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FORTRAN BKW
A CODE FOR COMPUTING THE DETONATION PROPERTIES OF EXPLOSIVES

Charles I,. Mader

ABSTRACT

This report describes a FORTRAN code for the CDC 6600

computer.

The code computes the steady-state detonation

properties of an explosive using the Becker-Kistiakowsky-

Wilson equation of state.

I. INTRODUCTION. The Becker-Kistiskowsky-Wilson

equation of state has been described and calibrated
1-3

written in
1962, described the STRETCH BKW code which was
written in machine language for the IBM T030. The

by the author. An internal report,2

present report describes a similar code recently
written in FORTRAN IV language for the CDC 6600.
The code wes written, as far as possible, to use
input identical to and give output similar to the
STRETCH BKW code.
nature of a future FORTRAN language, an attempt has

Though one can not determine the

been made to use the more general FORTRAN expressions
and formats rather than the features special to CDC
6600 FORTRAN. The code is sufficiently general that
it will also run on the IBM T030.

FORTRAN BKW is a code for computing the detonation
properties of an explosive using the Becker-Kistia-
kowsky-Wilson equation of state.’™ One mey also
compute the Hugoniot; the isentrope through the com-
puted C-J value; the coefficients to fits of the
pressure, volume, energy, and temperature along the
isentrope; and the particle velocity along the isen-
trope. Fits of the results are computed for use in
the HOM equation of state subroutine used in reac-
tive hydrodynamic codes. The output is available
both as printed listings and on microfilm. Graphs
of Hugoniot pressure vs. volume, pressure ve. parti-

cle velocity, shock vs. particle velocity, isentrope -

pressure vs. volume, temperature vs. volume, and
particle velocity vs. pressure are also aveilable
on microfilm.

FORTRAN BKW includes an equilibrium subroutine that
can solve the equilibrium composition of a system
of 10 elements, 20 gaseous species, and five other
phases subject to the limitation that only one phase
may disappear.

For the explosive the calculation requires as input
data its elemental composition, heat of formation,
density, and formula weight; and for the gmseous ex-
plosion products, their eleméntal compositions,
heats of formation, covolumes, and quartic fits of
their ideal gas entropies as a function of tempera-
ture. For the solid explosion products, the calcu-
lation also requires the density, molecular Qeight,
and (if the solid is to be considered compressible)
the parameters in the Cowan solid equation of sta.te.5
The only initial guesses required are the number of
The iter-
ation procedures should give all values to 1 in 10.5
Some differences will be noticed between STRETCH

BKW and FORTRAN BKW output in the sixth significant

moles of each of the explosion products.

figure because of round-off error.

We shall present the input and output for a typical
problem and then a detailed description of the cod-

ing formulas. A knowledge of FORTRAN IV is assumed.



II. NOMENCIATURE.

®m © L R

=

NT

SO or So

mOQw>®

(H - HO)
(F - HO)/T
Ic

A, AL
B, A2
c» €l
D, C2
Eg, €3

(Mm2),

v
[

vl
[

W oo ox S < O 3 o
< o

(CTIN VI S S ]

o
&=

BKW equation of state constunt = 0.5
BKW equation of state constunt = 0.16
BKW equation of state constant = 400

BKW equation of state constant
10.9097784436

Number of elements in the explosive

Number of gaseous species ian detonation
products

Total number of specles in detonation
products

Temperature in k
Pressure in Mbar

Entropy in cal/deg-mole

Coefficients go entﬁopy fit SO = A +
BT + CT2 + DT

Enthalpy in cal/mole
Free energy in cal/deg-mole

Integration constant for forming
(H - HO) and (F - HO)/T from SO fit

Coefficients to Cowan solid equation of
state

Heat of formation et 0%k of component
i in cal/mole

1/oo vwhere o = density in gfce
1/oo vhere p_ = density of explosive

in gfcc

Number of moles of ith species per
mole of explosive

X, one step earlier in the same sub-
routine

Input detonation product elemental
composition matrix

Input explosive elemental composition
vector

Density of solid in gfec
Temperature in volts
Detonation velocity in cm/usec
Volume of the gas in cc/mole
Volume of solid in cec/g
Covolume

1.98718

8.341439 x 107

2.39004905 x 10*

0.98692 x 10°

R 11,605.6

RZ 0.4342544819

fi Total free energy of gas

(G)i Total free energy of solid .
F'g Imperfection solid free energy .
E'g Imperfection solid enthalpy

sty Imperfection solid entropy L
Eé Imperfection gas enthalpy

Sé Imperfection gas entropy

Eg Total enthalpy of gas

(Es)i Total enthalpy of solid i

MOLWT Molecular weight of a solid

AMOINWT Explosive formula weight

ETotal Energy in cal/mole

Virotal Volume in cc/mole of explosive

VPG Volume in ce/g of explosive

Eo Heat of formetion of explosive

IND Error indicator

Us Shock velocity

Up Particle velocity

III. FORTRAN BKW INPUT. The input of a FORTRAN

BKW calculation of RDX at a density of 1.8 gfcc
is described in detail. The input is identical to
that used for RDX in Reference 3. Below is a de-
scription of the loading form which immediately

follows.
card 1 (Format IS) O = NO, 1 = YES
Colﬁmn
2-5 Perform a single equilibrium calculation
for input T, P
T-10 Perform the C-J calculation

12-15 Perform the Hugoniot calculation (1
must be in column 10)

17-20 Perform the isentrope calculation
through the computed C-J point (1 must
be in columm 10)

22-25 Give microfilm output
27-30 Ignored

32-35 Perform the calculation for this number
of other densities (Max of 4)

37-40 Ignored
Lo-4s Ignored

47-50 Number of extra data cards -
card 2 (Format 12A6)
Column a
2-72 Name of explosive




* Card 4
Column

1-18

19-36

37-54

55-72

(Format 3IS5)

Number of elements in explosive = (M)
Number of gaseous species = (N)
Total number of gaseous and solid
species = (NT)

(Format 4E18.11)

BKW equation of state a
BKW equation of state B
BKW equation of state ©
BKW equation of state K

All floating-point input will follow the form of

Card 4.

Card 5

Column
2-6
8-12
14-18
20-24

Cerd 6
Column
1-18
19-36
37-54
55-T2

Gard 7
Column
1-18
19-36
37-54

Card 8
Column
1-18
19-36
This card
of Card 1
Card 9
Column
2-6
8-12

(Formet 11A6)

The empirical formule of the explosive

Symbol of 1lst element

Symbol of 2nd element

Symbol of 3rd element

Symbol of Mth element since M = 4
(Max of 10)

(Format 4E18.11)

G-atoms of lst element/formula weight
G-atoms of 2nd element/formula weight
G-atoms of 3rd element/formuile weight
G-atoms of Mth element/formula weight
since M = 4 (Max of 10)

(Format 4E18.11)

Density of explosive (g/cc)
Formula weight (grams)

Heat of formation at 0°K (cal/formula

weight)
(Format 4E18.11)

Temperature (°K)
Pressure (Mbar)

must be present; however, if column 2-5
is zero, it is not used by the code.

(Format 11A6)

Symbol of 1lst gas species
Symbol of 2nd gas species

14-18,
20-24,
26-30,
32-36,
Eﬁ-hz, Symbol of Nth gas species
-48,
50-54,
56-60,
62-66
Card 10 (Format 11A6)
Column
2-6 Symbol of lst solid species (This is
on nevw card because previous card is
full at 11)
Rules 1. All gas species first (Mzx of 20)

2. Then solid species (Max of 5)
3. Only 11 sets of symbols per card

Cards 11, 12, 13 - (NT floating-point numbers)

Moles of each species (in same order as in Card 9)
per formule weight (Guesses).

Cards 1% through 37 - A total of (NT)*(8) floating-
point numbers

Nos.l-5 The coefficients A, B, C, D, E to the
fit SO (cal/mole-OK) = A + BT + CT2 +
prd + ET*

No.6 Then the integration constant from

H - HO(cal/mole) = 223 + 2222 + BDTk + i + IC

=72 3 L

at some temperature (we used 2500°K in example)
No.T
No.8

Then the heat of formation in cal/mole

Then the covolume (see Reference 3 for
details)

Thus eight numbers on two cards for each species and
each species in same order as Cards 9,10.

Card 38 (Format 11A6)
Column
2-6 Symbol of lst solid phase (Max of 5)

Cards 39-40-41 (NT-N)*(12) numbers
No. 1 VO (cc/g)

Nos. 2-11 If VO (No. 1) is zero, the solid will
be treated as incompressible and all
the rest of the numbers will be ignored
except the last one (molecular weight);
however, cards must be present for
all 10 numbers. Otherwise the coeffi-
cients to the Cowan-Fickett solid equa-
tion of state are punched as follows:
A, B, C, D, E, Al, A2, C1, C2, C3

No. 12 Molecular weight

(Max of five sets in same order as Card

38)




Cards 42-53

(M)*(NT) numbers

The input detonation product elemental composition

matrix

|cx

i
©
o
o

o o o=
-

ete.

given by row sequentially as
0,2,0,11,090,2,0,0,0,0,0, 2, etc.

Other Optional Input

Card A.

If column 35 of Card 1 is > 0 < 4, that

nunber of densities are read and the re-

Card B.

quested calculations are performed for
each density. One card with a maximum
of four floating-point numbers if column
3 > 0.

If column 49-50 of card 1 is > 0 < 25,
the code expects that number of cards of
the format (115, 1E18.11) where IS is the
formet of the constant identity number
and the 1E18.11 is the format of the new
constant as described in Section VI. If
column 49-50 of card 1 is O no cards of

this type are present.

After completion of the calculation for
one explosive, the calculation reads in
the next set of input starting with 1.
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IV. FORTRAN BKW OUTPUT. This section presents the The CDC 6600 machine time required for the example
output of FORTRAN BKW for the input just given. The was:

equations found by fitting the isentrope data are of The C-J value 22.8 seconds
the form The nine Hugoniot points 27.5 seconds
The isentrope calculation 78.9 seconds

1n(P) = A" = B (1oW) + ¢'(1av)2 + D' (10w)> + E' (1av)*
Smaller product sets take less time. If a solid

where (1nv)h is written as INV*4. The units on the phase disappears, the time is considerably longer.

graphs are the same as those in the listings.
A FORTRAN BKW CALCULATION FOR THE EXPLOSIVE

"o x CYCLOTRIME THYLENE TRINMI TRAMINE

THE NUNBER OF ELEMENTS I8 4

THE NUNBER OF GAS SPECIES IS i

THE NUMBER OF SOLI0 SPECIES 18 1

TME BKwW ESUATION OF STATE PARAMETERS ARE
ALPNAT 5.00000000000¢-03 BE A= 3.60000000000e-03 THETA= 4.G0000000000€+02 KAPPA= 3 G9097784436E 08

THE COMPOSITION OF 7HE EXPLOSIVE 18
3.00000000000£+00 MOLES OF ¢
¢.00000009000€¢00 MOLES OF M
¢.00000000000g+00 MOLES OF N
¢.00000000000E+00 MOLES OF O

THE OENSITY OF 7HE ExPLOSIVE 8 x.wooooooooo:ooﬁ. CRANS/CC

THE MOLECULAR WEIGNT g 2.2212¢000000g+02 cRAMg

THE HEA? OF FORMATION AT 0 OEC K I8 3.39700000000c+04 CALORIES PER FORMULA WEIGHT

THE 9OL10 (COWAN) EBUATION OF STATE PARAME TERS VO, As, Bs, C3, 09, €O, AL, A2, C1, €2, C3, ATOMIC W?

SOL € 4.44444444444E-02 8.50935837268E-01 -1.393818092196000  6._72569716023¢-01 -1,.135372623086-01 6.49155882007¢-03
-2.26708345948¢-08 1.20516569525¢-012 9.31600000000e-02 -1.75590000000¢-01 1.55310000000¢-01 1.20100000000g008

THE INPUT OZC JONATION PRODUCT ELEMENTAL COMPOSITION MATRIX
[ ?.0ge00 O 1.0e¢00 0 2.0e+00

0 0 0 0 0 2.0e+00
1.0e-.00 ¢ 0 2.0e+00 1.0ee0D 0 0 i.0ee00 0 3.0e000 1.0ee00 O
0 1.0e-00 0 0 0 0 1.0e000 1.0e400 0 0 2.0e¢00 O
0 1.0e¢00 0 1.0e+00 1.0e008 4. 0ge00 O 0 1.0e000 O 0 0
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A FORTRAN BKW CALCULATION FOR THE EXPLOSIVE
CYCLOTRIME THYLENME TRINS TRAMINE

TME COMPUTED CJ PRESSURE 1§

TME COMPUTE(Q OE TONA 7ION VELOCITY IS

TME COMPUTED CJ TEMPERATURE I8

THE COMPUTED CJ VOLUNME

4.15935345157¢-01

3.46662648701¢-01

TME COMPUTYEQ GANMA 18 2.97903672703€+00

THE VOLUME OF TME GAS I8

oL10
soL ¢

VOLUME IN CC/GM
2.84815647821€-08

THE C-J COMPOSITION OF THE

SPECIE
(11

N2
o2
({1
(€

NO
N2
oM

CHe

NO OF MOLES
2.99994556597€400

9.45374846362e-0¢
2.88697862711E-06
1.48906096265€+00
2,18525884702-02
7.95040784083€-05
$.-9647876225¢-10
7.41458015996€-05
2.99994817506€¢00
4.96489085787€-10
3.61824388775¢-07

1.48908:26705¢400

1.16225961323¢+018

4.25884200000g¢018
1.34282833136£¢03
2.97034700000¢+08
1.17589615365¢+03
4,70309000000g 08
1.03537647396g¢03
4,74811200000g¢01
7.46280968750g+02
4,53308200000g+08
1.12158830990g¢03
4.,20181600000g¢018
1.20696321613g+03
2.63911000000g+08
7.94631617188¢402
4.04149800000g+08
1.20924 970573403
4,39234000000g 038
1,13916134896+03
4.24179200000g+08
1.18351754427¢403
3.87568600000g+0¢
1.04242791346+03
-2.46151900000¢ -01
-2,58204389323¢+02

$.75399404525¢-08

2.58759366556E+03

MECABARS

CC/GM OF EXPLOSIVE

CC/MOLE OF GAS AND THERE ARE

COEFFICIENTS 4,B,C,0,E, TME INTEGRATION

1.48080500000¢-02
-$.71070000000€ +04
1.14382900000¢-02
0,
1.28714700000¢ -02
0.
1.95446300000¢-02
-9.39680000000€ ¢04
1.23816100000¢-02
-2.72010000000€ +04
1.91166200000¢ -02
-9.36800000000¢+03
$.12337200000¢-03
$.16190000000¢ «0¢
1.26938600000¢-02
2.14770000000¢+04
1.22250100000g-02
0.
1.,15684700000g-02
3.56000000000g+03
2.56401300000¢-02
-1.60000000000¢+04
7,17985500000¢-03
g,

CH/MICROSECOND

OEGREES KELVIN

-2.63918100000e-06
2.50000000000¢+02
-2.20122200000¢ - 06
1.80000000000¢+02
-2.50021700000¢-06
3.50000000000€+02
-3.72129600000¢-06
6.00000000000g+02
-2.41640300000¢ - 06
3.90000000000¢€ +02
-3.36433000000¢-0¢
4.76000000000€+02
-1.69074000000€-06
7.60000000000g+08
-2.49460000000€-06
3.86000000000¢€+02
-2.37900500000¢-06
3.80000000000€+02
-2,22665900000¢ -06
4.13000000000¢ +02
-3.,70795700000¢-06
5.28000000000€+02
-1.29755000000¢ - 06
0.

7.51092369275¢+00

1.92045300000g-10
1.67776100000¢-10
1.80157000000g-30
2.77030000000¢-10
1.82818100000¢-10
2.19780100000¢-10
1.31682300000¢-10
1.09321300200¢g-10
1.79832200000¢-30
1.68915500000¢-10
2.47571400000¢ -0

9.345995000560g-11

MOLES OF GAS

OETYONATION PROOUCTS AND THE INPUT COEFFICIENTS 70 THME TNERMODYNAMIC FI?8 FOR EACH SPECIE

CONSTANT, MEAT OF FORMATION IN CAL/MOLE ,COvOLUNE



THE 8Kw MUGOMIOT FOR THE OE TONATION PRODLCTS OF
CYCLOTRIME THYLENE TRINI TRAMINE

PRE $suURE

SHOCK VvELOCSTY =

= 5,000000000006-01 vOLUNE = 3.68557080033c-01 TEMPERATURE = 2.86379819612E¢03

9.08433266937¢-08 PARTICLE VELOCI?Y = 3.05236663437€-01 UNITS ARE NBARS,CC/GM, OEC K, ANO CM/MICROSECONO

SPECIE NO OF MNOLE S
20 2.99998545678E400
L1 1.75209929177€-0¢ -~
o2 2.99312328467€-08
co2 1.49307822159¢+00
<o 1.34952144336¢-02
NN3 8.46270471283¢-06¢
L 1.92957891433e-09
NO 3.03023745638¢-04
N2 2.99984425771€400
oM 1.46899774007¢-09
CH4e 4.76844982552¢-08
0oL ¢ 1.49342651630g+00

PRESSURE = 4 ,350000000000g-01 voLuME = 3.81506073891E-01 TEMPERATURE = 2.75345203113¢g+0)3
SHOCK VELOCITY = §.932991116652-01 PARPICLE VELOCITY = 2.79650072618€-01 uUNITS ARE MBARS ,CC/GM, OEC K, ANO CK/KWICROSECCND

SPECIE NO OF MOLES
N20 2.99998078763g60
N2 2.52522105824¢-0¢
o2 1.35656509186€-08
co2 1.49266608115¢+00
[ 1.44776503827¢-02
NN3 1.10252722769¢-08
N 4.65427904492e-10
NO 1.82267984964¢-04
N2 2.99990335337¢+00
oM 4.02414879069E-10
CHe T.44019661677¢-08

sot ¢ 1.49285619407g400

PRESSURE = 4 .00000000000g-01 vOLUNE = 3.96585070658E-01 TEMPERATURE = 2.66222674513g+03
SHOCK VELOCI?Y = 8.81249123861€-01 PARTICLE VELOCITY =. 2,521207218026-01 UNITS ARE MBARS,CC/GM, OEC K, ANG CH/H]CROSECOND

NO OF MOLES

SPEC ..
H2o 2.99997078656E+00
.14 4.31472749893¢-0¢
o2 6.27020787340¢-0¢
co? 1.491552160498400
co 1.67981726650g-02
HH3 1.64097066746¢-08
L 4._85313590782¢-10
NO 1.14178952130g-04
N2 2.9999347056TE+00
OoN 4.31442574033g-10
CHe 1.41845003046g-07

soL ¢ 1.4916¢9523500g+00

PRESSURE = 3.50000000000€-01 vOLUME = 4 _14600769335¢-01 TEMPERATURE = 2.59153062904g+63
SHOCK VELOCLITY = 8.75429108468E-63 PARTICLE vELOCI?Y = 2,22112965089£-08 UNI?S ARE MBAKS,CC/eM, CEC K, AND CM/MICRCSECINC

