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Units and Energy Zero

The primary units are centimeters, grams, microseconds,
K (pressure in Mbar, specific energy in Mbar - cm®/g), but
the mole and the system mass Mg (specified by the user) are
also used as the mass unit. The energy unit kcal, prevalent
in the literature at the time the code was made, is used for
a few input and output quantities.

Energies are relative to elements in their standard
states (as defined by the NBS) at T = 0. For elements which
are gaseous under ordinary conditions, such as oxygen, the
typical standard state is the molecular form (0,) in the hy-
pothetical ideal gas state at a pressure of one atmosphere.
For elements which are solid under ordinary conditions, such
as carbon, the typical standard state is the most common
crystalline form (graphite) at zero pressure.

Terms

Contour - Locus of constant T, e, v, or s
CJ - Chapman-Jouguet

CS - Conformal-solution mixture rule

EOS - Equation of state

Ideal (part) - Translation plus internal part of the EOS
(Secs. III.B and IV.C)

Imperfection (part) - Configurational part of the EOS (Secs.
ITI.B and IV.C)

KW - Kistiakowsky-Wilson (EOS)
LJD - Lennard-Jones-Devonshire (EQS)
LH - Longuet-Higgins mixture rule

Lattice (in LJD) - The cold (T = 0) state with all molecules
fixed on their Tattice sites

NBS - National Bureau of Standards
Pure-Fluid - Pure species (gas EOS)

Unreacted Material - The unreacted (in general metastable,
as in an explosive) material in the
initial state (po, To)
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Symbols

Intensive thermodynamic functions

p, T, u - pressure, temperature, chemical potential

Extensive thermodynamic functions

V, E, H, A, F, S, C_, C, - molar volume, internal energy, en-
P thalpy, Helmholtz free energy,
Gibbs free energy, entropy, constant-

pressure and constant-volume heat
capacities

v, e, h, a, f, s, c_, ¢, - corresponding sEecific quantities
P (per unit mass)[equal to (n/My)
times molar]
Composition

- total number of moles per M, grams of system

g number of moles of gas per Mo grams of system
number of moles of solid per MO grams of system

mole fraction of species i in the gas phase = ni/n

- ns/n

n
n
n
n; number of moles of species i per M0 grams of system
X g
X

i
s
Intermolecular potential

* *
r s T - minimum-energy radius and well depth

* *
vV = (N/VE)(r )3 - molar volume gf fcc Tattice with molecules
at distance r

n, m - repulsive and attractive indices

Chemical equilibrium calculation

C - number of elements
S - number of species
Q - empirical-formula coefficients
o - species-formulae coefficients
;; - renumberings
S - supersaturation index

Other.

D - detonation velocity
A - AHf (NBS)



Symbols (cont)
Other (cont)

F - “free energy" for equilibrium constants; solid: F_ = F_;
gas: Fi = u;-RT n X; (Sec. IV.E) S S

vy - (-3 2n p/3 2n v)S - adiabatic exponent

I - v(dp/3e) - Griineisen coefficient

i - [HO(T) - W] (nBs)

Mo - system mass

N - Avogadro's number

q - heat of reaction, Sec. IV.F

R - molar gas constant

p - density

Z - sum over all species

Zg - sum over gas species

u - particle velocity

z - pV/RT

Superscript or over

i - jdeal

imperfection
*

NBS tabular function (translation plus internal)
- - average

(1) function (as distinguished from a variable) e.g. p(T,v),
used only when needed to make this distinction

~

(2) decoration, as in F

Subscript or under

i

species index
- unreacted material in the initial state
- gas

- lattice (cold curve) function for the LJD EOQS

)
g
s - solid
L
H - Hugoniot

other subscripts - partial derivative

- - vector
- matrix
A



THE MES CODE: CHEMICAL-EQUILIBRIUM
DETONATION-PRODUCT STATES OF CONDENSED EXPLOSIVES

by
Wildon Fickett

ABSTRACT

The MES code calculates states of the reaction products of
detonation in gaseous or condensed explosives under the assump-
tion of thermal and chemical equilibrium. The products may con-
sist of any number of gaseous species and one solid species.

The condition of equilibrium includes the number of phases: the
solid may or may not be present depending on the current state.
In addition to the primary calculation of the Chapman-Jouguet
state at a specified set of initial densities, the detonation
Hugoniot, and contours of constant temperature, density, energy,
or entropy, each at a specified set of pressures may be obtain-
ed. A1l of the first derivatives (e.g., sound speed and heat
capacity) are calculated at each point.

The solid equation of state is one constructed from a given
shock Hugoniot under the assumption of constant Gruneisen coef-
ficient. For the gas, either the ideal gas, the Kistiakowsky-
Wilson, or the LJD (Lennard-Jones-Devonshire cell theory) equa-
tion of state may be used. Several choices of "mixture rules"
for extending the last one, a pure-fluid equation of state, to
mixtures are offered. For LJD, the input data are the parame-
ters defining the intermolecular potentials of the species.

I. INTRODUCTION

The MES code, which performs the calculations described in Refs. 1 and 2,
was made some years ago, became dormant when the IBM 7094 became obsolete, and
has just been reactivated "as is" in response to a request. I make no apology
for things I would now do differently. The only significant changes made in the
code are: (1) the replacement of the original machine-language equilibrium rou-
tine with an equivalent FORTRAN version, (2) the replacement of several relatively
small machine-language I/0 routines by approximately equivalent FORTRAN versions,
and (3) a new scheme of diagnostic printing.




II. INPUT

The data are entered in packs, each pack preceeded by a CON card. The CON
cards have 2A6 format; only the first two fields are data; the user may enter
comments on the rest of the card. The first two fields, each left justified, are
the word CON and the pack name. Each pack consists of one or more strings, num-
bered sequentially in the write-up; each string consists of one or more cards.
Strings are described by Tisting their fields; alphameric items are underlined.

A few strings, such as the table of initial densities for the CJ Tocus, and ini-
tial pressures for the Hugoniot and contours, are of indefinite length; these
must be terminated by a zero. Most of the formats are 6L12.7. A few are 12I6 or
12A6; these are marked (I) or (A).

Data for a job (a batch-type submission) are divided into runs. Each run
begins with a CON, PAS card and ends with a CON, REND card. The job ends with a
CON, JEND card following the last CON, REND. Each run has two parts. Part 1
(preliminary), beginning with CON, PAS, generally enters parameters of the con-
stitutive relations. In Part 2, beginning with the first CON, SAM card, the
packs CJ, TED, and PV each specify a complete calculation to be performed immedi-
ately after the pack is read; the user may often want to have more than one of
these packs within a run, as well as additional SAM packs. With a few obvious
exceptions, the packs of either part may be entered in any order.

The input program reads one pack at a time. It expects to find a fixed num-
ber of strings in each pack (even though, under some options, not all of them are
used). If the first card of a pack is not a CON card (usually because the user
has gotten the wrong number of strings in the previous pack), the program reports
an error and skips to the next COM, PAS card and begins reading there. In de-
scribing the input data, the phrase "not used" means that the data c¢f the field
or string in question is not used by the program under the specified conditions.
It will, nevertheless, be read by the program; the user may enter anything, but a
blank field(s) is suggested. The only exception is that if an entire pack is not
used, it may be omitted.
eRemarks
1. Alphameric constants in the input are given in caps, underlined.

2. Except for the equilibrium calculation, which has its own special order, the
first slot of all composition arrays is the number of moles of solid.

3. There are no prestored defaults. Many standard values must be supplied by
the user under CON, FOB; the standard pack is given in tke sample input,



Sec. VI. CON, SWIT, g.v., does have a mechanism for preserving previously

entered items when it reappears.

A. Part 1

oCON, PAS, run label - begin Part 1.

output header.

oCON, blank, comment.

®CON, SWIT - switches.
(1) diff, fix diff, gas, solid, mix, eq, CJ, PV, PVC.

diff

fix diff

gas

solid

mix

€q

CJ

PV

PVC

Two of the switches are set (or reset) elsewhere:

- 0 - no action

1

0
1
0
1
9
0
1
0
1 -
2
3
4
0
1
0
1
1

calculate equilibrium-composition derivatives
at each point

no action

fixed-composition derivatives similarly
ideal-gas EOS

LJD EOS

KW EOS

incompressible

Grineisen EQS

none (pure fluid); omit XIP pack

ideal mixing

LH mixing

CS (conformal solution) mixing
One-Fluid mixing

fixed composition

equilibrium composition

equilibrium CJ condition

frozen CJ condition

, 2, 3, 4 for T, v, s, e constant on contours

(see CON, PV)

0 -
1 -

no action
under CON, PV, use last T, p from previous cal-
culation instead of input Tc’ Pe

XIP and the PVC switch under COM, PV.

The run Tabel becomes part of the standard

the mix switch under CON,



This pack may also be entered one or more times in Part 2 to change switch
settings between calculations. A negative item means: "don't store this item"
[use currently stored (last previously entered)] value.
®CON, TIP - ideal thermodynamic functions
1. (I) number of species, degree of fit n.

2. Tmin’ Tmax‘
3. ags a1y 8ys w.es ap, dy AHZ, AHL(T ), [H (T )-HOI/RT,.

Polynomial fit coefficients for [HO(T)-Hg]/RT, enthalpy integration constant
d, heats of formation, and enthalpy at To‘ One such string for each species.
®CON, SEP - solid EQS
1. P,"Cp{R, o, Vo’.Tg’ EO/RTO. ' ' N ;

Griineisen coefficient, heat capacity, thermal-expansion coefficient (K '),

initial volume (cm3/mo1e), initial temperature (K), initial energy. For in-

compressible solid, only V0 is used.
2. blank, Co® €1 Cos C3s Cy

4 .

. . S . _ i

Hugoniot fit coefficients: PH(v) -;Z%)ci(v/vo)
®CON, GEP - gas EOS (omit pack for ideal gas), LJD EOS

1. (I) potential index (1, 2, 3 for LJ, MCM, MR).

2. n,m, A,A, r*, T*.

noon . . . * -10
repulsive/attractive exponents, multipliers, well radius r (A = 10" “m),

*
well depth T (K); r* and T* not used for a mixture.

U E0S
1. (I) 9.
2. o, B, 0.

oCON, XIP - Mixture (omit if SWIT mix = 0), LJD EQS
1. (I) number of (gas) species, type.
type - 1, 2, 3, 4 for ideal, LH, CS, One-Fluid;
* *
2. Sps Sps s Ty nyom.

* *
Sps ST - scale factors: multiply all input r by Sy, and all input T by St

* * * *
Fs Tr - reference r , T (LH only).
n, m - potential n and m (One-Fluid only); ordinarily same as n, m in
CON, GEP [omit if SWIT gas = 0 (ideal gas)]
3. ’n* - one for each (gas) species.

4, If - one for each (gas) species.



oKWt EOS

1. (1) 9.
*
2. Sps ~s Ku
3. ke
Here ki = [r:/(N/V63]1/3, where ki is the usual KW covolume and N is

Avogadro's number.
4, blank.
®CON, EQP - equilibrium (omit pack for fixed composition)
T. (I)c, s, py =5 Ps 0.

¢ - number of elements
s - number of species
p - number of phases minus 1; used only if ¢ = 0
p'- first guess for p when ¢ = 1
¢ - 0: fixed number of phases (p + 1)
1: equilibrium number of phases (one or two);
2 5&- system empirical-formula coefficients (number of gram-atoms of each

element).

3. (A) blank, element symbols, Al, AQ.
A print Tabel; all fields right-justified.

4, % species-formulae coefficients.
This consists of s strings, one for each species, so that each string is a
row ofé§. The first field, format A6, is the right-justified element symbol,
and the remaining fields, format 16, are the coefficients. (For example,
with elements C, H, 0, and N, the string for carbon dioxide is: (€02, 1, O,
2, 0).
(1) g} - species renumbering for two-phase system (¢=1) or given system (¢=0).
(1) g? - species renumbering for one-phase system (¢=1); not used for ¢=0.

Dimensions are all fixed once c and s are given:

Q) gs x <), g (e), g°(c) .

h]gktme species may be listed in any order. The g's specify renumberings. If k
is the number of a species as originally entered inék, then its new number is ay .
The aj must be chosen so that after renumbering the following conditions are sat-
isfied: the formula coefficients of the first c species must be Tinearly



independent; the danger of convergence failure will be minimized by choosing for
them those species expected to be present in largest amounts. Two special re-
quirements simplify the program: For ¢=0, p=1 (two phases), the solid species
must be number c. For ¢=1, the user must supply two possible systems: Two phase
(solid present) and one phase (solid absent); the program chooses the correct one
at each T and p. For the two-phase system the solid must be number c. For the
one-phase system it must be (nominally) present as number s; here the program
assigns it a large free energy so that its calculated mole fraction is negligibly
small.

For details and examples see Secs. IV.E and VI, and Appendix A.
oCON, FOB - knobs
1. FROOT ¢'s.
2. FROOT r's.
3. 1/2 Agnp, 1/2 AT, €
4. FROOT bounds.

The FROOT items are in the order given in Sec. V.B, Table III; the bounds are

outer® inner*

in pairs (min, max). The A's are the displacements for the numerical differenti-
ation, Sec. II.B. The €'s in string 3 are for the outer and inner equilibrium
iterations, Sec. V.A.
oCON, DBUG - print store

Do the standard error print (mainly the entire common store) at this point.

B. Part 2
®CON, SAM, material label - initial state and begin Part 2

1. py(g/cm), p (Mbar), T, (K), M (g), AH(T,) (kcal/mel).

M, - system mass; must agree with empirical formula under CON, EQP.
AHf(TO) - enthalpy of formation of unreacted material at Pos T0 relative to
elements in standard states at To.

2. p - number of moles of each species (for system of Mo grams). First field is
for solid. For equilibrium composition, these are guesses for the first
iteration.

We have picked T0 for the heat of formation because AHf(TO) is the quantity
usually listed for explosives, and because it is needed for the calculation of
the heat of reaction q as usually defined (Sec. IV.F). An alternative, which may
o)
the enthalpy of formation at T, from elements at T=0. If this is done, the CON,
TIP input must also be changed by entering AH? in place of AHf(To) and setting

6

be more convenient for some cryogenic materials, is to enter in place of AHf(T



[HO(TO) - Hg]/RT0 for each species to zero. This has the advantage of making
the TIP input simpler and independent of To. The disadvantage is that the value
of q printed out will have a small error (which does not affect on any other cal-
culated quantity).
oCON, igg_- detonation Hugoniot at givenJ&

p - pressure tabTe.
®CON, PV - contour of constant T, v, s, or e at given p
1. (I) k, PVC.

k-1, 2, 3, 4 for constant - T, v, s, e

PVC - PVC switch (see CON, SWIT)

Te» P - initial point (not used if PVC # 0).

P - pressure table.

First calculate the point (TC, pc), then use the value of T, v, s, or e from
this point as the constant value for the locus. Use T and p from last previously
calculated point for TC, Pe instead of input values if PVC # O.

*CON, CJ - CJ Tocus at given p
Lo - initial-density table.

®CON, REND - end of run

®CON, JEND - end of job

ITI. OVERVIEW

In this section we give an overview of the problem and program, including
the principal equations. Some of these equations are schematic or just serve as
definitions; Sec. IV gives the detailed equations implemented by the program.
Section V, together with comments in the program, provides a more detailed de-
scription of the program itself.

We define the term state point and some related symbols in Sec. A, the main
components of the state-point calculation in Sec. B, and the higher level part of
the program which uses the state-point calculation in Sec. C. Principal routine
names are given in parentheses with some of the section headings.

A. State Point (MES)
A state point is the usual set of thermodynamic variables V, E, H, A, F, S,

and some of their derivatives, the chemical potentials s the mole fractions X5
and the total number of moles n (per system mass Mo) at given T and p. Recall
that we have at most one solid species, and the convention that it is the first
Tisted.




The mole numbers and mole fractions are given by (see symbol sheet)

= .= n_+n
no= 2 mp=ngtng

>
—

e

>

]

>3
~

>3

X = n/n
g/

>
[}

ni/ng, i>1(gas)

Note that Xis i>1 is the mole fraction in the gas phase. The composition may be
either fixed (specified) or equilibrium (recalculated at each state point).

Because the equations defining the equilibrium state are implicit and com-
plicated, we obtain derivatives by numerical centered differencing over carefully
chosen intervals, rather than attempting to use the very lengthy analytic expres-
sions.

Routine MES calculates a state point at given T and p, using the five pack-
ages whose generic names are given in the subheadings of the next section. These
packages constitute the bulk of the program.

B. Components of the State-Point Calculation
An extensive quantity for the system is the linear mole fraction sum of those

for the two phases, e.g.,

E = xSES + xgEg

It is convenient to separate functions like Eg and E. into ideal and imperfection
parts. The ideal part, superscript i, represents translation plus the internal
partition function; the imperfection part, denoted by a prime, represents the
configuration integral.

Descriptions of the five main components of the EOS calculation follow.



1. Ideal Thermodynamic Functions (TIM). We use superscript * to denote the

portion of the ideal part that represents the internal partition function; most
of the work is in getting this number (for the solid it is the whole value).
These functions are tabulated by the NBS and others; they are represented to the
program by polynomial fits. The tabulations refer each species to itself at

T = 0. The program adds the heats of formation at T = 0 to refer all to the same
reference, namely elements in their standard states at T = 0. The physical state
corresponding to the tabulation is the given T and p = p* (1 atm for a gas and
zero for a solid), with the stipulation that a gaseous species is in the hypothe-
tical ideal-gas state at T and p*. For the gas phase, we define the ideal part
as that for an ideal gas at the same T, p, and x, so that

Eg X E:(T) ,

EV (T, p, x)

i * *
s' (T, p, X) Zg x; S;(T) - Ranp/p +R Zg X; &n X , and

i * *
us (T, py x;) F(T) + RT &n p/p + RT &n x,

2. Solid Equation of State (SEM). For the extensive thermodynamic functions
we have

E(T,p) = E (T, p=0)+E (T, p), etc.

With the equation of state in the often-used form p(T, V), the imperfection quan-
tities may be defined as the integrals along the isotherm:

v(T, p)
E' (T, p) = (T pp-p)dv ,
V(T, p = 0)
v(T,
st (T, p) = P) pr dv , and
V(T, p = 0)



u' (T, p) F'' = E' + pV - TS!
The EOS used takes the form of equations for T and p along an isentrope through
an unknown point T], V] on p = 0, and incorporates simple approximations to the
ideal functions on p = 0. The equations can be put into a form such that for
given T and p the point T], V] at the foot of the isentrope can be eliminated
and the complete EOS at T, p can be obtained by iterative solution of one equa-
tion in one unknown. After this is done, the approximate ideal part is subtract-
ed to give the imperfection part (with the correct ideal part, calculated by TIM,
added Tater).

3. Gas Equation of State (GEM). Here we have

E(T, p, x) = Ei (T, ps x) + E' (T, p, x) , etc.

For the usual form p(T, V) the imperfection functions are given by the integrals
along the constant-composition isotherm

V(p, T)
E (Ts D, X) = (T pT - p) dV and
RT/p"
V(p, T)
S' (T, p, x) = . (pp - R/V) av
RT/p

in which the term R/V in the second integral subtracts off the ideal gas part.
Also

H' = E' + (z-1) ,
A' = E'-TS'" , and
F'o= H -Ts'

10



For the chemical potentials we have

Ui = (n F )ni

n=1 2

where the partial derivative is at constant T, p, and nys j#i, of the gas phase.
Both of our imperfect-gas equations of state, the LJD and the KW, have the

form p (T, V, x), and are not explicitly invertible to V (T, p, x). At given T,

p, x we must then first solve the equation

P (T, V,x) = p

(where P on the left distinguishes the pressure function from the given value of
pressure on the right) for V and then calculate the imperfection functions at the
given T and this V.

The KW EOS is a simple one, and includes the composition dependence. The
LJD EOS is much more complicated, requiring for its calculation the numerical
evaluation of several definite integrals. In its original form it applies to
only a single, pure species. Here it is extended to apply to the gas mixture
through one of several mixture rules, described next.

4. Mixture (XIM). The program offers several options for describing the

gas mixture. The first is the general one of ideal mixing, for which each mix-
ture property is a linear mole-fraction sum of those of the individual species

E* (T, p, x) = :E:g X; E% (T, p) , etc.

This may, of course, be applied to any (pure-species) EOS.

The other mixture rules assume that the pure-species EOS is based on an in-
termolecular potential function and express the mixture properties as expansions
in the potential functions or potential-function parameters of the individual
species. In some cases the outcome of this expansion is that the mixture is rep-
resented by a fictitious fluid with a certain mean potential whose parameters de-
pend on the composition.

5. Chemical Equilibrium (EQM). The composition of the system can be ex-

pressed in terms of the progress variables of J independent reactions (ordinarily

11



J is the number of species minus the number of elements). We symbolize these
reactions by

where Xi represents one mole of species i, so that Vij is the (molar) stoichio-
metric coefficient of species i in reaction j. The equilibrium composition is
the solution of

Z'x].oc].k=Qk k=1, ..., k
1
;\)ij w (T pang) =0 §=1, .00,

with the Ospes the chemical formula coefficients (number of moles of element k in
one mole of species i), and the Qk, the empirical-formula coefficients of the
system (total number of moles of element k in the system; total of k elements).
The first set of equations represents mass conservation, one equation for each
element; the second represents the usual "equilibrium-constant" relations for the
reactions. The second equations are put in the form

Eg \)]J n X]- = 'ZV]'J- F] (Ts P, .),,(,)/RTS j=1, ..., 4
1

with ?} defined as

Fo= o

j i RT &n X; for a gas species and

Fi = u; = FS for the solid.

The advantage of this procedure is that, for the ideal gas, the‘Fi are independent
of x, so the x-dependence is confined to the #n X; terms. For the real gas the ?}

12



do depend on x, but this dependence is small enough so that the equations can be
solved by a direct iteration method based on a procedure that solves the ideal-
gas problem: Guess x, calculate Fi fgr this x, find the ideal gas x for the ?i
fixed at this value, recalculate the Fi from the new x, and repeat to conver-
gence.

6. Derivatives (GAMM). The first partial derivatives (for the complete
system) are calculated by centered difference from symmetrical displacements in

2n p and T of carefully chosen size. Three derivatives are approximated by cen-
tered differences

cp = (ah/aT)p

Ah/AT

(3 2n p/d &n v)T A fn p/Afnv

(3 2n v/aT)p A n v/AT

where A denotes a difference between the two symmetrically displaced points in p
or T. The remaining derivatives are then obtained from these

cp/cV =1+ (pv/cpT) (-3 &n p/d 2n v)T [T(3 &n v/aT)p]2 s
Y = (cp/cv) (-5 2n p/3 2n v)T , and
I‘:

Y (pv/cpT) T (3 #n v/aT)p

C. Controls for Particular Loci
The rest of the program uses the (T, p) state-point routine (MES) to calcu-

late points on various thermodynamic loci. The routines are given in the section
titles.

1. Contours of Constant T, v, s, or e (PV, MESC). The locus is specified

by a given value of the desired variable. Thus for constant e, for example, it
is the solution of

(T, p) =, ,

13




with €. the given value of e, specified either as the values of TC and Pe at
which the program is to calculate e., or taken from a previously calculated point.
Under control of PV, the program calculates points on the locus for each of the
set of specified values of p, using MESC to calculate each point.

2. Detonation Hugoniot (TED, HUG). This procedure works the same way, with
TED the control and HUG the Hugoniot-point calculator. In this case the equation
solved is the Hugoniot equation

h - h, = %-(p-po) (vy-v)

3. Chapman-Jouget Locus (CJ). A CJ point is located by iterative solution
of a form of the CJ condition

u+c

with u and D given by the shock conservation relations, over a set of points on
the Hugoniot, with each Hugoniot point calculated by HUG. The CJ points are de-
termined for the specified set of initial densities.

IV. EQUATIONS
In this section we give the remaining equations in essentially the form used
by the program.

A. Ideal Thermodynamic Functions (TIM)
The system 1s defined by a matrix of constants, one row for each species.

Each row contains

0 N
s A7y +ees Aps d, A7, A(To), H(To)/RT0

Here we have defined, in terms of the MBS notation

A% = aHD = AH(0), A(T ) = MHL(T)
HT) = HO(T) - W,

14



where AH? and AHf(T) are the heats of formation from the elements in their stand-
ard states at T = 0 and T = T. The standard state is defined as the standard
form at the temperature of interest and pressure p* (1 atm for a gas, 0 atm for
a solid), with a gaseous form in the hypothetical ideal gas state. For elements
carbon, hydrogen, oxygen, and nitrogen (CHON), the standard forms are solid
graphite, and gaseous H2, 02, and N2, respectively. The symbol HO(T) - Hg de-
notes the enthalpy at T relative to that of the same substance at T = 0. The
Eonstants a, through a, are the coefficients of a polynomial fit of degree n to
H(T)/RT, and d is the integration constant for the entropy. Recalling our con-
vention that the solid always be species 1, we define

641 0 ifi#1and

6i] = ] if i = ]

With i the row (species) index, and j the column index, we have

n
* _ J 0
Hy/RT = a0+ A3/RT

j=0
* n

. - j

G/RT = D0 (3+1)ay P

j=0
* u . ) 3 *
SR =agoan T+ 37 UG +1)/31ag ™ +d; - (857 - 1) np/p , and

J=1

* _ * *
Fi/RT = Hi/RT - Si/R

15



A1l these quantities are relative to elements at T = 0+ (entropy at this
temperature is zero for all species).
The ideal functions for the gas mixture are then

*
E X; Hi/RT
g

i
RT
Hg/

i *
Sg/R = ng]. SR =3 x. n x;, etc.

g

The mixture heat of formation from elements at T0 is
Ag(To) = Eg X A].(To)

The total free energy of the gas is not needed, but the F: of the individual spe-
cies are used in calculating those Fi that determine the equilibrium composition.

The program uses the fits only over the range of Tmin to Tmax from the input.
Outside this range, the results are an extrapolation using the assumption that the
heat capacity is constant at its boundary value.

B. Solid Equation of State (SEM) .
The solid EOS is constructed from a reference curve and the assumption of a

constant Griineisen coefficient to get off the curve. Defining y = V/V0 (with v
here the normal volume of the solid at p = 0), the reference curve (see Fig. 1)
is the shock Hugoniot pH(y) for y <1 and the p = 0 1ine for y > 1. We assume a
simple form for the ideal functions on p = 0, use it to calculate the complete

+The Hugoniot calculation uses the enthalpy relative to elements at T ; with this
reference state indicated by explicit inclusion of the reference temperature T,

as a parameter (together with argument T), the quantity supplied by TIM for thls
calculation is

Hy (T5T, )/RT Z a35T0 = (Ty/T) [, (T )/RT T + ay(To)/RT,

Note that for the alternate SAM input (Sec.II.B), this becomes identical to H3 /RT
above, i.e., the reference temperature becomes zero.

16



EOS, and then subtract it to get the imperfection part. Using superscript I to
denote the isentrope through point yponp = U and superscript o to denote func-
tions on p = 0, we have for this isentrope

I
b=l (v yq) and

o= 1l [y; 20 T°(y])]

On the reference curve p = 0 we take
T = 1% @) = (y- e
2 = % (1°) = ¢ (1°-T)

with constant heat capacity Cp and thermal expansion coefficient a. With constant
Griineisen coefficient T we find

ENg = (W/T)p+g(y),
gy) = py () [1/2(1 - y) - y/T] + E;  for y <1, and
aly) = oc-] Cp (y - 1) fory>1

For pI and TI we find

y
pl(ys yq) = ry (T * ])_/ﬁ vy giy) dy and
y
1

Ty y) = Ty (y]/y)F

17



If we represent the reference Hugoniot by a power series

>

with coefficients chosen such that

pH(]) = Za] =0

n
i=0

(to make the result simpler), the integral can be done analytically and we find

pt - py{y) = (Cy/aVy) [r/(r-])] [(y]/y)l‘” - 1] fory > 1,
pl = Poly) + py(1) fory<1,
p,(y) = - (T/y)aly) + (2™ [1(y) - 1(1)] , and

[ () v

N[ —
+
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S——
———
—
+| o
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el

n
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To get the EOS for given p and T, we must eliminate (by iterative solution)
2 from pI = p and TI =T,
eComputation

Given p, T, the function defining y is

HyyT-1=0
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TI(y) is calculated (for y < 1) by first calculating pz(y), then solving pI(y) =
p for ¥ to get

R RN XA KA RN CTRRE (78

and then calculating TI from the equation above. When 2 is close to 1 (the

usual case) the RHS is expanded in a binomial expansion

¥y = T+ k x +-% k (k-1) x2 + ...
k = 1/(r+1)
X = [p-pz(y)] /A

For y > 1, 2 is

yp =y (1w V)

with expansion

y [] + k x + %-k (k-1) x2 + ..J

<
—
0]

x = p/A

C. Gas Eguation of State (GES)
1. Ideal Gas. The EOS is

V = RT/p ,

and the imperfection quantities are all zero.
2. LJD (Lennard-Jones-Devonshire Cell Theory). This EOS is based on an in-

*
termolecular potential u(r) (see Fig. 2) with well depth kT (k is Boltzmann's
*
constant) and radius r . We define a reduced temperature and volume
19



HUGONIOT
u
p
ISENTROPE
KT
J/
r
y r T
-
Fig. 1. Solid Hugoniot and isentrope. Fig. 2. Intermolecuvlar potential for
LJD EOS.

o =T/T, t=yv", vi=2V2yp 3 |,

*
with V. the volume of an fcc lattice with intermolecular separation r* (N is
Avogadro's number). The EOS is a sum of two parts: A lattice (T = 0) part, with

all molecules fixed on the sites of a regular fcc lattice, and a thermal part,
for which the partition function is approximated by a cell integral, in which one

molecule moves while all its neighbors remain fixed on their lattice sites.
We first define the lattice and cell-integral functions. We define yx as
minus the reduced lattice energy

X = - %-Z u (11/3 r*)

with Z the coordination number of the lattice for which we use 12, the fcc
value. The cell-integral function G(y) is defined as

b .
gly) = _/' y x2 e WTX)/0 4y ¥ = 0.55267
0
G(y) = g(y)/g9(1)

20



Here the integration variable x is the distance from the cell center in units of
the nearest neighbor distance at the given T, b* is the distance of the cell
boundary from the center, and W is the cell potential relative to its value at
the cell center, the potential of a molecule at a given distance from the cell
center, in the field of its 12 nearest neighbors smeared into a uniform spherical
shell (at the nearest neighbor distance). The cell potential is given by the
spherical-smoothing integral

T+x
W(x,t) = J(. X' [Q(r]/3 r* x‘) - u(r]/3 r*)] dx'

1-x

For the two types of potential-function terms we consider (power and exponential)
the smoothing integral can be done analytically, but the cell integral cannot.

The cell integrals come from the canonical ensemble, with independent vari-
ables T and V. The natural imperfection quantities are thus those relative to
ideal gas at the same T and V. Elsewhere, we have used imperfection quantities
relative to the ideal gas at the same T and p. The two are the same for all
except the entropy and free energies, which are related by

S'(T,p)/R = SYT,V) +anz ,
A'(T,p)/RT = A'(T,V)/RT - #n z, and
F'(T,p)/RT = F'(T,V)/RT - ¢n z ,

with the argument p or V denoting imperfection with respect to ideal gas at the
same p or V, respectively. In the following, we mark A' with respect to V by
argument V (we will refer to it Tlater); all quantities without an argument are
with respect to p.

The imperfection thermodynamic functions are

z = pV/RT =1 + 6-] [}xT - G(TWT)] R

ERT = 070 [-x + G(W)] ,
21




H'/RT = E'/RT + (z-1) ,

AY(T,V)/RT = 1 - y/6 - Tog 2m2/2 g(1)

A'/RT A'(T,V)/RT = an z ,

F'/RT

A'/RT + z-1 , and
S'/R = E'JRT - A'/RT

The derivatives, with partials written for p(T,V), E'(T,V) [and z(t,8), E'(T,8)]
are

(V/R)p; = (z0), = 1-872 [G(wer) - G(W) G(er)] :

(V2/RT)pV = 1z -z = tlry) /8

-2 [A2 2
+ 8 [G (TwT) g(1) - G (TWT) - G((TWT)T)] , and
t - "] t o t - "2 2 2
Ci/R = RTVEL = (E'RT), = 0 [G(w ) -6 (w)]
The potential functions may be written in the form

u(r)/kT* = (n-m)-] Enf(r,n) + nf(rﬂnﬂ

*
f(r,q) = (r*/r)q or eq(]-r/r ), (@ = norm

The three potential forms are

Potential Repulsive Term Attractive Term
LJd power power
MCM exponential exponential
MR exponential povier
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(The symbols o and B have been previously used instead of n and m for the expo-
nential form). To write x and W, define coefficients a for x, and b for W for
repulsive and attractive terms as follows:

Coefficients Repulsive Attractive
a = -1/2 AnZn/(n-m) -1/2 AmZm/(n-m)
b = In/(n-m) 8Zm/ {n-m)

§ =0, 1 for Am = 0, Am #0

Here the constants An and Am are the Madelung lattice constants for a power-law
term and may be regarded as an empirical multiplier for an exponential term.
They may also be regarded as switches: An # 0, Am = 0 gives a one-term (repul-
sive-only) potential. For a power-law term, the proper value of An or Am takes
into exact account the contributions of all neighbors for the lattice contribu-
tion; to do this for the exponential form a volume-dependent function would be
required. For the b-coefficients, used in the cell integrals, only nearest nei
bors are considered, so that the A's do not appear.

gh-

The functions x and W and their derivatives, are, like the potential, a sum

of a repulsive and an attractive term. Using the coefficients a and b defined
above, we write the expressions for one term for each of the two forms.
a. Power Form.

t = /3

x = at™d

™, = -(a/3) x
), = (a*/9)x

W o= bt 9 2(x,q)

™. = -(q/3) W
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w(h ), = (a7/9) W

2(x,q) = [2(q-2) %]-] [(1-x)'(q'2) - (]+x)'(q'2)] -1

- :E: c, x2i

i=1

c; = (g-2+2i)/[(q-2)t (2i+1)t ]

Civp = c;[(q+21)(a+2i-1)1/[(21+3)(2i+2)]

The series is used for computation.
b. Exponential Form.

S = qT]/3
x = aed?
™ = -(s/3) x

oy, = [6)p]

W = bed™S f](s,x)
= q-s
TWT (b/3)e fz(s,x)

() = (b/9) ed-s fa(s,x)

where the functions f], f2, and f3 all have the form
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fi(s,x) = ui(s) (sx)'] sinh(sx) + Bi(s) sx sinh(sx) + yi(s,x) cosh(sx) + 61(5)

with the coefficients S Bi’ Yio 6i given in Table I.

eComputation of the g-integral

The 16-point Gauss method is used:

*

b
f f(x) dx =
0

x
[

16

'l *

7b > 2y flx;)
=1

'l *

where the a; and y; are the weights and arguments of the method. These are sym-
k3
metric about the center of the interval (0,b )

y = y]6 = (.99
Yg = Yg =0.1
a] = a]6 = 0.03
ag = ag = 0,19

TABLE
COEFFICIENTS FOR THE

I
EXPONENTIAL FORM

i a(s) B:(s) v;(s,x) §.(s)
1 1457 0 57! -1

2 -(s+2+2$-]) -1 2(1+s-]) s

3 52+2$+4+4s-] 2+3s -(3s+4+4s-]+sx2) s-s2
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In the region of interest, the integrands often effectively vanish for x signifi-
cantly Tess than b*. The program allows for this by, in effect, choosing the
numerically appropriate upper 1imit each time, as described in Sec. V.C.

