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1. ¥TRODUCTION

Volune 1 of this report carries a full description of the complete
program but omits mathematical details of the model developec to
predict the nitric oxide (¥0v" emissions from aircraft gas turbine
combustors and also the details of two computer programs developed
as part of the study for cbtaining predictions from the model. it
is the purpose of Volumes 2 and 3 of the rezport to present fuli de-
scriptions of both the model and the cvomputer prigrams.

It is convenient to consider the model in two parts, one part
bzing concerned with the NOx formation process and the other with
modeling the fiuw behavior within gas turbine combustors. The con-
venience arises not only due to the basic difference in the studies
of these two parts, but also due to the fact that 3 separate computer
program has been devcioped for each part. This approach has been
adopted in the interesis of economy of computation as calculation
of the necessary dats for the determination of the NOx formation
process requires appreciable computer time, but, of course, the data
once collec.2d can be applied to any combustor calculation with the
same reference conditions (in this case, combustor inlet conditions)
of pressure and tempersture. The computer program develcoped for this
task has the name NOXRAT, and its function i5 to compute the rate
terms of the MOx formation process and 511 relevant thernodynamic data
for a series of fuel-to-air ratics with a comnon reference state.

Yolume 2 of this report is sclely concerned with the nitric oxide
formation process. It presents a mathematical descripiion of the

* process, a Tull description of the program NOXRAT, and also includes
s section which is essentialiy 2@ user's manual for the program. Volume
’ 3 prouduces the same details for the flow model developed to describe
the flow conditions in 2 gas turbine combustor. The corresponding
cosputer prograr is named GASROX and it is so arrarged that the rate

terms and 31! relevant thermodvnamic date computed in ROXRAT are punched

04 B

$ onto a3 deck of camputer cards which serves as input data to the main

i St

prograa GASNOX.
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3 The objective of this volume of the report, then;efore_, is to
present the theory behind the NOx formation prdceszs and details of
the computer program develcped for its application. ’
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" Note that Ehe reaction 2N0 == K _+0
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THE NOx FORMATION PROCESS _ :

Hhilé engine éxh;ust emissions are often expressed as nitrogen
oxides (NOx), or’'as nitrogen dioxidez(ﬂéz)i the po!lqtant present in the
exhaust gas as it leaves the engine is almost completely nitric oxide,
NO, with oylf a few per cent of NOZ (Ref 1). The conversion to NOx or
H02 is made ?ecause many of thehtechniqqgs used to measure nitric oxide

require first that it be oxidized to nitrogen dioxide. Thus, inside
the engine, the important oxide of nitrogen to consiéer is nitric
oxide, ‘NO. _ '

Severél authors have proposed reaction schemes for nitric oxide
formation, e.g., Caretto, Sawyer, and Starkman (Ref 1), Bartok, et al
{Ref 2), Newhail {(Ref 3), Lavoie, Heywood, and Keck {Ref 4). The set
of reactions proposed by Lavoig, etia] {Ref &) is the most complete
“for predicting nitric oxide formation, and it has been evaluated

expérimentally for 2 range of equivalence ratios (0.9-1.2), pressures

_ {10-30 atm), and temperatures (220ﬁ-2860 deg K) in a spark~ignition

engine (Refs 4 and 5). These conditions are directly comparable to
those cccurring in the gas turbine combustor primary zone as shorm by
Heywood et al (Ref €). and the reaction scheme does predict NO emission

levels whick. are in good agreement with measurements made on such

combustion systefus. .

The, set of reactions included in the analyses of References &4, 5,

and & zre incorporated fn the model and.are shown below,

N+NO =5 N ¥0 1)
MO, = NO+O (2)
N+0H =5 NO+H 3)
(HNO = N,tO0H {4)
o0 = . N+, (5)
0,0 ==  NO4NO 6)

,+0, has been,omitted from this scheme

o as it is very slow and does not procead directly. in References &

through 6 the rate constants selected for these reactions were taken

from Schofield (Ref 7) except for reaction 3 which was taken from
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Campbell and Thrush (Ref 8). These constants are,

kg =2 x 10711
2 x 10711 exp (~7.1/RT)
7 x 1071}
ki, = 5§ x lo-liexp(~10.8/RT)
kS =6 x 10:::exp{-2&.0/RT)
56 =8 x 10 exp{~24.0/RT)}

R is in kcal/gm-mole-deg K. Since the

x
»
]

~
9
"

equilibrium constants for these reactions are known, the kinztic scheme

is thus completely defined.
Recently compieted anaiyses of data and cosrrelations available in

the latest literature have raised some question as to the reliability

of the above constants. A group at Leeds University (Ref 9) reports

k, better correlated in the form Aexp(-E/RT) whiie both Leeds and

Newhall (Ref 3) show reaction 2 to be correiated more satisfactorily

_in the form AT exp(-E/RT). Newhall also correlated reaction & with

a pre-exponential factor 3.6 times greater, and an activazion energy
1.16 times greater, than the corresponding values determined by

Schofield.
With this lack of agreement of tie rate constantis, it was dacided

to represent ail six reactions in the ~eaction schame in the general

form,
k. = AT exp(-Ei/RT) (7)

1 it
This format allows maximum flexibility in comparing the different fits

of the kinetic rate data for each of the expressions. Further, as new

data and correlations become available, it will be a simple matter to
adjust the three constants to correspond accordingly to those correlations

and data.
Not all of the above reactions are equally important over the

equivalence ratio and temperature range of interest. The first two

reactions, the Zeldovich chain mechanism, are the two most important

reactions at high temperaitures {g-eater than 2200 deg K} in fuel-iean

The importance of this psir of reactions is well established.

mixtures.
Reactions

The third reaction becomes important in fuel-rich mixtures.




4, 5, and 6 involving N20 35 an intermediary become important at tem=-
peratures about 2000 deg K. It can be shown that the small amount
of N02 present is in equilibrium with the NO and other reactions with

Noz need not be included (Ref 5j.

tonditions in gas turbine combustors fall into ail of these
regimes, but calculations indicate that-the reactions L,
5, and 6 do .10t contribute greatly to the nitric oxide formation rate.
in fact, if one acceﬁts the probable limits of accuracy for any such
kinetic scheme, a8 case may be made for their cxclusion. However, these
reactions are included in the reaction scheme for the sake of
completeness.

In order to apply this reaction scheme to gars turbine combustors,
it 3s necessary to be able to predict the concentr: ion levels of all
species active in the set of six reactions specified above at all thermo-
dynamic states typical of the combustor. At the pressure and temperature
leve's that exist in guch combustors during high thrust, low altitude
operation, the hydrocarbon oxidation reactions go rapidly to completion
compared with the nitric oxise Tormation processes. In order to predict
these specie concentrations therefore, the following assumptions are made:

a. Combustion is mixing tontroiled and not rate-limited,
2° 0, OH, H, and H2

concentrations are the equilibrium concentrations corresponding

and therefore, in the combustor, Nz, 0

tc the combustor inlet temperature and pressure, and *o the
equivalence ratio. This assumption limits the usefulness of

the model to high pressure, high tempr.-ature operating conditions,
but it is precisely these conditions at which most nitric oxide

is produced ond are therefore of most interest to this study.

b. N and N20 concentrations are given by the steady-state assumption;
That these conntentrations are not in equilibrium but are in
steady-state with NO can be shown by deriving rate equations
for N and NZO which have relaxation times short compared with
the NO rate equation.

1f these assumptions are applied to Equations 1 through 7, then

the change, I , in total nitric oxide per unit time per unit volume,




that results from chem cal reaction over a fixed element can be written

as
. I. R R 8
| = 2M (1~ “)LH-:“& e (®)

where M,. is the molecular weight of N0,0(:{N(ﬂf_;}g}pis the local

nitric zgide concentration divided by the equilibrium nritric oxide
concentration, R} is the “one—way" equilibrium rate of reaction 1,
ie., Ry =k, [N] [Noj K = R/(Ry ) with R, and R, defincd
analogously to R] but for reactuons 2 and 3; and Ré = k [}ﬂ [ﬁ Qj
and K, = Re/ (R, #Rc) .

It is interesting to consider the form of the equation above when
applied to the gas turbine combustor. In this case the thermodynamic
base state is represented by the combustor inlet pressure and tempera-
ture,.both of which are nonvariable with time for a Tixed operating
condition. If the fuel-to-air ratio is specified, therafore, the terms

6’ K and K2 all become constants as a consequence of assumptions

a and b above. The molecular weight MNO is a constant, hence the

only variable is & and the equation reduces to the simple form,
dN0/dt = f(NO)

which may readily be integrated to follow the nitric oxide concen-
tration levels through the combustor.

Maximum utility has been made of this simplicity, chiefly in the
interests of reducing the computer operating costs for each sample
case tested in the flow modei. The computational procedure, as
previously explained in the introduction, was separated into two
tasks; the first task primarily determines the rate terms R]; R6’

K}, and KZ for a specified combustor inlet temperature and pressure over
the complete range of fuel-to-air ratios that cause sufficiently high
temperatures to form nitric oxide, and the second task computes the

flow conditions throughout the combustor and uses the data collected
from task unec to predict nitric oxide emission levels.

A computer program has been developed for each task and the

program for Task 1 will be described in the next section.
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3. PROGRAM NOXRAT
3.1 INTRIDu.{10N

3.1.1 Program Function and Capabilities

Program NOXRAT is a modified version of CEC, a NASA dzveloped
digital computer program written in Fortran IV (Refs 10, 11 and 12).
NOXRAY is designed to evaluate the chemical equilibrium products, the
adiabatic flame temperature, and the kinetic properties used in the
nitric oxide formation model (previously described) for the combustion ci
a reactive fuel, or a fuel mixture with an oxidant or mixture of oxidants.
NOXRAT iteratively calculates the equilibrium properties of the ._ombustion
products based on a minimized Gibbs free energy. In a typical equilibrium
computation NOXRAT prints the following properties for each assigned fuel-

to-air ratio:

3. The equilibrium temperaturs and pressure; the sonic velocity,
the enthalpy, entropy, mean molecular weight, {3V/ 9o P)T,
the heat capacity, and+the heat capacity ratio (cp/cv), of
the combustion stream.

b. The mole fraction of each of the combustion products present
-6 =

at equilibrium at concentrations greater than § x 10
c+ The chemical formula, weight fraction in the total fuel or

oxidant, and the base enthalpy, temperature, density, and

physical state of each of the specified reactants.*

d- The total oxidant to total fuel weight ratio, the per cent
fuel, the equivalence ratio, and the average density of the
reaction mixture.*

e+ The equilibrium mole fraction of each of the species of
interest in the nitric oxide kinetic scheme (Ref 18)
and the equilibrium mole fractions of C(s)’ €0, and COZ.

f. The molecular weight and t'e adiabatic flame temperature of

the combustion products; the assicned inlet pressure; the

o

‘Normal output of CEC.
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fuel-to-air ratio; and the atomic composition, inlet tem _
perature, and enthalpy of both the fuel(s) and the oxidant(s).
For each assigned pressure the program also prints and punches:

a. The atomic composition of the fuel (C Hy); the iniet air
temperature; a3 code number identifying the set of kinetic
constants used in the NO rat: formation calculations;
the assigned pressure; arnd the stoich-ometric equivalence
ratio.

b. For each specified fuel-to-air ratio: the mixture ratio
(mass of fuel to mass of fuel and air); the equivalence
ratio; the density and adiabatic fiame temperature of the
combustion products; the equilibrium concentration of NO,
co, C(s), and CHp (unburned fuel); and the kinetic parameters™

Ry, Rg» Kp» and K, where Rl and 86 are forward reaction rates

for reactions 1 and 6 and K; and K, are ratios of forward

i

Iy

B e

reaction rates used in the kinetic scheme (see Append:x V).
NOXRAT also permits calculation cof:
a. Chemical equilibrium for assigned temperatures and pressures.
b. Theoretical rocket performances for both frozen and equi~-
librium compositions during expansion.

c. Chapman-Jouguet detonation properties.

i

TR

The latter two options were not exercised in this study.

3.1.2 Anaslysis Procedures

The analytical procedures on which NOXRAT is based are described
in Section 2. A detailed description of the changes that have been
incorporated into these procedures to permit calculation of the reac-

tion rate constants and the thermal properties used in the chemical

t

These parameters are used to compute the rate of change of the NJ
mass fraction due to chemical reaction by:

ISRt 2N, ST Ré';l

ais } = N (1 ) . v X

? O)/dt' ? (x °L>‘_h.us', 1%

where Myg is the molecular weight of NO, @ is the gas density,
IN0} is the mass fraction concentration of NO and oL is the
ratio of NO coacentration to the NO concentration at equilibrium,




reaction scheme for the formation of nitric oxide are presented in
the appendices of this report. Reference to any of these procedures

is unpecessary for operatior. of the computer program.

3.1.3 Report Arrangement

The mair. body of the report begins with a section in which the
input data necessary for the solution of any case are described in
detail; this includes instructions for preparing and supplying these
data to the program and a sample case in the appropriate format. The
next section contains a discussion of the various types of output data
which are obtained frcm the program and also the output data from the
sample case. Following that is a section contairing miscellaneous
information regaraing the operation of the program with the CDC 6600
computing system. The next section is a description of the error mes-
sages printed by the program.

The first appendix consists of a general discussion of the over-
all logic structure of the program. The next appendix gives the Fortran
nowenclature for the major new variables i..corporated into the original
CEC program. The remaining appendices, excep: the last two, provide
detailed description of the changes made to existing routines and of
the subrou.ines which have been developed and incorporatea into the
program, one appencix for each routine. The appendix for each new
subroutine contains a preseatation of the input and output variables,
an internal Fortran nomenclature, a description of the step-by-step
calculation procedure, and a Fortran listing of the Subroutine. The
last two appendices are respectively a listing of the program in its
entirety and a listing of the THERMO data.

{NPUT DATA

3.2.1 General Description

The input data to Program NOXRAT is nearly ideatical with
that of NASA's Program CEC. Although the input format for CEC
has been described in 2 preliminary guide (Ref 13) and detailed
in a NASA report (Ref 14), NREC lLas elected to present here
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a description of NGXRAT input (and output) data. This description
is suitable to allow the reader to understand the mechanics of how
to operate the program. Much of this information is taken directiy
from Reference 13.

Program input data will be discussed under four categories.
Three of the categories are required and one is optional. The three
required categories and the code names by which they will be referred
are as follows:

a. Library of thermodynamic data for reaction prcducts (THERMO

data).

b. Data pertaining to reactants (REACTANTS cards).

c. Namelist data which includes the type of problem, required

schedules, and options (MAMELISTS Input).

d. The optional category of data are chemical formulas of

species which are singled out for special pirposes (OMIT
and INSERT cards).

THERMO Data

The thermodynamic data are in the form of 7 least squares coef=-
ficients (3;) for the following equations:

o .
- 3
—&Rl—': a, *-QZT +Q37 +Q47T +C\5T4

(1)
oy v ST ST
_2_{; cafiT+aT + B+ B 85,0, (g
5"—? - %{T - Eﬂr_ (4)

For each species, iwo sets of coefficients are included for
two adjacent temperature intervals. The data provided cover the tem=

perature intervals 300 deg K to 1000 deg K and 1000 deg K to 5000
deg K. N
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The supplied data for each species were made by the PAC program
described in NASA TN D-4097 (Ref 15). For the gases, the PAC
program calculated the thermodynamic functions from the mclecular
data given in JANAF (Ref 16). For the condensed species, the thermo-
dynamic functions were taken directly from JANAF. However, NAS» added
the functions at the transition points since they were not included
in the JAHAF data. The PAC program dces a least squares fit of the
functions for the two specified temperature intervals. Yhe fits are
constrained to give consistent data at transition points and at the
common interval temperature (1000 deg K).

Heats of formation and transition were also taken from JANAF.
They were combined with sensible heats to give assigned enthalpies
HTO. By definition,

HS = Hopsus * [HT - Hiseas] (s)

1t has been arbitrarily assumed that H°298.15 = i‘hﬂti)zss.ls' Equation

§ then becomes

H?r = KAH; )299, is t* [H;' - H;%.is] )

0 o
For- the JANAF reference elements, hH 298.15 0. In general, H T #
(MPf)T for T # 298.15%: -

REACTANTS Data

Reactants data consists of the following physical data for
each of the reaction species in the combustion stream.
a. Atomic symbols and formula numbers.
b. Relative weights or number of moles (for fuel in total fuels
or oxidant in total oxidants).
c. Enthaipy.
d. Physical state (solid, ligrid, gas).
e. Temperature associated with enthalpy in item ¢ above.

f. Density.
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NAMELISTS Data

NAMELISTS data is zcpecifiad on two input NAMELISTS; only the
first is necessary for generation of the chemical equilibrium and
kinetic rate data of interest. The second NAMELIST is associated
with the rocket performance option of NOXRAT described in the intro-
duction to this report. This latter option was not exercised in
this study but will be described in the following subsection. The
information required in the first NAMELIST is:

3. The type of problem.

b. One or more pressures.

c. One or more temperatures for assigned tempe-ature problems

(e.g., rocket problems with an assigned chamber temperature).

d. The relative amount of fuel(s) and oxidant(s).

The information required in the second NAMELIST is:

3. The pressure ratio schedule.

b. The subsonic area ratio values (optionai).

c. The supersonic area ratio values (optional).

d. Whether only frozen or equilibrium performance is to be

calculated (optional).

OMIT and INSERT Data

OMIT and INSERT cards are optional. They contain the names
of particular species in the library of thermodynamic data for the
specific purposes stated below.

OMIT Csrds. These cards list species to be omitted from the
THERMO data.

INSERT Cards. These cards contain the names of condensed species

only.

3.2.2 Detsiled Description of Iinput Data

The information required to prepare the input data for a case
is furnished in the table given below. This information contains a

description of each input item as well as a description of the form in
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which these items are written on input data sheets. The descriptions
of the i_nput items refer frequently to several points, relevant to the

seiection of input values, which are discussed in the subsequent sub-

YRR

section. The discussions of these points provide additional

detailed information useful in preparing the input data for any case.

B

The first input item read by Program NOXRAT is the code word
THERMO. The second input line contains the three temperature values
300, 1000, 5000. This input is followed by the thermodynamic data for
any number of species. The last line of the THERMO input contains the

code word END and follows ihe last set of species data (see point-a).

| nput Tvpe of Fortran

Line Location 1tem Number Symbol Description
1 1-6 A This is the code word

T A T PR A

W

'"THERMO'* that identi-

=
;: fies the beginning
=3 of the thermodynamic
3 data

5

= 2 1-10 FP TLOW Low temperature for
§ lowest temperature
:_ interval of thermo~
= dynamic data

;% 2 11-20 FP TMID Common temperature
= for the two tempera-
= ture intervais of
e the thermodynamic
=

£ data

2 21-30 FP THIGH  High temperature

for highest temperature
interval of thermo-
dynamic data

: 3 i-12 A DATA Species name
N 3 19-24 A DATA Date
3 25-26 A DATA Atomic symbol
3; 27-29 FP DATA Atomic formula number
3 30-31 A DATA Atomic symbol
3 32-34 FP DATA Atomic formula number
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Input Iype of Ffortran
Line Lecetion item Number Symbo’ Bescriptien
3 35-36 A DATA Atomic symboi
3 37-39 FP DATA Atcmic formelz pumber
3 Lg-4} A DATA Atomic symbol
3 4244 FP DATA A*omic formula number
3 x5 A DATA Species phase (S =
solid; L = 1iquid;
& = gas)
3 4655 FpP DATA tow temperature
of temperatuve
interval
3 56-65 FP DATA High temperature
of temperature
interval
3 80 int NCD Integes 1 to
identify card
4 -1=-15 a, FP DATA Coeff.cient in
equations 1-4
for upper tempera-
ture interval
4 16-30 a, ) FP DATA {oefficient in
equations 1-4 for
upper temperature
interval
4 31=45 a3 P DATA Coefficient in
equations I-4 for
upper temperature
interval
4 L5-60 a, FP DATA Coefficient in
equations 1-4
fer upper tempera-~
turz interval
4 8i1-75 3 pP DATA Coefficient in

equations 1-4 for
upper temperature
inteival




Line

L

N

Locaticn

8o

i-15

16-30

31-45

© 61-75

i6-30

31-45

tnput Type of fortran
item Number Symbol
int NCB
3g FP DATA
a7 Fp DATA
3, FP DATA
a2 Fe DATA
33 FP DATA
int NCD
3, FP DATA
aS FP DATA
3 FP LATA

Description

integer 2 to identify
card

Loefficient in
equations 1-4 Tor
upper temperature
interval

{oefficient in
equations 1-3 for
upper temperature
interval

Coefficient in
equations 1-4 for
lower temperature
interval

Coefficient in
equatiors I-4 for
lower temperature
interval

Coefficient in
equations 1-4 for
lower tempe rature
interval

integer 3 to identify
card

Coefficient in
equations 1-h for
lower temperature
interval

Loefficient in
equations 1-& for
lower temperature
interval

Coefficient in
equations I-4 for
iower temperature
interval




Description

Coefficient in
equations 1-4 for
lower temperature
interval

integer & to identify
card

Lines 3-6 are repeated for each species in the thermoaynamié
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data. The last line of the thermodynamic data, designated as line N

below, contains the wnrd END. This word is & sigﬁai to the co&puter

“END' that identifies

This is the code word |

the end of the thermo-

dynamic data

The next set of input data read by Program NOXRAT are reactants

cards {see point b These cards are required for all problems; the;

contain specific c_ia on the reactants tc be combusted. The first: item

in the set contains the code word REACTANTS; the last card in the set

is blank. In between the first and last cards may be any number of

cards uvp to a maximum of 15, one for each rcactant species being con-

sidered. There is no limit to the number of sets of reactants .0 be

considered by the program; each must, however, be followed by appro~

series or set of reactants begins with a new data line N+l and concludes

Description

Atomic symbcl

‘Atoemic formula number

Input Type of Fortran
Line Location {tem Number Symt-ol
8 46-50 a., FpP DATA
F4
8 80 int NCD
that it has reached the end of the thermcdyramic-data.
N 1=3 A
priate data from input categories (3) and (4).
with data line M.
" input  TJype of Fortran
Line Location item Number Symbel
N+l 1-9 A
N#2 1-2 A NAME
N+2 3-9 ' Fp ANGM
Na2 10-11 A NAME

Atomic symboi

The input for each

This is the:code word’
UREACTANTS™ that identi-
fies the beginning of
réactants data




_ lnput Type of Fortran

Line Location ltem Number Symbol - Description
N4+2 ©13-18 FP, ANUM Atomic formula number
N+2 19-20 A NAME -« Atomic symbel
PON#2 21-27 FP . I ANUM Atomic formula number
N+2 28-29 Y NAME Atomic symbol
N+2 :  30-36. . FP ANUM Atomic formula number
N2 37-38 ° A - NAME  Atomic symbol
N+2 39-45 . ¥P ANUM *  Atomic’ formula number
N2 b6-52 ‘TP PECWT  Relative weight (or
) . i number of moles) of
i . ' P § ) fuel in totai fues
. ' or oxidant in total
' = ) oxidant™
“iNe2t 83 A MOLE Symbol to identify
' ' . . if PECWT is' relative
; : weight or number of
! moles
: = blani if relative
. weights
= M if number of moles
! N+2 54-62 - ; FP ENTH Enthalpy in calories/gm
: ' mole {see pointc:)
N2 63 A FAZ | State
i = § for,solid
= ¢ for liquid
= 6 for gas
N+2 64-71 : ‘FP RTEMP Temperature in deg K
associated with
enthalpy in columns
54-62
H ] 3
N+2 1« ‘AR FOX Symbol to identify if
' : , ; . reactant is an oxidant
or a fuel
= F if fuel
= 0 if oxidant
N#2 73-80 FP DENS Bensity in gm/cc (optional)

~ A fuel (or oxidant) may be composed of more than one fuel {or oxidant).

i
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Line N+2 is repeated for each reactant in the set up to a
maximum of 15 reactant species. The last line in this sequence (M)
is blank.

M 1-80 Blar*: card

The next input items are read into Program NOXRAT using a

: NAMELIST statement. Input data referring to a NAMELIST statement

3 begins with a § in the second location on a new iine, immediately
followed by the WAMELIST name, immediately followed by one or more
blank characters. Any combination of three types of data items may

then follow. The data items must be separated by commas. |[f more

than one line is needed for the input data, the last item on each line,
= except the last line, must be a number followed by a comma. The first

location on each line should always be left blank since it is ignored.

The end of a group of data is signaled by a § immediately after the

last item of data. The form that data items may take is:

=
o
=

a. Variable name = constant, where the variable name may be

i

an array element or a simple variabie name. Subscripts

) AL,

gl

e must be integer constants.

b. Array name = set of constants separated by commas where k¥

constant may be used to represent k consecutive values of
a constant. The number of constants must be equal to the
. number of elements in the array.

c. Subscripted variable = set of constants separated by commas
where, again, k¥ constant may be used to represent k consecu-
tive values of a constant. This results in the set of constants
being placed in consecutive array elements, starting with
‘the element designated by the subscripted variable.

The first input NAMELIST is necessary for all of the options associated
with Program NOXRAT. The items in this NAMELIST, INPT2 are:

Fortran input :
Symbol {tem Description
KASE Optional assigned number associated with

the case

i,
AP

i u‘tr‘u{‘

m
*
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Fortran Anput
Symbol ltem
P P
T T
MIX

FA

TP

HP

RKT

DETN

PSiA P
MMHG P
10NS
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Description

Assigned pressures (maximum of 26)
Chamber pressure (one value) for
rocket oroblems. Values in atm
unless PSIA or MMHG are set TRUt
(see below)

Assigned temperature in deg K
{maximum of 26) (see pointd)

Value of fuel-to-oxidant air weight
ratios if FA is set TRUE (maximum of 40).
For rocket problems (RKT is set TRUE)
there must be as many sets of RKTINP
NAMELIST inputs as there are MIX values
(see point €)

If variable is set TRUE, fuel-to-air
weight ratios given in MIX. Value
before read: FALSE

If variable is set TRUE, problem type
is assigned temperature and pressure
Value before read: FALSE [see point f)

If variable is set TRUE, problem type
is assigned enthalpy and ;ressure.
Value before read: FALSE (see pointg )

I¥ variable ic set TRUE, problem type
is rocket. Value before read: FALSE
(see noint h)

If variable is set TRUE, problem type
is detonation. Value before read:
FALSE (see point i )

If set TRUE, pressure is in psia units
Values are converted to atm internally
Value before read: FALSE

If set TRUE, pressure is in mmHg.
Values are converted to atm internally.
Value before read: FALSE

If set TRUE, ionic species are con-
sidered in t be combustion produezes.
Value before read: FALSE
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Fortran lnput

Symbol ltem Description

1DEBUG if set TRUE, intermediate output
is printed. Value before read:
FALSE.

The second NAMELIST, RKTINP, is required only for rocket (RKT)
problems. 1t follows the INPT2 namelist. The items in this NAMELIST
are

PCP Ratio of chamber pressure to exit
pressure (maximum of 22 values). See point j.

EQL If set FALSE, program will not
calculate rocket performance assuming
equilibrium composition during expan-
sion. Value before read: TRUE.

This is an optional input. See point k.

FROZ If set FALSE, program will not cal-
culate rocket performance assuming
frozen composition during expansion.
Value before read: TRUE. This is an
optional irput. See point k.

SUBAR Subsonic area ratio. This is an
: optional input. See point 1.

SUPAR _Supersonic area ratio. This is an
optional input. See point 1.

The remaining input items to Program NOXRAT are optional. These
are OMIT and INSERT cards. Each card contains the word OMIT (in card
columns 1 through &) or INSERT (in card columns 1 through 6) and the
names of from 1 to 4 species starting in columns 16, 31, 46, and 61.
The names must be exactly the same as they appear in the THERMO data.

See point m for further discussion of these input items.

3.2.3 Discussion of Input Data

Some important aspects to be considered in appropriately speci-
fying the input data are discussed below. Reference to these
discussions has been made in the preceding subsection in which the input

format was described. The points referred to are as follows:
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a.- The library of thermodynamic data for reaction products may

be read either from cards or from tape. if the data are

it O i A ,r.‘mmun; mw;ﬂ:;;”mmmgq R |
' p

read in from cards, the program will write these data on
tape L. During a computer run, the appropriatc reaction
product data for each new set of REACTANTS cards will be

Tt 160 P B I ) 0

selected from tape & and stored.
. THERMO data may be read in from cards for each run.
However, a permanent tape or disc containing the data may
- be made during any run by using the required type of control
cards preceding the operating deck. Two advantages of using
a permanent tape or disc are that the scratch tape will
not be made for each run and handling the cards is elimi-
nated.
: h. The fuel specification card(s) must preceed the oxidant card(s)
E in the input deck. Further, the oxygen must be the second specie
specified in the oxidant air atomic formula; the atomic formula
of the fuel must be specified in the order: carbon, hydrogen.
For gaseous mixtures (such as air) specify equivalent

formula numbers on an atomic basis-- e.g., air is 78.03

: per cent Nz, 20.99 per cent 02, 0.98 per cent Ar. Air's

: equivalent formula is then N0.780300.2099Ar0.00h9 where the’

3 sum of the relative weights is as close to 1.0 as possible.

c. This enthalpy is not required for assigned temperature
proeblems, i.e., TP.

d. If no T value is given the program uses the temperature and
enthalpies on the reactant cards. When T vailues are assigned
in the INPT2 NAMELiST, the program calculates the enthalpy
from the library of THERMO data if the fo1luwirng two condi-
tions are satisfied:

i. The reactant card has zeros punched in card columns 27
and 38.
ii. The reactant is a species in the library of THERMO data.

e. Relative amounts of fuel(s) and oxidizer(s). These quantities
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may be specified by assigning 1 and 40 values “or FA if no
value is assigned for any of these, the program assumes the
relative amounts of fuel(s) and oxidizer(s) to be those
specified on the reactants cards.

f. TP Problem. Thermodynamic properties will be calculated for
all combinations of assigned values for pressure P and tem-
perature T in the NAMELIST. Thus, if 26T values and 26P
values are included in the INPT2 lists, properties will be
calculated for 676 P and T combinations.

g. HP Problem. Combustion temperature and corresponding
properties will be calrulated for each pressure specified.

h. RKT Problem. One pressure value P is required for the
chamber pressure. The T schedule is used only if expansion
from an assigned chamber temperature is desired (such as
for a nuclear rocket). Otherwise it should be omitted.

