952€
249021544E

549042866E
549290539E

=1.2008310E
«1797081lE

~3.8838927€
=3.,8146640E

1.3354838E
1.3675935¢€

Os
[ B

04
04

04
04

04
04

04
04

Qa3
a3

04

04

s
Qs

a4
04

03
Q3

04
04

04
04

04
(2

04
04

=1.0264577E
5.8893536€

3.2772562E
643443629E

—%442997550E
1.0269761€

-2.9874038E
2.4138489E

3.3489127€
T.7956275E

=-3.1468068E
1.2364374E

-2.T471199E
142426418€

6.1333672E
2.5259783€

“3.1698731E
+1738476E

3.9540278E
T.6940989E

3.7472829E
602421835

=5.6136425E
T+5419379¢

2.8391688E
1.0090654E

0.
C.

128
o0

00
00

00
13

oL
00

00
0o

00
ol

(33
ol

00
Qo

00
ol

00
0o

00
00

00
00

00
(28

49
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PROGRAM LISTING FOR IBM 704

MAIN PROGRAM ONE

COMMON C

EQUIVALENCE (6{1)y
EQUIVALENCE (FORMI1) s
EQUIVALENCE (ELMTIL) s
EQUIVALENCE (DATALL) s
EQUIVALENCE {ALL)y
EQUIVALENCE tCOEFT(1)s
EQUIVALENCE (ANS(1)s
EQUIVALENCE  {HSUM,
EQUIVALENCE (WTMOLs
EQUIVALENCE (DLMPTs
EQUIVALENCE (GAMMA,
EQUIVALENCE {VMACH,
EQUIVALENCE {VACI,
EQUIVALENCE {RHO1,
EQUIVALENCE (RHOy
EQUIVALENCE (T Pl
EQUIVALENCE {EP Ply
EQUIVALENCE (T ETAs
EQUIVALENCE {ETA I,
EQUIVALENCE (AW ETA»
EQUIVALENCE (SI1G Iy
EQUIVALENCE (AW SIG»
EQ'JTVALENCE (ENI11y
EQUIVALENCE (BOX(1}s
EQUIVALENCE {BOF{1}s
EQUIVALENCE (HX s
EQUIVALENCE {VXPLSy
EQUIVALENCE (VFPLSs
EQUIVALENCE {EN ENIL)y
EQUIVALENCE {DEL N(l)s
EQUIVALENCE (COEFX(1)y
EQUIVALENCE (DX{1)s
EQUIVALENCE (HO(1),
EQUIVALENCE 1S(1),
EQUIVALENCE XLl
EQUIVALENCE  (FORMLA(1}
EQUIVALENCE (DELTA{1)y
EQUIVALENCE (BO(1)s
EQUIVALENCE (PO
EQUIVALENCE (50
EQUIVALENCE (53
EQUIVALENCE {AAY
EQUIVALENCE (HC»
EQUIVALENCE (PCP(1)»
EQUIVALENCE (PROD(1)s
EQUIVALENCE (DATUMIL)
EQUIVALENCE (PCy
EQUIVALENCE {IPROB
EQUIVALENCE {IHSy
EQUIVALENCE (ISYM,
EQUIVALENCE (IDIDy
EQUIVALENCE {IDRMy
EQUIVALENCE Ly
EQUIVALENCE (My
EQUIVALENCE {Ny
EQUIVALENCE {101y

EQUIVALENCE 1103y
EQUIVALENRCE {IMAT
EQUIVALENCE [IADDs
EQUIVALENCE {ITAPEs
EQUIVALENCE ( IDEBUGS

DIMENSION 'G(20+21})s

DIMENSION  DEL N{90),
DIMENSION  DELTA(20)s
DIMENSION COEFX(20) s

DIMENSION  ELMT(15)»
DIMENSION  BOX(15),
ALF  HsS

ALF  TsS

ALF PsT

ALF TP

ALF DETN

ALF  END

ALF 00000

ALF OMIT

ALF

CONVERT BST TO BSF INSTRUCTIONS AT 4509145715315596+6005225¢229

CAL#*#390
STP*450
STP*1457
STP#531
STP#596
STP¥#600
STP#225
STP%229

READ IN INPUT DATA
READ DRUM 4545551SYS

APPENDIX C

Clllly
Cllrhy
Cl16)1y
€31,
Cla21))y
Cl421))y
Cl421))s
Cl426) )
C{426))
Cl428) )
C(430))s
Cl432) )y
Cl434) 1y
Cla3?) )y
Cl439))
Cl440))s
Claa2})y
Claas5y)
Cl446))y
Cl4as))y
Clas1)ys
Cl453))
Cl17711)s
CL1771}) s
Ci1786) )y
C(1801))»
C(1803))s
Cl18051)y
C{1861))
€{1951))s
C{1951)1s
CL1951) 1y
C(20411) s
€(2131))
C(2221))»
s C{222111,
CL2261))s
C(2261) )
CL22761)s
Cl2278) 1}y
C{2280) )}y
Cl2282) )y
C(2284))s
C122861)s
Cl2311)1y
Cl2311))s
C{2314))
Ci2316))s
C(2318))s
€(23201))»
C12322))
C12323))s
Cl23253)s
Cl2327) )
C12329) 1)y
C(2331}),
C(2333))
C(2335) ),
Ci2336))s
C123381) s
C12340) 1y
A{154+901,
HO(90) s
BO{15)s
DX{201)y
DATA{23)y
BOF(15),

IF {15Y5-99) 40194039401
READ TAPE 3+(G{1)sI=1y2341)
REWIND 3

IF (SENSE SWITCH 6) 6515719
15Ys=59

WRITE DRUM 4+455+1SYS
IFROZ=0

PAUSE 11111

13=3

T4=4

KDRUM=2

LORUM=3

ITAPE=4

CALL INPUT

IF (L} 65196519433

1G(420)s %201}
{FORM({15)y C(15))
{ELMT{15)s  C(30))
{DATA(23)s C(53})
{AL1350) Cl1770))
(COEFTI135015C{1770)}
(ANST454)y  C(BT4))

(SSUMy Ciaz5h)
(CPy Cl6273)
{DLMTPy Cl429))

(ARATIOs Cla3l))
{SP IMPs Ct433))
{CFy Cla36))
{RHOVAC C{438))

(PI Is Cl44l))
(AW P1, Claa3))

(EP ETAs ClaaTht
(T SI1G» C(450))
(EP SIGs Cla52)}

(EN{90)» C118601)
{BOX(15}s  C(1785))
(BOF{15}s  C11800))

{HF C{1802))
(VXMINS C(1804)}
(VFMIN» C{1806}}

(EN LN{90)s C{1950}}
(DEL NU{S0)s C{2040})}
(COEFX{20)s C(1570))

(DX(20)s C(1970))
(HO(90) » Ct2130)})
15(90)» Ct2220))
1X(20)s Cl2240))

(FORMLA{181,C(2238))
(DELTA(20}s C(2260))

(80(15)» Cl2275))
{H5UBOY C(2277)}
(T LNy cL22791)
{AAY LN» ct2ze1))
{CPSUMy Ci2283))
{TC LNy C€t2285))

(PCP25) C12310))
(PROD{3)s C{2313))
(DATUM{3)s CL2313}))

{TCy C(2315))
{IFIXTs C(2317))
(ICOND» C(2319))
(1PROD» Ct2321))
(LDRUM» €{2323))
{KDRUM» €12324))
iy C{2326))
M1y ct2328))
10y Ci2330))
(102 Ct2332))
(KMAT» C€(2334))
{IUSE>» C12335))
(ITNUMB €(2337))
1Py Cl2339)}
{IFROZ» C{23411)
EN(9Q) EN LN(90)
S1901, Xx{20)

PCP(25)s PROD(3)
FORM(15)s  COEFT(15+90)
DATUM{3}» FORMLA{18)
ANS (4541 SYSTM(15)

433 WRITE OUTPUT TAPE 694439 HXeVXPLSsVXMINSHF s VFPLS oVFMIN

1s

RIGHT ADJUST ELEMENT SYMBOLS

DO 447 K=1,L

(ELMT(1}9BOX{I)sBOF(I)elmlyL)
443 FORMAT (10H10XIDANT 3E1646/10H FUEL

3E16e6/{1H A642E2048))
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531
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+
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197

®

191

B vunonunnn

LM

S5P

LDQ ELMTIK)

LGL 12

STO ELMT(K}
S 6

CLA ELMT(K)
LRS

56
STO ELMTIK}
CONTINUE
READ DRUM 45456 4SYSTM
CLA SYSTM(L+1)
TNZ*453
CLA SYSTMIL)
YZE*453
DO 449 K=lsL
DO 448 J=lsL
CLA ELMT(K}
SUB SYSTM(J)
TZE*449
CONTINUE
GO TO 453
CONTINUE
REWIND 13
S

450 BST 4

NOP
RTB 4

CANCEL —-—-OMITS=--~FROM PREVIOUS PROBLEM

DO 1455 INT=142

READ TAPE ITAPEs((COEFT(KsJ)sKe1518)9Jn1490)
D0 1453 J=1sM

CLA MT

S$T0 COEFT{1sJ)

WRITE TAPE 35 ((COEFTIKsJ}sKnm1915)9Jm1990)
TUSE=1

REWIND 3

BST 4

NOP

RTE &

G0 TO 598

DO 459 K=1,15

SYSTM(KI=ELMT (K)

WRITE DRUM 454563SYSTM

ITAPE=2

REWIND 13

REWIND 14

BYPASS PING-PONG CORE LOADS ON TAPE 2 AND SAVE MASTER DATA FROM
TAPE 4 ON TAPE 2 4

RT8 2

cpyY

TRA%522

TRA#523

TRA#522

READ TAPE I&s (DATA(I)yI=1,23)

WRITE TAPE 25 (DATA([)sI=1,23)
CLA DATAL1)

RTB 2

REWIND I3

REWIND 14

CALL SEARCH(I34141USE)

PUT COMPILED DATA TAPE ON TAPE 4 FOLLOWING MASTER DATA

IF (14-4) 596,593,596

DO 594 INT=1,2 )

READ TAPE 14s{{COEFT{KsJ)sK=1s15)J=1+90}
WRITE TAPE I134{{COEFT{KsJ)sK=1515)5J21,90)
CONTINUE

REWIND I3

REWIND 14

BST 2

Nop

RTB 2

READ TAPE ITAPEs(DATA{T)sls1423)

WRITE TAPE 435 (DATA{I}sIm1,23)

CLA DATA(1)

5UB END

TNZ#597

END FILE &

DO 599 INT=1s2

READ TAPE 3+ ((COEFTIKsJ}sKu1s15)9J%1490)
WRITE TAPE &+ ((COEFTI(KsJ) sK=141519J21490)
JF (JUSE-2) 60046354635

BST 4

NOP

-RTB 4
REWIND 3

SET ARRAY PROD TO BYPASS ALL CONDENSED PHASES

PROD(1)=040
PROD(2}=040
LXD Me (M}

ssp

ComM

LRS 25

LM
TXL#1989 (M} 935
TXL¥*199+ (M1 70
TXL#200+ (M) 290
GO TO 635

STQ PROD(3)
$TO PROD(2)
LLS 35y (M}

S$T0 PROD{1)
GO YO 201
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199

20
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201

203
204
205

207

208
20

o

210

211
213

220

221

222
224

228

227
229

602
605

607
609

700
701
703

705

707

709

711

713

715

S$TQ PROD{3)
LLS 705 (M)

STO PROD{3)
Q=L
101=1Q+)
102=101+1
1@3=1Q2+1
Li=IGL
Ml=M+1

DETERMINE WHICH GASEOUS SPECIES SHOULD BE OMITTED FROM THE PROBLEM
AND WHICH CONDENSED SPECIES SHOULD BE USED IN THE FIRST ITERATION

READ INPUT TAPE 75204s(DATA(L}s1=148)
FORMAT (4{2A63X)})
CAL MT

com

ANA DATA(L)

TZE*220

0O 213 K=lss

DO 211 J=1sN

DO 208 1x2+3
KK=2%K+[=3

CAL COEFT(IsJ)

coM

ANA DATA(KK)

TNZ#211

CONTINUE

IF (J-M} 2092094210
CALL BYPASS (Js2)

G0 TO 213

CALL BYPASS (Js3)

60 TO 213
CONTINUE
CONTINUE

GO TO 203

DO 224 INT=1
READ TAPE 4y
00 222 J=lsM
CALL BYPASS (Js1}

IF (IPROD-2} 22142225221

CLA OMIT

STO COEFT(1sJ)

CONTINUE

WRITE TAPE 35 {{COEFT(KsJIsK=1s15)sJ=1590)
REWIND 3

BST &

NOP

RTB &

DO 227 INT=1,2

READ TAPE 35 ((COEFT{KsJ)sK=1515)sJ=1+90)
WRITE TAPE 4y ({COEFT(K3J)sK=1s15}35J=1590)
REWIND 3

BST &

NOP

RTB 4

2
((COEFT(Ked oKm1915V0J=14901}

ARRANGE ANSWER REGION

=1

DO 602 J=lsN
COEFT(I)=COEFT(1sJ}
COEFT(I+1}=COEFT(24J}
COEFT(I+2}=COEFTI(3+J)
COEFT(1+43}=040

I=1+4

K=4#N

I=K+34
COEFT(1)=COEFT{K)

K

=K-1
IF (K) 65156075605
DO 609 K=1934
COEFT{K)=0e0
WRITE DRUM KDRUM»15769ANS
REWIND 2
READ TAPE 2
ITAPE=4
READ TAPE ITAPEs ((COEFTIKsJ)sKa1s15)9J=1590}
WRITE DRUM KORUMj1sCOEFT

DETERMINE THE TYPE QF PROBLEM

IFROZ=1

READ INPUT TAPE 7»703+sPROBJKASE
FORMAT {(A5,15)
WRITE DRUM 42789,KASE
CLA PROB

SUB H §
TNZ#705
IPROB=1

GO TO 715

ADD H S

SUB T S
TNZ*707
1PROB=2

GO0 TO 715

ADD T S

sug P T
TNZ¥709
1PROB=3

GO TO 715

ADD P T

SUB T P
TNZ*711
1PROB=4

DO 716 K=1525



ann

nnn

716
1716
77
1717

718

719
721

722
722
725
727
729

731
733

745
746
T47

T8

749
755

760

m
72
775
777
179

631
633

635
637
639
640

641
643
651

PCPIK)=040
1=0

READ INPUT TAPE 737189(G(K)sK=1s5)
IF (G1)} 71957199717

DO 1717 K=15

IR=1+K

PCPITIK)=G(K)

I=145

GO TO 1716
FORMAT (5F10e2})

DETERMINE THE ASSIGNED VALUES FOR THE PROBLEM

READ INPUT TAPE 7»721+EQRAT»O FoF PCT»PCsTCsKODE IDEBUG
FORMAT {5F1002515516X,I1}

WRITE DRUM &»482»KODE

READ DRUM LDRUM»19965B0X»BOF sHX»VXPLSsVXMINsHF yVFPLS sVFMIN
IF (EQRAT) 725,7259723

O F={~EQRAT*VFMIN<VFPLS )/ (VXPLS+EQRAT*VXMIN}

F PCT=10040/(14040 F)

GO TQ 745

IF (O F) 731,731,727

F PCT=10040/(1+0+0 F)

EQRAT=ABSF ({0 F¥VXPLS+VFPLS)/ 10 F*VXMIN+VFMIN )

GO TO 745

IF (F PCT) 70057002733

0O F=(10040=F PCT}/F PCT

G0 TO 729

IF (0 FJ 71957465746

DO 747 sl

BO(I)=(0 FX¥BOX(I)+BOF{1)}/(1.0+0 F}

IF {IPROB-1) 65157491748

H5UB0=040

GO TO 755

HSUBO= (0 F*HX+HF) /{1e0+0 F}

WRITE DRUM 4379050 FoF PCTHEQRAT

READ DRUM 45 789sKASE

WRITE OUTPUT TAPE 6s760+KASEsPROBsO FsF PCTsEQRATIPCIHSUBO s

1 (BO(I)eI=1yL)

FORMAT (1H1I553XsA6/1H 4E17487(1H TE17.8)}
WRITE DRUM 4s1700sNs IPROB+BOXsBOFIBO
HSUBO=HSUB0/1.98726

READ DRUM LDRUM»2032sRHOX RHOF

READ DRUM KDRUM315769ANS

RHO=RHOX+0 F¥*RHOF

IF (RHO) 77297724771

RHO={140+0 F}#RHOX#*RHOF /RHO

WRITE DRUM KDRUM»15763ANS

IF (IFROZ) 77746515779

CALL PONG(4)

CALL PONG(2)

ERROR PRINT OUT

WRITE OUTPUT TAPE 6+63234PROBIKASE

FORMAT {2IH1THERE 1S NO PROBLEM A&»2Xs15)

GO TO 651

WRITE OUTPUT TAPE 64637

FORMAT (47HITROUBLE IN COMPILING MASTER THERMODYNAMIC TAPE)
REWIND 4

READ TAPE 4»{DATALI)s1=1y23}

WRITE OUTPUT TAPE 646404 (DATA(1)s1=1923)
FORMAT (1H 3A692F1041/(1H 2F8e1s7E1446))
CLA DATA{1}

SU8 END

TRZ*639

DO 641 INT=192

READ TAPE & {(COEFT(KsJ)sK=1315)4J=1+90)
WRITE OUTPUT TAPE 646435 ((COEFT(KsJ) 4Kx1514)sJ=1sN}
FORMAT (1H 3A652F15e2/2F8a1s7E1244//)
REWIND &4

PAUSE 77777

0421

0432

53
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SUBROUTINE SEARCH '(I3s14yJEER}

COMMON C

EQUIVALENCE {G(1)» Cll)ds (G420 C1420)
EQ'JIVALENCE (FORM{1)s  Cil)}y {FORM{15)s C(15})
EQUIVALENCE {ELMT(1)y C{16))y (ELMT(15)s  C(30))
EQUIVALENCE (DATALL)s  C(31})y {DATA(23)s  C(53})
EQUIVALENCE tAtL) Cia213)y  1A11350)s  CLLTTO))
EQUIVALENCE (COEFTI1)s C{421})s (COEFT(13501,CI(1770)}
EQUIVALENCE {ANS(1)s Cla21)}y  (ANS(454)y  C(874))
EQUIVALENCE {HSUM» Cl424))y  (SSUMy Cl42s))
EQUIVALENCE {WTMOL» Cl426)1e  (CPy cta2n)
EQUIVALENCE {OLMPTy Cla28) )y (DLMTIP, <429
EQUIVALENCE {GAMMA C{630))s (ARATIO, Cla3l)
EQUIVALENCE (VMACHy C{432) )y (SP IMPy Cl433)}
EQUIVALENCE {VACI, Cl434))y  [CFy Cl436)
EQUIVALENCE {RHOI1» Ct437))s  {RHQVAC, C1438))
EQUIVALENCE {RHO» Clu39))

EQUIVALENCE (T PI» Cl440))y  (PI 1y Cla4l)y
EQUIVALENCE (EP PIy Claa2))y (AW PIy Ctaadyy
EQUIVALENCE (T ETAs Claas))

EQUIVALENCE (ETA I» Cl{4461)y (EP ETAs CL44T)
EQUIVALENCE (AW ETA» Claad)yy (T SIG, C1450)
EQUIVALENCE tSiG I» Cta51))s (EP SIGy C{452)
EQUIVALENCE (AW SIG» Cl453))

EQUIVALENCE {EN(1)s C{1T771})y (EN(90), €{1860))
EQUIVALENCE, {BOX(1}s C{1771})y [BOX{15}s €l1785))
EQUIVALENCE {BOF{l}y CLAT86YYy (BOFL15)s  C{1800))
EQUIVALENCE (HX s C{1801))y (HFs Ci1802)
EQUIVALENCE {VXPLS» C(1803))» (VXMIN» C(18041}}
EQUIVALENCE {VFPLS» C11805)) s {(VFMIN» €(1806))
EQUIVALENCE (EN LN(1}» C(1861))s (EN LN(90}s Ci(1950))
EQUIVALENCE (DEL H{l)s C11951))s {DEL Nt9O)» C{2040)}
EQUIVALENCE (COEFX{1l)y C€(1951))s (COEFX(20)s C(12970))
EQUIVALENCE (OX(1)s C(19511)5 (DX(20), CL1970))
EQUIVALENCE (HO(1)s CL2041))y (HO(90)» C12130})
EQUIVALENCE {5(1})s C(2131})s (S(90)» €(2220))
EQUIVALENCE IX{1)y C12221))s (X120}, €t2240)
EQUIVALENCE (FORMLA(Y}s C{2221)})y (FORMLAL18)»C(2248))
EQUIVALENCE (DELTA({L)s C(2241) )y (DELTA(20)s C(2260))
EQUIVALENCE (BOi1l}s Cl2261))y (BO(1S)y €(2275))
EQUIVALENCE (PO C{2276) )y (HSUBO» cl2277h)
EQUIVALENCE 150 C42278)5» T LN €{2279)
EQ'JIVALENCE (Te C{2280) %y (AAY LNy C(2281)
EQUIVALENCE {AAYy C12282}1)y (CPSUMy €(2283))
EQUIVALENCE {(HCs C(2284))y (TC LNy €(2285))
EQUIVALENCE {PCP{1)y Cl2286))y (PCP(25)s C{2310))
EQUIVALERCE {PRODILY, €1231171y tPRODI(3)e €(2313))
EQUIVALENCE {DATUM{1}y C{2311)3y (DATUM(3)» C(2313))
EQUIVALENCE (PCy C(2314))y (TCy C(2315))
EQUIVALENCE (IPROBs C{2316) )y (IFIXTy C{2317}
EQUIVALENCE (IHSe €{2318) 1y (ICONDs C€i2319)
EQUIVALENCE 11SYMy €12320))y {1PROD» €12321)
EQUIVALENCE (IDIDy C(2322)3+ (LDRUM, C{2323)1
EQUIVALENCE (IDRM» C(2323)}y (KDRUMs C{2324)}
EQUIVALENCE Ly €(232513y (L1s C(2326)}
EQUIVALENCE (M €{2327)}y (M1 Ci2328))
EQUIVALENCE {Ny €(232913s {10y CL2330))
EQUIVALENCE (1Q1y Ct2331))s 102y Ct2332))
EQUIVALENCE (1Q3e C12333)), (KMAT» 12334}
EQUIVALENCE {IMAT» C€{2335))s (IUSEs €{2335))
EQUIVALERCE LIADDs C12336))y {1TNUMB» C12337)
EQUIVALENCE {ITAPEs C{2338))s (Ps €t23393)
EQUIVALENCE { IDEBUGS C12340)1s (IFROZy Cl2341)
DIMENSTON  G{20421}»  A{154901s EN{90), EN LN(90)
DIMENSION  DEL Nt90)» HOL90) 51907y x120)
DIMENSION  DELTA{20}» BO{15)» PCP{25)» PROD(3)
DIMENSION COEFX(20)s DX(20)s FORMI15)y COEFT(15590)
DIMENSION ELMT(15}y DATA123}y DATUM(3) s FORMLA{18)
DIMENSION BOX(15)» BOF(15}y ANS (4541 SYSTM{15)
ALF 00000

ALF  00000)

ALF 00000(
ALS 000006
ALF 00000S
ALF  00000L
ALF 00000+
ALF 00000~
ALF 000Q0E
ALF  END
DEC 10

DEC 12

KION=2
DO 1 K=lsL
CLA ELMT(X)
suUB E

TZE#2
CONTINUE
GO TO 3
KION=1

CLA ELMT(K}
LDQ ELMTIL)
STQ ELMTIK}
STO ELMT(L)
CLA Cl0
LRS 18

DO 4 Ja1515

DO 4 K=1,90

COEFT1J3K) =040

DO 5 INT=192

WRITE TAPE 13, ((COEFT{KsJT) sK=1515)9JTu1+30}
REWIND 13

WRITE DRUM LDRUM»1sA

READ TAPE 1TAPE, IDATAt1)151=1+23)
CLA DATA(L)

SUB END

TZE*171

UNPACK THE ,BCD FORMULA FOR THE PRODUCT
DO 16 I=1s2
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2

i

25
29

30
31

35

39

41
47

48

55
57

s

°

LS

w

67
69

330
333

73

17

81
85

86

89 LD

93

95

96

97

1o

S

111

105
109

121

DATUMLT)=DATALT)
J=1

I=1

K=0

SSP

CLM

LDQ DATUM(T)
LGL &

STO FORMLALY)
STQ DATUM(I)
J=J+1
TXH*219 {K) st
K=K+1

GO TO 17
TXH%255 (1)1
I=1+1

GO 70 13

BEGIN SEARCH FOR FIRST NON BLANK ALPHANUMERIC CHARACTER

LXD C12a(J}
SXD JaiJ)
CLA FORMLA(J}
SuB BLK
TN2%35
TIX#2991J)s1
WRITE OUTPUT TAPE 6531s{DATA{I)sI=153)
FORMAT (14H THE FORMULA 3A6,33H IS INCORRECT ON THE MASTER TAPE)
TRA*7
ADD BLK

SUB RPN
TNZ*30

=J=1
CLA FORMLA{J)
SUB GAS
TZE*39
ADD GAS
5UB sSOL
TZE*41
ADD SOL
SUB LIQ
TZE*41
TRA*30
ITYPE=]
TRA%4T
ITYPE=2
Jzu-1
CLA FORMLA(J)
SUB LPN
TNZ»*30

J=J=1

OBTAIN AND STORE THE FORMULA NUMBERS A{KsJ)

DO 48 K=1,15
FORM{K}=0,0
NLSW=1
NuMB=0
ICNT=O0
JONT=J=ICNT

IF {JCNT) 30481959
CLA FORMLATJCNT}

sy3 c10

TPLY67

GO TO (63185) sNLSW
ICNT=ICNT+1 :
GO TO 57

GO TO {69+63) sNLSW
CLA ICNT

TZE*330 .
IF {ICNT=2} 7747330
IF (KION-1] 30433330
NLSW=2

GO TO 57

LD@ FORMLA{J-1)

MPY C10

LLS 18

ST@ NUMB

CLA FORMLA(J)

LLS 18

ADD NUMB

STO NuMB

VALUE=NUMB

JaJ-1CNT

NLSW=2

GO TO 55

GO TO {30+85) yNLSW
CLA ICNT

TZEX30

STZ SYMBL

IF {NUMB) 86195486
IF (ICNT-2} 93589430
FORMLA(J-1)

LLS 41

STO SYMBL

CLA SYMBL

ADD .FORMLA{J)

STO SYMBL

GO TO 107

IF (JCNT) 30430496
CLA FORMLA(J)

sU3 PLS

TNZ*97

FORMIL)= <ICNT

GO TO 109

ADD PLS

SUB MIN

TNZ®30

FORM(L)}= ICNT

GO TO 109

00 I11 Ksl,L

CLA SYMBL

SUB ELMT(K)

TZE*105

CONTINUE

60 TO 7
FORM(K ) sVALUE
J=J~ICNT

IF (J) '305221551

If (ITYPE=1} 30s133,137

5]

55.



56

Buennn 0no

NNONAN Guoe

winn

133

137
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147
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i
173
178
177
181
182

18

&

185
186

18

bl

215

217
219

224

225

Map+1

Jat

GO TO 141

J290~1SO0L
1S0L=1S0L+1

READ DRUM LDRUMsl9A
DO 147 K=lst

ALKy J)=FORMIK)
CONTINUE

WRITE DRUM LDRUMy1sA

WRITE THERMODYNAMIC DATA ON TAPE ORDERED 8Y INTERVAL

1T=0

CLA DATA(1}

LDG DATA(3}

STQ DATA(1)

LDO DATA(2)

STO DATA(2}

DATA(3)

DO 163 INT =152
READ TAPE I3s ((COEFT{KsJT)sK=1415)+3T=1590]
DO 155 K=145
COEFT(KsJ)=DATAIK)
CONTINUE

00 159 K=6+14

KiT= K+IT
COEFT(K3J)=DATAIKIT)
CONTINUE

IT=1T+9

ZSITE TePE 143 ((COEFT(KsJT)9sK=1915}9JT=1+90)
REWIND I3

REWIND 14

CLA 13

LoQ 14

STO 14

STQ 13

GO0 TO 7

3
o

GO TO NEXT MOLECULE

ELIMINATE GAP BETWEEN GASES AND CONDENSED PHASES

NaM+IsOL

JEERe1

1IF (N=90) 17552244181
IF (1SOL) 17742244184
JEER=2

GO TO 224

WRITE OUTPUT TAPE 6

FORMAT (45H TOO MANY REACTXON PRODUCTS FOUND ON THE TAPE)

JETR=2
60 TO 224
DO 187 I=1
READ TAPE l3v ((COEFTIK»JT)1Kn1415)9JT=1+90)
KK=90-150L
DO 186 J=1,IS0L
MJIzM+d

KI=KK+d

DO 185 K=1,15

COEFT (KsMJ)=COEFT(KyKJ)
CONTINUE

CONTINUE

WRITE TAPE I4s ((COEFT{KsJT)K=1915)9JT=1990}
CONTINVE

REWIND 13

REWIND 14

READ DRUM LDRUMs1sA
DO 219 J=1+ISOL
MI=M+J

KJ=KK+J

DO 217 K=1»15
AlKsMJII=A(KSKI)
CONTINUE

CONTINUE

WRI1TE DRUM LDRUM»slsA
GO 10 225

CLA 13

LoQ 14

$TO 14

§TQ 13

RETURN
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SUBROUTINE BYPASS (JsIARG)

COMMON €

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQJIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

TARG=] MEANS

(G(1)y
(FORM(L)y
(ELMT (1)
(DATALL)
{AlL)y
[COEFT(L)y
(ANS(11}s
(HSUM,
{WTMOL s
{DLMPTs
(GAMMA,
(VMACHS
{VACI,
(RHOTy
(RHO+

{T Ply
{EP PI,

{S1G6 1s
(AW SIGy
{EN(L) o
(BOX{1)s
(BOF(1)s
{HX»
(VXPLSs
(VFPLSs
(EN LNt1Y,y
(DEL N{l)s
(COEFX{1)y
(DX{1)s
{RO(1Yy
(5010
{Xt1)y
{FORMLA(1}
{DELTA(1}s
{80(1)s
(POy

{S0s

1T

¢ IDEBUGY

G{20921)y
DEL N(90)s
DELTA(20)
COEFX{20)s
ELMT(15)s
BOX(15)y ,

TEST ONLY,

Cl421))y
Ci421))y
Cl421))y
Cl424))y
Cl426) )y
Cra28) 1,
Cl4a30)ds
Ci432)),
Cla34) )y
C{437) )y
Cl439)}
C{440) )
Ci462))s
C{445))
Claab) )y
Claa8))y
Clas1yyy
C{453y)
CL17721)) 9
CLITTL)Y s
CL1786))y
Cl18011})s
€1{1803}))
Cl1805)) s
Cl1861) )
Cl1951) )y
C{1981))s
C{1951})
C{2061) )y
ctarayy

s Cl2221

Ci228Q)1y
€122821)
Cl228411y
C122861)
Cl2311)1
C{231111
C12314))y
C{23161) 4
€(2318)1)s
C{23201),
Ci23221)
C12323)),
Ci12325))
CL2327))s
Cl2329)})s
Ci2331))

a
N
W
w
w

C12336)) s
Ct2338) )y
Cl23401)y

Al15990),
HO(901}s
80(15)
DX{20)s
DATA{23)
BOF (15},

1ARG=2 MEANS ELIMINATE A SPECIES, IARG=3

MEANS ADD ANOTHER SPECIES

LXD JofJ)
TXL#*24(J}s35
TXL*14{J}s70

K=3
TIX*35(J}s70
K=2
TIX*3,{J)35
IF {IARG=2)
1PROD=2

CLA PROD(K}
LRS 35414}

run
»

TRA%*10
IPROD=1
TRA*10
CLA PROD{K}
LRS 35,(J)

w

TRA%E

TRA*10
6 .COM

LRS 1

LLS 365(J)
STO PROD{K)
CLA M

sus J
TPL¥*10
1032102
1G2=101
Ie1=10

1o =1g-1
TRAX9

CLA PROD (K}
LRS 354(J)

-

LBT
TRA*10
COM
LRS 1

LLS 36¢1(J)
STO PROD{K)

CLA M
su8 J
TPL¥*10

10 =191
101=1Q2
iG2=103
I103=103+1

49547

9 SENSE LIGHT &

10 RETURN

(G(420) C1420)1
(FORM{151» C(15})
{ELMTI(15}s  C(30))
(DATAL23)y C(53)}
(A11350)s Cr1770)}
(COEFT(1350),C(1770))
{ANS{454)s  CLBT4))

{SSUMs c{425))
(CPy Cl427))
(DLMTP» Cl4291)

{ARATIO Cr431))
ISP IMP, Cl433))
(CFy Cl436))
{RHOVAC) ct438))

(PI T Cla4al))
(AW PIs Cl443))

{EP ETA» Claaty)
{T §16» Cl4501)
(EP SIG» cla52}))

(EN{90}s C{1860))
{(BOX(15) C(1785})
(BOF{15)s C11800)}

(HF y ct1802y)
(VXMINy C{1804))
(VFMINS C(1806))

(EN LN(90)s C(1950})
{DEL N{90}s+ C(2040))
(COEFX{20)s C11970)}
(DX(20)s C(1970)}
(HO({90) €{2130))
1(5190)» Cct2220))
(X200 Ct2240))
(FORMLA(18}sC(2238))
(DELTA{20)s C(2260))
(BO(L5]s €(22751)

(HSUBO» C12277)1
(T LNy cL2279))
{AAY LNy Ct2281}})
(CPSUMy ct2283))
(TC LNy €{22851}

(PCP125)s  C12310))
{PROD{3)y Ct2313}}
(DATUM(3)s C(2313)}

(TCy C12315}))
LIFIXTy C{2317))
{ICOND» Ct2319)}
(IPROD» (23211}
(LDRUM, €12323))
{KDRUMs Ci2324))
L1y €12326))
{Ml» €12328})
110y C(2330))
(102 <(2332) 1
{KMAT » €12334))
(TUSEs C{2335))
{1TNUMB €{2337))
(P» Ct23391)
{IFROZy Cl2341))
ENtS0) EN LN(90}
$(90)s x{20)

PCP{25) s PROD (3]

FORM{15) s COEFT(15+90}

DATUM{3) s FORMLA{18}
ANS(4541y  SYSTM{15)

57



58

SUBROUTINE INPUT

EQUIVALENCE(ATOM(1)4C{1211))p{ATOM{303)C(1413)}

C{11de
C{1))s
Cl16)1y
Ci311)»
Cla21))y
Cl421))y
ct421))y
Cl4241)y
Cl4261)s
C(428))s
Cl4301)s
C(4321)y
Clasa))y
Cr437) )y
C1439))
Cl440) )y
Ctaa2))y
Cl445}))
Claas)ly
Ctaad))s
Ci451))s
Cia53))
C17T1))y
C1771) )y
C{1786) 1)
Cl1801})s
C(1803))s
C(1805)) s
Cr1861))y
€11951)) 4
C{1951))
C{195131»
Cr2041)}y
Cr2131) 4y
Cl2221))y
€(22211)
cl2241))s
C(22611)y
C{2276})
122781} )
C(2280))y
C(22821))s
C(2284)) s
C(228611)s
Cr2311))»
Cl2311))»
C(2314))
C(2316))y
C(23181)y
C(23201)y
€123221),
Cl2323))
C(2325)}s
c(2327))
C12329)}y

Ct2331) 1,
C(2333)}),
C(2335) ),
C(23361},
C(2338))
C12340) 1)

F(15}s
193)»ANAME

[

<
COMMON €
EQUIVALENCE 16{11s
EQUIVALENCE  (FORM(1}y
EQUIVALENCE  (ELMT(1)s
EQUIVALENCE  (DATA(l}s
EQUIVALENCE  (A(1},
EQUIVALENCE  (COEFT(1}s
EQUIVALENCE  (ANS{1)s
EQUIVALENCE (HSUMy
EQUIVALENCE  (WTMOL»
EQUIVALENCE  (DLMPT,
EQUIVALENCE  (GAMMA,
EQUIVALENCE  (VMACH,
EQUIVALENCE  (VACI,
EQUIVALENCE {RHOT 3
EQUIVALENCE  (RHO,
EQUIVALENCE 1T Ply
EQUIVALENCE  (EP Pl,
EQUIVALENCE (T ETAs
EQUIVALENCE  (ETA I»
EQUIVALENCE (AW ETA»
EQUIVALENCE (516G I»
EQUIVALENCE 1AW SIG»
EQUIVALENCE  (EN(1},
EQUIVALENCE (BOX(1)s
EQUIVALENCE  (BOF(1)»
EQUIVALENCE  (HX»
EGUIVALENCE  (VXPLS,
EQUIVALENCE {VFPLS,
EQUIVALENCE  (EN LN(11s
EQUIVALENCE (DEL N(1)»
EQUIVALENCE  (COEFX{1)»
EQUIVALENCE  {OX{1)»
EQUIVALENCE  (HO(1)s
EQUIVALENCE (5(1)y
EQUIVALENCE  (X{1},
EQUIVALENCE  (FORMLA(1}s
EQUIVALENCE {DELTA(L)s
EQUIVALENCE  (80(1),
EQUIVALENCE {POy
EQUIVALENCE  (S0»
EQUIVALENCE  (T»
EQUIVALENCE  (AAY,
EQUIVALENCE (HC»
EQUIVALENCE  (PCP(1)s
EQUIVALENCE  (PROD(1}»
EQUIVALENCE  (DATUM(1}s
EQUIVALENCE (PCy
EQUIVALENCE { IPROBy
EQUIVALENCE  (IHS,
EQUIVALENCE  (ISYM,
EQUIVALENCE (IDIDy
EQUIVALENCE  (1DRM»
EQUIVALENCE (Ly
EQUIVALENCE (M,
EQUIVALENCE  {N»
EQUIVALENCE (101,
EQUIVALENCE (103,
EQUIVALENCE (IMAT,
EQUIVALENCE  (IADD,
EQUIVALENCE (ITAPEs
EQUIVALENCE ¢ IDEBUGs

C
DIMENSION  G{20s21)s
DIMENSION  DEL N(90}s HO(90)»
DIMENSION  DELTA(20}s 80(15)
DIMENSION  COEFX{20)» DX(20)»s
DIMENSION  ELMTU15)s  DATAI23)s
DIMENSION  BOX{15)s BO
DIMENSION A(15+46) sATOM(10

C

C
€ SUBROUTINE TO COMPUTE PROPELLANTS
<

S0X ALF o
READ DRUM 4,485y JEANSATOM
IF{JEAN=222)51+50,51

51 CALL BCREAD(ATOM{101»31»ATOM{L»1})

50 DO 52 [=1,15

STZ ELMT(I}

$TZ BOX{1}

STZ BOF(I}

D@ 52 J=ls46

STZ Atlyd)

STZ TOTAL

NF=0

NO=0

NE=0

WRITE OUTPUT TAPE 6,400
400 FORMAT(8H1 INPUT//)

5

win Lo
n

(GL4201y Cl4201)
(FORM{15}s Cl15))
(ELMY(15)y C(30))
(DATA(23)s Ci53))
(A{ 690)y  C(1110})
(COEFT{135015CL1770)1
{ANS(454})s  C(8B74))

{SSUMs €1425))
{CPy Cla27yy
(DLMTP» C(429))

{ARATIO, C{431))
(SP IMPy Cl433))
{CFy Cla36))
(RHOVAC, Ct438)}

(PI Iy Claal))
(AW PTs Cl443))

{EP ETA, Cla47))
{T SIG» C(450) )
(EP SIG» Cta52})}

(EN{90)» Ct1860}))
(BOX(15)s  C(1785))
(BOF (153 C118001))

(HF Ci1802))
TVXMIN, CE1804))
(VFMIN, C{1806))

{EN LN190)s C{1950))
(DEL N(90}s C12040))
{COEFX(20)y C{1970))
1OX120) C{1870))
(HO(9C)» Cl2130})
{S190), 122201}
(X(20)s C(22401)
(FORMLA{18),C{2238})
(DELTA(20)s C(226811}
(BO(15}, C(2275))

(HSUBOs cl2277))
(T LNy C(22791)
{AAY LNy C12281))
(CPSUMy Cl2283))
{TC LNy €(2285))

{PCP(25) Cl2310)}
{PROD(3)s Ci2313))
(DATUM(3)y C(2323))

(TCy €12315))
(IFIXTy Ci2317))
(ICOND» C€{2319}))
(IPROD» €(2321))
(LDRUM» €{2323))
(KDRUM» €(2324))
{L1ls €{23261})
(Mly €t2328))
(10, C12330))
1102 {23323
[KMAT » Ci2334)})
{IUSE s Ci2335))
{ITNUMB <2337}
(P C(2339})
{IFROZs Ci2341))
EN(901}» EN LN(30}
5190} (201

PCPi25)y PROD{3)

FORM(15}s  COEFT(15,90}

DATUMI3]s FORMLA118)
ANS(454) s SYSTM(15)
{51 9ANUMLB )}

100 READ INPUT TAPE 7s1s{ANAME(L)sANUM(I)sI=)s5)9sPECWT+ENTHs

2DEN» TEMPETHR 9 DENS

1 FORMAT(S(A2+FTe¢5)sF8e59FF453A19F8e59A15FBe5)

IF(ANUM(1) 1999200599

99 WRITE OUTPUT TAPE 69402+ {ANAME(TI}sANUMII)s1=145}+sPECWTyENTH¢DENs

2TEMP4ETHRDENS

402 FORMAT (1X95{(A2s1XsFTeb92X)sFBabs2XsF9e292X9A192XsFB4392Xs

2A193X9FB45}

DO 9 I=1,s5
TOTAL=TOTAL+ANUM(T)
IF(ETHR-0X 111910511
10 NO=NO+1
KKaNO
KKX=NO
NN=31
GO TO 12
NF=NF+1
KK=NF+15
KKKaNF
NN=32
DO 98 J=1s5 X
IF(ANUMIJ)) 96497496
DO 31 I=1415

o

1

=

1

N

9.

kS

20 NHUT=0
33 KT=1

'
IF (ANAMELSI-ELMTIT1) 21520521



21
22

31
30
14

wwn

17
16
199

18
15

98
97

200
201

202

CovEnnennn

550

55
551

wenn

42

43

X

GO TO 30

IF(ELMT{1}) 31,22,31
ELMT( 1)=ANAME LJ}
NE=NE+1

NHUT=)

GO TO 33

CONTINUE

IF{NHUT 14915214

DO 16 I=1,101

CLA ATOMIIs1)

SUB ANAME(J)

TNZ*16

11=1

GO TO 18

CONTINUE

WRITE QUTPUT TAPE 64199

FORMAT (32H0 THERE IS A B8AD PROPELLANT CARD}

L=-1

RETURN
AINEsBT7)=ATOM(II,2)
A(NEs38)=ATOM{ I3}
ALKT ¢ KK =ANUMLJ}
CONTINUE
A[KKKsNN)=ENTH
A{KKK s NN+2) =PECWT
A(KKKsNN+4)=DENS
A(KKK#NN+20}=DEN
A{KKK s NN+12)=TEMP
A{KKK gNN+14)=ETHR
GO TO 100
IF(NE)20252015202
L=0

RETURN
JEAN=222
STZ WX
STZ WF
STZ HX
STZ HF
S$TZ RHOX
STZ RHOF
STZ VXPLS
STZ VXMIN

STZ VFMIN
00552 J=19NO
00552 WNE

A(J939)=A1J939}+ALT »37)%ALT »9 )
DO 53 J=1sNF

0 53 #NE
AlJe40)=A{J960)+ALT 3T )*ALT s J+15)
00550 I=14NO
HX=HX+A{1s31)%A(1+33)/A(139)
WX=WX+A(T433)

DO551 [=1sNF
HF=HF+A{1432)%A(1+34)/A(140)
WE=WF+A(14341}

$TZ ACX

$TZ ACF

STZ AMX

ST AMF

DO 42 I=1,NO
ACK=ACX+A{T,35)%A{1433)/A(1+39)
AMX=AMX+A{1+33}/A(1439}

ACX=ACX /WX

AMX=WX 7 AMX

DO 43 1=1yNF
ACF=ACF+A(T+36)#A(]434)/A11540)
AMF =AMF+A{134) /A011+40)

ACF=ACF /WF

AMF =WF / AMF .