3. KW (Kistiakowsky-Wilson). The KW EOS has its own built-in mixture
rule in the form of a Tinear mole-fraction sum of covolumes ki

Its reduced variable x:

x = k/V(T+6)%
for 8 = 0, would be that corresponding to a repulsive-only potential with
ke (r)3(T

(actually 8 is fixed at 400 K). The equations are

z = pV/RT = T+xeP*

EVRT = [oT/(T+0)1(z-1) ,

FIRT = (PX1)8+2-1-0nz , and
W/RT = (e8-1)/8 - 2n 2 + (ky/K) (2-1)

The derivatives are, with partials of p (T,V) and E* (T,V)

(V/R)DT =z - (T+Bx)E'/RT ,

(V2/RT)pV = - (1+Bx)(z-1) - z , and

C&/R = {2 - [T+a(1+8x)IT/(T+8)}E'/RT
26



D. Mixture (XIM)
A1l the following forms except ideal mixing require the intermolecular po-

tential functions for all binary interactions. To get these from the given po-
* *
tentials for each species, we use the combining rules for r and T

* _ 'l * *

rij = 2-(ri + rj) and
* ; * 172

T]-J- - (T T ) 9

and assume the same functional form for all (including common values of the re-
pulsive and attractive exponents n and m).
A1l of the sums in this section, of course, extend only over the gas species.
1. _Ideal Mixing. The properties of the mixture are just linear mole fraction

sums of the properties of the components, each calculated as a pure fluid at the
given T and p. Thus

V(T,p) = D0 x; Vo(T,p)

and similarly for the other extensive variables. The chemical potential of each
component is just equal to its Gibbs free energy at the given T and p

u(T,p)/RT = F(T,p)/RT |

2. _LH Mixing. This is based on an expansion about the propert1es of a fixed

specified reference fluid (subscript r) in powers of r - rr and T - T A1l the

pure species are assumed to be described by the same reduced EOS p (T], e]), T; T

*
V/Vi’ 8 = T/T The partial derivatives are those of the reference-fluid func-

tions with T and V as independent variables: p (T,V), E (T,V). The equations
are

ij i Fak
Jok
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9 =2 X

J,k
f _ * *
ik T Ty

- ot "
9 = T5/Te

-

z = 2 {1 ; [T/V (-pT/pV) * (F/VVPV] (F-1) + 3 [1 * (p/V)/pV] (9-1)}r

H'/RT = {H'/RT + [E'/hT - ¢i/R = R (Tpp-p) (-py/py)] € ] }
FU/RT = [F‘/RT + (E'/RT)(f-1) + 3(z-1)(g-1)]r
Wi/RT = {F‘/RT v ERT [2 ( ' J/h' ) (r-1]

+

3(z-1) [(. J/ ) 9- U]}r ’

with all of the thermodynamic functions and their derivatives on the right evalu-
ated for the reference fluid at the given T and V.
3. CS Mixing. This is an improvement over the LH form, with a composition-

dependent reference fluid chosen to make f = g = 1. The same assumptions apply.
The reference fluid is defined by

* % *
rr = r = 2{; x] xJ rij and .
T,J
* - % *
= T - ;{; x; X5 Tis
T,]



The thermodynamic functions are all just those of this reference fluid except for

* *
the chemical potentials, which are the same as those for LH but with re and Tr as
defined here and f = g = 1:

Wi/RT = {F‘/RT v £ RT [ (/7 57 an. ] + 3(2-1) [(n/;*)ani]}r :

2(2 xJ. T:j/f* - 1) , and
J

- % -k
n/T 3T /ani

% -
n/r dr /ani

Z(JE X; r:j/i* - 1)

These partials are at constant nys Jj# 1.

4. One-Fluid Mixing. This is similar to the CS form, except that the expan-
sion variable is taken to be the potential function itself instead of its param-
eters r: and T:. It yields a tractable result only for a power-law potential.
The reference fluid is defined by the mean parameters

7]
1]

* *
z q =
q & X xj Tij (rij) s g=norm |,

Fros (sn/sm)]/(n'm) , and
™. S;/(n-m)/srg/(n-m)

Again the thermodynamic functions are those of the reference fluid. The chemical
potentials are those of the CS form but with

Eg/(nqnﬂ (sni/%n -5 /s ) ,
[2 + 2/(n-m)] (msm./sn - nS . sm) , and

* *
= q =
S . %: xj Tij (rij) sy g =norm

(n/T) ST*/ani

(n/F*) 3F*/3ni

q1
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E. Chemical Equilibrium
Recall the definitions given in the input description:

¢ = number of independent species
= number of elements
s = total number of species
p+1 = Number of phases (p=0: gas only, p=1: gas + solid)
= empirical-formula coefficients
species-formulae coefficients |,

82 o
"

and that, for a complete equilibrium calculation, the user supplies two possible
systems: a one-phase system with the solid only nominally present as species
number s, and a two-phase system with the solid present as species number c.
Symbols newly defined here are
g = number of moles of each species for a system prepared
“*  from independent species only,

= stoichiometric (chemical reaction) coefficients of the
dependent species (independent species have coefficient
1),
c-p
vy = :E; ij = change in number of moles of gas in reaction k,
J:

V
o0

n~ = number of moles of solid,
n® = number of moles of gas,
X; = (gas) mole fraction n]./ng except Xo = n3/nd for solid

present, and
Kk = equilibrium constant for reaction k.

We change to superscript s and g here for solid and gas to avoid confusion with
indicial subscripts.
1. Initial Calculation. The initial calculation generates constants for

the main calculation. Mathematically, it consists of a change of basis from
(moles of) elements to (moles of) independent species. In the new basis each de-
pendent species is expressed as a linear combination of independent species, with
coefficients that are just the independent-species stoichiometric (chemical reac-
tion) coefficients for the reaction producing one mole of the given dependent
species from the independent ones. The system could, of course, be prepared from
9; moles of each independent species i (i = 1 to c) instead of Qi moles of each
element.
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We now define some index conventions to simplify writing the equations.

Divide the o-matrix into independent (c by c) and dependent (s - c by c) parts.

Number the complete columns, and the rows of the independent part, with i or j.

Number the rows of the dependent part with k. (See Fig. 3.) The ranges are

iand j: 1 toc

k: c+l to s,

and denote by Zi or Zj a sum over i or j from 1 to ¢ and by Zk a sum over k from

ctl to s. Then a and v are solutions of the linear equations

Eio‘ijqi = Qj’ j=11%ocand

Eiaij Vi = O‘kj’ J 1 toc, k = c+l to s.

The dimensions of y are the same as the dependent part of g and we retain the
same usage and range of indices for it. (See Fig. 4.)

ELEMENTS
I c
iorj -
| 1
or
| INDEPENDENT
SPECIES
INDEPENDENT I c
ior] >
3 c+l k
L 2N =
c+l k E@
20 v
DEPENDENT L =
2
o
s ¥ sV
Fig. 3. The o-matrix. Fig. 4. The v-matrix.
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2. Main Calculation. We retain the above index conventions except that
now in all sums except that in the definition of Kk the ranges of i and j are

ifand j: 1 toc-p ,

and we use primes to denote sums or products over this range.

The equations can be reduced to a set of c-p equations in c-p unknowns; the
remaining mole fractions are determined in the process of solving these or are
calculated afterward. The equations are obtained by expressing the dependent
species in terms of the independent ones, writing out the first derivatives, and
applying the Newton-Raphson method of iteration. Letting superscript (n) number
the iteration step, the result is

X(N+]) = (1 + hi(n)) X(n)

j HE 1 toc -p

(with super (n) understood in the following equations). The increments h§n) are
the solutions of the Tinear set

Ais = %y 845 +kak Vi G

Fy o= -9y + x5 +kak Gy 5

Gps = Vg = (v = 1) qy

Z. YK

J

i q]./zj %

Ot
]
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The first equation is a linear system for the hj. In the second equation aij is
the Kronecker delta, the xi‘s are the independent-species mole fractions, and
the xk‘s are the dependent-species mole fractions, expressed in terms of the
mole fractions of the first ¢ - p species through the next-to-the-last equation,
which is just the set of equilibrium-constant relations for the reactions. Fi-
nally ai is the normalized q; and v, the (gas) mole change in reaction k. The
Kk and qi are independent of the x's and are calculated at the beginning.

The xk‘s, k = ct+l to s, are found in the process of solving this system.
The number of moles of gas is

When the solid is present (p = 1) the c th equation is decoupled from the first
c - p equations because, although each of the first ¢ - p equations contains in
general all of the first c - p X; (by virtue of the presence of the X; in the
equilibrium-constant relations), none contain Xe (by virtue of its absence from
the same). Thus, in this case, only the first ¢ - p equations are solved itera-
tively, and then X, is determined from the c th equation evaluated for this
solution.

As mentioned earlier, in the complete equilibrium case, when a solid may or
may not be present, the program carries two possible systems, one with and one
without the solid. It begins by solving the case found to be correct on the
previous entry, then tests to see if it has the correct one and switches to the
other if necessary. If the two-phase system is solved, the test is the sign of
the number of moles of solid; if it is positive, the choice was the correct one.
If the one-phase system is solved, the test is as follows. Find the first reac-
tion in the two-phase system that involves the solid. Call this the test reac-
tion. In the two-phase system the mole fractions involved in it would have to
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satisfy

Vi

~
it

K xk/Hj Xs

(with K and the v's, of course, from the two-phase system). Define a saturation
index s for the test reaction as

~ Co Vg
s = (xk/Hj X )/Kk

and evaluate s for the x's (of the species involved) from the one-phase solution.
If ; < 1 the system is unsaturated with respect to deposition of solid, and the
one-phase choice was the correct one.
F. Miscellaneous

The actual Hugoniot and CJ iteration functions are given in Sec. V.B. (Table

IIT). Note that the Hugoniot function uses enthalpy relative to T0 and that h0
.1..

is for the unreacted material.
The "heat of reaction" q is defined, for products at given T, p, as the

energy released by reaction of the unreacted material in the initial state (To,

po) to products at the same temperature and pressure (but having the composition

calculated at the given T, p)

[xg Aq (To) FXg A (To)] products ~ [A (To)_] unreacted ~ Rlo

)
|

0
tl

(n/M,)Q

The particle velocity u and detonation velocity D are given by

W - (p-py){vy-v)

T1f the alternative procedure (heat of formation at T = O entered under CON, SAM,

Sec. II) is followed, then the Hugoniot energies will be relative to T = 0. The
value of Q will be that at T = 0, with the term (-RTO) incorrectly subtracted.
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o2D% = (p=p,)/ (vy-v)

On the isentrope, the particle velocity u, which would require evaluation of the
Riemann integral, is not calculated. For the isentrope whose initial point is a
CJ point, the quasi-static work done by the explosive in expansion of the prod-

ucts to the given pressure, described in Appendix B,

2
J

Wip) = e. - %-u. - e.(p)

i
is printed in the u-slot.

V. PROGRAM

The program listing, Appendix C, contains a list of all routines and common
data blocks, with a one-line description of each. It also contains, with each
routine, comments giving the routine's specifications. In most cases, the logic
is simple enough that suitably placed internal comments suffice to describe it.
The exceptions are collected here, in order of decreasing logical level in the
program. A detailed list of the contents of all common data blocks is given in
Appendix D.

A. Equilibrium Iteration - EQM
To ca]cu]ate a state point at given T and p, MES calls TIM for the 1dea1

free energies (F at the given T), and then SEM for the solid free energy Mg =
F;(T, p). It then calls EQM, which calls XIM for the gas mixture EOQS in the
process of finding the equilibrium compositon. Finally it calls TIM for the
complete set of ideal functions at the new composition, and then COUT for the
complete state.

Because of the multiplicity of EOS and mixture-rule options, EQM and XIM are
the most complex routines of the program. EQM is outlined in Table II. Sub-
script i means all species; for example, ?i + X; means save all gas mole frac-

tions. Also, only the most important input and output items of routines XIM and
EQMS are indicated. In words, the solid T is calculated once at the start be-
cause it depends only on T and p, which are here fixed. First, the mixture rou-
tine XIM(1) is called for the imperfection chemical potentials. These are then
added to the ideal ones (calculated earlier by TIM) to get the ?i which are the
input to the (ideal, i.e., constantJFi) equilibrium routine EQMS. The current
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TABLE II
THE EQUILIBRIUM-EOS ROUTINE EQM

F F; + Fg solid ¥, depends on T, p only
t * ! *
o ug, o« XIM(T) gas u; (r for LH & One-Fluid only)
8 ?} « F} + u; (F} from TIM earlier)
Xg X save old X;
X5 < EQMS(Fi, FS) new x; at constant Fi
if (Z]xi - xi] < g): go toy done?
X; * 1/2 (xi + xi) next guess: mean of new and old
~o _*
Fis v« XIM(2); go to B (CS or One-Fluid only)
if [(C§ or One-Fluid) and
(|r*-F"] < €)]: go to « outer done?
(gas state) <« XIM(3) final state

composition is saved for later use in the convergence test and in getting the
next guess, and then EQMS is called to calculate the composition implied by the
current ?i and ?;. If the resulting composition change is small enough, this
finishes the iteration for other than the CS or One-Fluid mixture rules (used
only with LJD EOS). If not, the next guess for the composition is taken as the
mean of the new and old values, new ?i are computed by XIM(2), and the cycle is
repeated starting at B. For the CS and One-Fluid mixture rules the completion
of the above (inner) iteration is one step of an outer iteration whose conver-
gence test is that the value of ?* from XIM(2) after the inner iteration is com-
plete be close enough to its value furnished by XIM(1) at the start at o. This
is discussed in more detail below.

We next describe the action of XIM, which is different for the different
equations of state and mixture rules. Here GEP is the gas EOS routine, which
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gives the ideal-gas, LJD, or KW equations of state (according to the gas switch

from CON, SWIT) and XIM chooses the mixture rule from this switch and the mix

switch, which we here call k, from CON, SWIT or CON, XIP. For the LH, CS, and

One-Fluid mixture rules, XIM calls XIMS for the detailed computations. The no-

tation XMT « GM indicates that the pure-fluid state in the GM array is moved to

the mixture state in the XMT array. Also, T* and V* are to be understood in

addition wherever r* is indicated. The numbers (1), (2), and (3) refer to action

taken at the XIM(i) calls, i = 1, 2, 3. The options are as follows:

oKW EOS

Recall that GEP calls HKW, which calculates the complete (mixture) EOS.

(1), (2), (3) HKW via GEP supplies the state, including the u;-

ok=0: No-mix [normally used only for a pure fluid (single species)]

(1) GEP supplies the pure-fluid EOS for the input r*. The u; are all set to the
pure-fluid F;, and XMT < GM.

(2) No action.

(3) XMT « GM,

ok=1: Ideal mix

(1) For each species, set r* to r:, call GEP for the pure-fluid EOS, and set My
to Fg.

(2) No action.

(3) Calculate all mixture imperfection quantities as linear mole-fraction sums of
those for the individual species.

ok=2: LH mix

(1) Set r* to the input reference-fluid value, then call GEP for the pure-fluid
E0S, and call XIMS for the e

(2) Call XIMS for the M

(3) Call GEP for the final state, then XMT « GM. (Why any action is needed here
is no Tonger clear to me.)

ok=3: CS mix, and k=4: One-Fluid mix

(1) Call XIMS to get ©*, set r- to F* and call GEP for the EOS, then XIMS for
the u; (XIMS calculates both #* and the u , Using the reference fluid
state. Here two calls on it are necessary, the first gets r , which is
needed for the reference-fluid state. There are actually two entries to
XIMS that are not distinguished here; the first calculates only F*, the
second both F* and the ”i‘)
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(2) Call XIMS for the u; and 7 .
(3) No action.

The outer iteration described earlier is necessitated by a time-saving de-
vice introduced in GEP. A second entry GEP(2) calculates the approximate gas
EOS (for LJD) by the quick route of the LH expansion from the reference state
currently stored. This time-saving entry is used by XIMS to get the gas state
required for the calculation of the My Where the mean r* depends on composition
as for the CS and One-Fluid mixture rules, the validity of this expansion is en-
sured by the outer iteration.

B. Iterations
The iterations are tabulated in Table III. A1l except that for the equilib-

rium composition described above can be written as a function of a single vari-
able and are controlled by FROOT. Note that the gas and solid EOS iterations,
independent and on the same level, must both be completed as part of the equilib-

rium iteration, which must in turn be completed as part of the calculation of
the function for the Hugoniot or constant-v, s, or e iterations. Finally the
Hugoniot iteration must be completed as part of the calculation of the function
for the CJ iteration. This stacking requires careful adjustment of the conver-
gence criteria for a reliable system. The functions chosen are not too nonlinear
and their magnitudes and slopes are reasonable size (the factor of 20 in the
Hugoniot function is introduced for this reason). In general there are slots in
CON, FOB for several constants for each FROOT iteration: (1) The convergence
criterion €, (2) The "guess-constant" r, in most cases the ratio of the second
to first guess, and (3) upper and Tower bounds for the iteration variable or the
related physical quantity. Not all of (2) and (3) are used in every case. Under
“Bounds", subscripts min and max denote (3), other bounds are computed as indi-
cated. Finally, we use subscripts 1 and 2 in the "Guesses" column to denote jt-
eration steps 1 and 2. Remarks on some of the iterations follow.
ocJ

For the second guess, a constant-y isentrope is a sufficiently good approx-
imation to the CJ locus. For the Tower bound, we use the constant-y approximation
to the constant-volume detonation pressure. In the function, y is evaluated for
either fixed or equilibrium composition according to the setting of the input
switches; thus either a frozen or equilibrium CJ point may be obtained.
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TABLE Il
ITERATIONS
a FROOT Independent
Iteration for C-array  In Routine Guesses Bounds Variable x Function f(x)
ChapmaneJouguet cc cJ Py = previous (0.3) b p> %-(Y-])poq £ pH(po) P jip) -1
Y v/v -Y
p, = Py (vq/v,) ilp) = ~ 0
2112 YZY*' POZDi
v, =g (py)
h{T;T.) - h (T T
Hugoniot CH HUG T, = previous (3000) T>To /1000 20 ( °)_ 3( 03To) - %6 + v—"->
, P po) o [\
xp = % - /6y € T < Thex
Contour (constant- CM MESC T.l = previous none T Vi V-V
v, S, or e) /c
Ty=rTy s: eS¢
e: e-e
Gas EOS e GEP X7 * previous fln 10) Vg > Vg min 2n Vg 2n fﬁ(vg.T)/p]
Xy = Xy - f.l/f.l Vg < Vg max
Solid EOS cs SEMS xq = previous (0.8) X > %o vs/vso see Sec. IV
Xy = Xy X < 1+a(T-To)

Equilibrium
composition See Sec. V.A.

3The order given is that of the CON, FOB input corresponding to that of the C-arrays in store. logically, the equilibrium-composition iteration be-
bjust above that for the gas EOS, and the gas and solid EOS are on the same level as are the Hugoniot and the contour.

The value in parentheses is used on first entry.
On first entry, f'=r,

drhe energy zero for h is To; see Sec. IV.A.




*Hugoniot ‘

The value of f for the second guess is that calculated by numerical differ-
ence on the last step of the iteration for the previous point. On the first
time through it is the input guess-constant r.
*Gas

The derivative f; for the second guess is calculated from the derivative
(ap/avg)T furnished by the gas EOS routine GEM.
eSol id

The function, given in Sec. IV.B, is based on the isentrope relation. The
quantity o in the upper bound is the thermal-expansion coefficient.

C. LJD Gas EOS Integration (In GES)
As shown in Fig. 5 the problem is to evaluate to prescribed accuracy for

any o an integral

*

jb f(x;a)dx

0

with the integrand depending on o in such a way that for some o it effectively
vanishes at some x appreciably less than b*. ke use the 16-point Gauss approxi-
mation (Sec. IV.C); its straightforward application to this case would waste
those points lying in the region of f(x) = 0. (Actually all seven integrals are
done at the same time; for simplicity the description here is for one.)

The method is to check for the vanishing of the integrand and to perform
the integration in segments if necessary. Because o changes 1ittle between most
of the entries, this turns out to be reasonably efficient. The part of GES that
does the integration consists of a control code, which chooses and adds the seg-
ments, and a procedure that integrates over a segment and reports how soon the
integrand becomes negligible, if at all. A1l segment lengths are b*/2n, n inte-
gral. by

The segment integration procedure T’(b], b, ) eva]uates.é' f (x3a) dx by the

16-point Gauss method and reports three conditions for the size of the integrand
near the end of the interval. Let i (i = 1 to 16) be the Gauss point at which
the integrand first becomes negligibly small. Then I reports that the upper
Timit b2 is

“too small" for no such i (LD = 1),
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"just right" for 14 < i <16 (LD = 3), or
“too large" for i < 14 (LD = 2),

LD being the Fortran variable that reports the condition. (The actual test is
that the condition ]f(xi)/.% a; f(xj)] < € be satisfied for each of the seven
integrals). The a]gorithﬁyhhich evaluates the complete integral using the seg-
ment procedure T’(b], b,) is given in Table 1V.

D. FROOT-Solve f(x) = 0 by Iteration
Number the successive steps in the iteration 1, 2, 3, ..., n, ... with nth

(function) argument x" and function f" = £f(x™). The complete current state of
the iteration is contained in FROOT's argument array g

c 1 e - convergence: |[f"| < e
A

2 xn

fn

xn-]

S W

5 -1

6 xn-2

7 f"2
8 n - step number

9 k - branch index:

1 - finished ([f"] < ¢)

2 - continue

3 -error 1: X" = x" (see below)
4 - error 2: "= 171,

Each time it is called, FROOT bumps n by 1, finds the new x" and returns to the
user, who calculates f" = £(x") and calls FROOT again. The user exits from this

Toop on convergence via the branch number k. The prototype program is (e pre-
stored)

n 2 n-1 1
n<«0, x =« xg, X <« xg
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TABLE 1V
ALGORITHM FOR THE CELL INTEGRAL

o b, «b'y b, «b'/2 b' is upper limit from
2 1
last entry
I+« T’(O,b]) first segment

if (b] just right): done
if (b] too large): <b' « b*/2, go to o> halve and start again
if (by too small):

<RI <1+ T’(b], b, ) add 2nd segment

if (b2 too large or right): done

if (b2 too small): < b' <« 2b', double
b2 <~ b', b] < b'/2, go to B >>

The upper Timit b' (not shown is that b' is bounded < b*) is saved
each time and used as the first guess on the next entry. The suc-
cessive segments look 1ike

b] too large b] too small
I I | l | |
0 b] b2 0 b] b2
L1 | L l |
0 b] b2 0 b] b2



o CALL FROOT

GO TO (B, v, Sys 6 K

5)
vy calculate f" = £ (xM)

GO TO o
6], 62 error handling

R done, proceed

Here n, x", etc., refer to slots in g as indicated above. The user starts the
iteration by setting the step index n to zero and supplying xg and x2, the first
two guesses for x. The iteration then proceeds through the a-y Toop to conver-
gence. Because all the current state is in ¢ (and none of it is stored in FROOT),
one copy of FROOT can simultaneously control any number of interdependent itera-
tions (i.e., the calculation of f(x) for some iteration may itself require an
iterative solution involving FROOT).

The algorithm is the secant method

T _
X = X 9
g
2 _ 2
X - Xg 9
X, = -1 gn-1 (xn_xn-1)/(fn_fn-1) ,

with a refinement wherein X" is a provisional value of x" subject to modifica-
tion. In the normal case it is accepted and the store is stepped down as fol-
Tows:

(x,F)"% « (x,))" ",
TR LIPS L

X <+ X
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The modification replaces X" if, roughly, it does not lie in the range of previous
x's and if two f's of opposite sign are on hand. Precisely, if

n+2

(1) X" is not between x" and x , and

n-1) n-2)

(2) (sign fN = sign f and (sign £n # sign f

then X" is recalculated (before the step-down) with point (n-2) instead of (n-1)

n-2)/(fn_fn-2) .

X o= X" - (x"ex
Also, saving of old points is done in such a way that once two f's of differ-

ent sign are on hand, the step-down will never result in three f's of the same
sign, Precisely, if condition (2) is satisfied, then the step-down is preceded by

n=-1 n-2

(x,f) <« (x,f) .

We remark that, because ¢ specifies the state completely, the user, knowing
the program's a]gorlthm may wish to change it in flight. A common case is that
a Tower bound x is known for X, and FROOT at some step supplies X" < x . The
user might replace X" by x whenever this happens.

As an example (see Fig. 6), we write the code to solve f(x) = x]/2 - A=0.
The secant recipe can easily give a negaEive x as the next guess; we prevent this

by introducing a fixed Tower bound x = x , x* small.
DATA C(1)/1.0 E-8/
DIMENSION C(9), KC(2)
EQUIVALENCE (KC, C(8))

KC(1) =
C(4) = 1.
c(2) = 1.2

o  CALL FROOT (C)

GO TO (B, v, &, &) KC(2)
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Fig. 5. Integrands for the LJD cell Fig. 6. Iterative solution of f(x) =
integral. x1/2 - A = 0 by FROOT.

vy IF (C(3) < x) C(3) = x
C(3) = SQRT (C(2))
GO TO o

§ CALL ERR
B CONTINUE

VI. SAMPLE INPUT/QUTPUT AND TEST

Tables V and VI are a key to the output Tabels and a sample calculation,
which also serves as a fairly complete test of the program. The calculation is a
chemical equilibrium calculation for the explosive RDX with the LJD EOS and the
CS mixture rule. Part 2 of the input defines the following:

1) A state point at T = 2000, p = 0.3.

(1)
(2) Detonation Hugoniot points at p = 0.3 and 0.2.
(3) CJ points for Py = 1.6 and 1.8.

(4)

4) CJ isentrope points at p = Pcge 0.3, and 0.2.

A CON, DBUG print follows item (1). The point printed here is the last slightly
displaced one used in the finite-difference calculation of the derivatives.
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TABLE V

OUTPUT KEY
Line
p v/v0 T uorW D Po q
v e s ng ng n (Rnsor-ns)
v E/RT S/R z N N, nq
Vg Eg/RT Sg/R zg Ny ng Ng
Vr Er/RT Sr/R z, ny ng Ng
VS ES/RT SS/R Zg "o "M N2
* ~% =%
F T ) Y o B o
Notes
1. Lines 1-3 are for the complete system. For lines 4-6 the first four items

46

are for the gas phase, the gas-phase reference fluid, and the solid phase,
respectively. The reference fluid differs from the gas phase only for the
LH mixing rule (Sec. IV.D.2).

The Tast item in Tine 2 gives the state of super- or undersaturation of the
system with respect to the solid phase; &n s (the saturation index, Sec. IV.E)
is printed if a single-phase system was specified and it wants to precipitate
solid, and -n_ (the number of added moles of solid which would just saturate
the system) i2 printed if a two-phase system was specified and no solid is
present.

A1l mole numbers are moles per mole of system (one mole of system = Mo grams,
with My from the SAM input pack).

The "u or W' slot in Tine 1 is the particle velocity for the Hugoniot or CJ
point, the quasi-static expansion work (Sec. IV.F and Appendix B) for the CJ
isentrope, and meaningless otherwise.

ATl other symbols are defined in the symbol Tist. Recall that z = pV/RT

(and z = pV/RT - 1) and that a prime denotes an imperfection quantity (Secs.
ITI.B.1-3). Molar quantities for the system are per mole of system and for
the phases are per mole of phase. All quantities divided by RT are dimen-
sionless.



TABLE VI
SAMPLE CALCULATION

LYy

Input Data
CON PaAS MES) = SHORY TEST w CJ, WUG, ISENTROPE
cOoN Sw1T DIFF
3
CON  Fo08
5,0 Ee@5 2,8 [Eeds 3,2 Ewe5 Y,0 E-07 §,86 E-07 8,8
2,0 1,2 L PR 2,0 9,7 Eepi @,0Q
14010 f,0f Ew@2 1.8 E~@S5 2,0 Ew~06 2,0 2,0
140 Fed3 1,8 E+86 5,8 E+p2 8,8 Ee23 4,3 E~21 0,0
GeB .0 2,0 240 2,2 2,0
CON  GEP
2 [
(Y] Eey 6,0 Ee0Q {,0 E+do 1,0 Ee4B0 4,4365 E+@B 7,54B37E+0§
CON  8tP
14656 Em@) 2,5 8,23 E=-04 5,333 2,96816E+0B2 4,246 E=0)
Ped 34,2753 r1,9015 6,66%56 v2.8392 f,0
con TP
8 4
fob Eedd &,9 gel
58701 Esfy 1,4940 E*P3 «d,2096E<PY 65,2644 Eef] o3,4991E=15 2,31 E+00
B0 Eentd 8,8 Ee0d 4,247 Eedy
3,1499 Fevp 5,8718 Ee2l <1.3665E=-07 1,6756 Ewil «8,2278BE-16 4,673 EeB8
[s’) E+28 B9 FecQ 3,4975 Eep@
S 1A1B Ee@i 5.9459 Evdd =i ,4ubSE=T {,7387 Evil «8,47 Eef6 5,2157 EeR
w2,7272keny =2,6456E«@] 3,4979 EepR
3,20204E+00 0, 183T0F=B3 +2,0492E=A7 2,2B4AVE=1] »1,8874E15 3,19230E¢A0
8, TI0TE+21 ~5.T798E+01 3,99010Ee00
3,377 Ee0d 5.604TRE=04 <8,5008E07 2,041U0E=11 ~1,0944E=15 5,93  E+2D
2.0477 Fepi 2,16 E¢2d§ 3,7032 Eene
3.2375 Fen 2,3187 E=dU4 5,0938 E=09 «3,963(Ew12 2,931 E<16 e2.B88Q4EeN0
0.0 Ee?® bh,0 E+RY 3,4157 Eend
3.7308 Eedd 1.9444 E«B3 5,121 E=A7 6,8033 E~1) =»3,5368E~15S 3,4656 EeND
©9,3969Fen] *9,4p52E+Ry 3,777/2 Eer0
3,4234 E4QB 4,56 Ee0s *A, RSA3EvYS 9,4557 E<12 wd,B556E-16 L. 862 E+0B
0,9 E+00 %,8 E¢00 3,4934 EeRY
CON  XIP M2 w BEST MCM SET FROM OTHER SOURCES ,GMXwjQeSd,R4l
7 2
1.8 Ee0d 1,9 Feidl 3,8PB12Eem® §,4iTUAEVBR 6,0 Ee8d 1,2 E+0}
4,uS  E+n® 4,05 E+@8 3,35 Eedd 3,56 E+00 3,34 E+20 4,2 E+0R
3,73 Eedd
142 kLele 142 E+B2 1,38 E+02 1,30 EeB2 3,7 EeB] 249 E+0R2
1032 Ee@2 ’
(4L EQP
4 8 § 2 § 1}
3,9 6,8 6,9 6,0
c H 0 N A} AQ
c(s) 1 8 '} ?
n2 ] ] ] 2
€9 i 2 1 [
H20 2 2 1 ]
NO ? ] 1 1}
Ha2 -] Q ] []




CoN

FROOT FDSlCC.CH.CM-CG'rS.C)/

CON

vﬁ

CON
(23

-2.0192Cc.00

FGa

55,0000
2,
9,7000
2,0000
5,0000
u.
GF, &
poT
1
t.0000
7.54R3
ar

SER

iy P
1.48A0
LI IO

coe § ] 2 [’
02 2 ) 2 "]
4 i 6 3 7 H F) 8
[ § 2 3 5 4 6 7
CON  8aM  RUX, RMO=1.8, CD2+ARBJITRARY COMPOSITION GUES
[
1,8 Eepl v,Q EelB 2,9816 E+QA2 2,2213 Eel2 §,47)
fe% Eel? 3,08 Ee2d 9,8 Eep0 3,0 EelQ ©,0
1.5 Fe28 V.0 Ee02
covy Py
H ‘]
2.8 Eep3 3.@ EeB}
Aot Eeog 8,0 E+00
CON  DBUG
€GN TED  OETCNATION HUGDN]OY
8,3 042 2,8
CON CJ CJ LOCUS
feb 1.8
CON PV CJ lEENTROPE
3 §
2.2 '
Ue3 @,
CUN  REND
cCOoN JEND
Calculation
FES] e 7a86:-f20 MES] « SHORT YFSQT
YFLCKRET G, a4 SEC ON RUN, «056 SEC ON J0a
CON  SwiY DIFF
UIFFe FX R1FFy GASs SOLIDe MiXs EQs CJs PV .
1 ) -0 0 oh «0 0 0 of

RATI0S/ DPeOTIEPSINGGHIT/

UWE-0S 2,00000FEe06 1,20%00E~05 7,00000Fen7

0, 1.00000Ee00 1,10000F.00
0E-01 0. 1.01000E=00 1.01000F<02
0E«06 0, . 0, 1,00000F403
0z.n2 g,00000g,03 4,30000g01 O,

. o. .
1°LJ17-MCMy3°MRL oW INOW 10 7/ NeMoAteaMyR® s
nEen)l 6.00000Fen0 1.00000E®00 §¢00000E°nD
TEen]

.2N00300

He als v0e Y0, FaR 7 COe Cle C2¢ C3. cé

0E-0: 250000Fedp B.03000E=-06 5333n0E-qn0

cix-01 0. 3.27510£000 «7.901G0F.00
0,

S

Eea}

E+022 8,0 E+80

e CJeo HUGs ISENTKOPE
-0 -0 «0

FannT AoOLNDOS
1,00000E«07

[
1.00000E«05
1,00000E.06

0

re

4,43650E.00

2.9M160E.02
66656000




6v

CON T1e

KSixkiz T BOUNNS/, FIT r07FFFSe2A]l TO ANJQONELeHF 4 HReue

4
1.40000E«03
“.R7610E-01

«2,810008400
3.1:590Eeg0
4,A73005e00
3,1n)an.no
5,21576E400
2,23220E-00
3.1973¢0Ee00
33,3270 .00
5,G3400g.00
3,23750¢ 00

©2. 33040E. OV
3,730K0E00
3,44850¢,00

3, 62%NE.00

4, gR70HZ,00

¢OM

Al My o

KReKep /7 SCHIGTY  ROPDEFsTaRIF NoM/
7 ?

1.0t00aE-00
1,20000¢,01
4_0SNOGELNDO
“ _2n000F«00

6.00000F.03
1.69690F.03
De

G.6718nF w56

0.
5.9499"Feng
-2.720e0F 0
1.1#3707-43
@5.71070E.Q]
5. HNGTAF. NG
2,16770F.01
2.31470FeN4

1.9464NF=A3
«9.3969¢ .01
4.50002 .0
0

w7 ST MCM QT

1.00000€+40

4.05000E.00
3.73000;.90
1.20000E.n2
132000%°p2

CeSePe~sPPyPHT 7/ CaP @

1,2n060E.02
2+00000E°02

CON EGF
4 a . 1
3,60900c 460
[
cts) 1
NP 0
[ols] 1
Crd] 0
0 0
o ¥4 0
cnz2 1
n2 1}

a84&R

NU MaTY

0
3 0
4 0

[ LTY
NU MaAT 0
0

3

4 0

Con Sim

0 1
6,00000F.n0

oD ND NDPO O T
NNV Dre. e ®wr3, DD

.3333333Ken0

.5000000F,00

.$000000F .00

.S000G00F 00

-4,28940E°07
Ol
*1:36450E°07

0.
~1,40a50F 07
e2.64160MF 0]
©2,16927E«07
~5,779RNF ()
*] ,500R0F«07

?,14000¢.01

3.091a05009
«5.12100E407
«9.40520F401
o8 ,05830E<08

tRea /7 (7
3.89012F°00
3,35000E400

1.38000Ee02

1
6,00000E+00

Al

EN Uy WO~ &

6e2644nFe1)
40264570Fen)
1:67840F =g )
3.49750F-n0
1.73079F 0]
3.49790F .09
?2.2R400E-0)
3.99610E 00
2,04140Fa1])
3,70320¢.00
«3,946310p,12
3.,416599F.00

©3.499)10E«15
“R4227R80E*16
«R,47000Ee1b
) ,0RT40Ee15
«1,09440E415

2.93100Ea16

6.R03NFel) «3,536RNEL15
3,77720g.00
Q.4667NEel2 4 ,85560F16
3,49340p,00
FROM OTHER SOURCES ,GMX,1ne%544P43
*)
1041744Een2 6,00000E«00
3.560005.00 3,34000E.00
1.31000E.02 3,70000E401
6.,00000F 00
A0
8
1
2
3
5
4
6
7
+3333333E.00 O,

N
0
2
0
0
1
0
0
0
3

».3333333E.00

0:10000005.01
0:10000005.01
.2000000E«00
~e5000000E00
©5000000F .00

.5000000E«00
«1000000E=0}

1000000E.01
.1000000g.01
.2000000E.01
=.1000000E401

«4000000E .00

«1000000Ee01
.

0.

Oe

RDOXe RWOX1.83 CN2<ARBITRARY COMROSITION GUESS

«,10000C0E.0!
«,1000000E.01
-,2000000€.0)

.1000000g401

,5000000E-00
.5000000£.00
«,5000000E<00
~+1000000€°01




0§

MES] e 7634620
TFICKRET |Gine
KRS/ RuOe POy
8
1,80006E.00 0.

