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A HYBRID COMPUTER PROGRAM FOR RAPIDLY SOLVING FLOWING
OR STATIC CHEMICAL KINETIC PROBLEMS
INVOLVING MANY CHEMICAL SPECIES

Allen G. McLain and C. S. R. Rao*
Langley Research Center

SUMMARY

A hybrid chemical kinetic computer program has been assembled which provides a
rapid solution to problems involving flowing or static, chemically reacting, gas mixtures.
The computer program makes use of subroutines from the program of NASA TN D-6586
for problem setup, initialization, and preliminary calculations, ~However, the method of
solution of the resulting ordinary differential equations is that presented by C. W. Gear.
The Gear numerical solution technique uses a highly efficient strategy in altering step
size and ordef in combination with an extensive history array to achieve a stable, rapid
solution to a problem involving a number of stiff simultaneous differential equations.
Therefore, the chief advantage of using the hybrid program of this paper instead of the
program of NASA TN D-6586 is realized when the reacting system contains more than
15 different chemical species, although the use of the program for a smaller number of
reacting species does not penalize the user with respect to computational time.

A number of the check cases presented in NASA TN D-6586 were recomputed with
the hybrid program and the results were almost identical to the results published in NASA
TN D-6586. The saving in computational time is demonstrated with a propane-oxygen-
argon shock tube combustion problem which involves 31 chemical species and 64 reactions.
This case yielded comparable results between the hybrid program and the program of
NASA TN D-6586; however, the computational time for the program of this paper was
almost an order of magnitude lower than that for the program of NASA TN D-6586.

INTRODUCTION

Recent interest in problems associated with energy conservation and pollution abate-
ment has led to increased use of computer codes to study kinetically controlled chemical
reactions in the combustion processes of static and flowing hydrocarbon fuel. In energy-
associated research, if a set of realistic kinetic steps is given, simulation of combustion
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processes could be studied by a variation of input parameters to find the conditions that
would provide optimum extraction of energy from a fuel. In pollution research, the con-
ditions where pollutant levels would be reduced could be studied with some insurance that
the predicted changes would actually result. Sets of kinetic steps, or reaction mecha-
nisms, which adequately describe the chemical processes appear to grow longer as the
fuels increase in molecular weight., At present, only the reaction mechanism for the
oxidation of the smallest hydrocarbon, methane, is understood sufficiently to allow a reli-
able prediction of product distribution during combustion. A recently published reaction
mechanism for methane (ref. 1) contains over 20 reactions and approximately 15 species.
Higher molecular weight hydrocarbons, such as propane and eventually heptanes, octanes,
and other constituents of present fuels, will require many more species and reactions to
describe their combustion behavior. Each additional species adds to the computational
difficulties associated with solving the differential equations in the mathematical model
of the reacting system.

The differential equations become ''stiff"" because so many of their terms change
very rapidly at the same time other terms are ﬁardly changing at all. This stiffness is a
local situation and may occur in some regions of the independent variable but not in other
regions., The stiffness causes many finite-difference solution procedures to fail unless
the increment of the independent variable is reduced significantly in size. The reduced
step size, although needed only in certain regions of the independent variable, increases
the computational time for a solution over the entire range of the independent variable.
Therefore, most computer programs using finite-difference techniques automatically vary
increment size in regions where the equations become stiff. The chemical kinetic com-
puter program of reference 2 uses such a strategy for varying increment size to achieve
a more efficient use of computer time. However, as the number of equations increase,
the strategy and numerical technique used by the program of reference 2 become less
efficient and the computational time increases dramatically. For these reasons, a solu-
tion technique which was derived specifically for stiff systems of equations was sought.

A hybrid chemical kinetic computer program has been assembled which provides a
rapid solution to problems associated with flowing or static, chemically reacting, gas
mixtures. The program is designated as hybrid because it combines the desirable por-
tions of two existing and well-documented computer programs. The program uses sub-
routines from the computer program of reference 2 for problem setup, initialization,
and preliminary calculations with the solution technique presented in references 3 and 4.
The listing of the resulting computer program is presented in this report. Several of the
check cases presented in reference 2 have been computed with the program of this report
and the computed results and computational times are compared. To illustrate the savings
in computational time for a calculation involving a large number of chemical species, the
computed results for the stoichiometric combustion of a propane, oxygen, and argon
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mixture in a shock tube obtained by using the hybrid program and the program of refer-
ence 2 are compared. Information is presented to enable possible users to calculate a
specific problem.

SYMBOLS

A area, m?
A species production function described in equation (5), sec~1
® enthalpy production function described in equation (6), sec~1
Cp specific heat at constant pressure -
hy enthalpy of species i
M Mach number Vz—MVZ

’ YRT
My, molecular weight
P pressure of gas mixture, atm
R universal gas constant
T temperature, K
t time
to initial time
A% velocity
Wy net species production rate, moles/vol-sec

y general dependent variable

Yo initial value of dependent variable




v% specific heat ratio, R
Cp - =2
p M,,
p density
g, concentration, moles of species i per unit mass of mixture

DIFFERENTIAL EQUATIONS FOR CHEMICALLY REACTING,
FLOWING OR STATIC SYSTEM

The computer program of this paper, as indicated, is a hybrid combination of two
existing and well-documented computer programs. This hybrid program uses the sub-
routines of reference 2 for setting up the system of differential equations for a specific
flowing or static, chemically reacting problem. The system of differential equations is
then solved by using subroutines from reference 3 based on the methods developed in
reference 4.

The system of equations may be derived with respect to either time or distance and
may have either assigned area or pressure profiles, For example, the differential equa-
tions which must be solved with respect to time for a one-dimensional steady-state flow
through an arbituary assigned area profile would be

do; w;
_tl=p_1 i=12,...N) (1)
v _ _ V <1dA >
v__V (lda_, (2)
dt 2 \A A
. M2 (l%_un().hg (3)
dt M2 - 1\A dt
J
dT _ _p|(y- DM?(1 dA
i) p e v o i R (4)
M4 - 1 ‘ .
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N
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This relationship represents a system of N + 3 equations with N + 3 unknowns (where
N is the number of species in the system). Problems with distance as the independent
variable would yield a similar system of N + 3 equations. If the assigned variable were
pressure, N + 3 equations with respect to time or distance would also be possible.
Reference 2 offers a complete derivation of the different systems of equations,

SOLUTION OF DIFFERENTIAL EQUATIONS

The system of equations deiived for the particular problem described in the pre-~
vious section forms a nonlinear, coupled set of differential equations which can be repre-
sented in the following form:*

dyi

'at—= fi(t’ yi’ RS yN) (i = 1, 2, o v oy N) ) (7)

The equations in this form can be solved by using a numerical solution technique. The
subroutine package from reference 3 provides the user with two basically different
methods for the solution of such a system of equations. The two basic methods are (1) the
Adams implicit methods and (2) the stiffly stable, linear multistep methods of Gear. I

the system of equations is not considered to be excessively stiff, the Adams methods may
be used to solve the problem efficiently. However, if the problem is judged to be stiff (a
condition which may be aggravated by considering a large number of additional equations
inherent with the consideration of additional chemical species), the Gear methods should

be used. With these methods, the incremental step size is restricted to small values,
because of accuracy requirements, only where the solution is active. In this region
accuracy is achieved by varying both step size and order of the method of solution. The
step sizes in regions of stiffness are unrestricted because of small time constants until
the terms become active again. This condition requires that the method be implicit and

a system of generally nonlinear equations be solved at each step. For a detailed discussion
of the mathematical derivation of this solution technique, reference 4 should be obtained.
Reference 3 provides additional information about the method of Gear and is linked directly
to the developed subroutine package.

Since the subroutines presented in reference 3 are user-oriented, a reiteration of
the mathematical development is not believed to be justified. If equations (1) to (4) are
given in the general form of equation (7) with an initial value of the vector y(to) =Yy, and

*(Here. i refers to a particular dependent variable y, and N is the total number
of equations in which the variable y changes with the independent variable t. Specifi-
cally, Yo Voo and yq are V, p,and T, respectively, and Vg to yy are the total
number of chemical species.)




a subroutine for the calculation of f; values, the subroutine package of reference 3
computes a numerical solution at values of the independent variable t in intervals
desired by the user.

Although the package of sﬁbroutines of reference 3 was obtained primarily for the
stiffly stable methods of Gear, both the Adams methods and the Gear methods are func-
tional in this program. Comparative calculations which will be performed later in this
paper utilize the method of Gear with the internal approximation of the Jacobian by finite
differences. The user accessibility to all the methods available with this program is
presented in appendix A.

PROGRAM DESCRIPTION

The computer program described in reference 2 has been altered to allow the
solution of the differential equations by the methods described in reference 4. The pro-
gram organization is still very similar to that presented in reference 2. Table I lists the
subroutines of the program of reference 2 and describes the type‘of changes, if any, which
were affected. ‘

An overall schematic diagram of the computer program is shown in figure 1 with
the Gear package of reference 3 enclosed by the dashed line. The direction of the arrows
indicates calls from one routine to another with normal returns from the called routine
after completion of its task. The three subroutines numbered (1) GPAK, (2) KINP, and
(3) DRIVES indicate the general order followed during the solution of any of the problems
which the program can handle. The program starts in subroutine GPAK and calls KINP
for reading the input data (reactions, inert species, third body reactants, and namelists),
storing thermodynamic data, initializing variables, and performing initial calculations.
The equilibrium property calculations are also obtained in the subroutine. This can be
seen by observing the subroutines at the left of figure 1. The return to GPAK is followed
by printout of preliminary data. Subroutine DRIVES (ref. 3) is then called and control is
maintained by DRIVES until the desired interval of the independent variable is achieved.

The flow diagrams for the main program GPAK and the control subroutine DRIVES
are presented in figures 2 and 3, respectively. The flow diagram for subroutine STIFF
is shown in figure 4 as it appeared in reference 3 to allow the reader to follow its logic.
Subroutine DRIVES calls subroutine STIFF to obtain a solution for the system of differen-
tial equations for each increment of the independent variable. After each successful step,
DRIVES regains control and calls for output of the calculated data. If printout is desired
at specific locations of the independent variable, subroutine YOUT is called for calculation
of the dependent variables at the print location through interpolation of the history array.




Subroutines from program

TABLE I.- SUBROUTINES OF PROGRAM OF REFERENCE (2)

of reference (2)

GCKP

KINP
CIMAGE
NAMBLK
BLCK
INIT
OouTP

COMB
SHOK
SHOCKS
ELEMNT
EQLBRM
MATRIX
GAUSS
SPOUT

PRED
DERV

PARD

THRM
CUBS

INTE
CAsSM
LESV
ERROR
PERR
AUTO
SEARCH

AN

.

J e~/ _J

AND DESCRIPTION OF ALTERATIONS

Alteration performed

1. All monitoring of integration removed.

2. Calls for output removed.

3. Problem control yielded to subroutine DRIVES of reference 3 for
looping and error treatment coding.

4. Subroutine renamed GPAK.

Minor modifications as to variable initialization and printout scheme
setup. In OUTP printing format changed to conserve paper.

No changes made.

Combined and renamed DIFFUN. Internal changes made for
updating dependent variables at print location without altering
array values for continuation of problem after printing.

Renamed PEDERV,
No changes made.

These subroutines completely removed and replaced with sub-
routines of reference 3. The subroutines used are

YOUT COSET
YOUTD DECOMP
DRIVES SOLVE
STIFF



The flow diagram for subroutine YOUT is shown in figure 5. Flow diagrams of subrou-
tines DIFFUN (which is a combination of routine PRED and DERV) and PEDERV (which is
basically subroutine PARD) can be seen in reference 2.

The resulting modified program is presented in appendix B. Obvious changes in the
computer program made to facilitate its use with the Control Data Corporation 6000 Series
computers are not enumerated specifically.

The details of program input and error messages are shown in appendix A. The
format is the same as that described in reference 2 and its related bulletin.

RESULTS OF CALCULATIONS

Several of the check cases presented in reference 2 were calculated by using the
modified program of this paper. For ease of comparison, the results of these calculations
for check cases 1, 5, 6, and 8 of reference 2 are shown in appendix C alongside results
obtained from the program of reference 2. The comparison for check case 1, which is
bromine decomposition in a shock tube, is shown first in appendix C. The input card
image and the first page of computer output are shown for the modified program alone to
show the similarity with output information shown in appendix E of reference 2, The
remaining printout for check case 1 enables the reader to see the closeness of the com-
puted results for species concentrations, temperatures, velocities, densities, etc. The
one parameter which shows a difference worth mentioning is the dependent variable (time)
for this particular case. An explanation as to the reason for this difference is presented
to prevent concern by the reader. '

The difference is caused by the fact that the selected step sizes are not the same for
both programs. This difference is more easily understood by considering the equation by
which the dependent variable is calculated by either program.

Time as dependent variable: For time as a dependent variable,

DVAR dependent variable, initially zero but previous value in subsequent steps
Vl velocity after previous step
Vo velocity after present step

Present step size is in distance units

DVAR = DVAR + 2(present step size)
V1 + V2
It is apparent that increments of larger or smaller step size influence the summed
DVAR since the average velocity computed is different. Both the program of ref-
erence 2 and this program based on different strategies increase the step size
automatically. Achieving identical results in DVAR between the two programs is
therefore practically impoSsible.



Distance as dependent variable: For distance as a dependent variable,
V1 + V2 -

DVAR = DVAR + X (Present step size)

Present step size in time units
Similarly, a different average velocity would have an effect in this dependent variable.

For this one reaction system involving three chemical species, the time for compu-
tation is presented at the end of the case in appendix C. The comparison for this case is
very close.

Check cases 5 and 6 from reference 2 were run together to test the repeat option.,
The comparison of the output information is shown in appendix C. As can be seen, the
computed times, distances, areas, flow, and chemical properties were very close to the
computed quantities obtained by using the program of reference 2, The computational
time using the program of this report was roughly one half the time for the program of
reference.2, This is presented at the end of both cases in appendix C.

Check case 8 from reference 2 was also computed with both programs and the
results are also compared in appendix C. The results were again comparable. The
computational time was reduced slightly by using the program of this paper.

The results of the comparisons obtained by computing check cases 1, 5, 6, and 8 of
reference 2 by the program of this paper and the program of reference 2 indicate that
even for as few as eight species, computational time was reduced. The memory required
for the program of this paper was '711008 as compared with 66'7008 for the program of
reference 2. The memory for the program of this report can be reduced somewhat if
~ subroutine PEDERYV is made a dummy routine. However, if partial derivatives are to be
calculated in PEDERYV (an option used if the second digit of MF equals 1), care must be
taken to restore the subroutine's computational ability.

As was shown, the program of this report reduced the usage of computer time for
systems with few reacting species. Significantly larger savings in computer time can be
expected for kinetic problems involving a very large number of chemical species, This
is illustrated by the case shown in appendix D. This case involves the shock tube com-
bustion of propane. The mechanism illustrated in appendix D contains 31 different chem-
ical species in 64 reactions. The bulk of this reaction mechanism is from reference 5 by
Chinitz and Baurer. The steps for methane combustion were taken from reference 1 and
substituted for the appropriate steps in reference 5. This was done primarily because
of the correlation of this methane mechanism with experimental shock tube results.
Reaction number 2 in the list of reactions was input to cause some rapid changes in the .
species concentrations, since it was found that the basic reaction mechanism from refer-
ence 5 caused the combustion of propane to proceed very slowly. The thermochemical



data used for the species involved with propane combustion were taken from reference 6
and used in the form of polynomial coefficients presented in reference 7. The compu-
tations for the two outputs shown in appendix D were for the stoichiometric combustion
of propane and oxygen diluted with argon when subjected to a shock wave traveling at
1.67 km/sec. The calculated results obtained from the computer program of this paper
and that from reference 2 are very close at all the printout.-stations. The comparative
time shown at the end of the printout of such program illustrates the advantage of using
the Gear solution technique. The computer time required for the calculation using the
program of this report was almost an order of magnitude less.

The reaction mechanism presented for the combustion of propane was used merely
to illustrate the savings in time for a reaction system involving a large number of chem-
ical species. The need for such an extensive list of chemical species and reactions to
describe the combustion of a hydrocarbon similar to those in fuels presently used is evi-
dent. The trends established in the studies of methane, ethane, ethylene, and acetylene
indicate that extensive reaction mechanisms with numerous chemical species will have to
be considered.

CONCLUDING REMARKS

A hybrid computer program for solving flowing or static chemical kinetic problems
has been assembled from subroutines of NASA TN D-6586 and the subroutine package of
the Lawrence Livermore Laboratory Compﬁter document UCID-30001 based on the solu-
tion methods presented by C. W, Gear. The resulting computer program has been used
to calculate check cases presented in NASA TN D-6586. Comparisons of the check-case
results obtained by using the computer program of this paper with those calculated by
the program of NASA TN D-6586 have shown a reduction in computer time for equivalent
results. For a calculation involving 31 chemical species and 64 reactions, the computer
time for using the program of this report was almost an order of magnitude less.

Langley Research Center

National Aeronautics and Space Administration
Hampton, Va. 23665

June 2, 1976
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APPENDIX A
DETAILS OF PROGRAM INPUT AND ERROR MESSAGES

Input

The first card of an input data deck instructs the computer to read a thermody-
namic data file. The word, CARDS or TAPE, indicates where the thermodynamic data
are located. The thermodynamic data are read from the input location (cards or tape)
and stored on tape unit for subsequent use by the computer program. The first record
of the thermodynamic data set specifies the temperature range limits. The rest of the
thermodynamic data is composed of four card sets for each chemical species. The first
card contains the species name, the names of its chemical elements, their stoichiometric
coefficients, and reference information. The remaining three cards contain the curve-
fitted polynomial coefficients for the upper and lower temperature ranges. The upper

. temiperature range runs from 1000 K to 5000 K and the lower range runs from 300 K to
1000 K.

The data cards in the order that they appear in the data deck are described in the
following sections.

(1) Title — The first card contains a description of the type case to be run. All
80 locations on one card may be used. The title data are read with an alphanumeric for-
mat and appear on the first page of output.

(2) Reactions — Chemical reactions are listed one per card. Each card describes

the reaction of the type

aA + bB Z dD + eE

where the lower case letters, a, b, d, and e are stoichiometric coefficients between
1 and 9 and the capital letters, A, B, D, and E, refer to chemical species. To the
right of each card, the rate constant parameters are presented. Species A or E may
be omitted to specify reactions of the types:

(a) Unimolecular decomposition to one or two products

(b) Third-body influenced reactions (where one or two reactants form one or two
products with the aid of a third body)

(¢) Two reactants forming one product.

The photochemical irreversible decomposition as described in the bulletin of reference 2
can also be used. It is of the form

hy + bB -dD + eE

11



APPENDIX A

The format for the reaction cards as reprinted from the bulletin of reference 2 is:

Card FORTRAN
column format Content
1 11 Stoichiometric coefficient of first reactant --
default is one
2 Blank (not read)
3to 10 A8 (a) Name of first reactant (left justified)
(b) M for third body collision
(¢c) HNU for photochemical reaction
11 : . Not read
12 I1 Stoichiometric coefficient of second reactant (left
justified) or first reactant for decomposition
13 Not read
14 to 21 A8 Name of second reactant (left justified) — first
reactant for decomposition
22 to 24 Not read
25 11 Stoichiometric coefficient for first product
26 ' ~ Not read
27 to 34 A8 Name of first product (left justified)
35 Not read
36 11 Stoichiometric coefficient of second product
37 Not read
38 to 45 A8 (a) Name of second product (left justified)

(b) M if thick body recombination

12



APPENDIX A

Card FORTRAN
column format Content
46 to 49 Not read
50 to 60 El1.4 A factor of rate equation K = ATN'E/ RT
61 to 62 Not read
63 to 70 F8.4 N factor of rate equation
71 to 72 Not read
73 to 80 F8.4 E, activation enérgy, cal/mole

The end of the reaction list is signaled by a blank card. The program listed in appendix B
is limited to 50 reactions. The dimensions of the program at Langley can be altered
quickly, however, by the use of one card with the Control Data UPDATE program manage-
ment system.

(3) Inert species — A species may be declared inert by placing the species name or
names in column 1, 17, 33, or 49 on the next card. A blank card indicates no inert species
desired and a blank field after a species name indicates the end of the inert species list.

(4) Version and units — One card specifies the independent variable (time or dis-
tance) and the assigned variable (area or pressure). The input and output units may also
be specified on this card.

The card punch locations are as follows (from ref. 2):

Columns Contents . Explanation
1to 8 Time | Time fundamental variable
Distance Dista.ncé fundamental variable
11 to 18 Pressure Pressure is assigned variable
Area' C Area is assigned variable
(Blank) _ Velocity zero (static case)
21 to 23 cgs | Input in internal cgs units

13



Columns

31to 33

APPENDIX A

Contents

(Blank)
fps
S1
cgs
(Blank)
fps

SI

Explanation

Input in internal units cgs
Input in fps units

Input in SI units

Output in cgs units

Output in cgs units
Output in fps units

Output in SI units

(5) Controls — The controlling variables are input in NAMELIST PROB and are
listed below. Default options are underlined. Most of the variables are the same as
listed in reference 2. The variable names followed by (V) will be found only in the
program of this paper. The variables deleted from the program are shown as deleted.

Name

HMIN

HMAX

HINT

EMAX

14

Valug

0.0001

Explanation

Minimum step size in cm or sec
cm (if DISTANCE on version card)
Seconds (if TIME on version card)
Maximum step size

cm (if DISTANCE version)
Seconds (if TIME version)

No longer input (assumes value of HMIN
initially)

Maximum error acceptable (becomes EPS in
Gear package)



Name

ALLM1

ELIM

CONC

_ITPSZ

IPRCOD

XTB

ATB

Value
TRUE

FALSE

TRUE

FALSE

|on

APPENDIX A

Explanation
Third body efficiencies equal to 1. None input

Third body efficiencies to be input. Those not
input remain equal to one

Deleted

Concentration output as molar concentrations
if SI or fps output designated

Mass fractions output if SI or fps output
designated

An area or pressure table input

Area or pressure specified by polynomial
equation

LSUBM and ETA will be input for area
equation

D, VISC, BETA, and ETA will be input for
area equation

Zero velocity, no assigned pressure

.Distance against area profile given

Distance against pressure profile given
Time against area profile given
Time against pressure profile given

Array for time or distance portion of profile,
must be in correct user units

Array for area or pressure profile, must be
in user units

15



APPENDIX A

Name Value Explanation

NTB e e e Total entries in area or pressure table,
must be less than or equal to 40

CX3 e e e . Coefficient of cubed component of
pressure/area polynomial equation

CX2 e e e Coefficient of squared component of
pressure/area polynomial equation

CX1 e e Coefficient of pressure/area to the first
power in polynomial equation

CX0 s e Constant term in pressure/area polynomial
equation
LSUBM e e e Characteristic shock tube reaction length for

special area equation (see ref. 2)

ETA s s e s Dimensionless exponent in special area
equation for boundary layer (see ref, 2)

L Hydraulic diameter of shock tube
VISC e e e Viscosity coefficient
BETA e e Dimensionless boundary-layer parameter

used to calculate LSUBM

END ‘e e e ‘Changed from reference 2, must always be
input

DELP e e e . Deleted (from ref. 2)

PRINT e e e . Deleted (from ref. 2)

APRINT C e  Deleted (from ref. 2)

NPRNTS e e e Deleted (from ref. 2)

16



APPENDIX A

Name Value Explanation
EVSTEP e e e Deleted (from ref. 2)
DBUGY) FALSE : Changed, prints output parameters in more

concise format

TRUE Prints format same as reference 2 with
exception of derivatives, increment, and
relative error information

PAPS(V) FALSE Program prints at every (5) iterations or num-
ber specified by IPRIT

TRUE Prints at specific stations specified by END
and IDEL or a TPRINT table

IDEL(V) = e Number of increments derived (50 maximum)

IPRIT (V) 5 Number specifying integration steps between
printing

TPRINT (V) e e e : Table of 50 values for specifying printing
location (filled automatically by specifying
IDEL)

NPRINT(V) e e e s Number of values in TPRINT table

MF(V) 22 Positive integer specifying method to be used

in solving the problem. Composed of two
digits
1st digit — 1 Adams Methods
2 Gear Methods
2nd digit — 0 functional iteration
1 chord method where Jacobian
supplied by subroutine PEDERV
2 chord method where Jacobian
approximated internally by
finite differences
3 chord method where Jacobian
replaced by diagonal matrix

17



APPENDIX A

(See ref. 3 for extensive explanation of mathematics involved in different methods.)

Name Value Explanation

COMBUS TRUE Perform equilibrium combustion calculation
FALSE Do not perform equilibrium combustion calculation

SHOCK TRUE Perform frozen and equilibrium shock calculations
FALSE Do not perform shock calculation

TCON TRUE Hold temperature. constant
FALSE Do not hold temperature constant

RHOCON TRUE Hold volume (density) constant
FALSE Do not hold volume (depsity) constant

(6) Third-body efficiencies — To input third-body efficiencies ALLM1 in NAMELIST
PROB must be set to FALSE; otherwise, all efficiencies are equal to one and no cards are
needed in this section. The third-body efficiency card format is as follows (from bulletin
of ref., 2):

Card FORTRAN
column format Content
1to 45 Reaction as written in section (2) of this appendix
for inputting reactions
46 to 48 Not read
49 to 56 A8 Name of species to be assigned third body ratio
other than unity
57 Not read
58 to 63 F6.3 Efficiency ratio for species in columns 49 to 56
64 to 65 Not read
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Card FORTRAN
column format Content
66 to 73 A8 Name of species to be assigned third body ratio
other than unity
74 Not read
75 to 80 F6.3 ) Efficiency ratio for species in columns 66 to 73

The end of the list of third-body efficiencies is signaled by a blank card following the last
efficiency card.

(7) Initial conditions — The initial conditions for a problem are input through
NAMELIST START. The parameters are as follows:

Name Value Explanation
Time (..., Time in seconds
0. For default
X e e e Distance
0. For default
MACH c v e s Mach number
0. For default
U e e Velocity
RHO e e e Density
T N Temperature
Area v e e e Area for a flow calculation
MDOT e e Mass flow rate for a flow calculation
MM Hg TRUE Pressure input in mm of mercury
FALSE | Pressure input in user's choice of input units
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Name Value Explanation
MOLEF .~ TRUE Mole fractions input
FALSE Mass fractions input

The starting mixture is input as mole fraction or mass fraction of the individual cofnpo-
nent species. The sum of the individual species mass fractions or mole fraction must be
one.

(8) Permanently neglected species — The program-of this paper does not neglect
species from error consideration, and no cards from this section are necessary.

(9) Final card — The word FINIS in columns'1 to 5 des1gnates that the mput data
list for a particular case is complete. - o

As can be seen there are very few new input variables and the input data deck -
structure is very near that described in reference 2. Multiple cases can be run as
described in reference 2.

Error Messages

The error messages built into the program are listed in the following section; their
meanings are indicated.

The subroutineé where the érror was printed is also indicated. There are 16 remain-
ing from the original program of reference 2 and 6 from the Gear package of reference 3.
They are as follows: ' |

Main Program GPAK:

(1) End of this case — read data for next case.
Normal end of case reached.

(2) A fatal error has occurred — case terminated. 4
Indicates that an unrecoverable error has occurred during the call to subroutine
KINP and the logical variable NEXT has been set true. This message will be
preceded by message from subroutine KINP and the subroutines KINP calls.

Subroutme KINP:

(3) The input reactmn list does not contain the reaction (- + - = - + -),

Indicates error made in specifying third-body ratio information or during
~multiple case execution.

(4) The master species list does not contain the species . . . . .
Indicates that the printed spemes is not in the master species list, ALSP in
BLOCK DATA,
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(5) The input species list does not contain the species . . . . .
Indicates an error in entering thir d-body efficiencies.

(6) Invalid input composition Sum = x.xXxxX.
Indicates input composition does not sum to one.

Subroutine SHOCKS:

(7) Equilibrium shock calculation’failed.
Indicates iteration of equilibrium shock equations failed to converge.

(8) Frozen shock calculation failed.- ’
Indicates iteration of frozen shock equations failed to converge.

Subroutine EQLBRM:

(9) Derivative matrix singular.
Indicates a singular derivative matrix encountered during an equilibrium
calculation, '

(10) Singular matrix.
Indicates a singular matrix encountered in an equ111br1um calculatmn

(11) XX iterations did not satisfy convergence requirements.
Indicates iteration of equilibrium equations failed to converge.

(12) Restart. .
Indicates equilibrium calculation restarted.

Subroutine OUTP:

(13) Invalid composition.
Indicates that mass fractions do not sum to one.

Subroutine DIFFUN:

(14) Warning Mach number — X.xxx is approaehing 1.0.
Indicates that for assigned area calculations numerical problems could be
encountered if the Mach number is between 0.9 and 1.1.°

Subroutine THRM:

(15) Error T = xxxx.xx is out of range.
Indicates a temperature above the range of the thermodynamic data has been
submitted to THRM for calculation of properties.

(16) Warning T = xxxx.xx is out of range extrapolated values returned.
Indicates a temperature below the range of the thermodynamic data has been
submitted to THRM for calculation of properties.
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A number of error messages may be printed if an error condition is encountered
in subroutine STIFF. These messages are output as follows from Hollerith format con-
tained in DRIVES,

(17) KFLAG = -1 from STIFF at T = xxxX.xx
Error test failed with ABS (H) = HMIN
H has been reduced to 0.xxxx and STEP will be retried.
This message is encountered often at the start of a problem if HMIN (which
is the initial step size) is too large. After 10 reductions of 10 orders of
magnitude in step size, and the error condition still exists, the next message
is printed.

PROBLEM APPEARS UNSOLVABLE WITH GIVEN INPUT

At this point, the user may elect to retry the problem with a much smaller
HMIN.

(18) KFLAG = -2 from STIFF at T = xxxx.xx H = 0.xxxx
The requested error is smaller than can be handled.

At this point, subroutine YOUTD is called and intermediate printout can be used to enable
the user to decide on his next course of action — perhaps relax the relative error require-
ments. Subroutine YOUTD may be changed by the user to provide the variables he wishes
to view.

(19) KFLAG = -3 from STIFF at T = xoxX.xx
Corrector convergence could not be achieved.

-This error message will be followed by the messages in section 1 and ultimately the
user may be required to alter the program internally if a solution with the present input
is desired. '

(20) Illegal Input EPS - LE - 0

Indicates the maximum error is zero or negative.
(21) Illegal Input N - LE - 0
Indicates the number of equations to be solved is zero or negative.

(22) Illegal Input (TO - TLAST) * HO - GE - 0.

Indicates that initial time or distance is greater or equal to final time or
distance '

or

initial step to be taken in a negative direction

or

the final time is negative.

Error messages (20), (21), and (22) are the results of faulty input and may be
corrected easily by retyping the pertinent variable value on the input cards.
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HYBRID PROGRAM LISTING

The entire Hybrid program listing is contained herein.

PROGRAM GPAK{ INPUT»OUTPUT (TAPES=INPUY,TAPEG=0UTPUT, TAPES,TAPET)
[ D R T Y e Y D P T T e Py 1
Cosse

Cossx THIS PROGRAM HAS BITIKERS INPUT AND GUTPUT WITH THE GEAR
Conee PACKAGE USED FOR INTVEGRATION.
CHERBEIERESRANLIEERLEESAEABS AR SIS AR ESE N a8

LOGICAL NEXT
LOGICAL KTCON
LOGICAL KUuP

DIMENSION Y{28,13},YDOT(56)

COMMON/ GJUNK/TLAST

COMMON/ COND/OUML (51 ¢ X{281+0UMZ (2] JNEXT

COMMON/ STCOML/NoT oHyHMINyHMAX, EPS s MF KFLAG, JSTART
COMMON/CONT/KTCON

COMMON/UPDT/KUP

C READ AND CONVERTY INPUT, PERFORM PRE-KINETIC CALCULATIONS
CALL KINP
1 IF INEXT) GO TQ 1000

c PRINT REACTIONS, ASSIGNED VARIABLE PROFILE, INTEGRATION CONTRCLS
CALL OUTl

C COMPUTE (NON-INPUT)} INITIAL CONDITIONS
00 17 [=1,56
YOOTLl) = 0,
17 CONTINUE
METH = MF/10
b0 15 I=1,28
DO 15 J=1,13
Yil.+J}=0.
15 CONTINUE
DO 20 1=1,4N
Yils1) = xth
20 CONTINUE
IFN = 0
NPEDV = 0
KUP =.FALSE.
IFIMETH .EQ. 1} GO TO 23
K2=6
I T
K2=13
CUNTINUE
KTCIN=.TRUE,
CALL DIFFUNUN,T, Y., YDOT, IFN,NPEDV,K2}
KYCON=.FALSE.