WRITE DRUM 451516 sACXsACF s AMX s AMF
HX=HX /WX

HF =HF /Wf

DO 60 I=1sNO
IFLA11535))60s71960
RHOX=RHOX+A(1+33) /A(1s35)
RHOX=WX /RHOX

DO 61 1=1,NF
IF{AL1536)161571561
RHOF=RHOF+A{1+34)/A(1+36}
RHOF =WF /RHOF

GO TO 74

STZ RHOX

STZ RMOF

DO 57 I=1,NE

DO 56 J=1sNO

BOX(F)=B0X{11+A{1+J)*A(J933)/A0Js39)

BOX(I)=BOX{I)/WX
DO 59 I=1,KRE
DC 58 J=1sNF

BOF(1)=BOF(II+A(TsJ+15)%A{J934) /A1J940)

BOF{I)}=BOF(1}/WF

DO 62 [=14NE
IF(ALT1438)163+62464
VXPLS=YXPLS+BOX(I}*A(1,38)
VFPLS=VFPLS+BOF (1) #A(1,38)
GO TO 62
VXMIN=VXMIN+BOX {1 )#A(I438)
VFMIN=VFMIN+BOF {11 #A(1,38)

2 CONTINUE
WRITE DRUM LDRUM31996+80XsBOF sHX sVXPLSsVXMINsHF s VFPLS sVFMIN

2yRHOX s RHOF

4

1142

1143
1144

=14NO

(19364) /WF

TOTAL = MODF{TOTAL» 140}
IF(TOTAL}11425214391142

KD=1

GO TO 1144

KD=0

WRTTE DRUM 434859 JEANSATOM

WRITE DRUM 447955AsNFsNOyNEsELMT 4KD
L=NE

RETURN
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MT
GAS
BLK

555
557
559
561
563
565

431
1431
1432

432

43

w

434

436
437

438
439

441
445
447

MAIN PROGRAM TWO

COMMON ¢

EQUIVALENCE (Gl Ct1)dy (Gla20)y
EQUIVALENCE (FORM(1}s Cl1) s (FORM{1514
EQUIVALENCE CELMT (1) Ct161)s (ELMT{15)»
EQUIVALENCE 1DATA(L)» C{31))s (DATA(23)y
EQUIVALENCE tALL)y Ct421))y  (AL1350),

Ct420)}
CL1sy)
ci30h)
Ci53)}
<1770}

EQUIVALENCE [COEFT(1)s Ci421))s {(COEFT{1350}»C{177J1}

EQUIVALENCE (ANS(1)s Cla21} )y (ANSU454)

EQUIVALENCE {HSUM ClH241)y  {SSUM»
EQUIVALENCE (WTMOL » C(426) )y  {CPs
FQUIVALENCE (DLMPTy Cl428) )y  (DLMTP,
EQUIVALENCE { GAMMA Ct430))s  (ARATIOy
EQUIVALENCE [VMACH, Ci432) ) (SP IMPy
EOQUIVALENCE {VACT C{434))s  (CF»
EQUIVALENCE {RHOTy Ct437))y  {RHOVACS
EQUIVALENCE (RHO s Cl439)})
EQUIVALENCE (T Ply Cl440))r (P T
EQUIVALENCE (EP PI, Cta42))s (AW PI
EQUIVALENCE (T ETA, Clanb))
EQUIVALENCE (ETA Ty Ct4a6))s  (EP ETAS
EQUIVALENCE (AW ETA» Cl4n8l)y (T SIGy
EQUIVALENCE (SIG I, C{451))s  {EP SIG»
EQUIVALENCE (AW SIG» Ct453))
EQUIVALENCE {ENLLY, C{1771))s (EN(S0)y

EQUIVALENCE (BOX(1)y C{I7T72)) {BOX{15),
EQUIVALENCE (BOF (1) C(1786)1s {BOF(15)

EQUIVALENCE (HXy C{1801) )4 (HF»
EQUIVALENCE (VXPLSy CL1803} )y (VXMINg
EQUIVALENCE (VFPLS, Cl1805})y (VFMINg

C(87411
Clazs)
Ct427))
Cta29))
Cr431))
C(433))
Cla36})
Ct438)}

Clas1))
Ctaa3))

Claa7y)
Ctas50)}
Ct452))

C(186011)
ct17851}
C(18001)
cr1802))
C(1804))
(8]

806))
EQUIVALENCE {EN LN{1)» C{2861))s (EN LN(20]¢ C(1950}}
EQUIVALENCE IDEL N(1)s C{1951))y (DEL N(90}s C(2040))
EQUIVALENCE (COEFX(1}s C(19511)s (COEFX(20)» CL19701)

EQUIVALENCE {OX11)y C{1951))s (DX(20)s
EQUIVALENCE tHOU 1) C2041)1y [HOU90)y
EQUIVALENCE (501)y Ct2131))y (5(90)y
EQUIVALENCE X410, C(2221))s {X{20)y

C{1970)}
€(2130)}
Ci22201)
C(2240))

EQUIVALENCE (FORMLA(1)s C(2221))s (FORMLAL18)sC(2238))
EQUIVALENCE (DELTA{1)s CU2241))s (DELTA{20)» C12260))

EQUIVALENCE (BOEY)s Cl2261Y)y 1BOL15)
EQUIVALENCE (PO Cl2276) 3y (HSUBO,
EQUIVALENCE 150y Ct2278)1s (T LNy
EQUIVALENCE (Ty Cl22801)s (AAY EN»
EQUIVALENCE (AAY Cl2282})y (CPSUMs
EQUIVALENCE THCy Ci22B4))y {TC LN»

EQUIVALENCE {PCP(1)s C{2286))s (PCP{25),

EQUIVALENCE (PROD(1)y C{23111)y (PROD{3],

EQUIVALENCE (DATUMIL)s  C(23212)}y (DATUM(3),
’

EQUIVALENCE CLe314))y {TCy
EQUIVALENCE {1PROAY C122164)y {IFIXT,
EQUIVALENCE (IHS»y C(2318))y (ICONDs
EQUIVALENCE (ISYMy C123201)y (IPRODy
EQUIVALENCE (IDID, C(23223)s (LDRUMy
EQUIVALENCE (IDRMy C123231)s (KDRUM»
EQUIVALENCE (Ly C1232531y (L1
EQUIVALENCE My C123271)s (M1
EQUIVALENCE {Ny C{2329)1y (1Qy
EQUIVALENCE (1Q1y Ci2331))y {102y
EQUIVALENCE (103, Ci2333)}s (KMAT,
EQUIVALENCE (IMAT, Ct2335)1y (IUSEs
EQUIVALENCE (TADDy C23363 )y (ITNUMBS
EQUIVALENCE (ITAPEs C12338})s (Ps
EQUIVALENCE (IDEBUGs C123401)y (IFROZs
DIMENSTON G{20y211y Al15490) EN(SOYY
DIMENSTON DEL N{90Js» HO(90)» 5{90)s
DIMENSION DELTA{20)» BO{1L)» PCPI25)y
DIMENSION COEFX(201s DX{20)s FORM{15)
OIMENSION ELMT(151, 0ATA(23) DATUMI3 Y
DEMENSION ROX(15) BOF(15)y ANS (4541},
ALF

ALF 00nr00G

ALF 00000

REWIND 3

NG EQ=0

ITES 1

S1ZE=1845

IF {IPROB=3} 557+5634565
PC=PC/144696006

Po=PC

IF (TC) 55955594561

TC LN= 8425

GO TO 431

TC LN=LOGF(TC)

P0=040
T LN=LOGF{T)

START CALCULATION FOR NEW OVERALL COMPOSITION

TADD=1

IF (IFROZ) 1431,379s1432
READ DRUM 4,4795TUSE

IF {IUSE) 1432914324433
DO 432 K=1sN

EN(K}=0e0

EN LN{K)=0e0

DEL N(K}=040

AAY LN=540

SENSE LIGHT 0

IF (IPROB~2) 43534455434
IF {IPROB-4) 45544655379
IF {1ADD-1) 37994364441
SENSE LIGHT 1

IF {PCP(TADD)) 23152315439
SENSE LIGHT &
P0=PC/PCP{1ADD}

GO TO 13

1F {1ADD~25} 43844384231
IF (I1ADD=1) 37944474441
SENSE LIGHT 2

GO TO 437

cr2275))
cl2277))
€122791)
c{2281))
Cl2283))

C(2324))
<i2326))
c{2328))
€{2330}}
€(23321)
Ct2334))

EN LN{90)
X120)
PROD{3)
COEFT(15+90)
FORMLALLRY
SYSTMI15)
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458
459
460

465
469
470
473

17
19
21
23

27
31

37
38

39

4

o

42

4

w

45
46

47
48

49
5t

52

53

54
55

56
57

58
59

60

6

-

910
911

912
80

83

87

91
93
95

9

o

99
101

IF [1ADD=25) 459,459 s??l
iF (VCP(IADD)) 231» 315460
T=PCPITADD)

T LN=s LOGFIT)

GO TO 473

IF (1ADO-25) 46994694231
IF (PCPITADD}} 23192314470
PO=PCP{TADD)

SENSE LIGHT 2

'SENSE LIGHT 4

BEGIN CALCULATIONS FOR CURRENT POINT
CHECK TEMPERATURE RANGE OF THERMODYNAMIC DATA

READ DRUM KDRUMs1yCOEFT

PO LN=LOGF(P(Q)

IF (IPROB-2) 1717919

T=EXPF{T LN}

IF (COEFT(7s1)=T) 21427427

IF (COEFT(751)-5000.0} 233314231
BACKSPACE TTAPE

BACKSPACE TTAPE

READ TAPE ITAPEs ({COEFT(KsJ)aK=1925)4J=1190)
WRITE DRUM KDRUMss¢COEFT

SENSE LIGHT ¢

GO TO 19

IF (T-COEFT(611)) 29,3737

IF (300+0-COEFT(651)} 259319231
IF (SENSE LIGHT 4} 384305

ELIMINATE THOSE SPECIES WHICH DO NOT HAVE DATA IN THIS INTERVAL

IF (SENSE LIGHT 4 ) 38,142
SENSE LIGHT 4

D0 40 J=14N

IF (COEFTI(8yJ)) 4093994
CALL BYPASS (Jy2)

EN LN(J)=0e0

EN(J}=040

CORTINUE

BEGIN ITERATION FOR COMPOSITION

10=10

1e1=1Q1

102=192

103=1Q3

ITNUMB=30

DO 48 J=1eM

CALL BYPASS (Js1)

IF (IPROD~2) 48+45¢48
IF {EN LN(J)I+STZE-PO LN} 46346447
EN{J)=0.0

GO TO 48

EN(J)=EXPFLEN LNEJ))
CONTINUE

IF (IPROB=-2) 49449951
T=EXPF(T LN}
AAY=EXPF{AAY LN)

READ DRUM KDRUMs1+COEFT

CALCULATE HEAT CAPACITYs ENTHALPY AND ENTROPY

IFIXT=3

IF (SENSE LIGHT 2) 52455
SENSE LIGHT 2

IF (SENSE LIGHT 4} 53455
SENSF LIGHT &

IFIXT=1

IF t1TNUMB-30] 55954455
IFIXT=2

CPSUM=040

00 60 J=1N

CALL BYPASS (Js1)

IF (IPROD-2) 60456160

IF (IFIXT=2) 59458557
CPSUM= =CPSUMH{ ( ( {COEFTI125 JI#T+COEFT {115 J) )%¥T+COEFT{10sJ) ) #T+COEFT(

199 J) 1 ¥TH+COEFT (B9 J) ) #EN(J}

HO(J)—((((COEFT(12!J)/5-0)*T+COEFT(ll1J)/Ac0)*T*COEFT(IOsJ)/EcOI*Y

1+COEFT(99J1/240)#T +COEFT(133J)/T+COEFTI8sJ}

SU{J)=(({{COEFT(12+1J)/440 )*T+COEFT(11.J)/3.0)*T+COEFT(10;J)/2-0)*T

1+COEFTI99JI }¥T+COEFTI89JI#T LN+COEFT (145 J9=2N LN(

CONTINUE
CONSTRUCT MATRIX AND SOLVE THE EQUATIONS

READ DRUM LDRUMs1sA

CALL MATRIX

IF {SENSE LIGHT 4) 614171

SENSE LIGHT &

CALL GAUSS (1576)

If (IDERUG} 910s80s910

00 911 I=1sIMAT

WRITE OUTPUT TAPE 69912+ (G(1+K)sK=1sKMAT)sDELTALT}
WRITE OQUTPUT TAPE 649125 (X{1)s1=1sIMAT)
FORMAT {8El446)

EF (IDID-IMAT} 81,85,81

IF (SIZE-18,5) 83s83,311

SIZE=27+5

GO TO 43

ITNUMB=1TNUMB=~1

DO 87 K=1pIMAT™

IF (ABSFIDELTA(K}}~0s5€=4) 874874315
CONTINVE

OBTAIN CORRECTIONS TO THE ESTIMATES

D LN T=Xx(102)

IF (IFIXT=2) 934954379

D LN T=0s0

00 101 J=1,M

CALL BYPASS (Js1)

IF (IPROD-2) 96197396

DEL N{J)=040

GO 10 101

DEL N(J)=HO{JI#D LN T=HO{J)+S{J}
DC 99 K=1sL

DEL N{JI=DEL N{J}+A(KsJI*X(K}
CONTINUE

IF {L-1Q} 10351099109
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103
104
108

106

107
109

713
915

216

1915
1917

97

110
1110
920
921

1

923

111
113

115

117
121

122
1122
123

124
125
1124
1126
126
127
128
129
1129
1130
130

133

142

146
147

148
149
150
151

153

154

J=M1

00 107 K=L1,I10Q
CALL BYPASS (Jy1)
IF (IPROD-2) 10551064105
DEL NiJ}=0.0
J=J+l

GO TO 104

DEL N{J1=X(K}
JuJ+l

CONTINUE
AMBDA=140
AMBDA1=140

CLAD LN T

SUM= ABSF(X(IOI))

G0 1O

SUM!ABSF(D LN T}

DO 917 J=1sM

IF (EN(J)) 917419154916

SUM=MAXLF (DEL N{J)ySUMY

GO TO 917

IF (DEL N(J)} 917491741917

SUM1=ABSF( (PO LN=9,212-EN LN{J})/DEL N{J})

AMBDAT=MIN1F { SUM1,AMBDA1)

CONTINUE

IF {SUM~2.0) 1110+1110,110

AMBDA=240/SUM

AMBDA=MIN1F {AMBDA » AMBDAL)

1F {IDEBUGY 921,111»321

READ DRUM KDRUMs) s COEFT

WRXTE OUTPUT TAPE 63923+ TsPsAAYs AMBDAs ((COEFT{KsJ)sX=193}s
N{J)SsEN LN{J}SDEL NUJIHHOUJI) SIS} 9JmT N}

FORMAT {4E25¢8/11X93A695E15e6))

APPLY CORRECTIONS TO THE ESTIMATES

DO 113 J=1sM

EN LN{JI=EN LN{J}+AMBDANDEL N{J)
I1F {ICOND~2} 11541219375

00 117 J=M1,N
EN{J)=EN(J)+AMBDA#DEL N(J)

T LN=T LN +AMBDA¥D N T

AAY LN=AAY LN- AMBDA®X(IQ1)

IF {SENSE SWITCH 6) 122,124

IF (IDEBUG) 1122,123s1122
1DEBUGE=0

GO TO 231

IDEBUG=]

TEST FOR CONVERGENCE OF ITERATION

IF (TTNUMB) 1254132,125

IF {AMBDA-1.0) 43511245231

P=0.0

DO 1126 Js=l,M

PaP+EXPF(EN LNLJ)}Y

If {ABSF({PO~P}/P}}~0e5E=5) 1264126943
Sum=p

IF(ICOND-Z)127;129:375
DO 128 J=i

SUM=SUM*ABSF(FN(J)’

DO 130 J=1:N

IF (J=M) 112951129,1130

IF (ABSE{EN(JI*DEL N{J)/SUMI-0+5€=51 1304130443

IF {ABSF{DEL N(UY)/SUM)I=045E=5) 1309130943
CONTINUE

IF (SENSE LIGHT 4} 133,133

GO TO 13

ELIMINATE THOSE SPECIES WITH NO DATA AT THIS TEMPERATUREs ADD
THOSE WITH DATA AT THIS TEMPERATURE

DQ 170 J=1l.N

CLA COFFTU14J)

SUR MT

TNZ*170

IF (COEFTI55J)14100.0=T) 28511434143
IF {T=COEFTI45J)+1000) 2959144144
IF {500040=COEFTI59J)) 1441449301
IF (COEFT(49J)-30040) 14421449301
IF {J=M) 14591459146

CALL BYPASS (Js3)

GO TO 170

CALL BYPASS (Je2}

EN{J) =00

EN LN(JI=0e0

DEL NUJI=0e0

GO TO 170

IF (EN(J)} 14752485170

EN{J}=040

DEL NtJ12Q.40

CALL BYPASS (J»2)

60 TO 42

SKIP CONDENSATION CHECK IF T IS HIGHER THAN MELTING POINT WHEN
TESTING 50LIDs OR LOWER THAN MELTING POINT WHEN TESTING LIQUID

IF (COEFT(44J)~COEFTISsJ=11} 15041499150
IF {COEFT(49J)=T} 15341534170
IF {COEFT(S+J1~COEFTI4eJ+L}] 15341514153
IF {T-COEFT(5+J}} 1525153,170

CHECK FOR CONDENSATION
IF MORE THAN ONE CONDENSED PHASE OF ANY SPEZIES CAN EXIST THE

PHASE STABLE AT THE HIGHER TEMPERATURE MUST PRECEED THAT STABLE AT

THE LOWER TEMPERATURE ON MASTER TAPE

DO 155 Ka2e3
SUMaCOEFT{KJ)
bo 15k 12156
LDG S

LoL 6

570 SUM
SuB BLK
TZE*1B6
CONTINUE
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155 CONTINUE
K=3

GO TO 159

156 1=1-2
IF (1) 15741585159
157 K=2

Ias
GO TO 159
158 Ka2
1=6
159 FORM{2)=COEFT(294)
FORM({3)=COEFT(3sJ)
Fz6#]
Jas42-1
LXD Ist1)
LXD JJy{JJ)
LDO FORM(K}

LGL 364 (JJ}
M

LBQ SUM1

LGL 365 (3d)

CAL suM

LGL 424(1)

SLW FORM{K)

5O 160 K=loM

CLA FORM{2)

SUB COEFT(24K}

TNZ*160

CLA FORM(3}

SUB COEFT{34K}

TZEX162

CONTINUE

CALL BYPASS (J,3}

GO TO 170

CALL BYPASS (Ksl}

IF {IPROD-2) 170+163+17

163 HOtJ) = LLICOEFT(129J)/500)#T+COEFTIT19J)/4u0I#T+COEFTI1000)/340}%T
1+COEFT{94J}/2e0}%T +COEFT(139J)/T+COEFT{8y S}
SUJII={{LCOEFT{125J)7640 INTHCOEFTI119J)/3.0)#TH+COEFTI10001/2401%T
1+COEFT(99J) I¥T+COEFT (89} ¥T LNHACOEFT(149J)
TF {HO(J)=S{JI=HO(KI+SIK)} 16441645170

164 CALL BYPASS (Js3)
EN(J)=040
GO TO 42

170 CONTINUE

16

p

16,

N

IF COMPOSITION HAS BEEN CORRECTLY DETERMINED CALCULATE THE
EQUILIBRIUM PROPERTIESs OTHERWISE CONTINUE ITERATION

. IF (SENSE LIGHT 4) 117141172
1171 SENSE LIGHT 4
GO TO 42

1172 1F (1TNUMB) 424971942

971 WRITE OUTPUT TAPE 64973+1ADD

973 FORMAT {70HL30- ITERATIONS DID NOT SATISFY CONVERGENCE REQUIREMENTS
1 FOR THE POINT 15)
GO TO 42

CALCULATE EQUILIBRIUM PROPERTIES

171 READ DRUM KDRUM»15764ANS
WIMOL =AAY/P
HSUM=G6{ 102+ 101} *T/AAY
SSUM=040
D0 183 J=liN
CALL BYPASS (Js1)
IF (IPROD~21 1835181,183

181 SSUM=SSUM4S [JIREN(J)

183 CONTINUE
SSUM=SSUM/AAY
IMAT=TMAT-1
CALL GAUSS (1576)

I IF (IDID=IMAT) 1721745172

172 CPRaCPSUM/AAY
GAMMA=CPR/ (CPR=[140/WTMOL) )
DLMTP=0¢0
OLMPT=040
GO TO 188

174 DLMTP=X (101}
IF (ABSFIDLMTP)=2745) 1174411744172

1174 CPR=G1102,102)
00 175 J=1s101

175 CPR=CPR-G(1Q2+J)%#X{J)
CPR=CPR/AAY
IMAT=2IMAT=-1
CALL GAUSS {1576)
0 179 J=1sL

179 DLMPT=DLMPT+G(1015J)*X{J)
DLMPT= {P~DLMPT) /DLMPT
IF (DLMPT-27+5} 180s180+172 )

180 GAMMA=140/11+0+DLMPT=({14G-DLMTP I ##2 ]/ (CPREWTMOL ) §
IF [GAMMA) 172,172,185

185 IF (IPROB-2) 18611864207

186 IF (IADD-2) 18791914197

187 WTMOLC=WTMOL
TCat
PCap
HC=HSUM

50=SSUM

188 T PI=-DLMTP/IWTMOL*CPR)
T ETA=100040/(CPR#TC*1,98726)
T S16=~(140-DLMTP) /{WTMOL*CPR}
GO TO 207

CHECK FOR CONVERGENCE AT THROAT

191 DHSTAR=HC-HSUM = {GAMMA®T/(2.0%WTMOL))
IF (ABSF(DHSTAR/IHC~HSUM) 1=044E=4} 19741975192

192 IF{ITROT} 19351974193

193 PCP{2)=PCP(2) /1100425 0%DHSTAR®WTMOL / { TH{GAMMA+1 003 ) )
PO=PC/PCP{1ADD)
1TROT=1TROT-1
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If {IDEBUG) 92931949929
WRITE OUTPUT TAPE 65923»
SENSE LIGHT 4

GO TO 13

DHSTAR yHC#HSUMsPCP { IADD)

CALCULATE PERFORMANCE PARAMETERS

SP IMP2294.98%#SQRTF ( {HC-HSUM}¥1498726E~3)
RHOI=RHO*SP IMP

SUM=T/ (24 0% (HC=HSUM) )

PI I=SUM*(WTMOL~WTMOLC}/{WTMOL *WTMOLC}
ETA I=SUM{TC=T)/(TC#T#1.98726)%1000.0
SIG I=SUM/WTMOL

T Pl={{(WTMOLC=WTMOL) /WTMOLC}~DLMTP}/(WTMOL*CPR)
T ETA=100040/{CPR¥TC#1498726)

T SIG=~{10-DLMTP)/(WTMOL*CPR)
AW={8644579%T )/ LAAY®144696006%SP IMP)
111e0~DLMTP )/ {WTHMOLCHCPRI+1 o O/GAMMASPT 1)
ETA*(1.0=DLMTP}-ETA [
«0/GAMMA~SIG I

IF {IADD~2) 2039201,203

AWT =AW

CSTARS322174#%PCH1 44596006 %AWT
CSTRPI=1¢0+AW PI

STR ETA=AW ETA

STR SI1G=040

AWT P1=AW PI

AWT ETA=AW ETA

AW SIG=040

CF=324174%SP IMP/CSTAR

ARATTO=AW/AWT

VACI=SP IMP+P*14,696006%AW
RHOVAC=RHO#*VACT

VMACH=SP IMP/SQRTF{86+4579%#GAMMART /WTMOL }
EP PI=AW P1-AWT PI

EP ETA=AW ETA-AWT ETA

EP $IG=AW SIG

HSUM=HSUM#1,98726

SSUM=SSUM®1498726

CP=CPR¥*1498726

OBTAIN COMPOSITION 1N MOLE FRACTIONS

SUM=p

IFf (ICOND=2} 20992139375
00 211 JaMI4N
SUMaSUMHENTIY

D0 215 J=1aN

ANS (4% J+34) =ENTJ) /SUM
1F (IPROB~2} 217+217+22
ANS{1)=PCPLIADD)

IF (IADD=2) 2209219219
ANS{15)=CSTAR
ANS(24)=CSTRP1
ANS(291=STR ETA
ANS(34}sSTR S16
ANS(2)1=P

ANS(3}=T

K=34+4%N

PRINT OUT THE CALCULATED ANSWERS
IF (IDEBUG) 1221422251221

1221 WRITE OUTPUT TAPE 692219 (ANSIT)yI=10K)

305
306
1

307
308
1309
1310
1311
1312

1313
1315

30

@

311
312

315

375
377

1377
378

FORMAT (1H /7/7/5E2048/5E20¢8/5€2048/4E2048/562048/5E2048/5€2048//7
(3(7Xs3A69F8e5}11

GO TO 2223

WRITE TAPE 3y (ANS(1}y [=2)44564)

NO EQ=NO EQ+1

IFf (1ADD=2} 2235225225

IF {IPROB-2) 2249122441223

IF (IFROZ) 122391224»1224

PCPL2}=((GAMMA+1401 /240 ) #X{GAMMA/{GAMMA=1401})

T LN=T LN+LOGF {240/ (GAMMA+L401}

WRITE DRUM 451 5ANS

TADD=1ADD+1

GO TO 433

IF INO EO) 278,378,1231
WRITE DRUM 49793sNO EQ

IF (IFROZ) 23293794235

IF - (1ADD-2) 3789233,378

IF (IDEBUG) 3785234378
CALL PONGi#)

IF {IPROB~2) 23742379239
CALL PONG(3)

WRITE TAPE 34(G(1)s1=152341)
CALL PONG(S)

ERROR PRINT OUT

WRITE OUTPUT TAPE 61306¢T21ADD

FORMAT {17HLTHE TEMPERATURE=E1244s34H Ky 1S OUT OF RANGE FOR THE P
QINT 15)

IF {6000+0=T) 30943074307

IF (T-200+0) 1309+308+308

GO TO 142

IF (TADD=1) 309413104309

IF (1PRO8B=-2) 131193099309 |

1F (ITEST-N) 131251312+309

DO 1313 J=ITESTsN

CALL BYPASS{Jsl)

IF (1PROD-21 131521313,1313

CONTINUE

GO TO 309

ITESTaJ+1

CALL BYPASS{J33)

GO 7O 555

1ADD=25

IF (SENSE LIGHT 4} 4242

WRITE OUTPUT TAPE 643129IMAT,IDID

FORMAT (/15HITRIED TO SOLVE 13,224 EQUATIONSs ELIMINATED I3)
60 70 375

WRITE OUTPUT TAPE 643163

FORMAT (/47HIRESIDUALS FROM SUBROUTINE GAUSS EXCEED 045E-4)
IF (IDEBUG) 2319377231

1DEBUGS1

1F {1PROB-3) 137745554535

PC=PC%*144696006

GO TO 555

WRITE TAPE 39{GII)s151,2341}
BACKSPACE 3

CALL PONGI1)
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PAUSE 77777

SUBROUTINE GAUSS {IWRD}

SUBROUTINE GAUSS SOLVES ANY LINEAR SET OF UP TO TWENTY EQUATIONSs

BY ITERATION IF NECESSARY

COMMON ¢

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALEMCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTON
DIMENSION
DEC 1

DEC 4

DEC 128
8TZ I0ID
CLA TUSE
TZE*80

ISE1
1 K= 1,
STZ XK}
STZ DELTA(K)
CONTINUE
ITERA= O
KAPUT=]

STO DSuMi

(Gtl)y
(FORM({1)s
(ELMTIL)»
{DATA(L)»
[(Al1)e
(COEFTILYs
(ANS(1)y
(HSUMy
{WTMOL»
(DLMPT»
(GAMMA,
{VMACHs
1VACI s
(RHOT y
{RHO s

{T PIy
(EP PI»
1T ETAs
(ETA Iy

{BOF (1}
(HXy
(VXPLSs
(VFPLS»
{EN LNIY)»
(DEL N(1l)s
{COEFX{1)y
(DX(1)y
{HO(1Yy
(5011
Xty
(FORMLA{1)
(DELTA{1)>»
(BOL1)s
(90

{IDEBUG

G120421)»
DEL N(9C}s
DELTA{20)»
COEFX(20]y
ELMT(15),
BOX(151},

JUSE

Cta21) iy
C{421) )y
C{421) )y
Cla26) s
Cla261 )
Clu28))s
Cta30))y
Cl432) )y
Cla34))s
Cla3T) )y
C{a39))
Clab0) Yy
Cla4a2) )y
Cla45))
Clat6) )y
C448) 3y
C{a51) )y
CL453))
Cl1771))y
C17711)s
Cl1786))
€118011)y
C(18031})
Ci1805) )y
Cl1861)),
Cl1951)})s
CL1951)1,
C(1951)),
C{20411),
Cl2131) ),
C(22211),
v Cl2221) ),
Ci2241))s
C({2261) 1,
C12276))
C(227811y
C(2280) )y
C12282)),
Ct2284)),
C(2286) )
€12311)),
Cl23111}1,
C{2314)),
C{2316) 1,
Ci2318))
C12320)1,
C123221),
Ct2323)),
C{2325) ),
Cl2327) ),
€12329) 1),
Ci233111y
C{2333)),
C12335) ),
C12336)),
C(2338)),
Ci2340)),

A{15490)+
HO{90}
BO{151}y
DX{20}y
DATA123)
BQF {15},

(G(620)y Ci420))
(FORM{15)y C(15})
(ELMT(15)y C(30))
{DATA(23)y C{53))
1A{1350)y  CL1770})
(COEFT(1350)+C(1770))
(ANS (4564}, Cl874))

(SSUMs C(425))
(CPy cla2?y)
(DLMTPs Ct429))

{ARAT IOy Cta3ly)
1SP IMPy C(433)}
(CFy Cl436))
(RHOVAC Y Cla3g))

(P1 Iy Clas1))
(AW Pls Cla43y)

{EP ETA, CLa47}yy
{T SIGs Ctas50y)
(EP SIGy cras2yy

(EN(SO) c{1860))
(BOX(13§s  C(17851}
(BOF{15) €11800})

(HF s Ct1802))
(VXMINS C(1804))
(VFMINS C118061)

(EN LNI9O)y C13950))
{DEL N(90}s CL2040})
{COEFX{20)s C(1970))
(DX120)y Cl1970}}
(HO(90)y C(2130}1)
(S(90)s €t2220))
{X(2010y Ci2240))
(FORMLA{18)+C(2238))
(DELTA(20)s CL2260))
(BO(LS)y c12275))

(HSUBO» Ci2277}}
(T LNy C(22791 1
(AAY LNy ci2281))
{CPSUM, claz283))
{TC Ll C{2285))

{PCPL25)y C{2310))
{PRODI3},  C122313})
(DATUNM{3)y C(2313))

(TCy €12315))
{1IFIXTs c(2317))
{ICONDs Cl2319))
({IPROD+ ct23211)
(LDRUMs ci2323))
{KDRUMs C(2324))
{Lls C{2326))
{M1y cl2328y)
{1Qy C{23301})
(102, ct233z11
(KMAT» Ct2334))
(1USEy €t2335))
{ITNUMB» ci12337))
(s €12339))
(1FROZ)» €12341))
ENL9O)s EN LN(90)
5(90)s 20)

PCP125) PROD(3}

FORM{15}y COEFT{15490)

DATUM(3}s FORMLA (18}
ANS(454)y SYSTM{15)

SAVE MATRIX ON DRUM IORM BEGINNING AT LOCATION IWRD

WRITE DRUM IDRM» IWRDs G

TQO%*3
TOV*4
oCT
NOP

BESIN ELIMINATION OF NNTH VARIABLE

NZ:

CLA GUNNsNN)
TZE*23
TRA®31

SEARCH FOR MAXIMUM COEFFICIENT IN EACH ROW

DO 18  IaNN,

STO J
CLA G(14J)

1VSE

65
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TZE*14

SYZ COEFX(I)
J= U+l

CLA TUSEL
suB J
TMI*12

CLA GiIsJ)
5SP

LRS 35

. ADM COEFX{I1}

1

~

101

103

15 S

16

18

2

o

21
2

~

23

28

3

s

134
36

4

o

4

1)

43

44
45
46

I3

by

TLQ*10
5TQ COEFX(1}
TRA*10

CLA COEFX(I)
FOP G(IsNN}
TQO*101

LLS 35

557

TRA*16
TOV*103

4

SP

$TO COEFX(I)
TOV*18
CONTINUE

SEARCH FOR ROW WITH THE MINIMUM MAXIMUM COEFFICIENT

fqu )

com

8sP

STO TEMP
57z 1

00 22 JaNNs IUSE
CLA TEMP
LDQ COEFX(J)
TLO*21

GO TO 22
5TQ TEMP

1=y
CONTINUE
CLA

TNZ*28

CLA NN

SUB J1

570 IDID
TRA*80

INDEX 1 LOCATES EQUATION TO BE USED FOR ELIMINATING THE NTH

VARIABLE FROM THE REMAINING EQUATIQNS
INTERCHANGE EQUATIONS I AND NN

CLA NN

suB 1

TZE*31

0O 30 J= NN» IUSEL
CLA G{I+J}

LDG G(NNpJ)

STO Gl1+J)

STO GINNsJ}
CONTINUE

OIVIDE NTH ROW BY NTH DIAGONAL ELEMENT AND ELIMINATE THE NTH

VARIABLE FROM THE REMAINING EQUATIONS

K= NN+1

DO 36 J=K» IUSEL
CLA GINNyJ)
FDP GUINNyNN}
TQEO*34

STQ G{NNsJ)
TRA*35
TOV#134

CLM

LLS 28

SSP

5UB IOR
TMI*23

STZ G(NNyJ)
TOV¥36
CONTINUE
CLA K

SUB TUSE1
TZE*46

DO 45 1aKy 1USE
DO 44 JaKs IUSEL
LDQ G{(NNsJ)
FMP GUTsNN}
TOV#42

CHS

FAD Gl1+J)
STO G(I+J}
TOO*44
TRA®44
TGO*43

GQ TO 23
LRS 1

PBT

TRA#23
CONTINUE
CONTINUE
CONTINUE

BACKSOLVE FOR THE VARIABLES

CLA IUSE

STO 1DID

LXD IUSEs (K)
SXD Ko tK)

J= kel

STZ SuM
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66
68

7

N

74

7

=

76
78

80

CLA TUSE

SUB J

TMI*51

D0 50 I=x Jo IUSE

SUM= SUM + GUKs1)#DX(I}
CONTINUE

DX{K)= G{KsIUSEL}=5UM
X(K}=X(K}+DX (K}

TIX*47 o (K}s 1

READ DRUM IDRM»IWRDy G

CALCULATE RESIDUALS (OSLTA RIGHT HAND SIDE}

$Y2 DSUM

DO 64 I=1,IUSE

STZ SUM

DO 35 J=),JUSE
SUMaSUMHG{ TsJ) *¥XUd)

CONTINUE
DELTA{I)uG{1sTUSEL)~SUM

IF (ABSFUIG{IsIUSEL1})=1e0) 6256246
DELTALI)aDELTA(TI/GIIIUSEL}
DSUM=ABSF(DELTA{T) )+DSUM
CONTINUE

GO TO {66280} 1KAPUT

IF (DSUM~DSUM1) 74980168
KAPUT=2

DO 72 K=lyJUSE
X{K)I=X{K)=0X{K}

GO TO 52

DSUM1=DSUM

_CLA ITERA

ADD 11
STO ITERA

DO 78 I=l,IUSE

IF {ABSF(GUIsIUSEL))-140} 75475,76
G{I+TUSEL)=DELTA(I}

GO TO 78
G{IyJUSEL)=DELTA(TI)*G{IsIUSEL)
CONTINUE

GO0 10 2

RETURN

67
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SUBROUTINE MATRIX

COMMON C

EQUIVALENCE (Gl1)y Cll))s
EQUIVALENCE {FORM{1])s Cl1)dy
EQUIVALENCE (ELMT(1)s  C(16))s
EQUIVALENCE (DATA(1)» Ci31))s
EQUIVALENCE (ALL)y C(421))
EQUIVALENCE (COEFT(1)» Cl421})
EQUIVALENCE (ANS{1)s Cl421) )y
EQUIVALENCE (HSUM, Clh248) ),
EQUIVALENCE (WTMOL» Cl426) )y
EQUIVALENCE (DLMPTs Ct428))
EQ'IVALENCE {GAMMA CtH30)),
EQUIVALENCE (VMACH» C(432))
EQUIVALENCE (VACTy Cl434))
EQUIVALENCE {RHOT Cla3Th)y
EQUIVALENCE (RHO» C1438))
EQUIVALENCE (T Ply Claa0})y
EQUIVALENCE {EP PIy Claa2) )y
EQUIVALENCE {T ETAs Cluhs))
EQUIVALENCE (ETA Is Clu46))
EQUIVALENCE (AW ETAy Cl4n8))
EQUIVALENCE (SI6 1y C{451) )y
EQUIVALENCE LAW 531G Cia53))
EQUIVALENCE (ENT1)s CL1T71})
EQUIVALENCE (BOX{1l)s CL1T71))
EQUIVALENCE (BOF({1)s CL17861)
EQUIVALENGE (HX C(1801))
EQUIVALENCE (UXPLSs C(180311),
EQUIVALENCE (VFPLS» €11805)),
EQUIVALENCE {EN LN(l}s C(1861)})s
EQUIVALENCE {(DEL N({1l}y C(1951))»
EQUIVALENCE [COEFX{1}s CL1951))s
EQUIVALENCE {DX(1)y C11951))
EQUIVALENCE {HO(1)s €{2041))
EQUIVALENCE 15ty €{2131})
EQUIVALENCE (X(1)s ci2221}))
EQUIVALENCE (FORMLA(L}s C(2221))
EQUIVALENCE (DELTA(Ll)s C{2241))»
EGUIVALENCE  {BD{1)s €i2261))
EQUIVALENCE (POs C122761)s
EQUIVALENCE (509 C(2278) )y
EQUIVALENCE (Ty C(2280) )y
EQUIVALENCE (ALY €1228211
EQUIVALENCE {HCe C12284)1
EQUIVALENCE (PCPI1}y €(22861))y
EQUIVALENCE (PROD(1)y CL2311}1)
EQUIVALENCE (DATUMIL}y C(2311))y
EQUIVALENCE (PC» €l2314)),
EQUIVALENCE {IPROB» C12316))
EQUIVALENCE (IHSy €12318))y
EQUIVALENCE (1SYM, €12320)1
EQUIVALENCE (IDIDy C123221 )
EQUIVALENCE {IDRM» C12323)),
EQUIVALENCE {Ly C{2325))y
EQUIVALENCE My C42327))
EQUIVALENCE Ny C{2329)}y
EQUIVALENCE {101y C12331))
EQUIVALENCE (103 Cl2333) 1,
EQUIVALENCE  {IMATs Cl233511,
EQUIVALENCE ({IADD C{2336) )y
EQUIVALENCE {ITAPEs C(2338)}y
EQUIVALENCE { IDEBUGs Cl23400 )y
DIMENSION  G{20s21}s  A(159901}s
DIMENSION DEL NI90)s HO{90)s
DIMENSION DELTA({20)s BOL15)s
DIMENSION  COEFX(20)s DX{20)»
DIMENSION  ELMT(15)»  DATA(23},
DIMENSION BOX(15)s BOF{15}

DETERMINE WHICH MATRIX IS TO BE SET

SENSE LIGHT LIGHT ON
COMBUSTION TYPE

2 ASSIGNED TEMPERATURE
4 NOT CONVERGED

I1g1=1Q1

I102=102

193=103

IF (SENSE LIGHT 2] 14

SENSE LIG

IGHT 2
IF [SENSE LIGHT &) 23
SENSE LIGHT 4
IFIXT=1
ISYM=1Q1
GO 70 10
IFIXTe2
IHS=1
1SYM=1Q2

IF (SENSE LIGHT 1) 546
SENSE LIGHT 1

THS=1

ISYm= 102

GO 7O 10

IF (SENSE LIGHT 4) 7» 8
SENSE LIGHT &

THS=2

ISYM=1Q1

ISYM=102
CLEAR MATRIX STORAGES TO ZERO

DO 212 1914102

00 211 K=1,1Q03
GlIsK)= 060
CONTINUVE

CONTINUE

ICAND=1

IF {L=10} 149213514
ICOND=2

BEGIN SET UP OF ITERATION MATRIX

(G1420)» C{420))
{FORM{15)y C{15)}}
(ELMT(15)s C(30)})
{DATA{23)y C(53))
1AL1350)s  CL17700)
{COEFT(1350)5C{1770)}
(ANS{456)s  C(8T4))

{SSUMs Ct42s))
{CPy ct427y)
{DLMTP, Cl429))
(ARATIO, Clu3lyy
(SP IMPs Cl433))
(CFy Clazer)
(RHOVAC Cl438))
(PI Iy Claaly)
(AW PIy Cl443}))
{EP ETAs ClaaTy)
(T SI1Gy C14501)
(EP SIGy C(452))
(EN(9O}, C11860)
(BOX(15)y  €{1785)
(BOF(15)y  €(1800)

3
)
)
3
]
(VEMINy )
(EN LN(90)s C(1950))
(DEL N(90)s C{2040)}
(COEFX(20)s CL1970))
)
)
)
)
)

(DX{20)s C(1970}
(HO(901}y C12130)
(5(901y C€{2220)

(X120)» cl2240)
(FORMLA(18)sC(2238)
{DELTA(20}s C{2260))

{80115 C12275))
{HSUBOY c{2277))
{T LNs €{2279))
(AAY LNy C(2281))
(CPSUM, Cc12283}))
(TC LN Ct2285))
(PCP(25)»  C(2310))
(PROD(3)y  C{2313))
(DATUM{3)s C(2313))
{TCy Cc(23151
LIFIXT, C(2317)})
{ICONDs Cr2319h}
(IPRODs creszln)
(LORUM» Ct2323))
(KDRUMs C12326))
(Lls Cr2326}1}
il c(2328)}
[8{-1 C(23301)
(1024 ct2332))
{KMAT s €{2334))
(1USEs €(2335}})
LITNUMB y Ct2337))
Py C€12339))
{IFROZy Ci2341))
EN{SO)s EN LN{90)
5190) Xt20)
PCP{25}s PROD {3}
FORM{15)s  COEFT(15+90)
DATUM{Z) s FORMLA(18)
ANS{454)y SYSTM(15)
up

LIGHT QFF

EXPANSION TYPE

UNASSIGNED TEMPERATURE

CONVERGED



ann noan

nna aonn

nan

nnAannn nna

Annn

annnn

nnA Annn

14

214

12

2

o

21

24

2

w

3

o

3

w

4

°

45
50

55
60

65

66

DO 65 J=lsM

CALL BYPASS (Js1}

IF (IPROD-2) 655214465
IF (EN(J)) 65965912

CALCULATE THE ELEMENTS R(I,K)

00 20 I=1» L

IF {ALT9J)) 13520413

TERM= AlI,J)#EN(J)

DO 18 K=ly L

G{I4K)= G{IsK) + A(KsJI¥TERM
CONTINUE

COMPLETE COLUMN A FOR THE GAS MOLECULE

G(IyIQGLI=G(IsIQL}+TERM
CONTINUE
G(IQ19101)= GIIQLyIQL)+EN(J)

STATEMENT 24 IS FOR FIXED Ts 30 IS FOR VARIABLE T AND CONVERGED
FIXED T

IF (IFIXT=2) 24530430
FOR ASSIGNED T BYPASS ENERGY ROW AND T COLUMN WHILE ITERATING

TERM= (HO(J)~S{J) ) *EN(J)

00 25 1=1s L
G{1,1Q2)=G(1,102}+A{1sJI%TERM
CONTINUE
G(IQ151GZ)=G([QLsIQ21+TERM

GO TO 65

FILL IN TEMPERATURE COLUMN AND RIGHT HAND SIDE

TERM=HO{JI*EN{J)

DO 35 I=1yL

GiI»IQ2)= GIIsIQ2)+AL],J)#TERM
CONTINUE

G(IQ1+102)= G(IQLsIQ2I+TERM
TERM1=(HO(J)~S(J) )*EN(S)

DO 40 I=x1sL

G{Is1Q3)= GUISIQ3)+ALIJ)#TERML
CONTINUE
G{IQ1,103}1=G{ 101, FQ3)+TERM]

STATEMENT 50 IS FOR ENTHALPY , 55 IS FOR ENTROPY EQUATION

IF (IHS=~2) 50955455
GIIG2s102)=G(102y [Q2)+HO(J)*TERM
G(IQ25103)3G(1Q2+1Q3)+HOtJ)#TERML
GO TO 65

ODURING EXPANSION THE ENTROPY ROW 1S FILLED IN
TERM=S{JI*EN(J)
Do

60 K=lal
GUIQ29K)= GLIQ2sK)+AIKsJ)*TERM

CONTINUE

G{IQ2»1011=G( Q2+ Q1 j+TERM
G(IQ2102)=6(1Q251Q2)+HO(J)*TERM
G(IQ2+1Q3)=G(10251Q3)+(HO(JI~=S(J}I*TERM
CONTINUVE

AT THIS POINT PROCESSING OF GASEQUS PRODUCTS HAS BEEN COMPLETED
AND CONDENSED PHASE PROCESSING IS BEGUN

STATEMENT 70 Is FOR CONDENSED PRODUCTSs 101 1S FOR NO CONDENSED
IF {ICOND-2) 7051015101
a

70 KaLl

74
75

8

=3

85

90
100

101

102
104

10s

106
10

3

DO 100 J= M1eN

CALL BYPASS (Js1})

IF {IPROD~2) 1004742100
D0 75 I=l.L
GlIsK}=A(TsJ}

CONTIRUE

STATEMENT 80 IS FOR FIXED Ty 85 IS FOR VARIABLE T AND CONVERGED
FIXED T

IF [IFIXT~2) 80,85,85
G(Ks1Q2)= HO(J)=S(J}
GO TO 95

G{Ks1Q2)= HO(Y)
G(Ky1Q3}x HOtJ)~S(J)

STATEMENT 95 1S FOR ENTHALPY, STATEMENT 90 IS FOR ENTROPY EQUATION

IF (IHS-2) 95,90+90
G(1Q2sK1a2S(J)

= K+l
CONTINUE

REFLECT SYMMETRIC PORTIONS OF THE MATRIX BEFORE COMPLETING THE
CONDENSED PHASE CONTRIBUTIONS TO THE MATRIX

D0 104 I=151SYM
DO 102 J=1,ISYM
GlJpI}=G{Tsd)
CONTINUE
CONTINUE

THE ADDRESS OF THE NEXT INSTRUCTION IF SET DURING INETIALIZATION
STATEMENT 105 1S FOR CONDENSED»130 IS FOR NO CONDENSED

IF (ICOND-2) 1059130913
COMPLETE COLUMN A OF MATRIX

DO 125 JaM1,N

CALL BYPASS (Js1)

IF (IPROD-2) 12531065125

DO 107 I=lslL
G(I4IQ1)=6G({IsI0L)+A(T s JIRENLJ)
CONTINUE

IF {IFIXT~2) 1255109+109

IF (1HS=2) 11091155115

69
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119
12%

131

133
136
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16

16%
166

168
189

185

GL102+101)= G{IQ2s1Q1)+HOLII*ENLS)
GO 1O 125

G{IQ29101)a GIIQ2+TQLI+S{II*ENID)
CONTINUE

GO TO {121+133)e1FIXT

KMATa1Q2

GO TO 136

KMAT=1Q3

IMAT=XKMAT=-1

COMPLETE THE RIGHT HAND SIDE

DO 145 ImlsIMAT
GCIsKMATI=GL1sKHATI=G(1+101)
CONTINUE )

00 150 I=1,sL

G(IoKMAT)= GIIsKMAT)+ AAY#BO(I)
CONTINUE

Px G{101,101)

GIIQ1,KMAT] * GLIQ1,KMAT)+ PO
G(10151G1)%0e0

COMPLETE EMERGY ROW ANO TEMPERATURE COLUMN

IF (KMAT=1G2) 1651851165

IF (THS-2) 166+168+168
ENERGY=AAY# (HSUBG/T}

GO TO 169

ENERGY= AAY#SQ+P0~P
G(102,103)#61102+1G3)+ ENERGY
6102410218 G(I02+1Q2)+CPSUM
RETURN
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MAIN PROGRAM THREE
FROZEN COMPOSITION EXPANSION

COMMON €

EQUIVALENCE (Gl Cl1})y (61420)»
EQUIVALENCE  (FORM(I1}s  C(131» (FORM(15)»
EQUIVALENCE (ELMT(1}s  Cl16))» (ELMT{151,
EQUIVALENCE {DATALL}s €31y (DATA(231)
EQUIVALENCE (A1) Cta21))s  (A(1380),
EQUIVALENCE {COEFT{1)s C(421)}y (COEFT(1350)
EQUIVALENCE {ANS (1) C{4211)s  [ANS(454) 4

EQUIVALENCE (HSUM, Cla24))e  (SSUMe
EQUIVALENCE {WTMOL» Cl426) )  (CPy
EQUIVALENCE {DLMPTs Cla28))s  {DLMTPy
EQUIVALENCE {GAMMA Ci430) )y  (ARATIO,
EQUIVALENCE {VMACH» C(432))y  (SP IMPy
EQUIVALENCE (VACI, Cl434) )y (CFy
EQUIVALENCE (RHOI, C{437))s  (RHOVACH
EQUIVALENCE {RHO» C1439))
EQUIVALENCE (T Py Ctaa0) s (P T»
EQUIVALENCE {EP Ply Cl4s2) e {AW Py
EQUIVALENCE IT ETAs Cla45))
EQUIVALENCE {ETA I» Cla46) )y  (EP ETAs
EQUIVALENCE (AW ETA» C(448))s  {T SIGy
EQUIVALENCE (SIG Iy Cin511bs  (EP SIG»
EQUIVALENCE (AW SIG» Ci453))
EQUIVALENCE LEN(L)» C(17711)s (ENL90)s

EQUIVALENCE {BOX{1l}s CL1771))s (BOXI15)s

EQUIVALENCE (BOF(1)s C{1786)}s {BOF(15),
EQUIVALENCE (HXy C{1801)}s (HFy
EQUIVALENCE (VXPLS» C(1803}1}y (VXMIN»
EQUIVALENCE. (VFPLSy C{1805))» (VFMIN,

EQUIVALENCE (EN LN(ITs C(1861)1s (EN LN(9OIs
EQUIVALENCE (DEL Nf1)s C(1951))4 (DEL N(SO)»

EQ'JIVALENCE (COEFX{1}s CU1951))s (COEFX(20)s
EQUIVALENCE (DX{1l)e C{1951) ) (DX(20)s
EQUIVALENCE {HO(1)s Cl2041) 1y (HO(90)s
EQUIVALENCE {Stl)s C12131)1s (S(90)s
EQUIVALENCE (X(1hy C12221) )y (X(20)s

EQUIVALENCE (FORMLA(1}s C(2221))4 (FORMLA(18),

EQUIVALENCE (DELTA(1}s C(2241))s (DELTAL20)¢
EQUIVALENCE (BO(1)s C(2261})s (BO(15)y
EQUIVALENCE (PQy C(2276))» (HSUBO»
EQUIVALENCE (50 Cf227811s {T LNy
EQUIVALENCE {Ty C€(2280)1s [AAY LNy
EQUIVALENCE [AAY» €{2282))s 1CPSUMs
EQUIVALENCE (HCy C(2284))s (TC LN»

EQUIVALENCE (PCP{1)s C{2286)})s (PCP{25)s
EQUIVALENCE {PROD(1)s  C(2311)}s (PROD{3)s
EQUIVALENCE (DATUM{1}s C(2311))s (DATUM{3),»

EQUIVALENCE {PCy C(231411s (TCy
EQUIVALENCE (1IPROB Cl231611y (IFIXTy
EQUIVALENCE {IHSe €(2318}})s (ICONDs
EQUIVALENCE {ISYMs €(2320)1s (IPROD»
EQUIVALENCE LIDIDy Ct2322)1s° (LORUMe
EQUIVALENCE {IDRMy C12323))s (KDRUMs
EQUIVALENCE (Le Cl2328))y (L1y
EQUIVALENCE M C12327) s M1y
FEQUIVALENCE (No €C12329))s (10
EQUIVALENCE (101, C{2331)1s (102y
EQUIVALENCE {103y €(2333))y (KMATy
EQUIVALENCE {IMAT, C(2335))y (IUSEs
EQUIVALENCE {EAODy C(2336}1y (ITNUMB,
EQUIVALENCE (1TAPEs €12338)1)s (Py
EQUIVALENCE (IDEBUGS C(23401)y (IFROZ»
DIMENSJON G(20s21)s Af15+90) s EN(90)»
DIMENSION  DEL N{90)s HO(90)s ${903s
DIMENSION  DELTA{20)» BO{15}s PCP{25) s
DIMENSION  COEFX{20)s DX{(20)s FORM{153y

OIMENSION  ELMT(15)s  DATA{23)s  DATUMI3},
DIMENSION  BOX(15)» BOF (151, ANS{454)y

NO FROZwD
MISSED=0

READ DRUM &s13ANS
1ADD=)

ITROT=3

ALPHA=0.0

00 7 J=1sN
ENtJ)=ANS(&#J+34)
IF {EN(J)) 646415
IF (J=M) 59597

EN LN(JIaLOGF{EN(J))
ALPHAZALPHA+EN( J}

G0 TO 7

EN LN(J1=040

ENtJ) =040
CONTINUE

WTMOLF =ALPHAMWTMOL
PCxANS (2}

T LN=LOGF(ANS{3)}
HCRANS(41/1498726
50 (ANS{S)I*#WTMOLF/198726) +ALPHA®LOGF (PC/ALPHA}
DLMPT=040
OLMTP=0.0

WRITE DRUM 4314ANS

BEGIN CALCULATIONS FOR CURRENT POINT
CHECK TEMPERATURE RANGE OF THERMODYNAMIC DATA

READ DRUM KDRUMs19sCOEFT

THEXPF(T LN)

IF (COEFT(741)=T) 21927427

If {COEFT(7,1)=500040) 23,22,45]

IF (IADD~2) 51,31,31 '
BACKSPACE ITAPE

BACKSPACE ITAPE

READ TAPE ITAPEs ((COEFTIKsJ)sKx1r15)9J%1990)
WRITE DRUM KDRUM»1+COEFT

SENSE LIGHT &

G0 10 19

IF (T=COEFT{6+1)) 2943535

IF (30040~COEFT(641)) 259225451

IF {SENSE LIGHT 4) 384305

Cl4201)
€(15))
€i30))
cis53))
C(17701}
2CI27701)
ci8ay)
Cl425))
cta27)
C(629)}
Cl431))
Cl433))
Cl436})
Cl438))

Claalyy
Claasyy

Claady)
C1as0))
cLa52y)

Cl1860})
C117851)
<t1800))
<t1802))
Cl1804))
€(1806))
C{19501}
€12040))
€{19701)
€t19701)
€{2130))
ctezany)
€t2240))
c(2238))
Ci2260))
€122751)
Cl22771}
€(2279))
c(2281))
€12283))
C12285))
C12310))
€t2313))
ct2313))
C€(2315}))
€231y
C(2319)1
€(23213}
C(2323))
c(2324))
€(2326))
Ci2328))
C(2330)}

€(2332))
€(2334})
€12335))
<t2337))
€12339))
C12341))

EN LN(90)
X(201
PROD(3)
COEFT(15+90)
FORMLA(18)
SYSTM(15)

LEAVE FROZEN PROGRAM IF DATA FOR ANY SPECIES RUNS OUT

71



12

~nan

nnn

Fa¥aXa)

Ann

nnn

35
37
38

57

IF (1ADD-2) 5193737

IF {SENSE LIGHT 4} 28441

SENSE LIGHT 4

DO 40 J=1sN

IF (COEFT(85J]) 40+3%94

IF (ENLJ)) 409404309

CONTINVE

GO TO 49

DO 44 J=1eN

IF {EN{J)) 48904942

IF {COEFT(5+J142040~T) 285443943
IF (T=COEFT(44J}+20+0} 295¢4br4l
IF {5000+0-COEFT(5sJ)) 449445311
IF (COEFT{4sJ}=300e0) &44449311
CONTINUVE

BEGIN ITERATION

PCP LN=LOGF {PCR{IADDY)

READ DRUM KDRUM»1sCOEFT

CP3UM=040

T=EXPF (T LN)

DO 60 J=1sN

IF (EN(J}) 60960457

CPSUM=CPSUM*{ ( { (COEFT (129 J)#T+COEFT{11sJ) )*¥T4COEFT{105J) ) ¥T+COEFT(

199 I3 I*T+COEFT 189 J) IRENTD) -

58

HO(J}={ ({(COEFT(129J)/520)1%#T+COEFT{115J)/440)}#T+COEFT(109J)/301%7

I+COEFT(99J)/240)#T +COEFT(139J) /T+COEFT(B9J)

59

St =i ({(COEFT(129J)/4e0 JHTHCOEFTI(11+J1/3+0) #T+COEFTI10sJ}/240)%T

1 +COEFT(9sJ) ) #T+COEFT{A»J)#T LN+COEFT(242J)~EN LNIJ)

60

6

w

65
67

13
a1

191

192
193

i97

201
20

w

20

3

209

223
224
1225

225
227

305
306

307

308
449

45

e

309
310

311
3tz

CONTINUE

SUM H=040

SUM §=040

DO 63 J=1sN

SUM H=SUM HH+HOC JI*ENLJ)

SUM SESUM S+S{J)#EN{J)

IF (IADD~21 81465165

1€ (SENSE LIGHT 41} 66481

SENSE LIGHT 4

D LN T=(SUM S+(ALPHA®PCP LN}-S0}/CPSUM

CHECK CONVERGENCE OF THE ITERATION

T LN=T LN=D LN T

IF (ABSF(D LN T)=0e5E=4) 73,7345
IF [SENSE LIGHY &) 17517

READ DRUM 41,ANS

SUM HaT#SUM H/WTMOLF
CPR=CPSUM/WYMOLF

GAMMARCPR/ {CPR-(1+0/WTMOL})

