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A CODE IUR COMPU1’INGTHE D~ONATION IIIOPERTIESOF EXPLOSIVES

by

Charles L. Mader

AEYI’RACT

This report describes a FORTRAN code for the CE 6602
computer. The code computes the steady-statedetonation
properties of an explosive using the Becker-Kl.stiakowsky-
Wilson equation of state.

-.
.

“r

I. INTRODUCTION. The Becker-Kistiakowsky-Wilson

equation of state has been described aud calibrated

by the author.
1-3 2

An internal report, written in

1962, described the STRETCH BKW code which was

written in machine language for the IEM 7030. The

present report describesa similar code recently

mitten in FORTRAN IV language for the CIX 6600.

The code was written, as far as possible, to use

input identical ta and give output simll.arto the

STRETCH BXW code. Though one can not determine the

nature of a future FORTRAN language, an attempt has

been made to use the nmre general ItXWRAN expressions

and formats rather than the features special to CDC

6600 FORTRA.NOThe code is sufficientlygeneral that

it will also run on the IBM 7030.

FORTRAN BKW is a code for computing the detonation

properties of an explosiveusing the Becker-Kistia-

kowsky-Wilsonequation of state.
1-3

One may also

compute the Hugoniot; the Isentrope through the com-

puted C-J value; the coefficientsto fits of the

pressure, volume, energy, and temperaturealong the

isentrope;and the particle velocity along the isen-

trope. Fits of the results are computed for use in

the HOM4 equation of state subroutineused in reac-

tive hydrodynamiccodes. The output is available

both as printed listings and on microfilm. Graphs

of Hugoniot pressure vs. volume, pressure v-8.parti-

cle velocity, shock vs. particle velocity, isentrope

pressure vs. volume, temperature vs. volume, and

particle velocity vs. pressure are also available

on microfilm.

IWRTRAN EKW 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

uy disappear.

For the explosive the calculation requires as input

data its elemental composition,heat of formation,

density, and formula weight; and for the gaseous ex-

plosion products, their elemental compositions,

heats of formtLon, 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 tbe density, molecular weight,

and (if the solid is to be considered compressible)

the parameters in the Cowan solid equation of state.5

The only initial guesses required are the number of

umles of each of the explosion products. The iter-

ation procedures should give all values to 1 in 10.5

Some differenceswill be noticed between STRETCH

BKW and FQRTRAN BKW output In the sixth significant

figure because of round-off error.

We shall present the input anfioutput for a typical

problem and then a detailed descriptionof the cod-

ing formulas. A knowledge of FORTRAN IV is assumed.

3



II. NOMENCLATURE.

a

9

@

K

NT

T

P

SO or S0

A
B
c
D
E }
(H - HO)

(F - HO)/T

IC

As, Al

B~, A2

cs, c1

D~, C2

E*, C3

(AN;)i

V.

v;

‘i

‘i

ai k

bk

OB

Tv

D

Vg

v~

‘i
‘1
‘2

‘3
R4

SKW equation of state constant = 0.5

BKW equation of state constant= 0.16

BKW equation of state constant = 400

M(W equation of state constant =
10.SK)~7&436

Number of elements in the explosive

Number of gaseous species in detonation
products

Total number of species Ln detonation
products

Temperature in ‘K

Pressure in Mbar

Entropy in cal/&g-mle

Br+cT2+m5+ET$
Coefficients o ent opy fit SO = A +

Enthalpy in cal/nmle

Free energy in cal/deg-mle

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

Coefficientsto Cowan solid.equation
state

of

Heat of formtion at O°K of component
i in cal/mole

l/rIowhere CIo= density in g/cc

l/o. where PO = density of explosive

in g/cc

Number of udes of i.thspecies per
mole of explosive

X one step earlier in the same sub-
&r utine

Input detonationproduct elemental
compositionmatrix

Input explosive elemental conqxxition
vector

Density of solid in g/cc

Temperature in volts

Detonation velocity in cm/psec

Volume of the gas in cc/role

Volume of solid in cc/g

Covoluma

1.9!371.8

8.341439 X 10-5

2.3@t~5 X 104

0.98692 x 106

‘5
R6

‘i

(G)i

F’s

E’s

s~5

E’

s:

Eg

(~s)i

MOIMT

AMoIWl!

%!otal
v
Total
VFG

E.

IN-D

us

u
P

11,605.6

0.4342944819

Total free energy of gas

Total free energy of solid

Imperfectionsolid free energy

Imperfection solld enthalpy

Imperfection solid entropy

Imperfection gas enthalpy

Imperfection gas entropy

Total enthalpy of gas

Total enthalpy of solid i

Molecul= weight of a solid

Explosive formula weight

Energy in cal/mle

Volume in cc/cmle

Volume in cc/g of

Heat of for!mtion

Error indicator

Shock velocity

Particle velocity

of explosive

explosive

of explosive

III. FoRTRAN BKw INPur. The input of a FIIRTRAN

BKW calculation ofRDX at a density of 1.8 g/cc

is described In detail. The input is identical to

that used for RDX in Reference 3. Below f.s a de-

scription of the loadtng form which immediately

follows.

Card 1

column

2-5

7-1o

12-15

17-20

22-25

2’7-30

32-35

37-40

42-45

k7-50

Card 2

column

2-72

(Fortmt 15) O=NO, 1= YES

Perform a single equilibriumcalculation
for input T, P

Perform the C-J calculation

Perform the Hugonlot calculation (1
must be in column 10)

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

Give microfilm output

Ignored

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

Ignored

Ignored

Number of extra

(Format12A6)

data cards

Name of explosive

K
b

1.

“-

.

a-
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Card 3

column

2-5

7-1o

12-15

Card 4

column

1-18

19-36

37-54

55-72

(Format 315)

Number of elements in explosive= (M)

Humber of gaseous species = (N)

Total number of gaseous and solid
species = (NT) -

(Forrest 4E18.11)

BKW equation of

BKW equation of

BKW equation of

PKW equation of

All floating-pointinput will
%d4.

Card 5,_..—

column

2-6

8-12

14-18

20-24

Card 6—.

column

1-18

19-36

37-54

55-72

Card 7.—

column

1-18

19-36

37-54

Card 8

column

1-18

19-36

(Format llA6)

state a

state 0

state 0

state K

follow the form of

The empirical fornnda of the explosive

Symbol of 1st 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 1st element/formulaweight

G-atoms of 2nd elemant/formulaweight

G-atoms of 3rd element/formulaweight

G-atoms of Mth element/formulaweight
since M= 4 (Max of 10)

(Format 4E18.11)

Density of explosive (g/cc)

Formula weight (grams)

Heat of formationat O°K (cal/formula
weight)

(Format bE18.11)

Temperature (°K)

Pressure (Mbar)

This card must be present; however, if column 2-5
of Card 1 ~ero, it is not used by the code.

Card 9 (Format 11A6)

column

2-6 Symbol of 1st gas species

8-12 Symbol of 2nd gas species

14-18,
20-24,
26-30>
32-36,

lx
-42,
-48,

50-54,
56-60,
62-66 }

Symbol of Nth gas species

Card 10 (Format 11.A6)

column

2-6 Symbol of 1st solid species (This is
on new card because previous card is
full at 11)

Rules 1. All gas species first (Max of 20)

2. Then solid species (Max of 5)

3. Only 11 sets of symbols per card

Cards 11, 12, 13 - (NT floating-pointnumberc)

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

Cards 14 through 37 - A total of (NT)*(8) floating-
point numbers

Nos. 1-5 The coefficientsA, B, C, D, E to the
fit SO (cal/mole-oK)= A + Eff+ CT2 +
~3 + Jm4

NO.6 Then the integrationconstant from

at some temperature (we used 2500°K in example)

No.7 Then the heat of formation in cal/mole

NO.8 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 1.L16)

column

2-6 Symbol of 1st solid phase (Max Qf 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 incompressibleand all
the rest of the numbers will be ignored
except the last one (molecularweight);
however, cards must be present for
all 10 numbers.~erwise the coeffi-
cients to the Cowan-Fickett solid equa-
tion of state are punched as follows:

As’ ‘s’ Cs’ Ds, Es, Al, A2, Cl, C2, C3

No. U Molecular weight

(Max of five sets in same orderas Card
38)



cards 42-53 (M)*(NT) numbers

The Input detonation product elemental composition
rmtrix

-

CHNO

H20 0201

‘2
0200

02
0002

etc.

given by row sequentiallyas

O, 2, 0, 1, 0, 2, 0, 0, 0, 0, 0, 2, etc.

Other Optional Input

Card A. If column 35 of Card 1 is sO s k, that

nuaber of densities are read and the re-

quested calculationsare performd for

each density. One card with a nt?ixinum

of four floating-pointnumbers if column

35>0. 4
Card B. If column 49-50 of card 1 is > 0 < 25,

.

the code expects that number of cards of

the fortmt (115, lE18.11) where 15 Is the L

formt of the constant identity number

and the 1.E18.I.I 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.

I LOADING FORM

. .
.

...



-J

I LOADING FORM I



IV. FORTSAN w Ourm . This section presents the.— The CIYJ6600 machine time required for the example

output of FU?TRAH 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 pointe 27.5 seconds

The isentrope calculation 78.9 seconds
in(P) =A’ = B’(lnV)+C’(lnV)2+D’(lnV)3 +E’(lnV)4

Smaller product sets take less time. If a solid

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

graphs are the same as those h the listings.

A FORTRAN BKu CALCULATION FOR THE ExPLOSIVE
no x CTCLOTRIIIETNTLENE TRINITRAMINE

TNE NuMBER OF ELENENTs IS 4

TNE NuMBER OF GAs sPECIES IS 11

TNE NuNSER OF SOLID sPECIES IS 1

THE BKu E@ UATION OF OTAIE PA RANE~RS ARE
ALPN4X s.000ooooooooE-ol OtTA= 1.cOOOOOOOOOOE-01 THETA= 4.00000000000E+02

TNE

THE

TNE

Tmt

THE

sOL

7NE
n

CONP081 TIc41 @ THE ExPLOSIVE
3.0000 OOOooooE+oo NOLES OF
6.00000009000E+O0 MOLES 07
S.0000OoOOOoOE+oo NOLES W
6.0000 OOOOOOOE+O, O NOLES OF

OENSIT? W TNE ExPL081vZ :S

Is
c
n
N

o

1 .#oOOOOOooooE+oo , GRAMs/CC

KAPPA= 1 .090977 t443CE+01

MOLECULAR WEIGHT IS

IKA1 OF FoRMATION Al

2.22126000000E+02 CRANI

CALORIES PER FORNULA WIGH1o OEG K !S 3.39700000000C+04

60LI0 {COWAN) E9uATION

c 4 .44444444444E -01
-2. Z670534594SE-01

OF STA7E PARANE7ERS

8.50935837266E-01
1 .20516363525E-01

W, As, SS, CS, 0$, ES, Ai, A2,

-1.393 B180S219E+O0 6.72569716021E-01
#.31600000000E-02 -1.75590000000E-01

INPUT 0C70NA71@4 P;COUCT ELEMENTAL COMPOSITION NATRIx
?.oE+oo 1. OE*OO o 2. O.E*UO o 0 0

1. OE*OO II o 2,0E*O0 1. OE*OO o 0 1.OE*OOo
0
0

cl, C2,C3, ATONIC I/r

-1.1353726250 sE-01 6.491 SSSS2007E-03
1 .55310000000E-01 1.20100000000E*01

1. OE.00 o
1. OE*OO o

0 0 2. OE*OO

o
3. OE+OO l.of+oo o

0 0 1 .OE*OO l:oi+oo o
1 .oE+oo

2. OE*OO O
1 .OE*OO 4. OE*OO o 0 i.oE+oo I o 0

,.

L

.-
.

l.’
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A FoR!RLM BKu CA LCULb TIOM FOI THE ExPLO$IVE

m x CTCLOTIIMETN7LEME TRIM1TR4M1NE

!Ht conPUltD [J PRE8WnE Is ).46 S6264t18iE-ol ME GAOARS

THE COMPU7ED OE1ONATION vELOCITT 15 #.75$ 99d04525E-ol CM/N ICR09ECOND

THE CONPU720 CJ lENPE@ATuRE 1S 2.5$7 S9366556E+03 0E6REEs KELVIN

THE COMPUIEO CJ VOLUME 4.1593534 S15?E-01 CC/CM OF CXPLOSIVE

THE COMPUTED CAIIIPA IS 2.9?903672?O$E+O0

THE vOLUME w TNE CAS IS

60LI0 vOLUME IN CC/CM
sOL C 2.14115647121E-01

TNE C-J COMPOSITION OF TNE

6WC1E
N2 O

N2

02

C02

co

NN3

N

NO

N2

on

C N6

601 C

NO C+ MOLES
2.99$ 9455659 ?E+O0

9.453 ?4B46362E-06

2.6869 ?862711E-06

1 .41906096265E*O0

2.145256 @4702t-02

?.9SOb07840#5E-03

5 ..9647 S?6225E-10

7.414 $I015996E-03

2.999946 t7506E+O0

6.96489065767E-10

3.61#243#1775E-07

1.66$0$, 2#705E+00

1.16225961323E*01 CC/NOLE C+ GAs AND THERE ARE 7.51092369275E+Oo NOLES OF GAS

OE7ONATION PR@uCTS ANO THE INPuT CCfFFICIENTS TO THE THE RNo07NANIC FITS FOR EACH sPECIE

COEFFICIENTS A, B,C,O ,E, TNE IN72t RATIc+d
4 .251$4200000E*01 1.46080500000E-02
1.342 $2$35156E*03 -5.710 ?0000000E+04
2.9?034700000E+01 1.14312900000E-02
1.175 $9615 $65E+03 O,
4 .7030 $000000E*01 1.28714700000E-02
1 .03537647396E*03
4.74111200000E+OI

7.4628096 #7 SOE*02
4 .5330 #200000E*01
1.1215 E830990E*03
4.20111600000E*01
1.20696121615E+03
2.63911 OOOOOOE+O1
7.9463 i61?l##E+02
4.5J4149100000E+01

1.209249 ?0573E*03
4.39234000000E+ol

1.139 i6134#96E*03
4.24179200000E+ol

1.l#35175442?E+03
3.17561600000E+01
1.04242791146E+03

-2.46151900000E-01
-2.5120 A319323E+02

o.
1.95446300000E-02

-9.39680000000E+04
1.231161 OOOOOE-O2

-2.720 :OOOOOOOE+04

1 ,91166200000E-02
-9,36 #OOOOOOOOE+03

#.12137200000E-03
3.16190000000E+04
1,2693L1600000E-02
2.14770000000E+04
1 .222501 OOOOOE-O2
o.
1.15684700000E-02
3,56000000000E*03
2.36401300000E-02

-1 .60000000000E+04
7.179 #5500000E-03

o,

2:50000000000i+02
-2.20122200000E-06

i .#0000000000E+02
-2.50021 ?OOOOOE-06

3.50000000000E+02
-3.72129600000E-06

6.00000000000E+02
-2.416405000 L20E-06

3.90000000000E+02
-3.16433000000E-06

4 .76000000000E*02
-1.69074000000E-06

7.60000000000E+ol
-2.49460000000E-06

3.86000000000E+02
-2.37900500000E-06

3.#OOOOOOOOOOE*02
-2.22665900000E-06

4.13000000000E+02
-3.70795700000E-06

5 .26000000000E*02
-1.2975 SO OOOOOE-06

o.

CONSTANT, HEAT W FORNATION IN CAL/MOLE ,COVOLUNE
-2.6391 I1OOOOOE-O6 1.920453 OOOOOE-10 O.

1.677761 OOOOOE-10

1.90157000000E-10

2.7703 OOOOOOOE-10

i.52515100000E-10

2.197801 OOOOOE-10

1.316 S23OOOOOE-10

1. S93213OO!)OOE-10

1.798322 OOOOOE-10

1,689155 OOOOOE-10

2.47 G714OOOOOE-10

9.34 S99j00060E-11

o.

0.

0.

0.

0.

0.

0.

0.

G.

0.

0.

. .
.
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TIK IKu HuGOMIOT FOn THE DETONATION PR201CTS Of
no x C? CLOTRIMCTHTLEICE TRINITRAMINC

PUS$URE 3 5.0000 OOOOOOOE-01 VOLUNI : s.tIss70s001SE-017ENPERATUIK : 2.t6S7911!612E*03
SHOCK vELOCITY x 9.0143 H669S7E-01 PA RTI(LE vELOCITT : 3.0 S2$6661417E-01 uNITS ARE MBARs, CC/GN, DE& K, ANO CN/MICKOSECONO

IPEC]E

1120
N2
02

C02
co
NN3

N
NO
N2

ON
CN4

60L C

NO OF MOLES
2.9 S91854S671E+00
1 .75209929177E-OC
2. S9312!321467E-05
1.4!30712215SE*O0
1 .349 S2144336E-02
1.46270471251E-06
S.92957191453E-OS
3.0302174563 tE-04
2. YY91442S777E+O0
S .4 C199774007E-09
4 .76144 S#2552E-OB
1.49342651630E*O0

PRESSURE x 4.50000000000E-01 vOLUME x 3,01506073 #91E-01 ?ENPERATURE = 2.75345203113E*03
W40CK vELOCIT1 X #.93299111665E-01 PARTICLE tfLoCITT : 2.7965007261 #E-01 uNITs ARE NC.ARS, CC/GN, DEG K, ANO CM/M1CR06ECCN0

sPECIE

N2 O
N2
02
C02
co
NH3

N
NO
N2

OH
CH4

sOL C

NO OF MOLE
2.999$10717
2.52 S221051
1.35656> 091
1.492466011
1.447765051
1 .102 S27227
4.654279044

1.122679841
2.9 S9903351
4.0241417S0
7.440194616

1.492156194

I
3E+00

‘4E-06
16E-05

5Et0Ll
‘7E-02
9E-05
12E-10

84E-04
l?E+oo

19E-10
‘7E-06
17E*O0

PRESSUU x 4 .0000 OOOOOOOF-01 VOLUME : 3.963130706 s#E-01 ?ENPERATURE : 2.66222674513E*03
SNOCK VELOCITT = t. I1249123t61E-01 PARTICLE VELOCITY = 2.5212 #721102E-01 WITS ARE NBARs, CC/CN, 0[6 K, ANO CM/N ICROSECONO

sPs’r..

N2 O
N2
02
cot
co
NH3

N
NO
Nz
ON
C N4
sOL C

NO OF NOLE S
2.99* 97071656E+O0
4.3!472749$93E-06
6:270207 #7340E-06

1.49153214049E*O0
1.47981724650E-02
1.44097066746E-05
4.$33 I3390782E-1O

1.1417 #932i30E-04
2.9999 S470347E+O0
4.314425 ?4033E-10

1.41t4$t93046E-07
1.49! 64~52500E+O0

PREssuRE x 3.500 L70000000E-01 VOLUME z 4,14600769333E-01 TEMPERATURE : 2.3!! 53 G62904E+83

W(CCK vELOC17f = #.7542910846 #E-01 PARTICLE VELOCITV z 2.22112963019E-O! uNITS 4KE NSAES, CC ICN, CEC k, ANC CM/N ICRCSECCk C

IPECIE

N20
N2
02

C02
co
NN3
N
NO
N2

ON

CN4
sOL C

NO OF NOLE S
2.#S9947S4445E+O0

0.93134167661E-06
3.024304223 ?7E-OS

1.41927526506E+O0
2.141 s4943420E-02

2.1292 ss73660E-03
3.3307117 I956E-10
7.3961962 $51 OE-O5

2.99994766231E+O0
4.91167677137E-10
3. S84B1679404E-07
1 .419304 #otloE*oo

. .
.

l.”

