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FORTRAN IV COMPUTER PROGRAM FOR CALCULATION OF THERMODYNAMIC
AND TRANSPORT PROPERTIES OF COMPLEX CHEMICAL SYSTEMS
by Roger A. Svehla and Bonnie J. McBride

Lewis Research Center

SUMMARY

A FORTRAN IV computer program for the calculation of the thermodynamic and
transport properties of complex mixtures is described. This program (TRAN72) was
developed by combining a program for the transport properties calculation with another
program (CECT71), published in NASA SP-273, for the thermodynamic properties
calculation.

Equations for the calculation of the transport properties are given and explained.
Equations for the calculation of the thermodynamic properties can be found in NASA
SP-273. Input data, included with the program, are explained.

The program has the capability of performing calculations such as (1) chemical equi-
librium for assigned thermodynamic states, (2) theoretical rocket performance for both
equilibrium and frozen compositions during expansion, (3) incident and reflected shock
properties, and (4) Chapman-Jouguet detonation properties. Condensed species, as well
as gaseous species, are considered in the thermodynamic calculations. However, only
gaseous species are considered in the transport property calculations.

The program is available for external distribution, Further information on obtaining
the program may be had from the authors.

INTRODUCTION

Many processes in existence today involve complex chemical mixtures, frequently at
high temperatures. Some of these mixtures result from combustion processes such as
occur in automobiles, aircraft, and rockets. Others occur in processing equipment in
the chemical, petroleum, and natural-gas industries. Research equipment, such as
shock tubes, also involves high-temperature gas mixtures.

U U ¥ U ¥ ¥ U ¥ WU U Y ¥ H IO EHEEE .



The need frequently arises for the thermodynamic and transport properties of these
mixtures, particularly for use in heat- and mass-transfer calculations. Usually, the
temperatures of the gases involved are quite high, too high for the properties to be meas-
ured directly. Consequently, the properties are calculated. As a result, a number of
different computer programs have been written for the property calculations. In general,
most of the programs now in existence are designed to calculate either the thermody-
namic properties or the transport properties, but not both. These programs are not re-
viewed herein. References 1to 4 are a starting point for a review of the programs for
calculating the thermodynami'c properties; Some programs have also been written for
calculating the transport properties (refs. 5 to 9); however, each has its limitations.
Some of these programs use approximate equations (refs. 5 to 8). One is limited in the
choice of the intermolecular potential energy function (ref. 7). Two programs are de-
signed primarily for ionized gases (refs. 8 and 9).

We have developed a computer program which is designed to avoid these limita-
tions. Rigorous equations are used in the transport calculations, and the transport cross
sections are not restricted to any specific potential energy form. The program is a gen-
eral one, capable of handling any chemical system. However, it does not include ioniza -
tion, although it is capable of handling incipient ionization. Other important features of
this program include simplicity of input, storage of all thermodynamic and transport
property data on a master tape, and elimination of any need for advance knowledge of
which species will be important. The program is a combination of the NASA Lewis Re-
search Center Chemical Equilibrium Calculations Program (ref. 1) with additional rou-
tines to do the transport property calculations. The program will handle a variety of
problems. It has the capability for doing calculations such as (1) chemical equilibrium
for assigned thermodynamic states (T,P), (H,P), (S,P), (T,V), (U,V), or (8,V); (2)
theoretical rocket performance for both equilibrium and frozen compositions during ex-
pansion; (3) incident and reflected shock properties; and (4) Chapman-Jouguet detonation
properties. '

The thermodynamic ﬁroperties which are tabulated include pressure, temperature,
density, enthalpy, entropy, molecular weight, (3 In V/3 In P)T, (3 In V/ 9 In T)p, spe-
cific heat at constant pressure, isentropic exponent, sonic velocity, and composition.
The calculated transport properties are viscosity and thermal conductivity. Specific heat
and thermal conductivity are calculated for both frozen and equilibrium conditions.
Prandtl and Lewis numbers are included. Other properties which are characteristic of
the type of problem being run are also calculated. (See the sample problems in
appendix D.) '

The present report does not cover the equations and numerical techniques used for
the calculation of the thermodynamic properties. These are given in NASA SP-273
(ref. 1), which discusses the details of the thermodynamic calculations. The present re-
port does give the equations used in the transport calculations, however. These are
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covered in the section TRANSPORT PROPERTY EQUATIONS. Sources of the transport
data are given in the section SOURCES OF TRANSPORT AND RELAXATION DATA.
Symbols are defined in appendix A. Variables, indices, and constants used in the trans-
port subroutines are given in appendix B. A listing of the entire program is shown in
appendix C, and sample problems are shown in appendix D. The sample problems were
selected to illustrate many of the various capabilities of the program. Flow charts of
some routines are included.

COMPUTER PROGRAM

The TRANT2 computer program was written in FORTRAN IV. At the Lewis Re-
search Center it was checked out on an IBM 709411/7044 Direct Couple System. It has
been used to generate both thermodynamic and transport properties of a number of chem-
ical systems for internal use at Lewis. |

The source program is available to other organizations. Thermodynamic and trans-
port data are provided with the program. However, these data are updated periodically;
as a result, the answers for the sample problems in appendix D may change somewhat
from time to time.

Further information on obtaining the program may be had from the authors.

ASSUMPTIONS AND CAPABILITIES

The program is designed to provide both thermodynamic and transport properties for
a wide range of scientific and engineering applications and for a range of independent var -
iables. Thermodynamic data for a large number of ideal gases and condensed species
are provided with the program for a temperature range of 300 to 5000 K. Transport data
are provided over a wider range in many cases. See the section SOURCES OF TRANS-
PORT AND RELAXATION DATA for the temperature range for each interaction.

The range of applicability of the thermodynamic calculations is approximately de-
scribed by the limits of applicability of the ideal-gas law. A reduced-state plot of the
thermodynamic properties might give the user an idea of the limits of temperature and
pressure., The lower limit for temperature in the transport calculations occurs when
ternary and higher order molecular eollisions become important. This also defines the
upper pressure limit for the transport property calculations. The upper limit for tem-
perature occurs when ionization becomes appreciable. However, incipient ionization can
be included in the calculations. But, for increasihg ionization, higher approximations
are needed in the transport calculations (refs. 10 and 11). Additional comments on this
may be found in the discussion of the transport property equations. The lower pressure

3

U U ¥ B U U LU E E W U M W H I EELEL



limit is given by the onset of the free molecular flow regime, which occurs when the
mean-free-path length is of the same order of magnitude as the dimensions of the con-
tainer. Under these conditions the equations for the transport properties are no longer
applicable.

In the computation of the thermodynamic properties the NASA Lewis Research
Center CEC71 program (ref. 1) is used. The usual equations for the conservation of
mass, momentum, and energy are applied (ref. 1, egs. (93) to (95)) and the ideal-gas
law is assumed. The free energy is minimized by using a Newton-Raphson iteration
technique. Composition and properties are calculated for equilibrium conditions and,
for some situations, for frozen conditions (sometimes called nonreacting). The effects
of chemical kinetics, or finite reaction rates, are not included. TRAN72 handles the
same types of problems as does CEC71, including normal shock waves, Chapman-
Jouguet detonations, rocket expansion problems, and properties at assigned thermody-
namic states. The additional assumptions for each type of problem are as follows:

(1) Shock waves are of negligible thickness and normal to the direction of flow. One-
dimensional flow is assumed.

(2) For Chapman-Jouguet detonations the Mach number of the wave front, based on
the speed of sound in the burned gas, is unity. The assumptions mentioned previously
for shock waves also apply.

(8) For rocket combustion problems, it is assumed that there is complete mixing in
the chamber, adiabatic combustion at constant pressure, isentropic expansion with com-
plete mixing, and frictionless one-dimensional flow. It is also assumed that the chamber
is large enough that the velocity in the chamber is negligible.

Because of storage limitations on the IBM 7094, the maximum allowable number of
species is 100 and the maximum number of elements is 10. This applies to the thermo-
dynamic property calculations and includes gases, liquids, and solids. In doing the
transport calculations, no more than 20 of the species are used, First the composition
obtained from the thermodynamic calculations is searched for the 20 gaseous species
with the largest concentrations. However, all gaseous species with mole fractions of
less than 10"7 are omitted. Then this gaseous composition is normalized by summing
the concentrations of these 20 species and dividing each concentration by the sum. The
mole fractions obtained by this normalization procedure are the ones used in the trans-
port property calculations.

DESCRIPTION OF PROGRAM INPUT

The procedure for operating the program is relatively simple and is almost identical
to that for op: rating the CEC'71 program (ref. 1).

/AN T A A | S O VA SN O O B ik

N



The input specifies the type of problem to be run, the chemical system of interest,
the mixture ratio, and the range of variables. Considerable flexibility is available in
specifying the variables. For example, in a rocket combustion problem, nozzle expan-
sion points can be specified as pressure ratios, area ratios, or a combination of both.

In addition, a number of options are available, such as the following:

(1) The calculated thermodynamic and transport properties may be obtained on
punched cards, as well as printed output.

(2) For rocket and shock problems, both equilibrium and frozen properties are
available. In particular, for rocket expansion problems, freezing can be made to occur
at the chamber, the throat, or any supersonic point in the nozzle. For this type of prob-
lem, equilibrium flow is assumed from the chamber to a previously designated station in
the nozzle. After that station is reached, the composition is frozen.

(3) Input can be specified in a number of different units. For instance, pressure can
be given in mm Hg, atmospheres, psia, or newtons/meterz.

(4) Species may be omitted from consideration in the calculations through the use of
OMIT cards. Also, certain condensed phases may be included in the initial composition
through the use of INSERT cards. Otherwise, only gases are considered initially, which
may lead to convergence difficulties.

(5) Thermodynamic property calculations can be obtained without including transport
property calculations. If this option is used, the program is essentially the same as the
CEC"71 program. The opposite is not possible. Transport properties cannot be calcu-
lated without first doing the thermodynamic property calculations, since the results of
the thermodynamic calculations are needed in the transport calculations.

The input data are discussed under four categories. Three of the categories are re-
quired and one is optional. The three required categories and the code names by which
they are referred to herein are

(1) Library of thermodynamic and transport data for reaction producté

(THERMO and TRANSPORT data library)

(2) Data pertaining to reactants (REACTANTS cards)

(3) Namelist data, which include the type of problem, required schedules, and

options (NAMELISTS input)

The optional category of data is the list of chemical formulas of species which are
singled out for special purposes (OMIT and INSERT cards).

Each category of data is discussed in this report. Many of the details are summa-
rized in tables I to VI. Both input and output for 10 sample cases are given in appen-
dix D. These cases are identified by the numbers 51, 52, 122, 123, 679, 950, 1207,
1565, 5612, and 6666. The order of the input is indicated in table II.
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THERMO and TRANSPORT Data Library

A library of thermodynamic and transport data is included with each program dis-
tributed. The thermodynamic data for reaction products are in the functional form dis-
cussed in the section THERMODYNAMIC DATA. The transport data are in a tabular
form. The order and format of the THERMO and TRANSPORT data are detailed in
table I.

THERMO and TRANSPORT data may be read either from cards or from tape. If the
data are read from cards, the program will write these data on logical tape 4. However,
a permanent tape or disk containing the data may be made during any run by using the re-
quired type of control cards preceding the operating deck. When the data are read from
cards, the data are preceded by a code card which has the word THERMO punched in col -
umns 1to 6. The sample cases in appendix D assume a permanent tape is available.
Thus, the THERMO code card and the data are omitted and the input data all start with
the REACTANTS cards described in the next section. When data for various species are
added, removed, or changed on the tape, the whole set of THERMO and TRANSPORT
data cards must be included in the input for making a new tape.

These TRANSPORT data follow immediately after the END card for the THERMO
data. No general identification card is needed to indicate the beginning of the TRANS-
PORT data.

During a computer run, the appropriate reaction-product data consistent with each
new set of REACTANTS cards will be automatically selected from the data on tape 4 and
stored in core,

REACTANTS Cards

This set of cards is required for all problems. The first card in the set contains
the word REACTANTS punched in card columns 1to 9. The last card in the set is blank.
In between the first and last cards may be any number of cards to a maximum of 15, one
for each reactant species being considered. The cards for each reactant must give the
chemical formula and the relative amount of the reactant. For some problems, enthalpy
values are required. The format and contents of the cards are summarized in table ITI.
A list of some REACTANTS cards is given in table IV,

Relative amounts of reactants. - The relative amounts of reactants may be specified
in several ways. They may be specified in terms of moles, mole fraction, or mole per-
cent (by keypunching M in card column 53) or in terms of weight, weight fraction, or
weight percent (blank in column 53). For example, in appendix E, cases 679 and 1207
specify reactants in terms of moles and case 51 specifies them in terms of weight.
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For these cases, the relative amounts of the reactants are completely specified by
the values on the REACTANTS cards. However, there are optional variables which may
be set in namelist INPT2 that indicate relative amounts of total fuel to total oxidants.
(See table V and section NAMELISTS input.) For this situation, each reactant must be
specified as a fuel or an oxidizer by keypunching an F or O, respectively, in column 72
of the REACTANTS card. The amounts given on the REACTANTS cards are relative to
total fuel or total oxidant rather than to total reactant.

Tables V, VI, and VII describe the namelists. Referring to table V, there are four
options in INPT2 for indicating relative amounts of total fuel to total oxidant. They
include

(1) Equivalence ratio, r (ERATIO is TRUE)

(2) Oxidant-to-fuel wéight ratio, O/F (OF is TRUE)

(3) Fuel percent by weight, %F (FPCT is TRUE)

(4) Fuel-to-air or fuel-to-oxidant weight ratio, F/A (FA is TRUE)

For each option, the values are given in the MIX array of INPT2. This feature is illus-
trated by cases 52, 122, 950, 5612, and 6666 in appendix D. Cases 52 and 950 show
where ERATIO is TRUE (ERATIO = T), and the reactants are identified as fuel or oxidant
in card column 72. Since these cases involve just one fuel and one oxidant, the amounts
of each (as given in columns 46 to 52) are shown as 100. This means that the oxidizer is
100 percent of the total oxidizers and the fuel is 100 percent of the total fuels. Cases

122 and 5612 are examples which have more than one fuel. Case 122 shows that each
fuel is 50 percent (by weight) of the total fuels and the one oxidizer is 100 percent of the
total oxidizer.

The purpose of the previous namelist variables is to permit using one set of reactant
cards with any number of values (maximum, 15) of a variable. Case 950, for example,
specifies three values of equivalence ratio (ERATIO = T).

Reactant enthalpy. - Assigned enthalpy values for initial conditions are required for
assigned enthalpy and pressure (HP), rocket (RKT), detonation (DETN), and shock
(SHOCK) problems. An assigned internal energy is required for the assigned internal
energy and volume (UV) problem. These assigned values for the total reactant are cal-
culated automatically by the program from the enthalpies or internal energies of the in-
dividual reactants. The enthalpy values for the individual reactants are either key-
punched on the REACTANTS cards or calculated from the THERMO data. The choice
varies according to the type of problem as follows:

(1) RKT, UV, and HP problems: Enthalpies or internal energles are taken from the
REACTANTS cards unless zeros are punched in card columns 37 and 38. For each
REACTANTS card with the ''00'' code, an enthalpy will be calculated for the species from
the THERMO data for the temperature given in card columns 64 to 71. See MgO(s) in
case 51, appendix D. |
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(2) SHOCK problems: Enthalpies for all the reactants are calculated from the
THERMO data for the temperatures in the T schedule of namelist INPT2 (table V). If
enthalpy values are punched in card columns 64 to 71 (table III), they will be ignored. It
is not necessary to punch zeros in card columns 37 and 38,

(3) DETN problems: If no T schedule is given in namelist INPT2, the option for
calculating reactant enthalpies is the same as for RKT, UV, and HP problems. How-
ever, if a T schedule is given in INPT2, the enthalpies will be calculated from the
THERMO data for the temperatures in the T schedule, the same as for the SHOCK
problem.

When the program is calculating the individual reactant enthalpy or internal energy
values from the THERMO data, the following two conditions are required:

(1) The reactant must also be one of the species in the set of THERMO data. For
example, NHg (g) is in the set of THERMO data but NH3(l)is not. Therefore, if NH3(g)
is used as a reactant, its enthalpy could be calculated automatically but that of NH3 (1)
could not be.

(2) The temperature T must be in the range T, ow/ 1.2=<T =< Thigh X 1.2, where
Tiow to Thigh is the temperature range of the THERMO data.

NAMELISTS Input

As indicated in table II, the NAMELISTS code card precedes the NAMELISTS input.
The card has the word NAMELISTS punched in card columns 1to 9. All problems re-
quire an INPT2 input. Rocket and shock problems each require an additional set, namely
RKTINP or SHKINP. The additional set simply follows INPT2 directly.

The variables in each namelist are listed in tables II, V, VI, and VII. Table II indi-
cates which variables are required and which are optional for the various types of prob-
lems. Tables V, VI, and VII give a brief definition of each variable. Some additional
information about some of these variables follows:

Pressure units. - The program assumes the pressure in the P schedule to be in
units of atmospheres unless either PSIA =T, NSQM =T, or MMHG =T.

Relative amounts of fuel (or fuels) and oxidizer (or oxidizers). - These quantities
may be specified by assigning 1to 15 values for either O/F, %F, F/A, or r. H no
value is assigned for any of these options, the program assumes the relative amounts of
fuel (or fuels) and oxidizer (6r oxidizers) to be those specified on the REACTANTS cards.
(See discussion in section REACTANTS Cards.)

Printing mole fractions of trace species. - The program normally prints only the
compositions of those species with mole fractions greater than 5><10'6 in F-format for
all problems except SHOCK. The TRACE option permits printing smaller mole fractions.
If the variable TRACE is set to some positive value, mole fractions greater than or equal
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to this value will be printed. When this option is used, a special E-format for mole frac-
tion output is used automatically. A TRACE value of 1. E-38 is the lowest value allowed
by the program. (See case 1565 in appendix E.)

For SHOCK problems, mole fractions of trace species are often desired. Thus, for
SHOCK problems, the program will set TRACE to 5. E-9 automatically, and the E-format
for output is always used. This value may be changed by using the TRACE option in
INPT2 namelist input. (See case 1207 in appendix E.)

TP, HP, SP, TV, UV, or SV problems. - In these problems, from 1 to 52 values of
T, and from 1 to 26 values of P or V (or RHO) may be assigned. However, only one
value of entropy SO may be assigned in INPT2 for the SP or SV problem. Only one value
of enthalpy is permitted for the HP problem, and only one value of internal energy is per-
mitted for the UV problem. However, these values of enthalpy and internal energy are
not assigned in INPT2 but are calculated by the program. In a TP problem, if 52 values
of T and 26 values of P are assigned in INPT2, properties will be calculated for the 1352
possible P and T combinations. Similarly, as many as 1352 combinations can be calcu-
lated for a TV problem.

DETN problem. - Calculations will be made for all combinations of initial pressure
P and initial temperature T. Initial temperatures may be specified in INPT2 namelist
or on the REACTANTS card.

RKT problem. - At least one chamber pressure value P is required in INPT2, al-
though as many as 26 chamber pressures may be assigned. A complete set of calcula-
tions will be made for each chamber pressure. The RKT problem requires a second
namelist for input, RKTINP, which is discussed in the next section.

RKTINP namelist (RKT problem only). - This namelist is required for RKT prob-
lems. It follows the INPT2 namelist. A list of variables and definitions is given in
table VI. Even though this namelist is required, all variables are optional. If no varia-
bles are assigned, only the chamber and throat conditions will be calculated. Usually, a
pressure ratio schedule (PCP), an area ratio schedule (SUBAR or SUPAR), or some com-
bination of these schedules will be assigned.

Pressure ratio and area ratio schedules must not include values for the chamber and
throat, inasmuch as these values are calculated automatically by the program. I both a
pressui'e ratio schedule and an area ratio schedule are given in RKTINP, the pressure
ratios will be calculated first. If both schedules are omitted, only chamber and throat
conditions will be calculated.

The program will calculate both equilibrium and frozen performance, unless RKTINP
has the logical variable FROZ set equal to FALSE (FROZ = F) or the logical variable
EQL set equal to FALSE (EQL =F). If FROZ =F, only equilibrium performance will be
calculated. If EQL = F, only frozen performance will be calculated.

If a frozen expansion is being calculated, it is possible to specify the freezing point
by using the variable NFZ, For instance, to freeze immediately after the fifth point, set
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NFZ =5. If NFZ is not specified in the RKTINP namelist, the program assigns NFZ =1
(freezing in the chamber). If NFZ = 1 or 2 (NFZ = 2 corresponds to the throat), 22 addi-
tional stations may be assigned in the expansion. If NFZ > 2, the program will allow
only 11 additional stations. Freezing is permitted in the chamber, the throat, or any
supersonic station but not at a subsonic station.

SHOCK problem. - The program requires a P and T schedule in INPT2, and a sched-
ule of either initial velocities (U1) or Mach numbers (MACH]1) in a second namelist,
SHKINP (see table VII). These values of P, T, and either Ul or MACH1 all refer to the
unshocked gas and must correspond one-to-one with each other. Case 1207 in appendix D
is a shock problem. The pressure and temperature schedules are limited to 13 values
for SHOCK problems only. This corresponds to the 13-value limit for Ul or MACH1
schedules.

REACTANTS cards must be only for gaseous reactants that are also included as re-
action species in the THERMO data. This permits the program to calculate enthalpy and
specific-heat values of the reactants from the THERMO data.

SHKINP namelist (SHOCK problem only). - A list of variables and definitions is
given in table VII. SHKINP must include from one to 13 values of either Ul or MACH1 of
the unshocked gas, The program will calculate incident shock parameters that assume
both equilibrium and frozen composition unless SHKINP has the logical variable INCDEQ
set equal to FALSE (INCDEQ = F) or the logical variable INCDFZ set equal to FALSE
(INCDFZ = F). If INCDEQ = F, only frozen composition will be used. If INCDFZ = F,
only equilibrium composition will be used. In addition, there are options for calculating
reflected shock parameters. For each incident condition called for, reflected shock pa-
rameters will be calculated that assume either a frozen composition (REFLFZ =T), an
equilibrium composition (REFLEQ = T), or both (REFLFZ =T, REFLEQ = T).

OMIT and INSERT Cards

As indicated in table II, OMIT and/or INSERT cards may follow the REACTANTS
cards. Their inclusion is optional. They contain the names of particular species in the
library of thermodynamic data for the specific purposes to be discussed. Each card con-
tains the word OMIT (in card columns 1 to 4) or INSERT (in card columns 1 to 6) and the
names of from one to four species starting in columns 16, 31, 46, and 61. The names
must be exactly the same as they appear in the first 12 columns of the THERMO data
cards (see table I),

OMIT cards. - Occasionally, it may be desired to specifically omit one or more
species from consideration as possible species. This omission may be accomplished by
means of OMIT cards containing these species names. See appendix D, cases 51 and 950.
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If OMIT cards are not used, the program will consider as possible species all those
species in the THERMO data which are consistent with the chemical system being
.nsidered. '

INSERT cards. - These cards contain the names of condensed species only. They
have been included as options for the following two reasons:

The first and more important reason for including the INSERT card option is that,
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 because the temperature
sometimes becomes extremely low (several kelvin) when only gases are considered. In
these rare cases, the use of an INSERT card containing the name of the required con-
densed species will eliminate this kind of convergence difficulty. When this difficulty
occurs, the following message is printed by the program: ""LOW TEMPERATURE IM-
PLIES CONDENSED SPECIES SHOULD HAVE BEEN INCLUDED ON AN INSERT CARD., "

The second and less important reason is for efficiency of computation. If it is
known that certain condensed species will be present among the final equilibrium compo-
sitions for the first assigned point, a small amount of computer time can be saved by us-
ing an INSERT card. The inserted condensed species will then be considered by the pro-
gram 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. How-
ever, after convergence, the program would automatically insert the appropriate con-
densed species and reconverge. For all other assigned points the inclusion of condensed
species is handled automatically by the program. Therefore, it usually is immaterial
whether or not INSERT cards are used for the purpose of saving computer time.

DESCRIPTION OF PROGRAM OUTPUT

The program prints four kinds of output: input data used to do the calculations, in-
formation concerning iteration convergence,’ tables of results, and optional intermediate

output. . SR ' T

- Input Data - -

Input data have been previously described. The general procedure used in this pro-
gram is to list the input as they are read in and before they are processed by the pro-
gram. The purpose is to show, in as clear a way as possible, what is actually on the in-
put cards. All problems list the following input data:

(1) The word REACTANTS

(2) Reactant data
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(3) INSERT and/or OMIT card data

(4) The word NAMELISTS

(5) All data in namelist INPT2 given in table V (P and RHO use same storage)
Following the INPT2 data is the statement ''SPECIES BEING CONSIDERED IN THIS SYS-
TEM. ' Each species in the list is preceded by some identification, such as J 12/65.

The J refers to JANAF data (JANAF Thermochemical Tables, see ref. 1). The letter L
refers to unpublished data calculated at the Lewis Research Center. The number refers
to the month and the year the data were published or calculated ( 12/65 is December 1965).

For a rocket problem, the namelist RKTINP data given in table VI are listed. For a
shock problem, the namelist SHKINP data given in table VII are listed.

Following the list of chemical species (or RKTINP or SHKINP data, if any) is the
current value of O/F. This is followed by a listing of the enthalpies or internal energies
of the total fuel and oxidant and of the total reactant. Following this is a list of the
kilogram -atom per kilogram of each element in the total fuel and oxidant in the total
reactant.

Tables of Thermodynamic Results

The final output of the program is in the form of tables that are designed to be self-
explanatory. Tabulated properties include pressure P, temperature T, density p,
enthalpy h, entropy s, molecular weight M, two partial derivatives (2 In V/d In P)T
and (8 InV/3 In T)P, specific heat cp, isentropic exponent Vg and velocity of sound a.
(An option is available to punch these values on cards. See table V and case 123 in ap-
pendix D.) Compositions are also included and given in terms of mole fractions. In ad-
dition, rocket, shock, and detonation problems each list additional calculated properties
which are pertinent to each type of problem.

Tables of Transport Results

The printed output consists of calculated results in tabular form. Punched-card out-
put is also available as an option. With the exception of the heading at the top, the output
for the transport calculations is the same for all types of problems. Viscosities, ther-
mal conductivities, specific heats, Prandtl numbers, and Lewis numbers are calculated
and listed for the same conditions as shown in the results of the thermodynamic
calculations.

Both frozen and equilibrium values are shown for the thermal conductivity, specific
heat, and Prandtl number. The difference between frozen and equilibrium can be de-
scribed in the following way: Consider a system of reactive species initially in chemical
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equilibrium. If heat is then either added or removed, the temperature and pressure will
change. If the composition does not change from the initial state, the system is said to
be frozen. If the composition adjusts to the equilibrium composition of the new temper -
ature and pressure, the system is said to be in equilibrium. But, if the final composi-
‘tion is neither of these two conditions, the effects of chemical kinetics must be consid-
ered. As stated previously, however, the effects of chemical kinetics are not included
in the program.

The specific heats shown in the transport properties table are usually identical with
those shown in the thermodynamic properties table. However, differences do frequently
occur for perfectly valid reasons. These are explained in the section TRANSPORT
PROPERTY EQUATIONS.

At this point it is worth explaining why the calculation of the specific heat is repeated
in the transport property calculations, with condensed phases omitted. The reason is
that it enables the calculation of internally consistent Prandtl and Lewis numbers, num-
bers derived from properties which are all based on the same gaseous composition.
These may be preferable for use in heat- and mass-transfer calculations.

Error Messages
The only other printed output which can occur comes from any one of a number of
programmed error messages. Most of these are in the subroutines which do the thermo-
dynamic property calculations. These are explained in detail in reference 1. Four pro-
grammed error messages occur in the transport property subroutines. Two are in

subroutine TRANSP and the other two are in subroutine INPUT., These messages are ex-
plained in the sections discussing the subroutines.

THERMODYNAMIC DATA

Thermodynamic data are included with the program. Reference 1 lists data for 62
reactants and 421 reaction species (solid, liquid, and gas phases of a species are counted
as separate species).

Assigned Enthalpies

For each species, heats of formation (and, when applicable, heats of transition)
were combined with sensible heats to give assigned enthalpies H.(I’.. By definition,
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0] 0 0o
HY = Hygg 15 + (H - Hagg, 15) (1

We have arbitrarily assumed Hggg. 15 = (AH?)zg& 15° Equation (1) then becomes

HT = (AH? )agg, 15 + (BT - Haos. 15) (2)

In general, H.% # (AH?)T for T # 298.15 K. For reference elements, (AH?)ggg_ 15 =
Hgg 8.15 = 0. For the species included with the program these reference elements are
Al(s), Ar(g), B(s) (beta), Be(s), Brz(l),C(s) (graphite), Clz(g), Cs(s), F2(g), Fe(s),
Hy(g), He(g), K(s), Li(s), Mg(s), Ny(g), Na(s), Ne(g), Oy(g), P(s) (red, V), S(s)
(rhombic), Si(s), and Xe(g).

Assigned enthalpies for reactants are given in table IV (in cal/mole as required for
program input) together with some other reactant data. For cryogenic liquids, assigned
enthalpies are given at their boiling points. These are usually obtained by subtracting
the following quantities from the heat of formation of the gas phase at 298. 15 K: sensible
heat between 298. 15 K and the boiling point, difference in enthalpy between ideal gas and

real gas at the boiling point, and heat of vaporization at the boiling point.
Least Squares Coefficients
For each reaction species, the thermodynamic functions specific heat, enthalpy, and

entropy as functions of temperature are given in the form of least squares coefficients as
follows:

c°

P 2 3 4

R ay+29T +24T" +2,T +a,T (3)
Hy 2,302, %3 %4 %
—_—= 1+-——T+— —T + — (4)
RT 2 3 4 5 T
)

a

.S_T.=a11nT+a2T+—§T2+—fl-T3+ 5T4+a.7 (5)
R 2 3 4

Reference 12 describes a program which calculates the thermodynamic functions and fits
the functions to equations of the form given in equations (3) to (5).
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TRANSPORT DATA

Transport and relaxation data are provided for 59 species, and additional transport
data are provided for interactions between unlike species for another 58 interactions.
Sources of these data are described in the section SOURCES OF TRANSPORT AND RE-
LAXATION DATA and in tables VII and IX. All data are in tabular form as a function of
temperature. In contrast with the thermodynamic data, the temperature range of the
transport data is not the same for all interactions. The temperature ranges for the
transport data are also shown in table VII.

The temperature intervals in the table are not constant, but generally increase with
increasing temperature. This was done in order to accommodate interpolation within the
table. Interpolation is done by four -point Lagrange, and the number of arguments al-
lowed per table is 20. This number was arrived at as a compromise between two con-
siderations. First, storage space is limited (IBM 7094); and in order to allow sufficient
storage for a large number of interactions, the number of intervals in each table should
not be excessive. However, the interval size must be small enough such that interpola-
tion errors are less than the uncertainty of the data within the table., Consequently, the
temperature intervals tend to be closest in the vicinity of 300 K because usually the
transport data are most accurately known at room temperature.

SAMPLE PROBLEMS

Ten sample problems are given to illustrate some of the features of the program.
Five are rocket performance problems, RKT =T (cases 51, 122, 679, 5612, and 6666);
two are combustion problems (case 123 is for combustion at constant pressure, HP = T
and case 1565 is for combustion at constant volume, UV = T); case 52 is a detonation
problem, DETN = T; case 1207 is a shock problem, SHOCK = T; case 950 is an assigned
temperature and pressure problem, TP =T; and case 6666 illustrates freezing in a
rocket at a location other than the chamber,

It would not be practical to illustrate every possible combination of options per-
mitted by the program. However, the sample problems were selected to illustrate many
of the possible combinations and, in particular, those variations which we believe would
most often be used. Included in the combinations illustrated are the following:

(1) Specifying proportions of various reactants

(@) O/F: cases 122, 123, and 1565

(b) Equivalence ratios: cases 52 and 950

(c) Percent fuel by weight: cases 5612 and 6666

(d) Complete information on reactant cards: cases 51, 679, and 1207
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(eY'Relative weights of reactants: cases 51, 52, 122, 123, 950, 1565, 5612,
and 6666
(f) Relative moles of reactants: cases 679 and 1207
(2) Specifying enthalpies
(2) On reactant cards: cases 51 (partly), 122, 123, 679, 950, 1565 (partly),
5612, and 6666 ,
(b) Calculated by program: cases 51 (partly), 52, 1207, and 1565 (partly)
(3) Pressure units
(a) psia: cases 51, 122, 679, 5612, and 6666
(o) atm: cases 52, 123, and 950
(c) mm Hg: case 1207

(4) INSERT: cases 51 and 5612

(5) OMIT: cases 51 and 950

(6) Composition in floating-point format: case 1565

(7) Program considers ions: case 679

(8) Special derivatives due to two condensed phases of a species: cases 51 and 5612

(9) Special throat interpolation: case 5612

(10) Omit transport property calculations: case 679
(11) Punched-card output: case 123
(12) Freezing at supersonic station: case 6666

Some additional features of the program illustrated by the various cases are the
following:

(1) Case 51: This case shows several condensed species being automatically in-
serted and removed by the program. Frozen expansion is stopped at point 3 inasmuch as
the exit temperature is below the melting point of 2315 K.

(2) Case 122: This case shows that it is possible to assign a schedule of points which
includes a mixture of pressure ratios, subsonic area ratios, and supersonic area ratios.

MODULAR FORM OF PROGRAM

In order to facilitate adding or deleting applications of the chemical equilibrium part
of the program, the program was set up in 10 modules. These modules are concerned
with overlay control, which is used on the IBM 7094 (main program), and with general in-
put, additional input processing, four applications, equilibrium calculations, transport
calculations, and output. The general flow of these modules and associated routines is
given in the following schematic:
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clculations Main program MAIN
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INPUT SEARCH
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GAUSS
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VARFMT

From this diagram, it is clear that, for example, the rocket application could be elim-
inated by omitting subroutines ROCKET, RKTOUT, and FROZEN and by omitting the
statement which calls ROCKET in the main program.

LINK (MAIN PROGRAM)

LINK is the main program. Its sole function is to control the program flow between
the thermodynamic and transport property calculations. The overlay structure used for
the IBM 7094 is shown in figure 1. LINK and subroutine GAUSS are the only two routines
in core storage at all times. (GAUSS solves a set of as many as 20 simultaneous linear
equations.) Overlay is not required for machines which have sufficient storage for the
entire program.

A flow chart of LINK is given in figure 2.

The number of storage locations used for each routine is shown in parentheses in
figure 1. These numbers include allocations for block common, as they are introduced
into storage in loading the program. That is, the number in parentheses includes a block
common with the first routine in which it is used. Consequently, LINK and TRANSP have
larger numbers than they would have if the common blocks had not been included.

When the program is doing thermodynamic property calculations, LINK 0 and LINK 1
are in core storage. This uses about 27 000 storage locations, When the program is do-
ing transport property calculations, LINK 0 and LINK 2 are in core storage. This uses
over 32 000 storage locations. These numbers include all the routines but not other stor-
age needed by the computer system. This additional storage requirement will vary from
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one computer installation to another. At NASA Lewis this amounts to 1548 storage loca-
tions for the system and an additional 5590 for the systems subroutines, for a total of
7138 additional storages. \

DISCUSSION OF SUBROUTINES

This section describes the routines not included in reference 1 and also describes
those in the CEC71 program which have been changed. Among the new routines are the
subroutines needed for the transport property calculations and the main program (LINK),
which links the thermodynamic calculations with the transport calculations. Subroutines
which will not be discussed are those which are nearly the same as those in reference 1.

Some dimensions have been changed from the CEC71 program. In order to save
storage, only 100 species and 10 elements are permitted, rather than 150 species and 15
elements, as are allowed in CEC71. Also, the number of temperatures T has been
changed from 26 to 52. These dimension changes apply to any routine in which the var-
iables appear. These changes affect the common blocks POINTS, SPECES, and MISC.

Two new common blocks, SAVED and CONTRL, have been added. SAVED is used to
save information obtained from the thermodynamic calculations which is needed in the
transport calculations. It is also used to save information obtained from the transport
calculations which is needed later. This change also caused a slight reorganization of
the variables in common blocks SPECES, MISC, and INDX. CONTRL contains additional
logical variables TRNSPT, FROZN, PUNCH, and NODATA.

Flow charts are also included for aid in understanding of the program. The reader
may find appendixes A and B helpful in relating symbols to the program variable names.

Subroutine MAIN

Subroutine MAIN is very similar to the main routine in the CEC71 program. A flow
chart is given in figure 3. - Perhaps the most noteworthy change is that it is now a sub-
routine. One other change is significant. That is, when thermodynamic data are being
read in from cards, transport and relaxation data immediately follow the thermodynamic
data. The format for the thermodynamic data is still the same as in reference 1. This
change essentially involves only the insertion of 11 additional cards which are needed in
order to read and write the transport and relaxation data on tape unit 4.
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Subroutine SEARCH

SEARCH searches for data stored on logical tape unit 4. Thermodynamic data for
all the species in the chemical system are located on tape unit 4 and saved in core stor-
age. In addition, transport and relaxation data are also read from tape unit 4, and the
data which are relevant to the chemical system are stored on logical tape unit 3 (disk
storage).

Another search of the transport and relaxation data on tape unit 3 is made at the
start of the transport property calculations in subroutine TRANSP. This second search
is used in order to find the data involving interactions of only the important species and
to save these data in core storage. This secondary search is discussed in the section
Subroutine TRANSP.

Subroutine OUT1

Subroutine OUT 1 is the output routine for the thermodynamic calculations. It is
nearly the same as OUT1 in the CEC71 program. The only change is that punched-card
output of the thermodynamic properties is now included. Only data of the standard ther-
modynamic properties which apply to all types of problems (rocket, shock, detonation,
and assigned thermodynamic states) are punched. The additional properties, which apply
only to the particular type of problem being run, are not punched.

Subroutines THERMP, ROCKET, SHCK, and DETON

These subroutines control the calculations for the same types of problems as in the
CEC171 program: properties at assigned tnermodynamic states, rocket combustion, nor-
mal shock waves, and Chapman-Jouguet detonations. The basic differences between the
two programs are the modes of entry and return from these routines. Both standard and
nonstandard entries and returns are used, in contrast with the CEC71 program, which
uses only a standard entry and return. The modes of entry and return can be seen from
figure 2 and the program listing (appendix C).

Another difference between the programs involves the DO loops on pressure, tem-
perature, and O/F (P, T, OXF). The subroutines for the thermodynamic calculations
and the subroutines for the transport calculations are in different core loads. So if the
problem involves more than 13 points, the core load for the thermodynamic calculations
has to be reloaded after each set of transport calculations is completed. However, in
order to reenter the subroutines THERMP, ROCKET, SHCK, and DETON after each set
of transport calculations, it would have been necessary to illegally enter inside the DO
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loops. To avoid this problem, the DO loops have been eliminated and a simple,
program-generated, indexing procedure on P, T, and OXF has been used.

Subroutine ROCKET has additional changes associated with the variable NFZ, the
variable which specifies the freezing point for frozen flow. Since the CEC71 program
permits only freezing at the chamber, the present program required some changes in
order to allow freezing at the throat or at any supersonic station.

Subroutine TRANSP

Subroutine TRANSP is the main routine for the transport calculations. A flow dia-
gram is given in figure 4. All calculations of the properties are done in this routine.
The equations are given in the next section.

One other operation is carried out in this routine. Logical tape unit 3 is searched
for the transport and relaxation data of the important interactions and saved in the var-
iable TABLES. This search differs from the one in subroutine SEARCH. In SEARCH,
data are saved for all interactions in the chemical system; whereas, in TRANSP, inter-
actions involving a trace species are eliminated.

The remainder of the routine is the calculation of the properties. Calculation of the
viscosity, monatomic thermal conductivity, reaction thermal conductivity, and reaction
heat capacity all involve the solving of a set of simultaneous linear equations. The ma-
trix elements for each are calculated in TRANSP, but the actual solution is obtained from
subroutine GAUSS.

The solutions obtained from GAUSS are checked for accuracy for two of the proper-
ties, viscosity and reaction thermal conductivity. If the initial equations are not satis-
fied to a prescribed tolerance by using the solution obtained from GAUSS, an error mes-
sage is printed out. (See the listing in appendix C of subroutine TRANSP for the specific
information printed out in each error message.)

Subroutine INPUT

Subroutine INPUT sets up the transport and relaxation data needed for the transport
property calculations done in TRANSP. It is called from TRANSP for each point. The
various functions of this subroutine are outlined as follows:

(1) The EN array is searched for the most important gaseous species for the current
point. These are identified and saved by storing the index of the species name in IND,

A maximum of 20 species is allowed. All species of mole fractions less than 10"7 are
omitted, as well as all condensed phases. However, all gaseous atomic elements are
initially included, even if they are not among the 20 most important species, or even if
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their mole fractions are less than 10'7. This condition is imposed to satisfy a require-
ment imposed upon the A array, which is explained later in this section. If any ele-
ments have been omitted through use of an OMIT card, ‘they are reinserted into the A
array at this point. A message is printed out giving the name of the element reinserted
into the A array: '"NO ELEMENT WAS FOUND IN THE LIST OF SPECIES WITH THE
NAME (name of species), OR ELSE THERE IS AN ERROR IN THE A(1,K) ARRAY. "'

(2) The mole fractions and molecular weights are now calculated for the new reduced
composition obtained in step 1.

(3) Transport and relaxation data are initialized to zero. Then, data stored in
TABLES are searched, interaction by interaction, for data pertinent to the current point.
When such data are found, subroutine LGRNGE(TT) is called. LGRNGE(TT) interpolates
for the temperature TT. If data are missing for a pure species, an empirical equation is
used to estimate the data. If data are missing for an interaction between unlike species,
data are estimated from combining rules, using the data of the pure species. The em-
pirical equation and the combining rules are described in the next section. If data for a
pure species are missing, an error message is printed out: ""NO TRANSPORT DATA
WERE FOUND FOR THE SPECIES (name of species). ' If the logical variable NODATA
is not specified in the INPT2 namelist, the program sets NODATA = . F. and the message
is printed. If NODATA = .T. is set in namelist INPT2, the message is not printed.
However, no message is ever printed when data are missing for an interaction between
unlike species. In either case, the program continues.

The purpose of this error message is to warn the program user when transport data
for a major species are missing. When the user is certain this is not the situation, he
may wish to omit the message, in order to avoid getting the message every time the pro-
gram fails to find data for a minor species.

(4) The final operation of INPUT is to read the stoichiometric coefficients from the
A array into the STC array and reorder them so as to express them as a set of chem-
ical reaction equations, suitable for use in equation (25). As was mentioned earlier, all
the elements in the system are initially included. This is not a necessary requirement,
but was done as a matter of convenience. By including all the elements among the 20 (or
less) gaseous species in the system, it is possible to use the A array to express the
system in terms of a sufficient set of independent chemical equations. The number of re-
quired independent equations is given by taking the total number of species and subtract-
ing the number of chemical elements in the system. So by choosing the set of chemical
equations as the chemical reactions of formation of each species, a set of equations can
be easily written directly from the stoichiometric coefficients in the A array. For in-
stance, in the A array corresponding to the column for CH4, there is a 1 in the row for
carbon, a 4 in the row for hydrogen, and a 0 in the rows for the remaining elements. By
assigning 2 -1to CH4, the chemical equation C + 4H - CH4 =0 is formed,
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This procedure is applied to each species in the system, and the resull is the initial
set of equations. This initial set of equations is then reduced in order to eliminate any

species or element (in this case always an element) not found among the 20 most impor -
tant species in the system. This reduction is accomplished by searching through the
chemical equations for an element with a mole fraction less than 10"7, solving the chem-
ical equation for that element, and then substituting the result in any other equation in
which the element appears. The new set of equations is one less in number than the orig-
inal set. This procedure is repeated until all the elements of mole fractions less than

10 -1 have been eliminated from the chemical equations. The stoichiometric coefficients
of this final set of equations are stored in STC and are used in equation (25) for calculat-
ing the reaction contribution to the heat capacity and thermal conductivity.

Subroutine OUT

The output routine, appropriately called OUT, handles all the output of the transport
property calculations. This includes table headings, units, calculated data, spacing, and
punched-card output.

This routine was written with the capability of saving the transport data for as many
as 52 points. These data are saved in STORE. Including the current set of 13 points,
this means that as many as 65 points can be printed at one time. If the problem has
more than 65 points; such as might occur for a TP problem, transport data will be
printed out after every multiple of 65 points.

Subroutine LGRNGE(TT)

Subroutine LGRNGE(TT) is a four-point Lagrange interpolation routine. It is used
to interpolate within the tables of transport and relaxation data at temperature TT.

TRANSPORT PROPERTY EQUATIONS

The rigorous theory for the transport properties of real, dilute, monatomic gases
has been reviewed and studied in great detail by Chapman and Cowling (ref. 13) and
Hirschfelder, Curtiss, and Bird (ref. 14). Both references 13 and 14 express the trans-
port coefficients in terms of Sonine polynomial expansions. However, in actually solving
the equations, they use different but equivalent methods. Another method originated by
Maxwell and refined by Chapman is called the moment method. More recently, Grad
(ref. 15) has made the expansion in the moment method more systematic, using Hermite

22

%‘
U ¥ U ¥ WU EHHUY W HHTELKLKLE



U ¥ M ¥ U M LU H W WY WHIEHKR

polynomials rather than Sonine polynomials; his method is frequently referred to as the
"thirteen-moment method. ' An historical review of the early work in this field is given -
in reference 13.

The methods described in references 13 to 15 result in mathematical solutions with
increasing orders of approximation to the transport coefficients. As the order of approx-
imation increases, so does the arithmetic complexity. Fortunately, what is usually re-
ferred to as the first approximation is sufficiently accurate for nearly all practical appli-
cations. The most notable exception to this is when ionization becomes appreciable
(refs. 10 and 11). This is particularly true for the thermal conductivity. The present
program uses only the first approximations, and this suggests an upper limit to the range
of applicability for the transport coefficient calculations. This limit is incipient ioniza-
tion. When the degree of ionization is low, collisions between ionized species and neutral
particles are infrequent, and collisions where both species are ionized are very infre-
quent. With a further increase in temperature (or decrease in pressure), ionization in-
creases and interactions between charged particles become important. At this point the
first approximation is no longer sufficient.

However, it should be reiterated that what we are referring to here are approxima-
tions to the solution of the general equation. There are other assumptions in the math-
ematical formulation which have been discussed in the section ASSUMPTIONS AND CAPA-
BILITIES. These assumptions restrict the range of applicability of the general equation
at high pressures and at low temperatures and pressures.

Viscosity

The viscosity of the gas mixture is calculated from the following equation (ref. 14,
p. 489, egqs. (7.4-56) and (7.4-57), see also pp. 531 and 532):

n
Tmixture = 121 x4 (6)

where n is the number of species in the mixture, x; is the mole fraction of species i,

and uh is found by solving the following set of simultaneous algebraic equations, which
are linear in the unknown 'nj:

n
j_Z‘icij'nj=xi i=12,...,n (7
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and the c,. matrix coefficients are given by

ij
n
p)
I T 2x% MMy 5 J/I_li (72)
11
Ns s ;s 2 M,
i [ ik (Mi+Mk) oy, M
k4
2X.X. M.M.
cij=-"11 i (.5 1> i 4] (Tb)
*
My (Mi + Mj)2 385
where
b5 ‘/21rMiMjRT/(Mi+Mj) 0
LT R
ij
and
~(2,2)
o2,
Ai*j = 1(1 ; (7d)
=(1,1
Qij’

where N A is Avogadro's number, M is the molecular weight of species i, R is the
gas constant, T is the temperature, and 9(1 1 and 9(2 2) are cross sections. The
Q(]l 1) are the diffusion cross sections. When j=1i, the 9512 »2) are viscosity cross sec-
tions, and 171 simplifies to the equation for the viscosity of a pure gas

(sm/lem 2 ?).

Thermal Conductivity

The thermal conductivity is usually expressed as

Mmixture = Mrans * Mint * Mreaction = Mrozen * Mreaction (8)

An equation for the first term on the right side of equation (8) was derived by Muckenfuss
and Curtiss (ref. 16) and may be written in the form
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n’
Mrans = ‘_21 &)

where the A, are found by solving the follpwing set of simultaneous linear equations,
similar to those for the viscosity:

n
Z = i=1’2,°--,n (10)

and the b.. matrix coefficients are given by

ij
15 .,2 25,2 * 2 *
1 2. % (.2_ Mg+ 20wy - 3Bl 4AikMiMk)
by = —+ S (10a)
Aes
M. + M, }*A. .
R ( it k) ik"ik
ki
2x x M. M.
by = - L (55 313] -4A;“j) i%j (10b)
(M + M)zAuxl] 4
where
n(hd.+—hddlvr/2hﬂ.hd. M. + M,
N = 62? \/ o iy _ %’ R(_}__T/I_l> M4 (10c)
2M. M,
A nSZl] 1]
and

(1,2 ,5(1,3)
* 5Qi] ’ - 4Qij

55T (1,1
Qi.

(10d)

The Q(]l 2) and Q(]l 3) are cross sections similar to the Q(l 1 and 9(2 2) but are
not associated with any particular transport property. K

The preceding result for Atran s represents the total thermal conductivity of a mix-
ture of inert monatomic gases, species without internal structure. For polyatomic

gases, Monchick, Yun, and Mason (ref. 17) and Monchick, Pereira, and Mason (ref. 18)
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have extended the theory to include internal energy. Two assumptions were needed in
order to obtain workable equations. The first assumption was that '‘complex collisions'’
(collisions involving more than a single quantum jump) could be ignored, and the second
was that there was no correlation between internal energy states and relative velocities.
With these assumptions plus suitable definitions of internal diffusion coefficients and re-
laxation times, they obtained a working equation for the thermal conductivity. They then
simplified the equation to include only first-order correction terms and rearranged it to
correctly give the thermal conductivity of the pure gas automatically. They expressed
Mint 28

Novp = (N5 2) + AX (11
int int HE

where ()‘int) is the Hirschfelder-Eucken approximation for the internal contribution to
HE

the thermal conductivity (ref. 19) and A\ is a correction term containing the inelastic
effects between unlike species and some of the inelastic effects between like species.
The Hirschfelder -Eucken approximation is given by

() Mint ;1
int'pe = I

Z Dii x]. (12)
= Dy; x4

i=1

where the Dij are binary diffusion coefficients, the Dii are self-diffusion coefficients,
and Mint i is the internal energy contribution of species i to the thermal conductivity.
The lint’ ; are given by (ref. 18)

’

2Cint,i\(5 _Pilint,i

Mint, ™ _ (PiPint, 1) "2y J\2 Wy (13)
- int,i ~ C 5
i i 1,(_2\(5Zint,i Pi~int,i
1Z;/\3 R

i Mii

where p, is the density, C, ., ; the internal heat capacity, Z; the collision number,

Dint i @ quantity which is fretiuently referred to as the diffusion coefficient for internal
’

energy, and the subscript i again refers to species i. For elastic collisions, Dint i

is reasonably well approximated by the self-diffusion coefficient (ref. 20). However: for
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some molecules, this approximation is no longer valid. For example, polar molecules
may exchange internal energy even at large separations. In particular, for the case of
the exchange of rotational energy when the exchange is energetically resonant, Mason and
Monchick have derived expressions for Dint,i which can be expressed as (ref. 20)

D..

D., .=—2_ (14)
int,i 14+ 5i

They give explicit expressions for the 'Gi in terms of the molecular weight, dipole mo-
ment, and moments of inertia for linear molecules and various symmetric-top molecules.
From reference 14 (p. 540),

.D..
Pitti _6p* (15)
11
Ti O
Then from equations (14) and (15),
K
Pilint,i _6( A (16)
Mg 5\1+ 6i

where o = 0 for nonpolar molecules.

One additional modification of equation (13) should be mentioned. Only one collision
number is indicated for each species in equation (13). Hdwever, there is a different col-
lision number for each internal energy mode. If each internal energy mode is separable
and a collision number identified with each mode, then one can write (ref. 18)

Cint,i _ E Cint, ki (
Z 2y

k

where the subscript k runs over all internal energy modes and the subscript i refers
to species i. However, in practice, the rotational energy modes are usually the only
ones of importance, though the vibrational ones may become important at high
temperatures.

If it is assumed that the species can be characterized by one rotational collision num-
ber and by one vibrational collision number and that D, Dii/ (1+ 61), then from

int,i =
equations (13), (15), and (17) and the relationship for an ideal gas, which is
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C_.-9R (18)

the following is obtained:

C . Co s 2
rot,i vib,ilf5 _6 o*\" g
Z Z 2 5 M

(Crot,i+cvib,i 5, 8/5A4

Mint 9M; 6, 5
e = A..|C. . -ZR}-
5 1\7p,1" 5
N4 TR

2

Zeot,i Zvib,i/|3 (/R - (6/2)

Equation (19) is written for nonpolar gases. For polar molecules, A;(i is replaced by
A;‘i/ (1+ Gi). To transform the denominator of equation (12), the following relationship is

used (ref. 14, p. 530):
M. + M,
D., = 3(17 N\ (BT) o, (20)
Yos\mm, J\p/ HH

]

When this equation is substituted into equation (12), the result is

int , i (2 1)

The denominator contains quantities which have been previously defined. The computer
program uses equation (21) with Mint i obtained from equation (19). Again, for polar
molecules, A;i is replaced by A;‘i/(f + 6i). The program does not calculate the §,. It
is assumed that the A;‘i are provided in a form which is suitable for direct use in equa-
tions (19) and (21).

Monchick, Pereira, and Mason (ref. 18) have compared calculated results for some
binary mixtures with experimental measurements in order to determine the effect of in-
cluding relaxation effects. Equation (11) was used along with the internal thermal con-

ductivity of a pure species Mint. i expressed in the form
?
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1R
4 M

- ny (22)

int,i = Mexp,i ~ “monatomic,i Mexp, i
At the temperatures of the experimental measurements, only rotational relaxation was
important. In general, satisfactory agreement was obtained between experiment and the
theory of binary mixtures. Their results showed that the calculations were relatively in-
sensitive to the inelastic collision corrections, provided that as the mole fraction of one
species reached zero the calculated results were forced to agree with the experimental
value of the pure gas for the other species. They concluded that for most purposes it
was satisfactory to neglect inelastic effects in the mixture between different species, but
that inelastic effects must be included in the calculations of the pure species. In other
words, to a good approximation, Ax can be ignored in equation (11). A further consider-
ation is that relaxation information between unlike species is almost completely lacking
(ref. 18). In view of the preceding considerations the present program assumes Ax =0,
and thus equation (21) is the only term contributing to equation (11).

The third and final term in equation (8) represents the contribution from chemical
reaction. For a mixture of nonreacting gases (frozen mixture), this term is zero. But
when chemical reactions occur, there is a contribution to the thermal conductivity. A
general expression has been derived (refs. 21 and 22) for the contribution to the conduc-
tivity when local chemical equilibrium exists in a mixture of réacting gases:

- (AH,

A . =R S .

reaction E RT Ar ,1i (23)
i=1 '

where v is the total number of chemical reactions and AHi is the heat of reaction ex-
pressed as

n
AH, = Z agH,  i=1,2,...,v (24)
k=1

In equation (24) the a;, are the stoichiometric coefficients written for the chemical re-
actions involving species Ak as follows

1}
ZaikAk=0 i=1,2,..-, 14 (25)
k=1
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The xr j are found by solving a set of simultaneous linear equations
’
. AH,
E gijxr,j="f{.f' i=1,2,..., v (26)
i=1

a-1 n a. a.,\/a.. a.
g=§ E RT g x| (N1 Tk 3 (262)
ij
PDy, R 2\&% %

k=1 7=k+1

Rearranging equation (20) gives

RT _ 5M M,
*
PDy, 3Ag;m My + M)

which is the form of RT/PDkZ used in the program to evaluate gij in equation (26a).
The sum of equations (9), (21), and (23) gives the total thermal conductivity of the gas
mixture.

Specific Heat

The specific heat given in the transport properties table is calculated from the equa-
tion of reference 23

°p,eq ~ ®p,frozen * ®p,reaction (27
where
; xiCp,]' 1 n
- 1= _
°,frozen = ——— " ; %iCp,1 (272)
z x.M 1=
i
i=1
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is found from an equation very similar to that for calculating xr eaction

v
AH.
_R i
Cp,reaction ~ § <ﬁ) X (28)
i=1

The Xi are found by solving the following set of linear equations:

and ¢, reaction
(eq. (23))

| 4

AH.
- 1 3 —
E di].Xi—E i=12,..., v (29)
i=1
where the dij are given by
n-1 n
a, a.\/a, a.
d.. = E E xx, (X - 28 Ik 0
K R O/\*x %
k=1 7=k+1

Equation (28) is different from, but equivalent to, that given in reference 1. Itis
also very similar to the equation (from refs. 21 and 22) for calculating ... +ion
(eq. (23)). The only difference from equation (23) is that the (RT/PDkl) term is missing
in the di' coefficients. Consequently, it provides a means for checking for errors in
the transport calculations, especially Areaction’

Agreement between the specific heat in the thermodynamic calculations and the spe-
cific heat in the transport calculations indicates that the transport calculations proceeded
satisfactorily. However, as mentioned earlier in the section DESCRIPTION OF PRO-
GRAM OUTPUT, differences do frequently occur for perfectly valid reasons. First, if
condensed phases appear in the composition there will be some differences, because the
specific heat listed in the results of the thermodynamic calculations includes condensed
and gas phases, whereas the specific heat listed in the results of the transport calcula-
tions includes only the gas phase. The other reason is that sometimes not all the species
appearing in the results of the thermodynamic calculations will be used in the transport
calculations. This occurs because, as explained previously, only 20 gaseous species are
included in the transport calculations and, among these, all the elements in the chemical
system are initially included. The reason for including the elements was discussed in
the section describing subroutine INPUT.
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Remaining Properties

The equations for the remaining properties are summarized as follows: The frozen
and equilibrium Prandtl numbers are

(c YN s )
_ p,frozen’t'mixture
1)rfrozen - ; N (30)
frozen
ey ea)Mmi )
Preq - . Pp,eq ' 'mixture (31)
xmixture

For the generalized Lewis number, as defined by Brokaw (ref. 24)

Le = O\reaction

)e )

p,frozen (32)

O‘frozen) (cp , reaction)

A few other thermodynamic properties for the gas phase (molecular weight, enthalpy,
and density) are included in the punched-card output but not in the printed output:

M=), xM, (33)
i=1
4}
H= Z xiHi (34)
i=1
p=2M (35)
RT

Estimation Techniques

The final subject concerns the equations used to estimate the transport cross-section
data when these data are missing from the TRANSPORT data library (physical tape 4).
When this occurs, empirical rules are used. For interactions involving molecules of dif-
ferent species, the rules suggested from the analogy to a rigid sphere (ref. 25) are
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2,9) 1]=5(2,2) . 9e/m(2,22(2,2) . 5(2,2
5] -1 [Qfl ‘ .2‘/91(1 sz]fj + Qj(j ] (36)
A:‘]=1(A +A) (37
2
x _ 1 *
B! i (B + B]]) (38)

For molecules composed of hard rigid spheres the preceding equations are exact
(A ] = 1.

For interactions involving molecules of the same species, an empirical relation was
derived from the experimental and theoretical transport data of the pure species. This
relation should not be considered as a means for providing missing data, but rather as a
means for estimating cross sections of the correct order of magnitude, in order that the
calculations will proceed smoothly. Problems might occur, such as division by zero, if
the assigned storage locations for cross sections were allowed to remain empty. Only
species for which information on transport data were available over a large temperature
range were used in the analysis. These included species such as He, Ne, Ar, Kr, Xe,
N, O, N,, O,, H,, CO,, and HoO. The empirical relationship is

4

- M.
22?2 -1n (320 L (39)
ol4

where ﬁflz’ 2) is given in the units of square angstroms. The largest errors in equa-
tion (39) occurred for species of very low molecular weight. For very high temper -
atures or low molecular weights, 9(2 2) can become negative. In order to avoid this,
9512 2) - 1 was arbitrarily a551gned as the smallest allowable value. For all conditions
where Q(f »2) calculated by equation (39) is less than unity, it is set equal to unity.

The A:‘i and Bi*i generally show only a very slight temperature dependence and
usually are close to unity. Consequently, both were set equal to 1 for all temperatures.
This is also consistent with equations (37) and (38) in that this approximation is exact for
molecules composed of hard rigid spheres.

Also, for each species, relaxation data are needed (Zi), and these data are often
lacking. If relaxation data for the species are not found in the tape library, the program
uses the Hirschfelder -Eucken approximation (ref. 19), which is equivalent to letting
Zr ot = Zvib = o in equation (19). There is no scheme for estimating collision numbers

included in the program,
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SOURCES OF TRANSPORT AND RELAXATION DATA

Sources of the transport cross-section data included with the program are given in
table VIII. The data are in the nature of a preliminary set of input. In order to provide
data for the large number of interactions needed in a general program, data included with
the program were generally obtained directly from the literature. For the most part,
the data were not examined critically, and so are not necessarily the most recent or most
accurate data. There is one important exception, however. This is the input for the
inert gases. A considerable amount of high-temperature experimental viscosity and
thermal conductivity data have become available for the inert gases in recent years.
These data, as well as the earlier data, have been used to obtain the cross-section data
included with the set of input. Molecular beam scattering data were used at the higher
temperatures.

One method given in table VIII which should be commented upon is method 9, which
applies to the CO interactions. From consideration of the electron configurations and
molecular weights of N2 and CO, it would be anticipated that the transport cross sections
for interactions involving N2 should be about the same as those for  the corresponding in-
teractions involving CO. In order to test this supposition, the viscosity data of N2 were
compared with the viscosity data of CO (refs. 26 and 27); and the binary diffusion data
for N2-X were compared with the binary diffusion data for CO-X (ref. 28), where X is
some third species. Good agreement was obtained. This suggested the possibility that
if data for an interaction involving CO were unavailable, data for the corresponding inter -
action involving N2 could be used. The reverse would also be true. However, since data
for the N2 interactions are considerably more extensive than those for the CO inter-
actions, this approximation usually amounts to a method for estimating data for inter-
actions involving CO from the corresponding interactions involving N2.

Although the list of interactions in table VIII is not complete, it is fairly comprehen-
sive. An effort was made to include data for all the important species and for many of
the interactions between unlike species. There are two exceptions, however. First, no
data have been included for ionized species; and second, data for only a few organic mol-
ecules have been included.

Relaxation data included with the program are given in table IX. Only rotational col-
lision numbers are included. The Hirschfelder -Eucken approximation is used for vibra-
tional relaxation (Zvib = o), Most of the collision numbers given for nonpolar or slightly
polar molecules were obtained by fitting the experimental thermal conductivity data to
equation (22), with Mnternal given by equation (19), and letting Z_, = «. All Z,,
were assumed to be independent of temperature. (The numbers given in table IX repre-
sent average values over the entire temperature range.) There were two reasons for do-
ing this. One reason is that calculated values of Zr ot 2re usually quite sensitive to
changes in the values of the viscosity and thermal conductivity used in the calculations.
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Furthermore, since the uncertainty in the thermal conductivity is sometimes rather
large, it often leads to very large uncertainties in the calculated collision number., The
other reason is that at higher temperatures the absence of experimental thermal conduc-
tivity data means that Zr ot would have to be determined by some alternate technique.

A reasonable procedure would be to extrapolate Zr ot to higher temperatures by means
of some theoretical expression for the temperature dependence. However, investigators
who have studied the temperature dependence from theoretical considerations have ob-
tained significantly different results (refs. 29 to 31). Therefore, it seemed unwise to in-
clude temperature-dependent collision numbers without even being sure of the temper -
ature dependence of Zr ot* Consequently, Zr ot Was assumed to be a constant, and the
numbers listed in table IX apply to all temperatures.

In some cases the experimental thermal conductivity data indicated a Zr ot less
than unity. However, this seems inconsistent with the general physical notion of a colli-
sion number, and so for these cases Z, ., was set equal to 1.

For large collision numbers the calculated thermal conductivity is insensitive to
variations in the collision number, A large range of Zr ot will adequately fit the exper-
imental data. It becomes difficult, if not impossible, to determine a rotational collision
number by just fitting thermal conductivity data. For a Zr ot of about 20 or more,
there is very little difference between the thermal conductivity calculated by using Zr ot
and that calculated from the Hirschfelder -Eucken approximation (Zr ot = ), Conse-
quently, when the experimental thermal conductivity data indicated rather large collision
numbers, the Hirschfelder -Eucken approximation was assumed.

For some species, viscosity data were available but thermal conductivity data were
not. For these species the rotational collision numbers were estimated from the expres-
sion derived by Sather and Dahler (ref. 32) for a rough sphere surrounded by an attrac-
tive square-well potential. Their results for the rotational relaxation time 7 may be
expressed as

' 1/2 41 2
1 %Q(.&a)oz(lk_'!) /mao g(o) (40)
- Ta (1 + 4I/mao 2)

Considering only the low-density limit of the radial distribution function g(o) (ref. 14,
p. 321)

g(0) = exp (i) (41)
kT
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and defining a collision number Z . as (ref. 18)

o ()5

we can substitute into equation (40) to obtain a value for Zr ot If we further assume that
the viscosity n can be calculated from the equation for viscosity of rigid -sphere mol-
ecules (ref. 14)

5 nmakT 1/2
n=5 (43)

16 T02

and use the ideal-gas law, the rotational collision number is given by

2
-1 _ 5 4I/mao

rot'ﬁ

| ox (f_) (44)
(1 + 4I/ma0 2) T

Equation (44) can be used to calculate a collision number directly or to calculate a
ratio of the collision numbers of two species. The advantage of calculating a ratio is that
it enables one to make use of a species for which the rotational collision number is known.
This was the procedure used in obtaining the collision numbers shown in table IX. Mol-
ecules treated in this way are indicated, along with the species of ''known'’ Zrot used to
make the estimate. In this report, the collision numbers obtained by fitting thermal con-
ductivity data are considered to be the known Zr ot

The equation is temperature dependent. However, since temperature dependences
are not given for the species of 'known'’ Zrot’ they are not given for the calculated ones
either. The temperature actually used in each calculation was an average temperature.
This average temperature was found by taking the average of the temperature range used
in determining the Zr ot of the reference species (''known'’ Zrot)‘

Collision numbers for the polar gases were taken from Zeleznik and Svehla (ref. 29).
These are theoretical values of Zr ot based on a classical calculation of rotational relax-
ation times. The calculated values of Zrot do have a temperature dependence. These
are shown in table IX.
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CONCLUDING REMARKS

The program described in this report is complete as it is presented herein. How-
ever, changes may occur from time to time as the authors become aware of improved
techniques for doing the calculations. Though these changes may not be published, an
outside organization requesting the program automatically receives the latest version.

Improved calculational results may also be obtained with the addition of new thermo-
dynamic and transport data or with the updating of data already included in the program.
This can be done by the program user if he has data to be added or changed, or he can
send for the authors' updated version of the data.

Lewis Research Center,
National Aeronautics and Space Administration,

Cleveland, Ohio, July 26, 1972,
501-24.
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APPENDIX A

SYMBOLS
A e/At ratio of nozzle exit area to throat area, dimensionless
Ay chemical formula of species k, dimensionless
A;j ﬁg" 2)/§i(j1’ 1), dimensionless
a sonic velocity, m/sec
A stoichiometric coefficient for species k in reaction i, dimensionless
B;j [5s_zi(j1’ 2) _ 4§i(j1’ 3)]/5_2%1’ D dimensionless
bij matrix coefficient in eq. (10), (m)(sec)X)/J
Cg coefficient of thrust, dimensionless
Cp heat capacity at constant pressure, J/(kg-mole)(K)
€5 matrix coefficient in eq. (7), (m)(sec)/kg
s specific heat at constant pressure, J/(kg)}(K)
c* characteristic velocity, m/sec
Dij binary diffusion coefficient, m2/ sec
dij matrix coefficient in eq. (29), dimensionless
F/A fuel-to-air weight (or mass) ratio or fuel-to-oxidant weight (or mass) ratio,
dimensionless
% F percent of total fuel in total reactant by weight (or mass), dimensionless
Bij matrix coefficient in eq. (26), (m)(sec)/kg-mole
g(o) radial distribution function evaluated at o, dimensionless
H enthalpy, J/kg-mole
Hco’ standard-state enthalpy at 0 K, J/kg-mole
AH heat of reaction, J/kg-mole
(AH?)T heat of formation at temperature T, J/kg-mole
h enthalpy, J/kg
1 moment of inertia, (kg)(mz)
ISp specific impulse with exit and ambient pressure equal, (N)(sec)/(kg)
Lac vacuum specific impulse, (N)(sec)/(kg)
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K Boltzmann's constant per molecule, 1.380622x10723 J/K
Le Lewis number (defined by eq. (32)), dimensionless

M molecular weight, kg/kg-mole

m molecular mass, kg

26 molecules/kg-mole

Ny, Avogadro's number, 6.022169x10
n number of gaseous species included in transport calculations, dimensionless
O/F  oxidant-to-fuel weight (or mass) ratio, dimensionless
P pressure, N/m2
P c/P ratio of combustion pressure to exit pressure, dimensionless
Pr Prandtl number (cpn/x), dimensionless

R gas constant, 8314.3 J/(kg-mole)(K) or 1.987165 cal/(g-mole)(XK)

r equivalence ratio, dimensionless

S entropy, J/(kg-mole)(K)

Sg standard-state entropy at 0 K, J/(kg-mole)(XK)

s entropy, J/(kg)(K)

T temperature, K

U internal energy, J/kg-mole

uy | velocity of unshocked gas relative to incident shock front, m/sec

U, velocity of incident-shocked gas relative to incident shock front, m/sec¢

A" volume, mS

Vo actual velocity of incident-shocked gases in fixed coordinates, m/sec

X; unknown in eq. (28), dimensionless

X; mole fraction of species i, dimensionless

Zi collision number of species i, dimensionless

Y isentropic exponent (3 In P/2 In p)S, dimensionless

0 correction term in eq. (14) for resonant exchange of rotational energy,
dimensionless

€ depth of potential energy well, J

n viscosity, kg/(m)(sec)

1 unknown in eq. (6), kg/(m)(sec)
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Subscripts:

eq

exp
frozen
HE

i, i, k,2
int
mixture
monatomic
P
reaction
rot

S

T

trans

vib

Superscript:

0

40

viscosity of species i, kg/(m)(sec)

defined quantity (see eq. (7c)), kg/(m)(sec)

thermal conductivity, J/(m)(sec)(K)

unknown in eq. (9), J/(m)(sec)(X)

defined quantity (see eq. (10c)), J/(m)(sec)(K)

unknown in eq. (23), kg-mole/(m)(sec)

correction term involving relaxation effects, J/(m)(sec)(K)
number of chemical reactions, dimensionless

collision cross section (equivalent to wo 29(2’2)* of ref, 14), m2
density, kg/m3

molecular diameter in eq. (40), m

rotational relaxation time, sec

equilibrium

experimentally measured value
chemically frozen (nonreacting)
Hirschfelder -Eucken

index for species or reaction number
pertaining to internal energy modes
for the mixture

translational energy contribution for a single species
at constant pressure

chemical reaction contribution
rotational

at constant entropy

at constant temperature
translational

vibrational

standard state
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APPENDIX B

VARIABLES, INDICES, AND CONSTANTS USED IN TRANSPORT SUBROUTINES

FORTRAN]Dimension | Common Transport Description and comments®
symbol label® subroutines
used
A 10,100 SPECES INPUT Stoichiometric coefficient A(i,j) of element {
in species j
ANS 15 TRANS TRANSP OQutput results (each ANS equivalenced to a
ouT particular property)
ANSR 3 INTERP INPUT Answer vector from Lagrange interpolation
LGRNGE
— — *
ASTAR 20,20 TRANS TRANSP nf‘;’z)/ng'l), A
INPUT
ATOM 3,101 MISC INPUT For atom j

ATOM(1,j) = atomic symbol
ATOM(2,3) = atomic weight
ATOM(3,]) = atomic valence

AVGDRO 1 DATA TRANSP Avcgadro's Number (without the exponent 102°)
STATEMENT
BIGEN 1 | eeeememeena INPUT Test number in finding largest EN
BOLTZ 1 DATA TRANSP Boltzmgnn's Constant (without the exponent
STATEMENT 10743)
— — - *
BSTAR 20,20 TRANS TRANSP (598’2) - mg’”)/ng'n, By,
INPUT
CHECK 20 DIMENSION TRANSP Check of results from GAUSS solution, double
STATEMENT precision
COEFF 1] e INPUT Stolchiometric coefficient of species to be
eliminated (in the.reaction to be eliminated)
CONST 1 | ————————— TRANSP Coefficient in nij' 5/16(10541(/1INA)1/2
CPEQ 1 EQUIVALENCE TRANSP Equilibrium specific heat of mixture, ¢
STATEMENT Pseq
CPFROZ 1 EQUIVALENCE TRANSP Frozen specific heat of mixture, c £
STATEMENT p,irozen
CPREAC 1 EQUIVALENCE TRANSP Reaction specific neat -of mixture, ¢ reactio
STATEMENT Ps n
CPRR 20 TRANS TRANSP Dimensionless heat capacity, CP/R
CVIBR 20 TRANS TRANSP Vibrational heat capacity, C
vib
INPUT
DELH 17 DIMENSION TRANSP Heat of reaction, AH/RT
STATEMENT
DENSTY 1 EQUIVALENCE TRANSP Gas density of mixture used in transport cal-
STATEMENT culations, p
EN 100,13 SPECES INPUT EN(1,j) - kg-moles of species 1 per kg of
mixture for point j
ENTLPY 1 EQUIVALENCE TRANSP Enthalpy, H
STATEMENT ouT
ENTRPY 1 ————e——— | OUT Entropy, S
ETA 20,20 DIMENSION TRANSP Quantity defined in equation (7), ng
STATEMENT 3

2common block is specified. If it is not in a common block, the type of statement is indicated.
If it is in neither, a dash 1is shown.

b
In most cases only the tramsport subroutines are listed. However, in some cases, it was useful
to list the other routines in order to describe the application.

c
FORTRAN IV convention is followed unless otherwise indicated. If the variable is real, integer,
logical, or double precision, it is so indicated.