SPECIE  NO OF MOLES

n2o 2.99994794443E400

2 $.93854167661¢-0¢

o2 3.02430422377¢-06

co2 1.48927526506¢g+00

co 2.14194943420g-02

NN3 2.82929973680e-05 --
] $.35071178956¢-10

NO 7.59819829510¢-03

N2 2.99994786251E400

OoN 4.91567677137€-10

CHe 3.38498479404g-07 \
soL ¢ 1.48930490210€00

PRESSURE = 3_.00000000000¢-03 vOLUME = 4 .36835280098c-01 TEMPERATURE = 2.54370083879¢+03




SPECIE

w20
N2
o2
co2
<o
NN3
]

NO
N2
oM
(€. 1]

soL ¢

PRE SSURE

SPECIE

N20
L1
o2
co2
<o
NKS
N
NO
N2
ON
CHd

soL ¢

PRE SSURE

SPECIE

neo
2
o2
co
<o
LI} ]
]
NO
N2
oM
CHé

soL ¢

PRE$SURE

SPECIE

n2eo
2
o2
co2
<o
NM3
L]
NO
N2
ONM
(4.1

soL ¢

PRE SSURE

SPECIE

u2o
[
o2
co2
<o
NN3
L
NO
N2
OM
(4.1
soL

MO OF MOLES

2.99988911914E400
2.29785316955£-08
1.56725927136¢-06
1.48474003089c+00
3.05726923301¢-02
$.72203253137¢-25
6.25410207065€-10
$.50316386149-05
2.99994387402¢+00
$.92628655103¢-10
1.03561532141¢-0¢
1.48468626116E+00

= 2.50000000000g-08 vOLUME

NO OF MOLES
2.99971100943€+00
7.50244687743¢-08
9.02971899893¢-07
1.47512781751€400
4.58:68742398€-02
1.370517,3754€-04
8.27406842919c-08
4.45955588281€-03
2,99990917635¢+00
7.29569073208c-08
4.15533367580¢-06
1.47494114591€+00

= 2.00000000000ec-08 vOLUME

NO OF MOLES
2.99905352133€+00
3.17e54574076¢-04
5.96579368401€-07
1,45298361590g400
*.49383020624¢-02
3.90415086854E-04
2.08714838218¢c-0"
4,14606690567¢-08
2.99078405762€400
2.83781678836€-07
2.23055089619¢-05
1.45205577653€E400

= 1.500000000006-08 vOLUME

NO OF MNOLES
2.99591143015¢+00
1.78372116349g-03
4.50998348192¢-07
1.39491864343€+00
2.14204557745¢-01
1.31834880621€-03
1.58990809610¢-06
4.43242202272¢-08
2.99931876349¢8400
1.49903363334¢-0¢
1.63040501926€-04
1.39071375833€400

= 1.00000000000e-03 vOLUME

NO OF MOLES
2.97504092530€00
1.36668866707¢-02
3.37533931589¢-07
1.22857497519€+00
$.67748710634€-01
5.26496255947¢-03
1.24983060644¢-03
4.96035227474¢-08
2.99734271696£400
1.01351058357¢-08
1.69171374364€-0)
1.20198460044E400

4.65492034077e-03 TEMPERATURE

$.04768663355c-01 TEMPERA TURE

5.63965128855e-01 TEMPERATURE

6.69390292687¢-01 TEMPERATURE

2.,52225368612€03

2.53174658206¢403

2.57565620937€+03

2.64623490861£403
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14

A BRw 1SENTROPE THRU 8Kw CJ PRESSURE FOR
ROX CYCLOTRIME TMYLENE TRINS TRAMINE

LN(P)z -3 _49297740731E+00 -2.54806028626E ¢00LNY

INCTIZ 7 _.43443243083€408 -4 90817152634 E-01ILNY

LN(E)z -1 603502412233€+00 $.19208252102¢-03LNP

THE CONBTANT ACOEQ TO ENERCIES wAg 1.00000000000¢-01

2.56284384201E-01LNvel

PRESSURE (NBARS)

3.466626408781E-018
2.,42663054347¢-03
1.69864697903¢-01
1.18905288532¢-01
$.32337019724¢-02
$.82635913807¢-02
4,.07845139685¢-02
2.85491597765¢-02
1.99844118436g-02
1.39890882908¢-02
9.79236180335¢-03
6.85465326234¢-03
4,.79825728364€-03
5.35878009855¢-03
2.35114606898c-03
1.64580224829¢-03
1.15236157380g-03
8.06443101661¢-04
5.64510173163¢-04
3.951571198'4¢-04
2,76609983¢ “g-04
1.93626988705¢-04
1.35538892096¢-04
3.98662046098¢-01
4,.58461353013¢-01
5.27230853965¢-01
6.06315139360¢-01
6.97262410264¢-01
8.01851771804g-014
*,22129537574¢-014

THE 1SENTROPE $TATE

$Xw PRESSURE

J.46662648701¢-018
2.42683854147€-08
1.69864697903¢-01
1.18905288532¢-08
$.32337019724¢-62
$.82635913807¢-02
6.07845339665¢-02
2.85491597765¢-02
1.99844118436g-02
1.59890882905¢-02
9.79236180335¢-03
6.85465326234¢-03
4. 79825728364¢-03
3.35878009855€-03
2.35134606890¢-03
1.64580224829¢-03
1.15206157380¢-03
$.08443101661¢-04
$.64510371163¢-04
3.95187319884¢-04
2.76609983870€-04
1.93626988709¢-04
1.35538892096E-04
3.98662046098¢-08
4.58461353013¢-08
$.27230895963¢-01
6.06335139360¢-01
6.97262430264¢-08
$.03851771804g-018
9.221295375745-08

VOLUME (CC/GM)

4.15935350982¢-08
4,69093987956¢-01
$.29965625166€-01
6.00189284098c-08
6.81803562866€-01
T.77028859144E-08
$.88907438901¢-01
1.02113784639€+00
1.17838616759£400
1.36695791246€+00
1.59385614894E400
1.86879462348E000
2.20386399502e+00
2.61447561825€00
3.12037929393¢+00
3.74699459602¢400
4.52712000931€400
$.50024262141€+00
6.72682919669€400
$.27415256663£+00
1.02313668969c+01
1.27103240328€401
1.58482086738¢¢08
3.96885356962¢-01
3.78694889350e-0¢
3.61228541397¢-01
3.44202843737€-01
3.26300974698; -91
3.11225320419¢-08
2.97898690227¢-01

FI7? PRESSURE

3.42007052513¢-81
2.40586891593¢-01
1.69348084479¢-01
1.19157824082¢-01
$.37275002576¢ -02
S.8T748347631E-02
4. 1197574663402
2.08350291672¢-02
2.01552733611¢-02
1.40628357727¢-02
9.80020905465¢-03
6.83905135450¢-03
4.77055131434E-03
3.33132793191¢-03
2.32969923481€-03
1.63242269053¢-03
1.14601521241€-03
8.06483025547¢-04
$.67200877661¢ -04
3.985508888426-04
2.79176948071¢-04
1.94401041282¢-04
1.34107925500¢-04
3.92996645917¢-08
4.51875509384E-01
$.20449318751€-08
6.01799600712¢-01
T.0730812739%¢-08
9.16694293650c-01
9.33448003¢57¢-08

TEMPERATURE (0EC K)

2.5875936653¢6¢+03
2,44025410622e+403
2.29059666043g¢03
2.14384490360¢+03
2.00434562728¢+03
1.07044783371€403
1.74509010113¢+03
1.62057115419¢+03
1.52077981649€403
1.42249053138g¢03
1.33126090094c+03
1.24721284584€403
1.16962429208¢¢03
1.09769295739g+03
1.03056914280g+03
9.67409620208c402
9.07437880573¢02
0.49208991539g+02
7.94080445607¢+02
T.40475883596€002
6.88201867397¢402
6.37068895323¢+02
$5.86929621037€+02
2.64297690676¢+03
2.69633705130¢+03
2.74697021400c+03
2.79504209255€+03
2.64834367405¢+03
2.88721210089€+03
2.90313821783¢¢05

$KW TEMPERA TURE

2.58759366556E+03
2.44025410622¢083
2.29059666043¢+83
2.14384490360¢+83
2.00434562720€+03
1.87044 79337103
1.74509810113g+03
1.62057115419803
1.520779016496403
1.422490531306+03
1.33126090094g403
1.24721204504E+03
1.169624292006+03
1.00769295739¢+03
1.03056914200g+03
9.67409628200e402
9.07437800573¢402
8.49200991539¢402
7.94080445607c002
7.40475803596E 002
6.88201867397¢+02
6.37068095323¢+02
$.86929621037¢+02
2.64297690676E+03
2.69633703130¢¢03
2.74697021400g403
2.79504209255¢+03
2.04834367405¢+03
2.00721210089c403
2.90313821703€+03

6.59353630096E-02LnPe2 &4 07879169323 -03LNPs)

ENERGY*C (MB-CC/CM)

1.24200627104¢-01
1.00763295430¢-01
9.63895994894¢-02
8.63993698681¢-02
7.03093065606g-02
T.16597794967¢-02
6.61902223966¢-02
6.,16630943082¢ -02
$.78953120500¢ -02
$.47622930232¢-02
5.21076953821¢-02
4.90564394379¢-02
4.79361788042¢-02
4.62091331080¢-02
4.48687813973¢-02
4.36374387387¢-02
4. 25644767090¢-02
4.16149036999¢-02
4.07923523906-02
4. 00636452946¢-02
3.94216420729¢-02
3.88501274872¢-02
3.83432801071-02
1.31281189881¢-08
1.39060223226¢-08
1.47650005025¢-08
1.57283774060e-01
1.68947916544¢-08
1.80250775357¢-01
1.91682860924¢-01

VARIASLES A8 COMPUTEC FROM THE LEAS? SSUARES FI?

FIT TENPERATURE
2.56240322413¢+83
2.42874102890c083
2.20001443187¢¢03
2.143T74T764316E+83
2.010644426539¢+03
1.80210244389€003
1.75935749854¢+03
1.662041005786403
1.53302234751g+403
1.430020040813€403
1.33435447110€003
1.264593144496€003
1.16465802206 403
1.09025671132¢403
1.02225131116g403
9.59951953587¢+02
9.02445091302¢402
0.407239711 71002
T.97103072372¢402
T.46180169792¢402
6.94281268932¢402
6.39721859514¢ 02
$.01168656999¢ 402
2.61833867923¢403
2.67436057532¢+403
2.73072043563€¢03
2.70013073069c403
2.85117739000g¢03
2.90635752274¢+403
2.95666916073¢+03

GANMA (-OLNP/DLNV)
2.94991700019c+00
2.90305349576€+00
2.85213737243€+00
2.79712834225€+00
2.73798722098¢+00
2.67490765179¢+0)
2.60795401141€+00
2,.53732615598¢+00
2.46330197961¢400
2.58612407836E+00
2.30656211859€400
2.22527636309c+00
2.14324065523¢+00
2.06168176994¢+00
1.98209640991£+00
1.90627163434€+00
1.03630876977€+00
1.77479290456€+00
1.72414737938€400
1.68771205200g+00
1.66089738003€+00
1.67129629277€+00
1.69850373407€400
2.96720440206c+00
2.98391886698¢+00
3.00012646193€+00
3.03603533850E+00
3.05282442827€+00
3.04695587055€+00
5.05939136224€400

$kw ENERGY ¢ C

1.24280627104¢-01
1.80763295438€-0¢
9.63095994094¢-02
8.63993690601¢-82
7.83093065606¢-02
T.16597794967¢-02
6.61982223966¢-82
6.166309410852¢-82
$.70953120580¢-02
$.47622930232¢-02
$.21076951923¢-02
4.98564394379¢-82
4.79361780042¢-02
4.62091331080¢-02
4. 40607013973¢-02
4.36374387387€-02
4.25644767090¢- 02
4,16149056999¢-02
4,07923523906¢ -02
4.00656452946€E-02
3.94236420729e-02
3.88503274972e-02
3.83432001871€-02
1.33281189803¢€-08
1.39060223226€-01
1.47650803025€-01
1.57283774060¢-01
1.68947916544¢-01
1.80250775387¢-01
1.93602860924¢-08

9. T4TIS2HS96TE-O3LMved -9.36201009664E-03LNved

3. 75183959834 -02LNve2 2 84069451321 -02LNve3 -9 96133737672 -03LNved

9.83423378158g-05LNPes

PARTICLE VELOCITY
2.20002528743¢-08
2.93278938450e-01
3.58965507946¢-01
4.18102027779¢-01
4.71835131800e-018
5.20429991637€-01
5.64653101227¢-01
6.04969694274¢-08
6.43005713623€-08
6.75597797322¢-01
7.06571279570g-01
7.35051238503¢e-08
7.61291260798¢-01
7.85520933819¢c-018
$.079523019¢7E-018
8.28782539813¢-018
8.48194083404g-01
$.66307651573¢-08
$.83378000273¢-0¢
8.99476598188¢-01
9.14708556278c-01
9.29155085569c-01
9.42862453873¢-08

FIT ENERCY

1.24287087428¢-818
1.8869258680¢E-083
9.63293656878¢-82
$.637809085581¢-82
T.82090742685€-02
T.16866682178E-82
6.62354393554¢-82
6.17122099676£-82
$.79360955460¢-82
5.47689247219€-02
5. 20974059455¢-02
4.98339695218¢-82
4.79075057163¢-02
4.62602652588E-82
4.40449400752¢-82
4.362252177126-02
4.25605642298¢-02
4.16320210042e-82
4.00142553007¢-02
4.00003167624€-82
3.94383963074¢-02
3.08513981900e-02
3.03166144129¢-02
1.31355575861€-01
1.39214475716¢-01
1.47871059380€-01
1.57424348318¢-01
1.67987090936€-01
1.79692195604¢-01
1.92687622960¢-01



THE 1SENTROPE PRESSURE AND COMPOSITION OF OETOMATION PROOUCTS
neo w2 o2 ({1

3.46662640781£-08
2.95040751945€-05
1.46006608640g¢00
2.42663654147€-01
1.14756420427¢-04
1.47095514056€400
1.60664807905¢-038
3.25021107225¢-04
1.46531561446E¢00
1.16905288532e-018
7.40001472975c-04
1.44076616370E400
8.32331080724€-02
1.44600203307¢-03
1.42092071174€400
5.62635915607¢-02
2.471131200859€-0)3
1.41066408473c400
4.07045139665€-02
3.02556219651¢-03
1.30123030111€+00
2.65491597765¢-02
5.30766330350e-0)
1.57146352275€E00
1.990044)16436E-02
T.01066834889€-03
1.35012691011E+00
1.30890882905¢-02
8.50070006568€-0)
1.32436744994€£+00
*.79236180335¢-03
*.5025176725 '£-03
1.20406578631,+00
6.03465326234¢-03
1.01924234516E-02
1.25022921110¢+400
4.79625728364E-0)
1.02463923344€-02
1.21809249137E¢00
$.35018009855¢-03
9.05068572387€-05
T.17628433752¢400
2.55114606698€-03
9.17735934404g-03
1.15611532668c¢00
1.64500224020¢-05
8.15346036067€-0)
1.10085569932¢¢00
1.15206157300e-03
1.0854300527-03
1.07331133797€400
$.06443101661E-04
5.91656011257€-03
1.05674566909€400
§.64510171163e-04
4. 976693656096 -03
1.05042156107€¢00
5.05157)198)4¢-04
3.9260215313%¢-03
7.056913561690£400
2.7660998380e-04
3.03048051031€-03

1.076806291126408
1.93626086790¢-04
2.24712201407-88
1.10007891235¢¢00
1.35536602896c-04
1.5662321585¢£-08
1.15541042207E+00
3.06662046008c-01
1.53405696089c-05
1.49206175816E¢00
4.50461355013z-01
T.26003407541€-06
1.49449375151E400
5.271250555965¢-08
3.09660481242e-06
1.49642331365€+00
6.06515139560€-08
1.144606860152¢-0¢
1.49790845881c000
6.97262410264E-08
3.6230921298¢c-07
2.49005357161¢g¢00
8$.01851771804€-08
5.26224527703¢-08
1.50016631576€+00
0.22120537574€-01
4.99556206655¢-10
1.50174263411€+00