IF (IADD=2} 20941915197

CHECK FOR CONVERGENCE AT THROAT

DHSTAR=HC=SUM H = [GAMMA%T/(2+0*WTMOL)}

IF (ABSF{DHSTAR/(HC-SUM H})=0e4E~4) 19791975192

IF (ITROT) 193,197»193
PCP(2)2PCP{2}/{100+2¢O*DHSTAR®WTMOL/{ T#(GAMMA+1401) )
SENSE LIGHT 4

ITROT=ITROT-1

GO TO 49
CALCULATE PERFORMANCE PARAMETERS

SP IMP2294498*SORTF { tHC~SUM H)*#1498726E~3}
P=PC7PCP{IADD)

AW (B86045TI%T )/ (P*WTMOL#244696006#SP IMP)
IF (1ADD=2) 2035201,203

AWTaAW

CSTAR*320174#PC%140696006%AWT
CFu32e174%5P IMP/CSTAR

ARATIO=AW/ANT

VACI=SP IMP+P¥144696006%AW

VMACH=SP IMP/SQRTF (86¢4579#GAMMAXT /WTMOL}
ANS{2) =P

ANS{3)=T

HSUM=SUM H¥*1,98726

CP=CPR*#1498726

ANS{1)=PCPLIADD)

ANS(15)=CSTAR

WRITE TAPE 35 (ANS{I)e1m15454)

NO FROZ=NO FROZ+1

IF (MISSED) 45192234451

TADD=TADD+1

IF {IADD-2) 1225922401225

PCP(2}={ {GAMMA*1e0}) /240 ) %% (GAMMA/ (GAMMA~100))
T LN*T LN+LOGF{240/(GAMMA+10))

IF (1ADD=25) 22592254451

IF (PCP(IADD}) 4519451,227

SENSE LIGHMT ¢4

GO TO 49

ERTOR PRINT OUT

WRITE OUTPUT TAPE 64306sT+IADD

FORMAT (17THLTHE TEMPERATURE=E12+4926H Ky IS OUT OF RANGEPOINT 15)
IF 1600040-T) 44993074307

IF (7-200.0} 44%+308+308

GO TO 41

MISSEDa1

ITROT=0

IF (SENSE LIGHT 4) 51,51

WRITE DRUM4s7943NO FROZ

WRITE TAPE 34(G(1)912192341)

CALL PONG{5)

WRITE OUTPUT TAPE 693105 1COEFTII#J) 01219309 COEFTIH9J)9COEFTI72d)
FORMAT (13H6THE SPECIES 3A6929H HAS NO DATA IN THE INTERVAL 2F9.1)
BACKSPACE ITAPE .
BACKSPACE ITAPE

READ TAPE ITAPEs ((COEFTI(KsJ)sKm1915)9Jx1s90)

WRITE ORUM KDRUM»1sCOEFT

GO TO 449

WRITE OUTPUT TAPE 69312+ {COEFT(IsJ)s1n193)sT

FORMAT [13H6THE SPECIES 3A6929H HAS NO DATA AT T= F9.1}

GO TO 449
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MAIN PROGRAM FOUR
CHAPMAN=-JOUGUET DETONATIONS

COMMON C

EQUIVALENCE 16L11, il
EQUIVALENCE [FORMt11,  C{1
EQUIVALENCE LELMT (1), cll ’
EQUIVALENCE (DATA(Y) Ci31))y
EQUIVALENCE tA{LYy Cla211)y
EQUIVALENCE {COEFT(1)s Cl421))y
EQUIVALENCE CANS(LEy Ct42llts

EQUIVALENCE LHSUM, Claaa))y
EQUIVALENCE (WTMOL» Cla26) by
EQUIVALENCE (DLMPT, Cl428) 4y
EOQUIVALENCE (GAMMA, C{630} )y
EQUIVALENCE {VMACH, Cl4a32)1y
EQUIVALENCE 1VACT, CI434) ),
EQUIVALENCE (RHOT, €437}y
EQUIVALENCE (RHOy €(439))

EQUIVALENCE (T Py Cl440))

EQUIVALENCE (ER P, Claa2) )y
EQUIVALENCE {T ETA, Cl445})

EQUIVALENCE (ETA 1, Cta46) )y

. EQUIVALENCE (AW ETAs Cl448) )

100

~

102

20

EQUIVALENCE {SIG 1 Cl451) )y
EQUIVALENCE (AW SIG» C{453))
EQUIVALENCE {EN{1Ys CL1T71))s

EQUIVALENCE {BOX(1)» C{1771})s
EQUIVALENCE (BOF (1} Ci17861)»

EQUIVALENCE {HXy Cl280101s
EQUIVALENCE {VXPLSs C{18031),
EQUIVALENCE (VFPLSs Ci1805)1y

EQUIVALENCE (EN LN{1)» C(1861))s
EQUIVALENCE {DEL N{l)es C(1951))s
EQUIVALENCE {COEFX{1)» C(1951))s

EQUIVALENCE iDX{1), C{1981)}s
EQUIVALENCE {HO{1)y {20411
EQUIVALENCE (S(1), C{2131)1»
EQUIVALENCE (X{L), €l2221) ),

EQUIVALENCE {FORMLA(L)s C{2221))s
EQUIVALENCE (DELTA(L)s Cl2241))

EQUIVALENCE (BO(1)y Cl2261))s
EQUIVALENCE {PO» Ci2276) )y
EQ'}IVALENCE (S0 Cl2278) 1y
EQUIVALENCE (T C(228011}y
EQUIVALENCE (AAY €i2282))
EQUIVALENCE {HC» Cl2284) )y

EQUIVALENCE [(PCP(1}4 €2286))
EQUIVALENCE (PROD(11}y C{231111y
EQUIVALENCE (DATUM{2}s C(2311)}y

EQUIVALENCE (PCy C(2314) )y
EQUIVALENCE {TPROB, C(2316))y
EQUIVALENCE {1HSy Ci2318)},y
EQUIVALENCE 118YM, C(2320)),
EQUIVALENCE LIDID, C12322))s
EQUIVALENCE {IDRMy C12323) )
EQUIVALENCE tly €12325)})s
EQUIVALENCE 1My Ci2327) 1}y
EQUIVALENCE {Ny €12329) )y
EQUIVALENCE {101y C{2331) )
EQUIVALENCE (1Q3, C{2333)),
EQUIVALENCE (IMAT, C12335)),
EQUIVALENCE {IADDy C{2336))
EQUIVALENCE {1TAPE, C12338) 1}y

EQUIVALENCE {IDEBUGs C12340))
EQUIVALENCE(P1,C(875))
EQUIVALENCE(T1+C1876})
EQUIVALENCE {H1sCI877))
EQUIVALENCE{AM1,C(878))
EQUIVALENCE{CON»C(879))
EQUIVALENCE {GAMF»C{880))
EQUIVALENCE(UUS,C(881))
EQUIVALENCE{KODE»Ci882))
EQUIVALENCE (US»C(885))
EQUIVALENCE (PPP4C(886))
EQUIVALENCE(TTTsC(887))
EQUIVALENCE(TE,C(888))
EQUIVALENCE{TEM,C{889))
EQUIVALENCE (AMDsC{890))
EQUIVALENCE(UD»Ct891)}

DIMENSION 61202210 Al15990) s
DIMENSION DEL N(S0), HO(90),
DIMENSION  DELTA(20)s BO(15}s
DIMENSION COEFX{20)y 0X(20)4
DIMENSION ELMT(151, DATA(231},
DIMENSION  BOX({15), BOF{15}y

READ DRUM 45483 s JEAN
TF{JEAN=101110011014100

WRITE OUTPUT TAPE 6,2

FORMAT (38H1  DETONATION VELOCITY
READ DRUM 45482 4KODE

READ DRUM 4+790400F

READ DRUM 4315165ACK s ACF ¢ AMX s AMF
PPP=15.0

CON= (ACF+OOF#ACX} /{14 0+00F )
AM1ZAMX #AMF % { 14 0+OOF } / { AMX+OOF * AMF )
WRITE OUTPUT TAPE 691023K0DE
FORMAT (%X s5HKODE=11}
PCP(1)=140/PPP

PCP(2) =000

R=1+98726

TTT=0.0

H1sHSUBO*R

P1=pC

T1=TC

PCEPCH144696006

1TR=0

JEAN=101

HSUBO=H1/R+e 7S¥T1/AM] #PPP

(GL420)y C{420))
(FORM(15)9 C(15)}
(ELMT{15)s C(30))
(DATA{23)s Ci53))
{AL1350) CL1770)}
{COEFTI1350}9Cl1770))
{ANS{454]y  C(8T4)}

{SSUMy C{4251)
{CPs CL4271)
(DLMTP» Ct429))

(ARATIOy Ct4a3l)}
(SP IMPy Ct433))

1CF» Ci436))
{RHOVAC, Ci438))
(P1 1s Cl4aly)
(AW PIo Cl443))

(EP ETA» Cl447))
(T SIGy Cl450))
(EP SIGy ctas2y)

{EN{90)» Ct1860))
180X(15)s  C(1785})
{BOF{15) C€{1800})

{HF s C{180211
[VXMINS Ct1804))
(VFMINS Ct1eos))

(EN LN{90}s CL1950)}
(DEL N(98)s C{2040))
(COEFX(20}y C{1970)}
IDX(20)» Ci{19703)
{HO(90) s C€12130))
15(90)s 122209}
1X120), Ct2260))
(FORMLA{18)+C12238))
(DELTA(20)s C(2260})
(BOL15)y CL2275) )

{HSUBO Ct22771)
(T LNy €{2279))
{AAY LNy c{2281))
{CPSUMy cl2283))
{TC LN» €{2285))

{PCP{25)s  C(2310))
(PROD{3)s  C{2313}}
(DATUM{3)s C(2313))

ITCy C€12315))
(IFEXTy C12317)}
(ICONDs €12319))
{IPROD, C€i2321))
{LDRUMS €12323))
{KORUM, Cl2324))
(Lls €12326))
{Mls €12328))
10y C{2330)}
(102, €(2332))
(KMAT » C(2334))
(TUSE» C(2335))
(ITNUMB Cl2337))
{Py €12339))
{IFROZ» C€{23411)
EN{SQ)» EN LN{90)
5190}y X(201}

PCP25)y PROD (3}

FORM(15) COEFT(15+90)

OATUM(3 )y FORMLA(181
ANS{454}s  SYSTM(15}

CALCULATIONS)

22 WRITE DRUM 4,4759P13T13AMLsHI+ITRsRsCONIKODE JEAN

21
101

91

CALL PONG(2)
READ DRUM 451,ANS

READ DRUM  4+9475+P1T1sAMLsH1 9 ITRyR»CON9KODE

GAM=GAMMA
1F(RODE}91+92+91
GAMMASGAMMAK (1.4 0+DLMPT)

T3



T4

92 PPP=ANS(2}/P1

20

20!
20

-

¢ w

202
205

20

5

5

P

TTT=ANS(3)/T1

ExPPP

EEaTTT

IF (1TR)201+2004201

TEMMEWTMOL/ AMY

1120

WRITE OUTPUT TAPE 652035115 PPPTTT

DO 202 IIn1s7

TEMsTEMM/TTTHGAMMA

PPPPe (140¢GAMMA) /(2 0¥TEM)#
201404SARTF (140=4+QRTEM/ (L eO+GAMMA} ¥ 2] )
TE=TEM/GAMMA®PPPP

TTTT=EE= 0+ 75WR/({ AM1%CP I ¥EAGAMMA®R/ (24 #AMIXCP ) % [ (TE#¥2-140) /TE} #PPPP
WRITE OUTPUT TAPE 64203011+PPPPsTTTT
FORMAT{1542E20+8)

IF (ABSF (PPPP~PPP1=41) 20512084206
PPP=PPPP

TIT=TTTT

CONTINUE

PCP (1) =TI#TTTT

PCaP1#PPPP

TCu040

1PROB=3

1TR=1

GAMMA=GAM

60 TO 22

TEMMPRP /TTT#WTMOL/ AM1

TEM=( 1/0-GAMMA¥ (TEMM=~140
Al\ll-O/PPP-GAMMA*TEMM“(1.0+DLMPT)
A12=GAMMARTEMM¥ (14 0-OLMTP )

A3 =GAMMA/ 2 -0% {DLMPTAT ENME® 2% (20 0+DLHPT |1 -DLUTP
HAL=GAMMA/24 0% { TENM##2+140)
A22wHAL*(DLMTP~1,0) -WTMOL¥CP/R
B121,0/PPP=TEM

B2=WTMOL / (R¥ANS (3) ) * (HSUM=H1 ) ~GAMMA/2 4 O%{ TEMM¥*2=140)
ASSIGN 51 TO JJ

0 EEM=AL1#A22~A21%A12

1

9%
96

95
93

98
99
97

30

-

-
o

X1=(B1¥A22~B2#A12) /EEM
X2=(A11#B2=-A21%B1}/EEM

GO TO JJ»i51+52453s 591
TE=ABSF (X1)

TEM=ABSF(X2)
IF(TE-e4)94994+95
IFLTEM=s4)96496495

1F(TE-TEM)93;93.96
HAL=TEM

G0 TO 99

HAL=TE

ALAM= o 4 /HAL
PPPP=PPP*EXPF (X1%ALAM)
TTTTaTTTREXPF (X2*ALAM)
US=91418496 ’SORTF(GAMMA*ANS(J}/WTMOL)
UD=TEMMAUS
PCP{1)=T1*#TTYTT
PC=P1#PPPP

TC=0.0

IPROB=3

TEZWTMOL/A

TEmIReRs AT trere

En14#24X2082

EE=SQRTF(E}

WRITE OUTPUT TAPE 6+10+ITR

FORMAT ([21HO  ITERATION NUMBER=12410Xs3HOLD»17Xs3HNEW//)

WRITE OUTPUT TAPE 65304PPPIPPPPeTTT s TTTT o TEMMITEMsX20X2+USsUDSE

29EE
30 FORMAT{6X+4HP/P1y10Xs LH=2E2048/6X+4HT/T1910X91H=2E2048/6X+8HRHO/RH

11

14

1

3

w

-

10196Xs1H=2E2048/6X9 11HDEL LN P/P1y3X01H=E2048/6Xs LIHDEL LN T/T1p3X
291H=E2048/6X+2HUS ¢ 12X s IHEE2048/6X 9 2HUD » 12X s LH=E2048/6X ¢ IHE » 13X 1H=
3E2048/6Xs13HSOR ROOT OF Es1Xs1H=E20¢8)

PPPaPPPP

TIT=TTIT

TF(ABSF(X1}=e5E-05)11+11s12

IF(ABSF (X21~45E~05113,13+12

IF(ITR-10114913413

ITR=ITR+1

ASSIGN 21 To 1

GAMMABGAM

60 TO 22

JEAN=10

WRITE DRUM 40483 JEAN

P=pPPAPL

TeTTT#T]

US91418496 *SORTF {GAMMA%T/WTMOL )

UD=TEM*US

WRITE OUTPUT TAPE 6431

FORMAT (17H1 _ FINAL ANSWERS//)

WRITE OUTPUT TAPE 6932PPPeTTTsTETEMsP»ToWTMOLIPL»T1oAMLUSsUD

’
32 FORMAT (6Xe4HP/PL»10Xs1H=E2048/76XpAHT/T1110Xs1HTE2048/6Xs4HM/M1,10

3

4
4
15

5.

5

8

2K+ IH®E2048/6Xs8HRHO/RHOL 96X s LHAE2008/6 X9 1HP 413X+ LHAIE20+8/6X41HTHL3
3Xs1H=E20e8/6X 1 1HMs 13X s L1HZE2008/6X 1 2HP1912X s 1HZE2048/6X92HT1+12Xs1H
47E2008/6Xe2HM15 12X 9 IHEE2048/6X92HUS112X s 1H=E2048/6X 92HUD» 12X s 1H=E2
50.3/6X»ZHCPoIZX'IHlEZOﬁB)

IF(CON}4144094

GAMF-CON/(CON-R/AMI)

1
AMDIUD/(91.lBk96*SQRTF(GAMF*TX/AMI))
WRITE OUTPUT TAPE 614296AMF s AMD
2 FORMAT (6XsTHGAMMA Fs7Xs1H=E2048/6X12HMD» 12Xy 1H=E2048)
GO 1O 150
0 GAMFa0.0
AMD=0+0
0 FEM=e5%(2,0+DLMPT)
TEMM= 5% IDLMTP~1,0}
WRITE OUTPUT TAPE 6455
5 FORMAT (17HO  DERIVATIVE OF #12X#4HLN P313Xe4HLN To13X95HLN UD/4Xs
22HBY)
B1#140/PPP-GAMMA*TEM
B2wGAMMA®  TEM#¥2
ASSIGN 53 1O JJ
GO TO &
3 CASE1={FEM#X1+TEMM#X2-1,0)*UD
X1#X1=1e0
WRITE OUTPUT TAPE 6981sX19X2+CASEY
1.FORMAT (6X»12HLNPY AT T1+Gs7X0e1H=3EL1748)

WRITE DRUM 4)15079X19X29CASEL
B1mGAMMATEM
B29-B1*TEM~WTMOL*CON/R/TTT
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ASSIGN 59 TO JJ

G0 TO 50

CASEH=(FEM®X1+TEMMRX2+120) *UD

X2xX2~140

WRITE OUTPUT TAPE 69843X1+X24CASES

FORMAT {6X926HLNTL AT PlyH1sM1+3X+2H=3E1748)
WRITE DRUM 4915109X19X29CASES

B1s0,0

B2x=WTMOL/ (R¥T)

ASSIGN 52 TO W

GO TO 50

X1mX1%100040

X2xX2%#100040

CASES= (FEM*X14TEMM*X2)%UD

WRITE QUYPUT TAPE 6+853X19X29CASES
FORMAT {6X920HH] AT T1yP1lsM1 =3E17+8}
WRITE DRUM 491513+X1sX20CASES

GAMMARGAM

IPROB=1

YUSHD s 18496 *SQRTF { GAMF T /AML )

‘CALL OUT

CALL PONG(1}

5
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SUBROUTINE OUT

COMMON €
EQUIVALENCE (Gl ctl)

) {G1420)» cl4200)
EQUIVALENCE {FORM{1}s  CH(1})

1

)

{FORM{15}y C(15))
(ELMT(15)y C(30)}
(DATAL23)y CU53))
s+ (COEFTI1350),C(1770)}
s (ANS(4584)y C{874))

EQUIVALENCE {ELMT{1)s clié
EQUIVALENCE {DATA{L)s Ci3l
EQUIVALENCE (COEFT{2}s Cl421
EQUIVALENCE (ANS{1)s C{a2l)

EQUIVALENCE {HSUMy Cla24))s  (SSUMs Cl425)
EQUIVALENCE {WTMOL s Clazér)s  (CPy Ci427))
EQUIVALENCE {DLMPTs Cl428))s  (DLMTPs Cla291)
EQUIVALENCE (GAMMA C{430))y (ARATIO, C(431)
EQUIVALENCE {VMACH» Cl432) )y {SP IMPy C(433)
EQUIVALENCE {VACT, Cl434))y  (CFy Ct436) )
EQUIVALENCE {RHOI» Ct437))9  {RHOVAC, Cl438)}
EQUIVALENCE {RHOs C(439})

EQUIVALENCE {T Pls Cl4401)s  (PI 1y Claal))
EQUIVALENCE (EP Ply CLaa2)ryy (AW Pls Ct4a3y)
EQUIVALENCE {T ETA» Claasy)

EQUIVALENCE (ETA 1y C(446))9 {EP ETA, Cl447)}
EQUIVALENCE (AW ETAs Claa8))y (T SIGy Ct450))
EQUIVALENCE {SIG 1y C(451))y  {EP SIG» Cta52)
EQUIVALENCE 1AW SIGs Ci453))

EQUIVALENCE (EN{L)y CL1771})s (EN(90), CL1860})

EQUIVALENCE (BOX(1)s C(1771))s (BOX(15)s  C{1785)})
EQ"JIVALENCE (BOFL1)y CL1786) 1y (BOF(15)y C(1800))

EQUIVALENCE THX s C(18013)s (HF» €11802))
EQUIVALENCE (VXPLS» C{18031}s (VXMIN, C11804))
EQUIVALENCE iVFPLSs CL180D) Yy IVFMIN, ct1806)

EQUIVALENCE (EN LN{1)s C(18613)s (EN LN(90)s C(1950))
EQUIVALENCE (DEL N{1)s C(195L)}s (DEL NISO)}s C{2040))
EQUIVALENCE (COEFXI1)s C(1951})s {COEFX(2Q)s C(1970})

EQUIVALENCE (DX{1)s €(1951))y (DX(20)s Ci1970})
EQUIVALENCE {HO{1)» C{2042))s (HO(90)s Ct2130})
EQUIVALENCE (S{1)s C{2131})s (SS90}, €(2220))
EQUIVALENCE IX(1)y Cl222111y (X{20)» €(2240}

EQUIVALENCE {FORMLAT1)s C(2221})s (FORMLA(181,C{2238)}
EQUIVALENCE {DELTA{Ll)s C(2241})s {(DELTA(20}» C(2260})

EQUIVALENCE 1Bl Cl2262))y 1BOLLSY C12279)
EQUIVALENCE (PO» C{2276)}s (HSUBOs c{2277))
EQUIVALENCE (S0s C(2278) )y (T LNy €{2279)
EQUIVALENCE (Ts C(2280) 1y (AAY LNy cr2281)
EQUIVALENCE (AAY s Cl2282))s (CPSUMs cr2283n)
EQUIVALENCE {HCy C(22843))y (TC LN» C1228%)}

EQUIVALENCE tPCP{L}s €12286))s {PCPI25)y  C(2310)}
EQUIVALENCE {PROD(1)s €{23111)s {PROD(3}y €12313))
EQUIVALENCE {DATUMI1}s C{2311))s (DATUM{3), C{2313))

EQUIVALENCE (PCs Ct2314)1y (TCy Cc(23151)
EQUIVALENCE {IPROBy Cl23161)s {IFIXTs C12317)

EQUIVALENCE {IHSy €{2318))y (ICOND» C12319))
EQUIVALENCE {ISYMy €(2320))s (IPRODy €(2321}

EQUIVALENCE (IDIDy C(2322))s (LDRUMs ct2323))
EQUIVALENCE (IDRM, C(2323)}s (KDRUMs C12324))
EQUIVALENCE (Le Ci2325)1s (L1s C€12326))
EQUIVALENCE (Mg C{2327))s {Mly C(2328})
EQUIVALENCE {Ny C(2329})s (I1Qy C(2330))
EQUIVALENCE {101, €12331})), {1Q2s Ct2332))
EQUIVALENCE (103, C{2333)), {(KMAT, €(2334)}
EQUIVALENCE TIMAT, C12335))y {ITUSEs €12335))
EQUIVALENCE {IADD, C(2336))y {ITNUMB, C12337})

EQUIVALENCE {1TAPEs C(23381})s (P C(2339}))
EQUIVALENCE { IDEBUGY C1234011y (IFROZy C123411)

EQUIVALENCE{P1,C{875))

EQUIVALENCE(T1,C{876))

EQUIVALENCE (H1»C{877))

EQUIVALENCE (AM1,C(878)}

EQUIVALENCE (CONsCI879)1

EQUIVALENCE {GAMF,C{880Y)

EQUIVALENCE(UUS»Ct881))

EQUIVALENCE (KODEsC(882))

EQUIVALENCE(USsCI1885))

EQUIVALENCE (PPPsC{8861}

EQUIVALENCE(TTTsCIB87)}

EQUIVALENCE(TEsC{888))

EQUIVALENCE (TEMsC(889))

EQUIVALENCE {AMD»C(890))

EQUIVALENCE({UDsC(891))
EQUIVALENCEITITLE(1)2C{892))sTITLEI315)4C11206))
EQUIVALENCE{AMOL{1}+C{1207) )+ (AMOL (105),C{1311}})
EQUIVALENCE{A{L}»C(1312})+(AL690)5»C(2001))

DIMENSTON G{20s21)s EN{90}s EN LN{90)
DIMENSION DEL N{90)s HOI90)s 5190)s X{20}
DIMENSION DELTA(20)y BO(15)s PCP25) s PROD{3)
DIMENSION COEFX(20)s DX{20)» FORM{15) COEFT{15,90)
DIMENSION  ELMT{15}s DATA(23): DATUM(3) s FORMLA{18)
DIMENSION BOX(15)s BOF(15 ANS (4541}, SYSTM(15)

DIMENSTON TITLE\B)IOS))AMOL(!)]D5)»A(15;QG)

2 FORMAT (9HOCASE NOeI5+sFBa2sFB42)

3 FORMAT (1HO»64Xs52HWT FRACTION ENTHALPY STATE TEMP HEAT CAP
2ACITY/ 25X+ 16HCHEMICAL FORMULA$24Xy10H(SEE NOTE}»4X 7THCAL/MOL 12Xy
35HDEG Ky5X»13HCAL/MOL-DEG K)

4 FORMAT {1HO»84Xs46HWT FRACTION ENTHALPY STATE TEMP
225X 16HCHEMICAL FORMULA»44Xs10H( SEE NOTE)szo7HCAL/MOLu9X,5HDEG K)

5 FORMAT(1H+363XsF9e5sF120394X9A19F10e29F2104)

6 FORMATIIH*»83XsF0e5,F122394X9A29sF10e2+F1148)

7 FORMAT (1HO0»30X»4HO/F=F9+6415Hs PERCENT FUEL=F8+4,20Hs> EQUIVALENCE
1 RATIO=F7.4}

20 FORMAT (43X 46HDETONATION PROPERTIES OF AN IDEAL REACTING GAS}

21 FORMAT {43Xs45HCALCULATED USING SPECIFIC HEAT RATIO AS GAMMA}

22 FORMAT {1HO,24HTHERMODYNAMIC PROPERITES/27Xs12HUNBURNED GASs 5Xs10
2HBURNED GAS)

23 FORMAT (1Xs6HPy ATMs20X9F1245¢3X9F1245)

24 FORMAT (1Xs8HTy DEG KslBXsF1 $3XsF1241)

25 FORMAT {1X»9HHMs» CAL/G 917XsF124143XsF1241}

26 FORMAT (1X»15HSs CAL/G-DEG K +26%9F1244)

27 FORMAT {1Xs11HMy MOLe WTe15XyF124393XsF12.3)

28 FORMAT {1X»16HCP» CAL/G-DEG K s10X»F12e493XsF12e4)

29 FORMAT {1X»>12H{DLNM/DLNP}Ts14XsF12e593XsF12e5)

30 FORMAT (1X+12H(DLNM/DLNT}Ps14XsF124493XsF12e4)

31 FORMAT (1Xs5HGAMMA»21XsF12e493XsF1244)

32 FORMAT {1Xs9HUS»> M/SECs17X+F1241+3XsF1241)

33 FORMAT{ 1H0/1Xs4OHBURNED GAS COMPOSITION IN MOLE FRACTIONS//)

34 FORMAT (1H0/1Xs21HDETONATION PARAMETERS,
22X»27THIUD IN M/SECs HY IN KCAL/G))

35 FORMAT {1HOs4HP/P1y4Xy1H=F743)53Xy21H({DLIP/PL}/DLP1)ITLHH1=FB4545Xs1
28H{DL{P/P1}/DLT1IP1=F84555Xs20H(DLIP/PL)/DH1IP1sTLI=FB5)




36

37
38
39
40

1000
18
552
300

350
351
352
106

108
104

9.

g

90
94

93

97
451

410

411
101

45

r

207
16

80

:39

82
1

-

12z

b
®

86

15
85

91
119

FORMAT { 1Xs4HT/T194X21H=FT 43y
18H(DLIT/TI) /DLTLIPL=F84555X 420l
FORMAT (1Xs4HM/ML94Xs1H=FTok)
FORMAT (1X»9MRHO/RHO1=F7 44}
FORMAT (1X»9HMACH NO#=F744}

FORMAT {1X»9HUD =F74155Xs16H1D UD/DLP1)T1sH1,4%»1H=FBs2,5Xs13
IH(D UD/DLTLIPL4Xs1H=FB42,5K915H(D UD/DH1IP1sT1s4Xs1H2F842)
READ DRUM 4,789 ,KASE+OOF s PERCFSEQUIV
READ DRUM 4351503,KD

READ DRUM 411700sN

WRITE OUTPUT TAPE 618

FORMAT (1HL}

REVIND 3

READ TAPE 35 (ANS(I)¢1=15454)
HAL=P1*144696006

1=1

J=38

DO 350 JJ=1sN

AMOL {15 11=ANS(J)

pENLLY

I=1+1

WRITE OUTPUT TAPE 6420
TF(KODE135153525351

WRITE OUTPUT TAPE 6121

CONTINUE

STZ 2ERO

J=34

DO 104 I=1sN

DO 105 I1=1s3

KK=J411

TITLE(11sF)=ANSIKK)

J=J+y
READ DRUM 497953sAsNFsNOSNESELMT
ASSIGN 90 TO JEAN
WREITE OUTPUT TAPE 6929KASEHALST]
GO TO JEAR»(90,91)

IF(KD)93594493

WRITE OUTPUT TAPE 613

G0 TO 97
WRITE OUTPUT TAPE 644

IF(NF) 45194504451

DO 100 I=1sNF

11=1

MM=15

CALL SPEC{ITsMMsAsELMTHKD}
IF{KD}401+4005401

WRITE OUTPUT TAPE 6s53A(1534)sAt1932)0A(L+42) sAl1044)9A11936)
GO TO 100

WRITE OUTPUT TAPE 6469A(1934)sA01+3219Al1542)9A1544)5A(11036)
CONTINUE

[F(NO}4531452,453

DO 101 I=1»NO

=1

X

22 sH1=F84545Xs1
(oL 5}

I

MM=Q

CALL SPECIIIsMMsAsELMT KD}

IF{KD}411+410s411 .

WRITE OUTPUT TAPE 6959A(1933)sA{T931)sA(Ls41)9At1443)0A11+35)
GO TO 10l .

WRITE QUTPUT .TAPE 6969A(T933)9A(01531)9A01,41)sAlT443)4A11935)
CONTINUE

CONTINUE
WRITE OUTPUT TAPE 6s7900FsPERCFHEQUIYV
WRITE OUTPUT TAPE 6222

WRITE OUTPUT TAPE 64234P1sP

WRITE OUTPUT TAPE 6»249T1sT

WRITE QUTPUT TAPE 6+253H11ANSI4)

WRITE OUTPUT TAPE 63269ANS(5}

WRITE OUTPUT TAPE 61273sAML1sANS(6)

WRITE QUTPUT TAPE 6+28,CONsANSIT)

WRITE QUTPUT TAPE .6529»ZEROIANS(8)

WRITE QUTPUT TAPE &6930+ZERGIANS(9)

WRITE OUTPUT TAPE 6931sGAMFsANS(10}

WRITE OUTPUT TAPE6332sUUSsUS

WRITE OUTPUT TAPE 6»33

CALL COMP(AMOL»TITLE»1sNs2)

WRITE QUTPUT TAPE 6,34

READ DRUM 4315Q079ALsA24A39ALsASsA6sATIABIAS
WRITE OUTPUT TAPE 6s353PPPyAlsAsLsAT

WRITE OUTPUT TAPE 6536,TTT9A2+A5,A8

WRITE QUTPUT TAPE 6540,UD3A35A65A9

WRITE OUTPUT TAPE 6,37»TE

WRITE OQUTPUT TAPE 6+38,TEM

WRITE OUTPUT TAPE 69394AMD

WRITE QUTPUT TAPE 616

FORMAT (1HO+30X»16HINPUTy G-ATOMS/G//)

READ DRUM 4,1702,80X+80F»80

READ DRUM &43»1487NESELMT

IF{NE-8)80+80y81

DO 85 U=1,L0O0P

WRITE OUTPUT TAPE 6»11s(ELMT{I}I=aKKsKKK)
FORMAT (11Xs8(6XsA2+7X))

WRITE OUTPUT TAPE 6+12,({BOF (1}4I1=KKyKKK}
FORMAT (5H FUELs6XsB8EL547)

WRIYE QUTPUT TAPE 6+13,(B0X (I)41=KKsKKK)
FORMAT {8H OXTDANT»3X#8E1547)

WRITE OUTPUT TAPE 6914,5(B0 (I1sI=KKsKKK}

FORMAT (X11H PROPELLANT$8E15+7)
IF {LOOP-1) 86985486

KK=¢

KKK=NE

WRITE OUTPUT TAPE 6115
FORMAT{1HO}

CONTINUE

ASSIGN 91 TO JEAN

GO TQ 92

WRITE OUTPUT TAPE 65119

FORMAT (6HONOTE+»2Xs7IHWEIGHT FRACTION OF FUEL IN TOTAL FUELS AND
10F OXIDANT IN TOTAL OXIDANTS!

RETURN

7
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SUBROUTINE ONCE (NeMyTITLE)
OUTPUTS ODD PRODUCTS

DIMENSION M{105)sTITLE{3+105} +TEM{10)+FMTI3}
ALF ]
ALF 14Xs2

LALF 27X»2

ALF 40X92
ALF 53Xs2
ALF 66X¢2
ALF T9X92

TALF 92Xs2

ALF 105Xs2
LF 118X»2

Al
. ALF (1H+s

ALF A6}

WRITE QUTPUT TAPE 6t
FMT(1}wFOR
FMT(3)=APE

TEM{1)=A

TEM(2)=B

TEM{3)=C

TEMU4) %D
TEM(5)=E

TEM(6)uAA
TEM(7)=BB
TEM{8)=CC
TEM{9)=0D
TEM110}=EE
K=0

KK=10

DO 10 IalsN
J=Mi1)
IF{I-KK) 20920921
KuX+1

GO TO 5

K=l

. KKaKK+10

W

5%
66

wn

-
jod

20

&

21

w

13

WRITE OUTPUY TAPE 6,1

FORMAT {1H )

FMT{2)=TEM(K)

WRITE OUTPUT TAPE &6sFMToTITLE(2+J) s TITLE(34J)
CONTINUE

RETURK

SUBROUTINE SPEC{TsMyA#ELMTsKONT)
OUTPUTS FUEL AND OXIDANT FROM SUBROUTINE INPUT

DIMENSION A(15446)sTEMIS) yANAME(S) yELMT (15}
DIMENSION [1(5)
FORMAT (10X,4HFUEL)
FORMAT {10Xs7THOXIDANT}
IF (M} 25142
WRITE OUTPUT TAPE 6466
10

0

WRITE OUTPUT TAPE 6455

Kup

DO 11 Jul,15

KK=]+M

IF{A{JaRK) 112911012

KaK+l

TEMIKI=A{JeKK)

ANAME (K)=ELMT{J)

THIK)=TEM{K)

CONTINUE

TF(KONT321+20521

WRITE QUTPUT TAPE 6,42 (ANAME(TI ) s 11(1)s1m2eK}
FORMAT(1H+y 1BX¢5{A241245X))

GO TO 1

WRITE OUTPUT TAPE 6453 [ANAME{T}sTEM(T)yIx19K)
FORMAT (1H+)18X»5(A2+F8e543X)}

RETURN
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SUBROUTINE COMP (AMOL s TITLE s INsN9ME)
OUTPUTS COMPOSITION

DIMENSION AMOL(1 »105)9TITLE{3»105) s TOMIT{105)9ILESS{105)
DIMENSION FMT(#):TEH(#)

ALF C1H+y
ALF  A6sF8a
ALF 5

¥
ALF X2
ALF 36X92
ALF 64X02
LF 92X92

OMIT
FORMAT (1Xs2A692X9137945)
FORMAT {1H0y 118HADD1TIONAL PRODUCTS WHICH WERE CONSIDERED BUT W
1HOSE MOLE FRACTIONS WERE LESS THAN 04000005 FOR ALL ASSIGNED CONDI

2TIONS//)

4

61
60

12
50

e

o

2

o

20
31

30

FORMAT (1HO, S9HPRODUCTS WHICH WERE INTENTIONALLY OMITTED FROM
1CALCULATIONS//)
TEYM(1)=D

TEM(2)=E

TEM{3)=F

TEM{4) =6

FMT{1)wA

FMT(2)=0

FMT(4)aC

K=0

KK=4

10M=0

ILE=0

IF{ME=1161+60s61

WRITE QUTPUT TAPE 6444
1i=0

D0 9 I=1iN

CLA TITLE {1s1}

SUB OMIT

TNZ #10

10M=10M+1

JToMITtIOM) =1

G0 70 9

00 11 Jx}rIN

IF(AMOL (Js1)-e5E=05)11412912
CORTINUE

ILE=ELE+]

ILESS(ILE}=I

G0 TO 9

IF (ME~1)5195051

WRITE OUTPUT TAPE 691 »TITLE(2o11sTITLEIS»ITs (AMOL{JIrT FosumisING
GO TO 9

1=11+1

IF{11~KK}200+2005201

K=X+1

GO TO 8

Kel

KK=KK+4

WRITE OUTPUT TAPE 6444

FORMAT (1H 1}

FMT{2)=TEM(K)

WRITE OUTPUT TAPE 6yFMTsTITLE(Zs 1o TITLE(391)4AMOLILY]I)

CONTINUE

IFCILEY 21920921

WRITE OUTPUT TAPE 644
WRITE OUTPUT TAPE 6.3

CALL ONCE(ILEsILESS,TITLE)
IF{IOM) 31930931

WRITE OUTPUT TAPE 6shé
WRITE OUTPUT TAPE 644

CALL ONCE (IOMsIOMIT»TITLE)
RETURN
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MAIN PROGRAM FIVE

QUTPUT PROGRAM

COMMON €

EQUIVALENCE (ANS1(1}s Ci251)y (ANS{4541s  C1478))
EQUIVALENCE(TITLE(1) CLa79))y (TITLE(31S}s C(793))
EQUIVALENCE (PAR(1) CL{7941))y {PAR{208)y  Cl1001)
EQUIVALENCE(DER(1)» Ci10023)s (DER(269)y C(1170)}
EQUIVALENCE (AMOL (1}, C(1171)3y (AMOL{1365}s C(2535)
EQUIVALERCE(A(1)s CL7941 )y (AL690)s Cl1483))
EQUIVALENCE(ELMT(1)y Cl14B4)ty (ELMT{(15)s  Cl1498))
EQUIVALENCE(BOX(1)s Cl14991)s  (BOX(15)s Ct1513)
EQUIVALENCE(BOF (1) Cl15143)y  {BOF(15),s C{1528))
EQUIVALENCE(BO(L}y C{1529))s (BO(15), C{1543))
EQUIVALENCE(I1y C(2536) )y  (MMy C(2537))
EQUIVALENCE (KDy C(26381 s (IMs Cl2539)}
EQUIVALENCE(N + C12540)1s  (LENs C{2541))
EQUIVALENCE (ME s CL2542))y  IMAYy Ct2543))
EQUIVALENCE (NANAs C(2544)3s (IPROB) C(2545)}
EQUIVALENCE (NF s Cllrds (NOy cez2n
EQUIVALENCE(NE s Ci3)}y (KKy <191}
EQUIVALENCE (KKK s C(ZO))' (LOOPy cia1y
EQUIVALENCE (KTAPEy

DIMENSION TXTLE(B»XOB)'PAR(13v16)’DER(13,X3),AMOL(\3»105)’
2 Al15546) »ELMT15)

3,ANS(454)

OIMENSION BOX(15)sBOF{15)4B01{15)
DIMENSION ASOL {13}

MAIN CONTROL FOR ONE OR TWO LOOPS

EXIT ALF EXIT

2 FORMAT (9HOCASE NOeIS53sF8e14F743}

3 FORMAT (1HO»64Xs46HWT FRACTION ENTHALPY STATE TEMP DENSETY/

225X ¢ L6HCHEMICAL FORMULA924X¢10H{SEE NOTE) s4Xs THCAL/MOL + 10Xy

35HDEG Kp&Xs4HG/CC)

4 FORMAT t1HO»B4Xs46HWT FRACTION ENTHALPY STATE TEMP DENSITY/
25X+ L6MCHEMICAL FORMULA144X»10H(SEE NOTE}»4Xs THCAL /MOL s

3 8Xs5HDEG Ks4X94HG/CC)

5 FORMAT(1H+y63XyF9.5'F12-3pAX»A1-FIO-Z-F1106)

6 FORMAT{1H+983XsF9e53F124394X9AL4F10+25F11e6

7 FORMAT (1H0s30X+4HO/FaF946515Hs PERCENT FUEL=F5-h;20H! EQUIVALENCE

1 RATIO=F744410Hs DENSITY=FTe4)

READ DRUM 44789 3KASEsOOF s PERCF s EQUIVsNOEQ s NOFROZ

READ DRUM 441503»XD

READ DRUM 451700+Ns IPROB

DO 60 I=1,13

CLA EXIT

STO ASOL(I)

IF{IPROB~2)55055504551

o

550 NANA=2

G0 TO 552

551 NANA=1
552 REWIND 3

KANE=NANA
DO 200 ME=14KANE
KTAPE=0

300 READ TAPE 3,(ANS(I)sI=15454)

KTAPE=KTAPE+1
HAL=ANS(2)%144696006
HALL=ANS(19}
1F{ME=1)20252019202

201 LEN=NOE®

GO TO 203

202 LEN=NOFROZ
203 IF(LEN~13}102+1025103
102 KODE=0

103 KONT=0

D0 104 I=1sN
00 105 Il=1,3
KK=J+11

105 TITLE(IIs1)=ANS{KK}
104 Js J+4

MAY =1

1000 WRITE OUTPUT TAPE 6,18
18 FORMAT (1H1}

CALL HEAD

READ DRUM 497955AsNFsNOsNESELMT
ASSIGN 90 TO JEAN

WRITE QUTPUT TAPE 6329KASEHAL »OOF
GO TO JEANS {90991}

~

90 IF{KD193,94493
94 WRITE OUTPUT TAPE 643

GO TO 97

93 WRITE QUTPUT TAPE 644
97 IF(NF)3514350+351
351 DO 100 I=1sNF

tr=t

MM=15

CALL SPEC

IF(KD1401+4009401

WRITE QUTPUT TAPE 655+A11934)sA(1532)sA01942) sA1T444)0A11436)
G0 T0 100

-

401 WRITE OUTPUT TAPE 6965A(1934)9A(T932)5A(1942)sA11444),A(1436)
100 CONTINUE

350 IFINO)353,352,353

353 DO 101 I=1sNO

11=1

MM=0

CALL SPEC
IF{KD}411+410s412

410 WRITE OUTPUT TAPE 6s59AL13319A(1s31)sAlT041)sAlT143)¢A(135)

GO0 TO 101

411 WRITE OUTPUT TAPE 6965A(1533)9A(I931)sA(1+41)3A11543)5A11935)
101 CONTINUE
352 CONTINUE

WRITE QUTPUT TAPE 67300F yPERCFIEQUIVyHALL
IFIKODE) 51950451

IN=LEN

G0 TO

o

56
51 IF{KONT} 53,52,53
52 IN=KODE

53 IN®LEN =13



ana nanA

nAanA ona

56

601
602

600

®
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64
66
65

2095
99

o

503

502
504
206

©

1

207
18

80

81

82

12
13
14
8.

o

15
85

91

119 FORMAT (6HONOTE«92X s 7IHWEIGHT FRACTION OF FUEL IN TOTAL FUELS AND

9

k3

95
208
200

55
66

W

20

-

21

w

13

KODE=0

CALL READ

1F{1PROB=-2)600+600601

WRITE OUTPUT TAPE 65602

FORMAT [37HOEQUILIBRIUM THERMODYNAMIC PROPERTIES)
CALL PERPAR

G0 1O 206

WRITE OUTPUT TAPE 6,8

FORMAT (11HOPARAMETERS)

IF(MAY=1164,63164

KK=IN=2

WRITE OUTPUT TAPE 65615 (ASOLIT)sI=1s KK)
FORMAT (1HOs16X»THCHAMBER 34X » THTHROAT #10(3X9A61 93X sA4)
GO TO 65

WRITE OUTPUT TAPE 6466+ (ASOLIT1s1=10IN)
FORMAT (1HO»15X513{3XsA6)}

CONTINUE

CALL PERPAR

IF (ME~11206+2055206

WRITE OUTPUT TAPE 6599

FORMAT (1H )

WRITE OUTPUT TAPE 69

FORMAT (12HODERIVATIVES})

IF (MAY=1) 50355025503

CALL PERDER

GO TO 504

CALL PERDEY

CONTINUE

WRITE OUTPUT TAPE 6,99

WRITE OUTPUT TAPE 6,10

FORMAT (15MOMOLE FRACTIONS//)

CALL COMP

WRITE OUTAUT TAPE 6,16

FORMAT (1lHO»30Xs26HINPUTs G-ATOMS/G//}
READ DRUM 4,17025B0XsBOF»B0

READ DRUM 4,1487sNEELMT

IF(NE-8180+80481

KK=1

KKK=NE

LooP=1

GO TO 82

KK=1

KKK=8

LOOP=2

DO 85 J=14LOOP

WRITE OUTPUT TAPE 6911y (ELMT(1}sI2KKsKKK}
FORMAT {11X48(6X1A257X))

WRITE OUTPUT TAPE 6512¢(80F {I)sI=KKsKKK)
FORMAT (5H FUEL+6Xs8E1547)

WRITE OUTPUT TAPE 69134 (BOX (1}s1=KKsKKK)
FORMAT (8H OXIDANT3Xs8E1547)

WRITE OUTPUT TAPE 69142(B0 (1} I=KKsKKK}
FORMAT {11H PROPELLANT»8E1547)

IF (LOOP-1) 86185486

KK=9

KKK=NE

WRITE OUTPUT TAPE 6,15

FORMAT (1HO

CONTINUE :

ASSIGN 91 TO JEAN

GO TO 92
WRITE QUTPUT TAPE 65119

10F OXIDANT IN TOTAL OXIDANTS}
IF(KODE1964+953596

MAY=MAY+1

GO TO 1000

IF (NANA=112085200+208

NANA=O

CONTINUE

CALL PONG(I}

SUBROUTINE SPEC
QUTPUTS FUEL AND OXIDANT FROM SUBROUTINE INPUT

COMMON C

EQUIVALENCE(TEM{1 ] Ct1811e {TEMIS)s ctzai
EQUIVALENCE (ANAME(1}» Cl61)y {ANAME (S5 Ci10))
EQUIVALENCE{II(1), Cl11))y (1115), Ci1s))
EQUIVALENCE (K Cl16) 1}y {KKs T
EQUIVALENCE(A(L)s CL794) )y (AL690) s C(1483}))
EQUIVALENCE(ELMT{2) Cl1l484))y (ELMT(15)» C(1498))
EQUIVALENCE( I, C(25361)y  (My €12537))
EQUIVALENCE {KONT»

(2538))
DIMENSTON A(15946) 9 TEM(5) s ANAME({5)sELMT(15)
DIMENSION IE(5)
FORMAT (10Xs4RFUEL )
FORMAT (10Xs7HOXIDANT)
IF (M ) 24142
WRITE QUTPUT TAPE 6466
GO 7O 3
WRITE OUYPUT TAPE 6,55
K=o
DO 11 J=1,15
KK=1+M
IF(A(J9KKI 12912912
K=K+1
TEM{K}=ATJIKK)
ANAME (K)=ELMT (J)
IT(K}=TEM(K}
CONTINUE
IF(KONT 21920521
WRITE QUTPUT TAPE 6549 {ANAMELL}2IT(1}sI=14K)
FORMAT{1H+518Xs5(A2512s5X))
GO TO 13
WRITE OUTPUT TAPE 635+ {ANAME(T)4TEM(I)s1=1yK)
FORMAT (1H+918X35(A2sFBe5y3X))
RETURN

SUBROUTINE HEAD
OUTPUTS PROPER HEADING ACCORDING TO PROBLEM NUMBER

COMMON €
EQUIVALENCE (IPROB C12545))9  (ME» Ci2542}))

8L
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Aann nnn

nan non

Aan ann

100_FORMAT { 25X980HTHEORETICAL ROCKET PERFORMANCE ASSUMING EQUILIB
2RTUM COMPOSITION DURING EXPANSION}
200 FORMAT ( 25X» TSHTHEORETICAL ROCKET PERFQORMANCE ASSUMING FROZEN

2COMPOSITION DURING EXPANSION}
300 FORMAT { 25X+80HTHEQRETICAL ROCKET PERFORMANCE ASSUMING EQUILIB
2RIUM COMPOSITION DURING EXPANSION/44X3s28HFROM AN ASSIGNED TEMPERAT
E}
400 FORMATY ( 25X+ 75HTHEORETICAL ROCKET PERFORMANCE ASSUMING FROZEN
2COMPOSITION OURING EXPANSION/44Xs28HFROM AN ASSIGNED TEMPERATURE)
500 FORMAT { 25X T4HTHEORETICAL THERMODYNAMIC PRUPERTIES AT ASSIGNE
20 PRESSURE AND TEMPERATURES)
600 FORMAT 25X+ T4HTHEORETICAL THERMODYNAMIC PROPERTIES AT ASSIGNE
2D TEMPERATURE AND PRESSURES) :
IF (1PROB-211¢2+10Q
10 IF!{IPROB-4)31494
TF{ME=1}12y11512
11 WRITE OUTPUT TAPE 6,100
RETURN
12 WRITE OQUTPUT TAPE 65200
RETURN

-

~

IF(ME~1}14513514

13 WRITE OUTPUT TAPE 64300
RETURN

WRITE OUTPUT TAPE 6,400
RETURN

WRITE OUTPYT TAPE 65500
RETURN

WRITE OUTPUT TAPE 6,600
RETURN

-
>

F ow

SUBROUTINE PERDER
QUTPUTS PERFORMANCE DERIVATIVES

COMMON €
EQUIVALENCE(PER(1) s C{10021)y {PER{169)»  C(1170))
EQUIVALENCE(INy Ct2539))

DIMENSION PER(13,13)
FORMAT {15HO{DLI/DLPCIPC/P13F945}
FORMAT (15H {DLT/DLPCIPC/P13F945)
FORMAT (16H (DLAR/DLPCIPC/PFBe5912F945)
FORMAT (16H {DLCS/DLPCIPC/PF8e5912F%45)
FORMAT {15HO(DL1/DHCIPC/P*13F945)
FORMAT (158 (DLT/DRCIPC/P¥13F9451
FORMAT (16H (DLAR/DHC)PC/P#F845912F945)
FORMAT (16H {DLCS/DHC)"C/P¥F845512F945}
FORMAT {16H #{HC IN KCAL/G))
FORMAT (13HO(DLI/DLPCPISs2Xs13F945)
FORMAT {13H (DLT/DLPCP)Ss2X+13F9.5}
12 FORMAT (15H (DLAR/DLPCP}S 13F945})
WRITE OUTPUT TAPE 641s(PER{I+2}51=1+IN)
WRITE OUTPUT TAPE 652+ {PER{Is1)sI=1»IN)
WRITE OUTPUT TAPE 643¢{PER([+3141a1sIN}
WRITE OUTPUT TAPE 6449 (PER( 1ol=1rIN)
WRITE OUTPUT TAPE 6353 (PER{T»7)sI=1sIN}
WRITE OUTPUT TAPE 6+6» (PER{I»6)sI=1s1IN)
WRITE OUTPUT TAPE 6357+ (PER{I+8)sI31sIN)
WRITE OUTPUT TAPE 643+{PERII110)s1=1s1N)

e
POV ®NO VPG N

WRITE OUTPUT TAPE 649

WRITE OUTPUT TAPE 6,10+ (PER(Is12),
WRITE QUTPUT TAPE &4114(PER{Is111s
WRITE OUTPUT TAPE 6512+(PER{I413}sI=14IN)
RETURN

SUBROUTINE PERDEY
QUTPUTS PERFORMANCE DERIVATIVES

COMMON €
EQUIVALENCE {PER(1) CL1002))s (PER(169)s  C(1170))
EQUIVALENCE { INy C125391)

