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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 EQS
(Secs. III.B and 1IV.C)

Imperfection (part) - Configurational part of the EOS (Secs.
II1.B and IV.C)

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

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

jnitial state (po, To)




vi

Symbols

Intensive thermodynamic functions

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

Extensive thermodynamic functions

vV, 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)lequal to (n/Mg)
times molar]

Composition

n - total number of moles per My grams of system

ng - number of moles of gas per Mo grams of system

ng - number of moles of solid per MO grams of system

n; - number of moles of species i per M0 grams of system
X; - mole fraction of species i in the gas phase = ni/ng
Xg - ns/n

Intermolecular potential

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

* * 3 . .
V = (N/VE)(r )” - molar volume of fcc lattice with molecules
at distance r

n, m - repulsive and attractive indices

Chemical equilibrium calculation

¢ - number of elements
S - number of species
Q - empirical-formula coefficients
o - species-formulae coefficients
}i - renumberings
S - supersaturation index

Other.

D - detonation velocity
A - AHf (NBS)



Symbols (cont)
Other (cont)

F - "free energy" for equilibrium constants; solid: F =F 4
gas: F. = yu3-RT &n x, (Sec. IV.E) s S

y - (-2 2n p/3 #n v)s - adiabatic exponent

r - v(ap/ae)V - Griineisen coefficient

H - [HO(T) - K| (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

-
]

species index

0 - unreacted material in the initial state

g - gas

s - solid

2 - lattice (cold curve) function for the LJID EOS
H - Hugoniot

other subscripts - partial derivative

-~ ~ Vector

. matrix

vii



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. Al1 of the first derivatives (e.g., sound speed and heat
capacity) are calculated at each point.

The solid equation of state is cone 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.




IT. 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 locus, 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 6E12.7. 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 ]
(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 CON, PAS card and begins reading there. In de-
scribing the input data, the phrase "not used" means that the data cf 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 the 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 - 0 - no action

1

fix diff

gas -

solid -

mix -

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

PV -

calculate equilibrium-composition derivatives
at each point

no action

fixed-composition derivatives similarly
ideal-gas EOS

LJD EOS

KW EOS

incompressible

Griineisen EQS

none (pure fluid); omit XIP pack

ideal mixing

LH mixing

CS (conformal solution) mixing
One-FTuid mixing

fixed composition

equilibrium composition

equilibrium CJ condition

frozen CJ condition

s 25 3, 4 for T, v, s, e constant on contours

(see CON, PV)
PVC - 0 - no action

1 - under CON, PV, use last T, p from previous cal-

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

culation instead of input Tc’ Pc

XIP and the PVC switch under COM, PV.

The run label 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. g, Aps Ay, -ees 30, 4y BHZ, MHL(T ), [H, (Tg)-Ho1/RT .
Polynomial fit coefficients for [HO(T)-HSJ/RT, enthalpy integration constant
d, heats of formation, and enthalpy at TO. One such string for each species.
®CON, SEP - solid EOS
1. F,"Cp{R, o, Vo’_Tg’ EO/RTO. . . N g
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, Cos Cpa Cos C3s Cf. 4 )
Hugoniot fit coefficients: PH(v) =:£: c.(v/vo)1

®CON, GEP - gas EOS (omit pack for ideal gas), LJD EOS

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

2. mym AL AL, T .
repulsive/attractive exponents, multipliers, well radius r (A = 10
well depth T* (K); r* and T* not used for a mixture.

_]Om),

oKy EOS
1. (I) 9.
2. o, B, 0.

®CON, XIP - Mixture (omit if SWIT mix = 0), LJD EOS
1. (I) number of (gas) species, type.
type - 1, 2, 3, 4 for ideal, LH, CS, One-Fluid;
* *
2. Sy Sts P T n,om. . .
Sps ST - scale factors: multiply all input r by Sy and all input T by Ste

* * * *
s Tr - reference v , 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. ¥ - one for each (gas) species.

Jf - one for each (gas) species.



oKWt EOS

1. (I) 9.
*
2. SY" o Ke
3. JSA.
Here ki = [r:/(N/v63]1/3, where k. is the usual KW covolume and N is

Avogadro's number.
4. blank.
®CON, EQP - equilibrium (omit pack for fixed composition)
1. (I) e, s, py =5 Ps 9.

¢ - 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);

N
3o

system empirical-formula coefficients (number of gram-atoms of each

element).

3. (A) blank, element symbols, Al, AO.
A print label; 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) gj - 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 ¢ and s are given:

Q) als x ©), a'(e), a%(c) .

h\gathe 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 2.
The a, must be chosen so that after renumbering the following conditions are sat-
isfied: the formula coefficients of the first c species must be linearly



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.
eCON, FOB - knobs
1. FROOT ¢'s.
2. FROOT r's.
3. 1/2 A an p, 1/2 AT, ¢
4. FROOT bounds.

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

outer’ Sinner’

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
oCON, SAM, material label - initial state and begin Part 2

1. py(g/em), py(Mbar), T (K), M (g), AH(T ) (kcal/mol).

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

2. pn - 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 T  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
be more convenient for some cryogenic materials, is to enter in place of AHf(TO)
the enthalpy of formation at Ty 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



[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).
CON, TED - detonation Hugoniot at given p

p - pressure table.
®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)

Tc’ Pe - 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 # 0.
®CON, CJ - CJ Tocus at given p

Lo - initial-density table.
®CON, REND - end of run
oCON, 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 My the mole fractions X3
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

listed.




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

= . =n_+n
n :E: "3 s g

bl
—

"

el

1]

>3
~

3

>
"

ni/ng, i>1(gas)

Note that X5 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.qg.,

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

eV (T, p, )

1)

i * *
S (T, p, x) Zg x; S;(T) - R anp/p +R Zg X; &0 x. , and

i * *
ui (T’ P, Xi) Fi(T) + RT &n p/p + RT &n Xi

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 Pt - p) dv ,
V(T, p = 0)
v(T,
s' (T, p) = P) pr dV , and
V(T, p = 0)



ut (T, p) = FU =+ pl - TS

The EQOS 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 later).

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' (T, p, x) = (T Py - p) dV and
RT/p"
V(p, T)
S' (T, p, x) = . (pT - R/V) dV
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' = H'-TS' |,

10



For the chemical potentials we have

“% = (n Fl)ni n=1 2

where the partial derivative is at constant T, p, and "j’ Jj#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, Vv, x) = p

(where P on the Teft 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, pa x) = Do % B} (T, p) , ete.

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

The other mixture rules assume that the pure-species EQS 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

1



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

<
.
(SN
=
—lo
~~
—
o
-
=
S
]
o
(&)
n
—
-
-
[

with the Qspes 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

Zg \)1,] &n X'i = -Zvij F'I (Ts Ps A)/RT, J = ], veey J
1

with ?} defined as

F,

i Hy

i RT &n X; for a gas species and

Fi = p,=F for the solid.

The advantage of this procedure is that, for the ideal gas, the ?i are independent
of x, so the x-dependence is confined to the 2n 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 ?i for this x, find the ideal gas x for the ?}
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

c. = (ah/aT)p Ah/AT

p

(3 2n p/d 2&n v)T Afn p/Anv

(9 &n 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 an p/d 2n v)T [T(3 2n v/'aT)p]2 .
vy = (cp/cv) (-5 2n p/3 &n v)T , and
I‘:

2% (pv/cpT) T (5 an 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

g (T, p) =e,

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 = hy =5 (ppg) (vg=v)

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

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 ~
s 81y +ees Bps d, A, A(To), H(To)/RTo

Here we have defined, in terms of the MBS notation

A% = MHD = AH(0), A(T) = MHL(T,)
H(T) = H(T) - WO,

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, 0,, and N,, 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

9

i1 0 ifi#1 and

J

i1 1T ifi=1

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

n
* Y j o
H]-/RT = E a..v + A,i/RT s

1J
Jj=0
* n 3
- : J
G/RT = D0 (3 +1) a;
j=0
* n [_ .] j *
Si/R = a5, ain T+ :E: (3 +1)/3 aijT + dj - (ai] - 1) &n p/p , and
J=1
* * *
Fi/RT = Hi/RT - Si/R

15



A1l these quantities are relative to elements at T = O+ (entropy at this
temperature is zero for all species).

The ideal functions for the gas mixture are then

*
E X; Hi/RT
g

.i
H_/RT
g/

i *
Sg/R ng]. S]./R -Zg X; n Xis etc.
The mixture heat of formation from elements at T0 is
Ag(TO) = Zg Xs 85(T )

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/Vo (with Vo
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 line for y > 1. lle 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 th1s
calculation is

H (T3 )/RT Z ag5T = (T/T) [ (T )/RTST + ay(TQ)/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=20 and superscript o to denote func-
tions on p = G, we have for this isentrope

I
b= bl (s y;) and

—
i

I 0
T [&; ¥is T (y])]
On the reference curve p = 0 we take

™ = 1) =(y-1)/a

o

R = 2 (%) =c, (17 -T))

0

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

E/Vy = (w/T)p+g(y),
g(y) = py (v) [1/2(1 - y) - y/T1 +E;  fory <1, and
gly) = o] Cp (y -1) fory>1

For pI and TI we find

y
PI(y; y]) = Ty-(r ¥ 1)./ﬁ y(r +1) g'(y) dy and
y
1

)F

Ty yy) = T°Uy) (0y/y

17



If we represent the reference Hugoniot by a power series
n .
pyy) = 3 a.y
i=Q

with coefficients chosen such that
n
pH(]) = Za'i=0

i=0

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

ol = ey = (cfany) [rrirn] [oym™ -] fory s,

o
1

po(y) + p(1) fory<1,

P y) = - (r/ydaly) + (r°/y™T) [1(y) - 117, and

I(y) = fymg(y) dy

S (3 0 - () () 07
=0

'}

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

Given p, T, the function defining y is

™yt -1 =0

18



TI(y) is calculated (for y < 1) by first calculating p2(y), then solving pI(y) =
p for 2 to get

yo= [+ (p-pz(y))/A]”‘””, A= (Cp/a Vo) [r/(r)]

and then calculating TI from the equation above. When Y1 js close to 1 (the

usual case) the RHS is expanded in a binomial expansion

v T+kx+ %-k (k=1) X% + ...

>
1l

1/(T+1)
x = [pp )]/
For y > 1, 1 is
yy =y (eI

with expansion

y [1 Fkox + %-k (k-1) X% + ...]

=
n

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*
pd
r
y r
-
Fig. 1. Solid Hugoniot and isentrope. Fig. 2. Intermolecular potential for
LJD EOS.

o =T/T, 1=V, vi=2V2 "y,

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 x as

minus the reduced lattice energy

x=--]2-Zu (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*
aly) = _/' y x2 e WTX)/8 o v = 0.55267
0
G(y) = g(y)/g(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) = f X' [U(T]/S r* x') - u(r1/3 r*)] dx'

T-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 = S'(T,V) + anz ,
A'(T,p)/RT = A'(T,V)/RT - 4n z, and
F'(T,p)/RT = F'(T,V)/RT - 2n 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 later); all quantities without an argument are
with respect to p.

The imperfection thermodynamic functions are

z = pV/RT =1 + 67! [rxT - G(TWT)] J

E'/RT = o7 [-y + G(W)]
21




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

AY(T,V)/RT = 1 - x/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(7,8), E'(7,6)]
are

(V/R)p; = (z8)g = 1-672 [G(WTWT) - G(W) G(’L‘WT)] :

(VZ/RT)pV = T2, -2°% T(TXT)T/Q

-2 2 2
+ 6 [e (vh,) o(1) - 6%(ru) - G«er>T)] , and
t - -] [ ] - -2 2 2
C)/R = R™Ep = (E'/RT), = @ [G(w ) - @ (W)]
The potential functions may be written in the form

u(r)/kT* = (n-m)-] Enf(r,n) + nf(rﬁnﬂ

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

The three potential forms are

Potential Repulsive Term Attractive Term
LJ power power
MCM exponential exponential
MR exponential power

22




(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 = Zn/{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 neigh-
bors are considered, so that the A's dn not appear.

The functions yx 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 = T]/3
X = atq
™, = -(a/3) x

ttx ), = (4°/9)x

W o= bt™¥ 2(x,q)

TWT = -(q/3) W

23




T(th), = (a7/9) W

Q,(qu) = [Z(Q'Z) X]-.I [(’I_X)'(q'Z) - (]+X)"(Q‘2)] -1
= :E: c, x21
i=1
c; = (q-2+2i) /[(q-2)! (2i+1) ]

1

ciap = cL(av21)(qr2i-1)1/[(2143) (2i+2)]

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

s = qr]/3
y = aeds®
™, = -(s/3) x

T(T)(T)T = [(sz-s)/g] X
W = beds f](s,x)
™= (b/3)eT® £,(s,x)

() = (b/9) ed-s PERY

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

with the coefficients Qs Bi’ Yio 61 given in Table I.

eComputation of the g-integral

The 16-point Gauss method is used:

R

nNf

*

b - 16
./- f(x) dx b }E: a, f(xi)
0 i=1

X'i ?‘b (]-y'i) ’

where the a; and y; are the weights and arguments of the method. These are sym-

*
metric about the center of the interval (0,b )

Y1 % Y6 = (0,99
Yg = Ygq=0.1
a] = a]6 = (0.03
ag = a9 = 0.19
TABLE I
COEFFICIENTS FOR THE EXPONENTIAL FORM
i di(S) 81(5) yi(s,x) Gi(s)
1 T+s™] 0 el -1
2 —(s+2+2s” 1) -1 2(1+s”1) s
3 52+25+4+4s'] 2+3s -(3s+4+4s']+sx2) s-52
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In the region of interest, the integrands often effectively vanish for x signifi-
cantly less than b*. The program allows for this by, in effect, choosing the
numerically appropriate upper limit 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

k = KI:E:g X; ki .

Its reduced variable x:

x = k/V(T+6)%

for 6 = 0, would be that corresponding to a repulsive-only potential with

*

ke (r)3(T7)°

(actually 6 is fixed at 400 K). The equations are

z = pV/RT = 14xePX |

E'/RT = [aT/(T+6)1(z-1) ,

F'/RT = (eP*)/8+2z-1-%nz , and
W/RT = (e¥-1)/8 - an z + (xki/K)(z-1)

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

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

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

C,/R = {2 - [1+a(1+8x)]T/(T+6)}E'/RT
26



D. Mixture (XIM)
A11 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

* _ * *

ri3 E'(ri + rj) and
¥ o 1/2

T = (T T) :

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) = D % Vi(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

w3 (Tp)/RT = FL(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 - r and T - T A1l the
pure species are assumed to be described by the same reduced EOS p (T , 6 ), Ty ®
V/V » O T/T The partial derivatives are those of the reference- f]u1d func-
t1ons with T and V as independent varijables: p (T,V), E (T,V). The equations

are

ij X fjk
Jsk
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* *
ik = Ty

* *
Gk = Ti/Ty

2 = 2 {1 - [0 (oofog) + )] 510 3 [1e (o) ] (g-n}r

-

H'/RT = {H'/RT ¥ [t'/hr - CU/R - R (TpT-p)(-pD/pv)] (f—l)}r
FRT = [FU/RT + (E'/RT)(F-1) + 3(z-1)(g-1)],
ui/RT = {F JRT + E'/RT [ ( . X, 15/h' ) (- 1ﬂ

+

e LS i) s

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

-~
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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 . and Tr as
defined here and f = g = 1:

WI/RT = {F'/RT e € RT [ (nfF) o7 an. | + 3(z-1) [(n/;*)ani]}r ,

% %
n/T 3T /Bni

2(}[: Xs T:j/f* - 1) , and
J

% %
n/r 9ar /ani

Z(JZ X; r:j/f“* - 1)

These partials are at constant nj, J#I.

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

* *
= q =
sq 12in ijij (rjj),q norm ,
. (sn/sm)]/(n'm) , and
oo Srr:]/(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

[2/(n-m)] (Sm./sn = Sy sm) ,
[2 + 2/(n—m)] (msm./sn - nS . sm) , and

* *
= q -
sqi % : X5 Tij (rij) »g=norm

(n/f*) a?*/ani

(n/F*) BF*/Bni
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E. Chemical Equilibrium
Recall the definitions given in the input description:

¢ = number of independent species
= number of elements

v
]

total number of species

p+1 = Number of phases (p=0: gas only, p=1: gas + solid)
= empirical-formula coefficients

species-formulae coefficients ,

B8R 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
q = 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
Vg = :E; ij = change in number of moles of gas in reaction k,
J:

V
o0

n~ = number of moles of solid,
nd = number of moles of gas,

Xx. = (gas) mole fraction n1./ng except X, = ns/ng for solid
present, and

equilibrium constant for reaction k.

~
=<
il

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
95 moles of each independent species i (i = 1 to ¢) instead of Qi moles of each
element.
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We now define some index conventions to simplify writing the equations.

Divide the a-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+1 to s,

and denote by 21 or Zj a sum over i or j from 1 to ¢ and by Zk a sum over k from

¢+l to s. Then o and v are solutions of the linear equations

1 to ¢ and

Q
~ade
[}
el
—
n
L0
(&)
-
<
n

1 toc, k = c+l to s.

_'Q
)
<
Z.
Q
=
<
[
(]

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

ELEMENTS
| c
ior]j >
(I J
or
J INDEPENDENT
SPECIES
INDEPENDENT b c
ior] >
gg c+l k
L 2 =
c+l k E@
20 v
DEPENDENT Lt =
iz
(=)
sV s ¥y
Fig. 3. The a-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

iand 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 jteration. Letting superscript (n) number
the iteration step, the result is

x$n+]) = (1 + hi(n)) xgn), i=1toc-p

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

Z. Aijhj = F,i=Ttoc-p
Ay ® %5 8y +kak Vi Bki

Fy = ’q1'+x1‘+}:kxk B
ki T kit (- 1) gy

Yk T ZJ V3

01
1}

i qi/}:;. 93
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The first equation is a linear system for the hj' In the second equation Gij 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 Q3 and Vi 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 = c+1 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
Cc - p equations because, although each of the first ¢ - p equations contains in
general all of the first ¢ - 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 c - p equations are solved itera-
tively, and then Xe 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

Vki

~
[}

K xk/Hj X;

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

A

'S
s = (xk/Hj X.

i )/Kk

and evaluate s for the x's (of the species involved) from the one-phase solution.
If s <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

IITI). Note that the Hugoniot function uses enthalpy relative to To and that ho
.1..

is for the unreacted material.
The "heat of reaction" g 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 Bq (To) tXg A (To)] products ~ [A(To)_] unreacted - Ro

L
{

Ke]
1]

(n/M,)Q

The particle velocity u and detonation velocity D are given by

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

I 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 wiil be that at T = 0, with the term (-RTO) incorrectly subtracted.
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0(2)02 = (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,
_ 1 2
W(p) = e, - 5 Uj

3 - e.(p)

i
is printed in the u-slot.

V. PROGRAM

The program listing, Appendix C, contains a 1ist 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 detajled list of the contents of all common data blocks is given in
Appendix D.

A. Equilibrium Iteration - EQM
To ca]culate 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 g =
FS(T p). It then calls EQM, which calls XIM for the gas mixture EOS 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, §1 “ 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 F 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 ﬁi which are the
input to the (ideal, i.e., constant-?i) equilibrium routine EQMS. The current
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TABLE II
THE EQUILIBRIUM-EOS ROUTINE EQM

~ 3 l >~
Fe « F; + F solid F, depends on T, p only

1 1 *
@ Hp, v« XIM(1) gas u; (r for LH & One-Fluid only)

B ?} < Fg U (F} from TIM earlier)

~

Xj © X; save old X;
x; « EQMS(F,, Fs) new x; at constant Fi
if (Z[xi - xil < g): gotoy done?
x; « 1/2 (xi + Xi) next guess: mean of new and old
?}, i XIM(2); go to B (CS or One-Fluid only)
if [(C$ or One-Fluid) and
(|r"-r"| < €)]: go to a 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 ?} 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 8. 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 F* from XIM(2) after the inner iteration is com-
plete be close enough to its value furnished by XIM(1) at the start at a. 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 EQS

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

(1), (2), (3) HKW via GEP supplies the state, including the ul

®k=0: No-mix [normally used only for a pure fluid (s1ng]e spec1es)]

(1) GEP supp11es the pure-fluid EOS for the input r*. The u; are all set to the
pure-fluid Fg’ 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 Tinear 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 I

(2) Call XIMS for the My

(3) Call GEP for the final state, then XMT « GM. (Why any action is needed here
is no longer 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 7* 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 7 and the ”i‘)
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(2) Call XIMS for the y; 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 lower 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 it-
eration steps 1 and 2. Remarks on some of the iterations follow.
°cJ

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 III
ITERATIONS
a FROOT Independent
Iteration for C-array  In Routine Guesses Bounds Variable x Function f(x)
Chapman-Jouguet cc CJ P = previous (0.3) b p> %-(Y-l)poq £ pH(po) P jp) -1
N ] viv -Y
Py = Py (vy/v,) ilp) = [} WS go 5 ]
vy =g (p)
h{T;T ) - h (T ;T
Hugoniot CH HUG T, = previous (3000) T>Tin T/1000 20 ( ‘(’Z_p )3( oTo) - ‘f 6 + X
0) o 0

xp =%y = Fy/fy € T < Thex
Contour (constant- CM MESC T] = previous none T v v-v
v, S, or e) /:

Ty=r T, s: e3¢ 3

e: e-e

G - i .
as E0S s GEP x; = previous fm 10) Y > Vg nin n v n [3(vg .T)/p]

Xy = Xy = f]/fl Vg < Vg nax
Solid EOS cs SEMS Xy = previous (0.8) X > Xoan vs/vso see Sec, IV

Xy = TX X < 1+a(T-T°)

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'ar,

dThe 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,
esolid

The function, given in Sec. IV.B, is based on the isentrope relation. The
quantity a 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 a in such a way that for some o it effectively
vanishes at some x appreciably less than b*. lle 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 a changes little 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. Al! segment lengths are b*/Zn, n inte-
gral. b,

The segment integration procedure T’(b], bz) eva]uates.é' f (x;a) 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 Targe" for i < 14 (LD = 2),

LD being the Fortran variable that reports the condition. (The actual test is

that the condition lf(xi)/_% a; f(xj)l < € be satisfied for each of the seven

integrals). The a]gorithﬁyhhich evaluates the compiete integral using the seg-
ment procedure T (bys by) is given in Table IV.

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(xn). The complete current state of
the iteration is contained in FROOT's argument array ¢

c 1 e - convergence: |f"] < ¢
A
2 x"

3 £

4 xn"]

5 -1

6 xn—2

7 £N-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" = f(xn) and calls FROOT again. The user exits from this
loop 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 IV
ALGORITHM FOR THE CELL INTEGRAL

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

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

<BI«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 like

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




a CALL FROOT

GO TO (B, v, 8y 8,) k

2

v calculate f" = f (xM)
GO T0 o
6], 62 error handling

B done, proceed

Here n, xn, 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 XS’ the first
two guesses for x. The iteration then proceeds through the a-y loop to conver-
gence. Because all the current state is in g (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

= X R
X g
2 _ 2
X - Xg )
X, = K1 en-l (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-
lows:

(x,F)"?% « (x,/)""

n

)" e (xf)"

X < X
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The modification rep1aces'¥n 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

(2) (sign " = sign £"1) and (sign " # sign £"°%)

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

f)\('n - xn _ _f_-n (Xn_xn-Z)/(fn_fn-Z) .

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]gor1thm may wish to change it in flight. A common case is that
a lower bound x is known for X, and FROOT at some step supplies X" < x . The

user might replace xN 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 negative x as the next guess; we prevent this
* *
by introducing a fixed lower 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)
c(2)

-].

1}

1.2
o  CALL FROOT (C)

GO TO (B, v, 8, &) KC(2)
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Fig. 5. Integrands for the LJD cell Fig. 6. I erat 1ve solution of f(x) =
integral. x1/2 = 0 by FROOT.

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

§ CALL ERR
B CONTINUE

VI. SAMPLE INPUT/QUTPUT AND TEST

Tables V and VI are a key to the output labels 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.

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

(4) CJ isentrope points at p = Pcg? 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/vo T uorW D Po q
v e s ng ng n (ensSor - n_)
v E/RT S/R z ny n, nq
Vg Eé/RT S;/R z; n, n n
V., EJRT 5./ z, N, ng g
Vg EYRT S,/R Z o ™ "2
F* T v Y o B C
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 line 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 = M, grams,
with My from the SAM input pack).

The "u or W" slot in line 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.

A1l other symbols are defined in the symbol 1ist. 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.
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SAMPLE CALCULATION

TABLE VI

Input Data
CON Pas MES) w SHORT TESY e €J, KUG, ISENTROPE
coN SwIT DIFF
)
CON FoB
5.0 EvdS 242 Eelb 1,2 E»25 7,0 Em@7 1,0 E=07 0,0
0,0 1,2 1e1 2,0 9,7 EwB1 0,0
1,018 Je0y EwR2 1,0 Ew@s 2,0 Ewd6 0,0 ]
140 Fe@3 1,0 E+B6 5,0 E+02 8,0 £¢83 U3 Ewdl 8,0
6.0 A, e, 8,0 2.0 Be0
CON GEP
2 1
1,0 Eefty 6,0 Ev0@ {,0 Ee0 3.0 €400 4,4365 E+(GQ 7,54337E¢0}
CON StP
o656 E~81 2,5 8,23 E=0b 5,333 2,9816E+02 U,246 E~AY
Ped 342758 r7,9215 606656 v2,0392 2,0
con TP
8 4
{eb Eead 6,0 £+403
5,870 E=0) §,4949 E=03 el ,2896E*RY 6,2644 Ewll «3,U991E=15 =2,8) E+00
Be® Evitd 9,0 E+@Q 4,2457 E=01
3,499 Feop 5,8718 Ew2l =3 ,306%E=AT 1,6756 Ewil «B8,2278Em1b 4,673 E+BD
[:1Y] Ee00 B, 8 FeGD 3,497% E+Q@
3, 1318 Ee@i 5,9459 [»3d =1 ,4ub5E~07 1,7307 Ewi] «8,47 E~1b S5,2157 EeNQ
w2, T2P2EeN] =2,6U)6E4B1 3,4979 EvpO
3,20220E+00 1,18370F=03 «2,1UQ92E=AT 2,2B8UAVE=]Y ] B874E=15 3,19238E+08
e85, 7T107E+2) =5,7798F+0) 3,99010E+00
3,377 E+02 S5,B60GTOE~04 =1,5008E=D7 2,04140E=11 =1,0944E=15 5,93  E+aD
201477 Fent 2,16 E+dy 3,7032 E+00
3,2375 EeAd 2,3187 E~24 95,0938 E~09 =1,963(Evj2 2,931 E=16 *2,88AUE+AD
0,8 E+?0 0,0 E+0Q 3,4167 E+NO
3,7308 €402 1,9444 E-23 v5,121 F=a7 56,8031 E~1] »3,5368E~15 3,4656 E+00
~9,3969F+0) *9,4pS2EvRY 35,7772 Ex00O
34234 E4QO 4458 teBly «R,ASR3Ee28 9,4557 E~12 wd ,8556E~36 4,862 E+02
B9 E+00 5,0 E+0B 33,4934 E+R0
CON Xie M2 w BEST MCM SET FROM OTHER SOURCES s GMXw$QeSU,P43
7 2
1,0 E+@d 1,0 Feild 3,8P012E400 1, H41TUUEVB2 6,0 EvB3 1,2 Ev0}
G495 Evi 4,05 E+30 3,35 E+0d 3,56 E¢00 3,34 E¢20 4,2 Ev¢00
3,73 £E+29
142 tege 142 E¢B2 1,38 Er@2 1,3 EeB2 3,7 Eed} 2,0 Ee2
1,32 Ee02 ’
coN EQP
4 8 1 [ 1 )
349 6,0 640 6,2
c ] 0 N A} AQ
c(sy 1 8 1’} ]
M2 0 [ ] 2
4] 1 ] 1 [*]
H20 ] 2 3 )
NO ] *] 1 3
H2 [ H [} [}




TED DETCN
9,3 0,
CJ CJ LO

1,
cJ 1¢
3 {

2,2
6,3

CON
CON

REND
JEND

Calculation

MES]

- 780020

TFICKRET aY, .

con

SwiY DIFF

[} 2 ]
) 4 %]
6 3 7 5 )
2 3
RHOz1,8
Ee@® 2,9836 E+02 2,2213
Eed 9,0 Ev@0 3,2
Ee0Q
E=21
E+Q0
ATION HUGONJOT
2 P.0
cus
8
ENTROPE
Ga 0
a,2
MESY

ane SEC ON RUN,

UIFFy FX Nn1FFy GASe SOLID. MiXe €0 CJv PV

coN

CON

vﬁ

CON
(23

-0 ~0

Foa

FRODT FPSICCICHeCMICOIrSec)/

5,0nNJ0E-0S
2,
Y.7n000E-01
2 00000E.06
§,0n000g.N2
u.
GE @
POT (1= Jy
1
f.n000nEeqnl
T,54R37Een]
37,2000

SER
e PHe alL
leasa00E=n3
@, PunNCit-01
«2.03192CE+00

~0 ] -0 -0

2,00000€-n6 1,20000E=0S
0. 1,00000Ee00
0o 1.01000E+00
0, . n,
8.00000g,03 4,30000¢-01
. L]
2=MCMy3=MRY oW (NOW })

£.0000nFea0 1.00000E*NN

8

E+B2 1,471
E+@Q ©,02

« SHODT YFSQT

«056 SEC ON Jog

-0 -0

RATI0S/ DPeDT+EPSINGOIITY/

7.00000F=07
1.10000£400
l.01000E-02
1,00000g.03
0

0

14N00000E*nD

5¢333nnEeno
w7.901cNF+00

20D
v vOs YO, FAR » COs Cle €290 C34 Ccé
2+5000nFenp B8.03000E~06
[ 3,27510F+00
0,

5 4 b 7
s CO2»ARBJTRARY COMPOSITION GUESS

Ev@}

Ev+02 9,0 E+0Q

= CJv HUGy ISENTHOPE

-0 -0 -0

FROODT AOUNDS
1,00000€~07

0.
1,00000E=05
1,00000€406

0

7/ NeMoANsAMoR® TS

4,43650E+00

2.9M160E002
6,66560E+00
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CON  TIF

KSexkiz T BOUNNS/ FIT rOFEFS.=A1 TO ANSDINEL'HF sHRoae

b
1,4n00nEe03
“ef7610E=01

«2,81000T«00
3.1:590Eeg0
4,Ah73004000
3,19180E+n0

6.00001Fen3
1069490F=n3
00 .
5.8718aF~34
ne
§.94591Fns

5.2187(Ee00 w2,72020Fen}

2,232208-00

1.1#370F-n3

3,1923CE«00 «5.71070Eeq1

3.3270% 400
S.G3600g,00

5. HNGTNFLNg
2,16770F,01

3.21780£400 2,31470E.Ns
«2.2aN60E«00 0, )
3,730R0E«N0 ] ,96464N0NF a3

3, 46800c,00 Lq,3969N0F N1

3_4P34hELD0
4 /700,00

CON Al
?
1.00006E+00
1,20000¢.01
4, 05000E.00
©,2NN00E+00
1,20060E402

4,5a000z.04
0

My o HEST MCM ST
KReKep /s SCROGTTIROPEF 1 TaRFF (NoM/
7

1.00000€+40

4,05000E400
3.73000F«00
1.20000E.n2

20000006902 132000F02
CON  EGP
CySsPs=1PPPHT / CAP O
4 8 . 1 0 )
3,60000ceC0 6,00000ELN0
C M )
[4R3] 1 4 n
N2 0 0 0
co 1 0 1
PO 0 K 1
0 0 [ 1
H2 0 2 n
cn2 1 0 ?
02 ¢ 0 ?
Q84&R .3333333F.0n
NU MAT .5000000F.00
2 o,
3 0,
4 0,
PETY ,4000000F 400
Nu M2T 0.
oc
3 .5000600F0n
b 0.
CON Shm

~64,2R960E=07
(2%
~1+36450E=07

0,
=1,60a5N0FE=07
«2,56160Ee0]
«2,16023E=07
«5,779ANE 0]
«1,50080F=07

?'160005001

3.091905-09
-5.12100E-07
-9,40520g.01
-8,05830g-0g8

nl
(ReY/ (T
3.89012€¢00
3,35000E400

1,38000E402

1
6,00000£+00

Al

coOoOOoOmOONCZ
N VY WO — &

.3333333E400

n

6+426460F=1]
%.24570F w01
1.A78anF=11
3.497c0F-00
le720720F <11

*3,49010E~15
~R,227RNE=16
-8 ,47000E=16

3.49730F 4090
?.234apF=)1 =] ,08740E-15
3.9961nFen0
2,064140F=11 «1,09440E15
3,70320g,00
-3,9530g.12 2,93100F.16
3,41590FeN0
6.,8N310F-11 «3,536RNE.15
3,77720g.00
Q.465670Fe]2 =4 ,85560F-16
3,69340Fp,00
FROM OTHER SOURCES ,GMX.1N=864,P63
.)
1:441744Een2 6,00000E+00
3,56000g+00 3,34000E400
1,31000Ee02 3,70000E,01
6,00000F400
Ao
8
1
2
3
S
[
6
7
¢3333333€.00 O,
L1000000£.01 = 10000C0E«01
.1000000E+01 = 1000000F+01

$1000000£401
0:10000005.01

.2000000E«00
~e500NN00E«00
"5000000g .00

.5000000E+00
«1000000E%01

«2000000E01
-, 1000000£401

«40000N0ELDO

«1000000E+02
.

