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FORTRAN SIN:

A ONE-DIMENSIONAL HYDRODYNAMIC CODE FOR FROBLEMS WHICH INCLUDE

CHEMICAL REACTIONS, ELASTIC-PIASTIC FLOW, SPALLING, AND PHASE TRANSITIONS

by
Cherles L. Mader and Williem R. Gege

ABSTRACT

This report describes a CDC 6600 computer FORTRAN code for computing one-
dimensional hydrodynamic problems in 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 gauma-law Taylor wave; elastic-plastic flow
using the Hooke's lew-Von Mises yield model; and spalling using the
Whiteman and Skidmore model of the tensile stress at spalling as 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 detonation products,

undecomposed explosives, mixtures of the two, and condensed components

which may have an instantaneous phase change.

I. INTRODUCTION

The SIN technique for solving reactive one-dimen-
sional problems has been a useful research tool
for almost ten years. The first version waes written
in machine languaege for the IRM 7090.l The second
version was written in machine language for the IRM
T030 (STRETCH) and is called STRETCH sm.2

of its detailed treatment of the equation of state

Because

and its ability to compute the detailed structure of
complicated reactive and nonreactive hydrodynamic
problems, SIN has been used to study other interest-
ing engineering and research problems. The new nu-
merical techniques which resulted from these studies
have been included in this new version of SIN, writ-
ten in FORTRAN IV lenguage for the CDC 6600 and

called FORTRAN SIN.

The code includes the effects of heat conduction,
viscosity, elastic-plastic flow, spalling, and re-
active flow. As presented in this report, the code
can handle 10 components and 999 mesh points; how-

ever, these limits can be increased several times

without exceeding the core memory of the CDC 6600

or IEM T030. The éoundary conditions mey be contin-
uous, a free surface, a piston with a constant, a
linearly verying velocity, or, for slabs, a reactive
steady-state velocity.5 The PIC or Landshoff forms
for the artificial viscosity mey be used, and a form

for real viscosity in slab geometry is available.

The HOM equation of state is used.
the equation of state of condensed explosives, deto-
nation products, and mixtures of the two.

One way compute

The equa-
tion of state for the condensed component may in-
clude an instantaneous phase change such as that de-
scribed for iron.

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

for elastic-plastic flow as described for a.luminum.S

It also includes spalling, using the Whitemen and

Skidmore model of the tensile stress at spalling as

a lineag $unction of the square root of the tensile’
?

stress. It permits chemical reaction using an

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



slabs, a gamma.-law Taylor wave.

The code includes features permitting microfilm
listings and graphs of pressure, temperature, mass
fraction, density, and particle velocity vs. Euler-
ian radius. 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 may use the variable number of cells
feature for a considerable reduction of running
time.

The SIN code has been written not as a speciel pur-
pose production code but as a general purpose re-
search and engineering tool. It will continue to
change (hopefully for the better) as new develop-
ments in the numericel description of real meteri-

als under high impulse become available.

This report describes the numerical methods of SIN
in complete detail. It also presents sufficient

details to enable & coder to follow and change the
code. The latter informetion is not of interest to

the casual reader.
ITI. THE FLOW EQUATIONS

The Nomenclature

the C-J detonation velocity
E total energy (Mbar-cc/g)

E* activation energy

I internal energy (Mbar-cc/g)

J net point of the Lagrangian mesh
K a constant of about 2 or the co-
efficient of viscosity

M ma.ss

n time cycle

P pressure (Mbar)

q artificial viscosity

R Eulerian radius

r lagrangian radius

Sx elastic stress deviator in x or r
direction

Sz elastic stress deviator in z direc-
tion

T temperature (%K)

U particle velocity (cm/usec)

v specific volume (cc/g)

VbJ the C-J volume of the detonation

products

W mass fraction of undecomposed explo-
sive

Y yield strength

Z frequency factor
=1 for slabs, =2 for cylinders, =3
for spheres

Y ) Y-lav gas constant since In P= A + Y
ln V, Y= B in HOM equation of state
subroutine.

At time (usec)

thermal conductivity coefficient

shear modulus

= 1/v

1/vo where V_ is initial specific vol-

o o T ¥

[e]
ume

initial density for the ith component
(g/cc)

The Differential Equations

(po)y

The lagrangian conservation equations in one dimen-

sion for slabs, cylinders, and spheres are:

Congervation of mo-

U a-1 30 vo
= -R - (a-1)
Y R mentun,

3t

a-1l 3R

V=R ™ Conservation of mass,

and
3E _ -dour™t

a-1 Er)
5T T + N (R Conservation of
ot M gﬁ &R energy with heat

conduction term,

where E = I + 0.5U°.

AR
st U
and

1 ar = pRa-l R,

aM = por“
where dM is element of mass per unit of solid angle
(a=2 or 3) or of surface {a=l). O is the sum of
the viscous pressure, the equation of state pres-
sure, and the stress deviator, Sx. @ = 25x + Sz,
which for spherical geometry is 5/2 Sx since
Sz = -1/2 sx.




In this report we use the convention that the stress
deviators have the same sign as pressure; that 1is,
positive in compression and negetive in tension.
This convention is the reverse of that used by most
workers in the field.

The Difference Equations

The difference equations presented below are dis-
cussed in References 1 and 5. The pressure, temper-
ature, energy, specific volume, and mass fraction
of the cells dre considered to be located at the
centers of mass of the elements, and the particle
veloclty is considered to be located at the boundary
between the cells.

A. The Initial Condiitons

J
= ifl(AR)i)

where j= 1,2, . . . , and the ith component 1is
located between j and j+k where k is the number of
cells for each component.

1/2] a-1
My = (og)y [(Rj-% ¥ RJ%) ] (&),

B. The Conservetion Equetions for Time Advancement

1. Subroutine VELOC (NMIN,NMAX)

a-1
Un*% = Un'% + (o) ( ‘j*—)
3 gts O'S(Mj + Mj+1)

(572 -]

_ (G'l) (Cp) (Vg + V31+1) (At)

2 n ’
R
33
where
3 {sx? + sx .1
P = for a = 3,
and

S
\
|-

[2<Sx + ij+l) + (Sz'j + Szj+l)]

2. Subroutine RADIUS (NMIN,NMAX)

for a = 2.

RS:} = RJ+§ +? (at). . (1)

3. Subroutine VOLUM (NMIN,NMAX)
n+1 n+lia-l { _n+l n+l
oL ,( 31 ¥ RJ*—’*) (R.J*-% - RJ-%)
3 p M, g

4. subroutine ENERGY (NMIN ,NMAX)

o+l oo . (At) ot M P n
I = 1)+ 3 {[ i +0.5(q) + a) ;)

d J-1

n n
n+} R0+1 -1 J+1PJ + M;PJ+1 n, n
Uj'g( J"a‘) [M IR anh A

la.-l l- Y 1 1 2
ot () Y3 (e ) - (e ) |

5. Subroutine HETCON (NMIN,NMAX)

N‘H\)»—‘

n+l _ _n+l | A(At)
IJ 'Ij * }"l;| 1fprtl _ po+l
A\TMg T4
1
ntl & n n
3 (RJ-%) - ® -1)
AT n+l :
2(%‘% RJ 15)

C. Viscosity - Subroutine VISCOS (NMIN,NMAX)

1. PIC Form
n+l _ K nl | opil) f(ntE el
9y = Loz (049) (Uaé * ”Jé—) (Uéz Uéé)’
J
1
(U?E J+—) is positive; otherwise, qg+l = 0.

The absolute value of q is used.

2. Landshoff Form

o+l +5 U.n-l-l
qj _Vn+l(,)2 34—2—'

Restrictive conditions are the same as for the PIC
form.

3. "Real" Form

+ 1 + 1
n+l X (Ug-i i Ugé )
q = 1.333 2 4 K
3 n+l M
v 3 J

where K is the "coefficlent of viscosity," and this
form is appropriate only for slabs.



D. Burn Techniques - Subroutine BURN (NMIN,NMAX)
for 1 and 2

1. Arrhenius Burn

-E*/R T
n+l n n agJ
WO = W - Atz
J 3 i€

where 1 2 W 2 Q.
2. C-J Volume Burn

Assumes that W varies linearly with V

from Vo to VCJ'
v - Vn‘b-l
"3”1 “l-gy
o CcJ
where
12 wg"l 20,
and
n n+l
W, 2VW .
J J

P31+l - (1 n+l) (P )

where Pl is pressure of detonation products at Vv,

I, and W= o0, if wg”l < 0.99 (WMAX); otherwise,

pgﬂ' - Po' The PEH“ calculation is actually per-

formed in the subroutine BQST.
3. Gamma-Law Taylor Wave Burn

The explosive is burned before the first
time intervel by assuming it to be a gamma-lew ex-
plosive that has been detonated with a rear bound-

ary of constant velocity. Coded as pert of initiel

setup.
Knowing 042 Y, DCJ , we compute
_ e
Cy yv+1
2
P = P Dcy
cJ v+ 1

and

where Rn - Ro is thickness of explosive.

For each cell with & radius of R 3 _%, we compute

Ys(Rn -RJ_%>/t

2
Ujl_-YTl-Y'f‘kL
Y-l
= ] -1
i Wy - ¥

Cc.\2y/y-1
Py = PCJ<C_'1) !
CJ
1/y
J
PV A 4 P
Ij = _J._J_ (;J_C‘{ CJ (v - VCJ)

and

Ryug = Byg + (V5

With the new RJ% set equal to RJ-‘}’ we return to
compute Y, etc. When UJ*—% is equal to the applied
plston velocity, the rest of the explosive cells are

mede identical to the last cell calculated.

E. The Elastic Stress Deviators - Subroutine STRESS

NMIN ,NMAX
Un"'% - Un
an‘"l - sxn + 2 _ (Ist)
3 y v er ROFL _ gntl

Ry “Ryd

n+l
n+l

A T
n, &
SzJ = SzJ + 31.1 v3’+1 R vg

F. The Equation of State and Yield Calculation -
Subroutine BQST (NMIN,NMAX)

Enter HOM Subroutine with V0T, 1%1 y™1 ¢

J 3 d
£1nd Pgﬂ'




n+l

£ PY" > p
then
n+l
n+l _ n+l _ _n+l J
(Pryads = (Pryarostat)y = Py - (2/3 Yo)(O.OSO)
where
Pn+l
005 < 1.0.
n+l
The 0.050 is input PLAP. If PJ < Po, then
n+1l n+l
P = P .
(Pryaly = ¥

Fora=1orj3 if

la, 1 > n+l - n+l

lsx ™ = l2/5 v 1, 207 = (p T 2 2/3 ¥
where the sign of (2/3 Yo) is identical to the sign
of Sx3‘+l . or if

n+l n+l o+l n+l
s < l2/3 Y = + .
Isy771 < 1o/3 ¥ |, P57 = (2 )Y + sx)

For a = 2

£ = e[(3x3’+1)2 + ng+1 st1+l + (Szg+l)2] .

Then 1if

n+l an+l,

£<2/5 ()% P = (ry O] 4 ]

and
Szr.l+l = Szn+l.
J J
Or if
’2/3 (¢
2 _n+l _ n+l [} n+l.

r> 2/3 (YO) 2 PJ = (Phyd),j +( £ st )J
and

Sz

2
n+l ntl 2/5 (¥,)
T e )-

G. Total Energy of Components Coded as Part of
Subroutine TIME

Kinetic energy =

J
Internal energy = S & M %+ ’
1 J\7J

where § = 4m for spheres, 2n for cylinders, and 1
for slabs; and the units of energy are Mbar—cc/g.

H. The Boundary Conditions

1. An Applied Piston on Right Boundary
n - 1
UJ+§ Upiston vhere outside boundary is j+5,

if wg-i > 0.5; otherwise = final Up or

iston’

UpimOn = A + (B)(Time). For both,
n n n n
PJ+l = PJ, and QJ+1 = QJ.
2. An Applied Piston on Left Boundary
n _ n+l - _ 1
U+% = U+% = Usiston vwhere boundary is at j = 3
n .
if wJ+5 > 0.5; otherwise = final Upiston’ or
Uﬁiston = A + (B)(Time). For both,
n n n n
Po = Pl, and 9, = -

Ry is coumputed by Equation (1).
2

5. A Stemdy-Stete Reaction Zone Piston on
Left Boundary

The steady-staete reaction zone piston is com-
puted by iteration for a given detonation velocity
by usinfg 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 2 2 _ )2

I= IO + 2(00) (DCJ) (VO V)

and
2 2

P =B+ ()0, )%V, - V)

where Pr 1s Rayleigh line pressure.

Using the HOM equation of state, calculate P for V,
I, and W. Continue iteration until Pr -P<=1x

10-5. Calculate U =\I(P - Po)(Vo - V) and assign

it to final Upiston'

4, A Right Free-Surface Boundary

n

- _p2 1
PJ+l = PJ where outside boundary is Jj+3.
v n

g+ = Yye



5. A Left Free-Surface Boundery

Pg = -P; where boundary is at J = 4.

n n
U%-_ = -Ul§°
.
ql'
6. A Right Continuum Boundary

n o _ o0 1
P 341 3 vhere outside boundary 1s j+s5.

T. A Left Continuum Boundary

PZ = P; vhere boundary is at § = 3.

Ug = Ug_% unless a = 2 or 3 vhen Ug = —U;%

III. THE HOM EQUATION OF STATE SUBROUTINE

HOM 1is a FORTRAN subroutine which calculates the
pressure and temperature given the internal energy,
specific volume, and mass function of the solid for

solids, gmases, and mixtures.

The Nomenclature

c,S coefficiente to & linear fit of U,
and U

cl,s1 second set of coefficients to a lin-
ear fit of Us and Up

Cv heat capacity of condensed component
(cal/g/deg)

Cv', heat capacity of gaseous component
(cal/g/deg)

I total internal energy (Mbar-cc/g)

P pressure (Mbar)

SPA spalling constant to relate spall

pressure and tension rate

SPALL P interface spalling pressure

T temperature (°K)

usp ultimate spalling pressure

Up particle velocity

US shock velocity

V'l total volume (cc/g)

Vo initiel volume of condensed component

(cc/e)

10

W mwass fraction of undecomposed explo-
sive

Subscripts

g gaseous component

H Hugoniot

i isentrope

s condensed component

The Method

A. Condensed Components

(The mass fraction, W, is 1; the internal energy,
I, is I ; and the specific volume, V, is Vs). For
volumes less than VO, the experimental Hugoniot data
are expressed as & linear fit of the shock and par-
ticle velocities. The Hugoniot temperatures are com-
puted using the code described in Appendix C.

U =C+ 8SU .
8 P

ca(vo - vs)
P

BT [vo - s(vo - vs)]2 )

2 3
In Ty = F + G 1oV + Hs(lnvs) + 18(1nv8)

+ 3 (v )",

Ys P
P, = V—s(ls - LH) + Py, where Y, = v(ﬁ)v . (2)

(1, - 1;)(23,890)

T, = Tg + 5, . (3)

Two sets of C and S coefficients may be given. For
Vs < MINV, the fit Us = Cl + Sl(Up) is used with
the corresponding changes to the above equations.
Between MINV and VSW, the volume is set equal to
MINV, and U = Cl + Sl(Up) is :.:sed. For volumes
greater than Vo, we use the Gruneisen equation of
state and the P = O line as the standard curve.

[}

CV Vs Y
Pf[ls 'Bﬂe—ass—omr(v;’l)]ﬁ '
(1,)(23,8%)
+ T

C o °

’l‘s-
v

The spalling option is not used if SPA < 0.0001.
Ir P8 < USP, set P, = SPALL P and set spall indi-
cator. IfP_ < SPA\,AP7AX (AP/AX 18 the tension



rate), and P_ < SPMIN (5 X 107%), set P_ = SPALL P
and set spall indicator. Do not spall if neither

of the above conditions are satisfied.

B. Gas Components

(Mass fraction, W, is O; the internal energy, I,
is Ig; and the specific volume, V, is Vg). The pres-
sure, volume, temperature, and energy values of the
detonation products are computed using FORTRAN BKWS
and fitted by a method of least squeres to Eq. (4)
through (6).

these equations as a special case.

A gamma-law gas may also be fit to
A code to per-
form this 1s described in Appendix C.

R 2 3 b
lnP, = A + mnv‘5 + C(lnvg) + D(lnvg) + E(ang) .
(%)

1nI

K + LlnpP

2 3 4
. 1t M(lnPi) + N(lnPi) + O(lnPi) .

