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ABSTRACT

The CHEMKIN package is comprised of two major components--the INTERPRETER
and the gas-phase subroutine library. The INTERPRETER is a FORTRAN code which
is used to read a symbolic description of an arbitrary, user-specified chemical
reaction mechanism. The output of the INTERPRETER is a data file which forms
a link to the gas-phase subroutine library. This library is a collection of
about 200 modular FORTRAN subroutines which may be called to return thermodynamic
properties, chemical production rates, derivatives of thermodynamic properties,
derivatives of chemical production rates, or sensitivity parameters. Thermo-
dynamic properties for the chemical species are given in terms of polynomial
fits to the specific heats, and are stored on a thermodynamic data base. The
data base is in exactly the same format as the one used in the NASA chemical
equilibrium code. Therefore, the user may either supply his own data base or
use the NASA data base directly.
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NOMENCLATURE

Coefficients to fits of thermodynamic data

Standard state specific Helmholtz free energy
for the kth species

Mass-weighted mean standard state Helmholtz
free energy

Standard state Helmholtz free energy for the
kth species

Molar-weighted mean standard state Helmholtz
free energy

Pre-exponential factor in the rate constant
of the ith reaction

Specific heat at constant pressure of the kth
species

Mass-weighted mean specific heat at constant
pressure

Standard state specific heat at constant pressure

of the kth species

Sgecific heat at constant pressure of the
Kth species

Molar-weighted mean specific heat at constant
pressure

Specific heat at constant volume of the ktf
species

Mass-weighted mean specific heat at constant
volume

CGS UNITS

depends on n

ergs/g

ergs/g

ergs/mole

ergs/mole

depends on
reaction
ergs/(g K)
ergs/(g K)
ergs/(mole K)
ergs/(mole K)
ergs/(mole K)

ergs/(g K)

ergs/(g K)
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Specific heat at constant volume of the kth
species

Molar-weighted mean specific heat at constant
volume

Chemical creation rate of the kth species
Chemical destruction rate of the kth species

Activation energy in the rate constant of the
ith reaction [defined in Eq. (11.5.5)]

Standard state specific Gibbs free energy
for the kth species

Mass-weighted mean standard state Gibbs free
energy

Standard state Gibbs free energy for
the kth species

Molar-weighted mean standard state Gibbs
free enerqgy

Specific enthalpy of the kth species
Mass-weighted mean specific enthalpy
Standard state enthalpy of the kN species
Enthalpy of the kth species

Molar-weighted mean enthalpy

Reaction index

Total number cf reactions

Species index

Forward rate constant of the ith reaction

Reverse rate constant of the ith reaction

CGS UNITS

ergs/{mole X)

ergs/(mole K)

moles/(cm3 sec)
moles/(cm3 sec)

[cal/mole]

ergs/g

ergs/g
ergs/mole

ergs/mole
ergs/g
ergs/g
ergs/mole
ergs/mole

ergs/mole

depends on
reaction

depends on
reaction
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24

Total number of species

Equilibrium constant in concentration units
for the ith reaction

Equilibrium constant in pressure units for
the ith reaction

Number of coefficients in polynomial fits to
CB/R

Pressure

Pressur > of one standard atmosphere
Rate of progress of the ith reaction
Universal gas constant

Universal gas constant, in same units as
activation energy Ej

Standard state specific entropy of the
kth species

Mass-weighted mean standard state
specific entropy

Standard state entropy of the kth species
Entropy of the kth species

Molar-weighted mean standard state entropy
Temperature

Specific internal energy of the kP species
Mass-weighted mean specific internal energy
Internal energy of the kth species
Molar-weighted mean internal energy

Mass fraction of the kth species

Mole fraction of kth species

CGS UNITS

depends on
reaction

depends on
reaction

dynes/cm?
dynes/cmé
moles/(cm3sec)
ergs/(mole K)

[cal/(mole K)]

ergs/(g K)

ergs/{(g K)
ergs/(mole K)
ergs/(mole K)
ergs/(mole K)
K

ergs/g

ergs/g
ergs/mole

ergs/mole
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(X, ]

Yk i

12

Molar concentration of kth species
Molecular weight of kN species

Mean molecular weight

GREEK

Enhanced third body efficiencies of the kth species
in the ith reaction.

Temperature exponent in the rate constant of the
ith reaction.

Kronecker delta; 8;5 = 0 for i #3, Gi' =
1 for i = j. J J

Mass density.

Charasteristic chemical destruction time
of the kth species.

Stoichiometric coefficients of the kth species

. th . = n _ 1
in the i reaction, Vi % i Vit

Stoichiometric cuefficients c¢f the kth
reactant species in the ith reaction.

Stoichiometric coefficients of the kP
product species in the ith reaction.

Chemical production rate of the kth species.

CGS UNITS
moles/cm3
g/mole
g/mole

g/cm3

sec

mole/{cmd sec)



CHEMKIN: A GENERAL-PURPQSE, PROBLEM-INDEPENDENT, TRANSPORTABLE,
FORTRAN CHEMICAL KINETICS CODE PACKAGE

I. Introduction

1. Overview

CHEMKIN is a package of FORTRAN programs which are designed to facilitate
a chemist's interaction with the computer in modeling chemical kinetics. The
modeling process requires that the chemist formulate an applicable reaction
mechanism (with rate constants) and that he formulate and solve an appropriate
system of governing equations. Once the mechanism and governing equations are
defined, CHEMKIN provides a means to describe symbolically the reaction
mechanism (the INTERPRETER) and a means to describe computationaily an arbitrary
system of governing equations (The Gas-Phase Subroutine Library). CHEMKIN
does not provide a means to solve the governing equations; therefore selection

and implementation of a solution method is left to the user.

Input to the INTERPRETER mzy be any number of reversible or irreversible
reactions, including those with arbitrary third bodies, photons, or ionic
species as reactants or products. Also, enhanced third body efficiencies may
be specified for any of the species in three body reactions. The input to the
INTERPRETER is in famiiiar chemical, not computational, notation. 1In this
aspect CHEMKIN may be considered to be a computer language which translates
chemical reaction nomenclature into FORTRAN code. As a result the definition
and modification of a mechanism is easy, and feedback on the effect of a
change is rapid. Moreover, since the language is familiar, the chances of
error associated with writing and debugging new FORTRKAN code are significantly

reduced.

The Gas-Phase Subroutine Library is a collection of about 200 modular
FORTRAN subroutines which may be called to return equation of state variables,
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thermodynamic properties, chemical production rates, derivatives of equation
of state variables, derivatives of thermodynamic properties, derivatives of
chemical production rates, and sensitivity parameters. The variable: returned
from these subroutines may be combined by the user in his FCRTRAN code to form

any set of governing equations.

There are a number of other general purpose chemical kinetics codes
available. The NASA general chemical kinetics code by Bittker and Scullinl
and the SETKIN cod2 by Dickinson and Gelinas? are notable examples. However,
the concept and construction of CHEMKIN is quite different from these other
codes, which were written primarily to solve a probiem or a class of problems.
The CHEMKIN package is not inten”ed to solve a single class of problems tut,
instead, it is intended to allow the creation of a general framework from
which any problem involvirg a complex chemical mechanism may bz fornulatez.
In other words, CHEMKIN is designed for efficiert handling of physical problems
regardless of the chemical reaction mechanism and the governirng equatiuns.

Because the CHEMKIN package is not designed toc solve a sincle type of
problem directly, the user must write some FORTRAN code to describe his
particular set of governing equations. However, the preogramming is minimal.
A user need only call CHEMKIN subrcutines that define those terms in his
equations that relate to eguation of state, chemical production, and thermo-
dynamics, and then combine the results to define his problem. In addition to
problems in chemical kinetics which lead to systems of ordinary differential
equations we anticipate that a major use of the package will be to define
the chemical rate terms in systems of partial differential equations which
alsc describe fluid transport. The solution methods arc of the user's chousing
and are independent of the CHEMKIN package.

An important advantage of the general-purpose and problem-independent
structure of CHEMKIN is that it allows the chemist tc work with tne same input
nomenclature regardless of his particular probiem. Thus there is no need to
remember a different input protocol for different problems, and consequently
the time required to switch between problems or to begin a new problem is
minimized. Additionally, by having made CHEMKIN easily transportable between
computers, we hope to facilitate the exchange of applications codes between

14
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different sites. Currently such exchanges are often hampered by machine-
dependent or problem-specific coding.

2. Structure of CHEMKIN

Tne CHEMKIN package is composed of four important pieces: the INTERPRETER,
the Thermodynamic Data Base, the Linking File, and the Gas-Phase Subroutine
Lidrary. The INTERPRETER is a program which first reads the user's symbolic
description of the reaction mecnanism. It then extracts the appropriate
thermodynamic informatiui for the species involved from the Thermodynamic Data
Base. Trhe Data Base has exactly the same format as that used by the NASA
complex chemical equilibrium code by Gordon and McBride3. The output of the
INTERPRETER 1s the Linking File which contains all the pertinent information

on the elements, species, and reactions in the mechanism.

The Linking File is read by an initialization subroutine which is called
from the user code. The purpose of initialization is to create two data
arrays {one integer and one fioating point) for use internally by the other

CHEMKIN gas-phase subroutines.

The CHEMKIN gas-phase subroutines, of which there are over 100, are
called to return information on the elements, species, redctions, equation of
state, thermodynamic vroperties, chemical production rates, sensitivity
parameters, derivatives ot chemical production rates, and derivatives of
thermodynamic properties. Generally the input to these routines will be the
state variables of the gas--pressure or density, temperature, and the species
composition. Al1l routines can be called with the species composition defined
as mass fractions, mole fractions, or molar concentration.

3. Example

As an example of the use of the CHEMKIN package consider a hydrogen
oxidation mechanism. We must first define the elements and species which
appear in the mechanism, and then describe the reaction mechanism itself.

A samplc of the card input needed for the INTERPRETLR is shown in Figure 1.
The input is essentially format free. The elements and species need only be

separated by blank spaces. The reaction descriptions appear first and are
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Figure 1. Example of Card Image Input to CHEMKIN

92600.

-1190.

0.
a.

0,

-870.
1.8€10 1.000 BR2G .
2e0f1? ~-0.907 16620,
5,201 oL dce B
L2€13 T 0000 47280,

\
.
.
i
I
i
] T
L
.
-
[
. I
.
|
1
R
i 1
S
. ' 3
I ‘I v
-
[
! :
LI
P
_/

\‘]

G,
(Y-

TSR0,

Q.

0.
95560, °

N\

\
Vi



followed by the three Arrhenius ccefficients (pre-exncnential factor, temperature
exponent, and activation energy). Enhanced third body efficiencies for

selected species can be specified in the card following that for a reaction

which has an arbitrary third body specified.

Assume the governing equation we wish to study is the energy conservation

equation for a constant-pressure environment:

where T is the temperature, p the mass density, and Eb the mean specific

heat; hk’ Wy s and wk are the cspecific ent: 1pies, molar production

rates, and molecular weights of the species, respectively. The representation
of this equation begins with CHEMKIN subroutine calls of the following rorm,

where the output variables are underlined:

CALL CKINIT(LENIWK,LENWK LINK,LOUT,IWORK,WORK)
CALL CKINDX(IWORK ,WORK ,MM,KK,I1,LENEL ,LENSYM NFIT)
CALL CKRHOY(P,T,Y, IWORK,WORK ,RHO)

CALL CKCPBY(T,Y, I4ORK,WORK ,CPB)

CALL CKHY(T,Y, IWORK,WORK,H)

CALL CKWT(IWORK,WORK,WT)

The complete details on these calls are explained in later sections of the

this document, the object ncre being to illustrate the relative simplicity of
the use of CHEMKIN. Briefly, the first call is to the initialization subroutine,
CKINIT, which reads the Linking File that was created by the INTERPRETER for

the hydrogen-air reaction mechanism. LENIWY and LENWK are the actual dimensions
provided by the user for the data arrays, IWORK and WORK, LINK is the logical
file number of the Linking File, and LOUT is the logical file number for

printed error messages. In the remaining calls, the pressure, temperature,

and mass fraction distribution are input as P, T, and Y. The output variables

17



(underlined), correspond to the various terms for describing the equation,
i.e., RKO = p, CPB = Eb, H=h , WDOT = &k, WI = W . The total number of
species is denoted by KK because the running index k becomes "K" in FORTRAN

(see below).

The FORTRAN representation of the governing equation, given by combining

the results of the above subroutine calls, is simply

SUM=0.

DO 100 K=1,KK

SUM=SUM + H{K)*WDOT(K)}*WT(K)
100 CONTINUE

DTDT=-SUM/ (RHO*CPB)

One can see from this example that only a minimum of programming effort is
required to form an arbitrary goverrning equation from an arbitrary reaction

mechanism.

4, Transportability

The CHEMKIN package was developed on a CDC 6600 computer using the NOS-BE
operating system. However, we have not taken advantage of any special CDC
features. Written entirely in ANSU standard FORTRAN, the code should be
easily transportable to other compuzer systems. The machine word length is
not important in any of the CHEMKIN subroutines so there should not not be any
need to change variables to double precision on small-word-length computers.

5. Organization of the Report

Chapter II is a compendium of important equations in gas phase chemical

kinetics. Many of the equations are simply definitions, but in any case
derivations are either very sketchy or not given. Although most readers will
find all the equations quite familar, it is useful to have these equations

18



stated concisely in one document. For most of the equations the package
contains a subroutine which, when given the variables on the right-hand

side, returns the variable on the left. Below the equation number is stated
{in brackets) the name of the subroutine which provides information about that
equation. For example, Eq. (11.2.3) gives mean molecular weight in terms of
the mass fractions. Subroutine CKMMHY would therefore be called to return

this information.

Chapter 111 explains the mechanics of using CHEMKIN and provides a
description of the job control logic for running a problem. Chapter IV
explains the CHEMKIN INTERPRETER and how to set up the required symbolic input
to define a reaction mechanism. Chapters V and VI describe the CHEMKIN
gas-phase subroutines, V being composed of short descriptions for quick
reference and VI, an alphabetical listing, explaining the input and output in
the call sequence and cross referencing each subroutine to equation numbers in
Chapter 11. To demonsirate CHEMKIN explicitly Chapter VII goes through a
sample problem in detail.

Appendix A defines the ailccation of two work arrays which are created
from the Linking File. With this information, subroutines can be readily
created for problems not presently covered in the current version of the
Gas-Phase Subroutine Library. Since the INTERPRETER is more general than
the current Gas-Phase Subroutine Library, there is room for expansion of

the package.
Appendix B provides information on the structure and content of the

thermodynamic data base. Appendix C is a microfiche 1isting of the INTERPRETER
and the Gas-Phase Subroutine Library.
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I1. Thermodynamics and Chemical Rate Expressions

1. Choice of Variables

The formulation of any problem requires that a set of dependent variables
be chosen. Unfortunately there is no clear choice that is generally superior
for all problems. In the CHEMKIN package we have decided to allow the user
to select either pressure or density, temperature, and either mass fraction,
mole fraction, or molar concentration. In other words, to define the state of
a gas, one variable must be selected from each column of the diagram below.

P T Yk
0 Xk
(X, J

In making these options available from among the many possible, we have
attempted to provide combinations of variables which are natural ones for a
wide class of problems. In particular, pressure is a natural choice in
situaticns where pressure is held fixed, and density is a natural variable in
a system where volume is fixed. Moreover, density is a natural variable in
many problems involving fluid mechanics because density is determined directly
from the mass continuity equation. Temperature is always taken as a natural
variable because both the thermodynamic properties and the chemical rate
constants depend directly on temperature. Mass fraction and mole fraction are
both convenient variables to describe the composition of a gas. Molar concentra-
tion is usually less convenient but it is often a natural variable because the
rate of progress of chemical reactions depends directly on the molar ccncentration

of the reactants and products.

From the standpoint of evaluating properties or chemical rate
exnressions the choice of variables is really just a matter of convenience
since one set of variables can readily be converted to another. However, in
evaluating partial derivatives the choice is more important, because there the
choice dictates what is being held constant in the differentiation.




2. Equation of State

The equation of state used is that of a perfect gas:

RT (11.2.1)*
P = Bﬁ” [CKPY,CKPX,CKPC]
oY (11.2.2)
o= 7T [CKRHOY,CKRHOX, CKRHOC]
The mean molecular weight W is defined variously as
1 (11.2.3)
W= —
KoY, [CKMMWY ]
L ow
k=1 K
K (11.2.4)
W= ) XM [CKMMWX ]
k=1
K
yoIX, W :
L (11.2.5)
W = e [CKMAWC]
b IX ]
=]

3. Mole-Mass Conversions

Use of the CHEMKIN subroutines requires that the species distribution be
specified either as mass fraction, mole fraction, or molar concentration. In
this section we state conversion formulas between these various ways to describe
the make up of the mixtures. Also, in the case of conversion to molar concentra-
tion we state the formulas both in terms of pressure and density.

*The names in brackets refer to subroutines which are described in Chapters V
and VI. Mnemonic devices used for the naming conventions are described at the
beginning of Chapter V.
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Mass Fraction to Mole Fraction--

Mass Fraction to Molar Concentration--

] _ [ i
k K . \RT W
J K
Rty L
=17
Y
k
(X,] = p 7
k Nk

Mole Fraction to Mass Fraction--

i o X
>
=
=7

Mole Fraction to Molar Concentration--

P

"
><

(11.3.1)
[ckYTX]

(11.3.2)
fckyTee]

(11.3.3)
[CKYTCR]

(11.3.4)
[CKXTY]

(11.3.5)
[cKkxTCP]

(11.3.6)
[CKXTCR]
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Molar Concentration to Mass Fraction--

[x, 1w
Yk = ——K—'—‘L‘(—-}—*— (11.3.7)
]
j=1
Molar Concentration to Mole Fraction--
‘. - (%] © (11.3.8)
k- T« [CKCTX]
Y IXy)
AEDUR
4. Thermodynamic Properties

Thermodynamic properties are taken to be in the form of polynomial fits

to the specific heat at constant pressure.

0 \ (11.4.1)
oLy e, Tintd) [CKATHM,CXCPOR ,CKCPML]
R =1 nk

The superscript o refers to the standard state one atmosphere. For perfect
gases, however, the heat capacities are independent of pressure; the standard
state values are the actual values. Other thermodynamic properties are given
in terms of the fits to Cg. First, the enthalpy is given by

HO T
k _ 0 \
= = ~£ cp, dT (11.4.2)
so that
0 (n-1) (11.4.3)
o ¥ e T . ANk [CKATHM , CKHORT,CKHML]
RT % n T
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where the constant of integration, As1 k*R, is the standard formation
enthalpy at O K. Additionally, the standard state entropy is written as

0
0 C
S T °p
RE'= -}f “TE' d1 (11.4.4)
0
so that
e N a . 1in-1) (11.4.5)
eay T4 e g [CKATHM ,CKSOR, CKSML]

n=2

where the constant of integration, aN+2,k*R’ is the standard formation
entropy at 0 XK.

Although the programming is done in general for an arbitrary order
polynomial fit, the data base normally used in the CHEMKIN package is that of
the NASA fits3 to the JANNAF data. In this case seven coefficients are
needed for two temperature ranges. These fits are given in the following form:

0
“p ( 6)
- Pk - 22, . <3 . . 4 11.4.
ROT A T T ey Tt ag Tt ag T [CKCPOR]
HO a a a a 4 %k
k 2k 3k 2 4k -3 5k 1% +
= a.. + T + —= T% + T + T (11.4.7)
RT- % " 720 7773 kR 3 [CKHORT]
§2 a a a
k 3k .2 4% 3 5k .4 iy
= a,. InT+a., T+ T¢ + 277 4 T + a (11.4.8)
R 1k 2k 7 3 I 7k [CKSOR]
Other thermodynamic properties are easily given in terms of CO, HQ, and
s, The specific heat at constant volume, C,, is stated as
. _ (11.4.9)
cC.=C -R [CKCVML]
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The internal energy U 1s given as

(I1.4.10)
U=H-RY [CKUML]
The standard state Gibbs free energy GO is written as
(I1.4.11)
GO = H - TSO [CKGML ]
and, the standard state Helmholtz free energy AO is defined to be
: (11.4.12)
A% =y - T5° [CKAML)

For Cp, Cyv, H, and U the standard state values (i.e., superscript o)
are the actual values for perfect gases. However, to obtain S, G, and A
from the standard state values one must add the appropriate pressure and
entropy of mixing terms, i.e.
= O- - o]
Sk Sk R In Xk R ]"(P/'au“)
In the CHEMKIN Gas-Phase subroutine library we provide only standard state

quantities.

Often specific thermodynamic¢ properties are needed in mass units rather
than molar units. These are determined simply by dividing the property in
molar units by the molecular weight. The specific properties are thus

given as
Cpk (11.4.13)
Hk {(11.4.14)
h = W_‘: [CKHMS]
<0 (11.4.15)
sO = Tk [CKSMS]
k ’W;
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In addition one may need average thermodynamic properties.

1l
_
x | x

{
x| O
>x | X< O

A

~ O

|

X

k

(11.4.16)
[CKCYMS]

(11.4.17)
[CKUMS]

(11.4.18)
[CKGMS]

(11.4.19)
[CKAMS]

The CHEMKIN

thermodynamics subroutines return molar averaged properties if the variable is

in molar units and mass averaged properties if the variable is in mass units.

For example

C
P

&)

£:1 the

(11.4.20)
EQKCPBL]

(11.4.21)
[ckepBs)

(11.4.22)
[CKHBML]

(11.4.23)
[CKHBMS)

(11.4.24)
[CKSBML]
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K
0
0 = % Sk Vi (11.4.25)

k=1 - [CKSBMS]
K
T = ) C,X (11.4.26)
Y k=1 Vi K [CKCVYBL]
K
T.o= ) oc, Y (11.4.27)
Y k=1 'K X [CKCVBS]
) ( )
U= ) UxX 11.4.28
k=1 K7k [CKUBML]
) )
U= ) uY (11.4.29
k=1 k'k [CKUBMS]
Q K 0
GO = ) G.X (11.4.30)
k=1 Kk [CKGBML]
-0 K 0
g = ) 9V (11.4.31)
k=1 [CKGBMS)
-0 K 0
A=) AX (11.4.32)
k=1 [CKABML]
—o K%
a =) a, (11.4.33)
k=1 [CKABMS)

5. Chemical Rate Expressions
Consider I elementary reversible (or irreversible) reactions involving K

chemical species which can be represented in the general form given below,

K K (IT.5.1)

ol

\‘ v, X I 2 v, X (‘I =1,...,I) [CKIIKJ
kel KTk T ki 7k

The stoichiometric coefficients v j are integers and Xy is the chemical
symbol for the kth species. Normally a reaction involves only three or four
species; hence the Vi matrix is quite sparse for a large set of reactions.
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The production rate &k of the kN species can be written as a
summation of the rate of progress variables for all reactions involving the

kth species:

I (11.5.2)
W= ) v q. k=1, ....K) [CKWYP ,CKWYR ,CKWXP , CKHXR , CKWC,
LI S ( CKCONT]
where
(11.5.3)
i T Oy ) [Ckhu]

The rate of progress variable, qj, for the ith reaction is given by
the difference of the forward rates minus the reverse rates as

(11.5.4)
K v;i [CKQYP,CXQYR,CKQXP,CKQXR,CKQC,
I [xk] CKCONT)
1

K %
q; = kf.i ”1 [Xk] - kr.i e

k=

where [X,] is the molar concentration of the k™7 species and kfi and kri are
the forward and reverse* rate constants of the ith reaction. The forward
rate constants for the [ reactions are assumed to have the following Arrhenius

temperature dependence:**

(11.5.5)

B.
ke = Ay T 1 exp(-E./RcT) [CKABE]

i
where the pre-exponential factor A;, the temperature exponent By and

the activation energy E; usually come from experiment. For all reactions
the parameters in Eq. {J1.5.5) are required input to the CHEMKIN ,ackage for

each reaction.

S TS . . . .
If the reaction is irreversible, then krj is of course zero.

**Two gas constants, R and R., are used throughout this report and the
CHEMKIN code. Rc is used only in conjunction with the activation
energy, E4, and has compatible units. The reason for the duality is
because we find that many users would rather use different units (say
cal/mole) for activation energies even though other units (say cgs) are used
otherwise.

29



The reverse rate constants Kp; are related to the furward rate constants

through the equilibrium constants as

ke,
Kp, = (11.5.6)

1 Kc,i
Although K¢, is given in concentration units, the eouilibrium constants
are more easily determined from the thermodynamic propertiec in pressure

units; they are related by

K
) Vs
P k=1 ki (11.5.7)
Kei = Kps |7 [CKEQYP,CKEQYR,CKEQXP,CKEQXR,CKEQC]
where Patm denotes atmospheric pressure. The equilibrium constants Kpi
are obtained with the relationship
AS? AH?
Kp1 = exp T - —RT— (11-5.8)

The A refers to the change that occurs in passing completely from reactants
to products by the ith reaction. More specifically

as® K 50

A (11.5.9)
KZ1

AH? K HE

et L v w (11.5.10)
KZ1 '

Three Bedy Reactions--
Iiv some reactions a third body is required for the reaction to proceed;
this is often the case in dissociation or recombination reactions. When a

third body is needed, the rate of progress variable is different from £q(17.5.4)

by first factor in the equation below.

K K v ' . K W
_ ~ A ki Vi (I1.5.11)
q; —<kl=1 Gki[xk.l ) (kfi k[=11 [Xk] - ke 1 [Xk] ! ) [CKQYP,CKQYR,CKQXP,
/ k=1 CKQXR,CKQC,CKTHB]
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If all species contribute equally as third bodies, then all @i T 1, and
the first factor is the total concentration of the mixture:

K p
'} [(xJ = ar (11.5.12)
k=1
However, it is often the case that some species act more efficiently as
third bodies than do others. The & coefficients are then used to specify

th .th

species in the i reaction. Note

the increased efficiency of the k
also that if a species is to be: excluded from acting as a third body, then
4y c 0 for that species. Any @ which differ from ] must be input to the

CHEMKIN INTERPRETER.

Special Forms--
Some numerical methods require the species production rates to be divided

into a creation rate and a destruction rate, i.e.,
(I1.5.13)

4 = €, - D, [CKCDYP,CKCDYR,
CKCDXP,CKCDXR,CKCOC]

where, for non-three body reactions,

: I 5 ST X Y1 (11.5.14)
- 1 M 1 o I

L LI ) I T L S T

i=1 T oj=1 i=1 1 j=1

and
! K v, i ‘ .13 (11.5.15)

Sy ) i, ) vk X, 11.5.15
D = L Vg ke DD e LV K T

i=1 i =1 i=1 j=1

When third body reactions are involved, each sum in the above equation is
multiplied by the factor

K
) %4 [Xk]
k=1

Another useful form for the chemical producticn rates is found by defining
a creation rate and a characteristic time for the destruction rate, i.e.
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oL Ik (11.5.16)
Y T 0 - = (CKCTYP,CKCTYR,CKCTXP,
k CKCTXR,CKCTC]

Here the characteristic time is given simply in terms of Dk as

[x,]
- (11.5.17)
Dy

As a precaution against [Xk] and ﬁk simultaneously approaching zero, the

T

coding is written as

(X, ] (11.5.18)
PR [CKCTYP,CKCTYR, CKCTXP,
) CKCTXR,CKCTC]
99

where € is a very small number which has been programmed to be 1 x 10777,

6. The Partial Derivatives

Often the differential equations governing chemical rate behavior are
classified as numerically stiff. In such cases, implicit numerical methods
are normally required for their efficient solution. Implicit solution algorithms
usually rely on having Jacobian matrices, i.e., the partial derivatives of the
rate equations with respect to the dependent variables. It is for this reason
that the partial derivative subroutines are included in the CHEMKIN package.

To use the derivative routines the user must first derive the terms in
the Jacobian for his particular problem. This procedure usually amounts to
writing out the terms by use of chain rule differentiation. Then the various
CHEMKIN subroutines are called to form each term of the Jacobian.

Unfortunately, one must be very careful in deriving and using Jacobian
matrices. It is important to specify what is being held constant in the
differentiation. We have tried to be explicit in stating how the derivatives
are taken in each of the equations in the following sections.

One of the problems in differentiating with respect to species composition
is that the concentrations are not independent. Suppose, for example, that a
function f depends on pressure, temperature, and the mole fractions of K

species, i.e.,
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X, ) (11.6.1)

f = f(P,T,Xl,Xz,... K

Howaver, since the mole fractions are constrained to sum to 1, XK

can be considered to depend on the other Xk, i.e.,

XK = XK(Xl,XZ,...,XK_l) (11.6.2)
Therefore (11.6.3)
af 3f
"Xk) i y Wk) ;

p"’Xl’""Xk-l’xk+l""XK-l P, ’Xl”"xk—l’xk+1""XK

- X
. KXl 3 f K
k=1 X FY;
P’T’Xl’”'XK—l P’T’Xl’"'Xk-l’xk+1""XK-1
J
th . . . \
If, for example, the K species is civen by
K-1
= 2N _ (11.6.4)
XK 1 M Xk
k=1
then,
aXK (11.6.5)
X, O
p’T’Xl""Xk-l’ Xk+l""xK-1
Thus, the constrained derivative, (I1.6.6)
of _[aof
) )
P’T’Xl’"'Xk-l’xk+l"°‘XK-1 P’T’Xl’"‘Xk-l’xk+1"“XK

af
X

K)P T,X
s by 1,-..XK_1
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The CHEMKIN subroutines always return unconstrained derivatives.
That is, it is assumed for the purpose of differentiation that all Xk
are independent. Thus, the information returned from CHEMKIN is always
in the form of the first term on the right hand side of Eq. (11.6.3).

We have chosen to write the coding in this way because we believe it
is the most general approach. The choice of how the constraint is handled is
thus left to the user. Equation {11.6.4) is one way to impose the constraint
but it is by no means the most general way. Even if Eq. (I1.6.4) is the one
used, a choice must be made as to which species is the dependent one.

7. Equation of State Derivatives

In this section are presented the partial derivatives of density,
pressure, and mean mclecular weight with respect to temperature, mass

fraction, mole fraction and concentration.

Mean Molecular Weight--

=\ 2 (11.7.1)
3«’;— = - g’ [CKDWBY]
</, K
J,i#k
(11.7.2)
g%) = W, [CKDWBX]
Xi.itk
w -
oW\ o - (11.7.3)
a[xk] )[x ] )K [CXDWBC]
ijzx (x,]
n=1
Qénsity——
(11.7.4)
5}‘1’,) - PE’Z [CRDRTY]
Py RT
Yy
: (11.7.5)
30 = . P¥ [CKDRTX]
),
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30) - EE?
3p .
“ e, RT
, W
36;) RTH,
TR Sk
dp = _p_»ik_
w;) RT
PaToXs 57k
ap_ - P (wk B w)
O roey, )
n=1
E£g§sure--
3P _pR
aT ]
o,Yk
3P - pR
ET) W
Osxk
aP) - R
3T W
p,[xk]
aP - pRT
Evk) . Wy
p,T, J,J?‘k
. oRTH,
%) -
pyT X

(11.7.6)
[CKDRTC]

(11.7.7)
(C¥DRDY]

(11.7.8)
(CKDRDX]

(11.7.9)
[CkDRDC]

(11.7.10)
[CXDPTY]

(11.7.11)
[cKDPTX]

(11.7.12)
[ckopTC]

(11.7.13)
[ckoPDY]

(11.7.14)
(ckppox]



W -W (11.7.15)
[CKDPDC]

\ -
X _ 2

8. Mole-Mass Conversion Derviatives

The following derivative functions are found to be useful when constructing
chain rule expansions. As written here, all derivatives taken with respect to
one species assume that all other species are held fixed. Since the species
concentrations are not independent some care need be exercised in intepreting
the results. The reader may refer to section 6 for a further discussion of the

partial derviatives.

Mass Fraction with Respect to Mole Fraction--

3Ny . Mo XMy (11.8.1)
e - kn [ —W—Z LCKDYDX]

X: .
J,i#n

Mole Fraction with Respect to Mass Fraction--

3%, W kaz (11.8.2)
5 TS W T WW [CKDXDY]
“Th k k™n

Y. .

J,i#n

Molar Concentration with Respect to Mass Fraction, Pressure Fixed--

(X ; (11.8.3)
2L, ] v (e W 1y [CKDCYP]
v, RT\ "kn W W,
PLTLY, .
J,i#n
,
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Molar Concentration with Respect to Mass Fraction, Density Fixed--

a[X, ] (11.8.4)

k = p CKDCYR

—aYn_) = % W : J
p,T,Y

J,J3#n

Molar Concentration with Respect to Mole Fraction, Pressure Fixed--

Kk [CXDCXP]
axX

P,T,X,

3,i#n

a[xk]) (11.8.5)

Molar Concentration with Respect to Mole Fracticn, Density Fixed--

X, W (11.8.6)
(‘5kn .k fl) [CKDCXR]

[o%]
><
3 >
—
SN ——
I}
x|lo

P X5 5#n

Molar Concentration with Respect to Temperature, Pressure and Mass Fraction
Fixed--

W (11.8.7)
EE(JE.]_ - . PYiH [CKDCTY]
3Y 2
P’Yk RT Nk

Molar Concentration with Respect to Temperature, Pressure and Mole Fraction
Fixed--

alx, ] PX (11.8.8)
K _ K

_aT‘_) = - — [CKDCTX]
P,X RT

k
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Molar Concentration with Respect to Temperature, Density Fixed

Molar Concentration with Respect tc Density, Temperature and Mass Fraction

(11.8.9)

Fixed

)
3 W
> Jry, Tk

k

Molar Concentration with Respect to Density, Temperature and Moie Fraction

(11.8.10)
[CKDCRY]

Fixed

a[ka> X,
@ Jry W

(11.8.11)
[CKDCRX]

Molar Concentration with Respect to Pressure, Temperature and Mass Fraction

Fixed

a[xk] WY
P © RTW
T,Y <

Tk

(11.8.12)
[CKDCPY]

Molar Concentration with Respect to Pressure, Temperature and Mole Fraction

Fixed

o)L
aP RT
T,X

(11.8.13)
[ckocex]
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9. Thermodynamic Property Derivatives
Since the standard state thermodynamic properties are functions of
temperature alone, only temperature derivatives need to be considered. They

are given in the following equations in molar units.

(11.9.1)
o N [ckocPL]
Tr—pk =3 ) (n-1) a, 7172
nk
n=2
(11.9.2)
e = R g 5 pin-1) (CKDHML]
W nk
n=1
0 (11.9.3)
Sk a1k, g g . qlr-2) [CKDSML]
AT T ) nk
n=

The other thermodynamic properties are written in terus of the above three.

(11.9.4)
aC ac [ckpeve)
Yk Py
3T T AT
(11.9.5)
au 3K [ CXDUML]
kK K _n
3T 97 T
o o (I11.9.6)
3G, 3 35, o [CKDGML]
- s S S
o o (11.9.7)
!
N 2, 3, [CKDAML

(o]
E:) S ) A ) el

The property derivatives in mass units are determinec¢ simply by dividing the
derivatives in molar units by the molecular weights, i.e.,
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(11.9.8)

3¢ 3C [ckpeps]
LS SRS
37 Nk 3T
(11.9.9)
ahy 1 aH, [ CKDHMS]
5T T W s
o o (11.9.10)
A rishs
5T W, T
c (11.9.11)
e 3 [CKDCVS]
S U
T wk 371
(11.9.12)
auy 1 _EEK [CKDUMS]
31 W3
(11.9.13)
agE . aag [CKDGMS]
3T L
o o (11.9.;4)
aay 1 3A& {CKDAMS]
3T W2

10. Chemical Rate Expression Derivatives

in this section we give the partial derivatives of the chemical production
rates with respect to temperature, pressure, density mass fractisn, mole
fraction, and concentration.

Temperature Derivatives, Pressure and Either Mass Fraction or Msle

Fraction Heid Fixed--

The temperature derivatives of the chemical production rates are found
from differentiation of Eq. (I1.5.2):

: (11.10.1)
du, | 29 [CKDTYP,CKDTYR,CKDTXP,
= L v CKBTXR,CKDTC]
i=1
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Referring to Eq. (11.5.4) it may be seen
3q, dkf, K v, dkp, K vy
i i ki ry ki

7 = 3T Qzl B R Qzl [x,]

vy, (11.10.2)

K Ki

) Vi ; K
+ ke ST le (X, 1" - ke; 37 le (x,]
Since the concentrations are functions of the state of the gas, care must

be taken in specifying which variables are being held constant. Thé rate
constants, which are functions of temperature alone, may be differentiated as

follows.
ok a. -(E{/R_T)
_ i3 da tPie c
31 5T |
gi-1 -(E5/R_T) [ By -(E:/R_T)
=A. 8 T e iR T, A, 7O e 'C
i " i R T2
C
kfi ( E;
- \éi ' e (11.10.3)

The reverse rate constants, defined by Eq. (11.5.6), are also functions

of temperature alone and are differentiated below.

i S A B Bt (11.10.4)
aT Ke, aT 2 3T T
i KCi
where, from Eq. (11.5.7), it may be seen that:
L v (1
v . v -1
ey _ 3Kp; (Patm>k=1 K ( f ; )(Pdtm) k=1 k‘) Patm
aT 3T RT Py =) ki/\ RT RT2
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which is condensed to

I~ X
<

>

-y
QL

o

©

Kei  [patm\k
5T RT

i fpy K
2 i o Z Vi (11.10.5)
k=.11

From its definition, Eq. (11.5.8), Kp, is differentiated as follows.
i

aKpi 3 4s° AH?
BT AT (PAT® T RT

L

o [os K
where
0 .0 0 0
3 ffi - ﬁii = ; v . 2 EE - Eﬁ (11.10.7)
3T\ R RT K1 ki 3T \R RT e

Then from Eqs. (11.9.2) and (11.9.3) it may be found that

0 1(n—2) R

S Ho N a 3
P} k K _ nk N+l k .
ﬂ(ﬁ"ﬁ) ’nzl n M (11.1C 8)

Consider now the temperature derivatives of the molar concentration
products which appear in Eq. (I11.10.2).

. K (v!.-1) 3a[Xx,. ] K vl
R T € Lt (11.10.9)
= j:l

jtk

A similar expression is found for the last term in Eq. (11.10.2) except
that “Li is replaced by v;i. Note also that if no [Xk]'s are zero then

Eq. (11.10.9) may be reduced to
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K v, K a[X ]> K
J k1 = i -1 k \)k.

The temperature derivatives of concentration, depending on what is being held
constant, are given by Eqs. (11.8.7) through (I1.8.9).

Consider now the slightly more complicated form of the rate of progress
variable when third body interactions are included. In this case Eq. (11.5.11)

is differentiated as follows.

(11.10.11)

‘ 3qi 3 K K vii K Vﬁi
T = 5T k-2=1 o i DX T )kFy kr=11 (X 3 70 - Ky klll (X,

k=

K K vy K Vi
+<[ @ ; [Xk]>%r<kf1- LS Kk 0] k‘>

A1l terms in the above expression have already been evaluated except

3 K . K 3[Xk]
T Ly ki P ) kzl Qi 3T (11.10.12)

A1l the intermediate steps necded to evaluate the temperature derivatives
of the production rates of the kth species, Eq. (11.10.1), have now been
completed.

Mass Fraction Derivatives, Temperature and Either Pressure or Density Held
Fixed--

To obtain the mass fraction derivatives of the species production rates
differentiate tq. (11.5.2) as

(11.10.13)

W I
.ﬂ_‘i . [CKDWYP,CKDWYR]
n ge1 Kiav,
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Differentiation of Eq. (11.5.4), noting that kf; and kp; are functions
of temperature alone, yields

(11.10.14)
aqi 5 K v"u- 2 K VI:i
= k¢, n [x ] - Kp, M [X ]
EAPREREL ) PR T i3V o K
where
K vy K (vi.-1) a(Xx, 1 X YR
3 ki _ ¢ ' ki K Ji
o1 = 0 . Ix] —v— T [x.] (11.10.15)
§Y;'k=l K Ko ki “"k A i=1 3
Jzk

A similar expression is of course found for the second term in Eq. (I11.10.15)
where v&i is replaced by vﬁi. As with the temperature derivatives,
note that if none of the [Xk] are zero then Eq. (11.10.15) may be reduced to

v 11" = k)1 vei X =y knl (X, 37ki (11.10.16)
= n =

In the above equations the mass fraction derivatives of molar concentration
are given by either Eq. (11.8.3) or (11.8.4) depending on whether pressure or
density is held fixed.

The derivatives of the rate of progress variable when third body interac-

tions are included are given by differentiation of Eq. (II.5.11).

(284

q

S

K K v, . K vy
p) / - ki ki
= D ) (ke TTOIX, ] - ke TTOIX,] >
n ain\kzl i k>< Tg=1 K Mig=1 K

K

}'\ K 1 "
Vo Lo Tk 3 Tki
t <kl'-:l ki [Xk]><kf1 Wﬂ kl’}l [Xk] kri 51?; k[.—.Il [Xk] > (11.10.17)

A1l terms in the above expression have already been evaluated except
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a[Xk]

) (11.10.18)
1 n

ne— X
—
1]
o
—.
[ g |
>
P
—
S ——
i
>~
it~ X}
Q
>
-
[+%4
<

where a[Xk]/aYn is given by either £q. (I11.8.3) or (11.8.4) depending on
whether pressure or density is held fixed.

Mole Fraction Derivatives, Temperature and Either Pressure or Density Held
Fixed--

Mole fraction derivatives of the species production rates are found by
differentiation of Eq. (11.5.2) as

(11.10.19)
Wy 34 [CKDWXP,CKDWXR]

I
= Z Vy s —o—
Xo i85 KAk,

QL
.

Qar

Noting that kfi and kp, are functions of temperature alone,
Eq. (11.4.4) is differentiated as follows

(11.10.20)

BQ]- K \)i- K \V
3 ki 3 ki
o~ T Kfy ey (x ] - ke, —— 11 (X ]
axn Vo n k=1 k ! axn k=1 K
where
g ﬁ x 1K - N [X ]("kf” a[xjsl 1’? [x.1 91 (11.10.21)
aX k LoV Mk v 11X
n k=1 k=1 n j=1
J#k

A similar expression is found for the second term in Eq. {11.10.20) where
Véi is replaced by V;i' Again note that if all [Xk] are
non-zero then £q. (I11.10.21) may be reduced to

K Ve K alx, ] K vy
J ki L -1 k ki
nm [x] =< vei [X] no X (11.10.22}
Mo k=1 K oLy Vi o k=1 K

In the above equations the mole fraction derivatives of molar concentration
are given by either Eq. (I11.8.5) or (11.8.6) depending on whether pressure or
density is held fixed. The derivatives of the rate of progress variable
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when third body interactions are inciuded are givan by differentiations of Eq.
(I1.5.11).

% 5 [ K i K U K Yk
N 3?“'( ) % i kaj><%fi ng (X, ] - Kr; ng [x, ]

\ s KX U ? ki
* 21 %i X <‘<f1 ax- JLDd T Ky oy H (%] > (11.10.23)
k= n k=

/

A1l terms in the above expression have already been evaluated except

W‘(l % [XkJ/

where 3[Xk]/3xn is given by either Eq. (I11.8.5) or (11.8.6) depending on whether

a[xk]
e

n

(11.10.24)

” ~<

pressure or density is held fixed.

Concentration Derivatives, Temperature and Either Pressure or Density Held
Fixed

To obtain molar concentration derivatives of the species production rates
differentiate £q. (I1.5.2) as follows.

" I (11.10.25)
k =) v . oai [CKDWC]

n

Since kfi and kri are functions of temperature alone, differentiation
of £Eq. (11.5.4) yields

K ) \)
il 3 Vi 3 (11.10.26)
= k no[x,1k -« n{x]
X T Ty X T oy K rAR T
where
3 K v . K v AX, 1 K ‘
ki _ K Ki-1 K V34
T OIX ] =) v X)) M (x;] (11.10.27)
n° oo K g Tk 3[X ] i=1
j#k
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A similar expression is of course found for the second term in Eq. (11.10.26)

where vﬁi is replaced by v;i. Since a[Xk]/e[Xn] equals 0 for k#n

and 1 for k=n, the summation is not needed, thus

v . (11.10.28)
3 , K . V.
olx 1 N D‘k] vos ni [Xn] "
n

K v, .
]
_2 [XJ]
J#

k=1 j=1
j#n
Furthermore, if all [Xk] are non-zero the expression can be reduced to
K \ K 1 (11.10.29)
9 Ykioo- e -1 Vi
sxT o vni gl 7 on [y
n" k=1 j=1

The derivatives of the rate of progress variable when third body
interactions are inciuded are given by differentiation of Eq. (II.5.11)

3q; , [ K / K \);U. K \);1. (11.10.30)
= Yooy DXD Mkee o X1 - ke 1 [X ]
alx 1 BIX) - ki "7k \ i kT i,2; 'k
K 3 K Vi ] K Vi
fL e Ik aTeT o DGR -k sTeT 0 DK
k=1 i = i "k

A1l terms in the above expression have already been evaluated except

K
9 )
) ) s e (11.10.31)
3IX ] (k=1 ki "Mk ni

Pressure Derivatives, Temperature and Either Mass Fracticn or Mole Fraction
Held Fixed--

To obtain the pressure derivatives of the species production rates
differentiate Eq. (I1.5.2) as

du ! 30, (11.10.32)
s T Ly Uk gp [CKDWPY , CKDWPX]
'1:
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Differentiation of Eq. (11.5.4), noting that kf. and kp, are functions
of temperature alone, yields

v (11.10.33)

aqi ki

ke 2 (X ]vii o 2o (%]
sp T Ky JLO VY Ky OV

where
K v/ K (v).-1) 3a[x, ] K v,
9 ' 1
S TR kl TS 0] I (11.10.34)
k=1 -1 i
J*k

A similar expression is of course found for the second term in Eq. (11.10.34)
where véi is replaced by v;i. As with the temperature derivatives,
note that if none of the [Xk] are zero then Eq. (11.10.34) may be reduced

to

;s K Vki

a[X ]
I I1 [Xk] = K
k=1

. -1
Yei I

v
(X, ] ki (11.10.35)
1 K

n o~
n o~

k 1

In the above equations the pressure derivatives of molar concentration
are given by either Eq. (11.8.12) or (1I1.8.13) depending on whether mass
fraction or mole fraction is held fixed.

The derivatives of the rate of progress variable when third body interac-
tions are included are given by differentiation of Eq. (II1.5.11).

t

3q, K K v!', K A
i d Z ki ki
i a . (X IHke: 11 [X,] -keroo o IX)
5P P oy KiTTk =y K "=l K
(11.10.36)
{ K ! K v,
. ) ki 3 ki
Y o DX I ks, noI" - ke, n x1
k=1 ki K j 9P k=1 ' ry 9P k=1 Kk

A1l terms in the above expression have already been evaluated except

] K K 3lX, ]
TP kzl o [)(k] = k21 s TP (11.10.37)
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where a[Xk]/aP is given by either Eq. (11.8.12) or (11.8.13) depending on
whether mass fraction or mole fraction is held fixed.

Density Derivatives, Temperature and Either Mass Fraction or Mole Fraction

Held Fixea--
To obtain the density derivatives of the species production rates
differentiate Eq. (11.5.2) as

- (11.10.38)
i . [KDWRY ,CKDWRX]

ap i

Differentiation of Eq. (11.5.4), noting that kfi and kp; are
functions of temperature alone, yields

(11.10.39)
~n . K I' K ".
d i _ a ‘)k] _ a \)k.l
p kf" 35 kr-_ll [Xk] kri W kl;ll [Xk]
where
K N K (v :-1) B[X 1 X v
ki ' k1 k . Ji
2 11 [x,] = vps LX m (x.] (11.10.40)
3 =1 K Ly vk 8 j=1 I
Jrk

A similar expression is of course found for the second term in Eq. (11.10.40)
where Vii is replaced by Vﬁi‘ As with the temperature derivatives,
note that if none of the [Xk] are zero then Eq. (11.10.40) may be reduced to

ap

K Ve s K alX, ] K v
3o ox1 N - < ool D17 -——Ji—> I Ix ]“k1> (11.10.41)
k=1 K Uk %  f\k=1 K

In the above equations the density derivatives of molar concentration are
given by either Eq. {I11.8.10) or (I1.8.11) depending on whether mass fraction
or mole fraction is held fixed.

The derivatives of the rate of progress variable when third body interac-
tions are included are given by differentiation of Eq. (II.5.11).
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(11.10.42)
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A1l terms in the above expression have already been evaluated except

K s K ki s X
Lo XNk 55 o R e T o

1

a[xk]

3 K K
3 kzl i [Xk]> ) kzl %i “ap (11.10.43)

where a[Xk]/ap is given by either Eq. (I1.8.10) or (11.8.11) depending on
whether mass fraction or mole fraction is held fixed.

11. Scnsitivity Parameters

There is often a great deal of uncertainty in the rate constants for a
reaction mechanism. It is, therefore, desirable to have an ability to
quantify the effect of an uncertain parameter on the solution to a problem.
Sensitivity analysis (cf., Ref. 4 or 5) is a technique which is used to help
achieve this end. To apply a sensitivity analysis to a chemical rate mechanism
it is necessary to have partial derivatives of the production rates of the K
species with respect to parameters in the rate constants for the I chemical

reactions.

Consider differentiating the chemical production rate of the kth
species, ;k’ with respect to the forward rate constant of the ith reaction,
kfi. Begin by rewriting Eqs. (11.5.2) through (I11.5.6) to yield an
expression for the production rate of the kth species in terms of kfi

k
. I K \)'- f- K \)“_
: ki 1 ki
= ) w.lke T [X] - M 0x.] (11.11.1)
“% N S T P Kci ey K

Differentiation with respect to kfi readily yields
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(I1.11.2)
Ve [CKSKYP,CKSKYR,CXSKXP,
[ka CXSKXR,CKSKC)

Since the rate constant kfi is specified in terms of the parameters A;, B8i,

and E; in Eq. (II.5.5) it may be useful to have the partial derivatives

with respect to these parameters besides with respect to the overall rate
constant. Differentiation of Eq. (I1.5.5), together with Eq. (I1.11.2), easily
yielas the required relationships

. Y (11.11.3)
dw,  du fs 8. Bu, [CKSAYP,CKSAYR,CKSAXP,
= = ] - ’
L P TV exp(-E;/R.T) T, CKSAXR,CKSAC]
i i
. . Tk . (11.11.4)
du, 3w, fi 8. I [CKSBYP,CKSBYR,CKSBXP,
= = 1 -
35 Tk, TP A;T NI (T) exp(-E,/R.T) B CKSBXR,CKSBC]
i i
. - (11.11.5)
du,  duy fi Al g, duy [CKSEYP,CKSEYR,CKSEXP,
= L -
FE. T 3K, I, rr T | exp(-E;/R_T) w, CKSEXR,CKSEC]
i i

Note that if a reaction is a three body reaction then Eq. (II.11.1)
would be modified as in Eq. (11.5.11) to be

: i K ) K vl ke« ol
w,o =) v, Loy DX ) [k I IX 1% - — 1T [X, 1 %V)(11.11.6)
k 5 ik K1 ki =7k fi k=1 k Ko k=l k
i
Eq. (11.9.2) would therefore be modified as
oy X A S WA
Wk kzl it o R - kL 5 (11.11.7)
i i

for third body reactions.
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II1. The Mechanics of Using CHEMKIN

Using the CHEMXIN package requires the manipulation of a number of
programs, subroutines, and data files. This chapter describes the structure
of the package and the job contro! logic which is required to execute a
program using the package. 1In Chapter IV are details on how to specify
reaction and thermodynamic information. The subroutine descriptions for the

Gas-Phase Subroutine Library are given in Chapters V and VI.

1. Structure of CHEMKIN

The general structure of the CHEMKIN package is shown in Figure 2. The
INTERPRETER is a program which reads a symbolic description of a reaction
mechanism, and then extracts the needed thermodynamic data for each species
involved from the Thermodynamic Data Base. The primary output from the
INTERPRETER is a binary file which we call the Linking File. This file
contains numerical information which describes the elements, species, and
reaction mechanism.

DESCRIPTION OF THERMODYNAMIC
REACTION MECHAMISM DATA BASE
L |
i Y
INTERPRETER
LINKING FILE

'

INITIALIZE CHEMKIN WORK
SPACE IN USER CODE

'

CALL CHEMKIN SUBROUTINES
FROM USER CODE

Figure 2, Structure of the CHEMKIN package
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In addition to the Linking File, four other files are needed by the
INTERPRETER. The input to the INTERPRETER is read from file LIN (prcgrammed
as TAPE5) and printed output is directed to LOUT (programmed as TAPE6). The
printed output contains a listing of the elements, species, and the reaction
mechanism, and it provides diagnostic error messages if they should be needed.

The Linking File is written on LINK (programmed as TAPE95). The logical
file number for LINK must be declared both in the INTERPRETER (so it can
be written) and in the user code (so that it can be read by the initialization

subroutine).

At least one, but usually two, files are needed by the INTERPRETER to
manipulate the thermodynamic data. Details on the format of the thermodynamic
data are found in Section IV.2. The Thermodynamic Data Base is assumed to be
on file LTHRM (progremmed as TAPE91). Internal to the INTERPRETER the thermo-
dynamic properties are manipulated on LDATA (programmed as TAPE93). LTHRM
can be a large file which contains information on many species, most of which
are not needed for any uviven problem. Data can also be read from input which
will add to or override data on LTHRM. Also, all the thermodynamic data
can be read from input and the Thermodynamic Data Base does not need to be
used. The file LDATA is uied by the INTERPRETER to store properties of only
those species which appear in the particular reaction mechanism which is being

considered.

Once the INTERPRETER has been executed and the Linking File created,* the
user is ready to use the Gas-Phase Subroutine Library. These subroutines are
called from the user's FORTRAN code. The user's first step must be to dimension
two work arrays (one integer and one floating point) and then call the initializa-
tion subroutine, CKINIT, (see Sec™ion V.1l) to create the work arrays from the
Linking-File. These work arrays ace required input to every other subroutine
in the CHEMKIN package.

Selection of which of the CHEMKIN subroutines are needed for any given
problem degins by finding the appropriate equations in Chapter II. Most

*The Linking File will not be created if there are errors in the INTERPRETER
input.
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equations give a reference to a subroutine name for which the input and output
lists are described in Chapters V and VI. Normally only a few of the subroutines
in the package would be called for any one problem. Therefore, the subroutine
package should be implemented in a library format so that only those routines
which are actually called by the user's code are loaded at the time of execution.

2. Job Control

Listed here is a brief outline of the required steps to run a program
using CHEMKIN. It is assumed that the INTERPRETER is already in a compiled
form and that a library of the precompiled CHEMKIN gas-phase subroutines has

been created.

1. Execute the INTERPRETER

File declaration:

Input
LIN  (default TAPES) - Card image input
LTHRM (default TAPEY1) - Thermodynamic Data Base
(If all thermodynamic data come from input, LIN, then LTHRM need not be
present.)
Scratch
LDATA (default TAPE93) - Coded
Qutput
LOUT (default TAPE6) - Print file
LINK (default TAPEQ5) - Binary file used later as input to the

gas-phase subroutine package
2. Compile user's code
3. Execute user's code along with any Referenced CHEMKIN subroutines.
The CHEMKIN subroutines should be in a library in preconmpiled form.
File declaration:
Input
LINK (default TAPE9YS) - The binary file createn by the INTERPRETER.

Any other files needed by the user code.



The following is an example of the NOS-BE control cards which are needed to

execute a proqram that uses CHEMKIN.
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Instruction

ATTACH,INTERP ,ID=INTERP.

ATTACH, TAPES1, THRMDAT, ID=THRMDAT.

INTERP.

FTN.
ATTACH,CKLIB,ID=CKLIB.

LDSET(L1B=CKLIB)

LGA.
(end of record)
CHEMKIN INTERPRETER input
(end of record)
User's Fortran Code
(end of record)
User's input

(end of record)

Meaning
Get INTERPRETER
Get Thermodynamic Data Base

Execute INTERPRETER and
create Linking File

Compile Users Code

Get Gas-Phase Subroutine Library
Collect and load CHEMKIN sub-
routines which are referenced

in User's Code

Execute User's Code



I¥. Using the INTERPRETER

The INTERPRETER is used to read (from file LIN) a symbolic description of
an elementary chemical reaction mechanism, and create a file (LINK) of numerical
information about that mechanism. The LINK file is subsequently accessed by
various subroutines to provide information on equation of state, thermodynamic
properties, and chemical production rates. 7The four types of input required
to the INTERPRETER are information on elements, thermodynamic data, species,

and the reaction mechanism,

Input information on file LIN is given in 80-column card image format.
E'ement Cards are read first. THERMO cards (if used) are second, followed by
Speties Cards, with Reaction Cards last. The THERMO cards are optioral. The
Thermodynamic data for the species may come from input (file LIN) or it may
come entirely from a data base (file LTHRM). The syntax for the four types of

input is described in the following sections.

With the exception of the thermodynamic data all input is formac free.
For the thermodynamic data we have chosen to use the same format as used in
the NASA Chemical Equilibrium code by Gordon and McBride.(3) Since this code
is already in wide use, the data base provided with it is an excellent source

of thermodynamic data.

1. Element Cards

A1l chemical species in the reaction mechanism must be composed of
chemical elements or isotopes of chemical elements. Each element and isotope
must be identified on an Element Cerd (or cards). The elements and isotopes
are all identified by one- or two-character symbols. The purpose of the
Element Cards is to associate atomic weights of the elements with their
character symbol representations, and to identify the order in which arrays of
element information in the Gas-Phase Subroutine Library are referenced. For
example, an array of atomic weights for the elements would be in exactly the
same order in which the elements were declared on the Element Cards. In other
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words if the atomic weights were stored in an array AWT, then AWT(3) would be
the atomic weight of the third element declared on the Element Cards.