The RKT problem -equires a second namelist for input
(RKTINP) discussed in the previcus subsection.

i- DETN Problem. The t~mperature and pressures in the T and P
input refer to the unburned aas.

j+ The list of pressure ratios should not inciude values for
the chamber and the throat. Values should be in increasing
order.

k. The program will calculate both equilibrium and frozen
performance unless RKTINP contains FROZ = F or EQL = F.

If FROZ = F, only equilibrium performance will be calculated.
If EQL = F, only frozen performance will be calculated.”™

1.. The subsonic area ratio values (SUBAR) and/or the supersonic
area ratio values (SUPAR) are optional. When assigned area
ratios are included, the PCP input should contain values

of pressure ratios whose correspondiag area ratios will be

s

in the range of the assigned area ratios.
m.. If OMIT cards are not used, the program will consider as
gossible species all those species in the THERMO data which

are consistent with the chemical system being considered.

* F is the symbol for FALSE.
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Gccasionally, it mey be desired to specifically omit one
or more species from consideration as possible species.
This may be accomplished by means of OMIT cards.

INSERT cards have been included as options for two
reasons. The first and less important reason is that if
one knows that one or several particular condensed species
will be present among the final equilibrium compositions
for the first assigned point, tften a small amount of computer
time can be saved by using an INSERT card. Those condensed
species whose chemical formulas are included on an INSERT
card will be considered by the program during the initial
iterations for the first assigned point. If the INSERT
card were not used, only gaseous species would be considered
during the initial iterations. However, after convergence,
the program would automatically insert the appropriate
condensed species and reconverge. Therefore, it usually

is immaterial whether or not INSERT cards are used. For

all otker assigned points the inclu=ion of condensed species
is nandled automatically by the program.
The second and more important reason for including tho

INSERT card option is thai, in rare instances, it is impos~

sible to obtain convergence for assigned enthalpy problems
(HP or RKT) without the use of an INSERT card. This occurs
when, by considering gases onlv, the temperature becomes
extremely low (say several dey K}). In these rare cases,
the use of an INSERT card containing the name of the
required conderscd species will eliminate this kind of
convergence difficulty. When this gifficulty occurs, an
error message is generated. This message is described in

the subsection Description of Error Messages.

3.2.4 Descriotion of Sample Case Input

A completed inprt data sheet is shown on page 29 for an assigned

enthalpy pressure problem (HP). In this table, lines | through 6 identify
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the start of the thermodynamic data and include, as exsmples, data for
solid phase aluminum. Lines i0 through 13 identify that the reactant
components for this problem are kerosene (C‘H].9u23) and air
(N0.730300.2099Ar0’00h9). The kerosene (fuel) is supplied as liquid at
298.15 deg K with an enthalpy of -5430 cal/gm-mole. The air (oxidant)
i gaseous at 350 deg K wita an enthalpy of 195.0 cal/gm-mole. The
density of the kerosene is specified as 0.773 gm/cc while that of the
air is omitted. Lines 15 through 18 are the NAMELISTS $INPT2 input.
Here the case is given the code number 1, HP is identified as the
problem type, the combustor pressure is set at 1.80 atm, and the MiX

matrix is assigned 35 fuel-to-air ratios for test.

OUTPUT DATA
The output of Program NOXRAT consists of both printed and punched

data. The data falls into two main categories: npormal output and

error messages. The normal ocutput consists of the printed and punched

ﬂnr"‘ Vi

results usually obtained with each run of the program. If any difficul-
ties are encountered in the solution of a czse, one or more error mes-
sages are printed. These messages are diagnostic statements which describe

the nature of the difficulty. They are described in greater detail in
subsection 3.3.2.

LIS RIL LA

3.3.1 Normal Output

i

The normal output from NOXRAT falls into two main categcries:

| "l‘:w‘ ',‘

printed cutput for each fuel-to-air ratio for each assigned condition

(e.g., pressure); and printad and punched output for each assigned

pressure. The normal output from the first category is:

a. The chemical formula of each reactant specie.

b. The weight fraction of each reactant specie in the total
fuel or oxidant.

€. The base enthalpy of each reactant in cal/am-mole.

d. The input temperature of each reactant in deg-K.

~ Also normal output of CEC.
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e. .The density of each reactant (if specified in the input)
in gn/cc.

f. The physical state of each of the specified reactants.

g. The total oxidant to fuel weights ratio.

h. The per cent fuel in the reactant mixture.

i. The equivalence ratio of the reactants.

j. The weight average density of the reaction mixture in
gm/cc (printed as zero if the density of any specie is
omitted from the imput).

k. The equilibrium pressure in atm.

1. The equilibrium temperatures in deg K.

m. The sonic velocity of the combustion production mixture
in meters/sec.

n. The mean enthalpy of the combustion products in cal/granm.

0. The mean entropy of .he comtustion products in cal/gram-deg K.

p. The mean molecular weight oV the combustion products in grams.

9. The differential (SV/3 P); in cc/aum.

r. The differential (S V/3 T)P in cc/deg K.

S. The mean heat capacity of the combustion products in cal/gram-
deg K.

t. The mean heat capacity ratio (CP/CV) of the combustion products.

u. The mole fraction and chemical formula of each of the combustion
products present at equilibrium at & concentration greater
than 5 x 10°°,

ve 1he mole fraction of zach of the species of interest in the
nitric oxide kinetic scheme (Refs 4 through 6) and the mole
fractions of C(S), co, COZ.

w. The mean molecular we.ght of the combustion products in grams.

Z

x. The adiabatic flame temperature of the combustion products in
deg K.

WA 1 ot

y- The assigned inlet pressure in atm.

Tt 9 LA L Ul

z. The fuel-to-air weight ratio of the reactants.

zl. The atomic composition, inlet temperature (in deg K) and

enthalpy (cal/gm-mole) of both the fuel(s} and the oxidant(s).

W iy

te

" Also normal output of CEC.
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With the exception of the descriptive characteristics of the
fuel(s) and oxidant(s) (output #2l ), the output from this category
is clearly labeled and requires no further discussion.
The fuel and oxidant are described by seven characteristic
numbers, the first five of which give the atomic conposition while
the sixth and seventh are the enthalpy in cal/gm-mole at the inlet .
temperature in deg K. These two lines of output appear directly
below the fuel-to-air ratio with the first line always referring .
to the fuel and the second to the oxidant. Since the fuel uced in
this analysis has been assumed to be of the form Cx“y’ the first two
figures printed describing the fuel are "x'" and 'y" while the third,
fourth, and fifth figures are printed as zero. In this analysis, the
oxidant has been taken to be air compr.sed of nitrogen, oxygen, and
argon with the equivalent chemical formula NAOBArc. Hence, the first
three numerais printed describing the oxidant are'A", 'B', and ''C"
respectively. The fourth and fifth figures are printed as zero; inclu-
sion of other trace componerts in the air will change these latter
digits accordingly. Further description of this output is included
in Appendix IV. The output for the sample data case corresponding to
this category of the output is shown on pages 30 and 31.

The normal output for th: second category is:

3. The atomic composition of the fuel (CxHy).

b. The inlet air temperature in deg ...

€. A code rumber identifying the set of kinetic constants
used in the NO rate formation calculations (see Appendix V).

d. The assigned pressure in atm. .

e. The stoichiometric fuel-«to-air ratio.

f. For each fuel-to-air ratio specified. the program prints
and punches two lines of output containing twelve items
of data. This data is (consecutively): the mixture
ratio (mass fuel to mass fuel and air); the equivalence
ratio; the density of the combustion products in gm/cm3;
the adiabatic flame temperature of the combustion prod-

ucts in deg K; the equilibrium mole fraction of NO, CO,
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C(s)> and CH, (unburned hydrocarbons). and the kinetic pa-

rameters R,, R6 (in gm-mo!es/cm3—sec), K;» and K2 (dimension-

less). The output for the sample data case corresponding to

this category of the output is shown on page 32.

Program NOXRAT prints intermediate output for each input set

of REACTANT cards and for each fuel-to-air ratio. The former consists
of a listing of the input data for the case and a listing of the species
being considered as products of the combustion process. The latter
data is the result of intermediate calculations within NOXRAT and is
not described here. It is generally not of any interest to the user;
however, the output for one fuel~to-air ratio for the szmple data case

is shown on page 33.

3.3.2 Description of Error Messages

The known error messages in Program NOXRAT* are:

a- In rare instances, it is impossible to obtain convergence
for assigned enthalpy problems (HP or RKT) without the use
of an INSERT card. This occurs when, by ccncidering gases
only, the temperature becomes extremely low (say several
deg K). In these rare cases, the use of an INSERT card
containing the name >f the required condensed species wiil
eliminate this kind of convergence difficulty. When this
difficulty occurs, the following message is printed by the
program: ''LOW TEMPERATURE IMPLIES CONDENSED SPECIES SHOULD
HAVE BEEN INCLUDED ON AN INSERT CARD'.

p« If the user mixes the order of the cards for a particular
species in the thermodynamic data file, the program will
print: “ERROR IN ORDER OF DATA CARDS FOR -==v===- (specie name)''.
This is a nonfatal error and the program will continue to
execute, however, the specie in error will be deleted from
the thermodynamic inventory.

¢+ [If there are cards in the input data deck that do not belong,
the program will write the card and: "ERROR IN ABOVE CARD.
IGNORE CONTENTS". This is a nonfatal error to the program,

but causes it to skip to the next data set.

-t

~ These are as those for CEC.
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d. |If there are errors in the REACTANTS data c.rds the program
will write: *'ERROR tN REACTANT CARDS"™. This is a nonfatal

error to the program but causes it te skip to the next

data set.
If the convergence tests are not satisfied for the equili-

brium products the program will print: "ITERATIONS DiD
it

NOT SATISFY CONVERGENCE REQUIREMENTS FOR THE POINT .
If the temperature calculated for the combustion is out of

I

SRS
»

2 |
the range of the thermodynamic data the program will print:
13

"THE TEMPERATURE = IS OUT OF RANGE FOR POINT

If the phases of a condensed specie are out of order, the

program will print: ‘''PHASES OF A CONDENSED SPELIE ARE OUT

OF ORDER'".

3.4 MISCELLANEOUS OPERATIGNAL INFORMATION

T

Program NOXRAT occupies approximately 71,000 core locatiuns

W

during loading and approximately 63,000 core locations during

execution on the CDC 6600 computer. Actual program length is
Hence, the total storage

BRI

aoproximately 38,000 core locations.
requirement for this program is comfortably within the CDC 6600

core capacity of 131,000 locations.
The execution time of Program NOXRAT depends primarily upon the

i S

number of assigned pressure levels and upon the number of fuel-to-air
A typical cperating

ratios at each of the pressure levels to be tested.
condition of one assigned pressure ard 35 fuel-to-air ratios reguires
approximately 66 systems seconds (central processor time is approximately

52 secs) for execution. Each succe:ding pcint at any given pressure

and any selected fuel-to-air ratio will require approximately one
second of over-all machine time.

A “'scratch' tape is required by the program.
number is not assigned a Fortran name but is given the value of 4 by
The instructions necessary for mounting this tape must

This scratch tape

the program.
be supplied to the computer/computer operator upon submission of a run.
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5. TABLES




\‘ "[w\‘:%,

TABLE |

KINETIC DATA FOR THE NITRIC OXIDE REACTION SCHEME

Reaction No. A;(cm3/sec gn-mole deg K) n, Ei(kca!/gm~mole)
1 1.2056 x 1013 0.0 0.9
2 1.29%6 x 103 0.0 7.1
1C0DE = 1 3 4.2161 x i0%3 0.0 0.0
(From Refs L 3.0115 x 1013 0.0 10.8
4, 5) 5 3.6138 x 1013 0.0 2.0
6 4.8184 x 1013 0.0 24.0
1 3.1 x 1013 0.0 0.334
2 6.4 x 10° i.0 6.25
{CODE = 2 3 5.1 x 1013 6.0 0.0
(from Refs 4 2.9513 x 10'3 0.0 10.77
9,17 5 3.8146 x 1013 0.0 2.1
6 4.5775 x 1013 0.0 2.1
1 3.0717 x 1013 0.0 0.33
2 1.3251 x 10'° 1.0 7.1
ICODE = 3 3 L.2161 x 10'3 0.0 0.0
(from Ref 5 2.9513 x i0'3 0.0 10.77
18) 5 3.816 x 10!3 0.0 2.1
6 4.5775 x 1013 0.0 24.1
1 1.0239 x 1013 0.0 0.C
! 2 3.7945 x 1012 0.0 7.0
ICODE = 4 | 3 L.1559 x 1013 0.0 9.0
(from Ref L 2.9513 x 10'3 0.0 10.77
18) 5 3.8146 x 1013 0.0 2.1
6 4.5775 » i0'3 0.0 2.1
where

k = A; 7" exp(-£;/RT)

o

it

Temperature in deg K

1.987 x 10°3 kcal/gumole deg X
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g?% TABLE 2 - PROGRAM OR SUBPROGRAM FUNCTION
:%‘.4
1
£ Proqram or
= Subprogram Description
E
é% NOXRAT Main program to calculate chemical equilibrium
= compositions with applications; the main program
ég controls the calcula ion and directs the input
= and output
%
%% REACT . Subroutine to read and convert reaction input
3 data
% SEARCH Subroutine to search tape for thermodynamic data
= for species to be considered
=
§§ EQULBRM Subroutine to calculate equilibrium composition
§ and properties
ﬁé CPHS Subroutine to calculate thermodynamic properties
= for individual species
MATRIX Subroutine to perform matrix inversion
MGAUSD Subroutine to solve any linear set of up to 20
equations
VARFMT Subroutine to set variable formats
QuUTi Subroutine to write output
ouT2 Subroutine to write output
ouT3 Subroutine to write output
HCALC Subroutine to calculate enthalpy for propellant
using coefficients
MOLIER Subroutine to calculate thermodynamic equilibrium
properties at assigned temperatures and pressures
CMBSTN Subroutine to calculate theoretical thermorynamic
combustion properties
DETON Subroutine to calculate Chapman-Jouguet detonations
SHCK Subroutine to terminate program if a shock occurs

ROCKET Subroutine to calculate rocket performance
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TABLE 2 - PROGRAM OR SUBPROGRAM FUNCT!ON (CONT I NUED)

Program or
Subprogram

RKTCUT
RATIO
SET

FROZEN

RATES

Description

Subroutine to write output for rocket performance
Subroutine to interpolate area ratio
Subroutine to interpolate area ratio

Subroutine to calculate frozen composition expansion
only

Subroutine to calculate rate constants for the NO
reaction scheme
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Specific heat at
constant pressure

Specific heat at
constant volume

Pressure
Terorrature

\J =2
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Units

cal/gm-deg K

cal/gm-deg K

atm
deg K

cC
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APPENDIX | - OVER-ALL PROGRAM LOGIC : . '
!
The over-all computer flow of NOXRAT is identical to that of

CEC excepting the additional CALL to Subroutine R;\TES by Subroutine
OUT3. The other modifications to OUT3 and to the main program (NOXRAT)
do not affect the over-all program logic. A complete description of the
program logic is available in References 11, 13, lli, and 15,. A modular
diagram of NOXRAT is provided as Figure 1 (Ref 13). Table2 c:-)mains 3
brief statement as to the role of each routine in the program. A

——
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APPENDIX, 11 - COMMON FORTRAN NOHENCLATURE
. ’ . - H

) The following 'tables contain the COMMON Fortran nomenclature for

'{Program.NOXRAT that was added to that of Program CEC. COMMON consists

of labeled blocks; the nomenclature is arranged in alphabetical order

for each block. The metric system of units is included in the nomen~

clature. i
i ’ !
Nomenclature. for COMMON/SNEW
Fortran : I , : .
Symbol - Symbol: - Description ) Units
INDFA Index of Fquivalence ratios
" RON F/A Fuel-to-air mass ratio
* Nomenclature for COMMON/DICK
I
Fertran | . ! :
1 Symbol S{mbol ’ Description ) Units
ATT(J,1) T. jth value of the adiabatic flame tem-
S perature .(in the combustor) at a
. particular fuel-to-air mass ratioi deg K
BCONI(4, 1) y¢ Equilibrium mole fraction of carbon
! . (s)j at the jth pressure level at a

particular fuel-to-air mass ratioi

BCONZ (J,1). Equilibrium mole fraction of carbon
" : J monpxide at the jth pressure level at
) a particular fuel-to-air mass ratio i

BCONG(J, i) Yo Equilibrium mole fraction of nitric
] oxide at the jth pressure level at a
particular fuel-to-air mass ratio i

: Equilibrium mole fraction of unburned
2. hydrocarbons in the combustion products
J {excluding ¢ and, C0) expressed:as CH2
_at the jth prelsure‘level at & particular
fuel-to-air mass ratio i

cuz_(J.l)




Fortran

v
2

Ex1(J,1)

EK2(J, i)

F(1)
MIX(1)

PHI(1)

ROH(J,1)

R1(J, 1)

R6(J,1)

©

i v]
[

®));

(Rs) j

Description Units

Ratio of forward reaction rate
at the ith pressure level

for a garticular fuel-to-air mass
ratio i

Ratio of forward reaction rate
at the jth pressure level
for a particular fuel-to-air mass

_ratio i

Mixture ratio

Matrix of specified fuel-to-air mass
ratios

Equivalence ratio

Equilibrium density at the jth
pressure level at a particular

fuel-to-air mass ratio i gml'cm3

Forward reaction rate for the first

reaction at the jth pressure level .
at a particular fuel-to-air mass ratio i gm-mole/cm3-sec

Forward reaction rate for the sixth
reaction at the jth pressure level
at a particulaer fuel-to-air mass ratio i gm-mole/cm3-sec
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APPENDIX 111 -~ MAIN ROUTINE - NOXRAT

The changes to the main routine of CEC are as follows:

a. The main program was rencmed NOXRAT, thus replacing the
EC name "MAIN'".

b. The subscripted variable MIX was expanded from 15 to 50.

- MIX is the matrix of specified fuel-to-air ratios.
€., lLabeled COMMON blocks SNEW, DiCK, and EQNEW were added.
. Definitions of the variables contained in these blocks

are povided in Appencgix Il.

d. The statement D0 303 | = 1, 15 was modified to DO 303
i =1, 50. This is consistent with the expansion of the
MIX matrix from 15 to 50.

e. Statement number 322:D0 625 IST = 1, 5 was modified to
read DO 625 IST = 1, L40. This is consistent with the
decision to limit eacn set of specified fuel-to-air ratios
to betweer 35 and 40 entries.

f . The statement INDFA = IST was inserted directly after the
statement numbered 322. The statement RON = MIX{IST) was
inserted directly after the statement numbered 323. Both
of these new variables are part of the new labeled COMMON

blocks and are used only in Subroutine RATES.
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APPENDIX 1V - SUBROUTINE OUT3

; Subroutine OUT3 is an entry point to Subroutine OUTI. The main

%; purpose of this subroutine had been to provide the written output for

= the CEC program. The modifications incorjorated into QU3 permit

?; identification of the species of interest in the kinetic scheme (previously
i described). Once identified, these variables are transmitted to Subroutine
% RATES by means of COMMON and a call statement from OUT3. The specitic

= changes to OUT3 are as follows:

a. The subscripted variable MIX was expanded from 15 to 50.

MIX is the matrix of specified fuel-to-air ratios.

7 be A dimension statement was added for the variables "SIEGEL"

5 and "'CONCKI''. ''SIEGEL" is a singly-subgcripted variable

containing the aiphanumeric characters uced in the idenfi-

fication of che chemical species of interest in the kinetic

scheme. The variable "CONCKIi' is a doubly-subscripted

2 array representing the equilibrium mole fraction of a

é given species for a particular pressure level at a specified

fuel-to-air ratio.

Labeled COMMON biocks SNEW, DICK, and EQNEW were added.

Definitions of the variables contained in these blocks are

provided in Appendix 1l.

d. The elements of the *'SIEGEL' array were entered into the

program via a DATA s.atement.

Statement number 1000 was changed from a RETURN statement

to a CONTINUE statement.

f. 34 statements wers added to the program after statement
number 10(‘. in nrder to identify which-elements of the
CLC array EN {containing the moles of a given species
prasent ip & particvi_s reaction mixture) were the ones
of interezc .n the kineric aralysis. This probler was
created by che s:orege of the alphanumeric characters

identifying reaction species in the CEC generated array
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“SUB'*. This array was created in such a manner that
determination of the specific elements of interest to

NREC had to be accomplished by a direct comparison of the
alphanumeric data in the 'SUB'" array with the specific
names in the input 'SIEGEL' array. This comparison and the
caleulation of the equilibrium mole fractions was accom-
plished in the DD 3000 loop of OUT3. The remaining state-
ments added *o OUT3 allow the equilibrium mole fractions
and names ot the species of interest, the molecular weight
and adiabatic flame temperature ¢? ihe combustion products,
the assigned pressure, the fuel-to-air ratio, and the
atomic and thermal characteristics of the fuel and oxidant
to be printed for each specified fuel-to-air ratio. This
outpus appears directly beneath the ''mormal'! output (i.e.,
regular CEC type) generated by OUT3. The finai cards
added to CUT3 are the CALL statement to Subroutine RATES
and the Subroutine RETURN statement.

SRR,
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APPENDIX V - SUBROUTINE RATES

The primary function Subroutine RATES is to produce data, in
the form of a deck of cards, which specify all of the kinetic properties
required by Program GASNOX*at the equilibrium combustor conditions.
Subroutine RATES is called by Subroutine OUT3 of Program NOXRAT;
it does not call any other subroutines. Subroutine RATES does not require
external input but does provide external output in the form of punch cards
and paper. Internal input and sutput are transmitted as arguments of the

subroutine and through COMMON. The internal input consists of:

A ANUM CONCKI E . EN
ENTH 1CODE INDFA MiX NPT
NREAC PPP RON RTEMP TIT
WM

The i-.ternal output consists of:

ATT BCONI BCON2 BCONG CH2
EK1 EK2 F PRI RON
R] R6

The external output consists of:

ANUM ATT BCON1 BCON2 - BCONG
CH2 EKS EX1 EK2 F
iICODE PHI PPP RON RTEMP
Al R6

Fortran Nomenclature

The following table gives the Fortran nomenclature for those

symbols used in Subroutine RATES which are not included in COMMON.

rortran

Symbol Symbol Description Units
A1) A, Pre-exponential factors in the 3
! kinetic equations om” /sec-gn mole deg K
ANUN{ L J) a. . Atomic number
1aJ a = carbon
1,1
37, = hydrogen

a2 oxygen

= see Volume 3.
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Fertran
Symbol Symbol Description Units
CONCKI(J, 1) vy. . Equilibrium mole fraction of the
. tad ith species for the jth pressure
at a particular fuel-to-air mass
ratio i *
coNMCMK, 3, 1) (v.). Equilibrium concentration of the
tJ kth species for the jth pressure
at a particular fuel~-to-air mass
ratio i gm moles/cm3
e(1) E, Activation energies for the
kinetic equations kcal/gm-mole
EKS ks Fuel-to-air mass ratio at stoi-
chiometric conditions
EN{1) n. Temperature exponent for the
kinetic eguations
ENTH(N) Hn Enthalpy ¢* reactant n cal/gm-mole
1CODE Indicator
ICODE = 1 if kinetic rate
constants of lLavoie are
employed (Refs 4, §) )
ICCDE = 2 if "best" kinetic -
data are employed (Refs 9, 17)
ICODE = 3 if "high" kinetic
data selected from Reference 18
are employed
ICODE = & if *low'! kinetic data
selected from Reference 18 are
emp loyed
IPRINT indicator
IPRINT = 0 if data is not to
be printed and punched
IPRINT = 1 if data is to be
printed and punched
isT index of equivélence ratios
NPT Index of pressures
NREAC nreact Number of the nth reactant species
PPF(J) Pj jth value of the pressure in the

combustor atm
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Fortran
Svmbol Symbol Description Units
RATEK(K,J, 1) (kQ} jth value of the reaction rate

for the kth kinetic equation at

a particular fuel-to-air mass ratio i . cm3/sec-gm mole
RATWTS Ratio of atomic nunbers
RTEMP(N) Tn inlet temperature of reactant n deg K
R2(J,1) (Rz)j Forward Reaction rate for the second

reaction at the jth pressure level

at a particular fuel-to-air mass

ratio i gm-mole/cm3-sec
R3(J,1) (R3); Forward reaction rate for the third

reaction at the jth pressure level

at a perticular fuel-to-air mass

ratio’i gm-mole/cm3—sec
RL(J4,1) (Rk)j Forward reaction rate for the fourth

reaction at the jth pressure level

at 2 particular fuel-to-air mass

ratio i gm-mole/cm3-sec
R5(4,1) (RS)j Forward reaction rate for the fifth

reaction at the jth preszuse level

at a particular fuel-to-air mass 3

ratio i gm-mole/cm”-sec
177 (J) T. jth value of the temperature (in

= J the combustor) at a particular

fuel-to-air mass ratio deg K

WM (J,1) MW, jth value of the molecular weight
-4 of the reaction products at a
particular fuel-to-air mass-ratio gm/gm-mole

Andiysis Procedure

The step-by-step procedure of Subroutine RATES is given below.
At the conclusion of the step~by-step procedure, the Fortran listing of
the subroutine appears:

& Establish the printing and punching control.

b. Convert equilibrium mole fractions of C(S), ¢o, co,, H,

2
N, NO, RZO, 0, 02 to moles/cm3 by the relationship

(8); = [ue,ds /320871y




c¢. Compute the forward reaction rate constants as
L\g ) A; T- exp [ E; /RTJ

d. Calculate (R )., (R )., (R )., (Rl;)" (RS)j’ and (R

R); = &,); (Ne); (Noo);
®); = &.); (Ne):) (an):,
®s) = Q) (M) (ORe);
Ry, = &; CHe)y (N0
(ﬁ’s);‘ UZS)J koe..‘)\') (Mzoe):;
R, = (e); (Ce); (N:08);

e. Compute (K])J and (K )

(K, 2 CRY; /TR, (8]
te) = (R); /TR, ~ (Re)]
I (R ) and (R3) equal zero, (K )J
If (R ) and (R ) equal zero, (K )
f. Cmnputei Z

6);

]

N s TR SR R

PR

103°
1035

AL A
]

? = B Nw; / 8B2,057T;

)
g. Compute ks as

A R Lo e Rl R b T T
AR AT

ua 0‘1! - lO‘lz)Qa’2
2895 (G ~ 9u2)
q

5’:
h. Compute Qas
¢ = Fh
= i -~ Compute F as

F = @ks/(l*q"—&s)

j» Compute yCH2

o A5 b )

y LATCARELRTRER T el LB R
il ’rl' i h;nr"v\h‘illl A

k- Repeat steps a through j for each of the specified
pressure levels.
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if all of the input fiel-to-air mass ratios have been
examined, proceed to step™=. |If not, return to Sub-
routine OUT 3 of Program NOXRAT and repeat the set of
calculations in NOXRAT leading up to the calling of Sub-
routine RATES. )

if this is the first fuel-to-air mass rativ at the parti-
cular pressure in question, write and punch a heading

card. If not, go to step n~.