(5)

=1, -2 (where Z is a constant used to chenge

the standard state to be consistent with the solid
explosive standard stete, and 1f the states are the
same is used to keep I positive when meking a fit).

B 2 3 b
InT; = Q + Rlnv8 + S(ang) + T(ang) + U(lnvg) .

(6)
- %—: R+ 2510V + 31‘(1_an)2 + uu(lnvg)3 .
P- (-c,%i) (1, - 1,) + 7. 0
' I -1)(23,8
T=Ti+(g é),( ) (8)
v

C. Mixture of Condensed and Gaseous Components
(0<wW<l)

V= W+ (1 - w)vg.
I=WIS+(1-W)Ig.
P=Pg=Ps.
T=Tg=‘1‘s.

Multiplying Eq. (3) by (W/Cv) and Eq. (8) by
(1 - w)/cv and adding, we get, after substituting
T for T  and Tg and I for WI_ + (1+ W)Is,

T c—vwe—f‘%;%.—wy{l -[wIH - 1,0 -w)]

. Q—;B?o.[mncvw + oL - w)] } . (9)

Equating Eq. (2) and (7) and substituting from (9),
we get

Y C ct
v \'s 1
Fp - Py +( 38 - W)(cvw T O - W) {I - [WIH
1 ’
+ Ii(l - W)] + m [THCVW + Tin(l - W)] })

2 YTy CyTi\ o
BEON\ v, )T

(10)

Knowing V, I, and W, one may use the linear feedback
to iterate on elther V_ or VS until Eq. (10) is sat-
isfied.

For Vv < Vo, we iterate on Vs with an initial guess
of VS = V° and a ratio to get the second guess of
0.999. For V 2 Vo’ we iterate on V_ with an initial
guess of Vg = (Vv - 0.9 VOW)/(l - W) and & ratio to
get the second guess of 1.002.

If the iteration goes out of the physical region
(vg SOorv, s 0), that point is replaced by v, =
V_= V. Then knoving Vs and Vg, we calculate P and

g
T.

The Celling Sequence

Call HOM (V, S, G, IND)
V, 8, and G are dimensioned arrays of size 5, 23,

and 17 numbers, respectively.

V(1) specific volume V

v(2) 1internal energy I

V(3) wmass fraction W

V(&) -l%%l input;
pressure P output

v(5) temperature T output

s(1) ¢

s(2) s

s(3) vsw

s(¥) c1

s(5) s1

s(6) F

s(7) ¢

s(8) H

s(9) I

11



s(10) J
s(11) v
s(12) ¢
s(13) v,
S(1%) o
S(15) SsPA
s(16) usp
s(7) T
s(18) P
s(22)
s(23)
G(1)
a(2)
G(3)
G(4)
c(5)
G(6)
a(T)
G(8)
c(9)
G(10)
G(11)
c(12)
G(13)
G(1k)
G(15)
6(16)
a(17)

N<0Cliw2140023t‘?<l’1b0m>§
-

Ind set to O for normel exit, to -1 for iteration
error in mixture calculations, and to +1 for a
spalled solid.

APPENDIX A
FORTRAN SIN INPUT

The following is a description of the input to
FORTRAN SIN.

A few rules for setting up a problem are:

1. The steady-state reaction zone piston is suit-
able only for slab geometry and only at the left
boundary.

2. The gamma-law Taylor wave option assumes that
the user is using a gamme-law HOM equation of state.
It is suitable only for slab geometry and assumes
that the explosive has been burned from right to
left. The option assumes that the user is using a
right-boundary, initisl-final velocity piston end

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.

L. The spalling option is suitable only for prob-
lems with approximately constant tension gradients
and many mesh points.

5. The thermal conductivity option assumes that
the system will have uniform thermal conductivity.

6. To restart from tape, one needs only to put
the last tape dump number in column 1-5 of the first
card. This tape dump number is printed on the list-
When the number in column 1-5 of the first
card is greater than 10, the code searches through

ings.

the tape dumps for a dump at a cycle greater than or
When the
proper dump is found, all the variebles are read and

equal to the number on the input card.

the calculation proceeds.

1st card

Col. Format

1-5 I5 Number of components or, if > 10,
the tape restart cycle number

6-10 15 Total number of space increments

11-15 15 Not used

16-20 15 Not O for 4020 output

21-25 I5 Not O for graph of pressure vs.
radius

26-30 I5 Not O for graph of temperature
vs. radius

31-35 15 Not O for graph at mass fraction
vs. radius

36-40 15 Not O for graph of volume vs.
radius

4345 15 Not O for graph of particle ve-
locity vs. redius

46-50 15 Not O for inclusion of heat con-
duction

51-55 I5 Left boundary indicator
0 for continuum
1 for free surface
2 for initial velocity-final ve-
locity piston
3 for A + BT velocity piston
4 for steady-state reaction zone
piston

56-60 15 Right boundary indicator




Col,
1-72

Col.
1-18

19-36
37-5k
55-72

Col.

1-18
19-36
37-b1

ho 46

1-18

19-36
37-k1
ho-b6

1-18
19-36
37-b1
ko L6

Format
1286

Format

E18.11

E18.11
E18.11
E18.11

Format

E18.11
E18.11
5

15

E18.11
E18.11
15
15

E18.11
E18.11
15
15

0 for continuum

1 for free surface

2 for initial velocity-final ve-
locity piston

3 for A + BT velocity piston

2nd card

T2 columns of alphabetic label
for problem

3rd card

Alphe - 1. for slab geometry

2. for cylindrical geometry

3. for spherical geometry

Print every this meny cycles
Graph every this wmany cycles
Tape dump every this meny cycles

th card

Left boundary card - If a left
boundary initial-final piston 1is
requested, this card is:

Initial piston velocity

Finel piston velocity

Number of cells from left ini-
tially in calculation; 1if O, all
cells are used.

Add on a cell every this meny

cycles.

If a left-boundary A + BT piston
is requested, this card is:

A

B

Same as initial-final piston
Same as initial-final piston

If a left steady-state piston is
requested, this card 1is:
Detonation velocity

Spike volume

Same as initial-final piston
Seme as initial-final piston

If a plston is not requested, no
card appears for the left bound-

ary.

Col.
1-18
ete.

Col.

1-18

Next cerd

Format

E18.11 Right boundary card -

ete. same as left boundary card.
Agein 1f not a plston, there is
no card. A right steady-state
reaction zone piston is not per-
mitted. A right boundary initial-
final velocity piston is required
if a gamm-law Taylor wave burn

is requested.

Next _card

Format
If heat conductivity is included,
this card contains:

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

gol.
1-18

19-36
37-54
55-72

Col.
1-18

19-36
37-54

55-T2

lst cowp. card

Format
2A6 Alphabetic name of component
2nd comp. card
Format
15 Number of space increments for
this component
15 Not O for gas or explosive
15 O for Arrhenius burn, 1 for C-J
volume burn, 2 for gamma-law Tay-
lor wave
I5 0 for PIC viscosity, 1 for Lands-
hoff viscosity, 2 for real vis-
cosity
3rd comp. card
Format

E18.11 Space increment (cm)
E18.11 Time increment (usec)
E18.11 Viscosity factor
E18.11 Initial density (g/cc)

bth comp. card

Format

E18.11 Initial pressure (Mbar)
E18.11 Initisl temperature (°K)
E18.11 Initiel internal energy (Mbar-

cc/e)
E18.11 Initiel velocity (cm/usec)
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5th-10th comp. card
Six cards of solid parameters for equetion of state
and elastic-plestic calculations. The variables are
four per card with each card of the format 4E18.11.
They are, in order: C, S, VSW, Cl1, 81, P, G, H, I,
T, Ygs Cys V> @, SPA, USP, T, P, 2/3 Y , u, PLAP,
SPALL P, and MINV.

1lth comp. card

Col. Format
1-18 E18.11 Initial mess fraction of the
solid

19-36  E18.11 Frequency factor for Arrhenius
burn .
37-54 E18.11 Activation energy for Arrhenius
burn

Volume for C-J burn or C-J deton-

ation velocity for a gemma-law

55-72 E18.11

Taylor wave
For a pure solid there are no more 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
format 4E18.11. They are, in order: A, B, C, D, E,
K, L, M, N, 0, Q, R, S, T, U, cé, and Z.

APPENDIX B
THE FORTRAN SIN 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
a8 it existed at the time of preparation 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 to actually copy any
part of this code should contact the authors for
the latest version.

Variables Used in FORTRAN SIN

Code Name Report Symbol
CR - cell radius Rjt;

CRO - previous cell radius R? %

CU - cell velocity Ur;

CUO - previous cell velocity U;_‘i

1k

+
CV - cell volume Vg 1
CVO - previous cell volume Vg
CM -~ cell mess M,j
CQ - cell viscosity Qg
ICF - cell flag word
XxYYi - YY component index
- XX spall flag
O - no spall
1 - spalled cell
2 - interface cell
CW - cell mass fraction wg"l
CWO - previous cell mass fraction wg‘
CT - cell temperature Tg
CP - cell pressure Pg
CS - cell stress deviator in x or
r direction ng
C8Z - cell stress devietor in z
direction SZS1
CI - cell internal energy Ig*l
CIO - previous cell internal en-
n
er 1
& 3

LABEL - 12 words containing 72 columns of alpha-
betic information - the problem label -
format 1246

TTIME - totel time elapsed in problem

DEIT - time increment for this cycle

ICYCL - cycle number

PCNT - count for printing

GCNT - count for graphing

DCNT - count for dumping

PINC - print every PINC cycles

GINC - greph every GINC cycles

DINC ~ dump every DINC cycles

IALPFH - O for slab, 1 for cylinder, 2 for sphere

HEATC - heat conductivity constant

GASW - set W to O if less than GASW

NCL - total number of cells in calculation

PIMIN - the pressure of one cell of a component
must be greater than PTMIN (1. x 10'5) to
use that component's delta t.

IPNT - unused



IMC - not O for microfilm output

IPR - not O for a pressure vs. radius graph

ITR - not O for a temperature vs. radius graph

IWR - not O for & mass fractlion vs. radius graph

IIR - not O for an internal energy vs. radius
graph

IUR - not O for a particle velocity vs. radius
graph

IHC - not O to include heat conduction

ILB - left boundery indicator

At During
Read-In Execution
0 1 free surface
1 2 continuum
2 3 initial-final piston
3 L A + BT piston
4 5 steady-state reaction 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

WMAX - for W s WMAX (0.99) in C-J burn, P = P,

SMIN - change in stress set to 0 1f less than

SMIN (1.0 X 1077)

ALB, BLB - left boundary piston constants:
either initial and final velocities
or A and B in A + BT

ARB, BRB - right boundary piston constants (same
as left)

NLI - number of cells initially in calculation

from left. If O, 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 1f there is e
piston at their respective
boundaries. If there is no
piston specified, all cells
are used.

NIH -~ number of cells from the left in calculation

at the time of 1nterest .

NRL - index of lowest cell in calculation from

right end

DX - at input-space increment for each component-
during calculation - space increment at
right-most 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 )

DITIME - delte t for each component

NINC - number of space increments for each compo-

nent

NCOM - number of components

IEXP - not O for explosive or gas

IBRN - O for Arrhenius burn, 1 for C-J volume

burn, 2 for gamma-law Taylor wave

IVIS - O for PIC viscosity, 1 for Landshoff form,

2 for real form

AIPH - 1 for slab, 2 for cylinder, 5 for sphere

RHOO - initiel 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

EO -~ initial internal energy, only for the compo-

nent being read

U0 - initial particle velocity, only for the compo-

nent being read
WO - initlal mass fraction, only for the component
being read
NINC - number of space increments for this compo-
nent
RFRNT - r coordinate value of the nearest spalled
or interface cell of the same coumponent
with a lower index
EQ - five parameters used to call HOM. EQ(1l) -

volume, EQ(2) - energy, EQ(3) - mass fraction,

(L) - IAP/AX] for spall input or pressure
output, EQ(5) - temperature output

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

spalled

X - elastic-plastic ratio of P/PLAP, not greater
than 1

DELS -~ change in stress deviator

TKE - total kinetic energy of each component
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TIE - total internal energy of each component

LIN - line counter for printing

KIND - the index of cell on right-hand boundary

DCJ - C-J detonation velocity for gamma-law Taylor
wave burn

DRT - total delta R for gamma-law Taylor wave burn

IRF - first R for gemma-lew Teylor wave burn

IRL - last R for gamma-law Taylor wave burn

WJ, PCJ, VCR, CCJ - C-J values for gamme-law

Teylor wave burn

COK - (Y - 1)/{y + 1) for gamma-law Taylor wave
burn

COL - UCJ - Y2(_3 T for gamme-lew Taylor wave burn

RXZDV - steady-state reaction zone piston detona-

tion velocity

RXZVS - steady-state reaction zone piston spike

volume guess

Listing of the FORTRAN Code
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000003

000003

000003

000003
000003
000003
000003
000003

000003
000003

000003
000037
000043

DO OO0

OO0 DODOO

o0 o O

PROGRAM FSIN (INPUT+OUTPUT+FILMsTAPE12=FILMeTAPE])

CR CELL RADIUS J=1/2

cu CELL VELOCITY J=-1/2

cv CELL VOLUME U

CM CELL MASS J

caQ CELL VISCoSITY J

ICF CELL FLAG WORD J

Cw CELL MASS FRACTION J
cT CELL TEMPERATURE J

CP CELL PRESSURE J

cs CELL STRESS DEVIATOR J
csz CELL STRESS DEVIATOR IN Z DIRECTION J
cl CELL INYERNAL ENERGY J

COMMON CR(999) yCR0O(999) sCU(999) 4O (999) +CV(999) +cVD(999)
1CM(999) 4CQA(999) +ICF (999) +CW(999) ,CWO (999) +1CT (999) ,CP (999)
2CS(999) 4CSZ(599) +C1(999) +CI10(999) ,LABEL (12)

COMMON /MISC/ TTIMEGDELTeICYCLPCNTsGCNTeDCNT+DINCIPINCIGINC,
1TALPHeHEATCoGASWINCL oPTMINSI IPNT 9 IMCoIPRyITReIWRITIReIURsIHMCoILBY
R2IRBesWSWiPSMINyWMAX 4SMINoALB+BLBsARBIRRBeNLIINRIoNLINCyNRINC,
INLONT o NRCNToNLHINRL s DX o KINDoRXZDVeRXZVSsFPOFEQIRXZ

COMMNN /MATER/ E(10)+GAS(17+10)+I@RN(10)+SOL(23¢10)9VCU(10) 0
IVFACT(10)9Z(10) +NAM(2410) oOTIME(10) sNOINC(10)+IVIS(10}¢IEXP(10),
2NCOM

DIMENSION RXZ(10)9EQ(S)

WSW W TO SWITCH PISTON VELOCITY FROM INITIAL To FINAL

DATA wSW /0.02/

NDATA NRI /0/

DATA NLTI 70/

DATA NLH /17

COUNTS ARE SFT LARGE SO CELLS ARENT ADDED ON IF NoT REQUESTED

DATA NRCNT/100000/

DATA NLCNT/100000/

READ INPUT DATA

NCoOM NUMBRER OF COMPONENTS OR RESTART CYCLE NUMBER
NCL TOTAL NUMBER OF CELLS IN THE CALCULATION
IPNT UNUSED
TMC NOT 0 FOR MICROFILM OUTPUT
IPR NOY 0 TO GIVE A GRAPH OF PRESSURE
1TR NOT 0 TO GIVF A GRAPH OF TEMPERATURE
IWR NOT n TO GIVE A GRAPH OF MASS FRACTION
1IR NOT 0 YO GIVE A GRAPH OF VOLUME
TUR NOT 0 YO GIVE A GRAPH OF PARTICLE VELOCITY
THC NOT 0 FOR CALCULATION OF HEAT CONDUCTION IN ENERGY
IL8 LEFT HAND BOUNDARY INDICATOR
= 0 FOR CONTINUUM
z 1 FOR FREE SURFACE
= 2 FOR INITIAL~FINAL PISTON
= 3 FOR A+BT PISTON
= 4 FOR STEADY STATE REACTION ZONE S| AB PISTON
IR8 RIGHT HAND BOUNDARY INDICATOR
= 0 FOR CONTINUUM
= | FOR FREE SURFACE

