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FORTRAN SIN: A ONE-DIMENSIONALHYDRODYNAMICCODE ltJRIROBLEMS WHICH INCLUDE

CHEMICAL REACTIONS, EIASTIC-PI.ASTICFLOW, SPALLING, AND PHASE TRANSITIONS

by

Charles L. Mader and Willlam R. Cage

ABSTRACT

This report describes a CIX 6600 computer FORTRAN code for computing one-

dimensionalhydrodynamicproblems i.n,slab, cylindrical,or spherical ge-

ometry using realistic equations of state, Features available in the

code include chemical reaction using an Arrhenius rate law, the C-J vol-

ume burn, or, for slabs, a gannra-lawTaylor wave; elastic-plasticflow

using the Hooke’s l.aw-VonMises yield model; and spalling using the

Whiteman and Skidumre model of the tensile stress at spal.lingas a lin-

ear function of the square root of the stress rate. The HOM equation of

state is used to compute the equation of state for detonationproducts,

undecomposedexplosives, mixtures of the two, and condensed components

which my have an instantaneousphase change.

I. INTRODUCTION

The SIN technique for solving reactive one-dimens-

ional problems has been a useful research tool

for almost ten years. The first version was written

in mschine language for the 11447090.1 The second

version was written in machine language for the IH.1

7030 (SI13ETCH)and is called STRETCH SIN.* Because

of its detailed treatment of the equation of state

and its ability to compute the detailed structure of

complicatedreactive and nonreactivehydrodynamic

problems, SIN has been used to study other interest-

ing engineeringand research problems. The new nu-

merical techniqueswhich resulted from these studies

have been included in this new version of SIN, writ-

ten in FORTRAN IV language for the CCC 6600 and

called K)RTRAN SIN.

The code includes the effects of heat conduction,

viscosity, elastic-plasticflow, spelling,.and re-

active flow. As presented in this report, the code

can handle 10 componentsand 999 mesh points; how-

ever, these limits can be increased several times

without exceeding the core memory of the CDC 6600

or IBM 7030. The ~oundary conditions may be contin-

uous, a free surface, a piston with a constant, a

linearly varying velocity, or, for slabs, a reactive

steady-statevelocity.3 The PIC or Landshoff forms

for the artificial viscosity may be used, and a form

for real viscosity in slab geometry is available.

The HOM equation of state is used. One may compute

the equation of state of condensed explosives, deto-

nation products, and mixtures of the two. The equa-

tion of state for the condensed component may in-

clude an instantaneousphase change such as that de-
4

scribed for iron.

The code includes the Hooke’s law-Von Mises model

for elastic-plasticflow as described for aluminum.5

It also includes spalling, using the Whiteman and

Skidmore model of the tensile stress at spalling as

a linear function of the square root of the tensile’

stress$>7 It permits chemical reaction using an

Arrhenius rate law, the C-J volume burn, or, for

5



slabs, a ganum-lawTaylor wave.

The code includes featurespermitting microfilm

listings and &xaphs of pressure, temperature,mass

fraction, dermity, and particle velocity vs. Euler-

ian radiuE. Tape dumps are taken at input inter-

vals of the cycle number, and the problem may be

restarted from any desired tape dump. Problems

with pistons say use the variable number of cells

feature for a considerablereduction of running

time.

The SIN code has been written not as a special pur-

pose production code but as a general purpose re-

search and engineeringtool. It till continue to

change (hopefully for the better) as new develop-

ments in the numerical descriptionof real mteri-

als under high impulse become available.

This report describes the numerical methods of SIN

in complete detail. It also presents sufficient

details to enable a coder to follow and change the

code. The latter information is not of interest to

the casual reader.

II. THE FILX EQUATIONS

The Nomenclature

‘CJ
E

E*

I

J

K

M

n

P

~

R

r

9X

Sz

T

u

v

‘J(!J

the C-J detonation veloctty

total energy (Mbar-cc/g)

activation energy

internal energy (Mbar-cc/g)

net point of the Lagrangian mesh

a constant of about 2 or the co-

efficient of viscosity

Imss

time cycle

pressure (Mba.r)

artificial viscosity

Eulerian radius

Lagrangian radius

elastic stress deviator in x or r

direction

elastic stress deviator in z direc-

tion

tempemture (°K)

particle velocity (cm/ysec)

specific volume (cc/g)

the C-J volume of the detonation

products

nsissfraction of undecomposed explo-

sive

yl.eldstrength

frequency fact.ar

=1 for slabs, =2 for cylinders,=3

for spheres

y-law gas constant since in P = A + ‘i

in V, Y= B in HOM equation of state

subroutine.

time (Wsec)

thermsl conductivitycoefficient

shear modulus

= l/v

l/V. where V. is Initial specific vml-

ume

(Po)i initial density for the ith component

(f3/cc)

The DifferentialEquations

The Lagrangian conservation equations in one dimen-

sion for slabs, cylinders, and spheres are:

au
E= -Ra-l~- (a-1) ~ Conservation of mo-

mentum,

u-l aR
V=R %

Conservation of ,mass,

Conservation of
energy with hea~
conduction term,

2
where E . I + O.w .

2“U’

and

dM= pora-l dr= pR=-l dR,

where dM is element of mass per unit of solid angle

(a=20r3) or of surface (a=l). UIS the sum of

the viscous pressure, the equation of state pres-

sure, and the stress deviator, 9x. cp=2sx+sz,

which for spherical geomstry Is 3/2 9X since

92= -1/2 9X. b

,’

I
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In this report we use the conventionthat the stress

deviators have the same sign as pressure; that 1s,

positive in compressionand negative in tension.

This convention is the reverse of that used by nmst

workers in the field.

The Difference Equations

The difference equationspresented below are dis-

cussed In References 1 and 5. The pressure, temper-

ature, energy, specific volume, and mass fraction

of the cells are considered to be located at the

centers of mass of the elements, and the particle

velocity is considered to be located at the boundary

between the cells.

A. The Initial Condiitons

Rj@ = i (AR)i,
i=1

where .j=l,2, . . ..and the

located between j and j+k where

cells for each component.

ith component is

k is the number of

B. The Conservation Equations for Time Advancement

1. SubroutineVEI&2C(NMIN,NM4K)

where

.D=

and

~=

for a = 2.

[W:);,(q::y)]
n nv ‘V+l (&t)

2 J
R;~

4 for a= 3,

[( J+J+ kz:+ “:+1)1
; 2 Sx; + Sxn

2. SubroutineRADIUS (NMIN,NMAK)

(1)

3.

4.

SubroutineVOLUM (NMIN,NX4K)

Subroutine ENERGY (NMIN,NMAK)

5. SubroutineHETCON (m,NMAK)

c. viscosity - SubroutineVISCOS (NMIN,NM4K)

1. PIC Form

n+1 (=+(0.5) up$
‘j Vj +.;$)(@ - .;3)

(
if $2 -u;~

)

n+l
is positive; otherwise, qj = o.

The absolute value of q Is used.

2. Landshoff Form

n+l K
,3

( )
.=@-@ .

‘J

Restrictive conditions are the same as for the PIC

form.

3. “Real” Form

n+l E&..)P-$
qj = 1.333+ J

‘j

where K is the “coefficientof viscosity,”and this

form is appropriate only for slabs.

‘7



D. Burn Techniques - Subroutine ~ (~,~) and

for 1 and 2

1. Arrhenius Burn

where 1 2 W 2 0.

2. C-J Vohne Rum

Assumes that W varies linearly with V

‘rem‘o ‘o ‘CJ”

n+l V. - vn+l

‘J ‘l- VO-VCJ

12 “;+1 2 cl>

and

‘~+1=(1-‘:+1)‘p’)
where P1 is pressure of detonation products at V,

I, andW= O, if~+l < O.gg (W); otherwise,

Pn+l

J
= Po. The P~+l calculation is actually per-

formed in the subroutineEQST.

3. Oamm-Lsw Taylor Wave -n

The explosive is burned before the first

time interval by a8suming it to be a gamm-law ax-

plosive that has been detonated with a rear bound-

ary of constant velocity. Code& as part of initial

setup.

Knowing Oo, Y, DCJ, we compute

‘CJ
‘CJ y+l

P. $J

‘CJ = —y+l

‘cJ=(*)(t)

CCJ=DCJ-UCJ

k=+++

t=uw-*ccJ

Rn - R.
t=—

‘CJ

where Rn - R. is thickness of explosive.

For each cell with a radius ofR
J4

, we compute

()
~ 2y/y-l

‘j “ ‘CJ CCJ

l/y

[1[PW(VCJ)V
v=

J ‘J

‘CJVCJ + ‘CJ
Ij= >-— y-l

~ (V. - VCJ)

and

‘J++= ‘J--i+(Mj)(vj).

‘ith‘he‘ew‘j+‘et‘q*lb ‘J-+’‘e ‘etUrn‘0
compute Y, etc. When U 1 Is equal to the appliedj+2
piston velocity, the rest of the explosive cells are

nxideidentical to the last cell calculated.

E. The Elastic Stress Deviators - Subroutine STRESS

Sxn+l [( ).sx;+2il - %LSi (,t)
J Rn+l - ‘n+l

J+ J-4

+ (d‘)]z vn+l - Vn

7 Vn+l

J
+ Vn

J

(J ‘)
Vn+l

~zn+l 4 - Vn
= Sz

J
‘++
J 3 ~+l+n “

‘J

1’. The Equation of State and Yield Calculation -

Subroutine EC&T (~,w)

Enter HOM Subroutine with V~+l, 1~+1, W~+l to

find P~+l.

.

“
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If Pj+l > Po,

then
Pn+l

(Phyd);+l=
n+l

‘Phydrostat)j
()

= P;+l - (2/3 Yo) ~

where

~n+l

& . ~.~.
.

The 0.050 is input PIAP. If P:+l < Po, then

(Phyd);+l= P;+?

For a= lor3if

!SX;+lI~ 12/3 Ye!, P;+l= (Phyd);+1~2/3Yo

where the sign Of (2/3

of Sx~+l . Or if

IS:+lI< 12/3%

Fora=2

[
f= 2( SX;+1)2+

Then if

Yo) is identical to the sign

P;+l= (Ph@);+l+sx;+?

~xn+l~zn+l
s + (s2;+1)2].J

f < 2/3 (YO)2, P;+l=

and

Szn+l
= Sz;+?

J

Or if

(Phyd);+l + Sx;+l,

(u2/3 (Y.
f> 2/3 (YO)2, P:+l= (Phyd)j+l+ Sxn+l

f j ),

and

Szn+l

r)

2/3 (YO)2

s
= (s.;+1)

f“

G. Total Energy of Compenents Coded as Part of

SubroutineTIME

,ineticenergy=!%l%l

J

()fl+llnterml‘nerw=:~MJ c1 ‘

where ~ = kn for spheres, 2n for cylinders,and 1

for slabs; and the units of energy are Mbar-cc/g.

H. The Boun&ry Conditions

1. An Applied Piston on Right EoundEry

‘~++= ‘pi8ton
where outside boundary is .j+~,

‘f ‘;”3
> 0.5; otherwise= final U

piston’ ‘r

upiston = A + (B)(TiMe). For both,

P;+l
= p:, and Q~+l = Q;.

2. An Applied Piston on Left Boundary

u~ = U$ =U where boundary is at j = $
2 piston

‘f W;+3
> 0.5; otherwise= final U

piston’ ‘r

upiston = A + (B)(Time). For both,

P:= P?, and q~= q;.

R+ is computed by Equation (l).

3. A Steady-StateReaction Zone Piston on

Left EOundary

The steady-statereaction zone piston Is com-

puted by iteration for a given detonation velocity

by usi~ the amount of reaction that occurred in a

cell near the piston to determine the proper parti-

cle velocity of the piston.

For a W, Iterate on V using linear feedback by cal-

culating

1= 10 ++(oO)2(DCJ)2(V0 - V)2

and

Pr= P. + (po)2(DW)2(Vo -V)

where pr is Rayleigh line pressure.

Using the HOM equation of state, calculatep for V,

I, andW. Continue iteration until P, - P < 1 x

10-5. Calculate U= (P - PO)(VO -V) and assign

it to final u
piston”

4. A Right Free-SurfaceBoundary

l’:+1= -P; where outside boundary is j+.

9



5.

6.

7.

III.

A Left Free-SurfaceBoundary

P: = -P; where boundary is at j = ~.

A Right Continuum Boundary

P;+l x P: where outside boundary is j+.

A Left Continuum Boundary

P: = P: where boundsry is at J = ~.

q:= q;.

“;=%*unless a = 2 or 3 when Un -*-

THE HOM EQUATION OF STATE SUEKXITINE

HOM is a lXIRTRANsubroutinewhich calculatesthe

pressure and temperature given the internal energy,

specific volume, and msss function of the solid for

solids, gases, and mixtures.

The Nomenclature

C,s

Cl,sl

Cv

%

I

P

SPA

SPALL P

T

USP

u

u:

‘?

V.

coefficientsto a linear fit of Us

and U
P

second set of coefficientsto a lin-

ear fit of Us and U
P

heat capacity of condensed component

(cal/g/deg)

heat capacity of gaseous component

(cal/g/deg)

total internal energy (Mbar-cc/g)

pressure (Mbar)

spelling constant to relate span

pressure and tension rate

interface spalling pressure

temperature (°K)

U1.timte spdling pressure

particle velocity

shock velocity

total volume (cc/g)

initial volume of condensed component

(cc/g)

w tressfraction of undecomposed

sive

Subscripts

g gaseous component

H Hugoniot

i. isentrope

s condensed component

The Method

A. Condensed Components

explo-

.

●

(The nui.sfraction,W, is 1; the internal energy,

I, is 1s; and the specific volume, V, is Vs). For

volumes less than Vo, the experimentalHugoniot data

are expressedas a linear fit of the shock and ~r-

ticle velocities. The Hugoniot temperaturesare com-

puted using the code described in Appendix C.

U6=C+SU.
P

C2(V o - V5)
PH = .

[V. - S(vo - VJf

lnTH= Fs +GslnVs +Hs(lnVs)2 + Is(lnVs)3

+ Js(lnVs)4.

*PH(VO - V6)0

j$(I=
()

-~) +pH, where Ys= v% o (2)
s v

(Is -%)(23,89)
TH + . (3)

Cv

Two sets of C and S coefficientsmy be given. For

Vs cNIN’V, the fitU8 = Cl + S1(UP) iS USed with

the correspondingchanges to the above equations.

Between MIWV and VSW, the volume is set equal to

MINV, and Us = Cl + S1(UP) is used. For volumes

greater than Vo, we use the r3x%neisenequation of

state and the P = O line as the standard curve.

[~

Cv
V6

( )]
Y~

PS= Is-
3)(238Y)(af T-l ~ “o

(16)(23,89)
T6 = +To.

Cv

The spalling option is not used lfSPA < 0.0001.

IfPs <USP, set Ps = SPALLP and set s~ll indic-

ator. IfPs S SPA- (AP/AX Is the tension

.

.
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rate), and P~ S Spm (5 x 10-3), set p~ = SpALL p

and set span indicator. Do not span if neither

of the above conditions are satisfied.

B. Gas Connmnents

(Mass fraction,W, is O; the internal energy, 1,

is Ig; and the specific volume, V, is Vg). The pres-

sure, volume, temperature,and energy values of the

detonation products are computed using IY)RTRANBKW8

and fitted by a method Of least squares to Eq. (4)

through (6). A gamma-law gas may also be fit to

these equations as a special case. A code to per-

form this is described in Appendix C.

lnpi = A + BlnVg + C(lnVg)2 + D(lnVg)3 + E(lnVg)k .

(4)

lnIi= K+ Lln.pi+M(lnpi)2 +N(l~i)3 +O(lnPi)4 .

(5)

Ii=Ii- Z (where Z is a constant used to change

the standard state to be consistent with the solid

explosive standard state, and if the states are the

same is used to keep I positive when making a fit).

lnTi = Q +RlnVg + S(lnVg)2 + T(lnVg)3 + U(lnVg)k .

(6)

- ~. R + 2SlnVg + ~(lnVg)2 +4U(lnVg)3 .

P=
()
+ (Ig-’i)+ pi”

(Ig - Ii)(23,@Q)
T=Ti+ I

Cv

c. Mixture of Condensed and Gaseous

(7)

(8)

Components

(o<w<l)

v= Ws + (1 -W)vg.

I= Wfi + (1 -W)Ig.

P=Pg=Ps.

T=Tg=Ts.

Multiplying Eq. (3) by (W/Cv) andEq. (8).by

(1 - W)/Cvandadding, we get, after substituting

T for Ts andTg and I for ~~ + (1 +W)Is,

T= *{I -[~ - 1,(1 -w)]

[ 1}‘& ‘HCVW+TIC;(l ‘w) “ (9)

Equating Eq. (2) and (7) and substitutingfrom (9),

we get

PtiPi+(+fl*(cvwd,(l w,{ I -p%

+ Ii(l - 1 [‘)‘& HV
TCW+TiCf(l -W)

IO

(

YsCvTH C‘T

-& Vfi
)

-*=o.

g

( 10)

Knowing V, 1, and W, one may use the linear feedback

to iterate on either Vfior Vg until Eq. (10) is sat-

isfied.

For V C Vo, we iterate on Vfiwith an initial guess

of V5 = V. and a ratio to get the second guess of

o.~. For V 2 Vo, we iterate on Vg with an initial

guess Ofv = (V -0.9VoW)/(1 -W) and a ratio to

get the se~ond guess of 1.002.

If the iteration goes out of the physical region

(Vgg Oor VssO), that point is replaced byV==

Vg= v. Then knowing Vs and Vg, we calculate P and

T.

The Calling Sequence

CallHOM (V, S, G, IND)

V, S, and G are dimensioned arrays of size 5, 23,

and 17 numbers, respectively.

v(1)

v(2)

v(3)

v(4)

v(5)

s(1)

s(2)

s(3)

s(4)

s(5)

s(6)

s(7)

s(8)

s(9)

specific volume V

internal energy I

mass fractionW

- ~ input;

pressure P output

temperatureT output

c

s

Vsw

cl

S1

F

G

H

I

11



S(lo)

S(n)

s(12)

S(13)

S(14)

S(15)

s(16)

S(17)

s(18)

S(22)

S(23)

G(1)

G(2)

G(3)

G(4)

G(5)

G(6)

G(7)

G(8)

C(9)

G(10)

G(n)

G(12)

G(13)

G(14)

C(15)

C(16)

@ 17)

J

Y~

‘v
V.

a

SPA

To

P.

SPALL P

MINv

A

B

c

D

E

K

L

M

N

o

Q

R

s

T

u

c;

z

Ind set to O for nor=l exit, to -1 for iteration

error in mkture calculations,and to +-lfor a

spalled solid.

APPENDIX A

FoRTRAN SIN m

The following is a description of the input to

FORTRAN SIN.

A few rules for setting up a problem are:

1. The steady-statereaction zone piston is suit-

able only for slab geometry and only at the left

boundary.

2. The gamma-l.awTaylor wave option as!wnes that

the user is using a gassm-lawHOM equation of state.

It Is suitable only for slab geometry and assumes

that the e~loaive has been burned from right to

left. The option assumes that the user Is using a

right-boundary,initial-finalvelocity piston and

1.2

uses the final velocity as the lowest particle ve-

locity permitted in the detonation products Taylor

wave.

3. The real viscosity option is suitable only for

slab geometry.

k. The spalling option1s suitable only for prob-

lems with approximatelyconstant tension gradients

and many mesh points.

5. The thernal conductivityoption assumes that

the system will have uniform thernml conductivity.

6. To restart from tape, one needs onlyto put

the last tape dump number in column 1-5 of the first

card. This tape dump number is printed on the llst-

ings. When the number in column 1-5 of the first

card is greater than 10, the code searches through

the tape dumps for a dump at a cycle greater than or

equal to the number on the input card. When the

proper dump is found, all the variables are read and

the calculationproceeds.