<o NS N
2.99004556597¢400
S.30687662160¢-10

2.90976043518c400
5.07547218478€-08

2.99020373220€+00
0.09322568324¢-08

2.99760369452E+00
1.43072287333¢-07

2.99466942098¢000
1.666751285¢0g-07

2.98858561284€400
1,55702059064¢-07

2.9776675907¢g+00
117939826750 -07

2.95976403777¢400
T.66791362799¢-00

2.93278300903e+00
4.28146017494E-08

2.89484774473¢400
$.62951057002¢-10

2.64665908778E+00
4.50135638947¢-10

2.79008078573g+00
3.37342668808e-10

2.72902731265g+00
2.3156310380¢e-10

2.66646045:61E L0
1.388742959¢7¢-10

2.61337276854E400
6.65804427370¢-11

2.56701782687c¢00
2.10860183877¢-11

2.53531654586€400
1.00000000000¢-11

2.51059932650€400
1.00000000000¢-11

2.51528238704g400
1.00000000000e-11

2.52145115000c+00
1.00000000000¢-11

2.554 14103669400
1.00000000000g-11

2.50407678542¢400
1.00000000000e-11

2.64534066740E 400
1.00000000000¢-11

2.99901274775¢400
4.68404520002e-30

2.99908745637¢00
3.41426883942¢-09

2.99099462993¢¢00
5.13436183813€-10

2.99999812523¢g+00
2.54228300448€-10

2.90099941423e400
3.44356528909¢-10

2.99999987552¢+00
9.16604547590¢-11

2.909999909903¢400
3.36368965094¢-11

NO

2 oM (<]
®.45374 8364 10e-06
T.43456054516€£-03

6.09961217255£-08
2.90291441216€-08

2.72662825546E-04
1.03468345323e-05

0. 31963085371€-04
3.32853003012¢-0¢

2.60383397673¢-03
0.76633830323-07

6.08951295615¢-03
2.55690415222¢-07

1.23406457337€-02
6.00579170639¢-08

2.21834839558e-02
4.99134882360¢-10

5.569563¢3010g-02
9.79528923684€-10

5.23704420272¢-02
1.64461100263¢-10

7.01219022697¢ -02
6.45287598391€-11

8.68222925130¢-02
1.43610601539e-11

1.00304028700¢-03
1.00000000000¢-11

1.08973611840g-01
1.00000000000g-11

1.12014974913¢-01
1.00000000000¢-11

1.09357988044¢-01
1.00000000000¢-13

1.01546057386€-01
£.00000000000€-11

$.91004285167¢-02
1.00000000000¢-11

7.45558633081g-02
1.00000000000g-11

5.07362128859¢-02
1.0.700000000e-11

4.32005967167€-02
1.00000000000g-11

2,93065347811¢-02
1.00000608000g-11

1.80290005838¢-02
1.00000000000¢-11

3.98516351003g-0¢
1.04021953468¢-04

1.52699272190g-0¢
1.47669083977¢-04

5.23064022720¢-07
2.08043281199¢-04

1.57103275424¢-07
2.97999402457¢-04

4.1472¢663687¢-08
4.62344527808¢-04

4.36136042792¢-10
T.49825824299¢-04

2.28142883072¢-10
1.18894890242¢-03

oL ¢
2.88607880055¢-06
2.99004 81750600

5.21332382720¢-07
2.99992810721¢+00

8.99891545553¢-08
2.99983231573¢400

5.08137252220¢-10
2.99962788500g+00

2.83910839781¢-10
2.99927607067€+00

1.20583083871€-10
2.99876121566E400

2.88706325368€E-11
2.99808718842¢400

1.00000000000g-11
2.99750116810g+00

1.00000000000¢-11
2.99649036534¢+00

1.00000000000¢-11
2.99574964988E+00

1.00000000000g-11
2.99520374113¢+00

1.00000000000¢-11
2.99490878827¢+00

1.00000000000g-11
2.9%487680384¢+00

1.00000000000¢-11
2.99507465715¢+400

1.00000000000¢-11
2.99544432035¢g+00

1.00000000000¢-11
2.99592326535¢+00

1.00000000000¢ -11
2.99645720014€ 400

1.,00000000000e-11
2.99701182000€+00

1.00000000060g -1
2.99754165325¢+00

1,00000000000¢-11
2.99803698642€400

1,00000000000¢-11
2.99848478983¢400

1.00000000000g-11
2,99887643804E400

1.00000000000¢-13
2.99920688377€400

5.67875640102¢-0¢
2.99993086884E 00

1.13781337723¢-08
2.99992252054€¢00

2.35992522204¢-05
2.999894430068+00

5.228373245¢0g-05
2.99985042800¢400

1.36567325013g-04
2.99976864454E+00

4.22358665376g-04
2.99962504578¢400

1.40173392898€-03
2.99940552630g+00

1.48006096240c¢00
4,964 8908434410

1.47936778172¢400
4.57586668323¢-08

1.46611043938¢¢00
1.02356137181¢-07

1.45103500976£400
1.59488371639E-07

1.43550724713€400
1.86612883497€-07

1,42287642160g+00
1.66621601184E-07

1.47.60548004€400
1.19903545038¢-07

1.41667736755¢+00
7.15451657550e-08

1.427839%4764 9400
3.22842464918¢-09

1.44953508591g+00
$.24590383375¢-10

1.48181981471€+00
4.03033766757¢-10

1.52206006849c00
2.86129994312¢-10

1.56671501376€+00
1.83437438171g-10

1.61171877107¢+00
¢.60672234168E-11

1.65321516726€+00
3.68004725379¢-11

1.60800486375€400
1.00000000000¢ -11

1.71424041124¢400
1.00000000000g-11

1.73010069561£400
1.00000000000e-11

1.73653933629e400
1.00000000000€-11

1.73344431076€ 000
1.00000000000e-11

1,72171557335¢400
1.00000000000e-11

1.70251712507€+00
1.00000000000g-11

167710404 386E400
1.00000000000g-11

1.49197285864€400
4.15378470042€-10

1.49433500577g400
2.50424004597¢-00

1.49617324215€+00
2.48897530106E-10

1.49750776663¢+00
1.70662224721€-10

1.49851867825€400
1.78527990648¢-10

1.49857369707¢+00
5.19005150586E-21

1.49775022030¢+00
1.42546826640E-11

2.18525889737e-02
3.61624354079e-01

4.16736636230€-02
3.10300073298¢-0¢

6.8546759677¢c-02
1.79056650556€-08

1.00322437136E-01

7.63193292440e-08

1,34294931952¢-01
2.68129177082c-04

1.65657121393¢-01
8.02372271080c-04

1.90055468223e-08
2,11675065345¢-03

2.06881155101€-01
4.97705460571€-03

2.11537543644€-08
1.04958695650¢-02

2.06082082868¢€-01
2.00153812887¢-02

1.89701282469¢-01
3.44151165060¢-02

1.65790077189¢-01
5.39116431356g-02

1.37542859907€-01
T.76496349655e-02

1.08103960469e-01
1.03894930921¢-01

8.01968073167¢-02
1.30472608740e-01

5.58324463132e-02
1,55216990614€-01

3.61046322613¢-02
1,76254618521E-01

2,13812829160e-02
1.91763352310¢€-01

1.163094122826-562
2,01394354606€-01

5.67362946110€-03
2.039684 9869651

2.421007360486-03
$.99656322962¢-01

¢.66965970208¢-04
1.86622907731€-01

2.69246417150¢-04
1.67123587¢55€-01

1.59652551438e-02
1.280543081¢5€-97

1.11703085283¢-02
5.9187662¢5¢9c-00

7.405445755626-03
4.60043713583€-10

4.5837T447789¢-08
2.7682832%418e-10

2.62774992204€-03
2.23979217812e-10

1.25818712863€-03
2.05902001874€-11

$.0734560435¢€-04
1.00000000000¢-11
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V. FORTRAN BKW CODING FORMULAS. Stretch BKW cop- b, 1+ we - Py
X
sists of numerous subroutines, both self-sufficient
and dependent. The self-sufficient subroutines are o PV
c. =F - £
described in Appendix. I. (x) RT

The dependent subroutines form the main body of the
code under the control of a master control routine
which performs only the operations requested by the
input. A dependent subroutine uses the results of
other dependent subroutines and assumes that certain
sequences of operations have preceded it.

System I. Given P and T, coapute Vg. Coded as
SUEROUTINE SYSL1(IND).

N —
O

N Xi
2. Z=Ki§1_—k

X i
3. Linear feedback on Vs. (See Appendix IB for
description of routine.) (VBOS) = Initial

guess = 15, Ratio = 1.1, Error = 1 x 10.8.

a. W= _Z___
vs('r+e)°‘

6.

Find F? for 1 = 1to N.

8.

b.

Find

Call thermodynamic function subroutine
for (F - Ho/'r)i for 1 = 1 to NT.

Form

+

(o]
F* ’H°2 +(A}{f)i 1n(R),-P)

i RiT R.T

1
eﬁw- F X -1
- [l"F(x)’ C B 1) - Ky ‘(EL‘ ]

(VS)i and (G*)1 for i = N+1 to NT.

Call Cowan solid equation of state

subroutine for VS and then Fé.

o '
(cr), = (EHOY (W) | P
i~ \Rl’l‘ 1 _R_lT_ o

Enter equilibrium subroutine to compute new
X..
i

17



T. Test for convergence.

NT -5
N lyi—xil < 2 x 107’ (EXTIME).

If not converged, return to step 1.

System II. Given P, T and V, celculate E. Coded
as SUBROUTINE SYS2. Assumes System I has been per-
foramed.

F,o\-1
- {x) ~
1 Ey ler(um 2 )
N X
i - - o '
2. E, = {igli [(B Ho)i RT + (Aﬂf)i]}+E8,

where (H—Ho)i was obtained using the thermo-
dynamic function subroutine for i = ito NT.

3. (Bg); = (H-HO), + (Au‘i’,)i * RyB)

for i = N + 1to NT, vhere E; was obtained
from the Cowan so0lid equation of state sub-

routine.

NT
b E'.T.‘oi‘.a.l-xE *x xi(Es)i'

€& jan+l
p— NT - p
5. V, =XV + L X, (v.),(MOLWT), .
Total B8 Nl it 's’i ' i

6. VPG = (vTotal)/(AMom).

System II A. Given a P, compute Hugoniot tempera-

ture. Coded as SUBROUTINE SYS24(IND).
1. Linear feedback on T.

(HUGBOS) = Initial guess = 3000°K, RATIO = 1.1,
ERROR = 1 X 10 .

0= (1x 10—5)[E'1‘ota.1—Eo—1/2(P+Po)(v(')—VPG)(Ri)
X (Auomr)].

P = (PO) = 1 x 1076,

Enter System I and II to find the necessary values.
1x 107 is SCALF, a convenient scaling constant.

System III. Find the C-J Values.
ROUTINE SYS3(IND).

Coded as SUB-

1. (CJBOS) = P = 0.15 + o.es(po--l).

guessed
0.15 is in APGCJ, and 0.25 in BPGCJ.
Retio = 0.8, ERROR = 1 x 1076.

18

2. Use minimum of a parabola subroutine for
P-P
D= V! __'__O_\-&
[} VO—V'PG.
Use System II A to find the necessary values. :,

3 tJoD2

e Yar = - 1. R
cJ PCJ Z
= L, -

4, Uos [PCJ(VO VPG)?

System IV. Given P, T and V, calculate S. Coded
as SUBROUTINE SYS4. Assumes System I has been per-
formed.

N Xi Xi
' = - — ——
1. Ss Rl[ 13:1 (_ ln = >+ ln (RkoP)]
X X
R0 P, .- (esv—l> + G'T[F(X)—lj .
1 (x) B (T+0)
N xi o
= — '
2. 8s 1;‘._‘_ = Si + SS’
X
wnere S for 1 = lto NT was obtained from
thermodynamic function subroutine.
R.(8!')
3. (8.), = 80+ -2 81  £or 1« N+l to NT,
s’i i R5
where S; was obtained from the Cowan solid
equation of state routine.
_ NT

b Sporar = XgSg t 1Zner ¥4(8g)y -

System IV A. To compute the CJ isentrope for the
CJ pressure. Coded as SUBROUTINE SYSLA(IND).

1. TFrom the CJ pressure, find the Hugoniot tem-

perature and energy using System II A, and
the CJ entropy using System IV.
2. From the CJ point, first decrease P by multi-
ples of DECIP = 0.175 until you reach AMINP
(1 x 10-1‘). Then increase F,; by multiples
of AINCP (1.15) until you reach AMAXP (1.0).
3. Find the isentrope value by using linear feed- .-

back on T end the equation

S'I.‘ota.l

ASBOS = Initial guess = CJ T, Ratio = 0.9,

Error = 0.1 for P < PCJ'

- SCJ = 0 using System IV.



ASBOSH = Initial guess = CJ T, Ratio = 1.1,
Error = 0.1 for P > P...

Note: VBOS(1l) is set equal to VBOS 2, and

cJ HUGBOS(1) is set equal to HUGBOS 2 each

L. Maximum number of isentrope points is 100. time the previous history of the problem

S. When an isentrope point is found, System II can result in an undesirable result left
is used to find the energy. in VBOS(1) and HUGBOS(1).

VI. CONSTANT IDENTITY NUMBERS FOR THE CONSTANTS.

E' = (Bpopay~Eo)/[(R5)(AMOLWT)] + CPRIME.

Identity Name of Value in
Value Constant Code
E' units are Mbar - cc/g.
1
CPRIME = 0.1 is a constant to keep E positive. VBOS(1) 15
2 2 VBOS(2) 1.1
6. Fits of lIn P = f£(1nV) = A' + g'lnv + Clllnv 3 VBoS(3) 1.0 x 10-8
+ D'lnv” + E'lnV , I EXTTME 2 x 10-5
In T = £(1nv), 5 HUGBOS( 1) 3000
ln E' = £(1nP), 6 HUGBOS(2) 1.1
were obtained using PFTS, a Los Alamos Scien- 7 HUGBOS( 3) 1.0 x 10°°
tific Laboratory least-squares subroutine. 8 PO 1.0 x 10—6
9 CJBoS(2) 0.8
T y= - s308)  rrom the £it of 1nP = £(1nV) -6
) dlnv . 10 CJBOS( 3) 1.0 x 10
11 APGCJ 0.15
8. Particle velocity 12 BPGCT 0.25
v dP\b 13 AMHUGP 0.5
L J (- ) o, 14 DELP 0.05
¢ 15 CPRIME 0.1
accoumplished using Simpson's rule and finding 16 DECIP 0.75
dP/dv from the fit by 17 AMINP 1x 1°—h
-8 _ -PdloP for 100 increments between 18 AINCP 1.15
dav V dlnV
19 AMAXP 1.0
each isentrope point.
. , . 20 ABOS(2) 0.9
Simpson's rule is
21 ABOS(3) 0.1
22 ABOSH(2 .
s = A—g(YI#&Y2+2Y5+kY e, (2) 1.1
n- n 23 ABOSH( 3) 0.1
4
where n = 101, AV is volume increment, and 2 VBOS2 5
dp\ & 25 HUGBOS2 3000
Y is (— W) . -8
26 AMAXE 1.0 x 10
AMINX -11
System V. Compute Hugoniot curve. Coded as SUB- 2; 1.0 x 10_7
2 AMINY .
ROUTINE SYSS(IND). Using System II A to compute the 1.0 x 10
2 .
necessary values, find P by 9 TX(2) 1.1 -9
30 TX( 3) 1.0 x 10

1. P = AMHUGP - (n)(DELP) until it is less than
DELP where n = 0 for 1lst calculation, 1 for
2nd, etc., P = 0.5 - n(0.05).

For a few problems it has been found necessary to
change 5, 9, 12, 26, and 27 to obtain convergence.
Another use of this feature is to change the range
2. Max number of Hugoniot points is 20. and intervals of the various calculations. Once a
constant has been changed, it will be changed for

P
s V(') (V'—VPG y coumputed if P > PCJ' further explosive calculations unless the new set
o >

W
(=
]

L of input restores the constant to its original value.
. U= (Up)CJ + (P—PCJ)(VCJ—VPG) computed if
P> PCJ'

19



APPENDIX I
SELF-SUFFICIENT FORTRAN SUBROUTINES

A. Equilibrium Subroutine.
the equilibrium composition for a system of 10 ele-

This subroutine computes

ments, 20 gaseous species, and five solids. Only
one of the solids is permitted to disappear. The
subroutine is based on a modified version of the
minimization of free energy technique described by
White, Johnson, and Dantzig.

The Formulas

_ N _ N
X= b X t= b Y
Yy
fi(y)zF'{-rln—_ for i =1 to N
y
= Q¥
(}i(y) G for i = N + 1 to NT

To form [A]JX = [B], the equations are

te

L
4

M
o M Gy < -f;(y) for i=1toN

L B Ea |

M .
k;‘.lﬂka.ik-—(}i(y) for 1 = n + 1 to NT

M

}wnlu'ikxi’bk .for 1 = 1 to NT

N —
i % -X=0

The Matrix (AlX = [B]

1 N1NY |1 M 1
TIL T X, 11 (v
¥ - % 1 i

1 1 o]
¥
1 1
Y. F o
X N ¥ 1k
N+l 1 1
(o]
o o] o 'Gi
NT XNp INT
' l * 4 nt - b *
u‘ik (o] [o] 1 k
M| k M
11 1] o |l o w M.
Xl X n‘k

The matrix is solved with the lLos Alamos Scientific
laboratory subroutine L3S (Linear System Solver).

The Constraints

1. The initial Y, may not be smeller than 1 x 1077
(AMINY).

2. The xi for 1 = 1to N may not be smaller than
1 x 1071 (aMINK).

3. The xi for 1 = N + 1to NT mey not be negative.
If one is negative and it is the last soliad,
it is eliminated. If it is not the last solid,

then an error return occurs.

L. The system has converged when
NT -8
5 [Yi—xil < 1x 10" (AMAXE).

5. Otherwise Xi for 1 = 1 to NTto Yfor i = 1 to

NT and resolve.

If the equilibrium scheme is not part of an outside
loop, constraint 4 must be satisfied before con-
straint 3 is tested or a solid may disappear in
error. With an outside loop, such as in BKW, the
error corrects itself and a considerable saving
in machine time is achieved for systems in which

one solid is supposed to disappear.

Programming Instructions

CALL EQUIL (AIK,Y,FE,ELEM,/NELE,NGAS ,NTOT,IND)
AIK - Array of elements in each species
Dimension (NELE,NTOT)

Y - Array of initial guesses of moles of each

epecies Dimension (NTOT)

FE - Array of free energies of each species
Dimension (NTOT)

ELEM- Array of amount of each element present
Dimension (NEILE)

NELE- Number of elements
NGAS- Number of gaseous species
NTOT- Total number of species

IND - Error indicator, set to -1 if other than the
last solid disappeared, and set to -7 if ma-
trix is singular.

After the CALL EQUIL the user will wish to test

IND to determine if an error has occurred.



An Exawmple, ckH8N8°8

{‘—*k

FREE NO
AIK C H N 0 ENERGY (FE) MOIES (Y)
1. HO b. 2. 0. 1. -2.28 Lo
2. H, 0. 2. 0. 0. 9.56 0.01
3. 0, 0. 0. 0. 2. T.14 0.01
k. co, 1. 0. 0. 2. -1.25 2.0
5. CO 1. 0. 0. 1. 4 .62 0.01
6. NH 0. 3. 1. 0. 9.79 0.01
7. H 0. 1. 0. 0. 18.42 0.01
8. NO 0. 0. 1. 1. 12.10 0.01
9. N, 0. 0. 2. 0. 10.25 k.o
10. OH 0. 1. 0. 1. 13.35 0.01
11. Cg 144 1- 0- 0. 0. 2.99 2.0

AIK(I) for I = 1 to NAIK where NAIK = (NTOT)*(NELE)
will be stored in order as a floating point 0., 2.,
0., 1., 0., 2., 0., 0., etc.

Y(I) for I = 1 to NTOT will be stored in order as

a floating point 4, 0.01, 0.01, 2., etc.

FE(I) for I = 1 to NTOT will be stored in order as a
floating point -2.28, 9.56, 7.14, -1.25, etc.

ELEM for I = 1 to NELE will be stored in order as

a floating point 4., 8., 8., 8.

NELE is 4, NGAS is 10, NTOT is 1l.

The answers will be stored in the same order start-
ing in location Y.

The free energy of each species is of the form
My FOHg Aty
R >1+CRT >1+1“P
+ imperfection terms.
RULES

1. All the gaseous species must be given first,
followed by the solid species.

2. If any one solid may not be present, it must be
listed last.

3. There must be as wany species as elements.

L. Not all the species may be multiples of each
other.

5. Initial guesses are best if they satisfy the
mess balance constraints; however, any reason-

able guesses will probably be satisfactory.

B. FORTRAN Linear Feedback Subroutine. This sub-

routine solves F(x) = O for X by iteration.

The Method (given X guessed, ratio, and mex zero).

1. Initial entry
a. If X guessed = 0., set it to 1.
b. Set count = 1 and XP = X guessed.
c. Exit to get F(XP).

2. Second entry
a. Set XN2 = XP, FN2 = F(XP), FN = F(XP), and
count = 2.

b. If |FN2! < max zero, set count = 0., X

guessed = XP, and exit with XP
tion.

the solu-

c. Otherwise, set XP = (X guessed)*(ratio) and
exit to get F(XP).
3. Third entry
a. Set XNl = XP, FN1 = F(XP), FN = F(XP), and
count = 3.

b. If 'FN1! < mex zero, set count = 0., X
guessed = XP, and exit with XP = the solu-
tion.

~ XN1-XN2
c. Otherwise, set XP = XN1 - ¥N1 (———ml_mz

and exit to get F(XP).

L. Fourth and succeeding entries

a. If the count > 1000, exit with count =
- count. )

b. Otherwise, set XN = XP, FN = F(XP), and
count = count + 1.

c. If XN = XN1 or FN = FN1, exit with count =
- count. ]

d. If FN < max zero, set count = 0, X guessed
= XP, and exit with XP = the solution.