2 FOR INITIAL=~FINAL PISTON
3 FOR A+BT PISTON
READ 901 sNCOMeNCL o IPNTsIMCoIPR(ITRIIWRSIIReIURGIHCoILByIRB
SEF IF TAPE RESTARY
IF (NCOM.,GT.10) GO TO S00
L.ABEL 72 COLUMNS OF ALPHABETIC COMMENT
READ 900,LABEL
ALPH = 14 FOR SLAB
= 2+ FOR CYLINDER
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c = 3, FOR SPHERE
c PINC PRINT EVERY PINC CYCLES
c GINC GRAPH EVERY GINC CYCLES
o DINC DUMP EVERY DINC CYCLES
000050 READ 902vALPHIPINCsGINCsDINC
000064 1ALPH=ALPH=1,
c READ IN PISTON QUANTITIES .
¢ ALRYBLLB PISTON CONSTANTS FOR LEFT PISTON
c NLT NUMBER OF CELLS INITIALLY IN CALCULATION FROM LEFT
C NLINC ADD ON A CELL FROM LEFT EVERY NLINC CYCLES
c RXZOV STEADY STATE REACTION ZONE PISTON DETONATION VELOCITY
c RXZVS STEADY STATE REACTION 20NE PISTON GUESSED SPIKE VOLUME
000067 IF (ILHBoEQe2.0ReILB.EQe3) READ 993sALBIBLBINLTyNLINC
000111 IF(ILB.EQe4) READ 903¢RXZDVsRXZVS,NLT ¢NLINC
c NRT NUMBER OF CELLS INITIALLY IN CALCULATION FROM RIGHT
c NRINC ADD ON A CELL FROM RIGHT EVERY NRINC CYCLES
c ARR'BRB PISTON CONSTANTS FOR RIGHT PISTON
000127 IF (IRB.EQs2.,0R+IRB.EQe3) READ 903+sARB¢BRBINRIJNRINC
c READ IN HEAT CONSTANT
000152 IF (IHC,NE.0) READ 902+HEATC
000161 Kx2
000162 CRO(2)=0,
000163 CR(2)=0,
C IALPH = 0 FOR SLAB
c 1 FOR CYLINDER
c 2 FOR SPHERE
000164 IF (IALPH.EQ.0) PRINT 904,LABEL
000172 IF (IALPH.EQ,1) PRINT 905,LABEL
000202 IF (IALPH.EQ,2) PRINT 906,LABEL
000212 PRINT 907 +NCOM
000220 PRINT 9084¢NCL
000226 IF (ILB.EQs0) PRINT 909
000233 IF (ILB.EQ.]) PRINT 910
000241) IF (ILB.EQs2) PRINT 911+ALBeBLBywSWeNLIINLINC
000261 IF (ILB.,EQ43) PRINT 912+ALBIBLRINLIINLINC
000277 IF(ILB.EQeé4) PRINTG3I04RXZDVeRXZVS,NLTsNLINC
000315 IF (IRB,EQ.,0}) PRINT 913
000322 IF (IRBLEQ.1) PRINT 914
000330 IF (IRB.EQe2) PRINT 9159ARByBRB+WSWINRIsNRINC
000350 IF (IRB,EQ.3) PRINT 916+ARByBRByNRIINRINC
000366 PRINT 617
¢ DO 4020 PRINTING IF REQUESTED
000372 IF (IMC.EQ.0) GO To 1
C CYYIXTR I T EETT YRR - Y- R LT X Y- R TR A2 Y g
C 4020 OUTPUT BELOW .
[ SRBRBBUOBTHBIRROIVCRRORPPLBRGBLOUOBGIRBORRDORODIPRDIORDRLLODRIUGDBRB SO
000373 IF (JALPHJEQ,0) WRITE (12+904) LABEL
0006402 IF (TALPHJEQ,1) WRITE (12,905) LABEL
000412 IF (IALPH.EQ.2) WRITE (124906) LABEL
000422 WRITE (12+907) NCOM
000430 WRITE (12+908) NCL
000436 IF (ILB.EQ.0) WRITE (12+909)
000443 IF (1LB.EQesl) WRITE (1290910}
000451 IF (ILR.EQ¢2) WRITE (12¢911) ALB.BLBsWSWeNLIWNLINC
000471 IF (ILB.EQ.3) WRITE (129912) ALBBLByNLIWNLINC
000507 IF(ILBeEQe&) WRITE(12¢930) RXZDV,RXZVS'NLIWNLINC
000525 IF (IRB,EQ.0) WRITE (12+913)
000532 IF (IRB.EQ,1) WRITE (12+914)
000540 IF (IRB.EQe2) WRITE (12+915) ARB+BRBsWSWsNRI+NRINC
000560 IF (IRBLEQ,3) WRITE (121916) ARB,BRByNRIJNRINC
000576 WRITE (12+917)

C GHPBOEBRAHGDVIBODORRBDOINROVORBBVEHEVIUBDCUROPDIBRDUOORRILLORBDDEBO®




000602

000604

000617

000633

000647
000663
000667
000670
00067}

000705
000721
000743
000745
000760
000764
000775
001007
oolo01l7
001026
001036
001046
001066
601102
ool117

oollao
001142
001144
001147
001160
001172
001202
on1211
001221
001231

OoO0On

OO00O0n QOO OO0 OO0 (2]

aBaXsNe]

s Eaksel

11

4020 OUTPUT ABOVE
LA L LI 2L DY LT LAY T L AL R R R A Y R L L R Y XY

READ DATA AND SEY UP MESH FOR EACH COMPONENTY
DO 10 I=1sNCOM

NAM NAME OF COMPONENT
READ QQO0eNAM(1e1) eNAM(241)
NINC NUMBER OF SPACE INCREMENTS FOR THIS COMPONENT
IExP NOT 0 FOR GAS OR EXPLOSYVE
1BRN = 0 FOR ARREHWNIUS BURN
= 1 FOR CJ VOLUME BURN
= 2 FOR GAMMA LAW TAYLOR wAVE
IVYIS =2 0 FOR PIC VISCOSITY
= 1 FOR LANDSHOFF VISCOSITY

= 2 FOR REAL VISCOSITY
READ 01 eNINCIIEXP (1) o IBRN(I) o TVIS(])
SPACE INCREMENT IN CENTIMETERS
DTIME TIME INCREMENT IN MICROSECONOS
VFaACY VISCOSITY FACTOR

RHOO INITIAL DENSITY

READ 902¢DXsDTIME (1) o VFACT(I) sRHOO
PO INITIAL PRESSURE

T0 INITIAL TEMPERATURE

E0 INITIAL INTERNAL ENERGY
uo INITIAL VELOCITY

SOL(Jsel) SOLID EQUATION OF STATE AND ELASTIC=PLASTIC CONSTANTS
READ 902¢P0sTO0sEQIUD

IF(l.6T.1) Gn TO 11}

FPO = PO

FEO = EO

READ 9029 (SOL(Je1) 9Jx1+23)

w0 INITIAL MASS FRACTION

r4 FREQUENCY FACTOR FOR ARREHNIUS BURN

E ACTIVATION ENERGY FOR ARREHNIUS BURN

vCJ VOLUME FOR CJ BURN OR nET VEL FOR GAMMA LAW TAYLOR WAVE

READ 902+WO0sZ(T)sE(I)oVCU(]D)

PRINT 918sNAM{191) oNAM(29]) oNINCDXeDTIME(])

IF (IEXP(1)€EQ.0) GO TO 2

READ 902+ (GAS(Js1)9Ju=1917)

PRINT 919

IF (IBRN(I).FQ.0) PRINT 9214+E(1),2t1)

IF (IBRN(I)EQ,1) PRINT 9220VCU(1) +GASW

IF (IBRN(I)+EQ.2) PRINT 929.VCJ(T1)

IF (IVIS(I)4FQs0) PRINT 923yVFACTI(])

IF (IVIS(I)eEQ.1} PRINT 924,VFACT(I)

IF (IVIS(1)4FQ.2) PRINT 925¢VFACTI(TI)

PRINT 9264RHOOWPOITOIEOsUQIWO

PRINT 9274 (SOL(Jel)eJdxls23)

IF (IEXP(I)eNE.0) PRINT 928, (GAS(Jsl)sJ=x1017)

IF (IMC.EQ.0) GO T0 ¢

BOHHEBIRBIVEV BB R UPBBNCLEORNODIDRVLBVEGBEDHBRURDODBRRBOVHBULBBOBLEROOY
4020 OUTPUT BELOW )

D R T T T P R R Y Y T TR R TR F1Y P TPV LY L T IR LT

WRITE (12¢918) NAM{Y1e1)oNAM{2+1) NINCoDXeDOTIME (1)

IF (IEXP(])eFQ.0) GO TO 3

WRITE (12+919)

IF (IBRN(I)¢EQ.0) WRITE (120921) E(1)s21(1)

IF (IBRN(I)«EQ,1) WRITE (12+922) VCJI(1) 9 GASW

IF (IBRN(I1)+EQ.2) WRITE (124929) vcJ(I

IF (IVIS(1)«FQ,0) WRITE (129923) VFACT(I)

IF (IVIS(I)eFQel) WRITE (12+924) VFACT(I)

IF (IVIS(I)eFQ,s2) WRITE (124925) VFACT(I)

WRITE (129926) RHOO+P0OsTO4EO4UOsWO
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20

001251
001265

001302
001304
001307
0o0l312
001313
001315
001316
001320
001321
001323
001324
001325
001326
001330
001331
001347
001344
001345
001347
001350
001351

001354
001356
001361
001363

001366
001367
001400
001401
001402
001404
001406
001406
001407
001410
00141)
oolé4le
001413
001414
001415
001416
001417
001420

001421
001422
001426
001431
001433

001434

la¥2Xs Nsel

(o 2N o TN o TN ¢ |

17
18

20

WRITE (12+927) (SOL(Jel}sJ=1+23)
IF (TEXP(I)eNE,0) WRITE (12¢928) (GAS(Jel)eJm1,417)
YT T Y I AT P T AT T A T AT L LS S A A 2L 2 2 2

4020 OUTPUT ABOVE
ﬁ““““Q“Q“Q.“”ﬂ.’i’.0.“0““06““““0006“‘“9““0.“.”O#OODQO’“O“O‘“QODO“G'
FILL IN CELL VALUES FOR THIS COMPONENT
DO 9 J=1eNINC .
IFLIBRN(1).EQe2) GO TO 12
CRO(K+1)=CRO(K) +DX
CR(K+1)=CRO(K+1)

CcUO{K) =UQ

CU(K)=CUO (K}

CP(K)=PQ

CT(K)=T0

CWO(K) =W0

CWiK)=CWO (K)

CS2(K) = 0.

CS(K) = 0.

Clo(K)=ED

CI(K)=C10(K)

CM(K) =RHOQODX# { (CRO(K) *CRO(Kel) ) ,5) 8 TALPH
CVO(K) =) +/RHO0

CV(K)=CVO(K)

ICF{K)=>l

CQ(K)=0,

KeKe]

CONTINUE

SET SPALL FLAG FOR INTERFACE BETWEEN COMPONENTS
IF (IEXP(])eNE,O0) GO TO 18
ICF(K=NINC)=ICF {K=NINC) 128

NOINC(I) = NTNC

CONTINUE

SET RIGHT AND LEFT BOUNDARY VALUFS
CM(1)=CML2)

CM(K) =RHOO0#DX# (CRO(K) +DX#,S) 44T AL PH
CQ(K)=0,

KIND=K

CRO(1)==CRO(3)

CRO(Ke2)2CRO(Ke]1)+DX

CI{l)i=0,

cStl)=0.

CSZ(1)=0.

CV(1i=0,

CV(K) =0,

CS(K)=0,

CSZ(K)e0e

CI (K)=p .

ILB=ILBe]

IRRxIRB+]

TTIME=Q,

DELT=0.

FIND MAXIMUN DELTA T FOR FIRST CYCLE
NO 20 I=1.NCOM

IF (DELTLT.NTIME(])) DELT=DTIME!(I])
CONT INUE

SET UP NUMBER OF CELLS IN CALCULATION
NRL=NCL+2

SEE IF THERE IS A LEFY PISTON
IF(Il.BeLTe2) GO TO 24

GO T0 22 IF CELL ADDING ON NOT REQUESTED
IF (NLI.EQ.0) GO TO 22

SET NUMBER OF CELLS FROM LEFT AND COUNT FOR ADDING ON CELLS



001435
001437

00164490

001442

001453
001455
001456
001457

001460

001462
001463
001464

001465

001476
001500
001502
001503
001508
001507
001511
001512

001513
001515
001817
001520
001522
001523
001524

001525
001527
001531
001832
001534
001536
001537
001540
00184)
001542
001543
001545
001546
001547
001550

001551
001583

00155%
001556

21

22

24

90

100

120

125

130

NLH=NL ]

NLCNT=NL INC

SEE IF THERE IS A RIGHT PISTON
IF(IRB.LT«2) GO TO QO

ARE CELLS TO BE ADDED ON FROM RIGHT
IF (NRILEQ.0) GO TO 90

SET INTTIAL NUMBER OF CELLS FROM RIGHT AND COUNT FOR ADDING ON
NRL=NCL ¢1~NRT

NRCNT=NRINC

CHECK TO SEE IF ALL CELLS IN CALCULATION
IF (NRL.GT.NLHe¢l) GO TO 90

USE aLL CELLS IN CALCULATION
NLHENCL 1

NLI=1

NR1=0

GO T0 90

SEE IF THERE IS A RIGHT PISTON
IF(IRB,LT+2) GO TO 22

ARE CELLS TO RE ADDED ON FROM RIGWTY
IF (NR1.EQ.0) GO TO 22

NLWH = )

GO TO 21

SET LEFT BOUNDARY VALUES

GO TO (1009110¢120+1309140)4ILB
LEFT BOUNDARY CONTINUUM
CPily=CP(2)

CR(1)=2CR(2)=CR(3)

catl)=Ccat2)

CU(l)==CU(2)

IF (TALPH.EQ.0) CU(1)=sCU(2)
cun(li=cu(l)

CT(l)=CT{2)

GO T0 190

LEFT BOUNDARY FREE SURFACE
CP(l)==CP(2)

CR(1)=CR(2)=CR(3)

cQ(l)y=Ccq(2)

cU(l)==cUt2)

cun(l)=cu(l?

CT(l)=sCT(2)

GO T0O 190

LEFT BOUNDARY PISTON = INITIALGFINAL
cCQtlr=Ca (2}

CR(1)=CR(2)=CR(]I)

CP(ly=CP(2)

CT(l)=CT(2)

IF (CW(4) LT,NSW) GO TO 125
CU(l)=ALB

cuntl)=cut(l)

cu(2r=cutl)

cun(2)=CcuU0 (1)

GO TO 190

CU(l)=RLB

cuollr=cu(l)

cu2)ecull)

cuot(2)=cuo(ly

GO TO 190

LEFT BOUNDARY PISTON - A+BT
ce(ly=co(2)

CR(1)=CR(2)=CR(3)

CP(l1y=CP(2)

CTily=CcT ()

21



001560
001563
001564
001565

001567

001577
001601
001603
001604
001606

001604
001610
00l612
001613
001615

001615
001617
001621
001623
001624
001625
001626
001630
001631

001632
001634
001636
001641
001643
001643
001646
001653
001660

001665
001670
001673
001700
001703
001710
001711
001714
ool721
001724
001731
001734

001741
001743
001744
001747
001754
001757
001764
001771
001776
001777

190

200

210

220

225

230

290

300

CU(1)=ALB+BLBOTTIME

cuo(l)=cuil)

cu(2)=cull)

cuo(2)=cuo(l)

SET RIGHT BOUNDARY VALUES

GO TO (200¢210+2204230)sIRB

RIGHT BOUNDARY CONTINUUM
CT(K)=CT(K=1}

CP(K)=CP (K1)

CU{K) mCU (K=1)

cUo(K)=CU(K)

GO TO 290

RIGHT BOUNDARY FREE SURFACE
CT(K)=CT{K=1)

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

CU(K)=CU(K=1)

CUO (K)=mCU(K)

GO TOo 290

RIGHT BOUNDARY PISTON = INITIALFINAL
CT(K)=CT(K=1)

CP(K)=CP (K=1)

IF (CW(K=3) 4L T,WSW) GO TO 225
CU(K)=ARB

CUO(K)=ARB

GO TO 290

CU(K)=BRB

cUo (k) =BRB

GO YO 290

RIGHT BOUNDARY PISTON = AeBT
CT(K)aCT(K=]})

CP(K)=CP(K=1)

CU(K)=ARB+BRB#TTIME

CUO(K)=CU(K)