For the elements which appear on the periodic chart,* the INTERPRETER has
the atomic weight (g/mole) stored internally. For isotopes a one- or two-
character symbol must be defined to identify the isotope, and both the symbo!
and the atomic weight (g/mole) of the isotope must be read in. The same
symbol must be used in the thermodynamic data to identify the elemental make-
up of species involving the isotope. Once an isotope has been so defined, it

is treated exactly as a new element.

The first Element Card must contain the word ELEMENTS starting in Column 1.
It is then followed by any number of cards which specify the elements.
Element symbols may appear anywhere on the cards, but elements on the same
card must be separated by blanks. After all elements are stated, the following

card must contain the word END starting in Column 1.

If an element is on the periodic chart, then only the symbol identifying
the element need appear on tre Element Card. Ffor isotopes the atomic
weights must follow the identifying symbol and be delimited by slashes (/).
The atomic weights may be in integer, floating point, or £ format (e.g.,
2, 2.0, .2E1). For example, the isotope deuterium could be identified as
D/2.014/. In addition, if desired, the atomic weight of an element in the
periodic chart may be altered by including the atomic weight as input just as

though the element were an isotope.

Several equivalent ways to describe element information are shown in
Figure 3. In this example the elements are hydrogen, oxygen and nitrogen. and
the isotope deuterium. Table ] summirizes tne rules for Element Cards.

*The elements that CHEMKIN recognizes are:

H HE LI BE B C N 0 F NE
NA MG AL S1 P S CL AR K CA
SC T1 v CR MN FE €0 NI Cu IN
GA GE AS SE BR KR RB SR Y ZR
NB MO TC RU RH PD AG CD IN SN
SB TE I XE Cs BA LA CE PR ND
PM S EU GD 1B DY HO ER ™ B
Ly HF TA W RE 0S IR PT AU HG
TL PB BI PO AT RN FR RA AC TH
PA U NP PU AM M BK CF £S FM
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ELEMENTS

H D /2.014/ 0 N
ENC
ELEMENTS
H Drs2.014/
0 N
END

Figure 3. Equivalent Ways to Describe Element Information

TABLE I. SUMMARY OF THE RULES FOR ELEMENT CARDS

10.

The first (last) Element Card must ccntain the word ELEMENTS (END) starting
in Column 1. All other columns on this card are ignored.

Element or isotope names are either one- or two-character symbols.

An isotope name (i.e., a name not on the periodic chart) must be followed
by its atomic weight (g/mole) delimited by slashes.

Each element or isotope may be declared only once.
The element or isotope declarations may appear anywhere on the cards.

Any number of element or isotope deciarations may appear on a card. Thus
more than one card may be used.

Element or isotope declarations which appear on the same card must te
separated by at least one blank space.

An element or isotope declaration which begins on one card may not
continue to the next card.

An element or isotope declaration may end in Column 80 of one card and
che next decliaration may begin in Column 1 of the next card.

Any blank spaces between the isotope symbol and the first slash are
ignored and any blank spaces between the slashes and the atomic weight are
also ignored. However, no blank spaces are allowed within the atomic

weight.
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2. Thermodynamic Data

Any chemical species which appears in a problem must have thermodynamic
data associated with it. These data may be either extracted from a data
base (file LTHRM), or read from input (file LIN), or a combination of bhoth.
If all the thermodynamic data are to be extracted from the data base, then no
thermodynamic card input is required. However, if the user wishes to override
information in the data base or to provide data on species not ir the data
base, then card input is needed. In any case the format for the information

is always the same.

The format used (see Table Il) is a minor modification of that used by
Gordon and McBrided for the thermodynamic data base in the NASA Chemical
Equilibrium code. Our modification allows for the possibility of a different
midpoint temperature for the fits to the properties of each chemical species.
We also allow a species to be composed of a maximum of five elements, not four.
However, the formatting is such that the CHEMKIN INTERPRETER can use the NASA
data base directly without any modification.

As indicated in Table II, the pertinent information includes the species
name, the elemental make up of the species, and the temperature ranges over
which the polynomial fits to thermodynamic data are valid. The fits to
CB/R, H°/RT, and S°/R consist of seven coefficients for two temperature
ranges [see £qs. (11.4.6) through (11.4.8)].

When thermodynamic card input is required, it must immediately follow the
Element Cards. The first thermodynamic card must contain the word THERMO
starting in Column 1. If all the thermodynamic data are in card input, then
the. first card must read THERMO ALL and the code will not expect a thermodynamic
data base from file LTHRM. The subsequent thermodynamic cards are in the
format of Cards 3 through 6 of Table II. If the THERMO ALL option is used, the
following card must be Card 2 of Table II. For the THERMO option the midpoint
temperature is taken from the Card 2 information already given in {he data base.
As many species as needed can be included as THERMO input. The card following
the last thermodynamic input must contain the word END beginning in Column 1.
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TABLE II. FORMAT FOR THERMODYNAMIC DATA
Card Card
Number Contents Format Column
1 THERMO (or THERMO ALL3) 6A1 1 to 6
(and & to 103)
2b Temperature ranges for 2 sets of 3F10.0 to 30
coefficients: lowest T, common T,
and highest T
3 Species name (must start in Column 1) 18A1 1 to 18
Date (not used in the code) 6A1 19 to 24
Atomic symbols and formula 4(2A1,13) 25 to 44
Phase of species (S,L, or G for solid Al 45
liquid, or gas, respectiveiy)
Low temperature £10.0 46 to 55
High temperature £10.0 5 to 65
Common temperature (if needed) (blank £8.0 66 to 73
for default)
Atomic symbols and formula (if needed) 2A1,13 74 to 78
(blank for default)
The integer "1" I1 80
4 Coefficients aj-ag, in Eqs. (11.4.6)- 5(E15.0) 1 to 75
(11.4.8), for upper temperature interval
The integer "2" I1 80
g Coefficients ag, a7 for upper 5(£15.0) 1 to 75
temperature interval, and aj, ap,
and a3 for lower
The integer "3" Il 80
6 Coefficients a4, ag, ag, ay for 4(£15.0) 1 to 60
lower temperature interval
The integer "4" I1 80
(a) Repeat Cards 3 through 6 for each species
(Final END (Indicates end of thermodynamic 3A1 1 to 3
card) data)

dyse only when all the thermcdynamic data are to be taken from card input.
bggrgsgdis needed in the Data Base, and on input only if the THERMO ALL option
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Figure 4 shows some examples of thermodynamic property input. In these
three examples for OH, OH+, and OH-, it is seen from Columns 25 through 34
that the elemental composition of each molecule is one O atom and one H atom.
In addition, Columns 35 through 39 indicate that two of the species, OH+ and
OH-, are ionic since they contain -1 and +1 free electrons (E), respectively.
The G in Column 45 indicates that all three species are gaseous. The 1100. in
Columns 66 to 73 for OH+ indicates that the common temperature between the
high- and low-temperature fits is 1100.0 K. If Columns 66 to 73 are left
blank, as they are for OH and OH-, then the common temperature is that
given in Columns 21 to 30 of card 2 in Table II, which, in this example, is in

the thermodynamic data base.

THERMO

OH J12/700 1H 10 00 06 300.000 5000.000
0.29131230E+401 0.95418248€E~03~0.19084325E~06 0.12730795E~10 0.24803941E-15
0.39647060€E+04 0.54288735E+01 0.38365516E¢01-0.10702014E~02 0.94849757E~06
0.20843575E~09~0.23384265E~12 0.3671560TE+04 0.49805456E+00

CHe J12/700 1H 1€ -10 06 300.000 5000.000 1100.
0.27381495E40) 0.14613173E-02~0,46950536E-06 0.73663560E~10-0.41410922€6~14
0.15761683E+06 0.61343B11E+01 0.35365969E+401-0.47029254E~04~0.62344259E~06
0.17601461E-08-0.826T70699E-12 0.157366TTE+06 0.184TT172E+01

OH= J12/700 1H 1€ 10 oG 300.000 5000.000
0.28881148E+401 0.96560229€-03~0.19659254E-06 0.14053802E-10 0.12080617E~15

~0.18086455E+05 0.41896259E+01 0.34621427E+01 0.40525802E~03-0.13516992E-05
0.17899459E-08-0.63434810E~12-0.142312355E+05 (.92893220E+00

ENO

DN B W N e W N

Figure 4. Examples of Thermodynamic Data Input

The following is a summary of the possibilities for specifying thermodynamic
data.

Case 1--A11 thermodynamic data from Data Base

1. Attach the data base as file LTHRM (default TAPESL)
2. No THERMO cards required as input

Case 2--Thermodynamic data both from Data Base and Input

1. Attach the data base a3 file LTHRM {default TAPE91)
2. Include the following cards

THERMO

Data in Table Il format (cards 3 through 6 repeated) for species
in addition to Data Base or to override species in Data Base

END
Case 3--A11 thermodynamic data from Input

1. Do not attach a Data Base
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2. Include the following cards

THERMO ALL

Card 2 (Table II) must be the next card, giving the low temperature,
common temperature, and high temperature for the fits

Thermodynamic data cards, Cards 3 through 6 (Table 11), repeated
for at least all species in the problem.

END

3. Species Cards

Each chemical species in a problem must be identified on a Species Card
(or cards). Any set of up to 10 characters™* can be used as a species name,
and thermodynamic data (previous section) must be available for each species
included. In addition, each species must be composed of elements which
have been identified on the Element Card(s), and the elemental composition of
the species is that specified in the thermodynamic data. As with the Element
Cards, one of the primary purpose:z of the Species Cards is to identify the
order in which arrays of species information are referenced in the Gas-Phase
Subroutine Library.

The first Species Card must contain the word SPECIES starting in Column 1.
It is then followed by any number of cards which identify the species.
Species symbols may appear anywhere on the card, and those on the same card
must be separated by blank spaces. At'ter all the species have been given, the
following card inust contain the word END starting in Column 1. Two equivalent
ways to specify species information for a problem which might arise in hydrogen-

air combustion are shown in Figure 5. The rules for Species Cards are summar-
ized in Table III.

SPECIES
H2 02 H 0 OH HO2 H20 N2 N NO
END

SPECIES
H2 02
H o OH HO2
H20
N2 N NO
ENO

Figure 5. Equivalent Ways to Describe Species Information

Species names must begin with a letter. Also, up to 18 characters may be
used by changing the value of LENSYM in the INTERPRETER.
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TABLE III. SUMMARY OF THE RULES FOR SPECIES CARDS

1. The first (last) Species Card must contain the word SPECIES (END) starting
in Column 1. All other columns on this card are ignored.

2. Species names are composed of up to 10-character symbols. The names cannot
begin with the characters +, -, =, a parenthesis, or a number.

3. Each species must be declared only once.
4, tEach species which subsequently appears in a reaction must be declared.
5. The species declarations may appecr anywhere on the cards.

6. Any number of species declarations may appear on a card. Thus, more than
one card may be used.

7. Species declarations which appear on the same card must be separated by
are least one blank space.

8. A species declaration which begins on one card may not continue to the
next card.

9. One species declaration may end in Column 80 of one card and the next
declaration may begin in Column 1 of the next card.

4, Reaction Mechanism Description

The reaction mechanism may involve any number of chemical reactions
involving the species named on the Species Cards.* The reactions may be
reversible or irreversible, they may be three body reactions with an arbitrary
third body--including the effects of enhanced third body efficiencies, and
they may involve photon radiation as either a reactant or product.

The first Reaction Card must contain the word REACTIONS starting in
Column 1. The following cards contain the reaction description together with
the Arrhenius rate coeficients [Eq. (II.5.5)]. The reaction description is
made up of Reaction Cards and perhaps Auxiliary Information Cards. The last
card of the reaction description must contain the word END starting in Column 1.

T . . . . ..
If more than 6 species appear in a reaction, some dimensioning needs to be
changed in the INTERPRETER (see opening statements in program on microfiche).
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Reaction Cards--Each Reaction Card is divided into two fields. The first
field contains the symbolic description of the reaction while the second

contains the Arrhenius rate coefficients. Both fields are format free, and
blank spaces are ignored (except within a number or a species symbol).

The reaction description, given in the first field, must be composed of
the species symbols, coefficients, delimiters, and special symbols as summarized

below.

Species Symbols--Each species in a reaction is described with the unique
sequence of characters exactly as they appear in the Species Cards and
the THERMO cards.

Coefficients--Any species symbol may be preceded by an integer coefficient.
The coefficient simply has the meaning that there are that many moles
of the particular species present as either reactants or products;
e.g., 20H is equivalent to OH + OH (a real coefficient is not allowed).

Delimiters--
+ A plus sign is the delimiter between the reactant species and between

the product species

= An equality sign is the delimiter between the reactants and products

for a reversible reaction

- A minus sign is the delimiter between the reactants and products for

an irreversible reaction

Special Symbols--

M  The symbol M stands for an arbitrary third body. Normally it would
appear as both a reactant and a product. However. it has the identical
meaning even if it appears only as a reactant or a product. In
other words, an M anywhere in the reaction description indicates
that a third body is participating in the reaction. In any reaction
containing an M, species can be specified to have enhanced third body
efficiencies, in which case the next card(s) must be Auxiliary
Information cards (described below). If no enhanced third body
efficiencies are specified, then an M means that all species act
equally as third bodies and the total concentration of the mixture is
the effective concentration of the third body.



HV  The symbol HV indicates that photon radiation (hv) is present as
either a reactant or a product. If an HV appears in a reaction
description, the wavelength of the radiation may be specified on an
Auxiliary Information Card (described later).

E The symbol £ is used to represent an electron. Electrons are treated
just like any other species except that they are not composed of
elements. Thus they only affect the charge balance and not element
balance. 1If an E appears in any reaction, then it must be declared as
a species in the Species Cards and thermodynamic data must be supplied
for it.

(  An open parenthesis means that any following characters through the
beginning of the numbers for the Arrhenius coefficients are comments
on the reaction. For example the comment may be used to give a
reference to the source of the reaction and rate Jata.

A special case for reaction descriptions occurs if two or more species
names are identical except for the last character in one of the names
being a +, -, or = (e.g. CH, CH+, CH++). The INTERPRETER always seeks to
find the longest possible species name between delimiters (+, -, =). There-
fore the species CH may not be followed directly by a + as a delimiter since
this would be confused with the species CH+. To prevent this problem the spe-
cies CH must be separated from the delimiter + by at least one blank space
(e.g., CH+M = C+H+M must be written as CH +M = C+H+M). However,
CH++ +M+2E = C+H+M may just as well be written as CH+++M+2E = C+HtM so long
as CH+++ is not a species). There is no ambiguity in the convention and the
worst that can happen if the blank is not included before the delimiter is that
an error message will be written from the INTERPRETER. The blank will have
to be inserted by the user, but there is no possibly of having a reaction
misinterpreted by the code and proceeeding with an incorrect reaction.

The second field of the reaction card is used to define the Arrhenius
rate coefficients Ay, gj, and Ej as given by Eq. {I1.5.5). The three
numbers must appear in order, the first number being A{, the second being
Bi, and the third being Ej. At least one blank space must separate the
first number and the last symbol in the reaction or the comment. The three
numbers must be separated by at Teast one blank space; be stated in either
integer, floating point, or E format (e.g., 123 or 123.0 or 12.3El); and
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have units associated with them. The default units for Aj are cgs (cm, sec,
K, and moles), the exact units depending on the reaction. The factor gj is
dimensionless. The default units for the activation energies are cal/mole.

Table IV is a summary of the Reaction Card rules, and examples of some

reaction cards are shown in Figure 6.

TABLE IV. SUMARY OF THE RULES FOR REACTION CARDS

1. The first (last) Reaction Card must contain the word REACTIONS (END)
starting in Column 1. A1l other columns of this card are ignored. (The
END card would follow the last Auxiliary Information Card, if one was
used for the last reaction).

2. The reaction description can begin anywhere on the card. All biank spaces,
except those within species symbols and within coefficients, are ignored.

3. If some species names end with either the characters +, -, or =, and
there are other species names which are identical to these except that
they don't end in a +, -, or =, then in the reaction description the
latter species names must be separated from +, -, or = delimiters by at
least one blank space.

4, Each reaction description must use only one card and may not continue
onto the next card.

5. Three numbers for the Arrhenius coefficients: must appear on each Reaction
Card; must occupy the last non-blank entries on the card; must be separated
from the reaction description by at least one blank space; must be in
order, (Aj, gi, and Ej); and must be separated by at least one blank
space. No blanks are allowed within the numbers themselves.

6. Comments are any characters following an open parenthesis and up to within
one blank space of the first Arrhenius coefficient. The comments are
written on LOUT along with the reaction description, but are otherwise
ignored within the code.

REACTIONS

H2+02=20H 1.7€E13 0 47780.

H2+402= OH + OH (REF. 21) 1.76E13 0 47780.

H+02 +M=HD2 +M 2.0E15 0.000 -870,
H+02 ¢ M= H02 2.0E15 0.000 -870.
He02 =HO2+M 2.0E15 0.000 -870.
OH+ + H +E-H20 1.E19 0 0.0

OH++H+E=H20 1.€19 0. 0.

0 + HY = 0O(*) (NSF. 99) 1.El> O. 0.

END

Figure 6. Examples of Reaction Cards
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The units in the CHEMKIN code can be changed to any consistent set of
units the user desires by a call to SUBROUTINE CKUNIT. This subroutine resets
the values of the gas constants R and R., and the pressure of one standard
atmosphere Patm. The gas constant R is used everywhere except in conjunction
with the activation energy, where R. is used. If the units are changed in
the CHEMKIN subroutine package, then the units on the reaction card input
must be changed accordingly.

Auxiliary Information Cards--If a reaction contains an M as third body

and/or it contains an HV to denote radiation, the card or cards following that
reaction card may be Auxiliary Information Cards. These cards specify enhanced
third body efficiences of certain species [i.e., a,;, Equation (11.5.11)]

or specify radiation wavelength {in angstroms). Any species which acts as an
enhanced third body must be declared as one of the species on the Species
Cards.

The format of the card is a name (either a species name or the characters
HY) followed ty a number (either integer, floating point, or E format)
delimited by slashes (/). For enhanced third body efficiencies the name is
the species name of the enhanced third body and the number is its enhanced
efficiency factor. For wavelength specification the symbols HY are followed
by the wavelength in angstroms.

Any number of enhanced third bodies may be included,* and each Auxiliary
Information Card may contain one or more enhanced efficiency factors. Also,
the radiation wavelength may appear on a separate card, or it may be on the
same card as an enhanced third body specification. Thus, more than one
Auxiliary Information Card may be used for any one reaction.

Examples of equivalent ways to state auxiliary information are shown in

Figure 7. The above rules are summarized in Table V.

If more than 6 species have enhanced third body efficiencies in any one
reaction, some dimensioning needs to be changed in the INTERPRETER (see
program on microfiche).
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He024M=HO2+M 2.0E15 0.000 -870.

H20 7/ 20./ H2/72/ N2/.9/
H+02+M=HO2+M 2.0E15 0.000 -870.
H20/2.0E1/. H2/2 .0/
/ 9.0E-1/
O+HV=-01(e) 1.E+15 0. 0.
HV /4880/

Figure 7. Examples of Auxiliary Information Definitions

TABLE V. SUMMARY OF THE RULES FOR AUXILIARY INFORMATION CARDS

10.

Auxiliary Information Cards may only follow Reaction Cards which contain
an M or an HY.

A species may have only one enhanced third body efficiency associated
with it in any one reaction.

Only one radiation wavelength may be declared in a reaction.

The order in which the enhanced third body declarations are given is the
order in which arrays of enhanced third body information are referenced in
the subroutine package. The order in which the radiation wavelength
appears with respect to enhanced third body information is unimportant.

Enhanced third body (or wavelength) information may appear anywhere on
the card.

Any number of enhanced third body efficiences may appear on a card. Thus
more than one card may be used.

Enhanced third bady declarations or radiation wavelength specifications
which appear on the same card must be separated by at least one blank space.

An enhanced third body {or waveiength) declaration which begins on one
card may not continue to the next card.

One declaration (enhanced third body or wavelength) may end in column 80
of one card and the next declaration may begin in Column 1 of the next
card.

Any blank spaces between the species symbol (or HV) and the first slash
are ignored and any blanks between the slashes and the enhanced efficiency
factor (cr wavelength) are also ignored. However, no blank spaces are
allowed within the factor (or wavelength).
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Problems Having No Reactions--In some problems only information about the

elements and specias is needed (e.g., cnemical equilibrium computations). In
these cases it is rnut necessary to include Reaction Cards. The INTERPRETER
will create the LINK file, but of course it will not contain any reaction
information. Therefore, no subroutines in the Gas-Phase Subroutine Library
which deal with chemical reactions (e.g., chemical production rates) may be

used.

5. Error Checks

The INTERPRETER checks each input card for proper syntax and writes
self-explanatory diagnostic messages on logical file LOUT if bad syntax
is encountered. In addition, each reaction is checked for both element
and charge balance. If a reaction does not balance, a message is written
on LOUT. If any errors are encountered, the INTERPRETER does not create
the linking file. Therefore, the input must be error free before any of
the CHEMKIN subroutines can be called.

€. Access to INTERPRETER Output

Information about elements, species, and reactions which is produced by
the INTERFRETER may be obtained from the Gas-Phase Subroutine Library in two
ways. The first way, and the most convenient, is to call subroutines given in
Sections V.2 through V.5. It is also possible to extract information directly
from the work arrays, whose structure is described in Appendix A. Using the
work arrays directly will require less storage than calling the high-level
subroutines. However, dealing with the work arrays may be cumbersome for

many USers.
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V. Quick Reference Guide to the Gas-Phase Subroutine Library

This chapter is arranged by topical area and it provides a quick reference
to each of the Gas-Phase Library subroutines. Along with the actual subroutine
statement is given a short description of the routine which, where appropriate,
refers to an equation number in Chapter 1I. The page number given for each
subroutine refers to the page in Chapter VI where a detailed description

of the subroutine call list may be found.

Mnemonics

There are no firm general rules for explaining the mnemonics used in
naming subroutines, but there are some good rules of thumb. All subroutines
begin with the letters CK so that CHEMKIN subroutines are easily recognized,
and so that they are likely unique from any user subroutine names. Tne
remaining four letters are used to identify the purpose of the subroutine. The
first one or two letters after CK usually refer to the variable which is being
computed. The last letters refer to either the input variables, the units, or
what is being held fixed in a differentiation.

State variables are denoted by: P pressure, T temperature, Y mass
fractions, X mole fractions, and C molar concentrations. Thermodynamic
properties are referred to by: CP and CV specific heats, H enthalpy, S entropy,
U internal energy, G Gibbs free energy, and A Helmholtz free energy. The
thermodynamic subroutines may be called to return properties in mass units,
denoted by MS or S as the last letters, or in molar units, denoted by ML or L
as the last letters. A B in a thermodynamic property subroutine name indicates

that it returns mean properties.

Subroutines which return chemical production rates-have a W following the
CK, and routines which return creation rates and destruction rates or creation
rates and destruction times have a CD or a CT, respectively, following the CK.
Rate of progress variables are denoted by Q and equilibrium constants by EQ.
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A D following the CK indicates that the suroutine is used to compute a
derivative. If an S follows the CK then the subroutine is used to find

sensitivity matrices.

The mnemonics used for the variable names in the subroutine calls are
roughly the same as for the subroutine names. However, because six letters
can be used (only four in the subroutine names because CK occupies two), the

mnemonics can be more explicit, and thus more immediateiy recognizable.

1. INITIALIZATION.

e
o
o

SUBROUTINE CKINDX (IWORK(WORK MMyKK,I1,LENEL,LENSYM,NFIT} PAGE
THIS SUBROUTINE RETURNS A GRQUP CF INDICES DEFINING THE
SIZE OF THE PARTICULAR REACTION MECHANISM,

SUBROUTINE CKINIT (LENIWK,LENWK,LINK,LOUT,IWORK,WORK) PAGE 137
THIS SUBROUTINE SERVES TO READ THE LINKING FILE AND
CREATE THE INTERNAL WORK ARRAYS, IWORK AND WCRK.
CXINIT MUST BE CALLED BEFDORE ANY OTHER CHEMKIN SUBRQOUTINE
1S CALLEDO. THE WORK ARRAYS MUST THEN BE MADE AVAILABLE
AS INPUT TO THE OTHER CHEMKIN SUBROUTINES.

2. INFOR™MATION ABOUT ELEMENTS.

SUBROUTINE CKAWT (IWORK,WORK,AWT) PAGE 62
THIS SUBROUTINE RETURNS THE ATOMIC WEIGHTS OF THE FELEMENTS.

SUBROUTINE CKCOMP (LENIH, IH1,1H2,1SAME) PAGE <3
THIS SUBROUTINE COMPARES TWO HOLLERITH STRINGS TO
DEYERMINE IF THEY ARE THE SAME OR NOT.

SUBRO! "INE CKSYME (LMDIM, IWORK,WORK ,MHOL) PAGE 1el
TH1s> SUBROUTINE RETURNS THE HOLLERITH SYMBOLS
FOR THE ELEMENT NAMES.

3. INFORMATION ABOUTY SPECIES.

SUBROUT INE CKCHRG (IWORK WORK,KCHARG) PAGE 93
THIS SUBROUTINE RETURNS THE ELECTRONIC CHARGES OF THE
SPECIES.

SUBROUTINE CKCOMP (LENIH,IH1,IH2,ISAME). PAGE 93
THIS SUBROUTINE COMFARES TWO HOLLERITH STRINGS TO
DETERMINE IF THEY ARE THE SAME OR NOT.

SUBROUTINE CKNCF (MDIM, IWORK,WORK,NCF} PAGE 140
THIS SUBROUTINE RETURNS THE ELEMENTAL COMPQSITION OF THE

SPECIES.

SUBROUT INE CKPHAZ {IWORK.WORK,KPHASE} PAGE 141
THIS SUBROUTINE RETURNS A SET OF FLAGS INDICATING THE
PHASE OF EACH SPECIES.

SUBROUTINE CKS5YMS ! LKDIM, IWNORK,WORK KHCL) PAGE 162
THIS SUBROUTINE RETURNS THE HOLLERITH SYMBOLS
FOR THE SPECIES NAMES.

SUBROUTINE CKWT (IWORK,WORK,WT) PAGE 166
THIS SUBROUTINE RETURNS THE MOLECULAR WEIGHTS OF THE SPECIES.
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4. INFORMATION ABOUT REACTICNS.

SUBROUTINE CKABE (IWORK,WCRK,MA,KB,R[) PAGE &7
THIS SUBROUT INE RETURNS THE ARRHENIUS COEFFICIENIS FOR
THE REACTIONS. REFERENCE EQUATION (11.5.51%.

SUBROUTINE CKITR /{IVIORK,WORK,ITHB,IREV) PAGE 138
THIS SUBROUTIHME RETURNS A SET CF FLAGS INOICATING WHETHER
THE REACTIONS ARE REVERSIBLE OR WHETHER THEY CONTAIN
ARBITRARY THIRD BODIES.

SUBROUT INE CKNU (KDIM, IWORK,WORK,NUKI) PAGE 140
THIS SUBROUTINE RETURNS THE STOICHIOMETRIC COEFFICIENTS
OF THE REACTINN MECHANISM. REFERENCE EQUATIONS {(11.5.1})
AND (11.5.3).

SUBROUTINE CKSYMR (1,LENIHL, IWORK,WCRK,LT,IHOLI PAGE 1¢?
THIS SUBRQUTINE RETURNS AN Al HOLLERITH ARRAY WHICH
DESCRIBES THE I TH REACTION.

SUBROUTINE CKTHB (KOIM, IWORK,WOPK,AKI[) PAGF 163
THIS SUBRQUTINE RETURNS MATRIX OF ENHANCED THI®D B0OOY
COEFFICIENTS, BEFERENCE EQUATION (I11.5.111.

SUSROUTINE CXWL {(IWORK,WORK,wWL) PAGF 1¢6
THIS SUBSROUTINE RETURNS A SET OF FLAGS PROVIODING INFOFMATION
ON THE WAVE LENGTH OF PHOTON RADIATION.

£. GAS CONSTANTS AND UNITS,

SUBROUTINE CKRP (IWORK WORK,RU,RUC,FPA} PAGZ 147
THIS SUBRAOUTINE RETURNS UNIVERSAL GAS CONSTANTS AND THE
PRESSURE OF CONE STANDARD ATMOSPHERE,

SUBROQUT INE CKUNIT (RUPUC,PA,IWORK,WDRK} PAGE 1&5
THIS SUBROUTINE IS USED TO CHANGE UNITS IN THE CODC.
CARE MUST BE TAKEN TN MAKE SURE THAT IF THE UNITS are
CHANGED THEY ARE CONSICSTENT,

6. EQUATINN OF STATE.

SUBROUTINE CXMMWC (C. IWORK WORK, WTHM) PAGE 123
THIS SUBROUTINE RETURNS THE MEAN MOLECULAR WEIGHT OF THE
GAS MIXTUKE GIVEN THE MOLAR CONCENTRATIONS, REFSAFENCE
EQUATION (11.2.5).

SUBROUTINE CKMMWX (X4 IWOFKWORK, ¥HT ™) PAGE 127
TH1S SUBROUTINE RETURNS THE MEAN MOLECULAR WEIGHT NE THE
G&S MIXTURE GIVEN THE MOLE FRACTIQONS. QEFERENCE EQUATINN
(11.2.4).

SURRJUT INE CKMMWY (Y, ITWORK WNRK (WTH) PAGE 123
THIS SUSROUTINE RETURNS THE MEAN MOLECULAR WEZl1GHT 0OF THE
GAS MIXTURE GIVEN THE MASS FRACTIONS. REFEKENCE EQUATION
f11.2.3)

SUBRIUTINE CKPC (RHD,T,C,140%K,W0OPK,P) PAGE 141
THIS SURBROUTINE RETUPNS THE PRESSURE 0OF THE GAS MIXTURE
GIVEN THE MASS DENSITY, TEMPERATUSRE AND MOLAR CONCENTRATINNS.
REFERSNCE EQUATION (11.2.110,

SUBROUTIME CKPX (RHC,TyX, IWIRK,WIRK,P) PAGE 142
THIS SURRQUTINE RETURNS THE PEESSURE OF THF GAS MIXTYRE
GIVEN THE MASS DENSITY, TEMPERATURE AND MOLE FRACTIONS.
REFERENCE EQUATIGN (I1.2.11).
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SUBROUT INE CKPY {RMHC,T4+Y, IWORK.WORK,PI PAGE 142
THIS SUBROUTINE RETURNS THE PRESSURE OF THE GAS MIXTURE
GIVEN THE MASS DENSITY, TEMPERATURE AND MASS FRACTIONS.
REFERENCE EQUATICN (I1.2.10).

SUBROUT INE CKRHOC (P,T,Cy IWORK, WORK,RHO ) PAGZ 145
THIS SUBROUTINE RETURNS THE MASS DENSITY 0OF THE GAS MIXTURE
GIVEN THE PRESSURE, TEMPERATURE AND MOLAR CONCENTKATICNS.
REFERFNCE EQUATICN (11.2.2).

SUBROUT INE CKRHUX (P,T,X,1WORK, WORK,RHO? PAGE 1«6
THIS SUBROUTINE RETURNS THE MASS DBENSITY NF THE GAS MIXTURE
GIVEN THE PRESSURE, TEMPERATUKE AND MOLE FRACTIONS.

REFERENCE EQUATION (I11.2.2).

SUBROUTINE CKRHOY (P,T,Y, IWORK,WORK,RHG] PAGE 144
THIS SUBROUTINE RCTURNS THE MASS DENSITY OF THE GAS MIXTURE
GCIVEN THE PRESSURE, TEMPERATURE AND MASS FRACTIONS,

REFERENCE EQUATICN (I1.2.2).

7. MOLE-MASS CONVERSICN,

SUBROQUTINE CKCTX (Cs IWORK,WORK,X) paGE 97
THIS SUYROUTINE RETURNS THE MOLS FRACTIONS GIVEN THE
MOLAR CONCENTRATIONS. REFSRENCE EQUATION (11.3.8).

SUBROUTINE CKCTY (C,IWORK,WORK, Y] PAGE 98
THIS SUBROUTINE RETURNS THE MASS FRACTIONS GIVEN THE
MOLAR CIONCENTRATIONS. REFERENCE EQUATION (I11.3.7).

SUBROUTINE CKXTCP (P Ty Xy IWOKK, WORK,C) PAGE 1¢€9
THIS SUBROUTINE RETURNS THE MNDLAR CONCENTRATIONS GIVEN THE
PYESSURE, TEMPFRRATURE AND MOLE FRACTIONS. REFERENCE EQUATION
(I11.3.%)

SURROUTINE CKXTCR (RHO, T, Xy IWODPK,WORK,C) PAGE 169
THIS SUBRUOUTINE RETURNS THE MOLAR COMCENTRATIONS GIVEN
THE MASS ODENSITY, TRMPERATURE ANC MOLE FRACTICNS.
REFERINCE EQUATION (!1.3.6).

SUBRQUTINE CKXTY (X, IwNRK,WORK,Y]) PAGE 173
THIS SUBROUTINE RETURNS THE MASS FRACTIONS GIVEN THE
MOLE FRACTIONS. KEFERENCE EQUATICN (11.3.4).

SUBROUTINE CKYTCP (P,T,Y, IWORK,WORK,C) PAGE 1717
THIS SUBROUTINZ RETURNS THE MOLAR CONCENTKATIONS GIVEN
THE PRESSURE, TEMPERATURE AND MASS FRACTIONS. PEFERENCE
EQUATION (11.3.2).

SUBROUTINS CKYTCR (RHO,T,Y, [WORK,NORK,C) PAGE 171
THIS SURRQUTINE RETURNS THE MOLAR CONCENTKATIONS GIVEN
THE MASS DENSITY, TEMPERATURE AMD MASS SRACTIONS.
REFERENCE EQUATION (I11.2.3}).

SUBROUTINE CKYTX (Y, ]WORK,WORK, X) PAGE 171
THIS SUBRNAUTINE RETURNS THE MOLE FRACTIONS GIVEN THE
MASS FRACTIONS. REFEPENCE EQUATION (T1.2.1).

8. THERMODYNAMIC PRCPEPTIES (NONDIMENSIONALLY.

SUBROUT INE CKATHM (NOIMI.NDIM2, [WORK,WORK,TMID,A} PAGE 89
THIS SUBROUTINE RETURNS THE CNEFFICIENTS OF THE FITS FGR THE
THERMOOYNAMIC PROPERTLIES OF THE SPECIES. RESFRENCE EQUATIONS
(I1.4.1) THROUGH (Il.4.81).



SUBROUT INE CKCPOR (T,IWOFK+WORK,CPOR} PAGE 95
THIS SUBROUTINE RETURNS THE NONDIMENSIONAL SPECIFIC
HEATS AT CONSTANT PRESSURE. REFERENCE EQUATION
(11.4.1) OR (11.4.61).

SUBROUT INE CKHORT (T,IWORK,WNRK,HORT} PAGE 126
THIS SUBROUTINE RETURNS THE NONDIMENSTIONAL ENTHALPIES.
REFERENCE EQUATION (11.4.3) OR (1l.4.7).

SUBROUTINE CKSOR (T, IWORK,WORK,SOR) PAGE 161
THIS SUBROUTINE RETURNS THE NONDIMENSIONAL ENTROPIES.
REFERENCE EQUATION (11.4.5) OR (I1.4.8).

THERMNDYNAMIC PROPZRTIES (MASS UNITSIH.

SUBROUT INE CKAMS (T, IWORK WORK, 4MS) PAGE 89
THIS SUBROUTINE RETURPNS THE STANDARD STATE HELMHOLTZ FrEE
ENERGIES IN MASS UNITS. RZFFRENCE EQUATION (11.4.19).

SUBROUTINE CXCPMS (T, IWORK,WORK,CPMS) PAGE Q5
THIS SUBROUTINE RETURNS THE SPECIFIC HEATS AT CONSTANT
PRESSURE IN MASS UNITS. REFERENCE EQUATION (I1.4.Y72),

SUBROUTINT CKCVMS (T, IWORK,WIRK,CTVMS] PAGE 197}
THIS SUBRRQUTINE RETURNS THE SPECIFIC HEATS AT CONSTANT
VOLUME IN MASS UNITS. REFZRENCE EQUATIOMN (I1.4.15).

SUEROUTINE CKGMS [Ty IWORK,WCRK,GMS) PAGE 124
THIS SUBROUTINE RETURNS THE STANDARD STATF GIBBS ~keF ENERGIES
IN MASS UNITS. REFERENCE ZQUATION (I1.4.18).

SUBRQUT THNE CKHYS (T, IwWNRK,WORK,HMS] PAGE Y75
THIS SUBROUTINE RETURNS THE ENTHALPIEZS IN MASS UNITS.
REFERENCE EQUATICN (1l.4.16).

SUBRAUTINE CKSMS (T .IWOKK,WORK, SMS) PAGH 161
THIS SUBROUTINE RETURNS THE STANDARD SYATE ENTRQOPIES [N MASS
UNTTS., P©@CTERENCE SOQOUATION (11.4.15).

SUBROUTINE CKUMS (T, IWORK,WORK, UMS) PAGE 164
THIS SUBQOUTINE RETURNS THE INTERNAL ENERGIES IN "MASS
UNITS., REFERENCE EQUATION (I1.4.175.

THZRMODYNAMIC PROPEFTIES (MILAR UMNITS)

SUBPOUTINE CKAML (7, IWORK,WOEK, AML) PAGZ 83
THIS SUBROUTINE RETURNS THE STANDARD STATE HELMHOLT! FREE
ENEFGIES IN MOLAR UNITS., REFERENCE EQUATION (Il1.4.12).

SURKNUTINE CKCPML (T, IWORK,WORK,CPML) PAGE 65
THIS SUBROUTINE RETURNS THE SPECIFIC HEATS AT CONSTANT
PRKESSURT IN MOLAR UNITS, REFERENCE EQUATION (Il.4.11).

SUBROUTINS CKCVML (T4 IWOPKWIRK,CVMLY PAGE 101
THIS SUBROUTINE RETURNS THE SPECIFIC HEATS IN CINSTANTY
VOLUME IN MOLAR UNITS. RREFEFENCE EQUATION (1]1.4.93).

SUBROUT INE CKGML (T, IWORK,WNRK,GML) PAGE 134
THIS SUBROUTINE RETURNS THE STANDARD STATE GIRBS FREE INERGIES
IN MOLAR UNITS. REFERENCE EQUATICN (Il.4.11).

SUBROUTINE CKHML (T4 IWOKK WORK,HML) PAGE 135
THIS SUBROUTINE RETURNS THE ENTHALPIES IN MOLAR UNLTS,
REFERENCE EQUATICON ({T.4.3).
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SUBROUTINE CKSML {7, IWORK,WORK, SML) PAGE 160
THIS SUBROUTINE RETURNS THE STANDARD STATE ENTROPIES IN MOLAR

UNITS. REFSRENCE EQUATIGN (Il.4.5).

SUBROUTINE CKUML (T, IWORK,WORK, UML) PAGE 164
THIS SUSROUTINE RETURNS THE INTERNAL ENERGIES IN MOLAR
UMITS. REFERENCE EQUATION (I1.4.101).

1. MEAN THERMOCYNAMIC PROPERTIES 1MASS UNITSYH.

SUBRNUTINE CKABMS (T,Y,IWORK:WORK,ABMS) PAGE 38
THIS SU3RDUTINE RETURNS THE MASS WEIGHTED MEAN
STANDAKD STATE HELMHCLTZ FREE ENERGY OF THE MIXTURE IN MASS
UNTTS. REFERENCE EQUATION (1T1.4.33).

SUBROUTINE CKCPBS (T,Y,IWCRK.WORK,CPBMS) PAGE 95
THIS SUBROUTINE RETURNS THE MASS WEIGHTED MEAM SPECIFIC
HEAT AT CONSTANT PRESSURE. REFERENCE EQUATION (I1.4.211.

SUBRQUTINE CKCVBS (T,Y, IWORK,WORK,CVBMS) PAGE 127
THIS SUBROUTINE RETUPNS THE MASS WEIGHTED McAN SPECIFIC HEAT
AT CONSTANT VOLUME IN HMASS UNITS. REFERENCE EQUATION
(11.4.27).

SURBROUT INE CKG8MS (T,Y, IWORK,WORK,GEMS} PAGE 1723
THIS SURRQUTINE RETURNS THE MASS WEIGHTED MEAN STANDARD
STATE GIBES FEEE ENFRGY OF THE MIXTURE IN MASS UNITS. REFERENCE

EQUATIAON (I1.6.21).

SUBROUTINE CKHARMS (T,Y,W0%K ,WNRK,HEMS) PAGE 135
THIS SUBRAUTINE RETURNS THE MASS WEIGHTEC MEAN SNTHALPY
OF THE MIXTURE IN MASS UNITS. REFERENCE EQUATION ([!.4.23).

SURRJUT INE CKS3MS (T,.Y, IWORK,WORK, SBMS) PAGE 151
THIS SURRNUTINE RETURNS THE MASS WEIGHTED MEAN STANDARD S5STATE
ENTROPY OF THE MIXTURE IN MASS UNITS, REFERENCE EQ. (I11.64.253)

SUBRQUT INE CKUBMS (T,Y, IWORK,WORK,UEMS) PAGE 164
THIS SUBROUTINE RETURNS THE MASS WEIGHTED MEAN JNTERNAL
ENERGY NF THE MIXTUKE IN MASS UNITS. REFERENCE EQUATICN
(11.4.29).

lJz. MEAN THERMODYMAMIC PROPERTIES (MOLAR UNITS).

SUBRRQUTINE CKABML (T,X, IWORK,WORK,sABMLY) PAGE 87
THIS SUBROUTINE RETURNS THE MOLAR WEIGHT ED MEAN
STANDARD STATE HELMHCOLTZ FREE ENERGY OF THE MIXTURE IN MOL &R
UNITS. REFERENCE EQUATION (I1.4.32).

SUFROUTINE CKCPBL {T,X, IWOKkK,WORK,CPAML) PAGE Qo
THIS SUBROUTINE RETURNS THE MDLAR WEIGHTED MEAN SPECIFIC
HEAT AT CONSTANT PRECSSURE. REFERENCE EQUATION (11.4.201.

SUBROUTINE CKCVBL (T.X, IWORK,WCOK.CVBML) PAGE 1020
THIS SUBROUTINE RETURNS THE MOLAR WEIGHTED MEAN SPECIFIC
HEAT AT CONSTANT VOLUME IN MOLAR UNITS., REFERENCE EQUATION
(I1.6.26).

SUBROUTINE CKGBML (7T ,X,IWORK,WORK,GBML) PAGE 133
THIS SUBROUTINE RETURNS THE MOLAR WEIGHT €D MEAN STANDARD
STATE GIBBS FREE ENERGY OF THE MIXTURE IN MOLAR UNITS.
REFERENCE EQUATION (I11.4.301).

SUBROUTINE CKHBML (T+Xy IWORK,NORKHEML] PAGE 134
THIS SUBROUTINE RETURNS THE MOLAF WEIGHTED MEAN ENTHALPY
. OF THE MIXTURE IN MOLAR UNITS. REFERENCE EQUATION (11.4.22).
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SUBROUT INE CKSBML (T,X, IWORK,WORK,SBML) PAGE 151
THIS SUBROUTINE RETURNS THE MNLAR WEIGHMTED MEAN STANDARD STATE
ENTROPY OF THE MIXTURE IN MOLAR UNITS., REFERENCE EQ. (I].4.24)

SUBRQUTINE CKUBML {T,X, IWORK,WORK,UBML) PAGE €3
THIS SUBROUTINE RETURNS THE MOLAR WEIGHTED MEAN INTERNAL
ENERGY OF THE MIXTURE IN MOLAR UNITS. REFERENCE EQUATION

(11.4.28).

12, CHEMICAL PRODUCTICN RATES,

SURRQUTINE CKCOC (T,C,IWOPK,WORK,CDOT,000OT) PAGE 99
THIS SUBROUTINE RETURNS THE MOLAR CREAYICN AND DESTRUCTION
QRATES OF THE SPECIES GIVEN THE TEMPERATURE AND MCL Ak
CONCENTRATIONS. REFERENCE EQUATION (I11.5.12}).

SUBROUTINE CKCOXP (P,T,X,IWORK,WORK,CCOT,00CT) PAGE 91
THIS SUBROUTINE RETURNS THE MOLAR CREATICN AND DESTRUCTION
QATES OF THE SPECIES GIVEN PRESSURE, TEMPERATURE AND
MOLE FRACTIONS. REFERENCE EQUATICN (11.5.12).

SUCROUT IMNE CKCDXR (RHO,T,X,IWORK,WORK,CCOT, 0007} PAG=E el
THIS SUSROUTINE RETURNS THE MOLAR CPEATION AND OESTRUCTION
RATES OF THE SPECISS GIVEN THE MASS CENSITY, TEMPERATURE
AND MOLE FRACTIQONS., REFERENCF EQUATION (11.5.13).

SUBRIJUTINE CKCDYP (P,T,Y,IWORK,WORK,CDNT,0007} PAGE G2
THIS SUBROQUTINE RETURNS THE MOLAR CREATICN AND DESTRUCTION
RATES OF THE SPECISS GIVEN MASS DENSITY, TSMPERATURE AND
MASS FRACTIONS. REFERENCE EQUATICHN (I1.5.13}).

SUBROUTINE CKCDYR (RHO,T.Y,IwWORK,WORX,CDOT,DDQT) PaGE 92
THIS SU3BROUTINE RETURNS THE MOLAR CREATICN AND DESTRUCTION
RATES OF THE SPECIES GIVEN THE MASS CENSITY, TEMPERATURE
AND MASS FRACTIONS, PEFERENCE EQUATION (11.5.13)

SUBROUT INE CKCONT (K ROP,IWORK,WORK,CIK]} PAGE <4
THIS SUBROUTINE RETURNS THE CONTRIAUTION OF THE 11 REACTIINS
T THE 40LAR PRODUCTICN RATE JF THE & TH SPECIES.

SUBROUTINE CKCTC (T,C,y IWORK.HORK,CDOT,TAU) PAGE 96
THIS SUBROUTINE RETURNS THE MULAR CREATICN RATES aND
CHARACTERISTIC CESTRULCTION TIMES OF THE SPECIES GIVEN
THE TEMPERATUFE AND MCLAP CONCENTRATICNS. REFERINCE
SQUATION (I1.5.161).

SUBRAOUTINE CKCTXP (P,T,X, I WORK,WORK,(CDOT,TAU) PAGE 97
THIS SUBROUTINZ RETURNS THE “OLAR CREATICN KATES AND
CHARACTERISTIC OESTRUCTION TIMES 3F THE SPECIES GIVEN
THE PRESSURE. TEMPEZRATURE AND MQLE FRACTIONS, REFERENCE
EQUATION (I1.5.161).

SUROJUTINE CKCTXR (RHDOWT Xy 1 ADRK,WORK,CONT, TAU} PAGE S8
THIS SUBROUTINE ReTURNS THE MOLAK CREATION RATES AND
CHARACTERISTIC OESTRUCTION TIMES OF THE SPECIES GIVEN
THE MASS DENSITY, TEMPZRATURE AND MOLE FRACTIONS. PEFERENCE
EQUATION (T1.5.16).

SUBRNUT INE CKCTYP (P, T,Y, IWORK,WORK,COOT,TAU! PAGZ $9
THIS SUBROUTINE RETUPNS THE MOLAF CREATICN RATES AND
CHAPACTERISTIC DESTRUCTION TIMES OF THE SPECIES GIVEN
THE MASS DENSITY, TEMPERATUKE AND MASS FRACTIONS. KEFEREN(CE
EQUATION fI1.5.16).

SUBROUTINE CKCTYR (RHO,T,.Y, IWOFK,WORK,(DIT, TAU) PAGE Q9
THIS SURROUTINE RETURNS THE MOLAR CREATICN RATES aND
CHARACTERISTIC NESTRUCTION TIMES OF THE SPECIES GIVEN
THE MASS DENSITY, TEMPEKATURE AND MASS FRACTICNS, REFERENCE
EQUATICON (I1.5.16)
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SUBROUT INE CKWC (T,C,IWORK,WORK,WDOT) PAGE 165
THIS SUBRQUTINE RETURNS THE MOLAR PRODUCTION FATES NF THE
SPECIES GIVEN THE TEMPERATURE AND MOLAR CONCENTRATIONS.
REFERENCE EQUATICN (Il.5.2.)

SUBROUTINE CKWXP (P,T,X,[WORK:WORK,WDOT) PAGE 147
THIS SUBRGUTINE RETURNS THE MOLAR PRODUCTION RATES OF THE
SPECIES GIVEN THE PRESSURE, TSMPERATURE AND MOLE FRACTIONS.
REFERENCE EQUATION (I1.5.21).

SUBROUT INE CKWXR (RHO T, X IWORKWORK,WOOT) TaGE 167
THIS SUBROUTINE RETURNS THE MOLAR PRODUCTION RATES 07 THE
SPECIES GIVEN THZ MASS DENS1TY, TEMPERATURE AND MOLE
FRACTIONS. REFERENCE EQUATION (I1.5.2).

SUBROUTINE CKWYP (P+T,+Y s IWORK WORK, WIOT} PAGE 168
THIS SURROUTINE RETURNS THE MOLAR PRODUCTION RATES
OF THF SPKCIES GIVEN THE PRESSURE, TEMPERATURE AND MASS
FRACTIONS. REFERENCE EQUATION (I11.5.2).

SURRQUTINE CKWYR (Rt T4V, [IWORK WORK,WDOT ! PAGS 144
THIS SUBKOUTINE RETURNS THE MOLAR PRCOUCTION RATES OF THE
SPECIES GIVEN THE MASS DENSITY, TEMPERATURE AND MASS
FRACTIONS. REFERENCE EQUATION (I1.5.2).

EQUILIRRIUM CONSTANTS AND RATE QF PROGRESS VARIABLES.

SUBROUTINE CKEQC (74C+iWORK,WIRK,ZQKC) PAGE 120
THTS SUBROUTINT RETURNS THE EQUILIBRIUM CONSTANTS OF THE
FEACTIONS GIVEN TEMPERATUKE. AND MOLAR CONCENTRATINONS.
REFERENCE EQUATICN (I11.5.7).

SUSROUT INE CKEQAP {P,T,X,IWORK, WORK,ZOKC} PAGE 131
THIS SUBROUTING RETURNS THE EQUILIBRIUM CONSTANTS FOR THEZ
DEACTIONS GIVEN PRESSURE, TEMPERATURE ANL ML ' RACTIONS,
REFERENCE CQUATION. (11.5.7%.

SUBROUTINE CKEQXE (RHOWT . X1 AUKKyWORK,EQKC PAGE 131

THIS SURRUUTING RETURNS THE EQUILIBRIUM CONSTANTS OF THE
REACTIONS GIVEN M£SS DENSITY. TEMPERATURE AMND MOLE FRACTIONS.
REFERENCE “UUATION (11.5.7),
SUBRNUTINE CKEQYP (P, T,Y, |WURK, WORK,EQKC(C) PAGE 132
THIS SUBROUT [N& RETURNS The ZUULILIBRIUM CONSTANTS FOR THE
REACTIONS GIVEN PRESSURT, TEMPERATURE AND MASS FRACTIONS.
REFERENCE EQULTION (I1.3.7).

SUBRIJUTINE CKEOQYR (KHO.T,Y,IWORK.WORK,FQKC) PAGE 122
THIS SUABROUTINE RETURNS THE EQUILIBRIUM CONSTANTS 0OJF THE
REACTIONS GIVEN MASS ODENSITY, TEMPERATURE AND MASS FRACTINNS.
REFSRENCE EQUATION (I1.5.7).

SUBROUTINE CKQC (T,C, IWORK,HRK,ROP) PAGE 143
THTIS SUBRCUTINE RETUFRNS THE RATE NF PROGRESS VARTABLES FOR
THE RZACTIONS GIVEN TEMPERATURE AND MOLAR CONCENTRATIONS.
REFERENCE FQUATIONS (11.5.4) AND (I1.5.11).

SUBROUTINE CKQXP (P,T,x, IWNORK,WORK,ROP) PAGE 143
THTS SUBROUTINE RETURNS THE RATE OF PROGRESS VARTABLES FOR
THE REACTIONS GIVEN PRESSURE, TEMPERATURE AND MOLE FRACTIONS.
REFERENCE EQUATIONS (Il.5.4) AND (Il.5.111.

SUBROUTINE CKQXR (RHO,T 4 X, IWORK,WORK,ROP} PAGE 144
THIS SUBROUTINE RETUANS THE RATE OF PROGRESS VARIABLES FOR
THE REACTIONS GIVEN MASS OENSITY, TEMPERATURE AND MOLE
FPACTIONS. REFERZENCE EQUATIONS (Il.5.4) AND (I11.5.11).



SUBROUTINE CKQYP (P, T,Y,IWORK,W0ORK,ROP} PAGE la4
THIS SUBROUTINE RETURNS THE RATE OF PFOGRESS VARIABLES FOR
THE REACTIONS GIVEN PRESSURE, TEMPERATURFE AND ™“ASS FRACTIONS.
REFERENCE EQUATICNS (1I1.5.4) AND (I1.5.11).

SUBROUT INE CKQYP (RFHO,T,Y,IWORK,WORK,RCOP) PAGE 145
THIS SUBROUTINE RETURNS THE RATE OF PROGRESS VARIABLES FO©°
THE REACTIONS GIVEN MASS DENSITY, TEMPEFATURE AND MASS
FRACTIONS. REFERENCE EQUATIONS (1I1.5.4) AND (Il.5.11).

SENSITIVITY PARAMETERS.

SUBROUY INE CKSAC (T,C,KDIM, IWNCKKWORK,DWKDAT) PAGE 147
THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAK
PRODUCTICN RATES NF THE SPECIES WITH RESPECT TO THE PRE-
EXPONENTIAL CONSTANTS QOF THE REACTIONS GIVEN TEMCERATURE AND
MOL AR CONCSNTRATIONS. KEFERENCE EQUATION (I11.11.2).

SUBROUT INE CKSAXP (P,T,XsKDIM, IWORK WORK,DWKDAT ] PAGE 143
THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES CF THE MOLAR
PRODUCTION RATES OF THE SOECIES WITH RESPECT TO THE PRE-
EXPONENTIAL CONSTANTS OF THE REACTIONS GIVEN PRESSURE,
TEMPERATUPE AND ™OLE FRACTIONS. REFERENCE EQUATION (I11.11.3).

SUBRDUTINE CKSAXR (RHU,T+X +KDIM, IWORK,WORK, OWKDAT} PAGE 143
TH1S SUBROUTINE RETURNS THE PARTTAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES 0OF THE SPECIES WITH RESPECT TQ THE PRF=~
EXPONENTI AL CONSTANTS OF THE REACTIONS GIVEN MaSS DENSITY,
TEMPERATURE AND MOLE FRACTIONS. REFERENCE EQUATION (I1.11.31).

SUBROUTINE CKSAYP (P,T,Y,KDIM,IWORK ,WOKK,OWKDAT)} PAGE 146
THIS SUBROUTINS RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO THE PRE-.
EXPONENTTAL CONSTANTS OF THE REACTICNS GIVEN PRESSURE,
TEMPERATUKE AND MASS FRACTIONS. REFERENCE EQUATION (I1.11.3%.

SUBROUT INE CKSAYR (RHD T, Y KDIM,IWORK\WORK, CWKDAT} PAGE 149
THIS SUBRUUTINE KETUKNS THE PARTIAL DERIVATIVES 0OF THE MOLAR
PRODOUCTICN RATES QOF THE SPECIES WITH RESPECT TO THE PRE-
EXPONSNTTAL CONSTANTS OF THE REACTIONS GIVEN MASS DENSITY,
TEMPERATURE AND MASS FRACTICNS. REFERENCE SQUATION (I1.11.31.

SUBROUTINE CKSBC (T,CyKDIM, JWORK,WORK,DWKDBI) PAGE 152
THIS SUBROUTINE RETURNS THE PARPTIAL DERIVATIVES QF THE MOLAR
PROCUCTION RATES OF THE SPECIES WITH RESPECT T9 THE
TEMPERATURE EXPCNENTS CF THE REACTIONS GIVEN TEMPERATURE
AND 40LAR CONCENTRATIONS. FREFERENCZ EQUATION (T1.11.4},

SUBROUTINE CKSBXP (P ,T,X,KNiM, ] wOKK HORK,0OWKDBI} PAGE 152
THIS SUBROUTINS QETURNS THE PARTIAL QERIVATIVES 0F THE MJILAR
PPODOUCTION fATES OF THE SPECIES WITH RESPECT TO THE
TEMPERATUKE FEXPCNENTS OF THE RFACTIONS GIVEN PRESSURE,
TEMPZRATURE AND ™MOLE FRACTIONS. PREFERENCE FQUATION (II1.11.410,

SUBROUTINE CKSBX2 (RHO T, X KDIM,IWORK ,WORK, CWKCRI} PAGE 132
THIS SUBROUTINE RETURNS THE PARTIAL DFRIVATIVES OF THE MOLAS
PRODUCTION KATZES OF THE SPECIES WITH RESPECT TO THE
TEMPERATURE EXPONENTS QF THF REANTIONS GIVEN MASS DENSITY,
TEMPERATURE AND MLCLE FRACTICNS. REFFERENCE EQUATION (11.11.4).

