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‘ HYDROX: A ONE-DIMENSIONAL LAGRANGIAN HYDRODYNAMICS CODE¥

by

Milton Samuel Shaw and Galen K. Straub

ABSTRACT

HYDROX is a one-dimensional Lagrangian hydrodynamics
computer code written in FORTRAN for the solution of prob-
lems with plane, cylindrical, or spherical symmetry. A
user may request automatic problem zoning, rezoning, and
automatic time step controls. Equation-of-state libraries
for HOM and SESAME are available. Input to HYDROX is by
way of NAMELIST and output may be sent to several differ-
ent disk files, including a file that is directly readable
by the interactive graphics code GAS. A restart capability
is also provided. This document is intended to serve as
more than just a manual for problem setup; information has
been included on the derivation of and differencing schemes
for the equation of motion, detailed notes on each sub-
routine, sample problems, and HMLB and SESAME equation-of-
state libraries.

*Los Alamos National Laboratory Identification No. LP-3052.




I. INTRODUCTION

HYDROX is a one-dimensional Lagrangian hydrodynamics computer code .

written in FORTRAN for the solution of problems with plane, cylindrical, or
spherical symmetry. The code may be compiled with up to 20,000 spatial cells
on the CDC 7600 series computers and a potentially higher number on the CRAY-1.
Versions of the code are available on both the above-mentioned machines as
well as the VAX—ll.*

HYDROX draws heavily upon the features incorporated in the SIN hydro-
dynamics code,1 but also includes several automatic features that simplify user
interaction. The user may request the following options: automatic problem
zoning, rezoning, and automatic time step controls. HYDROX has been written

to reference equation-of-state (EO0S) libraries for certain EOS types: HOM,l

the Barnes EOS form,2 SESAME tables,3 and reactive equations of state using
HOM. Eight-parameter polynomial EOS's are also available to the user,

The features of SIN for treating explosives were directly adapted into

HYDROX. These include Arrhenius reaction kinetics, C-J volume burn with
buildup, and Forest Fire.z*—7 Material descriptions for plasticity and spalla-
tion are also included.

Input to HYDROX is by way of NAMELIST and output is sent to several
different disk files. In addition to printer listable files, HYDROX writes
a random access data dump file that is directly readable by the interactive
computer graphics code GAS.8 This file may also be read for cell quantity
data and additional information processing. Other dump files may also be
written for problem restarting.

HYDROX was written to serve the dual purpose of being the core of a

production code for engineering design problems and also a research code

for single precision (32-bit) arithmetic and ten times slower for double-

*Execution times for the VAX-1ll are about seven times slower than the CDC 7600 .
precision (64-bit) arithmetic,

2



for the study and modeling of dynamic flow problems. By using the same code
‘ for both types of problems, improved physical descriptions that are being

developed are most readily available for design studies. For this reason,

we have allowed the user to select options such as extremely small spatial

zones or time steps to minimize any numerical error in describing the physics

of the dynamic flow. When a highly accurate numerical solution is not needed

for a particular portion of a calculation, the user may choose a faster option.

The remainder of the introduction contains a table of consistent sets of

units for HYDROX and some useful conversion factors. Section II of this

manual discusses the equations of motion in plane, cylindrical, and spherical ge-

ometries as well as the accuracy of the finite difference equations. Section III

contains input and output information. Section IV is composed of a subroutine-

by~-subroutine description of the physical models represented in the code and

a listing of each subroutine annotated for ease of understanding. Section V
‘ contains a short selection of sample problems that illustrate procedures for

problem setup and output. Section VI discusses the use of the equation-of-state

library HMLB for use with the HOM EOS and the SESAME tabular EOS library.

CONSISTENT SETS OF UNITS FOR HYDROX

Time us s s
Length cm cm meter
Mass g g kg

3 3 3
Density g/cm g/cm kg/m
Energy 1012 ergs erg joule
Energy density Mbar cm3/g erg/g joule/kg
Pressure Mbar dyne/cm2 Newton/m2

The preferred set of units is in the first column. EOS libraries contain
dimensional constants that are consistent only with this set of units. In us-
‘ ing any other set of units the user must make sure they are consistent with

internal subroutines that also contain dimensional constants.



Useful Conversion Factors

1 kilobar = 10° dynes/cm2

103 kilobars = 1012 dynes/cm2 =g/cm usz

1 megabar
Mbar cm3/g = 1012 erg/g

1 gigapascal = 10 kilobars

1 em/ps = 10 km/s

1 electron volt = 11604.7 K

Avogadro's number = 6.02252 x 1023/mole
Boltzmann's constant = 1.38054 x 10—16 erg/K
Planck's constant = h = 1.054494 x 10'_27 erg s
Atomic mass unit = 1.66043 x 10-24 g/amu

Bohr radius a, = 0.529167 x 107> cm

Rydberg = 2.17971 x 10 “Lerg

1 Rydberg/ag = 147.103 Mbar
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IT. HYDRODYNAMIC EQUATIONS OF MOTION (In collaboration with B. L. Holian)

In this section we try to give an intuitive derivation of the hydro- .
dynamic equations of motion by considering the appropriate volume element
and applying the comservation laws of mass, momentum, and energy. The only
completely rigorous manner to derive the equations of motion is to consider
the full tensor properties of the stress and strain, and then make the appro-
priate coordinate transformations corresponding to the symmetry of the
problem.

To obtain the appropriate partial differential equations we must consider
both Eulerian and Lagrangian coordinates. FEulerian coordinates are a spatially
fixed coordinate system sometimes called a laboratory frame of reference.
Lagrangian coordinates move through space with the body that they describe
and may be thought of as labels for mass points. One may easily transform all

quantities from Fulerian to Lagrangian coordinates and we usually visualize

a mass element in an Eulerian system, calculate the desired quantities, and
transform the results to a Lagrangian system. For a hydrodynamics computer
code, the most useful form of the equations is a hybrid of Eulerian positions
and velocities used to describe Lagrangian mass points.

A. Conservation of Mass

In order to satisfy the law of conservation of mass, we merely require
that the mass of a volume element remain constant even though its shape may

change. That is
Mass = pV = constant, ' D)

where p and V are the density and volume of the mass element respectively. 1In

the following,

r = Lagrangian position,

(2)

R = Eulerian position.



At time t = to we pick the Lagrangian and Eulerian coordinates to be equal,

as well as the length of a mass element:
r(ty) = R(ty) 5 Or(ty) = SR(ry) . 3
At some later time t, the density is p(t) and
r(t) = r(to) and r(t) + 8r(t) = r(to) + 6r(t0) (4)
are unchanged with time. The Eulerian coordinates become
R(t) # R(ty;) and OR(t) # 6R(ty) . (5)

1. Planar Geometry

In Fig. 1 we illustrate a mass element with planar symmetry. The volume

of this mass is dV = SR Ay Az * and its incremental mass is

Am'

I

p(t) SR(t) Ay Az (Fulerian),
(6)

Po 8r Ay Az = constant (Lagrangian).

m' . . s
Defining the mass per unit area as Am = Z;—Zz-and going to the infinitesimal

limit, we have
dm = p dR = p, dr , (7

where dm is also a mass per unit area.

2. Cylindrical Geometry

In cylindrical coordinates the mass elements may be written:

dm'

Py T dr d6 dz (Lagrangian),

(8)
p(t) R dR 46 dz (Fulerian).

*

S8R and Or are used to denote finite distances for the volume elements, while
dR and dr denote infinitesimals. Although not strictly correct, SR and &r
may be interchanged with dR and dr by taking a limit where &R and 8r go to zero.

7




We can define a mass per unit length dm = dm'/dz and, assuming cylindrical

symmetry for the problem, integrate over 06 to get
dm = vao r dr = 2mp(t) R dR . (9)

3. Spherical Geometry

In spherical coordinates the mass elements may be written

dm = dm' = Po r2 dr sin 6 d6 d¢$ (Lagrangian),
(10)
= p(t) R%2 dR sin® d6 d¢ (Fulerian).
Integration over § and ¢ gives
2 2
dm = 4ﬂpo r” dr = 4mp(t) R dR . (11)

B. Conservation of Momentum

To determine the net momentum flux through a mass element at any time, we

use Newton's equation of motion in the form:

force in the R direction _ FR auR
t

unit mass d 9 (12)

&
i
=

where up = velocity in the R direction.

1. Planar Geometry

Figure 1 shows a planar mass element subjected to a stress or in the posi-
tive direction and a stress cr-+Adr in the negative direction. Since stress

is defined as the force per unit area, then

FR =0 Ay Az . (13)

The net force acting on the volume element is FR - FR+6R’ giving




l AY
l AZ

o, | (o, + Ac,)
— | -
) R E—
/
/
7
R R+3R

Fig. 1.
A planar mass element subjected to a stress O, in the positive
direction and a stress Oy + ACy in the negative direction.
The cross-sectional area that these stresses act upon is Ay Az.




BuR ) FR - FR+6R 3 or Ay Az _ (Ur‘+A0r.)Ay Az
ot dm' p SR Ay Az p 6R Ay Az
(14)
_ 1% 1%
p SR 1im S8R0 p SR °
or
1% )
ot p 9R

Transforming to the Lagrangian variables dm = fg dr by using the relation

dr = p dR, we have
Bu) _ 1 80) _ (?0) (
)] = - —) = -l= s 16)
ot . Po or ¢ om ¢

where (Bu/St)r denotes the acceleration of a single Lagrangian mass point

Po

with coordinate r and the stress gradient is evaluated at constant time t.

2., Cylindrical Geometry

For a system with cylindrical symmetry, we must include the contributions
to the stress from the 6-direction as well as the r~direction. Figure 2 shows
a mass element in cylindrical coordinates subjected to the stresses crr and

Oy + Aorr in the radial direction, and stresses 4066 and —cee in the angular

direction., We need only worry about the components of 066 in the radial direc-

tion because the net force in the O-direction at the center of the mass point

is
F, = 40,, cos g-GR Az - o,, cos g-GR Az = 0 Qa7
6 606 2 66 2 '
In the radial direction we have
F, = mu_, = pR SR AB Az O
R R R (18)

A8
=0, R sin A6 Az - (Crr + Acrr)(R + 8R) sin AB Az + 20 sin TT-GR Az

60

. AB
= 0. S8R sin AB Az - Acrr(R + S8R) sin AO Az + 20ee sin —E-SRAZ .

10




(. +Ac )

rr rr

(R+3R)sinAg

%e sin A8/72

Fig. 2.
A mass element in cylindrical coordinates subjected to the stresses Oyr

and -(Orr + AOypy) in the radial direction and to +0gg and ~0gg in the
angular direction.

11




Because mass = pR 6R A8 Az, we have

Or sin A0 Vrr (1 N GR) sin A0 . 2906 sin AB/2

Plp "~ "R ~ 88 ~ R ®/) "8 TR X y

In the limit as 8R, AO goes to zero, §i%§é§-+ 1 giving

o] o ag

-« _ __rr _rr 00
puR = R 3R + R + O(SR) + O(Ae) s
where 0(x) = order of x.
Thus,
90 Opn = O
- _ __rr 60 rr
PUp = 3R + R ' (19)

To change to Lagrangian coordinates, we use dm = Po r dr = pR dR =2 dr =

dm/pR, giving

du o) (Oapg — 0.
__R} _ _ rf\ 86 rr
(2), = (o) + 2o =

where ( )r denotes that we are considering a single Lagrangian mass element
(constant r or dm), and the up is the velocity measured in the Eulerian refer-
ence frame.

3. Spherical Geometry

A spherical volume element is shown in Fig. 3. The spherical case is
slightly more difficult to visualize because Ad is measured in the x-y plane
and the arc length swept by a rotation in $® must be projected up to the volume
element. We have introduced the quantity A$' (not equal to A$) to help avoid
confusion. As in the cylindrical case, there are componenté in the radial

directions from Ogg and 0¢¢, but no net force in either the & or ¢ direction.
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_ (R+5R)sindA ¢

(R+3R)siné Ad¢

Fig. 3a.
A spherical volume element subjected to the stresses ORR and -(ORr + AGRR)
in the radial direction, +0gg and -Opg in one angular direction, and
+0¢¢ and ~O¢¢ in the other angular direction. Note that A$ # Ad'.
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(b)

R+3R

+c’¢¢

Rsin 8 A¢ = RAS'

(c)

Rsin8 A¢

Fig. 3b,c.
(b) The stress 40 and O acting on the spherical volume element
depend on the angle A¢' and not on its projection in the x-y plane, A.
(c) For the 6-direction, the stresses +0gg and -0gg are dependent only ’
upon A9.
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Consider first the stresses 0¢¢ acting on the volume element as shown in
Fig. 3b. The net force in the radial direction from the stresses acting on
each side of the volume element is

Ad' A" - A"
(§¢¢ sin 2 + c¢¢ sin 2 ) R SR A6 20¢¢ sin > R 6R A6 , (21)

with 0¢¢ acting on an area R SR A8. By requiring the arc length swept by the

A rotation to be the same as the A¢' rotation, we have

RAG' = R sin O AD
(22)
Ap' = sin 8 A,
or making Eq. (21)
2044 sinf[!% sin 0 APJRGR A8 | (23)
The net force in the radial direction from the Gee's is
20, sin 22 R OR sin 6 A 24)
o Sin - R OR sin ¢ . (
The net total force in the radial direction is
2 ., 2 .
FR = 0'rr R” sin 0 A A - (0'rr + AO’rr) (R + 5R) sin 6 A6 A¢
. A8
+ 20¢¢ sin [% sin © A¢] RSR A6 + 2059 sin < R SR sin 8 A¢ . (25)
Fp ) Fp . 83U, i Fo
unit mass 2 ot R2 SR sin 6 A6 A¢

pR” sin 6 A8 A¢

In Eq. (25) we again take the limit of small A6 and A¢ :

sin ég-*-ég R

2 2

sin[*% sin © Ad] + % sin 6 Ad

15



Thus,

du Ao 2 g o
R __ 2 S8R\ _ "rr 26R , (8R) [0l 6o
P 5t °rr(R+R2 6R<1+R+R2 >+R+R ’
or, taking the limit as 8R goes to zero,
du 'le]
P 3e = - T3r= + §Opy * Ogg = 20py) + OSR) + O(6R)

Because of the spherical symmetry, o,, = ¢.., and if we neglect terms of order

ol 06
S8R and higher, our result is
du 30
R ___r _2 -

To go to Lagrangian coordinates we use dm = pR2 dR, and obtain the acceleration

equation for the mass point labeled with the coordinate r:

EEB) . Rz(aorr) . 2(0yg = Opp) . 27)

ot r om & pR

C. Conservation of Energy

We Wish to calculate the increase in the total energy of a mass element
during some time At due to the work done by the stresses in the radial direc-
tion. The stresses in the angular direction do no work on the mass element
because there is no motion in the angular directions.

1. Planar Geometry

A planar mass element is depicted in Fig. 4 at times t and t + At.
Letting AE be the change in energy per unit mass = p§R Ay Az, we can write

(energy = force x distance):
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UR) At

R(t)

R(t+ At)

U(R+8R)At

R+38R R(t+At)
+ SR(t+At)

Fig. 4.

A planar mass element at time t (solid line) and t + At (dashed

1ine).
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o, Ay Az u(R) At - (c~r + Avr)/_\y Az u(R + §R)At

AE = pSR Ay Az ’

9E _ cru(R) - (ot+ Aor)U(R + 8R)
P 3t SR

. (28)

We may expand u(R + SR) about R:

u(R + 8R) = u(R) + (g%)gg + oo

Substituting this result to first order in §R into Eq. (28), we get

Aoc_u
3EY _ _ r _ _ (3u) _ du
p(ac) SR °r(aR) A"r(aR‘ y (29)
Taking the limit as &R + O,
(&) - - u(& L ([
P\at 3R, °r(aR

In the 1limit SR =+ 0, then Acr + 0.
Using dm = p dR, we can write

3EY _ 9
a_t)r =~ W, (30)

where the ( )r expresses the fact that we are considering a single Lagrangian
mass element.

2, Cylindrical Geometry

The calculation for cylindrical geometry proceeds in the same manner as
the planar case except that the unit mass element = pRSR A8 Az. The angular
stresses O and the axial stresses o, do no work because motion is permitted
in the R direction only. Figure 5 shows the appropriate mass element at times

t and t + At.
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R(t)+8R(t)
U(R+3R)At <

R(t+At)+SR(t+At)

U(R)AtS
R(t+At)

Fig. 5.
A cylindrical mass element at times t (solid lines) and t + At (dashed lines).
The angular stresses, +0gg and -Ogg, do no work because motion is permitted

. in the radial direction only.
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The change in energy per unit mass 1s again calculated by considering

the distance the forces acting on the mass element move.

g5 = +0£rR(t)A9 Az-Tu(R)At] - (Orr +-A0rr)(R + SR)A® Az[u(R + SR)At] .

PR SR AB Az
3E _ o (R _ @ . +40, ) (R + SR)u(R + §R)
o poR PR 6R

Using u(R + 8R) = u(R) + (Qu/3R)SR + ---, we obtain

ot R rr 3R rr aR SR oR

Ju 9u\SR
00y ar) * 00y BR)'R‘

0(1) + 0(1) + O(§R) + 0(1) + O(Ac,.) + O(Ao_,) + O(AG SR

’ (31)

In the last equation we have written the relative order of the terms for Eq.

(31). Keeping only the leading order terms we have, after taking the appro-

priate limits,

o 3 o b onld) + (G0

Using dm = pR dR or 3R/3m = 1/pR, we write

BE) _ _ 3
at)r 2 0, (32)

for the Lagrangian mass element labeled by r.

3. Spherical Geometry

A spherical mass element is shown in Fig. 6 where a unit mass is
pR2 S8R sin 6 A8 A¢. In the same manner as for the planar and cylindrical
cases, the change in energy per unit mass due to the work done by the radial

stresses is

20



UR+3SR)At <

. U(R)At

A spherical mass element at times t and t + At. The two sets of stresses in the
‘ angular direction do no net work and are not shown here.
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dE =

o, (RA8) (Rsin® A$)[u(R)AL] - (0__+A0_) (R+SR)AS (R+6R) sinO Ad[u(R +8R)AL] ‘
oR% 6R sin 6 A® Ad

or, rewriting, the rate of change of energy is given by

2 2
) OrrR u(R) - (crr + Acrr)(R + SR)“u(R + 6R)

t R? SR

[+%4
]

p

Q

Using u(R + SR) = u(R) + (3u/3R)SR + *-+ , we may obtain

R
28R . {8R\*)/3u
+ A%.-[l xRt (T{) ](TR)}

Keeping only the leading order terms, our result becomes

20__u 30
oE rr rr du
T { R + u( 3R ) + orr(QR)}

Again, %4 and o¢¢ do no work because of the requirement that there be no motion

20__u 0o__O6Ru 2 Ao 2
JE _ rr rr 28R SRY"|{du rr 28R SR
p?a?""{ R T2 +"rr[l+ R +(R>](3R)+ SR [1+ R +(R)]“

in the 6 and ¢ directions. To write in a Lagrangian form, use dm = pR2 dR to

get 1/pR = R 3R/9m, and

9E\ _ 5 .2
<§—E)r = - = ®R%o_) . (33)

4. The Internal Energy

For some calculations, it is more convenient to work directly with the
internal energy than with the total energy. The internal energy, I, may be

determined from
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E = %-uz +I ,

where the first term in this expression gives the kinetic energy. Equations (30),

(32), and (33) may be written in the combined form

oE d-1

_ _ 9 -
<§E)r - Bm(orruR ) s

where d = 1, 2, or 3 for planar, cylindrical, or spherical geometry, respectively.

We now wish to obtain the time rate of change of the internal energy. Thus,

30 :
OB} _  (Qu), (3L} _ _ _d-1{""rr) _ 9 od-1
(ﬁ) B u<8t>+ <8t>r = TuR ( om >t 0rr(?)m uR >t

In analogy with the above expression for the conservation of total energy, we

may write the conservation of momentum relation as

30 (Opqq = 0...)
dgul _ . d-1{ rr _ 06 rr
(ﬁ)r - R <_8m >t - -

Using this expression allows one to write

d-1
oIy _ _ 3uR u(d - 1) _
<st)r B 0rr< om >t TR O ~ e’

D. Summary of Equations

In this section we shall summarize the equations obtained by the applica-
tion of the conservation laws of mass, momentum, and energy on a one-dimen-

sional Lagrangian mass element under stress.
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Conservation of mass requires

dm = pdR = podr (planar),

= 2mpRdAR = 2ﬂp0rdr (cylindrical),

= 4ﬂpR2dR = 4ﬂp0r2dr (spherical),

Conservation of momentum gives

(gg_ 1 aor) - 8Or) (planar),

ot . po ar ¢ om ¢

om A PR
Cpn = 0_.)
2(301_1_) + 2 06 rr
= - R4\—— R
am t

Conservation of energy gives

- (Oru) (planar),

N
&
N
]
§
O)IQ)

= - 55-(0ruR) (cylindrical),

__ 9 2
o (oruR ) (spherical).

24

30 (Can - 0_)
- R( rr) +—98 __TT (cylindrical),

(spherical)

(34)

(35)

(36)




‘ E. Finite Difference Equations

In the present section we will present the procedure for evaluating the
differential equations for fluid motion on a finite Lagrangian space-time grid.
We begin with a general discussion of Taylor series expansions of known func-
tions and then use these results for the fluid equations. At the end of this
section the conservation properties of the difference equations are discussed.
For simplicity we give only the results for planar geometry.

1. Expansions of a Function on a Lagrangian Lattice

Consider some function f(r) of the Lagrangian coordinate r on a grid of
Lagrangian points as shown in Fig. 7. The distance between the j-% and j+s
boundaries is called rj for cell j. The function f(r) evaluated at the center
of the cell is written fj and the same function evaluated at the j+)s boundary
is written £, ,.
j¥s
‘ Assume that the values of f(r) are known at the cell center and we want
to calculate spatial derivatives of f at cell boundaries; that is, we know
fj’ fjil’ fjt2’ +*+ and we want to calculate (af/ar)j+%. Because j+s is the

boundary between cell j and cell j+l1, we will need to use fj and fj+l to

determine the derivative. To do this, we make a Taylor series expansion of

our function about the point j+s.

2 r
= of i, 1€ 3 3
fj - fj*"'é “\or "y 2 2<8r2> (2) + o(rj) s (37)
; 3+

where % rj is the distance from the cell center to the boundary and O(rg) indicates

that the next term in the expansion is of order r?- Similarly, we may write

c e 4 f3E) Tyl ! e Titl 2 + o) (38)
JHL T T or s 2 2\,,2 2 j+1/
\OL L 51 )
: s
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fj-3/2 fi-172 fieir2

fj+3/2
fj-1 fi fien
j=3/2 ' j=172 jri/2 j+3/72
CELL j-I CELL j CELL j+l
Fig. 7.

A function f evaluated on a Lagrangian coordinate
system in one dimension. Integer values of the

subscript denote cell centers and half-integer values
denote cell boundaries.




Subtracting Eq. (37) from Eq. (38), we obtain the desired result:

_ 1f3f 2
A ar)j%(rj trg) o))

- £))
( 54(i+1 +3j) +0(r) . (39)

If we multiply Eq. (37) by rj+l’ Eq. (38) by rj, and add, we get

£, = 3
j+1fj+r 41 rj+lfj+15+rjfj-l-$§+o(r) s
f.+r.f.
+
Fiy = ji3+rj 4 o® . (40)
j j+1

This result gives us the value of a function at the boundary between two cells

knowing only the values at the adjacent cell centers.

To obtain the derivative of a function at the cell center, we make a

different expansion:

2
2 r
_ f) Ii |, 1/6%F\(%i 3
fj-!-%— £+ Sr)j 2 +§(8r2 (2) +0(rj) ?
h|
2 T \2
_¢ - (3F) Li, 1/%F\y 3
fs = &y (Br ) +% 2 2) +o@ry).
j or 3
Subtracting,
of
4 5 S_r)j rj + 0(r})
or
£.,, - £
ifi) B . S b S (41)
Sr‘j rJ. J
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The results of this section (Eqs. (39)-(41)) will be used to obtain .

the finite difference form of the equations of motion. As will be seen, we
will have information about different quantities at different Lagrangian
positions (cell centers or boundaries) and must use the results of this sec~
tion to evaluate the function or its derivatives where they are needed.

2. Space and Time Grid

In writing down the finite difference solutions for the differential equa-
tions of motion, we must make some decisions about where in the space-~time
grid the various dynamic and thermodynamic quantities should be evaluated.
Any choice we make will not be unique. Figure 8 illustrates the space-time
grid we will be using. Cell j has boundaries at j#s and we associate with the
center of the cell the density (or volume), mass, stress, total energy, and

internal energy.

1

Vj = volume of cell j (V=p )

Mj = mass of cell j (Lagrangian variable)*®
Py = density of cell j

Oj = stress of cell j

Ej = total energy of cell j

Ij = internal energy of cell j

We locate the positions, R, of the cell boundaries at ji!s as measured in the

laboratory coordinate frame. This also locates the velocities at the bound-

aries.
Rj+1/2 = position of one boundary of cell j
3R-+&
= —J%v3 _
uj+% = Nt velocity of one boundary of cell j
*
Mj is equivalent to the differential mass element dm introduced in Sec. III.A; ‘

that is, dm = Mj.
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TIME

rp+l r."” r."“
fnol 4 j-1/72 j+1/72 j+3/2
n+1/2 n+l/2 n+!l/2
o2 Yiciz2 Y12 Yis3/2
t 4 —¢
n n n
r. r. r.
-1/2 +3/2
n I Q__itl2 f j
j- 172 j+1/72 j+3/2
CELL j CELL j+I
DISTANCE -

Space-time grid for the evaluation of cell quantitiés as used
in HYDROX.
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The choice of the time grid is slightly more difficult and we introduce

the notion of a "half time step" to avoid confusion. By inspection of Eq. (39)
of the previous section, assuming that we replace the spatial variable j by

the time variable n, we see that knowing a quantity at time t = n and t = n+l
allows a straightforward determination éf derivatives at t = n#s. The same
argument applies for quantities known at t = nHs and t = nt+34 when we need to
evaluate derivatives at t = n+l. Thus, we make the following choices at integer
values of n (indicated by a superscript):

n n .n
I

n n _n
E *
fyop Uy Py Op0 By Ny
At half-integer values of n we choose

n#s
Uj% .

The mass of cell j, M,, is a constant in time and does not need the time

superscript.

The velocity 1is given by

n+l n

nts R - R ;
s At

(O(Atz) means order of At squared; not to be confused with At™ meaning the
value of the time step for the nth cycle) which can be rewritten to give the
position of the cell boundary at t = n+l, knowing the position at t = n and
the velocity at t = n¥s:

n+l n n+l n 3
Rj+45 R_-]-Hi"'“j-féi“ + 0(At™) . (42)

The volume of a cell can be calculated from a knowledge of the boundaries

and the relation ‘

30 dm =p r(d_l) dr
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where d is the dimension (1, 2, or 3). Integrating both sides over a single

cell of mass Mj’ density pj, from Rj—lg to Rj-IJ/z’ we get

R.