DIMENSION PER{13,13)

FORMAT {15HO(OLI/DLPCIPC/Py9Xs12F9.45)

FORMAT {15H (OLT/DLPCIPC/P13F945)

FORMAT (16R (DLAR/DLPCIPC/Ps8Xs12F945)

FORMAT {16H (DLCS/DLPCIPC/P#8Xs12F9e5)

FORMAT {15HOIDLI/DHCIPL/P*59X912F945)

FORMAT (15H {DLT/DHCIPC/P¥13F945}

FORMAT {16H (DLAR/DHCIPC/P#y8X912F945}

FORMAT {16H (DLCS/DHCIPC/P®38X312F9e5)

FORMAT (16H *{HC IN XKCAL/G)}

FORMAT (13HOIDLI/OLPCPISIIIX»12F9.5)

FORMAT (13H (DLT/DLPCP)Ss2Xs13F945)

12 FORMAT (1SH (DLAR/DLPCP)S»9Xs12F945)
WRITE OUTPUT TAPE 691s(PER(I+2)s1=2+1IN)
WRITE OUTPUT TAPE 6,2s(PER{Is1}y1=1+1IN)
WRITE OUTPUT TAPE 6+35{PER{Is3}sIm2sIN}
WRITE QUTPUT TAPE 6949 (PER({I+5)91=2»IN}
WRITE QUTPUT TAPE 695+{PER{I+7)s1=2+IN}
WRITE OUTPUT TAPE 646 {PER{I+6}»I=1sIN}
WRETE QUTPUT TAPE 6474 (PER(Ls8)s1m241IN)
WRITE OUTPUT TAPE 698s/PER(I»10)21=241IN)
WRITE OUTPUT TAPE 6.9
WRITE OUTPUT TAPE 64105 (PER(1s12)y1=251IN)
WRITE QUTPUT TAPE 64115 (PER(Is11)5I=2sIN)
WRITE QUTPUT TAPE 6,129({PER{15223)51=241N}
RETURN

o
HOVD NGV BV

SUBROUT INE READ
SORTS WHAT IS ON TAPE 3

COMMON €

EQUIVALENCE (Ny Cilt}y (813 cez2n
EQUIVALENCE(ANS(1}, Ci25})y [ANS(454)y C(478))
EQUIVALENCE (PAR(1] CL7964) 1y (PAR(208) s €(1001)}
EQUIVALENCE{DER(1)» C{1002))s {DER(169)s C(1170)}
EQUIVALENCE (AMOL {1} 4 C{1171)}s {AMOL{1365)s C(2535}}
EQUIVALENCE(INs C(2539)}s {LENs Ct2541))
EQUIVALENCE (KTAPE €12546))

EQUIVALENCE (NNy C{2540) )

DIMENSION PAR{13516)»0ER{12913),AMOL{13105)sANS1454)

DG 1 I=1sIN

DO 2 J=1516



~

PAR(I s J}=ANS(J)
N=1

DO 3 J=20s32
DER{IsN)=ANS(J)
3 NaN+]
N=1
J=38
DO 4 JJ=1,NN
AMOL (IsN)aANS(J}
FENEZY
N=p+1
IF(KTAPE-LEN)10041+100
READ TAPE 34 (ANS(K)sK=1,
KTAPE=KTAPE+}
CONTINUE
RETURN

+

1o

- S

SUBROUTINE ONCE (NsM}
OUTPUTS ODD PRODUCTS

nno ann

COMMON €
EQUIVALENCE(TEMIL)»
EQUIVALENCE(FMT(1) s
-EQUIVALENCE (K s
EQUIVALENCE{TITLE(1)}s
" DIMENSION M{105)sTITLE(3
SA - ALF 1Xs2
5B ALF 14X92
sC ALF 27Xs2
sD ALF 40X22
SE ALF 53Xs2
SAA ALF 66X92
SBB  ALF T9Xs2
SCC ALF 92X92
SDD ALF 105Xs2
SEE ALS 118X+2
SFOR ALF (leo

6)

WRITE OUTPUT TAPE 641
FMT{1)=FOR
FMT(3)=APE
TEM{1)=A
TEM{2)=8
TEM{3)=C
TEM{43=D
TEM(5)=E
TEM(61=AA
TEM{7}2BB
TEM(8)=CC
TEM{9}=0DD
TEM(10}=EE
K=o
KK=10
DO 10 I=1.N
J=M(I)

IF(1=KK) 20920421

20 K=K+1

GO TO 5

K=

KK=KK+10

WRITE OQUTPUT TAPE 61
FORMAT (1H )
FMT(2}=TEMIX)

2

-

we

454)

g

[
<
<
’

23izz

(1
{1
Cil
(47
105

(TEM(10) s €i10))
(FMT{3), €(13))
(KKs C{15))
(TITLE(315)s CLT93))

'TEMllolnFMT(B)

WRITE OUTPUT TAPE 69FMTsTITLE(2sJ)sTITLE(34J)

-
=

CONTINUE
RETURN

SUBROUTINE COMP
QUTPUTS COMPOSITION

AAN Ann

COMMON C
EQUIVALENCE(FMT(1)y
EQUIVALENCE(TEM{1)
EQUIVALENCE (K
EQUIVALENCE (AMOL{1),
EQUIVALENCE(TITLE(1}y
EQUIVALENCE{IOMIT(1)+
EQUIVALENCE(ILESS(1)»
EQUIVALENCE(INs
EQUIVALENCE (MEy

423 )
OIMENSION AMOL (135105} 9TITLE(3»105)sIOMIT{105)sILESS(105)

DIMENSION FMT(4)»TEM(4)

SA ALF (1H+s
58 ALF  A6sF8,
SC ALF 5)
S0 ALF TXe2
SE ALF 36Xs2
SF ALF 64X92
SG ALF 9ZX12
SOMIT ALF

1 FORMAT (1X-2A6v2Xt13F9.5

3 FORMAT {1HOs 118HADDITIONAL PRODUCTS WHICH WERE CONSIDERED BUT W
1HOSE MOLE FRACTIONS WERE LESS THAN 0.000005 FOR ALL ASSIGNED CONDI

2TIONS//)

4 FORMAT (1HO» 59HPRODUCTS WHICH WERE INTENTIONALLY OMITTED FROM

1CALCULATIONS/ /)
TEM(1)=D
TEM(2)aE
TEM(3)sF
TEM(4}=G
FMT{1)=A
FMT{3)=8
FMT{4)=C
K=0
KKx4
I0M=0
ILE=0
IF(ME~1)61+60061
61 WRITE OUTPUT TAPE 6344
60 11=0
DO 9 I=1sN
§ CLA TITLE {1s1)
s SUB OMIT
s TNZ *10

CL1171))y
ClaT9))y
CT94) )y
C(89911s
C125393 )y

(FMT {4}y Clany
(TEM{G 1}y cien
(KKs Ct1o}y

(AMOL{1365)s C(2535})
(TITLE(315)s CL793)})
(IOMIT(105)s C{898))
(ILESS(105)s C(10031}
{N» C12540}))

83
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10

11

t12
50

51
200
201
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2

-

20
31

30

m

~

w

6

o

LIS

40
41

61
50

31
32
33
34
35

5

-

10M=10M+1
IOMIT{IOM) =1
GO 70 9

DO 11 J=l,IN

IF(AMOL(Jy I }=45E8-05)11412912

CONTINUE
ILE=ILE+1
ILESSUILE)=I

GO TO 9
IF{ME=1)51950551

WRITE QUTPUT TAPE 631 +TITLE(29E}sTITLE(35109 (AMOLIJJsI)sJI=1sIN)

GO 10 9

1
IF{TI-KK)20092005201
K=K+1

KK=KK+4

WRITE OUTPUT TAPE 64%

FORMAT (1H )
FMT (2)=TEM(K}

WRITE OUTPUT TAPE 64FMTHTITLE(20I)sTITLE(3s1)AMOLILsI)

CONTINUE

IFTILE) 2192021
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
CALL ONCE (ILE»ILE
IF{10M) 3193031
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
CALL ONCE (IOMyIOM
RETURN

SUBROUTINE PERPAR

bebts
633
55)

Yy
6v4
I

OUTPUTS PERFORMANCE PARAMETERS

COMMON C
EQUIVALENCE(NN(1)s
EQUIVALENCE (PARIL)
EQUIVALENCE(INs
EQUIVALENCE (KODE »

Cildds

Cl794) )
€{2539))
C(2544))

DIMENSION PAR{13s1614NR(13)

FORMAT (5H PC/Ps10X)
FORMAT {8H Py ATM
FORMAT (9H Te DEG
FORMAT (9H Hs CAL/
FORMAT {15H S, CAL
FORMAT (10HOM» MOL
FORMAT (11H {DLM/D
FORMAT (11H (DLM/D
FORMAT (15H CPs CAl
FORMAT (&H GAMMA,9.
FORMAT (12H MACH N
FORMAT {15HOCSTARY

FORMAT (3H CF»12X»
FORMAT {6H AE/AT»S
FORMAT (1SH IVAC,L
FORMAT (15H 14 LB-
IF{KODE~1)291s2

WRITE OUTPUT TAPE -

(NN{13),
{PAR{208) s
(MAY s

27X}
K»6X91319}
Geb6X913F9el)
Z{G)(K) 13F944})
WT+5Xs13F943)
LP)Ts4X313F9.5)
LTIPs4X213F9e4)
LG (KI13F9e4)
Xs13F9e4)
UMBER#3X1»13F943)
FT/SEC 12319)

13F943)
X+13F943}
B-SEC/LB13F%.1)
SEC/LB  13F9.1)

69112

FORMAT (8HOPs

ATM »7X)

GO 10 3

WRITE OUTPUT TAPE 6410

CALL VAR(1)

WRITE OUTPUT TAPE 6,11

CALL VAR(2)
DO 60 1=1sIN
NN{I)=PAR(Is3}+e5

WRITE OUTPUT TAPE 62125 {NN(I)s1=1sIN}

WRITE OUTPUT TAPE 69139 (PAR(I44)41314IN)
WRITE OUTPUT TAPE 6»14s{PAR(I95)sI=1sIN)
WRITE OUTPUT TAPE 6415+ (PAR{196)sI=19IN}

IF{KODE16+596

WRITE QUTPUT YAPE 6416+ (PARII+8)y1

=1s1IN)

WRITE QUTPUT TAPE 6917+{PAR(1+9)s1=14IN)
WRITE QUTPUT TAPE 64184 (PAR(L+71¢I=14IN}
WRITE OUTPUT TAPE 61195 (PAR(I»10)s1=1+IN)

IF(KODE~1)41+40941
RETURN

WRITE OQUTPUT TAPE 64209 (PAR(1512)91215IN)

00 61 IalsIN
NN(T)=PAR(1+15)+45
IF (MAY~1) 51¢5045)

WRITE OUTPUT TAPE 69319(NN{I}sl=2+1IN)
WRITE OUTPUT TAPE 64325 (PAR{I»16)s122,1IN)

WRITE OUTPUT TAPE 6433

CALL VARI(1l)

WRITE OUTPUT TAPE 6,344 {PAR{T 16311325 1IN)
WRITE OUTPUT TAPE 63355 (PAR(T,13)9122,1K)
FORMAT (15HOCSTARy FT/SEC »#9Xs1219})
FORMAT (3H CF#21Xs12F%e3}
FORMAT (6H AE/AT218Xs12F943)
FORMAT (15H IVACHLB~SEC/LB#9Xs12F9el)
FORMAT {15H 14 LB-~SEC/LB +9Xs12FFe1)

RETURN

WRITE QUTPUT TAPE 65219 (NN{I)sI=2sIN)
WRITE OUTPUT TAPE 6422+ (PAR(Is16)s1=1s1N)

WRITE QUTPUT TAPE 6423

CALL VAR{11)

WRITE QUTPUT TAPE 64243 {PARIT+24)121=1y1IN)
WRITE OUTPUT TAPE 6525+ (PARLI13}eT=15IN)

RETURN.

SUBROUTINE VAR( INDEX)

SPECIAL FORMAT FOR PC/PsPs AND AE/AT

COMMON C

EQUIVALENCE [TEMM{ 1)y
EQUIVALENCE(AM[1}y
EQUIVALENCE(TEM(1},
EQUIVALENCE{FMT (1)

Ci{lihy
Cllsdde
Cl18) 1}y
Cl22})

(TEMML13) s
(AM(4)
(TEM{4)y
(FMT(3)y

€i{13))

Ci1001))
Cl2543))

cii3n
ctry
<2
cl24)



~

w

w

EQUIVALENCE(PAR{L)
EQUIVALENCE [INy

DIMENSION FMT(3)9PARI12516) s TEMI4) sAM{4

4XF
ALF 23%sF
ALF 32%sF
ALF B1XsF
ALF 50X F
ALT 59X%sF
ALE &8XsF
ALF TIXeF
ALF 86XsF
ALF  95XsF
AL 104%sF
ALF 113KsF
ALF  122XsF
ALF  (1R+s
ALF 940}
ALF 9.1)
ALF 942)
ALF 943}
ALF 944}
TEMM{1) =4
TEMM(2) =8
TEMM(3)=C
TEMM{4)=D
TEMM(5) =E
TEMM(6}=F
TEMM(71=AA
TEMM {8} =BB
TEMM(9)=CC
TEMM(10)=DD
TEMM(11)=€E
TEMM(12)=FF
TEMM{13)366
FMT(1)=FOR
IFLINDEX-21 15243
TEM{1)=140E04
TEM{2)=1.0E05
TEM(3)=140E06
AM{1)=THR
AM(2)=TWO
AM{3}=0ONE
AM{4)=ZERO
GO TO 4
TEM(1)%140
TEMI2)=1040
TE"M(3)=10040
AMU1)=FR
AM{2)=THR
AMU3)=THO
AM{ 4} =ONE
GO TO 4
TEM{1)=1040
TEM{2) 210000
TEM{3)=100040
AMU1)aTHR
AML2)=TWO
AM(3}=ONE
AM{4)=ZERO

DO 5 I=1,IN
IF {1~1) 53450453
IF IMAY=1) 53,52+53

IF({INDEX~11) 5355453

CONTINUE
FMT(2)=TEMM{T)
DO 6 J=1,3

IF(PAR{TINDEX}=TEM{J} 1104636

FMT{3)=AM(J)

WRITE QUTPUT TAPE 6)»FMTsPAR(14INDEX)

GO TO 5
CONTINUE
FMT(3)=AM{4)

WRITE OQUTPUT TAPE 6,FMTs+PAR{I,INDEX)

CONTINUE
RETURN
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APPENDIX D

PROGRAM LISTING FOR IEM 7090

MAIN PROGRAM

COMMON C

EQUIVALENCE (GL1)y 1)) (614200 €(420))
EQUIVALENCE (ANS{1)s Cl421))s (ANS{454) cCi874))
EQUIVALENCE (HSUM, CL424) )y (SSUMs Cla25)
EQUIVALENCE {WTMOL» Cla26})s  (CPs Cla27y
EQUIVALENCE {DLMPT» C{428})s  (DLMTPs Clu29))
EQUIVALENCE (GAMMAS C{430})s (ARATIO» Cl431))
EQUIVALENCE {VMACH» CL432)1s  (SP IMPs C{433))
EQUIVALENCE (VACL, Cla34))s  (CFe Cl436))
EQUIVALENCE {RHOT, C{437})s  (RHOVAC) Cl4u38))
EQUIVALENCE {RHO» C{439})

EQUIVALENCE {T Pl, C{440))y  (PI Is Cl441))
EQUIVALENCE (EP PIy Cl442))s  LAW PI» Ctaa3dy )
EQUIVALENCE 1T ETAs C1aa5) )

EQUIVALENCE (ETA Is C(4461)y  (EP ETA, Ctaa7))
EQUIVALENCE (AW ETAs Cl448) )9 {T SIGy C{4501)
EQUIVALENCE (SIG 1» Ci451)1s (EP SIGy Clus2)}

EQUIVALENCE (AW S1G» Ct453))

EQUIVALENCE (ANSLAB(1)s CU875))s (ANSLAB{454}s C(1328})
EQUIVALENCE (FORM(1}»  C(1329})» {FORM{15)s C(1343))
EQ'JIVALENCE (ELMT(1)y  C(1344))y (ELMT(15)s C{1358))
EQUIVALENCE (LLMT(1)y  C{1344))s {LLMT{15)» C{1358))
EQUIVALENCE {DATA(L)s C(135%9))s (DATA[23)e C{1381))
EQUIVALENCE {MDATAIL)» C(1359})s (MDATA(23)s C{1381)
EQUIVALENCE (ENL1)y C{1382))s (EN(90)» Cl1aT1))

EQUIVALENCE (1SYSy Cl1472) ) {JEAN, C{1473)
EQUIVALENCE {ACXs CL1474) )y {ACFy C{1475)
EQUIVALENCE FAMX y Cil4161)y (AMF CL1HTTYY
EQUIVALENCE {RHOX s CL2478) ) (RHOF ¢ Ct1479))

EQUIVALENCE (COEFXA1)y C{1480) )y (COEFX(20)y C(1499))
EQUIVALENCE (DX{L)» C(1500})s (DX(20)y  C(1519

1) .
EQUIVALENCE (FORMLA(1)» C{1520)})s (FORMLA(18)» C{12537)}

© EQUIVALENCE (MMLA{1)s  C11520))s (MMLA(18)s C{1537))

EQUIVALENCE (PROD(1)s Cl153833}» (PROD{3)s  Ct1540})

EQUIVALENCE (SYSTM{1)s Cl1541)}s (SYSTMI15), C11855))

EQUIVALENCE (MTSYS(1)s C{15413)s (MTSYS(15)s C(1555)}

EQUIVALENCE {OF s CL155611s (FPCTy»  C{1557))
EQUIVALENCE (EQRAT, C(1558})
< EQUIVALENCE (KODE, C{1559) 1y (KASE» Ct1560))
EQUIVALENCE (KONTs  C(1561))s ENFo Cl1562}
EQUIVALENCE ( Cl1563))s (NEs Cl1564))

*
o
w

NO»
- EQUIVALENCE {NOEQ, C{1565}}

EQUIVALENCE (BOX(1)s C{1771))s (BOX{15)s  C(1785))
EQUIVALENCE {BOF(1)s C{17686))y (FOF(15)y  C{1800))

EQUIVALENCE {HX» C{1801) )y (HFy Ci1802))
EQUIVALENCE {VXPLS s C11803))s (VXMIN, C11804)
EQUIVALENCE (VFPLSs C(1805) 1y {VFMINy C11806)}

EQUIVALENCE {EN LN(1)s C(12861))s (EN LN(90)s C(1950})
EQUIVALENCE {DEL N(1)» C{19511}s (DEL K(90)» C(2040))

EQUIVALENCE (HO(1)» €{2041))s (HO(90) s C12130)
EQUIVALENCE (Stils - Cl213t0de (S5{90)s C(22201})
EQUIVALENCE {Xt1)y Cl2221)31s (X{20)¢ Ct2240))
EQUIVALENCE (DELTA{1)» C(2261)}y (DELTA{20)9 C12260)}
+ EQUIVALENCE {BOIL)y €{2261)})y (BO(15)s €12275))
EQUIVALENCE (POy Ct2276) 1y (HSUBO. 422770}
EQUIVALENCE (S0 C{227833y T LNy C12279))
EQUIVALENCE (Ts C(2280))9 {AAY LN» ctazs1))
EQUIVALENCE [AAY s C{22821)y (CPSUM, c(2283))
EQUIVALENCE {HCy C{2284)3s (TC LNy C{2285))
EQUIVALENCE (PCP(1)y C(2286))s (PCPI25)y  Cl2310}})

EQUIVALENCE (DATUM{1)s C(2311))s (DATUM(3}, C{2313))

EQUIVALENCE {PCy C(2314))s (TCo C€i2315))
EQUIVALENCE (IPROB C123161)s {IFIXTs C(2317)
EQUIVALENCE (IHSy €(2318})e {1COND, €(2319]
EQUIVALENCE  {ISYM, C(2320))y ,{IPRQDy ci2321))
EQUIVALENCE (IDIDy C(23221)» (LDRUM, C{2323))
EQUIVALENCE {IDRM, C(2323))» (KDRUMs C{2324))
EQUIVALENCE {Ly C{2325)1y (L1y Cci2326))
: ECUIVALENCE (My C123273 3> {Mly C{2328))
 EQUIVALENCE (Ny C12329))s (1Qy €12330))
EQUIVALENCE (1Q1y C12332))y (1Q2s C€12332))
EQUIVALENCE {103, C{2333))y (KMATy Ci2334))
EQUIVALENCE (IMATy €(2335)3}y (IUSEs €(23351)
EQUIVALENCE {1ADDy €12336))1y (ITNUMB, €(2337))
EQUIVALENCE (ITAPEs C(2338})y {Ps C€i2339}))
EQUIVALENCE (IDEBUGY €(23401)y (IFROZs C€(2341))
EQUIVALENCE tAl1l)y Cl2342))s (A(1350)y C(13691))

EQUIVALENCE (COEFT1{1)s C{3692))s (COEFT1(1350}s C{5041))
EQUIVALENCE (COEFT2{1)s C{5042))s (COEFT2{1350)» C(6391)})
EQUIVALENCE (COEFTI(1)s C{6392))s (COEFT(1350)» CU(TT41}}
EQUIVALENCE (ATOM{1)s CU7742))» (ATOMI303}s C{8044})
EQUIVALENCE {MATOMI1)s  CUT742)1s (MATOM{303)s C(8044)})
EQUIVALENCE (XOREs C(8047})

EQUIVALENCE (MT¢DMT)

EQUIVALENCE (HS#MHS) s (TSsMTS) 9 (PTyMPT) s (TPsMTP) # (DETSMDET)
EQUIVALENCE (PROBsMPROB) s {ENDsMEND)

EQUIVALENCE (TMLMsMTMLI!) s (BLKIMBLK)

DIMENSION  G{20s21)s  A(15590)s EN(90)s EN LN(90)
DIMENSION  DEL N{90)s HO{90}» $190)» X(20)
OIMENSION  DELTA({20)s BO(15)» PCP(25)y PROD(3)
DIMENSION  COEFX(20)}s DX{20)» FORM{15}

DIYENSION COEFT1(15¢90) » COEFT2(15+50)

DIMENSION  ELMT(15)s  DATAI23)s  DATUM{3)s  FORMLA(18B)
DIMENSION  BOX(15)s BOF(15)s ANS{454)s  SYSTMILS)
DIMENSION LLMT(15)+MTSYS{15},MDATA(23)

DIMENSION  ANSLAB{&4S4)}»  COEFT{15,90)

DIMENSION  MATOM(10143}s ATOMI10193)

H $x307362606060
T $=637362606060
P T=477363606060
T P=637347606060
DET=242563456060
END=254524606060
BLK=000000000060
OMIT=464431636060
DMT=606060606060

READ IN INPUT DATA

IF (ISY5=99} 40154035401
READ TAPE 35(G(I)sI=258044)
REWIND 3

IF (SENSE SWITCH 6) 6519719



401

429
433

443

nnn

1447

920
921

w4

®

449

452

1452

453

459

598

ann

600

1198

1199
B198
B

200

201

¥ Xatal

203
204

o®

20

S

©o

208

o
pr:

2
11209

210
11210

213

22

o

221
222

602
605

607
609

1700

1701

15Ys299
IFROZ=0
PAUSE 11111
CALL INPUT

IF (L) 6513651+433
WRITE OUTPUT TAPE 6,443» HXsVXPLSsVXMINSHFsVFPLSsVFMIN

s (ELMT(I)2»BOX(I)9BOF(I)olnmsLl

FORMAT (10H1OXIDANT 3E16+6/10H FUEL 3E1646/(1H A642E2048))
RIGHT ADJUST ELEMENT SYMBOLS

00 447 X=1sL

TMLM = ELMT(K)

ELMT(K) = ARSF{24+ TMLM)

TMLM = ELMT(K) *0 00077

IF {MTMLM=MBLK) 447514474447 |
TMLM = ELMT(K) .
ELMT{K) « ARSF(6s TMLM)

CONTINUE

IF(SYSTMIL+11)45359205453

IF (SYSTM{L)} 92194535921

DO 449 K= lrL

DO 448 J=1s

IF (LLMT(K)-MTSVS(J)) 44894499448

CONTINUE

GO TO 453

CONTINUE

CANCEL ~—OMITS~~~FROM PREVIOUS PROBLEM

DO 1452 J=1sM
COEFT1(1yJ) = DMT
COEFT2(1eJ) = DMT
COEFTU1sJ) = DMT

Tusg=]

GO TO 598

DO 459 K=1y15
SYSTM(K)=ELMT (K)

CALL SEARCH

IF {TUSE~2) 600+635,635

SET ARRAY PROO TO BYPASS ALL CONDENSED PHASES

PROD(1)=0.0
PROD(2}=00

IF (M=35) 198519851198
IF (M=70) 199519951199
IF (M=90} 200,200+635
PROD(2)=377777777777
PROD(3) = 3777777777177
TMP=PROD(2)
PROD{1)=ARSF {MsTMP)

GO TO 201

M12 = M~35

PRODI3) = BTTTTITTT777
TMP=PROD(3)
PROD{2)=ARSF(M129TMP}
60 TO 201

M12 = M-70

PROD(3) = 377777777777

;R0D7§?EA3£F(M12»TMP)

101=10+l
102210141
103=102+1
L1=IQ1
Ml=M+1

DETERMINE WHICH GASEQUS SPECIES SHOULD 8E OMITTED FROM THE PROBLEM
AND WHICH CONDENSED SPECIES SHOULD BE USED IN THE FIRST ITERATION

READ INPUT TAPE 792049 (DATA(11+i=1+86)
FORMAT (4(2A693X))
SJW=DATA(1) #{-DMT}
IF(SJW) 20792200207
00 213 Kals4
00 211 J=lsN
DO 208 122+3
RK=22#K+]=-3
SJIV=DATA(KK}*{~COEFT2{1sJ})
IFISJW) 21152085211
CONTINUE
IF (J=M) 209+209+210
CALL BYPASS (J»2)
GO 10 213
CALL BYPASS tJe3)
G0 70 21
CONTINUE
CONTINUVE
0 TO 203
CONTINUE
DO 222 J=lsM
CALL BYPASS(Jel}
IF (IPROD = 2) 22152224221
COEFT1(19J) = OMIT
COEFT2(15J)=0MIT
CONTEINUE

ARRANGE ANSWER REGION

I=1

DO 602 JxlsN
ANS(1)=COEFT2{1sJ)
ANS{I+1)=COEFT2(2+4)
ANS(1+2)=COEFTZ (34}
ANS(I143) = 0.0

Ial+s

KabuN

TaK+34

ANS{])=ANSEX)

K=K~

IF {K} 65196079605

DO 609 K=1p34

ANS(K) = 0.0

0O 1700 K= 1y 454
ANSLAB(X) = ANS(K)

DO 1701 J = 1, 15

00 1701 K = 1, 90
COSFT(JsK) = COEFTLLJaK}

.87
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nAan

nnn

700
701
703

705
902

707
903

709
904

711
905

713
715
716
1716
n7

1717

71

@

719
721

723

725
729

731
733

1733

746
147

748
749
755

760

1771

771
772
1772
777

719

631
633

635
637

639
640

643
651

DETERMINE THE TYPE OF PROBLEM

IFROZ=1

READ INPUT TAPE 7,703sPROBsKASE
FORMAT (A5s15)

IF (MPROB-MHS} 70559012705
1PROB=1

GO TO 715

1F (MPROB-MTS) 707,902,707
IPROB=2

GO TO 715

IF (MPROB-MPT} 70949035709
IPROB=3

GO TO 715

IF [MPROB-MTP) 7115904»71)
IPROB=4

GO TO 715

IF (MPROB-MDET) 713,905,713
IPROB=1

IFROZ=~1

GO TO 719

IF {MPROB-MT)631+429»631

DO 716 K=1425

PCPIK}=0e0

READ INPUT TAPE 74718+{GIK)sR=1s5)
IF(G(131719,7299717

DO 1717 K=1,5

IK=1+K

PCP{IK}=G(K}

1=145

GO TO 1716
FORMAT [5F1042)

DETERMINE THE ASSIGNED VALUES FOR THE PROBLEM

READ INPUT TAPE T7s7214EQRATO FsF PCTsPCsTCHKODE) IDEBUG
FORMAT (5F10-2v15t16th1)

IF (EQRAT) 7253725,

O F= (-EQRAT*VFMIN-VFPLS)/(VXPLS*EQRAT*VXN!N)

F PCT=100+0/110+0 F)

GO TO 745

IF (0 F) 731,731,727

F PCT=10040/1{1+0+0 F)

ECRAT=ABSF ({0 FRVAPLSHVFPLS)I/ IO FRVAMINAVFMINGY
GO TO 745

IF (F PCT} 70057004733

0 F={100+0-F PCY)/F PCT

If (0 F) 71991733,729

IF (VFMIN)} 729y 7464729

IF (O F) 71947465746

DO 747 Is=lsL

BOII)=(O F*BOX{I)+BOF(1))/(1.040 F)

IF (IPROB-1} 65197494748

HSUBO=040

G0 TO 755

HSUBO={0 F¥HX+HF)/{140+0 F)

WRITE QUTPUT TAPE 6+7604KASEsPROBsO FsF PCTsEQRAT$PCIHSUBO

1 (B0(I3sI=1yt)

FORMAT (IH11553XsA8/1H 4E1748/(1H TE1748))
HSUBO=HSUBO /1498726

DO 1771 1 = 14 ASA

ANS(I} = ANSLAB(I)
RHO=RHOX+0 F#RHOF

IF (RHO) 772+7725771
RHO=(140+0 F ) *RHOX*RHOF /RHO
DO 1772 1 = 1» 456
ANSLAB(I} = ANS(I)

IF (IFROZ) 77756514779

CALL CORE4

If {KORE} 1577911

CALL CORE2

60

ERROR PRINT QUT

WRITE OUTPUT TAPE 69633sPROBsKASE

FORMAT (21HI1THERE 15 NO PROBLEM A6s2Xs15)

GO TO 651

WRITE OUTPUT TAPE 69637

FORMAT (47H1TROUBLE IN COMPILING MASTER THERMODYNAMIC TAPE)
REWIND 4

READ TAPE 4, {DATA(I)+1=1,23)

WRITE OUTPUT TAPE 6+6404{DATA{I)91=1423)

FORMAT (1H 3A6,2F10«1/(1H 2F841s7E1446})

IF (MDATA(1)~MEND) 639+9001639

WRITE OUTPUT TAPE 65643 ({COEFTI(KsJ}sK=1s14)sJ=15N)
WRITE QUTPUT TAPE 696439 ((COEFT2(KsJ)sK=1s14)sJ=1sN)
FORMAT (1H 3A692F152/2F841+7E12e4//)

REWIND 4

PAUSE 77777
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SUBROUTINE SEARCH

COMMON ¢

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQ'JIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQJIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

DIMENSION
OIMENSION
DIMENSION
DIMENSION

(GtL)y [4RR Y 1G(420) C1420))
CANS{1)s Cl&421))s (ANS(454)y Cl8T4))
CHSUM Cla24) )y (SSUMy €425
{WTMOL.» Cl&26)ts  (CPy CLa271}
(DLMPTy C{428))s (DLMTP» Cta29))
{GAMMA ¢ Cl430))s  (ARATION Ct43l)

{VMACH)» Cl432))s  (SP IMP, C(433)

{VACTy C{a34) )y (CFy Cl4361)
{RHOTs Cl437)}s  (RHOVAC, Jt43d)

(RHO» Cl439})}

(T PIy Cla4u0d)y  (PI Iy Cta62y)
(EP PI, C{442))s (AW PIs Ctaa3d)

{T ETA» Claasyi

(ETA I, .Claab))s  (EP ETAy ClaaT))
(AW ETA, Clas8))s (T SIG, C14501}
(516G Iy Ct451))e  (EP SIG» Ctas2))
{AW SIGy C(453)1

[ANSLAB(1}s C(875)}s (ANSLAB(454)s C(1328))
(FORM{1}» Cl1329))s (FORM{15}y C(1343)}
(ELMT (1) Cl1344))s  {ELMT(15)s C{1358})
(LCMTL1s, C{1344)1y (LLMT(25}s C(1358}))
(DATA(1)y C(1359)}s (DATA(23)s C(1381))
[MDATA{L's C(1359))s (MDATA(23)s C(1381))

(EN(L)s CL138211y  {EN{90)s  Clla4T1)}
CISYS, CL1472) ) LJEAN, Cl1473)
{ACX Clla74) )y {ACF €{1475))
{AMX '+ Cl14761 )y (AMFy CL1a77))
{RROX s Cl1478))y (RHOF » CL1479) 4

(COEFXIL1)y C11480))y {COEFX120)s C11499))
(OX(L1)s C1500})s  (DX{20) Ci1519))
(FORMLA(1}s C{1520))y (FORMLA{18}s C(1537))
(MMLA(L)y  C{1520)1s (MMLA(18)s C(1537))
{PROD{1), (C{1538))s (PROD[3}s Ci1540))
(SYSTM{L1)s C{1541})s (SYSTMI15}s C(1555))
(MTSYSt1}s CL15411)s (MTSYS{15}s C(1555))

{OF » CL15561) (FPCT»  C{1557))
[EQRATs Cl1558))

(KODE » C(1559) )y (KASE» C(15601})
{KONT» Cl1561 1)y (NFy Ci1562))
{(NO» Cl1563) ) (NEs C{1564)}

{NOEQy C(1565))
(BOX{1)s CL1T71))s (BOXILS)» €(1785})

(BOF(1)y Cl1786))s (BOF(15}e €11800))
{HX» C(1801))s (HF» C{1802})}
(VXPLS» C(1803)}s (VXMINs Ct1804)}
(VFPLS» C{1805}s (VFMINs C{1806))

(EN LN{l)s C1{18611)s (EN LN{90)}» C(1950))
{DEL N[1)» C{1951})s (DEL N(90)» C(2040})
(HO(1)s Cl2041) )y (HO(SO}s C{2130})
(Stl)y C{21311})y (S{90)y €t22201)
(X{1)y C12221))y (X120)« cl2240))
(DELTA(1)y C{2241)}), (DELTAL20)» C(2260))
{BO{1l)y C12261)1y (BO(1S)s €12275h)
(PO €C1227611y (HSUBOD, CL227743
(S0 C{227831y (T LNy C(2279)}
Ty Cl22803)» (AAY LN» C(2281}})
{AAY C(228211s (CPSUM, €(22834)
{HC» Cl2284}1)s {TC LNs Cl{2285})
{PCP(1)y Ct2286)3y (PCPI25)y  C(2310))

(DATUM(1}s CU2311))y (DATUM(3}s C{2313))

{PCy Cl2324))y {TCs €12315))
(IPROB Ct2316) )y (IFIXTy {2317y
(IHS, C12318}), (ICONDs C{2319))
(ISYMy C12320))s (IPRODy €{2321)}
{1DIDy C12322))s {LDRUM, €12323}))
{IDORM» C€{23231)y {(KDRUM, €123241)
{Ly C12325))y (L1s C(2326}))
{My Ct2327))s (Mls cr2328)}
1Ny Ci2329))s (10s C(2330})
(101 C(23311}, {102y Ct2332))
(IQ3, C(2333) )y (KMAT, Ct2334))
(IMAT» C(2335) )y (IUSE, €t2335))
(1ADDy €12336})s (ITNUMB, C2337))
(ITAPE» Cl2338})y (P C123393)
{IDEBUG, Ci12340)}y (IFROZy c(2341)

(AlL)s C(2342))y {A(1350}s C(3691))

(COEFTL{1)s CU3692))y (COEFTL(2350)s C{50411%
(COEFT2(1}s C(5042))s (COEFT2(13501s C(6391})
(COEFT(L)s C(6392)}y (COEFTI1350)s CI7741))
(ATOM{1)s CU7742)})s {(ATOM{303)s CiBO44)}
(MATOM{L)s C(7742))s (MATOM(303)s C(8O44))
{C129MM) > (E9ME) » (ENDJMEND) 9 {BLK yMBLK) s (RPN4MRPN)
(GASIMGAS ) » (SOL 9MSOL Y # [ BLIQSMLIQ) s (BLPNsMLPN)

(C1O9MC10) » (PLSHMPLS) 9 (SYMBLaMBL) 2 (BMINSMMIN)
(TMP1s MTMPL}

Gl20s21) Al15490)s EN(90)y EN LN(90}
DEL N{90)s HO{90}» 5{90) X120}
DELTA(20)s BO(I5}s PCP(251y PROD{3}
COEFX(20)s DX(20)s FORM{15)

DIMENSION COEFT1{15+90) » COEFT2(15,90)

DIMENSION
DEMENSTON

ELMT{15), DATAL23) DATUM(3)» FORMLA{18}
BOX(151}s BOF(151} ANS(4541s  SYSTM{15}

DIMENSION LLMT(15)sMTSVS{15)sMDATA(23}

DIMENSION
DIMENSION

ANSLAB(454) COEFT(15,50)
MATOM(101s3}s ATOM{101+3)

OIMENSION MMLA(16}

BLK=000000000060
RPN=000600000034
BLPN=000000000074
GAS=000000000027
SOL=000000000062
BLIG=000000000043
PLS=000000000020
BMIN=000000000040
€=000000000025
END=254524606060
€10=000000000012
€12=000014000000
CF106=000012000000

KION=2

89



90

afnan

non

oo ®

N

w

~ o P

900
16

13
17

925

21
926

25 J=12
29 J=)
IF {MMLA{J)-MBLK)} 35+950+35
950 IF (J-1) 30930,951
951 J = J-1
GO 10 29
30 WRITE OUTPUT TAPE 6531»(DATA{I)sI=1+3)
31 FORMAT (14H THE FORMULA 3A6s33H IS INCORRECT ON THE MASTER TAPE}
Q 10 7
35 IF (MMLA(J)=MRPN) 30,952+30
952 J = J-1
IF (MMLA(J)=MGAS) 9535395953
953 IF {MMLA(JI-MSOL) 9544415954
954 IF (MMLA(JI-MLIQ) 30541430
39 ITYPEs]
GO TO 47
4) ITYPE=2
47 J=J)-1
IF (MMLA{J)=MLPN} 301955430
955 J=Jd=1

48
51

55
57

59
958
63

34
69
330
333
959

77

81
85
9860

86
89

9

w

95
96
970

97
975

107
111

108
109

121
133

00 1 K=lsl

IF (LLMT(K)=ME) 1192s2
CONTINUE

GO 70 3

KIoN=1

TEMP=ELMT (K}

ELMT(K)=ELMT{L}

ELMT(L)=TEMP

I1S0L=0

M0

DO 4 Jal,15

DO 4 Kx1590

COEFT2{JsK) = 040

COEFTL(JsK) = 040

D0 6 J=1,1350

AlJ) = 040

REWIND &

READ TAPE 4s (DATA(I}sI=1523)
IF (MDATA(1)~MEND) 90091725900

UNPACK THE BCD FORMULA FOR THE PRODUCT

DO 16 I=1,2
DATUM(1)=DATA(I}

J=1

I=1

K=0

TMP1 = DATUM(I)

FORMLA(JSY = ARSF(30,TMPL}
DATUMt1) = "ALSF(6 »THPY1)
JaJd+l

IF tK=4) 9259925521

K o= K+l

GO TO 17

IFLI-1} 9269926525
Ial+l

G0 TO 13

BEGIN SEARCH FOR FIRST NON BLANK ALPHANUMERIC CHARACTER

OBTAIN AND STORE THE FORMULA NUMBERS A(KsJ)
00 48 K=l,15

FORMIK} =040

NLSW=1

NUMB=0

ICNT=0

JONT=J=ICNT

IF {JCNT) 30981459

IF (MMLA(JCNT) = MC10} 958467467
GO TO 163485} sNLSH
ICNTEICNT+1

GO TO 57

GO TO (694631 sNLSH

IF [ICNT) 95953304959
IF(KION-1130+333+30
NLSW=2

GO TO 57

IF (ICNT-2] 77s73430
NUMB = MMLA{J-1) * 10
TMPL = FORMLA(J}

TMPL = ALSF{18,TMP1)
TMP1 = TMP1 * 37777777¥777
TMP2 = FORMLA{J) * 4000
TMPY = TMPL + TMP2

NUMB = NUMB+ MTMP1
VALUE=NUMB

JaJ-ICNT

NLSW=2

G0 70 55

GO TO {30985) yNLSW

IF (ECNT) 9604305960

SYMBL = 040
IFINUMB}86+95+86

IF (ICNT=~2} 93489430

TMPL = FORMLA{J=1}

SYMBL = ALSFi&sTMP1)

MBL = MBL + MMLA(J)

GO TO 107

TIFtJCNT 30930956

IF {MMLA{JI-MPLS) 97497097
FORM(L)==ICNT

GO TO 109

IF (MMLA(J)}=MMIN) 10759755107
FORMIL)=ICNT

GO TO 109

PO 311 KalosL

IF (MBL~-LLMT(K)} 11110595111
CONTINUE

GO0 TO 7

FORM{K ) =VALUE

JuJ-I1CNT

IF (J) 204121951

IF (ITYPE=1) 30,133,137
Mmp+1

Jam

GO TO 145

Jug0~ISOL

150L=1S0L+1
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nnaann

T 1s

145
147

w

© 18

k3

1955

1959

171
173
175
177

181
182

18

o

w

217
219

225

DO 147 K=1lsL

AtK9sJ )=FORM(K)

CONTINUE

ARRANGE THERMODYNAMIC DATA IN CORE ORDERED BY INTERVAL

I1=0

TEMP = DATA{1}

OATA{1} = DATA(3)
DATA(3) = DATA(2)
DATA(2) = TEMP

DO 155 K=145
COEFT1{KsJ) = DATAL(K)
DO 159 K=6s1l4

KIT= K+IT

COEFT1{KsJ) = DATAIKIT}
IT=17+9

DO1955 K=195 N
COEFT2{KsJ1 = DATAIK}
D01959 K=6314

KIT = K+IT

COEFT2(KsJ) = DATAIKIT}
G N

GO TO NEXT MOLECULE

ELIMINATE GAP BETWEEN GASES AND CONDENSED PHASES

N=M+1SOL

1USE=1

IF (N-90} 175»225+181
IF (ISOL) 1772259184
1UsE=2

GO TO 225

WRITE OUTPUT TAPE 6,182

FORMAT (45H TOO MANY REACTION PRODUCTS FOUND ON THE TAPE)

IUSE=2

GO TO 225
KK = 90-I50L
DO 186 4 = 1y ISOL
MY = J

Ky =
DO 18
COEFT
b0 18
MJ = My

KJ = KK + J

DO 185 K = 1515
COEFT2{KsMJ) = COEFT2{KsKJ}
DO 219 J=1,1S0L

Ko+ 9
15

K
6 K = 1y

1{KsMJ) COEFT1(KsKJ)
5 J = 1s180L

DO 217 K=1s15
A{KsMJ) = A(KIKJ)
CONTINUE
CONTINUE

GO TO 225

RETURN

91
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COMMON ¢
EQUIVALENCE (G111 Tty (Gl420)s Cl4201)
EQUIVALENCE {ANS{11s Cl421))s  {ANSU454), Ci874))
EQUIVALENCE {HSUMy Cla24))s  (SSUMy Cla2b))
EQUIVALENCE {WTMOL» Cl4261)s  {CPy Cl427)}
EQUIVALENCE (DLMPT, Cl428) 1 (DLMTPs Cl429))
EQUIVALENCE {GAMMA C{430))r (ARATIO» C{431)}
EQUIVALENCE (VMACH Cl432))s  (SP IMPy Ca33)
EQ"JIVALENCE IVACT, Cihd4))r  {CFy CL6363)
EQUIVALENCE {RHOT Cl437))s  (RHOVACH C{438))
EQUIVALENCE (RHO» Cl439))
EQUIVALENCE (T PIy Cr440))s (Pl Iy Claalyy
EQUIVALENCE (EP Ply Cl442))s (AW PIy Cil443))
EQUIVALENCE (T ETAs Cl445))
EQUIVALENCE (ETA Iy Cla46))y (EP ETAy Clas7yt
EQUIVALENCE (AW ETA» Cla48) )y (T SIGy CL450))
EQUIVALENCE (S1G 1o Ci451)1s (EP SIGy Cla52))
EQUIVALENCE (AW SIG» Cl{453})}
EQUIVALENCE {ANSLAB(L)s C(BT75)}s (ANSLAB(454}s C(1328})
EQUIVALENCE (FORM(1)s  C(1329))s (FORM(15)s C(1343})
EQUIVALENCE (ELMT(1)» €(1344))s (ELMT(15)s C{1358))
EQUIVALENCE CLLMTU(Lls  C{Ll3441)s  (LLMT(15}s C(1358))
EQUIVALENCE {DATA{1)s Cl{1359))s (DATA(23)s C{1381)}
EQUIVALENCE (MDATA(1)s C{1359))s (MDATA(23)s C(1381))
EQUIVALENCE (ENLL)y C11382))s {EN(90)» Cl1471))
EQUIVALENCE {18YSs Cl1a72) )y {JEANS CtL473))
EQUIVALENCE [ACX s CL1474) )y {ACFs Cl1475)
EQUIVALENCE {AMX » C11476) )y {AMF » CL1477}
EQUIVALENCE {RHOX CL1478) )y {RHOF» CLA4T9YY
EQUIVALENCE (COEFX(1}s C{14801)s (COEFX(20)s C{1499))
EQUIVALENCE {0Xt1)s C115001)s (DX120)s  C{1519}})
EQUIVALENCE (FORMLA(1}s (C(15203}» (FORMLA(18)s CI(1537)})
EQUIVALENCE (MMLA(1}»  C€11520)}s (MMLA(18)s C(1537))
EQUIVALENCE (PROD(1}» C1{1538))» {(PROD(3}s  Cl1540))
EQUIVALENCE (SYSTM(1)s C1541))s (SYSTM(15}s €{1555))
EQUIVALENCE (MTSYS(1)» CE1541))s (MTSYS(15}s C{1555))
EQUIVALENCE (OF » Cl15561)s (FPCTs C{1557})
EQUIVALENCE (EQRAT» Cl1558})
EQUIVALENCE (KODE» CU1559} ) {KASE» C(1560}))
EQUIVALENCE {KONTs  C{1561))s (NFy Ci1562))
EQUIVALENCE {NOs C(1563))s (NE, C{1564))
EQUIVALENCE {NOEQy C11565))
EQUIVALENCE (BOX(1)s C{1771))s {BOX(15}s  C(1765))
EQUIVALENCE (BOF(11y Ct17861)s (BOFL15}s  C(1800))
EQUIVALENCE (HX» Ct1801))s {HFs €11802))
EQUIVALENCE (VXPLSs C{1803))s [VXMINy €{1804}
EQUIVALENCE (VFPLSs C{1805})s (VFMIN» Cl18061}}
EQ'JIVALENCE (EN LN(2)s C(12861))s (EN LN{90)s C{1950))
EQUIVALENCE (DEL N{1)s C{19511)s (DEL N{90)» C{2040))
EQUIVALENCE (HO{1)» CL20411)y (HOL90)s C(2130))
EQUIVALENCE (51 C12131) )y (5(90), Ct2220))
EQUIVALENCE (X(1)s €{2221) ) {X(20)s Cl22401}
EQUIVALENCE (DELTA{1)s CU2241)}s (DELTAL20)s C{2260})
EQUIVALENCE (BO(}s C(2261))s (BO{15}s £12275))
EQUIVALENCE (PG C(227611s (HSUBG. €L22771)
EQUIVALENCE (50 C{2278)1s (T LNy CcL2279})
EQUIVALENCE (T C122801)s (AAY LN» €(228111)
EQUIVALENCE {AAY €(22821)s (CPSUMy ci22831}
EQUIVALENCE (HCs C(2284}1)s (TC LNy _  C(2285})
EQUIVALENCE {PCP{1)s C{2286))s (PCPI25)y  C(2310})
EQUIVALENCE {DATUMI1)s C12311)})s IDATUMIZ)s C12313))
EQUIVALENCE {PCy C(2314)1y (TCs C(2315})
EQUIVALENCE (IPROBs C123161)y (IFIXTs 23171}
EQUIVALENCE (IHSy €{2318)1y (ICONDy C{2319)
EQUIVALENCE (1SYM, €12320)}s (IPRODs ct2321))
EQUIVALENCE {IDIDy Ct2322)}s (LDRUMs ciz323))
EQUIVALENCE ( IDRMy €12323))s (KDRUMs €l2324))
EQUIVALENCE (Ls €123251)s (L1 Cl2326}))
EQUIVALENCE (M C12327)1y (Mly ct2328))
EQUIVALENCE iNy €{2329))s (10 C(2330)}
EQUIVALENCE 1101y Cl2331)}s t1Q2y C(2332))
EQUIVALENCE 103y C(2333))» {KMAT» Cl2334))
EQUIVALENCE {IMAT, Cl2335))s (IUSEy Ct23351)
EQUIVALENCE {IADD, C12336) )y (ITHUMBS €42337)
EQUIVALENCE (ITAPEs Ct2338))s (Py €(233%)
EQUIVALENCE {IDEBUG» €{2340))s (IFROZ» C€{2341)
EQUIVALENCE (ALL)s C{2342))y {A(1350}s C(3691})
EQUIVALENCE {COEFTL(1}s C(3692}}s {COEFT111350)s C(5041}}
EQUIVALENCE (COEFT2(L1)s C15042))y (COEFT2(1350)4s C(6391))
EQUIVALENCE (COEFTIL)s C(6392)}s (COEFT{1350)4 C(7741)}}
EQ'JIVALENCE CATOMIL)s CU7742))s IATOMI303)s CUBO454))
EQUIVALENCE (MATOM(1)y C(7742)1s [MATOM(303), C(8044))
EQUIVALENCE (CONSsJFCONS)s (MTEMPs TEMP}
DIMENSION  G{20s21)s  Al15590)s  EN(90)» EN LN{90)
OIMENSION DEL M{90)e HQL9Q)s 5(901)» X(201}
DIMENSION  DELTA120)s BO{15)» PCP{25)s PROD{3}
DIMENSION  COEFX(20)» DX(20)s FORM( 15}
DIMENSION COEFT1{15+90) » COEFT2(15+90)
DIMENSION ELMT{1S)» DATA(23}s DATUM(3 )y FORMLA(18)
DIMENSION BOX(15} s BOF{151s ANS(454) s SYSTM{15)
DIMENSION LLMT(25)sMTSYS{15)MDATA(23}
DIMENSION ANSLAB 4541, COEFT115990)
DIMENSTON MATOM{101+3), ATOM{101s3}
1ARG=1 MEANS TEST ONLYs IARG=2 MEANS ELIMINATE A SPECIESy IARG=3
MEANS ADD ANOTHER SPECIES
CONS=1
MLM=J
IF (J=35) 242,102
102 IF {J-70) 1»1+101
101 K=3