SUBROUTINE CKSRYP (PyT,Y,KDIM,IWORK WORK,OWKORI} PAGE 153
THIS SUBRQUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATZS OF THE SPECIES WITH RESPECT TO THE
TEMPERATURE EXPUNENTS OF THE REACTIAONS GIVEN MASS OENSITY,
TEMPERATURZ AND MASS FRACTIONS. REFERENCE EQUATION (11.:1,s4),

SUBRNUT INE CKSBYR (RHO,T,Y,KDIM, IWORK,WCRK, DWKDART) PAGE 153
THIS SUBROUTINE RETURNS THE PART AL ODERIVATIVES 0OF THE MOLAPR
PRODUCTION RATZS OF THE SPECIES WITH RESPECT TO THE
TEMPZRATURE EXPONENTS CF THE REACTIONS GIVEN MASS DENSITY,
TEMPERATURE AND MASS FRACTIONS. KEFERENCE EQUATION (11.11,4)
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SUBKOUTINE CKSEC (T,C.XDIM, [WORK,WORK, OWKDE 1} PAGE 154
THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTICON RATES OF THE SPECIES WITH RESPECT TO THE
ACTIVATION ENERGY CF THE REACTIONS GIVEN TEMPERATURE AND
MOLAR CONCENTRATIONS. REFERENCE EZQUATION (I1.11.%51).

SUBEQUT INE CKSEXP (©2,T,X,KDIM, IWORK WORK, DWKDEL} PAGE 155
THIS SUBRQUTINZ RETURNS THE PARTIAL DERIVATIVES CF THE MOULAR
PRODUCTION RATES NF THE SPECIES WITH RESPECT TO THE
ACTIVATION ENERGY OF THE REACTIONS GIVEN PRESSURE, TEMPERATURE
AND MOLE FRACTIONS. REFERENCE EQUATION (11.11.5).

SUBROUT INE CKSEXR (RHO,7,X,KDIM, IWORK,WORK, DWKDEI } PAGE 155
THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES QOF THE SPECIES WITH RESPECT TO THE
ACTIVATION ENERGY OF THE REACTIONS GIVEN MASS DOeNSITY
TEMPERATURE AND MOLE FRACTIONS. REFERENCE EQUATION (Il.11.5}).

SUBROUTINS CKSEYP (P,T,Y,KDIM, [WORK,WORK,OWKCEI ) PAGe 156
THIS SUBROUTINE RETURNS THE PART 1AL DERIVATIVES OF THE MOLAR
PRODUCTICN KATcS OF THE SPECIES WITH RESPECT TO THE
ACTIVATION ENERGY OF THE REACTINNS GIVEN PRESSURE, TEMPERATURE
AND MASS FRACTIONS. REFERENCE EQUATION (I11.11.51.

SUBROUTIME CK3EYR (RHO,T,Y,KDIM, IWORK,WORK, CWKDEI} PAGE 155
THIS SUJROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PROGUCTION RATcS OF THE SPECIES WITH RESPECT TO THE
ACTIVATION ENERGY OF THE REACTIONS GIVEN MASS DENSITY,
TEMPERATURZ AND MASS FRACTIONS. KREFERENCE EQUATION (II.1i.5}).

SURROUTINE CKSKC (T,CyKDIM, IWCRK,WORK+DWKDKI) PAGE 157
THIS SUBROUTINE RETUARNS THE PARTIAL DERIVATIVES OF THE
MOLAR PRODUCTION RATES GOF THE SPECIES WITH RESPECT TO THE
FORWARD RATE CONSTANTS OF THE REACTIONS GIVEN TEMPERATURE
AND MOULAR CONCENTRATIONS, REFEPENCE EQUATION (Il.11.2).

SUBROUT INE CKSKXP (P Ty XKDIM, TWCRK WORK,OWKDKI} PAGE 153
THES SUBROUTINE RETURNS THE PARTIAL DERIVATIVES CF TrHE
MOLAR PRODUCTINN RATES OF THE SPECIES WITH RESPECT T3 THE
FORWARD RATE CONSTANTS OF THE RKEACTIONS GIVEN PRESSURE,
TEMPERATURE AND MIOLE FRACTIONS. KEZFERENCE EQUATION (I1.11.2).

SURBRJUTINE CKSKXR (KHO,T4X KDIM, IWOSK,WCRK, DWKDKT ) PAGE 158
THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THZ
MOLAR PRODUCTION RATES OF THE SPECIES WITH RESPECT TO THE
FORWARD RATE CONSTANTS OF THE REACTIONS GIVEN MASS DENSITY,
TEMPERATURE AND MOLE *RACTIONS., REFERENCE EQUATION (Il.11l.2).

SUBROUTINE CKSKYP (P ,T,YXKDIMsIWORK,WIRK,DWKDKI ) PAGE 159
THIS SUBROUTINE KETURNS THE PARTTAL DERIVATIVES QOF THE
MOLAR PRODUCTION RATES OF THE SPECIES WITH RESPECT TO THE
FORWARD RATE CONSTANTS 0OF THE REACTIONS GIVEN PRESSURE,
TEMPERATURE AND MASS FRACTIONS. REFERENCE EQUATION (I1.11.2).

SUBRNUT INE CKSKYR (RHO,T,YKDIM, IWORK,WORK, CWKDKI} PAGE 159
THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE
MOLAR PKODUCTINN RATES OF THE SPECIES WITH RESPECT TO THE
FORWARD RATE CONSTANTS QF THE REACTIUNS GIVEN MASS DENSITY,
TEMPERATURE AND MASS FRACTIONS. REFERINCE EQUATION (I11.11.2).

DERIVATIVES OF EQUATICN CF STATE.

SUBROUT INE CKDPDC (RPHOsT4+C,yIWORK,WORK,DFOC! PAGE 112
THIS SUBROUTINE RETURNS THE PARTTAL DERIVATIVF 0F THE
PRESSURE WITH RESPECT TCQ THE MOLAR CONCENTRATIONS
GIVEN THE MASS DENSITY, TEMPERATURE AND MOLAR CONCENTRATIONS,
REFERENCE EQUATION (I1.7.15}).



SUBROUTINE CKDPDX (RHO,T.X, INOFK,WORK,DPDX) PAGZ 113
TRIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE
PRESSURE WITH RESPECT TO MOLE FPACTIONS GIVEN MASS DENSITY,
TEMPERATURE ANO MOLE FRACTIONS. REFERENCE EQUATION (il.7.141.

SUBROUTINE CKOFDY (RHO+T.Y, IWORK,WORK,NPDY) PAGE 1113
THIS SUBROUTINE RPETURNS THE PARTIAL DERIVATIVES OF PRESSURE
WITH RESPECT T0O THEZ MASS SRACTIONS GIVEN THE YASS DENSITY,
TEMPERATURE AND MASS FRACTIONS. REFERENCE EQUATION (II.7.131).

SUBFOUTINE CKOPTC (RHD,7,C, IWORK,WORK,DPOT} PAGE 11+
THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVE OF THE PRESSURE
WITH PESPECT TQ TEMPERATURE GIVEN THE MASS OENSITY, TEMPERATURE
AND MOLAR CONCENTRATIONS. FEFERENCE EQUATION (I1.7.12).

SUBROUTINE CKOPTX (RHD,T.X; IWORK,WORK,0OPDT) PAGE 114
THIS SUBROUTINE KETURNS THE PARTIAL DERIVATIVE OF THE PESSURE
WITH RESPECT TO TCMPERATURE GIVEN THE MASS DENSITY, TIMPERATUKE
AND MOLE FRACTIONS. REFZRENCE EQUATICN (I1.7.11)

SUBROUTINE CKODOPTY (RHQO,7T,Y,IWORK,WORK,0DPDT} PAGE 1158
THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVE NF THE PRESSURE
WITH RESPECT TJ TEMPERATURE GIVEN THE MASS DENSITY, TEMPERATURE
AND MASS FRACTIONS. REFSRENCE EQUATION (11.7.19)

SUBROUTINE CKDRDC (P+T,CsIWORK,WORK,IRHODCY PAGE 115
TH1S SUBROUTINE RETURNS THE PARTIAL DERIVATIVES (0OF THE MASS
DENSITY WITH RESPECT TO THE MOULAR CONCENTRATIONS GIVEN THE
PRESSURE, TEMPERATURE AND MOLAR COMCEMNTRATIONS. KEFERENCE
SQUATION (I11.7.91.

SURKOQUTINE CKORDX (P,T,X,IWORK,WORK,DRHODX] PAGE 115

THIS SUBROUTINE RETURNS THE PARTIAL OERIVATIVES OF THE MASS
DENSITY WITH RESPECT TQ THE MOLE ©RACTIONS GIVEN THE PRESSURE,
TEMPERATURE AND MOLE FRACTIONS. REFERENCE SQUATION (11.7.81).

SURROUT INE CKDRDY (P,T,Y,IWO3K,WORK,DORHCOY) PAGE 115
THIS SUBROJDUTIME RETURNS THe PARTIAL OFRIVATIVES OF THE MASS
DENSITY WITH KESPECTY TO MASS FRACTIONS GIVEN PRESSURE,
TEMPERATURE AND *4ASS FRACTIONS. REFERENCE EQUATION (I11.7.71).

SUBKOQUTINE CKDRTC (P,T,C,IWCFK,WNRK,DRHODT) PACE 117
THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVE 0OF THE MaStS
DENSITY WITH RESOPECT TC TEMPERATURE GIVEN POESSURE,

TCMPERATURE AND MOLAR CONCENTFATION., REFERENCE EQUATICN
(I11.7.61).

SUBROUTINE CKDRTX (P, T,4X,IWNPK,WORK,DRHONT) PAGE 117
THIS SUSROUTINE PETURNS THE PARTIAL DIRIVATIVE 0OF THE MASS
DENSITY WITH KESPECT T1 TEMPERATURE GIVEN PRESSURE,

TEMPERATURE AND MOLE FRACTIONS. REFEPENCE EQUATIOCN
(t11.7.51)

SUBFOUTINE CKDRTY (P47,Y«IWORK,WIRK,CRHQODT) PAGE 118
THIS SUBROUTINE RETUFNS THc PARTIAL ODERIVATIVE 3F THE MASS
DENSITY WITH PESPECT T TEMPERATURE SGIVEN THE PRESSURE,
TEMPERATURE AND MASS FRACTINNS. REFERENCE EQUATION (11.7.4}

SUBROUTINE CKDWRLC (C4 IWORK,WORK,OWRDC) PAGE 123
THIS SUBRJUTINE FETURNS THE PARTIAL DERIVATIVES 0OF THE
MEAN MOLECJULAR WEIGHT WITH RESPECT T3 THE MOLAR
CONMCENTRATIONS GIVEN THE MJLAR CONCENTRATIONS. REFERENCE
EQUATION (I1.7.31).

SUBROUTINE CKDWBX ( Xy INORK yWOxK,DWBOX) oAGE 123
THIS SUSBROUTINE RETURNS THE PARTIAL DERIVATIVE DOF THE
MEAN MOLECULAR WEIGHT WITH PESPECT TO THE MJILE FRACTIONS
GIVEN THE MOLE FRACTIONS. FESERENCE EQUATION (11.7.7).
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SURRQUTINE CKOWBY (Y, IWORK,WCRK,UWBOYI PAGE 1z4
THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVE OJF THE
MEAN MOLECULAR WEIGHT WITH RESPECT TO THE MASS FRACTIONS
GIVEN THE MASS FRACTIONS, REFERENCE FQUATION (I1.7.1).

MOLE -MASS CCNVE?SION DERIVATIVES.

SUBROUT INE CKOCXP (P,T,yXeKDIM, ] WORK yWORK,DCKDXN?} PAGE 108
THIS SUBRUUTINE RETURNS THZ PARTIAL DERIVATIVES (OF THE MOLAR
CONCENTRATIONS WITH RESPECT TO THE MOLE FRACTIONS GIVEN THE
PRESSURE, TEMPERATURE AND MOLE FRACYIONS. REFERENCE EQUATION
(11.8.5).

SUBROUTINE CKOCXR (RHO,T Xy KDIM, IWORK yWORK, CCKDXN} PAGE 108
THIS SUBROUTINE RETURNS THE PARTTAL DERIVATIVES (GF THE MOLAR
CONCENTRATIONS WITH RESPECT TO THE MQOLE FRACTIONS GIVEN THE
MASS DENSITY, TEMPERATURE AND MOLE FFACTIONS. REFERENCE
EQUATION (I1.6.061.

SURROUTINE CKDCYP (P4T,Y KOIM, IWORK WOKK,OCKDYN) PAGE 109
THIS SUBRQUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
CONCENTRATIONS WITH RESPECT TO THE MASS FRACTIONS GIVEN THE
FRESSURE, YEMPERATURE ANDC MASS FRACTIONS. REFERENCE EQUATION
(I1.8.3).

SUBRUUTINE CKDCYR (2HO,T,Y+KDOIM,IWCRK,WORK, OCKOYN} PAGE 111
THIS SU3ROUTINE RETURNS THE PARTTAL OERIVATIVES OF THE MOLAR
CONCENTRATIONS WITH RESPECT TO THE MASS FRACTIONS GIVEN THE
MASS DENSITY, TEMPERATURE AND MASS FRACTIONS. REFERENCE
STQUATION (1l.8.4).

SURKFIYTINE CKOXDY (Y KDIM, IWSRK,WORK,DXKOYN} PAGE 129
THI S SUBROUT INLC RETURNS THE PARTIAL DERIVATIVES OF THE MOLE
FRACTIONS WITH KESPECT TN THE MASS FRACTIONS GIVEN THE MASS
FRACTIONS. KEFERENCE EQUATION (11.8.21.,

SURKOUTINE CKXDYCX (X, KDIM,IWIRK,WORK,BYKCXN) PAGE 133
THIS SUBROUTINE RETURNS ThE PARTIAL DERIVAT]IVES DOF THE MASS
FRACTIOMS WITH KESPECLT TO THE MOLE FRACTIONS GIVEN THE MOLE
FRAZTIONS. REFEKRENCE EQUATION (I1.8.11).

DEKIVATIVES OF THE MOLAR CONCENTKATIONS.

SUBROUT INE CKOCPX (P, T,X4+IWURK, WORK,0CDPTX) PAGE 104
THIS SUBROUTINE KETUKNS THE PARTIAL OERIVATIVES 0OF THE MOLAR
CONCENTRATIONS WITH RESPECT 10 PRESSURE GIVEN PRESSURE,
TEMPERATURE AND MOLE FRACTIONS., REFERENCE EQUATION (I11.8.12}.

SUBROUTINE CKDCPY (P,T,Y, IWORK,WORK,DCDOPTY} PAGE 104
THIS SUBRKOUTINE RETURNS THE PACTIAL DERIVATIVES OF THE MOLAR
CONCENTRATICNS WITH RESPECT TOU PRESSURE GIVEN PRESSURE,
TEMPERATURSE AND MASS FRACTIONS, REFERENCE EQUATION (11.8.12).

SUBRUUTINE CKDCRX (RHO+T+ X+ IWORK.WORK,DCORTX) PAGE 103
THIS SUBROUTINE FETURNS THE PARTIAL DERIVATIVES OF THE MQOLAR
CONCENTRATIONS WITH RESPECT TO MASS DENSITY GIVEN MASS
OENSTITY, TEMPERATURE AND MOLE FRACTIONS., REFERENCE EQUATION
(I1.8.11).

SUBRROUTINE CKOCRY (RHO,T,Y,]WOFK,WORK,DCDRTY) PAGE 105
THIS SUBROUTIMNE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
CONCENTRATIONS WITH PESPECT T0O MASS DENSITY GIVEN MASS
OENSITY, TEMPERATURE AND “ASS FRACTIONS. REFERENCE EQUATION
{(11.8.191).



SUBROUTINE CKDCTX (P,T,X+IWNRK,WORK,DCOTPX) PAGE 105
THIS SUBROUTINE RETUPNS THE PARTIAL DERIVATIVES 2F THE MOLAR
CONCENTRATIONS WITH RESPECT TD TEMPERATURE GIVE THZ PRESSURE,
TEMPERATURE AND MOLE FRACTIONS. REFERENCE SQUATINN (]1.8.8]).

SUBROUTINE CKDCTY (P,T,Y s ITWORKyWIORK,NCDTPY !} PAGE 106
THIS SUBROUTINE RETURNS THE PARTIAL OERIVATIVES OF THE MOLAX
CONCENTRATIONS WITH RESPECT TO VEMPERATURE GIVEM THE
PRESSURE, TEMPERATURE AND MASS FRACTIONS. REFERENCE EQUATION
(It.8.71.

19. PDPERIVATIVES OF THT THERMCOYNAMIC PRNPERTIES (MASS UNITS).

SUBROUTINE CKDAMS (T,1WORK,WORK,DADTMS) PAGF 192
THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES CF THE
STANDARD STATE HELMBOLTZ SREF ENERGIES IN MASS UNITS WITH
RESPECT TG TEMPERATURE. REFERENCE ZQUATION (I1.9.1c1.

SUBROUTINE CKDCPS (T,+IWORK,WORK,DCPTMS) PASE 102
THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES CF THE
SPECIFIC HEATS AT CCONSTANT PRESSURE IN MASS UNITS wWITH
RESPELT TO TEMPERATUFE. REIFSRENCE EQUATICMN (I11.9.8).

SURRKOUT INE CKDCVS (T, IWORK.WIRK,OCVTHMS) PAGT 127
THIS SUBROUTINE KETURNS THE PARTIAL DEXRIVATIVES (F THE
SPECIFIC HZATS 87T CONSTANT VOLUME IN MASS UNITS wITH RESPECT
TO TZMPERATURE., REFERENCE EQUATION (Il.9.11).

SUBROUT INE CKOGMS (T, IWORK,WORK,DGOTMS) PAGE 111
THIS SUBRNDUTINE RETURNS THE PARTIAL DERIVATIVES "fF THE STANOASD
STATE GIBbBS ENZPGIES IN MASS UNITS WITH CESPECT TO TEMPERATURE.
REFERENCE EQUATION (11.3,13).

SUBRAUT INE CKOHMS (T,]WNRKWIRK,DHDTMS) PAGE 112
THIS SUBROUTIMNEZ RETURNS THE PARTIAL DERIVATIVES COF THE
ENTHALPIES IN MASS UNITS WITH PESPECT TO ToMPERATURE.

REFFRENCE ZQUATION (11.9.9).

SUBROUT INE CKDSMS (T,IWNRK,WDRK,DSDTMS) PAGE 119
THIS SUBROUTINF RcTURNS THE PARTIAL DERIVATIVFES 0OF THE
STANDARD STATE ENTROPISS IN MASS UNITS WITH RESPECT TO
TEMPERATUKE. REFCRENCE EQUATION (11.9.790).

SUBROUTINE CKDUMS (T,IW03K,WORK,DUDTHS) PaGe 122
THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE
INTERNAL ENEPGIES [N MASS UNITS WITH RESPECT TO TEMPERATUFE,
REFFAENCE EQUATICN (11.9.12).

¢0. DERIVATIVES OF THE THERMODYNAWMIC PROPEFTIES (MOLAR UNITS).

SUPROUTINE CKDAML (T, IWORK,WIRK,DANTML] PAGE 122
THIS SURROQUTINE RETURNS THE PARTIAL DEOIVATIVES JE THE
HELMHOLTZ FREF FNERGIES IN MOLAR UNITS WITH RESPFCT 7O
RESPECT TO TEMPERATURZI., REFERENCE EQUATION (I11.9.7).

SUBKOUTINE CKDCPL (T,IWGRK,WORK,CCPTML) PAGE 103
THES SURROQUTIME RETURNS THE PARTIAL DESIVATIVES OJF THE
SPECIFIC HEATS AT CCNSTANT PRESSURE IN MOLAR UNITS WITH
RESPECT TO TEMPERATURE. PEFEKENCE EQUATION (I1.9.11).

SUBROUT INE CKOCVL (T, IWORK,"4OKK,DCVTHML) PAGE 107
THIS SURROUTINE RETUFRNS THE PARTIAL DERIVATIVFS 02¢ THE
SPECIFIC HEATS AT CCNSTANT VOLUME IN MALAR UNITS WITH RESPECT
TO TEMPERKATUKkE. KEFERENCE EQUATION (I11.9.41).
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SUBROUTINE CKDOGML (T, IWORK,WORK,DGDTML) PAGE 110
THIS SUBROUTINE RETURNS THE PARTIAL OERIVATIVES OF THE GIBBS
STATE GIRBS FREE ENERGIES iN MOLAR UNITS WITH RESPECT TO
TEMPERATURE. REFERENCE EQUATION (Il.9.6).

SUBROUT INE CKDHMUL (T, IWORK,WORK,DHDTML) PAGE 111
THIS SUBROUTINS RETURNS THE PARTIAL DERIVATIVES 0OF THE
ENTHALPIES IN MOLAR UNITS WITH RESPECT TC TEMPERATURE.
REFERENCE EQUATION (11.9.21}).

UBROUTINE CKDSHML (T,TWORK,WJRK,CSDTML) PAGE 118
THIS SUBROUTINE RETUPNS THE PARTIAL OERIVATIVES OUF THE
STANDARD STATE ENTROPIES IN MOLAR UNITS WITH RESPECT TQ
TEMPERATURE. REFERENCE EQUATION (I11.73.3).

SUBROUTINE CKOUML (T, IWORK,WGRK,DUDTML} eaG:s 122
THIS SUBRNUTINS RETURNS THE PARTIAL DERIVATIVES OF THE
INTERNAL ENERGIES IN MCLAR UNITS WITH RESPECT TO TEMPERATURE.,
QEFERENCE EQUATICN (I1.9.5).

DERIVATIVES OF THE CHEMICAL PRCDUCTION RATES,

SUBROUTINE CKDTC (T,C, IWORK,WORK,DWOTC) PLGE 119
THIS SUBROUTINE RETURNS THE PAPTIAL CERIVATIVES OF THE MQOLAR
PRODUCT ION RATES (QF THE SPECIES WITH RESPECT TO TEMPERATURE
GIVEN THE TEMPERATURE AND MCOLAR CONCENTRATIONS. FEFERENCE
EQUATION (11.10.1).

SURROUTINE CKDTXP (P Ty X, IWNRK, WNRK,DWDTPX} PAGE 120
THIS SUSFOUTINE RETURNS THE PARTIAL DERIVATIVES CF THE MOLAFR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO TEMPERATURE
GIVEN THE PRESSUPE AND MTLE FRACTIONS. REFERENCE EQUATION
(11.10.1).

SUBRNUTINE CKDTXR (RHD, T,y X s IWORK,WORK,DWDTRX) PAGE 120
THIS SUBKOUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAF
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO TEMPERATURE
GIVEN THE MASS DENSITY, TEMPERATURE AND MOLE FRACTIONS.
REFERENCE EQUATICN (11.10.1).

SURROUTIHE CKDTYP (P,T,Y, IWDRK,WORK,DWDTPY] PAGE 121
THIS SUBLOUTINE RcTURNS THE PARTIAL DERIVATIVES 0F THE +0LAR
PRODUCTION PATES NF THE SPECIES WITH RESPECT TO TEMPERATURE
GIVEN THE PRESSURE, TEMPERATURE AND MASS FRACTIONS.

REFERENCE RQUATION (11.10.1).

SURROUTINE CKDTYR (RHN,T,Y, [WORK,WORK,DWDTRY) PAGE 121
THIS SUBROUT INE RETURNS THE PARTIAL DERIVATIVES 0OF THE MQLA&x
PRODUCTINN RATES OF THE SPECIES WITIH RESPECT TO TEMPERATURE
GIVEN THE MASS DENSITY, TEMPERATURE AND MASS FRACTIONS.
REFERENCE EQUATION (I1.10.1).

SUSROUTINE CKDWC (T4C+KDIM, IWORK,WORK,DWDCT) PAGT 1Zz4
THIS SURBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MNLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO MOLAR
CONCENTRATIONS GIVEN THC TEMPERATURE AND MOLAR CCNCENTRATIONS.
REFERENCE SQUATICN (11.10.25).

SUBRNUTINS CKOWPX (PoTyX,IWORK,WORK ,DWDPTX) PLGE 125
THIS SUBKOUTINZ RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT 7O PRESSURE
GIVEN THE PRESSURE, TEMPERATURE AND MOLE FRKACTIONS.

REFERENCE EQUATICN (11.19.32).

SUBRNUTINE CKOWPY (P, T,Y+IWORK,WORK,DWOPTY) PAGE 125
THIS SUBRQUTINE RETURNS THE PARTIAL DERIVATIVES 0OF THE MOLAR
PRODUCTION RATES 0OF THE SPECIES WITH RESPECT TO PRESSURE
GIVEN THE PRESSURE, TEMPERATURE AND MASS FRACTIONS.

RCFERENCE EQUATION (11.10.32).



SUBROUTINE CKDWRX (RHND,T X, IWOFK;WORK,DWORTX) OAGE 126
THIS SUBRQUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MILAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT T THE MASS
DENSITY GIVEN THE MASS DENSITY, TEMPERATURE AND PMOLE
FRACTIONS. REFERENCE EQUATION (I1.10.38).,

SUBROUTINE CKOWRY (PHO.T,.Y,IWORK,WORK,DWDRTY) PLGE 126
THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES NF THE SPECIES WITH RESPECT YO THE MASS
DENSITY GiVEN THE MASS DENSITY, TEMPERATURE AND MASS
FRACTIONS. REFERENCE EQUATION (11.10.38)Y.

SUBROUTINE CKDWXP (P,T X KDIM, IWORK .¥ORK,DWDXPT) PAGE 127
THIS SUBRQUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES IF THE SPECIZS WITH RESPELT TQ MALE FRACTIONS
GIVEN THE PRESSURE, TEMPERATURE AND MOLE FRACTIONS. REFZRENCE
EQUATION (I11.10.19).

SUBROUTINE CKDWXR (RHO,T,X,KDIM, [WORK,W(ORK, DWDXET] PAGF 127
THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES 0OF THFE MCOLAR
PRODUCT IUN RATES OF THE SPECIES WITH RESPECT TO MOLE FE2OTIONS
GIVEN THE MASS DENSITY, TEMPERATURE AND MOLE FRACTICNS.
REFERENCE EQUATION (1J.13.19).

SUBROUTINE CKDWYP (P,T,Y,KDIM, IWORK WORK,DWOYPT} PACGE 128
THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATZS OF THE SPECIES WITH RESPECT TN THE MASS
FRACTIONS GIVEN THE PRESSURE, TEMPERATURE AND MASS FRACTION.,
KEFERENCE EQUATICN (1} 10.13).

SUBROUTINZ CKDWYR (RHD,T,Y XDIH,IWORK,NORK,DWOYQT) PAGE 129
THIS SUBROUTINE RETURNS TnI PARTIAL DERIVATIVES OF THE MOLAR
PROBUCTION RATES 0OF THE SPZCIES WITH RESPECY TO THE MASS
FRACTIONS GIVEN THE MASS 2ENSITY, TEMPERATURE AND MASS
FRACTINONS. RESERCNCE EQUATION (I11.10.13),

85/86



VI. Alphabetical Listing of the Gas-Phase Subroutine
Library with Detaiied Instructions

Each of the Gas-Phase Library subroutines is descrited in this chapter,
together with a detailed description of the parameters in the call list. For
all arrays, information is given on the required dimensioning in the calling
program. For all variables having units, the cgs units are stated. In many
cases, a reference to the most applicable equation in Chapter Il is also

given.

SUBROUTINE CKABE (IWORK,WORK,RA,RB,RE}

THIS SUBROUTINE RETURNS THE ARRHENIUS COEFFICIENTS FOR
THE REACTIONS. REFERENCE EQUATION (I11.5.5).

INPUT
IWORK =~ ARRAY OF INTEGER INTERNAL WORY SPACE. THE IWORK ARRAY

IS INITIALILED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(®*} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK = ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED 8Y THE CALL TO SUBRIUTINE CKINIT.
DIMENSICN WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

aquTPUT
RA - ARRAY CF PRE-EXPONENTIAL CONSTANTS FOR THE 11
REACTICNS.
CGS UNITS -~ DEPENDS ON REACTION.
DIMENSION RA(*) AT LEAST II.
R8 ~ ARRAY OF TEMPERATURE DEPENDENCE EXPONENTS FOR THE 11
REACTIONS.
CGS UNITS - NONE.
DIMENSION RB(*) AT LEAST II.
RE ~ ARRAY QOF ACTIVATION ENERGIES FOR THE Il REACTIONS.
PREFERRED UNITS - CAL/MOLE. WUNITS ON RE MUST BE
COMPATIBLE WITH THE UNITS GIVEN FOR RUC.
DIMENSION RE(=*} AT LEAST II.

CKABML CRABML CKABML CKABML CKABML CKABML
AL ERA TR REE SRR R R AR E R R RN R R AR R

AL AR E RS RIS Rl SRR 2RSS
LSRR LRSS

SUBROUTINE CKABML (T.X,IWORK,WORK,ABML)

THIS SUBROUTINE RETURNS THE MOLAR WEIGHTED MEAN
STANDARD STATE HELMHOLYZ FREE ENERGY OF THE MIXTURE IN MOLAR
UNITS. REFERENCE EQUATION (I1.4.32}).

INPUT

T - TEMPERATURE.
CGS UNITS - K

X - MOLE FRACTIONS OF THE KK SPECIES.
CGS UNITS -~ NONE.
DIMENSION X{*) AT LEAST XK.

IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

1S INITIALIZED B8Y THE CALL TO SUBROUTINE CKINIT.

DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.

WORK = ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY [S

INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
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DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR

DETAILS ON THE REQUIRED LENGTH OF WORK.

ouUTPUT
ABML - MOULAR WEIGHTED MEAN STANDARDO STATE HELMHOLTZ FREE
ENERGY IN MOLAR UNITS.
CGS UNITS - ERGS/MOLE.
CKABMS CKABMS CKABMS CK ABMS CKABMS CKABMS
KRR B KUK R RN KRR KRRk kg
I EZR RIS RS RS SRS S 2R 32
T I,
SUBROUT INE CKABMS (T.Y, IWORK,WORK,ABMS)
THIS SUBROUTINE RETURNS THE MASS WEIGHTED MEAN
STANDARD STATE HELMHOLTZ FREE ENERGY 0OF THE MIXTURE IN MASS
UNTTS. REFERENCE EQUATION (11.4.33).,
INPUY
T - TEMPERATURE.
CGS UNITS - K
Y - ARRAY OF MASS FRACTIONS OF THE KK SPECIES.
CGS UNITS = NONE.
OIMENSION Y{*} AT LEAST KK,
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE [WORK AFRAY
IS INIYIALIZEC BY THE CALL TQ SUBROUTINE CKINIT.
CIMENSION IWORX(%*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBRQUTINE CKINIT.
DIMENSINN WORK (*) AT LEAST LENWX. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.
ouTPUT
ABMS - MASS WEIGHTED MEAN STANDARD STATE HELMMOLTL FREE
ENERGY IN MASS UNITS.
C6HS UNITS = ERGS/GM.
CKAML CKAML CKAML CKAML CKAML CKAML

FRAE IO AL REP AR EAR AR T A F AR EE R AN AR &
B RER U R AN AR USBE R RR N
IR IR T WRL RS 3

SUBROQUT INE CKAML (T, IWORK,WORK,AML)

THIS SUBRUGUTINE HETURNS THE STANDARD STATE HELMHOLTZ FREE
ENERGIRS IN MOLAR UNITS. REFERENFE EQUATIUN (Il.4.12}).

INPUT
T - TEMFERATURE.
CGS UNITS - K
IWORK - ARRAY OF INTEGER INTERNAL WORK SPACE. THE IwORK ARRAY
[S INITIALIZED BY THE CALL TO SUBKOUTINE CK.NIT.
DIMENS TON IWORK(*} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK,
WORK - ARRAY QOF REAL INTERNAL WJRK SPACE. THE WORn ARPAY IS
INITTALIZED CY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*}) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.
OUTPUT
AML - ARRAY QOF STANDARD STATE HFLMHOLTZ FREE ENERGIES 1IN

MO{.AR UNITS FOR THE KX SPECIES.
CGS UNITS -~ ERGS/MOLE.
DIMENSION AML(*) AT LEAST KK.



CKAMS CKAMS CKAMS CKAMS CKAMS CKAMS
P S P T R IS T T
WA AR R AR R Ok kR R Rk
R KA R

SUBROUT INE CKAMS (T4 IWORK,WORK,AMS)

THIS SUBRDUTINE RETURNS THE STANDARD STATE HELMHQOLT! FREE
ENERGIES IN MASS UIIITS. REFERENCE EQUATION (11.4.19}).

INPUT
¥ - TEMPERATURE.
CGS UNITS - K
IWORK - ARRAY OF INTEGER INTERNAL WORK SPACE. THE [WORK ARRAY

IS INITIALIZED BY THE CALL TGO SUBROUTINE CKINIT,
DIMENSION IWORK{*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF [WORK.
WORK - ARRAY 0OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TN SUBROUTINE CKINIT.
DIMENSION WORK({*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS 3N THE REQUIRED LENGTH OF WORK.

QUTPUT

AMS ~ ARRAY OF STANDARD STATE HELMHOLYZ FREE ENERGIES IN
MASS UNITS FOR THE KK SPECIES.
CGS UNITS - ERGS/GM.
OIMENSION AMSI{*) AT LEAST KK.
CKATHM CKATHM CKATHM CKATHM CKATHM CKATHY

AR R R AR ERRE R AR KRR KA R R A AR A RN R &
EEEP AR EEE RN NKN IR R R KRR &
ERRBREER KRN KR

SUBROQUTINE CKATHM (NDIM1,NDIM2, I WORK,WORK,TMID,A)

THIS SURROUTINE RETURNS THE COEFFICIENTS OF THE FITS FOF THE
THERMODYNAMIC PROPERTIES OF THE SPECIES. REFERENCE EQUATIONS
(IT.4.1) THROUGH (I1.4.8).

INPUT
NDIM1 - ACTUAL FIRST DIMENSION OF ARRAY OF THERMODYNAMIC <IT
COEFFICIENTS., NOIMI MUST BE AT LEAST NCP2, THE TOTAL
NUMBER GF COEFFICIENTS FOR ONE TEMPERATURE RANGE
NDIM2 - ACTUAL SECOND ODIMENSION OF ARRAY OF THERMOOYNAMIC FIT
COEFFICIFENTS. NDIMZ MUST BE AY LEAST 2 SINCE THERE ARE
2 TEMPERATURE RANGES.
IWORK - ARRAY DOF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL T0O SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK ~ ARRAY OF REAL [MTEKNAL WOKK SPACE, THE WORK APRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSTION WORK(=®) AT LEAST LENWK. STE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH NF WORK,

ouTPUT
TMI0 = ARRAY (0OF COMMCN TEMPERATURES DIVIDING THE HIGH AND
LOW TEMPERATURE THERMODYNAMIC FITS TN THE
THERMODYNAMIC DATA.
: CGS UNITS - XK.
DIMENSION TMID(#*) AT LEAST KK,
A - THREE DIMENSIONAL ARRAY OF FIY COEFFICIENTS TO THE
THERMODYNAMIC DATA FOR THE KK SPECIES.
THE INDICIES IN A(N,L,K) MEAN-
N = 1,NN REPRESENT POLYNOMIAL COEFFICIENTS IN CP/R
CP/R(IKI=A(L1 LK) + AL2,L,K)*T + A(3,L K)3T®22 4+
N = NN+)1 IS FOR THE FORMATION ENTHALPIES, 1.E.,
HO/P = A(NN+l,L.K]}
N = NN+2 1S FOR THE STANDARD STATE FORMATION
ENTORPIESy 1.E..
SO/R = AUNN42,L,K}
L= 1 IS FOR THE LOW TEMPERATURE RANGE
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L = 2 IS FOR THE HIGH TEMPERATURES RANGE

K IS THE SPECIES INDEX
DIMENSION A(NDIM1,NDIM2,*) EXACTLY NDIML AND NDIM2
FOR THE FIRST AND SECOND DIMENSIONS AND AT LEAST
KK FOR THE THIROD.

CKAWT CKAWT CKAWT CKAWT CKAWT CKAWT
FREATF AR AR R AR ARR KRR AR R R R ARk

AR KRR RN KRR Rk KKK
LR R LR SR S S

SUBROUTINE CKAWT (IWORK,WORK,AWT)

THIS SUBROUTINE RETURNS THE ATOMIC WEIGHTS OF THE ELEMENTS.

INPUT
IWORK =~ ARRAY (OF [INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZED BY THE CALL TO SUBRNUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE PEQUIRED LENGTH OF IWORK.
WORK - ARRAY (OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT ©0OR
DETAILS CN THE REQUIRED LENGTH OF WOPRK.

OuTPUT
AWT ~ ARRAY OF ATOMIC WEIGHTS FOR THE MM ELEMENTS.
CGS UNITS = GM/MOLE.
DIMENSICN AWT(*) AT LEAST MM.
CKCOC CKCeC CKcoc CKCDC CKCOC CKCDC

VEF LI RRN A E R AR R R R K KRR KR Rk ok
o R R R R R R KRR R Rk Rk
LA AREERESE LR

SUBROUTINE CKCOC (T,C, IWORK,WORK,CDOT,DDOT)

T41S SUBROUTINE RETURNS THF MOLAR CREATION AND DESTRUCTION
RATES OF THE SPECIES GIVEN THE TEMPERATURE AND MOL AR
CONCENTRATIONS, REFERENCE ECUATION (11.5.13}).

INPUT
T

TEMPERATURE.
CGS UNITS - K
C -~ MOLAR CONCENTRATIONS OF THE KK SPECIES.
CGS UNITS = MOLE/CM¥x*x]
DIMENSION C(*) AT LEAST KK.
ARRAY 0OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSTON IWORK{*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CH THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK (%) AT LEAST LENWK. SEE CKINIT FOR
CETAILS ON THE REQUIRED LENGTH OF WORK.

I WORK

ouTPUT
conT ~ ARRAY OF CHEMICAL MOLAR CREATION RATES FOR THE KK
SPECTES.
CGS UNITS = MOLE/(CM**3%SEC).
DIMENSION CDOT{(*) AT LEAST KK.
0007 - ARRAY OF CHEMICAL MNLAR DESTRUCTION RATES FOR THE
KK SPECIES.
CGS UNITS ~ MOLES/(CM**3+SEC).
DIMENSION DOOT(*) AT LEAST KK.



CKCDXP CKCDXP CKCOXxP cxcoxe CKCDXP CKCOXP
EERE RSN TR AR R AR R R R AR KRR R XK E G R K

AEEERE KRR RRR R AR R MK K
AR R KR

SUBROUTINE CKCDXP (P+T,X, IWORK,WORK,CDOT,000T}

THIS SUBROUTINE RETURNS THE MOLAR CREATION AND DESTRUCTION
RATES OF THE SPECIES GIVEN PRESSURE, TEMPERATURE AND
MOLE FRACTIONS. REFERENCE EQUATION (IT.5.131).

INPUT
P - PRESSURE.
CGS UNITS = DYNES/CM*x2,
T - TEMPERATURE.
CGS UNITS - K
X - MOLE FRACTIONS OF YHE KK SPECIES.

CGS UNITS -~ NONE.
DIMENSION X(=*) AT LEASY KK.
IWORK =~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK({*) AT LEAST LENIWK. SEE CKINIT Ff0k
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WOKK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT,
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOK
OETAILS ON THE REQUIRED LENGTH OF WORK.

NUTPUT
coorv - ARRAY OF CHEMICAL MOLAR CREATION RATES FOR THE XK
SPECIES.
CGS UNITS = MOLE/(CM#**3%SEC).
DIMENSICON CDOT(*) AT LEAST KK,
DOOT - ARRAY OF CHEMICAL MOLAR DESTRUCTION RATES FOR THE
KK SPECIES.
CGS UNITS = MOLES/{(CM**3=SEC).
DIMENSION DOLOT(*) AT LEAST kK.

CKCDXR CXCDXR CKCDXR CKCDXR CKCOXR CKCODXR
L P R e P Ty P

T T R Y]
AARKEBRERE R
CUBROUT INE CKCDXR (RHO,T,X,IWORK,WORK,CDOT,DDOT)

THIS SUBROUTINE RETURNS THE MOLAR CREATION AND DESTRUCTION
RATES OF THE SPECIES GIVEN THE MASS DENSITY, TEMPERATURE
AND MOLE FRACTIONS. REFERENCE EQUATION (11.5.13).

INPUT
RHO - MASS DENSITY.
CGS UNITS = GM/CM*=*3,
T - TEMPERATURE.
CGS UNITS - K
X - MOLE FRACTIONS OF THE KX SPECIES.

CGS UNITS -~ NONE.
DIMENSION X{*) AT LEAST KK.
IWNRK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TN SUBROUTINE CKINIT.
DIMENSION [WORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE PEQUIRED LENGTH OF [WORK.
WORK ~ ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY 1S
INITTALIZED By THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK({*} AT LEAST LENWK. SEE CKINIT FOK
DETAILS ON THE REQUIRED LENGTH NOF WORK.

OuUTPUT
cbor -~ ARRAY (F CHEMICAL MOLAR CREATION RATES FOR THE KK
SPECIES.
CGS UNITS - MOLE/(CM*x3xSEC) .,
OIMENSION CDOT(*} AT LEAST XK,
DO0T - ARRAY 0OF CHEMICAL MOLAR DESTRUCTION RATES FOR THE
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KK SPECIES.
CGS UNITS = MOLES/(CM*=2%SEC).
DIMENSION DDOT(*) AT LEAST KK.

CKCDYP CKCDYP CKCDY® CKCDYP CKCoye cCKCODYP
L R e P
R R T T Ry
ERER R KK AKK

SUBROUTINE CKCDYP (P,T,Y, IWORK,WORK,COOT,DDOT)

THIS SUBROUTINE RETURNS THE MOLAR CREATION AND DESTRUCTION
RATES OF THE SPECIES GIVEN MASS DENSITY, TEMPERATURE AND
MASS FRACTIONS. REFERENCE EQUATION (Il1.5.131).

ITNPUT
P - PRESSUFE.
CGS UNITS = DYNES/CM==2,
T - TEMPERATURE.
CGS UNITS - K
Y - ARRAY 0OF MASS FRACTIONS OF THE XX SPECIES.

CGS UNITS - NONE.
DIMENSICN Y(*) AT LEAST KK.
IWORK - ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK({*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.,
WORK ~ ARRAY OF FEAL INTEPNAL WORK SPACE. THE WORK AFRAY IS
INITIALTZ?7ED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(#*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

ouTPUT
coor - ARRAY OF CHEMICAL MQOLAR CREATION RATES FOR THE KK
SPECIES.
CGS UNITS =~ MOLE/(CM2*3xSEC),
DIMENSION CDOT(*) AT LEAST KK.
000% - ARRAY 0OF CHEMICAL MOLAR DESTRUCTION RATES FOR THE
KK SPECIES.
CGS UNITS ~ MOLES/(CMew2xSECH,
DIMENSION DDOT(*) AT LFEAST KK.
CKCDYR CKCOYR CKCOYR CKCDYR CKCDYR CKCOYR

EREEABEAAS RN R BRI RN PRI RO R AR N Rk Rk &
HR R R R R R R R Rk R KR K K
EERE AN ER R R K

SUBROUTINE CKCDYR (RY0,T,Y, ] WORK,WORK,CDOT,0DOT)

THIS SUBROUTINE RETURNS THE MOLAR CREATION AND DESTRUCTION
RATES OF THE SPECIES GIVEN THE MASS DENSITY, TEMPERATURE
AND MASS FRACTIONS, REFERENCE EQUATION (11.5.13}

INPUT

RHO - MASS (ENSITY.
CG5 UNITS = GM/CM*23,

T - TEMPERATUPE.
CGS UNITS - K

Y - ARRAY OF MASS FRACTIONS OF THE KK SPECIES.
CGS UNITS - NONE.
DIMENSION Y(*) AT LEAST KK,

IWORK ~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

1S INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.

CIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.

WO RK = ARRAY OF REAL [NTERNAL WORK SPACE. THE WORK ARRAY IS

INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK{*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.



QUTPUT

chov ~ ARRAY JF CHEMICA{L MOLAR CREATION RATES FOR THE XK
SPECIES.
CGS UNITS = MOLE/(CM**3*SEC).
ODIMENSION CDOT(#*) AT LEAST KK.
[01s]eh} - ARRAY OF CHEMICAL MOLAR DESTRUCTION RATES FOR THE
KK SPECIES.
CGS UNITS ~ MOLES/(CM**3*SEC).
DIMENSION DDOT(*) AT LEAST KK.
CKCHRG CKCHRG CKCHRG CKCHRG CKCHRG CKCHRG

AR ERAARRKER AR KRR AR R A R R R R AR
REAKERRERRR AR R ARR AR R RN &
EARE AR RE KR
SUBROUTINE CKCHRG (IWORKWORK,KCHARG)

THIS SUBROUTINE RETURNS THE ELECTRONIC CHARGES OF THE
SPECIES.

INPUT
IWORK = ARRAY QOF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITTALIZED 8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION ITWORK(=*) &T LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL 7O SUBROUTINE CKINIT,
DIMENSION WORK (%) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

QuTPUT
KCHARG - ARRAY 0OF THE CHARGES OF THE KK SPECIES. FOR EXAMPLE
KCHARG(K)==2 INDICATES THAT THE K TH SPECIES HAS TWO
EXCESS ELECTRONS.
DIMENSION KCHARG (%) AT LEAST KK.

CKCCMP CKCOMP CKCOMP CXCOMP CKCOMP CKCOMP
L T T L s
Ry Y Ty T
ERKA SRR AR R N

SUBROUTINE CKCOMP (LENIH,IH1,IH2,1SAME)

THIS SUBROUTINE CCMPARES TWO HOLLERITH STRINGS TO
DETERMINE I1F THEY ARE THE SAME OR NOT.

INPUT
LENIH - LENGH OF ARRAY OF HOLLERITH CHARACTERS TO BE CQMPARED
IH1 - ARRAY OF Al HOLLERITH CHARACTERS

DIMENSION [HL U#*) AT LEAST LENIH
IH2 - ARRAY OF Al HOLLERITH CHARCTERS
OIMENSION [H2(*} AT LEAST LENIH

ouTPUT
1 SAME FLAG FOR COMPARISON OF TWO HOLLERITH ARPAYS
ISAME=1 [H]l IS IDENTICAL TO IH2

ISAME=0 IHl IS NOT IDENTICAL TO IH2
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CKCONT CKCONT CKCONT CKCONT CKCONT CKCONT
AR R R RO R KRR AR R AR KR X AR R

Ak R K kR R ROR O 2 R R R R K
AR AEEE TR S
SUBROUTINE CKCONT (K,ROP, IWORK,WORK,CIK}

THIS SUBROUTINE RETURNS THE CONTRIBUTION OF THE II REACTIONS
TO THE MOLAR PRODUCTION RATE OF THE X TH SPECIES.

INPUT
ROP ARRAY OF RATE OF PROGRESS VARIABLES FOR THE 11
REACTICNS.,
CGS UNITS = MOLES/(CM*=*3%xSEC]).
DIMENSION ROP{*) AT LEAST II.
IWORK - ARRAY 0OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
OIMENSION IWORK{*) AT LEASY LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF [WORK.
WORK -~ ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY [S
INITIALIZED 8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

t

QU TPUT
CIK - ARRAY CF THE CONTRIBUTIONS OF THE Il REACTIDNS TO
THE MOLAR PRODUCTION RATE OF THE K TH SPECIES.
CGS UNITS - MOLE/(LM»x3%SECH
CIMENSICN CIK{*) AT LEAST II.
CKCPBL CKCPBL cKcpeL CKCPBL CKCPBL CKCPBL

AR AR R R K R OR KR K o K R Ok K Ak ok o ok Rk
LA SR RS ST R RS RSN S
XEEKEKE AR ERR AR

SUBROUTINE CKCPBL (T,X, IWORK,WOPK,CPBML)

THIS SUBROUTINE RETURNS THE MOLAR WEIGHTED MEAN SPECIFIC
HEAT AT CONSTANT PRESSURE. REFERENCE EQUATION (I11.4.20}).

INPUT
T - TEMPERATURE.,
CGS UNITS - K
X - MOLE FRACTIONS OF THE KK SPECIES.
CGS UNITS = NONE.
DIMENSION X (%) AT LEAST KK.
IWORK =~ ARRAY OUF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT,
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY (F REAL INTERNAL WORK SPACE. THE WORX ARRAY IS
INITIALTZED BY THE CALL TO SUBROUTINE CKINIT,
DIMENSION WORKU(%) AT LEAST LENWK. SEE CKFINIT FOFf
DETAILS CN THE REQUIRED LENGTH OF WORK.
QUTPUT
CPBML  ~ MOLAR WEIGHTED MEAN SPECIFIC HEAT AT CONSTANT PRESSURE

IN MGLAR UNITS.
CGS UNITS = ERGS/(MOLE*K).



CKCPBS CKCPBS CKCPBS CKCPBS CKCPRS CKCPBS
EARAAR AR R R KRR R R R R R A R K R Rk K

KKK KKK KK KK K K K
I TIISILsItELY
SUBROUT INE CKCPBS (T,Y, IWORK.WORK,CPBMS)

THIS SUBROUTINE RETURNS THE MASS WEIGHTED MEAN SPECIFIC
HEAT AT CONSTANT PRESSURE. REFERENCE EQUATION (1l1.4.21).

INPUT
T TEMPERATURE.,
CGS UNITS - K
Y - ARRAY OF MASS FRACTIONS OF THE KK SPECIES.
CGS UNITS - NONE,
DIMENSION Y(*) AT LEAST KK,
IWORK - ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
1S INITIALIZED BY THE CALL 7O SUBROUTINE CKINIT,.
OIMENSION [WORK{*) AT LEAST LENIWK. SEE CKINIT FOK
ODETAILS ON THE REQUIRED LENGTH 0OF IWORK,
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY 1S
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT,
OIMENSION WOKK{*} AT LEAST LENWK. SEE CKINIT FQOR
OETAILS ON THE REQUIRED LENGTH OF WORK.

OouTPUT
CPBMS =~ MASS WEIGHTED MEAN SPECIFIC HEAT AT CONSTANT PRESSURE
IN MASS UNITS.,
CGS UNITS - ERGS/(GM*K}.
CKCPML CKCPML CKCPML CKCPML CKCPML CKCPML

AR R A R AR RO R R R R AR R AR R R KK KK Kk X
AR RN R R R R Rk Rk
R K KK
SUBROUTINE CKCPML (T, IWORK,WORK,CPML}

THIS SUBROUTINE RETURNS THE SPECIFIC HEATS AT CONSTANT
PRESSURE IN MOLAR UNITS. REFERENCE EQUATION (I1.4.11).

INPUT
T - TEMPERATURE.
CGS UNITS - X
IWORK - ARRAY OF INTEGER INTERNAL WORK SPACE. THE [WORK ARRAY

IS INITIALIZED P THE CALL TO SUBROUTINE CKINIT.
DIMENSION 1wl RK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK.,
WORK - ARRAY OF REAL [INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL TO SURROUTINE CKINIT,
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN 'mnE REQUIREN LENGTH OF WORK.

ouTPUT
CPML - ARRAY OF SPECIFIC HEATS AT CONSTANT PRESSURE IN MOLAR
UNITS FOR THE KK SPECIES.
CGS UNITS - ERGS/(MOLE*K).
OIMENSICN CPML(*) AT LEAST KK.
CKCPMS CKCPMS CKCPMS CKCPMS CKCPMS CKCPMS

R I T R e Y P Ty e
ARG E KRR ERR AR R R AR AR
I rYYrrTIITY

SUBROUTINE CKCPMS (T, !WORK,WORK,CPMS)

THIS SUBROUTINE KETURNS THE SPECIFIC HEATS AT CONSTANT
PRESSURE [N MASS UNITS. REFERENCE EQUATION (Il1.4.13}.

INPUT
T - TEMPERATURE.
CGS UNITS = K
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ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK., SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK.

WORK ~ ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS

INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(=*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

IWORK

ouTPUT
CPMS - ARRAY CF SPECIFIC HEATS AT CONSTANT PRESSURE IN MASS
UNITS FUR THE KK SPECIES.
CGS UNITS - ERGS/(GM=*K}).
DIMENSION CPMSt*} AT LEAST KK.
CXCPOR CKCPOR CKCPOR CKCPOR CKCPOR CKCPOR

AR RN KR R RO R AOR ROK R ORI R KR KK R
R K AR AR A AOR KR OK KK R KK K
IE T TT L E T T 2R

SUBROUT INE CKCPOR (T, IWORK,WORK,CPOR)

THIS SUBROUTINE RETURNS THE NONDIMENSIONAL SPECIFIC
HEATS AT CONSTANT PRESSURE. REFERENCE EQUATION
(Iloasl) QR (I1.4.610.

INPUT
T - TEMPERATURE.
CGS UNITS - K
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWCRK ARRAY

1S INITILLI2eL By THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK., SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WIFkK - AKRRAY (OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALT1ZED B8Y THE CALL TO SUBROUTINE CKINIT.
DIMENS{ON WORK({x} AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

OUTPUT
CPOR - ARRAY OF MONDIMENSIONAL SPECIFIC HEATS AT CONSTANT
PRESSURE FOR THE KK SPECIES.
CGS UNITS — NONE.
OIMENSTON CPOR(») A1 LEAST XK.
cxCre CKCTC CKCTC CKCTC CKCTC h CKCTC

AR R R KK R R KR R OR R RO R Rk K R K
R R R Rk R R R Rk
T I ETIL Y

SUBROUTINE CKCTC (7,0, IWORK WORK,CDOT, TAU)

THIS SUBROUTINE RETURNS THE MOLAR CREATION RATES AND
CHARACTERISTIC DESTRUCTION TIMES OF THE SPECIES GIVEN
THE TEMPERATURE AND MOLAR CONCENTRATIONS. REFERENCE
EQUATION (I1.5.161.

INPUT
T - TEMPERATURE.
CGS UNITS - K
C - MOLAR CONCENTRATIONS Of THE KK SPECIES.

CGS UNTTS = MOLE/CM*x%3
DIMENSION C(*) AT LEAST KK.
IWORK - ARRAY NF INTEGER INTERNAL WORK SPACE. THF IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION TWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENRTH OF IWORK.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK({*} AT LEAST LENWK. SEE CKINIT FQOR
DETAILS ON THE REQUIRED LENGTH OF WOFK.

WORK
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ouTPUT
coaT - ARRAY OF CHEMICAL MOLAR CREATION RATES FQOR THE KK
SPECIES.
CGS UNITS ~ MOLE/{CM**3%SEC).
DIMENSION COOT(#*)} AT LEAST KK.
TAU - ARRAY OF CHARACTERISTIC DESTRUCTION TIMES FOR THE
KK SPECIES.
CGS UNITS - SEC.
DIMENSION TAU(*) AT LEAST KK.

CKCTX CKCTX CXCTX CXCTX CKCTX CKCTX
22 RS2SR SRR RS R ER SRR R RS
LES TR IR SRR 2SR R R XY
LA RS 2R 2 R 2R ]

SUBROUTINE CKCTX (C,IWORK,WORK, X}

THIS SUBROUTINC RETURNS THE MOLE FRACTIONS GIVEN THE
MOLAR CONCENTRATIONS. REFERENCE EQUATION (I1I.3.8).

INPUT
C - MOLAR CONCENTRATIONS OF THE KK SPECIES.
CGS UNITS = MOLE/CM=#*3
DIMENSICN C(*) AT LEAST KK,
IWORK - ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWURK ARRAY
IS INITIALIZED B8Y THE CALL T0O SUBROUTINE CKINIT,
DIMENSION IWORK{*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIKED LENGTH OF IWORK,
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WURK ARRAY IS
INITIALIZED BY THE CALL TO SUBROQUTINE CKINIT.
DIMENSION WORKIx) AT LEAST LENWK. SEE CKINIT FNR
DETAILS CN THE REQUIRED LENGTH OF WORK,
QUTPUT
X - MOLE FRACTICNS OF THE KK SPECIES.
CGS UNITS = NONE.
DIMENSINN X(*) AT LEAST KK.
CKLyxe CKCTXP CKXCTXP CxCrxp CKCTXxP CKLTXP

LEE R SRR R AT ERAS LR ER R R Rt R R R R Rl
A REESE R ESSE TS EEEREEES L EE D)
(RS R LR R LS S S

SUBROUTINE CKCTXP {Ps7,X, [WORK,WORK,CDOT,TAU)

THIS SUBROQUTINE RETURNS THE MOLAR CREATION RATES AND
CHARACTERISTIC DESTRUCTION TIMES OF THE SPECIES GIVEN
THE °®RESSURE, TEMPERATURE AND MOLE FRACTICNS. REFERENCE

EQUATION (I1.5.141.
INPUT
P - PRESSURE.
(GS UNITS = DYNES/CM=x2,
T - TEMPERATURE.
CGS UNITS - K
X ~ MOLE FRACTICNS 0OF THE KK SPECIES.

CGS UMITS —~ NONE.
DIMENSION X(*] AT LEAST KK.
IWORK -~ ARRAY 0OF INTEGER INTERNAL WORK SPACE. THE [WORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION TWORK(*) AT LEAST LENIWK. SEE CKINIT FOFR
DETAILS ON THE REQUIRED LENGTH OF IWORK,
WORK = ARRAY 0IF REAL INTERNAL WORK SPACE. THE WNRK ARRAY IS
INITIALIZED BY THE CALL TGO SUBROUTINE CKINIT,
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
ODETAILS ON THE REQUIRED LENGTH OF WORK.