_ ¥ (@-1) . _Pifd d
Mj —pjf r dr = d(Rj-P»i_Rj—l/z)
Ry

Using Vj = p}l, we obtain for t = n

% =3 - (5] -

3. Momentum Equation

We want to write

du) _ _ _82)
ot \ om
r

in finite difference form, or more specifically, evaluate

t

gl—l.)n - a_o,)n
/54 om /g

For the left-hand side, we make Taylor series expansions of the velocity in

time about t = n:

n n 2 \" 2 2
e (O, 0 () 9w

I+ & g

n n 2 \" n 2
I a_u) A” (a u> (350 HPNE
jHs jHs at /. 2 2 8

jPs ot Py

Subtracting and solving for (au/at)?_%, we .get
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o
.a_t) = — 2 4+ o(AtY) . (43)
j+s At

For the stress derivatives, expand o and c?+1 about the point j+s and denote

the Lagrangian incremental spatial variable dm by M,:

n n o0 - M'+1 2
o =0,,. + [— + 0(M,,.)
a0t (52) 5 :
bl M
n_ n _ (30 j 2
cj = °j+$«2 _am).# > + O(Mj) .
JTs

Subtracting and solving for (80/8m)?+%, we get

n n
3o\ 9541 ~ 95
= =—1/(§{ +§4)+0(AM) . (44)
jHs 2+ h|
where AM = M - M.. Our final result obtained from Eqs. (43) and (44) is
j+ h|
n+s n-% n n
u, -u o, - O,
e i IR o + ot
At 541 5

which can be used to obtain the velocity at t = n#s by knowing the stresses at

t = n to 0(AMAt) in the cell size and O(At3) in the time step.

n n
o, — O,
uz;g _ u?j: N ;é(j i s AL+ 0(amAE) + o@at®y . &)
J

Mo

4. Energy Equation

The energy equation is

9EYy _ _ 3
at)r == 3p OW -
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In finite difference form, we will want to evaluate this equation at t

for mass element Mj:

445

n
IR
For the left-hand side, we make a Taylor series expansion about t =

n n
E31+1 _ 31-*45 . (at) A; . <a E) (A; ) 4oty |
ot
n-s s n, 2
- oo () () e

ot~ /,
J

Subtracting and solving for (8E/8t)?+%, we get

+; AL _ g0
(‘g%)n ’- I+ oath
3 A"

For the right-hand side, we note that the mass element dm = Mj’ the jth

Lagrangian coordinate. Expanding cu, we get

n+¥

+Hs M, 2
s ot | (dou\" 2 (a cm) J M3
(ou)? (ou) + + {(—— +oM;) |,
J+1»5 j (Bm) 2 8m2
+k
n+s M, 2 C .
n+s _ n+*5 dou j 3°0u 3
(owilg = ewi™ - (B ) S+ (amz > 5+ 00
h

Subtracting and solving for the quantity of interest, we get

_ n+Hs
aou)’“’l’i (Ou) ,é (ou) ik oad)
om /, M, 7
J J

=n+-;§

= niHs:

(46)

(47)
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We still have the task of evaluating (o'u)?_ﬁ:. This can be written as ‘
nts _ nts ot

O a5 = T Uy
-y

and uj s is calculated from Eq’. (45). For the stress, we shall approximate

the time evaluation by

n n+1

O, + 0
gg‘iz S e B 5 5 4+ oat?)

_ n lfn+l n ~ D
" g *+ 2 (050 - Shug) = Gy ¥ 0000

cglﬂé will be evaluated later from the equation of state using the results for
Vr,l+l and II.H-l.
J J

To evaluate the stress at the cell interface, we use Eq. (40):

M, o+ M.on

n _ j+l7j 33+l 2
o] = +o(My) . (48)
j¥s Mj M 3
We can now write the result using Eqs. (46)-(48):
n+l n n n n n
E.’L__—_Ei - L [MJ'HGJ - Mjcj+l]un+45 _ [Mjoj—l + Mj—loi]un-k‘q
AR Mj Mj + Mj+l j+s M_’]—l + M, j-%
+000) +0(ke) 49)

This equation can then be used to solve for E§+l.

5. Kinetic and Internal Energies

We shall define the internal energy IJ. by the relations
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gl ( n-*-’»s) ’ (50)

ET = Ig + %(ug-li)z . (51)

To calculate un#i, we expand about j to get

3

n‘*’*‘i n+‘»5 @_n-l-’»i M 2

YiHs T +(am)j 2 +0(Mj) ’

SO . ot (du o+ M 2
j-k = Yy Bm)j —-2-1- + O(Mj) .

Adding gives

n-P!s 1/ n¥s n+1»5)
(J+‘1 )t O(M)

Substituting the result in Eqs. (50) and (51), combining with Eq. (49), and

solving for In+1

j s we get
2
n+l n+s n+s n-;i n-%
5 I:i+8:l+‘+j35) i\ “Ja)
n It n
, At [Mjcj_l + Mj_lonum,? i [MJ+10'j + Mij+l] ntls
M, M M 3% MM Ui
+ 0(M§At) +0(At2) . (52)

This result is the expression used for the SIN difference equationms.
For the HYDROX difference equation, the change in internal energy is
calculated from the results of Sec. 4 above. In planar geometry, the time

rate of change for the internal energy I is given by
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aIly _ du
ac) ——o(am) . (53)
r t
n+l .
We can evaluate Ij by using a Taylor series expansion at t = n:

s

n+l _ .n nf 9L " 2
I =L+ A (at)j + 0(At™)

which can be written, using Eq. (53), as

n+l n n n/3u n 2
I =1, - At — + O(At .
Th=1 - Gj(am)j (ac?y (54)

The derivative in Eq. (54) can be readily evaluated from Taylor series ex-

pansions about t = n and j:

n n :
n#s n At /Bu 2
u = u, ~— + o(At") |, (55)
4+ jHs 2 \at ey
n-% _ n At“(au)“ 2
u =u,, --=-"I[= + 0(AtS) (56)
+5 ’
n n gi du\" gﬁ_ 2u 5 3
uJ'*“ff = uj + 2 En—) + ) _2) + O(Mj) s (57)
i om
h|
2 n
M n M 2
n _ . n_ _jfou _Jf3u 3
oy = o Z(m), *g ( 2) +oen) . (58)
3 om
J
Adding Eq. (55) and Eq. (56), we get
1 21
u?-**‘»i = %‘—(u?:j; + u?_é) + O(Atz) . (59)

Subtracting Eq. (58) from Eq. (57) leads to
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a) —1———3—+0(M) . (60)
™3 Y

Combining Eq. (59) and Eq. (60), we get

duy' | 1 ((nth | ok oot nh
('c)mj zuj Uipg U T Yy, T ;5) + O(M ) + 0@t . (61)

Inserting Eq. (61) in Eq. (54), we have the HYDROX difference equation for

internal energy:

AP
n+l n ____J_( n+% g n+% n-% 2 2
I = 1 - _

One can, at the expense of iterating on the equation of state, get a result
for the internal energy with error 0(At3) provided the velocities are cal-
culated to 0(At3). The error in Eq. (45) reduces to O(At3) for the special
case of all Mj's equai. Future versions of HYDROX will include this iterative
difference equation as an option.

6. Conservation Properties for the Difference Equations

In this section we shall investigate to what degree our difference
equations conserve momentum and energy. To do this we sum the total momentum
and energy of the system at two different times and compare the results. At

t = n+s, the total momentum is

o)™+ = Z 2(M M )“*J"E ;
3=0

where N is the number of cells. Using Eq. (45), we have
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“ : @
() =3 %(Mj + Mjﬂ)ug‘j: +y O A o(at?) + o(amat)
3=0 3=0

N
- o)™ % 4 Atnz (o’j‘ - o?+l) + 0(At3) + 0(AMAL)
j=0 A

- )™ + Ac“[(og -~ o) + (o] = Q) + *** + (o g - o) + (of - o§+1)]
+ 0(At3) + 0(AMAL)
= )™ 4 PR - B, ) + oty + 0caMAr)

But the j = 0 and j = N+l are effectively boundary cells that give free surface

n n
boundary conditions such that M0 and Mn +1 0 and oo °N+l 0 giving our

conservation of momentum result,

)™ = o)™ 4 0aed) + o(aMAL) .

The total energy at t = n+l is

N
n+l n+l
(ME) jE=1 M 5 E § .

Using Eq. (49), we have for the SIN difference equations:

N n ol 3 n n
om™ =3 Lo g 4 4" 5001 T M0y ] s [ M4%) M0 | e
~ 55 MM §-3 MM 4

+ O(MjAtz) i

When the summation over j is performed, the first term is just the total

energy at t = n. In the second term, let k = j-1 such that .




N N-1

j > ktl
Z*Z and j=% > kHs -
i=1 k=0

In a similar manner to the conservation of momentum calculation above, all
terms cancel between the two summations except the k=0 term in the first
summation and the j=N term in the second. Again, free surface boundary con-

n

n -
ditions give effective values of Mo MN+1 0 and oo °N+1 0 to obtain

n+l

(ME) = (ME)™ + O(MjAtz) .

Similarly, for the HYDROX difference equations, the conservation of

total energy can be evaluated. The change in internal energy is given by

N
AGID) =) M, (1’3““1 -1
J=0
( n+% niz n&% n+: AR 5
- = Yy 2
zg: Mo, ZMj +o0at®) +00r)

which can be rewritten as

N
AMI) = -Z (031 - og‘ﬂ) %—( j% ""z)At + O(M At ) + O(Mj) .
=0

The change in kinetic energy can be written as

N
b3 %jz=:0 %(Mj+Mj+l) [(n% - (“::‘2)2] +oqmiAe)
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which can be rewritten, using Eq. (45), to get
a 1/ n# 35
1. 2Y _ n_ n 1/ nts n-
A(2 Mu ) -Z (oj cj+1) 261:“% + uj_*_!i)At + 0(M,AMAL)

j=0

The total energy is then conserved to O(MjAtz) + O(Mf;) + O(MjAMAt).
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‘ III. INPUT AND QUTPUT

The input file for HYDROX is a namelist read file called DATA. HYDROX
creates the following output files.
DOUT - a summary of all material and EOS constants for the entire problem
XOUT - the cycle print file
OUTPUT - a summary of material energies plus records of zoning, spalling,
EOS errors, void closures, and restart dumps
GASSIN - random access graphics file ready to be processed by the LTSS
utility GAS (LTSS-523)
DUMPO - a dump file for restarting a problem
Section A describes the variables for the input file DATA. Section B
describes the output files. Section C tells how'to process the GASSIN file
for graphical output.
. Defaults
The default value for all parameters listed in the namelist statements

1s 0 unless otherwise specified.
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A.

Namelist Input for the Input File DATA

Problem input to HYDROX is handled through the file DATA. The structure

of the file is given by:

42

P$INP Parameters for problem control

P$SU Parameters for Material 1

PSESC EOS constants for Material 1

PS$BURN Reactive EOS constants for Material 1

P$SU Parameters for Material 2
PSESC  EOS constants for Material 2

PSBURN Reactive EOS constants for Material 2

Repeat SU, ESC, BURN for each material

Required

Required

Required only if ME # O
in the SU namelist

Required only if IBRN # 0
in the ESC namelist or in
data read from a library

Required
Required for ME # 0

Required for IBRN # 0




l, Namelist INP

MM = number of material regions.

TIALPH = 1,2,3, for plane, cylindrical, spherical geometry (default = 3).

LABEL = up to 80 characters of Hollerith data to be used as a label on
the printout. Also, the first 30 characters will be used as a
label on the GAS plots. |

TEND = ending time (if NI is large enough). For TEND = 0, no check for
TEND is made.

NI = maximum # of cycles the problem may run (default = 10000).

NDF = type of difference equations used. 1 = HYDROX, 2 = SIN (default = 1).

ND = approximate # of cells in the problem if the automatic zoner is
used (default = 180).

MSFF = flag to use Multiple-Shock Forest Fire (MSFF = 1) instead of the
usual Forest Fire (default).

PRINT and GASSIN Dump Controls

NP = print every NP cycles. For NP & 0, no check for cycle print is made.
NG = GAS dump every NG cycles. For NG € 0, no check for cycle GAS dump
is made.
TP = tl,Atl,tz,Atz,-o-,Atn_l,tn; print every Atl Us from t, to t,, every
At, from t, to t,, etc. (must end with t , not At ). For At € 0,
2 2 3 n n
no check for time prints is made.
TG = same as TP except for GAS dump instead of print.

Automatic Time Step Parameters

NDELT = 0 for automatic time step control; 1 for At = DTO of the last
active material region.
DICF = automatic time step control parameter; At = DTCF* AX/C for all

materials (see SU namelist).
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Active Cell Control Parameters

NADD

add NADD new cells when the last cell becomes active.

;

# of cells used initially (for NADD < 0, all cells are used).

Piston Boundary Conditions

UL = initial piston velocity for HE initiation (no piston if UI = 0).
UF = final piston velocity for HE initiation.
RO = initial radius for piston.

UIL = same as UI except for inside piston rather than outside piston.

UFI = same as UF except for inside piston rather than outside piston.
Restart Control Parameters
MML = minimum region # for which data will be read in (default = 1).

Used primarily for a restart in which regions NM1 to NM are changed

or added. If NMl = 1 for a restart, no new data is read in except ‘

for that in the INP namelist.

IDMP = restart the problem at the IDMPth dump. If IDMP = 0, initialize
problem from the data set.

IV = see SU namelist. Used in INP namelist only for restart with NMl > 1
where IV(¥M1-1) is set. (Default = -1.)

NDUMP = make a restart dump every NDUMP cycles. After MXDUMP (set in
parameter statement, usually = 30) dumps, the code will stop.
(Default = 10,000.)

TD = same as TP except for restart dumps.

SESAME Interpolation Option

IFN = 0 for rational function algorithm (default), 1 for bilinear

algorithm.




2. Namelist SU

. EOS Specifications

IEOS = type of EOS: 1 = HOM, 2 = buildup, 3 = 8-parameter fit, 4 = SESAME
(default = 1).

5

EOS number in library for that type of E0S. A library is not
searched if MAT = 0.
ME = 0 for no changes in library values, 1 for library values changed by
the ESC (and sometimes BURN) namelist(s). ME must be 1 if MAT = O,

Initial Positions and Velocity

Rl = outside radius for this material region (default = RO for the first
region; default = R2 of the previous region for other regions).
R2 = inside radius for this material region (required).

U0 = initial velocity for each cell in this region.

Zoning
‘ NCI = number of cells in this region (must be at least 2 if used).
DR1
} for NCI = 0 (default) and DRl > 0O, NCI and DR (for each cell) are
DR2

computed using DR1 and DR2. DRl is the cell size for the outside
cell of the region and DR2 is approximately the cell size for the
inside cell of the region. The cell size varies linearly with cell
number and DR2 is adjusted so that an integer number of cells is
required. For NCI = 0 and DRl < 0, an automatic zoning scheme
(described in SETUP) is used.
NOSPLT = 1 calculates and allows rezoning; <0 doesn't even check for
rezoning.
Voids
IV = void index for the interface between this material and the next: -1 =
‘ no void (the two materials are "glued together'" so that under tension

they remain in contact), 0 = open void, +1 = closed void (which

becomes an open void under tension) (default = -1), 45
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Time-Step Controls
DTO = maximum allowed time step when this material region is the last ‘
active region. If DTO < 0, it is replaced by DTO for the first
region (which should not be 0). (Default = 1.)

DTCF = Automatic time-step control parameter for this material only;

At = DICF* AX/C. (see DELT for details, default = 0.5).

Active Cell Control Parameters

UT = absolute value of the velocity that must be exceeded before the

cell becomes active (default = 10_10).

GAS_Dump
IJK = GAS dumps. Include every IJK'th cell (default = 1).




3. Namelist ESC - Read Only if ME # in the Immediately Preceding
SU Namelist

ROW = initial density.
VO = initial volume.
PO = initial pressure.

XISP = pressure at which a closed void opens.

IE = initial region # (default, IE(I) = I).
Q0 = pressure at which viscosity is turned on (otherwise noise can make
the problem unstable in regions where nothing should be happening)

(default = 107'°),

TO

initial temperature (for IEOS = 4 and TO # 0, ZI (see below) is
calculated using density and temperature as given quantities).

Z1 = initial specific internal energy for all cells in a region.

HOM Parameters (IEOS = 1)
Library = HMLB

Cl Co

of U. = C, + SU
s1) s 5 P
c2

S2 'second set of constants that are switched to when the volume is <SWV.
SwWv

VMN = VMN < volume < SWV the volume is set to VMN in the EOS calculation.
GAMMA = Grineisen Yy (constant for HOM).

ALP = thermal expansion coefficient o used for HOM EOS in tension.
F5,GS,HS,SI,SJ = HOM parameters for the solid temperature fit (F,G,H,I,J).
CV = specific heat of the solid.

GC = array GC containing the HOM GAS constants (A,B,C,D,F,K,L,M,N,0,Q,

R,S,T,U,C&, and 2).
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XI. = thermal heat conductivity coefficient (not currently used).
XMU = 1 = shear modulus.

YO = 2/3 Y,.

PLAP = PLAP (see EPP).

TMLT = melt temperature at normal density.

TMC = melt constant for linear function of specific volume.

HOM Parameters for Reactive Materials

IBRN = type of burn: 0 = no burn, 1 = Arrhenius, 2 = CJ, 3 = sharp shock,

4 = Forest Fire. 5 = FF (temperature), 6 = FF (internal energy),
7 = gamma-law Taylor wave. If IBRN # O, the BURN namelist is read.
WO = dinitial burn fraction. Default = 1 -~ all solid, no products.

HE Buildup EOS (IEOS = 2)
Library = HMLB

BUA = A

where, for the detonation products, Y_ = A + B/X and
BUB = B g

X = distance from the detonation point, with the
BUMAX = Ypax

constraint vy < ¥y .
BUDV = D max

BUR = gshift in effective distance of run.

BUD = region over which the "break" in vy is smoother (default = 0.2).

8-Parameter Polynomial Fits (IEOS = 3)

CF = 8-parameter EOS constants (see POLY).

SESAME EOS (IEOS = &)
Library = SES2L

SR = density scale factor (default = 1).
ES = energy shift (Mbar - cm?/g).
Al,A2,A3 = Tamp parameters with a ramp pressure given by P =

MIN{A1*(p/py - 1), A2*(p/ps - A3)}.
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IRV = reversible (0)/irreversible flag (1).
EM = "melt" energy. For XI(J) > EM, a flag is set to turn off the
ramp for that cell for the remainder of the problem.

Barnes EOS - Used with HOM

A,BR,BA,VB0O,VBSW = constants used in Barnes EOS.

Spall Parameters - Used with HOM

SP = SPA in SIN (coefficient for the gradient spall pressure).
USP = ultimate spall pressure.

Viscosity Parameters

NV = viscosity type: O = "real," 1 = PIC (default), 2 = Landshoff.

XV = viscosity coefficient (default = 2.0).
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4, Namelist BURN - Read Only if IBRN # O in the Immediately Preceding .

ESC Namelist

Z = frequency for Arrhenius burn.

E = activation energy for Arrhenius burn.

VCJ = CJ volume for CJ burn.

PCJ = pressure at which W is set to O for Forest Fire burn.

DWDT = Forest Fire constants (up to 20).

PM = pressure below which dW/dt is assumed to be 0O for Forest Fire burn.

ND = # of Forest Fire constants.




SAMPLE DATA DECK

PSINP LABLL=SOMSYMMETRIC PLATE IMPACT Cu/CU

fin=2

1aLPf=1,

TEND=4.

17=0., §., 4.0,

;cxo., 0.5, 2., 0.1, 4.0,

PSSU 1E0S=1, MAT=4,
R1=10., R2=9.,
u0= -0, 030,
gcmoo

PSSU IEOS=1, MAT=4,
R2=8

nci=160,
$
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B. Qutput Files

In this section we present sample listings of the output files DOUT, .
XOUT, and OUTPUT. Two additional output files are also created during the
execution of HYDROX: GASSIN for use by GAS, and DUMPO, a restart dump file.

1. DOUT. The file DOUT is written after the input namelists have been
read and the problem has been set up. DOUT provides a means of checking and
verifying the problem input. A sample DOUT listing is given in the following
pages. The variables in the namelists INP, SU, and ESC are printed in the
order they appear. See Section VI.A for a list of variables. Arra& variables
are printed for all values of the array indices. Since many of the variables
are dimensioned for the number of materials allowed, there can be many zeros.
In the sample there were only 2 materials in the calculation, but HYDROX was

compiled to allow 20.




S INP

NM

ul

JUF

RO

[ALPH
NDF

NP

NG
NG

NADD

NHAX

END.

TP(1)

TP(4)

™wen

TP(l0}
TP(13)

TPC16)

T™w(19)

16(1)

TG(4)
16(7)

16¢(10)

16(13)

16(16)

T6(19)

NDELY

ult
UFL

LaBEL(])
LABEL(S)

NNl

10MP

Iv(1)

Iv(s)

IV(15)

Ivi22)
Ivi29)

Ivi3e)

Iv(63)

Ivi50)

vis?

IV(64)

Ivi71)

[v(78)
Ivias)

tvio2)

Iviy9)

NOUNP

TO(L)

TO(e)

T0(7)

10(10)

TD(13}
T0(16)

T0419)

IFN

DTCF(1)
DTCF(4)
OTCF(T)

SAMPLE DOUT LISTING

Begin Namelist INP

2
0.
0.
0-
1
1
10600
V]
0
0
2u}
4+00600C0000000E+00
00
c.
00
o.
G.
0.
0.
0.
1+0QU0LU0CLO00CE~OL
00
0.
ol
0.
00
0
0.
G'
SES66VINEE S XTONGSS
0
1
0
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
1¢0C0
O
°.
°.
0.
o.
G,
Q.
0
18¢

5« C0U0CLLLGOOLUCE=L]
5.C00LULCOOVOLOE=CL
9.000000LU00L6CV0E~V]

1.000G06000000GE+00

$40000V00000J00E~21

4.G006LELLUOVLIE +00

£e000UOVOLCOLOOVE~J]
54C0L0OULO0000UCE=-V]
5L0CCOQVO0GO0UVE~I]

Ce

Ce

c.

6.

0.

Q.

o.

00

Q.

c.

[ 2

$8956¢0008
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

0.

G.

0.

0.

Ce

(7%

-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

4,0000000000000E +00
Q.
Qe
°I
°l
0'
o.
2+0000000L000000£+00
°'
o.
Oe
0.
O
0.
[+)
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
~l
-1
Qe
0.
Je
Je
[ 1Y
0-
Qe

540000000CG0VLCOE-GL
5+0000000000UC0E~0L
540600G0V0GQ000E~OL

-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
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-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1



DTCF{1L)

DTCF(13)

DTCF(16)

DTCF(19%)

$END
$5U -

oTo(1)

DT0(4%)

oTo(T)

DTG{10)

0T0(13)

DTO(1€)}
DT0{19)

NUSPLT(1)

NOSPLT(8)

NOSPLT(1Y)
NUSPLT(22)
NOSPLT(29)
NOSPLT(34)

NDSPLT(43)

NBSPLT(50)

NOSPLT(57)
NOSPLT(b64)

NOSPLT(T71)
NOSPLT(78)

NOSPLT(85)

NOSPLT(92}
NOSPLT(99)
Iv(l)

Ivis)

IvVi15}

vi2a)

vi(29)

IV(36)
IVi43)

IvV(50)

IV(57)

IV(64)

IV(71}

virs)
Iv(85)

IvVi(92)

1V(99)

IEOS(1)

1£0SL8)

TEQS(15)
MAT(1)

HMAT(8)

HAT(15)

ME(L1)

ME(8)

ME(15)

R1
rR2

ue(l)

yo (&)

uo(?)

voli0)

uot13d)
uo(le)

uotll9)

54

5+ 0ULCLUOLCCOOUE=CL
£4G000GUOVULOLOUE=0L

T £.00J06006CCLOVE=O0L

$+0000C000CO0VCE-OL

54 00ULUOLOJVVOGE~UL
5400C0000C0000CE~V]
5. L0000000000L0E~0]
5+ COUO00CU00000E~OL

End Namelist INP
Begin Namelist SU

1.0CGCCCLOCCOGUE +00
1.0CU0000C00CO0E +0O
1.,0000600000000¢ +00
1,00000U0CO0GLOE*GO
1,C0ULCCO00QCOOE +00
140060U0GOC00000UE+00
1,0000C00000000£ +00

[-N-R-N-N-N-N-¥ NN NN

deuCCILOOLUDOGC18LE+CO
8eGCUUCO00GOGLRE *G0
=3460C0G0C000000E~02
6.
Ca
Co
Ve
(IO
Ce

U
-
DBUBUBUR BUBUBUSUBUSUSURUSLEL
G Or OO, R e e a0 0000006000000 0

1.000000000Cu";CE+90
1.¢00000000000CE +00
1.L00C0000U0GO0E ¢00
1.0000030000GLOL +00
1,G0C00000000GGE+00
1.000000000000CE*00
1460GUCLUOOUURGE +00
[} 0
0 [+]
[} [}
0 [}
0 0
0o [}
0 0
0 0
0 0
0 [}
0 0
0 0
[} 0
'} 0
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
-1 -1
1 1
IS 1
1 1
4 ]
[} [
0 0
1 []
0 ]
(4 o
[
0.
0.
Ge
Ce
Oe
Ge

5¢000600L0C0000E=01
5.0000000000000£-01
5+00600G00000000E~01
5000000000000CE~-0)

1.,0000000000000E +00
1.0000000000000E+00
1.0000000000000E+00
1.,C000000000000E+00
1,00000000G0C00E+00
1,0000000000000E+00
1,00009000G00000€+00
0o
0
[}
0
0
[}
[}
0
0
0
0
]
0
0
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
1
3
1
0
0
[}
0
")
0
0.
Je
Je
O
C.
J.
Ve

0000000000000

(-X-X-¥-2-X-N-X-X-N-JN-N-N-J¥-)

COOOOO e pe pe




NC1I

OR1

DR2
Ut

ur (4}

ure?)

ur(10)

urii3)
uT{le)}

uT{l9)

DTCF(1)

OTCF (&)

DTCFL7)

DTCF{10)

DTCF(13)
DTCF(16)

DTCF(19)

SEND
SESC -

C1(l)

Clis)

cuT
C1(10}

C1(13)

Cl(le)

c1i1)

$141)

S1l4)

ST

s1(10)
S1(13)

S1(1e)

S1(19}

c2(1}

C2(4)

c2(7)

c2(10)
c2(13)

c2(1s}

c2(19)

s211)

S2(4)

s2(7)

s2(10}

s2(13)

s2(le6)
$2(19)

Suvil)

SWV{4)

Swvi(T)

SWV(10)

SuV(l3)

Suv{le)

SWv(19)
VHN(L)

VHN(4)

VHNLT)

VAN(10)

VMN(13)

VANL16)

VAN{19)

100

00

00

1400CUUUGOCUOVQE-10
140600000L0000000L~10
1.00uG0QCGO0OLVOE~LC
1+0LOUCLLOGCOLO0E~LD
1eLULLLCCLLCLOVE=LU
140000LOLOUCCOUCE~10
140I00CLGUCOLGOE-10
5 «uVLOULGU000LO0E=0L
54000C000VL0000E=01
540000000006G00E~OL
5eV0VGLOVOCUOCOE~QL
£400UCGU00G00C0E~OL
540LACGOCAULLLULE=GL
5+u0000G0CUO0C000E-O1

1.60C0C000020C0E~LO
1.00C000000000LE~1D
14v00LOLVO000UCE~-10
1 C0UCULUCLUIGOE-10
1.00066C000000CE~-10
1,00000C0000000E~10
1,0000000V0000LE~10
540000006000000E=01
£e00GLO0Q0000QUE~QL
£+00000CC00000QCE~UL
5400000CG000000E=-91
£.00GU0QLOOVOOCE=0L
$+000G00U0060000GE=I1
5+00000C0000000E~01

End Namelist SU
Begin Namelist ESC*

3.9560000066C00E~01

0.