2

w

2

&

c PRINT ALL INITIAL CCNDITVIONS
CALL DUTZ2
IF (NEXT) GO TO 1000

CALL DRIVES(N,T,TLAST,Y +HMINJEPS,MF,KFLAG,K2)
IFIKFLAG .EQ. -4&) NEXT = ,TRUE.
IF INEXT) GO TO 1200

100 WRITE (6,101)

101 FORMAT (THI(GCKP),5X,44NEND OF THIS CASE - READ DATA FOR NEXT CA
*SE)
GU T0Q 13
1000 WRITE (641001)
1001 FORMAT (THO(GCKP)s5X,46HA FATAL ERROR MAS OCCURRED - CASE TERMIN
*ATED)

13 CONTINUE

CALL RINP
G0 Tu 1l

END
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SUBROUT INE KINP

C INPUT CAN BE ACCEPYED IN (1) INTERNAL (CGS) UNITS, (2) FPS UNITS,
[ £3) S1 UNITS

c THE FOLLOWING UNITS ARE USED INTERNALLY

C * OISTANCE 4] *

[ * AREA CMes2 *

c * MASS FLOW RATE GM/SEC *

[ * PRESSURE ATH *

C * TIME SEC *

[ * VELOCITY CM/SEC * -
C * DENSITY GM/CC *

[ * TEMPERATURE DEG K L

C ® CONCENTRATION MOLE( 1) /MASS *

C INTERNAL CORRESPONDENCE

[+ ® DVAR - DEPENDENT VARIABLE =

C * IVAR - INDEPENDENT VARIABLE *

c * AVAR - ASSIGNED VARIABLE ®

C THE FOLLOWING LOGICAL TAPE UNITS ARE REQUIRED

c * LTHM (4) - FOR THERMODYNAMIC ULATA *
[ * LDAT () ~ FOR TEMPORARY STORAGE OF DATA CARDS *
C LOGICAL TAPE UNIV ASSIGNMENTS ARE SPECIFIED EN #NAMBLK2
C THE STOICHIOMETRIC COEFFICIENT OF A

c REACTANT (LEFT HAND SIDE) IS NEGATIVE

c PRADUCT (RIGHT HAND SIDE) IS POSITIVE

LOSICAL ALLM1,CONCeDBUGO: EXCHRy MOLEF ¢ MMHG, NEXT
LOGICAL COMBUS,RHOZONsSHOCK,TCON
LOGICAL PAPS

INTEGER STOIC
REAL MDOT, IVAR My MW o Ny LSUBMs MIXMW, M2, NEW

OIMENSION ISTOIC(4)

DIMENSION [SS(25),TBR{3)},THMCLT,2)

DIMENSION SP{4),DSP(4)sSPP(2)4DSPP(2),SPNM(28),DSPNM{28)
DIMENSION LMT (&) SUBS(4)4CU125),CX(4)

DIMENSION CUAL2)4FJA(2),SUA(2),CUPLI2),CUP2(2)4FUP(2),SUP(2}

COMMON/LTUS/LTHM¢LOAT ¢NTHRDNBLANK NPHOTOD
COMMON/OPTS/VERSI ,TIMEV, VERSA,AREAV,TCON,RHOCON, IPRCOD
CUMMON/COND/DVARy AREA,MDUT s Py IVAR: V,RHO3 T+SIGMA(25),L S, LSP3, NEXT
COMMON/REAC/LSR{%4,50) s XX({50)+RATEI50) 4LKEQ(50),DLKEQ(50),MMI150),LR
COMMON/RRAT/A(50) yNI50) ¢ EACT(50),B(50)+M(25,50) yALLML
COMMON/AFUN/CN{4) s TTPSZ,)LSUBMAETA,D,VISC,BETA

COMMON/SPEC/ SNAMI3L) s MW(25) yW{25)+STOICI25,50) 4 OMEGA{25,:50)
COMMON/STCOMLI/NOoTOs HeHMIN, HMAX ) EMAX ¢ MF yKFLAG, JSTART
COMMON/TCOF/TC(T52025)s TLOW,TMID,THI
COMMON/XVSA/XTBI4D) s ATBLGO) +NT¢ XU AUL2) 1 CX3,0X2,CX1,CX0

COMMON/ SNMR/DALSP(75S) s ALMW{T5)

CUMMON/KOUT/TITLE{20) yUNITIUNITO,CONC,EXCHR+DELH(50),FPS, S1,0BUGD
COMMON/GHSC/GRT125) s HRT(25) ySR{ 25} »CPR(25),DCPR{25)
COMMON/NECC/RR,MIXMW, M2, GAMMA, TCPR R
COMMON/MISC/TT,PP,CPROyHRO ) ENNy SUMNSENNL,LLMT (15) 4BO(15)

COMMON/ INDX/ TP HP ¢ NLM¢NS+ 1QLl:s CONVG,KMAT , IMAT
COMMON/STCS/NSTOIC{4,50),EQUILI50}

COMMON/ SNOB/CXTB(40) +CATB(40) oNZ

COMMON/GJUNK/ TLAST

COMMON/STCOMG/ IPRIT P APS

COMMON/PRIN/TPRINTI50) ¢ NPRIN:NCO

EQUIVALENCE {C¢SIGHA) »(SPNM,DSPNM) , (SP,0SP) LSPP,DSPP)4{5PT,SP)
EQUIVALENCE (SPNM,SNAM{4}},(EFFM,SPNM{26)),(BLANK,SPNM(2T})
EQUIVALENCE (HNU,SPNM(281}}

EQUIVALENCE (CX3,CX)

DATA CUSFULSU/2HCMe 2HFT 4 2HM /

DATA CUA/@HCUM®®,LH2/ s FUA/4HFT®%®, LH2/ 4 SUA/4HME22, LH / \

DATA CUPL/4HMMNHG, 1 /,CUP2/3HATM1lH 7/ 4FUP/QHLB/F 44HT*%2/,SUP/4HN/M
%, 2H%2/ :

DATA NEW,CHANGE ¢REPEAT/3HNEW, 4HCHAN, ¢HREPE/

OATA TAPEND,CARDS/3HEND,4HCARD/

NAMELLST/PROB/HMINY HMAX ) EMAX+ ALLMLCUNC, EXCHR , ENO, DBUGO,
* IPRCOD,ITPSZ, XTBsATB,NTBy CX3,CX2,CX1,CX0¢ LSUBM,ETA,D,VISC,BETA
*, CUMBUS SHOCK y TCONe RHOC ONy MF
* [PRIT
#s TPRINTyNPRIN+PAPSs IDEL

[ THERMODYNAMIC DATA WiILL BE INPUT FROM #2UNIT#2
REWIND LTHM
READ (5299) UNLIT

99 FORMAT (20A%)

If {UNIT oNE. CARDS) GO TO 3

REWIND LTHM
READ (5+98) TLOW,TMIDsTHI

98 FORMAT (3F10.3)
WRITE (LTHM,98) TLOW.TMID,THI

L READ(5,97) SPTo(LMT{I) ,5UBStI)el=1s4)
97 FORMAT(AB,16X,4(A2,F3.0))
[4 ¢+END## CARD SIGNALS END OF THERMODYNAMIC DATA

IF{SPT .EQ. TAPEND) GO TO 2
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C

[

C

c

c
c

c

WRITE(LTHM,97) SPT(LMT(I),SUBSII},1=1,4)
READ (5,96} ({THMCIKo1)sK=1,T),1%1,2)

96 FORMAT (5E15.8)

WRITE (LTHMy 961 ((THMC(Ky1),K=1oTis1=142)

GO TO 1
WRITE(LTHM,97) SPT
REWIND LTHM

N

3 CALL CIMAGE

READ OUTPUT TITLE
READ (LDAY,99) TITLE
ACTION = NEW
GD TO &

ENTRY RINP

NCO =0

IDEL = )

PAPS=.FALSE.

NEXT = ,FALSE.

CALL CIMAGE
READ NEW QUTPUT TITLE
READ (LDAT,99) TITLE
READ ACTION SWITCH
READ (LDAT,99) ACTION

IF (ACTiON .NE. NEW) GO YO
SEYT STANDARD OPTIONS

4 LONC = _TRUE.
EXCHR = .FALSE.
COMBUS = ,FALSE.
SHOCK = _FALSE.
TCON = ,FALSE. .
RHOCON = _FALSE.
0BUGO = .FALSE.
MF=22
NCO = 0
IDEL = )
PAPS = _FALSE.
{PRIT = 5
EMAX = 0.0001
1TPSZ = 5
ALLMl = ,TRUE.
0O 5 I=1,25
00 5 J=1,50

5 ML) = 1,

INITIALYZE
NEXT = _FALSE.
NLM = 0

NS

-
w

0o ouon

Cooo

00 6 1=1,40
XIs{t) = o.
Lxr8tt) = o,
ATB (I} = O.

6 CATB(I) = 0.
UNCEND = Q.
CEND = 0,

NP = O

00 8 J=1,50

00 801 I=1,4
801 NSTOIC{t,J) = 0

00 802 =1,25
802 STOIC{i,y) = O
CONTINUE
LSUBM = 0.
ETa = 0,
D=0
vIiscC
BETA
Cx3 = 0.
Cx2 = 0.
CX1L = 0,
CxXo = 0,
GO 1O 14

@

0.
0.

9 IF (ACTION .NE. CHANGE) 60 YO 13

9

READ REACTION AND (CHANGED) REACTION RATE
10 READ(LDAT,95) (ISTOICEI},SP(L),eI=104)TA,TN.TEA
95 FORMATU(2(11,1XoABs1X)92Xe2( 1o 1XsA8¢1X)s3XeELlabh,2(2X,FB.4))

BLANK CARD SISNALS END OF CHANGE REACTION LIST

IF(SPL2) .EQ. BLANK) GO TO

ADJUST STOICHIOMETRIC COEFFICIENTS

00 510 I=1,4

IF (ISTQIC(1) .NE. 0} GO 7O S10

12

APPENDIX B.

IFUSPUI) . EQ.EFFM.0R,SP(1).EQ.BLANK.OR,.SP{I}.EQ.HNUIGO TO 510

1stoicin =1
510 CONTINUE
ISTOIC(1} = -ISTOICHY)
(STOICL2) = -(sTOIC(2)
SEARCH INPUT RAEACTION LIST
D0 11 J=1,LR
DO 511 [=1,4
NN = LSR(1.,4)
IF (DSPNM{NN} .NE. OSPUI}
*« GO 70 11
511 CONTINUE

+0R.

NSTOIC(I,J)

«NE. ISTOICLI))
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AlJ) = TA
N(J) = TN
EACT(J) = TEA
G0 TO 0
11 CONTINUE
c ERROR MESSAGE — NO MATCH FOUND
ISTOIC{X) = -(STOIC(L)
ISTOIC(2) = -(STOIC(2)
WRITE(6,4201) {ISTOICUL)SPLIN2I=104)
101 FORMAT (THO(KINP} SXy55HTHE INPUT REACTION LIST DOES NOT CONTAIN T
®HE REACTION o ILls1H#*,A843H + 411,1H*,A8,3H = ,11,1H*,A8,3H + ,
* [1¢1H®,A8)
NEXT = oTRUE.
G0 TO 10
12 READ (LDAT,99) ACTION
13 IF (ACTION .EQ. REPEAT) GO TO 33

14 LSOLD = LS
LROLD = LR
[ READ (NEW OR ADDED) REACTION AND REACTION RATE
15 READILDAT95) (ISTIIC(N)SPUTl)sl=104}+TAeTN,TEA
[ BLANK CARD SIGNALS END OF NEW OR ADD REACTION tIST
IF(SP(2) .EQ. BLANK)} GO TO 21
c ADJUST STOICHIOMETRIC COEFFICIENTS
DO 515 I=1,4 .
IF (ISTOICUI) JNE. 0) GO TO 515
{F(SPII} LEQ. EFFM .OR. SP(I) .EQ. BLANK .OR. SP{1)} .EQ. HNU
*« ) GO0 TO 515
ISTOICt) = 1
515 CONTINUE
ISTOICLL) =
ISTOIC(2) =
LR = LR + ]
A(LR) = TA
N{LR) = TN
EACTILR) = TEA
D0 20 i=1l.&"
NSTOICtI,LR) = ISTOIC(I}
IF (1 .EQ. 2 .OR. I .EQ. 3) GO 7O 215
IF(SPLL) .EQ. EFFN) GU TO 19
IF{5P{I) .EQ. BLANK) GO TO 219
IF(5P{1) .EQ. HNU) GO TO 31%9
215 IF (LS .EQ. 0) GO VO 17
C MATCH INPUT SPECIES AGAINSTY INPUT SPECIES LIST
DO 16 Il=1,LS
IF (DSPNM{I1) .NE. DSP{I)) GO TO 16
LSR{L,LR) = 11 X
STOIC(YESLR) = STOICHLILsLR) + [STOIC(I)
GO fO 20
16 CONTINUE

=ISTOIC(1)
-ISTRIC (2}

[ MATCH INPUT SPECIES AGAINST MASTER SPECEES LIST
17 DO 18 11=1,75
If (DALSP{II}) .NE. DSP{l)} GO TO 18
LS = LS ¢+ 1
LSREISLR) = LS
STOIC(LS.LR) = ISTOIC(I)
SPNMILS) = SP(I)
MW(LS) = ALMW(IL)
155{LS) = II
G0 TG 20
18 CONTINUE .
c ERROR MESSAGE — NO MATCH FOUND
WRITE(6,102) SP{I}
102 FORMAT {(THO(KENP)¢5XsS4HTHE MASTER SPECIES LIST DOES NOT CONTAIN T
*HE SPECIES ,A8) .
C ** RUN TERMINATED - ERROR IN INPUT REACTION LIST
sYoP

19 LSR{I,LR} = NTHRD
Go 10 20

219 LSR{I4LR} = NBLANK
6o 10 20

319 1F (1 JEQ. 1) GO TO 320
ISTOICE1) = -ISTOIC(L)
ISTOIC(2) = -ISTOIC(2)
WRIFE(6,206) (ISTOIC(IL),SPCII),iI=1,¢4)
106 FURMAT (THO(KINP) 5%, 42HIMPRUPER FORMAT FOR PHOTOCHEMICAL REACTION
€3 2Xs lLelH®* 1 ABs3H ¢ o L1oLH®,A83H = 11,1H*,A8,3H + ,11,1H*,A8)
STOP
320 .LSREIJLR) = NPHOTO
20 CONTINUE
GO 70 15

21 IF (ACTION .NE. NEW) GO TO 25
C READ INERT SPECIES (& PER CARD)
22 READ(LDAT 941 (SPLl)sI=1,4)
94 FORMAT(4(AB,8X))
D0 24 I=1.,4
c BLANK FIELD SIGNALS END OF INERT SPECIES LIST
IFL5PLT) .EQ. BLANK) GO 7O 25
4 SEARCH MASTER SPECIES LIST
D0 23 1I=1,75
IF (DALSP(II) .NE. OSP(I1}) GO TO 23
LS = LS + 1
SPNMILS) = SP(l)
MW(LS) = ALMW{IL)

26
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24

25

26

27

28

29
103

230
30

80

1000
1001

17

36
91

536

539

532
32
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1Ss{LS) = 11

GO YO 24

CONTINUE

ERROR MESSAGE - NO MATCH FOUND
WRITE(6,102) SP(I)

NEXT = .TRUE.

LS = LS + 1
MWILS) = 1.
CONTINUE
GO 10 22

IF {LS .EQ. LS0LD) GO TO 30
GET THERMODYNAMIC COEFFICIENTS FROM TAPE
LSP = LSOLD + 1

11 = LSOLD

READ (LVHM,98) TLOW,TMID, THI
READILTHM,97) SPT

IF(SPT .EQ. TAPEND) GO YO 29

READ (LTHM:956) ((THMCIKsI) sK=1,T7)5151,2)
D0 28 [=LSP,LS

IF (DSPNM([)} .NE. DSP{12) GO TO 28

DO 27 KK=1,2

D0 27 K=1,7

TCUKoKKs I} = THMC(K,KK)

i1 =11 +1

IF (Il .LT. LS} GO YO 26

GO 70 230

CONTINUE

GO Ta 26
ERRUR MESSAGE - END OF THERMO TAPE REACHED
WRITE {64103)

FORMAT (THO{KINP),5Xs42HEND OF THERMO TAPE - NOT ALL SPECIES FOUND
*)

NEXT = LTRUE.

REWIND LTHM

LRP = LROLD + 1
GEY SPECIES ENTHALPY AT REFERENCE T
TREF = 298.15

CALL THRM {YREF,0.)

TRAL = TREF®1.987165
COMPUTE HEAT OF REACTION
00 32 J=LRP,LR

DELH(J} = 0,

READ {LDAT.PROB)

H = HMIN

IF{ .NOT. PAPS) GO TO 1001
IF{ IDEL .EQ. L) GO TO 1001
PRINC = ENO/IDEL

DO 1000 {=1,1D€EL
TPRINT(L) = PRINCSI
CONTINUE

NPRIN = IDEL

CONTINUE

IF (.NOT. ALLM1) GO TO 36

DD 77 121,25

DO 77 J=1,50

M{led} = 1.

GO TO &0
READ THIRD B0ODY RATIOS

READ(LDAT,91) (ISTOLCLE),SP(L),I=2e4)s (SPPU{I),TBRIT),I=1,2)
FORMAT(2(ILs1X9ABy LX) 92X92{ILsLlXoAByLX)y2(2XsAB2LXIF6e3))
BLANK CARD SIGNALS END OF THIRD 80DY RATIO LIST

IF{SPL2) .EQ. BLANK) GO T0 40 -
ADJUST STOICHEOMETRIC COEFFICIENTS

DO 536 I=1,4

1F (ISTOIC(I) .NE. 0) GO TO 538
IFUSPUI)EQ.EFFM.Ot.SP{1).EQ.BLANK.OR.SPIT).EQ.HNU) GO 10 536
1STOIC(I) = 1

CONTINUE
ISTOICUL) = ~ISTOIC(L)
1STOIC(2) = -ISTOIC(2)

SEARCH INPUT REACTION LIST

DO 39 J=1,LR

DD 539 I=1,4

NN = LSR{iI.+J)

IF (DSPNM{NN) .NE. DSP(I) .OR. NSTOIC{I,J} .NE. ISTQICLI))
¢ GO TO 39

CONTINUE

00 38 [=1,2

1FISPPLI) .EJ. BLANK)} GO TO 38
SEARCH INPUT SPECIES LIST

00 37 1I=1,LS

IF (OSPNM{IL) .NE. DSPPL{I)) GO TO 37
M{iEyJ) = TBRII)

GO Yo 38

DD 532 I=1,4%

NN = LSR{I.J)

IF (NN .GT. LS) GO TO 532

STOC = NSTOICtI,J)

DELH{J) = DELH(J) ¢ STOCSHRTINN)
CONTINUE

DELH{J4) = DELHUJ}®TRAL

L5P3 = (S ¢ 3
RESET STANDARD OPTIONS
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33 MOLEF = .TRUE.

MMHG = .FALSE.

INETIALIZE

END = O.
NTB = 0
AREA = 0.
MDOT = 0.
P = Q.

v = Q.
RHO = 0.
T = 0.

READ NAME OF INOEPENDENT VARIABLEs NAME OF ASSIGNED VARIABLE,
INPUT UNITS, OUTPUT UNITS
READ (LOAV,92) VERSI,VERSA,UNITI,UNITO

92 FORMAT (4(A4y6X})

IF (VERSA .EQ. BLANK) VERSA = AREAV

IF (ACTION .NE. NEW) GO 7O 80
INITIALIZE STEP SIZE LIMITS

IF (VERSI .EQ. TIMEV) GO TO 78
HMIN = 0.0001

HMAX = 0.1000

IPRCOD = 2

GO0 10 79

78 HMIN = 0.500€E-07

HMAX = 0.500E-04
IPRCOD = &

79 IF (VERSA .EQ. AREAV) IPRCOD = IPRCOD -t

READ ENTEGRATION CONTROLS, PROFILE OPTIONS,
PRINT OPTIONS, SPECIALTY SWITCHES

37 CONTINUE

ERROR MESSAGE — NO MATCH FOUND
WRITE(64104) SPP(I)

106 FORMAY (THO(KINP)s5Xe53HTHE INPUT SPECIES LIST DOES NOT CONTAIN TH

*E SPECIES A8}
NEXT = .TRUE.

38 CONTINUE

GD TO 36

39 CONTINUE

ERRDR MESSAGE ~ ND MATCH FOUND

ISTOIC (1) = -ISTOLC(L)

ISTOIC(2) = -1STOIC(2)

WRITE(6,101) (ISTOAC(I)+SPLI)sl=1,4)
NEXT = .TRUE.

GO 10 36

GET INITIAL CONDITIONS

@0 CALL INIT (ISS,MMHG,MOLEF)

CHECK INPUT COMPOSITION
CSuM = 0.
DO &7 I=1,LS

47 CSUM = CSUM + CI(I)

1F (ABS{1.-CSUM)} .LE. .00L) GO TO 48
WRITE(6,105) CSUM, (SPNMIL1},CL{I},I=1,LS)

105 FORMAY (7HOUKINP) +5Xe 33HINVALID INPUT COMPOSITION SUM = ,fFl1.6//

* {(12X,A85E20.5))
NEXT = .TRUE.
RETURN

SET INITiAL SVEP SIZE

48 IF(1TPSZ .GT. 2} GO TO 53

201

202

203

28

IF (1TPSZ .£Q. 1 .AND. NTB .EQ. 0) GO 10 53
IF (NTB .NE. O} NT = NTB

NZ = NTB

CONV = 1.

CON2 = 1.

IF (VERSA .NE. AREAV) GO TO 203

Xu = cy

AULL) = CUA(L)

AU(2) = CUA(2)

CONVERT AREA PROFILE TO INTERNAL UNITS
1F (UNIT] .NE. FPS) GO TO 201
XU = FU
AU(1l) = FuAll)

AUL2) = FUAL2)

CONV = 30.48

GD YO 202

iF {UNIT] .NE. SI1) GO TO 206
Xy = SU

AULL) = SUA(L)

AUL2) = SUAL2)

CONV = 100.

CONZ = CONV&{ONV

GO TO 206

Xy = Cu

Aull) = Cur2ll)

Aut2) = CuP2(2)
CONVERT PRESSURE PROFILE YU INTERNAL UNITS
IF [UNITI .NE. FPS) GO YO 204

XU = FU

AUll) = FUPLL)
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AUL2) = FUPi2)
CONV = 30.68
CON2 = 1./2116.2
GO T0 205
204 IF (UNITL .NE. S1} GO TO 205
XU = sy
AULL) = SyP(l)
AUt 2) = supr(2)
CONV = 100.
CON2 = 1./1.01325E+05
205 IF {.NOV. MMHG) GO Y0 206
AU(L) = CuPlil}
AUl 2) = CuPL(2)
CON2 = 1./760.

206 IF (VERSI LEQ. TIMEV) CONV = 1,
IF (1TPSZ .EQ. 2} GO TO 208
00 207 iI=1,NTB
CxTpBl1) = XTo(I)*CONV
207 CATB{L) = AVB(I1)*CON2
GO 10 53
208 DO 209 1=1,4
209 CNL(I) = CX(1)8CON2

53 CONTINUE
59 IF {1¥PSZ .EQ. 1) CALL CUBS (CXTB,CATB,NT)

IF (UNITL .NE. FPS) GO TO 63
CONVERT FROM FPS UNITS TO INTERNAL (CGS) UNITS
1F {VERSI .NE. TIMEV) GO TO 60
DYAR = DVAR®30.48
GO TO &1
60 IVAR = [VAR®30.48
61 IF (MMHG) P = P$2.7845
P = P/2116.2
AREA = AREA®929.0304
MDOT = MDOT®453.59237
V = Ve30.48
RHO = RHO/62.43
T =T/1.8
IF(VERSI .EQ. TIMEV) GO TOU 68
CEND = UNCEND#30.48
GO T0 68
63 IF (UNITI .NE. SI) GO TO 67
CONVERT FROM SI UNITS TGO INTERNAL (CGS) UNITS
IFf (VERSI .NE. TIMEV) GO TO 64
OVAR = DVAR®100.
GO T0 &5
64 IVAR = IVAR®100.
65 IF (MMHG) P = P#133,3224
P c P/1.01325E+05
AREA = AREA®*10000.
MDOT = MODT*1000.
v = Vel100.
RHO = RHO*.001
IF(VERS] .EQ. TIMEV) GO TO 68
CEND = UNCEND*100.
GO TO 68

6T CEND = UNCEND
IF (MMHG) P = P/760.

68 MIXMW = O,

IF (.NOT. MOLEF) GO TO 71
MOLE FRACTION TO MOLES (I)}/MASS{MIXTURE)
00 69 1=1,LS
69 MIXHW = MIXMW ¢ C(I)®MW(I)
00 70 1=1,LS
T0 SIGMALE) = CLLI)/MIXMW
G0 Y0 73

MASS FRACTION TO MOLES(I)/MASS(MIXTURE)
71 00 72 [=1,LS
SIGMALI) = CLI)/MN(T)
T2 MIXMN = MIXMW ¢ SIGMA(I)
MIXMW = 1,/7MIXN¥

UNIVERSAL GAS CONSTANT I[N ATM-CC/MOLE-DEG K
73 RR = 82.056
UNIVERSAL GAS CONSTANTY I[N ERGS/MOLE-DEG K
R = 8.3143E+07

IF (M2 .EQ. 2. .AND. .NOT. (COMBUS .OR. SHOCK)) GO 7O 81
CALL THRM (T,1.)
CPRO = Q.
DO 74 1=1,LS
74 CPRO = CPRO ¢ CPR{I)®*SIGMALL)
GAMMA = CPRO/ICPRO - l./MIXMW)
iF {V _NE. 0.) GO YO 81
V = SQRT{M2SR/MIXMN*GAMMA®T)

81 IF (P .€Q. 0.) GO TOD 82
RHO = psHIXMM/ (RR*T}
60 TQ 75
82 If (RHO .EQ. 0.} GO 7O 83
P = RHOSRROT/MIXMN f
60 TO 75

29
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83 IF (IPRCOD .GY. 2) GO TO 84
X = IVAR
IF {VERSI .EJ. TIMEV) X = DVAR
CALL CINPLCATBoCXTB¢NT,XsAVAR,DUML,DUM2)
GO TO 8s
84 TIME = pvAR
IF (VERSI .£Q. VIMEV) TIME = IVAR
CALL CINP(CATS,CXTBWNT, TIMELAVAR,DUML ,DUN2Z)
85 IF (VERSA .EQ. AREAV) GO TO 86
P = AVAR
G0 TO 81
86 AREA = AVAR
RHO = MDOT/(AREA®V)
G0 TG 82

75 IF (MOOT .EQ. 0.) MDOY = RHO®AREASY
T0=IVAR
NO=LSP3
TLAST=END

IF {.NOT. {COMBUS .OR. SHOCK)} RETURN
HRO = 0.
00 76 [=1,LS
76 HRO = HRO # HRT(I)¢SIGMA(1)
HRO = HRO*T
M2 = V/ReV/TEMIXMW/GAMMA

4 EQUILIBRIUM COMBUSTION
LF (COMBUS) CALL COMB

c EQUILIBRIUM AND FROZEN SHOCK
IF {SHOCK) CALL SH3K

RETURN
END

BLOCK DATA

c ALPHANUMERIC DAYA FOR TESTING AND OUTPUT
COMMON/LTUS/LTHM,LOAT ;NTHRD ,NBLANK {NPHOTO
COMMON/OPTS/0UML , TIME ,DUM2 4 AREA 3 DUM(3)
COMMON/SPEC/SNAM(3) yDUMA (25) s EFFM, BLANK yHNU,DUMS5{ 25,102}
COMMON/ KOUT/DUMG(T4) »FPS»SE,DUMT

[ LOGICAL TAPE UNIT ASSIGNMENTS
DATA LTHMsLDAT/4,7/

c. SPECIES SUBSCRIPYS FOR M, BLANK, AND HNU
ODATA NTHRDNBLANK,NPHOTO/264,2T, 28/

[ ALPHANUMERIC DATA
DATA TIMEsAREA/4HTIME ,4HAREA/
DATA SNAM¢EFFM,BLANK/ LHY s 3HRHO ¢ LHT 4 LHMs 1H /
DATA. HNU/3HHNU/
DATA FPSySI/3HFPS,2HSI/

END

BLOCK DATA
4 SPECIES NAMES AND MOLECULAR WEIGHTS

COMMON/SNMR/ALSP(75) s ALMW(T5)

DATA ALSP/

* 8HAR ¢+ 8HC6HOL ¢+ BHC6HLL o BHMCOH12 s 8HCZ2HOCO
* 8HC2HSCO o+ BHC2H50H o+ BHCHICHU » BHLH3OM « 8HCH3CO ’
* 8HC2H40H » BHCH2DH ¢« 8HHND3 + BHBR » 8HBR2 v
* 8HC + BHC6HL3 v+ BHL6HLI G » 8HCH ¢ 8HCH2 ’
* SHCH3 » BHCH% ¢ SHCN y 8MCO s 8HCO2 ’
* 8HC2HAD + BHC2H s BHL2H2 ¢+ 8BHC2HS »+ BHC2ZN 0
* 8HCBM16 + BHCEMLT ¢ BHCINT + BHLC3MG » 8HC3H4 '
* BHC2MS v 8HH s BHHCN + 8HHCL v BHHF .
* 8HHOZ2 » BHH2 ¢+ 8HH20 » 8HH202 ¢ BHHE .
* BHN v BHCBHLIS » BHCTHLG ¢ BHCTHLIS + BHNH2 0
* BHNH3 s+ 8HND ¢+ 8HNU2 » B8HNZ2 + BHN2H4 ’
* BHN20Q + BHN204 + 8HCTHLIG » 8HO + BHOH v
* 8HO2 + BMHND e 8HC2 » BHXE » BHNH '
® BHHCO » 8HCH2D » BHCOML B » 8BHC2H3 ¢ BHC3HB ’
*« 8HCIML9 v+ BHCIHZ20O + BHCZ2HG v 8HO3 ¢ 8HNO3 /
DATA ALMW/

* 39,948, T78.114, 83.154, 86.162, 58,081,

« 57.073, 46,070, 44.054, 32.042, 43,046,

* 45,062, 31.035, 63,013, 79.909, 159.820,

* 12.0112, 85.170, 86.170, 13,019, 14.027,

* 15.035, 16.043, 26,018, 28,011, 44.010,

* 43,048, 25.030, 26.038, 28.054, 38.029,
*112.212, 113,226, 43,089, 42.081, 40,065,

* 29.062, 1.00797, 27.026, 36,461, 20. 006,

30
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C

c

* 33,005, 2.0159,
* 14,007, 116,232,
* 17,031, 30.006,
* 44,012, 92.009,
* 31.997, 3L.0164,
* 29.0186, 30.026,
*127.251, 128.259,

END

18.0L6,
98.189.
46,0006,
100.205,
24.022,
126.243,
30.070,

SUBROUTINE THRM (T,HONLY}

34,014,
99.197,
28.013,
15.999%4,
131.300,
27.0463,
47.9982,

APPENDIX B

4.00206,
16.023,
32.045,
17.007,
15.015,
44,097,
62,0049/

THIS ROUTINE CALCULATES (DIMENSIONLESS) THERMODYNAMIC PROPERTIES
FROM POLYNOMIAL CURVE FITS

LOGICAL NEXT

COMMON/COND/DUMI33) 4L S,LSP3I4NEXT

COMMON/GHSC/GRT (25) yHRT (2519 SRE25) +CPR(25)} ,DCPRI(25)

COMMON/TCOF/C(T7+2025),TLOW,THID, THI

FIT) = ALeTH(A24TH(A3+T*{AG+T*AS5)))

IF
1F

If
IF

{1 .EQ.
{T .EQ.

(0.35¢TLON LLE. T

{T .LE.

WRITE {6,100) T
100 FORMAT (7HO(THRM}+5X SHERRORy3X3HT =,F8.2,16H 15 OUT OF RANGE)

NEX

T

= «TRUE.

RETURN

2 WRITE (641010 7
101 FORMAT (T7THO(THRM) ¢5Xs THWARNING3X:3HT =,F8.2,16H [S OUT OF RANGE,

* 4X,28HEXTRAPOLATED VALUES RETURNED)

298.15) TPREV=0.
TPREV) RETURN

«AND. T .LE. THI) GO 1O 3

1.20#THI) GO TO 2

LOCATE PROPER TEMPERATURE RANGE

3K =

2

IF {7 .GT. TMID) K =1

D0 & (=1,L3

COMPUTE H/(R*T}

AL
A2
A3
Ay
AS

ClLyKy L) + CL6IKy
Cl24Xe1)72.
Cl{3.Ks1273.
ClesKel) /4.
CU5eKy 1) 7/5.

¢ HRT(L} = FIT)

s

COLXo I} ®(1a=ALOGITY) ¢ CLOWKsT}H/T = CLTIKs1)

IF (HONLY .EQ. O.) RETURN
TPREV = T

DO S l=l,ts
COMPUTE G/(R#T)

Al =

AZ = -C{24Ks1)/20

A3 = -C{3,K,1)/6.

A% = -ClosKyD}/12.

A5 = -CU5,Ks1)720.

GRT(I) = FILT)

COMPUTE S/R

Al
A2
A3
A4
A5

ClLsKo 1) ®ALOGIT) ¢ CUTyKy1)

Cl2ekel)

Ct3,K,1072.
Clayky 1) /3.
C(51K )74,

SRUL) = F(T}

COMPUTE CP/R

Al
A2
A3
Ae
A5

wowooonn

Cliekel)
Cl2.K, 1)
Ct3eKy 1)
Cleikol)
Ci54Ke 1)

CPRILY = FUT)

COMPUTE (DCP/DT)I/R

AL
A2
A3
Ab

Cl2,ke )

= 2.%0(3,K.1)

3,80 (4K 1)
4.05015,%0 1)

A5 = 0.
5 OCPR{I) = F(T)

RETURN

END

31
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SUBROUTINE CUBS(X.Y;N-XI.YI.DV.DZY)

APPENDIX B

THIS ROUTINE 1S USED TO CALCULATE VALUES OF THE ASSIGNED VARIABLE

AND ITS DERIVATIVES
REAL LSUBM
DIMENSION XIN),Y{N)

DIMENSION D(40)¢5{%0),T(40),U(40)sV(40}
DEIMENSEON A3(40)+A2(40):A1(40),A0140)

COMMON/AFUN/L3,C20C14CO+ ITPSZ,LSUBM,ETA,DIAM,VISC,BETA

EQUIVALENCE (S,A3)s1T4A2)s(UsAL)(V,A0)

GlA) = 1./{l. — A®¢ETA)
0G(B)} = ETA/LSUBM*TERMS*(ETA - 1.)*BeB

D25(C4D4E} = CELETA ~ L, + 2.8EVASTERM*$ETA*D)/E

COMPUTE CUBIC SPLENE COEFFICIENTS FROM INPUT TABLE

THIS ROUTINE wILL ACCEPT END CONDITIUNS OF THE FORM
F2e{X{1)) = ALPHAL®F22(X(2)) + BETAL*F#2{(X(3)} ¢+ GAMMAlL

Fee {X(N))

ALPHAN®F22( X{N-1}) ¢ BETAN®*F2£(X(N-2)) + GAMMAN

THE CURRENT END CONDITIONS GIVE A PARABOLIC RUNOUT

Fre(X(Ll)} = FeeiX{2)}
Fee (XIN)} = Far(X(N-1)}

CONSTRUCT (TRIDIAGONAL) COEFFICIENT MATRIX

S=DIAGONAL, V=SJUPERDIAGONAL, U=SUBDIAGDNAL,

DXIM = Xx(2) - x(1)
DYIM = Y(2) - Y{1}

DIM = DYIM/DXIM
OXI = X(3) - xt2}
DYL = ¥(3) - Y{(2)
Ol = DY1l/0Xi
BETAL = 0.