PREssuRE x 3.0000 OOOOOOOE-01 vOLUME : 4.361352 #O091E-01 IEIsPERATuRE : 2.5i370083t79E*03
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SPECIE

HZ o
Hi?
02
(02
co
NH3

N
NO
N2

OH
C H4

30L C

NO W MOLES
2.999 S1911914C*O0
2. ZS785S169S5C-05
1.56725927136E-06
1.41474 OO1O89E*OO
3.0$726 s23301E-02
5.72203233117c-46
6.2$4102 O7O63E-1O

5.503163 t6149t-05
2.99 B94387402E+O0
5. S262t655103E-10
1.03561532141E-06
1.4646 #626116E+O0

PRE sWRE = 2.50000000000E-01 vOLUME : 4.6 S492054077E-01 TEMPERATURE : 2.52225168612E+03

sPECIE

H20
H2
02
(02
co
N143

H
No
N2
OH
c H4

30L C

NO 07 MOLES
2.99971100941E+O0
7.5024466 ?743E-05
9.02931 S99693E-07
l,475tt7#1751E*oo
4.$ek6#4*239#E-Q2

1.370517 a3754E-04
6.27406642919E-0#
4.45955586261E-05
2.99990917635E+O0
7.2956907320 #E-06
4.1553336751 OE-O6
1.4749411439 JE*O0

PRESSURE = 2.0000 OOOOOOOE-01 vOLUME : 3.04? 6#663333E-01 TEMPERATURE : 2.5317465 t206E+03

sPECIE

N2 o
N2
02
cot
co
NM3

#
NO

N2

on

c H4
sOL C

NO OF MOLE s
2.99903152133E+O0
3.17954574076E-04
3.96579368401E-07
1.45296361590E?O0
9.493 #3020624E-02
5.904150 #6#54E-04
t.9#?14#39213E-ol
4.14696690 S67E-05

2.!9!7s403762E+O0

2.11761676136E-O?

2.2305506961 sE-05
1.45203577653E+00

PRESSURE : 1.50000000000E-01 vOLU14f : S.6396S1200S5E-01 7E14PERATuRE : 2,57365620937[+03

6PEC1E

N20

N2
02
C02
co
NN3
N
NO
N2
ON
C N4

30L C

NO OF MOLE 6

2.99391143015E+O0
1 .763? 2116349E.os
4 .5099 t346192E-07

1.3#491164343E+O0
2.14204537 ?45E-01
1.316146 $0621E-03
1 .51990109610t-06

4.43242202272E-03
2.99931 t76349c*O0
1 .49903363334E-06
1 .63040501926E-04

1.39071375933E+00

PREssuRE = 1.0000 OOOOOOOE-01 vOLUME = 6.693902926 t7E-01 TEMPERATURE = 2.64623490 t61E+03

SPECfE
M20

H2
02
C02
co
NH3

M
No
N2

OH
C N4

30L C

NO OF MOLE $
2.97504092530E+O0
1 .3666 t666707E-02
3.375339315 #9E-07
1.22#3749?519E+O0
5.6774 #710634E-01
5 .26496253947E-03
1.24993060644E-05
4 .96035227474E-05
2.99734271696E+O0
I. O1351O36337E-O$
1.69171374366E-03
1 .2019 S460044E+O0

b
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42 NTmOPE THRU SKU CJ PREssuEE FOR

CfCLOTm IMCTMrLEME T@ IN ITRA611SlE

A BKu
m x

LM(PIX

LN(TIX

3.49297740731E*O0 -Z.54#0602#C2CE +OOLNV z. S62#43C4201E-OI LNV@

7.4144524 :O13E+Oo -4.90117152634 E- OILNV 3.751 #1959 #34 E-02 LNvt2

LMIEIX -1. COS02412233E+O0 5.1$2012521 O2E-O1LNP 6.5335 $61 OS96E-O2LNPS2

TNE CONSTANT ADDED fO ENERCIE$ uA$ IoOoooooooooo~-ol

PRESSURE ISSBARSI

3.46662648781E-01
2.426 S3S54147E-01
1 .69 S64697$03E-01

1.1 S90S2SS532E-01
S.32337019724E-OZ

$. S2C35Y13S07E-02
4 .0714513966 SE-02
2.854915 Q776SE-02

1.9 S84411S436E-02
i .39 J90#62905E-02
9.792361 S0335C-03
6. S54C5326234E-03
4 .79825726364E-03
3. S5$7S00SS55E-03
2.3 S114C06S9SE-03
1 .645s0224S29E-03
1.152 ilc1573#OE-03
S. O64431O1661E-O4
5.64510171163E-O4
3.951 S71191*4C-04
2.7460 sY83# ?E-04
1 .9362 C9$870SE-04
: .3553 S192096E-04
3.9#66204609#c-01

4.5#461353013E-01
5 .27230555965E-01
4.0c315139360E-01
6.97262410264E-O1

8.01#51771#04E-01
9.2z129537574E-01

vOLUME lCC/CN)
4.15935350912E-01

4 .690 Y3S#7$56E-01
5.2936 S625166E-01
6.001 S9284091E-01
6. S1S03562S66E-01
7.7702 #S39144E-01

$.tS90743S901E-01
1.02113 ?S4639E+O0
1,17831616759E+O0
1 .36695791246E+O0
1 .393 S5614S94E+O0
1. S6S7Y462348E+O0
2. Z03S6399502E+O0
2.61447561 s25E+O0
3.12037 S29395E+O0
3.74699459602E+O0
4.52712000 s11c+O0

5. SO0242S2141E+O0
6.726 S2919669E+O0
#.27415256643E?O0
1 .0231366 t969E+01
1.2710324 O32SE+O1
1 .5#4#201673#E*01
3.960 #5356962E-01
3.7#694889350E-01
3.6122454 !397E-01
3.44202118731E-01
3,.2630091 i69tt-9t
3.11225320419E-01
2.97#9S6902t7E-ill

7ENPERA TU$E (OEC K)
2.3#759366356E*03
2.4402 S41O622E*O3
2.290 S9666043E+03
2.14314496360E+03
2.0043456272 SE+03
t .#7044783371E+05
1.7450981 O113E+O3
1.62S57115419E+03
1.52077901649E+03
1 .42249033138E+03
1.33126090094E+03
1.247212 W384E*03
1.1696242 $20 SE+03
1.09769295739E+03
1 .030369142 #OE+03
9.6740962 t204Et02
$.07437 S80573E+02
#.492 t$991539E+02
?.94010445607E+02
7.40475 #s3396E+02
6.#t201S6?397E+02
6.37061 S95323E+02
S. S6929621037E*O2
2.6429769 #676E+03

2.6963370313 #E+03
2.74617021400E+os

2.79304209235E+03
2. b4t34367403t+03
2. S47212100#9E*03
2.90313 #217t5E+03

9.74735215967 E-O$LNVO$ -9.3620101 J664E.03LNv$4

2. S4$69451321E-02 LNW3 -9.96133737 S72C-03LNW4

4.07 S79169323E-03LN%3 9. S342337S151E -0 SLNP*4

TNE 16ENTEOPE STATE vARIASLES AS COMPU7E0 FRON TNE LEAST S@ UARES FIT

ENERGY*C (NB-CC/CN) CANNA (-OLNPM LNv]
1.242 OO6271O4E-O1

1.0176 S295438E-01
9.6319 S994S94E-02
$.6399369 #6t!E-02
7.#309306S606E-02

7:165 i7794967i-02
6.61902223966E-02
6.1663 $941052E-O2
S.7#!53120SOOE-02
S .47622930232E-02
5.210769 S1$21E-O2
4.ws64394379E-02
4.7 Q3617S8042E-02

4 .62#913310SIE-02
4.4 B6#7113973E-02
4.36374387357E-02
4.2 S644767190E-02
4.16149056999E-02
4 .07923 S23906E-02
4 .006564 S2946E-02

3.94216420729E-02
3.ttSO1274872E-02
3.83432881871E-02
1.312 tll S9#IlE-01
1.39060223226E-01
1.47650 SOS025E-01
1. S72t3774060E-01
1.68947 Y16544E-01
1 .80250775357E-01
1 .916#2#60924E-01

SKU PREsSURE
S.466C26417#lE-Oi
2.42663 s5416?E-01
1 .69$6469790 SE-oi
1 .ls90S2t SS32E-01
S.32337S19724E-02
9. S26SS913SS7E-02
4 .07 S4Si39663E-02
2.$ S491S9776SE-02
1.99s44118436E-02
1 .39s90St290SE-02
9.792361 #033 SE-03
6, S346S326234E-03

4 .79 S2572#364E-03
3.3 SS7S009SS5E-03
2.3 Sl1460609tE-03
1 .64 SS0224S29E-03
1.1 S2061S7300E-03
B.06443101661E-04
S.44510171163E-O4
3.9 S1S711SS14E-04
2.766099 #3 C70E-04
1 .936269 BS709E-04
1 .3 S53#S92096E-04
3.9 SS6204609SE-01
4 .5s46i353013E-01
S .272305 $S9G3E-ol
6,063151393601-01
6.97262410264E-O1

8.01$ 51771804E-01
9.22129537574F-01

FIT PRESSURE
3.420970 S2S13E-C1
2.403 $6 S91SQ3E-01
1 .69$4 SO1447$E-01
1 .191 S7S240S2E-01
S.3727SO02S76E-02
S. S774S147611C-02
4.1197 S746634E-02

2.843 S0291672f-02
2.01 S32733611E-02
1.4062$357727E-02
9.00#209#5463C-03
6.#390S13S4StC-03
4.7705 S131434E-03
3.3 Sl12793t91E-03
2.32$ 69#234tlE-03
i .632422690 s3E-03
1.14601521241E-03
B. O6481O2S347E-O4
S.67208t776ClE-04
3.985 S08U842C-04
2.79; 7694 S071E-04
1.94401 O412$2E-O4
1.3410792 S3OOE-O4
3.92996643917c-01
4. S187S30#384E-01
3.20 A4931S7S1E-01
C.017S9600712E-01
7.0730 J127395E-01
#.l S6942936SOE-01
9.33448003657E-01

lKu 7ENPERA 7uRE
2.5 S73036S556E+03
2.4402 S41O622E*O3
2.2 S05S666043E+03
2.1431449 @360E*03
2.00434 S62721E*03
1.s70447#3371E*03
1.74soo$loli3E*03

1.628371 IS41OE*O3
1. S2077W1649C+03
1.422490 S313tE+03
1.3312COQOO04E*03
1.24T212#4S#4E+03
1.1696242920 tE*03
1,097S9295739E+05
1.030S69142SOEt03

9.6740962 #20#E+02
9.07437 #B0573E+02
8.49288991339E+02
7.94010445607E+02
7.4047 S8835WE+02
6. S4201tC7397E*02
6.37068 #t5323Et02
S. O6929621O37E+O2
2. S42976W676E+03
2.696337031 $IE*03
2.74697021400E*03
2.7950420 $25 SE+03
2.#4#34367405E+03
2.$#7212100C9E+03
2.90313 S21745E*03

FIT 72 NPERA7uRE
2.5624 S322413E+93
2.42 C74102I9OC+S3
2.260114411 #7 EoS13
2.14374764316E+93
2. O1O444263SSE+O3
1.S42102443O9EOO3
1.73 S35749854E+03

1.64284109578E+O3
1.33302234731E*oS
1.43002t#4#15E+03
1.3 S435447111E*03

1.24593144496E+03
1.1 C465S02206E+03
1.09025671132E*03
1.02223131116E+03

9. SS#51#S3S#7E*02
S.024430913B2E*02
#.4#723S?l171E+02
7.97103 O72372E+O2
7 .46111169792E+02
6.942 #126t932E+02
6.39721859514c+02
5. S11696SC999E+02
2.61#33667S23E+03
2.67436057532E*03
Z.73072043S6SE*03
2.7#t13S73069t+03
2.4 Sl17739#OOE+03
2.906357 S2274E+03
2.9s6669160T3E+03

2.94991700019E+O0

2.9030534 t576E+O0
2. SS213737241E+O0
2.79712 $34225E+O0
2.7379172209k+O0
2.6749076 s179E+OI
2.607934 tl141E+O0
2.3373261 SS9#E+O0
2.46330197961E+O0
2.34612407116E+O0
2.306 S621; S59E+O0
2.22 S27636309C+OE
2.14324065 S25E*O0
2.0616 #176994E+O0
1 ,91209640991E+O0
1.90627163434E*O0
1.#3630D?6$77E+O0
! .77479290456E+O0
1.72414737911E+O0
1 .6#771205200E+O0
1.66Stt7310t3E*O0
1.67i29629277E+O0
1.698 S0373407E+O0
2.967204402 S6E+O0

2.9 S391S#66YSE+O0
3.0001264619 SE+O0
3.01603 S33S50E+O0
3.032 #2442 #27E+O0
3.0469 SS#705SE*O0
3.05! 39136224E*O0

BKu ENERCT ● C
1.242 SO6271O4E-O1
1. C47C329S4S4E-91

S.63$9S994894E-02
S.6399369t6$lE-02
7. S309306S606E-02
7.16397794967t-02
6.619 S2223946E-02
6.16631941 S52E-S2
5.78953120 SSOE-02
5 .47622 S30232E-02
S.21076951421C-92

4 .985643 S4379E-S2
4.793617 #S042E-02
4 .6219133103 IE-O2
4.4 S6S7S1$S73E-02
4.363743 C73S7E-02
4.25644767 J$OE-02
4.1 C149056099E-02
4 .0792352390SE-02

4 .006 S6452S4SE-02
3.94216420729E-02

3. S#501274t72E-02
3.83432 ##l#71E-02
1.312811 t9t0!E-01
1.39’IX022322CE-01
1.47650 SOS025E-01
1.972 t3774060E-01
1.68947916544E-01
i .S02S077S357E-01
1.91682 #60924E-01

PARTICLE vELOCITT
2.20 S0252B743E-Oi
2.9327 S$3#4SOE-01
3,3t96s5t7946E-01
4.l#l#2027779E-01
4.7181 S131SOOC-01
5 .20429 $91637E-01
5.646 S3101227E-O1
6.04969694274E-01

6.41tOS711S2SE-01
S.7SS97797322C-01
7.06 S71279S70E-01
7.3 SOS123QS03E-01
706129 !26079SE-01
7.$ SS20$33S19E-01
S.07952301967E-01
8.2 S7S2339S11E-01
8.41:94013404C-O;
D.663076S1S73E-01
#.#337##O027SE-01
S.9967659S16#E-01
9.1470 s5S627tE-01
9.2915 SO#S569E-01
9.42 S624S3#73E-Oi
0.
0.
0.
0.
0.
0.
0.

F17 ENERCT
1.242S7$S742SE-B1
1 .9 S692SS69S4E-S1
9.632 #36 S6S71E-S2
S.637S09S33S1E-S2
7. S29907426S5E-S2
7.16#666S217SE-S2
6.62334393 SS4E-92
6.17122099676E-S2
3 .7936 #933460E-S2
5.476 S9247219E-02
5 .20974059455E-02

4 .9 S3S969S21SE-02
4.790750 S716SE-02
4. C2602652SSIE-S2

4.414494 #S752E-62
4 .3622 S217712E-Ot
4.2 SC0364220SE-02
4 .1632021 S042E-S2
4 .0#1425338@7f-02

4 .00893167624E-S2
3.943 S3$63074E-02
3.##313to1900t-or
3.#3166144t29E-02
1 .31355575 #61E-01
1.39 Z14475716E-81
1.47871039180E-01
1. S742434#31tE-Oi
1.67 S#7t S0936E-O!
1. T969219S604E-01
1.926 $7622960E-01

. .
.

t.”
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3.6 C6C2C41?01E-81
2.95040 ?5114SE-95
1.48,08 COOOIOE+O0
2.426636 S614?E-01
1.1475 W2,427E-04
1.6709551405 CC*O0
1.soo44c*?903~.o:
3.25021707223E-06
1.4653151141 CEt00
1 .11905201532E-01
7.40,01472 ~15E-04
1 .44176816 S71E*O0
8.3233701 O724E-O2
1 .446882031 O7C-O3
1.62992 s71174E*O0
5.8263 S913~07E-02
2.d7731f99659E-03
1 .410664 O8*73E*OO
4 .0?84513w65E-02
3.12556219 C51E-03
1 .SO123930111C+O0
2.0540159774 $c-02
5 .39?66330S50E-03
1.3714 CS52275C+O0
1.9 S1441114S6E-02
7.019666346 #nE-05
1 .s5012491011[+00
1 .39690662905E-02
6.5007000636 #E-03
1 .324367449941 +00
S.76236160333E-05
9.592517672S .E-03
1.29406376631c+O0
6 .6346 S326234E-03
i .01624234516E-02
1.25622921111E*O0
4 .?962S726S64E-03
1 .02463923344E-02
1 .21609249137E+O0
3.s517600s853E-0$
6.65066572367E-03
1 .17626433752E+O0
2.35114606696E-03
9.11135934404E-03
1.13611532666E*O0
1 .643$ 0224629E-03
6.15346936067E-03
1 .1 OO65366SS2E*OO
1 .t5206157360E-03
7.0654 S960527E-05
1 .07331133797E+00
#.0644 SI01661E-04
S.97636011257E-03
1 .03674566909f*O0
S.64510171163E-O4
4 .#1669S65669E-03
1 .05042756767E+O0
3.9s157119614E-04
3. Y24027331S5E-03
1.0 S6213S6169E+O0
t.r66096#3670E-04
3.03048051031 E-03

