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FORTRAN SIN:

A ONE-DIMENSIONAL HYDRODYNAMIC CODE FOR PROBLEMS WHICH INCLUDE

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

by
Charles L. Mader and William R. Gage

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 gamma-law Taylor wave; elastic-plastic flow
using the Hooke's law-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 was written
in machine language for the IBRM 7090.1 The second
version was written in machine language for the IRM
7030 (STRETCH) and is called STRETCH SIN.2 Because
of its detailed treatment of the equation of state
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 language 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 IBM 7030. The éoundary conditions may be contin-
uous, a free surface, a piston with a constant, a
linearly varying velocity, or, for slabs, a reactive
steady-state velocity.3 The PIC or Landshoff forms
for the artificial viscosity may be used, and a form

for real viscosity in slab geometry is aveilable.

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 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.5
It also includes spalling, using the Whitemen and
Skidmore model of the tensile stress at spalling as
a 1ineag ?unction of the square root of the tensile’
2

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 special 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 numerical description of real materi-

als under high impulse become available.

This report describes the numerical methods of SIN
in complete detail.
details to enable a coder to follow and change the

It also presents sufficient

code. The latter information is not of interest to

the casual reader.
II. THE FI1OW EQUATIONS

The Nomenclature

DCJ 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 lLagrangian 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)

vCJ the C-J volume of the detonation

products

W mass fraction of undecomposed explo-

sive
Yo yield strength
Z frequency factor

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

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

At time (psec)
thermal conductivity coefficient

= 1/V

A

[ shear modulus

o]

p 1/vo where V_ is initial specific vol-

o]
ume

initial density for the ith component
(g/cc)

The Differential Equations

(pg)y

The Lagrangian conservation equations in one dimen-

sion for slabs, cylinders, and spheres are:

Conservation of mo-

U a-1 30 Vo
= R - (a-1)
Y R mentum,

3t

a-1 OR

V=R M Conservation of mass,

and
3 -3aur® "t

-1 3T
ST T + N (Ra' ) Conservation of
ot M gﬁ 23 energy with heat

conduction term,

where E = I + 0.5(12.

AR
&= U
and

aM = 0, a-1 ar = pRa.-l dR,

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 3/2 Sx since

Sz = -1/2 sx.

dSx 2 aU+1 14
e Wb A8 B

s 2fu 3V
% *3(%5‘) :

(34




In this report we use the convention that the stress
deviators have the same sign as pressure; that 1is,
positive in compression and negative 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 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

= E(AR) 2
i=1

[
wh

where § =

located between j and j+k where k is the number of

1, 2, . . + , and the ith component is

cells for each component.

1/2] a-1
MJ=(00)1|:(RJ%+RJ+%) ] (AR)i.

B. The Conservation Equations for Time Advancement

1. Subroutine VELOC (NMIN,NMAX)

- UF s (ae) ( J+—)a-l

vt
it i O.S(M‘j + Mj+1)
n n- n n
[(Pa - PJ+1> ¥ (“a‘ - q3+1>]
n n
ey @ (VJ N "J+1) (at)
2 n 4
Rord
where
3 {sx” + sx
0= +1 for a = 3,
and
D = a|:2(Sx + ij+1) + (Sz'j + Szj+1)]
for a = 2.

2. Subroutine RADIUS (NMIN,NMAX)

n+l n

Rl oS (a0).- W

3. Subroutine VOLUM (NMIN ,NMAX)

n+1 n+lya-1 n+l n+l
o (Jl”‘d#) (J%'R )
J 2 J )

4. subroutine ENERGY (NMIN NMAX)

n
w1 o (ar) f[MFaer t MyaF)
I = I+ 3 {[ o +05(qj+qjl)

J J+Jl

n n
+1 RP+L a-1 J+1P1 * M;PJ+1 n, n
é( .j-%) ',[M M, * N +0.5(ay + q5,,)

37 el
J-%) (?; J )2]

a-1 i
n n+l 1 n-%
S+ U + U
Usik (RJ%) } 8 ( P
5. Subroutine HEETCON (NMIN,NMAX)

[ na 2 ( n n
ntl _ ol A(At) (Rj+—§) Tir1 ;Tj)
M T o
J J J 2 R§+LL RS_L)

~1w.

-

a1\ *1 ( n n )
) (RJ-%) Ty - T3

AT n+l M
N -R
2(“3% J-1%>

C. Viscosity - Subroutine VISCOS (NMIN,NMAX)

1. PIC Form
n+l nl o+l n+s n+:
0. u + U U, - U,
= g o (5« 032) (53 - i)
1 b
if Un+? - Un+? is positive; otherwise, q9+1 = 0.
J-z T J

The absolute value of q is used.

2. Landshoff Form

Restrictive conditions are the same as for the PIC

form.

3. "Real" Form

1 1
uE Um?)
qn+1 = 1.333 X ( =2 B> ¥ ’
3 vn+1 M
3 J

where K is the "coefficient 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 gJ
Wit = WD - Atz
3 3 5¢

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

Assumes that W varies linearly with v
from V_to V
o}

cJ’
n+l
n+l Vo -V
LA N
(] CcJ
where
12 wg“”l 20,
and
n n+l
W, 2W .
J J
P3;+1 . (1 _ w?*l) Y

where Pl is pressure of detonation products at Vv,

I, and W= 0, if wg”’l < 0.99 (WMAX); othervise,

93"'1 = P. The pg”l calculation is actually per-

formed in the subroutine EQST.
3. Gemma-Law Taylor Wave Burn

The explosive 1s burned before the first
time interval by assuming it to be a gamma-law ex-
plosive that has been detonated with a rear bound-
ary of constant velocity.

setup.
Knowing D47 Y, DCJ s we compute

Py

™ v+ 1

2
P Doy

P n——

g~ Ty +1

U

Coded as part of initial

and

where Rn - Ro is thickness of explosive.

For each cell with a radius of Rj-‘}’ we compute

and

With the new R

Y-(Rn -RJ_%)/t

—2——Y+kl,

U " 77 1

Yy -1
2 (U

Q
N

Y

2y/y-1
o (_cl)v/v
37 Fea\Cy;

1/y

d
L]

(P (V) V)

<
]

PCJVCJ.FP&]’.(v _v
Yy -1 2 o

CJ)

Ryug = Ry + (M)

set equal to Rj , We return to

3+

compute Y, etc. When UJ*—% is equal to the applied

piston velocity, the rest of the explosive cells are
made identical to the last cell calculated.

E. The Elastic Stress Deviators - Subroutine STRESS
NMIN ,NMAX
n+l n Um-% - Uy
ij = ij + 2u| - sarl ool (at)
3 T N3
. Vn+1 - vn
* 3| ol n ‘
\' +V
J J
n+l n
5281 o sz ¢ M
bl J 3 Vn+1 +y0
J J
F. The Equation of State and Yield Calculation -
Subroutine BEQST (NMIN,NMAX)
Enter HOM Subroutine with V§+l, I§+1 ) W§+1 to
find Pg+1.




e p™lsp
o

J
then
n+l
n+l _ o+l ol J
(Phyd)j - (Phydrostat)j Pj (2/5 Yo)<p.050)
where
Pn+1
555 < 1.0
The 0.050 is input PLAP. If pg”l <P, then
n+l n+l
(Prya)y ~ = Py
Fora=1or 3 if
P n+l - n+l
Isx l=1l2/311, L (Pa)y  +2/37%

vhere the sign of (2/3 Y ) is identical to the sign
n+l

of ij . Or if
n+l n+l n+l n+l
S < |2 Y P = + 8 .
Isy™"1 < 12/3 1, #§™ = (2, )] X,
For a = 2
f= 2[}an+1)2 + 5L gL (Szn+1)2] .
J J J J
Then if
2 n+l n+l n+l
£<2/3 (x.)), P = (1>hyd).j * 8xy,
and
Sz'.l+1 = Szn+1.
J J
Or if
[2/3 (Y
2 ntl _ n+l o n+l
£>2/3(x)%, Py = (Phyd)J +< —— %] ),
and

Szn+1 - (SZ§+1)

J f

2/3 (Yo)e)

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

2

1
Jem, (U732
Kinetic energy = § 3)(0.95957 .

J
Internal energy = S € M In+l »
1 J\7J

vwhere § = 4m for spheres, 2m 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

U§+% = Upiston where outside boundary is j+%,
n
if WJ_5 > 0.5; otherwise = final Upiston’ or
Upiston = A + (B)(Time). For both,
n n n n
PJ+1 = Pj’ and Qj+1 = QJ'

2. An Applied Piston on Left Boundary

n n+l = 1
U+% = U+% = Upiston where boundary is at §j = 3

12 wo

343 > 0.5; otherwise = final U

piston
For both,

, or

Upiston = A + (B)(Time).

n n n n
Po = Pl’ and 9, = 9

R 1s computed by Equation (1).
2
5. A Steady-State Reaction Zone Piston on
Left Boundary
The steady-state 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, lterate on V using linear feedback by cal-
culating

_ 1 2 2 _ w2
I=1,+3(0,)(Dgy) (v - V)
and
2 2
Po= B+ (o) %0p )3V, - V)
where Pr is 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 - P )(V, - V) and assign

it to final Upiston'

4, A Right Free-Surface Boundary

p§+1 = -Pg where outside boundary is j+%.
n
Ui = Uy



5. A Left Free-Surface Boundary

n

Pz = -P; where boundary is at § = .

n n
U%-_ = -Ulé.
n
Q = q1°
6. A Right Continuum Boundary

nPn

n 1
PJ+1 f vhere outside boundary is j+z.

T. A Left Continuum Boundary

n

Pz = P, where boundary 1s at J = %,

n% unless a = 2 or 3 when U; = -U§%.

n
U% = U1

III. THE HOM EQUATION OF STATE SUBROUTINE

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

solids, gases, and mixtures.

The Nomenclature

c,s coefficients to & linear fit of Us
and Up

c1,s1 second set of coefficients to a lin-
ear fit of Us and U

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

Cé 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 (OK)

usp ultimate spalling pressure

Up particle velocity

Us shock velocity

v total volume (cc/g)

Vo initial volume of condensed component

(cc/g)

10

W mass 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, i1s 1l; the internal energy,
I, is Is; and the specific volume, V, is Vs). For
volumes less than Vo, the experimental Hugoniot data
are expressed as a linear fit of the shock and par-
ticle velocities. The Hugoniot temperatures are com-
puted using the code described in Appendix C.

U =C + 8U_.
8 P

02(v -v)
P = o 8
H

5 -

[vo - s(v, - vs)]

InT,=F +61nv +H (v )2 + I (1av )
H 8 8 s 8 8 8 8

L
+ Js(ans) .

P=Y—S(I - 1) +p,, vhere y_ = V(& (2)
8 V_''s IH He Where Yg 3E v *

(1, - 1,)(23,8%)
Ty = Ty * 8 IHCV . (3)

Two sets of C and S coefficients may be given. For
V, < MINV, the fit U = C1 + 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, = C1 + Sl(Up) is Esed. For volumes
greater than Vo, we use the Gruneisen equation of
state and the P = O line as the standard curve.

-z Sy Ys _1)|
Pq s -~ (3)(280) () A v,
(1,)(23,8%0)
T = + T .

8 Cv (]

The spalling option is not used if SPA < 0.0001.
Ir Ps < USP, set Ps = SPALL P and set spall indi-
cator. IfP_ S SPA\,AP7AX (AP/8X is 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 BKW8
and fitted by a method of least squares to Egq. (4)
through (6).

these equations as a special case,

A gopuma-law gas mey also be fit to
A code to per-
form this 1is described in Appendix C.

_ 2 3 b
P, = A + Blnvg + c(1nvg) + n(1nvg) + E(lnvg) .

(4)
InI, = K + L1nP, + M(1nP )2 + N(1nP )5 + 0(1nP )1‘ .
i i i i i
(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 1f the states are the
same 1s used to keep I positive when making a fit).

_ 2 3 L
InT; = Q + Rang + S(ang) + T(lnvg) + U(lnvg) .
(6)
1 2 3
-3=R+ 251an + 3r(1_nvg) + uu(lnvg) .
p=(i)(1-1)+p 7
%Vi g i 1’
(1, - 1,)(23,8%)
T T, + 2 (8)

C. Mixture of Condensed and Gaseous Components
(o<w<1l)
v=wvs+(1-w)vg.

I-w15+(1-w)Ig.
P-Pg=Ps.

T = Tg = Ts.

Multiplying Eq. (3) by (W/Cv) and Eq. (8) by
(1 - w)/cv and adding, we get, after substituting
T for T, and '1‘g and I for WI_ + (1 + W)Is,

T = C—vf—fl%‘?%_—w’-{l -[wl:H -11(1 -w)]

" 23'} 5% [THCVW + T,CH(1 - w)] } . (9)

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

we get

Pp- Py *(Yxiv - %(W{I - [
+ 1,01 - w)] + '2‘3'%'8% [THCVW + 1,001 - w)]})

I A T T\ P
23,890 Vs Wg -

(10)

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

For V < Vo’ we ilterate on Vs with an initlal guess
of Vs = Vo and a ratio to get the second guess of
0.999. For V 2 Vo, we lterate on V_ with an initial
guess of Vg = (V - 0.9 VOW)/(l - W) and a 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 Calling Sequence

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

and 17 numbers, respectively.

V(1) specific volume V

v(2) internal energy I

V(3) mass fraction W

v(4) -I%EI input;
pressure P output

v(5) temperature T output

s(1) ¢

s(2) s

S(3) vsw

s(4) c1

s(5) s1

s(6) F

s(7) ¢

s(8) H

s(9) I

11



s(10) J
s(11) vy
s(12) Cy
5(13) v,
5(1%) «
s(15) sPA
s(16) usp
s(17) T
s(18) P
s(22)
8(23) MINV
G(1)
a(2)
c(3)
G(4)
6(5)
G(6)
&(T)
G(8)
6(9)
G(10)
G(11)
G(12)
G(13)
G(14)
6(15)
G(16)
a(17)

c B wWweOeo =2 XX AU oW P>

Q
N<\

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

AFPENDIX 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 gamma-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, initial-final velocity piston and

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.

4, 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-
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
When the

proper dump is found, all the variables are read and

equal to the number on the input card.

the calculation proceeds.

lst card

Col. Format

1-5 15 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 15 Not O for graph of pressure vs.
radius

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

31-35 I5 Not O for graph at mass fraction
vs. radius

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

41-45 15 Not O for graph of particle ve-
locity vs. radius

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

51-55 15 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
37-54
55-T2

Col.

1-18
19-36
37-41

Lo.L6

1-18
19-36
37-41
o k6

1-18
19-36
37-41
Lo k6

Format
1246

Format
E18.11

E18.11
E18.11
E18.11

Format

E18.11
E18.11
15

I5

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

Alpha - 1. for slab geometry

2. for cylindrical geometry

3, for spherical geometry

Print every this many cycles
Graph every this many cycles
Tape dump every this many cycles

Lth card

Left boundary cerd - If a left
boundary initial-final piston 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-boundary A + BT piston
is requested, this card is:

A

B

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

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

Spike volume

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

If a piston is not reqpested, no
card appears for the left bound-

ary.

Col.
1-18
ete.

Col.

1-18

Next card

Foruat

E18.11 Right boundary card -

ete. same as left boundary card.
Again if not e piston, 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-T2

Col.
1-18

19-36
37-54

55-T2

1st couwp. card

Format
206 Alphabetic name of component
2nd comp. card
Format
I5 Number of space increments for
this component
I5 Not O for gas or explosive
I5 0 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)

4th comp. card
Format

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

cc/g)

E18.11 Initial velocity (cm/usec)
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5th-10th comp. card
S5ix cards of solid parameters for equation of state
and elastic-plastic calculations. The variables are
four per card with each card of the format 4E18.11.
They are, in order: C, S, VSW, C1, S1, F, G, H, I,
Js Yg» Cys» V,, @, SPA, USP, T _, P_, 2/3 Y, u, PLAP,
SPALL P, and MINV.

11th comp. card

Col. Format

1-18 E18.11 Initial mass fraction of the
solid

19-36 E18.11 Frequency factor for Arrhenius
burn .

37-54 E18.11 Activation energy for Arrhenius

burn

55-T2 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 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, S5, T, U, C‘;, 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
as 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.

vVariables Used in FORTRAN SIN

Code Name Report Symbol
CR - cell radius Rgti

CRO - previous cell radius Rg-—é

CU - cell velocity Ug.

CUO - previous cell velocity Ugi

14
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CV - cell volume Vg
CV0 - previous cell volume Vg
CM - cell mass Mj
CQ - cell viscosity qg
ICF - cell flag word
XXYYi - YY component index
- XX spall flag
0 - no spall
1 - spalled cell
2 - interface cell
n+l
CW - cell mass fraction wj
CWO - previous cell mass fraction wg‘
CT - cell temperature Tg
n
CP - cell pressure Pj

CS - cell stress deviator in x or

r direction ng

CSZ - cell stress deviator in 2z

direction Szg
CI - cell internal energy I§+1
CIO - previous cell internal en-

ergy I?