ALPHAL = 1.
GAMMAL = 0,

S(2) = (ALPHAL ¢ 2.)%DXIM ¢+ 2,#DXI
T{2) = BETAL#DXIM ¢ OXI
(D1 -~ DIM) - {GAMMAL/6.)*DXINM
ox1
-1
DO 2 1=3,NM
OxiM = DXI
OYiM = pyl
DIM = DI
DXI = X(I¢1) - X{1)
OYL = vi{l+1} - YL}
DI = DYE/DXI
IF (I .EQ. NM) GO 7O 3
S(I) = 2.#(DXIM ¢ OXI}
T(r) = DXI
Ull¢l) = T(I)
2 vil} = DI - DIM
3 BETAN = 0.
ALPHAN = 1,
GAMMAN = 0.
S(NM) = 2.,¢DXIM + (2. + ALPHAN)*DXI
UINM) = DXIM + BETAN®OXI
VINM) = (DI - DIM) - (GAMMAN/6.)*DXI

z

xz

"

Zh

NM2 = N - 2

00 4 [=2,NM2

TCI) = T(1)/st)

viry = vern/sen)

I1=1+1

S(II} = S(il) - VLI *T(D)
& VIII) = vili} - utllisvin)

V(NM) = V(NM)/SINM}

DINM} = V(NM)
DD 5 J=2,NM2
I =N-J
5 0t1) = v(I} - TULI*D(I+1)
GET D(1) AND D(N) FROM END CONDITIONS
D(L1) = ALPHAL*D{2) ¢+ BETAL*D(3) ¢ GAMMALl/6,
DIN} = ALPHAN®DINM) + BETAN®D(NM2) + GAMMAN/6.

COMPUTE CUBIL SPLINE COEFFICIENTS
DD 6 I=LlsNM

11 =14+1

DXI = x(I1} - xtD)

oYl Y{Iiy - vy
DI = OtIN)
DIW = D(I}

A3(1) = (DI - DIEM)/DXI

DI = DisX{I)

DIM = DIM®X(II}" .

A2(1) = -3.¢(DI - DIM)/OXI

DI = DI*X(1)

DIM = DIM®X(II)

8 = DYI/DXI - (D4I1} - D(I))*OXI
AL(I} = 3.#(DI ~ DIM)/DXI + B

DI = DI®X(I)

OIM = DIMEX{II)

V=CONSTANTS
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6 AQLI)} = -(DI ~ DIM}/OXI + Y(11) - D(II)sDXI®OXI - BeX{II)
RETURN

ENTRY CINP
NM=N-1
GO TO (7,10,11s21413),1TPSZ

C COMPUTE Y, DY/DX, D2Y/DX2 FROM CUBIC SPLINE COEFFICIENTS
7 00 8 I=1,NN
=1
IF ((X{1) - xI}®(xf - X{I+1)) .GE. 0.) GU T0 9
8 CONTINUE
WRITE (65,1000 XIeX{1}yXIN)
100 FORMAT (THOICINP)+5Xs3HXI=,F13.5,17H IS OUT OF RANGE/L10X,5HX{1)=,
¢ F13.5,5X¢5HXIN}=4F13.5)

9 Yt (LASCTII#XT & A2(LE))*X] # ALUID))exXi + AO{L])
oy (3.6A3(1100XT ¢ 2.8A2(1L)}*XI # AL(IL)
D2Y = 6.%A3(1F)eXI ¢ 2.%A2(11)
RETURN

c COMPUTE Y, OY/DXs D2Y/DX2 FROM INPUT POLYNOMIAL
10 Y1 = ((C3ex1 + C2)exXl ¢ Cli®*x1 + CO
OY = (3.eC3sX] ¢ 2.4C2)*XI + C1
D2Y = b6.¢C38X1 ¢ 2.%C2
RETURN

C COMPUTE Y, OY/0X, D2Y/DX2 FROM INPUT SPECIAL FUNCTION
C EXCEPTIONAL CASE AT X=0
il IF (X1 .EQ. 0.) GO YO 12

TERM = XI/LSUBM

YL = GITERM)

OY = DGL(YI}
B2Y = D2G(DY,Y!+X1)
RETURN

12 YI = 1.

C FIT A CUBIC THROUGH THE POINTS (0.,Y1){.05,Y2#),(.05,Y222), AND
[ (.10,Y322} IN ORDER TO FIND Yl# AND Ylze

TERM = ,Q5/LSUBM

Y2 = GI(TERM)

Y2P = DGLY2}

Y2PP = D2G{V2P1Y2+,05)

TERM = .10/LSUBM

Y3 = G(YERM)

Y3P = DGLY3)

YIPP = D26GIY3PeY3,.10)

DY = (.05¢ (V3PP ~ Y2PP}/(.10 - .05)/2., - Y2PP)®.05 + Y2°P
02Y = Y2PP -~ .05%{Y3PP - Y2PP)/ (.10 - .05)

RETURN
[ V=0 CASE - ASSIGNED AREA IS NOT REQUIRED
13 vl = 1.
DY = 0.
D2y = 0.
RETURN
END

SUBROUT INE INIT (1SSsMMHGS,MOLEFS)
[4 READ INITIAL CONDITIONS
LOGICAL MMHG, MOLEF» MMHGS 4 MOLEFS

REAL [VAR,MDDToM2oMACH
REAL NyNF,NF2,NF3,NH2,NH3,NO,NO2yN2,N2H4&, N20sN204 4 NE ;KR s NH, NOP ,NO3

DIMENSION 1S5¢25})+TINP(TS5)

COMMON/LTUS/LTHMLDAT sNTHRD,NBLANK,NPHOTO
COMMON/CPTS/VERSL T IMEV,0UML(5)

COMMON/COND/DVAR s AREA 4 MDOT s P4 IVAR, V4RHO, T (CONC{ 25),L5,DUM2(2)
COMMON/NECC/DUM3{2) s M2, DUMAL3)

COMMON/FAKE/

- AR . CoHE . C6HLL . C6H12 . C2H6CO
* C2H5C0 C2HS0H CH3CHO CH30H ’ CH3CO ’
. C2H&OH CH20H . HNO3 . BR . BR2 *
« C » C6HL3 o, C6Hl4 , CH ¢ CH2 .
* CH3 N CHe v CN . co ’ co2 .
L4 C2H30 ’ C2H . C2H2 » C2H4 ] C2N .
] C8H16 » C8H1T . C3HT . C3H6 ’ C3Ha .
* C2H5 N H . HCN ' HCL ’ HF D
. HO2 ' H2 ’ H20 ’ H202 ’ HE ’
* N v [%:11 ] ’ C7Hl % ’ CT7HL5 ’ NH2 .
. NH3 v NO . ND2 . N2 v N2H4 ]
. N2D R N20& » CTH16 » e} ’ OoH »
- 02 . HNO ’ c2 . XE ’ NH .
* HCO . CH2D ’ C9H18 . C2H3 ' C3Hs .
* C9Hl19 ’ coH20 ’ C2Ho ’ 03 . ND3
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EQUIVALENCE {TINP(L1)}4AR)
NAMELIST/START/ X, AREAJMDOToPy TIME,VoRHOs T, MACH, MMHG, MOLEF,

. AR . CoHb ’ C6H11 * Cé6H12 ] C2Z2H6CO o
. C2HSCO CZHSOH CH3CHO CH30H ] CH3CO .
* C2H40H CH20H . HNO3 » BR ] BR2 ’
. [ . C6HL3 . C6Hl1 4 v CH v CH2 *
. CH3 ’ CH4 * CN * co . co2 .
* C2H30 ' C2H . C2H2 y C2H4 ’ C2N f
* C8Hl16 v C8H17 ) C3H7 0 C3He ' C3H4 0
* C2H5 ’ H 0 HCN . HCL » HF ]
* HO2 v H2 . H20 v H202 . HE ’
* N ' C8HL8 ] C7H14 * CTHLS ] NH2 ’
* NH3 ’ NO . NO2 v N2 » N2H4 ’
* N20 * N204 ’ CTHL G ) 4} ’ OH ’
* 02 ’ HNO . c2 . XE * NH ,
* HLO . CH20 . C9Hl8 ’ C2H3 ’ C3H8 .
* C9H1 9 ’ C9H20 . C2H% . 03 * NO3

X = 0.

TIME = 0,

MACH = 0.

00 1 LtI=1,75
TINPILL} = O,
MMHG = HMMHGS
MOLEF = MDLEFS

-

READ (LDAT,START)

MMHGS = MMHG
MOLEFS = MOLEF
IF (VERSI .EQ. TIMEY) GO 710 2
IVAR = X
OVAR = TIME
GO 1D 3
2 IVAR = TINE
OVAR = X

3 M2 = MACH#MACH
00 4 Li=l.LS$
JJ = IsseIn)
4 CONCUIL) = TINP(II)

RETURN
END

SUBROUY INE CUIMAGE

THIS ROUTINE READS EACH DATA CARD, PRINTS A CARD IMAGE, AND STORES
THE IMAGE FOR LATER FORMATTED INPUT

DIMENSICON CARDI20)
COMMON/LTUS/LTHM, LOAT 4 NTHRDNBLANK NPHOTO
EQUIVALENCE (WORD,CARD)

OATA FINISeBLANK/4HFINISLH /

READ (5,101) CARD
101 FORMAT (20A%)

LF (ECF,5) 998,999
998 SYOP
999 CONTINUE

REWIND LDAT

WRITE {6,100)

100 FORMAT (1H1.56X,18r®® DATA CARDS ##//37Xe1H1,9Xs1H2,9X, 1H3 19X,
* L1H&»9X LHS eI Xs LHO, 9X 9 LHT, 9X, LHB/24Xe SHCC  1,8X¢B{LHO,9X) 7/}
GO Y0 2

1 READ (5,101) CARD
2 DO 3 [=1,20
IF (CARDLI) oNE. BLANK)} GO 7O &
CONTINUE
WRITE (6,102)
102 FORMAT {60Xel6H~ BLANK TARD ~-)
GO T0 S
4 WRITE {6,103) CARD
103 FORMAT (28X¢20A4}
IF (WORD .EQ. FINIS) GO 1O &
5 WRITE (LDOAT,101) CARD
G0 10 1

w

o

REWIND LOAT

RETURN
END

34
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SUBROUTINE OUTP

4 OUTPUT CAN BE GIVEN IN (L) INTERNAL (CGS§ UNITS, (2) FPS UNITS
C €3) SI UNITS

LOGICAL ALLML1.CONC,08UGO,EXCHR, NEXT,RHOCCN, TCON
REAL MDOT [VARo Ny Mo MW MIXMW M2, MACHs LSUBM
DIMENSION SPNM{28),PRC{25),PRX(50) +XXH{50) +ESP(25)

COMMON/DERV3/ TDERY

CGYMON/LTUS/LTHM, LOAT ,NTHRD ,NBLANK ,NPHOTO
COMMON/OPTS/VERST o T IMEV, VERSA9AREAV T CONyRHOCON, IPRCOD
COMMON/COND/D VAR, AREA ,MO0T ,Py IVAR, VyRHO, T, SIGMA(25) 4 LS+ LSP3,NEXT
COMMON/ STCOM1/DUM{2) s HINT , HMIN, HHAX s E MAX s MF yKFLAG s JSTART
COMMON/NECC/RReMEXMW, M2, GAMMA, TCPR 4R

COMMON/ KOUT/T ITLEC20) JUNITE,UNITO,CONC,EXCHR 4DELH(50)+FPS,S1 ,0BUGO
COMMON/REAC/LSR{4,50) 4XX{(50),RATEL(50) + LKEQ(50) + OLKEQ(50),MM{50), LR
COMMON/RRAT/AL50) s N(50) 4EACTI50),B(50),M{25,50) ALLML
COMMON/AFUN/CN(4) 41 TPSZ,LSUBMIETA:D,VISC,BETAL
COMMON/SPEC/SNAMI3L) 1 MW (25) 4W{25)STOKC(25,50)»0MEGA(25,50)
COMMON/ XVSA/XTB(40) +ATB(40) ,NTB 4 XU AU(2)+CX{4)
COMMON/GHSC/GRY (253 +HRT (25),SR( 25} ,CPR(25),0CPR(25)
CONMON/STCS/NSTOIL(4+50),EQUILLS50}

EQUIVALENCE (SPNM,SNAH(4})
EQUIVALENCE (PRX(1) +XXH(1))

ENTRY OUT1

C ** TITLE PAGE
IF (VERSI .EQ. TIMEV) GO TO 98
=2
GO 10 99
98 I = &
99 IF (VERSA .EQ. AREAV) I =1 - 1
GO YO (100,2000300,400),1
100 WRITE (6,4101)
10L FORMAT (1HLs14Xe2LHOISTANCE-AREA VERSION)
GD 10 3
200 WRITE (6,4201)
201 FORMAT (1H1,12Xs25HDESTANCE-PRESSURE VERSION)
60 10 3
300 WRITE (6,301).
301 FORMAT (1HL1,L6X,1THTIME-AREA VERSION)
60 10 3
400 WRITE (6,401)
401 FORMAT t2HL,14X,21HTIME~-PRESSURE VERSION}
3 WRITE. (64102) (TITLELL)sI=1,20)

102 FORMAT{LH#,49X, *GEVERAL CHEMICAL KINETICS PROGRAM®,9X, *NASA LANGLE
LY RESEARCH CENTER®/39X,®LANGLEY VERSION OF LEWIS PROGRAM (TN D-658
26) USING STIFF ODE®/42X,*SOLUTION TECHNIQUE OEVELOPED BY C.W. GEAR
3 #/726X+20A%9///5X *REACTION®,31 Xs *REACTION®, 42X, *REACTION RATE VA
YRIABLES®/6X s *NUMBER ®, TBX ) LHA) 16X s LHNy X, ®ACTIVATION#*/1 19X, *ENERGY*

S)
c PRINT REACTION INFORMATION
DO 6 J=1sLR
Nl = LSR(1leJ}
N2 = LSR{2.,J)
N3 = LSR{3,5)

N4 = LSR{4.,J)
NSTOC2 = -NSTOIC(24J)
WRITE(S5,103) JoNSTOC2,SPNM(N2)sNSTOIC(3+J)sSPNEINI},ALJIeNII),
LEACT()
103 FORMAT(BXs12¢25Xs 11y LH®,AB,2X1H=32X s 11,1H8,A48,25X+EL12.5+5Xe
t Fl0.4¢5XeF10.22
IF (N1 .EQ. NBLANK) GO TO 4
IF (N1 .LE. LS} GO TO 203
WREITE(6,105) SPNMINL)
105 FORMATULH® 2L XsA8+2X; 1He)
GO 1O &
203 NSYTOC1 = -NSTOIC(1l.Jd)
WRITE(64204) NSTOCL,SPNMINL}
204 FORMAT{1H# 19XsI11s1H®,AB,2Xs1He)
4 IF (N& .EJ. NBLANK) GO TO 6
IF (N4 JLE. LS) GU TO 304
WRITE{S.104) SPNMIN4GI
104 FORMAT{1H®,61Xe1H+¢4X,AB)
GO 70 6
306 WRITE(6,305) NSTOIC(4,J),5PNM(N&)
305 FORMAT(LH®61Xs1H®e2Xs 01y LH,AB)

[ CONVERTY ACTIVATION ENERGY TO B-FACTOR
6 B(y) = EACTLIN/1.98TL65

IF (.NOT. ALLM1} GO YO 7
WRITE (6,106)

106 FORMAY (//7/51X,29HALL THIRD BODY RATIOS ARE 1.0)
GO 10 13

7 WRITE (6,107}
107 FORMAYT (//761X,50HALL TMIRD BOOY RATIOS ARE 1.0 EXCEPT THE FOLLOWI
*NG/ /)
K= 0
DO 12 [=1,LS
D0 12 J=1,LR
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IF (M{I,J) .EQ. 1.) GO TO 12
K= K¢+
IF (K .EQ. 5) X =1
GO TO (8+9+104+111,K
8 WRITE(6,108) SPNM(I)eJoMiI,J}
108 FORMAT{5X2HM,AB8.1Hss12,3H) =,F10.5)
GO Y0 12
9 WRITE(6,109) SPNM({I1}eJeM(I,J) .
109 FORMAT(LH®,36X2HM{ +ABs1H,412¢3H) =,F10.5)}
GO T0 12
10 WRITE(6,4110) SPNMII)4JoM{1,4)
110 FORMAT(LH®,68X 2HM( +ABLH,,1293H) =,F10.5)
G0 Y0 12
11 WRITE(G6,1L1) SPNMUE}sJoMII,J)
111 FORMAT(LH®yLOOX 2HMU,AB¢LHee1243H) =,F10.5)
12 CDNTINUE

13 IF (VERSI .EJ. TIMEV) GO 71O 14
WRITE (640112) HMIN,HMAX,HINT,EMAX

112 FORMAT (///56X,20HINTEGRATION CONTROLS//15X,1THMINIMUM STEP SIZE,
* El4.593H CMe 33X LTHMAXIMUM STEP SIZE,EL4e5¢3H CM//15Xe LTHINITIAL
OSTEP SIZE+EL14.5,3H CM33X,22HMAXIMUM RELATIVE ERROR,F10.5}
GO YO 15

14 WRITE (6,113) HMIN,HMAX,HINT,EMAX

133 FORMAT (///56X,20HINTEGRATION CONTROLS//15X, 1THMINIMUM STEP SIZE,
* EL4.5,4H SEC,32X L THMAXIMUM STEP SIZE,EL14,5,4H SEC//15X, LTHINITIA
*L STEP SIZEsE14.5,4H SEC,32X,22HMAXIMUM RELATIVE ERROR,F10.5)

C =+ SECOND PAGE
15 WRITE (6,11%)
116 FORMAT (1H1,50X,31H** ASSIGNED VARIABLE PROFILE *%//)
GO TO (16+18,19419,20),17PSZ

16 GO TO (116+216+,3164416)41PRCOD
C ASSIGNED VARIABLE TABLE

116 WRITE (6,117) XU,sAU -

117 FORMAT (34X,64HTHE AREA IS CALIULATED BY INTERPOLATION FROM THE FO
*LLOWING TABLE//36X, THSTATION,10X,17THAXIAL DISTANCE {,42,1H) 10X,
* THAREA (sA4yAL,1H))
GO TO 516

216 WRITE (65,217) Xu,AU

217 FORMAT (32Xs68HTHE PRESSURE [S CALCULATED 8Y INTERPOLATIUN FROM TH
*E FOLLOWING TABLE//36X, THSTATION, 10X, 17HAXIAL DISTANCE [(,A2+1H),
* 9X, LIHPRESSURE (+2A&,1H))
GO T0 516

316 WRITE (6,317} AU

317 FORMAT (34X,64HTHE AREA [S CALCULATED BY INTERPOLATION FROM THE FO
*LLOWING TABLE//36X, THSTATIUN, 14X, LIHTIME (SEC)s16Xe THAREA {4A4%,
* AloLH))
GO TO S16

416 WRITE (6,417) AU .

417 FORMAT (32X,68HTHE PRESSURE IS CALCULATED BY INTERPOLATIUN FRUM TH
®E FOLLOWING TABLE//36Xs THSTATION, 14X KLHTIME {SEC)s 15X, LIHPRESSUR
*E  (12A440H)) :

516 DO 17 I=1,NT8

17 WRITE (6,0106) L,XTB{L),ATBIIL)

616 FORMAT (38Xs12s14X,1PEL2.5,15X¢EL12.5)

GO TO 21

18 GO TO (218+318+418,518),1PRCOD
c ASSIGNED VARIABLE PULYNOMIAL
218 WRITE (6,219) AU,CX
219 FURMAT {40X,52HTHE AREA [S CALCULATED FROM THE FOLLOWING PULYNUMIA
®L// 23X 6HAREA (9A49ALySH) = (+1PELZ2.5)9HIX*#3 ¢ (,EL12.5,94)X**2 +
B ,E12.,5,6H)X ¢ (,E12.5:1H)}
GU TO 21
318 WRITE (6,319) AU,CX
319 FURMAT (38X¢56HTHE PRESSURE IS CALCULATED FROM THE FOLLOWING POLYN
#IMIAL/ /20Xy LOHPRESSURE {92A%95H) = (4 LPEL2.5+9HIX**3 + (,EL12.5+9H)
X562 ¢ [(E12.5,6HIX ¢+ {+EL12.5¢1H))
GO 10 21
418 WRITE (6,419) AU,CX
419 FURMAT (%0X:s52HTHE AREA IS CALCULATED FROM THE FULLOWING POLYNOMIA
#L//23Ks6HAREA (3AGoALsSH) = (o+IPEL2.5,FH)IT*%3 ¢+ (,EL2.5,9H)T*22 +
*{1EL12.5,6HIT ¢ (,EL2.5:1H))
GG 10 21
518 WRITE (64519) AULCX
519 FORMAT (3BX¢56HTHE PRESSURE IS CALCULATED FROM THE FOULLOWING POLYN
*OMIAL//20XKeLOHPRESSURE (92A4,5d) = (4 1PEL2.5:9HIT*#3 ¢ (,E12.5+9H)
#T%x2 ¢ (4EL12.596H}T ¢ (,EL2.541H})
GO TO 21

c SPECIAL AREA FUNCTION
19 WRITE (6,118) LSUBM,ETA

118 FORMAT {41X,50HTHE AREA IS CALCULATED FROM THE FOLLOWING FUNCTION/

#/46X ) 16HL/AREA = 1 - (X/,F10.3,4H)*%(,F10.5:1H})
IF LIYPSZ .€EQ. &) WRITE (6,1118) D,VISC,BETAL

1118 FORMAT (/6X,20HHYDRAULIC DIAMETER =,F8.4y3H LMy 7X,23HVISCUSITY COE
*FFICEENT =,E12.4,10H GM/CM-SEC, 7X,6HBETA =4FT7.4)
G0 TO 21

C ZERO VELOCITY - ASSIGNED VARIABLE NOT REQUIRED
20 WRITE (6,119)
119 FORMAT (36X,50HYHIS [S A V=0 PROBLEM — AN ASSIGNED VARIABLE IS NUT
* REQUIRED)

21 CUNTINUE
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228 [F (RHOCON) WRIFVE {6s1126)
1126 FORMAT (///38X,56HTHE VOLUME (DENSITY} WILL BE HELD CONSTANT FOR T
*HIS CASE)
LF (TCON) WRITE (6,2126}
2125 FORMAT (///40X,SIHTHE TEMPERATURE wiLL BE HELD CONSTANT FUR THIS €
*ASE)
RETURN

ENTRY OUT2

INITIAL CONDITIONS
WRITE (64127)

127 FORMAT (LH1,52X%X,264%* INITIAL CONDITIONS /7
GJ 10 29

ENTRY DUT3

GENERAL QUTPYUT
WRITE (6,128}
128 FORMAT (1H1)

29 MACH = SQRT(M2}
MAX = MAXO{LS,LR)

TENT = O,

CSuM = 0.

PMLOG = ALOG(P*MIXMW)

TOTAL ENTRUPY AND MASS FRACTION SUM

DO 30 I=1.LS

IFISIGMA(L) .LE. 0.} GO TO 30

TENT = TENT + SIGMA(I)*(SR(I) - ALOG(SIGMA(I}) - PMLOG!

30 CSUM = CSUM ¢ SIGMA(LI*MW{ 1)
TENT = TENT®1,.987165

TXXH = 0.

ENERGY EXCHANGE RATES

DO 31 J=1,4LR

XXH{J) = XX(II$DELH(J)
31 TXXH = TXXH ¢ XXH(J)

1F {VERSI .EQ. TIMEV} GO TO 32
TIME = DVAR
X = IVAR
GO 10 33
32 TIME = IVAR
X = DVAR

33 IF {UNITU .NE. FPS} GO TO 48

CONVERT FROM INTERNAL (CGS) UNITS TO FPS UNITS
X = X/30.48

AREAA = AREA/929.0304

00TM = MDOT/453,59237

PP = P*2116.2

VV = v/30.48

KHOO = RHO*62.43

T1 = T*1.8
WRAITEL6+129) TIME,AREAALX.PP, Vo RHOO,
* TT,00TM, TENT, MACH, GAMMA

129 FUORMAT(16X,*TIME®*,E14.54* SEC*,1l4X,*AREA*,EL14.5,% SQ FT*,
L 14X, *AXIAL PUSITION*/E14.5,¢ FT¢///20X,#FLUW PROPERTIES®,45X,
2 *INTEGRATION INDICATORS®*//22X,*#PRESSURE*,€22.5,30X,
3 #STEPS FIOM LAST PRINT®, 13X/23X, % (LB/FT--2)%/22X,*VELOCITY®,
4 E22.5,30X,%AVERAGE STEP SIZE®/23X,*{FT/SEC)®/22X,*DENSITY*,
5 £23.5430X,*CONTROLLING VARIABLE®/23X,*(LB/FT--3)%/
6 22X, *TEMPERATURE®, E19.5/23X,#{DEG R)*/22X,*MASS FLOW RATE*,
7 E16.5/23X % (LB/SEC)*/22X+*ENTROPY®,E23.5,30X,#RELATIVE ERROR®/
B  23X,*IBTU/LB/DEG R)*/22X,*MALH NUMBER®,E19.5//22Xs*GAMMAS,E25.5)

34 WRITE (6,131)
131 FORMAT (//56X,19HCHEMICAL PRUPERTIES//)

CONV = 0.02883
IF (CONC .OR. EXCHR) GO TO 36

PRINT MASS FRACTIONS AND REACTION CONVERSION RATES
WRITE (64132}

132 FORMAT (1X,7HSPECIES+4Xy13HMASS FRACTION,3X,13HMOLE FRACT1DON,3X,
* 2THNET SPECIES PRODUCTION RATE,5X,8HREACTION,3X,28HNET REACTIUN C
SONVERSION RATEs2X,14HNET RATE/PUSI-)

ARITE (6,133) :

133 FORHAT (50X, 16H(MOLE/FT*%3/SEC) +11Xs 6HNUMBER, 7X 4 22HINOLE~-FTE#3/L8
#82/SECH+6X,13HTIVE OIR RATE)

D0 35 J=1,LR

35 PRX{JI = XX{J)
CONY = 1./62.43
GO TO0 37

36 IF (CONC LOR. (.NOT. EXCHR)} GO TO 39

PRINT MASS FRACTIONS AND ENERGY EXCHANGE RATES
WRITE (6,136}
134 FORMATY {(L1X,THSPECIES»4X,13HMASS FRACTION,3X,13HMOLE FRACTIUN,3X,
* 27THNET SPECIES PROOUCTION RATE,5X,8HREACTION,5X,24HNET ENERGY EXC
*HANGE RATE.4X,L4HNET RATE/POSI-)
WRITE (64135)
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135 FORMAT {50X16H(MOLE/FT®®3/SEC) 11Xy 6HNUMBER 18X 21H(BTU-FT#& 3/ B0%
#2/S5EC) 16X, 13HTIVE DIR RATE)

[ COMPUTE MASS FRACTIONS
37 DO 38 I=1.LS
38 PRC(I) .= SIGMA(I)*MW{I)
GO TO &4
39 IF ((.NOT. CONC) «OR. EXCHR) GD TO 41

[ PRINT MOLAR CONCENTRATIONS AND REACYION CONVERSION RATES
WRITE (641361
136 FORMAT (1X,THSPECIES)&XoL3HCONCENTRAT ION,3Xy L3HMOLE FRACTIONs3X,
* 2THNET SPECEES PRODUCTION RATE(S5X+8HREACTION,3X,28HNET REACTION C
#ONVERSION RATE)2XsL4HNET RATE/POSI-)
WRITE (6,4137)
137 FORMAY (12X,13H{MOLES/FT*%3},25X,16H(MOLE/FT**3/SEC},L1Xy 6HNUMBER,
* TX422H(MOLE-FT#*3/LB%®®2/SEC)6Xo13HTIVE DIR RATE)
00 40 J=1,LR
40 PRX(J) = XX{(J)
CONV = 1./62.43
GO YO 42

c PRINT MOLAR CONCENTRATIONS AND ENERGY EXCHANGE RATES

41 WRITE (6,138}

138 FORMAT (1X,7HSPECIESs4Xy 13HCONCENTRATION,3Xs 13HMOLE FRACTION,3X,
* 2THNET SPELIES PRODUCTION RATE,S5X»BHREACTION,SXy 24HNET ENERGY EXC
*HANGE RATE,4X,L4HNET RATE/POSI-)

WRITE (64139} i

139 FORMAT {12X,13H{MOLES/FT#%3),25X,16H(MOLE/FT**3/SEC),11X, 6HNUMBER,

* BXo2lH(BTU~FT**3/LB*%2/SEC),6Xs 13HTIVE DIR RATE)

4 COMPUYTE MOLAR CONCENTRATIONS
42 D0 43 [=1,LS

43 PRCAI} = SIGMA(1)*RHOO
44 DO 47 [J=1,MAX

IF (1J .6T. LS .OR. IJ .GT. LR} GO TO 45

FMOL = SIGMA(1J)*MIXMH

W = WILJ)%62.43

XXX = PRX{1J)*CONV

WRITE(69140) SPNM{IJ}oPRCUIJ),FMOL s WH s LJsXXX,EQUILTLY)
140 FORMAT(2X A8y 2X0E12.5¢EL6.5¢7XsEL6e59 15X+ 13410K,EL6.5,TXsEL645)

GO TO 47
45 IF (1J .GT. LS) 6O TO 46

FMOL = SIGMA( [J)%MIXMM

WW o= WiEJ)%62.43

WARITE(6,141) SPNMUTJ),PRCITIJ),FHOL+WN
141 FORMAT{2X,A8,2X¢EL2.5+E16.5,TX,E16.5)

GO TO 47
4b XXX = PRX(IJ}*CONV

WRITE (64142) 1JXXX,EQUIL(1J)
142 FORMAT(78Xy13,10X:E16.5,7X,E16.5)
%7 CONTINUE

TXXH = TXXH#0D,02883

WRITE (64143) MIXMN,TXXH,CSUM
143 FURMAT { /4X,24HMIXTURE MOLECULAR WEIGHT.F13.5,5X,26HTOTAL ENERGY

SEXCHANGE RATE,1PE15.5,7X, L7THMASS FRACTION SUM,0PF14.8)

WRITE (6414%)
144 FORMAT (49X,21H(BTU-FT##3/LB*¢2/SEC))

G0 TO 78

48 LF (UNLTD .NE. SI) GO TO 63

c CONVERT FROM INTERNAL (CGS) UNITS TO SI UNITS

X = X*,01

AREAA = AREA*.0001

DOTM = MDOT*0.,001

PP = P®1,01325€+05

Vv = v=,01

RHUO = RHOD*1000.