1 .0?660629112Eo06
1 .63626 S16716E-04
2.2471220 ?4$7E-03
1 .106 S?661233EOOO
1 .35s S66926$6E-06
1 .56623275656E-OS
1.1 S5410422071,00
3.61662046696E-01
1 .S340$6666601-05
1 .41206175616c,00
4.564613 SSo13:-o:
7.26663407541E-06
1 .4964 s373151r*oo
5 .2?2S053S663C-0:
3.0964066 i242E-06
t .4 S642331S65E+oo
6.06313130360E-01
1 .1466066 S152E-06
1 .46760645661E,o0
6.67262410264E-O1
S.62366212666E-07
i .40605357161E,00
S.016$1771604E-01
6.26224527763c-06
1.$ O016611S76COO0
9.22129537 $74E-01
4 .9 OM62O663SE-10
1 .50174 Z63411EOO0

i~99904i363s7E+00 9.4537413641 O[-OC
S.39607662!66E-10

2.99976043511Z400
3.075472116 ?OC-00

2.99920373220E+O0
9.19322 S66324E-01

2.6971036 Q432t400
1.43072217333E-07

2.69466 M2698E*O0
!.666731215$OE-07

2.966569612 t4E+O0
1 .53702059064E-07

2.977667 SS076E+O0
1.17939126730E-07

2.$3176403777E+O0
7.66791362799E-0$

2.9327 S309903E*O0
4.26146017494E-08

2.89404774473E+O0
5.62951037 OO2E-10

2.64665 sO1771E+O0
4.30135616947E-10

2.79008070573E+O0
3.3?34266$sOIE-1O

2.72902711265E*O0
2.3 I3631038O6C-10

2.6664604 $?61Ew7
1.$$074295967E-10

2.41337276 U4E*O0
6.65604427 s?9E-11

2.56797762667E+O0
2. I0860133377E-11

2.53531654566E*O0
I.0000OOOOOOOE-11

2.51639932456E+O0
1.0000 OOOOOo OE-11

2.3152 #23#704E+O0
1.0000 oOOOOooE-11

2.52743775000E+O0
1.0000 OOOOOooE-11

2.53414103469E+O0
I.0000OOOOOOOE-11

2. S9407670542E40S
1.0000 OOoooooE-11

2.64534066148c*O0
! .000ooooooooE-11

2.99997274773E+O0
4 .66404520002E-10

2.999967456 S7E400
3.41426113942E-09

2.69996462693E+O0
3.13436 II3II3E-10

2.99999 S12523E+O0
2.342213 OO448E-10

2.69999941423E+O0
S.44356321S09C-10

2. S9999907332E+O0
9.i6604$47590E-11

2.9669999990 $E+O0
3.363609 c3094E-11

7.4143603451 CE-03

6.0994 !217253E-03
2.00291441216E-05

2.7z662125546E-04
1.03468343323E-05

9.31963013371E-04
3.32833093012E-06

2.60301197673E-03
9.76633030323E-07

6.08931293615E-03
2.35690415222E-07

1.23606457 S37E-02
6.09579170639E-01

2.2113413 S551E-02
4.96134662360E-10

3.5693436301 OE-O2
9.793289236 I4E-10

3.23704420272E-02
1.644611 OS263E-10

7.01219022697E-02
6.4528739 #391E-l;

1.60222925139E-02
1.436106 G1539E-11

1.00304028700E-01
l.ooOOOOoooooE-11

.0197361 i#40E-01

.0000 OOOOOOOE-11

.12014974913E-01

.ooOOoooooooE-ll

.09357968044E-01

.OOOOoooooooE-ll

.015460573 S6E-01

.000ooooooOOE-11

6.91094265167E-02
1.0000 OOOOOOOE-11

7.4553 #633061E-02
1.000 oooooOoOE-11

5.17562126639f-02
I.o?rooooooooE-ll

4.32005967167E-02
I.000oooooooof-11

2.93043347111E-02
1.0000 OSOSOOOE-11

1.60260063136E-02
1.0000 OOOOO@OE-11

3.91516351993E-06
1.04921 S31468E-04

1.52699272190E-06
1.476699 S3977E-04

3.23964022726E-07
2.060432 tl199E-06

1.37103275424E-O7
2.$79 $#40245TE-04

4.1472646361 ?E-01
4.62344327606E-04

4.36136042792E-10
7.49825124299E-04

2.28142683072E-10
1.ltts4600242E-03

40L C
2. I1697110053E-06
2.96994617306E+O0

3.21332362729E-07
2. QS992I10721E*OO

1. SM91343333E-06
2.9 BS13231373E+O0

3. OI13725222OE-10
2.$9962716300E+O0

2.63910639 ?I1E-10
2.99927607067E+O0

1.203 I3O$1071E-1O
2.99676121564EtO0

2. S6706323346E-11
2.99101711142E*O0

1 .000ooooooooE-l;
2.997301 I661OE+OO

1.000 ooooooooE-11
2.99649016334E*O0

1.0000 OOOOOOOE-11
2.99374964968E+O0

1.000 oooooOOOE-11
2. S9520374113E*O0

1.0000 OOoooooE-11
2.99490878 #27E400

l.oOOOOOoooooE-11
2.994 #76#O$#4EtO0

t .oOOOOOooooOE-11
2.99507465715E*O0

1.0000 oOoooooE-11
2.9954443203 SE+O0

1.0000 OOOOOoOE-11
2.99592326535E400

1.ooOOOO130000E-11
2.99643726014E+O0

!.000ooooooooE-11
2.997011 #2000E400

t.0000oOooOoOE-11
2.99754165323[+00

1.000 ooOOooooE-l!
2.99103696642E*O0

l.oOOOOOOo OO”OE-l!
2.5914 #475565E+O0

1.00009000000E-11
2.99167643164E+O0

1.90000000900E-11
2.99920619377EoO0

5 ,6767364010 tE-06
2.99993906 M4EoO0

1.13761337723E-03
2.99992252034E+O0

2.35992322204E-03
2.999 M443006C400

3.22137324560E-05
2.99985042 SOOEOO0

1.34367323013E-04
2.99974664654E+O0

4.22350663376 E-M
2.99942304576E+O0

1.40173392898E-03
2.9s940352630E*O0

l,4#906096240E+O0
4.94469064344E-10

1.47916776172Et O0
4.3751666 $323E-01

1.46611943938E+O0
1.02334137131E-07

1.431035 O99?6E+OO
1.59461371439E-07

1.43550724713E+O0
1.166121 a3497E-07

1 .42217642160E+O0
1.6662160 !164E-07

1.49s66g460ME400

1.10901545931E-07

1.41667736755E+O0
7.15431657550E-06

1.42? 83947649E+O0
3.2294246491 sE-09

1.4463330 #3#lE+O0
5.243903 I3375E-10

1.461919 s1471E*O0
4. O3O11766737E-10

1.52206006149E+O0
2.$6129996312E-1O

1.36671501376E+O0
1.81437431171E-10

1.61171177107E+OO
9.4067223416 #E-11

1.65321316726E+O0
5.66004723379E-11

1.68609486375E*O0
l.ooOoOoOOOoOE-11

1.71424941124E*O0
l.ooOOOOOOOOOE-11

1.7301 O969341E+OO
1.0000 OOOOOOOE-11

1.73653933429E+O0
l.oo OoOoo OoOOE-11

1.73344431076E+Oo
l.ooOOo OooOooE-11

1.72171557 J55E+O0
l.o OOOOOOOOOOE-!l

1.70251 ?12597E+O0
1.00000009009E-11

1.6?719494366E*O0
i.000@oooo@ooE-11

1.49197265664E+09
4.1337 I67OO41E-10

1.49433390377E+00
2.30424006397E-06

1.46617324215E*O0
2.46 S973301O6E-10

1 .4 S750776663EOO0
1.70662224721E-10

1.49631167 t25E+O0
1.7 I327990646E-10

1.49637369 ?07E+O0
5.190051505 S6E-11

1.49773022030Eo O0
1.42546 #2664 #E-11

2.1632 S6697S7E-02
3.616243340 ?9E-07

4.!6736636230E-02
3.19390071296E-04

6.t5467596776E-02
1.796 S6650336E-05

1.00122417136 E-01,
7.63193292440E-03

1.34294911652E-01
2.6612917 ?082[-04

1.65657121393E-01
6. O2372271O6OE-O4

1 .90955466223E-01
2.11675063345E-03

2. O6SS11531OIE-O1
4.97765460571E-03

2.11537343644E-01
1.0495 s493630E-02

2.06062062666E-01
2.00153612 $87E-02

1.69701262469E-0:
3.44131165060E-02

1.45799077169E-01
5.39116431336E-02

1 .37342859907E-01
7.76496346659E-02

1. O61O196O469E-O1
1.03694930921E-01

6.01966973167E-02
1.30472606740E-01

5.36324463132E-02
1.55216990614E-01

3.61 J46322473E-02
1.76 Z56616527E-01

2.!5612629160E-02
1.91763352376[ -01

1.16399412262E-02
2.013 Y4354606E -01

5.67342946170E-03
2.03966496090E-G1

2.42760736646[ -03
1.9! OS6322962E-GI

6.6696 S970ZE1E-04
1 .666 Z2997731E-01

2.69 Z46417136E-04
1.67i23367653E-01

1.3663 z551436E-OZ
1.2605419 S163E-67

1.1170303 S263E-OZ
3.6t8766Z6S69E-06

7.4034437 S562E-03
4.40941711563E-10

4.38377447719E-03
2.766 ZS323416E-10

2.6 Z77499ZZ94C-03
2.23979217 S12E-10

1.2361 S712663E-03
2.03902001674E-11

5.07145604336E-04
1.000 oooooooOE-11
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v. FORTRAN BKW CODING lKIRMIJIAS.Stretch EKw cop-

SiStS Of numerous subroutines,bOth self-~ufflctent

and dependent. The self-sufficientsubroutinesare

described in Appendix.I.

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 subroutineuses the results of

other dependent subroutinesand assumes that certain

sequences of operations have preceded it.

System I. Given P and T, compute V . Coded as
g

SUBROUTINE SYS1(IND).

N

1. i.sl.xi= ~.

Nx
2. ~ ki.

Z’WIZ

3. Linear feedback on Vg. (See Appendix IB for

descriptionof routine.) (VBOS) = Initial
-8guess = 15, Ratio = 1.1, Error= 1 x 10 .

b. l+Wew=F
(x).

3
c. 0= ‘(x) ‘R2T.

4. Find~ for i. ltoN.

a. Call thermodynamic function subroutine

for (F - HO/T)i for i = 1 to NY.

b. Form

5. Find (Vs)i and (G”)i for i = N+l to NT.

a. Call Cowan solid equation of state

subroutine for Vs and then F!.
s

(~;)i F;
(@)i . &!!$’)

li ‘--qr+lp”

6. Enter equilibrium subroutine to compute new

xi.
a. w= z

Vg(T+Q)a

17



?’. Test for convergence.

If not converged, return to step 1.

System II. Given P, T and V, calculateE. coded

as SUIEKIUTINESYS2. Assumes System I has been per-

formed.

1.

2.

3.

4.

5.

6.

where (H-HO)i was obtained using the therm-

odynamicfunction subroutine for i.= Ito NT.

(Es)i = (H-Ho)i + (AH~)i+R5E~

for i = N + lto NT, where R; was obtained

from the Cowan solid equation of state sub-

routine.

NT

%otal
= ~gEg + E Xi(E8)i.

i=N+l

In!

‘Total
- Fgvg + x Xi(Vj)i(MO~)iO

i=N+l

‘=0= (vTo%l)/(AMuT).

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

ture. Codedas SUIROG?HNE SYS2A(IND).

1. Linear feedback on T.

(HUOEOS)= Init& guess = 3000°K, RATIO = 1.1,

ERROR= 1X1O .

0. (1 x lo-5)[yoti1-Eo-l/2(P+Po)(v&F@(113)

x (ANOINT)].

-6
PO. (PO)= lXIO .

Enter System I and II to find the necesEary values.

1 x 10-5 is SCALF, a convenient scaling constant.

System III. Find the C-J Values. Coded as SUB-

ROUIZNE SYS3(IND).

1. (cJBOS). P@e66ed. 0.15 +0.25 (0...1).

0.15 is in APGCJ, andO.25 in BPGCJ
-6

Ratio= 0.8, ERROR = 1 x 10 .

2. Use

D=

Use

3. Yu

4. UCJ

minimum of a prabola subroutine for

System II A to find the necessary vnluea.

00If
=—-1.

‘CJ

[ Y= Pm(v:-Vl@ .

System IV. Given P, T andV, calcukte S. Coded

as SUHKIUTINE SYS4. Assumes System I has been per-

formed.

1.

2.

3.

4.

S&= -R~ & (~ In ~ )+ 1. (R40P)]

+R1{LnF(x)-~~]+ q~\o

t~s:+%’Sg = i=

where S: for i = lto NT was obtained from

thermdynamlc function subroutine.

R3(5:)i
(S,)i = s: + — , for 1 = N+l toNT,

‘5

where S;

equation

‘Total =

System IV A.

was obtained from the Cowan solid

of state routine.

Iw

~gsg+i=~+lxi@Ji “

To compute the CJ Isentrope for the

CJ pressure. Coded as SIJHICWTINESYSkA(I.ND).

1. From the CJ pressure, find the Hugoni.ottem-

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 oflZiZIP= 0.175 until you reach At41NP

(1 x lo~). Then increase PW by nnltiples

ofAINCP (1.15) until you reach AMAXP (1.0).

3. Find the isentrope value by using linear feed-

back on T and the equation

%Otal - ‘CJ
= O using System IV.

ASKIS = Initial guess = CJT, Ratio = 0.9,

Error= 0.1 for P c PCJ.

3
.

.

. .
.

.-
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.

4.

5.

6.

7.

8.

ASBOSH = Initial guess = CJ T, Ratio = 1.1,

Error = 0.1 for P > Pm.

Maximm number of isentropepoints is l~o

When an isentrope point is found, System II

is used to find the enerw.

E’= (~otal-Eo)/[(R3)(MOLm)l+C~~.

E’ units are Mbar - cc/g.

CPRIME = 0.1 is a constant to keep E positive.

Fits of In P= f(lnV)

in T = f(lnV),

lnE’ = f(lnP),

= At + B’lnV+ C~lnV2
3+ D’lnV + E*lnV ,

were obtained using PITS, a Los Alamx Scien-

tific Laboratory least-squaresmbroutlne.

Hy=- d;% from the fit of lnP= f(lnV).

Particle velocity

v
up= UJP)CJ+

i
(-&dV,

CJ

accomplishedusing Simpson’s rule and finding

dP/dV from the fit by

dP . ~ dlnP
-m Vaim

for 100 incrementsbetween

each isentropepoint.

Simpson’s rule is

s = ~Y1+4Y2+2Y3+4Yn-1+ . . . Yn),

where n = 101, AV is volume Increment,and
dP??

Yis (-=).

System V. Compute Hugoniot curve. Coded as SUB-

ROUTINE SYS5(IND). Using System II A to compute the

necessary values, find P by

1. P= AMHUGP- (n)(DELP)until it is less than

DELP where n = O for 1st calculation, 1 for

2nd, etc., P= 0.5 -n(O.05).

2. Max number of Hugoniot points is 20.

3. ‘s ‘ ‘J;(~ Y Coquted ‘f p ‘ ‘CJ.
o

Note: VHX(l) Is set equal to VK)S 2, and

HUGK)S(l) is set equal to HUGEKt52 each

time the previous history of the problem

can result in an undesirable result left

in VIDS(l) and HUGEOS(l).

VI. CONSTANT IDENTITY ~S ~R THE CONSTANTS.

Identity
Value

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Name of
Constant

VBOS(l)

vEos(2)

Vms( 3)

Exrrm

HUGK)S( 1)

HUG13CS(2)

HUGKIS(3)

Po

CJFKW(2)

CJBOS(3)

APGCJ

BPfiCJ

AMHUGP

DELP

CPRIME

DECIP

AMINP

AINCP

AEOS(2)

ABOS(3)

ABOSH(2)

ABOSH(3)

vlmi2

HUGi?0S2

TX(2)

TX(3)

Value in
Code

15

1.1

1.0 x 10 -8

2 x 10-5

1.1

l.o x 10
-6

1.0 x 10
-6

0.8

1.0 x 10
-6

0.15

0.25

0.5

0.05

0.1

0.75

1X1O
-4

1.15

1.0

0.9

0.1

1.1

0.1

15

3000

1.0 x 10-8

1.0 x 10-11

1.0 x 10-7

1.1

1.0 x 10-9

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

and intervals of the various calculations. Once a

constant has been changed, it will be changed for

further explosive calculationsunless the new set

of input restores the constant to its original value.
4. up= (UP)CJ + (p-pcJ)(’JcJ-m) cowuted if

p ‘ ‘CJ”
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APPENDIX I

SELF-SUFFICIENT’FUNTNAN SU~OWITNES

A. Equilibrium Subroutine. This subroutinecomputes

the equilibriumcomposition for a system of 10 ele-

ments, 20 gaseous species, and five solids. Only

one of the solids 1s permitted to disappear. The

subroutine is based on a mdified version of the

minimizationof free energy l&chnique described by

White, Johnson, and Dantzig.

The Formulas

To

Y= ~gxi Y= &Yi

Yi
f’i(Y) = ~+ln= fori=ltol.f

Y

oi(Y) = %* fori=N+ltoNT

form [A]X= [B], the equationsare

‘i ~+ M—- k-%‘h aik = -fi(y) for i = 1 to N
‘i Y

& ‘I( a~k = -Oi(y) fori=n+ltoNT

..
M

k%.aikxi = bk
.fori=l tom

N

b% ‘i -f=o

The Matrix [A]X= [B]

1 N’N+l M’
1 1
q

1
0

q
1

N q

N+l

o 0

m
1

J- i
aik

u k

11 Ii o

‘1

1 M

.-

:

1.-
_ rY ~ aik

o

0 0

-1 0

T
‘k

1

i

-lY

+1

-%

1

bk

o

The Constraints

1.

2.

3.

4.

The initial Yi my not be smaller than 1 x 10-7

(-) .

The Xi for i = lto Nmy not be sunller than

1 x 10-~ (MINX).

The Xi for 1 = N + lto ~ may not be negative.

If one is ne~tive and it is the last solid,

it is eliminated. If it Is not the last solid,

then an error return occurs.

The system has converged when

i: Iyi-q’lxlo%m)”

5. Otherwise Xi for i = 1 ta NTto

NT and resolve.

Yfori-lto

If the equilibrium scheme is not part of an outside

loop, constraint 4 must be satisfiedbefore con-

straint 3 is tested or a solid tmy disappear in

error. With an outside loop, such as In W, Che

error corrects itself and a considerablesaving

in machine time is achieved for systems in which

one solid is supposed t.adisappear.

Programming Instructions

cALLEfa~L (AIK,y,~,EmM,NE~,NoAs,m,IND)

AIK - Array of elements in each species

Dimension (NEIE,NTYYI!)

Y - Array of initial guesses of roles of each

species Dimension (NIVP)

FE - Array of free energies of each species

Dimension (NTO1’)

EI.EM-Array of anmunt of each element present

Dimension (NEIE)

NELE- Number of elements

NOAS- Number of gaseous species

NIVT- Total number of species

IND - Error Indicator, set to -1 if other than the

last solid disappeared,and set to -7 if tm-

trix is singular.

After the CALL EQUIL the user will wish to test

IND to determine if an error has occurred.
The mtrix Is solved with the bs Alaums Scientific

Laboratory subroutineMS (Linear System Solver).

a
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An Example, C4H8N808

T’
i

FREE No
AIK CHNO ENERGY (FE) MOLES (Y)

1. H20

2.
‘2

3. 02
4. C02

5. co

6. NH>

7. H

8. NO

9. N2

10. OH

b. 2. 0. 1.

0. 2. 0. 0.