Col.—

1-5

6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51-55

56-60

Format

15

15

15

15

15

15

15

15

15

15

15

15

1st card

Number of components or, if > 10,

the tape restart cycle number

Total number of space increments

Not used

Not O for

Not O for

radius

Not O for

4020 output

graph of

graph Of

VS. radius

Not O for graph at

vs. radius

Not O for graph of

radius

Not O for graph of

locity V8. radius

pressure vs.

temperature

mss fraction

volume vs.

particle ve-

Not O for inclusion of heat con-

duction

Left boundary Indicator

O for continuum

1 for free surface

2 for initial velocity-finalve-

locity piston

3 for A + Bl!velocity piston

4 for steady-statereaction zone

piston

Right boundary indicator

●

✎

I

.

.



Col,

1-72

Col.

:1-18

19-36

37-54

55-72

Col.

1-I.8

19-36

37-41

42-46

I.-18

19-36

37-41

42-46

1-18

19-36

37-41

42-46.

.

Formt

12A6

Format

E18.11

E18.11

E18.11

E18.11

Format

E18.u

E18.11

15

15

E18.U

E18.11

15

15

E18.11

E18.11

15

15

0 for continuum

1 for free surface

2 for initial velocity-finalve-

locity piston

3 for A + BT velocity piston

2nd card

72 columns of alphabetic label

for problem

3rd card

Alpha - 1. for slab geometry

2. for cylindricalgeometry

3. for spherical geometry

Print every this many cycles

Graph every this many cycles

Tape dump every this many cycles

kth card

Left boundary card - If a left

boundary initial-finalpiston is

requested, this card is:

Initial piston velocity

Final piston velocity

Number of cells from left ini-

tially in calculation; if O, all

cells are used.

Add on a cell every this many

cycles.

If a left-boundaryA + BT piston

is requested, this card is:

A

B

Same as initial-finalpiston

Same as initial-finalpiston

If a left steady-statepiston is

requested, this card IS:

Detonation velocity

Spike volume

Same as initial-finalpiston

Same as initial-finalpiston

If a piston is not requested, no

card appears for the left bound-

ary.

Next card

Col. Format.—

1-18 E18.11 Right boundEry card -

etc. etc. same as left boundary card.

Again If not a piston, there ia

no card. A right steady-state

reaction zone piston is not per-

mitted. A right boundary inltial-

final velocity piston is required

if a gem-law Taylor wave burn

Is requested.

Next card

Col. Format——

If heat conductivity is included,

this card contains:

I.-18 E18.11 Heat conduction constant - same

for all components.

The following cards are present for each component.

Col .

1-12

Col.

1-5

6-10

11-15

16-20

*

1-18

19-36

37-54

55-72

Col.

1-18

19-36

37-54

55-72

1st comp. card

Format

2A6 Alphabetic name of component

2nd comp. card

Format

15 Number of space increments for

this component

15 Not O for es or explosive

15 0 for Arrhenius burn, 1 for C-J

volume burn, 2 for gamma-lawTay-

lor wave

15 0 for PIC viscosity, 1 for Lands-

hoff viscosity, 2 for real vis-

cosity

3rd comp. card

Format

E18.11 Space increment (cm)

E18.I.1 Time increment (psec)

E18.11 Viscosity factor

E18.11 Initial density (g/cc)

kth comp. card

Foruat

E18.11 Initial pressure (Mber)

E18.11 Initial temperature (°K)

E18.11 Initial internal energy (Mbar-

cc/g)

E18.11 Initial velocity(cm/wsec)

13



5th-10th comp. card

Six cards of solid parameters for equation of state

and elastic-plasticcalculations. The variables are

four per card with each card of the forumt 4EI.8.11.

They are> in order: C, S, VW, Cl, S1, F, G, H, I,

J, ys, CV, Vo, a, SPA, USP, To, Po, 2/3 Yo, p, PIAP,

SPALL P, and MINV.

llth comp. card

Col. Format——
1-18 E18.11 Initial mass fraction of the

solid

19-36 EI.8.11 Frequency factor for Arrhenlus

burn

37-54 E18.11 Activation energy for Arrhenius

burn

55-72 E18.11 Volume for C-J burn or C-J deton-

ation velocity for a gamma-law

Taylor wave

For a pure solid there are no nmre cards.

For a gas or explosive we have>

12th-16th comp. cards

Five cards of gas equation of state parameters. The

variables are four to a card with each card of the

formt 4E18011. They are, in order: A, B, C, D, E,

K, L, M, N, 0, Q, R, S, T, U, C;, andZ.

APPENDIX B

THE mm sm CODE

In this appendix we list the names or symbols of the

variables in SIN both as used in the FORTRAN code

and in this report. The listing of the FORTRAN code

as it existed at the time of pre~ration of this re-

port is also presented. Errors in this version of

the code will be corrected as they become known to

the authors. Anyone wishing ta actually copy any

part of this code should contact the authors for

the latest version.

Variables Used in ~RTRAN SIN

Code Name

CR - cell radius

CRo - yrevioua cell

Cu - cell velocity

Cuo - previous cell

14

radius

velocity

Report Symbol

‘:2

Cv - cell volume

Cvo - previous cell volume

CM - cell msss

CQ - cell viscosity

ICF - cell flag word

KxYYi - YY component index

- KK spal.1flag

o - no span
1 - spalled cell
2 - interface cell

cw-
“n+l

cell nmss fraction
s

Cwo - previous cell mass fraction W;

CT - cell temperature
‘;

CP - cell pressure
‘:

Cs - cell stress deviator in x or

r direction Sx:

‘:
‘J

Q:

Csz - cell stress deviator in z

direction Sz;

CI -
n+l

cell internal energy
lJ

CIO - previous cell internal en-

ergy
1:

IABEL - 12 words containing 72 columns of alpha-

betic infornntion - the problem label -

formt 1.2A6

TrIME - total time elapsed in problem

DEDl - time increwnt for this cycle

ICYCL - cycle number

PcNl!-

GCNT -

DCNT -

PINC -

GINC -

DINC -

count for printing

count for graphing

count for dumping

print every PINC cycles

graph every GINC cycles

dump every DINC cycles

IALPH - 0 for slab, 1 for cylinder, 2 for sphere

NEATC - heat conductivityconstant

GAsw - set W to O If less than GASW

NCL - tatal number of cells in calculation

FI!MIN- the pressure of one cell of a component

must be greater than Pl!MIN(1. % 10-5) to

use that components delta t.

I.PNr- unused

.

.

.

.



R&2 - not O for microfilm output

IPR - not O for a pressure vs. radius graph

ITR - not O for a temperaturevs. radius graph

IWR - not O for a mass fraction vs. radius graph

IIR - not O for an internal energy v6. radius

-ph

IUR - not O for a particle velocity vs. radius

wph

IHc - not O to include heat conduction

ILB - left bountiry indicator

At During
Read-In Execution

o 1 free surface

1 2 continuum

2 3 initial-finalpiston

3 4 A + BT piston

4 5 steady-statereaction zone

piston

IRB - right boundary indicator (same as left ex-

cept no reaction zone piston)

Wsw - W to switch from initial to final for that

piston

WU4.X- for WSWMAX (0.gg) inC-J burn, P= P.

SMIN - change in stress set to O if less than

SMIN (1.0 x 10-9)

ALB, BLB - left boundary piston constants:

either initial and final velocities

or Aand Bin A+Bl!

ARB, 13?B- right boundary piston constants (same

as left)

NLZ - number of cells initially in calculation

from left. If 0, all cells are used.

NLINC - add on a cell from left every NLINC

cycles

NICNT - count for adding on cells from left

NRI, NRINC, NRCNT - same as above, only from

right. Note: These numbers

are used only if there is a

piston at their respective

boundaries. If there is no

piston specified,all cells

are used.

NLH - number of cells from the left in calculation

at the time of Interest

NRL - index of lowest cell in calculation from

right end

DX - at input-space increment for each component-

during calculation - spce increment at

right-mat component

E - activation energy for Arrhenius buen

GAs - gas parameters

SOL - solid parameters

VCJ - C-J burn volume

VFACT - viscosity factor

z - frequency factor for Arrhenius burn

NAM- alphabetic names of components (2 words per

component)

m!IME - delta t for each component

NINC - number of space increments for each compo-

nent

NCOM - number of components

IExP - not O for explosive or gas

IFRN - 0 for Arrhenius burn, 1 for C-J volume

burn, 2 for @mma-law Taylor wave

ms - 0 for PIC viscosity, 1 for Landshoff form,

2 for real form

ALPH - 1 for slab, 2 for cylinder, 3 for sphere

RHOO - initial density, only for the component

being read

Po - initial pressure, only for the component

being read

TO - initial temperature, only for the component

being read

m - initial internal energy, only for the compo-

nent being read

UO - initial particle velocity, only for the compo-

nent being read

Wo - initial umss fraction, only for the component

being read

NINC - number of space increments for this compo-

nent

RITiNT- r coordinate value of the nearest spalled

or Interface cell of the same component

with a lower index

m- five parameters used to call HOM. EQ(l) -

volume, lYJ(2)- energy, l!Q(3)- mass fraction,

EQ(4) - lAP/AXl forspall input or pressure

output, EQ(5) - temperature output

INDH - HOM indicator -1 error, O normal, +1

spalled

X - elastic-plasticratio of P/PL4P, not greater

than 1

DELS - change in stress deviator

TXE - total kinetic energy of each component

15



TIE - total internal energy of each component

LIN - llne counter for printing

KIND - the index of cell on right-hand boundary

ECJ - C-J detonation velocity for gamma-law Taylor

=ve burn

DRT - total deltaR for gaunm-lawTaylor wave burn

DRF - first R for gatmm-lawTaylor wave burn

I.RL- last R for gamma-lawTaylor wave burn

UCJ, FCJ, VCR, CCJ - C-J values for gtumm-law

Taylor wave burn

COK - (Y - 1)/(Y+ 1) for gamtm-lawTaylor wave

burn

COL-UCJ-~ for gannm-lawTaylor wave burn
Y-1

RXZDV - steady-statereaction zone piston detona-

tion velocity

Rxzvs - steady-statereaction zone piston spike

volume guess

.

.

Listing of the IURTRAN Code

.
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000003

000003

000003

000003

000003
000003
000003
000003

000003
000003

000003

000037

000043

c
c

:
c
c
c
c
c
c
c
c

c

c

c
c
c
c
c

:
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

c

c

c
c

PROGRAM FSIN (INPUTOOUTPUTSF1LMSTAPE12=F1LMSTAPE1 )
cR CELL RADIUS J-I/2
Cu CELL VELOCITY J-1/2
Cv CELL VOLUME J
CM CELL MASS J
CQ CELL VISCOSITY J
ICF CELL FLAG WORD J
Cw CELL MASS FRACTION J
CT CELL TEMPERATURE J
CP CELL PRESSIJRE J
Cs CELL STRESS DEVIATOR J
Csz CELL STRESS DEVIATOR IN z DIRECTION J
CI CELL INTERNAL ENERGY J
COMMON CR(999) OCRO(999)OCU(999) ocuO(999),cV(999) OCVO(999) o

1CM(999),CQ (999) *ICF(999) 0cW(999),CW0 (999) OCT(999) ,CP(999)0
2CS(999),CSZ (Q99),CI(Q99) ,cIO(999),LABEL (12)

CoMMON /MISC/ TTIMEoDELTo ICYCLOPCNTCGCNTODCNTODINCOPINCsGINCo
lIALpH,HEATCoGASWSNCLoPTMIN? IPNT~IMC*IPR* ITROIWROIIRO IUR?IHC~ILB~
21RB,wSW,PSMIN,WMAX,sMINoALBSBLBQARB,BRBsNLI ?NRIoNLINC,NRINC?
3NLrNTcNRCNT*NLH~NRL*OX~KIND*RXZDv*RXZVS~FpO*FEO$RXZ

CoMMnN /MATER/ E(10)$GAS(17~10) oIBRN( 10) csOL(23010) OVCJ(10)w
lVFACT( 10) *Z(1O)*NAM(2 oIO)soTIME (IO) SNOINC(10 ), IVIS(10)SIEXP(IO)O
2NCOM

DIMENSION RXZ(10)OE(3(5)
Wsw W TO SWITCH PIsTON VELOCITY FROM INITIAL TO FINAL
DATA WSW /0.02/
DATA NRI /0/
DATA NLI /0/
DATA NLH /1/
COUNTS ARE SET LARGE sO CELLS ARENT ADDED ON IF NoT REQuESTED
DATA NRCNT/100000/
DATA NLcNT/100000/
READ INPUT OATA
NCOM NUMRER OF cOMPONENTs OR RESTART CYCLE NUMBER
NCL TOTAL NUMBER OF cELLS IN THE CALCULATION
IPNT UNUSED
IMc NOT o FoR MIcROFILM OUTPUT
IPR NOT o TO GIVE A tiRAPH OF IJREsSURE
ITR NOT o TO GIVE A GRAPH OF TEMPERATURE
IWR NOT o TO GIVE A GRAPH OF MASS FRACTION
IIR NOT 0 TO GIVE A tiRAPH OF VOLUME
IUR NOT n TO GIVE A GRAPH OF PARTICLE VELOCITY
I UC NOT o FOR cALCULATION OF HEAT CONDUCTION IN ENERGY
ILB LEFT HAND BOUNDARY INDIcATOR

= O FOR CONTINUUM
= 1 FfIR FREE SURFACE
= i? FoR INITIAL-FINAL PISTON
= 3 FoR A*BT PISTON
= 4 FOR STEAOY STATE REACTION ZONE SLAB PISTON

lRR RIGHT HANO BoUNDARY INDIcAToR
= O FOR CONTINUUM
= 1 FOR FREE SURFACE
= 2 FOR INITIAL-FINAL PISTON
= 3 FOR A*BT PISTON

READ 901 *NCOMoNCLoIPNToIMc* IPR, ITQ. IwR,IIRoIURSIHC* ILBoIRB
SEF IF TAPE RESTART
IF (NcOM.GT.1O) GO TO 500
LABEL 72 cOLUMNs OF ALPHABETIc COMMENT
READ 9009LAEEL
ALPH = 1. FoR SLAB

= 2. FOR CYLINoER



c
c
c
c

000050
000064

c
c
c
c
c
c

000067
000111

c
c
c

000127
c

000152
000161
000162
000163

c
c
c

000164
000172
000202
000212
000220
000226
000233
000241
000261
000277
000315
000322
000330
000350
000366

00037?

000373
000602
000412
000422
000430
000436
000443
000451
000471
000507
000525
000532
000540
000560
000576

c

c
c
c

c

= 3. FOR SPHERE
PINC PRINT EVERY PINC CYCLES
GINC GRAPH EVERY GINC CYCLES
DINC DUMP EVERY DINC cYCLES
READ 902~ALPHsPINC,GINCODINC
IALPH=ALPH-1.
READ IN PISTON QUANTITIES
ALBsBLB PISTON cONSTANTS FOR LEFT PISTON
NLI NUMBER OF CELLS INITIALLY IN CALCULATION FROM LEFT
NLINc ADD ON A cELL FROM LEFT EVERY NLINC CYCLES
RAZOV STEADY STATE REAcTION ZONE PISTON DETONATION VELOcITy
RX7VS STEADY STATE REAcTION ZONE PISTON GUESSED SPIKE VOLUME
IF (ILB.EQ.2.OR.ILB.EQ.3) READ 903sALB~BLBcNLI sNLINC
IF(ILB.EQ.4) READ 9030RX2Dv,RXZVS,NLI ONLINC
NRI NUMBER OF cELLS INITIALLY IN CALCULATION FROM RIGHT
NRINC ACID ON A cELL FROM RIGHT EVERY NRINC cYCLES
ARR*URB PISTON cONSTANTS FOR RIGHT PISTON
IF (IR13.EQ.2.OR.IRB.EQ.3) READ 903sARBQBRBQNRI oNRINc
READ IN HEAT CONSTANT
IF (IHC.NE.0) READ 902?HEATC
K82
CRO(2)XCI.
cR(21=0.
IALPH = O FOR SLAB

1 FOR CYLINDER
2 FOR SPHERE

IF (IALPH.EQ.0) PRINT 904,LABEL

IF (IALPHoEQ.1) PRINT 905,LABEL
IF (IALPH.EQ.21 PRINT 9060LABEL
PRINT 907*NCOM
PRINT 90BJNCL
IF (ILB.EQoO) PRINT 909
IF (ILB.EQo1) PRINT 910
IF (ILB.EQ.2) PRINT 911!ALB*BLB?wswQNLI !NLINC
IF (lLB.EQ.3) PRINT 912*AL60BLR*NLI oNLINc
IF(ILB.EQ.4) PRINT930~RXZDVORXZVS,NLI *NLINC
IF (IRB.EQ.0) PRINT 913
IF (IRBoEQ.1) PRINT 914
IF (IRB.EQ.2) PRINT 9159ARBsBRB,WSW,NR1 SNR1NC

IF (IRB.EQ.3) PRINT 9160ARB?BRB*NRI,NRINC
PRINT 917
DO 4020 PRINTING IF REQUESTED

IF (IALPH,EQ.0) wRITE (12,904) LABEL
IF (IALPH.EQ.1) wRITE (12$905) LABEL
IF (IALPH,EQ.2) WRITE (12s906) LABEL
WRITE (12c907) NCOM
WRITE (12?908) NCL
IF (ILBoEQ.0) WRITE (120909)
IF (ILB.EQo1) WRITE (I2,91O)
IF (ILR.EQ.2) WRITE {120911) ALB,13LBowSWtNLI ONLINC
IF (ILB.EQ.31 WRITE (120912) ALBoBLBsNLI?NLINC
IF(ILB.EQ.4) WRITE(12,930) RXZDVORXZVS$NLI QNLINC
IF (IRFI,EQ.0) WRITE (120913)
IF (IRB.EQ.1) WRITE (120914)
IF (IRB.EQ02) WRITE (12?915) ARBoBRBowsWsNRItNRINC
IF (IRBoEQ03) WRITE (12~916) ARB,BRB9NRIoNRINC
WRITE (120917)
*o*o*o*****o*oa******o***ooo*****o*********o*o*9o*o***o**o***o*oo*

.