QUTPUT
cooT = ARRAY OF CHEMICAL MOLAR CREATION RATES FOR THE KK
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SPECIES.
CGS UNITS = MOLE/(CM**3%SEC).
DIMENSION CDOT(=*) AT LEAST KK.
TAU - ARRAY OF CHARACTERISTIC DESTRUCTION TIMES FOR THE
KK SPECIES.
CGS UNITS - SEC.
OIMENSION TAU(*) AT LEAST KK.

CKCTXR CRCTXR CKCTXR CXCTXR CKCTXR CKCTXR
Ak g A ok ok doe o ok ok ik ol o o A koK e
EARREER KKK ER KSR AR R RN R
(T3 T2 222 E

SUBROUTINE CKCTXR (RHO, T X IWORK,WORK,COOT, TAUI

THIS SURROUTINE RETURNS THE MOLAR CREATION RATES AND
CHAKACTERISTIC DESTRUCTION TIMES OF THE SPECIES GIVEN
THE MASS DENSITY, TEMPEKATURE AND MOLE FRACTIONS. REFERENCE

EQUATION ([1.5.16).

INPUT
RHQ ~ MASS DENSITY.
CGS UNITS = GM/(CM*=*3,
7 - TEMPERATURE.
CGS UNITS - K
X -~ MOLE FRACTICNS NF THE KK SPECIES.

CGS UNITS = NONE.
DIMENSION X({*) AT LEAST KK,
TWORK ~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE [WORK ARRAY
1S INITULALIZED BY THE CALL TO SUBROUTINE CKINIT,
DIMENSTON [AORK{#) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WO RK - ARRAY OF QEAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTI 22D BY THE CALL TO SUBROUTIHNE CKINIT.
DIMENSTION WORK({*) AT LEAST LENWK., SEE CKINIT FOR
OETAILS ON THE REQUIRED LENGTH 0OF WORK.

QuUTPUT
coor - ARRAY QOF CHEMICAL MOLAR CREATION RATES FOR THE KK
SPECTES.
CGS UNTTS = MOLE/(CM=*3xSEC) .
DIMENSTON CONT(a1 ad CEAST KK.
TAU ~ ARKAY OF THARALTePiSTIC DELTRUCTION TIMES FOR THE
KK SPECIHS.
CGS UNITS - SEC.
OIMENSION TAU(*) AT LEAST KK.

CKCTY CKCTY CKCTY CKCTY CKCTY CKCTY
A O K K o o OR X R K AR oK o kR oK oK R
R AR ORI K K RO ok A ok K
Al A W A Bk K

SUBROUTINE CKCTY (Cy INORK s WORK Y

THIS SUBROUTINE RETURNS THE MASS FRACTIONS GIVEN THE
MOLAR CONCENTRATIONS. REFERENCE EQUATION (11.3.7).

INPUT

C - MOLAR CONCENTRATIONS OF THE KK SPECIES.
CGS UNITS - MOLE/CM*%3
DIMENSION C(*) AT LEAST KK.

IWORK - ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.

DIMENSION [WORK(*) AY LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF [WORK.

WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS

INITIALIZED BY THE CALL TO SUBRQUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FIR
DETAILS CN THE REQUIRED LENGTH OF WORK.
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QUTPUT
Y - ARRAY OF MASS FRACTIONS OF THE KK SPECIES.

CGS UNITS -~ NONE,.
DIMENSION Y(%x) AT LEAST KK,

CKCTYP CKCTYP CKCTYP CKCTYP CKCTYP CKCTyP
AERERR AR KRR E KRR KRR KRR HRXT 5 & & K
P P T P T
EEERRKEK R

SUBROUTINE CKCTYP (P,T,Y,IWORK,WORK,CDOT,TAU)

THIS SUBROUTINE RETURNS THE MOLAR CREATION RATES AND
CHARACTERISTIC DESTRUCTION TIMES OF THE SPECIES GIVEN

THE MASS DENSITY, TEMPERATURE AND MASS FRACTIONS. REFERENCE
EQUATION (II.5.16]).

INPUT
P ~ PRESSURE.
CGS UNITS - DYNES/CM=*=2Z.
T - TEMPERATURE.
CGS UNITS - X
Y ~ ARRAY OF MASS FRACTIONS OF THe KK SPECIES.

CGS UNITS = NONE.
DIMENSIION Y(*}) AT LEAST KK.
IWOKK -~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALTZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSTION [WORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITTALTZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK, SEE CKINIT FOR
DETAILS NN THE REQUIRED LENGTH OF WORK.

QU TPUT
coor - ARRAY OF ZHEMICAL MOLAR CREATION RATES FOR THE KK
SPECIES.
CGS UNITS - MOLE/(CM*%3+5SEC).,
DIMENSICN CDOT(*) AT LEAST KK,
‘TAU - ARRAY 0OF CHARACTERISTIC DESTRUCTION TIMES FOR THE
KK SPECIES.
CGS UNITS - SEC.
DIMENSTON TAU(#*) AT LEAST KK.
CKCTYR CKCTYR CKCTYR CKCTYR CKCTYR CKCTYR

BER R E AR A AR R R R AR R N kX
AR ARk
AR KRR AR X
SUBROUTINE CKCYYR (RHU,T,Y, IWORK,WORK,CODOT,TAU}

THIS SURRQUTINE RETURNS THE MOLAR CREATION RATES AND
CHARACTERISTIC DESTRUCTION TIMES OF THE SPECIES GIVEN

THE MASS DENSITY, TEMPERATURE AND MASS FRACTIONS. REFERENCE
EQUATION (I1.5.16)

INPUT
RHO = MASS DENSITY.
CGS UNITS = GM/(M*%x3,
T - TEMPERATURE.,
CGS UNITS - X
Y - ARMAY OF MASS FRACTIONS OF THE KKk SPECIES.

CGS UNITS - NONE.
DIMENSICN Y(*) AT LEAST KK.
IWORK = ARRAY (OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSTION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZRD BY THE CALL TO SUBROUTINE CKINIT.

WORK

99



100

DIMENSION WORK{*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

ouTPUT i
COOT - ARRAY OF CHEMICAL MOLAR CREATION RATES FOR THE KK g
SPECIES.
CGS UNITS = MOLE/(CM**3%SEC).
DIMENSION CDOT(#) AT LEAST KK.
TAU ~ ARRAY OF CHARACTERISTIC DESTRUCTION TIMES FOR THE .
KK SPECIES.
CGS UNITS ~ SEC.
DIMENSICN TAU(*) AT LEAST KK.

CROVBL CrCVBL CRCvBL CKCvBL CKROvVBL CXCVRL
AL R R R Ry R R RN R L R L
R R R R R L R R R
AR EEARER RNk

SUBROUTINE CKCVBL (T+X, IWORK+WORK,CVBML)

THIS SUBROUTINE RCTUKNS THE MOLAR WEIGHTED MEAN SPECIFIC
HEAT AT CONSTANT VOLUME IN MOLAR UNITS., REFERENCE EQUATION

(I1.4.25).
INPUT
¥ ~ TEMPERATURC.
CGS UNITS - K
X - MOLE FRACTIONS OF THE KK SFECIES.

CGS UNITS - NONE.
OIMENSION X(#) AT LEAST KK.
ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORX ARRAY
IS INITIALTZED B8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSINN ITWORK{*} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF [WCORK.
WO RK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INTTIALTZED BY THE CALL TO SURRNUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
CETAILS CN THE REQUIRED LENGTH OF WORK.

t

IWORK

ouUTPUT
CVBML - MOLAR WEIGHTED MEAN SPECIFIC HEAT AT CONSTANT VOLUME
IN MOLAR UNITS.
CGS UNTTS = ERGS/IMOLEI*K).
CXCvBS CKLVBS CKCVBS CKCvVBS CKCVBS CKCVBS

LR R E R ERER SRS EEE RS2SRRSR TR
I EA RS SRS ESSS S LRAESE R E S
LAEEESEEREER S

SUBROUTINE CKCVBS (T.,Y, IWORK WORK,C/BMS)

THIS SUBRIDUTINE RETURNS THE MASS WEIGHTED MEAN SPECIFIC HEAT
AT CONSTANT VOLUME IN MASS UNITS. REFERENCE EQUATION

(tI.4.27).

INPUT
T - YEMPERATURE,
€GS UMITS =~ K
Y - ARRAY OF MASS FRACYIONS OF THE KK SPECIES.
€GS UNITS - NONE. 3
DIMENSION Y(#*) AT LEAST KK. -
IWORK =~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZED B8Y THE CALL TO SUBROUTINE CKINIT,.
DIMENSICN IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
OETAILS ON THE REQUIRFD LENGTH OF IWORK, -
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL T0O SUBROUTINE CKIN'T.
ODIMENSION WORK({*) AT LEAST LENWK. SEE CKINIT TOR
DETAILS ON THE REQUIRED LENGTH OF WORK.,



QUTPUT
CVBMS =~ MASS WEIGHTED MEAN SPECIFIC HEAT AT CONSTANT VOLUME

IN MASS UNITS.
CGS UNITS = ERGS/{GM=*K).

CXCVML CKCVML CKCVML CKCVML CKCVML CKCVML
AERXRE R AR AR E RN RN R R RN BN AL RNk
AEERAEERRRRRKKRERKRRERK R AL
R AR RRKRERER

SUBROUTINE CKCVML (T, IWORK,HORK,CVML)

THIS SUBROUTINE RETURNS THE SPECIFIC HEATS IN CONSTANT
VOLUME [N MOLAR UNITS., REFERENCE EQUATION (Il.4.91.

INPUT
T - TEMPERATURE.,
CGS UNITS - K
INORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZED 8Y THE CALL TO SUBROUTINE CKINIT,
DIMENSION IWORK(*) AT LEAST LENIWK., SEE C(KINIT FOK
DETAILS ON THE REQUIRED LENGTH OF IWOkK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
JNTTIALTIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE KREQUIRED LENGTH OF WORK.

QuUTPUT
CVML - ARRAY OF SPECIFIC HEATS AT CONSTANT VOLUME [N MGLAR
UNITS FOR THE XK SPECIES.
CGS UNITS - ERGS/(MOLE*K).
DIMENSION CVYML(*) AT LEAST KK.
CKCVMS CKCVMS CKCVMS CKCVMS CKCVMS CKCVMS

(LA EE R SRR SN R R RS R R R R R iR R YD
AR TR R R ES SRR SRR R RS
LR E R SR RIES R

SUBROUTINE CKCVMS (T, ]WORK,WORK,CVMS)

THIS SUBROUTINE RETURNS THE SPECIFIC HEATS AT CONSTANT
VOLUME IN MASS UNITS. REFERENCE EQUATION (Il.4.16).

INPUT
T - TEMPERATURE.
CGS UNITS - K
IWOPK - ARRAY OF INTEGER [NTERNAL WORK SPACE. THE IWORK ARKAY

IS INITIAULIZED BY THE CALL TO SUBROUTINE CKINIT.
OIMENSION IWORK(*) AT LEAST LENIWK., SEE CKINIT FGOR
DETAILS ON THE REQUIRED LENGTH OF IWORK,
HORK - ARRAY 0OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED 8Y THE CALL TO SUBROUYINE CKINIT,
OIMEMSION WORK (*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REOUIRED LENGTH JF WORK.

QUTPUT
CVMS - ARRAY OF SPECIFIC HEATS AT CONSTANT VOLUME IN MASS
UNITS FOR THE KK SPECIES.
CGS UNITS = ERGS/(GM=K).
DIMENSION CVMS(*} AT LEAST KK,
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CXOAML CKDAML CKOAML CKDAML CKDAML CKOAML
R AR KRR AR R KR Rk ko &
FEAREERARR AR AR AR R R R
hRERARRARRRR

SUBROUTINE CKDAML (T, iHORK,WORK,DADTML)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE
HELMHOLTZ FREF ENERGIES IN MOLAR UNITS WITH RESPECT 1O
RESPECT TO TEMPERATURE. KEFERENCE EQUATION (11.9.7).

INPUT
T - TEMPERAYURS.
CGS UNITS - ¢
[NORK = ARRAY OF INTEZGER INFERNAL WORK SPACE. THE I[WORK ARRAY
IS INIT(ALIZEC BY VAZ CALL TO SUBROUTINE CKINIT.
DIMENSION IwOP:C(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIREC LENGTH OF IWCRK,

WORK ~ ARRAY 0OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED 8y THE CALL TO SUBROUTINE CKINIT.
DIMENSTON WORK (=} AT LEAST LENWK. SEE CKXINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.
QuUTPUT
DADTML - ARRAY OF PARTIAL OERIVATIVES OF THE STANDARD STATE
HELMHOLTZ FREE ENERGY OF THE KX SPTCIES IN MOLAR UNITS
WITH RESPECT TO TEMPERATURE.
CGS UNITS = ERGS/(MOLE*K]).
DIMENSION DADTML (%) AT LEAST Kil.
CKDAMS CKOAMS CKDAMS CKDAMS CKDAMS CKOAMS

LA R ER LRSS SRR RIS REZE R E R RS AL E R ]
(R EZ EE RS R R LS R 8 22
LA EA SR 2 R

SUBROUT INE CKDAMS (T, [WORK,wIRK,DADTMS)

TH1S SUBROUTINE RETURNS THE FARTIAL ODERIVATIVES QF THE
STANDAKD STATE HELMHOLTZI FREE ENERGIES IN MASS UNITS WITH

RESPECT TO TEMPERATURE. REFERENCE EQUATION (I1.9.14).
INPUT
T - TEMPEKATURE.

C3S UNITS - K
IWORK ~ ARRAY OF INTZGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZCD BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIwWr. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED B8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSTON WORK{*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

QUTPUTY
DADTMS ARRAY OF PARTIAL DERIVATIVES OF THE STANDARD STATE
HELMHOL TZ FREE ENERGY OF THE KK SPECIES IN MASS UNITS
WITH RESPECT TO TEMPERATURE.

CGS UNITS =« ERGS/{GM*K}.

DIMENSION DADTMS (%) AT LEAST KK.



CKOCPL CKDCPL CKDCPL CKDCPL cKDCPL cKoCPL
PEERE R AR R R KRR R AR R R R R R R kX Rk &

Sk R KOk R K kK R KO R R
FAEEERRRRE AR

SUBROUT INE CKOCPL (T,IWCRK,WORK,DCPTML)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE
SPECIFIC HEATS AT CONSTANT PRESSURE IN MOLAR UNITS WITH
RESPECT TO TEMPERATURE. REFERENCE EQUATION (I1.9.11.

INPUT
T - TEMPERATURE.
CGS UNITS - K
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IwORK ARRAY

IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
ODIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK ~ ARRAY 0OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

nuTPUT :
DCPTML - ARRAY OF PARTIAL DERIVATIVES OF THE SPECIFIC HEATS
AT CONSTANT PRESSURE OF THE KK SPECIES (N MOLAR
UNITS WITH RESPECT TO TEMPERATURE.
CGS UNITS — ERGS/({MOLE=*K**2),
DIMENSION DCPTML {*} AT LEAST KK.
CKDCPS CKDCPS CKopCes CKDCPS CKOCPS CKDCPS

IR SRR R RS E SRS RSN E R EE
LRSS RS RS R R RS RN 2 T
LR E RS RS ]

SUBROUTINE CKDCPS (T,IWIORK,WORK,DCPTMS)

THIS SUBROUTINE RETUKNS THE PARTTAL DRERIVATIVES OF THE
SPECIFIC HEATS AT CONSTANT PRESSURE IN MASS UNITS WITH

RESPECT TO TEMPERATUKE. REFERENCE EQUATION (l1.9.3).
INPUT
T - TEMPERATURE,

CGS UNITS - K
ARRAY OF INTEGER INTERNAL WORK SPACE. THE [WORK AQRAY
IS INITIALIZED PY THE CALL TO SUBROUTINE CKINIT,
DIMENSTON IWORK({*) AT LEAST LENIWK. SES CKINIT FOR
DETAILS ON THE REQUIRED LENGTH 0OF [WORK.
ARRAY OF REAL INTERNAL WORK SPACHE, .THFE WJRK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
CIMENSTON WORKi{*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH DF WORK.

IWORK

WORK

2UTPUT
NCPTMS -~ ARRAY 0OF PARTIAL OERIVATIVES OF THE SPECIFIC HEATS
AT CONSTANT PRESSURE OF THE KK SPECIES IN MASS UNITS
WITH RESPECT TO TEMPERATURE.
CGS UNITS = ERGS/(GM=K=%=*2),
DIMENSION DCPTMS(*) AT LEAST KK.
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CKDCPX CKDCPX CKDCPX CKDCPX CKDCPX CKDCPX
F R AR AR AR AR R AR R R AR R R R KRR Rk
T R e T Y T
A K Rk Ok

SUBROUTINE CKDCPX (P4T Xy IWORK, WORK,DBCOPTX}

THIS SUBRQOUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
CONCENTRATIONS WITH RESPECT TO PRESSURE GIVEN PRESSURE,
TEMPERATURE AND MOLE FRACTIONS. REFERENCE EQUATION (I1I.8.12).

INPUT
P - PRESSURE.
CGS UNITS = DYNES/CM=*x2,
T - TEMPERATURE.
CGS UNITS - K
X - MOLE FRACTICONS OF THE KK SPECIES.
CGS UNITS - NONE.
DIMENSION X(*) AT LEAST KK,
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIY FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY 1S
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(=*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

QuTPUY
OCOPTX - ARRAY OF PARTIAL DERIVATIVES OF THE MOLAR
CONCENTRATIONS OF THE KK SPECIES WITH RESPECT TO
PRESSURE. TEMPERATURE AND MOLE FRACTIONS HELD
FIXED.
CGS UNITS ~ MOLE/(CM*DYNES)
DIMENSION OCOPTX (*) AT LEAST KK

CxOoCpPy CKOCPY CKOCPY CKDCPY CKDCPY CKOCPY
A A ot e e e ok ok o e o o R Rk o ko Rk %
EXEEEE AR RN R AR R AR S AR R
RIS

SUBROUTINE CKODCPY (P,T.Y,IWORKWORK(DCOPTY)

THIS SUBROUTINE RETURNS THE PARTIAL OERIVATIVES OF THE MOLAR
CONCENTRATIONS WITH RESPECT TN PRESSURE GIVEN PRESSURE,
TEMPERATURE AND MASS FRACTIONS. REFERENCE EQUATION (il.8.12i.

INPUT
p - PRESSURE.
CGS UNITS = DYNES/CM#%2,
T - TEMPERATURE.
CGS UNITS - K
Y ~ ARRAY QF MASS FRACTIONS 0OF THE KK SPECIES.

CGS UNITS - NONE.
DIMENSION Y(*) AT LEAST KK.
IWORK = ARRAY OF [NTEGER INTERNAL WORK SPACE. THE IWIRK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT,
DIMENSION IWORK(#*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WO RK - ARRAY OF REAL INTFRNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED B8Y THE CALL TO SUBROUTINE CKINIT.
DIMINSTON WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

OUTPUT

DCOPTY ARKAY OF PARTIAL DERIVATIVES OF THE MOLAR
CONCENTFATINNS OF THE KK SPECIES WITH RESPECT 7O
PRESSUKRE. TEMPERATURE AND MASS FRACTIONS HELD
FIXED.

CGS UNITS = MOLE/{CM*DYNES)

DIMENSION OCOPTY (%) AT LEAST KK



CKOCRX CKDCRX CKDCRX CKOCRX CKDCR X CKDCRX
T Ry RS R T Y]
AR R AR RO R KR KRR R K
EERERAPRER RN

SUBROUT INE CKDCRX (RHOsT Xy I1WORK,WORK,DCORT X}

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
CONCENTRATIONS WITH RESPECT TO MASS DENSITY GIVEN MASS
DENSITY, TEMPERATURE AND MOLE FRACTIONS. REFERENCE ESQUATION

(11.8.11).
INPUT
RHO - MASS DENSITY.
CGS UNITS = GM/IM%x%x3,
T - TEMPERATUKE.
CGS UNITS - K
X - MOLE FRACTICNS OF THE KK SPECIES.

CGS UNITS = NONE.
DIMENSTON X{*)} AT LEAST KK.
IWORK =~ ARRAY OF INTEGER ,NTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED B8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*} AT LEAST LENiWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.

WORK ~ ARRAY OF REAL INTERNAL WNRK SPACE. THE WORK ARKAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.
OUTPUT

DCORTX - ARRAY OF PARTIAL DERIVATIVES OF THE MOLAR
CONCENTRATIONS OF THE KK SPECIES WITH RESPECT TO
MASS DENSITY. TEMPERATUR™ AND MOLE FRACTIONS HELD
FIXED. »
CGS UNITS =~ MOLE*#2/(CM**34GM)
DIMENSION DCORTX {*) AT LEAST KK

CKOCRY CKDOCRY CKOCRY CKDCRY CXODCRY CKDCRY
IS AR R R REREERSAR R RREE R RS R RN
AEARREE SRR ERRESUC N R ERE RRE
R R Y Y YY)

SUBROUT INE CKDCRY (RHO,T.Y,IWOPKWORK,UCORTY}

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
CONCENTRATIONS WITH RESPECT TO MASS DENSITY GIVEN MASS
DENSITY, TEMPERATURE AND MASS FRACTIONS. REFERENCE EQUATION

(11.8.10).
INPUT
RHOJ - MASS DENSITY.
CGS UNITS = GM/CM%=*3,
T - TEMPERATURE.
CGS UNITS - K
Y ~ ARRAY OF MASS FRACTIONS OF THE KK SPECIES.

CGS UNITS - NONE.
ODIMENSION Y(*) AT LEAST KK,
[WORK - ARRAY OF INTEGER INTERNAL WOURK SPACE. THE [WORK 4RRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*} AT LEAST LENIWK. SEE CKINIT FOP
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARPRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSTION WORK({®) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.,

QuTPUT
OCDRTY

ARRAY OF PARTIAL DERIVATIVES OF THE MOLAR
CONCENTRATIGONS OF THE KK SPECIES WITH RESPECT 7O
MASS DENSITY. TEMPERATURE AND MASS FRACTIONS HELD
FIXED.

CGS UNITS — MOLE*»#2/(CM**3%GM)
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DIMENSION DCORTY (%) AT LEAST KK

CXDCTX CKDCTX CKDCTX CKDCTX CKDCTX CKDCTX
AR A R AR R K R A ROR R K R R
A A ok ok ok Mk sk kol ok K ok K OK ROk K Rk K
ERRR AR AREK K

SUBROUTINE CKDCTX (P, T.X,IWORK, WORK,DCOTPX}

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
CONCENTRATIONS WITH RESPECT TO TEMPERATURE GIVE THE PRESSURE,
TEMPERATURE AND MOLE FRACTIONS. REFERENCE EQUATION (11.8.38).

INPUT
P - PRESSURE.
CGS UNITS = DYNES/CM#»2,
T - TEMPERATURE.
CGS UNITS = K
X ~ MOLE FRACTIONS OF THE KX SPECIES.

CGS UNITS - NONE.
DIMENSION X(*) AT LEAST KK.
IWORK ~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
1S INITIALTZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOF
DETAILS ON THE REQUIRED LENGTH OF IWORK.
ARRAY OF REXL INTERNAL WCRK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL TO SUBRQUTINE CKINIT.
OIMENSION WORK{*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH NF WORK.

WORK

ouUTPUT
DCOTPX

ARKAY OF PARTIAL OERIVATIVES OF THE MOLAR
CONCENTRATICNS OF THE KX SPECIES WITH RESPECT TO
TEMPERATURE. PRESSURE AND MOLE FRACTIONS HELD
FIXED.

CGS UNITS = MOLE/(CM=%3%K},

DIMENSION DCDTPX(%=) AT LEAST KK.

CKDCTY CKDCTY CKOCTY CEDCTY CKDCTY CKOCTY
R r A A N R P R
R e RS AN E Ry A
AERRERARFE RN

SUBROUTINE CKOCTY (P,T,Y,IWORK,WORK,DCDTPY)

THIS SUBROUTINE RETURNS THE PARTIAL ODERIVATIVES OF THE MOLAR
CONCENTRATIONS WITH RESPECT TO TEMPERATURE GIVEN THE
PRESSURE, TEMPERATURE AND MASS FRACTIONS. REFERENCE EQUATION

(I1.8.71.
INPUT
p - PRESSURE.
CGS UNITS = DYNES/CHM==*2.
T ~ TEMPERATURE.
CGS UNITS = K
Y - ARRAY OF MASS FRACTIONS OF THE KX SPECIES.
CGS UNITS = NONE.
DIMENSION Y{*) AT LEAST KK.
IWORK - ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION ITWORK(%*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*} AT LEAST LENWX. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

ouTPUT
0CcoTPY

ARRAY OF PARTIAL DERIVATIVES OF THE MOLAR
CONCENTRATIONS OF THE KK SPECIES WITH RESPECT TO



TEMPERATURE. PRESSURE AND MASS FRACTION HELD FIXED.
CGS UNITS -~ MOLE/{CM**3xK),
DIMENSIQON DCOTPY (%} AT LEAST KK.

CKDCVL CKDCVL CKOCVL CKULMNVL CKDCVL CKDOCVYL
Y P T

R ko R YR kb kR ok kR Rk
A ook X Rk ok ok

SUBROUTINE CKDCVL (T, IWORK,WORK,DCVTML)

THIS SUBRCUTINE RETURNS THE PARTIAL DERIVATIVES OF THE
SPECIFIC HEATS AT CONSTANT VOLUME IN MOLAR UNITS WITH RESPECT
TO TEMPERATURE. REFERENCE EQUATION (11.9.4).

INPUT
T ~ TEMPERATURE.,
CGS UNITS - K
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZEO BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK{*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINTT.
DIMENSION WORK(=*) AT LEAST LENWK. SEE CKINIT ¥ODR
DETAILS ON THE REQUIRED LENGTH OF WORK.

WORK

OQUTPUT

DCVTML ARRAY OF PARTIAL DERIVATIVES OF THE SPECIFIC HEATS

AT CONSTANT VOLUME OF THE KK SPECIES IN MOLAR
UNITS WITH RESPECT TO TEMPERATURE.

CGS UNITS = ERGS/{MOLE*K*%2).

DIMENSION OCVTML {x) AT LEAST KK.

CKOCVS CKDCVS CKDCVS CKDCVS CKOCVS CKOCVS
ARG R AR R R R AR R KRR R Rk Rk Rk
2 AR RO N R R Rk
AR K ROk K

SUBROUTINE CKDCVS (T,IWORK,WORK,DCVTMS)

THIS SUBROUTINE RETURNS THE PARTIAL OERIVATIVES QOF THE
SPECIFIC HEATS AT CONSTANT VOLUME IN MASS UNITS WITH RESPECT
TO TEMPERATURE. REFERENCE EQUATION (11.9.11).

INPUT
T - TEMPERATURE.
CGS UNITS - K
IWORK ~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL 70O SUBROQUTINE CKINIT.
DIMENSION TWORK(=x) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWDRK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK{*} AT LEAST LEMWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.
QUTPUT
DCVIMS - ARRAY QOF PARTIAL OERIVATIVES OF THE SPECIFIC HEaTS

AT CONSTANT VOLUME OF THE KK SPECIES IN MASS
UNITS WITH RESPECT TO TEMPERATURE,

CGS UNITS — ERGS/(GM*K*x2).

OIMENSION DCVTMS (%) AT LEAST KK.
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CXBCXP CKDCXP CKDCXP CKDCXP CKDCXP CKDCXP
A AR RO KK KKK RO RS KK R R Y
AREERRERCA KRR A RE R AR AR
KRN AR

SUBROUTINE CKDCXP (P,T,XyKDIM,IWORK WORK,OCKDXN}

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
CONCENTRATIONS WITH RESPECT TO THE MOLE FRACTIONS GIVEN THE
PRESSURE, TEMPERATURE AND MOLE FRACTIONS. REFERENCE EQUATION

(11.8.5).
INPUT
P - PRESSURE,
CGS UNITS - DYNES/CM**2.
T - TEMPERATURE.
CGS UNITS - K
X ~ MOLE FRACTIONS OF THE KK SPECIES.

CGS UNITS ~ NONE.
DIMENSION X (*) AT LEAST KK.
KOIM -~ ACTUAL FIRST DIMENSION OF TwWO DIMENSIONAL ARRAY,
KOIM MUST BE GREATER THAN OR EQUAL YO THE TOTAL
NUMBER OF SPECIES. KK.
IWORK - ARRAY OF INTEGER INTERNAL WJRK SPACE. THE IWORK ARRAY
1S INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(%) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK ~ ARRAY OF REAL INTERNAL WORK SPACE, THE WORK ARRAY IS
INITIALIZED By THE CALL 7O SUBROUTINE CKINIT.
OIMENSION WORK(=*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

OUTPUT
OCKDXN =~ MATRIX OF PARTIAL DERIVATIVES OF THE MOLAR
CONCENTRATICNS OF THE KK SPECIES WITH RESPECT TO THE
MOLE FRACYICNS OF THE kK SPECIES. PRESSURE AND
TEMPERATURE HELDO FIXED. ODCKDXNIK,N} IS THE PARTIAL
DERIVATIVE OF THE MOLAR CONCENTRATION OF SPeClES K
WITH RESPECT TO TilE MOLE FRACTION OF SPECIES N,
CGS UNITS - MOLE/CM*x=3,
DIMENSION DCKOXN{KOIM,*) EXACTLY KDIM FOR THE
FIRST DIMENSION AND AT LEAST KK FOR THE SECOND.

CKDCXR CKOCXR CKDCXR CKDCXR CKDCXR CKDCXR
L I S A LI R PR PR s

(A2 E RN SIS TSRS RS RS sttt
LRSS R S L E S )

SUBROUTINE CKOCXKR {RHO, YV, X, (DM, IWORK sWORK, DCKDXN)

THIS SUBROUTINE RETURNS THE PAxTIAL DERIVATIVES OF THE MOLAR
CONCENTRATIONS WITH RESPECT TO THE MOLE FRACTIONS GIVEN THE
MASS DENSITY, TEMPERATURE AND MOLF FRACTIONS. REFERENCE
EQUATION (I1.8.6).

INPUT
RHO - MASS OENSITY.
CGS UNITS - GM/CH*=*3,
T - TEMPERATURE.
CGS UNITS - X
X - MOLE FRACTICNS OF THE XK SPECIES.

CGS UNITS - NONE.
DIMENSION X (=) AT LEAST KK.
KDIM ~ ACTUAL FIRST DIMENSION QF TwWO DIMENSIONAL ARRAY.
KOIM MUST B8C GREATER THAN OR EQUAL T0O THE TOTAL
NUMBER OF SPECIES, KK,

IWORK = ARKAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
1S INITIALIZED BY THE CALL 7O SUBROUTINE CKINIT.
DIMENSION IWORK(¥) AT LEAST LENIWK. SEE CKINIT FOR
OETAILS ON THE REQUIRED LENGTH 0¥ IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS

INITIALIZED BY THE CALL TO SUBRQUTINE CKINIT.




e

OIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

QUTPRUT
OCKDXN - MATRIX OF PARTIAL DERIVATIVES OF THE MOLAR
CONCENTRATIONS OF THE KK SPECIES WITH RESPECT TO THE
MOLE FRACTIONS OF THE KK SPECIES. DENSITY AND
TEMPERATURE HELD FIXED. DCKDXN(K,N) IS THE PARTIAL
DERIVATIVE OF THE MOLAR CONCENTRATION OF SPECIES K
: WITH RESPECT TO THE MOLE FRACTION OF SPECIES N.
CGS UNITS = MOLE/CM»**3,
DIMENSION DCKDXN{(KDIM,*} EXACTLY KDIM FOR THE
FIRST DIMENSION AND AT LEAST KK FOR THE SECOND.

CKOCYP CKDCYP CKDCYP CKDCYP CKDCYP CKDCYP
ISR F RS R R R RS EE R R RS R R R R
LSS EEEERPES S RS SRS RS S
a0 e e ok o o K X K K

SUBROUTINE CKDCYP (P,T,Y,KDIM, I WORK,WORK,DCKDYN)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
CONCENTRATIONS WITH RESPECT TO THE MASS FRACTICNS GIVEN THE
PRESSURE, TEMPERATURE AND MASS FRACTIONS. REFERENCE EQUATION

(I1.8.3).
INPUT
p - PRESSUKE.
CGS UNITS ~ DYNES/CM=*%2,
T - TEMPERATURE.
| CGS UNITS - X
Y - ARRAY 0OF MASS FRACTIONS OF THE KK SPECIES.

| CGS UNITS - NONE.
DIMENSION Y(*} AT LEAST KK.
XKOIM = ACTUAL FIRSY DIMENSION OF TWO DIMENSIONAL ARRAY.
KDIM MUST BE GREATER THAN 0P FQUAL TO THE TOTAL
NUMBER OF SPECIES, KK.
{WORK = ARRAY 0OF INTEGER INTERNAL WORK SPACE. THE IWORK AKRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK = ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED 7% THE CALL TO SUBROUTINE CKINIT.
DIMENSTON WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

QuTPUT

OCKODYN MATRIX OF PAKTIAL OERIVATIVES OF THE MCLAR
CONCENTRATIONS OF THE KK SPECIES WITH RESPECT TO
THE MASS FRACTIONS OF THE KK SPECIES. PRESSURE
AND TEMPERATURE HELD FIXED. DCKOYN{K,N} IS THE
PARTIAL ODERIVATIVE OF THE MOULAR CONCENTRATION OF
SPECIES X WITH RESPECT TO THE MASS FRACTION OF
SPECIES N.

CGS UNITS - MOLE/CM%=%3,

ODIMENSION DCKOYN(KDIM,=} EXACTLY KOIM FOR THE

FIRST DIMENSION AND AT LEAST KK FOR THE SECOND.
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CKDCYR CKDCYR CKOCYR CKDCYR CKOCYR CKOCYR
EAREAAE AR AR R AR T RREA R D R KA

L P PP P I s
ARREERKREBRL R
SUBROUTINE CKOCYR (RHO,T+Y+KDIM,IWORK,WIRK, DCKDYN)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
CONC ENTRATIONS WITH RESPECT TO THE MASS FRACTIONS GIVEN THE
MASS DENSIYY; TEMPERATURE AND MASS FRACTIONS. REFERENCE
EQUATINN tIT.8.41.

INPUT
RHO ~ MASS DENSITY.
CGS UNITS - GM/CMa=3,
T -~ TEMPEKATURE.
CGS UNITS - K
Y - ARKAY OF MASS FRACTIONS OF THE KK SPECIES.

CGS UNITS - NONC.
BDIMENSION Y{*) AT LEAST KK,
KDIM - ACTuAL FIRST OIMENSION OF TWO DIMENSIONAL ARRAY,
KDIM MUST 385 GREATER THAN OR EQUAL TQ THE TOTAL
NUMBER QOF SPECIES, KK.
INORK - ARRAY OF INTEGRR INTERNAL WORK SPACE. THE IWNRK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION TWORK(*) AT LEAST LENIWK. SEE CKINIT FUK
DETAILS ON THZ REQUIRED LENGTH CF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY S
INTITIALTZED BY 7THe CALL TQ SUBPROUTINE CKINIT.
OIMENSION WORK(*] AT (EAST LENWK. SEE CKINIT FQOR
DETAILS CN THEZ RECUIRED LENGTH OF WORK,

auTPUT
OCKDYN ~ MATREX OF PARTIAL OERIVATIVES OF THE MOLAK

CONCENTRATIONS OF THE KK SPECIES WITH RESPECT T0O
THE Mi3S “RACTICNS OF THE KK SPECIES. DEMSITY
AND TEMPERATURE HELD FIXED. DCKDOYN(XK,N} IS THE
PART I AL OCRIVATIVE Of THE MOLAR COHCEMIRATION OF
SPECIES X WITH RESPECT TO THE MASS FRACTIOIN OF
SPECIcS N.

CGS UNITS ~ MOLE/CHM»#*3.,

DIMENSION OCKOYN{KDIM,*) EXACTLY KDIM FUR THE

FIRST OIMENSION AND AT LEAST KK FOR THE SECOND.

CKO GML CKDGML CKOGML CROGML CKDGML CKDGML
AXKR AR AR E RN BRI RA R RS AN R AR KT AR ARG
AERARRT YRS R AR RIAE R HK KRR
wakEkAR A bR

SUBROUTINE CKOGML (T IWORK,WORK,DGOTML)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE GIBBS
STATE GIBBS FREE ENERGIES IN MOULAR UNITS WITH RESPECT TO
TEMPERATURE. REFERENCE EQUATION (I11.%.6).
INPUT
T - TEMPERATURE,
CGS UNITS = K
IWORK =~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED 8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK({=*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH DF IWORK.
WORK - ARRAY QOF REAL INTERNAL WORK SFACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*} AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK,

QUTPUT

DGDTML ARRAY OF PARTIAL DERIVATIVES OF THE STANDARD STATE
GIBBS FREE ENERGY IN MOLAR UNITS WITH RESPECT TO
TEMPERATURE.

CGS UNITS - ERGS/(MOLE*K).
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OIMENSION OGDTML (=) AT LEAST KK.

CKDGMS CKDGMS CKOGMS CKDGMS CKDGMS CKDGMS
AEKB KRR KRR AR IR R R AR RN AR R ERRE R R R

R A ok R R K e ok o R ROk
EEEF KRN RT R

SUBROUTINE CKOGMS (T, IWORK,WORK,DGDTMS)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE STANDARD
STATE GIBBS ENERGIES IM MASS UNITS WITH RESPECT TO TEMPERATURE.
REFERENCE EQUATION (I1.9.13}.

INPUT
T - TEMPERATURE.
CGS UNITS - K
IWORK =~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION TWORK(*) AT {EAST LENIWK. SEE CKINIT FOR
BETAILS ON THE KEQUIRED LENGTH OF IWORK,
WORK - ARRAY CF REAL INTERNAL WORK SPACE. THE WORK ARRAY [S
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK{*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CH THE REQUIRED LENGTH OF WORK.

DUTPUT
DGOTMS -~ ARRAY OF PARTIAL DERIVATIVES OF THE STANDARD STATE
GIBBS FREE ENERGY OF THE KK SPECIESZ IN MASS UNITS WITH
RESPECT TO TEMPERATURE.
CGS UNITS = ERGS/(GM*K).
DIMENSION OGDTMS(*) AT LEAST KK.
CKDHML CKDHML CKOHML CKORML C KDHML CKOHML

A R R kR R ROR R R R AR R R R R R A N R R
BRK AR TR R R R R R R R
HAREER AR AR
SUBROUTINE CKOHML (7T,1WORK,WORK,DHDTML}

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES GF THE
ENTHALPIES IN MOULAR UNITS WITH RESPECT TO TEMPERATURE.
REFERENCE EQUATION (I1.9.2).

INPUT
T - TEMPERATURE.
CGS UNITS - K :
IWORK =~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZEO BY THE CALL TO SUBROUTINE CKINIT.
OIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FQOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY |5
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK{(*}] AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

QUTPUT
OHOTML ARRAY OF PARTIAL OERIVATIVES OF THE ENTHALPIES
OF THE KK SPECIES IN MOLAR UNITS WITH RESPECTY 1O

TEMPERATURE.
CGS UNITS - ERGS/(MOLE*K).

DIMENSION DHODTML (%) AT LEAST KK,

1
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CKDHMS CKDHMS CKDHMS CKOHMS CKDHMS CKDHMS
R K R K R K R R K
N Rk R R R R RO ROK KK
AR AR K KRR K

SUBROUT INE CKDHMS (T, IWORK,WORK,DHDTMS)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE
ENTHALPIES IN MASS UNITS WITH RESPECT TO TEMPERATURE.
REFERENCE EQUATICN (I11.9.9).

INPUT
T TEMPERATURE.
CGS UMITS - K
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED 8Y THE CALL YO SUBROUTIME CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKIMNIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWDRK.
WORK - ARRAY OF KEAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK{*) AT [ EAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OFf WORK.

ouTPUT
DHDTMS -~ ARRAY OF PARTIAL OERIVAYIVES OF THE ENTHALPIES
GF THE KK SPECIES IN MASS UNITS WITH RESPECT TU
TEMPERATURE.
CGS UNITS = ERGS/(GM=K}.
DIMENSION OHDTMS (%) AY LEAST KK,
CKDPOC CKDPOC CKUPLC CKOPDC CEDPDC CkDPDC

EEAAEXR RIS RIS XEXRIRGRRERSNN R KX RN N K AR &
SEF XXX ARE R AR UY S AENR KL K
XS RF XK RA KK

SUBROUT INE CKOPOC (RHO.T+Cy IWORK,WORK,DPOCH

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVE OF THE
PRESSURE WITH RESPECT TQ THE MOLAR CONCENTRATIGNS

GIVEN THE MASS DENSITY, TEMPERATURE AND MOLAR CONCENTRATIONS.
REFERENCE EQUATION (11.7.15).

INPUT
RHO - MASS OENSITY.
CGS UNITS - GH/LMx=3,
T - TEMPERATURE.
CGS UNITS ~ K
C ~ MOLAR CONCENTRATIONS OF THE KK SPECIES.

CGS UNITS = MOLL/CM»»3
DIMENSION C(*) AT LEAST KK.
IXORK ~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED By THE CALL TO SUBROUTINE CKiNIT.
DIMENSION IWORK(*} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY QF 2EAL INTERNAL WORK SPACE. THE WORK ARRAY [S
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION KK (*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON YHE REQUIRED LENGTH OF WORK.

ouUTPUT
DPOC ~ ARRAY OF PART1AL DERIVATIVES OF THE PRESSURE
WITH RESPECT TO THE MOLAR CONCENTRATIONS OF
THE KK SPECIES.
CGS UNITS =~ DYNES*CM/MOLE.
OIMENSION DPDC(*) AT LEAST KX.

e



CKDPDX CKDPDX CKOPOX CKOPDX CKDPDX CKDOPOX
ERERRDEARAGRR AR R ERRA AR R AR A N KRR &
A R RN R R R R IOR Kk
LRI EE L R L PE LS

SUBROUTINE CKDPODX (RHO,T,X,IWORK.WORK,0PDX}

THIS SUBROUTINE RETURNS THE PARTIAL OERIVATIVES OF THE
PRESSURE WITH RESPECT TO MOLE FRACTIONS GIVEN MASS DENSITY.
TEMPERATURE AND MOLE FRACTIONS. REFERENCE EQUATION (11.7.14).,

INPUT
RHO - MASS OENSITY.
CGS UNITS - GM/CM=%*x3,
T - TEMPERATURE.
CGS UNITS - K
X - MOLE FRACTIONS OF THE KK SPECIES.

CGS UNITS — NONE.
DIMENSION X{*: AT LEAST KK.
IWORK -~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
1S INITIALTIZED BY THE CALL TO SUBRGUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK -~ ARRAY (OF REAL [INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSICON WORK{=} AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

QUTPUT
DPDX - ARRAY OF PARTIAL DERIVATIVES DF THE PRESSURE
WITH RESPECT TO THE MOLE FRACTICNS OF THE KK
SPECIES.
CGS UNITS = DYNES/CMx=2,
DIMENSION DPDX(*}) AT LEAST KK.
CKDPDY CKDPDY CXDPDY CKDPDY CKDPDY CKLPOY

LSRR ERSS SRS SRS SRS RS LR L Y]
Ak 0 A R W Ok ok kR ek
kR ok o KR
SUBROUT INE CKOPDY (RHO,T .Y, I WORK,WORK,07DY]

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF PRESSURE
WITH RESPECT TO THE MASS FRACTIONS GIVEN THE MASS DENSITY,
TEMPERATURE AND MASS FRACTIONS., REFEKENCE EQUATION (Il.7.131.

INPUT
RHO - MaSS DENSITY.
CGS UNITS = GM/CM**3,
T - TEMPERATURE.
CGS UNITS = K
Y - ARRAY OF M’ SS FRACTIONS OF THE KK SPECIES.

CGS UNITS = NONE,
DIMENSION Y(*} AT LEAST KK.
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE [WORK ARRAY
1S INITIALIZEO BY THE CALL TO SUBROUTINE CKINIT,
DIMENSION IWCRK(®} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK.

WORK - ARRAY QOF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.
ouTPUT
oPOY - ARRAY OF PARTIAL DERIVATIVES OF THE PRESSURE

WITH RESPECT TO THE MASS FRACTIONS OF THE KK
SPECIES.

CGS UNITS = DYNES/CM=#=2,

DIMENSIGON OPDY (%) AT LEAST KK.
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CXDPTC CKDPTC CKDPTC CKOPTC CKDPTC CKDPTC
LEE I 2R R E RS RS TR AR LI RS R R Rt RN ]
I P I T I Y
LIRSS R LS L 2]
SUBROUT INE CKDPTC (RHO,T,C, IWORK,WORK,DPDT}

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVE OF THE PRESSURE
WITh RESPECT TO TEMPERATURE GIVEN THE MASS DENSITY, TEMPERATURSE
AND MOLAR CONCENTRATIONS. REFERENCE EQUATION (I11.7.12).

INPUT
RHO - MASS DENSITY,.
CGS UNITS ~ GM/CMr»%2,
T - TEMPERATURE.
CGS UNITS - =«
C ~ MOLAR CONCENTRATIONS OF THE KK SPECIES.

CGS UNITs — MOLE/CM»x3
OIMENSION C{=*}) AT LEAST KK.
IWCTK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE [WORK ARRAY
IS INITIALIZED BY THE CALL TO SUBRCUTINE CKINIT.
CIMENSION IWORK(#*) AT LEAST LEWIWK. SEE CKINIT FOR
DETAILS ON THE KEQUIRED LENGTH OF IWORK,
WORK - ARRAY 0OF REAL INTERNAL WORK SPACE. THE ®WORK ARRAY 13
INITIALTZED 8Y THE CALL 70 SUSROUTINE CKINIT.
DIMENSION WORK (#) AT LUAST LENWK. SEE CKINIT FOR
DETAILS IN THE KEQUIRED LENGTH OF wORK.

QUTPUT
npPoT ~ PARTIAL DERIVATIVE (F THE PRESSURE WITH RESPECT
TO TEMPERATURE.
CGS UNITS = DYNES/{CMx%2#K}),
CXDPTX CKDPTX CKOPTX CKDPTX CKDOPTX CKDPTX

AR AL I AR IR E AR KRR KRR E AR RS SRR &
i s rrrryy
PR AREERRANRR
SURRDUTINE CKLPTX {(RHQ,YT , X, IWORK,WORK,DPDT)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVE OF THE PESSURE
WITH RESPECT TO TEMPERATURE GIVEN THE MASS DENSITY, TEMPERATURE
AND 'AOLE FRACTIONS. REFERENCE EQUATION (11.7.11)

INPUT
RHO - MASS DENSITY.
CGS UNITS = GM/(CMe*=*3,
I - TEMPERATURE.
C6S UNITS - K
X - MOLE FRACTICNS OF TYHE KK S5PECIES.
CGS UNITS = NONE.
ODIMENSION X(*) AT LEAST KK.
IWORK = ARRAY OF INTEGER INTERNAL WURK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORKi*) AT LEAST LENfWK. SEE CKINIY FOR
DETAILS ON THE REQUIRED LENGTH OF [WORK.
WORK ~ ARRAY OF REAL INTERNAL wWORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORKI(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

ouUTPUT
opPODT ~ PARTIA), CFRIVATIVE OF THE PRESSURE WITH RESPECT
TO TEMPERATURE.
S5 UNITS = DYNES/(CMx*29x},



CKDPTY CKDPTY CKOPTY CKOPTY CKDPTY CKODFTY
AR R R AR AR R AR R KRR R R R X R K

AR R KK R R R R AOR R Xk
T IIITRIIE L
SUBROUTINE CKDPTY (RHO,T,Y, IWORK,WORK,DPDT)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVE OF THE PRESSURE
WITH RESPECT TO TEMPERATURE GIVEN THE MASS DENSI!TY, TEMPERATURE
AND MASS FRACTIONS. REFERENCE EQUATION (I1.7.10}

INPUT
RHO - MASS DENSITY.
CGS UNITS = GM/CM**3,
T - TEMPERATURE.
CGS UNITS - K
Y ~ ARRAY OF MASS FRACTIONS OF THE KK SPECIES.

CGS UNITS - NONE.
JIMENSION Y(*}) AT LEAST KK.
IWORK - ARRAY OF INTEGER INTERNAL WORX SPACE. THE IWORK ARRAY
IS INITTALIZED BY THE CALL TO SUBROUTINE CKINIT,
OIMENSION IWORK(*) AT LEAST LENIwWK. SEE CXINIT FOR
DETAILS CN THE REQUIRCD LENGTH OF IwWORK.
WORK - ARRAY (OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

QUTPL
oroT - PARTIAL OERIVATIVE QOF THE PRESSunt WITH RESPECT
TO TEMPERATURE.
CGS UNITS ~ DWNES/(CMex2%K]) .
(KORDC CKDROCL CKOROC CKDROC CKGROC CKDRDC

AR R AR AR A AR AR KR KRR R Rk R R R
AR K KKK K ROKOR K K Ak K K K
AR AR AR
SUBRCUT INE CKDRDC (P,T,C, IWORK,WORK,DRHODC)

THIS SUBROUTINE RETUKRNS THE PARTIAL DERIVATIVES OF THE MASS
OENSITY WITH RESPECT TO THE MOLAR CONCENTRATIONS GIVEN THE
PRESSURE, TEMPERATURE AND MOLAR CONCENTRATIONS. REFERENCE
EQUATION (I1.7.9)-

INPUT
p - PRESSURE.
CGS UNITS — DYNES/CM#*=x2,
T - TEMPERATURE.
CGS UNITS -~ K
C - MOLAR CONCENTRATIONS OF THE KK SPECIES.
CGS UNITS = MOLE/CM*x*3
DIMENSION CU*}) AT LEAST KK.
INORK ~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

1S INITIALIZED B8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK({*} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED B8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.,

QuUTPUT
DRHODC ARRAY OF PARTIAL DERIVATIVES OF THE MASS DENSITY
WITH RESPECT TO THE MOLAR CONCENTRATIONS OF THE
KK SPECIES.
CGS UNITS = GM/MOLE.

OIMENSION ORHODC{*} AT LEAST KK.
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CKBROX CKDROX CKORDX CKDRDX CKDRODX CKORDX
L e P E R T Y

LR R R 2SS R RS2 Rt S ¢
LR R L R LTS

SUBROUTINE CKDRDX (P4T,X,IWORK,WORK,DRHODX)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MASS
DENSITY WITH RESPECT TO THE MOLE FRACTIONS GIVEN THE PRESSURE,
TEMPERATURE AND MOLE FRACTIONS. REFERENCE EQUATION (I11.7.8).

INPUT
4 -~ PRESSURE.
CGS UNITS = DYNES/CM==2,
T - TEMPERATURE.
CGS UNITS - K
X -~ MOLE FRACTIONS OF THE KK SPECIES.
CGS UNITS = NINF.
DIMENSION X(*) AT LEAST KK.
IWORK ~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED By THE CALL TO SUBROUTINE CKINIT.
OIMENSION TWORK(#*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE., THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
OIMENSION WORK (%) AT LEAST LENWK. SEE CKINIT FOR
DETAILS TM THE REQUIRED LENGTH OF WORKX.
QuUTPUT
ORHGDX = ARRAY OF PARTIAL DERIVATIVES OF THE MASS DENSITY
WITH RESPECT TO THE MOLE FRACTICNS OF THE KK
SPECIES.
CGS UNITS = GM/CM=s3,
DIMENSION ORHODX (=) AT LEAST KK,
CKDRDY CKBRDY CKDROY CKDROY CXDFDY CKDRDY

ARG R AR AR AR R E R R R MR RN k&
MARRE R R AR KRR RN ARk
EXEFRRER ARk

SUBROUTINE CKDROY (P,T,Y,IW0ORK,WORK,DRHODY)

THIS SUBROUTINE RETURNS THE PARTTAL OFRIVATIVES Or THE MASS
DENSITY WITH RESPECT TO MASS FRACTIONS GIVEN PRESSURE,
TEMPLRA&TURE AND MASS FRACTIONS. REFERENCE EQUATION (I1.7.7).

INPUT
P -~ PRESSURE.
CGS UNITS = OYNES/CM*%2,
T - TEMPERATURE.
CGS UNITS = K
Y = ARRAY OF MASS FRACTIONS OF THE KK SPECIES.
CGS UNITS ~ NONE.
DIMENSION Y(#*) AT LEAST XK.
IWORK - ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK AFRAY

IS INITIALIZED B8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK{*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK({*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE KEQUIRED LENGTH OF WORK.

ouUTPUT
DRHODY

ARRAY OF PARTIAL DERIVATIVES OF THE MASS DENSITY
WITH RESPECT TO THE MASS FRACTIONS OF THE XK
SPECIES.

CGS UNITS = GM/CM==*3,

DIMENSION DRHOOY (%) AT LEAST KK.



CKDRTC CKDRTC CKDRTC CKORTC CKDRTC CKORTC
R A A KO R AR X

AR SRR RN R AR R R X
KRR K K
SUBROQUTINE CKDRTC (P,T.+Cy» IWORK,WORK,DRHOODT)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVE OF THE MASS
OCNSITY WITH RESPECT TO TEMPERATURE GIVEN PRESSURE,
TSMPERATURE AND MOULAR CONCENTRAT [ON. REFERENCE EQUATION

(I1.7.610.
INPUT
e - PRESSURE.
CGS UNITS - DYNES/CM»x2,
T - TEMPERATURE.
CGS UNITS - K
C - MOLAR CONCENTRATIONS OF THE KK SPECIES.
CGS UNITS = MOLE/CM=*#3
DIMENSION CU*) AT LEAST KK.
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALI ZED BY THE CALL TO SUBROUTINE CKINIT,
DIMENSION IWORK(=) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWOCRK,
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK({*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

QUTPUT
DRHODT - PARTIAL DERIVATIVE OF THE MASS DENSITY WITH RESPECT
TO TEMPERATURE.
CGS UNITS =~ GM/{CM*x3%K).
CKORTX CKDRTX CKDRTX CKDRTX CKORTX CKORT &

£ OR KRR K R KR R R R R R R %
KRB RER AR s v AR AR KRR AR
PEIYREI TR TY

SURROUTINE CKORTX (P+T¢X,IWORK,WORK,ORHODT]

THIS SUBRDUTINE RETURNS THE PARTIAL DERIVATIVE OF THE MASS
DENSITY WITH RESPELT TO TEMPERATURE CIVEN PRESSURE,
TEMPERATURE AND MOLE FRACTIONS. REFERENCE EQUATION

(11.7.5)
INPUT
P - PRESSURE.
CGS UNITS = DYNES/CM*#2.
T - TEMPERATURE.
CGS UNITS - K .
X - MOLE FRACTIONS OF THE KK SPECIES.

CGS UNITS - NONE.
DIMENSION X{*) AT LEAST KK.
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF I[WORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*}) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

QuUTPUT
DRHODT PARTIAL DERIVATIVE CF THE MASS DENSITY WITH RESPECT
TO TEMPERATURE.

CGS UNITS = GM/{CM#x3*K).
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CKDRTY CKDRTY CKORTY CKDRTY CKORTY CKORTY
AR AR R A R R A AR AOR OO R KRR KR R R K
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SUBROUTINE CKORTY (P,T,Y,IWORK,WORK,DRHODT)

THIS SUBROUTINE RETURNS THE PARTIAL OERIVATIVE OF THE MASS
DENSITY WITH RESPECT TO TEMPERATURE GIVEN THE PRESSURE,
TEMPERATURE AND MASS FRACTIONS. REFERENCE EQUATION (I1.7.4)

INPUT
[ - PRESSURE.
CGS UNITS - DYNES/CM=2*2,
T - TEMPERATURE.
CGS UNITS = K
Y ~ ARRAY OF MASS FRACTIONS OF THE KK SPECIES.
CGS UNITS - NONE.
CIMENSION Y(*) A1 LEAST KK.
[WORK = ARRAY OF [INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS UN THE REQUIRED LENGTH OF IWORK.
WO RK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALI2ED B¢ THE CALL TO SUBROQUTINE CKINIT.
DIYENSION WORK(*Y AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE RKEQUIRED LENGTH OF WORK.

QUTPUT
DRHODT -~ PARTIAL OERIVATIVE Of THE MASS OENSITY WITH RESPECT
TO TEMPERATURE.
CGS UNITS = GM/{CM*x3£K]),
CKDSML CKUSML CKDSML CKDSML CKOSML CKOSML

KERKEREEA RS SR AR A A D IR MAR AR R RA NS DR S
I ZYNES NP FENSEEFYSR ST E S N
EEE TR ERERERSEE ]

SUBROUTINE CKDSML (T, IWORK,WORK,0OSDTHML)

THIS SUBROUTINE RETURNS THE PART JAL DERIVATIVES OF THE
STANDARD STATE ENTROPIES IN MOLAR UNITS WITH RESPECT TO

TEMPERATURE. REFERENCE EQUATION (11.9.3).
INPUT
T ~ TEMPERATURE.
CGS UNITS - K
IWORK ~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK AIRAY

IS INITIALT LEDC BY THE Call TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBRGUTINE CKINIT.
DIMENSION WORK(») AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH DF WORK.

ouTPUT
O0SOTML - ARRAY OF PARTIAL DERIVATIVES OF THE STANDARD STATE
ENTROPIES OF THE KK SPECIES IN MOLAR UNITS WITH
RESPECT TO TEMPERATURE.
CGS UNITS ~ ERGS/(MOLE*K**2),
DIMENSION OSDTML (*) AT LEAST KK.