NOT REPRODUCIBLE
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FORTRAN|Dimension | Common | Transport Description and comments
symbol label subroutines
used
EQCON 1 EQUIVALENCE TRANSP Equilibrium thermal conductivity of mixture,
STATEMENT Amixture
EQRAT 1 MIsC our Equivalence ratio
FIRSTP 1 SAVED ouT First pressure, P
FIRSTV 1 SAVED ouT First volume, V
FPC 1 | emmeme———— ouUT Fuel percent, 1/(1 + OF)
FROZN 1 CONTRL TRANSP Point is frozen if FROZN = T, logical variable
INPUT
ouT
FRZCON 1 EQUIVALENCE TRANSP Frozen thermal conductivity of mixture,
STATEMENT X
.frozen
G 20,21 DOUBLE TRANSP Matrix coefficients, double precision
GAUSS
GMAT 20,21 DIMENSION TRANSP Set equal to G, used for checking results
STATEMENT from GAUSS, double precision
HRRT 20 TRANS TRANSP Dimensionless enthalpy, H/RT
TATOM 3,101 DIMENSION INPUT Equivalenced to ATOM, used to identify elements
STATEMENT in calculating molecular weights
EQUIVALENCE
STATEMENT
IMAT 1 INDX TRANSP Number of equations in GAUSS solution
IND 20 SAVED TRANSP Index to identify species used in transport
INPUT calculations
INTCON 1 EQUIVALENCE TRANSP Internal thermal conductivity of mixture,
STATEMENT Al , real-variable
internal
INTRNL 1 | e ouT Internal energy of first point, U, real variable
Isv 1 INDX TRANSP Used as test in cdntrolling transport output
ouT ISV # 0: more thermodynamic calculations to
follow
ISV = 0: end of thermodynamic calculations
of problem
ITT 1 ————————— ouT Current temperature expressed as integer
IUSE 100 SPECES SEARCH Used as test to see if species is condensed
INPUT
LEWIS 1 EQUIVALENCE TRANSP Lewis number, Le, real variable
STATEMENT ouT
LLL 1 SAVED ouT Index to control spacing interval in transport
output
LLMT 10 MISC INPUT Alphameric symbols for elements
M 1 SAVED ouT Index of current point being processed in
. transport output
MAXNM 1 DATA INPUT Maximum number of species allowed
STATEMENT
MAXNP 1 SAVED TRANSP Index used in controlling transport output
INPUT
ouT
MONCON 1 EQUIVALENCE TRANSP Translational thermal conductivity of mixture,
STATEMENT Atrans’ real variable i
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FORTRAN|Dimension | Common Transport Description and comments
symbol label subroutines
used
N 1 TRANS TRANSP Index of current point
INPUT
oUT
ND 1 DATA SEARCH Indicates end of transport data
STATEMENT TRANSP
INPUT
NFZ 1 PERF INPUT Index of freezing point
ouT
NLM 1 INDX INPUT Number of elements in the system
M 1 SAVED TRANSP Number of species in transport calculations,
INPUT n
NODATA 1 CONTRL INPUT If NODATA = T, message is printed out when-
ever cross section data are not found in
the library - applies only to data for a
pure species, logical variable
NPT 1 INDX TRANSP Number of points in current set
NR 1 TRANS TRANSP Number of chemical reactions, v
INPUT
NS 1 INDX SEARCH Number of species in the thermodynamic
TRANSP calculations
INPUT
NSP 1 | e INPUT Special index used to change A array to
add an element which has been omitted
through use of an OMIT card
NTAB 100 TRANS TRANSP Code to specify type of data used in
INPUT transport calculations:
= 0 if relaxation data
NTB 1 | e SEARCH
TRANSP 1 if transport cross sections
INPUT J
NTP 1 | e SEARCH
TRANSP Number of entries in table of transport
INPUT or relaxation data (data stored in
LGRNGE TABLES)
NIT 100 TRANS TRANSP
INPUT J
OF 1 MISC ouT Oxidant~to~fuel weight ratio
OMEGA 20,20 TRANS TRANSP Viscosity cross section, 5(2'2)
INPUT
PI 1 DATA TRANSP w, 3.14159265
STATEMENT
PP 1 MISC TRANSP Pressure of current point
ouT
PPP 13 POINTS TRANSP Pressure schedule for output
ouT
PREQ 1 EQUIVALENCE TRANSP Equilibrium Prandtl number of mixture,
STATEMENT Pr
eq
PRFROZ 1 EQUIVALENCE TRANSP Frozen Prandtl number of mixture,
STATEMENT Pr
frozen
PUNCH 1 CONTRL ouT If PUNCH = T output is included on
punched cards, logical variable
R 1 MISC TRANSP Universal gas constant,
ouT 1.987165 cal/(g-mole)(K) or
8.31430 J/ (kg-mole) (K)
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FORTRAN|Dimension { Common | Transport Description and comments
symbol label subroutines
used
REACON 1 EQUIVALENCE TRANSP Reaction thermal conductivity of mixture, Areaction
STATEMENT
RELXTN 20 TRANS TRANSP Temporary storage used in calculating A,
internal
ROTM 20 TRANS TRANSP
INPUT
ROTN 1 | e SEARCH .
TRANSP Number of rotational degrees of freedom
ROTNM 80 TRANS TRANSP
INPUT
RPVT 1 DATA TRANSP Universal gas constant, 82.0562 (cm3) (atm)/ (g-mole)/(K)
STATEMENT
SPECE 2,3 DIMENSION SEARCH Alphameric identification of current interaction,
STATEMENT integer variable
TRANS TRANSP
SPECIE 100,2,3 TRANS TRANSP Alphameric identification of interaction which is put
INPUT in core storage with TABLES, integer variable
STC 17,20 TRANS TRANSP Table of stoichiometric coefficients, a,
ik
INPUT
STCF 17,20 TRANS INPUT Intermediate storage of stoichiometric coefficients
STCOEF 20 TRANS INPUT Result of dividing stoichiometric coefficients of
each species (in the reaction to be eliminated)
by COEFF
STORE 52,16 SAVED ouT Temporary storage of transport calculations, while
thermodynamic calculations are continued
SUB 100,3 SPECES SEARCH Alphameric name of species included in thermodynamic
TRANSP calculations, integer variable
INPUT
TABLES 100,20,3 TRANS TRANSP
INPUT
Tables of cross sections and relaxation data
TABLS 20,3 DIMENSION SEARCH-
STATEMENT
TEM 100,20 TRANS TRANSP Temperature schedule for TABLES
INPUT
TEMPR 20 DIMENSION SEARCH Temperature schedule for TABLS
STATEMENT
TESTEN ) O INPUT Smallest EN allowed in transport calculations
TRNSPT 1 CONTRL LINK If TRNSPT = F transport calculations are omitted,
logical variable
TT 1 MISC TRANSP Temperature of current point
INPUT
ouT
LGRNGE
TTT 13 POINTS TRANSP Temperature schedule for output
VISsC 1 EQUIVALENCE TRANSP Viscosity of mixture, n ixtur
STATEMENT mixture
wM 13 POINTS INPUT Molecular weight of the mixture in thermodynamic
calculations
WMOL 20 SAVED TRANSP Molecular weight of pure species, M,
i
INPUT
WIMOL 1 EQUIVALENCE TRANSP Molecular weight of the mixture in transport
STATEMENT calculations, M
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FORTRAN|[Dimension| Common | Transport Description and comments
symbol label subroutines
used
X 20 DOUBLE TRANSP Answer region for matrix solution, double precision
GAUSS
XS 20 SAVED TRANSP Mole fraction of species used in tramsport
INPUT calculations
XSKL 20,20 DIMENSION TRANSP (xs(k)-x5 (1))t
STATEMENT
Y 20,3 INTERP INPUT Table in subroutine LGRNGE interpolation
LGRNGE
z 20 INTERP INPUT Argument in subroutine LGRNGE interpolation
LGRNGE
ZROT 20 TRANS TRANSP Rotational collision number, 2
rot
INPUT
ZVIB 20 TRANS TRANSP Vibrational collision number, Z_.
INPUT vib

T T TS TR T T A 0 0TSO0 [ A0 | A0 G S 4
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APPENDIX C

PROGRAM LISTING
C

c MAIN PRGCGRAM L INK 1
C L INK 2
C LINKS SUERQUTINES FOR THERMODYMAMIC AND TRANSPORT CALCULATICNS FORLINK 3
o LINK 4
DOUBLE PRECISION G,yX LINK s
C LINK 6
REAL MIX(15) L INK 7
INTEGER SPECE L INK 8
INTEGER DATA, OMIT, ENSERT, REAC, BLANK, THRM, END,SUB LINK 9
o LINK 10
LOGICAL SHOCKyMMHG,UV,IC4DETN,SIUNIT,EUNITS,NSQM LINK 11
LOGICAL HP,SP,TP,NEWR,[ONSyMCLES FROZ+EQLyPSTA,RKT,VOL,TV4SV LINK 12
LOGICAL FA,QF,ERATID,FPCT,0TTO LINK 13
LOGICAL TRNSPT,FROZN,PUNCH,NCDATA LINK 14
c LINK 15
COMMON /POINTS/HSUM(13),SSUM(13),CPR{13),DLVTP(13),DLVPT(13), LINK 16
1 GAMMAS{13),P{26)yT(52)4V{26),PPP(13),WM({13),SONVEL{13),TTT(13), LINK 17
2 VLM(13),TCTN(13) LINK 18
COMMON /SPECES/COEF(247,100),S{1C0),HO(100),DELN{100),DUMMY(10N), LINK 19
1 EN(1004+13),ENLN(1CC),A{10,1C0),SUB(100,3),IUSE(10C),TEMP(50,2) LINK 20
COMMON /MISC/ENN,SUMN,TT,SO,ATOM(3,101),LLMT{10),B0(10),B0P(10,2),LINK 21
1 TMyTLOW, TMID, THIGH PP, CPSUM,0F ,EQRAT,FPCT,RyRRyHSUBO,AM(2), LINK 22
2 HFP{2) »RH{2)y VMIN(2) 2 VPLS{2),WP{2),DATA{22)NAME(15,5), LINK 23
3 ANUM(15,5)yPECWT(15)4ENTH(15),FAZ{15),RTEMP(15),FOX(15),DENS{15),LINK 24
4 RHOP,RMW(15) 3 TLN,CR,OXF(15) 4ENNL,TRACE,LLMTS(10),SROP(1052) LINK 25
COMMON /DOURLE/ G(20421), X{20) LINK 26
COMMON /INDX/IDERUG,CONVG, TP yHP ySP 43I SV 4NPP,MOLES NP, NT,NPT,NLM, LINK 27
1 NSyKMAT,IMAT,IQ1,I0F,NOF,NOMIT,IP ,NEWR,NSUR,NSUPRKT,DETN,SHOCK, LINK 28
2 ICNSyNCyNSERT,JSOLJLINWKASESNREAC,ICyJS1,yVOLyIT4CALCH,NLS,LOGY, LINK 29
3 ISUP,ISUB,ITNUM,ITM,INCDFZsINCDEQ,CPRF,IPP,SEQL,PCPLT LINK 30
COMMCN /EERF/PCP(22)4VMOC{13},SPIM(13),VACI(13),SUBAR(13), LINK 31
1 SUPAR(12),APP(13),AEAT(13),CSTR,EQL,FROZ,SSO,AREA,AWT,NFZ, LINK 32
2 APPLLARATIN,ELN LINK 33
COMMON /SAVEC/SLN(10C),1QSAVE,FNSAVE,ENLSAV,LSAVE,JSOLS,JLIQS, LINK 34
1 LLL,LM,MAXNP,STORE(52,16),X5(20),WMOL(20),IND(20),NM, LINK 35
2 FIRSTP,FIRSTY LINK 36
COMMON /CONTRL/TRNSPT,FROZN,PUNCH,NODATA LINK 37
C LINK 38
C LINK 39
LM =0 LINK 40
MAXNP = 0 LINK 41
NEWR = .FALSE. LINK 42
NLS = 0 LINK 43
1 CALL MAIN LINK 44
2 IF(NPT.EQ.0) GO TO 1 LINK 45
IF(NOT.RKTLANND. .NOTLSHOCK) GO TO 7 LINK 46
IF{NOT.ECL) FROZN = .TRUE, LINK &7
IF{EQL) FROZN = LFALSE, LINK 48
7 IF{.NOTL.TRNSPT) GO TN 8 LINK 49
CALL TRANSP LINK SO0
8 IF(.NOT.RKT) GO TO 3 LINK 51
CALL ROCKT1 ($1}) LINK 52
GC 10 2 LINK 53
2 IF({.NOT.DETN) GO TO 4 LINK 54
CALL DETON1 ($1) LINK 55
GG 10 2 LINK S6
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OGO [}

[aNeNa e} (@]

[aNaNal

(s NeNeal

4 TF({.NOTL.SHCCK) GC TOQ 5
CALL SHCK1 ($1)

Ga TC 2

CONTINUE

CALL THERM1 (1)

GO 70 2

END

n

SUBRCUTINE GAUSS

SOLVE ANY LINEAR SET OF UP TG 20 EQUATICNS

NUMBER CF EQUATICNS = IMAT

CCUBLE PRECISION G¢X,COEFX(2C)ySUM,2Z

COMMON/DOUBLE/G(2G,21),X(20)

LINK
LINK
LINK
LINK
L INK
LINK
L INK

GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS

COMMON /INDX/IDEBUG,CONVGy TP yHP 4 SP, ISV NPP,MOLES NP ,NT,NPT,NLM, GAUS
1 NSyKMAT,IMAT, QL IOF NOF«NOMIT,IPNEWRyNSUByNSUP,RKT,DETN,SHOCK, GAUS
2 TCNSyNCyNSERT,,JSOL,JLIQwKASE,NRFAC,IC,JS1,VOL,IT,CALCH,NLS,LOGV, GAUS

3 ISUP,ISUB,ITNUM,ITM, INCOFZ,INCDEQ,CPRF,IPP,SEQL,PCPLT GAUS
GAUS

CATA BIGNC/1.E+38/ GAUS
GAUS

BEGIN ELIMINATION OF NNTH VARIABLE GAUS
GAUS

[USE1l = IMAT+1 GAUS

& DO 45 NN=1,IMAT GAUS
IF(NN-IMAT) 8,83,8 GAUS

83 IF(G(NN,NN)}) 31,23,31 GAUS
GAUS

SEARCH FOR MAXIMUM CCEFFICIENT IN EACH ROW GAUS
GAUS

€ DC 18 I=NN,IMATY GAUS
CCEFXx{I) = BIGNO GAUS
IF(G(I,NN).EQseO.) GC TO 18 GAUS
CCEFX{I) = Q. GAUS

CC 10 J=NN,IUSE1l GAUS
SUM = G(l,J) GAUS
IF(SUM.LT.C.) SUM==SUM GAUS
IF(J.NELNN) GO TO 9 GAUS

7 = SuM GAUS

GC T0 1C GAUS

S IF(SUMJGT,COEFX(I)) COEFX{I)=SUM GAUS
1C CONTINUE GAUS
COEFX(I) = COEFX(I1)/2 GAUS

1€ CONTINUE GAUS
GAUS

LOCATE ROW WITH SMALLEST MAXIMUM COEFFICIENT GAUS

: GAUS

TEMP = BIGNQ GAUS
[=Q GAUS

2C DO 22 J=NN,IMAT GAUS
IF (COEFX{J)}-TEMP) 87,422,22 GAUS

€7 TENP=COEFX(J) GAUS
1=y GAUS

2Z CONTINUE GAUS
IF(I) 28,22,28 GAUS

H ¥ B U U UL

57
5€
56
6¢
61

63

o
WNEH QOO P WN -

14

47

YU MW HHELLL



[2XaXsKaXzKg!

2¢
29

3¢

OO0

31

OO

47

48

50
51

OO0 O®N A0 O

>
(=]

INDEX 1 LOCATES EQUATION TO BE USED FOR ELIMINATING THE NTH
VARIABLE FROM THE RENMAINING EQUATIONS

INTERCHANGE EQUATIONS I AND NN

IF(NN-I) 26,31,26
DO 2C J=NN,IUSE1l
22CG(1,4)
G(I1,J)=GINN,J)
G(NN,J)=2
CONTINUE

DIVICE NTH ROW BY NTH DIAGONAL ELEMENT AND ELIMINATE THE NTH
VARIABLE FROM THE RENMAINING EQUATIONS

K = NN €1

CC 2¢ 4 = K, IUSEl
IF(C(AN,ANJ.EQ.0,) GO TO 23
GINN,J) = GINNyJ) /7 G{NN4NN)
CCNTINUE

IF(K-TUSE1l) 88,4588

B0 44 I=K,IMAT

; DC 44 J = K,IUSEL

GlIsd) = GUI4Jd) - GUINNI*GINN,J)
CONTINUE

& CONTINUE

BACKSCLVE FOR THE VARIABLES

X(K) = Q.CD2

SU¥ = 0.0

IFCINAT-J) 51,48,48

CC 50 1I=J,IMAT

SUM = SUNM + GIK,I)}* X(I)
CONTINUE

X{K) = G(K,TUSE1l) - SUM
K=K -1

IF(K) 474,151,447

IMAT = IMAT-1

RETURN

END

SUBROUTINE MAIN
MAIN PROGRAM FOR THERMODYNAMIC CALCULATICNS

DOUBLE PRECISION GiyX

THE FOLLOWING DOUBLE PRECISION TYPE STATEMENTS ARE RECUIRED FOR

I18M 260 MACHINES ONLY

DCURLE PRECISION HSUMySSUM,CPR,DLVTP,DLVPT,GANMMAS
CEUBLE PRECISION COEF,S,EN,ENLN,HO,DELN

GAUS 50

GAUS 51
GAUS 52
GAUS 53
GAUS 54
GAUS 55
GAUS 56
GAUS 57
GAUS 58
GAUS 59
GAUS 60
GAUS 61
GAUS 62
GAUS 63
GAUS 64
GAUS 65
GAUS 66
GAUS 67
GAUS 68
GAUS 69
GAUS 70
GAUS 71
GAUS 72
GAUS 73
GAUS T4
GAUS 75
GAUS 76
GAUS 77
GAUS 78
GAUS 79
GAUS 80
GAUS B8l
GAUS 82
GAUS 83
GAUS 84
GAUS 85
GAUS 86
GAUS 87
GAUS 88
GAUS 89
GAUS 90
GAUS 91
GAUS 92
GAUS 93
MAIN 1
MAIN 2
MAIN 3
MAIN 4
MAIN 5
VAIN 6
MAIN 7
MAIN 8
MAIN 9
MAIN 10
MAIN 11
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C MAIN 12

REAL MIX(15) MAIN 13
INTEGER SPECE MAIN 14
INTEGER DATA, OMIT, ENSERT, REAC, BLANK, THRM, END,SUB MAIN 15
LOGICAL SHOCK;NMHG,UVyICrDETNvSIUNITyEUNITS'NngvCALCH MAIN 16
LOGICAL HPsSPyTP,NEWR,IONS,MOLES,FROZ,EQLyPSTAJRKT,VOL,TV,SV MAIN 17
LCGICAL FA,OF3ERATIONFPCT,0TTO MAIN 18
LCGICAL. TRNSPT,FROZN,PUNCHyNCDATA MAIN 19

c MAIN 20
DIMENSION CMITI(3,3),NCD{4),ENSERT{3,3),RHO(26),LVP(2),VM(2]), MAIN 21

1 VL(26€),DAT(22) MAIN 22
DIMENSION SPECE(243),TEMPR(2C),TABLS(20,3) VAIN 23

C MAIN 24
CCMMCN SPECE , TEMPR 4, TABLS MAIN 25

C MAIN 26
COMMCN /FOINTS/HSUM{13),SSUM(13),CPR(13),DLVTP(13),CLVPT(13), MAIN 27

1 GAMMAS(13),P(26)5T(52),V{13),PPP(13),%WM{13),SONVEL(13),TTT(13), MAIN 28

2 VLM(13),TOTNI13) MAIN 29

CCMMON /SPECES/COEF(247,100),S(100),H0(200),DELN(10C),DUMMY (10N}, MAIN 30
1 EN(1C0,13),ENLN(100),A(10,100),SUB{(100,43),IUSE(L100)TEMP(50,2) MAIN 31
COMMON /VISC/ENN,SUMN,TT,SO,ATOM(3,101),LLMT(10),B0(10),B0P(10,2)sMAIN 32

1 TMyTLDW,TMIDy THIGH»PP,CPSUM,0F ,EQRAT,FPCT,R,RR,HSUBOAM{2), MAIN 33
2 HPP{2) 4+RH(2)y VMIN(2),VPLS{2),WP{2),DATA{22),NAME(L15,5), MAIN 34
3 ANUMI{15,5),PECHTIL15),ENTHI15)yFAZ(15),RTEMP(15),FCX(15),.DENST15),MAIN 35
4 RHOP4RMW{15),TLN§CRyOXF{15) yENNL,TRACE,LLMTS(10),SBOP(10,2) MAIN 36
COMMON /DDUBLE/ G(20,21),s X{20) MAIN 37

COMMON /INCX/IDERUG,CONVG,TP,HP SP,ISV,NPP,MOLES,NP,NT,NPT,NLM, MAIN 38
1 NS,KMAT,IMAToIQLly JOFyNOFWNOMIT,IP,NEWR,NSUBsNSUP4RKT,DETN,SHOCK, MAIN 39
2 IONSyNCoNSERT,JSOL»JLIQ,KASEyNREAC,IC+JISLyVOL,IT,CALCHyNLS,LOGV, MAIN 40

2 [SUPsTSUBsITNUM,ITM,INCDFZ, INCDEQ,CPRF,IPP,SEQL,PCPLT MAIN 41
CCMMON /FERF/PCP(22),VMOCT13),SPIM(13),VACI(13),SUBAR(13)% MAIN 42

1 SUPAR(13),APP(13),AEAT(13),CSTR,EQL,FROZ,SSO)AREAAWTNFZ, MAIN 43

2 APPL,ARATIO,ELN MAIN 44
CCMMON /CONTRL/TRNSPT,FROZN,PUNCH,NODATA MAIN 45

C MAIN 46
EGUIVALENCE (OMIT/ENLN), (ENSERT,DELN)y (OXFoMIX), MAIN 47

1 (CF,CXFL), (RHOyP,VL)+(S05S0), (OTTO,CPCVFR),(DATA,DAT) MAIN 48

c , MAIN 49
DATA MIT/4FOMIT/,BLANK/1H /, PSIA/4HPSIA/,REAC/4HREAC/,12Z/2H00/, WMAIN 50

1 NVLT/4HNANE/, TE/1HE/ o INSERT/4HINSE/, THRM/4HTHER/ ,END/3HEND/ , MAIN 51

2 GAS/1HG/,ND/4HLAST/ MAIN 52

C MAIN 53

NAMELISY/INPT2/KASE,T4P4PSIA,MMHG,NSQM,V,RHO,ERATIO,QF,FPCT,FA, MAIN 54
IMIX TPy HF 3y SP TV, UV, SVyRKT4SHCCK,DETN,yOTTCyCRySO+SC, IONSy IDEBUG, MAIN S5

2TRACE ,SIUNIT,EUNITS,TRNSPT ,FROZN,PUNCH,NODATA MAIN 56
C MAIN 57
NEWR = JFALSE. _ MAIN 58
c MAIN 59
1 WRITE(64,4C0) MAIN 60
4CC FCRMAT(1F1) MAIN 61
RR = 8314.3 FAIN 62
R = RR/4184. MAIN 63
203 -REAC (5,204) (DATA(I),1=1,15) MAIN 64
204 FCRNMAT(5(384,3X)) MAIN 65
WRITE (6,2045)(DATA(I),1=1,15) FAIN 66
2045 FORMAT(1X,5(3A4,3X)) MAIN 67
IF(DATA(1).EQ.THRM) GO TO 90 MAIN 68
IF(DATA(1) .EQ.REAC) GO TO 11 MAIN 69
IF (DATA(1).EQ.MIT) GO TD 205 MAIN 70
IF (DATA(1).EQ.INSERT) GO TO 180 MAIN 71
IF(DATA({1).EQ.NMLT) GO TO 210 MAIN 72
IF(DATA(1).FQ.BLANK) GO TO 203 MAIN 73
1023 WRITE(6,1024) MAIN T4
1624 FORMAT(4OHOERROR IN ABOVE CARD. CONTENTS IGNORED. ) MAIN 75
GC TO 202 _ MAIN 76
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11 NSERT = 0 MAIN 77
MOLES = .FALSE. MAIN 78
CALL REACT MAIN 79
TF(NLV.EQ.C) WRITE(£,452) MAIN 80
SZ FORMAT(24HCERROR IN REACTANT CARDS) MAIN 81
CALCH = JFALSE. MAIN 82
DC 755 N=1,NREAC MAIN 83
IF(NAMEIN,5).EQ.TZ) CALCH=.TRUE, MAIN B84
755 CONTINUE MAIN B85
GG TC 202 MAIN 86
C MAIN 87
C READ THERMO AND TRANSPORT DATA FROM CARDS AND STCRE CN TAPE 4 MAIN 88
C VAIN 89
90 NEWR = ,TRUE. MAIN 90
REWIND 4 MAIN 91
READ(5,5) TLOW,TMID,THIGH MAIN 92
€ FCRMAT (3F10.3) MAIN 93
WRITE (445) TLOW,TMIC,THIGH MAIN 94
97 READ (5,10)(DAT{1),I=1,16)4NCD(1) MAIN 95
10 FCRMAT{324,6Xy2A3,4({A2,F3,0)4+A1,2F10.3,115) MAIN 96
IFIDATA(1).EQ.BLANK) DATA{1)=END MAIN 97
WRITE (4,10)(DAT(I),1=1,16) MAIN 98
IF(DATA(]1)NELEND) GO 7O 18 MAIN 99
GO 10 13 MAIN 100
18 READ{5,2C)(DAT(I)y1=135)4NCD(2) 5 (DAT(J),I=6+10)4NCC(3),{DAT(K), MAIN 101
1K=11,14)4NCC(4) MAIN 102
20 FORMAT{SE15.8;15/5E15.8,15/4E15.8,120) MAIN 103
WRITE (4,21)(DAT(1)4+1I%1,14) MAIN 104
21 FORMAT(5£15.8/5E15.8/4E15.8Y) MAIN 105
DO 25 I=1,4 MAIN 106
IF(NCD(I).EQ.I) GO TO 25 MAIN 107
WRITE(6,22) (DATA(J)yJ=143) MAIN 108
22 FORMAT(28HCERROR IN CRDER OF CARDS FOR ,3A4) MAIN 109
2% CONTINUE VAIN 110
GO 10 97 MAIN 111
c MAIN 112
C TRANSPORT CATA CARDS MAIN 113
C MAIN 114
12 READ(S5,14) ((SPECE(I,L}yL=153),1I=1,2),NTP,NTB,ROTN MAIN 115
14 FCRMAT(2(3A446X)4215,F24.1) MAIN 116
WRITE(4) ((SPECE(IsL)3L=143),1=1,2)4NTP,NTB,ROTN MAIN 117
TF(SPECE(1,1).EQ.ND} GO TO 203 MAIN 118
READ(55 15) ITEMPR(I ) (TABLS(I, L) 4L=1,43),1=1,NTP)} MAIN 119
WRITE(4) (TEMPR{I),(TABLS{IsL)y LEL43),1=1,NTP) MAIN 120
1S FORMAT(4F1C.4) MAIN 121
GO0 70 13 FAIN 122
G MAIN 123
C MAIN 1264
c CHECK INSERT CARDS MAIN 125
C MAIN 126
18€C DC 185 1=4,15:3 MAIN 127
IF (DATA(I).EQ.BLANK)} GO TO 185 MAIN 128
NSERT = NSERT+1 MAIN 129
ENSERT(1,NSERT) = DATA{I) MAIN 130
ENSERT(2,NSERT) = DATA{I+1) MAIN 131
ENSERT(3,NSERT) = DATA(I+2) MAIN 132
185 CONTINUE . MAIN 133
60 TC 202 MAIN 134
c MAIN 135
C CHECK OMIT CARDS MAIN 136
C MAIN 137
2CE DC 208 1=4,15,3 MAIN 138
IF(DATA(I).EQ.BLANK) GO TO 208 MAIN 139
NCMIT = NOMIT+1 MAIN 140
OMIT(1,NOMIT) = DATA(TI) MAIN 141
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CMIT(2,NCMIT) DATA(I+1) MAIN 142

ONMIT{3,NCMIT) CATA(I+2) MAIN 143
20€ CCNTINUE MAIN 144
NEWR= o, TRUE, MAIN 145
REWINC 4 MAIN 146
GC TC 202 MAIN 147
C MAIN 148
C BEGIN NAMELIST INPT2 MAIN 149
C MAIN 150
21C BC 299 1I=1,26 MAIN 151
P(I)= 0. MAIN 152
Vtl) = 0. MAIN 153
26S CCNTINUE MAIN 154
L0 306 I=1,52 MAIN 155
T(I)=C. MAIN 156
3C€& CCNTINUE MAIN 157
TRACE = C. MAIN 158
S0 = C. MAIN 159
vl = C. MAIN 160
v2 = C. MAIN 161
CR = C. ‘ MAIN 162
RHCP = Q. MAIN 163
KASE= MAIN 164
TP = .FALSE. MAIN 165
HP=.FALSE. MAIN 166
SP=,FALSE. MAIN 167
TV = JFALSE. MAIN 168
UV = JFALSE. MAIN 169
SV = LFALSE. MAIN 170
OYTO0 = .FALSE. MAIN 171
RKT = LFALSE. MAIN 172
SHOCK = JFALSE. MAIN 173
DETN = 4FALSE. MAIN 174
VOL = .FEALSE. MAIN 175
MMHC = LFALSE. MAIN 176
PSIA = (FALSE, MAIN 177
NSQM = .FALSE. MAIN 178
SIUNIT = FALSE. MAIN 179
EUNITS = (FALSE. MAIN 180
IONS = .FALSE. MAIN 181
JIDEBUG = 0 VAIN 182
FA= .FALSE. MAIN 183
OF= LFALSE, MAIN 184
ERATIC = .FALSE. MAIN 185
FPCT= 4FALSE. MAIN 186
TRNSPT = ,TRUE. MAIN 187
FROIN = .FALSE. MAIN 188
PUNCH = .FALSE. MAIN 189
NCDATA= LFALSE. MAIN 190
CC 303 [=1,15 MAIN 191
MIX(I) = Q. MAIN 192
303 CONTINUE MAIN 193
NT =1 ' MAIN 194
EQL = «TRUE. MAIN 195
READI(S, INPT2) MAIN 196
WRITE(6,INPT2) MAIN 197
IF(.NOTSCETN.AND«+NOTL.SHOCK) GO TO 1303 MAIN 198
BO 1200 N=1,NREAC MAIN 199
IF(FAZ(NI.NE.GAS) GC TO 1301 MAIN 200
1300 CCONTINUE MAIN 201
GC T0O 1303 MAIN 202
1301 WRITE(6,1302) MAIN 203
1302 FORMAT(60HOCONDENSED REACTANTS NOT PERMITTED IN DETN OR SHOCKk PROBMAIN 204
1LEMS) MAIN 205
GC 10 1 MAIN 206
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1302 IF{.NCTeTV.ANDLoeNOT,LV,AND,,NOT.SV) GO TO 304 MAIN 207

VCL = .TRUE. MAIN 208

CC 1304 1=1,26 \ MAIN 209
[F(RHO(I)aNELOL) VLII) = 14/RHO(I) MAIN 210
IF(V(I)aNE.OL) VL(I)=VI(I) MAIN 211
IF(VL(I).EC.0.) GO TO 1305 MAIN 212

NP = 1 MAIN 213
1304 CONTINUE MAIN 214
130¢ TP = Vv MAIN 215
HP = LV VAIN 216

SP = Sv MAIN 217

6C 10 322 MAIN 218

304 DC 205 1=1,26 MAIN 219
IF(P(I ).EC.0.) GO TO 322 MAIN 220

NP = [ MAIN 221

IF (MMHG) P(NP) = P(NP)/760. MAIN 222
IF(PSIA) PINP)=PINP)/14.,696C06 MAIN 223
IF(NSQM) P(NP)=P(NP)/101325, MAIN 224

305 CONTINUE MAIN 225
322 DO 307 IT = 1,52 MAIN 226
IF (T{IT).EQ.0.) GO TO 722 MAIN 227

NT = IT MAIN 228

307 CENTINUE MAIN 229
722 ©C €25 1ST=1,15 MAIN 230
IF( MIX{IST)eNE.G.) GO TO 323 MAIN 231
IF(IST.NE.1) GO TO 745 MAIN 232
WRITE(6,724) MAIN 233

724 FORMAT(48HONO INPT2 VALUE GIVEN FOR 0F, EQRAT, FA, CR FPCT ) MAIN 234
IF (WP(2).NE.O.) OXFL = WP(1)/WP(2) MAIN 235

GC TO 332 MAIN 236

322 CXFL = MIX(IST) MAIN 237
IF(FA) OXFL =1./MIX(IST) MAIN 238
IF(FPCT) OXFL =(100.-MIX(IST))/MIX(IST) MAIN 239
IF(.NOT.ERATID) GO TO 333 MAIN 240
ECRAT = MIX(IST) MAIN 241
IF{EQRAT.EC.1.) EQRAT = 1.,0€00045 MAIN 242
OXFL = (-BQRAT#VMIN(2)-VPLS{2)})/(VPLS(1)+EQRATXVMIN{L1)) MAIN 243

322 OXFUIST) = OXFL MAIN 244
NCF = IS7 MAIN 245

625 CCNTINUE MAIN 246
745 IF (JNOTLICNS) GO TO 746 MAIN 247
IF(LLMT(ALM).EQ.IE) GO TO 746 MAIN 248

NLM = NLM#] MAIN 249
TF(LLMTI{NLM)NEJIE) NEWR=,TRUE. MAIN 250
REWIND 4 MAIN 251
LLMT(NLM) = IE MAIN 252
BOP(NLM,1) = 0. MAIN 253
BOP(NLM,2) = O. MAIN 254

GC TC 748 MAIN 255

T4€ IF(LLMTINLMINELIE) GD TO 748 MAIN 256
CC 747 J=1,NS MAIN 257
IF(A(NLMyJ)eNE.O.) TUSE(J)=-10000 MAIN 258

747 CCNTINUE MAIN 259
NLV = NLM-1 MAIN 260

T48 IF(NEWR) CALL SEARCH ' MAIN 261
IF(NS.EC.0) GO TO 1 MAIN 262

c MAIN 263
C INITIAL ESTIMATES MAIN 264
C MAIN 265
S0 5 SO/R MAIN 266

ENN = .1 MAIN. 267
ENNL = -2.,3025851 VAIN 268
SUMN = ENN MAIN 269

XI = NS - NC MAIN 270
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X1 = ENN/XI MAIN 271

KLN = ALOG(XI) MAIN 272
DC 432 J=1,NS MAIN 273
IF(IUSE(J)«GTo0) TUSE(J)==ILSE(J) MAIN 274
IF(IUSE{J)aEQ.—-10000.AND.IONS) IUSE{J) =0 MAIN 275
EN(J,1) = Q. MAIN 276
ENLN(J) = O, MAIN 277
IF (IUSE(J).NE.J) GC TO 432 MAIN 278
EN(Jy1) = XI MAIN 279
ENLN(J) = XLN MAIN 280
42z CONTINUE MAIN 281
IC1 = NLM¢] MAIN 282
IF (NC.EQ.0.O0R.NSERT.EQ.0) GC TO 790 MAIN 283
CO 262 1I=1,NSERTY MAIN 284
INC = 0 MAIN 285
DC 3C1 J=1,NS MAIN 286
IF(ILSE(J1.EQ.0) GO TO 301 MAIN 287
INC = INC+1 MAIN 288
IF(SUB(J,1)4NE.ENSERT(1,1}) GO TO 301 MAIN 289
IF(SUB(J,2)NELENSERT(2,1)) GO TO 301 MAIN 290
IF(SUB(J,3)NE.ENSERT(3,1))} GO TO 301 MAIN 291
IF(T{1) EQ.Ce) GO TO 295 MAIN 292
TF(T{1) LT TEMP(INC,1)s0ReT{1)aGTTEMP{INC,2}) GC TC 301 MAIN 293
295 IQ1 = IQ1l+1 MAIN 294
TUSE(J)s -TUSE(J) MAIN 295
GO TC 30z MAIN 296
301 CCNTINUE MAIN 297
302 CCNTINUE MAIN 298
NSERT = 0 MAIN 299
750 CONTINUE MAIN 300
IF(oNCToTPoANDeoNOToHP.ANDLoNOTeSP) GO TO 791 MAIN 301
CALL THERMP MAIN 302
GC TC 800 MAIN 303
761 CCNTINUE MAIN 304
IF(DETN) CALL DETON MAIN 305
IF(RKT) CALL ROCKET MAIN 306
IF(SHOCK) CALL SHCK MAIN 307
800 RETURN MAIN 308
END MAIN 309

C
SUBROUT INE REACT REAC 1
C REAC 2
LOGICAL HP,SP,TP,CONVG,NEWR, IONS,MOLES,ECLyFROZ,VOL REAC 3
C REAE 4
CIMENSION ANAME(15,5),V(10) ‘ REAC 5
c REAC 6
COMMON /MISC/ENN,SUMN,TT,50,ATOM{3,101),LL¥T(10),BC(10}),B0P(10,2),REAC 7
1 TV, TLOW,TMID, THIGHPP,CPSUM,0OF , EQRAT,FPCT,RyRR,HSUBO,AM(2), REAC 8
2 HPP{2)4RH{2)y VMIN(2),VPLS(2),WP(2),DATA(22)4NAMF(15,5), REAC 9
3 ANUM{15,5),PECWT{L1S)ENTH(15),FAZ(15),RTEMP(15),FCX{15),DENST15),REAC 10
4 RPOP+RMW(15) 4 TLNyCR4OXF(15) ENNL,TRACE,LL¥TS(10),5B0P(10,2) REAC 11
CCMMON /. INCX/IDEBUG,)CONVG, TP yHPySPHy ISV NPP MOLES NP yNTyNPT,NLM, REAC 12
1 NSyKNMAT,IMATLIQL, IOF{NOF 4 NOMIT, IP,NEWRyNSUByNSUP+RKT,DETN,SHOCK, REAC 13
2 IONSyNC o NSERT,JSOLyJLIQKASESNREAC,ICyJS1,4VOL,IT4CALCH,NLS,LOGY, REAC 14
2 ISUP,ISUBITNUM,ITM,INCDFZ,INCDEQ)CPRF,I1PP,SEQL,PCPLT REAC 15
C REAC 16
EQUIVALENCE (NAME;ANAME) s {NLM,L),(BLANK,LANK) REAC 17
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c REAC 18

DATA MOL/1FM/,0X/1HO/ 4 LANK/LIH /,1Z2ERO/2H00/4ZERQ/LFO/ REAC 19
C REAC 20
CO 10 Ks1,2 : REAC 21
WP{K)=0. REAC 22
HPP(K)=0, REAC 23
RE(K)=0, REAC 24
VPLS(K)=0. REAC 25
VMIN(K]=0. REAC 26
ANM(K)=0,. REAE 27
DC 8 J=1,10 REAC 28
LLMT (J)=0 REAC 29
BOP{JyK)=0a. REAC 30
€ CCNTINUE REAC 31
10 CCNTINUE REAC 32
NFUEL = O REAC 33
N21 REAT 34
L=] REAC 35
C REAC 36
c REAC AND WRITE REACTANT CARDS REAC 37
c REAC 38
20 READ(5421) INAME(NI) o ANUM{NyI)yI=1,5),PECWT(N),MOLE,ENTH{N), REAC 39
1 FAZ(N)+RTEMPIN),FOX(N)4DENS{N) REAC 40
Z]1 FORMAT(5(A24FT7e5)9FT7e5,A1,F9.5,A1,FB8.5,A1,F8,5) REAC 41
IF(NAME (N, 1).EQ.LANK) GO TO 200 REAC 42
IF(LL.EQ.0)CO TO 20 REAC 43
WRITE (6431)(NAME(N,I)yANUM(NSI),I=1,5),PECWT(N) MOLE,ENTH(N)% REAC 44
1 FAZ(N)RTEMPIN),FOX(N),DENSI(N) REAC 45
31 FORMAT(1Xs5(A241X§FTe49s2X)sFBabs2X9ALl9F1142,2XyA142X,FBa332X, REAC 46
1 A143X,FEL5) REAC 47
3% IF(MOLE.EQ.MOL) MOLES=,TRUE, REAC 48
c REAC 49
C IF OXIDANT, K=l REAC SO
C IF FUEL, R=s2 REAC 51
c REAC 52
IF(FOX{N).EQsZERC) FOX{N)=0X REAC - S3
K s 1 REAC 54
IF(FOX{N).EQ.0X) GO TO 37 REAC 55
K =2 . REAC 56
NFUEL = NFUEL+1 REAC 57
37 CO 38 J=1,15 REAC 58
DATA(J) = Q. REACL 59
3€ CCNTINUE REAC 60
Ryv=C. REAE 61
c REAC 62
C STORE ATOMIC SYMBOLS IN LLMT ARRAY. REAE 63
C: CALCULATE MOLECULAR WEIGHT, REAE 64
C TEMPORARILY STORE ATOMIC VALENCE IN V. REAC 65
c REAC 66
00 1CC JJd=1,% REAC 67
TF{ANUM(N,JJ).EQ.0.)1GO0 TO 101 REAC 68
IF(ANAME(N,JI)EQ.ZERO) ANAME(N,JJ)=0X REAC 69
DO 41 U=1,10 REAC 70
NS = J REAC T1
IF(LLMT(J).EQ.O0) GO TO 45 REAC 72
TF(NAME (N, JJ)«EQ.LLMTLJY)IGO TO 46 REAC .73
41 CONTINUE ' REAC 74
45 L = NJ REAC 75
LLMT(J)=NAME(N,JJ) REAC 76
46 DC 48 KK=1,101 REAC 77
IF(ATOM(1,KK)oEQ.ANAME(N,JJ))IGO TO 50 i REAC 78
48 CONTINUE REAC 79
L+C REAC 80
GG T0 20 REAC 81
SO RM=RN4ANUM(N,JJ)*ATOM(2,KK) REAC 82
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VEJ)I=ATOMN(2,KK) REAC 83

DATA(J)=ANUM(N,JJ) REAC 84

100 CONTINUE REAC 85

c A REAC 86

C ACC CCNTRIBUTIONS TO WP(K), HPP(K), AM(K), BOP({I,K) AND RH{K) REAC 87

c REAC 88

101 PCWT=PECWT(N) REAC 89

IF(MCLES) PCWT=PCWT%RM REAC 90

WP (K)=WP(K) + PCWT REAC 91

EVM = ENTH(N) REAC 92

IFINAME(NyE)oNELIZERGCIHPP(K)=HPP(K)+EMXPCWT/ (RM%R) REAC 93

AM(K)=AM{K)+PCWT/RM REAE 94

bDC 110 J=1,L REAL 95

BOP(JyK)=DATA{J)*PCWT/RM +BOP(J,K) REAC 96

110 CCNTYINUE REAEL 97

IF(DENS(N).NE.O.)GO TO 115 REAE 98

GC 70 117 REAC 99

115 RH{K)=RH(K)+PCWT/DENS(N) REAC 100

117 R¥W(N) = RM REAC 101

N = N+1 REAL 102

IF(N.NE,16) GO TO 20 REAC 103

200 NREAC =N-1 REAC 104

IFINFUEL.GT.0) GO TC 210 REAC 105

c REAC 106

C 1CC PERCENT OXIDANT, CALL REACTANTS FUEL REAC 107

C REAC 108

0O 205 N=1,NREAC REAC 109

FCX(N) = BLANK REAC 110

2C5 CCNTINUE REAE 111

RF(2) = RH{1) REAC 112

RE(1) = 0O, REAC 113

WP(2) = wP(l) REAC 114

WPI1l) = 0. REAC 115

HPP(2) = HPP(1) REAC 116

AN(2) = AM(1) REAC 117

AN(1) = C. REAC 118

CC 2C8 J=1,L REAC 119

BCP(Jy2) = BCOP(J,1) REAC 120

208 CCNTINUE REAC 121

210 IF{L.EQ.L) GO TO 10CO REACL 122

C REAE 123

c NORNMALIZE HPPIK)},AM(K)},BOP(1,K)y AND PECWT(N). REAC 124

C CALCULATE RH(K),y, V+{(K), AND V={K) REAC 125

c REAC 126

CC 220 K=1,2 REAC 127

[F(WP{K)EG.Da)GO TO 220 REAC 128

HPP(K)=HFPI(K) /WP (K) REAC 129

AM(K) = WP(K)/AM(K) REAC 130

IF(RF{K)«NE.OLIRHIK)SWP{K)/RH(K) REAC 131

CC 215 J=1,L REAC 132

BOP{JsK)}=BCP{J,K}/WP(K) REAC 133

IF(V(J) el To0IVMINIK)= YMIN{K)L+BOP(J,KYEV({J) REAC 134

IF(V(J) e6T 04 IVPLSIK)=VPLSIK)+BOP{J,KIEV(J) REAC 135

215 CCNTINUE REAC 136

IF(VOLES) GO YO 220 REAC 137

DC 218 N=1,NREAC REAC 138
IF{FCX{N).EQ.OX.AND.K.EQe2) GO TO 218 REAC 139 N

IF(FOCX(N)<NE.OX.AND.K.EQsl) GO TO 218 REAC 140

PECWT{N) = PECWT(N)}/WP(K) REAC 141

218 CCNTINUE REAC 142

220 CONTINUE REAC 143

NEWR=,TRUE . REAC 144

c REAC 145

C BARE ELEMENTS SAME AS FOR LAST SET OF REACTANTS, IF SC, NEWR=E.FALSE. REAC 146
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REAC 147

TF(NLMoNESNLS) CO TC 226 REAC 148
TF(NOMIT.NE.O) CO TC 226 REAC 149
CC 224 1=1,NLS REAC 150
B0 222 J=14NLM REAC 151
IF(LLMT(J)NE.LLMTS{I)) GO TO 222 REAC 152
SBCP(I,1) = BOP(Jy1) REAC 153
SBCP(1,2) = BOP(J42) REAC 154
GC TO 224 REAC 155
22z CCNTINUE REAC 156
GC TC 22¢ REAC 157
224 CCNTINUE REAC 158
NEWR = LFALSE. REAC 159
DG 225 1=1,NLM REAC 160
LLMTAI) = LLMTSI(I) REAC 161
BOP(1,1) = SBOP(I,1) REAC 162
BOP(I42) = SBOP(I,2) REAC 163
2Z5 CCONTINUE REAC 164
GO TC 229 REAC 165
C REAC 166
C REAC 167
226 NLS = NLM REAC 168
NCMIT = 0 REAC 169
REWIND 4 REAC 170
DC 228 Isl.NLM REAE 171
LLMTSEI) = LLMT(I) REAC 172
228 CCNTINUE REAC 173
229 CC 23C N=1,NREAC REAC 174
IF (CENS(N).NE.QO.) GC TO 230 REAC 175
RH(Z2) = 0. REAC 176
RH {1} = C. REAC 177
GO 7vC 10C0 REAC 178
230 CONTINUE REAC 179
1000 RETURN REAC 180
END . REAC 181

c
SUBRCUTINE SEARCH SRCH 1
C SRCH 2
C SEARCKF TAPE FCR THERMO DATA AND TRANSPORT CROSS SECTIONS OF SPECIES SRCH 3
c TO BE CONSIDERED SRCH 4
¢ SRCH 5
C THE FCLLOWING DOUBLE PRECISION TYPE STATEMENTS ARE REQUIRED FOR SRCH ]
C IBM 260 MACHINES ONLY SRCH 7
c SRCH 8
c CCURLE PRECISION COEF.S,EN,ENLN,HO,DELN SRCH 9
C SRCH 10
INTEGER SUB,OMIT,END,TOOBIG SRCH 11
INTEGER SPECE SRCH 12
c SRCH 13
LOCGICAL NEWR,OTTC,s TRNSPT SRCH 14
C SRCH 15
CIMENSION DATE(2,3)4¥T(4),B(4),0MIT{3,3),NAM(3),TOCRIG(3,50) SRCH 16
DIMENSION SPECE(2+3),TEMPR(20),TABLS(20,3) SRCH 17
C SRCH 18
CCMMON SPECE , TEMPR , TABLS SRCH 19
CCMMON /SPECES/CCEF(2,7,100),5S(1C0),HO(1C0),DELN{1CQ),DUMMY (10N}, SRCH 20
1 EN(1CO3,13),ENLN(100)+A(10,1C0),SUB(100+3),IUSE(100),TEMP(50,2) SRCH 21
. CCMMCN /MISC/ENN,SUMN,TT,S0,ATOM(3,101),LLMT(10),R0(10},BOP(10,2),SRCH 22
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1 TMy, TLOW,TMIDy THIGHPP,CPSUM,0F ,EQRAT,FPCT4yRy,RRHyHSUBD,AM( 2}, . SRCH 23

2 HPP(2),RH{2),y VMIN(2),VPLS{2),WP12),DATA(22),NAME(15,5), SRCH 24
3 ANUM{1555),PECHTULS)9ENTH(15),FAZ(15),RTEMP(15),FOX(15),DENS(15),SRCH 25
4 RHOP,RMW(15) 4 TLNyCR,yOXF(15) yENNL,TRACFE,LL¥TS(10),SBOP(10,2) SRCH 26

CCMMCN /INCX/IDEBUG,CONVG TP yHP 4 SP oISV 4NPP yMOLES NP4 ANT,NPT,NLM, SRCH 27
1 NS KMAT,IMAT,1Q1, I0OF,NOF,NOMIT,IP,NEWR,NSUB,NSUP,RKT,DETN,SHOCK, SRCH 28
2 TONSyNCyNSERT 4 JSOL »JLIQsKASE.NREAC,IC,JS1,VOL,IT,CALCH,NLS,LOGV, SRCH 29

3 ISUP,ISUR, ITNUM,ITM, INCDFZ, INCOEQ,CPRF,IPP,SEQL+PCPLT SRCH 30
c SRCH 31
EGQUIVALENCE (DATE.EN),(OMIT,ENLN), (ENDD,END), (TOORIG,ENLN) SRCH 32
C SRCH 33
DATA GAS/1HG/,END/3HEND/,ND/4HLAST/ SRCH 34
c SRCH 35
C SRCH 36
C SEARCH FOR THERMO DATA SRCH 37
c SRCH 38
128 = 0O SRCH 39
NC= C SRCH 40
IX= ¢ SRCH 41
c SRCH 42
C CHECK DINMENSICN FOR NUMBER OF SPECIES, CLEAR A(I,J) SRCH 43
C . SRCH 44
SUB(1s1) = END SRCH 45
cc 2 1=1,1000 SRCH 46
IF(A{1,I).,EQ.ENDD} GO TO 4 SRCH 47
CC 3 J=1,NLM SRCH 48
Aldel) = 0. SRCH 49
2 CCNTINUE SRCH 50
4 MAXNS = I-1 SRCH 51
c SRCH 52
C READ TEMPERATULRE RANGES FOR COEFFICIENTS OF GASEQUS SPECIES. SRCH 53
C SRCH 54
REAC({445) TLOW,TMID,THIGH SRCH 55
£ FCRMAT (2F10.3) SRCH 56
NS =1 SRCH 57
C SRCH 58
C PREGIN LCCP FOR READING SPECIES DATA FROM TAPE. SRCH 59
c SRCH 60
7 READ 14,10) (NAMN(I),1=143),DATE(1,NS)-DATE(2,NS)y(MT(J),B(J), SRCH 61
1 J=144),FHAZ,T1,72 SRCH 62
10 FORMAT(384,6X32A344(A2,F3.,0)4A1,2F10.3) SRCH 63
IF(NAM(1).EQ.END) GC TO 171 SRCH 64
READ (4,20) ({COEF(I31JyNS)sJ=1,T7)s1=1,2) SRCH 65

20 FORMAT (5E15.8) SRCH 66 ’
IF(NCMIT.EQC.O0) GO TO 810 SRCH 67
CC 805 I=1,NOMIT SRCH 68
0O 804 J=1,3 SRCH 69
IF(OMIT(J, 1) JNE.NAM(J)) GO TC 805 SRCH 70
804 CCNTINUE SRCH 71
GO TC 7 SRCH 72
8CE CONTINUE SRCH 73
810 DO 82C Ksl,4 SRCH 74
IF(B(K).EQ.0.,) GO TO 825 SRCH 75
DO 168 I=1,NLM SRCH 76
IF(LLMT(I).EQ.MT(K}) GO TO 820 SRCH 77
168 CCNTINUE ' _ SRCH 78
IF(NS.GT.MAXNS) GO TO 7 SRCH 79
CC €19 J=1,NLM SRCH 80
816 AtJ4NS) .= Q. SRCH 81
GC TC 7 SRCH 82
820 IF(NS.LE.MAXNS) A(I4NS) = B(K) SRCH 83
825 IF(NS.LE.MAXNS) GO TO 828 SRCH 84
12B = 12841 SRCH 85
CO 826 1=1,3 SRCH 86

57 .

H U M U U U LUK HHUE UMW NINEILLE

™,

.




82€¢ TOORIG(I,I2B) = NAM(I) SRCH 87

G0 1C 7 SRCH 88
82€ CO 829 [=1,3 SRCH 89
826 SUBINS,I) = NAM(I) SRCH 90
JUSEINS) = 0 SRCH 91
IF(PHAZ.EQ.GAS) GO TO 170 SRCH 92
C SRCH 93
C CCNDENSED SFECIES SRCH 94
c SRCH 95
NC= NC+1 SRCH 96
TEMP(NC,1)5 T1 SRCH 97
TEMP(NC,2)= T2 SRCH 98
IX= IX+1 SRCH 99
TFINS.EQe1eOR,IUSEINS=-1).EQ.0) GO TO 145 SRCH 100
DO 83C I=1,NLM SRCH 101
TFLACIZNS ) JNELALT4NS-1)) GO TO 145 SRCH 102
830 CONTINUE SRCH 103
IX= IX-1 SRCH 104
145 TUSEINS)= —~1IX SRCH 105
170 NS= NS+1 SRCH 106
GC YO 7 SRCH 107
C SRCH 108
C ENC CARC HAS BREEN READ. SRCH 109
c SRCH 110
171 NS= NS-1 SRCH 111
NEwWR= ,FALSE. SRCH 112
WRITE(6,172) SRCH 113
172 FORNAT(4zHCSPECIES BEING CONSIDERED IN THIS SYSTEM ) SRCH 114
EC 174 1=1,NS,5 SRCH 115
I5= [44 SRCH 116
IF(NS.LT.IS) I5=NS SRCH 117
174 WRITE (69176)(DATE{14J)yDATE(2,J)9SUB(Js1),SUB(J42),SUBLIL3), SRCH 118
1 J=1,15) SRCH 119
17€ FCRMAT(S(5X,2A3y2X,344)) SRCH 120
IF(I2B.G1.C) GO TO €70 SRCH 121
GC TC 16 SRCH 122
870 WRITE(6,671) 128 SRCH 123
871 FORMAT(3SHCINSUFFICIENT STORAGE FOR FOLLCWING,I3,8F SPECIES) SRCH 124
WRITE(6,EB8C){TOOBIG(1,J),TOORIG(2,3),TOOBIG{3,J),J=1,128]) SRCH 125
880 FCRMAT(8(3X,3A4)) SRCH 126
NS = @ SRCH 127
' SRCH 128
c SEARCH FOR TRANSPORT CROSS SECTIONS SRCH 129
c SRCH 130

16 NK = 1 SRCH 131 N

12 READ(4) ((SPECE(I4L),L=143),121,2),NTP,NTB,ROTN SRCH 132 :
TF(SPECE(1,1).EQ.ND) GO TO 21 SRCH 133
K=1 SRCH 134
DC 25 J=1,NS SRCH 135
DO 24 I=s1,2 SRCH 136
24 IF(SPECE(K,T)aNE.SUB{J,1)] GC TO 25 SRCH 137
GC YO 6 SRCH 138
25 CCNTINUE SRCH 139
60 10 13 SRCH 140
€ K22 SRCH 141
CC 8 JJ=1,NS SRCH 142
OC 27 11=1,3 . SRCH 143
27 IF(SPECE(K,sI1) NELSUB(JI,II)) GO TO 8 SRCH 144
6c Ic 21 SRCH 145
€ CCNTINUE SRCH 146
GC TC 13 SRCH 147
Z1 WRITE(3) ((SPECE(I,L)3L=14y3),1=1,2)4NTP,NTB,ROTN SRCH 148
* IF(SPECE(1,1).€EQ.ND) GO TO 17 SRCH 149
READ(4) (TEMPRIID4(TABLS(IoL)yL=143),1=1,NTP) SRCH 150
WRITE(3) (TEMPR{I),(TABLS{I,L)y L=1,3),1=1,NTP) SRCH 151
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NK=NK+1
GO 70O 13

17 CONTINUE
REWIND 3
RETURN
END

SUBROUTINE HCALC

CALCULATE PROPERTIES FOR TOTAL REACTANT USING THERMO DATA FOR
ONE OR MORE REACTANTS.

THE FOLLCWING DOUBLE PRECISION TYPE STATEMENTS ARE REQUIRED FOR
IBM 260 MACHINES ONLY

DOUBLE PRECISION HSUM,SSUMyCPR,DLVTP,DLVPT,GAMMAS
DOUBLE PRECTSION COEF,SYENSENLN,HO,DELN

LOGICAL MOLES{VOL4SHOCK,CALCH
CALCULATE ENTHALPY FOR PROPELLANT USING COEFFICIENTS
CIMENSION NUM{15,5)

COMMON /POINTS/HSUM(13),SSUM(13),CPR(13),DLVTP(13),CLVPT(13),

1 GAMMAS(13),4P126)4T(52),V113)4PPP(13),WM(13),SONVEL(13),TTT(13),
2 VLM(13),TOTN(13)

CCMMCN /SPECES/COEF(247,100),5(100),H0(1C0),DELN(1CO},DUMMY(100),
1 EN(100,131,ENLN(100),A({10,1C0),SUB(100,3),IUSE(10C),TEMP150,2)

CCMMON /MISC/ENN,SUMN,TT,SO,ATOM(3,101),LLMT(10),B0(10),R0P(10,2),

1 TM, TLOW,TMID, THIGH,PP,CPSUM,0F yEQRAT,FPCT,RyRR,HSURD,AM(2),
2 HPPUZ)RH(2)y VMIN(2),VPLS{2),WP{2),DATA(22)NANME(]15,5),

SRCH
SRCH
SRCH
SRCH
SRCH
SRCH

HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL

3 ANUM{15,5),PECWTI15)yENTH(L15),FAZ(15),RTEMP{15),FCX(15),DENSL15),HCAL

4 RHOP+RMW (15} TLNyCR,OXF({15),ENNL, TRACE,LLMTS{10),SBOP(10%2)
CCMMCN /INDX/IDEBUG,CONVGy TP yHP ySP oISV yNPPyMOLES NPy NT,NPT,NLM,

1 NSyKMAT,IMATH1IQ1,I0FyNOF,NOMIT,1IP,NEWR,ASUByNSUP,RKT,DETN, SHOCK,

2 TONSyNCyNSERT4JSOL,JLIQ,KASE,NREAC,IC,4JS1,VOL,IT,CALCH,NLS,LOGV,

3 :ISUPHISUBITNUM,ITM,INCDFZ,INCDEQ,CPRF,IPP,SEQL,PCPLT

ECUIVALENCE (ANUMGNUNM), (LoyNLMY,(J,JS1)
ECUIVALENCE (AM1,CATA{20)),(CPR]1,DATA(21))

DATA AG/1HG/,I1ZERO/2E0D/+0X/1HO/ BLK/1H /
TSAVE = 1T
CALCUALTE MOLECULAR WEIGHT OF TOTAL REACTANT, AM]l,
IF (AM{1).NE.O+0 +ANDs AM{2).NE.0.0) GO TO4
AVl= AM(2)
1F (AM(2}.EQ.0.0) AM1= AM(1)
GC T0 9
4 AM1=(0OF414)%AM{1)%AM(2)/(AM{]1)+0F%AM(2))
9 ™M = C,

TF{PPGT.0s) TM = ALOG{PP*AM])
SSUMINPTY = 0.

HPP(1) = O,
HPP(Z) = O,
HSUBO = 0.
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HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL
HCAL

152
153
154
155
156
157
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CPR1 = 0. HCAL 51

: ANN = (1.4CF) HCAL 52
c HCAL 53
C LCCP OGN REACTANTS, HCAL 5S4
C If CXIDANT, K=l HCAL 55
c 1F FUEL, K=2 HCAL 56
c HCAL 57

CC $00 Ns1,NREAC HCAL 58

K=2 HCAL 59
IF(FOX(N),EQ.OX)K=1 HCAL 60

TF (NAVE(N,S).NE.IZERO) GO TO 90 HCAL 61

IF( NOT.CALCH.ANC.TT.NE.O.) GO TO 15 HCAL 62

TT = RTEMP(N) HCAL 63

c HCAL 64
C 1S TT IN RANGE HCAL 65
C HCAL 66
15 1F(SHOCK) GO TO 1¢ HCAL 67
IF(TT LT (TLON/142)«OR.TT.GTL{THIGH*1.2)) GO TO 75 HCAL 68

16 J = NUM(N,5) . HCAL 69

IF (J.NE.O) GO TO SC HCAL 70

0O 1C J=l,t HCAL 71
DATA(J)=0. HCAL 72

10 CONTINUE HCAL 73

C HCAL 74
c TEMPORARILY STORE STCICHIOMETRIC COEFFICIENTS IN DATA ARRAY, HCAL 75
c HCAL 76
OC 40 I=1,4 HCAL 77
IF(ANUM(N, 11.EQ.0.)G0 TO 50 HCAL 78

CC 2C J=1,L HCAL 79
IF{LLFT(J) «EQ.NANME(N,T) ) GO TO 30 HCAL 80

20 CCNTINUE HCAL 81

30 DATA(J)=ANUM(N,T) HCAL 82

40 CENTINUE HCAL 83

50 15=0 HCAL 84

c HCAL 85
c SEARCH FOR REACTANT IN THERMC SPECIES. STORE INDEX IN NUM(N,5). HCAL 86
C HCAL 87
DC 70 J=1,NS HCAL 88
IF(IUSE(J)..EQ.0)GO TO 55 HCAL 89

1S = IS+l HCAL 90
TF(FAZIN).EQ.AGIGO YO 70 HCAL 91
TF(TT.GTTEMP(IS,2) e AND.TEMP(IS,2)eNELTHIGH) GO TC 70 HCAL 92
IF(TT.LT.TEMP{IS, 1) AND.TEMP(IS,1) «NE.TLOW) GO TO 70 HCAL 93

GC TC 56 HCAL 94

55 IFIFAZ(N).NE.AG.AND.FAZ{N).NE.BLK) GO TO 70 HCAL 95

5¢ DC 60 I=1,L HCAL 96
IF(A(1,J).NE.DATA(I)) GO TO 70 HCAL 97

60 CCNTINUE HCAL 98
NUMIN,5) = J HCAL 99

GO 10 90 HCAL 100

70 CONTINUE HCAL 101

€0 Y0 80 HCAL 102

C HCAL 103
c CALCULATE EN FOR REACTANT AND CALL CPHS TO CALCULATE PROPERTIES. HCAL 104
C HCAL 105
90 IF (MOLES)  ENJ = PECWTIN)/WP(K) ~ HCAL 106

IF (JNOT.MOLES)  ENJ = PECWT{N)/RMW(N) HCAL 107

BNJ = ENJ/ANN " HCAL 108
IF(KsEQ.1) ENJ = ENJ*OF _ HCAL 109
IF(NAME (N,5).NE. IZERG)GO TO 500 HCAL 110

NSS = NS HCAL 111

NS = MCAL 112

TLN = ALOG(TT) HCAL 113
IF(4NOT.CALCH) EN(J,NPT) = ENJ HCAL 114

CALL CPHS HCAL 115
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NS = NSS HCAL 116

IF (HO(J)eGTe=e01 LAND. HO{J)eLT..01) HO(J) = O, HCAL 117
RTEMP(N) = TT HCAL 118
IF(VOL) HO(J)=HO(J)-1. HCAL 119
ENTHIN) = HO(J)*R*TT .. HCAL 120
c HCAL 121
Cc ACC CONTRIBUTION TO CP, H, AND S OF TOTAL REACTANT. HCAL 122
c HCAL 123
CPR1 = CPR1 + CPSUM HCAL 124
SSUMINPT) = SSUM(NPT) + ENJ * (S(J)-ALOG(ENJ)-TM) HCAL 125
500 ER = ENTH(NJ*ENJ/R HCAL 126
HSUBO = HSURO+ER HCAL 127
HPP(K) = HPP(K)+ER HCAL 128
900 CONTINUE HCAL 129
IF(TSAVE.NE.Os) TT=TSAVE HCAL 130
GO T0 1000 HCAL 131
75 WRITE16476) HCAL 132
7¢ FORMAT(SOHOREACTANT TEMPERATURE OUT OF RANGE OF THERMO DATA ) HCAL 133
T = C. HCAL 134
6C 70 1C00 HCAL 135
80 WRITE(6485) N HCAL 136
85 FCRMAT{QHOREACTANT,12;22H IS NOT IN THERMO DATA ) HCAL 137
IT = C. HCAL 138
1000 RETURN HCAL 139
END HCAL 140

c
SUBRCUTINE SAVE SAVE 1
c SAVE 2
C SAVES OR USES COMPOSITIONS FRNM PREVIOUS POINT AS INITIAL ESTIMATES SAVE 3
C SAVE 4
C SAVE 5
C THE FOLLOWING DOUBLE PRECISION TYPE STATEMENTS ARE RECUIRED FOR SAVE &
c I8M 260 MACHINES ONLY SAVE 7
C SAVE 8
c DCUBLE PRECISION COEF4§S,EN,ENLN,HO,DELN SAVE 9
c SAVE 10
LOGICAL VOL,CALCH; IONS, SHOCK SAVE 11
C SAVE 12
COMMCN /SPECES/COEF(247,100),5(100),H0O(100),DELN(1CO),DUMMY(100), SAVE 13
1 EN(100,13),ENLN(100)yA(10,100),SUB(100,3),IUSE(1NC) TEMP(50,2) SAVE 14
CCMMON /N ISC/ENN,SUMN,TT,50,ATOM(3,101),LLMT(10),BC(10),BOP(10,2),SAVE 15
1 TM,TLOW,TMID{ THIGH.PP,CPSUM,0OF ,EQRAT4FPCT yR4yRR yHSURO ,AM(2) SAVE 16
2 HPP(Z),RH(2)y VMIN(2)4VPLS{2),WP{2),DATA{22),NAME(15,5), SAVE 17
3 ANUM{15,5),PECWT{15)4ENTH(L15) 4FAZ(15) RTEMP(15),FOX(15),DENS{15),SAVE 18
4 RHOPRMW(15) 3 TLNsCR,OXF(15) yENNLY TRACE,LLMTS{10)+SBOP(1042) SAVE 19
CCMMCN /INCX/IDEBUGsCONVG, TP yHP 4 SP 4 ISV NPP ,MOLES yNP4NT,NPT,NLM,  SAVE 20
1 NSy KMAT,IMAT,IQ1,I0F,NOF,NOMIT,IP,NEWR ,NSUB,NSUP\RKT,OETN,SHOCK, SAVE 21
2 IONSyNCyNSERT,JSOLsJLIQwKASE,NREAC,IC,JS1,VOL,IT,CALCH,NLS,LOGV, SAVE 22
3 ISUPyISUB,ITNUM,ITM,INCOFZ, INCDEQ,CPRF,IPP,SEQL,PCPLT SAVE 23
CCMMON /SAVED/SLN(10C), IQSAVE »ENSAVE ,ENLSAV,LSAVE,JSOLS,JLIQS) SAVE 24
1 LLLYyLM,MAXNP ,STORE(52,16),XS{20),WMOL(20),IND(20),NM, SAVE 25
2 FIRSTP4FIRSTY SAVE 26
c . SAVE 27
DATA IE/1HE/ SAVE 28
C SAVE 29
IF({ISV)100,104200 SAVE 30
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c SAVE 31
€ WNEXT POINT FIRST T IN SCHEDULE, USE PREVIOUS COMPOSITICNS FOR THIS T SAVE 32

c SAVE 133
10 IQ1 = IQSAVE SAVE 34
JSOL = JOoLs SAVE 35
JLIQ = JLIGS SAVE 36
ENKN = ENSAVE SAVE 37
ENNL = ENLSAV SAVE 38
LLYl = NLM SAVE 39
NC SC J = 1,NS SAVE 40
IF{.NCT.IONS) GO TO 15 SAVE 41
IF(LLMT(NLM),EQ.LSAVE) GO TC 15 SAVE 42
TF(LLMT{NLM) EQ.IE) GO TO 13 SAVE 43
TF(IUSE(J)«NE.~-1C000) GO TO 15 SAVE 44
IUSE(J) = 0 SAVE 45
LLl = NLM«] SAVE 46
G0 TC 2¢ SAVE 47
12 IF{SLN(J)eNEsOeeCRSIUSE(J)NELOD) GO TO 15 SAVE 48
LL1 = NLM-1 SAVE 49
IUSE(J) = -1000C SAVE 50
GC 7C 50 SAVE 51
12 IF (IUSE(J).EQ.Q) GO TO 20 SAVE 52
EN (JyNPT) =5 SLNUJ) SAVE 53
IF(IUSE(J).6T.0) IUSELJ) = —-IUSE(J) SAVE 54
IF (EN(J,NPT)NELO,)IUSE(J) = —TUSELJ) SAVE 55
GC TC 590 SAVE 56
20 EN{J.NPT) = C, SAVE 57
TOENLN(J) = SLNTJ) SAVE 58
IF {(ENLN(J)-ENNL + 18.5).LE.0.) GO TO 50 SAVE 59
EN(J,NPT) = 2,718281828459%*ENLN{J) SAVE 60
50 CCNTINUE SAVE 61
NLM = LL1 SAVE 62
GC T0 10CCO SAVE 63
C SAVE 64
C FIRST T--SAVE COMPOSITICNS FOR FUTURE POINTS WITH THIS ¥ SAVE 65
c SAVE 66
100 ISv = -1tV SAVE 67
JSOLS = JSot SAVE 68
JLIQS = JL1IqQ SAVE 69
ICSAVE = IQ1 SAVE 70
ENSAVE = ENN SAVE T1
ENLSAV = ENNL SAVE T2
LSAVE = LLMT(NLM) SAVE 73
CC 15C J = 14NS SAVE T4
SLN(J) = ENLN(J) SAVE 75
IF(IUSE(J)oNELO) SLN{J)I=EN(J,I5V) SAVE Té6
150 CCNTINUE SAVE T7
C SAVE 78
C WSE CCV¥PCSITICNS FRCM PREVIOUS POINT SAVE 79
c SAVE 80
200 CO 200 4 = 1,NS SAVE 81
EN(JyNPT) = EN(J4ISV) SAVE 82
300 CONTINUE SAVE 83
1000 RETURN SAVE 84
C . - SAVE 85
C CALCULATE NEW VALUES OF BO AND HSUBO FOR NEW OF RATIC SAVE 86
C : : SAVE 87
ENTRY NEWOF SAVE 88
c SAVE B89
C SAVE 90
WRITE(6,7130) OF SAVE 91
730 FORMAT({6HOOF = ,F10.¢) SAVE 92
EQRAT = 0. SAVE 93
SUM = OF + 1. SAVE 94
V1 = (ODF#VPLS{1)+VPLS(2))}/SUV SAVE 95
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V2 = (OF*VMIN(1)+VMIN{(2))/SUM SAVE 96

TF(V2.NE.O.) EQRAT=ARS(V1/V2) SAVE 97

IF  (RH(1) oNE. Os oANDs RH{2) oNE. O.) GO TO 744 SAVE 98
RHOP = RE{(2) SAVE 99

IF (RFDOP +EQ. 0.) RHCP = RHI(1)} SAVE 100

GC TC 74° SAVE 101

744 RHCP = {NF+#1.)*RH(1)*RH(2)/(RH{1)+0F*RH(2)) SAVE 102
74 CC 747 I=1,NLM SAVE 103
BC(I) = (OF#*BOP{I,1)14BOP(I,2))/SUM SAVE 104

747 CCNTINUE SAVE 105
NPT = 1 SAVE 106
IF(.NOT.CALCH) GO TC 750 SAVE 107
CALL HCALC SAVE 108
IF(TT.EC.0.1 RETURN SAVE 109
CALCH = JFALSE. SAVE 110
IF(OF.NE.O.1 HPP(1)SSUM*HPP(1)/OF SAVE 111
HPP(2) = SUMXHPP(2) SAVE 112

GC TC 76( SAVE 113

750 HSUBC:= (OF*HPP({1) + HPP{2})/SUM SAVE 114
7¢0 1C = QO SAVE 115
Jsot = 0 SAVE 116
JLiQ = © SAVE 117
WRITE (6,770) SAVE 118

770 FCRMAT(1H ,25X,14HEFFECTIVE FUEL,10X,17HEFFECTIVE CXIDANT;12X47HMISAVE 119
1XTURE ) SAVE 120
IF(VCL) WRITE(6,772) SAVE 121
TF{NCT.VOL)Y WRITE(E,2T774). SAVE 122

772 FORMAT(1€6H INTERNAL ENERGY,14X,6HHPP(2)419X,6HHPP{1),19X,5HHSUBO )SAVE 123
774 FORMAT{SF ENTHALPY,21X,6HHPP{2),19X,6HHPP(1},19X45HHSUBO ) SAVE 124
WRITE(6,77¢) HPP{2),HPP(1),HSUBO SAVE 125

776 FORMAT(19H (KG~MOL)(DEG K)/KGyE21.8,2E25.8 ) SAVE 126
WRITE(6,778) SAVE 127

772 FGRMAT(1ZHCKG-ATOMS/KGy17Xs8HBOP(1,2),17X,8HBOP(I,1),18X,5HBO(I)) SAVE 128
780 FCRMAT(8X,A2,5%X,3E25.8) SAVE 129
WRITE{6,780) (LLMT(I),BOP(I1,2),BOP({I+1)+BO(I),I=1,NLM) SAVE 130
RETURN SAVE 131

ENC SAVE 132
SUBRCUTINE EGQLBRM EQLM 1
RCUTINE 70O CALCULATE EQUILIBRIUM COMPOSITION AND PRCPERTIES EQLM 2
EQLM 3

COUBLE PRECISION X,GsSUM ECLM 4
EQLM 5

THE FOLLOWING OOUBLE PRECISION TYPE STATEMENTS ARE RECUIRED FOR EQLM 6
IBM 3¢0 MACHINES ONLY EQLM 7
EQLM 8

DCUPLE PRECISION HSUM,SSUM,CPR,DLVTP,DLVPT,GAMMAS EQLM 9
CCUBLE PRECISION COEF;S,ENsENLN,HO,DELN EQLM 10
CCURLE PRECISION ENL,PROWsDLNT,AA EQLM 11
EQLM 12

{CGICAL HP,SP,TP,CONVG, IONS, SINGC5L0OGVsISING,IC,VOL ySHOCKyRITE EQLM 13

‘ EQLM 14
COMMON /POINTS/HSUM{13),SSUM(13),CPR{13),DLVTP(13),CLVPT(13) EQLm 15

1 GAMMAS(13),P126)yT(52),VI13),PPP{13),WM(13),SONVEL(13),TYT(13), EQLM 16

2 VLM(13),TCTN(13) EQLM 17
CCMMCN /SPECES/CCEF(247,100),5S1100),H0(100),DELN(1C0),DUMMY(100), EQLM 18

1 EN(100,13),ENLN(100),A{10,1C0),SUB(100,3),IUSE(10C),TEMP(50,2) EQLM 19
CCMMCN /MISC/ENN,SUMN,TT,SO,ATOM(3,101),LLMT{10),B0O(10),BOP(10,2),EQLM 20
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1 TMyTLOW,TMIDy THIGH,PP,CPSUM,0F ,EQRAT,FPCT,RyRR,HSUBO,AM( 2]},
2 FPP(2)4yRH(2)y VMIN(2),VPLS(2),WP12),DATA(22),NAME(15,5),

EQLM
EQLM

3 ANUM(15,5),PECWTIL5)4ENTH(15),FAZ(15),RTEMP(15),FOX(15),DENS(15)},EQLM

4 RHOP,RMW{15)3 TLN,CR,OXF(15) yENNL,TRACE,LLMTS(10),SBOP(10,2)
COMMON /DOUBLE/ G(20,+21)y X(20)
COMMON /INDX/IDEBUG,CONVG, TP yHP 4 SPy ISV yNPPyMOLES NP NT,NPT,NLM,
1 NS KMAT,IMAT,IQL1, IOFsNOF,NOMIT,IP,NEWR,NSUByNSUP,RKT,DETN,SHOCK,
2 IONS NCyNSERT,JSOL»JLIQyKASE«NREAC,IC+»JS1,VOL,IT,CALCH,NLS,LOGY,
3 ISUPISUB,ITNUM,ITM,INCDFZ,INCDEQ,CPRF,IPP,SEQL,PCPLT

ECUTVALENCE (NLM,L)

CATA 1E/1HE/,SMALNO/1.E-6/,SMNOL/-13.815511/,1TN/35/

E = 2.71€281828459
SINGC = +FALSE,
ENL = ENNL

RITE = LFALSE.