.
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000602

000604

000617

000633

000647
000663
000667
000670
000671

000705
000721
000743
000745
000760
000766
000775
001007
001017
001026
001036
001066
001066
001102
001117

001120
001162
001144
001147
001160
00117?
001202
001211
001221
001231

c
c
c

c

c
c
c
c
c
c
c
c

c
c
c
c

c

:
c
c

c
c
c
c

c
c
c

1

11

2

3

4020 OUTPUT ABOVE
*o****e@*****o@*******ao**oa***@*****ooo*9e*o**o**o**g***e9**e@**e

READ DATA AND SET UP MESH FOR EACH COMPONENT
DO 10 I=lsNCOM
NAM NAMF OF COMPONENT
READ 900sNAM(1,1) sNAM(2$I)
NINC NUMBER OF SPACE INCREMENTS FOR THIS COMPONENT
IExP NOT O FOR QAs OR EXPLOSIVE
IBRN = O FoR ARREHNIUS BURN

= 1 FoR CJ VOLUME BURN
= 2 FOR GAMMA LAW TAYLOR WAVE

IVTS = O FOR PIC VISCOSITY
= 1 FoR LANDsHOFF VISCOSITY
= 2 FoR REAL VISCOSITY

READ 9010NINc, IEXP(I)~IBRN(I )*TVIS(I)
DX SPACE INCREMENT IN CENTIMETERS

DTIME TIME INcREMENT IN MICROSEcONL)S
VFACT VISCosITY FAcTOR
RHOO INITIAL DENSITY
READ 90200XODTIME (I) OVFAcT( I)BRHOO
Po INITIAL PRESSURE

INITIAL TEMPERATuRE
:: INX7XAL INTERNAL ENERGY
Uo INITIAL VELOCITY
SOL(J,I) SOLID EQUATION OF STATE AND ELASTIC-PLASTIC CONSTANTS
READ 902?pO?TO?EO*U0
IF(I.GT.1) GO TO 11
FPo = Po
FEo s EO
READ 902~(SOL (J$I)*J=lS23)
Wo INITIAL MASS FRACTION

FREOUFNCY F4cTOR FOR ARREHNIUS BURN
: ACTIVATION ENERGY FOR ARREHNIUS BURN
VCJ VOLUME FOR CJ f3URN OR nET vEL FOR GAMMA LAW TAYLOR WAVE
READ 9020WO!Z (I)$E(I).VCJ(I )
PRINT 91BsNAM(I oI)~NAM(2sI) oNINC.DXOOTIME (I)
IF (IExP(I)oEQ.0) GO TO 2
READ 902t(GAS(Js I)sJ=lo17)
PR’
IF
IF
IF
IF
IF
IF
PR
PR
IF
IF

NT 919
(IBRN(I).EQ.0) PRINT 92~*E(I),2tI)
(16RN(I).EQ01) PRINT 9220VCJ(I),GASW
(IRRN(I).EO.2) PI?INT 9290vCJ(I)
(IVIs(I).FQ,O) PRINT 9230VFACT(I)
(IvIs(I)oEQ.1) PRINT 924?VFACT(II
(IVIS(I),FQ.2) PRINT 925*VFACT(I)
NT 926,RHo0,Po9T0,E09UO?W0
NT 9270 (Sf)L(J~I)~J=l?23)
(IEXP(I).NE.0) PRINT 928, (GAS(J,I),J=1Q17)
(IMc.EQ.0) GO To 4

WRI”
IF
IF
IF
IF
IF
IF
WRI”

E (12*919)
IBRN(I).EQ,O) WRITE (120921) E(I) ?ZII)
IBRN(I).FQ.1) WRITE (120922) vCJ~I)sGASW
19RN(I).EQ;2) WRITE (120929) VCJ(II
IVIS(I).EQ.0) WRITE (129923) vFAcT(I)
IVIS(I).EQ.1) WRITE (12,924) vFACT(I)
IVIS(I).EQ.2) WRTTE (12,925) vFAcT(I)
E (12~926) RHOO~POQTOCEOSUO*WO



001251
001.?65

001302
001306
001307
00131?
001313
001315
001316
001320
001321
001323
001324
001325
0013.?6
001330
001331
00134?
001344
001345
001347
001350
001351

001354
001356
001361
001363

001366
001367
001400
001401
00140?
001404
001406
001406
001407
::;:;:

001412
001413
001414
001415
001416
001417
001420

001621
001422
001426

001431

001433

001434

c 4020 OUTPUT ABOVE
c &6**o**9**a@o****************#****u*****@*******@**@***~**********

c FILL IN CELL VALUES FoR THIS COMPONENT
DO 9 J*1oNINC

4 IF(IBRN(I).EQ02) GO TO 12
CRO(K*l)=CRO(KJ*DX
CR(K*l)=CRO(K*l)
cUO(K)=UO
CU(K)=CUO(K)
cP(K)=PO
cT(K)=To
cW(I(K)=WO
cW(K)=CWO(K)
CSZ(K) = 0.
cS(K) = 00
CIO(K)=EO
cI(K)=cIO(K)
cM{K)=RHOO@DX* ((CRO(K)*CRO (K+l))*.5)**IALpH
cVO(K)=10/RHOO
ci(K)=cVO(K)
ICF(K~=I
cQ(K)=o.
KLIK+l

9 cONTINUE
c SET SPALL FLAG FoR INTERFACE BETWEEN COMPONENTS

17 IF (IEXP(I).NE.0) GO TO 18
ICF~K-NINC) =ICF(K-NINC)*128

18 NOINC(I) = NTNC
10 CONTINUE

c SET RIGHT AND LEFT BOUNDARy VALUFS
CM(1)=CM(2)
cM(K)=RHoo*Dx* (CRO(K).DX*05) **IALpH
c9(K)=0.
KIND=K
CRO(1)8-CRO(3)
CR(-)(K*2)=CR()(K*1 )+D)(
cI{l)=os
Cstl)=o.
Csz(l)=o.
Cvfl)=o.
cV(K)=O.
cS(K)=O.
CSZ(K)=OO
cI(K)=o.
ILB=ILB*l
IR13=IR13+1
TTIME=o.
DELT=O.

c FIND MAXIMUN DELTA T FOR FIRST CYCLE
DO 20 I=l~NCOM
IF (DELT,LT.nTIME (I)) DELT=DTIME(I)

20 cONTINUE
c SET UP NUMBER OF CELLS IN CALCULATION

NRL=NCL*2
c SEE IF THERE IS A LEFT PISTON

IF(ll.BoLTo2) GO TO-24
c GO TO 22 IF CELL ADDING ON NOT REQuESTED

IF (NLI,EQoO) GO-TO 22
c SET NUMBER OF CELLS FROM LEFT ANn COUNT FoR ADDING oN CELLs

20



001435
001437

001440

001~42

001443
001446

001447

001453
001455
001456
001457

001660

001462
001463
001464

001465

001476
001500
001502
001503
001505
001507
001511
001512

001513
00151s
001s17
001520
00152?
001523
001524

001525
;;3:$;

001532
001534
001536
001537
001540
001541
001%42
tll-11543
001545
001546
001547
001550

001551
001553
001555
001556

c

c

c
21

c

c
22

c
26

c

c
90

c
100

c
110

c
120

125

c
130

NLH=NLI*l
NLcNT=NLINC
SEE IF ThERE IS A RIGHT PISTON
IF(IRB.LT.2) G(l TO 00
ARE CELLs TO BE AOOED ON FROM RIGHT
IF ~NRIoEQ.0) GO TO 90
SET INITIAL NUMBER OF CELLS FROM RIGHT AND COUNT FOR ADOING ON
NRL=NcL+l-NRI
NRcNT=NRINC
cHECK TO SEE IF ALL cELLS IN CALCULATION
IF (NRL.GT,NLH.1) GO TO 90

usE ALL CELLS IN CALCULATION
NLH=NcL*l
NLI=l
NRI=fl
GO TO 90
SEE IF THERE IS A RIGHT PISTON
IF(IR13.LT.2) GO TO ’22

ARE CELLs TO RE ADDED ON FROM RIGHT
IF (NRI.EQ.0) GO TO 22
NLH = 1
GO TO 21
SET LEFT BOUNDARY VALUES
GO TO (100, 110ci20,130s140) *ILB

LEFT BOUNDARY CONTINUUM
CIJ(1)=CP(2)
cR(1)=cR(2)-cR(3)
CQ(1)=CQ(2)
CU(l)=-CU[2)
IF (IALPH.EQ.0) CU(l)=Cu(2)

Cuo(l)=cu(l)
CT(1)=CT(2)
GO TO 190
LEFT BOUNDARY FREE SURFACE
CP(l)=-CP(2)
cR(1)=cR(2)-cR(3)
CQ(1)=CQ(2)
CU(l)=-CU(2)
Cun(l)=cu[l)
CT(1)=CT(2)
GO TO 190
LEFT 130UNOPqY PISTON - INITIALtFTNAL
cQ(1)=CQ(2)
CR(1)=CR(2)-CR(3)
CP(1)=CP[2)
CT(1)=CT(2)
IF (cw(4)oLT.WSW) GO TO 125
CU(l)=ALB
Cuotl)=cu(l)
CU(2)=CU(1)
CUO(2)=CUO(1)
GO TO 190
CU(l)=BLB
Cuo(l)=cu(l)
Cu(z!)=cu(l)
CUO(2)=CUO(1)
GO TO 190
LEFT BOUNDARY PISTON - A*BT
cQ(1)=co(2)
cR(1)=cR(2)-CR(3)
CP(1)=CP(2)
cT(l)=CT(I)

21



001560
001563
001564
001565

001567

001577
001601
001603
001604
001606

g:;:::

001612
001613
001615

001615
001617
001621
001623
001626
001625
001626
001630
001631

001632
001634
001636
001641
001643
001643
001646
001653
001660

001665
001670
001673
001700
001703
001710
001711
001714
001721
001724
001731
001734

001741
001743
001744
001747
001754
001757
001764
001771
001776
001777

CU(l)=ALB*13LB*TTIME
Cuo(l)=cu(l)
CU(2)=CU(1)
CUO(2)=CUO(1)

c SET RIGHT BOUNI)ARY VALUES
190 GO TO (200S210*220,236)0 IRB

c RIGHT BOUNDARY CONTINUUM
200 CT(K)=CT(K-1)

CP(K)=CP(K-1)
CU(K)=CU(K-1)
cUO(K)=CU(K)
GO TO 290

c RIGHT BOUNDARY FREE SURFACE
210 CT(K)=CT(K-1)

CP(K)=-CP(K-1)

CU(K)=CU(K-1)
cuo(K)=cu(Kj
GO TO 290

c RIGHT BoUNDARY PISTON - INITIALtFINAL
220 CT(K)=CT(K-11

CP(K)=CP(K-1)
IF (CW(K-3).LT.WSW) GO TO 225
CU(K)=ARB
CUO(K)=ARB
GO TO 290

225 CU(K)=BRB
cUO(K)=BRB
GO TO 290

c RIGHT BOUNDARY PISTON - A*BT
230 CT(K)=CT(K-1)

CP(K)=CP(K-1)
CU(K)=ARB+RRB*TTIME
CUO(K)=CU(K)

290 CONTINUE
IF (NLI.NE.0) CALL vELOC (2,NLHI
IF (NRI.NE.0) CALL vELOC INRLQNCL+l)
IF (NLI.NE.0) CALL RADIUS (20NLH+1)
IF (NRI.NE.0) CALL RADIUS (NRLoNcL*2)

c SET RADIUS FOR CELL BEYOND RIGHT BOUNDARY
CR(K*2) =CR(K*1)*I))(
IF (NLIoNEoo) CALL VOLUM (2sNLH)
IF (NRT.NE.0) CALL VOLUM INRLQNCL+l)
IF (NLI.NE.0) cALL ENERGY (2,NLH~ -
IF (NRI.NE.0) CALL FNFRGY (NRL,NcL+l)
IF (IHc.EQ.0) GO TO 300
IF (NLI.NE.0) CALL
IF (NRI.NEoO) CALL

300 IF (NLI.NE.0) CALL
IF (NR1oNEoO) CALL
IF (NLI.NE.0) CALL
IF (NRI.NE.0) CALL

c SET W NEAR AXIS
CW(2)=CW(4)
CW(3)=CW(4)

HETCON (2tNLH)
HFTCON (NRLQNcL*l)
VISCOS (2*NLH)
vISCOS (NRLaNc1.*1)
BURN (2tNLH)
BURN (NRLtNCL+l)

IF (NLI.NE.0) CALL
IF (NRI.NE.0) CALL
IF (NLI.NE.0) CALL
IF (NRI.NE.0) CALL
IF (NLI.NE.0) CALL
IF (NRI.NE.0) CALL
CALL TIME
GO TO 90

STRESS (20NLH)
STRESS (NRL*NcL+l)
EQST (20NLH)
EQST (NRL,NCL.1)
uPDATE (1*NLH*2)
uPoATE (NRL,NcL*3)

.
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002000

002002

002227
002231
002234

002236
002236
002237
002242
002264
002245
002246
002247
002?50
002252
fI02?53
002256
002256
002260
002261
002266
002?66
002267
002274
002300
002305
002307
002313
002320
002322
002324
002330
002361

002361
002376
002400

002417
002421
002423
002425
0024?.6
002430
002431
002435
002436
002440
002441
002443
002445
002450
002451

c RESTART FROM TAPE
500 IRST=NCOM

c .SEARCH FoR DUMP WITH PROPER CYCLE NUMBER
501 READ (1) CROoCUOCCWOQCSZoCIO~CVO, ICF.CMsCGItCT,CPoLABELsOELToHEATCs

lIALpHOTTIME*PINCCGINCODINCsPCNTOGCNT,OCNTsE~GASO IBRNsSOLoVCJ!
2VFACT,ZoNAM*DTIMEDNOINC~NCOM* ICyCLONCL* IPNToIMCSIPR- ITROIWR?IIR9
31URJIHCoILB, IRBSALBoBLB~ARB~BRBoWSWONLI ~NRIsNLINc,NRINCONLcNTO
4NRCNT9NLH$NRLSDX, IVIS0 IEXP$KINDsCI?,CI ?CW?CVoCUoCS.RXZDVoRXZVS~
5RXZ*FPOVFE0

K=KIND
IF (IRSTOGT,ICYCL) GO TO 501
GO TO 90

c THE SLAB GAMMA LAW TAYLOR WAVE ** AsSUMES detonation WAVE MOVED
c FRoM RIGHT To LEFT AND HAS t3R!3 FTNAL PARTICLE vELoCITY

12L=K
DO 13 J=]sNINC
cR(L*l) = cR(L) + f)x
CTIL)=TO
CwO(L)=nO
CW(L)=O,
CSz(L)=O.
cS(L)=O.
cM(L)=RHOO*OX
CQ(L)=O.
ICF(L)=I
L=L.1

13 CoNTINUE
DCJ=VCJ(I)
ORT=CR(L)-CR(K)
ORF=CR(KI
DRL=CR(L)
UCJ~DCJ/(-GAS(2?I)+I.)
PCJ=(RHOO)*(OCJ*DCJ)/ (-GAS(2*1)*1.)
VCJR=l-GAS(2,1))/((-GAS 12*1)*1.)eRHOO)
CCJ=OCJ-UCJ
COK=(-GAS(2*I)-l.)/(-GAS (291)+1.)
coL=ucJ-((20/(-6As(2*I )-1.) )*CCJ)
COT=ORT/DCJ
DO 14 J=l*NINC
cOY=(DRL-CR(K) )/COT
CU(K)=(2.@COY)/(-GAs(20 1)+1.I*COK*COL
CP(K)=PCJ* ((((-GAS(2~I )-1. )*OOS)@ (cU(K)-COL)) /ccJ)~*(-GAS(~91)~20/

1(-GAs(2,1)-1.))
CV(K)=(PCJ* (VcJR**(-GAS (2.1)))/CP(K))**(le/(-GAS (?,1)))
CVO(K)=CV(K)
CI(K)= (CP(K)*cV(Kl)/(-GAS(2* 1)-i.)-(PCJ*VCJRl/(-GAS (201)-1.)

1. O.S~PCJ*(lO/RHOO-VCJR)

CIO(K)=CI (K)
ORP=CM(K)*CV(K)
cR(K*l)sCR(K)*DRP
cRO(K*l)=CR(K*l)
CU(K)=-CU(K)
CUO(K)=CU(K)
IF(CU(K).GT.RRB) Go To 15
K=K+l

16 CONTINUE
GO TO 17

15 L=K
00 16 N=J,NINC
CU(K)=CU(L)
CU13(K)=CU(L)
cP(K)=cP(L)
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002453
002454
002456
002657
002461
002463
00246%
002466
002470

002471
002471
002471
002471
002471
002473
002475
002500
002502
OO251O
002512
002513
002515
002517
002520
00?522
002522

002535
002536
002537
002’541
002550
002551
002561
002561
;;::;:

002574
002575
002606
002607
002607
002607
002607
002607
002607

002607

002607

002607
002607
002607
002607
002607

002607

16

c
c

140

146

141

931
143

.

CV(K)=CV (L)
CVO(K)=CV(L)
CI(K)ICCIIL)
CIOIK)=CI (L)
CR(K*l)=CR(K)*DRP
cRO(K*l)=CR(K*l)
KxK+l
CONTINUE
GO TO 17
REACTION ZONE PISTON
FOR SLABS AT LEFT BOUNDARY ONLY
DATA RXZ(l)/ 0./
DATA RXZ(2) /1,001/

DATA RxZf3) /*1.oE-5/
DATA RXZ(lO)/ 0,/
IF(RXZ.EQ.00) RXZ=RXZVS
IF(cwf4)oLToGASW) GO TO 120
cALL LFB (RZV,RZF,RXZ)
IF(RXZ(1O)) 141s142,143
PRINT 931oRXZ
PCNT=l ,
GCNT=1OO.
ICYCL=ICYCL-1
TTTME=TTIME-C)ELT
CALL TIME
STOP
FORMAT (33H1 REACTION ZONE PISTON LFFl ERROR 9 5E18.11)
RZI=FEO ● 0.5/( SOL (13~I)*SOL(13?I) )*RXZDV*RXZDV* ((SOL (13sI)-

LRZV)**2)
‘EQ(l)=i2V

EQ(2)=RZI
160 EQ(3)=cw(4)

CALL HOM (EQQSOL (l~I),GAS(l *I)*INDH)
IF(INDH) 14491459144

144 PRINT 93201sEQ
932 FORMAT (33H1 HOM LF6 ERRoR FOR RXZ PISTON -Iss5E18.11)

GO TO 141
145 RXP=l./(SOL(l3,I)~SOL(l3s Il)*RXZIiVQRXZDV* (SOL(13* 1)-RZV)

RZF=EO(4)-RXP* FPO
GO TO 146

142 ALFI=SQRT((EQ(4) -FPO)*(SOL (13*I)-QZV))
BLB=ALB
GO TO 120

900 PORtiAT-
901 FORMAT
902 FORMAT
903 FORMAT
904 FORMAT

lION IN
905 FORMAT

lION IN
906 FOPMAT

lION IN
907 FORMAT
908 FORMAT
909 FORMAT
91O FORMA7
911 FORMAT

lTY OF

_ii2A6)
(1215)
(4E18.11)
(2E18.11~215)
(80H1 A SIN ONE DIMENSIONAL REACTIVE HYDRODYNAMIC CALCULAT
SLAB GEOMETRY FOR ,/~2Xo12A6)
(87H1 A SIN ONE DIMENSIONAL REACTIVE HYDRoDYNAMIC CALCULAT
cYLINDRICAL GEOMETRY FOR ,/02x~12A6)

(85H1 A SIN ONE DIMENSIONAL REACTIVE HYDRODYNAMIC CALCULAT
SPHERICAL GEOMETRY FOR o/.2xol2A6)
(//o32H THE NUMBER OF COMPONENTS IS .15)
(//~44H THF TOTAL NUM13ER OF SPACE INCREMENTS IS 015)
(//o35H THE LEFT BOUNDARY IS A CONTINUUM)
(//,3FIH THE LEFT BOUNDARY IS A FREE SURFACE)
(//*59H THE LEFT BOUNDARY Is A PISTON WITH INITIAL vELoCI
cE1O.3O24H AND FINAL VELOCITY OF sEIO.3t/,10XQ23HWHEN W+3

21S LESS THAN ;E1O,3* 6H WITH 015;46H CELLS INITIALLY ANO ADOING O
3N A CELL EVERY 0150 7H CYCLES)

912 FORMAT (//*49H THE LEFT BOUNDARY IS A PISTON WITH VELOCITY = ,

@+



002607
002607
002607

002607

002607
002607

002607

002607

002607

002407

002607

002607

002607

002607

002607

002607

002607

002607

1E10.3, IHo,E1o,3,6H(TIMEI $/$loX, 5MUITII ,15,44H CELLS INITIALLY AND
2 ADDING ON A CELL EVERY 015~ 7H cYCLES)

913 FORMAT {//e36H THE RIGHT BOUNK)ARY IS A cONTINUUM)
914 FORMAT (//,39H THE RIGHT BoUNOARY IS A FREE SURFACE)
915 FORMAT (//t6oH THE RIGHT BOUNDARY TS A PISTON uJITH INITIAL VELOC

lITY OF oIPE]O.3024H AND FINAL VELOCITy OF SIPEi0,30/tiOX023HWHEN
2 w.3 IS LESS THAN ,1PE1O.3O 6H wITH t15,44H CELLS INITIALLY AND A
3DOING ON A CELL EVERY c150 7H CYCLES)