Write and punch the required output data at the jth pres-
sure level (for each fuel-to-air mass ratio at that pressure
level). This data is: F; @ ; Qj; Tj; yNO,j; YCO,j;
ey Yoty o ®lye )y ()5 and (i),

If this is the last fuel-to-air mass ratio at the jth
pressure level, proceed to stepp-. If not, return to
step m at the next ratio, )

If this is the last pressure specified, proceed to step
q. If not, return to step m-

Return.
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UBROUTINE RATES(CONCKIJWMsTTToPPPy ANUMENTH RTEMP 4NPToNREAL) RAT®p000
«tAL MIX{2D) RAT®J010
JIMENSICON COMCKI(10.30)'TTY(IB).PPP(IS).HM(lﬁloANUM(IS.S’.ENTH(lS)RATOOOZU
1eRTEMP (1Y) RAT®2g030
JIMENSION R2(30940),R3(30947)sR4{30940)sRS5{I0¢40) +RATEK(6¢30040) +CRATENCAD
JORMCM{10927,00)9R{E) «ENLEISF(6) RATeg050
COMNMON/SNEW/RON? INDFA ) RAT®#0060
CeMPOL/DICK/MTIX RAT20070
COMMON/ZEGNEW )R (309403 +R6({30+40) +1EKI(30+40) 4EK2(30940) 1ROH(30960) oRAT@Q0RD
1Ch2(33940)oATT(13040)9F(60)oP“I(60)98C0N1(300§0)ORC0N2(300¢0)OBCONRATiOOQO
20{30+40} RAT®0100
DATA(A(I) 3127461730 1F4133664E40C04410¢1362,0513E¢13,3,8146E+1394,5RATe#n110
177551379 ENTIY115196) /0691000302900 90e79({ELI)e15196)704334E¢0006RAT®0120
Z4C50E+0090,0F+00010,77E400024,1E¢00,24,1E¢00/91CODE/2/ RAT®#0130
Covae RaATenls4n
cewaas® TEST FOR WRITE CONTROL RAT20150
Conase - RATS0160
IST = INUFA RAT=20170
IPRINT = @ RAT#018G
IF(MIX(IST¢1) ,ECGe0e0) IPRINT :a ] RAT®N190
Cinu® RAT20209
Cacae SET PRESSLRE LO0P RAT&0Z10
Coaue - ’ RAT@Q220
DC 8000 J = T4NPT RATe0230
Cuaan RATe0243
Ceowa CALCULATE CONCENTRATICNS RAT®0250
Coane B RAT®0269
3CONY(JeIST) = CONCKI(14N) RAT®0270
3CON2(JeIST) = CONCKI(24J) RATe (280
zCONG(Je1ST) = CONCKI(69J) RAT©029¢
%0 1000 1 = 1410 RAT®#0302
CONMCM(I%ysIST) = (CONCKILIoJ)I®PPP(J})/(82,057*TTT ()} RAT®031Y
1500 CONTINUE RATe032{
fal 2-2-1 - RATGOBB‘
Cuese COMPUTE RATE CONSTANTS : RATa034:
Copae RAT®D35°
¢ 2060 1 =146 RAT=036:
RATEK(I9JPIST) = ALTIS(TTTI NEOEN(T) I REXPL=E (1) /(1 987E-03*TTT(J)IRAT#037:

9] RATe03A

a0 CONTINUE RAT&039
Tvoesd ) RATC040
Cweoo CALCULATE FORWARD REACTION COASTANTS RAT904]
cEwue RAT®042
RI(IIST) = IRATEK(1vJe1STIOCCNMCM(SeJeISTIACONNCHM (650 JrISTY) RAT®NG3
RZ2{Uy»IST) = (RATEXK(Ze o ISTISCCNNCM (S JeISTISCONMCM{Ty JeIST)) RAT® 044
R3(4¢IST) = (RATEX(3¢JeiSTIaCONVCM (59U IST)aCONNCM(10,J,1ST)) RATa045

Re (S ISTT = (QATEK(AQJ’IST)GCCN”CM(49JQISTrlCONPCM(7,JgIST)) RAT2046
R5{GeiST) = (RATEK(SeJeISTIOCONNT. (ReJeIST)I#CONNCM(T4JeIST)) RAT®047

R {LeIST) = {RAY’K(G'Q'YST)‘CGNHCH‘GOJ’IST)'CONHCM(7'JIIST)) RAToNGS8

el Ev e 2 RAT‘Q"AQ
= Cewad CELCULATE K1,K29RMODWKSe AND PHI RAT®NS0
Cg",qa RAT°GS]
IF{R2{UeICT) ,FRe 000 AND RITJ+ISTIAECe3e0) EKYI(JWIST) = 1.0E¢35 RATSQS?
IFIR2{JIST) a7 o0 ANDRI{JrISTYLEQeDeD) GG TO 2500 RAT®053
EKIIJsIST) = (RIUJ-ISTIVZIR2(JI2ISTI®RI(JILISTIY) RATe0S:

2380 JF(RL{JITIT) (FhoTe0ehNDRS(J915T1) eE0e040) EKPLJ9IST) = 1.0E¢35 RAT®0SE
IFIRAIJIST) 4FRe0e0e2AMDeRS {9 IST) LEQeDa0) GC YO 2750 RATeDSE
EK2(J+IST) = (RE(JIISTIZ(RSE1JLISTI®RS{JLIST))Y) RAT®05]

2750 ROH(Je+1SI1} = (P?P(J)°hV('))/(SZ.OS?OTTT(J)) RAT® 05!
Coret RATepS¢
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Ceeuo NOTE.+oFUEL CiRD IS PHYSICALLY BEFORE OXINANT CARD IN INPUT¢OXYGENRAT®#0600
Ceens 1S SECONU SPERIE SPECIFIED IN OXIDANT AIR.FUEL IS SPECIFIED CeAy RAT#0610

Ceeas nep RAT#0620

Chross RAT#0630

EKS = ((12.0ANUM(1’1)01.GANHM(loZ))'ANUM(2¢2))/(28.99¢(ANUM(1o1)O(RAT0064\

13NUM (1,20744))) RAT#0650

PHI{IST) =2 RON/EKS RAT®0660

FUIST) = FHI(ISTI®EKS/ (1. {PHI(IST)®EKS)) RAT#0670

Ceeas RAT®06R0

Ceees CALCULATE CONCENTRATICN OF cH2 ) RAT®0699

Conus RAT®07090

RATWTS = ANUM(191)/ANUM(142) RATe0710

CH2(JsIST) = (((RAThTS/(1.012.’RATUTS))O(HM(J)ORON/(RONOIo)))-CONCRAT'0720

1R1(29J) =GCNCKT (39J) =CONCKI(194)) RAT#0730

Canes RAT®#0740

C>sss STORE VALLES OF 7 RAT®0Q750

Coene RAT#0760
ATT(UHIST) = TTTLD RAT#0770

000 CONTINUE RAT®#0780

Coane - RAT#0790

Coned PRINT AND PUNCH OUTPUT RAT®0800

Cooae RAT®0810
IF(IPRINT<EQ.0) GO TO 9999 RAT#0820

D0 6500 J = 14NPT RAT#0830

DC 9000 1 =1,157 RAT®0840

IF(1.AE.1} GO TO 8500 RATa20850
ARITE(698100) ANUM(191) 9ANUN(192) ¢RTEMP (2) oPPP (J) # ICODE +EKS RAT®#0860
wRITE(7,8100) ANUM(191) 9ANUN{192) +RTEMP(2) 4PPP (1)) » TCODEEKS RAT®#0870

8100 FORVAT(1X47HFUELS CeE15¢8¢1HHyE1S.8418H INLET AIR T, (K)= sE158/1XRAT#ORA0
1913FPRESDe (ATM)® 9E15.8,7THICOCE= +12913HPHI STOICHe= ¢E15.8) RAT®#08990

8500 =RITS!598200) F(I)sPHI(I)sROH(J9I)9ATT(Je]) ¢RCON6(JeT) #BCON2(Jo]) +RAT090D

14CONT (Jo3) oCa2(JoI) oR10Je T 4RE(Je 1) sEKL (Jy 1) oEK2(Jy 1) TATe051:2

8200 FURMAT(1X+6E124571X96E1245) RAT®(0929

' ARITE (T+8250) F(I)oPHI(}),RnH(JoI)yhTT(JoI).RCONG(Joti-BCONZ‘J-I):QAT'0930
: 1CONT (Js 1) oCa2(Jol) oR1CJo I gRE(J9T) 9EKYI(Jo 1) oER2(JsI) RATa0940
: E230 FURMAT(EEL245/6E1245) RAT®0950
; SoC0 TONTINUE ) RAT®0960
9cof) CONTINUE AaTed97s

9945 RETURN AATS0980

| END RAT#0990

m_‘mv,, T N ——— e g A S ol R
e o S e B T
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APPENDIX VI - LISTING OF PROGRAM NOXRAT
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DROGHRAM NOXHAT (INPUTOUTPUTPPUNCHeTAPE S = INPJT+TAPE 6 = OUTPUT.TNOX®gG00

1ApE 7 = PUNCH.TAPE 4) _ .

MAIN PROGRAM

S0URLE PRECISION GeX

R4y, MIX(50)

INTEGER DaTae OMIT. ENSERTe REACY RLANKe THRMe ENDSUS -
LOGICAL HP9SPTP L INERUGINENR e JONS o MOLESsFROZeEIL ¢ PSTARKT

L OGTCAL SHOCK,MMHG,PASCAL EV,IC,DETN,CACVFR,CPLVERSIUNIT,EUNITS

LOGICAL FA+OF +£RATIOsFPCT

OT¥ENSION DOMIT;3:3),NCO(4) +ENSERT (343)9L5(2)sLvP(2) SLUM(2)
COMMON/POINTS/HSUM(]13) oSSUM(13) s CPR(13) eDLYTP(13)9DLVPT(13)

1 238M%aS5013) 02 (26) 9 TL(26) 9V {13) +PPP(13) o WM(13) 9 SONVEL(13)eTTT(1Z)

2 +70TN[1Yy
COMMON/SPECES/COEF {2975155) 95(150) vEN{1S0+13) +ENLN{160) +HO (150}
1 ’DELN(ISO)oA(]5’159395881159;3}OIUSE(ISO)orgﬂﬁ(SO'Z)

COMMON /MISC /ENN SUMN, TT, S04 AT0M (341013 +LLMT{15),50(15),80P(15,2)

Nox#0010
NOXenn20
NOX#0030
NOXe0n04D
NOX®0050
NpxXen06n
NCX®*a070
NnXen0eg
NOX#0090
NGX®q100
NOX®01180
NOxsn120

NOX®q13n -

NpRenlen
NOXenl50
NOX%p1 140
NOXEN1T4
NOXen14dn

1 o T TLOW.THIN THIGHPP s CPSUMsOF s EQRATsFPET s Re IR HSURD» AL (21 £ AM 12 NOX #0190

2 oriPP(2) yRHO (2} o VMTN(2) 4 ¥PLS (2) 4 WP (2) ¢ DATA (22) s NAME (15,5;

NOxen200

3 $ANUM{1545) oPECNT (15) 9ENTH(15) oFAZ{15) +RTEMP(15) ¢FOX115) #DENS{15INDX¥#2yy

4 +RHOPIRMWIIE) o TLN :
cOMMIN /DOUBLE, G(20421)¢ X(20)

NOX®*n220
NOXa#n230

COMMONZ INNX/ TNEBUGICONVGe TPoHP s SF s HPSPy TPSPeMOLESyNPWNTNPToNLY  NOX®q244
1 oNSeKMATyIMATeI0191Q2N0MITy 1P NEWRINSUBINSUIDe 1 TN CPCVFRGSRCVEQ NaX®0250

2 +IONS:NCONSERT+JISOLJLIQKASEZNREACIC1JS] 1 VOLY SHOCK

NOX*p2s60

COMMON/PERF/PCD(26) s VMOC(13) sSPIMI13Y o VaeT (130 :SUGAR(13) 9 SUF R(13)NnX*n270

1 +CPRF(33),4FAT(13),0STR,EQL,FROZ,SS0
LOMMON/SNEW/RONY INDFA
COMMON/DICK /My

NOXen2Rn
NOX®#np49n
NOxen3an

COVMON/EQNEW/R] (30+407 sR6(3040) vEK] (30+40) sEK2{30+40) sROH(309+40) 1NOX#n31p
1CH2(30560) 9aTT (139403 2F(40) 9PHT (40) 9»3CON1(30+40) »5cON2(30040) o+ gCONNNX®0320

26(3r .40y
EQJIVALENCE {OMITeENLNI o (ENSERTEN(193) )0 (NLMsL) » (OF o OXFL)

DaTa MIT/4HOMIT/ZeBLANK/YIH /9 PSTA/4HPSIA/+REAC/GHREAC/ 9 127/ 2Hg0/

1 o INPUT/GHINPU/Z s IF/1IHE/ + INSERT/G4HINSE/ » THRM/Z&4THER/ +END/3HEND/

DATA LH/6HH,CA,4HL/G /oLVP/ZHV, 1H /,LVM/2HVa IH , NMLT /4 HNAME

NAMELIST/INPTP/KASEsP e THERATIOWOF sFPCToF A+ TR 9P o SPeRKT
1+ PS14,MMHG, SHOLK, TONS,EV, V,DETN,CPCVFR, CPCVEQ, IDEBUG -
2°SIUNIToEUNITSeMIX

TLOW
NERR

De
oF ALSE .

hu

WRITE (6,400

eoRMaT (1Hy)

RcAp (50204) (DATA(D) #I21,15)
FORUAT (5(344,3X))

HRITE (Ae2n45) (DATA(I)91=1915)

FORMAT (1X45(32443X))
IF(DATL (1) 4EQ,THRMy GO TO 90
TF(MATA{1) +ENLREAC) GO To 11

IF (DATA(1)FOMITY GO TO 205
IF (DATA(1)4EQLINSERT) GO TO 18p
IFINATALL) oEQe INPUTORSDATA(]L) EQeNMLT)

60 70 210
IF(DATA 1) LER,BLANK) GO Tn 203

NOXen33n
NOX®0360
NOX#0350
NOX20360
NOX®q374q
NOX®0380
NDXeq30n
NOX®a4nn
NOX®p4él1n
NOxane20 -
NOX®n4e3n
NOX®#0440
NOXens45n
NOX®ns4an
NOX®*0470
NOXen&Rn
NOX®0490
NOX*0500
NOXensSin
NRA®,50,
NDXOn530
NOXenS4n
NOX*D550
NOXenSAN
NOX®*57q
NOX®*050
NpX#059n




SRR AY

: ) . 59
1023 #RITE (6, 1004) f , ’ ; : 1 NOXenk0n
1024 7ORHAT(60HOERROR IN ABOVE CARD. IGNORE CONTENTS, NDX®ngy0
; _ 50 70 203 NOxen62n
11 o7 = @ ; ; 1 . NOX#0a630
NSERT = 0 ; NOX?0640
YOLES = JFALSE, : ) . NOX*n6S50
CALL REACT T . NGX2NnABH
IFIL.EQ,0) WRITE(4952) NOXen6hT0
52 —o«qAa(zAHoERRoR IN REACTANT CARDS) . NOX®n680
33 TQ 203 : NOX®N69N
¢ ) : ; . NOX®0700
< READ THEAMO DATYA FROM CARDS AND' STORE ON TAPE 4 NOX#n710
c ) NOX*6T720
<0 V-dR = JTRUE,. ’ . NOX®n730
REWNINOD .4 : NOX®0740
' EAD(545) TLow.Thtn,THIGH NOX®n7s0
5 #0134AT (3710.3) i NOX®#0760
ARITE (&445) TLOVcTﬂlnoTHIGH NOXu#n770
Q7 JEAD {Se19) (DATA(TI)2IS1916) ¢NCN(]) : . NOX®#p73g
: 10 FORVAT(3A406Xe28394(A29F2,0) eA192F10,30115) ) NOX®0790
1F(NaTA (1) +EQ.BLANK) DATA(1)=END . NOXon8nn
MNRITE (4010} (DATAIT)91=1916) . NOX®0NR} N
IF(DATL()1)  EQ.END) GO TO 203 NOXen82n
READ(S9.0) (DATA(TI) 9I=195) o NCD(2) s (oATA(J)onaolo)vNcots).(DATA(K)oVOX°nﬂzn
: 1k=11e14) ongDt4Y NOX#0R40
20 FORMAT(SE15,8¢15/5F15.8,I5/4E15,8,120) . i NOX#n850
: #RITE (4921) (DATA(T)91=1016) NOX®nRAD
21 FORMAT(SC15,8/5E15,8/4E15,8). - NOXenS87q
DO 25 | I=1+4 . NOX20RRN
IF(NCD(fioEQ.I) 60 YO 25 . . NOX®0R30
WRITE(6,22) (DATA(J) 9J=143) . ; NOXen9Dn
22 rORAAT(ZBHoERROR IN ORDER AF CARDS FOR »3A4) - : NOX%n910n
25 CONTINUE o . NOX®0920
. G0 TO0 97 ’ ’ NOXenS$30
c : NDX®n340
c CHECK INSERT CARDS : : . : NOX®0350
C NOXa 0950
180 DO 185.1%441543 . NOX®a37
iF (DATA(1).£0,8LANK)} GO T0 185 : . NGX®0930
ASTRT = NSERT] i NOX2n95n
ENSSRT{1eNSERT) = DATAL(T) _ : NnX®j0an0
ENSERT(29NSERT) = DATA(Fe1) NOXS1010
EuSERT{34,NSERT) = NATA(I+2) : \NIX@IB20
185 CONTINUE : : ‘ ) NOX®1030
50 79 203 - : ' NOXe1040
C - . : ; NDXe1050
R c ; CHECK OMIT CARDS . NOX21040
c o NOX®1070
205 90 263 1=4+15.3 ) NGX®1080
IFIDATA{T) ENRLANK) 60 To 208 NNX®1 690
NOUYTT = NOMITe) : NOXo1100
IMIT(1eNOMIT) = DATALD) : ’ . NOX®111a
OUITHZ2INOMIT) = DATA(I+1) \ . NOX©31120
DYIT(3,N0M4IT) = DATA(I+2) . NOX®1113n
208 CONTINLE ) NOX®1140
NEHR= oTRUE. i NOX®1150
G0 TO 203 L : . NNXe1140
c: .- . ) . NOX®1170
c SEGIN NaMgLIST INPT2 . NOX®1180
od : NGXe119n

— -
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210 Do 300 1=),26
PeP(I) = q.
2(I1= Q.
T(I)’-‘ 0,
V{I) = Qe
300 CONTINUE
V} = 0.
V2 3 Yo
P = 0»
ASF= 0
TP = eFALSE»
HO=,FALSE.
SP= FALSE,
RXT 3 FALSE.
CPCVFR = L FALSES
CPCVEQ = FALSE,
SHOCK = +FALSE,
DETN = FALSE,
EV = oFALSE.
PASCAL = FALSE.
UMHG = FALSE,
PSIA = JFALSE,
R = 1987165
RR = 41R4.0R
SIUNIT = FALSEs
suNITS = _FALSE,
TONS = JFALSE.
IDERVUG=+FALSE.
Faz oFALSE,
OF= «FALSE.
ERATIO = _FALSE,
FRCTS oFALSES .
00 363 1 = 1450
. MIX{I) = g
303 CONTINUE
tal = ,TRUE,
QE&D(§'IN972)
DO 309 1=1426
IF(P(I Y .EQ.0,) GO TO 322
W o= 1
17 (MMHG) P(NP) = P(NP}/740e
1F (PASCAL) P(NP) = PINP) 2101325,
IF(PSIia )y P(NP)sP(NP)/14,696006
315 CONTINUE
322 N0 62D IST =1e60
INOFA = IST
1IF (1STeNEL}) WRITE(69400)
IF(IST,NE,1) 60 TO 1
ARITEGe724)

724 FORMAT (4BHONO INPT2 VALUE GIVEN FOR OFs EQRATs Fav OR FPcY

IF (WPI{2) ,NE+ne) OXFL = WPR(1)/WP{2)
G0 70 333

323 OAFL = MIX(ISTy
ION = MIX{IST)
iF(Fa) OXFL =1,/  MIX(IST)
IF(FPCT) OAFL =(100,-  MIX(IST))/
TF{.NOT.ERATIOD)Y GN TO 333

EGR2T = MIX(TIST) .
IF(EGRATCEQele) ENRAT = 14000005

MIX(IST)

60

- NOX*1200

NOX®1210
NOX®1220
NOXx#1236
NOX®y1 240
NOX®1250
NOX#126AD
NOX®1270
NOX®1289
NOX#1290
NOX®1350
NNX®1310
NOX#1320
NOX*1330
NOX#1340
NOXo#1350
NOX#® (360
NOX*1370
NOX®13A0
NOX*1350
NOx®1400
NOX®1410
NOX®1420
NOXa1430
NOX®1440
NOxe®: 650
NOX®1460
\NDX¥1670
NOX®14RN
NOX®1450
NOXa1500
NOX®1510
NOX®1520
NOX®1530
NOX®1540
NOX#1550
NOX®1560
NOX®1570
NOX®158p
NOX®1590
NOX® 600
NOX®1610
NOX+ 1620
NOX®16130
NOX®*1640
NOXa1650
NOX®y 640
NOX®1070
NOXat1 680
NOX®1 600
NoX®*1700
NOX®1710
NOX®#1720
NOXeY 734
NOX®1 740
NOX®#1750
NOX#1 760
NOX®yT70
NOX®*178n0
NOX»1730
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744
745

T46

T67

755
7480
TR

%32

770
TR0

IXFLL = (-EQRAT~VMIN(2)-VPLS(2))/(VPLS(I)oEQRAT'vu!N(I))
SU¥M = OXFL *le

V2 = ‘OXFLOVMIN(I)OVMIN(Z))/SUM

Vi = (ORFLoVPLS (1) +VPLS (2))/SUM

15 (V2eNFepe) EQRAT=ABS (V1 /V2)

Te (RHO(1) oNF, O «&iNDe RAO(2) oNEe 0.) GO TO 764
ROP = RHO(2)

IF (RHOP +EQe 0} RHOP = RHO(1)

30 TO 745

RHOP =(OXFL01.)“RHO(I)“RHO(Z)/(RHO(I)*OXFL'RHO(Z))
L =t

IF (oNOT.IONS) GO TO 746

LL = L=

1F (LLMT(L) «EQ.IE) GO TO 746

L = L

L =Ll

LMty = IE

33(L) = 0.

20 747 1I=1sll

a9.1) = (OXFL «g0P{I11) BOP(1+2))/S5UM
CONTINUE

NPT = 1

HSUS0=(OXFLEHPP (1) HPP (2) ) /SUM

I1r («NOT.NEWR) GO TO 786

(ALL SEARCH _

IF {SHOCKORCDETN) GO TO 760

00 755 N=1+NREAC

IF (NAME (N+5) oNE«IZ) GO TO 755

TIT = RTEMP(N)

caLL HCaLc

60 70 780

CONTINUE

HRITELR¢ INPTD)

NN T L

SUMN = £NN

X1 = NS = NC

X1 = ENN/XT

XLN = ALOG(XI)

20 432 J=1sNS

I1F (IUSE(J) NE, 0} GO TO 432

tNlasi) = X1
zhnNld) = XN
CONTINUE

SxITE (6+770)

Z0RMAT (1:H0+17Xe&4HFUEL »13X9THOXIDANT  912Xs7THUIXTURE /7
Fas- T {1 2A4,3E1R.8/)
SR T L TAD) LH'HPP(Z)'HP?(I).HSUBO’LV?'VPLS(Z)QV?LS(I)OVI’

1hu e "IM{27 s VMIN{(1)4V2

nSJRd = HSUSQ/R

wWr1TE (6s7RS]

THRuLAT (BH ATOMS/G )
ﬁRITii69780)(LLHT(I)OBLANKoBDP(I’Z)oBOPllvl)vBD(I)9181'L)
I5l= L}

IF(NC.2Q.0) GO T0 790

50 302 J=ieNS

TS {IUSE LI} oERDT GD YO 302

IF (TUSCE (J) 6T ,0) IUSE(Jdy= ~IUSE(J)
=x5lUelY = 0

ENLN(D3=0,

61

NOX®#1800
NOX®\ 810
NNX®1820
NOX#183N
NOX¥®yBan
NNX#1850
NOX®#1R&N
NOX®1R7D
NO X1 BRN
NOX®1890
NOX®1900
oXe1910
NOX#1920
NOX®1930
NOX®1940
NOX®165¢e
NOX®1950
NOX®#1970
NOX=1IR0
NOX®19390
NOX®2000
NOX%2010
NOX®20Z0
NOX®20130
NOX®2060
NOX#2050
NOX®2060
NOX*2072
NOXe20=8g
NOX®2080
NOX®2100
NOXa>1it 0
NOX¥5124a
\DX®P2130
NOXao?l40
NOX¥2150
NOX®2160
NOXe2170
NOR®21Rq
NOX®2150
NgXe22n0
NOX2221 6
NOXe722n
NOX®2?340
NOX®P240
NOX®2250
NOXa2280
NOX®2270
NOXe?230
NOXP2290
ND=R2300
NG==22310
NOSP2320
NOR®P330
NOX223L0
NOXS®2350
NQXe2360
NOXe2370
NGX2P3R0
YOX®*2330
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301
3n2
790

625

IF(NSERT+EQeq) GO TO 302

DO 301 T=1,NSFRT
IF(SUB{J91) e NFLENSFRT(101)) 50 TO 301
IF (SUB (JeP) «NFLENSERT(291)) GO TO 301
1F (SUB(Js3) NE,ENSERT(3,1)) GO TO 301
ENSERT(101) =0,

121z IQ1e)

1USE{NI = «IUSE(J)

CONTINUE

CONTINUE

ITN= 35

IC = oeFALSE.

JSOL = ¢

Juin = g

1F(pETNY caLL DETON

IF(RKT) CaLlL ROCKET

IF (TP) Ccall MALIER

1F(HP) CALL cMRSTN

1F (SHOCK) CALL SHCK

CONTINUE

NSERT = 9

G0 T0 1y

END

62

NOX*2400n
NOX®231 6
NOX®242p
NOX#2435
NOX®#2660
NOX®2450
NOX®2£6450
NOX®247n
NOX®2480
NOX®249n
NOX®>S00
NOX®2510
NOXep520
NOX®25%
NNX®2540
NoXe2550
NOX®*5564
NOX#2570
NOX#2580
NOX#25Q0
NOX*2600
NOX®5610
NOX®*2620




63
SUIROUTINT RFEACT RET#000
ReT#0010
DOUSLE PRECISION G,x RcT#n020
LOGICAL HPeSPeTPINELUGCONVGINEWRIONS+MOLESE0LsFROZ :cT”ognn
cTea040
IIYENST™N AiKAME (15,5)4V(15) RCTap050
RCT®pnsd

cdﬂqogluisC/;NM.SUMNoTTosdoATOM(3v101)oLLMT(IS)-QORIS)-30P(15o2) RpeT720a7n
1 o34, TLOY, TMID, THIGH,PP,CPSUM,OF s EQRAT ,FPCT R, AR, HSURN,AC (2) o AM(2) RCT200R0

2 +rAPP(2) sR1.1(2) s VMTIN(2) 9 VPLS (2) 9 WP (2) ¢ DATA{22) yHAME (15+5) . RCTenCsn
3 LANUM(12.5) «PECHT (15) +ENTHI15) s FAZ(135) yRTEMP(15) o FOX (15) +DENS(15)RCTen1iA
4 PRHUP{AMWITS) £ TUN RCT#all0

20MMON/ {NDX/ InF UG CONVG e THoHP s SPeHPSP ¢ TPSPoMOLESeNP«NToNPToNLM ReTealen
WMSeKMAT, IMAY. 1014 1Q2,NOMIT, IP,NEWR, NSUB,NSU?, I TN, CPCVFR,CPCVEQ RCT#0130

2 +INNSNCINSERT ¢ JSOLsJLIQsKASE+NREAC 19 J519VOLWSHOCK ReT#g140
ReTonls0

ZGUIVALENZE (NAME,ANAME) ¢ (NLMyL} RCTe0160
ReToni70

DaTa MOL/1HM/+0X/1H0/9LANK/1H /+IZERDZ/2H0O0/ ReTe0l180
RCTen190

U0 Y0 K=1e2 ~ RCT%0200

WP (K =0, RcTe02l0
dPP (K) =y, RCTen22n
RHO (K} =g RCT9n230
VPLS(K) =0, RCTe0240
VMIN(K) =0, RCT2n?50
ac{K) =g, RcTen?A0
AM{K) =)D, ReT#0270

20 2 d=1415 RCTe0230
LLMT (N =0 RCT#0250
373{Jrn150, RCT203560

8 L0LTIMUE RCTs0310
1) CONTINUE RCT%0320
y=1 Re79%0330
L=l RCTen360

20 AD(5421: INAME (N~  vANUM (NI} 9 18145) oPECKT (N) ¢ MOLEsENTH{N) oFAZ (N} RCT®0350
1 HRVEMP (1) FOX eN) L DENS () RCTen350
21 FOAY T (G {AT 2F T, 1 sF7e5¢214FF45sA19FB8.59A19F8.5) RCTop370
15 INSVE{Ne1) JFBLANK) 69 TO 200 ReTea330

IF LEG,N1ED TO 20 RCT2n39n
“ITE. (6 31 ) INANE 3 s ANUYINST) 9151 05) ¢ PECWT{N) o MOLESENTH(NY oFAZ RCT®54400

1 N LORTEMPIN) o0 4( Y -DERS (M) Reionsin
25 O AT (1XeSTA2¢IXF 7 e%92X) 97 8,69250A10F11,292%0A1:2XeF8,342Xs RCT8n420
3L193A1FRLG) RCT#p430
25 IF(MOLZ.EQ.MOL) MOLES=¢TRUL» ReTn440
K=2 ReTenssn
IF(FOX (M) JEQ.OX) K=} RcT*n4nn

ng 38 #=1:15 RCTRO4LT7N
DATa{JY = Do RCT2n4RD

33 CCTUTINUE RCTO3430
Ry=0e RCT=0500

33 160 Jd=1e5 RCTenS10

I7 ANUGM{N, jJ) «E040.)G0 TO 101 RCT#n52n

DO 41 J=1415 RCTen513n

Nd = v ) RCT2a340
ITILL#T(J) cERen) GO Y% 45 RCT®n550
IFINAMZI (N9 JJ) «EQLLMT(JIIGD TO 46 RCYONSAND

&1 CONTINUEZ RCTenS7n
45 L = KJ RCT*05R4G
LLMT (J) =NAME (N, JJ) RCTan59n

B - >0




46
= 48
g,
=
=
65 1a0
= 101

110

115
117

200

B

215

218

1600

236 6

D0 48 gK=1,+101
IF(ATOM(] KK) «EQeANAME (N, JJ} }GN TO Sp
CONTINUE

80 7O 20

RM=RMSANUM (N, JJ) #ATOM (2,KK)
V{JY=ATOM {3 9KK)

DATA{J) = 2ANUMING JJ)

CONTINUE

PCATEPECWTN)

IF (MOLES) PCWTzPCWT#RM

WP () =WP (K) o PCWT
IF(NAHE(Ngs).Nt.IZFRb¥HPP(K).RPP(K)OENTﬂ(N)'PCiTIRH
aM (K} ZAH (K) ¢PCHT/RAM

DO 118 Jsi,lL

0P {JKIZDATA(JY*PCWT/RM «80P (JeK)
CONTINUE

IF(DENS(N) oNE4§+)GO YO 115

60 YO 117

RHO {K) =RHO {K) ¢+PCNT/DENS{(N)

RMA(N) = RM

N = Ne}

IF{NeNEe16) GO TO 20

NXTAC =N-]

IF (LeEQ.0) GO TO 1900

00 228 K=ye2

IF(WP{K) ¢EQeN. IGO0 TO 220

HPP (K) KPP (K) /WP (K)

AMIK) = WPIK)/aMIK)

IF (R0 (K) NE,0,) RHO (K} ayP (K) /RKO (K)

20 215 J=1sl

S0P (JeKISROP {JeK) /WP (KD}

TF{V{V) eLTe0e) VHIN(K)= VMIN(K) ,BOP (J,K)aV(J)
TFIVIJ) eGTe 0, ) VPLS(KISYPLS(K) ¢80P (JeK)®V ()
CONTINUE

IF{M0LES) GO TO 220

DO 218 N=}4NREAC

IF (FOX(N) ,EQ,OX«ANN.KeEQe2} GO TO 218
IF(FOXIN) ,NE«OXeLNNDeKeEQel) GO TO 218 °
PECWTIN) = PECKTIN) /WP (K)

CONTINUE

CONTINUFE

NZdRS, TQUE .