CONTINUE

IF (NLIJNEJ0) CALL VELOC (2sNLH}

IF (NRIWNE.O) CALL VELOC (NRLeNCL+1)
IF (NLIWNE.O) CALL RADIUS (2¢NLH+1)
IF (NRIJNE«O) CALL RADIUS (NRLoNCL*2)
SET RADIUS FOR CELL BEYOND RIGHT BOUNDARY
CR{K+2)=CR(Kel)+DX

IF (NLIWNE.O) CALL VOLUM (2sNLH)

IF (NRI.NE.O) CALL VOLUM (NRLINCL+1)
IF (NLIWNE«0) CALL ENERGY (24NLH)

IF (NRIJNE.O) CALL FNERGY (NRLeNcL+1)
IF (IHC.EQ.0) GO TO 300

IF (NLI.NE.0O) CALL HWETCON (2¢NLH)

IF (NRI.NE.0) CALL HFTCON (NRLNCL*1)
IF (NLIJNE.O) CALL VISCOS (24NLH)

IF (NRT(NE«0) CALL VISCOS {(NRLeNCL*1)
IF (NLIJNE.O) CALL BURN (29NLH)

IF (NRIJNE«O) CALL BURN (NRLeNCL4+1)
SET W NEAR AXIS

CW(2)=CW(4)

CW(3)=CW(4)

IF (NLIJNE.O) CALL STRESS (2.NLH)

IF (NRI,NE,0) CALL STRESS (NRLsNCLe1)
IF (NLIJNE.O)} CALL EQST (2sNLH)

IF (NRIJNE.O) CALL EQST (NRLsNCL+1)
IF (NLIWNE«O) CALL UPDATE (14NLHe2)
IF (NRIJNE.O) CALL UPDATE (NRLs+NCL*3)
CALL TIME

GO TO 99



c RESTART FROM TAPE

002000 S00 IRST=NCOM )
c . SEARCH FOR DUMP WITW PROPER CYCLE NUMBER
002002 S01 READ (1) CROWCUOsCWOCSZeCIOICVOIICFoCMeCIeCToCPoLABEL'WDELTOHEATC

1JALPHOTTIMEyPINCsGINCoDINCoPCNT 4 GCNT ¢OCNTIE+GASsIBRN9SOL sVCJ,
AVFACToeZoNAMIDT IMEsNOINCINCOMo ICYCL oNCL IPNTHIMCoIPReITRs IWNRIIR,
3IURY THCoILBsTRByALBeBLB1ARB+BRBoWwSWINLIoNRIJNLINCyNRINCINLCNT
4NRCNT oNLHINRL sDX s IVISoIEXPIKINDsCReCIICWICVoCUCSoRXZDVIRXZVS

SRXZ+FPOWFEO
002227 K=K IND
002231 IF (IRST«GT4ICYCL) GO TQ 501
002236 GO TO 990
c THE SLAB GAMMA LAW TAYLOR WAVE & ASSUMES DETONATION WAVE MOVED
C FROM RIGHT TO LEFT AND HAS BRB FYNAL PARTICLE VELOCITY
002234 l2 L = K
0022136 DO 13 J=leNINC
002237 CR(L+1) = CR(L) + DX
002242 CT(L)Y=TO
002244 CWO(L)=Ne
002245 CWilL)=0,
002246 CSZ(L)=0e
002247 CS(Li=0,
002250 CM(L)=RHO0®DX
po22s52 COtL) =0,
002753 ICFiL)=}
002254 Lstel
002256 13 CONTINUE
002260 pCus=vecJ ()
002261 DRT=CR(L)=CR(K)
002264 DRF=CR (K)
002266 DRL=CR (L)
002267 UCUSNCJU/ (=GAS(241)414)
002274 PCJU=(RHO0) @ (DCJUH*DCU) / (=GAS(241)+1,)
002300 VCURZ {=GAS(241))/((~GAS{2s1)e]l,)6RHOD)
002308 cCuy=DCJI~UCJ
002307 COK=(=GAS(291)=1.)/{~GAS(2s])*1,)
002313 COL=UCU=((2+/(=GAS(2+1)=1,))0CCY)
002320 COT=DRT/DCJ
002322 NO 14 J=1eNINC
002324 COY={DRL=CR(K))/COT
002330 CUK)=(2.%COY)/{~=GAS(2+])e]l,) ¢COK®COL
002341 CPIKISPCUM{{((=GAS(2e])=1,)%0eS5)&(CU(K)I=COL))/CCI)E#(=GAS(291)%2,/
1(=GAS(2,1)V=1,))
002361 CV(K}=(PCJU% (VCJR®® (=GAS(241))1/CPIK) ) 4% (1e/(=GAS(2s1)))
002376 CVO(K)=CVIK)
002400 CI(KYz (CPUKIBCVI(K))/(=GAS(241)=],)=(PCJ#VCIR)/(=GAS(2s¢])=10s)
1¢ 0+5¢PCJ*(]1,/RHO0=-VCJR)
002417 Clo(k)=Cl(K)
0026421 DRP3ICM(K)SCV (K)
002423 CR(K+1)=sCR(K)*DRP
002425 CRO(K+1)ECR(K*])
002426 CU(K) ==CU(K)
002430 CUN(K)=CU(K)
0026431 IF (CU(K)+GTsRRB) GO TO 15
002435 K=EKel
002436 14 CONTINUE
002440 GO T0 17
002641 15 L=K
002443 D0 16 N=JININC
002445 CUtKy=CU (L)
0026450 CUOI(KY=CU(L)

002451 CP(K)=CP (L)



002453
002454
002456
002457
002461
002463
002465
002466
002470

002471
002471
002471
002471
002471
002473
00247S
002500
002502
002510
002512
002513
002515
002817
002520
[Ti¥d-Y-44
002522

002535
002536
002537
002541
002550
002551
002561
002561
002562
002571
002574
002575
002606
002607
002607
002607
002607
002607
002607

002607

002607

002607
002607
002607
002607
002607

002607

CV(K)=CV (L)

CVolK)=CVLIL)
CI(K)=CI L)
clo(k)=CI(L)
CR(Ke1)=CR(K)*DRP
CRO(K+1)=CR(K+1)
KaKe}
16 CONTINUE
GO TO 17
REACTION ZONE PISTON
FOR SLABS AT LEFT BOUNDARY ONLY
DATA RXZ(1)/ 0./
DATA RXZ(2) /1,001/
DATA RXZ(3) /+1.0E=5/
DATA RXZ(10)/ 0/
140 1IF(RXZ,EQ.0e) RXZ=RXZVS
IF(CW4)oLToGASW) GO TO 120
146 CALL LFB (RZVsRZF+RXZ)
IF(RXZ(10)) 141+142,143
141 PRINT 9314RX2Z
PCNT‘I '
GCNT=100,
1CYCL=ICYCL~1
TTIMEsTTIME-DELT
CALL TIME
SToOP

931 FORMAT (33H]1 REACTION ZONE pISTON LFR ERROR o SE18.11)

143 RZI=FEO ¢ 0e5/( SOL(1301)®SOL{1391))*RXZDVERXZDVE((SOL(13+]1)~
1RZV) 402)

EQ(l)=mRZV
EQ(2)=RZ]
160 EQ(3)=CW{4)
CALL HOM (EQeSOL(141)eGAS(1eI)eINDH)
IF(INDH) 16441459144
144 PRINT 932414EQ
932 FORMAT (33H1 HOM LFB ERROR FOR RXZ PISTON +1595¢18.11)
GO T0 141 .
145 RXPE2)4/(SOL(13+1)9S0L(13+1))¢RXZNYSRXZDVR(SOL (130])=RZV)
RZFEEQ(4) =RXP+ FPO
GO TO 146
142 ALRZSQRT((EQ(4) =FPOI®I(SOL(13+1)=RZV))
BLB=ALB
GO To 120

900 FORMAT (12A6)

901 FORMAT (1215)

902 FORMAT (4E18.11)

903 FORMAT (2E18,11+215)

904 FORMAT (80H1 A SIN ONE DIMENSIONAL REACTIVE HYDRODYNAMIC CALCULATY
1ION IN SLAB GEOMETRY FOR ¢/92X012A46)

905 FORMAT (87H1 A SIN ONE DIMENSIONAL REACTIVE HYDRODYNAMIC CALCULAT
110N IN CYLINDRICAL GEOMETRY FOR ,/42%X912A46}

906 FORMAT (85H] A SIN ONE DIMENSIONAL REACTIVE HYDRODYNAMIC CALCULAT
1I0N IN SPHERICAL GEOMETRY FOR +/,2Xs1246)

907 FORMATY (//+32H THE NUMBER OF COMPONENTS IS ,I5)

908 FORMAT (//+44H THF TOTAL NUMBER OF SPACE INCREMENTS IS +15)

909 FORMAT (//+35H THE LEFT BOUNDARY IS A CONTINUUM)

910 FORMAT (//+¢38H THE LEFT BOUNDARY 1§ A FREE SURFACE)

911 FORMAT (//+59H THE LEFT BOUNDARY IS A PISTON WITH INITIAL VELOC!
1TY OF o¢E10e3024H AND FINAL VELOCITY OF +E10439/910Xe23HWHEN W+3
21S LESS THAN 4E10,3+ 6H WITH oI5444H CELLS INITIALLY AND AODING O
3N A CELL EVERY ¢15s 7H CYCLES)

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



002607
002607
002607

002607

002607
002607

002607
002607

002607
0025607
002607
002607
002607

002607

002607

002607

002607

002607

1€10e301HOIELOeI16R(TIME ¢/s10Xe SHWITH ¢15¢44H CELLS INITIALLY AND
2 ADDING ON A CELL EVERY ¢]Ss 7TH CYCLES)

913 FORMAT (//4+36H THE RIGHT BOUNDARY 1S A CONTINUUM)

914 FORMAT (//439H THE RIGHT BOUNDARY 1S A FREE SURFACE)

915 FORMAT (//+60H THE RIGHT BOUNDARY 1S A PISTON WITH INITIAL VELOC
11TY OF 41PEY0+3¢24H AND FINAL VELOCITY OF +1PE10e39/¢10X923HWHEN
2 Wed IS LESS THAN +1PE10.3¢ 6H WITH +]S,46H CELLS INITIALLY AND A
3DDING ON A CELL EVERY +I5, TH CYCLES)

916 FORMAT (//+50H THE RIGHT BOUNDARY 1S A PISTON WITH VELOCITY =
11PF1Ne3¢s1H*91PE10e3+s6HITIME) 9/910Xe SHWITH sIS5¢44H CELLS INITIALLY
2 AND ADDING ON A CELL EVERY 1Ss 7TH CYCLES)

917 FORMAT (////+30X+33KHTHE PARAMETERS FOR EACK COMPONENT)

918 FORMAT (///921H & THE COMPONENT 1S 42A64//411K AND HAS ¢S5y
122H SPACE INCREMENTS OF +1PE10s3+36K CM EACH AND A TIME INCREMENT
2 OF +1PE10+3+13H MICROSECONDS)

919 FORMAT (//+80H 1T IS TO BE CONSIDERED AS AN EXPLOSIVE AND wILL B
1E BURNED BY THE TECHNIQUE OF)

921 FORMAT (//4S3H THE ARRHENIUS RATE AW WITH ACTIVATION ENERGY OF
1 91PE10,3¢66H CALORIES PER MOLE AND A FREQUENCY FACTOR OF +/93Xs
21PE1043¢16H PER MICROSECOND)

922 FORMAT (//445H THE CJ VOLUME ByRN WITH A BURN VOLUME OF +1PE1O0.
13917H AND A MAX W OF +3PEL10,3)

923 FORMATY (//+68H THE ARTIFICIAL PIC TYPE OF VISCOSITY IS USED WITH
1 A CONSTANT OF +1PE10.3)

924 FORMAT (//+T4H THE ARTIFICIAL _ANDSHOFF TYPE OF VISCOSITY IS USE
10 WITH A CONSTANT OF +1PE10,.3)

925 FORMAT (//9T6H THF TRUE FORM OF VISCOSITY IS USED WITH THE COEFF
1ICIENT OF VISCOSITY OF +1PE1043)

926 FORMAT (//443H THE INITTAL CONDITIONS ARE A& DENSITY OF +)PE10,3»
1234 GRAMS/CCes PRESSURE OF +1PE10,3+26H MEGABARSs TEMPERATURE OF o/
292X91PE10+3937H DEGREES KELVINe INTERNAL ENERGY OF vIPE106s3433K M
38=CC/GMy PARTICLE VELOCITY OF +1PE10¢3¢16H CM/MICROSECOND s/ ¢37H
4 AND MASS FRACTION OF THE SOLID OF +1PEL10,3)

927 FORMAT (//129H4 THE HOM EQUATION OF STATE PARAMETERS FOR THE SoLl
1D C9SaVSIC196S1eFSeGSeHSIISIUSIGGICVeVOIALPHALSPAUSPeTO4POeYOIMUIP
2LAPISPP,VS2+/9 (6(2Xs1PE1B.11)))

928 FORMAY (//108H THE HOM EQUATION OF STATE PARAMETERS FOR THE DETO
INATION PRODUCTS AsByCoDsEos KoL oeMoNeOr QsReSeToIUsCVGeZe/0(6(2X,
21PE18,11)))

929 FORMAT(//+5TH A GAMMA LAW TAY_OR WAVE WITH DETONATION VELOCITY
10F  +1PE10.3)

930 FORMAY (//4+77H THE LEFT BOUNDARY 1S A STEADY STATE PISTON WITH A
1 DETONATION VELOCITY OF +1PE10,3417W SPIKE VOLUME OF +1PE10,3¢/
26H WITH o15944H CELLS INITIALLY AND ADDING ON A CELL EVERY oIS
3 TH CYCLES)

END

25



26

000004

000004
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000004

000004
000004

000005
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000012
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000020
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000026
000031
000050
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OO0

o

o0 O O

SUBROUTINE BURN {(NMIN,NMAX)

BURN PERFORMS THE CHEMICAL REACTION ON CELLS WITH INDICES
NMIN TO NMAX

COMMON CR(999) ¢CRO (999) s CU(999) yCUD(999) «CV(999) »CVO(999)
1CM(999) +CQA(999) s ICF (999) s CW (999) (CWO (999) +CT (999) 4CP(999) ¢
2CS1999) 4CSZ{999) 4C1(999) sCI0(999) 4LABEL (12)

COMMON /MISC/ TTIMEDELToICYCLIPCNT+GCNTsODCNT«DINCIPINCIGINC,
11ALPHoHEATCyGASWeNCLsPTMINY IPNTsIMCoIPRsITReIWRsITReIURsIHCoILRB,
2IRBIWSWIPSMINsWMAX 4 SMIN9ALBvBLBsARBIBRBINLI «NRI+NL INCoNRINC,
3NLCNT oNRCNToNLHoNRL ¢DX s KINDsRXZDVeRXZVSsFPOWFEQO9RXZ

COMMON /MATER/ E(10)¢GAS(17+10) yJRRN(10)+SOL(23+10)9VCU(10)
IVFACT(10) 9Z(10) s NAM(2,10) oOTIME(10) +NOINC(10) 4 IVIS(10) ¢ IEXP(10)4
2NCOM

DATA WMAX /499/

SET W TO 0 IF LESS THAN GASW

DATA GASW /+0.02/

DO 10 I=sNMINJNMAX

SKIP IF ALL BURNED

IF (CW(1)+EQ.0,) GO TO 10

J 1S INDEX OF COMPONENT

KSP=ICF(1)/64

JEICF (1) =649KSP

CHECK FOR EXPLOSIVE OR GAS

IF (IEXP(J)+EQ.0) GO TO 10

DETERMINE TYPE OF BURN

IF (IBRN(J)eNE.O) GO TO 1

ARRHENTIUS BURN

IF E+Zy OR T LESS THAN 0.0001 DO NOT BURN

IF(E(J)LTo0.0001) GO TO 2

1F(Z(J)eLT+0.0001) GO TO 2

IF(CT(I)eLTe0.0001) GO TO 2

CWII)ZCWOLI)® (] e=DELTHZ(J)VEXPtl=F (J)/(1.9B865%CT(]))))

GO To 2

CJ VOLUME BURN i

CWIIIZ1 = (SOL{139J)=CV(III/ZISOL(13sJ)=VCILI))

IF (CW(I)oGT.CWO(I})) CW(I)=CWO(T)

I1F (CW(1)LT,GASW) CW(I)=0e

CONTINUE

RETURN

END
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000006

000004
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00000S
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000102

000102
000104

000162
000164
000164

OO0

SUBROUTINE ENERGY (NMINsNMAX)