*
Not all variables in the ESC namelist are printed here since each variable is

3.9540060000000E~J1

1. 000C0L0UVI00000E-03
00
0.
(lo
C.

1.00000C0000C0CE-10
1.C000000000000E~-10
1.0000000000000E-10
1.6000000000000E~10
140000000000000€~10
1.0000000000000£-10
4+G0000000G000GE-10
54600000000000GE~-01
5+0000uQ0C0000QCE~0L
5.0000000000000E~-01
5+9000000000000€~01
5.0000000000000£~-01
5.0000000000000E~01
540000000000000€~-01

3.9580000000000£~01

printed for all materials (20 allowed in this case) before going to the next

variable.
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2. XOUT. XOUT is the print file containing the cell dumps as controlled
by either the NP or TP parameters in the INP namelist. Besides giving the
cell quantities, the kinetic and internal energies by material and the problem
totals are given at the beginning of each dump. This is the same information
on material energies and problem totals that is contained on the OUTPUT file.

A partial listing from a sample problem is given on the following page.
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SAMPLE XOUT LISTING

SYMMETRIC PLATE IMPACT Cu/CU

288882828222288833838833388883888888:88

IR RREEERES SR I IR AR S I A K K K A0 S5 K K K A0 o ¢

- HodEa et

® 0 06 6 6 06 ¢ 5 © 0 0 @ 0 08 8 6 0 60 6 0 5 0 a0 0 00 008 6 0 8 B8 s 0 0
= = = ™ = O = = = = = = O = O = = T € O O = =

SRARAANAAARRAAAARRAAAARREARARAAAAA AR
D PR T R SR IR e o eSS

® @ © 6 8 © 06 0 06 06 6 6 0 0 0 06 0 0 % O 0 0 0 0 0 06 0 0 9 A 9 0 0 0 0 00
N = = = ™ = ™ T = T =" O™ ™ O O O = T = O = O

SARARARAASARARAARAARAARAARAR AR RARAAARS
RREESRRESRRREEy

Y4

SX

32838832

.3. m

7 =2.997€
-2.998E
=2.996E
=2.997E
~2.998¢E
-2.998E

Q

1.887€-07 -5.47
2.860E-07 -2.

2463E-07 -2.995
OE-Q7 -2.997

7

WA MM O I

SIS ainiai LLLLL&&&&&&&MM&L&&&&Q

AR AR AR AR A AR AR AAR AN ARANANAA

WL LA A G A AL L4 MMM A L AAJ RS A L A LA A0 LA LA L A L) A L) LAy A L) WA D LA AL S A
O
.
-
1]

= 3,16237€~03

P

T
GOLE-0? 3.079E+02 -1.063E-07

w

4 PP O\ M NN NV WNNI = OO0 (a¥] - MWW P NI O
N R N O B DR PRSI RIS AN A A
...............I.................

-6.085E-07
=1, 342606

= 2.354826~06
= 2.92689€-03
“1.777¢

&
&
&
%
02
:
5
&
02
02
62
02
:
8
"2
€+02

£-06 g. 107¢€+
3
%
3

3k-5 3139

Volume Velocity Internal Tempera~ Pressure Viscosity

23»25'(5 3.

O P OM e ONIN

9.7

317
8.237306-04 TOTAL KINETIC ENERGY

4.10028€-04 KINETIC ENERGY
4. 13702606 KINETIC ENERGY

X
B
X
:
'
¥
&

E
2
“‘ ‘” 33333
OO OPRRROO

 ARBARRRARR
o e A A A A A AR A AR AR

A W G A A A LA (A0 M) A A At G2 LaJ MAJ LA (A (A LAJ A0 LAJ A0 A L LAJ (A Lt LS L (A M WM 1 1 L) W W
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3. OUTPUT. The file OUTPUT contains a summary of the problem energies ‘

pPlus various other information about what happened during the problem execution.
The following list contains the information that may be written to OUTPUT.

Number of zones in each material, EOS type and number, vpoAr for the
and outside cell.

Error messages for materials not in an EOS library.

Time, At, cycle, and energy sums by material and problem total (same
as in XOUT).

Record of any dump written or read for a restart.

Record of any spalling.

Record of any HOM iteration errors for a mixture of solid and gas product.
Record of void collapses or openings.

Record of any iteration failures for high-velocity void collapses.

A sample OUTPUT file is listed on the following page. Information about

EOS errors, spalling, etc. is listed only if they occur.
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SAMPLE OUTPUT LISTING

VpolAr
Mate~ # EOS Outside Inside
xrial Zones Type # _ Cell Cell
1 100 1 6 2.984E-02 2.984E-02
e 100 1 4 2.9846-02 2.984E-02
TINE: 0. oT= 1.00000€+00 CYCLE=
MATERIAL ENERGY* 3.976306=03 INTERNAL ENERGY=

MATERIAL 2 ENERG

INTERNAL ENERGY=
TOTAL ENERGY= 3.9763

TIME=  1.263266-02 DT=  1.26326E-02 CYCLE:

MATERIAL 1 ENERGY= 3.976306-Q03 INTERNAL ENERGY=
MATERIAL 2 ENERGY= INTERNAL ENERGY=

0.
TOTAL ENERGY= 3.97630E-03 TOTAL INTERNAL ENERGY= (.

TIME= 2.52653E-02 OT= 1,26326€E-02 CYCLE=

MATERIAL 1 ENERGY= 3.98155€-03 INTERNAL ENERGY=
MATERIAL 2 ENERGY= 1,35924€-06 INTERNAL ENERGY= 1
TOTAL ENERGY= 3.98291€-03 TOTAL INTERNAL ENERGY=

TIME= 1.010616+00 DT= 1.26326€~02 CYCLE=

MATERIAL 1 ENERGY= 3,15778€-03 INTERNAL ENERGY=
MATERIAL 2 ENERGY= 8.27660E-04 INTERNAL ENERGY=
TOTAL ENERGY= 3.98544E~03 TOTAL INTERNAL ENERGY=

TIme= 2.00859€+00 OT= 1.26326E~02 CYCLE=

MATERIAL 1 ENERGY' 2.320255-03 INTERNAL ENERGY=
MATERIAL 2 EN 66530E-03 INTERNAL ENERGY=
TOTAL ENERGY= 3.985555'03 TOTAL INTERNAL ENERGY=

TIMg= 3.00657€+00 OT=  1,26326E-02 CYCLE=

MATERIAL 1 ENERGY=: 1.48288E-03 INTERNAL ENERGY=
MATERIAL 2 ENERGY= 2.50313E-03 INTERNAL ENERGY=
TOTAL ENERGY= 3,98601€-03_TOTAL INTERNAL ENERGY=

1 AT CYCLE 317, TIME= . 60045E+01
TImE= 4.00455€+00 OT= 1.26326E~02 CYCLE=
MATERIAL 1 ENERGY= 1E-04 INTERNAL ENERGY=

MATERIAL 2 ENERGY=
TOTAL ENERGY= 3,9861

E=-03 INTERNAL ENERGY=

6.4551
3.3‘%
0E-03 TOTAL INTERNAL ENERGY=

=03 TOTAL INTERNAL ENERGY= 0.

0

0. KINETIC ENERGY- 0.

8 TOTAL KINETIC ENERGY= 3,97630€-03
1

0. KINETIC ENERGY= 3,97630€~03

0. KINETIC ENERGY= 0.

o TOTAL KINETIC ENERGY= 3,97630e-03
2

1 86438E-05 KINETIC ENERGY= 3.96290¢-(03
«77453€-16 KINETIC ENERGY= 1,35924E-06
1.86438E-05 TOTAL KINETIC ENERGY= 3.964L26E-03

80

4. 42471€-04 KINETIC ENERGY= 2.71531€-03
4. 26922€-06 KINETIC ENERGY= &.00738E-04
8.69393E~04 TOTAL KINETIC ENERGY= 3.1160‘5-03

159

8.69209€-04 KINETIC ENERGY= 1, 451066-0'*
8.53659€E-04 KINETIC ENERGY= 8,11641E-04
1.72287E-03 TOTAL KINETIC ENERGY- 2. 26268€-03

238

7.91617€-04 KINETIC ENERGY= 6,914636-04
7.951956-04 KINETIC ENERGY= 1,707936-03
1.58661€-03 TOTAL KINETIC ENERGY= 2,39940€-03

3

4.10028€-04 KINETIC ENERGY= 2.35482E-04
4.13702¢ KINETIC ENERGY= 2,92689E-03
8.23730€ TOTAL KINETIC ENERGY= 3 16237€~03
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4, GASSIN. GASSIN is a random access file written in the MAGEE Movie ‘
format for direct processing by the graphics utility GAS (LTSS-523). The
structure of GASSIN consists of a file index that is 1003;¢ words long and

dumps for each specified problem time.

File Index
Disk Address Word Contents

0 1 Integer giving the number of words in the index
1 2 Integer giving the number of dumps in this file
2 3 Disk address of the last word in this file

3 4 Problem dump time for the first dump

4 5 Disk address for the first dump in this file% '
5 6 Problem dump time for the second dump

6 7 Disk address for the second dump in this f:Lle%2

Repeat dump time, disk address for each dump
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‘ Data Dumps

Each data dump consists of two parts. The first 100 words contain informa-
tion about the data in the dump. The data begins at word 101 after the beginning
of the data dump and is packed three HYDROX cell variables per word (see GAS
writeup). The contents of the first 100 words are as follows.

(I = integer, F = floating point, H = Hollerith. Omitted numbers are not used.)

Word Contents
1 Dump Time (F)
2 The number of zones for the problem (I)
3 1 (D
4 Not used
5 Number of packed words per cell = 4 (I)
? Number of cell variables per word = 3 (I)

. 16 Number of fraction bits in the packing format = 14 (I)
l% Number of exponent bits in the packing format = 5 (I)
8% Date (H)

96 Problem label, first 10 characters (H)

91 Problem label, second 10 characters (H)
92 Problem label, third 10 characters (H)

93 First value of the cell number = 1 (I)

94 1 (1)



5. DUMPO. A restart capability is provided by the writing and .

reading of the dump file DUMPO. The frequency of dumps may be selected by
either specifying the problem time or cycle number. The problem geometry
may also be changed, adding or deleting zones, materials, equation-of-state
parameters, or anything capable of being specified in the original problem
gsetup. A description of the control variables is given in the "Restart
Control Parameters" of Sec. III.A.l, Namelist INP. Further details are pro-
vided in the descriptions of subroutines WDUMP and RDUMP of Sec. IV, HYDROX

Description by Subroutines.
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C. Graphics

The graphical output file GASSIN is written in a random access MAGEE
movie format for processing by the LTSS utility GAS (LTSS-523). GAS allows
the users to make plots of all cell quantities as a function of distance or
any other cell variable. In addition, timé plots of cell quantities and contour
plots in position-time (X-t) space can be made. GAS can be run as an interactive
utility or through a controller.

The variable numbers used by GAS and their corresponding HYDROX quantities
are given by:

Gas

Variable 1 2 3 4 5 6 7 8 9 10 11 12
Number

Cell region

*
Quantity index ° r u \'s I P Sy S, EE T q
(or W
ifu=0)
*The variable EE contains energy sums in cell quantities in the following order:
1 to ML-1 total energy for region 1 to ML-1
ML total energy for the problem plus work done on pistons

M+l to 2*ML-1  internal energy for region 1 to ML-1
2#%ML total internal energy for the problem

2¥MLH to 3*ML-1 kinetic energy for region 1 to ML-1

3*ML total kinetic energy for the problem
4*MLAL work done on the outside piston
43%MLA-2 work done on the inside piston

ML is set in a parameter statement and is usually 21, the number of allowed

materials plus one.
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The sample GAS plots on the following page were generated by the

commands listed below.

64

GAS!GASSIN!YESIME

DC,3,4!SR!DU, 1!

DU, 2!MP!

Ccv,3,7!8R!DU,1!

DU, 2I1MP!

END

Initialize GAS and enter the MESH plot mode

Plot the particle velocity vs radius and allow
GAS to select a rectangle to plot the data; the
dump at time = 1 Us was specified

Plot the particle velocity vs radius at time =
2 Us and overlay it on the previous graph

Plot the pressure vs radius for time = 1 us

Plot the pressure vs radius at time = 2 Us and
overlay it on the previous graph

Terminate the execution of GAS
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IV. HYDROX DESCRIPTION BY SUBROUTINES

This section contains the most detailed information about the inner
workings of HYDROX. Part A contains a summary description of each subroutine
and Part B contains a logical flow diagram. Part C contains further informa-
tion about each subroutine by first giving an annotated FORTRAN listing and
then giving detailed notes on local variables, relevant physical models, and
numerical algorithms.

A. Summary Description of the Subroutines

MAIN

Calls routines to set up the problem.

Contains the main cycle loop of the code which checks whether to add
cells, print, make a GAS dump, make a festart dump, or end the problem; calls
subroutines to rezone if necessary, determine the time step, and run one hydro
cycle.

SETUR

Controls the setup of the problem, reads INP namelist, checks for a
restart dump, calls other routines to read the rest of the namelists data
from EOS files, initializes all of the cell quantities except pressure,
writes out all variables in all namelists to the file DOUT.

SSU

Reads the SU namelist and copies material data to region I+l. In order
to keep the namelist variable names the same as those used in the code and
at the same time avoid requiring region number subscripts in the input, region
number one (i.e., no subscript) i1s used in the namelist. The data is then
copied to region number I+l where I is the actual region number. After all
data is read in, every variable associated with regions has all of its data

shifted down by one to the proper region. See subroutine RSTORE.
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ESSU
‘ Reads the ESC namelist (equation-of-state constants) and copies material
data to region I+l.
BRSU
Reads the BURN namelist (various burn constants) znd copies material data
to region I+l.
CLR
Resets region 1 data to the default values.
RSTORE
Shifts region I+l data back to I (where it should be) for each region I.
EOSDSK
Switching routine that assigns units for EOS files and calls routines to
read them. Data from EOS files can then be overridden by namelist reads.
RHOM
. Reads EOS file HMLB to get HOM EOS data.
RBLDUP
Reads EOS file HMLB to get data for the buildup EOS and burn model.
RPOLY
Dummy routine because a library is not provided for the eight-parameter
fit constants.
RSESAME
Reads data from disk for SESAME materials.

JMNMX

Sets indices to determine the minimum and maximum cell numbers for each
material. Also sets indices for the last region with a cell turned on and

the last cell turned on.
HEI

‘ Calculates the total internal energy of a region of solid HE relative to

the energy of its products at infinite expansion at T = 0, 67




GASLM

Finds limits for the region in which two of the analytic fits in GAS are '

reasonable.
BLDSM
Calculates the Y for each cell using the buildup model. The transition
from constant Ymax to the Y = A + B/R form is smoothed out with a parabola

which joins both curves, leaving the first derivative continuous.

PRNT

Makes a cycle printout including time, At, cycle #, region and total
energies, and cell quantities for active cells.
EsSuM
Calculates kinetic, internal, and total energies for each region and for
the whole problem.

WDUMP

Writes a restart dump (all of the necessary data to restart the problem
at a given cycle). Inactive regions may be replaced with new setup informa-
tion so that two different problems that start out the same may be restarted
at a time before they differ without completely rerunning the problem.

RDUMP

Reads the restart dump and stores all of the data in the appropriate
locations.
OUTGAS
Makes a GAS dump to file GASSIN which includes most cell quantities.
GASSIN may be postprocessed to give on the Tektronix/film/fiche any cell variable

as a function of any other cell variable (e.g., pressure vs-radius) at a given
time, time plot a cell variable for a given cell, r-t plots of interfaces, cell

positions for each cell, contour plots of a cell variable in r-t space, etc. ‘
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ICONV
Takes a 60-bit floating point word and converts it to a 20-bit floating
point word.
DIFEQ
Switching routine to determine the type of difference equation scheme to
be used in the main hydro cycle. Default is HYDRO.
HYDRO
The main hydro cycle using the HYDROX difference equations. New values
of radii, velocities, specific volumes, specific internal energies, and stress
deviators are calculated. Subroutines are called to get new pressures, tem-
peratures, and artificial viscosities.
SINX
The main hydro cycle using the SIN difference equations. New values of
radii, velocities, specific volumes, specific internal energies, and stress
deviators are calculated. Subroutines are called to get new pressures, tem-
peratures, and artificial viscosities.
EOS
Switching routine to call the appropriate equation of state. The spalling
and elastic-plastic treatments are also called if turned on.

PTEOS

Controls calls to EOS subroutines with energy and volume as input rather
than region # and cell #.
HOM
Switching routine for deciding which type of EOS is used for a cell for
the HOM EOS (e.g., determines whether a material is a solid, gas, or mixture).
USuP
USUP EOS allows for two USUP fits with a phase change. At high.density

the Barnes EOS is used. 1In tension, the Gruneisen EOS with the P=0 line as

the standard curve is used. 69



GAS
Calculates the EOS for gases using analytic fits to the results of the
BKW code. By special choice of constants, a y-law gas EOS may be calculated.
SSBGAS
Calculates the pressure and specific internal energy for a cell that has
just been burned using the sharp-shock burn method. The pressure and specific
internal energy are calculated on the Hugoniot for the HE products at the given
volume.
MIX
Calculates pressure and temperature for a mixture of solid and gas where
temperature and pressure are assumed to be in equilibrium. The equations of
state for the solid and gas are described more fully in USUP and GAS, re-
spectively.
LFB
A two-point iteration scheme to find the zero of a function of one
variable. The iteration is a slightly modified form of the secant method.
This method is faster than Newton-Raphson iteration for the case where the
time required to evaluate the derivative is longer than 0.44 of the time
required to evaluate the function.
BEQST
The Barnes EOS is used for the high-pressure region where the USUP fit

becomes unphysical.

BLDUP

Calculates the equation of state to be used with the buildup burn model.
The EOS is that of a Y-law gas but the Y is not necessarily the same for all

cells in a given material.
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SPEOS

Determines whether a cell should spall by using the gradient spall model.
As a special case, a constant spall pressure may be specified.
POLY
An eight-parameter fit to the equation of state that is basically a
polynomial in two variables divided by a linear function in one of the vari-
ables. The two variables are related to specific volume and speéific in~
ternal energy.
VISC
Computes the viscosity for all cells using either "real," PIC, or Landshoff-
type viscosity.
BURN
Switching routine to determine type of burn to be used.
ARH
Calculates the decomposition due to an Arrhenius rate law for region I.
cJ
Calculates the decomposition of a detonating HE using the CJ burn model.
SSB.
Calculates the decomposition of an HE using a sharp shock model. All of
the HE is burned at the shock front.
FOREST
Calculates the decomposition using the Forest Fire burn model. This model
is appropriate for cases that require a non-negligible distance of run to
detonation for the given input shock strength.

FFT

The Forest Fire rate is calculated as a function of temperature.
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FF1

The Forest Fire rate is calculated as a function of specific internal .

energy.
GLTW
An entire region of explosive is burned using the gamma-law Taylor-wave
description.

BNDR1

Calculates several special boundary conditions such as an applied piston.
SL
Does all the bookkeeping required to create a spall.
SPLTCHK
Checks whether rezoning is required in a region and if so calls subroutines
to do the rezoning.

SHFT

Shifts all cells with cell # 2 J up by N. Used when new cells are created

in the middle of the problem; e.g., for spall and rezoning.

SPLIT

Splits N cells starting at cell #J into two cells. All cell quantities
are linearly interpolated and conservation of mass is explicitly required.
EPP
An elastic —perfectly plastic model with the von Mises yield model and an
optional correction term to put shock data fit equations of state on the
hydrostat.
DELT
Calculates the time step to be used. The time step may be input data or
may be evaluated from several criteria in order to keep the problem numerically

stable.

c

Switching function subroutine to pick the appropriate sound speed subroutine.



CusuP
Calculates the sound speed for a USUP EOS with constant Griineisen 7.
CBLDUP
Calculates the sound speed for a buildup EOS in cell J.
CcPoLY
Calculates the sound speed at specific volume VC, pressure PC, and specific
internal energy XC for the eight-parameter fit EOS in subroutine POLY.
CSES
Calculates the sound speed for a SESAME EOS.
RLEOS
The Rayleigh line in P-V space is used as an equation of state for the
initial compression of the two cells touching an interface that has just become
a closed void when the relative velocity of the two surfaces was large.
RL
Calculates parameters for the Rayleigh line EOS. This primarily consists
of iteration to find the interface velocity which sends shock waves into both
materials with the same final pressure.
G
Given a value for the interface particle velocity, UV, the difference in
the corresponding Hugoniot pressures of the two bounding cells is calculated.
PH
For a given specific internal energy, the volume on the Hugoniot and the

Hugoniot pressure are determined.

Subroutines Needed for the SESAME Tables

The following subroutines are used in conjunction with the SESAME EOS
tables and are described in Sec. IV.E: MATCHK, TABFCH, INBUFR, DPACK, ISRCHK,

T4INTP, GETINV, RATFN1, T4DATI, T4RTPE, INV30l, T4EOSA, PERTCR.
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B. Chart of the Relation Between Subroutines

o

MﬁIN
| I I ' I I I
SPLTCHK PRNT*  OUTGAS* GLTW# WDUMP DE?T
I o c
ESUM¥ ICONV* JMNMX* DIFEQ |
CUSUP CBLDUP CPOLY CSES
HYDRO SINX
I | | | o
EOS BN?RI RLEOS VISC B%RN
RL | | | P T
|  ARH CJ SSB FOREST FFT FFI GLTW#*
G
PH  SSBGAS JMNMX*
PTEOS
[
SL EPP SPEOS HOM BLDUP POLY T4EOSA*
I
SPLIT [ | | T4DATI
PRNT* OUTGAS* SHFT GAS MIX USUP
LFB BEQST A
ESUM* ICONV* RATFN1 T4INTP
I
SETUP

|
o ]

SSU ESSU BRSU CLR RSTORE EOSDSK RDUMP BLDSM HEI T4RTPE

T4EOSA**

RHOM RBLDUP RPOLY RSESAME

GASLM GETINV

I
I | ! | |

TABFCH MATCHK DPACK PERTCB INV301

INBUFR
ISRCHK RATFN1

*Subroutines that appear more than once.

**Subroutines that appear more than once and subroutines called by this subroutine are
shown elsewhere on the chart.

74




‘ C. Variables in Common Blocks Not Already Described

/CELL/

R = outside radius of a cell (cm).
U = velocity (cm/us).
V = specific volume = 1/p (cm3g).

XI = specific internal energy (Mbar—cm3/g).

P = pressure (Mbar).

SX = stress deviator in the X-direction (Mbar).
SZ = stress deviator in the Z-direction (Mbar).
EE = energy sums, see ESUM.

T = temperature (K) or y for Buildup EOS.

Q = artificial viscosity (Mbar).

XM = mass in grams per unit length or solid angle.
‘ IFLAG = flags associated with a cell.
W = mass fraction of undecomposed explosive (i.e., W =1 for all
solid, W = 0 for all gas).

/OVL/ See INP namelist.

/M1sc/
TIME = time (us).
ICYCL = cycle f.
DT = time step (us).
NCL = last cell # + 1.

IA

IALPH - 1.

BU

current outside piston velocity (cm/us).
BUI = current inside piston velocity (cm/us).

F2,F3 = geometry-dependent coefficients used in the calculation of

. the specific volume of a cell.
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/BRNS/ See BEQST for details.

A=A,
BR = b_.
r
BA =D _.
a
VBO = VO.

VBSW = volume below which BEQST is used instead of USUP.
/ EOSN/ See SU namelist.
/NSPLT/ See SU namelist.
/SPC/ See ESC namelist.
/POLYC/ See ESC namelist.
/GAS/ See OUTGAS for details.

FI

index for GAS dumps.

DI

array for all cell variables (equivalenced to R).
/LEV/
DMPNO = dump # = time (see OUTGAS).
/BUX/ See ESC namelist.
/ES/ See ESC namelist.

/RLC/ See RLEOS, RL, G, and PH for details.

RC = R .
o]
RP = R_.
P
RLV = R,.
= p)
PHL = Py
DV1 = AV,
DV2 = AV,

/PWORK/ See BNDR1l, ESUM,
PW = work done by the outside piston (if used).

PWI = work done by the inside piston (if used).




JS = spall indicator. Whenever JS # 0, a new void is created at
the outside radius of cell JS.
/INIT/ See SU, ESC namelists.

JMIN

minimum cell # for this region.

JMAX = maximum active cell # for this region.
DRO = initial Ar for the innermost cell of the region.
/USUPC/ See ESC namelist.

/BRND/ See BURN namelist.
/GASC/ See ESC namelist.

/FGHIJC/ See ESC namelist.
/ucac/
UCJ = CJ velocity.
JJ = cell # being burned in SSB.
NMAX = last cell currently active.
RCJ = radius of the cell being burned in SSB.
DCJ = CJ detonation velocity.
/VoID/
INTX = type of interface: l(uI = MHpyg = 0), Z(uI =0, Uy # 0),
3Qup # 0, Uy = 0), 4Qup #up, #0), Sy =gy, #0).
JV = cell # of the artificial cell used to describe a void between
region I and I + 1,
IV = see SU namelist.
NNV = # of voids.
/MNMX/
KMAX = maximum cell # for a region.
KMIN = minimum cell # for a region.

MMC = # of regions currently active.
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/XCOM/ See SU, ESC namelists.
/INTORD/ See INP namelist.
/EOSCOM/ See ESC namelist.
/XEOS/

IX = region #.
/SESDAT/

DC = array for SESAME tables.

/S2DIR/

LCMX = # of words in DC.

NREG = # of regions allowed.

LCFW = word # in DC that begins data for region I.
/SESIN/

IT = region #.

IDT = data type.

RPT4 = density.

XIPT4 = specific internal energy.

IBR = 0 to output P and T; 1 to output P; 2 to output T.