XN-XN1
FN-FN1 )

f. If FN and FN1 are of opposite signs, set
XN2 = XN1, ¥FN2 = FN1, XN1 = XN, FN1 = FN,
and exit to get F(XP).

e. Otherwise, set XP = XN - FN <

g. If FN and FN2 are of the same sign, set
XN2 = XN1, FN2 = FN1, XN1 = XN, FN1 = FN,
and exit to get F(XP).

h. If XP lies between XN and XN2, set XNl = XN,
FN1 = FN, and exit to get F(XP).
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i. Otherwise, set XP = XN - FN Cg:’;:—z- A

XNl = XN, FNL = FN, and exit to gt F(XP).

Calling Sequence

CALL LFB (XP,FP,TX)

XP - value of X to calculate F(X)
FP - F(XP)

TX - an srray of dimension 10
TX(1) - X guessed

TX(2) - ratio

TX(3) - wex zero

T™@(%) - XN
TX(S5) - FN
TX(6) - XN1
TX(7) - FN1
TX(8) - XN2
TX(9) - M2

TX(10) - count

On the initial call to LFB, TX(10) must be < O.

On return from LFB,
TX(10) = O if a solution has been found.
that solution.
TX(10) > 0. Calculate F{(XP) and place in FP.
TX(10) < 0. Error in the calculation (set to
negative count) if a) too many iterations (1000),
b) two successi've XP's are equal, or ¢) two suc-

XP is

cessive FP’s are equal.

C. FORTRAN Thermodynamic Function Subroutine. This
subroutine computes the ideal gas thermoiynamic

functions from a fit of the entropy.

Description
Input is A, B, C, D, E, IC, and the temperature.

S0 = A + BD + c72 + D17 + ET'.

H - HO = %E«» 2‘;”5 53”&«»1?5 +1C,
since fgn—t-f'l\%
since —F—,I,Ep- = l—{%@ - S0.

Programming Instructions

Calling Sequence
CALL TDF (T,A,IND,ANS)
T = Temperature
A = An array of six coefficlents A,B,¢,D,E,IC
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IND = O for SO, 1 for H - HO, 2 for F-HO/T
ANS = Result

D. FORTRAN Cowan Solid Equation of State Subroutine.

This subroutine computes the solid volume for a giv-
en pressure and temperature, and the thermodynamic
imperfection terms for a given pressure, temperature,

and volume.

The Formilas .
1. To find the volume:
a. If incompressible, Vs = Vo B

b. Otherwise, linear feedback on g with

Pauessed 1.1{rx(2)lo_ , until error is
less than 1.0 x 1072[TX(3)],
TV = (T)/R5

2 3 4
0=A  +Bp, +Coop + Dyng + Ego,
c2 . ¢C 2
+ (A1+A205)TV + (c1 + Z + O—DTV - P.
8

2. To find the imperfection free energy (Fé):

e. If incompressible, F! = (P)(Vo)(MOU\T),

b.
7 = o) {pv, | (a,v #3007, - 3_ - Z'F i %)
8 8

C2V§ ijj 2
+ <A1V5+A21nvs> T, + (clv + 22y )TV]: }
o
Units are Mbar-cc/mole.

5. To find imperfection enthalpy (E' s)-

a. If incompressible, Eé =0,

2 3
. czv Cv
[ 8 8 2
b. E'_ (Moxmj[ (e, + =2+ 3 >Tv
[ D E v
-{(Av+B1logv -2 .-._8___S 1, .
(s S '8 8 Vs _—52"5 :,;f) 5

Units are Mbar-cc/mole,
L. To find the imperfection entropy (s;):

a. If incompressible, Ss' =0,

b. ' o=
S', = (MOLWT) [(Alvsmzlnvs) + o1

cove oo

8 8
(CIVS + 5 + -3

]

(4]




v
e

Units are Mbar-cc/v-mole. D = £(P) by approximating it with a parabola.

Programming Instructions The formula for min P from 3 sets of D and P is
Calling Sequence » o ‘Pf(nj.nz) + P:(Dl—Ds) + P§(D2’D1)
CALL SES (P,A,IND,ANS). min "P,(D5-D,) + P,(D, D) + P4(D,-D,)
P = An array of 3 P(1) Pressure (Mbar),
P(2) temperature (OK), Programming Instructions
P(3) volume (cc/g for imperfec- Calling Sequence

tion terms). CALL MIND (P,D,FG).

P = Calculated P (Pmin).
D = Calculated D (calculated by users code).
PG = An array of 4 PG(l) P guessed,

A = An array of 12 equation of state coefficients
Vo, AS, BS, Cs, DS, ES, Al, A2, C1, C2, C3,
MOLWT.

IND = O for volume, 1 for free energy, 2 for en- PG(2) Ratio of next two guesses

PG(3) Definition of when mini-

mum is reached,

ergy, 3 for entropy and set equal to -1 for
error in linear feedback on volume.
ANS = Answer. If IND is O the answer is also put
in P(3).
E. FORTRAN Minimum of a Parabola Subroutine. This

PG(4) Cycle count - set to ze-
ro on éolution, set to
-1 if more than 1000

subroutine computes the minimum of a function iterations.

APPENDIX II
FORTRAN LISTING OF THE CODE

The order of the code is input; output; dependent
subroutines 1, 2, 24, 3, 4, 4A, 5; and independent
subroutines EQUIL, LFB, MIND, SES, TDF, LSS, and PFTS.

PROGRAM RKW (INP{ITeOUTPUTFILMsTAREL2=FILM)

000003 COMMON X (25) s THFRC (8425) ¢ SOLENS(1295) ¢ AIK(250) +VSOL (5) ¢
1FREENE (25) ¢ XN1 (28) ¢ESOL(S) ¢ELEM{10) eNoNTyMeTEMPsPRESSsALPHA
2BETAYTHETAWAKAPP A VGASIRMOVAMOLWT ¢EQ e LOEQeICJC s INUGHY IBVCo
JIGRPLIDICsIRHOCIONL o IMISeIEXTeFXsR1TeR2TeXBAR
GETOTeVTOTeVPGIFS (S) o INDeGAMMASNDETVEL ¢PCUsFGP e ALNP+S(25) ¢+ SGASSTOT
SeVCJeUCUCUTCUS

000003 COMMON / RST/ VBOS(10)eEXITMEYSESP (3) ¢R14R2+.ABTOA
19R3eRS4REsSCALF oPO s HUGBOS(10) ¢« CJUROS (4) s APGCJUWRPGCY
2eDELP s AMHUGP s HUGP (20) s HUGT (20) ¢ HUGV (20) ¢ HUGUP (20) » HUGUS (20}
3+ASB0S(10) ¢ ASBOSH(10) ¢ASP(100)+ASYV(100)4AST(100).ASE(100)4ASG(100)
49 ASUP (100) 2+ VARX (2500) ¢ ALGV(100) ¢ CPRIME'DECIPeAMINP s AINCP s AMAXP
SeALX(101)eFITP(100)oFITT(100)sFITE(100) +PCOEF (5) s TCOEF(S) ¢FCOEF (S)
6oW(100)eNELY(100)eSB(S)sT(S)eA(5,5) e ALGP(100) eDPNVI(100)eITelw
TeALGF (100) s VBOS2,,HUGB2¢NSFeNAIK VO

000003 COMMON /NAMES/ NaM(25) oNAMS(S) ¢NAME(10) s LABEL (12)
000003 COMMON/SUBVAR/AMAXE s AMINXeAMINY TX (10}
000003 DIMENSION ATHRHO(4) «NOVAR(25) eVAR(2S)
c THE READING OF INPUT DATA
000003 1 READ 9OIQIOEQ'ICJC'XHUG'IPVC'IGQP.IDIC.IRHOOIONLoXMISOIEXT
000033 READ 904+ LABEL
000041 READ 901 sMeNINT
000053 IF(M.GT,10) GO Tp 4l0
000057 IF(NY.GT,25) GO TO 410
000062 READ 902,ALPHA.BETA+THETA,AKAPPA
00007S READ 905+ (NAME(TI)eI=1¢M)
000110 READ 902+ (ELEM(I)e1=14M)
000123 READ 902+RHOsAMOLWTEQ
000135 READ 902, TEMP4PRESS
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000145 READ 905, (NAM(I) ,I=1sNT)

000160 READ 902, (X(1)eI21siNT)

000173 NTDF= (8)aNT

000176 READ 902+ (THERC(1)+i=1eNTDF)

000210 IF(NJEQ.NT) GO TQ 3

000212 NSF = (NT=N)

000213 IF(NSF ,GT.S) GO TO 4190

000216 READ 905, (NAMS(1)¢12]1,NSF)

000230 DO 7 I=1,NSF

000232 READ 9024 (SOLEQS (Je1)eJ=1412)

000245 7 CONTINUE

000250 3 NAIKz= (NT)® (M)

000253 READ 902, (AIK(I) vIz1eNATK)

000265 10 IF(IRHOLLT.1) GO TO 11

000267 IF(IRHO,GT«4) GO TO 200

000272 READ 902, (ATHRHO (1) ¢1=1+1RHO)
c EXTRA INPUT FEATURE

000304 11 IF(IEXT.LT.1)GO TO 200

000306 IF(IEXT,GT,25) Go TO 200

000311 DO 12 I=1+IEXT

000312 READ 906, (NOVAR(I)sVAR(I))

000321 12 CONTINUE

000324 299 DO 380 I=1.lEXT

000326 IF (NOVAR(I)=1) 300+301+302

00033] 301 vBOS(1)=VAR(])

000333 302 IF(NOVAR(I) =2) 300+303+30¢

000337 303 VBOS(2)=VAR(D)

000361 306 IF(NOVAR(I)=3) 300+3059306

000345 305 VB0OS(3)=VARI(T)

000347 306 IF(NOVAR(I)=4) 3004307308

000353 307 EXITME=VAR(I)

000355 308 IF (NOVAR(I)=5) 300,309+310

000361 309 KUGBOS(]1)=VAR(I)

000363 310 IF(NOVAR(I)=6) 300+311¢312

000367 311 HUGHOS (2)&VAR(I)

000371 312 IF(NOVAR(I)=7) 300+313¢314

000375 313 HUGBOS(3)=VAR(T)

000377 314 IF(NOVAR(I)~B) 300+315+316

000603 315 POaVAR(I)

000405 316 IF(NOVAR(I)=9) 300+317+318

0006411 317 CJBOS(2)=VAR(I)

0006413 318 IF(NOVAR(I)=10) 300¢319+320

000617 319 CJBOS(3)=VAR(I)

000421 320 IF(NOVAR(I)=11) 30093214322

000425 321 APGCJsVARI(I)

000627 322 IF(NOVAR(I)=12) 3009323+324

000433 323 BPGCJ=VAR(I)

000435 324 IF(NOVAR(I)=13)300+325+326

000441 325 AMHUGP=VAR(I)

000443 326 IF(NOVAR(I)=14)300+327+328

0004647 327 DELP=VAR(I)

000451 328 IF (NOVAR(I)=15)3004329.330

000455 329 CPRIME=vVAR(I)

000457 330 IF(NOVAR(I)=16)3004¢33]1+332

000463 331 DECIPaVAR(I)

000465 332 IF(NOVAR(I)=17)300,333¢334

000471 333 AMINP=VAR(I)

000673 334 IF (NOVAR(I)=18)300,335¢336

000477 335 AINCP=VAR(I)

000501 336 IF(NOVAR{1)=19)300,337+338

000505 337 AMAXP=VARI(I)

000507 338 IF(NOVAR(I)=20)300+339+340

000513 339 ASBOS(2)=sVAR(I)

000515 340 IF(NOVAR(I)=21)300¢341¢342

000521 341 ASBOS(3)=VAR(I)

000523 3642 IF (NOVAR(I)=22) 3009343¢344

000527 343 ASBOSH(2)=VAR(])

000531 344 IF(NOVAR(1)=23) 300¢345+346

000535 345 ASROSH(3)=VARI(I)

000537 346 IF (NOVAR(I)=24) 3009347+348
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000543
000545
000551
000553
000557
000561
000565
000567
000573
000575
000601
000603
000606
000610
000620
000630

000633
000636
000641
000643
000644
000m46
000647
000650
000651
000653
0006546
000655
000656
000660
000661
000662
000663
000665
000666
000667
000670
000672
000673
000675
000676
000677
000701
000702

000703
000705
000707
000711
000713
000715
000717
000721
000725
000731
000735
000736
000740
000744
000750
000754
000755
000757
000763
000767
000773
000774
000776
001002

347
348
349
350
351
352

353
354

355
356

357

358

359
300

380

200

201

202

203

206

205

400

401

402

403

406

vVB0S2aVAR(T)

IF (NOVAR([)=2%)
HUGB2=VAR(])

IF (NOVAR (1) =26)
AMAXE = VARI(]I)
IF (NOVAR(1)=2T)
AMINX = VAR(I)
IF (NOVAR (1) =28)
AMINY = vAR(I)
IF (NOVAR(1)=29)
TX(2) = VAR(I)
IF (NOVAR(1)=30)
TX{(3) = VARI(Y)
PRINT 992+ NOVAR

WRITE (12¢992) NOVAR(I)sVAR(I)

CONTINUE
MAIN CONTROL

30090349+350
300¢3514352
300903534354
300+355,356
30093574358
30093599300

(DyevaR(D)

IF(IHUG.GT.0) ICYC=1

IF(IPVC,GT.0) IC
VO=1,/RHD
IF(INEQ.EQ.0) GO
CALL SYS1 (IND)
IF(IND.LT.0) GO
CALL CUPNT
IF(ICJC.EQ.0) GO
CALL SYS3(IND)
IF(IND.LT.0) GO
CALL CJUPNT
IF({IHUG.EQ.0) GO
CALL SYSS (IND)
IF(IND.LT«0) GO
CALL HUGPNT
IF(IPVC,EQ.0) GO
CALL SYSsA (IND)
IF(IND.LT.0) GO
CALL ISPNT
IF(IRHO.EQ.0) GO
RHO=ATHRHO (IRKHO)
IRKHO3IRKO=1
HUGBOS=HUGB?2
vB0S=VROS?2

60 TO 200
VB0S=VB0OS2
HUGBOS=HUGB2

GO To 1

ERROR RETURN
IF(IND.EQs~1) GO
IF(IND.EQes=2) GO
IF(IND.EQe=3) GO
IF CINDsEQe=4) GO
IF (IND.EQ.~5) GO
IF(IND.EQs=6) GO
IF(IND.EQe=7) GO
PRINT 990

PRINT 981

PRINT 999

CALL CJUPNT

STOP

PRINT 999

PRINT 982

PRINT 999

CALL CJUPNT

STOP

PRINT 999

PRINT 983

PRINT 999

CALL CUPNT

STOP

PRINT 999

PRINT 984

JC=l

To 201
TO 400

To 202
T0 400

To 203
T0 400

TOo 204
TO 400

To 205

T0 401
T0 402
To 403
TO 404
TO 405
To 406
TOo 407
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001006
oolo0l2
001013
001014
001016
001022
001026
0o0lo32
001033
001035
001041
001045
001051
00l052
001053
001055
001061
001065
001071
001072
00l074
001100
001106
001110
001111
001113
001113
001113
001113
001113

001113

001113
001113
001113

001113
001113

001113
001113
001113

001113
001113

000002

000002

000002
000002
000006
000014

000022

26

c

c

405

406

407

410

901
902
904

905

906

990

981
982
983
984
985
986
987
991

992

PRINT 999

CALL CJUPNT

CALL HUGPNT

SToP

PRINT 999 -
PRINT 985 .
PRINT 999

CALL CUPNT

SToOP -
PRINT 999

PRINT 986

PRINT 999

CALL CUPNT

CALL ISPNT

STOP

PRINT 990

PRINT 987

PRINT 999

CALL CUPNT

STOP

PRINT 999

PRINT 991

PRINT 999

CALL CJUPNT

STOP

FORMAT (1215)

FORMAT (4E18,11)

FORMAT (12A6)

FORMAT (11A6)

FORMAT(115S.1E18.11)

ERROR RETURN FORMATS

FORMAT (1o1HlaoagoahoERaoRoonaooa?ahaERnoRaoaaa»aooaaaoanRRORhaoﬁ
1000aussFRRORGG S0 000ERRORI GG 0004 dFRRORU S NI HE)

FORMAT (54H AN ERROR IN LFB INTERATING ON GAS VOLUME SYS1 )
FORMAT {54H AN ERROR IN LFB INTERATING ON SOLID VOLUME SYS1 )
FORMAT (54H AN ERROR IN EQUIL OTHER THAN LAST SOL1ID QI§APPEARED )
FORMAT (54K AN ERROR IN LFB INTERATING ON HUGONIOT TEMP SYS2A )
FORMAT (54H AN ERRoﬁ IN MIND+USED BY SYS3+MORE THAN 1000 INTERATE)
FORMAT (54H AN ERROR IN LFB ITERATING ON P FOR ISENTROPE SYS4A)
FORMAT (54K AN ERROR IN EQUIL SINGULAR MATRIX FROM LSS SYS1 )
FORMAT (109K THE INPUT DIMENSIONS ARE T0O LARGE #we«CAN ONLY HAVE 10
1 ELEMENTSs 25 SPECIES OF WHICH ONLY 5 MAY BE SOL1IDS )

FORMAT (27H] CONSTANT WITH IDENITY NO +115. 4K IS +1PE18,11)

END

SUBROUTINE CUPNT

THE PRINTING OF THE C J RESULTS

COMMON X {(25) + THERC(B425) +SOLEQS(12¢5) ¢ AIK(250) ¢+VSOL (5) s

1FREENE (25) ¢+ XN1 (25) ¢ESOL(5) sELEM(10) +NoINT oMo TEMP¢PRESS+ALPHAY
2BETATHETAWAKAPPAIVGASsRHOsAMOLWTEO,IOEQe ICJC s IKUG.IPVC,
3IGRPIDICsIRKO+IONL s IMISsIEXTeFXsR1T4R2T 9 XBAR
GETOTeVTOTeVPGIES(5)  INDsGAMMADETVEL +PCJUsFGPeALNP+S(25) 1 SGAS»STOT
SeVCJeUCJUsCUTCUS

COMMON / RST/ VBOS(10)sEXITMEsSESP(3) +vR14R2+A8T0A
1¢R3+RS54R69SCALF s PO HUGBOS (10) +CJUBOS(4) +APGCJU+BPGCY
2+DELP s AMHUGP s HUGP (20) 4 HUGT (20) o+ HUGV (20) +HUGUP (20) 4 HUGUS (20)
31ASBOS(10) ¢ASBOSH(10) ¢ASP(100) sASV(100) ¢AST(100) +ASE(100)+ASG(100)
4eASUP (100) o VAHX(2500) +ALGV{(100) yCPRIMESDECIP+AMINP+AINCP ¢+ AMAXP
SeALX(101)eFITP(100)sFITT(100)sFITE(100) sPCOEF (S)+TCOEF (5)ECOEF (5)
6oW(100)¢DELY(100) oSB(S)eT(5)eA(5+5)eALGP(100) sDDPNV(100)sITeIW
T+ALGF (100) ¢+ VROS2 ,HUGB2 ¢+NSF ¢NAIK s VO -
COMMON /NAMES/ NAM(25) ¢+NAMS (5) «NAME(10) ¢ LABEL(12) '
PRINT 902