MLMeJ=-70
60 70 3

1 K=2
MLM=J~35
GO TO 3

2-K=m1

3 IF (IARG~2) 45547

4 IPROD=2
KLM = 35-MLM
TEMP = RROD(K}
TEMP = LRSF(KLMsTEMP)
IF (TEMP¥CONS) 12,1012

SUBROUTINE BYPASS (JsIARG}

ot



11

-

11

3

121

)

10

IPROD = 1

GO TO 10

KLM = 35 = MLM

TEMP = PROD(K)

TEMP = LRSF(KLMsTEMP)
If {TEMP * CONS} 10692
TEMP = TEMP +1

PROD(K) = LLSF{KLMsTEMP}
IF{M=-J111410510

103=102

102=101

IQ1=1Q@

10 =10-1

G0 TO 9

KLM = 35 ~ MLM

TEMP PROD (K}

TEMP = LRSF (KLMsTEMP)
IF {TEMP % 1) 110+10511
MTEMP=MTEMP-JFCORS
PROD(K) = LLSF{KLMs TEMP}
IFiM~J)121510420

10 = 101

101=1Q2

102=1Q03

103=1Q3+1

SENSE LIGHT 4

RETURN

93
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SUBROUTINE INPUT

COMMON C

EQUIVALENCE Gl Cilh)s (G(420)y €1420))
EQUIVALENCE {ANS{1)s C(421))s {ANS(a5h), Ci874))
EQUIVALENCE (H5UM)y Clu24) s {SSUMy Ct425))
EQUIVALENCE {WTMOL» Cl426))y  (CPy C427)

EQUIVALENCE {DLMPT» Cl428)}s (DLMTP» C1429))
EQUIVALENCE [GAMMA, Ct430)}s {ARATIO» Cia3ly

EQUIVALENCE (VMACH» Cl432))s  (SP IMP, Cta3s)

EQUIVALENCE (VACI, Cla34)ys  (CFy Cl436)

EQUIVALENCE (RHOT, C(437) )y (RHOVAC, Ct4381)
EQUIVALENCE {RHO» C{439))

EQUIVALENCE (T Ply Ctas0))y  (PI Iy Ctaal)

EQUIVALENCE {EP PIy Cl442) )9 (AW PIy Cl443))
EQUIVALENCE (T ETA, Clau5))

EQUIVALENCE (ETA I, Cla46))y (EP ETA, C(447))
EQUIVALENCE (AW ETAy Cl4a8)ty (T SIGs Cl450)

EQUIVALENCE (SIG Iy C{451)1s (EP SIG» <452y

EQUIVALENCE {AW S1G. Cl4531)y

EQUIVALENCE (ANSLAB{1)s C(875))s (ANSLAB(454), C{1328))
EQUIVALENCE (FORM(1)» C(1329)}y {FORM(15)y C(1343})
EQUIVALENCE (ELMT(1}y Cl1344))y (ELMT{15)y C(1358))
EQUIVALENCE {LLMT (1), Cl13643),  {LLMTI15)y C11358))
EQUIVALENCE (DATA{1)y C(1359)), (DATAt23}s ((1381})
EQUIVALENCE (MDATA(L1}» CU1359))y (MDATA(23)s C{1381})
EQUIVALENCE {ENEL) C{1382})y (EN(S0}s Ct1471)y

EQUIVALENCE 118YSy ClL1472))y {JEANS Cl1473)}
EQJIVALENCE {ACXs Cl1474) ), (ACF» Cl1475))
EQUIVALENCE {AMX ¢ C(1476)) (AMF y Cl1477))
EQUIVALENCE (RHOX s Cl1478) )y {RHOF o C11479)

EQUIVALENCE (COEFX(1}s Cl14801)» (COEFX(20}s C(1499))

EQUIVALENCE {DX{1}y C{1500)3s (DX{20)s C11519)}
EQUIVALENCE (FORMLA{1)s <C(1520))s (FORMLA(18)s C(1537))
EQUIVALENCE (MMLA(1), Cl152Q)0 s (MMLA(L8Yy C(1537))
EQUIVALENCE (PROD(1}s C(1538}}s (PROD(3)» C{1540)}
EQUIVALENCE {SYSTM{1)e CUL1541))y (SYSTMI15)y C(1555}))
EQUIVALENCE (MTSYS(1}s CLL1541))s (MTSYS({18)y C{1555})

EQUIVALENCE (QOF ¢ Cl155611s (FPCTy Cl1557})
EQUIVALENCE {EQRAT C(1558)}

EQUIVALENCE (KODE»s Ci{1559) ) {KASEs Ci1560))
EQUIVALENCE {KONT» Cl1561) 1}y (NFs Cl1562)
EQUIVALENCE (N0 CL1563))y (NEy T11564)

EQUIVALENCE (NOEQs C(1565))

EQUIVALENCE (KD» CI1763)}

EQUIVALENCE {BOX(1}s C{1771))y (BOX(15) €t1785))
EQUIVALENCE {80F 11}y C11786)1y (BOFI15)y C(1800))

EQUIVALENCE {HX» C(1801})s (HF, C11802))
EQUIVALENCE (VXPLS, C(1803))s (VXMIN» Cl{1804})
EQUIVALENCE (VFPLSy Cl1805))» (VFMINs C{1806})

EQUIVALENCE {TELMT{1)s CI1807)}s (TELMT{15)s C(1821))
EQUIVALENCE {EN LN{1)s C{2861)})s [EN LNUSO)s C(1950))
EQUIVALENCE (DEL N{1)}s C{1951))s IDEL NI90)» C(2040)}

EQUIVALENCE (HO(1)y C{2041)1s (HOL9O}s €{21304
EQUIVALENCE (S(1)y Ct21311)s (S(90)» Ct2220)
EQUIVALENCE (X{1})y C{2221))s [X(20)s Cl2240)}
EQUIVALENCE (DELTA{1)s C(2241))s (DELTAL20)s C(2260))
EQUIVALENCE (8QLL)s CL22611)y (BO(15) €12275))
EQUIVALENCE {POy Cl2276) )y (HSUBOS €227
EQUIVALENCE (S0 €12278}))s (T LNy cla279)
EQUIVALENCE 1T C122807)s AAY LNy ctazs81))
EQUIVALENCE (AAYy C12282) )1y (CPSUMy (2283}
EQUIVALENCE (HCs C(2284))y (TC LNy C€12285}1)
EQUIVALENCE (PCP(1}s C{2286))y (PCP(25)s €12310))
EQUIVALENCE {DATUMI1}s C(2311))s (DATUMI3)y ((2313))
EQUIVALENCE {(PCs Cl2314))y {TCy €(2315))
EQUIVALENCE {IPROBy €{2316}))y {IFIXTs C12317}})
EQUIVALENCE {IHSy C€(2318))s (ICONDs cl2319)
EQUIVALENCE (ISYMs C(2320})s {IPRODs C(2321)}
EQUIVALENCE (IDIDy C12322) )y (LORUMs €12323))
EQUIVALENCE (IDRMs C(2323))» (KDRUM» Cl2324))
EQUIVALENCE {Ly C{23251)y (Lly €12326)
EQUIVALENCE (Mg Ci23271)y MLy cl2328))
EQUIVALENCE (Ny Cl2329))y (1Q, €(2330))
EQUIVALENCE (101, C(23311}), {102y 2352y
EQUIVALENCE {1Q3 C12333))y (KMAT» €12334)
EQUIVALENCE (IMAT, €12335))y (IUSEs €(2335))
EQUIVALENCE {1ADDs C€(2336))y {ITNUMB» €(2337))
EQUIVALENCE {ITAPE» C{2338) )y (P C{2339}}
EQIIVALENCE {1DEBUGY Ci2340)}y (IFROZ» cl2341)

EQUIVALENCE {COEFTI(1)s C(3692))s {COEFT1{1350)s C(5041)}

EQUIVALENCE {COEFT2(1)s C(5042))s {COEFT211350)s C(6391))
EQUIVALENCE (COEFT(1)s C(6392))s (COEFT(1350)y C(7741))
EQUIVALENCE (ATOM(1)y CU7742))s (ATOM(303)y C(8044))
EQUIVALENCE (MATOM(1}y CU7742))y (MATOM(303}s C{B044))
EQUIVALENCE(A(L)y CUB578))s (A1690)s C15267))

EQUIVALENCE (MANAME (1} 9yANAME(1)) ¢ IMANAME(5) sANAME(5 )1

DIMENSION TELMT(15)

OIMENSION  G{20s21)s  A{15s46)» EN{90)s EN LN(90)
DIMENSION  DEL N{90}s HO(90)s 5490}, X203
DIMENSION  DELTA{20)s BO{15)s PCP{251s PROD(3}
DIMENSION  COEFX{20)s DX(20)s FORM{15)

DIMENSION COEFT1(15,90) » COEFT2(15+90)

DIMENSION ELNT(15)y DATAL23) DATUM(3) FORMLA{18)
DIMENSION BOX{15), BOF({15)s ANS (454 )y SYSTM(15})
DIMENSION LLMT(15)sMTSYS{15) +MDATA(23)

DIMENSION  ANSLAB(454)y  COEFT(15590)

OIMENSION MATOM{10143) s ATOM{101+3)

DIMENSION MANAME(5}y ANAME{5 )y ANUM{5}

SUBROUTINE TO COMPUTE PROPELLANTS

@nnn

® vem

P

0X=2466060606060
IF{JEAN=222)51950351
CALL BCREAD{ATOM{10153}9ATOM{192)}
00 52 Ia1415
ELMT(I)=000000000
BOF{1)=0000000000
BOX{1}=0000000000

00 52 Jaly46
A{1+J)=0000000000
CONTINUE

TOTAL®ROWO

NF=0

NO=0Q

NE=O

WRITE OUTPUT TAPE 64400

400 FOWMATI8HL INPUT//)



TPOCOTOTIEDEOD DD

100 _READ_INPUT TAPE 731y {ANAME(I)sANUM(I}sI=195)9PECWTIENTHY

2DENs» TEMPHETHR s DENS

1 FORMAT(5(A29F745)3FBe58F9455A19F8e59A15FBo5)
IF{ANUM{1)199+200+99
99 WRITE OUTPUT TAPE 69402+ LANAME(T}sANUMII)»1=195)sPECWTsENTHIDENS

2TEMP»ETHRsDENS

402 FORMAT [1Xs5(A291XsF70422X)sFBets2XsF92252X2A132XsFB8s392%s

2A1+3XsFBa5)

o

1

-

12
9

o

33

21
22

31

15
98
97

200
201

202

55

N

5

1000
54
550
1001
1002
55

1003
1004

4

©

o

1005
1006

43
1007
1020
1021
1022
1023

[

7

w o

&

-

7

T4
1008

56
87
1009
1010

DO 9 I=1y5
TOTALSTOTAL+ANUM(T}
IF(ETHR-0X) 11,1011
NO=NO+1

KK=NO

KKK=NO

NN=31

GO 10 12

NF=NF+1

KK=NF+15

KKK=NF

NN=32

DO 98 J=ls5
IF{ANUM(J)} 96297296
00 31 Is1,15

IF (ANAME(J)~ELMT(T)) 21520421

IF(ELMT (L1 31922431
ELMT{I}=ANAME (J)
NE=NE+1

NHUT=1

GO TO 33

CONTINUE

IFINHUT 14015424

DO 16 121,101

IF (MATOM{Is)}-MANAME(J))

T1E=]
GO TO 18
CONTINUE

WRITE OUTPUT TAPE 6199
FORMAT (32H0 THERE IS A BAD PROPELLANT CARD)

Le==]

RETURN
A{NEs37)=ATOM{IT,2}
A{NE»38)=ATOM(I143}
ACKT9KKI=ANUMIJ}
CONTINUE
AfKKKsNN)=ENTH
A{KKKsNN+2) =PECWT
A{KKKoNN+4}=DENS
ACKKK s NN+10)=DEN
A{KKKsNN+12)>TEMP

A (KKK NN+14)=ETHR
GO TO 100
IFINE}2025201202
L=0

RETURN

JEAN=222
WX=000000000000
WF=000000000000

HX 2000000000000
HF 2000000000000
RHOX=000000000000
RHOF=000000000000
VXPLS=00000000000
VXIN=00000000000
VFPL5=00000000000
VFMIN=00000000000
ACX=000000000000
ACF=000000000000
AMX=000000000000
AMF=000000000000
D0552 J=1,NO
00552 [=1yNE

A(Js391mA(S93914+A(T $37JHA(] »J }

DO 53 J=1sNF
DO 53 I=14NE

AlJrt0)I=ATJr40) +ALTs3TI¥ALT S J+15)
IF (NO) 1000+1001,1000

DO 550 I=1sNO

HXsHX+A(I5311#A(1+33)/A(1439)

WX=WX+A(I933)

IF {NF) 1002410031002

DO 551 I=lsNF

HE=HF+A {14321 %A1 1+34)/A(1+40})

WE=WF+A{Is34)

IF (NO} 100421005+1004

DO 42 I=14NO0

ACX=ACX+A(1935)*%A(1433)/A(1439)
AMX=AMX+A(1933)/A(1+39)

ACX=ACX/WX
AMX=WX / AMX

IF (NF) 100611007,1006

DO 43 I=1sNF

ACF=ACF+A{136)*ALT34) /AL1540)
AMF=AMF+AL13234) /A(1440)

ACF=ACF /WF
AMF =WF / AMF

IF (WX} 1020+102151020

HX=HX/WX

IF (WF) 102251023,1022

HF =sHF /WF
00 60 I=1sNO
IF{A(1535)160+71+60

RHOXSRHOX+AIE33) /A(1+35)

RHOX=WX /RHOX
DO 61 1=1,NF
IF(A(E536))61s72461

RHOF=RHOF+A{1,34)/A(1+36}

RHOF =WF /RHOF
60 TO T4
RHOX = 040
RHOF = 040

IF {NO) 1008+1009+2008

DO 57 1=14NE
DO 56 J=1sNO

BOX(I)=BOX{II+A(T+JI*AIV433)/A(J939)

BOX(1)=B0X{1) /WX

IF {NF) ‘10105101251010

DO 59 Is1sNE

95



96

58
59
1011

64
67

63
62

1030
40
1031
1040
1041
C

an

2000

1142 K

1143

DO _58 J=1,NF
BOFTII=80F{1)+ALIsJ+15)%A(Js34) /A1Us40)
BOF(I)=BOF{1)/WF

DO 62 I=14NE
IF(ACT1381163+62464
VXPLS=VXPLS+BOX{1)*A(1,38)
VFPLS=VFPLS+BOF {1)#A({1438)
GO TO 62
VXMIN=VXMIN+BOX(I}*A(I1,438)
VFMINSVFMIN+BOF ( F} #A(1538)
CONTINUE

IF (WX} 1030,1031,1039

DO 40 I=1,NO
A{l933)=A(1433]/WX

IF (WF) 10605104151040

DO 1041 1= 1,NF
All934)=A01930)/WF

SAVE ELEMENT ARRAY FOR CORE &

DO 2000 I= 1,15
TELMT(I) = ELMT{I}

L=NE

TOTAL = MODF(TOTAL»s1e0)
IF(TOTAL)11429114341142
D=1

RETURN
KD=0
RETURN
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SUBROUTINE CORE2

COMMON ¢

EQUIVALENCE (GLlty CllYiy 161420y CL420))
EQUIVALENCE (ANS{11s Cl&421)}s {ANS(454)9 ctarayy
EQUIVALENCE (HSUM s Cla24)ys  {SSUMy Cla25))
EQUIVALENCE {WTMOL s Cla26))s  (CPy craz2?)
EQUIVALENCE (OLMPTy Cla28))s  (DLMTPy Cl429))
EQUIVALENCE (GAMMAS Cl4a30))s  (ARATIO» Cla3lyy
EQUIVALENCE {VMACH Cl432) s (SP IMPy Cl433)}
EQUIVALENCE {VACT, Clu3a) s (CFy CLa36))
EQUIVALENCE {RHOTy C{437))s  {RHOVACS Ccla3s))
EQUIVALENCE (RHO»y Cl439))

EQUIVALENCE {T PIy Cl4sa0)ls  (PI Iy Claslyy
EQUIVALENCE (EP PIy Clasa2))s (AW PIy claa3)yy
EQUIVALENCE (T ETA» Cl445))

EQUIVALENCE {ETA Iy Cleabd s LEP ETA» Cl1a47)
EQUIVALENCE AW ETAs Cla48))s (T SIGs CLaso0))
EQUIVALENCE {816 I» Ct451)1s  (EP S1Gy Ct4s52))
EQUIVALENCE {AW S1Gs Cl453)

EQUIVALENCE (ANSLAB{11s C(875})s (ANSLAB(454)y C(13281)
EQUIVALENCE {(FORM{1)y Ct1329)ts (FORM{15}s C(1343))
EQUIVALENCE (MFORM{1}s Cl1329}),s (MFORM{15)s CU1343))
EQUIVALENCE (ELMTt1)s  Cl13441)y (ELMTI15)s C€(1358})
EQUIVALENCE (LLMT{1)y  C(2344})y (LLMT(15)s C(1358}}
EQUIVALENCE (DATAILI}y CL1259))s (DATA(23)y CU(1381})
EQUIVALENCE (MDATA{L)s CU1359))y (MDATA(23)s C{1381))
EQUIVALENCE {ENLL ) Cl13821)s (ENI9O)s Cl1471)}
EQUIVALENCE {15YS, Cl1472) )y [JEANS Cl1473))
EQUIVALENCE {ACXs CllaT41 {ACFy Cl14751}
EQUIVALENCE {AMX y C(1476) )y {AMF 5 CL1477))
EQUIVALENCE (RHOX» CU1478) )y {RHOF » Ct14793)
EQUIVALENCE {COEFX(1)s C{1480))s (COEFX(20)s C{1499}}
EQUIVALENCE {DX11)s CE1500) )y {DX{20}» €11519))
EQUIVALENCE {FORMLALIY)s CU2520))s [FORMLA[18)» C11537))
EQUIVALENCE (MMLA(1)y C{1520)1s (MMLA(18)» C{1537))
EQUIVALENCE (SYSTM{1)s C(1541)}y (SYSTM{1S5)s C{1855))
EQUIVALENCE (MTSYS{1)s CL1541)}y (MTSYS(15)y C{1555)}
EQUIVALENCE (OF y 15563} (FPCTy {15571
EQUIVALENCE {EQRAT» Ct1558))

EQUIVALENCE {(KODEy Cl1559) ) (KASE s Cl1560)
EQUIVALENCE {KONTs  CI1561})s [NF s Cl1562)
EQUIVALENCE (NOs Cl15631)y (NEy Ct1s64)}
EQUIVALENCE (NOEQs. C(1565)}

EQUIVALENCE {BOX(1)y C(1771))s {(BOX(15)s Cr1785))
EQUIVALENCE (BOF (11 C(178611y (BOF(151)s Cl18001}
EQUIVALENCE (HXy C(1801})y (HF, €(1802})
EQUIVALENCE {VXPLS» C{18031})y (VXMINs C(1804))

* EQUIVALENCE (VFPLSs C{1805) 1y (VFMINs C11806))
EQUIVALENCE (EN LN{Ll)s C(1861))4 (EN LN(90)s CL1950))
EQUIVALENCE (DEL N{l)s C(1951)1)s {DEL N(90)s C(2040))
EQUIVALENCE (HO(L}s Cl2041})y (HO190)y €(2130))
EQUIVALENCE (S¢1ly Ci21311)y (590} €l22201)
EQUIVALENCE (MX{1)y Cl22211)y {MX{20)s Cl2240)
EQUIVALENCE (X{1)y C{22211)s (X1201s C{2240)
EQUIVALENCE {DELTACL)s C{2241))s (DELTA(20)s C12260))
EQUIVALENCE (8011 Cl2261))s (BO(15)s Cl2275))
EQUIVALENCE (PO C122761)s (HSUBOs €(2277)
EQUIVALENCE (S0 Cl22781 )y (T LNy clzzr9}
EQUIVALENCE (Ts Ct2280) 11 {AAY LN+ Ci2281)
EQUIVALENCE {AAY s C(2282))y (CPSUMs €12283))
EQUIVALENCE (HC C(2284))s (TC LN» €{2285)}
EQUIVALENCE {PCP{1)y C{2286))s (PCP(25)y ct2310!)
EQUIVALENCE (DATUM{L}s  CI23111)y (DATUMI3)s C(2313})
EQUIVALENCE {PCy C{2314) )y (TCy c{23151)
EQUIVALENCE {IPROAY C{2316) )y (IFIXTs €{2317)}
EQUIVALENCE LIHSs C{2318))y {ICONDs cl23lon
EQUIVALENCE (ESYMy C{2320))s (IPRODs €(2321))
EQUIVALENCE t1DIDy €{2322)}s (LDRUM» C(2323))
EQUIVALENCE (IDRMy C{2323F)s (KDRUMs C(23241)
EQUIVALENCE Ly Cl2325))y (L1y Ct2326})
EQUIVALENCE (Mg Cl23271)y (Mly ct2328)}
EQUIVALENCE Ny Ci2329) )y {10y Ci2330)
EQUIVALENCE (1Q1y C{2331))s (102 C12332))
EQUIVALENCE (103, €(2333))s {(KMATs Cl2334))
EQUIVALENCE (IMATy C{2335))y (IUSEs €12335))
EQUIVALENCE (TADDy C(23361 )y (ITNUMBy Ci2337}
EQUIVALENCE {ITAPEs C(2338))y (P» €l2339))
EQUIVALENCE {IDEBUGH C(2340)1y (IFROZy C{2341))
EQUIVALENCE (All)s Cl2342)1y (A{1250)s C{3691))
EQUIVALENCE (COEFTL(1}y C(3692))s (COEFT2(1350})s C[50411}
EQUIVALENCE (COEFT2(1)y C(5042))y (COEFT2(1350}+ C(6391))
EQUIVALENCE {MCOEFT{1)y (C(6392))s (MCOEFT{1350)s C(7741))
EQUIVALENCE (COEFTIY)y C(6392))y {COEFTI2350)s CU1T7741))
EQUIVALENCE CATOM(1)s  CU7742) )y (ATOM(303), CU8044))
EQUIVALENCE {MATOM(1) s C{T742))s [MATOM(303)}s C(8044))
EQUIVALENCE (KOREs C(BO4T})

EQUIVALENCE (DLNTsLNT) s (SUMgMSUM) 5 {BLKMBLK } » { TMP yMTMP } 5 {MT 3 BMT )
EQUIVALENCE (PRODI1}s C1538))s (PROD(3}s  C{1540))
DIMENSTON G120s21)s AL15990) EN{90)» EN LN{90)
DIMENSION DEL N{9C}s HO(90}s 5{90)s X{20)
DIMENSION DELTA({20}s BO(15)s PCP(25) PROD{3)
DIMENSION COEFX{20}s DX{20)s FORM(15)

DIMENSTON COEFT1(15s90) 9 COEFT2(155901}

DIMENSION ELMT(15)» DATA{23}y DATUM(3)y FORMLA{18}
OIMENSION BOX{(15)y BOF{15)s ANS (454 )y SYSTM(15)
DIMENSION LLMT{18)sMTSYS(15) ,MDATA(23)

DIMENSION ANSLAB{454)y COEFT(15590)

DIMENSION MATOM{10143)s ATOM(101+3)

555
557

559
561

563

OIMENSION MX{20)sMCOEFT(15490)
DIMENSION MFORM{15}

BMT =606060606060
GAS =000000000027
BLK =000000000060

REWIND 3
NO £@=0

ITESTaMl
SIZE=1845

IF (IPROB-3} 55735634565
PC2PC/144696006

PO=PC

IF (TC) 5595559,561

TC LN= Be25

GO TO 431

TC LN=LOGF{TC}

GO TO 431

PO=PC

97
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565

431

1565
1432

441
447

455
459
460

465
469
470
473

17
19
21
23

1123

2

i3

1125

37
38

3

o

40

42

4

w

45
46

a7
48

49
51

52
53

54

56
57

58
59
60

GO_TO 431
T=TC

PO=0,0
T LN=LOGF(T)

START CALCULATION FOR NEW OVERALL COMPOSITION

1ADO=)

IF {IFROZ) 1565937991432
IF (IUSE) 143241432433
DO 432 K=1N

ENIK}=040

EN LN{K)=040

2 DEL N{K)=040

AAY LN=5.0

SENSE LIGHT O

IF {1PROb-2) 43544454434
IF (1PROB-4} 45544654379
IF {1ADD-1) 37954364441
SENSE LIGHT 1

T LN=TC LN

1TROT=3

IF (PCPIIADD}} 231492314439
SENSE LIGHT &
PO=PC/PCP1ADD)

G0 TO 17

IF (1ADD=~25) 438,438,231
IF (IADD-1) 3794447441
SENSE LIGHT 2

GO TO 437

IF (IJADD-25) 4595459231
IF (PCP{TADD)) 23132314460
T=PCP(TADDY

T LN= LOGF(T)

GO TO 473

IF (1ADD-25) 46954694231
IF (PCP{TADD)) 23192314470
PO=PCP(TADD)

SENSE LIGHT 2

SENSE LIGHT 4

BEGIN CALCULATIONS FOR éURRENT POINT
PO LN=LOGF (PO}
CHECK TEMPERATURE RANGE OF THERMODYNAMIC DATA

IF (IPROB=2) 17417»1%
T=EXPF(T LN)

IF {COEFT{741)=T) 21427927
1F {COEFTI751)-500040) 234314231
DO 1123 K=1,15

DO 1123 4 = 1490
COEFT{KsJ)=COEFTLIKeJ)
SENSE LIGHT 4

GO TO 19

DO 1125 K = 1,15

DO 1125 4 = 190
COEFT(KaJ)=COEFT2{XsJ)
SENSE LIGHT 4

60 TO 19

IF (T-COEFT(631)) 29437437 N
IF {30060-COEFT(691}) 259319231

1IF {SENSE LIGHT 4) 28305

ELIMINATE THOSE SPECIES WHICH DO NOT HAVE DATA IN THIS INTERVAL

IF (SENSE LIGHT & } 38,142
SENSE LIGHT 4

00 40 J314N

IF (COEFT(8y21) 4033954
CALL BYPASS (Js2}

EN LN{J1=0.0

EN(J)=0e0

CONTINUE

BEGIN ITERATION FOR COMPOSITION

10=10

101=101

102=102

103=103

ITNUMB=30

00 48 Jr14M

CALL BYPASS (Jsl}

IF {IPROD~2) 48345448
IF (EN LN({J)+SIZE-PO LN) 461946047
EN(J)=0e0

G0 10 48
EN{J}=EXPFIEN LN(J)}
CONTINUE

IF (1IPROB-2) 49449251
T=EXPFLT LN}
AAY=EXPF{AAY LN}

CALCULATE HEAT CAPACITYs ENTHALPY AND ENTROPY

IFIXTu3

IF (SENSE LIGHT 2} 32455
SENSE LIGHT 2

IF {SENSE LIGHT 4) 5355
SENSE LIGHT &

IFIXTal

IF (ITNUMB-30} 55364»55
IFIXT=2

CPSUM=040

00 60 J=1,N

CALL BYPASS {Js1)

IF (IPROD-2) 60456460

IF (IFIXT<2) 59958457
CPSUMaCPSUM+{ { ( {COEFT{12»J}#T+COEFT{119J) )*¥T+COEFT (105 J) ) #T+COEFT(

198 JNV#T+COEFTI8J) JHENTJ)

HO(JI=f ({{COEFT(129J} /5401 %T+COEFT(110J) /4001 %T+COEFT(200J)/300)%T

V+COEFT(F4J) 7240)%T +COEFT(134J}/T+COEFTIEyJ}

SN =({ {ICOEFTI129J1/640 I¥T+COEFTL{129J)/3¢0) ¥ T+COEFT(100J)/240)%T

1+COEFTI9¢J) 1#THCOEFT(89J)*¥T LN+COEFT(142J)~EN LN{J}

CONTINUE
CONSTRUCT MATRIX AND SOLVE THE EQUATIONS
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910
911

9212
80

83
85

87

91

93
95

9

S

9

3

99
101

103
104
.10

o

106

107
109

501

913
915

916

1915
1917

917

110
1110

920

921
1

923

111
113

118
117
121

122
1122

123

124
128
1124

1126
126

127
128
129

1129
1130
130
132
133

146
147

MATR
%éL%SEﬁSEIEIGHT 4} 619171
SENSE LIGHT &4
CALL GAUSS
IF (IDEBUG) 910180:910
DO 911 Ix14IMA
WRITE OUTPUT TAPE 699129 (GL{I+K)sK=19sKMAT) +DELTA(I}
WRITE QUTPUT TAPE 63912s{X{I1sI=1yIMAT)
FORMAT (8E14e6)
IF (IDID~IMAT) 81485,82
IF ISIZE~1845) 839834311
SIZE=2748
GO TC 43
TTNUMB= ITNUMB-X
DO 87 K=lyIM,
1F (ABSF(DELTA(K))-O-SE-#) 874874315
CONTINUE

OBTAIN CORRECTIONS TO THE ESTIMATES

O LN T=X(102}

IF {IFIXT-2) 934959379

D LN T=040

DO 101 UsleM

CALL BYPASS (Js1}

IF (IPROD=2) 96497396

DEL N{J}=040

GO TO 101

DEL N(J)=H0(J)*D LN T-HO{JI+S(J)
00 99 Kalsl'

DEL N{JI=DEL N{JI+A(KsJI¥X{K}
CONTINUE

IF (L=1Q) 1031090109

J=M1

00 107 K=L1,10

CALL BYPASS {Js1)

IF (IPROD-2) 10541065105

DEL N(J)=0.0

J=J+1

GO TO 104

DEL N{J)=X{K}

JaJ+]

CONTINUE

AMBDA=1+0

AMBDA1=140

IF (XABSF(LNT)-XABSF(MX{1011)) 50149130913
SUM = ABSF{XI(1Q1))

GO TO 915

SUM=ABSF(D LN T}

DO 917 J=14M

IF (EN(J)) 917919154916
SUM=MAX1F(DEL N{J}sSUM}

GO TO $17

IF.(EN LN{J}) 917491742017
SUM1=ABSF( (PO LN=94212-EN LN{J))/DEL N(J))
AMBDA1=MIN1F{SUM} +AMBDAL}
CONTINUE

IF (SUM~2.0) 1110511105210
AMBDA=240/SUM

AMBDA=MINIF (AMBOA s AMBDAL 1

IF (IDEBUG) 921)11119

WRITE OUTPUT TAPE 6-923y TsPyAAYy: AMBDAy ({COEFT(KsJ)sK=14310
EN(J)9EN LN(JIsDEL NIJ)oHOUJ)sS{0) pI=10N)

FORMAT (4E2548/(1X53A635E15461) :

APPLY CORRECTIONS TO THE ESTIMATES

D0 113 J=14M

EN LN{J)=EN LN(J)+AMBDAXDEL N{J)
IF {ICOND-2} 115:1211375

DO 117 J=M14N
EN{JI=EN{J)+AMBDA*DEL N{J}
T LN=T LN +AMBDA*D LN T

AAY LN=ARY LN- AMBDA®X{IQ1}
IF (SENSE SWITCH 6) 1224124
IF (IDEBUG) 1122412341122
IDEBUG=0

GO TO 231

IDERBUG=1

TEST FOR CONVERGENCE OF [TERATION

IF (ITNUMB) 12541324125

IF (AMBDA-140) 4351124231

P=040

DO 1126 J=1sM

P=P+EXPF(EN LN{J}}

IF (ABSF((PO=P)/P0)-0s5E-5) 1263126143
SUM=P

IF(ICOND-2)12711291375

DO 128 J=M)

SUM=SUM+AESF(EN(J))

DO 130 J=1sN

IF (J=M) 112991129+1130

IF (ABSF(EN(J)®DEL N{J)/SUMI=0s5E=5) 1303130443
IF (ABSF(DEL N{J)/SUM)=0s5E=5) 130513043
CONTINUE

IF (SENSE LIGHT 4) 133,133

G0 TO 13

ELIMINATE THOSE SPECIES WITH NO DATA AT THIS TEMPERATURE, ADD
THOSE WITK DATA AT THIS TEMPERATURE

00 170 JalsN

IF (MCOEFT(1sJ1=MT) 170+500+170

IF {COEFT{5,J) + 100s0-T) 28F 1439243
IF (T~COEFT(4sJ)+100¢0) 29531449144
IF (500040-COEFT{5+J}) 14451449301
IF (COEFT(45J)=300e0) 1444144301
IF (J=M) 14591454146

CALL BYPASS (Js3)

GO TO 170

CALL BYPASS (Js2)

EN(JI=040

EN LN{J)=040

DEL Ni{J}=0.0

GO TO 170

IF {EN(J)) 14741485170

EN{J}=040

DEL N(J3=0e40

99
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15
15

CA BYPASS {J
GOL%O 42 s '2)

SKIP CONDENSATION CHECK IF T IS HIGHER THAN MELTING POINT WHEN
TESTING S0LIDs OR LOWER THAN MELTING POINT WHEN TESTING LIOUID

8 IF (COEFT(49J)=COEFTISsJ=1}) 15091494150
9 IF (COEFT{4sJ)=T) 15351534170
0 IF {COEFT(S59J)-COEFT{4sJ+1)} 15341514153
1 IF (T-COEFT(SsJ1} 15391535170

CHECK FOR CONDENSATION

IF MORE THAN ONE CONDENSED PHASE OF ANY SPECIES CAN EXIST THE
PHASE STABLE AT THE HIGHER TEMPERATURE MUST PRECEED THAT STABLE AT
THE LOWER TEMPERATURE ON MASTER TAPE

153 DO 155 K=293

SUM=COEFT{KaJ)

0O 154 [=1+6
TMP=ARSF {304 SUM)

SUM=ALSF (6000000 SUM)
IF(MTMP=MBLK) 15431569154

154 CONTINUE

15

5 CONTINUE
K=3
1=5
GO TO 159

156 l=1-2

IF (1) 15741584159

157 K=2

158 K=2

159 FORM(2}=COEFT(24J)

FORM{3)=COEFT(3s)
Ing#]

JJ=42-1

1=t

JIsd

SUM = FORM(K}

SUM = ARSF{JJsSUM)

LA NENNESY

TMLJS = FORM{K)

TMLE = LRSF (RIS THLIY
MJJ=36-1

SUMY =L LSF {MJJ+GAS)
TEMP=| LRSF(JJnSUMl)
MJJor 2
FORM(K)=LLSF(MJJoSUM)
DO 160 K=1sM

IF (MFORMI2)-MCOEFT{2+K)}} 160311609180

1160 IF (MFORM{3)-MCOEFT(3sK)) 16041621160
160 CONTINUE

CALL BYPASS (Js3)
G0 TO 170

162 CALL BYPASS (Xy1)

IF {IPROD=2) 1705163917

163 HOLJIm{ (t{COEFT{129J) /500 #T+ZOEFT(114J) /4001 ¥T+COEFT(2043)/340}%T

1+COEFT{99J)/2401#T +COEFT(134J)/T+COEFTI84J)

S(J)-l(((cOEFTlIZ'J)/k.O )*T+<0EFT(11aJ)/3-0)*T*COEFT(IO-J)IZ-O)*T
1+COEFT(9¢J) ) ¥T+COEFT{B8JIXT LN+COEFTI(],

IF (HO(J)=S{J)=HO{K)+S{K}}) 16A;16h1170

164 CALL BYPASS (J43}

EN{J) =040
GO TO 42
170 CONTINUE
IF COMPOSITION HAS BEEN CORRECTLY DETERMINED CALCULATE THE
EQUILIBRIUM PROPERTIESs OTHERWISE CONTINUE ITERATION
IF(SENSE LIGHT 4} 117041172
1170 SENSE LIGHT 4
0 TO 42
1172 IF (ITNUMB) 424971342
971 WRITE OUTPUT TAPE 6,973+1ADD
973 FORMAT (70HL30 ITERATIONS DID NOT SATISFY CONVERGENCE REQUIREMENTS
1 FOR THE POINT 15)
GO TO 42
CALCULATE EQUILIBRIUM PROPERTIES
171 0O 1171 1 = 1p454
1171 ANS{I) = ANSLAB(1)
WIMOL=AAY/P
HSUM=G{ 10291021 #T/AAY
SSUM=040
DO 183 J=1sN
CALL BYPASS (Js1)
IF (1IPROD-2) 18341814183
181 SSUMBSSUM*S (J}*ENLIY
183 CONTINUE
1183 SSUM=SSUM/AAY
IMAT2 IMAT=1
CALL GAUSS
TF (IDID=IMAT) 17241744172
172 CPR=CPSUM/AAY
CAMMA=CPR/ {CPR={140/WTMOLY Y
DLMTP=040
DLMPT=040
GO TO 185
174 DLMTPaX(101]
IF (ABSFIDLMTP}=2745) 1174911744172
1174 CPR=G(1025102}
DO 175 J=ls101
175 CPRaCPR-G(IQ2sJ1%#X(J}
CPR=CPR/AAY
1175 IMAT2IMAT-1
CALL GAUSS
DLMPT=040
00 179 JalsL
179 DLMPT2DLMPT46{101 0 J)*X(J]
DLMPT=(P-~DLMPT) /DLMPT
IF (DLMPT-2745) 1805180172
180 GAMMA=140/(1¢0+DLMPT=((140=DLMTPI##2)/(CPR¥WTMOL) }
IF (GAMMA} 17241724185
185 IF {IPROB=2) 18611869207
186 IF (1ADD-2) 18751914197
187 WYMOLC=WTMOL

TCsT
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191

192
193

929
194

122}
221

222

308
306

307
308
1309
1310
1311

A

HC=HSUM

$0zSSUM

T PIa-~DLMTP/IWTMOL®CPR)

T ETA2100040/{CPRETC*1498726)
T SIGR=(1s0~OLMTP )/ {WTHOLACPR]
G0 TO 207

CHECK FOR CONVERGENCE AT THMROAT

DHSTAR=HC=HSUM — (GAMMA¥T/(240%WTMOL))

1F . {ABSF(DHSTAR/IHC=HSUM) F~044E~4) 19791975192
IFLITROT) 19341974293

PCP{2)=PCP{2) /1 1e0+2+0%DHSTAR®WTMOL/ [ TH{GAMMA+140)))
PO=PC/PCP{1ADD)

ITROT=1TROT~1

IF {IDEBUG) 92911944929

WRITE QUTPUT TAPE 699239DHSTARIHCIHSUMIPCP{ T1ADD}
SENSE LIGHT 4

GO TO 13

CALCULATE PERFORMANCE PARAMETERS

SP IMPR294+98%SORTF ({HC~HSUM) ¥1496726E~3 1
RHOT=RHOXSP IMP

SUMaT /2 (2e0% {HC=HSUM) )

Pl ImgUM* [WTMOL=-WTMOLC) /{WTMOL*WTMOLC)

ETA [xSUMM{TC=T)/(TCHT%1298726)%100040

SIG TaSUM/WTMOL

T Pl=({tWTMOLC~WTMOL}/WTMOLC)-DLMTP )/ IWTMOL®CPR}
T ETAw100040/{CPR¥TC¥14987261

T SIG==(1+0-DLMTP}/ {WTMOL*CPR)

AW (86e45TIRT ) /{AAY*144696006%SP IMP)

AW Pla= {{140~DLMTP)/{WTMOLCH*CPR)+1+0/GAMMA+PI 1)
AW ETAeT ETA%(1+0~DLMTP)~ETA I

AW S1G=140/GAMMA~SIG I

IF (IADD-2} 20342015203

AWT=AW

CSTAR®32e1T4#PCH144696006*AWT

CSTRPI=140+AW P1

STR ETA=AW ETA

STR SIG=0e0

AWT PlxAW PI

AWT ETA=AW ETA

AW ST1G=0.0

CF=324174%SP IMP/CSTAR

ARATIO®AW/AWNT
VACI2SP IMP+P#144696006*AW
RHOVAC=RHO¥VACT

VMACH=SP IMP/SQRTF (8644579%GAMMA®T /WTMOL }
EP PIuAW PI-AWT PI

EP ETA=AW ETA-ANT ETA

EP SIG=zAW S1IG

HSUM=HSUM#*1,98726&

SSUM=SSUM#] 498726

CP=CPR¥*1498726

OBTAIN COMPOSITION IN MOLE FRACTIONS
SUM=P

IF 1ICOND~2) 20922134375
DO 211 J=MIsN
SUMaSUM+EN{JY

00 215 J=1sN
ANS(4# 434} 2ENEJ) 7 SUM
1If (IPROB=2) 2174217+22
ANS{1}=PCPIIADD) ’

IF {1ADD~2) 22092194219
ANS (15} *CSTAR

ANS (24 )=CSTRP1
ANS(29)=STR ETA
ANS{3412STR SIG
ANS(2}=P

ANS{3)=T

Ka34+44N

PRINT OUT THE CALCULATED ANSWERS

IF 1IDEBUG) 1221,22251221

WRITE QUTPUT TAPE 642219(ANS{I)sI21,K)

FORMAT (1H ////5E2048/3E2048/5E2008/4E2048/5E208/5E2048/5€20487//
1 {3{7Xs3A64F8e5)))

GO TQ 2223

WRITE TAPE 3)» (ANS(I)s 1314454)

NO EQ=NO EQ+1

IF {1ADD=2} 22392252225

IF (IPROB=2) 224122491223

IF [IFROZ} 1223912241224
PCPU2)=({GAMMA+140) /240 ) ##{GAMMA/ {GAMMA~140))
T LN=T LN+LOGF(20/(GAMMA+100} ]

DO 1225 T = 15454

ANSLAB{I) = ANS(T}

TADD=1ADD+]

GO TO 433

IF (NO EQ) 378437891231
IF (IFROZ} 23243790235
IF (IADD-2) 37842334378
IF (IDEBUG) 37892344378
CALL CORE4

IF (KORE} 12343141234
RETURN

IF (IPROB=2) 23792374239
CALL CORE3

RETURN

WRITE TAPE 39(Gi1})s I2148044)
CALL CORES

RETURN

ERROR PRINT OUT

WRITE OUTPUT TAPE 6»3063Te1ADD

FORMAT {17HLTHE TEMPERATURExE12e4334H Ky IS OUT OF RANGE FOR THE P
10INT 15

IF (600040-T) 3094307»307

IF (T~2000) 1309+3084308

GO TO 142

IF {1ADD=1) 309313100309

IF (IPROB=~2} 131193091309

IF (ITEST~N) 1312913124309

101



102

1312

1313

1315

30

o

311
312

315
316

=
R aReAsIS

1F (1PROD=2} 13159131351313

CONTINUE

GO 10 309

ITEST=J+1

CALL BYPASS{U»3)

GO TO 555

TADD=2%

IF (SENSE LIGHT &4) 42342

WRITE OUTPUT 'TAPE 633129IMATIDID

FORMAT {/15H1TRIED TO SOLVE 13+22H EOUATIONS» ELIMINATED 13}
GO TO 375

WRITE OUTPUT TAPE 69316»

FORMAT (/4THIRESIDUALS FROM SUBROUTINE GAUSS EXCEED 0e5E-4)
IFEéng?UG) 23143775231

377 IDI

IF (IPROB=3) 13774555+555
1377 PC=PC*144696006

GO TO 555
378 WRITE TAPE 3, (Gl1)y1=1+8044)

BACKSPACE 3
RETURN
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PAUSE 77777
SUBROUTINE GAUSS

SUBROUTINE GAUSS SOLVES ANY LINEAR SET OF UP TO TWENTY EQUATIONSs

BY ITERATION IF NECESSARY

FORTRAN MONITOR UNDER NORMAL OPERATING CONDITIONS WILL TAKE CARE

OF OVER-UNDER FLOW

COMMON ¢

EQUIVALENCE 161}y 113, (Gl420)s Ct420))
EQUIVALENCE (ANS(1)s Cl421))s (ANS{454) C(874))
EQUIVALENCE  (HSUM) Cl424})s  ISSUMy cl42s)
EQUIVALENCE {WTMOL S Cla26)ys  (CPy Cta27)y
EQUIVALENCE (DLMPT, Cl428)3s {(DLMTP, Cl429)
EQUIVALENCE {GAMMA C(430))s {(ARATIO» Ct431))
EQUIVALENCE {VMACH, C{432))y (SP IMP, Cl433))
EQUIVALENCE {VACTy C{434})y (CFs Cla36))
EQUIVALENCE {RHOI, Ci437))s  IRHOVAC, Cl438))
EQUIVALENCE (RHO» C{439})

EQUIVALENCE {T Ply Ct4a03)y (PI I, Claalyy
EQUIVALENCE (EP PI, Cl442))s (AW Pl Cl443))
EQUIVALENCE {T ETAs Cla45))

EQUIVALENCE (ETA Iy Ci{446))y (EP ETAS Cl447) )
EQUIVALENCE (AW ETA» Cla48))s (T SIGy C{450)
EQUIVALENCE 1S1G 1 Ci451))y (EP SIG» ctas2))
EQUIVALENCE 1AW SIG,y Ci453}))

EQUIVALENCE {ANSLAB(1}s CUB75) )y (ANSLAB(454}s C{1328))
EQUIVALENCE {FORM{1) s C{1329))y (FORM(15)» C(1343))
EQUIVALENCE (ELMT(1)y  C{1344))y {(ELMT(15)» C{1358))
EQUIVALENCE (LLMT {1}y  CU1344))s (LLMT(15)» C{1358))
EQUIVALENCE (DATA(1), Ct1359))s {(DATA(23)s C(1381))
EQUIVALENCE (MDATA(L)s C(13591)s (MDATA(23)s C(1381))
EQUIVALENCE (ENT1Ys  C113821)s (ENL9Q)y  CL1471)})
EQUIVALENCE (1SYsSy Cl1472) )y {JEANS C(1473))
EQUIVALENCE (ACXs ClL4T4) )y {ACF C{1475))
EQUIVALENCE (AMX s C{1476) ) {AMF o Cl1477}
EQUIVALENCE {RHOXy Cl1478}), {RHOF » <i1479))

EQUIVALENCE (COEFX(1)y
EQUIVALENCE (DX(1}s
EQUIVALENCE

EQUIVALENCE (MMLA(2)
EQ'JIVALENCE (PROD{1)»
EQUIVALENCE  (SYSTM(Ll»
EQUIVALENCE

EQUIVALENCE {OF s
EQUIVALENCE

EQUIVALENCE (KONT

EQUIVALENCE INOy
EQUIVALENCE {NOEQ» C(1565))
EQUIVALENCE {BOXU1)y
EQUIVALENCE (BOF(1)s
EQUIVALENCE {HX»
EQUIVALENCE (VXPLSy
EQUIVALENCE (VFPLS»
EQUIVALENCE {EN LN(1}s
EQUIVALENCE (DEL Nil)y
EQUIVALENCE {HO(L )y

EQUIVALENCE IS{l)y
EQUIVALENCE I1X13)s
EQUIVALENCE
EQUIVALENCE (B0{1}s
EQUIVALENCE (PQy
EQUIVALENCE (S0
EQUIVALENCE {T»
EQUIVALENCE LAAY
EQUIVALENCE {HCy

EQUIVALENCE {PCPI1)s
EQUIVALENCE (DATUMIL Yy
EQUIVALENCE (PCy
EQUIVALENCE {IPROB)»

EQUIVALENCE (IHSy
EQUIVALENCE (1SYMy
EQUIVALENCE (IDIDy
EQ'JIVALENCE (IDRM,
EQUIVALENCE (L
EQUIVALENCE 1My
EQUIVALENCE {Ny
EQUIVALENCE (1Q1,
EQUIVALENCE {1Q3y
EQUIVALERCE (IMAT
EQUIVALENCE (IADDy

EQUIVALENCE (ITAPE»
EQUIVALENCE (IDEBUG,
EQUIVALENCE (A(1]y
EQUIVALENCE

EQUIVALENCE

EQUIVALENCE {COEFT{1)s
EQUIVALENCE {ATOM(1)y
EQUIVALENCE {MATOM( 1},

DIMENSION G{20921)s

ODIMENSION  DEL N(90}s
DIMENSION  DELTA(20),
DIMENSION COEFX120)
DIMENSION COEFT1(154+90)

DIMENSION ELMTL15},
DIMENSION BOX(15)

(DELTAlL)»

C(1480))s (COEFX{
CL1500)1s  (DX(20},

(FORMLA(1)» CU1520))r (FORMLA(

C11520))y (MMLA(18)
C(153B})s (PROD(3)s
C{154111s (SYSTM(1S

IMTSYS{1)s CU1561))s (MTSYS(15)s
C(1556) ), {FPCTy . C

{EQRAT»
EQUIVALENCE {KODE+s o]
C(1561) )4 (NFs

C11558)}
1559) ) (KASEs
C{15631)s (NEs

CL177130s (BOX{15)s
C{17861)s (BOF(15),
C{1801))s (HFs
C{1803))s (VXMINy
CI1805) )y (VFMIN,
C{18613)y (EN LN(90)
C{1951})s (DEL N(90)

Cl20413)s (HOL90)s
Ci2131))s (5(90}s
€122213)s (X120)s
C(22411)» (DELTA{20)
Cl22611)» (BO(15}s
C(22763)s (HSUBD.