IF(IDEBUC.GT+0.AND.NPT.GE, IDEBUG)

SIZE = 18.420681
ISINGC = JFALSE.,

LOGV = .FALSE.
IF(.NOT,.VOL) GO TO 6
RV = RR/101.325

PP = RVH*ENN*TT/VLM(NPT)
TJLN = ALOGI(TT)

CONVC = JFALSE.
ITNUMB = ITN

Js1 =1

CALL CPHS

TM = ALOG(PP/ENN)

IF (JNOTL,ICNS,ORIELEQ.LLMT(L)) GO TO 33

L = L+l
I1Q1 = IQ1+1
CC 489 J = 1,NS

IF (AlLsJ) EQ.0.) GC TO 499

EN{JoNPT) = 1.E-8
ENLN(J) = =SIZE
IUSEW) = C
CCNTINUE

IF(NPT.ECe1.AND, sNOT,SHOCK)

FORMAT (4HCPT ,14(5X,A4))
BEGIN ITERATION

IF (.NDT.CONVG) GO 7O 62
SUMN = ENN

IF{JSCL.EQ.0) GO TO 62
ENSCL = EN(JSOL,NPT)

EN({JSOL,NPT) = EN(JSOL,NPT)4+EN(JILIQsNPT)

JUSE(JLIQ) = -IUSE(JLIQY
101 = IQl-1

DLVTPAINPT) = O.

CPR(NPT) = Q.
GAMNMASINFT) = 0.

LOGV = +TRUE,

CALL NATRIX

NUME = JTTN-TTNUMB+1

IC2 = IQ1 £ 1

IF(CCNVG) IMAT=IMAT-1
IF(.NOT.RITE) GO TO 72
IF{.NOT.CONVG) GO TC 88

IF(JNOT.LOCV) WRITE(6,481)

RITE=.TRUE,

WRITE(64+244) (LLMT(I),I=1,L)

EQLM
EQLM
EQLM
EQLM
EQLM
£QLM
EQLM
EQLM
EQLM
EQLM
EQLM
EQLM
EQLM
EQLM
EQLM
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EQLM
EQLM
EQLM
EQLM
EQL®
EQLM
EQLM
EQLM
EQLM
EQLM
EQLM™
EQLM
EQLM
EQLM
EQLM
EQLHM
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EQLM
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EQLM
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81 FCRMAT(1EHCT DERIV MATRIX) EQLM 85

JF(LOGV) WRITE(6482) EQLM 86
82 FCRNMAT(1SHCP DERIV MATRIX) EQLM 87
GC T0 89 EQLM 88
€8 WRITE(6,772) NUMB EQLM B89
772 FCRMAT (11HOITERATION ,13,6X,7HMATRIX //) EQLM 90
89 DC 911 I=1,IMAT EQtM 91
911 WRITE (6,473) {(G(I+K)sK=1,KMAT) EQLM 92
72 ITST = IVMAT EQLM 93
CALL GAUSS EQLM 94
IF(ITST.NELIMAT) GO TO 774 EQLM 95
IF{.NCT.RITE) GO TO 773 EQLM 96
WRITE (64372)(LLMT(I)sI=1yL) EQLM 97
373 FORMAT (7HCPI ¢9(A4,10X)) EQLM 98
WRITE (6,73 (X(1)iI=1,IMAT) EQLM 99
T3 FCRMAT {GE14.6) EQLM 100
773 IF{.NOT.CONVG) GO TC 85 EQLM 101
IF(.NOT.LOCGV) GO TO 174 EQLM 102
6o TO 171 EQLM 103
C EQLM 104
c TEMPERATLRE DERIVATIVES--CONVG=T, LOGV=F EQLM 105
C ECLM 106
174 DLVTPINPT) = 1l.-X(IQ1) EQLM 107
CPRINPT) = G(1IQ2,1Q2) EQLM 108
DC 17¢ J=1,I1Q1 -EQLM 109
CPR{NPT) = CPRINPT)I-G(IQ24J)*X{(J)} EQLM 110
17¢ CCNTINUE EQLM 111
C EQLM 112
C PRESSURE DERIVATIVE--CONVG=T, LOGV=T EQLM 113
C EQLM 114
LOCV = LTRUE, EQLM 115
GO T0 62 EQLM 116
c EQLM 117
C SINGULAR MATRIX EQLM 118
C EQLM 119
774 1F(.NOT.CONVG) GO TC 775 EQLM 120
WRITE(64172) EQLM 121
172 FCRMAT(2EHCDERIVATIVE MATRIX SINGULAR ) EQLM 122
GC 710 11171 EQLM 123
TS IF(oNCToFP CRGNPT NEL1eOR.NCEQeOsDOReTT.GTL100.) CO TO 871 EQLM 124
WRITE(64ET4) EQLM 125
874 FCRMAT(96HOLOW TEMPERATURE IMPLIES CONDENSED SPECIES SHOULD HAVE EQLM 126
1BEEN INCLUDED ON AN INSERTY CARD, RESTART ) EQLM 127
GO 10 872 EQLM 128
871 WRITE(6474) EQLM 129
74 FCRMAT(1€HOSINGULAR MATRIX) EQLM 130
IF(SINGC) GO TO 873 EQLM 131
3C S710 JJ = 1,NS EQLM 132
IF(IUSE(JJ).NE.O) GO TO 970 EQLM 133
IFIENUJIWNPT) NELC.) GO TO ST0 EQLM 134
EN{JJWNPT) 5 SMALNO EQLM 135
ENLN(JJ) = SMNOL EQLM 136
370 CCNTINUE EQLM 137
IF(ISING) GO TO 870 EQLM 138
ISING = +TRUE. EQLM 139
WRITE (6,776) EQLM 140
776 FCRMAT (B8HORESTART) . EQLM 141
GC TC 62 EQLM 142
C EQLM 143
C TEST FOR SINGULARITY TO CONDENSED SPECIES. EQLM 144
c EQLM 145
870 NCCNC = IQ1-=NLM-1 EQLM 146
IF(NCCNDoLT,2.0R.SIZEG.EQe0s) GO TO 873 EQLM 148
BO 872 J=1,NS EQLM 149
IF(IUSE(J).LE.O) GO TO 872 EQLM 150
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TIF(J.EQ.JCELG) GO TC 872 EQLM 151

CC €671 I=1,NLM EQLM 152
IF{A{I,J).EQ.A(I,JDELG)) GO TO 671 EQLM 153
IF(A(IyJ)eEQeOeeCR.A{1,JDELG)eEQ.0.) GO TO 872 EQLM 154
671 CCNTINUE EQLM 155
SINGC = JTRUE,. EQLM 156
I¢l = IQ1-1 EQLM 157
EN(JsNPT) = O. EQLM 158
TUSE(J) = -IUSE(I ’ EQLM 159
872 COCNTINUE EQLM 160
IFISINGC) GO 70O 40 EQLM 161
GO T0 872 EQLM 162
C EQLM 163
C OBTAIN CORRECTIONS TC THE ESTIMATES EQLM 164
c EQLM 165
85 ITNUVMB= ITNUMB-1 ' EQLM 166
KK = L ¢ 1 EQLM 167
IF(VOLY X{IQ2)=X(IQl) EQLM 168
IF(TP) Xx(1Q2)=0. EQLM 169
CLNT= X{1Q2) : EQLM 170
SUM = x(1Q1) EQLM 171
IF(NOT.VOL) GO YO 97 EQLM 172
x{1Q1) = 0. EQLM 173
SUM = =CLNT EQLM 174
97 CC 101 J=1,NS EQLM 175
IF (IUSE(J)) 101,98,100 EQLM 176
SE DELN{J) = HO(J)®CLNT-HO(J)+S(JI=ENLN(J}=TM+SUM EQLM 177
CC 99 K=1,L EQLM 178
DELN{J)= DELNUJ)+A(K,J)%X(K]). EQLM 179
99 CONTINUE EQLM 180
60 T0 101 EQLM 181
100 CELN(J) = X({KK) EQLM 182
KK = KK 4+ 1 EQLM 183
101 CONTINUE EQLM 184
C EQLM 185
C CALCULATE CONTROL FACTOR,AMBDA EQLM 186
C EQLM 187
AVBDA= 1, EQLM 188
ANEDAL= 1. EQLM 189
Surv = X{1Q1l} EQLM 190
IF{SUM.LT,.0.) SUM==SUM EQLM 191
IF(CLNT.CT.SUM) SUM=DOLNT EQLM 192
IF(-CLNT.GT.SUM)} SUM=-DLNT EQLM 193
CO 917 J=1,NS EQLM 194
IF (IUSE(J1.NE.O) GO TO 917 EQLM 195
IF((EN{J NPT )oGTo0e)  AND.DELN{J)GT,SUM) SUM = DELN(J} EQLM 196
IF((ENCJIyNPT)NE.QW) «OR, DELN{J)eLE.O.) GO TO 917 €EQLM 197
SUML = (-9.212-ENLN{J)+ ENL)/Z{DELNUI)=-X(IQ1)) EQLM 198
IF(SUMletTeds) SUM1==SUM] EQLM 199
IF (SUM1.LT.AMBDALl) AMBDA1l = SUM1 EQLM 200
317 CONTINUE EQLM 201
IF(SUMGT 24 }AMBDA=2,/SUM EQLM 202
IF (AMBDAl.LT.AMBDA) AMBDA = AMBDAl EQLM 203
IF{.NOT.RITE} GO TO 111 EQLM 204
C EQLM 205
C INTERMEDIATE QUTPUT EQLM 206
C : EQLM 207
WRITE(6,922) TT,ENN, ENL,PP,TM,AMBDA EQLM 208
923 FORNMAY (3HOT=4E15.846H ENN=,E15.8y7H ENNL=E15.845H PP=,E15.8, EQLM 209
1 9H UN P/N=E15.898H AMBDA=E15.8 ) EQLM 210
IF(VOL) WRITE(641924) VLMINPT) EQLM 211
1924 FORMAT(8+ VCLUME=,E15.8,4HCC/G) EQLM 212
WRITE (6,924) EQLM 213
924 FCRMAT(1HO,18X,2HNJ, 12X, 5HLN NJ,8X,9HDEL LN NJ,9X,6HHOJ/RT,9X,SHSOEQLM 214
1J/Ry 10X TH-GOJ/RT§8Xs6H-GJ/RT ) EQLM 215

66

U M ¥ U ¥ M UE Y HUE UMW NHITEKELK



BEC S26& J=1,4NS
GNECL = S(J)-HO(J)
GNEG2 = GNECG1
IF(ILSE(J)LEQ.O)
WRITE {6,925) SUB(Js1)4SUB(J42),

1SUB(Jy3) +ENTJGNPT)ENLN(J) yDELN(J)yHO(J)»S{JI),GNEGC],GNEG2

325 FCRMAT (1X,3A4,7E15.¢)
326 CONTINUE

WRITE (6,110)
110 FORMAT(1HO)

APPLY CCRRECTIONS TO ESTIMATES

OO

111 SUM = 0.
CO 113 J=1,NS
IF (IUSE(J)) 113,112,114
112 ENLN{J)=ENLN(J)+AMRDAXDELN(J)
EN(JyNPT) = C.
TF{(ENLN(J)- ENL4SIZE).LELO.)
EN(JSNPT) = E%x:ENLN(J)
SUM = SUMEEN(J,NPT)
GO 70 113

114 EN(JyNPT) = EN(J NPT} + AMBDA #* DELN(J)

113 CONTINUE
SUMN = Sym
IF (TP} GO TO 115
TLN= TLN{AMBODA*DLNT
TT = EXP{TLN)
JS1 = 1
CALL CPHS
115 IF(vOL) 60 TO 2115
ENL = ENL¥AMRDA%XX(IQ1)
ENN = E#3%ENL
GO TO 1115
2115 ENN = SUMN
ENL = ALOG(ENN)
PP = RVATTHENN/VLM(NPT)
1115 TF = ALCG(PP/ENN)
IF (LLMT(L).NE.IE) GC TO 116

CHECK ON REMOVING IONS

[aNaNel

DO 1116 J = 1,NS

TF (A{L,J).EQ.0.) GO TO 1115

IF (EN(JyNPT).GT.0.) GO TO 116
1116 CONTINUE

CO 1118 J=1,NS

TF(A(LyJ)eNELOS)
1118 CONTINUE

TUSE(J} = -10000

L = L-1
101 = IQ1-1
GC T0 43

TEST FOR CCNVERGENCE

[aNale!

116 IF (ITNUMB.EQ.Q) GO 10O 14
IF (AMBDA.LT.1l.) GO TO 43
SUM = (ENN-SUMN)/ENN
IF (SUM.LT.0.) SUM = -SUM
IF (SUM.GT.0.5E~5) GO TO 43
BC 120 JsleNS
IF (IUSE(J).LT.0) GO TO 130
AA= DELN{J)/SUMN
IF(AA-LT.G.) AA==AA

M M M MW U U U EH

GNEG2=GNEG2-ENLN(J)-TM

GO TO 113

EQLM 216
EQLM 217
EQLM 218
EQLM 219
EQLM 220
EQLM 221
EQLM 222
EQLM 223
ECLM 224
EQLM 225
EQLM 226
EQLM 227
EQLM 228
EQLM 229
EQLM 230
EQLM 231
EQLM 232
EQLM 233
EQLM 234
EQLM 235
EQLM 236
EQLM 237
EQLM 238
EQLM 239
EQLM 240
EQLM 241
EQLM 242
EQLM 243
EQLM 244
EQLM 245
EQLM 246
EQLM 247
EQLM 248
EQLM 249
EQLM 250
EQLM 251
EQLM 252
EQLM 253
EQLM 254
EQLMm 255
EQLM 256
EQLM 257
EQLM 258
EQLM 259
EQLM 260
EQLM 261
EQLM 262
EQLM 263
EQLM 264
EQLM 265
EGLM 266
EQLM 267
EQLM 268
EQLM 269
EQLM 270
EQLM 271
EQLM 272
EQLM 273
EQLM 274
EQLM 275
EQLM 276
EQLM 277
EQLM 278
EQLM 279
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1F (TUSE(J)1.EQe0) AA = AA®EN{J,NPT) EQLM 280

IF(AA.GT.0.5E-5) GO TO 43 EQLM 281
130 CONTINUE EQLM 282
C EQLM 283
C CALCULATE ENTROPY, CHECK ON CELTA S FOR SP PROBLEMS FQLM 284
C EQLM 285
TCTIN(NPT) = O, EQLM 286
SSUM(NPT) = 0. EQLM 287
CC 182 J31,4NS EQLM 288
IF(ILSE(J)«LT.0) GO TO 183 EQLM 289
TOTN(NPT) = TOTN(NPT) + EN(J,NPT) FQLM 290
SS = StJ) EQLM 291
IF(IUSE(J)+EQe0) SSSSS-ENLN(J)-TM EQLM 292
SSUM(NPT) 5 SSUMINPT)+SS*EN(J.NPT) EQLM 293
1€3 CONTINUE EQLM 294
TF{«NOT«SP,ORNPT.EQ.1) GO TO 13 EQLM 295
SS = SSUM(NPT) -S0 EQLM 296
IF({SSeLTo{-0.0G0C5)«0R:S5S¢GT40.00005) GO TO 43 EQLM 297
IF(RITE) WRITE(€,1183) SS EQLM 298
11€2 FCRMAT(1ZHODELTA S/R =,E15.8) EQLM 299
c £QLM 300
13 CCNVC= TRUE. EQLM 301
GC TC 160 EQLM 302
14 WRITE(6+973) ITN,NPT EQLM 303
973 FORMAT(1FL,12,69H ITERATIONS DID NOT SATISFY CONVERGENCE REQUIREMEEQLM 304
INTS FOR THE POINT 15) EQLM 305
IF “{ eNOTeHPcOR NPT NEe1+ORNC.EQ.0.0R.TT,6T.100.) GC TO 873 EQGLM 306
WRITEL6,ET4) EQLM 307
GC T0 873 EQLM 308
C EQLM 309
C CCNVERGENCE TESTS ARE SATISFIED, TEST CCUNDENSED SPECTES. EQLM 310
C EQLM 311
160 IF(NC.EC.0) GO TC 143 EQLM 312
CC 14€ J=1,4NS EQLM 313
IFIEN(JNPT1,GE.Q.) GO TO 146 EQLM 314
IF (JNE.JSOL +AND. J oNE.JLIQ) GO TQO 147 EQLM 315
JSCL = ¢ EQLM 316
JLIG = C EQLM 317
147 1Q1 = IQ1 - 1 EQLM 318
EN(JNPT) = O, EQLM 319
GO TO 16¢ EQLM 320
146 CCNTIANUE EQLM 321
SIZEC = 0. EQLM 322
INC = O EQLM 323
CO 170 J = 14NS EQLM 324
IF (IUSE(JY.EQ.D +OR. TUSE(J)eEQ.-10C00) GO 7O 170 EQLM 325
INC = INC % 1 EGLM 326
IF(RITE) WRITE(6y144)(SUB(JsI)y1=143),TEMPIINC,1)},TFMPLINC,2),TUSEQLM 327
1ECI)HENUJHNPT) . EQLM 328
144 FORMAT (1HO,3A4,2F1043,3X,5HIUSE=,14,E15.7)" EQLM 329
IF(EN{JINPT)}oGTL0e) GO TO 169 EQLM 330
KG = 1 EQLM 331
IF{IUSE(J)EQ.=TUSE(J+1)) GO TD 154 EQLM 332
TF(JaEQalORLIUSELI)NEL-TUSE(JI-1)) GO TC 153 EQLM 333
KG = -1 EQLM 334
164 JKGC = J £ KG : EQLM 335
TMELT = TENP(INC,1) EQLM 336
IMP = INC + KG EQLM 337
IF(TVNELTLEC.TEMP(IMP, 2} GO TO 158 EQLM 338
TMELT = TEMP(INC,2) EQLM 339
IF (TMELTL.EQ.TEMP(IMP,1)) GO TO 157 EQLM 340
WRITE (64156} EQLM 341
156 FORMAT (5CHQ3 PHASES OF A CONDENSED SPECIES ARE CUT CF ORDER ) EQLM 342
GC 10 872 EQLM 343
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EQLM 344

C JTH SPECIES A SOLID (EN=0), (J+KG)TH SPECIES A LIQUIC (=N IS +) EQLM 345

C EQLM 346

157 IF(TT.GT.TMELT) GO TC 169 EQLM 347

IF (TPJANCL.TT.EQ.TMELT)} GO TC 169 EQLM 348

IF (TP} GO TO 1165 EQLM 349

IF (TYLLELTMELT-150.) 5O TO 1165 EQLM 350

JsoL = J . EQLM 351

JLIQ = JKG EQLM 352

GO 10O 15¢ EQLM 353

¢ EQLM 354

C JTH SPECIES A LIQUID(EN=0), (J+KG)TH SPECIES A SCOLIC (EN IS +) EQLM 355

C EQLM 356

158 IF (TT.LTLTMELT) GO TO 169 EQLM 357

IF (TPJANC TTLEQ.TMELT) GO TC 169 EQLM 358

IF (TP) GC TO 1165 EQLM 359

IF (TT.GE.TMELT4150.) GO TO 1165 EQLM 360

JSOL = JKG EQLM 361

JLIQ = J EQLM 362

159 TLN = ALCG (TMELT) EQGLM 363

TT = TMELTY EQLM 364

EN(JKGyNPT) = .5 * EN{JIKG,NPT) EQLM 365

EN(JINPT) = EN(JKG,NPT) EQLM 366

GC TO 165 EQLM 367

c EQLM 368

C WRONG PHASE INCLUDEC FOR T INTERVAL, SWITCH EN EQLM 369

C EQLM 370

1185 EN(J4NPT) = EN (JKGy NPT) EQLM 371

IUSE(J) = —-TUSE(J) EQLM 372

IUSE (JKG) = -TUSE(JIKG) ] EQLM 373

EN(JKGyNPT)= O, EQLM 374

GG TO 40 EQLM 375

153 IF (TT.LTSTEMP(INC,1) JAND.TEMP{INC,1).NE.TLOW) GC TC 169 EQLM 376

IF {(TT.GTI.TEMP(INC,2)) GO TO 169 EQLM 377

C EQLM 378

Suv = 0. EQLM 379

DO 1€7 I = 1,L EQLM 380

SUM = SUNM + A(I,J)*X{(1) EQLM 381

167 CONTINUE EQLM 382

CELG = HC{J)-S(J)=SUV EQLM 383

IF(RITE) WRITE(Ey16EIDELGYSIZEG EQLM 384

168 FCRMAT {18H GO-SUM(ATJ*PII) =E15,7,10X,17HMAX NEG CELTA G =,E15.7)EQLM 385

IF(DELG.GELSIZEG +OR. DELG.GE.O.) GO TO 169 EQLM 386

SI1ZEG = CELG EQLM 387

JDELG = J EQLM 388

169 IF{INC.EQ.NC) GO YO 1160 EQLM 389

170 CCNTINUE EQLM 390

1160 IF (STZEC.EQ.0.) GO TO 143 EQLM 391

4 = JCELC EQLM 392

165 IQ€1 = IQl £ 1 EQLM 393

166 TUSE(J) = - TUSE(Y) EQLM 394

40 CONVG = LFALSE. EQLM 395

JS1 =1 EQLM 396

CALL CPHS EQLM 397

143 TN = NUME EQLM 398

IF{«NOT.S5HOCK) WRITE(6+TTLINPTHIX{IL)IL=1,L),TN EQLM 399

771 FCORMAT (13,14F9.3) EQLM 400

Js1 =1 EQLM 401

IF{TP.ANC.CCONVG) CALL CPHS EQLM 402

TTNUMB = ITN EQLM 403

GC TC 43 EQLM 404

c EQLM 405

C CALCULATE EQUILIBRIUM PROPERTIES EQLM 406

C FQLM 407
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70

EQLM 408

1171 DLVPTINPT) = -1, EQLM 409
CLVTPI(NPT) = 1. EQLM 410
CPR(NPT) = CPSUM EQLM 411

GC TO 199 EQLM 412

171 DLVPTINPT) = -1. + X{1Q1Y} EQLM 413
[F{JLIQ.EQ.O0) GO TO 199 EQLM 414
SN(JSOL,NPT) = ENSOL EQLM 415
TJUSE(JLIQ) = -TUSE(JLIQ) EQLM 416
HSUM(NPT]) = HSUM(NPT)I+EN(JLIQyNPT)*{HO(JLIQ)-HO(JSCL)) EQLM 417

IC1 = IQ1«x1 EQLM 418
GAMMAS(NPT) = -1./DLVPTINPT) EQLM 419

GO TO 18¢ EQLM 420

166 GAMMAS(NPT) = —-1./(DLVPT(NPT)IH(DLVTIP(NPT)*%2)%ENN/CPR(NPT)) EQLM 421
18€ TTTINPT) = TT EQLM 422
ENNL = ENL EQLM 423
PPP(NPT) = PP EQLM 424
VLM(NPT) = RR¥ENN%TT/{101.325%PP) EQLM 425
HSUMINPT) = HSUM(NPT)*TT EQLM 426
WM{NPYT) 5 1./ENN FQLM 427
IF(TRACE.EC.C.) GO TO 200 EQLM 428

DC 12C0 J=1,4NS EQLM 429
IF(TUSE{(J)NE.O) GO TO 1200 EQLM 430
[FCENLN(J)oGTe-87.) ENCJ,NPT)=DEXP{ENLN(J)) EQLM 431
1200 CONTINUE : EQLM 432
200 IF{.NOT.RITE) GO TO 863 N EQLM 433
WRITE(6,201) NPT 4PPsTYHSUNMINPT),SSUM(NPT) ,WM(NPT) ,CPR(NPT), EQLM 434

1 DLVPTINFT),DLVTP(NPT),GAMMAS{NPT) ,VLM(NPT) EQLM 435

201 FORMAT {(THOPOINT=13,3Xy2HP=E13,6,3X,2HT=E13.643X,4HH/R=E13.6,3%X,4HEQLM 436
1S/R=E13,6//73X43HMU=E13463X,5HCP/R=E13.6,3X,6HDLVPT=F13,6%3X6HDLVEQLM 437

2TP=E12.643X, IHGAMMA(S)=E13,6+3Xy2HV=4E13.6) EQLM 438
863 IF(TT.GE4TLOWSAND.TT.LE.THIGH4ORLSHOCK) GO TO 100C EQLM 439
WRITE(64306) TT,HNPT EQLM 440

306 FORMAT(17HOTHE TEMPERATURE=E12.4,26H IS CUY OF RANGE. FOR POINT,IS)YEQLM 441
IF(TT.GE.TLOW/1e5.AND.TT.LE. THIGH*1,.25) GO TO 10CC EQLM 442

NPT = NPT+1 EQLM 443
EQLM 444

ERROR, SET TT7%0 EQLM 445
EQLM 446

873 TT=0. EQLM 447
NPT = NPT-1 EQLM 448
1000 RETURN EQLM 449
END EQLM 450
SUBROUTINE CPHS CPHS 1
CALCULATES THERMODYNAMIC PROPERTIES FOR INDIVIDUAL SPECIES CPHS 2
CPHS 3

TYHE FOLLOWING DOUBLE PRECISION TYPE STATEMENTS ARE REQUIRED FOR CPHS 4
JBM 260 MACHINES ONLY CPHS 5
CPHS 6

DOUBLE PRECISION COEF4+S,sENENLN,HO,DELN CPHS 7
CPHS 8

. CPHS 9

COMMON /SPECES/COEF{2,7,100),5(100),H0(100),DELN(1C0),DUMMY (100}, CPHS 10

1 EN(100,13),ENLN(100),A(10,100),SUB(100,3),IUSE(100),TEMP(50,2) CPHS 11

COMMON /NMISC/ENN,SUMNyTT,S0,ATOM(3,101),LLMT(10),B0(10),BOP(10,2),CPHS
1 TMy TLOW,TMIDY THIGH PPy CPSUM,0OF  EQRAT,FPCT4RyRRyHSUBO ,AM(2),
2 HPP{2)4RH(2)4 VMIN(2),VPLS(2),WP{2),DATA(22),NAME(15,5),

e
[WRX

CPHS
CPHS 14

3 ANUM{1545),PECWT(15)4ENTH(15),FAZ(15),RTEMP(15),FOX(15)4+DENS{15),CPHS 15

4 RHOPyRMWI{15) TLN4CR+OXF{15) yENNL, TRACE,LLMTS(10),SBOP(10)2)
COMMON /INCX/IDEBUG+CONVGyTPyHP 4 SP oISV NPP,MOLES,NP,NT,NPT,NLM.

VO T T T T A A

CPHS 16
CPHS 17

M M0 KK LEE



1 NS,KMAT,IMAT,1Q1410F4NOF,NOMIT,IP,NEWR,NSUB,NSUP,RKT,DETN,SHOCK, CPHS 18
2 ICNSyNCoNSERT,JSOL,JLIQ,KASE#NREAC,IC»JS1,VOL,IT-CALCH,NLS,LOGV, CPHS 19

3 ISUP,ISUB, ITNUM,ITM, INCDFZ, INCDEQ)CPRF,IPP,SEQL,PCPLT CPHS 20
C CPHS 21
EQUIVALENCE (J,JS1) CPHS 22
C CPHS 23
K =1 CPHS 24
IE(TTLLELTMID) K =2 CPHS 25
KK = C CPHS 26
CPSL¥=0, CPHS 27
50 IF{CCEF{Ky1yJ)eNE.0Q.)GO TO 97 CPHS 28
1F (ILSE(J).LT.0) GO YO 100 CPHS 29
c CPHS 30
C §F CCEFFICIENTS ARE ZERC; USE OTHER TEMPERATURE INTERVAL CPHS 31
C CPHS 32
KK = K CPHS 33
K =1 CPHS 34
IfF (KK.EQ.1) K = 2 CPHS 135
67 S{J) = {(({{COEF(Ky54,J)/4.)%TT+ COEF(Ky4,J)/3.)%TT+ COEF(K,3,U)/ CPHS 36
1 2.)% TTHACCEF(K224J))%TT+ COEF(K,1,J)*TLN + COEF(K,7,J) CPHS 37
HC(J) = (({(COEF(Ky45+J)/5.)%TT+ COEF{Ky444J)/4.)%TT+ COEF({K,3,J)/ CPHS 38
1 3.) *TT4 COEF(Ky24J)/2)%TT+ CDEF(Ky1,J) + COEF(K,6,J)/77 CPHS 39
CPSUM= CPSUME{(((COEF{Ky5,J)*TT+ COEF{Ky4,J))%TT+ COEF(K,3,J))*TT CPHS 40
1 + COEF(Ks2,J))%TT+ COEF(K,1,J))%ENCIHNPT) CPHS 41
IF (KX.EQ.Q) GO TO 100 CPHS 42
K = KK CPHS 43
KK = 0 CPHS 44
1€0 :IF{J.EQ.NS}Y GO TC 20C CPHS 45
J2d4l CPHS 46
60 10 9¢ CPHS 47
200 RETURN CPHS 48
END CPHS 49

c
SUBRCUTINE MATRIX MATX 1
C MATX 2
C MATX 3
COCUBLE PRECISION G,X MATX 4
LOGICAL +P4SP» TP, IDEBUG,CONVGSNEWR,VOL,UVsSV,TV,LOGV MATX 5
C MATX 6
C THE FOLLOWING DOUBLE PRECISION TYPE STATEMENTS ARE REQUIRED FOR MATX 7
C IBV 360 FMACHINES ONLY MATX 8
C MATX 9
C COUBLE PRECISION HSUM,SSUM,CPR,DLVTP,DLVPT,GAMMAS MATX 10
c COUBLE PRECISION COEF;S,ENSENLN,HO,0ELN MATX 11
C COUBLE PRECISION HyF,SS,TERM1, TERM,SSS MATX 12
C MATX 13
COMMON /POINTS/HSUM(13),SSUM(13),CPR{13),DLVTP(13),DLVPT(13), MATX 14
1 GAMMAS(13),4P(26),T{52),V{(13),PPP(13)¢WM({13),SONVEL(13)},TTT(13), MATX 15
2 VLM(13),TOTNI(13) MATX 16

COMMCN /SPECES/COEF(2,7,100),5S(100),H0(100),DELN(1CC),DUMMY(100), MATX 17
1 EN(1CO»13),ENLN(100),A(10,100),SUB(100,+3),IUSE(100),TEMP(50,2) MATX 18
COMMON /MISC/ENN,SUMNyTT SO, ATOM(3,101),LLMT(10},B0(10),BOP(1042),MATX 19

1 TM, TLOW,TMID, THIGH,PP,CPSUM,0F ,EQRAT,FPCT,RyRR4HSUBO ,AM(2), MATX 20
2 HPP(2)4RH(2)5 VMIN{2),VPLS(2),WP{2),DATA(22)4NANME(15,5), MATX 21
3 ANUM(15,5),PECWT(15);ENTH{15),FAZ(15),RTEMP(15),FOX(15)+DENS{15),MATX 22
4 RHOPyRMW{15)y TLNJCR,OXF(15) yENNL,TRACE,LLMTS(10),SBOP(10%2) MATX 23
COMMON /DOURLE/ G(20,21), X(20) MATX 24

COMMON /INDX/IDEBUG,CONVG, TP ,HP,SP,ISVyNPP,MOLES,NP4NT,NPT,NLM, MATX 25
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1 NS,KMAT, IMAT,1Q1,IOFyNOF4NOMIT,IP,NEWR,NSUB,NSUP+RKT,DETNySHOCK,
2 TONSyNCyNSERT,JSOL+JLIQ,KASE,NREAC,IC4JS1,4VOL,ITo,CALCH,NLS,LOGYV,
3 ISUP,ISUBsITNUM,ITM,INCDFZ,INCDEQ,CPRF,IPP,SEQL,PCPLT

EQUIVALENCE (NLMyL) (TP, TV) 4 (SV,4SP), (UV,HP)

IQ2 Ig1 41

1Q3 IGz 1

KMAT = 103

[F{.NOT.CONVG.AND.TP) KMAT = 1IQ2
IMAT = KMAT - 1

CLEAR MATRIX STORAGES TO ZERC

[aXelal

CO 211 I=1,IMAT

CO 211 K=1,KMAT

G‘I'K)= 0.CDO
211 CONTINUE

$SS = 0.

HSUM(NPT) = C.

BEGIN SET UP OF ITLCRATION MATRIX

[aXaNel

KK = L

CO 65 J=1,NS

IF{IUSE(J).LTL.C) GO TO 65
H2HO(J)*EN(JNPT)

IF(IUSE(J)GT.0) GO TO 70

F = (HO(U)=SEII¥ENLN(I)ETM)*EN(J,NPT)
SS = H-F

TERMY = H

IF (KVAT (EQC. IQ2) TERM]1 = F

CC 85 1 = 1, L

CALCULATE THE ELEMENTS R{I.K)

OO

IF (AlI,J) +EQ. Q.) GO TO 55

TERM= A(1yJ)IXEN{J4NPT)

CC 15 K=1I, L

GIIyK)= G(I4K) + A{(K,J}*TERM
15 CONTINUE

G(I,IQ1)=G(I,IQ1)+TERM
GUI,IQ2)=G(T1,IQ2)+A(1,J)*TERNV]
If (CONVG OR.TP) GO TO 55
GlI,1Q3)= GUI,IQ3)+A(L,J)%F
IF (SP) GUIQ24I) 2 G(IQ2s1) + A(I,J)%SS
£5 CCNTINUE
IF (KVAT LEQ. IQ2) GG TO 64
IF(CONVG.OR.HP) GO TC 59
G(I1Q2,1Q1) = G(IQ2,ICL) + SS
G(IN2,IQ2)=G(1Q2,1Q2)+HO(J)*SS
G(IQ2,IQ2) = G(IQ2,IQ3)+(S(J) — ENLN{J)=TM)*F
GO TO 62
59 6(I1Q2,1Q2¥=G(1Q2,1Q2)+HO(J)*H
IF (CONVG) GO TO 64
GtIQ2,IQ2)=G(IQ2+1Q3)+HO(J)*F
€2 G(IQ1,IQ2)=G(IQl,IQ3)+F
€4 GLIQL,IQ2)=G(IQLl,1Q2)+TERML
GC TO 65

CCNCENSED SPECIES

OO

70 KK = KK 4 1
CO 7€ I = 1,L
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GEIsKK) = AtI+d) : MATX 91

GLIWKMAT) = T{I,KMAT) = A(I4+J)*EN(JINPT) MATX 92

75 CONTINUE MATX 93
GIKK,1Q2) = HO'J) MATX 94
GUKK,KMAT) = HO{J) - S(J) : MATX 95
HSUNMINPT) = HSUM(NPT}+ H MATX 96
IF(.NOT.S5P) GO TO 65 MATX 97

SSS = SSS £ SUJYXEN(JWNPTY MATX 98
G{IQ2,KK) = StJ) MATX 99

€5 CONTINUE MATX 100
§SS = SSS + G(IQ2,1Q1) MATX 101
HSUM(NPT) = HSUM(NPT) + G(IQ1l,1Q2) MATX 102
G(IQ1,IQ1) 5 SUMN - ENN MATX 103

C MATX 104
C REFLECT SYMMETRIC PORTIONS OF THE MATRIX MATX 105
C MATX 106
IsYM = 101 MATX 107
TF{HP.OR.CONVG)ISYM=1Q2 MATX 108

CO 102 I=1,ISYM MATX 109

DO 102 JsI,1ISYM MATX 110
Gtdy1)=G(1,J) . MATX 111

10z CONTINUE MATX 112

C MATX 113
C COVPLETE THE RIGHT HAND SIDE MATX 114
c MATX 115
TF{.NCT.CONVG) GO TC 140 MATX 116
IF{NCT.LOGV) GO TO 175 MATX 117

c MATX 118
C LOGY = LTRUE.,-- SET LP MATRIX TO SOLVE FOR DLVPI MATX 119
C MATX 120
GLIQ1,1Q2) =5 ENN MATX 121

IQ = IQ1 - 1 MATX 122

CO 125 I = 1,1Q MATX 123
G{I,IQ2) = G(I,IQ1) MATX 124

125 CONTINUE MATX 125
GO TC 17¢ MATX 126

140 D€ 145 I=1,L MATX 127
X{1)=BO(I}-G(I,1Q1} MATX 128

GL{I KMAT) = GUI KMAT)+X(1) MATX 129

145 CCNTINUE MATX 130
GLIQLWKMAT) = GLIQLKMAT)+ENN-SUMN MATX 131

C MATX 132
c COMPLETE ENERGY ROW AND TEMPERATURE COLUMN MATX 133
c MATX 134
IF {KMAT .EQ. 1Q2) GO TO 185 MATX 135

IF (SP)ENERGY = SO+ENN-SUMN - SSS MATX 136
TF(HP)IENERCY=HSUBQG/TT - HSUM(NPT) MATX 137
GlIQ2,1Q2)=G(1IQ2,103)+ ENERGY MATX 138

175 GUIQ2,1Q2)= G(IQ2,1Q2)+CPSUM MATX 139
185 IF(.NOT.VOL.OR.CONVG) GO YO 1000 MATX 140

C MATX 1641
C CONSTANT VCLUME MATRIX MATX 142
C MATX 143
IC =1Ql-1 MATX 144
JF(KMAT.EQ.1Q2) GO TC 230 MATX 145

CC 220 1=1,1Q MATX 146
GLIQ1,I) = G(IQ2,I)-C(IQLl,I) MATX 147
GfI,ICl) = G(I,1Q2)~-G{I,1Q1)} MATX 148
GUI,IG2) = G(I,1Q3) MATX 149

220 CONTINUE MATX 152
GLIQ1,1IQ1) = G(IQ2,1Q2)-G1IQ1l,1Q2)-G(IQ2,1Q1) MATX 151
GIIQ1l,1IQZ2) = GUIG2,IQ3)~G(1Q1,1Q3) MATX 152

IF (UV) 6(1IQ1,1Q2) = G{IQ1,1Q2) + ENN MATX 153

GO TO 260 MATX 154
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230 0O 24C I1=1,1Q MATX
GlI,IQl) = G(I,IQ2) MATX
240 CONTINUE MATX
280 KMAT = IMAT \ MATX
IMAT = IMAT-1 MATX
1000 RETURN MATX
END MATX

C
SUBRDUTINE CUT1 ouTe
C ouTe
DCUBLE PRECISION G,yX ouTP
c ouTP
C THE FCLLCWING DOUBLE PRECISION TYPE STATEMENTS ARE RECUIRED FOR ouTe
C I8V 360 MACHINES ONLY ouTe
C ouTe
c DOUBLE PRECISION HSUM,SSUM,CPR,DLVTP,DLVPT,GAMMAS ouTte
C DCURLE PRECISION COEF,S,EN,ENLN,HO,DELN ouTP
c ouTe
LOGICAL EQL,FROZ,TP4HP,SPyHPSP, TPSP,MOLES,VOL4PUNCH,RKT ouTp
c ouTP
DIMENSION NV(13),2(1033) +HEAC(15)yYX(5)4YN{5)4FSB(3),FRHO(3) cuTe
DIMENSION CENSTY(13),ENTLPY(13),ENTRPY(13),SPHEAT(13) ouTP
c ouTP
CCMMON /POINTS/HSUM{13),SSUM(13),CPR(13),DLVTP(13),CLVPT(13), ouTP
1 GAMMAS(137,P{26),T(52),V{13)4PPP{L13)4WM(13),SONVEL(13)},TTT(13), OQUTP
2 VLM(13),TCTNIL13) ouTP
CCVMON /SPECES/COEF(2,74,100),S(100),H0(100)},DELN(1C0),DUMMY(100), OUTP
1 EN(1CO+13),ENLN(100O)4A(10,1C0),SUB{100,+3),IUSE(10C) ,TEMP(50,2) ouTP
CCMMON /MISC/ENN,SUMN,TT ,SO,ATOM(3,101),LLMT(10),R0(10),80P(10,2),0UTP
1 TMy TLOW,TMIDy THIGH,PP,CPSUM,0F  EQRAT,FPCT,R,RRyHSUBO ,AM(2), ouTe
2 HPP(Z) WRH(2) 4y VMIN(2),VPLS(2)yWPL2)4DATA{22)4NAME(15+5), ouTe
3 ANUM(15,5),PECWT{15)yENTH(15),FAZ{15),RTEMP(15)+FOX(15),DENS(15),0UTP
4 RHOP,RMW(15) 3 TLN4CRyOXF(15) yENNLoTRACE,LLMTS{10),SB0P(10,2) ouTe
COMMON /DOUBLE/ G(20,21)y X(20) ouTe
COMMON /INCX/IDEBUGyCONVG TP 4HP s SP4ISV,NPP 4MOLES NP, NT,NPT,NLM, ouTP
1 NSyKMAT,IMAT, 1015 I0F4sNOFyNOMIT,IP ,NEWR,NSUB,NSUP¢RKT,DETN,SHOCK, OUTP
2 1CNSHYNC o NSERT,JSOL»JLIQKASE,NREAC,1C,J51,VOL,IT,CALCH,NLS,LOGV, OUTP
3 ISUPLISUB,ITNUM,ITM,INCDFZ+INCDEQsCPRF,IPP,SEQL,PCPLT ouTP
COMMON /PERF/PCP(22),VMOC{13),SPIM{13),VACI(13),SURAR(13}, ouTP
1 SUPAR(12),APP(12),AEAT(13),CSTR,EQL,FROZySSO,AREA,AWT,NFZ, guTe
2 APPL,ARATIO,ELN ouTP
CCMMON /SAVED/SLN{10C), IQSAVE,ENSAVEENLSAV,LSAVE,JSOLS.JLIQS, auTP
1 LLL LM, MAXNP,STORE(52,16)9XS120)3WMOL{20),IND{20),NM, ouTP
2 FIRSTPLFIRSTV ouTP
COMMON /OUPT/FMT(30),FPU4) FTL{4)4FH{4),FS(4)FM(4),FV(4),FD(4), ouTP
1 FCl4)oFGla)sFByFMTL24F1,F2,F3,F44F5,FL(4),FMTIQ,FAL,FA2, ouTe
2 FRISJFCLyFN(4)yFRUG)yFA(4)4FI{4)FMTOX,FO ouTe
COMMON /CONTRL/TRNSPT,FROZN,PUNCHyNODATA ouTe
c : ouTe
EQUIVALENCE (VoNV),(Z§HO),(IB,FB) QuTP
C ouTe
c HEAC=(1H 42A4,5(A2,FBa593X) a5X9FTa5yF134394XyA14F10.2+F944) ouTe
C ouTe
DATA HEAD/4H(L1H ,4H.2A%,2H5,4H (A2, 4HFB.5 ,4H3X)9y2H 5 »2HX, ouTe
1 §4HF7e5 34H,F13 44Ha3,4 24HX9Al 24H,F10 44He24F 44HS.4)/ ouTe
DATA FUEL/4HFUEL/iOXID/4HOXID/ yANT/3HANT/,CX/1HO/412/2H00/, ouTP
1 YN/ZHely 2Hs2y 2Hy3y 2Heb, 2Hs5 /4FT5/4HFT7.5/, ouTe
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2 YX/3Hy5792H94443H,31,43H,184,2H,5 /+FT3/4HFT,.3/ cuTe SO

DATA FRHO/4HRHO,44H G/Cy1HC/ ouTP 51
c cutTep 52
TIF(KASENE.O) WRITE (6,3) KASE gute 53
2 FCRMAT {(9H CASE NO. ,18) outTe 54
IF(.NOTMOLES) WRITE(645) ouTe 55
5 FCRMAT (77X,46HWT FRACTION ENERGY STATE TEMP DENSITY/ oute 56
1 10X, 16HCHEMICAL FORMULA.S51X,21H(SEE NOTE) CAL/MOL,10Xy5HOEGC K,0UTP 57
2 4X,4HG/CC ) ouTP 58
IF(MOLES) WRITE(E,6) outTe 59
6 FORMAT (79X,5HMOLES,7X, 33H ENERGY STATE TEMP DENSITY/ ouTP 60
1 10X,16HCHEMICAL FORMULA 66X, THCAL/MOL,10X,13HDEG K G/CC ) ouTe 61
CO 15 N=1,NREAC ouTeP 62
TFIFOX{N).,NE.OX)GO TC 10 ouTP 63
HD1 = OXID ouUTP 64
HO2 = ANT outTe 65
GO TO 11 OuTP 66
10 HD1 = FUEL ouTP 67
HD2 = FB cuUTP 68
11 0O 12 J=1,5 cuTe 69
IF(NAME(N,J)EQ.IZ.ORNAME(N,J}.EQ.IB) GO TO 14 ouTP 70
13 CONTINUE ouTte 71
Jz2é ouTP 72
14 J2J-1 ouTP 73
HEAD(3)=YN(J) ouTP 74
HEAD(T7)=YX(J) oute 75
HEAD(S) 5 F75 oute 76
IF(PECWT(N).GE«10.) HEAD{9)=F73 £~ ouTP 77
WRITE(G6,HEAD) HD1,HC2, (NAME{NyJJ) ANUM(N,JJY4JJ=1,J),PECHT(N), outTP 78
1 ENTHIN), FAZ{(N),RTEMP{N),DENS(N) ouTP 79
15 CONTINUE ouytTP 80
FPC = 100./(1.+0F) ouTe 81
WRITE(6420) OF,FPC,EQRAT,RHCP guTP 82
20 FORMAT (1HO,15X, 4HO/F=, FB8¢4s4X,13HPERCENT FUEL=4FB.4y4X} ouTPp 83
1 19HEQUIVALENCE RATID= ,FT.4y4X,1THREACTANT DENSITY=yF8.4//) ouTe 84
ABV = 9.80665 ouTP 85
C guTP 86
RETURN ouTP 87
c ouTP 88
ENTRY 0OUT2 ouTP 89
FMT(4) = FMT(6) gutP 90
c oute 91
c PRESSURE oute 92
C ouTe 93
50 IF(R,LT.10.) GO TN 60 ouTe 94
CALL EFMI{NPT,FP,PPP) ouTP 95
GO TO 64 ouTP 96
€0 CALL VARFMT (PPP,NPT) oute 97
WRITE (64FMT)  (FP(I),I=134),(PPP(J)yJ=1,NPT) ouTP 98
C ouTP 99
C TEMPERATURE ouTP 100
C ' ouTP 101
64 DO 65 IS1,NPT OUTP 102
NVII)= TIT(I)+.5 ouTeP 103
85 CONTINUE ouTP 104
FMT(4)= FMT13 guTP 105
FNMT(S)= FMTIO ouTe 106
WRITE (6,FMT) (FT{I)41=1,4)ANVIJ)4J=1,NPT) ouTP 107
C ouTP 108
c DENSITY ouTP 109
c ouTe 110
CO 70 I=14NPTY cuTP 111
IF{IVLVM(I)oNELO.) VII)=1la/VLMLI) ouTP 112
DENSTY{({I) = ViD) ouTe 113
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70 CCNTINUE ouTeP 114

. CALL EFMT(NPT;FRHO,V) ouTP 115
c ouTP 116
C ENTHALPY ouTP 117
c _ ouTP 118
DC 75 I=1,NPT ouTP 119
VEI) = HSUM{I) % R ouTe 120
ENTLPY(I) = V{I) : ouTe 121
75 CCNTINUE ouTP 122
FMT(S)= B ouTP 123
IF(R.LT,.10.) GO TO 7¢ ouTP 124
CALL EFMTU(NPT}FH,V) ouTP 125
FMT(7) = F1 ouTP 126
GO T0 77 ouTP 127
16 FMT(7) = F1 ouTP 128
WRITE (6,FFT) (FH({I);31=1,4),(VI{J)yJ=1,NPT) ouTP 129
C guTP 130
C  ENTROPY ouTP 131
c cuUTP 132
FRT(7)=F4 oute 133
77 CO 78 1=1,NPT QUTP 134
VEI) = SSUMII) * R oUTP 135
ENTRPY(I) = V(I) cuTP 136
78 CONTINUE ouTP 137
WRITE (64FMT)  (FS(I)31=194)44VIJ)J=14NPT) ouTP 138
WRITE (6,80} ouUTP 139
80 FORMAT ( 1H ) OUTP 140
c OUTP 141
C  NOLECULAR WEIGHT ouTP 142
C QUTP 143
FMT(7)= F3 oUTP 144
WRITE (64FMT)  (FM(I)iI=154) {WM{J),J=1,NPT) QUTP 145
c CUTP 146
c toLv/oLe) T QUTP 147
c CUTP 148
FMT(7)=F¢ QuUTP 149
IF(EQL) WRITELG6,FMT) (FV(1)sI=1,4), (DLVPT{J)J=1,NPT) OUTP 150
C guTP 151
C (DLV/0LT)P , ouTP 152
C ouTP 153
FMT(T)= F4 OUTP 154
IFIEQL) WRITE(6,FMT) (FD(I),I=1,4),(DLVIP{J) yJd=1,NPT) QuTP 155
C QUTP 156
C  HEAT CAPACITY ouTP 157
C QuTP .158
IF{R.GT.10.) FMT(7)=F1 OUTP 159
0D 85 1I=1,NPT OUTP 160
VEI) = CPR(I) % R QUTP 161
SPHEAT(I) = V(1) guTP 162
85 CONTINUE ouUTP 163
WRITE(6,FMT)  (FCUI)3I=2144),(VIJ)yJ=14NPT) ouTP 164
c oUTP 165
C  GAMMA(S) CUTP 166
C ouTP 167
FMT(T) = F4 QuUTP 168
WRITE(6,FMT)  (FGUT),I=1,4) 4 (GAMMAS(J),J=1,NPT) QUTP 169
c ' ouTP 170
C SONIC VELOCITY ouTP 171
c ouTp 172
FMT(7)= F1 ouTP 173
DO 95 I = 1,NPT ouTP 174
SONVEL(I) = (RREGAMMAS{I)®TTTL{I)/WM(I))%%,5 QUTP 175
S5 CONTINUE ouTP 176
WRITE(64FMT) (FLUI),I=1,4),(SONVEL(J),J=" ,NPT) ouTP 177
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[% uulip 1r8
C PUNCHED CARCS ouTP 179
c ouTeP 180
IF(.NOT.PUKCH) GC TO 4 \ cuTP 181

DO 1 I=1,NPT ouTpP 182
IF(RKT,AND L ISV.EQeGCe ANDaMAXNPGT.0sANDe{I1+.EQeleOReIEQe2)) GO TO 10UTP 183

PUNCH 2, TTT(I)oPPP{I},DENSTY(I)ENTLPY(I),ENTRPY(T),uWM(I), oQuTP 184

1 DLVPTUI)4CLVTP(I)yV{I),GAMMAS(TI),SONVEL(I),FPC ) ouTP 185

2 FORMAT (F8.2y2(3X3E1Ce5)oF1lle2yF11e4yF11.5/2F1146,F11.59F11l.6, ouTP 186

1 F10.292XyFRe4) ouTe 187

1 CONTINUE ouTP 188

c ouTP 189
4 RETURN QuUTP 190

c ouTe 191
ENTRY 0OUT3 ouTP 192

c QuUTP 193
TRA = 5.E-¢ ouUTP 194
IF{TRACE.NE.Os) TRA= TRACE gyTP 195
TF(.NOT.EQCL)Y GO TO 231 GuTP 196

c ouTP 197
C MOLE FRACTIONS - EQUILIBRIUM ouTP 198
C ouTP 199
WRITE (6,80) ouTP 200
FMT(7)= F5 auTeP 201
WRITE(64+310) ouTP 202

310 FORMAT(15HCMOLE FRACTIONS //) ouTP 203
DO 22C K=1,NS CuUTP 204

CO 215 I=1,NPT ouTP 205

VEI)Y = EN(K,I)/TCTIN(I) ouTP 206

315 CONTINUE ouTP 207
DO 316 I=1,NPT ouTP 208
IF(TRACE.EC.0.) GO 7O 317 cuTP 209
IF(V(I).GE.TRACE) GC TO 325 ouTP 210

317 IF(V(I).GE.t{5.E-¢)) GO TO 320 ouTP 211
316 CONTINUE ouTP 212
GO T0 330 ouTe 213

320 WRITE {(6,FMT) SUBI(Ky1),SUBGK,2),SUB{K,3)+FBy(V(I),I=1,NPT) ouTP 214
GO 10 330 outTe 215

325 FSB(1l) = SUR(K,1) ouTP 216
FSB(2) = SUB(K,2) ouTP 217
FSB(3) = SUB(K,3) ouTP 218

CALL EFMT(NPTHFSBV) cuTP 219

330 CCNTINUE ouTp 220
331 WRITE(6,335) TRA QuTeP 221

33% FCRMAT(82HCADDITIONAL PRODUCTS WHICH WERE CONSIDERED BUT WHOSE MOLOUTP 222
1B FRACTICNS WERE LESS THAN ,E12,5428H FOR ALL ASSIGNFD CONDITIONS/QUTP 223

27/) cuTe 224
LINE= 0O guTe 225

NN =1 ouTP 226
IF(EQL) NN=NPT ouTeP 227

BC 35C Ks1.NS ouTe 228

CC 34C I=1,NN ouTe 229

IF ((EN(K,I)/TOTN(I)Y).GE.TRA) GO TO 343 ouTp 230

340 CCNTINUE ouTe 231
LINE= LINE£]L ouTP 232
ZCLINE,1)= SUB(K,1) ouTP 233
ZILINE,2)= SUB(K,2) ouTP 234
Z(LINE,3)= SUB{K,3) OuUTP 235

343 IF ((LINE.NEs10) .ANDs KeNEJ.NS) GO TO 350 QuTP 236
IF {LINE.EGC.0) GO TO 1000 ouTe 237
WRITE(64345) (Z(ILNy1)oZ(LNy2),Z(LN,3),LN=1,LINE) ouTeP 238

345 FORVMAT (10(1X,3A4)) ouTP 239
LINE= O ouTP 240

350 CCNTINUE QUTP 241
IF(JNCT.MOLES) WRITE(6,360) ouUTP 242
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360 FORMAT(TEHCNOTE. WEIGHT FRACTION OF FUEL IN TOTAL FUFELS AND OF OXIOUTP 243

2DANT IN YOTAL OXIDANTS ) QUTP 244
1000 RETURN ' ouTP 245
ENC ouUTP 246

C
SUBROUTINE VARFMY(V,NPTY VRFT 1
C VRFT 2
DIMENSION v(13) VRFY 3
C VRFT 4
CCMMON/DQUPT/FMT(30),FPL4) s FT(4) 4FHI4) FS(4),FMI4),FV(4),FD(4), VRFT 5
1 FC(4),FGL4),FByFMT13,F1,FR2,F3,F4yF5,FL(4),FMTI9,FAL,FA2, VRFY 6
2 FR1LZFCL1,FN(4)4FR{4),FA(4),FI14),FMTIX,FO VRFY 7
C VRFY 8
CC 45 I=1,NPT VRFT 9
Kz 2%]1+3 VRFT 10
FMT(K) = F4 VRFT 11
IF (VII).EE.10.) FMT(K) = F3 VRFT 12
IF (V{I)eGEL100.) FMT(K) = F2 VRET 13
1F (V({1).GE«10000.)FMT(K) = F1 VRFT 14
IF (V(I).GE.1000000.) FMT{K) = FO VRFT 15
4% CONTINUE ) VRFY 16
RETURN VRFT 17
END VRFT 18

C
SUBRCUTINE EFMT(NPT,AA,V) EFMT 1
C EFMT 2
DIMENSION AA(3), VI(13), WI(13), NE(13), FRMT(T7) EFMY 3
C _ EFMT 4
COMMON/CUPT/FMT(20) oFPU4) yFT(4) s FHI4)yFS{4)FML4),FV(4)FD(4)y EFMY 5
1 FC(4)+FGL4)yFRyFMT134F14F2,F3,F4,F5,FL(4),FMTI9,FAL,FA2, EFMT 6
2 FRIZFCL,FN{4)FR{4)FAL4),FI1&4),FMTIX,FO EFMTY 7
C EFMT 8
DATA FRMT/3H{1Hy4H,384,4H,11Xy4H,13(,4HFT,444H,12)4y1H)/4F63/4HF6,3EFMT 9
1/4FI13/4H,13)/yFT4/4HF T4/ F12/4H,12)/,F11X/4H,11X/F2X/3Hs2X/ EFMT 10
€ EFMY 11
FRMT(5) = F74 : EFMT 12
FRMT(6) = FI2 EFMT 13
Jl = 1 EFMT 14
FRMT(2) = F2X EFMT 15
IF(FMT(4).NE.FMTSX) GO TO 130 EFMY 16
Jl1 = 2 EFMY 17
FRMT(3) = F1l1X EFMT 18
130 DC 145 1=J1,NPT EFMT 19
IF(VII).AE.CQe) GC TO 140 EFMT 20
W(l) = 0, EFMY 21
NE(TI) = 0. EFMT 22
GO TO 145 EFMT 23
140 EE = ALCGLC(ABS(V(I))) EFMT 24
NE(I) = EE EFMY 25
FE = NFLT) EFMT 26
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IF{EESLE«Oe e AND.FEJNELEE) NE(I)=NE(I)-1 EFMT 27

IF(IABRSINE(I)).LT.10) GO TO 144 EFMT 28
FRMT(S) = F63 EFMT 29
FRMT(€&) = FI3 EFMT 30
144 WEL) = V(IY/10.%%NE(]) EFMT 31
145 CCNTINUE EFMT 32
WRITE(64FRNMT) (AA(TI)3I=193) (W {d)y NE{J),J=J1,4NPT) EFMT 33
1000 RETURN EFMT 34
END EFMT 35

o
SUBROUTINE THERMP (%) THRP 1
C THRP 2
€ THE FOLLOWING DOUBLE PRECISION TYPE STATEMENTS ARE REQUIRED FOR THRP 3
C I8M 260 MACHINES ONLY THRP 4
C THRP 5
C COURLE PRECISION HSUM,SSUM.CPR.DLVTP,DLVPT,GAMMAS THRP 6
C DOUBLE PRECISION COEF,S,EN,ENLN,HGQ,DELN THRP 7
C THRP 8
LOGICAL HP,SP,TP,UV,SV,NEWR, IONS,MOLES,FROZyEQL yPSTA,RKT,VOL,TV, THRP 9
1 CALCH THRP 10
C THRP 11
DIMENSICN VL (26} . THRP 12
C THRP 13
COMMCN /POINTS/HSUM{13),SSUM(13),CPR(13),DLVTP(13),0LVPT(13), THRP 14
1 GAMMAS{13),P{26),TI52),V{13),PPP(13)yWM(13),SONVFL(13),TTT(13), THRP 15
2 VLM(13),TOTN(13) THRP 16
COMMON /SPECES/COEF(2,7,100),S(100),H0(10D),DELN(100),DUMMY(100), THRP 17
1 EN(1CO,413),ENLN(LCO)+A(10,1C0),SUB(100,3),IUSE{100)4TEMP(50,2) THRP 18
COMNMGN /NMISC/ENN,SUMN,TT,SO,ATOM(3,101),LLMT(10),BC(10),BOP(10,42),THRP 19
1 TMy TLOW,TMID, THIGH,PP,CPSUM,0F EQRAT,FPCT,R,RR,HSURO ,8M(2), THRP 20
2 HPP(Z)4RH{2)) VMIN(2),VPLS(2)yWP(2),DATA{22),NAME(15,5), THRP 21
3 ANUM(15,5),PECWT(15),ENTH(L15),FAZ(15),RTENMP(15),FOX(15),DENS(15),THRP 22
4 RHOP,RMW{15) 3 TLNJCRyOXF{15) yENNLyTRACE,LLMTS{10),SBCP (1042} THRP 23
COMMCN /INCX/IDERUG,CONVG, TP yHP 4 SP, ISV ,NPP,MOLES NP ,NT,NPT ,NLM, THRP 24
1 NSyKMAT,IMAT,IQL; IOF,NOF,NOMIT,IP,NEWRJNSUB,NSUP,RKT,DETN,SHOK, THRP 25
7 IONS,NCyNSERT,JSOL»JLIQ,KASE,NREAC,IC»JSLyVOL,IToCALCH,NLS,LOGY, THRP 26
3 ISUP,ISUB,ITNUM,ITM,INCDFZ,INCDEQ,CPRF,IPP,SEQL,PCPLT THRP 27
COMMON /QUPT/FMT(30),FP(4),FT(4),FH{4),FS(4),FM(4),FY{4),FD(4), THRP 28
1 FCU4),FGU4) ,FRyFMT12,F1,F2,F3,F4,F5,FL(4),FMTIO,FALl,FA2, THRP 29
2 FRL4FCLyFNU{4)FR(4)4FA{4),FI1{4) FMTOX,FC THRP 30
o THRP 31
EQUIVALENCE (KyISV Yo {VLyP), (UV,HP), (TP, TV),(SP,SV) THRP 32
o THRP 33
DATA FUU/4FU, C/ THRP 34
C THRP 35
IF(T(1).EQ.D.) TI(1) = 3800C. THRP 36
C THRP 37
IOF = 0 ' THRP 38
S5 I0F = I0F+1 ' THRP 39
OF = CXF(IOF) THRP 40
CALL NEWCF THRP 41
IF(TT,EQe0e« ANDLCALCE) RETURN 1 THRP 42
C THRP 43
C SET ASSIEGNED P QR VOLUME THRP 44
C THRP 45
IP = 0 THRP 46
903 IP =[P + 1 THRP 47
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PP = P(IF) THRP 48
VLVM{NPT) = VLL(IP) THRP 49
C THRP 50
C SET ASSIGNED T \ THRP 51
C THRP 52
IT = ¢ THRP 53
9C2 IT = 1T ¢+ 1 THRP 54
T = T(IT) THRP 55
CALL EQLERM THRP 56
IF(TT.NE.C.) 6O TO 800 THRP 57
IF{NPT.EC.C) GO TO 1000 THRP 58
800 K = C THRP 59
JF(IPeEQeNPAND.IT.EQeNTeORTT.EQsDs) GC TO 860 THRP 60
K = NPT THRP 61
IF(NPT.NE.13) GC TO 870 THRP 62
880 IF{NCT.HP) WRITE(6,5) THRP 63
€ FORMAT(1H1,41X,48HTHERMODYNAMIC FEQUILIBRIUM PROPERTIFS AT ASSIGNEDTHRP 64
1) THRP 65
IF(HP) WRITE(6,8) THRP 66
¢ FCRMAT(1H1,36X,59HTHERMODYNAMIC EQUILIBRIUM COMBUSTICN PROPERTIES THRP 67
1AT ASSIGNEC ) THRP 68
IF(.NOT.VOL) GO TO 861 THRP 69
IF(UV) WRITE(6,10) THRP 70
10 FCRMAT(1HO,£2X,7H VOLUME /) THRP 71
IF(TV) WRITE{6,11) THRP 72
11 FCRMAT(1HO,54X422HTEMPERATURE AND VOLUME/) THRP 73
IF(SV) WRITE(6,12) THRP 74
12 FCRMAT(1HO,56X,18HENTROPY AND VOLUME/) THRP 75
GC TO 86z THRP 76
881 IF(HP) WRITE(6,20) THRP 77
20 FCRMAT(1HQ»62X,1CH PRESSURES /) THRP 78
IF(TP) WRITE(6,421) THRP 79
21 FCRMAT(1HO,53X,24HTEMPERATURE AND PRESSURE/) THRP 80
IF(SP) WRITE(6,22) THRP 81
22 FCRMAT(1HO,55X,20HENTROPY AND PRESSURE/) THRP 82
86z CALL oOUT) THRP 83
WRITE (6,862) THRP 84
883 FCRMAY (2SHOTHERMODYNAMIC PRCPERTIES//) THRP 85
IF{ NOT.VOL) GO TO 864 THRP 86
FMT(4) = FMT(6) THRP 87
TF{«NOT.UV) GO TO 864 THRP 88
CO 632 I=1,NPT THRP 89
FMT(Z*142) = F2 THRP 90
V{I) = HSUBO*R THRP 91
%2 CCANTINUE THRP 92
WRITE(6,FMT) FUUZFH{2),FB;FB,(V(I),I=1,NPT) THRP 93
864 CALL 0OUT2 THRP 94
CALL 0OUT3 THRP 95
C THRP 96
RETURN THRP 97
C THRP 98
ENTRY THERMI THRP 99
C THRP 100
8eS IF(K.EQ.0 +AND. TOF.EQ.NOF) GO TO 1000 THRP 101
IF{IDEBUG.CT.13) IDEBUG=IDERUG-13 THRP 102
WRITE(6,868) THRP 103
868 FORMAT(1H1) THRP 104
IF(NT.EQe1+ANDNP:EQ.1) GO TO 95 THRP 105
NPT = 0 THRP 106
870 NPT = NPT £ 1 THRP 107
IF(«NOT«TPeANDTT NELOL ) T(1)=TT THRP 108
IF{IPEQel+AND.ITeEQsl) ISV=-1ISV THRP 109
TF(NT.EQ.1) GO TO 871 THRP 110
IF({ITEQeNT.ORaTT4EQ.0.) ISV=D THRP 111
871 CALL SAVE THRP 112
TF(ITLLT.NT) GO 10 902 . THRP 113
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IF(IP.LT.NP) GO TO 903 THRP 114