Dp 230 N = 1.nREAC

IF (DENS{N) «NE.0e) GO TO 230

RrD (1) = 0,

R40(2) = 0»

<G 70 19080

NTINYE

RETURN

£\

RCT*0600
RcTenb1n
RCT*naza
RCT*n613n
RCT*GH40
RcTen650n
RcT®n660
ReTeN6TY
RcTenenn
RcT*ne%n
ReT#0700
RCT*n710
ReTe®a720
ReT®#0730
RCT®*a740
ReTep750
RCT®*n780
RcT®*n77n
RCT®*0T7AN
RCT®#n72n
ReTend06
RCcTenR1N
RCT®n824
ReT#0830
ReTenBen
ReTepas,
RCT#0860
RCT=0870
RcT*0ax0
RCctenBon
RCcT*n900
ReTeng910
RCT«n92n
ReTenoqn
RCTen94n
RCT*p950
RCTEN960
RCT#a970
RCT*N9n9Q
RcTen590
ReT®1000
RCT21010
RCTe10?0
RCT*1030
RCT*1040
ReT#1050
RcTe1060
RcT®1070
RCTe1080
RCT®1090
RcT*1l00
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SUSROUTINE SEARCH SEA®*N00O
c SEa®*qa0ln
€ SEaRcrd TAPE FGR THERMN DATA FOR SPECIES TO BE CONSIDERED Scaeno2a
= INTEGER SUR»OMITSEND SFa®ania
= c SEA®N04N
E LOGICAL NrFWR SEA®NDSH
E ¢ SEA%NNKO
= DIMENSION DATE(293) oMT(4) 43 (4) +OMITI393) SEa®n07n
25 c StA®anBn
E COMMUN/SPECES/ OEF (2979150n) 95(150) vEN{IS50913) o ENLN(150) o HO (150) SFa®a090
E 1 «DELN{150)94(15+150) +SUR({1509 31 9 TUSE (150) ¢+ TEMP (5042) SEa®nloo
B COMMON/MISC/ENNSUMN: TToSns ATOM(3,101)oLLMT(15)¢B0O15) ¢BOP(15+2) SEA®NLln
3 1 o THo TLOR, THIDTHIGHIPP s CPSUMeOF vEQRATyFPCTsReRRIHSUBGeAC (2 0AM{2) SFA%N1 20
= 2 «+4PP(2) ¢RHG{2) »VMIN(2) s VPLS(2) + WP (2) +DATA (22) s NAME {1545) Sca®nlla
= | 3 sANUM{1545) o PECHT{15) +ENTH(]15)9FAZ{15) oRTENP(15) vFOX(15) sDENS15,SEA%p14n
= & oRHOPAMW{15) 4 TLN SFA®01SH
& COMMON/INGX/ TDEBUG,CONVG, TP, HP,SP HPSP , TPSP MOLES NP NT NPT NLM SEAsglsp
5 1 eNSIKMATIMAT 1019 TQ2NOMIT, IPeNEWRINSUBINSUP ITNeCPCVFRCPCYED SEA®n170
=4 2 sIONSINCINSERT+JISOL JLIOWKASE+NREACYIC9JS1¢VOL2SHOCK SFA®0180
= ¢ SEA®N1G0
=5 EQUIVALENCE (DATEZEN) 9 (OMITSENLN) » (ENDDsEND) » {LoNLW) SEA®0200
= ¢ SEA®n21N
= DATA GAS/1HG/ +END/3HREND/ SEA%n220n
= c SFa®n230
% NG= O SEA®NR40
= IX= 0 Sra®arar
= COEF(lelel) = gNDD SFA®0260
£ 1 =1 SEA®p? 7N
£ p0 3 I=14150 Sra®02a0
IFatl,41)EQ,ENDD) GO TO & SEAeN290
= 00 3 J=lsL SEA®0300
i a(JeI) = po SEA®31n
3 3 cONTINUg Sya®0320
: 4 Man$s =1 SEA®R33D
X REAIND 4 SEA%®p34p
R Rzan(4e5)  TLONWTMID* THIGH Sga®n350
‘3 5 FORMAT (3F10,3) SEA®a3An
F NS =1 SEA®N370
7 RE4D (469101 (SUB(NSeI)ol21e3)¢DATE (1oNS)2DATI(24NS) 4 (KT {J) B (J} +5EABA3RN
1 J=194)4PHAZT10T2 SEA®R33p
10 TORMAT(384¢6Xe283¢4(a29F3,0)0a192F10.3) SFa®0%00
IF (SUB(NS,1) ,ED,END) GO TG 171 Scaensln
READ (41201 ((COEF(IeJaNS) 9J310T) 0 IZ1e2) SEA®p42p
20 FORMAY (S5£135,R) SEA®DNL3D
IF(NOMITFQa0) 6O TQ 610 SEA®nS4sD
D0 /05 I=14NOMIT SEA®N4S0
. DO 804 J=1,3 SEARNGAD
IF(04IT(Je1) «NELSUR{NSeJ)) GO TO 805 ScaensTh
RG4 CONTINUE SEAenH4]D
33 70 7 SEaen&In
E * Aa5 CONTIMUE Sgavnsan
E 810 DO R2T K=] & SFaens1n
.‘;E, I?(?&“()oanoﬁt) G0 70O 825 SE&\"N!‘I?_Q
5 D0 168 1=3.L SFa¥a3s3p
3 IF(LLNT{I} oE0MTI{K})} GO0 TO 820 Sgavnisn
e 168 CONTINUF S£A®n550
30 ald o=leL S5ra®nsen
R19 2:J¢2S5 = 0, SgAen570
30 70 7 SgaenSan
820 4{I+nS)z a{K) S£aA"0590

R S N,




AR

825

830

145
170

B70
871

171

172

174 WRITE (691763 (DATELI0J) 2sDATT(24J) sSURLI1) sSUB(J+2) eSUB(J3) 9 Um0

IF(NS.EQ.MAXNSy GO TO 879
IUSFINS)= ¢

1F {PHAZEQ.GAS) GO TO 170

NC= NCey

TEYP(NCal)= T1

TEMPINCs2)= T2

IX= IXe}

IF{IUSE(NS=1) ,EQ.0 .OR, NC.EQ,1) GO TO 145
DO 830 I=1eL

IF(ACIoNS) eNEoa({IoNS=1)) GO TO 145
CONTINUE

IX= JXe}

TUSE(NS)= &IX

NS= NSe)

60 10 7

WRITE(6,871) (SUB(NSsd)sdelsd)

FORMAT (45HODIMENSIONS IN/SPECES/T00 SMALL TO CONSIDER +3A4)

50 TO 7
NSS NS=)
NENRS LFALSE,
WRITE(64172)

FORMAT (42HNSPECIES BEING CONSIDERED IN THIS SYSTEM

N0 174 I1=14NSe5
15z Ies
IF(NSelLToI5) I5=NS

15)

1
176 FORMAT(5(5Xs24302Xe3461)

RETURN
END

SEA®n600
SEA®n610
SFA®0620
SgEA®n63n
SEA®Q640
SEA%Q650
Sra®n660
SEA®QETN
SgA*n6Rn
SFA®N5G0
SgEAen790
Ssga®n?1io
SEAenT20
SEA®pTan
SEA®QT40
SEAen75n
SFA®n 780
SEAegTT0
SEA®nTan
SEA®D790
SgA=nReq
SEA®*pR1g
Sga®*n82n
SEA#nR1an
SEA%pR4
SEA®0B50
SEAepnBen
SEA®RTg
SgA®088)
SEA#n83~




67
SUIROUTINE Enl.aRM Eql.*0G0n
C RGUTINE TO CALCULATE £QUILIRRIUM COMPOSITION AND PROPERTIES EGL®*nn10
c gagea02n
00J4LE PRECISION x.6 EQLend3n
LOGICAL HP+SP4 TP INEBUGICONVG TONSMOLESSFROZeEOL +LOGVsHPSF+TPSP  EQL%ansq
LOSTCAL ISINGJICeSHOCK gqQL®0n050
¢ EGL*n0A0
OIMENSION PROW(18) EQLSn07n
c EQLenhon
COMMON/POINTS/HSUM({13) »SSUMI13) s CPR(13) yOLVTP(13) 4 DLVPT(}3) EoL~n090
1 +SAMMAS(13)eP{26)+T(26) sVI{13)+PPP(13) WM (13)¢SONVEL(13)¢TTT12 EOL%algn
2+70TN(13) gEQL=nllo
COMMON/SPECES/COEF (2e79150) 9S(150) +EN(150013) ¢ ENLN(150) 4HO(150) EqQLenl2a
1 +DELN{150) s A(159150) +SUB(15093) ¢ 1USE(150) s TEMD(50+2) EQL¥n13n
COMMON/MISC/ENNeSUMN TToSO0sRATOM(3s101) o L MT(15)+B0(15)+R0P(15+2) EQL%0140
1 ,TM.TLnﬂ,TMID.THIGH.PP,CPSUM,OF.EQRAT,FPCT,R,?R,HSUBQ.AC(2).AH(Z)EQL°0150
2 +1PP (21 sRHO(2) s VMIN(2) s VPLS(2) o WP (2) 2 DATA(22) +NaME (1545} EQL20140
3 (ANUM[15,5) ,PECHT (15) +ENTH{15) oFAZ(15) +RTEMP (15) ,FOx (15)+DENS{15)EQLen170
& +RUOPIRMU(15) o TLN EQL®0lRY
COMMUN /DOURLE/ G(20+21)¢ X(20) EQL®0190
COMMON/IN3X/ IDEBUG,CONVG, TP HPSP HPSP  TPSPMOLES NP NT NPT _NLM EGLe0200
eNSIKMATTMATI01 v IQ29NOMITs TP NEWRINSUBeNSUPs TTNeCPCVFRCPCVED EQL%g210
2 +IONSINCWNSERTISOLYJLIQ+KASEINREACYICYJIS12Y0L e SHOCK £QL®022n
COMMON/PERF /PCP (26) s VMOC {13) , SPTM{13),VACI (13) + SUBAR(13) ,SUPAR(13)EOL®n23p
E 1 +CPRF (13} +AFAT(13)+CSTRVEQLIFROZSSo £GL¥p240
: EQLeN250
5 EQJIVALENCE (NLMsL) ZoL*N260
P c EQL®n?7n
i 9aTa 1E/1HEZ ¢ SMALNOZ1 ,E~6/+SKMNOL/=13.8158511/ gqL*n280
e c zoL®n290
= S1ZE% 18.5 EQL?0300
S S1ZfF = 0, EqQL*0310
B ISING = ,FALSE, £aLen32n
2 ENNL = ALOG(ERN) ENL%0330
7 LOGY = JFalSFe. £aiL®0340
e PPLN = ALOG(PP) EQLen35n
= TLN = ALOG(TT) EQL?a360
3 CONVG = JFALSE, £6Le0374
= ITNUME 2 ITN gqgLeninn
' Jst1 =1 [RIR T
call CPnS gaLensnn
T™ = PPLN « FNANL gEoL=aeln
c EQL%nd4?2n
c IF{IC? PREVIOUS POINT HAD SINGULAR MATRIX £QLe0430
c £0L%0n440
IFLIC) GO YO 666 £QL%* 0450
I7 (eNOT+IONS,OReIFEQeLLMTILY) 6O YO 33 EQLeNLAD
. L= Le: EQL®NST7N
i1 = IQTe EQL904RD
50 ¢S99 U = 1.N8 tQL®ne9n
FO(AlLY ) WF0,.04) GO TO 499 gaL®a6s500
: IN{ONPTY = SHMaLNO EcLanSin
INLw{JY = SMNOL EOLe6R20
IJSEid) = 9 EnLenS1n
LG9 CGNTINUE taLenssn
23 IFINPT, 20,7 «AND, «NDT,SHOCK) WRITE (69234) (LLMT{I)+I=1sl) EOL®n330
244 FIRVAT {4ROPT +14(5XeA4)) QALY 0540
C ENLHD570
< ITIIN ITERATION EQLenSRAN
c EQLOnS%0

e




43

62

182

(s XxXa)

63

777
A7

772

: 911
e 72

373

73
773

174

175

176

(s NulsNal

CONTINUE

IF(IC) G0 TN 1171

IF (eNOTeCONVG.OR..JSOLEG,0) GO To 62
SNSOL = EN({JSOL.NPT)

EN(JSOLNPT) = EN(ISOLINPTY*EN(JLIQINPT)
TUSE(JLIM = -JUSE(JLIQ)

131 = INle=}

VTP INPTY = &,

CPR(NPT) = 0o _

GAMMAS‘NPT) = (0,

LOGy = _JRUE,

CALL MATRIX

NUMB = ITn=ITNUMBel

IF («NOTL.CONVG) 60 TO &7

15 (LOGV«AND.JSOL.FQ.0) GO TO 63

D0 182 1I=].L

PROW(I) = G{IRIs+1)

CONTINUE

IF (eNOT.LOGV) GO TO 67

LOGY = ,TRUE,=- SET UP MATRIX 7O SOLVE FOR DLVPT

6(1Ql9102) = gNN

In =101 .1

DO 777 1 = 1«10

G{1+102) = G(To101)
fONTINUE

IF («NOT.IDERUG) GO TO 72
HRITE(6+772) NUMB

FORMAT {31HOITFRATION (I3,6X,7HMATRIX z/)

D0 911 I=1eIMAT

WRITE (6973) (g(IsK)oK=1eKHAT)
IF(CONVG) IMAT=INATe)

TTST = 1MaAT

CALL MGausp

IF{ITST.NELIMAT) GO TO 774

iF{ NOT,INFRUG,OR. CONVG) GO To 773
WRITE (6+373) (LLMT(I)4I=1,L)
ForRMAT (THOP] 9 (AS910X))
NRITE (6473) (X(1)y1=19IMAT)
FORMAT (9F1446)

15 (.NOT.CONVG) GO TO 85
IFt.NOT.LOGV) GO TO 174
TF(JLIC.NEe0) gEN(JSOLsNPT)ZENSOL
30 16 171

SuUvy = Qe

50 175 4=1sL

SUM = SUM+PROW (J) %X (J)

CONTINUE

CPRINPTY = G(ID29102)

no 170 J=1e101

CPR(NPTy = CPR(NPT).G(IQ2,J)eX(J
CDNTINUE .
106GV = _TRUE.

50 70 32

SINGULAR MaTRIX

IF(ISING) SINGULAR ONCE

- X101y

68

EQL#n6nn
EQL®nkln
FQL®*N62n
tulenhin
EQL®*0n640
EQL*NHASH
EQL.®n66n
ERL®n670
EQLen6RN
EQL9N&00
EQLen700
EOL®n71n
EqLen720
EQL®n730
EQL®NT740
EQL#n750
EQL®n740n
EQL®0T7T70
EQLen780
EQL®0790
EQL20BON
EnL®nB10
EQLeNAZ2n
£NLenRin
EGL®nR4n
EQL®0NASN
toLan8an
gEQLengn7g
EQL®G550
EQL#ns9n
EQL®n%9nq
EQL®0S10
£QlLenS2n
EQL®0G30
ZoLen9sn
EQL®n950
caLenIsn
EQL®n370
EQL®O3RD
EQLen590
ENL9Y1000
gaL®101n
gECLal020
EQL®10630
EQLe1940
EQL*1050
£GLO106D
EOL®i070
zaLe10qhn
ERLa1090
£0L™1 100
QL*1110
£QLel120
£QL®1130
ZQLol140
EQL®1150
£nL?y1s0
£0LT™1170
£NLe118a
EQL®119n




69

IF (IC) SINGyLAR TWICE EQLey200

EQLe1210

776 IF(.NOT.,CONVGY GO TO 775 gaL®1220

ARITE(6,172) EGLe123n

172 FORMAT (23HNDERIVATIVE MATRIX SINGULAR ) EQL*1240

IC = oThiic, gnL®1250

59 70 11T EnL#1260

775 IF (eNOToHP o ORJNPToNEs)«OReNCeEQe0eOReTT5Te100¢) GO TO 871 EQL*y27n

ARITE(64874) EOL®12a0

874 FORMAT (gaHaLOW TEMPERATURE IMPLIES CONDENSED SPECIES SHOULD MAVE EfLe1290

13EEN INCLUDED ON aN INSERT CARDs RESTART ) EQL*130n

: 50 70 873 EQL®1319

871 wRITE {6474) EQL*3320n

74 FORMAT (16HDSTNAULAR MATRIX) EOL®*1330n

. IF{IC) GO TO RT3 EQL*1340

IF (ISING) GO TO 397 EQL*1350

NTZERO = EQL®*1350

966 DO Q70 JJy = 1+ NS EaL®1370

IF (IUSE(JJ)) 97099689967 EOLe1380

967 IFLEN(JUJeNPT) EQeDs) GO TO 873 EQL®*1390

60 TO 969 EQL®16400

968 IF(EN(JJ4NPT)NEoDo) GO TO 969 £0Le141n

EN(JJINPT] = SMALNO EAL®14624

ENLN(JLY) = SMANOL EQL®143n

50 76 970 EqaL®?1440

969 NTZERD = NTZEROe1 ENL®1450

970 CONTINUE EQLe1460

IF{.NOT,IC) GO TO 971 EQL*1470

JC = «FALSE, Enpe148d

30 70 43 EQL®#149n

971 ISING = +TRUE. EQL®*{500

WRITE (6+776) EQL¥#1510

= 85 TO 43 EQL®*1530
5 997 17 (NTZgRONES(L=1)) GO To 873 £QL®1540
e IF(EORAT«6T¢]1+00001 «OREORAT LT 40499999) GO TO 873 £0L=1550
3 ENN=0e QL1340
= NEN = 0 £qaLe1570
. D0 83 1I=1.L EQL®1580
e JEN=0 ) £0L°®1590
= D0 B80. J=1,NS EQLe1 600
= IF(FEN{JeNPT) LEQ. D) GO TO 80 EQL®16Y0
= IF(JEN,NE,0) 6O TO 83 EQL#1A30
= JEN = J LoLe1640
. Q0 CONTINUEZ EQL®1650
= . NEN = NgXNal EQL21660
= EN(JENSNPT) = RO(IIZA(IeJEN) EQL*1670
= 83 CONTINUE EQL®Y 68/
; IF(NENJLT,NTZFRO) GO TO 873 taLe1 60
= CONVG = +TRUE. gaL® 700
TC = «TRUE,. £aLt1710

ASUMINPT) = 0. EqQLeY720

30 A4 UT1eNS £aLe1730

IF(EN{IWNPT) ,FR.0,) GO TO Ba ZQL® 740

INN = EN(JINPT) «ENN EQL®*Y75n

TES = EN(JeNPTY EQLeY 760

ENLNIJ) = ALOG(TEM) EQLs\ 770

RSUMINPT) = HSUMINAT) & EN(JINPTI®HD (J) £QLvy 7480

84 CONTINUE EQL*1 730




3 70
3 T™M = ALOG(PP/ENN) ENL®1800
] 50 TO 43 EGL®1H1D
RS ITNUMSBz ITNUMAR.] EQL#1820
c EQL*1#30
o ORTAIN CORRECTIONS TO THE ESTIMATES EQL*1R40
= c EnLe1850
E;;j KK = L FY 1 EQL"'{%&O
= DLNT= X{(1a2) £oLe1r1n
= IF (TP) DULNT=za, EoLey8R
= nd 121 J=1enNS EQAL®1R%0 .
4] IF (IUSE(J)) 161+9°%,100 EnLe1900
E 9R NZLN(J) = HQ(JII*DLNT=HO(J) ¢S (J)=ENLN(J)=THeX(I2]) EOL%1919
= D0 99 K=1l.L £0OL®1920
= HELN{J) = DELN{J) A (KyJ) #X (K) EQLe1930
: 99 CONTINUE EQL*1940
= 33 70 101 £nL*1950
= 160 JELN(J) = X(KK) EOLe1960
3 %K = RK + ) EQL®*197a
3 101 CONTINUE EQLC19an
E aM3pa= 1, EaLey390
% AMBGALS 1. EGL92090
3 suM = X(Ial) EnLe2010
E IF(SUM,1 T,ne) SUM==SUM EQL®P02n
3 IF (DLNT.GToSUM'  SUM=DLNT EOL®2030
= 1F(«aDLNT,GT,SuM) SUMs<DLNT EQLe2040
% D0 917 J=1+hS £QL®2050
= IF (IUSE(J) .NE,0) GO TO 917 £0L22060
= IF((EN{IsNPTY o GTo0e) o ANDDELN{J) «GToSUM) SUM z DELN(Jy EQLe?070
2 IFL(EN(JINPT) oNEeDs) «ORe DELN(J)eLEeOs) GO TO 917 EOL®>010
SUM1 = (=9,212.ENLN(J)+ENNL) Z(DELN(J)=X (IQ1}) ToLez29n
iF ‘SU%I elLTe0e) SU"|1=‘SUM1 £0L®2100
= IF (SUM1. T.AM3DA]) AMBDA] = SuMl EQL®7110
= 917 CONTINUE £E0LeP120
= IF (SU%eGT420) AMRDAT2 ¢/ SUM EQL®7130
IF (aManAl.LT.aMBDA) AMBDA = AMBDAlL EQL®2140
17 (.NOT,IDERUB) 60 TO 111 £QLe=2150
#RITE(E:923) TTSENN+ENNLsPPePPLNyAMBDA EQL®2160
923 FOMAT (3H0T=9er15,R96K ENN=9E15897H ENNLZE1SeBeSH PPaegl5.8. ZOLT?1T7H
1 71 PPLN-E15.R.8H AMBDAZE15.8 ) EQLe?1RG
Hr1TE_(/9924) £QLe?190
924 FORMAT (1Hn,1Bx,2HNT,12,5HLN NI,Bx,9HDEL LN NI, 10x,4HH/RT,9x,4HS0/E0Le?200
1R+ 12X 6H=Gn/RT 49X e GH=G/RT ) £nLe>2145
D0 926 J=1enS TQLe”229
FVEGY = S(Jy=Ho(J) RLep23n
FNFG32 = FNEG] EQL®2240
TF(TUSELJ) o£De0)  FNEG2=FNEG2=gNLN(J)=TH £QL®R225N
“RITE (54925) SUR({.J,1)sSUB(Js2), £ALe22A0
15U3{J93) 92N JeNPT) «ENLNLJ) e DELN(J) o HA (J) eS{J) 9 FNEG) 9 FNEG2 EQL®527n
925 FGR3AT {1X9344¢7E15.6) EQL®2240 .
926 CONTINUE E0LoP290
WRITE (Av110) EQL®>3nn
110 FORMAT(1HD) EaLe231a
o ZOLe2320
c APPLY CORRECTIONS TO ESTIMaTES £QL®7330
c gnLeP340
111 SuU+4 = o, £oLe2350
ENNL = ENNL+AMRDA®X(I01) EQL®>35a
FNN T gX2(gNnL) zOL®?370
M = PPLN - FNNL EnLe?380

0 133 JsieNS EQL®>330

L) o~
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IF (IUSF(J)) 11391129114 EQL®2405

112 INLN{JY=ENLN{J) *AMRDA®DELNI(Y) €nLe24;:0
TN(JINPT) = 0. EQL@2420

IF C(ENLN(JY=ENNL*STZE) e LEe0e) GO TO 113 EQL¥243n
£N(JNPT) = EXPIENLN(J)) EQLOPGGN

SuM = SUMSEN(J4NPT) EqLe2450

_ 50 TO 113 EQL#P4AN
154 EN(JINPT) = EN(JNPT) ¢ aAMBDA # DELN{(J) EQL%#2670
113 CONTINUE EnLe74RN
SUMN = SUwm EQL®2490

IF (TP) GO TO 115 EqL®?500

- TiN= TLNeAMRDA&DLNT EoLe2510
7 = EXP(TLN) ENL®2320

Jsl =1 EQL 92530

. caLL CpPuS EnLerS4n
115 IF (LLMT(L)«NELIE) GO TO 116 EQL®>550

c EQLS2560
c CHECK ON REMOVING IONS EQL®>570
c EQL®25540
DO 1116 J = 14NS - EQLY7590

IF (A(L,J) ER,0,) 6O TO 1116 EQL#2500

_ IF tEN(JINPT) «GTepe) GO TO 116 EQL®2610
1116 CONTINUE EQL®?2520
50 1118 J=1,4NS EQLe2635

17 (alleJ) o NELO,L) IUSE(J) = =10000 EALF2640

1118 CONTINUE EQL22550
L=t1 EQL®2660

101 = IQlel EQL®P6TD

50 70 43 TQL®?68R0

c EQL®2AGD
c TZST FOR CONVERGENCE EQL®2700
c EQL#271
116 IF (ITNUMR.ER.Q) 6D TO 13 QL4726
IF (aM3na.lTe1,) 6O TO 43 EQL#2731

SUM = {ENN.SUMN)/ENN EQL®P74n

irF (SUMQLT.QC) SUM = =SUM EQL°27S’,

17 (SUM,GT.0.,5g=5) GO TO 43 CEQLe?760

50 130 J=14NS EoLePTTq

IF (IUSF(J)eLT.g) RO TO 130 ZAL®>7A

aa= OILN{ ) /SUUN EQL®27355

I?(A" .LT.O.) AA=w8A EQLQ?an

IF (IUSE(J)EN.G} AA = AAREN(JWNPT) EQL®28146

129 IF(AAeGTeDe52z=53 6O TO 43 EQL®2R>-
135 ZSONTINUE EQL®?830

c £QL®2R4¢
C calcULATE ENTROPY, CHECK ON DELTA S FOR SP PROSLEMS EQL #2856
c EQL®7R6n
SSUMINPT) = 0. tOLe?BTN

90 133 U=74NS EQLe2BAg

IF (NPTEQel) 5SSO0 = SSO0 + EN(Jel}OS5{J) EQL9PROp

i S = St EQL22900
IF(TUSE(J) EGe ) SS=SS=ENLN(J)=TM ERL®?31hn
SSUMINDT) = SSUMINPTISSepgN{JsNPT) EOL®P920

183 ZONTINUE £QL®2%35
IF (eAGT oSPORNPTL.FRe1Y GO TO 13 EQL22940

§5 = SSUMINPT) =S50 £qL®>95¢
IF(SSeLT4({=0.060005),0R.55,67,0,00005) GO TO 43 TQLSP963
TF{30581U6) #RITE(6+1183) SS EQAL®P37n

1183 FOGRMAT{12HODELYA S/R =+E15.8) EGL®29R4

13 CONVG= JTRUE. EOL#2990




72

IF(TT  JLT.TLOW.OReTT  «GT.THIGHIWRITE (64306377 WNpT

EqLe3000

306 roanT(17HoTHF TEMPERATUREﬂilzo&Ozﬁﬁ IS OUT OF RANGE FOR POINT,IS)EONL®3aj0

IF{TTNUMB.NE.O) GO TO 160
WRITE{6,973) TTNGNPT

:OL”3020
EQL“?O?G

973 FORMAT(1HLeIDegoH TTERATIONS DID NOT SATISFY CONVERGENCE REQUIREMEEQL°3060

1INTS FOR THE POINT 159 EGLY3INSH
IF {JNOT HP OR NPT _NE 1 ORNC,EQ,0,0R,TT GT,100,} 6O TO 873  E0Le3060
WRITE(6e874) TEQL®3070
TIT = T(1} £QLY230RD
RETURN EnLe3n9n
c - EQL® 3109
¢ CONVERGENCE TESTS ARE SaTISFIEDs TEST CONDENSED SPECIZSe E0L®3110
c E£QLe3120
160 IF(NCeER.p) GO TO 143 £OL®3130
S1ZsF = 0, EGL#3140°
INC = 0 EGL#3150
DO 170 J = 1eNS EQL®*3160
I (IUSE(J}eER,0 oCR. IUSE(J).EQ.-IODOO) 60 Y0 170 EOL®3170
INC = INC o 1} EQLe3180 |,
IF(IDERUG) WRITE(64144) (SUSIUsT)ela]e3)- TEMP(IVC.I)-TEHP(INCoz)o EQL®319q -
1TUSE (J) sEN(JeNPT) EQLe3200
144 FORMAT (1H(Q,3A4,2F10,3+3X,5H1USE=,14,E15,7) EQLe32)0
IF (EN(JoNPTI) 14591489149 ! EQL*3220
146 37 (JeNFeJSOL oaNDe J oNEGJLIQ) GO TO 147 TOL®3230 .
JSO = 19 £oLe3240
JLio = 40 EQL¥#3230
147 I21 = IR . 1 EalLes3?60
EN(JINPT) = g, EOL®3279
30 TO 166 EQL®3230
148 KG =1 £QLe329n
IFLIUSE(U) oENL=TUSE(J*1)) GO TO 154 EQL®33np
151 Ir‘JO E0e140RGTUSE () eNEe=TUSELY=1)) 5O TO 153 EQL®3310
KG = =) tQLe3320
154 JKG = J + K& EQL®3330
IF (EN(JUKGeNPT)LT.04) GO TO 170 EQL®3340
TUELT = TEMP(INCoD) EOLe3350
TuP = INC ¢ KG EQL®3340
IF(THELTLED.TEWP(IMP,2 1)) GO 7O 158 taL®3370 !
TYELT = TEMP(INCY2) ECL®33A6
iF (T%PL..EQ TeMP(IMPe1)) GO YO 157 £QL%33390
SRITE (64156) ZQLe3400
156 FORMAT (50H03 PHASES OF A CONDENSED SPECIES ARE OUT OF ORDER ) ENL¥341 0
o . ZQLe3si?n
€ JTH SPECIES a4 SOLID (EN=p)s (J*KGITH SPECIES A LIZUID (EN 1S e EQL®343g
c £QLe344N
157 IF(77.6T,TMELTy GO 7O 169 £QLae345n
IF (TPoANDSTT.FQeTMELY) GO TO 169 £AL®36AN
F (TP) @G0 70 1165 EQL®3470
IF (TT4LELTMELT=150+) GO TO 1165 £QLae34'1
Jsop = g EDL®3490
JLIn = JKg EQL®3560
3D T0 1589 EQL®3510
o EQL®3520
C JTH SPECIES & LIQUID(EN=0), (J*KG)TH SPECIES A SOLID (EN IS &) EQLa3%30
c . ZoLe3540
1538 IF (TT.LT.TMFLT) 6O TO 169 EQL®355n
IF {TPeaNNeTToERTHELT) GO TO 1695 EQL®3560
IF (I%) GO TO 1165 EQL®357p
IF (TT.6E,TMELT*150e) GO TO 1165 EQL35]p
JS0L = kg , EGL®3530

IS AN

e S b o 5
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159

c
1145

153

167

168

169
170
1169
165
166
40

143
m

000

1171

171

179

184

JJdLta = 0

TLN = aL06 (TMELT)
IT = Tvev T

-N(JKG.NPT) = 5 ¢ EN(JKG,NPT)

EN{JINPT) = EN(JIKGINPT)

50 TO 165 ,

EN(JYNPT) = EN (JKS, NPT)
TUSE LYY = =1USE(D)

1USE (UKG) = «JUSE(JIXG)
EN(JKGYNPT)= 0,

533 70 40 !

IF (TT.L T, TEMP(chol) .AND.TEMP(INcol).NE.TLOH) 60 TO lé6¢
IF (TT.GT,TEMP(INCs2)) GO TO 169

SU“ = 0.