0. 0. 0. 2.

1. 0. 0. 2.

1. 0. 0. 1.

0. 3. 1. 0.

0. 1. 0. 0.

0. 0. 1. 1.

0. 0. 2. 0.

0. 1. 0. 1.

11. Csolid 1. 0. 0. 0.

-2.28 4.0

9.56 0.o1

7.14 0.01

-1.25 2.0

4.62 0.01

9.79 0.01

18.42 0.01

12.10 0.01

10.25 4.0

13.35 0.01

2.99 2.0

AIK(I) for I = 1 to NAIKwhere NAIK= (NT(YI?)*(NEIE)

will be stored in order as a floating point O., 2.,

0 1., 0., 2., 0., 0., etc..>

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

a floatlngpoint 4, 0.01, 0.01, 2., etc.

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

flcating point -2.28, 9.56, 7.14, -1.25, etc.

EIEM for I = 1 to NEIE will be stored in order as

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

NEIE is 4, NGAS is 10, NTO1’is 11.

The answers will be stored in the same order start-

ing in location Y.

The free energy of each species is of the form

+ imperfectionterms.

RUIZS

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 many species as elements.

4. Not all the species may be multiples of each—

other.

5. Initial guesses are best if they satisfy the

tress balance constraints; however, any reason-

able guesses will probably be satisfactory.

B. llURTRANLinear Feedback Subroutine. This sub-

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

The Method (given X guessed, ratio, and tmaxzero).

1. Initial entry

a. IfX guessed= 0., set it to 1.

b. Set count = 1 and XP = X guessed.

c. Exit to get F(XP).

2. Second entry

a. SetXN2= XP, FN2= F(XP), FN = F(XP), and

count = 2.

b. If IFN21c max zero, set count = O., X

guessed . XP, and exit tith XP = the solu-

tion.

c. Otherwise, set XP= (X guessed)*(ratio)and

exit to get F(XP).

3. Third entry

a. Set XNl= XP, FNl= F(XP), FN . F(XP), and

count = 3.

b. If IFNIIc max zero, set count = O., X

guessed . XP, and exit with XP = the solu-

tion.

c. Cftherwise,set XP = XNl - ml ( ~w
)

and exit to get F(XP).

4. Fourth and succeeding entries

a.

b.

c.

d.

e.

f.

g.

h.

If the count > 10~, exit with count =

count.

Otherwise, set XN . XP, FN = F(XP), and

count = count + 1.

If XN = XNl or FN = FN1, exit with count =

- count.

If FN < sax zero, set count = O, X guessed

= XP, and exit with XP = the solution.

( XN-XN1
Otherwise, set XP = XN - FN

)m“

If FN and FNl are of opposite signs, set

XN2=XN1, FN2=FNI, XN1 =XN, ml=m,

and exit to get F(XP).

If FTiand FN2 are of the same sign, set

xN2=xNl, m2=ml, xNl .XN, FN1=FN,

and exit to get F(XP).

IfXP lies between Xl!andXN2, set XNl = XN,

FNl= FN, and exit to get F(XP).
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XN1 = XN, EW1 = FW, and exit to get F(XP).

Calling Sequence

CALL LFB (XP,FP,TX)

XP - value of X to calculate F(X)

FP - F(XP)

Tx - an array OP dimension 10

TX(1) - X guessed

TX(2) - ratio

TX(3] - m.x zero

TX(4) - m

TX(5) - m

TX(6) -XN1

TX(7) - ml

TX(8) - XN2

TX(9) - FN2

TX(lo) - count

On the initial

On return from

call ta IFS, TX(10) must be s O.

LFB,

TX(10) = O if a solution has been found. XP is

that solution.

TX(lo) ~o. 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 successivexp’s are equal, or c) two suc-

cessive FP’s are equal.

c. FWTRAN Thermodynamic Function Subro~tfne.This

subroutinecomputes the ideal gas thermiynam.ic

finctlons from a fit of the entropy.

Description

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

SO= A+BT+CT2+W3+~4.

m’ 2CT3 W4
K -Ko=~+—

4m5 + ~c “+-+7 ,

‘ince H“:

&
m!”

F-HO ~ -
(

CT2 IYrs m4
T

A+~+~+
T+ T)+%’

since ~= ~ - SO.

ProgrammingInstructions

Calling Sequence

CALLTDF(T,A,IND ,ANS)

T = Temperature

A = An array of six coefficientsA,B,C,D,E,XC

22

RiO= O for SO, 1 forH -HO, 2 forF-HO/T

ANS = Result

D. FORTRAN &wan Solid Equation of State Subroutine.

This subroutine computes the solid volume for a giv-

en pressure and temperature,and the thermdynedc

imperfectionterms for a given pressure, temperature,

and volum?.

The Formdas

1. To find the volume:

a. If incompressible,V’ = V. ,

b. Otherwise, linear feedback on os with

1.1[TX(2)loo , until error is
‘guessed=

less than 1.0 x

Tv= (T)/R5

O=As+B~ps+

+ (AI+A208)T
v

1O-9[TX(3)I,

2. To find the imperfectionfree energy (F;):

a. If incompressible,F; = (P)(VO)(MOWY’),

b.

Units are Mhar-cc/nnle.

3. TO find imperfectionenthalpy (E’a):

a. If incompressible,E: = O,

2
C3V:

b. ‘E’s= (MC@[(C~Va + ~+ ~)T;

(
- AsVs+B81nVs -~-’$-$)~.

s 8 0

Units are Mbar-cc/mole,

4. TO find the imperfecti.onentropy (S:):

a. If incompressible,S; = O,

b. s“= (MOI.kW?)[(AlVs+A21nVs)+ ~v

(
C2V2

CIV~ + -&

:.

.

.
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Units are Mbar-cc/v-mole.

ProgrammingInstructions

Calling Sequence

CALLSES (P,A,IND,ANS).

P = An array of 3 P(1) Pressure (Mbar),

P(2) temperature (°K),

P(3) volume (cc/g for imperfec-

tion terms).

A = An array of 3.2equation of state coefficients

VO, As,

Mor.m.

IND = O for

ergy,

error

B
s’ Cs’ Ds’ ‘s’

Al, A2, Cl, C2, C3,

volume, 1 for free energy, 2 for en-

3 for entropy and set equal to -1 for

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. Thl.s

subroutine computes the minimum of a function

000003

000003

000003
000003
000003

000003
000033
000041
000053
000057
000062
000075
000110
000123
000135

c
1

D = f(P) by approximating it with a parabola.

The formula for mi.nP from 3 sets of D and P is

Programming Instructions

Calling Sequence

CALL MIND (P,D,PG).

P= Calculated P (Pmin).

D = Calculated D (calculatedby users code).

PG. Anarrayof4 PG(l)

PG(2)

PG(3)

PG(4)

APPENDIK II

lX)RTRANLISTING OFTSE CODE

The order of the code is input; output; dependent

subroutines1, 2, 2A, 3, 4, 4A, 5; and independent

subroutinesEQUIL, LFB, MIND, SES, TDF, IA%, and PFPS.

P guessed,

Ratio of next two guesses

Definition of when mini-

mum is reached,

Cycle count - set to ze-

ro on solution, set to

-1 if more than 1000

iterations.

PROGRAM flKW (1NPLjTtOUTPUT9F1LM,TAPE12=F lLM)

COMMON x(25) QTHFRC(M..2’5) SSOLE(JS (12c5)9A11( (250) ?VSOL(S) !

lFREENE (2!5),XNl(2~),ES0L (5) *ELEM(IIIl QNQNT,M,TEMP,~RESs, ALPHAs

2BETA*THET4+AKAPPA*VbAS*RHO*AM0LWT ,gO, iOEQ*lCJCQ SHUG*l~VC*
31GRP,I D1c*IRHO,1ONL9 1M1Sq1EXT9FX.RlT,R2TQXBARt

4ETOT.VTOT9VPG,FS( 5)0 INl)!tiAMMAtI)ETVEL*PCJ,FGPQALNP.S (25) 9SGASQSTOT

5*VCJ*UCJ,CJT*CJS

COMMON / RST/ VBnS{lO) QEX1TME!SESP(3) *f?l*R2cAElT0A

1,R3QW5QR6*SCALFQPO*HUGBO> (10) QCJBOS(4) *APGCJ*BPGCJ

2QDF.LP* AMMUGP*HUGP(20) cHUGT(20) .HUGV(20),HUGW (20),HUGUS(20)

3QAStl(lS (10) QASBOSH(10). A5P(100) QASV(1OO),AST( 100) .ASE(1OO),ASG(1OO)

49ASUP( 1OO)!VAHX(750O) QALtiV( lI)O)9C~RIMEODEC1P9AM1NP! A1tVCp!AMAXP

5,ALX(IOI ),F1TP(100)$F ITT (lOO)QFITE (1OO)QPCOFF (5) QTCOEF(5)9ECOEF (S)

6*w(100),~ELY (100)tSB (5) *T (5) *A(5*5)*ALGP(1OO) QDPr)v(100)QIT*lw
7!A~GF( 100),VBOS2,HUGB2*NSF ~NAIKQVCI

COMMON /NAMEW N~M(25),NAMs (5).NAME(10 )9LABEL(12)

COMMON/SU13VAI?/AMAXE$AMINXQAM1tNV! TX(10)
D1MENS1ON ATHRHo(4) QNOVAI?(25)QVAR (25)

THE REA~lNG OF INPUT DATA

READ 901,10EQ,IcJc,iHUG,1PVc9 lGRP. IDICQIRHOO 1ONL,TMIS, IExT

REAO 904, LABEL
REAO 901,MtNqNT
IF(M.GT.10) GO TO 410
IF(NT.GT.25) 60 TO 410
REAO 902,ALPHA,BETA*T HETA.AKAPPA
REAO 905, (NAME(I) $I=19M)
READ 902, (ELEM(I)~[=l?M)
READ 902,RH0.AMOLkiT*EO
REAO 902. TEMP*PQESS



000145
000160
000173
000176
000210
000212
000213
000216
000230
000232
000245
000250
000253
000265
000267
000272

000304
000306
000311
000312
000321
000324
000326
000331
000333
000337
000341
000345
000347
000353
000355
000361
000363
000367
000371
000375
000377
000403
000405
Ooofbll
000413
000617
000621
000425
000427
000433
000435
000441
000443
000447
000451
000455
000457
000463
000465
000471
000473
000477
000501
000505
000507
000513
000515
000521
000523
000527
000531
000535
000537

Zll

7
3

10

c
11

12
299

301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
32o
321
322
323
324

325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346

READ 905, (NAM(I),I=I.NT)
READ 902Q(X(I)QI=1QN1)
NTDF=(8)*NT
REAO 902, (THERc(I)s I=1*NTOF )
IF(N.EQ.NT) GO To 3
NSF = (NT-N)
IF(NSF.GT.5) GO TO $10
REAO 905, (NAMS(I)!I=1SNSF)
00 7 I=l,NSF
RtAO 902, (SOLEQS (J~Il,J=l,12)
CONTINUE
NAIK=(NT)~(M)
REAO 902Q(AIK(I) sIzx1*NAIK)

IF(IRHOOLTO1) GO TO 11
IF(IRHO.GT.4) GO To 200
REAO 902, (ATHRHO( I) JI=l?IRHo)
EXTRA INPUT FEATURE
IF (IExT.LT.l)GO TO 200
IF(IEXT.GT.25) GO TO 200
Do 12 I=191EXT
REAO 906, (NOVAR(I)SVAR(I))
CONTINUE
00 380 I=lcIEXT
IF(NOVAR(I)-l) 300s301,302
VBOS(l)=VAR(I)
IFINOVAR(I) -2) 3009303*304
VBOS(2)=VAR(I)
IF(NOVAR(I)-3) 300s~05*306
VBOS(3)=VAR(T)
IF (NCIVAR(I)-4) 3oO*307*308
EXITME=VAR(I)
IF (N(IVAR(I)-5) 3o0,409,310
HUG1305(l’)=VAR(I)
IF(NOvAR(I)-6) 300,311*312
HUGqOS(2)*VAR(I)
IF(NOVAR(I)-7)
HUGBOS(3)5VAR(
IF(NOV4R(I)-EJI
PO?.VAR(I)
IF(NOVAR(I)-9)
cJ80st2)=vAR(I
IF(NOVAR(I)-1O
CJBOS(3)=VAR(I
IF(NOVAR(I)-11
APGCJ=VAR(I)
IF(NOVAR(I)-12
tlpGCJ=VAR(I)
IFINOVAR(I)-13
AMHUGP=VAR(I )
IF(NOVAR(I)-14
OELp=VAR(I)
IF(NOVAR(I)-15
CPRIME=VAI?(I)
IF(NOVAR(I)-16
OECIP=VAR(I)
IF(NOVAR(I)-17
AMINP=VAR(I)
IF(NOVAR(I)-18
AINCP=VAl?(I)
IF(NOVAR(I)-19
AMAXP=VAR(I)
IF(NOVAR(I)-20
ASBOS(2)=VAR(I
IF(NOVAR(I)-21
ASBOS(3)=VAR(I
IF(NOVAR(I)-22

30093139314
)
300,~15*316

30093179318

300s319s320

300*321v322

30093239324

300sJ250326

300*J27v328

300,~29Q330

300*331*332

300,3339334

300s~350336

300,337*338

300*339Q340

300e~41*3&2

30033439344
ASBOSH(2)=VAR(I)
IF(NOVAR(I)-23) 300,345,346
ASBOSH(3)=VAR(I)
IF(NOVAR(I)-24) 300J347,348

.
“.

.
.
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.
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000543
000545
000551
000553
000557
000561
000565
000567
000573
00057s
000601
000603
000606
000610
000620
000630

000633
000636
000641
000643
000664
000646
oO0647
000650
000651
000653
000654
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
y:

357
358
359

300

380
c

200

201

202

203

.?04

205

c
400

401

402

403

404

VBOS2=VAR(I)
IF(NOVAR(I)-25) 300$349~350
HU13B2=VAR(I)
IF(NoVAR(I)-26) 300,351,352
AMAXE = vAR(I)
IF (NOVAR{I)-27) 300$353~354
AMINX = VAR(I)
IF (NOVARII)-28) sOO~355,3S6
AMINY = VAR(I)
IF (NOVAR(I)-29) 3009357Q358
TX(2) = VAR(I)
IF (NOVAR(I)-30) 3000359?300
TX(3) = VAR(I)
PRINT 992s NOVAR(I)*VAR(I)
WRITE (12,992) NoVAR(I)$VAR(I)
c0t4TlNUE
MAIN CONTROL
IF(IHUG,GT.0) ICJC=l
IF(IPVC.GT.0) ICJC=l
VO=l./RHO
IF(IoEQ.EQ.0) GO To 201
CALL sYSI (IND)
IF(IND.LT.0) GO TO 400
CALL CJPNT
IF(ICJC,EQ.0) GO TO 202
CALL SYS3(IND)
IF(IND.LT.0) G(’1 TO 400
CALL CJPNT
IF(IHUG.EQ.0) GO TO 203
CALL sYS5 (IND)
IF(INO.LT.0) GO TO 400
CALL HUGPNT
IF(IpvC.EQ.0) GO TO 204
CALL SYS4A (INI))
IF(INO.LT.0) GO TO 400
CALL ISPNT
IF(IRHO.EQ.0) GO TO ?05
RHO=ATHRHO(IRHCI)
IRHO=IRHO-1
HUGBOSZHUGB2
vtlos=vi30s2
GO TO 200
vBos=vBcls2
HUGBOS=HUGB2
GO TO 1
ERROR RETURN
IF(IND.EQ.-1) GO To 401
IF(INO.EQ.-2) GO TO 402
IF(INO.EQ.-3) GO TO 403
IF(IND.EQ.-6) GO TO 40~
IF(INOOEQ.-5) GO TO 405
IF(IND.EQ.-6) GO TO 406
IF(IND.EQ.-7) GO TO 407
PRINT 990
PRINT 981
PRINT 990
CALL CJPNT
STOP
PRINT 99o
PRINT 982
PRINT 990
CALL CJPNT
STOp
PRINT 99o
pMINT 983
PRINT 99o

PRINT 990
PRINT 984

25



001006
001012
001013
001014
001016
001022
001026
001032
001033
001035
001041
001045
001051
001052
001053
001055
001061
001065
001071
OO1O7I?
001074
001100
001104
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

PRINT 99o
CALL CJPNT
CALL HUGPNT
STOP

405 PRINT 99o
PRINT 985
PRINT 99o
CALL CJPNT
STOP

406 PRINT 99o
PRINT 986
PRINT 99o
CALL CJPNT
CALL ISPNT
STOP

407 PRINT 99o
PRINT 987
PRINT 99o
CALL CJPNT
STOP

41o PRINT 99o
PRINT 991
PRINT 99o
cALL CJPNT
STOP

901 FORMAT (1215)
902 FORMAT (4E18011)
904 FORMAT (12A6)

905 FORMAT (11A6)
906 FORMAT(115Q1E18.11)

c ERROR RETURN FoRMATS
990 FORMAT (lOlHl***0**@*ERROR****+0**0*0ERRoR**o***o*o*0**00ERRoR*s~*

lUO+*~**ERNORO*o*#**0**ERROR****~*&**ERR0R0*****)

981 FORMAT (54H AN ERROR IN LFe INTEGRATING oN GAS VOLUME SYS1 )
982 FORI!At (54H AN ERRoR IN LFB INTEGRATING oN SOLID vOLuME Sysl )
983 FORMA~ (54H AN ERRoR IN EQuIL OTHER THAN LAST SoLID !ISApf’~’~~D ~

, 984 FORMAT (54H AN ERRO! IN LF8 INTEGRATING oN HuGoNIoT TEMp )
985 FORMAT (54H AN ERROR IN MIND~USED BY SYS3*MORE THAN 1000 INTERATE)
986 FORMAT (54H AN ERRoR IN LFB I?ERATING oN p FoR IsENTRopE SYS4A)
987 FORMAT (54H AN ERROR IN LQUIL SINGULAR MATRIX FROM LSS SYS1 )

991 FORMAT(109H THE INPUT DIMENSIONS ARE TOO LARGE ***CAN ONLY HAVE 10
1 ELEMENTS* 25 SpECIEs oF wHIcH oNLy 5 MAy BE soLIDs )

992 FORMAT (27H1 CONSTANT wITH IDENITY NO s115c 4H IS 01pE18.11~

c

END

SUBROUTINE CJPNT
THE PRINTING OF THE C J RESULTS
COMMON x(25) oTHERC(8,25)S SOLEQS (12s5)oAIK (250) !VSOL(5)S

lFREENE (2s)*XNl(2~)oESOL (5) oELEM(lO) *NtNT~MoTEMPoPRESS,ALPHAs
2BETAvTHETA~AKAPPA*VGASvRHO*AMOLWT*EO* IOEQ*ICJC, IHUG,IPVC.
31GRP*IOICQ IRHO*IONL*IMIS0 IEXT-FX!R1T*R2TOXBAR*
4ETOT,VTOTOVPGOES (5) tINDcGAMMAsOETVELoPCJcFGPcALNP.S (25) oSGAS*STOT
59VCJ,UCJ$CJT*CJS