704

o055 SEC ON RUn.
M3e WFE/Z NI

MES] « SHOBDY TESY
«107 SEC ON 403

2.98160E-02 2.22120E¢02

e CJe

HUG,

1.47100E401

ISENTRGPE

1,50000E¢00 3.00000E<(0 0, 3.00000E°00 0.
Ve 1¢50000E°00 0.
CON Py
MES]1 « 76411620 MES] « SHORT TEST « CJe HUG, ISENTROPE
TFICKETI6N® =043 SEC ON RUN® 2115 SEC ON JOBR
BRANCAH [19T»2eV53-Ss4eC) / TCoPC/ PeTABLE
1 0
2,00000E403 3,00000E40)
Oe
OUTPUT LABELS
1 p V/Vo T U n
2 v € S NG NS
3 v E/RT S/e PV/RT N} )
o N0« FUR Gas N%oeNSeNS
3 nn., FOR RFF, N7eNReN9
6 N0, FCR SOy 1n N10oN11leN)2
7 FPRARG TsaRe VALRs GAMMA ALPHa
POINY 1 1 3,0060000peny 6,2501147Fen| 2,0000000g«03 0, 0.
2 3,6722859F 0] 46,5145242E.03 5,6504530E.05 7,5019585E<00 1,4980495E.00
3 8.5699799Fen) «9.6691129E20]1 1.6773749F+01 1.5661110E®0] 1.4980495E=np
4 9.518hR60OFeny  4.,R9T7Rph0Ee 0 ~1.5675174Ee0p 1.6172668Eep] 2,99R5R25E.qq
5 9.5182C069Fenn 4 RIANYI6E)0 «1.5673720F<00 1,6)171806E+0]1 1.4994504E400
6 3,R190420Fe0n 1,1026119Ee00 «1,4349374E-0) 6, 8899389E.00 o,
7 3.8000514F°0n 194179073E°02 2.3377(TRE0) 3,1776524Ee00 4,7999481F.0p
CoNn 0BunR
OUTPUT LABELS
1 L] V/Vo T u n
2 v £ s NG NS
3 v E/RT S/p PV/RT Ny
4 nO0. FOK rAsg N4 ¢NS«Nb6
5 Noe FOR RFF. N7 ,NR4N9
6 no. FOR sni1n N10sN11°N12
7 RRA&Re TRARe 'LIY-TS GAMAMA ALPHA
POIMY 2 ) 3,0000000F-q1  6,246n797E4p) 2 0nan0nR.03 0, n.
2 3.4722839F -0 ~A,A373054E=q3  S.673RG04FepSs  7,501772¢Eeqgp 1.49R21350F <5
3 B, 86664H2F.nn _1,0251762E.00 1, ATISQATF,.0)1 1 SEORTTYE.() 1,4982350F.00
o 9.6123 HCFenn  4,943n1BBE-NN <) ,5737443Fe00 1,0336280Fen] 2,99R7n42F.np
5 9.5116001F .00 4,9633074EN0 o1, 57354R1E.00 1,_6335343F.n1 1 ,4995168F,.np
A 3,R143535Fenn  1.1149935E.00 «1,4364516Fe0]  6,959n543F.00 o
7 3,a000467F.0n 1,417g416E«02 2,3376g03E.01 3,1776524E+00 4.799981E.00

RHO
N
N2

RETA

1.R00NN0OF .0

9,0000080E,00
2.999991RF.00
1.6077797E«05
609640955€211

O
1.8282305€E.,00

RHO

BETA
1,Roo0000k.00
940000070E°00
2.8098830E.00
1.402150RELDS
S.45643140E411

0,
1.8252305€400

09702776
SAM = INPUT PARY 2

QCaL
SUPSAT
N3

c

1.5056345:.00
1.9968779F .01
2.5002893F«n3
1.4173827F<p3
Oe

0.
5,7533602E«01

OCAL
SUPSAT
N3

c

1,50%6645F 0
1,0971748Fo01
2,24R)1195F.03
1.2958093F«n3
0,

0,
5.7533602F«01

09/02/7»
Locus



LS

CAR = CG/nR/CH /05 ,-S/CE

UER
cony
EMG
LMA
EMyx
F My
FN

£ 06

GM

wP
HE

&S

EA

eV
FLag
OMy
aEV
sPC
KAl

r.ON
KEN
K1M
[

RHOT
oM

(X4
sSucC

SUC6
THER

™G
TMS

b

AMT

1n
21
3
6]
51

11
21

1
¢1
31
¢

21
41

71

11
E|

11

3

1

n
Z1

11
21
“1
61
71

1t

5e000nE~05
2.0000E~n4
1.2009tens
7.,0000Fe07
1.0000E«07

0

,3000000
1.9871%na0
5.56&3907
T.5917729
.199717%
5.5463%77
),69482350
5,0000F 05
.9700000
500_,0000000

n

,40684139
«1.5735%448,
To?4T7E~03
10.0000000
1.8000000
AAAAAAAAAAN
SEPAAAAAAA
CHECAAAAAA
AACAAAAAAA

0
3.03R4415
2.19R220)

«7.7239125
*b.8346448

n
6.6694E~g3
MESIA-ASHO

0

1
=e0124245

NN =D OD =

o

0
3,8183935
1.9794E,03
BELELTYY
«2.03%9100
?.0000E.03
3.17763724
.3100500
~.11£3149
15.60B7749
«2.8712472
~6,8346443
0
LAnT61N0
064949E=
.2.28965-8;
h,2644EQ1])

n
9.51231R2
3.8601200

]

0

n

24 2528316
« 71689935

0

«36T22R6

R .31 44FenS
]].quu‘,q
149R23810
«399C04A
105983876
2.999499130
2,000n0¢,06

0
g.ononp.na
[
13.9474342
“en9n 202
«?2137223
600004000
n
PASAAAAAAA
T1PAAAAAAA
AAAAAAAAAA
AAAAAAAAAA

“.126°6ng
3.R9407)]
17.663R773
*5.R36K44A8
2°1347794
*1.9277F=5
RTATESTAeA
0

DPODUD DD DOO

n
109149935
1.8693F 07
2+:S0rn000

«3000000
~e7Q0Q4R)
YN LT
*.n1%21%0
31770504
*1e3770F e
=5.R34R447
2.13427q4
3.1499000
Se8T|ARF=q4
@) . 3K6GFe,T
1,078AF<1)

0
4e%9433)1R8
141,7%n0000

D200

1,4990%-08
e6,9306Eai8

)]
2,0000E.03
1.n133E-n6

3.R39637%
9,.0009070
2,996RF-né
*4,27316R0
2,2481E.03
1,2000E405
1,0100000
,%300000

Q
17,3353632
3,06424E05

0

1.0000000
?9R,1600000
SWITAAAAAA
X1paanaana
SPFTAAAAAA
AAAAAAAAAA

6.35660ﬂg
3,92R9667
18,459781)
5,6058558

0
B8,0466E=g6
CJe AHUGs Al

0

—_0o 0o

—
sS$NDOO

-0

ﬂ.076067g
,2"162R33
8.0300E<n6
L6R959,9
3472286
1,R252305
2,0000E203
5,6309E«n5
4, 7493¢R])
-2-145%5-01
5,./058558
0

3,1818n00
5.9459E<p4
®),40h5Een?
1,7307E<)1

0
2),2792989
6,0000000

0

0

0
2.783879¢
« 047497

0
15,4A11100
104184600
*1.1Rn3Feny
«R338294
«399732R

©1.2720F en}
2,99R7042

7.0000g.07
0001000

0

0
4,9433n74
3.16R2Eens
0
1.0000000
222.1200000
FORAAAAAAA
EODAAAAAAA
SPECiAAAAA
FORMAAAAAA

6.0A7567g
4,9433R24
191471831
20.6R32141

0
5414 |RE~ns
SENTROPEAA

0

. 0
19.7771739
1

-y
oD SN UVO O

1 .?SR83R6
)
5.373n040
ART6272
S.6505E«nS
« 57853140

0

«n936378
1.1252305
*2.8719F .01
20.6“1;1L%

3,2a220n0
1:1R7E<*n3
©2.1492Fen7
2,2R%AEe1)

]
6.5167234
12_n000000

0 0

0 0

0 0
©4,0977Fen3 ?2.25R794
*7,0571Fen3 «7167236R
0 0

. 3674532 , 36700646

1842AN120 OUTVvvvvvY
R, 66GT400 S.7635R82¢
y1AR6T04 .04n5168
1,RR3 Fenb 1,7273F«04
«46.5203174 =2.900177)
1,4022E405 1,295RF«0N3

1,00008,07 . 0
1.0000F,05 2,0000F<06
0 0

0 0

22, 8529988 3,480%650
9,51 1Rn4) 3000000

3.1614574 4,4353R5)

3.8001200 141.7440n000
14.7100000 . 5556556
AAAAAAAAAA DIPAAAAAAA
AAAAAAAAAA  SAMAAAAAAA
AAAAAAAAAA  COREAAAAAA
RENDAAAAAA  JENDAAAAAA

0 n
4,4702504  4,1150092
4,02955q96 3.09902711

20,1923019 10.00R9666
©4,1912Ee0n] <=6,474)1709
0

0

1.5617E<p4 0

AAAAAAAAAA AAAAAAAAAA

0 0

0 . 0

«6,7789)2) 3,077946)

1

0 0

0 0

) )

0 0

0 0

-0 -0

0 0

R, 2175979 °,1435452

-1,1971345 ,28801%2

29R,.1An0000 4246000

6,53Rh473 2.633Rp486

«6,5145Ee03 0

18RK6209 3.0700306

0 .0629970

8.54644482 =1,0251742
«57533A0

0
©1.07n4Een)l *h.31R6955
“6.1912F 0] 6,4741709

0 0

3,3270000 3,2375000
5eB04TEeps 2031R7Feps
“1,500RF-07 5.093RE09
2.,0614Fe1] «3,9031E«12

0 0
22.8530036 <+1.5737043
0 3,8000467

0
1}
1}
1.397Fen?
B.0RNNFenS

0
2.6194E.n5
n
“1e26R3Feq)
.1997178
11993RR4

©1.4093EeQ)
1,499516A

0

0

n

0
«3,.5645F .02
21.2TRASp6
1,71926R3
23,37R345)
2.7707F«ny
NISAAAAAAA
YEOAAAAAAA

NBUBAAAAAA
AAAAAAAAAA

o
7,24R1605
6,04667R)
2445109752
241982201
0

0

AAAAAAAAAA

0

0
e,644)749
0

DO O0 O DO

FlOvvvvvvE
6,9594543
20126165

0

n

n
57377298
1,5086645
14e5R3A04T
«Ah64209
*4 02269% 07
2-l°922n%

3.7353000
19 44Eny
*5.120nFen7
A, 80Feyg)

)]
16.3362R0)
141,7940606

DWNDOD

2,5985E,05
0

6.n0R)1 464
0

7.2707E-12
«1,9639E.0]
5,6563F 11
1,0000400
o]

4]

0
1,37R83533
13,6849, 7y
3.066671)
0

0
DIGAAAAAAA
PVAAAAAAAA
LNDANAAAAAA
AAAAAAAAAA

n
4,5376230
4,076281R

19.6791702
3.03R4415

0

D0 D 00

D200 DO D

DvviSvYvyvy
0

0167210
3.2751000
LR579,7;

0

3.1997F a8
L 387278A

@1 .7740Ee0)
4
‘l'5=°AEyol
3-03“4612

3.642364000
4e5h0nEeps
«R.0583E«0R
9,.4557E.12

0
8,9636339
23,3769932

IDO DD OD Dl DOD

1,1000000
1 ,0000E403
n

0
8.9631098
3.509238>
6,2135484
n
0
AAAAAAAAAA
CJUAAAAAAAA
AAAAAAAAAA
CONAAAAAAA

0

0
0

0
4.8694622

CO DO OO0 D

—
D20~ NDO

SEWARMIGI P
.7159935
1.0135036
«7.9015000n
«.060%30
0

0
©«6.A373E-03
«2.1314627
n

0
4.86%622
0

ODODIOCOO

DOO0OO0 OO O DD DO

1,0000F.06
n

n
16,33534132
6,5168533
3.3309E«05
n

4]
REPAAAAAAA
TESTAAAAAA
AAAALAAAAA
AAAAAAAAAA
0

n

0

0
*2.67)2422

DO 2O D

N

2.809797

=1

DODDDODOD

MIBAR3$NY
1.0126145%
L]
6.,665600n

«023200°
L

0

«0672640
16.7160670
n

0
02-6712L2§

D2DODDD D



s

AMY 25,2846180 25.786s1R0 l¢ 9160201 19 _373(R4R 12,0822775 29,8465753 21 ,602004R n
ApF 120.0000300 120+N300600 12R.6656635 125.37%%24]1 664c333250 154.9193338 125.8670618 o
XPG 4,0590000  4.0520000  3,7000000 3_A0S0000  3,6950000 41250000  3.8900000 0
XPR 4.650000C 440500000  3,3500000 3.54000A0  3,3400000 ,2000000 3,7300000 0
xPT 120.0000000 120.0000000 138,0000000 131,0006000 37,0006000 200,0000000 13240000000 o
CCN  TEOD  OETONATION HUGONIOT
MES] = 74411620 MES] « SMORT TEST = CJs HUG, ISENTROPE
TFICKE 16N 1255 SEC ON RUN. +306 SEC ON J0B
poYAdLE
3,00000E.0)1 2,00000g.01 O,
OUTPUT LABFLS
1 P v/ve T v 0 RHO
2 v 3 S NG NS N
3 v E/RY S/P PV/RY N1 N2
4 ph. FOR fas N4y NSeNE
5 no. FOH REF, N7-NReNO
6 n0. FOR SOtIn N10eN11eM]12
7 RRAR® TBARe VRaARS GAMMA ALPHA RETA
POINY 3 1 3.onnooog=-ni 6.“20°102§-ol :.1850677F-03 s.anlaégisool 7.7325742:.01 é.ﬂoggzgog.on
.T7R93949Fepy «28RQ3H09E e2737497Ee .8 4 . - SFe NN 3E.
g 3.1433728r.2k 3.3334;025-35 2.§§;I;OIE.8? a.ol;faalﬁ.gg }.}9533§5E.gg ?.°°166965.83
4 1.0178271Fen) 2.5983520E+00 «1.067627RE.00 7,7RSB8160Een0 2,R526n13E.00 1.7060R06F.02
5 1.n239780F.n) 2,.5RAQH1RE.Q0 =1,0R12547E.00 7,R3IAR9102E+00 1,32560%8F.0n |47RS50473EL0S
6 3,PRA9T34F .0 4,6T7R127Eap) =1 ,4249,R0Ee01  3,3569362FE.00 o0, a.
7 3.H056155Fe0n 1.3674799Ee02 2.3476216F-01 2.7005031Fe00 3,4377594E.nn 1,.64330R4E.00
POINT & 1 2,0000000Feps 7.9305378Eepl 3,Rn45213E.03 1,5163781E40) 7,3274016Eap) 1,R000000F.00
2 4_4n5BS%3Fen)  1.7894021Ee02 7,2769569F.05 7,959R912E.00 1.0428R37F.0p 9.0n2774BE.00
3 120870786Fqy 103957523E°0n  2.1594R57Ee0) 6.A73224HF00 1.042RA37Esgg 2.9972708F+0p
e 1.1733924F+q] 2.0083RBSEeq0 *1.0222304E-00 6,4189573Fen0 2,78R4647FEep S.5375A31E«03
5 1.1R14529F2ay 1+9894503E°00 =1+0629009E=0n 6.4699210E°00 1.24R8ATS5Eenp Ae0h1795RF=06
& 4,2828177Fe g 2.6792361E« é 01.31796RQE-01 2,7078785E<00 0. . 0
7 3,8091047g, 00 1.3“63‘°°E-8 2.3544560F,01 2,6846183E+00 3,0978413Ee00 1,5264149E,00
con Gy CJ tocus
MLS) < 74A1G20 MES)] « SHORT TEST = CJe HUG, 1SENTROPE
TFICKET1GN ¢5R3 SEC AN RUNe «63% SEC ON J0B
CJ RHQOeTABLE
1.60000E«00 1680000E«00 0.
OUTPUT LABELS
1 p v/vo T u n :1210]
2 v £ S NG NS N
3 Y E/RT s/ pV/RY M1 N2
M n0, FOR gas N& NSy N6
5 n0. FOR RFF, NToNAGND
s no. FOH soL1n N10eN11en12
7 RRARe TRARe VRARe GAMMA ALPKS RETA
POINT 5 1 1,984R8975F 4§ 7,2232555E.01 4,0RA9743E.03 1,ASTRE51Eepl 6,69¢Rn30Fenl T.6000000F.00
2 4,516536TFen] 2.3055305E402 7.47R0964E«05 8,1163490Fe00 B8.8R)12807Fe] 9.00%6771F.00
3 1.1136433F.0] 1,719H41%E«D0 2.2187546FE+01 6,52Rn796Fe00 A _AB12R0TFen] 2.9955360E.00
4 1,1R6S17%F.00 1,9013426E«00 «9,5906179E«01 5,9A6T2B5F«00 2,7135671E+00 AR,927300NEL03
5 1,1991605F.0) 1,B7R4S33E.00 «9,R744023E.01 6,0291173Fe00 1,1656054E4,00 1,3430422F_05
5 4,7979901Feg) 2.7279A2RE<p) =1.0119332E«01 2.5193527E400 0. e
7 3,R119124Fe00 1.323R6TTEe02 2.3596642E.01 2,r013401F+00 2,9184306F.00 1.5063123E.00

oo D22 D2

TED =

QCAL
SUPSATY
N3

c

1,4490847Fepq
1.52984)2Feq
4,7909272F a0
1.,47398747«01
0.

0.
§,5407417Fe0)

1,42R2619E.00
1.3101733Fu0)
T.0R24977Fep)
2¢11534R4Fe)
0.

Oe
4,8637510E«01)

QCAL
SUPSAY
N3

c

1,4015000F.00
1.094245AFep]
9,4626716Fep)
2,8643254F401
o,

0.
4.R3293R4Fe0)

D250 50 2

09/62/7%
HUGON10T

09/02/76

cJ




€9

POINT 6 1 2.4R94Tp4F-g] 7.2997R45Eep] 3.9Ri4nhRE(Q3  1.9324R64Eeq) 7.15A7R57Eep)
2 4,0556358F e  2,5069501E«02 7,2aN36KQE«05 7,8666632F«00 1,1353n11F.00
3 1.000374bFeny  1,8666819Ee00 2.156403RRE.0]1 7.5174255F+00 1.1353011E.9n
4 1.0R%6513Fe) 2.317232BEe00 <1,057RphtE-00 7,1597479Fen0 2,B82R7R12E.90
5 1,0026612Fen)  2,3031322E.00 «1,0707144E.00 7,210q219F.00 1,2965R97E400
6 4,078T016Fe00 3.5453600E<0]1 =1,2246953E«01 3.0k49847Ee00 o,
7 3,R070314Fenf 1.3593882E.02 2.3506)133E.01 2,7034071E.00 3,2774684E.00
CON Py 2J ISENTROPE
MES]1 < 76414520 MES) = SHORY TEST = CJe MUGe ISENTROPE
TFICKET16Ne 1.6%? SEC ON RING 1,684 sec ON ynB
BRANCH [1eTi2<Ve3<5e6Ey , TCPC/ PoTABLE
3 1
0. Oe
3,00000E«01 2,00000E-01 O,
OUTPUT LABELS
1 p VvV T u D
2 v E S NG NS
3 v E/RT S/R PV/RY N1y
4 n0. FOR qnas N4 oNSeNb
S no. FOM PEF, NT7eNR NS
6 noe. FOR SO| In N1O.N1len12
7 RRAPRe TRARe VRaRe GAMMA ALPH®
pPOInY 7 1 2,6896T04F 0y 7,2997R45ELg)  3,9R44hARELD] 1.0324866E.01 7,1567857E_¢p)
2 4.0556358Feq] 2.50A9%01E<02 T7.2A036R0EeqS  T,RA9AA3PFegp 1.1353n11Fegp
3 1,1003748F .0 1 . 4066819Ee00 2,1540n%3RRFE.01 7 _65174255E.00 1,1383nliE.n0
4 1.98%8613Fen) 2,317232REe00 ~1,052r041E+00 7,1597479E«00 2,R2R7A12Fe00
5 1,0026612F.00 2,3031322E.00 «1,0707144F¢00 7 2109219F.00 1 2946K97F.00
6 4_n7THT015Fen 3.54536N0Een] «1,2240953E-0)1 3,064984TE-00 0,
7 3.R07031%Feqn 1.3593882Fen2 2.3506133Fe0)] 2.7034071E«00 3,27744R4E.q0
POINTY A 1 3.0000000Fen] 6.R133790E-g1 4,15n6]94F.03 ot 2285134Een) 7,1567857F.p)
2 3,7852106Feni  3.,2657o83Een2  7,2643704Fe0s  7,Rn61860F00 1,2020925F.np
3 9,2357367F.gq 2,3167033€.00 2,1572447E.01 B_0983612F.00 1,2020925E.00
4 1,0172792F, 00 2,6091067E.00 41 0714330F,00 7 _R2SQ305F.00 2 AS5SRA957,n0
5 1,0232402F.0)1 2,5589927E.00 «1,0Ra9242E.00 7 _RTANBL4Fe00 1,63296342E,00
6 3,RRL 2439804 4.TQTRRILE~n) *1.42495ARFenl  3,373R6A%E.00 o
7 3,30530%3F.00 1,36R5726E.N2 2,3474259F.01 2,7056370Fe00 3.4509657E.qp
poOIMNY 9 1) 2,0060000Fenl 7,9167471€401  3,7817453F.03 «2,6361168E.01 7 156785TELq)
2 4,3981928Fen] 1,76 \R12TE*q2  7,2h03725F (S 7.068;831F'no 1.0543765E°qg
3 1,0R52025F 07 1,366R4TNE.00 2,0565%19E.01 6,9027591E.00 1,0543765F,0p
“ 1.1723572F.0] 2,01720055.00 «1,0273RSAE.0n 6,6571326Een0 2, 793RRY4E. 0
5 1.1802219E+0) 1.9957990E.50 «1,04R5454E.00 &,5071586F00 1,2551761E.00
6 ©,2819R56F .00 2,4994176FEe0] «1,01ANn3R1EL0)1 2,7236865E.00 ¢,
7 3_RpBB931F.00 1,34R0486E.02 2,3540636E.01 2.6314850Ee00 3,1134498E.qnp
CON REND
CON  JEND
MES: e 76211620 MES)  SHORT TEST = CJs HUGe ISENTROPE
TFICKET1GNe 2.112 SEC ON RUNe 2,164 SEC ON J0B

DAYeTIME STARY 21,00.59 o END 21,01.01

COMPLEYE TFICKETIGN

148000n000E«00
9,0069643E.00
2.99504LAF 400
9.,9076H6T5E,03
1,06485669E.05

Oe
1,5R22509€,00

RKHO

N2

RETA

1,8000000%.00
A, nns96463Fe0n
2.995045RE, 00
9.9076A75E~03
1,0485669F,05

0.
1.5822509€.00

1.80000¢0E.0n
9.nnR2784E.00
?2.9917379F, 00
1,6523390F_02
1. 6RG5346%,05

LD
1.66450713E.00

1.R000000E,00
9.0n26%66Fenq
2.997349AF 00
S.3018977F,03
Ge642466T70FL06

0.
14528319RE.00

1,46418736Eeqn
1,4426299F <01
5.6811003F«0]
1,7121838E«01}
o,

0.
5,P242984E01)

OCAL
SURSAT
N3

c

1,46168736F, 09
1.4626299F«q)

5,6R11003F«01
1.7121838F«0)
L]

0.

§,22429R4Fe0)

1.450%140F 400
1.6399230Fen)
4, 6B2T41AF.0)
1,64610009F. N1
0,

0
5.5429430F-01

1,6302499F .00
1.32684ATF*n)
6,90644435FL0)
2,06111145.01
0.

0.

4,36573]12Fe0]

087027k
LoCus

09/52/75
JOIEND
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APPENDIX A
CHEMICAL EQUILIBRIUM EXAMPLE

We give in Table A-I an example of a system with an equilibrium number of
phases (solid carbon may be present or absent). The user must specify two sys-
tems, a two-phase system and a one-phase system, and make an appropriate choice
of independent species for each. He does this, after defining the species and

1

empirical formula via %{and g, by giving the two renumberings g and gP. Recall

the definition of a.: the (original) ith species becomes the a.th. Take, for
example, i = 4, al 1; CO, originally the fourth species, becomes the first in

this the two-phase system. Recall that the solid must be number c in the two-

[ ]

phase system, and number s in the one-phase (where the program assigns it a large
F to make its mole fraction negligibly small). The horizontal dashed Tlines divide
the o matrices into independent and dependent parts. The corresponding %kand q
are given below each So and the reactions are written out in full below the &‘s.
The saturation test for the one-phase system is made on the two-phase system
reaction

Co + H2 - C(S) » H20

with the saturation index §,

S = [Xy [/ XeX >//K s
( H20 C H2 4

evaluated for the mole fractions from the one-phase solution. If S < 1 the sys-
tem is unsaturated with respect to deposition of solid carbon, and the one-phase
system is the correct choice.
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TABLE A-I
EQUILIBRIUM EXAMPLE CH202, c=3, s=b

25 %o and R
~ Entry Two-Phase(p=1) One-Phase(p=0)
i C H O a c H 0 al t H 0
1 C(s) 1 0 0 3 Co 1 0 1 5 (0, 1 0 2
2 Ho 0 2 0 2 H2 0 2 0 3 H20 0 2 1
3 02 0 0 2 6 C(s) 1 0 0 4 H2 0 2 0
4 co 1 0 1 1 H20 0 2 1 5 02 0 0 2
5 CO2 1 0 2 5 CO2 1 0 2 1 co 1 0 1
6 H,0 0o 2 1 4 0, 0 0 2 2 C(s) 1 0 0
Q 1 2 2
&and q:
ko co H2 C(s) CO2 H20 H2
4 H20 1 1 -1 02 0 2 -2
5 CO2 2 0 -1 co 1 -1 +7
6 02 2 0 -2 C(s) 1 -2 +2
q 2 1 -1 q 1 0 1
Reactions:
- co + H2 - C(s) » H20 CO2 + 2H20 - 2H2 > 02
2C0 - C(s) ~ CO2 CO2 - H20 + H2 -+ CO
2C0 - 2C(s) =~ 02 CO2 - 2H20 + 2H2 + C(s)



APPENDIX B
QUASI-STATIC WORK

Summarized here is what might be Toosely termed the Carnot cycle for explo-
sives; plus a numerical example. The object is to calculate the maximum energy
that can be extracted quasi-statically from an explosive by detonating it. The
quasi-static process is that given by Jacobs.3

Confine the explosive in an upright cylinder of unit length and cross sec-
tion, closed at the top by a rigid cap and at the bottom by a movable piston.
Assume that all confining materials including the piston are rigid massless non-
conductors of heat. Move the piston into the cylinder with constant velocity Uy
greater than or equal to the Chapman-Jouguet (CJ) particle velocity. As the pis-
ton begins to move, instantaneously initiate the detonation at the piston surface.
The detonation front will then move upward with complete-reaction wave velocity
D, determined by u;. The detonation products (reacted material) will be in a uni-
form state with pressure P and particle velocity uy. When the detonation wave
reaches the upper end of the cylinder, attach the piston to the cylinder at its
position at that instant of time and remove the driving force on the piston. Al-
Tow the cylinder to move upward under gravity deceleration until its velocity is
reduced to zero. Extract work reversibly from the cylinder of product gases in
this position by first lowering it slowly to its original position, and then re-
leasing the piston and allowing the products to expand adiabatically and revers-
ibly to some final pressure.

Calculate the net work done on the surroundings in this process. The cylin-
der has unit volume and contains p, grams of material. Take work and energy per
unit mass of material. The piston moves a distance u]/D] with force Py» SO the
work wp done by it is

Wy = ppta/egdy

or, using the conservation relation p = p_u;D, (neglecting p_),
0171 0
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The kinetic energy K of the reaction products is
K = ul/2

The work done by the system in expanding to pressure p is

i (p)
IW)=f“ p.(v) dv

V1

where pi(v) is the isentrope through the product state (p], v]). Summing the
contributions gives for the net work W(p) on the surroundings for expansion to

pressure p
mm=-wp+K+um
_ 1 2
= I(p) - ?‘u]
_ 1 2
= e - zup - elp)

We remark that w(po) differs 1ittle from the heat of reaction q as conven-
tionally defined -- the energy change in the surroundings for reaction to products
at To’ Py To see this and show how the various energy changes enter, we have
prepared Fig. B-1, which shows the closed cycle in the p-v plane, and Table B-I,
which Tists the steps in clockwise traversal beginning at point 0, the unreacted
explosive. The numerical example consists of the calculated values for Comp. B
from Ref. 2, and is for TC = 300 K, Py = 1 atm. For state 2, the calculated tem-
perature is 518 K and the mean y is 1.25.
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PRESSURE (p)

| PRODUCTS TO °©

AT
1 EXPLOSIVE Po

Fig. B-1.

Vo
SPECIFIC VOLUME (v)

TABLE B-1I

ENERGY STEPS IN CLOCKWISE TRAVERSAL OF FIG. B-1

Process

Energy Change

O {REACTION AT T,p,;| COOLING TO To

Closed cycle of energy changes in the p-v plane.

Comp. B
(mm/_s)? = Mj/kg

Detonation
Adiabatic expansion
Cooling at Po

Reverse reaction

Thus

58

ey < e =g hlvy - Vi) =g up
ey - €y = - I(po)

e3- e, = Cy (T, - T5)

& ~€3° 4

1.80
-7.56
-0.28

6.04

5.76
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APPENDIX C

PROGRAM

YY)
CAA
MES COLF - JFC=SR-1ly LET, FRUD, “JN
§°0°0V°°¢ﬁQQQOQOO“QQOOOQOOOQCQQQOOQOOO
CONTENTS
1. MAL) PROGRAM MESY
2. LTILITY

e CALCULATION SECTIONS AND PRI
@y CLICtLuaTION CUNTHROLS
Sy NEAD CLATRCL (CUN)
e LUT NF PLACE
EANS PACKACE (SEC, 3)
REAP (SEC.c
7. CUMATES

OO OOOOOOOOOOO0OO0

Canuidovonacdiauodteaeloatososuaeodocads
Cs 1, valel AROGKAM
CaoRdINopurd0tootadvouvaadooko00docoooede
PROAGRAM MESOH(INPs CyTe FSETIZUUT,
1v J0cle
X
C¢.00¢'000iOOOoOoOOOQOOO‘OOOQQOOQ CUMMU
COMMEN 2 (40 0)
VIMELESICN
1 BS ( 60) s CONT ( 20)
2y KN (&)
EQ:IIVALT (ICE
1 W70 60q)4iS } 2 tL( «60)9CON
2y i LllAay 4 KON )
Coev00t0 0000000400000 000%400400%000000
UINMFISSICH EHS(40) s CcONT (L)
wATA ENBSY/
1 1t s BAS, 4hSalTsy IRFUBY LH
2o reelPy 3IDISe 3AUTLY 1nt 9 3NGEP
39 Py IHTIP, 23mATPy 3IHEUPy 1IN
49 SAMy AHTED, 2APVe 2hCJy 4nTeES
59 4rCrECy 1H 9 &NSPECs SHOPECLY 1
&9 4NCORE,y 4FPORUGe «rLUAQY 1N olh
7o 1t 9 leg o1lH , GKRFCRM, SNRENV
g9 4HJENMY 1M 4, 1H 9 3NCCNe 1H
w/

VATA ECHaIT/
1 1.98719¢ 8.31439E=Sy 1,01325t=6,
g sRLULT
w/
DATA JO<10 /5LJ08INZ90UT /Z3LOVUT/
INTELER udT
Coot0et000000e000000i0000%000040%000000
CaLL SEHR
CALL rEaaY o
1 OL®9ES] - 764UG20% )
CALL MAOVE (ERS,ES140)
CALLL NUVE (ECONTsCUNTe10)
C == NATA STATEMENT CANT LUAU
(o L R i Y L Ll L L LT P
CALL hEAN (SLINPUT)

[P L L T e L Ll L L E T P

CALL COn (D)

[V / w, FICKEIT, T4
LA R2-X-X2-2-X-2-X-2-2-% PR-X-X-0 FR-R-X-X-2-X-X-F-2-X-X. ¥

N

CRIOCOGCR00GETLRAUCQIVC0CII0COIN0G0O

<o
AR AR N2 A-XR-2 X X-X-2-2-2-X-2 X-2 X9

FSELLlu=INP

N €000 0069000000 400032400000 00000500

T

LOCAL 4904440000400 ,0000000b0000,

!
H

@.]184L=2y 0,420601¢

EXECUTE ¢¢¢000s000t 0000000000000

BLANK COMMON
PRINT UECK ==ee~=ecceccccccceccaa

REAYU CUNTRUL Se=ees ccccccacacccaas

I.D. LP-0730

AhR

CAx

MEDO
MESU
veE30
vESUY
MEDSO
vEzy
MESY
MESD
rvEDSQ
MESU
ME=DU
MEDQ
»EDOQ
wE S0
vE S0
pe v
vESU
vEDY
MESU
MESD
MESU
vE 30
MESU
MEDD
vEDD
MEDD
vESY
pESOD
MEDD
vEDO
MESU
[ X2V
rvesu
MEDY
MEDSOD
wEDDQ
vESU
MEDST
MEDY
MESD
vESD
rESO
~MESD
MEDU
ved0
vMESO
MESY
vEDU
MESU
MESO
vESU
red0
vEDU
vES0
MEDQ
~t§0
»E20

Co NV SWNNN
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17

10
10

10
10

10

1o

10
12

2]
ed

2n
3z
35
44
+7

61
63

60

eND
Cqqooo00»0000600&00@00000“000000000000OOOOOOQOOQOQOOOOO#OOﬁOOVOOOQGOObo.
Ce ceo WHIIITY o

CQQQQQQOOOﬁﬂQOQ&QOQQOOOOQOOOQOOOGOOOOOQOOQOQOOOO'OOOG&OOQQQOOOOOOOOOQOQO

SURRUULTTHE [CHUG(A+S)
C OLO ERR RONTINE
C CHANGE ()BHG CALLS TG ERK CALLS AS NEELED
FALL ERR(A4By4LPBUG)
KRE TURN
END

SUGRDLTTUF FRR{ISUBSGIMES+ERKRD)

CQQQQQQQOQQQQQOOQQOOOOQbQOQQQQQVOQOQQQQGQOQQ000.'0..000000.000..00000000
C ERROR COITRCL
C ARGS = FINTTINE, MESSAOGEs UJATA (10 wukyS)

C¢.0000-00-000000-0000000000000'000000 CUﬁMUNb A E X ERE RE R LR PR RE X XE R REE X R PIY
CO4MUN 2 (aQnn)
VIMENSTUN KCH(60)y CUNT(2V)
EQUTVALFNCE (2(650) 4CUNTYy (Z(1690) sruy)
EGQUIVALF ICE (CONT(O) sOUT) o (KUN(B) submxGAT)
COMMUN /5FRRC/ SERRCAL(]16)
Coat00t030000000000000040:90440%00400¢ LUCALS +4060 1100000400000 00b00q0
uingasing twa-s(s)
VATN ILB/30H///7777 ERRUR (EKR CALL) IN = olh 4iL
Coet0000 0000000000004 00600000 969000000 EAECUTE 90000000000 ,000000090004 0
ILad (%) sTSuUA
Commmumr e c e c e nrca- - wraescaamaca=== ], CRECK GATE = manpy IF CLOSED
IF (HERRGATENYe) OCTO lou
PRTEE 139, ILAR
130 FQoRAT (/77 30Xeal0//7/779) 90 ERR Ru=bnwTERED FROM  ©95A10/77)
180 WERRLAT = QEPHGAT * 1.0
1F (e REAT 6T, 1e) CALL EXIT
Commmemm e e caa e cac e e accanccee 2, PRINT HEAD ARUS) EHP =ccccccaa
CALL rCao (TLAB)
CALL PRI (THMESs 109 ERR()
IF (1SUAFQ.4LSERR) CALL UMPPK (OUTySERRCA)
CALLL TR&cCE
CALL ER# (T.FEKR)
Qe rmcncac ccaacac e mrav e acaccans §, [ERMINAL LINL =cececccccaccaas
FPRYLT 84a
800 FOAMLY (///2]1(5H9#®%a) 40 END OF KUN AFTER ERRe ///)
CALL CUNI(]e)
END

SUARWLT I.IF ERP (L}
c ULaciaCSTIq ¢NUMCHh PRINT

COMIPUN 7 (40u0)

ECUIVALENGE

1 (7( 9201 4CAR jc(2( 460)+sCONT) 3y (Z(1000)sDER )4 (2(1010) 4EMG
Z00701030)EPN Yo (201170 0EMA Yo (L(L370)9FMU Jel2(ld9n) PN
2907{1610) 4FCR Yo (201690)90M Yo lZ(la73) eGP Yo (2(1B%n)srE
49 (701600) KAL Yo (Z20(1620)sNEN Yo (Z(16BU) sKIM )9 (2(269n) yKUN
S (7(1750)4PT )9 (201800 9ROT Yo (Z(1820) 9eSM ) o (Z(1Bag)esP
60 (7(1889)9SUC Y9 (201900 95UCGT o {Z(1920) s THER)S(ZE1970)+ M0
7o(Z01990) 3 TMS )9 (Z2(2010) 9P e (Z(2210)9AMT )y (2€2250) yANU
89(2(2260) s XPF )9 (LZ(2660) 9APG 19 (Z2(3060)91XFR )y (Z(3U8g) 1 XPT

- - -

vEDD
MEDU
wEDY
MEDQ

(1% ¢]
LBLvY
Chvo
reve
-1
-1

FHA
FRR
FRR
ERK
F e
FRR
FRN
FRr
£ RR
FRR
ERN
Ene
Ern
ERR
FRR
FRR
F RN
FRR
ERR
ERn
ERR
[ A
FRrR
ERR
ERR
FRr
ERR
FrR
F R
FRK
ERR
ERR

EnPF
ERF
ERF
ENP
Frr
ERPF
[l
ERF
FRP
Enr
ERP
Ekt
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a2

36

60

102

113
1146

291
204
205

1é
1«

OO0 O

X0 (70 400),R5 el ann)etA

CALL FRT-(IL » 0« )
CALL PRI ( L 09 0

CALL POUT(])

CALLL Pih:T(2)

CALL POLT(3)

CALL PRI-1 (24LCAY = CC/CH/CM/LG/CS/CE
CAILLL PRTO(3LDERs LUINEK)
CALL PRIWN(4LCONT91V,CUNT)
CALL PRIWNIILEMGY 109EML)
CALL PRIC(3LEMNs1O9EMIN)
CALL PRT(3LFMXyLJrEMA)
CALL PRIN(3LFMY, j1eFMU)
CALL PHT.G(2LFNylOsrN)
CALL PRT/(ILFObsstioaFOB)
CALL PRINMIZLBMy3As0N)
CAL L PRTN(2L4iIP,1Ny01)
CALL PRT-I(2LHE 1nerF)
CALL FRTIN(2L1BS,SNES)
CALL FRJI«(PLEAIBIIES)
CALL PRT 1(2LFV,10stV)
CaLL FRIN(4ILFLARClUFLAY)
CALL PRI-I(IALAUTy 1NerMT)
CALL PRIWN(3IILXKEVeL1O0IKEV)
CALL FRT 1(31.SPCr1995PC)
CALL PRT:(3LKaLyl29Kal)
CALL PRTM(ILKINIAD IKUN)
CALL PRIN(ILRENs P axEiN)
CALL PRT(ILKIMy Lok M)
CAILL PRI 1(2LPT,10,FT)
CALL PRT(41.RHOT1U04RAQT)
CALL PRT:t{2LSMyzne5¥)
CALL PRIN(2LSP420959)
CALL PRIt (3LSHer 149SUC)H
CALL PRT.1(4LSHUCG«1V,SUCG)
CALL PRTI&(4LTHFEKy 40, TRER)
CALL PRIN(ILTMGs 19 140}
CALL PRTIN(3LTMS+2NneTMS)
CALL FRIN(2LTR, #3s TP)
CAILL PRII(3LX4Ts200xMT)
CALL PRIN(ALXMUs LU9XMU)
CALL PRIV(ILXPF109xPF)
CALL PRIM(3LXPGr10vXPD)
CALL PRT«I(3LXPRy 10 XPR)
CALL PRIN(3ILXPT100xPT)
RETURN

ENN

SURBRUOUTINE FIO (HerMTeNgAIKL)
BERPEAD  eRIT

ruT=tQ0RMAT
N=NUMBER OF WORLCS CF &ARRAY A FUR 40,

sBPRINT X V)]

FOR N=0,FMT IS mULLERITH ARGUMENT LAdbEL
<L IS THE »QRO LENGTH UF TRk LABEL.