IFL = 0 allows for a ramp; 1l requires use of tables.
/SESoUT/

PPT4 = P, 3P/3p, OP/JE.

TPT4 = T, 3T/dp, IT/JE.




D. Annotated Subroutine Listings and Detailed Notes

PROGRAM HYDROX({INCPUT,OUTPUT,DATASTAPES=DATA,DOUT,TAPES=NNUT,

+X0UT,TAPEBeXOUT»TTY,TAPEQ=TTY)

PARAMETER (MCL=500sML=21sNGC=19,MLGCaNGCENLoMLOWDT=20%ML,
+NUMVa]10,MOL = ((NUMV+1)/3+1)%MCL+100,NDW=20,NCF=8,
+MXDUMP=30yNDX=22MXDUMP+2, MTAB=) ) NTAB=MTAB*3742
+sNSMu4yNWPMe3728,NSDeNSMENNPM+132,ML2+100])

COMMON/CELL/R{MCL) »UCMCL),V(MCL) ,XT(MCL)»

+PIMCLYpSX(MTL)I S SZIMCLISEE(MCL)
+pW(IMCL)
LEVEL 2,R

sTIMCL) »QIMCLI» XMIMCL) » TFLAG (MCL)

COMMON/NVL/NDFoNIs NPyNGs TEND» TP (ML) »sTGIML)»UT,UF,UTT,UFI,NADDyNM,
+JALPHINDELT,LASEL(B),)NOUMP, IDMP,NM1,TD (ML), TJK

COMMON/MISC/TIMEL,ICYCLSDTHNCL,
LEVEL 2,TIME

IAsBU»BUISF25F3,JS

COMMON/ INTIT/DTOCML ) s XMUCML) » YOUML) s XL UML) pXV(MLISNVIMLY VDMLY 400

(ML) TOIMLY s ROW (ML ), JMIN(ML2)»
+MAT(MLY UOIMLYSUTIML),DTCF(ML)
COMMON/USUPC/CI(ML) »S1(ML)sC2¢(
+GAMMA (ML Y s ALP (ML)
COMMON/BRND/Z(MLY,E(ML)YsVCI(ML
+9MSFF

COMMDN/GASC/GCINGC,ML)
COMMON/FGHTJIC/FSIML)»GS (ML) »HS
COMMON/ZUCJC/UCI » ) sNMAX,RCJIHDC
COMMONZVNIDZINTX(ML2) ,JVIML2)
COMMON/MNMX/KMBX (ML2),KMIN(MLE
COMMON/BRNS/ZA(ML)»BRIML)»BA(ML
COMMON/ EOSN/ZTIENS(ML) ) ME(ML)
COMMON/NSPLY/NNSPLT(ML2)
COMMON/SPC/SPIMLI,USPINL)
+p XISP (ML)
COMMON/PDLYC/CFINCF,ML)»PSIML)
COMMON/GAS/FI(1003),DI(MQL)
LEVEL 2,FT

COMMON/LEV/DMPND

LEVEL ?,DMPND

COMMON/RUX/BUA BUR,BUMAX »BUDV(
+»BUR,BUD

COMMONZFS/TE(ML2) s NME
COMMON/RLC/RCIMLYI,RPIMLYSRLV(M
COMMON/PUNRK /PW,PU ]

TiME=Q, Startatt=0

CALL SFTUP Set up the problem
ISS=0

DO 8 Isl,yNM
IF(IBRNII),NF,3)GN TO 8
IFCISSONELOIGD TO 8
JIsJMIN(T)

1SSe]

NMAX=J)

CONTINUE

CALL JMNMX(INMAX) Initialize indi
IF(IDMP NEL,O0)GO TO 10 Skip to 1
NMCT=NMC

NMC =NM

JMTa JMAX (NMCT)

JMAX(NMCT)I=KMAX (NMCT)

RCJ=0,

DO 9 Iel,NM™

IF(IBRN(I) FQ.7ICALL GLYW(I)

Initi

JMAX(ML2) o IBRN(ML) 9 PLAP(ML),DROIML ),
2QO(ML) y TMLTUML),THC ML)
MLY»S2(ML),SHV(MLY »VMN(ML),
YsDWDOT(NDUWO ML) »PCICML)I»PM(ML ) ND (ML)
(ML) ST (ML) ,SIIMLYCV (ML)

J

IV(ML2) NNV

Y oNMC
Yo VBO(ML)»VBSW(ML)

ML}

L)»PH1,DV1,DV2

alization for sharp-shock burn only

ces for min. and max. cell # in each region
0 if a restart

Do any gamma-law Taylor wave first

MAIN
MAIN
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
mMCELL
MCELL
MCELL
MCELL
INITY
INIT
INIT
us

us
BRO
BROD
GC

FG

uc

vD

MN
BRN
EN
NSP
SPLC
SPLC
pLC
GS

GS

GS

GS
BUP
pUP
ESM
RLC
PWORK
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
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123

10

15

IF(RCJLNF N, NP, TRRN(I),NE.3)GD TO 9
RCJsR(JJ)

More setup for
éiﬂf&ﬁ}}}’," e sharp shock burn

DTs(R(JJIV=R(JI+1))/7(DCI*4)
UCJe=£L(T])

CONTINUE

CatL ENS Initialize P,T for all cells
JMAXINMCT) s JMT

NMC=sNMCT

CONTINUE _

MG=(0
TMP=TP(1)
TMG=TG(1)
TPMX=TYP
TGMX=TUG
ITP=Q
ITG=0
TMDO=TD(1)
TDMX=TMD
11020

MPsQ

MD=0 _
ICYCL=0
CALL PRNT  Printout of initial conditions
BU=UI
8UI=UIT
PW=Q,
PNI=Q,
CALL OASSIAN(3,6HGASSIN,O0»0) GASSIN = file for GAS dumps
IF(NADD,LE.QCINSDNSS

CALL QUTGAS GAS dump of initial conditions

DO 20 T1e1,NT Main do loop of the code. NI is the maximum # of Hcles
ICYCLeTY allowed
MPsMP+l

MGe MG+l

MO=MD+1

IF(IBRN(NMC) ,FO,3)G0 TO 123 Except for sharp-shock burn
IF(NMAY,EQ.NCL=-1)G60 TC 123 or for all cells active

Setup for print, gas dump, restart dump
Keyed to certain cycle #'s and times

Initial piston velocities and work

JMC=JMAX(NMC)Y Check to see if the last
IFCABSIUCJIMC)=UOINMC)I)LTLUTINMC)IGD TO 123 active cell is moving
NMAXsNMAX+NACD

IF(NHAX.GT.NCL-I)NHAX-NCL-I] NS0, 2dd NADD

CALL JMNMY (INMAX) ew active cells

CONTINUE

CALL SPLTCHK Check for rezoning

CALL OFLT  Check time step

TIME=TIME+DT Increment time step

IF(W(3).LT.0,02) ByYsUF ] Use final piston velocity when the
IF(W(NCL=-3),LT,0.,02)BUIsUFI 3rd cell in has burned

CALL OIFEQ Main hydro done here

IF(NP.LELOYGO TO 15 T
:;igv.LT.NP)GO T0 15 ] Ccheck for print every NP cycles
CALL PRNT

CONTINUF -
IF(NG.LF,0)IGN TO 16
:‘;:QG'LT'NG,G” 0 16 Check for GAS dump every NG cycles

CALL OUTGAS
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16

27
17

28
18

19

39
29

20
999

CONTINUE
IF(TP(2).LE.0,1G0 TO 17
IF(TIME,LT,TMP)GD TO 17
TMPsTMP+TP(2)
° .TDM
%:;I?:be X181 1o 27 Check for print on time interval
ITP=ITD+2
TP(2)sTP(1ITO)
TPMXsTO(ITP+1)
CALL PRNT .
CONTINUE -
IF(TG(2),LF.0.)GD TO 18
IF(TIME, LT, TMG)IGO TO 18
TMGesTMG4+TG(2)
IF(TMG.LT.TGMXIGN TO 28
TMGaTGMX Check for GAS dump on time interval
ITGaITG+2
TG(2)=TG(ITGR)
TGMX=TG(ITG+1)
CALL OUTGAS E
CONTINUE .
-]
{:::g‘f:,:ﬁgﬁﬂ,’,fgn"}o“{q Check for restart dump every ND cycles
MDs=0
CALL wWDUmo
CONTINUE
IF(TD(2).LE0.3GN TO 29
IF(TIME.LT,.TMD)IGN TO 29
TMD=TMD+TN(2)
#:;::g;‘i"m“mn TO 39| Cpeck for restart dump on time interval
ITO=ITD+2
T0(2)sTD(ITH)
TDOMXsTDLITN+1)
CALL wDumMP
CONTINUF
IF(TIME GF, TFEND,ANDLTEND4GT.0.)G0 TO 999 Stop for t > TEND # O
CONTINUE
CONTINUE
CALL whuMo
CALL PRNT
sSTOP
END

-

] Make a last restart dump and print
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HYDROX — MAIN

Calls routines to set up the problem.

Contains the main cycle loop of the code which checks whether to add
cells, print, make a GAS dump, make a restart dump, or end the problem; calls
subroutines to rezone if necessary, determine the time step, and run one
hydro cycle.

Local Variables

MP,MG,MD = # of cycles since the last print, GAS dump, restart dump.
T™P,TMG,TMD = time at which the next print, GAS dump, restart dump will
be made.

ITP,ITG,ITD

index for which t,At to use.
TPMX, TGMX, TDMX = time at which a switch is made to the next At.

II = cycle #, do loop count.

JMC = JMAX(NMC) is the last cell currently turned on.

JMT

temporary storage of JMAX(NMC) so that it can be changed for the
call to EOS.

NMCT = temporary storage of NMC.

Notes

The sharp-shock burn uses its own method for adding a cell every four
cycles as the shock goes through the material (see SSB).

The algorithm for printing, etc., every N dumps is: initialize an index
M to 0, increment by 1 each cycle. When M = N print, etc. and reset M to O.

The algorithm for printing, etc., on tl,Atl,°" is: initialize a parameter
T to t,. When the time is = T print, etc. Reset T to T + At1 unless

1

T + Atl >t Then set T to t, and increment by Atz, etc.

2° 2
The common blocks should be all kept in MAIN even though they are not all

used. This is due to the fact that the restart dumps are keyed on the first




location in one common block and the last location in a different common
block. The order in which the common blocks are stored is, therefore, important.
By including all the common blocks required for a restart dump in MAIN, their

order in storage will be that required by WDUMP and RDUMP (q.v.).
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SUBROUTINE SETUP SETUP 2
PARAMETER (MCL=50N,)ML®21sNGCu19,MLGCoNGC*ML ,MLDWNT=20%ML, PARAM 2
+NUMV =10 sMOL s ((NUMV+1)/341)*MCL+100,NDW=20,NCF=g, PARAM 3
+MXDUMP=30,NDX=2%¥MXDUMP 42, MTAB2 1y NTAB=MTAB®3742 PARAM 4
+sNSMe4yNWOM23T72R,NSDaNSM*NWPM¢132,ML2=100) PARAM 5
COMMON/CELL/O(MCL)Y sU(MCL)»VIMCL)»XI(MCL)> MCELL 2
+P(MCL)»SXIMCL)»SZIMCLISEECMCLISTIMCL)»QIMCL) p XM(MCLIHTFLAG(MCL) MCELL 3
+sWIMCL) MCELL 4
LEVEL 2,R MCELL 5
COMMON/OVL/NOFsNIp NPyNGy TENDs TP (ML) TG(ML)»UTI UF,UIT UFT,NADD,NM, MCELL 6
+IALPHINDELTHLAREL(8) s NOUMPy IDMPH)NML,TD (ML) I JK MCELL 7
COMMON/MISC/TIMESsICYCLIDToNCLsIA»BUSBUISF25F3,J8 MCELL 8
LEVEL 2,TIME . MCELL 9
COMMON/INIT/DTO(ML ) o XMUIML) » YO (ML) o XL UML) s XV(MLIpNV(ML),VO(ML)»®0 INIT 2
S(MLY)»TO(MLY sROWIML ) ) JMIN(ML2) » JMAX(ML2) »IBRN(ML)»PLAP(MLY,DRO(ML)» INIT 3
+MAT (ML) UOIML) pUTUML) sDTCF(ML) s QOCMLY s TMLTIML) oTMC (ML) INIT 4
COMMON/ZUSUPC/CI(ML)»SLI(ML))C2(ML)»S2(ML),SHVIML),VMN(MLY, us 2
+GAMMA(ML Yo AL P (ML) us 3
COMMON/BRND/ Z(MLY s E(ML)» VCJI(MLYsONDTINDN,)ML)»PCI (ML) »PM(ML),ND (ML) BRD 2
+9MSFF BRD 3
COMMON/GASC/BCINGC ML) GC 2
COMMON/FGHTJC/FSIML) pGS (ML) »HS (ML) »ST(ML)»SI(MLY,CV(ML) FG 2
COMMON/UCJC/UCI »JIaNMAX,RCIHDCY uc 2
COMMON/VOIDZINTX(NL2)pJVIML2)» IV(ML2) ) NNV vD 2
COMMON/MNMY /KMAX(ML2) s KMIN(ML2)H)NMC MN 2
COMMON/BRNS/A(ML) »BR{(ML)»BA(ML)H,VBO(ML) pVBSU(ML) BRN 2
CCMMON/EOSN/TENSIML)s ME(ML) EN 2
COMMON/NSPLT/NASPLT(ML2) NSP 2
COMMON/ZSPC/SP (ML), USP{ML) SoLe 2
+oXISP (ML) SPLC 2
COMMON/POLYC/CF(NCFoML)»PS(ML) PLC 2
COMMON/BUX/BUA,BUB »BUMAX yBUDV (ML) BUP 2
+sBUR,BUD BUP 3
COMMON/ZES/TIE (ML 2)y NME ESM 2
LEVEL 2,0C LCMC 2
COMMON/LCMC/DC(NSD) LCMC 3
COMMON/ XCNM/R1,P2,DR1yDR2,%0sNCI,DRy 2] xC 2
COMMON/ INTNRNA/ TEN SETUP 26
COMMON/FOSCOM/SRIML)SESIMUL)» AL (ML) pA2(ML) s AB(MLYSEM(ML), IRV(ML) EOSCOM 2
NAMELIST/SU/DTOSNOSPLT»IVsIEOSsMATSMESRIHR29UO,NCT NMLST 2
+)DR1,022,UT»PTCF, T 4K NMLST 3
NAMELIST/ESC/C15%15C255S25SWVsVMNyGAMMA,ALP,A»BRyBA, VRO, VESY),) NMLST 4
+FSsGSsHS»STsSJIHCVHGCsSPUSP,CF,PSyBUA)BUB,RUMAY,BUDV,TMLT,TMC, NMLST 5
+XMUs YO XL, XV,VO0,P0,TO»ROW,PLAP,IBRN)NV,¥HO0,»ZY NMLST (3
+sSRIESsAL1pA25A3,EM, IRVSBUR,BUD,XISP,Q0,1E NMLST 7
NAMELIST/RURN/Z,%sVCJsPCJsONDT»PMsND NMLST 8
NAMELIST/ZINO/NM,UT ,UF RO IALPH)NDFsNIsNPsNGyNADDyNMAY, NMLST 9
+TEND» TP TGHNPELT,UIISUFISLABELS)NML, IDMP,IV,NOUMP,TD, IFN NMEST 10
+sNO,DTCF SETUP 29
+9MSFF SETUP 30
DATA NM1/1/,I0MP/0/,NNV/O/sNDUMP/10000/7,TO/ML*0O,/ SETUP 31
DATA NMyUT,UF,RO»TALPHONDFs NIy NPyNGy)NADC)NMAX,TENDSTO, TG SETUP 32
+sUII)UFI,LABFL/053%04,539151000054%0500sML%0,9ML*0452%0,» SETUP 33
+8%10H / SETUP 34
DATA DTO,XMU,Y0,XLsXVyVO»POsTOsROWSIPLAP,IBRNYNV,NOSPLT,IV SETUP 35
+5U05Q0s TMLT, TMC SETUP 36
F/MLEL o MLHO s ML*0 o yML*0 s ML#*2, »)ML*¥0 s ML*1,F=10sML*0,» SETUP 37
+ML*0 oML %0, s MLEQ)MLR]L ) ML230p ML 2% =1 ) ML*¥0 s ML*)1,E=10,ML*0, ML %0,/ SETUP 38
DATA R1,R25405Z1sNC1/2%0¢s1e90450/ SETUP 39

DATA AsBRyBASVBOsVBSW/ML#04sML*¥0osML*0 oo ML*0.sML*0./ ’ SETUP 40




99

15

20
30

50

DATA IFOS,MAT,ME/ML%1,ML*0,ML %0/

DATA C15515C25S2,SWVoVMNSGAMMALALP/ML*0,MLE0, ML*0, ML %0, ML %0,
+MLEQ, MLEO, ML*D/

DATA ZsEpVCJIsPCIsPMyND/ML¥Os ML*O,ML*0,ML* 0, ML*0yML*0/

DATA FSsBSsMS»STsSJpCV/MLR0esML*¥0esML*04sML*OosML*0, »ML*0./
OATA SP,USP/ML*0,,ML*0./

DATA GC/MLGC*O/

DATA DNDT/vLDWDT*0/

DATA IFN/O/

DATA SRHESsAT)A29A3,EMsTRV/ML*T s ML*0, s ML*0o s ML*D,»ML*0,,ML*1000,

+yML#O/

DATA UT/ML*1.E=10/,N0/180/s0TCF/ML*0,5/

DATA MSFFR/0/

DATA XISP/ML%0,./

DATA BUD/,.2/

READ(S, INPY Read INP namelist

IF(IDMP,EQ,N)EN TN Q9 Check whether to use a restart dump
CALL ROUMP(IDMP) Read 1st dump after cycle IDMP

READ(5,INP) Make any necessary changes in INP variables
IF(NM1,EQ.Y}RETURN  If no new materials are added, setup is complete
CONTINUE

DO 1 JsNM1,NM

1E(I) =]

SRDR=RN/ND Default value used in automatic zoning

R1=RO0 Default value for Rl

IA=IALOH=]

Jel J =cell #

IF(IDMP NE,N)JesKMAX (NM1=-1) For a restart with new materials added, do
F2u0,.5 setup only for the new materials
F3e0,

IF(IANEL2)50 TN 15] Geometry factors

F221,73.

F3sl,

CONTINUE

IF(IDMP,EQ,0)R(1)=R0O Set piston radius to RO unless a restart
DO 10 TaNM1,NM

CALL CLR  set default values for region 1

CALL SSU(IV Read SU namelist

IF(MAT(T+13.NF,0) CALL EOSDSK(I) For MAT # O-read EQS data from disk
IF(ME(T+1).FO,0.AND,MAT(I+1) NE,O) GO TO 30 More data?
CALL ESSU(I) Read ESC namelist

IFUIBRN{I+1).E0,0) GO TO 30

CALL BRSU{TI) Read BURN namelist

R(J+1)sR1l Outside radius for region I

TF(ZINE.0.)GN TN 50

IF(TO(T+1),E0.04.TRLIEDS(I+1).NEL4)60 TO 50 T calculate Ig for
I1=l+l input T in SESAME
CALL T4PTPE(T,1,0C,RON(III,TOCIIN,PPy2I,IFL)

CONTINUE

IFL=64s1 Region # flag
IF‘DTO(I’l)olEoOooURoDTO(I*I)050010)010(1‘1"070(2,
IF(DTCF(I+1)eLEe0csORDTCF(I+1)eEQ.0.5)0TCF(T+1)aDTRE(2)
UGJ+1)=uUn{T+1) Initial velocity for the region
JMIN(I)=Je1

DS=0.,

IFI(NCIJNF,0,)G0 TO 12

IF(DR1.LEL0L)GD TN 146

NCI=2%(R1=-02)/(NR1+DR2)

DS=2% (R1-R2-NCI*NR1)/(NCI*(NCI-1))} Variable zone size
DR=DR1
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11

14

12

13

DRO(I+1)=DR2

GO TO 13

CONTINUE

DRsSRDR/SQPT(RNW(T+1))

NCI®(R1-R21/DR+0, 5 . .
1F(NCILT<4)INCInG Automatic zoning
IF(NCIoCTNO/4.ANDROW(I+1)sGTo10s)INCI=NO/4
IF(NCIoLTY B ANDROW(I*+1)eGTo5+)INC]I28

CONTINJE

DR'(Rl‘PZ”“C!] NCI equally sized zones

DRO(I+1)=DP

CONTINUE

Lpo 11 kelsNCcI Initialize cell quantities in this region

Jelel

W(J)=W0 Burn fraction

T¢(J)=TO(I+}) Temperature

XI(J)=2Z1 Specific internal energy

R2sR1=NR

XM(J)uF2#DR* (R1*#TA+R2**TA+FI*R1I#R2)*ROW(I+1) Mass/unit solidangaleor
V(J)wF240R* (R1+%TA+R2*#JA+F34R1*R2) /XM(J)  Specific volume rea
R1s=R2

R{J+1)eR1 Outside radius of the cell

IFLAG(J)Y=1IFL

UtJ+1)=U0(I+1) Velocity

DR=DR+DS For variable zone size

CONTINUF

JMAX{I)=J Maximum cell # in the region

C BUILD UP ENS CONSTANTS

10

41
40

180

IF(IEDS(I+1).NF,2) GO TO 40
JMNsJMIN(T)

JMXsIJMAX(TY
BUDVII+1)=RUDV(TI+])e=2

DO 41 K=JMN, JMX
DRsR(JMNI}=(R{K+1I+R(K))/2+4BUR
T(K)=BLDOSM(DR,1)

CONTINUE

CONTINUE

VO(I+1)=sV(J) Initial specific volume for the region

IF(IBRN(I+1) NELOYCALL HEItI+1l) Shift in energy zero for HE's
IFCIV(TI+1).LT.D)GD0 TO 10

Jelel

NNV =sNNVel .

XM(J)=0. Set up the artificial cell used for voids

JV(I)=J

CONTINIE

CALL RSTNRE A1l region quantities shifted down one to their proper places
NMMsNM=1

00 180 I=1,NMM

Ilel

12=1

IF(XMU(I).FQ,0,) 120
IF(XMU(TI+1),EQs0,)I1=0

11a12%2411¢1
TFCI1eF00GeANDXMU(I)sEQ.XMU(I*1))II=5
INTX(I)=IT

CONTINUE

INTX(NM)a]

IF(XMU{NM) NE., 0.} INTX(NM)=3 Interface flag for inside free surface
NCLsJ+1

R{(NCL+1)=P(NCL)

For Buildup EOS calculate y for each
cell and store in temperature

Set up flags for the type
of interface {see HYDRO)
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201
200

211

210

IFLAG(NCL)=IFLAGINCL=1)+64

DT«DTO(1)

IF(NADDJLE.DINMAXSNCL=-1 for NADD < 0, start with all cells active
DO 200 lel,NM

SROMSSORT(RNANIT))

JMNsJMIN(T)

JMXsJMAX(T)

JoJMX=-JMN+1

SR1s(R(JMN)=R(JIJMN+1))*SROW

SR2=(RJMX)~-R{JMX+]1))*SROW

PRINT 201, T»JsTEODS(I),MAT(I)»SR1,SR2

FORMAT(415,2(1PF10.3))

CONTINJE

IF(UIeNE«O«sDR, TENS(1) NEL2)GO TO 211
UIe=SQRT(AUNDV(1))I/(T(2)+1)] Automatic setup of piston velocities for
UPs=yI*, .0 Buildup EOS

CONTINUE

IF(IBRN{1) . NE,3,NR,IDMP,NE,O)GO TO 210

DCI=VCI(1)
IF(IEDS(1),£0,23IDCI=sSQRT(BUDV(1))
DT=(R(2)=-R(3))/7(DCJ*4)

uUCJayl

IFLE(1Y.LF.0.)G0 TO 210
Uls=-E({1)

UF=sE(1340,R

UCJall

CONTINUE

WRITE(65 IND)

WRITE(6,SU)

WRITE(6,ESC) |Write out all of the namelist variables on DOUT
WRITE(6)8URN)

CALL CLOSE(6)

RETURN

END

Setup for sharp shock burn

SETUP
SETUYP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETLP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
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1€3
le4
165
166
167
168
1¢9
17¢
171
172
173
174
175
176
177
178
179
160
181
182
183
l8¢
185
18¢
187
lee
1€9
190
161
192
183
194
195
196
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SETUP .

Controls the setup of the problem, reads INP namelist, checks for a

restart dump, calls other routines to read the rest of the namelists data from
EOS files, initializes all of the cell quantities except pressure, writes out
all variables in all namelists to the file DOUT.

Local Variables

SRDR = RO/NO = the value of /Ea'Ar to be used in automatic zoning. It is
set such that approximately NO cells would be used in ‘the problem
if py Were 1.0 for each material and the innermost cell of the
problem were at r = 0.

J = cell # index.

RD = outside radius of the problem.

I = region # index.

PP = pressure from SESAME for input pO’TO'

IFL = flag = 1 for success = 0 for failure to f£find P,I for input po,To;

also the region number flag in IFLAG used in OUTGAS.
DS = the change in Ar per cell if a linearly varying Ar is used.
K = kth cell in a region or cell # index.
NMM = NM-1.
I1= p if u, =0, 14f Y, # 0.
I2 = 0 if H

=0, 1if ¢ # 0.

I+l I+1

II = temporary variable in which INTX is computed; also I + 1.

SROW = P *
SRl = /po Ar for the outermost cell of the region.

SR2 = /BS-Ar for the innermost cell of the region.

JMN,JMX = JMIN(T),JMAX(I).




. Notes

The zoning in a region may be set up such that the cell size varies

linearly with cell number; that is,

br_ = D +s@m-1) (1)

where n is the number of the cell counting inward from the first
icell in the region, Ar(l) is Arl, and S is a constant to be determined. The

total distance spanned by N cells for given S is

rl—r2=ZAri=NAr(l) +S§(N—_Q (2)

where r, is the outside radius of the region and r, is the inside radius. The

. cell size of the innermost cell is

D o= prsow-1) . (3)

Ar( N

The usual input quantities are rys Tys Ar(l), and Ar(z). Using this informa-

tion we can express S and N as

_ 2(1:1 =Ty - N r(l))

§ = N(N - 1) ’ (4)
2(r, - r.)
1 2
N = . (5)
Ar(l) + Ar(z)

Note, however, that N will not be an integer for arbitrary input values. In
order to avoid this problem, we take N as the integer part of the value given
by Eq. (5). Then Eq. (4) 1s evaluated using the new integer value of N. The

. value of Ar(z) will then be slightly different from the input value.
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The mass and volume calculations are the same as in HYDRO (q.v.). For
Buildup EOS (see BLDUP), the value of y for each cell is stored in the tempera-
ture, T. BUDV is input as the detonation velocity D, but it is stored in the

code as D2 to avoid recalculating the same thing many times.