COMMON / RST/ VE30S[10) *EXI1MEPSESP(3) !R1-N20ABTOA
lsR3sR5sR6sscALFoPo*Hu@os (10) sCJBOs(4) *ApGcJ*BpGCJ
2sDELP~AMHUGpsHUGP (20) 9HuGT(20)sHUGv (20) JHuGup(20) 9HuGus(20)
3,ASBOS{10),ASBOSH (10) 9ASP [lOO),ASV (1OO),AST(1OO),ASE (1OO),ASG(1OO)
4sASUP( loo) oVAHX(2500) sALGV(lOO) sCPRIMEODECIPOAMINPSAINCP~AMAXP
5oALX(101) CFITP(1OO)SFITT (100) oFITE(lOO) !PCOEF(5),TCOEF (5)oECOEF(5)
6*W(100),DELY I1OO)!SB (5) 0T(5)*A(5Q5) *ALGP(100) *nPnv(100)oITsIW
7,ALGF[ 1oo),VROS2,HUGB2 oNSFSNAIK*VO

cOMMON /NAMES/ NAM(25) ~NAMS(5)QNAME(10) !LABEL(12)
PRINT 902
PRINT 9oo,LABEL
PRINT 903~ M
PRINT 9049 N

.
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000030
000036
000042
000056
000062
000064
000075
000100
000105
000113
000121
000125
000127
000145
000161
000166
000167
000202
000206
000214
000222
000230
000236
000244
000252
000262
000?66
000270
000301
000304
000307
000313
000315
000336
000352
:;:;;:

000362
000370
000376
000604
000612
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

PRINT 9059 NSF
PRINT 906
PRINT 907?ALPHASBETASTHE1AOAKAPPA
PRINT 90$3
00 10 1=1*M
PRINT 909s ELEM(I). NAME(I)

10 CONTINUE
PRINT 91o* RHO
PRINT 9110 AMOLwT
PRINT 91z, Eo
PRINT 913

00 11 I=l*NSF
PRINT 914J NAMs(ll Q(SOLEUS(JoI)oJxl J6)
PRINT 91s, (SOLEQS(JtI) SJ=7*12)

11 CONTINUE
PRINT 916
PRINT 917s(AIK (I)oI=lsNAIK)
PRINT 902
PRINT 900~LAREL
PRINT 9180PCJ
PRINT 9190DETVEL
PRINT 920,CJT
PRINT 929sVCJ
PRINT 921,GAMMA
PRINT 922.VGASOXRAR
PRINT 923
00 12 I=l,NSF
PRINT 924,NAMS (I)~VSOL(I)

12 CONTINUE
PRINT 925
PRINT 926
DO 13 I=I,NT
PRINT 927*NAM( I),X(I)9(THERC (JsI),J=1?5)
PRINT 92FI, [THERC(J*I),J=6S8)

13 CONTINUE
IF (IGRP.EQ.0) RFTURN
WRITE (12s902)
WRITE (120900) LABEL
WRITE (1.2*903) N
WRITE (129906) N
WRITE (12s905) NsF
WRITE (12.90~)
WRITE (12.907) ALPHA~BETA,THETA.AKAPPA
WRITE (12-908)
Oo 20 I=l,M
WRITE (12,909) ELEM(I) *NAME(I)

20 CONTINUE
WRITE (12,910) RHO
wRITE (12s911) AMOLWT
WRITE (12$912) EO
Wf?ITE (12s913)
oO 21 I=l,NsF
WRITE (1z0914) NAMs(I) clSOLEQSIJoI)oJ=l ,6)
WRITE (12*915) (SOLEOS(J*I)?J=7. 12)

21 CONTINUE
WRITE (120916)
WRITE (120917) (ATK(I)*I=1oNAIK)
WRITE (12,902) -
WRITE [12?900) LABEL
WRITE (12s918) PcJ
WRITE {12s919) DFTVEL
wRITE (12$920) CJT
WRITE (12$929) VCJ
WRITE (120921) GAMMA
WRITE (12~922)VGASoxBAR
WRITE (12,923)
00 22 I=l*NSF
WRITI! (lz~924) NAMS(I)sVSOL(I)

22 CONTINUE
wRITE (12*925)

27



000663
000667
000671
000712
000726
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

23

900
901
902
903
904
905
906
907

WRITE (12s926)
DO 23 I=lcNT
WRITE (12Q927) NAM(I) tX(I)t(THERC(J! I) JJ=105)
WRITE (129928) (THIIRC (JOI)*J=6C8)
CONTINUE
RETURN
FOI?MAT(12A6).--—
FORMAT(11A6)
FORMAT (46H1 A FoRTRAN BKW CALCULATION FoR THE ExpLosIvE I
FORMAT (//,28H THE NuM13ER OF ELEMENTS IS *15)
FORMAT (//c3OH THE NUMBER OF GAS SPECIES IS c15)
FORMAT (//~32H THE NUMBER OF SOLID SPECIES IS ,15)
FORMAT (//o4lH THE BKW EQUATION OF STATE PARAMETERS ARE)
FORMAT ( 8H ALPHAB$1PE18.11Q6H BETAzzs1PE18D11*7H THETA=$lPE18.11$

17H KAPPA=s1PE18011)
9of3 FORMAT (//,4oH THE COMPOSITION OF THE ExPLOSIVE IS )
909 FORMAT (5H clPEi8C11010H MOLEs OF s1A6)
910 FORMAT (//s33H THE DENSITY OF THE EXPLOSIVE IS *1PE18.11s1OH$ GRAM

is/cc )
911 FORMAT (//~25H THE MOLECULAR wEIGHT IS slPE18011Q 6H GRAMS)
912 FORMA7(//*37H THF HEAT OF FORMATION AT O OEG K Is ~lPE18011*29H CA

‘IL0RIE5 PFi? FORMULA iiE16HT )
913 FORMAT (//olO9H THE SOLID (COwAN) EQuATION OF STATE PARAMETERS

lVOO AS, 8SS CSO 0SS ES, Al, A2v Cl, C2e C3, ATOMIC WT )
914 FORMAT (//slA6*6(2X!lPEl8.ll))
915 FORMAT (6H ,6(jX.lPE18.11))
916 FORMAT (//o59H THE INPUT DETONATION PRODUCT ELEMENTAL COMPOSITION

IMATRIX )
917 FORMAT 112(3XC1PF7.1))
918 FORMAT (//~32H THE COMPUTED CJ PRESSURE IS ,1PE18.11913H MEG

lAtlARS )
919 FORMAT (//04oH THE COMPUTEU DETONATION VELOCITY IS

lH
91PE18*11*19

CM/MICROSECOND )
920 FORMAT(//~35H THE COMPUTED-CJ TEMPERATURE IS ,1PE18.11*19H D

lEGREES KELVIN )
921 FORMAT (//s23H THE COMPUTED GAMMA IS $1PE18.11)
922 FORMAT (//,28H THE VOLUME OF THE GAS IS ,1PE18.11*35H CC/MOLE

10F GAS ANO THERE ARE tlpE18.ll~15H MOLES OF GAS)
923 FORMAT (//,25H Sc)LI~ VOLUME IN CclGM)
924 FORMAT (1A6$3X*LPE18011)
925 FORMbT(l/,l16H THE C-J COMPOSITION OF THE DETONATION PRoDUCTS ANO

lTHE INPUT COEFFICIENTS TO THE THERMODYNAMIC FITS FOR EACH SPECIE)
926 FORMAT (//oll6H spECIE NO OF MoLES COEFFICIENTS A*8sCSD*E0

1 THE INTEGRATION CONSTANT, HEAT o~ FORMATION IN cAL/MOLE,cOVOLUME)
927 FORMAT llA6s3X, lPE18011?5(2x, lPE18. 11))
928 FORMAT (27H 03(2x01PE18,11))
92’s FORMAT (1/,26H THE COMPUTED CJ VOLUME 01PE18.11921H CC/GM oF Ex

lPLOSIVE )
END

SUBROUTINE HUGPNT
c THE pRINTING AND GRAPHING OF HUGONIOT RESULTS

000002 COMMON X(25) oTHERc(8025) *sOLEQS (72s5)sAIK (2SO)?VSOL(5) s
lFREENE (2s)QXN1(25) *rSOL(5)OELEM(10) oNcNT*MoTEMP,PRESS.ALPHA,
2BETA*THETAsAKAPPAQVGASCRHOsAMOLWTsEOs IOEQ~ICJCQ IHuGQIpVC,
31GRP~IDIco IRH0,10NLsIMIS~IEXT~FXsRlToR2T*XBAR*
4EToT,VTOT,VPG,FS (5) 01NDoGAMMA,0ETVEL9PCJSFGP,ALNP,S (25) oSGASSSTOT
59VCJ*UCJ*CJT*CJS

000002 COMMON / RST/ vBoS(lO) 9EXITMEWSESP(3) 0R1,R20ABT04
loR3~R50R6sSCALFop0 oHUGBOS [1O)?CJROS(4) ,APGCJ,ePGCJ
2~DELP,AMHUGP,HUGP [20) ,HUGT(20)QHUGV (20) *HUGUP(20),HUGUs (20)
3oAS130S(10) ~ASBOSH(10),ASP (lOO),ASV(lOO) OAST(1OO),ASE (100) sASG(lOO~
4~ASUP( 100) oVAHX(~500) cALGV(loO) sCPl?IME~DECIPsAMINpQAINcP,AMAXP
5,ALX(101) 9FITP(10O)OFITT (lOO)*FITE (1OO)OPCOEF(5) ,TcoEF(5) wEcf)EF(5)
6oW(100),DELY (100) oSB(S) ,T(5)oA (505) oALGP(100)*DPf)v (100) ~IToIw

.
-.

.

.-
,
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.-

.
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000002
000002
000002
000006
ooool~
000015
000017
000033
000037
000050
000054
000056
000067
000071
000073
000076
000077
000103
000111
000112
oooll~
000130
000134
000145
000151
000153
000164
000166
000170

000173
000174
000204
000206
000210
000212
000221
000223
000231

000235
000237
000267
000251
000253
000255
000264
000,266
000774

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

000344

000344
000344
000344

12

11
10

?2

21
20

c

c

c

900
902
903

7.ALGF(lno) 0VBOS2.HU(3132CNSFONAIK.VO
CO~~ON-;~iMES/ NAM(25) oNAhS(5i *NAzE(10)QLABEL [12)
DATA IcHAR/055/
PRINT 902
PRINT 900~LA13EL
K=l
DO 10 1=1*IT
PRINT 90.30HUGP( I) OHUGV(IltHUGT (I)
IF ( I.GToIU) GO TO 12
PRINT 904tHUGUS (I),HUQUP(I)
PRINT 90S
DO 11 J=1oNT
PRINT 906*NAM(J)*vAHx(K)
K=K+l

CONTINUE
CONTINUE
IF [IGRP.EQ.0) RFTURN
wRITE (12!902)
WRITE (12$900) LABEL
)(x1
DO 20 Ix1,IT
WRITE (lz$903) Hu6P(S) ?HUGv\I),HuGT(I )
IF ( I.GT.IW) GO TO 22
wRITE (12,904) HIJGUSII) *HUGUP(I)
wRITE (12*905)
Do 21 J=l,NT
WRITE (12s906) NAM(J) cVAHX(K)
K=K+l
cONTINUE
CONTINUE
GRAPH PRESSURE VS VOLuMk

CALL AOV(l)
CALL DGA (123s1023~00900000 s100,1 .*O.)
CALL DLNLN (1oo1o)
CALL SLLIN (10,2)
CALL SBLIN (10,2)
CALL PLOT (IT!HUGV, l*HUGP*~$XcHAR, 1)
CALL LINCNT (60)
WRITE (12s900) LABEL
WRITE (120907)
GRAPH PRESSURE VS PARTICLE VELOCITY
CALL ADV(l)
CALL DGA (1230102300~900~0. sl.o 91.0$0.)
CALL DLNLN (10.1;)
CALL SLLIN (10,2)
CALL SBLIN (10,2)
CALL PLOT (IwoHUGUPS l*HUGPslsICHARO 1)
CALL LINCNT (6o)
WRITE (120900) LABEL
wRITE (12!908)
GRAPH SHOCK vELOCITY VS PARTICLE VELOCITY
CALL AOV(l)
CALL OGA (123s1023*o$90000. 01.Ql .590.5)
cALL OLNLN(10010)
CALL SLLIN (1002)
CALL SBLIN (10s2)
CALL PLOT (IWsHUGUP* l,HUGUS,ltICHAR, 1)
CALL LINCNT (60)
WRITE (12s900) LABEL
wRITE (120909)
RETURN
FORMAT(12A6)
FORMAT (50Hl THE BKW HUGONIOT FOR THE DETONATION PROOUCTS OF )
FORMAT (//,l2H PREsSURE = ClPE18011s10H VOLIJME = ,1PE18.11s15H TEM

lPERATURE = ,1PE18.11)
906 FORMAT (18H SHOCK VELOCITY = Q1PE18.11Q20H PARTIcLE VELOCITY =,lPE

118.llc50H UNITS ARE”M6ARS.CC/GM, OEG K, AND cMIMIcROSECOND )
905 FORMAT (//t22H spECIE No OF MoLES)
906 FORMAT (1A6s3X,1PE18.11)
907 FORMAT (//*46H PRESSURE (MBARS) - VOLUME (CC/GM) HUGONIOT )

29



000344 908 FORMAT (//s6lH PRESSURE (MBARS) - PARTICLE VELOCITY (CM/USEC)
lHUGONIOT )

000344 909 FORMAT (//*5oH sHoCK VELOCITY - PARTICLE VELOCITY HUGONIOT )

000344 END

000002

000002

000002
000002
000002
000002
000006
000014
000026
000040
000052
000060
000064
000066
000113
000116
000121
000125
000127
000154
000157
000162
000175
000176
000200
000201
000?16
000220
000221
000’223
000225
000231
000237
000251
000263
000?75
000303
000307
000311
000336
000341
000344
000350
000352
000377
000402
000405

30

SUBROUTINE ISPNT
c THE PRINTING ANO GRAPHING OF ISENTNOPE RESULTS

COMMON X(25) 0THFRc(8,25) ssOLEQS (12.5) sAIK(250)oVSOL(5) s
lFREENE (25) sXN1(25) OESOL(5)CELEM(1O) oNsNTsMoTEMPoPRESSOALPHA$
2BETAQTHETA~AKAPPAsVGAStRHO*AMOLWTsEO~ IOEQQICJC, IHUG.IpVCC
316Rp9101CS1RH0. 10NLCIM1s* IExTo~x*RlT*R2Tox6AR0
6ETOTOVTOTSVPGOES (5) ,INDoGAMMAoDETVELoPCJOFGPOALNP,S (25) $SGAs*sTOT
59VCJ*UCJ9CJT9CJS

COMMON / RST/ VBOS(lO) QEXITME*SESP(3) *R1$R20ABTOA
l*R3$R5,R6sscALF*POOHuGBos(lo) 9CJBOS(41QApGCJoBpGCJ
2,DELP*AMHUGP,HUGP (20) sHuGT(20)cHUGv (20) cHuGup(20),HuGus (20)
3.AS130S(10) .ASBOSH(1O),ASP (lOO),ASV(lOO) QAST(1OO).ASE (100) ~ASG(lOO)
49ASUP( 1OO)WVAHX(25OO) sA1.GV(lOO) 0CPRIMEODECIP~AMINPoAINCPOAMAXP
5oALX(101) OFITP(1OO)!FITT (lOO)JFITE (lOO)!PCOEF (5),TCOEF (S) QECOEF(5)
6,W(100) oDELY(100)~SB(5) sT(5)sA (5,5} QALGP(1OO)SOPI)V (100) ~ITsIW

10
. .

11

12

7.Al-GF(lnn) .Vi30S2.HUGd320NSFcNA1KQV0---- --”. -.—. -—.—— —-

COMMON /NAMES/ NAM(2’5) sNAMS(5)sNAiE(10) oLABEL[12)
DATA ICHAR /044/
DATA ICHAR2 /063/
PRINT 902
PRINT 900~LABEL
PRINT 903, (PcOEF(1)11=1S5)

20

21

p~INT 9040 (TcoEF(I}t I=lt5)
PRINT 9050 (EcOEF(I), I=1S5)
PRINT 906~CPRIME
PRINT 907
DO 10 I=l~IT
PRINT 90BoASP( I),ASV(I)*AST( I) *ASE(I) $ASG(I)OASUP( 1)
CONTINUE
PRINT 909
PRINT 91o
DO 11 l=IsIT
PRINT 908sASP(I),F11P (I)?AST( I),FITT (I) ~ASE(I),FTTE( I)
CONTINUE
PRINT 911
PRINT 912$ (NAM(1)? 1S110N1)
l(x~
LxNT
00 12 1=1*IT
PRINT 90EOASP 11), (V~HX(J)SJ=K*L)
K SK + NT

L =L + NT
CONTINUE
IF(IGRP.EQ.0) RETURN
WRITE (12Q902)
WRITE (120900) LABEL
WRITE (12$903) (PCOCF(1)?1=1S5)
WRITE (120904) (TCOEF(I)$I=ls5)
WRITE (12s905) (FCOEF(I)91=1S5)
WRITE (120906) CPRIME
WRITE [120907)
DO 20 I=l,IT
WRITE (120908) ASp(I),ASV(I)oAST (I) oAsE(I) oASG(I)oASUP (1)
CONTINUE
WRITE[12Q909)
WRITE (12091O)
DO 21 I=IoIT
WRITE (12c908) ASP(I) QFITP(I)OAST (II !FITT(I),ASE (I),FITE (I)
CONTINUE
WRITE (129911)
WRITE (12*912) (NAM(I) ?I=l*NT)

--

.



.
.-

.
.

.,

000420
000421
000423
::):::

000443
000444

000446
000450
000455
000462
000665
000667

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

22
c

30

c

c

c

900
902
903

.