VIMENSICHN BS(4)+FMT (60)s A(10)
INTEGER HoFMTBS

Yo ll( o80)eEV
Yo U701530)e6GMT Yo (20 Mp0) sREV)I e (Z2(1860) +5PC)

Yo (Z(310n) oFLAR)

CAR)

P
[ ld
| X ld
FRPF
FErF
FrF
ERF
2,14
ERF
ERF
[ .1d
ERPF
ERF
[Xald
End
(A1
(4,14
ERF
E kP
Enr
(14
ErF
ERFE
Enr
ErF
Enr
(a1
ERF
gEnr
Exr
ERF
Enr
Fwr
(214
ERF
Enr
Err
[ Ll
ERF
ERF
ERF
Enr
ERr
Err
ERP
EnrF
ERF
ERF

FIU
FIu
FIU
30
Flv
FIU
FIv
FIv
Flu
FIu
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le
ls
la
14
21
23
23
26
30

40
45

46

56
67

73
104

120
132
150

154
166

172
204

2.9
210

2lo
211

€

62

OO0OOOOOOOOO

26
26
30

1900

130

220

230

240

540
s10
K20

BS(1)SREAVU o BY(2)=KI1T
BS (3)3PRINT 4 BS(w)3wlT
BS (] )}=4rREAD
BS(2)=3~RrIT
S (3)=8rPRINT
BS(4)=3RWOT

LO 24 Jsl.«4
1=}
IF(R.EN.H4S(1))GO TL 30
CONTINUE
wWRTTE (9,/°A)H
FORMAT (18HO FIO ~HAQ ARG= A6}
CALL EXIT(3)
IF (N12004100,200
I.0s #ITH NU DATA
OO TJU (9004500413U9140)1

WRITE (29150) (FMT(J)yed=]9KL)
oG Tu S00

WRITE (94150) (FMT(J)yJ=1yKL)
w0 Tu %90
FCRMAT (12A46)
1e0s WITH DATA
00 TU (210¢22002300240) 01

READ (2sFIT) (A(J) 9dm] o N)
60 TU Sn9

REAQ(1O0oFHT) (A(J) 9Jdz]leN)
60 Tu Sno0

WRITE (24FMT) (A(J) 9 J=1N)
60 Tu Sy

WRTTE(FyFMT) (A(J)eJaleN )
¢0 TU So00

CONT INJE
CONTINUE
KETURN
NI

SURROUTINE FROOTT(CsXK)

FROCT FUNCTION TABULATOQOR

C = FRrUUT AKG AKRRAY
Cc(s) = X0

Cl6) = UELTA X

C(7) = XN

FUR K=0sI11ERATE

FUR K=1yTABULATE. PROVIVE FROU! wlTm VALUES
XO9XOSUELTA Xvose g ANSTHEN EXIT

EQUIVALENCE (El1sXCl) s (E29RC2)

FIV
Flu
FIV
Flv
FIv
Flu
Flu
FIL
FlL
Flu
FIv
FIL
FIv
Flu
Fluv
FIv
Flu
Flv
Flu
Flv
FIv
Flv
Flu
Flu
FIv
FIV
Filb
Flv
FIv
Flwv
FlV
FIV
FIV&
Flv
FIV
FIu
Flu
Flv
Flu
FIu
FIL
Flv
Flv
Flu
Flu

FRUQTT
FRUVOTT
FRUUTT
FRUJUTT
FRUUTT
FRUUTT
FRUWUTT
FRUDTT
FRUOTY
FRUOTT
FRUOTT

FRUUTT

FRUUTT

~
oCCcp~NOCUVEWN

- e
S WN -




10
12
13
17
2n
21
23
24
24
30
da
35
35
37
*1
43
4

8

9
10
2eu
30
50
60
]
100
1v2
110
120
130
150
2V0
U2
2lvu

UIMENSION C(10)
t1=C(¥8)

£2=C1(9)

1F (K)SN,420.50
CALL FROaT (C)

w0 Tu 2lv
IF(KC1)100,6k09100
Ct2)=C(5)

60 Tu 192
C(2)=CU(2)eC(6)
KRC1=rCle}

IF ((C(2)=C(7))1¥C(6)) 15091509120
AnC2=1]

w0 TU 200

KCp=¢

C(ay=gl

Ccl9)=g2

RETURN

END

cqgQOq000000§00900”000000000000000000000'0000000000.0000.000000000000000

Cea

3. CALCuLATIUN SECIIUNS

CQ0000QOOOQOOOOOOOOOQQﬂQQOOQOOOQOOOOOOOOOOOﬁOOOOOOOOOOQOOGQ0000000000000

C

K=1 = CALCULATE PURE 1:aS EOS AT GLIVEN ToP
KR=Z = AVPROAIMATE SAME HBY L EXPANSIUN
CALLEL PY xIM
Com o cacaannccancaccaccsacava= SPECY
K31
HEGULAR CaLCHLATIUN OF GAS EO> FUR PURE
SPFCIES AT CIVEN TeP wY IVERAIIVE SOLUTION
UF P(TeV)sPy WITH P(TeV) OIVEN BY OLM,
FOR CS 0R 1-FLUID MIXs THLIS CAN BE A MIATURE
£0S VIA COMPOSITION DEPENUVENCE OF Int
MEAN RSTAR AND TSTAR.
InFUT
P=ThtR (1)
IMPLICIT FOR GEM =
T3TRER(?)
HEAN RSTARe TSTAR 3 RSTasgP (%) ISIA-GP(e)
KAL(S) =« 14243 FUR IDEALLJUVUy Kw
oLTPUT
V=VR=GM(15) = VGOLUNME
IMPLLICIT FROM GEM =
I5M = STATE POINT
VAKIAMLES
PG=G1(]14) = CALCULATEU (GAS) PRESSUKRL
VRLs VRU = LOWER ANO UPPER LIMITS UN ITERATION V
HCUTINES
GE'1(2) = PUE-FLUIO EUS Al Ty¥
FROOTT = [TERATE
PLAN
SOLVE ITERATIVELY PG(V,.T)ZP FUR V(=vR) oY
FROOT ITERATION.
VARIABLEy FUNTICN & LUG(V),s LUG(P/PG)
SECOND GNESS = NEWTCON=RAPRSON SHOM QP/DV=06M(]2}
K=2

OO0 NOOOOOCOOO0OO0

SUBRDULTT.IE GEP (K)

InNPUT

FRUUTT
FrUOTT
FRUWWTT
FrLOTT
FRVUTT
FRUUTT
FRWUTT
FRUUTT
FRUWUTT
FRVOTT
FRUUTT
FRUOTT
FRVOTT
FRUOTT
FRUVOTTY
FRUUTT
FRUUTT
FRUOTT
FRUOTT
GEF

cer

GEP

CEr
cer
GcePr
GEPF
Ger
Ger
GET
GEY
GLr
[ 24
CEF
GEP
cer
GE¥r
Ger
CEr
GEF
GtFr
CEFr
(] Xd
cek
cer
GEP
Ger
GEr
Ger
Gcer
[d A4
Gtr
cer
GEY
Gtr
[ g
GE¥
Ger
Ger

15
16
17
1l
19
20
21
22
23
24
25

27
28

30
31
32
33

N W™

£

10

12
13
16
15
16
17
18
19
20

21
22

23
24
25
26
27
28
29
30
31
32

34
3%

37
38

40

63



64

oL

OOODOOOOOOOOOO0

1

[eP=ThHEH 1)+ (3)
OM = STATFE 2O0INT FHCHM PREVIUUS K=] CALCULATIUN

tHX(?ooo) -

yPuT

ouTeul)
(GAS)

(GFa1(2)

MCLE FRACTIVHD

AMT = MIXTURE STAaTL PUIAT
(NITE = CREMICAL POTENTIALS IN XMU ARE

EV -

CO"MUN 7
VIYENSICH)

CaR

2vFO0OH

3

KON

CALCULATEL BY

VARIAHLES

192 = TSTAR AND
3,5 «» EXPANSIUN

(4000)
( An)
( A0)
{ Ae10)

s CUNT
¢ G
s THER

49G?(20)
EQUIVALEK ICE

1
é
3

(2¢
[
1 (20

921} +CAR )
1411)) 9 FOR )
1694) 4KON )

49 (2(1479) 4GP}
DIMENSIRN CG(10)1KCG(2)

1

C
C
4

c--------------_---------------------- Q\:l

1F (VR)

v
12
20
22
nl

50
b2
6V
70
12
80
na
uH
90
91
92
93
Y4
¥5
96
v7
98

EQNIVALFNCF
(CAR(31)90G) o (CG(L) yKCG)
2y (CONT (2) 4R}
32 (FOB(2) «VRU) 4 (FUB(19) 9 VRL)
42 (GMULS) s YR (OGN (10) 4 PG)
Se(THER (1) 4P) s (THER(3) 9 T)
Col6P(5) yNSTA)y (GP(6) 2 TSTA)
79IXMI{16) RSTAT) 9 (AMT(17)eTSTAT)

Gn

TG ( 10+300) » K

20,12+€0

VN:I0.0

CG(4

CALL COuT

KRCA(

CAl (.
rEXT

6o Tu
CAr.L D813

YZALDG (VR)
(IrIGEP 1)
1)=n

FRQOTT
T=KCu(2)

(2HGEP 1)

L0 TU I&4

cart

w0 Te
IF (nOW (s e8))

CBL
154

{IAGEP 9 2)

W (20
v (2
(2

CALLER)

RSTAR UISPLACEMENTS

COEFF ICIENTS

kv
W KEN
0 AMT

( 2v)
( 40)
( 50)

©60) s CUNT
1490) s0M
1920) 9 THER

(CGoKON(498))

(150,813,80970) oKEXLT

Qz 190492

IF (KCG(1)=Z)92441992
CG(2)=CG(4)=CHB(I) PG/ (VROLM(1¢))

VR=

EXPICG(2))

IF (VRU=VR)94194+90
VRsVrU
w0 TO 9=a

IF (VR=vVRl.)

97,97+98

VR=VKL
KEN(11)=KEN(11)*1]

)
)
)

( 20}
( 60)
( 30)

W (20
e (2 ¢
W (2

6380) eV )
1620) o KEN )
2210)vamMT )

= REGULAR e==ccqcacccccccccaa

Ger
GEF
(X4

GEF

crr
Gctr
cer
GEr
GEF
GEr
Gcrr
(124
GEF
cEYr
Gtr
[ 24
Gek
(J X g
cer
Ger
GEr
rtr
Cer
ter
[d 14
GE*
Ger
(124
Geb
Ger
Get



10m
111

1114
117
141
122
13
136
140
141
165

146
151

19«
16}

172

206
2lo
217
224
2£h
234
23/
234

261)

264

Ju0 CALL CEr(4)

135 1F (FG) lanrgllael Ll

106 1F (VRL=V&/3,)107997097
1u7 VHavw/ 3,

148 Q0 Tu 11t

110 CG(IY=AL 16 (Pu/P)

112 CGled=aLt (vR)

1€V CALL COuT (4BEP2)

130 L0 Tu 3

190 CALL CU:T (3HGEP 3)

160 0O Tu 60«
Conmmeraan e e na e ceannccaananacacaans K22 o LH EXPANSIUN ece-ccccaccaqas
QU0 LV (1)=TQqTaT/TSTA=]L40
LU0 EV(2)=RSTAT/RSTA-140

C avl
C 410 &t CUMPUILE nERMO QuTPruT
612 EV (1) 36N (4)0EV(])e3,006M([0)OEVL2)
%€V E¥(4)==(labM(le)eP/OM(12) )%V I])
1 ¢ L UB (LM (19)eH/OMLe))OEV(2)
430 EVISH)IS(OM(B)e(TO0:(13)=P)O(OM(14)/R))OEVI])
1 *leUa(PUGM(lG)/R=1,U)obV (2)
s00 XFT(1)=6rM (1n) bV (6)
sl XUT(2)=UM (G) sEVI3) =P/ (ROT))IOEV (&) =FV (S)
s20 XFT(7)=P9r4T (1)/ (Rel)=],U
s 30 XMT(3)=xMT (1 eaMT (7]
490 XMT(S)=6M (S)eEV(3)
550 XMT () =aMT (D) =aNT (1)
|60 XMT(6)=LM (1) =LV (%)
&0 XMT(B)SXMT (1) =R¥T/P
C sd0 U
C
2450 CALL COUT (1HGEPs6)
C

OO COOONOOOOOOOOOOOOD

«u0

RETURN
SPFCS (F.)R PARTY 2)
IN QuT EXASE

NOTE = 7=PV/RT

lep
EMX
oM 1 XMT 1 VO Ev 1 F=1
2 2 tLuP/NRT l 13=1
3 3 neR/RI 3 FupP
4 ERP/WT 4 Agl-/RI S D F/UP
5 FRp/~T S reR/sRl 5 U FsL RT
] 6 SUP/K
7 1 4uewp
A 1) ERP/ZU KT 8 VupP
10 7kp
11 SKRP/KW
12 1 p/u v
13 1 pre b
14 1) Y700 T
15 VR
16
17 XMy MUGF/KRT

Ger
et
GEF
ckr
Gtr
(124
GEF
GE¥
Ger
GEr
(X4
Ger
[d g
(] X4
GEF
[ X4
CEr
[d4d
Cer
GEFr
GLr
GEF
rEF
CEr
[d A4
(14
Ge¥r
(d X4
Ger
Ger
GeF
(4
cer
Ger
Ger
Ger
Ger
GEF
Ger
cEr
Ger
cer
Ge¥
6y
CGer
Ger
GEF
[d4d
(«&¥
ckr
[d 44
Ger
ctr
[ 44
cer
Gtr
ckr
Ger
GEk¥
GLr

101
102
103
104
10%
106
107
108
10y
110
111
11
113
114
} -}
116
117
1158
119

134
139
1640
141
142
143
144
145
146
147
lé4u
169

151
1562
163
15«
185
150
157
158
159
160

65



255

66

END

SURRUUTT:IFE GFM (X))
PURE GAS FCQS AT INIVEN TeV

K=] PREILT-', REAC 1tveUT PALKS AND Fyk LJU

CALLED RY CCwn
K=>t FAT I, CALCULAIF STATE PUINT} KAL(3)=
0 - IDEAL Gasi LucaL
9 = KW ENSt CALL HKwW
OTHEQ = LJC EUST COLL GES(2eeay)

MAIN (R=2) SPECS
InPUT
T=THER ()
Vyl=GH(15)
TSTavSTaz=cP(6) 9 (?7) - TSTAr, VDTaK. TneSt ARE
COOSITION LEPENOENT FUR LW ANU 1=FLUID M1X,
KA (3) - FOS CHUlCE. SEE ABOUVE
oLTPnT
LM = STATE FOINT. OM IS REARRANGED ANQ
FILLER DUT RERE.
NCTES
le NO IVYEAL=GAS HRAANCH IN PRELIM U THIS
CaSES GEP PACK SROULD NUT ob ENTEMEUS
2e¢ PUUR | NGTCAL CHROANLIZATION: HRw WAD ADOED
LATE ~1Th BKANCH UnDER LJUe LDEAL
(-a4Se ¥Xv, AND LJU SHQOULU ALL rave sauk LEVEL,
3¢ 1 0O 1INT NOW (wk 1/795) UNQEWSTANY wHY
TMS (I0EAL PART) IS USED IN CPRe LT SEEMS TO
ME IT SHLULQ RE aN
IMFERFECTION GANTITY LIKE THE OTHERS,

OO OO0 OO0 OOO0

COMMUN 2(4000)
LIMENSTION

1 CONT 20) LGP ( 20) GM ( 40)
zvKAL ( 20) ¢KEN { 691U} +KUN ( 6410)
e THER ¢ 50) 4T™S ( 21

VIMENSICS KE(6)
EQUIVALFENCE
1 (70 460)sCORT ) (2 14670) 4P ) o(2Z( 1493)e0M

2¢(7( 1%a00) 9RAL } 2 (L( 1021)) eREN ) o2 1690) o KUN

30020 1920) 9 THER ) o (4( 1390)eIMS )

c
C LOCAL EJ
c
EQUIVALFUCE (GP(A19TSTA) e LGP (1) ¥DTA)
1 P (GM 1) e TAUY g (OM(2) s TRETA) 9 (GM (16} 4PG)
2 s (THER(3) o T) 4 (CUNT( ) yR)
3 y (GM(15)2VR)
c
EQUIVALFNCE (fiM(2%) +GAM) 9 (M (c6) s ALPH) 4 (GM(27) 98LT)
1 v (GM(c8) 9CGAM) » (GM(LY) 9CPR) 9 (GM(30) sLLVUT)
c
c
100 GO TO (1000+2000) K
C ov4
C 946 PRELIMINARY

CALL GES (leses) FCR PRELIMINARY PRUCESSING (SETS UK GP),

PP 0TI 00 0000000000000 000000000 0% CUMMUNYD 4000444905 ,000000000004 ¢

Ger

GEM
CENM
GEM
GEM
GEM
GEM
cetr
GEN
GEM
GEm™
Gkm
GEM
GEM
GEM
GeM
GE¥
GEM
GEM
GeM
[d 2]
GEN
GEM
[d a2
GeM
CEM
Gt M
Ger
ce®
Ger
[d X4
GE™
cem
cem
cer
GEN
GEMm
Ge™
GEN
GEN
CEM
GeM
GE
GEM
GEM
[ Xd
GEM
Ger
[ 34
cEm
GEN
GeM
ek
GEM
GEM
GEM
GEm
GEM

161

NETNOVEWN



1

la
20
21
22
26
26
30

33
35
36
%3
47
50

51
53

55
56
63
65
67
71
73

T4
76
100
j02

104
ju6
111

11

117
121
123
125
127
131
133
135
141
143
150
153
155
197
161

C qy8
1000

CAr L HEAP {(

1 &~hno POT
1" v=79KE)

CALL REAP(0y64GP)

RE(4)=0Q

KE(4)=0

RE (S)=XON(]44)

RE (6)=KON(2,4)

IF (KE(1)=9) 1030+1025+1030
KAL (3) =9

vVSTAz=l.0

ISTa=1.4

G0 TU 3n00

CALL GES(14KEsGPsGM)

CALL PRTN(4RVEE 919VSTA)
KAL ( 4) 3]

0 TU 3000

MAIN

KEM(1)SKEN (1) +)
El = Vo

IF (KAL(3)) 2200+205092200
U0 2060 123,15

oM(I)=g.0

LOM(31=]1,n

OM(9)=1.0n

OM(14)=1,.n

GO TU 2330

TA)=VR/VSTA
THETA=T/TSTA
KE (S)3KON(]94)
KE(6)=KNy(248)

IF (KAL(3)=9)
CALL HKwW (1)
60 TO 2300

22400223692¢490

CALL GES (2+KEyGPyGM)

GM(22)=61(15)
UM (P1)=6R1(164)

OM(18)=6v(12)
OM(17)=5M(5)

VP s E)
FG=GMI(3)eneT/VR
bM(l%):VQ

(l=LJe2=M(My3=Mr) oW

(NUW 1) / NiMyaANJAMyRO,Tog

I0EAL

LJb

Kw

KEANNANGE AND FINISH GOM

UM (12)=(ROT/VR®e2) O (GM(10)=GM(3))

OM(13)=(3/VR)OGM (9)
OM(14)==6G1(13)/GM(12)
£1=6GM(11)

E2=GM(7)

OM(11)=GH4(8)

GEF
GEN
cer
[ X
GEF
GEM
GeM
(X
GEM
GEM
GV
GEM
GE¥
GEM™
GEM
Gt
CEN
GE™
GEM
GEM
GEN
GEM
GEM
GeM
GEM
cem
GEM
GEM
cEM
GE®
GEM
GEM
nes
CEM
GE™
GEM
GEM
GEM™
GEr
GeM
ctm
GEM
GEM
GeM
GEM
[ A

GeM

109
110
111
112
113
11la
115
116
117
118

67



163
165
107
172
176
210

2ve
204

2un
211
21s
217
22%
232
234

240

264
245

68

2430
2440
2490

2480
zel0
2440
C2496
2wV0

2510

2514
z520
6824
2830
2eJ4
£8%0
ZR44

Czavé

2A00

Czo%4

'OOOOOOOGOOO

o0

3000

10

96

48
100
200
P02
2U6
sU6
PR
»l0
rle
2la
220
»22
ads
P26
228
230
232
?36
240
242

OM(7)=GV(10)
OM(n)=GM(Y)
OM(l)=5M(3)=1,0
OM (Y9)=VR=ReT/PG
UM (R)=E
LM(4)=Ep

REN(194)=2KE(3)
KEN(294) =KE (&)

CGuavM==-VReGM(12) /PG

CVR=INMS (1) =1,04CM(8)

ULV I=GV¥ (14) /VR

LAN=CCAMe (] ,NeCCAMNACH () e(leDLVOT)ea2/CVR)
HET=1.0/(CGASGM(3)  aTOULVD1/CVR)
ALPHEGAMSHET=1,0 - )
CLPR=CVReGAM/CGAM

CALL DOUT (3HGEM,1!
RETURN
END
SUHROUTINE GES (Kel,Gr,GM)
LJD CELL THEORY GAS EWNe 3TaTz SUdROUTINE
REVISACN 1o CORREST MINUR ERRUK =
POINT:.lz.AT35}22Ub£ A FUR 13 ANV 15
REVISIUN 2.CnaN:ik OuSe CALL ON NEGe KAP PRINT
W,Fe 2726762

UIMENSION A(R) oY (H) 4S({T)aw(S5) W]l (D) ewe (D)
Cr(n) yGMIL15) 4G (15) 0P (T)sL(6)9E(10)

1
EQUIVALENCE (G(4)oTAU) 4 (G(2)9)NETA) 9 (G(15) 48)y (Wek)

PREL=MAIN
0O TO (2UU41000) K I BRANCh
Y(1)=0,94940093
Y(2)=0.94657502
Y(3)=0,35%62120
Y(4)=0,75%4 166
Y(S)=0,61787A24
YiR)=0,45701K78
Y(7)=0,24164355
Y(R)=0,045012%10
A(1)=0,0271%2456
AlR)ISVeNAP2913524
A(3)=0.095]158512
A(4)=0.12662R37
A(5)=0,16959599
Al6)=0,1091%5652
A(7)50.14260342
A(R)=0,1396506]
vuzh 276335
BMAX=0,276335

th
(24
GEM
GEm
[ X
oeh
GLM
cEW
GEMm
CEM
GEM™
GEM™
GEM
GEM
GEM™
GEM
GeM
GEm
GEM
GEM
GEM
GEYr

Ged
GE>
GES
GEY
eEd
GES
GED
GES
GtS
GES
GES
GES
GES
GES
GES
GES
GLS
GE>
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES

GES
GE>

119
120
121
172
123
124
125
12%
127
128
125
130
131
132
133
134
135
136
137
138
139

ODEE~NOCUVSEWN



1013
104
108
110
112
114
122
124
132
133

134
137
145

153
156
164
172
174
20}
2035
207

211
214
217
2753
226
233
227
241
242
2456
247
251
254
262
26%
273
0]

30=
308

212
317

244
246
p4s
200
q00
310

C 990
C 992
C 994
1000
1n10
1nl2
100
1030
1n40
1050
1nty
1a70
1080
€1190
1ou0
1210
17260
Ci1r38
Ci12%0
1750
1760
1270
1390
1310
130
1330
13«0
Cl1ivé
Ci13%6
1460
1410
1420
1520
1490
1460
1840
1872
1474
1430
1490
15H0
1510
1820
1530
1540
1550
Cls96
1400
1410
Clnv6
Clgy8
2100
2n0l0
C2ne8

BUP=1.0663620
bDIWNS(0,93778543
EPsS=18,0
LP(7)=0,4260120GP (D) ee]
CALL wWR(1lsLsGP)

60 TO Snn0

MAIN ENTRY
INITIAL
Tan=6v7(1)
THFTA=GY (?)
LI3)=L(3)e]
IF (TAU)1N40+1060+1G30
1F (TrETa)10404104091050
CaLlL GnBUIS (3HGESY])
Chi11=Ta
CALL wR (24LoCH)
RE1=Q
1F (L(S5)) 4000,41200,4000
FIND LIMIT
#1=Ho (] ,0eY (1)) N
CALL WR (3sLowW])
IF ((wl(3)= ABS(CHI(2)))/TRETA=LPS) [4009140041250

CRECK AND LOWER
W23Be(].,0eY(3))
CALL wR (34t ew2)
IF ((w2(3)= ARS(CKI(2)))/TRETA=EPS) 16009¢1600,1300
KE1=KElel
U0 1320 1=1+5
wl(I)=wp ()
B=R4HL0 WY
1F (L(5)) 4100,1250,4100

RAISE
IF (8=B%aX)14500141001410
¥2=Ho (], ,0ey(3))
CALL wR (34LeWe)
w0 TO 1690
Lo 14690 [31'5
"2 (TI2W1(])
B=aesyUp
IF(L(S))415N001674+4150
KE1=KEle)
IF (n=Brax) 15209152001490
B=H4AX
W2z=Ho(1,0eY(3))
CALL WR (34Lewé)
wlz=59(1.neyY (1))
CALL wWR(34LewWl)
IF ((wl(3)= ABS(CH(2)))/THRETA=EPS) 1550,1600,1600
IF (B=BMAXx) 1450016000160V
FINISH
KEp=KE] +KED -
L{4)YSKE2/L(3)

INTEGRATE
D0 2010 I=als7
S(1)=20,0

CES
GES
GES
GED
GES
GES
GED
GES
GES
GES
GES
GED
GES
GES
GES
GES
GES
GES
)
GES
GES
GES
GES
GES
GES
GES

69




323
32

3217
33«
40
262
343
399
3%2
356
360

361

a7o
are

373
375

401

407
42y
423
42%
427
431
433

442

447
450

452
457
4ba
81}
471
473
477
]01
Stise
506
Sls
1Y)
523
533
534
5«2
SH4é
591
560

563

70

N0 2550 1G=1,416
IF(I1G=14) 21004207042100
U0 2080 121,45
wW(r)=«2(1)

KE=17-1G

GO TU 2400

IF (1u=16)21509211002150
UO 2160 I=x],5
w(l)zwl(])

REsl17=-16G

60 Tu 2400

[F(Iv=8) 2160921602200
K389 (]1,0=Y(1G))

KE=lo

GO TO 2300

KE=17=I6G
Xap¢ (4 ,Ney (KE))

CALL WR(3sLeW)

CALCs INTEGRANDS

E(1)BA(KE) oW (2)% EXP(-W(3)/THETA)}
E(P)=w(4)eE (1) ST
E(Iy=w()eE (1)

L(4)=w(6)dE (D)

E(S)=a(3)9E (3)

E(AY=w () g (D)

E(7)=w(S)eE(])

00 2510 I=1,7
S(T)=E(T)eS(I)
===NOTE =« Sy» S{I) IS 1/2 INTEGRAL

1F (L(S)) 4200+2550+4200
CONTINUE

CALC uUuTpUT

INTEGRALS
V0 3010 =247
SUrI=2(1)/s5(1)
TM=] ./ TRETA
S(1)= 2.n¢RA2S(])
L12)=TYeCH(3)
L(A)=1,0eG(12)-TMES(2)
3(13) ST 18Ch (2)
L(4)=G(13)+THSS(3)
L(14)=8,3A576629S5 (1)
GlAYZ]ealed(13)~ALIL(G(]14))
1F(3(3))30800398943:00
CALL PRI(16HGES NEG. KAP $911G(3))
CALL PRI I(4hTAUS 19 TAU) ’
60 TU 311a
GlAYSG(A)=ALOG(G(3))
£2=TMaT:
6G(Q)=1.,0=F20(S(6)=5(3)e5(2))

o(10)=TMoCH(¢)¢Ez°(s(b)-S(2)°f2-TH§TA°S(7))

G(11)1=E2e(S(5)=S13)x20e2)

G(R)=G(4)eG(3) =100

GED
GES
CES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GES
GED

ceS
Ge>

GES
GES
GES
GES
GEd
GEd

GED

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
11s
115
116
117
118
119
120
121
122
123
124
1295
126
127
128
129
130
131
132
133
134
135
136
137
138
135
140
141
142
143
144
1465
1486
147
1648
149
150
151
152
153
154
155
156
157



567
573

575
€02
606

610
6l6
620
622
6264
632
633
6641
642
659
651
651
665
667
671
673
700
706
707
712

717
720

2160
3170

1700
2710
2520
Caave
Caqyé
Caq98
«nid0
4nlo
4020
4n30
4ns0
4ns
4100
4110
4190
4160
4200
4210
4pel
4230
4p40
4250

42560
(y300

CaqS0
€000

20

1
30

200

Q9V

aYé

%6

o998
1200
1n02
1n06
196
10l0
10éu
1ne2
1030
1n40
1n42
1050
1060
1n62
Cin?70
C

OOO0

G(7)=G(6)+G(3) =140
G(R)=C(4)=G(H)

u0 3210 1=3.15
OM(1)=6(1)
IF( L(S)) «300+50V094300

OIAGNUSTIC PRINT

CaLL PRI (28H GES nlaGes =TaUsThETAld $+0+8)
E(1)=TAU

E(2)=THETA

k(31 =8

CaLL PRI& (2H $434E)

60 Tu 1200

CALL FPRT.4 (2HR$148)

GO TO 1254

CALL PRIN (21H$ 4] o8)

60 TO 1474

VO 4210 I=1,7
E(I)=E(1)/7A(KE)

e(ny=1eG

E(a)=x

Le1n)=w(3)

CALL PRIN(TrIoXew $434E(8))
CALL PRIN(7NINTS 3,74€)

GO TU 2550

CALL PRIN(TFrG(OUT)$,15,6)
CALL FRIM(THS(INT)S®,S)

HETURN
END

SURRQUTIaE WR(KsL L)
GES CELL PUTENTIAL
UDIMENSION CClE)2sCLO)swN(6) ¢y WwC(O) oW b))
W KFPS(2) oNMAX(2) 9F (0) 9A(60) AL (30) 4D(T7) L (4)
EQUIVALENCE (WNoCCU7)) ¢ (KUNEsUNE) § (KY oY)
1 s (A(31) e8L)
60 TO (1000,2000,3000),K

PRELIM, ENTRY

SET POT. AND EQUIVe ARGS
UO 1004 13146 oo
«(1)=0,0
C(I1)S0,e0
M=30
VO TO (10204104041060),L
RA=]
AR=1
00 TO 1100
KRA=2
KR=?2
6o TO 1100
RAz=]
KR=2

GE>

GES

GES

GES
Ged
GEd
ced
)

GES
GE>

GES
GES
GES
GES
GES
GE>

wR
wi
wR
wRr
wkR
wR
wiR
wR
wR
wi
Wt
wr
wiR
wr
Wi
wR
wr
WR
an
»R
wR
WR
WR
wr
wr
wiR

158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
18%
186
187
188

ols N e Y I A V)
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45
YR

Se

T
Se6

b2
b4
06

61
/3

76

104
110
112
117
122

124
126
131
134
1644
147
152
155

160

171
173

208
211
213
217
223
2en
231
245

236
241
243
246
251
253
25¢

72

1100
1110
11¢¢
1130
Ci1190
Cl194
1700
C
1210
1712
1720
1230
1740
C1290
Clo44
1300
1210
C1320
1330
Cliss
Clw}e
1350
13ve
1350
1310
1330
C1avas
14v0
1410
16420
164y
1490
1460
1470
1480
Cla9l
1800
1
2
Clsud
1110
1520
Cla+4
1550
1540
1570
15480
1890
1490
1410
1420
Clréea
Cla46
1650
1650
14570
1480
1R90
1700
1710

FNsD (1)
tM=0(2)
AN=1)(2)

‘AM=l)(4)

REPULSIVE PART
1F (AN} 1400+180091210 )

O=FN
LE=FM
KG=A
KB=KR
nQ@=)

CALC.
BE3 1204187 (FN=FM)
AA=-AGeR3/2,0

GO0 TO (1.350+1650) ¢KR

Ly
JE= (KU=])aH
KEl=geM
AIKE1)SG (G =]140)76,0
E=A(REL) /40
El=1.0E=7¢E

UG 1480 Iz2.M

REzKE]le1=]

E2=2¢(1w1)

E3=(0 ¢F2)a( (G +E2)=1,0)/((E2¢340)@(E2+2,0))
A(KE)=EIvA (KE])

E=fI2E /6,0

IF(E1=E)148091480+1510

CONTINUE

CALL FIO (3+wOTy

531 (1H404912X932H A=DIM, TOO SMALLe+ A30%1/490303 1FE1ST)y

11A(J*1) 4 0)

NMAX (KQ) =T
REPS(KQ)3=ALOG (14 0E=70A(KE]1)/ZA(KE)) /70,6931

Jz(Ky-1)e3

CCtuell=z=ana
CC(J*2)=3-3R0G/3,0

CC U3l =acClysp)®5/3,0
uN(Jel)=aq

AN (Je2)=-a80G/3,0

AN (Je3)==uN(J*2)9G/3,0
s0 TO 17an

EXP

JE(KU=-1)e3

CCrJel)=aA

CClU*+2)==8A7340

CC(J*+3)=AA/940

wN(J+1)=R5

WN(J+2) 349 /3,0

WN(Je3) =88 /9,0

wr
wr
Wi
aird
wi
wi
wR
wR
wR
Wi
Wi
aR

wh
aR
aR
wR
L]
wR
wR
wi

WK
w
ak
wk
ak
nR
wr
wii
ak
(1]
wrt

L]
kR
wR
wiR
wR
wr
wrl
wr
ak
wh
wR
ak
EL
wk
Wi
wR
ak
wr
wi
ak
whk
[,
iR
wh
WR
WK



Cl746 wRr &

261 1750 60 TU (1R8n0+1900) 1KQ wR a9
Cyrveé ak Gu
Crr98 ATTRACTIVE PART i 91

267 18100 LF (aM) 50009500001810 wR 9

271 1alVU o=fFp “R 93

273 1nl2 O6B=FN Wi 94

27% 1R20 AG=AM wh 95

277 1RI0 nB=KA wh 96

301 1a40 xQ@=2 wK 97

302 1R®0 6O TO 13na whH 98
ClaY4 K 99

303 19U0 IF (L(6))4000+500094000 L} 100
C1990 wR 101
Ci19%2 wr 102
C1994 MAIN INITIAL ENTRY "L o103
C1q996 wh 104
Clqyy REPULSIVE PART whk 105

305 £n90 1F (AN) 25009250092010 wH 106

307/ znl0 O=FN Wi 107

311 znél KB=KR Wh 108

313 2030 KQ=1 wh 109
Cznbé wi 110
Czn4b CALCe. L1 111

316 2n20 G0 TU (P20kK0+2150) KR wi 112
C2nbs wR 113
C2no8 Ly wr 114

322 Zznb0 E=N(1)99(aG/3,0) wh 115

327 2070 JUs(RKy=1)s7 R 116

332 Zni0 V0 2140 1=1,3 Wi 117

334 7090 RE=Jel wi 118

336 21490 C(x&)=CC(KE) ©¢E wK 119

3% 2110 wC(rnE) 3w (KE)2E Wk 120

344 2120 0O TO 2450 aR 121
Coy1%6 wi 12¢
Czr46 EXP wi 123

345 2120 !=D(1)°%1,33333333 WH 124
Czr76 wR 125

391 z180 S=neT wR 120

353 Z17V0 &= EAFP(G=~S) wh 127

362 2200 y=(ku-1)ei wR 128

3605 €210 V0 22%0 1=1,3 wh 129

367 e2¢0 KRE=IeJ i 130

371 273y CUXF)=CC(XE)OE wK 131

3lae 27240 wC(KE)=WN(KF)©E o 132

277 27250 Clgsg)=c(Je2) S wh 133

402 2700 C(Je3)sC(Ue3)a(Ses=5) wel 134
C2r96 whk 135

406 7300 J=(Ku=))o wr 136

ale 27110 A(.)e1) =8 »R 137

t1la z3¢V S1=1.0/8% Wi 136

4le £330 A()e2)=51 R 139

420 2340 A(y+3d)=1,neS1 wr 1640

423 2300 Al l1e6)==(S+2.0+42.09S1]) WR 161

430 2360 A()eS)z2.n0(],Yes5]) Wi 142

435 €310 A()+0)559542,005+640e6,005] wi 143

444 2180 A(Je7)52,043,00S wit 144

450 2390 A(Je8) == (1,N¥S+4.0%4409S1) wR 145

456 26400 A(Je9)=sS=Ses wH 146
C2444 wh 147
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461

467
471
473
475
476

417
502
505
510

512
513
515
517
521

522

53¢
SJd2
5364
5461
Sné
552

560
564
866
57
579
sue

613
Y]
611
613
&2n

625
$30
633
636
6«1

642
6%6
651

74

2490
Cra9h

CzaYe.