SUBROUTINE SSUtT)

PARAMETER (MCL=2500,ML=21sNGC=19,MLGCoNGC*ML,MLDOWDT=20%ML,

+NUMY =10,MQL s ((NUMV+1) /341 )*MCL+100,NDW=20,NCFea8,
+MXDUMPE30y) NOXe23MXDUMP+2,MTABa) ) NTABeNTAB*3T742
+9NSMu4y NWPMa3T72a,NSDeNSMENNPH+132,ML22]100)

COMMONZ INTIT/DTO(ML ) » XMUCML) YO UML) s XL UML) sXVIML) 4NV (ML), VO(ML), PO
UML) S TOIML) ) RNVINL ) JMENCML2) p JMAX(ML2 ), TBRN(MLY,PLAPIML),NRO(ML),
+MAT(ML) SUO (ML) S UT (ML) »DTCFIML) 2 QO(MLY s THLTUML) »THC (ML)

COMMON/VOID/INTX{ML2)pJVIML2) o IV(ML2) pNNV
COMMON/EOSN/IFOSIML), ME(ML)
COMMON/XCOM/R1,R2,DR1,0R2,%W0,NCISDR,Z1
COMMON/NSPLT/NNSPLT(ML2)
NAMELIST/SU/DTO,NOSPLT»IV,IECS,)MATHIMESR]IHPR2,UOSNCIE

+sDR1,0R2,UT,OTCF, T JK
. NAMELIST/ESC/C15S1,C25525SuvsVMN,GAMMASALP,A»8R,84,VB0,VRSY,
+FSsGSsHS»ST»SI9CVGCH)SPHUSPICFPS»BUA»BUBBUMAX,BUDV,,TMLT,TMC,

*XMUs Y0 XLoXVyVOsP0sTO»RON)PLAPIBRN)NV,WO52T
+9SRHES)ALIA2,43,EM) IRV, BUR,BUD,XISP,Q0,IE
NAMELIST/BURN/Z,E»VCIsPCIsDUDT»PMyND

NAMELIST/INP/NMGUTI pUFsRO»IALPHINDFyNIsNPoNGoNADD,)NYAY,
STENDSTO,TGoNDELT)UIISUFISLABEL)NM1,IDMP,IV,NDUMP,TD, TFN

READ(SsSUY  Read SU namelist (data goes into region 1)

Jolel
DTO(J)=DTO(1)
NOSPLT(J)IeNOSPLT (1)
IV(J)sIV(])
IEOS(JY=IENS(1)
U0(J)=U0(1)
UT(J)IeUT(1)
DTCF(J)=0TCF(1)
MAT (J)=aMAT(L)
ME(J)=ME(])
RETURN

END

]

Copy all of the data into region I + 1

Ssv
PARAM
PARAM
PARAM
PARAM
INIT
INIY
INIY
Vo

EN

xC
NSP
NMLST
NMLST
NMLST
NMLST
NMLSY
NMLST
NMLST
NMLST
NMLST
SSu
Ssv
SSu
ssSu
SSu
SSu
ssSu
ssSu
SsSu
Ssu
ssu
SSuU
SSv
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SSU(I)

Reads the SU namelist and copies material data to region I+l. (In
order to keep the namelist variable names the same as those used in the code
and at the same time avoid requiring region number subscripts in the input,
region number one (i.e., no subscript) is used in the namelist. The data is
then copied to region number I+l where I is the actual region number. After all
data is read in, every variable associated with regions has all of its data
shifted down by one to the proper region. See subroutine RSTORE.)

Local Variables

J = I+l is the region in which data is temporarily put (see above).




SUBROUTINE FSSU(I)

COMMON/YCOM/R1,R2,DR1,DR2,40,NCI,DRy 21

PARAMETER (MCL=25NN,MLe21,NGC=19, MLGCaNGCHML ,MLNWDT=204ML,
+NUMV=10,MOL={ (NUMV+1)/3+42)%MCL+100sNDW=20,NCF=8,
+MXOUMPe3Q,NDXe24MX DUMP 42, MTABS] NTAB=MTABR3T742

+sNSMu4y NWPMa3T2B,NSUNSMENUPM+132,ML2=100)

COMMON/ INIT/ZCTOCML Do XMUCMLI o YO (ML) o XL (ML) sXVIML) s NV (ML), VO(ML),PO
S (ML) TOCML) s ROWEML ) p JMINCML2) 9 JMAX(ML2) 5 IBRNC(ML) 5 OLAP(MLY »DRO(MLY),

SMATIMLY UML) JUT( ML) )DTCFIMLY»00(ML) yTMLTIML) »TMC (ML)
COMMON/ZPDLYC/CRINCF,MLY»PSIML)
COMMON/SPC/SP(MLYUSP (ML)

+s XISP (ML)
COMMON/ZUSUPC/CLIML)»SICML)»C2(ML)»S2¢ML)sSUVIML)Y VMN(ML),

+GAMMA(ML) pALP(ML) .
COMMON/RRNS7A (ML) BRIML) »BA(ML) ) VBO(ML) pVBSWINML)
COMMON/FGHYJC/FSIML) »GSEML) pHS (ML) »STIML) »SIIMLY,CVIML)
COMMON/GASC/GCINGC o ML)
COMMON/AIX /AUA, RUR, BUMAX pBUDV (ML)

+5BUK» BUN
COMMON/ZFNSCAM/SRIML)JESIMLISALIMLY »A2(ML) JAIIML) JEM(IMLY IRV (ML)
NAMELIST/SU/DTOsNOSPLY IV IEOSHMAT,MESRIHR2,U0NCY

+»DR1,DR2,UT,DTCF,TJK
NAMELIST/ZESC/C15S15C2552s5WHVaVMNSGAMMASALPIA)RR,RA,VRO, VRSV,

*FS9GS»HS»STsSUs Ve GCsSPIUSPyCFsPS2BUASBUBSRUMAY,BUDV,,TMLT, THC,

+XMUs YOs XLy ¥YVsVO09P0,TO,)RONSPLAP,IBRNyNV,WO0,21

+9SRIESHALSA2,5A3,EM, IRV,,BURSBUD)XISP,Q0,1E
NAMELIST/RUON/Z,EoVCJ,PCJoDWDT,PMyND
NAMELIST/ZINP/NMyUT»UFsRO»IALPHINDFsNIyNPyNCGyNADDyNMA X,
+TEND» 7O TGoNDELTSUIISUFI»LABELINM1,IOMP,IV,NDYMD ,TD, IFN
READ(5,ESC) Read ESC namelist (data goes into region 1)
Jel+l

C1¢(Jd=Cl(l)

S$1{(J)=S1(1)

C2(J1=C2(1"

S2(J)=S2(1)

Swvid)=Suvil)

VMN(J)=VMNTL)

GAMMA(J)=GaMMALY)

ALP(J)=ALP(1)

AlJ)=A(l)

BR(J)=BR(1)

BA(J)=BA(L)Y

VBO(J)=sVROt1)

VBSH{JIsVaSULl)

FS(J)=FS(1) Copy ESC data into region I + 1

GS(J)a55(1)

HS (J)enS (1)
SItJ)I=ST(Y)
SJ¢J)=SI(1)

CViJ)etV(l)
SP(J)I=SP (1)
UsSeP(J)=usSP (1)
PS{J)=PS(1)
XNUCJ)eXHUL1)Y

Y0(J)=vO(1l)

TMLT(J)=TMLT (1)

TNCLJ)=TMC ()

XL(J)eXL (1)
XV(J)I=xV (1)
VO(JlavO(l)Y

ESSU
xC
PARAM
PARAM
PARAM
PAPAM
INIT
INIT
INIT
PLC
seLC
SPLC
us

us
BRN
FG

GC
sup
BuUP
EOSCOM
NMLST
NMLST
NMLST
NMLST
NMLST
NMLST
NMLST
NMLST
NMLST
ESSUV
ESSU
ESSU
ESSU
ESSU
ESSVU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSV
ESSVY
ESSU
ESSU
ESSVU
ESSU
ESSU
ESSU
ESSU’
FSSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSV
ESSU
ESSU
ESSU
ESSU

93

OBV BDPWANNWNNNONNWNWNNS WO IRARSWLWNNNDMN



94

10
20

PQ(J)=20 (1)
Q0(J)=20(1)
T0(J)=TO(1)
ROW(J)I=RON(1)
PLAP{JY=PLAO(])
IBRN(J)Y=TRAN(1)
NV(J)aNV(1)
BUDV{J)=BUDV (1)
DO 10 K=1,NGC
GCIKsJ)sGCIKy1)
DO 20 X=1,NCF
CF(KyJ)sCF(K,y1)
SR{J)=SR(1}
ES(J)=ES(1)
Al(J)=Al(1)
A2(J)=A2(1)
A3(J)=A3(Y1)
EM(J)eEM(])
IRV({J)=sIRV(1)
RETURN

END

ESSU
ESSU
ESSU
ESSU
ESSUV
ESSU
ESSU
ESSU
ESSU
ESSU
ESSV
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU




ESSU(I)

Reads the ESC namelist (equation-of-state constants) and copies material
data to region I+l.

Local Variables

J = I+l is the region in which data is temporarily put.

K = do loop index.

NGC = the first dimension in the GC array = the number of gas constants al-
lowed. (NGC is set in the parameter statement.)
NCF = the first dimension of the CF array = the number of parameters allowed

in the 8-parameter fit. (NCF is set in the parameter statement.)
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10

SUBROUTINE aRSU(T)

PARAMETER (MCL=50N,ML=21,NGCol9,MLGCoNGCHMLyYLNWDT=208ML,
+NUMV210,40L=((NUMV+41)/7341)*MCL*100)NDW=s20,NCFan,
*+MXDUMPE30,NDXu28MYXDUMP+2MTABal1,)NTABEMTABR3 742
+oNSMELINYPMaTIT2R,NSDeNSMENWPME132,ML 22100}

COMMON/BRNN/ZIML)SE(MLYsVCI(ML))DWDTINDNo ML) 9 PCIIML) pPM(MLI)ND ML)
+s MSFF

NAMELIST/SU/DTOSNDSPLT,IV,IEOQS)MATIME,R1)R2,5U0,NCIT
+sDR15DR2,UT,DTCF, T JK

NAMELIST/ESC/C15S15C25S2sSUHVIVHN,GAMMAALP)ASBR,BASVBO,VBSH)
*FS»GSsHS»STHSIsCVGCHSPHUSPICFPS,BUA,BUB,SUMAY,RUDV,TMLT,TMC,
*XMU» YO0 XL o XV oVO0,P0,TOyRON,PLAPSIBRN)NV, WO, 21
¢sSRIESsALA2,A3,EM, IRV,BUR,BUD,XISP,Q0,1E

NAMELIST/BURN/Z29FsVCJIsPCJ»DNDTHPMyND

NAMELIST/INO/NM,UY  UF ROy IALPHyNDFyNIsNPyNGyNADDyNMAYX,
STEND»TO TG HNDELTHUII)UFISLABEL)NML,IONMP,IVoNDUMP, TD, IFN

READ(5,8UeN) Read BURN namelist (data goes into region 1)

Jelel

2(J)=Z(1)

EW)=E(1)

a2 P’y

!Ej:ﬁ.!ﬁj:}; Copy all BURN data into region I + 1

PMLJ)=O4(])

ND(J)=ND(1)

D0 10 Kel,NOW

DWDT(KsJ)sDYDT(K,y1)

RETURN

END .

arRsSuU
PARAM
PARAM
PARAM
PARAM
BRD
BRD
NMLST
NMLST
NMLST
NMLST
NMLST

. NMLST

NMLSY
NMLST
NMLSY
BRSU
BRSU
BRSU
BRSU
BRSU
BRSY
BRSU
BRSU
BRSU
8RSy
"RsSy
BRSU

')
OPDNCOOIB™NORSWNBWNDBRSTWNN

- bt o
N~ O

o Pt b Pt Pt
N Wwesw




‘ BRSU(I)

Reads the BURN namelist (various burn constants) and copies material
data to region I+l.

Local Variables

J = I+l is the region in which data is temporarily put.

K = do loop index,

NDW = the first dimension of the DWDT array = the number of Forest Fire
constants allowed for each material. (NDW is set by the parameter

statement.)
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SUBROUTINE /LR :

PARAMETER (MCL®500,MLa21,NGC»19,MLGCoNGC*NL,MLNWDT=20%ML,
+NUMV=10,MOL=( (NUMV41)/3+1)%MCL+100,NDW=20,NCFe8,
+MXOUMP230,NDXe2MYDUMP+2 yMTABS1 ) NTABsMTAB23742
+sNSMe4yNWPME3 T2, NSDaNSM*NKPM¢132,M.2=100)

COMMONZ INTIT/DTO(ML ) o XMUIMLYSYO(ML) o XL (ML) )XV (ML) SNV(ML)I,VO(ML),»PO
(ML) ) TOCMLY pROWIML) pJMINIML2) p JMAXIML2) o IBRN(ML) PLAP(ML)DRO(ML),
SMAT(MLY sUO(ML) JUTIML)»DTCF(ML) »QO(MLY pTMLT (ML) »TMC (ML)

COMMON/USUPZ/CI (ML) S (ML)»C2CML)»S2( ML )oSWVIML) oVMN(ML),
+GAMMA(ML) s ALP (ML)

COMMON/BRND/Z (ML) E(MLI»VCI{ML) sDNDTINDW,MLY»PLI(ML) pOMIML),ND(ML)
+sMSFF

COMMON/GASC/GC{NGC ML)

COMMONZFGHTIJIC/FSIML) »GSIML) sHS UML) »ST(ML)»SJI(ML),CV ML)

COMMON/VOID/ZINTX(ML2)sJdVIML2)sIV(ML2) NNV

COMMON/ RRNS/ZA(ML)pBR(ML)SBA(ML)»VBOIML),VBSW(ML)

COMMON/ENSN/IENS(ML ), ME(ML)

COMMON/NSPLT/NNSPLT{ML2)

COMMON/SPC/SPIMLYUSP(ML)
+» XISP (ML)

COMMON/PALYC/CE{NCF, ML), PS(ML)

COMMON/BUX/BUASBUB »BUMAX»BUDV (ML)
+9B8UR,BYD

COMMON/XCOM/Q1,R2,DR1,DR2,W0,NCI,DR,2Z1

COMMON/ZENSCOM/SRUMLISESIMLI»AL(ML)SA2(ML) AT (ML) JEM({ML), TRV (ML)

DTO(1l)=1,

NOSPLT(1)=0

IVil)==1 Reinitialize all variables in namelists

yo(iy=n, SU, ESC, and BURN (for region 1) to the default values

UT{1l)=1,£-10

DTCF(1Y=0,5

IE0S(1l)=1

MAT(1)=0

ME(1)=0

R2=0,

NCI=Q

Cl(1)=0,

S1(1)=0,

C2(1)e0,

§$2(1)=0,

SWV({l)=0,

VMN(1)=0,

GAMMA(1)=0.

ALP(1)=0,

A(l)=0,

BR(1) =0,

BA(1l)=0,

VB0 (1)=0,

VBSW(1)=0,

FS(1)=0,

6S(1)=0,

HS(1)=0,

SI(1)=0,

SJ(I).OO

CV(1)=0.

SP(1)s=0.

usP(1)=0.

PS(1)=0,

BUDV(1) =0,

BUA=Q,
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CLP
PARAM
PARAM
PARAM
PARAM
INIT
INIT
INIT
us
us
BRD
8RD
]
F6
vo
BRN
EN
NSP
sPLC
SPLC
PLC
BUP
suep
xC
EDSCOM
CLR
CLR
cLer
CLR
cLe
CLR
CLR
CLR
cLe
CLR
CLr
cLe
cLe
CLK
CcLeR
CLR
CLe
CLR
CLR
CLR
cLe
CLR
CLR
CLR
CLw
CLR
CLR
CLR
CLR
CLR
CLe
CLR
CLR
CLR
CLR
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100
200

300

8UBsQ,

WOos=]1,

11=0,
XMU(1)=0.
Y0(1)s0,
TMLT(1)=0,
TMC(11=0,
XL(1)=0.
XV{l)=2,
VO(1)e=0,
PO(1)=1.E~10
Q0(1)=1.E~10
T0(1)=0,
ROW(1)=0,
PLAP(1) =0,
IBRN(1) =0
NV(1)=1
BUMAX=0,

00 100 Kel,NGC
GC(Ks1)=0,
D0 200 Ke]l,yNCF
CF(Ks1) =0,
Z(1)=0.
E(1)=0,
vCJ(1l)=0,
PCJ(1)=0,
PM({1}s=0,
ND(1) =0

DO 300 K=s1,NDW
DMDT(K»1) =0,
SR{1)s=1,
ES(1)=0,
Al{1)=0,
A2(1)=0,
A3(1)=1),
EM(1) =9,
IRV(1)=0
RETURN

END

CLR
CLR
ciLe
CLr
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLe
CLR
CLR
CLR
CLR
CLe
CLR
cLe
CLR
CLR
CcLr
cLe
CLR
CLP
cLe
CLeR
CLR
CLR
CLe
CLR
CLR
CLr
CLR
CLr
CLR
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Resets region 1 data to the default values.

Local Variables

K = do loop index.

NGC = the first dimension in the GC array = the number of gas constants
allowed. (NGC is set in the parameter statement.)

NCF = the first dimension in the CF array = the number of parameters
allowed in the 8-parameter fit. (NCF is set in the parameter
statement.)

NDW = the first dimension in the DWDT array = the number of Forest Fire
constants allowed for each material. (NDW is set in the parameter
statement.)

Notes

Default values must be included here as well as in the data statements .

in SETUP. (For data read in from disk, values are stored directly into
region I+l. However, if more data is to be read from namelists, then the

default values have to be reset in region 1 before the disk read is made.)
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SUBROUTINE RSTORF

PARAMETER (9CL=500,ML=21,NGC=15yMLGCeNGC*ML,MLOWNTs20%ML,
4NUMY=10,MOL = ((NU“V+1)/3+]1)*MCL+100sNDW=20,)NCFe],
+MXDUMPe30,NDXe2¢MXCUMP+2,MTAB= 1) NTAB=MTAB®3742
+sNSMabyNWPHURIT2R)NSDeNSHENIPM4132,ML2100)

COMMON/CELL/R(MCLY UIMCL) s VIMCL),XI(MCL))
+P(MCL)sSXIMCL)»SZUIMCL)SEE(MCLI»TIMCL) »QIMCL)»XMIMCL) ) IFLAG(MCL)
+sWiNMCL)

LEVEL 24R

COMMONZAVU/NDF o NI s NP s NGy TENDs TPIML)I»TGIMLYI»UT»UFR,UTTIUFTI,NANDyNM,

+TALPH)NDELT,LAREL(B)o NDUMP, IDMPoNMY,TD(ML)» I JK
COMMON/MISC/TIME»ICYCLADTSINCLs IASBU,BUL F2,F3,4S
LEVEL 2,TIME

COMMON/ INTT/DTO (ML) p XMUCML) »YO (ML Y» XL UML) »XVIML) pNVIML),VO (ML), 20
+(ML)>TO(MLY»ROWEML)pJMIN(ML2) p JMAX(ML2) s IBRNCML) »PLAPLML) ,DRO(ML )Y,

+MAT (ML) UO(ML)Y sUTIML)»DTCFIML) »QOCML) s TMLTIML) ,TMC (ML)
COMMON/USUPL/CI(ML)»STIIML)»C2(ML)Y»S2(ML)I)SWV (ML) VMN(ML]),
+GAMMA (ML) s ALD(ML)Y

COMMON/BRND/ZIMLY»E(MLY s VCI(ML) »DWDT(NDWoML) s OCI (ML) y PM(ML),NO(ML)

¢pMSFF

COMMON/GASC/GCINGC ML)
COMMON/FGHTIJC/FSIML) »GSIMLIsHS (ML) »ST (ML) »SJtML)I»CVIMLY
COMMON/VOID/INTX(ML2)sJVIML2) »IVIML2),NNY
COMMON/QRNS/ZA{ML) »BR(ML)»BA(ML),VBO(ML),)VBSW (ML)
COMMON/ZENSN/ZTIENS{ ML), ME(ML)
COMMON/NSPLT/NOSPLTIML2)
COMMON/SPC/SP(MLIUSP(ML)
4, XISP(ML)

COMMON/POLYC/CFI(NCFoML)»PS(ML)
COMMON/BUY/BUASRUS ,BUMAX,BUDV (ML)
+)8UR,8UD

COMMON/TABG/ESCINTABISNLOC (ML)
COMMON/EOSCOMZSRIML) SESIML) pALIML) 9 A2(ML) A3 (ML) yFMIMLY, IRV( ML)
DO 10 I=1,NM

Julel .
DTO(1)=DTOCJY Shift all variables in namelists
XMU (1 )=X4U(J) SU, ESC, and BURN down one region
YO(I)sYO(J) to their proper place
TMLT(I)eTY TLY)

TMC(I)=TMCC(J)

XLCI)XL( )

XV(I)sxv{y)

VO(I)sVO(J)

PO(I}=20(J)

Q0(I)=00(J)

TO(I)=TO(J)

ROW(I)eROW(Y)

PLAP(I)ePLAD(Y)

IBRN(IV=IBRN(J)

NV(I)eNV(J)

NOSPLT(T)=sNOSPLT(Y)

IVIIYelVLY)

Uo(I)=uo(J?

UT(I)=T (D)

DTCF(I)=DTCF(I)

IEOS(1)=IFDS(J)

MAT(I)aMAT( S

ME(TI)euE(J)

Cl(I)sCl(M)

S1(1)=S1(J)

RSTORE
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INITY
us

us

BRD
8RD

GC

FG

vD

PEN

EN

NEP
spPLC
Seic
PLC
aue
sue
TABG
ECSCOoM
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTCRE
RSTORE
RSTORE
RSTORE
QSTORE
RSTORE
RSTORF
RSTORE
RSTCRE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTCRE
RSTORE
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102

100
200
300

10

c2tlyef2(d)
S2(1)=52¢{J)
SWV(I)sSWV(J)
VMN(T )=sVMNLY)
GAMMA(I)sGAMMA(])
ALP{I)sALP(J)
Al(L)=AlY)
BR{1)s=B8R{J)
BA(I)=8A(J)
VBO(I)=VB0(J}
VBSW(I)=VBSW(J)
FS(I)=FS(J}
GS(I)=sGS(J)

HS (1) =4S (J)
SI(I)=SI(J)
SJtI)=SJJ)
Cvil)=CVLJ)
SPLI)=SP(J)
USP(1)=USP(J}
PS(I)=PSLJ)
BUOV(IV=RUDV(J)
DO 100 Ms1,NGC
GC(MsI)=GC(MyJ)
DO 200 M=]l,NCV

DWDT(MsI) =DWDT(M,J)

DO 300 Ms1,NCF
CFIMpI)aCF (M)
2(1)=20d)
E(I)mEC))
VCJ(II=VCI ()
PCILIN=PCI(J)
PH(I) =PM(J)
ND(I)=ND(J)
DRO(I)=DRO(J)
NLOC (1)sNLOC (J)
SR(I)eSR(J)
ES(1)=ES(J)
AL(I)=A1(J)
A2(1)=A2(J)
A3(1)=A3(J)
EMCI)SEM( )
IRV(I)=IRV(J)
CONTINUF

RETURN

END

RSTORE
RSTORE
RSTORE
RSTORE
PSTORE
RSTORF
RSTORE
RSTORE
RSTORE
RSYORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTCRE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORF
RSTORE
RSTCRE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTORE
RSTCRE
RSTORE
RSTORE
RSTCRE
RSTORE
RSTCRE
RSTORE
RSTCRE
RSTORE




RSTORE

Shifts region I+l data back to I (where it should be) for each region I.

Local Variables

K =

NGC

NCF

NDW

do loop index.

the first dimension in the GC array - the number of gas constants
allowed. (NGC is set in the parameter statement.)

the first dimension in the CF array = the number of parameters
allowed in the 8—pa£ameter fit. (NCF is set in the parameter
statement.)

the first dimension in the DWDT array = the number of Forest Fire
constants allowed for each material. (NDW is set in the parameter

statement.)
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SUBROUTINE EDSDSK(I)

PARAMETER (MCLu500,ML821,NGCu]19, MLGCoNGC*ML,MLDWDTe20%4,
+NUMVe10sMOL &« ( {NUMV41)/341)*MCL+100sNDW=20,NCF=8,
+MXDUMP=30,NDXa2¥MXDUMP+2, MTAB=1,NTAB=MTAB®3742
+yNSMe4, NWOHa3 728, NSDaNSMENWPM+132,ML2=100)

COMMON/XEDOS/IX

COMMON/ ENSNZTIEDS(ML) MEIML)

DATA IST/1/
IFLIST.EQ.2)GN TN 2
IST=2

1st time through

CALL OQASSIAN(22,54SES2L»0,50) QASSIGN all EOS files

CALL OASSIGN{23,4HHMLB,0,0)

CONTINUE
IXel+l
ITYPEsTIFOS(IX)
GO TO (11512513,14),ITYPE
CALL RHYOM
RETURN

CALL RALDY®
RETURN

CALL RPQOLY
RETURN

CALL RSFSAME

RETURN -

END

Call the appropriate subroutine to read
and store data for that type of EQS

EQSDSK
PARAM
PARAM
PARAM
PARAM
XFOS
EN
EQSDSK
EQSDSK
EOSOSK
EQSDSK
EOSDSK
EOSDSK
EOSDSK
E0SDOSK
EQSOSK
EQ0SDSK
EOSDSK
EOSOSK
EOSDSK
EOQSDSK
FOSOSK
EOSOSK
EOSOSK
FOSDSK

[T yye
WNODNTNNW S WRN

P
w s

s
D~ O

NN NN -
MW O O




EOSDSK
Switching routine that assigns units for EOS files and calls routines to
read them. (Data from EOS files can then be overridden by namelist reads.)

Local Variables

IST = flag to determine whether this is the first call to EOSDSK.
IX = I+l = data is stored in region I+l during setup.

ITYPE = IEOS for that region.