0.

0o

ROXe RHOX1.89 CNP~ARBITRARY COMPOSITION GUESS

-,2000000€401
L1000000g 01

R000000E+N0

:50000005.00
,5000000E00
~+1000000E%01




0§

MES] = 7641;620
TFICKET 16N
KS/ RuDe POy
8

70,

066 SEC ON RUN.
Mde WFE/ NI

MES] « SHOBY YEQT
«107 SEC ON 403

= CJe HUGy ISENTRGPE

1.80006E«0) 0. . 2,98160Ee02 2.22170E+02 1,47100E¢01
1450000EvQ0 3.00000E«Q0 O 3.000002+00 0.
Ve 1.50000E*n0 0.
CON Py
MES] « 7640620 MES) « SHORT TEST  CJs HUG, ISENTROPE
TFICKETIGN® +nk3 SEC ON RUN® «115 SEC ON JoB
BRANCA (1+T92«Vs3-Sabk=) / TCIPC/ P=TABLE
1 0
2,00000E403 3,00000E.0}
O
OUTPUT LABELS
1 P v/vo T U n
2 v € 3 NG NS
3 v E/RY S/ PV/RY N1 )
4 DO« FUR Gas N4 NSNS
3 nn, FOR RFF, N7,NAN9
6 N0« FCR S0i1n N10eN1ZoNI2
7 RRARW TBaRe VRAR GAMMA ALPHA
POINT 1 1 3,0060000r=ny 6,2501147E=N1  2,0000000p+03 0, 0,
2 3,4722°69F 41 .6,5145242E203 5,6504530E.05 7,5019585E400 1,49R0895E,00
3 8.6869379YFenn «9,6691129E-01 1.6773749F+01 1,5461110F¢p1 1.,4980495E«0g
4 9.518hR60Fegn 4.A%TAp60E~QQ =1.5675174E+00 1,6172668E¢g1 2,99R85R25E4¢
5 9.5182069Fenn  4.RIANTIGESN0 =1,5673720Fe00 1,6171806E401 1.4996504Ee00
6 3,R190420Fs00  1,1026119E400 -1,6369374E-01 6, 8R99389E.00 o,
7 3.9000514F*0n 1°6179073E*02 2+3377(97BE*0Y1 3,1776524Ee00 4,7999481F.¢p
Ccon 0Byns
QUTPUT LABELS
1 [ v/Vo 4 U n
2 v E s NG NS
3 v E/RT S/e PV/RT N1
4 nO. FOK gAg N& NGy NE
) nOe FOR Rpp, N7 ,N8,N9
6 PO, FOR Sy In Nl1oeN11*N12
7 RRARe YTRARe VRARs GAMMA aLpHA
POINT 2 1 3,0000000F.ny  6,2464797E001 2, 0n00gnnE.03 0, n,
2 3.6722H59Feny wAB373056E003  S,.6030R8524F-08  7.5017720Ev00 1.49R2150F g
3 B BALLLHEF NN L1,0251762E400 1 ,A7150R7F,01 1 S6ENRTTYELQ] 1,4982350F N0
4 9.6123148Fenn  4,%4301BBE+ON =1 ,5737663F.00  1,6336280Fen]l  2,9987n62F.np
5 9.5116041F 0 4,9633074E400 =)1,57354R1E.00 1, 6335343F0) 1,4995168F .00
A 3.R143535Fenn  1,1149935E400 =1,4354514F-01 6,9590543F+00 o,
v 3.a000%67F,0n 1,417¢%)16E402 2,3376G0EL0)  3,1776524E400 4,7999481F4np

RHO
N
N2

RETA

1.,RO0NN00F .00
9,0000080E,00
2.999991ARF+00
1e6077797EL0S
6¢9660955F=11

O
1.8252305SE,00

RHO
N
N2

BETA

1,R000000E,00
9. oogg’of'oo
2,9999930€,00
1.4021508E.05
6,4543140E.11

n.
1.8252305F.00

SAM = InNPY

ecaL
SUPSAY
N3

c

1,5056345¢400
1,9968779F.01
2,5002893F-n3
1.4173827F=93
0.

0.

5,7533602E-01

GCAL
SUPSAT
N3

[+

1,50%6645F,ap
19971 76AF =g
2,24R1195F.03
1.2958093F-03
0,

oo
5,7533602¢=-01

09702716
T PARY 2

09/02/71»
Locys



LS

CAR « Coy/rm/CHsCs 7S /CE

LERW
CONT
tMh
EMN
EMx
F My
FN

£ 06

GM

P
HE
&S

gA

LV
FLag
LMy
aEV
$PC
Kal

r.ON
KEN
wIM
pT

RKOYT
oM

(X4
suc

SUCG
THER

TMG
TMS

P

AMT

11
21
31
&1
51

I

11

21
b
61
71

11

5.N00NE~nS
2.0000E=ns
1,2009%E-n5
7.000nE~07
1.,0000E=07

0

.3000000
1.9871Snn
5.,5663%47
7.9917729
.199717%
5.564h35%17
1,49423%0
5,0000g.n5
.9700000
500,0000000
n

L 20684A39
-1,5735%48)
T,7477€=n03
10.0000000
1.8000n800
AAAAAAAAAN
SEDAAAAAAA

CnECAanaann
ANLAANAAAA

n
3,03R4415
2.1982201)

~7,7289125
=6.8346648

n
6.6694E~n3
MESLA=ASHO

1
=.0124245S

~,
NN~ D OD —

o

o]
3,818393%
1.9794E603
IBLULTYY]
~2.03921990
?.0000E403
3.1776324
3500800
~e11E31A9
15.60B7739
=2.0712627
“6.8746443
0

JnTETNY
1.«949E-03
w4, 2896F =07
6,26464Ea11

n
9.5122187
3,8601200

0
n

n
242528316
«7159935

0

«A4TP2RA

A 31464F =nS
l]'<14”11°
104982380
« 3994046
105983176
2.,99949930
2,0000p_n¢
0

8,0000p .03
0
13,9474342
=en9hppR2
«2132223
6+000A0ND
4]
PASAAAAAAA
TIPAaAAAAAA
AAAAAAAAAA
AAAAAAAAAA

«.124°6ng
3.8941711
17.6K3R773
“5eA36K4LA
2°1342704
=1.9277F=n5
RYATESTA=A

DDO2DJVO YOO DOOO

11142935
1.,8403F 403
2:50r0000

+3000000
%eT7Q90Q4RY
WAPGRORN
“on14D180
31776504
-1.37707on1
«54R4A0847
2.13427q4
3.14930n0
Se87)RF~ng
=1.3hhRE=,7
1,875AF <1}

0
«+.943n1R8
141,7440000

D OO0

1,49905~n8
wb,4306E.08

0
2,0000€403
1.0133E~n6

3.R3961355
9,0000070
2,996RF .04
~4,2731680
2,2¢81E.03
1,2000€.05
1,0100000
.6300000

4
17,335%3432
3,0624E=pS

0

1.0000000
?9R,1600000
SWITAAAAAA
XIpaAAAAAA
SPFCAAAAAA
AAAAAAAAAA

4.3544oﬂg
3,9289667
18,4597811
5,6058554

[4]
8,046b6E=p6
CJeAHUGs AL

0

~o o

—
&éféNNDDoO

-0

a.n7aoa79
L2162R33
8.0300E-p6
,6A959,9

L 3672286
1.8252305
2,0000Een3
5.6309E=pS
4. 799948)
'2‘1““qE‘hl
5,A05R558
0

3,1818000
549459 ~04
=],40h5En?
1,7307E-11

0
21.2792989
6,0000000

n

0

n

2.7535706
«h476Q7

n
15,6417100
NGIBEND
~1e1803F e
«R13§204
3997778
“1,2720Fen}
2,99R7N62
7,0000g.07
,0161000

0

0

4,9433074
3.1682E«n4
_ 0
1.0000000
222.12n0nno0
FOSAAAAAAA
QPAAAAAAA
SPECTAAAAA
FORMAAAAAA

0
6,08T64T2
4,9433R24

19,1471R891
20,6R32141

0

Se141BE=p6
SENTROPEAA
0

A 0
19,7771739
1

-4
oD NVOO

1,28R53R6
0
5.33gn00
JBRT657,
S,6505E=-05
«57531A0

0

«n934378
1.02%23n%
-2.R7‘OE.01
20.6“1;145

3.,2a22000
1¢1R27€E=n3
=2,14092¢-07
2,2R4RE=11

0
6.%i6?>34
12,nn06000

0
[+]

0
«4,0977E-n3
~?7,0573F=03

0

. 3476532
«82A0120
R, 66GT4nn
«1RRGT06
1,RAIFanh
-6,5203)74
1,4022€05
1,0000f.07
1_ooonr-og

0
22,8521988
Q.leﬂﬁal
3,1614504
3.8np012n00
1447100000
AAAAAAAAAA
AAAAAAAAAA
AAAAAAAAAA
RENDAAAAAA
0
4,6702506
4,0295566
20,1923019
“6,1912E¢n1
0
1.5617E=g4
AAAAAAAAAA

0

0
-b,7789121

O Vo O

-0

R,21759,9
-1,19713a5
29R,1Ann000
6,53R6473
©6,5145E=n3
2« 8KA6209

0

8,5%44482
«B5TR33A0
=1+0704Een}
-4.1*125*03

3.3270000
5¢B047E=p4
=1 500RF=n7
2,0614F=11
0

22,8530036
0

0

0

0
?.253R794
« 7162368
0

. 34T004s
OUTvvvvvvy
5+ 763%R20
«0ens5168
1.,7273F =04
-2,2001771
1, P95RE03
0
2,0000Fa.06
0

0

3,480865¢
«3000000
4,4353R5]
161,7440000
. 55686556
NIPAAAAAAA
SAMAAAAAAA
COREAAAAAA
JENDAAAAAA

a
4,11%0092
3,0902711

10,00R9666
=6,4741709

0

AAAAAAAAAA

0

. 0
3,077946)
1

COO0ODTMO O

-,1435452
.28801582
4266000

?.633R4b

0

3.0700306
0629979
=1.0251742
o

~6 43186955
-6,67417¢9
0

3,2375000
2+3187F=pn¢
5,093RE=-09

«3,9631E«12

0
-1,5737043
3,8000667

0
0
[}
1,3987F=n?7
B,0RNNFa0S

0
2.,6194E405
o

w]e24R3Feny
« 199717
+1998RA84

=1,4093Ee01)
1,499516R

0

0

L]

0
«1,5645E 91
21472784504
1.71926R3
23.37R3451)
2:7707E~n3
NISAAAAAAA
YEDAAnrAAA

NBUGAAAAAA
AAAAAAAAAA

0
7,2481605
6,06667A1

26.5106752
2419822

0
0

AAAAAAAAAA

0

0
-, 6441749
0

200 020

FIOVvvvVvvE
6,98945413
$0176165

0

0
0

Se7377298
1,508004%
14e3RAM0GT
«BR&L209

=4 e224%E 07
2.1““22ns

3.73930n0
1e9%44s4E=pq
«S,1210F=n7
A 80731Fwy

0
1643762R41
141,7941606

4]
0
0
2
3
(4]
2,5985E,05

6e00R14a06
0

7,2707€E.12
~1.9639€,01
65,6543F_11
1,0000A00

0

1}

0
1,37R383)
13.4869,47)
3,0446711
0

0
NDIGAAAAAAA
PVAAAAAAAA
LOANAAAAAA
AAAAAAAAAA

N
4,5376230
4,0762518

1906701i02
3.03R4415

0

-2 09 00

DOoOO DO D

DVVESVVvyvv
n

0147211
3.?751000
LA579,75

0

3.1992Fa08
W3673584
=1e7740F40)

o
=1 45598€ 401
3.03R4515

a6

3.4236000
4e5600Empe
=A,0883E0K
9,4557E.12

0
8,9636339
23,3769937

DD DO O D Jrerme 30D

1,1000000
1,0000€.03
n

[s]

B, 9631098
3.509238>
6,2135484
n

[4
AAAAAAAAAAN
CJAAAAAAAA
AAAAAAAAAA
CONAAAAAAA
0

0

0

0
4.8694622

OO0 DO 0O D

—
Do-=NDO

BEWAKRMIG(P
.7159935
1.,0135036
-7,9015000
~.060%44q

0

n
«b,ARIT3IE-03
»2,131462>
n

]
4.8694622
0

0ODOIOO O

0
o
o
0
n
0
[
0
[+]
o
0
4]
0
[
].0000F006
0
0
16,33534732
6,516555%
3,3309€-05
n

[}
REPAAAAAAA
TESTAAAAAA
AAAALAAAAN
AAAAAAAAAA

0

L}

0

0
=2.6712422
n
0
b
0
n
5

2.809797
0

DOo09 3092

MIBARSE | IX
1.0126148
n
6,065h00n
.ozazoo:

n
0872640
167150675
n

a
-2.6712L2:

2020 9D2> D



es

AMy 25,2846180  26,23451R0 le 9150201
apf 120.0000900 1200000600 128,6856635
XPG 4,0550n00  4.0500000  3,7000000
XPR 4.050000c 4.0500000  3,3500000
XPT 120.0000000 120.000000n0 138,0000000
CCN  TED  DETONATION HUGONTOT

19,377¢R4B  12,0822775 29,8465753 21,602004R o
1254379241 6646333250 154,9193338 125,857061R 0
3,R050000  3,6950000 4,1250000  3,8000000 o
3,5400000  3,3400000 4,2000000 3,7300000 o
131,0000000 37,0000000 200,0000000 132,0000000 o

MES] = 7440620 MES] « SMORT TESY = CJs HUG, ISENTROPE
TFICKE T {5N 2255 SEC ON RUN. «306 SEC ON JNR
PuTAS E
3,00000£.01 2,00000g.0) O,
OUTPUT LABFLS

1 p v/va T U D
2 v £ S NG NS
3 v €/RY S/p PV/RY N1
“ DO« FOR GaS N4y NGING
3 nO. FOHR REF. NToNRINS
6 noe FOR SOI'tn N10+NlleM12
7 RRAR® TBAR® VRARS GAMMA AL PHA

POINT 3 1 3.0030000F~=n] A.A209108E-01 4,1R3nh22Fen3 2,301R432E~=pl 7,2405743F-9)
2 3,7RI3V6IF =gy  3.2BR93RGE~qp T, 2717497E~(S 7.8132457F+00 1.1953925FE4qg
3 9,9437728Fenn  2,3334302E¢00 2,15715n1E.01 B8 0654831E400 1,1959n25F.00
o 1.0178271Fen)  2,59H3520E+00 =1,067A27AE.00 7,7RS8160E+00 2,R526n013E.00
5 1,0739780F+n7 ?,5RA0H1RE«00 ~1,0R12547€.00 7,A3R9102E+00 1,3256n%8F.gn
6 3,PRA9734Fany  4,677R127E~g] =1,42A9480E-01  3,3569362F«00 o0,
7 3.H056155Fe0n  1.3674799E402 2.3476216E+01 2,7005031F«00 3,4377594E.00

POINT & 1 2,0000000F~01 7,9305778E~01 3,80n45513E+03 1,51631781€201 7,3274016Eap)
2 4,6058563FL 01 1,789 021E-02 7,276A95A9E.05 7,959R912E400 1,0428R37%.00
3 1+4R70786F ey  103957623E¢090 241504852E+0] 6,8737248F¢00 140429R37E4qg
4 141733924Feq]  2,0083BB5Esp0 =1.0272304E+0n ©6,4189573Fen0 2,78R4K4TE4ng
5 101814529F 7  1+9B96663E%00 =1+04790n0Es 00 6.4499210E°00 1.P4RBATS5E«q0
[ 4,7828177F+ g ?'“7QZ3615-8£ -1.21796RQE-01 2,7n078785E«00 ¢, 3
7 3,8091047g,00 1 3463466E, 2,3564560F,0] 2,6846183E+00 3,0978413E400

con  Cu CJ tocus

MESY ~ 7441620 MES] « SHORY YESY = CJes HUG, ISENTROPE

TFICKET1IGN, +5R3 SEC AN RUNs 634 SEC ON J08

CJ RHOeTABLE
1.60000E400 1480000E+00 0.

OUTPUT LABELS

POINT S

N NPW N -

NN SWN —

p
v

v
no0, FOR gasg
ros FOR RFF,

v/vo

E/RY

noe FOR soLIN

RRAR®

1,98488975F 01
Q,41653«7F-ni
1,1136433F.0)
1,1865171Fen
1,1991405F. 01
4,2079901F«gj
3.R11912«Fe0n

YRARe

7,7232555E-0)
?.3055305E-02
1.,719H417E«00
1,9013426E400
1,8784533E.00
?.P279A2RE=(1
1,3238677€¢02

S/%

VR&Ra

4,0R09743E403
7,4780964E=05
2,219754AE01
«9,590617qE=01
-9,8744023E-01
=1,0119332E=01
2.3596H62E401

NG
pV/RY

GAMMA
1,AS7A651Eag]

8,1163490F«00

6,52Rn756F«00
S,9AAT285F«00

6,0291173E.00

2.5193527E¢00
2,0013601F+00

n
NS

M1

NG NS yNb

N7 NRyNO
N10sN11eN12
AL Pna

6,69¢Rn30F-n1
8,A812807F <01
A,8812R07F=01
2,7135671E+00
1,1656054E,00

0e
2.9184306F.00

RHO

N2

RETA

180000005400
c.ﬁnn5a835.80
2.,9914695E,00
1. T060R06E.02
1,7850473E.08

LI

1.64330R4EL00
1.,R000N00K.00
9.0027748E,00
2:99727%)RFEe0g
5,5375631E.03
Ae(h]T795RF=0h

Ne
1.5264149E400

2HO

N2

RETA

1.6000000F.00
Q,0N&TT\Fa00
2,9955360E400
8,9273000E-03
1,3430422E.05

Qe
1.5063123E.00

oo D22 2

TED =

QCAL
SUPSAT
N3

c

1.,6490847F40p
15298412F=9
4,7909273F.0
1.647398747F-01

[
0,
5.5407417Fu01

1.,4282619E.010
1.3101733F.0)
7.082607;r-°l
241153484F=p1
0'

0.
4,8637510E-01

qCaL
SuUPSAY

c

1.4015000F«00
1,0962458F=0)
9,4626716F~01
2,8663254Fa01
9,

[
4,R3293A4F.01

D 353D D

09/062/7h
HUGONIOT

09702776
cJ




€9

1 2,4R94T4F-g] 7.P997B4SE~g)  3,9R44nhAREe03  1,93248b4E-0) T,1547R5TE-q] 14B000060Ee00 144418736Evqn
2 4,0556358F el  2,5060501E«02 7,2AN36KqE«05 7,866A632E+00 1,1353011F+00 9,00490643E.00 1,4426299c.01
3 1.006374BFeny  1,86466B819E400 2,15403RRE+01  T,R174205F+00 1,1353011Ee0n 2.995045RE,00 5,6811001F=01
4 1,0855513Fen] 2.317232BE«00 =1,052R041E-00 7,1597479E¢p0 2,B287812€400 9.9076K75£.03 1,712183RE-01
5 1.n926612Fen)  2,3031322E.00 =1,0707144K+00  7,2100219E400 1,2965A9TE«00 1,0485469€.05 .
6 4.0757016Fe0n 3.5453600E=01 =1,2246953E~01 3.0649847E¢00 o0, Oe 0.
7 3,R070314FeNd 1,3593882E¢02 2,3506133E+01 2,7034071Ee00 3,2774684E.00 1.5R22509E,00 5,2242984E-01
CON PV 2J ISENTROPE
MES] = 7641520 MES] « SHORT TESY e CJv HUGe ISENTROPE 08/02/7k
TFICKET16Ns 1,632 SEC ON RUNy 1,684 sec ON ynB Locus
BRANCH (1«T92aVs3.5:4E) , TCPC/ PoTABLE
3 )
0. 0.
3,00000E-01 2,00000E-01 O,
OUTPUT LABELS
1 P V/VD T u ) RKHO OCAL
2 v € S NG NS N SUPSAT
3 v E/RY s/n pv/saT N1 N2 N3
o no. FOR pas N4 NG o N6
s N0, FOX PgF, N7 oNR N
6 noe FOR SO IN N10en12eN12
7 RRARe TRARs VRAR, GAMMA ALPHY RETA c
1 2,4896T04Fag)  7,2997R45EL)  3,9R466haE403  1,9324864E.91  7,1567H5TELgl  1,8000000%.,00 1,4416736F.00
2 4.0556158F =]  2.50h9501E=02 T.26n36R0E=08 T,BA0AH32Fe00 1.1353n11Fepg Qenns9haeFegn  1.0426299F-q)
3 1,0003768Fen)  t,H0na819E400 2,154n3RAF,01 7,5176255E400 1,135301iEen0 2,995065RE,00 5,6R11003F-01
4 1,9858513Fen] 2.317232RE+00 =1,05200A1E¢00 7,1597479E400 2,R2R7A12F<00 949076A7SE.03 1,712183RF-01
5 1,0926612F+01 2,3031322E400 w1l N707144F 400 7 _2100219Fe00 1,2945A97F.00 ) ,0485669F.05 O,
6 4, nTHT016Fens 3,56536N0E=0]1 «1,2240353E.01 3,0649847Fe00 0, 0o 0.
7 3,A070314Feqn 1.3593882F 402 2,3506733Fe01 2,7034071E¢00 3,27764R4Fep0 1.5022509€400 §,22429R4E-01
1 3.0000000F=n) 6,R133790E~g]l 4 ,18RA106F.03 =+ 27B513hEanl  7,1547857F.q1 1,R0000¢0€.00 1,4508100F.00
2 3,7H52100F=n] 3.2¢579H3E-0n2  7,2643704E~05 7,R0n61860Fe00 1.2020925Fenp 9.n0R2784E.0n0 1,539923pF-n]
3 9,2357367F.0p  2,3147933E400 2,15324ATEL01 B _0983612Fen0 1,2020925E.00 2.9917379F,00 4,~827414FL0)
4 1,017229€F 01 2,6091067E,00 o1 0714390F, 00 7,8769305F,00 2 A5589957,00 1,6R23%90F_07 1,4410009F.01
5 1,0232602F,0) 2,5589927E400 -1,0RA9242E.00 7 ATROB46F00 1,3295362E,00 1,6R553465.05 O,
6 3.ARP 24595 ,94 6.T07RRI1E~n] =1.42495AAF-0] 3,373A4A9E.00 g. 0. 0.
7 3,8053098F.00 1,3685726E402 2,3474259F.01 2,70563705¢00 3,4509657E400 1464507132400 5.5429430F-01
1 2,00060000F<nT 7,9167471€201  3,7R174%3F .03 -2,6361168E.01 7, 1567THSTE g1 1,R000000E,00 1,4302499%F .00
2 4,3981928F 0] 1,76 R127E%02  T,2673725F 05 7.°68?”31F'oo 1,0543765E400  9,np26566Fany  1,3265647F0)
3 1,0R52025F 01 1,366R67NEL00 2,)545%19E.01 6,9027571€400 1,0543765F,ng 2,9973L5AF,00 6,90646355,01
“ 1,1723572F. 0] 2,01720052400 =1,0273R58E,00 6_4571326E400 2,793RR94E.00 §,3018977F_03 2,0611116€.01
5 1,1802719E€.0)  1.9987990E4(0 =1,06R5454E400 ¢,5071586Fe00 1,2551761E400 §.6424670F.06 0,
6 4,2819856F on0  2,4990176E~01 =1,01R03R1E.01 2,7234865E400 ¢, 0, o,
7 3,80R88931F .04 1,3480486E402 2,3540636E,01 2.6314850E400 3,1134498E400 1.5283198E,00 4,36573127-01
CON  RgnD
CON  JEND
MES) = 7681620 MES] « SHORY TEST = CJ+ HUG, I[SENTROPE 093V2,7§
TFICKETIGN 2,112 SEC ON RUN» 2.164 SEC ON J0B 03EN

DAY=TIME START 21,00,59 o+ END 21,01,01

COMPLEYE TFICKETIGN
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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
! and gp. Recall
the definjtion of a: the (original) ith species becomes the aigﬁ. Take, for
1. 1; CO, originally the fourth species, becomes the first in

example, i = 4, a4
this the two-phase system. Recall that the solid must be number ¢ in the two-

empirical formula via g and Q, by giving the two renumberings a
m ~h AMA

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 lines divide
the o matrices into independent and dependent parts. The corresponding %zand q
are given below each R 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 + H, - C(S) >~ H

2 0

2

with the saturation index §,

A

s = (X ] XpX K,
( H20 C Hz)// 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 js the correct choice.
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v and q:

3
H

Reactions:

EQUILIBRIUM EXAMPLE CH

TABLE A-I

2

Two-Phase(p=1)

02, c=3, s=6

—to o

-h(ﬂ—-‘O\Nw!Q)

0\0145'7?

. H 0
co 1 0 1
H2 0 2 0
C(s) 1 0 0
H20 0 2 1
CO2 1 0 2
02 0 0 2

co H2 C(s)
HZO 1 1 -1
002 2 0 -1
02 2 0 -2
q 2 1 -1
co + H2 - C(s) » H20

2C0 - C(s) ~ CO2
2C0 - 2C(s) ~ 02

One-Phase(p=0)

-t O

N—'m-bwcnlm

R
CO2 1 0 2
H20 0 2 1
H2 0 2 0
02 0 0 2
co 1 0 1
C(s) 1 0 0

co, H20 H2
O2 0 2 -2
co 1 -1 +7
C(s) 1 -2 +2
q 1 0 1
CO2 + 2H20 - 2H2 + 0,
o, - H20 +H, > co
CO2 - 2H20 + 2H2 + C(s)




APPENDIX B
QUASI-STATIC WORK

Summarized here is what might be lToosely 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 Tength 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 uq. The detonation products (reacted material) will be in a uni-
form state with pressure Py and particle velocity Uge 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 u1/D] with force Py» SO the
work wp done by it is

Wy = Puy/eDy s

or, using the conservation relation p = p_u;D, (neglecting p_),
o171 0
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The kinetic energy K of the reaction products is
K= u%/Z

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

v;(p)
1(p) =f T piv) v,

V1
where p.(v) is the isentrope through the product state (p;, v;). Summing the
i 1 1

contributions gives for the net work W(p) on the surroundings for expansion to
pressure p

W(p) =

{
]
=,
+
~
+
—
—
o
~

n
—
-

o
o
1l
N| —
[ -y

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 1ists 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 vy is 1.25.
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PRESSURE (p)

O |REACTION AT T,,p,i COOLING TO To
{ PRODUCTS TO AT p,
| EXPLOSIVE

Figa B—] .

Vo
SPECIFIC VOLUME (v)

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

TABLE B-I

ENERGY STEPS IN CLOCKWISE TRAVERSAL OF FIG. B-1

Process

Detonation
Adiabatic expansion
Cooling at Po

Reverse reaction

Thus

58

Comp. B
Energy Change (mm/ s)? = Mi/kg
] _102
e; - e, = E-p](v0 - Vi) =54 1.80
e, - ey = - I(po) -7.56
ey - e, = Cp (To - T2) -0.28
e, - €3 =4 6.04
W(po) =e,-e =gq- Cp (T2 - TO) 5.76
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APPENDIX C

PROGRAM

AAAQ
CAn
MES COAMF w wFCeSRHalsy LET, FRUD, LJD
§°o°¢v§o¢uuaaaoaouapoooﬂeooocooaoooono
CONTENTS
1e VAL PHROGRAM ¥ESY
?2e LTILITY

9, CALCULATION SECTIONS AND PRI
we CALCHLaTION CUNTHROLS
&, READ CUMTRGL (CUN)
6o LUT UF PLACE
EAPS PACKAGE (SEC, 3)
KEAP (SEC,.2
7. CUMA4TES

OO0 00

CQ&"“QQQQOGG0960QO“““QQQGG#OQGQOQQOOOOO
Cs 1, »aln PROGRAM
LIqROIRBROLABEGBLDLOUONDVBDDRINROOORORY
PROGRAM MESA(INPY CyTe FSETIZUUT,
19 O
X1
CretP0 24043 ¢200002000tstbste40é%e CUMMO
COMMCN 2 (agn0)
VIMELIISTC
1 BS { 60) +CONT ( 20)
2y KON (&40
cQ:IvaLe Ing
1 t70 4nyg) ¢nS ) o tL( 960)92CUN
2¢ { L{1Ahar) 4y KGN )
CoevteP 9000200000000 404004000400%000000
UTHMFSICH EHS(40) ecCONT LW}
wATA ENSY/
1 1M 0 MBASe 4FSalTy INFUBY LH
2y iy ANDISy 3AUTGe 1n ¢ 3n0RP
32 ArEPe IATIP,y 3IMALIPe IHEUPy 1IN
49 P5AMe IHTED, 2APVvye 2HCY, 4nTLS
S 4rnCrECe 1W 9 4NSPECH SHYPECL )
€9 4NCGREy 4FDRUGe wrLUADe 1N olh
Te Y o 1 4lH 4 GHFrCHRM, ©PRENY
89 4FJENNe 1M 4 1H o 3INCCONS 1IN
w/

VATA ECONTY/
1 198719 8431439E=Ss 1.01325t=6,
g s3LOULT
©/
UATA JO-2 1 /5LJ0RINZeUUT /3L0OVTY/
INTEGER 04T
Crattet P20 0345400003020 060040%0 00004
CAaLL SEHR
CaLL rEanl
1 OL9HESL - 76aAUG20® )
CALL MOVE (ERS.8Se40)
CALL MOVE (ECONTeCUNTe10!}
c ~e= DATA STATEMENT C4NT Luav
Cruv e tnc e s nnrnncuascatyangneracnaas
CALL READ (SLINPUT)

Conrmcrmanccvancavrnoanrarrtwrttas " Taen e

CALL COn(n,)

tUs 7 w, FICKEIT, T3
-2 A2 X-X 222 K-X-3 2-X-2-X- 4 FY-E-X-% 3-%-F-R-3-2-%-F¥Y

i

-2 222 22X XX XX XL R FY -2 2R 22228 X%

L]
QOBOAQNUORDIAOVLENOD2IGRB00OOROAGOOO

Fotllu=lINP

N 0960000090000 099 346990 +40000540

LI

LOCAL 440044040000 ,0¢00000¢00004

!
H

@,1B4L=2y 0,4200]¢

EXECUTE ¢e¢e0tatoetitovtstrstroce

BLANK COMMON

PRINT UECK =wwevrecoircwcecnencnas

HEAU CUNTRUL wewesmeicecccceccccca.