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

TTIME - total 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 - graph every GINC cycles

DINC - dump every DINC cycles

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

HEATC - heat conductivity constant

GASW - set W to O 1f less than GASW

NCL - total number of cells in calculation

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

IPNT - unused



IMC - not O for microfilm output DX - at input-space increment for each component-

IFR - not O for a pressure vs. radius graph during calculation - space increment at
ITR - not O for a temperature vs. radius graph right-most component
IWR - not O for a mass fraction vs. radius graph E - activation energy for Arrhenius buen
IIR - not O for an internal energy vs. radius GAS - gas parameters
graph : SOL - solid parameters
IUR - not O for a particle velocity vs. radius VCJ - C-J burn volume
graph VFACT - viscosity factor
IHC - not O to include heat conduction Z - frequency factor for Arrhenius burn
ILB - left boundary indicator NAM - alphabetic names of components (2 words per
At During component )
Read-In Execution DITIME - delta t for each component
o] 1 free surface NINC - number of space increments for each compo-
1 2 continuum nent
2 3 initial-final piston NCOM - number of components
3 s A + BT piston IEXP - not O for explosive or gas
4 5 steady-state reaction zone IBRN - O for Arrhenius burn, 1 for C-J volume
piston burn, 2 for gamma-law Taylor wave
IRB - right boundary indicator (same as left ex- IVIS - O for PIC viscosity, 1 for Landshoff form,
cept no reaction zone piston) 2 for real form
WSW - W to switch from initial to final for that AIPH - 1 for slab, 2 for cylinder, 3 for sphere
piston RHOO - initial density, only for the component
WMAX - for W > WMAX (0.99) in C-J burn, P = P, being read
SMIN - change in stress set to O 1f less than PO - initial pressure, only for the component
SMIN (1.0 X 1077) being read
ALB, BLB - left boundary piston constants: TO - initial temperature, only for the component
either initial and final velocities being read
or Aand B in A + BT EO - initial internal energy, only for the compo-
ARB, BRB - right boundary piston constants (same nent being read
as left) UO - initial particle velocity, only for the compo-
NLI - number of cells initially in calculation nent being read
from left. If O, all cells are used. WO - initial mass fraction, only for the component
NLINC - add on a cell from left every NLINC being read
‘ cycles NINC - number of space increments for this compo-
NICNT - count for adding on cells from left nent
NRI, NRINC, NRCNT - same as above, only from RFRNT - r coordinate value of the nearest spalled
right. Note: These numbers or interface cell of the same couponent
are used only if there is a with a lower index
piston at their respective EQ - five parameters used to call HOM. EQ(1l) -
boundaries. If there is no volume, EQ(2) - energy, EQ(3) - mass fraction,
piston specified, all cells BQ(4) - IAP/AX, for spall input or pressure
are used. output, EQ(5) - temperature output
NIH - number of cells from the left in calculation INDH - HOM indicator -1 error, O normal, +1
at the time of interest . spalled
NRL - index of lowest cell in calculation from X - elastic-plastic ratio of P/PLAP, not greater
right end than 1

DELS - change in stress deviator
TKE - total kinetic energy of each component
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TIE
LIN

- total internal energy of each component
- line counter for printing

KIND - the index of cell on right-hand boundary

DCJ

DRT
IRF
IRL

ucd,

COK

COL

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

- total delta R for gamma-law Taylor wave burn

- first R for gamma-law Taylor wave burn

- last R for gemma-law Taylor wave burn

PCJ, VCR, CCJ - C-J values for gamma-law

Taylor wave burn

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

- UeT -

Y2(_7 T for gemma-law 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

OO0 DHNTOOOOOO

o0 (e} (e} OO0

PROGRAM FSIN (INPUT,OUTPUTsFILMs TAPE]12=F ILMsTAPE])

CR CELL RADIUS J=1/2

cu CELL VELOCITY J=lv/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 PRESSURE J

cS CELL STRESS DEVIATOR J
cSz CELL STRESS DEVIATOR IN Z DIRECTION J
cl CELL INTERNAL ENERGY J

COMMON CR(999) yCRO(999) +CU(999) ,CUO0(999) »CV(999) sCVO(999)
1CM(999) «CQR(999) +ICF (999) +CW(999) (CWO (999) +CT (999) ,CP(999),
2CS(999) «CSZ(999) «C1(999)+C10(999) LABEL(12)

COMMON /MISC/ TTIME.DELTsICYCLePCNTsGCNT«DCNTsDINCIPINCIGINC,
1IALPHeHEATCosGASWyNCLIPTMINS IPNT 9 IMCoIPReITRe IWRsIIRs IURsIHCo ILBy
2IRBeWSWyPSMINyWMAX ySMINsALByBLByARBIBRByNLIsNRIsNLINCyNRINC)
3NLENT«NRCNToNLHONRL DX oK IND9yRXZDVsRXZVSsFPOFEO9RXZ

COMMON /MATER/ E(10)9GAS(17910) 9 IBRN(10)+SDL(23910)sVCJ(10)
IVFACT(10)9Z(10)9NAM(2910) yOTIME(]10) sNOINC(10)eIVIS(10)9IEXP(10)
2NCOM

DIMENSION RXZ(10)4EQ(S)

WSwW W TO SWITCH PISTON VELOCITY FROM INITIAL To FINAL

DATA WSW /0.02/

NATA NRI /0/

DATA NLI /0/

DATA NLH 71/

COUNTS ARE SFT LARGE SO CELLS ARENT ADDED ON I1F NoT REQUESTED

DATA NRCNT/100000/

DATA NLCNT/100000/

READ INPUT DATA

NCOM NUMRER OF COMPONENTS OR RESTART CYCLE NUMBER
NCL TOTAL NUMBER OF CELLS IN THE CALCULATION
IPNT UNUSED

IMC NOT 0 FOR MICROFILM OUTPUT

1PR NOT ¢ TO GIVE A GRAPH OF PRESSURE

I1TR NOT 0 TO GIVF A GRAPH OF TEMPERATURE

IWR NOT 0 TO GIVE A GRAPH OF MASS FRACTION

1IR NOT 0 TO GIVE A GRAPH OF VOLUME

1UR NOT 0 TO GIVE A GRAPH OF PARTICLE VELOCITy
1He NOT 0 FOR CALCULATION OF HWEAT CONDUCTION IN ENERGY
L8 LEFT HAND BOUNDARY INDICATOR

0 FOR CDNTINUUM

1 FOR FRFE SURFACE

2 FOR INITIAL=FINAL PISTON

3 FOR A+BT PISTON

4 FOR STEADY STATE REACTION ZONE SLAB PISTON
IGHT HAND BOUNDARY INDICATOR

0 FOR CONTINUUM

1 FOR FREE SURFACE

2 FOR INITIAL=FINAL PISTON

3 FOR A+BT PISTON
READ 901 +NCOMoNCL o IPNTsIMCoIPReITReIWReIIRyIURsIHCsILByIRB
SEE IF TAPE RESTART

IF (NCOM.GT.10) GO TO S00
LABEL 72 COLUMNS OF ALPHABETIC COMMENT
READ 900sLABEL

ALPH 3 1. FOR SLAB

= 2+ FOR CYLINDER

1RB

"o NIOoDHHHEBR
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c = 3, FOR SPHERE
C PINC PRINT EVERY PINC CYCLES
c GINC GRAPH EVERY GINC CYCLES
c DINC DUMP EVERY DINC CYCLES
000050 READ 902+ALPHsPINC«GINCyDINC
000064 1ALPH=ALPH=1,
C READ IN PISTON QUANTITIES .
c ALBBIL.B PISTON CONSTANTS FOR LEFT PISTON
c NLI NUMBER OF CELLS INITIALLY IN CALCULATION FROM LEFT
c NL INC ADD ON A CELL FROM LEFT EVERY NLINC CYCLES
c RXZ0V STEADY STATE REACTION ZONE PISTON DETONATION VELOCITY
c RXZVS STEADY STATE REACTION ZONE PISTON GUESSED SPIKE VOLUME
000067 IF (ILBeEQe2.0RsILB<EQs3) READ 903sALB*BLBINLIINLINC
000111 IF(ILB+EQe4) READ 903¢RXZDVsRXZVS NLIsNLINC
c NRI NUMBER OF CELLS INITIALLY IN CALCULATION FROM RIGHT
¢ NRINC ADD ON A CELL FROM RIGHT EVERY NRINC CYCLES
c ARRYRRB PISTON CONSTANTS FOR RIGHT PISTON
000127 IF (IRB,EQ.2,0R¢IRB.EQe3) READ 903+ARBIBRBINRI4NRINC
c READ IN HEAT CONSTANT
000152 IF (IHC,NE.0) READ 902+HEATC
000161 K=2
000162 CRO(2)=0
000163 CR(2)=0,
c IALPH = 0 FOR SLAB
c 1 FOR CYLINDER
c 2 FOR SPHERE
000164 IF (1ALPH.EQ,0) PRINT 904,LABEL
000172 IF (IALPHJEQ,1) PRINT 90S,LABEL
000202 IF (IALPHJEQ,2) PRINT 906,LABEL
000212 PRINT 907 +NCOM
000220 PRINT 908¢NCL
000226 IF (ILB.EQ.0) PRINT 909
000233 IF (ILB.EQs1) PRINT 910
000241 IF (ILB,EQe2) PRINT 911+ALBsBLBowSWeNLIsNLINC
000261 IF (ILB.EQs3) PRINT 912+ALBsBLRsNLIWNLINC
000277 IF(ILBsEQe4) PRINT93I09WRXZDVIRXZVS,NLIsNLINC
000315 IF (IRB.EQ.0) PRINT 913
000322 IF (IRBJ.EQesl) PRINT 914
000330 IF (IRB+EQ.2) PRINT 915+ARBsBRBsWSWsNRIsNRINC
000350 IF (IRB,EQ.3) PRINT 916+ARBsBRBsNRI9NRINC
000366 PRINT 917
o DO 4020 PRINTING IF REQUESTED
000372 IF (IMC.EQ.0) GO TO 1
c DHBRRUBIBOVIBDRRI VBRI BPUBO DIV AVBLROIVBRBPOIIRRBEIOBLOLRBEBDRRS S
c 4020 OUTPUT BELOW )
c 000000“0000000000”00“&00“900“000000000“0000000000000000000000000“0
000373 IF (TALPH.EQ,0) WRITE (12+904) LABEL
000402 IF (IALPH.EQ.1) WRITE (12+905) LABEL
000412 IF (IALPHeEQ.,2) WRTTE (12,906) LABEL
000422 WRITE (129907) NCOM
000430 WRITE (129+908) NCL
000436 IF (ILB.EQ.0) WRITE (12+909)
0006443 IF (ILB.EQ.l) WRITE (12+910)
000451 IF (ILR.EQ.2) WRITE (12+911) ALB+BLBsWSWeNLIsNLINC
0006471 IF (ILB.EQ+31 WRITE (12+912) ALB«BLBsNLIWNLINC
000S07 IF(ILB.EQe4) WRITE(129930) RXZDV.RXZVSsNLIWNLINC
000525 IF (IRB.EQ.0) WRITE (12+913)
000532 IF (IRB.EQ.1l) WRITE (12+914)
000540 IF (IRB.EQ+2) WRITE (12+915) ARByBRByWSWsNRIsNRINC
000560 IF (IRBJEQ.3) WRITE (12+916) ARByBRByNRIyJNRINC
000576 WRITE (12+917)
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000602

000604

000617

000633

000647
000663
000667
000670
000671

000705
000721
000743
000745
000760
000764
000775
001007
001017
001026
001036
001046
001066
001102
001117

001120
00l1l42
001144
001147
001160
001172
00l202
001211
oolz21
001231

e NaNeNe] OO0 OoO0ONOo OO OO0 O o000

s NgNel

11

4020 OUTPUT ABOVE
LI T TR T Y DY LT R PP TR TR T T TR T LT TP Ty

READ DATA AND SET UP MESH FOR EAEH COMPONENT
DO 10 I=1sNCOM

NAM NAMF OF COMPONENT
READ 900sNAM(1,41)eNAM(2,1])
NINC NUMBER OF SPACE INCREMENTS FOR THIS COMPONENT
1EXP NOT 0 FOR GAS OR EXPLOSTVE
IBRN = 0 FOR ARREHWNIUS BURN
£ 1 FOR CJ VOLUME BURN
s 2 FOR GAMMA LAW TAYLOR wAVE
IVTS = 0 FOR PIC VISCOSITY
% 1 FOR LANDSHOFF VISCOSITY

= 2 FOR REAL VISCOSITY
READ 901 sNINCsIEXP(I)4IBRNI(I)eIVIS(])
oX SPACE INCREMENT IN CENTIMETERS
OTIME TIMFE INCREMENT IN MICROSECONDS
VFACT VISCOSITY FACTOR

RHOO INITIAL DENSITY

READ 902+DXsDTIME (1) VFACT(I) «RHOO
PO INITIAL PRESSURE

T0 INITIAL TEMPERATURE

EO INITIAL INTERNAL ENERGY
uo INITIAL VELOCITY

SOL(JyI) SOLID EQUATIDN OF STATE AND ELASTIC=PLASTIC CONSTANTS
READ 902+P0sTOsEQUD

IF(1.GT41) Gn TO 11

FPO = PO

FEO = EO

READ 9029 (SOL (Js1)9J=1923)

wo INITIAL MASS FRACTION

z FREQUENCY FACTOR FOR ARREHNIUS BURN

E ACTIVATION ENERGY FOR ARREHNIUS BURN

veJ VOLUME FOR CJ BURN OR RnET VEL FOR GAMMA L AW TAYLOR WAVE

READ 902+WO0sZ (1) sE(I)sVCJ(])

PRINT Q91B8sNAM(191) o NAM(291) sNINC.DXsDTIME(T])
IF (IEXP(I)+EQ.0) GO TO 2

READ 9029+ (GAS(Js1)eJ=1slT7)

PRINT 919

IF (IBRNI(I)+EQ.0) PRINT 9214+E(1),4Z2(])

IF (IBRN(I)«EQ,1) PRINT 922+VCJ(]1) sGASW

IF (IBRN(I)«EQ42) PRINT 9299vCJU(])

IF (IVIS(1)4FQ.0) PRINT 923sVFACT(I)

IF (IVIS(1)4EQ,1) PRINT 9244sVFACT(I)

IF (IVIS(1)4FQe2) PRINT 92SsVFACTI(I)

PRINT 926sRHOOsPOsTOCEOIUQIWO

PRINT 927+ (SOL(Js1)eJx1923)

IF (IEXP(I)eNE.O) PRINT 9284 (GAS(Jsl)sJ=191T7)
IF (IMC.EQ.0) GO TO 4

LTI R R L LR L TR AR LR T L L LX) T
4020 OUTPUT BELOW ‘

DT LR DL -2 - ey N Y- N Y- 22 Y 2R Y X L RTeR- 2 -1

WRITE (129918) NAM(191)sNAM(291) NINCIDXDTIME ()

IF (IEXP(1)«EQ40) GO TO 3

WRITE (12+919)

IF (IBRN(I)<EQ.0) WRITE (129921) E(I)sZ2(1)

IF (IRRNI(I)4EQ,1) WRITE (129922) VCJ(1) +sGASW

IF (IBRN(I)«EQe2) WRITE (12+929) vCJ(I)

IF (IVIS(I)+FQ,0) WRITE (124923) VvFACT(I)

IF (IVIS(I)eEQsl) WRITE (129924) VFACT(D)

IF (IVIS(I)eFQe2) WRITE (129925) VFAQT(D)

WRITE (12+926) RKHDOPOsTO4EOsUOsWO
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20

001251
001265

001302
001304
001307
001312
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
001411
0o0l412
001413
001414
001415
00léle
001417
001420

001421
001422
001426
001431
001433

001434

[eXeXeNe]

o O o o0

20

WRITE (129927) (SOL(Je1)9eJ=]l,23)

IF (IEXP(I)eNE,0) WRITE (12+928) (GAS(Jes1)eJu=1,17)

000000000000000““000000000000“0000000”0000000“00000000000000000000
4020 OUTPUT ABOVE

00QOGOO0000“0000000&#000006“000“06“"00“0000000000000.0000006000000

FILL IN CELL VALUES FOR THIS COMPONENT

DO 9 J=1lsNINC .

IF(IBRN(I)+EQ.2) GO TO 12

CRO(K+1)=CRO (K) DX

CR(K+]1)=CRO(K+1)

CUO(K)=UO

CU (K)=CUO (K)

CP(K)=PO

CT(K)=TQ

CWO(K)=W0

CW(X)=CWO (K)

CSZ(K) E 00

CS(K) = 0,

clo(K)=EO

CI(K)=CIO0(K)

CM(K)=RHOO#DX% ( (CRO(K) +CRO(Ke1)) & ,S)a#TALPH

CVO(K)=]./RHOO

CV(K)=CVO (K)

ICF(K)=Y

CQ(K)=Q,

KsKe]

CONTINUE

SET SPALL FLAG FOR INTERFACE BETWEEN COMPONENTS

IF (IEXP(1)«NE,0) GO TO 18

ICF (K=NINC)=®ICF (K=NINC)+128

NOINC(I) = NTNC

CONTINUE

SET RIGHT AND LEFT BOUNDARY VALUFS

CM(1)=CcM(2)

CM(K) sRHOO%DX#* (CRO(K) +DX#,5)4#TALPH

CQ(K)=Q,

KIND=K

CRO(1)==CRO(3)

CRO(K+2)=CRO (Ke1) ¢DX

Cl(l)=o,

Cs(l)'o.

CSz2(1)=0.