ENERGY COMPUTES THE NEW INTERNAL ENERGY FOR CELLS WITH INDICES
NMIN TO NMmaX

COMMON CR(999) +CRO(999) s CU(999) 4 CUO(999) ¢CV(999) 1CVO(999) ¢
1CM1999) yCRI999) » 1CF (999) yCW{999) ,CWO ({999) +CT(999) ,CP(999)
2CS11999) y€SZ2(999) yCI(999) vCI0(999) 4LABEL (12)

COMMON /MISC/ TTIMECDELTeICYCLoPCNTsGCNToDCNT+DINCoPINCIGINC,
LTALPHHEATCeGASWINCL ¢«PTMINCIPNT¢IMCoIPRIITReIWRyITReIUReIHCYILBo
2IRBIWSW¢PSMINIWMAX ¢ SMINALB9BLBeARBIBRBINLIINRIoNLINCINRINC,
INLCNT ¢NRCNToNLHoNRL 1 OX e KINDsRXZDVIRXZVSsFPOIFEQIRX2

COMMON /MATER/ E(10)sGAS(17+10)+IRRN(10)+SOL(23s10)¢VCU(10)
éxégﬁT(lo)oZ(IO)'NAM(2.10)oDTIME(10)oNOINC(10).IVlS(lO)oIEXP(IO)-

IF (IALPH.EQ.0) GO TO 15

DO 10 I=NMINJNMAX

CI(IN=CIO(T)DELT/CMIII®(((CMIT)aCP (T1=11eCM(T=11%CP(T))/
1(CM(TYeCM(1=1))4,54(CQII)eCR{I=1})))OCUITIH®CR(T)4ATALPH=((CM(]e1)®
2CPLI)eCMIT)I®CPIT¢)) )/ (CMITICMIT41))@eS@ICALTIISCA(Te1))IRCU(TOY)
39CR(I+1)142TALPH) ¢ { (CUO(1*1)oCUD(T) )1 ##2=(CU{TIs]1)eCU(T))®82)%,125

10 CONTINUE
RETURN
15 DO 20 T=NMIN.NMAX

CI(I)=CIO(T)eDELT/CMITIS{{{CMITIaCP(T=1)¢CM(T=1)%CcP(1))/
1(CM{T)eCMIT=1))e,56(CALTICRACI=1)IIHCULTII=((CM(Te])®
2CP(1)eCMITI®CP(101))/7(CMIT)IOCM(Te1))eeS#({CRII)eCA(I1)))IOCU(T]))
3¢ ((CUD(T*1)*CUO(T))o42=(CU(Tel)eCU(]))I®®2)8,]125

20 CONTINUE

RETURN

END

27




28

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
0o0l1l7
000121

000121
000127
000132
000134

000134
000137
000151

000154

OO0 00

o o000

SUBROUTINE EQST (NMIN,NMAX)

EQST DOES THE ELASTIC PLASTIC SPALLING EQUATION OF STATE
CALCULATION FOR CELLS WITH INDICES NMIN TO NMAX

COMMON CR{999) yCRO(999) +yCU{999) 4CUO(999)+CV(999) +CVO(999)
1CM(999) ¢CQ(999) s ICF {999) +CW(999) (CWO (999) +CT(999) 4CP(999) »
2CS(999) 4CSZ2(999}+C1(999) +C10(999) 4 LABEL (12}

COMMON /MISC/ TTIME+DELTeICYCLoPCNTeGCNTIDCNTeDINCIPINCIGINC,
11ALPHsHEATCsGASWoNCL ¢«PTMINS IPNT¢IMCo IPReITReIWReITReIURyIHCoILB
2IRByWSWoPSMINIWMAX ySMINsALB9BLByARBIBRBINLIINRI+NLINCsNRINCy
INLCNT ¢ NRCNToNLHeNRL ¢ DX o KINDyRXZDV4RXZVS+FPOWFEQ1RXZ

COMMON /MATER/ E(10)+6GAS(1T7010) 9 TBRN(10) +SOL(2310)9VCI(10)
éVEAST(lO)!Z(lO)'NAM(ZQIO)oDTIME(iO)oNOINC(lO)OIVIS(IO)QIEXP(IO"

NCO

DIMENSION EQ(S)

PSMIN =« MINIMUN ELASTIC-PLASTIC PRESSURE

DATA PSMIN /1.E~-4/

RFRNT=0,

DO 20 I=NMIN,NMAX

KSP = 0 FOR NON SPALLED CELL

= ] FOR SPALLED CELL
3 2 FOR INTERFACE CELL

KSP3ICF(])/64

J IS INDEX OF COMPONENT

JSTCF (1) =64%KSP

IF (KSP,EQ.2) RFRNT=CRI(I)

IF (CVII)oLT.SOL(13sM)) GO TO 1

IF (KSP«NE.0Q) GO TO 11

EQ(l)=CV(I)

EQ(2)=CI(1)

CHECK FOR CJ EQUATION OF STATE

IF (IBRN{J).NE,0) GO TO 9

EQ(3)=Cw (I}

EQ(4) =0,

IF (CV(1)eGT,SOL(13+sJ)) EQ(&)S(CP(I))/ABS(CR(I)=RFRNT)

CALL HOM (EQeSOL (19J}9GAS(1eJ) e INDNH)

IF (INDK) 29443

ERROR IN HOM

2 PRINT 900+1¢€£Q

900

MAKE FAKE CALL TO TIME TO GET A LAST PRINT
PCNTII.

GCNT=100.

DCNT=100.

ICYCL=1CYCL=1

TTIME=TTIME=DELT

CALL TIME

STOP )

FORMAT (16H] HOM ERROR *+15+5F18.11)

CELL SPALLED

IF (ICF(I)aLTeb&) ICF(I)2ICF(1)¢es
RFANT=CR(1)

CP(1)=EQ(4)

GO To 11

REGULAR HOM EXIT

CP(I1)=EQ(4)

IF (ABS(EQ(4)) L T«SOL(180J)) CP(1)2SOL(184J)
CT(II=EQ(S)

IF AN EXPLOSIVE OR GASs SKIP ELASTIC-PLASTIC
IF (IEXP(J)«NELO0) GO YO 20

IF YO OR MU LESS THAN 00001 SKIP ELASTIC CALCULATION
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SUBROUTINE HETCON (NMINoNMAX)

HETCON COMPUTES THE ADDITION TO THE INTERNAL ENERGY DUE TO
HEAT CONDUCTION FOR CELLS WITH INDICES NMIN TO NMAX

COMMON CR{999) ¢CRO(999) +CUL999) +£1J0{999) ¢CV(99G) s+ CVO(999) ¢
1CM(969) yCQR(999) s ICF (999) +CW(999) (CWO(999) sCT (999) 4CP(999) ¢
2CS(999) ¢CSZ(999)+C1(999)¢CI0(999) LABEL(12)

COMMON /MISC/ TTIMESOELTeICYCLIPCNT+GONToDCNTsDINCoPINCIGINC,
1TALPHIHEATCyGASWeNCLOsPTMINGIPNT 9 IMCoIPRyITRoIWReITRoIUR9 IHCoILB,
2IRBIWSWoPSMINIWMAX ¢ SMINoALByBLByARBeBRBINLIINRTIoNLINCINRINC
3NLENT¢NRCNT oNLHONRL sDXoKIND e RXZDY sRXZVSoFPOIFEQ9RX2Z

COMMON /MATER/ E(10)0eGAS(17¢10) ¢ 18RN(10)+SOL(23410)sVCU(10)
éngST(lo)oZ(lO)oNAM(Z.lo).DTIME(iO).NOINC(lo)oIVIS(IO)oIEXP(lo)c

0
IF (1ALPH.EQ,0) GO TO 1S5
DO 10 IaNMINJNMAX
10 CIUIN=CI (1) e2¢vHEATCHDELT/CM{I)a((CR{I¢1IG*TALPHI®(CT(Te1)=CT (1))
17(CR(1¢2)=CR(1))=(CR(II®ATALPH)S(CT(T}=CT(I=1))/(CR(I+1)=CR(I=1)))
RETURN
15 DO 20 I=NMIN,NMAX
20 CI(1)mCI(1)e2.,4HEATCHDELT/CM{II@((CT(1e1)=CT(]))
1/7(CR(142)=CR(IN)=(CT(I)=CT(T=1))/(CR(I®1)1=CR(1I=~1)}))

RETURN

END
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SUBROUTINE RADIUS (NMINsNMAX)

RADIUS COMPUTES THE CHANGES IN THE R COORDINATE IN A TIME STEP
FOR CELLS WITH INDICES NMIN TO NMAX

COMMON CR(999) 4CRO(999) sCU(999) 4CUO(999) «CV(999) +cVO(999) s
1CM(999) 4+ CQ(999) ¢+ ICF (999) »CW(999) (CWO (999) ¢+ CT(999) 4CP(999) s
2CS(999) +CSZ2{999) +sCI(999) +£10(999) LABEL (12}

COMMON /MISC/ TTIMEDELTeICYCLePCNTsGCNT9OCNToDINCPINCIGINC,
1IALPHyHEATCsGASWsNCL ePTMINS IPNT s IMCo JPRoITRy IWRs ITR9 JURsIHCILB,
2IRBIWSWsPSMINIWMAX ¢ SMINVALB1BLBsARB¢BRBoNLI#NRI9sNLINCoNRINC
3NLENTsNRCNT oNLHeNRL 9 DX+ KIND yRXZDV4RXZVS+FPOIFEQsRXZ

COMMON /MATER/ E(10) sGAS(17+10) 9 JRRN(10) ¢SOL {23510} 9VCJ(10)
%xggﬁT(iO)vZ(lO)oNAM(ZolO)oDTIME(io)oNOINC(lO)oIVIS(lO)'IEXP(IO)o

DO 10 I=NMINJNMAX

10 CR(IV=CRO(1)+CU(T)@DELY

RETURN

END
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20

10

SUBROUTINE STRESS (NMINsNMAX)

STRESS CALCULATES THE CHANGE IN YHE STRESS DEVIATOR FOR CELLS
WITH INDICES NMIN TO NMAX

COMMON CR(999) +CRO(999) ¢CU(999) yCUO(999) +CV (999} +CVO(995) o
1CM(999) 4CQ(999) 1 ICF (999) +CW(999) (CWO (999) +CT(999) ,CP(999) 4
2CS(999) ¢CSZ(996) +CT1(999) ¢C10(999) (LAREL (12)

COMMON /MISC/ TTIMEDELToICYCLIPCNTeGCNTsDCNToDINCIPINCIGINC,
VIALPHoHEATCsGASWoNCLoPTMINGIPNT ¢ IMCoIPRIITRyIWRsTIReIURs INCoILB,
2TRBeWSWPSMINIWMAX s SMINsALB+BLBIARBeBRBINLIINRT¢NLINCINRINC
SNLENT o NRCNT o NLHONRL s DX ¢ KIND

COMMON /MATER/ E(10)9GAS(17910)sYRRN(10)+SOL (23910} eVCJ(10)
IVEACT(IO)oZ(IO)oNAM(ZoIO)oDTIME(IO)oNOINC(IO)o!VIS(!O)oIEXP(lO)q
2NCOM

CHANGE IN S MUST BE GREATER THAN SMIN BEFORE AFFECTING ANYTHING

DATA SMIN /1.E=9/

DO 10 I=NMINJNMAX

KSP=ICF(1)/64

J IS INDEX OF COMPONENT

JEICF (1) =640KSP

IF YO OR MU LESS THAN 0,0001 SKIP ELASTIC CALCULATION

IF(SOL(19+J) «LTe0¢0001) GO TO 14

IF(SOL(200J) LTe040001) GO TO 14

DELS=2,4S0L(20+J) ¢ ((CU(I)=CU(I+1))DELT/(CR(Te]}=CR(]1))
144666666666T#(CV(I)=CVO(I))}/(CV(T)eCVOLTI)))

IF (ABS(DELS)LT,SMIN) DELS=0.

€S(1)=CS(I) + DELS

IF (TALPH.EQ,1) GO TO 20

GO TO 10

CALCULATE €SZ

DELS = SOL(20sJ)%]1,33333334¢#(CV(T)=CVOII}}/Z(CV({I)aCVO(I))

IF (ABS(DELS) .LT+SMIN) DELS = 0.,

CSZ(1) = CSZ(1) « DELS

CONTINUE

RETURN

END
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SUBROUTINE TIME

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

COMMON CR(999) ¢4CRO(999) sCU(999) »cUO(999) ¢CV(999) »CVO(999)»
1CM(999) yCQ(999) y ICF (999) 1CW(999) {CWO(999) +1CT(399) ,CP(999)
2CS(999) +CSZ(999) 4CI(999) +CI0(999) LABEL (12) A

COMMON /MISC/ TTIME+DELTeICYCLoPCNToGCNT¢DCNTsDINCePINCeGINC,
1IALPHoHEATC s GASWyNCL o PTMINs IPNT o IMCoIPRyITRyIWR9ITIR9IURs IHCILB,
2IRBIWSWIPSMINIWMAX ¢ SMINsALBsBLBeARBIBRBoNLIsNRY N INCINRINC
INLCNT o NRCNT s NLHINRL sOX o KIND o RXZDV4RXZVSsFPOsFEQWRXZ

COMMON /MATER/ E(10)+GAS{17910)+TBRN(10)+SOL(23910)sVCJ(10) s
%xEAST(IO)oZ(lO)oNAM(Z.IO)oDTIME(TO)'NOINC(IO)o!VIS(lO)oIEXP(lo).

0

DIMENSION ICHAR (2)sTKE(10)TIE(10)

PLOT CHARACTERS le o 2.

DATA ICHAR(1) /0527

DATA ICHAR(2) s067/

THE PRESSURE OF ONE CELL OF A COMPONENT MUST BE GREATER THAN

PTMIN TO USE THAT COMPONENTS DELTA T

DATA PTMIN /1.E=05/

DATA ICYCL /0/

DATA PCNY /1,/

DATA GCNT /1./

DATA DCNT /100,./

INCREMENT TIME AND CYCLE NUMBER

ICYCL=ICYCL]

TTIMESTTIMESNELT

NRCNT=NRCNT=}

NLCNT=NLCNT=]

SEE IF WE NEED TO ADD ON CELLS FROM LEFT

IF (NLCNT.GT,0) GO TO &

YES ADD ON A CELL AND SEY COUNT

NLHENLHe]

NLCNT=aNL INC

SEE IF WE NEED TO ADD ON CELLS FROM RIGHT

IF (NRCNT+GT.0) GO YO S

YES ADD ON A CELL AND SET COUNT

NRI_ZNRL =1

NRCNT=NRINC

CHECK IF ALL CELLS ARE IN THE CALCULATION

IF (NRL.GT.NLHe¢l) GO TO 6

YES SET NLIWNRIsNLHe AND COUNTS ACCORDINGLY

NLHENCL *+1

NLI=}

NRI=0

NLCNT=100000

NRCNT=100000

GO To 7

CHECK IF ALL CELLS ARE IN THE CALCULATION

IF (NLH.LT.NCL) GO YO 7

YES SET NLIJNRIJNLHy AND COUNTS ACCORDINGLY

NRCNT=100000

NLCNT=100000

NLH=NCL +1

NRI=(Q

NLI=1

DETERMINE DELT FOR NEXT CYCLE

K=}
SAVE DELTA T FOR PRINT OUT



000044
000046
000047
000051
0600053
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
000264
000271
000273

000344
000346
000350
000354
000357

000360
000371
000403
000404
000405
000407

[eXs Nal

11

12

13

14
15

SVDEL=DELT

DO 10 Im1lsNCOM

Nx=NOINC(T)

DO B J=]eN

IF (CP(K+J)+GT.PTMIN) GO TO 9§
CONTINUE

GO TO 10

IF (DELT«GT.DTIME(1)) DELT=DYIME (1)
KeK+N

DECREMENT COUNTS

PCNT=PCNT~1,

GCNT=GCNT=-1,

DCNT2DCNT=1,

IF (PCNT«GT«0e) GO TO 20
PCNTaPINC

PRINT Q00+ICYCLeTTIME LABEL
PRINT 9069SVNEL sNLHeNRL
LINSSE

K=}

DO 15 I=]1.NCOM

N=NOINC (1)

TKE(I)=0.

TIF(1)=0,.