I.D. LP-0730

AhR

CAx

MEDC
vEDU
MESO
PESY
MESO
SsESY
MESY
MEDY
vEDQ
MEDD
MESU
MEDQ
vEDV
vESD
ved0
pedY
vESU
vEdY
MESU
MEDY
MEDU
vE3Q
VEDD
MESD
~»EDQ
MEDD
MESD
MEDD
MEDD
vEDO
pEDY
uLhU
[ 2-1]
vEDY
MEDD
MEDQ
vESY
vEDS
reE3Y
MEDO
vEDQ
+E20
MEDOD
MESY
R
VeSO
MESY
veE30
vESY
MEDY
vEdUY
MeD0
MESO
vES0
MESO
w&;U
vES0

P N
PP WV~ O Cx~NTNMPWNNN

4
-

- o
O @

20

VI VIV VI
[V RN EL g

WY N
-0 N 0O

W LW
U ek

W w
o~
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17

10

1o
12

2l
23

2h
3z
34
44
47

6l
63

[ ]

60

END
CuaRaalosdodtasiaaelottndidtodovdaaedenndeRiatoNnRondoladagdavaolteoRtas
Ce ce UITTLTTY o

CQQQQQQO°oﬁ¢ﬂ60§D¢QDQQOcﬁ9999°°°§°Oﬁ0969909v0909.9090&OQQQQOOOOQGOOQﬁﬁﬁd

SURROULTTVE RHUGLAWB)

C OLD ERR ROUTINE
Cc CHANGE (JRUG CALLS YC tRR CLALLYS ady NEELED
CALL ERR{A4Bs4LPABUG)
KETURN
END

SUaRULTTHF FRR{1SUB IMESsERND)

C¢¢00a000anaoooouooooocbDoooaaovoooonoooéooo09600OQQGOOOOOQOOOQQQQOGQQQQ
C ERROR COTRCL
C ARGRS » K INTTINE. MESSALEY WATA (10 wuwryS)

CraPtett 0063300300400 40%0003299090¢4% CUMMUNY 0040000469400 000000¢0040
LOMMUN 2 (460N0)
DIMENSTON KCN(60) s CUNT(2U)
EQUIVALFNCE (Z2(4A0) yCUNT) s (Z11690) 9xury)
tAUIVALF ICE (CONT(O)20UT) 9 (RUN(E) yubmrGAT)
COMMUN /5FRRC/ SFRRCALLE)
Crod et 4003000040400+ 34940400004004 LUCALS ¢+400eetetvievitootsocstdocss
vIMENSIO T Tad(s)
DATA ILA/30H///7/777 ERRUR (KR CALL) IN = o1k 41iL
Coettito0ed00004e0603009004040003030000 LALLUTE 4040040000 ,00002vevteties
Il ()aTSUR
Commmcrmrerecrccncnucmmcracccanancncen |, CRECK GATE = mwawy IF CLOSED
LF(QERRGATENQ,Ye) OCTO 1D0
PRI 130, 1LLAB
130 FOORAT(//7 ANX4alB/7/77/70)10 ERR Ru=bnTERED FROM  ©45A10///)
180 WERRLAT = QEPHGAT * 1.0
1F (JeHRREAT (GTe 1o) CALL EXIT
Comm e ronrrr o nuc e rnarnetcvrwentnoenns 2, FRINT HEAD ARLSY EHP cacccemae
caLy rCan (1LAB)
CALL PRIW ([HESy 10s ERRD)
LF (1SUB,ENGLSERR) CALL UMPPR(QUTsSERRCA)
CALLL TR&cE
CALL ERS (3 FRR)
Comre bt tncncec v remnvacnmeccnans §, [LRMINAL LINL *vacccccwauencaa
FRINLT 8an
800 FORMLY (//7/21(SHe®=%0) 0 END QOF KUN AFTER ERRe ///)
CALL CUN(Ye) -
END

SUARULTYTT.F ERP (L}
C ULaciiCSTIc cNUMCr PRINT

COMPUN 72{40u0)

LQUIVALENAE

1 (70 9203 4CAR yo(2( 460)sCONT) 9 (2Z{1300)sDLR )4 (20(1010) 42MG
Zo(7(1030)EFN Yo (ZC1170)9EMR Do (2(1370)9#MU Jol2(Ll39nderty
(21141 0)4FCR Y e (214903 00M Do lZllaTD) 6P  Yel2(2590) orE
49 (701600) ¢KAL Yo {(ZL16Z20)90EN Do (Z(168U) s RIM Jo(2(8690) 9KUN
Co(701750)4PT )3 (£(1BU0) +ROT ) o (Z(1BLOIISM )y (Z(LBug) o3P
69 {7(1887)+SUC Y9 (2(1900) o3UCGT 9 (Z(1920) v TREN) o (211970) ¢ IMG
290701890 ¢ TMS Yo (2020101 01P 19 (Z2(2210)eXMT Y9 (2(2250) 9 AMU
89(2(2260) 9 XPF )9 (L{2660)9APG J9(2(30060) e XFR Y4 (2(3080) s XPT

L R

Med0
MEDY
wEDY
»ED0

oHLG
reuY
Chvo
reLG
rBus
£BLvG

FR~
FRR
ENRR
Enn
FRe
FRR
FRR
FRe
E KRR
ERR
ERR
Exr
Ern
tRh
FRR
ERR
EHN
FRR
[l
FRn
E K
£ e
Frn
ERR
ERN
ERn
ERN
F it
F ki
F R
gnrn
EXN

[
ERr
ERF
Err
FhP
ERF
ENF
Exr
FRY
Enr
ERP
Ek¥
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36

60

113
1le
121
124
127
132
13%
140
143
144
151
154
157
162
164
17¢
173
176
291
204
208

la
la

aaoOooan

X (Z2¢

CatL
CaLL
CALL
CALL
CALL
caLtL
CalL
CALL
CALL
CALL
CALL
CaLL
[(WIRE
CALL
CaLL
CaLL
CALL
CaLL
CALL
caLtL
calL
CALL
CALL
CALL
caLt
CaLL
CAL L
CaLL
CALL
CALL
CaLu
CALL
CALL
CALL
caLL
Catt
Cale
CALL
CALL
CAaLL
CALL
caLL
CALL
CALL

400 4RSS 19l un) et A
Yo (7(1530)eGMT ) (2

PRIGLIL o s 1)
PRI ( e O 9y
POUT (1)
POLT(2)
FOLT (3)

PRI (2aLCAY = CC/CH/CMN/LG/CS/CL

PRIG(ILNERe LOPNER)

PRIN(GLCONT 1V CUNT)

PRINCILFMGe L rEML)
PRIUM(ILEMIye LD vEMIN)
PRIG{ILEMXe1Y9EMX)
PRIN{3LFMUg [0 eFMU)
PRIJIPLENG IO FN)
PRIGIILFNObeswLIFOB)
PRIMI2L M eIV 0N)
PRIN(21.HPy10e01)
PRIV(2LHE 10 elE)
FRIW(2L1S450448%)
PRIN(2L.ZAWBIEN)
PRT1(2LEV,10+tV)

FRIN(GILFLARSIVFLAH)

PRUI(ILAMTy100aMT)
PRIN{IKEVeIOeKEY)
PRT (FL.SPCelussPC)
PRI(3LKaLs 129xal)
PRUVIZLKUNIAD ¢ X UN)
PRIN(ILKENS 2 e xbiN)
PRIGV(ILKIMy LUK M)
PRI 1L2LPT4104FT)

PRYI(4GIRHOT s LU WRROT)

PRY{PLSHy 2 eSM)
PRIN(2LSPe20139)
PRI (3LSUrs L eSUC)

PRTLALSUCG LV 4 SUCG)
PRUN(4LTHER s 404 TRER)

PRIN(ILTMG 10 T140)
PRIG{ILTMS PN 9 TMS)
FPRIN2LTR, #H2r TH)
PRTW(3ILX4T 9200 xMT)
PRIN(ILXMUy LO9XMU)
PRINV(ILAPF o109 xPF)
PRIM{3LXPGY10YXPL)
PRIV(3LXPRy 109 XPR)
PRIN(IILXPTs109xPT)

HRETURN

ENN

SURRQUTINE FIO

BEPEAD  «R[T  sBRINT w0l

rMT=F0RMAT
N=NUMBER OF WORCS UF 4RRAY a FUR [eUe
FOR NZ04FMT IS WULLERITH ARGUMENT LABEL

<L IS THRE wQRD LENGTH UFP TAk LABEL,
VIMENSICN BS(4)eFMI(60)y

INTEGER HeFMTe8S

(BerMToNgAIKL)

Pe(l( o80)sEY

900) 'REVY e (L(186Q0) ¢3PC)

A(10)

v 60

Yo(Zt3100) oPLAR)

CAR}

Fur
| X
ENF
ERF
EnF
FRF
ERY
EkF
ERr
ERPF
ERF
EnF
EwF
Enr
End
ERF
EkPF
ERrE
ERF
ExP
Enr
Entk
ERE
Frb
EnrP
Enr
[Hale
ERF
ERF
ER¥
EnF
Exr
F e
E =P
ERF
EnF
Enr
ENF
(114
ERP
(214
En
(X1
ERF
ERP
Ent
ERF
EnP

FIu
Flv
FIVL
FIv
Flv
FIv
FIv
FIv
Flv
FIu
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lo
16
14
lo

21
23
23
26
30

40
45

%6

56

T3
104

120
132

150

156
166

172
204

210
210
210
211

62

QCO000OD00000

24
26
30

190

130

220

230

240

540
510
]20

B5({1)=RE AU s BS(2)=K1T
8BS (3)3IPRINT ¢ BS(e)=wlT
BS ()1 =4rREAD
bS(2)=3mrIT
S (3)=SHPRINT
B8S(4)=3HWOT

DO 24 J=lseo
1=
IF(H.ENHBS(I)IGO TU 30
CONTINUE
WRTTE (9426)H
FORMAT (14HO F10 «HAD AKGE  A6)
CALL EXIT(3)
IF (N)Y200,4100,200
Ie0e 1T NU DATA
GO TJ (S00+s500913U9140) 1

WRITE (29150) (FMT(J)yed=]sKL)
G Tu 5400

WRITE (9,150) (FMT(J)ed3l oKL}
w0 Tu %90
FCRMAT (12A8K)
I1¢eOs WITH DATA
V0 TU (210c22002309240) 1

KEAD (2,FHT) (A{J) edalet)
0 TV Sonn

READ(IO0«FHT) (A(J) odz] oN)
L0 TLU S00

wRITE (2+FMT) (ALJ) 0J=1eN)
GO Tu 500

WRITE(Q¢FMT) (A(J) o leN )
cO YU 500

CONT INJUE
COMNTINUE
KETURN
ND

SURRUUTINE FRQOOTT(CeK)

FROCT FUNLCTION TABULATOR

C = FRrRUUT ARG ARRAY
c(s) =~ X0

Ccte) = vELTa X

C(7) = XN

FOR K=0e+IlERATE

FUR K=1yTABULATE. PROVIVE FROU! wITh VALUES
XO’XO’UEL!A Xu..o.KNoTHEN E.XIT

EQUIVALENCE (El1sXCl)s (E29KC2)

Flu
fFlv
Flv
Fiv
Flu
Flb
Fliv
Flv
Flu
Fiu
Filu
Fiv
Flv
Flv
Fiu
Flv
Fiv
Flu
Flu
Flu
FIv
Flu
Flv
Flv
FIV
FIU
Flu
Flu
F1lb
Flv
Flv
Flv
Flv
Flu
Fliu
Flu
Fiv
Flu
Flv
Flo
FIV
Flv
Flv
FIu
Fliv

FRUOTT
FRUUTY
FRVUTT
FRUVUTT
FRUUTT
FRUOTT
FROUUTT
FRVUTT
FHULUTY
FRUOTT
FRULOTT
FRUUTT
FRUOTT

H
oOCCcp~NOCV P WN

" it g
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10
12
13
17
21
2l

24
24
30
d4
33
36
37

4

+1

44

Ce
Cea
Ca

c
c
o
Cea
C

OO0 NO OO0 COOO0O0

UIMENSIOY C{10)
8 tl=Ct¥)
Y E2=C(9)
10 IF (K)SN«2D«50
2V CALL FROUJT (C)
30 0 Tu 21w
50 IF(KC1)1004A04100
60 C(P)=C(5)
10 6O Tu 102
100 C(2)=C(2)eC(6)
102 RCl=rCle}
110 IF ((C(2)=C{T7))®C(6)) 15091509120
120 nC2=)
130 ©0 YU 200
150 KCp=¢
200 C(A)=E)
202 C(9)=E2
21U KETUKRN

END
SRR OB RN O ORI OB ERNRR IO BNd00EN00RA00R0000000000R0G02800Q000GOONRG0SE
3¢ CALCULLATIUN SECTIONS -

°OQQQQ#QQQ“GoQé&0Q#“ﬂ@ﬂo0090090000600000OﬁGOQQOQOQO0900990000000000090

SURROUTTIUE GEP(K)
K=1 = CALCULATE PURE €asS EOS AT GiVeEN Typ
R=Z - APPROAIMATE Same BY Ln EXPANSIUN
CALLEE PY XIM
B L L D T L L LT I T 5 L I il L T
K31
HEGULAR CALCULATIUN OF GAD EO0D FUR FUKE
SPECIES AT GIVEN T9P uY IV1ERAIIVE SOLUTION
UF P(TeViaPy WITn P(TyV) OIVEN BY OtHe
FOR CS 4R 1~FLUID MIXs THLS CAN BE A MIXTURE
£0S VIA COMPOSITION DEPENUENCE OF [nh
MEAN RSTAR AND TSTAR,
IRPUT
P=THER(])
IMPLICIT FOR GEM =
TITHRER (1)
HEAN RSTARy TSTAKN 3 RSTa=4dP(5)s TSTASGP ()
KAL(S) e 14293 FUR IDEALILUVY Kw
OLTRPUY
VISVRaGM(15) « VGLUME
IMPLICIT FROM GEM =
GM = STATE POINT

VAKIABLES
FG=GM(1A) = CALCULATEULD (GAS) PRESSUKL
VRLes VRU = LOWER AND UPPER LIMITS UN ITERATION V
HCUTINES
GE'1({2) = PUHE=-FLUIU BUS Al Ty¥
FROOTT « TTERATE
PLAN
SOLVE ITERATIVELY PG(VeT)=P FUR V(=VR) BY
FROOT ITERATION.
VARTABLE, FUNTICN = LOG(V)4s LUGIP/PG)
SECOND GUESS = NEWICN=RAPNSON SROM QP/DV=0M(]2}

X
i
N

InPUT

FRULOTY
FrVOTTY
FRUUTT
FRUUTT
FRVUTT
FRUUTTY
FHVIUTT
FRUVOTY
FRUVUITTY
FRVUOTTY
FRUUTT
FRUVOTT
FRLUTT
FRULOUTT
FRUUTY
FRVWUTT
FRWITY
FRUOTY
FRUOTT
GE¥

cer

GtV

GEY
[c] 2.4
[c] A d
GEr
Ger
GEr
GEY
GLY
GEFr
cer
GEP
(<] 4.4
[d X4
[ X4
cefr
cer
GEF
Gtr
cer
Ge¥r
(434
otr
GEF
Ger
(]34
Ger
GEr
GEr
cer
cer
GEr
Ger
(o1 2
GEF
Gtr

6er

63



1
12
14
fn
2%

2%
31
33
43
w7
o
be
RY)
55
6n
65
71
T4
Tn
717
102
104

64

C TeP=TRER{1}) v (3)
C GM = STATFE ©OINT FRCM PREVIOUD K=} CALCULATION
C (GFMt2) ouTPul)
c EMX(Poes) = (GAS) MCLE FHRACTIUNY
(o oL ipPUT
c AMT = MUXTURE STaTe PUIAT
C (NUTE = CrEMICAL POTENTLALS IN XMU ARE
c CALCULATEL BY CALLER)
C VAKIAHLES
C EV = 142 « TSTAR AND RSTAK DISPLACEMENTS
C Js5 « EXPANSIUN COEFF ICIENTS
C
COMMUN 7(4000)
VIMENSTICH
1 CaR § Rn) s CunlvtT { 20) stV { 20)
2+1F0H { A0) +GM ( 40) sKEN ( 60}
JIKON t Ael0) WTHER S0) 9AMT t 30)
416 {20)
EQUIVALF ICE
1 (7L 920 4CAR Y o {2 “60)92CONT ) 420 680)stV )
2907( 1410)4FOR ) o (4 1890)s0M } o (Z{ 1620) 9KEN )
9 (7( 16909) +KON } oo (2 1920 eTHER ) {21 2210)samMi ]
de (Z (1471 y6P)
DIMENSTICN CG(10)sKCG(2)
C
EQUIVALFWCE
1 (CAR(31)4CG) 9 {CG({d) sKCG)
29 (CONT (2) 4R)
32 (FUn(29) «VRU) ¢ (FUB(19) 9y VKL)
43 (3ML1S) s VRY (LGN (LO) 4 PG)
Se(ThER (1) 4P) g (THER{3) 4 T)
Go LGP (3) ¢ NSTA) 3 (GRP(6)9TSTA)
TOXMI{16) RSTAT) o (AMT (1T TSTAT)
C
(o
4 GNn TG ( 10+300) +» K
Comrmn i mc et ac e e rccwecrrceerasesan KZ] o HEQULAR =~"=cweccrccccuccana
1U IF (VR) 20412,€0
lé VR=10460
20 CG(4)=A[ OG(VR)
22 CALL COUT (3IHGEPe1)
ol KRCG(1)=n
c

50 CALL FROUTT (CGyKON(4eR)])
92 REXTIT=KCL(2)

60 GO Tu (150.@R'80-7U)0KEXX[
70 CALLL D816 (3AMGEP 1)

12 O TU 189

80 CALL CBus (IHGEP«2)

He w0 T 19y

ud IF (nON{4e8)) Q2390492

90 1IF (RCG(1)=2)9244119Q2

91 CG(2)=Ch(4)=CG(3)10PG/(VRaLM(]12))
92 VR= EXP(CG(2))

93 IF (VRU~VR)94+94¢90

Y4 VRs3VrU

Y5 w0 TU 9a

96 [F (VReVRl) 97,97+98

Y7 VR=vVrL

98 KEN(11)=KEN(11)+]

Ger
GEF
GePr
Ger
GL¥
GEFr
Ger
GEF
Gtr
GEF
(124
Gtr
Ger
GEF
Gek
cer
Gtr
GEF
GEF
[ 44
GL¥
Ger
GeY
oer
GEF
GEF
cer
[ X
ey
(X
(s1 14
Gtr
GE”
cer
Ger
Ger
Ger
GEr
GEF
[ X4
GEr
CEF
aer
GEr
Ger
Ge¥
aew
(dAd
GEr
GEr
ey
Cer
cer
cer
GE¥
GEF
GE¥
GkF
GtFr
Gek



10m
11}
114
117
121
122
14u
134
140
141
165

146
151

15«
161

172

206
210
217
224
2én
231
237
234

241

254

10 CALL GEr(2)
195 1F (FGYluaslluello
106 LF (VvRL=Vit/3,)102097997
JU7 VRaVwr/ 3,
148 w0 Ty lan
110 LGN =AL 1 (Pu/P)
112 LG (r) =aLnG (Vi)
1€V CALL COUT (IHGER e 2)
140 w0 Tu 51
1920 CALL CouT (IHGEP e« .3)
160 L0 Tu 600
Com e rwncscccrcccvneretenccsmecanne R3¢ = LH EXPANSIUN wewccenceccaaa
U0 Vv (1I=TSTAT/TSTA-L,.0
LU LVI(P2ISRSTAT/RSTA=]Len
c &vl
C 410 t CUMPUITLE InbRrRMO OyTrurt
412 EV(3)306M(4)aEV(11+3,006M(10)0EVIZ)
4éV EV(4)s=(labM(leleP/uM{12))o%EV(])
1 * LR (LM (19)er /UM (Y)Y (2)
430 EVIS)IS(OM(B) e (TR0 (13) =PI o (LML) /RIIOEV(])
1 *JeUd (POGM(16) /K=l U)oLV (2)
00 XMT(1Y=oM(1lh)+bV{a)
]iv XMT{2)ZUM () eEVI(3) =P/ (KO]))OLYV(8)=FV (D)
20 XeT (7)== x4T (1) / (Hel)w] 0
<30 XMT(3) XM T () eAMT (7]
540 XMT(5)=6M (S)eEVIIY
850 XMT (e} =aMT(5)=xMT ()
60 XMT(6)=6M(1])=t V(%)
rl0 XMT(B)=XMT (1)=RYT/P
C gd0 U
C
K490 CALL COUT (InGEP &)
C
«uy0 RETURNM

OO0 OO0 00O0

SPECS {F* PART 2)

IN

NOTE = 72=PVY/RY

fop
tMx
uM

ouT EXASE

1 AMT 1 Vo ev 1
2 2 tubP/NK1 e
3 3 new/Ri 3
4 ERP/WT @ ACP/RI 4
S FRp/~T S rep/r! o)
[ 6 SLUP/K

7 I Lew

R 1) EHP/U RIT 8 voup
10 7kpP
11 SKRP/NR
12 O p/sU vw

13 0 pre |

14 0 v/ 0

15 VR

16

17 XMy MUGHR/RT

GEFr
er
<] A4
(44
GEr
aer
cEr
Ger
GEr
GEr
[ A4
GEP
GLr
Ger
Ge¥
(I A4
GEr
oLr
Cer
GLr
GLYr
GEF
GEF
GEr
cer
GEF
cer
[dAd
Ger
X4
Ger
GLr
GEr
Ger
Ger
Ger
Ge¥
Ger
GEr
cer
Ger
Ger
aer
6er
Ger
Ger
GEr
Ger
[J 24
cer
Ger
cer
cer
GEF
cer
cer
ckr
Ger
GEY
Ger

101
102
103
104
1.0%
106
107
108
104y
110
111
112
113
114
311%
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
13>
136
137
130
139
140
141
142
143
146
145
146
147
148

15«
15%
150
187
158
159
160

65



66

END

SURRUUT IR GEM (X))
PURF GAS FOS AT GIVEN TeV
K=] PREL I+, REAC [nPUT FALKS ANLD FON L JU
CALL GES (leev,) FCR PRELIMINAKY PRUCESSING (SETS UP GP),
CALLED RY CCN
K=ot MAT I, CALCULAIF STATE POINTY KAL(3)=
0 - [DEAL GasSi LuCal
9 = KW EOS§ CALL HKw
OTrRENR = LJL EVSH CALL GES(2eses)
MAIN (A=2) SPECS
IanrUT
T=THER ()
VaviRr=GM({15)
ISTAavSTascP(6) e (71 = TSTArM, voTakre THESE AKE
COOSITION LEPENDENT FUR Lt ANU leP{UID MIXe
KAL(3) -« FOS CHUICt, SEE ABUVE
oL TPUT
GM ~ STATE FNOINT. OF [S REARRANGED AND
FILLER UUT RHERE.
NCTES
le NO INFAL=GAS HRANCH IN PRELIM pUX THIS
CaSE! GEP PACK  ShHUOULD NUT ot ENTEKEU.
2e POUR 1 0GTICAL CROANLZATIUN: HAwW wWAad ADOED
LATE WITh BKANCH UNDER LJUe 1DEAL
CASe Nuy AND LJU SAQULUL ALL ravik samb LEVEL,
3¢ 1 UO 10T NOW (wh 1/75) UNDERKSTANUD wHY
TMS (InEAL PAKT) IS USELD IN CPre [T SEEMS TO
ME TY SHUCULD RE aN
IMFERFECTION GUANTITY LIKE ThE OTHERDS,
CEPP IR LI TH L3034 2002 2000304390000 0¢ LUMMUND $¢406060¢003,00¢000000000 9
COMMUN 2(4000)
UIMENSTION

OO0 OO OO0 O00n

1 CONT ¢ 20) 4GP { 20) +GM ( 4Q)
ZvKAL ( 20) 9KEN { 6rlu) 9KUN ( 6010}
JsTRER 50) 4T™S { 20)

VIMENSIGH KE (6)
EQUIVALENGE

1 (70 46031 4CONT ) o (2¢ 1470} suF ) {20 1493) UM )
29 (7( 1%30) 9xAL }oe {4 1Uu20)9REN ) 2 (2( 1690) sKUN }
3020 1920) e THER ) o (4L 1990)eTNS )
(o
C LOCAL EQ
[of
EQUIVALEMCE (GP(&)-YSTA);LGP(!).Vs]A)
1 s (GM{1) o TAU) g (GM(2) s THETA) 9 (GM (1K) 4PG)
2 s {THER (31 4T} 4 (CUNT( )yx)
3 s (GM(15) 9VR)
C
EQUIVALFNCE (1iM{2%) +GAM) o {GMI2b) s ALPH) y (GM(27) 98E 1)
1 » (GM(28) $CGAM) ¢« {GM (Y sCPR) 5 (GM(30) yOLVULT)
(o}
[
100 60 TO (1000+42000) K
C av4
C 996 PRELIMINARY

Ger

GE™
ree
GEM
GEM
GeM
GEM
GEW
GeN
GEM
GEM
GEM
GEM
GEM
GEM
GEM
(] X.d
GEM
GEM
GEM
GEM
GEM
GeM
GeM
GeM
CEm
Gt M
Gy
crr
Geh
CEN
GEM™
GEM
[ X
GeM
GEP
EM
G
[d X g
GEN
GEM
GeM
(] Ao
GEM
GEN
GEV
[ )
GeM
Gtk
CEM
Ger
GEM
GeM
GEM
GEM
GEM
GEm
GEM

161

—
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1

la
20

22
24
26
Jo

33
35
36
“3
47
S0

51
53

55
56
63
6%
67
71
73

Ts
76
100
108

104
106
111

117
121
123
12%
127
131
133
13%
141
143
150
153
155
157
161

C qu8

1000 CALL REAP {

1nl0
1nl2
142U
1ne2
1ndé
1ne5
1n26
1n2l
1428
1n30
1n0
100
1060
Clave
Cigqve
Ciqys8
2000
en02
Czniéa
Czave
2nlo
Zn50
Znbo
znl0
ennsy
onv 0
2100
Cz194
C2196
2700
z210
2raeu
22430
Cc
2244
2736
2248
C
2240
Cc
2100
z310
21340
2339
240
250
¢3%2
zao0
2alo
2340
239
2400
2410
26412
2420

1

e

w0 POT (1= J92=MLMs3=MKr) ow (NUW 1)
s=7KE)

CALL KEAMP (0469GP)

RE () =0

KE(4)=0Q

RE (S)=XNON(],4)

RE (6)=KON(244)

If (RE(1)=9) 1p30+1025+1030
KAL (3) =9

verazien

ISTa=1,.9

GO0 TOU 3000

CALL GES(19XKE¢GPsGM)
CALL PRTIN(4HVSSE 4190VSTA)
KAL (4) =)

60 Ty 3000

MAIN

KEM(L)=SKEN({]) +}]
E1 = Vo

IF (KAL(3)) 2200+,2050r2200
L0 2060 1=3,15

OM{I)=y.0

OMI3)s]l,0

LM(9)Z] .0

OM(l1a)=1,0

GO Tu 2300

TAiJ=VR/VSTA
THETA=T/TSTA
KE(5)3KON(1e4)
RE(6)3KNN(2¢6)

IF (KAL({3)=3) 22%092236¢2¢40

Capl. HKW (1)
60 TO 2300

CALL GES (2¢KE9¢GPeGW)

OM(22)=G614(1%)
OM(P21)=6G.4(14)

GM19)=34(13)
LM(l8)=cvu(12)
OM(17)=5M(5)

Ve = E)
FG=GM(3) eReT/VR
uM (15)=yR

10tAL

LJb

Kw

HEANBANGE AND FINISH OM

LM (12)=(RET/VREQ2)® (GM(10)=GM(3))

OM(13)=(Q/VR)eGMI(S)
LM({14)==G4(13)/76GM(12)
£E1=6M(11})

E£2=6M(T)

OM(11)=GM(8)

/ NiMypaNsAMoRE TOg

GEV
GEN
cem
GeM
GLF
GeM
GeM
rEM
cEM
GeM
[} Ad
6™
GE¥
GE™
GE
Gt
GEM
GE™
Gth
GEM
GEN
GEm
GEM
GEM
GE®
[
GEM
GEM
cEM
GEM
GEP
GEM
Geis
GEM
GEM
GEM
GEN
GEM
[ 4.4
GeM
ctm
GEM
GEM
GeM
GEM
GeM
Geh
GEM
GEM
GEM
GEM
GEM
GEM
GEM
CEM
GEM
GEM
GEM
GEM
GEM

109
110
111
112
113
1le
1185
1le
117
118

67



163
165
107
172
176
200

202
206

2uea
211
2ls
217
225
232
234

240

266
245

3

68

2430
24640
2490
2460
zelo0
2490
C2496
2wuQ

2510

LIRS
zs20
eadd
2830
2e3d4

g4 0

2564

CzsJé
2600
Czo%4
g0V

RaXa X2 Xe Xz XaXsXaXa k)

[eN e}

10

96

48
100
200
av2
2U4
2086
294
210
rle
214
2du
722
ads
Fr4C)
pe8
230
232
234
P40
242

LM (7)=GY{10)

LM {K)=GM(Y)
OM(lU)=5M(3)=1,0
OM (Y9) =VR-ReT/PG
oM (H)=E

LM (5)=E>

REN{194) =KE (3}
KEN{294) =KE(4)

CGarM==VRaGM(12)/°G

CVR=INS(3) =] ,04CM(8)

ulLviT=G~¥ (14) /VR

GANZCCANS (] ,NeCEAMREM(T) S{ISULVLT)ee2/CVH)
HET=160/(CGA1wGM(3) eTPULVDI/CVR)
ALPH=GAMSHET=1,0 B )
CPR=CVROGAM/CGHNM

CaLL DOuUT (3HGEM,})
RE TUKRN
END
SUHROUTINE GES (Kol (Gr,G4)
LJh CELL THEORY Gad EWNe >TaTz SUBROUTINE
REVISICN 1o CORREST MINUR ERRUK =
POINTS 14 AND 16 USE A FUR 13 ANU 15
we Fo 1/5/762
REVISIUN 2,ChaNi5k UoSe CALL ON NEGe KAP PRINT
W Fe 2/726/62

UIMENSTION A(BY ¢Y(H) ¢S{T) oW (S)eWl(H)ewe (D)
Cria) sGMLILS) yCLLIS) »OP (T sLI6)ELL10)

1
EQUIVALENCE (G(4)oTAU) 3 (G(2) 9 IHETA) 0 (G(15) ¢B) g (Wek)

PREL ¢ =MAIN BRANCHR
GO TU (20041000) 9K
Y(1)=0,94940693
Y{2)=0.94465750n2
Y(3)=0,76%62120
Y(4)=0,75%4 1446
Y{S)=20,61787A26
Y{A)=0,65001678
Y‘7)=0.24160155
Y{R)=0,045012%10
A{1)=0,0727152456
AlP)I=04nAp2913524
A{3)=04n2S519R512
Al4a)=0412662R37
A(5)=0,14959599
A{6)=0,10915652
A(7)20,14260342
A{R)=0,1394506]
vz ,2716335
BMAXZ0,276335

Gek
(44
GEM
GEM
Gh™
oeh
GL™
GEM
GEM
CEM
GEM
GEM
Ge®
GEM
GEM
GEM
Geh
GEm
GEN
GEM
GEM
GEN

GED
GED
GES
GES
Gk
GES
GEd
GEDS
GED
GED
GES
GES
GE>
GE®
GE>
GED
GE®
GE>
GE>
CEd
GES
GE>
GES
GE>
GE>
GE>
Gt>
GE>
GE®
GED
GES
GE®

119
120
121
122
123
124
125
125
127
128
129
130
131
132
133
134
135
136
137
138
139

OCEONCUVd>WN



103
104
106
110
112
114
122
124
132
133

136
137
143

153
156
164
172
176
20}
205
207

211
214
217
225
226
233
217
241
242
244
247
251
254
262
26%
273
301}

30+
306

212
317

244
266

BUP=1.,0663420
bDOWN3(),93778543
EPS=218,40
GP(7120,42601208GP (b)en3
CALL WR(1leLsGP)