C2a%6
2500
zs10
25¢cl
zsd0
2540

CorY4

Czsve
72600
eA10
2Ac0
za30

Czavl

Crave

Coqves

Czave

Czqu8
L0
2nue
2nvé
Inlo
ancO

Can30

Can40
2nb0

Cand4

Canbé
3nt0
3nTo
2080
2090
2100
2

Clr44
2150
21069
jyee
N7
2180
3190

Ca19¢4
kFTH]
3210
3220
2030
kKIFRLI)

Cio4é
3750
3260
3>7¢
3p8¢C
a7%0

C329¢4

Carue
3300
2310
33&0

GO TU (24004+2600)KQ

ATTRACTIVE PART

IF (AM) 2A00+260002510
L=FM

RB=KA

KQ=¢

60 TO 2050

whULE
LD(2)sC(1)=C(4)
V(3)sC(2)=C(5)
V(6a)=C(3)=C(6)
IF(L(6))41000500004100

MAIN ZNTN! FUR CELL PUOTENTIAL

REPULSIVE PART
AK=1()) )
viPysxeoep

1F (AN) 34004360044010

KE=KR

KQ@=1

CALC.
GO0 TU (3nk0+3300) +"B

LJ
UNF=],0
Y=0(¢)
RK= (KCNF =, Y=1) /512
Nz2+KEP3 (KNQ) /KK
NNz MIHA (NgNMAX(KQ))
VO TU (3150,3200)8Q

RE=Mel =l N
F1)=A(KE)oY
NE=KE i

U0 3180 T=KFeM
FIVY=(F(1)eA(1))DY
60 Tu J3>59q¢

RE=F o] =iyl

F 4y =OL (KE)®Y
NE=xKEe]

U0 3290 1=KF .M
FlG)=(F(w)eAL(1))OY

JE(Ku=1) 93
w{Jel)=vn(Jel)oF (Uel)
wlJed)zuwl(JeR)oF (Jeo}])
wlJe3)=vC(J*e3)0F (Je))
60 TO 349%0

EXP
J=(Ki=])ou
E=a(Je])ax
tla EXP(E)/240

[ 1]
wk
wi
wh
whi
wr
wWR
wR
wR
wH
WK
Wi
oR
wi
(3.
wh
WK
W
aR
wR
wR
wi
"R
L1,
Wi
wh
wR
wrl
wit
whR
wh
wR
w K
wurt
wr
wh
wr
i
wr
wR
wh
WK
wh
wh

wR
wi
(1,
wr
Wk
wh
Wi
L
aR

wR
wR

wi
wiR

148
14Y%
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
184
189
190
191
192
193
194
195
196
197
198
199
200
a0l
202
203
24
205
206
207



657
661
663
664
70
672
674
701

702
T04%

706
711
7248
T3

743

765
750
793

756

764
76%
761
770

77:
774
177
1002

1004
1007
10l
1016
1021
1026

1027
103¢
1037
1041
1040
1051

1052
1055
1062

1063

3330
3340
3350
2360
3370
3380
3390
2400
C3s4é
2450
3452
Czad4
34060
2462
2470
3480

3490
CagYé
35u0
3elQ
3520
Cicus
2850
Cagyve
Cagyve
3aU0
2alu
kYY1l
2630
Canss
Cinoeb
2850
2460
2s70
.3s70
C2q92
Canse
CaaqYe
C3qvd
«nyu0

4510
4nco

4n3G
Cqenud
4109

4120
4130

4160
Cay 0
420

210
C4qQ94

5500
C

E2=u.25/F1

FC=(E1eF2)

FS=(el=Fp)

IF (£-0,1)3370,3270,436450
El=Ff<E

t2=E1%E)
FSS=1.04F1/6.0¢E2712040
LO TO 342

FSS=FS/F
FS=X%FS

1= (Ku=1)e3
FeI+1)=A(Je3)0FSS-a(Je2)0FC=]40
Fl1e2)2a(Je6)oFSSaFGeaA( +D)OF( ealUs])
F{le3)70(Jeh)OFSSeA(JeT)OrS

¢ (A(JeR)=A(Jel)®D(2))@FCrALY+Y)
J=1

wijellz=uC(Jol)eF (J*])
wlje2)suti(Je2)aF (Jep)
#(Je3)=wC(Je3)OF (UYe2)

60 Tu (3600+3650)KQ

ATTRACTIVE PAKT
LF (AM) 341N+3650+3610 '
AB=KA
nQ=p?
00 TU 3nKH0

FINl>H

L(3)=w(1)=wila)
Vigl=w(2)=w(8)
U(S)=w () =W(h)
IF(L(6))4200+5000+4200

DIAGNUSTIC PRINT

PRELIM
CALLL PRI=(]1IMPREL. wiR CCPeb69LC)
CALL PRIN(3IRANSsh9wN)
IF (L{1)=-2)40209%03u14020
CALL FRIN(2rAS43004
CALL PRI:t(3raLSe A0 aL)
w0 TU Sang
MAIN INITIAL
CALL PRI V(13MAIN w3 € $464C)
CALL PFRIN(3InWCS 1P 9aC)
IF (L(1)=1)6130s 4140s6130u
CALL PRI J(2mA%4504)
CALL PRIN(&RAL 34,99AL)
00 Tu 534
MAIN INTEGRATE
CALL PRIN(2rFS,60F)
CALL PRIN(13Hw (R ROUT) Bybow)
L0 TO Sg9o

KETURN

wit
wh
wR
wi
R
“i
anr
wi
ak
L1}
wi
Wk
wht
B
“R
“R
LY.
wR
we
wiR
wr
wR
wR
wR
wit
wh
ar
wi
wh
wh
iR
an
(%,
K
wh
(1]
wi
il
wr
Wi
wi
Wi
(9.
wr
wi
wiR
akr
wh
L1
Xa
[ Y,
wr
wr
‘ar
R
Wi
wi
wi
wh
wr

221
222
2?3
Py
225
226
221
228
729
z30
231
232
733
236
735
236
237
238
739
240
261
pL Y4
7463
rbée
245
246
267
268
2649
250
#51
/52
7?53
54
al-)
256
2?57
25&
269
760
761
262
263
l264
265
266
267

75



BN END WK

SUWRUUTIIF rKW(K) rKa

C K1STIAKOWSKY=ATLSON EWUATLION UF STATL hK®

c - T T @ S e .o e a ST S . e 6 0 6 68 % % 0 % % 5 0% % 4, a2 % o hK'

C nsl: EOSe CALLED FHOM GEM(2) HK®

C K=23 MUSs CALLED FrOM xIM(2) hK#

C k=1 hKW

C INFUT (2%l

C VoVETAUSTHETAZGM (1) 4 (2) s (FUR KWeVSIARSTSIAR=]) hK®

o XI=EAX = (GAS) MOLE FRACTLIONS o KW

C KI=4rG = COVOLUMES. NUTE! THld AKRKRAY 1S COVOLUMES HA A

C AR=KIM(]1) =« NU, SPECIES HAW®

C oLTPUT 1. ]

C AE = XOEXP (HETA@X)=2«]1,LUCALy USEU HBY KZ2 ENTRY, AW

C RK®

C FOR KWy KOTARIJ FOR LJVe HK®

C k=2 Y ]

C  INPUT (SEE NEFINITIONS ABOVE) AW

C AE FrC!M K=) hK®

C OM FRCH Km) hK®

C Nl=x+C KW

C NCIES . hKW®

C 1+ HNLIKE LJOs FCR anicCh MIX PART 1S UONE IN XImu=R]rMGH ]

C FOR Kv EVEREVERYTRHING 1S UDUNE ntkte K
Coam e e e s aaa e e s s e e e e et e et e S e c e T T Tt ac ee Tt eccanacas LN

3 COMMUN 2 (4000} L]
3 UIUENS IO e
1 EMX ( 20) 9GM ( 40) 2GP ( 20) kKW

29KTM ( 10) e AtV ( 20) 9 XMT ( 33) hK®

F9XPG ( 20 20) rK®

3 LQOIVALENCE FKA
1 (Z0 117n) 9E%X ) o (2 1691))GNM ) (20 1870y 000 ) KA

29(2( 162 1) 4xIMm’ ) (Ll 2c4U) 9XMy Y gl 2210L) e XM] } rK®

30 (Z( 26601 4XPG ) hK®

C rK®

C K1STIAKUWOKY=N]ILSUN EWUATIUN UPF STATE hK®

C ) rR®

C RKW

a LQAUIVALENCE (GP (1) 9aLP) 2 (CP(2) stk T) o (GP(3) 9 TH) KA
Jd LQUIVALENGCE (GMU1)ov) o (GMI2) 9l ) e (GM(LE) o X) FK®
3 LUUIVALENCE (XMT(16) snK) - hKa
3 EQUIVALE JCE (KIM(1),KR) MKW
C HK®

C hK®

C RKW

3 00 TO (1utte®00) oK KW
Comm—m e cnca e cmaac——ar e csaee"cccnns K3l [US mccccacccc cacccacaaccaa KA

11 190 riK=h rKA
12 110 UO 120 I=],KR 11 ]
21 120 HK=RReEMX(I1e¢]1)0XPG(]) )
C HK®

2s 150 X=WK/ (Vo (TeTH)oeaLr) )
34 160 k= EAP(RET®X) FK®
“2 170 AE=xoE AN
C RK®

4e 200 GM(3)=XFe],0 hK®
47 210 OM(G)ZALPOTOXE/(TeTH) kKW
63 212 SM(6)=(E=1,0)/RBET=ALOL(CM(3)) KKA

76

>
o™

VENTNSWN



&2 220 OM(GI=GM(3)=(].,0e3ETEX) M (&) Ll k]

61 230 OM({13)=a(l,TenpTOX)axE KA
73 24U UM(11)2GM(4)0 (240w (L usALPO(140¢HETEX))OT/ (TeTH) ) KA
105 250 LM (5)=GM(4) +XE ) rKa
107 260 G(2Y=C1(6)eXE FR®
111 210 LM(H)=GY (S)=GM(7) HK®
c HK®

113 400 0O TO 2n0a HE®
Conmmecacnraccccncca cecaccann"ccanes K32y MUS =ccecaccccqcaccaccananas nKW

1le S0 VO 51U T1=2],4KR L]
123 S10 AMII(I)=ri4(8) ¢ (XPG(L1)/nK=1e0)9AL RRA
C MKW

C 5¢0 NOTE=~ GEM MOVES F/RT FROM GM(7) TO GM(5) LS

C HK®

131 000 RETURN KA
132 E£ND FK®
SUBRUUTINE SEM (KoL) SEM

C SEM

C SULIU EQs UF STATE ADAPTOR SEM

c StM

c HEVISION I = POR NE® SEMS COQE Sk~

C weFos 10/61 sem

c SE™

c Skm

C SEM St

SkEM

6 COMMUN 7 (4000) sen

& UI-ENS104 SEM

1 KEw ( 6y 10) s KUN ( o 10)eCAR ( 10 R) Sem

29CONT 20) +EV « 20)2FuUY ( X 10) SeM

29KAL ( 20) WKEV ( 20) 95¥ ( 20) StMm

4»SPC ( 20) ,5M ( 20) s THS ( 20) sStm

selilEr 50) ) Skm

» DINEnsIny CE(10) Stk
5 . LQUIVALE ICE Str

1 (70 1620) 4KEN ) 9 (2( 1690)1KUN ) 9 (20 920)sLAR ) StM

2v(7( 469)4CONT ) L (LZ( ©680)scv ) 9 (2t 1610)Fun ) Skm

(20 1603) 9eKAL ) s (2t YoU)IKEV ) (2t 1849y 00 ) sk~

4y (72( 184i) 45SPC ) e (Z( 1820) 95K ) «{Z( 1990} 40M> ) SeM

€0 (Z( 1920) s THER ) Sk

c Sk

d LUCAL t@Q Skm

c SEM

& EQUIVALEWCE (CAR(S1) 9CE) 0 (CUN} (2) 4R} Sem

1 S ITHER (1) 4P) o {TRER(3) 4 T) o (SM (L) eVS) sem

6 60 TO (1000410 K Skw

C q9%4 k™

C qy6 PRELIMINARY Sts

C qv8 Skm

13 1oVl CALL REaP ¢ SEM
1 Sen0X Gy CPRy ALy VUy TUy EOR / COy Cle C2v €3, Co § SEM

Z  +1245P) Stm

20 1001 RAL (6) =] SkM
21 1002 1F(SP(2))10044100341004 SEM
22 1003 KAL(4)=p Stk
c SEM

23 1004 CALL SEMS(]) Stm

27 1006 SM(Y )=0.8 sk



31
36

37

42
46

o7
51
53
5%
56
be
03
es
6o
Ta

77

100

78

1nl0
1020

Cloys

OO0 OOOOOO OO0 OO

OO0 OO

10
4

40

50

100
1v2
104
106
108
110
112
1la
116
118
200
a0u

CALL OOUT (3HSEMs1)
60 TU 3u0n

SES MAIN
RER(2)=KE1(2) *]
1P (KAL(w)) 4049100040

CALL SE~¥S(2)

<60 Tu 200

CALC. INCUMPRESSTusLE SOLID OulruT
SM(9)=1,.n
SM(lul=1.n
SM(1)=SP (&)
SM(?2)=0,n
SM(3)=pPeyS/ (ReT)
SM(4)=0.,1
SM(5)=Su (3)
SM(AI=U .0
AM(T7)=Su ()
SM(A)=P
CALL DOUT (3HSEMs2Z)
NETURN

ARG3S Ks1e PRELS
K=y MATHN
L=ls [SCTHERM
L=2s IDENTRCPE

SPECS
IN2DT
SP SEPS INPUT (SEE SEPS)
SPC SEPS CUIPUT (St SEES)
T TEMP
vsS =SOLID VoL
QUTRUT
SM SES IMFLKRFECLTIUN THERMO FNS=SEE SEMS
HERE LooiAsF 9d PURTIPS]1 ATY navi okEuN
SUBTRACTED TO FOKM IMPERFECTIUN FAS,
(.1}

SURRUUT I yE SEMS (K)

WEW SES SURRLOUTInE
AlTr SINGLE ITERATION FOR V(P,T)
INPUT = Pol
UuTPyT = Vv ANU SES 1MP, TRERMQ FNS
K=1 FCR PrEL
R=2 FCR MAIN

we Fo =13/61

COMMON 2(4000)

Sem
Skm
Qem
Stm
Sc¥
SchM
Sem
Skn
Skm
Stk¥
Sty
SEM
SEM

SEm
]

SENMS
SEMS
SErS
SetS
SEMS
SEFMS
Serd
SENMS
SE*S
SEFS
SkrMS
SEMS
SERS
SEMS

— 2 = et et s
UeWNheo o O & WN



w

11
13
2e
25
N
33
35
36

45
47

56
0%
oh
66
70
76

102

OO0

OO0

o0 (e NeNel

(A
180

200
FRY]
220
230

250
260
270
280
290
3u0

1
b+
3

1
2
3

& WA

D ~NON W

VINENSION

CaRk ( 19,
s KON ( 6y
s THER

EQu)IVALF«CF

(74 920) s CAR )
v (7( 16901 4KON )
v (2( 1920) 4THER )

YA
o (2

8)4EV

10) +SM
50)
UINENSICV C(5)eCNIS)9CGIS) 9CGL (D) 1CS(]10)

ZARGUMENTS 2

EQUIVALFMCE

(THFR (1) 4PY o (THER(3) 4 T)

Y (FOR(11)eFOUL) s (FUB(23)eYL) s (NON(4?
2 (CAR(81)9CS),y (CS(8) 4KCD)

P (EV(1) o)) s (EV(2) 4t 2)

EQUIVALENCE

(S¥ 1) 96) 9 (SP(3) 4ALPH) ¢ (SP(8)sVU) 9 (SP(5) 9 T0)
(SRR WCI 2 (DP(13)0A) e (5P (14T 00])

1 (SP(15) 462y (SP(16)1CONST)

1 USP(1R) yCN)I 9 (SP(26)4CO) 9 (SP(3U)4C61)
PUSM9) YD o (SM(10) 9 Y1) e (SM(12}0TC)

P (SH(12) 9 T1) o (SM(L13) orH) o (SM(1D) ywEEG)
PUSHL16) 4 P2Y o (SM(1T7)sY14) e (SM(13) 4 X)

Y (S (19) ,YL)

GO TO (10us1000) 9K

R=R,3[479F a8

A=(R°SP(2)/(ALPHQVO))°(G/(G*lg0))

(Gl=l,s0/(3¢1.0)
02=teh¢]l.0/C

CN(1)=2G
UQ 1580 T1=244
Fl=1

(N1l = CN(I-I)O(GI'(FI-loU))/tI

U0 230 T=14+%
Fl=1-1
COUIN=CULIIZ(GeF 1)

PRELIM

CG1(I)=C(I)/(GeFIel,0)

Ll1=0.0

t2=0.0

LO 290 =145
E1=€1¢CEC(T)
L2=F2+CG] ()
CONST=0,50E1=G29E2

G0 TO 2000

MAIN

od() bV
1820) 2 SM

SE™S
SEFS
SeMsS
SEMS
SEMS
SENMS
SerS
SEMS
SEMS
SEFS
SEMS
SEFMDS
StErS
Skr>
Skms
SEFS
SkMS
StMd
SEmS
SEMS
SEmS
SErS
SEMS
SEMS
SEMS
SEMS
SkrS
SEFS
skry
skrs
SEFS
SEMS
Skr>
SerS
SEmd
SENMD
SEMS
SEMS
SEMD
SEMS
SEMS
SkrS
SEFS
SEMD
SEMS
SE~S
SEFS
SEMS
SEFMS
SkrS
SEMS
SErS
SE~S
SEFS
SE*D
SkrS
SENMS
SEFS
SEMS
SEMS

79




103
165
147
113

lla
120
122
132
13a6
137
143

146
147
191
152
155

157

161
1¢3
165
107
171
173
176
20l

206
212

216

231

23%

P
244

245
247
253
265
274
274
300
392

80

(e X e K2l

1n00
100
1nd0
1n%0

11V0
1110
11¢6
1130
1142
1140
1142

1150
1160
1170
1180
1199

1200

1210
122V
17230
1220
1260
1270
1250
12%0

1300
1310

130

1130

CSilel=Y

CS(2Y2YSFHRL
YUz=1.0e3 PHO(T=TN)

ACS(1)=n

ITERATE ON YsV/VO

CALL FROOTT (CSeRONI)
REXIT=KAS(2)
UG TU (1%1611509143001140) vKEXIT

Cabll U
0 T 15490
CcaLL Csan
LO TUu 1%ap

(«HSEMS, 1)
(4HSEMSH 1)

FUNCT1UKW

IF (CS(2)=YU) 11809118003160

CS(2)=Y:t
60 TO 1200

IF (YL=CS(2)) 120091200+1190

CS(?2y=vL
Y=0S(g)
FR=C(S)

£1=C6 (%)
t2=Cul (])

CALCe P2LY)

DU 1290 1a144

RE=H=1I

PH=PHOY e+ (KE)

Elz=f1%Yecn

(KE)

t2=F24Y+C%] (KE)

WEFG=(0.5-G20Y)ePH

YGz=Ye4G

F2==(G/Y)UWEFGeC? (LG/Y) o

IF (Y~1.0)

C$(3)=2.DE

CALL Cout
LO TO 110n

SM(l)=Yavn

(0501 =022Y0E2=CUNST/YG)

CALC Yls Y11, SEPAKATE ON Y

1700918U0+1800

=6e(TC~T)

(4HSEMSe L}

CALCULATE OuTPUT

SMIT)Y=P4s (1) /(ROT)
SMIH)=(1,09]1,0/G) 90N (T)eYUSNHELEG/ (ROT)I=SP({2)®(1,0=10/T)
SM(6) =8P (2)enLCITLI/T) b )
SM(5) =510 (3 -SM(6)

SH(2)=8M{2)=SM(T)

SM(G)ISSI (S)=SM(T)

GO TU 2n0n

CALC: tNo FUR Y LESS InAN 1

SEMS
SEFS
serS
Se¥S
SEMS
SErMS
Se*d
SEFD
SEFS
SEFS
Sehd
sSe™dS
SEMS
SErS
QS
st
SEMD
StE*S
SEMS
SEMS
SENMS
SEMS
St
SENMDS
SkMD
SE*S
SEFS
SEFMDS
SEFDS
SErS
SErS
SEFS
SEMDS
SEFS
SeMS
SErS
Semd
Serd
SEFS
Sehd
SEMS
SEMD
SEMS
s;h?
SEMD
Sers
[ .-
SENMD
SEMS
SEMS
SEMS
SEMS
SEMS
SE®S
SEFS
Sk
Sty
SEMS
SEMS
SEMS

106
107
168
109
110
111

112
113
114
115
116
117
118
119
120
121

122
123
124
1°%
126
127
128
129
130
131
132
133
134
135



iny
31n
313
315
317
32l
324

331
KRIA
340

341
343
346
35a
352
3564
361
365

370
373
]

401
402

OOOOOOO0

o0

OO0

1700
1710
1740
1730
1732
1740
1742

1790
176V
1710

18000
110
12¢0
1830
1R40
1”50
1860
1r62
1R/70
1880
1840

2000

S8

A= (P=P2)4YGH¥Y/A
1G1=1e00X
Y11=CN(4)ax

VO 1749 TI=1+3
RE=4-1]
Y11=(YI1leON(KE)) "X
Yl=yvliel,.n

Tl=Y11/ALPH*TQ
TC=T1e(Y:51/Y1)/YG
L0 TU 1400

A=0/A

YG1=1e0¢X
Y11=CN (&) eX

V0 16850 I=1,3
NE=4=]
T11=(Y1]1CN(KE))®XR
f11=Y=1.neYeY1ll
Y1=Y1:‘lo')

Il=Y1lizaLtHeTO
1C=T19YG#Y/(Y]]le]
L0 Tu 1600

XETURN

END

SUKROUTTNE TIM (K)

REVISION 1.
WeFoe O

TIM

COMMON 2(4000)
DINMENSION

ot}

ITF a

CALCe T

CALCs FNo FUR Y OVER }

CALC, ¥

UAPTUR

FIX TIM FOR TIMS KEVISION 1

tCe 61

1 CONT 20) sEA ( 200) sbMX ( 20)
2'RE ( 10) oXKEN ( 60) RIM ( 10}
Ay TUHEKR ( S0) oTMD 4 20) 2+ THMO ( 20)
4 TP (Perg10)

DIMENSIN. KE (2) o TH(E)

EQUIVALF-ICE
1 (70 368y)yCONT )} 4 (Z2( «30)staA ) o(Z2Z0 1170)sTMX
2v(7( 1599) ,rE ) ol 1620)¢KEN Y o (Z( 168U)sK1im
39(Z( 1920)+THER ) 4(Z2( 1990)9sTMS ) o (2 1970)e1M0
49 (70 2010),TP }

. LOCAL EdsUIM

EQUIVALENCE (KIM(2) 4KS) o (KRIM{4) KNI 9 (CONT(3) 4aTM)

1 2 (THER (1) oP) g (TPER(3)oT)

190 GC TO (100042000} K

Q96
998

PrELIMINARY

Sekd
St¥S
SErD>
StFsS
SEMS
SEMS
Serd
SEMS
SEMS
SEFMS
SEMS
SEMS
SEMS
SEFS
SEFS
SEMS
SEMS
SEMS
SEFS
SEMS
SEMS
SErS
SLFS
SE*S
Sk¥S
SEMS
SErS
Sets
SErS

TIw
TIi¥
T1M
TIF
Tim
Ti~
TIN
o £.4
Tie
TIi~
TlM
TIM
TIM
TIM
TIm
TIw
TI¥
TIN
TIF
TIM
TN
TIV
TiM
Ti~
TIm
TI¥
TIm
Tim
Ti®

136
137
138
139
140
141
142
143
144
165
146
1647
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163

ORI ~NOCTLTWN

10

81



11

A
20
28
24
26
3u

4¢
52

52
54
56
o
62
b4

66
74

100

101

15
le

1¢

82

1000

1nl0
1nc0
1630
1040
1050
1060
1070

Ciave
Ci1o98
zn00
znlo
Zn60
zZnlv
zndl
2n90
€2100
2110
2120
Czaqlu
3000

OO0 OOOOOOOOO0

CALL RFa»

1 AOR0X KSyXN/ T BCUNQOS/ FIT COEPFS.=Al TG ANIDIDEL RFIHKs .S
Z 1=21KF) b
CALL KEAS2(Q«2+Th{4))

KRS=nE (1)

AN=KE (2)

KE1=KNeE&

V0 1070 I=14KS

CALL REA&P (0+KELloEA)

DO 1970 J=14+KE]

IP(LeJ)=EA(J)

GO Tu 3000

MAIN
KEN(3)=KEM(3) +]

Th(l)=T

KE (1) =KS

RE (€)=KN

TH(2)=P/ATM

Th(3)=HE ()

CALL TIMS (KEsTHoTPoEMXs TSy TMG)
CAi.L DOUT (3HTIMe 1)

HRETUKRN
END

SURROUTINE TIMS (KeTHeAsXeGoF)

lUEAL GAS TrERAU FNS SUBROUTINE
REVISION 1e¢=CCNOT. (P EATENRSIUNS
de Fo UEC. 61

K({1)=KRSs NU. UF SPECIES
K(P)=Rly ULGrEE UF FI1
TA(1)=T IN UEOREES A,
TH(2I=PINATM,
Trt(3)=T Sus ZERU
Trlas=TMIn
Th(b)=TrAK
A = CUEFFICItN[ MATKIX (SEE wR1TE=UP)
X = MULE rrRACTIOUNS (X(1) ror SuLI0)

IOFAL Gas THERMCUOYNAMLIC FUNCTLIUNS
14PUT
ouTPUT
G - TUTAL TrHERMO FUNCTIONS FOUKR 0LASeSOLIE
F = FREE ENEXGIES AT 1P
RELATIve TO ELEMENTS a4T 0 KELVIN
iIMS
COUMUN 7 (w01 0)
UIMENSION K(2) 9 TH(S) A (2U010) eX(20)0G(c0)oF (20)
12EA(B0) 47 (20)9H(20),5(20) 9G] (20)
EQUIVALFHCE
(Z( 48n),tA )
y(EA(L1)9C)o(EA(CL) o)y (EA(G]1)0S)
vy (EA(6]) 461

N ——

TIi¥
T1¥
Tiw
TIr
Y1+
TIV¥
Tir
Ti¥
TIMm
Ti¥
T1Ir
TiMm
TIi¥
TI®
Tim
TIN
TIN
TN
Tir
TN
TiM
Tiw
TIiM~
Tim
T~
T1¥
TiM
TiM

TIFS
TIFS
TIFS
TIFS
TirS
TI+S
TIFS
T1*S
TIFS
TIMN,
TIFS
TIFS
TIFS
TIMS
TIFS
TirFS
TIRS
T1*S
TIMS
TIFS
TIrS
TIFS
T1MS
TIFS
TImS
TIrS
T1®es
TIFS
A BT
T1#S



-.1 6
20
21
23
25
34
34
KA

41
46

53
56
60
61
64
66
67

71

73
75
77
103
1v7
115
176
126

127
132
13%
140

158
157
16%

200

2113
215
217
230
230
234
244
251
257

301

304
312

OO0

E~NOCOU SWN

10
Y]

30
40
50
60
10
80
S0
L
110
112
120
130
140
150
160
170
180
190
20
210
»2c0
230
240

250
00
270

290
0V
alo
ale
kV4Y
230

240
950
360
2’70
940
400
all
420

3
R=],98719k=3
KS=K (1)
N=x (&)
T=TH(l)
PLOG=ALOG (TH(2))
Ta=TH(3)
IMIN=TH(4)
TMAX=TH (%)
I(e)

DO 20 1=1+80
EA(I)=0,V
dOUND T1 TO FIT KANOGE

LF(T-TMAX) 60960040
Tl=TMAX
L0 Tu 110
LF(T=TMIV) T7Qe70e90
Tl=TM]IN
60 Tl 11mn
T1=7
i ALL SPECLEDS
LO 290 T=1,KS

(r(en J=Nsl FOR SERIES

J=ri

Fu=Jd

Aluz=A(loevel)
Hi{T)=(A(1)ealyrell
ClIN=(CUTIe(FY o1l 0)eaT )T
a(I)=(S(I)0((FJ*I.U)/PJ)°AIJ)QII

J=d=1

IF (JY13Us2109130

3 ADD FINS) 1ERMS

Ald=Aa(ls 1)

Hi{T)Y=k(1)eALY

Cthy=CtlreAly
SUT)=S(T)+AIJUPALLG(TL)sA(LoNsL)=FLUOL

AUD CUNST CP PUNCTIUNS CUTSIUE

IF (T=T1) 2h0+290+¢%0
Aty = T1entI)sCllall=T1) )/}
S(TI=S(T)eCITI)O@ALOL(T/T}

FUTYSA(T)=S(I)eA(lones) /(ROT)

I(g) MIXTURE SUMS

DC 60 T=2¢nS
XI=x¢(1)
Ol (2)=Gl(2)exlatr(lyea(lsive3)/(KaT))
Gl(3i1=Ccl()exlol(])
Fx1=0,0
LF(X1eGT N, 0)FXI=ALGALOG(ATL)
Glt(4)=Gl(~)exlos(I)=tx]
GLIS)=G1(S)exIoA(IyNes)

GL(6)=GI(s)eXla(n(l)=(TQ/1)OALLIN®S)I*A(LINeG)/(ROI))

13

GI(1)=Gl(2)=1.0
13 PURE PRASE
OI(T)2rn(1)eA(19043) /7 (RET)

Gl(g)y=C(l)

TIMS
TIFS
TIFS
TIFS
TIMS
T1iMS
TIMS
TIm>
T1MS
TIFS
TIFS
TIFS
TiFS
TIFS
TIFS
TIFS
TIMS
TIFS
TiFS
TIFS
TIFS
TIFS
TIFS
TIFS
T1rS
TIrS
TIvS
TIiFS
TIFS
TIFS
TIFS
TIFS
T1FS
TIFS
TIrFS
TIFS
TIrFS
TIMS
TIFS
TIFS
TIFS
TIrFS
TIFS
TIFS
TiFS
TirD>
TIMS
TIMS
TIFS
TIF¢S
TiMS
TIFS
TIFS
TIFS
TIFS
TIFS
TIrFS
TI*S
TIMS
TIM®S

83



Jis
31le
KV-4]
323
A3
334
343
350
351

84

430
440
490
400
470
C sU0
"10
K20
00

1

0

L]

OO0 OOON

OO0

5l(9)y=stl)erLCo

LI(10Y=F(1)=-PLNG

STUKE Gl

LI(l1)=A(1oNeqw)
OCIN1I2)=n(1)=(TO/TIRPA(LsN®D)+Gl(11)/(RET)
F(1Vy=GIl( 0)
1(F)
DU 520 151912
G(ly=CLl (L
RE TURN
L&D

SUNRULUTIE X1

(kel

GAS (MIXTIIRE) EGualluNn CF STAIE AT T,

K=1  PEAC InEUT DAlA

K=2 MAIN CALCULATION
L SPECIFIES PCRTICN OF ;0 CUUE FROM
WHICH XIM IS CALLEU (Stt »R1TEUP)

NFULT
Tep=ThER (3} (1)

Al = (O5A5) m#OLE FRACTIONS

LTPUT

AMT = MILTURE STATE

AMil = MU2S
CUTINES

KIMS =~ RETAILED CALCULATIUNS FOR Ly
CaLLS GEP (2}
VEP (1/2) « PURE STATE PCINT

Al

CO4MUN 7(4000)

UDIMENSION

1 CONT (

'GP (

JeKAL {

G X T {

S XPG ( 20,

€ v KEN(A.10)

(gNtLd

Py

CS»

X1

1~

FLULD.

IN MiUOLE FUR REF. STATE FUR MUZS

(REOGULAR/LH EARPANSION)

REVISION 1 = AQD xw kW N, OF STATE
WeF o Y/0l

20)+EA
20) +CM
Z0)eKEM
30) 9 XMU
20) o XPK

~ e e~

VIMENSION KE(2)+51(€&)

19SXG (201 4SXF (20)

tQWUIVALF.CE

1 (70 46 1) CONT
29(7( 1al4a),46P
e (70 lodad) eKAL
4o (70 2210) ¢ XMT
E9(7( 2664) 4XPG
6 9(21162a) 4KEN)

LOGAL ENariln

EQ)IVALECE

s (Z( «BO)'kA
o (20 199))eom
v (Z( 1080) K1
v (L 2€40) 9 XMU
v (20 3u6D) W XPR

2U00) sEMX
40) 2GHT

20) o XPF
20) «XPT

v (2
W (21
(2t
o (21
v (2 ¢

(
(
10)YoTHER (
(
(

1170)sEMX
1530) s M)
1920) s THEeR
2260) ¢ XPF
308U) 2 APT

1 (CONT(2)sR) 1 (GP(S)JRSTA)» (GP () 9 THTAY 4 (GH(T) 4 VSTA)

2V (KIMO1) o KR) o (THER(1) oP) o (THER(3) 0 T)

F9UXMT(16) sRSTAT) o (AMT(17) 9o TSTAT) o (XMT(18) s VSTAT)

- e e

3,

20

2n)
29)
50)
20)
20)

TieS
TIFS
TIrFS
TIrS
TIFS
TI*S
TIFY
TIFS
TIFS
TImS

Xim
X1lm
xlr
xim
xlv
Xi®
XM
X1k
xiw
XIm
xIm
XIm
X1
X1e
XIw
xim
XiKk
X1
XIs
X1~
) 984
X1
xIvr
Xt~
X1
X1t
xim
x1»
Xl
X1r
yIm
XIm
xX1¥
xivr
XM
xlm
xX1m
X1lm
xIim
) $¢.4
Xlm
(Im
X I~
XI™
XIm
XIw
XIx
xXlm

92

94
95

97
98

100
101

VENLTPTREPWN



[}

le

17
22
25
32
34
36
40
43

46

52
60

75

77
101
103
108
w7
11%
121
122
126
16
130
134
140

141

—
w
ne

161
165
172
174

17%
177
201
203
265
297
211
213
21s

49 (EA(21) oSXG) o (EA(4]) sSXF)
C
80 00 T (1004800) K

C o = "= =~ ® @ =@ == = = @« = = = = = «aPRELIM = @ = = = = 0 = = o

790 CAlLL REe&» (
1561tk K oxXAL/ SCHDCToROKREF T
1 v=/7enE)
CALL. REA=(0960E])
CALL KEJMP(QsKE¢XPR)
CALL REAP(Q+KEXPT)
110 KR=KE (1)
120 RAL(D)=KE(2)
130 UO 150 T=1,KR
140 APP(1)=XPR(T}@EL(])
190 XPT(1)=xPT(1)eELl(2)
C 60
170 BO 200 T=1,KR
180 U0 200 Js1+KR
190 APA(IJ)=(XPRIT) eXPR(J)) /oD
200 APF(LleJ)= SRRT (XPT(l)exP!l(J))
C pu8
2l0 AMT(11)=EL1(3)
P20 AMT(12)=F1(4)
230 AMT(13)=E1(5)
P40 AMT(l6)=F1(6)
250 IF (RAL()=G) 300+ck09300
260 VO 2/0 1=1,KR
210 APS(I)=E 1 (319CONT (D) OXPR (L) %el
vl 00 TU 6n0n

Cuo=“emeccecc  cecccacnemanecea®acncas MA|IN =ccceccacceececeqcacccacacaca=

AUQ RE=KAL(S)e)
AV2 KE(G)=KEN(4) ]
C CHECK FUR
RU4 1F (KAL(S)=9) 810906009810
r06 CAlL CEP(])
p08 CALL FKa(2)

[ L L L R e e L L P L P LR L PR L P L R D L e P P L L e Ly

C

R09 OGO TU 1100
C

AlO GO TO (1900+2000+3U009400V4400
C ovo NU MIA (Zt
C qu8

1990 60 TU (1020+6000+1100) L
CinlY

1nel CcAaLL CEP(Y)
1030 WO 1040 [=3]KR
140 AMII(])=GM(5)
1050 GO TU 6000

Cln498

C
1190 AMT(1)=ne(]15)
1110 aAMT(Z)=40(04)
1120 XMT(3)=r4(17)
1130 AMT (@) 33:4(20)
1140 XMT (D) =3Z-4(5)
11950 AMT(0)=GH4(11)
1100 AMT(7)=6Get(10)
1170 XMT(K)=GM(9)
1180 60 Tu 6000

REF eNoM/ (KR®)/ (To) S

KIASTUWSKY=wILSON

0)sKE

RU)

NO MIX=ONE

NU MIX=Trnkt
MIXTURE=REF .