CV(1)=0,

CV(K)=Q,

CS(K)=Q,

CSZ(K)E0e

Cl(K)=0,

ILB=ILBel

IRBR=IRB+1

TTIME=0Q,

DELT=0,

FIND MAXIMUN DELTA T FOR FIRST CYCLE

N0 20 I=]1sNCOM

IF (DELT«LT<NTIME(I)) DELT=DTIME(I)

CONTINUE

SET UP NUMBER OF CELLS IN CALCULATIDN

NRL=NCL+2

SEE IF THERE IS A LEFT PISTON

IF(IL.LBeLTe2) GO TO 24

GO TO 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

001440

001442

001453
001455
001456
001457

001460

001462
001463
001464

001465

001476
001500
001502
001503
001508
001507
001511
001512

001513
001515
001517
001520
001522
001523
001524

001525
001527
001531
001532
001534
001536
001537
001540
001541
001542
001543
001545
001546
001547
001550

001551
001553

0015SS
001556

21

22

24

90

100

110

120

125

130

NLH=NLI+1

NLCNT=NLINC

SEE IF THMERE IS A RIGHT PISTON
IF(IRB.LT+2) GO TO 90

ARE CELLS T0O BE ADDED ON FROM RIGHT
IF (NRI.EQ.0) GO TO 90

SET INITIAL NUMBER OF CELLS FROM RIGHT AND COUNT FOR ADDING ON
NRL=NCL+1=NR]

NRCNT=NRINC

CHECK TO SEE IF ALL CELLS IN CALCULATION
IF (NRL.GT.NLH+1) GO TO 90

USE ALL CELLS IN CALCULATION
NLHENCL+1

NLI=1

NRI30

GO TO 90

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

ARE CELLS TO BRE ADDED ON FROM RIGHT
IF (NRILEQ.0) GO To 22

NLH = ]

GO T0 21

SET LEFT BOUNDARY VALUES

GO TO (1009110¢12001309140)01ILB
LEFT BOUNDARY CONTINUUM
CP(l)=CP(2)

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

ca(l)=Ccqa(2)

cU(l)==CcU(2)

IF (IALPH.EQ,0) cU(1)=CU(2)
cun(l)=cu(l)

CT()=CT(2)

GO TO 190

LEFT BOUNDARY FREE SURFACE
CP(1)==CP(2)

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

CQ(l)=CQ(2)

CU(l)==CcU(2)

cun(lysCcutl)

CT(l)=aCT(2)

GO T0 190

LEFT BOUNDARY PISTON = INITIALFINAL
CQ(1)=CQ(2)

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

CP(l1)=CP(2)

CT(ly=CT(2)

IF (CW(4)eLT,WSW) GO TO 125
cU(l)=ALB

cUn(l)=Ccu(l)

cu(2)acutl)

cuo(2)=cuUo(l)

GO TO 190

CU(l)=RBLB

cuo(l)=cuU(l)

cu(2)=cutl)

cuUo(2)=¢cuUo(1l)

GO TO 190

LEFT BOUNDARY PISTON = A+BT
co(l)=¢cat2)

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

CP(l)=CP(2)

CT(l)y=CT(I)

21



001560
001563
001564
001565

001567

001577
001601
001603
001604
001606

001615
001617
001621
00l623
001624
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

190

200

210

220

22%

230

290

300

CU(1)=ALB+BLB*TTIME

cuo(lry=cu(l)

cu(2)=Ccut(l)

cUo(2)=cuo(l)

SET RIGHT BOUNDARY VALUES

GO TO (200+2100220+230)¢IRB

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

CP(K)=CP(K=1)

CU(K)=CU(K=1)

CUO (K)=CU(K)

GO TO 290

RIGHT BOUNDARY FREE SURFACE

CT(K)=CT (K=1)

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

CU(K)=CU(K=1)

CUO(K) =CU (K)

GO TO 290

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

CP(K)=CP (K=1)

IF (CW(K=3).LT.WSW) GO TO 225
CU(K)=ARB

CUO(K)=ARB

GO TO 290

CU(K) =BRB

CUO (K) =BRB

GO TO 290

RIGHT BOUNDARY PISTON = A+BT
CT(K)aCT(K=1)

CPIK)=CP(K=1)

CU(K)=ARB+RRB#TTIME

CUN(K) =sCU(K)

CONTINUE

IF (NLI.NE«.O) CALL VELOC (2sNLH)

IF (NRIJNE.O) CALL VELOC (NRLeNCL+1)
IF (NLIJNE.0) CALL RADIUS (24NLHe1)
IF (NRIJNE.O) CALL RADIUS (NRLsNCL+2)
SET RADIUS FOR CELL BEYOND RIGHT BOUNDARY
CR(K+2)=2CR(Ks]1) DX

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

IF (NRT(NE,0) CALL VOLUM (NRLNCL+1)
IF (NLIJNE.O) CALL ENERGY (2,NLH)

IF (NRIJNE.0) CALL FNERGY (NRLsNCL*1)
IF (IHC.EQ.0) GO TO 300

IF (NLIJNE.0) CALL HETCON (24NLH)

IF (NRI.NE.0) CALL HETCON (NRLeNCL*1)
IF (NLIJNE.O) CALL VISCOS (24NLH)

IF (NRT.NE.O) CALL VISCOS (NRLesNCL*1)
IF (NLIJNE.O0) CALL BURN (2sNLH)

IF (NRIJNE,0) CALL BURN (NRL¢NCLe+1)
SET W NEAR AXIS

CW(2)=sCW(4)

CW(3)=CW(4)

IF (NLIJNE.0) CALL STRESS (2yNLH)

IF (NRI,NE,0) CALL STRESS (NRLsNCL+1)
IF (NLIJNE.O) CALL EQST (2sNLH)

IF (NRIJNE.0) CALL EQST (NRLeNCLe1)
IF (NLIJNE.O) CALL UPDATE (1sNLH+2)
IF (NRIJNE.0O) CALL UPDATE (NRLsNCL*3)
CALL TIME

GO TO 990



c RESTART FROM TAPE

002000 500 IRST=NCOM .
c . SEARCH FDR DUMP WITH PROPER CYCLE NUMBER
002002 S01 READ (1) CROsCUOCWOICSZyCIOWCVOsICFoCMeCRoCToCPLABEL'DELTIHEATC

1TALPHy TTIMEsPINCyGINC«DINCIPCNT 9 GCNT yOCNT9E9GASsIBRNsSOL4VCJy
2VFACTeZoNAMIDTIME sNOINCoNCOMy ICYCL oNCL IPNToIMCoIPRIITRyIWRSIIR,
SIURYIHCsILBIIRBIALBsBLBIARByBRByWSWINLTIsNRTI¢yNLINC,NRINCyNLCNT,
GNRCNT ¢NLHINRL DX e IVISoyIEXPIKIND9yCReCI9CWoCVeCUyCSyRXZDVIRXZVS

SRXZsFPOJFEO
002227 KsKIND
002231 IF (IRST«GT.ICYCL) GO TO s01
002234 GO TO 90
o THE SLAB GAMMA LAW TAYLOR WAVE #& ASSUMES DETONATION WAVE MOVED
c FROM RIGHT TO LEFT AND HAS BRB FINAL PARTICLE VELOCITY
002234 12 L =K
002236 DO 13 J=lsNINC
002237 CR(L+1) = CR(L) ¢ DX
002242 CT(L)=TO
002244 CWO(L)=0e
002245 CW(L)=0,
002246 CSZ(L)=0.
002247 CS(L)=0.
002250 CM(L)=RHOO#DX
002252 CQ(L)=0.
0027523 ICF(L) =Y
002254 L=L*1
002256 13 CONTINUE
002260 DCU=vCJ (D)
002261 DRT=CR(L)=CR(K)
002264 DRF=CR (K)
002266 DRL=CR(L)
002267 UCJENCJ/ (=GAS(2+1)e14)
002274 PCJ= (RHOO0) # (DCJ¥DCJ) / (=GAS(241)+1,)
002300 VCJUR= (=GAS(241))/((=GAS(2+1)+14)2RHOQ)
0023058 CCJ=DCJ=-UCJ
002307 COK=(=GAS(2+1)=1,)/(=GAS(291)¢],)
002313 COL=UCU=( {2/ (=GAS(291)=1,))8CCY)
002320 COT3DRT/DCJ
002322 DO 14 J=1leNINC
002324 COY= (DRL=CR(K))/COT
002330 CU(KI=(24%COY) /(=GAS(291)e]l4) *COK®COL
002341 CPK)ZPCJI® ((((=GAS(291)=1,)%#0eS)0(CU(K)=COL))/CCJ)O#(=GAS(291)%2,/
1(=6AS(2,1)1=1,))
002361 CV(K) = (PCJ# (VCJROH (aGAS (29 1)) )/CPIK))#® (1e/(=GAS(2:1)))
002376 CVo(K)=CV(K)
002400 Cl(K)z (CP(K)®CV(K))/(=GAS(29])=]1,)=(PCJI#VCIR)/(=GAS(2+1)=14)
1+ 0e¢5%*PCJ*(]1,/RHO0=VCJR)
002417 Clo(K)=CI(K)
002421 DRP3CM(K) #CV (K)
002423 CR(K+]1)=CR(K) +DRP
002425 CRO(K+]1)=sCR(K*])
002426 CU(K)==CU(K)
002430 CUO(K)=CU(K)
002431 IF(CU(K)«GT«RRB) GO TO 15
002435 KEK*]
002436 14 CONTINUE
002440 GO TO 17
0026441 15 L=K
002443 DO 16 N=JyNINC
002445 CU(K)y=CU (L)
0024S0 cUon(xK)=CU(L)

002451 CP(K)=CP (L)



002453
002454
002456
002657
002461
002463
002665
002466
002470

002471
002471
002471
002471
002471
002473
002475
002500
002502
002510
002512
002513
002515
002517
002520
002522
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)

CVOo(K)=CV (L)
CI(K)=wCI (L)
clotk)=CcI(L)
CR(K+1)=CR(K) ¢DRP
CRO(K+1)=CR(K*1)
KzKe]
16 CONTINUE
GO 70 17
REACTION ZONE PISTON
FOR SLABS AT LEFT BOUNDARY ONLY
DATA RXZ(1)/ 0./
DATA RXZ(2) /1,001/
DATA RXZ(3) /+1.0E=S/
DATA RXZ(10)/ 0e/
140 IF(RXZ.EQe0s) RXZ=RXZVS
IF(CW(4)LT«GASW) GO TO 120
146 CALL LFB {(RZVyRZFsRXZ)
IF(RXZ(10)) 14191424143
141 PRINT 9319RXZ
chT‘l .
GCNT=100.
1CYCL=ICYCL~-1
TTIME=TTIME=DELT
CALL TIME
SToP

931 FORMAT (33H]1 REACTION ZONE PISTON LFR ERROR s SE18.11)

143 RZIZFEO ¢ 0e57( SOL(13s1)4SOL(13+1))¢RXZDV4RXZOV# ((SOL(1391)~-
1RZV) ##2)

EQ(l)=RZV
EQ(2)=RZ1
160 EQ(3)=CW(4)
CALL HOM (EQeSOL (191)eGAS(191)eINDH)
IF(INDH) 14441455144
144 PRINT 932+14EQ
932 FORMAT (33H1 HOM LFB ERROR FOR RXZ PISTON +159S¢l18.11)
GO TO 14l )
145 RXPE]14/(SOL(13+1)9SOL(13s1))¢RXZNVHRXZDOV#(SOL(1391)=RZV)
RZF=EQ (4) =RXP+ FPO
GO TO 146
142 ALR=SQRT((EQ(4) =FPO)#(SOL(1391)=RZV))
BLB=ALB
GO YO 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 CALCULAT
1ION IN SLAB GEOMETRY FOR ¢/92X912A6)

905 FORMAT (87H1 A SIN ONE OIMENSIONAL REACTIVE HYDRODYNAMIC CALCULAT
1I0N IN CYLINDRICAL GEOMETRY FOR ,/92X912A6)

906 FORMAT (8SH1 A SIN ONE DIMENSIONAL REACTIVE HYDRODYNAMIC CALCULAT
110N IN SPHERICAL GEOMETRY FOR s/,2X912A6)

907 FORMAT (//432H THE NUMBER OF COMPONENTS IS ,15)

908 FORMAT (//v44H THF TOTAL NUMBER OF SPACE INCREMENTS IS 15)

909 FORMAT (//9¢3SH THE LEFT BOUNDARY IS A CONTINUUM)

910 FORMAT (//+3RH THE LEFT BOUNDARY IS A FREE SURFACE)

911 FORMAT (//+59H THE LEFT BOUNDARY IS A PISTON WITH INITIAL VELOC!
1TY OF 4E10e3924H AND FINAL VELOCITY OF +E10¢3979]10Xe23HWHEN We3
21S LESS THAN 4E10,39 6H WITH 415,441 CELLS INITIALLY AND AODING O
3N A CELL EVERY 15, 7H CYCLES)

912 FORMAT (//9+49H THE LEFT BOUNDARY IS A PISTON WITH VELOCITY = ,



002607
002607
002607

002607

002607
002607

002607
002607

002607
002607
002607
002607
002607

002607

002607

002607

002607

002607

1E10e391H*sEL1Ne30OH(TIME) 9/910Xe SHWITH o15¢44H CELLS INITIALLY AND
2 ADDING ON A CELL EVERY ¢1S5s 7H CYCLES)

913 FORMAT (//+36H THE RIGHT BOUNDARY IS A CONTINUUM)

914 FORMAT (//¢39H THE RIGHT BOUNDARY 1S A FREE SURFACE)

915 FORMAT (//+60M THE RIGHT BOUNDARY 1S A PISTON WITH INITIAL VELOC
1ITY OF +1PE10+3924H AND FINAL VFLOCITY OF +1PE10e39/¢10X923HWHEN
2 We3 IS LESS THAN G1PE10,3y 6H WITH #1Se%44H CELLS INITIALLY AND A
3DDING ON A CELL EVERY +ISy 7H CYCLES)

916 FORMAT (//4SOH THE RIGHT BOUNDARY IS A PISTON WITH VELOCITY = »
11PF104391H491PE10e3¢6H(TIME) 9/910Xe SHWITH 9I1Se44H CELLS INITIALLY
2 AND ADDING ON A CELL EVERY ,15s 7H CYCLES)

917 FORMAT (////+30X933HTHE PARAMETERS FOR EACHK COMPONENT)

918 FORMAT (///+21H © THE COMPONENT IS +2A64//411H AND HAS +159»
122H SPACE INCREMENTS OF +1PE10«3+434H CM EACH AND A TIME INCREMENT
2 OF 4+1PE10«3913H MICROSECONDS)

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

921 FORMAT (//+53H THE ARRHENIUS RATE AW WITH ACTIVATION ENERGY OF
1 91PE10,3+46H CALORIES PER MOLE AND A FREQUENCY FACTOR OF +/93X»
21PE10.3+16H PER MICROSECOND)

922 FORMAT (//¢4SH THE CJ VOLUME BURN wWITH A BURN VOLUME OF +1PE10,
13917H AND A MAX W OF +31PE10,3)

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

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

925 FORMAT (//+76H THF TRUE FORM OF VISCOSITY 1S USED WITH THE COEFF
1ICIENT OF VISCOSITY OF +1PE1043)

926 FORMAT (//443H THE INITTAL CONDITIONS ARE A DENSITY OF «1PE10,3»
1234 GRAMS/CCes PRESSURE OF +1PE10,3+26H MEGABARSs TEMPERATURE OF +/
2+2X91PE10+3937H DEGREES KELVINs INTERNAL ENERGY OF y1PE10e3933H M
3B=CC/GMy PARTICLE VELOCITY OF +]1PE10e¢3+s16H CM/MICROSECOND s /937H
4 AND MASS FRACTION OF THE SOLID OF #1PE10.3)

927 FORMAT (//129H THE HOM EQUATION OF STATE PARAMETERS FOR THE SoL!
1D €9SeVSICloSleFSoGSIHSIISIUSIGGeCVeVOeALPHAGSPAUSPTOsPOIYNIMUSIP
2LAPISPP,VS24/9 (6(2Xe1PE18,11)))

928 FORMAT (//108H THE HOM EQUATION OF STATE PARAMETERS FOR THE DETO
INATION PRODUCTS AvByCoDyEy KyLgMsNyOs QoRsSeToUsCVGeZo/9 (6 (2Xe
21PE18,11)))

929 FORMAT (//+S57TH A GAMMA L AW TAY_OR WAVE WITH DETONATION VELOCITY
10F «1PE1043)

930 FORMAT (//,77H THE LEFT BOUNDARY IS A STEADY STATE PISTON WITH A
1 DETONATION VELOCITY OF o1PE10.3s17H SPIKE VOLUME OF +1PE10.34/s
26H WITH 91S944H CELLS INITIALLY ANO AODING ON A CELL EVERY 1Sy
3 7+ CYCLES)

END

25
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SUBROUTINE BURN (NMINyNMAX)

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

COMMON CR(999) yCRO(999) +sCU(999) 4CUO(999) «CV(999) +CVO(999) »
1CM(999) yCQ(999) s ICF (999) yCW(999) (CWO (999) +CT(999) 4CP(999) s
2CS(999) yCSZ(999) +C1(999)+C10(999),LABEL(12)

COMMON /MISC/ TTIMEDELTsICYCLoPCNT9GCNT9OCNTSDINCIPINCIGINC,
1T1ALPHyHEATCsGASWsNCL9PTMINs IPNToIMCeIPRsITRy IWRsITRe IURy IHCo ILB,
ZIRBOWSNOPSMIN'NMAX.SMIN'ALB'BLB'ARB'BRB'NLI'NRI'NLINC.NRINC'
3INLCNT9oNRCNT oNLHONRL 9 DX 9o KIND9RXZDVsRXZVSsFPOIFEOIRXZ

COMMON /MATER/ E(IO)'GAS(17010)OIQRN(IO)OSOL(23010)'VCJ(IO
IVFACT(10)9Z(10) sNAM(24510) «DTIME(10) «NOINC(10)+IVIS(10)+IEXP(10).
2NCOM

DATA WMAX /.99/

SET W TO 0 IF LESS THAN GASW

DATA GASW /+0.02/

DO 10 I=NMIN,NMAX

SKIP IF ALL BURNED

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

J IS INDEX OF COMPONENT

KSP=ICF (1) /64

JEICF (1) =64%KSP

CHECK FOR EXPLOSIVE OR GAS

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

DETERMINE TYPE OF BURN

IF (IBRN(J)«NE.O) GO TO 1

ARRHENIUS BURN

IF E9yZy OR T LESS THAN 0.0001 DO NOT BURN

IF(E(J) 4LT40,0001) GO TO 2

IF(Z(J)4LT40,0001) GO TO 2

IF(CT(I)eLTe040001) GO TO 2

CW(I)=CWO(TI)#(]1e=DELT#Z(J)PEXP (=E(J)/(1.9865%CT(1))))

GO TO 2

CJ VOLUME BURN

CW(I)®] =(SOL(13sJ)=CVII))I/Z(SOL(]13sJ)=VCJ(I))

IF (CW(I)«GT,CWO(I)) CW(I)=CWO(I)

IF (CW(I)eLT.GASW) CW(I)=0.