60 TO Snono

MAIN ENTRY

INITLIAL
TAII=GNM (1)
THFTA=GY (P)
L{)=L(3))
IF (TAUY1Nn40+s10404+1G30
IF(TRETA)1040+104091050
CALL CBUG(3HGESHY)
Ch{l)aTauy
CALL wR (P4LsCH)
NE1=0
IF (L(S)) 40004120044000

PIND LIMIT
Wlz=He(1,0eY (1)) -
CALL WR (3L eH))
IF ((wl(3)e ABS{CH(2)))/TRETA=LPS) 1400+14004¢12%0

CHRECK AND LOWER
W2ane (1.0+4Y(3))
CALL wR (3L ew2)
IF ((w2(3)= ARS{CK(2)))/TRETA=LPS) 1600¢1600,1300
KE1=kElel
LO 1320 1=1+5
wil(lt=wa(l)
uzROHUQWY
IF (L(5)) 4100,1250,4100

RAISE

IF (8-B¥AaX)14S0+1410v1410

N2=He (1,neY(3))
CALL WR (34LsW€)
L0 TO 1600
VO 1460 13145

"2 (1)=W]l(T)
B=a¥pyp

IFIL15))41500147444150

KRE]1=KEle}

IF (n=Brax) 1520¢152001490

B=Hi48 X

W2=He(1,04Y{3))
CALL WR (34Lywé)
wl=5%(l,neY (1))
CALL wWR3elLawWl)

IF ((wl(3)= ABS(CH(2)))/THETAEPS) 1550,1600,1600

IF (B=BMaxX) 1450916009160V
FINISH
KEp=KE]«KE2 h
L{4)=KE2/L(3)
INTEGRATE
L0 2010 I=}s7
S(11=0,40

cED

GES
GED
GES
GLd
GES
GED
6ed
GESD
GED
GES
GED
GED
GED
GES3

GEd
Gt
GES
GEd
GE?2
GES

69




323
32

327
23¢
340
362

343

467
459

452
457
4ba
4 0B
471
473
477
K01
Su%
S04
3ls
S0
525
533
536
5«2
944
551
560

563

70

znsS0

2al0
2080
zn82
2n50

2110
2120
2y22
FARLY

2150
2160
2y1v
2180
Cz198
e»vo
F-2RY
Cer98
2300
C2q48
24,0L0
24l0
2420
2430
26440
2450
2460
Cas98
2a00
2510

C2538
254¢
2550

Ce994

C2q96

Ca2n48
3000
3nlo
3nlY
Ind0
Inde
Inal
3042
3090
3092
ool
3nlb
3n80

2290
3100
3110
2120
3130
3140

2150

DO 2550 IG=1416
IF(16=14) 21004207042100
V0 2080 [=]1+S
willi=w2(I)

KE=17=-1G

60 TU 2400

IF (1u=16121504211002150
L0 21€0 I=x145

Wil zwl()

REsl7=I1G

LO Ty 2400

[F(Iu=8) 21600216002200
X339(],0=Y(IG))

KE=zlo

GO0 YO 2300

KE=]7=21G
Xape (d,Ney (KE))

CALL WR(3sL oW}
CaLCe INTEGRANDS
EC1)=A(KE) 8w (2)% EXP(=W(3)/THETA)
E(P)=wl4)ep(])
E(Iy=w()eE(])
Lla)sw{g)dE (D)
E(S)=w {3V ®E(3)
El(a)=w()0E(2)
E(7)sw(S)eE (1)

V0 2510 I=1,7
S(DI=E(T)eS(D)
«==NOTE = SU¥ S{I} IS 1/2 INTEGRAL

IF (L(5)) 42000255044200
CONMTINUE

CALC wutpuY
INTEGRALS

00 3010 I=247
StY=23(1n /511
TMz1./TRETA
S(1)= 2.n®R%S (]}
L(12)=TY6CH(3)
O(A)=)14neG(12)=TMOS(2)
G (13) =T 40Ch (2)
L(6)2G11) e THS(3)
U(14)=8,A85766295 (1)
G(A)=140e:3{13)=ALIBLG(14))
1P (Gt3)1308043YB8043100
CALL PRIM(14HGES NEGe KAP $019G(3))
CALL PRI:IL4hTAUSs Ly TAU) ’
60 Tu 3110
GlAY=G(A)=ALOG(G(3))
t2=TMaTu
G(9)=)] n=F20(S(6)=5{3)05(2))
Cl10)2TMOCH(4)+EZQ(§({4)=S(2)092=THETABS (7))
G{11)=E70(S{5)=5(3)202) ’ o

G(R)ZG(4)9G(3)wled

GES
GES
cED
GES
GES
GE3
GES
GES
GEd
GES
GED
GES
GED
CED
GES
GLd
Gtd
GED
GeS
GES
GES
Gt3
GEd
GES
GES
Ged
GE3
GES
GES
6ES

6td

GES

GED
Gt
ced
GED
GES
GED
GES
GES
cEd
Gd
GES
GE3
GES
GES
ces
GES
GES
Ged

98

99
100
101
102
103
104
108
106
107
108
109
110
111
112
113
11e
115
116
117
118
119
120
121
122
123
124
125
126
127
124
129
130
131
132
133
134
13%
136
137
138
1365
140
141
142
143
146
145
146
147
148
149
150
151
152
153
154
155
156
157



567
S73

874
€02
AUb

6lon
6le
620
622
6c6
632
633
64)
6642
659
651
661
665
667
671
674
700
706
707
712

717
720

17
r3\
23
23
26
35
36
37
49
1

“3
44

3160
3170

3700
3210
3220
Caove
Caqyé
Caqys
«nd0
4nl0
4ndo
4nd0
4040
4ns0
4100
4110
4190
4160
42U0
4210
42c¢l
4230
4240
4250

4560
(y300

C4950
€000

20

1
30

200

ayy

QY4

996

o948
1200
1n02
1004
19V6
1nl0
1név
182
1030
1040
1n«2
1050
1860
1062
Cin?0
C

OO0

G(7)=Gtn)eG(3)=1.0
G(R)I=C (&) =G (6)

U0 3210 t=3.15
OM(L) =G (1)
IF( L(S)) 4300+50U004300

DIAGNUSTIC PRINT

Call PRI (28H GES nlaGe ~TaUsThETAsn
t£(1)=TAyY

t(2)=THETA

t(3)=8

Call PRIM (2H $93sE)

00 TL 1200

CALL FRYW (2HRSyl4d)

G0 T0 1250

CALL PRIN (211HSs] +8)

60 TU 1474

V0 4210 I=1.7
E(I=E(]I)/A(KE)

e{ry=1G6

t(ay=x

Etin)=wi(d)

CALL PRIN(TRIgXew $,3+E(8))
CALL PRIN(TNRINTS 3,7+E)

GO Tu 2550

CALL PRIN(7MG(OUTIS,15,G)
CALL PRIN(TIBS(INTIS¢S)

KETURN
END

SURRQUTIME wR(KsLe)

GES CELL POTENTIAL

UIMENSTION CC(6)sCLEYswN({6) gnC i) sw]e)

1 + (A(31)44AL)
00 TO (100V4,2006043000),x

PRELIM, ENTHY

$10+8)

sKFPS(2) sAMAX (2) 9F (O) sA(D0) s ALL30) oD(7) 0L (6)
EQUIVALENCE (WNsCC{7) )y (KUNESUNE) » (KY oY)

SET POT. AND EQUIVe ARGS

UQ 1004 [3146
*(f)=000
ClI)=0e0

Mz=30

U0 TO (1020+10404+1060),L
RA=]

AR=1

60 TOo 1100
RA=2

KR=2

60 TO 1100
KA=]

KR=2

GED
GES
GED
GE3
GED
GE>
GED
GED
6>
Ge3
GEY
Ged
GE®
6Ed
GEd
GES
GES
Ged
GED
GE3
Gt
Gt
GED
GES
GL®
GE3D
GED
GED
GED>
GEd
GED
GE?

wR
wi
wR
wr
wi
wR
wiR
wR
wit
wit
Wt
wRr
wR
wK
wiR
wR
wr
wWR
Y
»R
wxR
W
WR
wr
wr
wiR

158
159
160
161
162
163
164
16S
166
167
168
169
170
171
172
173
174
178
176
177
178
17%
180
181
182
183
184
1895
186
187
188

OO L W

71



45
Gr.
5y
52

54

Se
60
62
-1
06

67
/3

76

104
110
112
117
122

124
126
131
134
144
167
152
15%

160

171
173

206
211
213
217
223
2¢en
231
235

236
241

2¢3
2446
251
253
2b%€

72

1100
1110
11¢¢
1130
Ci190
Cli94
1200
C
1210
1212
17220
1240
1240
C1290
Cio4%4
1300
1210
C13¢0
1330
Claes
61138
1320
13n2
1350
1110
1730
Ciava
1490
1440
1420
1640
1490
1460
1470
1480
Cievl
1800
1
2
Cisud
1510
1580
Cilavé
1850
1850
1870
1680
1590
1400
1410
1440
Class
Cilanb
1650
1660
14170
1480
1690
1700
1710

FNa(])
FM=1){2)
AN=1(2)
AM=(} (%)

HEPULSIVE PART
IF (AN) 14004180091210 )

LEFN
UE=FM
AG=AN
KBzKR
AQ=}

CALCs
B8z 12404387 (FN=FM)
AA==AGHR1/2,0

GO TO (1.450v1650) +K8

LJ
JE (KU=1)aM
KEl=zyeM
AIKEL)Y=S6 ©(G =1,0)76,0
E=ALREL) 2,0
tl=le0E~7¢E

LUC 1680 [z24M

RE=KE]ey=]

t2=z9(1I~y)

L3z(0 ¢F2)8((G +E2)=]140)/((E2¢3:0)9(L2¢2,0))
AlKE)=EJoa(KE+])

E=fIvE /6,0

1F(E1=E)14804+148041510

CanTINUE

CALL FIO (3+wOTs

534 (1+40912X932H A=UIMe TOO SMALLe A30®1/4%a303 1lFELSeT)

198(Js1)e0)

NMAX (KQY=1
REPS(KQ)a=ALOG(lsVE=72A(KEL)/AIKE) ) /046931

S (Ky=1)a3

CCrurl)=an
CC(u*2)a=a/9G/3.0
CClyU+3)=wcClus2)®G7340
oN{Jel)=znn

AN(J*2) ==a88G/3,0
AN(J*I)=~wuN(Je2)9G/340
s TO 1720

EXP

JE(KU=1)e3

CC(Ja+1l)=a4

CClJ*2)==aA’300

CClJ+3)=a8/9.0

wN{J+]1)=R5

WN(J*2)a338 /3,0

wN{(J+3)=88 /9,0

wi
wr
Wit
wi
wR
wit
wR
wR
wR
Wi
Wi
aR
wR
wR
ar
aR
wR
an
wiR
wR
wiR

Wi
w i
wht
wh
akR
wi
wr
wit
wit
wit
wr

i
whit
wR
wiR
wR
Wr
wr
wr
ak
wR
wr
wi
wR
wM
Wi
wR
b,
wRr
wir
ak
i
[,
wi
wh
WR
Wit



C1746 wR &¢

261 1750 ©0 TO (18n00+1900) +XQ wiR a9
C)796 aK 9y
Civy8 ATTRACTIVE PART i 9]

267 1RUO0 LF (uaM) $00095000+1810 wR 9

271 1810 o=z=FM aR 93

273 {nl2 LB=FN Wik 94

27% 140 AGzAM Wi 95

217 1R300 nB=xA wh 9o

301 1r40 KQ=2 wi 97

302 1R90 60 TO 13nn wh 98
CiaY%4 whR 99

303 1000 LF (L(6))%000¢500094000 Wi 100
C1990 wR 10}
Ci19v2 Wi 102
C1q994 MAIN INITLIAL ENTRY wi . 103
Clqyb niR 104
Clovd REPULSIVE PART Wit 105

305  zav0 LF (aN) 2500+250092010 Wi 106

307/ znl0 OL=FN Wi 107

311 znc0 KB=KK "L} 108

313 2n30 KaA=l wR 109
Czned wR 110
Cenob CALCe wR 111

3le 2050 60 TU (P060+2150) sKR wR 112
Canbvs wiR 113
C2nb8 Ly wr 114

322 Znb0 E=N(l)#e8(=G/3,0) wh 115

327 20?0 Uz (Ku=l)s)y e 116

332 2n”0 DO 2140 1=1,43 wit 117

334 7490 KEzJ+] wh 118

336 2190 C(xL)=CCI(KE)*E wit 119

343 110 wCnE)swnIKE) E Wi 120

3644 z120 0O TO 2450 wR 121
Cr1%4 WR 12¢
Cz146 EXP wR 123

345 2120 1=D(1)%%1,33333333 wi 124
Czr76 wK 125

351 2180 S=ieT R 120

353 2170 E= EAP(G=9S) wit 127

362 2”00 Uz (k=1)a3 Wi 128

36% 210 UQ 2290 1=1,3 wit 129

367 020 KhE=led i 130

37 2230 CIKEI=CC(XKE) ®E WK 13}

A4 2240 wC(KE)=WAN(KF)®E wh 132

a77 2250 Clys2)=n{Jde2)as Wi 133

462 2260 C{y+e3)1=ClJe3)@(S95=5) wert 134
Ca2r96 wh 138

406 00 Vs (Ku=1)ed wr 136

alé 2310 A1) =8 wR 137

4la £320 S1=1.0/8 wR 136

tle £330 A{)e2)=51 R 139

429 2340 A(J+3)=1,0¢S51 wr 140

423 7390 A(J46) =« (S+2.,0+2.0%S]) wWR 141

430 2360 A(+S)=pana(],Ye5])) Wi 142

435 2310 A(Je0)=50542,085+44004,000] Wi 163

444 2380 A(Je7)=2,0e3,0%8 wit 144

450 2390 A(J+3) == (1,N%S564.0%4.0%51) Wit 145

456 2400 A(J+9)=S=58S Wi 166
C2444 wi 147

73



461 2490 60 TO (250042600 +KQ
Cra9n
Cz494.
C2a496
467 2500 IF (AM) 2A00+260042510
47 2510 LaFM
4T3 2620 RB=KA
47 2830 nQ=¢
476 2640 6O TU 20850
CoaY4%
CzsYb
417 700 L{(2)=C(1)=Cl&)
502 2l V(3)=C(2)=C5)
505 2420 L(4)=C(IA)=C(AH)
510 2630 IF(L(6))46100+500004100
CzavV
Ceave

Cra4ue6 MAIN ENTRY PUR CELL POUTENTIAL

Czq96

Czon8
512 IaU0 A=nil)
513 2que p(2)=xeep

515 3qus LF (AN) 34004360043010

517 2010 KB=KR
521 Inchd K@=l
Cand0
Cian40
522 3050 B0 TU (306093300) +h8B
Cand4
Cind6
530 2060 UNF=1,0
542 3aT0 Y=D{g)
534 IN80 KK= (KCNF=KYel) /512
541 3090 Nz2+4kEP5(KAQ) /KK
Sa6 2100 NN= MINn (NeNMAX (KRQ))
SH2 2110 U0 TU (315043200) ¢8Q
Cir4s
560 3150 RE=Melahn
564 31060 F(1)1=A(KE)®Y
566 310l NE=KE+1]
S5 3170 U0 3180 T=KF .M
57% B0 FLI=(FLL)«A(T) )oY
L2 3190 0O Tu 3590
Cayveé
603 3o2JU AE=Me]l-nn
“QuUb 3210 F(4)Y=AL (KE) QY
611 3220 NE=XEe}
6l 3230 U0 3240 [=KF M
&2n 3240 FlL)=(F(w)eAL(I))OY
Cirué
625 3750 J=(Ku=1)03
4N 3260 w(Jel)=en(Jsl)eF (Ue))
633 3270 w(JeZ2)=wC(Je2)0F (Jv])
636 3780 w(J+3)=wC(Je3)eF (J*)])
641 3250 060 TO 3440
C3pYeé
Cas%e
662 33U0 Js(KQ=1)au
6e6 23310 t=Aa(Jelyoyx
551 31320 tlx= EXP(EY/2.0

74

ATTRACTIVE PART

wrOLE

KEPULSIVE PaR]

LJ

LXP

(3.
wk
wi
wh
whi
wet
wWR
wR
wR
wH
Wit
E13
wR
wi
(3.
wi
wit
Wi
aR
wRr
wR
wK
[ 1,3
wi
1.4
wh
wiR
wrt
Wit
Wi
wit
Wi
w K
wurt
wr
wi
wr
[,
wr
wR
wh
Wi
wr
wit

wR
wK
[ 32
wit
1.3
wi
Wi
wr
aR

wRr
Wi
Wk
wi
wiR

148
14Y
150
151
152
153
154
15%
156
157
158
159
160
161
162
163
164
169
166
167
168
169
170
17
172
173
174
175
176
177
178
179
180
181
182
183
184
18%
186
187
184
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
264
205
206
207



657
661
663
664
70
672
674
701

702
T4

706
711
120
T30

743

76%
750
753

756

T64
764
767
7709

77:
176
777
1002

1004
1007
10ls
10l6
1021
1024

1027
1032
1037
1041
1046
1051

1052
1055
1062

1063

2230
33+
3150
3360
ax/o
23b0
3390
2400
Cl444
3450
3452
Cza%4
3400
3462
kA
3480

3490
CagY4
35U
3slo
3520
Cacus
2650
Cauve
Casve
36V0
sl0
3ndU
3430
Can4s
Ciaséb
3490
2460
kY
Rl el
Crqy2
Can%s
CaaY¥s
C3994
4nU0

4nl10
4ndo

4nd0
C4nuy
4109

4120
4130

4140
Ca34
42U0

4210
C4994

S500
Cc

b2=t,2%/F1

FC=(E1+F2)

FS={r]l=~Fpy

IF (£-0,1)3370,337043450
tl=feE

L2=E]1*E)
FSS=1e04F1/660+4E2/12040
L0 TO 3482

FSS=FS/F
FS=X%FS

I=(Ku=~1)%3
FUIvll=A(Je3)8FSS=A(Je2)8FC=160
FA1e2)280046)0FSSurSeal +D)®F(salas])
F({le3)z0(Jen)aFSSed(JeT)ors

*(A(JsR)=A (U1} ®D(2))9FCoALyeY)
NI

W(JelIz=uC(Jsl)BF (J*))
nlJe2)swr {Je2)oF (Jvp)
*(Je3)=wClIe3)oF (U*2)

60 TU (3600436503 KQ

ATTRACTIVE PART
LF (AM) 341043650+3610 B

AB=KA

§G=p

L0 TU 3nKHo

FINI>H

L I =n (1) =W ()
Ulg)Isw(3)=w (S)
U(S)=w () =W (h)
IF{L(6))4200+4500044200

DIAGNUSTIC FRINY

PRELIM
CALLL PRTIMN(1IMPRELs wiR  CCPe69(C)
CALL PRTIN({3IFWANSyhewN)
LF (L(1)=>)ap20ve0duse020
CALL FRIN(2rAS,30s4)
CALL PRI {3rALS 9300 aL)
00 TU Saang
MAIN INITIAL
CALL PRI(136MAIN wa € $464C)
CALL PRIA{3NWCSsDeal)
IF (L{1)=1)6130e 61404613V
CALL PRI J(2mA%4504A)
CALL PRIN(GRAL 349948L)
60 TU 5399
MAIN INTEGRATE
CAlLL PRINI2FFS464F)
CALL PRIY(13HW (wr ROUT) Bybpw}
L0 TO Sg90

KETURN

wit
wh
wR
wi
R
“K
ar
whr
aR
Wi
Wit
wR
wit
L 1.
wR
“r
LY.
wi
we
wiR
wR
wR
wi
wR
wit
wi
ak
wi
wRr
wh
iR
ar
Wik
ak
wi
(1.
wiR
ok
wr
wi
wi
wi
R
wr
whr
wiR
ar
wiR
aiR
Xa
WK
wr
wr
ait
ar
wr
Wi
wi
wh
wR

252
253
56
55
256
?57
25&
259
760
»61
762
263
266
265
,66
267

75



1304

W ‘et

M

11
12
21

es
34
42

44

7
53

76

OO Q0O OOCOoOOO000O00O00000

aoao

Ein

SURRUUTTIUFE »KW(K)

KRISTIAKOWSKY=ATLSON EWUATION UF STATE

1: E0Se CALLED FROM GEMI{2)
24 MUSe CALLED FrgoM xIM(2)

ne
K=

x

1
INFUT

1aV=TAUSTHETAZGM (1} 4 (2) s (FUR KWeVSTAN=TSTARS))

XKI=FiX =« (GAS) MOLE FRACTLIONS

KI=4rG « COVOLUMESes NUTE?! TH1d ARHAY 1S COVOLUMES

AR=KiM{]1)} = NO, SPECILS
OLTPUT
AE = XSEXP(HETA®X)S2«1 ,LUCAL,

FOR KWe KOITARIJ FOR LJU.

K=2
INPUT (SEE NEFINITIONS ApQve)
AE FrCM K=1
UM FRCH Ke)
e 46
NCIES

1o UNLIKE LJDe FCR anICh MIX PAxT 1S UONE IN XImM=R[Mgy
FUR Ky EVEREVERYTRHING LS DUNE nbkb.

COMMON 21%000)

UDIMENSION

1 EMX ( 20) ¢GM
2KTM { 10) e ANMY
2AeXPG { 20 20)
LQUIVALENCE

1 (20 11700 90X } (2 1990)sGM
29020 16B1) 4xIM’ ) o {Z( 2€40) vXMy
)

39 (Z1 266n) 4 XPG

KISTIAKUWSKY~NWILSUN EGWUATION UFr STAlE

)
)

USEU HBY K=2 ENTRY,

40) 'GP {
20 9 XMT (

v (20 18703 v00P
s (Lt 2210) e &MY

LQUIVALENCE (GP(1)Y9ALP) ¢ (GP(2)sBET) 0 (GP{3) 9y TH)
EQUIVALENCE (GM{1) ev) s (GMI2) o 1) s (GM(1Z)9X)

EQUIVALENCE (XMT (1) pnK)
EQOIVALE JCE (KIM{1) +KR)

GO TU (100+%500) oK

- e Ty o e - an o Crecranentacswes KI]y FUS mcecvcenmvre coeccccvosvcce

180 nK=9
110 UO 120 I=1.KR
1€0 HK=RKSEMX(I+1)#XPG(T)

190 A=K/ (Ve (TeTr)oRaLr)
160 b= EAP{RET®#X)
170 AE=xet

200 GMI3)=XF+],.n
210 OM(4)=ALPeTOXE/ (T IR)
212 OM({6)=(E=1,0)/RET=AL0G(GM{I)})

)

Wi

rK»
rEKW
KW
HA®
hK*
hKn
(2%
hRW
RN
HAW
KRN
[ X
AW
HK®
HA®
K"
R
(a1 %]
hK®
HKA
RKA
ras
(a1
[l
HEK®
RK®
KW
HK®
hK®
FKW
L
FrK®
hXn
hKn
K™
rR®
KKW
KA
(%
hKa
HKA
nK»
[, %
HK#
HK®
rKa
rKA
rK®
rKS
MKW
HK®
rK
nK»
[ ]
hK®
hK®N
KA

>
[+ 2}

CE~NPHNSWN



&2 220 OM(G)=GM (1) ={],0+3LTOX) oM (4) [

67 230 OM(1U) 3wl enpTox)ext KA
73 240 UMI1)SCM(4)(240={L usALPR()s0HETOX))IOT/ (TeTH) } (L3
104 250 OM(S)SGM(4) ¢ XE - rR®
To7 260 GM(7)=6 (&) +XE [oha )
111 210 LM(B)=GV(S)=GM(T) HK®
(o HK®

113 400 60O TO 2n00 1.8}
Conrmemmmcnrvsnancnrurratcccsemovesws K320, NUS mececesrcr curccccancanue NKW

1la g0 VO H1V T=2]1,KR MK
123 SL0 AMIII)3GM(S) ¢ (XPG (1) /RK=1e0) AL RRA
c MKW

C 5¢0 NUTE= GEM MUVES F/KI FRUM GM(7) TO GM(9) (2L

Cc KK W

131 2000 RETURN MR
132 END RR®
SUGRUUTINE SEM (Ksb) SEMm

ol SEm

C SULID EQe UF STATE ADAPTOR SEM

c B St~

c KEVISION 1 = FOR NEB SEMS CUOE SEM

c WeFo 10761 Sem

C Se™

[ SEM

c SEM sew

SEr

6 COMUN 7 (4000) sem
b VIENSTIO Stk

1 KEn { 6 10) o KON ( Y] 10)CAR { 100 A) Sem

29CONT { 2U) WEV { 20)sFuUl { X} 10) Sem

3eKAL { 20) o+KEV { 20) 4SP 4 20) StMm

4»SPC 4 20) 4SM ( 20) ¢ TMS ( 20) Stm

seER 50) : Skm

) DIntwsIny CEL10) Sew

5 . tQUIVALE ICE St~

1 (7( 162n)4KEN ) +(2( 16G0)+KUN ) ¢(2Z( 920)sLan ) SE™

29(7 460),CONT ) (Ll ©80)scv } o (2Z(¢ 1410)srus ) stm

Ar{z 16a3) kAL 1 oL Y0U)IKEV 1 o (Z( 18490y 0P ) stkm

49(2( 1BhN)Y 4SPC ) o (Z( 1820) 95K ) (2 1990)¢TM> H SkM

Sr{Z( 1920)9sTHER ) sem

c ste

c LUCAL tQ 2

Cc StM

[ EQUIVALE-WCE (CAR(SL) wCE) 9 (CUNT(2) oK) Sth

1 s {THER(LI 4P) o (THER(I) o T) o (SM (1) eVS) Sem

6 GO TO (10Nn0e10) oK Sew
C qg94 Se™

C que PRELIMINARY St~

C q98 SEM

13 10V0 CALL REaP { Ser
] Sen0X Gy CPRe ALy VU, Ty EOR / COy Cls C20 C3, Co 3 SEM

é s 1295P) St.m

20 10Ul RA[ (@)=} Skm
21 1n02 LlF(SP(2))1100441003+1004 SEMm
¥ 1903 KAL(4)=p Sem
Cc SEMm

23 1004 CALL SEMS(}) StM

27 1006 SM(Y )1=0,.8 str



31
36

37
41

42
b6

o7
51
53
5%
62
03
es
6o
70

77

100

78

Inl0
1020

Cinvd

OO0 OO0 00

OO0 OHOO0

10
[3Y

40

50

100
192
1Vs
106
108
110
112
1 la
116
118
2UQ0
{00

CALL DOUT (3HSEMsL)
60 TU 300

SES MARIN
REM(2)=KEI(2) *]
1 (RKAL(2)) 405100940

CALL SEvS(2)

-0 Tu 200

CALC. INCUMPRESSTBLE SOLID QUIPUT
SM(91=1,.n

SM{1U) sl en

SM(1)=S5P (¢)

SM(?)=0,n

SM{3)=PeyYS/(RT)

SM(4)=0,0

SM(Y5) =8 (1)

SM{AI=0.0

AN(T)ESH ()
SM{a})sP
CALL DOUr (3HSEM.2)
NETURN
ARGS K=l PREL.
K=y MAIN
L=ls ISCTHERM
L=2y [DENTRCPE
SPECS
INOUT
SP SEPS INFUT (SEE SEPS)
sSPe SEPS CUIPUT (St Surs)
T TEmP
VS ~SOLID vOL
ouTRUT
SM SES IMPLRFELTIUN THERMO FNS=SEE StM$
HEeRE EooAsb od PURTsPS] AT nave steN
SUBTRACTEU 10 FUKM IMPERFECTIUN FAS,
ehn

SURROUTI yE SEMS (K)

NEW SES SURRLUTInNE
«ITr SINGLE ITERATIUN FOUR V(P,T}
INPUT = Pol
UuTHUT = Vv ANU dES IMP, TRERMQ FNS
K=l FCR PrEL
R=2 FCR MaIn

Wwe Feo =10/61

COMMON 214000)

ser
St
Qum
SEM
se®
Sem
SkM
St
SE™
Ser
st
sem
SEM
St
Stm
SEM
Sem
st
Seh
Ser
SEM
st»
Stw
Seh
SeM
St~
St
Set
N X
Sew
Set
St~
Sewr
St
Sem
sem
Stw
St
Str
sr_".
SEm
St

SEMS
SetS
Serd>
Setd
SErS
SEMS
Setd
QEPrDS
Sk*>
SEFS
St¥>
StMS
Stk>
SEFS



w

11
13
-
25

31

3%
36

45
47

56
o4
oh
66
To
76

102

(e Ne N2l

aonoo

OO0 00

20

b U]

112
140
120

190
160
174
190

200
210
220
230

250
260
21V
280
290
300

VINMENSION

1 Can ( 1%, 81 JEV ( 20) 4+ UK (
2 KON ( 6 10) «SM ( 20) +SP (
e THER ¢ S0}

DIMENSICY CUS) eCN(S) vCG(D) 9CGLI(9)9CS()0) ¢ KCS(2)
EQUIVALFWCE

1 (720 9720),CAR } (40 ©HQ) stV ) o(2( 1410U)erUB
294070 16911 4KON } oo (2 1820)9SM } o (20 1840)e35¥
Jo (2 1920)4THER )

ZARGUMENTS#
EQUIVALFNECE
(THFER(1)4P) o LTHER (304 T)
P (FOR(11)sFUB LYo (FUB(23)YL) 9 (RON(@? ) okUNI)
9 (CAR(S1) +CS) 4 (CS{B) yKCD)
PLEVID) okl 0 (EV(2) 02 2)

& b NI+

EQUIVALE ICE
(SP {11 0G) 0 (SP(3) 4ALFH) 9 (SP(S) 4 VU) 2 (SP(S) s TO)
(SRR 4 C) o (ISP (13)eA) s (DP(14)s0})
1 (SP(15)¢G2) 9 (SF (16} 4CONST)
PSP {1R) yCN) 9 (SP(26)3CLI (SP(3V)4CGL)
P ISMLD) 9Y) o (SM(L10) oY1) e (SM{14)4TC)
$USM(12) 4TI (SMIL13)9rHl o (SM{1ID) oWk )
$(SH(16)4P2I 0 (SM(1T7)aY1L) e (SH{L18)eX)
01 (S (19) 4 YY)

@~ WA BN e

GO TO (10441000) ¢K
PRELIM

KRR 4314 WIF G

A= (RSP (2)/ (ALPh3VO0))®(G/(G+1leU))
01:1.0/(601.0)

0V2=20e8%¢]1,0/G

CN{1)26Y

VO 140 1=2,6

Fl=l

(Nt = CN(I=1)a(G1=(Fl=1eul))/rl

DO 230 13148

Fl=z{=}
CGtI=CIIV/(G+FI)
COLIII=CUT)/Z(GsF el 0)

tl1=0,0

L?:U.O

VO 2390 1=145
E1=€l+CG(])
L2=E2+CGI (]
CONST=0,59E1=-G2%£2

G0 Tu 2000

MAIN

.Y}

10)
20)

SEMD
SEFS
sehS
SEMS
SEMS
SEMS
SeMd
SErS
SEMS
SErDS
SErS
SErS
St¥s
Str>
SEmS
StrS
SErFS
Se™>
Stmdy
SE*S
SEMS
sErd
SEMS
SEMS
SeMS
SErS
SENMS
SErS
SENrS
N X8
SErS
SErS
Ser>
StrS
gtnb
SEMD
SEMS
SEMS
SEFD
SEFS
SEMY
strS
SErS
StEM>
SEMS
SE~S
SEMS
SEMS
StrS
SErD
SerS
StrS
SE®S
SEFS
SeEr>
SEMS
SEMS
SEMS
SEMS
SEMS

79




103
165
167
113

1la
120
122
13?2
136
137
143

144
147

231

235

269
244

245
247
253
265
274
274
300
392

80

c

c
C

C

C

c

c

OO0 aon

(g}

ono

1000
1ncl
1n30
1n%0

110
1110
11¢6
1130
1142
JRRY
112

11950
1160
1170
1180
1199

1200

1210
1220
1230
1220
1200
1270
125U
1290

1300
1110

1320

17350

1490

1470
14480

1500
1510
1540
1530
1640
1650
1800
15172

CSiy)zY
CS12)sYSFORI
YUz=1le0®ALPHO (T=T0)
aCs(l)=n

ITeRATE ON Y=aV/VO
CaLl, FROOTT (CSeRONTD)
NEXIT=KnS(2)
UG TU (1910e1150012309114U) eKEXIT
Catl U135 («HSEMSH 1)
0 Ty 15490
CALL O83Ut3 {4HSENMSe})
GO TU 1%an
FUNCTIUN
IF (CS(2)=YU) 11809118093L60 )
CSt2)1=Yy
0 TOU l2nn
IF (YL~CS(2)) 12009120001190
CS(2)r=vYL

Y=rS(é)
CALCe P2(Y)
FR=C(S)
£1=C6(S)
L2=Col (3)
DU 1290 I=]e4
nE=H~]
YH=Pr*Yer (KE)
E1=RL1RY+CH (KE)
t2=F2%Y+C’1 {(KE)

WEEG=(0.5-G20Y) ¥PH
YG=Y®4g

r2=~(G/Y)HWEEG+G® (GrY) o
(0eSPE1=029YRE2~CYNDT/YE)

CALC Yls Y11,
IF (Y~1,0) 1700+18U091800

CS(3)=2,nE=h®(TC=T}

CALL COUT (4HSEMSe )}
60 TO 1100

CAaLCULATE OQuTPUT
SM(l)=Yavn
SM(7)sRPOSH (1) /(RST)

SEPAKAIE ON Y

>H(1)=(1.ﬂol.0/6)°b~(7)OVU“JEEG/(R°T)-SP(d)’(loQ-golT)

SMI6) SR (2)yealL0c(TL/ZY)
SM(S) =S (3} ~SM(6)
SM(2)sSM{)=SM(T)
SM(6)TSH () =SM(T)

G0 TO 2non

CALCe FNe FUR Y LESS THAN 1

Stk
SEMD
SevS
SerMS
SLrS
SE¥>
Se&d
SEMD
SEFS
SEFS
Serd
SedS
SEFS
SErYS
Serd
seMsS
SEMD
SEdS
SE¥S
SEFS
SErS
SEFS
SEMS
SErS
stk>
SErS
SEMS
SEFD
SEMS
seds
SEMS
SthS
SevS
St
SerS
SEFY
Str>
Setd
SerS
seMd
SEFS
SEMD
SeMsS
Sch?
SErMS
setS
SEMS
SEMS
SE*S
SEMS
SErS
SEXS
SEMS
SE®S
SErS
SEMY
SEMS
SEMS
SEMS
SEMS

118
117
118
119
120

121

122

123
124
175
126
127
1728
129
130
131
132
133
134
135



1Ny
31ln
3113
3ls
317
341
324

33)
334
340

341
343
346
350
352
354
361
365

370
373
400

401}
402

OO0

c
c

c
c

17v0
1710
1720
1730
1732
176V
1742

1790
1760
17170

1A40
1/10
1a¢0
1R30
1740
1R50
1R60
1762

1870
18580
1aY%0

2000

S8

A= (P=P2)oYGHY/A
1G1=1e0eX
Yli1=CNhN {4y ex

DO 1740 I=1e3
REz4~=]
YL1={Y11+CN(KE)) "X
Yl=vYldel,n

Ti=Y11/4PHeTO
TC=T1o(Y351/Y1) /Y6
b0 TU 14900

AzO/A

YG1=1e0e¢X
Y11=CN(a)ex

LO 1650 I=143
NE=4~]

TLIS (Y11 eCNIKE))®X
T11sY=le.ney®yld
Yl:Yl:‘l.l)

11=Y1i/zALVHeTO
1C=T19YG14Y/7(Y]11+])
60 TO 1400

RETURN
END

SUKROUTINE TIM (X)

REVISION 1.
WoFe D

TIM

COMMON 21(4000)
DINMENSTION

1 CONT { 2n) kA
2IRE ( 10} oKE
A THER 50) oTM
4o TP (2uyl0)
DIMENSTNG KE(2) 9 TH
EQUIVAILFICE

o)

1TF a

FIX TIm
tCe 61

(
N (
S (

(g)

CALCe T

CALGs PNy FUR Y QVER I

CALC: 1 4

UAPTUR

FOR TIMS KEVISION }

200) sbMX ( 20}
60) sKIM ( 10}
20) o TH0 ( 20!