CKXDSMS CKOSMS CKDSMS CKDSMS CKDSMS CKDSMS
MR R SRR AR KRR KRR R R AR R Rk ok ok K K
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SUBROUTINE CKDSMS (T,IWORK,WORK,DSDTMS)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE
STANDARD STATE ENTROPIES IN MASS UNITS WITH RESPECT TO
TEMPERATURE. REFERENCE EOQUATION (11.9.10).

INPUT
T - TEMPERATURE.
CGS UNITS - K
IWORK ~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE [WORK ARRAY
IS INITTALIZED 8Y THE CALL TO SUBROQUTINE CKINIT.
DIMENSION IWORKU*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY [S
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORKI{*) AT LEAST LENWK. SF£ CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

WORK

ouTPUT
OSDTMS ARRAY OF PARTIAL DERIVATIVES OF THE STANDARD STATES
ENTROPIES OF THE KK SPCCIES IN MASS UNITS WITH RESPECT
TO TEMPERATURE.
CGS UNITS —~ ERGS/(GM*K*%x2) .,

DIMENSION DSODTMS(#*) AT LEAST KK.

CKDTC CKDTC CKOTC CKDTC CKDTC CKOTC
R A O K K K O A AR K R R K

IS E RS TR RS RSS2
IR RS 8 SN L2

SUBROUTINE CKOTC (T,C,IWORK,WORK,DWDI)

THTS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOUAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO TEMPERATURE
GIVEN THE TEMPERATURE AND MOLAR CONCENTRATIONS. REFERENCE
EQUATION (I1.10.11.

INPUT
r - TEMPERATURE.
CGS UNITS ~ K
C - MOLAR CONCENTRATIONS OF THE KK SPECIES.
CGS UMNITS - MOLE/CM*%3
DIMENSION CU{*} AT LEAST KK.
IWORK - ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWDRK ARRAY
I5 INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSIQON IWORK(#*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
OIMENSION WORK(#%) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGYH OF WOkn.

ouTPUT
OWDTC =~ ARRAY 0OF PARTIAL DERIVATIVES OF THE MJLAR PRODUCTION
RATES OF THE KK SPECIES WITH RESPECT 7O TEMPERATURE.
MOLAR CONCENTRATIONS HELD FIXED.
CGS UNITS = MOLE/(CM**3xSEC*K).
OIMENSION DOWOTC(*) AT LEAST KK.
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CKDTxp CKDTXP CKDTXP CKDTXP CKDTXP CKDTXP
AR R R R O o K O K K R R ROR R kR X
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LTI T 2 T LT

SUBROUTINE CKDTXP (P47 ,Xy IWORK, WORK,DHOTPX)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO TEMPERATURE
GIVEN THE PRESSURE AND MOLE FRACTIONS. REFERENCE EQUATION

(11.10.11.
INPUT
P ~ PKESSURE.
CGS UNITS — DYNES/CM#%*2,
T - TEMPERATURE.
CGS UNITS - K
X - MOLE FRACTICNS OF THE KK SPECIES.
CGS UNITS - NUNE.
DIMENSION X{*) AT LEAST KK.
IWORK = ARRAY OF INTEGER [NTERNAL WORK SPACE. THE IWORK ARRAY

[S INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
ODIMENSION IWORK(#*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY [S
INITIALIZED 8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK({=) AT {EAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

ouTPUT
OWDTPX - ARRAY QF PARTIAL DERIVATIVES OF THE MOLAR

PRODUCTION KATES OF THE KK SPECIES WITH RESPECT

T3 TEMPERAYUKE. rFRCSSURE AND MOLE FRACTIONS HELD

FIXED.
CGS UNLITS = MOLE/(CM#*34SEC*K) .,
OIMENSION OWOTPX (=} AT LEAST KK.

CKDTXR CKDTXR CKOTXR CKDTXR CROT A CKDTXR

XL RAR RN SN E R A RN R AR SR I R % R
EARKAIP R ERALRB AR RS AR RN AR R
[EI YV YE EREY ]

SUBROUTINE CKOTXR (RHO+T X s IWORK, WORK,JWDTRX)

THIS SUBRUOUT INE RETURNS THE PART [AL DERIVATIVES OF THE MOLAR
PLODUCTICN RATES OF Yhi SPECIES wiTre RESPECT TO TEMPERATURE
GIVEN THE MASS DENSLITY, TEMPERATURE AND MOLE FRACTIONS.
REFERENCE EQUATION (I11.10.11.

INPUT
RHO - MASS DENSITY.
CGS UNITS = GM/CM#»3,
T ~ TEMPERATURE.
7GS UNITS = K
X - MOLE FRACTIONS OF THE KK SPECIES.

CGS UNITS ~ NONE.
DIMENSION X{=*) AT LEAST KK.
IWORK =~ ARRAY (OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CXINIT.
DIMENSION ITWCRKt*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THEC REQUIRED LENGTH OF IWORK.

WORK ~ ARRAY OF REAL INTERNAL WCORK SPACE. THE WORK AKRAY IS
INITIALIZED BY THE CALL TO SUBRQUTINE CKINIT.
DIMENSION WORK (*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.
OUTPUT
DWOTRX = ARRAY OF PARTIAL DERIVATIVES OF THE MOLAR PRODUCTION

RATES OF THE KK SPECIES WITH RESPECT OT TEMPERATURE.
DENSITY AND MOLE FRACTION HELD FIXED.

CGS UNITS = MOLE/(CM**3%xSEC*K).

DIMENSION DWDTRX(*) AT LEAST KK.

’a
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SUBROUT INE CKOTYP (P+T,Y, IWORK,WORK,DWHDTPY)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT YO TEMPERATURE
GIVEN THE PRESSURE, TEMPERATURE AND MASS FRACTIONS.
REFERENCE EQUATION (I1;.10.1i.

INPUT
P ~ PRESSURE.
CGS UNITS ~ DYNES/CM=x2,
T - TEMPERATURE.
CGS UNITS - K
Y - ARRAY OF MASS FRACTIONS OF THE KK SPECIES.

CGS UNITS = NONE.
DIMENSION Y({*} AT LEAST KK.
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZEDO BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*} AT LEAST LENIWK. SEE CKINIT FOK
DETAILS CN THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTIZED BY THE CALL TO SUBRCUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CON THE REQUIRED LENGTH OF WORK.

QuUTPUT
OWDTPY - ARRAY OF PARTIAL DERIVATIVES OF THE MOLAR

PRODUCTION RATES OF THE KK SPECIES WITH RESPECT

TO TEMPERATURE. PRESSURE AND MASS FRACTIONS HELD

FIXED.
CGS UNITS — MOLE/(CM**3%SEC*K).
DIMENSION DWOTPY {*) AT LEAST KK.

CKDTYR CKDTYR CKOTYR CKDTYR CKDTYR CKDTYR

HOK AT Ak AR KK A AR KO KR K R R R K KK X
Ok R KR KR K R KRR AOK K
R R KRR

SUBRJUTINE CKDTYR (RHO,T.Y,IWORK,WORK,DOWDTRY)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO TEMPERATURE
GIVEN THE MASS DENSITY, TEMPERATURE AND MASS FRACTIONS.
REFERENCE EQUATION (I1.10.1).

INPUT
RHO - MA4SS DENSITY.
CGS UNITS - GM/CM*x3,
T ~ TEMPERATURE.

CGS UNITS - K
Y ~ ARRAY OF MASS FRACTIONS OF THE KK SPECIES.
CGS UNITS - NONE.
DIMENSION Y(*} AT LEAST KK.
ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWOKK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK{*} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQU:iRED LENGTH OF [wWORK.
WORK ~ ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITTALIZED BY THE CALL YO SUBROUTINE CKINIT.
DIMENSION ¥ Rk %) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

IWORK

CUTPUT

DWOTRY ARRAY OF PARTIAL DERIVATIVES OF THE MOLAR
PRODUCT ION RATES OF THE KK SPECIES WITH RESPECT
TO TEMPERATURE. OENSITY AND MASS FRACTIONS HELD
FIXED.

CGS UNITS = MOLE/(CM*%x3%SEC*K},
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DIMENSION DWOTRY (*) AT LEAST KK.

CKOUML CKDUML CKDOUML CKDUML CKDUML CKDUML
HOK WO A AR KRR R K R R KR RN Kk
L R P R R R LS L
EEEREREARERRK

SUBROUTINE CKDUML (T,IWCRK,AORK,DUDTML)

THIS SUBROUTINE RETURNS THE PARTIAL ODERIVATIVES OF THE
INTERNAL ENERGIES IN MOLAR UNITS WITH RESPECT TO TEMPERATURE.
REFERENCE EQUATICON (I1.9.51).

INPUT
T ~ TEMPERATURE.
CGS UNITS - K
IWORK =~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
1S INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSINN ITWORK(=*) AT LEAST LENIWK. SEF CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITTIALIZED BY THE CALL TQ SUBROUTINE CKINIT,.
DIMENSION WORK({*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK,
ouTPUT

DUDTML -~ ARRAY QOF PARTIAL OERIVATIVES OF THE INTERNAL ENERGIES
OF THE KK SPECIES IN MOLAR UNITS WITH RESPECY 70
TEMPERATURE .

CGS UNITS = ERGS/ZIMOIE=K]),
GIMENSTON DUDTML (=) AT LEAST KK.

CKOUMS CKDUMS rKOUMS CKDUMS LROUMS CKDUMS
AAKB AT ENKE SR E MR AR AR TR RRK R K K € bk
EERA KA R AR SRR A R RO
EERKAAERERD AN
SUBROUTINE CKDUMS (T.IWNRK,WORK,DUDTMS])

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE
INTERNAL ENERGIES IN MASS UNITS WITH RESPECY TO TEMPERATURE.
REFERENCE EQUATION (1T.9.121).

INPUT
T - TEMPERATURE.
CGS UNITS - K
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORKI(*) AT LEAST LENIWK., SEE CKINIT FNR
DETAILS ON YHE PEQUIRED LENGTH OF IWORK.
WORK ~ ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBRCUTINE CKINIT.
DIMENSION WORK({*) AT LEAST LENWK, SEE CKINIT FOR
DETAILS UN THE REQUIRED LENGTH (F WORK.

QUTPUT
DUDTMS ARRAY OF PARTIAL DERIVATIVES DF THE INTERNAL ENERGIES
OF THE KK SPECIES IN MASS UNITS WITH RESPECT TO
TEMPERATURE.
CGS UNITS ~ ERGS/(GM*K]} .

ODIMENSION DUDTMS(#*) AT LEAST KK.
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SUBROUTINE CKOWBC (C, IWORK,WORK,DWBDC)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE
MEAN MOLECUL AR WEIGHT WITH RESPECT TO THE MOLAR
CONCENTRATIONS GIVEN THE MOLAR CONCENTRATIONS. REFERENCE
EQUATION (I1.7.3).

INPUT
c

IWORK

WORK

QUTPUT
DwWBDC

CKDWBX

MOLAR CONCENTRATIONS OF THE KK SPECIES.
CGS UNITS ~ MOLE/CMx*3
DIMENSION C(=*) AT LEAST KK.
ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED By THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK({*} AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

ARRAY OF PARTIAL DERIVATIVES OF THE MEAN MOLECULAR
WEIGHT WITH RESPECT TO THE MOLAR CONCENTRATIONS
OF THE KK SPECIES.

ODIMENSION OWBDC(*) AT LEAST KK.

CGS UNITS —~ GM=*CM**3 /MOLE**2.

CKDWBX CKOWBX CKDWBX CKDWBX CKDOWBX
AR AR R R R R R R R R R R R R KRR K R KR X
K kR ROK ORROR BOK R ROR KK
R R KRR ROk & K

SUBROUTINE CKDWBX (X, IWORK,WORI,DWBDX)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVE OF THE
MEAN MOLECUL AR WEIGHT WITH RESPECT TO THE MOLE FRACTIONS
GIVEN THE MOLE FRACTIONS. REFERENCE EQUATION (I1.7.2).

INPUT
X

IWORK

WORK

oUTPUT
OWBDX

MOLE FRACTIONS OF THE KK SPECIES.
CGS UNITS - NONE.
DIMENSION X(#*} AT LEAST KK.
ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL YO SUBROUTINE CKINIT.
DIMENSION IWORK{*) AT LEAST LENIWK. SEE CKINIT FOK
DETAILS ON THE REQUIRED LENGTH OF IWORK.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK{*)} AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

ARR AY OF PARTIAL DERIVATIVES OF THE MEAN MOLECULAR
WEIGHT WITH RESPECT TO THE MOLE FRACTIOINS OF THE
KK SPECIES.

CGS UNITS - GM/MOLE.

DIMENSION DWBDX(*) AT LEAST KK.
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CKDwWBY CKOWBY CKOwWBY CKDWBY CKOWBY CKOWBY
AR KK K KRR R K R RO K R R K X
FERERCR IR GURRRI S KRN KKK
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SUBROUT INE CKOWBY (Y, IWORK,WORK,OWBY}

THIS SUBROUTINE RETURNS THE PARTTAL DERIVATIVE OF THE
MEAN MOLECULAR WEIGHT WITH RESPECT TO THE MASS FRACTIONS
GIVEN THE MASS FRACTIONS. REFERENCE EQUATION (I1.7.1).

INPUT
Y - ARRAY OF MASS FRACTIONS 0OF THE KK SPECIES.
CGS UNITS = NONE.
DIMENSION Y{=*) AT LEAST KK.
ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBRODUTINE CKINIT.
DIMENSION IWORKI(=) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF 1WODRK.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSTION WORK{=) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE RFQUIRED LENGTH OF WORK.

IWORK

WORK

ouTPUT
OWBDY =~ ARRAY OF PARTIAL DERIVATIVES OF THE MEAN MOLECULAR

WEIGHT WITH RESPECT TC THE MASS FRACTIONS OF THE
KK SPECIES.

CGS UNITS - GM/MOLE.

DIMENSION DWBDY(*) AT LEAST KK.

CKDWC CKDWC CKOWC CKOWC CKOWC CKDOWC
P R R R L L T LTy
A ERRIEX AR AER R KRR R A R
FEBERREERE KR K

SUBROUTINE CKOWC {T4+C,KDIM, INORK,WNRK,OWOCT)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECTES WITH RESPECT TO MOLAR
CONCENTRATIONS GIVEN THE TEMPERATURE AND MOLAR CONCENTRATIONS.
REFERENCE EQUATION (IT1.10.251.

INPUT
T - TEMPERATURE.
CGS UNITS - K
c - MOLAR CONCENTRATIONS OF THE KK SPECIES.
CGS UNITS = MOLE/CM=*2
DIMENSION Cl#) AT LEBST KK,
KDIM - ACTUAL FIRST DIYENSIAN OF TWO DIMENSIONAL ARRAY.
KDIM MUST BE GREATYER THAN OR EQUAL TO THE TOTAL
NUMBER OF SPECIES, KK,
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZED BY THF CALL TN SUBROUTINE CKINIT.
DIMENSION IWORK{*) 4T LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUJRED LENGTH OF IWORK,
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY [S
INITIALTZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSTON WORK({*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

ouUTPUT
OWDCT MATRIX OF PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF TIiE KK SPECIES WITH RESPECT TO
THE MOLAR CONCENTRATTONS OF THE KK SPECIES.
TEMZERATURE HELD FIXED. OWDCT(K,N} IS THE PARTIAL
DERIVATIVE OF THE MOLAR PRODUCTION RATE FOR SPECIES
K WITH RESPECT TO THE MOLAR CONCENTRATION OF SPECIES

Ne

CGS UNITS -~ 1/SEC.
DIMENSION DWDCTI(KDIM,*) EXACTLY KDIM FOR THE
FIRST DIMENSION AND AT LEAST KK FOR THE SECONO.
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CKDOWPX
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SUBROUTINE CKOWPX (P,T,X,IWORK,WORK,+0OWDPTX)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO PRESSURE
GIVEN THE PRESSURE, TEMPERATURE AND MOLE FRACTIONS.
REFERENCE EQUATICN (11.10.321}).

INPUT
P

T

X

[WORK

WORK

QUTPUT
OWOPTX

CKDWPY

PRESSURE.
CGS UNITS - DYNES/CM==*2,
TEMPERATURE.
CGS UNITS - K
MOLE FRACTIONS OF THE KK SPECIES.
CGS UNITS = NONE.
DIMENSION X(*) AT LEAST KK.
ARPAY OF INTEGER INTERNAL WORK SPACE. THE I[WORK ARRAY
IS INITIALIZED BY THE CALL TQ SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOP
DETAILS CN THE REQUIRED LENGTH OF IWORK.
ARRAY (Of REAL INTERNAL WORK SPACE. THCZ WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

ARRAY OF PARTIAL DERIVATIVES OF THE MOLAR PRODUCTICN
RATES OF THE KK SPECIES WITH RzSPECT YO PRESSURE.,
TEMPERATURE AND MOLE FRACTIONS HELDO FIXED.

CGS UNITS - MOLE/(CM*SEC*DYNES).

OIMENSION OWDPTX (%} AT LEAST KK.

CKDWPY CKDWPY CKOWPY LKOWPY CKDWPY
A KRR R R R R ROR AR R AR R R R A K K A
R AR R AER KRR AR R RN AT AR
I P ST Y

SUBROUTINE CKDWPY (P,T,Y,IWORK,WORK,DWOPTY}

THIS SUBROUTINF RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES QOF THE SPECIES WITH RESPECT TO PRESSURE
GIVEN THE PRESSURE, TEMPERATURE AND MASS FRACTIONS.
REFERENCE EQUATION (I11.10.32).

INPUT
p

T

Y

IWORK

WORK

ouUTPUT
DWOPTY

PRESSURE.
CGS UNITS - DYNES/CM*=*2,
TEMPERATURE.
CGS UNITS - K
ARRAY OF MASS FRACTIONS OF THE KK SPECIES.
CGS UNITS = NONE.
DIMENSION Y(=*) AT LEAST KK.
ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*} AT LEAST LENIWK. SEE CKINIT FOF
DETAILS ON THE REQUIRED LENGTH OF IWORK.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT,
DIMENSION WORK(=#) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

ARRAY OF PARTIAL DERIVATIVES OF THE MOLAR PRODUCTION
RATES OF THE KK SPECIES WITH RESPECT TO PRESSURE.
TEMPERATURE AND MASS FRACTIONS HELD FIXED.

CGS UNITS - MOLE/(CM*SEC*DYNES).

DIMENSION OWOPTY (%} AT LEAST KK.
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CXOWRX CKOWRX CKDWRX CKDWRX CKDWRX CKDWRX
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SUBROUTINE CKOWRX (RHO+T+X s IWORK,WORK,DWDRT X}

THIS SUBROUTINE RETURNS THE PARTIAL OERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO THE MASS
DENSITY GIVEN THE MASS DENSITY, TEMPERATURE AND MOLE
FRACTIONS. REFERENCE EQUATION (11.10.381).

INPUT
RHO - MASS DENSITY.
CGS UNITS - GM/CM%x3,
T - TEMPERATURE.
CGS UNITS - K
X - MOLE FRACTIONS OF THE KK SPECIES.
CGS UNITS - NONE.
DIMENSION X(%*) AT LEAST KK.
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITTALIZED B8Y THE CALL TN SUBROUTINE CKINIT.
DIMENSION [WORK(*) AT LEAST LENIWK. SEE CKINIY FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY J5
INITIALIZED BY THE CALL TO SUSROUTINE CKINIT.
DIMENSION WORK(#} AT LEAST LENWK. SEE CKINIT FQR
DETAILS CN THE REQUIRED LENGTH OF WORK,
QUTPUT

OWDRTX = ARRAY OF PART1AL DERIVATIVES OF THZ MOLAR PRODUCT ION
AATES OF THE xK SPECIES WITH RESPECY TC DENSITY.
TEMPERATURE AND MOLE FRACTIONS KELD FIXED.

CGS UNITS = MULE/(SEC*GM).
DIMENSTION OWORTX (*1) AT LFAST KK.

CKDWRY CKIOWRY CKDWRY CKDWRY CKOWRY CXOWRY
P N L R TR TP PR PR PP L P
P P T
KARBRUR AR RR T

SUBROUTINE CKOWRY (RHO,T Y, [WORK,WORK,DWORTY)

THIS SUBROUTINE RETURNS THE PART 1AL CERIVATIVES QF THE MOLAR
PRODUCTION RATES OF THE SPECIES wWITH RESPECT TO THE MASS
DENSITY GIVEN THE MASS DENSITY, TEMPERATURE AND MASS
FRACTIONS. REFERENCE EQUATION (I11.10.38).

INPUT
RHO - MASS DONSITY.
CGS UNITS = GM/CM=*3,
T -~ TEMPERATURE.
CGS UNITS - K
Y - ARRAY OF MASS FRALTIONS OF THE KK SPECIES.

CGS UNITS — NONE.
DIMENSION YU *) AT LEAST KK.
IWORK = ARRAY OF INTEGER INTERNAL WORK STACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBRUCUTINE CKINIT.
ODIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH DF IWDRK.
WORK ~ ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY 1S
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK{*) AT LEAST LENWK. SEE CKINIT FOQOR
DETAILS ON THF REQUIRED LENGTH OF WORK.

ouUTPUT

DWORTY ARRAY OF PARTIAL DERIVATIVES OF THE MOLAR PRODUCTION

RATES OF THE KK SPECIES WITH RESPECT T3 DENSITY.
TEMPERATURE AND MASS FRACTIONS HELD FIXED.

CGS UNITS — MOLE/(SEC*GM}.

DIMENSION DWDRTY {(*) AT LEAST KK.
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SUBROUTINE CKDWXP (P,T,XKOIM, I WIRK ,HORK,OWOXPT]

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCT ION RATES OF TYHE SPECIES WITH RESPECT TO MOLE FRACTIONS
GIVEN THE PRESSURE, TEMPERATURE AND MOLE FRACTINNS. REFERENCE
EQUATION (11.10.19).

INPUT
P ~ PRESSURE.
CGS UNITS —- DYNES/CM=*%2,
T - TEMPERATURE.
CGS UNITS = K
X - MOLE FRACTICNS OF THE KK SPECIES.

CGS UNITS - NONE.
DIMENSION X(*) AT LEAST KK.
KDIM ~ ACTUAL FIRST OIMENSION OF TwWO OIMENSIONAL ARRAY.
KDIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER OF SPECIES, KK.
IWORK =~ ARRAY OF INTFEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALTY . By THE CALL T0O SUBROUTINE CKINIT.
DIMENSION 1 WORK(*) AY LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK ~ ARRAY NF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED 8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
NDETAILS ON THE KEQUIRED LENGTH GF WORK.

ouTPUT
DWDXPTY ~ MATRIX OF PARTIAL DERIVATIVES OF THE MOLAR

PRODUCTION RATES OF THE KK SPECIES WITH REGPECT TO
THE MOUE FRACTIONS OF THE KK SPECIES. PRESSURE
AND TEMPERATURE HELD FIXED. OWDXPT(K,N}) IS THE
PARTIAL DERIVATIVE OF THE MOLAR PRODUCTION RATE FOR
SPECIES K WITH RESPECT TO THE MOLE FRACTIQM NF
SPECIES N.

CGS UNITS —~ MOLE/Z({CM»%34SEC).

OIMENSION DWOXPTIKOIM,*} EXACTLY KOIM FIR THE

FIRST DIMENSION AND AT LEAST KK FQOR THE SECOND.

CXODWXR CKOWXR CKDWXR CKDWXR CKOWXR CKDWXR
AR RN ARARKRE AR AR SRR AR ARK RN KK AR E

B A KK T R KK O K R
AR RO KR

SUYBROUTINE CKOWXR (RHO T4 XcKOIM, IWORK,NORK,DWDXRT)

THIS SUBROUTINE RETUARNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO MOLE FRACTIONS
GIVEN THE MASS OENSITY, TEMPERATURE AND MOLE FRACTIONS.
REFERENCE EQUATION (11.10.19).

INPUT
RHO - MASS DE.SITY.
CGS UNTTS = GM/CM=#3,
T ~ TEMPERATURE.
CGS UNITS = K
X - MOLE FRACTIONS OF THE KK SPECIES.

CGS UNITS ~ NONE.
DIMENSION X(*) AT LEAST KK.
KOIM - ACTUAL FIRST DIMENSION OF TWO DIMENSIONAL ARRAY.
KOIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER OF SPECIES. KK.

IWORK =~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZEDO B8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWNRK([*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK ~ ARRAY OF REAL [NTERNAL WORK SPACE. THE WORK ARRAY IS
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ouTPUT

UWOXRT =

CKOWYP

INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.

DIMENSIIN WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAIL. CN THE REQUIRED LENGTH OF WORK.

MATRIX OF PARTIAL DERIVATIVES OF THE MOLAR

PRODUCT ION RATES OF THE KK 3SPECIES WITH RESPECT TO
THE MOLE FRACTIONS OF THE KK SPECIES. DENSITY AND
TEMPERATURE HELD FIXED. OWDXRTI(K,N} IS THE PARTIAL
JERIVATIVE OF THE MOULAR PROODUCTION RATE OF SPECIES
K WITH RESPECY TO THE MOLE FRACTION OF SPECIES N.

CGS UNITS - MOLE/(CM=x3=SEC).
UIMENSION DWOXRT(KDIM,*) EXACTLY KDIHM FOR THE
FIRST DIMENSION AND AT LEAST KX FOR THE SECONU.

CKDWYP CKOWYP CKOWYP CKDWYP CKOWYP
IR R PR P N R RSV RN ]
A RERR R TR LR Y S EY
(AR E RS YYE LR SRS

SUBROUT INE CKOWYP (P ,T,Y KUIM, [WORK WORK,DWDYPT)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO THE MASS
FRACTIONS GIVEN THE PRESSURE, TEMPERATURE AND MASS FRACTION.
REFERENCE EQUATION (11.10.13).

INPUT
)

T

Y

KDIM

IWORK

WORK

ouTPUY
DWOYPT

PRESSURE.
CGS UNITS = DYNES/CM=x2,
TEMPERATURE.
CGS UNITS - X
ARRAY 0OF MASS FRACTIONS OF THE KK SPECIES.
CGS UNITS = NONL.
DIMENSION Yi*) AT LEAST KK.
ACTUAL FIRST OIMENSION OF TwWO DIMENSIONAL ARRAY.
KDIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER OF SPECIES, KK.
ARRAY 0OF INTEGER INTERNAL WORK SPACE. THE [WORK ARRAY
IS ITHITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION 1wWORK(*) AT LEAST LEMNIWK. SEE CKINIT FOR
DETAILS CN THE REGJIRED LENGTH OF IwWORK,
ARRAY 0)Ff REAL INTERNAL WORK 5PACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL TO SUBRQOUTINE CKINIT.
DIMENSION WORKt*) AT LEAST LENWK., SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORX.

MATRIX OF PARTIAL OERIVATIVES OF THE MOLAR PROOUCTIUON
RATES OF THE KK SPECIES WITH RESPECT TG THE MASS
FRACTIONS OF THE KK SPECIES. PRESSURE AND TEMPERATURE
FIXED. DWOYPT(K,N) 1S THE PARTIAL DERIVATIVE OF THE
MOLAR PRODUCT IUN RATE FOR SPECIES K WITH RESPECT TO
THE MASS FRACTION OF SPECIES N.

CGS UNITS ~ MOLES/((M**3 SEC)

DIMENSION OWDYPT(KOIM,*) EXACTLY KDIM FOR THE

FIRST DIMENSION AND AT LEAST KK FOR THE SECOND.



CKDWYR CKOWYR CKDWYR CKOWYR CKDWYR CKDOWYR
A A AOK RO R R ARk R R K R K Kk Rk ko

ARARRRE KRR B RR R AR R KKK AR
AEREE AR KRR K

SUBROUT INE CKDWYR (RHOT,+YKDIM,IWNORK;WORK, DWOYRT)

THIS SUBRQOUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO THE MASS
FRACTIONS GIVEN THE MASS DENSITY, TEMPERATURE AND MASS
FRACTIONS. REFERENCE EQUATION (I11.10.13).

INPUT
RHO

MASS DENSITY,
CGS UNITS = GM/CMxx*x3,
T - TEMPERATURE.
CGS UNITL ~ K
- ARRAY OF MASS FRACTIONS OF THE KK SPECIES.
CGS UNITS =~ NONE.
OIMENSION Y(=) AT LEAST KK.
KDIM - ACTUAL FIRST OIMENSION OF TWO DIMENSINNAL ARRAY.
KDIM MUST BE GREATER THAN OR EQUAL T7C THE TOTAL
NUMBER OF SPECIES., KK.
ARRAY (F [NTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
[S INITIALIZED BY THE CALL TO SUBROUTINF CKINIT.
DIMENSION IWORK({*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
ARRAY OF REAL INTERNAL WORK SPACE. 7TrE WORK ARRAY IS
INITTALIZED 8BY THE CALL TO SUBROQUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

IWORK

WORK

QUTRUT
DWOYRT MATRIX OF PARTIAL OERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE KK SPECIES WITH RESPECT T9H
THE MASS FRACTIONS OF THE KK SPECIES. OENSITY AND
TEMPERLTIURE HELD FIXED. OWOYRTI(K,N} 1S THE PARTIAL
DERIVATIVE OF THE MOLAR PRODUCTION FATE FOR SPECIES
K WITr RESPECY TO THE MASS FRACTION OF SPECIES N.
CGS UNTITS — MOLE/(CM*=3%SEC).,
DIMENSIOMN DWOYRTI(KDIM,*) EXACILY KDIM FOR THE FIRST
G NSTON AND AT LEAST KK FOR THE SECOND.

CKD XDY CKDXDY CrOXDY CKDXDY CKDXDY CKOXDY
EEE SR FES SR SERERL SRS RSt SRR R0 R
I EF RS RS RS ESE RS S EEEE RS S
LRSS ERE R S 3]

SUBROUTINE CKOXDY (Y ,KDIM, IWORK,WORK,DXKDYN)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLE
FRACTIONS WITH RESPECT TO THE MASS FRACTIONS GIVEN THE MASS
FRACTIONS. REFERENCE EQUATION (I1.8.2).

INPUT
Y - ARRAY OF MASS FRACTIONS OF THE KK SPECIES.
CGS UNITS =~ NONE.
OIMENSION Y(=}) AT LEAST KK.
KO IM ~ ACTUAL FIRST OIMENSION OF TWQ DIMENSIONAL ARRAY.
KOIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER QOF SPECIES, KK.
ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITTALIZED 8Y THE CALL TO SUBROUTINE CKINIT.
ODIMENSION I[WORK(*} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK,.
WORK - ARRAY (UF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FQOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

TWORK

ouTPUT

DXKDYN MATRIX OF PARTIAL DERIVATIVES OF THE MOLE FRACTIONS
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OF THE KK SPECIES WITH RESPECT TO THE MASS FRACTIONS
OF THE KK SPECIES. OXKDYN(KyN) IS THE PARTIAL
DERIVAT IVE QOF THE MQOLE FRACTION OF SPECIES K WITH
RESPECT TO THE MASS FRACTION OF SPECIES N.

CGS UNITS ~ NONE.

DIMENSION DXKOYN(KDIM,*) EXACTLY KDIM FOR THE

FIRST DIMENSION AND AT LEAST KK FOR THE SECOND.

CKDYDX CKOYDX CKDYDX CKDYODX CKDYDX CKOYDX
R P L

R xR R Rk kR KK R IOK Rk
AR EEER DK

SUBROUTINE CKDYDX (X, KDIM,IWORK,WORK,DYKDXN}

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MASS
FRACTIONS WITH KESPECT TO THE MOLE FRACTIONS GIVEN THE MOLE
FRACTIONS. REFERENCE EQUATION (I1.8.1).

INPUT
X - MOLE FRACTIONS OF THE KK SPECIES.
CGS UNLTS -~ NONE.
DIMENSION XU*) AT LEAST XK.
KD IM ~ ACTUAL FIRST DIMENSION OF TwWO DIMENSIONAL ARRAY,
KOIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER QOF SPECIES: KK.
I WORK -~ ARRAY OF INTEGHFR INTERNAL WwORK SPACE. THE IWORK ARRAY

IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSICN IwORK{*} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
wIRK - ARKAY OF REAL IN7TERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CAL({ TO SUBROQUTINE CKINIT.
DIMENSTICON WORKI(*) AT LEAST LENWK. SEE CKINIT FOR
ODETAILS ON THE REQUIRED LENGTH OF WQORK.,

ouUTPUT

OYKDXN MATRIX OF PARTIAL DERIVATIVES OF THE MASS
FRACTIONS OF THE KK SPECIES WITH RESPFCT YO THE
MOLE FRACTIONS OF THE KK SPECIES. DOYKDXN{K.N) 1S
THE PARTYIAL OERIVATIVE OF THE MASS FRACTION OF
SPECIES K WITH RESPECT TL THE MOLE FRACTION OF
SPECIES N.

CGS UNITS = NONE.

DIMENSTION DYKDXN(KODIM,*) EXACTLY KDIM FOR THE

FIRST DIMENSION AND AT LEAST KK FOR THE SECUND.

CKEQC CKEQC CKEQC CKEQC CKEQC CKEQC
AAUN RN R R ER R AR AR R KRR AR AR AR K &
R PN R R PR PR RS
R AR R 2 S R RS E8 Y

SUBROUT IMFE CKEQC (T,C+IWORK (WORK,EQKC)

THIS SUBROUTINE RETURNS Tof FQUILIBRIUM CONSTANTS OF THE
REACTIONS GIVEN TEAPERATILEE, AND MOLAR CONCENTRATIONS.
REFERENCE EQUAT.ON (I1.5.71.

JINPUT

T -~ TEMPERATURE.
C6GS UNITS - X

o - MOLAR CONCENTRATIONS OF THE KK SPECIES.
CGS UNITS = MOLE/CM**3
DIMENSION Ct=»; AT LEAST KK.

IWORK = ARRAY OF INTEGER INTERMAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZED EY THE CALL TO SUBROUTINE CKINIT.

DIMENSINN IWURK(*) AT LFAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK.

WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS

INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
OIMENSICN WORK(*) AT LEAST LENWK. SEE CKINIT FOR



QuUTPUT
EQKC

CKEQXP

ODETAILS ON THE REQUIRED LENGTH OJF WORK.

ARRAY OF EQUILIBRIUM CONSTANTS IN CONCENTRATION UNITS
FOR THC 11 REACTIONS.

CGS UNITS = (MOLE/CM*%3)xxSOME POWER

DIMENSION EQKC(*) AT LEAST 11.

CKEQXP CKEQXP CKEQXP CKEQXP CKEQXP
AR R R R R R ROR R K R RO ROK KON R ROk
L R P e LR L L
AR R R kR K

SUBROUTINE CKEQXP (P,T,X,IWORK,WORK,EQKC)

THIS SUBRQUTINE RETURNS THE EQUILIBRIUM CONSTANTS FOR THE
REACTIONS GIVEN PRESSURE, TEMPERATURE AND MOLE FRACTIONS.
REFERENCE EQUATION (Il1.5.7).

INPUT
p

T

X

I WORK

WORK

QUTPUT
EQKC

CKEQXR

PRESSURE.
CGS UNITS =~ DYHNES/CM=%2,
TEMPERATURE.
CGS UNITS = K
MOLE FKACTICNS OF THE KK SPECIES.
CGS UNITS - NONE.
DIMENSION X{#*) AT LEAST KK.
ARRAY OF INTEGER INTERNAL WCORK SPACE. THE IWORK ARKAY
IS INITIALIZEO BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSTION WORK({*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK,

ARRAY OF EQUILIBRIUM CONSTANTS IN CONCENTRATION UNITS
FOR THE 11 REACTIONS.

CGS UNITS - (MOLE/CM*=3)**S0ME PNWER

DIMENSION EQKC(#*) AT LEAST 11.

CKEQXR CKEQXR CKEQXR CKEQXR CKEQXR
R L e L A R AR R P L
PEREERT R AR R KRR AR
EERRRERERERRR

SUBROUT INE CKEQXR (RHO+T Xy IWORK,WORK,EQKC}

THIS SUBROUTINE RETURNS THE EQUILIBRIUM CONSTANTS OF THE
REACTIONS GIVEN MASS DENSITY, TEMPERATURE AND MOLE FRACTIONS.

REFERENCE EQUATION (I1.5.71,

INPUT
RHQO

T

X

IWORK

WORK

MASS DENSITY.
CGS UNITS = GM/CMx*3,
TEMPERATURE.
CGS UNITS - K
MOLE FRACTIONS OF THE KK SPECIES.
CGS UNITS - NONE.
DIMENSION XU{*) AT LEAST KK.
ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*)} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
ARRAY OF KEAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED 8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*}) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.
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OuUTPUT
EQKC

CKEQYP

ARRAY OF EQUILIBRIUM CONSTANTS IN CONCENTRATION UNITS
FOR THE II REACTIONS.

CGS UNITS ~ {(MOLE/CM=**3)*xS50ME POWER
DIMENSION EQKC(*) AT LEAST I1.

CKEQYP CKEQYP CKEQYP CKEQYP CKEQYP

RS TP SRS EEEEE RS RS PR S RSERE R ES 2L Y]
LR EE RS LRI SRS R RS S
L2 T2 2SR RE R 2.8 )

SUBROUTINE CKEQYP (P,T,Y, IWORK,WORK,EQKC)

THIS SUBROUTINE RETURNS THE EQUILIBRIUM CONSTANTS FDOR THE
REACTIONS GIVEN PRESSURE, TEMPERATURE AND MASS FRACTIONS.
REFERENCE EQUATICN (I11.5.71}.

INPUT
p

T

Y

IWORK

WORK

QuUTPUT
EQKC

CKEQYR

PRESSURE.
CGS UNITS = DYNES/(CM*x2,
TEMPERATUKE.
CGS UNITS - K
ARRAY OF MASS FRACTIONS OF THE KK SPECIES.
CGS UNITS - NONE.
DIMENSION Y{x) AT LEAST K.
ARFAY OF INTEGER INTERNAL WORK SPACE. THc IWORK AFRAY
IS INIVIALIZED 8Y THE Call TO SUBROUYINE CKINIT.
DIMENSIUN IWORK{*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWCRK.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITYALTZEL &Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK{=) AT LEAST LENWK. 5&E CKINIT FOR
DETALILS ON THE KEQUIRED LENGTH OF WOKK.

ARRAYC QOF EQUILIBRIUM CONSTANTS IN CONCENTRATION UNITS
FOR THE 11 REACTIONS.

CGS UNITS =~ (MOLE/CM*»x3)*»SOME POWER

DIMENSION EOKC(*) AT LEASTY Ii.

CKEQYR CREQYR (KEQYR CKEQYR CKEQYR
I E S EERE R F TR FE R LR PR E TSRS SRS ]
ISR RS RSP NIIEFIEESSE SR S 2
LRSI EE R E L LR

SUBROUTINE CKEQYR (RHO»T Y, [WORK,WORK,EQKC)

THIS SUBROUTINE RETURNS THE EQUILIBRIUM CONSTANTS OF THE
REACTIONS GIVEN ~ASS OENSITY, TEMPERATURE AND MASS FRACTIONS.

REFERENCE EQUATION (1i.5.7).

INPUT
RHO

T

Y

IWORK

WORK

ouUTPUT
EQKC

1

MASS DENSITY.
CGS UNITS - GM/CMer2,
TEMPERATURE.
CGS UNITS - K
ARRAY OF MASS FRACTIONS OF THE KK SPECIES.
CGS UNITS - NONE.
DIMENSION Y(=*) AT LEAST KK.
ARRAY OF [NTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALTIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION TWORK(*} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF [WORK.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZEO BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK,

ARRAY OF EQUILIBRIUM CONSTANTS IN CONCENTRATIIN UNITS



FOR THE 11 REACTIONS.
CGS UNITS = (MOLE/CM#**3)**SOME POWER
DIMENSION EQKC{*) AT LEAST I1.

CKGBML CKGBML CKGBML CKGBML CKGBML CKGBML
A OR AOR K OO AOK KK R R KK R Rk
A AR K AR K KR K K
R KRR R

SUBROUT INE CKGBML (T ,X, YWORK,WORK,GBML)

THIS SUBROUTINE RETURNS THE MOLAR WEIGHTED MEAN STANDARD
STATE GIB88S FREE ENERGY OF THE MIXTURE IN MOLAR UNITS.
REFERENCE EQUATION (I1.4.30).

INPUT
T - TEMPERATURE.
CGS UNITS = K
X - MOLE FRACTIONS OF THE KK SPECIES.

CGS UNITS = NONE.
DIMENSION X(*) AT LEAST KK.
IWORK =~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK{*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK.
WORK ~ ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITTALTZED BY THE CALL TO SUBRDUTINE CKINIT.
ODIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

ouUTPUT
GBML - MOLAR WEIGHTED MEAN STANDARD STATE GIBBS FREE ENERGY
IN MOLAR UNITS.
CGS UNITS - ERGS/MOLE.

CKGBMS CKGBMS CKGBMS CKGBMS CKGBMS CKGBMS
AERR SR RN R AE R ARA R A ER AR AR R R R X
ARAKRB R AR AR AR RR R DR R
RARRRERE AR KR

SUBROUTINE CKGBMS (T,Y,IWORK,WORK,GBMS )

THIS SUBROUTINE RETURNS THE MASS WEIGHTED MEAN STANDARD
STATE GIBBS FREE ENERGY OF THE MIXTURE IN MASS UNITS. REFERENCE
EQUATION (I1.4.31).

INPUT
T - TEMPERATURE.
CGS UNITS = K
Y ~ ARRAY OF MASS FRACTIONS OF THE KK SPECIES.

CGS UNITS — NONE.
DIMENSIGN Y{*) AT LEAST KK,
IWORK = ARRAY OF INTEGER INTERNAL WUORK SPACE. THE IWORK ARRAY
IS INITIALTZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK = ARKRAY OF REAL INTERNAL WORK SPACE. THE WNDRK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE C(KINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

OUTPUT
3BMS - MASS WEIGHTED MEAN STANDARD STATE GIBBS FREE ENERGY IN
MASS UNITS.
CGS UNITS = ERGS/GM.,
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CKGML CKGML CKGML CKGML CKGML CKGML
L T
AAERRER KRR R KK KR AR AKX KA
R R KRRk XA

SUBROUTINE CKGML (T, INORK,WORK,GML)

THIS SUBROUTINE RETURNS THE STANDARD STATE GIBBS FREE ENERGIES
IN MOLAR UNITS. REFERENCE EQUATION (Il.4.111.

INPUT
T - TEMPERATURE.
CGS UNITS - K
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE I[WORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSTON IWORK(*) AT LEASY LENIWX. SEE CKINIT FOR
DETAILS CN THE REQUIPED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED 8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(x*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

oUTPUT
GML ~ ARRAY OF STANDARD STATE GIBBS FREE ENERGIES IN MOLAR
UNITS FOR THE KK SPECIES.
CGS UNITS - ERGS/MOLE.
DIMENSION GML(=) AT LEAST KK.
CXGMS CKGMS CKGMS CKGMS CKGMS CKGKS

LA RS R TR R RSP REE R ESRs RE Rt tE B]
IR ATEZ SR RS EVESESIEE RS Y
LA AR P AL RS R

SUBROUTINE CKGMS (T, IWORK,WORK,GMS)

THIS SUBROUTINE RETURNS THE STANDARD STATE GIBBS FREE ENERGIES
IN MASS UNITS. REFERENCE EQUATION (1].4.18}.

INPUT :
T ~ TEMPERATURE.
CGS UNITS - K
IWORK - ARRAY OF INTEGER INTERNAL WORK SPACE. THE [WORK ARRAY

IS INITIALIZED BY THE CALL /0 SUBROUTINE CKINIT.
DIMENSION IWORK({=) AT LEAST ULENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY 0OF REAL INTERNA'® WORK SPACE. TIF WORK ARRAY IS
INITIALIZED BY THE €L TO SUBROUTINE CKINIT,
DIMENSTON WORK(*) AT LEAST LENWK. SEE CKINIT FOR
OETAILS ON THE FKEQUIRED LENGTH OF WORK.

QuUTPUT
GMS = ARRAY 0OF STANDARD STATE GIBBS FREE ENERGIES [N MASS
UNITS FOR THE KK SPECIES.
CGS UNITS — ERGS/GM.
OIMENSION GMS{*} AT LEAST KK.
CKHBML {CKHBML CKHBML CKHBML CKHBML CKHBML

R R ORR KROK R R K ROKR R OX FOK R X AR K
e e o RS R K KRR K
YTV I LY

SUBROUTINE CKHBML (T, Xy I[WORK,WORKHBML)

THIS SUBROUTINE RETURNS THE MOLAR WEIGHTED MEAN ENTHALPY
OF THE MIXTURE IN MOLAR UNITS. REFERENCE EQUATION (I1.4.22).

INPUT
T - TEMPERATURE.
CGS UNITS - K
X - MOLE FRACTICNS OQF THE KK SPECIES.

CGS UNITS - NONE.



DIMENSTON X{=*} AT LEAST KK.
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK (%) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

QUTPUT
HBML - MOLAR WEIGHTED MEAN ENTHALPY IN MCLAR UNITS.
CGS UNITS - ERGS/MOLE.
CKHBMS CKHBMS CKHBMS CKHEBMS CKHEBMS CKHBMS

EEREEE DA AN R AR AR AR RA KRR KK S kR
HEEAR KR MK R R RE R EER RN
& kA ok ko ok ok ok K

SUBRQUTINE CKHB8MS (T,Y, INORK+WORK,HBMS)

THIS SUBROUTINE RETURNS THE MASS WEIGHTED MEAN ENTHALPY
OF THE MIXTURE IN MASS UNITS. REFERENCE EQUATION (Il 4.23).

INPUT
T ~ TEMPERATURE.
CGS UNITS - K
Y - ARRAY OF MASS FRACTIONS OF THE KK SPECIES.
CGS UNITS = NONE.
DIMENSION Y(*} AT LEAST KK.
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY [S§
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK{=*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

OUTPUT
HBMS - MASS WEIGHTED MEAN ENTHALPY IN MASS UNITS.
CGS UNITS - ERGS/GM.
CKHML CKHML CKHML CKHML CXHML CKHML

xRk R AR R R K Kk R R K ROR KRR AR R R kA K RO
AR AR R AR KA EA R RN
T LTI Y]

SUBROUT INE CKHML (T, IWORK,WORK,HML)

THIS SUBROUTINE RETURNS THE ENTHALPIES IN MOLAR UNITS.
REFERENCE EQUATION ({II.4.3).

INPUT
T - TEMPERATURE.
CGS UNITS - K
IWORK = ARRAY (OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITTIALIZED By THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK.
WORK ~ ARRAY OF REAL INTERMAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSICN WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

QUTPUT
HML - ARRAY OF ENTHALPIES IN MOLAR UNITS FOR THE KK SPECIES.

CGS UNITS - ERGS/MOLE.
DIMENSION HML(*}) AT LEAST KK.
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CKHMS CKHMS CKHMS CKHMS CKHHMS CKHMS
AR KRR AR ARk C Rk kAR R kAR R R R R Ak Rk K
T T P T P P e L
IR SEEEES ST RS

SUBROUTINE CKXHMS (T, IWORK,WORK,HMS)

THIS SUBROUTINE RETURNS THE ENTHALPIES IN MASS UNITS.
REFERENCE EQUATION (1l.4.14).

INPUT
T - TEMPERATURE.
CGS UNITS - K
IWORX ~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION JWORK(*) AT (EAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK.
WORKX - ARRAY (OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK (%) AT LEAST LENWK. SEE CKINIY FOR
DETAILS ON THE REQUIPED LENGTH OF WORK.

OUTPUT
HMS ~ ARRAY OF ENTHALPIES IN MASS UNITS FOR THE KK SPECIES.
CGS UNITS ~ ERGS/GM.
OIMENSION KMS(*) AT LEAST KK.
CKHORT CKHORT CKHOKT CKHORT CKHCORY CKHORT

2k ok kA R R A OO Nk ROb O Rk ek ok ko
L AR ES AR NI R RIS EE 22
L EZ TS TR SRS 23
SUBROUTINE CKHORT (T, IWORK,WORK,HORT)

THIS SUBROUTINE RETURNS THE NONDIMENSIONAL ENTHALPIES.
REFERENCE EQUATION (I1.4.3) OR (Il.4.7}.

INPUT
T ~ TEMPERATURE.
CGS UNITS - K
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSTION IWORK(4) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS GN THE REQUIFED LENGTH OF IWORK.
WORK ~ ARRAY QOF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIAULIZED 8Y THE CALL TO SUBRQUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIY FOR
DETAILS CN THE REQUIRED LENGTH OF WORK,

ouTPUT
HORT - ARRAY OF NONDIMENSIONAL ENTHALPIES FOR THE KK SPECIES.
CGS UNITS - NONE.
CIMENSION HORT(*) AT LEASY KK.
CXINDX CKINDX CKINDX CKINDOX CKINDX CKINDX

AR R R R R OK O R R OR  RR KOK ROR R A Ok K
ok ok R ORI R K
. o R R R R
SUBROUTINE CKINDX (IWORK,WORK MM KK +IT,LENEL,LENSYM NFIT)

THIS SUBROUTINE RETURNS A GROUP OF INDICES DEFINING THE
SIZE OF THE PARTICULAR REACTION MECHANISM.

INPUT
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(x} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK.
WORK = ARRAY OF REAL INTERNAL WORK SPACE. THE WIRK ARRAY IS
INITIALTZ2ED BY THE CALL TO SUBROUTINE CKINIT.



DIMENSION WORK{*} AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

QuUTPUT

MM - TOTAL NUMBER OF ELEMENTS IN MECHANISM.

KK - TOTAL NUMBER OF SPECIES I[N MECHANISM.

It - TOTAL NUMBER OF REACTIONS IN MECHANISM,

LENEL ~ TOTAL NUMBER OF Al HOLLERITH CHARACTERS IN THE
ELEMENT NAMES.

LENSYM -~ TOTAL NUMBER OF Al HOLLERITH CHARACTERS IN THE
SPECIES NAMES.

NFIT ~ NUMBER OF COEFFICIENTS IN FITS 7O THERMODYNAMIC
OATA FOR ONE TEMPERATURE RANGE. NFIT = NUMBER OF
COEFFICIENTS IN POLYNOMIAL FITS TO CP/R + 2.

CKINIT CKINIT CKINIT CKINIT CKINTT CKINIT

SRS SRS LS PEES SIS SRR E Rt R Rl RS
MEEO A KT R KAk KRR R A Rk
T IR I I
SUBROUTINE CKINIT (LENTWK,LENWK,LINK,LOUT s IWORK,HWORKI

THIS SUBROUTINE SERVES TO READ THE LINKING FILE AND
CREATE THE INTERNAL WORK ARKAYS, [WORK AND WORK.

CKINIT MUST BE CALLED BEFORE ANY OTHER CHEMKIN SUBROUTINE
IS CALLED. THE WORK ARRAYS MUST THEN BE MADE AVAILABLE
AS INPUT TO THE OTHER CHEMKIN SUBROUTINES.

INPUT
LENIWK -~ ACTUAL DIMENSION OF THE INTEGER WORK AKRAY, IWORK,
THE MININMUM LENGTH OF IWORK(*) IS CUOMPUTED FROM THE
FOLLOWING FORMULA.
LENIWK = MM®(LENEL+KK} + KK*(LENSYM+2) +
I1*(2*MAXSP+MAXTB+4} + 1
WHERE=~
MM = NUMBER OF ELEMENTS IN MECHAHISH,
KK = NUMBER (F SPECIES IN MECHANISHM,
It = NUMBER OF REACTINNS IN MECHANISM.
LENEL = NUMBER 0OF Al HOLULERITH SYMBOLS IN THE
ELEMENT NAMES. DEFAULT 1S LENEL=2 UNLESS
THE INTERPRETER 1S CHANGED.
LINSYM = NUMBER OF Al HOLLERITH SYMBOLS IN THE
SPECIES NAMES. OEFAULT IS LENSYM=s10Q UNLESS
THE INTERPRETLER IS CHANGED.
MAXSP = MAXIMUM NUMBER OF SPECIES ALLOWED IN
ONE REACTION. DEFAULT IS MAXSP=6 UNLESS
THE INTERPRETER IS CHANGED.
MAXTB = MAXIMUM NUMBER OF ENHANCED THIRD BOODI!IES
ALLOWED IN ONE REACTION. ODEFAULT IS
MAXTB=6 UNLESS THE INTERPRETER 1S CHANGEOD.
IF NO CHANGES ARE MADE IN THE INTERPRETER THE FORMULA
FOR LENIWK ]S-
. LENTWK = MM*(2+KK] + KK*{12) + [[*(22) + 1
LENWK ~ ACTUAL DIMENSION OF THE REAL WORK ARKAY, WORK.
THE MINIMUM LFENGTH OF WORKI(=*) IS COMPUTED FROM THE
FOGLLOWING FORMU® A,
LENWK = Mo v KK®{NCP2T2¢81 + J1*{MAXTB44) + 3
WHERE-
NCP2T2 = THE NUMBER OF COEFFICIENTS IN THE FITS
TO THE THERMODYNAMIC PROPERTIES TIMES 2.
THE DEFAULT IS NCP2T2=14 UNLESS THE FORM
OF THE THERMODYNAMIC DATA BASE 1S CHANGED
IN THE I[MTERPRETER.
IF NO CHANGES ARE MADE IN THE INTERPRETER THE FORMULA
FOR LENWK 1S~
LENWK = MM + KK*(22) + J1*{(10) + 3

LINK =~ LOGICAL FILE NUMBER FOR THE LINKING FILE
LouT - QUTPUT FILE FOR PRINTED ERROR MESSAGES.
QUTPUT
IWORK = ARRAY OF INTEGEFR INTELRNAL WORK SPACE., THY 3TARTING
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ADDRESSES FOR THE IWORK SPACE ARE STORED
IN COMMCN/CKSTRT/. SEE APPENDIX A FOR THE DETAILS.
DIMENSION IWDRK(x} AT LEAST LENIWK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE STARTING
ADDRESSES FOR THE WORK SPACE ARE STORED
IN COMMON/CKSTRT/, SEE APPENDIX A FOR THE DETAILS.
DIMENSICN WORK(*) AT LEAST LENWK.

CKITR CKITR CKITR CKITR CKITR CKITR
EERE R R R R RN R R R ® S XK kKR R AR Kk kK
AR K RO RO R R K R
ERARERRRRRRK &

SUBROUTINE CKITR (I1WORK,WORK,ITHB,IREV)

THIS SUBROUTINE RETURNS A SET OF FLAGS INDICATING WHETHER
THE REACTIONS ARE REVERSIBLE OR WHETHER THEY CONTAIN
AR BITRARY THI{RD BCNTES.

INPUT
IWORK =~ ARRAY (OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITTALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK({=*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WNRK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK({*¥) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGT!H OF WORK.

ouUTPUT
1THB - ARRAY OF FLAGS REGARDING THREE 80DY REACTIONS.
ITHB(I)= -1 REACTION I 1S NOT A THRFE BODY REACTION
WITH M FOR THE THIRD BOOY.
ITHBUI)Y= O REACTION I IS A THREE BODY RPEACTION WITH
M AS THE THIRD BODY, BUT WITH NO ENHANCED
THIRD BODY EFFICIENCIES.
[THB( )= N REACTION [ IS A THREE BODY REACTION WITH
M AS THE THIRD B0O0Y, AND IN AGDITION
THERE ARE N SPECIES WITH ENHANCED THIRD
BODY EFFICIENCIES.
DIMENSION TTHB(%) AT LEAST 11
IREY - ARRAY OF FLAGS REGARDING THE REVERSIBILITY ANO THE
NUMBER (F STOICHIOMETRIC COEFFICIENTS OF THE 11
REACTICNS.
TREV(I)=+N REACTION T [S REVERSIBLE AND IT HAS N
NON~ZERD STOICHIOMETRIC COEFFICIENTS.
IREVII)==N REACTION T [S TJTRREVERSIBLE AND IT HAS N
NON-ZERQ STO!CHIOMETRIC COEFFICIENTS.
DIMENSICN TREV(*) AT LEAST 11
CKMMWC CXMMWC CKMMWC CKMMWC CKMMWC CKMMWC

R AR OR R K R A AOR K ROR ROK R R
R o A R Ak K K K KR
O R K

SUBROUTINE CKMMWC (Co [WORK WORK ,WTM}

THIS SUBROUTINF RETURNS THE MEAN MOLECUL AR WEIGHT OF THE
GAS MIXTURE GIVEN THE MOLAR CONCENTRATIONS. REFERENCE
EQUATION (11.2.51).

INPUT
C ~ MOLAR CONCENTRATIONS OF THE KK SPECIES.
CGS UNITS = MOLE/CM*%3
ODIMENSION C{*) AT LEAST KK.
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED B8Y THE CALL TO SUBROUTINE CKINIT.
OIMENSION IWORK{=*} AT LEAST LENIWK., SEE CKINIT FOR



DETAILS ON THE REQUIRED LENGTH OF IWCRK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALI1ZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK({*) AT LEAST LtNWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

OUTPUT
WTM - MEAN MOLECULAR WEIGHT OF THE SPECIES MIXTURE.
CGS UNITS - 5SM/MOLE.
CKMMWX CKMMW X CKMMWX CKMMWX CKMMWX CKMMW X

A R A A ORI R R R R K o R K
wR ok Ok XK O R oK B K X K K K
OO ROk KA A

SUBROUTINE CKMMWX (X, IWORK,WORK WTM}

THIS SUBROUTINE RETURNS THE MEAN MOLECULAR WEIGHT 0OF THE
GAS MIXTURE GIVEN THE MOLE rRACTIONS. REFERENCE EQUATION
{il1.2.4).