PRINT 900¢LABEL

PRINT 903¢ M

PRINT 904¢ N




000030
000036
000042
000056
000062
000064
000075
000100
000105
000113
000121
000125
000127
000145
000161
000164
000167
000202
000206
000214
000222
000230
000236
000244
000252
000262
000266
000270
000301
000304
000307
000313
000315
000336
000352
000355
000356
000362
000370
000376
000404
000412
000416
000432
000436
000440
000451
000454
000461
000467
000475
000501
000503
000521
000535
000540
000543
000556
000562
000570
000576
000604
000612
000620
000626
000636
000642
000644
000655
000660

10

11

12

13

20

21

22

PRINT 905¢ NSF

PRINT 906

PRINT 907+ALPHAJRETAZTHETAWAKAPPA
PRINT 908

DO 10 1=1eM

PRINT 909s ELEM(I)s NAME(I)
CONTINUE

PRINT 910+ RHO

PRINT 911s AMOLWT

PRINT 912, EO

PRINT 913

DO 11 I=]1eNSF

PRINT 9149 NAMS (1) (SOLEQS(JeI)eyzleg)
PRINT 915, (SOLEQS(JsI)eJd=T412)
CONTINUE

PRINT 916

PRINT 917+ (AIK(I)e1514NALIK)
PRINT 902

PRINT 900+LAREL

PRINT 918+PCJ

PRINT 919+DETVEL

PRINT 920+CJT

PRINT 929sVCJ

PRINT 921 +GAMMA

PRINT 922+VGAS,XRAR

PRINT 923

DO 12 I=1sNSF

PRINT 924 ¢NAMS (1) eVSOLI(T)
CONTINUE

PRINT 925

PRINT Q26

DO 13 I=1¢NT

PRINT 927 eNAM{T) X (1) o (THERC(JeI)yJ=1s5)
PRINT 92R8s {THERC (JeI) 4J26,8)
CONTINUE

IF (IGRP,EQ.0) RFTURN

WRITE (12¢902)

WRITE (12+900) LABEL

WRITE (12903) M

WRITE (12¢9064) N

WRITE (12+905) NsF

WRITE (12¢904)

WRITE (12+907) A{PHABETA,THETA,AKAPPA
WRITE (12¢908)

DO 20 I=1eM

WRITE (12+909) ELEM{I)eNAME(I)
CONTINUE

WRITE (12+910) RWO

WRITE (12¢911) AMOLWT

WRITE (12+912) EO

WRITE (12+913)

DO 21 I=2)1eNSF

WRITE (12¢914) NAMS(1) s (SOLEQS(Je1)eJ=1e6)
WRITE (12¢915) (SOLEQS(Je1) eJd=T.12)
CONTINUE

WRITE (12+916)

WRITE (12+917)(ATK(I),1214NATK)
WRITE (12+902)

WRITE (12+900) LABEL

WRITE (12+918) PcJ

WRITE (12+919) DFTVEL

WRITE (12+920) CUT

WRITE (12¢929) V¢J

WRITE (12+921) GAMMA

WRITE (12¢922)VGAS+XBAR

WRITE (12+923)

DO 22 I=1¢NSF

WRITE (12+¢924) NAMS(I)evSOLI(T)
CONTINUE

WRITE (12+925)
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000663
000667

000671
000712
000724
000731
000731
000731
000731

000731
000731

000731
000731
000731
000731
000731
000731

000731
000731

000731
000731
000731
000731

000731
000731

000731
000731

000731
000731

000731
000731
000731
000731
000731
000731
000731

000731

000002

000002

28

WRITE (129+926)
DO 23 I=1¢NT
WRITE (12¢927) NAM(I) o X{I) o (THERC(J91) sJ=1s5)
WRITE (12¢928) (THERC(Je1)0J=6,8)
23 CONTINUE
RETURN
900 FORMAT (12A6)
901 FORMAT(11A6)
902 FORMAT (46H]1 A FOQRTRAN BKW CALCULATION FOR THE EXPLOSIVE )
903 FORMAT (//+28H THE NUMBER OF ELEMENTS IS +I5)
904 FORMAT (//+30H TWE NUMBER OF GAS SPECIES IS +15)
905 FORMAT (//¢32H THE NUMBER OF SOLID SPECIES IS +I5)
906 FORMAT (//¢41H THE BKW EQUATION NF STATE PARAMETFRS ARE)
907 FORMAT ( BH ALPHA®)1PE1B8.11¢6H BETAZ¢1PE1Bs1197H THETAZ,1PE1Be]l]
1TH KAPPA=s1PE1B.11)

908 FORMAT (//+.40H THE COMPOSITION OF THE EXPLOSIVE IS )

909 FORMAT (SH v1PELB,11+10H MOLES OF +1A6)

910 FORMAT (//,33H THE DENSITY OF THE EXPLOSIVE IS +1PE1B8+11+10Hs GRAM
1s/¢C )

911 FORMAT (//.25H THE MOLECULAR WEIGHT IS +1PE18,11, 6H GRAMS)

912 FORMAT(//+37H THE HEAT OF FORMATION AT 0 DEG K IS «1PE1B8+411929H CA
1LORIES PFR FORMULA WEIGHT )

913 FORMAT (//+109H THE SDLID (COWAN) EQUATION OF STATE PARAMETERS

1VOe ASs BSs CSe DS+ ESoe Aly, A2s Cle C2+ C3, ATOMIC WT )

914 FORMAT (//+1A6+6(2Xe1PE18,11))

915 FORMAT (gH 16 (2X41PE1B,11))

916 FORMAT (//¢59H THE INPUT DETONATION PRODUCT ELEMENTAL COMPOSITION
IMATRIX )

917 FORMAT (12(3Xs1PFT.1))

918 FORMAT (//+32H THE COMPUTED CJ PRESSURE 1S +1PE18+11,413H MEG
1ABARS )

919 FORMAT (//+40H THE COMPUTED DETONATION VELOCITY IS +1PE18.11,1Y
1H  CM/MICROSECOND )

920 FORMAT (//+35H THE COMPUTED CJ TEMPERATURE IS +1PE18,11419H D
1EGREES KELVIN )

921 FORMAT (//+23H THE COMPUTED GAMMA IS #1PE18,11)

922 FORMAT (//.28KH THE VOLUME OF THE GAS IS +1PE18,11+35H CC/MOLE
10F GAS AND THERE ARE +1PE18,11,415H MOLES OF GAS)

923 FORMAT (//,25H SoL1ID VOLUME IN CC/GM)

924 FORMAT (1A64+3X,1PE18,11)

925 FORMAT(//+116H THE C=J COMPOSITION OF THE DETONATION PRODUCTS AND
1THE INPUT COEFFICIENTS TO THE THERMODYNAMIC FITS FOR EACH SPECIE)

926 FORMAT (//+116H SPECIE NO OF MQLES COEFFICIENTS AsBoCoDyE
1 THE INTEGRATION CONSTANTs HEAT OF FORMATION IN CAL/MOLE+COVOLUME)

927 FORMAT (1A6¢3Xs1PE18411¢5(2Xs1PE1Bs11))

928 FORMAT (27H +3(2Xs1PE1R,11))

929 FORMAT (//426H THE COMPUTED CJ VOLUME +1PE18,11,21H CC/GM OF EX
1PLOSIVE )
END

SUBROUTINE HUGPNT

THE PRINTING AND GRAPHING OF HUGONIOT RESULTS

COMMON X (25) s THERC(8¢25) +SOLEQS(T295) +AIK (250) +VSOL(5)»
1FREENE (25) ¢ XN1(25) o rSOL (9) ¢ELEM{10) o+NeNTsMeTEMP s PRESS+ALPHA»
2BETA,THETAAKAPPA ¢ VGAS ¢ RHO ¢ AMOLWT 4EO 4 IOEQ s ICJUC s IHUG IPVC,
3IGRPsIDICIIRHO G IONL ¢ IMISeIEXToFXsR1TeR2T e XBAR

YETOToVTINToVPGIFS(S) » INDeGAMMAWDETVEL +PCJUSFGPsALNP S (25) 1SGAS+STOT
SeVCJsUCJsCUTCUS

COMMON / RST/ VBOS(10)+EXITME+SESP (3) sR1+R2+ABTOA
19R3+R54RE9SCALF s PO+HUGBOS(10) »CJUROS (&) ¢ APGCJU+8PGCY

29DELP+AMHUGP s HUGP (20) ¢ HUGT (20) + HUGV (20) + HUGUP (20) 4 HUGUS (20)
3+ASBOS(10) +ASBOSH(10) ¢ASP (100) sASV(100) +AST(100)+ASE(100)+ASG(100)
49ASUP(100) s VAHX (2500) yALGV(100) yCPRIME+DECIPsAMINP+AINCP ¢y AMAXP
SeALX(101) eFITP(100)sFITT(100)eFITE(100) ¢PCOEF(5) ¢TCOEF(5) ¢ECNEF (5)
6eW(100) ¢DELY(100)9SB(S5)sT(5)sA(5+5) sALGP(100) +DPDV(100) sITelwW



000002
000002
000002
000006
000014
000015
000017
000033
000037
000050
000054
000056
000067
000071
000073
000076
000077
000103
000111
000112
000114
000130
000134
000145
000151
000153
000164
N00166
000170

000173
000174
000204
000206
000210
000212
000221
000223
000231

000235
000237
000247
000251
000253
000255
000264
000266
000274

000300
000302
000312
000314
000316
000320
000327
000331
000337
000343
000364
000344
000344

000344
000344

000344
000344

ToALGF (100) ¢+ VBOS2 HUGB2 +NSFeNAIK VO
COMMON /NAMES/ NAM(25) +NAMS(S) ¢NAME (10) s LABEL(12)
DATA ICHAR/0SS/
PRINT 902
PRINT 900+LABEL
K=1
DO 10 I=1.IT
PRINT 903+HUGP (I) sHUGV (1) +HUGT(I)
IF ( 1.GT.IW) GO TO 12
PRINT 904 +HUGUS(]) ¢HUGUP(])
12 PRINT 9085
DO 11 J=m]eNT
PRINT 906¢NAM({J) 4 VAKX (K)
KEKe]
11 CONTINUE
10 CONTINUE
IF (IGRP,EQ.0) RFTURN
WRITE (12+902)
WRITE (12+900) LaABEL
K=l
DO 20 I=1.1IT
WRITE (12¢903) HUGP (1) e¢HUGV(I) sHUGT(])
IF { 1.6T«IW) GO TO 22
WRITE (12¢904) HPGUS (1) +HUGUP(T)
22 WRITE (12+90%)
DO 21 J=1NT
WRITE (129906) NAM(J) s VAHX(K)
K3Ke]l
21 CONTINUE
20 CONTINUE
GRAPH PRFESSURE Vs VOLUME
CALL ADV(1)
CALL DGA (1234102340¢90090¢901¢001,90,)
CALL DLNLN (10+190!
CALL SLLIN (10+2)
CALL S8LIN (10+2)
CALL PLOT (ITeHUGVeleHUGP419sICHARS])
CALL LINCNT (60)
WRITE (12¢900) LABEL
WRITE (12+907)
GRAPH PRESSURE VS PARTICLE VELOCITY
CALL ADV(1)
CALL DGA (123+1023+0¢90000e916091,0004)
CALL DLNLN (10410}
CALL SLLIN (10+2)
CALL SBLIN (10+2)
CALL PLOT (IWsHUGUP+1,KUGP+14ICHARS])
CALL LINCNT (60)
WRITE (12+900) LaABEL
WRITE (12+908)
GRAPH SHOCK VELOCITY VS PARTICLE VELOCITY
CALL Apv(1l)
CALL DGA (12341023409900+0e910941,5¢0,5)
CALL DLNLN(10+10)
CALL SLLIN (10+2)
CALL SBLIN (10¢2)
CALL PLOT (IWsHUGUP®14HUGUSs1sICHARS])
CALL LINCNT (60)
WRITE (12¢900) LABEL
WRITE (12+909)
RETURN
900 FORMAT (1246)
902 FORMAT (50H1 THE BKW HUGONIOT FOR THE DETONATION PRODUCTS OF )
903 FORMAT (//+12H PRESSURE 3 +1PE1B,11+10H VOLUME = 41PE18.11¢15H TEM
1PERATURE = 41PElgell)
904 FORMAT (18H SHOCk VELOCITY = +1PE18¢11¢20H PARTICLE VELOCITY 341PE
118.11¢50H UNITS ARE MBARS,CC/GM, DEG Ky AND CM/MICROSECOND )
905 FORMAT (//+22H SPECIE NO OF MOLES)
906 FORMAT (1A643X,1PE18.11)
907 FORMAT (//4+646H PRESSURE (MBARS) =~ VOLUME (CC/GM) HUGONIOT )

29



000344

000344
000344

000002

000002

000002
000002
000002
000002
000006
000014
000026
000040
000052
000060
0000646
000066
000113
000116
000121
000125
000127
000154
000157
000162
000175
000176
000200
000201
000214
000220
000221
000223
000225
000231
000237
000251
000263
000275
000303
000307
000311
000336
000341
000344
000350
000352
000377
000402
000405

30

c

908

909

10

1

12

20

21

FORMAT (//+61H PRESSURE (MBARS) = PARTICLE VELOCITY (CM/USEC)
1HUGONIOT )

FORMAT (//+SOH SHOCK VELOCITY - PARTICLE VELOCITY HUGONIOT )
END

SUBROUTINE ISPNT

THE PRINTING AND GRAPHING OF ISENTROPE RESULTS

COMMON X {25) s THERC (B+¢25) ¢+ SOLENRS(12+5) +AIK(250) s VSOL (5) »
1FREENE (25) ¢+ XN1(25) +gSOL (S) ¢ELEM(10) sNINToMeTEMPsPRESS+ALPHA
2BETAyTHETAWAKAPPA s VGAS +RHOWAMOLWTIEO, I0OEQeICJC s IHUGYIPVC,
3IGRP o IDICIIRHOSIONL s IMISeIEXTeFXyR1ToR2T e X8AR
SETOTeVTOTeVPGIES(S) , INDsGAMMA¢DETVEL ¢PCJUeFGP s ALNP ¢S (25) ¢ SGAS+STOT
SeVCJeUCJUsCJUTeCUS

COMMON / RST/ VBOS(10)+EXITMEsSESP(3)9sR1+R2+ABTOA
1¢R3+R54RE e SCALF +pOHUGBOS (10) +CJUBOS (&) vAPGCJsBPGCY
2+DELP ¢ AMHUGP +HUGP (20) +HUGT (20) ¢ HUGV (20) +HUGUP (20) ¢ HUGUS (20)
3+ASBOS(10) sASBOSH (10) yASP(100) sASV(100)¢AST(100),ASE(100)+ASG(100)
&eASUP(100) o VAHX (2500) ¢ ALGV(100) ¢ CPRIMESDECIP+AMINP s AINCP ¢ AMAXP
SeALX{101)sFITP(100)sFITT(100)+FITE(100)+PCOEF (5) 4 TCOEF (S)+ECOEF (S)
6eW(100) ¢NDELY(100)9SB(S)eT(S)eA(5+5)sALGP(100) sDPDVI{100) eITeIW
T+ALGF (100) »VBOS2 sHUGB2 ¢NSF +NAIK VO

COMMON /NAMES/ NAM(25) +NAMS (5) ¢ NAME (10) o LABEL (12)

DATA ICHAR /044/

DATA ICHAR2 /063/

PRINT 902

PRINT 900¢LABEL

PRINT 903+ (PCOEF (I)91=1+5)

PRINT 904 (TCOEF(I)eI=1s5)

PRINT 905+ (ECOEF (1) 41=1+5)

PRINT 906+CPRIME

PRINT 907

DO 10 1I=1l,IT

PRINT 908¢ASP(I)¢ASV(TI)sAST(I) ¢sASE(I)2ASG{I)sASUP(])

CONTINUE

PRINT 909

PRINT 910

DO 11 I=y.IT

PRINT 9089ASP(I) oFITP(I)oAST(I) oFITTUI)SASE(I) +FITEL(D)
CONTINUE ’

PRINT 911

PRINT 912+ (NAM(I)eI3]NT)

K =1

L = NT

DO 12 I=1.17

PRINT 90B¢ASP (), (VAHX(J) ¢ JaKsL)

K = K ¢ NT

L = L & NT

CONTINUE

IF(IGRP,EQ,0) RETURN

WRITE (12+902)

WRITE (12+900) LABEL

WRITE (12¢903) (PCOEF(I1)eI=1,5)

WRITE (12¢904) (TCOEF(I)s1=1,5)

WRITE (12¢905) (FCOEF(1)e1=1,5)

WRITE (12+906) CPRIME

WRITE (12+907)

DO 20 I=1,IT

WRITE (129908)ASP(I) eASVI{I) +AST(I)sASE(I) +sASG(]) +ASUP(I])
CONTINUE

WRITE(12+909)

WRITE (12+910)

DO 21 Im1,1T

WRITE (12¢908)ASP(I)oFITP(I) sAST(I)oFITT(I)ASE(T)+FITE(])
CONTINUE

WRITE (12¢911)

WRITE (12¢912) (NAMCI)eI=1eNT)