L=K

DO 11 UsleN

TRE(TYsTKE(]) +CM(L)oCUIL*1)*CU(LsY)
TIE(D =TIE(I)sCM(L)#CT (L)
L=lLe]

CONTINUE
TKE(I)=TKE(1)#,50036186

IF (LIN.LT.6) GO To 12

PRINT 901 oNAM(1,1)eNAM(241)4TKE(T) 9 TIE(T)
LINZ{ IN=S

GO To 13

PRINT 902sNAM{]191) ¢yNAM(2¢1) o TKE(T) s TIE(T)
PRINT 903

LIN=55

IF (I1.EQel) PRINT 903

IF (1.EQsl) NzNe)

IF (1.EQeNCOM) NxNe

EINO==1,

DO 14 J=loN

IF (Cl(K).EQ,EINO) GO TO 14
IFLG=ICF (K) /64

IF (LINJEQ.O) PRINT 904

IF (LINGEQ.O0) LIN=BA

PRINT 9059sKeCR{K) sCUIK) sCVIK) ¢CI(K) oCPIK) sCT(K) +CWIK) ¢ CQ(K) sCM(K) ¢
1CS(K) o CSZ(K) o IFLG

LIN=LIN=]

EINO=CI(K)

K=Ke]

CONTINUE

IF (IMC.EQ.0) GO Yo 20

PUHBOBORUCBVVVBRGBBDRDVDOSDVOR VOB BL BB BERBRRBBRRIBLEOBROIOERBROIBODIGRG

4020 OUTPULIT BELOW
u0&#«&0»#0»o««oao»uoaooooaao#a»oooooo0oooe&o«00#0ooooouoanouquuooa
WRITE (12+900) ICYCLsTTIME+LABEL
WRITE (12+906) SVOEL +NLHeNRL
LIN=S6
K=}

DO 19 I=1+NCOM
EINOze],

33




34

000411
000413
000415
000436
000440
000440
000462
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
ooo7le
000714
000716
000720
000721
000722
000724
000726
000737

[aNeXe]

O OO0

16

17

18
19

20

31

32

N=NOINC(I)

IF (LINJLT.6) GO TO 16

WRITE (129901) NAM(1+1) sNAM(2s1)TKE(I)+TIE(])

LINS_IN=S

GO TOo 17

WRITE (129902) NAM{1+I) eNAM(2+1) TKE(I)»TIE(D)

WRITE (12¢903) .

LINESS

IF (1.EQel) WRITE (124,903)

IF (1.EQel) N=zNe]

IF (1.EQeNCOM) N=Ne}

DO 18 J=ls¢N

IF (CI(K)WEQ.EINO) GO TO 18

IFLG=ICF(K) /64

IF (LINJEQ.O) WRITE (12¢904)

IF (LINJ.EQ.0) LINESA )

WRITE (129905) KeCR(K) sCU(K) ¢CV(K) ¢CT(K) ¢CP(K) +CT(K) sCW(K)1CQ(K) ¢

1CM(K) s CS(K) 9CSZ (K) 4 IFLG

LINSLIN=]

EINO=CI (K)

K=Ke}

CONTINUE

GROBEOGBIVO OB R DB BB NP ORI OG VBB HERBBORUDBDIERDUGVISREDBORDLDRDPUBO LY
4020 OUTPUT ABOVE

BHBERPDEVODIBBRVEDBBOBROLRDDRIGORBODBICORBVEVBHVLDRREBDIOGOOB BRGNS

IF (GCNT«GT.04) GO TO S50

GCNT=GINC

IF (IMC.EQ,0) GO TO S0

BUHOBBBOVRRODHNRORVDIBOBDBDODBRDIGVBLPUBHETERIDIHBOORBRBIVUTRELBIRBOD
4020 OUTPUT BELOW

VRLR UGV GOUHLBBOLIDIDOND PO VDPBV BV BREBDBBORVLOBIRE RV RBIDORDRBBETL BB R B O

IF (IPR,EQ.0) GO TO 32

GRAPH PRESSURE VS RADIUS

CALL ADV(1l)

CALL DGA (12391023¢0¢900¢0e¢eCRINCL*1)9¢900=,1)

CALL DLNLN (10100

CALL SLLIN (10+2)

CALL SBLIN (10+3)

JE1

K=2

DO 31 I=1sNCOM

N=NOINC(I)

CALL PLOT (NsCR(K)e1eCP(K)olyICHAR(J) 1)

Ju3=J

KEK*N

CONTINUE

CALL LINCNT (60)

WRITE (12+910) LABEL

WRITE (12+911) TTIMEsICYCL

IF (ITR.EQ.0) GO TO 34

GRAPH TEMPERATURE vS RADIUS

CALL ADVI(ID)

CALL DGA (123+4102340¢900¢0¢9CRINCL*1)¢5000440,)

CALL OLNLN (10,10)

CALL SLLIN (1040}

CALL SBLIN (10,3)

J=l

K=2

DO 33 I=1+NCOM

N=NOINC (1)

CALL PLOT (NsCRI(K)41oCT(K)91loICHAR{J) ¢ 1)

Ju3=~J



000741
000742
000745
000746
000754
000764

000765
000767
000777
001001
001003
001005
001006
001007
001011
001013
001024
001026
001027
001032
001033
001041
001051

001052
001054
001064
001066
001070
001072
001073
001074
001076
00100
00111l
001113
001114
001117
0o0ll20
oollze
001136

001137
001141
001151
001153
001185
001157
001160
oollél
001163
00ll6sS
001176
001200
001201
001204
001205
001213

e NaXNe)

33

34

3s

36

37

38

39

KsK+N

CONTINUE

CALL LINCNTY (60)

WRITE (124+910) LABEL

WRITE (124912) TTIMEJICYCL

IF (IWRL,EQ.0) GO To 36

GRAPH MASS FRACTION VS RADIUS

CALL ADVI(l)

CALL DGA (123+1023¢0¢900000sCRINCL*1)910004)

CALL DLNLN (10410}

CALL SLLIN (1042)

CALL SBLIN {(1043)

J1

K32

DO 35 Ix1yNCOM

N=NOINC(I)

CALL PLOT (NsCRI(K)9s19oCWI{K) 0l oICHAR(JY 1)
Je3=-J

KSKeN

CONTINUE

CALL LINCNY (60)

WRITE (12+910) LABEL

WRITE (124913) TTIME.ICYCL

IF (1IR,EQ.0) GO TO 38

GRAPH VOLUME VS RADIUS

CALL ADVI(])

CALL DGA (123¢102340¢9005s0¢eCRINCL*1)924004)
CALL DUNLN (10.10)

CALL SLLIN (1043)

CALL SBLIN (10,3)

J=1

K22

DO 37 I=1.NCOM

N=NOINC(])

SALL PLOT (NWCR(K) 41 sCVIK) ol ICHARIJU) Y)Y
=3~J

K=K eN

CONTINUE

CALL LINCNT (60)

WRITE (12+910) LABEL

WRITE (12+914) TTIME.ICYCL

IF (IURLJEQ.0) GO TO S0

GRAPH VELOCITY VS RADIUS

CALL ADV(1)

CALL DGA (123+102390¢900+00sCRINCL*1)91e00=1,0)
CALL DLNLN (10.10)

CALL SLLIN (10+2)

CALL SBLIN (10+3)

J=1

K=2

DO 39 1=1sNCOM

N=NOINC (1)

CALL PLOT (NWCR(K) 91 eCUIK) 91 ICHARIUI VYD)
J=3=J

KaKeN

CONTINUE

CALL LINCNT (60}

WRITE (12+910) LABEL

WRITE (12¢915) TTIME.ICYCL

BROH OB BUBORBL IR BOBOREBRBIOIDRBRERDIRABRPRRBUGVAHVOSREHBANBIOBBG

4020 OUTPUT ABOVE
B S Y Y A G I S A N g
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36

00l223
001225
oolrz227

001454
001462
001463
001463
001463

001463
001463
001463

001463

001463
001463

001463
001463
001663
001463

001463
001463

S50 IF (DCNT«GTe0e) RETURN
DCNT=DINC
WRITE (1)CRO4CUOsCWOICSZeCIOICVOLICFsCMeCQReCToCPeLABELsDELTIHEATC
1IALPHy TTIMEZPINCoGINCsDINCIPCNTyGONT9yDCNTIE«GASy IBRNISOL eVCJo
2VFACTsZoNAMYDTIME ¢+ NOINCoNCOMo ICYCL sNCL o IPNTo IMCoIPReITReIWRy IR,
JIURYIHCYILBIIRBIALBIBLBeARBIBRBoeWSWINLIoNRTI oNLINC NRINCyNLCNT
4NRCNToNLHONRLsDX ¢ IVISsIEXPIKINDsCReCI9CWeCVICUsCSeRXZDVIRXZVS
SRXZ+FPOLFEOD
PRINT 916+1ICYCL
RETURN

900 FORMAT (12H1 AT CYCLE ¢I5+13H THE TIME IS +1PEll,4és18H MICROSECON
10S FOR +12A6)

901 FORMAT (//+20H THE COMPONENT IS8 +246+26H WITH A KINETIC ENERGY O
1F «lPEl1l+4¢27H AND AN INTERNAL ENERGY OF s1PElle4,4//)

902 FORMAT {20H1 THE COMPONENT IS +2A6926H WITH A KINETIC ENERGY O
1F +1PE11.4s27H AND AN INTERNAL ENERGY OF +1PEll1+644//)

903 FORMAT (129H CELL RADIUS VEL VOLUME ENERGY
1 PRESS TEMP MASS F viscC MASS X2 ST
2RESS FLAG)

904 FORMAT (129H1CELL RADIUS VEL VOLUME ENERGY
1 PRESS TEMP MASS F visC MASS X+Z ST

2RESS FLAG)

905 FORMAT(IS99(Xe1PE11+4)9Xe2(3PF6,43)4X,02)

906 FORMAT (1l4H DELTA T IS o1PE10,3425H WITH LEFT CELL INDEX OF 159
125H AND RIGHT CELL INDEX OF ,15)

910 FORMAT (10X»12A6)

911 FORMAT (//+10X+3BHPRESSURE (MEGABARS) VS RADIUS (CM) AT +1PE1043¢
131H MICROSECONDS AND CYCLE NUMBER +15)

912 FORMAT (//+10X943HTEMPERATURE (DEG KELVIN} VS RADIUS (CM) AT
11PE10.3931H MICROSECONDS AND CYCLE NUMBER +1I5)

913 FORMAT (//+10X+41HMASS FRACTION OF SOLID VS RADIUS (CM) AT +1PE1O0.
13¢31H MICROSECONDS AND CYCLE NUMRER 415)

914 FORMAT (//+10Xe45H SPECIFIC VOLUME (CC/GM) VS RADIUS (CM) AT ,
11PF10.3¢31H MICROSECONDS AND CYCLE NUMBER +15)

915 FORMAT (//+10Xy46HPARTICLE VELOCYITY (CM/MSEC) VS RADIUS (CM) AT
11PE10.3+31K MICROSECONDS AND CYCLE NUMBER +15)

916 FORMAT (///+10X91SHTAPE DUMP AT CYCLE +15)
END
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SUBROUTINE UPDATE (NMINoNMAX)
UPDATE MOVES THE NEW QUANTIES TO THE OLD TIME STEP QUANTIES

COMMON CR{999) ¢CRO(999) sCU(999) »cUD(999) +CV (996) s CVO(999)
1CM{999) +CQ(999) ¢ ICF (999) sCW(999) CWO (999) ¢ CT(999) 4CP(999)
2CS(999) +CS2(999) +C1(999)+c10(999) ,LAREL {12)

COMMON /MISC/ TTIME«DELTeICYCLePCNToGCNTIDCNTIDINCsPINCIGINC,
1IALPHIHEATCoGASWINCL ¢PTMINSIPNT s IMCoIPReITReIWRITIR9JURGIHCoILB,
21RBIWSW)PSMINIWMAX s SMINsALBIBLByARByBRBINLIINR] oNL INCoNRINC
INLENT yNRCNT oNLHONRL ¢ DX oK IND s RXZOV¢RX2ZVSsFPOYFEO+RXZ

COMMON /MATER/ E(10)+GAS(17+10) 9 IBRN(10) +SOL(23910)9VCJI(10)
IVFACT(10)9Z(10) oNAM{2410) sOTIME(10) oNOINCI10) oIVIS(10)+IEXP(10),
2NCOoM

DO 10 I=NMINNMAX

CRO(I)=CR(I)

cun(I)=cu(l)

cvoll)=mcviI}

CWo(li=CW(l)

clotly=CI(])

RETURN

END
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SUBROUTINE VELOC (NMINsNMAX)

VELOC CALCULATES THE NEW VELOCITy AT THE NEXT TIME STEP FOR
CELLS WITH INDICES FROM NMIN TO NMAX

COMMON CR(999) ¢CRO(999) sCU(999) ¢CUO(999) +CV (999) +LVO (999} »
1CM(999) 4 CQR{999) s ICF (999) sCW(999) CWO (999} 9CT (999} 4CP (9991 s
2CS(999) 4CS2(999)4C1(999)+CI10(999) LABEL (12)

COMMON /MISC/ TTIMESDELTeICYCLIPCNTIGCNTsDCNT«DINCIPINCIGINC,
1JALPHyHEATCsGASWyNCL o+PTMINS IPNT 4 IMCo IPRsITRIIWR9ITReJURsIHCoILB,
2IRBIWSWoPSMINIWMAX ¢ SMIN9ALBoBLBsARBeBRBINLIeNRTsNLINCINRINCY
INLCNT g NRCNT s NLHINRL ¢+ DX ¢ KINDyRX2ZDV¢RXZVSsFPOWFEDIRXZ

COMMON /MATER/ E(10) vGAS(17+10) s IBRN(10) ¢SOL(23910)VCJ(10)
lVFAﬁT(lO)'Z(IO)ONAM(zoIO)oDTIME(IO’ONOINC(IO)01V1Sl10)oIEXP(10)o
2NCO

IF (IALPH.EQ.0) GO TO 15

DO 10 I=NMIN¢NMAX

J 1S INDEX OF COMPONENT

KSP=ICF (I} /64

J = ICF(])~64%KSP

CU(L)=CUO(]) ¢2#DELT# (CRO(I)#*TALPH) /(CM{I=1)sCMIT)I*{CP(1~1)
1«CP(T)eCQ(I-1)=CQ(I))

IF YO OR MU LESS THAN 040001 SKIp ELASTIC CALCULATION

IF(SOL(194¢J) L Te0400N01) GO TO 10

IF(SOL(209J) «LT0,000)) GO TO 19

IF (CRO(I).EQe0e) GO TO 10

IF (IALPH.EQ.1) GO TO S50

VELOCITY CALCULATION FOR ELASTIC SPHERE

CU($)=CU(I)'0-75“(CS(I)*CS(I-I))”(CVO(I)*CVO(I'I’)“DELT/CRO(I)

GO To 10

VELOCITY CALCULATION FOR ELASTIC CYLINDER

50 CU(I)=CUCTI)=(CS(II+CS(I=1)40.5%(CSZ(T)*CSZ(1=1)))#0,5%(CVOLI)*

1CVo(I=1))*DELT/CRO(T)

10 CONTINUE

RETURN

15 D0 20 IxNMINJNMAX
20 CU(I)=CUO(T)+2.#DELT/(CMIT=1)¢CM(TI))S(CP(I-1)

1=CP(I)+CQ(I=-1)=CO(T))
RETURN
END



000004

000004

000004

000006
00000%

000010
000013

000017
000022
000024

000025

000030
000042

000062
000050

000050
000061
000064
000064

OO0

SURROUTINE VISCOS (NMINeNMAX)

VISCOS COMPUTES THE VISCOSITY IN EI1TWER THE PICes LANOSHOFFs+ OR
REAL FORM FOR CELLS WITH INDICES NMIN TO NMAX

COMMON CR(999).CRO(999)0CU(999)'CU0(999)oCV(QQQIoCV0(999)0
1CM{999) 4CQA(999) » ICF (999) sCW(999) (CWO(999) ¢CT(999) 4CP(999)»
2CS(999) +€SZ(999) +C1(999)+CI0(999) ,LABREL (12} :

COMMON /MISC/ TTIMEGOELTeICYCLIPCNTsGCNTOCNT«DINCPINCoGINC,
1IALPH HEATCoGASW o NCLIPTMINSIPNTyIMCoeIPReITRe IWReIIReIURy IHCoILB,
2IRBIWSWoPSMINIWMAX ySMINsALB+BLR9ARB¢BRBINLI¢NRT oNLINCINRINC,
3NLCNT.NRCNTnNLHoNQLOOXoKIND.RXZDV.RXZVSonOoFEOoR;Z

COMMON /MATER/ E(10)¢GAS(17910) +IRRN(10) ¢SOL(23+¢10)sVCJ(10)
IVFACT(10) 9Z(10) oNAM(2,10) yOTIME(]0) eNOINC(10) oIVIS(10)IEXP(10)
2NCOM