IMNPUT
X - MOLE FKRACTIONS OF THE KK SPECIES.
CGS UNITS - NONE.
DIMENSION X{#*) AT LEAST KK.
IWORK = ARRAY 0OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED 8Y THE CALL 7O SUBROUTINE CKINIT.
DIMENSION IWOF<({%*}] AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.,
WORK - ARRAY OF REAL INTEKNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL TO SUBROQUTINE CKINIT.
DIMENSTON WORK(x) AT LEAST LENWK. SEE CKINIT FOR
OETAILS CN THE REQUIRED LENGTH OF WORK.

OuUTPUT
WTM ~ MEAN MOLECUL AR WEIGHT OF THE SPECIES MIXTURE.
CGS UNITS ~ GM/MOLE,
CKMMWY CKMMWY CKMMWY CKMMWY CKMMWY CKMMWY

AR % R R R R R KOR RO ROK K R R R R Rk ok KK R X
BEA R R R TR AR ARG E KK R &
RS IE T TS P

SUBROUTINE CKMMRY (Y, IWORK,WORK,WTM}

THIS SUZROUTINE RETURNS THE MEAN MOLECULAR WEIGKHT OF THE
GAS MIXTURE GIVEN THE MASS FRACTIONS. REFERENCE EQUATION
(IT.2.32)

INPUT
Y

ARRAY OF MASS FRACTIONS OF THE KK SPECIES.
CGS UNITS = NONE.
DIMENSION Y(*) AT LEAST KK,
ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED 8Y THE CALL TN SUBROUTINE CKINIT.
DIMENSION IWORK(*} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE KEQUIRED LENGTH OF IWORK.
ARRAY QOF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL TO SUBRQUTINE CKINIT.
DIMENSTON WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE PEQUIRED LENGTH 0OF WORK.

I WORK

WORK

QUTPUT
WTM MEAN MOLECULAR WEIGHY OF TuE SPECITS MIXTURE.

CGS UNITS - GM/MOLE.,
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CXNCF CKNCF CKNCF CKNCF CKNCF CKNCF
T r R e e P T Y
EEARRK R SRR E R R AR R G R AR KRR
AR E AR ERL AR

SUBROUTINE CKNCF (MDIM, IWORK ) WORKNCF}

THIS SUBROUTINE RETURNS THE ELEMENTAL COMPOSITION OF THE
SPECIES.

INPUT
MO IM ACTUAL FIRST DIMENSION OF TwO OIMENSIONAL ARRAY.
MOIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER (OFf ELEMENTS, MM,
IWORK ~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWOKK(=} AT LEAST LENIWK. SEE CKINIT FOZR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

t

QUTPUT
NCF MATRIX GIVING THE ELEMENTAL MAKEUP OF EACH SPECIES.
NCFIM,K) 1S NUMBER OF ATOMS 0OF THE M TH ELEMENT IN
THE X TH SPECIES.
DIMENSION NCF(ADIM,*)} EXACTLY MOIM FOR THE FIKST
DIMENSTON AND AT LEAST XK, THE TOTAL NUMBER OF
SPECIES, FOR THE SECOND. MDIM MUST BE AT LEAST MM,

THE TOTAL NUMBER (OF ELEMENTS IN fHE PROBLEM.

CKNU CKNU CKNU CKNU CKNU CKNY

2 ot 0 2 R K N A K K R N R R O I R K K ok o X
R R A K X R K RO K
R R
SUBROUTINE CKNU (KOTM, INORK ,WORK,NUKI)

THIS SUBROUTINE RETURNS THE STOICHIOMETRIC COtFFICIENTS
OF THE RcEACTION MECHANISM. REFCGRENCE EQUATIONS (11.5.1}
AND (11.5.31).

INPUT
KD IM - ACTUAL FIRST DIMENSION OF TwW(D) DIMENSIONAL ARRAY.
KOIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER OUOF SPECIES, XK.
IWORK - ARRAY (OF INTEGER INTERNAL WORK SPACKE. THE [WORK ARRAY
IS INITIALIZED BY TeLD CALL TO SUBRCUTINE CKINIT.
OIMENSION IWORK{*1 AT LEAST ! ENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK,
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY 1S
INITIALIZED BY THE CALL TO SUBROUTIHNE CKINIT.
ODIMENSION WORKI(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK,
OUTPUT
NUK 1 - MATRIX OF STOILHIOMETRIC COEFFICIENTS FOR THE KK

SPECIES IN THE 11 REACTIONS. NUKI(K,I1} IS THE
STOICHIOMETRIC COEFFICIENT OF SPECIES K IN REACTION 1.
DIMENSTION NUKI(KOIM,*) EXACTLY KOIM FOR THE FIRST

DIMENSION AND AT LEAST 11 FOR THE SECOND.



»t

CKPC CKPC CKPC CKPC CKPC CKPC
AEAL A ARRA BRI RE KRR AR AR KK IR AR AR AR K S
A AR A ON R AOR X R R R KR
EXTARREERRRAE

SUBROUTINE CKPC (RHO+T,Cy IWORK,WORK,P)

THIS SUBROUTINE RETURNS THE PRESSURE OF THE GAS MIXTURE
GIVEN THE MASS DENSITY, TEMPERATURE AND MOLAR CONCENTRATIONS.
REFERENCE EQUATION (I1.2.1).

INPUT
RHO - MASS DENSITY.
CGS UNITS ~ GM/CM=%x3,
T - TEMPERATURE.
CGS UNITS - K
C - MOLAR CONCENTRATIONS OF THE KX SPEC[ES.

CGS UNITS = MOLE/CMx=*3
DIMENSION Ct*) AT LEAST KK.
IWURK = ARRAY OF INTEGER INTERNAL wCRX SPACE. THE [WORK ARRAY
IS INITIALIZED B8Y THE CALL TS “UBKOUTINE CXINIY.
ODIMENSION IWDRK(*) AT LZsif LENIWK. SEE CKINIT €0
DETATLS ON THE REQUIRED 'ENGTH GF TWORK,

WORK ~ ARRAY (UF REAL INTERNAL WORK SPACE., THE WORK ARRAY IS
INITIALIZED B8Y THE CALL TO SUHRAQUTINE CKINIT.
DIMENSION WORK (%) AT LEAST LENWK, SEE CKINIT FOR
DETAILS (N THE KEQUIRED LENGTH OF WORK,
OLUTPUT

P - PRESSURE.

CGS UNITS =~ DYNES/CM**x2,
CKPHAYL CKPHALZ CKPHALZ CKPHAZ CKPHAL CxPHAZ

LR L R P R P N R R
AEERUR AN E KA RRRARRA R R %
IR LTS LYY
SUBROUTINE CXPAL (IWOFL ,WORK,KPHASE)

THIS SUBRC ITINE FoTUANL A SET DF FLAGS INRITTiMG THE
PHASE UF (4.4 SPECTES.

INPUT
IWORK -« ARF L, OF INTEGLE fNPERNLL WOKK SPAC. . HE IWORK LResy
S OINIYIALILLZEG O THE CALL TO SUBROUTINE TRINET,
DIMENSTON ITWORKE*®D AT FEAST LENIWK. 38 LKINIT Fw
CR e ILS ON THE Pou Tl u LENGTE 07 IWOKK,
ADRK = A~nAY 0OF REAL INTERNAL WURK €2aCE. it HE WORK ARRAY 1§
INITTTALTZED BY 1.8 CALL T LUBROJTINE CRINID .
OIME*SION WORK (%) 87 1 FAST LENW.. SE# TKINTT  JR
DETAILS ON THE REQUiKED LENGTH U~ WOAK,

CuUTPUT
KPHASE -- ARRAY NF FLAGS INDICATINC THE PHASE OF Ti.E KK S TIES.
KPHASU (KY==1 THE K TH SFECIES IS SOLID
KP- ASE(K}= 0 THE K TH SPECIES 135 GASEQUS
" PHASE(K)=+1 THE K TH SPECIC: IS LIQUID
ODIMENSION KPHASE (*) AT L-AaST KK
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CKPX CKPX CKPX CKPX CKPX
EEARERIRAR R R AR AR R AR R AR NN KRR KR
AR RS R R ROR R R Rk
AAKEARRE RS AR

SUBROUTINE CKPX (RHO,T4Xy IWORKsWORK 4P

THIS SUBROUTINE RETURNS THE PRESSURE QF THE GAS MIXTURE
GIVEN THE MASS DENSITY, TEMPERATURE AND MOLE FPRACTIONS.
REFERENCE EQUATION (I1.2.1).

CEPX

INPUT
RHO - MASS DENSITY.
CGS UNITS = GM/CMe#*3,
T - TEMPERATURE.
CGS UNITS - X
X - MOLE FRACTICNS OF THE wxw SPECIES.
CGS UNITS = NONE.
DIMENSION X(*) AT LEAST KK.
IWORK = ARRAY 0OF {NMTEGER INTERNAL WORK SPACY, Tr: iwW00¥ ARRAY
IS INITIS . 12€ED 8Y THE CALL TO SUBRQUTINE CKINIY.
DIMENSION TWORK(#*) AT LEAST LENIWK. SEE CKINIYT FOR
DETAILS ON THE KEQUIRED LENGTH OF IWORK,
WORK ~ ARTAY OF REAL [NTERNAL wWURK SPACE. THE WORK ARRAY [S
INITIALIZEO BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.
ouUTPUT
P ~ PRESSURE.
CGS UNITS = DYNES/CM#22,
CKPY CKPY CKFY CKPY CKPY CKPY
I 2 PSRN RN EEE SR R E R PSR NEFE SRR EE R R Y
IR EEREE RIS RS SRS SRS S
EeEERREE RS KR
SUBRUUT INE CKPY (RhJ¢T,Y, IWORK WORK,P}
THIS SUBROUTINE KETURNS THE PRESSURE OF THE GAS MIXTURE
GIVEN THE MASS DENSITY, TEMPERATURE AND MASS FRACTIONS.
REFERENCE EQUATION (I1.2.10).
INPUT
RHO -~ MASS DENSITY.
CGS UNITS = GM/CMee3,
T - TEMPET .+ JKE.
CGS UNITS - K
A ~ ARRAY OF MASS rRA(CTIONS OF THE KK SPECIES.
CGS UNITS =~ NONE.
DIMENSION Y(*) AT LEAST KK,
INORK - ARRAY OF INTEGER INTERNAI WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBRQOUTINE CXINIT.
DIMENSION IWORK({#*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY (OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITEALIZED BY THE CALL TO SUBRUUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.
ouTPUT
P - PRESSUKE.

CGS UNITS - DYNES/CM*x2,

.



cxac CKQC CKQC CKQcC CKQC CKGC
H8 W Rk R ok R K KK KK R ROR K K R KKK AR K K
KRR R R R ARk R KR kK
EARRRERK AR RN K

SUBROUTINE CKQC (7,C,IWORK,WORK,ROP)

THIS SUBRQOUTINE RETURNS THE RATE OF PROGRESS VARIABLES FOR
THE REACTIUNS GIVEN TEMPERATURE AND MOLAR CONCENTRATIONS.
REFERENCE EQUATIONS (11.5.4) AND (11.5.11).

INPUTY
T

TEMPERATURE.
CGS UNITS = X
C - MULAR CONCENTRATIONS OF THE XK SPECIES.
CGS UNITS = MOLE/CM*=%3
DIMENSION CU*) AT LEAST KK.
ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITTALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK{*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH 0OF IWORK,
ACRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITTALIZED B8Y THE CALL TO SUBKOUTINF CKINIT.
DIMENSION WORK(*} AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

[WORK

WORK

QUTPUT
ROP

ARR AY NOF RAVE OF PROGRESS VARIABLES FOR THE Il
REACTIONS.

CGS UNITS - MOLES/{(CMex3%SEC).

ODIMENSICN ROP(*) AT LEAST I1.

CKQOXP crQxe CKQxP CKaxe CKQxp CKQXP
AEARAE R RN RR R AR KRR AR KRBTk AW
LES S S SRR R RS RS SRR RS 2
EEIR KRR RARE RN

SUBROUTINE CKQXP (P,T,X, IWORK,WORK,ROP}

THIS SUBROUTINE RETURNS THE RATE OF PROGRESS VARTABLES FOR
THE REACTIONS GIVEN PRESSURE, TEMPERATURE AND MUOLE FRACTIONS.
REFERENCE EQUATIONS (I7.5.4) AND (I11.5.11).

INPUT
P ~ PRESSURFE,
CGS UNITS ~ DYNES/(M==2,
T - TEMPERATURE.
CGS UNITS - K
X -~ MOLE FRPACTICNS OF THE KX SPECIES.

CGS UNITS - NINE.
DIMENSION X{=) AT LEAST XK.
IWORK -~ ARRAY (OF INTEGER INTERNAIL WORK SPACE, HE [WORK ARRAY
IS INITIALIZED BY THE CALL TN SUBROUTINE CKINIT.
DIMENSION IWORK{*) AT LEAST LENIWK. SEE CKINIT FQR
DETAILS CN THE REQUIRED LENGTH OF I[WORK.

WO RK ~ ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY 1§
INITIALIZED BY THE CALL 70D SUBRDUTINE CKINIT.
DIMENSION WORKI(#) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.
QUTPUT
ROP - ARRAY OF RATE OF PROGRESS VARIABLES FOR THE 11

REACTIONS.
CGS UNITS = MOLES/(CM®*3%SEC).
DIMENSION ROP(*} AT LEAST 11.
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CKQXR CKQXR CKQXR CKQXR CKAXR CKQXR
B AR R R K o o K o o A R Nk ok
HEMEERR R AR R AR AR
KRR AR R R N

SUBROUTINE CKQXR (RHO,T+X, IWORK,WORK,+ROP}

THIS SUBROUTINE RETURNS THE RATE OF PROGRESS VARIABLES FOK
THC REACTIONS GIVEN MASS DENSITY, TEMPERATURE AND MOLE
FRACTYIONS., REFERENCE EQUATIONS (1I.5.4}) AND (I1.5.111).

INPUT
RHO ~ MASS DENSITY.
CGS UNITS = GM/CM»=3,
T ~ TEMPERATURE.
CG3 UNITS - K
X - MOLE FRACTIONS OF THE KK SPECIES.

CGS UNITS = NINE.
ODIMENSION X(*) AT LEAST KX.
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE [WORK ARRAY
IS INITIALIZED BY THE CALL TO SUBRQUTINE CKINIT.
DIMENSION ITWORK(=*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY [S
INITIALIZED BY THE CalL TO SUBROQUTINE CKINIT.
DIMENSION WORK(=*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WIRK.

QUTPUT
RQOP - ARRAY OF RATE OF PROGRESS VARIABLES FOR THE 11
REACTIONS.
CGS UNTTS = MOLES/(CM**3%SEC).
DIMENSION RGP IE#Y AT LEAST 11.
cxQye CKQye CKQYP CKQYP CKQYP CKQye

AR A Tk A R N KR A R Rt o OROK KOK Rk R kR
A ERAEEREL SRR S LER R RS
LA LR RS ST EE R

SUBROUT INE CKQYP (P,T,Y, IWORKWORK,ROP)

TH1S SUBROUTINE RETURNS THE RATE JOF PROGRESS VARIABLES FOR
THE REACTIONS GIVEN PRESSURE, TEMPERATURE AND MASS =RACTININS.

REFERENCE EQUATICNS {(1l.5.4) AND (i7.5.111).
INPUT
4 - PRESSURE.
CGS UNITS ~ DYNES/CM%x2,
T - TEMPERATURE.
CGS UNITS = K
Y - ARRAY 0OF MASS FRACTIONS 0OF THE KK SPECIES.

CGS UNITS ~ NONE.
DIMENSION Y{*) AT LEAST KK.
ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL 7O SUHNOUTINE CKINIT.
DIMENSION WORK(=*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

IWORK

ouUTPUT
ROP ARRAY OF RATE OF PROGRESS VARIABLES FOR THE 11
REACTINONS.
CGS UNITS — MULES/(CM=*3*SEC).

DIMENSICN ROP(*} AT LEAST 1.



CKQYR CKQYR CKQYR CKQYR CKQYR CKQYR
o AR R K A KKK AR K R AR KR R

A K KK KR ok A R R R
KK R KR KR

. SUBROUTINE CKQYR (RHO,T,Y,1WORK,WORK,ROP)

THIS SUBROUTINE RETURNS THE RATE OF PROGRESS VARIABLES FCR
THE REACTIONS GIVEN MASS DEMSITY, TEMPERATURE AND MASS
. FRACTIONS. REFERENCE EQUATIONS (iI1.5.4) AND (1I.5.11}).

INPUT
RHO ~ MASS DENSITY.
CGS UNITS = GM/CM**3,
T ~ TEMPERATURE.
CGS UNITS = K
Y - ARRAY OF MASS FRACTIONS OF THE KK SPECIES.

CGS UNITS - NONE.
DIMENSION Y{=®) AT LEAST XX.
[WORK - ARRAY OF INTEGER INTERNAL WORK SPACE. THE I[WORK ARRAY
IS INITIALIZED By THE CALL TO SUBROUYINE CKINIT.
DIMENSTON IWORKI(*} AT LEAST LENIWK. SEE CKINIT FCR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY NF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALT7ED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSTON WORK(*)} AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIREND LENGTH OF WOKK.

QuUTPUT
RQOP - ARRAY OF RATE OF PROGRESS VARIABLES FOR THE 11
REACTIONS.
CGS UNITS ~ MOLES/(CM*x3%SEC).
DIMENSION ROP(*) AT LEAST IT.
CKRHOC CKRHOC CKRHOC CKRHOC CKREHOC CKRHOC

I
R AR R RN R R Rk AR Rk R
ERAE AR B R A

SUBRQUT INE CKRHOC (P, T, IWORK+WORK,RHO)

THIS SUBROUTINE RKETURNS THE MASS DENSITY 0OF THE GAS MIXTUKE
GIVEN THE PRESSURE, TEMPERATURE AND MOLAR CONCENTRATIONS.
REFERENCE EQUATION (11.2.21).

INPUT
p - PRESSuU®PE.
CGS IITS =~ CYNES/CM=*2,
T ~ TEMPERATURE.
CGS UNITS - K
C - MOLAR CONCENTRATIONS QF THE KK SPECIES.
CGS UNITS - MOLE/CM%=*3
DIMENSION C{*) AT LEAST KK,
IWORK = ARRAY (F INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITTALTIZED BY THE CALL T0O SUBRQUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK, SEE CKINIT FOR
BETAILS ON THF REQUIRED LENGTH OF IwWwQORK,
WORK - ARRAY 1JF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK({*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.
Y
QUTPUT
RHO - MASS OENSITY.

CGS UNITS = GM/CMxx3,
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CKRHOX CKRHOX CKRHOX CKRHOX CKRHOX
B KA R OK R K AR KO R R K AR R KR X A K K
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SUBROUT INE CKRHOX (P,7T, X, WORK, WORK,RHO)

CKRHOX

THIS SUSROUTINE RETURNS THE MASS DENSITY OF THE GAS MIXTURE
GIVEN THE PRESSURE, TEMPERATURE AND MO/.E FRACTIONS.
REFERENCE EQUATION (Il1.2.2).
INPUT
P - PRESSURE.
CGS UNITS = DYNES/(CM==2,
T - TEMPERATURE.
CGS UNITS - K
X - MOLE FRACTIONS OF THE KK SPECILS.
CGS UNITS ~ NONE.
DIMENSION X(=*} AT LEAST KK.
IWORK = ARRAY OF INTEGER INTERKAL WORK SPACE. THE IWORK ARNAY
IS INITIALTZED BY THE CALL TO SUBROUTINE CKINITY.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKIiNIT FOR
DETAILS ON THE REQUIRED LENGTH OF I[WORK.
WORK ~ ARRAY OF REAL INTERNAL WORK SKACE., THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROQUTINE CKINIT,
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CON THE REQUIRED LENGTH OF WORK.
oUTPUT
RHN - MASS DENSITY.
CGS UNITS = GM/COM=%¥3,
CKRHOY CKRHOY CXRHOY CKRHGOY CKRHOY Cx_HQY
HRE AR R AR AR A R R KRR A KRR R K kK
AR ERRRRR R R TR R KRR
LR LRSI R LR
SUBROUTINE CKRHQY (P,T,Y,1WORK,WORK,RHO)
THIS SUBROUTINE RETURNS THE MASS DENSITY OF THE GAS MIXTURE
GIVEN THE PRESSURE, TEMPERATURE AND MASS FRACTIONS.
REFERENCE EQUATION (I1.2.21.
INPUT
P - PRESS'RE.
CGS UNITS = DYNES/(CMx%2,
T - TEMPERATURE.,
CGS UNITS -~ K
Y - ARRAY OF MASS FRACTIONS OF THE KK SPECIES.
wGS UNITS - NONE.
DIMENSION Y(#*) AT LEAST KK.
IWORK -~ ARRAY 0OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT,
DIMENSION TWORK(#®) AT LEAST LENIWK. SEE CKINIT FOR

BETAILS ON THE KEQUIRED LENGTH OF IWORK.

WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY [S

INITIALIZEL BY THE CALL TO SUBROUTINE CKINI

T.

DIMENSICM WORK({*) AT LEAST LENWK. SEE CKINIT FOR

ODETAILS CN THE REQUIRED LENGTH OF WGORK.

ouUTPUT
RHO - MASS DENSITY.
CGS UNITS — GM/CM**3,



CKRP CKR?P CKRP CKRP CKRP CKRP
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SUBROUTINE CKRP (IWORK,WCRK,RU,RUCsPA}

THIS SUBROUTINE RETURNS UNIVERSAL GAS CONSTANTS AND THE
PRESSURE OF ONE STANDARD ATMOSPHERE.

INPUT
IWORK - ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETATILS CN THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSTON WORKU*) AT LEAST LENWK. SEF CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

ouTPUT
RU - UNIVERSAL GAS CONSTANT,
CGS UNITS - 8.314E7 ERGS/(MOLE*K)
RUC ~ UNIVERSAL GAS CONSTANT USED ONLY IN CONJUCTION WITH

ACTIVATION ENERGY.
PREFERRED UNITS - 1.987 CAL/(MOLE=*K)}.
Pa - PRESSURE OF ONE STANDARD ATMOSPHERE.
CGS UNITS -~ 1.01325E6 DYNES/CM*%x2

CKSAC CKSAC CKSAC CKSAC CKSAC CKSAC
Ly s P Py ey
T Y™
AKX K

SUBROUTINE CKSAC (T,C.KDIM, IWORKWORK,DWKDAT}

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO THE PRE-
EXPONENTIAL CONSTENTS OF THE REACTICNS GIVEN TEMPERATURE AND
MOLAR CONCENTRATIONS. REFERENCE EQUATION (11.11.3).

INPUT
T - TEMPERATURE.
CGS UNITS -~ K
C - MOLAR CONCENTRATIUNS OFf THE KK SPECIES.

CGS UNITS - MOLE/CM%x3
DIMENSION Ct*) AT LEAST KK.
KDIM ~ ACTUAL FIRST DIMENSION OF TWQO DIMENSIONAL ARRAY.
KDIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NIJMBER OF SPECIES, KK.
IWORK - ARRAY (OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITVIALIZED BY THE CALL TO SUBROUTINE CKINIT,
ODIMENSION IWORK({*) AT LEAST LENTWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZ2eD BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK (=} AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LZNGTH OF WORK.

NUTPUT
OWKDAT MATRIX OF PARTIAL ODERIVATIVES OF THE MOLAR PRODUCTION
RATES OF THE KK SPECIES WITH RESPECT TO THE PRE=-
EXPONENTTAL CONSTANTS OF THE 11 REACTIONS. DWKDAL
(KyI)} IS THE PARTIAL DERIVATIVE OF THE MOLAK
PRODUCTICON RATE OF SPECIES K WITH RESPECT TQO THE
PRE-EXPCNENTIAL CONSTANT OF REACTION 1.
CGS UNITS - DEPENDS ON REACTION
DIMENSION DWKDAI(KDIM,*} EXACTLY OKIM FOR THE
FIRST DIMENSION AND AT LEAST Il FOR THE SECCND.
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CKSAXP CKSAXP CKSAXP CKSAXP CKSAXP CKSAXP
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SUBROUTINE CKSAXP (P,T,X,KDIM,IWORK,WORK,DWKODAT)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT T0O THE PRE-
EXPONENTIAL CONSTANTS OF THE REACTIONS GIVEN PRESSURE,
TEMPERATURE AND MCLFE FRACTIONS. REFERENCE ESQUATION (11.11.3).

INPUT
P - PRESSURE.
CGS UNITS = DYNES/CH=x2,
T - TEMPERATURE.
CGS UNITS -~ K
X - MOLE FRACTICNS OF THE KK SPECICS.
CGS UNITS = NINE.
DIMENSION xt#) AT LEAST KK.
KOIM - ACTUAL FIRST DIMENSION OF TW0O DIMENSTONAL ARRAY.

KDIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER QJF SPECIES, KK.
IWORK -~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED B8Y THE CALL TO SUBROUTINE CKINIT.
OIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH JF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY [S
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(=*) AT LEAST LENWK. SEE CKINIT FOGR
DETAILS CN THE REQUIRED LENGTH OF WORK.

ouUTPUT
DWKDAI - MATRIX OF PARTIAL DERIVATIVES OF THE MOLAR 2200UCTION
RATES OF THE KK SPECIES wWITH RESPECTY TO THE FRE-~
EXPUTENTIAL CCNSTANTS OF THE Il REACTIONS. OWKDAL
(Keli IS THE PARTIAL DERIVATIVE OF THE MOLAFR
PRODUCT ION RATE OF SPECIES K WITH RESPECT T THE
PRE~-EXPGNENTTAL COMSTANT OF QEACTION T.
CGS UNITS =~ DEPENDS ON REACTYION
DIMENSIGHN OWKDAT(KDIM,*) HXACTLY OKIM FOF [HE
FIRST DIMENSION AND AT LEAST 11 FOR THE SECOND.
CKSAXR CKSAXR CKSAXR CKSAXR CKSAXR CKSAXR

AR EEE R RS SRR R LRSS RS R R R R
L EA R RS ERSAS SRR AR 2 2
LR 22 RS RS TS &N

SUBROUTINE CKSAXR (RHO,T,X,KDIM,IWORK,WORKyDWKDAT}

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH PESPECT TO THE PRE~
EXPONENTI AL CONSTANTS OF THE REACTIONS GIVEN MASS DENSITY,
TEMPERATURE AND MOLE FRACTIONS. REFERENCE EQUATION {(11.11.30.

INPUT
RHQO ~ MASS DENSITY.
CGS UNITS = GM/CHx#3,
T - TEMPERATURE.
CGS UNITS =~ K
X - MOLE FRACTIONS OF THE KK SPECIES.

CGS UNITS -~ NONE.
DIMENSION X{*) AT LEAST KK,
KOIM ~ ACTUAL FIRST DIMENSION OF TWD DIMENSICNAL ARRAY.
KDIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER QF SPECIES. KK.

IWORK =~ ARRAY (OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED B8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK., SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK.
WO RK -~ ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS

INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.

.



DIMENSTION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

ouTPUT
OWKDA! =~ MATRIX OF PARTIAL DERIVATIVES OF THE MOLAR PRODUCTION
RATES OF THE KK SPECIES WITH RESPECT TO THE PRc-
EXPONENTIAL CONSTANTS OF THE Il REACTIONS. OWKDAI
{Ks1) IS THE PARTIAL DERIVATIVE OF THE MOLAR
PRODUCTION RATE OF SPECIES K WITH RESPECT TO THE
PRE~EXPONENTIAL CONSTANT OF REACTION I.
CGS UNITS — DEPENDS ON REACTION
DIMENSION DWKDAI (KDIM,*) EXACTLY OKIM FOR THE
FIRST DIMENSION AND AT LEAST Il FOR THE SECOND.

CKSAYP CKSAYP CKSAYP CKSAYP LKSAYP CKSAYP
P e e P L P e R R R e Y

2% B O KK KRR KKK R AR KK
R AR AR AR KK
SUBRROUTINE CKSAYP (P, T,YKOIM,IWORK,WORK,DWKDAI)

THIS SUBROUTINE RETURNS THE PARTIAL OERIVATIVES OF THE MOLAR
PRODUCT ION RATES OF THE SPECIES WITH RESPECT TO THE PRE-
EXPONENTIAL CONSTANTS OF THE REACTIONS GIVEN PRESSURE,
TEMPERATURE AND MASS FRACTIONS. REFERENCE EQUATION (I1.11.3).

INPUT
P - PRESSURE.
CGS UNITS - DYNES/(CM=*x2,
T - TEMPERATURE.
CGS UNITS = K
Y - ARRAY OF MASS FRACTIONS OF THE KK SPECIES,

CGS UNITS — NONE.
DIMENSION Y(#) AT LEAST KK.
KDIM - ACTUAL FIRST ODIMENSION OF TWC DIMENSIONAL ARRAY.,
KDIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER OF SPECIES, XK.
IWORK - ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALTZEO BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(=*) AT LEAST (ENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK — ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY 15
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT,
DIMENSION WORK(=%®) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

ouTPUT
OWKDA! = MATRIX OF PARTIAL DERIVATIVES OF THE MOLAR PRODUCT'ON
RATES OF THE KK SPECIES WITH RESPECT TO THE PRE-
EXPONENTIAL CONSTANTS OF THE I1 REACTIONS. OWKDAI
(K,I) IS THE PARTIAL DERIVATIVE OF THE MOLAR
PRODUCTION RATE OF SPECIES K WITH RESPECT TO THE
PRE-EXPONENTIAL CONSTANT OF REACTION I.
CGS UNITS — DEPENDS ON REACTION
DIMENSION DWKDAI(KDIM,*) EXACTLY DKIM FOR THE
FIRST DIMENSION AND AT LEASTY II FOR THF SECOND.

CKSAYFR CKSAYR CKSAYR CKSAYR CKSAYR CKSAYR
AR AR R R R R AOR R R R AR AR Rk Rk

L L i L ST TIITIITYT
ook kR K AR KR X
SUBROUTINE CKSAYR (RHO T oY +KOIMy IWORK ,WORK, DWKDAT)

TH1S SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TG THE PRE~
EXPONENTIAL CONSTANTS OF THE REACTIONS GIVEN MASS DENSITY
TEMPERATHURE AND MASS FRACTIONS. REFERENCE EQUATION (I1.11.31).

INPUT
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RHO

KDIM

IWORK

WORK

ouTPUT
DWKDAI

CKSBC

MASS DENSITY.
CGS UNITS = GM/CM%x3,
TEMPERATURE.
CGS UNITS - K
ARRAY OF MASS FRALTIONS OF THE KK SPECIES.
CGS UNITS -~ NONE.
OIMENSION YU*) AT LEAST KK.
ACTUAL FIRST DIMENSION OF TWO DIMENSIONAL ARRAY.
KDIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER OF SPECIES., «K.
ARRAY QOF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENS ION [WORK{*) AT LEAST LENIWK. SEE CKINIT FOk
DETAILS CN THE REQUIRED LENGTH OF IWORK.
ARRAY QOF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZEOD BY THE CALL TO SUBROUTINE CKINIT.
DIMENSTION WORK({*} AT LEAST LENWK, SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WOKK.

MATRIX OF PARTIAL DERIVATIVES OF THE MILAR SRODUCTION
RATES OF THE KK SPECIES WITH RESPECT 70 THE PRE-
EXPONENTIAL CONSTANTS OF THE II REACTIONS. DWKDAL
(Ky1) 1S THE PARTIAL OERIVATIVE OF THE MULAR
PRODUCT ION RATE NOF SPECIES K WITH RESPECT TO THE
PRE-EXPONENTIAL CONSTANT OF REACTION I.

CGS UNTTS — DEPENDS ON REACTION

DIMENSION DWKDAT(KDIM,#) EXACTLY DKIM FOR THE

FIRSY DIMENSION AND AT LEASYT II FAOR THE SECOND.

CKSBC CKS8C CKSBL CKSBC CKs8C
S L
MAMK AR ERRR R R R R KRR XK
A KK A K

SUBROUTINE CKSBC {T,C KOIM, INORK,WORK ,DWKDBI)

THIS SUBROUTINE RETURNS THE PARTTAL DERIVATIVES (CF 7THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT 10 THE
TEMPERATURE EXPONENTS OF THt REACTIONS GIVEN TEMPERATURE

AND MOLAR CONCENTRATIONS. FEFERENCZE LCOUATICN (T1].11.4).

INPUT
T
C

KDIM

IWORK

WORK

ouTPUT
DWKDBI

TEMPERATURE.
CGS UNITS - K
MOLAR CONCENTRATIONS OF THE Kk SPECIEC.
CGS UNITS - MOLE/CM%=»3
DIMENSICON C(=*} AT LEAST kK.
ACTUAL FIRST DIMENSICON OF TwO DIMENSIONAL ARRAY.
KOIM MUST BE GREATER THAN DR EQUAL TO THE TOTAL
NUMBER NF SPECIES, KK.
ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED By THE CALL TO SUBROUTINE CKINIT.
ODIMENSION IWORK(*) AT LEAST LENIWK, SEE CKINIT FOR
DETAILS ON THE FEQUIRED LENGTH 0OF 1WORK,
ARRAY QOF REAL INTERNAL WDORK SPACE. THE WOFK ARRAY IS
INITIALIZED B8Y THE CALL 70 SUBROUTINE CKINIT.
DIMENSICON WORK({*) AT (EAST LENWK. SEE CrINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WOPK,

MATRIX OF PARTIAL DERIVATIVES OF THE MOLAR PRODUCTION
RATES OF THE KK SPECIES WITH RESPECT TO THE
TEMPERATURE EXPONENT IN THE RATE CONSTANTS OF THE 11
REACTIONS. DOWKOBI(K,I) IS THE PARTIAL DERIVATIVE
OF THE PRODUCTION RATE OF SPECIES K WITH RESPECT
TO THE TEMPERATURE EXPUNENT OF REACTION 1.
CGS UNITS - DEPEMNDS ON REACTION
DIMENSION OWKODBI (KDIM,*} EXACTLY KDIM FOR THE
FIRST DIMENSION ANC AT LEAST 1] FOR THE SECOND.
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SUBROUTINE CKSBML (T,X, IWHORK,WORK,SBML}

THIS SUBROUTINE RETURNS THE MOLAR WEIGHTED MEAN STANDARD STATE
ENTROPY OF THE MIXTURE IN MOLAR UNITS. REFERENCE EQ. (Il.4.24)

INPUT
T - TEMPERATURE.
CGS UNITS - K
X - MOLE FRACTIONS OF THE KK SPECIES.

CGS UNITS - NONE.
OIMENSION X(*} AT LEAST KK.
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
1S INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(=*} AT LEAST LENIWK., SEE CKINIT FOR
DEZTAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK({*) AT LEAST LENWK. SEC CKINIT FDR
DETAILS ON THE REQUIRED LENGTH OF WORK.

ouTPUT
SaML - MOLAR WEIGHTED MEAN STANDARD STATE ENTROPY IN MOLAR
UNITS.
CGS UNITS - ERGS/(MOLEx*K).
CKSBMS CKSBMS CKSBMS CKSBMS CKSBMS CKSBMS

A R ok o R A o e 2 ok Xk ok R T K kK K K XK X
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SUBROUTINE CKSBMS (T,Y, IWORK,WORK,SBMS]

THIS SUBROUTIME RETURNS THE MASS WEIGHTED MEAN STANDARD STATE
ENTROPY OF THE MIXTURE IN MASS UNITS. REFERENCE EQ. (11.4.25)

INPUT
T ~ TEMPERATURE.
CGS UNITS = K
Y - ARRAY OF MASS FRACTIONS OF THE KK SPECIES.

CGS UNITS =~ NONE.
DIMENSION Y(*} AT LEAST KK.
IWORK ~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED B8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY (OF REAL INTERNAL WORK SPACE. THE WORK ARRAY 1S
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSICN WORK(=) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

QU TPUT
SBMS - MASS WEIGHTED MEAN STANDARD STATC ENTROPY IN MASS
UNITS.
CGS UNITS = ERGS/(GM*K]).
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SUBROUTINE CKSBXP (PsT,X, DIM, I WORK,WORK,DWKDBI}

THIS SUBROUTINE RETURNS THE PARTIAL OERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO THE
TEMPERATURE EXPONENTS OF THE REACTIONS GIVEN PRESSURE,
TEMPERATUNE AND MOLE FRACTIONS., REFERENCE EQUATION (II.11l.4).

INPUT
[ - PRESSURE.
CGS UNITS ~ OYNES/(CM=**2,
T -~ TEMPERATURE.
CGS UNITS - K
X - MOLE FRACTICNS 0OF THE KK SPECIES.
CGS UNITS = NONE.
DIMENSION X(*} AT LEAST KK.
KD IM - ACTUAL FIRST DIMENSION OF TWO DIMENSIONAL ARRAY.

KOIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER (OF SPECIES, KK.
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE 1=0KX ARRAY
IS INIT{ALIZEO BY THE CALL TO SUBRQUTINE CKINIT.
DIMENSION IWORK(=%) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IwW0ORK.
WORK - ARRAY OF REAL INTERNAL WORKX SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK (%) AT LEAST LENWK. SEEZ CKINIT FOR
DETAILS CN THE REJUIRED LENGTH OF WORK.

QU TPUT

MATRIX OF PARTIAL OERIVATIVES OF THE MULAR PRODUCTION
RATES OF THE KK SPECIES WITH RESPECT TO THE
TEMPERATURE EXPONENT [N THE RATE CONSTANTS OF THE 11
REACTIONS. OWKDBI(K, 1) IS THE PARTIAL OERIVATIVE
OF THE PROOUCTION RATE 0OF SPECIES K WITH RESPECT
TO THE TEMPERATURE EXPONENT OF REACTION I.
CGS UNITS - DEPENDS ON REACTION
DIMENSION DWKDBI(KDIM, %} EXACTLY XDIM FOR THE
FIRST DIMENSION AND AT LEAST 11 FOR THE SECOND.

OWKDBI

CKSBXR CKSBXR CKSBXR CKSBXR CKSBXR CKSHBXR
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SUBROUTINE CKSBXR (RHO+T X +KDIM, IWORK WORK  DWKDLBT)

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES wiTH RESPECT YO THE
TEMPERATURE EXPCONENTS OF THE REACTIONS GIVEN MASS DENSITY,
TEMPERATURE ANDO MOLE FRACTIONS. REFERENCE EQUATION (IT1.11.4).

INPUT
RHO - MASS DENSITY,.
CGS UNITS -~ GM/CM==%3,
T - TEMPERATURE,
CGS UNITS - K
X - MOLE FRACT!ONS OF THE XK SPECIES.

CGS UNITS -~ NONE.
DIMENSION X(*} AT LEAST KK.
KDIM - ACTUAL FIRST DIMENSION OF TwWO DIMENSIONAL ARRAY,
KOIM MUYST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER OF SPECIES, KK.
ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZEO BY THE Ciil TO SUBROUTINE CKINIT.
DIMENSION IWORK(-) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH QOF IWORK.
WORK - ARRAY OF RECAL [INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.

I WORK

e



DIMENSION WORK(=} AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRES LENGTH OF WORK.

OUTPUT
DWKDBI =~ MATRIX 0OF PARTIAL DERIVATIVES OF THE MOLAR PRODUCTION

RATES OF THE KK SPECIES WITH RESPECT TO THS
TEMPERATURE EXPONENT IN THE RATE CONSTANT. OF THE 11
REACTIONS. DOWKOBI(K,I) IS THE PARTIAL DERIVATIVE
OF THE PRODUCTION RATE OF SPECIES K WITH RESPECT
TO THE TEMPERATURE EXPONENT OF REACTION I.
CGS UNITS - DEPENDS ON REACTION
OIMENSION OWKOBI(KDIM,*} EXACTLY KDIM FQR THE
FIRST DIMENSION AnD Ar LEAST Il FOR THE SECOND.

CKSBYP cxssye CKSBYP CKSBYP CKSBYP CKSBYP
MR R K K T o A o A A X R A kKR K ok OR K
AR RE KL D RBP 2B X R AXRA KX KK LR
LR E TR R RS S

SUBROUTINE CKSBYP (P,T,Y,XDIM, IWORK WORK,DWKDBI

THIS SUBKCUTIME RETURNS THE PARTITAL DERIVATIVES (OF THE MOLAR
PROGUCTION RATES OF THE SPECIES WITH RESPECT TO THE
TEMPERATURE EXPONENTS OF THE REACTIOUNS GIVEN MASS DENSITY,
TEMPERATURE AND MASS FRACTIONS. REFERENCE FQUATION (II.11.4).

TNPUT
P - PRESSUKE.
CG™ UNITS — DYNES/CM=*2,
T - TEMPERATURE.
CGS UMITS - K
Y - ARRAY 0tF MASS FRACTIONS OF THE KK SPECIES.

CGS UNITS -~ NONE.
DIMENSION Y(=*) AT LEAST KK.
KDIM - ACTUAL FIRST DIMENSION OF TWO DIMENS{OMAL ARRAY.
KDIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER OF SPECIES, KK.
IWORK -~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALTZED BY THE CALL TO SUBROUTINE CKINIT,
DIMENSION IWORK({*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF [WORK.
WORK ~ ARRAY OF REAL INTERNAL W9IRK SPACE. THE WORK ARRAY 1S
INITIALTZEC BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK{*) AT LEAST LENWK. SEE CKINIT fOR
DETAILS ON THE RFQUIRED LENGTH OF WORK.,

QUTPUT
OWKDBI1

MATRIX OF PARTIAL DERIVATIVES OF THE MOLAR PRODUCTION
RATES OF THE KK SPECIES WITH RESPECT TO THE
TEMPERATURE EXPONENT IN THE RATE CONSTANTS GF THE 1
PEACTIONS. DWKODBI(K,I) 1S THE PARTTAL DERIVATIVE
OF THE PRODUCTINY RATE OF SPECIES K WITH RESPECY
TO THE TEMPERATURE EXPONENT OF REACTION I.
CG3 UNITS ~ DEPENDS CON REACITIUN
OIMENSION DWKODBI(KDIMy*} EXACTLY KDIM FOR THE
FIRST DIMENSION AND AT LEAST 11 FOR THE SECOND.

CKSBYR CKSBYR CKSBYR CKSBYR CKSBYR CKSBYR
00 0K % A HOK K Bk 30K A e e e A Ak o o ok R
LR R SR RESES LRSS EES TR E S
L2 EFERE RS NS S ]

SUBROUTINE CKSBYR (RHO,T,Y,KDIM, IWNORK,WORK,OWKDBI}
THIS SUBROUTINE RETURNS THE PART IAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES NF THE SPECIES WITH RESPECT TN THE

TEMPERATURE EXPONENTS OF THE REACTIONS GIVEN MASS DENSITY,
TEMPERATURE AND MASS FRACTIONS. REFERENCE EQUATION ([1.11.4)

INPUT
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RHO

KDIM

IWORK

WORK

ouUTPUT
OWKD81

CKSEC

MASS OENSITY.
CGS UNITS — GM/CHM%=x3,
TEMPERATURE.
CGS UNITS - K
ARRAY OF MASS FRACTIONS OF THE KK SPECIES.
CGS UNITS = NONE.
OIMENSION Y(*) AT LEAST KXK.
ACTUAL FIRST OIMENSION OF TWO DIMENSIONAL ARRAY.
KOIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER OF SPECIES. KK.
ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK{*) AT LEAST LENIwWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH 0OF IwWORK,
ARRAY OF REAL INTERNAL WORX SPACE. THE WORK ARRAY IS
INITTALIZED By THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK (=) AT LEAST LENWK., SEE CKINIT FNR
DETAILS CN THE REQUIRED LZINGTH JF WORK.,

MATRIX OF PARTIAL DERIVATIVES OF THE MOLAR PRODUCTION
RATES OF THE KK SPECIES WITH RESPECT TO THE
TEMPEFRATURE EXPONENT IN THE RATE CONSTANTS OF THE [1
REACTIONS. OWKOBI(XK,I) IS THE PARTIAL DERIVATIVE
OF THE PFODUCTION RATE OF SPECIES K WITH RESPECT
TO THE TEMPERATURE EXPONENT OF REACTION [.
CGS UNITS — DEPENDS ON REACTION
DIMENSION OwWKOBI(KDIM, =) EXACTLY KOIM FQR THE
FIRST DIMENSION ANDO AT LEAST I] FOR THE SECOND.

CKSEC CKSEC CKSEC CKSEC CKSEC
ey P P Ty
(SRS RS EEES RS ERES LTS B2 S
AAXKERRRRER AR D

SUBROUTINE CKSEC (T,C,KODIM, IWORK,WORK,DWKDET}

THIS SUBRQUTINF RPETURNS THE PARTIAL DERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO THE
ACTIVATION ENERGY NF THE REACTIUNS GIVEN TEMPERATURE AND

MOLAR CONCENTRATIONS . REFERENCE EQUATION (IT.11.5).
INPUT
T - TEMPERATURE.
CGS UNITS = K
C - MOLAR CONCENTRATIONS OF THE KK SPECIES.
CGS UNITS ~ MOLE/CM=*%3
DIMENSION C(#*) AT LEAST KK.
KOIM - ACTUAL FIRST OIMENSICN OF TWO DIMENSIONAL ARRAY.
KDIM MUST B8E GREATER THAN OR EQUAL TO THE TOTAL
NUMBER 0OF SPECIES, XK.
IWORK =~ ARRAY 0OF INTEGER INTERHNAL WORK SPACE. THE IWQRK ARRAY
IS INITIALIZED B8Y THE CALL TO SUBROUTINE CKINIT,
DIMENSION JWORK(=*}) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH DF IWORK,
WORK ~ ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY [S
INITIALIZED BY THE CallL TO SUBROUTINE CXINIT.
DIMENSION WORKI(*) AT LEAST LENWK. SEF CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WOFPK,
ouTPUT
DWKDEI - MATRIX OF PARTIAL DERIVATIVES OF THE MOLAR PRODUCTION

RATES OF THE KK SPECIES WITH RESPECT TO THE
ACTIVATION ENERGIES OF THE 11 REACTIONS. OWKDEI(K,]1}
IS THE PARTIAL OERIVATIv: OF THE PRODUCTION
RATE CF SPECIES K WITH RESPECT TO THE ACTIVATION
ENERGY OF REACTION I,
CGS UNITS ~ DEPENDS ON REACTION
DIMENSION OWKDEI(KDIM,*) EXACTLY KDIM FOR THE
FIRST DIMENSINON AND AT LEAST 11 FOR THE SECOND.



CXSEXP CKSEXP CKSEXP CKSEXP CKSEXP CKSEX?P
T P T T2

AERE AR EARN R R RN R KRR
I EI I Y I rTTTY

SUBROUTINE CKSEXP (P,T:X,KDIM, | WORK, ,WORK, OWKDET }

THIS SUBROUTINE RETURNS THE PARTIAL ODERIVATIVES OF THE MOLAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO THE

ACTIVATION ENERGY 0OF THE REACTIONS GIVEN PRESSURE, TEMPERATURE
AND MOLE FRACTIONS. REFERENCE EQUATION (I1.11.51).

INPUT
P ~ PRESSURE.
CGS UNITS = DYNES/CM%x2,
T - TEMPERATURE.
CGS UNITS - K
X - MOLE FRACTICNS OF THE KK SPECIZS.,

CGS UNITS - NONE.
DIMENSION X(*) AT LEAST KK,
KDIM - ACTUAL FIRST DIMENSION OF TWO DIMENSIONAL ARRAY,
KOIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER QOF SPECIES. KK,
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK,
WO RK - ARRAY OF REAt INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL TO SURROUTINE CKINIT.
DIMENSION wWORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CON THE REQUIRED LENGTH OF WORK.,

ouTPUT
OWKDEI — MATRIX OF PARTIAL DRRIVATIVES OF THE MOLAR PRODUCTION
RATES OF THE KX SPECIES WITH RESPECT TO THE
ACTIVAT ION ENERGIES OF THE !l REACTIONS. OWKDELI(K, I}
IS THE PARTUAL OERIVATIVE OF THE PRODUCTION
RATE OF SPECIES K WITH RESPECT TQ THE ACTIVATION
ENERGY QOF REACTION 1.
CGS UNITS - DEPENDS OM REACTIOM
UDIMENSION ODWKDEJ(KDIM,+: EXACTLY KDIM FOR THE
FIRST DIMENSION AND AT LEAST Il FOR THE SECOND.

CKSEXR CKSEXR CKSEXR CKEEXR CKSEXR CKSEXR
L L Y Y Y
L T E Y P LY
FRER RN

SUBROUTINE CKSEXR (RHO+TsXKOIM,IWORK WORK, CWKDET)

THIS SUBROUTINE RETURNS THEZ PARTIAL DERIVATIVES OF THE MILAR
PRODUCTION RATES OF THE SPECIES WITH RESPECT TO THE

ACTIVATION ENERGY OF THE RREACTIONS GIVEN MASS OENSITY
TEMPERATURE AND MOLE FRACTIONS. REFERENCE EQUATION (Il.11.5).

INPUT
RHO = MASS DOENSITY.
CGS UMITS =~ GM/CM=x3,
T - TEMPERATURE.
CGS UNITS = K
X -~ MOLE FFRACTIONS OF THE Kn SPECIES.
C6S UNITS -~ NONWE.
DIMENSTON X(*} AT LEAST KK.
KD IM ~ ACTUAL FIRST OIMENSION OF TWO DIMENSIONAL ARRAY.
KDIHM MI'ST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER OF SPECIESy KK,
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWCRK ARRAY

IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
OIMENSION IWORK(*) AT LEAST LENIWX. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF I[WORK.
WORK = ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SURRQUTINFE CKINIT.
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CUTPUT
DWKDE]

CKSEYP

OIMENSION WORK (=} AT LEAST L ENWK. SEc CKINIT FOR
DETAILS 2N THE REQUIRED LENGTH OF WNRK,

MATRIX OF PARTIAL OERIVATIVES OF THE MOLAR PRODUCTION
RATES OF THE KK SPECIES WITH RESPECT TO THE
ACTIVATION ENERGIES OF THE T1 REACTICNS. OWKDEI(K,I}
IS THE PARTIAL DERIVATIVE OF THE PRQODUCTION
RATE OF SPECIES X WITH RESPECT 7O THE ACTIVATION
ENERGY OF REACTION 1.

CGS UNITS — DEPENDS ON REACTION

DIMENSTION DWKDETIKOTIM, &3 EXALTLY KDIM FOR THE

FIRST DIMENSIONM AND AT LEAST I FOR THE SECOND.

CKSEYP CKSEYP CKSEYP CKSEYP CKezyp
IR RS RS S SRS NSER SRS SRR EEER W RN YW
I EEEEEENFYNESSELES RS ER Y]
LB TS RS SR RERE 23

SUBROUTINE CKSEYP (P T, Y KOIM, IWORK HURK,DWKDET)

THIS SUBROUTINE KETURNS THE PARTTAL NFRIVATIVES 0OF THE MOLAK
PRODUCTIOMN RATES OF THE SPECIES WITH RESPECT T0 THE

ACTIVATION ENERGY OF THE REACTIONS GIVEN PRESSURE, TEMPERATURFE
AND MASS FRACTICONS. REFFRENTE EQUATION (1T1.1).5).

INPUT
[

T

Y

KO IM

IWORK

WORK

ouTPUT
OWKDE!

CKSEYR

PRESSURE.
CGS UNITS = DYNES/CM%xD,
TEMPERATURE,
CGS UNITS - «
ARRAY (OF MASS FRACTINNS NF THE KK SPETITES.,
CGS UNITS ~ NONE.
DIMENSION Y!ie) AT LEAST XK,
ACTUAL F1eST DIMENSION NF TWY DIMENSTIONAL AREAY,
KNIM MUST BE GREAMTER THAN (% fQUAL TO THE TNOTAL
NUMRER (F SPFLIFES, YK,
ARRAY (F INTEAGRFER INTERNAL W 3K SYACE. THS 1w )dr ARRAY

IS INITHAL T2 8y THE CALL T SR TRE ORI,
DIMENSTON 1wWwORsEey A1 15 A87T LE e, 0 (RINIT bR
DETAILS ON THE REQUTRSD 8o, 0 OF Twi e,

ARRAY OF REAL IHTURNAT W OSD0L0F, T WORK U RAY LS

INITIALTZED BY Yhee CALL T SURAROUTINE «x INLIT.

DIMENSTON wRK {1 AT 1 FAST | ENWK. SEL CKINIT FOR
DETAILS M THE Rr. 1 D LENGTH OF WORK,

MATRIX 0OF PARTIAL DERIVATIVES OF THE MOULAR PRONUCTION
RATES NF THE XK SPLECIES 41T+ RESPECT TO THE
ACTIVATION ENERGIES OF THE [] REACTIONS. DWXKDET(K,!)
IS THE PARTIAL OERIVATIVE OF THE PRODUCTION
RATE OF SPECLES K WITH RESPECT TO THE ACTIVATION
ENERGY OF REACTION 1.

CGS UNITS =~ DEPENDS CON REACTICH

NIMENSTON OWKDEL (XD IM,») EXACTLY KDIM FOR THE

FIRST DIMENSION AND AT LEAST 1 FOR THE SECUND.

CKSEYR CKSEYR CRSEYR CKSEYR CKSEYR
e R T
ERO R AR AR N E A B AR R A AT ® S K
YL I Y

SUBROUTINE CKSEYR {(RHO,T,Y KDIM IWNRAKWIRK, DUKDET Y

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES QF THE MOLAR
PRODUCTION RATES OF THE SPECIES WIThH FESPECT T0O THE
ACTIVATION ZNERGY OF THE REACTIONS GIVEN MASS DENSITY,
TEMPEYATURE AND MASS FRACTIONS. REFERENCE EQUATION (I1.11.51).

INPUT



RHO -

KOIM -

IWORK

WORK -

ouTPUT
OWKDE1

CKSKC

MASS DENSITY.
CGS UNITS = GM/CM=xx3,
TEMPERATURE.
CGS UNITS - K
ARRAY OF MASS FRACTIONS OF THE XK SPECIES.
CGS UNITS - NONE,
DIMENSION Y(#*) AT LEAST KK.
ACTUAL FIRST DIMENSION OF TWO DIMENSIONAL ARRAY.
KOIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
HIn4BER OF SPECIES. KK.
ARRAY OF INTEGER INTERNAL WORK SPACE. THE [WORK ARRAY
1S INITIALIZED BY THE CALL TO SUBROIJTINE CKINIT.
DIMENSION INORK{*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL T0O SUBROUTINE CKINIT.
DIMENSICON WORK (%) AT LEAST LENWK. SEE CKINIT FOK
DETAILS CN THE REQUIRED LENGTH OF WORK.

MATRIX OF PARTIAL DERIVATIVES OF THE MOLAR PRODUCTION
RATES OF THE KK SPECIES WITH RESPECT TO THE
ACTIVATION ENERGICZS OF THE Il REACTIONS. DOWKDEI(K,T)
[S THE PARTIAL ODERIVATIVE 0OF THE PRODUCTION
RATE OF SPECIES K WITH RESPECT TO THE ACTIVATION
ENERGY OF REACTION 1.

CGS UNITS - DEPENDS ONM REACTION

DIMENSION OWKDEI(KDIMy*) EXACTLY KDIM FOR THE

FIRST DIMENSION ANO AT LEAST I! FOR THE SECOND.

CK5KC CKSKC CKSKC CKSKC CKSKC
IR IR ER RS R R RER RS RS SRS S SR2R 2 R ST R AR 2T ]
AR o ke Ak ok Rk o ok R K R
AR R RS R R LY SR

SUBROUTINE CKSKC (T ,CKDIM, THORK, WORK, DWKDK I}

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES OF THE
MOLAR PRODUCTINON RATES COF THE SPECIES wWwITH RESPECT TO THE
FORWARD RATE CONSTANTS OF THE REACTIONS GIVEN TEMPLRATURE

AND MOLAR CONCENTRATIONS. REFERENCE FQUATION (11.11.2).
INPUT
T - TEMPERATUREL.
CGS UNITS - K
C - MOLAR CONCENTRATIONS OF THE KK SPECIES.
CGS UNITS ~ MOLE/CM*=3
DIMENSION Cl*) AT LEAST KK,
KDIM - ACTUAL FIRST DIMENSION OF TWO DIMENSIONAL ARRAY.
KDIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER OF SPECIES, KK.
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROQUTINE CKINIT.
DIMENSION IWORK({*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THC REQUIRED LENGTH 0OF IWORK.
WORK - ARRAY (F REAL INTLRNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(™} AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.
auTPUT
OWKDKI -~ MATRIX OF PARTIAL DERIVATIVES OF THE MOLAR PRODUCTION

RATES OF THE KK SPECIES WITH RESPECT 7O THE FORWARD
RATE CONSTANTS OF THE 11 REACTIONS. DwWKDKIIK,.I)
THE PARTIAL DERIVATIVE OF THE PRODUCTION RATE OF
SPECIES K WITH RESPECT TO THE FORWARD RATCT CCNSTANT
OF REACTION I.