000420
000421
000423
000424
000441
000443
000444

000446
000450
00045%
000462
000465
000467

000471
000472
000502
000503
000504
000505
000514
000523
000525
000533

000537
000541
000551
000553
000555
000556
000565
000574
000576
000604

000610
000612

000622
000624
000625
000627
000636

000645
000647

000655
000661
000662
000662
000662
000662
000662
000662
000662

000662
000662

000662

000662

000662
000662

K =1
L = NT
DO 22 I=1,1T7
WRITE (12+908) ASP (1) {(VAHX(J) ¢JaKel)
K = K ¢ NT
L =L ¢ NT
22 CONTINUE
GRAPH LOG SET UPSs
DO 30 I = Jo1IT
ASP(1)=AL0GlO(ASP(]))
ASV{I)=AL0GlO(ASVI(I))
30 CONTINUE
APCJ = ALOGlO(PCY)
AVCJsALOGlO(VCY)
GRAPH LOG PRESSURE VS VOLUME
CALL Apv (1)
CALL DGA (1239102300900 9=10e0%2090¢000=6,)
CALL DLGLG
CALL SLLOG
CALL SBLOG
CALL PLOT(IT4ASV +19ASPe1¢ICHARQ)
CALL PLOT(19AVCJUs1eAPCUs1+ICHAR2,40)
CALL LINCNT (60)
WRITE (12+900) LABEL
WRITE (12+913)
GRAPH TEMPERATURF VS LOG VOLUME
CALL ADV(1)
CALL DGA (1230102340990 0s=100%20001eE¢%s00)
CALL DLGLN(10)
CALL SLLIN(10.1)
CALL SBLOG
CALL PLOT(ITsASV,e1eASTe1sICHARYO)
CALL PLOT(1+AVCJy1eCUTe14ICHAR2,0)
CALL LINCNT (60)
WRITE (12+900)LABEL
WRITE (12+916)
GRAPH PRESSURE VS PARTICLE VELOCITY
CALL ADV(1)
CALL DGA(12301023¢0090000¢9%1ee¢0,9=Gs)
CALL DLNLG(10)
CALL SLLOG
CALL SBLIN(l0+2)
CALL PLOT (IWeASUP+1+ASP+]19ICHARs])
CALL PLOT (lsUCJUs1sAPCJUs1+ICHAR2,0)
CALL LINCNT (60)
WRITE (12+900)LAREL
WRITE (124919)
RETURN
900 FORMAT (12A6)
902 FORMAT (44H] A BKW ISENTROPE THRY BKW CJ PRESSURE FOR )
903 FORMAT(//+8K LN(P)= «1PE1Be1103Xe]1PE1B119SHLNV +1PE1B.11e6KLNV®2
1 o1PE18+,11¢6HLNVE3 +1PE1B.11¢SHLNV®G)
9046 FORMAT(//eBH LN(T)= +1PE1Be11¢3Xs1PE1IBs119SHLNY 41PE1B,11s6KHLNY®2
1 +1PE1B.11¢6HLNVe3 s1PE18,1]1¢5HLNV®S)
905 FORMAT(//¢8H LN(E)= +s1PE1Be11¢IXs1PEL1Bs11eSHLNP +1PE1Bs11e6KHLNPH2
1 ¢+1PE1B.11e6HLNPu3 ¢1PE1H,1195HLNP®4)
906 FORMAT(//+36H THF CONSTANT ADDED TO ENERGIES WAS 41PE18,.11)
907 FORMAT (//4126H PRESSURE (MBARS) VOLUME (CC/GM) TEMPER
1ATURE (DEG K) ENERGYeC (MB=CC/GM) GAMMA (=DLNP/DLNV) PARTICLE
2VELOCITY)
908 FORMAT(6(3Xs1PElgell))
909 FORMAT(70H1 THE ISENTROPE STATE VARIABLES AS COMPUTED FROM THE LEA
1ST SQUARES FIT)

910 FORMAT(//+119H 8KW PRESSURE FIT PRESSURE RKW TE
1MPERATURE FIT TEMPERATURE 8KW ENERGY ¢ C FIT ENERG
2Y)

911 FORMAT (64H1 THE ISENTROPE PRESSURE AND COMPOSITION OF DETONATION
1 PRODUCTS)

912 FORMAT (20A6)

913 FORMAT (4TH PRESSURE=VOLUME ISENTROPE THRU THE C=J VALUE )

31



000662

000662
000662

000003

000003

000003
000003
000003
000003
000003
000003
000003
000003
000003
000003
000003
000003
000003
000004
000006
000011
000013
000014
000015
000025
000030
000034
000036
000042
000044
000045
000046
000051
000060
000065

000065
000100
000105
000107
000110
0o00l12
000121

000144
000147
000151
000153
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o0 O

914
915

100

101

102

109
103
105

104

106

FORMAT (50K TEMPERAYTURE =VOLUME [SENTROPE THRU THE C=J VALUE)
FORMAT (43K PRESSURE =PARTICLE VELOCITY ISENTROPE )
END

SUBROUTINE SYS1 (IND)

SYSTEM 1

GIVEN PoT COMPUTE V

IND IS =1 FOR VGAS LFB ERRORe =2-vSOL LF8 ERRORes=3 EQUIL ERROR
COMMON X (25) ¢+ THERC(B¢25) +SOLEQS(12+5) ¢AIK(250) s VSOL(S) s
1FREENE (25) o XN1(25) +ESOL (S) sELEM(10) s+NINTeMeTEMP s PRESSe+ALPHA
2BETAsTHETAAKAPPAsVGASsRHO s AMOLWT EO4 IOEQeICJUC, IHUGIPVCy
3IGRPeIDICsIRHOGIONL o IMISeIEXTeFXsR1ToR2T e XBAR
GETOToVTOTIVPGIES (5) s INDsGAMMAYDETVEL +PCUeFGPsALNP+S(25) ¢ SGAS+STOT
SeVCJeUCJsCUTCUS

COMMON / RST/ vB0S(10)+EXITME+SESP(3) ¢R1sR2+ABTOA
1¢R3I'RSIREsSCALF+POHUGBOS(10) ¢ CUBOS(4) v APGCUeBPGCY
2+DELP s AMHUGP ¢ HUGP (20) +HUGT (20) ¢ HUGV (20) +HUGUP (20) 4 HUGUS (20)
39AS80S(10) s ASBOSH{10) 4ASP(100) ¢ASV(100)+AST(100)+ASE(100)+ASG(100)
49ASUP(100) ¢ VAHX (2500) yALGV(100) »CPRIME+DECIPsAMINPsAINCP s AMAXP
SeALX(101)eFITP(100) 4FITT(100)FITE(100) ¢PCOEF (5),TCOEF (S) +ECOEF (S)
6eW(100) sDELY(100)9SB(S)eT(S5)sA(5¢5)sALGP(100)¢DPDV(100)sITeIW
T+ALGF (100) +VBOS2,HUGB2 +NSF¢NAIK,VO

DATA VBOS2 /+1,5g¢1/

DATA VBOS(1)/¢1+5Eel/

DATA VBOS(2)/¢1.1/

DATA VBOS(3)/¢1+E=8/

DATA VBNS(10)/0./

DATA R1/1.98718/

DATA R2/84¢31439E-5/

DATA R3/¢2,39004905E¢4/

DATA ABTOA/0.986Q2E*6/

DATA RS5/¢1,416056Ee¢4/

DATA R6/40.43420464819/

DATA EXITME/+2,0F=5/

XBAR=(Q,

DO 101 I=1sN

XBAR=X8AR*X (])

CONTINUE

720,

DO 102 1=leN

ZaZ+{X(1) /XBAR)#THERC(8s1)

CONTINUE

TTA® (TEMP+THETA) ®¢ALPHA

InmAKAPPA®Z

CALL LFB8 (VGAS,F,VBOS)

IF(VBOS(10)) 103,1046+105

IND==]

RETURN

WaZ/(VGAS®TTA)

FXu{leoWHEXP(BETAW}!)

Fe FX «(PRESS #yGA!)/(R24#TEMP)

GO TO 109

FIND FREE ENERGIES

FGP==(EXP (BETAW)=1+)/BETA ¢ (ALOG(FX))

ALNP=ALOG (PRESS#ABTOA)

R1T=(R1)« (TEMP)

R2T= (R2) # (TEMP)

DO 106 JUml,N

CALL TDF (TEMPsTHERC(19J) s2+FREENE(J))

FREENE (J) sFREENE (J) /R1 ¢ (THERC(7+J) /R1T) ¢« ALNP
1=(FGP=(AKAPPA)# (THERC (BsJ) ) ® (FX=1,)/2)

CONTINUE

IF (NSEQ.NT) GO To 111

NSaNel

I =1



000154
000156
000165
000174
000176
000177
000200
000200
000210
000212
000221
000225
000227
000231
000232
000233
000234
000236
000241
000243
000243
000254
000256
000260
000261
000263
000270
000272
000274
000275
000276
000277

000002

000002

000002
000003
000005
000012
000024
000027
000037
000037
000060
000062
000066
000045
0000647
000054
000057
000064

107
110
108

111
112

114

113

201

DO 107 JaNSeNT
CALL TOF(TEMPsTHERC(14J) 92+sFREENE ({J))
FREENE (J) = (FREENF (J)) /7 (R1)* (THERC (79 J) /R1T)
SESP (1) =PRESS
SESP(2)=TEMP

IND=0
SESP(3)=0.
CALL SES(SESP+SOLEQS(1+1)4INDsvVSOL(I))
IF (INDJEGe=1) GO TO 108
CALL SES(SESP+SOLEQS(1s1)s1eFSP)
FREENE (J) ®F SP/R2T ¢FREENE (J)

I=]el
CONTINUE

GO TO 111

IND==2
RETURN
DO 112 I=1¢NT

XN1(T) =X (])
CONTINUE

IND=0
CALL EQUIL(AIK X FREENE+ELEMsM¢NoNT e IND)
IF(IND.EQe=1) GO TO 113

IF(INDeEQe=7) RETURN
AMOLER=(,

DO114 I=]1NT

AMOLER = AMOLER ¢ ABS(X(I) = XN1(I))
CONTINUE

IF (AMOLERLT.EXITME) RETURN

GO TO 100

IND==3
RETURN
END

SUBROUTINE SYS2

SYSTEM 1t ASSUMES SYS1 JUST PERFORMED

COMMON X (25) s THERC (8425) ¢ SOLEQS(12¢5) ¢AIK(250) sVSOL (5) »
1FREENE (25) ¢ XN1 (25) +ESOL (5) ¢ELEM(10) +NoNTeMyTEMP+PRESS¢ALPHA,
2BETA«THETAWAKAPPAsVGASIRHOIAMOLWT ¢EO 2 IOEQeICJC s IMHIUGeIPVC
JIGRPIDICIRHO 4 IONL ,IMISsIEXToFX4sR1T4R2T ¢ XBAR,
4ETOTeVTOTeVPGIES(5) 2 INDeGAMMASNETVEL ¢PCJeFGPeALNP ¢S (25) 1 SGASsSTOT
SeVCJeUCYyCUTCUS

COMMON / RST/ VBOS(10)+EXITMESSESP(3) sR14R2+ABTOA
1eR3+R54RE6+SCALFopOsHUGBOS(10) 9CUBNS (&) +APGCJBPGCY
2+DELP s AMHUGP s HUGP (20) ¢ HUGBT (20) « HUGV (20) +HUGUP (20) 4 HUGUS (20)
3¢ASBOS(10) vASBOSH(10) ¢ASP(100) ¢ASV{100)9+AST(100)«ASE{(100)+ASG(100)
4eASUP(100) ¢ VAHX (2500) ¢ ALGV(100) ¢+CPRIME+DECIP+AMINP¢sAINCP ¢ AMAXP
SeALX(101)sFITP(100)sFITT(100)sFITE(100)¢+PCOEF (5) ¢ TCOEF (5) ¢ECOEF (S)
6eW(100)+DELY(100)9SB(S)eT(5)sA(5¢5)sALGP{(100)DPNVI(100)eITelIW
ToALGF (100) +VBOS2 HUGR2+NSF +NATK VO

EGT=0.

DO 201 1=1sN

CALL TODF(TEMP+THERC(1+1) 91 esHMHOD)

EGTZEGT¢ (X{I)/XBAR) #* (HMHO=RIT¢THERC(7+1))

CONTINUE

EGT’EGTOQIT“(ALPHA“IEMP“(Fx'lo)/(TEMP‘THETA))

EST=0.

VSTan,

IFINJEQJ.NT) GO To 202

NS=Ne]

J=1

DO 202 1=NSeNT

CALL TDF (TEMP+THERC(1,41)¢]sHMHO)

SESP(3) =VSOL(Y)

CALL SES(SESP+SOLEQS(10J)s2¢ESP)

ES(J)=x HMHO ¢THERC(7+1)¢ (R3I)®(ESP)
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202

249
250
251

252

ESTSEST «(X(I)#ES(J))

VST=VST «(X(1)#VSOL(J)“SOLEQS(12+sJ))
JuJel

CONTINUE

ETOT=(XBAR) ® (EGT) *EST

VTOT= (XBAR) # (VGAS) ¢VST

VPG =(VTOT)/AMOLWT

RETURN

END

SUBROUTINE SYS2A (IWND)

SYSTEM 11 A GIVEN Y COMPUTE HUGONIOT TEMPERATURF

IND IS =] FOR VGAS LFR ERRORs=2 FOR VSOL LF8 ERRQORs =3 FOR EQUIL
ERROR AND =4 FOR HUGONIOT TEMP LFB ERROR

COMMON X(25)'THERC(Sozs)'SOLEQS(i2'5)'AIK(250)'VSOL(5)'

1FREENE (25) o XN1 (25) +£SOL (S) sELEM(10) sNeNT¢MeTEMP+PRESSeALPHA
2BETA,THETA,AKAPPA+VBASsRHOWAMOLWT,EO,IOEQeICJC, IHUGs IPVC,
IIGRP4IDICsIRHOSIONL ¢ IMISoIEXToFXsR1ToR2T e XBARY
4ETOToVTOTeVPGeES(S) » INDsGAMMASDETVEL ¢PCJUeFGPoALNPsS{25) 1 SGAS+STOT
SeVCJeUCJUCJIT4CUS

COMMON / RST/ VBOS(10)+EXITME+SESP(3)+R1+R2+ABTOA
1+R3+RS5¢yR6+SCALF ¢+ POHUGBOS (10) +CJBOS (4) +APGCJ+8PGCY
2+DELP ¢ AMHUGP sHUGP (20) ¢HUGT (20) +HUGV (20) ¢+ HUGUP (20) +HUGUS (20)
3,ASBOS(10) 1ASBOSH{10) ¢ASP(100) +ASV(100) sAST(100)+ASE(100) ¢ASG(100)
Q'ASUP(IOO)'VAHX(2500)'ALGV(IOO)'CPRlME'DECIP'AMINP'AINCP'AMAXP
5'ALX(101)'FITP(IOO)'FITT(IOO)'FITE(IOO)'PCOEF(s)'TCOEF(s)'ECOEF(S)
6eW(100) ¢DELY(100) oSB(S) eT(5)sA(545)¢ALGP(100)¢DPNV(100)eITeIW
TeALGF (100) ¢+ VBOS2,HUGB2sNSFeNAIK VO

DATA SCALF/+1.,0E=5/

DATA PO/¢1.0E=6/

DATA HUGR2 /+3,0E*3/

DATA HUGROS(1)/e3,0Ee3/

DATA HUGBOS(2)/e¢1.1/

DATA HUGBOS(3)/+¢1,0F=6/

DATA HKUGBOS(10)/0./

CALL LFB(TEMPsF +KUGBOS)

IF (HUGROS(10)) 2%50¢252+251

INDE=4

RETURN

CALL SYS1 (IND)

IF(IND«LT+0)RETURN

CALL SYS2
FE(SCALF)®(ETOT=FO0=(0,5) % (PRESSeP0O) *(VO=VPG)4RI*AMOLWT)

GO TO 249

RETURN

END

SUBROUTINE SYS3(IND)

SYSTEM 111 FIND C=y VALUES

ERRORS IND=1e¢VGAS LFB/=2¢ VSOL LFB/ =3¢ EQUIL/=6+HUG LFB/
IND = =5 IF MIND ERROR

COMMON X (25) s THERC (B+25) ¢+ SOLEQS(12+5) ¢ AIK(250) ¢ VSOL (5) »
1FREENE (25) ¢ XN1 (25) +ESOL(S) ¢ELEM(10) s NINTeMeTEMP s PRESS+ALPHA
2BETAyTHETAWAKAPP A+ VGAS +RHO ¢ AMOLWTEO,10EQe ICJUCs IHUGsIPVCy
3IGRP 4 IDICsIRHOZIONL ¢+ IMISsIEXTeFXsR1TsR2T s XBAR
AETOTeVTOToVPGIES (5) » INDeGAMMA¢NETVEL ¢PCJUsFGPsALNP ¢S (25) ¢ SGAS+STOT
SeVCJsUCJsCUTHCUS

COMMON /7 RST/ VBOS(10)¢EXITMESESP(3)eR1+sR2+ABTOA
1¢R3¢RSsRE¢SCALF oPOsHUGBOS(10) +CUBOS(4) ¢ APGCJUBPGCY
2+DELP s AMHUGP ¢+ HUGP (20) ¢+ HUGT (20) o+ HUBV (20) ¢+ HUGUP (20) 4 HUBUS (20)



000003
000003
000003
000003
000003
000003
000003
000007
000013
000015
000017
000020
000031
000031
000036
000037
000040
000042
000050
000050
000051
000052

000002

000002

000002
000013
000014
000015
000027
000031
000030
000034
000036
000044
00n0S2
000054
000056
000057
000061
000063
000064
000066
0000746
000077
000104

c

300

312

n

3l0

400

401

30ASBOS(10) sASBOSH(10) ¢ASP (100) sASV(100)+AST(100)+ASE(100)+ASG(100?
49ASUP(100) s VAHX (2500) ¢ ALGV(100) yCPRIMEsDECIP+AMINPsAINCP ¢ AMAXP
SeALX(101) ¢FITP(100)¢FITT(100)sFITE(100) +PCOEF(5) «TCOEF (5) +ECOEF (5)
6eW(100) yDELY(100) +SB(S) s T(5)sA(S5e5) sALGP (100) sDPNVI(100) e ITe1IW
T7eALGF (100) s VROS2 HUGB2 ¢NSF eNAIK 4 VD)

DATA CJUROS(1)/0e/

DATA CJUBNS(2)/+0,8/

DATA CJUBNS(3)/¢1,0E=6/

DATA CJUROS{4)/0e/

DATA APGCJ/*0¢15/

DATA 8PGCJ/+0425/ .

CJBOS(1)= APGCJ o (BPGCJ) ¢ (RHO=1,)

CALL MIND (PRESS,DETVEL+CUBOS)

IF (CJROS(4)) 3104311312

CALL SYS2A(IND)

IF(IND.LT+0) RETURN

DETVEL=(VO) #({SQRT ( (PRESS=PO)/( VO =VPG)))

GO TO 300

GAMMA= { (RHO* ({DETVEL)* (DETVEL)))/PRESS) =1,

PCJSPRESS

VCJ3 VPG

CJT= TEMP

UCJz SQRT(PCJU% (VO=VPG))

RETURN

IND =2 =5

RE TURN

END

SUBROUT INE SYSe

SYSTEM 4 GIVEN PeTeV CALCULATE S ASSUMES SYS1 HAS BEEN DONE
COMMON X (25) s THFRC (B8,425) ¢ SOLEQS (12+5) ¢AIK (250) +VSOL (5) ¢

1FREENE (25) ¢+ XN1 (2R) +ESOL(S) ¢ELEM{(10) «NeNTWMsTEMP+PRESS+ALPHA»
PBETATHETA¢AKAPPA ¢ VGAS sRHO 9 AMOLWTsEOI0EQeICJUCIKUGs IPVC
IIGRPoIDICYIRHOGIONL ¢ IMIS e [EXTeFXyR1TsR2TeXBARY
GETOToVTOTeVPGeES (S) *INDeGAMMASDETVEL ¢4 PCUFGP o ALNP S (25) ¢+ SGASSTOT
SeVCJeUCJUsCUTCUS

COMMON / RST/ VBoS(10)+EXITMEsSESP(3)sR1+R2+ABTOA
19R31RSsR69SCALF sPOsHUGBOS(10) 2 CJUBOS t4) v APGCJU«BPGCY
2+DELP s AMHUGP o HUGP (20) yHUGT (20) s HUGV (20) ¢ HUGUP (20) y HUGUS (20)
39ASBOS(10) +ASBOSH(10) ASP(100)+sASV(100)+AST(100).ASE(100)+ASG(100)
49ASUP(100) ¢ VAHX (2500) ¢ ALGV(100) s CPRIME+DECIPsAMINP ¢ AINCP ¢ AMAXP
SeALX(101)eFITP(100)4FITT(100)sFITE(100) +PCOEF(S)+TCOEF (5)+ECOEF (D)
6eW(100) ¢yDELY(100)9SB(S)sT(S)eA(S,5) e ALGP(100)sDPNVI(100)eITelIW
TeALGF(100) s VROS2 yHUGB2+NSFeNAIK,sVD

SPGE R1¢( FGPe (ALPHA #TEMP® (FX=1,)/(TEMP¢THETA)))=R1*ALNP
SUMa0,

DO 400 I=aleN

SUMEs SUM ¢ (X(1)/XBAR)#ALOG(X(1)/XBAR)

CONTINUE

SPG= SPG =R1#SUM

SUM=(Q,

DO 401 1=1sN

CALL TDF(TEMP+THERC(14I)9s0eS(I))

SUM aSUM & (X(I1)/xBAR)&S(])

CONTINUE

SGAS=SUMeSPG

STOT= (XBAR) # (SGAS)

IF(NsEQ.NT) RETURN

NS=Ne1

1=}

DO 402 JsNSeNT

CALL TDF (TEMPsTHERC(14J)e0eS(J))

SESP(3)= VSOL(]I)

CALL SES(SESP+SOLEQS(1¢1)93+SS)

StJ)=s S(J) ¢ (R3/R5)sSS
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402

403

425
410
411
412
414

CONTINUE

SUM=( .