G0 10 95 THRP 115
1000 RETURN 1 THRP 116
END THRP 117

C
SUBROUTINE ROCKET (%) ROCK 1
C ROCK 2
C ROCKE, PERFORMANCE ROCK 3
C ROCK 4
DOUBLE PRECISION USQ,ASQ ROCK S
(o ROCK 6
C MHE FOLLOWING DOUBLE PRECISION TYPE STATEMENTS ARE REQUIRED FOR ROCK 7
C I8M 260 MACHINES ONLY ROCK 8
C ROCK 9
C DOUBLE PRECISION HSUM,SSUM,CPR,DLVTP,DLVPT,GAMMAS ROCK 10
C COUBLE PRECISION COEF,S,EN,ENLN,HO,DELN ROCK 11
C ROCK 12
LOGICAL HP,SP,TP,THI,FROZYyEQL AREA,SEQL,CALCH ROCK 13
C RQCK 14
COMMON /POINTS/HSUM({13),SSUM(13),CPR{13)},DLVTP(13),CLVPT(13), ROCK 15
1 GAMMAS(13),P{26)T{52),V{13),PPP113),WM(13),SONVEL(13),TTT(13), ROCK 16
2 VLM{13),TCTN(13) ROCK 17
COMMCN /SPECES/CCEF(2,7,100),5(100),H0{100),DELN(1CC),DUMMY(100), ROCK 18
1 EN{1C0,13),ENLN(1CO)»A(10,100),SUR{100,3),IUSE(1C0),TEMP(50,2) ROCK 19
COMMON /MISC/ENN,SUMN,TTrSOvATUM(3’101)9LL~T(10)1BC(10)980P(1012)rR0CK 20
1 TMyTLDw,TNID,THIGH,PPyCPSUM,OFyEQRAToFPCTquRRyHSUBOqAM(Z)' ROCK 21
2 FPP(Z)+RHI[2)y VMIN(2),VPLS(2),WP{2),DATA(22),NAME(L15,5), ROCK 22
3 ANUN(IS,S),PECNT(15),ENTH(15),FAZ(Iﬁ),RTENP(lS),FOX(IS)rDENS(lS)vROCK 23
4 RHOP,RMW(15).TLN,CR,0XF(15),ENNL}TRACE.LLMTS(IO).SBOP(lO%Z) ROCK 24
COMMGON /INCX/IDERUGCONVG, TP 4HP 5 SPy1SVyNPPyMOLES NP, NT,NPT,NLM, ROCK 25
1 NSoKVAT'INAT'IQI'IOFeNOF.NOMIT,IP,NENR,NSUB.NSUP.PKT,DETN,SHOCK; ROCK 26
2 10NS,NC.NSERT'JSOL,JLIQ,KASE,NREAC,lC,JSI.VOL,IT'CALCHoNLSvLDCV. ROCK 27
3 [SUPY,ISUB,ITNUM, ITM,INCDFZ,INCDEQ,CPRF,IPP,SEQL,PCPLTY ROCK 28
CONMON /PERF/PCP(22),VMDC{13),SPIM(13),VACI{13),SURAR(13), ROCK 29
1 SUPAR(12)+APP(12),AEAT(13)4CSTR,EQL,FRCZySSO4AREA,AWT,NFZ, ROCK 30
2 APPLRARATIOLELN ROCK 31
C ROCK 32
Cc ROCK 33
NAMELIST/RKTINP/EQL +FROZ,.SURAR,SUPAR,PCP,yNFZ ROCK 34
C ROCK 35
ITM = 1 ROCK 36
NFZ = 1 ROCK 37
APP(1) = 1. ROCK 38
0O 300 I=1,26 ] ROCK 39
PCP(I)= 0. ROCK 40
SUBARI(I) = 0. ROCK 41
300 CONTINUE ROCK 42
ECL = .TRUE. ROCK 43
FROZ = .TRUE. ROCK 44
READ (5,RKTINP) : ROCK 45
NPP = O ROCK 46
CC 305 I=1,22 ROCK 47
IF(PCP(I1.EQ.0.) GO TO 306 ROCK 48
NPP = 1 ROCK 49
305 CONTINUE ROCK 50
306 NPP = NPP+#2 ROCK 51
311 NSuUB = € ROCK 52
NSUP = C ROCK 53
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CO 220 1=1,13 ROCK 54

IF(SUBAR(I).NE.O.) NSUB=NSUR+1 ROCK 55
IF(SUPAR(I).NELO.) NSUP=NSUP+1 ROCK 56
320 CONTINUE ROCK 57
WRITE (6,RKTINP) ROCK 58
SECL = ECL RCCK 59
10F = 0O ROCK 60
TT = 380C. ROCK 61
C ROCK 62
C LOCP FOR EACH O/F ROCK 63
C ROCK 64
3z1 1Y = 1 ROCK 65
IOF = I0F + 1 ROCK 66
OF = OXF(IOF) ROCK 67
CALL NEWOF ROCK 68
IF(CALCH.AND.TT.EQ.0.) RETURN 1 ROCK 69
IFIT(1).EQ.0.) GO TC 322 ROCK 70
TT = T(1) ROCK 71
C ROCK 72
C L00P FOR CHAMBER PRESSURES ROCK 73
C ROCK 74
322 1P = 0 ROCK 75
958 IP =IP + 1 ROCK 76
ITNUM = 0O ROCK 77
AREA = LFALSE. ROCK 78
IF(T{1).EQe0.) HP=.TRUE. ROCK 79
SP = ,FALSE. ROCK 81
€QL = .TRUE, ROCK 82
ISUB = 1 ROCK 83
ISUP = 1 ROCK 84
PP = P(IP) ROCK 85
APP = 1 ROCK 86
I'TROT = 32 ROCK 87
IsuPsy = 1 ROCK 88
C ROCK 89
C LODP FOR PRESSURE RATIOS ROCK 90
C ROCK 91
331 IF(EQL) GO TO 332 ROCK 92
CALL FROZEN ROCK 93
GO 7O 1332 ROCK 94
337 CALL EQLERM ROCK 95
IF(NPT.NE.NFZ) GO TO 1332 ROCK 96
CPRF = CPSUM ROCK 97
IF(NFZ.NE.2) EQL = SEQL ROCK 98
C ‘ ROCK 99
C TT = ¢ IF NO CONVERGENCE ROCK 100
C ROCK 101
1332 IF(TT.NE.0.) GO TO 333 ROCK 102
IF(NPT.LT.1) GO YO 1000 ROCK 103
GC 10 900 ROCK 104
, 332 IF{IPP.GT.1) GO TO 1S5 ROCK 105
c - ROCK 106
C CCMBUSTION CHAMBER ROCK 107
C ROCK 108
TP = LFALSE. _ ROCK 109
HP = ,FALSE, ] ROCK 110
SP = ,TRUE, ROCK 111
S0 = SSUM(1l) ROCK 112
334 TMELT=0. ROCK 113
ITROT= 3 ROCK 114
THI = .FALSE. ROCK 115
APP(2)=( (GAMMAS{1)+1.)/2.) %% {GAMMAS(1) /(GAMMAS(1)=1.)) ROCK 116
PP = PPP(1)/APP(2) ROCK 117
TT = 2.%TT/(GAMMAS(1)+1,) NCK 118
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Isv = 1 ROCK 119

60 70 87C ROCK 120
155 USQ = 24#{HSUM(1)=-HSUM(NPT}) #* RR ROCK 121
"IF (IPP.CT.2) GO TO S00 ROCK 122
c A ROCK 123
c THROAT ROCK 124
C ROCK 125
190 IF(.NOT.THI}) GO TO 191 ROCK 126
GAMMAS(2) = 0. ROCK 127
GO 10 899 ROCK 128
191 ASQ = GAMMAS(2)*TT*ENN*RR ROCK 129
IF{EQL) WRITE(64194) APP(2),TT ROCK 130
154 FORMAT (7TH PC/PT= , F9.b6y 6H T =, F9.,2) ROCK 131
IF(IDEBUC.EQ.1.0R. [DEBUG.EQs2) WRITE(69923)USQ,4ASC ROCK 132
923 FORMAT(5HOUSQ=,E15.8,5X,4HASG=yEL15.8) ROCK 133
DH = (USQ-ASQ)/ASQ ROCK 134
IF{DH.LT.0.) DH==-DH ROCK 135
IF(DHLE.0.4E-4,0R.ITROT.EQ.,0) GO TO 899 ROCK 136
IF(JSOL.NELQ) GO TO 625 ROCK 137
IF{TMELT.EC.O.) GO TC 192 ROCK 138
DLT = ALOG(TMELT/TT) ROCKR 139
DD = CLT#CPR{2)}/(ENN*DLVTP(2)) ROCK 140
PP = EXP(DD) ROCK 141
APP(2) = P(IP}/PP RAOCK 142
THI = .TRUE. ROCK 143
GO T0 331 ROCK 144
225 TMELT = 1T ROCK 145
182 APP{2)= APP{2)}/(1++(USQ-ASQ)/(ENN*TT#*RR*(GAMMAS({2)+1.))) ROCK 146
193 PP = PUIF)/APP(2) ROCK 147
ITROT = [TROT-1 ROCK 148
GO TO 331 ROCK 149
899 AWT =ENN#TT/(PP*USQ*%,5) ROCK 150
PCPLT = ALCG(APP(2)) ROCK 151
IF(NFZ.EC.2) EQL = SEQL ROCK 152
900 ISV =¢C ROCK 153
AEAT(NPT) = ENNXTTT(NPT)}/(PPHUSQ*%,5%AWT) ROCK 154
IF(TT.EG.0.] GO TO 860 ROCK 155
IF(AREA) GO TO 800 ROCK 156
IF(IPP.LT.NPP) GO TC 859 ROCK 157
768 IF{NSUR.LE+O.AND.NSUP.EQ.0} GO TO 860 ROCK 158
AREA = LTRUE. ROCK 159
c ROCK 160
c PCP ESTIMATES FOR AREA RATIOS ROCK 161
C : ROCK 162
800 IF(ITNUM,NE.O) GO TC 810 ROCK 163
DLNP = 1. ROCK 164
TTNUM = ] ROCK 165
ARATIO 5 SUBAR(ISUB) ROCK 166
IFINSUBLLE.O) ARATIO=SUPAR{ISUP) ROCK 167
IF(ECL.ORSNFZLLT.3) GO TO 798 ROCK 168
IF(ARATIOL.CTLAEAT(NFZ)) GO TC 798 ROCK 169
WRITE(6,884) ROCK 170
GC 70 834 ROCK 171
768 ELN = ALCG(ARATIO) ROCK 172
IF(NSUR.LE.Q) GO TO 799 ROCK 173
APPL = PCPLT/(SUBAR{ISUB)+(1Ce58T*ELN*%249,454) %ELN) ROCK 174
TF(ARATIOWLT41.09) APPL=,.9%APPL ROCK 175
IF(ARATIOCCT41Ca) APPL=APPL/ARATIO ROCK 176
GO0 10 859 ROCK 177
799 IF(NFZ.EQ.IPP) ISUPSV = [SUP ROCK 178
IF(SUPAR(ISUP).LT+2.) GO TO 805 ROCK 179
IF{ISUP.GT+ 1+ AND,SUPAR(ISUP-1).GEs2.) GC TO 802 ROCK 180
APPL = GAMMAS(2)+ELN*1.4 ROCK 181
GO TO 859 ROCK 182
805 APPL = SQRTU(ELN*{1.535+3,294%ELN})+PCPLT ROCK 183
GO 10 859 ROCK 184
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C ROCK 185

C TEST FDR CONVERGENCE ON AREA RATIO, ROCK 186
C ROCK 187
810 CHECK = .00004 ROCK 188
IF{IDEBUG.LE.O.OR.NPTL.LT.IDEBUG) GO TO 809 ROCK 189
WRITE(64+1811)ITNUM,ARATIC,AEAT(NPT) APP(NPT),DLNP ROCK 190
1811 FORMAT (€HOITER=,1245X,15HASSIGNED AE/AT=,F15.8,5X,6HAE/AT=4yF15.8,ROCK 191
15Xs5HPC/F=3F15.8,5X,13HDELTA LN PCP=,F15.8) ROCK 192
809 IF(ABS{AEAT(NPT)~ ARATIO) /ARATIO LLE.CHECK) CC TO 830 ROCK 193
DELTAE = (AEAT(NPT)-ARATIC)/ARATIO ROCK 194
TF{ABS(DLNP).LT..00004) GO TO B30 ROCK 195
AEATL= ALOG(AEAT(NPT)) ROCK 196
811 ITNUM = JTNUM+] ROCK 197
IF(ITNUMGT.10) GO TO 840 ROCK 198
c ROCK 199
C INPRCYED PCP ESTIMATES ROCK 200
C ROCK 201
ASC = GAMMAS(NPT )*ENN%RR*TT ROCK 202
DLNPE = CAMMAS(NPT)I*USQ/(USQ-ASQ) ROCk 203
80Z CLNP = DLNPE*ELN-DLNPE*AEATL ROCK 204
APPL = AFPL4DLNP ROCK 205
TF(ITNUMGEQ.1) GO TO B59 ROCK 206
APPINPT) = EXP(APPL) ROCK 207
PP = PUIF)/APPINPT} ROCK 208
GC T0 331 ROCK 209
C ROCK 210
830 ITNUM = 0 ROCK 211
AEAT(NPT) = ARATIO ROCK 212
IF(NSUB.LE.O) GO TO 834 ROCK 213
ISUe = [SUB+l ROCK 214
IF(ISUB.LE.NSUB) GO TO 800 ROCK 215
IsuB =1 ROCK 216
NSUB = -NSUB ROCK 217
IF(ISUP.LE.NSUP) GO TO 800 - ROCK 218
GC 1O 83¢ ROCK 219
834 ISUP = ISUP+1 ROCK 220
ITNUM = € ROCK 221
IFCISUP.LE.NSUP} GO TO 800 ROCK 222
Isup = [SuUPSvV ROCK 223
83E AREA = LFALSE. ROCK 224
GO T0 860 ROCK 225
840 WRITE(64£41) ARATIO ROCK 226
841 FORMAT(34HODID NOT CONVERGE FOR AREA RATIO =,F10.5) ROCK 227
GO 70 830 ROCK 228
C ROCK 229
c TEST FOR OUTPUT —-- END OF PCP,SUBAR,AND SUPAR SCHBLCULES OR NPT=13,R0CK 230
Cc ROCK 231
859 (Sv = NP1 ROCK 232
IF(NPT.NE.13) GO TO 870 ROCK 233
860 IF(EQL) 60 TO 861 ROCK 234
IFINFZ.GT.1) GO TO 8¢€1 ROCK 235
CPR{NFZ) = CPRF ROCK 236
GAMMAS(NFZ) = CPRF/(CPRF-1./wM{NFZ))} ROCK 237
C ROCK 238
851 CALL RKTOUT ' ROCK 239
C ’ ROCK 240
IF (TT.EQ.0.) ISV = 0O ROCK 241
C ROCK 242
RETURN ROCK 243
C ROCK 244
ENTRY ROCKT1 ROCK 245
C ROCK 246
DLNP = 1. ROCK 247
IF{.NOT.EQL.ANDTT.EQeDe) WRITE(6+862) ROCK: 248
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862 FORMAT(10S5HOCALCULATIONS WERE STOPPED BECAUSE NEXT POINT IS MORE TROCK 249

1HAN 50 CEG BELOW TEMP RANGE OF A CONDENSED SPECIES) ROCK 250

IF (ISV.EQ.0) GO TO $90 ROCK 251
IF{IDEBUG.GT.13) IDEBUG = IDEBUG-13 ROCK 252
IF(EQL) WRITE(6,865) ROCK 253

8¢5 FORMAT(1H1) ROCK 254
NPT = 2 ROCK 255

C ROCK 256
c SET INDICES AND ESTIMATES FOR NEXT POINT. ROCK 257
c ROCK 258
870 NPT = NPT 4 1 ROCK 259
IF(4NOT.EQL«AND. (ISV.NEL1.0RL.SEQL)) GO TO 880 ROCK 260
IF(ISV.EQ.1) ISV = -1 ROCK 261

CALL SAVE ROCK 262

880 IPP = IPP#1 ROCK 263
IF(NPT.EC.2) GO TO 331 ROCK 264
1F(AREA) GC TO 885 ROCK 265
APP(NPT) = PCP{IPP-2) ROCK 266
IF(EQL) 6O TO 886 : ROCK 267
IF({APP(NPT).GE.APP(NFZ)) GO TO 886 ROCK 268
WRITE(6,684) ROCK 269

884 FORMAT(//41Xy114HSUPERSONIC PRESSURE RATIOS MUST BE IN ASCENDING ORQCK 270
1RCER POINTS OUT OF ORDER WERE OMITTED FROM FROZEN CALCULATIONS)ROCK 271

6C TO 880 ROCK 272

885 APP(NPT) = EXP(APPL) ROCK 273
886 PP = P({IP)/APPI(NPT) ROCK 274
G0 TO 331 ROCK 275

c ROCK 276
C END OF PCP, SUBARJ AND SUPAR SCHEDULES. ROCK 277
€ ROCK 278
990 IF(NSUB.LT.0) NSUB=-NSUB ROCK 279
IF («NOT.FROZ.OR..NOT.EQL) GO TQO 997 ROCK 280

C ROCK 281
c SET LUP FCR FROZEN, ROCK 282
c ROCK 283
EOL = .FALSE. ROCK 284

CALL SAVE ROCK 285

TT = TTTINFZ) ROCK 286

1PP = NF1 ROCK 287
IF(NFZLECNPT) GO TO 860 ROCK 288

NPT = NFZ ROCK 289

ENN = 14/WMINFZ) ROCK 290
IFINFZ.EC.1) GO TO 334 ROCK 291

NSUB = =-NSUB ROCK 292
TF{APP(NFZ).GE.APP(2)) GO TO 994 ROCK 293
WRITE(6,593) ROCK 294

992 FORMAT (// 428X, 7THFREEZING IS NOT ALLOWED AT A SUBSGNIC PDINT, FROROCK 295
1ZEN CALCULATIONS WERE OMITTED) ROCK 296

60 TO 997 ROCK 297

994 IF(NFZ.LT.NPP) GO TO 870 ROCK 298
G0 TC 78¢ ROCK 299

957 NPT = 1 ROCK 300

T ROCK 301
C ARE THERE MORE ASSIGNED, ROCK 302
C 1) CHAMBER PRESSURES(IP = NP) ROCK 303
C 2) CHAMEER TEMPERATURES(IT = NT) ROCK 304
c 3) O/F VALUES(IOF = NOF) ROCK 305
c ROCK 306
IF(IP.EQ.NPAND. IT.EC.NT.AND.IOF.EQ.NOF) GO TO 1COO0 ROCK 307
WRITE{6,£65) ROCK 308
IF(SEQL) CALL SAVE ROCK 309

TT = TTT(1) ROCK 310
IF(IP.LT.NP) GO TO 998 ROCK 311
IF(IT.GE.NT) GO TO $99 ROCK 312

IT = IT+1 ROCK 313
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TT = TUIT) ROCK
GO TO 322 ROCK
999 IF (ICF.GE.NOF) GO TO 1000 ROCK
60 TO 321 ROCK
1000 RETURN 1 ROCK
END ROCK
SUBROUT INE RKTOUT ROUT
ROUT

ROCKET PERFORMANCE PARAMETERS ROUT
ROUT

THE FOLLOWING DOUBLE PRECISION TYPE STATEMENTS ARE REQUIRED FOR ROUT
IBM 360 MACHINES ONLY ROUT
ROUT

COUBLE PRECISION HSUM;SSUM,CPR,DLVTP,DLVPT,GAMMAS ROUT
COUBLE PRECISION COEFS,EN,ENLN,HO,DELN ROUT
ROUT

LOGICAL EQL,FROZ 3TP,HP,SP,SHOCK,AREA ROUT
ROUT

BIMENSION NV(13),Z(1C,%). ROUT
ROUT

COMMON /FOINTS/HSUM(13),SSUM(13),CPR(13),DLVTP(13),DLVPT(13), ROUT

1 GAMMAS(13),P€26),T(52),V(13)4PPP{13),WM(13),SONVEL(13),TTT(13), ROUT

2 VLV(13),TOTN{13) : ROUT
COMMON /SPECES/COEF{2,7,100),S(100),HO(100),DELN{100),DUMMY (100}, ROUT

1 EN(1C0,13),ENLN(100),A(10,100),SUB(100,3),IUSE(1N0),TEMP(50,2)  ROUT
CCMMON /M ISC/ENN, SUMN,TT S0, ATOM(3,101),LLMT(10) +BC(10) »BOP(10,2),ROUT

1 TM,TLOW,TMIDy THIGH+PP,CPSUM,0F , EQRAT,FPCT ,R,RR yHSUBO,AM{2), ROUT

2 HPPU2) »RHI2)5 VMIN(2),VPLS(2),WP(2),DATA(22),NAMT(15,5), ROUT

3 ANUM{(15,5),PECHT{15),ENTH(15),FAZ(15).,RTEMP(15),FCX(15)+DENS{15),ROUTY

4 RHOP2RMW(15) 4 TLNJCR,OXF(15) yENNL, TRACE,LL¥MTS(10),SBOP(10,2) ROUT
CCMMON /INDX/IDEBUG,CONVGy TP ,HP ,SP, 1SV ,NPP ,MOLES NP ,NT,NPT,NLM,  ROUT

1 NS,KMAT,IMAT{1Q1;I0F;NOF,NOMIT,IP,NEWR,NSUB,NSUP4RKT,DETN,SHOCK, ROUT

2 IONSyNC,NSERT,JSOLsJLIQsKASEyNREAC,IC,JS1,VOL,IT,CALCH,NLS,LOGV, ROUT

3 ISUP,ISUB,ITNUM,ITM,INCDFZ, INCDEQ,CPRF,IPP,SEQL,PCPLT ROUT
COMMON /PERF/PCP(22),VMOC(13),SPIM(13),VACI(13),SUBARI13), ROUT

1 SUPAR(12),APP(13),AEAT(13),CSTR,EQL,FROZ,SSO,AREA,AWT,NFZ, ROUT

2 APPL,ARATIO,ELN ROUT
COMMON /OUPT/FMT(30),FP{4),FT(4) sFH(4) ,FS{4),FM(4)4FV(4),FD(4),  ROUT

1 FCU4)yFG(4)gFByFMT13,F1,F2,F3,F4,F5,FL{4) FMTI9,FAL,FAZ, ROUT

2 FR1,FC1yFN(4),FRI4)4FAL4) 4FI14) FMTOX,FO ROUT
ROUT

ECUIVALENCE (V4NV}, (Z,HO) ROUT
ROUT

DATA EXIT/4HEXIT/ ROUT

v ROUT
IF{.NOT.EQL) GO TO €36 ROUT
WRITE(6427) ROUT

37 FORMAT(1H1/24X,84HTHEGRETICAL ROCKET PERFORMANCE ASSUMING EQUILIBRROUT
11UM COMPOSITION DURING EXPANSION ROUT
6C TC 39 ROUT
636 WRITE16,38) ROUT
38 FORMAT(1H1,26X,78HTHEORETICAL ROCKET PERFORMANCE ASSUMING FROZEN CROUY
10MPOSITION DURING EXPANSION ROUT
IF(NFZ.GT.1) WRITE(E,637)NFZ ROUT
637 FORMAT(SEX,11HAFTER POINT,12) ROUT
39 IF(TTT(1).EQ.T(IT)) WRITE(6,737) ROUT
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737 FCRMAT (£2X,2BHAT AN ASSIGNED TEMPERATURE ROUT 51

TEM = PPP(1)%14,696CC6 ROUT 52

WRITE (6440) TEM ROUT 53

40 FORMAT(SHOPC = ,FB.1,5H PSIA) ROUT 54

CALL OUT1 ROUT 55

NEX = NPT - 2 ROUT 56

0O 862 I = 1,NEX ROUT 57

g8z V(I) = EXIT ' ROUT 58

WRITE(6,48) (VII)4§I=14NEX) ROUT 59

%8 FORVAT(1HO,16X,16HCHAMBER  THROAT »11({5X,A4)) ROUT 60

c ROUT 61

C  PRESSURE RATIOS ROUT 62

C ROUT 63

FMT(4) = ENT(6) ROUT 64

CALL VARFMT (APP,NPT) ROUT 65

WRITE (6,FNT) FR14FB,FByFB,{APP (J),J=1,NPT) ROUT 66

CALL OUT:Z ROUT 67

C ROUT 68

AGV = 9.80665 ROUT 69

DC 202 K=2,NPT ROUT 70

SPIM{K) =5 (2.%RR*{HSUM{L1)=HSUM(K)))*%,5/AGV ROUT 71

c ROUT 72

C AW (A/W) IN UNITS OF SEC/ATM ROUT 73

C ROUY T4

AW = RRETTTIK)/(PPP(K)*WM{K)*SPIMIK)*AGV*%2) ROUT 75

IF(K.NE.2)GO TO 200 ROUT 76

CSTR = 37.174%PPP{1)*AW ROUT 77

AEAT(2) = 1. ROUT 78

200 VACI(K)=SPIM(K)+PPP(K)*AW ROUT 79

IF (SENVEL(K)<NE.Q.) VMOC(K)=SPIM(K)*AGV/SONVEL (K) ROUT 8C

NV(K)= CSTR ¢ .5 ROUT 81

20z CONTINUE ROUT 82

c ROUT 83

C  MACH NUMBER ROUT 84

C ROUT 85

vMOC(1)=0. ROUT 86

IF(GAMMAS(21.EQ.0.) VMOC(2)=C. ROUT 87

FMT(7) = F3 ROUT 88

WRITEU6,FMTE  (FN(I)sT=144) ¢ (VMOC(J) 9J=1,NPT) ROUT 89

WRITE (6,208) ROUT 90

208 FORMAT (1H ) ROUT 91

c ‘ ROUT 92

C  2REA RATIO ROUT 93

c ROUT 94

FMT(4) = EMTOX ROUT 95

CALL VARFMT (AEAT4NPT) ROUT 96

FNT(S) = FB ROUT 97

WRITE(6,FMT) FAL,FA2,FBFB, (AEAT(J)yJ=2,NPT) ROUT 98

c ROUT 99

C C* ROUY 100

C ROUT 101

EMT(5) = FMT13 ROUT 102

FMT(E) = FMTIQ ROUT 103

FMT(7) = FB ROUT 104

WRITEU6,FMT) (FRET),I=144), (NV(J),J=2,NPT) ROUT 105

c ROUT 106

C CF - THRUST COBFICIENT ROUT 107

C ROUT 108

FMT(6) = FNT(8) ROUT 109
FMT{7) = F2 ROUT 110 N

0O 212 1=2,NPT ROUT 111

212 Vi1)1=32.174%SPIM(1)/CSTR ROUT 112

WRITE(6,FMT)  FCLloFBaFByFBy(VIJ) 4J=2,NPT) ROUT 113

c ROUT 114

C  VACUUM IMPULSE ROUT 115
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FMT(Z) FMT13
FMT(7) Fl
WRITE(O.FMTY (FALT)sI=144)»(VACI{(J),JI=2,NPT)

SPECIFIC IMPULSE

310

M

424

426

430
312
1000

‘THE FOLLOWING DOUBLE PRECISION TYPE STATEMENTS ARE REQUIRED FOR

¥ WU U LUE YW H UL HHNIEL

WRITE(6,FMT)  (FIUI),1=144)4(SPIM(J),J=2,NPT)
WRITE (6,208)

Fr¥T(4) = FB

FMT(S) = FMT13
FMT(7) = FS
IF(EQL) GO 7O 312
WRITE(64+310)

FORMAT(1SHOMOLE FRACTIONS //)
OLE FRACTIONS -~ FROZEN

TRA = 5,E-6

TF(TRACE.NE.O.) TRA=TRACE

LINE = O

BC 430 K =1,4NS

VILINE+1) = EN(K,NFZ)/TOTN(NFZ)
IF(V(LINE41).LT.TRA) GO TO 424
LINE = LINE+4]1

ZELINE,1) = SUBI(K,1)
ZELINE, 21 = SUB(K¢2)
ZELINE,3) 5 SUBI(K,3)
ZELINE,4) = VILINE)

IF (LINENE«4sANCoK.NEJNS)Y GO TO 430

IF (LINE.EQ.O) GO TC 312

WRITE (69426) (Z(LNs1)ogZ(LNy2)4sZ(LNy3)yZ(LNy4),LN=1,LINE)
FCRMAT (1H +4(3A44F9.5,7X)}

UINE = O

CONTINUE

CALL CuT2

RETURN

ENC

SUBROUT INE FROZEN

(FROZEN COMPOSITION EXPANSION ONLY)

IBM 3€0 MACHINES ONLY

DOUBLE PRECISION HSUM;SSUM,CPR,DLVYTP,DLVPT,GAMMAS
DOUBLE PRECISION COEF,S,EN,ENLN,HO,DELN

DOUBLE PRECISION SUMS§SUMH,SS

LOGICAL EQL,FROZ,CONVG,SP,HP,VOL

COMMON /POINTS/HSUM(13),SSUM(13),CPR(13),DLVTP(13),DLVPT(13),
1 GAMMAS(131,P{26),T(52)sVI13)5PPP(13)yWNM(13),SONVEL(13),TTT(13),

2 VLM(13),TOTN(13}

COMMON /SPECES/CCEF(27. 00),S(100),H0{100),DELN(1CO),DUMMY(100).
1 EN(1C0,13),ENLN(100)4A: 2,1C0),SUB(100,3),IUSE(100),TEMP(50,2)

ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUY
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT
ROUT

FROZ
FROZ
FROZ
FROEZ
FROZ
FROZ
FROZ
FROZ
FROZ
FROZ
FROZ
FROZ
FROZ
FROZ
FROZ
FROZ
FROZ
FROZ

116
117
118
119
120
121
122
123
124

126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
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COMMON /MISC/ENN,SUMN,TT,S0,ATOM(3,101),LLMT(10),80(10),BOP(10,2),FROZ 19

‘1 TM,TLOW,TMID; THIGHPP,CPSUM,0F ,EQRAT,FPCT,R,RR,HSUBO,AM(2), FROZ 20
2 HPP{2) 4RH(2)) VMIN(2)oVPLS(2),WP12),DATA(22),NAME(15,5), FROZ 21
3 ANUM{15,5),PECWNTI15)3ENTH(15) ,FAZ{15),RTEMP(15),FOX(15),DENSt15),FROZ 22
4 RHOPHRMW(15) 3 TLN;CRyOXF(15) +ENNL, TRACE,LLMTS({10),5B0P(10%2) FROZ 23

COMMON 7/ INDX/IDEBUG,CONVGy TP yHP,SP,ISV,NPP,MOLES,NP,NT,NPT,NLM, FROZ 24
1 NSyKMAT,IMAT4{IQ14I0F;NOFNOMIT,IP,NEWR,NSUB,NSUP,RKT,DETN,SHOCK, FROZ 25
2 ICNSyNCyNSERT,JSOL,»JLIQ+KASESNREAC,1C,JS1yVOL,ITsCALCH,NLS,LOGV, FROZ 26

3 {SUYP»ISUB, ITNUM,ITM,INCDFZ, INCDEQ,CPRF,IPP,SEQL,PCPLY FROZ 27
COMMON /PERF/PCP(22),\VMOCL13),SPIM(13),VACI(13),SUBAR(13])% FROZ 28

1 SUPAR(12),APP(13),AEAT(13),CSTR,EQL,FROZ,SSO4AREA,AWT,NFZ, FROZ 29

2 APPLyARATIOLELN FROZ 30
COMMON ZOUPT/FMT(30)4FP(4)FT{4) FHI4)FS(4)FM{4),FV(4),FDI4), FROZ 31

1 FCl4),FG(4) 4FByFMT134F1,F2,F3,F4yF5,FL(4),FMTI9,FALl,FA2, FROZ 32

2 FR1,FCL,FN(4)4FR{4),FA(4),FIL4),FMTIX,FO FROZ 33

c FROZ 34
CONVG = JFALSE. FROZ 35
TLN = ALOG(TT) FROZ 36

CO 51 ITER=148 FROZ 37
SUMS & 0O, FROZ 38
SUMH = Q. FROZ 39
JS1 = ITM FROZ 40
NNN = NPT FROZ 41
NPT = NF2 FROZ 42
CALL CPHS FROZ 43

CC = CPSUM FROZ 44

SE NPT = NNN FROZ 45
LO 60 J=1TM,4NS FROZ 46

IF {EN(J,NFZ).EQ.0.) GO TO 60 FROZ 47
PMN = PP#WMINFZI*EN(JINFZ) FROZ 48

55 = S(J) FROZ 49
IF(IUSE(J).EQeD) SS3SS—~ALOG (PMN) FROZ 50
SUMS = SUMS+SS*EN{JNFZ) FROZ 51

1F {CONVG) SUMH=SUMH+HO(J)*EN(J,NFZ) FROZ 52

8C CONTINUE FROZ 53
IF (CONVG) GO TO 81 FROZ 54
CLNT=(Su¥sS-S0}/CC FROZ 55
TUN=TLN=-DLNT FROZ 56
IF(DLNT.1T.0.) DENT==DLNT FROZ 57
IF(DLNT .LT.0.5E-4) CONVG=.TRUE. FROZ 58

TT = EXP(TLN) FROZ 59

51 CONTINUE FROZ 60
WRITEL6.T0) FROZ 61
70 FORVMAT(40HOFROZEN DID NOT CONVERGE IN 8 ITERATIONS) FROZ 62
GO TO 9032 FROZ 63

81 TTT(NPT)= 1T FROZ 64
SSUM(NPT)= SUMS FROZ 65
HSUM(NPT)= TT*SUMH FROZ 66
GAMMAS (NPT )= CPSUM/({CPSUM=1./WMINFZ)) FROZ 67
VLM(NPT) = RR*TT/{(WM(NFZ)*101.325%PP) FROZ 68
WMINPT) s WMINFZ) FROZ 69

o FROZ 70
DLVPTI(NPT) = -1, FROZ 71
BLVTP(NPT)Y = 1. FROZ 72
TOTNINPT) = TOTN(NFZ) FROZ 73
PPPINPT) = PP ' FROE 74
CPR(NPT) = CPSUM : FROZ 75

IF (TT.L1.(TLOW-150.))G0 TO 903 FROZ 76
1FINC.EQ.0) GO TQ 1000 FROZ 77
INC =0° FROZ 78

BC 901 I=ITMiNS ’ FROZ 79
TF(IUSE(]) EQeQ0.OR IUSE1I).EQ.~-10000) GO TC 901 FROZ 80
INC = INC+41 FROZ 81

IF (EN(I,NFZ).EQ.0.) GO TO 901 FROZ 82

IF(TTLTL{TEMP{INC+1)=50.)0R.TT.GT.(TEMP(INC,2)450.))G0 TO 902 FROZ 83
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901 CONTINUE

FROZ

GO 70 1000 FROZ
903 TT7=0. FROZ
NPT= NPT-1 FROZ
1600 RETURN FROZ
END FROZ

C
SUBROUTINE SHCK {*) SHCK
C SHCK
DOUBLE PRECISION GyX»GG SHCK
C SHCK
C TYHE FOLLCWING DOUBLE PRECISION TYPE STATEMENTS ARE RECUIRED FOR SHCK
C I8M 360 MACHINES ONLY SHCK
C SHCK
C DOUBLE PRECISION HSUM,SSUM,CPR,DLVTP,DLVPT,GAMMAS SHCK
C DOUBLE PRECISION COEF4+SyEN,ENLN,HCO,DELN SHCK
c SHCK
REAL MACHI 2M1yMACH2,M2,M12,M5,M25y,MACHO 4MUL12RT,N2M1 SHCK
LOGICAL INCDEQ,INCODFZ4REFLEQ,REFLFZ2,TP,FRO2,EQL,SECLsMOLES, SHCK
1 SHOCK,SREFL,REFL,CALCH SHCK
C SHCK
DIMENSION NUM(15,5)sFV2(4),FLVI{4),W (10} SHCK
DIMENSION M2M1(13),T2T1(13),L1U2(13),RRHO(13),5G(78),U5(13) SHCK
DIMENSION U1(13),MACH1(13),UTWO(13)4,2{10,3),U2STAR(13} SHCK
C SHCK
COMMON /POINTS/HSUM{13),SSUM(13),CPR(13),DLVTP(13),CLVPT(13), SHCK
1 GAMMAS(131,P(26)«T(S2),V{13),PPP(13),WM(13),SONVFL(13),TTT(13), SHCK
2 VLM{(13),TOTNt13) SHCK
COMMON /SPECES/COEF(2+7»100),S{100),H0O(100),DELN(100),0UMMY (100}, SHCK
1 EN(100,137,ENLN{100),A(10,1C0),SUB(100,+3}),IUSE(100),TEMP(50,2) SHCK
CCMMON /MISC/ENN,SUMN,TT,S0,ATOM(3,101),LLMT{10),B0(10),80P(10,2)sSHCK
1 TM, TLOW,TMID{ THIGH»PP,CPSUM,0OF EQRAT4FPCT,RyRR,HSUYBO,AM(2), SHCK
2 HPP(2)sRH(2)5 VMIN(2),VPLS(2)ysWPI2),DATA(22)4NAME(15,5), SHCK
3 ANUM(15,5),PECHT{15),ENTH(15),FAZ{15)RTEMP(15),FOX(15)4DENS{15),SHCK
4 RHOPRMW({15) TUNJCRHOXF(15) 4ENNL, TRACE,LLMTS(10}),SB80P(1052) SHCK
COMMON /DOUBLE/ G(20,21)y X(20) ) SHCK
COMMON /INDX/IDEBUG,+CONVG,y TP HPySPsISV4NPP,MOLES NP4 NT,NPT,NLM, SHCK
1 NS KVMAT,IMATLIQL4IOF{NOFNOMIT,yIPNEWR4NSUByNSUP»RKT,DETN,SHOCK, SHCK
2 IONSyYNC,NSERT,JSOL»JLIQ.KASE,NREAC,1C,JS1,VOL,IT,CALCH,NLS,LOGVy SHCK
3 ISUP,ISUB,ITNUM,ITM, INCDFZ,INCDEQ,CPRF,IPP,SEQL,PCPLT SHCK
COMMON /PERF/PCP(22),VMOC(13)4SPIM(13),VACI(13),SUBAR(13)} SHCK
1 SUPAR(12),APP(13),AEAT(13)4+CSTR4EQL,FROZySSO+AREA,AWT,NFZ, SHCK
2 APPL,ARATIO,ELN SHCK
COMMON /OUPT/FMT(30),FP(4),FT{4)FH{4),FS(4)+FM(4),FVI4),FD(4), SHCK
1 FCU4)4FG(4)9sFByFMTL33FL14F24F3,F44F5,FL(4),FMTI9,FALl,FA2, SHCK
2 FRLZFCLyFN(4)sFRU4L)SFALL)FI(4),FMTIX,FO SHCK
C SHCK
BQUIVALENCE(M2M1,AEAT),{T2T1,SPIM),(ULU2,VACI,U2STAR),(U14SUBAR)} SHCK
EQUIVALENCE (SGyGt4+3))y (APP 4RRHO)»{(Z,HO), (ANUM,NUMI,{U5, UTWO) SHCK
1 4(GGyX(4) 1)y tMACHL1,SUPAR)},{M1,DATA(20)}),(CPR1,DATA(21)) SHCK
EQUIVALENCE (REFL;1ISUP), (NSK,ISUD) SHCK
C SHCK
NAMELIST /SHKINP/Ul,MACH1,GAMMALl,INCDEQ,REFLEQ, INCCFZ,REFLFZ,Al SHCK
DATA ONE/1H1/y FPP/4HP2/P/y FTT/4HT2/T/ SHCK
2 FU1/3HULlY /4 FMM/4HM2/M/, FRA/4HRHO2/, FRB/4H/RHO/ SHCK
3 FMA/4HMACH/, FMB/4H NO./y IZERO/2H0O/,FU2/3HUZ,/ SHCK
DATA TWO/1IH2/% FPS/4HPS/P/y FT5/4HTS5/T/ SHCK
2 FUS/3FUS,/4y FM5/4HM5/M/FR5/4HRHOS/ SHCK
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DATA FV2/4HV2(Uy4H1-U2,4H)M/ Sy 2HEC/ SHCK 52

1 » FUV/4HUS+V, 4H2,M/,3HSEC,1H / SHCK 53
C SHCK 54
NFZ =1 SHCK 55
CALCH = ,FALSE. SHCK 56
IF(TRACE.EQ.Os) TRACE=5,E-9 SHCK 57
I6F = O SHCK 58
TP=,TRUE., SHCK 59
CPR1 = 0. SHCK 60
po 10 1=1,13 SHCK 61
MACH1{I)=0. SHCK 62
ull(l)=0. SHCK 63
10 CONTINUE SHCK 64
GAMMAL = 0. SHCK 65
INCDEQ = .TRUE. ’ SHCK 66
INCOFZ = ,TRUE, SHCK 67
REFLEQ = .FALSE. SHCK 68
REFLFZ = .FALSE. SHCK 69
DO 18 N = 1,NREAC SHCK 70
NAME(N,5) = IZERO SHCK 71
18 CONTINUE . SHCK 72
SREFL = .FALSE. SHCK 73
READ (5,SHKINP) SHCK 74
WRITE{64SHKINP) SHCK 75
IF(REFLEQ.OR.REFLFZ) SREFL=.TRUE. SHCK 76
SEQL = INCDEQ SHCK 77
TF{T(1).EQeQe¢) T(1)=RTEMP(1) SHCK 78
DO 20 I = 1,13 SHCK 79
IF (MACH1{1).EQeGe0.AND.,Ul(I)eEQ.0.0) GO TO 21 SHCK 80
NSK = 1 SHCK 81
20 CONTINUE SHCK 82
21 I0F = I0F+1 SHCK 83
OF = OXF(ICF) SHCK 84
CALL NEWOF SHCK 85
C SHCK 86
INCDEQ = SEQL SHCK 87
17 REFL = .FALSE. SHCK 88
IT2 = 2 SHCK 89
IT1 = 1 SHCK 90
PP = P(1) SHCK 91
I7T = T(1) SHCK 92
C SHCK 93
C FROZEN SHCK 94
C SHCK 95
117 DO 118 N = 1,NSK SHCK 96
DLVTPIN) = 1. SHCK 97
OLVPTIN) = -1, SHCK 98
DO 118 J = 1,4NS SHCK 99
EN(JsN) = 0.0 SHCK 100
118 CONTINUE SHCK 101
[ SHCK 102
19 DO 35 NPT=1,NSK SHCK 103
PPPINPT) = PINPT) SHCK 104
TTIT(NPT) = T(NPT) SHCK 105
TF{NPT.EQ.1) GO YO 14 SHCK 106
TF(PPPINFTI.EQ.0e) PPPINPT)=PPP(NPT~-1) SHCK 107
IFITTITINFT)EQeQs) TTTINPT)=TTT(NPT-1) SHCK 108
SSUM(NPT) = SSUMINPT-1)} SHCK 109
HSUMINPT) = HSUM(NPT-1) SHCK 110
IF(TTT(NPT).EQeTT.AND.PPP{NPT).EQ.PP) GC TO 15 SHCK 111
14 PP = PPP(NPT) . SHCK 112
TT = TTT(NPT) SHCK 113
IF(TT.GE.TLOW/1.5} GO TO 814 SHCK 114
WRITE{6,1152) SHCK 115
GO 10.1Q00 SHCK 116
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814 CALL HCALC SHCK 117

HSUM(NPT) = HSUBG SHCK 118
15 IF(CPR1,NE.OQs) GAMMAL1=CPR1/(CPR1-1,./M1) SHCK 119
Al = [TRRAGAMMALXTT/M])*%,5 SHCK 120
21 TF(ULINPT)EQeOQe) ULINPT)I=ALI¥MACHL(NPT) SHCK 121
IF (MACHI(NPT).EQ.O.) MACHLI(NPT) = UL{NPT) /Al SHCK 122
WM(NPT) = M1 SHCK 123
CPR(NPT) = CPR1 SHCK 124
GAMMAS(NPT) = GAMMA]L SHCK 125
VLM(NPT) = RR*TT/{(M1%101.325%PP) SHCK 126
3¢ CONTINUE SHCK 127
c SHCK 128
C OUTPUT--1ST CCONDITICN SHCK 129
C SHCK 130
WRITE (&,8€1) SHCK 131
861 FORMAT(1H1,48X,30HSHCCK WAVE PARAMETERS ASSUMING ) SHCK 132
IF{«NCT.INCCEQ) GO TO 44 SHCK 133
WRITE (6,862) SHCK 134
8€2Z FORMAT {(1H ,35X,55HEQUILIBRIUM COMPOSITION FOR INCIDENT SHOCKEN COSHCK 135
INDITIONS //) SHCK 136
GO T0 45 SHCK 137
44 WRITE (6,48¢3) SHCK 138
862 FORMAT (1H ,37X,50HFROZEN COMPOSITION FOR INCIDENT SHOCKED CONDITISHCK 139
10NS/ /) SHCK 140
4% EQL = .FALSE. SHCK 141
CALL 0uT1 SHCK 142
WRITE(6,446) SHCK 143
46 FORMAT (1&H INITIAL GAS (1) ) SHCK 144
FMT(4)=FMT13 SHCK 145
FMT(E)=FB SHCK 146
FMY(7)=F4 SHCK 147
WRITE (6,FMT) FMAFMB,FBFB, (MACHL(J)yJ=1,NPT) SHCK 148
FMT(7) = F2 SHCK 149
WRITE (6,FMT) FULSFL{3)9FL(4)3FB,(UL(J)yJs14NPT) SHCK 150
CALL 0UT2 SHCK 151
C SHCK 152
C BEGIN CALCULATIONS FCR 2ND CCNDITION SHCK 153
c SHCK 154
IF{INCDEQ) EQL=.TRUE,. SHCK 155
47 NPT =1 SHCK 156
48 GAMMAL = GAMMASINPT) SHCK 157
UU = UL(NPT) SHCK 158
M1 = WM(NPT) SHCK 159
Pl = PPP(NPT) SHCK 160
Tl = TTT(NPT) SHCK 161
HS = HSUM(NPT) SHCK 162
IF(REFL) UUSULUZINPT) SHCK 163
MU1Z2RT = M1#UU*%2/{RR%T]) SHCK 164
TF(REFL)Y GO TO 59 SHCK 165
P21 = (2.*GAMMAL*MACHI{NPT)%%2-GAMMAL+¥1.)/(GAMMAL+],) SHCK 166
T21 = P21%(2./MACHY(NPT) *%2+4GAMMAL-1.)/ (GAMMAL+1.) SHCK 167
IF((T1%721).GT.2000..AND. EQL) T21 = 7%T21 + 600./T1 SHCK 168
GO 70 61 SHCK 169
c SHCK 170
c REFLECTED--SUBSCRIPTS 2514y 5=2, P52=P21 SHCK 171
C SHCK 172
59 121 = 2. SHCK 173
B2 = (-1.,-MU12RT-T21}/2. SHCK 174
P21 = -B2+SQRT(B2*%2-T21) SHCK 175
Bl P21L=ALOG(P21) SHCK 176
T21L=AL0G(T21) SHCK 177
DO 100 [TR=1,8 SHCK 178
IF({IDERBUG.GCT«Q.ANDNPT.GE.IDEBUG) WRITE(6,152) ITR,IT2,1T1,T21, SHCK 179
11T2,1T71.,F21 SHCK 180
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152 FORMAT(1QHOITR NOs= »I1sTX91HTyI142H/T9I1ly2H =4F9e4,TXs1HP,11,2H/PSHCK 181

19I192H =,FGe4 ) SHCK 182
TT=T21*T1 SHCK 183
PP=pP21%P1 SHCK 184
IF (.NOTL.EQL) GO TO 40 SHCK 185
CA'L EQLBRM SHCK 186
IF(TT.EQ.Q.) GO TO 430 SHCK 187
60 70 =" SHCK 188

c SHCK 189
C FROZEN SHCK 190
C SHCK 191
40 TLN = ALOG (TT) SHCK 192
IF(.NOT.INCDEQ) GO TO 88 SHCK 193
JS1 =1 SHCK 194
CALL CPHS SHCK 195
CPRINPT) = CPSUM SHCK 196
HSUM(NPT} = 0O, SHCK 197
DO 84 J= 1,4NS SHCK 198
TF(IUSE(J).EQe0) HSUM(NPT)SHSUMINPT)}EHO(JIXEN(JI,NFPT) SHCK 199
84 CONTINUE SHCK 200
HSUMINPT) = HSUMINPT)*TT SHCK 201
G0 YC 50 SHCK 202
88 CaLL rCALC SHCK 203
IF(TT.€EC.Q0.) GO TO 150 SHCK 204
HSUMINPT) 5 HSUBG SHCK 205
CPR(NPT) = CPR1 SHCK 206
C SHCK 207
50 RHO12 = M1#T21/(WM(NPT)*P21) SHCK 208
GC=RFC12*MU12RT SHCK 209
RHO52 = 1./RHO12 . SHCK 210
TF(REFL) CG=-MUL2RT*RHO52/(RHOS52~1,)*%2 SHCK 211
G{1,1)=-GG*DLVPT(NPT)-P21 SHCK 212
Glly2)==0GADLVTPINPT) SHCK 213
G(143)=P21-1.+GG-MU12RT SHCK 214
TF(REFL) G(143) = P21-1.¥GG*¥(RH0O52~1.) SHCK 215
GG = GG*T1/M] SHCK 216
TF{«NOT.REFL) GG=GG*RHO12 SHCK 217
Gl291)=—=CG*OLVPTINPT)+TT*{DLVTP(NPT)=1.)/WM(NPT) SHCK 21¢&
G(292)=~CGADLVTP(NPT)~-TT*CPR(NPT) SHCK 219
6G = 1l.—RHO12%x%2 SHCK. 220
TF(REFL) GG=(RHO52+1.)/(RHOS52-1.) SHCK 221
G293 )=HSUM{NPT)}-HS~UU%%2%GG /{24 *RR) SHCK 222
X(31=C(1,1)%G(242)-G(1,2)1%G(2,1) SHCK 223
X€1)=(G(1431%G(292)-G(293)%G(1,2))/X(3) SHCK 224
X(2)=(G(141)1%G(293)=G{2,1)%G(1,3))/X(3) SHCK 225
C ‘ SHCK 226
AX = Xx(1) SHCK 227
AXX = X{2) SHCK 228
TF(AX.LT.0.1 AX = -AX SHCK 229
IF (AXXeLTe0&) AXX = —AXX SHCK 230
IF (AXX4GT.AX) AX = AXX SHCK 231
IF(AX.LT..00005) GO TO 150 SHCK 232
AX = AX/.4C54652 SHCK 233
TF(AX.LEL1s) GO TO 75 SHCK 234
Xtl1) = X{1)/7AX SHCK 235
Xt2) = X{(2)/AX% ’ SHCK 236
75 P21L=P21L£X(1) SHCK 237
T21L=T21L+X(2) SHCK 238
P21=EXP(F21L) SHCK 239
T21=EXP(T21L) SHCK 240
100 CONTINUE SHCK 241
WRITE{6,125) UL(NPT) . SHCK 242
125 FORMAT(2EH0ODID NOT CCNVERGE FOR Ul=,F8.2,56H ANSWERS PROBABLY NOSHCK 243
_ 17 RELIABLE, SOLUTION MAY NOT EXIST) SHCK 2464
93
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C
C
C
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150 RRHO(NPT) = RH0OS2
M2M1(NPT) = WM(NPT)/N1
PCP(NPT) = P21
T2T1(NPT) = T21
UTWO(NPT) = UU*RHOL12
UIUZINPT) = UYU-UTWO(NPT)
IF(TTeGELTLOW/14a5.AND.TTJLELTHIGH*1.25) GO TO 153
WRITE(641152)
1152 FORMAT(47HQTEMPERATURE IS OUT OF RANGE OF THE THERMO DATA}
153 IF{.NQT.REFL) GC TO 154
US{NPT) = LU/{RHO52-1,)
U2STAR(NPT) = US{NPT)+UL
154 IF(EQL) GO TO 431
FROZEN
161 PPP(NPT) = PP
TITI(NPT) = TT
GAMMAS(NPT) = CPR{NPT)}/(CPR{NPT)-1./M1}
VLM(NPT) = RR*TT/{M1%101.325%PP)
IF(JNOTLINCDEQ)Y GO TO 431
SSUM(NPT) = 0.
CO 166 J=1,NS
PMN = PPAMI*EN(J4NPT)
TF(IVUSE(J)oFQeC) SSUMINPT)L=SSUMINPTI+EN(JyNPTIX(S({J}~ALOGIPMN))
166 CONTINUE
GC TC 431
430 IF(NPT.LT.1) GO TO 1000
NSK = NPT
431 IsSv = O
IFINPTLLTLNSK) ISV=NPT
IF(NPTLEQ.1) ISvV%-1
NPT = NPT+1
IF(EQL)Y CALL SAVE
IF(NPTLLELNSK) GO TO 48
NPT = NSK
OBUTPUT--2ND CONDITION
WRITE{64,156)
156 FCRMAT(1H }
IF(REFL) GO TO 56
TF{«NOTLEQL) WRITE{64+57)
57 FORMAT(34HOSHOCKED GAS (2)--INCIDENT--FROZEN)
TIF(EQL) WRITE(6,157)
157 FORMAT(3SHOSHOCKED GAS (2)~—INCIDENT--EQUILIBRIUM)
DO 55 I=1.4
55 WlI) = Fva2(l)
Wi5) = Fpp
W{é) = ONE
Wi7) = FIT
Wi(8l = FMM
W{9) = FRA
Wi10) = FU2
GO 10 700 .
56 IF{.NOTL.EQL) WRITE(:.58)
TFLEQL) WRITE(6,690:
58 FORMAT(35HOSHOCKED GAS {5)--REFLECTED--FROZEN)
690 FORMAT({40HOSHOCKED GAS (5)--REFLECTED--EQUILIBRIUM)
DO 65 1=1,4
&5 Wtll = Fuv(l)
W(5) = FP5
Wie) = TwWO
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700

W(7) = F15
WiB) = FM5
Wwi9) = FRS
w(10) = FUS A
FMT(7) = F2

WRITE (64FMTIW(10),FLI3)#FL(4)FB,y (UTWO(J),J=1,NPT)
CALL 0uTe

WRITE(6,156)

FMY(7)=F2

WRITE(6,FMTIW{5),W(6)3FBaFB,y (PCP(J),J=1,NPT)
WRITE(GsFMTIW(T) ¢W(6)FBFB,(T2T1(J),J=1,NPT)
FMT(7)=F4
WRITE(G,FMTIN(B) yW(6) sFR oFBy {M2M1LJ),J=1,NPT)
WRITE(G,FMTIN(9) ,FRB,W{6)4FB, (RRHO(J)yJ=1,NPT)
FMT(7) = F2

WRITEL6,FMT) (W{I)sT=1y4)5 (UIU20J)4J=1,NPT)
1F{.NCT.EQL) GO TO 850

CALL 0OUT3

GO TO 865

. C
‘z c WRITE FROZEN MOLE FRACTIONS
C

M E M YUYW UEHEEUYL W NENIENRLEREE

850

852
854

855
856

BES

935

FMT(7) = F5
IF(.NOT.INCDEQ) GO TO 852
EGL = .TRUE.

CALL CUuT3
EGL = JFALSE.
GC TC 86¢%

WRITE(6,854)

FCR¥MAT (15HOMOLE FRACTIONS //)

CC 856 N = 1y NREAC

J = NUMI(N,5)

DO 855 1 = 1,NPT

VII) = EN(J,1)%M]

CONTINUE

WRITE (6,FMT) SUB (Jsl)ySUB(J92)sFByFBs(VII)sI = 1,NPT)
CONTINUE

RETLRN
ENTRY SKCK1
IF(.NOT,SREFL) GO YO 948

IF{ NOT,REFL) GC TO 935
IF(EQL.COR,. .NOT.REFLEQ) GO TC 948

GO TC 940
REFL = ,TRUE.
ItT2 = 5

[T1 = 2

EQL = LTRUE.

IF(.NCT.REFLFZ) GD TO 47
EQL = .FALSE.
IF(.NCT.REFLEQ) GO TO 47

J =0

DO 93& I=1,NPTY

J = J+]

SG(J) = vluv2(I)

J = Jf1

SG(J) = WM(T)

J = J+l

SG(J) = PPP(I)

J = J+1

SG(J) = TTT{1)

J = J+l B
SGLJ) = HSUM(TY ™7
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936

240

946

948

399
1000

O O OO0 O

96

J = U+l

SG{J) = GAMMAS(I)
CONTINUE

GC 70 47

J=1

DO 946 I=1,NPT
Uluz(ry = sGtJ)
WMD) = SG(J4+1)
PPP(I) = SG(J+2)
TTIT(I) = SG(J4+3)
HSUM(I) = SGlJ+4)
GAMMAS{I) 5 SG(J+5)
Jd = J+6

EQL = .TRUE,

G0 TO 47
IF(«NOT.INCDEQ.OR4NOT.INCDFZ) GO TO 95C
INCDEQ = LFALSE.
EQL = .FALSE,

G0 T0 17
IF(IOF.LT.NOF) GO TO 21
TP = LFALSE.

D0 999 N=1,NREAC
RTENPIN) = T(1)
CONTINUE

RETURN 1

END

SUBRGUTINE DETON (%)

CHAPMAN-JOUGUET DETONATIONS

THE FOLLOWING DOUBLE PRECISION TYPE STATEMENTS ARE RECUIRED FOR

TBM 360 MACHINES ONLY

COUBLE PRECISION HSUM;SSUM,CPR,DLVTP,DLVPT,GAMMAS

DOUBLE PRECISION COEF4S,EN,ENLN,HO,DELN

LOGICAL HP,3P,TP,EQL,TSCHED

DIMENSION GM(13),CP(13),HL(13),PUB(13),TUB(13),6M1{13),RRHO(13)

COMMON /POINTS/HSUM(13),SSUM(13),CPR{13),0LVTP(13),DLVPT(13),
1 GAVMMAS(13),P(26)4T(52)4V{13),PPPI13),WM{13),SONVEL(13),TTT(13),

2 VLM({13),TCTN{13)

CCMMON /SPECES/COEF(237,100),5(100),H0{100),DELN(1C0),DUMMY(100),
1 EN(C1C0,13),ENLN(1C0)5A(10,1C0),SUB(100,3),IUSE(100),TEMP150,2)

SHCK
SHCK
SHCK
SHCK:
SHCK
SHCK
SHCK
SHCK
SHCK
SHCK
SHCK
SHCK
SHCK
SHCK
SHCK
SHCK
SHCK
SHCK
SHCK
SHCK
SHCK
SHCK
SHCK
SHCK
SHCK
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DETN
DETN
CETN
DETN
DETN
NETN
DETN
DETN
DETN
DETN
DETN
DETN
DETN
CETN
DETN
DETN
DETN
DETN
DETN

COVMMON /MISC/ENN,SUMN;TT,S0,ATOM(3,101),LLM¥T(10),R0(10),BOP(10,2),BETN

1 TMyTLOW, TMIDy THIGHsPPoCPSUM,0OF ,EQRAT,FPCT4R4yRRyHSURO,AM( 2},
2 HPP(Z)sRH(2)) VMIN(2),VPLS(2),WPL2),DATA(22),NANF(15,5),

DETN
DETN

3 ANUM{15,5)PECWT(15)yENTH(15),FAZ(15),RTEMP(15),FCX(15),DENS{15),DETN

4 RHOP,RMW(15)3 TLN4CR,OXF(15) yENNL,TRACE,LLMTS{10),SB0P{10%2)
COMMON /INDX/IDEBUG,CONVGy TP ,HP ySP ISV yNPP yMOLES NP4 NT,NPT,NLM,
1 NSyKMAT,IMAT,1Q1,I0F;NOF,NOMIT,IP,NEWRyNSUB,NSUPWRKT ,DETN,SHOCK,
2 TONSyNCyNSERT,JSOL+JLTQeKASE)NREAC,ICyJIS1yVOL,IToCALCH,NLS,LOGV,
3 1SUP,I1SUB,ITNUM,ITM,INCDFZ, INCDEQ,CPRF,IPP,SEQL,PCPLT
COMMON /PERF/PCP(22),VMOC(13),SPIM(13),VACI(13),SURBAR({13)}
1 SUPAR(12),APP(13),AEAT(13),CSTR,EQL,FROZ,SSO,AREA,AWT,NFZ,

2 APPLYARATIOLELN

DETN
DETN
DETN
DETN
DETN
DETN
DETN
CETN

375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
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398
399
400
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CCMMCN /OUPT/FMT(30) ,FP(4),FT(4)3FH{4) ,FS({4),FM{4),FV(&4),FD(4), DETN 32
1 FC(4)4FGUA) yFR,FMTLI2,F1,F2,F3,F4yF5,FL(4),FMTI9,FAL,FA2, DETN 33
2 FRIZFCL,FN{4),FR(4)4FA(4),FI{4),FMTOX,FQ DETN 34
C CETN 35
EQUIVALENCE(CP,DATA), (GM,.SPIM), (H1,VACI),{PUR,SUBAR), (TUR,SUPAR) DETN 36
EQUIVALENCE(GML,AEAT ), (K4ISV) DETN 37
EQUIVALENCE(AM],CATA(20)), (CPR1,DATA(21)) DETN 38
C DETN 39
DATA FT1/4+T1,0/, FP1/4HP1,A/y FHL1/4HH1,C/, FM1/4ENY,N/ DETN 40
1 y FGL/4HAL /, FPP/4HP/PLY/, FTT/4HT/T1/ DETN 41
2 FUC/4HDET 7/, FMM/4HM/M1/, FRA/4HRHO//, FRB/4HRENL/ DETN 42
3 FMA/4FMACH/, FMR/4H ND./, 1ZERO/2HOC/ DETN 43
c CETN 44
IOF = u DETN 45
C NETN &6
C IF NO T SCHEDULE, SET TSCHED=.FALSE, AND USE T FRCVM FIRST REACTANTDETN 47
C DETN 48
TSCHED = ,TRUE. CETN 49
TF(T(1)«NE.C.) GO TO 3 DETN 50
T{1) = RIEMP(1) DETN 51
TSCHED = .FALSE. DETN 52
G0 10 7 DETN 53
2 CO 4 N=1,NREAC DETN 54
NAME(N,5) = IZERO DETN 65
4 CCNTINUE DETN 56
TTT = (1) DETN 57
10F = 10F¥1 DETN S8
OF = OXF(IOF) DETN 59
CALL NEWOF DETN 60
WRITE (6,11) DETN 61
11 FORMAT{33M1DETONATION VELOCITY CALCULATICNS) DETN 62
C DETN 63
c REGIN T LOOP. DETN 64
c DETN 65
IT =0 DETN 66
901 IT = IT 4 1 DETN 67
Tl= T(IT) DETN 68
YT = T1 DETN 69
IF(.NOT.TSCHED) GO TO 20 DETN 70
CALL HCALC DETN 71
IF(TT.EC.0.) RETURN 1 DETN 72
20 IF(IDEBUG.NE,O) CALL DUTL DETN 73
o DETN 74
C BECIN P LCCP, DETN 75
C DETN 76
1P = ¢ DETN 77
903 IP =1P + 1 DETN 78
Pl= PLIP) DETN 79
HI(NPT) s FSUBO%R DETN 80
TUB(NPT)=T1] DETN 81
PUB{(NPT)=P1 DETN 82
CP(NPT) = CPR1#R DETN 83
ITR= 0 DETN B4
TT= 3800. DETN 85
PP1= 15, DETN 86
PP= PPL%P] DETN 87
C ' DETN 88
C CALCULATE ENTHALPY FCR INITIAL ESTIMATE CF T2(TT AFTESR EQLBRM) DETN 89
C DETN 90
HSUBC = HL(NPT)/R + ,75%#T1%PP1/AM] DETN 91
TP = .FALSE. DETN 92
HP= LTRUE, DETN 93
CALL EQLBRM DETN 94
HSUBQ = HL(NPT)/R CETN 95
HP= LFALSE. DETN 96

97
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TF(TT.EQ.Cs) GO TO 902 DETN 97

GAM= GAMMAS(NPT) DETN 98
TT1= TT/11 DETN 99
1= 0 DETN 100
TEN=TT1-.75%PP1/(CPR{NPT)*AM]) DETN 101
ANN=WM(NPT)/AML DETN 102
WRITE(6,190)TT DETN 103
190 FCRMAT(BHOT ESTe=,F8.2/L1Xs4HP/P1417Xy4HT/T1) DETN 104
WRITE(6,203) I1,PP1,TT] DETN 105
c DETN 106
C LOOP FOR IMPROVING T2/T1 AND P2/P1 INITIAL ESTIMATE. DETN 107
c DETN 108
200 CC 202 11=1,3 DETN 109
ALFA=AMM/TT] DETN 110
PP1= (1o£GAMI*(1o+(1a=4o*GAMALFA/ (1o #GAM)*%2) %% ,5)/ (2, *GAMKALFA) DETN 111
RK=PPIXALFA DETN 112
TT1l= TEM4 . 5*PP14GAMK(RK*RK-14)/{AML*CPR (NPT )*RK) DETN 113
IF(IDERUC.GT.0.AND.NPT.GE.IDEBUG) WRITE(6,203) I1,PP1,TT1 DETN 114
203 FCRMAT (15,2E20.8) DETN 115
202 CCNTINUE DETN 116
TP= ,TRUE, DETN 117
TT= T1#771 DETN 118
RR1 = PPI1%*AMM/TT1 DETN 119
T DETN 120
c BEGIN MAIN ITERATION LOOP. DETN 121
C DETN 122
205 ITR= ITR+1 DETN 123
PP= P1%PF1 DETN 124
CALL EQLBRM DETN 125
TIF (NPT.EQ.0) GO TO 1000 DETN 126
1F (TT.EQ.0.) GO TO 860 DETN 127
GAM= CANMAS(NPT) DETN 128
ANM= WM(NPT)/AML DETN 129
RR1= PPI#AMM/TTY DETN 130
All= 1./PP1 + GAMXRRI%DLVPT(NPT) DETN 131
A12= GAM#RR1#DLVTP(NPT) DETN 132
A21= JS5*GAM¥(RR1%#%2-1,-DLVPT(NPT)*{1.+RR1%%2) ) +DLVTP (NPT)-1. DETN 133
A22==,5*GAMXDLVTP (NPT )#{RR1%%2+1.)=WM{NPT)*CPR(NPT) DETN 134
Bl= 1./PPl-1.+GAM%(RR1-1,). DETN 135
B2= WM{NFT)#*{HSUMINPT)=HL(NPT)/R)/TT-,5*GAM*(RR1*RR1-1.) DETN 136
D = A11%A22-A12%A21 DETN 137
X1 = (AZZ%R1-A12%B2)/D DETN 138
X2 = {Al1%B2-A21%B1)/D DETN 139
ALAM= 1, DETN 140
TEM = X1 DETN 141
IF(TEM.LT.0u) TEM = —-TEM DETN 142
IF(X2.GT.TEM) TEM=X2 DETN 143
TF (=X2.GT,TEM) TEM = -X2 DETN 144
IF(TEN.GT1.0.4054652) ALAM=,4054652/TEM DETN 145
PP1= PPL#EXP(X1%ALAM) DETN 146
TT1= TTI4EXP (X2%ALAM) DETN 147
TT = T1%7T1 DETN 148
UD = RR1#(RREGAMATT/WMINPT))#%,5 DETN 149
IF(IDEBUG.GT.0.AND.NPT.GE,IDEBUG) WRITE(6430)ITRyPP1,TT14RR14X1, DETN 150
1X2 DETN 151
30 FORMAT(THOITER =,12,5X,6HP/P1l =,E1548,5Xs6HT/T1 =4E15.8,5Xs LOHRHO/DETN 152
1RHO1 =yE15.8/7X,13HDEL LN P/P1 =,E15.8,5X,13HDEL LN T/T1 =,E15.8) DETN 153
c DETN 154
C CONVERGENCE TEST DETN 155
c DETN 156
TF({ITR«LT.8.AND.TEM.GT.0.5E-04) GO TO 205 DETN 157
IF(ITR.LT.8) GO TO 35 DETN 158
WRITE(6,34) DETN 159
34 FCRMAT(53HOCONSERVATICN EQNS WERE NOT SATISFIED IN 8 ITERATIONS) ODETN 160
NPT = NPT-1 _ DETN 161
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= e DETN 162

GO TO 150 DETN 163

35 RRHO{NPT)=RR] DETN 164
IF (CPINPTL.EQ.0.) GO TO 40 DETN 165
GML(NPT) = CP(NPT) /(CP(NPT)~R/AM1) DETN 166
VMOCINPT) = UD/(RR*GML(NPT)*TL/AM])%%,5 DETN 167

G0 TO 150 DETN 168

40 GM1(NPT) = 0. DETN 169
VFOC(NPT) = 0O, : DETN 170

150 K = 0 DETN 171
IF(IP.EQ.NP.AND. IT.EQ.NT.0R.TT.EQ.0.) GO TO 860 DETN 172

K = NPT DETN 173
IF(NPT.NE.13) GO TO 870 DETN 174

c ‘ DETN 175
C OuUTPUT DETN 176
c : DETN 177
860 WRITE (6,5) DETN 178
> FORMAT(1H1,42X,46HDETONATION PROPERTIES OF AN IDEAL REACTING GAS )IDETN 179
CALL OUT1 DETN 180
WRITE(6046) DETN 181

46 FORMAT(13H UNBURNED GAS//) DETN 182
FMT(4)=FMT13 DETN 183
FMT(5)=F¢ DETN 184

FMT (7)=F4 DETN 185
WRITE(6,FMT)  FP1,FP(2),FB,FB, (PUB(J)yJ=1,NPT) DETN 186
FMT(7)=F: DETN 187
WRITE{69FMT) FT14FT(2),FByFBy (TUB(J)yd=1,NPT) DETN 188
WRITE(64FMT) FH14FH(2),FB,FBy (H1(J), J=1,NPT) DETN 189

CO 56 I=1,NPT DETN 190
VII)=AM] DETN 191
SONVEL(I) = (RR*GML(I)*XTUB(I)/AML)**.5 DETN 192

56 CONTINUE DETN 193
FMT(7)=F3 DETN 194
WRITE(69FMT) FML,FM(2)yFMI3),FB, (V(J),d=1,NPT) DETN 195
FMT(7)=F4 _ DETN 196
IF(.NOT.TSCHED) GO TO 57 DETN 197
WRITE(6+FMT)  FG(L)yFGLoFBoFBYy(GMLIJ)yJ=1,NPT) DETN 198
FMT(7)=F] DETN 199
WRITEL6,FMT)  (FLUT),1=104) 4 (SONVEL(J) ,J=1,NPT) DETN 200

£7 WRITE(6,58) DETN 201
58 FORNAT(11HCRURNEC GAS//) DETN 202
FMT(4)=FMT(6) DETN 203
CALL OUTZ DETN 204
WRITE(6,68) DETN 205

88 FORMAT(2ZHODETONATION PARAMETERS //) DETN 206
FMT(7)=F2 DETN 207

CO 70 I=1,NPT DETN 208
VII)= PPP(I1)/PUB(T) DETN 209
PCPIIN=TIT(I)/TUB(I) DETN 210
SONVEL( I)=SONVEL (I )%RRHO(]) DETN 211

70 CONTINUE DETN 212
WRITE(6,FMT)  FPPFR,FB,FB,(V(J),J=1,NPT) DETN 213
WRITE(64FMT)  FTT4FByFB,FB, (PCP(J),d=1,NPT) DETN 214

CE 72 I=1,NPT DETN 215
VIIY=WM(I)/AM] DETN 216

73 CONTINUE DETN 217
FMT(7)=F4 DETN 218
WRITE(64FMT) FMMyFByFB,FBy(V(J),d=1,NPT) DETN 219
WRITE(6,FMT) FRA,FREB4FB,FB, (RRHO(J)¢d=1,NPT) DETN 220
IFCTSCHED)  WRITE(6,FMT) FMA,FMB,FByFB, (VMOC(J) 4J=1,NPT) DETN 221
FMT(7)=F1 DETN 222
WRITE(LE4FMT) FUDYFLI2)4FL{3)4FLI4), (SONVEL (J),d=1,NPT) DETN 223
EQL=.TRUE, DETN 224
CALL OUT3 DETN 225

C DETN 226
c END OUTPUT. DETN 227
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< - DETN 228