CONTINUE

RETURN

END
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SUBROUTINE ENERGY (NMINsNMAX)

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

COMMON CR(999) «CRO(999) sCU(999) yCUO (999) yCV (999) sCVO (999) »
1CM(999) yCQ(999) y ICF (999) s CW(999) «CWO(999) 9CT(999) ,CP(999)
2CS(999) 9CSZ(999) yC1(999)9C10(999),LABEL(12)

COMMON /MISC/ TTIMEDELTs+ICYCLIPCNT9sGCNTsDCNTsDINCIPINCsGINCy
1IALPHsHEATC sGASWoNCLIPTMINs IPNTyIMCoIPReITReIWRs ITReJURs IHCoILB
2IRBIWSWIPSMINIWMAXySMINsALByBLBsARBIBRBINLIsNRIsNi INCoNRINC
INLCNToNRCNT oNLHINRL sDXsKIND9sRXZDVeRXZVSsFPOIFEQWRXZ

COMMON /MATER/ E(10)9GAS(17+10)+sJARN(10)+SOL(23910)9VCJ(10)s
éxESST(IO)oZ(lO)oNAM(Z.IO)oDTIME(IO)oNOINC(IO)oIVIS(lO).IEXP(lO).

IF (1ALPH.EQ,0) GO TO 15

DO 10 I=NMINyNMAX

CI(I)=CIO(TI)eDELT/CM(TII*(((CM(T)aCP(1=1)eCM(I=]1)*CP(1))/
1(CM(T)eCM(T=1))¢,5«(CQ(I)+CQ(I=1)))4CU(I)SCR(I)SH*TALPH=((CM(]Ie¢])®
2CP (1) eCMITIPCP(T+1))/(CMITISCM(T01))¢e52(CQAIT)&CA(TL))IWCU(TS])
30CR(T+1)I#HTALPH) ¢ ((CUO(T*1)eCUO(T))#a2=(CU(Te])eCl(]))002)%,125

10 CONTINUE

RETURN

15 DO 20 I=NMIN,NMAX

CI(IN=CIO(I)eDELT/CMII)I®(((CM(I)aCP(1=1)+CM(I=1)2CP(1))/
1(CM(T)sCM(T=1))¢,58(CQRIIISCO(TI=1)))cU(TI)I=((CM(Te])%
2CP(I)+CMIIIPCP(141))/(CMIT)IeCM(T4]1))eeS5#(CQIT)I&CA(IS1)))OCUITIS]))
34 ((CUD(TI+1)+CUO(T))®42=(CU(Te1l)eCcU(]))®02)®,125

20 CONTINUE

RETURN
END

27




28

000004

000004

000004

000006

000004
000004
00000S
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SUBROUTINE EQST (NMINy,NMAX)

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

COMMON CR(999) yCRO (999) sCU(999) ,cUD(999) +CV(999) »CVO(999)
1CM(999) ¢CQ(999) » ICF (999) sCW(999) (CWO (999)9CT(999) 4CP (999) »
2CS(999) yCSZ(999)+yC1(999) 9C10(999),LABEL (12)

COMMON /MISC/ TTIME,DELTeICYCLosPCNT«GCNTsDCNT«DINCIPINCoGINC,
1TALPHsHEATC yGASWoNCLoPTMINSIPNT»IMCoIPRsITRyIWRsITRsIUR9IHCoILB,
2IRBIWSWsPSMINIWMAX s SMINsALBsBLByARByBRBINLIsNRIyNLINCeNRINCy
3NLCNT.NRCNT'NLH'NRL.DX.KIND'RXZDV.RXZVSOFPOOFEO'RXZ

COMMON /MATER/ E(10)9GAS(17+10) 9 IBRN(10)9SOL(23010)9eVCJ(10)
éxEAST(IO)OZ(IO)ONAM(Z.IO)oDTIME(iO)oNOINC(IO)oIVIS(lO)oIEXP(IO)O

o]

DIMENSION EQ(5)

PSMIN = MINIMUN ELASTIC=PLASTIC PRESSURE

DATA PSMIN /1.E=4/

RFRNT=0,

DO 20 I=x=NMIN,NMAX

KSP = 0 FOR NON SPALLED CELL

= | FOR SPALLED CELL
= 2 FOR INTERFACE CELL

KSP=ICF(1)/64

J 1S INDEX OF COMPONENT

JSICF (1) =649KSP

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

IF (CV(I)eLT,SOL(13sJ)) GO TO 1

IF (KSP.NE.0) 60 70O 11

EQ(l)=sCVI(I)

EQ(2)=CI(])

CHECK FOR CJ EQUATION OF STATE

IF (IBRN(J)«NE,0) GO TO 9

EQ(3)=Cw(l)

EQ(4)=x0,

IF (CV(I)eGT,SOL(139J)) EQ(&)Z(CP(I))/ABS(CR(I)=RFRNT)

CALL HOM (EQeSOL (19J) 9eGAS(19J) s INNDH)

IF (INDH) 29¢403

ERROR IN HOM

2 PRINT 900+1+EQ

900

MAKE FAKE CALL TO TIME TO GET A LAST PRINT
PCNT=],

GCNT=100.

DCNT2100.

ICYCL=ICYCL=1

TTIME=TTIME=DELT

CALL TIME

STOP )

FORMAT (16H] HOM ERROR v»I5¢5E18.411)

CELL SPALLED

IF (ICF(I)eLTe64) ICF(I)EICF(I)egs
RFRNT=CR (1)

CP(1)=EQ (&)

GO T0 11

REGULAR HOM EXIT

CP(I1)=EQ(4)

1F (ABS(EQ(4)) LTeSOL(189J)) CP(1)=SOL(18sJ)
CT(1)=EQ(S)

IF AN EXPLOSIVE OR GASs SKIP ELASTIC=-PLASTIC
IF (IEXP(J)eNELO) GO TO 20

IF YO OR MU LESS THAN 0.0001 SKIP ELASTIC CALCULATION




000004

000004

000004

000004
00000S

000006

000047
000047
000051

000077
000077

(e XaNaXe!

SUBROUTINE HETCON (NMINyNMAX)

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

COMMON CR(999) yCRO(999) yCU(999) 4C1JO(999) yCV(999) s CVO(999) »
1CM(999) +CQR(999) ¢ ICF (999) +CW(999) 4,CWO(999) 1CT (999) ,CP(999)
2CS(999) 4CSZ(999)+C1(999)+CI10(999),LABEL (12)

COMMON /MISC/ TTIME.DELTsICYCLIPCNTosGCNToDCNToDINCePINCoGINC,
1IALPHIHEATC o GASWoNCLIPTMINS IPNToIMCoIPRyITReIWRsITReIURs IHCoILB,
2IRBIWSWoPSMINIWMAX y SMINy A ByBLByARByBRBINLIsNRIINLINCyNRINC
3NLCNToNRCNTosNLHONRL yDXsKINDyRXZDYsRXZVSsFPOsFEOIRXZ

COMMON /MATER/ E(10)9GAS(17410)yI8RN(10)¢SOL(23910)9sVCJU(10)
éxEAST(IO)oZ(IO)oNAM(Z.lO)oDTIME(iO)oNOINC(IO)oIVIS(lO)oIE‘P(lO)o

o]
IF (TALPH.EQ.0) GO TO 1S
DO 10 IaNMINJNMAX
10 CI(I)=CI(1) 42 «HEATCHDELT/CM(I) o ((CR(T+1)%#TALPH)#(CT(16]1)=CT(1))
17(CR(142)=CR(I))=(CR(T)##TALPH) & (CT(I)=CT(1=1))/(CR(I*1)=CR(I=1)))
RETURN
15 DO 20 I=NMIN,NMAX
20 CI(1)=CI(1)e2,%HEATCHDELT/CM(I)#((CT(L¢1)=CT(I))
1/7(CR(I1¢2)=CR(I))=(CT(I)=CT(I=1))/(CR(I*1)=CR(I=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) yCRO(999) sCU(999) yCUO(999) sCV (999) »CVO(999) »
1CM(999) yCQR(999) s JICF (999) +CW(999) CWO(999) 9CT(999) yCP(999) »
2CS(999) ¢CSZ(999) +C1(999)+C10(999)LABEL(12)

COMMON /MISC/ TTIME,DELT+ICYCLoPCNT+GCNTsDCNTsDINCsPINCIGINC,
1TALPHIHEATC sGASWoNCLePTMINSIPNT s IMCoIPReITReyIWRsITRs IURsIHCoILB,
2IRBIWSWsPSMINIWMAX ySMINsALBsBLByARB9sBRBsNLIsNRIsNLINCINRINC,
3NLCNT¢NRCNT oNLHINRL ¢OX s KIND yRXZDVeRXZVS9sFPOsFEOWRXZ

COMMON /MATER/ E(10)9GAS(17+10)9sIRBRN(10)¢sSOL(23910)9sVCJ(10)
észﬁT(IO"2(10)ONAM(zolo)oDTIME(iO)oNOINC(IO)oIVIS(lO)oIEXP(lO)o

o]
DO 10 I=NMINJNMAX
10 CR(I)=CRO(I)«CU(T)®DELT
RETURN
END
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(e NeNeXel

20
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SUBROUTINE STRESS (NMINsNMAX)

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

COMMON CR(999) yCRO(999) syCU(999) 4CUO(999) +CV(999) yCVO(999)
1CM(999)OCQ(999)'ICF(999)'CH(Q99),CUO(999)'CT(999)OCP(999)0
2CS(999)+CSZ(999) +C1(999) +vC10(999)LAREL (12)

COMMON /MISC/ TTIME,DELToICYCLIPCNTsGCNToDCNTsDINCIPINCIGINC,
1IALPH.HEATC'GASW.NCL'PTMIN'IPNT.IMC.IPR.ITR.INR'IIR'IUR'IHC'ILBO
2IRBeWSWPSMIN«WMAXySMINsALBsBLBsARBIBRBINLIsNRI9sNLINCYNRINC
3NLCNT «NRCNT oNLHONRL 9 DX 9 KIND

COMMON /MATER/ E(10)9GAS(17+10)sJRRN(L0) sSOL(23010)eVCJ(10)
IVEACY(IO)OZ(IO)'NAM(Z.IO).DTIME(TO)ONOINC(IO)'IVIS(IO)'IE‘P(IO)O
2NCOoM

CHANGE IN S MUST BE GREATER THAN SMIN BEFORE AFFECTING ANYTHING

DATA SMIN /1,E=9/

DO 10 I=NMIN,SNMAX

KSP=ICF(1)/64

J IS INDEX OF COMPONENT

JEICF (1) =649KSP

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

IF (SOL(19+J)4LTe0.0001) GO TO 15

IF(SOL(209J) (LT«040001) GO TO 10

DELS=2,9S0L(20+J) % ((CU(I)=CU(T141))4DELT/(CR(I¢])=CR(I))
1+4.666666666T# (CV(I)=CVO(I))/Z(CVIT)+CVOI(I1)))

IF (ABS(DELS)«LT,SMIN) DELS=0.

CS(I)=CS(1) + DELS

IF (IALPH.EQ,1) GO TO 20

GO 7O 10

CALCULATE CS?7

DELS = SOL(209J)%1,33333334%(CV(1)=CVO(I))/(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) yCRO(999)sCU(999) ycUO(999) «CV(999) sCVO(999) »
1CM(999) 4CQ(999) s ICF (999) sCW(999) (CWO (999) sCT(999) CP(999)
2CS(999) yCSZ(999) +C1(999)+C10(999),LABEL(12)

COMMON /MISC/ TTIME+DELTsICYCLsPCNT+GCNT9OCNTDINCePINCGINC,
1IALPHoHEATC sGASWoNCLyPTMINS IPNT s IMCoIPRyITRyIWRsIIRsIURsIHCoILB,
2IRBYWSWoPSMINIWMAX 9 SMINsALBsBLBsARBIBRBsNLIsNRIsNL INCoNRINC»
3NLCNToNRCNToNLHINRL sDX o KINDWRXZDYeRXZVSsFPOsFEOIRXZ

COMMON /MATER/ E(10)9GAS(17910)9sTBRN(10)eSOL(23910)sVCJ(10)
éVEAST(lO)oZ(lO)oNAM(Z.lO).DTIME(TO)-NOINC(IO)oIVIS(lO)-IEXP(lo)o

NCO

DIMENSION ICHAR (2)+TKE(10)sTIE(]0)

PLOT CHARACTERS le o 2

DATA ICHAR(]l) /0S52/

DATA ICHAR(2) 7067/

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 /07

DATA PCNT /1,7

DATA GCNT /1.7

DATA DCNT /100,./

INCREMENT TIME AND CYCLE NUMBER

ICYCL=ICYCL*]

TTIME=TTIMESDELT

NRCNT=NRCNT=1

NLCNTaNLCNT=1

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

NLHENLH+1

NLCNT=NL INC

SEE IF WE NEED TO ADD ON CELLS FROM RIGHT

IF (NRCNT.GT,0) GD TO S

YES ADD ON A CELL AND SET COUNT

NR{.=NRL=1

NRCNT=NRINC

CHECK 1F ALL CELLS ARE IN THE CALCULATION

IF (NRL.GT.NLHe1) GO TO 6

YES SET NLIJNRIsNLHe AND COUNTS ACCORDINGLY

NLHsNCL+1

NLI=]

NRI=0

NLCNT=100000

NRCNT=100000

GO T0 7

CHECK IF ALL CELLS ARE IN THE CALCULATION

IF (NLH.LT.NCL) GO TO 7

YES SET NLIJNRIyNLHy AND COUNTS ACCORDINGLY

NRCNT=100000

NLCNT=100000

NLH=NCL+1

NRI=0

NLI=]

DETERMINE DELT FOR NEXT CYCLE

K=]
SAVE DELTA T FOR PRINT OUT



000044
000046
000047
000051
000053
000060
000062
000062
000067

000073
00007S
000077
000100
000102
000103
000114
000126
000127
000130
000132
000134
000136
000137
000141
000142
000150
000154
0001SS
000160
000163
000165
000206
000210
000210
000232
000236
000237
000245
000250
000253
0002SS
0002Ss6
000261
000264
000271
000273

000344
000346
000350
000354
000357

000360
000371
000403
000404
000405
000407

o000

11

12

13

14
15

SVDEL=DELT

DO 10 I=1loNCOM

N=NOINC(I)

DO 8 JU=m]1sN

IF (CP(K*J)«GT.PTMIN) GO TO 9
CONTINUE

GO TO 10

IF (DELT«GT.DTIME(I)) DELT=DTIME(I)
KEK*N

DECREMENT COUNTS

PCNT=PCNT=1,

GCNT=GCNT=1,

DCNT=DCNT=1,

IF (PCNT«GTe«0s) GO TO 20

PCNTaPINC

PRINT 900+ICYCLoTTIME,LABEL

PRINT 906+SVPEL ¢NLHeNRL

LIN3Se

K=1

DO 15 I=x1«NCOM

N=NOINC(])

TKE(I)=0,

TIF(I)SO.

LK

DO 11 U=mleN
TKE(T)STKE(I)eCM(L)@CU(L*1)*CU(Le1)
TIE(D)=TIE(I)+CM(L)®#CT (L)

L=L*]

CONTINUE

TKE(I)=TKE(1)®#,50036186

IF (LIN,LT.6) GO TO 12

PRINT 901 sNAM(141)4NAM(241)4TKE(I)sTIE(])
LINZ{_IN=S

GO TO 13

PRINT 9029sNAM(191) «NAM(2¢1) o TKE(T)sTIE(])
PRINT 903

LIN=SS

IF (1+EQs1) PRINT 903

IF (I4EQsl) N3N+

IF (1.EQeNCOM) N=Ns]

EIN°3'10

DO 14 J=1sN

IF (CI(K)+EQ.EINO) GO TO 14
IFLG=ICF (K) /K4

IF (LINJ,EQ.,0) PRINT 904

IF (LINJEQ.0) LIN=SH

PRINT 90S9sKsCR(K) sCUK) sCVIK) 9CT(K) o CP(K) sCT(K) 9CW(K) s CQ(K) 9 CM(K) »
1CS(K) «CSZ(K) » IFLG

LIN=[ IN=1

EINO=CI (K)

K=K+

CONTINUE

IF (IMC.EQ.0) GO TO 20

LAL A LA TS LA LD R TR P D e R Y R TR R R R Y R R R R R

4020 OUTPUT BELOW
LA A R T Y R R T T T T TR PR TR Y TR Y P P R PP g e e
WRITE (12+900) ICYCLoTTIMESLABEL
WRITE (12+906) SVDELsNLHsNRL
LIN=S6
K=1
DO 19 1=1sNCOM
EINO==-],

33




34

000611
0006413
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
0006SS
000660
000661
000667
000677

000700
000702
000712
000714
000716
000720
000721
000722
000724
000726
000737

e NeXel

O OO0

16

17

18
19

20

31

32

N=NOINC (1)

IF (LINJLT«6) GO TO l6

WRITE (12+901) NAM(191) oNAM(2e1) TKE(I)«TIE(])
LINSLIN=S

GO TO 17

WRITE (129902) NAM(191)oNAM(2e1)TKE(I)»TIE(])
WRITE (12+903) .