FLUID

} 9
x1vr
xie
xlr
X1r
xi¥
xIr
x1vr
xiv
xXIw
X1
XM
xle
xiw
xIm
xIm
X1~
xX1r
XM
XIm
x1l»
XIm
XM
| B4
X+
xivr
X~
X1w
xim
X
Xie
L
X1
XM
} 98
X1M
xIm
Xim
XIm
) S84
XM
XIm
xXIw
XM
} S ¢4
XLW
x1vr
) 984
xIwm
X1w
xXiw
xIm
xXIr
XM
X1~
Xl
XM
xivr
XIm
xim

85




(I L b b T L L L L e T T L e S ¥ 110

Clqgs® IDEAL MIXING (UNE) X1v 111

Ciavs ) xir 112
2186 ZoU0 600 TU (Zu™0e6000+2200) 4L xIr 113
Cenly Xl 114
Cznéo I0EAL =UNE xIr 115
22% 2n30 1O 2110 TzleKR X1m 116
227 2040 TSTA=XPT (1) XIm 117
231 2090 RSTA=XPR(]) xIw 118
233 2n6U0 VSTL=COAT (S5)oeiisTane] XM 119
236 zal0 Caprn GEP(Y1) XIm 120
2%l 2080 LMT (1,11 =GMI11YD) x1® 121
265 2090 OMY (Z291)=GMI1T) b 9 0 122
25n 2190 OMT(3s1)=AM(S]) } 9% 123
2h3 2110 aMi(1)s64(5) xim 124
257 2120 v0 TU 6anQ xiwm 125
C l0tAL =THKREL xIm 126
250 22100 AMT(1)=0,4n xXiw 127
2b1 2210 AMT(3)=0,.0 x1lw 128
FI3P 22U AMT(M)=0,1 xXIr 129
261 230 WO 27290 13]..KR X1m 130
Z6% 2240 AMT(L1)=CaX(1e)OOMI(Tol)eAMT(]) xIv 131
271 2290 AMTI(3)=Fuy (lel)oGul (291)¢AMT (I) XIv 132
275 £pOU AMTUS)ZSMX(1e1)06M) (3e])eAMT (D) 1M 133
Coptu Xim 134
KDE] ZP80 AMT{/7)=peXMT(1)/Z(R®T) =1,0 } S84 13%
3in 7290 AMT(2)=¥ T (3)=XM)(T7) X1 13¢
3¢ U0 AMT (@) =XAaT(S)=xMT (1) xIm 137
314 231D AMTU(HR)IZXUT (1) =XMT (D) XIm 134
31a 2320 AMT(8)=X 1T ()l)=ROT/F XM 139
322 2330 L0 TV 6ang IV 140
Cra-remcacccccccece e e e cca - —Seccccccecessen et aa e oo cacacanaenaaa X]NM 141
C.a%e L (Tw0) XIM 142
Czayus Xl 143
323 2000 00 TO (3109310093400 4L Xln 14a
Canvus xIm 1495
Cantb Lh=UNE xIm 146
332 2010 RSTA=XMT(11) x 1w 147
33a Inly ISTAa=XuT(]2) XIr 148
326 3a30 VSTA=CUNT(5)eRSTA9®] XM 149
341 2040 CALL GEP(1) x[¥~ 150
C XIm 151
C LH=TwQ x1» 152
A4S 2130 CALL XIMS (1) xIr 153
351 332U L0 TH 6000 xIm 154
C33vy LK=THrEE X 15%
352 3490 CALL CGEP(2) xI¥ 156
354 00 Tu 69 XIm 157
o e L el e el e e dadede b bttt i L L P L LD L e LI 3 158
C CO (ThnrEE) ANQ OHE PLUIC (FOUR) X1y 159
356 4000 G0 TU (4010+410046000) L ) Xim 160
C4nVa XIm 161
Canlb CSe 1l=FLUID = ONE }-3 g 162
365 4nl0 CALL XI¥5 (0) X1 163
371 4220 TSTA=TSTAT XIm 164
373 4n30 KSTA=RSTaAT xivr 165
37 4n40 vSTA=V3TAT xim 164
377 4050 CALL CGEP(]) Xl 167
[} CS¢ 1=FLULID = Twv XIe 168
403 41060 CALL XIMS (1) XIm 169
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405

407
“le

41%

W W w

c
C
C
C
C
C

L OO0

(e N g]

&0U0
€nlo

Thl

90
100
120
140
140
120
140
P00
210
250
300
alo
220
30
340
250
360
290
4V0
410

L0 Tu 6000

CAlLLL DOUT(3nXIMel)
RE TJRN

Enn

SURRDUT L1 XIMS (K)

S ROMTINE wAL HBAQO PUACRES LN CUL 74y REMUVED FOR PRUTQSTURE

PERFORM DETAILEC CALCULATIONS FUR XIM

AIMS

COMMON 7 (4000}
UIMENSTOM

1 XPF (209201 APG (2Us20)9 CUNI ( 20)
2+Ea { 200} ¢E™A ( 2U) WGM ( 40)
2+GP t 20) oxAL ( 20) +K1IM ( 10)
4o X 1) ( 20) 2 AMT ( 30) ekV ( 20)

DItenSInw BILK(1S)

DIMENSICN SXG(20) 99xF (20) 9 SKN(20) 95TN(20)
EQULIVALENCE

1 (7( 2260) +XPF
229070 44,),4EA
Iv(2( 1471 ,GP
Gy (21 22%a) XM

W (L 2060) &Py Y o (20 4r0)s(LUNT

o (2 1LTU) oM Y o (Z( 14S0)s0M

o (2 1000) sKaL 1 o(2( 168U)sKIM
)

)
)
)
) ol €€10)9xmMT W (Z( 68Uy4ev

EGUIVALE-ICE (KIMU1) gKR) o (KIM(Z)9KS) o (KIM(3) oKC) 9 (KIM (&) 9Kiv)
EQNIVALFNCE (XMT(16) oRSTAI) 9 (XMT(17) 9 TSTAT) 9 (XMT(18)4VSTAT)

1¢ (GP (S5) sROTA) y (LF () s TSTA) 4 (GP(T7)9VSTA)

704 TO 7090 (NyMFUR OnE FLULL)
EQUIVALFuGE (XMT(1),8lLK(<C})

EQUIVALENCE
1(EAC21Y 9SXG) o (EA(&L) 9OXF) o (EQ(61) 93RN) 9 (EA(B]) 9STN)

CALCULATE O4R= ToeRe® / MO0 lles
U0 130 I=1sKR
SXF(l}=a.0n
SXG(ll=t,y0
ISTal=0,4
RSTAI=0,0
L=BRANCH= CS UR laFLUID

KRQ=rxAL (S}
VO TU ([9N0+300030Vea00)sAQ

CHS(OR Lm)
DO 350 I=1,KR
V0 330 J=1+KR
SXFUIYSFEUX (Jel)eXir (1oJ)eSXF (L)
SXAUIY=EML (Ue1)@xPO(Tey) ¢DXG (1)
ISTAT=EY K (1e])9SXF(])eTSTAT
RSTATZEMC (1) 954G (1) *RSTAT
w0 TO 709

OnNE=FLUID

)
)
)
)

xIw
xIv
xIe
xXlr
XIm
Xlm

XIMS
XIr¢O
XIrS
xXIrs
XIM>
XIMS
XIMS
xXIrs
X1rS
xXIrvsS
XIMS
xXIrS
xI¥S
XIMS
X1k
XIFS
X1~
XIMS
xXIrS
XIFS
XIres
xXIFS
xXIrs
XIFS
XIr>
xIrS
XIrS
xXIrS
xIMS
XIFS
| S L
XIrS
Xirs
XIrS
Xird
XIrS
xXIrs
xlr>
xXIr>
XIrsS
xXIr>
xXirS
xX1irS
XIF>
xXIrS
} 9 .-
xXirs
xXI+>
xI#>
XIrS
xI®S
XIM>

170
171
172
173
174

VE~NoOUNEWN
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>
bHeo
Ge
17
113
11a
123
126
130
132
142

167

156
166
17%

21k

217
221
2c4

234

235
237

251

261
270
277
3900

—

88

KU 10 850 (=] eKW
gl LO 930 J=1.KR

¥ 4))]
30
540
850
&«U0
«10
520
A30
AWl
C
TV0Q
C auvU
C alvo
1ovo
C
1alC
Clov0
C
1190
1150
1100

1170
C11%v
12490
1210
1220
1230
C1p%0
1300
1310

. 1320
Cl1350
1400
1410
1500

OO0OO0O0

SXF(i)=rax(JelyaxPh (ly ) eXphlod)oonllr(le) +SXr(ly
SXHII=Fay (el ) OxbEr ([0 ) 9ARGIL Y)Y 9511 K(]15) *SX6 (1)
EV(IlY=F ax(Tel)esar (I)okvill)
EV(LI2)=F X (Tel)eSxC(I)sEVI12)
E3=1.0/7(HTLK (16} ~olLK(15))

t4=n{lLK(la)«E3
ES=4JLK(1%)@EJ3
TSTAT=Ev(12)00E4/EV(1]1)ectks
RSTAT=(EV(11)/7EV(12) )90y
REJOIN=CALC. VSTA
VSTAT=COHT (5)eRSTATaew3
CALC MUS 1F K=}
IF 1K)1n019,153001010
CALL GEP(2)
I=8RANCRh= CS OR laFLULlN
LA
00 TU (19904115091€009120V) sKu
VO 1160 I=}eKR
AMu () =6M(s)
1 *CA(3)0(2,00(SXF (1) /7XMT (1) =1,40)=(TSTAT/TSTA~]1_0))
+3.00611(10)4 (2402 (SAG(II/XMT(L1)=1.0)=(ROTAI/NSIA =1,0))
60 Tu 1500
CcS
DO 1220 T=]1.KR
STN(I)=p,00(SXF(I)/TSTAT=,0)
SRNI(I1=2, 4% (SXG(1)/RSTAT=1,0)
LO Tu laedn
ONE=FLUIVD
V0 1320 I=]1+KR
STN(1)= =2,0°2,0%E30(nILKI]1D)I*SAF(I)/ZEVI(]L)
1 «HILK(lae)oeSXG(L)/ZEV(L12))
SRI(1)3 2,09E3a(SXF(I)/EVI11)=SA0L(])/eV(12))
REJOIN FUKR MU CalCe.
VO 1419 I=j+KR
AMIT{L)=XMT(S) ¢3400ANMT (T)OORN(L)®XM{(2)OSTN(])
KETURN °
ENN
SUARVUT I E EWP
Ew PRELIMINARY
HSVISION 1 ERKGR I[N STATEMENT $¢2¢
LNOP GOES 1C KS» MOT 190
w,F, 2/60
[ An]3]
COM'UN 7 (4NH0)
UIMENSION
1 EraL ( 20, 6) yEMM ( 20) 45 PAL (
2'EPC ( 10) 9EPY ( 10 eFL A 129
IeKAL ( Z0)eKliMm ( 10) +XUN ( 6

UIMFNSION KEPA(20) 9KEPAL (€0) osREPAL(2096) oKEFC(LC)
DIMENSIAN KE](12'9L(12)

EQUIVALF-I1CE

1 (20 1210 4EPAL ) 4 (20 1199)9tFaA }ow 20 1330)e8PA)

}

20)
8)
10)

xXirs
Xirs
xIrs
Xir>
XiFS
xIrS
xXIr*S
XIF>
xIrs
xiyy
XIrS
xXI*>
Yirs
xXIrS
XIrS
) S}
X1MD
XIrS
XIrS
| 9 LA
XIMS
xXIrS
XIrS
XiryS
Xined
xIMS
X1MS
xXirs
xXIrs
XIrs
xIrd
XIrS
X{rS
XIrS
XIrs
XIrS
XIrs
LIS
xXIrs
xIrs
X1¥#S

Eur
Eur
EuWr
ELr
fFur
Ewr
Eur
gwr
Fur
[ 714
Fuwr
(4714
Ewr
Eur
Eur
EQr
Ewr

BNV SWUN

10

12
13
14
1s
16
17
18



10
12
la

22
264

46
55

124
131
133
135
140
1644
146
156
103

165
174

175

C

OOOOOOOOOOO0

80
100

110
120
140
140
150
160
170
140
160
200

200
210
220
230

340
4%y
(]
«10
520
s30
540
90
5¢0
570
sS80
590
6«00
90
1000

2+ (72 13%0),£°C } {2 1360) sk } o 0L 310U)srLAR
39(72¢ 16n0) sKal } o {2( 1680} eKIM )} (2 1690) eRUN

EQUIVALENCE (KIM (21 4K5) 0 (RIM(3) eKC)
2 s (EPASREPA) 9 (EPALWKEPAL) o (EPALWKEPAL)
3 » (EPCREPC)

EUDIVALFNGE (FLAB(43) oL )
RAL (6) =]

CALL. REAp
1 300X CoSePoe=sPpyPAl /7 CaAr Q@ %

2 1-heKEPR)

CALL REAL(QWKEPCIEFG)
RC=KEPC(])
KS=KEFC ()
READ(LO,160 )
FORMAT (1 PA6)

v 160 I:l'KS
KREAD (100170 )
FORPAT (A”,1116)
READ(10.200 )
REAN) (104200 )
FORPVAT (1216)

(KEl(I)el=lyle)

LeLYys(REHAL (T ou)euz=1leKC)

(KEPAR (L) e]3]19KS)
(KEPAL(ITel=1eKS)

wRITE(9s310 )

FORMAT (61-0 v1cab6/)
U0 330 1=1,KS
ARTITE(Qe 360 ) L{IY o (KEFAL(Lou)eus]lyKC)
1 yXEPA(I) exEPAL (L]

FORMAT (6w eAbell16)

(KEL(Ll)oIx®]end)

DO 510 I=141n
EPC(I)Y=KERC(])

DN 520 I=1+KS
EPA(I)3cEBA(])
EPAL(1)=KFPAL(])

U0 STU T=1,KS

U0 S70 JUs1,.KC

EPAL (I0J)=KEPAL(LvJ)
RAL(6) =]

CALL EQPS(KUN(]198) sEPCIEPUEPALWEFAL(]1,2)1FPA EPA])

RETURN

END

SURRQOUT InF EQM
EQuiTLIRRILM COMPOSITIONM AND STATE AT T,P

INPUT

PoT=TRER(1)9(3) s IMFLICIT FUWR GEP V1A XiM=XIMg
SM = STATF GF SCLIV
IMG = InEAL STATE

QUTPUT

v

Al=EMX = (GAS) MOLE FRACTIONS
AMT = GAS (MIXTUE) STATE
aR1aHLES

)
)

(3" 4
EWr
FuP
Eur
(" Ld
Eur
[X%1d
Fur
tur
Eur
Eur
gur
gwr
Eur
Ewr
gEuk
gur
Eur
(AN
Ewr
Fur
Eur
FQr
Eur
Fur
Eur
Fur
Ewr
Ewr
Eur
gEur
Ewr
Ewr
Eur
Ewr
fur
Eur
gQr
Eur
Eur
Fur
Ewr
gur
gur
gur
FWr
gur
gwr

B
gum
Fum
EuM
EuM
Eu™
EGm
gum
EGM
EUK
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26

2y
27
31
33

35
4z
56

52

55
55
60
b3
67
73

90

OOOOO0O0OONn

FoTTLCE=E1G = FHEE FWNEREIES FUN EwMd
EMtt « PoiaQE MOLE NWUMBERS FRJUM BEyuMS
RSTAl=XT:i148) g (17) - KSTAR-gGAK
RSTAeTSTa=GR = K3Tak FCR OLEP
RCUTINES
Al = MIXTURE ECS VIA GEPe INCLUDING my2s
LQMS = CuMPUSITICN AT FIXEQ F=TILULE
CONMON 72(4000)
UIMENSICrt
1 B ( 2U) s EMN ( 2C) o ErIX ( 29)
c'FnR ( .Y} 10) o CP ( 20) +GM ( 4n)
3JeKalL ( 20) b ( 6 10)YsKEY ( zn)
HoKTM ( 10) ¢ XKUMN ( LX) 10)sSH ( 20)
S TS 4 20) ¢ XMU ( 20) o XMT ( 30)
T+EA(200)sFV(20)
EQUIVALFMCE
1 (70 101a)FHG Yoo (40 1UI0) 2 EMN Y o902 1170)veMX )
co (72 1419),4F0R Y w02 14T7d) 0P ) (2 leGUisuM )
29 (7( loaa) kAL ) o (2( 1820) 9 KEN } o (2( 9Qj30)extV )
49 (7( 16a0)4KINM Y ot lo9U) KUK ) o (Z( 1820)15M )
Se (2 ( !970);TMG Y (2 2240) XMy Y o(2C 2210) o XMT )
T9(7(280)sFA) 2 (Z(6B0)EY)
EQUIVALEGCE (FOB(15)EPS) e (KIM(2) 9KS)
EIIVALENCE (GPI(S) sRSTA) o (XMT(1E) o RSTAT)
EQILIVALFNCE (GM (1D) o VR)
100 REN(HB)=KEN(S) ]
tACK MERE FUR QUTER (LW OR l=FLULO)
200 CALL X1IrVy2,1)
210 LMG(1)=TAz(])eSM ()
920 CALL COUT (3HEQM,1)
BACK HEKE FUR IANER (aLL)
]00 LO %20 Is),4KS
310 EMR(1e11=TMG(lel)eXVU(])
520 EA(I)=EMX(])
SKIP FUKR FXe COMP,
A0 LF (RAL(A)) R00420U0+800
RUO rEv(1)=raAL (k)
Al0 REVIg) =k (D24 7)
AZ20 REV(3)=xXIN(3e7)
R30 KEV(&) =g
/50 MREM(]3)=KkFN(13)+]
EQUIL. XI AT FIXED P=TTYLOC (ENMG)
940 CALL EQMS (KFEVEMXIEMNEMO)
Ql0 PO 320 I=146
QE0 KE“I(]+7)1=KEV(]6)
950 CalLL QOWUT (IdEQM.2)
ULFF FUR INNER CUNVes nNEXIZX
1n00 EV=9.0
1A10 VO 1a5n I=1.KS
1020 EV=FEVe ARS(EMX(I)-ratl))
1030 LF (KEN{]13)=1) 10%UelyS09l040
1040 EMA(I)=(EMX(1)eEA(L)) /2.0
1090 CONMTINUFE

Fum
("L
Fur
tuwr
EWr
Eur
EuM
EG™
tur
[ 31
FUh
EUM
L
Fur
£ wh
EuM
rur
Fur
EWM
(3o
Eum
Er
Fum
EuM
EwP
Eur
FuM
tur
Eum
FlM
Euhm
Fu™
FuM
Fur
EUM
Fum
Eum
Fuk
Eum
Ewr
Eum
BEwb
FG¥F
Eur
Eur
Fur
LA ¥14
Eur
[ XL
FQr
Eun
Fum
FuM
Fw™
Eul
FuM
FuM
Fu
(AN
EWM



Tk
101
104
107
tlo
114
121

123
126

131

132

1070

11V0
1110
1120

13u0
1310
1120

Z000
2n1)4

anlo
C
C

Caattoo000000003000000000T000000000000000000IN00C0CCOCOON00Q00QC00CRG00000

Cu

CQ“QQQMOOOQOOQoooﬁOooOOObOOOOOOOOOOOOOOOO09000000000000‘0000.0000.000000

OOO0OOO0OOOONDONOO

CAll, COur (3IHEQM,+3)
InNNER CUSMVERGENCE TeST
IF (EVeran(16)) 1300913000111V
CALL XIr(242)
w0 TV Hno
OUTER CUNVERGEKCE TEST
IF ((KAL(S)=3)e(KAL(S)=6)) 2000+131urc0u0
IF ( ARS(NSTA=RSTAl)=EpPS) 132VUe2009200
VRax~qT (1)

CALC FrllivAl, THERMU
CaLl XIv(243)
CALL COUT (3IHEQM+3)

RETUNRN

END

e CALCHLATION 4uUNIROLS

SUMRUUTIWE MES

MIXTUKE EOUATION UF STATE CUNIRUL
CALCULATE EUWVATION UF STATE AT
GIVEN T AND P

REPLACE (CALL 5SeM) oY (CaLl SEP)

IF SE> REWUIRES L1ERe FOR V(PeI),
INPUT

LHER (L) o () = PoT (IMPLICLIY)

OuTPUT = SEE COUT

MES

CCU~uUN 72 (46090)
UIMENS IO KEN(6U)

LQJIVALF vCE
1 (70 1629) 4sKEN )

RE‘1111)=n
REN(]121=9
NEM(13)=9)
REJ(H)=HFE-I(R) ¢]
REN(LIZ)=REN(14)e]
CALL COUT (3nMESy 1)

CaLL TIM(p)
CALL SE~ (2+1)
CALL EQm

CaLL TIvM(2)
CALL couT

CAL.LL COUT (3HMES2)
RE TURN

FuM
EQ™
EwM
FuM
Eur
Eur
Fuw
FuM
Fut
(A1
EM
Fum
Fur
[ FFL
FQM
FwM
Bum
EuM
Fur
MED
MED
MED

MED
VES
vED
MED
yMED
MED
MED
Med
»t;
ve
MED
MED
pED
VES
rED
MED
MED
MED
vED
MED
»ES
MED
MED
MED
MED
MED
MED
MES
MES
MESD
vED
NEDS
MED
MES
MES
MED

vt

41

9



[ R

92

OCOOOOOOOOO0OO0OOOO0

SURQUULT IWE CaUT
CALLCULATE MES QUTPUT
CALLED FROM MES

INPUT = ECS RQUTINES CUTPUT

EMN(L)s FEN(2) = NO, NG

IMS = INFaL

ThER(1)y (3) = PoT

AMT - Gas

SM = SULLY

HME = INITIAL

tEMS = MOLFE FRACTIONS

EMG = MU SDH I PRIME (IMPERF, CREMe PUTENTIALS)

oLiPaT

1
é
3
4
€

1
2
3

4
g

REST OF g9 ~ PradSt CUMPOSITIUN
ThHFR = TueRwvD FUNCTTIUNS

FrN = MOLE WUCIREKS

FMIl = CREM, POTENTIALS

COMMEN 2 (al00)

DIMENSION

cnnT ( 20) WEMG { 20) sEMN ( 20}
sEuX ( 20) JEV ( 20) oFN ( 20)
o F Lt ( ZN) W kE ( 1u) K14 ( 10)
2S¢t ( 20) oTHER ( S0) o TMS 4 20)

* XMT ( 30)
EONIVALE ' CE

(70 4r.) e CONT
{20 1170) 4k 4X

) (Z( 1U10)stMG
)
v (Z0 137u)+FHU )
)
)

’ o (Z( 1030)9EMN
YA 630) ok V
’

o (L0 1390)eFN
v (Z( 1680)9KIM
2 (2Z( 1990) 9 IMD

(Z( 1530)sntE
s (7¢ 16201954 (Z( 1920) e ThHER

2 (70 221n) 9o XMT

EQUIVALFNGE (CONT () aR) 9 (CONT (4) o CALME)
EQUIVALFINCE (THE®R (L) 9P) s (1HER(I) HT)

EQUTVALENCE (THER(O) gw) o (IHER(B) 9V) o (THER(9) 4E)
EQUTIVALEMCE (THE~(L Yor) o (Tubkm (11l oal) s (1HER(12) ,F)
BQIIVALF JCF (THE-(213)98) o (THREN(19) svM)
EQUIVALENCE (KIM(7) . KS)

EQULVALFE (CE (HE(S)9v0) e (nE(T) 3nd)

LQITVALFCE (SM1)ovS)

EQUIVALEYRE (EMh(a) ¢ X0) o (EUN(D) 9 XS) 9 (EHN(6) 93%)

EQUIVALENCE (TMS(Z)HOI0N s ({TMO(4)+s35010) s (THS(6) ,ANGLND)

— o -

o(TNS(I).HSIO).(TMb(v)OSS!D)okTMS(lZ)lHnSlO)

P ITMS(S) JHFG) 2 (TNS(11) o F S)
EMM(3)=F A1 (2)*ENN(L)
AG=t IN (1Y ZEMN(3)
AS=EHN(P 1 ZE-N(3)
VM=XueXvT (1) eLSeVS
THER(Ply=tteva/ (HeT)
THFR {171 3XGO (HOIVeANMT (3) ) ¢ XSO (HSJUSSM(3))
THFN(20)=XG°(SGIOoA~T(6))‘XSO(5§IU05M(6))
THER (161 =THER (1 7)~T=ER(2])
THENR (131 =THER(]7)=TrEN(20)
THER(1R)=THER(]16)=THER (21}
Nzt AN (3} /HE (4)
EV=HN®ReT
V=anaevH

cuvT
cuuT
cuul
covl
cuvuT
cout
coul
couvT
cuuT
cuvT
cuvTt
couT
covT
cuvT
cuv T
cuvt
cuvl
cuvT
covT
couY
cuvT
covl
cout
couTt
covT
couT
covT
rovi
cuvl
covT
cuLT
cuvl
covt
covt!
couT
cuvT
cuuT
CuvT
CcOovT
CovT
cuvt
couvl
cuvT
cuvt
couf
cuuvT
cuvT
rout
CuvT
cuvT
cuuT
couf
cour
cuvl
covrt
covl
covt



bi)
52

1))
o1
63
72
T4
198
107
111
117
121
123
123
139
135

137

140

O

OCOOCO

OO0 ODOOOOOOOOOO

140
140
17U
160
170
172
190
210
2l0
»c0
230
240
250

2h0
270

qu0

g=Fvelre(la)

MfFVeTde(17)

ASFVeTHIN (1 8)

Fapvefae(]9)

S=RNeReTIER(20)
THC«(14)=£V°(XG°(HnGIU¢XM1(J))0xS°(nanUObH(3)))
TRER(2)=V/VD ’

WSy CAL 3 (XGEINFOSXSERF D) ¢HUSHNGROAE (3)
Thir(T)=4/CaLMB

EN(ly=Ev1(2)

V0o 24Y 1=2.KS

FN(IVZEMX (T)CEMNI(L)

UO 26u¥ [=19KS

El=n

1F (EMX(I) ,NEL0) EL=ALOGI(EMX(]))
FMOLLI)=F4G(T) +E]

FMI(LYSEAN;(])
SETORN
SPECS
INPUT
PeTeROUTINE QUTPUIS
ouTPUT
THER-E REF STATE IS ELEMENTS AT 0 K,
HOLE NUMBERS
(A}
SURROUTIME POUT (X)
PRINT OUTPUT
K=1 PRINT LABELD
K=2 MALiv PRINT
K=3 UIFFERENTIAIION PRINT
PRINT POINT NUMBEK AND PV, Toxkn0 ON LiNne
REVISIUN 1o ALD PUNCH OQUIPUT (KAL(11) Uey
W, Fo LU/Z1K701)
0T
COMVUN 72 (4000)
UIMENSINS
1 EnN ( 20) 4FN ( 20) +GM (
ZVHF ( 10) 9KAL ( 20} oKbN (
9S4 ( 2U) s THER S0) e XHT (
4oFLAOY ( 12 B)Y K1IM(1V)

QU IVALENGE

1 (7( 102n) ¢EMN
29 (2 1590) 4nE
9 (7( 1B87P0n) SN
49 (Z( 3l00),FLAB

) sl 1390)9FN Y (20 14Q0)s0M
) o (L 10J0)eKAL Y ol2( 1623) sKEN
) o (2 1920)9THER )} o (2( 2210) s AMT
) 2 (2(10BV) 4K IM)

EQUIVALENCE (KIM(2) 4xS)

6

40)
1)
30)

couT
cuvi
cuuT
coul
cuulT
couT
cuvT
cuvl
cuvT
couvi
CULT
covT
couvr
CuvlT
cuvl
covT
cuuT
cuLT
cuvT
cuuT
cuvT
cout
cuvT
cutl
cuuT
covI

poOvVT
pOVT
poui
FOLT
puvt
pOuT
QLT
FOLT
POUT
pULT
poOVI
pYLT
poul
puvT
PuvT
puLl
FOVT
puLi
eOLT
FOLT
pUVT
POLT
PULT
POVIT
pPULT
povT
FOUVT
PUVT
FOLT
POVT
pOUT
pOuT

93
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(%)

12
17
24
30
32
33
50
55
ob
72

73
75

124

2l
213

215

271

272
301
304
306
307

3u6

94

C

10 WO TO (10091H09300),K
96 LARELS
9K
100 wRITE(S,7101)
120 %RITE(947120)
140 WRITe(9,7130)
IF(1.EQ.9) GO TO «U0
~== SKXIP PUNCH

142 1F (KAL(11)) 40091900400

D0 WRITE(3.7150)
160 wRITe(9,7160)
102 #RITE(947162)
106 nRITE(Ye7164)
170 w0 Tu 30
176 RE(34PrINT
178
180 REM(9)=KEr(qQ)e]
P00 ARTTE(9472006) KEW (9)

1 o (THER(I)9I=1¢S)oHE(L)oeThen(?)

2 s TrER(EY o ImER(GY s THERILII) s tery(l)ol=103) obmpy(7)
230 WRTTEI(9,4,7210) VHER(LID) 9 TRER(L16),

TTHFRIEQ) s THER(21) o (FNLI)Y 0131 0d) o XMT (1) 9 &MT (2D,

CAMT (MY o XAT (7)o (FNCL) 91=006) s0MI15) suM&G) sOMITIL),

FOMIIN) o (FN (D) oI=70919SM (1) gSMI2) 9OM0) ¢SMIT) o (FANLL) 91I=10932)

4 v (AMT(T«1% )y (=1,3)
240 CArIL COUT (4-1PQUT )

LF(N.Ede 1) GO TC «uu
~== SKX]IP PUNCH

242 1F (KALI111)) 40092501400

((FLAB(JsL)su=1912)91=1044)

(FLAB(I49)91z]19KS)

290 wRTTE(Q,y7290)
ToHF (L) oTelE R (1) o TREK(2) o THER(3) o THER (4) s THER(S)
FOTHIR(A) « THER () « AMT(L16) 9 AMT(L8) s XNT (7)o THER(7)
JoEMP (Z) gEIN(L) oEMNI3) 9SMIL) 9 XMT (1) 9 THER(]S)
Gy (FN(I)eT=1912)

260 VO Tu 400

?96 DIFFe PRINT

>%8

Q00 WRITE(9e7304)

Al CALL ONUT (es4PQUI s 2)
LF(neeQd ) EN TO 4uv
~==SKk P PIINCH
L2 IF (RAL(11)) 40093204400

(THER (1) 91522425)

320 wWHITE(Qe7120)
1LIHFU (221 s THER(23) o THER (24) s THER(2S) 9 INEKR(2T)
400 HETURN
7100 FORPAT (10N 7Xs13HUUTHUT LAHELS//12X9iHle6Xy
1lHP 14K e 4 WV/VOa11X0 [MT 9 l6A iU L14Xs IHU 14X 43HRRO 42X, 6nGCAL

2/12KalrDen Xy IHV 14Xy LHE 2 J4X o 1MSe JaXy2nNOyg 1344 20NS s 13Xy 1Ny 14X

JOHSUPSAT )

7120 FORMAT (12X0 JHIonXe 1PV 14X aHE/RTy 11X e 3HS/Re[2X 9eDNPV /KTy
110X Z¢HN1e13Xs2HN2s 3L9CHNI / 12X9lr4e6X911HVU, FUR GASy
ZoGX9BNNG LS e NG/TIRA [HS96X012MUU, FUN REF 048X ¢ BHN7 o Ng o NY
3712 lHAenXe 1 3HDUL. FUR SULIUGTXAy 1 HNIQINLLINL2 )

C
7130 FORMAT (12X91H796X9SHRBAR® g 10K s DHTHARY § 10Xy SHVBARY 910X

POUT
PULT
pPULT
poul
pPUL]
POLT
PULT
PULT
POLY
puvT
povT
POV
pyuLT
PULT
POUVT
POVT
PuvT
FOLT
FouT
povl
POLT
pPOLT
couT
FOLT
pPOLT
PULT
eubT
POLT
PpoLT
PULT
POVT
POLT
(VL)
fFuui
PUVT
POLT
puULT
POVT
puULT
FOULT
pouT
PULT
pOLT
pouvl
pou!
HOU L
pOLT
PULT
PUDI
pPuULT
FOLT
pPOULT
PULVT
poLT
Fout
PGUT
POVT
Poui
POUT
PULT



1 W SHGAMMAN 10X SRALPHAL10Xs4rtnEIAW11Xy1HC ) POUT 94

c PUVT 9%

C POV 96

7200 FORMAT (1HNs6HPOINT 1243X puLt 97

1 g Jutl 1IPIF15,2/712493He  Tkl5, 1) VR 95

c pPOLT 99

7510 FORMAT (12Xe3H3 1PTE16.7/12X93R6  TELS5.7/12X, pouT 100

13HS  TE15.7/12x3m6  TE1S.7 / 2493A7 3E15,7) POLT 101

c POV 102

7an0 FORAAT (1de914Xe65K, 1P4EL5.7) P0uT 103

C souT 1064

c PUNCh FQHMATS POULT 105

7150 FOR#AT pOLT 106

1 (P1%] 1146945 / (2H®0 1lAb6eaS )) POVT 107

327 7160 FORMAT POLT 108
19HRI L 3~0KR0 99X, 1rP 11X,4HV/VY BXalnT 11Xe1lHU Iixelnu puut 109

2764110 2 17V 11Xe1PME 11X94HMKBAR BAs4MVBAR 8XeaHTHAR 8X,]1HUG pPOVT 110

23/7644% 3 Z46S 10Xe2RNG 10X11HN L1XR92HVS 1UXe2RVEG 10X 1KV ) [<1e]VA 1 111

327 7162 FORMAT (145 AAL2) pULT 112
327 710964 FCR¥AT ( PUVT 113
17613 SHOGALMA TAeDFALPRA T7X9y4«NBETA 8Xxy1HC 11Xe6HCY FN POV I 114

7)) FOVT 115

3217 77250 FORMAT (23n5) 1PE11¢4 185E1<cew 7 (1HSD bEYCes) ) POLT 116
327 7320 FORHMAT (2r$ 1PElle4 o95E1ce%) pOLT 117
327 END POLT 118
SURKUUTTF MESC(KGASUC) MEDC 2

o MESC 3

C CALCULATE MIXTURE tQUATIUMN UF SIAIE pESC 4

C AT GIVEN T ahg ' wESC 5

c ] FUR hG=1 MESC 6

C v FGR KG=2 MEXC 7

c S FCR KCG=J MESC 8

C E tCR KGsa MESC 9

C MESC 10

c ITERATE ONM T LNUER CONTHUL UF FROUT, pe3C 11

c USING MES FOR FUNCTLON CALCULAIION MEDC 12

c MESC 13

C vESC 14

c ALL USE SaMk FRQOUT CALLY vESC 15

C HRANCH ON FUNCTIUN MESC 16

c vESC 17

C REVISIUN 14CALC INTEGRAL PDV UN ISE re3C 13

C wn, F. 173/6¢ MESC 19

C MESC MESC 20

MEDC 21

6 COMAAUN 214000) pESC 22

6 L IMENS I Cot pESC 23

1 KF-v ( £0) KON { 6913) +CaR ( 80) vesC 29

zoF0H ( ény W THES 59) ~ESC 25
S2CUNT(2) «HE(10) »e3C 26

6 UIMEIS 10N ASUC  C 10) veEsC 27

c aSNHNC ~ TUTTIAL STAIE On CURVE = SEE duC vESC 28

6 EQUIVALENRE ' MEDC ?9

1 (70 1620) +XEN Y (4 1690) 9sKUN ) (20 920)sCAR ) MESC 30

zv (720 1610),FOB ) oo (20 1920) e THER ) vESC 31

€9 (2(660)s CCNT) 9 (2(45%U) ynE) ME=C 32

C MeESC 33

& DIMENSIOq CM(10D)9sKCNM(2) MESC 34

95



Sa

76
100
101
116
117
12
12u

127
1

134
141
162

—

96

OOO0nNn

10
15
eV
25

35
%0
L3-)
4“6
50
6U
€2
]
12
8o

90

w5
100
105
110
120
149

2430
FRY]

220
300

EQNIVALFEYCE (CAR(21)9CM) 2 (CMIB) 9 KCHM)
EGUIVALENCE (THER(B) 9V) o (IHERLLII) 95) o (TRER(9) 4L
EQDIVALEGCE (THER(J)eT)

REN(14) =0
REr(H) =xtn (8) ]
REN(1OI=KEN(L1R) o1
1F (nG=1)10415,30
1=a5uC())

CALL MES

GO TO 2009
RCM(1)=a

CM(e)=T
CM(2)Y=ToFNR({ 9)

CALL FRGATT (CMyKCN(348))