CGS UNITS - DEPENDS ON REACTION

DIMENSION DWKOKI (DKIM,*}) EXACTLY KDIM FOR THE

FIRST ODIMENSION AND AT LEAST @Il FOR THE SECOND.
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CKSKXP

CKSKXP CKSKXP CKSKXP CKSKXP CK5KXP

P EREE S S S EERREI R R R R R R R L R
L EEEEER RS R LR RS R R
AR EREERE LR S 2

SUBROUTINE CKSKXP (P47 X KDI M, IWORK ,WORK,DWKOKI}

THIS SUBROUTINE RETURNS THE PARTIAL DERIVATIVES (OQF THE

MOLAR PRODUCTION RATES OF THE SPECLES WITH RESPECT TO THE
FORWARD RATE CONSTANTS OF THE REACTICNS GIVEN PRESSURE,
TEMPERATURE AND MOLE FRACTIONS. REFERENCE EQUATION (I1.11.2).

INPUT
p

T

X

KD IM

[WORK

WORK

OuTPUT
OWKOK I

CKSKXR

PRESSURE.
CGS UNITS = DYNES/CM*x2,

CTEMPERATURL ,

CGS UNITS - K
MOLE FRACTICNS OF THE KK SPECIES.
CGS UNTTS —~ NONE.
DIMENSION X(#) AT LEAST KK,
ACTUAL FIRST DIMENSION OF TwW0O DIMENSIONAL ARRAY,
KOIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER OF SPECIES. KK.
ARRAY OF INTEGER INTLCRNAL WORK SPACE. THE JWURK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*} AT LEAST LENIWK. SEF CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF [WORK.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY 1S
INITIAULIZED BY THE Call TO SUBROUTINE CKINIT.
DIMENSICON WORK () AT | EAST L ENWK. SEE CKINIT FOR
DETAILS CN THE FECUIRED LENGTH OF WORK.

MATRIX OF PARTIAL DERIVATIVES UF THE MOLAR PRODUCTION
RATES OF THE KK SPECIES WITH RESPECT TQ THE FORWARD
RATE CONSTANTS OF THE 11 KEACTIONS. OWKDKT(X,]}
fHE PARTIAL DERIVATIVE OF THE PRODUCTION RATE OF
SPECIES K WITH RESPELY T THE FORWARD RATE CONSTANT
OF REACTION 1.

CGS UNITS - DEPENDS ON KEACTION

OIMENSION OWKOKIIOKIM, &) ExAalTLY KDIM FOR THE

FIRST DIMENSION AND AT LEAST 11 FOR THE SECOND.

CKSKXR CKSKXR CKSKXR CKSKXR CKSKXR
AR SRR LA SIS A AT I ADA D S E XD B oA RPN BN SR 2
CEARRLASRA D KA RV S AR E DA AT
AR A EX DK

SUBRCUTINE CKSKXR (RHO.T,X,KDIM,IWORK,WURK,DWKDKI)

THIS SUBROUTINE RETURNS THE PART 1AL DERIVATIVES DF THE

MOLAR PRODUCTION RATES OF THE SPECIES WITH RESPECT 1O THE
FORWARD RATE CONSTANTS OF THE REACTIONS GIVEN MASS DENSITY,
TEMPERATURE AND MOLE FRACTIONS. REFERENCE SQUATION (11.11.2}).

INPUT
RHO

T

X

KDIM

IWORK

WORK

MASS DENSITY.
CGS UNITS =~ GM/CMx=»3,
TEMPERATURE,
CGS UNITS - «
MOLE FRACTICNS OF THE KK SFECIES.
CGS UNMITS - NONE.
DIMENSION X{*) AT LEAST KK,
ACTUAL FIRST DIMENSION OF TWO DIMENSIONAL ARRAY,
KOIM MUST OF GREATER THAN OR EQUAL TO THE TOTAL
NUMBER OF SPECIES, KX.
ARRAY OF INTEGER INTERNAL WORK SPACE. THE iJ0OR¥. ARRAY
IS INITIALIZED B8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSICN TWORK{*) AT LEAST LENIWK. SSE CKINIT FOR
DETAILS CN THE FEQUIRED LENGTH OF [WORK.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL IO SUBROUTINE CKINIT.



DIMENSTON WORK({*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK,

CUTPUT
DWKDKI ~ MATRIX OF PARTIAL DERIVATIVES OF THE MOLAR PRODUCTION

RATES OF THE KK SPECIES WITH RESPECT 7O THE FNRWARD
RATE CONSTANTS OF THE 11 REACTINONS. OWKDKI(K,I)
THE PARTIAL DERIVATIVE OF THE PROOUCTION RATE OF
SPECIES K WITH RESPECT TO THE FORWARD RATE CONSTANT
OF REACTION 1.

CGS UNTTS — DEPENDS ON REACTION

DIMENSION DWKOKI{OKIM,*}) EXACTLY KDIM FOR THE

FIRSY OIMENSION AND AT LEAST Il FOR THE SECOND.

CKSKYP CKSKYP CKSKYP CKSKYP CKSKYP CKSKYP
AR R R AR AR A K OK R ROR R R R KR R ok

LAEESER R LI RESE SIS R ELE ST S
R Ak Rk ok K

SUBROUTINE CKSKYP (P ,T,Y,KOIM, IXORK WORK,DWKODKI)

THIS SUBROUTINE REVURNS THE PARTIAL DERIVATIVES OF THE

MOLAR PRODUCTION RATES OF THE SPECIES WITH RESPECT TO THE
FORWARD RATE CONSTANTS UF THE REACTIONS GIVEN PRESSURE,
TEMPERATURE ANDO MASS FRACTIONS. REFERENCE EQUATION (Il.11.2).

INPUT
p - PRESSURE.
CGS UNITS = ODYNES/(CM=*%2,
T - TEMPERATURE.
CGS UNITS - K
Y - ARRAY 0OF MASS FRACTIONS OF THE KK SPECIES.

CGS UNITS - NONE.
DIMENSION Y(*) AT LEAST KK.
KDIM - ACTUAL FIRST OIMENSION OF TWO DIMENSTONAL ARRPAY,
KDIM MUST BE GREATER THAN OR EQUAL TO THE TOYAL
NUMBER QOF SPECIES, KK.
IWORK - ARRAY OF INTEGER IHTERNAL WORK SPATL. TiHE [WORK ARRAY
IS INITIALTZED 8Y THCE CALL TO SUBROUTVINE CKINIT.
OIMENSION IWORK({*) AT LEAST LENIWK. SEE CKINIT FOK
DETAILS CN THE REQUIRED LENGTH OF [WORK.
W) RK - ARRAY 0OF REAL INTENNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL 10 SUBRDUTINE CKINIT.
DIMENSTION WORK (=) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

ouTPUT
DWKDK 1 MATRIX OF PARYIAL DERIVATIVES OF THE MOLAR PRODUCTION
RATES OF THE KX SPECIES WITH RESPECT TN THE FORWARD
RATE CONSTANTS OF THE I1 REACTIONS. OwWKOKI(K,I}
THE PARTIAL DERIVATIVE OF THE PRODUCTION RATE OF
SPECIES K WITH RESPECT Ti) THE FORWARD RATE CONSTANT
OF REACTION I.
CGS UNTTS =~ DEPENDS ON RFACTION
DIMENSION DWKOKI(DKIM,*) EXACTLY KODIM *OR THE
FIRST ODIMENSION AND AT {¢AST {1 FOR THE SECQOND.

CKSKYR CKSKYR CKSKYR CXS“YR CKSKYR CKSKYR
ok R e R R AR R R KR R A AT kR Rk R ok kK
AR R R AR K o Ak o O Ak R K
I I EIIIt I

SUBRUUTINE CKSKYR (RHOT.Y KOIM,IWORK ,WORK, DWKDK] )
THIS SURROUT INE RETURNS THE PARTIAL DERIVATIVES OF THE
MOLAR PRODUCTION RATES OF THE SPECIES WITH RESPECT TO THE

FORWARD RATE CONSTANTS OF THE REACTIONS GIVEN MASS CENSITY,
TEMPERATURE AND MASS FRACTIONS. REFERENCE EQUATION (II.11.2).

INPUT
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RHO - MASS DENSITY.
CGS UNITS - GM/CM*x3,

T -~ TEMPERATURE.
CGS UNITS - K
Y - ARRAY OF MASS FRACTIONS OF THE KK SPECIES.

CGS UNITS = NONE.
DIMENSION Yt(x) AT LEAST KK.
KOIM - ACTUAL FIRST DIMENSION OF TwWO DIMENSIONAL ARRAY.
KOIM MUST BE GREATER THAN OR EQUAL TO THE TOTAL
NUMBER OF SPECIES, XK.
IWORK ~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZEO BY THE CALL 7O SUBROUTINE CKINIT.
DIMENSION [WORK{#) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL [INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY VHE CALL TO SUBROUTINE CKINIT,
DIMENS . OF HCRK Ex) AY LEAST LENWK. SEE CKINIT FOR
DETAfLS CN THE REQUIRED LENGTH OF WOIRK.

JuUTPUT
OWKDKI = MATRIX OF PARTIAL DERIVATIVES OF THE MOLAR PRODUCTION
RATES OF THE KK SPECIES WITH RESPECT TO THE FORWARD
RATE CONSTANTS OF THE 11 REACTIONS. DWKOKI(it,1}
THE PARTIAL DERIVATIVE Of THE PRODUCTION RATE OF
SPECIES K WITH RESPECT TO THE FORWARD RATE CONSTANT
OF REACTION I.
CGS UNITS —~ CEPENDES ON KEACTION
DIMENSION DWrKDKIIDKIMy#»} EXACTLY KOIM FOR THE
FIRST OIMENSION ANO AT LEAST II FOR THE SECOND.

CKSML CKSML CKSML CKSML CKSML CHKSML
HAAEAE KL AR AR AL R AS REX A X RXT R R X ® X
I T S
A R R K

SUBROUT INE CKSML (T, IWORK,WORK, SML)

THIS SUBROUTINE RETUPNS THE STANDARD STATE ENTROPIES IN MOLAR
UNITS. REFERENCE EQUATION (il.6.5).

INPUT
T - TEMPERATURE.
CGS UNITS - K
IWORK ~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZED BY THE CALL TO SUBRCUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CXINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK,
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL TO SURRQUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.,

NUTPUT
SML - ARRAY OF STANDARD STATE ENTROPIES IN MOLAR UNITS FOR
THE KK SPECIES.
CGS UNT'TS - ERGS/{MOLE*K).
DIMENSICGHN SML (%) AT LEAST KK.
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CKSMS CKSMS CKSMS CKSMS CKSMS CKSMS
X Ak R R R K SR K KR Kk o ok K K R K K
A R KR ROR KO B R Rk
A KO KKK K

SUBROUT INE CKSMS (T, IWORK,WORK,SMS)

THIS SUBROUTINE RETURNS THE STANDARD STATE ENTROPIES IN MASS
UNITS. REFERENCE EQUATION (II.4.15}).

INPUT
T - TEMPERATURE.
CGS UNITS =~ K
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK (%) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITLALIZFD BY THE CALL TO SUBROUTINE CKINIT.
DIMENSICON WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH DF WORK.

ouUTPUT
SMS - ARRAY 0OF STANDARD STATE ENTROPIES IN MASS UNITS FOR
THE KK SPECIES.
CGS UNITS = ERGS/(GM*K]).,
DIMENSION SMS(%} AT LEAST KK.
CKSOR CKSOR CKSOR CKSOR CKSOR CKSOR

LEEEEEEEE RS RS2 RS R R R S R R R R
X A e kA e oo e oo o ik ok e ok ok Rk ok
LA RS SRR SRS ]

SUBROUTINE CKSOR (T, IW0RK,WORK,SOR)

THIS SUBRQUTINE RETURNS THE NONDIMENSIONAL CMTROPIES.
REFERENCE EQUATION (Il.4.5) QR (1l.4.8).

INPUT
T

1

TEMPERATURE .
CGS UNITS = K
IWORK -~ ARRAY OF INTEGER INTERNA. WQORK SPACE. THE IWORK ARRAY
1S INITIALIZED BY THE C’.cL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*} AT LEAST LENIWK. SEE CKINIT FOR
OEYAILS CN THE REQUIRED LENGTH OF IWORK.
WORK -~ ARRAY 0OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTIZED BY THE CALL TC SUBROUTINE CKINIT.
DIMENSION WORK(#) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

OUTPUT
SOR - ARRAY OF NONDIMENSIONAL ENTROPIES FOR THE KK SPECIES.
CGS UMITS =~ NONE.
OIMENSION SOR{=}) AT LEAST KK.
CKSYME CKSYME CKSYME CKSYME CKSYME CKSYME

A AN N R R ROK K R RO S AR R Rk R
AR EEERF R AR E AR RC B K
R kR KRR R KK
SUBROUT INE CKSYME {(LMDIM, IWORK,WORK,MHOL)

THIS SUBROUTINE RETURNS THE HOLLERITH SYMBOLS
FOR THE ELEMENT NAMES.

INPUT
LMDIM - ACTUAL FIRST DIMENSION OF MATRIX OF ELEMENT HOLLERITH
CHARACTERS. LMDIM MUST BE AT LEAST LENEL, THE TOTAL
NUMBER OF HOLLERITH CHARACTERS FOR THE ELEMENT NAMES.
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE TWORK ARRY
IS INITIALIZED By THE CALL TO SUBROUTINE CKINIT.
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DIMENS ION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY QOF REAL INTERNAL WORK SPACE. THE WORK ARRAY 1S
INITIALIZED B8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

ouTPUT
TR - MATRIX OF A1 HOLLERITH SYSMBOLS FOR THE ELEMENT NAMES.

MHOL(L M) IS THE L TH Al HOLLERITH CHARACTER FOR THE

M TH ELEMENT. THERT ARE LENEL CHARACTERS FOR ELACH

ELEMENT.
DIMENSION MHOL{LMDIM,*} EXACTLY LMDIM FOR THE FIRST
DIMENSION AND AT LEAST MM FOR THE SECOND. LM2IM
MUST BE AT LEAST LENFL.

CKSYMR CKSYMR CK SYMR CKSYMR CKSYMR CKSYMR
R R RO KA AOK o K R R ROR T A R K KK AR % K
A R OR KR R R R 2K R R OR R R K
ORI R K

SUBROUTINE CKSYMR (1,LENIHL, IWORK,WORK,LT,1HOL)

THIS SUBROUTINE RETURNS AN Al HOLLERITH ARRAY WHICH
ODESCRIBES THE I TH REACTIQON.

INPUT
1 ~ REACTION INDEX
LENIHL = LENGTH OF THRE Al HOULLERITH ARRAY PROVIDED FOR THE

HOLLERITH DESCRIPTIONS OF THE REACTIONS.
IWORK -~ ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALYIZED BY THE CALL TO SUBROUTINE CKINIT.
ODIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF [wWORK,
WORK ~ ARPAY UF REAL INTERNAL WORK SPACE. THE wWw(ORK ARRAY IS
INITIALTZESO BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK({#) AT LEAST {ENWK. SEE CKINIT FOK
DETAILS CN THE REQUIRED LENGTH OF WORK,

BUTPUT
LT - ACTUAL NUMBER 0OF Al HOLLERITH CHARACTERS N THE
REACTION DESCRIPTION, LT WILL ALWAYS BE LESS THAN
OR EQUAL T9 LENIHL.
IHOL - ARRAY QF Al HOLLERITH CHARACTERS DESCRIBING
THE [ TH REACTION.
DIMENSION [HOL(*) AT LEAST LENIHL.

CKSYMS CKSYMS CKSYMS CKSYMS CKSYHMS CKSYMS
AR K R K ROk OR K K K B e O R g A R KK K
A AR R R R K B RO AR K R
A Rk R KKK K

SUBROUTINE CKSYMS (LKDIM, [WORK,WORK,KHOL)

THIS SUBROUTINE RETURNS THE HOLLERITH SYMBOLS
FOR THE SPECICS NAMES.

INPUT
LKDIM ~ ACTUAL FIRST DIMENSION OF MATRIX OF SPECIES HOLLERITH
CHARACTERS. LKDIM MUST BE AT LEAST LENSYM, THE TQOTAL
NUMBER OF HOLLERITH CHARACTER FOR THE SPECIES NAMES,
IWORK -~ ARRAY 0F INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITITALIZED 8Y THE CALL TO SURRQUTINE CKINIT.
DIMENSION IWORK({*) AT LEAST LENIWK. SEE CKINIY FOR
DETAILS ON THE REQUIRED LENGTH OF IWOKK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INETTALIZEY BY THE CALL TO SUBROUTINE CKINIT.
DIMENSTION WORK(*) AT LEAST LENWK. SEE CKINIT FQOR
DETAILS CN THE REQUIRED LENGTH OF WOKRK.,



"

ouTPUT
KHOL MATRIX OF Al HOLLERITH SYMBOLS FOR THE SPECIES NAMES.
KHOL(L+K) IS THE L TH Al HOLLERITH CHARACTER FOR THE
KK SPECIES. THERE ARE LENSYM CHARACTERS FOR EACH
SPECIES.
DIMENSION KHOL(LKDIM,*) EXACTLY LKDIM FOR THE FIRST
DIMENSION AND AT LEAST KK FOR THE SECOND. LKDIM

MUST BE AT LCAST LENSYM,

ChTHB CKTHB CKTHB CKTHB CKTHB CKTHB
B ROK K R R R R K RO SR KRR K R AR Rk R R
A ok kA ko Ak ok ok Rk e K
AERX B KRR RK K

SUBROUTINE CKTHB (KODIM, IWORK ,WORK,AKI)

THIS SUBROUTINE RETURNS MATRIX OF ENHANCED THIRD BOOY
COEFFICIENTS, REFFRENCE EQUATION (Il.5.111).

INPUY
KOI#M - ACTUAL FIRST DIMENSION OF TWO DIMENSIONAL ARRAY.
KDIM MUST 8E GREATER THAN OR EQUA" TO THE TOTAL
NUMRZER OF SPECIES, KK.
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INTTIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK,
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT,
DIMENSICN WORK({*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

WORK

QUTPUT
AK I - MATRIX OF ENHANCED THIRD BODY EFFICIENCIES OF THE KK
SPECIES IN THE Il REACTIONS. AKI(K,I) IS THE ENHANCED
EFFICIENCY OF THE K TH SPECIES IN THE I TH REACTION.
DIMENSION AKI(KDIM,*) EXACTLY KDIM FQR THE FIRST
DIMENSION AND AT LEAST I FOR THE SECOND.

CKUBML CKUBML £ RUBML CKU BML CKUBML CKUBML
LES SR SR ESSRPRASS SRR SR AL RS2SRSS EE S S
R EEXRETF IR RF L ELANT
kA kK Wk
SUBROUT INE CRUBML (T,X, IWORK,WORK ,UBML)

THIS SUBROUTINE RETURNS THE MOLAR WEIGHTED MEAN INTERNAL
ENERGY OF THE MIXTURE IN MOLAR UNITS. REFERENLCE EQUATION
(I1.4.28}).

INPUT
T - TEMPERATURE.
CGS UNITS - K
X ~ MOLE FRACTIONS OF THE KK SPECIES.
CGS UNITS =~ NONE.
DIMENSION X(#*) AT LEAST KK.
ARRAY (OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
1S INITIALIZED BY THE CALL 7O SUBROUTINE CKINIT.
DIMENSION IWORK{*} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF IWORK,.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT,.
DIMENSION WORK{*) AT {EAST LENWK. SEE CKINIT FQOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

IWORK

WORK

QUTPUT .
usML MOLAR WEIGHTED MEAN INTERNAL ENERGY IN MOLAR UNITS.

* CGS UNITS - ERGS/MOLE.
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CKUBMS CKUBMS CKUBMS CKUBMS CKUBMS CKUBMS
T e P e e
2RO T AR AR R K R R K KK
ARk AR R AR

SUBROUTINE CKUBMS (T,Y, I WORKsWORK,UBMS)

THIS SUBRDUTINE RETURNS THE MASS WEIGHTED MEAN INTERNAL
ENERGY OF THE MIXTURE IN MASS UNITS. REFERENCE EQUATION

(11.4.29}%.
INPUT
T - TEMPERATURE.
CGS UNITS - K
Y - ARRAY OF MASS FRACTIONS OF THE KK SPECIES.
CGS UNITS - NONE.
DIMENSION Y(#*) AT LEAST KK.
IWORK = ARRAY OF INTUCER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITTALTZU" By THE CALL TO SUBRUOUTINE CKINIT.
DIMENSION IWORK(#) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.

WORK - ARRAY (OF REAL INTERNAL WURK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORKI(») AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.
QUTPUT

UBMS ~ MASS WEIGHTED MEAN INTERNAL ENERGY 1IN MASS UNITS.

CGS UNITS - ERGS/GM.
CKUML TKUML CKUML CKUML CKUML CKUML

EARKAEARD AR SN RE RO AR R RERR R TR R Rk ¥ AR K
R Py
AEUXFDB KARRD A
SUBROUTINE CKUML (T, [MORK,WORK,UML)

THIS SUBROUTINE RETURNS THE INTERNAL ENERGIES IN MOLAR
UNITS. REFERENCE EQUATION (I11.4.101).

INPUT
T - TEMPEZRATURE.
CGS UNITS = K
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE [WORK ARRAY

IS INITIALIZED BY THE CALL 70O SUBROUTINE CKINIT.
DIMENSION IWORK({®) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF I[WORK,
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY [S
INITIAL{ZED BY THE CALL 7O SUBROUTINE CKINIT.
DIMENSION WORK({x)} AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.,

QuUTPUT
UML - ARRAY OF INTERNAL ENERGIES IN MOLAR UNITS FOR THE
KK SPECIES.
CGS UNITS - ERGS/MOLE.
DIMENSION UMLI(*) AT LEAST KK,
CKUMS CKUMS CKUMS CKUMS CKUMS CKUMS

o Ok ok ok R ok A ok ok X gk ok R ok b Rk
0t o Rk A R T o o R R KR K
AR KR R R K K
SUBROUTINE CKUMS (T, IWORK,WORK,UMS)

THIS SUBRQUTINE RETURNS THE INTERNAL ENERGIES IN MASS
UNITS. REFERENCE EQUATION (Il.4.171}.

INPUTY
T - TEMPERATURE.
CGS UNITS -~ K



IWORK = ARRAY CF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT. .
DIMENSION WORK{*) AT LEAST LENWK. SEE CKINIT FO
DETAILS ON THE REQUIRED LENGTH OF WORK.

QuUTPUT
UMS ~ ARRAY OF INTERNAL ENERGIES IN MASS UNITS FOR THE
KK SPECIES.
CGS UNITS - ERGS/GM.
DIMENSION UMS(*) AT LEAST KK.
CKUNIT CKUNIT CKUNIT CKUNIT CKUNTT CKUNIT

A WO oK R KKK R R K AR K K K KK Ok K
AR RO KKK T KK AR ROR R K X
ok KK Rk Sk R

SUBROUTINE CKUNIT (RU(RUC,FA,INORK,WORK)

THIS SUBROUTINE IS USED TO CHANGE UNITS IN THE CODE.
CARE MUST BE TAKEN TO MAKE SURE THAT IF THE UNITS ARE
CHANGED THEY ARE CONSISTENT.

INPUT
RU -~ UNIVERSAL GAS CONSTANT.
CGS UNITS ~ B8.314E7 ERGS/(MOLE=*X)
RUC -~ UNIVERSAL GAS CONSTANT USED ONLY IN CONJUCTION WITH
ACTIVATION ENERGY.
PREFERRED UNITS ~ 1.987 CAL/ (MOLE*K).,
PA - PRESSURE OF (ONE STANDARD ATMOSPHERE.
CGS UNTITS - 1.0132586 DYNES/CM*%2
IWORK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALTZED BY THE CALL TO SUBROUTINE CKINIT.
ODIMENSION IWORK{=) AT LEAST LENIWK. SEE CKINIT FQOR
DETAILS ON THE REQUIRED LENGTH QOF [WORK.,
WORK - AR“AY JF REAL IMTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBRGUTINE CKINIT.
DIMENSION WORK (%) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK.

CXWC CKwWC CKWC CEwC CKWC CKWC
B T Ty
A A R K R K RO R RO Ak K
P I F T T

SUBROUTINE CKWC (T,C,INCRK,WORK,WOOT)

THIS SUBROUTINE RETURNS THE MOLAR PRODUCTION RATES OF THE
SPECIES GIVEN THE TEMPSRATURE AND MOLAR CONCENTRATIONS.
REFERENCE EQUATION (Il1.5.2.}

INPUT
T - TEMPERATURE.
CGS UNITS - K
C ~ MOLAR CONCENTRATIONS OF THE KK SPECIES.
CGS UNITS = MOLE/CM*%3
OIMENSION Ci*: AT LEAST KK.
IWORK - ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL T2 SUBROUTINE CKINIT.
DIMENSION IWORK(*} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
wWORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY I3
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.
ouTPUT
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WoOoT ~ ARRAY OF CHEMICAL MOLAR PRODUCTION RATES FOR THE KK
SOECIFES.
CGS UNITS -~ MOLES/ICM=%3%SEC).
DIMENSTON WOOT (*) AT LEAST KK.

CKM L, CKWL CKwWL CKWL CKWL CK¥WL
MRk R R R R AR R R KR Rk AR R KA KRk N KR
AARRBR AR AR AT KRG E R A AR R R
IR RS2 R RS S

SUBROUTINE CKWL (IWORK,WORK,WL}

THIS SUBROUTINE RETURNS A SET OF FLAGS PROVIDING INFORMATION
ON THE WAVE LENGTH OF PHOTON RADIATION.

INPUT
IWORK - ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY

IS INITIALTZED BY THE CALL TO SUBROUTINE CKINIT.
OIMENSION IWORK(#) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF [WORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBRQUTINE CKINIT.
DIMENSION WORKI(*) AT LZAST LENWK. SEE CKINIT FOR
DETAILS ON THC REQUIRED LENGTH 0OF WORK.

QUTPUT
Wi - ARRAY 0OF RADIATION WAVELENGTH INFORMATION FOR THE I
REACTIONS.
WiLil)= 0. REACTION I DOES NOT HAVE KADIATION AS
EITHER A REACTANT R PRGODUCT
WLET)==A PEACTION 1 HAS RADIATION OF WAVELENGTH A
AS A REAUTANT
WLIT)=4+A KEACTION [ HAS KADIATION OF WAVELENGTH A
AS A PROOUCT
IF A = 1.0 THEN NO WAVELENGTH INFORMATICN WAS GIVEN.
DIMENSION WL} AT LEAST I
UNITS = ANGSTROMS
CKWT CKWT CKWT CKWT CKWT CKWT

AR R R P R W A KO R T R Ak ROk R K R X
A AR B R FH AR AR K A AR KN
LRI IR TS F

SUBROUTINE CKWT (IWORK,WORK,WT)

THIS SUBROUTINE RETURNS THE MOLECULAR WEIGHTS 0OF THE SPECTIES.

INPUT
IWORK = ARRAY (OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
1S INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WQORK ~ ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITTALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK (%) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.,
QUTPUT
wT - ARRAY OF MOLECUL AR WE]IGHT FOR THE KK SPECIES.

CGS UNITS - GM/MOLE.
DIMENSTION WT (*) AT LEAST KK.



CKWXP

CXWXP CKWXP CKWXP CKWXP CKWXP

KREKRRRERR R G RR R AR F R Nk
I ST TR RSS2SR IR SRS S ]
ISR S LR R

SUBROUTINE CKWXP (P,T,X, IWORKsWORK,WDOT}

THIS SUBROUTINE RETURNS THE MOLAR PRODUCTION RATES OF THE
SPECIES GIVEN THE PRESSURE, TEMPERATURE AND MOLE FRACTIONS.
REFERENCE EQUATICON (I1.5.2}.

INPUT
p

T

X

IWORK

WORK

JUTPUT
WOOT

CKWXR

PRESSURE.
CGS UNTTS - DYNES/CM*=x2,
TEMPERATURE.
CGS UNITS = K
MOLE FRACTIONS OF THE KK SPECIES.
CGS UNITS — NONE.
DIMENSION XU*) AT LEAST KK.
ARRAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
{S INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWDRK(*) AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF [WORK.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARPRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK (%) AT LEAST LENWK. SEE CKINIT FOR
CETAILS ON THE REQUIRED LENGTH OF WORK.

ARRAY OF CHEMICAL MOLAR PRODUCTION RATES FOR THE KK
SPECIES.

CGS UNITS - MOLES/(CM*x=*3*SEC).

DIMENSION WDDT (=} AT LEAST KK.

CKWXR CKWXR CKWXR CKWXR CKWXR
K S A A R R R A R R R R R R R R R R X R
ko ek xRk RO K R R R A &
R K R ROK

SUBROUT INE CKWXR (FHOT 4y xy InIRK,WORK,WDOOT)

THIS SUBROUTINC KETURMNS THE MOULAR PRUDUCTION RATZ2S OF THE
SPECIES GIVEN THE MASS DENSITY, TEMPERATURE AND MOLE
FRACTIONS. REFERENCE EQUATION (1i.5.2).

INPUT
RHO

T

X

IWORK

WORK

OUTPUT
WwDOT

MASS DENSITY.
CGS UNITS ~ GM/CM»x*3,
TEMPERATURE.,
CGS UNITS = K
MOLE FRACTIONS OF THE KK SPECIES.
CGS UNITS -~ NONE.
OIMENSION X{*) AT LcAST KK.
ARRAY OF INTEGER INTERNAL WORK SPACE. THC IWORK ARRAY
[S INITIALYZED BY THE CALL TOQO SUBROUTINE CKINIT,
OIMENSTION IWORK({=) AT LEAST LENIWK, SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWGRK.
ARRAY OF REAL INTERNAL WORK SPACE. THE WORK AR®AY IS
INITIALIZED BY THE CAiLt TG SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEZAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WORK,

ARRAY OF CHEMICAL MOLAR PRODUCTION RATES FOR THE KK
SPECIES.

CGS UNITS = MOLES/(CM**3%SEC).

DIMENSION WDOT (%) AT LEAST KK,
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CKWYP CKWYP CKwYP CKWYP ~ CKWYP CKWYP
ERRRERAR KRR AR RN AR AR AR R AR KR X
EERBAEEAFRARRRRERA RN R MRS
AR R AR R

SUBROUTINE CKWYP (P,T+Y s IWORK,WORK,WDOT}

THIS SUBROUTINE RETURNS THE MOLAR PRODUCTION RATES
OF THE SPECIES GIVEN THE PRESSURE, TEMPERATURE AND MASS
FRACTIONS. REFERENCE EQUATION (I1T1.5.21).

INPUT
P -~ PRESSURE.
CGS UNITS =~ DYNES/CMxe«2.
T - TEMPERATURE.
CGS UNITS - X
Y - ARRAY OF MASS FRACTIONS CF THE KK SPECIES.

CGS UNITS - NONE.
DIMENSIOM Y (%) AT LEAST KK,
IWORK =~ ARRAY QF [INTEGER INTERNAL WORK SPACE. THE [WORK ARRAY
1S INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK({*} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK({#*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

QuUTPUT
wDOT - ARRAY OF CHEMICAL MULAR PRODUCTION RATES FOR THE KK
SPECIES.
CGS UNITS - MOLES/(CHM*#2*SEC).,
DIMENSION WOOT(*) AT LEAST KK.
CKWYR CKWYR CKWYP CKWYR CKWYR CKWYR

L L e Ty P Y
R E R AT R AR AR R Ak
EARARE A AR

SUBROUT INE CKWYR (KHO,»T.Y,  IWORK WORK, wDOT)

THIS SUBROUTINE RETURNS THE MOLAR PRODUCTION RATES 0OF THE
SPECIES GIVEN THE MASS DENSITY, TEMPERATURE AND MASS
FRACTIONS. REFERENCE EQUATION (11.5.21.

INPUT
RHO ~ MASS DENSITY.
CGS UNITS - GM/CMr=3
T - TEMPERATURE.
CGS UNITS - K
Y - ARRAY OF MASS FRACTIUNS OF THE KK SPECIES.

CGS UNITS -~ NONE.
DIMENSION Y(*} AT LEAST Kk.
IWORK =~ ARRAY (Of INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
I5 INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION TWORK(*} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF [WORK.
WORK ~ ARRAY (F PEAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZEDO BY THE CALL TO SUBROQUTINE CKINIT.
DIMENSION WORK(®) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

ouTPUT
WDOoT ARRAY OF CHEMICAL MOLAR PROCUCTION RATES FOR THE KK
SPECIES.
CGS UNITS - MOLES/(rM=%3%SEC ).,

DIMENSION WDOT(#) AT LEAST KK.



CKXTCP CKXTCP CKXTCP CKXTCP CrxTC? CKXTCP
AXERKERERR AR ER SRR R R RS ARE AR R AR Rk
AR AR AR R AR R ARk
TSI T ET T

SUBROUTINE CKXTCP (P,Ty X, IWORKWORK,C)

THIS SUBROUTINE RETURNS THE MOLAR CONCENTRATIONS GIVEN THE
PRESSURE, TEMPERATURE AND MOLE FRACTIONS. REFERINCE EQUATION

(11.3.5)
INPUT
p - PRESSURE.
CGS UNITS - DYNES/CM*=*2,
T - TEMPERATURE.
CGS UNITS - K
X - MOLE FRACTICNS O THE KK SPECIFS.
CGS UNITS - WNONE.
DIMENSTION X({=#) AT LEAST KK.
IWORK =~ ARRAY OF INTEGER INTERNAL WORK SPACE. THc I[WORK AR2AY

IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION IWORK({*} AT LEAST LENIWK. SEE CKINIT FOK
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WO RK - ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSICN WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF WORK.

ouTPUT
C ~ MOLAR CONCENTRATIONS OF THE KK SPECIES.
CGS UNITS =~ MOLE/CM*x%x3
DIMENSION C(=) AT LEAST KK.
CKXTCR CKXTCR CKXTCR CKXTCR CKXTCR CKXTCR

L2222 SRR LR RS R Rt st R Rl RS RY
K R R WK R R ko
LES S EFEEESRE SR

SUBROUTINE CKXTCR (RHO,T,X,IWORK,WORK,C)

THIS SUBROUTINE wETURNS THE MOLAK CONCENTRATIONS GIVEN
THE MASS DENSITY, TEMPERATURFE AND MOLE FRACTIOUNS.
REFERENCE EQUATION (I1.3.61.

INPUT
RHO - MASGS DENSITY,.
CGS UNITS = GM/CM%x3,
T - TEr “RATURE.
CGS UNITS - K
X - MOLE FRACTICNS NOF THE KK SPECIES.
CGS UNITS - NONE.
DIMENSTAIAN X43) AT LEAST KK.
IWORK = ARRAY OF ANTEGER INTERNAL WCRK SPACE. THE IWORK AR&AY

IS INITIA_IZED BY THE CALL TO SUBROUTINE CKIMIT.
DIMENT "ON [WORK{*) AT LEAST LENIWK. SEE CKINIT FOR
DETAIL., ON THE REQUIRED LENGTH OF IWORK,
WORK ~ ARRAY OF REAL INTERNAL WORK SP;/  'T. THE WORK ARRAY IS
INITIALIZED BY THE CALL TO SUBRUUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LCENWK. SEF CKINIT FOR
DETAILS CN THE REQUIRED LENGTH OF WOFRK.

OUTPUT
C -~ MOLAR CONCENTRATIONS OF THE KK SPECIES.
CGS UNITS = MOLC/CM=»*3
DIMENSION C(*) AT LEAST KK.
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CKXTY CKXTY CRxi7 CKXTY CKXTY CKXTY
L Y Ty

L EE RS SR SRR AR E R T
L E R R L SRS

SUBROUT INE CKXTY (X, IWORK,WN3K,Y)

THIS SUBROUTINE RETURNS THE MASS FRACTIONS GIVEN THE
MOLE FRACTIONS. REFERENCE EQUATION (Il.3.4),

INPUT
X MOLE FRACTIGNS 0f THE KK SPECIES.
CGS UNTTS =~ NONE.
DIMENSTION X{*) AT [EAST KK.
TWORK = ARRAY OF INTEGER INTCRNAL WORK SPACE. THE IwWORK ARKAY
IS INITYALTZED 8Y THE CALL TO SUSFOUTINE CrINIT.
DIMENSION TWORK(*) AT LEAST LENIWK. SEE CKINIT FQUR
DETAILS UN THE REQUIPED LENGTH OF IWORK.,
ARRAY OF REAL [INTERNAL WORK SPACE. THE WORK ARRAY IS

WO RK -
INITTALIZED B8Y THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK (=1 AT LEAST LENWK., SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH F WORK.
QuTPUT

Y - ARRAY OF MASS FRACTIDNS J3F THE KK SPECIES.
C5S UNITS ~ NONE.
DIMENSICN Y(*) AT LELAST KK,

CKYTCP CKYTCP CXYTCP CKYTCP CRYTCP CKYT(CP

LA R E R R ENEE RS AS R L SRR R ERAEE S
AR EFEESEEEEREL SRS E RS SR 2 0]
EXACRRO K AT R AR

SURRQOUTINE CKYTCH (PyT,Y, JWIRK, W25 ,()

THIS SUBROUTINE RETUARNS THE MILAR CONCENTRATIONS GIVEN
THE PRESSURE, TEMPERATURE AND MASS FRACTINNS, REFERENCE
EQUATION (I11.3.2).

INFUT
P - PRESSURE.
CGS UNITS — DYNES/CM#22,
T - TEMPERATURE.
CGS UNITS = K
Y = ARRAY OF MASS ~RACTICNS OF THE KK SPECIES.
CGS UNITS -~ NONE.
DIMENSION YU *}) AT LEZAST KK,
IWORK = ARRAY OF INTEGER INTERMNAL WORK SPACE. THE [WORK ARRAY

IS INITIALTZED 8Y THE TALL TO SUBRDUTINE CKINIT.
OIMENSION IWORK{*} AT LEAST LENIWK. SEE CKINIT FOR
DETAILS On THE REQUIRED LENGTH OF [WORK.
WORK ~ ARRAY OF REAL [NTERNAL WORK SPACE. THE WORK ARRAY [S
INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
OIMENSION WORK(*} AT LEAST LENWK. SCE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH UF WORK.

ouTPUT
C = MOLAR CONCENTRATIONS NDF THE KK SPECIES.

CGS UNITS = MOLE/CM*=3
DIMENSION CO*) AT LFAST KK.



CKYTCR CKYTCR CKYTCR CKYTCR CKYTCR CKYTCR
ARAE RS SRR KRR KRR XA AR RN R
AANERKR RS RRRAIR AR RRRK R KR
Ak R R

SUBROUTINE CKYTCR (RHO,T,Y, IWORK,WORK,C)

THIS SUBROUTINE RETURNS THE MOLAR CONCENTRATIONS GIVEN
THE MASS DENSITY, TEMPEQATURE AND MASS FRACTINNS.
REFERENCE EQUATICON (11.3.3).

INPUT
RHN - MASS DENCSITY.
CGS UNITS - GM/(CMx=3,
T - TEMPERATURE.
CGZ UNITS - K
Y - ARRAY QF MASS FRACTIONS JF THE XK SPECIES.

CGS UNITS - NINE.
DIMENSION Y(*) AT LEAST KK.
IWORK = ARKAY OF INTEGER INTERNAL WORK SPACE. THE IWORK ARRAY
IS INITIALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION [WORK({*} AT LEAST LENIWK. SEE CKINIT FOK
DETAILS ON THE REQUIRED LENGTH OF IWORK.
WORK - ARRAY OF REAL INTERNAL WORK SPACE. THE WQRK ARRAY IS
INITITALIZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSION WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS CN THE REQUIRED LENGTH DOF WORK.

ouTPUT
C - MOLAR CONCENTRATIONS OF THE KK SPECIES.
CGS UNITS - MOLE/CM=x3
DIMENSINN CU{#*) AT LEAST KK.
CKYTX CXYTX CKYTX CKYTX CKYTX CKYTX

P R e R R Ry
R TI LY R P E R e e e
T T L R
SUBROUTINE CKYTX (Y, IWORK,WORK,X)

THIS SUBROQUT IME RETURNS THE MOLE FRACTIONS GIVEN THE
MASS FRACTIONS. REFERENCE EQUATION (I1.3.11.

INPUT
Y - ARRAY OF 4ASS FRACTIONS OF THE KK SPECIES.
CGS UNITS = NONE.
DIMENSINN Y({=) AT LEAST KK.
1d0RK = ARRAY OF INTEGER INTERNAL WORK SPACE. THE [WORK ARRAY

1S INITIALIZED BY THE CALL TO SUBROUTINE CKINIT,
DIMENSION IWORK(*) AT LEASY LENIWK. SEE CKINIT FOR
DETAILS ON THE REQUIRED LENGTH OF IWORK,
WORK -~ ARRAY OF REAL INTERNAL WORK SPACE. THE WORK ARRAY IS
INITIALTZED BY THE CALL TO SUBROUTINE CKINIT.
DIMENSICON WORK(*) AT LEAST LENWK. SEE CKINIT FOR
DETAILS TN THE REQUIRED LENGTH OF WORK.

OUTPUT
X - MOLE FRACTICONS OF THE KK SPECIES.
CGS UNITS - *7INE.
DIMENSION Xi-) AT LEAST KK.
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yil. Sample Problem

Before using CHEMKIN on a problem, the user must: 1} define a system of
governing equations, 2) define a reaction mechanism, and 3) choose a solution
method. In this sample problem we will solve the equations describing constant
pressure combustion for a hydrogen-air reaction mechanism. The governing energy

and mass conservation equations are:

K
dT 1 .
il LS L
p k=1
dYk_mka o1 )
e kel

where T is temperature and Yk are the mass fractions of the K species

involved. The independent variable, t, is time. Other variablies are: o, mass
density, Ep, mass weighted mean specific heat at constant pressure, hk’ the
specific enthalpies of the species, W the molar production rates of the
species, and wk, the molecular weights of the species.

The governing system of ordinary differential equations forms an initial
value problem. Solution of the equations will be via the code LSonE (6)
written by Alan Hindmarsh. We find this code to be hignly reliable for the

solution of very wide range of stiff initial value problems.

The FORTRAN code for solution of the sample problem is given below in
Section 3. After initializing CHEMKIN, the code reads the initial mass
fractions from input. It then repeatedly calls subroutine LSODE to obtain the
solution at uniform print intervals. The governing equation formulation is
found in SUBROUTINE FUN which is called by LSODE.

The following sections present in chronological order the input required
and the output produced by the codes. The last section lists a brief description
of the call sequence for LSODE. This is needed to understand the sample
problem coding. The Thermodynamic Data for the problem are taken from the Data

Base given in Appendix B.
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1. Input to INTERPRETER
ELEMENTS
H 0 N
END
SPECIES
H2 02 N2 H 0 N O0OH HOZ H20 NO
END
REACTIONS
H2+02=20H 1.7TEL3
H2+0H=H20+H 5.2E13
H+02=0H+0 1.22€17
O¢H2=0H+H 1.8E10
HeO24M=HO2+ M 2.0E15
H20 / 20./
OH+HO2=H20+02 1.2E13
H+H02=20H 6.0€E13
0+HO2=02+0H 1.0€E13
20H=0+H20 1.7€06
H2+M=2H+M 2.23E12
H20/5/
02+M=20+M 1.85€E11
He OH+ M=H2 O+ M T.5E23
H20/20.0/
H+HO2=H2+ 02 1.3€13
O+ N2=NO+N 1.4El4
N+02=xNO+0 6,4E09
OH+N=NQO+H 4.0E13
END

0.000
©.000
-0.907
1.000
0.000

0.000
0.000
0.000Q
2.030
0.500

0.500
-2.600

0.000
0.000
1.000
0.000

47780.
6500.
16620,
8826,
~-870.

0.
O.

-1i90.
92600.

95560,
o.

15800.
6280,
0.
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)

[4

OQutput from INTERPRETER

OUTPUT FROM INTERPRETER

10.

11.
12.

13,
14,
15.
16,

ELEMENTS CONSIDERED

ELEMENTS

SPECIES CONSIDERED

SPECIES PHASE
1. H2 G
2. 02 G
3. N2 G
4, H G
5. 0O G
6. N G
T. OH G
8. HO2 G
9. H20 G
10. NC G

REALTIONS CONSIDERED

H2+402=20H
H240H=H2 0+H
H+02=0H+0
Qe+H2=20H+H
H402+M=HO2+M

H20
OH+HO2=H204+02
H+HO2 «20H
O+HO2=02+0H
20H~0+H20
H24Mx2H+M

H20
02+ Ma20+¢M
H+OH4M=H2 0O+ M

H20
He¢HO2=H2+02
O4N2aNG+N
N+02«NO+0
OH+NaNC+H

ATOMIC WEIGHT
1.01

16.0
14.0

CHARGE

[eReliofeoRoNoNeoNeReNal

ENHANCED BY

ENHANCED BY

ENHANCED 8Y

MOLECUL AR WEIGHT

2.01594
31.9988
28.0134
1.00797
15.9994
14.0067
17.007s
33.0068
18.0153
30.0061

2.000E+01

5.000E+¢00

2.000E+01

LOW TEMP

300.00
300.00
300.00
300.00
300.00
200.00
300.00
300.00
300.00
300.00

HIGH TEMP

5000.00
5000.00
5300.00
5000.00
$000.00
5000.00
5000.00
5000.00
5000.00
5000.00

PRE EXP

«170F+14
<520E+14
«122E¢18
.180E+11
+200E+L6

«120E+14
+600E+14
«100E+14
«170E4+07
«223E+13

«185€E+12
«T50E4+24

«130E+14
«140E+15
«640€+10
«400E+14

MID TEMP

1000.00
1000.00
1000.00
1000.00
1000.00
1000.00
1000.00
12000.00
1000.00
100C.00

TEMP EXP

0.

c.
-.90700

1.0000

0.

0.
0.
0.
2.0300
50000

«50000
-2.6000

0.
0.
1.0000
Q.

ONH~ OO0 O0OO0ONTI

ELEMENT COUNT

RO OOND O
" OOO~DONOOZX

ACT ENG

47780,
6500.0
16620,
8826.0
-870.00

0.

0.

J.
-1190.0

92600,

95560.
0.

0.
75800,
£280.0
0.
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3.

User's FORTRAN Code

178

aEslelaNaNeNaNeNaNaRaRa el

v [N el el [aEaXet OO0

[ Ee

[aXakel

[N e

10

15

17

20
25

PROGRAM CKSAMPUINPUT,OUTPUT 4TAPESS, TAPE6=OUTPUT TAPES=INPUT)
DIMENSICN Y(10)42Z(11)KSYM{(10,10) :ISYMR(10O)} ,ELWRK({242),1ELWRK(3])
COMMON/WRK /I WORK (510} +WORK(386}

COMMON/PARAM/KK 4+ PyRUWT(10)

EXTERNAL FUN

BATA LIW.LRW/31,242/

DATA LENWK,LENIWK/386,510/

DATA NKNLMAX/5,55/

DATA LOUT+LINK/6,95/

THE INDEPENDENT VARIABLE IN THIS PROSLEM IS TIME.
THE DEPENDENT VARIABLES IN THIS PROBLEM ARE TEMPERATURE,T AND
MASS FRACTICN,Y(K). HOWEVER THE ODE SOLVER IS DESIGNED TO SOLVE
SYSTEMS OF THE FORM D2/D0X = F(X,2) « THEREFORE THE ODEPENDENT
VARTABLES MUST 3E PUT INTO A SINGLE VECTOR 2. WE HAVE DEFINED
X=TIME
Z(1)=T
LiK+1l)=Y(K)

INITIALIZE CHEMKIN
CALL CKXINIT(LENIWK,LENWK ,LINK,yLOUT,IWORK,WORK)
OBTAIN INFORMATION ON SPECIES AND REACTIONS FROM CHEMKIN

CALL CKINDX{IWORKyWORK MM, KK,I1, LENELyLENSYM,NFIT)
CALL CKSYMS(LENSYM.IWORK yWORK¢KSYM)

CALL CKRP{IWORK WwORK,RU,RUCsPATHM)

CALL CKWT{IWORK ,WORKWT}

INITIALTZE ALL MASS FRACTIONS, Y(K}, TO LERO

00 10 K=]1,KK
Y{K)=0.0
CONTINUE

READ NON-ZERQO INITIAL MASS FRACTIONS FROM INPUT

DO 20 L=1,KK
READ(S, 7500 1SYMRI ) 4M=] L ENSYX),YIN
[F(ISYMR(1)}.EQ.1H ) GO TO 25

LOOK FOR A SPECIES MATCH
w15 K=l KK

COMPARE INPUT SPECIES NAMES WITH THOSE IN CHEMKIN

CALL CKCOMP(LENSYM,KSYMI(]1 K} ISYMR,ISAME)
IFCISAME.EQ.Y1)GO YO 17
CONMTINUE
PRINT 7700
CALL EXIT

SPECIES MATCH FOUND, SET INITAL MASS FRACTION
CINTINUE
Y{KI=YIN
CONTINUE
CONTINUE

SET PRESSURE,P, AND INITIAL TEMPERATURE,T.

T=1200.
P=l.0*PATH

SET INITIAL TIME,FINAL TIME, AND PRINT INTERVAL
T1=0.
T2=1.E=2
0T=1.E~3



[aNaNel

[eNaNel

[aEeNe]

[aNaNe]

OO0

OO0

SET THE INTEGRATION CONTROL PARAMETERS FOR LSODE

NEQ=KK+1
MF=22
1TOL=1
10PT=0
RTOL=1.E~-4
ITASK=]1
ATOL=1.E~15
ISTATEal

SET INITIAL CONDITIONS INTO THE Z VECTOR

1(1)=T

00 100 K=l KK

LiK+l )=y (K}
100 CONTINUE

TT1a2T1

TT2=T1

NLINES=NLMAX+]1

INTEGRATICN LOQP

250 CONTINUE
IF(NLINES.LT.NLMAX)GO TO 270

PRINT PAGE HEADING

NLINES=0
WRITE(6,7003)
00 200 Kl=1,KK,NK
K2=K14+NK~1
IF(K2.GT.KKIK2=KK
IF{K1.GT.11GO 70 180
WRITE(6,7100) C((KSYM{ULK) L=1)LENSYM) ,K=K],K2)
NLINESaNLINES+] ;
GO 70 200
180 CONTINUE
WRITE(6,7110) C((KSYMILK) L=1,LENSYM),K=K]1,K2)
NLUINESsNLINES+]
200 CONTINUE

PRINT THE SOLUTION

270 CONTINUZ
D0 30C K1=1.KK,NK
K2=K1l rNK=1
IF(K2.GT.KK)K2=KK
IFIK1.GT.XIGD TO 280
WRITE(O,TLIOSITTLyTolY(K) JK=K1,X2])
NLINES=NLINES+1
GO 70 300

280 CONTINUE
WRITE(6,T11I5)(Y(K) K=K1sK2)
NLINES=NLINES+1

300 CONTINUE

CALL THE DIFFERENTIAL EQUATION SOLVER

TT2=TT24D7
CALL LSODE{FUN'NEQ¢Z+TT1,TT2,ITOL,RTOL,ATOL,ITASK,ISTATE,IQOPT,ELWR
LKy LRW TELWRK , LIW . JAC, MF)
T=2(1}
DO 400 K=1,KK
Y{K)=2{K+1)
400 CONTINUE
IF(TT1.LT.T2)6G0 TO 250
CALL EXIT
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7003
7100
7105
7110
7115
7500
7700

OOO0OOOOO0

[aN e Ne)

100

200

FORMATS

FORMAT (1H1)

FORMAT(3X +6HT(SEC) y6X16HTMP{K) +6X,5(1X,10A11})

FORMAT(12E11.3)

FORMAT(27X.5(1X,10A11})

FORMAT(22X,10E11.3})

FORMAT(10A1,E10.0)

FORMAT(10X,50HINITIAL MASS FRACTION GIVEN FOR AN UNKNOWN SPECIES)
END

SUBROUTINE FUN(N,TIME,Z,2P)
ODIMENSION Z(N),2FP{N)
COMMON/WRK/ ITWORK(510) +WORK(386])
COMMON/PARAM/KK P, RUNT{10}
COMMON/DUM/WOOT(10),4(20)

VARTABLES IN I ARE
(1) =7
L(K+1)=Y(K)

CALL CHEMKIN SUBROUTINES

CALL CXRHOY {7, Z{1)¢212), IWORY; HORK,;RHD)
CALL CKCPBS(Z{1),2(2),IWORK,WORK,CPB}
CAaLL CKWYP(P,Z(1),2(2),IWORK,HORK,WDQOT}
CALL CKHMS(Z(1),IWORK WORKsH)

FORM GOVERNING EQUATION

SUM=Q.

00 100 X=1,K«
SUMaSUM+H (K ) *HDOT(K) *4T (K}
CONT I NUE

IP(1)a=SUM/ (RHU4CPRY}

D0 200 K=1,KX

TP+l ) =dDOT(K)*WT{K)/RHO
CONTINUE

RETURN

END



4. Input to FORTRAN Code

H2 0.0283
02 0.226
N2 0.7457

5. Output from FORTRAN Coce

T(SEC) TMP(KY H2 02 N2 H 0
N OH HO2 H20 NO
0. «10CE+04 «283E-01 226400 «T46E+00 O, 0.
0. . 0. 0. Q.
.100E~072 «269E+04 «297€~-02 .177E-01 . 145E+00 «434E~03 «266E~02

. 297E-06 .149E-01 «379E~05 .215€400 «204E-02
.200E-02 «269E+04 .299€-02 «16GE-01 «T44E+D30 «429E~03 «256E-02
«428E-06 «146E~-01 .361€-05 .215€+00 . 422E-G2
.300€-02 «268E+04 +.301E-02 +164E-01 «T43E+00 «427E=-03 249502
.513€-06 «144E=-0] «351€E~05 .214E+00 .577€=-02
«400E-02 «268E+04 «303€-02 .160E-01 «T43E+QO «426E-03 «245E-02
»567€~06 «143E-01 «344E-05 «214E+00 . 680E~02
.500E-02 <268E+04 +304E~-02 +158E~01 < T42E+400 +425E-~03 «243E-02
-« 600E-06 «142€E-01 «340€~05 «214E+00 « T46E-02
.600€-02 «268FE+04 - 304E-02 «156€E-01 «T42£+400 «424€~03 .241€-02
«H20E-06 «142E~01 «337E- U5 <214E+00 «T8TE-02
.TO0E-02 «268E+04 ~3058~-02 «155E-01 «T42E+0Q0 «424E~03 «240E~-02
.« 632E-06 «141E~01 +335€~-05 .214E+00 .613E-02
.800E-02 «26BE+04 +305€6-02 .155€6~01 «T42E+00 «424E~03 «239€~02
.633€E-06 .141€-01 «334E~05 .214E+00 «.828E-02
.900E-02 «268E+04 «305€E-02 W155€~01 «T42E+00 «424E-03 «239€-02
«644E-06 .141E-01 «334€E-05 «214E+00 . 838E~-02
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6. Comments on Use of LSODE

SUBROUTINE LSODE (F, NEQ. Y, T, TOUT, ITOL, RTOL, ATCL, ITASK,
1 ISTATE, IOPT, RWORK, LRW, IWORK, LIW, JAC, MF)
EXTERNAL F. JAC
INTEGER NEQ, ITOL. ITASK, ISTATE, ICPT, LRW, IWORK, LIW, MF
REAL Y, T, TOUT, RYOL, ATOL., RWORK
DIMENSION NEQ{1 ), Y(1), RTOL(1), ATOL(1), RWORK(LRW), IWORK(LIW)

- ——— Y ——— - —— -

(= mm- —————

THIS 1S THE JANUARY 21, 1980 VERSION OF
LSODE.. LIVERMI"E SCLVER FOR ORDINARY DIFFERENTIAL EQUATIONS.
THIS VERSION IS IN SINGLE PRECISION.

LSODE SOLVES THE INITYIAL VALUE PROBLEM FOR STIFF DR NONSTIFF
SYSTEMS OF FIRST ORDER ODE-S,

OY/DT = F{T,Y) » OR. IN COMPONENT FORM,

DYCTI/DT = (1) = FLI+ToY(1)sY(2)saoa s YINEQI)} (I = 1y...4NEQ).
LSODE 1S A PACKAGE BASED ON THE GEAR AND GEARB PACKAGES, AND ON THE
OCTOBER 23, 1v78 VERSION OF THE TENTATIVE ODEPACK USER INTERFAZC
STANDARD, WITH MINOR MODIFICATIONS.

AUTHOR AND CONTACT.. ALAN C. HINDMARSH,
MATHEMATICS ANDO STATISTICS SECTION, L~-300
LAWRENCE LIVERMORE LABORATORY
LIVERMORE, (4 94250,

e - ——— —  — s . T = — —— - Yot o L A P - i L - . " o - A ——

SUMMARY OF USAGE.

s NaNalalaNeNaNaNaNaNale Walale!

COMMUNTICATION BETWOEN THE USER AND THE LSODE PACKAGE, FOR NORMAL
SETUATIONS, 1S SUNMMARIZEC BELOW. SEE THE FULL DESCRIPTICN FOR
DETAILS, INCLUDING GETIONAL COMMUNICATICN, NONSTANGARD OPTIONS.
AND INSTRUCTIONS FOR SPECIAL SITUATIONS. SEE ALSO THE EXAMPLE
PRCBLEM (WITH PROCKAM AND OUTPUTH FOLLOWING THIS SUMMARY.