LIN=SS

IF (1.EQel) WRITE (124903)

IF (I4EQel) N=Ne]

IF (J.EQeNCOM) N=Ne]

DO 18 J=1sN

IF (CI(K)+EQ,EINO) GO TO 18

IFLG=ICF (K) /64

IF (LINJEQ.0) WRITE (12+904)

IF (LINJEQ.0) LINE=SAH )

WRITE (129905) KeCR(K) sCU(K) yCV(K) ¢CT(K) sCP(K)¢CT(K)sCW(K)91CQ(K)»
1CM(K) 9CS(K) 9CSZ(K) 4 IFLG

LINZLIN=1

EINO=CI (K)

KEK+]

CONTINUE

T ITT T IR TR LR TP T LT ET - P T T P L DR R Y

4020 OUTPUT ABOVE

BHBLBBLBVRDVBBBLBVBOLIVILBDIRBBVRBPLBBBLBBBBLLBVLBLIRBBOBLBOBBOROS
IF (GCNT+GT+0s) GO TO SO

GCNT=GINC

IF (IMC.,EQ,0) GO TO So

Y L R L I TR T T Y T e R T TR T T 2 3 Ty ie)

4020 OUTPUT BELOW

BOUBBBBBVLOLBBLIBDIBRIBIBBHBDBLBVBBLDBBILLBADBEILRBVDIBDEGBIVLBBROO
IF (IPR.EQ,0) GO To 32

GRAPH PRESSURE VS RADIUS

CALL ADVI(1)

CALL DGA (12391023909900e¢0¢9CRINCL*1)9e¢900~=,1)
CALL DLNLN (10+10)

CALL SLLIN (10.2)

CALL SBLIN (10,3)

Jel

K=2

DO 31 I=]1yNCOM

N=NOINC (1)

CALL PLOT (NeCR(K)e1sCP(K)elyICHAR(J)®1)
Js3=-J

KEK*N

CONTINUE

CALL LINCNT (60)

WRITE (12+910) LABEL

WRITE (12+911) TTIME.ICYCL

IF (ITR.EQ.0) GO TO 34

GRAPH TEMPERATURE vS RADIUS

CALL aADvV(])

CALL DGA (1239102390990090¢9CR(NCL*1)95000440,)
CALL DLNLN (10410)

CALL SLLIN (1040)

CALL SBLIN (10+3)

J=1

K=2

DO 33 I=1sNCOM

N=NOINC (1)

CALL PLDT (NeCR(K)s1¢CT(K)91sICHAR(J) 1)

JE3=-J



000741
000742
000745
000746
0007564
000764

000765
000767
000777
001001
001003
00100S
001006
001007
001011
001013
001024
001026
001027
001032
001033
001041
0010S1

001052
001054
001064
001066
001070
001072
001073
001074
001076
001100
001111
001113
001114
001117
001120
ooll2é
001136

001137
001141
001151
001153
0011SS
001157
001160
oollel
001163
001165
001176
001200
oola01
001204
001205
001213

o000

33

34

35

36

37

38

39

KaK+N

CONTINUE

CALL LINCNT (60)

WRITE (12+910) LABEL

WRITE (124912) TTIMEsICYCL

IF (IWR.,EQ,0) GO TO 36

GRAPH MASS FRACTION VS RADIUS

CALL aDv(l)

CALL DGA (123+102390990090¢9CR(NCL*1)91490,)
CALL DLNLN (10410)

CALL SLLIN (10.2)

CALL SBLIN (10.3)

J=1

K32

DO 35 I=1oNCOM

N=NOINC (1)

CALL PLOT (NeCR(K) 91 oCW(K)91yICHAR(J) 1)
J=3=-J

K=KeN

CONTINUE

CALL LINCNT (60)

WRITE (12+910) LABEL

WRITE (12+913) TTIME«ICYCL

IF (I1R,EQ.0) GO To 38

GRAPH VOLUME VS RADIUS

CALL ADV(1)

CALL DGA (1239102390¢900s0¢9CRINCL*1)924904)
CALL DLNLN (10.10)

CALL SLLIN (10.3)

CALL SBLIN (10+3)

J=1

KE2

DO 37 I=1e«NCOM

N=NMOINC (1)

SALL PLOT (NyCRI(K) g1eCVI(K) oY, ICHARIJY 1)
=3=J

K=K N

CONTINUE

CALL LINCNT (60)

WRITE (12+91n) LABEL

WRITE (12+914) TTIME.ICYCL

IF (IUR.EQ.0) GO TO SO

GRAPH VELOCITY VS RADIUS

CALL aADVI(1)

CALL DGA (123+1023+0990090s9CR(NCL*1)91400=1,0)
CALL DLNLN (10.10)

CALL SLLIN (1042)

CALL SBLIN (10.3)

J31

K=2

DO 39 I=1sNCOM

N=NOINC(])

CalLL PLOT (NJCR(K) 91loCU(K) 0l oICHAR(JY 1)
J=3=-J

K=K N

CONTINUE

CALL LINCNT (60)

WRITE (12+910) LABEL

WRITE (124915) TTIME.ICYCL
22X L R FYW ey L TR Y - YY)

4020 OUTPUT ABOVE

BUBBLAVBVRRB VL OBV IRRRRRRPRRRRBEIBPRIRRDIR RIS RO BIRUBIRIRERORO LR VY

35



36

001223
00122S
oolz227

001454
001462
001463
001463
001463

001463

001463

001463

001463

001463
001463

001463
001463
001463
001463

001463
001463

S0 IF (DCNT«GT«0e¢) RETURN
DCNT=DINC
WRITE (1)CRO4CUOGCWOsCSZsCIOsCVOsICFoCMyCQoCToCPsLABEL sDELTIHEATCo
1IALPHs TTIMESPINCsGINCsDINCIPCNT9GONTyOCNTeEsGASs IBRNsSOLIVCJe
2VFACT s ZoNAMyDTIME¢NOINCINCOMyICYCL «NCLoIPNToIMCoIPRIITRy IWRs IR,
IIURSIHCILBs IRBoALB9BLBsARBIBRBIWSWINLI oNRIyNLINCo,NRINCyNLCNT
4NRCNT s NLHINRLsDX s IVISeIEXPIKINDoCRoCI9CWoCVoCU4CSyRXZDVIRXZVS
SRXZsFPOWFEO
PRINT 916+1CYCL
RETURN

900 FORMAT (12H1 AT CYCLE #1Se¢13H THE TIME IS +1PEll,4918H MICROSECON
10S FOR +12A6)

901 FORMAT (//+20MH THE COMPONENT 1§ +2A6926H WITH A KINETIC ENERGY O
1F «lPE11¢4¢27H AND AN INTERNAL ENERGY OF 91PEll.%s//)

902 FORMAT (20H1 THE COMPONENT IS «246+26H WITH A KINETIC ENERGY O
1F ¢1PE11+%4+27H AND AN INTERNAL ENERGY OF 91PElle4,4//)

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

904 FORMAT (129H]1CELL RADIUS VEL VOLUME ENERGY
1 PRESS TEMP MASS F viscC MASS XeZ ST

2RESS FLAG)

905 FORMAT (IS99 (Xs1PE11+4)9X9s2(3PF643)¢X,02)

906 FORMAT (14H DELTA T IS 41PE10,3425H WITH LEFT CELL INDEX OF #159¢
125H AND RIGHT CELL INDEX OF ,415)

910 FORMAT (l0Xs1246)

911 FORMAT (//+10Xy38HPRESSURE (MEGABARS) VS RADIUS (CM) AT +1PE1043s
131H MICROSECONDS AND CYCLE NUMBER +15)

912 FORMAT (//+10X943HTEMPERATURE (DEG KELVIN) VS RADIUS (CM) AT
11PE1043+31H MICROSECONDS AND CYCLE NUMBER 41S)

913 FORMAT (//+10Xs41HMASS FRACTION oF SOLID VS RApDIUS (CM) AT +1PE10.
13931H MICROSECONDS AND CYCLE NUMRER ,15)

914 FORMAT (//9+10Xs4SH SPECIFIC VOLUME (CC/GM) VS RADIUS (CM) AT .
11PF10+3931H MICROSECONDS AND CYCLE NUMBER +15)

915 FORMAT (//+10Xs46HPARTICLE VELOCITY (CM/MSEC) VS RADIUS (CM) AT »
11PE10,3+31H MICROSECONDS AND CYCLE NUMBER +15)

916 FORMAT (///+10Xs19HTAPE OUMP AT CYCLE +1S)
END
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SUBROUTINE UPDATE (NMINsNMAX)
UPDATE MOVES THE NEW QUANTIES TO THE OLD TIME STEP QUANTIES

COMMON CR(9969) yCRO (999) +sCU(999) »CUO(999) sCV(999) +CVO(999) »
1CM(999) yCQ(999) s ICF (999) yCW(999) CWO (999) ¢CT (999) yCP (999) »
2CS(999)OCSZ(999)OCI(999)'CI°(999)'LABEL(I?)

COMMON /MISC/ TTIMESDELTsICYCLIPCNT9sGCNTsDCNTDINCIPINCIGINC,
11ALPHoHEATCoGASWoNCL sPTMINY IPNT» IMCo IPRyITRy IWRs ITRo JURs IHCo ILBy
2IRRIWSWyPSMINsWMAX SMIN9ALByBLBsARB9BRBINLIsNRIoNLINCoNRINC
3NLCNT.NRCNT'NLH'NRL'DX'KIND'RXZDV.RXZVSOFPO'FEO.R!Z

COMMON /MATER/ E(IO)'GAS(17'1°"iBRN(lO)OSOL(23'10)'VCJ(10)'
IVFACT(10)9Z(10) sNAM(2410) yOTIME(10) sNOINC(10) oIVIS(10) 9 IEXP(10),
2NCOM

DO 10 I=NMINJNMAX

CRO(1)=CRI(T)

cuo(1)=CuU(l)

cvoll)=cvi])

CWoll)=CW(I)

clot)y=CcI(D)

RETURN

END

37
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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) yCR0O(999)sCU(999) ycUO(999) sCV (999) +CVO(999)
1CM(999) 9CR(999) s ICF (999) sCW (999) 4CWO(999) sCT(999) 4CP(999) »
2CS(999) 4CSZ(999) 4C1(999)+CI10(999),LABEL (12)

COMMON /MISC/ TTIMECDELToICYCLsPCNToGCNToOCNToDINC«PINCoGINC,
1TALPHoHEATC yGASW,NCLsPTMINs IPNToIMCoIPRsITRyIWReIIRoIURsIHCoILB,
2IRBeWSWoPSMINIWMAX g SMIN9ALBoSLBsARBIBRBINLI ¢NRIsNLINCyNRINC»
INLCNT o NRCNToNLHONRL sDX s KINDyRX2DV4RX2VSsFPOFEOIRXZ

COMMON /MATER/ E(10) «GAS(17+10)sIBRN(10)9sSOL(23910)9VCJ(10)
IVEAST(IO)OZ(IO)oNAM(ZolO)oDTIME(IO)oNOINC(IO)oIVIS(lO)oIEXP(IO)o
2NCO

IF (T1ALPH.EQ,0) GO TO 15

DO 10 I=NMINJNMAX

J IS INDEX OF COMPONENT

KSPEICF (1) /64

J = ICF(1)=64%KSP

CU(T)aCUO (1) +2,#DELT® (CRO(I1)#*TALPH) Z (CM(TI=]1)eCMI(T))®(CP(I=1)
1=CP(I)eCQ(I=1)=CQ(I))

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

IF(SOL(199J) (LT4040001) GO TO 10

IF(SOL(209J)4LT«040001) GO TO 10

IF (CRO(I).EQe0s) GO TO 10

IF (IALPH.EQ.,1) GO TO SO

VELOCITY CALCULATION FOR ELASTIC SPHERE

CU($)=CU(I)'0075°(CS(I)‘CS(I-I))“(CVO(I)‘CVO(I-I))“DELT/CRO(I)

GO0 TO 10

VELOCITY CALCULATION FOR ELASTIC CYLINDER

SO0 CU(II=CU(T)=(CS(TI)eCS(I=1)40,5%(CSZ(T)*CSZ(I=1)))a0,5¢(CVO(1)e

1CVO(1=1))4DELT/CRO(T)

10 CONTINUE

RETURN

15 DO 20 I=NMINJNMAX
20 CU(I)=CUO(T)+24%DELT/(CM(TI=1)¢CM(I))®(CP(]=1)

1=CP(1)+CQ(I=1)=CQ(1))
RETURN
END
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SURROUTINE VISCOS (NMINsNMAX)

VISCOS COMPUTES THE VISCOSITY IN EITHER THE PICs LANDSHOFFs OR
REAL FORM FOR CELLS WITH INDICES NMIN TO NMAX

COMMON CR(999)cCRO(QQQ).cU(999)'CUO(999)0CV(999)'CVO(QQQ)'
1CM(999) yCQ(999) » ICF (999) +CW(999) CWNO(999) +CT(999) ,CP(999)
2€S(999) +CSZ(999) 4yC1(999)9C10(999),LABEL (12) N

COMMON /MISC/ TTIME4DELTsICYCLoPCNT+sGCNTsDCNTsDINC«PINCsGINC,
1IALPHyHEATC s GASWoNCLIPTMINS IPNTIMCoIPRsITRsIWRs TIR9IURy IHCoILB,
2IRBIWSWoPSMINIWMAX ySMINsALB +BLRByARB9BRBINLIINRIsNLINCINRINC,
3NLCNTyNRCNT e NLH9NRL s DX s KINDsRXZDVsRXZVSsFPOWFEOWRXZ

COMMON /MATER/ E(lo"GAS(17'10)'IQRN(IO)OSOL(23'10)'VCJ(10)'
IVFACT(10)9Z(10) oNAM(2410) yOTIME(10) sNOINC(10) s IVIS(10)4IEXP(10),
2NCOoM

DO 10 I=NMINJZNMAX

UT=CU(I)=CU(]I+])

J IS INDEX OF COMPONENT

KSP=ICF (1) /64

J=1CF (1) =64%KSP

CHECK FOR REAL FORM

IF (IVIS(J)+EG,2) GO TO 2

CU(I)=0,

IF (UT.LE.0.) GO TO 10

CHECK FOR LANDSHOFF FORM

IF (IVIS(J)+EQ.1) GO TO 1

PIc FORM ,

CQ(I)=ABS(VFACT(J)°.5“(CU(I)OCU(IOI),.UT/CV(I))

GO TO 10

LANDSHOFF FORM

CA(I)=VFACT(U)sUT/CVID)

GO T0 10

REAL FORM

CA(1) ] (3333VFACT (NI *UTZ(CV (T acM(]))

CONTINUE

RETURN

END
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000004

000004

000004

000004
000005
000024
000024

[eXe N el

SUBROUTINE VOLUM (NMINsNMAK)

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

COMMON CR(999)OCR0(999)OCU(999)oCU0(999)OcV(999)OCV0(999)0
1CM(999) yCQ(999) s ICF (999) +CW(999) ,CWO(999) sCT (999) «CP(999)
2CS(999) yCSZ(999) sC1(999) +CI10(999)LABEL(12)

COMMON /MISC/ TTIMESDELToICYCLoPCNT 9GCNT9DCNTsDINCIPINCsGINC,
1TALPHyHEATC sGASWoNCLIPTMINS IPNT o IMCo IPReITReIWRsITRs IURs IHCoILR.
2IRBIWSWsPSMINyWMAX 4y SMINsALB9BLBsARB9yBRBsNLIsNRI¢NLINCoNRINC
3NLCNT.NRCNTONLHONRLODX'KIND.RXZDVoRXZVSoFPOOFEOORXZ

COMMON /MATER/ E(lo,'GAS(17'1°’OIBQN(I0,0SOL(23'1°,'VCJ(1°,'
éVEAST(lo) 92(10) sNAM(2410) ¢DTIME(10) «NOINC(10) o IVIS(10) s IEXP(10)

NCO

DO 10 I=NMINyJNMAX

10 CV(IIZ((CR(T+1)+CR(I))¥eS)*#TALPH® (CR(TI¢1)=CR(I))/CM(T)

RETURN

END




SUBROUTINE HOM (VeSsGeIND)

V(1)
vV(2)
vV(3)
Vias)

soLID
Vis)

vV(S)

s
St2)
S(3)
S(4)
S(s)
St(e)
S(7)
s(8)
S(9)
S(10)
S(1l)
Ss(12)
S(13)
S(14)
S(15)
s(16)
S(1M
S(18)

G(1)
G2}
G(3)
Gla)
G(S)
G(e)
G(7T)
G(8)
G(9)
G(10)
G(1)
G(12)
G(13)
G(14)
G(15)
G(16)
G(17)

[sX2XaNeTeX2XaXaNsXaX21l2 K2 s aNe N e e e e Nels Ne N e N e NeloNoNeToNeloNe oo NeloNoNeNoNeloNeleoNaNoloNeloXe Ne e NaXe el

000006

IF V(4)