916 FORMAT (//o5OH THE RIGHT BOUNDARY IS A pISTON WITH VELOCITY = ~
llPEll).3,1H*, lPElo.3;6H (TIME),/olijX. 5HWITH ,15,44; CELLS INITIALLY
2 AND AI)DING ON A CELL EVERY ~15Q 7H cYCLES)

917 FORt4hT (////~3ox$33HTHE PARAMETERS FoR EACH COMPONENT)
918 FORMAT (///l2lH * THE COMPONENT IS ,2A6?//911H ANO HAS s15~

122H SPACE INcREMENTS OF s1PE1OO3O34H CM EACH AND A TIME INCREMENT
2 OF o1PE1OO3,13H MICROSECONDS)

919 FORMAT (//98nH IT IS TO BE CONSIDERED AS AN EXpLOSIVE AND wILL B
lE RuRNED BY THE TEcHNIQUE OF)

92I FORMAT (//*53H THE ARRHEJ’JIuS RATE LAW WITH ACTIVATION ENERGY OF
1 91pE10.3~46ti CALORIES PER MOLE ANO i FREQUENCY FACTOR OF Q/93x9
21PElo.3,16H PER MICROSECOND)

922 FORMAT (//Q45H 7HE CJ VOLUME BURN wITH A 13URN VOLUME OF o1PE1OO
13,17H AND A MAX W OF *lpE1003)

923 FORMAT (//*68H THE ARTIFICIAL PIC TYPE OF VISCOSITY IS USED WITH
1 A CONSTANT Of sIPE1O.3)

924 FORMAT {//e74H THF ARTIFICIAL LANDsHOFF TYPE OF VISCOSITY IS USE
10 ‘wITH A CONSTANT OF *lpE10t3)

925 FORMAT (//c76H THF TRUE FORM OF VISCOSITY Is USED WITH THE COEFF
lICIENT OF VISCOSITY OF oIPElo.3)

926 FORMAT (//t43H THE INITIAL CONDITIONS ARE A DENsITY OF o1PE1O.3S
1Z3W GRAMS/CC, PRESsURE OF 01PEI003,26U ME6ABARS~ TEMPERATURE OF ,/
2$2X91PE10.3*37H DEGREES KELVIN* INTERNAL kNERGY OF ~lPE10,3q33H M
3B-cC/GMt PARTICLE vELOCITY OF $iPElo.3*16H CM/MIcROSECONOOS/?37H
4 bND MASS FRACTION OF THE SOLID OF s1PE1O.3)

927 FOnMAT (//l29H THE HOM EQUATION OF STATE PARAMETERS FOR THE SOLI
If) c*S9VS!C1SS1 OFSOGSCHSO ISOJSOGGOCV,vOOALpHA,SPACUSPSTO*POQY(l ~MU,p
2LAP,SPP,VS2,/,(6(2X,lPE18, 11)))

928 FORMAT (//lO8H THE HOM EQUATION OF STATE PARAMETERS FOR TJiE OETO
lNATION PRODUCTS AOBSCODSE* KOLOMSNOOS Q~RoSOT9U*CVGCZ9/0~6(2x9
21PE18.11)))

929 FORMAT(IIQ57H A GAMMA LAW TAYIoR wAVE WITH Detonation VELOCITY
10F ?IPE1O.3)

930 FORMAT (//*77H THE LEFT BOUNDARY Is A STEADY STATE PISTON WITH A
1 DETONATION VELOCITY OF ?1PE1OC3S17H SPIKE VOLIJME OF slPElo.3*/9
26H #ITH 915*44H cELLS INITIALLY AND ADDING ON A CELL EVERY *159
3 7H CYCLES)

END

.
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000004

000004

000004

000004

000004
000004

000005

000007
000012

000016

000020

000021
000024
000026
000031
000050

000050
000064
000072
000077
00010?
000102

c
c
c
c

c

c

c

c

c

c
c

c

SUBROUTINE BURN (NMIN,NMAX)

BUPN PERFORMS THE cHEMICAL REACTION ON CELLS WITH INOICES
NMIN To NMAX

COMMON CR(999) OCRO(999)OCU(999) ocuO(999) QcV(999)sCVO(999) ?
lCM(999) *CQ(999)oICF(999) 0CW(999),CW0 (999) 9CT(999) ~CP(999)c
2CS(999) 0CSZ(999)SCI (999) 0cIO(999),LABEL (12)

cOMMON /MISC/ TTIME*DELTo ICYCLSPCNT,GCNT$DCNTQDINC*pINc?GINc$
IIALPHSHEATCSGASW,NCL9PTMINS IPNToIMCOIPRS ITR*IWRSI IRoIURSIHCQILR,
21RBoWSW9PSMIN*WMAX,SMINoALB$BLBoARB*BRBsNLI oNRIsNLINCONRINcO
3NLCNT*NRCNToNLH~NRLsDX9KINDtRXZDVsRXZVSoFpOtFEO9RXZ

COMMON /MATER/ E(lO)oGAS (17?1O)9IBRN( 10) csOL(23S10J *VCJ{10J*
lVFACT( 10J9Z(10)sNAM(2Q 10) ooTIME(Io) QNOINCtlO) QIVIs(lO) sIEXpllO)C
2Nc13M

1

1:

DATA WMAX /.99/
SET W TO O IF LESS THAN GASW
DATA GASW /+0,02/
DO 10 I=NMINoNMAX
SKIP IF ALL BURNED
IF (CW(I).EQ.O.) GO TO 10
J IS INDEX OF COMPONENT
KsP=IcF(I)/64
J=TCF(I)-64*KSP
cHECK FOR EXPLOSIVE OR GAS
IF (IEXP(J).EQ.0) GO TO 10
DETERMINE TYPE OF 13URN
IF (I13RN(J).NE.0) GO TO 1
ARRHENIUS BURN
IF E,Z9 OR T LESs THAN 0.0001 DO NOT BURN
IF(E(J).LToO.0001) Go TO 2
IF (Z(J) .LTSO.0001) Go To 2
IF (CT(I) OLT.o.0001) GO TO 2
CW(I)=CWO (I)*(l.-DELT*Z (J)*EXP(-F(J)/(1.9B65*CT (1))))
GO TO 2
CJ VOLUME BURN
cW(I)=l .-(SOLI13SJ)-CV (1))/(SOL(i3*J)-VCJ~J))
IF (CW(I),GT.CWO(I)) cW(I)=CWO(I)

IF (CW(I)OLT.GASW) CW(I)=OO
cONTINUE
RETURN
END

I
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000004

000004

000004

000004
000005
000006

000077
000102
000102
000104

000162
000164
000164

SUBROUTINE ENERGY (NMINoNMAx)
c
c ENERGY cOMPUTES THE NEW INTERNAL ENERGY FOR CELLS WITH INDICES
c NMIN TO NMAX
c

CoMMON CR(999),CR0(999) ?cU(999) ,cUO(999) $cv(999)0Cv0(999) $
lcM(999),CQ(999) sIcF~999)sCW(999) .cwo1999)sCT{999) scP(999),
2CS(999) 0CSZ(999),cI (999) ~cIO(999),LABEL (12)

CoMMON /MISC/ TTIME,OELTO ICYCLOPCNTSGCNT~DCNTODINC*PINCOGINcO
lIALpH,HEATCSQASWONCLCPTMINo IPNT~IMc91PRo ITRtIWR~IIR0 IURoIHC!ILB,
21RB,WSWoPSMINsWMAX,sMINoALBsBLB~ARBoBR60NLI SNRISNLINCSNR!NcS
3NLcNT9NRcNT9NLH!NRLooxcKxNo9RxzDvoRxzvsoFpooFEo?Rxz

COMMnN /MATER/ E(10),GAS(17Q10) *IBRN(1O) oSOL(23$10) OVCJ(1O)S
lVFACT(lO) oZ(10)$NAM(2t 10) ~OTIME(iO),NOINC(lO) oIVIs(lO) OIEXP(lo),
2NCOM

IF (IALPHOEQ.O) GO TO 15
DO 10 I=NMINcNMAx
CI(I~=CIo(I)+OELT/CM(I)* (( (CM(I)*Cp (I-l)*CM(I-l~*CP (1~~~
l(CM(I)*CM(I-l)~+OS*fCQf Ij*CQ{I-l)))@cu(I~*CRtI) *oIALpH-(tCM(I*l)*
ZCP{I)+CM(I)*CPII+l))/(CM 11)*CM11*l))*05*lc0(I)+c~ (I*l)))*CU(I*l)
3*CR[I+l)**1ALpHJ.(~CUO (I*l)+cuo (1))**2-(cU(I* 1) +CU(II)**2)*.125

10 CoNTINUE
RETURN

15 00 20 I=NMIN,NMAx
CI(I)=CIOII)*DELT/CM(I)* (( (CM(I)*CP (I-l)+CM(I-l)*CP (1))/

l(CM(I) *CM(I-1))*.54(CQ (I) +CQ(I-l) ))*CU(II-((CM (I*i)~
2cP(I)+cM(I)*cP(I+l))/(CM (I) *cM(I*I ))+.5*(CQ(I)*CQ (I*l)))*CU(I*l))
3* ((cUO(I*l )*cUO(I))~*2- (cU(l*l) *CU(1))*e2)*012s

20 CONTINUE
RETURN
ENP
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000004

000004

000004

000004

000004
000004
000005

000006

000012
000015
000021
000027
000030
000033

000035
000037
000041
000042
000056
000072

000073

000105
000106
000107
000110
000111
000113
000117
000121

000121
000127
000132
000134

000134
000137
000151

000154

c
c
c
c

c

c
c
c

c

c

c

c

SUBROUTINE EQST (NMIN,NMAX~

EQST DOES TIiE ELASTIC PLASTIC SPALLING EQUATION OF STATE
CALCULATION FOR CELLS WITH INDICES NMIN To NMAX

COMMON CR(999),CRO{999) ?cU(999) 0CUO(999),cV (999) oCV0(999) s
1CM(999) 9CQ(999)SICF(999) ocW(999),CW0 (999) 9CT(999) 0CP(999)0
2CS(999),CSZ (999) 9CI (999) *CIO(999),LABEL (12)

cOMMON /MISC/ TTIME*DELT~ ICYCLSPcNTCGCNTQDCNTQDINC~pINc~GINcO
lIALpHsHEATCsGASw,NCLCPTMIN$ IPNTcIMCS IpRCITROIwR*IIR* IuR?IHc~ILB*
21RB!WSWoPSMINsWMAXoSMINsAL80BLB~AC?B*BRB0NLI oNRI$NLINCoNRINcS
3NLCNT!NRCNTcNLHoNRL,DXoKIND*RXZDVsRXZVS?FpOoFEOSRXZ

COMMON /MATER/ E(10)06AS(17010) oTBRN(10) ,SOL(Z3S10) 9VCJ(1O)S
lvFACT(lo) ~Z(lo)SNAM(29 10),DTIME (iO)*NOINC[lO) oIvIs(lO) sIEXP(lO)O
2NCOM

DIMENSION EQ(5)
PSMIN - MINIMUN ELASTIC-pLASTIC PRESSURE
DATA PSMIN /1.E-4/
RFRNT=OO
DO 20 I=NMIN,NMAX

KsP = O FOR NON SPALLED CELL
= 1 FOR SpALLEO CELL
= 2 FOR INTERFACE CELL

KSP=ICF(I)/64
J IS INDEX OF COMPONENT
J=TCF(I)-64*KSP
IF (KSPOEQ.2) RFRNT=CR(I)
IF (cVII).LT.SOL (13,J)) GO TO 1
IF (KSP.NE.0) GO TO 11

1 EQ(l)=CV(I)
EQ(2)=CI (I)
cHECK FOR CJ EQUATION OF STATE

IF (IBRN(J).NE.0) GO TO 9
EQ(3)=CW[I)
EQ(4)=O0
IF (CV(I).GTOSOL (13,J)) EQ(4)=(CP(I))/ABS(CR(I)-RFRNT)
cALL HOM (EQ,SOL (l,J),GAS(l *J)*INDH)
IF (INOH) 2*403
ERROR IN HOM

2 PRINT 900sIQFQ
MAKE FAKE CALL TO TIME TO GET A LAST PRINT

900
c

3

c
4

c

c

—
PCNT=I.-
GCNT=1OOC
DCNT=1OOS
ICYCL=ICYCL-l
TTIME=TTIME-OELT
CALL TIME
STtIP
FORMAT (16H1 HoM ERROR ~15~5E18.11)

CELL SPALLED
IF (ICF(I).LT064) ICF(I)=IcF(I~ *64
RFRNT=CR(I)
CP[I)=EQ(4)
GO TO 11
REGuLAR HOM EXIT
CP(I)=EQ(4)
IF (ABS(EQ(4) ).LT.SOL(180J)) Cp(I)=SOL{18CJ)
CT(I)=EQ(5)
IF AN EXPLOSIVE OR GAS, SKIP ELAsTIC-pLASTIC
IF (IEXP(J).NE.0) GO TO 20
IF yo OR MU LESS THAN 0.0001 sKIP ELAsTIC CALCULATION

.
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SUBROUTINE HETCON (NMIN~NMAX)

000004

000004

000004

000004
000005
000006

000047
000047
000051

000077
000077

c
c HETCON COMPUTEs THE ADDITION TO THE INTERNAL ENERGY DUE TO
c HEAT CONDUCTION FOR CELLS WITH INoICES NMIN TO NMAX
c

COMMON cR(999),CRO(999) SCU{999) 0ClJO(999) ScV(999)sCV0(999) ?
lCM(999) oCQ(999)oICF(999) 0CW(999),CW0 (999) SCT(999) sCP(999)0
2CS(999),CSZ(999),CI (999) CCIO(999),LA6EL(12)

cOMMON /MISC/ TTIME,DELTo ICYCLOPCNT,GCNToDCNT,DINc.PINCsGINC*
lIALPHtHEATC*GASW,NcLopTMINo IPNT~lhIC~IPRs ITR?IWRoI IRoIURsIHCSILBC
21RB?WSW,PSMINoWMAX,SM1NsALBoBLB9ARBQBR130NLI sNRIONLINcSNRINc*
3NLCNToNRCNTONLHoNRLOOXoKIND~RXZDV.RXZVSoFpOoFEO$RXZ

COMMON /MATER/ E(10)oGAS(17!10) QI8RN(1O) *SoL[23! lo)$vCJ(10)s
lVFACT( 10) QZ(1O)QNAM(2Q 10) oDTIME(iO),NOINC(lO) sIvIs(lO) oIEXP(Io)Q
.2NCOM

IF (IALpH.EQ.0) 60 TO 15
00 10 I=NMIN,NMAX

10 CIII)=CI(I)*20*HEATC~DELT/CM( I)~((CR( I*l)**IALPH)*(CT (l*l)-CT(I))
l/(cR(I*2)-CR(I))-[CR(I) **IALPH) *(CT(II-CT(I-1)) /lcR(I*l)-CR(I-1)))

RETURN
15 DO 20 I*NMINsNMAX
20 CI(I)=CI(I)+2.*HEATC*DELT/CM (I)~((cT (I*l)-CT(I))

l/(cR(I*2)-CR(I))-(CT(I) -CTfI-l))/(CR(I+l)-CR(I-l) ))
RETURN
END
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SUBROUTINE RADIUS (NMIN,NMAX)
c
c RADIUS cOMPUTES THE CHANGES IN THE R COORDINATE IN A TIME STEP
c FOR CELLS WITH INDIcES NMIN TO NMAX
c

000004 COMMON cR(999) cCRO(999)SCU(999) ,cuO(999) CCV(999)SCVO(999) ~
ICM(999),CQ (999) SICF(999) JcW(999),CW0 (999) OCT(9991 0CP(999)!
2CS(999) SCSZ(999),CI (999) -cIO(999),LABEL (12)

000004 cOMMON /MISC/ TTIME,DELTo ICYCLOPCNTOGCNT~DCNTSDINCOpINCOGINcc
lIALPHoHEATCoGASW~NCLoPTMIN~ IPNTsIMCo IpRoITRoIWR*IIR$ IUR$IHC$ILB*
21RBoWSWsPSMINoWMAXSSMIN~ALBOBLB?ARBcBRBQNLI oNRIsNLINC$NRINc$
3NLCNTQNRCNTQNLHQNRLtDX,KINOoRXZDVCRXZVSQFpO$FEOoRXZ

000004 COMMON /MATER/ E(10)cGAS(17S10) SIRRN(1O) ,SOL(23C 1O)SVCJ(1O)?
lVFACT(lO) ?Z(10)sNAM(2010 )~DTIME (iO)*NOINC(lO) ~IVIS (10) 9IEXP(1O)O
2NCOM

000004 Do 10 I=NMIN,NMAX
000005 10 ::;~~;CRO(I) +CU(I)*DELT
000014
000014 END
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000006

000004

000004

000004
000004
000005

000011

000014
000021
000024

000047
000053
000057
000061

000061
000074
000100
000104
000107
000107

SUBROUTINE STRESS (NMIN.NMAX)
c
c STRESS Calculates THE CHANGE IN THE sTRESS DEVIATOR FOR CELLS
c WITH INOICES NMIN To NMAX
c

COMMON CR(999) .CR0(999)OcU(999) oCUO(999) OcV(999)9CV0(999) $
1CM(999) *CQ(999),ICF(999) 0cW(999),CW0 (999) OCT(999) *CP(999)0
2CS(999) QcSZ(999)~cI (999) oCIO(999j .LABEL(12)

COMMON /MISC/ TTIMEoDELTo ICYCLoPCNToQCNToDCNToDINC,PINC~GINC~
lIALpHoHEATCSGASWQNCLQPTMINs IPNTtIMCQ IPRoITR~IWRJI IRsIURtIHCtILB.
21RB,wSW,PSMIN,WMAX,SMINtALBtBL80ARBQBRBQNLI ~NRIoNLINCcNRINCc
3NLCNT,NRCNT,NLH$NRL,0XOK:ND

COMMON /MATER/ E(lO)~GAS (17010) oIBRN(10) sSOL(23~10} OVCJ(10)0
lVFACT(lO) oZ(10)oNAM(2, lo),DTIME (io)oNOINC(lo), IVIs(lO)oIEXP(lO),
2NCOM

c CHANGE IN S MUST BE GREATER THAN SMIN BEFORE AFFECTING ANYTHING
DATA SMIN /1.E-9/
DO 10 IiNMIN;NMAx
KsP=IcF(I)/64

c J IS INDEX OF cOMPONENT
J=IcF(I)-644$Ksp

c IF YO OR Mu LESS THAN 0.0001 SKIP ELASTIC CALCULATION
IF(soL(19,J) .LToooonol) GO TO lfi
IF(SOL(200J) .LTOOOOOO1) (30 TO liI
0ELS=2.*SOL (?O,J)*((CU( 1)-CU(I*I))@OELT/(CR(I+ 1)-cR(l)I

1+.6666666667@(cv (I)-cvo (1))/(cv(~).cvo(I))) -
IF (ABS(0EL5) oLT.SMIN) DELS=O.

c
20

10

—
CS(I)=CS(I) ● DELS
IF (IALPH.EQ,l) GO TO 20
GO TO 10
CALCULATE CSZ
DELS = SOL(20SJ)01.33333334*(CV (i)-CVOII))/(CV(I)+CVO( 1))
IF (Af3S(OELS) .LT,SMIN) DELS = O.
CSZ(I) = CSZtI) ● l)ELS
CONTINUE
RETURN
END
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000002