¢ C€122783)s (T LNy

€{2280))s {AAY LNy
Cl2282))s {CPSUM,
Cl2284) 4y {TC LN»
Cl2286)3y (PCPU25},
C(2311})» (DATUM(3),
C€{2316))s {TC»
Ci2316))y (IFIXTy
€{2318})y (ICONDs
€12320))¢ (IPRODy
€{2322)1y (LORUN,
€{23233)y (KDRUM,s
C(2325))y (L1y
C(2327)3s {Mly
€12329)}y (1Gs
C12331))s {102y
4233311y {KMAT»
C{2335))y (IUSEs
C(2336))s (ITNUMB,
Ci23381)y (Py
C{2340))s (IFROZy
C{2342))s  (A(1250),

C{T742) )9 (ATOMI303)»

20)s  CU1499))

Ci1519))

183y CL1537))

» CL1537))
€{1540))

bs  C(1855)%

Cl1555})
11557))

Ct15601)
ci1562})
Ci{156411

cl17851)
C€11800))
€{1802))
C{1804))
CL180611
s Cl1950))
s CL2040))

€(2130))
Ci2220}1)
Cl2240))
» C{2260})
ct2275y)
ci2277)1
Ct2279))
Ct2281))
C€12283))
c(2285))
C(2310))
Ci23133)
CL2315))
ct2a1m
€{2319))
Ct2321))
Ct2323))
Cl2324))
Ci2326))
€{2328))
€{2330))
€(2332))
€12334))
Cl2335))
€t2337))
Ci2339)}
Cl2341)}
Ci3691)1

{COEFT1{1)y C(3692))s (COEFT1(1350)s C(5041))
(COEFT2{1)s C{5042))y (COEFT2(1350)s C(6391))
€16392})s (COEFT(1350)+ C(7741))

CL8044))

CLTT42) 1y (MATOMI303)s Cl8044)}

A{16590)y  EN{90},
HO(90}s 5190}y
80{15)» RCP{25}y
DX(20)s FORM{15}
» COEFT2(15»90)
DATAL23)s  DATUMIZ}s
BOF(15)s ANS({454)y

OIMENSION LLMT(15) sMTSYS{15) +MDATA{23)

DIMENSION ANSLAB(454)
OIMENSTON MATOM(10243)s
DIMENSION DRUM(20521)

BIGNO=377777777777
101030

DETN=040

IF(1USE) 80580082
IUSE1=TUSE+]

00 .1 KalslUSE
X{K)=0s0
DELTA(K)=0s0
ITERA=Q

KAPYT=)
DSUM1=BIGNO

SAVE MATRIX IN DRUM
DO 82 1D*1sIUSE

COEFT(15+90)
ATOM{101+3)

EN LN(90)
X420
PROD(3)

FORMLA{18)
SYSTM(15)

103



104

82

83

naa
@

99
10

84
100

87

~
~

23

annnann

28

30

a2 %atal

31

36

88
40

44
45

nn

991
47
48

50
51

Ia%aYa

56

60

66
68
72

7

ry

92
75

76
78

80

D082 JN=1, IUSEL
DROIC 1D+ IN] =G TT0 5Ny

BEGIN ELIMINATION OF NNTH VARIABLE

DO 45 NN=)yIUSE
IF (NN=IUSE) 8,838
IF(G{NNNNI 131423932

SEARCH FOR MAXIMUM COEFFICIENT IN EACH ROW

DO 18 I=NN»IUSE

J=NN

IF(G(IsJ}) 99914999
COEFX(11=040

NENTSY

IF(TUSEl=J) 12»84+84

IFt ABSFIG(IsJ}) — ABSFICOEFX{I))} 1091004100
COEFX(1)mABSFIG(I+J))

GO 70 10

COEFX(I}= ABSF(COEFX(I1)/G{IsNN))
GO TO 18

COEFX{ I}=BIGNO

CONTINUE

TEMP=BIGNO

I=0

DO 22 JaNNsTUSE

IF {COEFX(J)-TEMP) 87522422
TEMP=COEFX(J)

I=4

CONTINUE

IF(I} 28423928

1D1D=NN=-1

GO TO 80

INDEX I LOCATES EQUATION TO BE USED FOR ELIMINATING THE NTH
VARIABLE FROM THE REMAINING EQUATIONS

INTERCHANGE EQUATIONS 1 AND NN

IF(NN-1) 29431,29
DO 30 J=NN»IUSEL
22G(1sJ}
G{1sJ)=GINNSJ)
GiNNy S} B2

DIVIDE NTH ROW BY NTH DIAGONAL ELEMENT AND ELIMINATE THE NTH
VARIABLE FROM THE REMAINING EQUATIONS

K= NN+ 1
00 36 J = Ky IUSEL
IFIG(NNsNN)} 365 23 36
G(NNsJ) = GINNgJ} / GUNNsNN)
IF(K~TUSE1} 88,45588
DO 44 I = KyIUSE
DO 44 J = Ky IUSEL
GllsJ) = GLIsJd) ~ GULANNIRG{NN+ Y
CONTINUE
CONTINUE

BACKSOLVE FOR THE VARIABLES

IpID =
K = U
J=K+1
SUM = 04
IF(IUSE = J) 51948548
DO 30 1 = JyIUSE
SUM = SUM + GIKsI)*DX(1)
DX{K} = G(KsIUSEL) - SUM
X{K) = X(K) + DX{K}
K=K=1
IF (K} 475151947
DQ 90 ID = 1,IUSE
DO 90 JO = 1, TUSEL
G(IDsJD) = DRUMIIDsJD)

1USE
SE

CALCULATE RESIDUALS (DELTA RIGHT HAND SIDE)

DSUM = 04
DO 62 1 = 1y I1USE
SV

2 O
D0 56 J = 1» IUSE
SUM = -SUM + GUIsJ)*X(J)

DELTA(I) = GII,IUSE1l) = SUM
IF(ABSF(G(I5IUSE1)) = 140 624 62 6
DELTA(1) = DELTAIT) / GtIyIUSEL)
DSUM = ABSFIDELTAtI)} + DSUM

GO TO(66+80)s KAPUT

IF(DSUM ~ DSUML1) 74980568

KAPUT = 2

DO 72 K = 1,IUSE
X{K) = X{K] = OX{K}

G0 70 52

DSUM1 = DSUM

ITERA = ITERA + 1

IF(ITERA = #4) 92480592

DO 78 I = 1,I1USE
TF(ABSF(G(ToIUSEL) = 140} 75475476
GUI4IUSEL) = DELTA(S
60 TO 78
G(1,TUSEL) = DELTA(I) * G{IsIUSEL)
CONTINUE

GO TO &

RETURN
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SUBROUTINE MATRIX

COMMON €

EQUIVALENCE  (Gills Ci1ils (6142000 CL420)
EQUIVALENCE  (ANS(1)» C(421))» (ANS(454)s CL874))
EQUIVALENCE  {HSUM, CL424109  {SSUMy Ct425))
EQUIVALENCE  (WTMOLs Cl426))s  (CPy Ctaz?)
EQUIVALENCE  (DLMPT, Ct428)3, (DLMTPy cr4291i
EQUIVALENCE  {GAMMAs CU430))s  {ARATIOs Ctasly
EQUIVALENCE  (VMACH, C{432) 1y ISP IMPy Ci433)
EQUIVALENCE  [VACI, Cl434))y  (CFy C(436)}
EQUIVALENCE  (RHOI, C(437))s  {RHOVACs Cl438))
EQUIVALENCE  (RHO» c1439)

EGUIVALENCE (T Pl, Cl440))y  (PI 1o Clasl)
EQUIVALENCE ~ (EP Pl, Cla421dy 1AW PIy Ct443)
EQUIVALENCE (T ETA» Claasyy

EQUIVALENCE  (ETA I, Clab6)ys (EP ETAY  Cl44T)
EQUIVALENCE (AW ETA» Cl448))y (T SIGs Cl4501}
EQUIVALENCE  (SIG Ts C{451)1s (EP SIGs cta4521)
EQUIVALENCE (AW SIGs  Cl453)

EQUIVALENCE  (ANSLAB{1)s C(875)1s (ANSLABI454}s C{1328))
EQUIVALENCE  (FORM{1),  C(1329}}s {(FORM{15}y C(1343})
EQUIVALENCE ~ (ELMT(1}s  C{1344})s [ELMT(15)s C(1358)
EQUIVALENCE (LLMT (1} Cl1l344)), (LLMT(15}s C(1358))
EQUIVALENCE  (DATA(1)s C(1359))s {DATA(23}s C{13B1}
EQUIVALENCE  (MDATA{1)r C(1359)), {MDATA{23)s C{1381))
EQUIVALENCE  (EN(L)y  C(1382})» (EN(90)»  C{1471)
EQUIVALENCE  (ISYS, CL1472))s  {JEANs C(1473)
EQUIVALENCE  (ACXs CL1474))s  (ACFy <11475)
EQUIVALENCE  (AMK» C14T610y  (AMF» 11477}
EQUIVALENCE  (RHOXs C(1478))»  (RHOF, <(1479)
EQUIVALENCE  (COEFX{1}» C(14801)y (COEFX(201y C1499)
EQUIVALENCE  (DX{1}s Cl1500))+ (DX(20)s C(1519)
EQUIVALENCE  (FORMLA(1ls C(1520))s (FORMLA(18)y C{1537))
EQUIVALENCE  (MMLA(L)s  C(1520)}s (MMLA(18)s C(1537))
EQUIVALENCE  (PROD({1)s C(1538})s (PROD(3)s  C{1540}}
EQUIVALENCE  (SYSTM(1)» Cl1541))s (SYSTMI15)s  CI1555))
EQUIVALENCE  (MTSYS(1)» C(1541)}» (MTSYS{15)» C{1555)
EQUIVALENCE  (OF» Cl15561)s (FPCTs  CL1557))
EQUIVALENCE  (EQRAT» Ct1558))

EQUIVALENCE (KODE» Cl1559)3s  (KASEs 15601
EQUIVALENCE ~ (XONTs  C(1561})s  (NFs Cl1562)
EQUIVALENCE  (NO» C11563))s (NE» Ct1564}
EQUIVALENCE  INOEQ, C{15651)

EQUIVALENCE  {BOX(1)» C{17713)s {BOX{15)s  C(1785)
EQUIVALENCE  (BOF(1)s Cl1786))y (BOF(15),  C(1800)
EQUIVALENCE  (HXs C18011)s (HF» €11802}
EQUIVALENCE  (VXPLS, Ci183311y (VXMINs Ci1804))
EQUIVALENCE  (VFPLS, C{1805))s (VFMIN, <1806}
EGUIVALENCE  (EN LN{1)» C{1861))s {EN LN(90)s C({1950)}
EQUIVALENCE  (DEL N(1)s C{1951})» (DEL N{901s C(2040)
EQUIVALENCE (HO{1}e C12041) )y (HO(90}y €(21301]
EQUIVALENCE  (S(1}, C{21311)s {S(90)» C12220)}1
EQUIVALENCE  (X{1}s C12221))s X120}y €122401)
EQUIVALENCE  (DELTA(1}» C(2241))» (DELTA(20)s C12260}
EQUIVALENCE  (BO{11s C122611)s (BO(15)s €(2275)
EQUIVALENCE  (PO» Cl22761)s (HSUBO» <2277
EQUIVALENCE  (50s C(2278)15 (T LNy C12279}
EQUIVALENCE  (T» Ct22801 1y {AAY LN, ctz281)
EQUIVALENCE  (AAY, C(2282)}s {CPSUMs C(22831)
EQUIVALENCE  (HC» C{2284)}s {TC LN» C(2285)
EQUIVALENCE  (PCP{l}s Cl2286))y (PCP(25)y  C(2310}
EQUIVALENCE  (DATUM(1}s C{2311))s (DATUMI3)s C{2313}
EQUIVALENCE  (PCs C(23141)s (TCs C{2315))
EQUIVALENCE  (IPROBs C12316))s {IFIXTs C(2317)}
EQUIVALENCE  (IHS, C{2318))y {ICONDs C(2319)
EQUIVALENCE  (15YM, C(2320)1s (IPRODs ct2321)
EQUIVALENCE  (IDID, €{2322})y (LDRUM» C(2323)
EQUIVALENCE [ IDRM) C(232311s (KDRUMs Cl23243)
EQUIVALENCE (L Ct2325))s {L1s C{2326)
EQUIVALENCE (M, C123271)s (Mly C(2328))
EQUIVALENCE  (N» Cr2329)1» (1Qy €12330)
EQUIVALENCE (101, C12331))s (1Q2s C(2332)
EQUIVALENCE (103, Ct2333)1s (KMAT» Ct23341)
EQUIVALENCE  (IMAT, CU2335))s {IUSEs €i2335))
EQUIVALENCE  {1ADDs CU2336))s (ITNUMB,  C(2337)
EQUIVALENCE  (ITAPE» C(2338311 (Py €(2339}
EQUIVALENCE  (IDEBUGs C{2340)}s {IFROZy €(23411)
EQUIVALENCE  (Af1), C12342))y (AL1350)s CI3691))
EQUIVALENCE  (COEFTI(L}y C(3692}1s (COEFT1(1350}, CI5041))
EQUIVALENCE  (COEFT2{1)s C(5042))s (COEFT2(1350), C(6351)
EQUIVALENCE  (COEFT(1)s C{6392}}s (COEFT{1350}, C(7741})
EQUIVALENCE  (ATOM(1}s C(T742))s (ATOM{303)s C(8044)}
EQUIVALENCE  (MATOM(L}s C(7742))s (MATOM{303}s C(8044)
DIMENSION  G(209213s  'A(15590)s  EN(9O)s EN LN(90)
DIMENSION ~ DEL NISO}s HOI90)s S(90)s 120)
DIMENSION  DELTA(20)» BO(1S5)s PCPI25)s PROD{3}
DIMENSION  COEFX{20)y DX(20)s FORM{15)

DIMENSION COEFT1(15,90) » COEFT2(15+90)

DIMENSION ~ ELMT(15)s  DATA(231s OATUM{3)y  FORMLA(18}
OIMENSION  BOX{15],  BOF(15), ANS(454)  SYSTMULS
DIMENSION LLMT(15)sMTSYS{15) sMDATAL23)

DIMENSION  ANSLAB{454)s  COEFT(15590)

DIMENSION  MATOM{101»3)s ATOMI1013}

DETERMINE WHICH MATRIX IS TO BE SET uP

SENSE LIGHT LIGHT ON LIGHT OFF

1
2
4

1Q1=1Q1
102=102
163=193

COMBUSTION TYPE
ASSIGNED TEMPERATURE
NOT CONVERGED

IF (SENSE LIGHT 2} 1s4
SENSE LIGHT 2
IF {SENSE LIGHT 4) 2,3

SENSE LIGHT
IFIXT=1
1SYM=1Q1

&4

IXT=2
IF (SENSE LIGHT 1) 56

EXPANSION TYPE

UNASSIGNED TEMPERATURE

CONVERGED
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7

3
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8

o

85
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95
lo0

SENSE LIGHT 1
1RS=}

ISYM= 102

G0 TO 10

IF {SENSE LIGHT 4} 7, 8
SENSE LIGHT 4
IHS=2
ISYM=1Q1

G0 TO 10
1HS=1
ISYM=102

CLEAR MATRIX STORAGES TO ZERO

DO 212 I=l,102

DO 211 K=1s1Q3
Gl1sK)= 0e0
CONTINUE

CONTINUE

ICOND=1

IF (L~1Q) 143213414
ICOND=2

BEGIN SET UP OF ITERATION MATRIX

DO 65 J=lsM

CALL BYPASS (Je1)

IF {IPROD-2) 659214465
IF {EN(J)} 65165512

CALCULATE THE ELEMENTS RI14X)

DO 20 I=ly L

IF (A(T+J)) 13920913

TERM= A{I,J)*#EN{J)

DO 15 K=ly L

Gi{IsK)= G(EsK) + A({KsJ)*TERM
CONTINVE

COMPLETE COLUMN A FOR THE GAS MOLECULE

GiT,101)=G{IsFOLI+TERM
CONTINUE
G(IQ1+1QL)= G(IQL,IQLI+EN{J)

STATEMENT 24 IS FOR FIXED T» 30 IS FOR VARIABLE T AND CONVERGED
FIXED T

IF (IFIXT-2} 24230930Q
FOR ASSIGNED T BYPASS ENERGY ROW AND T COLUMN WHILE ITERATING

TERM= {HO{JI=S{J) I¥ENLY)

D0 25 1=1»
GI51Q2}aG(I+1Q2)+A{I9J)*TERM
CONTINUE
G{101,102)=GLIQ1,IQ2}+TERM

GO TO 65

FILL IN TEMPERATURE COLUMN AND RIGHT HAND SIOE

TERM=HO{J)#EN{J)

00 35 I=l,L

G(I5102)= G(IsIQ2)+ALT,JIHTERM
CONTINUE

GIIQLs1Q2)= GIIGLsIQ2}+TERM
TERM1=(HOtJ)~S{J) ) *ENLJ)

DO 40 I=1,L

G(I41Q3)= G{IsIQ3}+A{1sJI*TERML
CONTINUE
GUIQ1,103)=6¢101s1Q3)+TERML

STATEMENT 50 IS FOR ENTHALPY » 55 IS FOR ENTROPY EQUATION

IF (IHS=2) 50955455
G(I025102)=G{IQ2sIQ2)+HOLJI*TERM
GI102,103)=G{1Q2s 103 )+HO(JI*TERML
GO TO 65

DURING EXPANSION THE ENTROPY ROW IS FILLED IN

TERMaS{J)*EN(J)

DO 60 K=1sL

GIIQ2sK)= G{IQ29K)I+AIKsJ)#TERM
CONTINUE

G(1Q291011=61102+1Q1)+TERM
GlIR2,102)=G(10291G2)+HO(J}*¥TERM
G{IQ29103}=GL102yIQ3)+{HO(J)~S{J)I*TERM
CONTINUE

AT THIS POINT PROCESSING OF GASEOUS PRODUCTS HAS BEEN COMPLETED
AND CONDENSED PHASE PROCESSING 1S BEGUN

STATEMENT 70 IS FOR CONDENSED PRODUCTS»s 101 1S FOR NO CONDENSED

IF {1COND-2) T0s1022201
K=L1

DO 100 J= M1sN

CALL BYPASS {J»1)

IF (IPROD=2) 1005745100
DO 75 IslsL
GUIsK}=ALTsY)

CONTINUE

STATEMENT 80 IS FOR FIXED Ts 85 IS FOR VARIABLE T AND CONVERGED
FIXED T

IF (IFIXT-2) 80485485
G{Ks102)= HOlU}=~S(J}
GO TO 9

GiXy1Q2)m HOLJ)
GlKsIQ3)= HOLJI)=S(J)

STATEMENT 95 IS FOR ENTHALPY, STATEMENT 90 IS FOR ENTROPY EQUATION

IF (THS-2} 95190490
GUIQ29K)=S(J)

K= K41

CONTINUE
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" REFLECT SYMMETRI
HASE

CONDENSED Pl

DO 104 I=1s1SYM
DO 102 J=IsISYM
G(Jy1)=GlTsJ}
CONTINUVE
CONTINUE

THE ADDRESS OF THE NEXT INSTRUCTION IF SET OURING INITIALIZ/TION
STATEMENT 105 IS FOR CONDENSED»130 1S FOR NO CONDENSED

IF {ICOND-2) 105+130,13
COMPLETE COLUMN A OF MATRIX

DO 125 J=M1,N

CALL BYPASS (Jsl}

IF (1PROD~2) 1255106+325

DO 107 I=lsL
G(Is1Q1)1=G(TsIQLI+A(I,JI¥ENLI)
CONTINUE

IF (IFIXT=2) 12551092109

IF (IH5-2) 11041154115
G(IG2,101)= GIIQ2»IQLIF+HO(JI*EN{J)
GO TO 125

G{1Q251Q2)= GII102+1Q1I+SIII*ENLY)
CONTINUE

GO TO (131,133)IFiXV

KMAT=1Q2

GO TO 136

KMAT=1Q3

IMAT=KMAT=1

COMP%ETE THE RIGHT HAND 'SIDE

DO 145 I=1sIMAT
G{1,KMAT)=G{1/KMAT}=G(I,+1Q1)
CONT [NUE

DO 150 F=1sl

G(I1yKMAT)= G(I,KMAT}+ AAY¥80(1)
CONTINUE

Pz G(IQI14[Q1Y
G(lanKMQ‘) = G{IQ1IKMAT)+ PO
G{IQ1+1Q1)=040

COMPLETE ENERGY ROW AND TEMPERATURE COLUMN

IF {KMAT-=IQ2) 16551854165

IF (}HS-2) 1665168,168
ENERGY=AAY*(HSUBO/T)

GO TQ- 169

ENERGY= AAY®S0+PO~P
G(102,103)=6{102+1G3)+ ENERGY
Gl102,102)= GUIQG2+1Q2)+CPSUM
RETURN

?EFORE COMPLETING THE
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SUBROUTINE CORE3

FROZEN COMPOSITION EX

COMMON ¢

.EQUIVALENCE 161Dy

EQUIVALENCE | (ANS{1}
EQUIVALENCE {HSUM,
EQUIVALENCE (WTMOL
EQUIVALENCE {DLMPTy
EQUIVALENCE {GAMMA 3
EQUIVALENCE [VMACH,
EQUIVALENCE (VACT s
EQUIVALENCE (RHOTy
EQUIVALENCE (RHO s
EQUIVALENCE (T PIy
EQUILVALENCE (EP Pl
EGUIVALENCE (T ETAs
EQUIVALENCE (ETA Is
EQUIVALENCE (AW ETA
EQUIVALENCE (S16 1y

PANSION

Ctlide (G(420)y
» Cl421))s [ANS{454)s
C(4241)s  {SSUMy
CLa2611s  (CPy
Cl428))s  (DLMYPs
C{430))s {ARATIOy
C{432)}s (SP [MPy
Cla3ayyy  (CFs
Ci437))y  {RHOVACH
C(4391}
Cia403)y  {PI T
Cla4a2)yyy (AW PIs
Cl44s))
Clus6))y  (EP ETAy
) Cla48))y T SIGy
Cia51))y  {EP S1Gy

EQUIVALENCE (AW SIGs C{453}1)
EQUIVALENCE (ANSLAB(1)s CIBTS})y

EQUIVALENCE (FORM{1
EQUIVALENCE (ELMTIY
EQUIVALENCE {LLMT(1
EQUIVALENCE (DATA{1
EQUIVALENCE (MDATA(
EQUIVALENCE (ENTY) S
EQUIVALENCE (ISYS,
EQUIVALENCE (ACXy
EQUIVALENCE {AMXy
EQUIVALENCE {RHOX »
EQUIVALENCE (COEFX(
EQ'JIVALENCE (DX(1}s
EQUIVALENCE (FORMLA
EQUIVALENCE THMMLALL
EQUIVALENCE (PROD (1
EQUIVALENCE {SYSTML
EQUIVALENCE {MTSYSH
EQUIVALENCE tOFs
EQUIVALENCE (EQRATS
EQUIVALENCE (KODE»,
EQUIVALENCE {KONT
EQUIVALENCE {NO»
EQUIVALENCE {NOEQ
EQUIVALENCE {NOFROZ»
EQUIVALENCE (BOX{1)
EQUIVALENCE (BOF(1)
EQUIVALENCE {HXs
EQUIVALENCE {VXPLS»
EQUIVALENCE {VFPLS,
EQUIVALENCE (EN LN
EQUIVALENCE (DEL NI
EQUIVALENCE {HO{1)y
EQUIVALENCE 15{1),
EQUIVALENCE X(1)y
EQUIVALENCE (DELTA{
EQUIVALENCE {BO(1)s

EQUIVALENCE  (POy
EQUIVALENCE  (S0»
EQUIVALENCE  (T»
EQUIVALENCE  (AAY,
EQUIVALENCE  (HCs
EQUIVALENCE  (PCP(1)
EQUIVALENCE  (DATUM(
EQUIVALENCE  (PC»
EQ’JIVALENCE  (IPROBy
EQUIVALENCE  (IHS
EQUIVALENCE  (15YM,
EQUIVALENCE  (IDID,
EQUIVALENCE  (IDRM,
EQUIVALENCE (L
EGUIVALENCE (M
EQUIVALENCE  (N»
EQUIVALENCE (101,
EQUIVALENCE  (1Q3s
EQUIVALENCE  [IMAT,
EQUIVALENCE  (1ADD,
EQUIVALENCE  (ITAPEs

Ys Ct1329) 1}y
123 Ci13443)
X} Cl1344))
Iy CL1359) )

1)y C(1359))+

EQUIVALENCE (IDEBUG Cl234011)y

EQUIVALENCE (A1),

EQUIVALENCE (COEFTL
EQUIVALENCE (COEFT2
EQUIVALENCE (COEFT(
EQUIVALENCE {ATOM(1
EQUIVALENCE (MATOML

DIMENSION Gt20s21)
DIMENSION DEL N(90}
OIMENSION DELTA(20Y
DIMENSION COEFX(20)
OIMENSION COEFT1(15,9
DIMENSION ELMT(15)»
DIMENSION BOX{15)y

Ct1382)1)s  HENIS0)s ct1471))
Cl1472) )y (JEANY Ct1473))
Ctra74))y (ACF» Ct1475))

Cl2476))y [AMF s C{14771)
Ct1a78))s IRHOF » C11479))
1) C{1480) )y (COEFX{20}s C(1499))
C(1500))y (DX120)y  CL1519))
{1)s C(1520})s (FORMLA(18)s C(1537))
Yo Ct1520))s  IMMLALLB)s C{2537))
J» C(1538)1y (PROD(3}, C{1540))
1)y CU1541))s (SYSTM(15)s C{1555)}
1) CL2541))s (MTSYSU15)s C(1559))
Ci1556)) IFPCTy Ci1B57))
C(1558) )
Cl1559) ) {KASEy C(15601)
Cl1561)}s {NFy Ci1562)}
Cl1563))9 (NEs Cl1564})
C(1565})
C{15661)
’ CL17711)s (BOX(15)s €11785)1
’ C{1786))s (BOFI(15}s C€{1800}))
C{2801})s (HF, €11802))
C(18031)s (VXMINs <1804}
C(1805}))s (VFMIN, €(1806))
10y C{18611)» (EN LN(90)s C{1950))
1)y C{1951))s .IDEL N{90}s C(2040))
C{2041}1)s (HOLS0)s (213002
C(2131))s (S{90)s ct22201)
C{222%1)s (X(20}y cl2240))
1)s  C(2241))» [DELTAL20)y C(2260))
Cl2261))s (BO(15)» ct227%)}
C€{2276))s (HSUBQs €(2277))
Cl2278})s (T LNs €{2279))
€(2280))s (AAY LN» C{2281))
€(22821)s (CPSUMy CL2283))
C(2284)s {TC LNy €12285))
’ C12286))s (PCP{25)y . C(23100}
1)y C2311))s (DATUM(3)y C12313))
C{2314))s {TCs C123158))
C12316))s (IFIXT» Ci2311y)
€123181)s {ICONDy C12319))
€12320))s (IPROD» ct2321)}
€(2322)1¢ (LDRUMs C(23231}
C(2323))s (KORUMs Ct2324))
C(2325))s (Lls C(23261)
Cl2327))s (M1, Ci2328))
C1232911s (1Qy cta33my
€(2331) )y 11Q29 C{2332))
€12333))s (KMATs Ci2334))
€{2335)) s (IUSEs C{2335})
CU2336) 1y (1THUMBY C(2337)}
C(2338))s (P» C€12339))
{IFROZy Ci2341))
Cl2342))s  (A({1350)y C(3691))

{11y CL36921)
(1)s C(5042))s
1}y CL6392))
Ys  CULTT42) )y

1¥s  CL774231s

Al154+90)

s HOLS0)s

> BO{151,

» DX(20)s

0} s COEFT2{(15
DATA(23),
BOF(15)y

Ct420))
Ci8741)
Ct425))
CLaz2Tyy
<1429))
C{431))
C{433))
Cla36yy
Cl438}1)

[4EZ333)
Clua3yy

Claa7))
Ci450))
CLa52)y

[ANSLAB{AS4) s C(1328))

(FORM{15}
{ELMTL1S)y
(LLMT(15)s

{DATA(231}y

Cll1343))
€413581)
Ct13581)
Ct1381}h)

{MDATA{23)s CL1381}})

s (CQEFT1(135Q})s C{504114}
(COEFT2(1350})s C(6391})
{COEFT {1350}y C(7741)1)

{ATOM{303) C18044))

(MATOM(303) s

EN{90)»
5¢901s
PCP(25) s
FORM(15)
»90)
DATUM{3 ),y
ANS{45GYy

DIMENSION LLMT(15)sMTSYSU15)»MDATAL23)
4y COEFT(15590)
23) ATOM{101+3}

DIMENSION ANSLAB(45
OIMENSION MATOM{101

NO FROZ=0
MISSED=0

DO 1004 J = 1,456
ANS(J) = ANSLABUJ)
1ADD=1

EN{J) =ANS(4#J+34)
IF (EN(J)) 696315
IF 10-M) 51557

EN LN{J}=LOGF {EN(J})
ALPHA=ALPHA+EN (J}
GO TO 7

EN LN1J)=040
EN(J)=040
CONTINUE

WTMOLF =ALPHA*WTMOL
PC=ANS(2)

180441 Y

EN LN(SO)
Xxt20)
PROD(3Y

FORMLA(18)
SYSTM{15)



anan

nan

<
<
C

ann

fa¥akal

non

T _LN=LOGF{ANS(3})

HC=ANS(4)/1.98726

$0= (ANS(5)*WTMOLF/1,98726)+ALPHA*LOGF {PC/ALPHA)
DLMPT=0+0

DLMTP=040

BEGIN CALCULATIONS FOR CURRENT POINT
CHECK TEMPERATURE RANGE OF THERMODYNAMIC DATA

T DO 1117 J=1,454
1317 ANSLAB(J}=ANS{J)
17 T=EXPFIT LN)
19 IF {COEFTITHL)-T) 2142727
21 IF (COEFT(751)~5000e0} 234224451
22 IF (1ADD-2} 51,3131
23 DO 1123 K = 1,15
00 1123 J = 1,90
1123 COEFTI(Ked) = COEFTL{KsJ}
SENSE LIGHT 4
GO TO 19
25 DO 1125 K = 1415
DO 1125 J = 1590
1125 COEFT(K4J)=COEFT2KsJ)
SENSE LIGHT 4
GO TO 19
27 IF {T~COEFT(651)) 29435335
29 IF {30040-COEFT(691)) 259224451
31 IF (SENSE LIGHT 41 384305

LEAVE FROZEN PROGRAM 1F DATA FOR ANY SPECIES RUNS OUT

35 IF (1ADD-2) 51,37+37
37 IF (SENSE LIGHT 4) 38,41
38 SENSE LIGHT 4
00 40 J=]sN
IF (COEFT(85J)) 4093994
39 IF {ENUJ)) 405404309
40 CONTINUE
GO TO 49
41 00 44 J=1sN
IE (EN(JY) B4sidist2
42 IF [COEFT{55J)+20e0~T] 285943443
43 IF (T=COEFT{49J)+2040) 295+44s44
285 IF (500040-COEFTI540)) 4494493110
295 IF (COEFT{49sJ)-30040) 44344431
44 CONTINUE

BEGIN ITERATION

49 PCP LN=LOGF {PCP{IADD})
51 CPSUM=040
TREXPFIT LN}
DO 60 J=1sN
IF (EN(J)) 60960s57
57 CPSUM=CPSUM+( ({{COEFT{12sJI¥T+COEFT{119J}I¥T+COEFT(10sJ) ) #T+COEFTY
19 J1I#THCOEFT {89J) ) ¥EN{J)
58 HO(J)=({ ({COEFT(124J}/540)%T+COEFT(115J)/4+0)*¥T+COEFT(105J)/340)%T
1+COEFT(94J)/240)%T +COEFT(134J)/T+COEFT(85J)
59 S(JSI=(L{((COEFT(129d) /440 J*T+COEFTI119J}/3o01#T+COEFT{108J}/240}#T
1 +70EFT(9sJ) }¥T+COEFT{ByJ}#T LN+COEFT{14sJ)-EN LNL{J)
60 CONTINUE
SUM H=040
SUM $=0.0
DO 63 J=1sN
SUM H=SUM B+HO(JI*EN{J}
63 SUM S=SUM S+S{J)*EN(J}
IF {1ADD-2) 8165565
65 IF (SENSE LIGHT 4) 66581
66 SENSE LIGHT 4
67 O LN T={SUM S+({ALPHA¥PCP LN)-S0)}/CPSUM

CHECK CONVERGENCE OF THE ITERATION

T LN=T LN-D LN T
IF (ABSF(D LN T)=~0e5E-4} 73573451
73 IF (SENSE LIGHT 4) 17,17
81 DO 1181 J = 1,454
1181 ANS({J} = ANSLAB(J)
SUM H=T#SUM H/WTMOLF
CPR=CPSUM/WTMOLF
GAMMA=CPR/ (CPR={1+0/WTMOL})
IF (1ADD-2) 209,191,197

CHECK FOR CONVERGENCE AT THROAT

191 DHSTAR=HC-SUM H = (GAMMA®T/{2+0%WTMOL}!
IF (ABSF(DHSTAR/(HC=SUM H)})1=0e4E=4) 19751974192
192 IF (ITROT) 19351974193
193 PCPU2)=PCPI2) /1 1e0+24 OXDHSTARYWTMOLZ { T GAMMA+1,0) 1)
SENSE LIGHT &4
ITROT=ITROT-1
GO TO 49

CALCULATE PERFORMANCE PARAMETERS

197 5P IMP22044 98¥SQRTF { {HC~SUM H)*1498726E-3)
P=PC/PCP{IADD)
AW={86+4579%T )/ {P¥WTMOL¥144696006%SP IMP)
IF (TADD-2} 20342015203

201 AWT=AW
CSTAR=32e 174%PC*144696006%AWT

203 CF=324174%SP IMP/CSTAR
ARATIO=AW/AWT
VACI=SP IMP+P¥144696006%AW
VMACH=SP IMP/SORTF{86+4579%GAMMAXT/WTMOL }

207 ANS{2)=P
ANS{3)=T

209 HSUM=SUM H*1.98726
CP=CPR*1,98726
ANS(1)=PCP({IADD}

ANS(15)=CSTAR

WREITE TAPE 3, (ANS{I)91=14+454)
NO FROZ=NO FROZ+1

IF (MISSED) 4519223,451

223 IADD=IADD+1
IF (IADD-2) 1225422491225

224 PCP{2}=({GAMMA+140) /2401 %¥{GAMMA/(GAMMA=L 40!
T LN=T LN+LOGF {240/ (GAMMA+140)}}

1225 IF (IADD~25) 22552259451

225 IF {PCPIIADD)) 45154515227

109
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SENSE LIGHT &
60 TO 4%

ERROR PRINT OUT

WRITE OUTPUT TAPF 633065 7y1ADD

FORMAT {17HLTHE TEMPERATURE=E1Ze4s26H Ks 1S5 OUT OF RANGEsPOINT I5])
IF (6000+0=T) 4493074307

IF {T-200.0) 44943084308

GO TO 41

MISSED=1

1TRQT=0

IF (SENSE LIGHT 4) 51551

WRITE TAPE 3, (G(L)s I=158044)

CALL CORES

RETURN

WRITE OUTPUT TAPE 6!310'(COEFT(1lJ))I=1)3))CoEFT(ﬁOJ)OCOEFT(7-J)
FORMAT (13H6TBE SPECIES 3A6s29H HAS NO DATA IN THE INTERVAL 2F9+1}

00 1311 K = 1518
DO 1311 J = 1,90
COEFT(KsJ) = COEFT1(KsJ)

GO TO 449

WRITE OUTPUT TAPE 6»312s (COEFTIIyJ)s121930sT

FORMAT (13H6THE SPECIES 3A6s19H HAS NO DATA AT T= F9s1}
GO TO 449
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SUBROUTINE

CORE4

CHAPMAN~JOUGUET DETONATIONS

COMMON ¢

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQITVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EGIIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

£QUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALERCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQJIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

tG(1l)y Cllhly

(G{420)y €1420))

TANS{1Yy C(421))y (ANS(454)9 Ct874))

(HSUM» Cl624)1y
{WTMOL» C{426) )9
{OLMPT s Cl428) )y
(GAMMA» Cl430) 15
{VMACH s Cta32)dy
(VACIy Cl434))y
(RHOT iCta3T)ly
{RHOy C(439) )
(T Ply Cl440) 1y
{EP PIy Cl462) )y
(T ETAs CL4ub) )

ETA I» Cla66) )y
(AW ETAs Cl44811s
(S1G 1s Clas51))

(AW SIG, Cl453))
(ANSLAB(1)s C(875))y
{FORM(1]y C(13291)
{DATA(L1)» C(2359))4
(MDATA{1Ys C(1359))
(ENTY)y  CU1382))

’

{15YSy Ci1472))
(ACXy Cl14T4) by
{AMXy Cl1476))
(RHOX s Cl1478))

{COEFX11)» C11480)
{DX{1}s Cl1500) )
(FORMLA(Y)s C(1520))
(MMLA(L)y  CU1520))s
{PRODI1)y (C11538))»
(SYSTM{L}s CL1541))9
(MTSYSI1)y C{1541) )y

{SSUMy C(425))
{CPy CL427))
- (DLMTPy C{429}))

(ARATIQ, C{431}}
{SP IMP,y Cta3s))

(CFy Cla36))
{RHOVAC C(438))
{PI Iy Claaly)
(AW PI, CL4a43))

(EP ETA, C(a4Ty)
(T SIG, Cr45011
(EP SIGy C1452))

{ANSLAB(454)y C(1328))
(FORM{15})y (13431}
(DATA{23)}s C{1381})

(MDATA{23)s C(1381))

(EN(90)s  CH{1471))

{ACF s €11475))
{AMF C{1477))
{RHOF ClL1479))
Ys {COEFX{20)}s C(1499))
{0Xt20)s  Cl1519})
s (FORMLA({1B}, C(1537))
{MMLA(18)s C(1537})
[PROD{3)s  C[1540})
(SYSTM(15)s  C(1555))
IMTSYS{15)s C{155%5))

(OF » Cl1556) ) (FPCTs  C(1557))
{OOF » Cl15561)
{PERCFy CL1557) 1y (EQUIVY C(15581)
({EQRATSs Ct1558}}

{KASEs C11560))
LKONT » Ctl561))s {NFs C11562))
{NO» Ci1563))s (NEs Ct1564))
{NOEQy Cl15651)
(NOFROZ Cl15661)
(Ply C1567})y  {Tl» €11568))
[AM1y C{15691)s (HL» CL1570))
{CON» C{15711)s {ITRs C(1572}})
(Ry C(1573))s (KODE» CU1574))
(JEAN, Ct15751)s (GAMFy C(15851)

(AL CL15761 1y (A2
(ATs  CU(1582))y (AB»

{uusy Ci1586})
{PPPy C(15885 1)y
{TE» Cl1590) 3y
CAMD C{1592) )

(AMOL 1)y  C{1594})s

(KDy CL1763))s (11 CL17

s CL1577))s (A3, C(15781)
(Ady CL15791 )y {A5s  CL1580)), (A6y CL1581))
Cl1583) )y {ASy Cl1584) )

’ (Us, C{1587}})
(TTTs C{15891)
(TEM» C11591))

(UDy C11593}))

(AMOL (1057 Ci1698i1
643}

MMy C{17651)y (INy CI8046))
{MEy C(1769))s (KOREs C{8047))

(80X(1)» CUI7TL}y
(BOF(1)» Cl1786) )

(HX o Cl18011)y
(VXPLS» Cl1803) 1}y
(VFPLSy Cl1805)1s

(BOXU151s CE27851)
(BOF(15)s»  C(1800))

(HF » €{1802))
{VXMIN, C(1804))
{VFMIN, C{1806)}

{ELMT{1)s C(1807}}y {ELMT(15), C(1821)})
(LLMT(2)s C(1807))y (LLMT(15)y C(1821))

(EN LN{1)s CL1861)1)y
{DEL N1}y CL2951)),

{HO( 1) Ct2041))y
(S(1l)s €12131}1,
(X{L1)s Cl2221))y
IDELTALL)s €122611)
{BO{1)s C{22611)y
1POy C122761)»
150 Ct22781),
1Ty €12280))
(AAY s €(2282) )
{HC» Cl{22864))y

(PCP{1)y Cl2286) )y
{DATUMIL)»  C(23111),

PCy Ct2314))y
{IPROBs Cl2316))y
(IHS, C{2318) 1,
{1SYMs C(2320))
(IDIDy C€12322))y
( IDRM}y C123231),
(L C12325) )y
(M C12327)),
(N C1{2329))
(101 C123311),
1103y C(2333)),
{IMATy CL2335) 1},
{1ADD» C(23365 1y
{ITAPEs Cl2338)),

(IDEBUG) Cl2340) 1)y
ACOEFTA{1)s  C(3692})
(COEFT2(1Js C(5042) 1
(COEFT(1)s C16392)),
{ATOMIL}y  CUTT42) )

(MATOMUL}s  CUTT42}),
(TITLE( L}y Ci8055)

EQUIVALENCE(A{1)s C{8578))s (A(690

DIMENSION
DIMENSION
DIMENSION
DIMENSION

G{20s21)y Al155900,
DEL N{90}¢ HOI90)»
DELTA(20}s BO(15}s
COEFX(20)y DX{20)»

DIMENSTON COEFT1{15+90) » COEFT2(15

DIMENSION
DIMENSION

ELMTE15)s  DATAI23))
B8OX({15)» BOF{15)s

(EN LN(90)» C(1950))
ADEL NUS0)s CU2040))

{H0(9C) C12130))
(51903, ci22201)
1X(20)s claza0))

{DELTA$20)s C12260))
{BO(15), Ccl22751)
{HSUBO, ce2277))
{T LNy ct2279))
{AAY LNs cr2281))
(CPSUM,y Ct22831)
{TC LNy C(2285}))

(PCPI25)s  C{2310))
{DATUMI3)»  C(2313))

{1Cy ct2315))
(IFIXTs €12317))
{ICONDs €i2319))
(IPROD €{2321))
{LDRUM, cr2323ny
{KDRUM, c(2324))
{L1y Ct2326})
(M1y C€{2328})
(1G4 C{2330})
(1Q2y C(23321)
(KMAT s £12334))
(TUSE, €(2335))
(ITNUMB » C(233754
(Py C{2339))

(IFROZ, Ct2341}))
» {COEFT1{1350)s C150411)
(COEFT2(13505s C(63911)

(COEFT{1350)s C(7741))
(ATOM(303)s C{B044))
{MATOM(303}» C(B044))
be {TITLE(315}y Cl8369})
Ys CL9267))

EN{90}» EN LN{90)
5190}, X120}
PCP{25)y PROD(3)
FORM{15)

290}

DATUMI3)y  FORMLA(18)
ANS(454) SYSTM(15)

DIMENSION LLMT{15}sMTSYS{15)sMDATA(23)

DIMENSION
DIMENSION

ANSLABU454}s  COEFT(1S
MATOMI10123)s

190)

ATOM{101s3)
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[4 CORE LOAD & DETONATION VELOCITIES

100

~

10

~

20

101
1101

91
92

20

o

203
206

202
205

20

=

50

5

bt

94
96

95
93

301

1

o

30

i1
12
14

3

-

32

IF{JEAN-101)100,101,100

WRITE OUTPUT TAPE 652

FORMAT (38H1 DETONATION VELOCITY CALCULATIONS)
PPP=15,0
CON=(ACF+OOF*ACX) /(14 0+O0OF}
AMI=AMX¥AMF % (1. 0+OOF ) / { AMX+OOF ¥ AMF )
WRITE OUTPUT TAPE 69102sKODE
FORMAT (4XsSHKODE=T1)
PCPi11=140/PPP

PCP{2)=040

R=1498726

TTT=040

H1=HSUBO*R

Pl=PC

T1=TC

PC=PC*14¢696006

1TR=0

JEAN=101
HSUBO=H1/R++75#T1/AM1*PPP
KORE =0

RETURN

DO 1101 J= 1s454

ANS(J) = ANSLAB(J}
GAM=GAMMA

IF (KODE191+92+91
GAMMA=GAMMAX (1,0+DLMPT)
PPP=ANS(2}/P1
TTT=ANS(3)/T1

E=PPP

EE=TTT

IF(ITR1 20152005201

TEMM=WTMOL/AM1

11=0

WRITE OUTPUT TAPE 6»203sT1sPPPsTTT

00 202 11=1,7

TEM=TEMM/TTT#GAMMA
PPPP=(140+GAMMA)/ (24 0% TEM) %
2010 0+SQRTF (14 0=4oOXTEM/ (10 0+GAMMA}%#2] )
TESTEM/GAMMARPPPP

TTTT=EE—e T5¥R/ (AM1%CP ) KE+GAMMAYR/ {24 XAM1#CP 1% { { TE#%2-1,01 /TE | ¥PPPP
WRITE OUTPUT TAPE 6+2035119PPPP4TTTT
FORMAT(1542E2048}

IF{ABSF (PPPP—PPP) =41} 20512057206
PPP=PPPP

TYT=TTTT

CONTINUE

PCP(1)=TI*TTTT

PC=P1#PPPP

TR
GAMMA=GAM
60 TO 21
TEMM=PPP/TTT¥WTMOL/AML

TEM=(1¢0~GAMMAX {TEMM=140}}
«0/PPP-GAMMA®TEMM* { 14 0+DLMP T}
AMMAXTEMM¥ {14 0~OLMTP}

AMMAZZ o 0% { DLMPT+TEMM*%2% {24 0+DLMPT) ) -DLMTP
HAL=GAMMA/24 0% { TEMM#*%2+]¢0)

A22=HAL#*(DLMTP~140)-WTMOL#*CP/R
8 »0/PPR-TEM

B2=WTMOL/ (R¥ANS(3) ) ¥ (HSUM-H1 } ~GAMMA /2 +O*  TEMM¥¥2-140)
ASSIGN 51 TO JJ

EEM=A11%A22-A21%A12

X1={B1%A22~B2%A12) JEEM

X2={A11#B2-A21%Bl)/EEM

GO TO JJ9(51,52353 59)

TE=ABSF (X1)

TEM=ABSF (X2}

IF(TE=-s4)94594,95

IF{TEM=44)96196195

97
IF{TE-TEM)93+93+98
HAL=TEM

PPHEXPF (X1¥ALAM)

TTTT=TTT*EXPF (X2*ALAM)

US=91418496 *SQRTF (GAMMAANS (3] /WTMOL)

UD=TEMM*US

PCP(1)aTLI*TTTT

PC=P1#PPPP

T€=040

1PROB=3

TE=WTMOL /AM1

TEM=PPPP/TTTT#TE

E=X1%K24X2%%2

EE=SORTFIE)

WRITE OUTPUT TAPE 6+10+1TR

FORMAT (21HO  ITERATION NUMBER=IZy10Xs3HOLD»17Xs3HNEW//)
WRITE OUTPUT TAPE 6130sPPPyPPPPyTTTsTTTTsTEMM»TEMsX12X2sUS»UDE

2,EE

FORMAT { 6Xs4HP/P1510X» LH=2E2048/6Xs4HT/T1510Xs 1H=2E208/6X s8HRHO/RH
10196X51H=2E2008/6X9 11HDEL LN P/P1y3X»1H=E20+8/6X,11HDEL LN T/T1s3X
241H=E20+8/6X52HUS»12Xs \H=E20 ¢ 876X 2HUD» 12X s IH=E2048/6X » 1HE» 13X s 1H=
3E20.8/6X»13HS0R ROOT OF E»1X»1H=E2048)

PPP=PPPP

TIT=TTTT

IF (ABSF (X1)=e5E~05111s11912

1F(ABSF (X2} =e5E-05113+13512

IF(ITR=20114913513

ITR=ITR+1

GAMMA=GAM

G0 T0 21

JEAN=10

P=PPP#P1

TATTT*T1

U5=91418496 #SQRTF (GAMMART/WTHOL)

UDSTEM*US

WRITE OUTPUT TAPE 6,31

FORMAT (17H1  FINAL ANSWERS//

WRITE OUTPUT TAPE 6432sPPPyTTTeTESTEM)P 2T oWTMOLAPLr TLIAMLIUSHUD

29CON

FORMAT (6X34HP/P1910Xs1H=E20¢8/6Xs4HT/T1910Xs1H=E2048/6X»4HM/M1»10
2% 1 2048/.6Xs BHRHO/RHOL 96X s LH=E2048/6X»1HP 13X » 1H=E2048/6X»1HT 913
3X» 1H=E2068/6Xs 1HMs 13X LIR=E2048/6X s 2HPL 912Xy IH=E2008/6X92HT1912Xs1H
4=E2048/6X+2HML 12X 1H=E2008/6X+2HUS 112X s 1H=E20+E/6Xs2HUD»12X91H=E2




4

4
4

15

1

2
0
0

5048/6X42HCP»12X91H=E2048)
IF{CON}4194004]1
GAMF=CON/{ CON~R/AM1 )
AMD=UD/ {91+ 18496%SQRTF {GAMF*T1/AM1})
WRITE QUTPUT TAPE &635421GAMF yAMD
FORMAT (6X»7HGAMMA F27X51H=E2048/6X32HMD» 12X+ 1H=E2048)
GO TO 150
GAMF=0.0
AMI

.
FEi 5%(2404DLMPT)
TEMM=45%{DLMTP-140}
WRITE QUTPUT TAPE 6355

55 FORMAT (17H0 DERIVATIVE OF»12Xs4HLN Ps13X94HLN Te13Xs5HLN UD/4Xs

5.

8

5

84

5.