90 167 1 = 1oL

SYM = SUM o AT+ JyoX(1)
CONTINUE

DELF = HO(J)=S(J)=SUM

17 (IDEBUG) WRITE (64168)DELF¢SIZEF

-

4RONG PHASE INCLUNED FOR T INTERVALs SWITCH EN

73

EQLe3600
EnLe161n
FQOL®3620
gate3h30
EQL%3640
EQL#3650
£QLe36h0
EQL®3570
taL®3684
EQLa36060
EQL®3700
EQAL®3710
EQL%372n
EQL®3730
EQOL®3740
EQL®#375p
EQLe3760
EQL®37T70
ENL®3T7A0
EQL®#3790
EQLe3RG0

EQL®3R1n
EQL®3R2H
EQGLe3R3n

FORMAT (17H G=SUMIATIJ®*PI) -E1§-7'10X’18HPREVIDUS DELTA G B+E157)ERL®3844

iF(DELF «GECSIZEF o0ORe DELFeGEsDe) GO- TO 169 :

SIZEF = DELF
JRELF = J
IF (INC,EQ, NC) GO TO 1160
CONTINUF
IF (SIZ2gF,.,EQ.0, ) G0 YO 143
= JUELF
IQI =1Q1 +
1USs{d) = » IUSE(J)
CONVOG. = FALSE
Ir(N?T.;Q 1) SSo =0
JSl =1
sl &94S
?N = NyuB
iFr (4 NOTSHOCK) .
FORMAT (13414F9,3)
ITNUMS = ITN
JSi = 1
IF(TPeAND, CONVG) CALL CPHS
50 TO 43

CALCULATE EQUTLIBRIUM PROPERTIES

DLVPTINPT) = =1
oLviPineTy = 1,
CPR(NPT) = CPSUM

80 TC 199

SJv = 0, H

D0 179 J = 1.L
SUM = ;8SUM e PROWIYI®X(Y)
CONTTNGE

BLVATINPT) = «Pe«+SUM/ENNG X(1Q))

IFLJLIQ.ER.0) GO TO 199
TUST(SLIGY) = «TUSE(JLIN)

ASUMINATY) = HSUM(NrT)0£N(JL100NPT)0(uo(JLIQ)-uo(JsoL),

i

H
H

WRITE(69TTIINFTo (XC(IL} v ILBIoL) o TN

£EQL2385)
EQLe3Bsg
EQL#387n0
EQLe388p
EQLQ?RQQ
QL3300
£0Le3910
EQL®392n
£0L%3530
EQLe3%4p
EQL®395,
EQL®3I9A0
EQL8397)
EQLe#33Rap
£QL%35450
£nLe40n0
EQL¥4010
EQL®40?n
EQLesn3n
TQLeslen
EQL®L0SN
ZOL®40A0
EQLe60TH
EQL®40R0
EQLes090
EQL#4Y0n
EQL%411 0
£aLeslen
EQLes13n
EQL®G1an
EQL#4150
EQLOG 60
EQL®41 70
tQLe413¢
EQL9419¢
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ATt
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3
;s
=

iy

iy

PP

A1 = 1Me}
AIMMAS (NPT
30 TO_1R6
189 IAUMASINAT)
188 TTYT(NPTY = T
DPP:NPr) =P

u

T
)

e] ¢ /DLVPTINPT)
.I.I(DLVPT(NPT)¢(DLVTP(NPT)““z)“ENH/cPR(NPT))

cPF (MNATY = CPSUM
4SUMIAPTY = HSUMINPT)I®TT
S:{VPT) = 1+ ENN

209 iF { +NOT, IDEBUG)Y RETURN

SHRATIV = 1.
17 iSP}

PrRATIO=PP/R (1)
aRITE(6.201) NPT,PRATIO,

1T1eLVPT (NPT) oDLVTS (NPT) 9 GAMMAS (NOT)

-

201 FOR~MAY

(7HoPOIMT=I3,3x,4HpcP=

74

E]3.6.3x.2HP=513.503X'ZHT=E13.603Xo

EalLee200
EQL®L210
EaL*4220
EoL¥nz230
£GLYA740
EOL"QZSI;
EQLTL260
ERLYG2TD
EQL#4280
EqLz6230
EqQL®43a0
ERLY4E1D

PP,TT.HSUM(MPT),SSUM(N9T),HM(NPT).CPR(NPEOLﬁ432D

TOL9L330

4HEQL® 634D

14/R=£13~603Xo4RS/R=E13‘6//3X03H“w=513-6o3x'5Hc’/a=El3.6o3x.6HDLVPTEoLﬁ¢355
=513-6:3X,GHQLVTP=E13.6o3X19HGAMMA(S)=El3.6 )

30 70 1200

(X2 Ne]

873 Ti=ae
7 NPT = NPTel
1000 AETURN
ZND

£xORe SET TT=0

£QLY6 350
EQL®43270
EQLY46328n
EAL®433D
EQLe4400
ENLYs65 g
EQL®L420
EQL@4430
EQL¥4440




SURROUTINE PHS CPH®NGNOD

caLCULATES THERMOpYNAMIC PROPERTIES FOR INDIVIDUaL SPECTIES CPHan010

TRPH*Q 020
cOwnON/SPECES/coEF(2.7-150)05(150).EN(ISO.IB)ﬂ{NLN(1=ox,g0(1§0) cPH®ND30
1 ooeLN(lsn)oA(lsolqO).sua(ISOoa)qusE(ISO).TEM=450.2) cPHIN0L0

COMMON/MISC/FNN.SU“N.TTsQOoATOM(BqIOI)sLLMT(IS)qEO(IG)oBOp(ISgZ) CPHa0050
1 ,vaTLON.TMIn,THIGH.PPvCPSUM’OFvEQRAToFPCTcRoQRgHSUROQAciz)oAMiZ)C?&”Qnso

2 ,ADP(Z)oRHO(?)9VMtN(2)oVPLS(Z)oﬂP(Z)0DATA(22)oNaMEIISo§} cCPHe0N070
3 ,ANUM(15o5)’pECWT(IS)oENTH(IS)9FA2515),RTEMP{IS)'FOX(IS};DENS(15)CPH°QORn
4 oRHOPJRMW{15) 4 TLN CPHYT090

COMMON/INDX/, INEBUG,CONVG, TPy HP 4 SP,HASP, TPSP ¢ MOLES, N2y NT,NPT,NLH CPHowlNNn
1 oNSIKMAT s TMAT 101 9 1029NOMITo TP oNEWRSNSUB+NSUP+ T TN CPCVFRSCPCVED CPH®F110

2 cIDNS-NCoNSERToJSGL-JLIO'KASE.NREACoICoJSIoVOLaSHacK CPH¥N120

CPHPNTIN

EQUIVALENCE {JeJSI) CPH®P1AQ

CPRHOO1SN

€ =1 CPH#a1s0

IF(TTeLE«TMIDIK = 2 CPHOGI7N

KKk = 0 CPHYN18O

cPSu¥=op, CPHaN150

90 IF (COEF (Ke19J) eNEoie) GO TO 97 CPH%G200

IF (IUSE(J)«LT.0) GO TO 100 cPH¥N210

LK = K CPH®0220

X =1 CorEIn23n0

IF (KK.EQ.1) K = 2 CPeS0240

97 S(uy) = (({(COEF(Ky5¢J) /64, )8TTe COEF(Ks49J)/3,52TT0 COEF (K9 3:J) /72,CPHID2SD

1% TT€COEF(Ke24J))@TTe COEF {Kv19J) @TLN & COEF(Ke72J) LPHenZ 5N

HO(J) = ((L{COEF(K959J) /5,1 8TTe COEF (KebeJ)/4,)0TT4 COEF (K339 J) /3,CPREN2TT

& 1 ) #TT+ COEF(K92+.J)/2e)8TT* COEF (KeleJ) ¢ COEF(Ke64J)/TT TPHen2L .
=3 £PSUM= cPSUMe ( (L{COEF (K9Se ) 8TTe COEF (Ke49J3)0TTe COEF(K939J))®TT CPHHGZ0
e 1 ¢ COEF (Ky2¢J))aTTe COEF(Ky19J))@EN(JeNPT; CPHeg350
= 17 (XK.£0Q.0) G0 TO 100 CPH® 319
K = KK CPreN3ZH

KK = v CPHanR33N

100 IF{JsEQ.NS) GO TO 200 for YL PR

J=J+1 CPH®D350

= &80 70 99 CPH#M3A0
= 200 RETURN CeHan37h
3 END CPH®N3g)
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SUBROUTINE MATRIX MALT2AD06
¢ YaTed01p
¢ MAT002¢0

DOURLE PRECISION GeX YaTen03n

LOGICAL HP¢SPeTP:INEBULICONVGINENR VAT®nd6E

VATR0950

COMMON/POznts/HSUM(13).SSUM(13).:PR(13).DLVTP(13).DLVPT(13) VATeg g0

1 o+GAMMAS(13) 9P (26) oT(26) 9V I(13: oFOP (132 sWM{13) 9SONVEL(13)oTTT(13) MaT®097y
2+TOTN(13) YATen0Rp

C“*HON/SPECES/COEF12'70150)'5(1505054(130’13)PENLN(ISO)OHO(ISO) “nT2n690

1 oDELN(150)+A({15¢150)9SUB(15093)2IuSE(155) s TEMD(5042) ATSG100
COMMON/MISC/ENN4SUMNTT S0 9ATOMI3,1037 LLMT(15),80715) ,80P(15,2) ¥aT?plin
1 9TMDTLON'TMInsTHIGH.PP,CPSUMQOFOEQRA?Q?PCTtRoia'HSU§09Ac(Z).AM(Z)HATGOIQO
2 oHPF(2) yRHO(2) s VMIN(2) 4VPLS(2) 2 WP (2) s DATL (22) yNAME (15, 5) YaTo20130
3 .ANUM(Is.s).pgch(15)sENTH(ls).FAz(1g)yR’EMP(15).FOX(ls)'DENS(15)ﬁAT”nlcn
4 oROPIRMI(15) 4, TLN MaTenl150

co“4ON /DOURLE, G(20421)s X(20) vaTa#n160

COMMON/INDX/ 1DERUGCONVGoTPsHP9SPoHPSPsTi SPe M) ESoNPyNT ¢ '8 ToNLM MAT#4170

1 9N5’KHATQIMAT0101'IQZ’NOMITvIPQNEWRQNSUBcN$U30ITN.CPCVFH;:PCVEQ YaTenl3n

2 +IONS,NC NSERT,JISOLyJLIQ,KASE,NREAC,1CyJS1y+0LySHOCK MaTeq150
c YAT®n2nn

EQUIVALENCE (LvNLM) ¥aTe0210
¢ M4aTep22n

IG2 = 1INl e 3 MAT®p23n

1IR3 = 122 « 1} N YaT<D240

KMAT = 103 MAT2n250

IF(eNOT.CONVGeAND«TP) KMAT = Q2 MAT®n280

TMAT = KMAT « 1 MpaT20270
C MATaen2a0
¢ CLEAR MATRIX STORAGES TC ZERO YaT®q29p
c YaAT#0300

DO 211 I=),ImAT MaTea210

D0 211 K=7+XKMAT MAT®n3on

. G(I+X)= 0,0p0 MaT#0330
211 CONTINUE VaTe03%0

SSS = g. 4AT*0350

HSU4(NPT) = 0, MAT=A339
C YaTeaa7r
Cc 3cGIN SET UP OF ITERATION MATRIX waTenia,
c vATE0320

XK = L VATon4an

. DO 65  J=14NS MAT204% 5

sS=An {J)2EN(J.NPT) MaATaens 2

IF (TUSE(Y)) AGe11e70 MAT®ns30

11 F = (nD (U =S{JYSENLN(JI ¢ THI *EN(JINPT) MATEOG6D

SS = HaF MaTenssp

TERVL = & MaT®n4sn

IF (KMAT .rQ. 102) TERMIY = F vpTeNG 70

93 85 1 = 1, L YaTensan
Lo MaT#a439
c CALCULATE THE ELEMENTS R{IK) “ATonS00
Cc MaTan<in

IF (alIed) <20, po) GO TO 55 4iT°n32,

TERMZ A(Y4J)SEN{JINPT) VaAT®nS30

33 15 K=1, L YaTenS4n

S{IeX)= G(IeK) ¢ AIK9JIOTZRM “aT#a554

15 ZONTINUE YsT®a350

c “AT=p570
S{I+201)=5(T74T01) ¢ TERM YiTen550
S(I+102)=G(141025+5(19J)#TERM] MATe059N
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IF (CUN.S LOR.TP) GO TO €35 MATON60U
S(1.103}% G(Te1Q3)eA(1sJ)OF YaTe2ns10
1y (5P SLIN2+1) - G{102e1) * A({T e 24585 waAT90620
gr .O4TINUE MATon630
15 (K¥2~ Q. 102} 579 TO 64 ¥AT9n6an
TF(cttJG-ORaﬂp) €0 YO Sy YaAT#0650
5(:02:1Q1) = G(102,1013 » SS MATen660
5(in20162)=sirneernz)oHo(J)’JS MAT®n670
211Q2¢103) = G1102+10Q3) ¢ (S{J) = ENLN (J}=TM) OF vaT®0580
Gu TO 627 aAT#n690
59 3(1020102)=$(Iﬂ2»IO2)°Ho(J?°H MATe9706
1z (CONVG) GO TO 64 4aT20710
G(iﬂ?y!@B):G(IG?oIOB)*HO(J)‘F MAT®#n720
&2 5(!?10103)=G(.n1v103)0F MAT®#0730
64 G(Ic1,1e23:3(!01.102)0TERH1 uaTep740
50 *0 A5 ¥ATen750
c vaAT#0T760
¢ CONDEWMSED SP:CIES wATegT70
C aT®#n7a0
v3 X5 = KR -1 MAT20T73D
00 75 1 = l.L “aTegR0n
3(1.%X85} = Al{1I+0} MAT®#810
5T KMaT) = GITeKMAT) = A(I!J)'EN(JoNPT} aTensen
95 CONTINUZ SAT#083D
Glke102. = w01J) waTond40
GI/KKehM:T) = Ho (JY = S MAT®NBS0
ASUMINPT) = HSUNINPT)e H vaTenA850
1F{.NOTLSP) G0 TO A5 MAT®#n870
$SS = $4S # S(JITEN(JINPT) VAT®ORRN
G{IN2exK) = S(J: vaATenBI0
65 COVTIiug $A7%n90n
355 = SS5 v 6(122+191) va 190510
wSUH(NFTS = HSUMINPT) + 6(1Q1,1G2) MAT2n920
© §110191Q1) = SUMN < ENN 43730930
C MATeN9530
c REFLECT SYMMETRIC PORTIONS OF THE MATRIX ¥aAT®3950
c vaTong50
ISYM = 191 YaTans7n
17 (riF « DR CONVG) ISYHUSIQ2 WAT203R:
50 102 I=1sISYVU vLTon558
30 102 J=T.ISYM YaTe1600
5{JeIi=5{TeJ) ¥ATE1010
162 CONTINUE vaATE1020
c ¥aATE1030
¢ COMPLETE THE RIGHT HAND SIDE %aAT®10640
C MAT®1030
IF(COMVE) GO TO 175 MAT®10560
2D 145 I1=1eL MAT®1070
Xr1)=201I1=6(I1.1I01) “aTe1080
G(I+KMATY = G(TeXKMAT)¢X{]) YAT®*1090
145 CONTINUE uaATe1100
G(INleXMATY = 61101 s KMAT) $ENN=SUMN vaTe1110
c vAT®1120
c cOMPLETE ENSRGy ROW A&ND TeuwPERATURE COLUMN ¥aTe113n
c ) vATS1140
15 (KMaT .ER. 102) 60 TO 185 vaTe1150
TF (SP)INERGY = SO +ENNaSUUN 838 - vaTe116D
IF {~P) EXZRGY=HSUBY/TT = HSUM (NPY) vaT®1170
5(212+163)=6(1029103)+ ENERGY 4zT911R0

175 5(102+102)= 6{102,192)+CPSUM “aT#*1190




e e e+ e —————————

LN

1R3 RETURN h
D
e qaATe1200
vAT®1210

M

I i

.

'f“ Wk L]

il
LR

RN

T




79

SUSROUTINE MGausD Gayeoooo
¢ Gau*nglo
c SOLVE aNY LINEaAR SET OF Up TO 20 gQUATIONS 34080020
¢ GAU®003s

D0URLE PRECISION QeXeCOEFX(20) 9SUMs2 GaU*nos0
¢ GALSN0S0

COMMON/DOURLE/6(20+21) 2 X (20) GAU® 0060

LOMMON/INDX/ IRZBUGCONVGeTPoHP sSPoHPSP o TPSPoMOLESoNPoNTONPTINLM GaU%00T0

1 oN3eRMATLIMAL o TQ1 4102, NOMIT IP NEWR\NSUB,NSU?, [ TN, CPCVFR,CACVEG GaUsgonon

2 s INNSNCINSERT-JGOL v JLIOKASE ¢ NREACIC+JS) 9 V0L 2 SKOCK GaU*no9p

c SAU*DI00
EQUIVALENCE (IUSE, TMAT) 5aU®06110

. ¢ 5autnizg

DATA BIGNO/Y,E4+382 Gayenlan
c GaU*N1s
(o4 3EGIN ELIMINATION 9F NNYH VARIABLE GaAYRNn1Sn

: C Gauen160

IUSE1=]USE+1 5aUen1TO

6 DO 45 NN=:,IUSE GadenlRry

IF (NN=IUSE; 8+83eR 3aU*n199

83 JIF{G{NNeNN))I31:23431 5aU%Nn200

(o SAUep23n
c SEARCH FOR MAXIMUM COEFFICIERY IN EacH ROW 5aU%az29
c Gayen23n
. 8 DO 1B I=NNs+IUSE 5aU%p249

COEFX{1) = RIGNO A 5au®025H

IF(G(I,NN) ,EQ,0,) GO TO i8 Gauen249

COEFX(1} = o, 3aU%n270

DO 10 J=NNeIUSE} GAURNR2g0

SUM = G(I,J} Gauen29¢

IF(SUM,LT,.04) SUMa=SUM Gal*a3ng

IF{JeNE,NN) GO TO 9 5aU®a310

Z = SUM ~~yaa320

GO0 TO0 i v.U*p33g

_9 IF(SUM,GT,cOeFrX(I)) COEFX{I)asSuM 5aU*3340
. 10 CONTINUE S1Ue9350
_  COEFXI{I) = COEFX(IM/Z Gau®*qn3sg
18 CONTINUF GaU®037N
TEMP = RIGNO GAU*a3A0
I=9 5aU%n395

20 90 22 J=NNsIUSF ZaU*o400
IF (COEFX(Jy=TEMP) .87922422 Sausgeln

87 TEMP=COEFX(J) 5aU%0420
1=J SaUr 0430

22 CONTINUE SaU%p&4s0

IF(1) 2Re23+28 GAU®*045G

c Sauen4Rn

. c INDEX I LOCATES EQUATION TO 8E USED FOR ELIMINATING THE NTH 5aU%p47Tn
c VARIABLE FROM THE REMAINING EQUATIONS 3AU%N4RD

c GaUens%g

c INTERCHANGE EQUATIONS I aND NN BaU*a5n04

¢ 5aU®nS530

28 IF(NN=1) 20,31,29 GAaUR 0525

29 DO 30 J=NNeIUSEY 58U%0530

=5(1+ ) . GAU® 0540

5114Jd)=6G(NNyJY d&Uen55,

G(NNvJ)=Z 5AU*H56Q

30 CONTINUE 54U%057)
5aURN580

ODIVIDE NTH ROW RY NTH DIAGONAL ELEMENT AND ELIMINATE TAE NTH GAUR)590




(o VARYABLE FROM THE REMAINING EQUATIONS 5aU%n600

c Gauycnalp
31 K = NN 4 1 Gaue;620

D0 36 J = Ke JUSEL ) GaU%063p

IF (G INNINNY EQ. 0.3 50 TO 23 GaUenbLo
GinNgJd) = GINNeJ} /7 GI(NNeNN) GaU*as50

36 CONTINUE GAU®N66D

IF (x=IUSE]1) BR,45,88 Gauene”g

88 DO 44 I = KeIUSE 5aU* 065N

40 0O 4% J 3 K» IUSEL GAUSN6ON
GllsJ) = G(IeJ) = G{IsNN}) @G (NNyJ) 5aUCGTO0

44 CONTINUF GAU*0710

45 CONTINUE Gays9729

Cc Ga®730
c 3ACKSOLYE FOR THE VARIABLES GLU%nTAD
o GAUsn750
K 3 1USE SaU%n760

47 J = K ¢ 1 SAUSNTTO
X(K} = 0.9D0 SauUen786

SUH 2 0,0 ) 54U%0790
IF{IUSE = J) Sleége48 52U%NR00

48 DO S0 I = JoIUSE GaAUenBID
SUM = SUM ¢ GIKeI)E X{I} 5aU®np82p

S0 CONTIMUE 52090830

81 X(XK} = G{KsIUSEl) - SUM GaUs0B4D
K=Ke}\ SAU%qn8s5,

IF (K) 47151447 55U%0860

23 IUSE = IUSE=~y GaUeoBT0
151 RETURN 5aU*nRgo
END Gay*0890
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SUSROUT INE VARFMT (VNOT)

DIMENSION V(13)

COMMON/QUPT/FMT (30 oFP {4) o FTL4) o FH(A) sFSLL) o FMIS) o FVIA) FL(4)
2FCLa) orG(a) yFBIFMTI3oFIsF2aF2eF&aFSeTLI4) oFUTIGeFALlIFL2
SFRIGFCIIFNI4) sFRIGI sFA(A) o FT (&) FMTOXeFD

00 65 I:}.NPT

Xz 2%1e3

FMTIK) = F4

IF (VII).GE.10,) FMT(K) = F3

1fF (V(I)OGE.IOOQ) FMTIK) = F2

IF (VI1).GEL,10000,)FMT(K; = F1

IF (VII)eGE.10000004) FNTIK} = FQ
CONTINUE

RETURN

END

VAR®00ND
VAR®n010
VaAR®0020
VeRen03n
VAR%po4n
VAR®HIGH
VaAR®*n060
YAR®Q0T70
YAR®n0R0
VAR®40940
VAR®N1049
YaR®p1l10
VaAR%0a120
VAR®N1134
VAR®al40
vVaR&N1SH
VAR®(;160
VAR®Q1T7(

L]
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SUBROUTINE OUT] QuT®no00
oyTenoln
DCUSLE PRECISION G,X OyTaen02n
REAL MIX(s0) ouTep01306

LOGICAL EQLIFKNZ ¢+ TPeHP s SPeRPSP e TPSPIMOLES ouTeN040

ouTegnsa

DIMENSION NV(13)92!10+3) oHEAD(15sYX(5)4YN(5) oUT*n06n

DIMENSION SIEGEL(30) ¢CONCKI(10,30) oyTe0070

QuTennRn

COMMON/POTNTS/HSUM(13) 9SSUM(133 eCPR{13)+DLVTP(]13)00LVPT(13) oUTenN9n

1 sBaAMMAS(13)oP(2L)9T{26)+VI13)+PFP(13) 2o WM/13)9SONVEL(13,¢TTT{13) OUT*N100
2 »T0TNOID) OuTenlln
COMMON/SPECES/CUEF (2979150) 15{150) +EN(150+13) s ENLN(150) »HO(150) OUT*g120

1 +DELN{1IS0)9A{1S9150)9SUBI1I5093) 9 IUSE(I50) s TEMP(50+2) ouUT#0l130
COMMON sMISC /ENN,SUMN, TT,Sp,ATOM(3,101),LLMT(15),80(15),80P(15,2) OYTenlso

1 o T2 TLON TMID THIGHI PP ZPSUMs OF 1 EQRAToFPCToRe IR HSUZ0 0 AC (2) 0 aM{2) 0DUTED150
2 oHPP(2) 4RHO (2) 4 VMIN(2) 4VPLS (2) WP (2) yDATA (22} ¢ NAME (15,45} duTen160
3 tANUM(15,6) 4PECWT (15} sENTH{15) 9FAZ{15) sRTEMP(15) +FOX {153 +DENS(]15)0UT®5170
& sRuGPIRMW(15) . TLN ouTenlRe
CO%MON /DOUBLE, 6(20+21)s X120) OuT*6190
COMMON/INDX/ IDEBUGCONVG, TPoHP ¢SP,HPSP, TPSPeMOLESINOGNToNPTSNLM OUTe0200
1 oNSIKMAT, IMAT,1Q15102,NOMIT, IP¢NEWR,NSUB,NSy2, 17N, CPCYFR,CPCVEQ OyT®n210
2 +IONSINCINSERTUSOLsLIO,KASE«NREACYICsJSY s V0L SHOCK O0uT®p229
COMMON/PERF/PCR (263 v VMOC {131 3SPIM(13) ¢ VACT (137 ¢+SiUgaR(13)5SUPAR(13)0UT®0230

1 +CPRF (13) AEAT(13) »CSTRLEGL,FROZ,5S0 QUTep240
COMMON/DUPT/EMT {30 vFP(4) o FT{4) oFH (&) eFS(4) sFMI4) . sV I4) oFD () DUT®npg0
3l .FC(‘30FG(‘).FB,FHTI.SQFI.F29?3¢F"FS;FL(‘) 'F‘Tx9;FA1'F‘Z DUTQ‘“ZESO
2 oFRISFCIOFN(4) oFRIA) oFA (L) oFI(4) oFUTOXsF 0uT®n270
COMMUN/SNEW/RONY INDF A ouTen28o

COMMON/EONEH/RE(Bo.bo),R6(30,66),EK1(30,40),EKE(BO.AQ;,ROH(30,§D).0U790290
iCH2(30060) e ATT(1304¢) vF (4p) sPHTI(40) 9BTON] (309403 9ECON2 {3940} sBCONDUT® 300

26(30940) 0yT«031o0
OuTe032n

EQUIVALENCE (VeNV) 4 (ZeHp) o (IB9FB) oUT*p330n
DyUT*034n

HEADZ (1R 428445 (82¢F8,543X)95 X yF7,5¢F13,3,4X,41,F30,2+4F0,4; OuTen3sy
ouTen 360

DATA HEAD/4H({1H +4He2A492H1594H (A2 94HFBeS sGHsIX} 92H¢5 +2HX: 0uT®p37¢

1 $OHFT .5 24HIF1I3 «4H3e® 24HX0A]L o4HIS10 214427 94HO, 41/ o0yT=n38H
DaTA FUEL y4HFUEL #,0XID/4HOXID/,ANT /3HANT /,0X/1R0 7, 1Z2H00, DuTspn399

1 . *YN/ZHels 2He2v 2Ha3s 2Heds 2HeS /9FT15/74<F 7.5/ 0liTen4 00
rd sYX/3H 5T 43H 44 43H3193H,18,2H,5 FsF13/764F7,3/7 dyv2néin
DATALSIEGEL{I) +I=7¢30) 74HC (S) saH shh 144C0 SN *4H +40UT® 042,
1HCD2 44 obeH s &HH o & H IS, | s &4HN s &M o &LH s 4HNGOUT2N4E30
2 egn 24t s4HNZ20 14K v4H 14RO s4 s4H £6+02 +0UT%g3s0
344 sén e4R0K  o4H $4H 4 QUT*045H
QuT#nésn

IF(KASE.NEe) WRITE {(&e3) KASE UT®*n47n

3 F0RMAT (5 CASE NQ. 15} DuTen4nn
IF(.NQT.M0L653 WRITE{6,5) OUTeps9n

5 FORMAT {77Xe46HWT FRACTION ENTHALPY STATE TEuP DENSITY/ ouT#ngon
1 10xs 1AHCHEMICAL FORMULA,S1X,21H(SEE NOTE) CAL/MOL,10X¢5HDEG X,JUT2nS510
2 &XeshG/CC ) SuTepS2n
IF{MOLFS) WRITE(645) 2uT*nS30

6 FIN4AT (TGX4SHVMOLES7Xe 3IZHENTHALRY STATE TEVP DENSITY/ QuT=pS5en
1 13Xs16HCHEYTCAL FORMULA+&SXs FHCAL/MOLs10Xe13HIESG X G/CC ) OuT®ps5)
30 15 N=l,NREag 0yT2056n
IF(FOX (N} +NE,O0X)G0 TD 19 0uTensS7n
Hn1 = OXip SuTeasen
HO2 = ANT SuTens59p

T T AR ar [y e e R




(s Xe Xe BN ¢}

OO0 OO0 OO0

(o Nq)

83

50 10 11
10 401 = FUEL
{2 = FR

11 90 13 J=1,5
) IF (NAME (NeJ) oEDe IZ ORNAME (N9 J) 4EQ,IB) GO TO 14
13 CONTINYE
. J=b
14 J=Jde1
HEAD(3)=YN(D)
SzAD(7)=YX(J)
HEAD(9Y = F75
IF(PECWT{N) -GF,10.) HEAD(S)=F73

auTeN6N0
ouT#phin
DuT®0n620
ouTen630
0uUT®n64n
OuTen6SH
CuT®0660
DyTCns?70
duT¢n6R8n
JuUT*n630
JuTen700
tuTen?1n

NQITE(écHEAD)HBI9H02'(NAHE‘N'JJ"ﬁNUM(N'JJ)iJJ=lOJ)!QECHT‘N)QENTH(OUT°O72°

1NY s FAZ(N) ¢RTEMP (N) o DENS (N)
15 CONTINUE
FPC = 100,/ (1+«0F)
WRITE(6,20) OF FPCL,EQRAT4RHOP
20 FORMAT (1HO915Xe 4HI/FSe FPe493Xe13HPERCENT FUELSeFBebvéXy
1 19HEQUIVALENCE RATIO= ¢F7e444X;8HDENSITY=FBeé//)

AGY = 9,80668
RETURN

EnTRY 0UT2
PRESSURE

FMT (&)= FMT(6)
CALL VARFMT (PPP JNPT)
WRITE (6eFMTI(FP{T) 912104) 0 (PPF(J) 9 Js1NPT}

TEMPERATURE

DO g5 I=148PT
NY{T)I= TTT(I)+,5
65 CONTINUE
FMT{4)= FMT13
FMT(5)a FMTIO
KRITE (G+FMTY(FT(IY e 1=194) 0 INV(Jis =1 oNPT)

ENTHA;PY

D0 75 I1=1,NPT
V(I) = HSUM(I) ®# R
75 CONTINUE
FuT(S)= fFga
FuT(T)= F1
XRITE (GoFMTI(FH{IY91IS194) 9 (VIJIsJIn1sNPT)

ENTROPY

FMT(7)=F&
DO 78 I = 14NPY
V(I) = SSuM({l) * R
78 CONTINUE i
WRITE (AeFMTI {FS{TYeI=19433{V(J)eJal eNPT)
WRITE {6+80)
qp ForMAaT { I1H )