000002

000002

000002

000002
000002

000002
000002
000002
000002
000002

000002
000004
000006
000007

000010

000012
000013

000014

000017
000020

000021

000026
000027
000030
000031
000032
000033

000033

000035
000037
000040
000041
000042

000043

:
c
c

c

c
c

c

c

c

c

c

c

c

c

c

c

c

SUBROUTINE TIME

TIME INCREMENTS THE TIME FOR EACH CYCLE AND DOES THE
PRINTING ANO GRAPHING WHEN NECESSARY

COMMON cR(999) scRO(999)sCU(999) *cuo(999) oCV1999)OCVO[999) o

lCM~999)oCQ(999)oICF[999) 0C~(999),CW0 t999)tCT(999~,CP(999~o
2Cs(999) *csZf999)OcI(999) sCIO(999),LABEL f12~

COMMON /MISC/ TTIME,DELTo IcYCLOPCNTsGCNTODCNTSDINCOPINCOGINCC
lIALPH,HEATCoGASW9NCLQPTMINs IPNT*IMC~IpR-ITR~IWRtIIR9 IUR*IHCOILBQ
21RBtwSWoPSMIN~WMAX,sM1NoAL60BLBSARBsBRBoNLI oNRIsNLINCSNRINCs
3NLCNT*NRCNT~NLHoNRLSDXtKINO*RXZDV,RXZVS*FpO*FEO?RXZ

COMMON /MATER/ E(10)oGAS(17010) oIBRN(10) 0sOL(23! 10)!VCJ(10)C
lVFACT( 10) *Z(1O),NAM(2. 10) .DTIME(TO),NOINC (lO)~ IVIS(IO)OIEXP (IO),
2NcnM

DIMENSION ICHAR (2) *TKE(1OI$TIE(1O)
PLOT CHARACTERS 1. ●

DATA ICHAR(1) /052/
29 x

DATA ICHAR(2) /067/
THE PRESSURE OF ONE CELL OF A COMPONENT MUST BE GREATER THAN
PTMIN TO USE THAT COMPONENTS DELT4 T
DATA PTMIN /loE-OS/
DATA ICYCL /0/
DATA PCNT /1,/
DATA GCNT /1./
OATA DCNT /100./
INcREMENT TIME AND cYcLE NUMBER
ICYCL=ICyCL*l
TTIME8TTIME+IIELT
NRcNT=NRCNT-1
NLCNT=NLCNT-i
SEE IF WE NEED TO ADD ON cELLS FROM LEFT
IF ~NLCNT.GT.0) GO TO 4
YES ADD ON A CELL AND sET COUNT
NLH=NLH+I
NLcNT=NLINC
SEE IF WE NEED TO ADO ON CELLS FROM RIGHT
IF (NRcNT.GT.0) 60 70 5
YES ADD ON A CELL AND SET COUNT
NRL=NRL-1
NRcNT=NRINC
CHEcK IF ALL CELLS ARE IN THE CALCULATION
IF (NRL.GT.NLH*l) GO TO 6
YES SET NLIoNRI?NLHo AND COUNTS ACCORDINGLY
WJCL+l

NRIxO
NLcNT=1OOOOO
NRCNT=1OOOOO
GO TO 7
CHECK IF ALL CELLS ARE IN THE CALCULATION
IF (NLH.LToNcL) GO TO 7
Yfis SET NLI,NR19NLH, AND COUNTS ACCORDINGLY
NRCNT=1OOOOO
NLcNT=1OOOOO
NLH=NCL*l
NRI=O
NLI=I
DETERMINE DELT FOR NExT CYCLE
Kxl
SAVE DELTA T FoR PRINT OUT
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000044
000046
000047
000051
000053
000060
000062
000062
000067

000073
000075
000077
000100
000102
000103
000114
000126
000127
000130
000132
000134
000136
000137
000141
000142
000150
000154
000155
000160
000163
000165
000206
000210
000210
000232
000236
000237
000245
000250
000253
000255
000256
000261
000266
000271
000273

000364
000346
000350
000354
000357

000360
000371
000403
000604
000405
000407

8

1:
c

11

12

13

SVDEL=DELT

DO LO I=l~NCOM
N=NoINc(I)

DO 8 J=1oN
IF (CP(K*J).GT.PTMIN) GO TO 9
CoNTINUE
GO TO 10
IF (DELToGT.DTIME (I)) DELT=DTIME(I)
K8K+N
DEcREMENT COUNTS
PCNT=PCNT-I.
GCNT=GCNT-1 ,
DCNT=DCNT-1.
IF (PCNT.GT.O.) GO TO 20
PCNT=PINC
PRINT QoOOICYCLOTTIMEOLA13EL
PRINT 906*SVDEL*NLH.NRL
LIN=56
K=l
DO 15 I=l,NCf)M
NzNoINc(I)
TKE(I)=o.
TIF(I)=o.
L=K
DO 11 J=l~N
TKE(I)xITKE (I)*cM(L)~CUfL* 1)9CU(L*1)
TIF(I)=TIE (I)*cM(L)@cI (L)
LxL*l
CONTINUE
TKF(I)=TKE (I)*.50036186
IF (LIN.LT.6) GO TO 12
PRINT 901 ,NAM(l, I),NAM(201)~TKE( I)sTIE(I)
LIN=LIN-5
GO To 13
PRINT 9020NAM( 1,1),NAM(2.I)QTKE (I)9TIE(I)
PRINT 903
LIN=55
IF (1.EQ.1) PRINT 903
IF (1.EQ.1) N=N*l
IF (1.EQ.NCOM) N=N.I
EINO=-1.
DO 14 J=lsN
IF (cI(K).EQ.EINo) GO To 14
IFLG=ICF(K)/64
IF (LIN.EQ.0) PRINT 904
IF (LIN.EQ.0) LIN=58
PRINT 905*KscR (K) scu(K)oCV(K) oCI(K)OCp (K) OCT(K)OCW (K) oCQ(K)OcM(K)t

lcS(K),CSZ(K)OIFLG

WRITE (12~900) ICYCLSTTIMEQLABEL
WRTTE (129906) SVDELsNLH*NRL
LIN=56
K=l
DO 19 I=19NCOM
EINO=-1.
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000411
000413
000415
000436
000440
000440
00046?
000466
000467
000475
000500
000503
000505
000510
000513
000520
000522

000573
000575
000577
000603

000606
000611
000612

000613

000614
000615
000625
000627
000631
000633
000634
000635
000637
000641
000652
000654
000655
000660
000661
000667
000677

000700
000702
000712
000714
c!;!;;:

000721
000722
000724
000726
000737

NXNOINC(I)

IF (LIN.LT.6) GO TO 16
wRITE (12,901) NAM(I,I ),NAM(2,1),TKE(I ),TIE(I)
LIN=LIN-5
GO TO 17

16 wRITE (120902) NAM(lsI) sNAM(2*I),TKE( I)~TIE (1)
NRTTE (12?903)
LIN=55

17 IF (1.EQo1) wRITE (12s903)
IF (1.EQ.1) N=N*l
IF (1.EQ.NCOM) N=N+l
DO 16 JxIsN
IF (CI(K).EQ.EINO) GO TO 18
IFLG=IcF(K)/64
IF (LIN.EQ.0) WRITE (120904)
IF (LIN.EO.0) LIN=58
WRITE (12090%) K*CR(K) 9CU(K)OCV(K)QCI (K) 9cp(K).CT (K)!Cw(K)9cQ (K)o

lCM(K),CS(K) *CSZ(K)91FLG

18
19

c
c
c

20

c
c
c

c

31

32
c

CALL AOV(l)
CALL DGA (123s1023$O*90000. OCR (NcL*l)~.90~-.l)
CALL DLNLN (10.10)
CALL SLLIN (10,2)
CALL S13LIN (10s3)
Jml
K=2
DO 31 I=l*NCOM
NxNoINc(I)
cALL PLOT (N,cR(K),l,cP (K)*l*ICHAR (J)ol)
J=3-J
K=K*N

CONTINUE
CALL LINCNT (60)
WRITE (12*91o) LABEL
WRITE (12~911) TTIME~ICYCL
IF (ITR.EQ.0) GO TO 34
GRAPH TEMPERATURE VS RADIUS
cALL ADV(l)
CALL DGA (123~1023QO*900Q0. ~CR(NCL*l )Q5000.000)
CALL OLNLN [1O,1O)
CALL SLLIN (10,0)
CALL SBLIN (1093)
J=l
KB2
00 33 I=1oNCOM
N=NOINc(I)
CALL PLOT (NoCR(K) ~l,CT(K)*loICHAQ (J)s1)
JX3.J

.

.

.

.
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000741

000742
000745
000746
000754
000764

000765
000767
000777
001001
001003
001005
:m:;

001011
001013
001024
001026
001027
001032
001033
001041
001051

001052
001054
001064
001066
001070
001072
001073
001074
001076
001100
001111
001113
001114
001117
001120
001126
001136

001137
001141
001151
001153
001155
001157
001160
001161
001163
001165
001176
001200
001201
001204
001205
001213

K=K. N

33 CONTINUE
CALL LINCNT (60)
WRITE (12091O) LABEL
WRITE (12?912) TTIMEoICVCL

36 IF (IWROE(J.O) GO TO 36
c GRAPH MASS FRAcTION Vs RADIUS

CALL ADV(l)
CALL OGA (12301023~Ot90000. oCR(NCL*l )tl.~0.)
CALL I)LNLN (10,10)
CALL SLLIN (10.2)
CALL SBLIN (1003)
Jal
K=z
00 35 I=lsNCOM
N=NOINC(I)
CALL PLOT (N,CR(K),l,CW (K)tlOxCHAQ (J)ol)
J.3-J
K=K+N

35 CONTINUE
CALL LINCNT (60)
WRITE (12091o) LABEL
WRITE (12*913) TTIME,ICYCL

36 IF (IIR.EQ.0) GO TO 38
c GRAPH VOLUME VS RADIUS

CALL AOV(l)
CALL DGA (123*1023Q0.900!0. *CR (NCL*l)C2.~0.)
CALL DLNLN (10,IO)
CALL SLLIN (1003)
CALL SBLIN (10,3)
J=l
K=~

Oo 37 I=l,NCOM
N=NOINC(I)
CALL PLOT (N~CR(K),I,CV(K) .lsICHAQ {J)*1)
J=3-J
K=K+N

37 CONTINUE
CALL LINCNT (60)
WRITE (12,91o) LABEL
WRITE (12,914) TTIMEoICYcL

38 IF (IUR,EQ.0) GO TO 50
c GRAPH VELOCITY VS RAOIUS

CALL ADV(l)
CALL OGA (123s1023sOo900*0. oCR(NCL*l )s1.0$-1.0)
CALL DLNLN (10,10)
CALL SLLIN (10*2)
CALL SBLIN (1003)
Jal
K=2
DO 39 I=l,NCOM
N=NOINC(I)
cALL PLOT (N.CR(K) 910CU(K)*l.ICHAR (J)?l)
J=3-J
K=~+N

39 CONTINUE
CALL LINCNT (60)
WRITE (12,911)) LABEL
WRITE (12,915) TTIMEoICYCL

c **************o**********e**o******o*Qa************e****ga*******9
c 4020 OUTPUT ABOVE
c o*********6@*****9*****************@***o@*******o******o*e*******9
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50 IF (DCNTOGTOOO) RETURN001223
001225
001227

001454
001462
001463

001463

001463

001463

001463

001~63
001463

001463
001663

001463

001463

001663

001463

001463
001463

DCNT=DINC
wRITE (l) CRO~CUOCCWOOCSZOCIO~CVOo ICF*CMcC90CT~CP~LABEL9DELTcHEATCs

lIALpHtTTIME~PINCsQINc,OINCCPcNT*GCNT*DCNTtECGAS~ IBRNoSOLOVCJO
2VFACT,z,NAMoDTIMEsNOINCsNCoMC ICYCLsNCL* IPNToIMC?IPR$ ITR~IWRSIIRO
31UR*IHC* ILB~IRB~ALBo9L80AR60BR8sWSW*NLI sNRIoNLINC9NRINCONLCNT0
4NRCNToNLH*NRLsDXS IVIS* IEXP*KINDsCROCI $CWccVCCUoCscRX20V9RxzvS?
5RXZ*FPO*FE0

PRINT 916,1CYCL
RETURN

900 FORMAT (12H1 AT CYCLE o15913H THE TIME Is oIPE1l.6s18H Microsecond
lDS FOR ,12A6)

901 FORMAT (//s2oH THE cOMPONENT IS s2A6s26H WITH A KINETIC ENERGY O
lF cIPE1l.4s27H AND AN INTERNAL ENERGY OF ~lpE1l.~!//)

902 FORMAT THE cOMPONENT Is .2A6c26H WITH A KINETIC ENERGY O
lF ~lPE11.4~;%!1AND AN INTERNAL ENERGY OF $lPE1l.4Q//)

903 FORMAT (129H CELL RADIUS VEL VOLUME ENERGY
1 PRESS TEMP MAsS F VISC MASS xtZ ST
2RESS FLAG)

904 FORMAT (129H1CELL RAOIUS VEL VOLUME ENERGY
1 PRESS TEMP MASS F VISC MASS
2RESs FLAG)

x9Z ST

905 FORMAT (15J9(X0 1PE11O4)CX?2 (3PF6.3)oX,02)
906 FORMAT (14H DELTA T IS o1PE1O.3,25H WITH LEFT CELL INOEX OF 0159

125H AND RIGHT CELL INDEX OF ,15)
910 FORMAT (10X~12A6)
911 FORMAT (//cloXs38HPRESSURE (MEGAB4RS) VS RAOIUS (CM) AT slpE1003*

131H MIcROSECONDS AND cYCLE NUMBER ,15)
912 FORMAT (//QloXO43HTEMPERATURE (DEG KELVIN) VS RAOIUS (CM) AT o

11PE1O.3,31H MICROSECONDS AND CYCLE NuMBER *IS)
913 FORMAT (//*loXo4lHMASS FRACTION OF SOLID VS RADIUS (CM) AT s1PE1OO

13931H MICROSECONDS AND CYCLE NUMRER ,15)
914 FORMAT (//,lox,45H sPECIFIC VOLUME (CC/GM) VS RAOIUS (CM) AT ,

11PF1o.3o31H MICROSECONDS AND CYCLE NuMBER c15)
91S FORMAT (//slOX~46HPARTICLE VELOCITY (CM/MSEC) VS RADIUS (CM) AT o

11PE1O.3,31H MICROSECONDS AND CYCLE NuM8ER 015)
916 FORMAT (///!lOXsl9HTAPE DUMP AT cYCLE s15)

END

.
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SUBROUTINE UPDATE (NMIN*NMAX)

000006

000004

000004

000004
000005
000010
000012
000015
000017
000024
000024

c
c uPDATE MOVES THE NEW f2uANTIEs 70 THE OLD TIME STEP WAN71ES
c

COMMON CR(999),CR0 (999) OcU(999) sCUO(999) OcV(999)?CV0(999) ~
lCM(999) oCQ(999)tICF(9991 ?CW(9991,CW0 (999) OCT(999) ~CP(999)S
2CS(999),CSZ (999) OCI (999) 0cIO(999),LABEL (12)

cOMMON /MISC/ TTIME,DELTo ICYCLQPCNTOQCNTSDCNTODINC*PINCOQINcO
IIALPH9HEATC9GASW9NCLOPTMINC IPNT,IMC~IPRQ ITRSIwRoIIR~ IUR*IHC*ILBC
21RR~WSW!PSMINtWMAX,SMlNWALB!BLBtAR13QBRB$NLI oNRIsNLINCCNRINCt
3NLCNTsNRCNTtNLH9NRLsDX*KINOsRXZOVtRXZVSQFpOsFEOQRXZ

COMMON /MATER/ E(lO)sGAS( 17910) 9x9RN( 10)OSOL (23O1O)!VCJ(1O)9
lvFACTllO) tZ(10)oNAM(2,iO) ,~TIME(IO\ ONOINC(lO)OIVIS (lO)SIEXp(\O)S
2NCOM

DO 10 I=NMIN,NMAX
cRo(I)=cR(I)
cUfi(I)=CU(I)
cVO(I)=cV(I)
CWO(I)=CW(I)

10 cIo~I)=cI II)
RETURN
ENo
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000004

000004

ooooo~

000004
000005

000006
000012
000015

oooo4fl
000045
000050
000052

000054
000067

000067

000107
000112
000112
000114

000135
000135

SUBROUTINE VELOC (NMIN,NMAX)
c
c VELOC CALCULATES THE NEW VELOCITY AT THE NEXT TIME STEP FOR
c CELLS WITH INDICES FROM NMIN TO NMAX
c

COMMON cR(999),CR0(999) CcU(999) 0&J0(999) ocv(999)ocv0(9991 o
1CM(999),CQ 1999) !ICF(999) 9CW(999),CW0 {999) OCT(999) ,CP(999)9
2CS(999),CSZ (999) OCI (999) SCIO(999),LABEL (12)

cOMMON /MISC/ TTIME,DELT, ICYCLOPCNT~GCNTODCNT,DItUCOp~NCCQINc!
lIALPH,HEATCqGASW,NCL,PTMINs IPNT*IMCS IPROITRQIWR!IIRO IUR~IHCSILB,
21RBQWsW.PSMIN.wMAX.sMINsALEl~sL139ARf30BRSoNLI ,NRIoNLINCSNRINCs
3NLcNT9NRcNT?NLH*NRL*Dx*KINooRxzDv*Rxzvs*Fpo!FEooRxz

COMMON /MATER/ E(lO)oGAS (17*IO)QI8RN(1O) ,sOL(23~10) QVCJ(10)?
lvFACT( lo) !Z(lo)*NAM(20 10) cDTIME(lt)) oNOINC(lO) CIVIS(lO) OIEXP(1O),
2NCON

IF (IALpHOEQ.O) GO TO 15
DO 10 I=NMIN,NMAX

c J IS INDEX OF cOMPoNENT
KSP=ICF(I)/64
J x IcF(I)-64*KSP

cU(I)=CUO( I)+20*DELT*(CR0 (I)*OIALPH)/(CM(I-l)*CM (I))*ICP(I-l)
I-CP(II +CQ(I-1)-CQ(I))

c IF yO OR MU LESS THAN 0.0001 SKIP ELASTIC CALCULATION
IF (SOL (19QJ).LT.000001) GO TO 10
IFlSOL(20~J) .LT.O.0001) GO TO 10
IF (CRO(I).E(3.O.) GO TO 10
IF (IALPH.EQ.1) GO TO 50

c VELOCITY CALCULATION FOR ELASTIC SPHERE
CU(I)=CU( I)-O.75*(CS(I)+CS (1-l))o(CVO(I)+CVO(I-ll)*DELT/CRO (I)
GO TO 10

c VELOCITY CALCULATION FOR ELAsTIc CYLINDER
50 CU(I)=CU( I)-(CS(I)+CS( I-1) *005*(CSZ( I)*CSz(l-1 )))*OC5*(CVO11)*

lCVO(I-l))*OELT/CRO(I)
10 ::;~~:UE

15 DO 211 I=NMIN,NMAX
20 CU(I)=CUO(I)+2.*DELT/(CM [X-l) *CMII))*(CP(I-l)

l;~~~;~*CQ(I-l)-CQ(I))

END
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SUBROUTINE VISCOS (NMIN?NMAX)

000006

000004

ooooo~

ooooo~
00000’5

000010
000013

Oooolf
000022
000024

000025

000030
000042

000042
000050

000050
000061
oOO064
000064

c
c vIsCOS COMPUTES THE VISCOSITY IN EITHER THE pICO LANOSHOFFt OR
c REAL FORM FOR CELLs WITH INDICES NMIN TO NMAX
c

cOMMON cR(999},CR01999) 0CLJ(999) *cUO(999) tcV(999)OCV0(999) $
1CM(999) 0C(J(999)*ICF (999) 0CW(999),Cw0 (999) oCT(999) 0CP(999)t
2cS(999),CSZ (999) OCI (999) SCIO(999) OLA13EL(12)

COMMON /MISC/ TTIMEsOELTO ICYCL*PCNTSGCNTcDCNT*DINCOpINcOGINcS
lIALpH,HEATCcGASWtNCL,PTMINC IPNT~IMCC IpROITRcIWROIIR~ IURsIHC~ILB,
21RB*WSWOPSMINOWMAX,SMINOALBSBLBOARBOBRBSNLI oNRIsNLINc?NRINc?