TENT = TENT*4184.0

WRITE(6,145) TIME,AREAA,X PP, Ve RHOOC,
* TT4DOTM, TENT, MACH, GAMMA
1645 FORMATULEX,*TIME*yE14.5,% SEL®,14X,*AREA®,E14.5,¢ 5Q Ms,
1 14X, ®*AXIAL POSITION®4ELl4.5¢% M #///20X,*FLOW PROPERTIES*,45X,
2 *INTEGRATIUN INDICATORS#*//22X,*PRESSURE*,E22.5,30X,
3 #STEPS FIOM LAST PRINT®,13X/23Xs*{N/M==2 }&/22X,*VELOCITY*,
4 E22.5930X,*AVERAGE STEP SIZE*/23X+*(M/SEC ) *#/22X,*DENSITY*,
5 E23,5,30X,*CONTROLLING VARIABLE*/23Xe*(KG/MN-~3 )3/
6 22Xe*TEMPERATURE#*:E19.5/23X,#(DEG K)*/22X,*MASS FLOW RATES®,
7 EL6.5/23X,(KG/SEC)®/22X, *ENTRUPY#*,E23.5,30X,*RELATIVE ERROR®/
B ZIXe*{IDULE/ZIKG-KII®S 22X, *MALH NUMBER*,EL19.5/722X s *GAMNAS, £25.5)

49 MRITE (64131}

CONV = 4,1840
1F {CONC .OR. EXCHR) GO 7O 51

c PRINT MASS FRACTIUNS AND REACTION CONVERSION RATES
WRITE (64132)
WRITE (64146)
Lot FORMAT (50X, LSH(MOLE/M#&3/SEC), 12Xs 6HNUMBER ¢ TXos 21H ( MOLE-M®#3 /KG##2
#/SEC),TX, L3HTIVE DIR RATE )
00 50 J=1,LR
50 PRX(J} = XX(J)
CONV = 0.001
G0 TO S2
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51 IF {CONC .OR. (.NOT. EXCHR)) GO TO 5%

C PRINT MASS FRACTIONS AND ENERGY EXCHANGE RATES
WRITE (6s136)
MRETE (641647)
L7 FORMAT (SOX,L5H(MOLE/MS®3/SEL), 12Xy 6HNUMBER» 7X, 22H{JOULE-M*¢3/KGS*
®2/SEC) 46X+ 1IHTIVE DIR RATE)

c COMPUTE MASS FRACTEONS
52 00 53 [=1,LS )
53 PRCII) = SIGUALL)sMM(I)

60 TO 59

54 IF ({.NOF. CONC) .OR. EXCHR) GO TO S6

c PRINT MOLAR CINCENTRATIONS AND REACTIUN CONVERSION RATES

WRITE (64136}
WRITE (6,148)

148 FORMAT (12XsL2H{MOLES/M®4$3),26X, 15H{MOLE/M®*3/SEC) 12X, 0HNUMBER, TX
*y2LH{MOLE-M®#3/KG**2/SEC)+ TXs L3HTIVE DIR RATE)
DO 55 J=1.LR

55 PRX(J) = XX(J)
CONV = 0,001
GO 10 57

[ PRINT MOLAR CONCENTVRATIONS AND ENERGY EXCHANGE RATES
56 WRITE (6,138)
WRITE (641649}
149 FORMAT (12Xo12H(MOLES/M®#3),26X,15H(MOLE/M**3/SEC),12X, bHNUMBER, TX
* 4 22H(JOULE-M* 3 /KG*42/SEC) 46X L 3HTIVE DIR RATE)

[ COMPUYE MOLAR CONCENTRATIONS
ST D0 58 l=14LS

58 PRCLI) = SIGMA(I)*RHOO
59 DO 62 1J=1,MAX
Flal'? 37GnatTsrsligm !y <67 LAY €O TO 60
WW = w{[J}*1000.
XXX = PRX{1J)I®CONV
WRITE(6,140) SPNMITJ)yPRCITJI),FMOL, W e TJe XXX EQUILITS)
GO TU 62
60 1F (1J .6T. LS) GG TO 61
FMOL = STOUMACTIJ)eMiXMn
We = w{lJI*1000.
WRITE(O 1410 SPNMCIJF+PRCCISIoFHOL oiw
GO TU 62
61 XXX = PRX{IJ}*CCANV
WRITE (64142) 1J,XXX,EQUIL(1IS)
62 CUNTINUE
TXXA = TXXKH®4,1840
WRITE (645143) AIXMw, TXXHsCSUM
WRITE (64153)
150 FURMAT (40X+2Zh(JOULE-M#*3/KG*##2/SECH)
GJ T3 78

% PRINT GUTPUT IN INTERNAL {CGS) UNITS

63 WKITE(61151) TIME,AREA,X4P, Vs RHO,
® T MUOT,TENT, MACH, GAMMA

151 FORMAT(16X *TIMES,E14.5,% SEC*,14X,*AREA*,E14.5,% SQ (M*,
1 14X, %AX1AL POSITION®,€14.5,% CM*//20X,*PRESSUREATM =%,
2 F22.4, 20Xy *VELOCITY,CM/SEC =%,F22.2//20X, *UENSITY,GM/CC =,
3 £22.5,20X,* TEMPERATURE 4K =%,F22.5//20X,*FLOW RATE,GM/SEC=%,
e £22.5,2)X*ENTRCFY,CAL/GM=K =%,F22,.5//20X,*MACH NUMBER =%,
5 F22.5,20X,%GAMMA =%4F22.95)

64 WRITE (641311}
IFL.NDT . DBUGD) GC TU 700
1F LCGNC . UR. EXCHR) GO TO ¢6

c PRINT MASS FRACTICNS AND REACTICN CONVERSIUN RATES

WRITE (64132}
WRITE 164152}

152 FORMAT (50X,16H(MOLE/CM**3/SEC), 11Xy 6HNUMBER ) TX 4224 (MOLE-CMB®3/ (M=
**2/SEC) 6K, 13HTIVE VIR RATE)
DO 65 J=1.LR

65 PRX(J} = xxiJ}
60 TO 67

66 1F (CONC .OR, (.NCT. EXCHR}) GO TO 69

C PRINT MASS FRACTIONS AND ENERGY EXCHANGE RATES
WRITE (6,136)
WRITE (6,153}
153 FORMAT (SOX,LO6H(MGLE/CMO®3/SEC), 11X, 6HNUMBER BX,21H {CAL-CMSS3/ Mo
*2/SEC),6Xy13HTIVE DIR RATE)

c COMPUTE MASS FRACTICNS
67 DO 68 1=1,L5
68 PRCUL) = SIGMA(T)I®NMWLL)
GO TO 74

69 {F ((.NOT. CONC) .OR. EXCHR) GO TO T1

C PRINT MOLAR CONCENTRATIONS AND REACTION CONVERSION RATES
WRITE (641360
WRITE (6,154)
154 FORMAT (12Xs13H(MOLES/CM®%3),25X, LOHI HOLE/CM®*3/SEC) 421X, GHNUMBER,
¢ TXy22H(MOLE-CM**3/GM®*2/SEC ) 6X) L3HTIVE DIR RATE)
DO 70 J=1,LR
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PRX(J) = XX{J}
G0 10 72

PRINT MOLAR CONCENTRATICNS AND ENERGY EXCHANGE RATES

WRITE t6,138)

WRITE (64155}

FORMAT (12X, 13H{PCLES/CM*%3),25X, 16H({ MOLE/CM**%3/SEC) 411 X, 6HANUMBER,
€ BXy 2LHICAL~CM**3/GM**2/SEC) 46X, 13HTIVE DIR RATE)

C COMPUTE MOLAR CCNCENTRATIONS

12
73

T4

75

16
77

700

70l

102

704
703

106
735

29900

DO 73 [=1,LS
PRCET) = SIGMA(I}*RHO
PROD = PRC(L) * PRC{(3)

D0 77 lJ4=1,MaX

IF {1V «6T. LS CR., 1J .GT. LR) GU TO 75

FMOL = SIGMALIJI®MIXNMN

WRITE(6,140) SPNFMUIJ)+PRCUTJD)FMOL,W(TJDs TJyPRXUTS)LEQUILITY)

Gu T 77 .

IF (14 .GT. LS) GO TO 76

FMOL = SIGMA(TJ)*MIXMW

WRITE(6,141) SENMILY)PRCITIY,FMOL WIETU}

60 T4 77

WRITE (6,142) [J,PRX(IJ)y EQUILLLY)

CONTINUE

G TJ 705

CONTINUE

WRITE(6,70L 1}

FURMAT{LX y*SPECIES*,4X,#MASS FRACTION®*,3X,*MOLE FRACTION®,3X,
1 *MOLAR CONCENTRATION®,3X,* SIGMA *,2X,*NET SPECIES PRODUCTI
20N RATES®)

WRITE(64702)

FORMAT (47X *{ MOLES/CM=-=-3)%,6X, *(MOL{T)/MASS)*,7X,*{MOLES/CC-SECI*)

00 703 I=1,.tS

FMaL = SIGMA(L)*MIXMW

PRCLII=SIGMA{11*RHO

PRCF = SIGMA(I)*MR{I)

WRITE(6,704) SPNM{1},PRCF,FMOL,PRCII}+SIGMALT) ()

FORMAT(2X yABy2X+EL2.51E16.5¢7X9sE12.50 TX+sE12.5+19%X,E12.5)

CONTINUE

PROD = PRCULI*PRCI(3)

DCOU = PRCU3)*w(l} ¢ PRC(LI*W(Y)

IF(SPNM(1) .NE. BFCC ) GO TQ 70%
WRITE(6,T36) DCCO

FORMAT (3X % (U)XC(CO) + (CUIXDIO} = %yE15.5)
CONTINUE

WITE (6,2000) PRQD

FORMAT (/3X,60H PRODUCT CF SPECIES 1 ANU SPECIES 3 MOLAR CGNCENTRAT
*10NS = 1PE12.57 )

WRITE (64143) MIXMW,TXXH,CSUM

ARITE (6:156)

156 FURMAT (49X,21H{CAL-CM®#*3/GM**2/SEC))

WRITE(6,159) TDERV

159 FURMAT(/5X,#DTEMP/DIVAR =%,£16.5)

78 CUNTINUE

a2

163

[

40

IF (ABS{1.~CSUM} .LE. .001) RETURN

WRITE (6,163)

FORMAT (7THO(OUTP) 45X 41 9HINVALID CUMPUSITIUN)
NEXT = .TRUE.

RETURN

END

SUBROUTINE DIFFUNINIoTI Yo YOUT IFN,NPEDV.K2}

PERFORM ALL NECESSA'Y PRE-DERIVATIVE CALCULATIONS

LOGICAL ALLMLTCONeNEXT (RHOCON
LOGICAL KTCON
LOGICAL KUP

INTEGER STOIC

REAL IVAR+MDOT o LKEQ MM N, M MIXMW,M2
DIMENSION Y(NI/K2},YDOT (561}

COMMON/DERY3/ TDERV

COMMON/ STCOMB / TPREV 4 HNL

COMMON/STCOMI/VOLD

COMMON/CONT/KTCON

COMMUNZUPOT /X UP

COMMOUN/LTUS/LTHM, LIAT yNTHRD ;NBLANK . NPHOTO
COMMOUN/OPTS/VERSIL VT IMEV,VERSA,AREAV, TCON,RHOCON, L PRCOD
COMMON/CIND/DVAR AR EAMDOT P, IVAR, VsRHO, T, SIGMA(25),LSsLSP34NEXT
COMMON/SPEC/SNAM{31) 4 MW(25),W(25),5T00C(25,50) yOMEGA(25,50)
COMMUN/REAC/LSPR{%350) 4 XXI50)RATE{50)-+LKEQ(50)+DLKEQ{50),MM(50}4LR
COMMON/RRAT/ZA(50),N(50)4EACT(50),B(50),M(25,50) ¢ALLML
COMMON/GHSC/SRT{25) ¢(HRT{25},SR125),CPR{25),DCPR(25)
CUMMON/NECC/RRyMIXYMN M2 4 GAMMA, TCPR,4R

COMMON/STCS/NSTOIC{4,50) ,EQUIL(50)
COMMON/SNOB/CXTB(40) CATB{40) oNZ

COMMON/DERN/F (281}



c

[+

c

4

[

[

200

400

~

5 nel

6 hP1

cOMMON/S
FQUIVALE

APC fS1,S2+AA, BB, DTERN
NCF {OV,F (1))

N2ADT2(N2) = VeVeDZ + DV/VIDA

02aDp¥2(n

1°HN = 0
Vey(l)

eHNeY(?)
TsY(3)

an 200 1
I1=T+3

SIGMALIY
CANTINUF
TELKTICON
ENTRY D]

2) « (D2/V - DVeDAI/V

1, LS
sYtin

1 GO T2 <00
Fe1

IF {77NW) 50 10 5

COANTINUF
MWAON =

]

THFOMADYNAMIC PROPERTIES
CALL THOM (T,1.)

ALNGOT =
NN 4 Jae1

PFACTION
RATE(IY

ALOGI(RReT)
Lo .

PATE CONSTANT
» A{JISTOEN(JISEXP(-BLII/T)

LN KEO AND DILN KEQ}/DT
DELSTL = 0O,

RELG = Q.

AFLH = 0.

PN 2 Tx1,4

NN s LSP(T,J)

TF (NN .GT. LS) GO TO 2
STOC = NSTAIC(INJ)

NELSTC = NFLSTC ¢ STOC
RELG = NFLG + STOCSGRT(NN)
AFLH = NFLH + STOC*HRTINN)

LeFOLD

fONTINUF

= -DELG - DELSTC*ALOGRT

NLKEQIJ) = (DELH - DELSTCI/T
4 CONTINUF

MIXTURE MNLECULAR WEIGHT

= 0,

on & T=1.LS

= DPL + SIGMALD)

Seyv = pP

MIYMW =

1.755un

APPENDIX B

(XTI T3] 1IPDATE INDEPENDENT AND DEPENDENT VARIABLES

701

~

8

9

10

TF{KRYP)

£0 10 600

TVaR = TT
600 CANTINUE

TF(VERST
Y = [yaP

«£Q. TIMEV) GO TO 700

TE(XTINNY TIME = DVAR
TFUE.NNT. XUP) JAND. {.NOT. KTCON))

1Yer
TFik1o)

TI“E = DVAR

GN TN 7N

CONTINUF

TINE » Tyae
TEIKTCONY X = DVAR
TEQCLNNT, KUP) .AND. (.NOT. KTCON}}

112,
1e(KUe)
cONTINIE

ASSTGNED
TE o (T00C

¥ = DVAR

VAo [ABLE
NN L.6T. 2) GO TO 7

TIME=DVAR+2.,#(TI-TPREV)/{VOLD+

X=DVAR+(TI=-TPREV)*{VOLD+Y(1))

TALL TINP(TXTB,CATB,NZ,X,AVAR,D4,D24)

60 TN 8
CONTINUFE

Catl CINPLZXTB,CATBsNZ,TIMEsAVAR,DA,D24)

CALPULATE
Tf tvzes
P a2 AVAD
TF (¥ N
60 TN 19
ADEA = A
P = QHNS

MASS FLAW
MHNT = B
N 20 J=
Nl s LSP
4r s LSO
N1 x|SO
N4 = L8P

TF (N}
T¥I®N anp
ue{yy) =
te (N1 .
TF [ALL™
ny 11 T
“u({g) =
AN TN 11

N VARTABLE
A ,EC. AREAV) GO 10 9

Fo 0.) AREA = MDOTV/I(RHD®*V)

vae
PROT/MIXMW
RATE

HO& AREASY
1sLR

1. J)
12, )
13, )

tas J}

£0. NPHOTO) GO TO 15
Y FACTOR
0.

MF, NTHRD JAND. N& .NE. NTHRD) GO TQ 12

1) 60 10 12
1slS
PMEIY ¢ MUT,d0e5IGNHALTY

41
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12 MM(J) = SSUM

13 IF (LKEQ{J) .GY. 0.) GO TO 14
EXP3 = EXP(-LKEQ(J)/3.)
EXPl = RATE(J)*EXP3

GO TO 15 .
14 EXPL = EXP{ALOG(RATE(J}) - LKEQ(J))
EXP3 = I.

NET REACTION CONVERSION RATE
15 SIGMAL = 0.
IF {Nl JLE, LS) SIGMAL = SIGMA(NI)
SIGMA4 = 0.
IF (N4 .LE. LS) SIGMA4 = SIGMA(N4)
NC = ~(NSTOIC{1.J) ¢ NSTOIC(2,J}} - 2
DPl = POWER{RHO,NC) *RATE(J)*PORERISIGMAL,-NSTOIC(1,4))%
* PUWER(SIGMA(N2) ~-NSTOIC(2,J})
IF (Nl .EQ. NPHOTO) GO TO 18
NC = (NSTOIC(3,4) ¢ NSTOIC{4,J)) - 2
DP2 = EXP3I®POWER({R40,NC}*EXPI*PUWERI{SIGMA(N3),NSTDIC(3,J4})%
* POWERISIGMA4 yNSTOIC(4yJ) }*EXP]
XX{J4} = DPl - DOP2
tF (Nl .EQ. NTHRD LOR. N4 .EQ. NTHRD) XX{JS) = MM(J)*RHO*XX{J)
1F0 XX{J)uNE. 0. } GO TO 29
EQUIL(J) = 0.
G0 TO 20
29 1FU{XX(J).LT. 0.) GU TO 30
EQUIL(J) = XX(J)/0?1
LFINL <EQ. NTHRO .IR. N& .EQ. NTHRO} EQUIL(JI=EQUILLI)/{(MM(J)*RHO}
cO0 TO 20
32 EQUILIJ} = ABS{XX{J)/DP2)
IF{Nl .EQ. NTHRD .3R. N4 .EQ. NTHRD) EQUIL(J)=EQUIL{J)/{(MM{JI}*RHO)
GO TO 20
18 xX(J4) = DP1
EQUIL(J) = 1.0
20 CONTINUE

RHO2 = RHO*RHO
TCPR = 0.
D0 22 f=1,LS

TOTAL CP/R
NET SPECIES PRODUCTION RATE
TCPR = TCPR & CPR{L}*SIGMA(I)
DP1 = 0.
00 21 J=1,LR
STOC = STOIC(1+J)
OMEGA(IJ) = RHO2*STOC®*XX{(J)
21 OPL = DPl + OMEGA{I,.J)
wil) = DOPL
22 CONTINUE

GAMMA (FROZEN)
GAMMA = TLPR/(TCPR = Ll./MIXMW)

MACH NUMBER SQUARED
M2 = V/R®V/TEMIXMN/GAMMA

IF {(VERSA .NE. AREAV .OR. (M2 .LT. 0.9025 .OR. M2 .GT. 1.1025})
* GO TO 23
WMACH = SQRT(M2)
WRITE (6,101) WMACH
101 FORMAT (7HO(PRED)sS5SXe THHARNING 33X, L3HMACH NUMBER =,F8.4,19H 1S APP
*RDACHING 1.0}
MWARN = MWARN + 1}
IF (MWARN .LT. 5) GO TO 23
WRITE (64102)
102 FORMAT (7HO(PRED) ¢5X¢24H5 WARNINGS HAVE OCCURRED)
NEXT = TRUE.
RETURN

23 CONTINUE

COMPUTE DEREVATIVES WRT THE INDEPENDENT VARIABLE

oPSl = 0.
OPS2 = 0.
00 1 I=1,3
F(I) = 0.
CONTINUE

-

DENM = RHO
1F (VERSI .NE. TIMEV) DENM = RHOD*V
00 50 1=1,LS

DSIGMA/DIVAR
11 =1 + 3
F{El) = W(1)/DENM

S1 FOR AA
OPS1 = DPS1 + F(ILI)
$2 FOR BB
50 DPS2 = DPS2 + HRT(L)*F(11)

S1 = MIXNW*DPSL
§2 = MIXMW*DP S2

42
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GAM] = GAMYA - I,
An enNp NERIVATIVES
RA . GAM1/GAMMASS?

s €ne AEOTVATIVES
44 = S1 - AB

DAyad /nfyvan
TF {VFeST] .EQ. TIMEV .AND. [IPRCOD .LE. 2) DA = VeDA
TF (yee<] ,NE. TIMEV .AND. IPRCOD .GE. 3) DA = DAYV

{FLyrFocy NE., AREAV) GO TO 51
ATCILNED APEA EQUATIONS
€N =2 8M160S2 - S1)
TE{oHNCAN (AND, V .EQ. 0. .AND. «NOT. TCON) IRHD = 2
OTEoM 2 RAJAREA - AA
TY = 1./7(%2 - 1.)
T2+ 42e7)

ovrnryae
€L1) = VsT1#DTERM

DPUM/ATYAD
TE (.NAT, OHOCON) F(2) = -RHO®({T240TERM o+ AA)

QT/7nIVAP
TIF (.NNT, TCON) F(3) = ~TO({GAMLOT2¢DTERM + BB)
TE(I0HN LEQ. 2) F{3} = -TeED

DsRFA/DTVAR WRT IVAR

1F (VE®ST .£Q. TIMEV .AND. (IPRCOD .EQ. 1 .AND., V .NE. 0.)) D2A =
% D?2ADT2(D24)

1F (VE®ST .NE. TIMEV .AND. IPRCOD .€Q. 3) D2A = D2ADX2(D2A)

T3 = (D?8 - DA*DA/AREA)/AREA

N TN 52
_ASSTGNEN PPFSSURE EQUATIONS
51 nTFou 2 PA/P

T? 2 -1,./6GAmMA

Mryniyao
TF (V JNF, 0.) F{1) » -DA/(RHO*V)¢1,01325€¢06

Qeun/prvap
TE (,NAT, PHOCON) F(2) = =-RHO*(T2¢DTERM ¢ AA)

fT/nTVAD
TF LNDT. TCON) FU3) = -Te(GAMI*T2#DTERY + B88)

Ne/NIYA® WRT IVaAR
IF (ySeeT (£Q. TIMEV .AND. [IPRCOD .€Q. 2} D2A = D240T2(D24}
1€ (VEOST NE. TIMEV .AND. IPRCOD .EQ. &) D2A = D2ADX2(D2A)

TA = {N2A - DASDA/P) /P

52 CONTINNE
TOFRY = F(2)
TE(Kr®) PCTURN
nN 509 T=1,LSP3
TTeTa1eEN
YOATIID) =F(I)
500 CONTINUF

SETUPN
ENP

SUBRJUTINE PIDZRVINOG,TO, Y, BETALNQ,NPEDV K2
COMPUTE ALL MIXFD PARTIAL DERIVAT[VES

LGGICEL TCCM,R4DCON

INTEGEF STRIC

REAL LXFEeMMyNGM, M XM, M2
REAL MMPYN

OV MENSTAN PXXRRO(S50), PXXT (500 ¢ PXXSIGI30,23):+PGSIGI25),PU251G(25),
* PSISIG(25),252516G(25),PAASIG(25),PBnSIGI25)

ODIMFNS 10N BFTAINOSOV, NPECV IS YIND,%2)
COMMOM/SABS/S1,52.A8, 9B, UTERM
COMMON/LTUS/LT M, £ DAT, NTHRD (NBLANK, ¥PANT(
CrPMIN/OPTS/VEAST , TIMEV,VERSA, ARE AV, TCON, RHOCAN, [PRCND

COMMOGN S COND/ VAR AREA, MDOT Py F VAR GV R4, Ty SIGMA{ 29041 SyLSPI, NEXT
COMMON/SOEC/SNAM{IL) oMW (25),WI251,STNICI25,5001,OMFEGAL25, 50)
COMMIN/RSAC/LSRIS,50), XX1501 ,RATEL50),LKERL30) ,ULKEQ(HI) 4MM{ 501+ LR
COMPON/RRAT/ALSO) 4 NISU), FACTI50),8(50),M125,50),aLLML
CPMMUR/GUSC/GRTE25),PRT{25) 45R125),CPR(25),DCPRIZS)
COVMANSMECC/ A0, MIXMA M2, GAMMA, TCPR,R

COvUNN/LERN/FL28)

CUMMON/STLS/NSTOICE%,50), FUNILLISY)

vyl

ARCEY(2)

T=vid)

noSY I=1,LS

43
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TTels3
. STGMALTY=Y(ID)
50 CONTINUE
0N 1 T=1,15P3
DN 1 K=1,15P3
AETALT,K) » O.

-

IRHD = O
IF{RHACON . AND. V +EQ. O. <AND. .NOT. TCON) 1RHO = 2
na 2 J=1,1%
DY 2 Ts1,LS
2 PXXSTIGLY, YY) = O,

[ XYUJY WeT RHO,T,SIGMALI}
Nt 9 Js1,LR

N1 & LSR{,J)

N? = LSP(2,J)

N3 = LSR{3, I}

N& = LSR{4,J}

1F (N1 .EQ. NPHOTO) GD TO 7
IF (LXFQUJ} .6T. O.) GO TO 3
FXP3 « FXP{-LKEQ(J}/3.)
FEXP1 = RATF(JI*EXP]
GO 1O 4
3 EXPY = EXP{ALDG(RATE(J)) - LKEQ(J))
EXP3 = 1,

4 SIGMAL = 0,

TF (N1 .LE, LS} SIGMALl = SIGMA(NL)

TIGMAL = 0.

TF (N& (LF. LS} SIGMA4 > SIGMAING)

NP1 = ~{NSTOIC(1»J) ¢ NSTOIC(2,J)) = 2

€1 = NC1

NC?2 & {NSTNTIC(3,J) + NSTOIC(4,d)) = 2

£2 = NC?

PYXRHN(Y) = C1*POWER(RHO,NC1-1)*RATE(J)$POWER(STGMAL,=NSTOIC(1,J))
* *PNWER{STGMAIN2) »=NSTOIC(25J)) ~ C2¢EXP3I$POWERIRHD,NC2-1)2EXP3*

* POWFR(STIGMA(NI), NSTOIC(3,J))¢POWERISIGHMA4INSTOIC (4, J))*EXP]

PYXT(J) = FEXP3I#POWER(RHOsNC2)*EXPI*POWER(SIGMA(NI),NSTOIC{3,J) )%

* PNYFR(STIGMAL)NSTOIC(4»J)I*#EXPL*OLKEQ(Y)

TF (N1 JLE. LS) PXXSIGEJ,NL) = FLOAT(=STOIC(NI,J))*POWER(RHN,NCL)*
* PATE(IISPOWERISIGMAL, ~NSTOICIL1»J)-1)1®POWERI{SIGMAINZ)},-NSTOTC(2,4)
)

PYXYSIG(I,N2) = FLOAT{-STOIC(N2,J))*POWERIRHO,NC1)*PATE(J}*

# PNWFLSTIGMAL, ~NSTOIC{1,J))*POWERISIGMA(NZ) s ~NSTOIC(2,3)-1}

PYXYSTG{JI,N3) = =FLOATISTOICIN3,J))®EXPI*POWER(RHO,NC2Z)*EXP 3
¢ POWER(STIGMAINI}I4NSTOLC(3,J)~1)9POWER{SIGHAGL,NSTATC L4y J2) *EXPL

TF (N& ,LE, LS} PXXSIG(JsN&) = —FLOAT(STOIC(NG)»J))I*EXP3*POWER(RHO,
* NCO2ISFYO34POWERISIGMAINI),NSTOIC(3,J))*PONER(SIGMAL,

* NSTOTICl4sJ)=1)%EXPL .

TE€ (N1 .FQ, NTHRD) GO 7O B

IF (N4 .EQ, NTHRD) GO 7O 88
60 TN o

7 NC1 = -NSTNIC(2,3) - 2
1 = NFY
PXXPHDII) = CLOPOWERIRHO,NC1-1)*RATELJ)I*POWER{SIGMAINZ),
* =NSTATC(29J)}
OXXT(J) = 0.
PYXCSTH(J,N2) = FLOATU(=STOIC(NZ,J))$POWER(RHO,NCLIPRATE(J)*
* ONWERISTGMA(NZ), =NSTOIC(2,4)-1)
GN TN 9 )

8 MMPHD = MM{ J)¢RMO
DYXQHN(J) = MMRHO®((C1+41,)¢POWERIRHO,NCL1-11¢RATELS)*

* DAWER(STGMA(NZ),=NSTOIC(2,J)) = (C2+1.)*EXPI*PONERIRHO,NC2-]1)¢

* EXP3¢POAWER (SIGMAIN3),NSTOIC(3,3) ) ¢POWER(SIGMA4,NSTDIC (45 J)ISEXP]L)
PYYT(J) = MMRHO®PXXTIJ)
PXXSTSUI,N2 ) = MMRHDO®PXXSIG(JI>N2) 4 XX{J)/MMIJIEM(NZ,J)
PXXSTGUJIs N} = MMRHO#PXXSIG(JsN3) & XX(J)/MMIJIEMINS, )
TF (N4 L% LS AND. N& JNE. N3) PXXSIG(J,N&) = MMRHO®*

* PYXSTGUIING) ¢ XX(JI/MMII)I*N(NG, )
60 70 9

98 WMOMN = MM( J)SRHO
PAARKOL YY) = MMRHDOLICL+1.)#PONER(RHDINCI-1)*RATELI )
¢ PNWFR{SIGMAL,~NSTOIC(1,J))*POWERISIGMA(N2) »=NSTOIC(2,J)) =
® [£24]1,)%EXPI*POWER(RHO,NC2-1)*EXP3*POWER(SIGMAIN3),NSTOIC(3,9) )%
* EYP1) .
PYXYT(J) = MMRHOD#PXXT(J)
IF (N1 ,L®%. LS LAND. N1 .NE. N2) PXXSIG{J,N1) = MMRHO*
* PXXSTGEILNL) ¢ XX{UJI/MALJI®MIND,J)
PYXSTISIISN2E = MHRHOEPXXSIGUISN2Y + XXCSYI/MMJION(ND, )Y
PXXSTG{JIsN3) = MMRHO#PXXSIG(JI»N3) + XXUJ)}/MMIJ)®MING, S}
9 PXXTIIY = PXXT(J) + XX(JISINUJ) & BLII/THIT

GTGM] = GAMMA®(GAMMA - 1,}
PGAMT = 0,
c GAUMA WRT STGMA(I) AND MACH NUMBER SQUARED WRT SIGMA(T)
NN 10 T=1,1S
PGSTGIT) = GTGMLI*(MIXMW ~ CPR(])/TCPR)
PUISTGIT) = —M2#{MIXMW ¢ PGSIG(I)/GAMMA)
10 PGAMT = PGAMT + SIGMA(T)*OCPRIL)

3 GAMRA WRT T
PGAMT = ~GTGM1/TCPROPGAMT

[ MACH NIJMBFR SQUARED WRT V
PHMIV = 2, SVENIXMW/(GAMMACRST)
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MACH NUMBER SQUARED WRY Y
PM2T = -M28(1./T + PGAMT/GAMMA)

TERM = RHD
IF (VERSI .EQ. TIMEV) GO TO 12
TERM = RHO/V
DSIGMA/DIVAR WRY V
DO 11 If=4,LSP3
11 BETA(II,1) = -FLIi)/V

DSIGMA/DIVAR WRT RH) AND DSIGMA/DIVAR WRT T
12 DO 14 1i=4,L5P3
I =11-3
00 13 J=1,LR
STOC = STOICIL,J)
BETALIL42) = BETAtII,2) ¢ STOC®PXXRHO{J)
13 BETA(I1,3) = BETA(IL,43) + STOC*PXXT(J)}
BETA(I142) = FULL)}/RHO + TERM®BETA(I1,2)
14 BETA(I1,3) = TERM*BETA(II,3)

DSIGMA(I)/DIVAR WRT SIGMA(K)
00 16 1I=4+L5P3

=11 -3
DO 16 KK=4,L5P3
K = KK - 3

DO 15 J=1,4LR
STOC = STOIC(I,J)
15 BETA{II,KK) = BEVA{II(XK) + STOC*PXXSIG(J¢K)
16 BETA(II KK} = TERM®BETA(IL KK}
S1 WRT V,RHOsT,SIGMA{I) AND 52 WRT V,RHO,T,SIGMA(I)
PS1Y = 0.

PSLIRHO = 0.
PSLT = 0.

PS2V = 0.
PS2RHO = 0.
PS2T = 0.

DD 18 [1=4,L5P3
L =11-23

PS1V = PS1V ¢+ BETA(II,1)

PSLRHO = PS1RHO ¢ BETA{I1I,2)

PS1T = PSLT # BETA([I,3)

PS2v = PS2V ¢ HRT(I)®BETA(IL, 1}

PS2RHO = PS2RHO + HRTUI)*BETA(II,2}

PS2T = PS2T7 ¢ HRT{I)*BETA(IL,3) + CPRILI*F(II)/T
PSLSIGLE) = D.

PS2SI1G(I} = 0.

PSLSIGII} = PSLISIG(I) + BETA(KK,II)
17 PS2SIGT) = PS2SIGII) + HRT{K}*BETA(KK,I1}
PSLSIGEI) = MIXMW&(PSISIGII) - S1}
18 PS2SIGUI) = WIXMW*(PS2SIG(1} - S2)
PSLV = MIXMN®PSLV
PS1RHD = MIXYW*PS1HO
PSLT = MIXMA®*PS1Y
PSZV = MIXMW®PS2V
PSZRHO = MIXMW®PS2RHO
PS2T = MIXMN&PS2T - S2/T

GMIDG = (GAMMA - 1.)/GAMMA
$2062 = S2/{GAMMA®GAMMA)

88 WRT Vv

PBBYV = GMLDG*PS2V

BB WRT RHO

PBBRHO = GMLDG*PS2RHO

BB WRT T

PBBY = GMLD3#PS2T + S20G2*PGAMT
AA WRT V

PAAV = PS1V - PBBV
AA WRT RHO

PAARHO = PSLRHO - PBBRHO
AA WRT T

PAAT = PSLT - PBBT

BB #RT SIGMA(I} AND AA WRT SIGMA(I)

00 19 I=1,LS

PBBSIGLI) = GMLOG*PS2SIGIT) + S20G2*PGSIG(I}
19 PAASIGUL) = PSISIG(I) - PBBSIGII}

IF (VERSA .NE. AREAV) GO TO 24
ASSIGNED AREA EQUATIJNS

TL = l./(M2 - 1.}

GAM]1 = GaMMA - 1.
DV/DIVAR WRT v

BETA(L,1) = TL*(DTERM - F(L}%PM2V - V*PAAV)
DV/DIVAR WRT RHO

BETA(142) = -VeTL*PAARHO
DV/DIVAR WRT T
BETA{143) = -TL®(VePAAT ¢ F(1)*PM2T)

DV/DIVAR WRT SIGMA(L}
DD 20 EI=4,LSP3
1 =11 -3
20 BETA(L,11) = —-T1#(V&PAASIGII) + FL1)®PM2SIG(I))

1F (RHOCON) GO TO 22
DRHO/DIVAR WRT V

45
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BETA(?,1) = RHOST1®#(PAAV + TL1¢DTERMIPH2ZV)
peHMN/NTIVAR WRT RHO

RFTA(2,7) = RHOST1+PAARHD + F(2)/RHD
OPHD/NIVAR WRT T

AETA(2,3) = RHOST1S({PAAT + TL1e¢DTERN*PM2T}
DPHN/NTVAP WRT SIGMACI)

NO 21 1T=4,LSP3

T =11 -3

21 RETA(2,T1) = RHO#T1#(PAASIG(I) + TI*DTERM*PM2SIG(I))

22 1FLTCONY, 6N 10 300
v

DT/hTyae wor

AFETA{%,1) = T¢(GAMLSTLe(M24PAAYV ¢ TI1*DTERM*PN2V) - PBBV)
OT/NTVAR WOT RHOD

RETA(3,2) = T#(GAMI#M2¢T1#PAARHD - PBBRHO)
DY/DTVAR WPT T

AFTA(3,3) = TH(TL#(GAMLS(M24PAAT + T1®DTERM®PM2T) - M24DTERM®PGANT
€ ) - PRAT) ¢ F(3)/T

TEC(TOHN ,FQ, 2) BETA(353)uBETA(3,3)¢T*GAMLS PAAT +TSAACPGANT
DT/DIVAR WRT SIGMAC(I)

nn 23 Tl=4,L5P3

T = 11 -3

RETA({I,TI) = TH(T1#(GAMLI*{M2#PAASIGII)} + TI®DTERM¥PM2SIGII)) ~ M2¢
# NTEPMePGSIGILY) ~ PBASIG(INY

TELTRUN.EC, 2IBETA(I, TTI=BETA(S, [1)+CANLATOPAASIG(TI4T4AASPGSIGIT)

23 CANTINUF

6N TN 300
ASSIGNED PRESSURE EQUATIONS

24 TY = 1./7(GAMMASGANMA)

DV/DIVAR WRT V

1F (V (NF, 0.) BETAlLl,1) = =F(1)/V
DV/DIVAP WPT RHO

RETA(1,2) = —-F(1)/RHO

nV/NTVAR wWer T

RFTA{1,3) = O.