RETURN DETN 229
C DETN 230
ENTRY DETON1 DETN 231
c DETN 232
865 IF(K.EQ.0.ANDLIOF.EQ.NOF) GC TO 1000 DETN 233
IF {NP.EQ.1 .AND. NT.EQ.1) GO TO 7 DETN 234
IDERUG = IDBBUG-13 DETN 235
WRITE(6,868) DETN 236
888 FORMAT{1F1) DETN 237
NPT = O NETN 238
870 NPT = NPT 4 1 DETN 239
IF(ISVLEQel) ISv=-1l DETN 240
CALL SAVE DETN 241
IF(IP.LT.NP) GO TO 903 DETN 242
902 IFLIT.LT.NT) GO TO 901 ° : DETN 243
IF(I0F.GE.NOF) GO TO 1000 DETN 244
IDEBUG = IDEBUG+13 DETN 245
G0 10 7 DETN 246
1000 TP = ,FALSE. DETN 247
RETURN 1 DETN 248
END DETN 249

c

BLOCK DATA BLOK 1
c BLOK 2
DIMENSIGN ATEM(3,50) BLOK 3
c BLOK 4
COMMON /MISC/ENN,SUMN;TT,SO,ATOM{3,101)4LLMT(20),RB0(10),BOP(10,2),BLOK 5
1 TM TLOW,TMID, THIGH WPPyCPSUM,OF yEQRAT4FPCT 9R4RRyHSUBO yAM(2) BLOK 6
2 HPPU2),RHI(2)§ VMIN(2),VPLS(2),WP12),DATA(22),NAME(15,5), BLOK 7
3 ANUMU15,51,PECWT{15)4ENTH(15),FAZ(15) 4,RTEMP(15);FOX{15),DENS(15),BLOK 8
4 RHOPHRMW{15)4 TLN)CRyOXF(15) ,ENNLY TRACE ,LLMTS(10),SBOP(10%2) BLOK 9
COMMON 7OUPT/FMT(30) 4FP{4),FT{4) ,FH{4),FS(4),FM(4)4FV(4),FD(4), BLOK 10
1 FC(4)FG{4),FByFMTLI3§F14F2,F3,F44F5,FL(4),FMTIO,FAL,FA2, BLOK 11
2 FR1,FCL,FN{4),FRI4) ,FA(4)FI14),FMTIX,FO BLOK 12
C BLOK 13
EQUIVALENCE (ATOM{1,52) ,ATEM) BLOK 14
C BLOK 15
C ATOMIC SYMBOLS, WEIGHTS, AND VALENCES ‘ BLOK 16
C BLOK 17
DATA ATOM/ 2HE 4.5.48597B=4,=14, BLOK 18
A 2HH , 1.007974 le4 2HHE, 4.0026, 0o, 2HLI, 6,939 , 1., BLOK 19
8 2HBE, 9.0122 § 2. 2HB 4 10.811 » 36y 2HC , 12.01115, 4., BLOK 20
C  2HN , 14,0067 5 Oey 2HO , 15.9994,-2., 2HF , 18.9984 ,-1., BLOK 21
D  2HNE, 20,183 4 0.5  2HNA, 22,9898, l.y 2HMG, 244312 o 2., BLOK 22
£ 2HAL, 2649815 § 3., 2HSI, 28.086 4 4.y 2HP , 30,9738 , S., BLOK 23
F 2HS 4 32,064 4 4.y 2HCLy 35,453 ,-=1., 2HAR, 39,948 , 0., BLNK 24
€ 2HK 4 39.102 i 1l., 2HCA, 40,080 4 2., 2HSC, 44,956 , 3,, BLOK 25
H  2HTI, 47.900 4 4e5 2HV , 504942 4 S5+, 2HCR, 51.996 , 3., BLOK 26
1  2HMN, 54.9380 4 2.y 2HFE, 55.847 4 3., 2HCO, 58,9332 , 2., BLOK 27
J  ZHNIs 58.710 § 2.4  2HCUjy 63,540 4 2., 2HINy 65.370 , 2.5 BLOK 28
K 2HGA, 69.720 4 3a3  2HGE, T2.590 , 4e4  2HAS, 74.9216 , 3., BLOK 29
L 2HSE, 78,960 {4 4., 2HBRy 79.909 s-l.s 2HKR, 83.800 , O., BLOK 30
M 2HRB, B85.47 § ley  2HSRy 874620 4 2.4 2HY , 88,905 , 3,, 8LOK 31
N  2HZRs 91.220 4 4.4 2HNB, 92,906 , 5.y 2HMC, 95.94 4 6.5 BLOK 32
0 2HTC, $5.000 4y Tes  2HRU,101.070 , 3.5, 2HRH,102.905 , 3., BLOK 33
P 2HPD 1064400 4 2.4 2HAG,107.870 , ley, 2HCD,112.400 , 2., BLOK 34

@ 2HIN+114.820 4 3.5  2HSN,118.690 , 4., 2HS®,121,750 , 2, /BRLOK 35
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DATA ATEN/ BLOK 36
2HTE,127.600 bo 2HT 9126.90445-14 2HXE,131.300 0., BLOK 37

R » *
s 2HCS 132,905 4§ las 2HBA,137.340 4 2., 2HLA,138.910 , 3., BLOK 38
T ZHCE,140.120 4§ 3.4, 2HPR,140.907 5 3., 2HND, 144,240 4 3., BLOK 39
u 2HPM, 145,000 4 3.9 2HSM, 150,350 4 3. 2HEU»1514960 » 3., BLOK 40
Y 2HGD»157.250 3 3. 2HTB} 1584924 4 3., 2HDY,162.500 , 3., BLOK 41
% 2HHO 41644930 ¢ 3., 2HER,167.260 , 3.9 2HTM,168.934 4 3,4 BLOK 42
X 2HYB 173,040 ; 3., 2HLU174.997 » 3., 2HHF,178,490 4 4.y BLOK 43
Y 2HTA,180.948 + 549 2HW 183,850 4 649 2HRE,1864,200 , 7.y BLOK 44
Z 2HO0S 190,200 4 4.9 2HIR,192,200 4 4a,y 2HPT,195.090 4 4., BLOK 45
A 2HAU$196.967 § 3.4% 2HHG 9200590 4 24, 2HTL,204.370 , l., BLOK 46
B 2HPB 2074190 ¢ 2.9 2HB1,208.980 » 3., 2HP0,210.000 , 2., BLOK 47
T 2HAT 210,000 4 O.» 2HRN,222.,000 4 Qo 2HFR,223.000 , 1., BLOK 48
D 2HRA $226.,000 » 249 2HAC$227.000 4 3. 2HTH,232,038 4 4.9 BLOK 49
£ 2HPA, 231,000 § 5.9 2HU 2384030 4 64 2HNP,237.000 4, S.4 BLOK 50
F 2HPU 242,000 4§ 4.4 2HAM 243,000 4 34y 2HCM, 247,000 4 3.4, BLOK 51
6 2HBK $24G.000 45 3.9 2HCF,251.000 , 3., 2HES»254.000  N.y BLOK 52
H 2HD 52.014102, 1./ BLOK 53
C BLOK 54
C INFORMATION USED IN VARIABLE OQUTPUT FORMAT BRLOK 55
C BLOK 56
DATA FMT/3H({1H,4H,3A4,4H,A2, 43HF 94 12HOy 93HF 9, y2HOy ¢ 3HF94 4 2HO 3 3HFIBLOK 57
1e§2HOy 9 3HFG 49 2HO y 4 3HF 9,4 9 2HOy y3HF 94 y2HOy ¢ 3HF G, y2HO 4 ¢ 3HF9, 4 2HO, § 3HFIBLOK 58
2e42H0 3 3HFG ¢ 3 2HO ¢ §3HF 94y 2HOy y3HF 94y 1HO, 1H) /4y FB,FO,F1,F2,F3,F4,F5/RLOK 59
A1H 3 2HO 9 2H14$92H2, 2 2H3)y 5.2H4 99 2H5,4 /s FMT13/2H13/,FMTIX/3HIX,/,FMTIOBLOK 60
47319,/ BLOK 61
DATA FP/4HPy A, 4HTM ,2H  L1H / BLOK 62
1,FT/4HT, Do4HEG K¢4H #2H  /3FH/4HHy Co4HAL/G,2H L, 1H / BLOK 63
29FS/74HS ) CoadHAL/{34HG)(Kp2H) /2FM/4HM, M,4HOL W,o2HT 41H / BLOK 64
F4FV/4H(DLV o4H/DLF s4H)T  o2H /4FD/4H(DLV4H/DLT42H)P,1H / BLOK 65
442FC/4HCP,y »4HCAL/ ¢ 4H{G) ( 52HK )/ 4 FG/4HGAMM 4HA (S,2H) H,1H / BLOK 66
SyFL74HSON ,4HVEL y 4 4HM/SEL2HC / BLOK 67
C BLOK 68
C INFORMATION USED IN PERFORMANCE OUTPUT BLOK 69
C BLOK 70
DATA FR1/74HPC/P/s FC1/2HCF/, FN/4HMACH,4H NUM,4HBER 41H / BLOK 71
1+FR/4HCSTA4HRy FJ4HT/SEL2HC /FI/4HISP,,4H LB—,4HSEC/,2HLB/ BRLOK 72
2+FA/4HIVAC 4Hy LB=4HSEC/,2HLB /,FA1/4HAE/A/FA2/1HT/ BLOK 73
END BLOK 74
C
SUBROUTINE TRANSP TRAN 1
C TRAN 2
c CALCULATES GAS TRANSPORT PROPERTIES TRAN 3
c TRAN 4
C MAXIMUM = 20 MOLECULES AND 17 REACTIONS TRAN 5
C NUMBER OF MOLECULES = NM TRAN 6
[ NUMBER OF CHEMICAL REACTIONS = NR TRAN 7
C IF PUNCHED CARDS WANTED, PUNCH = TRUE TRAN 8
c ARRAY OF STOICHIOMETRIC COEFFICIENTS = STC TRAN 9
c NUMBER OF ROTATICNAL MODES = ROTM TRAN 10
C ROTATIONAL COLLISION NUMBER = ZROT TRAN 11
C VIBRATICGONAL COLLISION NUMBER = ZVIB TRAN 12
C VIBRATIONAL HEAT CAPACITY = CVIBR TRAN 13
C MAXINUM = 120 TABLES OF 20 TEMPERATURES EACH TRAN 14
C 1€ CROSS SECTION DATA NTAB =1 , IF RELAXATION DATA NTAB = 2 TRAN 15
C VISCOSITY=ANS€1), MONATOMIC CONDUCTIVITY= ANS(2), TRAN .16
C INTERNAL CONDUCTIVITY=ANS{3), FROZEN CONDUCTIVITY=ANS(4), TRAN 17
C REACTION CONDUCTIVITY=ANS{5), EQUILIBRIUM CONDUCTIVITY=ANS(6)) TRAN 18
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Cc FROZEN CP=ANS{T), EQUILIBRIUM CP=ANS(8), TRAN 19

C FROZEN PRANDTL NUMRER=ANS{9), EQUILIBRIUM PRANDTL NUMBER=ANS{10}, TRAN 20

c LEWIS NUMBER=ANS(11), MOLECULAR WEIGHT=ANS(12), DENSITY=ANS(13), TRAN 21}

C REACTION CP=ANS(14), ENTHALPY=ANS{(15) \ TRAN 22

c TRAN 23

COUBLE PRECISION GyX,GMAT,CHECK,SUM1,SUM2 TRAN 24

INTEGER SUB,SPECIE,SPECE TRAN 25

RIZAL MONCON, INTCON,LEWIS TRAN 26

LOGICAL TRNSPT,FROZN,PUNCH,NCDATA TRAN 27

C TRAN 28

COMMON- /POINTS/HSUM{13),SSUM{13),CPR(13),DLVTP(13)},0LVPT(13), TRAN 29

1 GAMMAS{13),P(26)yT(52),V{13),PPP(13)4WM(13),SONVEL(13),TTT(13), TRAN 30

2 VLM({13),TOTN(13) TRAN 31

COMMON /SPECES/COEF(2y7,100),S(100),HO(100),DELN(100 ) ,DUMMY(100), TRAN 132

1 EN(100413),ENLN{L10OC),A(10,1C0)4SUB(100,3),IUSE(100),TEMP(50,2) TRAN 33

COMMON /MISC/ENN,SUMN,TT,S0,ATOM{3,101),LLMT(10},RO(10),BOP(10G,2),TRAN 34

1 TMy TLOW, TMIDy THIGH,PP,CPSUM,0F yEQRAT,FPCT,R,RR,HSUBD ,AM(2), TRAN 35

2 HPPUZ)4RH(2)57 VNMIN(2),VPLS(2)yWP{2)4DATAL22),NAME(15,5), TRAN 36

3 ANUM{15,5)3PECWT(15)9ENTH(:15),FAZ(15),,RTEMP(15),FCX(15),DENS(15),TRAN 37

4 RHOP,RMW(15) 4y TLNsCRyOXF(15) ,ENNLy TRACE,LLMTS(10),SBOP{10,2) TRAN 38

COMMON /DCUBLE/ G(20,21), X(20) TRAN 39

COMMON /INDX/IDEBUG,CONVG, TP yHP,SP4ISV,NPP,MOLES NP, NT,NPT,NLM, TRAN 40

1 NS,KMAT,IMATH1Q1,I0F;NOFsNONMIT,IP4NEWR4NSUB,NSUPYRKT,DETN,SHACK, TRAN &1

2 TONSyNCyNSERT,»JSOL»JLIQyKASE,NREAC,IC,JS14VOL,IT,CALCH,NLS,LOGV, TRAN 42

3 ISUP,ISUB,TTNUM,TTM, INCDFZ,INCDEQ,CPRF,1PP,SEQL,PCPLT TRAN 43

COMMON /PERF/PCP{22),VMOC(13),SPIM(13),VACI(13),5URAR(13), TRAN 44

1 SUPAR(12),APP(13),AEAT(13),CSTR4EQL,FROZ,SSO,AREA,AUT,NFZ, TRAN 45

2 APPL,ARATIO,ELN . TRAN 46

COMMCN /SAVED/SLN(10C),IQSAVE,ENSAVE,ENLSAV,LSAVE,JSOLS,JLIQS, TRAN 47

1 LLL,LMyMAXNPSTORE(52516).9XS(20),WMOL(20),IND(20),NM, TRAN 48

2 FIRSTPLFIRSTY TRAN 49

COMMON /TRANS/ TEM{100,20),TABLES{100+20,3),SPECIE(100,2,3), TRAN S0

1 OMEGA(20,20)+yASTAR(20,20),4BSTAR(20,20),CPRR{20), TRAN 51

2 HRRT(201,ZROT(2C),2VIB(20),CVIBR{20)+ROTM(20),RELXTN{20)4 TRAN 52

3 ROTNM{80)+STCF(17,20),STC(17420),STCOFF(20),ANS(15), TRAN 53

4 SPECE(243)4NTT(100),NTAB(10C)4NRyN TRAN 54
CCMMON /INTERP/ Z{20)1,Y(20,3),NTP,ANSR(3) TRAN 55 B

CCMMON /CONTRL/TRNSPT3FROZN,PUNCH,NODATA TRAN 56

C TRAN 57

DIMENSION ETA(20,20)4DELH(17),CHECK{20) TRAN S8

DIMENSICN GMAT(20421)4RTPD(2C,20)ySTXS(20,20) 4XSKL{27,20) TRAN 59

C TRAN 60

EQUIVALENCE (ANS(1) ,VISC ), (ANS(2) ,MCNCON), (ANS{3) ,INTCON) TRAN 61

EQUIVALENCE (ANS(4) 4FRZCON), (ANS(5) ,REACON}, (ANS(6) ,EQCON ) TRAN 62

EQUIVALENCE (ANS(7) ,CPFROZ), (ANS(8) ,CPEQ ), (ANS(9) ,PRFROZ) TRAN 63

EQUIVALENCE (ANS(1C)yPREQ ), (ANS(11),LEWIS )y (ANS(12),WTMOL ) TRAN 64

EQUIVALENCE (ANS{13),DENSTY), (ANS(14),CPREAC), (ANS(15),ENTLPY) TRAN 65

EQUIVALENCE (EQL,EQLB) v (SHETA) v+ (RYPD,0OMEGA) TRAN 66

EQUIVALENCE (STXSyBSTAR) v (XSKL,ETA) TRAN 67

C TRAN 68

DATA P1/3.14159265/,AVGDR0O/6.022169/,B01L72/1.380622/ TRAN 69

DATA RPV1/82.0562/ TRAN 70

DATA ND/4HLAST/ TRAN 71

C TRAN T2

NAMELIST /MATRX/GMAT TRAN 73

c TRAN 74

C READ TRANSPORT AND RELAXATION DATA FROM TAPE 3 TRAN 75

C SEARCH FOR AND STORE INTERACTIONS TO BE CONSIDERED TRAN 76

C TRAN 77

NK=1 TRAN 78

12 REAC(3) ((SPECE(IJL),L=143),1=1,42),NTP,NTB,ROTN TRAN 79

IF(SPECE(1,1).EQ.ND) GO TO 10 TRAN 80

K#] TRAN 81

CC £ J=1,NS TRAN 82

CC 1 N=1,NPT TRAN 83

TESTEN=(14E=T7)/WM{N) TRAN 84
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1 IFLENUJsN)GTLTESTEN) GO TO 2 TRAN 85

G0 T0 5 TRAN 86

200 4 I=1,3 TRAN 87
4 IF(SPECE(K,1).NE.SUB(J,1)). GC TO 5 TRAN 88
66 T0 6 TRAN 89
€ CONTINUE TRAN 90
READ(3) (TEM{NK,I), (TABLES{NK,ToL)ol=143),1=1,NTP) TRAN 91
60 TO 13 TRAN 92
6 K=2 TRAN 93
CO 8 JJ51,NS : TRAN 94
CO 7 11=1,3 TRAN 95
T IF(SPECEIK,TT).NE.SUBIJJ,II)) GO TO 8 TRAN 96
IF(EN(JJ,N).GT.TESTEN) GO TO 10 TRAN 97
8 CONTINUE TRAN 98
READ(3) (TEM(NKsI)y(TABLESINK,I,L)yL=1,3),1=1,NTP) TRAN 99
GO YO 13 TRAN 100
1¢ 0O 12 L=1,3 TRAN 101
DO 12 I=1,2 TRAN 102
12 SPECIE(NK,1,L)=SPECE(I,L) TRAN 103
IF(SPECIE(NK,1,1)4.EQ.ND) GO TO 17 TRAN 104
NTT(NK)=NTP TRAN 105
NTAB(NK)=NTR TRAN 106
ROTNM(NK ) =ROTN TRAN 107
READ(2) (TEM(NK, 1), (TABLESINK,I,L),L=1,3),1=1,NTP) TRAN 108
NK=NK+1 TRAN 109
IF(NK.GT.100) GO TO 19 TRAN 110
GO TO 13 TRAN 111
19 WRITE(64,18) TRAN 112
18 FORMAT(1+0+40X,5SCHTABLES OF TRANSPNRT AND RELAXATICN DATA ARE FILLTRAN 113
1£D) TRAN 114
17 REWIND 3 TRAN 115
TRAN 116

START TRANSPORT CALCULATIONS TRAN 117

TRAN 118
22 CO 3 N=1,NPT TRAN 119

IF(ISV.EQ.0.AND.MAXNP.GT.12) CALL OUT TRAN 120

IF(VAXNP,GT.51) CALL OUT TRAN 121

TT=TTT(N) TRAN 122

PP=PPP(N) TRAN 123

TRAN 124

CALL INPUT TRAN 125

TRAN 126

K=1 TRAN 127

IF(TT.LE.TMID) K=2 TRAN 128

0O 26 I=1,NM TRAN 129

J*IND(T) TRAN 130

CPRR(I}=(({COEF(K¢SyJ)ETTHCOEF (KybyJ))XTT+COEF(K,3,0) )%TT+ TRAN 13}

1 COEF(K2yJ) )®TT4COEF{Ky1,yJ) TRAN 132

HRRTUI) = ((({COEF(Ky55J)/5,)%TT+COEF(Ky4,J) /40 ) *TT+COEF(K,3,4)/ TRAN 133

1 3)#TTHCOEF(K29J)/24)*¥TTHCOEF (KylyJ)4+COEF(Kyb,g)/TT TRAN 134

26 CONTINUE TRAN 135
TRAN 136

CALCULATE VISCOSITY AND MONATOMIC THERMAL CONDUCTIVITY TRAN 137
TRAN 138

CONST = (5./164)#%SQRT{1,0ES*ROLTZ/(PI*AVGDRO)) TRAN 139

BC 24 I=1,15 TRAN 140

24 ANS(11=0.0 ' TRAN 141

CO 25 I=1,NM TRAN 142

0O 25 J=1,NM TRAN 143

ETA(I,J)= CONST#SQRT(2.0%WMOL(1)*WMOL(J)#TT/(WMOL(T) +WMOL(J)))/  TRAN 144

1 OMECA(T,J) TRAN 145

25 ETA(J,1)=ETA(I,J) TRAN 146

0O 27 I=1,NM TRAN 147

DO 27 J=1,NM TRAN 148

IF(I-J) 29,28,29 TRAN 149
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28 SUM=Q.0 - TRAN 150

DO 20 K=]1,NM TRAN 151
TF{K-1) 31,30,31 TRAN 182

31 SUM=2,0%XS{T}*XSIK)*WMOL (1) *WMOL(K)Y*({5,/3,)/ASTAR(I,K)+WMOL(K)/ . TRAN 153
1 WMOLCI))/(ETA(T JK)*{WMOL(T)+WMOL(K) 1 %%2)+SUM TRAN 154
30 CONTINUE TRAN 155
GELyJ)=XS(I)*%2/ETA{]41)+SUM TRAN 156

GC TC 27 TRAN 157

25 GlIsd)==2,0%XS{I)*XSUJI*WMOL (I ) *WMOL{JI%((5./3.)/ASTAR(I,J)}-1.0)/ TRAN 158
1 LETAUL»J)*(WMOL{TI)4WMOL{J) ) ¥%2) TRAN 159
GEJy1)=G(I,J) TRAN 160

27 CONTINUE TRAN 161
K2NVM+1 TRAN 162

CO 32 I=1,NM TRAN 163

22 G41,K)=XSII) TRAN 164
TMAT=NM . TRAN 165

D0 33 I=1,NM TRAN 166

DO 32 JU=1,K TRAN 167

22 GMAT(I,J)=C(I;J) TRAN 168
CALL GAUSS TRAN 169

CO 34 I=1,NM TRAN 170
CHECKI(I)=0.0 TRAN 171

CO 35 J=1,NM TRAN 172

35 CHECK(I)SCHECK{II+X(JI%XGMAT(14J) TRAN 173
IF(ABS({CHECK{TI)=-XS(I))/XS(1))-0,0001) 34,36436 TRAN 174

36 WRITE(6437) NMyT,CHECK(I)yXS(T) TRAN 175

37 FCRMAT(1H1,31X,48HERROR IN GAUSS SOLUTICON IN CALCULATING VISCOSITYTRAN 176
1/73X,10HTHERE ARE 12:45H EQUATIONS AND THERE IS AN ERROR IN EQUATTRAN 177
2ICN  12,26H THE CALCULATED ANSWER IS F10.7,12H INSTEAD OF F17.7 TRAN 178

3//50X519HTHE MATRIX ARRAY [S/) TRAN 179
WRITE{6,MATRX) TRAN 180
34 CCNTINUE : TRAN 181
DC 28 Is1.NM TRAN 182
39 VISC=VISCEXS(I)*X(I) TRAN 183
C TRAN 184
DO 40 I=1,NM- TRAN 185
0O 40 JsI,NM TRAN 186
TF{I-J) 42,41442 TRAN 187.
%1 SUM=0.0 TRAN 188
CO 42 K=1,NM TRAN 189
TFIK=T) 644,43444 TRAN 190
44 SUM=16.0#XST)IXSIKI# (T S*WMOL (T )%%246,25%WMOL(K)*%2-3,0% TRAN 191
1 WMOLIK)#%2*BSTARGT 1K) +4,0%WMOL (I} *WMOL (K)*ASTAR(I,K)}*WMOL(I)* TRAN 192
2 WMOLIK) /{15, 0%R*{WMOL(I)#WMOL{K) ) *%¥3%ASTAR(I,K)*ETA(I,K))}+SUM TRAN 193
43 CCNTINUE TRAN 194
GlIsJ)=16.0%XS(T)**2%WMOL (1) /(15.0%R*ETA(L,[))+Sym TRAN 195
60 TO 40 TRAN 196
42 GEIyJ)==16,0%XS{IIAXS(JVRUMOLLT) *#%2%WMOL(J) **2%(13,75-3,0% TRAN 197
1 BSTARUI9JX=40%ASTARII UL}/ {15, 0%RE(WMOL (T )+WMOL(J) ) *%3 TRAN 198
2 ®*ASTAR(I,J)*ETA(L,J)) TRAN 199
GtJ I)=G{I,J) TRAN 200
40 CONTINUE TRAN 201
KzNM4+ ] . TRAN 202
CC 45 I=1,NM TRAN 203
45 GLI,K)=XS(I) TRAN 204
CALL GAUSS TRAN 205
CO 47 I=1,4NM TRAN 206
%7 MONCON=MONCON+4,0%XS{I)%X(1) TRAN 207
C TRAN 208
1% CALCULATE INTERNAL THERMAL CCNDUCTIVITY TRAN 209
C TRAN 210
CO 104 Is1,NK TRAN 211
TFICVIBRITI)YeEQeQe0) CVIBR(I) = CPRR{I)}={2.5+0.5%ROTN{I)) TRAN 212
RELXTN(I)=0.0 TRAN 213
TF(ZROT{I)4NE.Oe.) RELXTN(I)=0.5%ROTM(I)/ZRCT(I) TRAN 214
IF(ZVIB(I1)eNE.O.) RELXTN{I)=RELXTN{I)#CVIBR(I)/2ZVIEB(1) TRAN 215
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104 CCNTINUE TRAN 216

DC £3 I=1,NM TRAN 217
TF{CPRR{I).EQ42.5) GO TO 53 TRAN 218
SuU¥=0,0 TRAN 219

CO 54 K=],NM TRAN 220
IF(K-T1) 55,54455 TRAN 221

55 SUM=SUM€ASTAR{II)*ETA(L,1)1%XS(K)*2, O*HMOL(K)/(ASTAR(IcK)* TRAN 222
1 ETACIZK)ERXS(T )% (WMOL{T ) +WMOLT(K)) ), TRAN 223
54 CONTINUE TRAN 224
INTCON=INTCON4(1.2%ASTAR(I,I1}*(CPRR(I)~2,5)=RELXTN{I)* TRAN 225

1 (2.5-1,2%ASTAR(I4I))1%%2/(0e5*PI+RELXTNIT)*(5,0/3.C+1.2% TRAN 226

2 ASTARCIZI)/(CPRRETI=2.5) ) I#R*ETA(I 1) /WMOLITI}/ (1, G+SuM). TRAN 227
53 CCNTINUE TRAN 228
IF(NRLEQ.C) GO TO 91 TRAN 229
TF(FRCZIN) GC TO 91 TRAN 230

C TRAN 231
c CALCULATE REACTICN HEAT CAPACITY AND THERMAL CONDUCTIVITY TRAN 232
C TRAN 233
L=14NR TRAN 234
SUM1=0.0 TRAN 235
SUM2=0,0 TRAN 236

DO &5 I=1,NR TRAN 237
DELH(I)=0.0 TRAN 238

DC 66 K=14,NM TRAN 239

66 DELH({I)SSTC{I,K)*HRRT(K)+DELH{I) TRAN 240
85 G(I,L)=DELH(I) TRAN 241
JJ=NM-1 TRAN 242

CO 99 K=1,4J4 . TRAN 243
LL=K+1 TRAN 244

DO 99 L=stiL,NM TRAN 245
RTPD(K,L)= WMOL(K)*WMOL(L)/ TRAN 246

1 (ASTAR(KyLI*ETA(K,L)*(WMOL(K)+WMOL{L).)) TRAN 247
ASKLAKyL) 5 140/7(XS{KI®RXS(L)) TRAN 248
XSKL{LyK) = XSKL(KyL) TRAN 249

99 RTYPD{L,K) = RTPD(K,L) i TRAN 250
CO g8 1=1,17 TRAN 251

DO ¢8 J=1,20 TRAN 252

98 IF (ABS(STC(I,J1):1T,1.0E=6) STCUI,4J) = 0.0 TRAN 253
L0 67 I=1,NR TRAN 254

CD 67 JsSI,NR TRAN 255

CO 68 K=1,J44 TRAN 256
LL=K+1 TRAN 257

CC 68 L=SLL,NM TRAN 258
STXS(K,yL) = 0.0 TRAN 259

IF ({STC(I4K)eEQaCua0)eANDL({STC(I,L}FEQeQ.0)) GO TC 68 TRAN 260

IF ({STC(JsK)eEQeQe0)eAND. (STC(J,L1eEQ.0,0)) GO TC 68 TRAN 261
STXS(KyL) = XSKL(K,L)* TRAN 262

1 CXS(L)*STC(I;K)-XS(K)*STC(IyL))* TRAN 263

2 (XSILI*STC(JaKI=XSIKI®STC(J,L)) TRAN 264
SUMI = SUM1+STXS(K,.L) TRAN 265
SUM2 = SUM2+RTPC(K,L)*STXS(K,L) TRAN 266

&8 CONTINUE TRAN 267
- GMATI(I,J) 5 SuM2 TRAN 268
SUrZ=0.0 TRAN 269
GMAT(Jy1) = GMAT(I,4) TRAN 270
Gf{I,J) = SUM] TRAN 271
SUM1=C.0 ‘ TRAN 272

61 G(J,1)=CG(1,J) ’ TRAN 273
IMAT=NR TRAN 274
CALL GAUSS TRAN 275

CC 101 I=1,NR TRAN 276
101 CPREAC=CPREAC+R*DELHIT)I®*X(]) TRAN 277
C ’ TRAN 278
L=14NR TRAN 279

CC S7 Is1,NR TRAN 280
105
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57 G(I,L)=0ELHII) TRAN 281

JJ=Ar=-1 TRAN 282
CC 59 I=1,NR . TRAN 283
CC 5% J=1,ANR TRAN 284
G{Is«J) = GMAT(I,J) TRAN 285
89 GUJyI)=G(I,J) TRAN 286
CALL GAUSS TRAN 287
CC 7C I=14NR TRAN 288
CHECK(I)=0.C TRAN 289
DO 71 J=14AR TRAN 290
71 CHECK(I)=CHECKII)I+X{JIXGMAT(IyJ) TRAN 291
IF(ARS{({CHECK(I)~DELH(I))/DELH(I))-0.010) 70,72,72 TRAN 292
72 WRITE(6,73) NRyI,CHECK(I),DELH(I) TRAN 293

T3 FCRMAT(1+1,31X,68HERROR IN GAUSS SOLUTICN IN CALCULATING REACTION TRAN 294
1THERMAL CONDUCTIVITY//3X,10HTHERE ARE 12,45H EQUATIONS AND THERE ITRAN 295

PNV D WA~

25 AN ERROR IN EQUATICN 12426F THE CALCULATED ANSWER IS F10.7, TRAN 296
312H INSTEAD OF F10.7//50X319HTHE MATRIX ARRAY IS/} TRAN 297
WRITE(6,MATRX) TRAN 298
70 CCNTINUE TRAN 299
DC 75 I=1,NR TRAN 300
75 REACCGN=REACON+RACELH(I)#X(1) TRAN 301
REACON = {3./5,)%REACON TRAN 302
c TRAN 303
c CALCULATE DTHER ANSWERS TRAN 304
o TRAN 30%
91 FRZCON=MONCON+INTCON TRAN 306
EQCON=FR2CON+REACON TRAN 307
00 102 I=1,NM TRAN 308
CPFROZ=CFFROZ+XS(I)%CPRR(1) TRAN 309
ENTLPY=ENTLPY+XS(I)*HRRT (1) TRAN 310
102 WINCL=WTMOL+XS(I)*WMCL(I) TRAN 311
CPFRCZ=CPFROZ*R/WTMOL TRAN 312
CPREAC=CPREAC/WTMOL TRAN 313
CPEQ=CPREAC+CPFROZ TRAN 314
ENTLPY=R#TT*ENTLPY/WTMOL TRAN 315
PRFROZ=VISC*CPFROI/FRZICON TRAN 316
PREC=VISC*CPEQ/EQCON TRAN 317
PREC=VISC*CPEQ/EGQCON TRAN 318
DENSTY=(WTNOL*PP)/ (RPVT%TT) TRAN 319
IF(FRCZN.OR.NR.EQ.0) GO TO 105 TRAN 320
LEWIS=(REACCN*CPFROZ ) /(FRZCON*CPREAC) TRAN 321
105 CTONTINUE TRAN 322
o TRAN 323
CALL OUT TRAN 324
C TRAN 325
3 CONTINUE TRAN 326
RETURN TRAN 327
END TRAN 328
C
SUBROUTINE INPUT INPT
¢ INPT
c BRINGS IN AND SORTS OUT INPUT FOR TRANSPCRT CALCULATIONS INPY
c INPTY
DOUBLE PRECISION G,X INPT
INTEGER SUB,SPECIE,SPECE INPY
REAL MONCON, INTCON,LEWIS INPT
LOGICAL TRNSPT,FROZN,PUNCH,NODATA INPT
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c INPT 9

COMMON /POINTS/HSUM(13),SSUM(L3),CPR(13),DLVTP(13),CLVPT(13), INPT 10
1 GAMMAS(13),P(26)4T(52),V(13),PPP{13),WM({13),SONVEL(13)TTT(13}, INPT 11
2 VLM(13),TOTNE13) INPT 12

COMMON /SPECES/COEF(2,7,100),S(100),HO(100),DELN(100),DUMMY (100}, INPT 13
1 EN(100+137,ENLN(200)4yA(10,100),S5UB(100,3},IUSE(100),TEMP(50,2) INPT 14
COMMON /MISC/ENN,SUMN,TT,S0,ATOM(3,101),LL¥T(10),B0(10),BOP(10,2),INPT 15

1 TM, TLOW,TMID; THIGH,PP,CPSUM,0F yEQRAT,FPCT,R,RR,HSUBO,,AM(2), INPT 16
2 HPP(2)4RH(2)§ VMIN(2),VPLS(2),WP(2),DATA(22),NAME(15,5}, INPT 17
3 ANUM(1545)yPECWT{15);ENTH(15),FAZ(15),RTEMP(15),FCX(15),DENS(15),INPT 18
4 RHOP,RMW{15)§TLN,CR,OXF(15),ENNL, TRACE,LLMTS(10),5SB0P{10%2) INPT 19
COMMON /DOUBLE/ G(20,21)y X(20) INPT 20

COMMON /INDX/IDEBUG,CONVG, TP ,HP,SP, ISV,NPP.MOLES.NP NT,NPT,NLM, INPT 21
1 NSyKMAT,IMATHIQ14I0OF,NOFNOMIT,IP,NEWR,NSUB,NSUP,RKT,DETN,SHOCK, INPT 22
2 TONSyNCyNSERT,JSOL»JLIQ+KASE,NREAC,IC,JS1,VOL,IToCALCH,NLS,LOGV, INPT 23

3 ISUP,ISUB, ITNUM,ITM,INCDFZ,INCDEQ,CPRF,IPP,SEQL,PCPLT INPT 24
COMMON /PERF/PCP(22),VMOC{13),SPIM(13),VACI(13),SUBAR(13), INPT 25

1 SUPAR{12),8PP(13),AEAT(13),CSTRLEQL,FROZySSOsAREA,AWT,NFZ, INPT 26

2 APPL+ARATIO,ELN INPT 27
COMMON /SAVED/SLN(10C), IQSAVE,ENSAVE,ENLSAV,LSAVE,JSOLS,JLIQS, INPT 28

1 LLL,LM,MAXNPSTORE(52,16).4XS120)3WMOL(20) 4IND(20),NM, INPT 29

2 FIRSTP4FIRSTY INPT 30
COMMON /TRANS/ TEM(1C0,20),TABLES(100,20,3},SPECIE(100,2,3), INPT 31

1 OMEGA(20,20),ASTAR(20,20).,BSTAR(20,20),CPRR{20}, INPT 32

2 HRRT(20),ZROT(20),ZVIB(20),CVIBR(20)yRCTM(20),RELXTN{(20)} INPT 33

3 ROTNM(80),STCF(17,2C)4STC(17,20),STCOEF(20),ANS(15), INPT 34

4 SPECE(243)4NTT(1C0)yNTAB{10C)sNRyN INPT 35
COMMON /INTERP/ Z(20)9Y1204+3)4NTP5ANSR(3) INPT 36
CAOMMON /CGNTRL/TRNSPT,FROZN,PUNCH,NODATA INPT 37

C INPT 38
CIVENSICN TATOM(3,101) INPY 39

C INPT 40
EQUIVALENCE (ATOM4IATOM) INPT 41

EQUIVALENCE (ANS(1) ,VISC ), (ANS(2) ,MONCON), (ANS(3) ,INTCON) INPT 42
EQUIVALENCE (ANS(4) ,FRZICON), (ANS(5) ,REACON), (ANS(6} ,EQCON ) INPT 43
EQUIVALENCE (ANS(7) ,CPFROZ), (ANS(8) LCPEQ ), (ANS(9) ,PRFROZ) [INPT 44
EQUIVALENCE (ANS(10),PREQ ), (ANS(11)},LEWIS ), (ANS(12),WTMOL ) INPT 45
EQUIVALENCE (ANS(13),DENSTY), (ANS(14),CPREAC), (ANS(15),.ENTLPY} [INPT 46

C INPT 47
DATA MAXNM/20/4ND/4HLAST/4NBLANK/1H / INPT 48
C INPT 49
c INPT 50
o PICK OUT ELEMENTS INPT 51
c INPT 52
IF({FROZN.AND.N.GT.NFZ) GO TO 92 INPT 53
IF[FROZN.ANDLMAXNP.GT.12) GO TO 92 INPT 54
NSP=NS INPT 55
CC 1 J=1,NLM INPT 56
O 2 I=1,NS INPT 57
IF{LLMT(J) NELSURtTI,1)) GO TC 2 INPT 58
SUMA=0.0 INPT 59
CO €0 K=14NLM INPT 60
BO SUMA=SUMA+A(K,I) INPT 61
IF(SUMALNELL.) GC TO 2 INPT 62
IND(J)=1 INPT 63
GC 10 1 INPT 66
Z CONTINUE INPT 65
COWRITE(6,€1) LLMT(J) INPT 66
51 FCRVAT(1HO,15X,58HND ELEMENT WAS FOUND IN THE LIST OF SPECIES WITHINPT 67
1 THE NAME A3,45HOR ELSE THERE IS AN ERROR IN THE A{I,K) ARRAY) INPT 68
NSP=NSP 41 INPY 69
IND({J) = NSP INPT 70
EN(NSP,N) 5 C.0 INPT 71
CO 2 K=1,NLM INPT T2
3 AEK,NSP) = 0.0 INPT 73
A{JsNSP) = 1.0 “INPT 74
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SUB{NSP,1) 5 LLMT(J) INPT 75
SUB(NSP,2) = NBLANK INPT 76
SUBINSP,3} = NRLANK INPY 77
1 CCNTINUE INPT 78
C INPT 79
C PICK OQUT IMPDRTANT SPECIES INPT 80
C INPT 81
NM=NLM INPT 82
DO 4 T=1,NLM INPYT 83
JINDI(I) INPT 84
EN(JsN)s=ENLIIN) INPT 85
4 CONTINUE INPT 86
TESTEN={1.E~-T)/WMIN) INPT 87
5 BIGEN=(Ll.E=T7)/WMIN) INPT 88
DC € J=1,NSP INPY 89
IF(IUSE(J).NELO) GO TO 6 INPY 90
IF{EN(JWN)LLT.RBIGEN) GD TO 6 INPT 91
BIGEN=EN{J4N) INPYT 92
6 CONTINUE INPT 93
IF(BIGEN.EQ.TESTEN) GO TO 7 INPT 94
DO 56 J=1,NSP INPT 95
IF (BIGENJNELEN(JyN)) GO TO 59 INPT 96
EN(JyNI==EN{J}N) INPT 97
NM=NM+1 INPY 98
IND(NM)SY INPT 99
59 CCNTYINUE INPT 100
TF{NMLT.MAXNM) CO TC 5 INPT 101
T CO 8 I=1,NM INPT 102
J=IND(ID) INPT 103
EN(JyN)==EN(JyN) INPT 104
8 CONTINUE INPT 105
C INPT 106
C CALCULATE MQOLE FRACTIONS FROM THE EN(J,N) INPT 107
C INPT 108
TOTAL=0.,0 INPT 109
DO 10 I=l,NM INPT 110
J2INDLI ) INPTY 111
XSCI)=EN(J,N) INPT 112
TOTAL=EN{(J,N)+TOTAL INPT 113
10 CONTINUE INPT 114
CO 11 I=1,4NM INPT 115
11 XS{I)=XS{1)/VTOTAL INPT 116
CO 21 I=1,NM INPY 117
31 IF(XSUI)elTeleE-10) XS{I)=1.E~10 INPY 118
C INPT 119
C CALCULATE MOLECULAR WEIGHTS INPT 120
C INPT 121
‘DO 12 Is1.NM INPT 122
WNMOL{(1)=0,0 INPT 123
12z CONTINUE INPT 124
DO 32 I=1,NLM INPT 125
DO 32 K=1,101 INPT 126
IF(LLMY{I)EQ.IATOM(1;K)) GO TO 34 INPT 127
23 CONTINUE INPT 128
34 CO 35 J=1,NM INPT 129
L=IND(J)} . - INPT 130
WMOL{J)=WMOL(J)ATOM(2,K)%®A(T4L) INPT 131
35 CONTINUE INPT 132
32 CONTINUE INPT 133
92 CONTINUE INPT 134
c INPT 135
C FIND TRANSPORT AND RELAXATON DATA FOR IMPORTANT INTERACTICNS INPT 136
o INPT 137
DO 9 I=1,NM INPT 138
IZROT(1) = 0,0 INPT 1396
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ROTM{I) = 0.0 INPT 140

ZVIB(I) = Q0.0 - INPT 141

CVIBR(I) = 0.0 INPT 142

£O S J=1,NM INPT 143

OMEGA(I,J)=C.0 . INPY 144

9 CONTINUE INPT 145

NK=0 INPT 146

18 NK=NK+1 INPT 147

IF(SPECIEINK,1,1).EQ.ND) GO TO 22 INPT 148

K21 INPT 149

14 DO 16 L=14NM INPT 150

J=INDIL) INPT 151

DC 15 I51,2 - INPY 152

IF(SPECIE(NK,K,[)oNE.SUB(J,1)) GO TO 16 INPT 153

15 CONTINUE INPT 154

IF(K.EQ.2) GO TO 20 INPT 155

M2 INPT 156

cC T0 17 INPT 157

16 CTONTINUE INPT 158

GC TO 18 INPT 159

17 Jusd / INPT 160

DO 19 1=1,2 INPT 161

IF{SPECIE(NK,2,1).NE.SUB(J,1)) GO TO 24 INPT 162

19 CONTINUE INPT 163

G0 TO 20 INPT 164

24 K22 INPT 165

GC TG 14 INPT 166

20 NTP=NTT(NK) INPT 167

CC 39 I=1,NTP INPT 168

ZET)=TEM{NK, ) INPT 169

DO 39 J=1,2 INPT 170

Y{I,J)=TABLES{NK,1,J) INPT 171

39 CCNTINUE INPT 172

CALL LGRNGE{TT) INPT 173

IF(NTABINK).EQ.1) GO TO 21 INPT 174

ROTM(M)=ROTNM(NK) INPT 175

ZRCT(M)=ANSR(1) INPT 176

ZVIBIM)=ANSR(2) INPT 177

CYIBR{M)=ANSR{3) INPT 178

GO TC 18 INPT 179

Z1 CONTINUE INPT 180

CMEGA{L,M)=ANSR{ 1) INPT 181

ASTAR{L,M)=ANSR{2) INPT 182

BSTAR(L ,M)=ANSR{2) INPT 183

IF{J.EQ.JJ) GO TO 18 INPT 184

CMEGA(M,1L }=OMEGA{L M) INPT 185

ASTAR(M,L)=ASTAR(L,M) INPT 186

BSTAR(M,L)=BSTAR{L,M) INPT 187

GO TC 18 INPT 188

o INPT 189

C MAKE ESTIMATES FOR MISSING DATA : INPT 190

C INPT 191

22 DO 27 I=1,NM INPT 192

IF(OMEGA{I,T).NE.C.) GO TO 27 INPT 193

K2 INDI(T) : INPT 194

IF{XS{I).LT.5.06-6) GO TO 36 INPT 195

1F(NODATA) GO TO 36 INPT 196

WRITE(6528) (SUB{KsL)yL=143) INPT 197

28 FORMAT(1HO,40X,45HND TRANSPORT DATA WERE FOUND FOR THE SPECIES 3A4INPT 198

1) ) INPT 199

36 CONTINUE INPT 200

OMEGA(I41) = ALOG (3Z0.*WMOL (I)%%4/TT%%1.4) INPT 201

. 1F {(OMEGA(I1,1).LTusl.) OMEGA(I,I) = 1. INPT 202

ASTAR(I,1)=1.0 INPT 203

BSTAR(I+1)=1.0 INPT 204
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27 CONTINUE INPT 205

NNVVM=NM-1 INPT 206

00 22 I=1,NMM INPT 207

K2[£1 INPT 208

B0 23 J=K,NM INPT 209

IF (OMEGA(I,J)iNE.C.) GO TO 26 INPT 210

OMEGA{T J)S{OMEGALT,1)+0MEGA(J )42, *¥SQRT(OMEGA(L,1)*OMEGA{J,U))) INPT 211

1/74.0 INPT 212

ASTARIT 4 J)s5tASTAREILIV+ASTAR (I, J))/2, INPT 213

BSTAR{I,J)2=(BSTAR(I,I)+BSTAR(JsJ)) /2. INPT 214

26 OMEGA{J,1)30MEGA(1,J) INPT 215

ASTAR{J,1)=ASTAR(I,J) INPY 216

BSTAR(J,1)=BSTAR(1,4) INPT 217

23 CONTINUE INPT 218

IF(FROZN) GO TO 96 INPY 219

C INPT 220

C REWRITE REACTIONS TO ELIMINATE TRACE SPECIES INPY 221

C INPT 222

LL=NLM+1 INPT 223

NR=NM=-NLM INPT 224

IF(NR.EQ.O0) GO TC 96 INPT 225

CO 30 K=1,17 INPT 226

DO 20 Ls=1,20 INPT 227

30 STC{KsL)30.0 INPT 228

K21 INPT 229

DO 62 I=1LL4NM INPT 230

SYC{Ky1)==1.0 INPY 231

JEIND(I) INPT 232

DO 632 L=1,NLM ’ INPT 233

83 STC{KyL)=A(L,J) INPT 234

K2K 41 INPT 235

82 CONTINUE INPY 236

11 INPT 237

NN=1 INPYT 238

81 IF(XSUI).LT.1,06-07) GO TO 97 INPT 239

98 =141 INPT 240

NN=1 INPT 241

IF({I-NM) 81,81,96 INPY 242

97 L] INPT 243

NES Y INPT 244

80 IF(ABS(STC(Jy1)).BT.1.0E~06) GO TO 95 INPT 245

DO 79 K=1ly,NM INPT 246

79 STCFIL,K)=STClJ,K) INPT 247

L2 £]1 INPT 248

IF(J.GE.NR} GO TO 98 INPT 249

Jei4l INPT 250

60 TO 80 INPT 251

95 COEFF=STC(J,1)} INPT 252

DO 90 Ksl,NM INPT 253

90 STCOEF(K)=STCtJ,K)/COEFF INPT 254

60 10 77 INPY 255

84 U%J<1 . INPY 256

TF(ABS(STC(J,1)).LT.1.0E-06) GO TO 89 INPT 257

COEFF=STCYJI, 1) INPT 258

D8 87 K=314NM INPT 259

87 STC(JaK)=(STCHJ,K)/COEFF)I=STCOEF(K) INPT 260

89 DO 85 K=1,NM INPT 261

85 STCFAL,K)=STCtJ,4K) INPT 262

t=L 41 INPY 263

77 IF(JLT.ARY GO TC 84 INPT 264

DO 82 I=14NM INPY 265

DO 82 Js1,NR INPT 266

82 SYC{JyI)=STCFLJ,I) INPY 267

T2*NN INPY 268

NR3L-1 INPT 269

GO TO 98 INPT 270
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96 CONTINUE ’ INPY 271

RETURN INPT 272
END INPY 273

C
SUBROUTINE OUT ouT 1
C ouT 2
c SETS UP AND WRITES OUTPUT FOR TRANSPORT PROPERTIES ouT 3
c our 4
DOUBLE PRECISION GyoX ouT 5
INTEGER SUB,SPECIE,SPECE ouT 6
REAL WONCON, INTCON,LERWIS+INTRNL ouT 7
LOGICAL TRNSPT,FROZN,PUNCH,NODATA ouT 8
LOGICAL TP,HP3SP,DETN,SHOCK,RKT,EQL,sVOL ouTt 9
c ouT 10
COMMCN /POINTS/HSUM(13),5SUM(13),CPR(13),DLVTP{13),CLVPT(13), cuY 11
1 GAMMAS(13),P(26),T(52),V(13),PPPI13),WM(13),SONVEL(13),TTT(13}, OUT 12
2 VLM(13),TCTN(13) ouT 13
COMMON /SPECES/COEF(247,100),S(100),H0(100),DELN(1CO),DUMNY(100), OUT 14
1 EN{1C0,131,ENLN(100),A(10,1CG0),SUB(100,3),IUSE(100),TEMP{50,2} ourt 15
COMMON /MISC/ENN,SUMN,TT,SO,ATOM(3,101),LLMT(10),B8C(10),BOP(10+2),0UT 16
1 TM, TLOW,TMIDy THIGH PP ,CPSUM,0OF ,EQRAT,FPCT4yR4yRRyHSUBO,AM(2) 4 ouT 17
2 HPP(2),RH(2)) VMIN(2),VPLS{2),WP{2),DATA(22),NAME(15,5), ouT 18
3 ANUM{15,5Y,PECWT{15)ENTH{15),FAZ(15),RTEMP(15),FOX(15),DENSt15)}),0UT 19
4 RHOPHRMW({15)§ TLNJCR4OXF{15)ENNL,y TRACE+LLMTS{10),SB0P(10%2) out 20
COMMON /DOUBLE/ Gt20+21)s X{20) ouTt 21
COMMON /INCX/ IDEBUG,CONVG) TP yHP 3 SP s ISV4NPP 4MOLES yNP ¢+ NToNPT,NLM, ouT 22
1 NSeKMAT,IMAT,1QLly IOF;NOFyNOMIT, IPyNEWRyNSUByNSUP+RKT,DETN«SHBCK, OUT 23
2 TONSyNCyNSERT,,JSOL»JLIQ+KASE,NREAC,IC,JS14VOL,IT4CALCHsNLS,LOGYV, OUT 24
3 §1SUPLISUB,ITNUM, ITM, INCDFZ, INCDEQ,CPRF,IPP,SEQL,PCPLT ouT 25
COMMON /PERF/PCP(22),VMOC(13),SPIM(13),VACI(13),SURAR(13]), ouT 26
1 SUPAR(13),APP{13)yAEAT(13)+CSTRHEQLyFROZySSOyAREA,AWT,NFZ, our 27
2 APPLYARATIOLELN out 28
COMMON /SAVED/SLN{100), IQSAVE,ENSAVE,ENLSAV,LSAVE,JSOLS,JL1QS, ~ OUT 29
1 LLLyLM,MAXNP{STORE(52416}4XS120),WMOL(20),IND{20)4N¥, ouT 30
2 FIRSYP,FIRSTV ouT 31
COMMON /TRANS/ TEM(1C0,20),TABLES(100420,3),SPECIE(100+293), our 32
1 OMEGA(20,20),ASTAR{20,20)+BSTAR(20,+20),+CPRR(20), ouT 33
2 HRRT{20),2R0OT(20)4,2ZVIB{20)+CVIBRI20),ROTM(20),RELXTN(20)% out 34
3 ROTNM{80),STCF(17,20),STC(17920),STCOEF(20),ANS(15), ouT 35
4 SPECE(24+3)yNTT(100)4+NTAB{100)4NR,N our 36
COMMON /INTERP/ Z120),Y(2043)4NTP,ANSR(3) ouT 37
COMMON /CONTRL/TRNSPT;FROZN,PUNCH,NODATA ouT 38
C our 39
EQUIVALENCE (ANS(1) ,VISC ), (ANS(2) ,MONCON}, (ANS{3) »INTCON) OUT 40
EQUIVALENCE (ANS(4) ,FRZCON), (ANS(5) ,REACON), (ANS(6) ,EQCON ) OUT 41
EQUIVALENCE (ANS(T) ,CPFROZ)s (ANS(8) ,CPEQ ), (BNS(9) ,PRFROZ) OUT 42
BQUIVALENCE (ANS(10),PREQ ), (ANS(11),LEWIS ), (ANS(12),WTMOL ) OUT 43
EQUIVALENCE (ANS(13),DENSTY), (ANS(14),CPREAC), (ANS(15).+ENTLPY) OUT 44
c ouTt 45
ENTLPY = HSUBO*R ' ouT 46
ENTRPY 5 SC#*R our 47
FPC = 100./(1,+40F) ouT 48
IF(N.NE.1) GO TC 134 ouTt 49
IF(ISV.EQ.0.AND.MAXNP.GT,12) GO TO 134 _ ouT 50
IF(MAXNP .GTo5140Re(LMeGTo52.ANDLMLTL66)) GO TO 134 ouT 51
tM=1 ouT 52
IF(MAXNP.LT.1) MAXNP=0 ouT  s3
‘ ouT 54
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134 CONTINUE ouT
ITT= IT + 0.5 our
JF(MAXNP .GT+51.0RsLM.GT452) GO TO 127 ouT
TE(ISV.NEL.O) GO TO 123 our
IF(MAXNP.GT<12) GO TO 127 ouT
6C T0 124 ouT

C ouT
[ STORE DATA ouT
C ouT

123 IF(MAXNP.EQ.0) FIRSTP = PP ouT
IF (MAXNP.EQ.O) FIRSTV = VLM(1) ouT
STORE{MAXNP414¢1)=TT ouT
CC 128 J=1,15 out

128 STORE(MAXNP€14J+1)=ANS(J) out
MAXNP=MAXNP+1 ouT
€0 70 1232 ouT

127 IF(LM.GTMAXNP) MAXNP=20 ouT
TF{LM.GT.MAXNP) GO TO 104 ouT

129 tM=1 ouT

132 IF(LM.GT.MAXNP) GO TO 137 ouT
ITT=STORE{LM,1)#0.5 ouT
TT=STORE{LM,1) ouT
CO 131 K=1,15 ourt

131 ANSHK)=STORE(LM,K+#1) ouTt
TF(LM.GT.1) GO TO 104 auT

124 1F(NJNE.1) GO TO 104 ouT
TF(ISV.EQ.0.AND.LM.NEL]L) GO TD 104 our

C our
C WRITE HEADING FOR DATA ouT
C ouT
WRITE(6,1) ouT

1 FORMAT(1H11} out
TF(MAXNP.LT.13) FIRSTP = PP ouT
TF(MAXNP L T.13) FIRSTV = VLM(1) ouT
IF(DETN) GO TO 6 aur
IF(SHOCK) GO TO 7 ouT
IF(RKT) GO TO 8 ouT
JE(VOL) GO TO 3 oyt
IF(TP) GO TC 2 ouT
IF(HP) GO TO 4 ouT
IF(SP) GO 10 5 ouT

3 IF(TP) WRITE(b,16) ouT

16 FORMAT(1HO,38X,55HTRANSPORT PROPERTIES AT ASSIGNED TEMPERATURE ANDOUT

1 VOLUME/) ouT
TF(TP) WRITE(6+20) OFFPCHEQRAT,FIRSTV ouT

20 FORMAT (1HO+12Xs 4HO/F=y FBe424X 13HPERCENT FUEL=,FB.4,4X} ouT

1 19HEQUIVALENCE RATIO= 4FTe4y4X,13HFIRST VOLUME=FB8.2, ouT

2  1X24HCC/G//7) ouT
IF(TP) GO TO 155 ouT
TELSP) WRITE(6417) ouT

17 FORMAT(1HO+41X,51HTRANSPORT PROPERTIES AT ASSIGNED ENTROPY AND VOLOUT
1UNE/) ouT
IF(SP) GO TO 14 ouT
WRITE(64141) ouT

141 FORMAY(1HO,46X,39HTRANSPORT PROPERTIES AT ASSIGNED VOLUME/) ouTt
INTRNL = ENTLPY ouT
WRITE(6415) OFFPC,EQRAT,INTRNL ouT

15 FCRMAT (1HO911X,4HO/F=, FBue4y4Xs13HPERCENT FUEL=,F8,4,4X, ouTt
1 1SHEQUIVALENCE RATIO= oFT7.444X+16HINTERNAL ENERCGY=FB.2, ouT
2 €H CAL/G //1) ouT
GC TO 15¢ ouT
2 WRITE(6,140) ouT
14C FCRMAT(1HO,37X,STHTRANSPORT PROPERTIES AT ASSIGNED TEMPERATURE ANDOUT
1 PRESSURE/) ouT
12 WRITE(6,147) OF+FPCLEQRAT,FIRSTP nuT
112
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147 FORMAT {(1HO,12X, 4HO/F=y F8,444X,13HPERCENT FUEL=yF8.4,4X, ouT 120

1 19HEQUIVALENCE RATIO= ,FT.444X,15HFIRST PRESSURE=F8,.3, ouT 121

2  1X43HATM//7) ouT 122
6C TO 15¢ ouT 123

4 WRITE(64142) A ouT 124
142 FORMAY(1+0444X,42HTRANSPORT PROPERTIES AT ASSIGNED PRESSURES/) ouUT 125
WRITE{6,149) OF,FPC.EQRAT,ENTLPY nutT 126

149 FORMAT (1HO0,15Xs, 4HO/F=y FBe4ip4Xy13HPERCENT FUEL=,FB.4,4X} ouT 127
1 19HEQUIVALENCE RATIO= ,F7.4,4X,9HENTHALPY=F8,1,6H CAL/G///) ouT 128

GG TC 15¢ ouT 129

S WRITE(6,143) ouT 130
1582 FORMAT(1t+0,397,53HTRANSPORT PROPERTIES AT ASSIGNED ENTROPY AND PREQUT 131
1SSURE/) ouT 132

14 WRITE(64150) OF,FPC,EQRATHENTRPY ouT 133
15C FORMATY (1HG,15Xy 4HO/F=, FB8.434X,13HPERCENT FUEL=,FB.4,4X, ouT 134
1 19HEQUIVALENCE RATIO= ,FT7.4,4X,8HENTROPY=F8,4,11H CAL/(6)(K)///)OUT 135

GC TC 15°% ouT 136

€ WRITEL64144) ouT 137
144 FORMAT(1+0,45X,41HTRANSPORT PROPERTIES OF THE DETCNATED GAS/) ouT i38
WRITE(64+151) OF,FPC,EQRAT,FIRSTP ouT 139

151 FCRMAY (1HCQ,16Xs 4HO/F=y FBe4,4Xs13HPERCENT FUEL=,FB8.4,4Xy ouT 140
1 19HEQUIVALENCE RATIO= 4+F7.4,44X,26HFIRST DETONATION PRESSURE= ouT 141

2 F84.3,1X,3HATM///) ouT 142

GC TO 15¢ ouUT 143

T IF (FRDZN) GO TO 9 ouT 144
WRITE(6,154) QuT 145

154 FORMAT(1HO,27X,72HTRANSPORT PRDPERTIES OF THE SHOCKED GAS ASSUMINGOUT 146
1 EQUILIBRIUM COMPOSITION/) ouT 147

GC TO 10 oUT 148

S WRITE(6,157) oUT 149
157 FORMAT(1HO,27X,67HTRANSPORT PROPERTIES OF THE SHOCKED GAS ASSUMINGOUT 150
1 FROZEN COMPOSITION/) ouT 151

1C WRITE(64152) OF,FPC,LEQRAT,4PPP(1) outT 152
152 FORMAY (1HQ,10Xy, 4HO/F=y FBe444X313HPERCENT FUEL=,F8.4,4X4 gutr 153
1 19HEQUIVALENCE RATIO= ,F7,494X421HFIRST SHOCK PRESSURE=F9.4, OUT 154

2 1Xy3HATM//7) ouT 155

GO 70 15% ouT 156

g dIF (FROZN) GO TO 11 auT 157
WRITEL64,156) ouT 158

15¢ FORMAT(1H0,21X,88HTRANSPORT PROPERTIES OF ROCKET EXHAUST ASSUMING OUT 159
1EQUILTBRIUM COMPCSITICON DURING EXPANSION/) OuT 169

60 TO 12 DUT 161

11 WRITE(64,158) oUT 162
158 FORMAY(1HQ,24X,83HTRANSPORT PROPERTIES OF ROCKET EXHAUST ASSUMING OUT 163
1FROZEN COMPOSITICN DURING EXPANSION/) ouUT 164
TF(«NOT.EQL.ANDNFZNE.s1) WRITE(64159) NFZ OuT 165

159 FORMAT(5€X,18HFRCZEN AFTER POINT, I2 /} OUT 166
12 WRITE(6+153) OF,FPC,LEQRAT,PPP(1) ouT 167
163 FORMAT (1HO,15X, 4HO/F=, FB8.434X,13HPERCENT FUEL=,FB8.4,4X) OUT 168
1 19HEQUIVALENCE RATID= ,F7.4,4X,17THCHAMBER PRESSURE=FB8,3}% ouUT 169

2 1X43HAIM///) ouT 170
155 CONTINUE ouT 171
TF(<NOT.FROZN) GO TO 105 out 172
WRITE(6,106) out 173

106 FORMAT (32X,4HTEMP 43X, 9HVISCOSITY,2Xy9HMONATOMIC,2X, BHINTERNAL ,4X,0UT 174
16HFROZENy6X 9 2HCP y 8Xy THPRANDTL/52Xy4HCOND 4 7X34HCOND, 7X,4HCOND,9X, OUT 175

24HFROZy 5%y 4HFROZ/ /31X 3 5SHDEG K 95Xy SHPOISE 15X 42 TH-—==~ CAL/ICM)(SEC)OUT 176
1{K) ===—45Xs 10HCAL/(GY(K)///) ouT 177
WRITE(62107) ITTotANSII)eI=1,4)4ANS(7),ANS(9) ouUT 178
107 FORMAT(30XsI163F9.0,5HX10-6,F640,5HX10-6,F6.0y5HX10-6,F6,0,5HX10-6,0UT 179
1FB8e44F10.4) ouT 180
GO TO 108 ouT 181
105 WRITE(6,+109) OuUT 182
109 FORMAT (ZX,4HTEMP33X,9HVISCOSITY 2X,9HMONATOMIC +2X,BHINTERNALy4X, OUT 183
16HFROZENSX s BHREACTICON 3X o1 LHEQUILIBRIUM3X,2HCP 49X 3 2HCP , TX, OUT 184

2THPRANDTL 9 2X o THPRANDTL 94X SHLEWIS/ 22X 4HCOND » 7X y 4HCOND, TX,4HCOND, OUT 185
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38Xy 4HCOND , 8X ¢ 4HCCND 99X 4HFROZ 3 TX, 2ZHEQ 96X g 4HFROZ ¢ TX 9 2HEQ 6 X,y nUT 186

46HNUMBER//1X 4y SHDEG Ky5XsSHPDISE»5Xy ouT 187
554H-=emcm e e CAL/(CM) (SEC)(K) —=————weemee— e 2 7%, ouT 188
E10HCAL/ (G} (K)y7Xy25H ===-= DIMENSIONLESS ----- 1/7) ouT 189
C ouT 190
c WRITE DATA : ouT 191
c ouT 192
IF(LEWIS.EQ.O0.} CO TO 135 ouT 193
WRITE(64110) ITT,{ANS(I)sI=1,11) ouT 194
110 FCRMAT(16yF3.0,5HX10~69F64095HX10-6yF6.095HX10~64FE40,5HX10-6, nuUT 195
1F7.0,5HX10~64,F7.045HX10-6,FBo444F10.4) OUT 196
GO 10 108 ouT 197
135 WRITE(6,136) ITT,(ANS(1),1=1,10) ouT 198
136 FCRMAT(164F9,045HX10~6,F64095HX10~-6,F6.0,5HX10-64F6.0,5HX10-6, ouUT 199
1F7.045HX10~6,FT74095HX10-6,FBe493F10.4) ouT 200
GC 70 108 ouT 201
104 IF(.NOT.RKT) GO TO 200 ouT 202
IF(LMeEQel4.0R.LM.,EQ.15) GO TO 201 ouT 203
[F(RKT.ANDo(LMeEQe27.0RaLM.EC.28)) GO TO 137 ouT 204
IFIRKT.AND o (LM.FQe40.0R.LM,EC.41)) GO TO 137 ouT 205
IF(RKT.AND o {LMeEC253.0ReLMeECe54)) GO TO 137 ouT 206
GO 70 200 ouT 207
201 LLL=LLL#] ouT 208
GO 10 10¢ ouT 209
200 IF(LM-LLL) 112,111,112 ouT 210
111 WRITE(6,113) our 211
113 FCRMAT(1HO) our 212
LLL=LLL +5 ouT 213
112 IF{.NOT.FROZN) GO TO 115 QuUT 214
WRITE(65116) ITTH(ANS(I)»I=1+4)49ANS(7)4ANS(9) ouT 215
116 FORMAT(30XsI163F94093F11e04F13e4,F10.4) auT 216
GO 10 108 ouT 217
115 IF(LEWIS.EQ.0.) GO TO 118 ouT 218
WRITE(64117) ITT,(ANS{I)I=1,11) ouT 219
117 FCRMAT(I6,F9.0+3F11.042F12.0,F13.4,4F10.4) ouT 220
GO 710 108 ouT 221
116 WRITE(6,119) ITT,(ANS(I),1=1,10) ouT 222
119 FORMAT(1€4F9.093F11.092F12.04F13.4,3F10.4) ouT 223
108 LM=LM+1 DUT 224
IF(MAXNP.GT.0) GO TO 132 ouT 225
133 CCONTINUE ouT 226
C ouT 227
C PUNCHED CARDS ouT 228
c ouT 229
IF(.NCT.PUNCH) GO TO 137 ouT 230
IF(RKTAND. (LM,EQ.15,0R.LMeECQe16}) GO TO 137 ouT 231
IF(RKT.AND+{LM.EQ.28,0ReLM.EQL29)) GO TO 137 ouT 232
TF(RKT,AND, (LM, EQe41.0R4LM.EQe42)) GO TC 137 ouTr 233
IF(RKT.ANDS (LMeEQ.5440R.LMeECe55)) GO TO 137 ouT 234
PUNCH 121, TT,PP,[ANS(I)+1=1,13),FPC out 235
121 FORMAT (FB842¢3X9ELl0e5+4F9e292F1142/F9.5,F104543F9¢5,F11e543Xy outT 236
1 E10.542X4F8e4) ouT 237
137 CONTINUE ouT 238
C . ouT 239
FETURN . ouT 240
END ouT 241

114

U E ¥ VU U W U HHUE YW HEITEEKELE.
AN



SUBROUTINE LGRNGE(TT) LGRN 1
N LGRN 2
COMMON /INTERP/ Z{20)4Y{20+3),NTP,ANSR(3) LGRN 3
c LGRN 4
DIMENSION A({10) LGRN 5
c LGRN 6
EQUIVALENCE (XXoAL1))3(XO00A02)) (X, A03)),(X29A04)),(X3,AL5)), LGRN 7
1UY0,A(61 1, (YL4A(T)) o (Y2,A18)),(Y3,A(9)) LGRN 8
c LGRN 9
IF(TT-2(2)110,10,11 LGRN 10
10 MX=1 LGRN 11
G0 T0 51 LGRN 12
11 IF(TT=Z(NTP-1)) 12,12,13 LGRN 13
13 MX=NTP-3 LGRN 14
GO TC 51 LGRN 15
12 K2NTP-1 LGRN 16
DO 14 JA=2,K LGRN 17
IF(TT-Z(JA))15,15,14 LGRN 18
15 MXsJA-2 v LGRN 19
GO 10 51 LGRN 20
14 CONTINUE : LGRN 21
51 XX=ALOG(T1T£1.,0) LGRN 22
DO 22 I=1,4 LGRN 23
MXT=MX+I-1 LGRN 24
22 ALTI41)=AL0G(Z(MXI)+1.0) " LGRN 25
BLl=((XX=X1)%{XX=X2)%{XX=X3})/(X0~X1)/{X0~X2)/(X0~X3) LGRN 26
B2=({XX=X0 )% {XX=X2)#*{XX=X3))/{X1=X0)/{X1=X2)/(X1-X3) LGRN 27
B3= ((XX=X0)%(XX=X1 )% {XX=X3))/{X2=X0)/(X2=X1)/[X2~X3) LGRN 28
B4=((XX=X0)#(XX=X1)#(XX=X2))/{X3=X0)/{X3~X1)/(X3=-X2) LGRN 29
DO & J=1,3 LGRN 30
DO 2 I=1,4 LGRN 31
MXI=NMX+I-1 LGRN 32
3 ALI#5)=ALOGIYIMXI,J)+1,0) LGRN 33
ANSWR=RB14YQ4B2%Y1+B3*Y2+B4*Y3 LGRN 34
8 ANSR(J)=EXP{ANSWR)=1.0 LGRN 35
RETURN _ LGRN 36
END LGRN 137
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APPENDIX D

SAMPLE PROBLEMS - INPUT AND OUTPUT

Case 51 - Input

REACTANTS

N 1. H 4, cti. C 4. 12.06 ~70690., S$298.15 O©

Cc 1. H 1,86955C 0212565 .C086415 18.58 ~2999.082L798.15 F

ALl. 9.0C .0 5298.15 F

NG1. c 1. [+10] +2C $288.15 F

H 2. G o1. .lé -68317.4 L298.15 F

OMI ¥ ALK AL20 AL202

oML T c2 c3 ccL cCLs

OMIT CH CH2 CH4 CN

oMIT cacL2 Cs2 CLCN cL20

CMIT cLo2 MGS N20 NS

oM T SCL sCL2 S2CL? socL

OMIT socL2 S02CL? 503

INSERT AL203(L)

NAMELISTS

S$INPTZ  KASE=b1, RKT=1,PS1a=1,P=500,NOCATA=T s

SRKI1INP PCP=2.542.7542+3.25+3.554510,34.02285, 100,1000, 10000 s

Case 51 - Output .

REACTANTS

N 1.0000 H 4.0000 CL 1.0000 0 4.0000 -0, 72,0600 -70690.00 S 298,150 @ -0.

< 1.0060 H 1.8696 0O 0.0313 S 0.0084 -0. 18,5800 -2999.08 L 2984150 F -0.

At 1.0000 -0. ~0. -0. Ve 9.0000 0. S 298.15C F -0.

MG 1.0000 0O 1.0u0¢ -0 =0 00 -~u. 0.2000 -0. 5 298.150 F ~0.