3NLCNTcNRCNTONLHoNRLQOX*KIND9RxZDVoRXZVS~FpO*FEO$RXZ
COMMON /MATER/ E(10)~GAS(17t10) *18RN(10) osOL(23010) *VCJ(10)$

lvFACT(lO) ~z(10)*NAM(2 .lO)QDTIME(IO) oNOINC(lO) sIVIS(lO) SIExp(lOIQ

2NCOM

c

c

c

c

c
1

c

15

DO 10 I=NMIN,NMAX
UT=CU(I)-CU(I+l)
J IS INDEX OF cOMPONENT
KsP=IcF(I)/66
J=ICF(I)-66*KSP
CHECK FOR REAL FORM
IF (IVIS(J).FQ.2) GO TO 2
CU(I)=O.
IF (uT.LE.O.) GO TO 10
c!iEcK FOR LANDSHOFF FORM
IF (IVIS(J)OEQO1) GO TO 1
PIc FORM
cQII)=ARSIVFACT (J)*.5*(CU (I)*CU(i*l)\*UT/cV(I))
GO TO 10
LANDSHOFF FORM
CQ(I)*VFACT(J)*UT/CV(I)
(30TO 10
REAL FORM
CQ(I)=l.3333*VFACT(J)*U7/ (CV(Il*CMtI))
cONTINUE
RETURN
END
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SUBROUTINE VOLUM (NMIN*NMAx)
c
c VOLUM FINDS THE SPECIFIC vOLUME OF CELLS wITH INDICEs NMIN To NMAx
L

000004 COMMON CR(999) OCRO(9991JCU(999) ~cuO(999) ocV(999)$CVO(999) ?

1CM1999),CQ (999) OICF(999) 9cw(999) ocwo(999)~c7(999) QCP(999)9
2CS(999),CSZ (999) SCI (999) 0cIO(999),LABEL (12)

000004. COMMON /MISC/ TTIME,DELToICYCLOPCNI SGCNTODCNTODINCSpINCOGINCO
lIALpHsHEATCsGASWsNCLSPTMINs IPNT~IMCcIPRS ITR*IWR*IIRO IURSIHCOILRO
21RB,wSW,PSMIN,WMAX,SMIN,AL8SBLBoARBoBRB$NLI~NRI oNLINC,NRINCS
3NLcNToNRcNT9NLHQNRLoDxoKINo9RxzDv?RxzvsQFpo~FEo$Rxz

0000OQ COMMON /MATER/ E(10)oGAS(17*10), IBRN( 1019SOL (23O1O)CVCJ(1O)O
lVFACT(lO),Z (1O),NAM(2, lo),DTIME (10),NOINC(1O)C IVIS{lO), IEXp(lO)t
2NCOH

000004 00 10 I=NMIN,NMAX
000005 10 CV(I)=( (CR(I*l) *CR(I) )*.5) ●*IALPHo(CR(I+l)-CR(I))/CM (1)
000026 RETURN

000024 ENO

.

.
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c

:
c
c
c

:
c

:
c
c
c
c
c
c
c

E
c
c
c

:
c
c
c

E
c
c
c
c
c
c
c
c
c
c
c
c

:
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

000006

SURHOUTINE HOM (VOS,G,IND)

HOM CALCULATES THE EQIJATION OF STATE FOR A SOLIO? GASs OR
SoLID-GAS MIXTURE,

THE PARAMETERS ARE
v AN ARRAY OF OIMENSION 5

v(l) SPECIFIC VOLUME INPuT
v(?) INTERNAL ENERGY INPuT
V(3) MAss FRAcTION INPuT
V(6) -ABS(DP/OX) INPUT
IF V(q) IS ,GE,O NO SPALLING CALCULATION IS 00NE FOR A PURE
SOLID
V(4) PRESSURE OUTPUT
V(5) TEMPERATURE

s
oUTPUT

AN ARRAV OF OIMENSION 18 COntaining THE Parameters FOR THE
SOLID EQUATION OF STATE
s(l) c
s(:) s
S(3) Vsu VOLuME TO SwITCH TO SECONO lJStUP FIT
S(4) c1
S(5) SI
S(6) F
S(7) G
S(8) H
S(9) I
S(10) J
Sill) GAMMA
S(12) Cv
S(13) VoALPHAINITIAL VOLUMEs(]~)
S(15) SPALL A
S(16) ULTIMATE SPALL PRESSURE
S(17) TO INITIAL TEMPER4TUQE
S(18) PO INITIAL PRESSURE

S(~2) IS SPALL INTERFAcE PRESSURE
S(~3) IS MIN V FoR TWO PHASE FE EQUATION
G AN ARRAY OF DIMENSION 17 CONTAINING

GAS EQUATION OF STATE
G(l) A
G(2) B
G(3) C
G(6) D
G(s) E
G(6) K
G(7) L
G(fl) M
G(9) N
6(10) O
G(n) Q
G(12) R
G(13) S
G(14) T
G(15) U
G(16) Cv

OF STATE
THE PARAMETERS FOR THE

G(17) Z
xND oUTPUT INDICATOR

SET TO O FOR NORMAL ExIT
SET TO 1 FOR SPALLED SOLIO
SET TO -1 FOR HOM ERROR IN ITERATION

DIMENSION V(5),S123) QG(17)QVIT(lh)



000006
000006
000006
000006
000006
000006
000006
OOd O06
000012
000014

000014

000020
000023
000024
000026
000026
000027
000031
000033
000040
000042

000047
000050
000055

000077

000100
000102
000103

000104

000106
000107
000111
000112
000113
000125
000131

000134
000137
000147
000150
000154
000160
000163

000165
000166

000166
000173
000203
000214
000225
000233

DATA GASW /.01/
DATA SOLW /.999/
DATA SPMIN/5.OE-3/
DATA VGSS /09/
DATA VIT(3) /1.E-5/
DATA VIT(10) /0s/
INl)=o
IF (V(3) .GT.50LW) GO TO 10
IF (V(3) .LT.GASw) GO TO llo
Go TO 210

C EQUATIoN OF STATE FOR SOLID ONLY
10 IF (V11)OGTOS(13)) GO TO 50

c FOR TWO PHASE FE TYPE EQUATION OF STATE
IF(V(l).GTOS(3)) GO TO 11
IF(V(l).LT,S(23)) GO TO 45
V(1)=S(23)
Go TO 45

11 Cl=s(l)
S1=S(2)

20 VOMv=.5(13)-v(l)
HPu((c1/(5(13)-Sl*VOMV) )+$*2)*V0MV
HE=tiP@voMv~.5
V(4)=HP+(V(2)-HE)*S(lI)/V (1)

c IF No HEAT CAPACITY SKIP TEMP CALCULATION
IF (S(12)) 21s22s21

21 ALNV=ALOG(V(l))
V(5)=(V(2)-HE)*238900/S (12) +Exp(S(6) +ALNV*fS(7) +ALNV0~S(8)*ALNV0

1(S(9)*ALNV*S(10) ))))
22

c
45

c
50

c

51

52

c

c

RETURN -
SwITCH TO SECOND US.UP FIT
C1’XS(4)
S1=S(5)
GO TO 20
sPALLING SOLID EQUATION OF STATE
DPOX=V(4)
IF ALPHA IS ZERO SET P=PO AND 00 NOT SPALL
IF (S(14)) 51051,52
V(4)=S(18)
V(5)=S(17)
RETURN
V(4) =(S(ll) *(V(2)*(1.-V (1)/S(13))OS(12)*l.39528394E-5/S (14)))/V(l)
V(5)=V(2)*238900/S(12)*S (17)
IF (OPDX.GEOO.) RETURN

IF sPA LESS THAN / OoOOOIR~~u~~T SPALL
IF ~5(15) .LToO.0001)
T=S(15) *SQRT(-DPDX)
SPLPU-T
IF (ToGT05(16)) SpLp=-5(16)
IF (T.LT.SPMIN) SPLP=-SPMIN
IF (V(4) .GT.SPLP) RETuRN
V(4)=S(22)
SET INO FOR SPALLED SOLID
INI)=l
RETURN

C EQUATION OF STATE FOR GAS ONLy
110 ALNV=ALOG(V(l))

ALNPI=G (l) *ALNV*(G(2)+ALNV0 (G(3) +ALNV0(G(4)+ALNV*G (5))))
ALN1l=G (6) *ALNPI* (G(7)*ALNPI* (G(s) *ALNPI* (Q(9)+ALNPI~G (10))))
ALNTI=G (ll)+ALNV@(G(12) ●ALNV@(G (13)*ALNV*(G(14) ●ALNV*G(15) )))
EI=EXP(ALNII) -G(17)
V(4) =EXP(ALNPI) *(EI-V(2) )/V(l)@(G(12)*ALNV*(G( 13)+G(13)*ALNV*(

13**G(14) *ALNV*40*G(15) )))

.

.
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000257
000272

000272
000274
000276
000300
000302
000307

::3; ;:

000321
000323
000325
000326
000332
000333
000337

000340
000341
000342
000343
000344
000345

000347
000350
000360
000362
000364
000367
000370
000374

000375
000377
000404
ooo~oh
000412
000427
000434
000444

000463
000467
000504
000515
000520
000523
000527
000531
000534

000556

000563

000600
00060k

V(5)=EXP(ALNTI
l?ETui?N

C EQUATION OF STATE
210

c

215

.220

c
225

230

c

235

24o

c
250

OMW=l.-V(3)
oMwN81./oMw
IF (V(I) OLT.S(
wR=l./v(3)

+(V(2)-EI)*238900/G (16)

FoR r41xTURE OF SOLIO AND GAS

3)) GO TO 23o

vIT(I1= (v(l)-V(3)*S(13) @VGSS)@OMWR
VIT(2)81OOO2
IBR=l FOR ITERATION ON VG
18R=1
CALL LFB (X$F,VIT)
IF (VIT(1O)) 900,260Q220
IF (X.LE.00) GO TO 225
VG=X
VS=(V(l)-OMW*VG) *WR
IF (VS.LE.00) GO TO 225
IF (vs.GT.s(13)) VS=S(13)
GO TfI 250
SET VS=VG=VOLUME WHEN GET IN TROLN3LE
Vs=v(l)
vG=V(l)
X=v(l)
GO TO 250
VIT(I)=V(l)
VIT(2)=.999
IBR=2 FOR ITERATION ON VS
IBP=2
CALL &FB (X,FSVXT)
IF (VIT(1O)) 900,260,240
IF (X.LE.O.) GO TO 225
IF (X.GT.S(13)) X=S(131
Vs=x
VG=(V(l )-V(3)@VS)+$OMWR
IF (vG.LE.o.) GO To 225
CALCULATE TEMPERATuRE/PREsSURE DIFFERENCE FOR MIXTURE ITERATION
V0Mv=S(13)-vS
HP=((s(i)/(S(13)-s(2)0VOMv) )**2)*vOMV
HE=HP*.5*VOMV
ALNV=ALOG{VS)
HT=EXP(S(6) *ALNVU(S(7)*ALNV* (S (8) *ALNV*(S(9)*ALNV*S (10)))))
ALNV=ALOG(VG)
ALNpI=G(l) *ALNv*(G(2)+ALNV* (G(3) .ALNv*(G(4)+ALNV*G (5))))
EI=Exp(G t6)*ALNPI* (G(7)*ALNPI* (G(9) +ALNPI* (G(9)*ALNPI*G (IO)))))-

1G(17)
PI=EXP(ALNPI)
TI=EXP(G( ll)*ALNV@(G(\2) ●ALNv*(G( 13)*ALNV*(G(14) +ALNV*G(15)) )))
BETER=- (G(12)*ALNV* (G(13)*G(13) ●ALNV~(30*G (14)*4c*ALNV@G (15))))
TEMP=.G(16)*F3ETER/vG
TE~Pl=S(il)*S(12)/VS
F=- (HT*TEMP1oTI*TEMP) *4.1858s182E-s

TEMP=TEMP6TEVP1
V5TO=(S (12)-G(16))*V(3) ●G(16)
F=((OMW*G (16)~TI+V(3)*S (12) *HT)*6. 18sS5182E-5* (E1-HE)*V(3)-EI*

lV(Z’))*TEMP/VSTO*F-PI*HP
GO 10 (215~235)sIBR

c HAVE FOUND A SOLUTIOFdFOR THE MIxTURE
c GET THE TEMPERATURE ANO PRESSURE

26(’) VARST=( (( (TI-HT)*G(16) *6.1858518?E-5+V (2)*OMWR-EI
luoMw/vsTo)-HE

V(4)=HP*VARST*S(ll)/VS
V(5)=HT+VARST*231390./Sll2)

*S(12)*HE*G(16))
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000610 RETURN

c ERROR IN HOM ITERATION sET TND TO -1
000610 900 IND=-1
000611 RETURN
000612 END

.

.



00000s
000005
000005
000006
000011

000014
000016
000020

000021

000022
000024
000025
000026
000030

000031

00003.?
000034
000035
000036
000040

000067

000050
oooo5~
000055
000056
000060
000061
000063
000065
000066
000072
000074
000076
000102
000105
000114
000116

000117
000120

sUBROUTINE

c Tx(1I
c Tx(?)
c 7X(3)
c Tx[1o)
c

LF13 (XP,FP,TX)

INITIAL GUESS
RATIO To GET SECOND PoINT
ZFRO DEFINITION
COUNT OF NUMBER OF ITERATIONS
SET TO ZERO ON sOLUTIOM
SET TO NEGATIVE OF COUNT ON ERROR
=FUNCTION(XP)

c
c
c
c
c

c

c

c

c

c

c

c

c

WHEN A SOLUTION 1S FoUNL)O XP IS THE ROOT

ERROR EXITS OCCUR FOR
1. ToO MANY ITERATIONS, .GT.cNTMAX
2. TwO SUCESSIVE XP S OR FP s ARE EQUAL

DIMENSION TX(10)
DATA CNTMAX /1000./
IF (Tx(lO)oLEOO.) GO TO 1
TX(10)=TX(1O)*1.
IF (TX(1O)-3.) 2s3s4

ENTRY FIRST TIME THROUGH
1 TX(10)=1O

IF (TX(l),EQ.0) TX(l)S1.
xP=TX(l) -..

GO GET F(XP)
RkTURN

ENTRY SECOND TIME THROuGH
2 TX(9)=FP

TX(8)=XP
TX(5)=FP
IF lABS(Fp).LT.TX (3)) GO TO 18
xP=Tx(l)@Tx(2)

GO GET F(XP)
RETURN

ENTRY THIRD TIME THROUGH
3 TX(5)=FP

TX(6)=XP
TX(7)=FP
IF IA13s{FP) .LT.TX(3)) GO TO 18
XP=TX(6) -TX(7)*(TX[6)-TX (8))/(Tx(7)-TX(9))

GO GET F(XP)
RETURN

ENTRY FnR FOURTH AND SUCEEOING TIMEs THROUGH
4 IF (TX(1O),GT.CNTMAX) GO TO 99

TX(4)=XP
TX15)=FP
T=TX!4)-TX{6)
IF (T.EQ.O.) GO TO 99
IF (At35(FP) .LT.Tx(3)) GO TO 18
R=TX(5)-TX(7)
IF (R.EQ.O.) GO TO 99
xP=Tx(6)-Tx(5)*(T/R)
IF (TX (5)*TX(7),LT.O.) GO TO 11
IF (TX (S)*TX(9).GE.O.) GO TO 11
IF (XP.GT.TX(4)) Go TO 6
IF (XP.GT.TX(8)) GO TO 10

8 XP=TX(4) -TX(5)*(TX(4)-TX (8))/(TX(5)-TX(9))
10 TX(71=TX(5)

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

RETURN
6 IF (XP.GT.TX(8)I GO TO 8
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oool.?~
000124
000126
000127

L
000130
000131
000132
000133

c
c

000134
000136
000136

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

1X(8)=1X(6)
GO TO 10

HAVE FOUND A SOLUTION
18 TX(10)=OO

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

AN ERROR HAS OCCURED
SET COUNT NEGATIVE AND EXIT
99 TX(10)=-TX(1O)

RETURN
END

,

.

.
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APPENDIX c

TKE GM.!A-IAW EQUATION OF STATE AND HUOONI~
~m PROGIUU4S

The HOM equation of state used in FORTRAN SIN re-

quires fits to the equation of state parameter for

detonation products and condensed components. The

FDRTRAN BKW code8 produces the coefficientsto the

required fits using the Becker-Kistiakowsky-Wilson

equation of state to describe the Isentrope of the

detonationproducts.

In this appendix we describe a code which will pro-

duce the coefficientsto the required fits using a

gamms-law equation of state to describe the isen-

trope of the detonationproducts. We also describe

a code which calculates the single-shockHugoniot

temperaturesusing the technique of Walsh and

Christiang and produces the required fits for use

in the PORTRAN SIN code.

The Gamma-Law Equation of State Program

A. The Nomenclature

CJ Chapmsn-Jouguet

D detonation velocity

P pressure

u particle velocity

Vp volume

V. initial specific volume

z constant added to energies to make

them positive

Y galmm

o initial density
o

B. The Equations

Y
‘CJ ‘CJ = c

lnP=lnC+YlnV

‘CJ‘CJ PCJ—-—++VO
I=Y-l y-1

Ufl ~[1 ‘a ‘(i?$l

.=[*) -j-’

-Vw)+z

where .’. ~

c. The Input to the Code

Col .—
1-’72

Col.

I.-18

19-36

37-54

Col .

1-18

19:36

37-54

Fornut

12A6

FOrmt

E18.11

EI.8.11

E18.11

Foraut

E18.11

E18.11

E18.11

1st card

Alphabetic

2nd card

Y

PCJ (Mbar)

P. (g/cc)

3rd card

D

label for problem

D. The PURTRAN Code

d(lnD)/d(l.n p)

z
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000003

000003
000003
000003
000003
000003
000003
000003
000003
000011
000023
000035
000035
000035
000037
000045
000050
000051
000054
OOOObO
000062
0000b5
000077
000100
000101
000102
000103
000107
000111
000115
000117
00012?
000130
000134
000140
000152
000154
000156
000160
000151
000151
000164
OOOlb4
000167
000173
000174
000174
000176
000214
000222
000234
000246
000260
000270
000300
000312
ooo31fJ

l-ROGRAM GLAW (INPUT.0UTPUT9FILMoTAPE12XF ILM)

c (iAMMA*PCJ.RHO,DETVoDl)DU,Z ARE INPUT CONSTANTS
I)IMEN510N P(loo ),E(1oO ).V(IOO ),ALGP(1OO )QALGV(1OO I9ALNE(1OO )

1,ALNP(10() ),uP(100 )sF1E(1OO ),ECOEF (5)*ALNV[1OO )sW(1OO )
2*DELY(IO0 )~SB(Sl ~T(5)*A(5*5),LABEL (12) oST(5)

500

900
Qol

20

11

12
13

10
30

I)ATA P[F4CT/+00f3/
I)ATA PMAX /.1.()/
UATA PMIN /.l.f)E-4/
OATA PuFACT/+1.15/
UATA AM /+0.4342944819/
UATA IcHAR /044/
uATA IcHAR2/063/
QEAu 900.LABEL
RCAD 901,GAMMAsPCJ*RH0
HEAD 901.DETV9DDDR*2
FORMAT (12A6)
FORMAT (4E18.11)
F’ITR=-GAMMA
ALPHA= l.O/((GAMMA*l.)/(1.*DDDR) - 20)
RETA= (l*ALPHA)/GAMMA
F’ITR= -1./BETA
VCJ= GAMMA/((GAMMA*l.)*RHO)
c = IJCJ*(VCJ**GAMMA)
ALNC= ALoG(c)
ALPHP= (GAMMA -1.)/(2.*GAMMA)
ENCT = -PCJ*VCJ/(GAMMA-l,) + 0.5*PCJo(l./RHO -vcJ) + z
IJ(l)xIJcJ
1=1
K=l
00 10 J = 1,100
ALNP(I) =ALOt3(P(I))
ALGIJ(I) =ALNP(I)*AM
ALNV(I) =-(ALNP(l)-ALNC) / GAMMA
4LGV(I)= ALNv(I)*AM
v(I)=Ex~{ALNv(I))
E(I)= (p(I)*V(I))/(GAMMA-l.)*ENCT
ALPJE(I) = ALoG(E(I))
IF(P(I),GT. PCJ) GO TO 12
UP(I)= PcJ/(RHO* ALPHP*DETV) *(l.+ALPHP- (P(I)/PCJ)**ALPHP)
P(I+l) =P(I)*PLFACT
IF(P(I+l).LT, PMIN) GO TO 11
1X1+1
K=K+l
GO TO ZO
iJ(I+l) = PCJ*PLIFACT
GO TO 13
P(I+l)arP (I)~*PUFAcT
IF(p(I+l).GT.PMAX) GO TO 30
1=1.1
GO TO 20
CONTINIIE
CALL PFT%(I*4?OFSIGMAQALNP*ALNEoWQFTEoDELY~ECOEF*SB*T*STSA)
PRINT 911qLAHEL
PRINT 902*GAMMA$pcJ*RHo
PRINT 9030DETV*DDDR,Z
PRINT qO~.ALPHA*RETA,ENCT
PRINT 905.FITR?C
PRINT 9060ALNC,fITB
IJI?~NT 907* (ECOEF(1)S1=1!5)
PRINT 91)R
NoH.I-K
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.