OV/DTVAR WRT SIGHMALI)
AN 26 TTa2g, LSP3

25 RFTA{1,1T) = O,

IF teHNCON} GO TO 27
NOHN/NTYAR YRT V

BFTAl2,1) = ~RHD#PAAV
NOHA/DIVA®P WRT RHO

OFTA{?,2) = F{2)/RHO - RHO®*PAARHO
oeun/nryaR WRT T

@FTA(2,3) = ~RHO®(PAAT + T1¢DTERM#PGAMT)
NPUN/DTIVAP WRT SIGMA(I)

DO 26 TIxk,LSP3

T 11 -3

26 PFTA(?,77) = ~RHO®{PAASIG(I) + T1#DTERM*PGSIG(])

27 IS(TCANY 6P 10 300

DT/NIVAR wWeT y

BETA{3,1) = ~T4PBBV
DT/NTVAP WeT RHO

RETA(3,2) = -T#PBBRHD
OT/nTvaP wWeT T

AFETA{3,3) = BB - T¢(PBBT ~ TI+#DTERMPPGAMT} + F(3)/T
DT/NTVAR WoT SIGMA(I)

NN 7B TT=4,LSP3

1 = It -1

28 AETA(3,I1) = -T#(PBBSIG(I) - TI6DTERM®PGSIG(I})
300 CNNTINUF

RFTURN
END

FUNCTIAN POWER (X,N)
PATSE ¥ TN THE NTH POWER
THIS FUNPTIAN DEFINES 0®#0=1 AND O#*#Ns) FOR ALL NON-ZERPO N

POWEP = 1.

TF (N .FO. O} RETURN
1€ (X JNE. 0.} GO 70 2
PAWEP = 0,

PETURN

2 1F (N .NF, 1) GO TD 3

PAWER = X
RETURN

POWER = X4oN
eeTIRN

END

SHRPOYTINE CDMB

FOUILTIeeTU™ COMBUSTIAN CALCULATIONS

LNGICAL TP, HP
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COMMON/CUND/DVAR, AREA,MDOT 4P, IVAR, V,RHO+T,SIGMA{25),LSsLSP3,NEXT
COMMON/ SPEC/DUMLI3) +SPNMI28)4DUM2(25,102)

COMMUN/ SPECES/EN{25), ENLN(25) +DELN(25),A115,25)

COMMONZ INDX/TP,HP,0UM3{6)
COMMON/MISC/TT,PPCPROVHROENN, DUMSL32)

TP
HP

= .FALSE.

= +TRUE.

CALL ELEMNT {LS/SPNM,STIGMA)
ENI = 0.1/FLJIATI(LS)

ENIfL = ALUG(ENL}

DO 3 1=1,15

ENCE) = ENI

EMLN(L) = ENIL

ENN = 0.1

w

1T = 3800,
PP = P
CALL EQLBRM

CALL ECOuT

RETURN
END

SUBROUT INE SHOK
[ EQUILIBRIUM AND FRDZEN SHOCK CALCULATIONS

LOGICAL TP,HPLEQL .
REAL MIxXMw

COMMON/COND/DVARs AREA 4MDOT sP o IVAR» VeRHO 9Ty SIGMAL25) LS+ LSP3,NEXT
COMMON/NECC/RRy MIXMNW, M2 s GAMMA, TCPRHR

COMMON/ SPEC/DUMLI3) s SPNM(28)»DUM2({ 25, 102)

COMMON/ SPECES/ENL25) 4 ENLN{25) oDELN(25)4A(15+25)
COMMON/POINTS/DLVTP s DLVPT 4GAM, WM

COMMON/ INDX/TP,HP,DUM3{ &)
COMMON/MISC/TT,PP4LPRO+HRO s ENNy DUM4(32)

[ INITIALIZE
TP = .TRUE.
HP = FALSE.

c EQUILIBRIUM SHOCK
CALL ELEMNT {(LS+SPNM,SIGMA}
GAM = GAMMA
ENI = 0.1/FLOAYILS)
ENIL = ALOG(ENI)

DO 2 I=1,LS
EN(I) = ENI
2 ENLN(1) = ENIL
ENN = 0.1
EQL = JTRUE.
CALL SHOCKS (€QL)

CALL ESOUT
= FROZEN SHOCK
WM = MIXMW
DLVTP = 1.
OLVPF = -1,
GAM = GAMMA
00 3 I=1.LS

3 ENLI) = SIGMAC(I)
EQL = .FALSE.
CALL SHOCKS (EQL)

. CALL FSouT

RETURN
END
SUBROUTINE SHOCKS (EQL)

c SHOCK EQUATIONS

LUGICAL EQL,NEXT
REAL MIXMW,M2
OIMENSLION At2.3),Y(3)

COMMUN/COND/DVAR, AREA,MDOT 4P, IVARsVyRHO, T ,DUML{25) LS, LSP34NEXT
COMMON/NECC/RR(MIXMNy M2, 0UM2, TCPRIR
COMMON/GHSC/GRT 125) ¢HRT (25} 1 SR{25) «CPR{25),0CPR(25)
COMMON/SPECES/SLGNA{25) sENLN(25) »DELN(25) ,AAA{15,25)
COMMON/POINTS/DLVIP 4 DLVPT ,GAMMA ¢ WM
COMMON/MISC/TY PP, CPRO,HRO,OUM3 (33}
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INITIAL ESTIMATE OF PRESSURE AND TEMPERATURE RATJOS

P2l = (2.%GAMMA®M2 - GAMMA + 1.)/{GAMMA + 1.}

T21 = P2L1*(2./M2 + GAMMA - 1.)/7(GAMNA + 1.}

IF (EQL .AND. T#T21 .6T. 2000.) T21 = 0,7%T21 + 600./T

CONST = MIXMW&V/R*v/T
P21L = ALOG(P21)
T21L = ALOG(T21})
ITERATE ON PRESSURE AND TEMPERATURE RATIOS
haddd i ITERATIONS SET AT 99 ARBITRARILY BY AGM FEEETKEDEILAER
DO 4 K=1,99

IFt K «GT. 8) GO YD 8795

GO TD 8796

WRITE (6,8797) K

FORMAT(16X¢151* cccescencaae ITERATIUNS cenvescsncccnees *)

CONTINUE
PP = P2lepP
TT = T21eT

IF (EQL) CALL EQLBRM

CALL THRM (TT,1.)

IF (NEXT) GO TO S

TCPR = 0.

THR = 0.

00 2 I=1,LS

TCPR = TCPR ¢ CPRUI)*SIGNA(IL)
THR = THR + HRT{I)*SIGMA(I)
THR = THR*TIT

RHOL2 =2 T21/P21¢MIXMW/WM

AA = RHOQ2¢CONST

A(lel} = -AASDLVPY -~ P21

All.s2) = -AACDLVTP

A(ls3) = P21 - 1. ¢ CONST*(RHDL2 - 1.)

AA = (V®RHOL12)*%2/R

Al2+1) = —-AA®DLVPT + TT®(DLVIP - L.)/WM

Af{2¢2) = -AA®DLVTP — TT*T(CPR

Al2,43) = THR - HRQ - Veve(]l, - RHO12*RHOL2)/{2.%*R)

= AlLyL)*A(242) —- A(Ll.2)%A12,1)
Y(2) = (AtL,1)%a02,3) - Al2,1)%A{1,3))/Y(3)

Y1) {A(Ls3)2A(2,2) ~ A12,3)%A1L,2)0/Y(3)
YL = ABStY{1))
Y2 = ABS(Y{(2))

1F ty2 .6T. Y1) Y1 = Y2

{F (Yl +LT. 0.5€E-04) RETURN
Yl = Y1/0.4054652

IF LYl .LE. 1l.) GO TO 3
Y{1) = Y(1)/Y1

Y(2) = Y(2)/Y1

P21L = P21L + Y({1)
T21L = T21L + Y(2)
P21 = EXP(P21L)
T21 = EXP(T21L}
CONTINUE

IF [.NOT. EQL) GU TO &

WRITE (6,100}

FURMAT (9HOU(SHOCKS) ¢5X¢36HEQUIL IBRIUN SHOCK CALCULATICN FAILED)
NEXT = .FALSE.

RETURN

WRITE (6,101)
FORMAF (9HO(SHOCKS) 45X, 31HFROZEN SHOCK CALCULATION FAILED)
NEXT = .TRUE.

RETURN
END
SUBROUT INE ELEMNY (LS,DSPEC,SIGMA}

COLLECT ELEMENT DATA FOR EQUILIBRIUM SHOCK OR COMBUSTION

DIMENSION DSPEC(25),SIGMA{25) ,LMT(4},5UBS({4)

COMMON/LTUS/LTHM,LDAT ¢ NTHRD,NBLANK ,NPHOTO
COMMDN/SPECES/EN(25) , ENLNL25) s DELNI25),A(154+25)
COMMUN/MISC/DUMLIT) 4LLMT(15)+80(15)

COMMON/ INDX/TPoHP yNLM¢NS, 1Q1,DUM2(3)

EQUIVALENLCE (DSP,SP}
iF (LS -EQ. NS} GO TD 10

CONSTRUCY LIST UF ELEMENTS PRESENTY

READ (LTHM;99) DUMMY

NSP = NS ¢ 1

READ(LTHM,99) SPo{LMT{K),SUBSIK) +K=1¢4) sDUMM]1,DUMMZ, DUMM]3
FURMAT(AB.+16X 14 (A2,F3.0)/7A1/7A1/A1)

DU B8 I=NSP,LS

IF (DSPECtI) .NE. DSP) GO TO 8

DO 3 L=1.15

AL, 1) = 0. .
IF {(NLM .NE. 0} GO TO 4
NLM = 1
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LLMTUNLM) = LMT(1)}

DU 6 K=144%

IF {SUBSIK) .EQ. 0.) GO T0 7
DO S5 L=l,NLM

IF (LLMT(L) .NE. LMT(K}} GU 10 5
AfLs1} = SUBS(K)

GO 10 6

CONTINUE

NLM = NLM + ]

LLMT(NLM) = LMTIK)

A(NLM,1) = SUBSIK)

CONTINUE

NS = NS ¢ 1

JIF (NS .LT. LS} GO %D 2

G0 10 9

CONTINUE

G0 10 2

REWIND LTHM

COMPUTE ELEMENT CONCENTRATION IN GM-ATOMS/GM

10 DO 11 L=1,NLM

11

c

C

[
2
43

182

c
63

LEA
72
67

175

B0O{L) = 0.

DO 11 I=1,L$

BO(L) = BOIL) + A(L.1)®SIGMALL}
IQl = NLM ¢ |

RETURN
END

SUBRUOUT INE EQLBRM

CALCULATE EQUILIBRIUM COMPOSITION AND PROPERTIES

LOGICAL CONVG,ISING,LOGV,TP,NEXT
DIMENSION PRIW(18)

COMMON/POINTS/DLVTP (DLVP T, GAMMA , W

COMMON/ SPECES/ENL25) e ENLN{25) yDELN{25),A(15,25)
COMMON/MISC/TT,PPCPROJHSUBO +ENNySUMN JENNL, LLMT(15),B80(15)
COMMUN/ INDX/ TP, HP \NLM NS [Q1, CONVG,KMAT ;1 MAT
COMMON/GHSC/5RT (250 (HRT (251, SRI25) ,CPR{25),DCPR{25)
COMMUN/MATX/G(28,28),X(28)

CUMMON/RECC/OUMLL4 ) (CPSUN, DUN2

COMMON/COND/DUM3(35) ¢ NEXT

INITIALIZE

SMALND = 1.0E-06
SMNOL = -13.815511
SIZE = 18.5

SIZEF = 0.

CONVG = ,FALSE.
ISING = .FALSE.
LOGV = .FALSE.
ITN = 300

TTNUMB = TN
SUMN=ENN

1AGM = 0

TLN = ALOGITT)

TM = ALOG{PP/ENN)
ENNL = ALUG{ENN)
CALL THRM (TT,1.)
CPSUN = 0.

DD 2 1=1.NS

BEGIN ITERATION

CPSUM = CPSUM + CPRUIISEN(I)
CALL MATRIX

NUMB = ITN- (1TNUM3 - L)
TAGM = [AGM ¢ |

1Q2 = IQl + 1

IF (.NOT. CONVG) G) TO 67
IF (LOGV) GU TO 63

DO 182 L=1.,NLM

PROW(L) = GUIQL,L}

GO TO 72

LOGY = .TRUE. -—- SET UP MATRIX TO SOLVE FOR OLVPY
GLIQLl,1Q2) = ENN

10 = IQt - 1

DD 777 1=1,12

Gi1,102) = GULI,1QL}

[MAT = [IMAT - 1

{TST = [MAY

CaLL GAUSS

IfF (ITST .NE. IMAT) GO TO 774

IF {.NOT. CONVG) GO TO 85

If (LOGV} GU TO LT!

SUM = 0.

DO 175 L=1,NLM

SUM = SUNM + PROWIL)*XIL)

DLVIP = 1., + (G(IQ2,1Q1) - SUMI/ZENN - X{IQl)
CCPR = G(1Q2,1Q2)

00 176 1=1,121

49
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176 CCPR = CLPR - GUIQ2,1)%x{I)
LOGV = LTRUE.
GO TO 43

c SINGULAR MATRIX

774 IF (.NOT. CONVG) GJ TO 871
WRITE (64172)

172 FORMAT (9HO(EQLBRM) ¢5Xs26HDEP IVATIVE MATRIX SINGULAR}
GO TO 1171

871 WRITE (6474}

74 FORMAT (9HO{EQLBRM) «5Xe 15HSINGJULAR MATRIX)

If (ISING)} GO TO 873
ISING = .TRUE.
DD 970 I=1,NS
IF (EN(I)} .NE. 0.) GO TQ 970
EN(I) = SMALNO
ENLN(I) = SMNOL

970 CONTINUE
WRITE (64776)

T76 FORMAT (SHO(EQLBRM},5Xs THRESTART)
GD Y0 43

85 ITNUMB = [TNUMB - 1
C  DBTAIN CORRECTIONS TO THE ESTIMATES

IF {TP) X{1Q2) = 0.
DLNT = X(1Q2)
SUM = X{1Q1)
D0 101 I=L,NS
DELN(I) = HRTUI}*OLNT - HRT(1) & (SR(I) - ENLNLI} = TM) ¢ SUM
DO 99 L=14NLM

99 DELN(L} = DELN{E} + ALy Lisx{L}

101 CONTINUE
AMBDA = 1.
AMBDAL = 1,
SUM = ABS(X(I1Ql))
IF (ABS{DLNT) .GT. SUMI SUM = ABS(DLNT)
DO 917 I=l4NS
IF (EN(I) .GT. O. .AND. OELN(I) .GT. SUN) SUM'= DELNII)
IF (EN(I} .NE. 0. .OR. DELN(I) .LE. O.) GO T0 917
SUML = [-9.202 - ENLN(I} + ENNL)/(DELN(I) - X{1Q1))
SUML = ABS{SUM1}
IF (SUML .LT. AMBDAl) AMBDAl = SUML

917 CONTINUE
IF (SUM .GT. 2.) AMBDA = 2./SUM
IF (AMBOAL .LT. AMBDA)} AMBDA = AMBDAL

[ APPLY CORRECTIONS T2 ESTIMATES

SUM = D.
DO 113 I=14NS
ENLN(I) = ENLN{I} + AMBDA®DELN(IL}
ENLI) = 0.
IF ({ENLN(I) -~ ENNL ¢ SIZE) .LE. 0.) GO TO 113
ENLI) = EXP(ENLN(I})
SUM = SUM + EN(I)

113 CONTINUE
SUMN = SUM
IF (TP) GO 10 115
TLN = TLN ¢ AMBDASDLNT
TT = EXPLTLN)
CALL THRM (TT,1.)
CPSUM = 0.
DO 3 I=1eNS

3 CPSUM = CPSUM + CPR(I)®ENL(L)
115 ENNL = ENNL » AMBDA®X(IQl)
ENN = EXPLENNL)
TM = ALOG(PP/ENN)

C TEST FOR CONVERGENCE
IF (1TNUMB .EQ. O} GO VO 13
IF (AMBOA .LT. 1.} GO 7O 43
SUM = (ENN - SUMNJ}/ENN
SUM = ABS(SUM}
IF {SUM .GT. 0.5E-05) GO TO 43
DO 130 I=1,NS
AA = ABSI(DELNCI)/SUMNI®EN(T)
IF {AA .GT, 0.5€E-05) GO TU 43

130 CONTINMUE

13 CONVG = .TRUE.
IF (1TNUMB .NE. 0) GO TO 160
WRITE (6,973) ITN
973 FORMAT(9HO(EQLBRM)(4X,13,* ITERATIONS - NO CONVERGENCE®)
GO 10 873
160 IF (.NOT. (¥? .AND. CONVG)) GO TO 143
CALL THRM {T7,1.)
CPSUM = 0O,
0U & I=1,NS
4 CPSUM = CPSUM + CPRITI*EN(I])
143 ITNUMB = ITN
GO TO &3

4 CALCULATE EQUILBRIUM PRUPERTIES
1171 OLVPT = -1,
oLVTP = |,
CCPR = CPSUM
GO TO 199
171 SuM = 0.
00 179 L=1,NLM
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SUM = SUM ¢ PROWILI®XI(L)

OLVPT = -2, ¢ SUM/ENN ¢ XLIQ1)

GAMMA = -1./{DLVPT + DLVTIP*DLVTIPEENN/CCPR)
WM = 1, 7ENN

00 B72 1=14NS

ENLE) = EXP(ENLN(IN)

RETURN

WRITE (6,900)

FORMAT {9HO{EQLBRM!sS5XsI4HEQUILIBRIUM CALCULATIONS ABANDONED)

NEXT = .TRUE.
GO T0 17}

END

SUBROUTINE SPOUT

SPECIAL OuTPUT

LOGICAL FROZ
REAL KlXHd.NZ!nACHlvHACHFpMZl'LSUBN

COMMON/KQUT/DUML{21) s UNITO,DUM2(52),FPS+51,0B8UGD

CUMMON/COND/DVARC AREA yMDOT P, IVAR¢VyRHOs T4 SIGMA(25),LS,LSP3,NEXT

COMMON/NECC/RR, MIXMW, M2, GAMMATL, TCPR4R
COMMON/GMSC/SRT (251 +HRT (251 :5R(25)4CPRE251,0CPRL25)
COMMON/ SPEC/DUM3{3) »SPNM(28),0UM4(25,102)

COMMON/AFUN/CX3,CX29CKLoCXOv I TPSZoLSUBMETAyO,VISC,BETA

COMMON/MISC/TF,PFsCPROsHROJENN,DUNS5(32)
COMMON/SPECES/7EN(25) ¢ ENLN(25) (DELN{25),A(15,25)
COMMON/POINTS/DLVTP ¢ DLVPT, GAMMAF , WM

ENTRY ECOUT
EQUILEBRIUM COMBUSTION OUTPUT

WRITE(6,101)

FORMAT (1H1,50X,30H** EQUILIBRIUM COMBUSTION *3%)
vl = 0.

G0 TO 2

ENTRY ESDUT
EQUILIBRIUM SHOCK QJTPUT
WRITE{6,102)

FORMAT (1H1,67x,374%€ EQUILIBRIUM SHOCK CALCULATION
vi= v

Pl= P

RHOI= RHD

Ti= 7

p2l= PF/PIL

T21 = TF/TI

RHD2L = P21/T21+WM/MIXMW
FROZ = .FALSE,
G0 TO 3

ENTRY FSOUT

FROZEN SHOCK OyTPUT

WRITE(6,103)

FORMAT (141,649X,324%¢ FROZEN SHOCK CALCULATION »#)
PI=P

vi= v

RHU1= RHO

Ti=T7

p2l= PF/PI

T2l = TF/T1

RHO21= P21/721

P= PF

V= VI/RHO21

RHO= RHOI*RHD21

T= Tis721

GAMMAF = TCPR/{TCPR ~ 1./MIXMW)
FROZ = .TRUE.

CALL THRM (TI,1.4

PMLOG = ALOGIPISMIXNW)

$=J.

DO 4 I=1,LS

1€ {SIGMA(I) .EQ. 0.) GO 70 &

S = S & SIGMA(T)}*(SR{II - ALOG(SIGMACLI)I - PMLOGI
CONTINUE

S = S$S*1.987165

MACHI= SQRT(M2}

VF = VI/RHO21

RHOF= RHOI®RHO21

CALL THRM (TF,1.)

PMLOG = ALOG{PFe*WM)

SF= 0.

00 5 LalsLsS

IFCENLL) .EQ. 0.3 6O TO 5

SF 2 SE + EN{I)®(SRI1} - ALOGLENIL)) - PMLOG)
CONTINUE

SF = SF#1.987165

MACHF= SQRT(VF/R®VF/TFEWM/GAMMAF)

S$21= SF/S
G21= GAMMAF/GAMMAL
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IF (VI .€Q. 0.) GO TO 205
SVI= VI/HWACHI

SVF= VF/MACHF

V2l= VF/VI1

M2l= MACHF/MACHI

SV21= SVF/SV!

GO T0 305
MACHI = 0.
SVl = 0.
SVF = 0.
v2l = 0.
M2l = Q.
sv2i = 0.

1F (.NOT. FROZ LOR. 1ITPSI .NE. 4) GO TO 405
CALCULATE L(M) FOR KINETIC AREA FUNCTION

PST = 1,

ROSVST = (GAMMAI/SVI)*1.01325E+06

LSUBM = (1./PF)®{RHDZ21/({RHO21-1.))*{ROSYST/(PST*VISC)®MACHE)®*®{(],
*-ETAJ/ETA)I*(I*P1/ (4 . %BETA) Jes (1 /ETA)

WRITE (64104)
FORMAT (/41Xy L3HINITIAL STATE,17X:1IHFINAL STATE 17X, 19HFINALZINIT
*IAL RATIO//)

IF(UNITO .NE. FPS} GO TO 6
CONVERT FROM INTERNAL (CGS) UNITS TO FPS UNITS

Pl= PIe2116.2

PF= PFe2116.2

vi= VI/30.48

VF= VF/30.48

RHOI= RHO1*62.43

RHOF= RHOF*62Z2.43

Ti= Ti*1.8

TF= TF*1.8

Svi= SVI/30.48

SVF= SVF/30.48

WRITE{62105) PILyPF,sP214VIIVF,V21RHOIRHOFyRHO21sTI4TF,T21,5,5F,
* S21yMACHI,MACHF,M21, GAMMAT ,GAMMAF,G21,SVL,SVF,5Vv21

FORMAT (10X, 8HPRESSURE,LPE3S.5,E29.5,E32.5/11X, 1OHILB/FT**2}) /10X,
* BHVELOCITY,E35.54E29.5+E32.5/11X,8H{FT/SEC)/10X, THDENSITY,E36.5,
* E29.5,E32.5/11Xs10H{LB/FT*%3)/10X, L1HTEMPERATURE +E32.5,E29.5,
* £32.5/11XeTHIDEG R)/LOXy THENTROPY 1£3645,E29.5,E32.5/11 X, 14H{BTU/L

*B/DEG R) /10Xy LLHMAZH NUMBER,E32.5,E29.5¢E32.5//10X,5HGAMMA,E38.5,
* £29.5,632.5//10X,14HSONIC VELOCITY,E2945:E29.5,E32.5/11X,8BH(FT/SE
*))

GU TO 8

1IF (UNITO .NE. SI} GO TO 7
CONVERT FROM INTERNAL (CGS) UNITS TO SI UNITS

PI= Pl®1.01325E+05

PF= PF®#1.01325€+05

vi= vI[*0.01

VF= VFe0.01

RHOI= RHDI*1000.

RHOF= RHOF*1000.

$= $%4184.0

SF= $SF®4184.0

SVI= Svi#0,01

SVF= SVF#*0.01l

HRITE(5,106) PlLePFsP21, VI VFyV2]1 ,RHOIRHOF ¢RHO21 o T19TF,T21,5,4SF,
* S214MACHI MACHF,M21,GAMMAL,GAMMAF,G21,5VI,S5VF,SV21

FORMAT (10X, BHPRESSURE1PE35.5,E29.5,E32.5/11X,BH{N/M*%2)/10X,8HVE
L OCITY¢E35.5¢E29.5¢E32.5/11XeTH(M/SEC)/ 10X+ THDENSITY E36.5¢E29.5+
® E32.5/11Xs9H{KG/M®%2) /10X, LIHTEMPERATUREJE32.5,E29.5:E32.5/11X,
* TH{DEG K) /10Xy THENTROPY »E3645,E29.5,E32.5/11X416H{ JOULE/KG/DEG K}
*/10Xs11HMALH NUMBER,E32e51E29.5¢E32.5/7/10Xe 5SHGAMMA,E38.5,E29.5,
* €32.5//10X,14HSONIC VELOCITYE29.5,629.5+:E32.5/11X,TH(M/SEC))
GO to 8

PRINT QUTPUT IN INTERNAL (CGS; UNITS

WRITE(6,107) Pl,PF,P2L,VI VF,;V2],RHOI RHOF RHO21,TI,TF, TZl.S.SF.

€ S21,MACHI MACHF, M21,GAMMA L, GAMMAF,G21,SV] ,SVF,Sv21

FORMAT (20X, 8HPRESSUREF35.49F28.4,F32.4/11Xs5H{ATM)/10X,BHVELOCIT
BYyF33.2,F28.24F36.4/11XeBH{CM/SEC)/10Xe THDENSITY,1PE36.5,E28.5,

® OPF32.4/11Xs10H(GM/CMe*3) /10X, LIHTEMPERATURE 4F30.2,F28.2,F34.4/

* 11X, 7THIDEG X)/10Xe THENTROPY,F36.4,F28.4,F32.4/11X,14H(CAL/GM/DEG
*K)/ 10Xy L1HMACH NUMBER F32.4¢F2B+41F32.4//10XySHGANMA ,F38.4/,F28.4,

* F32.4//10X,14HSONIC VELOCITY,F27.2,F28.24F34.4/11X,BH{CM/SEC))

WRITE (6,108}

FORMAT (/6TX, THSPECIES,5X, 13HMOLE FRACTION)
00 9 I=1,LS

ENTE) > ENCE) SWM

WRITE{6,109) SPNM(1),EN{I)

109 FORMAY{6BX,A8,E15.5)

9
110

52

CONTINUE

WRITE(6,110) WMeDLVTP,0LVPT

FORMAT (/710Xe 24HMIXTURE MOLECULAR WEIGHT ¢36X+F12.5//710X422H0(LAG V
SOLUME}/0(L0G T)sE49.4/714X,*AT CONSTANT P%//10X,%0(L0OG VOLUME)/D{LO
OG PI®E49.4/ 14X *AT CONSTANT T#)

RETURN
END
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SUBROUT INE MATRIX

LOGICAL TP,HP +CONVG

COMMON/ SPECES/ENI25),ENLN(25) ,DELNI25),A115,25)
COMMON/MISC/TTPPLPROLHSUBOENN,SUMNENNL, LLMT115),80¢15}
COMMON/ INDX/TPeHPy L oNS,1QLeCONVG KMAT o IMAT
COMMON/GHSC/GRTI25) yHRT{25) SR 25) +CPRI25),0CPR(25)
COMMON/MATX/G(28,2814X(28)

COMMON/NECC/DUML{ %) 4CPSUM, DUM2

1Q2 = 1Q1 + 1

103 = JQ2 + )

KMAT = Q3

IF{ .NOT.CONVG.AND.TP) KMAT = 1Q2
(MAT = KMAY - L

CLEAR MATRIX STORAGES TO ZERO

00 211 (=1 ,K94ATY
00 211 K=],KMAT
GUI.K) = O,
CUNT INUE

§8S = 0.

HSUM = 0.

BEGIN SET yP OF ITERATION MATRIX

KK =

TM = ALOG(FPP/ENN)

DO 65 J=1,NS

H = HRTUJI®EN(J}

F = (HRT(J) - SRUJ) + ENLN(J) ¢+ TH)®ENLJ)
$S = H-F

TERMY = H

IF (KMAT _EQ. 1Q2) TERML = F

DO 55 1 = 1 L

CALCULATE THE ELEMENTS R(I.K}

IF (A(1,J) +EQ. 0.) GO TO 55
TERM = A(1,J)*EN(S)

00 15 K=l4 L

GLleK)= GiisR) *+ ALR,J)*TERA
CONTINUE

GUL,TQL)=G(1,IQLI+TERM

GUI 1Q2)=GII,1Q2)¢A(l,J)*TERM]

IF (CUNV3 ,OR.TP) 30 TO 55
GUE,tQ3)= GUIIQ3)+ALT,0)¢F
CONTINUE

1F (KMAT LEQ. 1Q2) GO TO 64
LF(CONVG.OR.HP) GO TO 59

GtIQ2,1qQ1) = G{1QZ,1Q1) + SS
G{IQ2,1Q2) = GU1Q2,1Q2) + HRT([J)*SS
GULIQ2,1Q3) = GLIQ2,123) + (SRLJ)} - ENLNIJ) - TM)=*F
G0 T0 62

G11Q2,1Q2) = 6{1Q2,1Q2) ¢ HRY(J)*H
IF (CONVG) GO Tu o4

G{IQ2,1Q3) = G(IQ2,1Q3) ¢ HRT(J)eF
GUIQL,1Q3)=G(IQL,1Q3)¢F
GLIQL,IQ2)=611Q1,122)+TERM)
CONTINUE

$$S = §SS ¢ G(IQ2,1Q1)

HSUM = HSUM ¢ G(1Q1,1Q2)

Gl1QL,1Q1) = SUMN - ENN

REFLECT SYMMETRIC PORTIONS UF THE MATRIX

ISYM = [Q]

1F{HP ,OR, CONVGIISYM=1Q2
00 102 I=1,15YM

00 102 J=I,ISYM

Gl 1)=Gl1,J9)

CONTINUE

COMPLETE THE RIGHT HAND SIDE

IF({CONVG) 350 TO 175

DD 165 I=1,L

GUL,KMAT) = GII,KMAT) ¢ BOCL) - G(I,1QL}
GLIQL,KMAT? = G{IQL,KMAT)+ENN-SUMN
COMPLETE ENERGY ROW AND TEMPERATURE COLUMN

{(F (KMAT .EQ. 1Q2) RETURN

I1F (HP) ENERSY = HSUBO/TT — HSUM
G(102,1Q3)5G(1Q2,1Q3)+ ENERGY
GlIQ2,1Q2)> GILQ2,102)¢CPSUM

RETURN
END

53
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SUBROUTINE GAUSS
SOLVE ANY LINEAR SET OF UP TO 20 EQUATIONS

DIMENSION COEFX{28)
COMMON/MATX/G (28,2610 9X(28)

COMMON/ ENDX/ TPy HP ,NLM NS, 1Q1, CONVG (KMAT ¢ IUSE
DATA BEGNO/1.E+38/

BEGIN ELIMINATION DF NNTH VARIABLE

TUSE}=T1USE+]

00 45 NN=1,1USE

IF (NN-IUSE) 8,83,8
IF(GINNyNN))I3L,23,31

SEARCH FUR MAXIMUM COEFFICIENT IN EACH ROW

DO 18 [=NN,IUSE

COEFX(L) = BIGNO

IF{GI1eNN) LEQ.O.) GO TO 18
COEFX(I) = 0.