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

THE PARAMETERS ARE
v AN ARRAY OF DIMENSION S

SPECIFIC VOLUME INPUT
INTERNAL ENERGY INPUT
MASS FRACTION INPUT

=ABS (DP/DX) INPUT

IS «GE+0 NO SPALLING CALCULATION IS DONE FOR A PURE
PRESSURE ouTPUT
TEMPERATURE oUTPUT

S AN ARRAY OF DIMENSION 18 CONTAINING THE PARAMETERS FOR THE
SOLID EQUATION OF STATE

c
S

VSw VOLUME TO SWITCH TO SECOND USsUP FIT
C1
S1

C=IITOM

Vo
ALPH
SPALL A

ULTIMATE SPALL PRESSURE
T0 INITIAL TEMPERATURE
PO INITIAL PRESSURE

INITIAL VOLUME
A

S(22) IS SPALL INTERFACE PRESSURE

S(23) IS MIN V FOR TWO PHASE FE FQUATION OF STATE
G AN ARRAY OF DIMENSION 17 CONTAINING THE PARAMETERS FOR THE
GAS EQUATION OF STATE

v

NOCHNDIOO0OZIr XMOoO® P

IND OUTPUT INDICATOR

SET TO 0 FOR NDRMAL EXIT

SET TO 1 FOR SPALLED SOLID

SET TO =1 FOR HOM ERROR IN ITERATION
DIMENSION V(S) «S5(23)9G(17)sVIT(10)

L1



000006 DATA GASW /.01/

000006 DATA SOLW /.999/
000006 DATA SPMIN/S,.0E=3/
000006 DATA VGSS /«9/
000006 DATA VIT(3) /1.E=S/
000006 DATA VIT(10) /0e/
000006 INDE=O
000006 IF (V(3)«GT.SOLW) GO TO 10
000012 IF (V(3)«LT+GASW) GO TO 110
000014 GO TO 210
C EQUATION OF STATE FOR SOLID ONLY
000014 10 IF (V(1)+GTeS(13)) GO TO SO
¢ FOR TWO PHASE FE TYPE EQUATION OF STATE
000020 IF(V(1)«GT«S(3)) GO TO 11
000023 IF(V(1),LT.S(23)) GO TO 4S
000024 V(1)=S(23)
000026 GO TO 4S
000026 11 C1=S(1)
000027 S$1=S(2)
000031 20 VOMVES(13)=V (1)
000033 HPa ((C1/(S(13)=S14VOMV))#u2)+VOMY
000040 HE=HP#VOMV® .5
000042 VI(a)sHP+ (V(2)=HE)#S(11)/V (1)
¢ 1IF NO HEAT CAPACITY SKIP TEMP CALCULATION
000047 IF (S(12)) 21422421
000050 21 ALNV=ALOG(V(]))
0000SS V(S)a(V(2)=HE)#23890./S(12) ¢EXP(S(6)+ALNV® (S(7)+ALNV#(S(B)*ALNVs
1(S(9)+ALNVHS(10)))))
000077 22 RETURN
¢ SWITCH TO SECOND US.UP FIT
000100 45 Cl=S(4)
000102 S1xS(5)
000103 GO TO 20
¢ SPALLING SOLID EQUATION OF STATE
000104 S0 DPDX=V(4)
¢ 1F ALPHA IS ZERO SET P=P0 AND DO NOT SPALL
000106 IF (S(14)) S1e51452
000107 S1 v(4)=S(18)
000111 vVIis)asS(1T)
000112 RETURN
000113 52 V(W) Z(S(11)#(V(2)¢(1e=V(1)/S(13))4S5(12)%139528394E=5/S(14)))/V (1)
000125 VIS)2V (2)#238904/5(12)+S(17)
000131 IF (DPDX+GEeOe) RETURN
c 1F SPA LESS THAN / 0.0001 DO NOT SPALL
000134 IF (S(15) «LTe040001) RETURN
000137 T=S(15) #SQRT (=DPDX)
000147 SPLP==T
000150 IF (TeGTeS(16)) SPLP==S(l6)
000154 IF (TeLT«SPMIN) SPLP==SPMIN
000160 IF (V(4)+GT«SPLP) RETURN
000163 V(4)=5(22)
¢ SET IND FOR SPALLED SoOLID
000165 IND=]
000166 RETURN
C EQUATION OF STATE FOR GAS ONLY
000166 110 ALNVEALOG(V(1))
000173 ALNPIZG (1) «ALNV® (G (2) +ALNVH* (G (3) o ALNV® (G (4) $ALNV*G(S))))
000203 ALNIT=G(6) ¢ALNPI® (G(T)+ALNPI®(G(g)+ALNPI#(G(9)+ALNPI®*G(10))))
000214 ALNTI=G(11) *ALNV#(G(12) *ALNVS(G(]13)¢ALNV# (G(14) +ALNV*G(15))))
000225 EIZEXP(ALNIT)=G(1T)
000233 V(G)BEXP(ALNPI)# (ET=V(2))/V(1)#(G(12) *ALNV#(G(13)+G(13)+ALNVe(

13¢46G(14) ¢ALNV#4¢2G(15))))

ko




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
000406
000412
000427
0006434
000444

000463
000467
000504
000518
000520
000523
000527
000531
000534

000556

000563

000600
000604

V(S)=EXP (ALNTI)#(V(2)=E1)*23890,/G(16)
RETURN

C EQUATION OF STATE FOR MIXTURE OF SOLID AND GAS

210

21s

220

22s

230

235

240

250

C
260

OMW=1,=V(3)
OMWR=]1,/0MW
IF (V(1)eLTeS(13)) GO TO 230
VITI) =(V(1)=V(3)#S5(13)#VGSS) *OMWR
vIT(2)=1.002
IBR=1 FOR ITERATION ON VG
18R=
CALL LFB (XeFoVIT)
IF (VIT(10)) 900+,2609220
IF (X,LE«0e¢) GO TO 225
VG=X
VS=(V (1) =-OMW4VG) #WR
IF (VS LE.0s) GO TO 225
1F (VS.GT.S(13)) VsS=S(13)
GO TO 250
SET VS=VG=VOLUME WHEN GET IN TROUBLE
VS=Vv (1)
V6=V (1)
x=v (1)
GO TO 250
vIT(1)=v (1)
VIT(2)3,999
IBR=2 FOR ITERATION ON VS
18p=2
CALL LFB (XsFoVIT)
IF (VIT(10)) 90042609240
IF (X4,LE«Qes) GO TO 225
IF (X4GT+S(13)) Xx=S(13)
VvS=X
VG=(V(1)=V(3)4VS) #OMWR
IF (VGJLE«Ds) GO TO 2025
CALCULATE TEMPERATURE/PRESSURE DIFFERENCE FOR MIXTURE ITERATION
vOmMVeS$ (13) =VS
HP=((S(1)/(S(13)=S(2)9VOMY)) #&2)ayOMy
HE=HPu ,S#YOMY
ALNV=ALOG(VS)
HTZEXP (S(6) ¢ALNV& (S (T) ¢ALNVS (S(B)+ALNVH#(S(9)+ALNVES(10)))))
ALNV=ALOG(VG)
ALNPI=G (1) ¢ALNVS (G(2) s ALNV# (G (3) s ALNV* (G (4) ¢ ALNV®*G(5))))
EI=EXP(G(6) ¢ALNPI® (G(T7) ¢ALNPI* (G(8)+ALNPI®#(G(9) +ALNPI*G(10)))))~
16017
PI=EXP(ALNPI)
TIZEXP(G(11)+ALNV® (G(]12)+ALNVH®(G(13)+ALNV®* (G(14)*ALNV®G(15)))))
BETER==(G(12)*ALNV# (G(13)eG(13)+ALNVH(3,9G(14)e4«2ALNV®G(15))))
TEMP==G(16) *RBETER/VG
TEMP1=S(11)%S(12)/VS
== (HTHTEMP1+TI#TEMP) ¢4,18585182F=S
TEMP3TEMP+TEMP]
VSTO0=(S(12)=G(16))oV(3)*G(l6)
F=((OMWSG(16)9TIeV(3)8S(12)9HT)44,18585182E=S+ (El=HE)®V(3)=ET+
1V(2) )4 TEMP/VSTO+F =PI +HP
GO TO (215+235)918BR
HAVE FOUND A SOLUTION FOR THE MIXTURE
GET THE TEMPERATURE AND PRESSURE
VARST= ((((T1=HT)®G(16)%4+]1BS85182E=S+V(2)*OMWR=EI)#S(12)+HE®*G(16))
14+OMW/VSTO) =HE
V(4)aHP+VARST#S(11) /VS
VI(S)=HT+VARST#23890./5(12)

43




L

000610

000610
000611
oooel2

900

RETURN

ERRUR IN HOM ITERATION
IND=-1

RETURN

END

SET IND TO =1



000005
00000S
000005
000006
000011

000014

000016
000020

000021

000022
000024
00002S
000026
000030

000031

000032
000034
00003S
000036

000040
000047

000050
000054
0000s5
000056
000060
000061
000063
000065
000066
000072
000074
000076
000102
000108
000114
000116

000117
000120

COOOOOOOOOOD

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 ITERATIONS

SET TO ZERO ON SOLUTION

SET TO NEGATIVE OF COUNT ON ERROR
Fp SFUNCTION(XP)
WHEN A SOLUTION Is FOUNDs XP IS TKE RODT

ERROR EXITS OCCUR FOR
1s TOO MANY ITERATIONSs ,GT.CNTMAX
2+ TWO SUCESSIVE XP S OR FP § ARE EQUAL
DIMENSION TX(10)
DATA CNTMAX /1000e/
IF (TX(10)4LEsOs) GO TO 1
TX(10)=TX(10)¢]1.,
IF (TX(10)=3,) 29344
ENTRY FIRST TIME THROUGH
1 TX(10)=1.
IF (TX(1).EQ,0) TX(1)=l,
XP=TX (1)
GO GET F (XP)
RETURN
ENTRY SECOND TIME THROUGH
2 TX(9)=FP
TX(8)=XP
TX(S)=FP
IF (ABS(FP)(LT,TX(3)) GO TO 18
XP=TX(1)%TX(2)
GO GET F(XP)
RETURN
ENTRY THIRD TIME THROUGH
3 TX(S)=FP
TX(6)=XP
TX(T)=FP
IF (ABSI(FP) LT,TX(3)) GO TO 18
XP=TX(6)=TX(TIO(TX(6)=TX(B))/Z(TX(7)=TX(9))
GO GET F (XP)
RETURN
ENTRY FOR FOURTH AND SUCEEDING TIMES THROUGH
4 IF (TX(10)eGT<CNTMAX) GO TO 99
TX (4)3XP
TX(S)=FP
T=TX!4)=TX(6)
IF (T+EQe0+) GO TO 99
IF (ABS(FP)4LT.TX(3)) GO TO 18
R=TX(S)=TX(7)
IF (R,EQe0¢) GO TO 99
XP=TX (4)=TX(S)#(T/R)
IF (TX(S)®TX(7)elLT40e) GO TO 11
IF (TX(S)®TX(9)«GE,Ne) GO TO 11
IF (XP«GTeTX(4)) GO TO 6
IF (XP.GT«TX(8)) GO YO 10
B XPzTX(4)=TX(S)#(TX(&)=TX(B))/(TX(5)=TX(9))
10 TX(7)=TX(S)
TX(6)ETX(4)
GO GET F(XP)
RETURN
6 IF (XP,GT.TX(8)) GO TOo 8

b5



000124
000124
000126
000127

000130
000131

000132
000133

000134
000136
000136

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



APPENDIX C

THE GAMMA-IAW EQUATION OF STATE AND HUGONIOT
TEMPERATURE PROGRAMS

The HOM equation of state used in FORTRAN SIN re-
quires fits to the equation of state parameters for
detonation products and condensed components. The
FORTRAN BKW code8 produces the coefficients to the
required fits using the Becker-Kistiakowsky-Wilson
equation of state to describe the isentrope of the
detonation products.

In this appendix we describe a code which will pro-
duce the coefficients to the required fits using a
gemma-law equation of state to describe the isen-
trope of the detonation products. We also describe
a code which calculates the single-shock Hugoniot
temperatures using the technique of Walsh and
Christian9 and produces the required fits for use
in the FORTRAN SIN code.

The Gamma-Law Equation of State Program

A. The Nomenclature

CcJ Chapman-Jouguet
detonation velocity

pressure

(= B

particle velocity
volume

initial specific volume

N < <

constant added to energies to make

them positive

<

gamma

o initial density

B. The Equations

Y
PCJ \ o]
Yv
V, = o
cg - (y+1)
InP=1InC+YlnvV
P._V P
PV CJ 'CJ CJ
Iegoa-voT v 3oV t2
P a’
_ cJ v _( P roY-1
Up = 5735 [1 +a (PCJ) ] vwhere a oY
- a + 1 -2 -1
* 1+ dinD
dlnp
3= 1l +a

C. The Input to the Code
1lst card
Col.  Formt
1-72 1246 Alphabetic label for problem
2nd card
Col. Formt
1-18 E18.11 Y
19-36 E18.11 Py (Mbar)
37-54  E18.11 o, (gfcc)
3rd card
Col.  Format
1-18 E18.11 D
19-36 E18.11 d(1n D)/d(1n p)
37-54  E18.11 z

D. The FORTRAN Code




000003

000003
000003
000003
000003
000003
000003
000003
000003
000011
000023
000035
00003s
000035
000037
000045
0000S0
000051
000054
000060
000062
00006S
000077
000100
000101
000102
000103
000107
000111
00011s
000117
000122
000130
000134
000140
000152
000154
0001Se
000160
000161
00010}
000164
000164
000167
000173
000174
000174
000176
000214
000222
000234
000246
000260
000270
000300
000312
00031s

500

900
01

20

11
12
13

10
30

FROGRAM LAW (INPUT OUTPUTFILMyTAPE12=FILM)
GAMMA «pPCJeRHOIDETVIDUDReZ ARE INPUT CONSTANTS
NIMENSION P(100 )eE(100 )eV(100 )9sALGP (100 ) 9ALGV (100 )sALNE(100 )
1eALNP (100 )oUP (100 )FTE(100 ) eECOEF (S)sALNV (100 )oW(100 )
2eDELY (100 ) oSB(5) 9T (S)eA(595)9LABEL(12)9ST(5)
NDATA PLFACT/+0.8/

DATA PMAX /+1l.0/

DATA PMIN /e+le0E=4/

NDATA PUFaCT/+1.15/

UATA AM  /40,4342944819/

UATA ICHAR /044/

VATA ICHAR2/063/

READ 900.LABEL

READ 901 +GAMMAYPCJIRHO

READ 901+DETVsDDDReZ

FORMAT (12A6)

FORMAT (4E18,11)

FITR==GAMMA

ALPHA= 1,0/ ((GAMMA+],)/(1+*DDDR) = 24)

BETA= (leALPHA)/GAMMA

FITRs -1,/BETA

vCJ= GAMMA/ ( (GAMMA® ] ,) ¥RHO)

C = PCUH(VCJueGAMMA)

ALNCs ALOGI(C)

aLPHP= (GAMMA =1,)/(2.%GAMMA)

ENCT = «pCJ¢vCJ/ (GAMMA=]1,) ¢ 0,S4PCJ#(1e/RHO =VCJ) ¢ Z
P(1)=PCJ

1=1

K=1

D0 10 J = 19100

aLNP(I)=aLOG(P(1))

ALGP(T)=ALNP (1) “AM

ALNV(T)3=(ALNP (1) =ALNC)/ GAMMA

aLGVI(I)= ALNV(]I)@AM

V(I)=sEXF (ALNVI(I))

E(I)= (P(I)ev(I))/ (GAMMA=],)+ENCT

ALNE(I) = ALOG(E(ID))

IF(P(I)eGTe PCJ) GO TO 12

UP(I)= PCJ/ (RHO® ALPHPHDETV)I# (1 .+ALPHP=(P(1)/PCJ)“S*ALPHP)
P(I+1) =p(1)#PLFACT

IF(P(I+1)4LT, PMIN) GO TO 11

Is]+]

K=K+]

GO T0O 20

PlI+]1) = PCJPUFACT

GO0 70 13

P(I+1)=P(I)4PUFACT

IF(P(1+41)eGT,PMAX) GO TO 30

I=1e1

GO TO 20

CONTINUE

CALL PFTS(I94909SIGMAWALNPALNEsWoFTEsDELYIECOEF+SBsT9STsA)
PRINT 911e«LABEL

PRINT 9029¢GAMMAZPCJyRHO

PRINT 903«DETVsDDDRe2

PRINT 904sALPHAZRETALENCT

PRINT QUSFITRsC

PRINT 906+ALNCFITB

PRINT 907« (ECOEF(I)yIx145)

PRINT 9013

NOH=T=K



000320
00032)
000322
000326
000342
000344
000346
000350
000354
000372
00037s
000402
000414
000426
000440
000450
000460
000472
000476
000500
00050]
000514
000514
000520
000522
0005437

000542
000543
000553
000S54
0005Ss
000556
000565
000574
000576
000604

000610
000612
000622
000624
000625
000627
000636
000640
000646
000652
000653
000653