MOLECULAR WEIGHT

oyTen73n
QuTenT4n
0To0750
QUTen750
oUT#0770
QuTeg78n
oyTen790
DyTe0800
ouTen8in
QyTenB20
QuTen83g
pyTengsd
0uT#0n850
OuTenRs0
oyT*9870
OyTe0830
OuTeqs9n
oyTe*ngon
25T*0%10
GuTer9zn
QuT9pg3n
JuT#nS40
BuT#595¢0
JUT*0N960
JyTL0570
2yT*,98y
34T2n590
Jy7Te1000
oyT#101a
Jute1020n
2uT=1530
DyTe1040
SuTe1050
JuTe10en
OuT*1070
QuTe10an
OyT#1090
dyTe*ilnn
ouT*1110
OuTe1l20
duT=y1130
DyTe1140
gyTe1isg
SyTe116n
oyTey17n
duTe*11240
oyvTe119n




c ouT#1200
FMT ()= F3 OuT#1210

WRITE (69FMT) (FMITI o121 04) o (WM{J) 0 J=19NPT) 0UT*#y229

¢ ouUT*123n
c {DLV/DLPy T QuT#1240
¢ 0UT*1280
FMT (7)) 3fS 0UT#*#1260
IF(EQL) WRITE (6+FMT) (FV(1)913144) 4 (DLVPT(J) yJul,NPT) OUTey270

c bUT*1280
c {DLY/DLT) P ouT*1290
» 0UT#1350
FMT(T)= Fy 0uT#y1319
IF(gal) HRITE(69FMT)!FD(I)oItI;b)o(DLVTP!J)tJlloNPT) JUT*1320

c QUT#133p
C  HEAT CAPaclTY OUT#*1340
c i . OUT*#1350
DO B5 I={,NPT OuTe1360

VII) = cPR(I) ® R OuT*1370

85 CONTINUE ) OuT*1380
HRITE(6,FMT)ch(I).!:1.6).(V(J).Jx1.NPT) OuTe)39p

c 0UT* 1400
C  GAMMA(S) QuUT®*1410
c OuTe1420
HRITE(ngMT)(FG(I)¢1'195).(GAMMAS(J)le]ﬁNPT) 0UT®*1439

¢ OUT*1640
C SOvIC VELOCITy QuTe145g
c OUT%1480
FuT(T)= §) QUT*147n

00 95 1 = } NPT OUTe1480
SONVEL(]) = SORT(RR’GAHHAS(I)'TTT(I)/HM(I)) 0UT®*1490

95 CONTINUE OuTe1500
ARITE(SeFMT) (FLLI) 012040 ¢ {SONVEL L) » JE1 NPT} OyT#*y530
RETURN 0yT*1520

c JuTe1530
eNTRY 0uUT3 0yT* 540
IF(.NOT.EQL) O TO 331 ouTe1550

DO 309 I = ],NPT OuT*1580

DATA (1) = o, OuT*1570

DO 308 X = 1,NS oyT*1580n
DATA(IY = DATA(I) ¢ EN(KoI) 0yTeyS9g

388 CONTINUE OuT*y1694
305 CONTINug ouT*1810

c QuUTe 620
€  MOLE FRACTIONS = EQUILIBRIUM O0uT®163p
o ouT*1i640
®RITE (6480) OuTe1650
FaT{T)= Fg oUT®1660
WRITE(6,310) OuTey670

370 FOPYAT(15HoMOLE FRACTIONS //) UT® 684
50 330 K=14NS DuT®1690

D0 315 I=1 NPT OuTe 700

_ VII) = EN(K+I) / DaTA (1) ouUT* 710
315 CONTINUE ouT*1720
D0 316 I=y,NPT ouT*1730

IF (V(I).GE.(S.E-S)) 60 To 320 ouT®1740

316 CONTINuUES 0uTey750
83 70 330 DuT*y1760

320 WRITE (6eFHT) SUB{Ks1)2»SUp (K92) +SUg(Ke3) sFRe (V(T) ¢ 121 oNPT) ouT*1770
330 CONTINuE duTe1780

331 WRITE{(6+335) 0UT*y 79y




T s W

At

&y

335 FORMAT (118H0ADNITIONAL PRODUCTS WHICH WERE CONSIDERED BUT WHOSE MOOUTe1800
1LE FHRACTIONS WgRE LESS THaN «000005 FOR ALL ASSIGNED CONDITIONS/Z)0UT® R 0

LINF= 0 ouTe1IR20

NN = 1 OuTe1330
IF(sQL)Y NN=XNPT JuTe®yRun

20 350 KX=1eNS OyT*1850

DO 340 I=1e.NN OyTey18a0

IF (LEN(KsJ)/DATA(I))GE«(5+E=6)) GO TO 343 duT®1870

340 CONTINUE 0yT21880
LINE= LTINFel OuTe«1830
ZILINT )= SUR(Ks1}} DUT®1900
ZILINE#2)= SUR(K2) oyT*1910
Z{LINEs3) = SUR(Ks3) 0uT#1520

363 IF ((LINEJNE,1A) «ANDe KaNEsNS) GO TO 350 CuT®1935
IF (LINE.£0Q.0) GO TO 1000 oUT®»1940
WRITEL(6¢3545) (Z(LN+1)sZ{LNs2) sZ2{LNy3) +LN5]1+LINE) OuT#195¢

345 TORMAT (10{1X93A4)) OuTeiessn
LINE= 0 OuTe1970

350 CONTINUE . dyTe1980
IF (. NOTLMOLES) WRITE(6:360) 0uT®1930

360 FORMAT (78H0NOTE, WEIGHT FRACTION OF FUEL IN TOTAL FUELS AND OF OXIOuTe20¢e
_ 2DANT IN TOoTAL OXIDANTS ) GuT#2010
1500 CONTINUS ouT#2020
DO 3000 I =1.15 OuT#2030

11 = 381 = 2 oUT#2040

D0 2000 K =1.NS DyTe2059
IF(SIEGEL{T1) JNEL,SUB(Ks1}) GO YO 2000 OyTez20860
IF(STEGEL{II*1) +NE.SUBI(Ks2)) GO TO 2000 ouTe*2070
IF(SIEGEL(I1¢2) NE.SUB(Xe3)) GC TO 2008 OuTe2080
D0 1503 J =1eR2T 0UT*209q
1500 CONCKI(I+g) = EN(KsJ)/DATALD) ouT#2100
50 TO 3690 0uTa2110

2090 CONTINUE BUT9oi2n
3090 CONTINUE - DyT*>13n
Covan oUTe2140
coses NOTEee,FOR KORE THAN NPT=gs THESE PRINT STATEMENTS MUST 8E MODIFIEGOUT®215,
cheas ouTE2150
20 5009 K=1.10 0UTe?170

I = 39K = 2 OuTe218p
NRITE(644000) SIEGEL(TI) ¢STEGEL(TTI+1)+SIEGEL(TI¢2) s {CONCKI(KeJ )} =0LT#2130
11,8PT) . _ ouT*2200
4000 TORMAT (1X,34492Xs6(E1548+1X)? ouTez210
5000 ZONTINUE QuT=2220
- WRITE(6+3000) (WM eJ =1.VPT) 0yTe223n
5000 FORMAT(11IH MOLECs HT«94Xe6(E15.8¢1X)) oyTe22s8n
ARITEL6+7000) (TTT{J) s J314NPT) dUTe2250

7600 TORMAT(OH TEMP, (K) +&Xs6(E15841X) JuTe2260
#RITE(6+8000) (PFPIJ)eJS1 NPT duT®2270

8090 FORMAT(12H PRESS (ATM) 93X 6(E15eB01X)) QuTe2280
«RITC{643000) RON ) 0UT#22%0

9600 FORUAT (14H FUEL AIR RAT,41Xs$E15,.8} DUTe>300
00 9600 N =1+NREAC oyTe23190
#RITE(649500) (ANUM(N9JJ) s IJ=145) s ENTHIN) +RYEME{N) duT®232n

9500 FORMAT(1X47£13,8) ouUTe2330
9500 CONTINUE ) duT®23sce
LALL RATES{RONCKI »¥MeTTTPPP o ANUMIENTHRTEMPINPTNREAD) DUT#*23%0

9993 RETURN OUT=23535

END QuT*237¢
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cosns

ronns

conso
Conaa
Ceane

Ctene
coene
Conso

1009
Cocan
Ceoan
Coene

20590
COQ?@
co%ce
Conow

Coasa
o 222
Coooe

2569

2759

Cesce

SUSROUT INE RATES(CONCKIvwntTTTsPPPoANUM'ENTH.RTEﬁPoNPT’NREQC2

Redl MIX(50)

DIMENSION co~cx1¢1o.30).TTTz13).PPP(13).“#(13).AMU“:25.5).ENTﬁtls;ﬂATueOZn
1+RTEMP (15}

DIMENSION R2(36v40)1R3(30e40)9R4(30"0);85(30960iQQATEK16030;40)

10chﬂ(1o.3o,‘o;.A(ﬁ).EN(G).E(6)
COMMON/SNEW/RONSs INOF A
CeMMON/DICK/HT X
CO%HCN/EQNEH/R5{3QQ£0)sR6(30960)QEK1(33:40)s£K2!30960)GROH(300‘0)’RAT'0030
1CH2(30960)oATT(l3v#O)'F(4O)DPHI(‘O)98C0N1(309#0)08C9H2(309‘0)0QCONRAT00090

26(3n04p)
9ATalats}

%aT*5000
RAT*0010

RaTeggan

sCRAT®RGS)

RaTsposy
RaT#30g0
QaT#oo7q

aT%*a10g

R
eI=l'8)/3.15013c6.45009o6.1E¢1392.95135013c3.31&650!3'6.525T'ﬁllo

1775E013/o(EN(Iﬁoizl95310.!1c00.90.*0.90./9(Ei12018196)10.3365000,QRAT'OIZG
2-2505’00'600E000'10-77500092‘o15‘00*2$c150061'ICODE/zI

Coeao TEST FOR WRITE CONTROL

IST = INDFA
IPRINT 2 ¢

IF(MIthsroxi.gG.o.o) IPRIAT =

ScT PPESSURE LooP

DO 8000 J & 1,NPT

CALCULATE ¢CCNCENTRATIONS

8CONI (5 13T) = CONRKTI 1oy

8CON2(J,ISTy = CONCKY (24 J)

SCONBLUeIST) = CONEAKI{gsd)

90 1000 I = .18

CONMCM{TsJeIST; = (CONCKI(IeéiﬁppP(J))/(82.057'TTY(J))
CONTINYE

COMPUTE RATE CINSTANTS

D0 2000 Y =:;,6 )
RATEK{TJeIST) = AiI)'(!TT{J)’ﬂEN(I))“EKP{s££1}/!;-9875003*7?f
114

CONTINUE

CALCULATE ¥CRWARD RzscTION CONSTANTS

R34 IST) = lQaTexfl'J'IST3’CCNHCM(S’J!IST)'COVMCM(Q.J:IST))
R2LYVIST) = (RQTEK(ZOJ’IST)“CONMCH(ScJOIST)'COVHCN(g;JQIST)3
R3(J¢IST) = (RaTEK{39J!IST}’CGNMCH(Soqs!ST)‘COvMCM(1ovJ’IST))
WAy IST) = (QﬁTEK(49J9!ST)*CONHCH(AQvasT)“COVHCM!7vJ0}ST))
23{J,IST} = (RA?EK€5,J.IS?%nCOMMCM(S.J.IST).COVHCH!?,J,IST)!
Rs(JeIST" = (RATEK€69J’15??'CONMCH(B:JzIST)ﬂCOVHCH(?!J!IST!)
CALCULATE X1+K2eRHOKSs AND PR

YF(QZ(JoIST}sEQ.O.ﬁ.!ND.QBQJQIST)-EQoDsO) EKI1JoIST) = },0Ee38
1;(92(4.2573.Ec.e.a.ANu.a3(JoIST).Ee.o.o) 60 TD 2500
EX1(J9IST) = (91(JoISY)I(R?(J'TST)‘RS(J.IST)))
IFlaeiJoIST).gc.s.p,AND.Rsiavst).gc.o.o) EK2{JrIST) o 1:GE*3S

I?{R‘F(JvEST) lEQoO»O;GNQeRq(J'!ST) oEW.0:0) GO T2

2750

ZK2(JrISTY = instJeISTJ/€R4€Jo1S73oRS(J.IST))3
ROH({JIIST) = 4pPP;J)ﬂvﬂxa)3/482.057¢TT?4J3)

RaTea13p
RiTeR180
RaTeqnisp
RaT#*a18n
RAT#517n
RaTepimg
RaT*n190
RaT®#n200
RaYeq21p
RAT®0220
RaTen23p
RaT®g249
RaT#n2s0n
RaTenzey
RAT#n27n
RaTag2an
RaTea290
RaTeg3n0
RaT®pn31p |
RaT#n32q
RaYep33p
RaT®*p34q
RaT#035n
RaTeg3sn

iJi1RaAT®537,

RAT#)30
RaTen39g -
RaT®asqn
RATE®0& ]

. RaTeps2p

RaT®3430
RaT*né40
RaTeq45y
RAT®0460
RaTens7n
RaT®04p0
RAT2049n
RaT*050p
RAY9510
R4T=n529
FaTeagay
“AT%08540
RaTensS5p
RAT#nSsn
RaT®*0z90
RaT2y58p
RaAT®35090




: . &7
Cersn: ¥0TEL o ,FUEL GARD IS PHYSICALLY BEFORE OxIDANT CARD IN INPUT,0XxYGENRAT~1600
cees® IS SITOND SPECTE SPECIFIED IN OXIDANT AIRsFUEL IS SPECIFIED c=as RAT 6510

Coagqi MeB . . . RAT®N620
coeen RaTen630
XS = ((12.%aNUM(1e13e1, GANUH(Ioz))“ANUM(ZaZ))/(28.99¢(ANUM(1ol)*(Rgr“nﬁan
1ANUM(142) /76,33 ! RAT#n6350
PHI(IST) = RON/EKS RAT®06A0

, F{IST) = PHI(IsT)erKS/tl,o(PHI(IST)GEKS)) : . RaAT9nS70
" coeoaa RAT20630
coaze LALCULATE CONCENTRATION OF CH2 . RAT#0k90
cCoaue , RAT20790
RATWTS = ANUM(141)/7ANUM(]1,2} AATR0710
CHEZ(J*IST) = t((RATNTS/(1.¢12.¢RATHrs))G(NM(J)'QON/(RONcl.i))-conan'°072n

11K (2¢J) «CONCKI {39J) =CONCKI {12)) RAT®0T30
Couae . ’ ) RAT®n740
ceowd STOPE VALUES OF T . ’ RAT#0750
© Ceoas ' . RAT®n760
L. ATTHLUPISTY = TITLY AaT#0770
8000 CONTINUE . . RAT®NT30
Cacan : T RAT®Q790
coose PRINT 'AND PUVCH OUTPUT ' RAT#a8an
crous RAT®0R10
IF (1PRINT,EQ.0) Go 10 9909 ' RATonB20

20 Q500 J = 1eNPT RAT®n830

Do S200 1 =143187 RAT20840
IF(I.NEal) GO TO BS500 RAT@#ng5D

SRITS (681061 ANUM(191) s ANUM(142) +RTEMP(2) +PPP (J) » ICODE +EKS RaT¥aRgd
#RITE(T7.81001 ANUM(143} 9ANUMIY2) 4RTEMP (2} ,PPP(J}, ICODE,EKS RATa#nB70

B100 FORMAT.(]Xo7HFUEL~ CrE15891HHsE15.8918H INLEY QIR Te(K)s sE15:8/71XRATO088g
19134PRESS, (ATM)= +£15e8y THICODE= +12+13HPHI STOICH® +E1548) RAT#0B9D

8500 WRITE(6,8200) F(I)<PHI(I) ROH(J,1) ATT(J9I)4BCING(J, 1) oBCON2 (J, 1) 4RAT®0O00
i ;BCOVI(QoI)’CHthv!.991(JoI)'Re(JvI)'EKl(JoI)vEKz(J-I) RATP3910
8200 FORMAT(1X46E12,5/71%96E12.5) RaTopg2n
HQITE(D.BZSO) Fxo)QpﬂI(I).ROH(JQI).ATT(J’I),BCQNS(JQI);BCONZ(J'X)'RAT"ﬂg:iO
13CON3 (Ul P3CH2J2 1) R1UJITI sR6 (Js 1) 1EKL(JeI) 9EKR(Js 1) RAT®0340

£250 FOQMAT\5;12.5/6EIe.S) RaTon050
3000 CONTINUE: RAT®#0960
' 6530 CONTINUE ) . RaTe0970
9969 RETYRN : RAT®09R0

End® RaT®9950

T
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SUSROUTINE HCALC

LOGTCAL, MOLES
DIMENSION NUM(15,5)

88

CALCULATE ENTHALPY FOR PROPELLANT USING COEFFICIENTS

COMMON /SPECES /FOEF (2791500 s5(150) 4“N(1504133 4ENLN(150) ,H0(150)
1 oDELN(1503+A(15¢150)+SUB(150+3)9IUSE{150) +TEMP(5042)
COMMON/MISC/ENN,SUMN, TT S0y ATOM (341013 oLLMT(15) B0 (15)¢B0OP(1542)
1 sTMeTLOW, TMINSTHIGHe PPy CPSUMs GF+EQRATFPCT Ry RRyHSUBGsAC(2) s AM{2) HCARB1 00
2 sHPP(2) oRHO(?) s VMIN(2) o VPLS (21 s WP (2) 3 DATA(22) ¢+ NAME (15+5)
3 JANUM(15,5) PECWT(15) sENTH(15),FAZ(15) +RTEMP(15)4FOX{15)sDENS(]15)HCAan]2n

4 o+RHOP4RMW(15) 4 TLN

Hca®*p0000
HCA®N01D
HCA®nOPO
HCA®NG30
HCcA®n040
HCA«0050
HCA®0060
HCA®p0T70
Hca®00g0
HCA2Q0G90

Hea®olln

HCA®0130

COMMON/ INDX/ INEBUGYCONVGeTPoHP ¢SPyHPSP s TPSPoMOLESeNPoNToNPTeNLM HCA®OL140
1 oNS4KMAT,IMAT,101,1Q2,NOMIT,IP,NEWR,NSUB,NSU?,1TN,CPCVFR,CPCVEQ HCA®#n1Sp
2 s IONSINCoNSERT9JSOL s JLIBWKASEJNREACS IC»JS]sVOLYSHOCK

EQUIVALENCE (ANUMGNUM) ¢ (Lo NLM) , {JyJS1)
DATA AG/1HG/ ¢ 1ZERQ/2HO0/90X/IHC/s8LK/2H 7/
TT IN RANGE

IF(TTeLTe (TLOW=100+) sOReTTo6To (THIGH*100004)) G0 TO 75

HPP(I):O.

HPP{2) =0,

AC(I':OQ

ac(2)=o0, _

DO 900 N=j,NREaC

K=2

IF (FOX(N) .EQ,0X) K=1

PCAT=PECKTIN)

17 MOLES) PCWT=PCHNTORMW (N)
IF{NAME (NyS) ,FG4IZEROYGO TO 5
ac(1) = 0,

ac(2) = o,

50 TO 500

J = NUM(Ny5)

IF {(JeNEeg) GC T0O 90

DO 19 levt.

Darta(Jdy=o,

CONTINUE

9(} 40 I:lg&

IF {ANUM (N Ty EG,0,)60 TO 50

DO 29 J=1lsL

IF(LLMT(J) oEQNAME(NS 1)) GO TO 30
CONTINUE

DATA{JI=ANUMINGT)

CINTINUE

1S=p

20 7y J=1eNS

IF(IUSE (J) .EN,0)G0 TO 55

15 = ISe]

IF(FAL(M) LEQ.AG)G0 TG 70
IF(TToGTeTEMP(IS97) s ANDeTEMP (1Ss2) (NESTHIGH)
I?(TT'LTOTEMP(IS'I)-ANDOTE“P(IS’I)QNEQTLOH)
60 70 54

IF{FAZ(N) JNEoAGeANNSFAZ (N} e NELRLK)
D0 80 I=1,L

6> TC 70

50 TO0 7o

GO 10 70

HCA®pl6n
HCA®0170
HCA®Q180
HCa®0199
Hcaen20n
HCA#N210
HCA®(220
Hea®0230
HCAuwp260
HCa®0250
HCA®n260
HCA®a270
KCA®0236
HCA®()230
HCA®n3n0
Hca®n31a
HCA®N0320
HCA®p330
HCA®0340
HCA®(35)
HCA®0340
ACARN3T7D
ACA®638D
HCA*3%p
HCA®N400
HCA®g4l0
HEA®a420
HCA®NG3N
HcAapbésg
HCA®Ro4Sy
HCa®0460
HCaené7a
HCA®04R0
HCAS0490
HCA®0Sng
HCA®0510
HCA29520
HCA2nS3n
caenS4n
nCA?nS8n
HEa?n560
HCA=2QLT70
HCA®nSS80
HCA®0590

4 —;:—1:\-,;*;%‘;




S e T

R B A

60

70

90

SA0
300

950
951

75
76
80
85
1000

89
IF(atTed) JNELDATA(TY) GO TO 79
CONTINUE
“'JH(N'S) a J
50 10 Gg
CONTINUE
60 TO 8o
\NSS B NS
NS = J
HTLN(JI= EN({JeNPT)
EN(JINPT) = 1.
caLL CPnWS
EN(JoNPT) = DELNLY)
NS = NSS .
IF (HO(S) ,6Tewe01 o¢ANDe HO{J) 4LTae01) HO(J) = 0,
RTEMPIN) = TT
ENTHIN) = HO(J)Y*R*TT
AC(K) SAC(K) +CPSUMaPCWT/RMU (N)
NPP (K)=HPP {K) ¢ENTH{N) #PCWT/RMNW (N)
CONTINUE
IF(NOT,MOLESY GO0 TO 951
DO 950 K=1s2
1F(HP(K) oEQe0.3G0 TO 950
HPP (K) =HPP (K) /WP (K)
AC(KI=AC(KY/WP(K)
CONTINUE )
HSURD = (OF®HPP(1) ¢ HPP(2))/(0F+1.i
s0 7O 1000
WRITE{6476) .
FORuT (50HOREACTANT TEMPERATURE OUT OF RANGE OF: THERMO DATA )
WRITE(6+85) N
FORMAT (1H0s12+34H TH REACTANT IS NOT IN THERMO DATA )
RETURN
END

HCA®n600
Hca®*n610
HCA#0620
HCA®n6130
PIA®064L0
HCAe0E5H
HCA®N66D
HCA®06TNH
HCA®0620
HCA®Q690
HCa®0700
HCLep710
HCA®*n720
HCA®(730
HcA%n740
HCA®0T50
HCA®)T 60
HCA® 3770
HCA%0T7RO
HCA#0T790)
HCA%g80n
Hca?n8lo0
HCA#08290
HCA®NR30
HCA®0B4Y
HCA®nBS0
HCA®0860
HCA=08T0
HCcA®p830
HCAenB99
HCA®0900
HCA®0910
HCA®0920




SUSROUTINE MOLIER “oL*0N00

MoL®0010

COMMON/POTNTS /HSUM (13) o SSUM(13) ,CPR(13) ,DLVTP(13),0LVPT (13} HoL#0020

1 «GAMMAS(13)+2(26) ¢T(26) 9V (13) +PPP{13) sWH(13) +30NVEL(13)TTT 13D MOL*n030

2+ TOTN(13) ) ’ MOL®0040
COMMON/SPECES/COEF (2079150) ¢S{150) 4EN(150+13) yENLN(150) +HO(150) MOL#0050

1 +DELN(150)vA(159150) +SUR(15093% s IUSE(150) v TEM?(5042) HMOL*®0060
CO!MON/MISC/ENN'SUMNQTT'SOOATOM(39 101) oL LMT(15)430(15)+80P (1542} MOL®*D070

1 ,Tu.TLoH,TMID.THIGH.FP,CPSUM,OF.EnRaT,FPcT,R.RR,HSUSO.AC(2).AH(Z)MOLOOOBn

2 oHPP(2) ¢RHO(2) t VMTIN{(2) o VELS (2) o WP (2) +DATA (22) s NAME (1595) MOL*p050

3 cANUM(IS.S)'PEcﬁTCISPoENTH(ISEoFAZ(lS)oRTgﬂPQIS)srox(XS)oDENS(lS)MoL°0100

4 RHOP , RMW {15),TLN “oLeolln
COMMON/TNDX/ 10EBUGSCONVGeTPoHPsSPyHPSP» TPSPoMOLESNPoNT NPT INLM MOL*p120

1 .NS.KMATotnaT'zoloznzsnouIT.xPcNgHRoNSUa-NSUP9xTNocPchR.cPcvgn 40L°0130

2 ,IONS.NC.NSERT,JSOL.JLIQ.KASE.NRElC,IC'JSIgVOLbSHOCK vioLenlso

D0 91 IT = 1926 “0L®a150

IF (T(IT}.EQ. C.) GO TO G5 MOL*" 160

NT = 17 YOoL#*0170

9] CONTINUE 43L%0180

c MOL®*0190

c SET ASSIGNED P MOL®n2806

c ; MoL®*p21n

- 5 DO q02 1P = 1eNP MOL®0220

PF = PLIP) MoL*9230

c MOL*N240

c SET ASSIGNED T MGL#0250

c 4OL®p260

= D0 902 IT=1sNT MoL®n270
9 IT=TIN MOL*02306
i caLL EQLBRM “0L%0250
e 1IF{TTenE.0s) &0 TN 800 MpL*0300
= IF(NPTEQ,0) GO TO 1C00 MoLe0310
= 800 X = ¢ “0L%0320
= IF(IPeEQeNPAND s IToEQeNTORTT.EQe0s) GO TO 850 MOLe0330
= X = NPT MOL #0340
% IFINPTNE.13) GO TO 870 MpL*9359
= 860 WRITE t6¢5) MgLen360
= 5 FORMAT{1H] ,4]%,58HTHERMODYNAMIC EQUILIBRIUM PROPERTIES AT ASSIGNEDU“0L40370
= 1 9/53X+28H TEMPERATURES AND PRESSURES 1777 ) “oL®0380
caLy Outl yoL®Nn330

#RITE (6.863) YpLe0400

863 FORMAT (25H0 THERMODYNAMIC PROPERTIES//) MOL%041D

caLy ouT2 voLen420

caLy OuTt3 HOL®g430

B65 IF{XeE0.0) GO 7O 1000 MOL®*N4%4C
¥RITE(5,BE8) MoLen450

868 FORMAT(1H}) MOL%p4s0

NPT = 0 upL #0470

0 NPT = NPT & ) MpoLané8p

o ¥0L%0490

€ SaVe cOMPOSITIONS FOR ESTIMATES OF NgXT POINT ¥MoL®a500

c MOL®#0510

DO 885 1 = 1NS MOL®0520

EN(IINPT) = EN{1eK) mpL®0530

80 CONTINUE MOLY0540

9n2 CGNTINUE 4OL®*0550

1000 RETURN MOL®0560

END MOL®0570




R e i e S, N

e

51

SURROUTINr CMaSTN cHR®*NGON
o . Cu3e9010
COMMUN/POINTS/HEUM (132 9SSUM(13) e CPR{13) s DLVTP (133 s DLVPT (13} CMB®ho2n :
: 1 ¢5aMMAS(13)4P126):T(26)9VII3) oPPP(13)9WM{13) 9SONVEL(1334TTT(13) c£Mg®n03n i
- 2.TCTN(13) . CMR©H060 H
COMMON/SPECES/COEF (20751502 9S{150) oENC1IS0213) +ENLR{150) 94O (150) CuB%005n :
1 +DELN(150)44(159150)»SUB(15993) s IUSE{150) + TEMP {504 2) CuB®*n060 :
COMMON/SISC/ENNSSUUNe TTeS09ATOM(30101) oLLMT(15)¢80(15) ¢80P (15+2) CMB*0070 :
" 1 o TUe TLOW, THIN, THIGH, PP, CPSUM,OF yEQRAT sFPCT 4R, RR4HSURD 4 AC (2) + AM(2) CHB®n0R0
2 sHPPI2YoRHO(2) s VMIN{2) 2 VPLS (2) s WP (2] oDATA(22) ¢+ NANE (15125) Cu3%,09¢ 1
S 3 2ANUM{1545) +PECWT (15) sENTH{15) sFAZ (15) sRTEMP (15) oFOX(15) oDENS{15)CME3*6100 :
4 +RHOP4RMW(15) 4 TLN CHB*0110 :
COMMON/INDX/ IDEBUGsCONVG,TP9sHP2SP PSP TPSPyMOLES NP NTINPToNLM (CMBO0120 :
. 1 oNSIXKMAT IMAT,1Q14102,NOMIT,IPINEWRYNSUBNSUP, ITN, CRCVFR,CPCVEQ CMB®1130 i
2 «TONSINCeNSERT9JSOL+J . TQeKASEWNREACsICeJS19VOL SHOCK £M39ni60 :
o . Cu309150
c SET ASSIGNED P Cu3%5i55
, £ C¥390170
: TT = 3800, Cudenlagn
: DO Q02 1P = NP t¥320190
: PP =2 P(IP) C¥3e5200
H CALL EQLBRM C¥3%n210
% T(NPT) = TT £M390220
3 IF(TYT.NE.0,) GO T2 8BGO Cuden23n
i _ IF(NPT EQ.0} &0 YO 1000 cu3®n250
8056 x=0 C43%1250
3 IF‘IDCEOQNPOOR.TT.EQOGO) GO0 To 869 CMRap26p
3 K = NPT cMB*0270
IF(NPT,NE,13) GO TO 87¢ CuB*5230
, 860 WRITE (6+6) CuB*02990
i 6 FORMAT {1H]442Xs48HTHEORETICAL THERMODYNAMIC COM3USTION PROPERTIESCHMB%0300
L 1 2N cM8*n31l0
3 taLlL Ourl CuB%0320
#RITE (64863 Cu3en330
3 863 FORMAT (2540 THERMODYNAMIC PROPERTIES//) CuB®0340
3 caiLL oute CuRen3sy
e caLiL Ours TM390360
E 863 IF(K«EQ,0) GO TO 1600 tM390370
E NPT = 0 CuBen399
E 875 NPT = NPT ¢ ) Cu8en330
E c CuBensng
: - C : Cug20410
2 C SavVgE cOMPOSITIONS FOR ESTIMATES OF NEXT POINT Cu3ens2n
: D0 BBO 1 = 1eNS CMB®p430
EN{IsNPT) = EN(IsK) CMB0440
. 8RG CONTINUE CvBenssy
902 CONTINUE CMB®n460
1000 RETURN CHB®04TO
END CMB®0480
3 !
H
i

il

Jal
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SUSROUTINE DETON

CHAPMAN=JUNUGUFET DETONATIONS

LOSICAL HPeSPs TP+ INERUGINENR s JONS+sMOLESyFROZeESL1PSTASRKT

L0GICaL CPCVFQe CPZVFRse CALCH

92

SIMENSION GM{13) 9CP(13) 9H] (13) »PUB(13) e TUB{13) 96%1 (13) sRPRHO(13)