.

000320
000321
000322
000326
0003+2
000344
000346
000350
000354
000372
000375
000402
000614
0o0426
000440
000450
000460
000472
000476
000500
000501
000514
000516
000520
000522
000537

000542
000543
000553
000554
000555
000556
00056s
000574
000576
000606

000610
000612
000622
000624
000625
000627
000636
Ooo640
000646
000652
000653
000653

000653

000653

000653

000653
000653

000653

40

50

140

150
c

c

911
902

!.!= I
CO 40 L = IQNOH
FTE(M)=ExP(FTE (M))
PNINT 90QQP(M) *V(M) OE(M)OFTE (M)
M=M-]
CONTINUE
DO 50 L = lQK
FTE(L)=ExP(FTE (L))
PRINT 910QP[L) 9V(L)9E[L)SFTE (L)oUP(L)
CONTINUE
wRITE (l?sQ1l) LABEL
wRITE (12*q02) GAMMAvPcJ,RH(J
wRITE (1?0903) DETV90DDR*Z
wRITE (1?*904) ALPHA*BETAQENcT
wRITE (1?$905) FITR?C
wRITE (12s906) ALNC,FITB
wRITE (12,907) (ECOEF[1)SI=1*5)
wRITE [12.908)
tJ=I
GO 140 L = l,NOH
hRITE (lz.909) P(M) .V(M).E[M)*FTE(M)
P=M-1
CONTINUE
00 150 L=l,K
wRITE (\Z!910) PIL),V(L),E(L) QFTEIL) *uP(L)
CONTINUE
GRAPH LOG PRESSURE vS VOLUME
CALL ADV(lI
CAI.L DGA (123.1023QOQ900.-l. ~*2. t*O.!-4.)
CALL L)LGLG
(.ALL sLLO(j
CALL SRLOG
CALL PLOT (I,ALGv, l,ALGP,loICHARoOl
cALL PLOT [l,ALGv, l,ALGP,l$IcHAR2$ O)
CALL LINCNT (60)
wRITE (12?900) LABEL
wRITE (12?912)
GRAPH LoG PRESSURE VS PARTICLE VELOCITY
CALL Ar.)V(l)
CALL DGA(123, 1023*O*9OO*O. 0*1.!*0.s-4.)
CALL (.N-NLG(1O)
cALL SLLOti
CALL SI3LIN(10,2)
CALL PLOT IK,UPQIQALGPQ IQICHARQ1)
CALL LINCNT (60)
wRITE (12s900) LABEL
*RITE (12.913)
GO TO 500
FORMAT (P7HI tiAMMA LAW CALCULATION FOR,12A6)
FORMAT (/.lOH GAMMA IS 91PE1FI.11Q1711 C-J PRESSURE IS s1PE18011Q
lli?H l)LNSITY 1S *1PE18.11)

903 FORMAT (/*24H DETONATION VELOCITY IS ,1PE18.11*18H OLNC)/OLN(RHO) I
1S ,lPEIH.11c31H Z-CONSTANT 4DOE(I TO ENERGY IS c1PE18011)

904 FORMAT (/.l9H COMPUTED ALPHA IS ,lPCISOIIO 9H BETA IS ~lPE180110
123H ENERGY CONSTANT Is 91PF18.11)

905 FORMAT (/*llH LNT = Q ● ,1PE18011c30H LNV ANO PV TO GAMMA IS
1 ,1PE18*11)

906 Fl)RMAT (/, 8H LN(P)= ,lPE18.11 ~3x, lPE18011~5HLNV )
907 FORMAT (/,14H LN(E)= *1PE18011?3X*1PE18, llo5HLNP c1PE18.11*6HLNP*2

1 ,lPEIE.11Q6HLNP*3 ,1PE18.11,5HLNP*4)
901j FORMAT (//,ll2H PRESSURE(M13AI+S) VOLUME (Cc/GMl ENERGY

l(MR-CC/GM) FIT ENERGY PARTICLE VELOCITY(CM/USEC))



0006S3 909 FORMAT (4[3X,1PE18011))
000653 910 FORMAT (5(3X,1PE18.11) )
000653 91.? FORMAT (%9H THE PRESSURE-VOLUME ISENTROpE FOR GAMWl LAW ASSUMPT

lION )
000653 913 FORMAT (46H THE PRESSURE -PARTICLE VELOCITY ISENTROPE )
000653 END

.

.
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.

000017

000017
000020
000021
oooo2f4
000026
000027
000030
000031
000032
000034
000037
000040
000051
000055
000061
000064
000071
000077
000100
000103
000106
000107
000110
000111
000117
000]24
000131
000134
000136
000137
000140
000147
000154
000156
000160
000162
000163
000166
000167
000171
000175

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

SIJRI?OUTINE PFTs(M~KMo Iw,SIGMAOXSF20WtY sDELYoBtSBtTtSTOA)
THIS Is A SPECIAL VERSION Of LA-PFTS FOR A MAX OF 100 POINTS
ANO A MAX OF FIFTH DEGREE FIT NO PRINTING OR LEGENDRE POLYNOMIALS
ALSO WILL COMPUTE TILL GET THE FIT ANO REQUIRES No OUTPuT sUBROUTINE
M = NO OF DATA POINTS
KM = DEGREE OF FIT (MAX OF 5)
Iw = O FoR NO WEIGHTS AND EQUAL 1 FOR WEIGHTS
sIGMA IS STANDARD DEVIATION COMPUTED
x = X oATA INPUT ARRAY
F2 = F2 nATA ARRAY INPUT
w = WEIGHT DATA ARRAY INPUT sET EQUAL TO I IF IW IS o
Y F cOMPUTED FROM FIT USING X
DEL; = DIFFERENCE IN COMPUTED AND INPUT F
u = COEFFICIENTS TO FIT
St+ = EsTIMATE OF ERRORS IN COEFFICIENTS TO FIT
T = COEFFICIENTS TO ORTHOGONAL POLYNOMIALS
ST = ERRoRS IN T
4 = AREA” USEO BY CALCULATION
i)IMENSION S(5) *X(lOO) *F2(1OO)?ST(5) *SB(5)OF (1OO)9P*(1OO)QP (100)

1 , B(5),DELY (lOO),W (loO),A(5,5) ,T(5)cY(1OO)

9

.?0

60

40

65

LL=o
FM=().O
A(191)=1.O
A(2,2)=100
Ft+AR=O.O
X~Al?=O.O
DO1OI=1*M
IF (IW)1OO9Q1O1O*1OO9
W2=I.O
w(I1=l.O
6OTO1O11
w2=S(1RT(W{1))
FM=FM*w(I)
F(I)=W2*F2(II
PM(I) = W2
FBAR=F8AQ*F( I)*PM(I)
xBAR=XBAQ*X II)QPM(I)**~
xRAR=XfIAR/FM
T(l)=FBAR/FM
A{2.1) =-xBAR
@XF=O.0
PxP=n.()
!30201=1*M
P(I) =(x (T)-XBAR)+$PM(I )
PXF=PXF+P(I)*F(I)
PXP=PXIJ*P(I) UP(I)
T(2)=PXF/PXP
IJMKPM=FM
S(l)=PMxPM
K~=t(M*l

H(1)= T(1) *A[1*1)+T(2)QA (2!1)
B(2)=T(2)*A(2*2)
DO190K=2.KM
IF(K-i?)400165C65
STOP
XPXP=O.O
xIJXPM=().~
H(K)=U.o
I)070J=1*M
XlJ=X(J)*D(J)
xPxP=XPXP*XB~P(J)

.
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000200
000205
000207
000211
000212
000213
000214
000217
000230
000235
000241
000246
000252
000254
000254
000264
000276
000302
000304
000306
000310
000342
000344
000364
000365
000367
000404
000413
000423
000426
000433
000437
000441
000457
000461
000464
000465
000507
000522
000524
000526
000526

70

80
81
82
83
90

110

120
150
160
165

175
180

499

500
501
190
220

XPXPM=XPXPM*XP*PM (J)
ALPtiA=XpXp/PXp
BETA=xPxPM/PMxPM
IJPxF=O,O
PPXPP=()*O
00901=IoM
IJT=P(I)
P(I) =X( I)*PT-ALPHA*PT-BETA*PM (I)
PPXF=PPXF*PI I)*F(I)
PPXPP=PPXPP+P(I)*P (I)
PM(I)=PT
T(K)=PPXF/PPXPP
PMXPM=PXP
PXP=PPXPP
A(Ktl)x-ALPHA*A (K-1, 1)-BETA*A(K-2~1)
A(I(,K-l) =A(K-lsK-2)-A(K-1 $K-l)*ALPHA
A(K?K)xI.O
IF(K-3)15O*15O*11O
K1=K-2
001201=20K1
A(KQI)=A (K-1,1-11-ALPHAOA (K-1 oI)-BETA*A(K-2oI)—
I)01601=1*K
R(I) =H(I)*T(K)*A(KoI)
S1G2=0.O
D01801=1,M
Y(I)zPoLY (X(I) 9KSH)
DELY(I)=v(I)-F2(I)
SIG2=SIG2* (DELY(I)@*2)*W (I)
SIG2=SIG?/FLOAT (M-K)
SIGMA=SQRT(SIG2)
S(K) = PxP
D049QI=1cK
ST(I)=SIGMA/SQl?T(S(I))
005011=1*K
SB(I)=O.O
D0500J=IOK
S13(I)=SB (I)*(A(JSI)*ST (J))**2
SR(I)=sQRT(S13( I))
CONTINUE
KM=KM-1
RETURN

ENO

,
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The Hwoniot Temperature promam

A. The Nomenclature

c

}

coefficientsto Us = C + S(UP) used

s from Po to switch pressure

c1

\

coefficientsto Us . Cl + S1(UP) used

from switch pressure to maximum pres-
S1

sure

c1 1coefficientsfor electronicterm
C2L30

Iof Cowan equation of state
(C500)2

Cv
heat capacity (cal/g-°C)

K isothermal compressibility(Mbar-l)

P pressure

T temperature (°K)

To initial temperature (°K)

‘v
temperature (volts)

u particle velocity

u: shock velocity

V. 1/no

a linear coefficientof expajsion (°C-l)

Av volume increment (.-1x 10 ) where

Vo-v sm11e6t/Av <5000

0 density (g/cc)

00 initial density (g/cc)

B. The Equations

The

T=

following equation is solved

Toeb(vo -‘) +(Vo-‘)P+~ x
‘% %

v

J Pebv[2 - b(Vo - V)]dV,

V.

with

b= %
iqq , using Simpson!s

The input volume increment is used

table of volumes which are used to

from

rule.

to compute a

compute pressures

C2(V0 -v)
P=

[V. -S(v -V)]* “
o

The shock and particle velocities are found from

U=c+m
s 2

and

us-c
up.~.

The Cowan equation of state is

P= A+BCi+CP2+Dp3+Ep4 + (Al + A20)TV

(c* PO) +(C3DO)2 T*
+c+— —

1 P v’
(12

where

~= Al +A2D0, andA2.
1.447404

~Atomi.cweight) ‘

8which is the form used in PURTRAN BKW.

c. The Input to the Code

Col.

1-72

Col.

1-18

19-36

37-54

55-72

Col.

1-18

19-36

3’7-54

55-72

Col.

1-18

19-36

Note:

Forunt

12A6

For=t

E18.11

E18.I.l

E18.11

E18.11

Formt

E18.11

E18.11

E18.11

E18.11

Formt

E18.11

E18.11

1st card

Alphabetic

2nd card

c

s

00

K

3rd card

a

Cv
To

AV

bth card

Srxille6t P

label for problem

for temperature fit

Largest P for temperature fit

If the two-phase feature is used, the temper-

ature fit till include for the Cl, S1 volumes only

those temperatureswhich increase with decreasing

volume.

5th card

Col. Forlmt——

1-18 E18.11 Maximum pressure

19-36 E18.11 c1

37-54 E18.1.l S1

55-72 EI.8.11 Switch pressure

to be calculated
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6th card

Col. Fornut——

1-18 E18.11 Atomic weight. If zero, no

Cowan fit.

19-36 E18.11 c1
37-54 E18.11 C290
55-72 E18.13. (C3PO)2

D. The FORTRAN Code
PROGRAM sE9S (T NPUT.OUTPUT *F ILMQTAPE12=F1LM)

000007

000003
000003
000003
000003
000003
000003
000003
000003
000011
oooo2~
000041
000051
000065

000101
000103
00010s
000106
000107
000111
oooll~
000116
000117
000121
000132

000135
000J47
00015?
000153
000155
000157
000173
000175
000176
000200
000201
000203
000204
000205
000?07
000211
00021?
000213
000214
000215
000217

54

DIMENSI(li!- V(50111,P (5010),EP(501tl )91(5001 oUS(5ftO) *up(500)
19TC(5) *FITT(%OO)*LAREL (12) QTV(500) 9A1.NT(500)*ALNVT (500)
?,TcALc (500),W(%oO)*OELy (500),sB(5),1Z (5)~A(5*5) 9PV(500)spp(500)
3,CRHO(50rI),ZP (500),CCOEF (5).s1(5) ,Tx(10)

DATA I)KV /*11605.6/
DATA cALMFl /?3R90./
OATA ICHAR /fi55/
DATA T<(l) /0./
DATA T<(?) /~.01/
DATA TX(3) /+1.OE-5/
DATA 7X(10) /0./

366 REAr~ 900,LABFL
REAfl 901,C.SSRHO*AK
READ Qol, ALPI.IA,CP,TO,DELTV
READ 901,TP1oTP2
READ 9f11.AMAXP.cl !Sl*SWp
READ 901,ATWT,AC1 .AC20Ac3

c C,S, cl,sl cfiEFFIcIENTS T(’I us-uP FITS
c SWITCH FROM c,S TO cl$sl AT SWP -THE SWITCH PRESSURE

c ALPI.iA x LINEAR COEFFIc:ENT OF FXPANSION
c CP = HEAT CAPACITY IN CAL/GM/OEGC
c AU = isothermal COMPRESSIBILITY IN MRARS
c RHtl = nENSITY GM/CC
c TO = INITIAL Temperature IN OEG KELVIN
c OETV = V(’)LIIME INcREMENT ABT 1 X 10-4
c AMAXP z MAX PQESSuRE
c ATwT,AcI,Ac2,Ac3 coWAN LQ COEFFICIENTS SKIP IF ZERO

vO=l./PHn
Y=c
Z=s
1=?
BCV=CP/CALMB
R= 3.*ALoHA/(AK*Rcv)
V(2) = VfI-OELTV
SMV = o.
DO 10 J = 2,s000

11 P(I)=(Y~~Y*(VfY-V[T)))/((VO-Z* (VO-V(I )) )*(VCJ-Z*(VO-V(I ))))
IF(P(I).GT. AMAXP) GO TO 13

c FOR PHASF CHANGE Usi? CONSTANT DRFSSURE
IF (P(I). LT.sWP.AND.Y.EQOC1 ) P(I) = S*P
IF(P(I).LT. SWP) G(l TO 12
y=~l
Z=sl
IF (SWV.FQ.().) SWV e V(I)

12 EP(I)=P(T )*ExP(BoV(I)) *(2.-B*(VO-V{I)I)
v(I+I) = V(I)-OELTV
I x 1+1

10 CONTINllE
13 K=.?

p= T ● 10
DO 14 L x ISM
P(L) = f).

14 CONTINIJE
I=I-]
IT=l
EP(lI = ().
PP(l) = no
Pv(l)= Vfl
T(l)= TO
us(l) = c

.

.

.



000220
000221
000?2?
000223
000224
000225
000230
000232
000234
000237
000240
000241

000271

000321
000334
000337
000341
000351
000351
000355
000361
000363
000.36~
000367
000371
000377
00037A
00037=
000377
000400
ooo~oz
000417
000425
000437
000643
000456
000~64
000472
000500
000506
000514
000522
000532
000544
000550
000s5?
000567
000572
000575
000577
000603
000610
000615
000627
000637
000637
000651
000655
00067fi

IJP(l) : ().

Y=c
2X5
SUM = 0.
no 20 J=l*191n

21 PP(K)=PIJ*IO)
IF (PP(K).L.T.*1.E-8) GO TO 30
PV(K)=V(J*1O)
IF (PV(K).GT.SWV) Go TO 27
y=cl
Z=gl

?7 SUM = SUM + (EP(J)+4.@Ep (J*l)+?o*Ep (J*2)* 4.~EP(J+3
I) +p.*FPIJ.4) .4.*~P(J.5) ●2.*EP(J+6) +4.*EP(J*7) ●2.@ EP(J*8)*
2;;:;P(J*Q)+ FP(J*1O))

= TOOEXP(BO (VO-PV(K) ))* ((vO-PV(K))*PP[K))/(?.*BCV) -
l((EK~(-l!*pV(K)))/(2.*13cv1 )*SUM*DELTV/3C

22 US(K)=(Y. SQRT(Y*Y ● 4.*PP(K) aVO~Z) )*0.5
UP(K)=(US(K) -Y)/z

24

23
~n
30

41

4?

43

51

~F (l(K) O~T.T(K-i)) GO TO 23
IF (PP(K).GT.TP1 .AND.PP(K 1.LT.TP2) 60 TO 24
GO TO 73
ALNVT(IT) =ALnG(PV(K))
ALNT (IT)=AL06(T(K))
IT=IT*~
K=K+~
cONTINIJE
IT =lT-1
K=K-l
HIp = PP(K)
HIV = V(I
I-IT = T(K)
HIUS = IJ<(K)
HIIIP = UP(K)
CALL PFTS (IT.4.O*SIGMA,ALNVT*ALNTSW,TCALC.DELY*TcQSBoTZQST,A)
PRINT Q07,LAREL
PRINT 907*C*S9SWP
IF ISWP.CT.AMAXP) GO TO *I
PRINT ~o~.SWD*AMAXP,Cl*Sl
PRINT Q06*I?H0
PRINT 90A.AK
PRINT 907*4LPHA
PRINT 909,T0
PRINT ~oq,cP
PRINT 91o-DELTv
PR~N7 911*TP1,TP?
PRINT 917, (TC(I),I=1,5)
PRINT Q13
Do k? 1=1*K
PRINT 914, Pv(I),PP (l)oT(I),us(I ),UP(I)
cONTINIIE
PRTNT ~~%
00 43 T=I,IT
ALN#T [T)= EXDIALNV7(I) )
ALNT (I)= EXP(ALNT(I))
TCALC(I )=EXp(TCALC(l))
PRINT 914, ALNVT(I). ALNT(I)*T.CAI.C(I)
cONTTNUE
wNITE(12.902) LABEL
WRITF (12.903) C*SqsWP
IF(S#P.GT.AMAXP) GO TO 51
wRITE{12,9n4) SWP*AMAXp*Cl~Sl
wRITF[l?.905) RHO
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000676
000706
00071?
000720
000726
000734
000764
000756
000762
000766
001001
001006
001007
001(-)11
00102?