1 (Z{ A80)sCONT ) o (2( «80)etA } 920 1170)eLMX
22(7( 1599y 4mE } e (2 1620)9KEN } o(Z2¢ 1680)¢KImM
39(Z( 1920 s THER )} o (Z( 1990)+TMS ) o(Z( 1970) s 100
40(2¢ 2010) TP )
- LUCAL EdsLIM
EQUIVALENCE (KIM{2) ¢KS) s (KIM{4) 9KN) s (CONT(3)9aTNM)
1 s (THER (1) oP) o (TRER(I) o T)

100 GO TO (1000+2000) K

Q96
998

PRELIMINARY

)

Sehd
St™S
ser>
SthsS
SeMS
SEFS
SeEMS
SEMS
StE*S
SEMS
<EMS
SEmS
SEMS
SErFS
SEMS
SErS
SerS
St™s
SErS
SerS
SErS
SEMS
SErS
SEXS
StrS
SEMS
SErS
SetS
SEFS

Tiw
TiF
TiM
Tiv
Tim
TiM
TIr
Tir
TIM
Tim
Tim
Tim
TiM
T~
TIm
Ik
Ti®
Tir
Ti®
TIm
TIiw
TIv
T~
Tim
Tim
TI¥
TI®
Tim
Tk

136
137
138
139
140
141
142
143
144
1465
166
167
148
149
150
i51
152
153
154
15%
156
157
158
159
160
161
162
163

Pt bttt Db pad Bl 2t P s
VNP LRTWUN~OCODINOTR W

N
[l =4

NN YN
wEwn

vV N
@~

W N
o ¢

81



11

Je
20
22
24
26
3u
34
4o
b2

52
54
56
b0
62
66

66
T4

100

101

82

1nU0

inl0
1nco
1n30
1n40
1050
1060
1n70

Ciave
Ciovy
Zn00
znl0
zne0
Znty
enel
2090
Cz100
z110
212u
Czq0U
3000

QOO0 O0000O0

CALL HFEar (
1 AOMOX  KSexN/ T BCUNDS/Z FIY COthb.-Al IC ANIDILEL  PF IR e, S
Z . v=2eKE)

CALL KEA2(Qe29Th{s))
KS=nE (1)

AN=KE (2)

KEl=KNe&

V0 1v70 Is14KS

CALL REAP (O+KELsEAR)
VO 1970 J=1eKE]
IP(lyd)=Ea ()

G0 Tu Jd000

MAIN
KEN{3)=SKEH(3) *])

Th(li=T

KE 1) =KS

RE (2)=KN

TH(2)=P/saTM

Th(3)=HE (3)

CALL TIMS (KEsTHeTPsEMXe TS THG)
CA L DOUT (3HTIMs1)

RETURN
END

SURROUTINE TIMS (KeTHeAeX9GoF)

LUEAL GAS TrERAU FNS SUBROUTING
REVISION 1e=CCNOTe LP EATENDIUNS
e Fo VEC. 61

K{1)=ASs N0, UF SPECILS
K{2)=RNs ULGFEE UF P11
Tr{1)=T IN UBOREES A,
Tr(2)1=PINATM,
TH{3)=T Sug ZtrU
Tr{ay=TM]Ig
Te({b)=TrAK
A = GUEFFLICIENT MATKIR (SEL wWHITE=yr)
X = MULE rRACTIONS  (X(1) FOR SULLOD)

LOE AL GAS THERMCUYNAMIC FUNCTLUNS
INPUT
ouTPUT
G = TUTAL TREKRMO PUNCTIONS FOK GASSOLIL
F = FREE ENENGIEDS AT 4P
RELATIve 10 ELEMENTS 4T 0 KELVIN
i IMS
COMMUN 7 (aeQu0)
UIMENSTON K(2) s TH(D)sA (2Us]10)9X(2U0)96G(c0)oF (20)
19EA(H0) 4 (20)9H(20),5(20) Gl (20)
EQUIVALFHCE
1 {(Z{ &8n).tA )
1 s (EA(LY2C) o (EA(ZY) e}y (EA(4L)¢S)
2y (EA(6LY45))

Tivr
T1r
Tiwk
Tie
Y
A g
Tiv
TI¥
Tim
T
Ti®
TIim
TIN
TIv
Tim
TIiM
TIm
Tiv
Ti*
Tie
Tim
TIiw
Tim
TIM
Tit
Tiv
TN
Tinm

TiFS
TIrS
TIrS
TIFS
TIiFS
TI¥S
TIrS
TixS
TIFS
Tirs
TIrS
TIiPFS
TIrS
TirFS
TIit>
TIrS
TINS
Tir>
TiFS
Tir>
Tiry
Tird
TidS
TIFS
TIrS
TIi*S
Ties
Ti¥>
TIrS
Ties

O S
COENDT NSFLWN—~OOODONT NS WN

VIRAVIRAVIRLY)
N ©



"16
21
2]
23
25
34
34
36

41
46

53
56
60
6]
64
66
67

71

73
75
77
103
1u?
115
174
126

127
132
13%
140

156
157
16%

200

213
215
217
230
230
234
266
251
257

301

30¢
312

[eXeXe]

TN S WN

2u

30
40
50
60
0
80
S0
1 VU
110
112
120
130
14U
120
160
170
180
190
20
210
X4y
»30
P40

290
o0
»10

290
00
310
jle
kY4'}
230

Q40
150
160
370
Y-X1]
400
al0
420

(3
HW=],98719k«3
KS=K (]}
N=x (&)
T=TH(1}
PLOG=ALOL(TH(2))
To=TH(I)
IMINSTH(G)
TMAX=TH(Y)
I(E)

DO 20 I=1480
EA(I)=0.V
SOUND T1 10 FIT KANOLE

IF(T=TMax) 604160940 )
Il=TmaX
60 TU 110
IF(T=TMIN) 70970090
T1=TMIN
O TO 110
Ti=T7
1 ALL SPLCILES
LO 290 T=1.KS

(r(e)) J=Nel FOR StRritS

J=r
Fu=J
ATJza(Ieves])

A{TY = (A1) ealdy el
CII=(CUIIe(FJ «1a0)0aT0)®T1
S{INZ(SII) e ((FJeleu) /FJ)BATYI*T)
Jzg=1
IF (J)13U42109140
E ADD FIKSI TERMS

Ald=Aall )
HiI) =k (1) ALY
CtI)1=Ctlrealy

S{I)=S (1) +ALIJPALLG(T1) sA(1eNeg) =PLUD

AUD CUNST CP FUNCTIUND CUTSIULE

IF (T=T1) 2hN42904¢60
HiT)=( YieH(I)*C([)a(T=T]1) V71
S(TISS(I)I+CIIIOALOLIT/TY)

FATISH(T)=S(I)eA (T nes)/(ROT)

e MIXTUKRE SuMS

DC 60 1=24nS
XI=x(I)
LI(21=GI(2)yeXlao(H(l)eA(Loived)/ (hOT))
GI(3)=CcI(3)exIol(])
FX1=0,0
LF (X1 eGT N NIFXI=XIQALOG(A]L)
Gl(4)y=Gl(+)exIos(l)=Pxl
GI(5)=61(S) e+ XIPA(]yNed)

LI(61=GI{A)eXIo(n(l)=(TQ/ L)ALl yNsD)*a(LeNes4)/(R®1))

3

GI{(1)=GI(2)=1,0
t, PURE PRADSE
CI(7)I=rH(1YeA(1aNe3) s (RET)

Gl8)=CtL)

TS
TIrS
Tirs
TirS
TIrS
TiFS
TIMS
Timd
TIrS
TIFS
TirS
TIrS
TIMS
TIrS
Tir*S
TIiFS
TirS
TIFS
Ti¥S
TIMD
TIrS
TIMS
TirS
TIMS
TirS
virs
TI®S
TivS
TIFS
TIrS
TIF¢S
TIrS
TIFS
TIirS
TIFS
TI*S
TIFS
YIFS
TI*S
TI*S
TI¥S
TIFS
TIFS
TIivd>
TIirS
TirFS
TirvS
TIirS
TIiFS
TIF¢S
TIrS
TiFS
TIrS
TIrS
TIirS
TIFS
TIiv¢S
TIrS
TIMS
T1MS

83



3is
316
320
323
KD
334
343
350
351

84

430
440
420
400
470

"10
K20
00

I

R

s X2 X N2 X2 K XsXa K2 XX Xeka N2 N N2 N e N N N2 R o)

OO0

GI(9)=5{1)+PrLCOL

wl(10)=(1)=PLOG

STUKE Gl

LI(11)=A(1enes)
OI(12)=n(1)=(TO/TIRFA(LIN®I)*GL(LI]1)/(ReT)
F{l)=GIl( 0}
ey
DU 520 [=]sl2
Gtly=CGitLY
RETURN
END

SUNRUUTIE XIM

(Kl
GAS (MIXTURE) EGuAlIUNn CF STAlE Al
K=} PEAL INPUT DAalA

Kz=2  MAIN CALCULATION
L SPERTFIES PCRIICN OF £G4 CULE PRUM
WHICH AIM IS LALLED (Ske »RITEUP)

NFULT
Top=THEN(2) e (1)

Al = {(GASY MOLE FRACTIONS

OLTPUT
AMT « MILTURE STATE

AMU} = MU2S
CUTTINES

KIMS = RETAILED CALCULATIUNS POR L
CcatlsS GEP(2)

ALY

COMMUN 2(&000)

UDIMENSIUN

1 CONT (

ceGP {

JeKAL {

'XEXA {

S s XPG ( 20

€ v KEN(Ra10)

(PREL )

Te P

CS»

X1

1=

FLULD.

IN MIUDLE PUR Nebo STATE FUR MUZS
VEP(1/2) » PURE STATE PCINT (RELULAR/LA EAPANSIONI

- P D mn e T D Uy P B D T e T P D e D WD s T P T g T S e D e S P P U e e OO D e D L B W Wy T I GS  , D WD TE W P W W W W

REVISION 1 = ADD K# ki Ne OF STATE
WeF o Y/01l

20)¢EA
20) sCM
E0)sKIM
30) e XMU
20) ¢ XPR

—~ o~ oo

UIMENSION KE(2)0E1(6)

19SXG(20) +SXF (20)

tQUIVALFACE

1 (70 469 )9CONT
20(72( laray,cp
9 (70 1oy KAL
4v(7( 2210) 4 XMT
Sy (7( 2660) 4XPG
6 2{2{162u)4KEN)

LOCAL EQenIe

EQUIVALECE

v (20 wHO)GEA
(20 199))pum
s (2( lo80) Kl
W (L 224Q) o XMy
{2 3u6D) 1XPR

200) yEMX
40) e GHY

20) 9 X¥F
20) o XPTY

W (2
RPN
W (2
9 (2 ¢
v (2 ¢

(
{
10)eTHER
(
(

117a)seMx
1530} euMI
1920y v TR
226U) s APF
3080) s&P1

1 (CONT (21 4R) ¢ (GP (S (RSTA) ¢+ (GP (B s TSTAY 4 (GH(T)sVSTA)

24 IKIMIL) KR 9 ({THER(1) sP) o {THEXR(I)» T)

FPUXMTC16) sRSTAT) o (AMT (170 TSTAT) 9 (XMT (18) 9 VSTAT)

L

3

20

20)
29)
50
20)
20)

Tir>
TIirS
Ti#S
TIFS
Tirs
TLirS
TIFS
Tirs
TIrS
TINS

Xim
X1m
xiw
xIm
xir
Xi#
XIm
xXIm
X[
XIM
xim
X[~
L9 8
X1M
XM
X
XM
X
X1
X~
Xl
Xl
xi»
Xiw
X1l
Xl
xim
xiw
Xk
xiv
yIw
Xim
xiv
Xl
xim
L1m
Xim
X1lh
xim
x1wr
Xim
(1m
X 1M
XN
X1k
XIn
xXims
Xim

e 3t pt d Pt et Pt et s
VENCOUSTWN=DOECLTRNIPWN

NN
Ll =

NN
& Wwn

NN
o~Now

WWwWwwn
WO L

w
W

W wiww
o o~

& »
-0

2o
CER NV P WN



6

v
v
n

161

172
174

175
177
201
203
2605
207
211
213
21s

4o (FA(2)1) oeSXGY o (EA(4))sSKFI
[
c 40 OO0 TO (10N4K00) K
100 CallL REav
19430 % KN oXAL/Z SCHeSCTIROREF ¢ TOKEF oNoM/
1 o= snE)
CALL. REA=(0v69E])
CALL HESP{DIXEXPR)
CALL REAP(Q+KE4XPT)
110 KR=xKg (1)
120 RAL (D) =KE(2)
130 U0 150 1=1,KR
190 XPP{I)=XPR(TYOEL(]L)
190 XPT([)I=XPT({)2EL(2)
C 160
170 UO 200 T=1,KR
180 DO 200 JsleKR
190 APAILeJ) = (XPRIT) $XPR U I /el
2U0 APF(leJ)s SHRT (XPF(I)°XP!(J){
C pu8
2l0 AMY(11)=FE1(3)
220 AMT(12)=F1(4)
230 AMT(13)=E1(H)
2640 AMY(le)=E1(6)
250 IF (RAL(“)=G) 30042604300
260 VO 270 1=1,kR
210 APG(I)=EV(3)2CONT(D)®XPR(L)*8I
U0 60 TO 600N

c_--“---..-----..-..-----------_--a-----. MALN - D G P Dy Wy W o, e T W S e

AUQ KE=KAL(S) e}
RU2 KE'I(&@)=xkFt (4)e]
C CHECK FUR KIASTUWSKY
RU4 IF (KAL{S)=9) 8l0+¢00098]10
R06 CALL CEP(1)
a08 CALL rKa(2)

c
R0S GO TO 1100
Cc
ARlO LO TO (170042000+3V00+40004000) oKE
[ N T T LT LI L PR e
C o4© NU #IA (ZERU)
C qyv8
1790 GO TU (1020¢6000+1400) L
Cinly NU MIX=0ONE

1net CALL CGEP(Y)
1030 VO 1040 Is]eKR
1040 AMH(])=6M(5)
1A50 60 TO 6000
Ciln9s NO MIX=Trin
C
110 AMT(1)=6141(19)
1110 AMT(2)Y=06404)
1120 XMT(3)=61(17)
1130 AMT (@) =354(20)
1140 XMY(5)=354(S5)
1190 AMY (o) =6+4(11)
1100 AMY(7)=6a(10)
1170 XMT{R)=GM(9)
1180 60 Ty 6000

e m e e e eem T e meemwe wPRE[M > e e " e e .-

K*)/ (Te) $

=nwILSON

tk
MIXTURE=REF, FLUID

Xi®r
xir
xiwe
XIr
X1m
X1
X1
xlr
xle
Xim
xIe
xXim
x1e
Xiw
xim
Xim
X1e
X1
Xim
XM
x1iw~
| L
Kim
Xiwr
x1wr
Xiv
XIim
X1~
Xim
1§44
xi®
xIs
Xim
xIm
xiw
xlM
XIm
Xim
XIm
xlr
XIim
XIm
xie
XIim
xivr
xiw
xiwm
X1
XIm
xim
X1
XM
xiv
xIm
Xie
xle
X1k
Xiv
L 9L
Xim

85




216

22%
227
23
233
236
262
25
2bn
2h3
257

250
261
2064
2613
2bn
271
27s

3u3
3in
3¢
3la
3la
322

365
371
373
3%
377

403

86

(o L P L R L L L R P S ettt bt DL L DL T L 2o P T L PR T L Pl L T L o L L T ¢ i~

Clgso IDEAL MIXING (UNE)
Clavd .
E0U0 LO TU (7y70¢6000+2200) 9L
Cenly
Cznco 10EAL =UNE

zn30 DO 2110 TaleKR

204U TSTA=XPT(1)

2030 RSTASXPR(T)

2n8U VSTLZCOAT (5)#RSTAG®3

2070 LAl GEP())

2080 LMT Ll e1)=0M11%9)

Zn90 OMT(Z+1)=GM(1T)

2140 LMT(3el)=6M(])

2110 AMU(T)=64(S)

2120 o0 Tu éang
(o lotAL =THREER
2200 AMT(1)=n,0

2210 AMT(3)=a,0

ePEl AMT(WI=D,0

2230 w0 27290 1=2].KR

2240 AMT{1)=€4X([¢1)OtMI(1e])*AMT (L)
2290 AMT(I)=FE MY (1+1)9GMI (29]1) ¢AMT(S)
ZP00 AMTI{S)=2uX (161)90M1 (3013 ¢AMT (D)
Contu

2980 AMT(/)=PeXMT (1) /IR%T) =1,V

7290 AMT(2)=Y4T () =XM1 (7)

20 AMT (&) =XMT(S)=XMT (1)

231D AMT(H)IZXNMT () wXMT (D)

2380 AMT(8)=xX1T(])=ReT/P

2330 LO TV 6000

c__-«-—-----___----------------------.--—--c------------------------o---

C.aue Lh (Tw0)}
Czayy
2000 6O TO (30104310043400)sL
Canvs
Ciague Lh=ONE
2710 KSTA=XMT(11)
IndV ISTa=XMT{12)
330 VSTA=CUNT{(S5)eRSTAR®]
3a40 CALL GEP(1)
C
c LH=-Two
31400 CALL XIMS (1)
3¢8 L0 TH 6700
C33vy Lh=THKEE
3490 CALL GEP(2)
L0 Tu engw

C _____ L L L) 0 T s S an 00 TR B TR D D D P D S o TP D D D Ty T L UD P D DT GO WD g

c CS (Tnmnzg) AND

4000 GO TU (4010+4100+6000) oL
Cuantle

Canleo CSy Ll=riLUlD = ONE

4nlo CALL XIvs (o)
4420 TSTA=TSTAT
4030 RSTA=HRSTaAT
4040 VSTAsSVSTAY
4050 CaLl GEP (1)

C CS¢ 1=FLULID = Twv

4100 CALL XINS (1)

Xiv
xiv
xIvr
X1r
xl¥
xX1m
Xim
xIv
Xim
X1
xivr
xXie
x1lm
Xim
Xim
xXik
xI®
X1ier
xlvr
X1lm
xl»
xiv
xim
xim
x1v
Xk
xXIm
} Y
Xim
yi¥
XInr
Xim
Xiv
XIm
xln
XM
x1m
X
xim
xir
xXim
xie
xiv
xim
Xim
xim
Xiw
xi®
xX1r
xim
Xim
xXIv
XIm
XIw
F €4
xIm
xi~
X1k
XIm

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
12%
126
127
128
129
130
131
132
133
134
135
13e
137
{38
139
140
141
142
143
144
1695
146
147
148
149
150
151
152
153
154
158
156
157
158
159
160
161
162
163
164
165
1684
167
168
169



40

407
“la

4195

o W w

2¢
30
32
37
45
Sa
5%

56
57

c

c

c
c
c
c
c
c

LO0

OO0

&nu0
€nlo

Thl

90
100
120
140
160
120
140
200
210
290
200
al0
220
2330
240
350
300
290
400
410

L0 TU 6ngo

CALL 0OUT(3nrXIMy1)
RETURN

END
SURROUTI 4 XIMS (K)
S ROUTINE wAL HAD PUACRHES IN CUL 7J3% REMUVED FOR PRUTQSTURE

PERFORM NETAILEC CALCULATIONS FUR X1M

RIMS

COMMON 7 (4000}
VIMENSTON
1 XPF (20+20)s AFG (2v920) s CUNI ( 20)

2+E4 { 200) JE4A ( 20) +GM ( 40)
2.GP ( 20) gxAL t 20) WK1IM ( 10)
4o Xy t Z0) e XMl { 30) kv { 20)

DIt nSIoN BLILK (1S}

DIMENSICY SXG{20) s OXF (20)9SHN(20) e STNI20)

EQUIVALENCE

1 (70 2260) 4 XPF } (L 2060) v XPy ) o(2( &4kO0)eCUNT )
22 (71 43.y) 4£A Y o2 1LTUYsEmMx ) 9 (2 14SU)Ys0M )
e(2( 1479) 4GP Y o (Z( 1000)sKAL } #(2( 168U) KM )
4e 7 2244y 4xMyy ) W (2 €€l0) oMy ) 2021 68Uysev )

ECUIVALEICE (KIM(1) oKR) o (KIM{2) oKS) o (KIMI3) 9oKC) o (KIM{A) o KiV)
EQUIVALFNCE (XMT(10) oxSTAT) 9 (XMT(L17) s TSTAT) o {XMT(18),VSTAT)
1 (GP{S)sROTA) o (GF{0) s [STA) o (GP(T) 9 VSTA)

704 TO 7090 (N,MFUR ONE FLUIWL?
EQUIVALFWRE (XMT (1) 48lLK (L))

EQUIVALE~CE
1(EACZ21)Y oSXGY o (EAL&L) o5XF) 9 (EAQA(OL) 9ORN) 9 (EA(BL1)9STN)

CALCULATE BaR= ToeR® / MOD [les
U0 130 I=19KR
SXF{l)l=n.0
SXG{l)1=0,0
ISTAT=0,0
RSTAI=0,0
L=BRANCH= CS UR laFLUID
AQ=xAL (R)
00 TU (19N00+300930U04a00)sNQ
CS(OR LmW)
U0 350 I=1,4KR
V0 330 J=]eKR
SXFULISEUX ((*1)QKkkr ([eJ)*DXF (L)
SXGUIY=EML(Je1)1OXPO(Leg)edXG (L)
ISTATSEVXK(Je))RSXF{I)+TSTAT
KSTATZEMC({I*))9SKG () *RSTAT
vl TO 799
ONE=FLUTID
tV(ll):ﬂ.O
EvVil2)=0,0

xIv
xir
xle
xIm
xIm
X1m

XImS
XIrd
XIFS
Xir®s
XImS
XIrS
XIrS
XIrS
| B L]
XIrvS
XIMS
xXIrs
xI®S
XIMS
XImy
XI+S
XiMS
XImS
xXIdS
xI*S
xIms
XIS
XImS
XIFS
XIr>
xIFS
XI*S
XIrS
xIrS
XIrs
Xies
xirs
Xivy
XIMS
Xird
X1rS
XIts
Xim>
xXIrvS
XidYy
X1ir>
xXIims
xX[r®S
xIv>
} 9 LY
xIrs
xXirs
XIvS
x1es
x[rS
xI~S
X1ims

170
171
172
173
174
175

WE~NOWNMSEWN

87



U

17

130
132
142

167

156
166
175

21k

217
241
24

234

23%
237

251

261
270
2717
300

b

88

SUO U0 850 ([=]erP
G100 LO 930 J=1,.kR

L3}
230
g4l
850
AU0

L0 ba=uIlK(la)4Ed
£20 ES=4]LK(1n)@E3
A30 TSTAI=EV(]2)°°E4/€V(11)°°FS
£40 RSTAT=(EV(11)/EVILE))IPOEY
C REJOIN=CALCe VSTA
yUQ VSTAT=CQHUT(5Y*RSTaTee3
C AavU
C mlo CALC MUS LF K=}
10v0 IF (K)1n19,15%0+1010
C
1nlc CALL GEP(2)
ci1av0 I=8HANCR= CS OR l=FLULN
C (N
1190 OGQ TU (19904115091€0001300V) oKU
1150 U0 1160 l=14KR
1160 AMi( L) =aM(y)
1 +EA(G) (2,00 (SXF (II/XMT L) =140} (TSTAT/TSTA=],0))
+3.086H110)% (2,08 (SAG(II/XMT(11)=i,0)=(RSTAI/NGIA =1,0))
1170 LO TU 1509 i
Ciyvv CS
1290 DO 1228 1=1+¥R
1210 STN(1)=2.00(SXF(I)/TSTAT=1,0)
1220 SRNI(1)=2,0¢{SXG(I)/RASTAT={,u)
1230 LBO Tu 1le0n
C1p%0 OhE=FLUID
1300 VO 1320 I=]eKR
1310 STN(I)I= «=2,0%2,0%E32 (nILK{1D)I9SAF([)I/EVILL])
1 =AILK(leloSXG(I)/EV L))
1740 SRN(L)I3 2,0%E3a(SXF{I)/ZEVILL1)=SA0({l)/eV (1))
C113%0 REJOIN FOX MU CALC.
1400 VO 14109 IcieKR
1410 AMUII)=XMT(S) #3600 ANMT (71 OORN(LII *XMI(2)OSTN(])
1500 KETURN i
ENN
SUAROUTIE EUP
C Ew FRELIMINARY
c KSVISION 1 EXRCR TN STATEMENT S2¢
c LOOP GOES IC KSy NOT 19
o Ww,F, /00
C
c Qo
COM*UN 72 (4nN0)
UTMENSTION
1 EPaL o 20, 6) sEPA t 20).5Pal
2EPC { 10) eERY ( 10} eFLAB  ( 12+
IvKAL ¢ E0) KM 3 10) o+ XON { [

SXF L) =rMx (Je1)8XPF (19 ))vAPG L) o0BLLK(14) +SXr (1Y

SXG{LI=FY (Ue )P XPF (10 J)PAPL(LI) 2981 K(]5) *5X6(1)

tv(ll)zranqrelyasar(Ilebvilily
V(1) =F X (T+]1)PSXC(])eEVIL2)
E3=1e0/(MTLK(16)~0lLK(}5))

UIMENSTON KEPA(20) 9KEPAL(CO) oREPAL(2096) sKEFC(1C)
DIMENSTION KEL(123sb(12)

EQUIVALF.CE

1 (20 1210V 9EPAL ) (20 1190)sEFA } 9820 1330)e8PAy

20)
8}
10)

XLrS
Xivs
xird
Xirs
XirsS
XIvsS
XIrS
xXI®S
xI¥s
xI¥S
XImS
XI*>
Xirs
xirs
xi~¢S
xXIk>
Xiey
XIMS
X1rS
| ST
xXi®S
XIdS
X{FrS
Ximr>
X1tS
XIS
Xirs
L S L
X1®S
XI~S
xIes
xIdS
xXirs
xIrS
Xies
XIrs
XIes
xXirs
xirs
xIrd
xI¥*S

Eur
Eur
Eur
ELr
fFur
Eur
Eur
Ewr
Fur
[ XL
Fwkr
Eur
Ewr
Eur
gur
EQr
gEwr



124
131
133
136
1940
144
196
156
103

164
174

175

c

OO0 O000

80
1v0

110
120
130
140
150
160
170
10
160
U0

300
110
320
230

40
49
s4y0
«l0
sE0
830
540
6§50
560
570
g8y
g9 0
'Y
~90
1000

29(72( 13%0n),EPC ) (2t 1360} skku ) s (4( 3100)erlLan
Je (70 1600) eKaL ) o {(Z{ 1680)IKIM ) 202l 1690) eAUN

EQUIVALENCE (KIM(2) (KS) s (NIM{3) oKC)
2 s (EPAYREFPA) o (EPARLIKEPAL) o (EFPALIKEPAL)
3 s (EPCoxEFC)

EQUIVALFNCE (FLAB(43) ()
AL (6) =)

CALI. REAP
1 30n0X CrSsPe~iPPyPH] 7 CAF QO  $

2 1=hiKEPR)

CALL REAL({QWKEPCHEFG)
KRC=KEPC (1)
RS=KEFC ()
READ(L1O,140 )
FORMAT (17A6)

U0 160 1=21,4kS
KEAD (104170 )
FORMAT (A~g1116)
REAN(10vPN0 )
REAN (104200 )
FORPVAT (1216)

(xel([)re]xlysle)

L{L)otnREMAL (Tou)ed=leKC)

{KEPA{LI)9I=]9KS)
(REPAL(L] s I=19KS)

wRITE(94310 )

FORMAT (610 y1246/)
VO 330 1=1,xS
aRITE(QyieD ) LII) 2 (KEFPAL (Led) eJ3l4KC)
1 oXEPA(L) exErAL (L)

FORMAT (6w sAbI11LE)

(RE1{L)ol=LlenDd)

DO 510 I=tsln
EPC(L1)=KERC (]

00 520 I=1+KS
tLRPA(I)3KERA(T)
EPALI)=KFPAY (])