DO 403 UsNSeNT

SUM = SUM « (X(J))a(5(Jd))
CONTINUE

STOT = STOT « SUM

RETURN

END

SUBROUTINE SYS4A (IND)

SYSTEM 4A TO COMpUTE THE C=J ISENTROPE IND ==6 FOR LF8 S§ ERROR
COMMON X (25) ¢ THERC (8,25) ySOLEQS(12+5) ¢AIK(250) +VSOL(5) s
1FREENE (25) ¢ XN1 (25) ¢ESOL(5) vELEM(I0) sNoNTeMeTEMP+PRESSsALPHA
2BETA,THETAAKAPP A s VGAS¢RHO ¢ AMOLWT ,EO0 4 IOEQ s ICJUC, IHUGIPVC,
3IGRP+IDIC IRHO s IONL ¢ IMISeIEXTeFXsR1TsR2T ¢ XBAR
4ETOToVTOTIVPGIES (5) s INDeGAMMAYNETVEL +PCUIFGPoALNPS(25) +SGASSTOT
SeVCJeUCJUsCUTeCUS

COMMON / RST/ VBOS(10)+EXITMESESP(3) *R1+R2+ABTOA

1eR39R54RE e SCALFspO+HUGBOS(10) ¢CJUBOS (4) +APGCJeBPGCY
2+DELP s AMHUGP s HUGP (20) 4 HUBT (20) ¢+ HUGV (20) ¢+ HUGUP (20) ¢ HUGUS (20)
3+ASB0S(10) s ASBOSKH(10) sASP(100) +ASV(100) +AST(100)+ASE(100)¢ASG(100)
49ASUP(100) s VAHX (2500) ¢ ALGV(100) ¢+ CPRIME+DECIP+AMINP+AINCP ¢ AMAXP
SeALX(101)sFITP(100)*FITT(100)sFITE(100) +PCOEF (5) ¢ TCOEF (5) +ECOEF (5)
6eW(100) yDELY(100)9SB(S) eT(S)eA(S5¢5)sALGP(100) +DPDV(100)¢ITeIwW
TeALGF (100) + VROS2 ,HUGB2 +NSF «NAIK 4 VO

DATA CPRIME/+0.1/

DATA DECIP/¢0.7/

DATA AMINP/¢1.0E=4/

DATA AINCP/*1.15/

DATA AMAXP/e¢1.0/

DATA ASRQS(2)/¢0,9/

DATA ASBOS(3)/¢0,1/

DATA ASBNS(10)/0,/

DATA ASBOSH(2)/¢1.1/

DATA ASBOSH(3)/¢pel/

DATA ASBOSH(10)/0+/

VBOS=VBOS2

PRESS=PCJ

TEMP=CJUT

CALL SYS1 (IND)

IF(INDoLTe«0) RETURN

CALL SYS&

SCJU=STOT

ASBOS=CUT

ASBOSH=CJUT

1=}

J=l

CALL Sys?2

ASE(1)= (ETOT=EQ) /(R3*AMOLWT) ¢CPRIME

ASP(1)=PRESS

ASV(])avpG

AST(1)sTEMP

DO 425 K=1sNT

VAHX (J) =X (K)

JEJe]

CONTINUE

Iz1e])

PRESS= PRESS*DECIP

IF(PRESS.LT.AMINP) GO TO 450

CALL LFB (TEMP,F,ASBOS)

IF(ASBOS(10)) 412¢4130416

IND = =¢

RETURN

CALL SYS](IND)

IF(IND,LT+0) RETURN

CALL SYss4
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413

415

450

451
452

454

453

45%

470

471

472

473

474

475

483

F = STOT = ScJ

GO TN 411

CALL SYS?2

ASE(1)= (ETOT=EQ) / (R34AMOLWT) +CPRIME
ASP(1)=2PRESS

ASV(1)=VpPG

AST(I)=TEMP

DO 415 K=1WNT

VAHX (J) =X (K)

JEJ*l

CONTINUE

[3]e)

IF (I1.67,99) GO TO 470

GO 7O 410

L=1=1

PRESS = PCJ

vV80S=VROS2

PRESS = PRESS® AINCP

IF (PRESSGT«AMAXP) w0 TO 470
CALL LFB (TEMP,F,ASBOSH)

IF (ASBOSK(10)) 412+¢453¢45¢
CALL SYS)1(IND)

IF(IND.LT«0) RETURN

CALL SYSa

F = STOT = ScJ

GO TO 452

CALL SYS?2

ASE(]l) =(ETOT=g0)/(R3I#AMOLWT) ¢ CPRIME
ASP(1) = PRESS

ASV(I) = VPG

AST(1) = TEMP

DO 455 K=]1oNT

VAKX (J) 3X(K)

JzJel

CONTINUE

I=]e)

IF (1.GT,99) GO TO 470

GO TO 45]

I=1=-1

DO 471 K=1l,l

ALGV (K)=ALOG(ASV (K))

ALGF (K)=ALOG(ASP (K))
CONTINUE

CALL PFTS(1e400eSIGMAGALGVIALGFeWsFITPoDELYIPCOEF+SBeTeSTeA)
DO 472 K=lsl

ALGF (K)=ALOG(AST (K))
CONTINUE

CALL PFTS(104+09SIGMAZALGVsALGF ¢WoFITT¢DELYeTCOEF<SBeT+STeA)
DO 473 K=l,l

ALGF (K)sALOG (ASE (K))

ALGP (K)=ALOG(ASP (K))
CONTINUE

CALL PFTS(I04e09sSIGMAJALGP ¢ALGF ¢WoFITEsDELYECOEF 4SB8sT¢ST4A)
DO 474 K=1,1

FITP(K)s EXP(FITP(K))
FITT(K)3 EXP(FITT(K))
FITE(K)= EXP(FITE(K))
CONTINUE

DO 475 K=1.1

AV=ALGV(K)
ASG(K)==PCOEF(2)=AV* (2+4PCOEF (3) ¢ AVH (34 4PCOEF (4) o4 .2AVSPCOEF (5)))
CONTINUE

ASUP=UCY

DO 480 K=24L

DELV= (ASV(K) =ASV(K=1))%* 0,01
ALX2 ASV(K=1)

DO 483 MZ=1,+100
ALX(MZe1)3ALX(MZ) ¢DELV

CONT INUE

N0 481 M2=1+101
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481

482

480

48%

AVsALOG(ALX(MZ))
AP:EXP(PCOEF(I)‘AV#(PCOEF(Z)OAV“(PCOEF(3)‘AV“(PCOEF(6)0 AV*PCOEF
1(S5)))))
DPDV(MZ):SQRT(-(AP/ALX(MZ))0(PCOEF(2)04V“(2o“PCOEF(3)0AV‘(3¢“PCOEF
1(4)¢42AVHPCOEF(5)))))

CONTINUE

SUM=DPDVe DPDV(10l1)* 4+%DPDV(100)

DO 482 MZ=2+98,2

SUME SUM ¢ 4,4DPNV(MZ)*2.4DPDV(MZe])

CONTINUE

ASUP (K)= ((DELV)/3+)¥SUM ¢ ASUP(K=1)

CONT INUE

Iwsl

MZzl+]

DO 485 K=aMZ.!l

ASUP(K) =0

CONTINUE

1T=]

RETURN

END

SUBROUTINE SYSS (IND)

SYSTEM § TO COMPUTE HUGONIOT CURVE

COMMON X (25) s THERC (B+25) ¢ SOLEQS(12+5) +AIK (250) +VSOL(5)

1FREENE (25) ¢ XN1 (25) oE.SOL (5) ¢ELEM(10) +NoNT¢My TEMP ¢ PRESS+ALPHA
2BETA«THETAsAKAPPAsVGEASIRHOsAMOLWT¢EO+IOEQeICJUCsIKUG IPVCy
3IGRPsIDICIIRHOSIONL o IMISeTEXTeFXoR1T4R2T s XBAR
GETOToVTOTesVPGIES (S) v INDeGAMMASDETVEL +PCJUeFGP e ALNP S (25) +SGAS+STOT
SeVCJeUCUsCUTCUS

COMMON / RST/ VBOS(10)+EXITME+SESP(3) ¢R1+R2,ABTOA
19R3¢RS4RE+SCALF +PO+sHUGBOS (10) v CURNS (&) v APGCJeBPGCY
2¢DELP s+ AMHUGP ¢ HUGP (20) 4 HUGT (20) o+ HUGV (20) ¢+ HUGUP (20) +HUGUS (20)
3+ASB0OS(10) +ASBOSH(10) ¢ASP(100) sASV(100) ¢AST(100) ¢ASE(100)+ASG(100)
4oASUP(100) ¢ VAHX (2500) ¢ALGV(100) yCPRIME+DECIP+AMINPAINCP s AMAXP

© 5eALX(101)¢FITP(100)oFITT{100)+FITE(100) +PCOEF(S) s TCOEF (S) +ECOEF (5)

500

501
502

503

6eW(100) ¢DELY(100) oSR(S) e T(5)sA(5,5)¢ALGP(100) +DPDV(100)eITelIW
TeALGF (100) o VBOS24HU3B2 ¢+NSFINAIK VO
DATA AMHUGP/+0.50/

DATA DELP/+0.05/

PRESS=AMKUGP

=]

J=1

VvB0OS=VB0S2

HUGBNS=HUGB2

CALL SYS2A(IND)

IF (IND.LTe0) RETURN

HUGP (1) =pRESS

HUGT (1) =TEMP

HUGV(1)=aVPG

IF(PRESS,LT+PCJ) GO TO 502

W=l

HUGUS (1) = (VO)# (SQRT((PRESS=PO)/( VO =VPG)))
DUP=SQRT ( (PRESS=pPCJ) * (VCJU=VPG))
HUGUP(I)= UCJ ¢ DUP

DO S03 K=l oNT

VAHX (J) =X (K)

JzJel

CONTINUE

PRESS=PRESS =DELP

IF(PRESS,LT+ DFLP) RETURN

I=x]e)

1T=]

IF (I+GT7,19) RETURN

GO T0O 500

END

]
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SUBROUTINE EQUIL (AIK.YsFE'ELEMyNELE NGASsNTOT,4IND)

AIK IS FLEMENTAL SPECIE COMPOSITION MATRIX NELE X NTOTAL DIMENSION
Y IS NO MOLES OF EACH SPECIE NTOTAL DIMENSION

FE IS FREE ENERGY OF EACH SPECIE NTOTAL DIMENSION

ELEM IS NO MOLES OF EACH ELEMENT NELE DIMENSION

NELE IS NO ELEMENTS

12

10

11

13

NGAS IS NO GAS SpPECIES
NTOT IS TOTAL NO SPECIES
IND IS =7 IF SINGULAK MATRIX AND =1 IF OTHER THAN LAST SOLID DISAPPEARED
DIMENSION ATIK(250) oY (25) ¢FE(25) »ELEM(10) ¢ X(25) +BMAT (36) +sAMAT (1296)
THIS COMMON STATEMENT SPECIAL TO aKW CODE
COMMON/SUBVAR/AMAXE  AMINX ¢ AMINY »TX (10)
DATA AMAXE/¢1.0E-8/

DATA AMINX/*140E=11/
DATA AMINY/¢1,0E=7/
SST=0.

DO 2 I=1,NTOT

IF(Y (1) LT<AMINY) Y(I)=AMINY
CONTINUE

NM1=NTOTeNELE®]
NN13NTOT=NGAS

NM1SQ3INM] #NM]

ZERDO AMATRIX

DO & I=]1,NM1SQ
AMAT (1) =0,

CONTINUE

FORM SUMS

SUME(.

DO 5 I=]1,NGAS
SUMaSUMsY (1)

CONTINUE

BARY=SUM

RBARY=(1,)/BARY

FILL B MATRIX

=1

DO 6 Jz1¢NGAS

BMAT (1) == (FE(I)*aALOG(RBARY#Y(I)))
Is]el

CONTINUE

IF(NN1.EQs0) GO TO 7

DO 7 J=1¢NN1

BMAT (1) == (FE(I))

[=1e]

CONTINUE

DO 8 J=1,NELE
BMAT (1) =gLEM(J)

Ia]e}

CONTINUE

SMAT(I)SOQ

FILL IN AMATRIX

=1

DO 9 J=].NGAS

AMAT (D)= (1) /7 Y ())
JaTeNM] e

CONTINUE

IaNTQOTe)

J=l

L=1

DO 10 K=]e+NELE

AMATtT) =AIK ()

Is]e]

J3Jel

CONTINUE

IF(L.GT,NGAS)GO TO 11
AMAT(I)=1.0

L=le]l

IF(L+GT NTOT)GO TO 13
I=1+1¢NTOT

GO0 TO 12

I=]e1

39




000176 DO 14 K=m)sNGAS

000177 AMAT (1) ==RBARY
000203 I=]e]
000204 14 CONTINUE
000207 I=]*NN]eNELE
000211 AMAT (1) ==140
000214 Ix]e]
000216 L=}
000217 J=]
000220 17 DO 15 Km]4NTOT
000222 AMAT (1) =AlK ()
000227 JaJeNELE
000230 I[=]e]
000232 15 CONTINUE
000235 Is1eNELE+]
000237 LaLel
000240 IF(L.GT,NELE) GO TO 16
000242 JslL
000242 GO TO 17
000243 16 CALL LSS(NM1+1eNM1sAMAT+BMAT+DyDETIND)
000257 IF(INDeLT+0) GO TO 40
c PUT ANSWERS IN X
000260 DO 18 I=1eNTOT
000262 X{(1)=BMAT(I)
000266 18 CONTINUE
(o TEST FOR TOO SMALL X
000271 DO 19 I=]e¢NGAS
000272 IF(X(I)LTLAMINX) X (I)=AMINX
000300 19 CONTINUE
(o TEST TO SEE IF ANY SOLIDS DISAPPEARED
000303 IF(NN1.EQ.0) GO TO 20
000304 1=NGASe)
000305 DO 20 J=1eNN1
000307 IF(X(1),LTe0,) GO TO S50
000311 I=lel -
000312 20 CONTINUE
(o TEST TO SEE IF CONVERGED
000315 SUM= 0, .
000316 DO 21 I=]eNTOT
000317 SUMESUMeABS (Y(I)=X (1))
000325 21 CONTINUE
000327 IF (SUML.LT.AMAXE) GO TO 60
C ° RESOLVE WITH Y NOW HAVING LAST ANSWERS X
000331 31 DO 32 I=1eNTOT
000333 Y(I)=X(])
000337 32 CONTINUE
000342 G0 TO 35
(o HAVE CONVERGED
000342 60 DO 38 I=]1eNTOT
000346 Y(I)=X{T])
000350 38 CONTINUE
000353 JENTOTe)]
000355 IF(SSTWLE«0+)GO TO 34
000356 Y(J)=0,
000361 NTOT=NTOTe1
000362 34 RETURN
o SOLID HAS DISAPPEARED
000363 50 SST=1,0
000365 IF(1.LT.NTOT)GO TO 33
000367 NTOT=aNTOT=1
000370 G0 TO 35
(o AN ERROR HAS OCCURRED AS OTHER THAN LAST SOLID DISAPPEARED
(o IND==]1 IF ERROR HAS OCCURRED
000371 33 IND==1
000373 RETURN
(o ERROR HAS OCCURRFD MATRIX IS SINGULAR
000373 40 IND==7
000375 RETURN
000375 END

Lo




000005
000005
000005
000006
000011

000014
000016
000020

000021

000021
000023
000024
000025
000027

000030

000031
000033
000034
000035
000037

000046

000047
000053
000054
000055
000057
000060
000062
000064
000065
000071
000073
000075
000101
000104
000113
000115

000116
000117
000123
000123
000125
000126

000127
000130
000131
000132

OO0 OO0

SUBROUTINE LFB8 (xP4FP,TX)

TX(1) INITIAL GUESS

TX(2) RATIO TO GEY SECOND POINT
TX(3) ZERO DEFINITION

TX(10) COUNT OF NUMBER OF ITERATIONS

SET To ZERO ON SOLUTION

SET To NEGATIVE OF cOUNT ON ERROR
FP 2FUNCTION(XP)
WHEN A SOLUTION IS FOUNDes XP IS THE RODT

ERROR EXITS OCCUR FQR
le TOO MANY ITERATIONSs .GT+CNTMAX
2. TWO SUCESSIVE XP S OR FP S ARE EQUAL
DIMENSION TX{(10)
DATA CNTMAX /1000e/
IF (TX(10)eLEeOs) GO TO 1
TX(10)=TX(10) 1,
IF (TX(10)=3,) 2,3+4
ENTRY FIRST TIME THROUGH
1 IF (TX(1)eFEQa0s) TX{1)=1,
TX(l0)=],
XP=TX (1)
GO GET F(XP)
RE TURN
ENTRY SECOND TIME THROUGH
2 Ti(9)=FpP
TX(8)=XP
TX(S)=Fp
IF (ABS(FP) LT,Tx(3)) GO TO 18
XP=TX(1)eTX(2)
GO GET F(XP)
RETURN
ENTRY THIRD TIME THROUGH
3 TX(S)=FP
TX{6)3XP
TX(T)=FP
IF (ABS(FP).LT,Tx(3)) GO TO 18
XPETX(6)=TX{(T7) 4 (TX(6)=TX(B8))/(TX(T)=TX(9))
GO GET F(XP)
RETURN
ENTRY FOR FQURTH AND SUCEEDING TIMES THROUGH
4 IF (TX(10)+GT.CNTMAX) GO TO 99
TX(4)=XP
TX(5)&FpP
TaTX(6)=TX(6)
IF (T+EQ.0.) GO TO 99
IF (ABS(FP).LT.TX{3)) GO TO 18
RaTX{5)=TX(7)
IF (R.EQ.0.) GO TO 99
XP=TX (4)=TX(5) ¢ (T/R)
IF (TX(S)#TX(T7)eLTe0s) GO TO 11
IF (TX(5)¢TX(9)+GE.Oe¢) GO TO 11
IF (XP,GT.TX(4)) GO TO 6
IF (XP,GT+TX(8)) GO TO 10
8 XPzTX(6)=TX(S)o(TX(4)=TX(8))/{TX(S)=TX(9))
10 TX(T)=TX(5)
TX(6)3TX (&)
GO GET F(XP)
RETURN
6 IF (XP,GT.TX(8)) GO TO 8
GO TO 10
11 TX(=TX(T)
TX(B)=2TX(6R)
GO TO 10
HAVE FOUND A SOLUTIQN
18 TX(l10)=0,
TX(1)=xpP
TX(4)=XP
RETURN
AN ERROR HAS OCCUREND
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C SET COUNT NEGATIVE AND EXIT