AERLTSKE 4(2)

wO T (2004110470660,
CALL 0BG («HMESCe 1)
GO Tu 220

CatL CBUG (4HMESC2)
U0 Tu 200

T=cr (2}

CAry. MES

1¥Kt=1

Vw0 TU (<ie1909110) 0]
CM{3)=v-asuC(3)

60 TV 120

KEXLT

CM(3)=(( EXPI(S/ASUC(4))PALUGLADUCIL) ) )Y /ZASUC(L)Y ) =1

00 Ty 1729
CM{4)=E~-aSUG(5)

CALLL COUT (4dMESCe )
60 TU 45

IF (KG=3) 2202109220

CALCs LISE INTEGRAL POV

THER (&) = (WE (B)=TnER(9)) /CUNT (%)

CAL(. DOUT (wHMESCs2)
RETURN
END

SURRUUTTNE HUG

DETONATION MUGUNIUT PUINT

NCIES

1

le SPECIAL SECOND OLESS

= FRUOM FIRST

AaxkG a4 FUNC ANU SLOPE SAVEDL IN rUB (@)

FRC-4 PrEVIOUS ITER
COteuUN 7 (a0}
UIMEaSION

AR ( 109R) s KEA

2eF 0Ny ( 40) yhE
VIMENSINN CR(10)sKCn(2)

1

EQILIvALFWGCE

(

(7 ¢ Q9P4a) o CAR Y W (2t
ze (7 1419)4,FOB RN YA

{ 69010)9 KON
10) o THEK

1620) o KN
1590) et

)
)

( 6910}
50)

I3

o (2¢
W (20

1A90) s RUN
1920) e THER

EQUTVALENCE (THER (1) oP) o (THER(3) 9 T) s (THER(4) yU)
EQUIVALENGE (THER(S)sU) o ( IHER(B) o V]1 e (THER (&) ¢HNK)
EQOIVALENCE (HE(2) 9P0) o (HE(S) oVO) 9 (HE(T7) o HO)

)
)

eS¢
wpk3C
re3C
pwESC
we2C
MEDC
vESC

MESC

vESC
medC
vesC
pe2C
v£3C
veSC
MESC
MESU
VEDC
MESC
MESC
MEDSC
~ESC
VESC
1 3-14
vEDSC
pe3C
pe3C
MEZC
vESC
MESC
MESC
VESC
ve>C
MESC
pESC
MESC
MESC
»ESC
vESC
MESC

rpUG
HUL
rUL
rUG
rOO
FUG
UL
rub
rUO
wuL
pUS
HUL
rUL
U0
UL
RrUL
Hub
HUL
HUL



(s NeNeNeNeNeYe)

OO0 OOOOOCOOO0

EQUIVALFNCE (FOB(Z1YeTL) v (FOB(22) 0 TU)
EQUIVALE«ICE (CAR(11)9CH) o (CH(H) 1 KCH)

CALCULATE HUGONILT PUINT AT GIVEN Py

ITERQATE ON T UNUER COWTROL UF FROUTY
USING “ES IN FUNCTIUNW CALCULATLION

TL AND TU ARE BOUNLS ON T1ERATION T

RENI(14)=n
REN(19)=KFN(15) e}
REM(T) =KFW(T) ]
IF (T)2ns12+20
T=3300.9
CH(4)=T/1000,
KCii(l)=n
CALL FROOTT (CHiKON(248))
RNEXTIT=KGCH(2)
GO TU (19N 72470060) oKEXTIT
Call. Uy (3HnUGy 1)
00 TU 194
CALL Dg8ues (3HHUC.2)
o0 Tu 180

IF (KON (2+8)) 81975081
IF (RCrH(1)=?) HBle76,81
CH(2)=Cn(4)=ClI(5)/rCa(8)
l=cr(S)y»1000,
IF (TU=T) 839R3955

=Ty
130 TO Q0
LF (T=TL) 8490190

l=TL
CAaLL VMES
LzVa# SEPT((P=P0)/(VO=V))
us SYRT ((P=PQ)e(V0=V))
LR(ZYST/Z1000,
CH({3)=28 2P ((Hh=HU) / ((P=P0)aV0) =045 (1,04V/V0))
CaLL LonyT (3HHUG»1)
00 TO 40
IF (KCH(1)=2) 20092009151
FOR(B)=(CH(T)=CH(3)})/(Cr(D)=CN(2))
RETURN

END
SUBRUUTTHE GAMM(K]1eKZ2)

CALCULATF EQUATION CF STAIE LDERLIVATIVES
RYNUMERICAL UIFFERENCING UF P AND T
USING HES FOK EQ. UF STATE PUINILS

INPUT
{1) K1=1 = OIFFERENIIATE »ITH CURKRENT CONDI!IUN
(FIXEQO UR EWUILIORIUM CUMPOSITIUN)
(2) K2=1 = OLFFERENIIATE AT FIXEQO CUMPOSITIUN

{3) TrER 1y P CENTEHR PUINT QUANTITLES

rUL
HUGL
UL
HUL
kUL
huo
rUL
Hut
LU
hUuL
HuoL
FUL
HUL
rUE
RUG
rUL
RUG
PUL
RUL
UL
hUO
PUL
1Y
RUL
rUL
ruL
KUG
pUC
rUL
UL
HUOL
rUO
UL
UL
rut
rUS
VIS
hUL
rUL
pUL
FUO
rUL
kUL
Y
mut

GAMM
GAMM
catM
GAMM
carm
GAMM
GAMM
GAMM
GAMM
GAMM
GAMM
GANMi4
caAMM

97



98

OO0 OO0 OPOOOOOON O(W()O(W(ﬁc

1

é
3

(3)
(#)

21

(a) EMN (3)

QUTPUT
SUChG (1)
te)
(3)
(4)
(5)
1 &)
(7)
(w)

ABUVE OUTPUT IS

T
v
PV/RT

N

GAMMA

ALPRA

BETA

C (30UNU SPrtw)

o runClION
Z((V/VEI/ (0AM/ (GAMSL1=P/PO) )
Car GAMMA (ISulnbiKMAL)

CP/x

(C LN V/U T) (CCNSTANT g)

FCRMED FOR EITAER

OR 8UTH CONCLIIIUND a&ND PLACED IN
APPROPRTATE TnEr LOCATIONS

VATA4)
FOa
Fa
DEx
E?
LAMM

COM:auN 2(a000)

UldenSIoN

DER ( 10) obMN
W HF t 10) ,KAL
2 S1ICO ( 20)

tQUIIVvALFaCE

(13) B = Me z=pCep
(16) CEL = T+ =TC“(1.00CEL)
{1y PC

(¢)¥C

13)yTC

(«)PCPVC/ReTC

(b)ve

(C)Ve=

(l)rie

(8) -

SAVE NC

'F OB ( 60)
o THER ( 50)

( 21)
( 24)

)Po (=GAM) =]

1 (70 1000),GQER Y o fZ( 103Q)sbmN ) +(2( l&lU)eruUn )
Ze(7( 152n) ¢nE ) o (Z2( 10G0) sKAL ) o (20 1920)sTHER )}
Je (21 1900),4,SHCG )
EQVNIVALENCE (THEA (L) 9P v (THER(3) 9T ) o (THER(B) V)

18 Save CenTer VALULES

20 vEa(r=e

30 vEw(2)=v

0 uCn(d)=T

S0 UVER(«)=THFRR(2])

60 t2=EMN(3)

48 MAIN COUE /TEST aKGS.

100 1F (r2) 1100400011V

110 L1F (KAL(A)) 200040V,200

198 UEFF, AT F1X, COMP,

200 LM=KAL (6) -7

210 na)ie)=0

Gal™
GCatm
GAFMM
GAMM
CAMM
GAFM
cAMM
GAMM
rarM
GAMM
GANMM
GANMM
GAMM
GAFM
GAMM
CAMM
GCANMI4
CAMM
GAMM
GAMM
GAFM
cGalM
(At
GaMM
caAbU
GaMM
GCAMM
CAMM
GAMM
GhuvH
carmM
GAMH
GAMM
GAMM
cAFM
CAFM
ChaMM
carM
GaMM
cph
GANMM
GAPMM
CAMM
GAMM
GAMM
GAMM
GakK
GAMM
Gari
GAMM
GAFM
GAMM
GAaMM
GCAMM
CAYM
rAMM
GAMM
GAMM
GANM
GAMM



2%
26

.27
31
33
35
37
41

46
&7
53

51
53
5%
H7
61
63

10

71
13
75
100
102
104
107
111

124
125
131
13»
130
141
194
1+7
151
154
162

17~
176
230
2Ca
211
2lé
217
22¢
236

242

2¢0
230

C p%8
200
310
220
330
%0
250

C 198
]
410
629

C 4«98
]U0
s10
se0
30
c40
=0

C «48
430

C 94
C avé
C 998
11700
104
1al10
1020
1n30
1049
1050
1060
Ci1n%b
Clav8
“11v0
11V4
1110
1120
1120
1550
1120
1160
1170
116V
1190
C1o%6
Ciovy
120
1302
116
1210
13¢0
1330
1340
1350
1360

16400

A=)
L0 TOU 19un

SET QuUTpPUI
THFER (26)=S0CG (]}

LHFR (30) =SuCG(2)
(HFR(29)=SUCG (4}
THER (28) =SUCG (5)
RAL (b)Y =L
CALL LOUT (4HGAMM, )

OLFts AT EQeCUMP,
IF (K1)41Ne6C00410
rR=?
LO TO 1n0Y

SET QuUIPUT

IHER(22)=SUCG ()
THER(23) =S1CG(2)
THER(Z4)s5UCG (3)
THER (25) =S0CG (&)
THE®R (2T7)=SUCG(S)
CALL COUT (4rAGaMM,l)

RETURN

OIFFEﬂENC§ SUBNUUT INE
veLTA P

P=Fis(13)epERI(])

T=bkn(3)

CaLL MES

VER(H) =V

r=neR(1)Y/FOB(13)

CaLL MES

VER (o) =V
SUCT(0)==2,00AL0GIFCB(13) ZALUGIDER (D) JUER (&) )

OELTA T
P=nEr (1)
T=nNER(3)e(]1.04FOH(Lla))
CAaLL MES
VER () =Y
VER(T)STARR(17)eToEmN(3)
T=DER(3) 9 (] 4N=FCB(141))
CaLL VMES
VER (A) =V
VER(B)=TaER(17)eToEMN(3)
UKL S (RER(T7Y=CER(3))/ (e, 0%UER(3)2rCB(14) ®E2)
SUCG(8)=ALOG(OERI(S) JDER(6))/ (e 09UER(3)OFUH(14))

CALC. OLUTPUT
Y=~ (3
Vobkr(2)
LA=NER(-)oTeSUCGR) /SuCG (1)
SUrGIL)2SNCG(6)/(1en=5UCOL(6)oE]19TaSUCOL(B))
SUCG(3)=s1,0/7(SUCK(1)ok])
SUCR(ZY=50CG (1) e5uCi(31-1+0
SUCG(4)= SORT(SUCLI(]1)eDER(]L)OUER{Z))

SURGIS)Y=(V/rE(6))/7(SUCG(IL)/Z(SUCG(l)el 0=k (2) /UER(L1)))

SUCG(5)=SUCE(B5) @ (=SUCG(1))=1.0

6O TO (300+500) 9K

GAMM
GAMM
AFM
CAMM
CAMM
GAMM
GANMM
GAMM
GAMM
GAMM
GARM
GAMM
GAMM
GAaMM
GAMM
GAMM
CAMM
CAMM
CAMM
GAMM
GAMM
GAMM
GAMM
CAMHM
GAMM
GAMM
GAFMM
GAMM
GAMM
GalMM
GAMM
GAMM
cakm
CAMM
GAMM
CANMM
GANMI
GAMM
GAMM
GAMM
GAMM
CAMM
CAMM
CAPM
GAMM
GCAMM
CAMM
CGALrM
rcArM
carM
CAMM
GCarM
CAMM
rAFM
CAFMM
G4MM
CAMM
GAMM
GAMM
GAMM

112
113
114
115
116
117
118
119
120

125
126

134

99




C ’ GAr™ 135

25 enp raAkRM 136
SURNOUTTIVF PV (ICMY) FV 2

C PV 3

C CALCULATE [SOTh&nN,[SUCFUHE-I?&NTNOP&. PV Y

C OR CONSTANI-ENEXBY rOINiS PV 5

C AT VALUES GF © IN P} ARKRAY PV 6

C (Fao KAL(8)=1429344) PV 7

C INPUT PV 3

C SUC(1)s (2) = TCePC (INITLAL POINT) PV 9

c RALI1)y KAL(2) = DLIFF SwlICnES oV lo

C RAL(8) = 1639394 FUR CONSTANT ToeVeSet PV 11

C HT - PRESSURE TAALEL ' ’ PV 12

C oL TPOT PV 13

C PRILWTED PCINT QUTPUT pV 14
Con=ma=acaa PV 15

C HREVISION 1 ,LEAVE P CORREC! ON EXIT Py 16

c FOR KESTART UFTIUN PV 17

C we ¥y 3/1/6¢ pv 18

C PV 1

C PV BV 20

PV 21

k] COMHAUN 72 (0)NO) sV 22
3 (LIMENSICH PV 23
1 KaL ( 20) eKEN ( 60) oFT ( 50) PV 24

2+S1C ( 20) oTAER ( 50) PV 25

3 EQIIVALFNCE PV 26
1 (7¢ loan)eKAL } o4 1620) 9KEN ) o (Z( 1750)e¥1 ) PV 27

g (70 1880) 95tiC Y oo (20 1920 e THER ) PV 28

C PV 29

3 EGULIVALEICE (THER(L)oP) o (LHER(3)sT) PV 30
3 EGUIVALENCE (THER(8)aV) s (1HER(I) 0t ) 9o (THER(13),5) eV 3!
C PV 32

3 8 KEN(16)=n PV 33
C PV 34

“ 12 CaLL POUT (1) PV 35
7 14 T=55C (1) PV 36
11 16 r=1uC(2) pv 37
13 «0 CaAll. MES Pv 34
1% SV CALL KFOUT(2) ("] 39
2n 35 sUC(3)=v pV 40
22 96 SUN(s)=< pY 41
g 27 SUC (D) =F -3" &2
26 60 LF (KAL(1)eKAL(2)! 70+112970 pV 43
3a 70 CALL Gar+ (KAL(1).nal (2)) PV 44
S 90 CALL POUT(3) PV 45
37 112 1=1 pV 46
49 114 IF (PT(T)) 20042000116 PV 67
42 116 p=pT(]) pv 48
4y 1240 CALL MESC (KAL(8)95(C) PV 49
50 122 CALL POUT (2} pv 50
53 126 IF (RAL(Y1)eKAL(2)) 130+s1409130 PV 51
55 130 CALL GAM4 (KAL(1)eKaAL(2)) PV 52
61 134 CALL POUT(3) eV 53
64 140 l=1el PV Se
66 142 VO TU 116 PV 55
617 200 KETURN PV 56
70 END PV 57
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SUARUUTT.LE TED

C
C VETOWATTOY, rUGONIGE CUNTRUL
C CaLAULATE OEl, muC. PUINIS AT # vALUES
c FCnD IN PI AKRAY °
C
C INPUT
C KAL(1)s KAL(2) = DIFF SallCcnEd
C PT ~ PRESSURE TARLES
C OL1PIT
C PRIMTED POINT QUTPUT
Con""a~cana
C
C HEVISION L LFAVE P COKREC! UN E&IT
c FOR KEDTART OrTIUN
C Ne Fo 371702
C
C TEN
CO44UN 7 (4000)
VINENSION
1 Xal ( 20) WPT ( 59)
2y THER (h9)
EQUIVALEMCE
1 (70 lonn) 4KAL Y o2 1750)9P1 )
2 v (Z(1829)THER)
C
EGUHIVALFNGE (THER(1) oP)
C
C SET TOGUESS UN FIRST ENTHY
12 CALL POLT()])
20 1=y
0 1F(PT(L)Y) 2009200940
«0 P=pT(])
50 I=1el
o0 CALL bhuG
70 CaALL PueT(2)
8O [F (XAL(1)eKAL(2)) 100,300100
190 CALL GAMM (KAL(1)eRKaL(2))
150 UALL POLT(3)
180 LG T2 39
2U0 KRETURN
C
END
SURRQUTTNE C.!
C
C CALGCULATE Cu LOCUS AT VALUES UF RHU ZERU
C I~ ROT TaHLFE
C
C ITEPATE ON P ALONG PUGUNIOT UNTIL
< CJ COLOITIUN IS SATISFIEU o
C InrUT
C Ral. (1)Ys RKalL(2) = DIFF Sui]CHEB
C KOT = INITIAL-CENSITY TABLE
C oLlpnr
C PRINTEQD POINT QUTPUT
Coa""aaan=

Teb
Teu
Teb
TeL
TEV
Tew
Teu
TEL
Tel
TES
Tew
Teb
TelL
TeL
Tev
TeL
Teu
TEL
TEL
TeL
TEVL
TEUL
Tel
TEV
TEL
TEL
TEL
TEL
TEV
TEUL
TEL
TEVL
TEL
Teu
Tel
TEL
TEL
TebL
TEL
TEL
TEL
TebL
TEU
TEL

—
—O SN PsWN

— et bt s s o =
CE~NCWMm&EWwN

LV IAVERSY HAVIRAN]
W~ o

25
26

28
29

31
22
33
36
s
36
37
38
39
40
al
62
43
LY

— O VOENITUSWN

" - pes 0
N

—
&
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C CCONST. V Ob)e P CALCD FHOMQouAMMA
C w, Fo, 11/21/01
C
C REVISIUN 2, SAVE INITIAL & FOR INT2GRAL pLV
C w, ¥, 1/73/6¢
C
C
c cJ
1 COLMUN 204000}
1 DIENS IO
1 CaRr 4 10 8)ohE ( 10) s KAL {
ERLOLE ( 6y 10)sR0I ( 20)sTRER
2yKF-1(60)
1 UIMENSIOY CC(10)eKCC (2)
1 EQtIIVALF WCE .
1 (70 72)4CAR ) o (Z( 1990) enik ) o820 1600)eKAL )
g9 (7 leSa)sxN } ool 1200) o RUT ) o (L0 1920)einER )
35(7201620) yKEN)
C
C
1 EQUITVALF 1ICE (CAR(1)4CC) o (LCL8B) 9KCC)
1 EQUIVALECICE (HE(K)YovO0) o (HE(2)9PO)Y o (ne (1) o RRO)
1 EQUIVALEICE (THER(L) oP) g (JHER(22) s0AM) o (THER(26) 10AMg)
1 LQOIVALFMCE (THER (D) W V)
1 EQHIVALEYICE (ThER (o) sQ)
1 6 REN(1%)=zn
2 8 NEn(l€EY=D
C 10 uweQet INPYTe VULPUT LABEL
3 30 CaLL POUTI(])
e 40 I=1
C =0 !]1eE SET Up FRCOTT
& &0 Red=ROT (D)
1 65 HFE (1) =RHO
12 Tu Viz],,/RHQ
la 12 LFiP) 8147480
15 74 F=n,.3
17 30 CC(e)=pP
21 1v0 RCC(1)=0
C 110 w(G2+GIyinb,135) FROQTT
27 124 CaLlL FROOTTICCoKON (1498)}
2% 130 KEXTT=KCC(~)
27 140 G TO (365+20091800460) 9 KEXIT
C 150 nsS«+0 FROQT &XRUR EAIT 1}
37 160 CaLl Ces (2HCJel)
42 170 vd Tu 365
4 180 CALL Castts (211CJ01)
bb 10 ©0 Tu 3k%
@? 20U 1F (KON(1eR)) 26092044280
51) PU4 1IF (KCC(1)-2) 250921092680
5, 2lu tl=4aM
Su Pecl LF (Gar)Paen,230rcey
5% 230 tl=GaM(
57 P40 t2=vutEY/(Elel,0-PO/P)
64 250 CC(R)=Pe(V/F2)a0k]
C
7, 260 1F (ACC(1)=2)280v2801262
1o 262 L1=(AM
17 2u4 LF(GaN)PAR 26649266
100 266 c1=GANQ
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192

111

lls
15
121

122
123
1¢a
130
131
13¢
136
141

142
166

16%
15:
1943
189

160

162
164

16%

o8 [F(CC(2)=0,59n09 (El=]l,u)) €luscdlocHy
270 LC(R2)I=Q heRFOUQO(E =1,40)

2h0 H=CC(2)
212 KREH(19) =0
a6 CALL rFNDG

286 LF (RAL(7)) 32092904320
290 CALL CamiAa().«n)
Qo CCl3y=THER(2!)
210 L3O TY 3J4n
320 CALL cavu(nel)
330 CC(3)=TrENR(28)
340 CALL. DOUT (2nCJy1)
350 60 10 120
C 250 H2eOQeCer; QUTPUT rUINT
365 P=CC(2)
370 CaLL mG
C SAVE INITlalL E FOR ISk INTEGRAL
280 HE(8)=TrRER(Q)=Trix(4)0e2/c,0
190 CALL #duT(2)
620 CALL GA%A(KAL(1)eKAL(2))
430, CaLL POUY(3)
C 449 Eec(G]l) NEXT KU VaLUE
450 I=T1e]
460 IF (RCT(1)) 600470960
470 RE TURN

OOOO

END
Cq g(«Oo90000“GQQoo000000000050000“6#0#0000009000000000900200000000000&004}
Co S. READ CONTROL
CQ0000oﬁQQOQOO00§00oo00&0000000000000000000Oo0000OOQOOOOOOQOOOOQOOOOQOO()

SULRULT [E GON (ACUN)
anoaoboaoonuo»vouuuaoo«'u'»oooooo‘»oaaoaaoaoooooooooooooaoooo‘,ooooaaooobooo
= INOGUT AN CONTROL
C grALCH G EaCh CUN wOURD TU READ INPUT PACK
c EXEQUTE (v TED.FVICUY
Con""a~vaa-

MATH CULTROL = CON(ACCN)
REsD INPJT aNQ EXECUTE AS QIKeCTEUL
CALLED FwnM )
1e MATN PROGRAM PESY = aCUN=Q
2 ERR = ACimi = SKIF IHRU WEAT KREWQ UOlv INP
THAAN QEGULAK (SEXT RUNI
REVIS{Ua 1, = AL FUNCH OUTPUT
“, Fo luzlesel
REVISION 2 = AQC TuePC CPlIuN U PV
Wy FICKETT 11/20/61

REVISIUN 3, = ACD KENU ANU TIME PRINTS
WeF, 378782

OOCGOOOOOOOOOOOON

0000040047000 40000000084001408040404¢ LCUMMUNS 0044000000, 0000000000000

COMMON 2(4000)

cJ
cJ

cJ
cJ

cJ
cJ
cJ
cJ

CcJ
cJ
CJ
CcJ
cJ
cJ
cJ
cJ
cJ
cJ
cJ
cJ
cJ
cJ
CJ
Cu
cJ
cJ

cJ
cJ
CUN
Cuh
cun

CUN
CUN
cunh
cun
CuUh
CUN
con
cuh
cun
cuh
cun
CUN
con
CUNh
CcCUN
cUN
CcCUN
cuh
cun
cuh
Cuh
couh
cuh

15

77
78
79
80
81
82
83
84
85
86
87
8y
&9
S¢C
91
92
463
94
95
96
S7
98
Q9
100
101
to2
163
104
195
106

103



Coet000000000000024600000%4000000000000 LUCALS 404000000000 ,0000000000040

-

Vol

[ REVEE I 'S

C

Cro 2200000000000 00i000000004690403600 FALLUTL 00906044164 ,0000000000400

Cmnmmn v mmccncancacc——— mrmmeccanae |, SCAN TQ REW|) mecacccocacccccas

1
‘
2
I
&

€

1
e
3
[
<

€

[ED RN RES CY]
B

s E
oF ANH
s KAL
oPT (

y» Trek({wn)y
et lvaLy otE

(
(
(
(

(70  61e1) 40§ )
s (70 1001 9F N )
s (70 31nay 4 F1aB ) otz 1%lU)ebun
2 (70 1oy raL )
0 (70 175 1) 48T )

s (20197 a1

AQ)eCan ( 100 RYsyCUNT (
Z0) eg 1A ( 20) ok te (
17, o) bk yio ( LX) 10) =t (
FLR LY ( 10} 9x U~ (
IR ( 20) 2SUC (

s (L 2U) (AR
sl 1l10)eerx

W (20 asbDYIeCUNT
s (2i 13GU)ernN
2 (£ 19QUy et
sl 165301 oK1NM "’
o (L0 1H001eRLT ’

(Z( 1Hh91) s KUN
(20 IxRu)sdUC

— e

THENR)

LOGTLAL i, *ohE
ISl Ei20)0nF(12)

@ fvale JOF
eI vALUNTF
QI VALF (TF
EQuUTVALY ICE
QeI VALY i(CE
LW IVALF (CF
tdeatlvALY 4rE

eQUIVALF (CE
eetlvaLy NCF

tQJIvVaLS JCE

(KIM(2) oKS)

(BSC27) odLANR) 2 (B8O (353) sFUKM) 9 (8D (39) etsCLY)
(HS (21 9ePAS) e (D (30) e NU)

(S ({era) o HCDRE) 9 (B8O (7)) v3UUL)

(RS (33) yLULLAR)

(1S3 29) s NS}

{ EC1)Y o« Cwl ) { E(2Yy Cw )

(FLA- (R omuURLAR)Y o (FLAB(] 3) oELAL)
(FLAR(Zcl o CURLAR) s (FLAB(37)9dFELAY)

(THER (L) oP) o (IHER(3) o T)

EOVIVALS INE(XKON(R) s UERROAT)

Ul STt RoNLAH (12 s nELAB(]12) s CURLAB (1 2) oSPELARILE)

LF(ACCHNWr 1o aCTL 10

4 20 CALL Flit (3% Tynnl{]12u6)9120E00)
{F (b (Coai<ENNY)Y ©C 10 2u

Covrmama e o e cmaca e ccqgen—ancen= 2, BEGLIN RUN oc—moe ecccccccancca.

1n 70 COrlIdNUF

1~ 80 CALL HIR

whEdwapaT=,

(3FITeldNn(20Qe6k100A8) s ye Lo 0)

él S0 VALL FIEC (3rwTelnan(/1lxcA0, nRluy AB) 4 Y9y £, 0)
LF (e (CvleBCUNY )
1 CALL E22(3LCONs leLBan InNPUT PACAL)

C
C
G £200
be £310
C
C
3 fFeh
“?
Cuavg

51 £720 LU Tu

104

N &t —

SEARCH FUR CUN BrAWNLA

V0 ni20 =196
I (Um=e 3(1)) B3IZ09H35N8320

COMT INUS

CALL ERSIJHCHON, 13rdau CUN CARD 9 t)

(110420043509 30U,SUV N0V

RALEYIMEESITES HUDHES BRIV PV NI
213109 14UNILIS0UI1AVUILITULLEOU
21900074009 21009220U0c30Uy2400
202510028000 270009240U 929006300V
9310093200 9330U9360U93500e380U) 91

)
)
)
)
)

20)
29)
1)
10)
27

Zunh
Cuiy
cuh
[@VLY
cunh
CuUn
cuh
cUN
con
cun
CU(\
CUN
CuUn
cun
cun
cun
cun
cuh
cuh
cuh
cun
Cun
Cuh
cunh
cuh
cuh
CuUN
cen
cuh
cCuNh
CUN
ron
CON
cus
CUN
ruh
con
cude
cun
Cun
cuis
CON
con
cun
Ccun
con
cun
Cuiy
cun
cunN
CUN
cuh
cun
cuh
con
cun
cun
cuh
Cuiv
CUn




1¢3

124

124

145

162
1646
170
177
174

175

267
bt

ent
212

190

>00

»10

220
02
294
P00

=10

2
e
W
Ul
10
C 98
400

aly
¥4
490
«J0

C gy
~00
alu
2D

C cvd
7J0
710
Ye0
730

C 798
RUO
ael
BRI
qe i

C nvy
Q0

C a8
1000
lnll
Ciavy
1100
1110
Ci118
1290
1210

0O T My
Pay
w jr
Lot IRE leryu Cunsun
JERQ AUMMODN
JO 210 13212900
CONT(T)=1t 0
CALL FEMT (F (3))
CALLL "EA0IQLBEGLIN KN}

U0 292 T=1e%4

LAY =u ANK

U 200 131,10

AUNLAB(TIZE(]e2)

LQOTIE Y

CO~TINUF >l

CALL KEAP( _
1901 [FF e FX DIFFy 0ASe SULLIDe MIXs bwe CJe Py

2y =70 #F)

vO a8 T1=1,12

IF (4SIeyt1ekE(1))) 30Be3ubysUD
NALELYSrE (T

VONT NI

w0 TJo M

CALIL kLA Fos

1ulLe, FoaaT gPS R ;
Ve ek EPS{CLICRaCMaLUL,CO9C)/ KAVIUS/ UPLUTEPDTN,LU)/ FRUUT

é R Y SR

vl 42V T=1,n
CAdltali=r (]
wly Lo ne
wy Tu n
RO:(7)=) o1
CALL UInr)
L0 Tu 85
CALL HEa® (egmToerk) vis
uQ 720 T=147
RUJLLeKE ) =KE (1ol
ug To &
CAlLLL RE#w (:).-I'P-E) vie
ROMI(nE g1 2
CALL wEaw (t1e 3,CAnI(%4KE))
60 Tu 89 )
GO Tu 31 ERPTY
VALL GRv (1Y) oen
50 Tu 8a
SEM
CAlL SE“(14+1)
o0 Tu d3a
Tim

CALL TIv (1)
00 Tu 3

Cuh
(uh
CUN
cun
cuh
cun
cuh
Cun
COW
Cuh
cun
rOn
cun
CUN
Cun
cun
cUN
cunh
CUNh
cOn
cuh
L
Cuh
cuh
CUN
CUN
ruN
cun
Cusn
CON
Cun
U
CUN
ruh
cun
cun
cun
CUNh
CUN
rOh
con
cunh
cuh
CUN
cuh
cun
cud
CuUn
Cubh
Ccun
cun
cuh
cuh
Cun
CUN
Cuh
CON
cuh
cON
con

RH
a3
S0
91
9e

94
95
Se
97
98
59
100
101
102
103
106
105
106
107
108
109
110
111
112
113
11«
115
116
117
118
119
120
121
122
123
1264
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
1641
142
143
146
145
146
147

105




713
277

300
3Ce

303

30«
3hh
3
3le
32u
327
345
5é17
KL
334
237
341
63
KL
353

35n
363
3u>
396
379

374
37¢

377
501

4o
oY

als
4le
LYA

L0
L2
422

106

C1»>48
[wo
131V

C118
14V0
1610

Cla98
1540

C1s58
145V0

1+10
1420
1430
1432
1aab
1436
1470
1a42
14644
1AD0
1AD2

15860
1662
F ]
[AFAT-]
1700

1710
1720
Cy7v48
1890

1
2

1A50
1R22
1S4

1a00
1270

Cini3
iavo

<

1710
1940
Clavs
2000
Znld
C2nvs

CALL XI1 (140 P
u0 TUY 8n o)

CALL EQp £e

00 Tu 8n

GO Tu By ety
CALL REAO(]1RLSAM = [NPUT PART 2) San

CALL REA®

Ak REAu(é?gTHE?S/ RHOy F0y 10y MOe nFE/ NI § =1y KS)
CALL HEAR (09KS4FN)
“El7;=l.l/Hh(l)

nE ( = (9) 0
LMll(d)=r”i)CONT(~’6)/HE.(‘3)
tMUN(3)Y=0 .9

v0 1428 I=1.KS

EM Sz () eFNIT)

M (L) =FrN () ~EMN ()
i:ﬁi:)=gdm(1)/ENm(3)

LMD ) =F AN (2) ZEMN(I)

U0 1052 I=1,K5
EMX(L)=Fy(J)/EMNI(])

V0 1062 T=1,410

NELAB(II=E(le2
6bC TV 8 !
&ALL FEAN(14LTEC - RUGONIVUT) 180
CALL MEAP (11R #+=TAHBLE SS9 0y PT)
CaLl, TER
L0 TJY 89
PV

%ALL rEA.) (SLLOCUS)
CALL. KEAP(
504 BRI oCH (laTel= 4
AT laTe2=y13=Se4=E) / TCyPC/ P=TAOGLE §
CAaLL REAR(Qs2sS0UC)
CALL NEAP(0s0sPT)

FixkaL ¢ 1) 2 ’
bUC (1)sT
SUG(A)=v

CONTINUE

CalL PV

=0 TV Ba

SALL FE&N) (2LCJ) “
ALL KEAw (16H SJ RHUTABLE %9 09 wUT )

CALlL CJ
00 Tu &
CaLL TEST TesT
wd TV 80
ChEC

cuh
CUN
cun
cun
cun
cuh
cun
cuh
cun
cun
cun
Cuh
con
con
cuh
cun
Culs
cun
cen
cun
CUN
cuh
cuh
cuh
cth
CUN
cun
CON
cul\
cuh
CUN
cub
cUh
cUN
CON
Cuy
cun
CUN
cun
cun
cuh
CUN
cuN
cuh
CUN
cuh
CUN
cen
cuh
cun
CON
CUN
cun
cun
cun
cun
coun
CON
cUl\
CON

148
1649
150
151
152
153
154
155
156
157
158
159
160
161
162
163
166
165
166
167
168
169
170
171
172
173
17
17%
176
177
176
179
180
181
182
183
1R4

187

194

170
197
194
199
200
?01
702
203
206
205
206
207




437
441

442

463
465

466
450

451

692
454
456
4ol

462
463

666

4617
410
$171
412

474
502
Sun
50%

513
515
§22
52«

52%

526
5726
530
532

533

2100 CALL CHEC
Z110 GO TU 89

Czi198 ) EMPTY
2230 6O Tu 84
Cao498 SPEC

23190 CALL SPEC

2310 w0 Tu 81

Czav8 SPEC]
z4v0 CALL SPFC)

2610 VO Tu 8n

Cz498 EMPTIES
25uU0 6O TO 8n

C CURE
zal0 E(p)=E(4)

a0 E(Y1)=E(R)

620 LalL CURFE (E(3))

2630 LU TO 80
CEAVU UﬂUb
2700 CALL ERP (4+CONS)

2710 60 Tu 8n

Czr98 LOAD
£4U0 00 Ty 8n
CzaYl EMPTIES

zoho L0 Tu 8,

a0 60 Tu 8n

21U0 w0 TU 81

22u0 ©0 Tu Ao

3390 w0 Tu 8n
c FORM
3400 CALL FIGQG (3-WOTesen(a6)eleb (3)90)

3410 POL=E(4)-RLANK

2420 1F (POL) 1430,43440493439

2430 CALL FIO (SHPRINT s (A6)sLsE(D)40)

2440 1F(E(E)=DNLLAR) 34709345003470
23450 U0 1660 I=1.6

23450 SPELAB(T)=E (]1e6)

2470 w0 T 8)

REND « END OF RUN
2890 GO Tu 89

(] OO0

JENND = ENUD OF JOm
2400 COMTINUE
CALL rEANE (7HJOHENQS )
CALL EXIT
4000 RETURA

C

C LUAU BUTTON

C

C

C

END

CQQOOOQOQGOO00000000#0900Qoooo@vohoo0000@00@0000#00000000000OOOOOOOOOQQQ
Cu be CUT OF pLACE °

CaaftodoudiRoodobioondatdottnatdadontdudacduontontaatadaonetoo0oaadocdso
c“QQOQQOQOQOQGOOOQQOOQOOQ000009090000000#“0Q0000000060“09090OOQOQOQOOQQQ

C BRINKLEY=rMETHOD EGUILLIZRIUM=CUMPUS]IILIUN PXG,
C TRANSGCRIHED TC FUGRTKAN oY PAUL BlrUs UMX=T,
C FROM FICKETT2S QRIGINAL LUNGHANY VERSIUN,

cUn
con
CU“
cuh
cun
CON
Cuh
CUh
cON
cun
cuh
cOon
cun
cun
Cuh
cuh
CUN
cub
CON
CUN
cun
coh
cuh
cON
cun
CcON
couh
CON
cuh
Cuh
Ccuh
CUh
cuh
CUN
o
cuh
cun
cuh
CUM
CUn
cuh
cun
Cuh
cun
Cuﬁ
cun
cuh
cuh
cuh
cunh
con
cuh
cun
Ewrs
Furs
Furd
EurS
fEurS
EWrd
Eurs

208
2009
21¢
211
212
213
rlé
215
2lé
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
23¢
235
236
237
»3s
239
240
741
242
743
PTX
245
546
267
248
249
250
751
282
»83
+5s
?5%
7256
257
z58
PR

2€0

O~NOY s WN

107



17
17
17

17

L7
24
24
rxs

33
33
33
33
33
33
L3-]
82
ba
R
57
be

T
A
111
122
131
133

108

C NOTES =

C le CRANGFS WHEN INCOKPORAVEND INTO REVIVED MES

C CUNMAUKED RERSreER 3/71/77/770)

C Ao MAKE AVECT LOCALs FLILLE(D FROM AxeS BFRAs EPale

C IN €£QPS

C ., EAQLI2) REPLACED BY eMUL(7)s IWN EOMS
CQgOOoQO&OQOﬂQOQQ#ﬂOoOObOO9000000000600000000000000000.06000000000009000

SURNUUTTIE EdPSIKBP +CSPIWATUMIALPHAYALPHALZ2WEPA LAY

o
o

UIMENSTIC CSP(6) sWATOM(6) v ALPHA(2090) s AVECT(2002) vRALFHA(10146)