H 2.0000 0O 1.0000 -0. =D Ve 0.1600 -68317.40 L 298.15C F -0.

oMI T ALH AL20 AL 202

uMtT c? €3 ccL CCL4

ONMIT ch CH2 CH4 CN

UMIT cacez cs2 CLCN cL20

OKIT cio2 MGS N20 NS

UMIT SCL SCL2 S2CL2 Soct

OMIT socLe sp2ci2 s03

INSERT ALZ203(L)

NAMELISTS

SINPT2

KASE = 51,

I = 0. * 0. ’ 0. * 0. v 0. ’ 0. )
0. ’ 0. v 0. ’ 0. . 0. ’ 0. B
0. » G. y 0. » 0. v 0. v 0. v
0. » 0. ’ 0. * 0. ’ 0. , 0. ’
0. ’ 0. » 0. ’ 0. . 0. ' 0. 1)
0. ’ 0. . 0. v 0. * 0. ¥ 0. v
0. » 0. y 0. v 0. v 0. » 0. *
0. v 0. 'y 0. v 0. * 0. ' 0. ’
0. ’ 0. ’ 0. » 0. ’

4 = 5. 0000000E402, 0. N J. ' 0. v 0. » 0. ’
0. ’ 0. ’ 0. v 0. v 0. * 0. .
0. » o. ’ 0. ' 0. * 0. 13 0. v
0. ] a. v 0. + 0. ’ Q. . 0. '
0. ' 0. *

PSIA = Te MMHG = Fe NSQM = Fa

v = 0. » 0. ' 0. v 0. ’ 0. v 0. '
0. N 0. ’ 0. , 0. v 0. . 0. v
0. '

RHO = 5.000CVQUECO2, 2. 'y 0. v Q. . 0. ’ 0. ’
0. v C. » 0. . 0. ’ 0. » 0. ’
0. v 0. ’ Q. ) 0. v 0. ’ 0. *
0. v C. * [ , 0. . 0. ’ 0. '
0. ' 0. ’

ERATIU= Fy OF = Fy FPCT = Fy, FA = Fe

MLIX = 0. ’ G. ' Q. ’ 0. v 0. » 0. ’
0. » 0. . Q0. s 0. . 0. * 0. ’
0. . 0. ’ [ .

TP = Fs HP = Fe SP = Fo TV = Fs UV = Fy SV = Fo

AKT = Te SHOCK = Fy DEIN = Fy GITO = Fe CR = 0. + SO = 0. » SO = 0.

JONS = F» IDEBUG= Uy TRACE = U + SIUNET= Fo EUNITS= Fy

TRNSPT= Ty FRUIN = Fy PUNCII = £+ NODATA= T,

3 END

NO INPT2 VALUE GIVEN FUR OF, EDXRAT, FA, IR FPCI

116

U U M ¥ U UM UEE WU N UHHHBEEREELE



SPECIES BEING CONSIDERED IN THIS SYSTEM

J 9764
J 3/64
J12/6%
J 261
sl6t
9/65
9/65
6/68
J 9/65
J1z710
L11/65
4 9/62
J12765
412765
J 3761
J 6763
4 9765
J12/70
J 6/T7L
J12/695

[y Sy

0.
0.

0.
0.

ALCL2
ALN
ALC2H
[4

CNN
co2
C2F4
c302
cL2
HCO
H2B(s)
MG(S)
MGCL2(L)
MGO{L}
N

NO

N2

OH

S
s2

4.000C000E+00,

0.
0.

’
v

J12/65 AL(S) Ji2/65 AL(L)
J 6/70 ALCL3LS) J 6/70  ALCL3(L)
4 6/70 ALD J 9764  ALOCL
4 6/70  AL2CL6 J 3/64 AL203(S)
J12/768 (CCL2 J 6/70 CCL3
J12770  CN2 J 9/65 (O
J12/62 (S J12/68 Cc2CL2
L 5772 (L2H6 J 3767 2N
J12/769 €4 Ji2/69 L5
J 9765 H J 3/64 HALD
J12/70 MHNCO J 3/63 HND
L11/65 H20tL} J 3/61 H20
J 9767 MGIL) J 9762 MG
J12/69 MGCLZ Ji2/b6  MGH
J12/65 MGO J 6/67 MGOH
J12/70 NCO J12/71  NH
412765 NOCL J 9/64 NO2
J12/765 N2H4 b 9/64  N204
3 9/65 02 J 6/61 03
J 6/67 SH J 6/61 SN
SRKTINP
eQL = Ty FROZ = Ty
SUBAR = 0. ’ G. )
0. ’ 0. .
0. .
SUPAR = 0. ] 0. ’
0. ' 0. ’
0. .
PCP = 2.5000000E+00, 2.T500000E+03,
1.0003000C+01, 3.4022850E4¢01,
0. ) 0. ’
C. ’ 0. v
NFZ = 1,
$ END
0f = 2.573098
EFFCCYIVE FUEL
ENTHALPY HPP{2)
(KG-MOL) {(DEG K)/K5 =3.92203147€+02
BOP({I,+2)

KG-ATOMS/KG
N

0.

0.85409148€-01
0.19127246E-22
De45344284E-01
0.38157215€6-03
0.1194B507E-01
D.17757250E-03

Jl2/65 AL J 6/70 ALCL
J 6/10 ALCL3 J12/62 ALN(S)
J12/67 ALOH J12/68 ALD2
J 3/64 AL203(L) J 3761 C(S)
J 3761 CH2D J 6769 CH3
412765 COCL J 3761 COS
J 3767 C24 J 3761 L2H2
J 3/61 C2N2 J 9/66 C20
J 3/61 CL J 6/61 CLO
J 9764 HCL L12/69 HCN
J 3/64 HOD2 J 3/61 H2
L 2/69 H2d2 J12/65 H2S
4 3766 MGLL J12/765 MGCL2tS)
J 3764 MGN J12/765 MGO(S)
J 6767 MGO2H2 J12/7F MGS(S)
J12/65 NHZ J 9765 NH3
412765 NOZCL J12/64 NOD3
J12/770 N3 J 6/62 0
J12765 S(S} J12/765 S{L)
J 6/71 SO J 6/61 502
0. ] 0. ’ Q. '
0. B 0. » 0. 0
0. ] 0. ’ Ue [
0. . 0. ' 0. .
3.0000000k£+00, 3,2500000E+00, 3.5000000E+00,
1.0000000F+32, 1.0000000E+03, 1.0000000E+ 04
0. ) 0. * 0. ’
O. ’ 0. *
EFF:CTIVE OXIDANT MIXTURE
HPPI1) HSUBO
~0.30277923L+03 ~0.24394427E+03
BOP(E,1) B8O(I)

0.85114220€-02
0.3404568BE-01
0.85114220€-02
0.34045688E-01

0.61333306€-02
0.48396638E-01
0.61333306E-02
0.25067738E-01
0.12669193E-01
0.10661126E-03
0.33356188€-02
0.4961375TE-04

H
cL
0
[4
S
AL
MG
PT N H
1 -13.569 ~%.234
2 -13.689% -9.154
PCL/PY= 1.769526 T=
2 -13.685 -9.155
PC/PT= 1.777143 T
3 ~13,751 ~9.225
4 =13.763 ~9.244
4 -13.779 -9.254
5 -13.823 -9.297
6 -13.863 ~9.337
7 -13.900 -9.374
7 -13.488 ~9.363
8 -13.913 ~9.390
9 -14.086 ~9.571
10 -14.323 -9.814
10 -14.324 -9.815
11 =14.,555 =10.040
12 -15.152 -10.583
12 -15.163 -10.598
13 -16.122 -11.577

U U ¥ ¥ ¥ U U B H H U

cL V) C
=20.870 -13.84) -11.590
“21.372 -20.772 ~11.369

2483.75

=21,376  =20.779 -11.367
2481.97

~21.709 ~21.419 -11.185
=21.806 =21.609 -11.127
=21.789% -~21.545 ~-11.179
=21.833 -21.545 =11.2066
~21.873 -21.546 ~-11.346
=21,910 =21.546 -1ll.420
=21,931 -21.624 ~11.356
~22.070 -21.%00 -11.271
-23,143 -24.101 -10.505
~24,931 -28.000 -8.957
~264,924 =27.990 -8.963
=26.870 =-32.455 ~-7.060
~32,489 -45.990 ~0.912
~32.338 -45.514 -1l.232
=35,546 -51.136 -1.072

0.
O.
0.
0.

5 AL LI
=17.222 -19.688 =-21.832
~16.985 =21.017 -22.434
=16.983 -21.028 -22.439
~16.859 -21.952 -22.866
~16.827 -22.228 <~22.934%
~16,842 -22.136 -22,951
=16.854 -22.136 =-22.952
~16.866 <-22.135 ~22.953
=16.878 =-22.135 -=22.953
-16.858 -22,271L -23.006
~16.313 -22.745 -23.193
“16.605 -26.548 -24.720
~l6.582 <-33.289 <-27.498
~16.581 =~33,267 -27.788
~16.744 =-40,922 <-33.493
-17.604 -63.504 -50.483
=17.568 -62.828 -49.968
-17.937 -74.386 -58.615

12.000
3.000

2.000

3,000
3.000
3.000
3.000
2.000
2,020
2.000
3.000
4.000
44,000
3.000
4.000
5.000
3.000
5.000
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THEORET 1ICAL ROCKET PERFORMANCE ASSUMING EQUILIBRIUM COMPOSITION DURING EXPANSION

PC = 500.0 PSIA
CASE NO. 51

WT FRACTION ENERGY STATE TEMP DENSITY

CHIMICAL FORMULA {SEE NOTE) CAL/MOL DEG K G/CC
OXIDANT N 1.00000 H  4.00000 CL 1.00000 0 4.00000 1.00000 ~70690.000 S 298.15 =0.
FUEL C 1.00000 H  1.86955 0 0.03126 § 0.00841 0.66500 =-2999.082 L 298.15 -0.
FUEL AL 1.000Gu 0.32212 0. S 298.15 -0.
FUEL NG 1.00000 0 1.00000 0.00716 ~143690.881 s 298.15 -0.
FUEL H  2.00000 0 1.00000 0,00573 -68317.400 L 298.15 -0.

D/F=  2.5731 PERCENT FUEL= 27.9400 EQUIVALENCE RATI)= 1.9479 REACTANT DENSITY= 0.

GCHAMBER THROAT EXLIT EXIT EXIT EXIT EXIT EXIT EXIT EXIT EXIT EX1T EXIT
PC/p 1.0000 1.7771 2.5000 2.7500 3.0000 3.2500 3.5000 4.0000 10.000 34,023 100.00 1000,00 10000.0
Pe ATM 34,023 19.145 13.609 12.372 l1i.341 10,469 9.7208 845057 3.4023 1.0000 0.3402 040340 0.0034
Ty DEG K 27121 2482 2341 2315 2315 2315 2299 2246 1900 1504 1222 80O 688
RHO, G/CC 3,5172-3 2.1804-3 1,6450-3 1.5123-3 1.3862-3 1.2795-3 1.1363-3 1.0720-3 5.0741~4 1.8841-4 7.8929-5 1.2086-5 1.,4933-6
He CAL/G -484.8 -613.2 -683.7 -702.6 -719.8 -735.7 ~750.4 -7176.3 ~938.5 =~1115.9 -1241.0 =-1435.5 -1576.9
Sy CALZ{G) () 2.5272 2.5272 2.5212 2.5212 2.5272 2.5272 2.5272 2.5272 2.5272 2.5272 25272 2.5272 2.5272
He MOL WE 23,135 234195 23.218 23.220 23,219 23.217 23,219 23,225 23.249 23.255 23,255 23,320 24.768
(oLv/oee) 1 -1.00268 -1.00138 -1.00088 -1,00082 -1.00085 -1.00088 -1.00085 ~1.00070 ~1.00015 ~1.00001 -1.00000 -1.05592 -1.03953
(OLV/DLT}p 1.0%26 1.0284 1.0186 0. 0. 0. 1.0183 1.0153 1.0036 1.0003 1.0000 2.2603 L.9543
CPy CALZ(GI(K] 0.5694 0.5219 0.5008 Q0. 0. Q. 0.4987 0.4912 0.4579 0.4490 0.4405 2.8904  2.3412
GAMMA (S) 1.1968 1.20a1 1.2143 0.9992 0.9992 0.9991 1.2152 1.2178 1.2313 1.2352 1.2407 1.1046 1.1005
SON VEL,M/SEC 1083.1 1036.7 1008.9 910.1 910.1 910.1 1000.3 989.5 914.6 815.0 T36.1 561.3 504.1
MACH NUMBER 0. 1.000 1.279 1.484 1541 1.592 1.490 1.579 2.130 2.820 3.417 5.025 5.997
AE/AT 1.0000 1.0651 1.1070 1.1626 1.2191 1.2674 1.3500 2.2862 5.2207 11.384 66.308 500.74
CSTAR, FT/SZZ 5004 5004 5004 5004 5004 5004 5004 5004 5004 5604 5004 © 5004
CF 0.680 0.846 0.885 0.920 0.950 0.978 1.024 1.278 1.507 1.649 1.849 1.982
IVAC,LB~SEC/LB 193.2 197.8 200.3 203.3 206.1 208.3 211.8 234.3 25842 274.2 297.9 316.1

15P, LB-SEC/LB 105.7 131.6 137.7 143.0 147.8 152.0 159.3 198.7 234,3 256.5 287.¢6 308.3

MOLE FRACTIDNS

ALCL 0.00019 0.00004¢ 0.,00002 0.00001 0.0000f 0,00001 90,0000l 0.00001 0.00000 O. e 0. 0.
ALCL2 0.00049 0.00018 0.337209 0.00008 J.00008 0.00008 0.00007 0.00005 0.00000 0.0C000 O. 0. 0.
ALCL3 0.00306 0.00006¢ ©.03002 0.00002 0.00002 0.0000?7 0.00002 0.00002 0.00000 0.0:000 J. 0. 0.
ALOCL 0.00U08 0.60002 G6.00001 0.C000FL ¢.00001 0,.,00001 ©.00001 0.00000 0.00000 O. da 0. G.
ALOH 0.00001 0.00000 0.00000 3.20000 0.30000 0.00000 0.00000 0.00000 O. [N Qe 0. 0.
ALD2H 0.00362 0.00001 0.03000 0.00000 0.00000 0.0G000 0.00000 0.00000 0.00000 O. 0. 0. 0.
AL203(5) Vo 0. 0. 0.00506 (.01890 0.03166 0.03723 0.03725 0.03733 0.03733 0.03730 0.03730 0.03730
AL203(L) 0.03674 0.03710 0.03721 0.03218 V,.01832 0.00556 0. 0. 0. 0. Je 0. 0.
cts) 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. Qe 0.00256 0.05872
co 0.26412 0476332 0.26249 0.26230 U0.26229 0.2622T7 0.26215 0.26172 0.25750 0.24736 0.23225 0.17345 0.07536
cos ¢.00005 0.00005 0.00006 0.00006 ©.00006 0.00006 0.00006 0.00006 0.00006 $.00006 0.00005 0,00003 0.00002
ca2 C.018l4 0.019%57 0,02065 0.02087 0,.02086 0.020a86 0.02100 0.02150 0.02600 C.03613 0.05103 0.10718 0.14921
(%3 0.00001 0,00001 0.00000 0.00000 0,.00000 0.00000 0.00000 0.00000 0.00000 0.00000 3.00000 O. 0.
cL ¢.00171 0.00087 0.00054 0.00050 0.,00052 0.00054 0.00052 0.00042 0.00008 0.00000 0.00000 O. 0.
H 0.00597 0.00295 ©0.00180 0.00166 ©.00173 0.00180 ¢.00172 0.00139 0.00024 0,00001 0,00000 O. 0.
HCL CG.13146 0.13342 0.13610 0.13419 0,13416 0.136413 0.13418 0.13437 0.13497 0.13560 0.13702 0.13716 0.13716
HCN 0.00001 0.0000) 0.00006 0.00000 J.,00200 0.00000 0.00000 0.00000 0.0000C 0,00000 ¢&.C0000 0.0000C 0.
HCO 0.00001 0.0C000 0.00000 0.00000 2.00000 0.00000 0.00000 0.00000 0.00000 O. Lo 0. 0.
H2 0.32172 0.32472 0.32632 0.32661 0.32659 0.32657 0.32675 0.32739 0.33228 0.34234 0.35701 0.41045 0.39641
H20 0.145672 0.14552 0.14458 0.14438 0.14435 0.14433 0.14419 0.14376¢ 0.13949 0.12910 0.11331 0.05974 0.07377
H2$ 0.00140 0.00166 0,00181 0.00183 0.00181 0.00178 0.00179 0.00185 0,00216 0.00231 0,00233 0,00235 0.00237
MG 0.00002 0.0C00FL G.00000 0.00000 0.00000 0.00001 ¢,00000 0.00000 0.0000C O. Ce 0. 0.
MGCL 0.00003 0.00001 0.00001 0.03001 0.00001 0.00001 0.00001 0:00001 0.0000C C.00000 O. 0. 0.
MGCL2 0.00102 0.00107 0©.00109 0.00109 ©.00109 0.00109 0.00109 0.00109 0.00111 0.00083 Q.00007 0.00000 O.
MGO{S} 0. 0. 0. 0. Qe 9. 0. 0. 0. 0.00028 0.00104 0,00111 0.00111
MGOH 0.,00003 0,.00001 0.00001 0.00001 0.00201 0.00001 0,00001 0.00001 0.00000 0.00000 0. 0. 0.
MGO2H2 0,00001 0.00000 0.00000 0.00000 .00000 0,00000 0.00000 0.00000 ©0.00000 0.00000 O. 0. 0.
NH3 0.00001 0.00001 0.00001 0.00001 0.00001 '0.00001 0.00001 ©.00001 0.00000 0,.00000 0.00000 0.00001 0.00000
NO 0.00003 0.00001 0,00000 0.C0000 0©.00000 0.00000 0.00000 0.00000 0.00000- 0. [ . B
N2 0.06831 0.06848 0.06854 0.06855 0.06855 0.068%4 0.06855 0.06857 0.06863 C.06B63 0.06858 0.06857 0.06858
0 0.00001 0.022000 0.00000 0.00000 0.00000 0.00000 0.030000 0.00000 O. 0. e 0. .
OH 0.0007% 0.00027 0.00013 0.00012 0.00012 0.00013 0.00012 0.00009 0.00001 0.00000 4. 0. 0.
s 0.00009 0.00005 0,00003 0.00003 0.00003 0.00003 0.00003 0.00003- 0.00000 0.00000 . 0. 0.
SH 0.00355 0.00041 0.00033 0,00031 0.00032 0.,00033 $.00033 0.00029 0.0001C 0.00001 0.00000 O. 0.
50 0.00016 0.00010 0.,00007 J.00006 0.00007 0.00007 C.00007 0.00006 0.00001 0.00000 O. 0. 0.
soz2 0.00007 0.00005 0.02004 0.00004 0.00004 0.00006¢ 0.00004 0.00004 0.00001 0.00000 02.00000 O. 0.
s2 0,00003 0.00003 0.00003 0.00003 0.00003 0,00003 0.00003 0.00003 0,00002 0,00000 0.00000 O. 0.

AODITIONAL PRODUCTS WHICH WERE CONSIDERED BUT WHOSE MOLE FRACTIONS WERE LESS THAN 0.50000E-05 FOR ALL ASS IGNED CONDITIONS

AL(S) AL(L} AL ALCL3(S) ALCL3{L) ALN(S) ALN ALO aLo2 AL2CLG

C ceLz ccLs CH20 CH3 CNN CN2 coct cacL2 c2H

c2H2 C2He c2H6 c2N CaNz c2o €302 cé cs cLo

cL2 HALO HNCD HND HD2 H20US) H20(L) H202 NG(S} MG(L)
MGCL2{S) MGCL2(L) MGH MGN MGOIL) uGa MGS(S) N NCO NH

NH2 NOCL NO2 ND2CL NO3 NZH4 NZ04 N3 n2 03

S(s) St0) SN a6

NOTE. WEIGHT FRACTION OF FUEL IN TOTAL FULLS ANU OF OXIDANT IN TOTAL IXIDANTS
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TRANSPORT PROPERTIES OF ROUCKET EXHAUST ASSUMING EQUILIBRIUM COMPOSITION DURING EXPANS ION

O/F= 2.5791 PERCENT FUtL= 27,9400 EQUIVALENCE RATIO= 1.9479 CHAMBER PRESSURE= 34,023 ATM

TEMP VISCOSITY MONATOMIC INIERNAL FROZEN REACTIUN EQUILIBRIUM ce ce PRANDTL PRANDTL LEWIS
COND COND COND COND COND FROZ £Q FrOZ €Q NUMBER
UEG K POISE —==-msoos—eoooo-ooo CAL/{CMI{SECH(K) ~-=wm=mommom——ooe CAL/{G}(K) ~=== DIFMENSIONLESS ———-

2727 TTB8.X10-6 414.,X10-6 380.Xi0-6 T95.X10-6 377.X10-6 L3171.X10-6 10,4965 0.5992 0.4859 0.3978 2.2923
2482 725, 385. 344, 129, 208, 937, 0.4903 0.5528 0.4880 0.4282 2.2369
2341 696, 369. 322. 691, 137, 828. 0.4862 0.5303 0.4892 0.4456 2.1757
2315 690. 366. 318, 684, 128, 812. 0.4854 0.5272 0.4893 U,4480 2.1613
2315 692. 366. 3is,. 684. 133, 818. C. 4854 0.5290 0.4893 0.4464 2.1651
2315 690, 366. 318. 685. 134, 823. 0.4856 0.5307 0.4893 G .4449 2.1686
2299 687. 364, 316. 680. 134, 814, 0.4849 0.5290 0.4894 0. 4462 2.1601
2246 675. 358, 308. 666, 111. 117, 0.4832 0.5213 0.4898 0.4527 2.1205
1900 599. 319, 2544 573. 27. 601. 0.4704 0.4851 0.4912 0,4836 1.5213
1504 507. 274, 194. 468, 11. 479, 0.4522 D.4677 0.4896 0.4949 0.6759
1222 437, 241, 152. 393, 18, 4ll. 0.4370 0.4682 0.4855 D.4974 0.6391
800 322. 190. 100. 290. 44 . 334, 0.4133 0.5094 0.4585 0.4906 0.6528
683 287. 174, 90. 2664, 564 320. 0.4084 D.5450 0.4444 0.4893 0.6339

THEQRET [CAL ROCKET PERFORMANCE ASSUMING FROZEN COMPOSITION DURING EXPANSION

PC = 500.0 PSIA

CASE NO. 51
WT FRACTION ENERGY STATE TEMP DENSITY
CHEMICAL FORMULA ({SEE NOTE) CAL/MOL DEG K G/CC

UXIDANT N 1.00000 H  4.00000 CL 1.00000 0 4,00000 1.00000 -70690.000 s 298,15 -0.
FUEL ¢ 1.00000 H  1.86955 0 0.03126 S 0.00841 0.66500 -2999.082 L 298.15 -0.
FUEL At 1.00000 0.32212 0. S 298.15 -0.
FUEL MG 1.00000 U 1.00000 0.00716 =143690.881 S 298.15 =-0.
FUEL H 2.00000 ¢ 1.00000 0.00573 -68317.400 L 298.15 -0.

0/F= 2.5191 PERCENT FUEL= 27,9400 EQUIVALENCE RATIO= 1.9479 REACTANT DENSITY= O.

CHAMBER THRUAT EXLT
pC/P 1.0000 1.7885 2.5000
Py ATM 34,023 19.023 13,609
Fs DEG K 2727 2451 2303
RHO, G/CC 3.5172-3 2.1887-3 1.6664-3
Hy CAL/G ~484.8 -613.9 ~682.3
Sy CAL/{GI(K) 2.5272 2.5272 2.5272
M, MOL WT 23,135 23.135 23.135
CPy CALZIGI(K) 04697 0,4636 0.4599
GAMMA (5) 1.2238 1.2274 1.2296
SON VEL,M/SEC 1095.2 1039.7 1008.7
MACH NUMBER 0. 1.000 1.275
AE/AT 1.0000 1.1683
CSTAR, FI/SEC 4970 4970
CF 0.686 0.849
IVAC+LB-SEC/LB 192.4 196.7
1SP, LB-SFC/L8 106.0 131.1
MOLE FRACTIONS
ALCL 0,00019 ALCL2 0.00049 ALCL3 0.00006 ALOCL 0.00008
ALOH 0.00001 ALO2H 0.00002 AL203(L) 0.03674 co 0.26412
cos 0.00005 co2 0.01814 cs 0.00001 cL 0,00171
H 0.00597 HCL 0.13146 HCN 0.00001 HCD 0.00001
H2 0.32172 H20 0.14672 H2S§ 0.00140 MG 0.00002
MGCL 0.00003 MGCL2 0.00102 MGOH 0.00003 MG 0242 0.00001
NH3 0.00001 NO 0.00003 N2 0.06831 a 0.00001
OH 0.00071 s 0.00009 SH 0.00055 SO 0.00016
502 0.00007 52 0.00003

ADDITICGNAL PRODUCTS WHICH WERE CUNSIUERED BUT WHOSE MOLE FRACTIONS W-RE LESS THAN 0.50000E-05 FOR ALL ASSIGNEOD CONDITIONS

ALLS) ALIL) AL ALLL3{S) ALCL3(L) ALN(S) ALN ALO ALO2 AL2CLE

AL203(S) sy C ccL2 ccLs CH2]1 CH3 CNN CN2 cocL

cace2 c2u C2H2 C2Hs L{2He C2N L2N2 czo €302 C4

cs cLo cL2 HALO HNCOD HNO HO2 H20(s) H20(L) Hz202

MG(S) MGIL) MGLL2LS) MGCL2(L) MGH MGN MGOLS) HGO (L) MGO MGS{ 8)

N NCO NH NHZ2 NOCL ND2 NO2CL NO3 NZH4 N204 .
N3 62 03 S(s) stL) SN :

NOTE. WEIGHT FRACTION OF FUEL IN TUTAL FUELS AND OF OXIDANT IN TOTAL JXIDANTS

INANSPORT PROPERTIES OF ROCKET EXHAUST ASSUMING FROZEN COMPOSITION DURING EXPANSION

0/F= 2.5731 PERCENT FUEL= 27.9400 EQUIVALENCE RATIO= 1.9479 CHAMBER PRESSURE= 34.023 ATM

TEMP VISCOSITY MONATOMIC INTERNAL FROZEN ce PRANDTL
. CUND COND COND FROZ FRGZ
OEG K POISE === CALZECM){SECIIK} —-=—= CAL/(G){K)
2727 T78.X10-6 414.X10-6 380.X10-6 795.X10-6 0.4955 0.4859
2451 720. 384. 338, 122, 0.4893 0.4878
2303 688, 367, 31v. 682. 0.4848 C.4891
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Case 52 - Input

REACTANTS

H 2. 00 100. 0. G298.15 F
0 2. o¢ 100.0 0.0 G298.15 0
NAMELISTS

$INPT2 KASE=52,DETN=1,ERATIC=T,M[X=1,T=298.15,500, P=1

Case 52 - Output

REACTANTS
H  2.0000 -0, ~0. -0. 00 -u. 100.0000 0. G 298.150 F  -0.
U 2.0000 -n. -0. -0. 00 ~0. 100.0000 0. G 298.150 0 -0.
NAMELISTS
SINPT2
KASE = 52y
' = 2.9815000£492, 5.0000000E+02, 0. ’ 0. » 0. ’ 0. '
0. , 0. f 0. . 0. . 0. . 0. ’
0. , 0. v 0. N 0. N o. . 0. ’
0. , 0. . 0. . . . 0. v 0. ’
0. N o. N 0. . 0. . 0. ’ 0. ’
0. N 0. ’ 2. . 0. . 0. B 0. f
0. N 0. , 0. . 0. . 0. N 0. .
0. . 0. ’ 0. ’ 0. . 0. ’ 0. ’
0. ’ 0. . 0. . 0. ]
° = 1.0000000E+00, 0. ’ 0. . 0. , 0. ’ 0. ,
0. 0. . 0. ’ 0. . 0. . 0. ’
0. . 0. . 0. . 0. ’ 0. . 0. ’
0. . 0. . 0. . o. . 0. . 0. .
0. B 0. ,
BSIA = Fy MMHG = Fy NSQM = Fy
v = 0. . 0. . Q. ' 0. . 0. . 0. ’
0. ’ 0. v 0. . 0. y C. . 0. ’
0. N
RHO = 1.0000000E+00, 0. . 0. ' 0. , 0. B 0. v
0. ’ 0. . 0. . 0. N 0. ’ 0. .
0. ’ 0. ’ 0. ’ 0. ’ 0. ’ Q. ’
0. . 0. . 0. ’ 0. . o. , 0. .
0. ' 0. v
ERATIO= T, OF = Fy FPCT = Fy FA = Fy
MIX = 1.00000UCE+00, 0. ’ o. " 0. . 0. ' O. '
0. . 0. , 0. ’ o. . 0. N 0. .
o. » o. ’ 0. ’
w = Fy HP = Fy SP = Fy TV = Fy WV = Fy SV = Fy
RKT = Fy SHOCK = Fy DETN = Ty OTTO = Fy CR = 0. s SO = 0. s SO = 0.
10NS = Fy 1DEBUG= 0y TRACE = 0. » SIUNIT= F, EUNITS= Fy
TRNSPT= Ty FRUIN = Fy PUNCH = Fy NODATA= Fy
$ END
SPECIES BEING CON5SIDERED IN THIS SYSTEM
J 9/65 H J 3/64 HO2 J 3761 H2 L11/65 H20(S) LL1/65 H20(L)
J 3761 H20 L 2/69 H202 J 6762 O 312/70 OH J 9765 02
J 6/61 03
OF =  7.936411
EFFECTIVE FUEL EFFECTIVE OXEDANT MIXTURE
ENTHALPY HPP{2) HPPL) HSUBO
{KG-MOL){DE3 K} /K5 9. 0. 0.
KG-ATOMS/KG HOP(E,2) B8OP{I,1) BO(I)
H 0.,99209300€ +00 . 0.11101694E+00
5} 9. 0.62502343E-01 0.55508222E~01

LETONATION VELDCITY CALCULATIONS

3 H 0 .
1 -10.312 -15.661 8,000
T EST.= 3611.38
P/PL
[ 0.15000000k+02 0.12112625E402

PT H Q
1 -10.228 -15.582 3.000
H [
1 -10.224 -15.533 3.030
(4] H [¢]
1L -10.22% -15.583 2,000
2 -10.327 -15.092 6. 000

T EST.= 3728.78

pPreP1 /71
o 0.15000000£+02 0.74575531€401
2 -10.434 =15.790 3.009
2 -10.441 ~-15.789 3,000

2 -10.441 -15.748 2. 000
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DETONATION PROPERTIES OF AN IDEAL REACTING GAS

CASE NO. 52
WY FRACTION ENERGY STATE TEMP DENSITY
CHEMICAL FORMULA {SEE NOTE) CAL/MOL DEG K G/CC
FUEL H 2.00000 1.00000 1405.408 6 500.00 -0.
OXIDANT 0 2.00000 1.00000 1455.140 6 500.00 -0.

0/F= 7.9364 PERCENT FUEL= 11.1902 EQUIVALENCE RATIJ= 1.0000 REACTANT DENSITY= Q0.

UNBURNED GAS

PLyATM 1.0300 1.0000
TlyDEG K 298.15 500.00
H1,CAL/G G. 118.40
M1, MOL WT i2.010 12.010
GAMMAL 1.4015 1.38%6
SON VEL,M/S:C 537.8 692.5
BURNED GAS

Po ATM 18.844 10.998
Ts DEG K 3683 3607
RHD, G/CC 9.0261~4 5.2888-¢
Hy CAL/G 679.5 760.9
Sy CALZUGI Q) 4.1589 4,2558
Ms MOL WT l4.674 14.235
{oLv/oLP) 1 -1.08305 -1.08990
(oLv/oLTp 2.3791 2.5176
LPy CALZ(G)(K) 3.9365 4.3702
GAMMA {S) 1.1291 1.1268

SON VELsM/SEC 1545,5 1540.9

DETONATION PARAMETERS

P/PL 18.844 10,998
7T 12,352 7.215
M/M1 1.2052 1.1852
RHO/RHOL 1.8386 1.8067
MACH NO. 5.2833 4.0199

DET VEL.M/SZC 2841.5 2783.9

MOLE FRACTIONS

H 0.08139 0.09230
HO2 0.,00011 0.00009
H2 0.16475 0.16935
H20 0.53045 0.50628
H202 0.00002 0.00002
u 0.03886 0.04365
aH 0.13496 0.13663
02 0.04945 0.05169

ADDITIONAL PRODUCFS WHICH WERE CONSIDERED BUT WHOSE MOLE FRACTIONS WCRE LESS THAN 0.50000E-05 FOR ALL ASSIGNED CUNDITIONS
H20(S) H20(t) u3

NOTE. WEIGHT FRACTION OF FUEL [N TOTAL FUELS AND OF UXIDANT IN TOTAL OXIDANTS

ND TRANSPORT DATA WAS FOUND FUR THE SPECIES HO2

NO TRANSPORT DATA WAS FOUND FOR THE SPECIES H202

TRANSPORT PROPERTVIES OF THE DETONATED GAS

O/F=  7.9364 PERCENT FUEL= 11.1902 EQUIVALENCE RATEO= 1.0000 FIRST DETONATION PRESSURE= 18.844 ATM

TEMP VISCOSITY MONATOMIC  INTERNAL FROZEN REACTION EQUILIBRIUM ce cp PRANDTL PRANDTL LEWIS
COND CUND CORND CUND CoND FROZ €Q FROZ £Q NUMBER
GEG K POISE ~omemmmmme e CAL/HLYIISECIH{K) —m—mmmmm e CAL/(G) {K) = DIMENSIONLESS --——-
3683 1112.X10~6  707.X10-6 719.X10-6 1426.X10-6 BU6B.X10-6 9494.X10-6 0.7662 3.9365 0.5979 0.4613 1.3677
NO TRANSPORT DATA WAS FOUND FOR THE SPECIES HO2
. N3 TRANSPORT DATA WAS FOUND FOR THE SPECIES H202
3607 1031. 117, 697. 1414, 9051. 10465, 0.7649 4.3702 0.5900 0.4554 1.3582
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Case 122 - Input

REACTANTS
2. H 8. c 2. 50 12734.8 L298.15 F .7861
N 2. H 4, 50. 12050. L298.15 F 1.0036
F 2. 100. -3098. L 85.02 0 1.505
NAMELISTS
SINPT2 KASE=122,P=1000,PSIA=T,0F=T,MIX=2,5, RKT=T, NODATA=T $
SRKTINP PCP=10,68,0457, SUBAR=104543+25145+1.151.01,1.001,
SUPAR=1.0005y1405¢1e1y1e5¢1.842:5,10,100,200,500,1000 $
REACTANTS
N 2.0000 H 8.0000 C 2.0000 -0, ~Je 50.0000 12734.80 L 298.150 F 0.78610
N 2.0000 H 4.0Q00 -0, ' =0, 50.0000 12050.00 L 298,150 F 1.00360
F 2.0000 -0. -0. -0 -0. 100.0000 =3098.00 L B85.020 0 1.50500
NAMELISTS
$INPT2
KASE = 122,
T = 0. . 0. ’ 0. ] 0. ’ 0. ) 0. v
0. * 0. . 0. B 0. . 0. . 0. ’
0. ’ 0. ’ 0. v 0. * 0. . 0. 1
0. ) 0. v 0. . 0. ’ 0. , 0. ]
0. v 0. ’ 0. . 0. * 0. . 0. .
0. * 0. ’ 0. ' 0. ’ ' ’ 0. ]
0. ’ 0. . 0. v 0. ' 0. ’ 0. ’
Q. ’ 0. ’ 0. v 0. ' 0. . 0. '
0. * 0. ’ 0. ’ 0. v
P = 1.0000000£+03, 0. ’ 0. ) 0. ' 0. . 0. ’
0. . 0. v C. » 0. ' 0. ' G. v
0. . 0. v 0. » 0. ’ 0. i} 0. v
0. v 0. ’ 0. ) 0. B 0. ’ 0. ’
0. . 0. ’
PSIA = Ty MMHG = Fs NSQM = Fe
v = 0. v 0. . 0. . 0. v 0. . 0. v
0. v 0. ' 0. . 0. B 0. ’ 0. .
0. ’
RHO = L.0000000E+03, 0. ’ 0. v 0. . 0. v 0. 0
. . 0. . De ' 0. . 0. * 0. v
0. ’ 0. » 0. ' 0. B 0. ’ 0. *
0. v 0. . o. ) 0. . 0. "’ 0. v
0. v 0. .
ERATIO= F. OF = Te FPCT = Fy FA = F,
MIX = 2.5000000E+00, 0 ' 0. . 0. . 0. ’ 0. ’
0. ’ ¢ ’ 0. 3 0. ’ 0. ' 0. '
0. ’ 0. ' 0. ’
™ = Fa HP = Fo SP = Fy TV = Fe UV = Fe SV = Fo
RKT = Te SHUCK = Fy DETN = £y OITD = Fs CR = 0. + SO = 0. + SO = 0.
I0NS = Fs IDEBUG= 0, TRACE = 0. v SIUNIT= Fs EUNITS= Fa
TRNSPT= Ty FROZN = F, PUNCH = s NODATA= Ty
$ END
SPECIES BEING CONSIDERED IN THIS SYSTEM
4 3/61 CUS J 3/61 C J 6/70 CF J 6770 CF2 J 6/69 CF2
J 6/69 CF4 J12/6T7 CH J 6769 CH2 J 6769 (H3 J 3/61 CH4
J 6769 CN J 6/66 €NN J12/70 CN2 J12/69 (2 J12/67 C2F2
4 6/69 C2F4 J 3/67 C2H J12/6T C2HF J 3/61 (242 J 9/65 C2H4
t 5/72 C2Hé J 3767 C2N J 3/61 L2N? J12/69 (3 J12/69 C4
J12/769 €5 J 9765 F 4 6769 FCN J12/760 F2 J 9765 H
L12769 HEN J12/68 HF J 3/61 H2 J 3761 N J 6/65 NF
J 3/64 NF2 J 6769 NF3 J12/771 NH JE2/765 NH2 J 97€5 NH3
4 9765 N2 J12765 NZH4 J12/70 N3
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SRKTINP

EQL = Ty FRUZ = Ty .
SUBAR = 1.0000000E+01, 5.0000000£+00, 3.0000000E+00y 2. 00, 1.5 00, 1. 1000000E+00,
1.0100000E+00, 1.0010000E400, 0. . 0. » 0. ’ . ’
J '
SUPAR = 1.0005000E+00, 1.0500000£+400, 1.1000000E+00, 1.5000000E+00, 1.8000000E+00, 2.0000000€+00,
3. 0000000E+00, 1.0000000E¢01, 1.0000000E+02, 2.0000000E+02, 5.0000000E+402, 1.0000000€+03,
. '
PCP = 1.000UUOVE+DL, 6.8045700E+01, 0. ’ 0. v 0. v 0. )
d. ’ 0. , 0. . 0. ' 0. ' 0. ’
J. . 0. . 0. ' 0. ' 0. v 0. '
J. » G. ' 0. ' 0. '
NFZ = 1y
$ END
OfF = 2.500000
EFFECTIVE FUEL EFFECTIVE OXIDANT MIXTURE
ENTHALPY HPP({2) HPP(1)
{KG-MOL) (DEG K}/KG 0.14793078E4+03 -0,41029893E+02 0.12958869E+402
KG-ATOMS/KG BOP{I,2) BOP{I,1) ot 1)
N 0.47844928E~01 0. 0.13669979E-01
H J.128968D2E+00 0. 0.36B848007E-01
c 0.16639085E~01 0. 0.47540242E-02
F 0. 0.,52636011E-01 0.37597151E-01
er N H C F

1 -13.886 -11.179 =5.953 -19.837 10.000
2 =14.031 -11.4686 ~5.420 =-20.308 4,000
PC/PT= 1,750480 T = 4188.90

2 =14.,030 -11.466 -5.421 -20.307 2.000
PC/PT= 1.743150 T = 4189,27
~14.468 -12.543 =3.483 ~21.918 5.000
~14.513 -12.456 -4,065 -21.827 4.000
-15.066 ~13.383 -3,603 -23,502 5.000
~13.762 -11.329 ~4.452 -20.028 7.000
-13,887 -11l.181 =5.950 =~19.840 5.000
-13.887 -11.180 -5.951 -19.838 2,200
-13.887 -11.180 =5.951 =-19.833 2.000
-13.887 -11.180 ~5.951 ~19.838 1.000
-13.887 -11.180 =5.951 ~19.834 1.000
-13.889 -11.184 -5.945 -19.864 2.000
-13,888 <~11.184 =5.945 ~19.844 2.000
-13.388 -11.184 =5.945 -19.B4% 1.000
-13.892 -11.190 ~5.934 -19.85¢ 2.000
-13.892 -11.191 =5.,931 <~19.85%6 2.000
~13.892 -11.191 =5.931 -19.856 2,000
~13.898 -11.202 -5,910 -19.875 2.000
=-13,901L -11.207 -5.901 -19.883 2.000
-13,901 -11,208 ~19.884 2.00C
-13.901 ~-11.208 ~19,.884 1.000
-13.910 -11.225 -19.913 2.000
~13.914 =~11.234 -19.928 2.000
-13.915 ~-11.235 -19.929 2.000
=13.915 -11.235 ~5.849 ~19.929 1.000
10 -13.9%8 -11.319 -5.692 =-20.069 3.000
10 -13.95% -11.321 ~5.689 -20.071 2.000
10 -13.959 -11.321 ~5.689 <-20.071 1.000
11 -14,004 =~11.411 ~5.521 -20.219 3.000
11 =14.003 ~1t.411 -5.522 -20.218B 2.000
12 ~-14.015 <=11.433 =5.430 -20.255 3.000
12 ~14.020 =-11l.4%¢ ~5.461 -20.272 2.000
12 -14.021 -11.447 =20.277 2.000
12 =14.021 -11.447 -20.277 2.000
13 -14.037 -11.481 -5.394 -20.331 3.000
13 -14.037 -1l.e79 -5.396 -20.329 2,000

VOO CEDOCNN~NOC TR NSNS WW
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THEORETICAL ROCKET PERFORMANCE

PC = 1000,0 PSIA
CASE NO. 122
CHZIMICAL FURMULA

FUEL N 2.00000 H  8.00000 ¢ 2.00000
FUEL N 2.00000 H  4.00000
OXIDANT F 2.0000u

0/F= 2.5000 PERCENT FUEL= 24.5714

CHAMBER THROAT EXIT EXIY
PC/P 1.0300 1.7491 10.000 68.046
Py ATM 68.040 38.902 6.8046 L.3000
Ty DEG K 4464 4189 3502 2302
RHO, G/CC 3.8190-3 2.3626~3 5.1436-4 9,4214-5 3,
Hs CAL/G 25.8 ~206.2 ~825.1 -1381.0
Se CAL/(GHIK) 2.7398 2.7398 2.7398 2,7398
My MOL WT 20,558 20.877 2t.722 22.433
(OLV/DLP) T =1.03533 -1.02932 -1.02251 —-1.00455 ~|
(uLv/oLTie 1.5692 1.4890 1.5681 141157
CPy CAL/ZIG)HIK) 1.3378 1.2425 1.91256 0.7232
GAMMA (5) 1.1655 1.1645 1.1051 1.1736
SUN VEL,M/SET 1459.6 1393.3 1217.1 1123.5
MACH NUMBER. 0. 1.002 2.192 3.054
AE/AT 1.0000 2.3384 10.183
CSTAR, FT/SEC 6872 6872 6872
CF 0.665 1.274 1.638
1VAC,LB-SEC/LR 264.2 323.3 381.8
ISP, LR-SEC/LE 142.1 2721 349.9
MOLE FRATTIINS
sy 0. 0. 0.03126 0.08883 ©
C 11,00253 0.701R83 0.00046 0.00002 O
cF 0.01983 0.01805 0.J0969 0.06142 ©
CF2 0.005%3 0.00636 0.00601F 0.00253 O
CF3 G.L0Ju4 0.00004 0.03203 0,00001 O
CH ©¢.00024 0.,00015 0.00002 2.00000 o
CH2 0.00001 0,00001 0.0ud30 0. [¥]
CN 0.01306 0.01186 0.00640 0,00080 O
LN2 0.00001 0.00003 G.00000 0.00000 O
(%4 0.00132 0,00115 0,00039 0.00001 U
C2F2 0,00002 0.00002 0.,0v00l 0.00000 O
C2H 0.00899 0.00970 0.00652 0.00027 O
C2HF G.00041  0.00045 0.00031 0.00092 ©
€2H2 0.0vled 0.00161 0.00109 0.000U04 U
C2N 0.00535 0.00571 0.00387 0.00020 O
C2N2 C.00046 0.00057 C.03064 0.00007 ©
c3 0.00179 0.,00253 0.00301 0.00008 O
Ca ¢.00001 0,00002 0.00002- 0.G0000 o
cs G.0000L  0.00001 0.00004 0.00000 O
F G.08241 0,0674% 0.03443 0.01527 0
FCN 0.00159 0.00158 0J00118 0.00031 ©
F2 0.00001 0.00000 0.00000 0.00000 O
H 0.04706 0.03628 0.01447 0.00308 U
HIN 0,01297 0.01322 0.01003 0.00176 O
HF 0.65661 0.68449 0.73343 0.74638 O
H2 0.01410 0.01087 0.00422 0.00079 O
N ¢.00034 0.00019 0.00003 0.00000 o
NF ©.00001 0.00001 ©.00000 0.00200 0
N 0,00002 0.00001 “0.00000 0.00000 ©
N2 3412337 0.12583 0.13244 0.13810 0
ADDITIONAL PRODUCTS WHICH WCRE CONSIDERED BUT WHDSE M
CF& CH3 CH4 CNN 4
NH3 N2H4 N3
NOTE. WEIGHT FRACTION OF FUCL IN TOTAL FUELS AND OF U

ASSUMING EQUILISBRIUM COMPOSITION DURING EXPANSION

\
WT FRACTION ENERGY STATE
(SEE NOTE) CAL/NOL
0.50000 12734.800 L
0.50000 12050.000 L
1.00000 ~3098.000 L
EQUIVALENCE RATIJ= 11,4859 REACTANT DENSETY=
EXIT eXIT EXIT EXIT EXIT EXIT
1.0021 1.0084 1.0241 1.0586 1.1181 1.3245
67,9006 67.480 65,442 64.279 60.858 51.376
4463 4460 4452 4435 4408 4324
8123-3 3.7917-3 3.7416-3 3.6369-3 3.4701-3 3.0004-3
2449 2242 15.5 1.3 =22.1 -93.1
2.7398 2.7398 2.7398 2.7398 2.7398 2.7398
20.559 20.563 20.572 20.591 20,623 20.721
~03590 -1.03583 -1.03564 -1.03524 -1.03458 -1.03255
1.5689 1.5681 1.5659 1.5613 1.5537 1.5296
1.3375 1.3365 1.3341 1.3289 1.3202 1.2922
1.1655 1.1655 1.1654 1.1652 1.1650 1.1643
1450.4 1449.7 1448,0 1444.6 1438.8 1421.3
0.059 0.120 0.203 0.313 0.440 Q.702
10.000 5.0000 3.0000 2.0000 1.5000 1.1000
68172 6872 6872 6872 6872 6872
0,041 0.083 J.140 0.216 0.302 0.476
2145.4 1077.1 655.5 449.7 351.0 279.1
8.8 17.7 29.9 46.1 64.5 101.7
. 0. 0. 0. 0. 0.
00253 0,00252 0,.00250 0.00246 0.00238 0.00217
01982 D0.01980 0.01976 0.01966 0.01949 9J.01896
.00593 D,00594 0.00595 0.00597 0.00601 0.00613
00004 0.00004 0,00004 0.00004 0,00004 0.00004
00024 0.00024 0.00024 0.00023 0.00022 0.00019
.00001 0.00001 ©.0000% 0.20001 0.00001 0.00001
.01306 0.01305 0.01301 0.01295 0.01284 0.01248
00001 0,00001 0.0000L 0.00001 0.00001 0.00001
.00132 0.,00132 0.00132 0.00131 0.00129 0.00124
+00002 0.00002 0.00002 0.00002 0.00002 0.00002
00899 0.00900 0.00902 0.00907 0.00914 0.00937
«00041 0,00042 0.00042 0.00042 0.00042 0.00043
.00149 0.03149 0.00149 0.00150 0,00151 0.00155
00535 0.00536 0.00537 0.00539 0.00543 0.00554
00046 0.00046 0.00047 0.00047 0.00048 0.00051
.00179 0.00180 0.00181 0.00185 0.00192 C.00213
00001 0.00001 0.0000L 0.00001 0.00001 0.00001
+00001 0.00001 0.00001 0.00001 0.0000@ 0.00001
08236 0.08218 C.08176 0.08084 0.,07935 0.07476
.00159 0.00159 0.00159 0.00159 0.00159 0.0C158
.00001 0,00001 0.00001 0.00001 0.00001 0.00001
+04702 0.04689 0.04659 0.04593 0.04485 0,04155
01297 0.01298 0.31299 0.01300 0.01303 0.01311
«65672 0.65704 0.65784 0.65953 0.66232 0.67085
»01408 0.01404 0.01395 0.01375 0.01343 0.01243
.00034 0.00034 0.00033 0,00032 0.00031 0.00026
.00001 0.00001 0,00001 0.00001 0.00001 0.00001
«»00002 0.00002 0.,00002 0.00002 0.00002 0.00001
»12338  0.12341 0.12347 0.12362 0.12386 0.12461

DLE FRACTIONS WERE LESS THAN

2F4 C2H4 C2He NF2

X1DANT IN TOTAL OXIDANTS

TEMP

DEG K
298,15
298.15
85.07

1.2521

EXIT
1.5759
43,178

4239

2.5841-3
-164.3
2.7398

20,819
-1.03052
1.5044
1.2616
1.1637
1403.6
0.899

1.0100
6872
0.602
265.5
128.6

0.

0.C0195
0.01840
0.,00627
V.0 G004
Q. 0COLE
0.00001
J.01210
0. C0000
c.C0119
0.00002
0.00958
0.00044
0.00159
0. 00565
0.00055
J. 00237
0.00001
J.00G01
C.07016
0.00158
0.C0000
0.63823
C.01319
Ce67943
0.01145
0.00022
C.00001
0.00001
C.12537

NF32

DENSITY
G/CC
0.7861
1.0036
1.505C

EXIT
1.6895
40.275

4206

EXIT
1.7946
37.916

4177

2.4341-3 2.3111-3

~192.4
2.7398

20.858

~216.4
2.7398

20.891

-1.02971 -1.02902

1.4941
1.2489
1.1636
1396.7

0.967

1.0010
6872
0.6645
264.3
137.8

0.

0.00187
o.01817
0.00633
0.00004
0.00015
0.00001
0.01194
0.0000¢C
0.00116
0.00002
0.009066
0.00045
0.0016C
0.00569
0.00056
0.00248
0.,00001
0.00021
0.06834
0.00158
0.00000
0.03693
0,01321
0.68282
0.01106
0.00020
0.00001
6.00001
0.12568

0.50000£-05 FOR ALL ASSIGNED CONDITIONS

NH2

1.4852
1.2377
1.1635
1390.7

1.024

1.0005
6872
0.680
264.2
145.2

0.

0.00180
0.01796
0.00639
0.00004
0.00014
0.00001
0.01180
0.00000
0.00114
0.00002
0.00973
0400045
0.00162
0.00573
0.00057
0.00257
0.00002
0.00001
0.06678
0.00158
0.00000
0.03581
0.01323
0.68573
D0.01073
0.00019
0.00001
0.70001
0.12594
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3 ~14.104 ~-1l.022 -20.5586 3.000
3 ~l4.104 -11.621 -20.553 2.000
4 -14.138 ~11.697 =20.672 3,000
5 ~12.093 -21.279 4,000
5 ~12.071 ~21.237 3.000
5 ~12.071 ~21.236 1.000
6 ~12.323 -21.624 3.000
[ -12.288 -21.567 3.000
6 -12.238 -21.492 3.000
[ -12.238 ~21.483 2.000
7T =12.365 -21.687 3.000
7 -12.318 -21.615 3.000
7 -12.318 =21.615 2.000
& -13.108 -22.744 $.000
8 -13.055 -22.677 3.000
8 -13,055 -22.677 1.030
9 ~13,859 =23.485 4,000
9 -13,855 -23.482 2.000
10 -18.484 -2B.630 9.000
1Y) -18.553 ~28.855 2.000
1 ~19.815 -33.294 1,000
i1 ~19.1735 -32.997 1.000
12 -21.559 ~40.206 2,000
12 ~21.664 -40,6645 1.000
13 ~23.640 ~43,285 2,200
13 -23.512 ~48.736 L.000
THEURET [CAL ROLKET PERFORMANCE ASSUMING EQUILIBRIJM CUMPOSITION DURING EXPANS LON
PC = 1000.0 PS{A
CASE NO. 122
WT FRACTION ENERGY STATE TEMP DENSIETY
CHEMECAL FURMULA (SEE NOTE) CAL/MOL DEG K 6/CC
FUEL N 2.00000 H 8.0000" € 2.00900 0.50002 12734.800 t 298.15 0.7861
FUEL N 2.00000 H  4,0000u 0.50000 12050.000 L 298,15 1.003&
UXIDANT F  2.00000 1.00000 -3098.000 L 85.02 1.5050
U/F=  2.5000 PERCENT FUEL= 28,5714 EQUIVALENCE RATIO= 1.4859 REACTANT OENSITY= 1.2521
CHAMBER THRUAT EXET EXIT EXIT £xty EXIT EXIT EXIT EXIT EXIT EXIT EXIT
pc/P 1L.0400 1.7491 2.3253 2.6616 4.9633 6.6292 7.7306 26.846 66,440 1448.42 3724.92 13047.0 33844.8
Py ATM bB.046 38.902 29.263 25.566 13.710 10.265 8.8021 2.5347 1.0242 0.0470 0.0183 0.0052 0.0020
¥y DEG K 4464 4189 4055 3992 3709 3608 3569 3224 2911 1625 1301 955 748
RHO, G/CC 3.8190-3 2.3026-3 1.8437-3 L.6459-3 9.6438-4 T.4680-4 6.4249-4 2.1203-4 9.6152-5 8.0299-6 3.8999-6 1.5169-6 7.4686~7
Hy CAL/G 25.8 -206.2 -317.5 -368.8 -593.1 -690.8 =741.7 -1126.4 =~1374,8 <-1982.6 =-2102.7 -2225.1 -2295.6
Sy CAL/Z(GHK) 2,7398 2.7398 2.7398 2.7398 2.7398 2.1398 2.1398 2.7398 2.7398 2.7398 2.7398 2.7398 2.7398
My MOL WT 20.558 20,877 21.031 21.102 2i.410 21.541 21.609 22.131 22.427 22.793 22.794 22.794 22,795
{DLV/DLP)T -1.03593 -1.02932 -1.02614 -1.02466 -1.01853 -1.02754 -1.02563 -1.01183 ~1.00469 -1.00004 -1.C0000 -1.00000 -1.00000
{LLV/DLY) P L.5692 1.4890 l.4465 l.4262 1.3332 1.6866 1.6420 1.3053 1.1195 1.0014 1.0000 1.0000 1.0000
CPy CAL/Z(G}(K) 1.3378 1.2425 1.1874 1.1600 1.0258 2.2124 2.1000 1.2323 0.7338 0.3809 0.3626 003448 043352
GAMMA (S) L.1655 1.1635 1.1633 l.1634 1.1659 1.19002 L.1019 1.1265 1.1719 1.2978 1.3166 1.3384 1.3515
SON VEL,M/SEC 1450.6 1393,3 1365.6 1352.7 1295.9 1237.8 1230.1 1168,.2 1124.6 877.1 790.5 682.8 607.2
MACH NUMBER 0. 1.000 1.241 1.343 1.756 1.978 2.060 2.658 3.044 4.6T4 5.339 6.356 7.259
AE/AT 1.0000 1.0530 1.1000 1.5000 1.48000 2,0000 5.0000 10.000 100.00 200.00 500.00 1000.00
CSTAR, FT/SET 6872 6872 6872 6872 6872 6872 6872 6872 6872 6872 6872 6872
CF 0,665 0.809 0.867 1.086 1.169 1.210 1.482 1.634 1.957 2.015 2,012 2.104
IVAC,LB-SEC/LB 264.2 259.3 273,6 296.6 307.7 $13.7 35644 asl.2 432.8 “41.8 450.7 455.7
ISP, LB-SEC/LB 142.1 t72.8 185.3 232.0 249.7 258.4 316.6 349.1 418.0 430.3 442.6 449.4
MOLE FRAZTIDNS
Cts) 0. 0. 0. Q. 0. 0.00883 0.01766 0.07021 0.08855 0.09425 0.09428 0.09428 0.09428
< 0.00253 0,00183 0,00151 0.00137 0.00081 0.03064 0.00057 0.00014 0.00002 C. . 0. 0.
CF 0.01983 0.01805 0.01706 0.01657 0.01414 0.01247 0.01139 0.00442 0.00148 0.00000 O. 0. 0.
CF2 0.00593 0.00635 0.03665 0.00680 0.00772 0.00742 0.00686 0.00361 0.00253 0.00006 0.C0000 O. 0.
CF3 0.000U4 0.00004 0,00004 0.00004 0.00004 0.00004 0.00003 0.00001 0.00301 $.00000 ©0.00000 O. 0.
CF4 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 ¢.00000 0.00090 0,00000 0.00382 0,00387 0.00387 0.00387
CH U.00324 0,00015 0.00011 0.00009 0.00004 0.00093 (.00003 0.00000 02.00000 0. 0. 0. 0.
CH2 0.00001 0.0000L 0.00900 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 <. Ceo 0. 0.
CN 0.01306 0,01186 O0.0L117 0.01083 0.00910 0.00806 0.00743 0.00295 0,00084 O. 0. 0. 0.
CN2 0,00201 0,00000 0.00000 0.03000 0.,00000 0.00000 0.00000 0.00000 0.00000 2. U. 0. Go
c2 0,00132 0.00115 0.0J1G5 0.00100 U.00076 0.00061 0.00052 0.00009 0.00001 3. C. 0. 0.
C2F2 0.00002 0,00002 0.00002 0.00002 0.00602 90.00002 0.00002 0.00000 0.00000 0. 0. 0. 0.
C2H 0.00899 0.0097) 0.00998 0.01009 0.01033 0.00923 0.00815 0.00204¢ 0.00029 G, U 0. 0.
C2HF 0.00041 0,D0045 0,00047 G.00048 0.00052 0.00047 0.00040 0.000i0 0.00002 O. U. 0. C.
C2H2 0.U0148 0,00161 0.20167 0.00170 0.00179 0.00160 0.00139 0.00033 0.00005 wu. C. 0. 0.
C2N 0.00535 0,00571 0.00587 0.00594 (.0U615 0.00551 C.00486 0.0012¢ 0.00027 0. 0. 0. 0.
C2N2 0.,00046 0.0C057 0.00064 0,00067 ©.,00089 0.00086 0.00077 0.00025 0.00008 0. c. [ 0.
c3 0.00179 0,00253 0.00300 0.00324 0.00457 0.00439 $.00384 0.00082 0.00009 0. C. 0. 0.
Ct U.L02VL 0,40002 0.00002 0.C0002 0.00003 0.00003 0.00002 0.00000 0.00095 O, O. 0. 0.
cs 0.00001 0,20001 0.00002 0.03003 0.00G06 0.00006 (.00005 0.00091 0.00000 . U 0. 0.
¥ 0.U3241 0.06744 0.06021 0.0%6B8 U.J4236 0.033801 2.)3670 0.02478 0,.01549 0,00003 0.0C000 O. 0.
FCN 0.00159 0,00158 0,00158 0.00158 0,00160 J.00149 0.00136 0.00062 0.00031F 0.00000 0. 0. 0.
F2 ©.00001  0.0000) 0.20600 ©C.0L000 0.00000 J3.G0000 (.00000 0.00000 0.00000 0. [ 0. 0.
" 0.04706 0,03628 0,03112 0,02877 ©.U18838 0.01629 0.J1564 0.00889 0,00321 (.00000 O, 0. 0.
HCN 0.01297 0.01372 0.013239 0.01331 0.01324 0.04233 0.01145 0.0052% 0.00143 0.00000 J.00500 0. 0.
nF 0.65661 0.68%449 0.69794 0.70412 0.T3071 0.73527 0.73436 0.73644 0.74610 0,76072 C.76074 0.76074 0.76074
H2 0.01410 0.,01087 0.00935 0.00866 v.30579 0.00495 C€.00468 0.00242 0.00082 (,0C000 u.00LOC 0. 0.
N Y.00034 0.00019 0.u00014 02.00012 ©.00005 0.00004 0.320004 0.0000F 0,00000 O, Je 0. 0.
NF 0.90J01  0.00001  G.030006 2.00000 J.000UO 0.0v000 C,.u0000 0.00000 0.00000 O. C. 0. [N
HH 0.00002 0.00091 0.02201 0.00000 02.00030 0.0.000 0.00000 0.00000 0,00000 O. [ 0. 0.
NZ Go12337 0.12583 0.1270f 0.12767 0.13U37 0.13135 0.13175 0.13535 0.13803 0.1411F J.14111 O.1411)1 O.14lll
AUDITIONAL PRODUCTS WHICA WERE CONSIDERED BUT WHISE MULE FRACTIONS WERE LESS THAN 0.50000E~05 FOR ALL ASSIGNED CONDITIONS
CH3 CH4 AN C2F4 C2H4 C2He NF2 NF3 NHZ NH3
NZ2H4 N3
NUTE. WELGHT FRACTION OF FUEL IN TUTAL FUELS AND OF UXIDANT IN TOTAL OXIDANTS B .

H 4 VN ¥ U U U U L

i

u
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[RANSPURT PROPERFICS OF ROCKET EXHAUST ASSUMING EQUILIBRIUM COMPOSITION DURING FXPANS ION

0/F=  2.5200 PERCENT FUEL= 28.5714 CQUIVALENCE RATIJ= 1.4859 CHAMBER PRESSURE= 68.046 ATM
TEMP VISCOSITY MONATOMIC  INFERNAL FROZEIN REACTION EQUILIBRIUM ce ce PRANDTL PRANDTL LEWIS
con COND CoND CUND OND FROZ €Q FROZ EQ NUMBER
DEG K POISE —~e—emmmcmmemae o CAL/(CM)(SECIH{K) ——-wmomommeocmoon CAL/{G) (K) --~— DIMENSIONLESS --—---
4464 1431.X10-6 580.,X13-6 354.X10-56 935.X10-6 2979.X10-6 3914.X10-6 0.4281 1.3369 0.6556 0.4889 1.5016
4189 1373, 536, 338, 874, 2606, 3480, 0.4251 1.2416 0.6676 0.4898 1.5520
3502 219, 445, 288, 733, 1558. 2292. 0.4162 0.9554 0.6918 0.5082 1.6400
2902 1072, ag2. 233, 615, 619. 12135, 0.4057 0.6440 0.7065 0.5590 1.7130
4463 1431, 580. 354, 934, 2978, 3912. 0.4281 1.3365 0.6556 0.4889 1.5018
4460 430, 579. 354, 934. 2974, 3908. 0.4280 1.3356 0.6557 0.4889 1.5024
4452 1429, 578. 354, 932, 2964, 3896. 0.4279 1.3332 0.6561 0.4889 1.5038
4435 1425. 575. 353. 928. 2944, 3as72. 0.4278 1.3280 0.6568 0.4889 1.5068
4408 1619, 571, 351. 922. 2909. 383t. 0.4275 1.3193 0.6580 0.4889 1.5118
4324 1402, 558, 346, 904 . 2798. 3701. 0.4266 1.2913 0.6617 0.4890 1.5272
4239 1384, S44, 341, BBS. 2679, 3564, 0.4256 1.2607 0.6654 0.4894 1.5428
4206 1377, 539, 339, 878 2631, 3509. 0.4253 1.2480 0.6669 0.4897 1.5490
4177 1370. 534, 337. 872, 2588, 3460, 0.4249 1.2368 0.6681 0.4899 1.5543
4055 1354, 516, 329, 845. 23997, 3244, 0.4236 1.1865 0.673% 0.4914 1.5762
3992 1330. 506, 325. 832, 2297, 3129. 0.4228 1.1590 0.6762 0.4926 1.5869
1709 1265, 465, 306. 772. 1306. 2517. 0.4193 1.0244 0.6877 0.5029 1.6221
3603 1242. 454, 298. 752. 1661. 2413. 0.4179 0.9848 0.6905 0.5071 1.6283
3269 1234, 451, 294, 145, 1626. 2372, 0.4173 0.9751 0.6909 0.5073 1.6326
3224 115%. 418, 263, 681, 1162, 1842. 0.4116 0.8306 0.6978 0.5203 1.6763
2911 1074, 383, 234, 617, 634, 1251. 0.4058 0.6492 0.7062 0.5572 1.7133
1625 678. 238, 103, 340, 3. 343, 0.3706 0.3740 0.7386 0,7395 0.8626
1301 561, 196, 68. 264. 0. 264, 0.3570 0.3571 0, 1577 0.7577 0.8896
955 424, 148, 35, 183, Ce 183, 0.3403 0.3403 0.7910 0,7919
748 336. 117, 19, 134, 0. 135, 0.3324 0.3324 0.8214 0.8214
THEURETICAL ROCKET PERFURMANCE ASSUMING FROZEN CUMPDSITION DURING EXPANSION
PC = 1000.0 PSIA
CASE NO. 122
WT FRACTION ENERGY STATE TEMP DENSITY
CHEMICAL FORMULA (SEE NOUTE) CAL/MOL DEG K G/CC
FUEL N 2,000uw o 8.00000 ¢ 2.00000 0.50000 12734.800 L 298.15 C.7861
+UEL N 2.000u0 H 4. 00000 0.50000 12050.000 L 298.15 1.0036
JXEDANT F 2,0000. 1.00000 -3098.000 L 85.02 1.5050
U/F= 2.5230 PERCENT FUEL= 2n.5T14 ECUIVALENZE RATIO= 1.48%9 REACTANT DENSITY= 1,2221
CHAMBER THROAT EXIT EXIT EXIT Xy EXIT EXET EXIT EXIT EXIT EXIT
pc/P 1.5000 1.8302 13.000 bu.046 1.0022 1.0091 1.0261 1.0634 1.1280 1.3545 1.6348 1.7619
Py ATHM 634246 37.178 6.H040 1.0000 67.89%4 67,435 65,317 63.991 60.323 50.238 41,623 38,620
1y DEG K 4404 489} 2621 1635 4452 “455 4438 4402 4344 4168 3993 3925
®KHOy G/CT 3.6190-3 2,3936-3 6.5049-4 1.5322-4 3.8124-3 3.7924-3 3.7437-3 3.6416-3 3,4790-3 3.0201-3 2.6116-3 2.4649-3
Ry CAL/G 25.8 -218.0 =746.3 ~-1134.6 24.8 21.9 14.7 -0.5 -25.5 -100.8 -175.0 -203.6
Se CALZLG)IC} 2.71498 2.7398 2.{398 241398 2.7398 2.1398 2.7398 2.7398 2.7398 2.7398 2.7398 2.73938
My MOL WT 24558 20.558 20,558 20.558 20.550 20.558 20.558 20.558 20,558 20.558 20.558 20.558
Cry CAL/{GIIK) J.4281 U.4233 0.4061 G. 3734 0.4280 0.4280 0.4278 0.4276 0.4271 0.4257 0.4242 0.4236
GAMMA (S) L.2917 1.72960 1.3124 1.3419 1.2917 1.2918 1.2919 1.2921 1.2925 1.2938 1.2951 1.2957
SON Vel .M/SEC 1527.1 1428.2 L179.4 942.0 1526.7 1525.6 1522.8 1516.8 1506.9 1476.7 1446.2 1434.2
MACH “UMBER Ve 1.000 24155 3.308 3.053 0.118 0.200 0.309 0.435 0.697 0.896 0.966
AE/AT 1.0000 2.0675 7.1598 10,000 5.0000 3.0000 2.0000 1.5000 1.1000 1.0100 1.0010
CSTAR, Fi/SEC 6ot7 5617 6617 (1184 6617 6617 6617 6617 6617 6617 6617
CF a.708 1.260 1a545 0.044 0.089 0.151 0.233 0.325 0.510 G.643 0.687
IVAC,LB-SEC/LB 258.0 3L.7 337.4 2061.0 1037.5 632.4 434.7 340.3 272.0 z259.2 258.1
15P, LB~SEC/LB 145.6 259,27 317.8 9.1 18,4 31.0 4T.9 66,8 104.9 132.2 141.3
MOLE FRAC FIJNS
C 0.00253 LF V01483 CF2 0.00593 CF3 0.00004
CH 0.00024 CH? 0.03001 cH 0.21306 CN2 0.00001
c2 0.0Ul32 €ar2 0.00002 €24 0.00899 C2HF 0.00041
C2H2 0.00148 C2N 0.00535 C2N2 0.00046 c3 0.00179
Ca 0.000u1 c5 0.90001 F 0.08241 FCN 0.00159
F2 8.000ul H N.04706 HCN 0.01297 HF 0.65661
He 0.01410 L] 0400034 NF 0.00001 NH 0.00002
w2 0.12337

ALDETLUNAL

csy
NH2

[
Ni

Fo
H3

CH3
N2HG

CHa

N3

CNN

C?F4

AUTE. WELSAT FRAZTION OF FURL I[N TUFAL FUELS AND OF OXIUANT IN TOTAL OXIDANTS

M U N VU U ULEHHUE.

Y

i

C2H4

{

C2H6

NF2

PWOUCES WHILH WERE CONSIDERED BUT WHOSE MOLE FRACTIDYS WedE LESS THAN 0.50000E-05 FOR ALL ASSIGNED CONDITVIONS

NF3

2.