0D 10 J=NN,IUSEL

SUM = G(I,J)

[F(SUMeLY.0.) SUM=z-SUM
IF(J.NE.NN} GO TO 9

Z = SUM

GO 1O 10 -
IFESUM.GTL.COEFX(I)) COEFX(I}=SUM
CONTINUE

COEFXtI) = COEFX(1)/2
CONTINUE

TEMP = BIGNO

1=0

DD 22 J=NN,IUSE

IF (COEFX(J)-TEMP) 87,22,22
TEMP=COEFX{J)

=4

CONTINUE

1FL1) 28,23,28

INDEX I LOCATES EQJATION TO BE USED FOR ELIMINATING THE NTH
VARIABLE FROM THE REMAINING EQUATIONS

INTERCHANGE EQUATIONS [ AND NN

IF(NN-E) 29,31,29
DO 30 J=NN, IUSEL
2=G(ied}
G{lsJI=GINNsJ)
GINNysJI=Z
CONT{NUE

OIVIDE NTH ROW 8Y NTH DIAGUNAL ELEMENY AND ELIMINATE THE NTH
VARIABLE FROM THE REMAINING EQUATIONS

K = NN + 1

D0 36 J = K, IUSEL
IF(GINN,NV) .EQ.0.) GO TO 23
G(NN¢Jd) = G{NNsJ}/G({NNsNN)
CONTINUE

IF{K-I1USEL} B8,45,88

DO 44 I = KeIUSE

D0 44 J = K, [USEL

GtI,J} = GllsJ) ~ GUI,NNI*GINN,J}
CONTINUE

CONTINUE

BACKSOLVE FOR THE VARIABLES

K = JUSE
J=K ¢+l
X(K} = Do
SUM = 0.0
IF(IUSE - J) 51,48,48

00 50 I = J,IUSE

SUM = SUM ¢+ G(K.I)ex(1)
CONTINUE

X{K) = GIK,IUSEl} - SUM
K=K=1

IF (K} 47,151,447
TUSE = IUSE-1
RETURN

END

SUBROUTINE YOUT{NO,TLAST,Y,NQ,K2)
(1] PRINT OUT INFORMATION

IN NAMELIST PROB THE PRINTING VARIABLES ARE

1 PAPS - SET TRUE IF PRINTING AT SPECIFIT STATIONS DESIRED
2 TPRINT - A TABLE OF PRINT STATIONS INPUT SO VALUES AT MOST
3 NPRIN - THE NUMBER OF PRINT STATIONS
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& IDEL - INCREMENT FOR AUTOMATIC CALCULATION OF AT MOST 50 PRINT
STATEIONS. [IDEL NOT INPUT - A TABLE OF TPRINYS MUST BE
INPUT IF PAPS = TRUE
IF PAPS = FALSE IPRIT {NPUT WILL CAUSE PRINTING EVERY IPRIT
ITERATIONS

END MUST ALWAYS BE SPECIFIED
SCEESETERE AL GOSN EED S FRIENP S SRR ACEFOSRINEISERGEIELES2ERS900SEE
LOG ICAL KuP
LOG ECAL TCON;RHOCON
LOG1CAL DVUDY
REAL IVAR
DIMENSION Y(NO,K2),YPRINT(28)
COMMON/PRIN/TPRINT(50), NPRIN, NCO
COMMON/ STCOML/No T HyHMIN HMAX,EPSL 4 MF 1, KFLAGL, JSTART
CUMMON/COND/D VAR, AREA,MOOT P, IVAR,V,RHO, 2, STGMA{25),L5,LSP3, DUML
COMMON/UPDT/KUP
COMMON/ STCOM8 /T PREV ¢ HNL
COMMON/ STCOM9 /VOLD
COMMON/OPTS/VERSI, T IMEV ,DUM2(2}, TCON,RHOCON, OUM3
DVUDT = .FALSE.
IFINCO .EQ. L) GO FO 11
INT=1
NCO=1
CONTINUE
TFCIT-H) LT, TPRINT(INT) .AND. TPRINT{INT).LE. T) GU TD 10
[F{DVUWOT) GO TO 13
ENTRY YOUT1
TF(2HOMONY 6O TO 1€
IF(VEFST ,zQ. TIMZV) 6O TO 12
VAR = VAR ¢ 2.%(T - TPREY)/(VILL + YU1))
50 Ta 14
1?2 CONTINUZ

VA2 = VAR + (T - TPREVIS(VOLD + Y(1))/2,

5C TC 15

1

—

13 COMTINUF
IF(RHOCAN) GI TO L€
IFIVTRST .€Q. TIMEZV) GO TO 17
WA = DVAD & (T = IVAF)®2./7(VOLD + Y(1))
35C o s
17 CONTINUZ
QVAQ = DVAR ¢ (T = IVAS)*((VOL) ¢ YU1))/2,)
1¢ COHTINUZ
RETURN
1€ CONTIMUZ
IFITORINTIINT) .EQ. T} GO 70 300
5 = (TPAINT(INT) = Tis/n
¢ 1 I=1.N
YPRINT(I) = Y1)
CIONT INUT
2=1.
L= NA ¢+ 1
30 3 J=2,L
5:!:‘5
1C 2 I=1,M
YORINT(IY = YPRAINT(I) + Y(I,J)*P
SONTINUZ
GONTTINUT
vV = YOQINT(1)
S0 = YIRINT(2)
7 = YPOINT(3)
no 200 I=1,LS
11 = I3
SIGHA{I) = YRRINT(ID)
200 ZCONTINUZ
IF{I[OCINY GI TO 1F
{F(YERPSI .2Q. TIMEV) GO TO tu
HOLD1 = TPRINT{INT) =~ TPREV
TF{IVUNT) FOLDL = TPRINTUINT) - [VAR .
VA = OVAR ¢ 2.%HOLD1/(V ¢ VOLD)
50 1Y 15
{& SONTINUF
40L3t = TPEINT(INT) - TPV
IF(DVUDT) HOLNDL = TPOINT(INT) - IVER
IVAR = DVAR ¢+ HOLDI®(V ¢+ VOLDIZ2.
15 SONTINUF
AVUNT = .T2AUZI,
voLd = Vv
IVAR = TPRINT{INT)
KUP =,TRUE.
CALL DIFF1
KUP =.FALSE.
GO TO 400
300 GONTINUE
IF(RHOCON} GO TO %00
IF (VERSI .EQ. TIMEVY GO TO 30t
DVAR = DVAR ¢ 2.%(T = TPREVI/Z(VOLD + Y(1))
GO TO 400
301 DVAR = OVAR ¢ (T - TPREVI®(VOLD ¢ Y(1)1/2.
400 CONTINUZ
CALL OuT3
INT = INT ¢ 1
IFCINT JLE. NPRIN) GO YO 11
QETURN
£ND

-

w N
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SUBROUT INE YOUTD (Y ,.NQ)

DIMENSION v(28,6)

WRITE(G.7)

FORMAT{5X,*KFLAG NOT EQUAL TO 0%)
RETURN

END

-~

SUBRUUTINE DRIVES{NO,TOsTLAST+YsHO,EPS; MF,KFLAGsK2)
LOGICAL PaPs$
COMMON/STCOML/NoT o Ha HMIN HMAX, EPSL oMF 1, KFLAGL , JSTART
COMMON/ STCOMB/TPREV 4 HNL
COMMON/STCOMZ/YMAX(28)
COMMUN/STCOM3/ERROR (28)
COMMON/ STCOMS /FSAVE (56)
COMMON/STCOMO/IPRIT,PAPS
DIMENSION Y(NOsK2),YDOT(56),INIS4(812)
D0 9999 1=1,812
TN1S4(E}=0.
9999 CONTINUE
LOUT=6
IF (EPS.LE.O0.) GO TO 400
IF (NO.LE.O) GO TO 410
IF{{TO-TLAST)*HO.GE.0.) GO TO 420
N

= NO
T =10
H = HO

HMIN = ABS{HO)
HMIN = AMINL{HMIN,.1®HMAX]}
= EPS

NCOUNT=0
NIS4 = NO*(NO+l)
10 CONTINUE
HNl = H
TPREV = T
CALL STIFF{YsNOsTNES4,NIS4,K2)
NQ = JSTART

KGO = 1 - KFLAGL

GO TO ( 20,120+200,300}),KGU
C  KFLAGL = Oy =1s -2, -3
C

20 CONTINUE

LF(PAPS) Gu TO 9998

CALL YOUuTl

NCOUNT = NCOUNT ¢ 1

IF(NCOUNT .NE. IPRIT} GO TO 888

CALL OUT3

NCOUNT = 0

888 CONTiINUE

GO TO 9997
9998 CONTINUE

CALL YOUT(NO+TLAST,Y,NQsK2)
9997 CONTINUE

IF ((T-TLAST)*H.LT.0.) GO TO 10
COREERERSESIEREE A SR ERFENERRCE SRR KNS SRS ER ARG ORE RS EARERSS S OSSR IS
C* THE PROBLEM IS FINISHED. HERE CALL YOUT AND/OR OTHER ROUTINES
C* TO DUTPUT ODESIRED FINAL RESULYS.
CHNCEEEEEBERGUSEEEPERPELOCRREERLEUECERERRIEEESEENEIEES

CALL 0UT3

GO TO 500

C
100 WRITE (LOUT,105) T
105 FUORMAT(//7304 KFLAG = -1 FROM STIFF AT T = ,E£16.8/
1 384 ERROR TEST FAILED WITH ABS{H) = HMIN/}
110 IF (KHFLAG.EJ.10) 6D TO 150
KHFLAG = KHFLAG ¢ L
HMIN = HMIN#.1
H = H%, L
WRITE (LOUT,115) H
115 FORMAT(24H H HAS BEEN REDUCED TO +E16.8,
1 26H AND STEP WILL BE RETRIED//)
JSTART = -1
GO T0 10
c

150 WRITE {LOUT,155)

155 FORMAT(//744H PRUBLEM APPEARS UNSOLVABLE WITH GIVEN INPUY//)
CHESE RS LR RER R RN RRRIERRRERELE L RPN SRS RBR AN SRS BR XS E R SRS AR RS ERRRERE KRS
C* HMIN HAS BEEN CUT BY 10 ORDERS OF MAGNITUDE WITH NO SUCCESS.

C* AT THIS POINT, OJUTPUT INFORMATION NEEDED FOR DEBUGGING.
CHEEESELERESEPRRESERN S SRS R AR EEINRE R AU REL RN SRS SRS RERE RN R ELERERERR
CALL YOUTD(Y.NQ)
G0 TO 500
<
200 WRITE (LOUT,205) T.H
205 FORMAT(//30H KFLAG = -2 FROM STIFF AT T = ,£16.8,5H H =,E16.8/
1 52H THE REQUESTED ERROR 15 SMALLER THAN CAN BE HANDLED//)
C* AT THIS POINT, DUTPUT INFORMATION NEEDED FOR DEBUGGING.
CALL YOUTD(Y «NQ)

G0 10 500

56
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300 MWRITE {LOUT,305) T

305 FORMAT(//30H KFLAG = -3 FROM STIFF AT T = ,El6.8/
1 45H CORRECTOR CONVERGENCE COULD NOT BE ACHIEVED/)
G0 10 110

400 WRITE (LOUT,405)

405 FORMAT(//26H ILLEGAL ENPUT.. EPS.LE.0.//)
KFLAG = -4
RETURN

410 WRITE (LOUT,415)

%15 FORMAF(//23H ILLEGAL INPUT.. N.LE.O0//)
KFLAG = -4
RETURN

420 MWRITE (LDUT,425)

425 FORMAY{//38H ELLEGAL INPUT.. (TO-TLAST)®HO .GE. 0.//)
KFLAG = -4
RETURN

500 KFLAG = KFLAG1
o=1
HO = H
RETURN
CHIBELEEE2E0E080050580800 END OF DRIVES S90S ES0000S00SE0RS 2SR ESEEEES
END

SUBROUTINE STIFF({Y,NOPW:NIS4,K2]}
DIMENSION PW(NIS4),Y(NO.K2),ELIL3),TQ14)
COMMON/STCOML/NsToHoHMINs HHAX ¢ EPSo MF ¢ KFLAGs JSTART
COMMON/ STCOM9/vOLD
COMMON/STCOM2/YMAX(28)
COMMON/STCOM3/ERROR{28)
COMMUN/ STCOMS5 /FSAVE(56)
DATA {ANDISE = 1.E-14)
VOLD = Y(1)
NPEDY = NO
KFLAG = 0
TOLD = 7
If {JSTART.GT.0) GO TO 200 .
If (JSTART.NE.Q} GO TO 120
CHESLE SRR 0 RESN0RES S REREFSNXEESRIRRRES S EESLE SRS LEFEL XSS EAEAEREARERNEENE R
C* ON THE FURST CALL,» THE ORDER IS SET TO 1 AND THE INITIAL
C* DERIVATIVES ARE CALCULATED. YMAX IS INITIALIZED USING THE INITIAL
C# Y AND YDOT. IF BOTH ARE INITIALLY ZERO IN ANY COMPONENT, THE DEFAULT
C* VALUE IS5 1. RMAX IS THE MAXINUM RATIO BY WHICH H CAN BE INCREASED
Ce IN A SINGLE STEP. IT IS INITIALLY 1.E4 TU COMPENSATE FOR THE SMaLL
C* INITIAL He BUT THEN IS NORMALLY EQUAL TO 10. IF A FAILURE
C* OCCURS (IN CORRECTOR CONVERGENCE OR ERRUR TEST), RMAX IS SET AT 2
Ce FOR THE NEXT INCREASE. EPSJY IS USED AS THE RELATIVE INCREMENT
C* TO Y WHEN GETTING PARTIALS BY FINITE OSFFERENCING.
CHREESESLELERERELEERLRANPRE RS AL RN SRS ISR SR EEREEEEESSRNSARX AN ARRRE K

NSQ = NO*NO
NSQL = NSQ + 1
NL = NO ¢+ 1

CALL DIFFUN(N,T¢Y,FSAVEs O NPEDV,K2)

DO 110 I = 1N
Y(1+2) = FSAVE{I)*H
AYL = ABS(Y{(I))
[F (AYI.EQ.0.) AY]
IF {AY1.EQ.0Q.) AYI]

110 YHAX{L) = AYI

NQ =}

t =2

RMAX = l.E4

EPSJY = SQRT{ANDISE} .

ABS(Y(LI.2))
l.

now

CRATE = L.
oLoLo = 1.
RC = 0.
MFULD = 0
METH = 0
MITER = 0
HOLD = H

CEBEURPESRSRE RO RFOSIIRSECER RN EORR SN NINANEI SRR PSP S ERAITH AL EIRIENRES
C* IF THE CALLER HAS CHANGED METH, OR IF JSTART = 0, COSET [S CALLED
Ce® TO SET THE CDEFFICIENTS OF THE METHUD. [IFf THE CALLER HAS CHANGED
C* EPS OR METH, THE CONSTANTS E, EDN, EUP, AND BND MUST BE RESET.
C* E IS A COMPARISON FOR ERRORS UF THE CURRENT ORDER NQ. EUP IS
C* TO YEST FOR INCREASING THE ORDER, EDN FOR DECREASING THE ORDER.
C* BND IS USED TO FEST FIR CONVERGENCE OF THE CORRECTOR ITERATES.
Ce [F THE CALLER HAS CHANGED H, Y MUST 8E RESCALED.
C* IF H DR METH HAS BEEN CHANGED, IDOUB IS RESET TO L # 1 TO PREVENT
C* FURTHER CHANGES IN H FOR THAT MANY STEPS. ALSO., RC IS RESET.
Ce RC IS THE RATIO OF NEW TO OLD VALUES OF THE COEFFICIENT L{(OQ)*H,
C* WHEN RC DIFFERS FROM ) BY MORE THAN 30 PERCENT, DR THE CALLER HAS
(s CHANGED MITER, IWEVAL IS SET TO MITER TO FORCE THE PARTIALS TO BE
C* UPDATED, 1F PARTIALS ARE USED.
CEEPORESEESSEEE LIS KR ONRCSAEEPRE RIS NL S CI RN BENSAEIINSFE RIS AR EREI S22 S
120 IF (MF.EQ.MFOLD) GO VO 150

MED = METH

MiQ = MITER

METH = MF/10

MITER = MF - 10®METH

MFOLD = MF
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If (MITER.NE.MIO) IWEVAL = MITER
IF (METH.EQ.MED) GD TO 150
foous = L + 1
JREY = 1

130 CALL COSET(METH,NQ.EL TQyMAXDER}
RC = RC®EL(1)/0LDLO

OLDLO = EL(L)

140 EON = (TQU1)®EPS)**2
€ = {TQU2)*EPS)**2
EUP = (TQ{3)SEPSI*e2
BND = (TQU4)*EPSI**2

GO TO ( 160 , 170 » 200 ) IRET
150 IF (EPS.EQ.EPSCLD) GO TO 160
IRET = 1
GU TO 140
160 LMAX = MAXDER + 1
EPSOLD = EPS
IF {H,EQ,HOLD) GO TO 200
RH = H/HOLD
H = HOLD
170 RH = AMAX1(RH,HMIN/ABS(H))
RH = AMINL(RH,HMAX/ABS{H)+AMAX)

Rl = 1.
DO 180 J = 2,L
RL = R1RH
DO 180 1 = 1,N
180 Y(I4d) = Y(IeJ)®R)
H = H®RH
RC = RC#RH

f00UB = L + 1
IF {T.NE.TOLD) GO YO 690
CHEOE RS FESRAS SRR LSS ERE S LSRN AL XRERR N XR *se FEEIEE LR REE
Ce THIS SECTION COMPUTES THE PREOICTED VALUES BY EFFECTIVELY
Ce MULTIPLYING THE Y ARRAY BY THE PASCAL TRIANGLE MATRIX.
CEEES AP RSN ENRE S SRS REB SR KRR BEE RSSO RECS LRSS SRS L VSO SSEERER LS EL S RE 4SS
200 JF(ABS{RC-1.).GT.0.3) IWEVAL = MITER
T=T+¢H
D0 210 41 = 1,NQ
DO 210 J2 = J1eNQ
J = NQ - 42 + J1
DO 210 I = 1N
210 Y(L4d) = YULeJ) ¢ Y(Idel2
CHESUBEEEEENERBASCEE R F RSO RSOOSR EREE LSS NN RSN ELELL SR EERE LSRR EXS S &
C* UP TD 3 CORRECTOR ITERATIONS ARE TAKEN. CONVERGENCE IS TESTED
C* BY REQUIRING CHANGES TO BE LESS THAN BND, WHICH IS DEPENDENT ON
C* EPS, IN EUCLIDEAN NORM. THE SUM OF THE CORRECTIONS [S ACCUMULATED
C* IN THE VECTOR ERROR{I). IT IS APPRUXIMATELY EQUAL TO THE L-TH
C* DERIVATIVE OF Y MULTIPLIED BY HesL/(FACTORIAL(L-1)}®EL(L}), AND IS
Ce THUS PROPORTIONAL TO THE ACTUAL ERRURS TO THE LOWESY POWER OF
C* H PRESENT (HeeL),
C® THE Y ARRAY IS NOT ALTERED IN THE CORRECTION LOQP. THE UPDATED
C* v VECTOR 1S STORED TEMPORARILY IN FSAVE. THE NORM OF THE .
Cs ITERATE DIFFERENCE IS STORED IN D. - .
CEPERSERERBEE R RS R SRR SRS SN EAD SRR BE RN EERERES LR SR SRR I RX SR RRNES
220 DO 230 1 = 1.N
230 ERROR (1} = O.
M=10
CALL DIFFUNIN,T,YsFSAVE N, NPEOV,X2)
IF (IWEVAL.LE.O) GJ TO 340
C.‘O..t.‘!“..“"t.t‘l..“l““‘.t'tt.‘t‘.t..tt...t.ltt.“tttttttt.tt.‘
C* IF NECESSARY, THE PARTIALS ARE REEVALUATED PRIOR TO STARTING THE

Ce CORRECTOR ITERATION. IWEVAL IS THEN SET TO O AS AN INDICATOR

C* THAT THIS HMAS BEEN DONE.

C* IF MITER = 1 OR 2, THE MATRIX P = | -~ L{Q)*H*JACOBIAN IS STORED

C* IN PW AND SUBJECTED YO LU DECOMPOSITION, WITH THE RESULTS ALSO

C* STORED IN PW. IF MITER = 3, THE MATRIX USED IS P = 1 - L{Q}2H*D,

C*® WHERE D 1S A DIAGONAL MATRIX.

CHSERSFENESSE SRR ESAREEEESFEFERRERTERISRREFETREIRNE SRS CABEEREC T ARE AR ANEF
GO TO ( 240 , 260 ¢ 310 },MITER

240 CALL PEDERVIN,T,Y:PWeNOyNPEDV,K2)
R = -EL{Ll)en
00 250 I = 1.NSQ
250 PH(I) = PA(1)*R

260 0 = O.
00 270 I = 1,N
2710 D = D ¢ FSAVE{1+NO)*#2
RO = ABS{H)®SQRYI(D}*1.E03*ANDISE
J1 = -NO
00 290 J = 14N
J1 = J1 + NO
Y4 = Y(N)
= EPSJsYMAXLJ)
= AMAX1{R,RO)
(J) = Y(J4) + R
D = <EL{l)*H/R
CALL DIFFUN(N,T,YsFSAVE,0)NPEDV,K2)
DO 280 I = 14N
280 PW(lesl) = (FSAVE(I) - FSAVE(I+NO})}*D
290 Y(4 =vJ
300 00 305 [ = 1,N’
305 PH{TENL1-NO) = PW(I®NI-NO) + 1.
IWEVAL = 0
RC = l.
CALL DECOMP(NO,N:PHPWINSQL) ,FSAVE, IER)
IF (IER.NE.D) GO TO 420
GO TO 360

R
R
Y
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310 R = EL(L)e.1
00 320 1 = LN
320 PW(I) = Y(I) & P*(FSAVE(I+NO}*H - Y{l1,2]))
CALL DIFFUN(N,T,PWsFSAVE,0,NPEDV K2}
DO 330 I = 1N
RO = Pwil) - Y(!)

C.“.t..:::::.;‘l;“..‘t.‘.‘tt..‘.“.‘.‘..‘t“.“‘...“.‘.‘.‘t"..’.‘O"
410 IF (M.NE.O} CRATE = AMAX1(.9%CRATE,0/Dl)

IF ((D®AMINLUL1.,2.%CRATE}) . LE.BND) GO TO 450

oL =0 -

M=M+]

IF (M.EQ.3} GO TO 420

CALL OIFFUNIN, T ,FSAVE,FSAVENNPEDV,K2)

GO TO 340
CONSESEEESERSEEEEESEFISRSP RIS HE SRR NSO RER GRS SXBECERESSINEN 0GR SENES
Ce¢ THE CORRECTOR ITERATION FAILED TO CONVERGE IN 3 TREIES. [F PARTIALS
C* ARE INVOLVED 8UT ARE NOT UP TO OATE, THEY ARE REEVALUATED FOR THE
C* NEXT TRY. OTHEIWISE THE Y ARRAY IS REVTRACTED TO ITS VALUES
€+ BEFORE PREDICTION, AND H IS REDUCED., IF POSSIBLE. IF NOT, A
C* ND-CONVERGENCE EXIT IS TAKEN.

COEOPEEESEESEEES SIS SSESENUBHEESE XIS ECOSNISESEESERSESEEEEEESSBIE SRS SSEER
420 IF UIWEVAL.EQ.~-1) GO YO 440

T = TOLD

RMAX = 2.

D0 430 J1 = L,NQ

DO 430 J2 = J1.,N2
J = NQ - J2 ¢ JL
D0 430 1 = I,N
430 YUlod) = Y(Ied) = YUL,Jd¢l)

IF (ABS{H).LE.{HMIN®*1.,00001)) GO TO 680

RH = ,25
. GO TO 170

440 IWEVAL = MITER
GO TO 220 -
CHEEE RS SRS LB EEESEIERE LRSS REREE I S LA S L SR LR ARSI ESEEEEEENOESEESE RS ESES
C* THE CORRECTOR HAS CONVERGED. [IWEVAL IS SET TO -1 IF PARTIAL
C* DERIVATIVES WERE USEDs TO SIGNAL THAT THEY MAY NEED UPDATING ON
C% SUBSEJUENT STEPS,., THE ERROR TEST IS MADE AND CONTROL PASSES TO
C* STATEMENT 500 I[F IT FAILS.
CESEEELEASECL QI ESAE SRR B RREEEXREEEF EXRO R RO SERERCEEENRIESE RS RRNEE RS EES
450 0 = 0.
DO 460 I = 1N
460 D =D # (ERROR(I}/YMAX(I)}*%2

IF (MITER.NE.O) IWNEVAL = -1

IF (D.GT.E) GO TO 500
CEEEP RS2 E SRR ERESE P RS NS S P SRS RIRRERSE SRS R LRSS EN L E R QAL EEFEF SN SESERES
C* AFTER A SUCCESSFUL STEP, UPDATE THE Y ARRAY AND YMAX.

C* CONSIDER CHANGING H {F IDUUB = t. OTHERWISE DECREASE IDOUB BY 1.
C* IF [DOUB IS THEN 1 AND NQ .LT. MAXDER, THEN ERRDR IS SAVED FOR

D = RO - ELIL)®H®(FSAVE(I) - FSAVE(NO*I))
FSAVE(I} = RO/R
IF{ABS(RO).EQ.0.) GO TO 330
IF (D.EQ.0.) GO TO 420
PW(l} = RO/D
FSAVELL) = FSAVE(L)*PW(I)}
330 CONTINUE .

IWEVAL = O

RC = 1.

GO TO 380

340 [F (MITER.NE.O) GO TO ( 360 , 360 5 400 }, MITER

COPP0RS S22 SR RFISCEREE SRS LG EERE RS LS ESRERS RN EEESAS O L GENREEEEEREENEREE
(s IN THE CASE JF FUNCTIONAL ITERATION, UPDATE Y DIRECTLY FROM

C* THE RESULT OF THE LAST DIFFUN CALL.

LESEEFE LS K ES XSRS CEBESEE RN RPERSRESRE RSP ES ISR EREESESEEREECIRRES

D= 0,

DO 350 [ = 1N

R = H®FSAVE(I+NOJ - Y(1,2)
D=0 ¢ { {R-ERRIR(I)I/YMAX{]) }es2
FSAVE(I) = Y(I) + EL{1)*R

350 ERROR(I) = R

60 70 410
CESEREEEREBOE RIS SSS RS AL XL EE NSO RSP ERNROREPEEEEL LS L SEEREE PSS ERSRES
C* IN THE CASE OF THE CHIRD NETHOD, COMPUTE THE CORRECTOR ERROR,

C* F SUB (M), AND SOLVE THE LINEAR SYSTEM WITH THAT AS RIGHT-HAND
Ce SIDE AND P AS COEFFICIENT MATRIX, USING THE LU DECOMPOSITION
Ce IF MITER = 1 OR 2.
CESIERESERESEGIREN S OB LSS ESRSERREE RS EEE SRS RS ERERESEEI S SR UEE S NS ESSNE R
360 DO 370 I = 1,N
370 FSAVE(I#ND) = FSAVE(I#NO)®H - Y(I,2) - ERROR{I)}
CALL SOLVE(ND NsPW,FSAVE(NL},FSAVE,PWINSQL))
380 0 = 0.
0D 390 1 = 1.N
ERROR(I) = ERROR(I) + FSAVE(L)
D =0 + (FSAVELI}/YMAX{E)})®e2
390 FSAVELL) = Y{1) + EL{L)*ERROR(I)
GO T0 410
400 DO 405 & = 14N
405 FSAVE(1) = PW(I)}® (FSAVE{I#NO)®H - Y(I,2) - ERROR(I))

GO TO 380 . .
COSSELEESS0EEEEREI RO PR EECEREE SRS ESEPENENOCEESEEICEOSSSESSIEROES
Ce TEST FOR CONVERSENCE. IF M.GT.0, AN ESTIMATE OF THE CONVERGENCE
C* RATE CONSTANT IS STURED IN CRATE, AND THIS [S USED IN THE TEST.

Ce USE IN A POSSIBLE ORDER INCREASE ON THE NEXT STEP.

Ce IF A CHANGE IN H IS CINSIDERED, AN INCREASE OR DECREASE IN ORDER

Ce BY ONE IS CONSIDERED ALSO. A CHANGE IN H IS MADE ONLY IF IT IS BY A
Ce FACTOR OF AT LEAST 1.1. IF NOT, [DOUB IS SET 7O 10 TO PREVENT

Ce TESTING FOR THAT MANY STEPS. :
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COHESESERE LSS EREERE RS HE SR ER LS RERELLRERESEBEPERRL SRS S SR EL LA XS LRI RN

KFLAG = 0
B0 470 J = 1.,L
DO 470 [ = 14N
4710 Yilod) = Y{f,J} ¢ EL(JI*ERROR(I)

D0 480 1 = 1.N
480 YMAX(I) = AMAXL(YMAX{I),ABS(YL{I)))
1F (IDOUB.EQ.1) GO TO 520
100UB = 1DOUB - 1
1 (100UB.GT.1) GO TO 700
IF (NQ.EQ.MAXDER) 50 TO 700
00 490 L = 1.N
490 Yi1,LMAX) = ERROR(I}
GO TO 700
[ T T L L e L T e TR PP TS
C* THE ERROR TEST FAILED. XFLAG KEEPS TRACK OF MULTIPLE FAILURES.
C* RESTORE T AND THE Y ARRAY TO THEIR PREVIOUS VALUES, AND PREPARE
C* TO YRY THE SVEP AGAIN. COMPUTE THE OPTIMUM STEP SIZE FOR THIS OR
C* ONE LOWER ORDER.
CEEFEEXBAREEE SRS LA BRI EFEREREXESXASRBXAERSBESERERESFE S S XSRS SRS SRS S
500 KFLAG = KFLAG - 1
T = TOLD
DO 510 J1 = 1,NQ
DO 510 J2 = J1,N2
J = NQ - J2 + J1
DO S10 1 = LN
510 Y{l4Jd) = Y(1ed) = YUI,J#1)
RMAX = 2.
IF (ABSEH).LE.{HMIN®1,00001)) GO 70 660
If (KFLAG.LE.~3) GO TO 640
PR3 = 1.E+20
GO TO S40
[ T L L T T T T T
C* REGARDLESS OF THE SUCTZESS OR FAILURE OF THE STEP, FACTORS
C* PR1, PR2, AND PR3 ARE CUMPUTED, BY WHICH H COULD BE DIVIDED
C® AT ORDER NQ - 1, ORDER NQ, OR ORDER NQ + 1y RESPECTIVELY.
C* IN THE CASE OF FAILURE, PR3 = 1.£20 TO AVOID AN ORDER INCREASE.
Ce¢ THE SMALLEST OF THESE IS DETERMINED AND THE NEW ORDER CHOSEN

C* ACCORDINGLY. IF THE JPDER [S TO BE INCREASED: WE COMPUTE OUONE
Cs ADDITIONAL SCALED DERIVATIVE.
CEECE R R RS RE RS L CRE SO S EEEXRFRAE T CEEREC RS R FEREARA RSN SRR R R E AR TR SR KRS
520 PR3 = 1.E+20
IF (NQ.EQ.MAXOER) GO TO 540
01 = 0.
DO 530 1 = 1.N
530 Ol = D1 & ((ERROR(I) - Y(I,LMAX})/YMAX(L))*x2
ENQ3 = 0.5/FLOAT(L#1}
PR3 = ((DL/EUP)**ENU3)®*1l.4 + l.4E-06
540 ENQ2 = 0.5/FLOAT(L)
PR2 = ((D/E}*®*ENQ2)*1.2 + 1.2E-6
PRY = 1.E+20
IF (NQ.EQ.1) GO 10 560
D = 0.0
00 550 { = Ll.N
550 D =D & (YUI,L)/YMAX(I))**2
ENQL = 0.5/FLOUATING)
PRl = ({D/EDN)®**ENJLI*1.3 ¢ 1.3E-6
560 IF {PR2.LE.PR3)} GO TO 570
IF (PR3.LT.PRL) GO TO 590
570 1IF (PR2.GT.PR1) GO YO 580
NEWQ = NQ
RH = 1./PR2Z
GO TO 620
580 NEWQ = NQ - 1
RH = 1./PR1
GO TO 020
590 NEWQ = L
RH = 1./PR3
IF (RH.LT.1.1) GO TO 610
D0 600 f = 1,N
600 Y{1+NERQ¢1) = ERROR{I)I*ELI{L)/FLOAT(L)
G0 T0 630
610 I100UB = 10
GO 10 700
620 IF ((KFLAG.EQ.0) .AND.(RH.LT.1.1))} GO TO 610 B
COHBEBAEISUOISEF IS ENIBRRE SRR EERER SRS PEREC SR ERESREISAEERERREIE SRS R4S
C* [Ff THERE IS A CHANGE JF ORDER, RESEY NQs L, AND THE COEFFICIENTS.
C* IN ANY CASE H [S RESET ACCORDING TO RH AND THE Y ARRAY IS RESCALED.
Ce THEN EXIT FROM 690 IF VTHE STEP WAS OK, OR REDO THE STEP DTHERWISE.
CHEBEEERANLEESEAELESREAS KRS SR ESIECUESEAPESRUBAEB NS E S NSRS SE SRS S

IF (NEWQ.EY.NQ) GO TO 170
630 NQ = NEWQ
L= NQ ¢
IRET = 2
GO TO 130
CHEXREES S L2840 ERSES RS RS *EESE R EERES SE BB RRRE S

Ce CONTROL REACHES THIS SECTION IF 3 OR MORE FAILURES HAVE OCCURED.
Ce IV IS ASSUMED THAT THE DERIVATIVES THAT HAVE ACCUMULATED IN THE
C#* Y ARRAY HAVE ERRORS DOF THE WRONG JRDER. HENCE THE FIRST
Ce DERIVATIVE IS RECOMPUTED, AND YTHE OROER IS SEYT TO 1. THEN
C* H IS REDUCED BY A FALTOR OF 10, AND THE STEP IS REVRIED.
C* AFTER A TOTAL OF 7 FAVLURES, AN EXIT IS TAKEN WITH KFLAG = -2,
Cc L SR ERRERE RXESRE R LT SR E 2 242 22222 ]
640 IF (KFLAG.EQ.~7) 50 TO 670

RH = .}

RH = AMAXL (HMIN/ABS (H),RH)

H = H®RH

CALL DIFFUN(N,T,YsFSAVE,;0¢NPEDV,K2)
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00 650 1 = 1.N
650 Y(1,2) = BeFSAVE(])
INEVAL = MITER
100us = 10
IF (NQ.EQ.1} GO YO 200
NQ = 1
L =2
IRET = 3
GO 10 130
[ T L Y Y T Y I I T
C* ALL RETURNS ARE MADE THROUGH THIS SECTION., H IS SAVED IN HOLD
Cs TO ALLOW THE CALLER TO CHANGE H ON THE NEXTY STEP.
CEEBBETES 400 ESESP SIS EIRCIRNEIRREES S EEISESSSERRESSRSIEEBRNEOSVIEER RIS SRS
660 KFLAG = -1
G0 1O 700
670 KFLAG = -2
G0 To 700
680 KFLAG = -3
GO To 700
690 RMAX = 10.
700 HOLD = H
JSTART = NQ
RETURN
COHOEE2020 000t 88208 208850 END OF STIFF SE35508523430008800K5844363833388 ¢
END

SUBROUT INE COSET(MEYH,NQsEL TQ,MAXDER)
CEEEESEERESERESECEEEEESEORPECEIFCETRREENE LR VAN SSEIREEEEESEREEESERERRS
Ce CDSET 1S CALLED BY STIFF AND SEVS CUEFFICIENTS FOR USE THERE.