A, FIRST PROVIDE A SUBROUTINE OF THE FORM..
SUBROUTINE F (NEQ, T, Y, YOOT)
DIMENSTION YINEQ), YODOTUINEQ)
WHICH SUPPLIES THE VECTOk FUNCTION F B8Y LCADING YOUT(I) WITH F(I1.

B. NEXT DETERMINE (0K GUESS) WHETHER OR NOT THE PROBLEM IS STIFF.
STIFFNESS OCCURS wWHEN (HE JACOBIAN MATRIX OF /DY HAS At EIGENVALUE
WHISE REAL PART 1S NEGATIVE AND LAKGE 1IN MAGNITUDE, COMPARED 10 THE
RECIPROCAL OF THE 1 SPAN OF INTEREST. IF THE FROBLEM IS NONSTIFF,
USE A METHOD FLAG MF = 10. 1F 17 IS STIFF, THERE ARE FQOUR STANDARD
CHOICES FOR MF, AND LSODE REQUIRES THE JACOBIAN HMATRI, JN SOME FORM.
THIS MATRIX IS REGARDED EITHER AS FULL (MF = 21 OR 221,

OR BANDED (MF = 24 QOR 25). IN THE BANDEOD CASE, LSODE REQUIRES TWO
HALF-~-BANDWIDTH PARAMETERS ML AND MU. THESE ARE, RESPECTIVELY, THE
WIDTHS OF THE LOWER AND UPPER PARTS OF THE BAND, EXCLUDING THE HAIN
ODIAGONAL. THUS THE BAND CONSISTS OF THE LOCATIONS (I.,J) WITH

=ML JLE. J JLE. T4MU, AND THE FULL BANDWIDTH IS ML +¢MU+1.

C. IF THE PROBLEM IS STIFF, YOU ARE ENCOURAGED TO SUPPLY THE JACOBI AN

DIRECTLY (MF = 21 OR 24), BUT IFf THIS 1S NOT FEASIBLE, LSODE WILL

COMPUTE IT INTERNALLY BY DIFFERENCE QUOTIENTS (MF = 22 OR 25).

IF YCU ARE SUPPLYING THE JACOBIAN, PROVIDE A SUBROUTINE OF THE FORM..
SUBROUTINZ JAL (NEQ. T, Y, ML, MU, PD, NROWPD}
DIMENSION YINEQ), PD(NROWPD,NEQ)

WHICH SUPPLIES DF/0Y BY LOADING PD AS FOLLOWS..

FOR A FULL JACOBIAN (MF = 21)., LCAD PD(I,J} WITH OF(L}/0DY(JY),

THE PARTIAL DERIVATIVE OF F{I) WITH RESPECT TO Y{J). (IGNORE THE

ML AND MU ARGUMENTS I[N THIS CASE.!}

FOR A BANDED LACOBIAN (MF = 24}, LOAD PD(I-J+MU+1l,J} WITH
DFCIY/DY{JY, I1.E. LOAD THE DIAGONAL LINES OF DF/DY INTO THE ROWS OF
PD FROm THE TOP DOWN.

IN EITHER CASE, OMNLY NGNZERQD ZLEMCNTS NEED 8E LOADED.

R e e N N N e e N e NNl NN e Nl o e N N N N N N NN s N s R e e NaRatataNara
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D. WRITE A MAIN PROGRAM WHICH CALLS SUBRCUTINE LSODE ONCE FOR
EACH POINT AT WHICH ANSWERS ARE DESIRED. THIS SHOULD ALSG PROVIDE
FOR POSSIBLE USE OF LOGICAL UNIT 3 FOR QUTPUT OF ERROR MESSAGES

ON THE FIRST CALL TO LSODE, SUPPLY ARGUMENTS AS FOLLOWS..
NAME OF SUBROUTINE FOR RIGHT-HAND SIDE VECTOR F.
THIS NAME MUST Bec DECLARED EXTERNAL IN CALLING PROGRAM.
NUMBER OF FIRST QORDER ODE-S.

BY LSODE.

F

NEQ
Y

T
TOUT
1T0L
RTOL
ATOL

ITASK
ISTATE
10PT
RWORK

LRW
IWORK

LIw
JAC

MF

€. THE
Y
T
ISTATE

=

LI T I ] NN NN NN

L]

OUTPUT FROM THE FIRST CALL

ARRAY OF INITIAL VALUES,

THE

1 OR 2 ACCORDING AS ATOL

OF LENGTH NEQ.

INITIAL VALUE OF THE INDEPENDENT VARTABLE.
FIRST POINT WHERE QUTPUT IS DESIRED (.NE. T).

(BELOW) IS A SCALAR OR ARRAY.

RELATIVE TOLERANCE PARAMETER (3SCALAR).
ABSOLUTE TOLERANCE PARAMETER (SCALAR QR ARRAY}.
THE LOCAL ERROR IN Y(I) WILL BE CONTROLLED SO AS TG BE

ROUGHLY LESS THAN

OR

REAL

RTOL*ABRS{Y(I)) + ATOL IF ITOL = 1,

RTOL*ABS(Y(T}} + ATOL(I)Y IF ITOL = 2.

1 FOR NORMAL COMPUTATION OF QUTPUT VALUES OF Y AT T = TQUT.
INTEGER FLAG {INPUT AND
O TO INDICATE NO OPTIONAL INPUTS USED.

20 + 16*NEQ
22 + 9*NEQ + NEQ**2

22 4+ 10*NEQ + (2*ML +
DECLARED L ENGTH OF RWORK

QUTPUT). SET ISTATE = 1.

WORK ARRAY OF LENGTH AT LEAST..

FOR MF = 10,

FOR MF = 21 OR 22,
MU)®=NEQ FOR MF = 24 0OR 25,
{IN USER-S DIMENSION}.

INTEGER WORK ARRAY OF LENGTH AT LEAST..
20 FOR MF = 10,
20 + NEQ FOR MF = 21, 22, 24, &7 25,

IF

MF = 24 OR 25, INPUT

IN IWORK(1),IWORK(2) THE LOWER

AND UPPER HALF~BANDWIDTHS ML.HU.
LARED LENGTH OF IWORK (1IN USER-S OIMENSIONI.
NAME OF SUBROUTINE FOR JACOBIAN MATRIX {MF = 21 OR 24}.

DEC

1F
PRO
MET

USED, THIS NAKE MUST

OE DECLARED EXTERNAL IN CALLIMG

GRAM, IF NOT USEDs PASS A DUMMY NAME.
HOD FLAG. STANDARD VALUES ARE..

FOR NONSTIFF (ADAMS)

METHODs NO JACOBIAN USED.

FOR STIFF (BOF) METHOO, USER-SUPPLIED FULL JACOBIAN.
FOR STIFF METHOD, INTERNALLY GENERATED FULL JACOBIAN.
FOR STIFF METHOD. USER=-SUPPLIED BANCEtU JACOBIAN.

FOR STIFF METHOO, INTERNALLY GENcRATED BANDLD JACOBIAN.

(OR ANY CALL) [S..

ARRAY OF COMPUTED VALUES OF Y(T) VECTOR.

CORRESPONDING VALUE OF INDEPENDENT VARIABLE (NORMALLY TOUT).
IF LSODE wAS SUCCESSFUL: NEGATIVE OTrERMW.SE.

MEANS EXCESS WORK DOMNE ON THIS CALL (PERHAPS WRONG MF).
MEANS EXCESS ACCURACY REQUESTED (TOLERANCES TOO SMALLI.
MEANS ILLEGAL INPUT OETECTED (SEE PRINTED MESSAGE).

2

-1
-2
-3
-4
-5

-6

MEANS REPEATEO ERROR

TEST FAILURES (CHECK ALL INPUTS).

MEANS REPEATED CONVERGENCE FAILURES (PERHAPS BAD JACOBIAN
SUPPLIED OR WRONG CHQICE OF MF OR TOLERANCES).
MEANS ERROR WEIGHT BECAME IERO DURING PROBLEM. (SOLUTION

CCMPONENT I VANISHED,

AND ATUL OR ATOL(I) = 0.)

F. TO CONTINUE THE INTEGRATION AFTER A SUCCESSFUL RETURN, SIMPLY
RESET TOUT AND CALL LSODE AGAIN.

NO OTHER PARAMETERS NEED BE RESET.
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APPENDIX A. STORAGE ALLOCATION IN THE WORK ARRAYS

THE MORK ARRAYS CONTAIN ALL THE PERTINENT INFORMATION
ABOUT THE SPECIES AND THE REACTION MECHANISM. THEY ALSO
CONTAIN SOME WORK SPACE WHICH 1S NEEDED BY VARIOUS
ROUTINES FOR INTERNAL MANIPULATIONS. IF A USER WISHES
TO MODIF/ A CHEMKIN SUBROUTINE OR TO WRITE NEW
ROUTINES, HE WILL PROBABLY WANT TO USE THE WORK ARRAYS
DIRECTLY. THE STARTING ADDRESSES FOR INFORMATION
STORED IN THE WORK ARRAYS ARE FOUND IM THE LABELED COMMON
BLOCK, COMMON/CKSTRY/, AND ARE EXPLAINED BELOW.

COMMON /CKSTRY/ NMM  NKKeNIT o NMAXSP ¢NMAXTBsNLENEL,NUNSYM,NTHCF,

NCPL . NCP2NCP2T2Z, IMH, IKH, INC, IPH, ICH, INU, INK,
INS,ITB TRV, INNLINT, NAW NNTNWL NTL NTH,NTN,
NAA ,NAT JNRAJNRB,NRE+NRUyNRC 4 NPA NK1 ,NK2 ,NK34NK&

(A EERE R LSS R RS SR RS AR R 22 2 2 R 22 R RS R R R RS

INDEX CONSTANTS.

NMM
NKK
NIl
NMAXSP

NMAXTB

NLENEL
NLNSYM
NTHCF
NCP1

NCP2
NCP2T2

STARTING
IMH
IKH

INC

H

NUMBER OF ELEMENTS

NUMBER OF SPECIES

NUMBER OF REACTIONS

MAXIHMUM NUMBER OF SPECIES IN ANY ONE REACTION, UNLESS
CHANGED IN THE INTERPRETER NMAXSP=6.

MAX IMUM NUMBER OF ENHANCED THIRD BODY EFFICIENLIES
ALLOWED IN ANY ONE REACTION. UNLESS CHANGED IN THE
INTERPRETER NMAXTHBs6.

NUMBER OF Al HOULLERITH SYMBOLS IN 1Ht ELEMENT NAMES,
UNLESS CHANGEO IN THE INTERPRETER NLENEL=2.

NUMBER OF Al HMOLLERITH SYMBOLS IN TEH SPECIES NAMES.
UNLESS CHANGED IN THE INTERPRETER NLNSYM=10.

NUMBER OF PCOLYNOMIAL COEFFICIENTS TO FIYS OF CP/R.
UNLESS THE THERMODYNAMIC DATA BASE IS CHANGED, AND THE
INTERPRETER IS CHANGED NTCHF=5,

NTHCF + 1

NTHCF + 2

2*(NCP2). TOTAL NUMBER OF THERMODYNAMIC FIT
COEFFICIENTS FOR BOTH TEMPERATURE RANGES. UNLESS
CHANGED NCP2T2=14.

ADDRESSES FOR ThE INTEGER WORK SPACE, INORK.

IWORK (I MH+ (M=1)*NLENEL+L~1) IS THE LTH Al HOLLERITH
CHARACTER FOR THE MTH ELEMENT
IWORK{IKH+{K=~1)*NUNSYM+L=1) IS THE LTH Al HOLLERITH
CHARACTER FOR THE KTH SPECIES.
TWORK(INC+(K~1)*NMM+M=1) 1S THE NUMBER OF ATOMS OF
ELEMENT K IN SPECIES K.
STARTING ADDRESS OF THE ARRAY OF FLAGS INDICATING THE
PHASE OF EACH SPECTES.
IWORK{IPH4K~-1}=~]1 SPECIES K IS SOLID

= 0 SPECIES X IS GAS

=+} SPECIES K IS LIQUID
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ICH —- STARTIMZ ADDRESS OF THE ARRAY OF THE ELECTRONIC CHARGE

OF EACH SPECIES. :

DR EXANWPLE,

IWORK{ICH+K=1)=~2 MEANS THAT SPECIES K HAS TWO EXCESS
ELECTRONS.

INU = STARTING ADDRESS OF THE MATRIX OF NON-LERO
STOICHIOMETRIC COEFFICIENTS OF THE REACTIONS.
IWORK{INU®(i~=1)¢NMAXSP+L=1) IS
THE LTH STOICHIOMETRIC COEFFICIENT IN REACTION
I. THE SPECIES NUMBERS OF THESE COEF*ICIENTS
ARE STORED BEGINNING AT INK,

INK ~ STARTING AODRESS OF THE MATRIX OF SPECIES
NUMBERS OF THE NON-IZERN STOICHIOMETRIC
COEFFICIENTS OF THE REACTIONS.
IWORK(INK+{I-11*NMAXSP+L~1} IS THE
SPECIES NUMBER OF THE LTH NON-ZEROD
STOICHIOMETRIC COEFFICIENT IN REACTION 1.

INS -~ IWORK(INS+I-1} IS THE SUMMATION OF
STOICHIOMETRIC COEFFICIENYS IN REACTION I.

(SEE, FOR EXAMPLE, EQ(II.5.7)1}.

178 -~ STARTI{NG ADDRESS OF AN ARRAY OF FLAGS
CONCERNING THIRD BODIES IN THE REACTIONS
IMORK(ITB+]~1)=~1 REACTION I DOES NOT

CONTAIN M AS A THIRD BOOY

= 0 REACTION 1 CONTAINS M AS A THIRD
BOODY BUT NO ENHANCED THIRD
BODY EFFICIENCIES ARE GIVEN

= N REACTION I CONTAINS M AS A THIRD
BODY AND N ENHANCED THIRD BQODY
EFFICTIENCIES ARE GIVEN

IRY ~ STARTING ADDRESS OF FLAGS CCNCERNING THE
REVERSIBILITY OF THE REACTIONS.

IWORK{IRV+4+]~1I=+N REACTICN 1 IS REVERSIBLE AND
CONTAINS N NON-2ERQ STOICHIOMETRIC
COEFFICIENTS.
=-N REACTICN I IS IRREVERSIBLE AND
CONTAINS N MNON-TERO STOICHIOMETRIC
COEFFICIENTS.

INN ~ TWORK({INN+I~13 15 THE NUMBER OF REACTANT SPECIES IN
REACTION 1 (1.E..NUMBER OF NEGATIVE
STOICHIOMETRIC COEFFICIENTSY.

INT - STARTING ADORESS GF fTHE MATRIX OF SPECIES
NUMBERS CORRESPONDING TO THE ENHANCED THIRD
BOOY EFFICIENCY FACTORS WHICH ARE STORED
AT HORK{NAI}.

IWORK{INY+{ I=1)=«NMAXTESL-1) IS THE
SPECIES NUMBER OF THE LTH ENHANCED THIRD
BODY EFFICIENCY FACTOR,

STARTING ADDRESSES FOR THE REAL WORK SPACE, WORK.

NAW = WORK(NAW*M~1) I35 THE ATOMIC WEIGHY OF ELEMENT M
NWT = WORK(NWT+X~11 IS THE MOLECULAR WEIGHT OF SPECIES K
NWL = STARTING ADDRESS OF YTHE WAVELENGTH INFORMATION

FOR THE REACTIONS.
WORK(NWL+I~-1) = 0. REACTICH 1 DIES NOT CONTAIN AN HV
=~A, REACTION 1 CONTAINS RADIATION
OF WAVELENGTH A AS A REACTANT,
=+A, REACTION I CONTAINS RADIATION OF
WAVELENGTH A AS A PRODUCT.
1F A=1.0 NO WAVELENGTH IMFORMATION WAS GIVEN.

NTL ~ WORK(NTL+K~1! IS THE LOWER TEMPERATURE

BOUND FO'. THE THERMOUYNAMIC FITS YO SPECIES K.
NTH -~ WORK(NTH4K-1}) IS THE UPPER TEMPERATURE

BOUND FOR THERMODYNAMIC FITS TO SPECIES K.
NTM = WORK(NTHM+K=-1) 1S THE COMMON TEMPERATURE FOR

THE THERMODYNAMIC FITS TO SPEC!ES K.
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NAA -

NA1 -

NRA -
NRB -
NRE -
NRU -
NRC -

NP A -

NK1,NK2=
NK3, NK4

EAABIEE AR XA SR AR R BRI ER SR AP KRB XN B R E AR R A AN RN R R IR R RGN K

STARTING ADDRESS FOR THE THREE DEMENSIONAL ARRAY

OF COEFFICIENT FOR THE FITS TO THE THERMODYNAMIC

PROPERTIES,A(N,L,X)

ALM L yK)Y=WOCRKINAA#{L=112NCP2+(K=1)*NCP2T2+N~-1"

WHERE

FOR N=x1+NTHCF A(N,L,KIREPRESENT THE POLYNOMIAL

COEFFICIENTS IN THE FITS TO CP/R FOR SPECIES K.

A(NCPL,L ,X)=FORMATICN ENTHALPY FOR SPECIES K

AINCPZ L, ,K}=FORMATICON ENTROPY FOR SPECIES K

L=1 IS FOR THE LOW TEMPERATURE RANGE.

L=2 IS FOR THE HIGH TEMPERATURE RANGE.

STARTING ADDRESS OF THE MATRIX OF ENHANCED

THIRD BOOY EFFICEIENCY FACTORS. THE CORRESPONDING

SPECTIES NUMBERS ARE STORED AT IWORK{INT}.

WCRK({NAT+(I-1)*NMAXTB+L-1}) IS THE ENHANCED

EFFICIENCY FACTOR FOR THE LTH ENHANCED EFFICILENCY

FACTOR IN REACTION 1.

WORK{NRA+I-1) IS THE ARRHENIUS PRE~EXPONENTTAL

FACTOR IN THE RATE CONSTANT OF REACTION 1.

WORKINRB+[-111S THE ARRHENIUS TEMPERATURE

EXFONENT IN THE RATE ZOMSTANT GOF REACTION !,

WORK{NRE+I-1) IS THE ACTIVATION ENERGY OF REACTION

WORK{NRU)IS THE UNIVERSAL GAS CONSTANT.

WORK{INRC)IS THE UNIVERSAL GAS CONSTANT IN UNITS

CONSISTENT WITH THE INPUT VALUES FOR THE

ACTIVATION ENERGIES.

WORK(NPA) IS THE VALUE OF THE PRESSURE OF ONE

ATMOSPHERE.

STARTING ADLRESSES OF ARRAYS OF INTERNAL WORK
SPACE OF LENGTH NKK.

1.
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APPENDIX B. A THERMODYNAMIC DATA BASE FOR SOME TYPICAL COMBUSTION PROBLEMS

The data base listed here is one that we find to be useful for certain
combustion problems. This data base is a subset of the one given in the NASA
Equilibrium code,3 and the cards were taken directly from that code.

Alti:oegh it is vossible to use an arbitrarily lar_e data base, the
execution time ivequired by the INTERPRETER increases with the length of the
data base. Therefore, it wili be to the users advantage to create a data base

which includes only species which are likely to appear in his class of problems.

THERMO
300.000 1000.000 5000.000
AR L £/66AR 100 N00 000 06 300.000 5000.000
0.25000000€ 01 O. 0. 0. 0.
~0.74537502€ 03 Q.43660006E 01 0.25000000E 01 O. 0.
0. 0. ~0.T4537498E 03 0.43660006E 01
AR + L12/66AR 1E ~100 000 0G 300.0006 5000.000

0.28420672E 01-0.87648603E-04-0.26463209€~-07 0.12240311€-10~0.11885139E~14
0.18272563E 06 U.36720201FE Ol 0.24857C01E 01-0.5568266GE~03 0.33194849E-05

~0.39236795€6-08 0.14143279€6-11 0.18290215%E 06 0.58880154F 01

C(s} J 3/61C 10 00 00 as 300.000 5000.000
0.136C4942€ 01 D.19182237E~02~0.8404038%9€-0¢6 0,16448707E~-09-0.11672670€~13

~0.65713870E 03-0.80070207E 01-0.44778053E 00 0.53691002E-02-0.3%9775571E~06

~0.40459298E6~08 0.21134939F~-11~0.942806088E 02 0.16840791€ 01 2.

c J 3/761C 100 000 000 <G 300.000 5000.000
0.25810663EF 01~-0.146962026-03 0.74388084E~07-0.79481079E-11 0.58900977E~16
0.85216294E 05 0.43128879E 01 0.25328705E C1-0.15887&41FE~-03 0.30682082E~-06

-0.26770064E~-09 0.87488827E-13 0.85240422E 05 0.46062374E 01

Cc+ L12/66C 1€ ~100 000 06 300.000 5000.000
0.25118274% 01-0.17356784E-04 0.950426T76E-08-0.22188518E~11 0.1862189%2E-15
0.21667721E 06 0.42861298E 01 0.25953840€6 01-0.40686645E~-03 0.68923669E-06

-0.52664878E~09 0.1508337TE-12 0.21666281E 06 0.38957298E Ol

c~ J 9/65C 1E 100 000 OG 300.000 5000.000
0-24470591E C1 0.11286428E~03-0,78591462E~07 0.19778614E-10-0.11105555€E~14
0.69972969E 05 0.42356992€ 01 0.24925640€ 01 0.53. 3068E-04-0.13307994E-06
0.13951379€-09~0.52150992E~-13 0.69955757€ 05 0.39811657E 01

CH J12/767C 1H 10 00 06 300.000 5000.000
0.22673116F 01 0.22043000E~02-0.62250191E-06 0.69689940€~-10~0.21274952E~14
0.70838037€ 05 0.87889352E 01 0.35632752€ 01-0.20031372E~03-0.4012987"..-06
0.18226922€~08-0.86T68311€E~12 0.70405506E 05 0.17628023E 0l

CH+ J12/71C 1H 1 -1 06 300.000 5000.000
0.27466401E+01 0.15496991E-02-0.528568324E~06 0.86132075E-10~0.50909T775E~14
Na194836TRE+06 0.469%4695E+01 0.35601593E+401~0.22478101€E~03~0.26341623E~-06
C.16716214E-08~0.894T8626E~12 0.19460363c6+406 0.415T0213E+00

CH2 Jl2/72C 1H 2 0 06 300.000 5000.0%0
0.27525479€+01 0.39782047E~02~0.14921731€6-05 0.25956899E-09-0.17110673E~13
0.45547T75%9E+405 0.66534799E+0)1 0.35883347E+01 0.21724137E-02-0.13323408€E-05
0.19469445E~08-0.89431394E=-12 0.45315188E+05 0.22627869E+01

PR NP WRN P WUN P WRN D WN RGN S WA P WR P N
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CH20 J 5/61C 1H 20 10 06 300.000 5000.000
0.28364249E 01 0.6B8605298E-02-0.2688264TE~05 0.4 T9T1258E~-09~0.232118406E-12

~C.15236031E 05 0.785311695 01 9.37963783E 01-0.25701785E~02 0.10548815E~04

~0.17869177E-07 0.55504451E-11-0.1508894T7E 05 0.47548163E 01

CH3 J 6/769C 1H 30 00 06 300.000 5000.000
0.28400327E 01 0.60869086E~02-0.21740338E-05 0.36042576E-09-0.22725300E~13
0.16449813E 05 (.55056TS1E 01 0.34666350€ 01 0.38301845E-02 0.10116802E-05

~0.18859236E-08 0.6680310:26-12 0.16313104E 5 0.24172192€ 01

CH4 J 3/61C 14 400 000 U5 300.200 5000.000
0.150270T72€ 0Ol 0.10416798E~01-0.39181522E~05 0.67777899E~09-0.44283706E~-12

-0.99787078E 04 0.10707143E 02 0.38261932E 01-0.39794581E~02 0.2455834CE~04

=0.22732926E-07 0.6962695TE~11-0.1C144950€ 05 0.86690073E 00

CN J 6769C 1IN 10 00 G 300.000 5000.000
0.36036285E 01 0.33644390E-03 0.100289335~06-0.16318166E~10~0.36286T22E~15
0.5115%$833E 05 0.35454505E 01 0.37386307€ 01-0.19239224E~-02 0.4T70355189E-05

=0.31113000E~08 0.61675318E-12 0.51270927¢ 05 0.34450218E Ol

CN+ J12/70C IN 1 -10 (o] 300.G00  5000.000
0.36522919E+01 0.8142757T9F~-03-0.20853348E~06 0.290V!404E~10~0,17865094f~14
0.21560182E+06 0.43915910E+01 0.36175018E+401-0.20179550E~02 0.79359855E~05
~0.77300616E-08 0.24T79847TE-11 0.21576134E+06 0.53579527E+01

CN- J12/70C iN 1€ 10 06 300,000 5000.000
0.234T1725E+01 0.14988427E-02-0.57579547E~06 0.10177789E~-09-0.67478503E~14
0.63644338E+04 0.637439526+401 0.37034310E+01-0.14896426E-02 0.31864701E~05
~0.14831305E-08 0.48121663E~13 0.62335826E+04 0.27722843E+01

CNN J 6/66C 1N 200 000 OG 300.000 5000.000
0.48209077E Ol 0.24790014E-02-0.94644109€E-06 0.16548764E~09-0.10899129¢€~13
0.468685948E 05-0.48484039t 00 0.35077779E 01 0.72023958E~02~0.75574589E~05
0.4297921 7TE-08-0.94257935¢E-12 0.68994281E 05 0.60234964E 01

CiN2 J12770C IN 20 00 06 300.000 5000.000
0.55626268E401 0.20860606E-02~0,88123724€~06 0.16505783E~09-0.11366697E-12
0.54897907E+05~0.55989355E+01 0.32524003E+01 0.70010737€E-02-0.22653599E-05
~0.28939808E-08 0.18270077€-11 0.55609085E+05 0.64966T7T8E+0L

co J 9/65C 10 100 000 0G 300.000 5000.000
0.29840696E 01 0.14892390E-02-0.57899684E-06 0.1035457TE-09-0.69353550E~14
-0.14245228E 05 0.63419154E 01 0.37100928E 01-0.1619C364E-02 0.36923594E~05
~0.20319674E-08 0.239533~4E~12-0.14356310€ 05 0.29555351¢ 01

cos J 3/761C 10 135 100 06 300.000 5000.000
0.52392000E 01 0.24100584E-02~0.96064522E~06 0.1TT78347E-09-0.122357T04E~13
-0.18480455E 05-0.30910517€ 01 0.24625321E 01 0.11947992£~-01~0.13794370€~-04
0.80707736€E-08-0.18327653E5~11~-0.17803987E 05 0.10792556E 02

coz2 J 9/765¢C 10 200 0CO 06 300.000 5000.000
0.44608041E 01 0.30981719€-02~-0.12392571€E~-05 0.22T41325€-09~0.15525954€~13

-0.48961442E 05~0.98635982E 00 0.24007797E Ol 0.87350957€~02~0.66070878€~05
0.20021861E-08 0.63274039E~15-0.48377527E 05 0.96951457E 01

cog~ J12766C 10 2E 100 0G 300.000 5000.000
0.45454640E 01 0.26054316E~02-0.10928732E~05 0.20454421E~09-0.141855642E-13
~0.5476196BE 05 0.18317369F 01 0.24743737€ 01 0.16913805€E-02 0.73533803E~05
~0.99554255E-08 0.36846719E-11-0.54249049€ 05 0.83834329E 01

Cs J12762C 1s 100 000 OG 300,000 5000.000
0.36942533E 01 (.89086274E-03~0N.36600044E~06 0.68778176E~10-0.47810000E~14
0.26452213E 05 0.38176082E O1 9.33093030E 01 0.28164439E-04 0.4431T874E-05

~0.552536895E-08 0.2039246CE-1) 0.26658586E 05 0.62942707€ 01

€s2 Jd 6/61C 1S 20 00 06 300.000 5000.000
0.59867T19E Ol 0.16394436E~-C2~0.68384845€E-06 (.12836890E~09-0.89167448E-14
0.12043850E 05-0.63998223E 01 0.32144238E 01 0.10443846E~01~0.110~4238%E-04
0.5296T662E~08-0.83022695E-12 0.12745874E 05 0.76185765F 01

c2 J127/69C 20
0.40435359E 01 0.20573654E~-03
0.997094B6E 05 0.12775158E Ol
0.87321100E-09~0.24429792E~-11

c2- J12/769C 2E
0.36926257E 01 0.41576040E-03
0.52118953E 05 0.22470173E 01

~0.58120827E~08 0.16604296E-11

C2H J 3/67C 2H

00 00 0G 300.000 5000.000
0.10907575E-06-0.3642T7B74E-10 0.34127865E~14
0.74518140E 01-0.10144686E~01 0.85879735E-05
0.98911989€ 05-0.15846678E 02

10 00 06 300.000 5000.000
0.116542116-07 0.23755880E~11~0.14%85314E-14
0.37342914E 01-0.22054649E~-02 0.68417833E-05
0.52281427E 05 0.27840423E O}

100 000 06 300.000 5000.000

0.442076%50E C1l 0.22119303E~02-0.39294945E~06 0.94195775E~10-0.68527594E~14

0.55835444F 05-0.11588093E 01
0.65373629€E-08-0.17356273€~11

192

0.26499400E O1 0.84919515E-02-0.98165375E-05
0.56275751E 05 0-76898609€ 01
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C2H2 J 3/61C ZH 200 000 06 300.000 5000.000
0.45751083F 01 0.51238358E~02-0.17452354E~05 0.28673065E~09~0.17751426E-13
0.25607428E 05-0.35737940E 01 0.14102768E 01 0.19057275E~01-0.24501390&~(C«
0.16390872€~07-0.41345447E-11 0.26188208E 05 0.11393827€E 02

C2H4 J 9/765C 2H 400 000 06 300.000 5000.000
0.34552152E 01 0.11491803E-01-0.436517506~05 0.76155095E~09~0.50123200E~13
0.44773119E 04 0.26987959E 01 0.14256821€ Ol 0.11383140E-01 0.79890006E-0C5

=0.16253679€E~07 0.67491256E-11 0.53370755E 04 0.14621819E 02

C2KH6 L 5/72¢C 2H 6 0 0G 300.000 1500.000
0.21555281E+01 0.14779861E-01 0.23352804E~05~-0.64146428E~-08 0.19036925E~11

-0.11524517E+405 0.10776316E402 0.21415788E+01 0.10529720E~01 0.18730274E- G4

-0.26691187E-07 0.10049332E~10~0.11410486E+05 0.11647757E£+02

C2N J 3/67C 2N 100 000 06 300.000 5000.000
0.61931308E 01 0.14327539E-02-0.61255161E-06 C.11578707E~39-0.80401339E-14
0.64818372E 05-0.84132298E 01 0.32670394E Ol 0.98211307€-02~0.82284733E~05
0.17650559E-08 0.59632768€~12 0.65589057TE 05 0.65682304E 01
C2N2 J 3/61C 2N 200 000 0G 300.000 5000.000
0.65968935E 01 0.38694131E-02-0.15516161E-05 0.28141546E~-09~0.19069442E-13
0.324883726E 05~-0.10001801E 02 0.39141782E 01 0.14011008E-01-0.1740Q4350E~04
0.12012779€-07-0.335657T2E~11 0.35514550E 05 0.32384353& 01
c20 J 9/766C 20 100 000 GG 300.000 5000.000
0.48990313E 01 0.28430384E-02-0.10209669€E-05 0.16112165E~09-0.95542914E~14%
0.32800545E 05~0.91382280E. 00 0.35364815E 01 0.69543872E~02-0.53071374£-05
0.17030470E-08-0.14108072E-13 0.33151572E 05 0.60172370E 01
3 J12769C 30 00 00 0G 300.000 5000.000
0.36815361E 01 0.24165236E-02-0.84348112E-06 0.1450819BE~09-0.956973008&~14
0.97413955€ 05 0.6837T802E 01 0.57408464E 01-~0.84281238E-02 0.18620198€~04
~0.14510529€-07 0.39676977F-11 0.97157524E 05-0.23837376E 01
€302 J 6/68C 30 20 00 0G 300.000 5000.000
0.81435964E 01 C.542S5018E-02-0.22192869E~05 0.4077862TE~09-0.27915974E~13
-0.14230013€ 05-0.15456769E 02 0.37161005E 01 0.19872164E~01-0.20935751E-04
0.11750112E~-07~0.26589416E~11~-0.13089402E 05 0.69298412E 01
Ca J127¢69C 40 00 00 06 300.000 5000.000
0.65602101E 01 0.40585224E~02-0.17000472E-305 0.31615228€-09-0.21842144E~13
0.11430434E 06-0.11820311c 22 0.18432021E I 0.19343592E-01-0.20627502E~04
0.10822626€E-07-0.21289203E~11 0.11550276E 06 0.12006898t Q2
c5 J12769C 50 00 00 06 300.000 50G30.000
0.82067C16E 01 0.54889888E-02-0.22694876E~05 0.42073363F:~09-0.28981924E~13
0.11463647E 06~0.20246108E 02 0.11012446E 01 0.29513421E-0i~0.33754342E~0¢
0.19056534E-07-0.40989018E~11 0.11637970E 06 0.15360193E 02
CS(S) J 6/68CS 10 00 00 0S 300.000 301.550
0. 0. 0. 0. 0.

0. O. 0.31827762E 01-0.4870690G5E-02 0.188695798~04
0.89561402€6-07~0.24031942E~09-0.9629887TE 03-0.75956980¢ 01

csLd J 6/68LS 10 09 00 oL 301.550 1500.000
0.33149045E 01 0.82267349E-03~-0.45641826E~06~0.95936037E-21 0.55471632€~13

~0.T0109826E 03~0.78759204E 01 0.47696B35E 01-0.49137505E~-02 0.B4861109€~05

~0.64184384E~08 0.18034315€~11-0.10158892E 04~0.14960727E 02
cs J 6/68CS 10 00 co eG 300.000 5000.000
0.18710101E O1 0.14068071E-02~0.1063#2228~05 .,30583738E~09~0.19977219€~13
0.86814554E 04 0.10235611E 02 0.21995466E 01 0.10382792F~05-0.38771191E-G8
0.49283910E-11~0.19810542E-14 0.84737829f 0% 0.68627707E 01
CS+ Jl2/70Cs 1€ =-10 00 06 300.000 5000.000
0.25038682E+01~0.75238859E~05 0.47346482E-08-0.11801810E~11 0.10117554E~15
0.54405152E+405 0.61482962E+01 0.25050509E+01-0.35642646E-04 0.88202967E-07

-0.91546770E-10 0.33935528E-13 0.54406031E+05 0.61481749F+01
CSo J12/768CS 10 10 00 06 300.000 5000.000
0.44660282E 01 0.11563232E~03-0.59989187E~08 0.13176699E-12 0.57639T45E~16
0.61950309E 04 0.52013854E 01 0.39857419FE Ol 0.21279251E-02~-0.32170255€E~-05
0.22764285E-08-0.59721976E~-12 0.62898940E 04 0.75028593E Ol

CSCHI(S) J 6/71CS 10 1H 10 0s 300.000 493.000

0. 0. 0. 0. 0.

0. 0. 0.22668003E+02~0.79510644E~-01-0.9832687TE~05
0.59683261E~-06~0.72318251E~09-0.564095409E€+405~0.96902538E+02

CSOH(S) J 6/71CS 10 1H 10 05 4G63.000 588.000

0. . 0. 0. 0.

0. 0. 0.94903865€+01 0.20378267E-02-0.37207076E~05

~0.24T25999E-09 0.596T6361E-11-0.5229T6)4E+05-0.41264492E+02
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CSOHtLY J 6/71CS 10 1H 10 oL 588,000 5000.000
0.9812974TE+01 0. 0. 0. 0.

~0.51T57T654E+05~0.41664644E+02 0.9812974TE+01 O. 0.
Q. 0. —0.51757654E+05~0.41664444E+02

C30H J 6/71CS 10 1H 10 QG 300.000 5000.000

0.57005649E+0]1 0,11820384E~02~0.31939094E-06 0.38642917E~10-0.16635636E~14

-0.32919205E+05-0.21318639E+3]1 0.45486003E+01 0.79612333E~062-0.13326497E~04
0.10314234E-07-0.289T73777E~11-0.32810890E+05 0.28487160E+01

CSOH+ J12/771CS 10 iH 1l -16 300.000 5000.000
0.57252563E+401 0.11571324E-02-0.31044431E-06 0.37096291E~10~0.15509463E~14
0.51626483E+05-0.58564043E+00 0.48487158E+01 0.68908346E-02-0.11839328E~-04
0.94335372E~08~0.27222685F~11 0.516TB816TE+05 0.30716903E+01

Cs2z J 6/6BLS 20 00 00 06 300.000 5000.000
0.46411470E 01 0.1084490RE~03 0.10T01307E~08 0.55978765E~10-0.77877416E~14
0.11367604E 05 0.76209601E 0) 0.45116580F 01 0.17392705E~03 0.36388656E-06
~0.4145994TE-09 0.16398515E~12 0.11426704FE 05 0.63824693EF Ol

cs20 J12/68CS 20 10 00 06 300.000 5000.000
0.68979467€E 01 0.10165098E~-03-0.38062062E~07 0.61466393FE-11-0.35758216E~15
~0.13169989E 05-0.11790802E Ol 0.57553639E 01 0.49116073E~02~-0.77072518E-05
0.54156957E-08~0,140B0898E~11-0.12946829E 05 0.42869913E 01

C5202H2 J 6/7T1CS 20 24 20 0G 300.000 5000.000
0.958092362E+01 0.53260509€~02-0.18780545€E-05 0.30925925E-09~0.19429533E-13
~0.86025839E+405-0.13227756E+G2 0.75228191E+01 0.79078372E~02 0.35430299E~05
~0.1045632B8E~07 C.43014052€-13-0.85338412E405-0.19197968E+01

E LO2/67E 10 00 00 06 300.000 5000.000
0.25000000€ 01 O. 0. 0. C.

-0.74537496E $3-0.117340z6E 02 0.25000000E 01 0. 0.
0. 0. ~0.T74537500€ 03-0.11734026E 02

H J 9765H 100 000 000 06 300.000 5000.000
0.25000000E 01 0. 0. 0. 0.
0.¢5471627E 05-0.46011763E 00 0.25000000E 01 O. 0.
0. 0. 0.25471627E 05-0.46011762E 00

H+ J 67664 1€ =100 000 0¢ 300.000 5000.000
0.25000000€ 01 0. 0. 0. 0.
0.18403344E 06-0.11538620E Ol 0.25000000C 01 0. 0.

0. 0. 0.18403344E 06~-0.11538621E 01
H~ J 9/6EH 1€ 100 000 06 300.000 5000.000
0.25000000t 01 0. 0. 0. 0.
0.15961045E 05-0.115244568E 01 0.25000000£€ 01 O. 0.
0. 0. 0.15901045€ 05-0.11524486E 01
HCN L12/7691 1C IN 10 06 300.000 5000.000

0.37068121€ 01 0.33362803E-02-0.11913320E~05 0.19992917E~09~0.12826452E~13
0.14962636E 05 0.20794904E 01 0.24513556E Ol 0.87208371E~02-0.10094203E~04
0.67255698F~08-0.17626959E~11 0.15212C202€E 05 0.8083008%E Ol

HCO J12/70H 1c 10 10 0G 300.000 5000.000
0.34738348E+01 0.34370227€6~02-0.1363.664E-05 0.24928645E~09-0.17044331E~13
0.39594005E+04 0.60453340€6+01 0.38840192E+01~0.82974448E~03 0.77900609E-05
~0.70616962€-08 0.19971730E~-11 0.40563860E+04 0.48354133E+01

HCO J12/70H 1C 10 1€ =16 300.000 5000.000
0.37411880€+01 0.33441517€-02-0.12397121€-05 0.21189388E~09-0.13704150€~13
0.7RARLOTBE+05 0.20654768E+01 0.24739736E+01 0.86715590€~02-0.10031500E~04
0.67170527€-08-0.178726T4E-11 0.99146608E+05 0.81625751E+01

HNCD J12/70H IN 1C 10 16 300.000 5000.000
0.51300390E+01 0.43551371E-02-0.16269022E-05 0.28035605E~09-0.18276037E~13

~0,14101787€E+05~-0.22010995€E+01 0.23722164E+01 0.13664040E~01-0.13323158E-04
0.64475457E~08-0,10402894E-11-0.13437059E+05 0.11588263E+02

HNO J 3/63H 1IN 10 10 06 300.000 5000.000
0.3554A8619€ 01 0.22712182€6-02-0.12734071E=-05 0.22602046E~09-0.15064827E~112
0.10693734E 05 0.51684901E 01 0.37412008E 01-0.20067061€E~03 0.75409300E-05

-0.79105713E-08 0.25928389€-11 0.10817845€ 05 0.50063473E 01

HND2 J 6/783H IN 10 2 0G 300.000 $5000.000
0.55164941E+401 0.41394403E~02-0.15878T702E-05 0.27977639E~09-0.18584209E~13

~0.11276885E+05-0.31425253E+01 0.25098874E+01 0.12171605E~01-0.78618375E-05
0.35351571E~09 0.11540858E~11-0.10450008E+05 0.12399634E+02

KNO3 J 6/63H IN 10 3 06 300.000 5000.000
Q.70591100E+01 0.56769446E-02-0.22348863E~05 0.40155529E~09-0.27080510£E~13

-0.,18920009E+05~-0.10778285E+02 0.1437T135E+401 0.20903552E-01-0.145T4553E~04
0.11972023€E-08 0,19117285€E~11-0.17385368E+05 G.18246253E+02
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HO2 A 3764H 10 200 000 06 300.000 5000.000
0.37866280E 01 0.27885404E~02~0.1016£870BE~05 0.17183946€E~09-0.11021852E-13
0.11888500E 04 0.48147611E 01 0.35094850E 01 0.114996705-02 0.58784259E-05

~0.77795519E~08 0.29607883€E~-11 0.138023331E 04 0.68276325€ 01

H2 J 3/61H 20 00 00 06 300.000 5000.000
0.310031901% 01 0.51119464E-03 0.52644210E~07~-0.34909973E~10 0.36945345E~14

~0.87738042E 03-0.19629421E 01 0.30574451E 01 0.26765200E-02-0.58299162E-05
0.55210391E~08-0.18122739€E~11~0.98890474E 03-0.22997056E 01

H20(5) L11/65H 20 100 000 0OS 200.000 273.150
0. 0. 0. 0. 0.
0. 0. =-0.39269330E-01 0.16920420E~01 0.
0. 0. -0.35949581E 05 0.56933784E 00
H20(L) L11/65H 20 100 000 oL 273.150 1000.0
C. 0. 0. 0. 0.
0. 0. 0.12712782E 02-0.176627C0E~01-0.22556661E~-04
0.20820908E~06-0.24078614E~09-0.37483200E 05-0.591153..5E 02
H20 J 3/61H 20 100 000 06 300.000 5000.000

0.27167633E 01 0.294513T74E~02-0.80224374E-06 0.10226682E~09-0.48472145¢E-14
~0.29905826E 05 0.66305671E 01 0.40701275E 01~0.11084499E-02 0.41521180E-0Q5
-0.29637404€E-08 0.80702103E~12-0.30279722E 05-0.32270046E 00
H202 L 27694 20 20 00 06 300.000 5000.000
0.45731667E 01 0.43361363E-02-0.1474688BE-05 0.23489037E~09-0.14316536E~13
~D,180069%1E 05 0.50113696E 00 0.33887536E 01 0.65692260E-02~0.14850126E~-06
~0.46258055E~08 0.2471514T7E~11-0.17663147E 05 0.67853631E 01
H25 J12/65H 2S 106 000 06 300.000 5000.000
.28479103E 01 0.3B415990E~02~0.14099367E-05 0.24278754E~09-0.15783283E-13
~0.34469788E 04 0.74781412E 01 0.38811293E 01-0.132)11856E-03 0.36517726E-05
~0.21820445€E-08 0.28783779E-12-0.36350917€E 04 0.25161511€ 01}

HE L 5/66HE 100 000 000 0G 300.000 5000.000
0.2500000C% 01 O. 0. 0. 0.

-0.74537498E 03 0.91534888E 00 0.25000000€ 01 O. T
0. 0. ~-0.74537498E 03 0.91534884% 00

HE + L12/66HE 1E =100 000 06 300.000 5000.000
0.25000000E 01 O. 0. 0. 0.
0.28534266E 06 0.16084045E 0} 0.25C00000E 01 O. 0.
0. 0. 0.28534266E 06 0.16084046€ 01

N J 3/61N 1060 000 000 06 300.000 50C0.000

0.24502682E+401 0.10661458E~03-0.746533T73E~07 0.16756524E-10~-0.10259839E-14
0.56116040E 05 0.44487581E 01 0.25030714F 01-0.218001731F-04 0.54205287E~C7
~0.56475602E-10 0.20999044E~13 0.56098904E 05 0.41675606%5 Qi

NH J12/71N 1H 1 0 0G 300.000 5000.000
0.27789900€401 0.13266349E~02-0.411012108E~06 0.694145056~10-0.445361 90€E~14
0.4456T9T73E+05 0.57593434E+01 0.34938318E+401 0.24529934€-03-0.12578521€E-05
0.22011922E~08~0.92288034E~12 0.44326826E+05 0.18451723E+01

NH2 J12 /765N 1H 200 000 06 300.0G0 5000.000
0.25769524E 01 0.35896090E~02-0.12276328E~05 0.19549576E-09~0.11873401E-13
0.19335912€E 05 0.790748G0E 01 0.40385791€ 01-0,10098163E~02 0.40120903E~05
~0.23085312€E~08 0.33022887E~12 0.18973010L 05 0.52464285E 00

NH3 J 9/765N 1H 300 000 06G 300.000 5000.000
0.24155177€ 01 0.61871211€-02-0.21785136E~05 0.37599090E~09~0.24448856E~13

~0.64T4T1LTTE 04 0.77043482E 01 0.35912768E 01 0.49386668BE-03 0$.83449322E~05

~0.83833385E~08 0.27299(0%25-11~0.667T17T143E 04 0.22520966E 01

NOD J 6/63N 10 100 000 06 300.0600 5000.000
0.31890000E 01 0.13382281E-02-0.52899318F~06 0.95919332E~10-0.64847932E~14
0.98283290E 04 0.67458126E 01 0.40459521E 01~0.364181783E~02 0.79819190E~05

~0.61139316E~-08 0.15919076E-11 0.97453934E 04 0.2997498BE 01

NO+ J 6/66N 10 I1E -100 06 300.000 5000.000
0.28885488E 01 0.15217.19E~02-0.57531241E--06 0.10051081E-09~0.660644294E~14
0.11819245E 06 0.700271978 01 0.3646850562 01-0.11544580€6-02 0.21755608E~05

~0.48227472E~09-0.27847906E~12 0.11803369E 06 0.31779324E 01

NO2 J 9/764N 10 200 00C 06 300.000 5000.000
0.46240771€ 01 0.25260332€6-02-0.10609498E~05 0.19879229€~05-0.13799384€E~-13
0.22899900E 04 0.13324138E 01 0.34589236E 01 0.2064T7064E-02 0.6686606T7E-05

~0.95556725E~08 0.36195881€~11 0.28152265E 04 0.83116%83E 01

NO2- J 6/72N 10 ras 1 0G 300.000 £5000.000
0.50160903E+401 0.218B4463E~0,/=0.94586144E~06 0.17939789E-0%~0.12052428E~13

-~0.26200160E+05-0.1286144TE+01 J.2-818036E+01 0.493984681E~02 0.268557293E~05

-0.78905297E-08 0.35391483E~11-0.25501540€+05 0.99561680E+01
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NO3 J17% /64N 10 3 0 0G 300.000 5000.000
0.72033289E+01 0.3C908791E~02-0.13329045E~05 (1.25461601E~09-0.17939047E~13
0.58244016E+04~0.12608119E+02 0.7686T3TT7E+00 0.21.81075E~-01-0.16980256E~04
0.22963836E~08 0.).9321041E~11 C.75292921E+04 0.20406284E+02

N20 J12/64N 20 100 000 06 300.000 5000.000
0.47306679E 01 0.28258B26TE~02-0.11558115E~05 0.21263683E-09-0.14564087E-13
0.81617682E 04-0.17151073E 01 0.26189196E 01 0.86439616E~02~-0.68110624E-05
0.22275877¢~08~0U.80650330E~13 0.87590123E 04 0.92266952€ 01

N2H4 J12 /65N 2H 400 000 06 300.000 5000.000
0.50947770E 01 0.93296138E~02-0.33626986E-05 0.56308304E~09~0.35859661E~13
0.92996444E 04-0.35950952E 01 0.79803836F 00 0.2178809TE~01-0.13456T54E-04

~0.12698753E~09 0.25865213E-11 0.10379887E 05 0.18248696E 02
N2 J 9/65N 20 00 00 06 300.000 5000.000
0.28963194E 01 0.15154866E-02-0.5723527TE~06 0.99807393E-10~0.652235556~14

-0.90586184FE 03 C.61615148E 01 0.36748261C 01-0.12081500E-02 0.23240102E-05

=0.63217559€~09-0.22577253E~12-0.10411588E 04 0.23580424E 0Ol
N20+ J12 /70N 20 1E ~10 06 300.000 5000.000
0.53926946E+401 0.22337196E-02-0.93548832E~06 0.17466166E-09-0.12059043E-13
0.15847633E+06-0.36520186E+01 0.34273064E+01 0.637B7690E-02-0.22585149E~-05
-0.20421800E-08 0.13481477E~11 0.15909237E+406 0.67997616E+01
N2 04 J 9/64N 20 400 000 06 300.000 5000.000
0.1050663TE 02 0.58723267E~02-0.24766296E~05 0.46556024E~09-0.32402382€E-13

-0.28609096E 04~0.26252230% 02 0.36662865E 01 0.2349174BE~01~0.16007297E-04
0.11845939E~08 0.20001618E6-11-0.906317%7E 03 0.93973337F 0Ol
N3 J12/70N 30 00 00 0G 300.000 5000.000
0.51996828E+01 0.24335678E~02~0.10192340E~05 0.19062350E~-09-0.13212412€6~-13
0.47963131E+05~0.35547759€E401 0.30624389E+01 0.73590658E~02-0.38229374E~05
~0.71824202€-09 0.91110236E-12 0.48614547E+05 0.77570129E+01
0 J 6/62C 100 000 000 06 300.000 5000.000
0.25420596E 01-0.27550619E-04~0.31028033£-08 0.45510674€~11~-0.43680515€~15
0.25¢30803E C5 0.49203080E 01 0.29464287E 01-0.16381665E-02 0.24210316E~05
~0.16027¢32E-08 0.38906964E-12 0.29147644E 05 0.29639949E 01
0+ L12/660 1€ =100 000 0OG 300.000 5000.000
0.25060486E 01).1446424G9E~0% 0.12446G49E-07-0.,468584T2€~11 0.655488T3E~-15
0.18794700E 06 0.43476741€ O} U.24$84794EF 01 0.114910G72€E-04~0.297613955~G7
0.32246539E-10~0.12375517E6~13 0.58794908E 06 0.43864355E 01
0~ J 6/650 i€ 100 000 06 300.000 5000.000
0.2543T)73E 0i-0.53258700E~04% 0.2511961TE-07-0.518514666-11 0.39011542E~15
0.114805185€E 05 0.45202538E 01 0.28115796E 01-0.119050697(~0Z 0.18710553E-05

~0.13479178E-08 0.36663554E~12 0.11428431¢ 05 0.3240285%E 01
OH J12/700 IH 10 00 06 300.000 5000.000
0.29131230E+01 0.95416240E-03~0.19084325E-06 0.12730795E~10 0.24803941E~15
0.39647060€4+04 0.542837356+01 0,38365518E+401-0.10702014E~02 0.94849757€~-06
0,208435756-09-0,23384265E~12 0.36T715807E+04 0.49805456E+00

OH+ J12/700 IH 1l -~1G 06 300.0C0 S00U.CO0
0.27381495F401 0.14613175E~-02-0,469503536E~06 0.73663560E-10-0.41410922E~14
0.15761683E+406 0.61343811F+01 0.35365969E+01~0.47029254E-04~0.62344259€E-06
0.17601461E~08-0.8267T8699E~12 0.1573667TE+06 0.18477172E401

OH~ Jl12/700 1K 1€ 10 06 300.000 5000.000
0.27288114BE+401 0.965602296~03-0.19659254E~-06 0,14053802E~10 0.12080617{~15

~0.18086455E+405 0.41896259E+401 0.34621427E401 0.40525802€~03~0.13516992€~05
0.17899459E~08-0.63434810E~12~0.18312355E+05 0.92893220E+00

02 J 97650 20 00 00 06 =00.00C 5000.000
0.36219535€E 01 0.73618264E~03~0.19657228E~06 0.36201558E~10-0.26945627€~14

-0.12019825€ 04 0.36150960E 01 0.36255985€ 01-0.18T82184E~02 0.T70554554E~05

=0.67635137€~08 0.21555993E~11~0.10475226E 04 0.43052778c Ol
02~ J12/7660 2E 100 000 06 300.000 5000.000
0.3814T234E 01 0.77444546E~03-0.30677649E~06 0.56618118E-10~0.26229492¢€~14

~0.69910087E 04 0.29587995E 01 0.31440525€ 01 0.12127972€-02 0.23812161E-05

=0.40914092€~08 0.168685304E~11-0.67369752E 04 0.6768868TE 01

03 J 6/610 30 00 00 06 300.000 5000.000
0.54665239F+401 0,17326031E~02-0.77204889E~06 0.13721660E~09-0.96233828E~14
0.15214096E405-0.34T712616E+0) G.2466061TE+01 0.91703209€~-02-0.49698480E~05

~0.20634230E-08 0.20015595€~11 0.16059556E+05 0.12172130E+02

SiS) J127/78653 10 80 00 0s 300.000 388.360
0. 0. 0. 0. G.
0. o. -0.50637025€E 01 0.28819353E~-02-0,21330205E~04

0.84787862E~06-0.1T734496TE-0UB 0.T1482629E 03 0.28T14074€ 02
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L) J127/65S 10 00 co (+18 388.360 2000.000
0.36036672E 01 0.99033405E-03~0,10114410E~05 0.4053%36327E~00-0.56679135E~112

-0.84538383E 03-0.16344708E 02-0.12706310E 02 0.90725216E~-01~0.16951786E-03
0.13070637E~06~0.35276150E-10 0.12346069E 04 0.56210160E 02

) J 6/T1S 10 (2] 00 06 300.000 5000.000
0.29093331E+0)~0.55587281E~03 0.2783694TE-06-0.50194768E~10 0.31254639E-14
0.32531543E+05 0.37928327£+01 0.29270078E+01 0.21982555E~03~0.23808853E-05
0.29034821E~08-0.10846692E-11 0.324915TTE+05 0.35120600E+01

S+ L12/66S 1€ -100 000 0G 300.000 5000.000
0,241186532 01 0.22103303€E-03~0.18939564E-06 0.618866T5€E~10~-0.53887720E-14
2.15375732€ 06 0.58861130E 01 0.25088214F C1-0.62478561E-04 0.15513805E-06

~0.16148749€-09 0.60012108E-13 0.15373003E 06 0.53857186E 0Ol

SH J 67675 IH 100 000 06 300.000 5090.000
0.30371382E 01 0.12752466E-02-0.42314345E~06 0.67TT19668E~10-0.40934312E~14
0.16545437€ 05 0.60722981E D01 0.44098953E 01-0.22063747E-02 0.13171081&-05
0.16467179E-08-~0.121447876-11 0.16180734E 05-0.10226129E 01

SN J 6/615 1IN 100 000 06 300.000 5000.000
0.38493976E 01 0.72756788E-03~0.29370203E-06 0.55013628E~10~0.38123551E~14
0.30459962E 05 0.44179139E 01 0.39422971E 01-0.20035515E~02 0.73534644E-05
~0.751685606-08 0.255491098E~-11 0.30563949E 15 0.45669484E 01

s & 5/TLS 10 10 G0 06 300.000 5000.000C
0.40039062E+01 0.29471359E-03 0.63481159€E-07-0.28687405E~10 0.25022781E-14

~0.72238721€+03 0.354136T3€+01 0.31258711E+401 0.13512854E~02 0.21502879E-05
=0.39964434E-08 0,17048142E~-11~0.41679715E+03 0.84036007E+01

S02 J 6/613 10 200 000 0OG 300.000 5000.000
0.52451364E 01 0.19704204E~02-0.80375T69E~06 0.15149969E~09-0.10558004E~13

=0.37558227€ 05-0.10873524E 01 0.32665338E 01 0.53237902E~02 0.68437552E-06

~0.52810047E-08 0.25590454E-11-0.36908148E 05 0.%96513476E 01

U3 J 9/65S 10 300 000 06 300.000 5000.000
0.70757376€ 01 0.31763387E~02-0.13535760€6-05 0.25630912E~09~0.17936044E~13

~0.50211376E 05~-0.11200793€E 02 $.25780385E 01 0.14556335E~01-0.91764173E-05

-0.79203022t-09 0.197094736-11-0.48931753E 05 0.12251863¢ 02

S2 J12/658 200 000 000 06 300.000 5000.0C0
0.42051134E 01 0.35309150€-03-0.13543069€E-06 0.25245575E~10-0.17"57488E-14
0.14182908F 05 0.2:094717E 0) 0.28724248E 01 0.50434°461E~02-0.62055277E~-05
0.33097022E-08~0.57376109€-12 0.14487076E 05 0.98082405E 01

END
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