Notes

IX is used in all of the called subroutines.
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SUBROUT INE RHNM

PARAMETER (MCL*S500,ML#2]1sNGCu19pMLGCaNGC*ML,MLNWDT=20%ML,

+NUMV=10,40t s ((NUMV+1)/34¢1)*MCL+100)NDW=20sNCF=8,
+MXDUMP=30,NDX=a2¢MXDUMP+2,MTAB=1,NTAB=MTAB*3742
+oNSMuLsNWPMe3728,NSDsNSM*NWPN+132,ML2=100)
COMMON/INIT/0TO(ML ) p XMUCML Yo YO (ML) o XLAML) s XV (ML) sNV(ML)»VO(ML), 20
+(MLYsTO(ML)PON(ML ) pJMINC(ML2) o JMAX(ML2)» IBRN(ML) o PLAP(ML),DRO(ML),
+MAT(MLYUO (ML UTIML) sOTCFIML) »Q0(ML) » TMLTIML) »TMC (ML)

COMMON/ZUSUPC/CL(ML)»S1IML),C2(ML)»S2(ML),SUVIMLY,VUN(ML),

+GAMMA (ML, 8L P (ML)
COMMON/RRNN/Z(ML)Y S E(ML)»VCJ (ML) »DWDTINDU, ML) » PCI(ML) »PM(ML)pND (ML)
+sMSFF
COMMON/GASC/GC(NGC,ML)
COMMON/SPC/SP(ML)»USP (ML)
+5X1SP (ML)

COMMON/FGHTJIC/FSIML) s GSIML)sHS(ML) ST (ML) »SJI(ML),CVIML)
CONMON/RRNS/A(ML) o BR(ML)9BAIML)pVBO(ML) ,VBSW(ML)
COMMON/ENSN/TIFOS(ML) ) ME(ML)
COMMON/RUX/78UA,9UB,BUMAX yBUDV (ML)

+,3UR, BUD

COMMON/XEDS/IX

DIMENSINN DAT(R&4), IDAT(B84)sNAML3)

EQUIVALENCE(DAT,INAT)
Unit # for HMLB

DATA LUN/2Y/
IsIX
NNA=33MAT(1) =1

CALL RDISKILUN)NAM,3,NKA)
IF(UNIT(LUN))1»1p1

CONTINUE

CALL ﬁDIﬁK(LUNpDAT'BGJNAH(I))] Read the 84 words of HOM data

IF(UNIT(LUN})2,2,2

CONTINJE

IBRN(I)=IDAT(4)
IFCIBRN(T)eLELIVIBRN(I)uIBRN(T)+] ]
IF(DAT(64)eF0.0¢eANDIBRNII).EQ.1)IBRN(1)®0
IF(ME(I).EN,0)GN TO 1C
TERN(1)=IRON(T)

Jel

CONTINUE

NV(I)=TIDAT(5)+1
IF(NVIT).EO 3)INVI(T)=0

XV(1)sDAT(6)
TO(I)=DAT(Q)
Cl(I)=DAT{12)
S1{I)s=sDAT(13)
SWV(I)=DAT(14)
C2(I)=NATI(15)
S2(I1)=DAT(16)
FS(I)=NAT(17)
GS(I)=DAT(18)
HS(I)=NAT(19)
SI(I)=NAT(20)
SJ(I)=DAT(21)

GAMMA(TI) =DAT(22)

CV{I)=NAT(23)
ALP(1)=DAT(25)
SP(I)=DAT(?6)
USP(I1)=DAT(27)
YO(1)=DAT(30)
XMU(I)=DAT(31)

burn index

Load the data into the proper constants

Location in index of 1st word address for material # MAT(I)
]' Read the FWA plus two words of comment

Convert the SIN type

If more data is to be read from namelist, then
the region 1 values must be set to override
the default values

PHOM
PARAM
PARAM
PARAM
PARAM
INIT
INIT
INIT
us

BRD
BRD
GC
SPLC
SPLC
FG
BRN

supP

.1V) 2

XECS
RHOM
RHOM™
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHCM
RHOM
RHOM
QHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHQOM
RHOM
RHCM
RHOM
RHOM
RHOM
RHCM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
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110
111

PLAP(I)=NAT(32)
VMN(I)=DAT(34)
Z(1)=DAT(36)
E(I)=DAT(37)
TMLT(I)=E(T)
TMC(I)=2(1)
VCJ(1)=DAT(38)
NO(1)=TIDAT(41)
PCJ(I)=DAT(42)
PM(I)=NAT(43)
DO 110 K=1,20
DWOT(K,I)=NAT (K43 )
DD 111 Ksl,17
GC(KyIV=sDAT(K+63)
AtI)=DAT(64)
BR(I)=NAT(65)
BA(I)=DAT(56)
VBO(I)=DAT(67)
VBSH({I)=DAT(bR)
ROW(I)=DATI(T)
6C(18,1)=10.

ch%”__?o.] Default 1imits on the region of validity of two fits in MIX

IFCIBRN(I) FO.4)CALL GASLM(I) Calculate the actual limits of validity

RETURN
END

RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHOM
RHQOM
RHOM
RHCM
RHOM
RHOM
RHOM
RHOM
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RHOM

Reads EOS file HMLB to get HOM EOS data.

Local Variables

I = IX = temporary region # in which data is stored.

NNA = location in HMLB of the lst word address for the location of data
for the material # MAT(I).
NAM = three words in the index for material # MAT(I). Word #1 is the
lst word address described above. Words 2 and 3 are Hoilerith
data giving a label for that material.
DAT = the actual data (84 words) for that HOM material. The order
corresponds to that in the SIN input deck for the same material.
IDAT = equivalenced to DAT, so that integer data can be retrieved without
conversion.

JJ = an index such that data is stored in region 1 only if more namelist

data is to be read (ME=l).

Notes

108

IBRN and NV require conversion from their corresponding SIN values.
Data is stored directly in region I+l if no changes are to be made (ME = 0).
Data is stored in region 1 if changes are to be made by namelist (ME # 0).

After changes are made, all of the region 1 data is copied to region I+l.




SUBROUTINE RBLDUP

PARAMETER (MCL®500,MLe219NGCo19,MLGCaNGC*ML,MLDWUDT=204ML,

*NUMVS10,4Ql e ((NUMV+1}/3¢1)%MCL+100)NDW=20,NCFaR,
+MXDUMP=30,NDX=2%4XDUMP+2,)MTAB= )1, NTAB=MTAB®3742
+sNSMub4yNWPMaIT28,NSDaNSMENNPM+132,ML2=100)
COMMON/SUX/RUA, SUR, BUMAX,BUDV (ML)

+9BUR» BYD

COMMON/CELL/RIMCLYLUIMCL) pVIMCL) s XI{NMCL),

$PLMCL)»SXUMCL)»STIMCLIJEEIMCLY S TIMCL) »Q(MCL) s XMIMCLY»IFLAG(MCL)

+ro¥H(MCL)
LEVEL 2,R

COMMON/OVL/NDF)NI, NPy NG» TEND» TP (ML) s TGIML)sUT»UR,UTT,UFT,NADD,NM,

+IALPH,NDELT,LABEL(8)pNDUMP, IDMPyNM1,TD (ML) » TIK
COMMON/MISC/TIMESICYCLIDTsNCL» IA»BU,BUIF2,F3,J8

LEVEL 2,TIME

COMMON/ INTT/DTO (ML) ) XMUCML ) p YO (ML) p XL (ML) s XVML) sNV(ML),VO (ML) 50
+ (ML) TO(ML)»POW(ML ) ) JMIN(ML2) 5 JMAX{ML2) » IBRN(ML)»PLAP{ML),DRO(MLY,

+MAT (ML) UOCMLY )UT(ML) o DTCFIML) »QO(ML) » THLTIML) ,THMC (ML)

COMMON/XENS/IX

COMMON/EDSN/TENSIML) o ME(ML)
DIMENSION DAT(R4G), IDAT(84)sNAM(3)

EQUIVALENCF(NAT,IDAT)
DATA LUNZ2%/

IslIX

NNAw3#MAT(T)=1

CALL RDISK(LUN,NAM,3,NNA)

IFCUNIT(LUN))1,1012
CONTINUE

See RHOM

CALL RDISK{L'N,DAT,84,NAM(1))

IF(UNIT(LUN) 12,252
CONTINYF
BUA=DAT(81)
BUB=DAT(82)
CUMAX=NAT (R2)
IF(ME(T) NF,0)]I=1
BUDV(I)=DAT(RG)
IBRN(I)s=2
ROW(I)=DAT(T)
NV(1)=IDAT(S)+1

XF(NV(I)-FO.!)NV(!)-OJ
XV(I)snNaT(S)

RETURN

END

Load the data into the proper constants

rRaLcue
PARAM
PARAM
PARAM
PARAM
BUP
aye
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INITY
XECS
EN
REBLOUP
RBLDUP
RRLDUP
RELOUP
RBLOUP
reLouP
RBLDUP
rRELOUP
rRABLOUP
PRLOUP
RBLDUP
rRBLOUP
PRLOUP
RBLDUP
RBLOUP
RELOUP
RBLOUP
RBLOUP
RBLOUP
RBLOUP
RBLDUP
RBLLCUP
RaLDUP
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RBLDUP
Reads EOS file HMLB to get data for the buildup EOS and burn model.

Local Variables

I = IX = temporary region # in which data is stored.

NNA = location in HMLB of the lst word address for the location of data

for the material # MAT(I).

NAM = the 3 words in the index for material # MAT(I). Work #1 is the
lst word address described above. Words 2 and 3 are Hollerith
data giving a label for that material.

DAT = the actual data (84 words) for that HOM material. The order
corresponds to that in the SIN input deck for the same matefial.

IDAT = equivalenced to DAT, so that integer data can be retrieved

without conversion.

JJ = an index such that data is stored in region 1 only if more
namelist data is to be read (ME=l).
Notes
NV requires conversion from the corresponding SIN value. See notes for

RHOM.
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SUBROUTINE eoQLY
PRINT 900
WRITE(55,900)
WRITE(2,900)
WRITE(9,909)

Q00 FORMAT(1X,)2NHes st uustbssssbnss/
+1Xs20H% NN LTMRARY FCR #/
+1X»20H* I€0S=3 MATERIALS #/
+1X)20Ht Rk unn bbbt be ks ohER)

sToP
END

Output message and STOP

RPCLY
RPOLY
RPOLY
RPOLY
RPOLY
PPOLY
RPCLY
RPOLY
RPOLY
RPOLY
RPOLY
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RPOLY ‘II'

Dummy routine because a library is not provided for the eight-parameter

fit constants.
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SUBROUTINF RSESAME
PARAMETER (MCL=500,ML=2]1,NGCo19,MLGCaNGC*MLyMLOWDT =20%M,

+NUMV210,MQLe ((NJMV+1)/341)*MCL+1COpNDWe20,NCFu8g,
+MXDUMP=30,NDX=2%MYDUMP+2,MTAB=]1,NTABSMTAB*3742
+yNSM=4yNYOMB3IT28,NSO=NSMENWPM+132,ML 2100}

LEVEL 2,0C

COMMON/SESDAT/DCINSD)

COMMON/S2DIR/ZLCMY, NREGILCFW ML, L)

COMMON/ INTT/DTO(ML ), XMUCML)Y» YO (ML) o XL (ML) XV ML) pNV(ML),VO(ML),PO
*{ML)pTOUML)YpROWIML ) o JMINCML2) s JMAX(ML2)» IBRN(MLY,PLAP(ML)»DROIML Y,

SMAT (ML) yUOIML) s UT(ML)Y»DTCF(ML) »Q0(ML) , THLT(ML) , TMC (ML)
COMMON/XEDS/TX

DIMENSION ZB(3)

DATA LCNTZ1Z .

DATA LU1,LU2/721,227 Unit # for SES2L

IReIX~-1 Region # is what it will be after RSTORE is called
IF(LCNT.GT.1) GN TO 10

NREGsML

LCMXsNSD Initialize

DO 5 I=1,NREG

LCF¥(I»1)=0

CONTINUE

CALL GFTINV(IR,MAT(IX)s1sDCsoLCNT,LU25IFL,28) Store data
IF(IFL.LTL0) GN TO 90

IF(IFL.GT.0) GO TN 100

PRINT 20,MAT(TX)

FORMAT(*® SFSAMF MATERIAL #* »,I5, % NOT FOUND %)

RETURN

PRINT 9S,%aAT(IYX)

FORMAT(* NOT FNNUYAH STORAGE SPACE TO LOAD SFSAME MATFRIAL *,
$ 15)

RETURN

MATERIAL LNMOED

ROW(IX)=DC(LCFW(TR,)1)+1)} Get density from SESAME
ROW(1)=ROVWITIX)

RETURN

END

RSESAME
PARIM
PARAM
PARAM
PARAM
RSESAME
RSESAMF
S2DIR
INIT
INIT
INIY
XEOS
RSESAME
RSESAME
RSESAME
RSESAME
RSESAME
RSESAME
RSESAME
RSESAME
RSESAME
RSESAME
RSESAME
RSESAME
RSESAME
RSESAME
RSESAME
RSESAME
RSESAME
RSFSAME
RSESAME
RSESAME
RSESAME
RSESAME
RSESAME
RSESAME
RSESAME
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RSESAME

Reads data from disk for SESAME materials.

Local Variables

I = do loop index.

IFL = error flag, see GETINV.

IR = region #.

LCNT = position in array for storing tables, see GETINV.

LU2 = unit # for reading SESAME library.

ZB = output array from GETINV that is not used.
Notes

Calls GETINV of the SESAME package to initialize data. If SESAME is not
defined (*DEFINE SESAME not in the update input file), a message is returned

to the terminal and all print files that a compilation including SESAME is

required to run a problem with a SESAME EOS. Execution of the program then

terminates. Sample update commands to define SESAME are given below: .
*ID SMDF
*B MAIN.1

*DEFINE SESAME
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SUBROUTINF JMNMY(NMAX)

PARAMETER (MCL=500,ML=s21,)NGC=19,MLGCaNGC*ML,MLDVDT=20%ML,
+NUMVS10,MQL s ((NUMV+1)/341)%MCL+100,NDNa20,NCF=8,
+MXDUMPE3I0,NNY 26X DUMP+2, MTABS1,NTABaMTARS®3742

+sNSMa 4y NWPMa3T728,NSDaNSMENWPM¢132,M22100)

COMMON/CELL/REMCL) pULMCL),VIMCL),XI(MCL),

+P{MCL)»SXIMCL)»SZ(MCL)SEE(MCL)»TI(MCLISO(MCLY»XMINMCL) ) TFLAG(MCL)

+sd(MCL)
LEVEL 2»R

COMMON/OVL/NDFoNTsNPsNGy TENDSTPIML) »TG(ML)»UTsUF,UITI,UFI,NADD,yNM,
S TALPHONDELTHLAPEL(B))NDUMP, IDMP,NML,TO(ML Y, TIK
COMMON/MISC/TIME,ICYCL,DT)NCL)IA,BU,BUI,F25F35US

LEVEL 2,TIME

COMMON/ INIT/DTO(ML )o XMUCML Y o YO UML) s XL (ML), YV (ML) NV(ML),VO(MLY,PO
ML) TO(ML IS ROWIML ) SMIN(ML2)» JMAX(ML2) pIBRN(ML)oPLAP(ML)SDRO(ML),

+MAT(MLY S UOUML) yUTIML) s DTCF(ML) 5 OOUML) s TMLT (ML), TMC (ML)

COMMON/MNMY JKMAXC(ML2) pKMIN{ML2 ) pNMC
COMMON/ES/IE(ML2)» NME

DATA IST/1/sNMC/Y/

IFCIST.NE,1) 6D TN 2

I1ST=2

IF(TIMELNE.O.o ANDLNM1.EQ.1)6GO TO 2 Don't set KMIN,KMAX for a restart

DO 1 I=NM1,NM
KMAX(IVY=sJMAX(])
KMIN(IYIsJMIN(T)Y

CONTINYE

NME=sNM

CONTINUF

JM=0

IFINMAXGT KMAX(NM)INMAXOKMAX (NM) T
DO 10 T=NMC,yNM

IF{JMNE,0) GN TH 10

IF(NMAXGT. KMAX(T)Y) GO YO 10

JMs]

CONTINUF

IF(JIN,C0,0) JMsNMC

TFCIMNENMC) JMAX(NMC)sKMAXINMC)
NMCaJM

JMAX (NMC)eNMAY

IFINMACGLTLJMINCNMC)) JMAXINMC)=sJMIN(NMC)
RETURN
END

unless there are changes

Reset JMAX's to correspond
to NMAX active cells

JMNMX
PARAM
PARAM
PARAM
PARAM
“CELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INIT
MN
ES™
JMNMX
JMNMX
JMNMY
JMNMYX
JMNMX
JMNMX
JMNMYX
JMNMX
JMNMYX
JMNMX
JMNMY
JMNMY
JMNMX
JMNMX
JMNMYX
JMNMYX
JMNMX
JMNMX
JMNMYX
JMNMX
JMNMX
JUNMX
JMNMY
JMNMX
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JMNMX (NMAX) ‘II’
Sets indices to determine the minimum and maximum cell numbers for
each material. Also sets indices for the last region with a cell turned on
and the last cell turned on.

Local Variables

MMAX = cell # of the last cell turned on (subroutine argument).

IST = index that is 1 the 1lst time through and 2 thereafter.

I = do loop index = region #.

JM = variable used to find the region which NMAX is in and reset NMC

if necessary.

Notes

The first time through, KMIN and KMAX are set to JMIN and JMAX which
were determined in SETUP. If the problem has been restarted (TIME # O the

lst time through) and no changes have been made (NM1 = 1), then it is not

necessary to change KMIN and KMAX, In the current usage, KMIN is always
the same as JMIN. KMAX is the same as JMAX except for the last region that
is turned on. In that case, JMAX is the last cell turned on in the region
and KMAX is the last cell in the region.

Each time through, a test 1s made to determine which region NMAX is in.
JMAX for that region is set to NMAX. Sometimes NMAX will be the cell number
of an artificial cell used for voids. In that case, JMAX of the next region
is set to JMIN. Also, the index NMC (which is the region number of the last
active region) is reset accordingly. See SHFT for the effects of spalling

and rezoning on the cell numbering.
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SUBROUTINE HEI(1)

PARAMETER (MCL2500,ML221yNGCe1GyMLGCaNGCHML,MLDWNTe20%ML,
SNUMVY=10,MQt o ((NUMV+1)/73¢1)%MCL+100,NDWa20,NCFa8,

+MXDUMP= 30y NDYXe2sMXDUMP 42, MTAB=1,NTAB=MTAB*3742
*9NSMa4yNWPNe3T728,NSDONSM*NWPM+132,ML2=100)
COMMON/ES/TIE(ML2) o NME

COMMON/GASC/GCINGC, ML)

COMMON/BUX/BUA»BUB,8UMAX» BUDVIML)
+5BURSBUD

COMMON/INTT/OTO(ML)»XMUCML) s YO UML) o XLAML Yo XV (ML) pNV(MLY»VO(ML),P0
(ML) TOCML))ROW(ML ) p JMIN(ML2) s JMAX(ML2) »IBRN(ML)»PLAP(ML)H»DRO(ML),

+MAT (ML) »UOCML) JUT (ML) 9 DTCF(ML) »Q0(MLY , THLTIML) ,THC (ML)
COMMON/EOSN/TEOS (ML) s ME(ML)

COMMON/CELL/R(MCLY pU(MCL)pVIMCL)»XI(MCL )
#P(MCL) 9 SXIMCLY»S2(MCL)SEE(MCL) »T(MCL) »QEMCL)»XM(MCLY , TFLAGIMEL)
+ININCL)

LEVEL 2,

COMMON/OVL/NDFsNIsNP NG, TENDsTP(ML) s TGIML)sUT,UF,UTTI,UFT,NADD,NM,

CIALPHINDFLY,LAREL{B) ) NDUMP,IDMPSNML,TD( ML), TJIK
COMMON/MISC/TIMESICYCL)DToNCLy TASBUSBULISF2,F3,JS
LEVEL 2,TIvE
DIMENSINN 6(1)

EQUIVALENCE (G,GC)

IMel~1

JMNsJMIN{IM)Y

JMXsJMAX(IM)

GO TO (152»99,993, IEQS(1}

CONTINUE HOM EOS

KeIMENGC

XHT-O.

D0 11 J=JuN,Jmx

XMT=XMT4XM(J) Total mass

XaG({K+19)

EE(I*MLAIMIn(FXP(G(K*O) ¢ XT(GIK+T)eXE(G(KeB)+X*(G(K+9)4+XXG(K+10D)
+))))=G(K+17))*#xXMT Reference energy for very large volumes

RETURN
CONTINJE BLDUP EOS
€EBs=Q,

DO 10 JesJMN,yJIMYX

EB=EB+XM(J)/(TIIIST(J)=1,) zrql(yz -1)
EE(3¢MLoTM)aFROBUOYV(II/2  EM0Y/[20Y] - 1)]
RETURN

EE(ML*34I4)=0, No shift calculated

RETURN

END

HEL
PARAM
PARAM
PARAM
PARAM
ESM

BUP
BUP
INITY
INIT
INIT
EN
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
HET
HET
Hf I
HE1
HET
HET
HEI
HE1X
HEI
HEI
HF1
HEI
HE1L
HEI
HET
HEI
HET
HEI
HET
HEX
HEI
HEI
HE1L
HEI
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HEI ('II'

Calculates the total internal energy of a region of solid HE relative to
the energy of its products at infinite expansion at T = 0.

Local Variables

EB = the sum over cells in the region of Mj/(y2 - 1).
IM =1 -1 = the actual region # (EOS data is still stored in the region #
+ 1 when HEI is called).

JMN, JMX = minimum and maximum cell # in the region.

K = index to locate the data for this region in G.
G = gas constants for a HOM gas.
X = fn P at which the reference energy is set to a constant (see GASLM).

XMT = total "mass" in a region.

Notes

The total internal energy at infinite expansion for HE products is calculated .
for each region that is an HE. This constant is used to shift the total energy
and total internal energy calculations for those regions. The shifted energies
are relative to the infinite expansion energy and, therefore, reflect how much
energy has not been transferred from the HE to other regions in the system.
For the HOM EOS the reference energy becomes a constant calculated in GASLIM
for very large volumes. This value is used for the infinite expansion energy.

For Buildup EOS, the infinite expansion energy becomes

D2

2(Y2 -1)

because the y-law energy term goes to zero at large volume. Since y is not the

same for all cells, the sum of the energy in each cell is calculated.
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10

SUBROUTINE GASLM(I)

PARAMETER (MCL=500,ML=21yNGCo19,MLGCaNGC*ML,MLOWNT=20%ML,
+NUMVe10,MOL e ((NUMV+1) /341 )*#MCL+100,NDW=20,NCF=R,
+MXDUMP=30,NDXu2%MXDUMP+2,MTAB=1,NTAB=MTAB*3742
¢*sNSMe4NYPMu3728,NSDsNSMENWPM+132,ML2=100)

COMMON/GASC/GC(NGCHML)

EQUIVALENCF (GC,»06)

DIMENSION G(MLGC)

Ks(1=1)*NGC

IF(GIK+15).EQ,0,)G0 TO 15

TUsG(K+14)/714*GLIK+15))

G(K+18)o=TU+SQART(TU*TU=G(K+13)/(6*G(K+15)))

GO TOD 14

CONTINUE

IF(G(K+14).,E0,0.,)G0 TOD 14

GIK+18)sG{K+13)/(3%G(K+14)) Special case for U =10

CONTINUE

IF(G(K+10).E0,0,)G0 TC 10

P=0,75%G(K+9)/G(K+10)

00 ,5%G(K+R)/G(K+10)

Re0,25¢G{K+T7)/G(K+10)

A= (3%Q-P%P)/3 General case for &n I

Bu(2%PEPEP-QRPRQ+27%R) /27

SBAsSQRT(B#B/4+A®A%A/27)

0T=1./3,

BT=-B/2

BTMS=BT~-SBA

BTPS=BT+SRA .

GIK+19)eSTIGN{1,,BTPS)*ABS(BTPS)**0T+SIGN(Llep RTUSI*ARS(RTMS) *#0T
+=P/3

RETURN

CONTINUE

IF(G(K+9).F0,0,)60 TO 9 Special case for 0 = 0

General case for -1/8

GIK#19) = (=2%G(K+3) +SQRT(4*G(K+B)#%k2-12%G(K+9)*G(K+7)))/({6*G(K+9))

RETURN

CONTINUE

IF(G(K+B),FQ,0,)GN TO 8

GIK+19)mG(K+7)/{2%G(K+8)) Special case for 0=N=10
CONTINYE

RETURN

END

GASLM
PARAM
PARAM
PARAM
PARAM
6C

GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
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GASIM(I)
Finds limits for the region in which two of the analytic fits in GAS
are reasonable.

Local Variables

G

equivalenced to GC but only one index.

K = Index to find the proper location in the G array for region I.

TU,P,Q,R,A,B = defined in notes below.

2 3
- B LA
SBA = i + 57 -
OoT = 1/3.
BT = -B/2.

BTMS = BT - SBA.
Notes

Two of the analytic fits in GAS can cause problems in regions of high
specific volume (typically = 10 VO - 100 VO). In most problems the volumes
will be small enough for the fits to be good during the time of interest.
However, in cases where an HE decomposes a few percent and then expands,
most of the expansion is done by the product gas. This situation can lead
to very large volumes for the gas even though the specific volume of the
mixture is still = 2 V..

0

The fits that cause problems are

R+ 25(80 V) + 3T(fn V)2 + 4U(%n V)3 1)

|
™=
[

and

' 2 3 4
n Ii K + L(%n Pi) + M(&n Pi) + N(%n Pi) +0(2n Pi) . (2)

For a typical choice of constants, the fit to - %-has a relative minimum

and a relative maximum. For large V, the cubic term dominates and —~%

becomes very large. In the Gruneisen EOS,
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-1 _
P = av (1 I+ P, (3)

a large - %-gives large vlaues of |P| in a region where it should be small.
We have artificially chosen V at the second extremum (denoted V2) to be the
largest value of V at which the fit in Eq. (1) will be used. For larger V,

the value of - l-at V, is used.

B 2
The extrema can be found at the zeros of é%-— %), i.e., solve the
equation
d 2 3, _
Ev-(R +25(8n V) + 3T(An V)© + 4U(n V)7) =0 (4)

to find the values of n V at the extrema. Eq. (4) simplifies to

S

T 2
ewtagmV+Gaw =0, (5)

which has the solutions

: 2
T T S
“wi \[(211) - "(611
2

¢V = SN (6)
We will use the greater of the two which is
2
R R 8
IV, =-gg* (4U) U )

For a typical choice of constants, the fit to %n Ii has one extremum,

which is found by solving

d(ki 7y [K+L(n P) + M(en P2 + NGn P)° + 0 )] = 0 @)

or

L + 2M(%n P) + 3N(%n P)2 + 40(%n )3 = 0 . (9)
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In the CRC Standard Math Tables we see that the general cubic equation, ‘

y3 +Py2 + Qy + R = 0, may be put in the form

3

x“ +Ax +B=0 |, (10)
where
x=y+§ s (11)
1 2
A=3Ge-P) (12)
and
1 3
B=ﬁ(2P - 9PQ + 27R) . (13)

The real solution for the case where there is one real root is given

by

3 3
73 2
= BB A BB A
"‘J"z*‘\h*z?*\/z N7 ta7 - (14)
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FUNCTINN I NSM(NR,I)

PARAMETER (MCL=500,ML®21,NGCo19,MLGC=NGC*ML,MLONDT=20%M,
*NUMVe10,MQLe{ (NUMV+1)/73¢1)*MCL+100,NDWa20,NCFa8,
+MXDUMPa30)NDX=28MYDUMP+2 s MTAB=1,NTABsMTARS3742
*aNSMuLyNWD¥aI P28, NSTOaNSMENWPMNE132,ML22100)

COMMON/BUX/BUA,BUBR,BUMAX»BUDV (ML)
+3BUR,BUD

ODATA IL/0/

IF(BUDLLE.O.)GN TN 2

IF(I.ERLILYIGND TN 1

ILe]

XXe8UB/ (3UMAX=-RUA)

BeXX~BUD Set up smoothing

X={3%8'1R +SORT(9#BIIB4BUB=-G* (BUMAX=BUA) #BUB*B))/ | ~function
+(64s(BUMAY=RUAY))

AsBUB/(2%(Y=R)*X*YX)

CONTINJE

IF(DRLTeBNR,NR,GT,X)GO TD 2

BLDSM=BUIMAXY=-A*{DP-B)#%2 Evaluate smoothing function
RETURN
CONTINYE

BLOSM=3UA+RUR/DR .

n(uosn.sr.auux)awsn-eumx] Usual functional form of v
RETURN

END

BLDSM
PARAM
PARAM
PARAM
PARAM
BUP

BuUP

BLNDSM
BLDSM
BLOSM
BLLSH
BLDOSM
BLOSM
BLDSM
RLOSM
BLESHM
BLOSM
BLDOSM
BLDSM
eLOSM
BLOSM
BLDOSM
BLOSM
BLDSM
BLOSM
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BLDSM

Calculates the y for each cell using the buildup model. The transition
from constant Ypax to the vy = A + B/R form is smoothed out with a parabola
which joins both curves, leaving the first derivative continuous.