C*¢ THE VECTOR ELs OF LENSTH NQ ¢ i, DETERMINES THE BASIC METHOD.

C* THE VECTOR TQ3, OF LENGTH 3, 1S INVOLVED IN ADJUSTING THE STEP SIZE
C* IN RELATION TO TRUNCATION ERROR. [TS. VALUES ARE GIVEN BY THE

C* PERTST ARRAY,

Ce THE VECTURS EL AND TQ DEPEND ON METH AND NQ.

C*® COSET ALSD SETS MAXDEY, THE MAXIMUM ORDER OF THE METHOD AVAILABLE.
Ce CURRENTLY IT IS 12 FOR THE ADAMS METHODS AND 5 FOR THE GEAR METHODS.
C* LMAX = MAXDER + 1 IS FHE NUMBER OF COLUMNS IN THE Y ARRAY.

C* THE MAXIMUM ORDER USED MAY BE REDUCED SIMPLY BY CHANGING THE

C* THE NUMBERS IN STATEMENTS 1 AND 2 BELOW.

Ce¢ THE COEFFICIENTS IN PERTYSY NEED BE GIVEN TO ONLY ABOUT
L% ONE PERCENT ACCJURACY. THE ORDER 1IN WHICH THE GROUPS APPEAR BELOW
C* IS.. COEFFICIENTS FO ORDER NQ - 1, COEFFICIENTS FOUR ORDER NQ.
Ce COEFFICIENTS FOR ORDER NQ + 1. WITHIN EACH GROUP ARE THE
Ce COEFFICIENTS FOR THE ADAMS METHUDS, FOLLOWED BY THOSE FOR THE
C®* GEAR METHODS. .
COSIEERSIESS SRS EROSSEE O AUS PSR EEREIINOBOSSEABERNSREERESESIEERINNRES
OIMENSION PERTST(1242433,EL(13},TQ(4)
DATA {PERTST = 1la9los2.414443158,.07407,.013%91,+.002182,
0002945+ .00003492,.000003692,.0000003524,
Leoleose5001667¢.041670lavlerlerlerlarlartae
209124924.437.89953.33,70.08,87.979106.9,
126.74147.4,+168.8,191.0,
2.014.5¢7.333410.420034701celeslerlarlanlerla,
12.0424.0+37.89453.33,70.08:87.97,106.9,
126.7¢147.44168.8,191.041.
3.0064009.167912e5010vlorlarlerlarlanlaslsd

e . b e

EL(2) = 1.0
GO TO (1s2)4METH
1 MAXDER = 12
GO to {101,102,103,104,105,106,107,108,109,110.111,112},NQ
2 MAXDER = 5
GO TO (201,202,203,204,205):NQ
CHETSEE RS GRNRELER AR LRSI B EBR A RRELEPSEEBE RN SR EXSIXGRRIERESEASE RS EBRES
Ce THE FOLLOMING COEFFICIENTS SHOULD BE DEFINED TO
C® MACHINE ACCURALY. FOR EACH ORDER NQ, THEY CAN BE CALCULATED
C* FROM THE GENERATING POLYNOMIAL,

Ce LIT) = EL(L) + EL(2)%T + ... ¢ ELINQe#l)sToaNQ,

C* FOR THE [MPLICIT ADAMS METHODS, L{T} IS GIVEN BY

Cs OL/DT = (T#12%(Te2)% ... *(T¢NQG-1}/K, L(-1) = O,
C* WHERE K = FACTORIAL{NG-1).

Ce FOR THE GEAR METMODS,

Cs LIT) = (Tel)o(Te2}e .., *(TeNQ)/K,

Ce® WHERE K = FACTORIAL(NQI®(1l + 1/2 ¢ ... ¢+ 1/NQ).
Cs*

Ce THE DRDER IN WHICH THE GROUPS APPEAR BELOW [S..
Ce IMPLICIT ADAMS METHODS OF ORDERS 1 TO 12,
C* STIFFLY STABLE GEAR METHODS OF ORDERS It 7O 5.
[ I IR TSRS S RS RS RS2 222 22 2 220 222 R 2222 R A2 d 222 A 22 Rl R 22222222
101 EL(1} = l.0
60 10 %00
102 EL(1) = 0.5
EL(3) = 0.5
GO TOo 900
103 EL(Ll) = 4.1666666666667E-01L
EL(3) = 0.75
EL(4) = 1.666660666566667E-01
GO TO 900
1064 ELIL) = 0.375
EL(3) # 9.1666666666667E-01
EL{4) = 3.3333333333333€-01
EL{S) * 4.1666666666667€-02
GO TO 900
105 EL(1) = 3.4861111111111E-01
ELI{3) # 1.0416666656667
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106

107

108

109

110

111

112

201

202

203

204

205

C*
900

62

ELL4)
ELLS)
EL{6)
GO 10
EL(1}
EL(3)
EL(4)
EL(5)
EL(6)
EL(T}
GO0 10
EL{1)
ELL3)
EL{4)
EL(5)
EL({®6)

EL(T)
EL(8)
GO TO
ELLL)
EL{3)
EL(4)
EL(5)
EL(6)
EL(T)
EL{8)
ELL9)
GO 10
EL(L)
EL(3)
EL(4)
EL(5}
EL{6)
EL(T)
EL(8}
EL{9)

Ll

%.8611211111111€E-01
1.0416666066667E-01
8.3333333333333E£-03
00
3.2986111111111€-01
1.141 6666666667
0.625
1.7708333333333€-01
0.025
1.33880888888889E-03
00
3.1559193121693E-01
1.225
7.5185185185185€E-01
2.5520833333333€-01
4.861L111111111E-02

4.8611111111111€-03

1.9861269841270E-04
00
3.,0422453703704E-01
1.2964285714286
8,6851851851852€-01
3.3576388888889€-01
T.ITTTTT7ITT7TBE-02
1.0648148148148E-02
7.9365079365079E-04
2.4801587301587€E-05
0

L I I T - I I T T N VA - N T

2.9486800044092E-01
1.3589285714286
9.7655423280423E-01
0.4171875

0.01875
1.9345238095238€E-03
1.1160714285714E-04

LU T O T - B TR T IV T T Y- S T

EL{10)= 2.7557319223986E-06

GO TO
EL(1)
ELI3)
EL(4)
ELLS)
ELI6)
ELLT)
EL(8)
ELLY)

900
2,8697544642857€E-01
1.4144841269841
1.077215608465b
4.9856701940035E-01
0.1484375
2.906057098 7654E-02
3.7202380952381€E-03
2.9968584656085E-04

EL(10}= 1.37T78659611993€-05
EL{11)= 2.7557319223986E-07

GO YO
ELIL)
EL(3)
EL(4)
EL(5)
EL{6)}
ELLT)
EL(8)
ELL9)

900

= 2.8018959644394E-01
= 1.4644841269841

= 1.1715145502640

= 5.7935819003527€-01
= 1.8832286155203€-01
= 4.,1430362654321€-02
= 6.2111441798942€-03
= 6.2520667989418E-04

EL{10)= 4.0417401528513€-05
ELI{LlLl)= 1.5156525573192€-06
EL(12)= 2.5052108385442€E-08

GO 1O
EL(1)
EL(3)
EL{4)
ELL5)
ELL6)
EL(T)
EL(8)
EL(9)

900

= 2,7426554003160€E-01
= 1.5099386724387

= 1.,2602711640212

= 6.5923418209877€-01
= 2.3045800264550E-01
= 5,5697246105232€-02
= 9.4394841269841E-03
= 1.1192749669312€6-03

ELLL0)= 9.0939153439153E-05
EL{11l)= 4.8225308641975€-06
EL(12}= 1.5031265031265€-07
ELU13)= 2.0876756987868E-09

GO TO
ELLL)
GO 10
ELIL)
EL(3)
GO TO
EL(L)
ELL3)
EL( &)
GO TO
ELLL)
EL(3)
ELL4}
EL(5)
GO TO
ELLL)
ELL3)
EL(4)
EL{5)
ELi6)

900

= 1.0

900

= 6.666666666666TE-01
= 3.3333333333333€-01
900

= 5.4545454545455E-01
= EL(L)

= 9.,0909090909091€-02
900

NERIEIR)
QN o~ &
o

00000
~

+3795620437956E-01
8.2116788321168€E-01
3.1021897810219€-01
5.4744525567445€-02
3.6496350354964E-03

[ I S T TR )
Q

DO 910 K=1,3

1.1135416666667TE-01 .
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TQUKI=PERTSTINQ,METH, K}
TQ(4) = 5¢TQU2)/FLOATING+2)
RETURN

COHEEEBEIRPOENEISESE40065¢ END OF COSET 5005586603836 0 28808 RE2R0%080

(sl alalaNaNoaNaRalaNaNaRaNaNal el

[aNalal

[aXaNal

[xNaNal

[2X aRal @a0o

[aNalal

[aNaNal

[aNal

5

10
1

15

16
17

95

96

END
SUBROUTIVE DECOMP(NDIM, N, LU, 1PS, SCALES, IER}
LINEAR SYSTEMS SUBROUTINE

DECOMPOSE THE N X N MATRIX A INTO TRIANGULAR L AND U SO THAT
L &y =7P % A FIR SOME PERMUTATION MATRIX P.

NDIM THE NUMBER OF ROWS IN THE DIMENSION STATEMENT FOR THE
MATRIX A IN THE CALLING PROGRAM.
N THE NUMBER OF ROWS OR COLUMNS IN THE MATRIX
(X1} ON INPUT, THE MATRIX A TO BE DECOMPOSED.
ON DUTPUT, THE ARRAY WHERE L AND U ARE STORED.
iPs THE ROW PIVOT VECTOR, GIVING THE PERMUTATION MATRIX P.
1ER THE ERIOR RETURN FLAG. 1T IS L FOR ALL ZERC ELEMENTS

IN A ROW, 2 FOR A ZERO PIVOT, AND 0 FOR NO ERROR.
REAL LU(NDIM,N}
DIMENSION IPS{N)sSTALES(N)
INTEGER PIVRIW

INITEALIZE ITER,IPS,LUsSCALES

1ER=0
00 51 =1, N
1PstL) = 1
ROWNRM = 0.0
002 4 = 1y N°
ROWNRM = AMAX1 (ROWNRM, ABSILUlL, J4)}))
CONTINUE
TEST FOR MATARIX WITH ZERO ROW.
IF {ROWNRM .EQ. 0.0) GO TO 95
SCALES(I) = 1.0 / ROUWNRM
CONTINUE
GAUSSIAN ELIMINATION WITH PARTIAL PIVOTING
NML = N -}
D0 17 K = 1, NM]
BIG = 0.0
0011 [ = K, N
IP = 1PS(1)
SIZE = ABSULLU(IP, K)} ® SCALESUIP)
IF (SIZE .LE. BIG) GO ¥0O 11
BIG = S{ZE
PIVROW = |
CUNTINUE
TEST FOR ZERO PIVOT
IF (BIG .EQ. 0.0) GO TO 96
INTERCHANGE ROW IF NECESSARY
IF (PIVROW .EQ. K) GO TO 15
4 = IPSIK)
IPSIK) = IPSI{PIVROW)
IPS(PIVROW) = J
KP = [PS(K)
PIVOT = LUIKP, K)
PIVOY = 1, / PIVOT
LU(KP, K) = PIVOT
KP1 = K ¢ 1
DO 16 1 = KP1y N
IP = IPS(I}
EM = LULIP, <) * PIVOT
LUlLIP, K) = EM
00 16 J = KP1l, N
LULIPy J) = LULIP, J) - EM * LUIKPy J)
CONT INUE
CONTINUE

TEST FOR LAST PIVOT

IP = IPS(N)

PIvVOT = LU{IP, N)

IF {(PIVOT .EQ. 0.0) GO TU 96
LutIP, N) = 1. 7 PLvOT
RETURN

ALL ZERO ELEMENTS IN A ROW

IER = 1
RETURN

1ERO PIvOT
1ER = 2
RETURN

END
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APPENDIX B

SUBROUTINE SOLVE(NDIM, N. LUs B+ Xo IPS)

LINEAR SYSTEM PACKAGE .
SOLVE A X = B USING L U FROM SUBROUTINE OECOMP. \

SEE DECOMP FOR DESCRIPTION OF PARAMETERS

DIMENSION BN} X{N),IPS(N)
REAL LU(NDIM, N)

NPl = N + |
FORWARD SUBSTITUTION - SOLVE L *= 2 = 8
IP = (PSC1])

x{1) = BtiP)
00 21 =2, N

1P = IPSLI}
ML =1 - 1
SUM = 0.0
Dol 4 =1, IM]
SUM = SUM ¢« LULIP, J) * X{J]
X(1) = BUIP) - SUM
IP = EPS{N)

X{N} = X(N) & LULIP, N}
BALKWARD SUBSTITUTION - SOLVE U * X = I, WHERE L * 2 = B,
DD & IBACK = 2, N

1 = NP1 - IBACK
I GJES FRIM (N-1) TD | BY -1

P = IPS(L}
P1L =1 ¢ 1
SUM = 0.0

00 3 4 = IPls N
SUM = SUM ¢ LUCIP, J) * X(J)
X(I} = (XCI) - SuM) =« LUllP, 1)

RETURN
END
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CHECK CASE OUTPUT COMPARISONS

Check case output comparisons are made in this appendix. The output from the
program of this paper is always on the left-hand side of the page and the output from the
program of NASA TN D-6586 is always on the right-hand side of the page.

Card Input Images

** DATA CARDS *=

1 2 3 4 5 6 7 8
cc 1 0 0 0 0 0 0 0 0
BROMINE ODI{SSOCIATION IN A SHOGCK TUBE CASE 1
M + BR2 = BR + BR 6.99E¢11 .5 35500.
: - BLANK CARD - .
XE
DISTANCE AREA
$PROB 17PS2=3,LSUBM=32200.,ETA=0.50, SHOCK=.TKUE., END=10.,
IDEL=20, PAPS=.TRUE.,
ALLM1=.FALSE., SEND
M + BR2 = 8R + BR BR2 3.80
- BLANK CARO -~ ’
SSTART  P=0.1227y MACH=3.2646y T7=299.9, BR2=0.01,XE=0.99, SEND
FINIS
*% DATA CARDS **
1 2 3 4 5 6 7 8
cc o1 (o] 0 0 0 0 0 0 [+]
METHANE ~ AIR COMBUST ION (ASSIGNED AREA — TIME INTEGHATICN) CASE &
CH4 = CH3 + H 3.d0€+14 O. 103000.
CH4 + 02 = CH3 + HO2 1.00E+13 oO. 63000,
H + Q2 = HO2 L | 1.29F¢15 0. -1000.
.o + Q2 = N2 + 0 1.60F¢13 0. 41000,
CH3 [ o) ] = CH20 + oM 7.505+10 0. 0.
H +  CHa4 = CH2 + H2 6.90E+13 0. 11800.
0 +  CH4 = cH3 + OH 2.00€+13 0. 9200.
au + CH4 = CH3 + H20 71.20E¢13 0. 5900.
H + 02 = CH + 0 1.25E+14 0. 16300.
D] + H2 = MH + H 2.96E+13 0. 96800,
H2 + OH = H20 + M 2.10F+13 0. 5100,
co + OH = C02 s H 4.20E+11 0. 1000.
CH3 + C = CH20 + 4 1.90F+13 0. 0.
CH20 t h = KCO + H2 1.00E+13 O. 2000.
CH20 + QO = HCO + H20 7.00E+l0 .70 1000.
cH2n + 0 = HCOo + e 4.00E+1L .60 4000.
HCO ¢+ 0 = CO + OH 1.80E+11 .50 0.
HCO ¢ OH = co + H2n L10E+11 .50 0.
HCO ¢+ H = COo + H 1.50E+12 .50 0.
] +  HCD = H + CO 2.00F+13 .50 28600.
HCO + 02 = CO0 + HD2 1.00€+1L .50 5400,
H02 . K02 = H202 + 02 1.80€+12 0. V.
H + HC2 = CH + o4 7.00E+13 0. 0.
u + HO2 = OM + 02 6.00E+12 0. 0.
nH + uC2 = H20Q + 02 6.00E+12 0. 0.
M + K202 = oM + oM 1 176417 0. 45500.
H + 0M = H20 + M 7.50€+423 -2.60 0.

M + 02 = 1 + 0 2.15F+19 ~1. 118700,
0 +  H20 = OH + oo 5.75E+13 0. 18000.
~ BLANK CARD -

N2
TimE AREA

$PROB 1TPSZ=1, IPRCOD=1,4MIN=6.255-10,
HMAX=1.25E-6,
EMAX=.0001,
PAPS=,TRUE. +
END=2.66155~%,
TPPINT=6,35273E-5,1.27C5555-4,1.905825-4+42.22340E-4,2.34109E-4,
2.6615E-4, NPRIN=b,
COMBUS=.FALSE.., ALLMl=,FALSE.,
XTB=095+10915+20425+30035036237438539,40,4045,41,+42,
ATE=1300.,1000.45,1002.02,1004.83,1009.24,2016.16,1028.32,1057.02,
1068.70,1085.55, L112.40+1103.57¢1266.59,1371.48,1384.47,

65



cC

cc

66

APPENDIX C

1400.45, NTB=l6,

$END
H + 02 = HO2 ¢ M CH4 5.0 02 2.0
H + 02 = HO2 + M N2 2.0 H20 32.5
H + 02 = HO2 ¢ M co 2.0 co2 7.5
H + 02 = HO2 ¢ M H2 5.0
[ ] + H202 = OH ¢ OH 02 78 H202 6.6
M + H202 = OH + OH H20 6.0
H + OH = H20 * M N2 1.6 H20 20.
H + OH = H20 ¢ M 02 1.6
) = BLANK CARD -~
SSTART P#l.T730,V=157412.62,7121645.,
CH4=0.049768, 02=20.199072, N2=0.75116,
FINIS
*&  DATA CARDS #=
1 2 3 4 5 6 7 8
1 1] 0 '] 1] 0 (4] 0 (/]
METHANE—AIR COMBUSTION AT CONSTANT P (ONE UNIMOLECUL AR REACTION)ICASE S
REPEAT

DISTANCE PRESSURE i
$PROB ITPSZ=2y CXO=1.730,HMIN=1,0E-4HMAX=20,, EMAX=,0001,
COMBUS=.TRUE.y ALLMI=.FALSE.,
END=42+» ’
PAPS=oTRUE. s
TPRINT55,091000025:0935.+380939.5+1400440.5941¢42.¢ NPRIN=10,
IPRIT =4y MF=22,
$END
= BLANK CARD -~
$START AREA=1000.)MACH=2., T=1645.,
CHe=0.049768, 02=0,199072, N2=0.75116,

SEND
FINIS
=¢ DATA CARDS =%
1 2 3 4 5 6 7 8
1 0 [} Q ] 0 0 0 0
H2-02 LCW TEMPERATURE RFACTION AT CONSTANT VOLUME (ADJUSTED RATES) C-8
H2 + C2 = H + H0O2 1.00E+14 0. 67000.
H2 + CH = H20 + H 2.10€+13 0. 5100.
‘H + D2 = al] + 0 1.25E¢14 0. 16300.
0 + H2 = CcH + H 2.96E+13 0. 9800.
H + 02 = HO2 + M 8.50E+14 O, -1000.
H + HC2 = 0H + OH 7.00€+13 0. 0.
M + H202 = oH + OH 1.47F+17 0. 45500
HO2 + HG2 = H202 + 02 1.00E+12 0. 0.
HO2 + H2 = H2C2 + H d.50E+12 0. 24000.
“ + B202 = H2D + UH 3.13t+14 O. 9000.
im + K202 = w20 + HO2 1.00F+13 Q. 1800.
0 + H20 = K + OH 5. 156+13 0. 18000.
- BLANK CARD -
~ BLANK CARD -
Time
$PRCB HMIN=5.0E-5, HMAX=,], EMAX=,0003, ALLML=.FALSE.,
END=120.+

RHOCCN=.TPUE., TCIN=.TRUE.y CONC=.FALSE.,
TPRINTSe75514251549104920¢¢300140.1504+59.0602+105.9754985.+954
105.4120., KPRIN=16,
PaPS=. TRUE.»

SEND
H + €2 = K02 + M H2 Se 02 2.
H + 02 = 402 ¢« M H20 32.5
M + H202 = CH + OH H20 -0 o2 .78
M + H202 = OH + OH H202 6.6 H2 2.3
- BLANK CARD =~
$START MMHG=oTRUE .y P=500., T=773.15, H2=.86, 02=.14, $END
FINIS .
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APPENDIX D

STOICHIOMETRIC PROPANE-OXYGEN-ARGON SHOCK TUBE
COMBUSTION CASE COMPARISON

Comparison of the stoichiometric propane-oxygen-argon shock tube combustion
cases is presented in this appendix. The output from the program of this paper is on
the left-hand side of each page and the output from the program of NASA TN D-6586 is
on the right-hand side.

DISTANCE~AREA VERSIUN GENERAL CHEMICAL XINETICS PROGRAM NASA LANGLEY RESEARCH CENTER
LANGLEY VERSION NF LEWIS PROGRAM (TN D-6586) USING STIFF NDE
SCLUTSON TECHNIQUE DEVELOPED BY C.W. GFAR

sxssessenes PROPANE REACTIONS BY CHINITZ - BAURER 64 RXNS - 31 SOFCIES snxsswss

REACTION REACTION SEACTION RATE VARIABLES
NUMBER A N ACTIVATION
ENERGY
1 1*Cn + 1202 = 120 + 1%CN2 1.60000E+13 0.0000 41100,00
2 M ¢ 1%C3HB s 1*C2HS + 18CH3 1.00000E+15 0.0000 28900.00
3 1%0u + lsH2 = 1*H20 + 1®H 2.20000F+13 €.0000 5150.00
4 1*0 + leH2 = 1%0H ] 1.80000€+10 1.0000 8900, 00
5 LeH ¢ lepM = 1%H20 + M 7.50000F +23 -2.6000 0.00
6 L*¢ +  lsH20 = 1%0M + leoM 5.80000F+13 0.0009 13000. 00
7 1eH + 1lsH = 1842 . ™ 1.00090F+18 ~1.0009 0.00
8 Lan2 [N V] = 1e0M +  1*0H 1.700095¢13 n.0000 48200, 00
9 1*¢n + ls0 = 1%C02 + M 4.00000E +13 1.0000 0.00
10 1#H + 1202 = 1#N4 . + 1e0 2.200005¢1% 0.0000 16300.00
11 1%0Y + 1%CoO = 12002 v 1w 5,60900E +11 0.0000 1083.00
12 M s 1e02 = 1%0 + 1%0 . 2.60700E+18 -1.0900 118000. 00
13 M + lelHs = 1%CH3 v 1M 4.00000F¢17 2.0000 88421.00
14 12CH4 + leg = 1204 + 1eCH3 2.00000E+13 0.0000 9220.00
15 12Ch4 . lay = 12CH3 v 18H2 6.90000S ¢13 0.0000 11823.00
16 14CH4 + 1e0DH = 1%(H3 + 1sH20 2.80000€+13 2.0000 4968, 00
17 1ecH3 * 1sg = 1%2H20 + 1%H 1.95000£+13 0.0000 2000. 00
18 ] +  1#CH20 = 182 + 1%C0 2.10000E+156 0.0000 35000, 00
19 LeHCD v lenM = 1200 +  1sH20 2.09000N€+13 0.9020 0.00
20 " + leuce = 1ey + 1%CO 2.00600€+12 L5090 28613.00
21 1#CW20 ¢ 1epH = 1*hCO . 1m20 2.00000E+13 0.0000 0.00
22 1#CH3 ¢ 1eD2 = lscu2n + 1504 1.200008+12 0.9020 15000.00
23 12348 ¢+ 1le0H = 1#C3H7 + 12420 1.000007+11 .5009 7200.00
24 1#( 3048 ¢ len = 18C2H6 +  1%CH20 1.00009E+12 +5070 0.00
25 12348 & lam = 1%C3HT + 1%H2 3.600008¢12 .5000 7200.00
26 18347 + 1e0 = 1eC2K6M0 v L=H 8.800005 ¢ 11 .£0N0 0.00
27 1#C 347 + 1ep = 1#C3H6 ¢+ 1eQM . 3.80000E+11 .5000 0.00
28 1%C 347 ¢+ 1leCH = 18C3H6 +  1=H20 8.80099E+1) . 5000 0.00
29 12C347 ¢ w02 = 1*C2H5C0 .+ 1sOH 1.00090E+11 .£090 0.00
10 183446 ¢ 1%02 = 1sCHICHD + 18CH2D 9.80000E ¢19 .5000 0.00
31 1¥C3H6 + 1e0H = 1%CH3ICHN + 1%CH3 8.1000JF +19 .€0n0 1700. 00
32 T 1eC3M6 + 120 = 1#C3H4 +  1eH20 8.10000E +11 .5070 0.00
33 Ler34e + leQ = 1%CH42) +  1%C2M4 8.10000€+11 +5000 0.00
34 15344 ¢+ 1%02 = leCH3ne + "1%HCO 1.00000E+11 .5000 0.00
35 L#C 246 + s = 1%C2H5 «  1eQu 8.80009E+11 +5099 1009. 00
36 10C 246 + 1leCH = 12C2HS + 1eH20 8.90200F+10 .5000 5500. 00
37 123G 216 . 1y = 13C2HS + 1=H2 2.00009€+12 0.0000 6209, 00
38 1*C24¢00 ¢ lenH = 1%C2H5CD + 1820 9.60009F +19 .5000 6700. 00
39 1#C2H6C0 + LM = 1%C2H5CN ¢ 1eH2 3,50000€+12 .5000 10500. 00
«0 1eC25Cn ¢ 180 s 18C2M5 +  1%CD2 ©.00000E+¢11 +5000 0.00
41 1+C215CN + 1eDH = 1#C2HS0H + 1%Cn 9.00000E+17 .5000 0.00
42 LeC245C0 ¢ 1e32 = 1*C2H40H v 1eCO2 1.00000E+11 .5000 0.00
43 LeCc2MsCe + len = 1% 2H5 + 1sHCO 3.33080£ 12 .5000 5300.00
44 L*C2rSOM + Loy = 1#C2HS +  1%H20 3,00000E+12 .5000 4600, 90
45 1#C2r40H + len = 1%C2HS +  1sOH 3.00007%¢12 .5070 9800, 00
46 1#C2HS + 1202 3 1%CH3CHD +  1e0M 1.100008+11 .5000 0.00
o7 1%C2HS + 1en = 1%C2He +  1%0H 8,80000E 11 .5000 0.00
48 LeC245 + 10 = 1#CH3CHO + 1%H 8.30000E¢il +5000 0.00
49 L#C2HS + 1*0H = 1eC2H3 +  1%M20 8.90000F +10 .£000 0.00
50 18CH3CHE ¢+ LegH = 1e(H3C0 +  1eM20 €.50000F +10 .5000 4000.00
51 L$CHICHD ¢ LeH = 1%CH3C0 v 16H2 2.40000E+12 .5000 11000, 00
52 1eCH3C0 ¢ 1% = 1*CH3 +  1%C02 6,10000C +11 .5090 0,09
33 12CH3CO + 1e02° s 1®CH2NH + Q%2 7.500002+13 .5000 1500, 00
54 1#CH3CO + 1e0H 2 1#CH3OH s+ 13CO £.20009E¢17 .£009 0.00
55 18CH3C0 + 1w = 1%CM43 +  1*HCO 2.20000E¢12 . 5000 5400.00
56 1eCH30H ¢ Lan = LerH3 + 1am20 2.30000F+12 .5000 5300.00
57 1#CH26H + lew = 1eCH3 ¢ Qenw 2.20000E+12 .5000 10700. 00
58 1eC2:4 ¢ lsg = 18CH3 +  1sHCO 3.00000E+13 0.0000 0.00
59 LeC2He ¢ le0 = 1sC2H2 + 1eM20 3.00000E +13 0.0000 0.00
60 1ec2r4 ¢+ 10K = 1sCH3 +  13CH20 1.000005+11 .5000 7100. 00
61 1eC242 + len = 1*C2H +  1%0H 3.40000€+15 ~.6400 18700, 00
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62 1*C2H2
63 1=C24
64 1%CH

MINIMUM STEP STZF

INIYIAL STEP SIZE

PRESSURE
(ATM)
VELOCITY
{CM/SEC)
DENSITY
{GM/CM*¢3)
TEMPERATURE
(DEG «)
ENTROPY
{CAL/GM/DEG K)
MACH NUMBER

GAMMA

SONIC VELOCITY
(CM/SEC)

MIXTURE MOLECULAR WEIGHT

O(LCG VOLUME)/D{LOG T)
AT CONSTANT P

O(LCG VOLUME)}/D(LOG P)
AT CONSTANT T

88

1*0H = 1%C2H
1#02 = 1*CH
1*02 = 1*C0

APPENDIX D

+  1*H20 2.200000 +14 0.000n
+  1%C02 1.00000E+1% 0.0000
+  l=pH 8.1G000E+13 . 5000

ALL THIRD BNDY RATINS A%E 1,0

1.0C000€-05 C¥

1.00000E£-05 CM

INTEGRATION COGNTPOLS
MAX[MUM STEP SIZE

MAXIMUM RELATIVE ERROR

s% ASSIGMED VARIABLE PPOFILE =»=x

THE AREA IS CALCULATED FRNM THE FOLLOWING FUNCTION

L/7AREA

1

(xs

136.7)0) #%{ «£2000)

*¢ EQUILIBRIUM SHOCK CALCULATION #*x

INITIAL STATE

.0526
167000.00
B84.59816E-06
300.00
1.1175
5.2328
L.6167

31913.93

FIN

521
27.10

28

886

SPECIES
co
a2
0
€02
C3H8
C2H5
CH3
OH
H2
H20
H
CH4
CH20
HCO
C3H7
C2H6
C2H6CO
C3H6
.CH3CHO
C3H4
C2He
CH3CO
C2H5C0
C2H50H
C2H40H
CH20H
CH30H
C2H2
C2H’
CH
AR

l.1

-1.0

AL STATE

1.6543
27.85
239E-05
55.91

1.2897

.5877

1.2721

98.65

MOLE FRACTION
1.77123€-02
8.88239F-03
4.89909€~03
1. 137926-02
8.874986-45
1. 87969E-29
7.14781E-15
7.72594£-03
5.87368E-03
2.61112€-02
5.88176E~03
3.09820€-16
9. 73995€~11
1.54604E-08
1.68281E-43
1.42840€-30
3.11108€-38
6.63878€-38
2.95174E-24
1.71T13E-32
3.13129€-24
2.19280€-22
1. 11779€-36
1.08320F-31

. 1.53468E~30
6. 14808E-16
9.98426E-18
1.48022E-18
2.379426-18
3.59896E-14
9.11534E-01

38.39300

484E+00

069E+00

FINAL/INITIAL RATIO

31.‘505
.3121
3.2037
9.5197
1.1541
1123
- 7869

2.7793

1.000J0E-02 CM

.00010

7200.00
23000, 00
0.00



APPENDIX D

W) 0S
L]
J33s

004300000°1
‘0
*0

vy
NOIL1ISOd WVIXV
ELIDY

91€8°2
8896
8980°
%%01°1
106%°8
00L0°
1592°

ST6E°%E

Ollvyd IWILINI/ZOVNLS

#s SNOJLAIOGNOD IVILINI
00+430000°1-
00+30000° T

Y6165 °6¢€
10~-30000%°6 uv
-0 HI
*0 H23
‘0 ZH22
0 HOEH)
*0 HOZH)D
‘0 HO%HZ)D
*0 HOSHZI
‘0 09$HZ)
0 02¢H)
‘0 9HZI
0 YHED
*0 OHIEMD
‘0 9HED
0 0I9H2
*0 9HZD
0 LHED
*0 09H
*0 0ZH)
‘0 IHD
*0 L H
*0 02H
) ZH
*0 HOD
MY £H)
‘0 SHZD
20-300000°1 8HED
-0 z0d
] 0
20-300000°¢ 20
*0 0>
NOELIVE3 3T0W $31934S
§1°29¢06
geeEs°1
1821 24
ZHEZ°1
20°5€62

S0-3L21e%° %€

EAREARVIRZ

0608°1

31VIS WNIT4

Wl s

1]
PEM

LE

we+sCC000°1
‘e

o

€6 cl61g
" 19191
82€2°s
SLT1°1
00°00€
90-391865 *%8
00000491

92%0°

31vlS WI1INI]

e* NOLIVINIIVI MIOHS N3Z0¥d e

VN
NCLLISOo VXY
wwla

1 ANVISNOD 1V
(d 90710/ (38DI0A 92710

d ANVISNOD 1V
(1 90 Q/(3NNI0A 92710

1H913A ¥V INI3TIOW IUNIX IN

(J3S/WI)
ALIQJ0T3A JINCS

VWNVO

YIAWNN HIVW
(% 93Q/WO/VI)
AdOY AN3
(¥ 930)
3uNLvYIdWIL
tEsaWI /WD)
ALISNIOQ
(23S/Wd}
ALI2073A
{WiV)
3uNSS3IYd

89



APPENDIX D

J3S/W9 T0430%€1%°T1
JI/WO H0-39916%°€
N 680Z€°8B16Z
J3S/WNI  »2°S5910%
WiV Ziese*1l