UQ S70 I=z14KS

U0 S70 J=1.KC

ERPAL (T o J)=KEPAL (9}
RAL (&) =]

CALL EQPS(KUN(}98) 9sEPCIEPUSEPALIEFAL (142} sFPA,EPAYL)

RETURN

END

SUNRQUT InE EQM
EQuTLIRRILM COMPOSTITION AND STATE AT TP

INPUT

PeTsTHER(1) 0 (3) ¢ IMPLICIT FOR GEP V1A xiM=XiMS
SM ~ STATF GF SCLIV
MG = INEAL STATE

QUTPUY

v

Al=zEMX = (GAS) MOLE FRACTIONS
AMT = GA&AS (MIXTUE) STATE
ARIABLES

}
)

Ewr
Euwr
Fur
Eur
F
Eur
£ur
Fur
Eur
Eur
ur
Eur
gwr
Eur
Eur
gutr
gur
Eur
FLr
Ewr
Fur
Eur
FaQr
Eur
Fur
Fur
Fur
Ewr
Eur
Eur
gEur
Eur
EGr
Fur
Ewr
Fur
gur
for
Eur
EGr
Fur
EQr
gur
gur
gur
Fur
gur
Ewr

Eur
Fum
£
EuM
Euk
Etu™
EGm
Eum
EGm
EGK

89
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2%

42

Sa

Sz

55
55
60
b4
67
73

90

OO0

FeTTLCE=E"G = FREE ENEREIES FUN EuMd
EMH = PeaQE MOLE WUMBLRS FRJUM EuMS
RSTAT=X»Tt1A) 4 (17) = KSTARegan
RSTAeTSTaz=GR « ksTak FCR LEP
KCUT INES
At = MIXTURE ECS VIA GEMy INCLUDING My2S
LQMS = CuMPUSITICN AT FIXED F-TILULE
COHMMON 7(4000)
UIMENSICH
1 ENG { 20) s EMN ( 2C) o EMX ( 21)
zZeFNR ( X3 10) 4GP ( 20) eGM ( 40)
IsKaL { 20) ¢Kbiv ( X} 10) oKLY ( 2n)
4oKTM ( 10) ¢ KUMN t oy 10 +SH ¢ 20)
GoTH; ( 20) ¢ XMU { 20) e XMT ( 390)
72£8(200) 4FV{20)
EQUIVALFMCE
1 (70 1010)4FNMG } ool 1U30) sEMN ) o200 1170)9EMR )
go(70 1410y 4FOR Y w20 16Tu) eGP ) 2 {Lt leSUysuM )
A {7 1000} (kAL ) s (2( 1820)1KEN ) o (Z¢ Q)0) W+ KLV H
49(7( 1620) 4KIM } oo l4t 1DB9Y) erON ) o (Z( 1820) s5M )
Se (70 197201 47TM6 Y (2 2240) XMy ) 2 (2( 2210) vxMT }
To(7(980)¢FA) ¢ (Z{6B0)EV)
EQUIVALETCE (FOBU1S)+EPS v (KIM{2) 9KS)
EUWHIVALENCE (GP(S) vRSTAY 9 (XHAT(16) oRKSTAT)
EQUIVALFNCE (GM (12) ¢ VKR)
100 REN(B) =KEN(R)+]
“ACK MERE FUR OUTER (LW OR l-FLULD)
200 CALL XIMv(2,1)
210 LMG(L)RTAG (1) +SM(B)
w0 CALL COUT (4HEQMeY)
BACK MEKE FUR IANER {aLL)
500 UQ %20 I=14KS
Q10 EMA({1+1)=TMG{Iel)eXVU(T)
w20 LA(I)I=EMX(])
SKIP FUKR FX, COMP,
A0 LF (RAL(A)) RO0,20V0+800
RYD rEV(1)=rAL (F)
LU NEVIZ) =k (247
RZD REV(3)SXIN(3e7)
R30 KEv(&)=p
/%0 REM{L3)=KFN(13) ¢}
EQUILe K1 AT FPIXED P=TTYLUE (EMG)
9v0 CALL EQMS (KEV4EMXIEMNyEMU)
Ql0 U0 320 I=1s6
Q26 KE{[v7)=«EV(]e6)
9b0 CaLL DOUT (JIHEQM.2)
DIFF PUR INNER CUNVee NEXIZX
1n00 tV=1.0
1nl0 DO 1058y I=1+KS
1né0 EV=EVe ARS(EMX(I)=rzati))
1030 LIF (KEN{113)=1) 10%U+1l0S09+1040
1040 EMA(I)=(EMX(TI)Y+EQ(L)) /2,0
1050 COMTINUE

Fum
Eur
Fuv
Eur
EWr
Ewl
EUr
EWUM
gur
¢ ur
F UM
th
FUr
[Z*Ld
Ewh
EUM
fur
Fur
£Qn
(3o
Eum
Fum
Fuh
Eum
EwP
Eur
Fum
gur
EUM
FUM
£k
FuM
FuM
Fud
gum
Fur
Eum
Fur
EUM
Eui
EuM
Bw¥
FG¥
Euwhd
Eur
Fur
£ M
Eur
[ XL
Fuv
Eum
Fuk
F M
FwM
EuM
Fuh
EuM
Euk
EQm
EuM



76
101
104
107
1lo
1l
121

123
126

131

132

1070 CALL COUr (3HEQM+3)

1100 LF (EV=Fun(1al) 1
1110 CALL XIM(2e2)
1140 L0 TO Son

INNER CUMVEKRGENCE TeST
3000130001110

QUTER CUNVERGENCE TEd!

13V0 IF ({(KAL (S)~3)0(KAL{S)~4)) 200Ue131092000

1310

1920 vRaxuT{1)

2000 CALL XIN(243)
2n046 CALL COUT (IHEQM.3)

An00 RETURA

c
c

CapttafdseodiddrnnddsndodInddopiedddoRdedndNdeltddoddodngduodgoRododaoodaas

Cu

CQ“QQQ“QQOQ#ODQﬂQﬁGOOOQObQ990000990’00OOOOQQQOQOQOQOOQ'ﬁQOQ0.0960.0090“0

OO0 OOO0OOODO0O0

END

(F ( ARS{RSTA=RSTAT)=EPS) 132092009200

CALC rlnaAlL THERMU

4y CALCULATION 4UNTROLS

SUMRUUTIWE MES

MIXTUKE E£2UaTION OF STATE CUNIROL
CALCULATE EQUATION UF STale AT

GIVEN T aNDd

IANFUT
THER (L) o () = PoT
OUTPUT = SEE COUT

NES

CC4MuUN 7(4010)
UIMENSTON KEN(60)

LQIIVALE vCE
1 (70 1630)4KEN

REIC1L)=n
NENC12)Y =0
NEN(L13) =0

KRE 1K) =KEI(R) ]
REN(IZ)=REN(14) 0]

P

NEPLACE (Lall SzM) oY (Call >Seb)
IF SES REWUIRES L1ERe FOR V(Pe 1),

(IMPLICLY)

)

CALL COUT (3nMESyl)

CALL TIM(D)
CALL SE~ (241}
CALL Euwm

CALL TIv(2)
CALL CouTr

CALL COUY (3IHMES2)

KETURN

EuM
EUM
EQM
FuM
Eur
Eur
Fuk
FuM
Fum
[A*Lg
Eut
Fuk
FuM
F UM
FQm
Fwum
[Py
guh
Fuk
MED
vED
MED

MED
rED
vED
rED
MED
vED
MED
eSS
vES
~ED
MED
MEDS
pED
VES
MED
VED
~MED
MED
vED
pED
»ES
MED
~MED
VES
MED
MED
wMED
MED
VES
MED
vED
NED
MES
MED
MED
MED

vt

41
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92

ODOO0OO0OONOODOOOOOO0

SURRUUTTNE COUT
CALCULATE MES OQUTPUT
CALLED FrOM MES

INPUT = ECS ROUTINES CUTPUT

EMNC(L) o EMNI(2) = N34 NG

IMg = INEay

TherR(L)s (3) = Pof

AMT = Gas

SM = SULID

ME ~ IN{TIAL

EMS = MOLE FRACTIONS

EMG = MU StH [ PRIME (IMPERFe CnEMe PUTENTIALS)

ouiPUT

1
é
3
4
€

1
2
3
4

g

REST OF g£N = PraSt CUMPOSITIUN
[THFR = T4ER#O FUNCTIUNS

EN = MOLE NUMAEKS

FMi} = CrEM, POTENTIALS

COMMCN 2 {a000)

DIMENSICH

CneeT { 20) $EMU ( 20} oEMN { 20)
o F X 4 20) SEV { 20) oFN { 20)
s F U { 20} WHE 4 lu) oK% ( 10)
2 S { 20) 2 THER { S0) o TMS { c0)
o XMuT { 30)

EQUIVALE (CE

(7( &rna) e CONT ) ) 9 (20 1030)9EMN
v {(Z0 1170) 4t 4X N 6©30) sbV ) o (U 1390)erN
2 {Z( 1370) sFMU ) o {2 1230) 00t ) 2 (20 16B0)eKIM
v (70 1620 951 Y oo {4l 1Y920) e THER ) o {Z{ 1990) ¢ iMS
s {70 2214) 9 XMT )

o (L( LULO) MG

- s

EQUIVALFNCE (CONT(2)enr) o (CONT (&) 9 CALMG)

EQUIVALF ICE (THE®R (1) 9Py o (IMERI3) 1)

LQUIVALENCE (THER(O) su) ¢ (IHER(B) o V) o {THER D) oE)

EQUIVALEMCE (THE~ (L )or) o {Ter ({11} sa) s (INER(]12),F)

EQUIVALF ICE (THE«(23)¢S) s (THEX{1D) yvM)

tQUIVALENCE (KIM(7) (KS)

EQUIVALFE (CE (HE(A)Yev0) o (nE(T)sn)

EQUIVALFEUCE (SM{1)evS)

EQUIVALFNCE (EMA (8] ¢ X0) o (EMNID) 6 &X5) 9 (EMN(6) e3%)

EQUIVALENCE (TMS(E).HGID)o(TMb(h).5u£0)o(!“5(6).ﬁﬂbin)
S ITMS O oniSTU) 9 {TMO (YY) 951D s {TMS(12) 9HNS1IO)
e LTMS{S) (HEG) » ITMS 1LY pRFS)

EMAM{B)YSF A 2)*ENN(L)

AG=E IN(1) /EMN(3)

AS=EAN(2)YZEN (D)

VMEXGEXVYT (1) ¢ £S9VS

THEN (21 =evi/ (Hel)

THF R 7)Y SXGR(HOIN®ANMT(3) ) ¢ XSS (ASILSSM(I))

THFH (20)=xGo (SGINSAVMT (6)) *XSe(S31U«SM(6))

THER(IOY=THER (1 7Y =TwER (21}

THER (1) STHER(1?2)=TrER(20)

THER(IRYSTHER(1G)=THER(21)

bN=z=E AN (3) /HE (4)

LV=HN%ReT

VSRNEVH

covT
cuel
cuuT
couvT
cuvl
cour
cuul
couvT
covi
cuur
cuvl
coLT
covr
coLT
cuLr
cunT
coul
cuLl
cov T
covy
couT
cou!
cuvT
covl
covT
covr
covT
cout
cuvT
covT
cuur
cuvl
cov?
cov!
cout
covTy
cuut
cueT
couvl
cuvl
cuuli
couvt
couT
covl
cout
covl
cout
cout
cuuT
couvT
cout
couf
courT
cuul
coui
covi
couf
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b
52

5%
60
63
12
74
105
107
111
117
121
123
123
139
135

137

le0

[g]

oocnoOocon

OO0 OO0OOOO000OO0O00O0

130
160
1»V
160
170
112
190
200
210
2¢0
230
240
290

2h0
270

2qu0

tsFVveTHER (16)
MEFVR e (1T
AZEVOTHI W (18)
FEpveinr(19)
S=uNOROTIER(20)
THER(16) =EVR(XGP? (ANGIUeXMI (3) ) +XS®(nn5IL*DM(3)))
TRER (2) =V /V0 ’
WEaliWOCALARY? (XGORFLO I XSEHE D) ¢HUCENIRSAE (3)
Thi N (7)Y 3/CaLMB
FN(LY=EM1(2)
UO 24Y 132,.KS
FNCI)SEMX{TYPEMN(LD
U0 26U [=14KS
tl=0
LF (EMX (1) NEW0) EL=ALOG(EMX(L))
FMULL)=F26 (1Y EL
EMU (L) SEAG(L)
AETURN
SPECS
INPUT
PsTonOUTINE QUTPUIS
QUTRUT
THER=E REF (STATE IS ELEMENTS AT 0 K,
HOLE NUMBERS
ohnD
SURROUTTHE POUT (X)
PRINT OUTPUT
K=1 PRINT LABELD
K=2 Maln PHRINT
K=3 VIFFERENTIATIUN PRINT
PRINT PCINT NUMBER AND PeVyTokHO ON Lihe
REVISIUN ls AULD PUNCH OUTPUT (KAL(11) Uw)
A, Fo LU/LEsBL )
PouT
COMVUN 2(4000)
VIMENSTION
1 EN 4 20) 4FN { 20) ¢GM (
ZVRF ( 10) oXAL ( 20) oKEN {
9S54 { 20) 4THER S0) ¢XHT ¢
4eFLAG 12, B) yR1M{l0)
tQUIVALFNGCE
1 (7€ 1030)¢EMN ) {0 1390)9FN } o020 14Q0) euM
2o (20 1590) 4=E Y o (20 1000) eKAL ) (20 16238) sKEN
{7 1870) 454 ) o (4 1920)sThER ) o{Z( 2210} s ANMT
49(Z¢ 3lony,FLag ) s (20168V) INIM)

EQUIVALENCE (KIM(2) 4KD)

69

4Ny
19)
30)

couTt
cuvi
cusl
coul
cuvlt
cuuT
covT
cuvt
covT
couvi
coLT
covT
covl
cuul
cuvl!
cuLT
cout
cull
cuvT
cuuvT
cuvt
cuut
cuuT
cull
covrT
convI

POVT
pouT
poui
FOLT
puut
pOLE
sQUT
FOLT
pPOLT
puvT
POV
puLTY
FOUT
puvrT
Puvl
puLT
FOLVIT
poui
eOLT
POLT
pULT
POVT
PuULT
poLT
pULT
poLT
£EQUT
PUVT
FOLT
POLT
pouTr
pOUT

93



(7]

12
17
24
30
32
33
50
55
0%
72

73
75

124

219
213

215

216

27}

272
301
304
306
307

326

94

c

10 O TO (100918043000 4K
i 6 LARELDY
9
1U0 WRITE(9,7100)
120 #RITE(9.+7120)
140 WRITE(9,7130)
IF(N.EQ.NY GO TO 400
~== SKXIP PUNCPF

142 LF (KAL(11)) 40091909400

20 WRITE({I,.,7150)
160 #RITe(9,47160)
102 #RITE(947162)
106 nHITElYeT164)
1/0 w0 TO 404
116 REGePrINT
178
180 AEM(9)=kEn(9) +)
20U A4RITE (947201 KEw ()

1 v (THER(I)9I=1eS)YeME{(Ll)eThen(?)

2 v TRER(E) o IRER(GI sy THEX (1) s (PNl oel=10o3)vemy(?)
230 wWRITE(947210) ITHER(LID) y TREn (106

ITHFR(Z0Y W THER(2L) o (FN(T) o I=193) o XMTLL) 9 AMT (2),

FAMT(E) 9 X AT (7)) g (FAL1) 91=490) gOMILID) s0M(4) sOMIL1),

JOMELO) o (FM (T o I=709) 95M (1) sSMI2) ¢OM(0) ¢SMIT) y (FNIL) 4151091 2)

4 9 (AMT(Te19H )y I2143)
240 CALL COUUT (44POUTe])

IF(N0.ENe)) GO TC wuv
=== SKIP PUNCH

242 If (KAL(11)) 40092909400

({(FLAB(Js D) ou=1912) 0 I2108)

(FLAB(1sD)sl3)9KS)

P90 wRITE(Qe7.9N0)
JOHF (L) o THER (1) ¢ TRER(2) 4 TRER(3) 4 THEK (&) y THER(S)
ZYTHIER(R) ¢ THER(9) «AMT(16) s AMT (18) 9 XMT (1 7) s THRER(T)
JeEMP (ZY BN )) JEMNII) 9SM (L) o XMT (1) o THER(]S)
4o (FN(I)eT=1012)

200 VO Tu 400

PRI DIFFe PRINT

298

A00 YRITE(S477300))

3l CaLl DOUT (& iPOUT2)
LF(n.tQ.0) 60 TO 4ou
===SkIM PUNCH
312 1F (ARAL(11)) 400+3209400

(THER(I) 9 12224+25)

320 wHTTE(947120)
1IHF 1 (22) s THER(23) 9 THER (24) ¢ THER(29) 9 INER(2T)
400 HETURN
7100 FORMAT (1+ineTXy13MUUTPUT LAHELS//Z12X9iH196Xy
11HP 14X ¢4 tV/VQ a1 1X01MT 41464, 1HU 14X 9 1HU s 14Xy 3HRMO s 12X, 4NGCAL

2/10Xe A2 HXe1HV L&A LHE 9 14X 0 [NSe 14X 2nNG 13X 42HNS s 13Xy LhNy 14X

JOHSUFSAT )

7120 FORMAT (12Xe1HIrnXs 1MV 14KsaHE/RT 1119315/ Re 12Xy 9NPV /KT
110X, 2HNT W 13Xs2HN2y 3X92RNI / 12X9s4in4e0Xe11HUU, FUR GASs
29X eBPNG LS NG/12K 9 JHS 96X 12NMUU, FUN KEF ¢ s 48X ¢ BHN 7 sNg 9 NY
/12X IHAHXy 1 3HDU. FUR SULIUS4TAsLINNLIOsNIL N2 )

C
7130 FORMAT (12X91HT796X9SHRBAK® 9 10X sSHTBARY 4 10X 9 SHV3ARY 010X

pOLT
PULVT
poLT
poLt
puLl
pouTl
poLT
poOLT
pULT
pueT
PULT
POV
puL T
puLl
POV
POLT
puuT
FOLT
oL
poul
POLT
pouT
FOUT
=IVIVR
pOLT
POLT
gLl
POLVT
POLT
pULT
POVT
POLT
[SVIVR}
Fuuf
PUVT
PULT
pUVT
povT
pPOLIT
FULT
pouT
pULT
pOLT
pPOLT
pou!
pou T
pOLT
POUT
puut
PULI
FOLT
poOLT
pUU[
POULT
£OUT
PGUT
POVl
POuT
POUT
pULT



1 1SHGAMMATI0ASHALPHASLOXy4roETAYLLIX 1HC ) pPOuT 94

C puvl 95

C POV 96

7200 FORMAT (1HNs6HPOINT [243X puut 97

1 oIl IPIELS,2/712493HE  ThlD, 1) euui 98

C POVT 99

7210 FORMAT (12Xe3H3 1PF7E1Se7/712X0304 TE1Se7/12X, pour 100

13RS TE15.,7712X3R6  TE1Se! /7 249307 3b15,7) povT 101

POV 102

7300 FORMAT (1Hes14X965A, LP4ELST) souLT 103

o cOouT 104

c PUNCH FQRMATS POLT 105

7150 FORMAT pout 106

1 (P4%] 11A69485 / (2H20 11A09AYS )} POLVT 107

327 7160 PORMAT ¢ FOUT jos
19HRO1 3~K0 9Xe1rP 11X440V/V0 BXy1lnT 11Xe1iHU 11Xelnu pOLt 109

27410 2 1AV 11X41rE 11X¢4HKBAR BXeerVBAR BX14HTHAR 8X,1HU pOVT 110

/6:4% 3 7S 10XePHNG 10XAsIHN L1Xe2HVY 1UXKe2HMVG JO0Xslnv ) [<1e]"R 111

327 7102 FORMAT (1ng AAY2) puLT 112
327 7194 FCRMAT ¢ PULT 113
17643 SHGGAPMA TAeDFALPRA TXs4NBETA 8Xe1lHC 11X96HCU FN POVI 1le

7)) FOvl 118

327 7250 FORMAT (2~5) 1PE1les s8E1ces 7/ (1HS bElces) ) pOLT 116
327 7320 FORMAT (218 1PElled sSElz.%) pOULT 117
327 END POLT 118
SURRUUTIHE MESC(KBsASUC) vEDC 2

c MESC 3

C CALCULATE MIXTURE EQUATIUN UF STATE peEdC 4

C AT GIVEN T ahg ' HEDC 5

C P FUR KG=) MESC 6

Cc Y roR KG=& MESC 7

C S FCR KG=4d pESC ]

Cc E FCR KC=« MESC 9

[ MEDC 10

c ITERATE ON T UNUER CONTRUL UF PROUT S pESC 11

c USING MES FPOK FUNCTION CALCULATION MEDC 12

c »ESC 12

o} MEDC 1¢

C ALL USt SaMbk FROUT CALLe VESC 15

Cc BRANCH ON FPUNCTLION MESC 16

c MESC 17

c REVISIUN 1,CALC INTEGURAL PDV ON ISE bedC 13

[ w, F. 1/73/6¢ MESC 19

c MESC vESC 20
veDC 21

6 COMAUN 2 (40u0) MESC 22

6 LIMENS IO MESC 23

1 KFw ( &N) KON { 6¢1J0) +CAKR { 80} vedC 2a

zFO0d t €a) o TheR 59) MESC 75
SeCONT(20) eHE(10) #ESC 6

6 DIMENSTON ASUC { 10) VESC z1

c ASUC - IHITIAL STAlE UN CURVE = Stk SuC MESC 248

6 LQUIVALECE ) MESC 29

1 (7{ 1620) +XEN ) U2 1690) 9KUN ) »(Z{ 920)¢CAN ) MESC 30

29 (7( 1410)4FOB ) e (4t 1Y¥2M) 9 TRER ) vESC 31
CSe(Z7(4EN0)s CCNTY 9 (2(L0%U) ¢nE) MESC 32

c MESC 33

& DIMENSTION CMITN) eXCMI2) vESC 3

95



—

96

aoonon

10
15
el
25

3bH
%0
ab
%6
50
6U
€2
70
re
8o

90

v5
100
105
110
120
1¢5

240
210

220
300

EQUIVALENCE (CAR{21)sCM) 2 (CM(B) 9KCM)

EGUIVALENCE (THER{B) oV) o (THERCI3) o5} s (TRER(9) L)
EQUIVALEICE (THER(J3) T}

KEN{14) 20
RER{R)=xXEn(R) o]
REN(1D)=xFEN(1R) &L
IF (nC=1)30919,30
T=a50C 1))y

CALL MES

00 TO 200

KCM (1=

UM () =T
CMez)=Terap( 9)

CALL FRGOTT (CMsKCN(348))

NEXTTEKC4(2)

w0 Ty (P0044H047046U0),
CALL DBUG («MESCel)
60 Tu 230

CALL 0BUG (4HMESC2)
L0 Tu 200

T=eM(2)

CAy. MES

1*xG=-1

vl Tu (QHVIOOQIIO)’I
CM(3)=VeasuC(3)

60 Ty 120

KEXLT

CM(I=({ EXP((S/7aSUC {41 al0G(ASUC(LY ]I I/ZASUC (LYY=},

Lo TU (24
CM{4)2E=-a5UC(S)

CALLL COUT {4MMESCel)
00 Tu 45

IF (&KG=3) 2204210220

CALCs 1SE INTEGRAL MUV

THEP (4) 2 (ME(B)=«ThER (9) ) /CUNT (%)

CALL. DOUT (uHMESCo<)
RETURN
[ X 1g}

SURRUUTINFE HUG

DETONATION MUGUNIUT PUINT

NCIES

1

le SPECIAL SECOMND OGLESS = FRUM FIRSIT

AxG A iy FUNC AND SLOPE SAVED IN rob(a)

FrCH PREVIOUS ITER
COMPUN 7{apun)
LIMEaSION

CAX ( 10sR)s KEA

X1 X¢D] ( 40) ke
VIMENSINN Cr(10)sKCh(E)

1

EQIILVvALENCE

(

(7( 920)4CAR N A

gr(7{ 1611} ,FOB N VA

{ 6410)¢ KON
10} oTHEN

1820) oKEN
199¢) 1nt

)
)

{ 6910)
$0)

!

s (21
e (20

1AQ0) +AUN
1920)eintLQ

EQUIVALENCE (THER (L) sP) o (THER(3) 9T}y (THER(4) sU)
EQUIVALE'CE (THERI(S) sU) o (THER(B) ¢V) v {THER (14) 4HR)?
EQUIVALENCE (HE(2)3P0) s {(HE(6)9VO) s (HE(T) o+M0)

)
}

30
ueESC
#e.SC
HESC
vESC
MEDC
vedC
MESC
vESC
pESC
vesC
MEDC
~ESC
redC
MESC
MESU
vESC
MESC
dESC
MEDC
vESC
MESC
we>C
pESC
MESC
veEDC
vESC
MESC
MESC
MESC
MESC
ve>C
MEIC
pE2C
MESC
MESC
»ESC
veESC
MESC

LUG
U0
kUL
UL
UYL
UG
RUL
rub
rUL
LYV
rUL
wUL
VAN
UL
wUL
RrUL
HUG
HUL
KU®

CENUVSWN

N+ 0 bt syt 4t 4t s s e
S ~NOCCRELPFWN~O



[
- & V-

13

17
21
31
3a
35
&0
“1
42
44
47
51
94
56
57
62
64
65

106
106

13¢

13%

OCOOOOOO

OO0 CONOO0

to
le
2y
30
40
4“2
50
60
82
70
1
12
15
76
a1
“e
83
v
1)
8o
90
492
9¢
$Y
1v0
110
1€0
190

200

EQUIVALFNCE (FOB(Z1)9TL) s (FUB(Z2) s TU)
EQUIVALEWCE (CAR{11) sCH) 9 {CH(H) «KCH)

CALCULATE HUGONICT PUINT AT GLVEN Py

ITEQATE ON T UNUER LONTROL UF FROUT
USInG MES IN FUNCTIUN CALCULATION

TL AND TU ARE BOUNUS ON [IERATION T

REM(14)=n
RENL1S)=KEN(15) #]
REN(T)=KFN(T) ¢]
LF (112041220
T=3900.0
CH{4)=T/1000,
KCHi(l)=n
CALL FROOTT (CHeKON(298))
NEXTT=KCA(2)
60 T (1#0072v70-60)'KEXI!
Calt, Unus {38HUGe )
L0 TO 159
CALL D8us (3HMHUG.2)
©0 Tu 18y

IF (KON (248)) 81975481
IF (nCH(1)=2) Ble76481
CH(2)=Cn(4)=CH(S)/r(CB(8)
IT=en(€ys1000,
IF (TU=T) 83¢R3955

i=TuU
w0 Ty 90
LF (T1=TL) 8#&¢909950

I=TL
CALLL MES
Usvuns SQRT((P=pP0)/(VD=V))
= SURT ((P=PQ)e(VO=V))
CHIZ2)I=ST/1900.
CH{3) =20, 4P8 ((Hh=HU)/ ((P=F0)#V0) =05 (1e0+V/V0))
CaLL Loyt (3HHUEG 1)
L0 TO 40
IF (KCH(1)=2) 2004€009151
FOR(B)=(CR(T)=CHI3)I/Z(Cr(O)=CN(2))
KRETURN

END
SURROUTTHE GAMM{X1K2)

CALCULATF EJUATION CF STAIE LDEXLIVATIVES
RYNUMERTICAL UIFFERENCING UF P adND T
USING MES FOR EW, UF STATE PUOINIS

INPUT
{1) K1=1 = DIFFERENIIATE wITH CURKENT CONDI!IUN
(FIAED UR EWUILIUXIUM CUMPOSITLIUN)
(2) K2=1 = OLFFtREN!lA!t AT r1xXtD COMPOSITIUN

(3) TrER {1y P CENTER PUINT QUANTITLIEYS

HUL
HUG
HUL
HUL
HUL
hub
rUbL
rut
hUL
hUuv
HUL
RUL
HUL
RUt
UG
rUL
HUL
ruUL
RUG
[2351%)
hUL
rpUL
UG
kUL
U
KU
KUY
UG
ruUL
HUG
[1¢1Y]
rUL
UG
UG
pUC
rUG
ruL
UL
HuUL
UL
HUL
rUL
kUL
kUG
wye

GAMM
GAPMM
GcarM
GCavM
GCarM
GAMM
GAMM
GAMM
GAMM
GAMM
GAMM
GAMM
GAMM

et (s ot st Pt
fWN~OCOUET~NOEWNEWN

97



98

0000000OﬁnOOﬁ00000(‘)0[‘:OGOOOO("OQOOOOQ

(3}
(&)

(21)

(a) EMN (2}

QUTPUT
sSugs (13
te)
{3)
(4)
(%)
{&)
(2}
()

ABUVE OUTPUT IS

T
v
PV/RT

N

GAMMA

ALPRA

RETR

C {(>20UNU SPLLWL)

Gy FunCtilon -
S{(V/VCI/Z{OAM/ (GAM 1 =P /P0))
CArY GAMMA (ISulnbERMAL)

CF/K

(C LN v/ZD T) (CCHNSTANT p)

FCRMED FOR ELITAER

OR BUTH CONCIITIUND aND PLACED IN
APPROPRIATE InEr LOCATIONS

VATA)
Fon
FAa
DEw
E?
UAMAM

COMuUN 2(a000)

UTHENS [0

1 DER { 10) sEMN
ZoNHF { 10) ¢KAL
39SCH i 20)

cQUIVALFNCE

(13) B = Pe =pPCeR
(16) Ceb » Tv 3TC*(140¢CkL)
(1) PC

{e)vC

{13)TC

(4)PCPVC/ReTC

(D) Ve

{o)Vv=

{1)rie

(8)r=

SAVE NC

( 20) »F OB { 60)
( 2Y) o TnEr 50)

1o (=GAM) =]

1 (70 1000)4,0ER Yoo {4 1U30)atmN } o9 (2( Ya)U)erUn )
cge (70 1550) ¢hE ) o (4 10G0) exAL } oo (L0 1920)sfhER )

Ie(Z2( 190y 4SUCG )

EQUIVALENCE (THEA (1) P) o (THER(3) o T) o (THER(B) V)

iy

20 LEQA(L)Y =

3u UEw({2)=v

0 uEn(3)=T

S0 DER(«)=THRER(2])
60 E2=FMN(3)

SAve CenNTER VALLES

48 MLIN COUE /TEST arGS,

100 LF (ng) 110%6400011V

110 1F (KAL(A)) 2009+40V,200

198
200 LM=KAL (6)
210 RaL lb)=0

ULFF, AT FIX, COMP,

Gal™M
CAbM
GAMM
GAMM
GAMM
GAMM
fAMM
GaMM
radM
GAMM
GAMM
camM
GAMM
GAMM
GAMM
CAMM
GAMNM
GAMM
GAMM
GarMm
GANMM
(L]
T ale
GaMM
GANA
GarM
GAMM
cAMM
GAMM
GAMH
GAMM
GAMM
GAMM
GAMHM
GAFM
cAFM
GCarm
CcAMM
GabtM
npi
GAMM
GaMM
GAatM
GANMM
GArM
GarM
GaMM
GAMM
carM
GArM
GAKFM
GAMM
GAMM
GAMM
GAMM
GAMM
GAMM
GAMM
GAMM
GAMM



25
26

« a7
31
33
35

37

41

46
&7
5)

51
53
5%
57
o1
63

10

71
73
75
100
192
104
107
111

144
145
131
13
130
141
146
1«7
151
1564
162

17«
176
230
2Ca
211
214
217
22¢
234

P42

220
230
C »98
200
210
320
330
4y
250

90
410
w2l
C 498
00
gl0
20
530
840
90

«0
QY4
avé
998
1n00
10814
1nl0
1ne0
1030
10449
1n50
1n60
Cla%e
Cinv8
“1yuo
11046
1110
1120
1130
1190
1120
1100
1170
116V
1190
C1o96
Clovy
1340
1302
1304
1210
11<0
1330
1140
1350
1360

aO0n

1400

n3)
L0 TU 1900

SET OuTPUi
THER(26)=SUCG (1)