Kul
LxNT
00 22 1=1,11
WRITE (12s908) AsP(I), (VAHx(J)OJ=KSL)
K SK . NT
L =L + NT

CONTINUE
GR&PH LOG SET UPS
0030 I = ]917
A5P(1)sALOG10 (ASP(1))

ASV(I)SALOGIO (ASV(I))
CONTINUE
APCJ = ALCJG1O(PCJ)

AVCJ=4LOG1O(VCJ)
GRAPH LOG PRESSURE VS VOLUME
cALL AOv (1)
CALL DGA (123* 1023so~900*-i. **20 S*0.0-4.)
CALL DLGLG
cALL SLLOG
CALL S8LOG
CALL PLOT(IT,ASV 91*ASP01,1CHAR,0)
CALL PLOT (l*AVCJ, 1*APCJ,1SICHAR2! O)
cALL LINcNT (6o)
WRITE (12,900) LABEL
wRITE [12s913)
GRAPH TEMPERATuRF VS LOG vOLUME
CALL ADV(l)
cALL DGA (123cloP3,0,900s-1 .s*20 o+1oE*4*OO)
CALL DLGLN(10)
cALL SLLIN(10,1)
CALL SBLOG
CALL pLOT(IT*ASV* l*AST*l*ICHAN, O)
cALL PLoT(lcAVCJ,l .CJT*l.lCHARZ, O)
cALL LINcNT (6o)
WRITE (12’*900)LABEL
WRITE (12,914)
GRAPH PRESSURE Vs PARTICLE VELOCITY
CALL ADV(l)
cALL DGA(123t 1023*Oo900*0. t*l.,*0.*-40)
CALL DLNLG(10)
cALL SLLOG
CALL S13LIN(10~2)
CALL PLOT (IW?ASUPQ IQASPtlQICHARQ I)
CALL PLOT (l*UCJ,l.APcJtl, ICHAR2,0)
CALL LINcNT (60)
WRITE (120900)LAREL
wRITE (12,915)
RETURN
FoRMAT(12A6)
FORMAT(44H1 A BKW ISENTROPE TliRU BKW CJ PRESSURE FOR )
FORMAT(//98H LN(P)= *1PE1(3011 *3X*1PE18* 11Q5HLNV .IPEI8.1106HLNV*2

L *1PE18011s6HLNV*3 *lPE18011*5HLNVe4)
904 FORMA1(//S8H LN(T)= *1PE1801193XQ1PE18* 1195HLNV ,1PE18.11s6HLNv*2

1 91PE18.11*6HLNV03 91PElB*llo5HLNv@4)
905 FORMAT(//S8H LN(E)= *lPE18. llo3X.lPE18. ll*5HLNP

1 91PE18.11Q6HLNP*3 *1PE18011S5HLNP*4)
01pE18.ll*6HLNP*2

906 FORMAT(//*36H THF cONsTANT ADDED TO ENERGIES WAS ,1PE18.11)
907 FORMAT(//*l26H PRESSURE (MBARs) VOLUME (CC/GM) TEMPER

lATURF (DEG K) ENERGY*C (MB-CC/GM)
2VELOCITY)

GAMMA (-oLNP/OLNV) PARTICLE

908 FORMAT (6(3X*lPElaOll))
909 FORMAT(70H1 THE ISENTROPE STATE VARIABLES AS COMPUTED FROM THE LEA

1ST SQUARES FIT)
910 FoRMAT(//9ll9H BKW PRtSSURE FIT PRESSURE BKW TE

lMPERATURE FIT TEMPERATURE
2Y)

BKW ENERGY ● c FIT ENERG

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

912 FORMiT (20A6)
913 FORMAT (&7H PREsSURE-VOLUME ISENTROPE THRU THE C-J VALUE )



000662 914 FORMAT (50H TEMPERATURE -VOLUME lSENTI?OPE THRU THE C-J VALUE)

000662 915 FORMAT (43H PREsSURL -PARTICLE VELOCITY ISENTROPE )
000662 END

.
-.

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
000046
000045
000046
000051
000060
000065

000065
000100
000105
000107
000110
000112
000121

000144
000147
000151
000153

32

SUBROUTINE SYS1 (INII)
c SYSTEM T
c GIVEN P*T
c

COMPUTE v
IND IS -1 FOR VGAs LFB ENRoR~ -2-VSOL LFB ERRORW-3 EQUIL ERROR
COMMON x(25) sTHERc~B,25) sSOLEQS (12*5) *AIK(250)sVSOL(5)S

lFREENE (25) sXN1(25) J:SOL(5)SELEM(1O) sN9NTsM*TEMPJPRESSOALPHAS
2BETA*THET40AKAPPAoVGAS*RHOQAM0LWT~EOs IOEQt ICJC*IHUGSIpVC,
31GRp01D1Cr 1RH0,10NL$ IMIs$IExTsFx,RlT*R2TQ&6AR.
4EToTgVTOT~VPGtES (5) JINDsGAMMAtDETVELoPCJsFGP9ALNPSS (25) *SGAS*STOT
5$VCJ,UCJ*CJT*CJS

COMMON / RST/ vBoS[lO) *EXI1ME9SESP(3) *R1,R2*ABTOA
loR30R5,R60scALF$p0,HuG60s (10) ScJB0s(4) SApGcJ$k3pGcJ
2!OELP,AMHUGPQHUGP (20) ,HUGT{20).HUGV (20) sHUGUP(20),HUGUS (20)
3sAS130S(10) *ASBOSH(1O)OASP (100) oAsv{loO) ~AST(lOO).ASE (1OO)SASGI1OO)
4sASUP(100) *VAHX(2~OO)9ALGV (100) scpRIME~DECIP~AMINPCAINCPtAMAXP
59ALX(101) !FITP(1OO),FITT (lOO),FITE [1OO)9PCOEF(5) ,TcOEF(5)sECOEF (5)
6$W(100),DELY(100) oSB(5) 9T(5)sA (5*510ALGP(100) SOPDV( 100) *IT,IU
7*ALGF( loo) sv80s2.HuGB2*NsF sNAIKoVO

.
.

100

101

102

109

103

105

c
104

.

DATA vBOS2 /*1.5E*l/
DATA VBOS(l)/*1.$E+l/
DATA VBOS(2)/*1.I/
DATA VBOS(3)/*1.E-8/
OATA VBos(lO)/O./
DATA R1/I.9871F)/
DATA R2/8u31439E-5/
DATA R3/+2.39004905E*4/
DATA AE?ToA/O.986Q2E*6/
DATA R5/+1.16056E+4/
DATA R6/+0.43429448191
DATA EXITME/*2.0E-5!
XBAR=OO
DO 101 x=1*N
X13AR=XBAR*X(I)
CONTINUE
Zao.

DO 102 I=19N
z=z*(x(l) /xRAR)@THE.Rc(8.1]
CONTINUE
TTA= (TEMP*THETA) **ALPHA
z8AKAppA*z

CALL LFB (VGAS,F,VBOS)
IF(VBOS(1O)) 103,1040105
IND=-1
RETURN
w8z/(v13A5*7TA)
FX=(l.*W*EXP (BETA*W})
F= FX -(PRESS @vGA!j)/(R2*TEMP)
GO TO 10Q
FINO FREE ENERGIES
FGP=-(EXP(i3ETA*W)-l,!)/ljETA +(AL13G(FX))
AI.NP=ALoG(PRESS*ABTOA)
RIT=[R1)*(TEMP)
R2T=(R2)*(TEMP)
DO 106 J=IsN
CALL TDF (TEMP*THERC(lSJl,20FREENE (J))
FREENE(J)=FREENE(J)/Rl*( THERC(7,J)/RIT)+ALNP

L-(FGp-(AKAPpA)*(THERC (B*J))~(FX-l.)/Z)
106 CONTINUE

IF(N.ECI.NT) GO To 111
NS=N+l
Ial

--

,..
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000154
000156
000165
000174
000176
000177
000200
000200
000?10
000212
000221
000225
000227
000231
000232
000233
ooo73~
000236
000241
000243
000?43
000254
000256
000260
000?61
000263
000270
OOOZ’72
000276
000275
000276
000277

107
110
108

111

112

114

113

DO 107 J=NS*NT
CALL TDF(TEMP,THFRC (1,J),2,FREENE (J))
FREENE(J)=(FREENF(J],)/(Rl )*(THFRC(7CJ)/RIT)
SESP(l)=PRESS
SESP(2)=TEMP
IN()=O
SESp(3)X0.
CALL SES(SESP,SOLEQS( 1OI),IND,VSOL (1))
IF (IND.EQ.-1) GO TO 108
CALL SES(SESP,SOLEQS (lOI)oloFSP)
FREENE(J)=FSP/R2T +FREENE[J)
IEI*l
CONTINUE

GO TO 111
INO=-2

RETURN
DO 112 I=IoNT
XNllI~=XII)
:::T:NUE

cAL? EQUIL(AIK,X,FREENE,ELEM,M,N,NT, IND)
IF(INO.EQO-1) GO TO 113
IF(IND.EQ.-7) RETURN
AMOLERSO.
00116 I=1oNT
4MOLER = AMOLER + ABS(X(I) - XN1(I))
CONTINUE
IF (AMOLER.LT.EXITME) RETURN
::D::3100

RETURN
END

SUBROUTINE SYS2
c SYSTEM II

000002
ASSUMES SYS1 JUST PERFORMED

cOMMON X(25) oTHERc(EI.25) oSOLEQS (12~5)$AIK (250) tvSOL(S) $
lFREENE (2s),XN1(2S),ESOL (5) *ELEM(lO) QNONT,M,TEMP*PRESS*ALPHAO
26ETAoTHETAtAK4PPAtv13As*RH0s4M0LwToE0, IOEQt ICJC,IHIJGOIPVC,
31GRP*IDIC0 IRH0,10NLOIMIS sIEXTJFXCR1T,R2TSXBAR,
6ETOT,VTOT9VPG9ES (5) 91ND9GAMMA91)ETvEL9PcJQFGPc ALNP,S(25) 9SGAS*STOT
5,VCJQUCJ,CJTCCJS

COMMIYN / RST/ VBOS(lO) SEXITMEoSESP (3),Rl,R2tABTOA
1,R3!R5,R6,SCALF,P0,HUGBOS (10) oCJBI3S(4) *APGCJ,BPGCJ
2*DELP$AMHUGPtHUGP 120) 0HUGT(20)*HUGV (20) 0HUGUP(20) .HUGUS(20)
3tASBoS( Io).ASBOSH(lO),AsP (100) .Asv(lOO),AST (lOo).ASE (1OO),ASG(1OO)
4QASUP( 100) ~VAHX(2500) ,ALGV(loO),cPl?IME,DECIP,AMINp, AINcP9AMAXP
5*ALX(101),FITP (\OO)sFITT (lOO),FITF (IOO),PCOEF (5) ,TCOEF(5)*ECOEF (5)
6!W(100) *DELY(100)tSB(5) *T (5) *A (505) sALGP(100).DPnv (1OO)OITOIW
7*ALGF(1oo) ,VBos2.HuGH29NSF *NAIKCvo

000002

000002
000003
000005
000012
000024 201
000027
00003?
000037
000040
00004?
oooo4fb
000045
000047
000054
000057
000064

EGT=o.
DO 201 I=l,N
cALL TDF(TEMpOTHFRC (l,I)CIOHMHO)
EGT=EGT+(X(I)/XBAR)*(HMHO-RIT*THERC (701))
cONTINUE
EGT=EGT+RIT* (ALPHA*~EMP* (FX-10)/(TEMP*THETA))
EST=O.
VST=OC
IF(N.EQ.NT) GO TO 202
NS=N+l
J=l
DO 202 I=NSCNT
cALL lDF(TEMpOTHERC (l*I)*lSHMHO)
SESP(3) =VSOL(J)
cALL SES(SESP*SOLEQS (1$J),2*ESP)
ES(J)= HMHO ●THERC(7sI)* (R3}+(EsP)

33



000074 EST=EST ●(X(I)*ES(J))
000101 VST=VST +(X(I)*VSOL{J) *SOLEQS(12~J) )
000110 J=J+ 1

000111 202 CONTINUE
oooll~ ETOT=(XBAR)S(EGT) ●EST
000117 VTOT=(XSAR) *(VGAS)*VST
000122 VpG =(VTOT)/AMOLWT
iiiiii~ RETURN
ooo124 END

000003

000003

000003
000003
000003
000003
000003
000003
000003
000003
000007
000011
000012
000013
000015
000016
000020
000033
000033
000034

SUBROUTINE SYS2A (IIUI)
c SYSTEM II A GIVEN !: cOMPUTE HUGONIOT TEMPERATURF
c IND IS -1 FOR VGAS LFFI ERROR*-2 FOR VSOL LFB ERRORV -3 FOR EQUIL
c ERROR AND -4 FoR HuGONIOT TEMP LFB ERROR

COMMON X[25)oTHERC(8S25) ?SOLEQS (12*5) JAIK(250)sVSOL (5)$
lFREENE (25) ~XNl(2S)..SOL (5) cELEM(lO) *N*NT~M*TEMP~pRESS*ALpHA-

52BETAQTHETA*AKAPPAoV As*RHOQAMOLWT~EO, IOEQ~ICJC* IHuGsIpVC~
31GRP*IDIC*IRHO*IONL91MIS* IEXTQFX*R1T9R2TOXBAR0
4ETOT~VTOTOVPGOES (5) oINDsGAMMAcf)ETVELSPCJOFGPOALNPoS (25) ~SGAS~STOT
5PVCJ,UCJ,CJT*CJS

COMMON / RST/ VBoS(lO) sEXITMEtSESP(3) ~R10R2*ABTOA
l,R3,R5,R6,SCALF,Po,HuGBos (10) oCJBOS(4) sApGCJ*BPGCJ
2~0ELpoAMHu6p*Hu6P (20) sHuGT (Zo)OHuGv (20) *Hu6up(201QHuGus (20)
3,ASBOS (10),AsBoSH(10),ASP (lOO),ASV (1OO),AST(1OO),ASE (1OO),ASG(1OO)
4oASUP( lon)!VAHX(2500 ),ALGV( 1OO)JCPRIMESDECIP, AMINP,AINCP*AMAXp
5~ALX(101) ~FITP(100),FI TT(lOO) 0FITE(loO)oPCOEF (5),TCOEF (5) JECOEF(5)
60ti(100) oDELY(100)~SB(5) 9T(5)*A (5*5) oALGP(1OO)SDPIIV (1OO)SITWIW
7!ALGF( 100) $VBOS~,HUGB2*NsFsNAIKcV0

DATA SCALF/*1.OE-5/
DATA Po/*looE-6/
DATA HUG132 /*300E*3/
oATA HUGBOS(l)/+3.0E*3/

DATA HUGBOS(2)/*loI/
DATA HUGBOS(3)/.l.OE-6/
OATA HUGBOS(lO)/O./

249 CALL LFB(TEMP*FsHUGBOS)
IF(HUGI3OS(1O)) 2sOS252C251

250 IND=-4
RETURN

251 CALL sYSl (IND) “
IF(IND.LT.O) RETURN
CALI. SYS2
F=(SCALF) *(ETOT-FIJ-(005) *(pREsS.po) +(vO-vpG) *R3*AM0LwT’)
GO TO 249

252 RETURN
ENO

SUBROUTINE SYS3(IND)
c SYSTEM III FIND c-J vALUES
c ERRORS IND-1oVGAS L~13/-2c vSOL LFB/ -3~ E9U1L/-40HuG LFB/
c IND = -5 IF MIND ER&OR

000003 COMMON x(25) QTHERC(8S25) oSOLEQS (1Z05)JAIK (250) *VSOL(5) o
lFREENE (25) oXN1(2S) s:SOL(5)*ELEM(1O) ?N*NT*MoTEMPOPRESS.ALPHA~
2BETA~THETAsAKAPPAQvGAS*RHO*AMOLWT$E0, 10EQ. ICJC,IHUGoIPVC?
31GRPo IDIcsIRHOSIONLoIMISs IEXT*FX.R1ToR2TOxBARt
4ETOTOVTOT*VPGOES (5) oIND*GAMMAoIIETVELOPCJOFGPOALNP,S (2S),SGAS,STOT

000003
5?vcJ*ucJ;cJT9cJs -

COMMON / RST/ VBOS(lO) *EXITMESSESP(3) 0R1,R2cABTOA

-.

.

l~R3QR50R60SCALF~PO~HUGB0S (10) oCJBOS(4) oApGCJ*BPGCJ
2TDELPoAMHUGP*HUGP (20) 0HUGT(20) OHU(3V(20) sHUGUP(20) *HUGUS(20)

34



.
.-

.

-.
.

-.

000003
000003
000003
000003
000003
000003
000003
000007
000013
000015
000017
000020
000031
000031
000036
ooon37
000040
ooor14i?
000050
000050
0000s1
00005?

3,As130S( 10), ASBOSH(lO), ASP (loo),Asv (lI)O),AST (1OO),ASE (1OO),ASG(1OO)
40ASUP( 100),VAHX(Z500) *ALOVIIOO) OCPRIMEODECIP9AMINPCAINCPOAM4XP
5?ALX(101) OFITP[1OO)!FITT (lOO)*FITE (1OO)SPCOEF(5), TCOEF(5)*ECOEF(5)
6oW(100),DELY (1OO)!SB(5) ~T(5}tA (5~5)!ALQP (100) ~DPnV (1OO)$IT?IW
7,ALGF( Ioo),VBOS2,HUGB2SNSF*NAXKSV()

DATA CJIIOS(l)/O./
DATA CJFJ(15(2)/+0.8/
OATA CJi3nS(3)/*1.0E-6/
oATA CJROS(4)/OC/
DATA APGCJ/*0.15/
DATA BPGcJ/*0.25/
CJBOS(l)= APGCJ + (BPGCJ)*(iHO-1.)

300 CALL MIND lpRESS,DETvEL*CJ80S)
IF (CJROS(4)) 3100~ll*312

312 CALL SYS2A(IND)
IF(IND.LToO) RETURN
DETVEL= (VOl*(SQRT ((pRESS-PO) /( Vo ‘VPG)))
GO TO 300

311 GAMM4=( (RH00((DETVEL)* (DETvEL)))/PRESS)-l.
PCJ=PRESS
VCJ= VPG
cJT= TEMP
UCJ= SQRT(PCJ*(VO-VPG))
RETURN

310 INO = -5
RETURN
ENO

000002

SUBROUTINE SYS4
c sySTEM 4 GIVEN PtTsV CALCULATE S ASSUMES SYS1 HAS BEEN DONE

000002 COMMON x(25),THFRC (8,25) ~SOLEQS (12$5),AIK (250) sVSOL(5)?
lFREENE (25) ~XNl(2S)tESOL (5) !ELEM(lO) ~N*NTcM,TEMP,PRESStALPHAt
2RETA.THETAsAKAPPAQVGAS$RHO!AMOLWT?EO, IOEQSICJC, IHUG,IPVCo
31GRP, IDIcsIRHOOIONL! IMIS*IEXT*FX,R1T*R2T.XBARC
6ETOT,VTOT,VPG,ES (5) oINDsGAMMAsDETVEL,PCJCFGP,ALNP,S (25) *SGAS*STOT
59VCJ*UCJ$CJTQCJS

COMMON / RST/ V130S(10) *Ex11MEsSESP(3) *Rl,R2sABToA
1,R3*R5,R6!SCALFOPO?HUGBOS (10) !CJBOS(4) 9APGCJ*BPGCJ
2~DELP!4MHUGPQHUGP 120) ,HUGT(20),HUGV (20) SHUGUP(20) oHUGUS(20)
3sAS130S( 10)oASBOSH(10) .ASP(lOO),ASV (loO)OAST (lOO),ASE (lOo)*ASG(lOO)
4oASUP( 1001 *VAHX[2500) ,ALGV(lOO) *CPRIME*OECIP,AMINP*AINCP.AMAXP
5,ALX(101),FITP (loO),FSTT (IOO),FITE (lOO)*PCOEF [S) ,TCOEF(5),ECOEF (5)
69W(loo),DELY (100) 95B(5) tT(5)*A (5.5) ~ALGP(loo)*DPnv (100) sIT91W
7*ALGF(1oo) ,VROS2,HUG820NSF,NAIK 9V13

000002 SPG= RI*( FGP*(ALPHA oTEMP*(FX-1.l/(TEMP*THETA) ))-R1*ALNP
000013 SUM=O .
000014 Do 400 I=19N
000015 SUM= SUM ● (X(I)/xBAR)*ALOG(X(I)/XBAR )
:::;:: 400 CONTINUE

SPG= SPG -R1*SUM
000034 SUM=O ●

000034 DO 401 1=1.N
000036 CALL TDF(TEMP*THFRC (1*1) *O, S(I))
000046 SUM =SUM ●(X(I)/XBAR)~S(I)
000052 401 CONTINUE
000054 SGAS=SUM.SPG
000056 STOT=(XF3AR) *(SGAS)
000057 IF(N.EQ.NT) RETuRN
000061 NS=N*l
000063 Ix1

oooo6~ DO 402 J=NS,NT
000066 CALL TDF(TEMPsTHERC (l,J),Ot S(J))
000074 SESP(3)= VSOL(I)
000077 CALL SESISESP~SOLEQS( l*I)*3!SS)
ooolo~ S(J)= S(J) ●(R3/R5)05S
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000111 402 CONTINUE
000113 SUM=() .