COMMON /PO INTS /:SUM (13) #SSUM (133 ,CPR (13) 5 DLVTP(13),DLVPT (13)

1 sGAMMAS(33) 4P (261 ¢T{26)sVI13)4PPP(]13)sWM{]13):SONVEL{13)TTT(13)

e

+TOTNIID)

COMMON/SPECES/COEF (24 79150) 9S(150) yEN{150+13) o+ ENLN(150) +H0 (150)

1

2 +HPP (21 s RHO{2) s VHIN(27 2+ VPLS (2) o WP {2) s DATA(22) v NANE (1595)

-

-~

4

1
2

1

1
2

1
2
3

- W

-0

»DELN{15a) 341521503 +SUB(15093) ¢ IUSE(150) s TEMP{5042)

COMMON/MISC/ENNSUMNeTT9S00ATOM(39101) ¢LLMT(15)980{15) eBOP(15+2)
1 o THs TLOW, THID, THIGH PP, CPSUM,OF sEQRAT 4FPCT s Ry IR, HSUBD S AC (2) o AM({2) DETOD150

DET*0000
DET®*0010
DETEN025
DET®0030
DET*n04n
DET®*NGSH
DETep0&n
DET®nc70
DETENORD
DETeq090
DET®"plne
DET®0110
DETe0n120
DET®*p130
DET*nl4¢

PET*ni60

SANUMI15,5) JPECHT (15) sENTHI1S) sFAZ(15) +RTEMP(15) 9FOX(15) +DENS(15)DET®0i 70

+RHOP RMW (15)  TLN

DETe#n159

COMMON/INDX/ IDEBUGYCONVG-TPsHP sSSP HPSPs TPSPeMOLESNPsNToNPTNLM DET®0190
eNS9KMAT o IMAT 1019 7Q2,NOMIT, IPNEWRyNSUB.NSU? s I TNy CPCVFR,CPCVEQ DET®0200

s JIONSeNCASERT2JSOL e JLIQeKASE«RREAC« ICJS] s VOLN SHOCK

DET®n219

COMMON/PERF/PCP (26) s VHOC (13 9SPIM{13) 9VACT (13) 2 SUBAR(13) » SUPAR{13)DgT=0220

oCPRF (13) 4AEAT (133 4CSTR,EQL,FR024SS0

COMMON/OUPT/FMT (30) oFP(4) o FT {4 oFH(4) eFS{4) eFMIL) oFV 47 07D (&)
spCla) org L) oFBerMT130F Y eF2sr3erborSeri(4) +FuTIOeFAlsrpA2

oFRI,FCI,FN(4) ,FR{&) JFALL) FI(4) FRTIX Fo

TOUIVALENCE (CP,DATA) ¢ (GMySPIM), (H1,VAL1) 4 (PUB,SUBAR) o (TUB+SUPAR)

EQUIVALENCE(GM] s AEAT) » (PCP (14} o RRHO)

DATA FT1/4HT1,b/s FP1/4HP1,Ay, FH1,4HH1,C/y FM1/6HM] My
s FCP1/74HCPYe/s FGY/4HA] /s FPP/4RP/P1/s FTIT/4HT/Ty/
N FUDZ&uDET /9 FMM/3HM/ML/y FRA/4KRHO//9 FR3/4HRKNY/
. FMa/4HMACH,, FMB/&H NDey, IZERO,2H0O/

D(Cy= Allsid27.221eA12 )
XX{Y)= (B1®422-82%.112)/D(()
YY{Z1= (B2*Al11-B12a21)/D(C)

T =1

HSURd = HSURO®R

calcH  FALSE,

iT = Oe

IF(T(IaEQe0.) T(1}=RTzMp{1)

50 2 N = 1,NREAC

IF (NAME (NeS) EN.IZERDY caLCH = JTRUE.
ZONTINUE

20 3 IT = 1,28

ir (T(IT)QEQ-QQ) GO 70 7

NT = IT

CONTINUE

IF (AM{1) .NEefe +ANDe AMI{2)sNEapsg) GC TOs
auv] = aAvip)

IF (aM(2) EQ,0,0)2%1 = aM(l)

50 70 9

ul {6F«1,)04(2)0a8 (1) 7 (AM{1) <OF®pAM{2))
RITE (4411,

ORMAT(33HIDETONATION VELOCITY CALCULATIONS)
D0 903 IT=1eNT -

m it

ML)

DETen230
DET®*gp250
DETen25n
DET202%)
DETeN270
DET=928p
DET®529¢
DET90300
DETan310
UET®532p
DETen330
DETan34s
DET®0350
DET#n360
DET*n37¢
DET®*03380
DETe390
DET%n4n9
DET®0410
DETen420
DET®3%3p
DETRN&SD
DETepés0
DET®q460n
DET®0470
DET204Rg
DET®a49p
DETEN300
DETens510
DET®9529
DETONS3H
DETENS40
DET®pSS¢p
DET®N560
DET®*N57H
SET*n580
DET®*0590




200

2a3
202

Tiz TLITY

FT=a Ty

IF {-NOTe.cALCH)Y GO TO 15
CaLL ncCaLce

saitL oum

LP1 = (OF®AL(1) ¢ AC{2))/7(DF«1,)
20 Q02 IP=14NP

1= Pi1P) i

H1{NPT} = HSURO

TU (NPT =T}

PUI INPT) =PY

P InPT) = cPlenr

ITR2 O

1T7= 3800

PPl= 15.

PP= PPieP}

HSUBO = HI(NPTI/R ¢ 750T19PP1/AM]
TP = oFLLSE.

HP= JTRUE,

gaLL EoLBam

HSUB0 = HI(NPT)

HP= FALSE,

IF‘TT‘EO.Q.) 60 10 1000

GaM= SaMMAS(INPT)

TTi= TI/T)

I1= 0 . .
TEX=TT1e,75%pP 1/ {CPRINPT) #aNK1)
AMMzWM (NPT ZaM)

®#RITE(6ei00) TY

FORSNATVIARHOT ESTe=eFB8e2711Xs4HP/Plo17X+4KT/T])
ARITE{6,203) 11,PP1,TT1

50 252 11zl.4
ALFASAMK/TTY

PP1z (1.45aM) 0 (1ae{lemto®GaANtALF A/ (1,4GaAM) 282) 08 5} /(2 8GN0 ,LFA)

W=PPloaLFA

TT1= TE#e.5*PP|{*GAM® (RK®RK=]4) /7 (AH}*CFR (NPT) #*RX)
ARITE(64203) 1TePP1sTT1

FORMAT (15,2E20.8)

CONTINUE

Te= .TRUE.

T7= T1*TTy

RR1 = PP1SANM/TT]

5 ITR= ITR«1

op= PiepPi

CaLl EQL3RM

IF (NPT.EQ.0) &6 TO 1000

IF {TT.gQ.0e) GO Tn 860

SaANMz GAVMSS(NPT)

IF{CPCVFRIGAM= CPRFINPT) /(CPRFINPT) =" o /HM(NPT})

CIF(CPCVED)BaA¥= =GAMMAS (NPTI®DLVPTINFT)

Imuz ARMNETY /a4l

[RI= PP1CaMM/TT)

A1iz 1./7P21 o GAMIRRIGDLVPTINPT)

412= GAvORRISDLVIPINPT) .

221z +39GAMP{RRIFBP-} . ~DLYPTINPTIC {1, *RR1482) ) ¢DLVIP (NPT}~
£222=505AMeDLYTP (NPT) 2 (RR1 #2241, ) « WM {NPT) 8CPR (NPT)

31T 1¢/PPje1,45AMR{RR]1=1,)

322 WMINPTITHSUNRINPTI=HI(INPT) 7R} /TT=a53GAMP {RIISRAL «1 4}

93

DET®N600
DET®nb1n
DETEA62N
DETe0630
DETenArsq
DETe0650
DETen660
DET9n671
D=T*ab0
QET®nAYg
DET®n700
DETEnT71n
DETen720
DET®n73n
DET®0740
DETen73n
DET®n7a0
DET®GTITD
DET*n730
DET*n790n
DET*nR00
DET®DA10
DET®nR2n
DET®#0n83n0
DETEeGL4%0
DETe®a830
DET¥N8sH
DET®a870n
DET®nS3g
Dz7208g50
DETe0300
RET®0919
DETen92n
DET®n930
DET®ng4n
DETeN95)
SET®3%4n
DET®*0370
DETo09180n
DET®no90
DET®1000
DET®1010
DET®1620
DET=316354
DET21049
DoT®105n
DET®10560
DET®1070
DET®10R0
DET®1039
DET*y100
DET®1114
DETe1129
DET® 130
DET®1145
DET®2115n
DET*1150
DETey170
DET®11848
GET®11ig0

P




o4
X1 = XX(Y) DET®*1200
X2 = YY) DET®1210
ALAM=E i, DETe1220
TeEY = X1 DET*1230
IF(TEM.LT,0,) TEM = =TEM DEY®1240
IFI{X2«GT.TEM)y TEM=X2 PET®1250
IF (=X2.6T.TEM) TEM = =X2 DET®1250
IFI{TEM. GT,0,4) ALAM3I,4/TEM DETEI27N
PP1z PPIepXP(X1eALAM! DETe1289
TTi= TT1®pXP(XZ24LaM) DET*1290
17T = TleTTl CET®1200
US = (RReGAMeTT/Wu(NPT))es,5 DETe1310
Unp= RR1*JS DET*1329
URITE(6910) ITR DET#1330
10 FORMAT (21H0 ITERATION NUMBER=12 ) LET#1360
SRITE(6e3p) PP1eTT19RR1eX 9 X25US DET®y135p
30 FORMAT(6Xe4HP/P1¢10Xe1H= FR20.B/6X94HT/T1210Xslus £20,8/6Xs EHRHO/RHDFT®1360
101 ¢5Xe1Hz E20e8/6X,11HOEL LN P/P1,3X,1HaE20e8/5X,11HDEL LN T/T71.3X0:Te127p
291H=E20.B/6Xe2HUSs12Xs 1H3E20.8) DET®1380
c DET®1390
c CONVERGENCE TEST DET®3490
¢ DET*1410
IF(ITRLLELIO oaNDe TEMeGT.0e5g=0&) O TO 205 DET®*1428
R0 (MPT)=RRY DET#1420
IF (CPiNPT)o£Q.0+) GO TO 40 DET®i440
GM1 (NPT) = CP(NPT) /(CP(NPT)<R/AM]) DETe1459
VNOCI(RPT) = UD/(RR®GM] (NPT)2T]/7AM]) #8685 DET®y46p
50 TO 41 . DET®#1470
&0 GMI(NPTy = 0, DETe14R0
v40c (NPT} = O, DET®1490
50 7O 150 DET#1500
c DET®*1519
¢ DERIVATIVES DET®1520
c DET#1530
41 YRITE(6455) . DET*1540
55 FORMAT ( 17H0  DERIVATIVE OF913Xe&KLN P 186Xe6HLN TDET®1550
1+16Xs2HUD, ] 79X ¢ 2HBY ) DET®#1560
81= le/PPi=GaMeRR] DET*1579
523 GAMeNR]®##2 DET®#1530
X3 = XX1Yy DETe#15%50
X2 = YY(2) DET#1500
8= 58 (1,=DLVPT{NRT)) bITe1610
3B= =«5#DLVIPINPT) DET®162p
UN= UD®{AA*X1eBB#X(2°1s) DET®1630
X1z Alel.0 DETe1640
#RITE(5+8]IX]9X29DUD _ ) DET*1650
81 FORMAT(6Xe13HLNPL aT TleH196Xs1H3s3E17.8 ) DET®1660
81= GAMaRR} DET=1670
32 *HiSRR]=WH(MT)*P{NPT)/ (RSTT]) DET®y568¢
X1 = XX{Y) DET#1630
x2 = YY(2) DETe#1700
DUD= UDC {AASX] of,B®#X2¢) 0. DET*1710
X2= XZ=1, DET®*172%
ARITE(6.R43X3472+DUD - DETe173n
36 FORMATIEXeI6HLHTY AT PlokleMle3NelH=IE1748) DET®i 746
31i= 0. DETe1750
325 *aM(NPT) /7 {R*TY) DET®*1 750
X1 = AX(Y)#1000a DET®"177n
X2 = Yy(Zyel000, DEYe1788

DUD= UDe{22%X]+85%X2) JET®*17%0
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ITE(64,€5) a1 « X24DUD DEl21&nn

RHAT {6Xs204H] AT T1rePisH} *3E37¢8) RET*y141n

c DETe;82:

156 X = 0 DETe1239

IF(IPeERe. PeaNGe I ToEQeNTOReTTEC2pe} B30 T4 43D DET®yusq

X = NPT DETB1455

IF(NPT.NEL13) 66 T2 879 BETe18%0

c DETC1IRTD

: “  QUT?UT DET®183n
] I DET#1894
BN XRITE (HheS) DFT®1%906

S FORMAT {3H].42X,46HDETONATION PRUPERTIES OF AN IDEAL RERCTING G&S }DET2i91¢

CaLL CuT) DET#1920

- w“R1TE{6e4A} DETE1930

45 FORMAT {134 UNBURNED GAS//3 DET2194¢

4 FET (6} =FMT13 CETY15%9
E . F¥T({5)=F8 DET*13480
FuT(7)=Fa _ DET®*1972
REITE(OeFMTIFPIoFPI{2) oFBsFRo {PURB{J} #JS1 ¢ NPT} DET®R 08

FuT(7)=F2 ] S£Toe3920

ARIYE e FMTIFTIsFTL2) 9FBoF3e {TURIJ) 9 J=] e NPT) DET®2a00

HRITE G FUTIFH, s FHIZ) oFReFas {Hl {d) sy J=14NPT) DETe2L 16

D0 55 I=]1,NPT JETe2020

V{Ii=aM; NETS2013n

SONVEL (1= IRR®GMI (I} OTURITI Z7aM1) 29,5 DET®20:4

56 CONTINUE BETe29d59

FMTi7)=F3 DETS208D

ERITE(64FMT) FHIsFMIZIsFMII) 9FRe IV IJi v d=1aNPT) DET®207G

FYUT(TY=Fs DEiT<z080n

WRITE S -FUTIFCRYFC{2) +FC(3YoFC &) o (CR{J) e J=1 NPT} DET*>5an
ZRITE(BsFMTIFG(1) oFGLoFBeF3y (GH1{d) 9 =1 NPT) DET®*2100

FMT{Ti=F1 . DETe211n
SQITE‘6.FMT){FL(I)’I=2s6)c{SDNVEL(J)-J=1sNPTQ DET22120

¥RITE(&£,5R) DETR213D

: 58 TOR4AT (11H0BURNED 5A%//) DETe?l4n
i FMT {4) =FNT{8) DET®2:%0
: calt Ouvz DETe214n
: NRITTi6,68) DET®Z1¥n
! 68 TORMATI22HODETONATION PARAMEYSTRS //) DET®23i84n
FuT(7i=F3 DET®?ioy

DO 7O IS NPT DET@2Tan

Y{I= P22{I)/PuUBR(D) DET®z1n
SCRINI=TTY(Iy/TUBLT) DETe 22

SONVEL{ 1) =SUNVEL {1} *RRHO{T) DET®223a

70 ’O”T’Nuc DrYe22s5
SAITE(SFuTIFPPFBoFBsF By {VIJ} ¢ J=1,HPT) DETe22545
QQIT:(60FHT)F|T0F89F8'F8'(PCP(J);J:l;NPT) DET%22¢n

DO 73 I=1.NPT DETA2270

Vily=uM(I;7aM) DET+22580

23 CONTInug 55 T.zrgo

TUT{T)=F4 DET®*2300

=7 IC(Q'FHT)FHRQPBQFq’FBQ‘Vid)’ =1 +NPTY DET®2319
ﬂP’T:\6.FMT‘FRaeFRq’FBoF8'{PRHO(J)oJ-lvNPT) DET®232¢

KAITI (B FMTISMAIFNRIFBIFB e (VNMOC(J) s J=1sNPT) DET®233

syt 7)-f1 DET®2340

¥RITE (6eFHT) FUDIFLI2) oFL(3) sFL L&) o (SONVEL {J) » u=1 s NPT DET®2350

E0L==TRIUE, DET®*238&0

catL OuTs DET#2370

565 IF{KEZ.J) 0 TO 1000 DET®23AR0

#RITE(6+858) DET®239p

7 RO
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SR R RS R TR VR R NSRS WIMANAT SRR SRR TR SRR RE YRR
TR R = R LA

RIS, N B SETTaY

ForudTiin1)
2T = g

NPT = NPT ¢ 3

54Vz (OMPOSITIONS FOR ESTINATES OF WEXT POINT

DO €80 I = 1,NS
EN{TeNPT) = EN{IsX)
CONMTINUE

sSRITE {64868}

> CONTINUE

CONTINUE

TE = oFALSFe
RETURN

EMD

DET*2400
DET®2410
pzreas2n
DETR243p
DET®244)
DET®z450
DETe248n
DET*2470
CET2480
DET#2490
CET®25ng
pey*251n
DETe2520
CET®2530
DET#25490
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38

SUSROUTINE ROCKET RcK®*n000
. . . "RCK®103 0
ROCKET PERFORMANCE . ’ Rekeno2n
EITHER nPSP OR TPSS IS TRUE ) . RCK#0030,
: RCK®*9040
LOSICAL HNeSPe TPy INEBUGINERR o JTONSoMOLES+FROZ2EQLLOGVIHPSPeTPS? RCK®0050
' RCK®*0060
DIMENSION 2A(2)+8BI{2)+LC(2) ‘ REK®0070 -
. ) RCK*NORN .
COMMON/POTNTS/HSUM(13) 9SSUM(13) 4 CPR{13) 4DLVTIP(13),DLVPT(13) RCK#0090
1 +5AMMAS 121 PIZS) o T(26) o VI13)9PPP (133 oWM({13) o SONVEL(13)+TTIT(33) RCKX®rIND
29 TOTNLIZ ) ) [CKen11N
COMMON/SEECES /O0EF {247 0150) 9S(150) 4EN(150013) oENLN{150),H0(150)  RgX®0l20
T 1 oDELN{I5LT«31159150)2SUB (15003} 9IUSE(150) ¢ TEMD(5002) RgK®0130

COMMON/MISC TNy SUMN, TToSasATOM(35101; +LLMT(15) B0 {15)9B0P(15.2) RCK*pnlén
o ToTLOR S TMIL ; THIGH PF ¢ CPSUMeOF +1EQRAT +FPCToR ¢ RRoHSUB D+ AC (2) + AMI2) RCK® 0150
2+PP (27 sRRO(Z} o VMINIZ} s VPLS(2) o WP (2) o DATA (22) ¢ NAME (1545) . Rek®aisn
P ANUM (15,8) (PECWT (15} . ENTH{15) o FAZ(15) ¢RTEMP (15) 4 FOX (15).0DENS (15) RCK®#017n
v KHOP s RUW(16) o TLN - RCK*N1RN

COUON/INDX, IDEBLG,CONYE, TP HPSP, HPSP, TPSPMILZS, NP NT NPT ,NLM RCK#0190

1 ONSIKMATsIMATHIO 2 I82+0iGMIT s TP NEWRINSURsNSUP ¢ I TN CPCVFRsCPCVEQ RCK®g200

& U N e

2 yIONSeNCeNSERTSJISOL s JLIReKASE+NREACIICIJIS19VOL SHOCK ReK®N210
LOMMON/PERF/PCP(26) s VMOC {132 3P TM{13) « VACT(13) # SUBAR(13) 9 SUPAR(13)RCK* 9220

1 +CPRF{13)945aT{13) 9CSTRIpQLFRNIEZSSO Rek*n230

. RCKan260

NAMELIST/RKTINA/EQL e FROZ 2 SUBARs SUPARPCP . ReK#*p2so
RCK#N267

_ ITH =z 0 : -RCK#0270
210 Do 390 I=1e26 RCK®N2RN
LRI Do : RCK®*n290

_ Sugarin) = 0, RCK®0300
300 LONTINUE : RCKeg310
IT = 3800 . RCK* 5329
525 = ,TRUC. . ReX®:334

H? = TRUE, RCK#=1340
TPSP = JFalL - . RCK®n350

QL ¥ «TRUE. RCK®0360
FROZ = TRU¢, Rexe0370

£aD {(SsRKTINP) ) RCK®0389

I1F (T{1) .EG.0,.} GO TC 303 Rex*0230
T25P = JTRUE. RCXan400
TT = T(1) : ReX®0410

TP = JTRUE, RCK®n&20

| APSE 3 LFALSE. . RCK®n430
303 IF(PCP(1).NE.0,) GO TC 308 . ’ ReK®néso
D0 305 I=i NP - RCKepssSp

X = NPelep L RCK*né6n

_ B(X) = Pikel - . ReK®0470
355 CONTINUE ; RCKen&BA
. 59 70 311 RCK* 9430
338 V= 2 ) RCK*0500
290 310 I=1,24 - RCK®#0510n

IF (1+GTe2) GO TO 309 ) RCX*n52)

. IF ((PCP{I)eEC.0e) «ORPCP{I)eENele} 50 TO 310 RCK®0530
393 IF (PC2(1),.E0,0,) GG TO 311 ) : RCRe#0540
NP = NP ey . RCK®*n559

_ 2(NPY = P /PERITY : ! RCK®0560
310 CONTIhkug RCK&a57n
311 NSU3=g RCK®n5R0

NSuR = 9 RCK®0550




(¢ X2 Xe

OO0

00

OO0

320

195!

IF(SUbAR(Y).NE o.)vsus-NSua*l '
IF (SUPAR(T) .NE, 0,)NSUP=NSUP+}
CONTINUE®

RITE (54RKTINP)

5SSO0 = 0.

I1TRO7=.3

S=T ASSIGNED P

D0 902 IP = 14NP ) : .
pp = P(IP) : . ; . '
caLL EQLBRM

IF(TTNE.Ds) 60O TO 333

IF(NPT,LEQ.,0) 60 70 1002

30 TO 90Q v

PCPINPTY = P{1)/PP

IF(1PeGTel) GO TO 165 ) :

COvMBUSTION. CHAMBER

TP = «FALSE.

HP = o¢FiLSEe .
SP = +TRUE.
S = SSUM(})

JrP(2)~{(GAMMaa(l)¢1.)/2.)°‘(GAMMAStl)l(GAMHﬁS(II-I.)}
22y = P1)/PCP{2)

T7 = 2.¢TT/(GAHMAS(I7’IQ - 1

50 1O 900 :

Ir(IPlGTog) GO Tc 900

. THROAT

190

191

923

IF (1THeNE.2)
ITH = 0
GAMMAS(2) = 0.
50 10 939
DH = fSHM{1)-RSUM(2}
DHSTAR = 3H-GAHPAS(?)0TTQEVN/2,
I (IDER 3) waxTE(6-923)OHSTARgHSUM(I)JHQUH(Z).PcPtzi
TORMAT (46E25,8)
Ox = UASTAR/DH
IF (DHeL1404) DH=-DH
15 (DHeLEee4E=4¢OR. ITROTLERe D)
'F(JSGL.NE.O) 1TH =1~

H{JSOL e EQ.O.ANDQITH.EQDI) IYH-?
IF(LTHoEQoO) .60 TO 192

60 TO 191

GO 10 900

SPECIAL THROAT INTERPOLATION IF ITw = 2

DLNI: = oSGTTOENN/(HSUH(I)-HSUM(Z))
EACITHY=.5ODLNT® (2. ®DLNI ¢ (SAMMAS(2) =1.) /GAMMAS(2))

XX = ALOG(PCP{(2))

3aliT) = 1./GaMMAS(2)-DLMI-z.txx'AAtITH)

CC{ITH) = ENNSTT/(PP#(HSUM{1)=HSUM{2))®#8,5)
elIT) = ALOG(CCUITH) )=XX®(BB(ITH) *AA(ITH) #XX)
IF(ZTH.EQ,I) G0 TO 192

5(1)=8811)=RR{2)
A*I}’-AA(})-Ahlz) :

9

RCK®n600
ReK®GH10
RCKen620
ReK#ng30
RCKenb64n
RCKX®0650
RCKE0660
RCK#06HTH
ReK®G6RD
RCK®0690
RCA®*a700
RcKen710
RCK®*a720
RCK®#0730
RCK®nT740
RCK®n750
RCK®n750
ReKea770
RCKPNTSH
RCK®a799
RCK?0BGO
RCKend1n
RCK®ng2n
RCK20n33y
RCK®nRsn
QeKeEnssn
ReKen860
RCK®n870
RCK#088n0
RCK=08%90
RCX®1900
RCK®0910
RCKen920
RCKe#n930
R2K®0950
RCK=n950
RCR¥n920
RCK®N370
RCK*n98n
RcK20990
RCK21000
RCK®1010
RCK®1020
RCK®1030
RCK®1080
RCK®#1050
RCKe®1060
RCK®1070
RCK®1080
RCK®1090
RCKe1100
RCK®1110
RcK®1120
RCK®1130
]cK®ila0
RCK®1150
RCK*1160
RCKe*1170
RCKe1180

°cP(2)-(-sa(1)o(sg(1)'88(1)-5.'AA(1)-(cc(X)-cotZ)))".5);(2.'AA(1)RCK'1190

A 8 G oA i I S S
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1)

192
193

900

850

865

PCP(2) =EXP(PCP (2))
G0 TO 163

PeP ()= PCP(2) /(1,42 *DHSTARZ (ENN®TT *(GAMMAS(2)e1,.)))
2¢2) = P(1) /7 PCP(2)

PP = P(2)

ITROT = ITROT.}

CALL EOQOLBRM

IF(TT«EQe0s) GO TO 1000

63 10 190

K0

IF («NOT.EQL <aND. FROZ) GO TO 990
!F(IP.EQ.NPOOR.TT.EQOOQ) 60 To 860
K = NPY
IF(NPT.NEL13)
caLL RKTOUT
IF ((NSUB ¢ NSUP)NE.0) Call RATIO
IF(Ke.EQ,0) GO TO 990

aR1TCi64865)

FORMAT (1H})

NPT = 2

60 TO 870

870 NPT = NPT 4 1

c
¢
c

SAVE cOMPOSITIONS FOM ESTIMATES OF NgXT POINT

D0 880 I = 1eNS
EN(TsNPT) = gN(IsK:

8rg CONTINUE

9n2 CONTINUE

950 IF (FROZ) CALL FROZgN
1000 RETURN

END

100

RCK*1200
RCKe1210
RCK®1229
RCKX*®1230
RCKa1249
RcK¥1250
RCK®?1260
l.cK*1270
RCK®1230
RCKe1290
RCK®*313100
RCK#1310
Reke1320
REx€1330
REX©1340
RCK®1350
RCK*1360
RCK#1370
RCK#1380
RCKe#1390
RCK*1400
RCX®*1810
RCK#1420
RCKX*1430
RcK']‘bO
RCK#1450
RCK®*1 460
RCK®1470
RCKw1480
RCKX®*1490
RCx*1500
RCK#1S1p
RCK®* 1520




101
SYSOUTINE RKToUT RKTeqG00

¢ RKT#g010
¢ ROCKEY PZIRFORMAN(CE PaRAMETERS RkT#9020
< AKT49030
LOGICAL EQLWFROZ «TPoHP SO oHPSP TPSP ¢ SHNACK RKT¥p040

c RKT#0050
DIMENSION NV{13)92(10+4) RKTen060

C RKT®#n270
COMUON/POINTS/HSUM (13) 9SSUM(13) o CPR(13)oDLVIP(13) onLVPT(13) RKT®20030

1 ¢6aMMAS(13) 4P (26) 47(26) 4V (13),PPP(13),WM(13)4SONVEL(13),TTT(13) 2WTenn9n

2 +TOTNI13S AKT20105
COMMON/SPECES/COEF (2979150)9S(150) 9EN(150013) 9 SNLN{150) »+0 (150) Rk Tenlin

1 +UELN{150)¢A(15¢150)+SUB(150+3) s IUSE(150) s TEMDP(50,2) RKT®#9124
COMMON/MISC/ZENNSUMN TT oS0 9 ATOM{39101) oLLMT(i5)+80(15)eBOP(15¢2) AKT9n113n

1 o TurTLOWe TUIN THIGHIPP s CPSUMeOF sEQRATsFPCTsReR4HSURD 9 AC (2) s AM(2)RKT#9140

2 +EPF {2y 9RHO(2) JVMIN(2?) g VPLS (2) ¢ WP (2) ¢DATA {22) ¢ NAME (15,5} RKT#: 150

3 1ANUM(1545) oPECWT(15) sENTH(]15) oFAZ(15) sRTEMP (15) sFCX(15) +DENS(18)RKT®n160

4 oRHOPIRMW (15 4 TLN RKT®0170
COMMON/INRX/ IDEBUG,CONVG, TP HP,SP, KPP, TPSP MILES,NP NT,NPT,NLM RKTeqnlgn

1 INSIKMATSIMAT+I01 931024 NOMITy TP sNEAR¢NSURBINSUP s ITNs CPCVFRICPCYEG RKT®0190

2 +IONSyNCoNSERT$JSOLJLIDeKASE +NREAC,ICsJS1»VOLHSKOCK RxT®n200
COMMON/PERF /PCP (26) s VMOT (131 9SPIM(13) o VACI (13) 4 SUBAR(13) ,SUPAR(13)RKTeg210

1 +sCPRF(13)4AFAT(13)+CSTReEOLFROZ+SS) [xTen220
COMMON/OQUPT/ZFMT (30) oFP(4) o FT{4) o FHI4) oFS(4) o FMI4) s FV(4) »FD (&) RKT®n230