14LPT 169191 ) 9o KRR (2)

VIMENSTON QMAR(6) sNAVEC(L1U0) o XHUMAT(10096) o XNU(L10U) »

1UBARD (6) «WAVECS (L1u) » AnUMATS (100967 $ XA8UD (100)

UIMENSICOM EPA(LYsEraL(])
o

CONHMON /E-:UTR/NBARINAVEC s ANUMAT 9 XNU ¢ SUMG NS o NC o nD o liP (NPATyNT 1y

1UBARS P NAVECS » XNUMATS s XNUS s SUMUS
c
o
Cugooovooooﬂ0009000000000ooGOO“OOO#&OOOOOG000000000{00000000
C MAKE aVECT LCCAL. RERSHNEN 3/17/16

Coofduvgaddilognttes 000va0NI00000000RR00000000R0R000N00RGO®
b0 12 I=1.20
AVECT (T91)3EPA(])
AVECH (142)=EPALLI)
12 COMITINUF
C NEFINE COUNTRUL CONSTANTS ANC REORQER ALMHA ACCORQING TU 2=VeCTOR
NC=C3F (1)
NS=CLP (2)
NPaI=CSP (48)
«D=n>~-NC
D)y =eaiD e
WPl =Pl
LF(APPT.E2410ANOsKBPER,0)IGVU 10 30
NP=CHP ()
13 nvs=l
14 WCUP=RC-IP
SF(NCMPLLEL.D)CALL UBUG(2)
U0 1 1l=)eAS
NAVEC(I)=aVECT (1 eKV)
WAVE=-4AVER (1)
U0 1 LalerC
1 RALEMAINV,J)=ALPRA (1Y)
U0 2 Jd=lang
2 RALHHAINSe1eJ)=GaTUNM ()
CAIL MATTRA(NS«1aNCoRALPHALLIULIALPT6)
C THALNSPOSE ALP-~A MATRIA
C sULVE FO® = ATRIX
CALL LSS(NCIND]96eALPT ALPT(19NC*1)ULET)
C TEST FNR ZEND DETERMINANT, EALT FUR NeWw A=VECTOR
IF(VET.F4.0.0)CALL DBUGI(2)
C TRANSPNOSE FOR NL-MATRIA AND SMALL @
CALL MATTRA(NCIND*1,ALPT (1 oNC*1) 909 XNUMATI100)
SURSQ0en
DO 3 J=1.NCMP
3 SUMQ=SUrQeXNUMAT (NU+1 0 J)
V0 & J=1MC

Furd
FuWrs
EuFS
gurs
Eurs
Furs
EurS

FQrsS
ELrS
Fuwrd
EwrS
Furd
Furd
FEurdS
Furs
Furd
EurS
Fury
Eurd
EWLrFS
Fwrd
gurs
Fury
Fwk>
Furd
rwrd
EuWkF>
Furs
fwrd
FuWrd
Furd
EWrs
[ X"l -}
Furs
twrd
Furs
EwrS
FUrs
(2" L]
FUrs
Eurs
Furs
Euwrd
Furd
Furd
FGr>
(X"
FGrsS
gEuwr>
FWrS
EuwrFd
Furs
Furs
FEWrsS
FursS
[ AL
EuFS
EGFS

10
11
12
13
14
15



237
FETA
241
2%3
252

263
271

317
321
323
35?2
360
367
370
37n
372
373
4}
wJ3
INVEY
4ls

43y
439
437
hoo
451
453
(378
4065
a6
407
470
470
472
s
475
475
5U1
s06
Sk
5lo
511
5i¢

12
51«
51%

12

4

5

WAAR (L) =xNUNMAT (Aol 3 J) ZSUMO
LO S I=1.71D

AN ()=,

LO 5 y=lengmd
ANGEIY=X 30 (T)exXNraRT (L 9y)

C PRIN! MU=MATRIX aAMD 4HAR

-~

90
10
11

15
16

17

18

19

20

el
22

30

31

33

C
C

C

BRITE (990) (GHAR(J) 2 J=19ACMP)
WRITE(Qe7) (XNUMAT (L1oJ) sJ=1eNC)
FORMAT (1A1+49Xe4ktBARISXy 6E1D.T)
FCRMAT (11049 Xe6FNU MAT3Ke  6E15,7)
FORUAT (10X 41392X0  €EL1S,T7)
IF(KOeLF L, 116D TC 90

U0 9 l=:,nD
WRITE(93) Lo (XNUMAT (Toysed=]1eNC)
GO TU (19+15)sNPRIL
LF(NPRIEN,1 ANDeNPEW.1)00 TU 11
KETURN

NP =ty

Kvs=p

00 Ty 14

0O TU (168s10) ¢KFLAO

U0 17 I=1.M0

ANGS(T)Y=xre)(T)

U0 17 J=1.NC
ANOPATS(ToJ)Y=XNUMAT (14J)

ANHS (ND1) =1)P

U0 18 I=1,4NS

~AVECS (T)=NAVECI(I])

SUALS=SUA)

VO 1Y J=1,NC

WBANRS (JV=aQBAR(J)

KRFLAGLEZ

GO0 Tu (21e2]1) WNPS

~wP=y

KV=2

Lo Tu 22

hp:l

Kv=]

ANel (ND1) mup

o0 TO 14

NE=(CHP(R)

NP S=iP el

6O TU (31933)sNPS

wP=1

AvV=1}

KFLAGE)

eQ Tu 14

P =)

V=2

60 TU 3>

END

SURRULTINE EOMS (KBERR XCUMP 4 EMUL ¢ F DAG)

UATA ITERCYCIEXPLIMIEPSILUN/Y99600e0]e0b=107

DIMENSION XCOMP (10u) sEMCL(T7) o+ DAG(100)
CQOQQQ"QOO990009090@00Q{19090000900#"90000090009900“.

EurS
EwrDd
Furs
FUrdS
[ A
Furs
furs
Furs
[ X L]
FQrs
Eurs
Furs
[ZFL)
Furs
Eurs
EUr>
Furs
EWr>
Eurs
FWrdS
Eurs
EuFS
EUrS
FursS
Furs
FUrs
Eurd
Eurs
Furd
FEUrsS
Furs
gurs
Furs
Fars
Furs
Furd
Eur>
FurS
Fwrd
Eurs>
Eurd>
Furd
Furd
Eurd
[ "1
Furs
Furs
FUHFYS
Furd
EWrS
FurS

FUrS
FursS
EilMS
(X L)
EWrS
Funs
EWrS

108

110
111
112
113
114
115
116

DNOCUVS WN

109



12

12

12

12

12
13

16
23
23
2J
3n

“3
el
59
57

67
I

102
103
1V%
114
129
1¢5
131

1432
144

147
159
198

157
162
174
176

176
201
293
234
220

C EMCL(?) RFwLACED BY ENMGL(T). 2710718
CQQQOQOOOQQﬂ00()0090009(10000000 PUYOVQLOUCNIDOROOVROODI0OGO
LDINENSTO XUNKIEINU) 9RXCOMP (100) s REURG (10U s RLNKJ(0) yal606) 4 F(6),
1M (A
VIENSTOw OHAR(6) aNAVECLLIUO) 9 XNUMAT(1U096) s XNU(10G) y
1wBaRS(6) e nAVECS(10U) s ANUMATS (LUU96) v ANUS (L VU)

C
tQUIVALFICE (Fyn)

C
COMMON /ENULHR/QBARINAVEC I ANUMAT s XNUSSUMQINSINCINUINE JAPRI o NC]
1uBARSIMAVFCS s XNUMATS g XNUS s SURWS

C

C

C seT CCUSTANTY
1000 NPUFLAG=)
1001 1T Cu=n
WGP =HCw. (0
C REURUER -ICLLF FRHCTIONS AND FREE ENERGIES
U0 1 {=]1.nS
NAVEMAVEC(])
KXCUXAP (NAVY=XCOMF (L)
1 XFNDAL(NAVY=FDAGI(])
IF (PRI Fd 1 e AND NP EQ 0 RFOAL (NS) =L APLIM
C gALctlLale LNKI
LU0 2 I=)4.nD
ALMNKI(I)=~RFNAG (] *NC)
V0 2 ¢=1.nC
2 ALMKT (I 1=XLANKI (LY SANUMAT (I 9J) ORFDAG (J)

(s Ne}

cALenLAaTE Ly XJ
3 UC 4 Jz=1,NCHP
G ALNXJ(Jr=aLl )G (RXCOMP (U))

C CALCULATE “4JLE FRACTINNG OF DEPENUENT SPECIES
O A I=1ND
ALMCI=X KT (D)

[FION TR I MY of 3+
S ALAXI=ZXL 18 e XNUMAT (T 9J) @XLNXY ()
LF(XINXT 55T 4,0,0) XLNXI=0,0
IF (XUAXT LT =EXPLTM) ALNX]S=EXPLIM
6 RXOUMP (TesCI=EXP (XLAX])

C QET UP JTERaTION LOCPH
LF(TIERCULER0)CO fQ 11
LF(ITERCFD.GTLITEXCYCIGO U 20

C TEST FOr LOrnVFRGENCE

v 7 J=YeeCrrP
LFLAAS(r(J)) JBTLEFDSILUNIGY TU 11
7 COTinUF
PASSED CUNVEOSEARCE TES!H

(e XeNe]

GALCULATE NI4IER OF MULES
RNJHS]
O X o I=t1ewn
B HMN=SKNUHRXCOMF (T*AC) ®(XnU(I)=1,0)
EMOL (1) =My /RNCH
C culcvLaTe X aAND MOLES CF SOLLID FUR NP=g
EMNL(2) =0, 0
1F (o NF ,1)GO TO 8l
AC=ii3AR ()
V0 89 I=1,ND
80 ACSXC~ (XNUMAY (1oNC)~UBARINCI @ IXNU(L)=1.0) ) ORXCUNMP (I +NC)

110

Furs
Fwd
glivy
Furs
FursS
Eurd
EwlMd
Furd
curS
EWrD
Furs
Furs
Futd
Fuld
EwMS
FWrS
FulMd
FUMS
EUMD
Eurd
Furd
Furd
(2" L]
FuMd
Euts
FulS
[X'L4-}
Fwrd
EurS
Eurd
FurMS
[P L)
[A¥L]
EUrFD
Furs
FuldS
[}
fukS
Eurdd
Fuars
FWrS
Furd
EwlO
Futd
L]
Ful>
TurS
[X"La-)
EGFS
FuwMd
EuMdS
(370
Euwl’d
FuFd
EWrS
FUrsS
FuUrd
EWrS
FWUrS
EWrS



231
231

236
ze3
243
247

253

254
7%6
257
272
Su3
311
313
Ale
317
22
340

k¥4
363
37
3n
ali
377
40¢
403
406
496

L11

4i6
sl
422
424

430
43/
437
437
437
444
4e7
462
46%
612
4Ta
500
S5le

RXCOHP (NG ) =XC
EMaL(2)=¢CoEM0L (1)
C 2ESTURF OLF FRACTION URDER
8L VO S5 I=1,u.8
WNAVENAVEC (1)
9 ACNAMP (1) =X COMP (NAV)
IFINPRIJEN L1160 TO <2
C FXIT WITe COIPUTED EWULLIBRIUM CUMPUSITION
10 KETURN
C
C ENLRY Th CALCHMLATE CORKECTTONS TO MULE $rACTLIONS
14 DO 13 J=1.NCMP
SUMF=0.0
1O ¢ I=1NN
12 bUHF=Suvro(XHUMAT(I.J)-CdAR(J)°(XNU(I)-I.O))°RXC0HP(I0NC)
13 Fr{J)=unar(J) ~RXCOMP (J) =SUMF
VO 1 Jz=1oNCHIP
UQ 14 J=1,NCMP
A(leuP)=y,0
IF(JeERIBY ATy JPISRRCONP (J)
NGO 1% I=1.ND
14 R(J.JP)=A(JoJD)0(xNuMAT(IoJ)-QBAN(J)°(XNU(I)-l.o))°NxCuMP(I¢Nc)o
1ANIDMAT (T, IP)
CAILL LSS(1.CMBy1960AFINET)
IF (WET.Fa.0.0)60 lc 2o
VO 17 J=1,NCHUP
KXCHeAP ()1 =RACOMP (J) o (l,.0en(J))
IF(Q&COVJ(J).LT.EPDILON)NKCUHP(u)=;P31LUN
17 LonrinuF
LTFRCC=TTERCO]
sy Tu 3
20 CALL Cnuii(l)
60 TO 1agn
C TEST FIR PREVINUS SOLUTIUN FUR PRl = )
2 1F(NPRFILLAG,EN.2)GLU TO 10
IF(NPLESL1IGN TC U
C «aILKATIUN TFART FOR 1=PRASE SULUTLIUN
C SELEUT MON=/F2Q ELEMESN! OF 2-rraSe AU
HO Su Iz=)eND
1F(X-UMATS (TWNC)NE,V.0)06U TO SI
50 CONTInu?
CALL CH-u3(2)
C 1LUCA'EN SPECIES FORMED FHUM SULID
S] 1Sp=]
U0 82 I=1sNS
HAVE=eAVERS (1)
RXCUAP (LAVY=XCOMPR (1)
52 MFNAW(NSJY=FDAGLL)
LLNK 1=~ AG (ISP enC)
tQ 94 J=1+NC
53 LLMKI=Z1 i KToXNUMATS (ISP J) @RFUAG (J)
ALMSSALOS(RYXCOMP(ISEenC) ) =ZLnaK]
NC'Al=NC -
U0 S4 J=]1.NCH]
54 ALMS=XLNS=XNMNIMATS (ISP J)oALOG (RACUMP (JU))
EMAL T ) =XLNS
CQQOOo9{600000\‘:060000000&00060000000000000090000090000
C EVUL(T) SFT 2710770
CQQOQQVOQQOOOO\';OQ0&00000\000OOOG06001'0000600&000000000
C TEST FOR SUREKSATURATIUN

FWMS
EQFS
FUMS
Euky
Eurs
FuMmd
EQMS
FUrS
FGrS
FursS
FulMS
Furs
Fwrd
Ew¥S
Fu®d
EWMS
FUWrMS
EWrS
FursS
FEWhMS
FarS
EWMS
Furs
EGWrS
Fumd
FUrS
EWrMS
FEulMdS
Fwr>
EU¥D
FursS
FGUMS
FUMS
EWMY
FUrMS
FLMS
Fwl>
FuUurs
Ew®d
FuMS
FWhD
FWrS
Eu?b
EWMS
EW~>
Fur>
EUMDS
EWr>
Furs
EQrS
Fwly
FUrS
£QrS
furs
Fuld
EuMS
FuUrS
EQMS
Fur>s
EQMS

115
116
117
118
119
129
121
122
123
124
125
126
127
128

111




Sln
517
521
533
530
530
S%
Sen
5“0\
S44
851
561
561
561
564
S7.
57
574
577
577
s57%
577
605

gl
&le

ala
6is

112

1F (ALNSLT,n.0)GO0 0 1o

C FACRaNGE FUOR 2«PHASE SCLUTION

C

C EACHANGE a-URECTORSy ETC,y FCR CHANobL IN NUMBkR OF PRASES

OO0

O

3v

31

32

33

34

~0

WPk LAG=p

u0 31 I=1.ND

VO 31 J=1eMNC
ANIPSVEX JMATS (19 )
ANGI#ATS (19 ) =XNUMAT (T )
ANHYAT (T by =XNYMSY
VO 32 )z yNC
UBARDVEHARS (J)
WHARD (J) =-8aR (J)
WBAR(J) T Y 1AKRSY

vl 13 I=1,4N3>
NAV=HNAVECS (1)
NAVEUS (I)=NAVEC(I])
WAVEC (1) =tAv

vl 36 I=1,h101
ANIISAVE=C IS (])
ANHIS (T Y=XUul])

AN L) =¢ ,1SAY
SUndsavz=semiLs
SUNS=S e
SUM.=SU»)YSAY

WP =XNU (A 1))

00 Tu 1loul

TEST Fait SATISFaGTORY c~PHASE SOLUTION

IF(XCeBT,%443)60 TO 10

SIMle 40 RiEPLACED 8Y Thk FCLLOWING TWO STATEMENTS.
RERSHAER 2/10/76

40

EMOL(7)=xC
IF(XCe3T,0,0)G0 TO 10

NO SULIU FHaSEs G0 TO 1-PHASE SOLVUTION

OG0 TO 39
NN

SUUUT TWE MATTRA(NGMoAvIAyEy18)
UIMENSTON A(IAIM) 9B (IBWN)

U0 1 u=1eM

Vo 1 I=1,n

BlJell=a(Tl4J)

RETURN

eNn

.SUI\ROUT[-‘JE LSS (N.M.I'A'BlDET)

C MUOTIFIFD FOR FORTRAN IV RHUG

UIMENSICH A(TeN)e B(IeM)
UOIHLE PRECLISION Sl.Sd.GU!PRU
teN=N

MM =i

SN=1.

vl 9 JUsYeNN

L=.-1

1F (JJEQ.NNY GO TO 7
T=ars(A(JeJd))

Ml=y

M2=Je]

FursS
[ XL
FWdd
FuLFS
EGNMS
(L)
[F L]
Fuld>
Fu®d
Ewlr>
FuUrs
EldS
Fukld
FGMS
FursS
EWrMS
Fub>
EJUMS
EuMY
EwlMS
EWrS
FuiS
FurS
FuUMS
Eurs
EuwlrS
FulMd
Ewhd
FuldS
EWrdS
FUrS
FurS
[ZLa)
FUMS
ELMS
Fwhd

PA)THA
MALTRA
MAITRA
uMal TRA
MATTRA
MAITRA
vAlTRA

LSS
LSS
LS>
LS
LS>
LS>
LS>
LS
LS
LS>
LSd
LS>
LSS

129
130
131
132
133
134
135
136
137
138
139
140
161
142
143
144
1645
146
147
148
169
150
151
152
153
154
159
156
157
158
189
160
161
162
163

DNV EWN

VTN U &wNn

*~
(=)

— s
& Wne—




3as

3%

@1
. %3

@y

46

51
K]
3
63
63
w7
70
76
106
1((6
T
116
122
144
14
127
130
190
177
217
23>
?34
cen
el
2%e
243
PR
31
320
3<
222
374
332
339
36t
3t
]‘b‘t
3
347
3467
37
347
35%
374
Qo?
411
412
¢13
&la

lo
14

lo

1]
12

1s

13

0 1 K=v2 NN

ASARS(A(KoJ))

IF (X,LF,T)y GO TO !}

l=x

Ml=x

CQut INUF

IF (Ml.ry.Jd) GO TO 4

V0 2 K=)1,.u:N

IsA(JeK)

A()er)=a (1] 9K)

ARy eK)=T

ShN==-5N

iF (41 F.0) GO TO 4

VO 3 K=14upM

T=H(JsK)

B, leA)=it{r. ] 9K)

Plsmtop)=T

IF (A(JeJ) ,FR.06) GC TO 10

U0 & K= 4NN

Sl=0n.

52=0,

IF (L.Fr2en) GO 1D 5
S1=iUTPSJ(Lsalgel)sTea(lon) o]}
ALJeK)I=A(JeK)I =S8 0Ued) )
92=LUTPRIIIIA(KITI v ToA(19M2) o)
ALK #2) A (Koe2) =52 ’
LF (M E.nY GO 10 9

LF (alJed) Flege) OC TO 1

Lo = K:l 944

sl=0,

if (LeFei,n) GO TO 8
Sl=auTPar(Leatdoldoloti(lor) o)
HBlaen) =1 (JeR)I=SL1)/8(J4y)
CO~ITINUE

VET=a(l,y1) 08N

1F (DET.EN,N.Y GO TO 13

iF (NeER.1) 60O TQ lg

U0 10 J=24.NN

DET=0ETea (JyJ)

IF (DET.EN.n.) GO TG 13

IF (MMLED.0) GO TO 15

M3=tan-]

LO 32 J=]1eMM

U0 11 L=1yM3

MlsnN=L

Sl=6k.

tlg=M]le]

R=HN=MPe

$1=cuTPRﬂ(KoA(MloM2)vI.E(MZ.J{ol)

Blalaulz=r(MLloJd) =Sl
COMTINUE

00 To 1%

VET=.0

KETURN

tEND

Uoi:LE FOnCTION UUIPRO(N;K.IX;Y;IY[

UIHENSION X(IXoN) oY (LY 9N}
VOUALE O0X,DYsSumM

LY>>
LS>
LSS
L3>
LS3
LSS
LSS
LS>
LS
LS
LSS
3
.53
LSS
LS>
Le>
LS>
LS>
1.$>
LSS
1.SS
LSS
LSS
L53
LSS
LS®
LS?
LSS
LS>
LS>
1.53
LS>>
Lo
LS>
LS>
LS
LS>
LS>
LS>
LS
LS?
LSS
LSS
LSS
LS>
LS3
LS>
LSS
LSS
Lo>
LSS
LS>
LS?
1.S5
LS>

RU!PRO
LOiPRO
COIPRO

113




la
1%
24
2n
24
4k

52

19

12

19
15
15
4
“0

“1
4l
el
“3
oh
61
62

75
70
11l
106
106
12¢

121
121

114

SuUr=Y e

DO 1 IsleN
UK=X(1s1)
uY=Y(ls1)

1 SUn=sitleiyely
LOTPRUSSIIM
HRETUKN
END

SWLHRUUTI.NE REAP(LAGFLWNyA)
CoafeattoRitvoduont0000000K8000000000R00000000000RR0NORQ00

c TRlS RCUTIME IS CESIGNEQ TU READ ANY PrINT SPECIFIED
C ARRAYS.
C RERSHNER 2/13/76

CouuauloaneoodnatdotaldogdetonotdotoRVaacdondadooedoonacod

UIMFNSIO ) LASEL(10)4A(N)
CoanauodaildoosiodotodbondadayitdtoddNddandedcatadaduconte
C FURMAT STATEYENTS.
CHatouiauoedoooato0oadiodotoodtodareatanoacagoaeacotooen

1 FORMAT(1°T6)

20 FORMAT(HE124T)

30 rORUrAaT (SX.1218)

40 FOAMAT (EX41PHEL13.9)
50 FOR»aT(pXe1G4A10)

CALL PRIt (LAELsus0)
CoolouRaB000DRIANLONN0N0CIORA0a00N000000000I0000000600Q0
C TREM ghkAKCH CM N TO SELd Alte0 PRIANT ARKAY A
Coutoalo0tt000000000000000000000000000000002000000000000

IF(n)100+1109130
Chatootionuiotoeo0o0aoBovo00saltodo008cs3000aRA00RALOG00
C NEGATIVE e USE 1216 FURMAL,
Coptoavdsub000u000000ddalataa00000000000¢R0BRRONC0RIa00RN

100 ConTinuE

NP ewn

KEAD (las10) (A(I)el=14NP)

PRTGT lae(ALI) o I=10RP)

MRETHRN
CQQQOQQObﬂﬂc0QOOOOOOQOOGOo0#hoo0000000000000&000'0000500
C 2ERA Ny STOP AFTEWR REAUING BLANK FIELUS

an&@hﬁoo:ﬁ090&000@0000“69000090§0000000Q°0900000000G000
11+ COUMTINDE

J=1

AnZ4

120 KE&N(10+20) (A(L)Y s I=J0K)

VO 140 L=JyK

LF(a(L) Ey,,Nn.0160 T0 L40

130 COnTINUF

CRTNT Gy (A(I) 9 I=UeK)

wEKe]

R=gey

w0 T 140

140 ~LL1=0.n

PRINT 4ne (A(T)oI=goL)

HE Tot N
CQ00000§099°Q00°0000000900000000000000@0000000000000000#
C PUSTTIVE 1, USE E12.7 FORMAT,
CQQQOQOVQQOOOOOOOOOob0§9000§000°000000000.00090000.00000

15Y COMTLINUE

READ(10020) (AIL)91Z19N)

CulPRY
£OtPRY
LUIPRO
nOIPRO
CUIPRO
rO!PRO
CuUlPRO
ROIPRO

WE AP
REAP
RE4P
NEAP
HLAP
AEspP
pEAP
[T 4
RE KPP
Prar
ReAP
RE AP
KEAP
HEMP
Fhapr
HEAP
HEHP
Re AP
R AP
Resp
REAP
KEAP
[N 4
HE~#P
(X4
REAP
[ Xl o
FEAP
LEAP
[N 4
REap
REAP
RE&P
RE&P
(X2
peap
HEAp
REap
we kv
GbAP
REAP
~EAP
KEup
KERP
[N XY
KRehp
REARP
Hx Y
rEAP
REAP

——
N—OoOC TN

—
—OOVE~NOCOUSWN

— e 4 o s
VONCUVE&EWN

NN
—

WWwyNvNNNNVND D
~COO~NoUVESEWN

W Lt
& W

ww
Lo ¥ o}

21

& e Www
-—Oo ¢ m
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14
la
26
2n
24
G
50
Se

lo

1o

12

15
15
ls
2b
40

121
121

SUMEJ e
L0 L I=1en
UX=X(1+1)
UYsY(lel)

1 SUri=stMenlyeDY
UOTPRC=SdM
rETURN
END

SUNAUUTI.NE REAP(LAEELsNyA)
CQQQQQGQGQQOQO#OOQOOOQQQQQOOOOQOQQOQOQOOOOOQOOOOSOOQOQOO

c THIS RCUTINE IS CESIGNED TU RERD ANU PrINT SPECIFLED
C ARRAYS,
c KEROSANER 2/13/75

CQQOOGoﬂ09000000000090000'OQOOOQOOOOOOOQOO°00°°°0°°°°v°°

DIMEGNSTION ILANREL(10) 4 A(N)
CQQQOQHOODOQDOQOQOO900QOOOOOOOOQOOOOOOQOOOOQH'QQOOO00000
C FURMAT STATEMENTS.
cagaﬁa¢§900000§0600000&00d000000009.000000000000900005.0

Iv FORMATLLPTR)

€0 FORMAT(KEIR.T)

30 FCMAT(SXa12TR)

40 FOORAT(GX,]1PHEL13.Y)
50 FOP~aAT{PX.10A10)

CALL PRIt (LAHBEL9s090)
CQQQOQGQO900009000000000000009000&0000000000000900000000
C TOEM dRALCY OM N TO READ AND PRINT arRRAY A
ngvﬂuvoHQQOOOQO%“OOOOOQOQQOQ900000009000000000000000&#0

IF(n)10091100120
cogooqbO&OOQQaQ#QQOOo“OOOOOQQOQOOOO'QOOOOOOOQQOO#OOQQ&OO
C NEQATIVE 4y USE 1216 FURMAL,
CQQQQuﬂéooQOQOQOQGOOQQOOOOOQQOOO60000000000000#'00009000

100 COnTINUE

NP:-N

KEAD (las10) (A(I)el=1sNP)

PRINT 1as (A(I) e l=10nP)

RE T IxN
CQQQOQw00999090&6900000&00006&000400"0000000000000000000
C 2eer) oty STOP AFTES REAUING BLANK Fl&LUe

COs0AILEVEOAURO0R0000000UINOOINOORIR00ELROBNT0000000000GL00
117 COMTINVE
=
A=4
10 HKEAN(10.20) (A(L)o12J9K)
vl 130 L=JyX
LF (ALY ENeNe0)060 10 140
130 COuTINUE
PRINT 4us (ACD) 9 I=U9K)
JEKe]
h= e
00 Ta 120
160 Ad)=0.n
PRINT 496 (A(IYo]I=UoL)

RE Ti. <N
Coatt0aRtdovidaoononoadlodotooddvodaeadddoncoboRdooayoo
C PUSTTIVE +, USE Eld.? FGrMAT,

Cﬁ0000900bﬁ°§00900°Q0990909000°QO°O°°9°O°O°°§°.°°°QOO09.
19Y COMTINJVE
KEAD(10020) (A(I) o I=1oN)

CUIPRY
DU IPRY
RUtPRO
NOIPRO
CUIPRO
rOIPRO
CUIPRO
nUIPRO

REeapP
REAP
KEWP
REAP
~eap
REAP
REAR
REMP
REAP
Prap
REAP
I NY
<L AP
KPP
ERar
REAP
Re 8P
Re AP
[
Re&aP
prap
HEAP
ke hP
REAP
wEar
REAP
REhw
FLAP
b AP
[N o
Frap
RERP
REkP
RE&P
FEaP
RE &P
KEAP
[T 1
Ry kP
HEAP
REAP
wpar
kbuap
XY o
HERP
RESP
REAP
RERM
REAP
REAP

—
—~—oVoE~NOUVEWN

— s Gt b et et o
VO~NIrPEWN

[AC I ISR VI VI V]
V& wNe— O

WwrNvN N
—~CcCoOoO~NOo

wWwww
e wn

FrPPLLWWW
WN—O & ®O~NO

P
&

LR L
ox N

o un
- o
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CapiEovoootovuuaodoteadodoyoQanidadovtdatoddaguwddodaooa®dodpoaRodoconadge

CgQQOQGQOOQOQOOO00“000000090#90000000066&0900090090000900QQQQO&'OOQOOOQQ

131
143
144
Ceo
C
t
?
C
1
2
C
1
2
C
H
2
C
1
2
C
]
e
C
1
2
C
1
2
c
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HRTANL e (A(I)el=19N)
HETURN
eiNn

Ie QUMNTES

SUHARUUTINE DOUT

THTS IS A DUMMY ROUTINF,
RE TUSN

(9]

SURRUUTINE DIP)

(HTS IS A pUMMY ROUTINE,
KETURN

END

SUARYUTTE TEST

IHTS IS A DUMMY ROUTINE,
KETURN

t.ND

SUARULTIME CHEC

ThTS IS A NUMMY ROUTINE,.
RKETURN

ENN

SURRULTINE SPEC

INYS IS A DUMMY RCUTINE,
RETURN

LD

SURROLT INF SPECI

TnisS IS A QUMMy ROUTINES
KE TURN

END

SUARULTTF CORE

THIS IS & puldMY ROUTINE,
HETURN

END

SUARVLTINE Q0M

THIS IS a DUMMY RUUTINE,
KETURN

END

czz

LEAP
WE np
RbAP
LuMMY
rurmYy
[FUFMY

ryurMYy
CurMY
CUMMY
nuUrFMY

QUMY
nur MYy
flUMMY
DUk My

nuMMyY
curMy
fUMMY
(LUMNY

rUNMMY
nuUrFNY
CUMMY
nuray

CUMMY
ruUrMy
CUMMY
purMy

DUMMY
QUMMY
QuUMMY
nurMy

CurMMY
ruU®MY
QUMY
curMy

nUFMY
curnMy
nuMMYy
QUNMY
cle

52

54

c~w~owm

10
11
12

13
lae
15
16

17
18

20

21
22
23
24

25
26
27
28

29
kD]
31
32

33
34
35
36



APPENDIX D
COMMON STORE

The contents of the common arrays are listed in Table D-I.

oGeneral Notes

(1)
(2)
(3)

(4)

5
(6)

If there is a principal routine dealing with an array, its name is given in
parentheses at the end of the description line,

A few important equivalent names are given; these are denoted by a preceding
equals sign.

A single subscript indicates a one-dimensional array (for example xi); a
double subscript indicates a two-dimensional array.

One-dimensional arrays containing species properties or compositions for the
entire system 1ist the solid as the first species. The mole fraction of the
solid is Xg = ns/n.

) Unless otherwise stated, the units are cm-g-us or cm-mol=-us.

Unless otherwise stated, all derivatives for the system are at chemical equi-
Tibrium.

eParticular Notes

(1)

(2)

GM - the prime here denotes imperfection quantities with respect to ideal gas
at the same temperature and volume. See Sec. IV.C.

THER - the subscript o on quantities near the end of the array denotes a fro-
zen-composition derivative.

TABLE D-I
COMMON STORE

- matrix of FROOT arrays (columns) DER - differentiation (GAMM)
cC - CJ 1. p
CH - Hugoniot 2. Vv
CM - constant-v, s, e contours 3. T
CG - gas EOS 4, v4
CS - solid EOS 5. v.
6. Hy
CONT - constants 7. Ha
;é?igéng§8§%)R(Mbar—cm3/g) EMG - Fi, “free energies" for equilib-
1.01325 x 1076 atm to Myar rium constants (EQMS)

0.04184 kcal to Mbar-cm
0.426012 (N/VZ2) x 10-24
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EMN -

~NooawN—
>

EMX -
FMU -

FN -
FOB -

17 18.
19-36.

GM -

phase mole numbers

g
s
2 =n /n

Q (mo]es/gram)
s (saturation index) or -n
(a1l solid evaporated)

X mole fractions

us:, imperfection chemical poten-
tials

Nis mole numbers

knobs

FROOT ¢'s

FROOT r's

A1 = A n p (GAMM)

Ap = AT (GAMM)

€, equilibrium outer (EQP)
€, equilibrium inner (EQP)

FROOT x_. , X in pairs

min® “max
pure-fluid gas state (sub g) (GEM)
v/v

T/T*

pV/RT

RT
RT

)o

<~-N N

N NA DOSNS o

e IO L~~~ NN N OA —~TIIMN DA
W W W -
o
S~
Q
—
p—
-

b
~

VE/V = 2mv2 g(1) (Vf =
ume)

b/2 (integration Timit)

free vol-

24,
25.
26.
27.
28.
29.
30.

¥
p-1 (3E/3V)p

1/T

- (a 2n p/3 2&n V)1

g n V/3T) b

GP - gas EOS (GEM)

~No P wno —

n

m
A

!

T
v*

n

RSTA
TSTA
VSTA

HE - initial (unreacted) state (CON)

gaPwn—

00~

p

o (g/cm3)

po (Mbar)
To (K)
Mo (g/mole)

A

Vo
h
e.

Hf (kcal/mole relative to elements

o ( OTTO% = (n/Mg) AHfg
- 1 u&
J 2 J

KAL - option switches, see CON, SWIT

1. equilibrium differentiation
2. fixed composition differentiation
3. gas (0/9/other: ideal/KW/LJD)
4, solid (0 for incompressible)
5. mix 0 no-mix 3 -2CS
1 ideal 4 One-Fluid
2 LH
6. composition (0/1 for fixed, equilib-
rium)
7. CJ (0/1 for equilibrium/frozen)
8. contour (1, 2, 3, 4 for constant-T,
vV, S, e)
9. Tc, pc choice (0/1 for input/previ-
ous)
10, z - 1
11. punch output if # 0

KEN - entry and iteration counts



KIM - sizes

1.
2.
3.
4.

KON -
PT - input pressure table (PV, TED)

KR number of gas species
KS total number of species

r
S
c KC number of elements
n

ROT - input po table (CJ)

SM - solid state (sub s) (SEMS)

— = OO0 WN

0.
1.

Vl

E'/RT
H'/RT
A'/RT
F./RT
S'/R

z = pV/RT

p
V/Vg = Y
4

T

SP - solid EOS (SEMS)

8-12.

NS wno —

T
Cp/R
(6}

Vo

To
Eq/RTy

Co-C4 - Hugoniot fit

13-20. working store

SUC - contour initial state (PV)

SUCG - derivatives working store (GAMM)

SO wnN —

NP wn —

Yo

p (3e/3v)
1/T P
C

CJ function j(p) [see THER (28)]

- (3 an p/3 n V)T

KN degree of ideal-function fit

triggers and diagnostic switches

7. Cp/R
8. (g 2n v/3 &n T)p

THER - system state (COUT)

1. p

2. v/v

3. 1 °

4, u

5. D 3

6. q (Mbar - cm”/g)

7. q (kcal/g)

8. v

9. e

10. h

11. a

12. f

13. s

14. H(T;To)/RT - relative to elements
at T0

15. V

16. E/RT

17. H/RT

18. A/RT

19. F/RT

20. S/R

21. z = pV/RT

22. v

23. p-1(de/3v)

24, 1/T P

25. ¢

26. vyq (frozen)
27. j(p) equilibrium
28. Jj(p) frozen

where j(p) is the CJ function:

j(p) = {v/v0 R&+1 - po/p>/v]}'Y

29. co (frozen)

30. p-! (ae/av)p frozen

™G - F} - ideal free energies
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TMS - ideal functions (super i) (TIMS) REFERENCES

/RT
Cg/R
Sg/R
Ag(To) relative to
Hg(T To)/RT}
He/RT
Co/R
So/R
10. Fo/RT
11, As(Tp) relative to
12. HS(T;TO)/RT} elements at T0

woo~NoOTTPWN —

TP - CON, TIP strings 3 ..., one row
per species

XMT - gas mixture state (sub g) (XIM)

1. V

2. E /RT

3. H /RT

4, A /RT

5. F /RT

6. S /R

7. z-1

8. V-RT/p , .

9. I xjxj T3 /TK (for LH mix)

10. = X xJ rij/re (for LH mix)

11. rE (for LH mix)

12. Tp (for LH mix)

13. n (for One-Fluid mix)
14, m (for One-Fluid mix)

15, Vg (for One-Fluid mix)

16. T = RSTAT (from XIMS)
17. T5=TSTAT  (from XIMS)
18. V= VSTAT (from XIMS)

XMU u'/RT gas species only (XIM)

XPF - Ty (XIM)
XPG - vy (XIM)
XPR - r: (XIM)
XPT - Ty (XIM)

% U.S. GOVERNMENT PRINTING OFFICE: 1976-~777-018/30
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