TRFR(30) =SUCG(2)
THFER{29)=SUCG(4)
THER{28)=5SUCG(5)
NAL (B) ="
CALL LOUT (4HBaMMe L)

OLFP! A! LQe CUMB
IF (K1Y41046000410
K=p
00 TO 1009

SET oultpuil

ITHER{22)3SUCG(])
THEH(23) =SUCG(2)
THER (24)=5UCG(3)
THER (25) =SUCG (&)
THFEK(27)Y=SUCG(S)
CALL COUT (4rHGAMMe])

HETURN

DIFFERENCE SUBRUUTINE
UELTA P

P=FO4(13)9DER(])}

fzner (3

CaLL MES

vER (5) =V

¥=nER(1Y/F08(13)

CaLL MES

VER{a) =V
SUCG(6)==2,00AL0GIFCB(13)) /ALUGIDER{D) JDER(6))

oeELTA T
P=nEr (1)
T=NER(3)18()1,NeFOH(1a)}))
CALL MES
VER({SI=Y
VER(7)ISTHER()ITYIOTOEMN(3)
T=NER(3)0(]1,0=FCn(l4))
CaLL MES
UER (A) =V
VER(B)ISTHER(17)®ToEMN(3)
SUCGLI) 2 (RER(T7)=CER(3))/ (s 0%UER(3)Pr(CB(1a)PE2)
SUCK (8 =ALOGIDER (D) /DERI6) )/ (Ce0®UER(3)SFUB(14))

CaLC, ULTPUT
1snt~(3)
VR (2)
LA=ZNER (<) oTHSUCG(R) /SUCG L)
SUTG 1) =SUCG(A) /(L ed~SUCLI6)@EL1#TOSUCH (d) )
SUFG(3)=1,0/(SUCH 4y aE])
SUCG(Z)=SUCG (1) #5UCG(31=1e0
SUCG (&)= SORT(SUCLIL)PDEMIL1YQUER(2))

SUCG(S)=(V/RE(6))/(SUCG(L1)/(5UCL(l)ela0=nE(2)/DER(L}Y)

SUGG (5) =SUCE (5) 89 {=5UCG(1)) =140

60 TO (3004500) ¢K

GAMM
GAMM
AMM
GAMM
GAMM
GAMM
GAMM
GAMM
GAMM
GAMM
GARM
GAMM
GAMM
GarmMm
cAMM
GAMM
GCAMM
CAMM
GANMM
CANMM
GAMM
GAMM
GAMM
GAMHM
GANMM
GAFM
GAMM
GaAMM
catM
GaMdM
GAMM
GAMM
Garm
GAMM
GAMM
GCAMM
GAMIA
GAMM
GAMM
GAMM
CAMM
GANMM
GAMM
GAMM
GANMM
GAMM
GCAMM
GLrM
GAMM
(-1 ]
CANMM
GANMM
GAMM
GCAPM
GAMM
GarM
GAMM
GAMM
GAFM
GAMM

112
113
11¢
115

125
126
127
128
129
130
131
132
133
134

99




C ) GAMM 135

250 END catM 136
SURNOUTINE PV (ICMY) PV 2

Cc PV 3

Cc CALCULATE JSOTHERMe [SUCHURE ¢ ISENTROPEY PV 4

Cc OR CONSTANI=EAERGY FOINDS PV S

C AT VALUES GF © IN PI ARNAY PV 6

c (Fo KAL (81214924306} pV 7

C INFUT PV 8

c SUC{LYs (2) = TCHPC (INITSAL POINT) PV 9

c RAL {1}y KALUR2) = OLFF SwliCnEd PV 1o

o RAL(6) = 1679394 FUR CONSTANT TeVeSek PV 11

c PT = PRESSURE TAALE ’ PV 12

c o TPuY PV 13

C FRINTED PCINT OUIPUT PV 14
Conmmurcau= PV 1%

C REVISION {,LEAVE P COURRECI ON EXIT eV i

C FOR KESTAKT UrTIUN PV 17

¢ w, t, 3/1/6¢ PV ld

c PV 1g

C PV PV 20

PV 21

3 COMMUN 2 (4000 FV 22
3 LIMENS LN Py 23
1 Kab ( 2n) sKEN { 60) oF7 ( 50) PV 24

215uC { 20) oTALR 50) PV 25

3 EQUIVALFNCE PV 26
1 (7¢ lo00)sKAL Y o (2 1620) sKEN ) o2 1750) 0T ) PV 27

e (Z( 1880) sS5:C } s (Z0 1920)eTHER )} PV 28

c PV 29

3 EGUIVALENCE (THER(LYsP) 9 (THERI3) o T) PV 30
3 EGUIVALFECE (THEK(8)2v) o LTHERIII 9E V2 (THER(13),43) Y 3
C pv 32

3 8 KEN(16)=n pV 33
C PV 34

M 12 CaLL POUT (1) PV 35
7 14 T=8uCH()1) pV 36
11 16 r=qnC(2) pv 37
13 «0 LAl MES PV 38
15 50U CALL KFOUT (2} FV 39
2n 25 sUC(3)=sv pV 40
22 96 SUC(s) =« pY 4]
I 37 SUCI(>)=F pV &2
26 60 LF (KAL(1)exAL(2)) 704112970 PV 43
31 10 CALL Gav4 (kap (l)eRal (2)) PV 48
33 S0 CALL #OUT(3) PV 45
37 112 =) pV @b
49 11% [F (»T(1})) 200,200s1l6 PV 47
6?2 116 rzpT (1) pv 48
4 140 CaLl MESC (KAL(8)+50C) pv 49
50 1£2 CaLL POUT(2) By 50
53 124 IF (RAL(1Y+KAL(2)) 13091404130 PV S1
55 130 CALL GAM4 (KAL(1)eKaL(2)) PV 52
61 134 CALL POUT(I) eV 53
64 140 l=1e} PV 54
66 142 V0 TO 114 PV 55
67 200 RKETURN [-3% 56
70 END PV 57
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SUARVUTT.E TED

VETOWATID . ~UGONIGE QUNTROUL
CALCULATE OEl, nUG. POINIS AT P vaLugs
FCunD IN PI AKRAY

INPUT
KAL (1) K&L(2) = DIFF SalICRES
#T = PRESSURE TAALES

OLtPIT
PRINIED POINT QUIPUT

HEVISION 1 ,LFAVE P COKREC! UN EAIT
FOR KEDTART OrTIUN
Ne Fao 371/02

OO0 0O0 00

TEN

COUN 7 (4000)

VINENSTION

1 Kal { 20) PT ( S9)

2+ THER (51)

tQUIVALENCE

1 (7( loony 4KAL }oelZ{ 115Q)ePT )
2 ¢ (£(1929) 4 THER)

EGUIVALENCE (THER (1) o¥)

C SET TUUESY® UN FIRST ENTHY

12 CALL POLT (YY)

2L 1=}

30 1F(RT(I)) 200200940

«0 P=pT(])

50 J=1el

o CALL kUG

70 CALL POUT(2)

BO JF (XAL(1)eKAL(2)) 100,309100
190 CaLl caMa (<AL {1)eKAL(2))
150 CaLL POLT (3)

180 6C T 39
PUU KETURN

END

SURRQOUT INE €.

CALCULATE CJ LOCUS AT VALUES UF RRU ZERV
Iv ROT TaBLE

ITEPATE ON P ALONG NUGUNIOT UNT L
CJ CONDITION IS SATISKFIED o
INPUT
KAl (1) RKal(2) = DIFF SwiiCHED
KOT = INITIAL-CENSITY TABLE
oLTPUT
PRINTIED POINT OUTPUT

QAQODOOOOOOOOD

Teb
Teu
Teb
Tet
TEV
Tew
Teo
YeL
TeL
TEt.
Truw
TeL
TEL
TeU
Teu
Tl
Teb
TV
Teb
TeL
TEL
TEL
Tel
TEL
TEL
TEVL
TLuw
TeL
TRV
TeL
TEL
TEL
TEL
Teu
Tel
TEL
TEL
Tet
TtV
TEL
TeL
TEL
TEL
YEL

il o]
WO CT NN Wi

[
&

o bt e s
O~ n

N A
- 0

VIV V)
& W

25
26
27
28
29
36
31
22
33
34
35
36
37
38
39
40
a1
42
43
44

~OOVD~NT UL LN

— ps b
N

[
&
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N =t o o e

N

lu
12
la
15
17
el

27
2%
27

37
4?2
47
bt
%!
o0
b3
Sa
15
57
6oy

T2
75

100

102

OO0 COO0O0O

CONST. V Dbie P CALCD FROMQyLAMMA
w, Fe 11/21/01

REVISIUN 2, SAVE INITIAL &t FOR INTZGRAL PLV
w, Fo 1/73/76¢
CJ

COMMUN 2(4000)
UIMENSTON

1 CaARr ( 100 8)orkt ¢ 10) «KAL (
ZrKON ¢ 6y 101 ,R01 { 20)eTHER
29yKF(60)

DIMENSINY CC(10)eKCC(2)

EQUIIVALE ICE .

1 (70 9720)4CAR )oe{Z( 1990) Wnit ) 2 (20 1600)s8AL )
(71 1c9n) ¢xKON ) o (Z( 1000)92RUT ) o (L0 1920)sinkR )

I (701620) ¢KENY

10
3¢
«Q
=0
&0
65
70
2
14
40
1u0
110
124
130
140
120
160
AV
180
1%0
230
2V4
Plu
2cV
230
P60
25U

260
262
204
206

EQUIVALF ICE (CAR(1)4CC) o (LCLB)IKCC)
EQUIVALEACE (HE (&) sv0) s (HE(2) sPO) v (HE(]) sy RHO)
EQUIVALEACE (THER (1) oP) g (THER(Z2Z2) 90AM) ¢ (THER(26) sLAMYG)
LQUIVALFHNCE (THEN(d) s V)
cCUIVALEYCE (TheER (o) Q)
REN(19) =0
REN(1€E) =0
GeQ et INPYTe VUTPUT LABEL
CalL POUTI(1)
I=1
1] +E SET Up FRUDTT
Rred=ROTLIT)
HE (1) =RHO
Visl,/RHO
1F{P) 8a474480
P=0na3
CCle) =P
KCC (1) =0
W{G2eG3 034 ,6G5) FROOQTT
Catll, FROOTT(CCoKON (19823

KEXTT=KCC(~)
G TO (365+2U091804460)y KEXIT
MG & () FROQT &RRUR EAIT }
CALL Cues (2HCUN 1)
vl Tu 36H
CALL Ca's (PiCd )
V0 Tu 3k9H

LF {KON(14R)) 2604064280
IF (ACC(1)=2) 2509101260
Ll=0GaM

LF(Rar)24ns230¢200
tl=GaM0

tL2svutE] /(El+1,0-P0/P)
CCL2)=Po(V/F2)eot]

IF (nCC(11=2)280+c809262
LlsGAM

LF(GaMYPAR 42664268
cl=GAM)

20)
50)



102

111

1la
140
121

122
123
124
130
131
134
136
141

142
106

145
152
1913
185

160

162
164

165

P08 IF(CC(2)=0,59Rn00% (Ll~1au)) ¢7Urddlscly
270 LC(21=0,.9%Rr09Q% (& =]140)

280 H=CC(2)
2n2 NEMN(19) =y
284 CALL rug

286 IF (KAL (7)) 320929us320
290 CALL CamH(y1+0)
200 CC(YI)=THER(21)
210 vl TOU 349
920 CALL CAavM(nyl)
330 CCL3)=ThEN(28)
Al CALLlL, DOUT (2nCJs))
390 G0 10 120
C 250 HZ2eQe(er; OUTRPUT rOINT
30b P=Ca(2)
219 CaLL ruG
c Save INITlal E FOR iS5t INTEGRAL
A0 HE(S)STHER{G) =TrEx{4)882/¢,40
90 CALL P0uUT(2)
620 CALL GA'4(KAL(1)sKAL(2))
430, CAaLL RPOUTY(3)
C 44V E+(G1) NEXT Rnu VaLUE
450 I=1+]
400 IF (RCTI(I)) 6041470960
410 RE TURN

(e XeNeNe]

END
ContdadbouaiouupnosoddedodlodRRcolodaNtR00N00eR0R000000UaaRe0RORA00E000
Ca He READ CONTROL

CQ‘,OooOﬁo00060006&6669069ﬂﬂOGOQQOOQQOOD9”6@0090000099&900'000OOQQOOQOOGG

SULROLT TE cON (aCuUN)
C‘,Qnoobbaaont}oz,);)équu;309G\'OpaoodQOQQQOGQGQOO(:6QOOQOOOQOGOGQOQQOGOQ\}&QOOGOQQ
INOUT AND CONTROL
ogrRALCKH 6. EaCh CUN wORD TU READ INPUT PACK
LXECUTE O TEDGHVCY
MATHN CURTROL = CON (ACCHN)
REAND INPUT aND EXECUTE AS DIRECTEUD
CALLED FriM
1o MAIN PHROGRAM MESY <« ACUNE=Q
P¢ ERR = aCOhizi = SKIF IMRU WEAT REND ON INPe
THAN REGULAN (NEXT RUN)
REVIS{UN 1, = AOD PUNCH OUTFUT
we Fo luslesel
REVISION 2 = ADD TusPC CPITUN U PV
W, FICKETT (1/20/061

REVISION 3, « ACD KENDU ANU TIHME PRINTS
WeFo 378782

OO0OOO0OO0O0O0OO0O0O0OONO0OOOU

CIPP 0TI PP 00244 T 0P340 4003300040 ¢ LUMMUNS ¢0eeo0ivtr0 0000000000000

COMMON 2(4000)

cunh
cuh
con
cun
CUN
CON
con
cun
CuUN
cub
cun
CUN
cun
CuUnh
cuh
CON
cCUh
Cul
con
cuh
cuh
coun
cun

E W OO~y OWU

12 ps gt bd pus B
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Ceat®a P24 3+200044434000800000446644002000 |UCALS ¢000cetedose,bvot00tbodt0e
tenE

Wl wSIC gy B

-

Vol

3 EQUTVALENSE (8S(27) odlLANK) o (D (35) 9P URM) 9 (BD (39} etsCUNI
B CIIVALF 3CF (HS{2YrePAS) e (HS{30) srNy)
2 EQUIIVALY 1ICE (RS {rh) 4 HCORE) 3 (BD (e 7) snUBULL)
3 EQOIVALY ofE (RS{33) J0uLLARN)
3 LHUTVALF ICE (1S 39) yuxFN)
3 tdvlvatr 4fE ( ECL) o CWl ) ( E(2)Ye Cw )
C
3 EQUIVALF 1CE (FLA~{LYerUNLAY) s (FLAMTI14) oHELAD)
3 COIVALY NCF (FLAR(Ze) e CUHLAR) s (FLAG(37) oSFELARY)
C
3 tQUTVALE UCE (THER L) oP)Y o LTHERIZ) o 1)
3 tQIIVALE ICE(KON(AY Y WERROAT)
C
3 DI ST RoNLARTIZY ymELAD{12) s CURL AN (] 2) 21SPELARBTLE)
Coevoe?234+00 00000000000t % 20000 vds00000 EACLUTEL €000 0e0t00¢ti00000tbotvros
1 FFLACCH.r YY) GCTL 10
Commremmtccam e macmer e cce="mmmna= |, SCAN
[ 20 CALL FItt (3% Temn(1286)s129k90)
1n IF (B lrue=ENDYY WC 10 U
C--""'---""“----'--‘-‘-"'--"-“-"" d.
s 10 LOMTINUF
19 Wt ATz,
1~ g0 CALL FIO (3rPITe13n(206¢bk104Ad) e Lo 0)
I YO0 CALL FIC (3»WOTylnn(/1xCA0, nALU, AB) 4 Yy E, 0)
T 1P (ve (CvlaRBCON) Y
1 CALL E2:2(3LCONy lélLBanD INPUT PACK4sL)
C
c SEARCH FOR CLUN BrANLNA
ba £280 VO H20 [=x1e36
4 £310 IF (Um=e5{1)) B3Z09H35098320
C
(o
L] g2 LCOMTINYFE
“? CALL ERS T IHCONy 13rdau CUN Caru s t)
Cuasy

54 g430 LU Ty

104

1
z
3
4
€

€

1
¢
3
[
[

€

(N B (I ")~

ulsp sy

HS i ag)eCanm ( 10 Rl eCuUnT (
YE s 4 ZO) e tA { PAVREY XK (
WFp an { 12 o) ekun § [-X} 10) =t (
sKAL 4 20) e M ( 10) ox U, t
sPT { SQ) «RUI ( 20)+SUC (
s Trek({sn)
el ltvary JCF

(70 610) 4uS Y e (2 w2Y)slanr 1 e lZt  aRDYsLUNT
v {70 100) 4t N Y oo (2 LiTuyserx ) o« (Zi 13SuyernN
e (70 3100y o FlaB ) {2 1%10)ebuB ) s lZt 1980y rk
s (7( 1ona)y AL ) e lZ{ 188Dy eK1INM } oo (Zl 1AG9)eRUN
e (70 17%1) 44T ) W40 1H00) eRUT Y oo {2 IxRU)edUC

o (20197 1),
LOnfoeay i

c@llval e JF

THEWK)

20)enF (Y 2)
(KIM(P) ¢ KS)

(lneP0043M"Ue3U0UsSUUNOU

e 700Ul ESUULLUVOlLlUUslcYL
¢1300¢140001%009150U9 170001000
219000 uUQ21009220Usc3UUcanU

¢ 2500070000 2T70002490UsYUVIUQU
2310043200 e33009340U0 35000360001

)
)
)
)
)

2n)
27)
191}
10)
27

10 REN|) covemmcscccwawvae

BLGIN RUN ®emcwn corvacecwwaana

cunN
Culv
cun
Ul
cun
cCun
cun
cuN
cun
con
CUN
cun
C U
con
cud
cunh
CUN
Cun
cun
cun
cuh
cun
cuh
coun
cun
cuh
cun
con
cuh
cuh
CUN
CON
con
coud
cun
U
con
cudte
cUN
cuh
cuh
cun
con
CUNM
Cun
con
con
C Uiy
cun
cun
CON
CUN
con
Cuh
con
con
cun
cuh
CU
coun




1< 4

jcde

12«

1¢2
166
170
1772
174

175

242
234
237

2an
2446
24t
2b4

2599

25n
2ol

26/
2b8

267
2112

190
(-]

oo

2U0

210

220
ph2
294
pol

40

Q2
Qs
W6
Ul
alo
C 1wy
4V 0

4l
6wl
434
aJ0

C qud
an0
~lu
2D

C s9d
730
710
ve0
730

C 7908
RUQ
nel
adu
Qe l

C avy
QJd0

C a8
1nug
inl0
Clavy
1190
1110
Ci18
1290
1>10

00 T 4,
Pay
LERU CuUrMUN
COMT INUF
JERQ ANMMON
V0 2l0 127142900
COANT (V=40
CALL FEADT(F L))
CALL "Ea0tQiuEGTN wUN)

vl 292 T=1ask
FLA D) =0 ANK
JU 200 1z1e10
AUSLAS(TYSE(Te2)
[STeRgFRN-XV]
Satl
CONTINUF
CAtL REAP( _
1900 DIFF e FX NIFFe GASe SOLIN. MIXe Luws LJy PV

e =172¢ #F)

vl saB 131,12
LE (1STea(lexE(1))) 308e3UbssUD
NAL (I)YSr i (]
COMT INCE
00 TO M
FUR
CALL KEANO(

Tulee  FoaT EPS(CLICHICMeLGaCR90) /7 RATIVS, UPLUTHEPSTRN,LUT, FROUOT
b B VL Se
F RS WS

U0 L2V T
CAR{Ls V=0 ()
[STo I RV I BT

vl Tu 8n

A0 7) =)
CALL UIm)
L0 YU 89
LIS
CALL KEa® (19=79KE)
UG 7¢Q T=t4?
RO eKE )Y sKF (Tl
uG Tu &a

CALLL RE&w (.‘)'-1"~E)
nOrI(nbEgRy =)
CALL wEAD (043,CaniBeKE)) |
w0 Tu 389
EMPTY
GO Tu 3
) OEM
CALL GE» (1)
0 Tu 8n
St
CalL SE“(1s1)
w0 Tu 494
TiMm
CALL TIv(Y)
00 Tu 3

cuh
(un
cun
cun
cuh
con
Cun
Cun
cun
CU"
cun
cON
cun
cunh
cuh
cun
cON
cun
cun
cun
cuh
cun
Ccun
cun
CUN
ron
cun
CUN
cun
con
cuh
con
cun
cun
CUN
cuh
CuUn
CUN
CUN
C U
Cun
cun
Cu
cun
cun
cunh
cuh
Cun
Cuin
cun
cun
CuN
cuh
CUN
CUN
cuh
cCUN
cun
cOon
cON

RH
893
S0
S1
92

CTY

95

Q96

97

98

S9
100
101
102
103
106
105
106
107
108
109
110
111
112
113
11
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
123
134
135
136
137
138
139
140
t1o}
142
143
144
145
146
147
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7713
277

300
3Ce

303

30«
306
31
3le
32u
328
325
327
34n
334
3¢
4]
343
345
353

35n
363
3ub

3926
379

37
376

377
301

Gile
&0

als
[
YA

L2
&2
Lze

106

Cirv8
1100
1310

C1348
1400
1410

C1498
1540

C1s58
14V0

1~10
1420
1430
1532
1A0%
184306
1640
1A42
144
1A20
1892

1560
1462
P
Cilavy
1700

1710
17¢0
Cirvd
1840

1
2

1R90
1Rr922
1824

1q00

12790
Cinia
j0u0

1010
1940
Cilavd
2000
znid
C2avd

CAth XTIt (140)
ud TY 80

CALL EQp
Lo TU 80

GO Tu RBpy

CALL REAN(]RLSAM =

CALL REA® (334

CALL REN (04D 4HE)
CALL READ (NeKS4FN)

HE(R) =], 1/HE (L)

nE(7) =4 (S5) #CONT (&) /HE (4)

LM () =F 4(])
EMHL3Y =,
10 126 [=14KS

EM (S = g () oFN(T)

EMr L) =N () =EMN(C)
EMIN (@) =FUnN (1Y /ZEMN(S)
EMH{D) =F An(2) 7EPN(S)

U0 1052 I=1.K5

EMX (L) =Fy(X)Y/EMN(Y)

U0 1o0&2 131,10
RNELAB(IV=E(]+2)
oG TU 8y

CALL FEAD(14LTELC - FUGONIUT)
FeTABLE S92 0y PT)

CALL FEAp (11H

calt, TED
LQ TV 84

CALL rEan (&LLOCUS)

CALL KEAPY{

504 BRIICH (le=Tr2=ys3=S19=£)

sl oKAal tA))

QALL REAP (Qe20¢SUC)H
CALL HEAR(0s04PT)

IF(KAL (9)) 1852186091852

suc i) =Ty
sSUC(2) =w

CONTINUE
CalL PV
=0 T un

Cap L FEAD (21.CY)
CALL KEAw (]&H

caLt. CJ
G0 Tu 8

CaLL TEST
wQ Tu 4n

CJ RHO~TABLE 3¢

INPUT PART 2)
KS/ RnOs FO0s i0s MOs nFE/ NI §

Qs

rRUT

}

ALP

£w

EMPIY

SamM

1t0

PV

/ TCs¥C/ P=TADLE §

Cy

TEST

cneC

cun
CON
con
cun
cun
coun
CuN
cun
cuUn
cuh
con
Cuh
cun
CUN
cuh
Cun
cum
CUN
cCn
cun
cuh
CUN
cun
cuh
cuh
CUN
CcOn
CUN
CUMN
cuh
cun
cuh
CUN
cun
COUN
cun
cun
CUN
cun
cun
cUM
cun
cud
cun
CuUN
cuhy
CUN
con
cun
Cun
cun
CUN
cun
cun
cun
CUNn
cUN
con
cUu\
(o * L}

148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
169
166
167
1638
169
170
171
172
173
174
175
176
177
176
179
180
181
162
183
18«

190
197
194
199
200
f01
202
203
206
205
206
207




437
441

442

443
445

446
450

451
692
456
456
4ol

462
405

466

4617
470
s
412

474
S02
S04
50%

513
515
§22
524

52%

526
576
5390
532

533

2100 CALL CHEC
2110 LO TU 89
PERT
2290 GO TO Ry ERPY
Coou8 >
2190 Captl, SPEC Srec
23lu v0 Tu 87
Czavs
2400 CALL SPFQ) et
26410 v0O TU 8n
Cz4vH J
26u0 GO0 TO 8n ErPTies
(o}
call E(2)=E(4) cone
2A10 E(1)=E(S)
7620 CALLL CORF (E(3))
2630 LO TO 80
Cznyd
Z700 CALL ERP (4HCONS) vabe
2710 60 TU 8n
Cz7r98 LOAD
zav0 GO Ty 8a
Cz2aY8
ze00 LO Tu 83 ERETIES
3qU0 60 Tu 8n
L0 w0 Tu 819
3200 ©0 Tu Aa
3190 w0 Tu 8n
C
M
3400 CALL FIC (3WOTeen{ad)slsk(3)+0) FOR
3410 POLSE(4) «ALANK
34@0 {F (PQL) 1430436403430
3430 CALL FIO (SPPRINTer(A&) s14E(5)40)

3440 IF(E(E)=DOLLAR) 347093450+3470
3450 DQ 460 [=146

3460 SPELAB(I)=E(I+6)

23470 w0 TU 8)

(e NeXe]

1690 60 Tu 84 REND & ENU OF RUN

(@]

3600 COMTINUE JEAD =~ ENU OF J0p
CALL REAUE (THJUOHENDS )
CALL EXIT

4000 RETURN

LUADU BUTTUN

OO0

LND
CoaddavasodidioduddoatiodadapneaIvosrtaea
C QOICIINAVOUOOHTATRQO
ce APl @ GOHR00BORORCODID
gaa::cQouuoooaooooaooooooooooo00ooo.oo¢oo¢oooooooooooﬁooo.oooooooooooo N
o ARDBUDLAROCVBUBOOVDUEIROROLNILOQRLOIBRCICE .

' » DOOBOOLONEONIVNJQAO0VINREOO0C L
C BRINKLEY=METHOD EuVUILIZRIUM=CUMPUSLIITIUN PRG. °
g THQQSCDIHEO TC FURTKAN oY PAUL BlrUs oMX=7,

FROM FICKETT#S QORIGINAL LUNGHANY VERSION,

CUN
con
cun
Cun
cun
CON
cuh
cCUh
cun
CUN
cuh
CON
CON
cut
Cuin
cun
C Ui
cuh
(VL]
CUN
cun
Ccon
Cun
CON
cun
cun
cun
CON
cuh
CUh
cunh
cun
cun
cuh
cuh
con
cun
cuh
CUMN
CUn
cun
CUN
cCUN
cun
Cuh
cun
cuin
cuh
cun
cuh
cun
cuh
Cuh
Ewr>
Euts
Fur>
EurS
fuwrS
EWrS
Eurs

208
209
210
211
212
213
flé
215
216
217
218
219
220
721
2ee
223
224
225
226
227
2238
229
230
231
232
233
236
235
236
237
73y
739
240
P4l
242
743
k6
2645
546
247
348
249
250
751
252
»53
54
?5%5
2586
257
758
799

2€0

O~NOY & W
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17
17
17

17

17
26
24
26

b
H&
57
be

7%
PN
111
12¢
131
133

141
151
iv?
17%
176

211
214

108

C
c

Cuoocﬁvﬂooﬁﬂ0000600QQQOQQdﬁﬁﬂQ00600”QOOOOGOOOOOQOOOQOQO'OOQO

MAKE aVErT LCCAL. HRERSHAEKR 3717710
cogonuwoouuoboaaouucéanavaooganoauouoouoooco¢oaoo.ooouooaaod

C

C Ntk INE CONTHUL CONSTANIS ANC HEORUBK ALMHA ACCORDING lU p=VECTOR

12

13
14

1
2

THRA
quUL

TES

NOTES =
le CRANGFS WHEN INCCRPORATEYD ANTD KHEVIVED MES
CUMAMKED RERSHwwER 3/71177/170)

Ae MAKE AVECT LOCALy FILLED FROM AxGS tFRAs EPAls

In EQPS
Q. EAQCLIP) REPLACED RY EMULIT)e I EQMS

QgQ“ﬂQ@&OQQ000#09609““990QQOO0909006069000000990900000'00‘9000900009900

SUSNUUTINE EQPS(KBP sCSPsWATUMIALPRASALPHAL29EPAEFAL)

UDIMENSTICH CSP(6) e WATOM(6) v ALPRA(2090) s AVECT(2092) oRALKFHA(]10106)

1ALPT (64111) o KRP(2)

LVIMERSTON QHAR(E)Y oNAVECILIU0) 9y XHUMAT (10096} 9 XNU(TI0U) »

1UBARD (6) ¢ WAVECS (10U 9 ANUMATS (200967 1 ANUDLLVO)
UIMENSICN EPA(L1) «Eradl(l)

COMMON /ECUTR/OBARINAVEC s ANUMAT 9 XNU g SUMUgNSoeNCohldolir NPAT19yNDY

JTUHBAHS sWAVECS s XNUMATS s XNUS # SUMUS

U0 12 I=1.20
AVECT(T¢1)maEPA(L)
AVECT {142y =EPAL (L)
COMTINUF

NC=C5H (1)

NS=CLP ()

NPI=CSP (8)

wl=A>=HC

WD =0

NPl =P e

LFINPRT.E 1,10 ANDeKEP ok Qo 0) GV 10 30
NP=CSHSP ()

ny=1

NCHMPZNC= 1P

LF (NCMP LF D) CALL UBUG(2)

DO 1 I=1eAS

NAVEC{I)=sAVECT (1l sKV)

NAVSNAVER(T)

Ul 1 u=lenC

KA FHA(N Vo J)=ALPRA (T e )

w0 2 Jd=l«nC

RAL PHA(MNSe1aJY=GaTUMY)

CAIL MATTRA(NS«1oNCIRALPRAGTULIALFT0)
NOPNSE AL PAA MATRIA
vk Fr dt=mATRIX

CALL LSS({NCoNDYy16oALPT ALPT{}oNCv1)sLLET)
T FOR ZERD DETERMINANT S ERLT FUR NEW A=VECTOR
IF (VET.FI.0e0)CALL DBUG(2)

TRAASPOSE FOR NL=MATRIA AND SMALL @

CALL MATTRA(NCoND*LALPT(19NC*1) o9 XNUMAT100)
5U“Q=0.0
LO 3 J=)encrP

3 SUMQ=SU/QeXNUMAT {(NU+ 19 )

VO & Jx=)eNC

Furd
Furs
L)
gFurs
Eura
Furs
EuFd

[f L]
EWrd
Furd
EurS
Furd
Furd
Furs
FUrs
Furd
[ X% L
Fury
Eurd
EurDd
Fury
tuhs
EurS
FuwkS
Furd
Furd
gt >
FWrS
FWrS
Furs
Furd
FUrsS
[ X" L]
Furs
Ewrd
FUrs
Eurd
FUrs
Fury
Furs
Eurs
FurS
[ L]
Furd
Furd
FGrS
tuwry
FGrs
gurs
FWFS
Ewrd
EWrsS
FukFsS
FuUrS
Furs
gurs
EWrS
EWrS

10
11
12
13
14
15



232
234
241
2%3
252

263
271

317
321
323
352
360
367
370
370
372
373
ol
wJ3
405
419
425
434
439
437
640
45)
453
[3.78
465
465
407
470
470
472
4Ts
475
[ A3
501
506
Suea
510
Sl
5i¢
512
51«
516

12

4

S

WAAR (L) =aUMAT (MUl o J) 7S5UMQ
DO S I=1+0D

ANU(L) =00

DO 8 u=1enem?
ANSCII=X 0 (T) s XNUMAT (] o)

C pPRINI NU=NMATRIX AMND WHAR

-

50
10
i1

15
16

17

18

19

20

el
22

30

31

33

C
c

c

GRITE(De0) (GHAR(J) 9 U= 1 o NCHP)
NRITE(Se 7)Y (XNUMAT (1 4J) 9J=LaNC)
FORMAT (1 AD4S5X g6k HARISXs 6EL1De7)
FCRMAT(1nDSXg6hNU MAT 43Xy  6£15,7)
FORMAT (10X 41342%Xs €ELS.7)
IF(ROWLFL1)16) TC 90

U0 9 I[=s4np
WRITE(P93) To (XNUMAT (Lod)sdz]eNC)
GO TU (19e¢15)WNPRIL
IFINPRTJEN 1o AND NP EQL1I00 TU 1)
KETURN

WPz

Kv=/

Lo TO 14

OO TU (16410) 9yKFLAO

UG 17 I=1ND

ANUS () =sxaUy(r)

U0 17 J=1..NC

ANUMATS{T «JY=XNUMAT (TIeJ)
ANNS(NDY) =nP

U0 18 I=1 NS
WAVECS{T)=NAVEC(D)

SUMLSESUAY

U0 19 J=1,4NC

WBAKRSG (JY=NBAR (U}

AFLAGE?