Local Variables

A a in notes.

B b in notes.

IL = last region #.

X = X 1In notes.

XX = Xo in notes.
Notes

The ¥ used in the buildup model is a function of the form

Yy = Min (A + B/R, Ymax) . o))

This function has a discontinuous first derivative at

Xy = B (2)

For some cases this can cause a perturbation in the numerical solution that
is eliminated by smoothing out the discontinuity. A convenient way to smooth
out the discontinuity is to find a parabola with the following properties.

1

(1) It intersects the line y = ¥y at R = X, - BUD = b with zero slope; that

max
is,
£(R) = y___ - a(R - b)2 (3)
max
is a function with the desired property. (2) It intersects Yy = A + B/R at some .

point X, such that

124



Ymax ~ a(x - b)2 = A+ B/X . (4)

(3) At this point X, the derivatives of the two curves are equal; that is

—2a(X - b) = - % ) (5)
X

Combining Eqs. (4) and (5), we get

3B +J9B2 - 8(Y__ - A)bB

£ 4(Ymax - 4) (©
and
2X°(X - b)

Equation (3) is then used to calculate y from b to X.
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SUBROUTINE PPNT

PARAMETER (MCL=5005ML®21,NGC=19,MLGC=NGCH*MLyMLONNT=208ML,
+NUMY=10,MOL= ((NUMV41)/3¢1)*MCL+100)NDN=20sNCFuRry
+MXDUMPR30,NDYXw2%MXDUMP+2,MTAB=]1 ) NTABSMTAB*3742
+sNSME4sNUPME3T2R,NSDaNSM¥NWPM4132,ML2=100)

COMMON/Z INTT/DTO(ML ) o XMUCML) » YO (ML) o XL UML) »XV (ML) pNV(ML),VO(ML),20

+(ML)»TOIMLY,ROVIML Y s JMINCMLZ) o JMAX(ML2) s IBRN(ML) ,PLAP (ML), DROCYL),

“4MAT (ML) sUOIML) UTCMLIpDTCF (ML) »QOCML) » TMLTIML) ,THMC (ML)

20

95

96

97

80

81
10

82
12

COMMON/ZENSN/TIEDSIML ) s ME( ML)

COMMON/VOID/ZINTY(ML2)»JV(ML2)»IV(ML2) »NNV

COMMON/CELL/ZRIMCLI JUIMCL Y VINCL)H»XI(MCL))
*PIMCL)»SXIMCL)»SZIMCLILEE(MCL) »TIMCLYILOQ(MCL) ) XM(MCL)»TIFLAGIMCL)
+sH(MCL)

LEVEL 2R

COMMON/OVL/NDF oNT s NP aNGo TEND» TPC(ML) s TG(ML)IsUTsUFsUTI UFI,NADD,NM,
+IALPHINDELTSLAREL(B) sNDUMP, IDMP,NM1,TD( ML) 1K
COMMON/MISC/TIMESICYCLSDTHINCLsTA»BUSBUIF2,F3,5JS

LEVEL 2,TI™E

COMMON/UCJIC/UCI»SIsNMAXsRCISDCY

COMMON/MNMY FKMAXIML2 ) o KMIN(ML2) oNMC

COMMON/ES/TE(ML2)pNME

WRITE(Bs4) TAPE8 = XOUT
FORMAT(141)

WRITE(S,6)LABEL Problem label
FORMAT(1XsRA10)

WRITE(R,5)TIME,DT, ICYCL Time (us), At, cycle #
FORMAT(/Z/1Y,5HTIMEey lPELEL5s1X94HDTe ,1PEL24551Xs THCYCLFs ,11077)
PRINT 5, TIMESDT,1CYCL  PRINT - QUTPUT

CALL ESUM Calculate energy sums

DO 20 Is1,NMF

HRITE(S,oo)I’EF(!).EE(I#ML).EE(I¢Z¢HL)] Total, kinetic, and internal
PRINT 96 IsEE(TI)SEE(I+ML)EE(TI+ML*2) energy for each region
CONTINJE .

WRITE(R)95)FE(ML), EE(2%ML),EE(32ML) ]| Total, kinetic, and internal
PRINT 95,EFR (ML), EE(2*ML) JEE(3%ML) energy for the problem
FORMAT(1Y,14H TNTAL ENERPGY®,1PE12.5,23H TOTAL TNTERNAL ENERGYs,
+1PE12.5522H TNTAL KINETIC ENERGYs=s,1PE12,5)

FORMAT(1YX,10H MATERIAL 5I2,8H ENERGY®»1PEL12.5)
+17H INTERNAL ENFRGY®,1PE12.5516H KINETIC ENFRGYs,1°E£12,5)
WRITE(83»97) Cell quantity labels

FORMAT(14052%5104J ITEDS MAT»4X,1HM»10X»1HR)10X»1HV,10%X,1HU»10X
+51lHI» 10X, 1HT 10X, 1HP»10X»1HQA)OIX  2HS X9 SXp2HSZ»10X 1MW /)
IF{BU.EQ.0.,)GD TO 1¢C

WRITE(I,801R(1),UC1) Piston radius and velocity

FORMAT(3X,]0H1 PISTON »10X»2(1PE10.3,12X))

WRITE(R,81) Region separator

FORMAT(1X,131(1H=1})

CONTINUE

NMP=sNMC

IFLICYCLEN,0INMPsNM  Print all cells for cycle 0

DO 11 t=1,NMP Print all active cells
JMN=JMIN(I)

JMX=JMAX(])
IF(ICYCL.FO,0)YIMXmKMAXIT)

ITeIE(I)

DO 12 JsJMN,JMX

WRITE(B,B82VJyTENSCLII)oMATLII) »XM(JISR(IDoVIIIsUCII»XT(J)HTIY)
*rPLJ)slI)sSY(J)sSZ(JYeW(J) Print cell quantities
FORMAT(1X»273,15,11(1PE104351X))

CONTINUE

PRNT
PARAM
PARAM
PARAM
PARAM
INIT
INIT
INIT
EN

vo
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCFLL

MN
ESM
PRNT
PRNT
PRNT
PPNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PANT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
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13
83
14
85
11
86
87
15
900

JMPugMY ey
IF(II.F0.IF(I4+41))G0 TO 13
WRITE(8,81) Region separator

IFCIVII) L NE,~1)WRITE(E,84)JMP,R(JIMP),U(JIMPY Radius and velocity at the
GO TO 14 outside of a void
CONTINUE tially in the problem

WRITE(%,R3) Interface due to spalling
FORMAT(1X5»131(1H.))

NE = ° Radius and velocity at the
é;;%\{;‘;: NE,=1)WPTITE(B,B85)JMPHRIIMPIHULIMP) outﬁde 'S void’ydue 0
: sga ing

FORMAT(1X, 13554 VOID»2X»2(12X51PF10431/1Xy131(1H=))
FORMATI1X, 73954 VOID»2Xs2(12Xs1PE10431/1X5131(1H,))
CONTINUJE

IF(NMAX,LT.NCL=1)6D TOD 15

WRITE(9,B5INCL,RINCL),U(NCL) Innermost radius and velocity’
FORMAT(1X, 73,74 INSIDE»12Xs2(1PE10.3,12X))

NCLPwNTL41 .
IF(BUI.NE.O,IWPTITE(B8,B87)NCLP,R(NCLP),UINCLP) Inside piston
FORMATI1X,131¢1H=)/1Xp13,7H PISTON,12X,2(1°F10,3,12X))
CONTINYF

WRITE(8,5)TIME,DT,ICYCL

FORMATI(1X,T3,11F11,4)

RETURN

END

PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNRT
PRNT
PRNT
PRNY
PRNT
PRNT
PRNT
PENT
PRNT
PRNT
PRNT
PRNT
PRNT
PENT
PRNT
PRNT
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PRNT
Makes a cycle printout including time, At, cycle #, region and total

energies, and cell quantities for active cells.

Local Variables

I = region #.

IT = IE(I) = original region #.

J = cell #.

JMN, JMX = JMIN(I),JMAX(I) = minimum and maximum active cell # in a region;
for cycle #0, JMX is the maximum cell # in a
region.

JMP = JMX+1l = cell # of inside radius of a region.

NCLP = NCL+l = cell # of the inside piston radius.

NMP = NMC for any cycle # except 0; NMP = NM for cycle #0 so that all

cells are printed with their initial conditionms.
Notes
The cell quantity lines are longer than 120 characters, so the LONG.
option should be used in ALLOUT for printing XOUT or OUTPUT. The dashed region
separators are for the original regions in the problem. The dotted region

separators are for new regions created by spalling.
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21

23

22

SUBROQUTINE ESUM

PARAMETER (MCL=500,MLe21sNGC=19,MLGCsNGC*ML,MLOWDT=20%M,
SNUMVe1N, MOLe{ (NUMV+41)}/341)%MCL+100,NDW=20,NCF=8,
+MXDUMPe30,NDX w2 *MXDUMP+2 ,MTAB=)l ) NTAB=MTAB*3742
+sNSMoG s NWPYRIT2R,NSDENSMENWPM+132,ML2=100)

COMMON/CELL/R(MCL)pU(MCLY,VIMCLY,XI(MCL]Y,

¢PAMCL)» SX(MCL)»STCMCLISEE(MCL) »TIMCL) »QIMCLY» XM{MCLY» TFLAGIMCL)

+WiNMCL)
LEVEL 2,R

COMMON/OVL/NDFsNIs NPy NGy TENDs TP(ML) »TG(ML)»UTI»UF,UTT,UFI,NADDsNM,y

+IALPHINDELTH)LABFL(B) s NOUMP, IDMP,NM1,,TO(ML) s TIK
COMMON/MISC/TIME,ICYCLIDTHNCLyIA,)BUSBUISF25F3,J45

LEVEL 2,TIME

COMMON/ INIT/DTO(ML ) o XMUIML) » YO LML) o XL (ML) s XVIMLYsNVIML),VO(ML),PO
(ML) TO(ML) s ROWIML ) p JMINIML2) » JMAX(ML2)»IBRN(ML) ,OLAP(ML)»DRO(MLY,

*MAT (ML UOCMLY »UTIML) pOTCFIML) 2QO(MLY , TMLTIML)Y , THC (ML)
COMMON/ES/TE (ML2), NME

COMMON/MNMY JKMAX{ML2) s KMIN(ML2 ) s NMC

COMMON/ 2 4IRK /PV 4 OM ]
DATA PI/3,1415926%535/

M3=ML*3
GFePI*IAa%?2
IF(IA.:Q.O’G"I.
00 10 l=1,%3
EE(I)=0,

D0 20 I=1,N¥
JMNsJMIN(T)
JMXeKMAX(T)

] Geometry-dependent factor

ITsIE(T) Original region #; sums are over original regions

IT=IToeML
IKsTIeML
DO 21 J=mJMN, MY

EECII)=XM(JI)*YT(J)+EE(LI])

Sum of term proportional to internal energy

EECIK)aYM{JYI®(UCIIQU(J+1))®%24EE(TIK) Sum of term proportional to

CONTINYE
1J=IE(NM)

DO 23 te),1J
IlsTeM
EE(II)=EE(TTY+EE(
ITwML a2%Mt
ITHML=3sML

DO 22 11,1
IMLsI ML
ITMLeIML oML

EE(IMLYeFEF(TML)*GF

TI+2#%ML) Add energy shift for HE's from HEI(q.v.)

kinetic energy

Scale internal energy to proper value

EE(ITML)=EF(TITMLI*GF/8 Scale kinetic energy to proper value
ITML) Total energy for the region
1) Total energy for the problem

EE(I)=EELIML)+EEL
EE(ML)SFE(ML)+FEE(
EE(ITWML)=EC(TITUM

EECITHML ) =EE(TTHML ) +EE(ITML)

CONTINUFE
IFML=oeML
EE(IFML+L)=GFeOW
EE(IFML+2) =GF*PWI

EE(ML)sFE(ML)SFE(TFML+L)+EE(IFML+2) Add work done by the pistons to the

RETURN
END

L)+EE(IML) Total internal energy for the problem
Total kinetic energy for the problem

] Scale piston work

total energy of the problem

ESUM
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INIT
ESM
MN
PWOPK
ESUM
ESuw
ESUM
ESUM
ESUM
ESUm
ESUM
ESUM
ESum
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
ESUM
FSUM
ESUM
ESUM
ESUM
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ESUM

Calculates kinetic, internal, and total energies for each region and for

the whole problenm.

Local Variables

GF = geometry factor = 1,2n7,4T1 for o = 1,2,3.

I = do loop index (usually region #).

IFML = 4*ML.

II = original region # + ML = index for internal energy.

IJ = original # of regionms.

IK = original region # + 2*ML = index for kinetic energy.

IML = same as II.

IT = original region #.

ITML = same as IK.

ITWML = 2*ML = index for total internal energy.
ITHML = 3*%ML = index for total kinetic energy.
J = cell #.

JMN,JMX = Minimum and maximum active cell #'s.

Notes
The variable EE contains energy sums in cell quantities in the following

order:

1 to ML-1 total energy for region 1 to ML-1

ML total energy for the problem plus work done on pistons

ML+l to 2*ML-1 internal energy for region 1 to ML-1
2*%ML total internal energy for the problem
2*MI41 to 3*ML-1 kinetic energy for region 1 to ML-1

3*ML total kinetic energy for the problem




3*MI+1 to 4*ML-1  shift of the energy zero for HE's so that at infiﬂite

expansion of the products, the energy will be zero

LAMLA+1 work done on the outside piston

4FMIA2 work done on the inside piston
ML is set in a parameter statement and is usually 21, the number of allowed
materials plus one.

The specific internal energy in a cell is in the units Mbar-cm3/g, which
is 1012 erg/g. The internal energy in a cell is just the mass of the cell
times the specific internal energy. The mass in variable XM is not the actual
mass of the cell. For o = 1 it is the mass per unit area so that XM(J)*XI(J)
is the energy per unit area in cell J. For o = 2, XM is the mass per unit
length per unit angle. So, 2w*XM(J)#*XI(J) is the energy per unit length. For
o = 3, XM is the mass per unit solid angle. So, 4w*XM(J)*XI(J) is the energy
in cell J.

The kinetic energy is calculated from % mvz. For mass in grams and
velocity in cm/us, the unit of kinetic energy is 1012 erg = Mbar—cms, which
agrees with the unit for internal energy. There is also a geometry factor of
1,27, and 47 of o = 1,2,3, respectively. Also, as above, the energy is per
unit area for o = 1 and per unit length for o = 2. A cell-centered velocity
1s used to calculate the kinetic energy in a cell.

The energies for a region are calculated for the original region even if
it is later split into more than one region. For HE's, the internal energy
has a constant added so that the energy zero is shifted to that of the pro-
ducts expanded to infinite volume. For the total energy of the problem, the
work done on pistons is also included so that the total energy should be

constant to a good approximation.
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SUBROUTINE dDumMP wWDUMP 2
PARAMETER (MCL=S500sML=21sNGCo1G,MLGCaNGC*ML,MLNWNT=2NeML, PARAM 2
+NUMY=10,M0L s ((NUYV+1)/3+1)*MCL+100,NDWs20,NCFen, PARAM 3
+MXDUMPu30yNDYa2*MYDUMP+2s MTABs1y)NTAB=MTAB®3742 PARAM 4
+9NSMu4yNWOMR3I728,NSDaNSMENNPM+132,M2=100) PARAM 5
COMMON/CELL/ZRIMCLY »UCMCLY»VIMCL) »XI(MCL) ) MCELL 2
+P(MCL)»SXIMCL)»SZIMCL)SEE(MCL) pT(MCL)»Q(MCL)Y»XMIMCL) s TRLAG(MACL) MCELL 3
+oW{MCL) MCELL 4
LEVEL 2,R MCELL 5
COMMON/OVL/NDFsNIsNPoNGs TENDs TP (ML) sTGIML)»UT,UF,UTIT,UFT,NANN,NY, MCELL [
+IALPHINDELTHLAREL(B) s NDUMP,IDMPHNMY,TD(ML)»TJIK MCELL 7
COMMON/MISC/TIME,ICYCLIDToNCL,IA,BU»BUL,F2,F3,J8 MCELL 8
LEVEL 2,TIME MCELL 9
COMMONZINIT/DTOUML ) o XMULML ) »YO (ML Yo XL (ML) XVIMLY)NV(ML),VO(ML),PO0 INIT 2
+{(MLY»TO(ML)Y )ROVEML )y JMIN(ML2)» JMAX(ML2)»IBRN(ML)»PLAP(MLY,DRO(ML), INIT 3
SMAT (ML) sUOCMLY sUTIMLYSCTCF(ML) » Q0 (ML) » TMLTIML) ,TMC (ML) INIT 4
COMMON/USUPC/CTI (ML) »SI(ML)»C2(ML)»S2(ML)sSWV (ML), VMN(ML), us 2
+GAMMA(ML)Y»ALP (ML) us 3
COMMON/BRNDZZ(MUYSE(MLY)VCJIIMLY CHDTUNDW, ML) 9o PCI(ML) s OMIML),ND(ML) BRC 2
+pMSFF 8RD 3
COMMON/GASC/GCINGC ML) GC 2
COMMON/FGHTIJSC/ZESIML) »GS (ML) »HSIMLY»SI(MLI»SI(MLI,CVIML) FG 2
COMMON/UCJC/UCI»IJ sNMAXH»RCJ»DCY uc 2
COMMONZVNIN/ZINTX{ML2),JVINL2) s IV(ML2)sNNV vD 2
COMMON/MNMY /KMAX (ML 2) o KMIN(ML2)oNMC MN 2
COMMON/BRNS/ZA(ML) s BR(ML)»BA(ML) ) VBO(ML),VBSW (ML) 8RN 2
COMMON/EQSN/IENS(ML), MEC(ML) EN 2
COMMON/NSPLT/NNSPLT(ML2) NSP 2
COMMON/SPC/SP(ML)Y,USP (ML) SPLC 2
+sXISP (ML) SPLC 3
COMMON/PNLYL/CF(NCF,ML)pPS(ML) PLC 2
COMMON/GAS/FTI(1003),DI(MOL) GS 2
LEVEL 2,FI GS 3
COMMDN/LEV/DMPNA GS 4
LEVEL 2»DMPND GS 5
COMMONZBUY /84,818 ,BUMAX s BUDV (ML) BUP 2
+,BUR, BUD sye 3
COMMON/RLC/RO(MUISRP(ML)SRLV(ML)H)PH1,DV1,0V2 RLC 2
DIMENSION YINDX(NDX)s INDX(NDX) WOUMP 21
EQUIVALENCF (YINNX(1),INDX(1)) wouMP 22
DATA IST/1/ WOUMP 23
IF(IST.NE.1IGN TN 2 Initialize whUMP 24
ISTs=2 WDUMP 25
I=1 WDUMP 26
J=0 WOUMP 27
Li=sLOCF(NV2)=LNCF(NDF)+l SCM length woumMP 28
L2sLOCF(JSI=-LOCF(R(1))+1 LCM length WYOUMP 29
L12=L1+L2 Total length per dump WOUMP 30
LEN=(L12+2)*MxNyUMP+2 Total length of file to allow MXDUMP restart dumps NDUMP 31
INDX(1)=L12 WDUMP 32
INDX(2) =0 WouMP 33
CALL QASSIGN(1,5HOUMPD,0,0) wpuMP 34
CALL FAMSTZ(1,LEN) ] Set up DUMPO file WOUMP 35
CALL FAMWATIT(1,1) WDUMP 36
2 CONTINUE WOUMP 37
Jejel WOUMP e
INDX (2) = The index has the form: woUMP 39
I=142 LI.Z, last dump #, cycley, timey, *-°, cyc‘eMXDUMP’ WDUMP 40
INDX(IVeICYCL timeyy nump wDUMP 41
XINDX(TI+1)=TIME : WOUMP 42
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10

11

12
100

101

CALL WOISK{1,YINDX,NDX,0) Write the index
IF(UNIT(1))10,10510

CONTINUE

N1=sNDX#L12%(J~1) Find the locations for the SCM and LCM dumps
N2=N1+4L1

CALL WOISK(1,NDF,L1,N1) Write the SCM dump
IF{UNIT(1)911,11511

CONTINYUE

CALL WNISK(1,RyL2,N2) Hrite the LCM dump
IF(UNIT(1))12,12512

CONTINUE

PRINT 100,J5ICYCL, TIME

FORMAT(1X,4HDUMPyT4y9H AT CYCLE»I10,6H,TIME=,E12,5)
IFCI LT MXDYMP I RETURN

PRINT 101

WRITE(9,101} ] If this is the last allowed dump, STOP

FORMAT{16H LAST DUMPS STOP)
sT0P
END

WDUMP
wpuMp
woumep
WOUMP
wouMmP
wouUmMP
wouMmMP
woumMp
Woume
WDUMP
wbuMmp
wouMP
WOUMP
WDUuMP
woump
wWouMP
vouMP
wouwme
Woumep
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WDUMP

Writes a restart dump (all of the necessary data to restart the problem
at a givencycle). (Inactive regions may be replaced with new setup information
so that two different problems that start out the same may be restarted at a
time before they differ without completely rerunning the problem.)

Local Variables

I = location in the index where the cycle # at this dump is stored = 2xJ.
J = dump #.

L1 = # of words in SCM to be dumped.

L2 = # of words in LCM to be dumped.

L12 = L1 + L2.

LEN = total length of the dump file required to make MXDUMP dumps.

Nl = starting location for writing the SCM data.

N2 = starting location for writing the LCM data.

Notes

All of the variables to be dumped are in common blocks. The order in
which they are stored in memory is specified by the order they appear in MAIN.
The SCM and LCM data are separated so they are dumped separately. The number
of words of SCM and LCM data are each determined by using the'standard function
LOCF (which returns the address for a given variable) to get the location of
the first variable in the first common block and the last variable in the
last common block to be dumped. The index is written in the following order
beginning with word O of the dump file: L12, last dump #, 1lst cycle #, lst time,
2nd cycle #, 2nd time, ---, last cycle #, last time. If the last allowed dump

(MXDUMP is usually 30) is made, the problem is stopped.




10

11

12
991

101

SUBROUTINE QDUMP(T)

PARAMETER (MCL=500,ML®21sNGCo19sMLGCaNGC*MLyMLNWDT=20%ML,

*NUMV=1),MOL = ((NUMV+1)/341)*MCL+100,NDWe20,NCFen,
+MXDUMPe30,NDOXe2*MXDUMP 42, MTAB 1y NTAB=MTAB*3742
+9NSMe 4 NUPURIT28,NSOaNSMENWPM+132,ML2=100)
COMMON/CELL/R(MCLY UIMCLY»V(MCL) o XI(MCL)

+PIMCL)PSXUMCLY»SZIMCL)SEEIMCL)STIMCLY»Q(MCL)pXMIMEL) S IFLAGINCL)

+»H(MCL)
LEVEL 2,R

COMMON/OVL/NDF o NI s NPaNGs TEND» TP (ML) s TGIML) YT, 1JE,UTT,UFT,NAND,NM,

*TALPHSNDFLT,LAREL{B) s NOUMP, IDMPyNM1,TD(ML)»TJIK
COMMON/MISC/TIME,ICYCL,DTHNCLy IA»BU,BUI,F2,F3,JS
LEVEL 2,TIME

COMMON/ INTT/DTO(ML) s XMUIML ) » YO (ML) » XL (ML) pXV (ML) )NV ML), VO(MLY»PO
+(ML)» TOIML) pROWIML ) » JMIN(ML2) » JMAX(ML2) s IBRNIML) ,PLAP (ML), DRO(ML),

+MATIML) »UOIML) pUT(ML) 5DTCFIML) »QOCMLY » TMLT(ML) ,THMC (ML)

COMMON/USUPC/C1(ML)»SI(ML)»C2(ML)»S2(ML }pSUVIMLY ,VMN(ML),

*GAMMA (ML) ALP (ML)

COMMON/SRNDZZ(ML)» ECML)>VCI(ML) s DOWOTINDWMLI»2CJ (ML) 5 PM{MLY ,ND(ML)

+yMSFF
COMMON/GASC/GCINGC,o ML)
COMMON/FGHTJC/FSIML)»GS(ML) pHSIML) »STIML)Y»SJIIML)sCV(ML)
COMMONZUCJIC/UCIsJIsNMAX,RCIHDCY
COMMON/VOID/INTX(ML2)pJVIML2) IV (ML2)pNNV
COMMON/ZMNMY /KMAX(ME2) KMIN(ML2) s NMC
COMMON/BONS/7A{ML) ) BR(ML)»BA(MLY,VBO(ML),VBSW{™L)
COMMON/ENSN/TIEDOS(ML ), MEIML)
COMMON/NSOLT/NOSOLT(ML2)
COMMON/SPLC/SP{MLI,USPIML)
+oXISP (ML)
COMMON/POLYC/CFINCFoML)»PS(ML)
COMMON/GAS/FTI(1003),D1(MOL)
LEVEL 2,FI
COMMON/LEV/DMOND
LEVEL 2,DMPNN
COMMON/SIX/8UA, YR ,BUMAX,BUDV (ML)
+s8UR, BUD
COMMON/RLE/RCUIML))RP(ML)ISRLVIML)SPH1»DV1,OV?2
DIMENSINN L (2}
CALL QASSTIGN(2,54NUMPI,0,0) Restart dump read from file DUMPI
CALL RDISK(2,L5250) Read the first two words of the index
IFCUNIT(2)710,10,10
CONTINJE
IF(L(2).LT.I)GO TN 991 Are there I dumps
L1=LOCF(DV2)~LOCF(NDF)+1 SCM length -
L2=LOCF(JISI-LNCF(R(1))+1 LCM length
Ll2=L1+L2 Total length
N1sNDX+#L12%(1=1) SCM address
N2=N1+L1 LCM address

IF(L12,NE.L{1)}GN TOD 992 If L12 # L(1), then dimensions don't match

CALL RNDISK(2,NDF,L1,N1) Read SCM variables
IFC(UNIT(2))11,11,11

CONTINJYE

CALL ROISK(2,R,0L25N2) Read LCM variables
IF(UNIT(2))12512512

CONTINUF

RETURN

CONTINUF

PRINT 101,17

FORMAT(5H NUMP,I%5,21H DOES NOT EXISTs STOP)

RDUMP
PARMM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INIT
us

BRD
BRD
GC
FG
uc
vo
MN
BRN

NSP
SPLC
SPLC
PLC

GS

GS

GS
Bue
puP
RLC
RDUMP
Rbume
RDUMP
RDUMP
RDUMP
RDUMP
RDUMP
ROUMP
ROUMP
ROUMP
ROUMP
RDUMP
ROUMD
RDUMP
ROUMP
RDUMP
ROUNP
RDUNMP
RDUMP
RDUMP
RDUMP
ROUMP
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992

102
999

WRITE(9,101)1
GO TO 999

CONTINUE
PRINT 102 In this case check for differences in the parameter statement

WRITE(9,102) or for any changes in any common block
FORMAT(334 0UMP LENGTH DOES NOT MATCHt STO®)
CONTINUE

sTaP

END

ROUMP
RDUMP
ROUMP
RDUMP
RDUMP
RDUMP
ROUMP
RDUMP
RDUMP

43
44
45
46
47
48
49
50
51




"II’ RDUMP

Reads the restart dump and stores all of the data in the appropriate
locations.