000133 99 TX(10)==TX{(10)
000135 RETURN
000135 END

SUBROUTINE MIND (PeDPG)

c P CALCULATED
c D CALCULATED
¢ PG(1)=P GUESSED+PG(2)=RATIO NEXT TWO GUESSES+PG(3) MIN ERROR
c PG(4)=COUNT SET TO ZERO ON SOLUTION
c COUNT IS SET EqQual TO =1 IF GETS TOO BIG
000005 DIMENSION PG (&)
000005 DATA CNTMAX/1000,/
000005 IF (PG(4)+LE.04)GO TO 1
000006 IF (PG(4)+EQs142G0 T0O 2
000010 IF (PG(4)+EQ.2.)G0 TO 3
000012 IF (PG(4)+EQ.3,)60 TO &
000014 IF (PG(4)+GT434060 [0 6
000017 1 P=PG (1)
000020 PG(&) =],
000022 RETURN
000022 2 P3sP
000023 D3=D
000024 PEPG(1) *pG(2)
000026 PG(4)=2,
000027 RETURN
000030 3 P2=P
000031 . D2=D
000032 PaP4PG(2)
000034 PG(4)=3,
000035 . RETURN
000036 4 P1=P
000037 - Dl=aD
000040 PG (&) =4,
000042 S P0.5*(P1*P14#(D3-D2) +P2¢P2%(D1=D3) *P34P3¢ (D2=D1))/
1(P1#(D3=D2) +P26(p1=D3)+P3#{D2=D1))
000065 RETURN
000066 6 IF(D3.67,D2) GOTo 7
000072 GO TO 8
000072 7 IF(D3.6T,D1) GO YO 9
000076 GO TO 10
000076 8 IF(D2.LT,D1) GO TO 10
000100 P2zP
000101 D2=0
000102 GO TO 11
000103 9 P3=P
000104 D3=D
000105 GO TO 11
000106 10 PlaP
000107 D1=D
000110 GO TO 11
000111 11 IF(ABS(D1=D2)+LT,PG{3)) GO TO 12
000115 IF (ARS(D1=D3)«LT.PG(3)) GO TO 12
000121 1F(ABS(D3=D2)+LT,PG(3)) GO TO 12
000126 PG(4)=PG(4) ],
000127 IF (PG(4) ,LT+CNTMAX)GO TO 5
000131 PG(4)==],
c ERROR HAS OCCURRED
000132 RETURN
000133 12 PG(4) =0,
000134 RETURN
000135 END

L2



000006
000006
000006
000006
000006
000006
000010
000012
000014

000016
000017
0o0o0n20
000021
000021
000024
000032
000033

000062
000063
000065
000066

000067
000070

000071
000072
000075
000075
000077
000100
000101
000107
000117

000156
000160
000164

000164
000165
000166
000166
000170
000171
000172
000200
000203

000242
0002744

000246

000247
000250
000251
000251
000253
000254

OO0 O

1
S

3

4

lo

11

12

20

21

22

30

31

SUBROUTINE SES(P,As INDeANS)

PeTeV PoT INPUT TO FIND V AND P,yTeV INPUT TO FIND FeEOR S
A=12 COEFF VOosAsBeCoDIEsALleA29C) 4C29CIIMOLWT

INDe 0 FOR VOLUMFs ] FOR Fe 2 FOR Eeo 3 FOR Ss SET TO =1 FOR ERROR
ANS FsFy OR S AND V IN ANS AND V

IF A IS ZERO THEN INCOMPRESSIBLE sOLID

THIS COMMON STATEMENT SPECIAL TO RKW CODE

NEED TO PUT TX(10) IN OIMENSION STATEMENT IF REMOVE COMMON
COMMON/SUBVAR/AMAXE AMINX ¢ AMINY»TX(10)

DIMENSION P(3)sA(12) ¢ F(2)v1(2)

DATA TX(10)/0./

DATA TX(2)/¢1.,1/

DATA TX(3)/¢1.0E=9/

TV=P(2)/11605.6

IF(IND.EQ.1) GO TO 10

IF(IND,EQ.2) GO TO 20

IF(IND.FQe3) GO TO 30

CALCULATE VOLUME

IF (A(2) NE«0s) GO TO 1

ANSEA (1))

P(3)=mA(])

RETURN

TX(1)3TX(2)%]1,4/A(1)

CALL LFB(XsFoTX)

IF(TX(10)) 2+4,43

Fe(A(2) ex# (A(3)exH(A(4) o X2 (A(S)eX0A(B))))) e
1(A(T)®A(BIUXK)LTV ¢ ((A(F)¢A(10)/X sA(11)/(X¥X))aTVeTV)=P(])
GO T0O 5

P(3)=1,/X

ANS=P (3)

RETURN

ERROR IN ITERATION

IND==]

RETURN

CALCULATE FREE ENERGY

IF (A(2) NE«0s)GO TO 11

ANS=P(1)wA(]1)®A(12)

RETURN

V(1)=P(3)

Vi2)=A(]1)

DO 12 =142

ALNV=ALOGI(VI(T))

RHO =1,/vi{I)
FAT)2(A(2)9V(I)*A(3)@ALNV=A (L) *RHO=A(S) #0«S4RHO*RHO
1=A(6)/3,4RHO#H#3 Y& (A(TISV(])eA(B)HALNVIH#TVe (A(Q)4#V(])e0,5%#A(10)

2oV @V (T)®eA(1]1)/3,0V(T)eu3 )aTVaTV

CONTINUE
ANS=A(12)2(P(1)evil)=(F(1)=F(2)))
RE TURN

CALCULATE ENERGY

IF(A(2) ,NE.0,)GO TO 21

ANS=0.

RETURN

Vi1)=P(3)

Vi2)=A())

DO 22 1=1+2

ALNV=ALOGI(VIT))

RHO=1./V(])

FIDI=(A() 4V (1) eal10)aVIT)OV(I)I¢0,5¢A(11)4V(I)a#eq/3,)0TVETV =
1(A(2)9V (1) oA (3)ALNV=A(4)4RHO=A(5) %0 ,5“RHOYRHO=A(6) /3+¥RHO®®3 )
CONT INUE

ANS=A(12)#(F(1)=F(2))

RETURN

CA(.CULATE ENTROPY

IF(A(2) (NEsO.) GO TO 31

ANS=(.

RETURN

vi1)=P(3)

V(2)=sA(])

DO 32 =12
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000255 ALNVEALOG(VIT))

000263 FIIIE(A(TI@V(T)*A(B)BALNV) ¢2,#TVa(A(9) ¢V (])e0,5ov(I)eV(II®AL10)
1A(11)/3,4V(I) %03 )

000306 32 CONTINUE

000310 ANS=A(12)*(F(1)=F (2})

000313 RETURN

000313 END

SURROUTINE TDF  (TeAsINDsANS)

c T TEMPERATURE
c A COEFFICIENTS As3¢CeDsErIC
c IND 0=FOR SOe¢l1=FQR H=HOe¢ 2=FOR F=HO/T WITH RESULT IN ANS
000006 DIMENSION A(6)
000006 IF(IND.EG.1) GO TO 10
000010 IF(IND.EQ+2) GO TO »0
c CALCULATE SO
000012 ANSEA(1) o T (A(2) e T (A(3)oTH(A(4)eTHA(S))))
000022 RETURN
C CALCULATE H=KO
000022 10 ANSZA(6) e TH#T 4 (0,5#A(2)+T#(2,/3,8A(3)¢TH (075 #A(4)¢T*0,80 “A(5)))
1)
000037 RETURN
c CA{.CULATE F=RO/T
000037 20 ANSZA(G)/T=(A(1)eTH (0 ,SHA(2)eT4#(1,/3,%A(3)eT®#(0,25¢vA(4)eT#0.2 ¢
14(5)))))
000054 RETURN
000055 - END
SURROUTINE LSS (NeMesIsAsBeDsDETHIND)
c SPECIAL VERSION OF LSS WITH IND ADDED AND INTERNAL ERROR PRINTS
c DELETED
C PURPOSE IS TO SOLVE MATRIX EQUATION AX = B
c N = NO ROWS A M = NO COLUMNS IN B
c 1 = FIRST DIMENSION OF A(IsN) g1 M)
c A = ORIGIN OF NXN MATRIX a B8 = ORIGIN OF NXM MATRIX B
c D NOT USED DET CONTAINS DETERMINANT OF A UPON RETURN
c IND = «7 IF MATRIX IS SINGULAR
c EACH ENTRY DESTROYS A, SOLUTIONS ARE IN B UPON RETURN
c A INVERSE IN 8 IF DET A NOT O IF M20 ONLY DET A IS COMPUTED
000011 DIMENSION A(ToN) B(IeM)eD(N)
000011 DOUBLE PRECISION S1+S2
000011 DIMENSION S1T(2),S2T1!(2)
000011 EQUIVALENCE (S1T,S1)s (S2TeS2)
000011 NN = N
000012 MM = M
000013 X = 0o
000014 DO 1 J = 1sNN
000015 DO 1 K = 14NN
000016 T = ABS(A(KJ))
000023 IF (TeGToX) X = T
000026 1 CONTINUE
000033 IF (XsEQ.0.) GO TO 19
000034 2 SN =1,
000036 DO 146 J = 1NN
000037 L=sJ =1
000041 IF (J+EQ.NN) GO TO 11
000043 T = ABS(A(JeI))
000047 Ml = )
000050 M2 = J s )
000052 DO 3 K =M2,NN

Ll



o
i)

000053
000060
000063
000063
000065
000070
000072
000073
000077
000108
000114
000115
000121
000127
000136
000137
000143
000145
000147
000150
000151
000153
000177
000227
000230
000254
000267
000271
000273
000274
000275
000321
000353
000355
000357
000360
000362
000363
000373
000374
000375
000377
000400
000401
000403
000404
000406
000407
000433
000446
000450

000451
000453
000454

s NaXalsNeXaNalsl

10
11

12
13
14

15

16
17
18

19
21

X = ABS(a(KeJ))

IF (XeLE,T) GO To 3

T = X

Ml = K

CONTINUE

IF (M1,EQeJ) GO TO 6

DO 4 K = 14NN

T = A(J'K)

AlJsK) =3 A(M]eK)

A(MlyK) = T

DO S K = 1eMM

T = BlJeK)

B(JsK) = B(M]lsK)

B(MleK) = T

SN = =SN

IF (A(JsJ)+EQe0e) GO TO 19
DO 10 K = M2eNN

S1 = 0,

s2 = 0,

IF (L.EQ,0) GO To 8

DO 7 M3 = lsL

S1 3 S1 ¢ A(JeM3)®A(MIK)
AlJeK) =(ALJIK) = S1)/A(JeU)
DO 9 M3 = 14J

S2 = S2 ¢ A(KeM3)#A(M3eM2)
A(KeM2) 3 A(KeM2) = S2

DO 13 K = 1eMM

Sl = 0,

IF (LeEQ.0) GO Tn 13

DO 12 M3 = 1,L

S1 = S1 ¢ A(JeM3)4B(MIeK)
BlJsK) = (BlJUsK) = S1)/A(Jed)
CONTINUE

DET = A(ls1)®SN

IF (DET.EQ.04) GO TO 19

IF (N.EQ,1) GO To 21

N0 15 J = 2NN

DET = DET®#A(JeJ)

IF (DET.EQ.0.) GO TO 19

IF (MM,EQ.0) GO TO 21

M3 = NNe)

DO 18 J = 1eMM

DO 17 L = 1eM3

Ml = NN =« L
Sl = 0.
M2 = M] o ]

DO 16 K = M2sNN
S1 = S1 ¢A(M1yK)aB(KeJ)

B(MleJ) = B(M1l,yy) = S1

CONTINUE

GO TO 21

IF MATRIX IS SINGULAR ERROR EXIT OCCURS HERE
IND==7

RETURN

END

SURROQUTINE PFTS(MoKMoeIweSIGMA s X oF2eWeYsDELYsBoSReTeSToA)

THIS IS A SPECIA( VERSION OF LA=prTS FOR A MAX OF 100 POINTS

AND A MAX OF F1FTH DEGREE FIT NO PRINTING OR LFGENORE POLYNOMIALS
ALSO WILL COMPUTE TILL GET THE FIT AND REWUIRES NO OUTPUT SUBROUTINE
M = NO OF DATA PQOINTS

KM = DEGREE OF F1T (MAX OF S)

Iw = 0 FOR NO WgIGHTS AND EQUAL 3 FOR WEIGHTS

SIGMA 1S STANDARD DEVIATION ¢OMPUTED

X = X DATA I{NPUT ARRAY

L5



000017

000017
000020
000021
000024
000026
000027
000030
000031
000032
000034
000037
000040
000051
000055
000061
000064
000071
000077
000100
000103
000106
000107
000110
000111
000117
000124
000131
000134
000136
000137
000140
000147
000154
000156
000160
000162
000163
000164
000167
000171
000175
000200
000205
000207
000211
000212
000213
000214
000217
000230
000235
000241
000246
000252
000254
000254
000264
000276
000302

L6

OO0 O0

1010

1009
1011

10

.20

60

40
65

70

80
8l
82
83
S0

F2 = F2 DATA ARRAY INPUT

W = WEIGHT DATA ARRAY INPUT SET EWUAL TO 1 IF IwW IS O
Y = F COMPUTED FROM FIT USING X
DELY = DIFFERENCE IN COMPUTED AND INPUT F
B = COEFFICIENTS TO FIT

SB 3 ESTIMATE OF ERRORS IN COEFFICIENTS TO FIT
T = COEFFICIENTS TO ORTHOGONAL POLYNOMINALS
ST = ERRORS IN T

A = AREA USED BY CALCULATION
DIMENSION S(B) ¢ X (100)9F2(100) ¢ST(S)eSB(S)sF(100)+PM(100)sP(100)
1 o B(S),DELY(100)sW(100)9sA(5+5)eT(5),Y(100)
LL=0

FM=0,0

Allel)=1,0

A(2+2)=1,0

FBARZ0,0

XB8AR=0,0

DO101=1eM

IF(IW)1009¢101001009

We=l,0

W(l)=l,0

60101011

W2=SQRT(W(I))

FMaFMeW (1)

F(I)=W2erF2(I)

PM(I) = w2

FBAR=FBARSF (1) #PM(])
XBAR=XBAR®X (1) «uPM () a2

XBAR=XBAR/FM

T{1)=FBAR/FM

A(2+1)==xXBAR

PXF=0e0

PXP30.0

D0201=]4M

P(I)=(X(])=XBAR) «PM(1])
PXFaPXFep (1) uF (1)

PXPaPXPep (1) #P ()

T£2)xPXF/PXP

PMXPMEFM

S(1)=PMXPM

KMasKMe )

B(1)=T(1)%A(1s1)eT(2)4A(2s])
B(2)2T(2)%A(2+2)

DO190K=24KM

IF(K=2)40+165¢65

STOP

XPXP=0,0

XPXPM=0,0

B(K)x0.0

DO70U=]1 M

XP=X (J)ep(J)

XPXPzXPXP¢XP#P (J)

XPXPMzXPXPMe XPuPM(J)

ALPHAa=XPXP/PXP

BETA=XPXPM/PMXPM

PPXF=0,.0

PPXPP=0, 0

DOSO0T=1 M

PT=P (1)
P{I)sX(])*PT=ALPHA4PT=BETA*PMI(])
PPXFaPPXFeP (1) 4F (1)
PPXPPaPPXPP+P (1) 4P (1)

PM{1)=PT

T(K)=PPXF/PPXPP

PMXPMEP XP

PXPaPPXPP

AlKe1)==ALPHA%A (K=1+1)=BETA%A{K=2,1)
A(KoK=1)=A(K=]yKa2)=A(K=]1,K=1)aALPHA
AlKeK)=1,0

IF(K=3)150¢1504110




000304 110 Kl=Kk=2

000306 D0120122,K1

000310 120 A(KsI)=2A(K=191=1)=ALPHAGA(K=1¢])=BETA%A(K=2¢1)
000342 150 DO160I=1,K

000344 160 B(I)SB(])¢T(K)#A(K,I)
000366 165 S1G220.0

000365 DO180Ix=]1 M

000367 Y(I)=POLY (X(I)sKoeB)

000604 175 DELY(I)=Y(I)=F2(])

000413 180 S162=SI1G2+(DELY (1) #¥2)4W(])
0006423 S162=S162/FLOAT (M=K}

000626 SIGMA3SQRT (S162)

000433 S{K) = PXP

000437 D04991x1,K

000461 499 ST(I)=SIGMA/SQRT (S (1))
000457 DOS011=14K

000461 SB(1)=0,0

000664 D0S00J=14K

000465 500 SB(I)=SR(I)e(A(J,1)4ST(J))6e2
000507 501 SB(I)=SQRT(SR(I))

000527 190 CONTINUE

000524 220 KM=KM=)

000526 RETURN

000526 END

FUNCTION POLY (xeNeA)

000005 DIMENSIONA(2)
000005 Y=A(N)
000007 DO11=24N
000010 JEN=1+¢]
000012 1 YSA(J)eYuX
000020 POLY =Y
000021 RETURN
000022 END
ACKNOWLEDGMENTS 3. Mader, Charles L., "Detonation Properties of

Condensed Explosives Conputed Using the Becker-
Kistiakowsky-Wilson Equation of State,” Los
Alamos Scientific laboratory Report 1A-2900,

It is a pleasure to acknowledge the encouragement
and assistance of L. C. Smith of GMX-2 and W. Fick-
ett of GMX-10. V. Gage, a summer graduate student
of T-5, coded the FORTRAN linear feedback subroutine. 1963.
L. Mader, Charles L., "The Two-Dimensional Hydro-
dynamic Hot Spot - Volume III," Los Alamos
1. Mader, Charles L., "Detonation Performence Cal- Scientific Laboratory Report IA-3450, 1966.
culations Using the Kistiakowsky-Wilson Equation
of State," Los Alamos Scientific Laboratory Re-
port IA-2613, 1961.

REFERENCES

5. Cowan, R. D., and Fickett, W., J. Chem Phys.,
24, 932 (1956).

6. White, W. B., Johnson, S. M., and Dantzig, G. B.,

", "
2. Mader, Charles L., "STRETCH BKW" A Code for Com- J. Chem. Phys. g§, 751 (1958).

puting the Detonation Properties of Explosives,”
Los Alamos Scientific Laboratory Report IADC-
5691, 1962.

L7



mm*mdmm: SV i
ENEREL

196 A7 e