VO Tu (20421) 9NPS

wE =y

Ky=2

w0 Tu 22

nPal

KV=1i

AN (NUY Y P

w0 TU le

NE=CHP(8)

wWPGzNPel

GO TU (31933) 9NPS

nwP =1

nV=}

AFLAG=]

vO0 Tu 14

wP =0

AV=2

60 Ty 3>

END

SURRULTINE EQMS(KBERR¢XCUMP L EMOL o F DAG)

UATA ITERCYCWEXPLIMWEPSILUN/Y99000e9}e0k~L10/

DIMENSION XCOMP (10U} sEMCL(T7) sFDAG(10Q0)

CaotduvdaoddaoadatonndoedotooddRedges00000aRO0RRRRDGR

EursS
EukS
Furs
Furd
EGr>
Furs
gwrs
Furs
EurS
FQrs
FEurs
FQUrs>
EWrs
Fars
Eurs
EUrd>
Furs
[ L)
Eur>
EwrS
Eurs
EursS
EWrS
FursS
Eurs
FUrsS
EWrS
pursS
Furd
FurS
FurS
gEuUrsS
Furs
FUr>
Furs
Fury
EWFD>
FUrS
Furd
tuk>
[X"L-]
FurS
Furd
Eurd
EwFd
Furs
FurS
Furs
Furs
E4rS
Fukrs

FUrS
(AL
EQAMS
EUrMD
EWUMS
[Z L)
EWrS

109

O~NOCVS WN



12

12

12

12

12
13

16
23
24
2J
3n

“1
o5
50
57

o7

102
103
1V4
114
122
1es
131

142
164

147

150
158

157
162
170
176

176
20
293
22%
220

C  EMCLI2) RFWLACED BY EMCLIT)e 2710718
CQQDOQQOOOQ”Q“()0000009(’0090060 PUYRIQCRQLLTDOORQEVADIVOQ O
LINENSTON XLNKI(lnu).ch0~9(1uo).Hfuub(lou).waxJ(o).a(ooo).F(b).
trn{m
vIngnSIon O&AQ(G)-NAVEC(IUO)vXNUMAI(lOOvb)-XNU(lOO)O
TWwBARS(6) o tAVECS (1 110) » ANUMATS (10046) 9 ANUS (LUY)

9
LQHIVALF - 1CE (Foen)

C
COMMUN /ENAUTH/QBARINAVECIANUMAT s XNU S SUMQeNSoNCeNUSNE  APRIINE ]
1UBARSYHAVFCS e XNUMATS s ANUS 1 SUMWS

C

o

C stT COHSTANTS
1000 NPFLAG=
1001 LTFRCU=n
NCIR =N Cw 0
C REURUER "CLF FRACTIONS AND FREE ENERGIES
vl 1 {=1enS
NAVEMAVFECI(T)
KXCUMP INAVYISXCOMP (L)
1 KFDALGINAVY=FDAG(])
IFUNPPIaEi sl s AND e NP LEQ 0 ) RFDAUINS) SEXPLIM
C ecALculate LikY
L0 2 I=)enD
ALNRI(I)Y==RFNAG(I*INC)
vo 2 J=letiC
2 ALNKI IV sXUNKT D) $ANUmMAT (1 93) SRFUAG (J)

OO0

calcubate Liv XJ
3 UC 4 J=y,aCMP
4 ANYIE N =aL G (RXCOMP (U))

C CALCULATE “ILE FRACTINNS OF OEPENUENT SPECLES
b0 A I=yenp
ALKl IKT (T
BG5S J=V g

S ALAXI=XL 18] +XNUMAT (T o0) #XLNXJI (YD)
IF (XINXT 3T Ne0) XLNXI=0,0
LF(RUAXT (L Te=EXPLIMIALNXIZ=EXFLIM

6 RXOUMP (T, CY=EXP (XLAX])

C QET UP ITERATION LOCH
LF(IIERCUGEL.0ICO 10 11
IF(ITERFOLGT,ITERCYCIGO TU 20

C TSY FOp (OrVFRGENCE

(VIR BENES B o

LF (ARSI (J)) JGTLEFSTLUONIGY TO 11

7 COTINUF
PASSED CUNVEOLGENCE TeSH

aoon

GALCULATE NUJ4ER OF MULES
RNIH=T) 49
O X I=1 e
8 HMNASSKRNGHeRXCOMP {TOANC)®{(XnU(L)=)eQ)
eMOL (1) =S M) /RNCH
C calevlaTe X aND MOLES CF SOLLID FUR NP=)
EMOL (2)=,0
IF (v eNF ,1)GO TO dl
AC=G3AR(NC)
V0 89 I=1ND
B0 ACzXC=(XNUMAY (JoNC)=UQBARINCI® IXNU(L)=]1,0)) ®RXCUMP LL*+NC)

110

Furs
EWr>
EWSYS
Furs
Fury
Eurd
EubdS
FUMS
Fyrd
EUrDS
Furs
FultS
Furd
Fuld
EuMS
FWrS
FuMS
(XL
EUMD
EurS
(L3}
[ L
(L)
Furd
EuksS
FulMdS
EWMS
Fabt>
[ L)
Eurd
FulMS
Eur>
EurS
EUr>
Furs
FursS
[RE1)
FurS
EUrS
FUrS
FuWrS
Fuwhd
EwlMd
FukrdS
rurd
Fubs
TuMS
EUND
EGFS
Fukd
Euld
(375
Euwld
Fuld>
EUrS
FUMS
FUrd
EWrS
FWrS
EWrkS



231
231

236
z43
243
247

253

2?54
796
757
272
303
311
313
ale
317
122
340

7
363
367
37n
arli
arz
402
403
406
496

‘il
414

4l6
a1
422
426

430
43,
437
437
437
4dud
447
402
464
412
47«
500
Sle

hXCOMP (NCY=XC
EMaL (2Y=(noenoL (1)
C AESTURF MOLF FRACTION URUER
i vl § I=140e8
NAVSWAVEC(T)
9 ACOMP ()= XCOMP (NAV)
IF(NPHTLEN.1)160 TO 2
C FALY WITH COMPUTED EGUILIERIUM COMPUSETIUN
10 KETUHN
C
C ENIRY TO CALCULATE CORKMECTIONS TU MULL FrACTIONS
14 U0 13 J=1 «NCMP
SUnMF=0.0
0 1e¢ I=teNn
1e bUHF=SU~70(XNUMAI(le)-GBAR(J)°(XNU(1)-1.0))°RXCUHP(I'NC)
13 F U =unAR (J) ~RXCOMP (J) =SUMF
U0 1w Uzl eNCHP
LO 1% UP=ly¢NCMP
L{deubP)l=y,0
LF (JeERQeUB) A{JguP)ISRACONP 1Y)
G 1w I=1eND
14 k(J.JP)=A(J'Jp)‘(XNUMAT(1oJ)-uuAR(J)°(XNU(I)-1.o)J'RXCONP(IONC)°
1ANUMAT (T, 1P)
CALL LSS{.CMRy196s8,FINET)
IF (kT Fa,0,0)60 Ic <o
LO 17 J=1«NCHpP
KXCAR ()Y SRACOMP (Jl o (1l ,0en(J))
IF(RAC072 1) oL ToEPOILONIRACUMM (J)SEPSILUN
17 LOnTIRUF ’
LTFRCC=TTERCO ]
wd Tu 3
20 CALL CuuG(l)
L0 TO lngn
C TLEST FAOR PREVINUS SOLUTIUN FUR PHL =
2C lF(NPFFILAG,EN,2)GO TO 10
LF (NFJERLYYIGN TC «U
C «ATLNATIUN THST FOR 1=PRASE SULUTLIUN
C SELECT RUN=/E-20 FLEMENT OF 2=rrabSt AU
QO Su I=1eND
IFIXaUMATS (ToNG) oNE Ve D)GU TO S1
S0 CONTInUF
CaLl CH3(2)
C 1LUCAlEN SPECTES FORMED FRUM SULID
9] 1Sb=]
U0 Sz T=1eNS
WAVEMAVERS (T
RXCO4P (L AV)=XCOMP(])
82 HFNALINS Y =FDAG(L)
LLNK]==wFIAGIISPenl)
V0 53 JzteNC
53 LLNKI=ZIHKT+XNUMATS (ISP 4 J) ORFDAG (J)
ALMSTALOS(RXCOMP ISP enCI ) =ZLLNK]
NC4l=nNC=
V0 Se J=1eNCH1
94 ALMSXLVS=XNIMATS (ISP J)@ALOG (RACUMP (J))
EMOL (7)) =X NS
CQ°0§QOG6000é&o&baouqb#&OQOQOQGOOQQOOOOOOOOOQOOQQOQOQ
C ENUL(T?) SFY 2710770

Cu“aaawqgoaoqngaaaaaeoggaqaogaoaoonouaaeooaonoonooco
C TEST FOR SUsEKSATURATIUN

FUnkS
EUMS
EUrS
L)
EWrS
Fumd
Furs
FUrS
FGLrS
FUrS
FulS
FQiMS
Fukdd
Eu¥S
Fu®ed
EWMDS
FUMS
(L&)
FUrS
FuMS
Fars
EQMS
FuUrs
EWrS
FuMd
FUrS
EUrS
FuwhMdS
Furd
EUMD
FUrS
FLMS
FUMD
FUMS
FUMS
FLrS
Euwtd
FUr3
Ew®>
EuFS
(AL
Furd
E\j"b
[X'LE-)
[A*h
Furd>
(VL)
EWrY
EursS
EWMS
(A"}
FUrS
£QMS
FuUrS
Euk>
EuUMS
FUMS
EQMS
Fubd>
EQMS

108
109
110
111
112
113
114
115
116
117
118
119
129
121
122
123
124
125
126
127
128

111




Sln
517
521
534
S3n
8530
K4}
S4n
548
545
651
56}
561
561
564
57
574
574
sT77T
577

577
605

gl
&le

6la
6lé

112

IF(ALNS.LT,0.0)G0 10 10

C FACRANGE FOR 2~PHASE SLLUTION

C

C E£ACHANAGE 4~VFECTORSy ETC,y FCHR CrHANwE IN NUMubER OF PRASLES

OO0

[g]

Ju

31

32

33

34

~0

NPHELAG=p

Vg 3L I=1.ND

LuQd 31 Jd=1eMC
ANOESYEX 9 MATS (Ted)
ANUMATS (1 eJd) =XNUMAT (I J)
ANUMAT (T 40) =XNYMSY
VO 37 Uz1,NC
WBARSVZ HARS (J)
WHARS (J)Y = 8aR(J)
WBAR(JY =Y IARSY

u0 34 I=1eN>
NAVE=NAVECS (1)
NWAVELS (I)=NAVEC(])
WAVEC(I)=t.AV

vl 34 I=1,hD1
ANUSAVE=CINS ()
ANUSTI)Y =xXu(D)
ANSICL) =< 11SAV
SUndsav=s:,M0LS
SUHIISESY 1)
SUMG=SUVSAY

WP =XU (M 1)

00 Tu lnuy

TEST FOR SATISFAaCTORY c«PHASE SOLUTION

IF(XCeGT49eMG0 TO 10

SIvl,e 40 RIPULACED 8Y The FCLLOWING TWO STATEMENTS.
RERSHALR 2/10/76

40

EMOL (7)) =XC
IF(XCe3T40,0)G0 TO 10

NU SULIU FH4SEe. GO0 TO 1-PHASE SOLUVUTIUN

00 TO 3n
£ND

SUAkOUT INF MATTRA(N.MyAsIAs8418)
UIMENSTON ALIAWM) 4B (IH4N) ’
VO 1 C=1eM

vo 1} I=l'-‘l

bl ld=a{l,J)

RETURN

ENN

SURRUUTIIE LSS (No”oI'AQBODEr)

C MUDIHIFD FOR FORTRAN IV HUG

UIMENSICH A(ToN)s B(LeM)
UUIIHLE PRECISION S1,S2400IPRU
fWN=N

MMz

SN=1.

V0 9 J=1eNN

L=~}

IF (J.EQ.nNY GO T0 7
T=ars{a(Jded))

MWi=u

Ma=Je}

Furd
gEurd
Furs
FULMS
eGS
Eur>S
FUkl>
[ XPL
Fudd
Fu¥d>
FUrS
EGMS
FuwhS
FQhS
Furd
[ X L
FarS
BuMS
[ XL
Ewtd
EWrS
FurS
Fukrd
FuUMS
FudS
[ AL
FuMS
EuwPS
Fuld
[ AP L)
FQMS
[ALE)
ELMS
FWr>
EGFS
Fubd>

MAITRA
MAITRA
HAITRA
uAlTRA
MALTRA
MALTRA
vAITHRA

LSS
(IR
LSS
LS3
LS>
LS>
LS»
LS
LS®
LSd
LSS
1.S>
LSS

129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
14y
149
150
151
162
153
154
165
156
157
1548
189
160
161
162
163

NV OeWN

e
CWVWE NOo UV &WwN

[
—

- g
LW




347
359
374
407
411
412
¢13
4ls

la
ls

lg

1
12

15

13

v0 1 K=MP NN

ASARS (A(KeJ))

IF (X.LF,T) GO TO ¢

T=x

mi=x

CONTEINUF

IF (Mlerued) GO TO 4

U0 2 K=1eiiM

Taa{Jex)

Af)eR)=a(1t] oK)

A{MY oK) =T

Shz==5N

ifF (MM F.0) GO YO ¢

VDD 3 K=1 MM

T21(JeK)

BlJea) =it {r.]eX)

Blstop)=T

tF (80JeJ) FR.0e) GC TO 13

UO 6 Kz=iv 2 gNN

Slz=Ne

52'—")0

IF (LeFuen) GO TO b
SI=nUTPRO(Lsaldel)osTea(lon) 1)
AlJeRIS(ACSeK) =S 170000 J) )
SZ=CulPRI(IeAIKILI o TsA (L IM2) 5 1)
AlKe2) =A(KaMP) =52 ’
IF (Mo Een) GO 10 9

IF (A(JOJ)GEQOOO) bc 10 1s

L0 ® Kz).e24

sl=n,

iF (LeFriyny GO T0 8

Sl=nuTraa( satdrl)eTstitlon) sl
Blaen) =3 (JeR)I=S1I/70(Jey)}
CO~IYINUE

VET=a(le1) 95N

1IF (VET.Eu,n,.) GO 10 13

iF (NeEG,1Y GO YQ ig

U0 10 J=2«NN

DEY=DETwa (JsJ)

1F (DET.EQ.ne) GO To 13

IF (MMeE2,0) GO TO 15

M3=atuN=-1

L0 32 Jsl oMM

VO 11 L=1sM3

MlsnNe|

Sl=U,

rizzM] e}

AZHN =N s )

S1=UUTPRA(KGA ML OMZ) 9 148 (M290) 9 1)

Bileu)lzrd(Mled) =Sl
CONMTINUF

00 Tu 14

VET={a.0

KETURN

END

UQuiLE FUNCTION UUTPRO(NsR9IXsYs1Y)

LINMENSTION X(IXoN) oY (IYoN}
UQUALE O0X,DYsSUM

LYo
Lo
LS?
LS>
LS
LSS
LS®
L53
LSS
LS
LSS
1 S>
.52
L5
LSS
Le>
LS®
LS>
LS>
LSS
1.S>
LS>
LSD
Lbb
LS
LS>
LS
LSS
LS>
LS3
.53
LS>
L5>
L5>
LS>
LS
LS
LSS
LS3
LS3
Lo
LSS
L53
LSS
LS>
LS
LS
LSS
LS>
LS3
LS
LSd
LS®
.53
LS>

ROIPRO
Coirro
COIPRO

113




le
18
26
2a
-3

46

52

in

12

41
4
41
“3
5%
61
67
64
75
7o
101
10a
106
12¢

121
121

114

SUM=J e

DO 1 I=leN
UX=X(1le1)
uY=Y (le D)

1 Sun=sintenrafy
VOTPRO=SHNM
RETUKN
LN

SURPUUTTNF REAP(LAGFL ¢NyA)
CQQQDQﬁuﬂVQ“QOQ“&ﬁQQOQQQQGQQOOQQQQOQOQOOOOOGOQOOOQDGOQQO

o THIS RCUTINE 1S CESLGNED 1U READ ANU PrINT SPECIFIED
C ARRAYS,
(o4 RERSHNER 2/13/76

Cupdhattaeddsnouddtodudatopiodddevodeletadneoedoapache

VDIMENSTO 1 LAREL(10) 4A(N)
c“o#oqvﬁéﬁ00G90006o00909QQébﬁéﬁ9OGOQDOOQOOOGQOQOOOQQOCOQ
C FURMAT STATEYENTS.
CHatoueIRoRddaarodaslIadaedaevesoleduleRa0daNOeddocoate

1o roRMaT(17216)

20 FORMAT(AEL1247)

30 ronraT (Sxe1218)

40 FOPPAT(SXe1P%HEL13.9)
20 FORPMAT(2YXe16GA10Q)

CAaLL PRI (LAREL.0s0)
cggocqwouooonaoao«aqooooaaoéoaooooeaoooaoeooooocooooooo'
C TREM ghAGCH CM N TU <D AND PHIAT ARKAY A
CgQQOQ000@0#06#&006000000o60#99000096000000#0909““600000

IF (110061100120
CratdaliognuiddoddadndoddodaoRcadNgieetecsdtotordocdoroatd
(o NEGATIVE e USE 1216 FORPMAT,
Cauuoavu»QQQOQQQQQ&QQHQOOQOQQQOQOQQOOO00«#900“#0#996’09'

100 CONTINUE

NP 2w

KEAD (lae10)(A(]

PRINT 1ae(A(I)W]

RE THRN
CQQQOOQobﬂﬂﬁbﬁQOOOQGQQO&9o0#09GobooﬁbﬁéﬂﬁaOOQOOGOOOQOSOO
c 2t Ny STNP AFTEWR NEAUING BLANK FlitUe
CQQ64Q00§:éoooubociéabchﬁnDOQO9Q§69006Q09°OQQOOOOOOOQQQQ

114 COMTINUE
J=1i
NS4
120 KEAN{10620) (A(I) e IZJeK)
VO 140 L=
IF (L) cENeN,0)60 10 lao
130 COuYINUF
PRINT 406 {al{l)eI=JeK)

Yel=z=1eNP)
=1 oNP)

FEZED]
N=jey
oG TO 140

140 AlLLY=0en
PRINT Gne(ALI)eI=doy)

RETURN
Cao@ﬂd9§§§0°QQ00§9°06¢099aQO600“6OQOQQQOOOQOQQOQQOOOOOOQ
C PUSTTIVE 1, USE E12,7 FORMAT,

Cao°°ﬂQvobooo&OGQQ6&#Q§9OQOQQQ09Q“éOQOQOOQOOQOGOOQQQOOOQ
159Y COMTINUE
KREAD(10+20) (A(I) e IZ1N)

)
£OIMRL
RUTPRO
nUiPNO
LOIPRO
rOiPRO
toirro
nUIPRO

wEaP
REAP
RE4P
REAP
kLAP
aesp
RERP
(X 34
RERP
prap
RL AP
RELUP
KEAP
b &P
Feapr
WEARP
HEHP
Re AP
GE&ap
kpap
REAP
HE AP
ke hp
REAP
X4
REAP
[ X
FEAP
KEAP
Lrap
Reap
REAP
RE&M
RE&P
kLsap
peap
REAP
fREAap
TR
REAP
REAP
~EAY
(Y
KEAP
b ap
KRLAP
RERP
SeaP
REAP
REARP

— s s
nN~O ST~ W

O TO~NOOU & W

10




lé
18
24
2n
24
hie

52

1o

io

1?

15
18
1a
Zb
40

121
121

SUM=Ye )
001 I=leny
LX=X{1+])
vYsY(lel)

1 SUnz=sUneiyy ey
VOTHRC=SM
rETURN
END

SULAUUTIWE REAP(LACFLyNyA)
cunooq0“00999009%000“0099QQQaOOOQOQ'OQQOOOOOQQQOSQQQQQOQ

c TRIS RCUTINE IS CESIGNED TU READ ANU PrINT SPECIFItD
C ARRAYS,
C KERSHANER 2/13/75

anﬂﬁnDQooﬁﬁ90000#OQQQGQQQQOQDOOOOQOOQGQQOOGQOOGOOOO9009

VIMENSTON |LAREL(10) yA(N)
CQaaoqhﬁoﬁoﬂ0@booo6900GD“Q90DbOQOOOQOOOOOOOQHQQQQOOOOQOO
C FURMAT STATEMENTS.
ngaoq¢§90000&&ooo0&60GQG¢066&QQGQQQQQQOOODOGQGOQOOOO500

Ly FGR™MATI1216)

0 FORMAT(#E12.7)

30 FCMAT(SXe12TR)

40 FORMHATRX, 1PHELI WD)
50 FOP~AT{oXel0A10)

CALL PRI (LLABELsQ9 Q)
CQ506¢“§09Q900QQQOQOOQOOOQ0##9990&0OQQOOQOQQGVQQ“QQGOQQO
Cc TogEM dRALCH ON N TO RELAD AND PRINT ARKAY A
CgouﬂuvcﬂQOOQOQ9&00090DoQnooo90000OOOQOOOOOQ“OOQOOOQOQQ'

IF() 10001109190
CQQQGQVQGQ9§99§¢§§§§§D099o66090060OQQOOQOGQﬂDQQOéGOQQ&OO
[ NEGATIVE ue USE 1216 FURNMAL,
cgouaanébcoobﬁooaoooouoooooooaoocoaooooooohoooaicoaooﬁﬁn

100 ComTINUE

WO anN

KEAD (1a.10) (A({I)el=1eNP)

PRINT 1ae(A(I)elz1onr)

RET RN
CQQQOQNQQQQDG&a&&ﬂboaﬁ0&996#“&690409"900000#009000000009
C 2wy wyg STOP AFTES REAUING BLANK FIELUe

CugoﬁuwGﬁQQQQQQGQOQGQQQQQoOQQQOw0“096“999#99600000060&#0
117 COMTINUE
J=3
n=s
120 HKEAN(10.20) (A(LY e I=JeK)
U0 130 L=JeK
LF (ML) 4 E9e040169 TQ 140
130 COMNTINUE

PRINT 4ne (A{IYoIzJdeK)

JIK+]

nz 145

o0 TO 120

140 AL Y=0en

PRINT 40« (A(T)el=del)

RET1.¢N
anDQGQGuooﬁubéodcQOGQ99990060Qv600'000&90000@00#990#099
Cc PUSTTIVE USE £12,7 FORMAT,

Ctudta20 000000000 CRUV0NURRQVOURRROROVOTORINDOROOONRCROS
15y ComTINGE

READ(10+20) {A(I) e I=10NN)

£UIPRO
pOIPRO
LUIPRO
N0 PRO
rOiIPRO
FOIPRO
COIPRO
pUIPRO

Reap
REAP
“EWP
HEMP
~E AP
REAP
RPEAP
REMP
RE&ap
Pr A&y
NEAP
e ap
<L ARM
KEHP
FEar
REAP
He &P
Reab
GLup
Re AP
prap
HEAP
ke AP
RE&P
nEsP
RE&P
[T X3
FEAP
GEARP
LEHb
Feub
RE#P
ntep
RE&P
FEHaP
ST of
KEARP
(X T
R by
HEARP
REAP
wgap
[ YN
[N o
HERP
REsP
REAP
RLAM
AEAP
REAP
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131

CaptEardaRtdesdaditdeddlaoRoredadoRdodaoddiguwddeioQoo®dadaquddeeesodas

Cga#ﬂa0066@9900669Qéb”ﬁQQQOO#QOOQOOOOOBGQQOOQOQOOQOQOOVOQQOQQ9&'6090909@

14
146
Ce
C
!
2
C
1
2
C
1
2
C
i
2
o
1
2
C
]
3
c
1
2
C
1
2
c
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PRINT 409 (A{I)oI=19N)
NETURN
ENN

e DUNMMTES

SUARVQUTINE NOUT

THTS IS A DUMMY ROUTINF
RE TUSNN

END

SUARVUTINE DIP]

1S IS A DUMMY ROUTINE,
RETURN

END

SUNRVUTTE TEST

fHYS IS A DUMMY ROUTINE,
RETURN

LN

SURRQUTINE CHEC

Th1S IS a nUMMY ROUTINE,
~ETURN

[ AT

SURRULTINE SPEC

THIS IS A DUMMY RCUTINE.
RETURN

LD

SURROLTINE SPEC)

In1S IS A DUMMy ROUTINE,
KETURN

END

SUARULTIWF CORE

THIS IS & DuUMMY ROLYINE,
HETURN

END

SUARULTINE OOM

THIS IS a DUMMY RUOUTINE.
KETURN

(XN

c2z

EAP
REnP
Kb AP
LubPmMy
rereyY
fUM MY

rutM My
CurMY
cCur MY
nurMy

ncurMy
purmMy
furMY
nur My

nuemMy
tuk My
VL ¢
UMY

PUMMY
nukMy
cuUMMY
nyrmMy

curMy
UMy
CUMMY
pur My

GUMMY
CuUlMY
cuMMyY
nuray

CurMY
rusMy
QUMY
curMy

nuMMmy
gurnMy
nukMy
nuUrMY
cZ¢e

52
S4

T~ w0

10
1l
12

13
le
15
16

17
18
19
20

21

23
2%

25
26
27
28

29
39
31
32

33
34
35
36



APPENDIX D
COMMON STORE

The contents of the common arrays are listed in Table D-I.

eoGeneral 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 Tist the solid as the first species. The mole fraction of the

solid 1is 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-
1ibrium.

oParticular 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., vi
CS - solid EOS 5. v.
6. H:
CONT - constants 7. H-
;é?igéngggég)R(Mbar-cm3/g) EMG - Fj, "free energies" for equilib-
1.01325 x 106 atm to Mpar rium constants (EQMS)

0.04184 kcal to Mbar-cm
0.426012 (N/V2) x 10-24
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EMN - phase mole numbers

1 n

2 ng

3. n=ng+ng

4, xg = %g/n

5. = ng/n

6 n/M (mo1es/gram)

7. an s (saturation index) or -n

(al1 solid evaporated) S

EMX - X3 mole fractions

FMU - U1= imperfection chemical poten-

tials

FN - nys mole numbers

FOB - knobs

1-6. FROOT ¢'s

7-12. FROOT r's

13. A] A 2n p (GAMM)

14, Ap = AT (GAMM)

15. €, equilibrium outer (EQP)
16. €, equilibrium inner (EQP)
17,18, ~--

19-36. FROOT Xpin® X in pairs

max

GM - pure-fluid gas state (sub g) (GEM)

v/v
2 T/T*

3 pV/RT
4, E /RT

5. F'/RT
6

7

8

9

T
6

. (Ze)e
L3 TZT
C /R
. z-RT/p
10. z=1
1. S'/R
12. (ap/aV)T
13, (3p/aT)y
14, (SV/BT)p

15.

16.

17. H '/RT

18. (z-1)g = TX¢/6

19, (E'/R)g = x/0

20. A'/RT

21, Vg/V = 2nv2 g(1) (V¢ = free vol-
ume)

22. b/2 (integration limit)
23. ---

Y
p-1 (3E/3V)p
1/F
- (3 &n p/d &n V)T

(5 n V/aT)

GP - gas EOS (GEM

~SNoyor P wn —

* 43 =

RSTA
TSTA
VSTA

< S PIF S

%*

HE - initial (unreacted) state (CON)

Gl W~

[ee N Ne))

po (g/cm3)

po (Mbar)

To (K)

Mo (g/mole)

AHfo (kcal/mole relative to elements
at To)

Vo ? 1/p0

ho (To3T

ho 102

J 2 J

(n/Mg) AHfg

KAL - option switches, see CON, SWIT

O~ wn—
e o o o »

[o)]

9.

10.
11.

equilibrium differentiation

fixed composition differentiation
gas (0/9/other: 1ideal/KW/LJD)
solid (0 for incompressible)

mix 0 no-mix 3 - CS
1 ideal 4 One-Fluid
2 LH
composition (0/1 for fixed, equilib-
rium)

cJ (0/1 for equilibrium/frozen)
contour (1, 2, 3, 4 for constant-T,
V, S, €)
Tc, pc choice (0/1 for input/previ-
ous)
z -1
punch output if # 0

KEN - entry and iteration counts



KIM - sizes 7. Cp/R
8. (g &n v/3 &n T)p

1. r = KR number of gas species
2. s = KS total number of species
3. ¢ = KC number of elements THER - system state (COUT)
4. n = KN degree of ideal-function fit 1. p
2. v/v0
KON - triggers and diagnostic switches 3. T
4, u
PT - input pressure table (PV, TED) 5. D 3
6. q (Mbar - cm”/g)
ROT - input pg table (CJ) 7. q (kcal/g)
8. v
SM - solid state (sub s) (SEMS) 9. e
10. h
1. v, 1
2. E/RT 12" ;
3. H'/RT '
4 AI/RT 13. s
5. E'JRT 14. H(T;Ty)/RT - relative to elements
' ' at T
6. S /R 15. v 0
g' g = PV/RT 16. E/RT
) = 17. H/RT
?6 ¥/V0 =Y 18, A/RT
' 1 20. S/R
SP - solid EOS (SEMS) g;‘ i = PV/RT
1. r 23. p-1(2e/av)
2. Cp/R 24. 1/T P
3. o 25. ¢
4, Vo 26. vygo (frozen)
5. To 27. j(p) equilibrium
6. Eg/RTo 28. Jj(p) frozen
7. --- where j(p) is the CJ function:
8-12. cp-c4 - Hugoniot fit
13-20. working store ip) = {V/Vo RY+] : po/p>/Y]}-Y
SUC - contour initial state (PV)
LT 29. co](frozen)
2. b 30. p (ae/’av)p frozen
3. Ve TMG - F1 - ideal free energies
4., Sc i
5. Ee
SUCG - derivatives working store (GAMM)
1 Y1
2. p ' (3e/av)
3. 1/r P
4, ¢
5. CJ function j(p) [see THER (28)]
6. - (9 &n p/3 &n v)T
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TMS - jdeal functions (super i) (TIMS)

1. Eg/RT

2. Hg/RT

3. Cg/R

4.  Sg/R

5. Ag(To) relative to

6. Hg(T;To)/RT} elements at To
7.  Hy/RT

8. Cg/R

9. So/R

10. Fgo/RT

11, As(To) relative to
12, HS(T;TO)/RT} elements at TO

TP - CON, TIP strings 3 ...
per species

» One row

XMT - gas mixture state (sub g) (XIM)

§ X /T (for LH mix)
i xg r%%/r& (for LH mix)

OO~ WN —
MM<NWNWTD>DIM<

/
1
-RT/p & %
x - o
X

11. rz (for LH mix)

12, Tp (for LH mix)

13. n (for One-Fluid mix)
14, m (for One-Fluid mix)
15, V¢ (for One-Fluid mix)
16. E, = RSTAT (from XIMS)

17. T, = TSTAT (from XIMS)

18. V= VSTAT (from XIMS)

XMU u%/RT, gas species only (XIM)

o (XIM
*

XPG - s (XIM)
*

XPR - ri  (XIM)
*

XPT - T. (XIM)

1

% U.S. GOVERNMENT PRINTING OFFICE: 1976—777-018/30
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