000114
000116

DO 403 J=NSONT
SuM = SUM ● (X(J) )O(S(J))

000123 403 CONTINUE
000125

~:::R; ’101 + suM000127
000127 END

000003

000003

000003
000003
000003
000003
000003
000003
000003
000003
000003
000003
000003
000003
000005
000006
000010
000012
000013
000015
000017
000020
000021
000022
000023
000025
000033
000035
000037
000041
000043
000046
000050
000052
000053
000055
000057
000063
000065
000066
000067
000071
000072

SUBROUTINE SYS4A (IND)
c SYSTEM 4A TO COMPUTC THE C-J ISENTROPE INO =-6 FoR LFB S ERROR

COMMON x(25) oTHERC(8S251 *SOLEQS (12c5)oAIK (250) sVSOL(5) s
lFREENE(25)sXNl (2sl~ESoL (5)sELEM(lo) *NONTSt40TEMP*PRESS,ALPHA~
2BETA,THETAoAKAPPAoVGAS$RHOoAMOLWT,EO* IOEQSICJC,IHUG*IPVCS
31GRPsIDIcQIRHO*IONLS It41SsIEXTsFXSRlT~R2TQXBARo
4ETOT,VTOT*VPGSES (5) .IND~GAMMA~nETVEL~PCJwFGP$ALNP,S (25) sSGASOSTOT
5~VCJQUCJ,CJT*CJS

COMMON / RST/ VBOS(lO) ?EXITME?SESP(3)OR1 ,R2CABTOA
l~R30R50R6sSCALFoPOCH’JGBos (10) QCJBOS(4) QAPGCJOBPGCJ
2QDELP~AMHUGP,HUGP (20)*HUf3T (20),HuGV(20) sHUGUP(20),HUGUS (20)
3oASBOS(10),ASBOSH(10),ASP (lOO)OASV (1OO)WAST(1OO).ASE (1OO),ASG(1OO)
4?ASUP(100) oVAHX(2500) oALGV(lOO) ~CPRIMESDECIP oAMINPsAINCPQAMAXP
5?ALx(lol ),FITP(lt)o)*FITT (IOO)QFITE (lOO)*PCOEF (5),TCOEF (5)*ECOEF(5)
6QW(100) ODELY(100)~SB [5) ~T(5)~A(505) ~ALGP(100) QDPDV(100)sIT!IW
7oALGF(100),VROS2,HUGB2sNsF sNAIKsVO

DATA CPRIME/*0.l/
DATA OEclP/*0.7/
DATA AMINP/*1.oE-4/
DATA AINCP/+1.15/
DATA AMAxP/*1.o/
DATA AsRoS(2)/*0.9/
DATA ASBOS(3)/*0.l/
DATA ASBnS(lO)/O./
OATA ASSOSH(2)/*101/
OATA ASBOSH[3)/*001/
DATA ASBOSH(lOl10./
VBOS=VBOS2
PRESS=PCJ
TEMP=CJT
CALL sYSl (IND)
IF(IND.LT.0) RETuRN
CALL SYS4
SCJ=STOT
ASBoS=CJT
ASBOSH=cJT
IXI
Jxl

CALL SYS2
ASE(I)8(ETOT-EO)/[R3*AMOLWT ) +CPRIME
ASP(I)=PRESS
ASV(I)=VPG
AST(I)=TEMP
DO 425 K=19NT
VAHX(J)=X(K)
J=J+l

425 CONTINUE
1=1*]

41o PRESS= PRESS*OECIp
IF(pRESStLTOAMINP) GO TO 450

411 CALL LFB (TEMP*F,ASBOS)
IF(ASBOS(1O)) 412s4130414

412 IND = -6
RETURN

414 CALL SYSI(INl))
IF(IND.LToo) RETuRN
CALI. SYS4

.
-.

.

.-

.

.
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000076
000076
000077
000101
000107
000111
000113
000115
000117
0001.??
000124
000126
000127
00013?
00013?
000134
000136
ooot37
000141
000144
000150
000152
000154
000155
000157
000161
000162
000164
000172
000174
000176
000200
000202
000205
000?07
000211
000212
000215
000215
000217
000220
000226
000?34
000237
000255
0002s7
000265
000270
000306
000310
000316
000324
000327
000345
000347
000355
000363
000371
000374
000375
000377
000413
00061s
000417
000420
0006.26
000426
000430
000433
000435

413

415

450

451

45?

656

453

455

470

471

472

F = S101 - SCJ
GO 10 411
CALL SYS2
AsE(l)=(EIOT-EO)/(R3~AM0LWT) ●cPRIME
ASP(I)=PRESS
ASV(I)=vPG
AST(I)=TEMP
DO 415 K=19NT
VAHX(J)=X(K)
JEJ61
cONTINUE
1=101

IF (1.GT.99) GO TO 470
GO TO 610
L=I-l

PI?ESS = PCJ
VBOS=VBOS2
PRESS = PRESS~ AINcP
IF (PRESS,GT.AMAXP) GO TO 470
cALL LFB (TEMP,F,ASBOSH)
IF (ASBOsH(lO)) 412,453,4S4
CALL SYSI (INO)
IFIIND.LT.0) RETuRN
c4LL SYS4
F x sToT - scJ
GO TO 452
CALL SYS2
ASE(I) =(ETOT-EO)/(R3*AMOLMT) ● CPRIME
ASP(I) = PRESS
ASV(I) = VPG
AST(I) = TEMp
DO 455 KS1*NT
VAHx(J)=X(K)
J=J+~

CONTINUE
IzI+l
IF (1.GT.99) 60 TO 470
GO TO 451
:=I-l

DO 471 K=1oI
ALGV(K) =ALOG(ASV(K))
ALGF(K) =ALOG(ASP(K))
CONTINUE
cA1-L PFTs(Is4,0,sIGMA,ALGV,ALGF,W,FITP,DELY,PCOEF ,SB,T,ST,A)
DO 472 K=1oI
ALGF(K) =ALOG(AST(K))
CONTINUE
CALL PFTs(I~4,0ssIGMA~ALGVsALGF owoFITTcDELY,TCOEF,SB~T,ST oA)
DO 473 K=1oI
ALGF(K) =ALOG(ASE(K))
ALGP(K) =ALOG(ASP(K)}

473 CONTINUE
cALL PFTS(I,A,o,SIGMA,ALGPoALGF,W,FITE,OELY,ECOEF ,SB*TSSTqA)
Do 474 KsIOI
FITP(K)= EXPIFITP(K))
FITT(K)= EXP(FITT(K))
FITE(K)= EXP(FITF(K),)

474 CONTINUE
Do 475 K=l,I
~::~::V(K)

=-PCOEF (2)-AV*(ZO*PCOEF (3) .AV*(3.*PCOEF(4) ●4.~AV@PCOEF(5)))
475 CONTINUE

AsUpsuCJ
DO 480 K=2*L
DELV=(ASV (K)-ASV(K-1))* 0.01
ALX= ASVIK-1)
00 403 MZ=1,1OO
A1-X(MZ*l )=ALX(Mz)*O~LV

483 CONTINUE
DO 481 MZ=1*101
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000636 AvxALoG(ALX(Mi!) )

000443 AP=EXP(PCOEF (l)*AV*(PCOEF (2) *AV*(PCOEF (3)+AV*(PCOEF (4)+ AV*PCOEF
1(5) ))1)

000457 DPDV(MZ)=SQRT(-(AP/ALX(MZ) )*(pCOEF (2)*Av*(2.*pCOEF (3)+Av*(30*pcoEF
1(4) +4.*Av*PCOEF (5))))I

000500 481
000502
000506
000510
000516 482
000520

000531
000533
000534
000536 485
000540
000541
000!341

000003

000003

000003
000003
000003
ooofJo5
000006
000007
000010
000012
000014
000015
000020
000022
000024
000026
000027
000040
000047
000053
000055
000060
000062
000064
000066
000067
000071
000072
000075
000076

CONTINUE
SUM=DpOV* DPDV(101)* 4.~DPDv(100)
DO 682 NZS2~98,2
SuM= sUM ● 6.*DpDv [wZ)’2.*0p0v(M2+1)
CONTINUE
AsuP(K)=((DELv)/39)~suM ● ASUP(K-l)
cONTINUE
Iw=L
MZ%L.1
00 485 KxMzvl
ASUP(K)=O.
;~~;INUE

RETURN
END

SUBROUTINE SYS5 (INDJ
c SYSTEM 5 TO COMPuTE HUGONIOT CURVE

COMMON x[25)oTHERc(8925) oSOLEQS (12w5)oAIK (250) sVSOL(5)S
lFREENE (25) sXN1(25)9ESOL (5) cELEM(lO) SNONTOM9TEMP*PRESSOALPHA*
213ETAQTHETAsAKAPPAsVGAS*RHO*AMOLWTsEO! IOEQo ICJCsIHUG*IPVCS
31GRPOIOIC! IRHO*IONLOIMISQ IExToFxtElT9R2T9xBARc
4EToToVTOTWVPGSES (5) uINOOGAMMAsDETVELOpCJoFGP!ALNPOS (25) cSGA5*sTOT
5QVCJoUCJ,CJTsCJS

cOMMON / RST/ VBOS(lO) SEXI1ME9SESPI3) sR1cR2cA8TOA
10R30R5cR6!SCALF*P0SHuGBos (10) oCJ80s(4) oAPGCJ*8PGCJ
29DELP9AMHUGP,HU(3P (20) ,HUGT(20)9HUGV (20) 0HUGUP(20),HUGUS (20)
3*AS80S(10) .AS8OSH(1O).ASP (lOO).ASV I1OO).AST(1OO).ASE (1OO)*ASG(1OO)
&,AsuP( loo), VAHX(2500) ,AL(3V( 100) 9cPR1ME*DEc1poAM1NP9A1NcpOAMAxp
5sALX(1011 OFITP(1OO)9FITT (100) sFITE(lOO) $PCOEF15) ,TcOEF(5)SECOEF(5)
60W(100) ODELY(100)SSR(S) *T(5) 9A(5,5) oALGP[1OO)SDPDV f100)QIT,!K
7OALGF(1OO) 0VBOS20HU(:B2QN5F9NAIK*V0

DATA AMHUGP/*0.50/
oATA DELp/+0.05/
PRESSSAMHUGP
1X1
J=l
V130S=V80S2
Hu(jBos=HuGB2

500 CALL SYS2A(IND)
IF (IND.LT.0) RETURN
HUGP(I)=PRESS
HUGT(I)STEMP
HUGV(I)=VPG
IF(PRESS.LT,PCJ) GO TO 502
IW=I
HUGUS(I) =[VO)*(SQRT ((PRESS-PO) /( VO -vpG)))
DUP=SQRT ((PRESS-PCJ) *(VCJ-VPG))

501 HUGUP(I)= UCJ ● DUP
502 DO 503 K=1oNT

W~;J)=X {K)

503 CONTINUE
PRESS=PRESS -OELP
IF(PRESS.LTO DFLP) l?ETuRN
1=1+1
ITxI

IF (10GT,191 RETURN
GO TO 500
END

.
.
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000011

000011
000011
Oootlll
000011
000011
000012
000013
000020
000023
000026
000027

000031
000033
000036

000040
000041
000042
000045
000047
000050

000051
000052
000054
000071
00007?
000075
000076
000077
000103
000105
000110
000111
000115
000117
000121

000126
00012%
000127
000134
000137
000141
000143
000144
000145
000147
000154
000155
000156
000160
000163
000166
000170
000173
000174
000174

c
c
c
c
c
c
c
c

c

c

c

c

c

SUBROUTINE EQUIL (AIK~YsFEtELEMsNELE.NGAStNTOTs IND)
AIK IS ELEMENTAL 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

2
35

4

5

6

7

8

9

12

10

11

13

NGAS IS NO GAS SPECIES
NTOT IS TOTAL NO SP~CIES
INO IS -7 IF SINGULAR MATRIX AND -1 IF OTHER THAN LAST SOLIO DIsAppEARECI
DIMENSION AIK(250) *Y(25)tFE[25)$ELEM (10) !X(25),BMAT (36) *AMAT (1296)
THIS COMMON STATEMENT SPECIAL TO eKW CODE
COMMON/SUBVAR/AMAXE,AMINX~ AMINY.TX(10)
DATA AMAxE/*1.oE-8/
DATA AMINX/*1.OE-11/
DATA AMINYI*l.oE-71
SST=Oo
DO 2 I=l,NTOT
IF(Y(I).LT.AMINY) Y(I)=AMINY
CONTINUE
NM1=NTOT.NELE*l
NN1=NTOT-NGAS
NMISQ=NM1*NM1
ZERO AMATRIx
DO 4 I=l,NMISQ
AMAT(I)=oo
CONTINUE
FORM SUMS
SUM=O.
DO 5 I=l,NGAS
SUM=SUM*Y(I)
cONTINUE
13ARY=SUM
RBARY=(l,)/BARY
FILL 8 MATRIX
1=1
DO 6 J=1oNGAS
BMAT(I) =-(FE(I )*ALOG(RBARY*Y (1)))
1=1+1
CONTINUE
IF(NN1oEQoo) GO TO 7
DO 7 J=lsNN1
BMAT(I)=-(FE(I))
1=1+1
CONTINUE
DO 8 J=l,NELE
BMAT(I)=ELEM(J)
I=~*\
cONTINUE
BMAT(I)xoo
FILL IN AMATRIX
1=1
DO 9 J=I,NGAS
AMAT(I)=(lo)/(Y(J))
1=1.NM1.1
cONTINUE
I=NTOT*l
J=l

L=l
00 10 K=l,NELE
AMAT(I)=AIK(J)
1=1*1
J=J+l
CONTINUE
IF(L.GT.NGASIGO TO 11
AMAT(I)=l.O
LxL*l
IF(L.GT.NTOT)GO TO 13
1=1.1.NToT
GO TO 12
1=1+1
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000176
000177
000203
000%04
000207
000211
000214
000216
000217
oooi?20
000222
000?27
000230
000232
000235
000237
000?40
000242
000?42
000?43
000257

000260
000262
000266

000271
000272
000300

000303
000304
000305
000307
000311
000312

000315
000316
000317
000325
000327

000331
000333
000337
000342

000342
000344
000350
000353
000355
000356
000361
00036?

000363
000365
000367
000370

000371
000373

000373
000375
000375

ho

00 16 K=l*NGAS
AMAT(I)=-RBARY
ImI+l

14 CONTINUE

17

15

16

c

I=I*NN1*NELE
AMAT(!)=-1oO
IRI*l
Lal
J=l

DO 15 K=I,NTOT
AMAT(I)=AIK(J)
JxJ.NELE
IxI+l
CONTINUE
IxI+NELE.1
LxL*l
IF(L.GT.NELE) GO TO 16
J%L
GO TO 17
CALL LSS(NMIQ1,NMIQAMAT*BMAT*OSOET? IND)
IFIINOOLT.0) GO TO 60
PUT ANSWERS IN X
Do 18 I=IsNTOT
X(I)d3MAT(I)

18 CONTINUE
c TEST FOR TOO SMALL X

19
c

20
c

21

c’
31

32

c
60

38

34
c

50

c
c

33

c
40

DO 19 I=lcNGAs -
IF(X(I).LT.AMINx) x(I)=AMINx
CONTINUE
TEsT To SEE IF ANY SOLIDS DISAPPEARED
IF(NN1.EO.0~ GO TO ?o
IxNGASO1
DO 20 J=l$NN1
IF(X(I).LT.O.) Go TO 50

IxI+l
CONTINUE
TEST TO SEE IF CONVERGED
SUM=O.
00 21 I=l~NTOT
SUM=SUM.ABS (Y(I)-X(I))
cONTINUE
IF(SUM.LT.AMAXE) GO TO 60
RESOLVE wITH Y NoW HAVING LAST ANSWERS X
DO 32 I=IoNTOT
Y(I)=X(I)
CONTINUE
GO TO 35
HAVE CONVERGED
DO 38 I=I,NTOT
YII)=X(T)
CONTINUE
JXNToT+l

IF(sST.LE.O.)GO TO 34
Y(J)=O.
[::j;:TOT+l

SOLID HAS OISAPPEAREO
SST=1OO
IF(I.LT.NTOT)GO TO 33
NTOT=NTOT-l
GO TO 35
AN ERROR HAS OCCURRED AS OTHER THAN LAST SOLID DIsAPPEARED
IND=-1 IF ERROR HAS OCCURRED
IND=-I
RETURN
ERROR HAs OCcURRFD MATRIX IS SINGULAR
IND=-7
RETURN
END

.
“.

.
.
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00000s
000005
000005
000006
000011

ooool~
000016
000020

000021

000021
000023
000024
000025
000027

000030

000031
000033
000034
000035
000037

000046

-.
.

000047
000053
000056
000055
000057
000060
000062
000064
000065
000071
000073
000075
000101
000104
000113
000115

000116
000117
000123
000123
000125
000126

000127
000130
000131
000132

SUBROUTINE LFB (xP,FPsTX)
TX(1) INITIAL GUESS

: TX(2) RATIO TO GET SECOND POINT
TX(3) ZERO DEFINITION

t TX(IO) COUNT OF NUMBER OF ITERATIONS
c SET TO ZERO ON SOLUTION
c SET TO NEGATIVE OF COUNT ON ERROR
c FP =FUNCTIONfXP)

WHEN A sOLUTION IS FOUND, XP IS THE ROOT
;

ERRoR EXITS OcCUR FoR
t 1. TOO MANY ITERATIONS. .GT.cNT14AX
c 2. TwO sucEsSIvE Xp S OR FP S ARE EQUAL

DIMENSION Tx(lo)
DATA CNTMAX /1000./
IF (TX(1O).LE.OO) GO TO 1
Tx(lO)=TX(lo)*l.