000653
000653
000653

000653
000653

000653

Mz 1
PO 40 | = 1oNOH
FTE(M)=EXP(FTE (M))
PRINT Q0QeP (M) oV (M) eE (M) oFTE (M)
M=M=-1
40 COMTINUE
DO S0 L = leK
FTE(L)=EXP(FTE (L))
PRINT Q1nsP (L) oVI(L)sE(L) oFTE(L) sUP (L)
S0 CONTINUE
wRITE (129911) LABEL
WRITE (120902) GAMMAIPCJUIRHO
WRITE (124903) DETV,DDDRyZ
WRITE (172¢904) ALPHACBETACENCT
wRITE (12¢905) FITR,C
WRITE (12¢906) ALNC.FITB
WRITE (12¢907) (ECOEF(1)y1=1,5)
WRITE (12¢908)
M=l
0O 140 L = 1eNOH
WRITE (12¢909) P (M) V(M) 4E(M)4FTE(M)
M=M=
140 CONTINUE
DO 150 L=1lsK
WRITE (129910) P(L)« V(L) sE(L)oFTE(L) sUP (L)
150 CONTINUE
GRaPH LOG PRESSURE VS VOLUME
caLL Apvi(l)
CALL OGA (123¢1023¢0¢900e=1e9¢26940009=4s)
caLl OLGLG
CALL SLLOG
caLL SRL0G
CalLL PLOT (I1eALGVe19ALGPy19ICHARLD)
CALL PLOT (1+ALGVel1eALGPy19ICHAR2,0)
CaLL LINCNT (60)
WwRITE (129¢900) LABEL
WRITE (12+912)
GRAPH L0OG PRESSURE VS PARTICLE VELOCITY
caLlL ApV (1)
CALL DGA(123¢1023909900900e9%]1e9%009=4,)
CALL OLNLG(10)
CALL SLLOG
Call SHLIN(1092)
CALL PLOT (KeUPs]leALGPy1lyICHARY])
CALL LINCNT (60)
WwRITE (12¢900) LABEL
#RITE (12¢913)
GO T0 s0n
911 FORMAT (27TH] GAMMA LAW CALCULATION FORs12A6)
902 FORMAT (/e¢10H GAMMA IS #s1PE18,1117H C=J PRESSURE IS 41PE1B.11ys
112H DENSITY IS 41PE18,.11)
903 FORMAT (/924H DETONATION VELOCITY IS +1PE18,11918H DLND/DLN(RHO) [
1S «1PE1B,11431H Z=-CONSTANT ADDED TO ENERGY 1S +1PE18.11)
904 FORMAT (/¢19H COMPUTED ALPHA IS (1PE1B.1le 9H BETA IS +1PE18.11,
123H ENERGY CONSTANT IS +1PF18,11)
905 FORMAT (/e11H LNT = Q ¢ 41PE18¢11930H LNV AND PV TO GAMMA IS
1 «1PE18e11)
906 FORMAT (/e 8H LN(P)x «1PE18,1193Xs1PE18e119SHLNV )
907 FORMAT (/e8H LN(E)= «]PE1B8¢11e3X9]1PE18c119SHLNP +1PE]18,11y6HLNP#2
1 ¢1PEIBe11e6HLNP#3 4 1PE18411«SHLNP®#4)
908 FORMAT (//+112H PRESSURE (MBARS) VOLUME (CC/GM) ENERGY
1 (MR=CC/G) FIT ENERGY PARTICLE VELOCITY(CM/USEC))

]
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000653
000653
000653

000653
000653

909 FORMAT (4 (3Xs1PE18411))
910 FORMAT (S(3X«1PE18,11))

912 FORMAT
1ION )

913 FORMAT
END

(59H

(¢6H

THE PRESSURE=VOLUME ISENTROPE FOR GAMMA LAW ASSUMPY
THE PRESSURE =PARTICLE VELOCITY ISENTROPE )



000017

000017
000020
00002)
000024
000026
000027
000030
00003]
000032
000034
000037
000040
000095
00008S
000061
000064
000071
000077
000100
000103
000106
000107
000110
000111
000117
000124
00013)
000134
000136
000137
000140
000147
000154
0001Se
000160
000162
000163
000164
000167
00017
00017%

leX2X2X2X2X2XaX2XsXsXsXe e NeNe R o N el

1010

1009
1011

1o

20

60

«0
6S

SURROUTINE PFTS(MyKMeTWosSIGMA«XsF2sWoYsDELYB9SBsT9STHA)

THIS 1S A SPECIAL VERSION OF | A=PFTS FOR A MAX OF 100 POINTS

aND A MAX OF FIFTH DEGREE FIT NO PRINTING OR LEGENDRE POLYNOMIALS
ALSO WILL COMPUTE TILL GET THE FIT AND REQUIRES NO OUTPUT SUBROUTINE
M = NO OF DATA POINTS

KM = DEGREE OF F1IT (MAX OF S)

Iw = 0 FOR NO WEIGHTS AND EQUAL 1 FOR WEIGHTS
sigMa 1S STANDARD DEVIATION COMPUTED

X = X DATA INPUT ARRAY

¥F2 = F2 NDATA ARRAY INPUT

W = WEIGHT DATA ARRAY INPUT SET EQUAL TO 1 IF IW IS ©
Y = F COMPUTED FROM FIT USING X

DELY = DIFFERENCE IN COMPUTED AND INPUT F

H = COEFFICIENTS TO FIT

S8 = ESTIMATE OF ERRORS IN COEFFICIENTS TO FIT

T = COEFFICIENTS TO ORTHOGONAL POLYNOMINALS

ST = ERRORS IN T

A = AREA USED BY CALCULATION

OIMENSTON S(S)eX(100)9sF2(100)9ST(D) eSBI(S)sF(100)9PM(100)sP(100)
1 o B(S)sDELY(100)sW(100)eA(SyS)eT(S)sY(100)

LL=0

FM=0,0

D010I=1eM
IF(IW)100910101009
W2=1 00

d(1)=1l,.0

60701011
w2=SORT(w(1)Y)
FM=FMew(])
F(I)=w2er2(1)

PM(T) = w2
FBAR=FRARSF (I)#PM(I])
XKBAR=XBAR+X (1)9PM(])0e2
XBAR=XBAR/FM
T(1)=FBAR/FM
Al2e]1)==XBAR

PXF=0e0

PXP=Ne0

D020I=1eM
PIIY=(X(T)=XBAR)#PM(])
PXF=PXF+*pP (1) eF (])
PXP=PXPsP (1) 4P (])
1(2)3PXF/PXP
PMXPMzF M

$(1) =PMXPM

KMz=KMe ]
BII)=T(L)%A(1lel)eT(2)%A(2e1)
Bl2)=T(2)%A(2+2)
DO190K=2 « KM
IF(K=2)40e1654¢65
STOP

XPXP=0,0

XPXPM=0en

HIK)=U40

NDOT70J=]1eM

AH=X (J)¥o (J)
XPXP=XPXP+XPoP (J)
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000200 70 XPXPM=XPXPM+XP*PM(J)

00020Ss ALPHAZXPXP/PXP

000207 BETAZXPXPM/PMXPM

000211 PPXF=0,0

000212 PPXPPE( .« 0

000213 00901I=1 M

000214 80 PT=P(])

000217 81 P(I)=X(I)“PT=ALPHA#PT=BETA*PM(I])
000230 82 PPXFzPPXFeP(I)*F (1)

000235 83 PPXPPEPPXPP+P(1)8P (1)

000241 90 PM(I)=pT

000246 T(K)2PPX¢ /PPXPP

000252 PMXPMapXp

000254 PXP3PPXPP

000254 A(Ksl)==ALPHA®A(K=1y1)=BETA®A (K=2,1)
000264 A(KoK-l)aA(K-loK-Z)-A(K-loK-l)ﬂALPHA
000276 A(KIK)=1,0

000302 IF(K=3)1504150s110

000304 110 KlzK=2

000306 00120[=x2.K1

000310 120 A(KeI)zA(K=lel=1)=ALPHA®A(K=]19]1)=BETA®A(K=2+1)
000342 150 D0160I=14K

000344 160 HIT)=B (1) T (K)HA(KY])

000364 165 $1G62=20,0

000365 DO180Ix14M

000367 Y(I)sPOLY (X(I)sKeB)

000404 17% DELY(I)sv(D)=F2(I)

000413 180 SIG2=SIG2¢ (DELY(I)#02)9W(])
000423 S1G2=SIGP2/FLOAT (M=K)

000626 SIGMA=SQART (S16G2)

000433 S(K) = PxP

000437 D04991I=z1.K

00046] 499 ST(I)=SIGMA/SQRT(S(I))

000457 N0S0113l.K

00046] SB(1)=040

000464 D0S00J=1 K

000465 S00 SB(II)ZSSB(I)e(A(JeI)®ST(J)) *w2
000507 S01 SBR(I1)=SQRT(SR(I1))

000522 190 CONTINUE

000524 220 KMaKM=]

000526 RETURN

000526 END



The Hugoniot Temperature Program

A.

The Nomenclaeture

C } coefficlents to U, = C + S(Up) used
S

from Po to switch pressure

S

c1 coefficients to U, = Cl + Sl(Up) used
} from switch pressure to maximum pres-

Sl

sure
Cl

coefficients for electronic term
C200
2 of Cowan equation of state

(C50,)
Cy heat capacity (cal/g-C)
K isothermal compressibility (Mbar-l)
P pressure
T temperature (%K)
T, initial temperature (°K)
T, temperature (volts)
Up particle velocity
Us shock velocity
Vo 1/00 o.-1
a linear coefficient of expansion ( C )
AV volume increment (~1 X 10~ ') where

Vo - vsmallest/Av < 5000
o density (g/cc)
o initial density (g/cc)

[o]

The Equations

with

The following equation is solved

(v.-v)r -bv
T=T eb(vo -V, OZC + eac X
°e v v
v
Jf Pe'[2 - (v, - V)lav,
v

[o]

- - ; '
b= KTE;T , using Simpson's rule.

The input volume increment is used to compute a

table of volumes which are used to compute pressures

from

02(vo -V)
P= 5 -
[vo - s(vo -v)]

The shock and particle velocities are found from

o] +"02 + Lspv
U = °

s 2

and

. u, -¢
P 8

The Cowan equation of state is

3

P=A +Bp + 092 + Dp” + Epu + (Al + A2o)Tv

2
c c
Llepg) (e)®

+ C
1 2 v’
o o
where
3 1.447hok
K = AL * A2p,, and A2 = e eTEht)
8

which is the form used in FORTRAN BKW.

C. The Input to the Code

1st card

Col. Forma.t

1-T2 12a6 Alphabetic label for problem
2nd card

Col. Format

1-18 E18.11 c

19-36 E18.11 s

37-5%  E18.11 o

55-T2 E18.11 K
>rd card

Col. Format

1-18 E18.11 «a
19-36 E18.11 C
37-54  E18.11 T

o
55-T2 E18.11 AV

4th card
Col. Format
1-18 E18.11 Smallest P for temperature fit

19-36 E18.11 largest P for temperature fit

Note: If the two-phase feature is used, the temper-
ature fit will include for the Cl, S1 volumes only

those temperatures which increase with decreasing

© volume.
5th card
Col. Format
1-18 E18.11 Maximum pressure to be calculated

19-36 E18.11 Cl
37-54  E18.11 sl
55-T2 E18.11 Switch pressure
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6th card

Col. Format
1-18 B18.11 Atomic weight. If zero, no
Cowan fit.
19-36 E18.11 C,
37-54 E18.11 C,0
° 2
55-72  E18.11 (Cs0,)
D. The FORTRAN Code
PROGRAM SENS (INPUT.QUTPUTsFILM,TAPE12EFILM)
000003 DIMENSIOM V(S011)4P(S01N)sEP(S010)sT(500) «US(SN0) +UP(S00)
19TC(S) «FITT(S00) s LAREL (12) ¢ TV(500) s ALNT(S00) « ALNVT(S00)
2+TCALC(500) 9 W(500) yDELY(S00) «SB(S) s TZ2(S)eA(5e¢5) PV (S00)sPP(500)
3sCRHO(S0N0) 9ZP (500) e CCOEF (5) «ST(S) #TX(10)
000003 DATA DKV /+41160S.6/
000003 DATA CALMB /23R90./
000003 DATA ICHAR /nS%/
000003 DATA TxX(1) /0e/
000003 DATA TX(?2) /Z1.01/
000003 DATA TX(3) /+1.0E=S/
000003 DATA TX(10) /0./
000003 366 READ 900.LABFL
000011 READ 9014CeSeRHO9AK
00002% READ Q0] .ALPHA4CPsTOIDELTY
000041 READ 901.TP14TP2
0000S1 READ 9n] (AMAXP+Cl9S)eSWP
000065 READ 901 ATWT«AC1eACR+AC3
c CeSs CleS]1 CNEFFICIENTS TO US-UP FITS
c SWITCH FROM CoS TO CleS1 AT SwP =THE SWITCH PRESSURE
¢ ALPHA = |_INEAR COEFFICIENT OF EXPANSION
c cP = HEAT CAPACITY IN CAL/GM/DEGE
c AK = JSOTHERMAL COMPRESSIBILITY 1IN MRARS
c RHO = NDENSTTY GM/CC
¢ TO s INITIAL TEMPERATURE IN DEG KELVIN
c DETV = VOL!ME INCREMENT ABT 1 X 10-4
c AMAXP = MAX PRESSURE
C ATWT.AC1.4C2.AC3 COWAN EQ COEFFICIENTS SKIP IF 7€RO
000101 VO=],./PHN
000103 Y=C
000105 Z=S
000}06 1 =2
000107 BCv=CP/CALMB
000111 Bz 3,4ALPHA/ (AK®*BCV)
000114 V(2) = Vo=DELTV
000115 SWv = 0,
000117 DO 10 JU = 2¢5000
000121 11 P(I)=(Yeys (VA=Y (I)))/ ((VO=Zo (VO=y(1)))#(V0=Zo (VO=V(I))))
000132 IF(P(]) AT, aAMAXP) GO TO 13
c FOR PHASE CHANGE USE CONSTANT PRESSURE
00013% IF (P(T)4LTeSWP«ANDsY,EQeCl) P(I) = QWP
000147 IF(P(I)..Ts SWP) G0 TO 12
000152 Y=Cl
000153 2=S1
000155 IF (SWV,FQ.0,) SWV = VI(I)
000157 12 EP(I)=P(T)SEXP(BSV (1)) #(2.=B®#(VO=V(I)))
000173 V(I+1l) = V(I)=DELTV
00017S I = T
000176 10 CONTINUE
000200 13 K=2
000201 Me T ¢+ 10
000203 DO la L = IeM
000204 P(L) = 0,
000205 14 CONTINUE
000207 1 =1 =]
000211 1T=1
000212 EP(1) = 0.
000213 PP(1) = 0.
000214 PV(1)=s Vo
00021% T(l)= TO
000217 ust(l) = ¢
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000220
000221
000222
000223
000224
000225
00023n
000232
0007234
000237
000240
000241

000271

000321
000334
000337
00034
000351
000351
0003s5
000361
000363
000365
000367
000371
000372
000374
00037=
000377
00040n
000402
000417
000425
000437
000443
000456
000464
000472
000500
00050é
0005164
000522
000532
000544
000550
000552
000567
000572
000575
000577
000603
000610
000615
000627
000632
000637
0006S)
000655
000670

rd4

UP(1) = n.
Y=C
23S
SUM = A,
DO 20 J=1el91nN
21 PP(K)=P(J*10)
IF (PP(K)eLT,*1eF=8) GO TO 30
PVIK)Y=V(J*10)Y
IF (PVI(K) «:3T,SWV) 6N TO 27
Y=C1
Z=%1
SUM = SUM ¢ (EP(J) ¢4 eBEP(Js]1) D2 ,4EP(J*2)¢ 4 HEP (103
1)92e%EP (J44) 04 (PEP (Jo5) #2,#EP (J46) ¢4 YEP (JeT) e, % EP(JeB)
244%EP (Jsq) s FPI(J*10))
T(K)= TOGEXP (B#(VO=PV(K)))* ((VO=PV(K))H#PF(K))/(2,4BCV) =
1((FEXP (=RaPV(K))) /7(2,98CV) ) #SUMLDELTV/3.
22 USIK)=(Ys SQRTIY®Y « 4e#PP(K)®#YVQO®Z))00,5
UPIK) = (USIK) =Y)/2Z
IF (T(K),LTeT(K=1)) GO TOQ 23
IF(PP(K) GTeTPlsAND PP (K] LT, TP2) GO TO 24
GO 10 23
26 ALNVT(IT)=ALAG(PVI(K))
ALNT (IT)=ALNAG(T(K))
17=1Te]
23 K=ke)
20 CONTINUE
30 IT =1T7-1
K=K=1
KIP = PP (K)
HIV vo
RIT T(x)
HIUS = US(K)
HIUP = UpI(K)
CALL PFTS (ITy4e09SIGMAQALNVToALNTsW,TCALC«DELYsTCeSBeTZ4STsA)
PRINT QnpeLAREL
PRINT 903¢CeSySWP
IF (SwP,nAT.AMAXP) GO TO «)
PRINT 904eSWPyAMAXP.C]eS]
41 PRINT Q0neRHN
PRINT 9naeaK
PRINT ©n7eALPHA
PRINT 90R«TO
PRINT 909QeCP
PRINT 91aehE) TV
PRINT 911TP14TP2
PRINT 9129 (TC(I1)e]I=1sS)
PRINT Q113
DO &2 T=1¢X
PRINT 914e¢ PVIT)oPP(T)oT(I)eUS(I) UP(I)
4? COMTINUF
PRINT 918
DO 43 I=1e17
ALNMNYVTIT)= EXPLALNVT (1))
ALNT(T)= EXP(ALNT(I))
TCALC (1) =EXP (TCALC(1))
PRINT 9l4ae ALNVTI(I)e ALNT(I),,TCALC(])
43 CONTINUE
WRITE(12.902) LABEL
WRTITF (12¢903) CoSeSWP
IF (SWP,GT«AMAXP) GO TO S1
WRITE (12+4904) SWPsAMAXP4CleS]
S1 WRITF (12.905) RHO
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000674
000704
000712
000720
000726
000734
000744
000756
000762
000764
001001
001004
001007
o010l
001022

00102%
001024
001036
001040
001042
001044
0010S3
0010SS
001061

001067
001071
001073
001103
001105
001107
001116
001120
001124

001132
001134
001144
001146
0011s0
001182
00lle61
001163
001167

00117S
001177
001207
001211
001213
001215
0ol224
oola2s
001232

001240
001242
001243
001246
ool12so
001265
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S2

S3

600
6€0S

604

WHITF (12.906) AK

WRITFE(12+907) ALPHA

WRITF(12.908) TO

WRITF (12.909) CP

WRITF (12.910) OELTV

WRITF(12.911) TPl.TP?