DO 10 T=NMINNMAX

UT=CU{I)=CU(1e¢])

J IS INDEX OF COMPONENT

KSP=ICF(1)/64

J=ICF (1) =664KSP

CHECK FOR REAL FORM

IF (IVIS(J).EQ.2) GO TO 2

ce(l)=0,

IF (UT.LE.0«) GO TO 10

CHECK FOR LANDSHOFF FORM

IF (IVIS(J)«EQsl) GO TO 1

PIC FORM )

CO(II=ARSIVFACT (U4, 58 (CU{TI)sCU(Te1)I%UT/CV(T))

GO TO 10

LANDSHOFF FORM

CAtIY=VFACT () aUT/CV (T

GO TO 10

REAL FORM

CQtII=1,3333aVFACT (I *UT/Z(CV TV acm(TIY)

CONTINUE

RETURN

END
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000004

000004

000004

000004
000005
000024

000024

(e XaNg]

SURROUTINE VOLUM (NMINsNMAK)

VOLUM FINDS THE SPECIFIC VOLUME OF CELLS WITH INDICES NMIN TO NMAX

COMMON CR({999) yCRO (999) yCU(999) yCUO (999) »CV (999) +CVO(959) »
1CM{999) 4CQ(999) s ICF (999) yCW{999) {CWO (999) 9CT (999) (CP(999)
2CS(999) 4CSZ(999) yC1(999)+C10(999) LAREL (12)

COMMON /MISC/ TTIME.DELTO]CYCLOPCN1’GCNT'DCNTvaNCOPINCOGINC'
1IALPHIHEATCsGASWoNCL oPTMINS IPNT s IMCoIPRIITReIWRsITReJURs THCoILR
ZIRBOWSNQPSMINQWMAXUSMIN'ALBOBLB'ARB'BRBQNLIONRIONLINCQNRINCO
INLCNT oNRCNToNLHINRL ¢DX e KIND ¢+ RXZDYyRXZVSsFPOWFEOeRX2Z

COMMON /MATER/ E(lo)OGAS(I7OI0,0!BQN(10)OSOL(23‘10)OVCJ(10)O
éVEAST(IO)iZ(IO)oNlM(Z'IO).DTIME(iO)ONOINC(IO)GIVIS(IO)'IEXPQIO)q

NCO

DO 10 Ix=NMINJNMAX

10 CV(I)=C(CR(I+1)*CR(I)I)®eD)*HTALPHOICRII¢]1)=CRIT))/CMI(T)

RETURN

END




SUBROUTINE HOM (VeSeGeIND)

HOM CALCULATES THE EQUATION OF STATE FOR A SOLID» GASs OR
SOLIN=GAS MIXTURE,

THE PARAMETERS ARE
AN ARRAY OF DIMENSION S

vVil} SPECIF1C VOLUME INPUT

V(2) INTERNAL ENERGY INPUT

vV(3) MASS FRACTION INPUT

Via) =ABS (DP/DX) INPUT

IF V(4) IS «BE.0 NO SPALLING CALCULATION IS DONE FOR A PURE
SOL1ID

vig) PRESSURE OUTPUT

V(s TEMPERATURE ouTPUT
S AN ARRAY OF DIMENSION 18 CONTAINING THE PARAMETERS FOR THE
SOLID EQUATION OF STATE

S c
st2) [
St3) VSW VOLUME TO SWITCH TO SECOND USsuP FIT
S(4) (0|
S(5) St
Ste) F
St G
S(8) H
S(9) 1
S(10) J
Sty GAMMA
S(12} cv

$(13) Ve  INITIAL VOLUME
S(16) ALPKHA
$(15) SPALL A
S(16) ULTIMATE SPALL PRESSURE
S(17) To INITIAL TEMPERATURE
$(18) PO INITIAL PRESSURE
$(22) 1S SPALL INTERFACE PRESSURE
S(23) IS MIN V FOR TWQ PHASE FE £QUATION OF STATE
G AN ARRAY OF DIMENSION 17 CONTAINING THE PARAMETERS FOR THE
GAS EQUATION OF STATE
Gt1)
G(2)
6t3)
Gla)
6(5)
G(e)
6(7M
G(8)
G(9}
G(10)
G(11)
G(12)
6(13)
G6114)
6415}
6G(16)
G(17)
IND OUTPUT INDICATOR
SET TO 0 FOR NORMAL EXIT
SET TO 1 FOR SPALLED SOLIO
SET TO =] FOR HWOM ERROR IN 1TERATION
000006 DIMENSION VI5)¢St23)¢6(17)eVIT(18)

v

[e¥2XsNeXeEsls X XaXsKelsNeNeNeNe oo e NaNe e NeloNaNaleNa o NaloNeNeloNeloNoNalaN e e N ie e Ne o NalaNaNals Nela e NaXeNa Yo N e
NOCH4OMDOOZIXT XMOO®@>»



000006
000006
000006
000006
000006
000006
000006
000006
000012
000014

000014

000020
000023
000024
000026
000026
000027

000031
000033

000040
000042

000047
000050

00005%
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

ko

DATA GASW /.01/
DATA SOLW /.999/
DATA SPMIN/S,0E=3/
DATA VGSS /.9/
DATA VIT(3) /1,E-5/
DATA VIT(10) /0s/
IND=Q
IF (V{3)«GT«SOLW) GO TO 10
IF (V(3)+LT.GASW) GO TO 110
GO0 TO 210
EQUATION OF STATE FOR SOLID ONLY
10 IF (V{1)eGTeS(13)) GO TO S50
FOR TWO PHASE FE TYPE EQUATION OF STATE
IF(V(1)+GT«S(3)) GO T0 11
IF(V(1).LT,S(23)) GO TO 45
v(i1)=S(23)
GO TO 45
11 Cl1=5(1)
S1=5(2)
20 VOMV=S(13)=V(1)
HP=a ((C1/(S(13)=S14VOMV))#u2)#VOMY
HE=HP#VOMV® .5
V(4)sHP+ (V(2)=RE)}#S(11)/V (1)
IF NO HEAT CAPACITY SKIP TEMP CALCULATION
IF (S(12)) 21922421
21 ALNV=ALOGIV{1))
V(5)a(V(2)=HE)#238G0+/S(12)+EXP (S(6) «ALNVH(S(7) AL NV#(S(8)*A_NVe
1(S{9) «ALNV#S(10)1)))
22 RETURN
SWITCH TO SECOND USWUP FIT
45 Cl=S5(4)
S1=S(5)
GO TO 20
SPALLING SOLID EQUATION OF STATE
50 DOPDX=V(4)
1IF ALPHA IS ZERO SET P=P0 AND DO NOT SPALL
IF (S(14)) 51451452
51 V(4)=5(18)
Vis)aS({1T)
RETURN
52 VIG)®E(SI11)¥(V(2)*(1e=V(1)/5(13))8S5(12)°1e¢39528394E~-5/S(14))1)/V (1)
VI5) =V (2)2238904/5(12)+S(17)
IF (DPDXeGEe0s) RETURN
IF SPA LESS THAN /7 0.0001 DO NOT SPALL
IF (S{1S) .LT.0.,0001) RETURN
T=S(15)#SQRT (=DPDX)
SPLPxr=T
IF (TeGTeS(16)) SPLP==S(l6)
IF (T.LT.SPMIN) SPLP==SPMIN
IF (V(4)«GToSPLP) RETURN
via)=S(22)
SET IND FOR SPALLED SOLID
IND=]
RETURN
EQUATION OF STATE FOR GAS ONLY
110 ALNVEALOG(V(1))
ALNPI=G (1) ¢ALNVO (G(2) +ALNVU (G(3) 4 ALNVO (G (4) +ALNV*G (5} )))
ALNITI=G(6) ALNPI® (G(7)+ALNPI#(G(g) «ALNPI# (G (9)+ALNPI®G(10))
ALNTIZG(11) ¢ALNV#{G(12) *ALNVE(G(13)¢ALNVH(G(14) ¢ALNV*G(15))
EI=EXP(ALNII)=G(17)
V{4)BEXP(ALNPI) ¢ (ET=V(2))}/V(1)9(G(12) *ALNV#(G(13)+G(13)eaALNV#(
13¢9G(16)¢ALNVH#44#G(15))))

V)
N




000257
000272

000272
000274
000276
000300
000302
000307

000310
000311
000321
000323
000325
000326
000332
000333
000337

000340
000341
000342
000343
000344
000345

000347
000350
000360
000362
000364
000367
000370
000374

000375
000377
000404
000606
0006412
000427
000434
000444

000463
000467
000504
000515
000520
000523
000527
000531
000534

000556

000563

000600
000604

VISI=EXP(ALNTI)+ (V(2)=E]})#23890,/G(16)
RETURN

C EQUATION OF STATE FOR MIXTURE OF SOLID AND GAS

210

215

220

225

230

23s

240

25n

260

OMW=1,-V(3)

OMWR=1,/0MW

IF (V(1)sLTeS{13)) 6O TO 230

WR=1,/Vv(3) i

VIT(O1)=(V(1)=V(3)#S(13}9VGSS) *OMWR

VIT(2)=21.002

IBR=1 FOR ITERATION ON VG

1BR=)

CALL LFB (XsFoVIT)

1F (VIT(10)) 90042604220

IF (X.LE«O0e) GO TO 225

VGe=X

VS={V (1) =OMW&VG) 4WR

IF (VS,LE.0s) GO TO 225

1F (VS.GT,.S(13)) VS=S(13)

GO Tn 250

SET VS=VG=VOLUME WHEN GET IN TROUBLE

vSzV (1)

VGaV (1)

XzV (1)

GO TO 250

VIT(1)=V(1)

VIT(2)=2.999

IBR=2 FOR ITERATION ON VS

18pR=2

CALL LFB (XsFsVIT)

1F (VIT(10)) 900,2604240

IF (X.LE«0e) GO TO 225

IF (XeGTeS(13)) X=2S(13)

VS=X

V6= (V(1)=V(3)eVS) #OMWR

IF (VG.LE.N.} GO TO 225

CALCULATE TEMPERATURE/PRESSURE DIFFERENCE FOR MIXTURE ITERATION
VOMVES (13) =VS

HP=({S(1)/{S(13)=5(2) eVOMY) ) u&2)ayOMy

HE=HP# ,58yYQOMY

ALNVE=ALOG(VS)

HT=EXP(S(6) ¢ALNV& (S(T7)sALNVS (S (B} «ALNV# (S(9) s+ ALNVES(10)))))
ALNV=ALDG (VG)
ALNPI=G(1)+ALNVS (G(2) s ALNV® (G{3) + ALNVH (G (4) ¢ ALNV*G(5))))
EI=EXP(G(6) +ALNPI# (G(T)+ALNPI® (G(8) ¢ALNPI®(G(9) ¢ALNPI#G(10)))))=
16017

PI=EXP (ALNPI)
TI=EXP(G(11)+ALNVO (G121 *ALNV#(G{13) sALNVZ(G(14)*ALNV#G(15)))))
BETER==(G(12)¢ALNVSH(G(13)4G(13) ¢ ALNVEB (3,46 (14) ebsoALNVSG(15))))
TEMP=~G(16) YBETER/VG

TEMP1=5111)¢S5(12)/VS

Fze(HTOTEMPL1oTI®TEMP) ©4,18585182F=5

TEMP=TEMP ¢ TEMP]

VSTO=(S(12)=G(16))eVI3)+G(16)
F=({OMWeG(16)%TTIeV(3)8S(12)4HT)®4,1B8585182E-5+(EI-HE}SV(3)~=ET+
1V(2) ) TEMP/VSTO+F=PT onP

GO TO (2154+235)¢18R

HAVE FOUND A SQOLUTION FOR THE MIXTURE

GET THE TEMPERATURE AND PRESSURE
VARST=((((TI=HT)#G6(16)%6.1B585182E=54V(2) POMWREI)#S(12) +HE®G(16))
140OMW/VSTO) =HE

V(4)zHP+VARST®S(11)/VS

V{5)=HT+VARST®23890,/5112)

43




Lh

000610

000610
000611
000612

c

RETURN

ERROR IN HOM ITERATION
900 IND==]

RETURN

END

SET IND 70 =1



000008
00000S
000005
000006
000011

000016
000016
000020

00002)

000022
000024
000025
000026
000030

000031

000032
000034
000035
000036

000040
000047

000050
000056
00005%
000056
000060
000061
000063
000065
000066
000072
000074
000076
000102
000105
000114
000116

000117
000120

OO0

SURROUTINE LFB (XP4FP,TX)

Tx(1) INITIAL GUESS

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

Tx(10) COUNT OF NUMBER OF ITFRATIONS

SET TO ZERO ON SQLUTION

SET TO NEGATIVE OF COUNT ON ERROR
Fp SFUNCTION(XP}
WHEN & SOLUTION IS FOUNDs XP IS THE ROOT

ERROR EXITS OCCUR FOR
1. TOO MANY ITERATIONSs ,GT.CNTMAX
2. TWO SUCESSIVE XP S OR FP S ARE EQUAL
DIMENSION TX(l0)
DATA CNTMAX /1000./
IF (TX(10)+LEsOs) GO TO 1
TX(10)=TX(10)+1,
IF (TX(10)=3,) 2¢344
ENTRY FIRST TIME THROUGH
1 TX(lm)=l,.
IF (TX(1).EQ,0) TX(1l=1l,
XP=TX (1)
GO GET F(XP)
RETURN
ENTRY SECOND TIME THRQUGH
2 TX(9)=FP
TX(8)=XP
TX(S)=FP
IF (ABS(FP) L T,TX(3)) GO TO 18
XPeTX(1)8TX(2)
GO GET F(XP)
RETURN
ENTRY THIRD TIME THROUGH
3 TX(5)=FP
TX(6)=XP
TX(7)=FP
IF (ABS(FP) LT, TX(3)) GO TO 18
XP=TX(6)=TX(T){TX(6)=TX(B))/(TX(7)=TX(9)}
GO GET F(XxP)
RETURN
ENTRY FOR FOURTH AND SUCEEDING TIMES THROUGH
4 IF (TX(10)+GT4CNTMAX) GO TO 99
TX(4)aXP
TX{S)=FP
T=TX(4)=TX({6)
IF (T.EQes0e) GO TO 69
IF (ABS(FP) <L T4TX(3)) GO TO 18
RETX(8)=TX(T7)
IF (R.EQe0s) GO TO 99
XP=TX (4)=TX(5) &+ (T/R)
IF (TX(S)#TX(T)elLT.0e) GO TO 11
IF (TX(5)4TX(9)eGELNe} GO TO 11
IF (XP4GT«TX(4)) GO TO 6
IF (XP,GT«TX(8)) GO TO 10
8 XP=TX(4)=TX(5)¢(TX(4}=TX(B))/(TX(B)=TX(9))
10 TX(7)=TX(5)
TX(6)=TX(4)
GO GET F(XP)
RETURN
6 IF (XP,GT.TX(B)Y) GO Yo 8

b5



000124
000124
000126
000127

000130
000131

000132
000133

000134
000136
000136

GO TO 10
11 TX(9)=TX(T)
TX(B)Y=TX(6)
GO T0 10
HAVE FOUND A SOLUTION
18 TX(l0)=0.
TX(1)=XP
TX(4) =XP
RETURN
AN ERROR HKAS OCCURED
SET COUNT NEGATIVE AND EXIT
99 TX(10)s=TX{10)
RETURN
END



APPENDIX C C. The Input to the Code

THE GAMMA-IAW EQUATION OF STATE AND HUGONIOT 1lst card
TEMPERATURE PROGRAMS Col. Format
The HOM equation of state used in FORTRAN SIN re- 1-72 1206 Alphabetic label for problem
quires fits to the equation of state parameters for 2nd card
detonation products and condensed components. The Col. Formt

FORTRAN BKW code8 produces the coefficilents to the
required fits using the Becker-Kistiakowsky-Wilson
equation of state to describe the isentrope of the

1-18 E18.11 Y
19-36 E18.11 Por (Mbar)
37-54  E18.11 oo (g/ce)

detonation products.
3rd card
In this appendix we describe a code which will pro-

gol.  Formt
duce the coefficients to the required fits using a

1-18 El18.11 D
gamme-lav equation of state to describe the isen- 19-36 £18.11 a(1n D)/d(ln 0)

trope of the detonation products. We also describe 37-54 E18.11 z
a code which calculates the single-shock Hugoniot

temperatures using the technique of Waelsh and D. The FORTRAN Code

Christian9 and produces the required fits for use
in the FORTRAN SIN code.