EXIT
1.8817
36.162

3867
3430-3
~228.4
2.7398

20.558
0.4230
1.2962
1423.8

1.024

1.0005
6617
0.723
258.1
148.7
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THEORETICAL ROCKET PTRFORMANCE ASSUMING FRUZEN COMPOSITION DURING EXPANSION

PC = 1000.0 PS1A

CASE NO. 122
WT FRACTION ENERGY STAVE TEMP DENSITY
CHEMICAL FORMULA (SEE NOTE) CAL/MOL DEG K G/CC
FUEL N 2.00000 H  8,00000 € 2.00000 0.50000 12734 .800 L 298.15 J.7861
FUEL N 2.00000 H  4.00000 0.50000 12050.000 L 298.15 1.0036
OXIDANT F 2.00000 1.00000 -3098.00C L 85.02 1.5050

O/F= 2.5000 PERCENT FUEL= 28,5714 FQUEVALENCE RATIO= 1.4859 REACTANT DENSITY= 1.25¢1

CHAMBER THROAT eXIT LXIT cxIr £XIT EXIT EXIT EXIT EXIT EXIT EXIT EXIT
PC/P 1.0000 1.8302 2.4322 2.8B860 5.6u56 T.4973 9.4581 39.875 111.17 3103.65 8387.46 310739.1 83508.0
Py ATM 68,046 37.178 27.303 23.578 11.968 8.6163 T.1944 1.7064 0.6121 0.0219 0.0081 0.0022 0.0008
T, DEG K 4464 3891 3626 3505 2995 2112 2656 1871 44l 577 433 297 222
KHO,» G/CO 3.8190-3 2.3936-3 1.8866-3 1.6851-3 1.0013-3 7,7882-4 6.7870~4 2.2849-64 1.0641—4 9.5246-6 4.6894~6 1.8494-6 9.1778-7
Hy CAL/G 25.8 -218.0 -330.1 -380.7 ~593.3 ~6864.8 -732.1 -10464.2 -1207.5 =-1513.6 -1561.8 -1607.5 -1632.1
Se CAL/IGH(K) 2.7398 2.7398 2.7398 2.7398 2.17398 2.7398 2.17398 2.7398 2.7398 2.7398 2.7398 2.7398 2.7398
My MOL WT 20,558 20.558 20.558 20.558 20.558 20.558 20.558 20.558 20.558 20.558 20,558 20.558 20.558
CPy CALZIG)I(K) 0.4281 0.4233 0.4207 0.4194 G.4126 0.4089 0.,4067 0.3872 0.3721 0,3382 0.3351 ©.3327 0.3313
GAMMA (S) 1.2917 1.2960 1.2983 1.2995% 1.3059 1.3096 1.3117 1.3327 1.3509 1.4003 1. 4954 1.409¢ 1.4119
SON VEL+M/SEC 1527.1 1428.2 1379.8 1357.3 1257.6 121t.6 1187.0 1004.2 887.4 571.5 496.3 411.2 356.4
MACH NUMBLR 0. 1.000 1.251 1.359 1.810 2.013 2.122 2.980 3.620 6,280 T.343 8,940 10.451
AEZAT 1.0000 1.0500 1.1000 1.5090 1.4000 2.0000 5.0000 10.00C 100.00 200.00 500,00 1000.00
CSTAR, FT/SEC 6617 6617 6617 6617 6617 6617 6617 6617 6617 €617 6617 6617
CF 0.708 0.856 3.914 1.128 1.209 1,249 1.484 1.593 1.779 1. 807 1.833 1.847
IVAC,LB-SEC/LB 258.0 26246 2066.4 286,17 295.5 300.3 330.9 346,1 372.6 376.6 380.3 382.3
ISP, LB~SEC/LB 145.6 176.0 188.1 232.1 248.7 256.8 305.1 327.6 366.0 311.7 377.0 379.8
MOLE FRACTIOJNS .
[ 0.00253 CF 0.C1983 CF2 0.00593 CF3 0.10004
CH 0.00024 CH? 0.00001 4]} 0.01306 CN2 0.00001
cz 0.0U132 c2rz2 0.0C062 C2H 0.00899 C2HF 0.C00%1
L2H2 0.00148 c2n 0,06535 C2N2 9.00U46 c3 0,00179
[ 0.0u001 cs 0.00031 F 0.68241 FON 0.00k59
2 0.,0300% H 0.04706 HoN 0.01297 HF 0.65661
H2 0.01410 N 0.,00u34 NF 0.00001 NH 0.00002
N2 0.12337

ADDITIONAL PRODUCTS WHICH WERE -CUNSIDERED BUY WHOSE MULE FRACTIONS WERE LESS THAN 0.50000E-05 FOR ALL ASSIGHED CONDITIONS

c{s) CF4 CH3 CH4 CNN C2Fa C2H4 C2H6 NFz NF3
NH2 NH3 N2H4 N3

NOTE. WEIGHT FRACTION OF FUEL IN TOTAL FUELS AND OF UXIUANT [N TUTAL OXIDANTS
TRANSPURT PRUPERTILS OF ROCKET EXHAUST ASSUMING FROZEN COMPOSITION DURING EXPANSICN

O/F=  2.5000 PERCENT FuklL= 26.5714 EQUIVALENCE ATIO= 1.4B59 CHAMBER PRESSURE= 68,046 ATV

Temp VISZOSITY MONATOMIC INTERNAL FROZEN ce PRANDTL
cuND CoND CUND FROZ FROZ
vEG K PO1SE =---- CALZ(CMI{SETHIK) === CALZ(G) tK}
4464 143L.X10-6 550.X10-6 354.X1'-6 935.X10-6 0.4281 0.6556
3891 1295, 524, 309, 833, 0.4233 0.6579
2621 965. 388. 199, 587. 0.4051 0.6674
1635 666. 265, 103, 368, 0.3794 C.6870
4462 1431, 5d80. 354, 934, D.4281 0. 6556
4455 1429, 579. 354, 933, 0.4280 0.6556
4438 1425, 578. 352. 930, 0.4279 0.6557
4402 1417, 574, 35U, Y24, V. 6276 0.6558
4344 1403, 509. 345, 914, 0.4271 046560
4168 1362, 531, 331. 883. 0.4257 0.6567
3993 1320. 534. 317, 852. 0,.4242 0.6574
3qes 1303, 527. 3i2. A39. 0.4236 0.6577
3867 1289. 541 307. 829. 0.4231 0.65B0
3626 1230, 497, 208. 785, 0.4207 0e6591
3505 1199. 489 . 218, 162. 0.4194 0.6598
2935 1067. 430. 233, 663, 0.4127 0.6638
27172 1007. 4U5. 213, 618, 0.4089 V.6658
2654 974, 392. 202. 594, 0.4068 0.6670
1873 T43. 297. 126. 423. 0.3872 C. 6802
1441 60t. 239. 83. 322. 0.3721 Cab 46
517 264, 102. 13. 115, 0.3382 0.7741
433 200. T7. Se 83. 0.3351 0.89225
297 137. 53, 2a 55, 0.3327 0.8360
222 103, 39. O. 40. <3314 0.8539
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REACTANTS

N 2. H 4,
N 2. H 8
F 2.

NAMELIST

50.
50,
1¢C.

Case 123 - Input

12050. L?98.15 F 1.0036

12734.8 L298.15 F
-3098. t 85.02 01

$INPT2 KASE=123, HP=T,0F=T,MIX=2.5,P=100,10,1, PUNCH=T, KODATA=T $

REACTANTS
N 2.0000 W  4.0000
N 2.0000 W 8.0000 C

F 2.0000 -0.

NAMELIST

3INPT2

KASE = 123,

1 = 0. ’
0. 0
0. v
0. v
0. *
0. .
0. 0
0. .
0. ’

L4 = 1.0000000E+02,

. ’

0. .
0. ’
C. .

PSIA = Fo MMHG =

v = Q. 0
Q. ’
0. 0

RHO = 1.0000000E+02,

. .

0. ’
0. '
0. *

ERATIO= F+ OF =

MIX = 2.5000000E+00

'
. .

0. *
™ = Fy WP =
RKT = Fs SHUCK =
IONS = F+ IDEBUG=
TRNSPT= Ty FROZN =

$ END
UF = 2.500200

ENTHALPY
(KG~MOL){DEG K)/KG

KG-ATOMS/KG
N

nox

PT N

Case 123 - Output

~Q. -0. -0 50.0000
2.,0000 -0. “Ue 50,0000
=0. ~0. =0 100.0000
0. . 0. v 0.
0. ) 0. . 0.
0. ) 0. » 0.
0. » 0. » 0.
0. . 0. . 0.
0. v [ 29 ’ 0.
0. v 0. . 0.
0. ’ 0. , 0.
Q. ’ 0. . 0.
1.0000000E+01, 1 .000V000E+00, 0.
0. ' 0. . 0.
0. v Ce v 0.
O. ’ 0. ’ 0.
[V .
Fy NSQM = Fe
0. 0. v 0.
0. 0. . 0.
1.0000000E+01, 1.000U000E+(00, 0.
0. ' 0. ’ 0.
0. . 0. ’ 0.
0. » 0. v 0.
0. v
Ty FPCT = Fs FA = Fs
0. ’ 0. ’ 0.
0. ' 0. v 0.
0. v 0. )
Ty SP = Fe TV = Fy UV = Fa
Fe DETN = Fs OTTD = Fy CR = 0.
0. TRACE = 0. *+ SIUNIT=
Fy PUNCH = Ts NODATA= Ty
EFFECTIVE FUEL EFFECTIVC OXIDANT
Hept2) HPPL L)
0.14793078E403 —0.41029893E+92
BOP{I,2) BOP(I,s1)
0.47844928E-01 .
0.12896802E+00 0.

J.16639085E~U1

O.

C F

H
1 =13.726 =-11.002 =6.011 ~13.5686
2 ~l4.6492 -12.u80 -5.639 =~=21,205
3 =15.657 -13.207 =5.224 -22.881
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10,030
4.000
4,000

0 MUV U Y LUEE

0.
0.52636011E-01

7861
«505

12050.00 L 298.150 F 1.00360
12734.80 L 298.150 F 0.78610
-3098.00 L 85.020 O 1.50500

. 0. N 0. *
v O. . 0. *
v 0. ’ 0. '
» 0. ' 0. .
. 0. ' 0. ’
’ 0. . 0. ’
) 0. + 0. »
v 0. ' 0. ’
.
N 0. . 0. »
v 0. ’ 0. ’
' 0. . o. .
. 0. v 0. .
) Q. . 0. v
’ 0. ’ 0. '
’ 0. v 0. *
, 0. v 0. '
' 0. ' 0. '
v 0. ' 0. ’
’ 0. v 0. ’
v 0. ’ 0. ’
sv = Fy
» SO = 0. + SO = 0.

F» EUNITS= Fy
MIXTURE

HSURO

0,12958869€+02
BOtI)

0.13669979E-01
0.36848007€~01
0.47540242€-02
0.37597151€-01

A
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THERMIDYNAMIC EQUILIBRIUM COMBUSTION PROPERTIES AT ASSIGNED

PRESSURES
CASE NO. 123
WT FRACTION ENERGY STATE TEMP DENSITY
CHEMICAL FORMULA {SEE NOTE} CAL/MOL DEG K G/CC
FUEL N 2.00000 H 4.00000 0.50000 12050.000 L 298,15 1.0036
FUEL N 2,00000 H  8,00000 C 2.00000 0.50000 12734.800 L 298.15 0.7861
UXIDANT F  2.00000 1.00000 =-3098.000 L 85.02 1.,5050

0/6=  2.5000 PERCENT FJEL= 28.5714 EQUIVALENCE RATID= 1.4859 REACTANT DENSITY= 1.252%

THERMODYNAMI C PROPERFIES

Pe ATM 100.00 10.000 1.0000
Ty DEG K 45 . 4118 3733
RHO, G/CC 5.5516-3 5.9440-4 6.3939-5
Hs CAL/G 25.8 25.8 25.8
S» CALZ{G)(K) 2.7027 2.9274 3.1582
My MOL WT 20.658 20.086 19.586
{oLv/oLe) T ~1.03428 -1.04434 ~1.uS388
(oLv/oLT)e 1.5332 1.7670 2.0318
CP, CALZ(G)(K) 1.2639 1.7797 2.4735
GAMMA (S) 1.1691 1.1484 1.1305

SUN VEL,M/SEC 1460.7 1399.2 1338.5

MOLE FRACTIJINS

c 0.00228 0.00386 0.00538
CF 0.01984 0,01889 0.01659
CF2 0.00670 D0.00325 0,00162
CF3 0.00006 0.00001 0.06000
CH 0.00026 0.00017 0.00009
CH2 0.00001 0.,00000 0.00000
CH3 0.00001 0.00000 0,.00000
CN 0.01270 0.01433 0.01474
CN2 0.30201 0.00000 0.00000
c2 0.00122 0.00177 0.00213
CaF2z 0.00002 0.00001 0,00000
C2H 0.00882 0.0093) 0.00876
C2HF 0.00048 0.00020 ©.00008
L2H2 0.00163 0.00091 0.06047
C2N 0.00536 0.00501 0.00425
C2N2 0.00951 0.00028 0.00015
c3 0.00158 0.00309 0.00529
Ca 0.00001 0,00C0l 0.00002
Ccs 0.00001 0.7000F 0.00001
F U.07885 0.09876 0.11566
FCN 0.00177 0.00091 0,.00047
F2 0.00001 0.00002 0.00000
H 0.04346 0.06588 0,08820
HCN 0.01370 0.00969 0.00655
HF 0.66208 0.62986 0.60034
H2 0.01454 0,01159 0.00837
N 0.00035 0.00030 0.00022
RF 0.00002 0.00000 0.00000
NH 0.00002 0.00001 03.00000
N2 0.12372 DJ.12188 0.12061

ADDITIONAL PRODUCTS WHICH WERE CONSIDERED BUT WHDSE MOLE FRACTIGNS WERE LESS THAN 0.50000€-05 FOR ALL ASSIGNED CONDITIONS

c(s) CFa4 Che CNY C2F4 C2H4 C2H6 NF2 NF 3 NH2
HH3 NZH4 N3

NOTE. WEIGHT FRACTLON OF FUEL IN TOTAL FUELS AND OF OXIDANT IN TOTAL OXIDANTS

TRANSPURT PROPERTIES AT ASSIGNED PRESSURES

0/F=  2.5000 PERCENT FUEL= 28,5714 EQUIVALENCE RATIO= 1.4853 ENTHALPY= 25.8 CAL/G

TEMP VISCOSITY MUNATOMIC INTERNAL FROZEN REACTION EQUILIBRIUM ce ce PRANDTL PRANDTL LEWIS

COND COND CUND COND CUND FROZ €Q FROZ tQ NUMBER
DEG K POISE  =mmesmc—mccoemmeee CALZ{CMI(SEC)H(K) ewmmmommcmmmcemen CAL/(G)(K) ===~ DIMENSIONLESS -~-——-
4535 1448.X10-6 581.X10-6 363.X10-6 944.K10-6 2772.X10-6 3716.X10-6 0.4285 1.2628 0.6577 0.4922 1.5088
4118 1366, 573. 316, B89, 4068, 4957. 0.4258 1.7791 0.6447 0.4830 le4402
3733 1247, 561. 213, B35, 5434, 6269, 0.4231 2.4729 0.6320 0.4919 1.8439
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REACTANTS
Lil.
F 2.

NAMELISTS

SINPT? KASE=

SRKTINP PCP=3

19,
110+30,68,045

Case 679 - Input

1. MO.
«5556 M-3098.

5298.15 \F

L 85.02 0 1.50%

RKT=T,P=1000,PSIA=T, IONS=T,TRNSPT=F $
100, 1000, 3000, 30000, 300000

7y

Case 679 - Output

REACTANTS
Ll 1.0000 -0. -0 -0 ~0.
[ 2.0000 =0. -0. -0 =U.
NAMELISTS
SENPT2
KASE = 679,
T = . ) 0. v O.
0. ’ 0. ) 0.
0. ’ 0. ] 0.
0. . 0. B 0.
0. » 0. ’ Q.
0. ’ V. v 0.
0. ' 0. ’ 0.
0. ’ C. ' 0.
0. ’ 0. . 0.
P = 1.0000000E+03, 0. ’ 0.
[ » 0 v 0.
0. ’ 0. ’ 0.
0. ’ 0. . 0.
0. . 0. ’
PSIA = Te MMHG = Fs NSOM = Fq
v = 0. * 0. ’ 0.
0. v 0. ) 0.
0. ’
RHO = 1.0000U00E+D3, 0. * D.
0. v 0. * 0.
0. . C. ' 0.
0. ’ 0. ’ 0.
0. . 0. '
ERATIOD= Fy OF = Fy FPLT = Fy, FA =
MNIX = 0. ’ 0. ) 3.
0. . 0. v 0.
0. . C. ) 0.
L4 = Fs HP = Fy SP = Fe TV =
RKT = Ty SHUCK = Fe DETN = Fe OTTO =
1ONS = T, IDEBUG= 0, TRACE = 0.
TRNSP T= Fy FRUIN = Fy PUNCH = Fs NODATA=
$ END
ND INPT2 VALUE GIVEN FOR OF, EQRAT, FA, OR FPCT
SPECIES BEING CONSIDCRED IN THIS SYSTEM
Lu2/6/ € 4 9/ F
J 6/62 LitL) J 6762 LI
J12/68 LIF J12/68 LiIFZ2-
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Fy

Fa

Fo

Fs

Jr2/71

J 3765
J 6762

1.0000 M

0.5556 M -3098.00 L

e e
o
.

P
-]

*eww
o

’ 0.

) 0.

uv = Fy SV
CR = 0.

s STUNIT=

F-
Li+
Liz

IR R

. e

0. S  298.150 F
85.020 O

0. )

0. ’

0. .

0. ’

0. 0

0. 0

0. ’

0. ’

0. ’

0. .

0. ’

0. 0

0. ’

O. .

0. 0

0. *

0. ’

0. v

0. ’

0. .

= Fo
v SO = 0.
Fy EUNITS= Fy
J12/760 F2

J12/68 LIF{S)
J12/68 LI2F2
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-0.
1.

O.
0.

50500

e s e e

“-.e.

.« e

J 6762 LIS}
Jl2/68 LIF(L)
Ji12/68 LI3F3
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-
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SRKTINP

EQL = Ty FRDZ = Te
SUBAR = 0. . 0. * 0. » 0. v 0. ' 0. ’
[+ 18 0. v D. . 0. . 0. ’ 0. s
0. »
SUPAR = 0. » 0. v C. v 0. v 0. ’ Oe v
[ . 0. v [ v 0. [} 0. [} 0. )
0. .
PCP = 3,0000000E+400, 1.0000000E+01, 3.0000000E+01, 6.8045700E+01, 1.0000000€+02, 1.0000000E+03,
3,0000000E+03, 3.0000000E+04, 3,0000000E+05, - ) . 1y 0. »
0. ’ 0. ’ 0. v D. ' O . 0. ’
O. » 0. * Oe v 0. ']
NFZ = ) ¥}
$ END
OF = 3.042372
EFFECTIVE FUEL EFFECTIVE OXIDANT MIXTURE
ENTHALPY HPP(2}) HPP(1)
{KG-MOL } {OEG K)/KG 0. -0.41029892E+02 =0,30879939E+02
KG-ATOMS/KG BOP{I,2) BOP(1,1) BO(1I)
LI 0.14411298E+00 - 0.35650596E-~01
F 0. 0.52636011E~01 0.39614941FE-01
E 0. . 0.
PT F E
1 -16.252 -19.930 -9,124 9.000
THE TEMPERATURE= 0.5691E+D4 IS DUT OF RANGE FDR POINT 1
2 -16.576 -20.312 -9,754 4.000
THE TEMPERATURE=® (0.5340E+04 (S OUT OF RANGE FUR POINT 2
PC/PY= 1.759768 T = 5340.15
2 =16.574 =20.310 -9,752 2.000.
THE TEMPERATURE=x= 0,5341E404 15 OUT OF RANGE FDR POINT 2
PC/PY= 1,755775 T = 531.50
3 -16.905 =-20.677 -10.381 4.000
THE TEMPERATURE= 0,5036E+04 IS OUT DF RANGE FOR POINT 3
4 ~17.756 =~21.506 ~-11.953 4.000
5 ~18.75T =-22.227 -13.740 4.000
6 =19.856 =~22.650 -15,650 4.000
T =-20.610 =22.760 -16.956 4.000
8 -28.682 -22.382 ~31.023 6.000
9 -32.,281 ~22.431 4.000
10 ~38,057 -23,151 -4l.15%9 5.000
11 =43,101 =24.151 4,000
THEORETICAL ROCKET PERFORMANCE ASSUMING EQUILISBRIUM COMPOSITION DURING EXPANSION
PC = 1000.0 PSIA
CASE NO. 679
MOLES ENERGY STATE TEMP DENSITY
CHEMICAL FORMULA CAL/MOL 0tG K G/CC
FUEL LI 1.00000 1.00000 O. S 298.15 =~0.
OXIDANT F 2.00000 0.55560 -3098.000 L 85.02 1.505¢C
0/F=  3.0424 PERCENT FUEL= 24,7379 EQUIVALENCE RATIO= 0.8999 REACTANT DENSITY= 0.
CHAMBER THROAT EXIT EXIT EXIT EXIT EXIT EXIT EXIT EXIT EXIT
pC/P 1.0000 1.75.8 3.0000 10,000 30,000 68,046 120.00 1000.00 3000.00 30000.0 300000.0
Py ATM 68,046 38.755 22.682 6.8046 2.2682 1.6000 0.6805 0.0680 0.0227 0.0023 0.0002
Ty BEG K 5691 5341 5036 4421 3909 is511 3300 2091 1809 1495 1301
RHO, G/CC 3.1975-3 1.9826-3 1.2554-3 4.4700-4 1.7400-4 8.6917-5 6,3246-5 1.,0160-5 4,0263+-6 5.2528~7 6.4894-8
Hy, CALZ/G -6l.4 -339.4 -583.3 -1067.2 -1442,% -1685.9 -1789.7 =-2267.0 -2429.9 -2703.9 -2920,2
Sy CALZ(GI(CQ) 2.7095 2.T095 2.7095 2.1095 2. T095 2.7095 2.1095 2.7095 2.7295 2.7095 2.7095
My, MOL WT 21.943 22.422 22.870 23.832 24.604 25.040 25.170 25.614 26,350 28.401 30.536
{uLvzoLe)r -1,08263 -1,07304 -1,06368 -1,04207 -1.02213 -1.00871 -1.00433 -1,01420 ~-1.03902 ~1.08732 -i.] 1244
{bLv/oLT)p 2.0657 1.9966 1.9164 1.6822 1.4008 1.1699 1.0839 1.2038 1.6499 2.7673 3.6211
CPy CALZ(G)K) 1.6397 1.5925 1.5273 1.2949 0.9518 0.6260 0.4909 0.5744 1.1636 2.8527 44,3303
GAMMA (S) 1.1807 1.1748 1.1699 1.1632 l.1688 1.1973 1l.2264 1.2218 1.1593 1.1117 1.0924
SON VELM/Sz2 1595.6 1525.4 1463.5 1339.5 1242.5 118l.4 1156.3 910.5 813.5 69T.4 622.0
MACH NUMBER Da 1.000 1.428 2.166 2.736 3.121 3.289 4,718 5.473 6.T42 T7.863
AE/AT 1.0000 1.1528 2.3321 5.1126 9.4372 12.574 69,284 168B.72 1224.37 9528.08
CSTAR, FT/SEC T480 7480 7480 7480 7480 T480 7480 T480 7480 T480
CF 0.669 0.917 1.273 1.491 1.617 1.668 1.884 1.953 2.063 2. 145
IVAC,LB-SEC/LB 288.0 302.4 350.1 386.3 408,2 417.0 454.2 467.0 489.0 50641
ISP, LB~SEC/LB 155.6 213.1 295.8 346.7 376.0 387.8 438.1 454,0 479.5 498.8
i ww - - wy = S - - Ar Ew - . . - -
¥ 0 ¥ U ¥ U EHBE H U X U B IO E KL E
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MOLE FRACTIDINS

Li2
LI2F2
LE3F3

0.00294
0.21151
0.00464
0.00002
0.12106
0.00758
0.65089
0.00028
0.00109
0.00000

0.00237
0.19574
0.00364%
0,00001
0.10422
0.00601
0.68690
0.00014
0.00096
0.00000

ADDITIONAL PRODUCTS WHICH WERE CONSIDERED

0.00188 0.00096
0.18087 0.14865
0.00284 0.00148
0.00001 0.00000
0.08820 0.05320
0400471 0.00243
0.72056 0,79259
0.00007 0.00001
0.00085 0.00068
0.00000 0.00000

BUT WHDSE

LIFIL)

0.00036
0412245
U.00067
0.00000
0.02455
0.00104
0.85030
0.00000
0.00062
0.00000

MOLE FRACTIONS WERE LESS THAN

LIF2~

0.00009
0.10760
0.00028
0.00000
0.00824
0.00038
0.88273
0.00000
0.00068
0.00000

0.00003
0.10329
0.00015
0.00000
0.00347
0.00019
0.89207
0.00000
0.00081
0.00000

0.

0.1015¢4
0.00000
0.00000
0. 00000
0.00000
0.88385
0.

0.01449
0.00011

0.
0.10446

0.
0.00000
0.

0.

0.85238
0.
0.04246
0.00071

0.
0.11258
0.,00000
0.00000
C.

0.
0.76605
O.
0.11762
0.00374

THFORETICAL ROCKET PERFORMANCE ASSUMING FRDZEN COMPOSITION DURING EXPANSION

LECS) L LIF(S)
PC = 1000,0 PSIA
CASE NO. 679
CHEMICAL FORMULA

FUEL LI 1.00000
OXIDANT F  2.00000

0/k=  3.0424

CHAMBER THROAT
pc/p 1.0000 1.8444
Py ATM 68,040 36.893
Ts DEG K 5691 4915
RHOy G/CC 3.1975-3 2.0071-3
Hs CAL/G —6l.4 -3564.9
Se CAL/(G)IK) 2.7095 2.7095
My MOL WT 21.943 21.943
CPy CAL/LGIIK) Ue3823 0.3748
GAMMA (S) 1.3104 1.3188
SON VEL,M/SEC 1681.0 1567.3
MACH NUMBER '8 1.000
AEZAT 1.0000
CSTARy FV/SEC 7191
CF 0.715
1VAC,LB-SEC/LB 281.0
ISP, LB-SEC/LB 159.8
MOLE FRAZTIDNS
E 0.00294 F
Ll 0.12106 L+
LI2F2 0.00109

ADDITIONAL PRODUCTS WHICH WERE CONSIDERED BUT WHOSE MOLE FRACTIONS WERE LESS THAN

LItS) L

L)

LIFLS)

EXIT
3.0000
22.682

4366

1.3892-3
-559.14
2.7095

21.943
0,3690
1.3253
1480.7

1.378

1.1095
7191
0.931
290.8
208,1

PERCENT FUEL= 24,7379

EXIT
10.000
6.8046

3235

5.6249-4
-970.7
2.7095

21.943
0.3594
1.3369
1280.1

2.155

2.0273
7191
1.259
326.6
281.3

0.21151
0.00758

LIFIL)

17
30,000
2.2682

2448

2.4781-4
-1251.7
2.7095

21.943
0.3544
1.3432
1116.1

2.828

4.0221
7191
1.440
351.8
321.8

F-
LIF

LIF2-

EQUIVALENCE RATID=

EXIT
68.046
1.0000

1984

1.3480-4
~1415.4
2.7095

21.943
0.3516
1.3470
1006.2

3.345

6.9325
7191
1.536
366.0
343,2

EXIT
100.00
0.6805

1796

L.0131-4
-1481.3
2.7095

21.943
0.3503
1. 3487
958.1
3.598

9.0081
7191
1.573
371.6
351.5

0.00464
0.65089

LI3F3

0.

0.
0.12105

0.
0.00000
0.

0.
0.67705
0.
0.19413
0.00777

MOLES ENERGY STATE TEMP
CAL/MOL CEG K

1.00000 . S 298.15
0.55560 -3098.000 L 85.02

8999 REACTANT DENSITY= 0.
EXIT EXIT EXIT EXIT
1000.00 3000.00 30000.0 300000.0
0.0680 0.0227 0.0023 0.0002
984 T34 388 195
1.8501-5 8.2678~6 1.5643~6 3.1113-7
-1762,9 ~1847.8 =-1961.3 -2020.0
2.7095 2.7095 2.7095 2.7095
21.943 21.943 21.943 21,943
0.3621 0.3365 0.3159 0.2915
1.3600 1.3683 1.4019 1.4508
T11.9 616.7 453.8 3274
5.300 6.269 8.786 12.367
45.060 98.405 504434 2497.35
7191 7191 7191 T191
1.722 1.764 1.819 1. 847
394.9 401.6 410.3 41447
384.8 394.3 406.6 412.8
F2 0.00002
LI12 0.00028

0.50000E-05 FOR ALL ASSIGNED CONDITIONS

DENSITY
G/CC
-0.
1.5050

0.50000E-05 FOR ALL ASSIGNED CONDITIONS
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Case 950 - Input

REACTANTS
H 2. 100, . 6298.15 F
N 1.561760 .419590AR.009324C .000300 100. -28.2 G298.15 0
oMIT C2H4 c3u2 H20(S) ctsy
OMIT C2N2 H20(L) c2c C2H2
OMIY HO2 H202
amMIT NH2 CH2 CH NH3
oMy c2N CH3 NO2 CH4
oMIT HCN c2n c3 N20
QMIT N2C c2 [ HCO
oMIT N2H4 N204 CN2
NAMELISTS
$INPT2 TP=T,P=,1,.01,ERATIO=T,MIX=1.5,1,2, T=3000,2000,KASE=950 s
REACTANTS
H  2.0000 ~0. -0. -0, -0. 106,000 0. G 298.150 F ~0.
N 1.5618 D  0.4196 AR 0.0093 C  0.0003 -, 100,0000 -28.20 G 298.150 O -O.
uMIT C2H4 €302 H20(S) csy
oMI T c2N2 H20(L) c20 c2H2
OMIT HOZ H202
OMIT N2 CH2 cH NH3
oMIT C2N CH3 ND2 CH4
OMIT HCN €24 c3 N20
oMIT N2C c2 ] HCO
oMIT N2H4 N204 o2
NAMELISTS
$INPT2
KASE = 950,
T = 3.0000000E+03, 2.0000000E+03, 0. ' 0. ' 0. , 0. .
0. ’ 0. ’ 0. ' 0. ' 0. ' 0. ’
0. ' 0. ’ 0. , 0. . 0. , 0. .
0. N 0. v 0. » 0. v 0. f 0. .
0. N 0. ’ 0. , . , 0. ' 0. B
0. ’ 0. , 0. v 0. v 0. ’ 0. .
0. ' 0. . 0. ' 0. . 0. ' 0. .
0. ' 0. , 0. . 0. ’ o. f [ '
0. ' 0. . 0. N . ’
3 = 1.00000U0E-D1, 1.0000000£-02, 0. f 0. . 0. ' 0. .
0. ' 0. 0. ' 0. f 0. ’ o. .
0. ' 0. v 0. v 0. ’ 0. ' 0. '
0. ' 0. N 9. ’ 0. » o. v 0. ,
0. ' 0. ’
PSIA = Fy HMHG = Fy NSQM = Fo
v = 0. ' 0. . 0. v 0. . o. ’ 0. f
0. ' o. ’ 0. . 0. , 0. ’ 0. ’
0. '
RHD = 1.0000000E-01, 1.0000000€-02, 0. ’ 0. ' 0. ' . f
[ ' 0. . 0. ' 0. N 0. v 0. ,
0. ' o. . 0. ’ 0. N 0. , 0. v
0. ’ 0. ’ 0. . 0. ' 0. ' o. '
0. . 0. ,
ERAT1I0= T, OF = Ey FPCT = Fy FA = Fy
MIX = 1 .5000000E+00, 1.0000000E+D, 2.000000UE +09, 0. , 0. , 0. ,
. ' 0. N o. . 0. M 0. ’ 0. ’
0. B 0. ’ 0. '
”» = T, HP = Fy SP = Fy TV = Fy UV = Fe SV 2 Fy
RKT = Fy SHOCK = Fs DETN = Fy OTTO = Fy CR = 0. » SO = 0. s SO = o.
IONS = Fy 1DEBUG= 0y TRACE = 0. + SIUNIT= F, EUNITS= F»
TRNSPT= Ty FROZN = Fs PUNCH = Fys NODATA= Fy ~
s END
SPECIES BEING CONSIDERED IN THIS SYSTEM
L 5766 AR J 3761 C J 3/61 CH20 J 6766 CNN J 9/65 €O
4 9765 €02 L 5/72 C2Hs J12/769 C4 Ji2769 €5 4 9765 H
J12/70 HNCO J 3/63 HNO J 3761 H2 J 3761 H20 J 36l N
J12770  NCO J12/71 NH J 6763 NO J12/64 NO3 J 9765 N2
412/70 N3 J 6/62 D J12/70 OH J 9/65 02 J 6761 03
DF =  22.849901
EFFECTIVE FUEL EFFECTIVE OXIDANT MIXTURE
ENTHALPY . HPPL2) HPPL 1) HSUBO
(KG-MOL } {DEG K) /KG 0. -0.48994914E+00 -0.46940611E+400
G-ATOMS/KG BOP(I,2) : BOPII,1) 80{1)
H 0.99209300E+00 . 0.41597364E-01
N 0. 0.53920039E-01 0.51659231€-01
] 0. 0.14486419E-01 0.13879019€-01
AR 0. 0.32191274E-03 0.30841529E-03
[4 0. 0.10357553E-04 0.99232720E-05
[ H AR c

T N 0

1 =12.567 -15.738 -18.416 -29.654 =-26.227 17.000
2 ~11.844 <-14.915 =21.829 =-28.570 -23.639 7.000

3 =14.101 -17.003 -19.689 =-32.185 =-27.408 5.000

4 -13,002 -16.067 =21.821 =-30.875 =-25.954 8.000
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THERMODYNAMIC EQUILIBRIUM PROPERTIES AT ASSIGNED

TEMPERATURE AND PRESSURE

CASE NO. 950
WY FRACTION ENERGY STATE TEMP OENSITY
CHEMICAL FORMULA (SEE NOTE) CAL/MOL DEG K G/CC
FUEL H 2.00000 1.00000 0. G 298.15 -0.
OXIDANT N 1.56176 0 0.41959 AR 0.00932 ¢ 0.00030 1.00000 -28.200 G 298.15 =-0.

B/F= 22.8499 PERCENT FUEL= 4.1929 EQUIVALENCE RATIO= (.5000 REACTANT DENSITY= 0O,

THERMODYNaMI S PROPERTIES

Py ATM 0.1000 0.1000 0.0100 0.0100
Ty DEG K 3000 2000 3000 2000
RHOD, G/CC T.1132-6 1.2964~5 5.6618=7 1.2930-6
Hy CAL/G 1551.2 -117.7 3222.6 -103.6
Sy CAL/(GI(C) 3.6980 3.0712 4.5486 3.2936
M, MOL WT 17.510 21.275 13.937 21,220
{DLV/OLP) T =1,08647 -1.00060 -1.08691 ~1.00193
(DLV/DLT)P 2.6852 1.0172 2.6389 1.0556
CPy CAL/(GIIK) 4.2389 0.4965 4.9243 0.6014
GAMMA (S) 1.1193 1.2408 1.1296 1.2071

SON VELyM/S:Z 1262.7 984.8 1421.8 972.6

MOLE FRACTIDNS

AR 0.00540 0.00656 0.00430 0.00654
[A1] 0.00016 0.,00015 0.,C0013 0.00015
Loz 0.00002 0.,00006 0.00000 0,00007
H 0.18282 2.00196 0.39418 0.00616
H2 0.13549 0,164675 0.06299 0.14483
H20 0.11209 0.,29458 0.01459 0,29282
N 0.00003 0. 0.00008 0.

NO 0.00971 D0.00003 0.00767 0.00009
‘N2 0.44742 0.54952 0.35612 0.54805
0o 0.04229 0.00000 0.11840 0.00004
OH 0.05041 0.00039 0.03043 0,00122
02 0.01417 0.00000 0.01110 0.00003

ADDITIONAL PRODUCTS WHICH WERE CONSIDERED BUT WHOSE MOLE FRACTIONS WERE LESS THAN 0.500006~05 FOR ALL ASSIGNED CONDITIONS

4 CHz20 CNN C2Hé (23 c5 HNCO HNC NCO NH
NO3 N3 03

NOTE. WEIGHT FRACTION OF FUEL IN TOTAL FUELS AND OF OXIDANT IN TOTAL DXIDANTS

TRANSPORT PROPERTIES AT ASSIGNED TEMPERATURE AND PRESSURE

0/F= 22.8499 PERCENT FUEL= 4.1929 EQUIVALENCE RATID= 1.5000 FIRST PRESSURE= 0.100 ATM

TEMP VISCDSITY MONATOMIC INTERNAL FRUZEN REACTION EQUILIBRIUM ce cp PRANDTL PRANDTL LEWIS
COND COND COND COND CaND FROZ EQ FROZ EQ NUMBER
DEG X POISE =  ~=e—eeec——mrmceae CAL/(CHI(SEC){K) —————-—mmmrmcaee e CALZ(G}(K) ~==— DIMENSIONLESS --—--
3000 839.X10-6 563.X10-6 285.X10~6 B4B.XL0-6 10172.X10-6 11020.X10-6 0.4838 4.2389 0.4789 0.3227 1.5462
2000 640, 255, 227, 482. 151. 633, 0.4499 0.4965 0.5971 0.5021 3.0156
3000 808. 829, 173, 1003. 10027, 11029. 0.,4968 4.9243 0.4003 0. 3608 1.1220
2000 640, 258. 226, 484, 475. 959, 0.4501 0.6014 0.5951 0.4014 2.9182
UF = 34,291058
EFFECTIVE FUEL EFFECTIVE OXIDANT MIXTURE
ENTHALPY HPP{2) HPPL 1) HSUBO
(KG-MOL) {DEG K} /KG 0. =0.48994914E+00 =0.476065605E+00
KG—ATOMS/KG BOP(1,2) BOP(1,1}) BOLI)
H 0.99209300E+30 0. 0.28111739€-01
N 0. 0.53920039€-01 0,52392171E-01
4 0. 0.14486419E-01 0.14075934E-01
AR o. 0032191274E-03 0.31279108£~03
[4 0. 0.10357553E-04 0,10064063E-04
P N AR c

T H v

1 -12.803 -15.669 -18,.085% =29.513 -26.456 5.000
2 ~13.412 -14.836 -18.557 -28.413 -28.927 7.000
3 -14.309 -16.920 -19.494 =-32.017 -27.442 5,000
4 -14.200 -15.991 -19.315 -30.721 -29.806 8.000
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THERMODYNAMIC EQUILIBRIUN PROPERTIES AT ASSIGNED

TEMPERATURE AND PRESSURE

CASE NO. 950
WT FRACTIDN ENERGY STATE TEMP DENSITY
CHEMICAL FORMULA (SEE NOTE) ¢ CAL/HOL DEG K G/CC
FUEL #  2.00000 1.00000 0. G 298.15 -~Q.
OXIDANT N 1.56176 0 0.41959 AR 0.00932 C 0.00030 1.00000 -28.200 & 298.15 -0.

0/F= 34,2911 PERCENT FUEL= 2.8336 EQUIVALENCE RATIO= 1.0000 REACTANT DENSITY= 0.

THERMODYNAMIC PROPERTIES

Py ATM 0.1000 0.1000 0.0100 0.0100
Ty DEG K 3000 2000 3000 2000
RHDy G/CC B.0798-6 1.4956-5 6.6021-7 1.4877-6
Hy CAL/G 1372.4 =193.6 2659.6 -166.6
Sy CAL/(G) (L) 3.3290 2.734%4 4.0132 2.9347
Me MOL WYV 19.890 24,545 16.252 24.415
{DLV/DLP)T -1.07939 -1.00143 -1.07450 -1.00352
(OLV/DLT)P 2.5496 1.0454 2.4081 1.1093
CPy CAL/{GI(K)} 3.4784 0.5174 3.7121 0,6795
GAMMA (S) 1.1202 1.2042 1.1319 1.1681
SON VEL,N/SEC 1185.3 903.2 1318.0 891.9
MOLE FRACTIONS

AR 0.00622 0.00768 0.,00508 0.00764
co 0.00017 0.00002 0.00016 0.00004
o2 0,00003 0,00023 0.00001 0.00021
H 0.14373 0.00041 0.32026 0.00186
H2 0.08374 0.00638 0.04158 0.01318
H20 0.09639 0.33736 0,01170 0.32680
N 0.00003 0. 0.00009 0.

NO 0.01448 0.00077 0.01013 0.00114
N2 0.51378 0.64260 0.42063 0.63900
0 0.05885 0.00010 0.14391 0.D0048
OH 0.05514 0.00212 0,03004 0.00453
02 0.02743 0.00233 0.01640 0.00513

ADDITIONAL PRODUCTS WHICH WERE CONSIDERED

BUT WHOSE MOLE FRACTIONS WERE LESS THAN 0.50000E-05 FOR ALL ASSIGNED CONDITIONS

[4 cH20 CNN c2He (2% HNCO HNO NCO NH
NO3 N3 03
NOTE. WEIGHT FRACTION OF FUEL IN TOTAL FUELS AND OF OXIDANT IN TOTAL DXIDANTS
TRANSPORT PROPERTIES AT ASSIGNED TEMPERATURE AND PRESSURE
D/F= 34,2911  PERCENT FUEL= 2.B336  EQUIVALENCE RATIU= 1.0000  FIRST PRESSURE=  0.100 ATM
TEMP  VISCOSITY MUNATOMIC INTERNAL  FRUZEN REACT10N BRIUN  CP cP PRANDTL  PRANDTL  LEWIS
coND CUND COND COND ND FROZ EQ FROZ €Q NUMBER
DEG K POISE ~ CALZ{CMI{SECH(K) - CALZUG)(K) - DIPENSIONLESS ---~—-
3000 B55.X10-6 467.X10-6 260.X10-6 707.X10-6 B8287.X10-6 B995.X10-6 0.4271 3,4784  0.5164  0.3307  1.6400
2000 661. 206. 186. 391, 194. 585. 0.3988  0.5174  0.6739  0.5849  1.6634
3000 830. 682. 157. 838, 1227, 8065. 0.4369  3.7121  0.4326  0.3820  1.1502
2000 660. 208. 186, 394, 507. 901, 0.3990  0.6795  0.6686  0.4980  1.8302
OF = 17.133338
EFFECTIVE FUEL EFFECTIVE OXIDANT MIXTURE
ENTHALPY HPP(2) HPP(1) HSUBO
(KG-MOL) (DEG K} /KG 0. ~0.48994914E+00 -0.46292989E+00
KG-ATOMS/KG BOPLI,2) BOP(Iy1) 80(1)
H 0.99209300E+00 . 0.54710996E-01
N 0. 0.53920039€-01 0.50946508E-01
0 0. 0.16486419E-01 0.13687535E-01
AR 0. 0.32191274E-03 0.30416020E~03
c 0. 0.10357553E-04 0.97863643E-05
PT H N a AR c

I -12.415 -15.802 ~-18.700 =-29.785 ~26.048 5.000
2 -11.566 -14.984 =-22.522 -28.708 =22.917 71.000
3 ~13.976 =17.075 ~-19.854 -32,329 -27.382 5.000
4 -12.723 -16.137 =-22.515 -31.014 -25,231 8.000
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THERHMODYNAMIC EQUILIBRIUM PRJIPERTIES AT ASSIGNED

TEMPERATURE AND PRESSURE

CASE NO. 950
WT FRACTION ENERGY STATE TEMP DENSITY
CHEMICAL FORMULA (SEE NOTE} CAL/MOL DEG K G/CC
FUEL H 2.00000 1.00000 . 298.15 -0.
OXIDANT N 1.56170 0 0.41959 AR 0.00932 C 0.u0030 1.00000 -28.:200 [ 298.15 -0.

0/F= 17,1333 PERCENT FUFEL= 5.5147 EQUIVALENCE RATIO= 2.0000 REACTANT DENSITY= 0.

THERMODYNAMIC PROPERTIES

Py ATM U. 100D 0.1lc00 0.0100 0.0100
Te DEG K 3000 2000 3000 2000
RHD, G/CC 6.3311-6 1.1450-5 4,9731-7 1.1414-6
H, CAL/G 1774.4 -27.3 3769.9 -8.9
Se CAL/H{G) KD 4.0682 3.3911 5.0648 3.6441
M, MUL WI 15.585 18.790 12.242 18,732
(DLV/DLP) E -1.,08791 -1.00072 -1.03483 ~1.00226
(DLV/BLT)P 2.7067 1.0201 2.7866 1.0636
CPy CALZLGIIK) 4.7915 0.5595 6.0360 0.6904
GAMMA (S) L1199 1.2437 1.1286 1.2071

SON VFLsM/SEC 1338.8 1049.1 1516.4 1035.1

MOLE FRACTIONS

AR 0.00474 0.00572 0.00372 0.00570
co 0.00014 0.00015 0.00012 0.00015
o2 0.00001 0.00003 0.00000 0.00003
H 0.,21280 0.00259 0.44687 0.00813
HZ 0.18358 0.25589 0.08095 0.25266
H20 0.11428 0.25670 0.01589 0.25530
N 0.00003 0. 0.00008 0.

NO 0.00685 0.00001 0.00605 0.00004
N2 0.39356 0.47866 0.30878 0.47715
o 0.03183 0.00000 0.10033 0.00002
oH 0.04415 0.,00026 0.02923 0.00081
vz 0.00802 0.00000 0.00797 0.00001

ADDITIONAL PRODUCTS WHICH WERE CONSIDERED BUT WHOSE MOLE FRACTIUNS WERE LESS THAN 0.50000E-05 FOR ALL ASSIGNEC CONDITIONS

c CH20 CNN C2H6 C4 cs HNCD HNO NCO NH
NO3 N3 a3

NOTE. WEIGHI FRACTION OF FUEL IN TOTAL FUELS AND OF OXIDANT IN TQTAL OXIDANTS

TRANSPORT PROPERTIES AT ASSIGNED TEMPERATURE AND PRESSURE

0/F= 17.1333 PERCENT FUEL= 5,.5147 EQUIVALENCE RATIO= 2.0000 FIRST PRESSURE= 0.100C ATM

TEMP VISCOSITY MONATOMIC INFERNAL FROZEN REACTION EQUILIBRIUM cep ce PRANDTL PRANDTL LEWIS

COND COND COND COND [+ FROZ EQ FROZ - €Q NUMBER

DEG K POISE —===—c—m—oemreneno CALZICMI(SECH(K) ————mmoemecmomomae CALZ(G) (K) ~=-— DIMENSIONLESS ~~~-—
3000 820.X10~6 653.X10-6 325.X10-6 978.X10-6 11644.X10-6 12622.X10-6 0.5393 4.T915 0.4524 0.3114 1.5103

2000 b21. 302. 263. 5654 04. 769. 0.4996 0.5595 0.5484 0.4516 3.0043

3000 187. 954, 189. 1143, 12426, 13569. 0.5550 640360 0.3822 0.3502 1.1004

2000 821, 306. 262. 568. 638, 1206, 0.4999 0.6%04 0.5463 0.3552 2.9504
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REACTAN
H 2.
0 2.
AR1.

NAMELIS

SINPT2 KASE=1207,P=10,2C MMHG=T,
$SHKIN® U1=1000,1100,1200,1250,1300,1350,1400,1450,1500,

TS

TS

REACTANTS

H  2.0000 -0,

0D 2.0000 -0,

AR 1.0000 -0.

NAMELISTS

SINPT2

KASE = 1207,

T = o. ,
0. v
0. ’
0. N
0. ,
0. ’
0. ’
0. '
0. ’

3 = 1.0000U00E+D1,
0. '
0. ,
0. f
0. ’

PSIA = Fo MMHG =

v = 0. ’
[
0.

RHO = 1.0000000E+01,

. ’

0. v
0. ’
0. ’

ERATIO= Fe OF =

MIX = 0. .
.
0.

TP = Fy HP =

RKT = Fy SHOCK =

IoNs = Fu IDEBUGS

TRNSPT= Ty FRUIN =

s END

NO INPT2 VALUE GIVEN FOR OF,

oc
co
00

SHOCK=T

SPECIES BEING CONSIDERED IN THIS SYSTLM

L 5/66
L11/65 H20(L)
J 9/65 02
$SHKINP
vl = 1.0000000E+03,
1.4000000E+03,
0. ’
MACHL = o. .
. [
0. ’
GAMMAL = 0. »
$ END
UF = 0.
ENTHALPY
(KG-MOL }{UEE K} /Kb
KG-ATUMS/KG
H
o
AR

U ¥ ¥ U U U U LK

Case 1207 - Input

0.050 M G 300.00
0.050 M G 300.00
0.500 ™ 6 300.00

$
INCNEQ=TINCDFZ=T %

Case 1207 - Qutput

-0, -0. 00 -0, 0.0500 M -0. G 300.000 -0.
-0. -0. 00 -0. 0.0500 M -0. 6 300.000 -0.
-0, -0. 00 -v. 0.9000 M -0. 6 300,000 -0,
0. , 2. . 0. , 0. ' 0. .
0. ’ 0. . 0. v o. N 0. .
0. N 0. 0. . o. ’ o. ,
0. , 0. 9. ’ 0. , 0. .
0. N 0. a. ’ 0. ’ 0. ’
0. ’ 0. 0. ’ 0. , o. .
0. ’ 0. , 0. ' 0. . 0. ’
0. . 0. 0. . 0. ’ 0. N
0. » 0. C. E3
2.0000000E+01, 0. . 0. v 0. ’ 0. .
0. . 0. . 0. ’ 0. . 0. ,
o. ’ 0. . 0. . 0. . 0. N
0. ’ o. f 0. . 0. . 0. ’
0. v
T, HSQM = Fy
0. . 0. v 0. v 0. B 0. ’
0. . 0. v 0. v 0. N 0. ’
2.0000000E+01, 0. ’ 0. f 0. . 0. v
0. ’ ' ’ 0. v 0. , 0. B
. N 0. . 0. v 0. . 0. ’
0. . 0. v 0. ’ 0. . 0. '
0. N
Fy FPCT = F, FA = Fo
0. , 0. f 0. , 0. B 0. .
0. ’ 0. , 0. » 0. , 0. ’
0. * O. ]
Fy SP = Fe TV = Fy UV = Fy SV = Fy
Ty DETNy = F, OITD = Fy CR = 0. » SO = 0. v SO = .
G, TRACE = 0. s SIUNIT= Fy EUNITS= Fy
Fy PUNCH = F» NUDATA= Fy
EQRAT, FA, OR FPCT
J 9/65 H J 3/64 HOZ J 3/61 H2 L11/65 H20(5)
J 3761 W2U L 2769 H202 J 6762 O J12/70 OH
J 6761 ©3
1.1000000€+03, 1.2000000€403, 1.2500000E+03, 1.3000000E+03, 1.350C000E+03,
1.4500000€+03, 1.5004000¢ +03, 0. ’ 0. . 0. '
0. ’ 0. . 0. f 0. " 0. ’
0. 0. ' 0. , 0. ' 0. N
INCDt Q= Ty REFLSu= Fy INCDFZ= T, REFLFZ= Fy Al = 1.0200000E+0G
EFFECTIVE FUEL EFFECTIVC OXIDANY MIXTURE
HPP(2) HPP (1) HSUBOD
0. 0. 0.
BOP(1,2) 80PLI,1} 80(1)
0.26557648E-02 0. 0.2655764BE-02
«26557648E-02 0. 0.26557648E~02
0.23901883€-01 O. 0.23901883€-01
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CASE NO. 1207
CHEMICAL FORMULA

FUEL H 2.00000
FUEL 0 2.00000
FUEL AR 1,00000

0/F= 0.
INITIAL GAS (1)
MACH NO. 3.0480
Uls M/SEC 1000.00
P, ATM 0.0132
T, DEG K 300
RHOs G/CC 2.0126-5
Hy CAL/G Ue3
Se CALZ{GILC) 1.2406
My MOL WI 37.654
CPy CAL/IG)K} 0.1372
GAMMA (S} 1.6249
SON VEL.M/SEC 328.1

UID NOT CUNVERGE FOR Ul= 1000.00

PERCENT FUEL=100.0000

3.3528 3.6576
1100.00 1200.00
0.0263 0.0263
300 300
«0253-5 4.0253-5
0.3 0.3
1.2041 1.2041
37.654 37.654
0.1372 0.1372
1.6249 1.6249
328.1 328.1

SHOCKED GAS (2)~-INCIDENF-~EQUILIBRIUM

U2, M/SEC 575.88 67.74 576.55
Py ATM J.1145 0.2152 0.3235
Ty DEG K 1542 1527 1817
RHO, G/CC 3.4%49-5 6.6310-5 8.3781-5
Hy CAL/G 93.6 91.6 132.6
Sy CAL/(G)}(K) 1.3281 1.2943 1.2979
My MOL WT 38.619 38.619 38.614
toLvsoLey r ~1.00001 -1.00000 -1.00005
{DLV/DLT) P 1.0003 1.0002 1.0018
CPy CAL/H{GIIK) 0.1404 0,1401 Celé42
GAMMA (5} 1.5792 1.5807 1.5582
SUN VEL,M/SEC 124.0 721.0 780.8
P2/PL 5.915 8.178 12.294
T2/71 4.428 5.092 6,057
H2/M1 1.0256 1.0256 1.0255
RHD2/RHOL 1.7365 1.6473 2.0814
VZ2{Uul-U2)M/SEC 424012 432,26 623,45
MOLE FRACTIONS

AR 9.2306-1 9.2306~1 9,2294-1
H 1.4775-T7 T.1348-8 4.3013~6
HD2 9.8099~9 1.0364-8 6.7B04-8
He 3.0708~6 1.8670-6 3.5421-5
H20 5.1238-2 5.1249-2 5.1028-2
H202 T.212-10 9.131~10 4.466 -9
i} 3.3010-6 2.0013-6 3.9835-5
OH 7.8598-5 5.9018-5 4.1708-4
o2 2.5621-2 2.5626-2 2.5532-2

ADDITIONAL PRODUCTS WHICH WERE CONSIUERED

SHOCK WAVE PARAMETERS ASSUMING
EQUILIBRIUM COMPOSITION FOR INCEIDENT SHOCKED CONDIT]IONS

3.8100
1250.00
0.0263
300
4,0253-5
0.3
1.2041

37.654
0.1372
1.6249

328.1

560,68
0.3686
1933
8.9742-5
143.4
1.3001

38.608
-1,03010
1.0037
0.1477
1.5410
800.8

14,008

6.442
1.0253
2.2294
689,32

9.2280-1
1.5667-5
1.2217-7
8,9393-5
5.0786-2
7.362 -9
1.0212-4
7.6735-4
2.5439-2

3.9624
1300.00
0.0263
300
4.0253-5 4
0.3
1.,2041

37.654
0.1372
1.6249

328.1

ANSWERS PROBABLY NOT RELIABLE,

EQUIVALENCE RATID=

441148
1350.00 1
0.0263
300
+0253-5
0.3
1.2041

4o

37.654
0.1372
1.6249

328.1

549,47 540.62
0.4139 0.4604
2044 2153
9.5234-5 1.0052-4 1.
166.1 183.1
1.3026 1.3052
38.597 38.580
-1.00321 -1.00041 -1
1.0070 1.0124
0.1530 0.1611
1.5173 1.4865
817.4 830.6
15.729 17.495
6.815 7.178
1.025¢ 1.0246
243659 244971
750.53 809.38
9.2255-1 9.2213~-1 9.
4.7564-5 1.2521-4 2,
2.0224-7 3.1325-7 4.
1.9761-4 3.9339-4 7,
5.0385~2 4.9758-2 4.
1.131 -8 l.642 -8 2.
2.2910-4 4,6321-4 8.
1.2923~3 2,0296~3 2,
2.5299-2 2.5103-2 2.

MOLES
0.05000
0,05000
0.90000

0.5000
4,2672 4.4196
400,00 1450.00
0.0263 0.0263
300 300
0253-5 4.0253-5
0.3 0.3
1.2041 1.2041
37.654 37.654
0.1372 0.1372
1. 6249 1.6249
328.1 328.1

532.79
0.5086
2259
0577-4
200.6
1.3080

38.552
.00073
1.0208
0.1726
1.4501

B840.6

19.328

7.531
1,0238
2.6277
857.21

2146-1
9107-4
5T74-7
1392-4
8B34-2
267 -8
55894
9976-3
4848-2

525.22
0.5590
2361
1.1113-4
218.6
1.3109

38.510
~1.00123
1.0330
0.1882
1.411¢
848.1

21.243

7.870
1.0227
2.7607
924.78

9.2047-1
6.0405-4
6.3422-7
1.1893-3
4,7553-2
2.984 -8
1.4579-3
4.1846-3
2+.4539-2

ENERGY
CAL/MOL
13.478
12.892
9.191

REACTANT DEN:

4.5720
1500.00
0.0263
300
4.0253-5
0.3
1.2041

37.654
0.1372
1.6249

328.1

SOLUTIDN MAY NOT EXIST

517.53
0.6118
2457
1.1667-4
237.1
1.3139

38.453
~1.00193
1.0493
0.2078
1.3733
854, 2

23,247

8.191
l1.0212
2.8984
982.47

9.1910-1
1.1305-3
B8.3714~7
1.8303-3
4.5891-2
3.758 -8
2.3083-3
5.5478~3
2.4187-2

STATE
G
6
G

SITY=

0.

TEMP
DEG K
300.00
300.00
300.00

DENSITY

-C.
-0,
-0

cc

BUT WHOSE MOLE FRACTIONS WERE LESS THAN 0.50000E-08 FOR ALL ASSIGNED CONDITIONS

TRANSPORT PROPERTIES UF THE SHOCKED GAS ASSUMING EQUILIBRIUM COMPOSITION

H20{S5} H20(L) a3
Q/F= 0. PERCENT FUEL=1DJ.0J00C EQUIVALENC
TEMP VISCOSITY MONATOMIC INTERNAL FROZEN REACTION
COND COND COND CONO
DEG K POISE —-——rrmmmmeceee e CAL/{CM){SEC}HIK)
1542 T23.X10-6 140.X10-6 13.X10-6 153.X10-6 1.X1
1527 719. 139, 3. 152, 1.
1817 807. 156, 16. 173. 8.
1933 852. 163, 18. 181. 18.
2044 814, 169, 19. 188. 35.
2153 906. 176. 20. 196, 65.
2259 936. 182, 21. 203. 113,
2361 965. 188. 22, 211. 182.
2457 992. 195, 23, 218. 274,

€ RATID=

EQUILLS

0-6 154.
153.
181.
198.
223.

261.
316.
393,
492,

N M M E Y U U L LB U U

0.5000

RIUM

X10-6

FIRST SHOCK PRESSURE= 0.1145 ATH
ce ce PRANDTL PRANDTL
FRDZ EQ FrROZ EQ

CAL/{G) (K} =~== DIMENSIONLESS
0.1396 0.1404 0.6600 0.6581
0.1395 0.1401 0.6602 0.6590
0.1405 0.1442 0.6570 0..6436
0.1408 0.1477 0.6558 0.6268
0.1411 0.1530 0.6545 0.5992
0.1413 0.1611 0.6530 0.5595
0.1416 0.1726 0.6512 0.5112
0.1418 0.1882 0.6488 0 .4620
0.1420 0.2078 0.6456 C.4187

i ¥ 0 0 E K

LEWIS
NUMBER

1.5041
1.4339
1.8061
1.9897
2.1791

2.3617
2.5206
2.6397
2.7101



SHOCK WAVE PARAMETERS ASSUMING
FROZEN COMPUSIVION FOR INCIDENT SHOCKED CONDITIONS

CASE NO. 1207
MOLES ENERGY STATE TEMP DENSTTY
CHEMICAL FORMULA CAL/MOL DEG K G/CC
FUEL H 2.00000 0.05000 13.478 G 300.00 -=0.
FUEL 0 2.00000 0.05000 12.892 G 300.00 ~0.
FUEL AR 1.00000 0.90000 9.191 [ 300.00 -0.
0/F= 0. PERCENT FUEL=100,0000 EQUIVALENCE RATIO= 0.5000 REACTANT DENSITY= 0.
INITLAL GAS (1)
MACH NO. 3.0480 3.3528 3.6570 3.8100 3.9624 4.1148 4,2672 4,4196 4.5720
Ul, M/SEC 1000.00 1100.00 1200.00 1250.00 1300.00 1350.00 1400.00 1450.00 1500.00
Py ATM Vel 32 0.0263 0.0263 0.0263 0.0263 0.0263 0.0263 0.0263 0.0263
Ty DEG K 300 300 300 300 30 300 300 300 300
RHO, G/CC 2.0126-5 4.0253-5 4,0253-5 4.0253-5 4.0253-5 4.0253-5 4.0253-5 4.0253-5 4.0253-5
Hy CAL/G 0.3 0.3 0.3 0.3 0.3 0.3 . 0.3 0.3
Ss CALZLGHIK) 1.2406 1.2041 1.2041 1.2041 1.2041 1.2041 1.2041 1.2041 1.2041
My MOL WT 37.654 37.654% 37.654 37.654 37.654 37.654 37.654 37.654 37.654
CPy CALZLGHIK) 0.1372 0.1372 0.1372 0.1372 0.1372 0.1372 0.1372 0.1372 0.1372
GAMMA {S) 1.6249 1.6249 1.6249 1.6249 1.6249 1.6249 1.6249 1.6249 1.6249
SON VELsM/SEC 328.1 328.1 328.1 378.1 328.1 328.1 328.1 328.1 328.1
SHUCKED GAS (2)--INCIDENT--FROZEN
vz, M/SEC 317.25 332,17 343,41 358.06 366.89 375.88 385.00 394.24 403.59
Py ATM 0.1488 0.3616 0.4318 0.4692 0.5082 0.5487 0.5908 0.6345 0.6797
Ty DEG K 1076 1247 1433 1532 1635 1742 1852 1967 2085
RHO, G/CC 6.3440-5 1,3306~6 1.3824-4 1.4052-4 1.4263-4 1.4457-4 1.4637-4 1.4805-4 1.4961-4
Hy CAL/G 107.7 131.6 157.7 L71.7 186.1 201.2 216.8 232.9 249.17
Sy CAL/ZLG)I(L) 1.2892 1.2629 1.2731 1.2781 1.2830 1.2879 1.2927 1.2974 1.3020
My MOL WT 37.5654 37.65 37.654 37.654 37.654 37.654 37.654 37.654 37.654
CPy CALZ{GI(K) Ue1396 0.1400 0.1406 0.1407 0.1409 0.1411 O.l413 0.1415 0.1418
GAMMA (S) 1.6079 1.6050 1.6020 1.6005 1.5990 1.5975 1.5960 1.5945 1.5930
SON VEL,M/SEC 618.1 664.8 712.1 735.9 759.8 783.8 807.9 832,1 856.3
P2/P1 11.307 13.741 16.409 17.831 19.312 20.852 22.451 24,110 25.827
T2/71 3.587 4,157 4,778 5.108 54450 5.806 6,174 6.555 6.949
M2/ M1 1.0000 1.0000 1,0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
RHOZ2/RHO1 3.1521 3.3056 3.4343 3.4910 3.5433 3,.5916 3.6364 3.6779 3.7167
VZ2{UL1-U2)M/SEC 682.75 767.23 850.59 831.94 933.11 974,12 1015.00 1055.76 1096.41
MOLE FRACYIONS
H2 0.,05000 0.05000 0.05000 0.05000 0©.05000 0.05000 0.05000 0.05000 0,05000
02 0,05000 0.05000 0.05000 0.065000 0.65000 0.05000 0.05000 0.05000 0.05000
AR 0.90000 0.90000 0.90000 0J,90000 0.90000. 0.90000 G.90000 0.90006 0.90000
TRANSPORF PROPERTIES OF THE SHOCKED GAS ASSUMING FROZEN COMPOSITION
0/F= 0. PERCUNT FUEL=100.0000 EQUIVALENCE RAFID= 0.5000 FIRST SHOCK PRESSURE= 0.1488 ATM
TEMP VISCOUSITY MONATOMIC INTERNAL FROZEN ce PRANDTL
COND CoND OND FROZ FRrROZ
DEG K POLISE = CAL/ZICMI{SECIIK) =-—- CAL/ (G} (K}
1076 570.X10-6 125.X10-6 14,X10-6 140.X10-6 0.1396 0.5706
12647 630, 139, 17, 155, 0.1400 0.5673
1433 694, 152, 20, 172, 0.1404 0.5641
1532 722. 159. 21. 181. 0.1407 0.5625
1635 154, 166. 23, 189, 0.1409 0.5608
1742 786. 174, 25. 198. 0.1411 0.5591
1852 819. 181, 27. 208. 0.1413 0.5574
1967 852, 188, 29, 217. 0.1415 0.5558
2085 BB6. 196, 31. 227. 0.1418 0.5542
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Case 1565 - Input

REACTANTS
N 2. a0 .75524 G647.95 0
0 2. 00 .23144 G647.95 0
ARL. 00 .01286 6647.95 ©
[ o 2. 00 .00046 6647.95 0
c 1. H A, 4 2867. L 29B.15 F
c 8. H 18, .6 -59740. L 298.15 F
NAMELISTS
SINPT2 KASE=1565, UV=T,V=300,225.24, OF=T,MIX=17,TRACE=1.E-15 s
KEACTANTS
N 2.0000 -0. -0, 0. 00 -0. 0.7552 -0, G 647.950 0 -0.
o 2.0000 -0. ~0. -0. 00 -u. 0.2314 -0. G 647.950 0 -0.
AR 1.0000 -0. ~0. -0. 00 -0. 0.0129 -0. G 647,950 0 -0.
C  1.0000 0 2,0000 -0, -0. 00 -0. 0.0005 -0. G 647.950 0 -0.
€ 7.0000 H  8,0000 -0. -0. 0. 0.4000 2867.00 L  298.150 F 0.
C  8.0006 H 18,0000 -0. -0. ~0. 0.6000 ~59740.00 L 298.150 F -0,
NAMELISTS
sINPT2
KASE = 1565,
T = 0. N . ’ 0. . 0. . 0. ’ 0. ’
0. ’ 0. . 0. ’ 0. v o. ’ C. .
0. ’ o. ’ 0. ’ 0. ’ 0. ' 0. ]
0. N 0. . o. ’ 0. ’ 0. ' 0. ’
0. . o. . 0. , 0. , 0. . 0. v
0. . 0. ’ 0. . 0. ’ 0. , 0. ’
0. N 0. . 0. , 0. . 0. ’ o. .
0. . 0. N 0. . 0. ’ 0. . 0. ’
0. » 0. . [ , 0. .
[ = 0. » Q. . 0. , 0. ’ 0. , o. v
0. . 0. ' 0. N 0. , 0. . 0. ’
0. . 0. ’ 0. . ' . 0. ’ 0. .
0. . 0. . 0. ' o. . 0. . o. '
0. ] 0. i}
. PSIA = Fe MMHG = Fy NSQM = Fy
v = 3.0000000E+02, 2.2524000€+02, 0. . 0. . 0. . 0. .
0. . 0. . 0. ’ 0. f 0. , 0. .
0. ’
RHG = 0. . 0. v 0. , ' . 0. . 0. ’
0. . 0. . 0. ' 0. , 0. v 0. v
0. . 0. . 0. v 0. , 0, v 9. ’
[N . 0. . 0. . o. . 0. . 0. v
. ’ 0. *
ERATIO= F. OF = Ty FPCT = Fy FA = Fe
Mix = 1.7000000E+01, 0. . C. ’ c. ’ 0. ’ 0. v
. . 0. ’ 0. . 0. ’ 0. ’ 0. '
0. . 0. ' 0. '
™ = Fy HP = Fy SP = Fy TV = Fo UV = Ty SV = Fo
RKT = Fy SHOCK = Fy DETN = Fy OTT0 = Fy CR = 0. s SO = 0. » SO = 0.
IONS = Fe 1DEBUG= Oy TRACE = 1.00000006-15, SIUNIT= Fy EUNITS= Fy
TRNSPT= Ty FROZN = Fy PUNCH = F, NODATA= Fy
$ END
SPECIES BEING CONSIDERED IN THIS SYSTEM
L S/66 AR J 3761 C(S) J 361 C J12/67 CH J$ 6/69 CH2
4 3/61 CH20 J 6/69 CH3 J 3/61 CH4 J 6769 CN J 6/66 CNN
J12/70 CN2 J 9/65 €O J 9/65 €02 J12/69 C€? J 3767 C2H
4 3/61 C2H2 J 9765 C2H4 L 5/72 C2He J 3767 C2N J 3761 C2n2
J 9766 C20 Ji2/769 €3 J 6768 €302 J12/69 C4 J12/69 €S
J 9/65 H LI2/69 HCN J12/70 HCO J12/70 HNCO J 3763 HNO
J 3/66 HO2 Jd 3/61 H2 L11/65 H20(S) L1IL/65 H20(L) J 3761 H20
L 2769 H202 4 3/61 H J12/70  NCU J12/771  NH J12/65 NH2
3 9765 NH3 J 6/63 NO J 9/64 NOZ 412764 NO3 J 9/65 N2
J12/765 N2H& Ji2/64  N2U J 9764 N204 J12/70 N3 4 6162 0O
412770 OH J 9/65 U2 J 6/6L 03
OF = 17.000000
EFFECIIVE FULL EFFECTIVE OXIDANT MIXTURE
INTERNAL ENEARGY HPP(2) HPP(1) HSUBO
(KG-MOL}{DEG K}/KG ~0.15164043E403 0.20365920E4+02 0.108100L1E+02
KG-ATOMS/ XS BOP(I,2) BOP(I41) Bo(1)
N 0.. 0.53919910E-01 0.50924358€6-01
o 0. 0.1448644TE-01 0.13681644E-01
AR 0. 0.32191849E-03 0.30403413E-03
c 0.72407449E-01 0.10452182E-04 0.40325075E~02
H 0.12927296E+00 0. 0.71818314E-02
PT N i} AR c H
1 -12,574 -15.095 -23.385 -19.796 -11.805 14,000
2 ~12.385 =14.365 -23.104 -19,.710 -11.711 3.000
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THERMODYNAMIC EQUILIBRIUM COMBUSTION PROPERTIES AT ASSIGNED

VOLUME
CASE NO. 1565
WT FRACTION ENERGY STATE TEMP DENSITY
CHEMICAL FORMULA {SEE NOTE) CAL/HOL DEG K G/CC

OXIDANT N 2.0000C 0.75524 1184.555 [ 647.95 <-0.
UXIDANT D 2.00000 0.23144 1292.515 G 647.95 =-0.
OXEDANT AR 1.00000 0.01286 450.192 G 647.95 -0.
OXIDANT C 1.00000 U 2.00000 0.00046 -91701.919 G 641.95 -0.
FUEL ¢ 7.00000 H 8.00000 0.40000 2867.000 L 298.15 -0,
FUEL ¢ 8.00000 H 18.00000 0.50000 -59740.000 L 298.15 -J.

O/F= 17.0020 PERCENT FUEL= 5.5556 EQUIVALENCE RATID= 0.8519 REACTANT DENSITY= 0.