WRITE (124912) (TC(I)eI=1e5)
WRITE(124913)

DO B2 T=14K

WRITE(12+914) PV(I)ePP(I)eT(I)eUS(I)UP(T])
CONT TNUE,

WRITF(124915)

00 S I=)elT

WRITE(124914) ALNVT(I)e ALNT(I)sTCALC(I)
COMT INUE

PRESSURE =VOLUME PLOT

catL anv(l)

CALL DGA(123,1023¢04900¢04eHIV.HIPO,)
CALL DLNLN (20+20)

CALL SLLTN (20.2)

CALL SRLIN (20¢2)

CALL PLOT (KePVelsPPs1sICHARG])

CALL LINCNT (60)

WRITE (129923)

WRITF (12+900) LAREL
TEMPERATURE=VOLUME oLOT

CALL apv(l)

CALL DULNLN (20420)

CALL DGA(1234102390¢900e¢0,eHIVeHIT0,)
CALL SLLIN (20e1)

CALL SRLIN (20+2)

CALL PLOT (KoePVeleTelsICHARG])

CALL LINCNT (60)

WRITF (12¢924)

WRITE (12¢900) LAREL
PRESSURF-PARTICLE VELOCITY PLOT

CALL anv(l)

CALL DGA(1230102300090000.'1000105'0.)
CALL DLNLN (20e20)

CALL SLLTIN (20s2)

CALL SBLIN (2092)

CALL PLOT (KesUPeloPPs]19ICHARY])

CALL LINCNT (60)

WRITE (17928)

WRITE (12+900) LAHFL

SHNCKk=PARTICLE VELOCITY PLUT

caLL abv(l)

CALL DGA(123,1023¢06900000¢HIUPeHIUS,04)
CALL DLNLN (20.20)

CALL SLLIN (20+2)

CALL SRLTIN (2042)

CALL PLOT (KyUPosleUSsleICHARG])

CALL LINCNT (60)

WRITF (12¢92A)

WRITF (124900) LAREL

CALCUL ATF RESINUAL TEMPERATURES

TX(1) = vO

DO 601 I = 1.K

CALL LFB(VCoFsTX)

IF (TX(10)) 6029603604

F =z «aVC ¢ VO ¢ VOa3 2ALPHA®(T(T)8EXP (B# (PV(1)=yC))=TO0)

GO To 60w




001265
001267
001274
001300
001301
001305
001306
001312
001320
001324
001326
001347
001346
001351
001357
001363
00l136%
001402
00140%

001407
001411
001413
001415
001417
001421
00la2a
001430

001446
0014Sn
001466
001472
001500
001512
001522
001534
001540
001542
001551
001554
001587
001565
001577
001607
001621
00162S
001627
001636
001641
001641
001641
001641
001641

001641

001641
001641
00164
001641

USF US FaR RFSIDUAL VOLUME AND UP FOR RESIDUAL TFMPERATURE
603 USII) = vC
UP(D)=T(T) “EXP(R#(PV(I)=v())
601 CONTTINUF
GO 10 709
602 PRINT Q939
GO Ta 701
700 PRINT 93)
PRINT Q00e«LAREL
701 PRINT 93>
DO 702 1 3 1l.K
PRINT Q149sPV(I)ePP(I)eT(I)eUS(TI) UPI(])
702 CONTINUE
WRITF (12¢931)
WRITE (129900) LAREL
WRITE (129932)
0O 703 1=1leK
WRITF (12¢914) PVIT)ePP(I)oT(I)ouS(I)eUP(])
703 COMTINUE
IF(ATWT,,LT.0,1) GO TO 366
COWANM FIT
100 DO 10) T=1eK
TVII)= T(1)/nKvV
CRHO(T)= 14/PV(I])
101 CONTIMUF
A2=1,44T7406/780TWT
Al==AP8RHO +3,0%ALPHASDKY ZAK
N0 102 I=1sK
ZP(1)= PPII)=(Al+A2¢CRHO(T))IHTY(T) =(4C1+AC2/CRHA(T)+*AC3%AC3/
V(CRHO(T)#CRHN(T)))&TV () *TV(])
102 COMTTMUE
CALL PFTS (Ke4e0eSIGMAYCRHO9ZP oW FITToOELYsCCOEF+SB9TZeSTeA)
PRINT 917
PRTINT 91R+ATWT
PRIMT 919y (CCNEF(1)el=1eR)
PRINT 92ne AjJeA2
PRTINT 921 ACleAC2,AC3
PRINT 922
PO 103 I=1eK
PRINT 914 «ZP(I)eFITT(])
103 CONTINUE
WRTITE ()2e917)
WRITE (12+918) ATWT
WRITF (129919) (CCOFF(I1)s1=195)
WRITE (124920) AlsA?
WRITE (129921) AClsAC2¢AC3
WRITF (124922)
NO 104 T=14K
VRITF (129914) ZP (1) FITT(I)
106 CONTIMUE
GO TO 364
900 FOPMAT (12A6)
901 FOFMAT (4E18,11)
902 FORMAT (41W] SOLID FQUATION OF STATE CALCULATION FORe12A4)
903 FORMAT (/9 6W US = J1PE1B,1193H « s1PE1Al1e17H S FROM PO TO
11PF1R,11,10H MEGARARS )
904 FORMAT (/e 6K FROM (1PE18,119134 MEGABARS TO ,]1PF18.11929H MEGARAR
1S USED THE FTIT US = «1PE18s1193H * J1PE18,11y 3K S )
90% FUFRMAT (/244 THE IMITIAL UENSTTY IS «1PEl8.11s 7H GM/CC )
906 FORMAT (/e24H THE COMPRESSIBILTITY 1S +1PE18.11)
907 FORMAT (/940H THE LINEAR COEFFICIENT OF EXPANSION IS +1PE18.11)
908 FORMAT (/e27w THE INITIAL TEMPERATURF IS«1PE18,11)
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001641
001641
001641

001641
001641

00164)
001661

001641
001641
001641

001641
001641

001641
001641
001641
001641
001641
001641
001641
001641

001641

909 FOHMAT (/e¢22H THE HEAT CAPACITY IS +1PE1RB¢]1)

910 FORMAT (/+25H THE VOLUME INCREMENT IS «1PE18.11)

911 FORMAT (/932H THE TFMPERATURE FIT 1S BETWEEN +1PF18s11s SH AND .
11PF18,11410H MEGABARS )

912 FORMAT (/¢8H LN(T)z ¢1PE1Be11¢3Xe1PE184119SHLNYV L1PE18,]11¢6HLNV#*2
1 91PE1B¢11e6HLNVE3 4 1PE18,119SHLNVH&)

913 FORPMAT (//+1]0M VOLUME IN CC/GM PRESSURE IN MEGABARS TE
IMPERATURE DEG K SHOCK VELOCITY PARTICLE VELOCITY)

914 FORMAT (S(4X.1PE18,11))

916 FORMAT (  66M] VOLUME IN CC/GM INPUT TEMPERATURE F1

1T TEMPERATURF )
917 FORMAT (41H1 THE COWAN EQUATION 0F STATE COEFFICIENTS )
918 FORMAT (/21 THE ATOMIC WEIGHT ISs1PE18.11)
919 FORMAT (/e6H P £ 4]1PE1B41193Xe1PE1B,119SHRHO +1PE1B8¢11¢6HRHO®2
11PElbBe1146HRHO3 ¢ ]1PE1841196HRHO®4 )
920 FORMAT (/eSH ( 91PE1841193X¢1PE{Bs11923H RHO ) TEMPERATURE )
921 FORMAT (/9SH ( ¢1PE1841193Xe1PE1Be1ly 6H /RHO «1PE1R411924H/RHO®
12 YOTEMPERATURE®#? )
922 FOPMAT (//v40M PRESSURE CALC FIT PRESSURE )
923 FORMAT ( 40H PRESSURE=-VOLUME HUGONIOT FOR )
924 FORMAT ( 40N TEMPERATURE= VOLUME HUGONIOT FOR )
92S FORMAT ( SoH PRESSURE =PARTICLE VELOCI'Y HUGONIOT FOR )
926 FORMAT ( SoH SHOCK VELOCITY=PARTICLE VELOCITY HUGONIOT FOR )
930 FORMAT (44H]1 AN ERROR OCCURRED IN RESIDUAL TEMP CALC )
931 FORMAT(44H]1 RESINDUAL TEMPERATURE AND DENSITIES FOR )

932 FORMAT (//+114H HUGONIOT VOLUME HUGONINT PRESSURE HU
1GONIOT TEMPERATURE RESIDUAL VOLUME RESIpUAL TEMPERATURE )
END




00000<
00000%
000005
000006
000031

000014
000016
000020

000021

000021
0000223
000024
000025
000027

000030

000031
000033
000034
000035
000037

000045

000047
0000S3
0000S¢
000055
000057
000060
000062
000064
000065
000071
000073
000073
000101
000104
000113
00011%

000114
000117
000123

SUHROUTTME LFR (XPeFPeTX)

TX(1) INITIAL GUESS

TX(2) RATIO TO GFET SECOMD POINT
TX13) ZFRO DEFINITION

TX(10) COUNT OF NUMBER OF ITFRATTUNS

SET TO ZFRO ON SOLUTION

SFT To NFGATIVE OF COUNT ON ERKOR
Fe =FUNCTION (XP)
wHEN A SOLUTION IS FOUNNe XP TS THE ROOT

ERROR FXITS OCCUR FOR
1e TOO MANY ITERATIONSs ,GT<CNTMAX
?e TWO SUCESSIVE XP & OR FP § ARE EQUAL
NIMENSTON TX(10)
DATA CNTMAX /100047
IF (TX(1Nn)eLFele) GO TO 1
TX(1In)3TX(10)+1e
IF {TX(1n)=3,) 29344
C FENMTRY FIPST TIMF THROUGH
1 IF (TX(1)eEQ Ne) TX(1)=1,
Tx(lny =1,
XP=TX (1)
C GO GET F(XP)
RETURN
C ENTRY SECONN TIME THROUGH
2 TX(9)=FP
TX(8)=XxP
TX(%)=FP
IF (ABS(FP)+1. T TX(3)) GO T 18
AP=TX (1) aTX(2)
C GO GET F (xP)
RETURN
C ENTRY THIRD TTMF THROUGH
3 TX(B)=FP
TX(6)=XP
TA(7)=FW
IF (ARS(FP) (L ToTX(3)) GO T 18
XP=TX(R)=TX(7)&(TX(A)=TX(R)I/ZLTX(T)=TX(9))
C GO GET F(xP)
RETURM
C ENTRY FOR FNURTW AND SUCFEDINL TIMES THROUGH
4 IF (TX(10)eGTeCNTMAX) GO TO OY
TX(4)=XP
TX(S)=FP
T=TX(4)=-TX(6)
JFE (T4FR.0e) GO TO 99
IF (ABS(FP) 4. TeTX(3)) GO TO 18
R=TX(§)=TX(T)
IF (Q.F_Q.no, GO TOHO 99
XPzTX(4)=TX(S)O (T/R)
1IF (TX(B)¢TX(7)elLT4Ne) GO TO 11
TF (TX(S)#TX(9)eGFene) GO TO 1)
IF (XP4GTeTX(4)) GO TO 6
IF (XP.GT.TX(8)) Gn TO 1n
R XP=TX(4)=TX(S)#(TX(4)=TX(R))/Z(TX(S)=TX (W)}
10 TX(T)=TX(5)
TX(R)=TX(6)
C GO GET F(XP)
RETURM
6 IF (XP4GT«TX(B)) GO TN 8
GO TO 10

OO OODOOOO0D
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000123
00012¢%
000124

000127
000130
000131
000132

000133
00013%
000135

11 TX(9)=TX(7)
TX(8)=TX (A)
GO TO 10
HAVF FOLIND & SOLUTION
18 TX(10)=0,
TX(1)=xP
TX(6)=XP
RETURN
AN ERROP HAS OCCURED
SET COUNT NFGATIVE AND FXIT
99 TX(10)==TX(10n)
RETURN
END




SUKRKROUT INE PFTS (MeKMo IWoSIGMAsXgF2yWeYUELY1HsSBeTeSToA)

c THIS IS a SPFCIAL VFRSION OF LA=prTS FOR A MAX OF 500 POINTS
C AND A Max OF FIFTH NEGREE FIT N0 PRINTING OR LEGENDRE POLYNOMIALS
c ALSO WILL COMPUTE TILL GET THE FIT ANO REWUIRES NO OUTPUT SURROUTINE
c M = NO OF DATA POINTS
c KM = DEGREE 0F FIT (MAX OF S)
c Iw = 0 FOR NN WEIGHTS AND EQUAL ] FOR WEIGHTS
c SIGMA 1< STANDARD DEVIATION cOMPUTED
c X = X NDATA INPUT ARRAY
c F2 = F? NDATA ARRAY INPUT
c W = WFIGHT DATA ARRAY INPUT SET EQUAL TO 1 IF Iw IS o
c Y = F cOMPUTED FROM FIT USING X
c DELY = DTFFERENCE IN COMPUTED ANND INPUT F
c B = COEFFICIFENTS To FIT
c SH = FESTIMATE OF ERRORS IN COEFFICIENTS YO FIT
c T = COFFFICTIENTS TO ORTHOGONAL POLYNOMINALS
c ST = ERRNRS IN T
c A = AREA USENn RY CALCULATION

000017 DIMENSTON S(S) e X (K00)9F2(SN0) 9ST(S) sSB (D) eF(500) sPM(S00) sP(S00)

. 1 o B8(8)«NELY(S00)sW(S00)eA(S9S)sT(S)eY(S00)

000017 LL=1

000020 9 FM=04n

000021 Allel)=1,0

000024 A(2e72)=1,0

000026 FHAR=0,0

000027 XBARZ0 40

000030 DO10I=1em

000031 IF(IW)1009¢101001009

000032 1010 wW2=1,0

000034 wil)=1l.n

000037 GNTO1011

000041 1009 W2=SQRT(w(I))

000051 1011 FM=FMew(T)

000065 FLI)=Ww2ur2(1)

000061 PM(I) = w2

000064 FBAR=FRARSF (T)¢PMI(])

000NnT 1n XBAR=XRARSX(T)8PM(1)#u2

000077 XBAR=XRAR/FM

000100 T(1)=FRAR/FM

000103 Al2e¢]1)==-xBAR

000106 PXF=0,40

000107 PXP=0en

000110 DOZ0I=]leM

000111 PILI)=(X(T)=XRAR)#PM(I])

000117 PXF=PXFeo(I)oF (1)

000124 20 PXP=FXPso ()P (1)

000131 T(2)=PXF/PXP

000134 PMXPM=FM

000134 S(1)=PMXDM

000137 KM=KMs ]

000140 B(l)=T(1)%A(191)eT(2)8A(2,1)

000147 B(2)=T(2)%A(242)

000154 60 NOLI9PKE2 KM

000155k IF(K=2)4n91684K5

000160 40 STOP

000162 65 XPXP=z0e0

000163 XPXPM=0,40

0n0l6s B(K)=0,0

000167 DO70J=1eM

000171 XP=X(J)+#p (J)

000178 XPXYXP=XPXP+XPaP (J)
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000200
000205
000207
000211
000212
000213
000214
000217
000230
000235
000241
000246
000252
000254
000254
000264
000277
000303
000305
000307
000311
000344
000346
000366
000367
000371
00040A
000415
000426
000430
000436
000442
000444
000462
000464
000467
000470
000512
000525
000527
000531
000531

70

80
81
82
83
90

120
150
160
165

175
180

499

S00
S01
190
e2n

XPXPMEXPXPMeXP&PM ()
ALPHA=XPXP/PXP
BETA=XPXPM/PMXPM

PPXF=(),0

PPXPPx(,0

D090I=m] oM

PT=P (1)
PII)asX(l)¥PT<ALPHASPT=BETA4PMI(])
PPXFEPPXFeP(T)®#F (1)
PPYPP=PPXPPep (1) 4P (1)
PMI(I)2PT

T (K)=PPXF/PPXYPP

PMXPM=PXP
PXP=PPXPP
AlKe]l)==ALPHA®A(K=]14]1)=BETA®A(K=2,1)
A(KyK=1)aA(Ka] ¢K=2)=A(K=]yK=1) AL PHA
AlKeK)=]1,0

IF(K=3)150+1504110
Kl1=K=2
D01201=22.K1
A(KeI)=A(Kelel=]1)=ALPHA®A (K=]e])=BETA®A(K=2+1])
N01601=1.K
B(I)=R(1)+T(K)®A(K.])
S1G2=20,0

DO1BOI=]1 M

Y(D)=POLY (X(1)eKeR)
DELY(1)=av(I)=F2(1)
S1G2aSIG2¢ (DELY (1) #u2)#W(])
S1G2=SI1G2/FLNAT (M=K)
SIGMA=SQRT(STG2)

S(K) = PXP

DO‘QQIIIQK
ST(I)=SIGMA/SQRT(S(1))
D05011=].K

SB(I)=0.0

D0S00J=1,.K
SBII)=SBR(I) e (A(Je1)uST(J))Ha2
SR(I)=SQRT(SR(1))

CONTINUE

KMz=KM=|

RETURN

ENO



000005
000005
000007
000010
000012
000020
000021
000022

FUNCTION POLY (XoN.A&)
DIMENSTONMA (2)

Y=A(N)

0011=2«N

JEN-Te1

YSA(J)evuX

POLY =V

RETURN

END
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