8

b

b4

o

by

o

22HBY)

B1=140/PPP~GAMMA*TEM

B2=GAMMA¥* TEM¥¥%2

ASSIGN 53 TO JJ

GO TO 50
CASEl=(FEM*X1+TEMM*#X2=1,0)*%UD
X1=X1=140

WRITE QUTPUT TAPE 65,813X15X2sCASEL
FORMAT (6X312HLNP1 AT T1sGs7Xs1H=3E17+8)
Al=x1

A2=X2

A3=CASEL

B1=GAMMA*TEM
B8273-B1*TEM=WTMOL*CON/R/TTT

ASSIGN 59 TO JJ

G0 TO 50
CASEG=(FEM¥XL+TEMM*X2+1 01 *UD
X2=X2~1e0

WRITE OUTPUT TAPE 6843X1sX2sCASEL
FORMAT(6Xs16HLNT1 AT PlsH1sM1s3Xs1M=3E1748)
A4zX1
2

A6=CASE4

B1=040

B2=-WTMOL/ (R*T)

ASSIGN 52 TO JJ

GO 7O 50

X1=X1%100040

X2=X2%100040
CASES=(FEM¥*X1+TEMM#*X2) *UD

WRITE: QUTPUT TAPE &£3851X1+X2+CASES
FORMAT (6X»20HHL AT T1sPLlsMY =3E17+8)
A73X1

AB=X2

A9=CASES

GAMMA=GAM

IPROB=1
UUSE214284P6*¥SORTF { GAMF*T 1 /AMY)
WRITE TAPE 34 (G{I)sI=148044)

CALL OUT

KORE=1

RETURN
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an

SUBROUTINE OUT

COMMON C

EQUIVALENCE (Gll)y

EQUIVALENCE

(ANS{1)s

EQUIVALENCE (HSUM,
EQUIVALENCE {WTMOL»
EQUIVALENCE (DLMPT,
EQUIVALENCE (GAMMA,
EQUIVALENCE (VMACH
EQUIVALENCE {VACI,
EQUIVALENCE {RHOT4
EQUIVALENCE (RHO»

EQUIVALENCE (T PI,
EQUIVALENCE (EP Pty
EQUIVALENCE {T ETAs
EQUIVALENCE (ETA I»

EQUIVALENCE

(AW ETA»

EQUIVALENCE (SI1G s

EQUIVALENCE

(AW SIG»

EQUIVALENCE (ANSLAB(L)
EQUIVALENCE {FORM(11s
EQUIVALENCE {DATAIL)»

EQUIVALENCE

(MDATA(1}s

EQUIVALENCE (EN(L)y
EQUIVALERCE 11SYS,
EQUIVALENCE (ACXs
EQUIVALENCE {AMX s
EQUIVALENCE (RHOX s
EQUIVALENCE {COEFX{1}»
EQUIVALENCE (DX{1}s
EQUIVALENCE {FORMLAIL1}

EQUIVALENCE
EQUIVALENCE

{MMLATLY S
(PROD{1)y

EQUIVALENCE {SYSTMIL)

EQUIVALENCE

(MTSYS(2)y

EQUIVALENCE {O0F
EQUIVALENCE {OF [
EQIIVALENCE (PERCF»
EQUIVALENCE {EQRAT,
EQUIVALENCE

EQUIVALENCE (KONT» <
EQUIVALENCE (NO»
EQUIVALENCE {NOEQ, Cl1
EQUIVALENCE {NOFROZ»
EQUIVALENCE {Pls
EQUIVALENCE LAWYy
EQUIVALENCE (CONy
EQUIVALENCE (R
EQUIVALENCE (JEAN,
EQUIVALENCE (Aly Cct
EQUIVALENCE (Ady  CL)
EQUIVALENCE (A7s  Cl15
EQUIVALENCE {uus,

Cil)ds (G{420) s
Cl421))s  {ANS(454)s
Cl424) )y  (SSUMs
Cl426) )y  (CPy
Cla28)ys  (DLMTPy
C{430))» (ARATIO»
Cl432) s (SP IMPy
Cl434))s  (CFy
C{437))s  (RHOVACS
Cl439}))
Clas0)ys  (PI Iy
Claa23)y (AW PIy
Claasy)
Cla4ab))s  {EP ETAy
Cla4a8))s (T SIG»
Cla51))s  (EP SIG»
Cl453))

C(420)1
C(874)}
C{425})
CL427))
C{629))
C(431))
C(433))
C(436))
Cl438)})

Claal)y
CLaa3yy

ClatT))
CL4503)
Cl452))

s CUBT5))» (ANSLAB(454)s CU1328))

C{13291)y (FORM(151y
C({1359))s (DATA{23}»

{13433}
C{1381))

Cl1359) )y {(MDATA(23)s C{1381)}
C(1382))s {EN{90}» C(1471)}

Ci1472)}

Cl1a74) )y (ACFs
Cl1476) ) (AMFy
Cl14781 ) (RHOF y

Ct1475))

Cl14771)
Cl14791)

C{1480)}s (COEFX(20)s CU1459)}
19))

CL1500)3» (DX[20}y

1%

» C{1520)})s (FORMLA{18), C(1537))
€11520))s (MMLA(18}» C{1537))

C{1538))s (PROD{31s C{1540)}
Cl1541) )y (SYSTM(15)s  C(1555})
CL1541)e (MTSYS(15)s C{15551)
C{1556})
115561}y (FPCTy  CL1557))
CL1557) ) {EQUIVy C{1558})
c11558))
(KASE, C11560))
(156111 (NFy C{1562))
Cl15631)s (NEs C(1564)})
5651)
C(15661)
CL15673}s  (Tl» C{1568))
Ci1563))s M1y Ct15707)
CI15713)» {ITRy cr1572)})
Cl1573))s (KODEs C{1574))
Cl1575))s (GAMF, C(1585))

157613y (A2 CL157T})s
57913 (A5y  C{158011s (A6s C(1581})

82))s (ABs C{1583))s

(A3,  C(1578))
(A9s  C(1584))

CL15861) Yy fusy C(1587))

EQUIVALENCE (PPPy C(15881)y (TTTs C{1589}
EQUIVALENCE (TEy Cl15901}, (TEMy C(1591))
EQUIVALENCE (AMD» C11592))y (UDy C(1593))
EQUIVALENCE (KDs C(1763)}y (Ily C(1764))

EQUIVALENCE (MMs C{1765})y (INy C180461})

EQUIVALENCE (MEs C(1769)}

EQUIVALENCE (BOX(1)s CI{1771))s (BOX{15)y Ct1785)})
EQUIVALENCE (BOF{1)» Ct1786) 1}y (BOF(15), C118001})
EQUIVALENCE {HX» C{18011)s (HF» €(1802))
EQUIVALENCE [VAPLS, €11803))s (VXMINS C11804)1
EQUIVALENCE (VFPLS, C{18053)s (VFMIN, €(1806))
EQUIVALENCE (EN LN{1}s C(2861))s (EN LN(90)s C{1950)}
EQUIVALENCE (DEL N{1l}y CU19511}s (DEL N{9CG1s C(2040)}
EQUIVALENCE (HO(1}» Cl2041))s {HO(9O}s €12130))
EQUIVALENCE (St1)y C{2131}1)y (S(90)s €(2220)
EQUIVALENCE {X{1}s C€{2221})s (X(20}s €t2240))
EQUIVALENCE (DELTAILYs  CH2241))s IDELTAL20)> C12260))
EQ'JIVALENCE (BO(1)y Ci2261)1s {BOL15)s Ct2275)
EQUIVALENCE (POs €12276)1y (HSUBOD» c12277))
EQUIVALENCE 50y €12278))s (T LNy €12279)
EQUIVALENCE (Ts €12280))9 {AAY LN» Cc{2281))
EQUIVALENCE (AAY s €(2282})3)s (CPSUMs €(2283))
EQUIVALENCE (HC» C12284}))s {TC LNs C(2285)})
EQUIVALENCE {PCP{1Yy €122863)s (PCPI25}s  C12310))
EQUIVALENCE (DATUM(L)s C{2311))s (DATUM(3)s C(2313))
EQUIVALENCE (PCy C(2314))y (TC» €(2315)
EQUIVALENCE (IPROBs Cl2316))y {IFIXTy €12317)
EQUIVALENCE {IHSy €{2318))y (ICONDy €{2319))
EQUIVALENCE {I5YM, C€123201)s (IPRODy Ct2321))
EQUIVALENCE (IDIDy C(2322)}s {LDRUM) C(2323})
EQUIVALENCE {IDRM, C12323)3y {KDRUMy Ci2324)
EQUIVALENCE {Ly €{2325)3y (L1 €12326))
EQUIVALENCE {My CU2327¥)y (M1y c(2328))
EQUIVALENCE (1Q1y Ci2331) ) (IQ2s Ct2332))
EQUIVALENCE (Ny C(2329)}s (IQ» C12330))
EQUIVALENCE (103 C(2333)}» (KMAT, Cl2334))
EQUIVALENCE {IMAT, Ct2335))s (IUSEs C€(2335)
EQUIVALENCE (1ADDy Ci233611y {ITNUMBS C(2337yY
EQUIVALENCE (ITAPE, Cl2338) )y (P C12339))
EQUIVALENCE ( IDEBUG» Cl2340))s (IFROZs C(2341)

EQUIVALENCE (COEFTL{1)y C(3692}))» (COEFT1(1350)s C(5041)}
EQUIVALENCE (COEFTZ211)s CU5042})s (COEFT2{1350)s C{6391))
EQUIVALENCE {COEFT(1)s C(6392))s (COEFT{1350})y C{7741))
EQUIVALENCE (ATOM{1)9  CLT7742) )9 {ATOMI303}s C(B044))
EQUIVALENCE (MATOM(1}s CU7T42))s (MATOM(3031» C18Q441})
EQUIVALENCE (TITLE{1)s Ci8055))s (TITLE(325)s C(8369))

EQUIVALENCE (ELMT{1)s C{1807))s (ELMT{15)s C(1821))
EQUIVALENCE TLLMT(1}s CI{1807))s (LLMT(15)s C{1821})

EQUIVALENCE (AMOLE1}y CL9268))s [AMOLI1170}s

EQUIVALENCE(A{1)s C(8578)}y (A{690)s C(9267))

DIMENSION Gt20s211)
DIMENSION DEL N(90)s
DIMENSION  DELTA(20)»
DIMENSION COEFX(20) s
DIMENSION COEFT1{15,90)
DIMENSION  ELMT(15),
DIMENSION BOX{15)»
DIMENSION LLMT(15)»MTSYS

DIMENSION
DIMENSION

ANSLAB(454}) s
MATOM{ 10193}

EN(90}y
HO(90)» $(90)s
BO(15)s PCP(25) s
DX120)y FORMI15)

» COEFT2{15+90)
DATA123) DATUM{3)»
BOF{15), ANSL454),
1151 sMDATAL23)
COEFT(15590)

C110437))

EN LN(90)
X{20)
PROD{3)

FORMLA(18)
SYSTM(15}

ATOM{10193)

DIMENSION TITLE(35105),
OIMENSTON AMOL{13+90}

A{15+46)

2 FORMAT (9HOCASE NOeI5458+29F842}



2
2
2

2

3
3

3
3
3
4

100
1
55,
30

3 _FORMAT (1HO464X952HWT FRACTION ENTHALPY STATE TEMP HEAT CAP
2ACITY/25Xs 16HCHEMECAL FORMULA»24Xs 10H{SEE NOTE)t“X)7HCAL/MOL112X0
35HDEG Ks5X»13HCAL/MOL-DEG K)

4 FORMAT (1HO+864Xs46HWT FRACTION ENTHALPY STATE TEM|
2 25X+ L6HCHEMICAL FORMULA+$44X 10K (SEE NOTE)-“X»?HCAL/MOL;

3 10X»SHDEG K}

5 FORMAT{1H+363XsF9e5,3F12e344X9ALsF10e29F11e4)

6 FORMAT{1H+s83XsF9e5,F124394X4ALsF1002+F1104)

7 FORMAT (1HO»>30Xs4HO/F=F9+6415Hs PERCENT FUELSFB8e4520Hs EQUIVALENCE
1'RATIO=F7e4)

0 FORMAT (43X+46HDETONATION PROPERTIES OF AN IDEAL REACTING GAS}

1 FORMAT (43X»45HCALCULATED USING SPECIFIC HEAT RATIO AS GAMMA)

2 FORMAT (1HO»24HTHERMODYNAMIC PROPERITES/27Xs12HUNBURNED GASs 5Xs10
2HBURNED GAS)

3 FORMAT (1Xs6HPs ATMs20X9F124593XsF1245)

4 FORMAT (1X98HTy DEG K918XsF124243XsF1241}

5 FORMAT [1Xs9HHs CAL/G s17XsFL24193XsF12e1}

6 FORMAT (1Xs15HSs CAL/G~DEG K +26XsF1244)

7 FORMAT {1X11HMs MOLe WTo15X9F124353XeF1243)

8 FORMAT (1Xs16HCPs CAL/G-DEG K +10X9F1244s3XsF12e4)

9 FORMAT {1Xs1ZH{OLNM/DLNP)}T914XsF124543X9F1245)

0 FORMAT {1Xs12H{OLNM/DLNT)Ps14XsF12443X9F1244)

1 FORMAT (1Xs5HGAMMA321XsF12a433XeF1244)

2 FORMAT (1Xs9HUSy M/SEC»27X9F12sLs3XsF1241)

3 FORMAT(1HO/1Xs4OHBURNED GAS COMPOSITION IN MOLE FRACTIONS//)

4 FORMAT (1HO/1Xs2LHOETONATION PARAMETERS»
22X927H(UD IN M/SECy; H1 IN KCAL/G)}

5 FORMAT {1HOy4HP/P1s4X¢1H=F74345Xs21H(DL(P/P1}/DLPL1)TLsH1=F8e545Xs1
2BH(DL(P/PL}/DLTLIP1=F84595Xy20H{DL{P/P1}/DH1}1P1sT1=F845}

6 FORMAT { 1X94HT/T1s4Xs1H=F74395X+21H{DL(T/TL}/OLP1)TLsH1=F845,45Xs1
18H{OLIT/TLI/DLTLIIPL=F8e595Xy 20H(DL(T/TLI/DHLIP1+T1=FB45)

7 FORMAT (1X34HM/M1s4Xs1H=FTe4)

8 FORMAT (1Xs9HRHO/RHOL=FT44)

9 FORMAT {1Xs9HMACH NOe=FT744)

0 FORMAT {1Xs9HUD =F7¢195Xs16H{D UD/DLP1}IT19sHL 94Xy 1H=FB42+5Xs13
IHIO UD/DLT1IP14Xs IN=F84295X915H{0 UD/DHIIP1»T1 24Xy IH=FBe2
0 WRITE OUTPUT TAPE 6,18
8 FORMAT (1H1)
2 REWIND 3
0 READ TAPE 35 ({ANS(I)s1=15454)
HAL=P1#144696006

35
35,

10

10
1o

9.

9
9

9
45

40
10

45!

41
41

10
45,

20
1

8

WRITE OUTPUT TAPE 6520
EF{KODE1351+3524351
1 WRITE OUTPUT TAPE 6,21
2 CONTINUE
ZERO=000000000000
6 J=34
DO 104 I=1sN
DO 105 11=1,3
KK=J+11
5 TITLE(IIsI)=ANS(KK)
LENENETY
ASSIGN 90 TO JEAN
2 WRITE OUTPUT TAPE 6424KASEsHALsT1

60 10 JEAN:(90;91)
0 IF(KD193»94
4 WRITE DUTPUT TAPE 693
GO TO 97
3 WRITE OUTPUT TAPE 694
T IF{NF)45154505451
1 DO 100 I=1+NF
1I=]
MM=15
CALL SPEC
IF(KD}40154009401
WRITE OUTPUT TAPE 6559A(1934)sA{1932)0A01+42)0A(1544)5A(01436)
GO TO 100
1 WRITE QUTPUT TAPE 6569sA(Fs34)9A01532)5A11542)4A01464)5A11936)
9 CONTINUE
0 IF{NO}4539452,453
3 DO 101 1=1,sNO
=1
MM=0
CALL SPEC
IF{KD)1411s4109411
0 :gITE OUTPUT TAPE 6955A(E933)9A(T931)9AIT961)0A(1943)9A11935)
70 101
1 WRITE OUTPUT TAPE 64+63A(1533)5A(T931)9A11341)A(T943),A(1435)
1 CONTINUE
2 CONTINUE
WRITE OUTPUT TAPE é;7-00F)PERCFpEQU1V
WRITE OUTPUT TAPE 6,22
WRITE OUTPUT TAPE 6423sP1yP
WRITE OUTPUT TAPE 692437147
WRITE OUTPUT TAPE 6,25+HL4ANS(4)
WRITE OUTPUT TAPE 6,26»ANSI5)
WRITE OUTPUT TAPE 6427,AM1sANSI6)
WRITE OUTPUT TAPE 6428sCONsANS(7)
WRITE OUTPUT TAPE 64295ZEROsANS(8)
WRITE OUTPUT TAPE 643042EROANS(9])
WRITE OUTPUT TAPE 6,31sGAMFANS(10)
WRITE OUTPUT TAPE6132sUUS»US
WRITE OUTPUT TAPE 6,33
IN=1
ME=Z
CALL COMP
WRITE OUTPUT TAPE 6434
WRITE OUTPUT TAPE 6435+PPP)ALsA4 AT
WRITE OUTPUT TAPE 64369TTT9A25A54A8
WRITE QUTPUT TAPE 6440»sUDs1A3sAGIAT
WRITE QUTPUT TAPE 6+37»TE
WRITE OUTPUT TAPE 6,385TEM
WRITE OUTPUT TAPE 6»39,AMD
T WRITE OUTPUT TAPE 6,
6 FORMAT lJHOo?DXrléHINPUT« G~ATOMS/G//}
IF(NE-8)80+80s81
0 KKal
KKK=NE
LOOP=1
GO 10 82
1 KK=1
KKK =8
LOOP=2
2 DO 85 J=1,LOOP

o
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119 FORMAT (6HONOTE.s2Xs71-WEIGHT FRACTION OF FUEL IN TOTAL FUELS AND

55
66

-

wr

1t
20

FS

2l

w

13

WRITE OUTPUT TAPE 63119{ELMT{I) s I=KKsKKK)
FORMAT (11X98(6XsA2,7X))

WRITE OUTPUT TAPE 63123(BOF {I1sI=KKsKKK)
FORMAT (5H FUELs6XsB8EL15e71)

WRITE QUTPUT TAPE 6s135(BOX (1) I=KKsKKK}
FORMAT {8H OXIDANT93Xs8E15s7}

WRITE QUTPUT TAPE 69245(BO  [1)sI=KKsKKK}
FORMAT (11H PROPELLANT8E15+7)

IF (LOOP-1) 86485186

KK=9

KKK=NE

WRITE OUTPUT TAPE 6515

FORMAT(1HO)

CONTINUE

ASSIGN §1 TO JEAN

GO TO 92

WRITE OUTPUT TAPE 6,119

10F OXIDANT IN TOTAL OXIPANTS)
RETURN

SUBROUTINE ONCE [(NyM)

OUTPUTS 0ODD PRODUCTS

COMMON €

EQUIVALENCE (TITLE(1) s Ci8055) )y (TITLE(315)s C(8369))

DIMENSION M({105)sTITLE(3+10S) »TEM{10}sFMT(3}

WRITE OUTPUT TAPE &1

FMT(1)=740130207360

10634606060
EM(1 06001677302
TEM(2)=600104677302

TEM13)=600207677302
TEM{4}=600400677302
TEM(5)=600503677302
TEM(6)=600606677302

TEM(7)=600711677302

TEM18)=601102677302
TEM{9}=010005677302
TEM(110}2010110677302
K=0

KK=10

DO 10 1=1sN

J=M(1)

IF{I=KK) 20520421

K=K+1

GO TO 5

K=l

KK=KK+10

WRITE OUTPUT TAPE 641
FORMAT (1H )
FMT{2)=TEM(K)

WRITE OUTPUT TAPE 6sFMTsTITLE(25J1aTITLEL3sJ]

CONTINVE

RETURN

SUBROUTINE SPEC

OUTPUTS FUEL AND OXIDANT FROM SUBROUTINE INPUT

COMMON C

EQUIVALENCE {KONT» CI1T763})

EQUIVALENCE (Is ClL1764))s (MsC(1765))

EQUIVALENCE (A(1)s C(8578))y (A1690)s» CU19267)}
EQUIVALENCE (ELMT(1)s» C{1807})s (ELMT(15)s C{1821)})
DIMENSION A(15446)sTEM(5) sANAME(5) 9ELMT(15)
DIMENSION I1i5)

FORMAT {10Xs4HFUEL)

FORMAT (10X»>7HOXIDANT)

IF (M} 29192

WRITE OUTPUT TAPE 666

GO 70 3

WRITE OUTPUT TAPE 6,55

0
00 11 J=1s15
KK=T+M

IF{ALI KK 112510012

K=K+1

TEM{K)=A(J9KK)

ANAME (K} =ELMT (J)

TI(K)=TEM(K)

CONTINUE

IF{KONT)215920521

WRETE OUTPUT TAPE 6449 (ANAME(T)»IL1{I)yI=LsK)
FORMAT({1H+»18X»5{A2512,5X))

GO TO 13

WRITE QUTPUT TAPE 6454 [ANAME(T)4TEMIT}eI=1sK}
FORMAT (1H+528Xs5(A2sF8e523X})

RETURN
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SUBROUTINE COMP

OUTPUTS COMPOSITION

COMMON €

EQUIVALENCE (AMOL{1)s C{9268))s (AMOL{1170)» C(10437)}
EQUIVALENCE (NANAs C(17681}y (INs C{8046)}

EQUIVALENCE (ME, C{1769))s (N» C{2329))

EQUIVALENCE (TITLE(L)s CL8055))s {TITLEL315)s C{8369))
EQUIVALENCE (MTITLE(1)s C(8055)}s ({(MTITLE{315), C18369))
EQUIVALENCE (OMITsMOMIT}

DIMENSION TITLE(3+105)sI0MIT(205}»ILESS(105)
DIMENSION AMOL{13590)

DIMENSION FMT{4)sTEM{4)

DIMENSION MTITLE (351057

FORMAT (1Xs2A632Xs13F945)

FORMAT {1HOs 118HADDITIONAL PRODUCTS WHICH WERE CONSIDERED BUT W
1HOSE MOLE FRACTIONS WERE LESS THAN 04000005 FOR ALL ASSIGNED CONDI

FORMAT (1HO» S9HPRODUCTS WHICH WERE INTENTIONALLY OMITTEC FROM
1CALCULATIONS//)

OMIT=464431636060

TEM(1)%606007677302

TEM(2)=600306677302

TEM{31)=2600604677302

TEM(4)=601102677302

FMT(1}=740130207360

FMT(3)=2210673261033

FMT (4) 2053460606060

ILE=Q

IF(ME=1161960+61

WRITE QUTPUT TAPE és44

11=0

DO 9 I=1yN

IF {MTITLE(1»I)~MOMIT) 105100410
10M=TOM+1

IOMIT(IOM) =T

GO TO 9

DO 11 J=1yIN

TF (AMOL(JeI}=45E=05111412912
CONTINUE

ILE=TLE+L

JLESS{ILE)=1

GO TO 9

IF(ME=1151450451

WRITE OUTPUT TAPE 651 »TITLE(2sI)sTITLE(Zs1) s (AMOLIJJsI )0 JU=2yIN)
GO 10 9

II=11+1

IF(1I~KK)20052004201

K=K+1

GO TO 5

K=1

KK=KK+4

WRITE OUTPUT TAPE 6544
FORMAT (1H )

FMT {2} =TEMIK}

WRITE OQUTPUT TAPE 64FMT»TITLE{2sI)sTITLE(3s1}4AMOL{Ls1}
CONTINUE

IF(ILE) 21520421

WRITE OUTPUT TAPE 6s44
WRITE OUTPUT TAPE 643
CALL ONCE (ILE2ILESS]
IFLIOM) 31530,31

WRITE OUTPUT TAPE 6444
WRITE OUTPUT TAPE 6,4
CALL ONCE (IOMs IOMIT)
RETURN
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SUBROUTINE CORES

OUTPUT ROUTINE

COMMON C

EQUIVALENCE (ANS{1)s Cl4211)9 {ANS(454), Ci874))
EQUIVALENCE {PERCF» C1557) )y (EQUIV, C{1558})
EQUIVALENCE (OOF » C(1556))

EQUIVALENCE (KODE» CL1559) 1, (KASE, Cl1560}
EQUIVALENCE (KONT’ Cll561))s (NFy C11562))
EQUIVALENCE (N C(1563))s (NEsy C115641)

EQUIVALENCE (NOEQ» C11565))

EQUIVALENCE {NOFROZ s C{15656))

EQ'IVALENCE (KDs C(1763))s (11 C(1764))

EQUIVALENCE (MM, C(1765))

EQUIVALENCE (LENs C{17661)s (MAYs C(2767))

EQUIVALENCE (NANA, C(1768))y (MEs C{1769))

EQUIVALENCE (LOOPy C{1770})s (KTAPE» C{8045))
EQUIVALENCE (BOX{1)» C(17711)s {BOX(15)s  C(1785))
EQUIVALENCE (BOF({1)s Cl17861)s (BOF(15)y  C{1800))

EQUIVALENCE (80(1), C{22613))y (BO{L5)y CL2275)})
EQUIVALENCE (IPROBs C(23162)s (IFIXTs C12317))
EQUIVALENCE (Ny Cl232911s (IQs C{2330})

EQUIVALENCE (INs C(8046)}

EQUIVALENCE {KK»s C(8048)}s (KKKy CL80491}

EQUIVALENCE (TITLE(1)y C(8055))» (TITLE(315)s C(836%))
EQUIVALENCE (ELMT{1)s C(1807))» (ELMT(15)s C(1821)}
EQUIVALENCE (PAR{1}s C(8370))s (PAR(208)s C(8577})
EQUIVALENCE(ALL)y C(8578))s (AL6901s C(92671)

EQUIVALENCE (AMOL{1}s (C(9268}))s (AMOLI1170)s C(10437)}
EQUIVALENCE (DER(1)s C{10438)}s (DER[16%}s C{10606))
DIMENSION TITLE(35105) +PAR{13416)5DER(13513)s
A(1544614ELMTIL5])

DIMENSION BOX(15)+B0F(15)+B01(15)

DIMENSION AMOL{13,90)

DIMENSION ASQL(13)

EXIT=256731636060

FORMAT (SHOCASE NOsI55FB8e19F743)

FORMAT {1HO»64X»46HWT FRACTION ENTHALPY STATE TEMP DENSITY/

225X 9 L6HCHEMICAL FORMULA»24X21OH{SEE NOTE) »4X»THCAL/MOLs10Xs

4

3
5

6
7

6!

a

550

551
552

300

201
202
203
102
103

106

105
104

1000

-
®

9

5

90
94

93

97
351

401
401

o

350
353

410
41)
352

5

o

51
52

53

3SHDEG Ks4X94HG/CC

/¢C)

FORMAT (1HO0»84Xs46HWT FRACTION ENTHALPY STATE TEMP DENSITY/
25X 16HCHEMICAL FORMULAs44Xs10H(SEE NOTE)»4Xs 7THCAL/FOL S
BX95HOEG K34X»4HG/CCY

FORMAT(1H+963XsF9e59F124344XsA1¢F10e24F110e6)

FORMAT ( 1H+983X9F9e59F124394X9A1¢F10029F1146)

FORMAT (1HO»30X+4HO/F=F9+6415Hs PERCENT FUEL=F844,20ry EQUIVALENCE

1 RATIO=FT7+4410Hs DENSITY=FT44}

DO 60 =113
ASOL(I)=EXIT
IF{IPROB~2155055504551
NANA=2

GO0 TO 552

NANA=1

REWIND 3

KANE = HANA

DO 200 ME=14KANE
KTAPE=0

READ TAPE 3, [ANSUI)sI=1,454)
KTAPE=KTAPE+1

HAL=ANS{2) %14 4696006

HALL=ANS(19)

1F {ME=1)202,201+202

LEN=NOEQ

GO TO 203

LEN=NOFROZ

IF ILEN=13)102,102+103

KODE=0

GO TO 106

KONT=0

KODE=13

J=34

00 104 I=lsN

DO 105 TI=1,3

KK=J+11

TITLE(TI+1)=ANSIKK}

J=J+4

MAY=1

WRITE OUTPUT TAPE 6418

FORMAT (1H1)

CALL HEAD

ASSIGN 90 TO JEAN

WRITE OUTPUT TAPE 6+25KASE sHAL s OOF
GO TO JEAN»(90+91)

IF(KD1 93994593

WRITE OUTPUT TAPE 613

GO TO 97

WRITE OUTPUT TAPE 644
IF(NF135153502351

DO 100 I=14NF

11=1

MM=15

CALL SPEC

IF(KD 140124005401

WRITE OUTPUT TAPE 635sA(T,34)sA(1532)5A11542)sA01544)5A(1936)
GO TO 100

WRITE OUTPUT TAPE 6565A(153415A(1932)9A1T542)9A0L044)9AL1536)
CONTINUE

IF(NO)3535352+353

DO 101 I=1,NO

T1=]

MM=0

CALL SPEC

IF(KD)41194105411

WRITE OUTPUT TAPE 6955A(1+3310A(1s31)5ALE941) A(T+43)9A11935)
60 1O 101

WRITE OUTPUT TAPE 6+65A(1+33)sA(1931)5A(10410¢ALT943)sA1535)
CONTINUE

CONTINUE

WRITE QUTPUT TAPE 637500F sPERCF»EQUIVSHALL
IF(KODE) 51550551

IN=LEN

Go 1O

T ckontt 53552553

IN=KODE

KONT=1

GO TO 56

IN=LEN -13



nnnn

nnnn

KODE=Q
CALL READ
IF (IPROB~21600+600+601
601 WRITE OUTPUT TAPE 69602
602 FORMAT {37HOEQUILIBRIUM THERMODYNAMIC PROPERTIES)
CALL PERPAR
GO TO 20¢
600 WRITE OQUTPUT TAPE &+8
FORMAT (11HOPARAMETERS)
IF(MAY~1)64263564
63 KK=aIN-2
WRITE OUTPUT TAPE 6s619(ASOLIIYs1=1y KK}
61 FORMAT (1HOs16Xs7HCHAMBERs4Xs THTHROAT #10(3X9A6)s3XsA4)
GO 10 65
64 WRITE QUTPUT TAPE 69664 (ASOLIINsI=24IN}
66 FORMAT (1HO»15Xs13(3XsA6) 1}
65 CONTINUE
CALL PERPAR
IF{ME~11206+205+206
205 WRITE OUTPUT TAPE 6999
99 FORMAT(1H )}
WREITE OUTPUT TAPE 639
FORMAT {12HODERIVATIVES)
IF{MAY~=1) 503,502,503

51

o

®

©

50

502 CALL PERDEY
504 CONTINUE
206 WRITE OUTPUT TAPE 6399
WRITE OUTPUT TAPE 6310
10 FORMAT (15HOMOLE FRACTIONS//)
CALL COMP
207 WRITE OUTPUT TAPE 6416
16 FORMAT (1HOs30X»16HINPUTs G-ATOMS/G//)
IF{NE-8180+80481
80 KK=1
KKK=NE
LOOP=1

o
o
>
~
P
o
m

e

i~
m
g

81 KK=1

LOOP=2
82 DO 85 J=1,L00P

WRITE OUTPUT TAPE 63119 ({ELMT(I)sI=KKsKKK]}
11 FORMAT (11Xs8{6X9A257X}}
WRITE OUTPUT TAPE 6512 (BOF {11y I=KKsKKK]J
FORMAT (SH FUELs6X#8E1547)
WRITE OUTPUT TAPE 6413s(BOX (I)yI=KKsKKK)
13 FORMAT (8H OXIDANT¢3Xs8E2547)

WRITE OUTPUT TAPE 635149(BO (I} I=KKsKKK)
14 FORMAT (11H PROPELLANT+8E15.7)

IF {LOOP-1) 86485486
86 KK=9

KKK=NE

WRITE OUTPUT TAPE 6415
15 FORMAT(1HG}
85 CONTINUE

ASSIGN 91 TO JEAN

GO TO 92
91 WRITE OUTPUT TAPE 615119

-
~

119 FORMAT (6HONOTE 92X+ 7TIHWEIGHT FRACTION OF FUEL IN TOTAL FUELS AND
10F OXIDANT [N TOTAL OXIDANTS/
lF(KODE)96’95'96
MAY=MAY+]
60 TO 1000
95 IF{NANA=1)20852009+208
208 NANA=O
200 CONTINUE
RETURN
END

1o
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SUBROUTINE HEAD
OUTPUTS PROPER HEADING ACCORDING TO PROBLEM NUMBER

COMMON ¢
EQUIVALENCE (IPROBs C{231631s (MEs C{1769))

100 FORMAT { 23X9BOHTHEORETICAL ROCKET PERFORMANCE ASSUMING EQUILIB
2RIUM COMPOSITION DURING EXPANSION)

200 FORMAT ( 25X TSHTHEQRETICAL ROCKET PERFORMANCE ASSUMING FROZEN
2COMPOSITION DURING EXPANSION)

300 FORMAT ( 25X+80HTHEORETICAL ROCKET PERFORMANCE ASSUMING EQUILIB

ZRIUM COMPOSITION DURING EXPANSION/44Xs 28HFROM AN ASSIGNED TEMPERAT

URE)
400 FORMAT ( 25X$T5HTHEORETICAL ROCKET PERFORMANCE ASSUMING FROZEN
2COMPOSITION DURING EXPANSION/44X»28HFROM AN ASSIGNED TEMPERATURE)
500 FORMAT | 25X+ 74HTHEORETICAL THERMODYNAMIC PROPERTIES AT ASSIGNE
20 PRESSURE AND TEMPERATURES)
600 FORMAT ( 25X9 T4HTHEORETICAL THERMODYNAMIC PROPERTIES AT ASSIGNE
2D TEMPERATURE AND PRESSURES}
IF{IPROB-2)1+2+10
10 IF(IPROB=4)3v4s4
IF(ME-1}1251112
11 WRK?E OUTPUT TAPE 64100
ETU

-

12 WRXTE QUTPUT TAPE 6200
RETURN

IF(ME-1)14513s14

13 WRITE OUTPUT TAPE 6,300
RETURN

WRITE OUTPUT TAPE 64400
RETURN

~

1

»

w

:RlTE QUTPUT TAPE 64500

*

HRITE OUTPUT TAPE 64600
RETUI
END

SUBROUTINE PERDER

OUTPUTS PERFORMANCE DERIVATIVES
COMMON €

EQUIVALENCE (IN» C18046))

EQUIVALENCE [PERI1)s C{10488)})s (PER(L69)s C110606))
OIMENSION PER(1313}

119
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FORMAT ({1SHO(DLI/DLPCIPC/PI3F9e5)
FORMAT (15H (DLT/DLPCIPC/PI3FSe5)
FORMAT (16H (DLAR/DLPCIPC/PFB45512F945)
FORMAT (16H (DLCS/OLPCIPC/PF845912F945)
FORMAT (15H0(DLI/DHCIPC/P*13F9e5)
FORMAT (15H {DLT/DHCIPC/P*13F9e5)
FORMAT {16H (DLAR/DHCIPC/P%F845912F945)
FORMAT {16H (DLCS/DHCIPC/P%F8e5912F%s5)
FORMAT [16H *(HC IN KCAL/G)}

FORMAT (13HO(DLI/DLPCPYS#2Xs13F945)
FORMAT (13H (DLT/DLPCP}S92Xs13F9e5)
FORMAT (15H (DLAR/DLPCP)S 13F9e5)

WRITE OUTPUT TAPE 6sle{PER{I+2}sI=141IN)
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OQUTPUT TAPE 6363 (PER{I+6)sI=19IN}
WRITE OUTPUT TAPE &6+7s{PER{Is8)5sI=14IN)
WRITE QUTPUT TAPE 6484 (PER(15101slnlsIN]
WRITE QUTOUT TAPE 619

WRITE OUTPUT TAPE 64105 (PER(I512)sI=1sIN}
WRITE OUTPUT TAPE 6311s(PER(1511)s1=15IN}
WRITE OQUTPUT TAPE 63129 (PER{1513}31=29IN}
RETURN

END

SUBROUTINE PERDEY
OUTPUTS PERFORMANCE DERIVATIVES

COMMON C

EQUIVALENCE (IN» C{B046))

EQUIVALENCE (PER(1)s C{10438))s {PER(169)s C{10606))
DIMENSION PER(13,13)

FORMAT (XSHO(DLI/DLPCIPC/P49X912F945)
FORMAT {(15H (DLT/DLPCIPC/P13F945}

FORMAT {16H {DLAR/DLPCIPC/Ps8Xs12F9e5}
FORMAT (16H {DULCS/DLPCIPC/Py8X912F945)
FORMAT (1SHO(OLI/DHC)PC/P*,9X312F945)
FORMAT (15H (DLT/DHCIPC/P*13F945)

FORMAT (16H (DLAR/DHCIPC/P*48X412F945)
FORMAT (16H (DLCS/DHCIPC/P*98Xs12F945)
FORMAT (16H *{HC IN KCAL/G)}

FORMAT (13HO(DLI/DLPCP)Sy11Xs12F945}
FORMAT (13H (DLT/DLPCP}S42Xs13F9e5)
FORMAT (15H (DLAR/DLPCP)$»9Xs12F9s5)
WRITE OUTPUT TAPE 631+{PERI142)s122,1IN}
WRITE QUTPUT TAPE €s2>{PER{I»13»1=2s1IN}
WRITE QUTPUT TAPE 633+{PER(I153)sI=2,IN}
WRITE QUTPUT TAPE 6343 (PER(145)91=2,IN)
WRITE OUTPUT TAPE 6+55(PER(I»7)+1=241IN)
WRITE OUTPUT TAPE 6965 (PERII46)9I=14IN)
WRITE OUTPUT TAPE 6s7s(PER(II8)sI=2,1N)
WRITE OUTPUT TAPE 6383 (PER(Ys10}5I=25IN)
WRITE QUTPUT TAPE 639

WRITE OUTPUT TAPE 63105 (PER{I412}4I=241IN)
WRITE OUTPUT TAPE 6511y {PER(Is11)9I1=2sIN)

=

WRITE OQUTPUT TAPE 63125 (PER(1313)91=2sIN}
RETURN
END

SUBROUTINE READ

SORTS WHAT IS ON TAPE 3

COMMON C

EQUIVALENCE CANS{1)s C(421)3s (ANS(454)y (YL B
EQUIVALENCE (LENy C{1766))s (MAY, C(1767))

EQUIVALERNCE (LOOP, C({1770)}s (KTAPE, C(8045)}
EQUIVALENCE (INy C(8046))

EQUIVALENCE  (NNs C(2329))

EQUIVALENCE (PAR(1}y C{8370}), (PARL208)}, C(8577))
EQUIVALENCE (AMOL(1)sy C(9268))» {AMOL{117C)s C(10437)}
EQUIVALENCE (DER(1)s C(10438})» (DER(169)s C{10606))
DIMENSION PAR(13+16)sDER(135131)y ANS(454)
DIMENSTON AMOL(13,90)

DO 1 I=1,IN

DO 2 J=1s16

PAR{T»J}=ANSLLY

DO 3 J=20,32
DER{IsN)=ANS{J)
+1

J=38

DO & JJ=1sNN

AMOL {1sN)=ANS{J)

JzJ+y

=N+1
IFIKTAPE=LEN}100+1+100
READ TAPE 3 (ANS(K)sK=19454}
KTAPE=KTAPE+1

CONTINUE

RETURN

END

SUBROUTINE PERPAR
OUTPUTS PERFORMANCE PARAMETERS

COMMON C

EQUIVALENCE (KODEs CI1768))

EQUIVALENCE (IN» C(B046)}s (MAYs C{1767}}
EQUIVALENCE (PAR(1}s C{837011¢ {(PAR(2081y C(857T))
DIMENSION PAR(13916)sNN{13)

FORMAT (5H PC/Ps10X)

FORMAT (8H Py ATM »7X)

FORMAT 19H T» DEG Xs6Xs1319)

FORMAT (9H Hy CAL/Gs6Xs13F%e1)

FORMAT (15H Sy CAL/(G){K) 13F%e4)

FORMAT (L1OHOMs MOL WTe5Xs13F943)

FORMAT {11H (DLM/DLP)Ts4Xs13F945)

FORMAT (11H (OLM/DLTIPs&4Xs13F%at}
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FORMAT
FORMAT

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

{15H CP,y CAL/(G)(K)13F9-4)
(6H GAMMAS9Xy

{12H MACH NUMBEP:BX'13F903)
{15HQCSTARs FT/SEC 1319)
{3H CF»12X213F943)

{6H AE/AT39Xy13F9%43)

{15H IVACsLB-~SEC/LB13F9al}
(15H 14 LB=SEC/LB 13F9e1})

IF(KODE-112s1s2

WRITE OUTPUT TAPE 64111
FORMAT {8HOP, ATM »7X)
GO TO

WRITE OUTPUT TAPE 6,10
CALL VAR(1Y

WRITE OUTPUT TAPE 6511
CALL VAR{2)

DO 60 I=1sIN
NN(I)=PAR(Is3)+e5

WRITE QUTPUT TAPE 6312+ (NN(I}sI=1lsIN}

WRITE OUTPUT TAPE 65135 {PAR(Is4)sI21sIN)
WRITE OUTPUT TAPE 63149 (PAR(Is5)sI=2yIN)
WRITE OUTPUT TAPE 63159 (PAR(T+6)s1n2yIN}

IF{KODE}61+536

WRITE OUTPUT TAPE 6316 (PAR{T+81s1=14IN)
WRITE OUTPUT TAPE 6417+ (PAR(I49)s1=1,

WRITE OUTPUT TAPE 63185 (PAR(Is7)sI=1sIN)
WRITE OUTPUT TAPE 64195 (PAR{I»10}sI=1sIN)

IF(KODE=1141540941
RETURN

WRITE OQUTPUT 'TAPE 65205 {PARII512)s1=15IN)

DO 61 Is1yIN
NN(T)=PAR(Is15)+¢5
IF (MAY=1) 515,50951

WRITE OUTPUT TAPE 6331» (KNI} sI=2)IN)
WRITE OUTPUT TAPE 64323 (PAR{Is16F9I=24IN}

WRITE OUTPUT TAPE 6s33
CALL VAR(114

WRITE OUTPUT TAPE 6s34s({PAR{I1914)sI=2,IN)
WRITE OUTPUT TAPE 64355 (PAR{I+13)s1=24IN)
FORMAT (15HOCSTARs FT/SEC s9X$1219)

FORMAT {3H CFy21X+12F9e3)
FORMAT {6H AE/AT»18Xs12F9.3)

FORMAT {15H IVACsLB~SEC/LB99Xs12F9el)
FORMAT (15H 1, LB=SEC/LB »9X»12F9.1)

RETURN

WRITE OUTPUT TAPE 63215 (NN{I1}sI=lsIN)
WRITE OUTPUT TAPE 64225 (PAR{I»16)sI=1sIN)

WRITE QUTPUT TAPE 6423

! N
WRITE QUTPUT TAPE 69243 (PARITs14)s121yIN)
WRITE OUTPUT TAPE 6325+ (PAR{Is13)s1=14IN)

RETURN
FND

SUBRQUTINE VAR(INDEX)

SPECIAL FORMAT FOR PC/PsPs AND AE/AT

COMMON ¢

EQUIVALENCE {IN» CIBO46)) s (MAYs CLLT67})
(PAR(208)y C18577)1
DIMENSION FMT(3)+PAR(13916)sTEM{4) s AM(4 )+ TEMM{13)

EQUIVALENCE (PAR(1)s C(83701}s

ZERD=113300346060
ONE=113301346060
TW0=113302346060
THR=113303346060
FR=113304346060
TEMM(1)=600104677326
TEMM(21=600203677326
TEMM{3}=600302677326
TEMM{4)=600401677326
TEMM(5)=600500677326
TEMM(61=600511677326
TEMM[7)=600610677326
TEMM(8)2600707677326
TEMM(9)=601006677326
TEMM{10}=601105677326
TEMM(11)=2010004677326
TEMM{12)=010203677326
TEMM(13)=010202677326
FMT(1)=740130207360
IF(INDEX=2) 15293
TEM{1)=10E04
TEM(21=10E0S
TEMI31=140E06
AM(1)=THR
AM(2)=TWO
AM{3)=0NE
AM{4)=ZERO

4

0 T

TEM{1)=140

TEM{21=10.0

TEM(3)=100+0
R

DO 5 I=14IN

IF {1~1) 53550453

IF {MAY-1) 53,52,53
IFUINDEX-11) 5345553

CONTINUE

FMT(2)=TEMM{T)

DO 6 J=1,3
IF(PAR(I+INDEX)-TEM{S)) 10696
FMT {3)=AM{J)

WRITE OUTPUT TAPE 69FMTsPAR{IyINDEX}

GO TO 5
CONTINUE
FMT(3)=AM(4)

WRITE OUTPUT TAPE 6sFMTsPAR(1INDEX}

CONTINU
RETURN
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TABLE T. - TTERATION EQUATIONS TO DETERMINE EQUILIBRIUM COMPOSITIONS FOR EITHER ASSIGNED PRESSURE AND
[EMPERATURE, ASSIGNED PRESSURE AND ENTHALPY, OR ASSIGNED PRESSURE AND ENTROPY
Aln wy A ln ug A ln ug JE N S S T ™ -AlnaA A(;(L_Sl T Constant
m m
11 T2 13 e e e s e l21n1131,n S :al,knk ; :al,k‘uknk Aapy+ Qo a1 ik Fi
f=1. = k=i
n m m
T 22 23 « e« s e+ l3,n1(%)n E :az,k“k E : 3z 1hcc A &by + § :az,kn}c "
=1 k=1 k=1
r3y Tap r33 c oo .+ o {8301 %5,n S : a3, 1 5 ;as,kﬂknk A Abg + g ;33,knlc i
k=] k= =
2], n-1 ap n-1 az,n-1 P e o] 0 Hy g Fo-1
at,n ap.n az,n I e 0 0 Hy Z
il hii m m
E a7, k% E ag Py az 1y R o] 0 § Heny Fn. + AP
= =1 Zk: =1 =
m
:E a1 13y ag 1y i ag ey | oo 0 o o | ¥y ey g Gy + ; Wb | A DM+ ; ey F
= = fe=1 = =T =) =t
m I m - n N T m
Z ay 1 A ag 1 Ay ag Ay oo e e Ao | A Ay Gyt A A As + AP + e I
k=1 =1 k=1 k=1 k=1 k= k=1

*

This column not used for assigned pressure and temperature.

31

sanjeasdusy pue danssaad poulTesE 407 UuoTyBId

J

fdTeyaus pue sanseaad poUSTEsE J0F UOTIRISIT

fdoague pue sangsead PoUITSSE JOJ UOT3BIDIT

21



TABLE IT.

TEMPERATURE AT CONSTANT PRESSURE

- EQUATTIONS FOR EVALUATING DERIVATIVES WITH RESPECT TO LOGARITHM OF

(B In U—l) (8 In uz) (8 In u5) <6 nn-l) ( d nn) ) (a 1n A) Constant
OInT/p|\OInT /p|\0InT/p OInT/p| O In T/p d1InT/p
1l m
11 Tiz2 T13 4 ,n-1 a,n %,x%% "Z a1,k Syemye
k=1 k=1
n m
a1 T22 T23 @2,n-1 82,n 82,k 'E ;‘a2,k :Hknk
k=1 k=
T31 T32 T33 43 ,n-1 83,0 83, %"k "XaS,kank
= k=1
& ,n-1 42, n-1 a3, n-1 0 0 0 o
2 1 2 1 o ) 0 0 -H
m 1L I
al,knk E aZ,knk E az, } M 0] 0 0 - z Hknk
) = k= k=1

I
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TABLE III. - EQUATIONS FOR EVALUATING DERIVATIVES WITH RESPECT TO

LOGARITHM OF A

AT CONSTANT TEMPERATURE

<§ 1n ul) d 1ln us <8 in ug) (8 nn-l) ('5 n, ) Constant
n
r1y ri2 ri3 21 ,n-1 81 ,n &1L, kM
k=1
n
21 T22 T23 82,n-1 a2,n E :az,knk
=
n
T3l Tz2 33 %3 ,n-1 %3,n E :35, Kk
k=1
a1 ,n-1 22 ,n-1 a3, n-1 0 0 0
8 n 82,1 33,1 0 0 0
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TABLE IV.- FIRST DERIVATIVES OF SOME THERMODYNAMIC PROPERTIES AND ROCKET PERFORMANCE PARAMETERS

) (a in ) (a 1nA) 3 1na dina\ _ (5 in 4
3 1o ki S P 3 Po)] "\ InF
R © /e /e, g, P 5 1n £ 5 in £ i
Peshg s
b R _R_|31nmM) _ o
ey cpTe cplg cpM 3 In T/p
heT RT RT
RT, - mMg -
_he |y _fa1nm R _foinwm {3y _ 1
epTe 9 1In T/p Moep 3 in T/pl 9 1n P/g '
+BlnM 3 InM\ /3 in T 3InMy (3In T Q3 In M\ {3 in T _ {3 innM
EIn?T EInTPEInEe EInTP§1nPC SlnTP P_c ElnPT
hg Po/P,Pe he,P 313
5
he (Te ~ T RT RT
2T, \B, - B, T(h, - DN, 2(h, - )M
4 ln p {9 1n 1 . folinp {8iln I _ ({2 1np _foln T _{3inp
w n Pe) (5 In Ec) ( in hc) (S In Pc) ( n Pc) < Pc) (ﬁ 1 Pa
P./B,h, 2,/B,P, B./P,P, ng,P h,,p 3 1n g . 7/
ARE 4 A A A A
3 1n(—v—’)b <a n w) 3 111(ﬁ)t (a wé 3 1n(;);[ 5 &
SIn? 3Inn T3 In A 3In P T |3InT 13
¢ |p/Bn, Y ®,/P,P, © |Po/?,P, AT 4 °_|hc,P 3 1n ?0 ;
F) 1n(%)b ) 1:1(%)b
S E L+l mme °
¢ |py/PsP, ¢ |hg,P
A A A A
LRl (2 g 1 Jfoms el (2 1 bfaanT Y A 1 5 in 1 P 8ing
W 3 In F, Tvac 3 1n h, W S In Tyac] \@ In P, W 3 In P, Tyac I P, W * Po
o PC/P,h PC/P,Pc PC/P,PC b P h R d 1n 3 In 3
s
1ln c* dInT _ {2 1n c¥ 31in T _ {3 1n e¥ 31n I
n Py 3 In B 3 In h, 3 In P, 3 In P, Py
Bo/P,yh, Po/P,P, Bo/P,P, hg,P hg,P 3 1n ¢ .
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TABLE V. - NEWTON-RAPHSON ITERATTON EQUATIONS FOR

CAL.CULATING CHAPMAN~JOUGUET DETONATIONS




TABLE VI. - SIMULTANEOUS EQUATIONS FOR OBTAINING PARTIAL DERIVATIVES OF

DETONATION PRESSURE, TEMPERATURE, AND VELOCITY

L T | R ¢ AR P

din M A% d 1n M e, _
(S (6] o[G0, -] - el -

i
Variable Xl XZ Cl _C2 Detonation veloecity derivative
2 O A
d1n P dln T P o M 1 Up
T (51nT SIn T U " Yley 'ﬁ(cp)fﬁ‘ STaw) = uplAXy + By + 1]
1/p 1/p 1 1 1/p
1 1 1
. dinP din T B o 0 \? Sup ~ upfBX; + HX, - 1]
1 31n P; 3 In P, F e ey 3In B, = up[AX, 2 -
T1ohy Ty5hy T1o8y
dlnP dln T M ) 3
by ( by Shy 0 " RT 3, = up[A%; + EX; ]
P17y P,y Py,Ty

63T



TABLE VII. - SIMULTANEOUS LEAST SQUARES FITTING OF HEAT CAPACITY, ENTHALPY, AND ENTROFPY
cg 2 3 4
Heat capaclty: —x = &3 + apT + agl™ + a,T> + agT .
HY - 1§ ot - (#/R)
Enthalpy: BT ~a1+a2—+ a3z —3-+ a4T+ a5-5—+—j.—-
-4 2 3 4
Entropy: -R’I—‘=a11nT+a2T+a3%—+a4%—+65§—+a7-
Jits
ay ap az as ag 25 - 1 az ) Ay Ap Constant
o o _ HQ
Z[a + (1n 1)?) Z@ +1n 'I‘)T Z(% +31n '1‘)'132 E(—‘Z +3n T')T3 E(% +31n '1')'1'4 Z% Zln T 1 |1 n T, z (Cp + H—Tﬁ-& + _s%. n 'r)
3 9N 5%3 35 7S * T cp - H3 5%
TErwar | 32 52T E K % 3 2t o |2 w | (3B 3
4 2 0 o 3 [}
4 1 2| 5% 3 49 555 143 by 1 ) To Cp 1 Hr - S
E(s tgzin T)T ?ZT ssz:'f4 IZT mo}:'l'6 32'” 'EET2 B |3 3 Z 2(‘}? +3 % i
=3 S O O 0.
5,1 3 5 16956 17N N7 1 1 To To C Hy - S
2G+gmr ™ D @ O o P | %7 2R B 3)
s 1 a| 27 143 1757 141 15, 1 T§ T4 cp 1 BB - H3 5%
E(’s‘ +zln T)T EZTS 120221's TEZT 4002:Ta §ET3 XZT‘} % |2 T E::T4( 3tk TT)
53 *p I N2 1NY,3 1 1 1(HR - H5
2% 2 DT 2T 2 ) ° ° |75 ° ZT( AT )
[+]
Sz S 13w e Iy 0 *p o {o 1 Sr
CO
1 T T T 4 0 0 o lo 0 L
0 6 3 0 w =T,
T B i T 1 1 - HS]
1 = = =2 e 0 o |o 0
2 3 T 5 To =T
T% T‘E”) 4 a9,
-0 0 T
1n T, T, . = - 0 1 o |o o T lner,

*p 1s the number of temperature points used to fit data.
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TABLE VIII.