THERMODYNAMIC PROPERTIES

Us CAL/G 21.48 21.48
Ps ATM 25.578 34,181
Ty DEG K 2693 2704
RHO, G/CC 3.3333-3 4,4397-3
Hs CAL/G 207.3 207.9
Sy CAL/UG)(K) 2.0960 2.0762
M, MOL WT 28.800 28.820
(OLV/DLP) T -1.00380 -1.00353
{OLV/DLT)P 1.0946  1.0876
CPy, CAL/IGIIK) O.b1l64 0.5040
GAMMA (S) 1.1852 1.1881
SON VEL.M/SEC 960.0 962.7

MOLE FRACTIONS

AR 8.7562-3 8.7623-3
4 6.404-15 5,993-15
CH 1.158~15 1.172-15
CH20 2.843-10 3,212-10
CH3 3.222-15 3.679-15
CN T«571-12 7.784-12
CN2 2.,283-15 2.739-15
co 1.1627-2 1,0745~2
coz2 1.0451-1 1.0547-1
cz2o 1.155-15 1.262-15
H 4.4450~4 3,8337-4
HCN 3,005-10 3.,241-10
HCO 1.4378-8 1.5108-8
HNCO 2.6951-9 3.1952-9
HNO 1.0667-6 1.1919-6
HO2 6.3652-6 6.9525-6
H2 1.6653-3 1.5251-3
HZD 9.8202~2 9.8591-2
H202 9.1393-7 1.0745-6
N 2.5831-7 2.4367-7
NCOD 3.186-10 3,581-10
NH 1.8630-8 1.9082-8
NH2 3,2741-8 3,5684-8
NH3 1.3017-8 1.5106-8
NU 1.1523-2 1.1624-2
ND2 1.4118-5 1.6171-5
NO3 8.310-11 1.102-10
N2 7.2754-1 7.2800~1
N20 2,8153-6 3,2851-6
N3 3.821-11 4.774-11
4] 1.1500-3 1.0335-3
oH 6.66493-3 6,3554-3
02 2.7908-2 2.7480-2
a3 1.1540-8 1.3380-8

ADDITIONAL PRODUCTS WHICH WERE CONSIDERED BUT WHOSE MOLE FRACTIONS WERE LESS THAN 0.10000E-14 FOR ALL ASSIGNEU CONDITIONS

cisy CH2 CH4 CNN €2 C2H C2H2 C2H4 C2re C2N
C2N2 c3 €302 C4 c5 H23(S) H2010L} N2H4 N2C4

NOTE. WEIGHT FRACTIUN OF FUEL IN TOTAL FUELS AND OF OXIDANT IN TOTAL OXIODANTS

NU TRANSPORT DATA WAS FOUND FOR THE SPECIES HD2

TRANSPURT PROPERTIES Al ASSIGNED VOLUME

0/F= 17.0000 PERCENT FUEL= 5.5556 CQUIVALENCE RATIO= 0.8519 INTERNAL ENERGY= 21.48 CAL/G

TEMP VISCOSITY MONATOMIC INTERNAL FROZEN REACTION EQUILIBRIUM ce ce PRANDTL PRANDTL LEWIS

CONI COND COND coND CoNDd FROZ EQ FROZ EQ NUMBER
DEG K POISE  ——==-emm———m—o—- CAL/(CMI(SECH(K) ===eommmrmoc—annm CAL/16) (K) == DIMENSIONLESS ----—
2693 81B.X10-6 215.X10-6 1B9.X10-6 404.X10-6 270.X10-6 674.X10-6 0.3413 0.5164 0.6913 0.6265 1.3049

ND TRANSPORTY DATA WAS FOUND FUR THE SPECIES HO2
2704 B821. 215. 190. 405. 250. 655, 0.3414 0.5040 0.6915 0.6317 1.2930
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Case 5612 - Input

REACTANTS

2. H 4, 80. 12050. L298.15 F 1.0036
BE1l. 20. 0.0 $298.15 F 1.85
H 2. 0 2. 100, -44880. L1298.15 0 1.40C7
INSERT BEO(L)
NAMELISTS

$INPT2 KASE=5612,FPCT=T, MIX=67, P=1000,500,PSIA=T, RKT=T, NODATA=T $
$RKTINP PCP=3,10,30,300, FROLI=F $

Case 5612 - Output

REACTANTS
2,0000 H  4.0000 =0. -0. -0. 80.0000 12050.00 L 298.150 F 1.00360
BE 1.0000 -0. -0, -0. -0 20,0000 0. S 298,150 F 1.85000
H 2.0000 0 2.0000 -0. -D. =0. 100.0000 -44880.00 L 298.150 O 1.40700
INSERT BEO(L)
NAMELISTS
$INPT2
KASE = 5612,
T = 0. ’ 0. ’ 0. ) 0. . 0. ’ 0. ’
0. v g. ’ 0. ’ 0. ’ 0. . 0. ’
0. . [ ’ 0. . 0. ) 0. . 0. ’
0. ’ 0. ’ 0. . 0. . 0. » C. ’
0. ’ 0. ’ 0. ’ 0. 0 0. ) 0. '
0. ’ 0. ’ 0. » 0. ) 0. ’ 0. '
0. ’ 0. ’ 0. ) 0. v 0. ' Q. '
0. ’ 0. ' 0. ' 0. ) 0. . 0. *
0. ’ 0. ’ 0. v 0. '
P = 1.0000000E+03, 5.0000000E+02, 0. , 0. ’ 0. v 0. '
0. * 0. ' 0. ) 0. ’ 0. v 0. v
0. ' 0. . 0. ] 0. * o. ’ 0. ’
0. ’ 0. ’ 0. ’ 0. B 0. * 0. v
0. B g. ’
PSIA = Ty MMHG = Fp NSOM = Fo
v = 0. ’ 0. » 0. ’ 0. . 0. ' 0. '
0. ' 0. . 0. ’ 0. . 0. . 0. ’
C. ’
RHO = 1.0000000E+03, 5.0000000E402, 0. ’ 0. ’ [+ » 0. ’
0. ’ 0. ’ 0. ’ C. ’ 0. ' 0. *
0. » 0. ’ 0. ’ 0. v 0. v O, .
0. . 0. » 0. * 0. . 0. ’ 0. ’
0. 0 0. ]
ERATIO= Fy OF = Fy FPCT = Ty FA = Fo
Mix = 6.7000000E401, 0. ’ 0. ’ 0. . 0. ' 0. ’
0. ’ 0. v 0. » 0. v 0. ' 0. '
0. v 0. ’ 0. '
™ = Fy HP = Fy SP = Fe TV = Fo UV = Fy SV = Fo
RKY = Ty SHOCK = Fs DETN = Fe OTTO = Fe CR = 0. » SO = 0. + 50 = 0.
IONS = Fy IDEBUG= Oy TRACE = 0. » SIUNIT= Fs EUNITS= Fa
TRNSPT= Ty FROZN = Fs PUNCH = Fy NODATA= Ty
$ END
SPECIES BEING CONSIDERED IN THIS SYSTEM
J 9761 BE(S) J 9/61 BE{L) J 9/61 BE 3 3763 BEH . J 6/63 BEN
J 6/71  BEO(S) J 6/71 BEOLS) J 6/71L BEJIL) J 9/63 BEQD J 9/63 BEOH
J 3/67 BED2H2 J 9/63 BE20 J 9/63 BE202 J 9763 BE303 J 9/63 BE4D4
J 9765 H 4 3/63 HNO J 3/64 HO2 J 3/61 H2 L1/65 H20(S)
L11/765 H20(L} J 3/61 H20 L 2/69 Hz202 4 3/61 N J12/71 NH
J12/765 NH2 J 9765 NH3 J 6/63 NO J 9/64 ND2 312764 NO3
4 9765 N2 J12/65 N2H& J12/764 N20 J 9764 N204 J12/70 N3
J 6/62 O J12/70 OH J 9765 02 J 6/61 03
SRKTINP
EQL = Ty FRUZ = Fq
SUBAR = 0. ’ 0. ? 0. . 0. ’ 0. ' 0. v
0. ’ 0. ’ 0. ' 0. ' 0. * 0. v
0. v
SUPAR = 0. * 0. » 0. ’ 0. v 0. ' 0. ’

0. ’- 0. . 0. ’ 0. . 0. ’ 0. ’
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[ 4 = 3.0000000E+00, 1.0000000E+01, 3.0000000E+01, 3,0000000E+02, 0. 0. v
. » 0. ’ . ’ 0. . 0. 0. *
0. . 0. ’ 0. ’ 0. * o/ C. '
0. ’ 0. 3 0. ' 0. ’
NFZ = 1y
$ END
OF = -0.492537
EFFECTIVE FUEL EFFECTIVE DXIDANT MIXTURE
ENTHALPY HPP(2) HPP{L HSUBO
(KG—MOL) (DEG K)/KG 0.15138364E+03 ~0.66397491E+03 ~0.11768468E+03
KG-ATOMS/KG 80P(1,42) BOP{I,1) 8o(I)
N 0.49929349E~D1 . 0.33452664E-01
H 0.99858698E-01 0.58798038E-01 0.86308680€-01
8E 2.22192139E-01 . 0,14868733E-01
[¢] Jde 0.58798038E-01 0.19403352E-01
°T N H BE 1]
1 ~12.759 ~8.578 ~13.145 ~20.218 11.000
2 ~12.897 -8.719 -13.764 -20.839% 3.000
PC/PT= 1.748578 T = 2844.77
2 -12.897 =8.720 <~13.766 ~20.841 2.000
PL/PT= 1.751558 T = 2844.13
3 -13.,027 ~8.855 -l4.461 -21.526 3.000
3 =~13.084 =8.910 -14.166 =-21.236 3.000
4 -13,688 =9.517 ~-14.169 -21.233 3.000
4 =13.476 =9.311 -15.668 -22.379 4,000
5 =~13,730 =9.579 -1B.318 -24.378 4,000
5 -13.752 ~9.600 -18.141 -24.210 3.000
6 ~14.276 -10.158 -26.901 ~30.508 4,000
THEGRET1CAL RUCKET PERFDRMANCE ASSUMING EQUILIBRIUM COMPOSITION DURING EXPANSION
PC = 1000.0 PSIA
CASE NO. 5612
WT FRACTION ENERGY STATE TEMP DENSITY
CHEMICAL FORMULA {SEE NOTE) CAL/ MOL DEG K G/cC
FUEL N 2.00000 H  4,00000 0.80000 12050.000 L 298.15 1.0036
FUEL Bt 1.00000 0.20000 . S 298.15 1.8500
OXIDANT H 2.00000 0 2.90000 1.00000 -44880.000 L 298.15 1.4070
0/F=  0.4925 PERCENT FUEL= 67,0000 EQUIVALENCE RATID= 2.9904 REACTANT DENSITY= 1.1890
CHAMBER THROAT EXIT EXIT EXIT EXIT
PC/P 1.0000 1.7516 3.0000 10.000 30.000 300.00
Py ATM 68,046 38.849 22.682 6.8046 2.2682 0.2268
Ty DEG K 3068 2844 2721 2423 2071 1402
RHOy G/CC 4.4700-3 2,7624-3 1.6B78-3 5,7008-4 2.2271-4 3.2936-5
Hy CAL/G -233.9 -432.6 -610.0 -987.,1 -1282.2 -1753.7
Sy CALZIGHIKY 3.4110 3.4110 3.4110 3.4110 3.4110 3.4110
M, MOL WT 16,536 16.595 16.612 16.654 16.688 16.700
(oLv/DLP) I -1.00511 -1.00328 -1.00273 -1.00141 -1,00036 ~1,00001
(oLv/oLTie 1.0924 1.0633 0. 1.0317 1.0093 1.0001
CPs CAL/{GHIK) 0.9894 0.9257 0. 0.8341 0.7515 0.6703
GAMMA (S} 1.1625 1.1668 0.9973 1.17717 1.1920 1.2159
SUN VEL,M/SEC 1339.1 1289.4 1165.3 1193.5 1109.1 921.14
MACH NUMBER 0. 1.000 1.522 2,104 2,671 3.872
AE/AT 1.0000 1.1895 2.4888 5.4000 30.326
CSTAR, FT/SEC 6351 6351 6351 6351 6351
CF 0.666 0.917 1.297 1.530 1.842
IVAC,LB~SEC/LB 246.2 259.2 305.1 337.6 383.6
ISPy LB-SEC/LB 131.5 180.9 256.0 302.0 363.6
MULE FRACFIONS
;3 6.00003 0.00001 0.00000 0.00000 0. 0.
BEH 0.00001 0.,00000 0,00000 0.00000 O. 0.
BEO(S) 0. 0. 0. 0. U.19872 0.19891
BED(S) v. 0. 0.07071 0.19809 0. 0.
BEO(L) 0.19539 0.19660 0.12632 0. O. 0.
BEOH 0.00032 0.00013 0,00008 0.0000t 0.00000 O,
BEQ2H2 0.00207 0.00149 0.00120 0.00047 0.00010 0.00000
H 0.014%0 0.0U974 0.00821 0.00433 0,00111 0.00001
H2 0.50639 0.51002 0,51105 0.51362 0.51586 0.51665
H20 0.05765 0.,05863 0.05902 0.05999 u.06052 0.06066
NH2 0.00002 0,00001 0.00001 0.00000 0.00000 O,
NH3 0.00010 0.00006 0.00004 0.00007 0.00001 0.00000
NO 0.00004 ©0,00002 0.00001 0.00000 0.00000 O.
N2 0422247 0,22295 0.22307 0.22337 0,.22366 0,22376
a 0.00001 0.00000 0.00000 0.00000 u.00000 .
uH 0.00060 0.00033 0.00025 0.00009 0.00001 0,00000

ADDITIONAL PRODUCTS WHICH WERE CONSIOERED BUT WHUSE MOLE FRACTIONS WERE LESS THAN 0.50000E-05 FOR ALL ASSIGNED CONDITIONS

Be{S) BE(L) BEN BED BE20 RE202 BE303 BE4D4 HND HD2
H20(S) H20(L) K202 N NH NO2 NO3 N2H4 N20 N204
N3 [s74 03

NOTE. WEIGHT FRACTIUN OF FUEL IN TOVTAL FUELS AND OF OXIDANT In TOTAL JXIDANTS
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TRANSPORT PRUPERTIES OF RUCKET EXHAUST ASSUMING EQUILIBRIUM COMPOSITION DURING EXPANSION

0/F= 0.4925 PERCENT FUEL= 67.0000 EQUIVALENCE RAFID= 2.9904 CHAMBER PRESSURE= 68.046 ATM

TEMP VISCOSITY MONATOMIC {NTERNAL FROZEN REACTIUN EQUILIBRIUM (4 ce PRANDTL PRANDIL LEWIS
LOND COND coNo CoN CIND FROZ EQ FROZ EQ NUMBER
DEG K POISE —- CAL/{CM}ISEC)(K) --= g CALZ(GHIK) ~--- DIMENSIONLESS --—--—-
3068 6BB.X10-6 766.X10-6 673.X10-6 1439.X10-6 1165.X10-6 2603.X10-6 0.8782 1.1951 0.4200 0.3159 2.2428
2844 651. 718, 620. 1338, B23. 2161. . 0.8691 1.1033 0.4224 0.3321 2.2818
2721 630, 69%. 590, 1284, T27. 2010. 0.8634 1.0763 0.4236 0.3371 2.2963
2423 579, 634, 516, 1150, 433, 1583, 0.B8478 0.9850 0.4266 G. 3601 2.3260
207L 518. 564. 428, 993. 131. 1123. 0.8251 0.8716 0.4304 0.4018 2.3350
1402 397. 434, 266. T00. 1. T02. 0.7677 0.7683 0.4348 D.4344 2.2061
PT N H 8E 0
1 -13.091 ~8.912 -13.214 -20.285 3.000
2 -13.233 =9.057 =-13.817 -20.889 3.000

PC/PT= 1.745202 T = 2828.07

2 -13.233 -9.05%8 -13.819 -20.891 2.000
PL/PT= 1.749179 T = 2827.43

3 -13.368 ~9.196 ~16.499 ~-21.562 3.000
3 -13.432 =9.259 =14.167 =-21.235 3.000
4  ~14.037 =9.869 -l4.171 -21.230 3.000
4 -13.818 ~9.654 -15.709 ~22.408 4,000
5 =14.077 =9.926 <~18.316 -24.,376 4,000
5 -14.099 ~9.947 ~18.142 -24.210 3,000
6 =-14.624 =-10.506 =-26.862 -30.481 4,000

THEORET LCAL ROCKET PERFORMANCE ASSUMING EQUILIBRIUM COMPOSITION DURING EXPANSION

PC = 500.0 PSIA
CASE NO. 5612
WT FRACTION ENERGY STATE TEMP DENSITY

CHEMICAL FURMULA (SEE NOTE) CAL/MOL DEG K G/CC
FUEL N 2.00000 H  4.00000 0.80000 12050.000 L 298.15 1.0036
FUEL BE 1.00000 0.20000 0. S 298,15 1.8500
OX{DANT H 2.00000 0 2.00000 1.00000 -44880.000 L 298.15 1.4070

0/F= 0.4925 PERCENT FUEL® 67.0000 EQUIVALENCE RATID= 2.9904 REACTANT DENSITY= 11,1890

CHAMBER THROAT EXIT EXIT EXIT EXIT
pe/e 1.0000 1.7492 3.0000 10.000 30,000 300,00
Pe ATH 34,023 19.451 11.341 3.4023 1.1341 0.1134
Ts DEG K 3041 2827 2721 2416 2071 1406
RHO, G/CC 2.2475-3 1.3882-3 B.4200-4 2.8556~4 1.1133~4 1.6445-5
Hy CAL/G -233.9 -431.1 -608.9 -985.4 ~-1280.4 -1752.3
Se CAL/(G}IK) 3.4945 3.4945 3.4945 3.4945 3.4945 3.4945
M, MOL WT 16,485 16.559 16.575 16,637 16.683 16.700
(OLV/DLP) T -1.00656 -1.00430 ~£.00380 -1.00191 -1.00050 -1.00001
(OLV/DLTYP l.1213 1.0846 0. 1.0435 1.0131 1.0001
CPy CAL/IG)IK) 1.0570 0.9780 0. 0.8663 0.7636 0.6707
GAMMA (5) 1.1585 1.1629 0.9962 1.1740 1.1899 1.2158
SON VEL 4M/SEC 1333,0 1284.9 1166.0 1190.5 1108.3 921.7
MACH NUMBER De 1.000 1.519 2.107 2.670 3.867
AE/AT 1.0000 1.1958 2.4908 5.4142 30.428
CSTAR, FT/SEC 6341 6341 6341 6341 6341
CF 0.665 0.917 1.298 1,531 1.844
IVAC,LB-SEC/LB 243.7 259.2 304.8 337.3 383.5
ISPy LB-SEC/LB 131.0 180.6 255.7 301.8 363,5
MULE FRACTEONS
BE 0.00005 0.00001 0.00001 0.00000 0.00000 O.
BEH 0.,00001 0.00000 0.00000 0.00000 0. 0.
BEOL(S) O. 0. 0. 0. 0.19868 0.19891
BED(S) Oa 0. 0.0835% 0.19793 0. 0.
BEO(L) 0.19488 0.19626 0.11314 O. G. 0.
BEQH 0.,00040 0.00016 0.00011 0.00002 0.00000 0.
BEQ2H2 0.00198 0.00144 0.00120 0.00046 0.00010 0.00000
H 0.01942 0.01297 0©0.01159 0.00592 0.00156 0.00001
H2 0.50298 0.50760 0.50853 0.51242 0.51552 0.51665
H20 0.05742 0.05846 0.05882 0.05992 0.06050 0.06066
NH2Z 0.00002 0,00001 O0.00000 0.00000 0.00000 O.
NH3 0.,00005 0.00003 0.,00002 0.00001 0.00000 0.00000
NO 0.00006 0.00003 0.00002 0.00001 0.00000 .
N2 0.22194 0.22258 0.22269 0.22319 0.22361 0.22376
0 0.,00002 0.00001 0.00001 0,00000 0.00000 0.
OH 0,00076 0.00043 0.00035 0.00013 0.00002 0.00000

ADDITIONAL PRODUCTS WHICH WERE CONSIUERED BUT WHOSE MOLE FRACTIONS WERE LESS THAN 0.50000E~05 FOR ALL ASSIGNED CONDITIONS

BE{S) BE(L) BEN BED BE20 BE222 BE303 BE404 HNO HO2
H201{5S} H20(L} H202 N NH ND2 NO3 N2H4 N20 N204
N3 a2 03

NOTE. WEIGHT FRACTION OF FUFL IN TOTAL FUELS AND DF OXIDANT IN TOTAL OXIDANTS
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TEMP

DEG K

3041
2827
2721
2416
2071

1404

I U ¥ ¥ U U UL U H U I W
AN

0/F=

VISCOSITY

POISE

534.X10-6
64B.
630.
578.
5t8.

337,

TRANSPURT PROPERTIES UF RUCKET EXHAUST ASSUMING EQUILIBRIUM CUMPOSITION OURING EXPANS (0§

0.4925

MONAJDMIC
COND

768.X10-6
2

698,
634,
565,

434,

INTERNAL
COND

dla.
588,
514.
428,

PERCENT FUEL= 67.0000 CUUIVALE
FRUOZEN REACTEON

COND COND
CALZ{CM)I(SECHIK) =——===-=
663.X10-6 1432.X10-6 1529.X10-6

1334, 1101.

1287. 1024.

114H. 593,

993. 185,

701. 2.

267,

NCE RATIO=

EQUILIBRIUM
CIND

7961.X10-6
2436,
2311,
1762,
1178.

703.

2.9904

ce
FROZ

ce
EQ

CALZ (5} (K}

0.8773
0.8685
0.8636
0.8476
0.8251

0.7679

1.2974
1.1841
1.1646
1.0363
0.8908

0.7688

CHAMBER PRESSURE=

34,023 ATM

PRANDTL PRANDTL LEWIS
FROZ cQ NUMBER
—~=-- DIMENSIONLESS

0.4193 0.2999 2.2294
0.4219 0.3151 2.2M7
0.4229 0.3175 2.2842
0.4263 0.3437 2.3208
0.4303 0.3918 243341
0.4348 0.4342 2.2476
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Case 6666 - Input

REACTANTS

H 2, 1Go. -2154. L 20.27 F L0709
o 2. 160. -3102. L90.18 0 1.149
NAMELIST

$INPT2 KASE=6666, P=3000, PS1A=T, FPCT=T, MIX=20, RKI=T $

SRKTINP SUPAR=1.57245+4.y PCP=2.593,4410,30, SUBAR=2,3,10, NF2=4, §

Case 6666 - Output

REACTANTS
H 2.0000 -0, -0 -0, -V 100.0000 =2154.00 L 20.270 F 0.07090
2] 2.40000 -u. -0, -0. -0. 100.0000 ~-3102.00 L 90.180 0O 1.14900
NAMELIST
$INPT2
KASE = 6666,
T = 0. . 0. * 0. * 0. » 0. ’ 0. ’
0. v 0. v 0. ’ 0. » 0. 1 0. ’
0. . 0. ' 0. ’ 0. ’ 0. ' 0. ’
0. v 0. . 0. ’ 0. » 0. * 0. ’
0. ’ 0. ’ 0. v 0. ' 0. ' 0. .
0. ’ 0. . Q. ’ 0. . 0. . 0. )
0. ’ 0. . 0. ' [ v 0. v 0. ’
0. v 0. . 0. ) 0. ' 0. ’ 0. ]
0. ’ 0. » 0. ’ 0. ]
P = 3.0000000C+03, 0. . 0. . 0. * 0. ’ 0. ’
0. ' 0. v 0. ' 0. ’ 0. ’ 0. ’
0. ’ 0. "’ Q. v 0. » 0. ' 0. *
0. ’ 0. ' 0. ’ 0. ] 0. ’ 0. ’
. ’ 0. ]
PSEA = Ty MMHG = Fs NSQM = Fa
v = 0. N 0. . 0. . 0. ’ 0. . 0. ’
0. ' 0. ’ 0. ’ 0. ’ 0. ’ G. ’
0. ]
RHO = 3.0000000E+03, 0. ’ 0. ’ 0. . 0. . 0. ’
. . Q. ’ 0. . 0. * 0. * 0. ’
0. » o. ' Q. ’ 0. ’ 0. * Ce v
0. . 0. v 0. ] 0. ’ 0. . 0. ’
0. . 0. ’
ERATIO= Fe OF = Fs FPCT = Te FA = Fo
MIX = 2.0000000L+01, 0. ’ 0. » 0. 1 0. ) 0. ’
O. * 0. ] Ou . 0. . 0. ’ 0. »
0. 1 0. * 0. ]
1w = Fs HP = Fse SP = Fy TV = Fy uv = Fy SV = Fq
RKT = T, SHUCK = Fy DETN = Fy OTTIO0 = Fs CR = 0. » S0 = (% » SO = 0.
IONS = Fy 1UEBUG= 0, TRACE = G. s SIUNIT= Fs EUNITS= Fy
TRNSPT= Te FROZIN = Fy PUNCH = Fs NODATA= Fs
$ END
SPECIES QBEING CONSIDEKRED IN THIS SYSTEM
J 9765 H J 3/64 HO2 J 3/61 H2 LL1/765 H20(S) L11/65 H20(L)
J 3/61 H20 L 2/69 H202 J 6/62 0 J12/70 OH J 9/65 02
J 6761 03
SRKTINP
£QL = Te FROZ = Ty
SUBAR = 2.0000000E+00, 3.0000000E+00, 1.0000000t+01, 0. ’ 0. ' 0. v
0. , 0. ’ 0. ’ Q. ’ 0. ' 0. 4
o, .
SUPAR = 1.5000000T +00, 2.5000000E+02, 4.0000000E+00, 0. ’ 0. v 0. *
0. * 0. * 0. ’ 0. » 0. ’ 0. ’
0. v
pep = 2.5003030E+00, 3.0000000C+03y 4.0000000E+0U, 1.0000000E+01, 3.0000000E+01, 0. ’
0. ’ Go B 0. ’ 0. ' 0. ’ 0. '
0. . 0. ' 0. . 0. v 0. ' 0. *
o. ’ 0. . 0. . 0. .
NFZ = 4
3 END
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OF = 4.002000
EFFECTIVE FUEL EF
ENTHALPY HPP(2)
{KG-MUL)YIDEG K)/KG -0.53769263E+u3 -0
KG-ATOMS/KG B0P(1,2)
H 0.99209300€+00 C
0 0. 0
PT H v
1 -8.106 -18,242 9,000
2 -8.274 -19.064 3.000
PC/PT= 1.773715 T = 2719.66
2 -8.225 -19.070 2.000
PL/PT= 1,777559 T = 2717.89
2 -8.275 -19.070 1.000
PC/PT= 1.177525 T = 271T.86
3 ~8.293 -19.534 3.000
4 -8.329 -19.961 3. 000
5 -8.386 -20.513 3.000
6 ~8,563 ~22.618 3.000
7 ~8,7/4 -25.980 3.000
8 ~8.116 ~-18.305 8.000
8 -8.1183 -1B.318 2.000
8 -8.118 -18.320 2,000
8 -8.118 -18,.320 1. 000
9 ~-8.110 ~-18.270 2.000
9 ~8.111 =18,274 2.000
9 ~84.111 -~18.275 1.000
i0 ~8.106 =18.247 2.000
10 ~B8,106 ~-18,244 2.000
i0 -8.1056 -18,245 1.000
10 -8.106 ~-18.245 1.000
iu -8.106 -18.245 1.000
11 -8,438 -21.072 4,000
i1 -8.439 -21.083 2,000
12 -8.599 -23,125 3.000
12 -8.601 -23.148 1.000
L3 =8.742 =-25.405 3.000
13 -8.736 -25.300 1.000
THEQRET ICAL ROCKET PERFORMAN
PC = 3000.0 PSIA
CASE NO. 6666
CHEMICAL FORMULA
FUEL H 2.00000
OXIDANT D 2.00000
O/F=  4.0009 PERCENT FUEL= 20.000:
CHAMBER THROAT EXIT EXIT
PC/P 1.0000 1.7776 2.5000 3.0000
Py ATM 204.14 114,84 Bl.655 " 68.046
Ty DEG K 2988 2718 2563 2482
RHO, G/CC 8,3498-3 5,1773-3 3.9076-3 3.3540-3
Hy» CAL/G ~291.2 -615.9 -733.8 -B84.6
Ss CAL/Z(G)IK) 4.9111 4,9111 4.9111 4.9111
M, MOL WT 10.029 10.05¢4 10.064 10.068
{toLv/oLmy ~1.00251 -1.00126 ~1.00078 -1.00059
(BLV/DLTIP 1.0495 1.0270 1.0176 1.0138
CPy CALZIGI(K) 1.2974 1.1978 1.1491 L.1263
GAMMA (S} 1.1986 1.2088 1.2153 1.2188
SON VEL,M/SEC 1723.1 1648.3 1694.1 1580.5
MACH NUMBER 0. 1.000 1.278 1.410
AE/AT 1.0000 1.0650 1.1385
CSTAR, FT/SEC 7952 7952 7952
CF 0.680 0.846 0.919
IVAC,LB~SEC/LB 307.1 3l14.4 321.0
ISP, LB-SEC/LB 168.1 209.1 221.2
MULE FRACELINS
H 0.007T43 0.,00396 0.00255 0.00197
H2 D.49109 0.49330 0.49424 0.49463
H20 0.49895 0.50168 0.50264 0.50300
o 0.00002 0.00001 0.00000 0.00000
0H 0.00249 0.00105 0.00057 0.00040
02 0.00001 0.,00000 0400000 0.00000

ADDITIONAL PRODUCTS WHICH WERE CUNSIDERED BUT WHOSE

Ha2 H20($) H?20(L) H202

NOTE. WEIGHT FRACTION OF FUEL IN TOTAL FUELS AND OF

b U ¥ U ¥ U UHE ¥ HULYYHHIEIHRIEELE.

FECTIVE OXIDANT MIXTURE
HPP{ 1)
+48783627£+02 ~0.14656543E+03
A0PI[,1} 8o(I}

0.19841859E+00

.
+62502343E-01 0.50001875E~01

Ct ASSUMING EQUILIBRIUM COMPOSITION DURING EXPANSION

WT FRACTION ENERGY STATE TEMP DENSITY
{SEE NOTE) CAL/NOL DEG K G/CC
1.00000 ~2154.,000 L 20.217 C.0709
1.00000 =-3102.00¢C L 90.18 1.1490
0 EQUIVALENCE RATIO= 1.9841 REACTANT DENSITY= (0.2843

EXIT EXIT EXIT EXIT EXIT EXIT EXIT EXIT
4.0000 10.000 32.000 1.0601 1,0247 1.0021 5.2560 12,183
51.034 20.414 68046 192.58 199.21 203.71 38.839 16.756
2357 1984 1593 2960 29717 2987 2241 1909
2.65B1-3 1.2639-3 5,.2480-4 7.9531-3 B8.1813-3 8.3351-3 2.1276-3 1.0781-3
-1021.9 -1413.5 ~1799.7 ~325.6 =305.7 =292.5 -1145.7 ~1489.2
4.9111 4.9111 49111 4.9111 4.9111 4.9111 4.9111 4.9111
10.072 10.078 10,080 10.032 10.031 10.029 10.075 10.079
=1.00037 ~1.00006 ~1.00000 -1.00236 -1.00245 -1.00251 -1.00023 -1.00004
1.0090 1.0017 1.0001 1.0468 1.0484 1.0494 1.0058 1.0011
1.0945 L.0199 0.9569 1.2864 1.2928 1.2970 1.0686 1.0074
1.2242 1.2406 1.2595 1.1996 1.1990 1.1987 1.2293 1.2440
1543,2 1424.9 1286.4 1715.5 1719.9 1722.9 1507.9 1399.6
1.602 2.151 2.762 0.313 0.202 0.060 1.773 2.262
1.2984 2.2034 4.5769 2.0000 3.0000 10,000 1.5000 2.5000
7952, 1952 7952 7952 7952 1952 7952 7952
1.020 1.264 1.466 0,221 0.143 0.042 1.103 1.306
332.4 366.9 400.0 521.0 159.0 2466.9 343,2 373.6
252.1 312.5 362.3 54.7 35.5 10.5 272.7 322.5
0.00126 0,00023 0.00001 0.00701 0.00725 0.00741 0.00080 0.00015
0.49511 0449583 0.49599 0.49135 D0.49120 0.49110 0.49543 0.49589
U.50341 0.50392 0.50400 0.49930 0.49910 0.49896 0.50365 0,50395

0,00000 O. 0. 0.00002 0.00002 0.00002 0.00000 O.
0.00022 0.,00002 0.00000 0.00230 0.00241 0.00248 0.00012 0.00001

0.00000 0. 0. 0.00001 8.00001 0.00001 C€.00000 O.

MOLE FRACTIDNS WERE LESS THAN 0.50000E-05 FOR ALL ASSIGNED CONDITIUNS
03

UXIDANT IN TOTAL OXiDANTS

EXIY
24,655
8.2797

1658

6.1339-4
-1736.8
4,9111

10.080
-1.00001
1.0002
0.9674
1.2561
1310.7
2,654

4.,0000
7952
1.435
394.8
354.7

0.00002
0.49598
0.50400

0.
0.00000
0.
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FRANSPORT PROPERFIES OF ROCKET EXH

0/F=  4.0000 PERCENT FUEL= 20.0000
TENP VISCOSITY MONATOMIC INTERNAL FRUZEN RE
LOND COND COND
DES K PIISE -=mmmmmmomemmeee—e CALZ{CHIISECHIK)
2988 B54,X10-6 790.X10-6 892.X10-6 1682.X10-6
2718 795. 734, 803, 1537.
2563 761. 702. 751. 1453,
. 2482 T43, 685, 723, 1408.
2357 Tla. 560. 679, 1339.
1984 624, 582, 546. 1128.
1593 524. 498, 409. 907.
2960 848, 784, 883, L667.
2977 852. 787. 888, 1675,
2987 854. 790. 892, 1681
2241 687, 536, 638, 1274.
1909 605, 566. 520. 1086.
1658 542. 513, 432. 944.
THEURETICAL ROCKET PERFORMANC
PC = 3000.0 PSIA
CASE NO. 6666
CHEMICAL FORMULA
FUEL H 2.00000

UXIDANT O 2.00000

0/F= 4.0020 PERCENT FUEL= 20.0000

CHAMBER THROAT EXIT FXIT
ec/p 1.0000 1.7776 2.5000 3.0000 4e
Py ATM 204,14 114.84 81.655 68,046 51
T, OEG K 2988 2718 2563 2482
RHO, G/CC 8,.3498-3 5.1773-3 3.9076-3 3,3540-3 2.66
Hy CAL/G -291.2 -615.9 -793.8 -884.6 ~10.
Ss CALZIGIIK) 4.9111 4.91101 4.9111 4.9111 4o
M, MOL WT 10.029 10.0%5%¢ 10,064 10.068 10
CPy CAL/(GHIK) 1.2374 1.1978 1.1491 1.1263 1.
GAMMA (S) 1.1986 1.2088 1.2153 l.2188 1.
SON VEL,.M/SEC 1723.1 1648.3 1604.1 1580.5 15
MACH NUMBER 0. 1.000 1.278 1.410 1
AE/AT 1.0000 1.0650 1.1385 1.
CSTAR, FT/SEC 1952 1952 7952
CF 0.680 0.846 8.919 1
IVAC,LB-SEC/LB 307.1 314.4 321.0 3
1SP, LB-SEC/LB 168.1 209.1 227.2 2
MOLE FRACTIONS
H 0.00197 H2 0.49463

ADDITICONAL PRODUCHS WHICH WERE CONSIDERED BUT WHOSE MUL

HO2 H20(S) H20¢(L) H202 03

NOTE. WEIGHT FRACTIDN OF FUEL IN TOTAL FUELS AND OF OXI

TRANSPORT PROPERTIES OF RUCKLT

0/F= 4,0000 PERCENT FutlL= 20.0000

TEMP VISCNSITY MONATO
COND

OEG K POISE —----
2988 854.X19-6  T90.
2718 736. 734.
2563 161, 702,
2482 Ta3. 685.
2352 713, 659,
1973 622, 581.
1582 521. 497.
2232 684, 635,
1896 602. 565,
1645 53&. 5li.
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AUST ASSUMING EQUILIBRIUM COMPOSITION DURING EXPANSION

EQUIVALENCE RATID= 1.9841 CHAMBER PRESSURE= 204,137 ATM
ACTION EQUILIBRIUM ce cP PRANDTL PRANDTL LEWIS
COND COND FROZ EQ FROZ EQ NUMBER
------------------ CAL/(G)(K) —=-=— DIMENSIONLESS —=—--
542.X10-6 2274.X10-6 11,1019 1.2974 0.5596 0.4982 1.8171
311. 1848, 1.0826 1.1978 0.5605 0.5158 1.9025
210, 1662. 1.0700 1.1491 0.5607 0.5262 1.9517
166, 1574, 1.0629 1.1263 0.5607 0.5314 1.9773
111. 1450. 1.0511 1.0945 0.5606 0.5389 2.0162
23. 1152. 1.0102 1.0199 0.5590 0.5530 2.1195
2. 903, 0.9561 0.9569 0.%525 0.5520 2.17132
515. 2182. 1.1001 1.2864 0.5597 0.4999 1.8258
531. 2206. 1.1012 1.2928 0.5596 0.4990 1.8207
S541. 2222. 1.1019 1.2970 0.5596 0.4983 1.8174
T3, 1347, 1.0394 1.0686 0.5604 045448 2.0512
15, 1102. 1.0008 1.0074 0.5581 G.5540 2.1350
3. 947, 0.9660 0.9674 0.5540 0.5531 2.16%96
E ASSUMING FROZEN COMPOSITIUN DURING EXPANSION
AFTER PUINT &
WY FRACTION ENERGY STATE TEMP DENSITY
{SEE NOTE) CAL/MOL DEG K G/CC
1.00000 -2154.000 L 20.27 0.0709
1.00000 ~3102.000 L 90.18 1.1490
EQUIVALENCE RATIO= 1.9841 REACTANT DENSITY= 0.28413
EXIT EXITY EXIT EXIT EXIT EXIT
0000 10.000 30.000 5.279% 12.257 24.810
«034 20.416 6.8046 38,666 16.655 8.2280
2352 1973 1582 2232 1896 1645
22-3 1.2693-3 5.2765-4 2.1256-3 1.0778-3 6.1357-4
21.8 -1412.1 ~1796.5 ~1147.3 -1489.,8 -1736.0
9111 4.9111 4.9111 4.9111 4,9111 4.9111
-068 10.068 10,068 10.068 10.068 10.068
0507 1.0090 0.9547 1.0385 0.9993 0.9643
2313 1.2432 1.2606 1.2347 1.2461 1.2573
46.5 1423.3 1283.4 1508.5 1396.8 1307.1
«599 2.152 2.765 1.774 2.267 2.660
2965 2.1953 4,5571 1.5000 2.5000 4.,0000
7952 7952 7952 7952 7952 7952
020 1.264 1.464 1.104 1.307 1.434
32.2 366.6 399.4 343.1 373.4 394.4
52.1 3i2.3 361.9 272.9 322.9 354.6
H20 0.50300 OH 0.00040

E FRACTIONS WERE LESS THAN 0.SO000E-05 FOR ALL ASSIGNEC CONDITIONS

DANT [N ¥OTAL OXIDANTS

EXHAUST ASSUMING FROZEN CUMPOSITION DURING EXPANSION
FRJIZEN AFTER POINY 4

EQUIVALENCE RATIO= 1.9841 CHAMBER PRESSURE= 204.137 ATM

MIC INTERNAL FROZEN cP PRANDTL
coNo COND FROZ FROZ

CAL/{CM)(SEC) (K]} ~=-~ CAL/{G) {K)

X10-6 892.X10-6 1682.X10-6 11,1019 0.5596
803, 1537, 1.0826 0.5605
751. 1453, 1.0700 0.5607
T23. 1408, 1.0629 0.5607
671, 1336. 1.0507 0.5605
542. 1123, 1.0090 0.5585
405, 902, 0.9547 0.5519
634, 1269, 1.0385 0.5601
515, 1080. 08.9993 05576
427, 938. 0.9543 0.5533
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TABLE I. - FORMAT OF THERMODYNAMIC AND TRANSPORT DATA

(a) THERMO (thermodynamic) data

Card Content Format Card

order column
1 THERMO 3A4 1to 6
2 Temperature ranges for two sets of coefficients: 3F10.3 1to 30

lowest T, common T, and highest T

3 Species name 3A4 1to 12
Date 2A3 19 to 24
Atomic symbols and formula 4(A2,F3.0)| 25 to 44
Phase of species (S, L, or G for solid, liquid, or Al 45
gas, respectively)

Temperature range 2F10.3 |46 to 65
Integer 1 115 80

4 Coefficients ai(i = 1to 5) in equations (3) to (5) 5(E15.8) 1to 75
(for upper temperature interval)
Integer 2 15 80

5 Coefficients in equations (3) to (5) (a.6 and a, for 5(E15.8) 1to 75
upper temperature interval and ay, ay, and ag

for lower)
Integer 3 15 80
6 Coefficients in equations (3) to (5) (a4, ag, ag, 4(E15.8) 1to 60
and ag for lower temperature interval)
Integer 4 120 80

(a) | Repeat cards numbered 1to 4 in card column
80 for each species

Final | END (indicates end of thermodynamic data) 3A4 1to 3
card

2Gaseous species and condensed species with only one condensed phase can be
in any order. However, the sets for two or more condensed phases of the
same species must be adjacent, If there are more than two condensed
phases of a species, their sets must be either in increasing or decreasing
order according to their temperature intervals.

153

¥ U VUM NULE Y WYX YWD ELELE



TABLE I. - Concluded. FORMAT OF THERMODYNAMIC AND TRANSPORT DATA

(b) TRANSPORT data

Card Content? Format Card
type column
1 Identification of interaction: chemical formula of species 1, 2(3A4,6X),| 1to 70
chemical formula of species 2, number of temperatures in 215, F24.1

table (NTP), code to indicate type of data (1 for transport and
2 for relaxation), and number of rotational degrees of freedom

by Tables of data: either transport data (temperature, viscosity 4F10.4 1to 40
cross section, A*, and B*) or relaxation data (temperature,
rotational collision number, vibrational collision number,
and dimensionless vibrational heat capacity (Cvib/R))
3 End card to indicate end of transport data; LAST written in A4 1to 4

card columns 1 to 4

dentification of interaction is done by giving chemical formula of particular species in-
volved, whether they are the same or different.” They may be specified in either order,
inasmuch as the program assumes interaction A-B to be same as B-A. The number of
rotational degrees of freedom is meaningful only for data of a pure species (interaction
of the type A-A). The temperature schedule is arbitrary, provided the number of tem-
peratures is not more than the maximum of 20. In addition, the data should be ordered
in either an increasing or decreasing function of temperature, in order that interpolation
within the table be meaningful. As a matter of input convenience, the Hirschfelder -
Eucken approximation is denoted by setting the collision number equal to 0.0. If the
vibrational heat capacity is not specified (Cvib/R = 0), the program will calculate a
value assuming that the electronic heat capacity is zero and that the rotational heat
capacity is classical. For polar molecules A* should be corrected for resonant ex-
change of internal energy. See the main-text section TRANSPORT PROPERTY
EQUATIONS for an explanation,

bThere are NTP cards of type 2. They are followed by a card of either type 1 or type 3.
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TABLE II. - PROGRAM INPUT

Problem Namelis] Variables
Required Optional
THERMO ) | Assigned temperature and INPT2 | TP = . TRUE. NSQM, PSIA, or MMHG
code card pressure (TP) | T(1to 52);
THERO P(1to 26)
l data cards | ror TR:::l:SRT Assigned enthalpy and INPT2 HP = .TRUE, NSQM, PSIA, or MMHG
pressure (HP) P(1 to 26)
[ TRANSPORT tape 4
data cards Assigned entropy and INPT2 SP = .TRUE. NSQM, PSIA, or MMHG
7 pressure (SP) S0(1);
P(1 to 26)
REACTANTS Assigned temperature and INPT2 TV = .TRUE,
code card volume or density (TV) T(1 to 52);
e —— V(1to 26) or
REACTANTS RHO(1 to 26)
cards
———— Assigned internal energy INPT2 | UV = ,.TRUE.
oMIT (optional) and volume or density (UV) V(1 to 26) or
card(s) RHO(1 to 26)
INSERT (optional) Assigned entropy and volume | INPT2 | SV = .TRUE.
card(s) or density (SV) V(1to 26) or
/NAMELISTS RHO(1 to 26);
code card 50(1)
($INPT2 Detonation (DETN) INPT2 | DETN = .TRUE. | T(1 to 52)(initial gas);
P(1to 26) NSQM, PSIA, or MMHG
Optional variables: (initial gas)
KASE
MIX (1 to 15) Shock (SHOCK) INPT2 SHOCK = .TRUE.| NSQM, PSIA, or MMHG
OF, FECT, FA, or ERATIO P(1to 13) (initial
1ONS T(1to 13) gas)
IDEBUG SHKINP |Ul(1to 13)or | INCDEQ = . FALSE. or
TRACE MACH1 (1to 13) | INCDFZ = . FALSE,
TRNSPT
NODATA Rocket (RKT) INPT2 RKT = . TRUE. T(1to 52) (chamber);
PUNCH P(1to 26) (cham-| NSQM, PSIA, or MMHG
FROZN ber pressures)
(additional namelist input is given
in table on the right) RKTINP EQL = .FALSE. or
FROZ =, FALSE,
NFZ
PCP(1to 22)
SUPAR(1 to 13)
SUBAR(1 to 13)
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TABLE III. - REACTANTS CARDS

Card Content Format Card
order column
First | REACTANTS 3A4 1to 9
Any | One card for each reactant species {maximum, 15).
Each card contains
(1) Atomic symbols and formula numbers 5(A2,F7.5)] 1to 45
(maximum, five sets)?
(2) Relative weightb or number of moles F1.5 46 to 52
(3) Blank if (2) is relative weight, or M if (2) Al 53
is number of moles
(4) Enthalpy or internal energya’, cal/mole F9.5 54 to 62
(5) State: S, L, or G for solid, liquid, or gas, Al 63
respectively
(6) Temperature associated with enthalpy in 4 F8.5 64 to 71
(1) F if fuel, or O if oxidant Al 72
(8) Density in g/ cm® (optional) F8.5 73 to 80
Last | Blank

aProgram will calculate the enthalpy or internal energy (4) for species in the
THERMO data at the temperature (6) if zeros are punched in card columns
37 and 38.

bRelative weight of fuel in total fuels or oxidant in total oxidants. All reactants
must be given either all in relative weights or all in number of moles. This
number must never be zero.
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TABLE IV, - LIST OF REACTANTS CARDS FOR SOME OXIDANTS AND FUELS

Chemical Chemical formula (card columns 1 to 45) | Percent | Assigned| (a) | Temper-| (b) [ Density,
(cc 46-52)| enthalpy, ature, g/cm3
cal/mole K (cc 73-80)
(cc 54-62) (cc 64-71)

Acetonitrile C 2. H 3. N 1. 100. 12800. L | 298.15 | F . 7857
Acetylene C 2. H 2. 100. 492170. L 192. 60 F .610
Air® N 1.561760 .41959 AR. 00093240 . 000300| 100. -28.2 G| 298.15 | O

Aluminum AL1, 100. 0. S 298. 15 F 2.702
Ammonia(g) N 1. H 3. 100. -10970 (G | 298.15 | F
Ammonia(l) N 1. H 3. 100. -17090 | L | 239.72 | F .676
Ammonium perchlorate| N 1. H 4. CL1. 0 4. . 100. -70690 | S 298. 15 F 1.95
Aniline C 6. HT. N 1. 100. 7100. L | 298.15 | F 1.02173
Argon ARI1, 100. 0.0 G| 298.15 F

Benzene C 6. H 6. 100. 11718. | L | 298.15 | F | .8737
Beryllium BE1. 100. 0.0 S 298.15 | F 1.85
Butane C 4. H 10. 100. -36080. | L. | 272.65 | F | .6012
" 1-butene C 4. H 8. 100. -5800 L | 266.9 F | .6263
Chlorine(g) CL2. 100. 0. G| 298.15 | O
Chlorine(Z) CL2. 100. -5391, L | 239.09 | O| 1.56
Chlorine trifluoride(g) | CL1. F 3. 100. -39000. | G| 298.15 | O

Chlorine trifluoride(Z) { CL1. F 3. 100. -45680. | L | 284.55 | O 1.8517
Cyanogen(g) C 2. N 2. 100. 73840. | G| 298.15 F
Cyanogen(l) C 2. N 2. 100. 67655. L | 252.01 | F| .9537
Diborane B 2. H 6. 100. 4970. L 180.59 | F | .4371
Ethane C 2. H 6. 100. -25008. | L 184.52 | F . 5464
Ethyl alcohot C 2. H 6. o1 100. -66370. { L | 298.15 | F | .17893
Ethylene C 2. H4 100. 8100. L 169.44 | F .5688
Ethylene oxide C 2. H 4. O 1. 100. -18840. | L | 283.72 | F | .8824
Ethylene polymerd C1. H 2. 100. -6100. S 2908.15 | F | .935
Fluorine(g) F 2, 100. 0. G| 298.15 | O
Fluorine(Z) F 2. 100. -3098. L | 85.02 O| 1.505
Graphite C 1. 100. 0. ] 298.15 | F| 2.25
Helium HE1. 100. 0. G| 298.15 | F

Heptane C1. H 16. 100. -53630.{ L | 298.15 | F| .67951
Hydrazine N 2. H 4. 100. 12100. L 298. 15 F 1. 0036
8phase: §, solid; L, liquid; G, gas.

bFuel, F; oxidant, O.

CBased on the following molar percents: N2 = 78,0881, O2 = 20.9495, Ar = 0.9324, C02 = 0.0300.

dEstimate based on paraffin hydrocarbon series.
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TABLE IV. - Concluded. LIST OF REACTANTS CARDS FOR SOME OXIDANTS AND FUELS

hY

Chemical Chemical formula (card columns 1to 45)| Percent | Assigned |(a)| Temper- (b} | Density,
(cc 46-52) | enthalpy, ature, g/cm
cal/mole K (cc 73-80)
(cc 54-62) (cc 64-71)
Hydrogen(g) H 2. 100. 0. G 298.15 | F
Hydrogen(l) H 2. 100. -2154. L 20.27 F| .0709
Hydrogen peroxide H 2. O 2. 100. -44880. | L 298.15 [ O} 1.407
IRFNAS H 1.57216N 1.629450 4.69505F .02499 100. -64860. | L 208.15 | O| 1.48
JP-5, AS'I‘MAIf C1 H 1.9185 100. -5300. L 298.15 | F| .807
JP-4, RP-18 C 1. H 1.9423 100. -5430. L 298.15 | F | .773
Lithium(Z) LI1. 100. 1714.1 L 453.69 | F| .512
Lithium(s) LIt 100. 0. s 2908.15 | F| .534
Lithium perchlorate LI1, CL1. 0O 4. 100. -90880. | S 298.15 | O| 2.43
Methane(g) C 1. H 4. 100. -17895. | G 2908.15 | F
Methane (2) C 1 H 4. 100. -21390. { L 111.66 | F| .4239
Methyl alcohol C 1. H4. 01, 100. -57040. | L 298.15 | F| .78659
Monomethyl hydrazine C 1. H 6. N 2, 100. 12900. L 208.15 | F| .874
Nitric acid H 1. N 1. 03. 100. -41460. L 298.15 | O| 1.5027
Nitrogen(g) N 2. 100. 0.0 G 208.15 | F
Nitrogen(l) N 2. 100. -2939. L 77.35 F| .808
Nitrogen tetroxide N 2. 0 4. 100. -4680. L 298.15 | Of 1.431
Nitrogen trifluoride N1 F 3. 100. -34100. | L 144.14 | O| 1.531
Nitromethane C 1. H 3. N 1. 0 2. 100. -27030. | L 298.15 | F| 1.1371
Octane C 8. H 18. . 100. -59740. | L 298.15 | F| .69849
Oxygen(g) O 2. 100. 0.0 G 298.15 | O
Oxygen(l) 02. 100. -3102. L{ 90.18 | O] 1.149
Oxygen difluoride 01 F 2. 100. 1869. L 127.88 | O] 1.521
Ozone(g) 0 3. 100. 34100. G 298.15 | O
Ozone(l) - |os. 100. 30310. | L{ 162.64 | Of 1.449
Pentaborane B 5. H9. 100. 7740. L 298.15 | F| .6183
Perchloryl fluoride CL1. 0O 3. F 1 100. -11350. | L 226.48 | O} 1.392
Propane C 3. H'8. 100. -30372. | L 231.08 | F| .5808
n-propyl nitrate C 3. H1. N 1, 03. 100. -51270. | L 298.15 | F| 1.0538
Toluene C1. H 8. 100. 2867. L 298.15 | F| .86230
Unsymmetrical dimethylhydrazine{ C 2. H 8. N 2. 100. 11900, | L 298.15 | F| .783

%phase: S, solid; L, liquid; G, gas.

bFuel, F; oxidant, O. .

©Inhibited red fuming nitric acid based on following weight percents: HN03(Z)= 83.5, N204(l).= 14, H20(l)= 2, HF(g) = 0.5.
nypical jet fuel having following properties: H/C weight ratio = 0. 161, heat of combustion = 18 600 Btu/1b.

gTypical jet fuel having following properties: H/C weight ratio = 0. 163, heat of combustion = 18 640 Btu/1b.
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TABLE V. - VARIABLES IN INPT2 NAMELIST

Variable | Dimen- [ Type| Common label | Value Definition and comments
sion before
read
KASE 1 INDX 0 Optional assigned number associated with case
P 28 R POINTS 0 Assigned pressures: chamber pressures for

rocket problems; values in atm unless PSIA,
NSQM, or MMHG = T (see below)

NSQM 1 | L | oo FALSE | Valuesin P array in N/m2P

PSIA 1 L | c-ememeeae FALSE | Values in P array in psia units

MMHG 1 L | —cemmeeees FALSE | Values in P array in mm Hg unitsb

v 26 | R | POINTS 0 Volume, cm3/

RHO 26 R | POINTS*(P) 0 Density, g/cm

T 26 R POINTS 0 Assigned temperature, K

MIX 15 R MISCa‘(OXF) 0 Values of equivalence ratios if ERATIO = T;
oxidant -to-fuel weight ratio if OF = T; per-
cent fuel by weight if FPCT = T; and fuel -to-
air weight ratio if FA =T

ERATIO 1 L MISC FALSE | Equivalence ratios given in MIXb

OF 1 L MISC FALSE | Oxidant-to-fuel weight ratios given in MIXb

FPCT 1 L MISC FALSE | Percent fuel by weight given in MIx?

FA 1 L | e FALSE | Fuel-to-air weight ratios given in Mle

TRACE 1 R MISC 0 Option to print mole fractions = TRACE in

(5.E-9 for| special E-format
SHOCK
problem)
IONS 1 L INDX FALSE | Consider ionic speciesb
IDEBUG 1 I INDX 0 Print intermediate output for all points
k indexed = integer value

TP 1 L INDX FALSE | Assigned temperature and pressure problemb

HP 1 L INDX FALSE | Assigned enthalpy and pressure problemb

SP 1 L INDX FALSE | Assigned entropy (S0) and pressure problemb

S0 1 R MISC 0 Assigned entropy, cal/(g)(K)

TV 1 L INDX FALSE | Assigned temperature and volume (or density)
problemb

uv 1 L INDX FALSE | Assigned internal energy and volume (or
density) problemb

sV 1 L INDX FALSE | Assigned entropy (S0) and volume (or density)
problem

RKT 1 L | oo FALSE | Roeket problem?

DETN 1 L | cmemcceee- FALSE | Detonation problem

SHOCK 1 L | mpx FALSE | Shock problem?

TRNSPT 1 L CONTRL TRUE Transport properties included with the cal-
culations

PUNCH 1 L CONTRL FALSE | Punched cards of calculations included with

: outputb

NODATA 1 L CONTRL FALSE | Message concerning missing transport data
not printedb

FROZN 1 L CONTRL FALSE | Frozen transport properties calculated for

the current pointb

z”'Equivalenced to variable given in parentheses.
Prf variable is set to be TRUE.
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TABLE VI. - VARIABLES IN RKTINP NAMELIST?

Variable |Dimen- | Type | Common | Value Definition and comments

sion label |before
read
EQL 1 L PERF | TRUE |Calculate rocket performance

assuming equilibrium com-
position during expansion
FROZ 1 L PERF | TRUE |Calculate rocket performance
assuming frozen composi-
tion during expansionb

NFZ 1 1 PERF 1 Freezing point; must be =13
PCP 26 R PERF 0 Ratio of chamber pressure to
exit pressure; list should
not include values for the
chamber and throat; stor-
age allows for 22 values
SUBAR 13 R PERF 0 Subsonic area ratios

SUPAR 13 R PERF 0 Supersonic area ratios

a‘Required for rocket problems only.
bSet variable to be FALSE if these calculations are not desired.

TABLE VII. - VARIABLES IN SHKINP NAMELIST?

Variable |Dimen-|Type| Value Definition and comments
sion before
read
INCDEQ 1 L |TRUE |[Calculate incident shock parameters assuming
equilibrium composi’cionsb
INCDFZ 1 L | TRUE |Calculate incident shock parameters assuming

frozen compositions

REFLEQ 1 I, | FALSE |Calculate reflected shock parameters assum-
ing equilibrium compositionc

REFLFZ 1 L | FALSE |Calculate reflected shock parameters assum-
ing composition frozen at incident composi-

tion®
U1l 13 R 0 Shock velocity in m/sec (not required if values
of Mach1 are listed)

MACH1 13 R 0 Ratio of shock velocity to the velocity of sound
: in the unshocked gas (not required if values
of U1l are listed)

aRequired for shock problems only.
bSet variable to be FALSE if these calculations are not desired.
C1f variable is set to be TRUE.
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TABLE VIII. - SOURCES OF TRANSPORT DATA

Interaction Temperature range of data included |Method || Interaction |Temperature range of data included [Method || Interaction | Temperature range of data included | Method
with program, @) with program, (a) with program, (a)
K K K
Ar-Ar 200 to 5000 21 CO,-5F¢ 200 to 5000 12 K-K 1000 to 10 000 18
Ar-CO 200 to 8000 9 CSZ-CS2 1 Kr-Kr 200 to 5000 10
Ar-CO2 200 to 8000 11 CZHZ 'CZHZ 1 Kr-Xe 200 to 5000 14
Ar-H, 200 to 5000 12 CoH,-CoH, Li-Li 1500 to 10 000 18
Ar-He 200 to 5000 15 02H6'C2H6 N-N 1000 to 10 000 4
Ar-Kr 200 to 5000 14 CyNy-CoN, N-NO 1000 to 8000 11
Ar-N 1000 to 8000 11 CgHg-CgHg N-N, 1000 to 10 000 4
Ar-NO 200 to 8000 CIZ-CI2 N-O 1000 to 10 000 4
Ar-N2 200 to 8000 Cs-Cs 1000 to 10 000 18 NDs-NDs 200 to 5000 2
Ar-O 1000 to 8000 DC1-DC1 200 to 5000 3 NH3 -NH3 2
Ar-O2 200 to 8000 DF -DF 200 to 5000 2 NO-NO 1
Ar-SF6 200 to 5000 12 D20-D20 300 to 5000 2 NO-NO2 8
Ar-Xe 15 F2-F2 200 to 5000 1 NO-O 1000 to 10 000 4
BC13-BC13 1 H-H 1000 to 10 000 5 NO-N204 200 to 2000 8
BFS'BFS 1 H-H2 1000 to 10 000 5 NOz-NO2 200 to 5000 l
BrZ—BrZ- 1 H-He 2000 to 10 000 19 N02-02 200 to 5000
c-0o 1000 to 10 000 22 H-Li 1000 to 10 000 6 NO,-N,0, 200 to 2000
CCl4 -CCI4 200 to 5000 1 H-O 1000 to 10 000 6 NZ'N2 200 to 10 000 4
CF4-CF4 1 HBr-HBr 200 to 5000 2 NZ'O 1000 to 10 000 4
CHCla—CHC13 3 HCN-HCN 2 N2-O2 200 to 10 000 4
CH4C1-CH,Cl 3 HC1-HC1 3 N,-8F¢ 200 to 5000 12
CH4OH-CHZOH 3 HF-HF 2 N,0-N,0 200 to 5000 1
CH4 -CH4 1 HI-HI 1 N204 -NZO4 200 to 2000 8
CHy-O, 17 Hy-Hgy 200 to 10 000 5 N,0,4-0, 200 to 2000 8
CO-CO 200 to 10 000 9 Hy-HyO 300 to 5000 7 Na-Na 1000 to 10 000 18
CO-CO2 200 to 8000 Hz-He 2000 to 10 000 20 Ne-Ne 200 to 5000 10
CO-H2 200 to 5000 H2-N2 200 to 5000 13 0-0 1000 to 10 000 4
CO-He 200 to 5000 H,-OH 500 to 5000 7 0-0, 1000 to 10 000 4
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CO-N 1000 to 10 000 1-!2-02 200 to 5000 OH-OH 500 to 5000 ki
CO-N, 200 to 10 000 H,y-SF 200 to 5000 12 OH-O, 500 to 5000 7
Cc0-0 1000 to 10 000 H,0-H,0 300 to 5000 0,5-0, 200 to 10 000 4
CO-O2 200 to 10 000 11120-02 300 to 5000 Rb-Rb 1000 to 10 000 18
CO—SFG 200 to 5000 12 H2S-H2S 200 to 5000 SFG-SFG 200 to 5000 1
COS-COs 200 to 5000 1 He-He 10 SOz-SO2 2
002-002 200 to 8000 11 He-Kr 14 SiF4 -SiF4 1
C02-H2 200 to 5000 13 He-N, 16 SiH4-SiH4 1
C0,-NO 200 to 8000 11 He-SFg 12 UFS-UF6 1
COz-N2 200 to 8000 He-Xe 15 Xe-Xe 10
COZ-O 1000 to 8000 IZ'IZ
C0,-0 200 to 8000
272 3
2Methods used to obtain transport data:
1. Lennard-Jones (12-6) potential. Parameters were 8. Lennard-Jones (12-6) potential. Parameters were 13, Lennard-Jones (12-6) potential, Parameters were
taken from reference 33. obtained from reference 38. taken from reference 41.
2. Stockmayer (12-6-3) potential. Parameters were 9. Cross-section data for interactions of the type 14, Lennard-Jones (12-6) potential. Parameters were
obtained from reference 29. Equations for res- CO-X were assumed to be the same as those for taken from reference 42.
onant correction were obtained from reference 20. interactions of the type Ny-X. 15. Lennard-Jones (12-6) potential, Parameters were
3. Same ag previous method, except that parameters 10. Data were obtained directly from the available taken from reference 43.
were obtained from reference 34. transport property mea?uements. The cross 16. Exponential-6 potential. Parameters were taken
4. Reference 35. Data were extended to lower tem- sections were selectfad m .order to adequately from reference 28. Experimental diffusion data
peratures in some cases by using the potential reproc?uce both the V.ISCOSlty and thermal con- (ref. 44) and molecular beam scattering meas-
energy parameters of reference 35. ductivity data. At higher temperatures the urements (ref. 45) were used.
cross-section data were smoothed into the re- . .
5. Reference 36. Data were extended to IOszr tem- sults obtained from molecular beam scattering 17. Exponential-6 potential. Parameters were taken
peratures for H2 ’HZ by using the potential energy measurements (ref. 39) from reference 46.
parameters of reference 36.
11. Reference 40. Data were extended to lower tem- 18. Reference 47.
6. Reference 37. peratures in some cases by using the potential 19. Reference 48. P
7. Reference 25. Data were extended to lower tem- energy parameters of reference 40. 20. Reference 49.
peratures in some cases by using the potential : .
energy parameters of reference 25 12. Exponential-6 potential. Parameters were taken 21. Reference 50. Method 10 was used at higher tem-
from reference 28. peratures.
22. Reference 51.




TABLE IX. - ROTATIONAL COLLISION NUMBERS

Molecule Zr ota Sourceb

Ar | mmemmmeee Atom with no rotational energy modes

BCl3 1 Obtained by fitting thermal conductivity data
BF3 1

Br2 2

CCl 4 1

CF4 1 b

CHCl3 908 to 26 581} Reference 29

CH,Cl | 20t0406 |Reference 20”

CH3OH 19 to 401 Reference 29b

CH 4 8 Obtained by fitting thermal conductivity data
Cco 2

CcOs HE

CO2 3

CS2 HE

C2H2 1

C2H 4 3

CoHg HE Y

CyNgy 2 Equation (44) using Zrot(Nz) as a reference
C6H6 HE Obtained by fitting thermal conductivity data
Cs W | --eemcemeee Atom with no rotational energy modes

C12 1 Obtained by fitting thermal conductivity data
DC1 46to 1084 | Reference 29°

DF 4.3t0 22 | Reference 29°

D20 13 to 37 Reference 29b

FZ 3 Obtained by fitting thermal conductivity data
H | e Atom with no rotational energy modes

HBr 485 to 6099 | Reference 29°

HCN 2.8to 10.5

HCl 61to 1349 l

HF 5.7 to 27

HI HE Equation (44) using Z_,(I,) as a reference

3HE refers to Hirschfelder -Eucken approximation.
bCalculations of theoretical collision numbers were extended to cover
the temperature range shown in table VIII.
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TABLE IX. - Concluded. ROTATIONAL COLLISION NUMBERS

Molecule Z, ota Sour ceb

H2 12 Obtained by fli)tting thermal conductivity data
H20 15 to 4Q Reference 29b

HZS 168 to 3393 | Reference 29

He W | -cceeeaean Atom with no rotational energy modes

12 1 Obtained by fitting thermal conductivity data
) S — Atom with no rotational energy modes

Kr | coememeeen

i 1

| S

ND, 12 to 193 Rduamem:

NH3 16 to 235 | Reference 29

NO 2 Obtained by fitting thermal conductivity data
NO2 3

N2 8

N20 3

N204 1 Equation (44) using Zrot(NOZ) as a reference
Na W | -c-ceee- Atom with no rotational energy modes

Ne W [-ececeeeeo Atom with no rotational energy modes

[0 R Atom with no rotational energy modes

OH 8 Estimated

0, 8 Obtained by fitting thermal conductivity data
Rb e Atom with no rotational energy modes

SF 6 1 Obtained by fitting thermal conductivity data
S0, 28t0 657 |Reference 29°

SiF 4 1 Obtained by fitting thermal conductivity data
SiH, 9 Equation (44) using Zrot(CH4) as a reference
UF6 2 Equation (44) using Zrot(SFG) as a reference
Xe | eceee--- Atom with no rotational energy modes

3HE refers to Hirschfelder -Eucken approximation,
bCalculations of theoretical collision numbers were extended to
cover the temperature range shown in table VIII.
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T
LllNK {main program) (7825)
LINK

INK'0 GfUSS (386)

FMTI;‘IN(1068) : TEANSP(IS 183)
Rf:iACT (606) LINK 2 INPUT (1029)
SEARCH (644) OUT (1239)
HCALC (433) L(_S:BNGE (285)
SAVE (411)

EQLBRM (1964)

CII’HS (167)

MATRIX (741)

LINK 1 T 0l|JT1(1118)

VARFMT (86)

EFlMT (186)

THERMP {1375)

ROCKET (1093)

RII(TOUT (563)

FF%OZEN (254)

SliiCK (1658)

L DETON (1131

Figure 1. - Overlay structure of TRAN72 computer program for IBM 7094,

Preceding page blank ﬁ
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Initialize
M=0
MAXNP = 0
NEWR = ,F.

1

Subroutine MAIN
{control for reading and processing

RETURN 1 input. Calls appropriate subroutine
(ROCKET, DETON, SHCK, or THERMP)
for thermodynamic calculations for
first 13 points)
Yes
ves gLy DM FROZN-=.T.
Yes
Subroutine
TRANSP
(control for FROZN=.F.
transport
calculations)
y\
N
SHOCK? D>—
Yes| ENTRY Yes[ENTRY ENTRY
5 THERM1
Subroutine Subroutine Subroutine Subroutine
ROCKET DETON SHCK THERMP
(rocket cal~- (detonation {shock (thermodynamic
culations for calculations caiculations calculations for
0 to 13 points) for 0 to 13 points for 0 to 13 points) 0 to 13 points)
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) O

A0 RA

1R

i | | G ¢ N N 1 S { OO | B+

691

Initialize:
NEWR=. F.

RR-8314.3

203

Read and
write code
card

THERMO ™\ Yes
?

No

REACTANTS Y ES

?
No
omiT Yes
?
No
INSERT N\Yes
?
No

NAMELISTSS Yes
?

No

Write: ERROR IN
ABOVE CARD.
IGNORE
CONTENTS

Write
card
contents
on tape
4

97
Read card

90
Read card
with T
intervals

11
Subroutine
REACT
{Read and process
reactant cards)

205

Store species

Is
END in
card columns
1t03
?

No

Read remaining
three cards
for species

Write
data on
tape 4

Yes

3

| names in
OMIT array
180

Store species
names in

ENSERT array
NSERT=number]
Jof species

210
Clear namelist

INPT2 variables

Read and
write
namelist
INPT2

TR

contents

Read and write

reactant in
DETN or SHOCK
problem?

Write
card

on fape
4

ANSPORT
data on

&ZONDENSED REACTANTS
NOT PERMITTED IN

DEIN

PROBLEMS

Write:

OR SHOCK

304

Pli)=pressure in
atmospheres
i=1,...NP

VOL=, T.

VL(ik PlikV(il= LIRHO()
(volume in cm?/g)
i=1,...NP

TP=TV, HP=UV, SP=SV

322 1

T(ikTemperature in K, i=1,...NT
OXF(i=MIX(i}=0/F values, i=1,...NOF
If (IONS}add E to elements

748

Have Subroutine

REACTANTS SEARCH
cards been read (pull THERMO data
(NEWR=.T.) from tape 4)

? (NEWR=.F.)

No

Set initial estimates:
ENN-=. 1, ENNL=-2. 3025851
EN(J, 1=, 1ino, of gases)
TUSEWU)=0 for gases

800

{ RETURN )

Subroutine
THERMP
(control for TP, HP,
SP,TV,...
problems)

Subroutine
DETON
(control for DETN
problems)

Subroutine
ROCKET
{control for RKT
problem)

Subroutine
SHCK
(control for SHOCK
problem)

TUSE()> 0 for species on
INSERT cards

TUSE())<0 for other con-
densed phases)

J=1,.. NS (number of species}

Figure 3. - Subroutine MAIN.




Enter
‘from LINK
13
Read 1D card 2
of TABLE

from logical

ID card identifies the
interaction for the transport
(or relaxation) data which
follow immediately.

TABLE refers to the table of
transport {or relaxation) data

which were identified by the
1 No 1D card.
Search EN(J,N)
for an
EN> TESTEN
No

Finished

all NS species

and NPT points
?

Read TABLE
from logical
tape 3

Species the same
as first species
on ID card

Second specie
on ID card
have EN> TESTEN
at the same
point?,

No

10
Store Read TABLE
information from logical
on card
tape 3 - :
19

Store Do TABLE Write:

TABLE of of data exceed TABLES OF TRANSPORT
data allowed AND RELAXATION DATA

storage?, ARE FILLED

Figure 4, -
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Write

37 error
message
Finished
Subroutine all NPT
GAUSS Does points
IMAT-NM solution
(sotution of Ch:d(
equations) y
Yes
34 Subroutine OUT
T Calculate v (r;l,l,tms
Calculate Nmixture transport output)
matrix Xz
elements for g;x' ! 105
Nmixture : 39
Calculate
% C;‘;::ite remaining
answers
Calcutate elements for M, Pr, Le, ...}
n;j for all Mrans
interdctions I
5.

N Slg);%ust;ne CaIClcate Mreaction™
Calculate IMAT-NM R D, (AH{RTIX:
Cy/R and {solution of SR
HIRT for equations)
individual

species

Calcuiate Mpane
n

Subroutine 4 El XXi
INPUT !
(sets up 4
transport input),

Calculate
Mnternal

solution
check
?

Set current
temperature
and pressure
TT=TTT(N}
PP=PPP(N}

Subroutine
GAUSS
IMAT=NR
(soiution for
equations)

Subroutine

out 5
—_— (controls Calculate matrix
transport elements for 101
output) cp’ reaction cCalculate .
and Areaction \;)) reaction |
R ), (AKyRDX;
i=1
Subroutine
_GAUSS
IMAT=NR
(solution for
equations)

Subroutine TRANSP.

17

NN YWY YW ULEHHEYYHRHTEHRLLE
AN



Enter from
TRANSP

Is
composition
frozen?

Yes

Search SUB
for elements
in system

missing in
A array?,

Finished
search

?

Pick out major gaseous species:
(1) First NLM are the elements
{2) Maximum of 20 species

(3) Omit liquids and solids

8

Convert
composition
EN to mole

fractions

Calculate
molecular
weights

92

Initialize
relaxation

and transport
datato 0.0

9

Add missing
element to
A array
Put answers Set (j, ilterms
in ﬁ‘i S{ equal to
A®, B* (i, j) terms

Put answers
N Zpgt,

Zyiw Cyipr

Subroutine
LGRNGE

(interpolation

routine)

No

pecies

Search relaxation
and transport
data in core,
interaction by
interaction

Figure 5, - Subroutine INPUT.

N

N

( RETURN >

96

Set up chemicai equations
from A array. Then rewrite
equations to eliminate each
species with x;<1077
(see fig. 6}

Set (], i} terms
equal to
(i, j) terms

26

Estimate
data from
combining

rules

Estimate
missing
data

36

I‘(""

Data
missing
for

Write message-
it x> 5x10°%
or'NODATA=.T.

28
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Enter
from fig. 5

LL=NLM+1
NR=NM-NLM

Yes NR=0

No

Initiatize
STC(K, L}=0.0
K=1,17 Solve reaction for the
. L=1,20 trace species. Substitute
Set up initial set of 30 into all succeeding reactions
equations as the which include the trace
species, thereby eliminating

chemical reactions K=1
of formation -———E-’f__l] the trace species from all

reactions.
Set up initial STC array )
from A array STCFIL, K)= STCUJ, K
STCIK, I=-1.0 K=1 NM
; ?JS?I() LF?(t'LJl)\lM 8 Start search for
g “LL next trace species
L=1, NLM et 8;) I=NN1 p
K=K+1 for each I=I+1 , K" NR=L-
62 (STC(J, K)COEFF) - STCOEF(K)
! K=1 NM g | -
Search for NI=1 STC(J,I p;mm, i)
trace species N=1 =L
pe T ‘ COEFF=STC(, T) JFLNR
98 8l
I=1+1 No 7
NN=1 Q?( 10
Trace
Yes species
97 found
, STCOEF(K-
L=1 STCUJ, K)/COEFF
1 K=1, NM
80 \N- 95
= 0
ST(f(é’,D n COEFF=STCJ, T

19 Set COEFF equal
Locate first reaction to stoichiometric
ate f STCF(L, KI=STCU, K) N 7SN . coefficient of
:vrt;::zhs;g::ges K=1,NM L=L+]1 5 J=1+l trace species
' , Yes

Figure 6. - Rewrite equations to eliminate trace species section in subroutine INPUT.
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LM=LM+1
Write TRANSP
Write output
output (N"D)
D) Write output ENTLPY-H0R
Write output for all | 104 for the frst ENTRPY=SOR
points which are me page 0
not the first point ¢ FPC=100/1 + OF)
on the page
Initialize Initialize
Lm=1 or reset
LLL=6 indexes
MAXNP=0
Set up data for printout l 134
TTT=STORE (LM, 1} + 0.5
Ti=STORE (LM, I)
d Set temperature
1 MAXNP> G, ANS(K)= SO, K+ 1 to Integer
continue writing , 15 ITT=1T7+0.5
results of output
saved in store

if problem has more than
52 points, write output

e SE /M Yes
?

No

For problems of more than

13 points - save the transport
Start_ ﬂtrst calculations if the current
I?Iz\'-nl point is not in the fast set

MAXNP=0 FIRSTPPP

FIRSTV=VLM(1}

4/

P d Store transport calculations]
lﬁ?%ﬁ:ﬁft : STORE(MAXNP+1, 1)=TT
STORE(MAXNP+1,
' JE1-ANSU)
J=1, 15

i l

{ RETURN

MAXNP=
MAXNP+1

Figure 7. - Subroutine OUT.
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