IF (Tx(lo)-3.) 2,3,4
C ENTRY FIRST TIME THROUGH

1 IF ITX(l)OEQ.O.) TX(l)=l.
TX(lO)=10
xP=TX(I)

C GO GET F(XP)
RETURN

C ENTRY SECOND TIME THROUGH
2 TX(9)=FP

TX(8)=XP
TX(5)=FP
IF (A13S(FP) .LT.TX(3)) GO TO 1s
XP=TX(l)*TX(Z)

C GO GET F(XP)
RETURN

c ENTRY THIRD TIME THROUGH
3 TX(5)=FP

TX(6)=XP
TX(7)=FP
IF (ABS(Fp).LT.TX (3)) GO TO 18
XP=TX(6) -TX(7)*(TX(Q)-TX 18))/(TX(7)-TX(9))

C GO GET F(XP)
RETURN

C ENTRY FOR FOURTH ANO SUCEEDING TIMES THROUGH
4 IF (TX (1O).GT.CNTMAX) GO TO 99

TX(4)=XP
TX(5)=FP
T=TXIQ)-Tx[6)
IF (T.EQ.00) GO TO 99
IF (ABS(FP).LT.TX (3)) GO TO 18
R=TX(5)-TX(7)

IF IR.EQ.O.) GO TO 99
XP=TX(4)-TX(5)*(T/R)
IF (TX(5) ~TX(7).LT.O.) GO TO 11
IF (TX(5) *TX(91.GE.O.) GO TO 11
TF (XP,GT.TX(4)) GO TO 6
IF (XP.GT.TX18)) Go To 10

8 XP=TX(4) -TX(5)@(TX(4)-TX (8))/(TX(5)-TX(9))
10 TX(7)=TX(5)

TX(6)=TX(4)
C GO GET F(XP)

RETURN
6 IF [XP.GT.TX(8)) Go To 8

GO To 10
11 TX(9)=TX(7)

TX18)=TX(6)
GO TO 10

C HAVE FOUNO A SOLUTION
lR TX(10)=O.

TX(l)=XP
TX(4)=XP
RETURN

c AN ERROR HAS OCCURErI



C SET COUNT NEGATIVE AND ExIT
000133 99 TX(10)=-TX(1O)
000135 RETURN

000135 END

000005
000005
000005
000006
000010
000012
000014
000017
000020
000022
000022
000023
000024
000026
000027
000030
000031
000032
000034
000035
000036
000037
000060
000042

000065
000066
000072
000072
000076
000076
000100
000101
000102
000103
000104
000105
000106
000107
000110
000111
000115
000121
000124
000127
000131

000132
000133
000134
000135

SUBROUTINE MIND (PoDoPG)
c P calculated

c D cALCULATED
c PG(l)=P GUESSEDOPG(2) =RATI0 NExT TWO GUESSES*PG(3) MIN ERROR
c PG(6)=CouNT SET TO ZERO ON SOLUTION
c COUNT IS SET EQUAL “[O -1 IF GETS TOO BIG

DIMENSION PG(4)
oATA CNTMAX/lOOOo/
IF (PG(4).LE.O,)GO TO 1
IF {PG(4).EQ.1.)GO ?0 2
IF (PQ(4).EQ.2.)GO ‘rO 3
IF (PG(4).EQ.3.)GO TO ~
IF (PQ(4).GT.3.)GO to 6

1 Pxp(j(l)
PG(4)=1.
RETURN

2 P3.P
1338D
pxPG[l)0pQ(2)

PG[4)=2.
RETURN

3 P2=P
02X()
pxp*pG(2)
PG(6)=3.
RETURN

4 P1=P
D1=D

PG(4)=40
5 pso.5*(Pl*P10 [D3-D2)*p2*P2~ (D1-D3)*P3*P3*(D2-Dl))/

I(Pl*(D3-D2) *P2a(Dl-03)*p30 (D2-D1))
RETURN

6 IF(D3.GT.02) GOTO 7
GO TO 8

7 IF(D3.GTODl) GO TO 9
GO TO 10

E IF{D20LTOD1) GO TO 10
p2xP
D2x0
GO TO 11

9 P3=P
D3B0
GO TO 11

10 Pl=p
D1=D
GO TO 11

11 IF lA13S(DI-D2) OLT.pG(3)) GO TO 12
IF (ARS(01-03) OLT.pG(3)~ GO TO 12
IF(ABS(D3-D2) .LT.pG(3)) GO TO 12
PG(4)=PG(4)*1.
IF(PG(6) .LT.CNTMAX)GO TO 5
PG(4)=-1.

c ERROR HAS OCCURRED
RETURN

12 PG(4)=0.
RETURN
END

.
“.

.
.
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000006
000006
000006
000006
000006
000006
000010
000012
ooool~

000016
000017
000020
000021
000021
000024
000032
000033

000062
000063
000065
000066

000067
000070

000071
000072
000075
000075
000077
Ooo1o11
000101
000107
00011?

000156
000160
000164

000166
000165
000166
000166
000170
000171
000172
000200
000203

000242
000?44
000246

000247
000250
000?51
000251
000253
000256

SUBROUTINE SES(P.A*IND*ANS)
c P*ToV PsT INPuT TO FIND V AND P,ToV INPUT TO FIND F,E,OR S
c A-12 COEFF VO*A~B@C~O~EvAl~A2~Cl~c2,C3,MOLWT
c INDt O FOR VOLuMF! 1 FOR F? 2 F(JR E, 3 FOR S, sET TO -1 FOR ERRoR
c ANS F*E. OR S AND V IN ANS AND V
c IF A Is zERO THEN INCOMPRESSIBLE sOLID
c THIS COMMON STATEMENT SPECIAL TO 13KW COOE
c NEED TO PUT TX(10) IN DIMENSION sTATEMENT IF REMOVE COMMON

COMMON/SUBVAR/AMAXE,AMINXQAMINY,TX (10)
DIMENSION PA, F(2) ov(2)
OATA TX(lO)/OS/
DATA TX(2)/*1.l/
DATA TX(3)/*1.OE-9/
TV=p(2)/11605.6

IF~IND.EQol) GO TO 10
IF(IND,EQ.2) GO TO 20
IF[lND.EQ03) GO TO 30

c CALCULATE VOLUME
IF (A(2) .NEOO.) GO IO 1
ANS=A(l)
P(3)=A(1)
I?ETURN

1 Tx(l)=Tx(2)*l./A{l)
5 CALL LFR(X*FtTX)

1F[7x(10)) 2,4.3
3 F=(A(2) *x*(A(3)*x0(A(4) ●XO(A(5) *x*A(6) ))))+

l~O##~(8)~x)~TV ●((A(9)*A(10)/X ●Alll)/lX~X))*TVU7V)-P( 1)

4 P[3)=l./x
ANS=P(3)
RETURN

c ERRoR IN ITERATION
2 IND=-1

RETURN
c CALCULATE FREE ENER6Y

10 IF (A(2) .NE.O.)GO TO 11
ANs=P(l) iA(l)*A(12)
RETURN

11 V(1)=P(3)
V(2)=A(1)
00 12 1=1*2
ALNV=ALOG(V(I) )
RHO =1./v(I)
F(I) =(A(2)*V(I )*A[3)*ALNV-A (4)*RH0-A (5)*0.5*RHo*oH0

l-A(6)/3.*RHO**3 )* (A(7) *V(I)*A(8)*ALNV) *TV* (A (9)*V(I)*O.5*A(1O)
2*V(I)OV(I)*A(l])/3.dV (1)*03 )*TV*TV

12

c
20

21

cONTINUE
ANS=A(12) O(P(1)*V(1)-(F (1)-F(2)))
RETURN
cALCULATE ENERGY
IF(A(2).NE.O.)GO To 21
ANS=O.
RETURN
VII)=P(3)
V(2)=A(1)
DO 22 1=1s2
ALNV=ALOG(V(I) )
RHO=10/V(Il
F(II=(A{9) *V(I)*A(IO) ~V(I)Ov (I)*o.5*a(ll)*v (I)oQ3/3.)*TV*Tv -

l(A(Z)*V (I)*A(3)*ALNV-A (4) *RH0-A(5) *0.5*RHO*RH0-A 16)/3.@RHO**3 )
22 CONTINUE

ANS=A(lZ) *(F(l)-F(2))
RETURN

c CAI.CULATE ENTROpY
30 IF(A(2).NE.O.) GO TO 31

ANS=O.
RETURN

31 V(1)=P(3)
V(2)=A(1)
DO 32 1=1,2

.!13



000255
000263

ALNV=ALOG(V(I ))
F(I) =(A(7)*V(I) *A(81*ALNV) +2.*TV* (A(9)*V(I)*0.5*V (I)oV~I)eA(lo)+

lAtll)/3.*v(I)**3 )
000306 32 CONTINUE
000310 ANS=A(12)* (F(1)-F(2})
000313 RETURN
000313 END

000006
000006
000010

000012
000022

000022

000037

000037

000054
000055

000011
000011
000011
000011
000011
000012
000013
000016
000015
000016
000023
000026
000033
000034
000036
000037
000061
000063
000047
000050
000052

SUBROUTINE TOF (?oA!IND$ANS)
c T TEMPERATURE
c A COEFFICIENTS As130C*DOESIC
c IND O-FOR S091-FOR H-HO! 2-FOR F-HO/T WITH RESULT IN ANS

DIMENSION A(6)
IF(IND.EQ.1) GO TO 10
IF(IND.EQ.2) GO TO PO

c CALCULATE SO
ANS=A(l) +T*(A(2)*T*(A(3) ●T*(A(4)*T*A(S) )))
RETURN

c CALCULATE H-HO
10 ANS=A(6)*T*T *(0.5*A(2)*T*(2./3.@A(3) ●T*(O.75 *A(6)*T*0.80 *A(5)))

1)
RETURN

c CA[.CULATE F-Ho/T
20 ANs=A[6)/T-(A(l)+To(o.5*A (Z)*T*(l./3.*A(3)*T*(OO25*A (4)*T~O02 *

1A(5)))))
RETURN

“ END

SURRO.UTINE LSS (NOM~I*A~8CD*DETsINO)
c SpECIAL VERSION OF ~SS WITH INO AOOED ANO INTERNAL ERROR PRINTS
c DELETEO
c PURPOSE IS TO SOLVE MATRIX EQUATION AX = B
c N = NO ROWS A M = VO cOLUMNS IN B
c I = FIRST OIMENSION OF A(I*N) q(IoM)
c A = ORIGIN OF NXN MATRIX A B = oRIGIN OF NXM MATRIX R
c D NOT USEO DET CONTAINS DETERMINANT oF A UPON RETURN
c IND = -7 IF MATRIX IS SINGULAR
c EActi ENTRY DESTROYs A, SOLUTIONs ARE IN B UPON RETURN
c A INVERSE IN B IF DET A NOT O IF M=O ONLY DET A IS COMPUTED

DIMENSION A(IQN)oB(I,M)oD(N)
DOUBLE PRECISION S1SS2
OIMENSION SlT(2)~S2T(2)
EQUIVALENCE (SIT,S1)O (S2TJS2)
NN=N
UM=M
X=o.
DO 1 J = 19NN
DO 1 K = 10NN
T = ABS(A(K,J))
IF {ToGT.X) X = T

1 CONTINUE
IF (XOEQ.O.) GO TO 19

2 SN = 1.
00 14 J x l!NN
L=J-l

IF (J.EQ.NN) GO TO 11
T = ABs(A(J.J))
MIxJ
M2s J + 1
DO 3 K =M2,NN

.
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000053
000060
000063
000063
000065
000070
000072
000073
000077
000105
000114
000115
000121
0001?7
000136
000137
000143
000145
000147
000150
000151
000153
000177
0002?7
000230
000?54
000267
000271
000273
000276
000275
000321
000353
000355
000357
00036fI
000362
000363
000373
000374
000375
000377
000400
000401
000403
000406
000406
000607
000433
000466
000450

000451
000653
000456

3

4

5

6

7
8

1:
11

12
13
16

15

;;
18

c
19

21

x = ARS(A(K*.1))
IF (xo~i;T) 60”T0 3
TsX
Ml =K
CONTINUE
IF (M1.EQoJ) GO TO 6
DO 6 K = loNN
T = A(JoK)
A(J*K) = A(M1oK)
A(M1,K) x T
005 K = l,MM
T s H(J,K)
B(J*K) = B(Ml~K)
B(M1,K) = T
sN = -sN

IF (A(J,J).EQ.o.) GO TO 19
DO 10 K = M2TNN
S1 = cl,
Si? = o.
IF (L.EQ.0) GO TO 8
DO 7 M3 = l~L
S1 ‘= S1 + A(J*M3)*A(M30K)
A(J9K) =(A(J,K) - Sl)/A(JSJ)
DO 9 M3 = lsJ
S2 = s2 ● A(K,M3)eA(M3+M2)
A(K*M2) = A(KSM2) - S2
DO 13 K = 19MM
S1 = o.
IF (LoEQ.0) GO 10 13
DO 12 M3 = I,L
S1 = S1 ● A(J9M3)*B(M3?K)
B(J~K) = (B(J9K) - Sl)/A(J*J)
CONTINUE
OET = A(lc1)*SN
IF (DET.EQ.O.) Go TO 19
IF [N.EQ,l) GO 10 21
00 15 J x 2*NN
OET = DET*A(J,J)
IF (OET.EQ.O.) 60 To 19
IF (MM.EQ.0) GO TO 21
M3 = NN-1
DO 18 J = 1*MM
00 17 L x 10M3
Ml =NN-L

S1 = 0.
M2 s Ml . 1

00 16 K = M2*NN
S1 = S1 .A(M1,K)*B(K,J)
8(M1,J) = 13(M1*J) - S1
CONTINUE
GO TO 21
IF MATRIx IS SINGULAR ERROR EXIT oCCURS HERE
IND=-7
RETURN
END

SUBROUTINE PFTs(M?KM* Iw$SIGMA~XsF2,W*YoOELYs13!SRoToSTt A)
c THIS Is A SPEcIA1- vERsION OF LA-PFTS FOR A MAX OF 100 POINTS
c AND A MAX OF FIFTH ~EGREE FIT NO PRINTING OR LEGENDRE POLYNOMIALS
c ALSO WILL COMPUTE TILL GET THE FIT ANO REQUIRES NO OUTPUT SUBROUTINE
c M = NO OF DATA POINTS
c KM = OEGREE OF FTT (MAX OF 5)
c IW = o FoR No WEIGHTS AND EQUAL I FoR WEIGHTS
c SIGMA IS STANDARD DEVIATION cOMPUTEO
c x = X DATA INPUT ARRAY

1$5



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
00021?
000213
000214
000217
000230
000235
000241
000246
000252
000254
000254
000264
000276
000302

146

c
c
c
c
c
c
c
c
c

F2 = F2 DATA ARRAY INPUT

w = WEIGHT DATA ARRAY INPUT sET EUUAL TO 1 IF IW IS O
Y= F cOMPUTED FRoM FIT USING X
13ELy = DIFFERENCE IN cOMpUTED ANI) INPUT F
R = COEFFICIENTS TO FIT
ss . ESTIMATE OF ERRoRS IN cOEFFICIENTS TO FIT
T = COEFFICIENTS TO ORTHOGONAL POLYNOMIALS
ST = ERRoRS IN T
A = ARE& UsED BY calculation
DIMENSION S(5) .X(1OO)OF2(1OO)8ST (5) ~SB(5)oF (10n)*PM(100) oP(1OO)

1 0 B(5),DELY (100) ~w(100)*A (5,5),T(5)!Y(100)

9

1010

1009
1o11

10

- 20

60

40
65

70

80
81
82
83
90

LL=O
FM=O.O
A(101)=1.O
A(2021=1.O
FBAR=O.O
XBARXO.O
DO1OI=1*M
IF (IW)1OO9*1O1O*1OO9
Wzxlocl
w(I)=l.Ll
GOTO1O11
W2=5QRT(W(I) )

FM=FM*W(I)
F(I)=W2*F2(I)
PM(I) = W2
FBAR=FBAR+F (I)*PM(I)
xBAR=xBAR*x (l)*PM(I)~*2
XBAR=X8AR/FM
T(l)=F8AR/FM
A(2*1)X-XBAR
PXF=OOO
PXP=O.O
DO2OI=1OM
P(I) =[X(I)-X14AR) 0PM(I)
PXF=PXF*P(I)*F(I)
PXP=PXP*P(I)*P(I)
TJ2)=PXF/PXP
PMXPM=FM
S(l)=pMXPM
KPl=KM+ 1
B(l)=T(l) *A(1*1)*T(2)*A (291)
B(2)=T(2)*A(2*2)
D0190K=2,KM
IF(K-2)40*165*65
STOP
xPxP=il.(1
XPXPM=O.O
B(K)=O.O
DO7OJ=1OM
XP=X(J)*P(J)
XPXP=XPXP*XP*P (J)
XPXPMEXpXPM+XPoPM (J)
ALPHA=XPXP/PXP
BETA=XPXPM/PMXPM
PPXFSO.O
PPXPP=OOO
D0901=1,M
PT=P(I)
P(I) =X( I)*PT-ALPHA*pT-BETA*pM (I)
PPXF=PPXF*P (!)*F(I)
PPXPP=PPXPP+P (I)6P(I)
PM(I)=PT
TIK)=PPXF/PPXPP
PMXPM=PXP
PXP=PPXPP
A(Ksl)=-ALPHA*A [K-1~1) -BETA*A(K-?ol)
A(KoK-l )=A(K-l,K-2)-A (K-l,K-ll*ALPHA
A(KcK)=l.O

IF (K-3) 1SOO15OS11O

“.
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000304
000306
000310
000342
ooo34k
000364
000365
000367
000404
000413
000423
000426
000433
000437
000441
000457
000461
000464
000465
000%07
00052?
00052~
000526
000526

000005
000005
000007
000010
000012
000020
000021
000022

110 K1=K-2
D01201=2,K1

120 A(K91)=A(K-1$1-1
150 D01601=19K
160 B(I)=B(I)*T(K)*A
165 S1G2=000

‘ALpHA*A (K-1*1)-13E’ A*A(K-2,1)

K,I)

001801=1,M
Y(I)=POLY (XtI)#K~B)

175 oEL~{I)=Y(I)-F2(Il
180 SIG2=SIG2* (DELY(I)**2)*W (1)

S1G2=SIG2/FLOAT (M-K;
SIGMA=SQRT(SIG2)
S(K) = PXP
004991=19K

499 ST(I)=SIGMA/SQRTIS(I))
005011=1,K
SB(I)=O*O
00500J=I*K

500 SB(I)=SR (I)*(A(JOI)oST (J))**2
501 SB(I)=SORT(SFI( I))
190 CoNTINUE
22o KM=KM-1

RETURN
END

FUNCTION POLY (x~N~A)
01MENSIONA(2)
y=A(N)
0011=2,N
J=N-I.1

1 Y=A(J)+Y*x
POLY =Y
RETURN
EN@
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