W) DS 00+4305610°1
W3 Z20-300000°S
93  90-390192°1

00000°1

ZT+31169L°1

%6166 "6t

00+43199¢€%°2
00+3198E%°2
0043298€%*2~
°0
L0-36£L402°5
L0-369€09°2~
*0
$335-23/S370W )

31vd NOI1INO0Yd S31I3dS L3N

2BEES” T

60964°

A=-WI/IWVD  91%eZ°1
J3S/W9  10+436221%°1

JI/WI YO-IETESY E

¥ O0Is16°S5Ese
J3S/WI 91°2€01Y
WiV 0608 °1

3ivd MDY
ALYSNIQ
IYNLVYIdWAL
ALIJ0T3A
3YUNSS 3Ad

$31143d0%d MO4

v3uvy
NOILISOd VIXV
INIL

WNS NOTLIVHY SSVW

(J3S/ZWI/EWI-TVI)
31vd IONVHIXI A9¥3IN3I Tvi0L

AHOI3IM ¥VINIITOW JYNLIXIW

10-30000%°6 uy
0 HD

*0 422

0 ZH22

*0 HOEHD

0 HOZHI

°0 HO%H2)

*0 HOS422

“0 0IGH2ZI

*0 02€HD

*0 YHZD

0 YHED

*0 DHIEHD

0 9HED

"0 029422

0 9HZI

0 L4€)

0 09H

"0 0ZHD

‘0 YHD

0 H

0 JZH

"0 2H

0 HO

*0 €HD

0 SHZD
20~-300000°1 aHED
LR 202

*0 D
20-300000°¢ 22
0 02

NO112v¥d 370W $3123dS

S311¥3d0dd TVIINIHD

VAWYY
YIIWON HOVW
AdOYIN3
31vd MO
ALISN3Q
3YNivY3IdWIL
A112073A
3¥NSS3INd

S311¥3d08d MOTd

23S/ Tu+396214%°1
II/WS HC-3hu1G6%°C
R YR Ah 'R §74
JAS/WI K010y
Wiy 6128°1

wd 0S5 Lu+305610°1
W) 2C-:00600°S
23S 9C=339192°1

000C0 "1

2143116911

46165°6¢

[N ETRL: IS Ag4
Co+5L98BEY ¢
00+4dL93eH°2~

U
1(0-368202%:
LO-359€097°2-

Y

$338-353/5370w)

Zivd NULLONUO 3d S$31235aS

2e8est1
bLYSH®
H~wO/vD 914€T 1
238/w0 10426121591
PRV R IR R L 4
X 0Tslo°sEse
J4S/WD 91°CC01Y
WiV (506°1

ILed MU
ALISNHNIC
33Nivdadisd
ALID0N3A
3961$S 2do

S31142d0Lud MO

Viev
NGILISOd VIXY
Inld

WNS NO11Jdvad SSVW

(J3S/TRY/ENI-T73Y
3ivd FONVHIXS A9¥aN3 TviOy

LROTIM HVINTIIT0W ZdNLXEW

16-50000%°0 ¥y
‘0 H)
‘¢ HZO
o ZHZ2)
‘e HOEH)
.o HUZH)
‘U HO%HZ D
°C =QSHZ Y
‘0 : 326n23
Y] UJEH)D
°Q Hn2)
v HHED -
Y QHJEHD
0 gD
°0 039+Z)
Y] 9kZD
*0 1he)d
Y [SRTS)
‘e 02y
*0 4D
°G H
M B H
PR
N
*0
*C

20=300000" 1
*t

L
2¢-36(0C0
*C

iaN NUTLOVE=d 30 $3123dS

S3licdaund WIlwand

VarVo
¥3ghih ROy
AdO I
SLlv™ MO
ALlSHhAU
SaNlVa3ddwadl
INRIARFT

2 uNsS Zad

$illeZdina M3

o
(=2}



APPENDIX D

85896° 1 VHYO §6695°1 TRWV O
Y1€9%° Y3GWAN HIVH 16Z9%° YIBWON RIVW
A-WO/IVY  28612°1 . AJOHING NoRI/IVD  €566T°1 AdUYINE
J3S/W9  T0+3THETS°T 31vy MOIS 23$/W9 1042162191 aiva MOT4
I/ 90-39Z9%6°2 A11SN3Q II/WD £0-345996°2 ALISREC
¥ 8%186°€082 3¥NLIVYIANIL A CoBvere08T Saliv>3andl
23S/WI  98°1206% A119013A 31S/nd T4*1606% ALIDDIEA
WiV 9ssL°l 33NSSIWd WLV U954 %1 36NSS 304
$31193d0¥d MO S311¥5d0¥a MI T4
W) 0S 00431£490°1 v3uv W) 05  QL+2LlEH90°1 viav
W3 10-300000°S NOILISOd WIXY W) TC=300000°S NOILISDd IWIXY
235 S0-3%ELLT*1 ELBRY 23§ SC~aBHLLT1 3nls
L]
00000°1 WNS NOIL1Iv¥d SSVW 00000 *1 WNS NUI1JvHd SSVM
(23S /2WO/ENI=-TVD) 123S/Z09/EWI-TWI)
01+43569€6°T-  3LvY IINVHIX3 AUINI W04 C14352LLE8° T~ 31v¥ IONVHIXI AJW3IN3 Wi0L
68€91°6€ AH9T3IM ¥V INDIIION IWNAXIN »8E91 " 6€ LHOI3M BVINI310w 38NiX1k
*0 © 10-31€862°6 ¥ ‘0 10-39€6862°0 av
$0-306£05° 1 90-312966 °2 HD S0-327€25°¢L . 90-360209°2 H)
$0-36€268°9 S0-Ih9GEY € HZY : 9C-360968°9 60-319€9%°¢ HZI
»0-369008°% 50-399862 * 2HZ) 40-361261°% §2-316€0€°Y 2HZD
»0-39%946°¢ $0-3€8012 °¢ HDEHD 40-311996°% 66-329512°¢ HOEHD
EO-3JSLESL®9 20-38960L°9 HOZHI €0-3614%5¢ "9 6C-314%912°9 HOZHD
§0-382951°2 $0-302468 *L HOYHZ D G0-308692°2 HU-356263°L HUYHZ )
90-3G1LEE"T L0-361090°¢ HOGHZD 90-3LEH9E 1 LC-396850°S HOSHZ 3
90-30200€° 1 10-365808 *2 095H22 90-3€510€°1 10-368608°2 0I5HZD
€0-3€€891°2 0-38LEOS Y 02€EHD €£0-526591°2 %0-392506°% 0IEHD
€0-39L0S€° 1~ 0-306%€5°S YHZD €0-36CL9E" 1~ 9G-3161€5°5 9HZD
$0-3€498¢ *1 10-389528°6 YHED 50-3E2%8E°1 L0-396568°6 HHED
€0-3L€E128°2~ €0-3122L1°L OHIEH) €0-39ub66°2- €¢-500971%4 OHIEHD
§0-3€0291°1 90-30159€ 6 9HED S0-319651°1 90-316S9€°0 9HED
90-30€2L5°L 90-31986%°% 029H2) 90-3562955°¢L 90-35€606%°Y 039H2I
90-362956°S~ S0-311L61°% 9HZI 96-350226 "5~ §C-32L96T1°% 9HZI
§0-391169°1— 10-318919 L LHED SG-3LE%6% "1~ LC-3%2809°L LHED
»0-308825°% 60-3298%2°S 0JH S0-325016%% 56-5L2162°% 02H
S0-30€911°1 90-311991°2 02ZH2 S0-3L1L€1°1 90-466€91°L UZH).
v0-3LE%2%°9 S0-31€66L°L 7H %0-30152%°9 SO-3465085 ¢ SHI
»0-346509°6 »0-3L925%°9 H %0-3208£9°6 9C-491£6%°9 "
20-306558°1 €0-36112€°2 02H 20-302568°1 £0-39882€°2 ozZH
20-399152°1 €0-3€0€22°1 ZH ¢0-399162°1 €0-36€922°1 2H
20-325512°1- €0-360599°% HO 20-528212°1- €0-22€€99°Y HO
20~-3680%0° 1~ €0-318569°8 €HD 20-31 009671~ £C-314%69°6 €HD
€0-389902°2- $0-3610928°2 SHZ) £0-380222°L- %C-3061€9°2 SHZD
S0-3691€6°€~ 90-3164€E°T HED S0-344996 ¢ - 9C-290LCE "1 SHE D
€0-30990%°C 80 -315542°¢ 203 €O=39001%°% 50-3L6152°€ 03
€0-326815°% %0-396106"6 3} €0-36£0L6°Y %0=-360506°6 u
20-388080°2- 20-309900°% 20 €0-3%:¢60°2- 20-3L2900°% 20
20-390282°1 . €0-31€%10°1 0 26-3592¢2°1 €C-IELGTG" T 07
€335-53/5370W) 1235-20/83 1w}
31vy NOILINQO¥d $31734S 13N NOT1IV¥d 370w $21934$ J1vY NOILINQUrd $3123dS L3N NO112¥34 370W S31934S
$311¥3d08d TVIINIHD ) S31103dU¥d VIIWIHD
26%66°1 VAWV O 259661 VWYY
€509 9" Y3IGWNN HIVW urovry: BIAKON HIVh

N-WO/1vI) L08%2°1 AdOU¥IN3 A=WI/A9)  LCd%C* T AdOYINZ

91



APPENDIX D

€0-3¢6%00° 1T~ £0-322911 °6 20 £C-3LC10L01 - fO=~4%€%1L 0 : 2u
»0-322609°€— 20~3€6206°1 02 H0-510129°€ - 20-3964L6"1 0)
1235-22/S310W) 135S=22/8a W) n
34VY ND1LONOOYd S31234S L3N NOILJVdd 370W $3193dS 21ve NGILINACod $S3I1330S L3N NC110vad 2w $31934S
S3IT1¥3d0ud TVIINIHD SZ11%3dUvd WIIWIHD
£9EL6°1 VWAYD tvels*l 7AakV O
L009%° YIGWNN HOVW Z4065%° FIHRNN HIVK
N-WO/1VD)  91682°1 AdOYENT X-n0/I0) 916601 AalldLINzZ
24S/WO  10+43T%E1%°T 31vy MOI4 I3S/WO TC+516214°1 A1Ve MJT3
II/WO  $0-3Z61E€8°2 ALISN3O I3/WY HL-2BETEB"Z ALISHIG
»  11569°9882 FUNLVYIdWIL ¥o006i8°9862 3aN1veIdhil
23S/WD  S0°1%9GY AL19IDT3A I3S/W0 T5°L196% AL13U7I34A
WiV 189L°1 3¥NSS3ud W17 GEYs 1 33NSSide

$31143d40¥d MG

W) 39S 00+3€S€60°1 v3uv
W)  00+300000°1 NOT11S0d WIXV
23S S0-3520L2°2 ELI N
000001 WNS NOI1JVBd SSVW
(23S/ZWI/EWNI-I)
60+432€519°6-  31VY IONVHIXI A9HIN3 VI0L
B0Z19°8E LHOT3IM ¥VINIIIOW FWNLXIW
] 10-39€291°6

90-392089°6-
$0-30€216°€~
$0-32T%11°2~
»0-38€592°1 -
€0-3%5129° 2~
$0-310821°2-
Lt0-3610LL° €~
L0-362265°1~
$0-362920° %~
S0-3267€8°C~
90-312Z18L° 1~
€0-390262°2~
90-3696L0°2-
LO-319%6S° L~
90-3064%06 “6-
60-359Ty%° €~
§0-3%9269° 9~
90-30169%° 2~
»0-3621212°1~
€0-3682%8°2
20-26€T1T11°1
Y0-36E€E6°C
€0-31829L°2
€0-318099°2~
50-39801L"2~
80-368420° 1~
€0-316982°¢
€0-3822€0°¢
20-31€962°1~
£0~-34560€°8
$33S-23/5370W }

‘31vy NDILINQOYS SITI3LS 1IN

€0-346420°¢
$0-368€L%°L
S0-38€201°%
S0-3621%0°S
€0-309429°1
§0-3819%1°¢
L0-32¢c1€"°1
80-3L2116 °¢
#0-36¢€666°1
S0-3%06€1°1
90-31¢621°1
$0-3269L1°¢L
20-310%2%°s
L0-36€886°1
90-308¢L8°¢€
60-3212920°1
60-36T%%8°2
90-328199°¢
4$0-39€09%°1
€0-361%99°2
20-3%01€0°2
€0-322659°%
£0-36%0%2 9
£0-386811°¢
90-3tl9bib
60-304299°¢
€0-302001°L
€0-356882°¢
20-35826L°1
20-3€2e6%° 1

NO11dvdd 370w

S311LY¥3d0ud TVIIWIHD

¥Y
H)
HZ)
ZHZD
HOEHD
HOZHD
HOYHZD
HOSKHZD
035H2)D
QIEHD
YHZD
YHED
OHIOEHD
9HED
009HZI
9HZD
LHED
OJH
NZHI
YH)
H -
02H
2H
HO
€HD
SHZD
BHED
z0)
o]
20
02

$3123dS

W3 LS CL4+305¢00°1
k) 0L+500006°1
23S s(-26€1L2°2

$3Ileddldd M4

vidy
NOTL1500 viXy
ETU Y

000C0 "1 WNS NOLLOVYs SSVW
(IS /2HD/EnD=TVD)

6042114696~  31vd 3ONVHIXI AuiN3 Ivigi
9L119 8¢ LHOT1IM dVINIITOR SaNLX1w

*0 10-562L51°¢ vy
90-3L0%19°6= S0 -580%20°¢ H2
§C=-3%4226°€~ SC-39659% "¢ M2
S0-3L8801%2- SL-329669°% eHe 2
#0-5€2992° 1~ 50-3991¢0°3 HOCHD
€0-3R1€29°2- £E0-396%29°1 HOZH Y
%0-3y+0E1°2- S§0-31004L°S HO%HZ 2
10-30669L "€~ 1G=-36401€"1 hUSKHZ D
LO-35G6ER* 1~ 80-315115°¢€ 095HZI
H0-366€66 "~ %0-368965°1 02€d)
60-259628°2~ SG-3E€89€1°1 HYHZ D
9C-3£264L° 1~ §6-394LT1°1 HHE D
€0-369267°2~ Y0-30LL91°L URJEHD
90-509960°2~ LC-3€602%°5 9HE D
1C-4E€619° ~ 10-39/065°1 GIIHZI
90-328L06°6- 9¢-2910L8°€ 9n2)
L0-321229°¢€- 6C-5%1920°1 IHED
€0-37105C "9~ s0-3LSLEB2 OOH
§0-3629LE°1 90-a9%L59°¢C 02HI
40-366242°1- 40-39L86%°1 w4
£0-39L928%¢ EC-2%6L99°2 H
ZC-3%6011°1 2C-3251€6°2 UZH
¥C-36C528 "¢ €0G-308663°% 2H
€0-51L464L°2 €0-391€42°3 HU
€0-356099°2~ €0-356511°¢ €HI
SO-3LLL59° 2~ 96-3%CBLL B Az
§C-3949¢1*1- 60-321967°2 BHED
£0-4546B2°€E €C-3F5201°L 207
€C-a39%EH0°2C €C-3011062°¢€ C
20-300L62° 1~ ZC-3%8T16L°1 2
£€0-356682°¢ 20-353E6%°1 03
(255-02/5310W)

NOILJvNd 37UuW © 8§2193dS

31vY¥ NOIL2NGUde $31J3dS L3N

SallodoQdd IVILIWINHD



§0-3226%€°6
S0-304%20°%
90-3281L2%%~
11-361590° 1~
B1-3€2512° 1~
%0-36L121°¢
S0-352€5L°¢E
%0-36646€° T~
¥0-3€9882°2-
(335-32/S30W)

1¥3d ND11JN00wd $S3173dS 13N

€0-361906 °S
£0-3889¢0°8
90-3242%€°1
Z1-3216261°2
61-39¢l€6°1
20-322L50°1
£0-3e6%8T1°S
€0-3019st°6
Z0-386%%8 1

NO113vdd 370w

ZH
HO
€H)
GHZD
BHED
z20)
0

20
[)e]

$3123dS

$3113¥3d0dd 1YI1WIHD

$0-31€92€°0
S0=-39€710°%
90-391€42°9-
Z1-3815%0°¢€
~1-36006306°L~
20-366021°¢
50-3EE6Hs "¢
H0-39L99€° 1~
yC-221eb6Le~
£34$=-023/530u)

sivy NolidNJued SIIIFIS 13N

€C-3299(5°S
£0-3012€0°0
FC-220REE L
21=-560015°2
91-s6L900°2
CL-22€L60°1
LL-306481°%
€0 -399561°6
2C-3E59%5° 1

NOTiJved 37200

[4,]
H0
£HI
(1Tl
BHED
23
U

20
Ul

$71334dS

SYELlddat®d WWIInird

93

CEELSG Y VHRVO £eeLs°1 Vuh v o

98Lye° YIBWNN HIVKW 29L9%” A448HON VL

A-WI/IVI  €968C°T AdOYAN3 N=n0/IV)  tH6eE°l AdisEaliz

J3S/WHO  TO+3THETH"T 3ivy MOd 23S/wS T+ 312141 Jav e mey

JI/WY  H0-395T148°2 ALISN3Q JI/WD H(=JOCEZHR"T ALISWAQ

N LLYn 6682 AYNivydduil %o 9C119r668T ERUTSEEE R

J3AS/WI SH°0ESHYH ALEJ0713A I3S/ND 55°LCSYY >~_w3Ju>

WiV 1292°1 3dNSS3dd WiV 5091 120158 ane
SITINIAO¥d MOV Saltaidlad ¥4

W) 0S Qo+310211°1 vy Wl G CoazlotInt v iyy

APPENDIX D

W) 004300005°1
J3S  s0-36E6lE°E

00000°1

804320€9€°9- 3ivy

NOJLISOd viXY
anlL

WNS NO11JVdd SSYNW

(I3S/ZRO/ENI-TVI)
JONVHIXI A9Y3INI IviOL

Zegle 8t 1HO13M ¥V INIITION IWNAXIW

*0
30-31etHe 8~
50-319908°1-
G0-3205L1° 1~
LO0-32E106°6—
$0-32%98%" 6~
B80-3LHSLE 9~
01-3881€L "2~
Z2l1-369L2L"°9~-
10-32180%° 8~
B0-396£€2° 9~
80-35100%°9-
90-311195°2~-
V-3L 900" 1~
T1-361192° 1~
80-382€86°9-
€1-3921LL°2~
10-316216%€~
10-3€2120°9~
S0-3eLvE1* 2~
20-36L%92°9
SO~-39EEST*L
%0-398564°¢
%0-39€L66°1
%0-321260° 9~
80-311%€0° €~
€1-3L2€05° €~
$0-3221%9%6
~0-40080L°2

10-39%011°6
$0-395959°1
60-369011°¢
60-362896°1
10-360168 "2
S0-311626°2
60-31412€°6
11~328€8% *%
€1-3962€0°9
L0-32696€ "1
60-318€20°L
80-362162°2
10-391€90 *%
T11-3LE€€5°T
Z1-396598°1
80-3€6T1%°1
»1-310€41°¢
10~-39%6€0°1
10~49%290°2
90-3046€E€°2
€0-326809°S
20-31€909 -2
€0-39€629°¢
€0-378216"2L
$0-36626E°1
60-322811°S
»1-3€6€80 9
€0-311669°6
£0-39%100°5

uv

HZ)
ZHZD
HOEHI
«HOZHI
HOYHZ)
HOSHZD
0J3SKHZD
03€H)
YHZD
YHED
OHOEHD
94€d
0J9H2ZD
9HZD
LHED
09H
0ZH)
YHI

02ZH
ZH
HO
€HD
SHZD
8HED
20)

W) (L300 006°T
738 wC=-4%01yE €

NCILIST0 ViV
EII

coooc -1 WNS NOI1Jvyd SSVR
1235 /2WO/€WI-TYD)

60+ JEL02E° 7~ Jivy JIONVHIXI A9d3NZ Tvi0lL

L22UE "8t AHOTIM ¥YIND 20K 3uNLXIW

‘0
30-30%0%2° ¢~
60-34%5C6° 1~
s0-32z€L1°1-
L0-301€L% 6~
S0=-2310%%%"6~
80-3€136%°9~
0l1-36¢€66¢1°2-
21-3L66%2°5~-
+0-31¢69€°6~
H0-39€147°v~
eb-s1128€°9-
0-3£0%96°2~
0T-3CC128° 1~
11-39aC¢06°1-
t0-358299%°9~
£l-dusbss°1-
LU-3EE0EEE~
L0-368IT1€° 2~
§0-345421°2~
H0-56HLYC"9
Gl0-z9%156°9
20-3€216%°¢€
$0-20l10e’1
$0-1668L0°%-
tC-aLt9b0° 2~
21-2CG¢0E1 s~
$0-521:62%"0
yU-326069°C

10-32%011°6
40 -38E£59°)
6U-2251 01 ¢
GU-391996°1
LC-340H66°2
60-350096°2
60-389€ 196
T1=359L6% Y%
€1-32996%°9
16-36966¢"1
60 ~369080°L
BC-3e6162°2
L0-310%90°%
11-3269L9°1
Z1-439490°¢
BG-302LC%°1
#1-30€609°¢€
LG=3422€0°1
LG=392L50°2
90-326962°L
€G-3251019°5
2C~3a92909°27
€C-2020€9°¢
£L-366E16°¢
#0-a4Ll6E° 1
6C~-30L1H1°S
E1=2%5€0€°S
£C-a1510L"%6
€0-3222L0"y

¥v

HZD
CHZ D
HOEHD
HOZHD
HO%HZ)
HOSHZ D
UISHZI
GIEHD
L T4n]
YHED
OHJEHD
9HED
029hn22
9HZ 2
LHED
UIH
02ZH2
(L

uZH
2
H)
€1
SHZD
8MED
262



APPENDIX D

§2d7 *Q3INIY¥d SINIY 19087 *2895019 °*SS°GE°E0
SYNOH O¥OMOIIN [4:34 3% HMN®65°16°20

SET $ SvMm 80C SIHL JO 1S02°6%°15°20

*J23S %81982°661 Ndd*8%°15°20

_—> *J3S GE0E6°H552 NdI*BH°16°Z0
SV S/0 8€90000 *LY°15*20
(E4INdINOIINTYAIS °SH 1520

d01S*%%°16°¢20

*J3S 921608°9% Ndd TNL*°RY*T10

$1WI S/0 8950000 VY Ly°8y 10

W) O00EET AUOWIW LS*8%°10

*0971°€0°8% 10

*4ONT13S°T0°84°10

(371dw0D* ¢ *SINNY EZ°L %" 10
3147dA0J 3LVAAN°EZ°LY°10
INGNT IONIQV3I¥ 911 %" 1C
$3713ING=d*0)31V0dN*60°L %10
31374402 3iVAdN°E0°LH°10
INAN] ONIJVIV*8S°9H°10
(8°0°3114NA=d*%3dV1i=D*D)3IVAAN°* TG 94 "1C
HJ13d aN3°05°9%° 10

HIVLLVY 03 INIL*6%°9%°10
HOV1lVY 98 3WIl*1T1°Z2y°10
TAYYN]IG* 46044V IHIL3I°T0 2% 10
{0000 T)ANI3INIT®6S"19 10

0EL%9 NEOBEB 6S°1%* 10

$000 NIVIJW *9 NIV *YISNT6S° T 10
0521-9 189001 YLZEBS°1H 10

] 6044V *000200*0006%14000Z0*1%90r *85°1%°T0
X33dW0D ¥31NdWOD Ju1 *8s°1%°10
*2895019°85°14°1C

QSL/1Z/10 NT€1-200%9 1ONd3ONI Sd0D1 24 sSi2/9zZ/11

00000°1 WNS NO1L1DVYd SSVW

(I3S/2RI/ENI-TIVI)

L0+4306L20°8~- 31VY IONVHIX3 A9Y¥3NI TviOl

8159¢€°8¢ AHOTI 3N ¥VINIITON IYNIXENW

*0 10-3%1801°6 .14
90-349€01°9~- 90-399L9%°L HD
90-3EHETG L~ §0-32s512¢€°1 HZ)
90-38¥2€L" v~ 90-312112°8 [2,F 4]
50-395989°L - 60-3%666€°¢ HOEH)
40-369858°2 - 10-3810%%°2 HOZHD
Z1-3680L8°8- Z1-36519L°1 HO%HZD
Y1-380626°L - $1-36€265°1 HOSH2Z)
B81-365221°%- 61-329L05°S UdsHZ)
01-309.89°1-~ 11-310L86° 0JEH)
11-31€298°1~ 11-302862°1 YHZD
01-3T6016°6- 01-3649%99°¢€ YHED
01-36£6%8°1~ TI-3L6ELT1°¢E OHIEHD
$1-360L81°2— 91-391118°¢ IHED
81-366996*6- 81-3865121°1 0J9H2)
11-302206°%- CT-36ET96°6 9HZI
61-3%8192%6- 61-398902°1 LNED
60-3120%2°1~ 80-36651L1°1 OoH
60-39126€° 9~ 60~-355001°2 02HI
L0-3290%2°2- 80-3%1020°L SH)
Y0-36T12%1°1 ' €0-394910°9 H

Y0-382025°1~ 20-369085°2 02ZH

S2d7 *034NIYd S3NIT LLe8 1896019 “€€°L1°1¢
SUYNOH QYOMDIIN 99°9 . HMA*S€°62°02

13 $ SYM 80F SIHL 3J0O 1S0I°SE°62°02

*23S 091%2e°121 Ndd*¥€°62°02

—> *J3S %999L0°982 Ndl*"ye"62°02

$IIV) $/0 2680000 *4€°62°02
(E4LNdANDIINTYAdS *EE€°62°02
d015°2€°62°02

°23S L1%LY1°0S Ndd 13Y°06°61°02
$IIvI S/0 2260000 134°05°61°02
W) 00%SET  AYOW3N°05°61°02
*091°92°61°02

*34GNT13S*s2°6170¢

{371dwDI* * *SINNYTZ°81°02

3131dW0D 31V0dN°02°81°02

1NN} ONIQV3IY°*$0°81°02
(37134N8=d*D)34VAdN°00°B1°02

3137dW0D 31v0dN*00°81°02

1NdN1 ONIQV3¥°0s°11°02
(8°C*3T114NI=d*HIdvi=*0)3IVAdN°9%°LT°02
HJL3d ON3*9%°L 1702

HOViLY Q3 INTL*99°LY"02

HIVLLV 98 IWi1cEo°L 102

(AYYNIB 460449V IHILII94°91°02
(0000T)INIINLTI*94°91%02

. *09°5%°91°02

AINO 0099 NO NNY 3Svdd *09LIVM*9€°91°02
0EL%9 NEOB68 °%€°91°02

$000 NIVIOW *9 N3V *¥3ISN*H$E°91°0¢

0s21-8 189001 wLZEHESIT"0C
] 6094V *0002004000591°000104T1°80r "E€"91°02
X3WHOD d431NdW0D Jd7 ‘Eec91°02

*1895019°€€°91°02
aS2/712/10 NIET-V00%9 1ONA3OGN1 Sd40DI J¥1 61/92/11

€0000°1 wNS NOLLOVYEd SSvw
t33S/2WO/ERI-TVD)

10436649506 IV 3ONVHIX3 A993NI wlud
9169¢% 8¢ LHOI3M dVINI3aI0W IaNixiw

. "0 1u-3rL801°0 8V
90-3500C1* %~ 9G-38995%°L HY
90-dECHy1g e = gC-36161¢°1 HZD
90-39¢97L %y~ 90-3€£59061°8 ZHe D
60-3£2999° L~ 6C-396586€ "¢ HOEHD
LO-3806018°L- L0=-319¢82%°2 HOZH )
11-36€€0%°€ - 21-33638%°% n0%H2 )
€1-356216° 1~ $1-3816€2°7 HUSHZ )
$1-30%5692°C S1-3L10L€°1 [Sio1-7 % 40]
0T1-3c2%62°1- 11-36%0¢9°5 03eH)
11-341070°2- T1-3L610E°1 YHZ D
O1-3992LE "6~ CT-312L057°¢ L2212
01-3822T1°%%- - 11-329¢9%°9 OHIEHD
€1-355009°6~ »1-3000C%"¢ GHED
$1-306646% 0~ Sl1-a38482%°L CJ9HZ )
11-30%996° %~ 11-270600°1 L tAs}
S1-2651%0°1 11-369949%" 6 trg)
60-3€LT91°1 - 6C-35L6LL°1 0oA
60-361%€1°9~ 6C-36(.98C°C oeHy
L0-3L6%522°2~ gU-3E1665°3 w3
%0-30596€1°1 €C-361L10°2? H
%0=-39¢416°1- 20-3650€5°2 e

94



REFERENCES

. Jachimowski, Casimir J.: Kinetics of Oxygen Atom Formation During the Oxidation
of Methane Behind Shock Waves. Combust. & Flame, vol. 23, no. 2, Oct. 1974,
pp. 233-248.

. Bittker, David A.; and Scullin, Vincent J.: General Chemical Kinetics Computer Pro-
gram for Static and Flow Reactions, With Application to Combustion and Shock-Tube
Kinetics. NASA TN D-6586, 1972, Also Supplement (available from authors) enti-
tled "CKP'12, the Expanded NASA-Lewis General Kinetics Computer Program,' 1972.

. Hindmarsh, A. C.: Gear: Ordinary Differential Equation System Solver. UCID-30001,
Rev. 1, Computer Documentation, Lawrence Livermore Lab., Univ. California,
Aug. 20, 1972,

. Gear, C. William: Numerical Initial Value Problems in Ordinary Differential Equations.
Prentice-Hall, Inc., ¢.1971.

. Chinitz, W.; and Baurer, T.: An Analysis of Nonequilibrium Hydrocarbon/Air Combus-
tion. Pyrodynamics, vol. 4, no. 2, Apr. 1966, pp. 119-154.

. Bahn, Gilbert S.: Approximate Thermochemical Tables for Some C-H and C-H-O
Species. NASA CR-2178, 1973.

. Wakelyn, N. T.; and McLain, Allen G.: Polynomial Coefficients of Thermochemical
Data for the C-H-O-N System. NASA TM X-72657, 1975.

95



SANILNOY¥ENS OL STIVD FILVOTANI SMOYYVY

—ﬁ-;--‘ Oy AR A W Sy s

JATOS

duwooaa

‘werdoxd xeyndwiod E..SE 93 JO OTBWSYIS [[BISAQD -°[ 9In3i g

LAS0D

dunox

7
_

dATLS

INOX

dOVNOVd ANILNO¥ENS ¥YED
-'-1 AR A L LB N AEE LW

(€)

|

SSNVD )
WO
wag109 ,
] h
XTYIYW INWITE
a 1n0ds
yamod SHOOHS
-—
AYIAAd ruw MOHS
_ " waBI f—
NnJdIa
I SEND IINI FOYWID |
1
dino
z) |
dANIX

(1)

S3ATda

-l

Avdo

LAVLS

96



START

CALL FOR INPUT TO
BE READ

CALL FOR OUTPUT OF
REACTIONS AND CONTROLS

SETUP AND PERFORM
INITIALIZATION OF
HISTORY ARRAYS FOR
EITHER ADAMS OR
GEAR METHODS

CALL FOR CALCULATION
OF NONINPUT INITIAL
CONDITIONS

CALL DRIVES

CALL FOR INPUT OF
NEXT CASE TO BE
READ

Figure 2.- Flow diagram for main program GPAK.
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START

INITIALIZE ARRAY FOR PARTIAL|
DERIVATIVES - PLACE INITIAL
VALUES IN STIFF COMMON
BLOCKS

EPS < 0.
NO £ 0.
(T-TLAST) *HO == 0.

PRINT
es | APPROPRIATE RETURN
MESSAGE

no

&
X/

“®
(o]
a0
PRINT MESSAGE
es SET:
Y HMIN=HMIN*.1 ‘
KHFLAG=KHFLAG+1

no PRINT

: MESSAGE
RETURN

RETURN

Figure 3.- Flow diagram for subroutine DRIVES.



START

SET COEFFICIENTS AND/OR

=0 | RESCALE Y ARRAY AS
NEEDED
1=0
2 P
NEW i ] PREDICT
?
UPDATE J J UPDATE
yes
no
CORRECTOR
LOOP
REDUCE H .
OR no M
CALL FOR ONVERGED
J UPDATE
|H|= HMIN yves
OK
RETURN ERROR UPDATE Y
TEST
RESTORE Y H
TO START CHANGE RETURN
QF STEP OK?
es
no
ALCULATE
OPTIMAL H FOR |
ORDER g-1gg+1
ORDER RESET )
CHANGED COEFFICIENTS
2 -

. No

(redo step)

RESCALE Y

Figure 4.- Flow diagram of subroutine STIFF (from ref. 3).
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UPDATE

DEPENDENT
(T-H) < TPRINT £ T l VARIABLE RETURN
DVAR

INTERPOLATE HISTORY ARRAY BY
USE OF A FINITE TAYLOR SERIES
FOR VALUES OF V, p, T, AND oi's
AT TPRINT LOCATION -
UPDATE DEPENDENT VARIABLE
DVAR -
CALL
DIFF1
yes

Figure 5.- Flow diagram for subroutine YOUT.
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