1 oFCL8) yFGU&) JFByFMTI34F14F24F34F6sFSoFL(4) FUTIOFAL,FA2 AKTer240

2 oFRISFCIeFN{SE) oFR{S) 2sFA{&) oFI (%) yFMTOXeFO RKTen250

c [KT#n260
EQUIVALENCE (VaNV) e (ZyH0) RKT®n270

o RKT®N2k0
DATA EXIT/4HEXIT/ RKTon290

c ]*RKT*n300
IF{gQL) WRITE (6+37) rRKT2n310

37 FORMAT (31H} /24X ,84HTHEORETICAL ROCKET PERFORMANSE ASSUMING EQUILIBRRKTen32p
1IUM COMPOSITION DURING EXPANSION /) RKT®~330

IF _(eNOTegQL) WRITE (6438) RxT®034%9

38 FORMAT (1H7,26X,78HTHEORETICAL ROCKET PERFORMANCE LSSUMING FROZEN CRKTenz5r
10MP0SITION CURING EXPANSION /0 RKT®n3g

IF (TPSP) WRITE (64737 AKTen37n

737 FORMAT (53Xy28HAT AN ASSIGNED TEMPERATURE RKT9q53580
V1) = PPP{1)9]15.696006 RKT%n390

#RITE (6+40) V. 1) RKTen400

40 FORMATISH PC = #F8.1954 PSIA) RKT®na41n
CALL OuTi RKTEN&20

NZX = NPT » 2 RKT@n430

D0 862 1 = 1eNgX RKT®0440

862 VI{I) = EXIY RKT®0650
RRITE(6+43) (V(I)eT=19NEX) RKT®nsAn

48 FORMAT(1HO¢16Xs16HCHAMBER  THROAT »11{5X+A4)) RKT®0470

C KTH#0S430
< PRESSURZ RATIO: RKT®0n490
C RKTen3S0n
FUT (%) = FHT(6) RKT20510

CaLlL VaARFMT (PCPsNOTY RKTen320

HRITE (6erMT) FR1SFReFBeFRe (PCP (J) 9J=1oNPT) RKT®0330

caLlL 9ut2 RKTonS4n

c . RKT2a550
L5V = 9,83655 RKT4n560

D0 202 K=2,NPT RKTenS7n
SPIMIK) = (2,9°RR* (HSUM(1)=4SUMIK)))oe G/AGV RKT2n580

c RKT#0590
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102

C aw (A/N) IN UNITS OF SEC/ATM

c

c
c
c

c
C
c

OOOD

c
c
C

c
c
¢
¢

C
c

c

200

212

MA

208
c’

AW = RRoTrT(K)/(PPPgK;n
IF(K«NEL2YGO TO 2935

AW TsAW
CSTR=232,174%P ({) ®ANT
ACAT(K) 2AW/AWT
VACT(K)=SPIM({K) +PPP (K} #AW
IF (SONVEL (K) oNEeGs) VMOC(K)'SPIH(K)*AGV/SONV{LNK)
NVIKIZ CSTR ¢ ,

CONTINUE

WM(K) 9SPIM(K) #AGVae2)

CH NUMBER

vMoetliag,

IF{GAMMAS (2) oERs4) VMDL(2) =D,

FUT(7) = F2 ]
waxre‘s.FﬁT)(ru(:)~r-1;¢).(VnociJ).J-1sNPT)
WRITE (50208}

FORMAT (14 )

FMT (4) = FMTOX

FMT(5) = pMT13

FMT(6) =z FMTI9

FMT(7) = fg ]
waITE(G.FMT)(FQ(I)»Itl-4).tNV£4:.J.2.NPr}

CF = THRUST cOEFICIENT

212

FMT(6) a FMT(8;

FMT(7) = 3

DO 212 1=2,NPT
V(1)=32,1740SPIM(I) Z/CSTR
WRITE(69FMTIFCI9FBaFBIFBs (VIJ) 9 Jx2,NPT}

AREA RATIO

CaLL VARFMY (AEATyNPT)
FMT(5) = pg
ﬂRITE(6.F“T)FAI’FAZoFBOFBo(AEAT(J)onaoNPT)

VACUUM IMPULSE

FMT(S) = FMT13
FMT(T) o g} )
warrs(s,Fur)(FA(I).1:1.4).(VACI(J).ng.NPT)

SPECIFIC IMPULSE

310

NRITE‘é‘FMT)(FI(!)-It1o§)o(SPIM(J)olenNPT)
WRITE (69208)

FMT(&) = FR

FMT(5) = ¢MT13

FUT(T) 5 ¥S

IF(EIL) GO YO 3312

WRITE(64310)

FORMAT (15SHOMOLE FRACTIONS 77)

RKT®*ne0n
RxT#n610
RKTen62n
RKT*n630
RKT®*0640
RKT#q650
RKT#0660
RKTen670
RKT*p6an
RKT*0690
RKT#*n700a
RxT®p71n
RxT*n720
RKT®9739
RKT®*9740
RKT®0750
XKTan760
RKT*p770
RKTen73n
RKT#0799
RKT®*pfn0
RKT®*0810
RKT#n820

. RKT“083G

RKT®*0g4én
RKT2q9850
RKT®n86n
RK1%ng70
RKT=08180
RKT®a890
RxT*0g00
RKT*0910
RKT*9929
RKT®0ng3n
RKT#n949
RKT#095n
RKT®0960n
RKT*0970
RKT#09a0
IXT#0599
RKT*10090
RFT®1010
RKT®1020n
RKT*1036
A Te1040
RT*y050n
RKT®1060
RKTe1070
T*1080
RKT*#1090
RxT#1100
RKT*1110
RKT*112n
RKTe1130
RKT®*1140
RKT#1150
KT* 1180
RKT®1170
RKTe1180
RKT#*1190

AT s W turmm, oo



MOLE FRACTIONS - FROZEN

00 309 [=1NPT
DO 308 K=14NS
DATA(I) = DATA(II+EN(K,1)
348 CONTINUE
309 CONTINUE
LINE =
DO 432 K =]1NS _
VILINE®1} = EN(K+1)/DATA(])
IF (VILINE®1) eLTe {GeE=6)) 6O TV 424
LINE = LINE®]

w3

Z(LINEL1) = SuR(Ke1)
Z{LINE+2) = SU3(Ke?)
- Z(LINEe3) = SU3(Ke3)

ZLINEs4) = V{LINE)
426 IF (LINEeNEo3eANDsKNESNSY GO TO 430
IF (LINE«EQeD) GO TO 312
*RITE (6+426) (Z(LNgl)aZ(LNsZ).Z(LNo3)-Z(LN’¢)oLN:1-LINF)
FORMAT (1H 96 (3A49F9e597X))
LINE = 0
430 CONTINUE
312 CaibL OuT3
1000 RETURN
END

AN L
(AL AR A GRAS
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/KTe1200
AT 1210
RKT®1220
RKT#1230
RKT®1260
RKT®1250
RKT®*1260
RKT®1270
RKT#1230n
RKT®1290
AKT*1306G
KTe1310
RKT*1320
RKT€133n
RKT21340
KT*1350
RTe1350
RxT21379
RK7#1330
RKT#31339
RKT*y60n
RKTe1410
RKTa1420
RKT®143p
IKT*1440
RKT®#1450




104

"SUBROUTINE RATIO R10%0000
RY0*N010

(USED F'JR AREA RATTO INTERPOLATION ONLY) R10#n02n

R10%n030

DouUsLE PRECISION G.X R10en04n

LOGIC:: EQLe FROZ+TPSP - RY0*p050

RI0%*00&0

DIMENSTION PER (2+2) oAI(13)44PCP (13),AT(13)9AMNT (13),RP(2),NV(13) R10%0070

1 ¢ RP?(2) R10®p0RN
RI0®N0gN

COMMON /POTNTS /HSUM (13) 4 SSUM (13) ,CPR (13) 4DLVTP (13) ,0LVPT (13 R10#0100

1 oGAHMAS(13)aP(26)oT(26)ov(13).PPP(13)oHH(13)-SOMVEL(gs)oTTTtxs) R10%n110
2+TOTN(13) ) R10¥N120
COUMON /SPECES /COEF (29791500 95(150) oEN(15013) oENLN(150) 4,HG (150)  RID®nl3a

1 sDELN{150)9A(159150) 9SUR(15093) 9 TUSE(150) + TEMP(50+2) R10%5140

coaHON/u15c/gNNsSUMN.TT'SOoA70a:3-101)aLLM7(15)'30(15)'ROP(ISoZ) Ry0*nlS5n
1 o THs TLOWS TMTD o THIGHs PP ¢ CPSUMs OF s EORAT « FPCT s Re IR9HSUB 9 AC (2) 7AM(2) RTI0%n160

2 ¢HPP (2) yRHO(2) s VMIN(2) o VPLS (2) oNP {2) sDATA (22) +NAME (1545) R30®0170
4 3 .A~UH(1S.5).PEC*T:153.ENTH(lS)'FAZ(IS);RTEHP¢15).FOX(lsx.oensxls)ﬁlo-olsn
= 4 'RROP'RH"(IS,,TLN R10%n10n
- COMMON /DOUBLE/ G(20+21)s X(20) R70*0n200

COMMON/ INDX/ IDEBUG, CONVG, TPy HP , SPHPSP , TPSP ¢ MO|LES NP NT NPT (NLM R10e#qp2i0
1 ¢N$'KHATOIHATQIO1’IQZQNOHIT'IP’NEWR'NSUB’NsuaoITN’CPCVFR.CPCVEQ R10%p220

2 0IONSONCQNSEQT'JSOL’JLIQQKASE'NREACOICOJSl’VOLQSHOCK R10%0230

COMMON /PERF /PCP (26) + vMOC{13) » SPIM (13) yyACI (13) 4 SUBAR (13) 4 SUPAR (13) R10%n240

1 *CPRF (13) 9AEAT(13) oCSTReEQLIFROZ~SSy RI0®n250n
COMHONIOUPTIFMT(30)orpts).;7:6)oya(6)oFS(tiorn(Q)’FV(k).rgtbt Ry0%n260

2 oFRLeFCLeFNIG) sFR(4) oFAL4) oFI(4) oFHTGXeFO R10®0230

' R10en290
EQUIVALENCE (VoNV) R10%n300

¢ R10®0310

NBLG = NPTe2 R10=0320

7 D0 22 J=3NPT R10%0330
= 17 (PCP1J) +GT.PCP(2))G0 TO 30 R10%9340
22 CONTINUE RI10*03S0

&0 T0 31 R10%n360

& 30 NRLOSJ=3 3 RI0*0370
: 31 DD 1200 1SGMIC=l,.2 Ri0e#qg31ap
L =1 R10%0n390
IF(ISONIC.EQ.2) 6N TO 34 R10°0600

IF(NSUB,EQ,0) GO TO 1200 RI0spé1n

NAR = NSUB RI0™ 5622

60 10 36 RI0%0439

IF (NSUP ER,0) GO TO 1200 Ri0enée

NZR = NSUP R10%0450

nc 1100 1=1sNaR RjO®046D

IF (1SONIC,EQ,2) GO TO &0 R10eps70

IF(nsL0LEe}l) 60 TO 1100 R10%g450

<=2+N3L0 R10®n4gn

D0 38 Jas,.X RI0enS00

VILL) = SURARI(T} R10®p530

IF{VILL) «GE+AEAT(J)) GO TO 56 Ry0®*n520

CONTINUE R10e0n530n

69 1O 54 R10®a5s0

17 (uPTeNRLOWLLE.3) GO TO 1100 R10%0550

V(LL) = SUPAR(D) R10%0560

K=4+N3LO Ri0®p570

D0 42 J3K4uoT R10%058¢C

IF (VILL) JLELAEAT(J)) GO TO S6 Ry0®g590

W, 0ng o

AP ——
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62 CONTINUE R10%N600
IFIVILL) «GECAEATI{UI«34) GO TO 85 R10en61n
56 <J = J=} RIDeNK20D
X =z KJ R10¢0630
> DO 64 JJS1e2 R10%nk40
= IF(CPRIK) ,NE.0,} 30 TO 63 R1I0°n654G
= sRITE{6462)K Ri0enénn
= &2 FARMAT (1 THOCANNOT USE POINTe12+3XesHCP=0 } R10%n670
o 30 7O 1100 Ri0%n6g0
3 62 PER(JJe1)zele/ (CPRK}RNM(K)) RIC20694
=3 IF (EQL) PERI(JJs1) = PER{IJ#1)#DLVTD(K) R1070700
= PER(JJe2)2 TITUKYZ7{2.aNM(K)® (HSUM (1) -HSUM(K))) RID90710
3 . WIS} = 1+7(1./GAMMAS (K)=PER{JJ92)) RI0%0720
g IF(EQLIRPPIIY) = 1.+DLVPT(K) 4 {1« VTP (K} )*PER(JJs1} R10%0730
gg X = KJ o 1 RI0®n740
= . 64 CONTINUE . R10®n750
= AMATILLY = wM{}1) RI10%0760
= CALL SET(PCP(KJ) +RP(1)sAEATIKJYsV(LL), APCP(LL)) R1020779
b= Call SETVITTIT(KJIsPER(191) +PCP(KJI) oAPCPILLIsAT(LL)) R10°0780
=3 IF(EQLY CALL SET (NM(KJ) sRPP{1) +PCPIKJ) sAPCPILLY o ANWT(LL)) R10°n790
= K = XJ R1020800
= i DO 76 JJ=1e2 RI0%n810
= G(JJIrT)=SPIM(K)#*2 R10%0820
G(JJe29 7)1 223G (JJe T)SPER (I 2) . R1099830
= GlJJI*seT)=(]4=GAMMAS (K] ) /GAMMAS(K: 85{JJe2,7) R10%3840
=3 swur =], R10%0850
= StJJ*241)= 0O RI0¢nB&YO
= GlJdJese,y1d=q R10%0870
= 5{3J22) =ALOG(PEPIK) ) R10%3R86
= G{JJ*2¢2)=1¢ RI0®08B50
= G{JJ*%+2)=0 RI0%0n90¢
= DO 70 4=3,6 R109n%91p
5 G(IIrHI=G{JJe2) 8% (M=]) , RI0%p320
- 8(J*2eMIz=G{UJe2) v (' =2) #EL AT {M=1) R10%0930
= B JJed M) =B {JJa20M) 55 (Jue2) SFLOAT (ML2) RI0en24n
= 70 CONTINUE R10%5959
‘ K = KJ ¢ } RI0*896)
74 CONTINUE RI0*a970
= IMAT = & R310%591ay
=} cali M5aUSD RI1C*0950
E AYULL)= X (1) 1031600
= DO 3¢ JJI=246 RI0%1010
= AT(LL)SAT{LLYe X (JJ)*ALOG(APCRILL)) #®{JJ=]1) R709i020
A4 CONTINUE RI0#1630
E IF(AI{LL) oLE,9,)50 TO 85 RI0®1040
E AT{LL) = AT{LL)®®.S RIC®10S0
50 TU 86 RI0®*1060
- A5 LL s LL -1 - RI0®1074
R6 IF{LLeGE«13.0R.1+GE«NAR) GO TO 90 RI0*) 08D
L = ilel R1021098
. 60 TC 1100 RI0%1100
c R10®1110
C JutPuT R10e1120
c RI0®113D
Q0 IFI{EQL) ¥WIITE (687 RI0*1140
R7 FOAMAT(1H} /24X, R4HTHEORETICAL ROCKET PIRFORMANSE ASSUMING FQUILIBRRID®115p
13Uv CO¥P0SITION DURING EXPANSIOM /7) R10°1160
IF («NOT.g01) ¥RITE (6¢88) RI0®1170

A5 FORMAT (1H] 426X, 7BHTHEORETICAL ROCKET PERFORMANCE ASSUMING FROZEN CRIO#1180
1OMPOSITION DURING EXPANSION 74} R10%119¢




(g X2 Xz

NnooO

OO

(g Xelg)

OO

ann

IF (TPSPY WRITE (6499)
Q9 FORMAT (S2Xe28HAT AN ASSIGNED TEMPERATURE
NRITE (AeS1)
1 FORYAT (52X,P6HFOR ASSIGNED AREA RATIOS 773
PC= P 119144696006
WRITE(6.101)PC
191 FORMAT(SH PC = (F8,1+5H PSIA}
caLL ouTy
IF(ISONIC.EQe1) WRITE(6933)
33 FORMAT (18HOSURSONIC FLOW 1/3
IF (ISONICeER.2) WRITE (6435)
35 FoRMAT(184GSUPERSONIC FLOW 27}

O
-

aREA RaTiO

FMT (6)= FMT {8}

FMT (6} FMT(6)

cALL YARFMT (VoNPT)

WRITE(6,FMT) FaleFA2,FB4FRy {Y(M)oMal.LL)

VACUUM SPECIFIc IMPULSE AND SPECIFIC IMPULSE

DO 93 H=1elL
V¥ =AT (M) ¢CSTRPV (M) /7(32.174® 4PCP(M))
93 CONTINUE .
FUT (47T FMTI3
FMTIS)= Fg
FMT(7)a Fi )
WRITE(GeFMY) (FAINIeNS1e4)e (V(M)oMayelL)
WRITE{SsFMT) (FI(N)eNrlshys (AT(M}sMmloLL)

Ce

FMT(S)1= FMTI9
80 9% M=)lellL
NV{M)ZCSTR +.5
94 CONTINUE
JRITELS¢FMTY (FRINIoNZ1e4)s INVIM)o¥=10LL)

CF . THRUST COEFFICIENT

D0 35 M=leLlL -
V(My=A] (Mye32,174/CSTR
95 CONTINUE
FaT(5)= 7r
FAT(T)= F3 .
ARITE(G+FMT) FCI19FReFBIFBe (VM) oMm1oLL)
SRITEL6+56)
94 FORMATI1H )

PRESSURE RATIO
FuATi4)= FMTL(6)
cALL VaRFHAT (APCPINPT)

CALL VARSMT (APCPeNPT)
PRESSURE
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R10e%320n
RIC*Pin
R10%1220
Ri0&23n
Ri10%124n
RI0*1250
R10#3280
R10%1270
R10%12a0
R1001290
R10%1300
R10%1310
RI0e1320
R10®1330
R10*13an
KI0e1350
R10%*135¢
R10%*1370
R19e13a0
RIO®y1309n
R10*1400
RI0®*1410
RI0®142n
RI0%1430
RI0®1440
R10%1450
RID®I4A0
RIO®1470
RIC*1480n
R10%*1400
RI0#)500
RIC*1510
R10®1520
R1021530
R10%15440
RIO®15%40
RICe1560
RI0®*1570
R10®158¢0
R10e31591
R10*1600
RI0®1610
Ri0e1620n

10%16230
RIO*1640
Ry0#1650
RI0*1660
RI0*1670
RI0e1680
R10%1690
RI0*1700
R10e1710
RI0®y72»
R10*1730
Ri0®174an
R10®*1750
RY0®1760
Ri0e1770
R10®1780
R10°179
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1100
1200

WRITE{(5+FNT) FRI9FAsFBIFRe LAPCP (M) oM=10LL)
30 08 M=1lsilb

v(v¥) = P{1)/APCP(M;

CONTINUE

catl VARFMT (VoNPT)

JRITE(6,FMT) (FP(N) oNz19é) e (V(M)eM=lell)

TEMPERATURE

D0 101 M=1.Li

NV {MISAT {M) ¢S

CONTINUE

FMT (&)= FMT12

F4T(5)= FMTI9 _

WRITE(6.FMT) (FTINYsNz19b) e (NV (M) Maiell)

ENTHALPY

FMT(5)= FR

FuT(T)= F}

DO 10& M=31,LL

V(M= HSUM(]1)®R<1000«*(ATIM)/204.38)#42

> CONTINUE

WRITE(6,FMT; (FH(N)aNaled)s (V, 4)9Mzlyll)
ENTROPY

FMT(T)=F4 i

V{l} = SSyUM(2)eR

DG 1066 M=1,LL

V() = viy)

CONTINUE

HRITE(64FMT) (FS(NygNzlgh)y (VM) oM=mloll)

YOLECULAR WEIGHT

FMT({7)=F3 i

WRITE(64FMT) (FM(N)sNaleb)e (AMNT (M) M=lell)
CONTINUE

CONTINUE

RETURN

END
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R10°1800
RI0"1410
R10e182n
R10%1%39
RI0%ia40
R10#1350
R10%®1840
R10%1870
R10«1R80n
R10%189
R1C*1590
R10#1919
R10*1920
RI0%1930
R1001940
R10%19346
RIC®1940
R10e1979
R10°1980
R10%19%0
RI00?2000
R10%2010
R1D®2020
R10#2020
R10%2040
R10%2030
RI082060
RI0®*20670
RI0%*2010
R10820%0
R10%21n0
R10%2110
R10e21:n
R10%>130
R10°0z140
RI0®215n
RI0®216nN
R3jC22170
RI0%2189
R10%2190
RI0#2200
R10%2210
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SUBROUTINE SET(ONE«TWOs THREE»ARGeHAL) SET=p005
¢ SET#nita
b (USE(* FOR 2REA RATIO INTERPOLATION ONLY) SgTeno26
¢ SETS UP ALL 4 RY 5 MATRICES SETage 0
c SEY®niAn
DOUSLE PRECTSION Ae¢ANS#GeX SETRR0SD
e SeT85060
DIMENSION ANS(6) 2ONE(2) o TWO(2) ¢ THREE (2) 9A(20921) S..%n070
¢ SETIN0AD
COMMON /DOURLE, G(20+21)s X(20) SETe6090

COMMON/INDX/ InEBUGCONVG:TPorP+SPHPSP ¢ TPSPeMOLESINPoNTsNPTNLM  SgT®rjpp
sNSsKMAT e IMAT 9201 v1029NOMITe IPeNEWRINSUBINSUP ITHNe CPCVPRCPCVED SgT%a110

2 +IONS NC,NSERT,JSOLyJLIQ,KASE(NREAC, ICyJS1sVILY SHOCK

EQUIVALENCE (GsA) ¢ (XsANS)

D0 B Jx1y2
a{te5)=aL0G{ONELS))

B (32953 2THO (J)
A{J92)=aALOG(THREE (J})

8 CONTINUE

00 1 I=1,2

A{l1s1)=1ep

4(1e291)20,0

A¢1e202)=1,0

DO 1 J=2+3

al{l9Je1)=(102) 0% )
A(ls20JelycA(1,2) 90 (Jal) «FLOAT (J3

1 CONTINUE

TUAT = 4

catlL MGausp

HAL3ANS (1)

SUM=ALOG (ARG)

20 16 J=1,3 .

HALZHAL +SUMSS Jo {ANS (J*1))

10 coNTINuUE

HAL=EXP (HAL)
RETURN
END

SET40120
SET*p130
SgTenlen
SETeLi5y
SzT*pn140
Sz7%p170
SETeglan
SeET®*p190
SgTo0200
SeTeg210
SET*n220
SgT*0230
SETen2an
SET#0250
SET®0260
SETe0270
SET*n280
SET*0230
SET#n300
SET*a310
SgTen320
SET#0330
SET®*n340
sSeTen350
SET#*p350
3ET*n370
SET*0380

P

T e T e ——
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SU3RDUTINE FROZEN FRZ%0000
-FRZ#*0010
(FROZEN COMPOSITION EXPANSYON ONLY) FRZ%q020
FR2e0030
LOGICAL EQL,FROZ+CONVG FRzaOOLN
FRZ%q050
cOMMON/POINTS,/ KSUMI13) £ SSUM13) o CPRIISI o DLVTR (15 oL VPT{YIZ) FRZ®5060

1 .an“HAS(13).P(26).-(26).V(13).PPP(13}-HM(IB),SOMVEL(13y.TYT¢33* FR790070
2¢TOTN(13: FRZ%0.2:p
COMHON/SPECES/COEF(Z9T9170)3S(150) ¢EN(150413) 9 NLN{150) 910 {150} FRZ®*G160
1 JDELN{1SH} o R(15+150) +SUB(150+3) 2 IUSE(150) + TEMS (50,2} FrZv01090
COMMON/NMTSC/ENNSUMNs TT9SqeATOM (39101 vLLMT{15)+85(15)eBpP (1592) FRZ°n119
1 3T TLON, YRID s THIGH PP yCPSUMOF sEQRATFPCT s ReRRoHSURCIAC (2) 0 AMI(2IFRZ®N120
2 yrPP{2) oRHO(P) s VMIN{2) s VPLS{2) « WP (2) 4 DATA(22) + NANZ (15,4 5) FRZ®n13n
3 sANUM(1545) oPECKT(15) +ENTHI1S) oFAZ {15) sRTEMP(15) +FOX{}5) 9DENS(15)FRZ®01 40
& ¢RuOPeRVRI1IS) 4TLN FRZP0150
COMMON/INDX/ INEBUG,CONYG, TP 1P, SP HPSP , TPSP MILES NP, NT NPT, NLM FRZe0160
1 oNSIKMAT,IMATsI07 5102+ NOMIT» IPaNEWRRINSURINSUP e ITReCPCYFRSCPCVER FRI®H1 70
2 +IONSINCINSERT s JSNL s JLIQ¢KAST+NREAC»IT+JS19VOL2SHOCK - FRZeninn
CGUMON/PERF /PCP (26) o VMOC (13) + SPIM(13) ¢ VACT (13} »SUBAR (131 4SUPAR(13)FRZegl09
1 +CPRF (13) sAEAT(13)+CSTReFOLsFROZ9SSO FRZ=02260
COMMON/QUPT/ZFMT (30) oFP (4) o FT (L) o FH{S} o FS{8) o FM(§) oFV {4} 4FD (4} Frz®p2in

1 2FCL4) oFGL4) oFBeFMTI30F ] sF20F30F4sF5sFL (4] oFUTIONFA] ¢FA2 FRZ®n229
2 FRLISFCISENILIFRIL) sFALSI 9F T (4] oFUTIXSFO FrRZes23n
1TR0T = 3 FRZen24n
QL TeFaALSE. FRZ®9250
\PT =2 FRZ90260
IT = TTT( FRZ®1270
TLN=ALOG(TT) FrRZ®52490
GiH*ASll) = C?QF(l)/(CPRF(l)Ol.Iﬂnil}) fRZ®6230

CPR{1) = CPRF{ FRZ25300

ocR2i = ((GAMuAS(x)01.:/2.)¢¢(GAHHAS(1)i(gaﬂﬂaS(l)-l }) FRZ2°0310
SATA(l) = 2,/(GAMMAS(1) + 1,) FRz®0324
TLN = TLN « aLo6(pata(y)) FRZ%H330n
N0 Q02 IP=2.NP FRZ®0340
IF (NPT, ;Q .2} GO TO 45 FRZe)3350
SCPINPT) = PL1)/7PLIP) FaZeg3eg
45 cONVG = 'FALSE. FAZ26375
PCPLN= 4LOG(PCP (KPT) FRZen3sn
Sa = SS¢ -PCPLN/WM(]) FRZ®0330
Su¥4 = Da FRZ20430
81 TT=£XP{TLN} FrZIea4)a
SyYMS=0. FRZ®0428
J31 = 1 FRzZenslp
NN = NPT Fri®atsy
Wi =] FRZ%gas5n
caLt CPuS FRZ®n460
YT = NNN FRZ®n470
DO 50 JS1eNS FRZ204A0
IF{EN{Je1).EQ, 0.7 GO TO 60 FRZe0430
SUMS = SUMS ¢ SIJEENTI Y FRZ®nS50n
iF{cONVGE) SUVH=SUMHeHD{JI®EN{Je1} FRZI®*NS10
sC CONTINUE TRZ®n32p
IF (TONVGY GO TO 81 FRZ®3530
DILNT= L SUMS=S0) /CPSUM FRZ*0340
TLN=TuNDLNT FRZen530
TFINLNT¢i.Te Do) DLNT==DLANT FRZ®aSsp
IF{QLNT.LT.GQSE-‘) CQNVG:.TRUE: FRZ®nSTD
50 70 5 FRZeg310

A1

TITNPTI= 3T

FRZ%p59y
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€3 OU0)

30

201
730

302
863

885
8§70

9462
1200

SSUM(NPT)a S$SUM(1)

HSUMINPTIa TTesury

GAMMAS (NPT)® CPSUM/ (CPSUMal e /W% (2} 1
IFtIPs+GTe2) GO TO 90

THROAT CALCULATIONS

DH = nSUM{1)«SUMLD)
SHSTAR = OHe (GAMMAS (2)8TT/(2,8WH{13 )

Dn = DNSTaR/nM

IFIDHTa0) DHzaDH

IF (DHeLE 2 0esE-~4,0Re ITROT.ECQe0) GO T 90

pePLdl = PCP£2)/(l.ozo'nﬂsfaa*antlSi(Tf'iﬁtﬁﬁ}S{23ol.)))
P(2) = Pl11/RCPI2)

ITROT = ITROT-]

89 TO 43

WM{NPTIa WMy

FPPINFT) = P(]9)

CPRINPT)= ¢PSUN

K=

IF (TT.LT,(TLOW=1504))G0 TO 953

IFINCeEQeS) GO TO 700

INC =0

DO 901 ISyjeNS

IF{IUSE (1) o£0e0eORIUSE(]) +EQe=10500) 60 70 90}

INC = INCel _ i

IF(EN(T31)4ENe3s) GO TO 90

IF (T?.LYGKTEN?{XNCQIS-SO,ieQRgTYaG?.i?igP(IWCQE)oSO.))GO 10 903

CONTINUE
IF { IP,EQ.NP) 6O TO 863

£ = NPT

IF (NPY.hE4131 60 TO 870

E0 TO 563

&PT =2 Np? - }

CalL RKTOUT

IF (HSUZONSUP.NE.0) CALL RATIO
IF {K.EQ.0) 60 TS 1005
NQ?=2

NPT = KT o }

CONTINUE

ReTURN

END

Fazeosne
FRZ%1519
FRZSN620
FRZens2pn
Fazensen
FRZeaAgn
FrI®nsan
FRI®GOTFG
FrRZeasan
FRZ®%* G430
fRZeaTao
FRZ®q710
FRZ%n720
FRZen730
FRI®n740
FRZ®N 7S
FR28076n
FRZ%371n
FRI®*0{ys
FRZex27gg
FRZ®qRgq
fFaZoengloe
FRZey82n
FRZI®nB3p
FRIEB4D
FRZ*3858
FRZ*¥nagn
FRz=n8Tn
FRZ®*gRpa
FRZ%38g5
FRZ®g%900
FRZ%g510
FRZ%ag20
FRZeg93p
FRZ*5940
FRZ®%0956
FRZ6n9¢p
FRZ®*397a
FrZeg9a0
FRZe9%0n
FRZ*y 004
FRZ*1010
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