The Gamma-law Equation of State Program

A. The Nomenclature

Chapuman-Jouguet
detonation velocity
pressure

particle velocity

[¢]
<,UC:‘UUL‘

volume

initial specific volume

N <

constant added to energies to make

them positive

<

gamme

o initial density

B. The Equations

. y _
PCJ VcJ =C
Yv
V., = o
&g - (vy+1)
.
InP=1InC+Y1lnvV
P..V P
PR < AN 5 S~ | cJ _
I= ToT vy o1t -ET4V° VCJ) + 2
P a’
_ ¢ ¢ (P oY1
Up = a7 [1 + a (PCJ) ] where a 3y
a = @t 1 -2 *
1+ dinD
dlnp
l+a




000003

000003
000003
000003
000003
000003
000003
000003
000003
000011
000023
000035
000035
000035
000037
000045
000050
000051
000054
000060
000062
000065
000077
000100
000101}
000102
000103
000107
000111
000115
000117
000122
000130
000134
000140
000152
000154
000156
000160
000161
0001o1
000164
000164
000167
000173
000174
000174
000176
000214
000222
000234
000246
000260
000270
000300
000312
00031e

500

900
901

20

11
12
13

10
30

FROGRAM GLAW (INPUT,QUTPUT+FILMyTAPEL2=F I|M)
GAMMA+PCJ«RHOWDETVIDVUDRsZ ARE INPUT CONSTANTS
DIMENSION P(100 Y+E(100 )eV(100 )+ALGP(100 ) +ALGV(100 ) 4ALNE(100 )
1eALNP (100 )oUPLI00 YoFTE(LOO0 ) «ECOEF (S) o ALNV (100 )oW(100 )
2eDELY (100 ) +SBIB)IeT(S)vA(5¢5) 4LABEL(12)eST(5)
NATA PLFaCT/+0.87

DATA PMAX /+140/

DATA PMIN /+le0E=4/

NDATA PUYFaCT/+1.15/

UATA AM  /+0,4342944819/

UATA ICHAR /04&4/

UATA ICHAR2/063/

READ 900.LABEL

READ 901 .GAMMAPCJIRHO

REaD 9n1«DETVsDDDReZ

FORMAT (1248)

FORMAT (4E18,11)

FITR==-GAMMA

ALPHA= 1,0/ (({GAMMA+).)/(}1«*DDDR) = 2,)

BETA= (l+ALPHA)/GAMMA

FITR2 -1,/BETA

vCJ= GAMMA/ ( (GAMMA+].) #RHO)

C = PCUH(VCJIv#GAMMA)

ALNC= ALOGI(C)

ALPHP= (GAMMA <=1,)/(2.,4GAMMA)

ENCT = «pCJU#VCJ/ (GAMMA~]1,) ¢ 0.54PCJ"(1+/RHO «VCJ) ¢ 2
Pl1)=PCJ

1=1

K=1

D0 10 J = 14100

ALNP (1) =ALOG(P(I))

ALGP(I)=aLNP(])¥aAM

ALNV(I) == (ALNP(I)=A| NC)/ GAMMA

aLGV(I)= ALNV(I)eaM

VII)=EXF(ALNVII))

E(I)=s (P(I)ev(I))/ (GAMMA=1,.)+ENCT

ALNE(I) = ALOGI(E(I))

IF(P(I)+GTe PCJ) GO TO 12

UP(I)= PCJ/(RHO® ALPHPHDETV)I® (1.+ALPHP=(P(])/PCJ)HWALPHP)
PII+1) =P (I)ePLFACT

IF(P(I+1)sLT, PMIN) GO TO 11

Ix]+]

K=K+

GO TO 20

P{I+]1) = PCUBPUFACT

cO 70 13

P{TI+1)=P(I)Y4PUFACT

IF(P{I+1)eGT.PMAX) GO TO 30

I=]1

GO TO 20

CONT INUE

CALL PFTS({Ie490ySIGMAsALNPeALNEsWeFTEsOELYIECOEF«SBeT9eSTsA)
PRINT 911sLABEL

PRINT Q02+GAMMAPCJ¢RHO

PRINT 903+.DETVsDDDRe2Z

PRINT Q04sALLPHAZRETAIENCT

PRINT QUS+FITRsC

PRINT 906sALNCsFITB

PRINT Q07+ (ECOEF(I)sl=z1ls5)

PRINT 908’

NOH=] =K






6th card

Col. Format
1-18 B18.11 Atomic weight. If zero, no
Cowan fit.
19-36 E18.11 cy
37-54 E18.11 0
° .2
55-72  E18.11 (ijo)

D. The FORTRAN Code
PROGRAM SEOQS (INPUT.OUTPUTsFILMeTAPE12=FILM)

000007 DIMENSTIOM V{5011)4P(5010)+EP(S010)eT(500) «US(500) +UP(500)
1eTC{SY «FITT(S00) sLAREL (12) «TV(S00) 9A|NT(S00)+ALNVT(500)
2¢TCALCI(S00) +W(S00) ¢DELY(S00) +SB(S) sTZ(5)eA(545)9PVI500)+PP(500)
3+CRHO(500) ¢ ZP (500) s CCOEF (S) 4 ST(S) »TX(10)

000003 DATA NKV /+11605%.6/

000003 DATA CALMB /23R90./

000003 DATA ICHAR /A5%/

000003 NATA TX(1) /Ne/

000003 DATA TX(?) /1.01/

000003 DATA TX(3) /+1.0E=5/

000003 DATA TX(10) /0.7

000003 366 READ 900 LABFL

00001) REAN 601 +CeS+RHOsAK

00002% READ 901 ¢ALPHACPsTNWDELTYV

000041 READ 901.TP1l.TP2

00005 READ 9N]1,AMAXP+C14S]eSHP

000065 READ 901 ,ATWT4AC1¢AC24AC3
C C+Se C19S)1 CNEFFICIENTS TO US=UP FITS
¢ SWITCH FROM CysS TO Cl9S1 AT SWP <THE SWITCH PRESSURE
c ALPHA = | INEAR COEFFTICIENT OF EXPANSION
c cP = HEAT CAPACITY IN CAL/GM/DEGC
c AK = 1SOTHERMAL COMPRESSIBILITY IN MRARS
C RHO = NENSITY GM/CC
c TO = INITIAL TEMPERATURE IN DEG KELVIN
c DETV = VOLUME INCREMENT ABT 1 X lo-4
Cc AMAXP = MAX PRESSURE
o ATWTWAC1.,AC2.4C3 CNOWAN EQ COEFFICIENTS SKIP IF 7ERO

000101 vOzl./RHN

000103 Y=C

000105 2=S

000106 1 =2

000107 BCV=CP/CALMB

000111 Rz 3,8ALPHA/ (AK*BCV)

000114 V(2) = Vn=DELTV

000115 SWy = 9,

000117 DO 10 J = 295000

oool2y 11 PUI)=(Yevye(Va=V(T))) /7 ({VO=Z8 (VO=y (1})) & (V0eZa(yOay(1))))

000132 IF(P(Y).AT, aAMAXP) GO TO 13
c FOR PHASF CHANGE USFE CONSTANT PRESSURE

000135 IF (P(T)oLTeSWPsANDSY.EQsCl) P(I) = SWP

000347 IF(P(I) .. Te SWP) GO TO 12

000152 Y=C1

000153 2=S1

000155 IF (SWV,FQ.0,) SWV = VI(I)

000157 12 EP(I) =P (1) “EXP(BaV (1)} #(2,=B* (VO=V{I)]))

000173 V(Iel) = V(I)=DELTV

000175 1 = Tey

0001754 10 CONTINUE

000200 13 k=2

000201 Me T s0

000203 DO la | = loM

000204 PI{L) = 0,

000205 14 CONTINLUE

000207 I 51 =1

000211 I1T=1

000212 EP(1) = 0.

000213 PP(1) = n

000214 PV(l)= vn

00021% T()= TO

000217 ustly) = ¢

5k




000220
000221
000222
000223
000224
000225
000230
000232
0007234
000237
000240
000241

000271

000321
000336
000337
000341
000351
000351
000355
000361
000363
000365
000367
00037}
000372
000374
000375
000377
00040n
000002
000417
000425
000437
0004473
000456
000464
000672
000500
000506&
000516
000522
000532
000544
000550
000552
000567
000872
000575
000%77
000603
000610
000615
000627
000632
000637
00065)
00065%
000670

r44

UP (1) = a.

Y=C

238

SUM = A,

DO 20 J=1e1910

21 PP(K)=P(J+10)

IF (PP(K)+LT.+1+F=8) GO TO 30

PV(K) =V (J*10)

IF (PV(K) T ,SWV) GO TO 27

Y=Cl

=<1

SUM = SUM ¢ (EP(J) 44 o#EP(Jo1) 9P ,¢EP(Js2)¢ 4 .®EP(.Je3
1)42.9FP J46) a4 HEP (J05) 2, 9EP [ J+46) *4 HEP (JeT) eD 0 EP(JeB)»
2464%EP (Jsq) e FP(J*10))

T(K)= TOSEXP (B¢ {(VO=PV(K)))}+ ((VO=PVIK))¢PP(K))/(2,¢BCV) =
1((EXP (=RaPVIK)II I/ {2,480V ) *SUMDELTV/3,
22 US(K)=(Ye SQRT(Y®#Y & &4e¢PP(K)®VO®2))80,5

UP(K)=(US(K) =Y)}/Z
IF (T(K) LTeTi(K=11) GO TO 23
IF(PP(K) ,GTeTP1eAND.PP(K) LT, TP2) GO TO 2¢
GO 10 23
24 ALNVT(ITy=ALNG(PVIK))
ALNT (IT)y=ALNG(T(K))
17=17e1}
23 K=Kk}
2n CONTINUE
30 17T =17=1
K=K=1
HIP
HIV vn
[ 381 Tik)
HIUS = US(K)
HIUP = yp(K)
CALL PFTS (I17e4e0sSIGMAALNVTOALNT oW TCALCWDELYITCoSBeTZ4SToA)
PRINT Qa24LAREL
PRINT 903+4C+SsSWP
IF (SWP,AT,AMAXP) GN TU @1
PRINT 904¢SWPyAMAXP(C10S1
41 PRINT 905eRHA
PRINT 9naeaK
PRINT ©n7saLPHA
PRINT QQReTO
PRINT 909.CP
PRINT 911a+DE| TV
PRINT 911+TP1TP2
PRINT 9312s (TC(I)+1=14+5)
PRINT 9113
DO 2 T=1eK
PRINT 914 PVI{I)ePP(T)eT(I)eUS(I) UP(])
4?2 CONTINUE
PRINT 915
DO 43 TI=1417
ALNVT (1) = EXPLALNVTII))
ALMT (Y)Y = EXP(ALNTI(T))
TCALCUIT)Y=EXP(TCALC(1}))
PRINT 91as ALNVT(I)s ALNT (U} TCALCILD)
43 CONTINUE
WRITE(124902) LABEL
WRITF (12.903) CeSeSWP
IF(SWP,GT.AMAXP) GO TO 51
WRITE(12.904) SWP+AMAXPC1#S1
51 WRITF (12.905) RHO

PP (K)
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000674
000704
000712
000720
000726
000734
0007464
000756
000762
000764
001001
00100«
001007
001011
onl02?

0o0lo02%
001026
001036
001040
001042
001044
001053
00105%
001061

001067
001071
001073
001103
001105
001107
001116
001120
oollze

001132
001134
001144
001146
001150
001152
00l161
001163
001167

001175
0ol177
oolao7
001211
001213
001215
001224
ool2z6
001232

001240
001242
001243
001246
ooleso
0012658

52

53

600
605

604

WRITF(12.906) AK

WRITE(124907) ALPHA

WRITF (124908) TO

WRITF (124909 CP

WRITF (12.910) DELTV

WRITE(124911) TPleTP?

WRITFE (124912) (TC(I1012145)
WRITE(124913)

DO 52 T=14K

WRITE(12+914) PV(I)4PPII)oT{I)oUS(I)eUP(])
CONTINUE

WRITF (124915}

DO 53 TI=1e1IT

WRITE(124914) ALNVT(I)e ALNT(I)eTCALCI(I)
COMTINUE

PRFSSURE =VOLUME PLOT

caiL anv(l)

CALL DGA(12341023¢04900+04sHIVHIPO,)
CALL DLNLN (20420)

CALL SLLTN (P20+2)

CALL SRLIN (202}

CALL PLOT (KePVslePPs1sICHAR,])

CALL LINCNT (60)

WRITE (172+92%)

WRITF (12+900) LAREL
TEMPERATURE=VOLUME PLOT

CALL ADV (1)

CALL DULNLN (20420)

CALL DGA(12341023+904900e0,HIVeHIT0,)
CALL SLLIN (20e1)

CALL SRLIN (20,2)

CALL PLOT (KePVeloeTaleICHARG)

CALL LINCNT (6n)

WRITF (12+924)

WRITF (12+900) LABEL

PRESSURE-PARTICLE VELOCITY PLOT

CALL anv(l}

CALL. DGA(1231102390’900'0~'1'0'105000)
CALL DLNLN (20+20)

CALL SLLIN (20.2)

CALL SBLIN (2042)

CALL PLOT (Ko UPs1sPPy1eICHARY])

CALL LINCNT (60)

WRITE (12.925)

WRITE (12+900) LAHFL

SHOCK=PARTICLE VEFLOCITY PLUT

CALL ahvi(l)

CALL DGA(12341023¢0e¢900+04ceHIUP«HTIUSyNW)
CALL DLNLN (20420)

CALL SLLIN (2042)

CALL SRLTIN (20.2)

CALL PLOT (KyUPslelUUSeleICHAR,1)

CALL LIMNCNT ten)

WRITF (12+92A)

WRITF (12+900) LABEL

CALCULATF RESTNUAL TEMPERATURES

TX(1) = vO

DO 601 T = 1,K

CALL LFB(VCsFoTX)

IF (TX(1n)) A02+603¢604

F = =VC ¢ VO ¢ VOa3 ¢aALPHAS(T(T)@EXP (B®(PV(]1)=VC))=TO)

GO Tn 60%




é2

000200
00020%
000207
000211
000212
000213
000214
000217
000230
000235
000241
000246
000252
000254
000254
000264
000277
000303
000305
000307
000311
000344
000346
000366
000367
000371
000404
000415
000426
000430
000436
000442
000444
000462
000464
000467
000470
000512
000525
000527
000531
000531

70

80
81
82
83
90

110

120
150
160
168

175
180

499

500
501
19n
e2z2n

XPXPMuXPXPM+XPaPM ( J)
ALPHA=XPXP/PXP
BETA=XPXPM/PMXPM

PPXF=a0,0

PPXPP=0.0

DO9NI=]l4M

PT=P(])

PII) =X (1) UPTLA| PHAUPT-BETA¥PMI(T)
PPXFuPRPXF+P(1)4F (1)
PPYPP=PPXPRep(1)®P (1)
PM(I)=PT

T(K)=zPPXF/PPYPP

PMXPMsPXP

PXPzPPXPP
A(Kel)=eALPHA®A(K=141)=BETA%A(K=2,1)
AlKyK=1)2A(KelaK=2)=A(K=]yK=]1) A BPHA
AlKeK)=1,0

IF(Ke3)180+1504110

KlsKe=2

D01201x2.K1
A(KeI)SA(K=1lel=]l)=ALPHA®A(K=19T)=BETA®A(K=241)
DO1601=1,K
BII)=R(I)*+T(K)#A(Ks])
SIG2%x040

DO1BOI=1 M

Y(I)=POLY (X({1)9KsR)
DELY(I)=aVv(1)=F2(])
SIG2aSIG2+(DELY (1) au2)¥W(])
SIG2=S1G2/FLNAT (M=K)
SIGMA=SQRT(S1G2)

S(K) = PxP

D0499Ix] (K
ST(I)=SIGMA/SQRT(SI(T))
DOS011Ix],K

SBlI)=0.0

DOS00J=T 4K
SBID)=SRIIV ¢ (A(JaI)uST(J) )82
SB(1)=SQRT(SR(T))

CONTINUE

KMzEKM= 1

RETURN

END



00000%
000005
000007
000010
000012
000020
00002)
000022

FUNCTION POLY
DIMENSTIONMNA(2)
Y=4(N)
DO1I=2«N
JEN=T+1
YZ8(J)eYuX
POLY =Y
RETURN

END

(XeNeA)
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