- PROGRAM INPUT

Card Card name Optional | Number of cards Card format
type card?
1 | Reactant No 1-30 (5(A2,F7.5),F8.5,F9.5,A1,F8.5,A1,T1,F8.5)
(1-15 oxidants)
(1-15 fuels)
Blank No 1
2 | Omit-Insert Yes Any (4(248,3%))
Blank No 1
3 | Problem (H,S;T,S;T,P;P,T; or DETN), case| No 1 (A5,15)
8 4 | Schedule (of Po/P, or P, or -T) No 1-5 (5F10.2)
Blank® No 1
5 | Mixture (R, O/F, 9F, P, T, code, debug) No Any (5F10.2,15,16X,I1)
BlankP No 1-3

& For DETN problems, the schedule cards and the blank card that follows them must be omitted.
b There may be one, two, or three blank cards.

(1) One blank card:

Program returns to read another sequence of cards starting with type 3.

(2) Two blank cards: Program returns to read another sequence of cards starting with type 1.
(3) Three blank cards: Program terminates.
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TABLE IX. - EXAMPLES OF TYPICAL REACTANT CARDS
Content Reactant formula Relative Enthalpy, State|Temper- |Fuel|Density, g/cc, or
weights lcal/(g)(mole) ature, or { heat capacity,
(a) OK oxi-]cal/(g)(mole) (°K)
dant
Columns| 1-2 3-9 10-11) 12-18 19-20| 21-27 28-29| 20-36 137-38|39-45| 46-53 54-62 63 64-71 72 73-80
N 1. H 4. CL 1. 0 4. 72.06 -70730. S 298.15 F
C 1. H 1.86955 o] .03126 S .00841 18.58 -2999,082 L 298.15 F
AL 1. 9. 0. S 298.15 F
MG (1. 0 1. .2 143700. S 298.15 B
H 2. 0 1. .16 -68317.4 L 298.15 F
H 2. 100. 0. G 298.15 i
N . 780881 o] .209795| AR . 004662 Cc -00015 100. -7.202 G 298.15 o]
H 2. 100. 0. G 298.15 F 6.8922
¢] 2. 100. 0. G 298.15 o] 7.0215

& Relative weight of fuel in total fuels or oxidant in total oxidants as designated in column 72.
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TABLE X.
CASE NO, 51 500.0 O.
CHEMICAL F
FUEL N 1.00000 H
FUEL H 1.86955 0
FUEL AL 1.00000
FUEL 0 1.00000 MG
FUEL H 2.00000 0
O/F=
PARAMETERS
CHAMBER THROAT
PC/P 1.000 L.777
Py ATM 34.02 19.15
T, DEG K 2737 2492
Hy CAL/G ~485.0 -613.9
S, CAL/(GI(K) 2.5264 2.5264
Me MOL WT 23.126 23.192
(DLM/DLPIT 0.00294 0.00147
{OLM/0LT)P ~0.0586 -0.0310
CPy CALALGHKX) 0.5783 0.5265
GAMMA 1.1956 1.2071
MACH NUMBER 0. 1.000
CSTAR, FT/SEC 5015
CF 0.679
AE/AT 1.000
IvaC,LB~SEC/LB 193.6
1, LB-SEC/L8 , 105.9
DERIVATIVES
{(oL1/0LPCIPC/P 0.00237
{DLT/DLPCIPL/P 0.00871 0.00459
{DLAR/DLPCIPC/P -0. -
(DLCS/DLPCIPL/P 0.00089
{DLI/DHC)PC/Pe 0.34617
{DLT/DHC)PC/P#% 0.63188 0.69410
(DLAR/DHCIPC/pn 0.
(DLCS/DHCIPC/Pw 0.356947
#(HC IN KCAL/G}
{DLI/DLPCP)S 0.82848
{DLT/DLPCP}S -0.15730 -0.l6781
(DLAR/DLPCPIS, 0.
MDLE FRACTIONS
ALLCLL(G) 0.00018 0.00004
AL1CL3(G) 0.00007 0.00004
ALICICLI(G) 0.00064 0.00021
C2H4(G) 0. 0.
CLOLLG) 0426432 0.26358
10216} 0.01780 0.01926
Ci01S$14G) 0.00005 0.00005
CLLIG} 0.00176 0.00090
H1{G) 0.00619 0.00309
H2{6) D.32142 0.32439
H1CLL{G) 013179 0.13354
HLC1D1{G) 0.00007 (.00003
H20L(G} 0.14646 0.14555
H1S1(G) 0.00045 0.00033
H2S1(6) 0.00153 0.00179
MGLIG) 0.00007 0.00003
MGLCLLI{G) 0.00001 0.
MGLCL2(G) 0.00101 0.00in8
MGLHLIG) 0.00001 O.
NZ(G) . 0.06830 0.06847
NLOLUG) 0.00003 £.00001
01(6) 0.0000L 0.
O1HLi6) 0.00076 0.00029
S1¢(6) 0.00010 0.00005
S101{6) 0.00017 ©.00011
S102(6} 0.00007 0.00005
MGLOL(S) 0. 0.
MGLICL2{S) Qe Oe
AL203(S) 0. 0.
aL203(L) 0.03671 0.03710

AUDITIONAL PRODUCTS WHICH WERE CONSIDERED

ORMULA
400000 CL 1.00000 Q0 4.00000
0.03126 ¢ 1l.00000 S 0,00841
1. 00000
1.006000
0. » PERCENT FUEL=100,0000,
EXIT EXIT EXIT EXIT
2,500 2.750 3,000 3.250
13.61 12.37 11.34 10.47
2351 2317 2317 2317
=684, 7 ~703.7 -721.0 ~736.8
245265 245264 2.5265 245265
23,217 23.221 23,220 23.218
0.00092 0. 0. 0.
-0.0200 O« 0. D.
0.5037 D.46D6 0.4582 D.4560
1.2134 1.2282 1.2297 1.2310
1.279 1.340 1.391 le438
5015 5015 5015 5018
0.846 0.885 0.919 0.950
1.065 1.103 1.159 1.215
198.2 20045 203.5 20643
131.8 138.0 143.3 148.0
0.00198 0.00187 0.00170 0.00157
0.00273 -0,00077 -0.00076 -0.00075
0.00100 -0.00352 -0.00335 ~0.00320
0.00089 0.00089 0.00089 0.00089%
0435249 0435042 0.32480 0.30433
0.72544 0.79342 0.79750 0.80130
0.01799 0.07353 0.10323 0.12750
0436347 0.36947 0.36947 0.36947
0.50386 0.45325 0.42015 0439370
=-0.17332 -0.18581 -0.18678 -0.18768
0.32027 0.36093 0.39307 0.41862
0.00002 0.00001 0.00001 0.00001
0.00002 0.00002 0.00002 0.00002
0.00009 0.00008 0.00008 0.00008
0. 0. [+ 8 0.
0.26278 0.26253 0.26252 0426250
0.02034 0.02063 0.02063 0.02063
0.00006 0.00006 0.00006 0.00006
0.00056 0.00050 0.00052 0.00054
0.00190 0.00168 0.00175 0.00182
0.32599 0.32638 0.32636 0.32633
0.13415 0.13427 0.13424 0.13421
0.00002 0.00002 0.00002 0.00002
0414472 0.14447 0414445 0414443
0.00025 0.00023 0.00024 0.00025
0.00193 0.00196 0.00194 0.00193
0.00001 0.00001 0.0000%F 0.00001
0. 0. 0. 0.
0.00109 0.00110 0.00109 0.00109
. O 0. .
0.06854 0.06855 0.06855 0.06855
0. [ 0. 0.
C. 0. 0. 0.
0.00015 0.00013 0.00013 0.00014
0.00003 0.00003 0.00003 0.00003
0.00007 0.00006 0.00007 0.00007
0.00004 0.00004 0.00004 0.00004
0. 0. 0. 0.
0a 0. 0. O.
0. 0.00191 0.01702 0.03093
0.03722 0.03532 0.02021 0.00630

ALLIG) AL1OL(G) CLH3(G) C2H246) C2N2(G) cL
NLO2(G) 02(6) $103(G) S1(s} MGLCL2IL} MG
PRODUCTS WHICH WERE INTENTIONALLY OMITTED FROM CALCULATIONS
AL2{G) ALLHL(G) AL201{G) AL202(G) C1lt6) c2
C1H2(G) C1H4(G) CINL(G) £i01CLz2(6) C1S1(6) Ci
HGLSI{G} NE{G} N1H3(G) N201(G5} NLSLEG) s2
$101CL2(6)
INPUT, G-ATOMS/G
4
N
FUEL 0.6132922€~02
OXIDANT . D.
PROPELLANT  0.6132922E-02

CASE NO. 51

500.0 0.

WT

0.
Q.
0.
Q.
0.

EQUIVALENCE RATIO=

EXIT
3.500
9.721

2302

=751.5
2.5265

23,220
0.00085
~0.0190

0.4959

le2171

1.491

0.00149
0.00258
~0.00061
0.00089

0.29812
0.73687
0.08327
0.36947

0.36953
-0.17586
0.45213

0.00001
0.00002
0.00008

0.

0.26239
0.02076
0.00006
0.00052
0.00L75
0.32651
0.13425
0.00002
0.14430
0.00025
0.00193
0.00001

0.
0.00109

0.06855

0.
0.00013
0.00003
0.00007
0.00004
0.

0.
0.03723
0.

2(6)
1(S}

(6)
$2(6)
{16}

EXIT
4.000
8.506

2248

-777.5
2.526%

23.227
0.00069
~0.0156

0.4881

1.2197

1.579

5015
1.024
1.346
212.0
159.5

0.00143
0.00197
-0.0010%
0.0008%

0.30520
0.74862
0.08562
0436947

0.32873
-0.17801
0.49118

0.00001
6.00001
0.00005
0.

0.26196
0.02127
0.00006
0.00042
0.00141
0.32715
0.13442
0.00001
0414387
0.00022
0.00199
0.00001

0.
0.00110

Qe
0.06857
0.

0.
0400009
0.00003
0.00006
0.00004
0.

0.
0.03726
0.

-~ THEDRETICAL RUCKET PERFORMANCE ASSUMING EQUILIBRIUM COMPOSITION DURING EXPANSION

FRACTION ENTHALPY
CAL/MOL
72060 -70730.000
18580 -2999.082
09000 0.
00200 -143700.000

00160 -68317.399

1.9480,

EXIT
10.000
34402
1900
-939.7
2.5264

EX1IT
34,023
1.000
1503
~1117.0
2.5264

23.256
0.00001
~0.0002

0.4441

1.2384

2.819

23.251
0.00013
-0.0032

044551

1.2329

24132

5015
1,504
54200
25843
23445

5015
L.276
2.278
234.4
198.9

0.00057
=0.00104
~0.00251

0.00089

0.00096
=0.00041
=0.00239

0.00089

0.33631
0.80297
0.09977
0.36947

0.35673
0.82289
0.09685
0.36947

0.10158
=0.19247
0.70592

0.17850
-D.18842
0+63260

0424751
0.03596
0,00005
0.

0.00001

0.25770
0.02581
0.00006
0.00007
000024
0.33209 0.34217
0413497 0.13581
. M 2
0.12910
0.00002
0.00233
0.

0-13964
0.00007
0.00224
0.
0. 0.
0.00111 0.00072
. 0.
0.06864 0.06862
0. 0.

0.
0.00001

0.00001
0.00001 0.
0. 0.00039
0.
0.03733
0=

Q.
0.03733
0

CL101(G) MG101(G}
MGL(L} CL{S}

C3(6) C1CLL(G)
CL1CINLI(G) cL1o024¢6)
sieLiiG) S1CL2LG)

H 1] c 5
0.4839509g-01 0,6132922E-02 0.2506609E-01 0.1266924E-01 0.1066117E-03

0. - Ge 0. -
0.4839509E-01 0.6L32922E-02 0.2506609E-01 0,1266924E-01 0.1066117E-03

AL
0.3335804E-02

0.
0.3335804E-02

STATE TEMP
DEG K

298,15
298,15
298,15
298.15
298.15

Cunrn

BENSITY= Q.

EXIT EXIT
100.000 1000.000
0.3402 0.0340
1219 790
~1241.9 -1436.0
245264 2.5264

234256
0.00000
-0.0000

044402

1.2409

3.422

23.256
=0400000
0.0000
0.4699
1.2223
44803

5015
L.646
11.33
274.3
256.6 287.7

5015

0.00039 0.00020
~0.00109 -0.,00102
-0.00237 -0.00211

0.00089 0.00089

0436623
-0.83008
0. 09439
0436947

0437404
0.77767
0.03416
0.36947

0.06882
=0419411
0.73707

0.03547
-0.1818%
0.78267

0.23231
0.05100
0+00004
0.

0.17527
0.10802
0.00003
0.

0.

0.413%99
0.13715

0.
0.35702
013695
0. 0.
0.11335 0.05620

0. 0.
0.00234 0.00236
O. 0.

0.
0.000i1

0.
0.06858

0.
0.00100

0.
0.03730
0.

BUT WHOSE MOLE FRACTIONS WERE LESS THAN 0.000005 FOR ALL ASSIGNED CONDITIONS

MGLOLHLIG)
ALL(S)

NLHL

C1CL4(G) C1Hl
CL201(G)

s2CL216)
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DENSITY
G/CC
0.
0.
0.
G.
0.

EXIT
10000.00
040034

-1563.1
2.5264

23.422
001402
-0.3080

0.9971

1.1515

64458

5015
1.965
409.2
312.7
30643

0.00027
0.02512
0.01767
0.00089

0.37407
0436649
“0.26417
0436947

0.02083
=-0.11130
0+84761

0.00192
D.11892
0.16249
0.00002
0.

0.

0.46288
0.13586

0
0.00782

0.
0.00238

0.00112
0.03756
O«

(6)

ALL(L)

{G)

HICINLLG)
SIDICLLIG)

MG
0.4960317E~04

0.
0.4960317E~-04
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TABLE XI. - THEORETICAL ROCKET PERFORMANCE ASSUMING FARDZEN COMPOSITION DURING EXPANSION
CASE NO. 51 500.0 0.
WT FRACTION ENTHALPY STATE TEMP DENSITY
CHEMICAL FORMULA CAL/MOL DEG K G/CC
FUEL N 1.00000 H  4.00000 CL 1.00000 0 4.00008 0.72060 -70730.000 5 298.15 ~0.
FUEL H  1.B86955 0 0.03126 ¢ 1.00000 S 0.00841 0.18580 ~2999.082 L 298.15 -0.
FUEL AL 1.00000 0.09000 0. s 298.15 -0,
FUEL 0 1.00000 MG 1.00000 0.00200 -143700.000 S 298.15 =-0.
FUEL H 2.00000 0 1.00000 0.00160 -~68317.399 L 298.15 -0,
0/F= 0. » PERCENT FUEL=100.0000, EQUIVALENCE RATID= 1.9480, DENSITY= O.
PARAMETERS
CHAMBER THROAT EXIT EXIT
PLIP 1. 000 1.788 2.500 2.750
Py ATM 34.02 19.02 13.61 12.37
Ty DEG K 2137 2459 2311 2270
H, CAL/G ~485.0 =61l4.6 -683.3 =702.0
Sy CAL/{(G)(K) 2.5264 2.5264% 25264 2.5264
Me MOL WT 234126 23.126 23.126 23.126
Le, CAL/Z(GIIK) 0.4699 0.4641 04605 0.4534
GAMMA 1,2238 1.2272 1.2294 1.2301
MACH NUMBER 0. 1. 000 1.275 1345
CSTARs FT/SEC 4980 4980 4980
CF 0.686 0.849 0.888
AE/AT 1.000 1.062 1.097
IVAC,LB-SEC/LB 192.8 197.1 199.2
Is LB-SEC/LB , 10642 131.4 137.4
MOLE FRACTIONS
ALLCLLILG) 0.00018 ALLICL3(G) 0.00007 AL1D1CLI{G) 0.00064 Clo1(G} 0426432
€102(6) 0.01780 C1l3181(6) 0.00005 CLL(G) 0.00176 H1(G} 0.00619
H2(6) 0.32142 HLCL1IG) 0.13179 H1C101(G) 0.00007 H20L(G) 0414646
H1S1(6) 0.00045 H2$1(G) 0.00153 MGLIG) 0.00007 MGLCLL(G) 0.00001
MG1CL2(G) 0.00101 MGLHL{G) 0.00001 NZ2(G) 0.06830 NLOL(G) 0.00003
01(6) 0.00001 QLHLLG) 0.00076 SilGy 0.00010 S101¢6) 0.00017
5102(G) 0.00007 AL203(L} 0.03671
ADDITIONAL PRODUCTS WHICH WERE CONSIDERED BUT WHDSE MOLE FRACTIONS WERE LESS THAN 0.000005 FOR ALL ASSIGNED CONDITIONS
ALL(G) AL101(G) CLH3{G) C2H2(G) C2H4(G) C2N2(G) CL2(G) cL101(G) MGLOL{(G} MGlOLlH1(G)
NLH1{G) N1D2(G) 02(6) S$103(G) 51(s) MGLOL(S} MGLCL2(S) HGLCL2(LY MGLLS) MGLLL)
cis) AL203(S} ALL(S) ALLILY
PRODUCTS WHICH WERE INTENTIONALLY OMITYED FROM CALCULATIONS
ALZ2IG) AL1H1(G) AL20L(G) AL202(G) CliG) cz{cy €3(G) CICLLIG) CLCL4(B) C1HLLG)
CLH2(G) C1H4(G) CIN1(G) C1DLCL2(G) C1iS1LG) C152(6) CLICINL(G) cL102(G) CL2014G} HICINL{G)
MG1S116) N1iG) NiH3{G} N2D11G) N1S1{G) s2{(6) S1CL1LG) S1CL2(G) 52CL2(6) SI0ICLLIG)
S101CL2(G)
INPUT, G-ATOMS/G
N H CL [} c S AL MG
FUEL 0.6132922E~02 0.4839509E-31 0.61329226-02 0.2506609€-01 0.1266924E~01 0.1066117E-03 0.3335804E-02 0.4360317E-04
OX1DANT 0. 0. 0. 0. . 0. 0. 0.
PROPELLANT 0.6132922E-02 0.4839509E-01 0.6132922E-02 0.2506609E-01 0.1266924E~01 0.1066117E-03 0.3335804E-02 0.4960317E-0%

CASE NO. 51 500.0 D.
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TABLE XII. - FHEORETICAL THERMODYNAMIC PROPERTVIES AT ASSIGNED PRESSURE AND TEMPERATURES

CASE ND. 50 Oel 34,293
WT FRACVIGN ENTHALPY STATE TEMP DENSITY
CHEMICAL FORMULA CAL/MCL DEG K G/CC
FUEL H 2.00000 1.00000 0. G 298415 -Q.
OXIDANT N 0.78088 0 0.20979 AR 0.00466 ¢ 0.00015 1.00000 -7.202 G 298.15 -0.

0/F=34,292881, PERCENT FUEL= 2.8334, EQUIVALENCE RATIU= 1.0G00s OENSITY= 0.

EQUILIBRIUM THERMODYNAMIC PROPERTIES

Py, ATM 0.0100 0.0100 0.0100 0.0100 0.0100 0.0100 ¢.01C0 0.0100 6.0100 0.0100 0.0100 0.0100 0.0100
T, DEG K 6000 5500 5000 4500 4000 3500 3000 2500 2000 1500 1000 500 300
Hs CAL/G 10068.8 8048,6 5825.5 4546,9 3967.9 3595.5 2656.3 570.8 =165.4 =407.4 ~590.0 -752.2 +812.3
S CALZIG) (K) 5.5853 5.2324 4.8097 4+5420 4.4066 443071 4.0119 3.2550 2,9351 2.7976 2.6502 2.4269 2.,2737
M, MOL WT 10.995 11.982 13.337 14.192 14.519 14.735 16.261 22.053 24.416 244641 24,648 24.648 24,648
{OLM/DLP)T 0.03312 0.05700 0.03807 0.01340 0.00470 0.01138 0.07459 0.04710 0.00354 0.00009 0. 0. Q.

(DLM/DLT)P ~0.6567 ~1.2242 -0.8918 -0.3391F =0.1041 -0.1834 -1.4100 -1.1183 =-0.1098 -0.0036 -0. -0 ~0.

CPy CALZ(GI(K) 2.8811 4.8553 3.5858 1.6743 0.8065 0.8612 3.7142 2.8329 G.6812 0.3899 0.3449 0.3052 0.2968
GAMMA 1.1615 1.1261 1.1244 l.1582 1.2535 1.2625 1.1319 1.1057 1.1677 1.2630 1.3050 1.3591 1.3730

MOLE FRACTIONS

ARLLG) 0400344 0.00375 0400417 0.00444 0.00454 0.00461 G.005C9 0.00690 0.00764 Q.00771 0.0077)} 0.0077F 0.00771
C1(6) 0.00009 0.00005 0.00001L O. 0. 0. O 0. Qs Q. [+ 2 0. Q.
C101(G) 0.00002 0,00007 0.00013 0.00014 0.00015 0.00015 0.00016 0.,00015 0.00004 O. Qs 0. 0.
ciu2tel 0. 0. 0. 0. 0. 0. 0.00001 0.00007 0.00021 0.00025 0.00025 0.00025 0.00025
H1(G) 0.30905 0433678 0.37477 0.39852 0.40622 0.40080 0.32001 0.06585 0.00186 0. 0. Q0. [B
H2(6) 0. 0.00001 0.00003 0.00013 0.00065 0.00463 0.04138 0.06921 0.01318 0.00047 O. 0. 0.
H20116) 0. _ Q. Qs [ 2} [« 28 0.00010 0.01174 0.18877 0432669 0.34582 0.34642 0.34642 0434642
NL(G) 0.48942 0.354L1 0.16863 0.05223 0.01071 0.00135 0.00009 0. Oa 0. O. C. 0.
N2(6) 0.04323 0.13665 0.26467 0034495 0437371 0.38279 0.42085 0.57403 0463898 0.64544 0.64563 0.64562 0.64562
NL1HLL(G) 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 O 0. [: 28 0. 0. 0. .
N10146) 0400012 (0.00031 0400070 0.00134 0.00248 0.00502 0.01008 0,00726 0.001l13 (.00004 O. 0. O
01(6) 0415462 0.16825 0418684 0419808 0420077 0.19503 0.14349 0.02335 0.00047 O, [ Qe [
02{6G} O 0. 0.00001 0.00003 0.00018 0.00159 0.01627 0.02631 0.00509 0.00020 0. 0. 0.
O1HL(G) 0. 0.00001 0.00003 0.00012 0.00058 0.00393 0.03084 0.03810 0,00472 0.00008 O« Oe '

ADDITIONAL PRODUCTS WHICH WERE CONSIDERED BUT WHOSE MOLE FRACTIONS WERE LESS THAN 0.000005 FOR ALL ASSIGNEC CONDITIONS

246} C3(6) CLlH1(G) C1H2(6) CLH3(G} ClH4{(G) C2KH2(6) L2H4 (G} CINLIG) C2N2(6)
HLICINL(G) H1C101(G) N1H31G) NLO2(G) N201(G) c1(s)

INPUT, G-ATOMS/G
H N a AR c
FUEL 0.9920635€ 00 0. 0. Q0. 0.
OX1DANT C. 0.5391568E~01 0.1448528E-01 0.32188756-03 0.1035674E~04
PROPELLANT 0.2810945E-01 0.5238821E-01 0.1407485E-01 0.3127670E-03 0.1006329E-04

CASE NO. 50 0.1 34.293
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TABLE XIII. - DETONATION PROPERTIES OF AN IDEAL REACTING GAS
CASE NO. 52 14.70 298.15

WI FRACTION ENTHALPY STATE TEMP HEAY CAPACITY
D

CHEMICAL FORMULA CAL/MOL EG K CAL/MOL-DEG K
FUEL H 2 1.00000 Q. G 298.15 68922
OXIDANT O 2 1.00000 0. G 298.15 7.0215

0/F= 7.936508, PERCENT FUEL= 11.190L, EQUIVALENCE RATID= 1.0000

THERMODYNAMIC PROPERITES
UNBURNED GAS BURNED GAS

Py ATM 1.00000 18.82775
T, DEG K 298,11 3682.1
Hy CAL/G 0. 67849
Sy CAL/G-DEG K 421602
My MOL. WT. 12.011 14.485
tP, CTAL/G-DEG K 0.5774 3.9127
(DLNM/DLNPIT 0. 0.08280
(DLNM/DLNT)P 0. ~1.3715
GAMMA 1.4016 l.1292
US, M/SEC 537.9 1544.9

BURNED GAS COMPOSITIDN IN MOLE FRACTIONS

HL{G) 0.08124 HZ(0) U.16326 H201(6) 0.53167 oL1G) 0.03848
02(6) 0.04849 0LAL{G) 0.13685

DETONATION PARAMETERS (UD IN M/SECy HL IN KCAL/G)

p/Pl = 18.828 (DL{P/P1)/DLPL)TL,Hl= 0.03783 (DL{P/P1)/DLT1)IPL=-1.04086 {DL{P/PL)/DHLIPLsT1= 0.19925
T/T1 = 12.350 {DL{TF/T1)/DLPL)T1,Hl= 0.05178 {DL{T/TL)/0H1}PLl,Tl= 0.08883
uo = 284044 (D UD/DLPLITLsHE = 55.10 {0 Uo/DLTLIPL (D UD/DHLIPL,T1 = 290.22
M/ML = 1.2060

RHO/RHOl= 1.8386
MACH NO.= 5.2809

INPUTy G-ATOMS/G
H o
FUEL 0.9920635¢ 00 0.
OXIDANT 0. 0.6250000E-01
PRUPELLANT 0.1110124E-00 0.5550622E-01

CASE NO. 52 14.70 298.15



oX
FU
N
H
cL
s}
c
S
AL
MG

THE SPECIES

INPUT

1.0000
1.0000
1.0000
1.0000
2.0000

IDANT
EL

51 Hs S

[¢28

~0.48497294E 03
0.33358043E-02

H 4.0000 CL
H 1.8695 O

-0.
3 1.0000
o] 1.0000

0.
-0.484973E 03
0.

0.
0.
Oe
0.
0.
0.
0.

TABLE XIV. - PRELIMINARY OUTPUT

1.0000 O 4.0000 -0. 72.0600
0.0313 s 0.0084 -0. 18.5800
-0. -0« -0. 9.0000
-0. -0. -0. 0.2000
-0. -0. -0. 0.1600
0. -0«
0.109605E-00 ~0.562651E-01

0.61329225E~02
0.48395094E£-01
0.61329225E-02
0.25066092€-01
0.12669243E-01
0.10661168E-03
0.33358043E~02
0.49603175E-04

0.09999999¢E 03 0.19480125¢ 01 0.50000000E 03

AL203(L)

0.61329225E-02 0.48395094E~-01 0.61329225E-02
0.49603175E-04

HAS NO DATA AT T= 2269.8

-70730.00
-2999.08
C.
143700.00
-68317.40

Fonorn

0.25066092E-01

2984150
2984150
2984150
298.150
298.150

0.12669243E-01

mmTn

oo

0.
0.
0.
0.
O.

0.10661168E-03

1Read in from fuel and
oxidant cards (see
Table IX)

hX’ Vi: vz
hes VE, V3

(®9),» (08),

Case number, problem type
O/F, %F, &, Pc

ho, b (1 =1,2, . . ., 8)
e (17=7, 8)

Printed during frozen ex-
pansion caleculation

le1
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51

-0.48497234c 03
0.33358043C-02

0s 110
Q.
0.100
Js
0.
Ja
0« 300

V4400
Je

0.220

e TOO

-0.344
121
~0.2161

oMeT

RETRS
aMir
JuLy

umlty
oMLY
aMLr
amtr
omiLr
amIr
ouIr

ustr

amiT

oMLT
JHLT
T
KLY

IMLT
REVE]

6k

HLRE
IMIT

aMll

umMIT
oMLy

auLT
aMIT
uMIT
IMLT

aMLT
oMIT

HeS

04 3000QU€

0.39999999E 03
9.61329225E-02

(a) Example of first fteration for combustion conditions for problem in Table X.

0.496031T5E-04
000 02 0.100000E Ol 0.
0.700000c Ol Q.733718&
000€ Ol 0.490000C 02 0,.100000k
042300008 02 0.194079E
0.100000E Ol  0.230000&
0.130000E 02 -0.157641E
0Q00E 01 0.500000c U1 0.200000¢
0.300000F OL 0.240000C 02 0.48118BE
Q00L 01  0.160000¢ 02 0.
0.110000c 02 0.110858&

c

1

0.700000€ 01l  0,264634C
0. 3.500000C
000E 0L 0,500000t Ol 0.6843i5E
0.200000E 01  0.300000¢
0.600000C Ol 0.240722E

0. 0.
0. -0.344450E
000£ OL 0.230000t 02 0.130000¢

086t 0L 0.901087&-01

0 Qe Q.198543C
0.7337186 02 0.194079E 03 -0.157641E
4506 02 0.198543¢ U3 0,274255k
137€ 02 -0.866015L OL -0.192444E

0.38276260E J4

ALLIG)
AL2(G)
ALLCLLLG)
ALLCL3LGY
ALIHLES)
ALLOLLS)
AL20LE3)
AL20D2(G)
ALL10ICLLEG)
CLIG)
c2(6}
S3(6)
ClCLLiG)
CleLats)
CLHLIG)
CLH21(6)
CLH3(G)
CLHA4{G)
L2H216)
C2H4(6)
CINLEG)
C2N24GY
€101{G)
C102(6}
C1DicL2IG)
C101S1(G}
CLS1(G)
15246}
CLLIG)
CL2(6Y
CLICINLIGY
CLIDL(S)
CL102(3)
LL20115)
HL{6)
H2{6)
HI1CLL1{G)
HLCINLEG)
H1C101(G)
H20116)
HLSL(G}
H2S146)
MGLLG)
MGLLLLIGL)
MGLCLZ2IG)
HELRLIS)
MGLOLEG)
MG1D1HLEG)
MGLS1S)
NL1(G)

SicLLUIS)
S1CL2(5)
52CL215)
S101(6)
510246}
$103(C)
S101CLLLG)
s101CL2(6}
S1(S)
MG101(S}
MGICL2(S)
MGLLL21L)

AL203(S5}
AL203(L}
ALLIS)
ALLLIL)

0.130000E

O
0. 1L00000E
@.100000E

Q.
0.100000&

0.
0.100000E

0.
0.100000E

0.
0. 100000E
0.100000E

0.

0.1000008
0,130000€E
0.100000€

0.
Q. 100000k
0.

0.
0.100000E
0.100000E

T
0.100000E

Q.

0.1D0000€
0.1000008
0.100000E

.

0.100000E
0.100000&
0.130000E
0.100000€
0.100000¢
0.100000¢
0.120000E
0.100000E
01000008
0.120000€
V.

0.

0. L0U000E
0.100000E

Q.
0.100000¢
0.100000E
'

0.

0.100000¢
0.100000&
0.100000E
0.100000€

0.

0.100000E
0.100000E
041000008

ol

(23
(29

oL

[}

ot

123
28

ol
23
oL

ol

ol
oL

ol

oL
oL
oL
ol
o1
oL
oL
oL
01
o1
ol
ol
oL

0L
ol

[:2}
ol

38
01
[}
ol

oL
2%
1%

0.1943D123E 01
0.48395094L-01

173
ol
03
02
0z
0l
02

03

02
01
o1
UL
02

0e
V2
03
02
06
02

0.833695%5E-01
0. 38999993 02

TABLE XV.

0.50000000E 03
0.61329225E-02

- INTERMEDIATE OUTPUT

0.25066092&-01 0.12669243E

0.300000E 01 0.4000001: 01 O.

=0.21554%E 03

'S
0.500000E 01 0.160000¢ 02 ©.300000&
G.

=0.729533E 03
0.200000E 01 O.
-0.615408E 03
D.3B0000E 02
-0+969240E 03
0.500000E 01
=0.407513€ 03

Q.

0.
0.500000t 01 0.700000E

0.
0-17Q000E 02 0.100000¢

0.
0.700000E O01 0.100000& QL 0.700000E
0.

-0.265161E 03
0+2000V0E 01

0.
-0.23081%E 03 -0.904752E-08

0.200000¢ 01 0.

-0.210885E 03 0.
0.300000E 01 0.
~0.836849E 02

0.
0.2400006 02 0.110000E 02 0.70

0.
0.

0.

0.
01 0.
0.500000t 0L
0l 0.200000E 01
01 Us
01 0.
0.500000€ 01
0.

0.200000E 01

=01 0+10661L6BE-03

[
0.200000E
0.300000€
0.200000E
a.
G
0.
0.6000008

0.

~0,130079€ Q& -0.117286C-Q7
0.481188E 02 0.110858E 03 0.264634E
=0.457419E 04 ~0.133434E-07
~0.164385€ 02 ~0.T72146E 01 -0.169725C

-0.911896€ 00

0.
04149154E 0L

Q.
0.

0.14841316E 03

124892E 02

275359E Ol

-0.239042¢ 01 -0.9l5743E Ol

0.
-0.68114SE 00
0.

0.
0.185817E 01 =~

0.
-0.288955E Ol

-0,185501E 0l
~0.783302E 01

0.
=0.462276E 01
0.936841E UL

0.
0.

0.
0.

0.
0.
0.
0.
O«

0.
0.

636502 01

558687E 01

120906E 02

157945€ 02
138%26E 02

186688E 02
4377T05E-00

0.672690E VL -0.593632E 01

Q.
0,164919€ 01
0.

0.
0.166865E UL
~0.410049¢ 01

0.
=0.408197¢ 01

0.

0.311313E ol
0.471037€ 01
0.370726E U1
0.
0.365572E 0l

O
0.
0.
Ca
0.
0.
0.

0.
0.

233114€ 01
619662€ 01
422851E 01

733451E 01

915493E Ol

0.375050€ 01

0.

'8
0.

954479E 00

$30283€ 01

0.426280E 01 -0.211712E D01

0.329342E-00
0,764277E-01
0.284669E-00
~0.130882E vl

0.
0.
0.
O

8721638E 01
520L29E 01
700552E 01
442983E 01

-0,611901E 00 -~0.641490E OL

-0.842651E 00
-0.163339E o0l
=0.242100¢ o1

0.
0,539068E 01
=0.20384%E 01

Q.

0.901690& 00
=0.711365E 0L
0.

0.
0.186372E-01
=0.139659E 01
0.221818E vl
~D.261229E-00

0.
0.172176E-00

O
0.
0.
0.
0.
0.
0.
Q.
O
0.
O
0.
0.
O
0.
0.

0.

953103€ 01
529269E 01
422804€ 01

388045€ 0L
142380€ 02

680628€ 01
T22893E 01

101553€ 02
414033€ 01
S500759€ 01
111543E 02

425293E 01

~0.107387€ 01 -0.305684E Ol
-0.850698E 0L =-0D.2l¢113E 01

0.
=-0.2160B6 01 -
Q.
0.

0.
0.

0.

3444508 D2

ot 0.5 ol
02 0.6B4315E OL
02 -0.156589€ 02 -

0.21348344E-00
0.261951L 02

0.
0.389189& 02
0.626075¢ 02

0.
0.372923€ 02
[N

0.
0.481389C 02

0.
0.418950€ 02

0.453860L 02
0.949682E 02

[}

0.521600E 02
0.339895E 02
0.420039¢ 02

0.
0.449784L 02
0.

0.
0.265931E 02
0.382644L 02

0.
0.383840E 02

0.

0.

0.201650C 02
0.254685C 02
0.324868L 02

Ve

0.413965€ 02
0.361409E 02
0.339565€ 02
0.331369€ 02
0.24269TE 02
0.395599¢ 02
0.495606k 02
0.341177F 02
0.372802k 02
0.441T09E 02

0.
0.331750L 02
0.317864E 02

0.
. 0.357527€ 02

0.4461726 02
0.

0.

0.258257C 02
0.353955E 02
0.319669L 02
0.269356E 02

0.

0.375415E 02
0.460935¢ 02
0.559982€ 02

0.492399¢ 02

0. E
0,240722€

0.175637€

ot

01

Case number, problem type

O/F, %F,
(1=1,2,...,86)

ho, by
pg (1=

R, P

7, 8)

Iteration equations
corresponding to Table I

} Sclutions to equa-
tions of Table I

Current

T, P, A, A



PC/P

M, MOL WT
AE/AT
(DLT/DLEC)PC/P
(DLT/DHC )PC/P

(DLT /DLRCP)S

0.17766215E 01
0.23192056E G2
0.09999999¢ 01
0.67940462E 00
0.45872999E-02
0.69409923E 00
-0.16780989€E-00

OMIT
OMIT
OMIT
DMIT

OMIT
oMIT
oMIT
OMIT

DMIT

OMIT

OMIT

ALLIG)
ALL1CL3{G)
AL201(G)
L1(6G)
CLCLL(G)
ClH216)
C2H2{G)
C2N216)
ClOLCL2(6)
ciszes)
CLICINL(G)
CL201(G)
HLCLL1(G)
H201(G)
MGL{G)
MGLHL{G)
MGLS1{(G)
NLH1(G)
N102(G)
0LIG)
SiigG)
S1CL2(6)
$102(G)
S101CL2(6)
MGLCL2(S)
MGL(L)
AL203(L)

TABLE XV.

P, ATM

CP, CAL/(G)(X)
MACH NUMBER
(DLI/DLPC)PC/P
(DLI/DHC)PC/P

(DLI/DLPCP)S

0.19150352E 02
0.52646955E 00
0.99998981E 00
0.

0.23652089E-02
0.34617421E-00
0.82848097€ 00

O
0.00004
Q.
0.
0.
0.
0.
Qe
0.
[N
0.
0.
0.13354
0.14555
0.00003
O
0.
O«
0.
O.
0.00005
O
0.00005
0.
O
0.
0.03710

- Concluded.

oMIT
OmnIT
oMIT
OMIT
OMIT

oMIT

OMIT
OMIT
OMIT

oMIT
OMIT

T, DEG K
(DLM/DLP )T

I, LB-SEC/LB
(DLAR/DLPC)PC/P
(DLAR/DHC )PC/P

(DLAR/DLPCP)S

0+24923622E 04
0.14729141€-02
0.10590088E 03
Oe

INTERMEDIATE OUTPUT

(b) Example of converged data at throat for problem in Table X.

H, CAL/G
(DLM/DLT)P

IVAC, LB-SEC/LB

(DL(A/W) /DLPC)PC/P

(DL(A/W) /DHC)PC/P
(DL(A/W)/DLPCP)S

-0.61386123E 03

-0.31039675E~01
0.193636T1E 03
0.
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5, CAL/(G)(K)
GAMMA

CSTAR, FT/SEC
(DLCS/DLPC )BC/P
(DLCS /DHC )PC /P
(DLCS/DLPCP)S
0.25264481E 01

0.12070672E" 01
0.50150601E 04

-0. ~0.99910843E 00 0.89157373E-03
O 0.36946963E-00 0.36946963E-00
0. 0. 0.

AL2(G) 0. ALLCLLIG) 0.00004
ALLHLIG) 0. ALLIOL(G) O.
AL202(G) 0. AL101CLL(G) 0.00021
C2(G) 0. OMIT  C3(G) C.
C1CL4(G) 0. OMIT  CLlH1(G) O.
C1H3{(G) 0. OMIT  ClH4(G) 0.
C2H4(6) 0. OMIT CINL(G) 0.
CL01(6) 0.26358 €102(6) 0.01926
C10151(G) 0.00009 OMIT C1S1{G) 0.
CLL(G) 0.00090 CL21G) 0.
CL1D1(G) 0. OMIT CL102(G) 0.
H1(G) 0.00309 HZ2(6) 0.32439
HICINL(G) O. HIC10L{G) 0.00003
H1S1(G) 0.00033 H2S11(G) 0.00179
MGLCLL(G) 0. MG1CL2{G) 0.00108
MGLOL(G) 0. MG101HL(G) 0.
NL(G) 0. N2(G) 0.06847
N1H3(G) 0. N1D1(G) 0.90001
N201(G) 0. OMIT NiISU(G) O.
02(6) 0. ‘OLHLLG) 0.00029
5216) 0. DMIT S1CLL(G) 0.
S2CL216) 0. S101(6) 0.00011
S103(G6) 0. OMIT S101CLL{G) G.
S51(5) 0. "MG101LS) 0.
MGLCL2(L) 0. MG1(S) 0.
CL(S) 0. AL203(5) O
ALL(S) 0. ALL(LY O.
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Entropy per unit mass, s

)

S2

S1

Liquid
vapor
Pl |
!
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|
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l l i
Ti TZ T T Ty
Temperature, T
Figure 1. - System emtropy as function of temperature and

constant system pressure in vieinity of melting point.



Restore
common storage

ENTER

first time in
this program

Stop to load

Store KODE

15 = 3, 14 = 4
KDRUM =

LDRUM =

ITAPE = 4

Caloulate
O/F, %F

Read g-atoms,
enthalpy, etc.

Ogloulate

4 Save new
chemicel system

Right adjust
element
symbols for
current 8ystem

141

Read in previous
chemical system

Rewind tape 3
backspace file
tape 4

Read
thermodynamic
data

chemical
system same
as previous

Cancel "OMIT"
from previous

Transfer data

tape 4 to

from
2nd rile tape 2

Bypass core-
loads on
tape 2

Caleulate
°%, ho

What does
IFROZ equal
?

kall core-load 2
(MAIN PROGRAM TWO)

FOUR)

Call core-load 4
(MAIN PROGRAM

.

gaséous spectes to
be omitted and

stored as first

1le on tape 4

Read names of

condensed species 1

Set PROD(I)
to bypass all
condensed

to be included

species

complled
Qata on tape
4

problen

ITAPE o 2
rewind 13
rewind 14

Write
thermodynamic
data

Backspace file
rewind tape 3

Read tape 4
Write tape 3

Backspace file
tape 2

rewind 3
rewind 4

omplled data
written as

Backspace file
tape 4
rewind 3

second f£ile

fIL

Save answer

Arvenge _—i
lflter PROD(1) angwer region| Tegion

Transfer data

for first interval

Position tape 2

— lat 2™ record

from tape ITAPE
to drum 2

Read in
schedule of
points

Store case
number

Ia 1t
Tegitimate
problem

?

IPROB = 1
IFROZ =

@—={Tmm = 7]

IPROB = 3

Figure 2. - MATN PROGRAM ONE (input program).
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ENTER

Rewind tape 3
No EQ = ©
IDEBUG = O

ITEST = M1
SIZE = 18.5

Assign pressure

Is this
first iteration
2

Assign pr
and 1n T,

Asslgn temperature

essure
o

Is this

detonation

caleulation
?

Does

assigned
temperature = Q
?

pressure = 0
?

|/

Write iteration
equations and
solution

On sense

= T
ITROT = 3

On sense
light 2

On sen:
lights 2, 4

Is
temperature
interval correct
?

B 0 )
drum

Caleulate
€0y, Yi, Ay

Read formula
numbers ayjy

Are they

singular

equations,
9

Are

residuals

>0.5x10-4
?

ny =0 if

otherwise
ny = exp(ln ng)

in ny + SIZE - 1n Py = O

Eliminate
specles with
current T
interval

Read
thermodynamic
data

Write
T, B, A, A
ny, in n; A in ny
4 Ay
No
IDEBUG = O
No
Does
IDEBUG = O es)
?
G
IDEBUG = 1
(e
G
Off sense
light 4

Obtain all
corrections
and

Does
IDEBUG = O
?

&)

Apply
corrections

Is
sense
switch 6
down

]

Does
ITNUMB = O
?

No,

Ave
equations
converged

?

Noj

Figure 3. - MATN PROGRAM TWO (chemical
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Caloulate
M, h/R, s/R

Call Subroutine
GAUSS for equations
reduced by one

singular
equations
?

ITROT = ITROT - 1

?./?(2)
2M(h, ~ h*)
L Ry AT

P/P(2) =

Calculate GAUSS

d In M
equilibrium  op/R Is Kr—ln T)P, >27.5?

Pg = Po/1Po/P(2)]

Call Subroutine
GAUSS for equations
reduced by twe

Caleulate
frozen ¥, cp/R
also

9.in My

(6 in ’I‘)P °

hC
he

- %
~h

1s

’ < 0.4x107%2

Caleulate
equilidbrium vy

3 1n B )
is (B Tn P)‘I > 27.57

Write NO EQ

CGaleulate Calculate
performance combustion
parameters and parameters and
thelr derivatives derivatives

Convert
composition to
mole fraction

Is

problem

H,S or T,8
?

IADD = IADD + 1
( 4 () lwmte answers Call core- Call core- Call core- Call core-
load 5 loada 3 load 1 load 4
output frozen next detonation
program program problem program
i
g PR AU
¥ (2= ( E] )
2 3
1n'r=1n'1‘+1n(v+1)
e
Does
NO EQ = O
?
Q
Dig What
speciea - does nj = g
condense Xo, I
?
M
G
o
Call call Is o\ Call
BYPASS BYPASS Sgm BYPASS
(3,3} (3,2) 7 7 (3,8)
vd < n
- Yes
el<n
L 'No
Ave \
thermo data \ call
) for Jth species present BYPASS T =T+ 1
at current T (7,2)
?

Y

equilibrium computations).
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ENI'ER (FROM MAIN PROGRAM TWO)

NO FROZ = ©

ITROT = 3

call
Read in PONG(5) '
4 equilibrium

combustion

data
Write out
I common storage
and KO FROZ
Read in
4 thermodynamic
data for
current

temperature

Does
es, IADD = 1
?
No

Is
No ense light
4 on

2

L Yes,
Are Is ny l
thermo data

are
zero for
thermo data Present for all species No species with no No, Off sense
in this temperatur: thermo data lignt &
ingerval 2 MISSED = 1
? ITROT = O
(Yes
1 es)
Calculate
thermodynamic
On sense
Cp K 8 light 4
X’ R R

Does
PCP(IADD) = ©
2

Is
sense light 4
on

is
IADD > 25
2

Off sense

s |a 1n T| < 0.5x10742

L T =1n T+ 1“(Ti~v)

light &

Calculate specific
heat, enthalpy per
unit mass, gamma

Calculate c*

(afw)y = (8/w)

Caleulate
Igps Aw

Po/P

Caleulate
Cpr €
Ivac: M

]

f

Write out
answers

NO FROZ = NO FROZ + 1

Figure 4. - MAIN PROGRAM THREE (frozen composition expansion).




Read
equilibrium
properties, and
F1, Ty, My, My
ITR, (cp) ¢

Store inttial
estimates for
Ty

Yo = v/, (/M)

1x
(B/P1)yyy = ’EWI x

Ty,
1 -
Tt Tr e

Thers = ol B/PL)

(2/m), 0 = (Wm0 ~ § il (2/m1)

_Li /P
T ) (/)

2

Set IPROB = 3
(P, T problem)

ENTER

Is
this first
time in thie
program

b

Read KODE,

fuel and
oxidant

P/Py = 15
caleulate
(eplgs M1

0/F, and
cp, M for

Bstimate enthalpy

n_b 3Th/p
hilale Wl 5

—

Write drum
Py, T, My, by,

A

o

ITR, (ep)p, KODE

!

Call core-load 2
to calculate

compositions

Write
ky (R/B1)y 00 42/T0),

1 (B/P1)y g - (B/P1) ) < 0017

Solve iteration
equations for
4 1n{B/Py)

A In(1/T9)

e (‘[73‘1%%7?‘11‘» 11—1%&}%-(: 1)

(B/P1) = B/Py o
(/1) = (/1)

N A 1n P/Py

R /T,

Calculate

final answers,
derivatives

Save ansvers
n drum

=

Call
Subroutine QUT
to print

final format

Write
intermediate
output

next problem

Y+l

ITR = ITR + 1

Figure 5. - MATN PROGRAM FOUR (Chapman—Jouguet detonations).
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RETURN

ENTER

Is
lonization
considered

?

KION = 2

Put Colgpiled
thermodynamic (l\
data tape
on tape I4

Set error
swiltch
(JEER = 2)

Rearrange
formula
LDRUM and thermo

coefficients

@,_' Read master
<
tape, one species

TYPICAL 23 WORD RECORD ON MASTER DATA TAPE

[Note: If both solid and liquid phase of
the same specles are present, data for
the 1iquid must immediately precede
that for solid.]

at a time

Ynpack chemica.
formula

1 AL203 (f Chemical formula for
species

2 L)

3 Blank

4 2317 Temperature range of
data for this species

§ 5000 )

6 1000 Temperature range for
first interval in °K

7 5000

8 & Least-squares coeffi-
cients for first

9 ap interval

10 az

11 ay

12 ag

13 ag

14 ay

15 300 Temperature range for
second interval

16 1000 in ©K

17 ap Least-squares coeffl-
clents for second

18 &g interval

19 az

20 ay

21 ag

22 ag

23 a,

Are
there. any

{ more diglts or
@ letters in
ormuly

2

Is

formula

completed
2

Is
there a

symbol
?

Store
charge

@ Store
number

number for the

8tore
formula
numbers

Store |

data I

MaM+l

@) ISOL = ISOL + M

Figure 6. - Subroutine SEARCH.
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Make 1t ZERC

Position J of
PROD(X) = ZERQ
?

Does bit
Desition J of
PROD(X) = ZERO
2

Is this

a condensed

species
?

Is this
a condensed
spectes
?

1 = Io,l2
= I
oo fenid
81 - 14 108 = IQ3 + 1
IQ=IQ -1
On sense

light 4 \l

RETURN

Figure 7. - Subroutine BYPASS.
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IFIXT = 1
ISYM = IQl

IFIXT = 2

IFIXT = 2

ISYM = 101

Fill in right-]
hand side

Add species
contridutionf
to Ty

A3 contribution
to ¢olumn for
variable A

het
1 3 IFIXT

7

2

Add contribution
for temperature
column and right-
hand side

lca1 BYPASS(7,1)

o8
number of What
o moles equal 2 is IPROD
Zero ?

es)

Construct
entropy
row

Store
entropy row
contribution

What'
2 does THS
?
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for condensed
species

!

For temperature

hand side

Add contribution

colum and right-

Reflect

Complete
column for

symmetric
portions
of matrix

¥

variables

A and T,also
enthalpy or
entropy row
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hand side

Figure 8. - Subroutine MATRTX.



e

ITERA = O
DSUMI =
377777777777(e
KAPUT = 1
Clear X(K),
DELTA(K)

Right-hand
side equals
residuals

es)

COERX(I) =
37777&7;7777(3 &

Does I = NN o
?

Noj

Is this
last variable?
{Does NN m IUSE?)

Is
leading
coefficient for
1% row zero
2

No

COEFX(I) =

MAX(G(I,J}]
a(T,nN

(7 28N + 1)

Has
last equation

ITERA w ITERA + 1

DSUMI = Sum
of magnitude
of residuals

sum of magnitude
of residuals minus
DSUMI

been processed o I=It3
?
fes,
Ia0
Find I for which
COEFX(I) is minimum
Does
IMIN?- 0 e IDID = NN -~ 1 g
NN = NN + 1|
ZInterchange
1,J) and
a(3,J) es) No,
Eliminate DX{NN) e
minate there all variables
l‘rgm ":11 Tows an overflow e, eliminated
? ?
c)
Backsolve
e9) 2 for DX(I)
Does
caiculate Read matrix -
KAPUT = ) resiguals from drum X{1) = x(1) * DX(3)
"N
/T

X(I) = %(X) - DX(I)

-

NASA-Langley, 1962 H=1670

Figure 9. - Subroutine GAUSS.
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