001025
001026
001036
001040
001042
001044
001053
001055
001061

001067
001071
001073
001103
001105
001107
001116
001120
001124

00113?
001134
001144
001146
001150
001152
001161
001163
001167

001175
001177
001207
001211
001213
001215
001224
001226
00123?

001240
001242
001243
001.246
001250
001265

c

c

c

c

c

WRITF(12.906)
KI?ITE(]2,907)
wRITF(I?,908)
WRITF(I?,909)
kRITF(li?,910)
WRITF(12,911)
WRITF(12.912)
WRITE (12.913)
DO 5? l=I,K
WRITE(1Z9914)

52 COhTINIJE
WRITF(12,915)
DO 5? I=I,IT
WRITE(12S914)

53 cONTINUE

AK
ALPHA
TO
CP
DELTV
TP19TP2
(TC(I)CI=1Q5)

PV(I)CpP (I).T(I),US(I )oUp(I)

ALNVT(I)* ALNT(I),TCALC(l)

PRFSSURE -VOLUME PLOT
CAIL AOV(l)
CALL D6A(123,1023,O,9OO,O. cHIV,HIIJOO.)
CALL f)LNLN (20,20)
cALL SLLTN (70021
CALL S13LTN (?002)
CALL PLOT (K,PV, l,PP*l,ICHAR,l)
CALL LINcNT (60)
WRITE [1?*921)
KRITF (1?,900) LAREL
TkMPER4TURE-VOLUME BLOT
cALL AllV(l)
CALL DLNLN (70,20)
cALL [)GA(123. 1023*().9()0.0.! HIV ,HIT90.)
CALL SLLIN (7001)
cALL SRLTN (?0?2)
CALL PLOT (K.Pv.] .T,l QICIiARol)
CALL LINcNT (60)
WRITF (1?092L)
wRITE (]?,900) LAHEL
PRESSURF-PARTICLE VF1.oCITY PLOT
CALL AnV(l)
CALL DGA(123.1023,o,9oOOO. *1.0.l.5t0.)
CALL llLNLN (?0,20)
CALL 5LLTN (?0,2)
cAIL SBLIN (20s2)
cALL PLOT (K,UP919PP? lQICHARql)
CALL LINcNT (60)
wRITE (1?.925)
WHITF (l?!qot?l LAHFL
S!+OCk-PARTICLE VFLOcITY PLOT
cALL Al)v(l)
CALL DGA(1%3. 1023,O.9OO,O. .tiIUP~I.lIUS,O.)
CALL PLNLN (?0,?0)
CALL SLLIN (?O*?)
CALL S8L1N (20.?1
CALL PLOT (K,UP*lOIJS, 1OICHAH,1)
CALL LINCNT (60)
WRITF (1?.9?6)
WRITF (]2.900) LAi3EL
cAICUIATF RE~lDUAL TFMPEHAIURES

600 TX(1) = V(l
DO 601 I = 1.K

605 CALL LFR(VC,F*TX)
IF (lX(In)) fI02~603.604

604 F = -VC . vo . VOOS.*ALPHA* (T(I)*EXP (13* (Pv(I)-vCIl-TO)
GO Tn 60’+

.

,
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●

.

001?6%
0012’67
001276
001300
001301
001305
001306
001312
001320
001324
001326
001343
001346
001351
001357
001363
001365
00140?
00140%

001607
001411
oo1413
001415
001417
001421
ool~2fi
001430

001446
oo145~
001466
00147?
001500
001s1?
001%.22
001534
001540
001542
001551
001554
001557
001’565
001577
001607
001621
001625
001627
001636
001641
001641
00164]
001641
001641

001641

001641
001641
00164]
001641

c
603

601

602

700

701

702

703

c

lISF us FnR NFSIDUAL VOLUME bNo UP FOR RES
US(I) = Vc
UP(I)=T(T) *EXP(13* (PV(I)-VC))
CONTTNIIE
GO Tn 7(Io
PRINT Q3rl
G(l Tn 70]
PRINT 931
PRINT 9n0,LAREL
PRINT q3?
Do 707 I = l,K
PRINT 9]4,PV(I I,PP(T),1(I)OUS (I),UP(I)
CONTINUE
wRITF (1?,931)
wRITF (lP.900) ~AREL
WRITF (1?,93P)
rJo 703 l=l,K
WRITF” (1?;914) Pv(T)cPP (I )*TII).I.IS(I) SUP (I)
CO$IT7NIJE
IF(ATWT.LT.0,1) GrI TfJ 366
COWAN FIT

DUAL TFMPERA<URE

100 @O 101 l=IoK
TV(I)= T[l)/nKV
CRH(I(T)= lo/pv(I)

101 CnNTIbJIIF
A2=l.44760$/ATWT
Al=- 6i?*PH0 +3.(l*bLPHA~DKv/AK
nn ~o? I=I,K
ZP(I)= PP(I)-(A1*A20CRH0 (I))*1V (T) -(4Cl*AC2/CRHO(I)*AC3*AC3/

l(CPHO( I)*CRHn(I)))*TV( T)*T4(I)
10?

103

104

900
901

902
903

904

905
906
907
908

CONTINUE
cALL PFT< (K.4.O.S[GMA,CRHO+zP,W,FITTQOELy,CCOEF,SB.Tz.STSAl
FJRI!dT 917
Pl?ItJT 91R,ATwT
PRIPIT 919s (cCOEF(I).l=l OS)
PRINT q?n. A1!A2
PP]bdT 9?10 Afl,AC20AC3
PRINT 9?7
O() 103 I=l,K
F’Rl~T 914 ,zP(I),FITT (I)
CONTTNUF.
WRTTF (]2,91T)
HRITF (12,91$1) ATWT
WRIT’F (I?*91cJ) (ccoFF(I)*I=1!5)
WRITF (12,Q2~) A1,A?
WRITE (12!921) AC1*AC2*AC3
WRITF (12.922)
~0 1(!4 1=1*K
wRITF (]?$914) ZP(I)*FITT(I)
cONTIN(lE
GO TO 366
FOPMfiT (12A6)
FOPMAT (&16;ll)
FOPNAT (LIH1 SOLID FQUATION OF STATE CALCULATION FORC12A6)
F(IQMAT (/9 6H US = ,1PE18.11s3H ● cIPEIR.11917H % FROM PO TO .
]PF1R.11,1oH MEGABARS )
FORMAT (/, 6H FROM ,1PE18.11*1’3H MEGABARS TO *lpF18,11*2QH MEGARAR
S USED THE FIT US s .lPEli3.ll,3H ● ,1PE18.11, 3H S )
FOPMAT (/,24’d THE INITIAL OENSITY IS Q1PE18011c 7H GM/CC )
FORMAT l/,24H THE CnMPRESSIBILITY IS .1PE18.11)
FORMAT (/Q40H THF LINEAR cOEFFICIENT OF ExPANSION IS *1PE18.11)
FOPMAT (/,?7H THE INITIAL TEMPERA7URF ISQ1PE113.11)

.
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001641
001641
001641

001641

001641

001641
001661

001641
001641
001641

001641
001641

001641
001641
001641
001641
001641
001641
001641
001641

001641

909 FORMAT (/,22H THE HFAT CAPACITY IS ~IPEl!3*ll)
9111 FORMAT (/.25H THE VOLUME INCREMENT IS *lPklfIoll)
911 FOR~lAT (/,32H THE TFMPERATdRE FIT IS BETWEEN .IPF18.lls 5H ANI) o

11PF18.11,1OH MEGABARS )
912 FORMAT (/oEiH Lt.J(T)= ,lPEIF1.ll .3X,jPE18.11-5HLNV ,1PE18.11*6HLNV*2

1 $]pE18.llc6HLNt’~3 ,lPE1g011c5HLNV*4)
913 FOPMAT (//QllOH VOLUME IN cc/GM

lMPFRATURE llEG K
PRESSURE IN MEGABARS TE

SHOCK VELOCITY PARTICI.E VELOCITy)
914 FORMAT (5(4X01PE18.11))
915 FC)FfMAT ( 66H1 VOLUME IN CC/GM INPUT TEMPERATURE FI

lT TEMPERATURF )
917 FORMAT (LIH1 THE COWAN EQUATION OF STATE cOEFFICIENTS )
91R FOPMAT (/~21H THE ATOMIC WEIGHT Is91PE18.11)
919 FORMAT (/06H P = 91PE18.1 193x*lPE18. l195~RHo 91PE18011Q6HRHO*2 9

llPElh.ll,6HRHO*3 ,1PE18.11c6HRHO*4 )
920 FORMAT (/Q5H ( *lPE18.ll?3X,lPEi8.ll~23H RHO ) TEMPERATURE )
921 FORMAT (/,51-i ( ,lPE]8.ll*3X~lPEi8.11* 6H /RHO ,lPE18.ll$24H/RHO*

12 )*TFMPERATlJRE~2 )
922 FOPMAT (//~4rjH PRESSURE CALC PIT pREssuRE )
923 FORNAT ( 40H PREsSURE-VOLUME HUGONIOT FOR )
924”FORMAT ( 40H TEMPERATURE- VOLUME HUGONIOT FOR )
925 FOPMAT ( 5tjH PRESSURE -pARTICLE VELOCITY HUGONIOT FOR )
926 FOPMAT ( 50H SHOCK VELOCITY-PARTICLE VLLOCITY HUGONIOT FOR )

930 F0RNAT(k4Hl AN ERRoR oCCURRED IN’ RESIDUAL TEMP CALC )
931 FORMAT(64H1 RESIDUAL TEMPERATURE AND OENSITIES FOR )

932 FORNAT (//*ll4H HU60NIOT VOLUME
l:::IoT TEMPERATURE RESIDUAL VOLIIME

HUGONIOT pRESSURE Hu
RESIDUAL TEMPERATURE )

.

.
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ooono~
00000%
00000%
000006
000011

000014
000016
oooo2fl

000021

000021
000023
000024
00002%
ooofl.?7

000030

000031
000033
000934
00003%
000037

000046

000047
ooon53
000054
000055
000057
0flf106f7
000067
000064
000065
000071
000073
000075
000101
000104
000113
oooll~

000116
000117
000123

SUHNO(JTTNE LFR (XP.FP,TX)
c TX(I) INITIAL 61JESS
c 1?.[?) I+ATI(I TO GET SECOND PoINT
c TX(3) ZFRO DEFINITION
c Tx(ln) CnUNT OF NuMBER OF ITERATIONS
c SET TrI ZFRO ON SOLUTION
c SFT TrI NF6ATIVE OF COUNT ON ERRoR
c FP =FIJNCTION(Xp)
c WHEN a sflLUTION IS FOUNnC XP 1S THE ROOT
c
c ERROR FxITS OCCIJR FOR
c 1. Tno MANY ITERATIONS. .GT.CNTMAX
c ?. TWO SUCESSIVE XP S OR FP s ARE EQUAL

nIMENSTnN Tx(ln)
DATA cNTt.IAX /looo./
IF (TX (lrl).LF.O.) Gn TO 1
TX(1(I)=TX(1O)+1.
IF (TX(ln)-3.) 2.3,4

C F~ITNY FIPST TIMF THROUGH
1 IF (TX (I).EC!O().) Tx(1)=1o

TX(10)=1.
XP=TX (l)

C GO GET F(XP)
RETURN

c ENTRY SEcfINn TIME THROUGh
? TX(Y)=FP

TX(8)=XP
TX(5)=FP
IF (AHS(FP) .{,T.TX(3)) GO T’] 18
xP=Tx(~){>TK(7)

C GO GET F(xP)
RET(JQN

C ENTRY THIRP TIMF THROUGH
3 TX15)=FP

TXlh)=XP
TX(7)=FP
IF (AR$(FP).LT.TX (3)) GO T{3 ltl
XP=TX(G) -TX(7)+(TX(A) -TX(q))/(TX(7)-TX(9)l

c GO GET F(XPI
NF.TUQF!

C ENTRY Fnn FnURTH AND SUCFEDINU TIMES THROUGH
& IF (TX (lO).GT,cNTMAX) GO TO QY

Tx(4)=XP
TX(5)=FP
T=TX(4)-TX (6)
7F (T.EQ.0,) GO TO 99
IF (h13S(FP) .LT.TX(3)) GO TO 18
P=TX15)-TX(7)
IF (Q.EO.O.) GO Tfl q9
XP=TX(4)-TX(q){>(T/R)
lF (TX(5) ~~TX(7).LTO0.) GO TO 11
lF (TX (5){\TX(9).GF.n.) GO TO 11
IF (XP.GT.TX(4)) Gfi TO 6
IF (XP.GT.TX(8)) GO TO 10

R XP=TX(&) -TX(q)+$(TX(6) -TX(FJ))/(TX(5)-TX(Q)l
10 TX(7)=TX(5)

TX(m)=TX(~)
C GO GET F(XP)

RETIJRFI
4 IF (xP.GT.TX(8)) GO TO 8

GO TO 10
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0001.?3
0001.?5
000126

000127
000130
000131
00013?

000133
ooo13~
00013s

11 TX[Q)=TX(7)
TX(8)=TX(6)
GO TO 10

C HAVE Ft)UNl) A SOLUTION
18 Tx(lfl)=f).

TX(l)=XP
TX(4)=XP
RETUPN

C AN ERROP HAS OCCUREO
C SET COUNT NFGATIVE ANI) EXIT

99 TX(10)=-TX(1O)
RETURN
END
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000017

000017
oooo2n
0000.21
000024
0000.26
0000.?7
000030
000031
00003%
000034
000037
000040
000051
0000s5
000061
000064
000071
000077
000100
000103
OOO1O6
000107
000110
000111
000117
000126
000131
000134
000136
000137
000140
000147
000154
000156
000160
00016?
000163
000164
000167
000171
00017%

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

SUHROUTINE PFTS(M,KM* Iti,SIGMAOX,F2*UQv,UELYQEItSB*T,ST*A)
THIS Is 4 SPFCIAL VERSION OF LA-P~TS FOR A MAX OF 500 POINTS
AND A MAX OF FIFTH nEGREE FIT Nfl PRINTING OR LEGENORE POLYNOMIALS
ALSO wILI_ cOMPuTE TILL GET THE FIT AN() REGluIt?Es NO OUTPUT Subroutine
M = NO OF DATA POINTS
KM = nEGREE (IF FIT (MAX OF 5)
IW = O FOR NrJ WEIGHTs ANO EQUAL I FoR WEIGHTS
SIGMA 1S STANDARO OEVIATION cOMPUTED
a = x DATA INPUT ARRAY
F2 = F? nATA ARRAY INPUT
w = WEIGHT tIATA ARRAY INPUT SET EQUAL TO 1 IF IW IS O
Y= F COMPUTED FROM FIT USING x
UELY = nTFFEQENcF IN cOMPuTEO ANIl INPUT F
E!= COEFFICIENTS T(I FIT
SH = E%TTMATE OF ERQOPS IN COEFFICIENTS TO FIT
T = COFFFICIFNTS To ORTHOGONAL PoLYNOMIALS
ST = EUR(7HS TN T
b = AREA lJSEn PY CALCULATION
@IMEIJSION s(5),x(<OO) 9F2(500) SST (5) 9SB(5)0 F(500)9PM(500) *P(500)

1 * d(%),nELY (500),W(500),A (505),T(5),Y(500)
LL=O

9 F1.l=o.n
A(lQ1)=]OO
At2Q?)=l.O
Fl+AM=p.n
X’dAR=n.n
Do]nI=lCM
IF (Iw)Ioo9, 1(I1o,1oo9

1010 W2=1.O
W(I)=l.O
GOTOIoll

1009 W2=SCIRT(W(I))
1011 FM=FM+w(T)

F(I)=W?*F?(I)
PM(I) = w~
FtlA~=FRAR*F (I)*PM(I)

in XBAN=XRAQ+X (T)*PM(I)4*2
XBbP=xRAD/FM
T(l)=FRAR/FM
A(2,]) =-XeAR
PXF=O.O
PxP=rl.rl
DOZOT=l*M
P(I) =(X(T)-XQAQ)*pM(I )
PxF=PxF.D(I) iIF(I)

20 Pxp=Pxp+D(I)9P(I)
T(21=PXF/PXP
PMxPM=FM
S(ll=pMXPM
KM=KM+l
B(l) =T(l)*A (l_,l)+T(~)*A (2s1)
8(2)=T(2)*A(7,2)

60 nL)19PK=?.KM
IF(K-?)4n!16%,45

40 STOP
65 XPXP=O.O

xPxPM=n.fl
B(K)=().1)
0070J=1.M
XP=X(J)*C$(J)
X~XP=XPXP+XP*P(J)
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000200
000205
000207
000211
000212
00021.3
000214
000217
000230
000235
000241
000246
000252
000254
000254
000264
000277
000303
000305
000307
000311
000344
000346
000366
000367
000371
000406
000415
000426
000430
000436
000442
000444
00046%
000464
000467
000470
000512
000525
000527
000531
000531

70 XiJXPM=XPXPM+XP*pM (J)
ALPHA=XPXP/pXP
RE7d=XPXPkl/pMXPM
PPXF=O.O
PPxPP=cl.11
D0901=1,M

80 PT=P(II
8] P(I) =X (I)*PT-ALPHAOPT-BETA*PM (I)
82 PPXF=PPXF+P( T)*F(I)
83 PPYPP=PPXPP*P(I)*P (I)
90 PNI(I)=IJT

T(K)=PPXF/PPYPP
P14XPM=PXP
PXP=PPXPP
A(Kcl)=-ALPHA*A (K-1*1 )-BETA*A(K-291)
A(KsK-I) =A(K-l,K-2)-A (K-l~K-l)*ALPHA
A(K.K)=l.O
IF(K-3)1%O*15O.11O

lln K1=K-2
001201=2,K1

120 A(K*I)=A (K-1.I-1)-ALPHA*A (K-1 *1)-BET6*A(K-2sI)
150 D~1601=l,K
160 B(I) =R(I)*T(K)*A(K,I)
165 SIG2=0.O

00IHoI=l,M
Y(I)=POLY (X(I) *K9R)

175 DELY(I)=V(I)-F2 (I)
180 S1G2=SIG2+ (DELY(I)**2)*W (I)

SIG.2=SIG7/FLf)AT(M-K)
SIGMA=S(31?T(STG2)
S(K) = PXP
D04991=1,K

499 ST(I)=SIGMA/%QRT(S(I))
~05011=l,K
S8(I)=OOi)
00500J=I,K

500 SB(I)=SR (I)+(A(J~I)UST (J))**2
501 SR(I)=SQRT(Sq(T))
190 cONTINUE
22n Ki+=KM-1

RETURN
ENI)

,
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.

.

00000s
00000%
000007
Ooooln
00001?
Oooozfl
000021
00002?

FUNCTInN POLy (X9N,A)
01MENSIONA(2)
Y=A(N)
D011=29N
J=N-1+1

1 Y=A(J)*Y*X
POLY =Y
RETURN
END
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