Local Variables

L = array containing the lst two words of the dump index in the file DUMPI
(see WDUMP).

L1 = # of words in SCM that should be read.

L2 = # of words in LCM that should be read.

L12 = L1 + L2, which = L(1) for a valid restart.

N1l = first word address for the SCM part of the dump to be read.
N2 = first word address for the LCM part of the dump to be read.
Notes
If L12 # L(1), then the number of words in the dump does not match the
‘ variables into which the data is to be stored. Then either the code has been

changed incorrectly between the two runs or one of the array sizes in the
PARAMETER statement has been changed. 1In either case, the code would not run

properly and is terminated.
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SUBROUTINF OUTGAS

PARAMETER (MCLa500,MLe21,NGCa19,MLGCaNGCHMLyMLNWOT=20%ML,
+NUMV=10,MOL = ((NUMV+1)/3¢1)*MCL+100sNDW=209NCFean,
+MXDUMP230,NNYXu22MYDUMP+2, MTAB=1,NTAB=sMTAB*3742
+)NSMa4NWPMB3T2R,NSDENSM*NWPM+132,ML2=100)
COMMON/CELL/R(MCL) JU(MCL)»VIMCL) s XI(MCL),

¢P(MCL)» SX(MEL) »SZIMCL) JEEIMCLI»TIMCL) »Q(MCL) pXM(MCL)  IFLAGIMCL)

+sM{MCL)
LEVEL 2,®

COMMON/OVL/NDF9yNTsNPsNGo TENDs TP (ML) s TG(ML)»UT,UF»UTITI,UFI,NADDsNM,

¢IALPH)NDELT,LABEL(B)yNDUMP,IDMP,NML1,TD(ML),1JK
COMMON/MISC/TIMESICYCLSDTSNCL, IALBU,BUISF2,F3,JS
LEVEL 2,TIvE

COMMON/INTT/OTO (ML ), XMUCML)» YOUML) o XL {ML)»XVIMLI,NVIML),VO(ML),»PO
+ (ML) s TOUML)pRNV(ML )y JMIN(ML2) o JMAX(ML2) s IBRN(ML)»PLAP(ML)»DRO(ML),

SMAT (ML UOCMLYUT(MLISDTCFIML) »QOIMLY s TMLT(MLY,TMC (ML)
COMMON/GAS/FI(1003),DI(MOL)

LEVEL 2,F1

COMMON/LEV/DMPNN

LEVEL 2,0DMPNN
COMMON/MNMY /KMAY (ML2))KMIN(ML2) ) NNMC
COMMON/VOIN/ZINTYX(ML2)»JdVIML2)Y»IV(ML2) NNV
COMMON/ES/IF(ML2) 9 NME

DIMENSINN PATIN(MEL,NUMV)

EQUIVALFNCF (DATIN,R)

DIMENSION TFI(1003),1I0I(MOQL)

EQUIVALENCF (FT,IFI),(DI,1D1)

CIMENSINN TTMP(100)

DATA (ISTFLAG=])

DATA ISLANKZ1OH

DATA IMC/5/ o

GO TO (152)sISTFLAG Initialize
ISTFLAGs=2

IFI(1)=1002

IFI(2)=0

IFI(3)=100?

NUMVPsNUMV+2 Total # of variables including region flag and time

THIS CODE WRITES A RANDOM M2C FILE
NO CNONVERSION IS NECESSARY IN GAS

COMPUTE THE # NF PACKED wORDS PER CELL
NwPCe (NUMVP=~1)73+41 # of packed words per cell
NAFs2
NA=3
IF(IJK.LELO)TJIKel  Use every IJKth cell
NCLPsNCL+55 Allow 55 extra cells from splits and spalls
IF(NCL®.GE.MCL) NCLP=MCL=-1 Don't allow for more than dimensioned
NVN=100+NWOC*( (NCLP+1JK=1)/1JK) # words per dump
LENGTH=500%«NVN+1003+512 Total # of words needed for 500 dumps
CALL FAMSTZ(3,LENGTH) Make GASSIN that length
CALL FAMWATIT(3,1)
THE MAGIC FIRST HUNORED WORDS
IDI(3)=1
IDI(S)eNWOC # words per cell
IDI(6)=3 # variables per word
IDI(10)=14 # of fraction bits in packed word
IDI(11)=5 # of exponent bits in packed word
CALL DATEH(IDATF)j

IDI(81)=IDATE Get the date and put it on graphs

OUTGAS
PARAM
PARAM
PARAM
PARPAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INIT
GS

GS

GS

GS

MN

vDb

ESM
QUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
QUTGAS
OUTGAS
OUTGAS
oUTGAS
QUTGAS
QUTGAS
OUTGAS
CUTGAS
CUTGAS
OUTGAS
QUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
CUTGAS
CUTGAS
QUTGAS
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¢

ig}:gg;:;;t:::] Label is currently blank

IDI(91)=LARFL(2)

the classification words

10“90"U“FU1‘] Put the 1st 30 characters of LABEL in

I01(92)=LARFL(3)
IDI(93) =]
IDI(94) =1

2 CONTINUE
IF(IFI(2).RF.500) RETURN

DO 10 Is),NuC
Js ¥ (1)
IFCIV(IYI10,21,12
11 P(J)=0,
QtJ)=0.
SX(J)=0,
$2(J)=0. Set cell quantities to 0 in the
W(J)=0.
ViJ)s=0,.
XI{J)=0
60 TO 10
12 PlJ)a(P(J+1)+P(J=1))/2
Q(JYs(Q(Je1)e0(d=1))/2
SX(J)w(SY(Jel)eSY(J=1))/2

SZ(J)e({ST(J+114+S7(J=-1))72 | Interpolate cell quantities for a closed void

W)= (VN (J+1YaN(I=-1))172
VIJ)Is(V(J+s1)eV(J=1))/2
XI(J)m{XT(J+1)aXT(J=1))/2

10 CONTINUE
CALL ESUM Calculate energy sums
DMPNOsTIME

void cell for open voids

ITMP(2)Y=TCNNVIDMOND) 2nd variable is time

NAsNA+2

DI(1)eDMONN  pymp # is time
IDI(2)=NCLP

FILE INDEX

NAFsNAE+2 # words in file index
FI(NAFY=DMPNN time word
IFI(NAY®TFT(3)¢1 FWA of dump
IFI(2)=IFI(2)+1 # of dumps

IFI(3)=sIFT(3)+NVYN Last word address of dump

WRITE OUT TO NTISK THE FIRST 1003 WORDS:
CALL WOTSK(3,F151003,0)
IF(UNIT(3)) 152,152,152
152 CONTINUF
PACK tEM
IIA=100
Isl
D0 210 L=1,NCL,1)0K
IF(L.GTKMAX(T))Tu]e}

FILE INDEX

ITMP(1)=sIFLAG(L)/64 st variable is a region #

SHIFT %EM TN 20 AIT WORDS
D0 220 Kw3,Nymye

220 ITMP(K)=ICONV(DATIN(L,sK=2)) Convert to 20-bit words

IIs1E(])
IF(XMU(IT)EQ,0.)ITMP(S)=ICONVIWIL))
DO 230 KelpNUMYP,3

ITAe]lA+]

Store W in SZ's place if u = 0

230 DICIIAYeSHTIFT{ITMO(K) 40)«ORSSHIFT(ITMPI(K*1)»20)NR,TTUP(K+2)
210 CONTINUE Put three 20-bit words together to make one 60-bit word

CUTGAS
OUTGAS
CUTGAS
QUTGAS
OUTGAS
DUTGAS
OUTGAS
OUTGAS
QUTGAS
OUTGAS
QUTGAS
OUTGAS
QUTGAS
OUTGAS
NUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
QUTGAS
OUTGAS
OUTGAS
QUTGAS
OUTCAS
QUTGAS
DUTGAS
QUTGAS
DUTGAS
QUTGAS
OUTGAS
QUTGAS
QUTGAS
QUTGAS
QuTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
QUTGAS
OUTGAS
OUTGAS
QUTGAS
OUTGAS
OUTGAS
OUTGAS
QUTGAS
QUTGAS
DUTGAS
OUTGAS
OUTGAS
QUTGAS
OUTGAS
QUTGAS
QUTGAS
OUTGAS
OUTGAS
QUTGAS
OUTGAS
OUTGAS
DUTGAS
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IF(IIAGFNYN) GO TO 400
I0s1IA=NUP( e}

IPpsllAesl Fi11 unused cells with data
D0 300 Ls=1PyNVN from the last cell used
DI(L)=DI(IN)

10=]10+1

300 CONTINUE
400 CONTINUF
c WRITE OUT TN NISK THE DATA

CALL WDISKU(3,DT,NVN,IFI(NA)}}
IFCUNIT(3)) 340,340,340

340 CONTINUE
RETURN
END

QUTGAS
OUTGAS
OUTGAS
OUTGAS
QUTGAS
OUTGAS
OUTGAS
OUTGAS
QUTGAS
QUTGAS
CUTGAS
OUTGAS
OUTGAS
OUTGAS

107
108
108
110
111
112
113
114
115
11¢
117
118
119
120




‘II' OUTGAS

Makes a GAS dump to file GASSIN which includes most cell quantities.
GASSIN may be postprocessed to give on the Tektronix/film/fiche any cell
variable as a function of any other cell variable (e.g., pressure vs radius)
at a given time, time plot a cell variable for a given cell, r-t plots of
interfaces, cell positions for each cell, contour plots of a cell variable
in r-t space, etc.

Local Variables

IBLANK = 10 blank Hollerith characters used in the plot label.

IDI = array containing the first 100 words in each dump.

IFI = array containing the first 1003 words of GASSIN which contains the
file index.

ITA = counter to keep track of the index for DI.

o -

1o } indices used to copy the packed data for the last cell into

only dump every IJKth cell (usually IJK = 1).

P the remaining space for a data dump.

ISTFLAG = flag that is 1 for the 1lst time through and 2 otherwise.

ITMP = array to contain the 20-bit words before they are combined 3 to a word.

J = cell # for voids.
K = do loop index.
L = do loop index.

LENGTH = length of the file GASSIN that will hold 500 dumps.
NA = index to give the location in IFI that the lst word address for the
current dump is stored.

NAF = NA+1 = index to give the location in IFI that the dump time for the

current dump is stored.
‘ NCLP = # of cells allowed per dump = initial NCL plus 55 to allow for

rezoning and spalling.
141



NUMVP = # of variables stored per cell.
NVN = # of words per dump.
NWPC = # of words per cell.
Notes
The cell variables are stored with the following variable numbers.
1 = region index
2 = time
3 = raddus
4 = velocity
5 = specific internal energy
6 = specific volume
7 = pressure

8 = stress deviator in the X direction

9 = stress deviator in the Z direction or mass fraction if p =0
10 = energy sums (see ESUM)
11 = temperature
12 = viscosity
Space is provided for 55 extra cells to be added due to space splits
and/or spalling. Data from the last word is repeated in the unused cells.
This is to allow the new cells added to also be plotted. The repetition of
the last cell data is necessary for two-dimensional and r-t plots of all
cells to avoid extraneous lines. Details of the GAS file and how to run GAS

are given in LTSS-523.
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FUNCTINN ICONV(YX)
LEVEL 2,X

o FORM A 20 B8IT FLNATING POINT WORD FOR MAGEE MNVIE
DATA IFA/170000000B/,1FB8/3777777B/51FC/37777768/
ISIGNe=O
IF(X«LTe0e) ISIGNs]
JSeSHIFT(ARPS(X)p=33)=1FA
IF(JS.GT.IFR) JS=IFB Maximum allowed value of JS
IF(JS.LT.0) JS=0 Minimum allowed value of JS
ICONVE([JS ONN,IFC) OR,ISIGN 20-bit word with sign in bit 0
RETURN
END

ICONYV
ICoNnY
ICCNY
1CONY
ICONY
ICONY
ICONY
ICONV
ICONV
ICONY
ICONV
ICONY
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ICONV(X
Takes a 60~bit floating point word and converts it to a 20-bit floating
point word.

Local Variables

IFA = bit pattern to shift the bias of the exponent.

IFB = maximum allowed integer wvalue of the 20-bit word = 20 bits of 1's.

IFC

the 19 bits for exponent and integer coefficient are 1's.
ISIGN = the sign of X.

JS = the 20-bit word before the sign bit is set correctly.

Notes

The 60-bit floating point word has the following structure:
1 sign bit at bit #59.
11 exponent bits at bits 48-58, with a bias of 2000B.
48 integer coefficient bits at bits 0-47.
The desired 20-bit floating point structure is as follows:
5 exponent bits at bits 15-19, with a bias of 100B.
14 integer coefficient bits at bits 1-14.
1 sign bit at bit #0.

The 20-bit word has about 4 significant figures. Negative numbers are
stored in 1's complement form for the 60-bit word but not for the 20-bit word.
The sign of X is stored in ISIGN. The absolute value of X is then shifted
to the right 33 bits and IFA is subtracted from this value to give JS. This
puts the exponent bits at 15-25 and the integer coefficient bits at 0-14.
Subtracting IFA shifts the exponent bias from 2000B to 100B. By using only
14 bits of the integer coefficient, there is also an effective shift of 34 bits
or 42B, If JS > IFB, then a 5-bit exponent is not sufficient and the maximum

allowed 20-bit word is used. If JS < 0, then the exponent is too small and a




value of 0 is used. Then the 0 bit is set with the sign bit and the 20-bit word

conversion is complete. Bits 20-59 are all 0. The largest 20-bit word is

2777776B which is 216 - 2 = 65534, The smallest positive 20-bit word is

16 = 1.5 % 107°.

0060000B which is 2
An an exercise, the interested reader can follow the conversion of a

floating point 1.0 from the 60-bit octal work 17204 00000 00000 00000 B

to the 20-bit octal word 2040000B.
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SUBROUTINE DIFFO

PARAMETER (MCL=»500,ML=21sNGC=19,MLGC=NGC*ML,MLDWNT=20%ML,

+NUMVs10,MOL =
+MXDUMP=30,ND
+sNSMHs4yNYWPMa
COMMON/CELL/

+P(MCL)»SX(MCL)»SZIMCLISEE(MCLI»TIMCL) »QIMCL)p XM{MCL)» IFLAGIMCL)

+sW(NCL)
LEVEL 2,R

COMMON/OVL/NDFsNIoNPyNGHTENDs TPIML)» TG (ML) UT,UF,UITI,UFT,NAND,NM,

+IALPH)NDELT,
COMMON/MISC/
LEVEL 2,TIME
GO TOD (1,2},
CALL HYDRO
RETURN
CALL SINX
RETURN
END

((NUMV41)/341)*%MCL+100,NDWe20)NCF=g,
X=2¥MXDUMP+2,MTAB=]1,NTAB=MTAB*3742
3728)NSD=NSM*NWPM+132,ML2=100)
R{MCL) ,UIMCL),VIMCL),XI(MCL),

LABFL(B)s NDUMP, IDMPsSNM1,TD(ML)» IJK
TIMESICYCLsDTHNCL»IA,BUSBUISF25F3,JS

NDF  Index to determine type of differencing scheme
HYDROX '

SIN

DIFEQ
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
DIFEQ
DIFEQ
DIFEQ
DIFEQ
LIFEO
DIFFQ

[

OOV~ MIOPNYCWVBDPWNHBRSIWNN




DIFEQ
‘ Switching routine to determine the type of difference equation scheme

to be used in the main hydro cycle. Default is HYDRO.

Notes
NDF Type of Difference Equations
1 Hydrox (see HYDRO)
2 SIN (see SINX)

Any other type of differencing scheme may be added by extending the

computed go to statement list and adding the subroutine call and the subroutine.
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SUBROUTINE HYDRO HYDRO 2

c HYDRD 3
c PERFORMS THE BASIC HYDRONAMICS CYCLE HYDRO 4
c CHANGES IN THE DIFFERENCE EQUATIONS MAY BE MADE HYDRO 5
c EXCLUSIVELY IN THIS SUBROUTINE HYDRO 6
c HYDRO 7
PARAMETER (MCL®500sML=219sNGCm19y) MLGCeNGC*ML o MLDOWDTn2 0% ML, PARAM 2
+NUMV=10,M0L=({(NUMV+1) /3+¢1)*%MCL 4100 ,NDW=2 OsNCF a8, PARAM 3
+MXDUMP=30y ND Xu2¥MXDUMP+2,MTAB= 1, NTAB=MTAB®3742 PARAM 4
+9NSMs4o NWPMa3 728 )NSDsNSMENWPM+132,ML22100) PARAM 5
COMMON/CELL/R(MCL)»U(MCL)»VINCL) sXI(MCL), MCELL 2
+P{MCL)»SX{MCL)»SZAMCL) sEE{MCL) ) T(MCL)»QIMCL)»XM(MCL)»IFLAG(MCL) MCELL 3
+oWiMCL) MCELL 4
LEVEL 2,R MCELL 5
COMMON/OVL /NDFsNIsNPsNGSTENDsTP(ML)» TG(ML) UT,UF,UTI,UFI,NADDsNM, MCELL 6
+TALPHONDELTSLABEL(8)»NDUMP,IDMP,NM1,TD (ML) »IJK MCELL 7
COMMON/MISC/TIMESICYCLSDTsNCLy IAsBUs BUISF2,F3,5JS MCELL 8

LEVEL 2,TIME MCELL 9
COMMON/ZINIT/DTO(MLI s XMUCML) s YO UML) »XLEML I XV (ML) p NVIML)»VOCMLY,PO INIT 2
+(ML)>TO(ML)SROWIML) p JMIN(ML2) pIJMAX (ML2)s» IBRN(ML) pPLAP( ML) DRO(ML)» INIT 3
+MAT(ML) > UO (ML) sUT (ML) DTCF(MLY» QO(MLY» TMLTIML ), TMC (ML) INIT 4
COMMON/UCJC/UCJI9dJsNMAXSRCISDCY uc 2
COMMON/MNMX/KMAX (ML2 ), KMIN(ML2 ) sNMC MN 2
COMMON/EDOSN/IEQS(ML) o ME(ML) EN 2
COMMON/VOID/INTX(ML2)sJVIML2),IVI{ML2))NNY vD 2

a-1 COMMON/ES/IE(ML2 )sNME ESM 2
R do/dM DSDM(JpJM)=2#R(S)ISETAX(P (UMY +Q(JM)=P (J)=Q{J))/Z(XMCI)4XM(JIM)) HYDRD 16
(aJ)V¢/RVFR(J:JM)-IA‘(V(J)#V(JH))*(Zi(SX(J)OSX(JH))4SZ(J)+SZ(JH))I(6*R(J)) HYDRO 17
¢ PHUJoJM)Im2¥SX (I} +STCI)+XMUI)$( 2% (SX(I)=SXLIMI)=SZ(J)+S2CIM) )}/ HYDRO 18

1 (XM{J)eXMLIN)) HYDRO 19
VVIJo JM)aV (I I XM G IR (VIII=VIIM)) JIXM(JI+XM(JM)) V HYDRO 20

DO 10 Isl,NMC HYDROD 21
JUN=JMIN(I) HYDRO 22
JMXsJMAX(I) HYDRO 23

DO 10 JsJMNpIMX HYDRO 24
XI(J)oXI(J)=VJ)#DT*0,5%((P(JI+QCI)I*(U(JI+1)=UCJ)) 7 HYDRO 25

1 (ROJ+LI=REJII+IAS(P(JI)+Q(II=2%SX(J)=SZ(IIIH(U(I+1I+UCI)) 7/ HYDRO 26

2 (R{J+1)+R(J))) Part of AI that uses old R,V,U HYDROD 27

10 CONT INUE HYDRD 28
DO 20 I=1,NMC HYDRO 29
JMN=JMIN(I) HYDRO 30
JMX=sIMAX(T) HYDRO 31
IF(I«NEol)JIJMNuJMN+] HYDRO 32
IF(JMNGT4JMXIGD TO 20 HYDRO 33

DO 21 J=JMN,JMX HYDRO 34
JMej=~1 HYDRO 35
UCJ)sU(JI)=DT*DSDM(JoJ M) ]@___Ra—la_o_ (@-1) vé HYDRO 36
IFCINTX(I)eGTe2) U(J)mUCS)=DTHVFR(JsJIM)]| 3L oM R HYDRO 37
R(JY=R(J)+DT*U(J) 3R(3t = u HYDRO 38

21 CONTINUE HYDRO 39
IF(IMAX(I) o NEJKMAX(I))GO TO 20 HYDRO 40
IF(1.EQoNMC.ANDJNMCJNENMIGO TO 20 HYDRO 61
IF(IV(I})31,325,33 Treat interface as a special case HYDRO 42

31 JeJMXel No artificial void cell HYDORO 43
GO TOo 22 HYDRO 44

32 JaJMX+l HYDRD 45
JP=J+l HYDRO 46
UGJ)sU(J)=DT*2%R (J) ST AR (P {JMX I+ Q(IMX)I/IXMIIMX) Open void: HYDRO 47
R(J)=R(J)+DT*U(J) free surfaces HYDRO 48

UGIP) sULJIP)I4DT®2 3R JP) %I A% (P(JP)I+Q(JP))/XM{JIP) HYDROD 49
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33
22

A\

20

13

woOooon

60

RUJP)SRLIPISDTHU(JIP)
G0 TO 20

JeJMXe2 Closed void

CONTINUE

GO TO (15253545s5)»INTX({I) Boundary conditions depend on u's
U(JI=U(JI)-DT*VFR{(JpdMX )

ULJ) sU(J)=DT*DSDM(J,JIMX)

RE{J)=R(J)I+DTHU( )

IF(IV(I).EQ.,-1)G0O TO 20

UlJ=1)=U(J)

R(J=1)eR(J)

G0 10 20

DeIAS (PHIJMX» JMX=1)®VV(IMX s JMX =1 )¢ XM (JMX )7 (XM(J)

1 #XMCJMX))DI/RLD)

60 7O 6
DeIA®PH(JpJ+1)8VVIJpJe1)EXM (I )7L (XMCI)4XNLIMX) ISREI))
G0 70 6

FMaXM(J) /7 (XM(J)+XNM(IMX))
DeTA®(PH(JsJ+1)RVV (I I+ )FM+PH(IMXpJMX=1) VYV (JMXpIMX=1)%(1=FM))
1 /R(J)

UlI)=UCJ)=DT*(D+DSDM(JpJMX))

RUJI=R{II*ULII*DT

IF(IVII).EQ.=1)GO TO 20

UtJd=-1)=U(J)

R(J=1)=R(J)

CONTINUE

CALL BNDR1 Check other boundary conditions

MRel

MRP=l

DO 30 I=1,NMC

JMN=JMIN(I)

JMXe JMAX(I)

II=IE(I)

DO 30 JesJMN,JMX

MRM=MR

MRaMRP

MRPsIFLAG(J+1)/64 New volume

VIJ)oF2% (R{S)=R{J+L)I*{RIJI* T A+R(J+1I*X TA+FIXR(JIXR(JI+L) )}/ UXM(J)
XI(J)eXT{J)=VIJI*DTH0 5% ((P{J)+Q(IDI*(ULJs1)=-U(I) )/
1 (ROJ+1)=REJIIFIAR(P(J)+Q(J)=2%SX(J)I=SZLJ)I*(U(JI+1)+UC(J))/
2 (RUJ+1)+R(JI))) Part of AI that uses new R,V,U
IF(XMU(II).EQ.0.)GO TO 12

SXEJ3aSX (I Y=o XMULTII®DTH{(ULI+1)=~ULJ))IZ(RIJ+1)=R{J))
1 ~IA®0.5¢(ULJ+1)+U(I)IZ(R(JI+1I4R(J))) /3
IF(IALPH,EQ.2)G0 TO 13

S2(J)==SXx{J)/2 New Stress deviators

60 TO 12
SZ(J)mSZ(J)428XMULTITI*DT#((U(I+L1)I=U(J))IZ(R(S+1)=R{J))
1 +(UWI+1I4UCI)IIZ(R(J+1)I+R(I)) )1

CONTINUE

XIC(J)oXI(JI+DTH(AXLIMRI+XLIMRP ) I*(T(J+L)=-T(J)ISR(J+1)*]IA/(R(J+2)

1 =REJII=(XLOMR) XL (MRM)I®(T{J)=T(J=1))®R(J)**IA/(R{J+1)=R (J=2))
2 )I1XMLy)

CONTINUE

CALL VISC New Q's

DO 60 I=]1,NMC

II=IE(I)

IFCIBRN(II)oGT«O)CALL BURN(I) New W's

CALL EOS New P's and T's

DO 80 I=1,NM

HYDRO
HYDRO

HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRD
HYDRO
HYDRD
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRD
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRD
HYDRO
HYDRO
HYDRO
HYDRO
HYDROD
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRD
HYDRO
HYDRO
HYDRD
HYDRO
HYDRO
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80

II=IE(I)
JMN=sJMINC(I)

JHUXsJMAX(L)

IFCIV(I).EQe2)CALL RLEOS(I) Special for high-yelocity impact
CONTINUE

CALL BNDR2 More boundary conditions (an entry point in BNDR1)
RETURN

END

HYDRO
HYORO

HYDRO
HYDRO
HYDRD
HYDRO
HYDRO
HYDRO

110
111

112
113
114
115
116
117




HYDRO

The main hydro cycle using the HYDROX difference equations. New values
of radii, velocities, specific volumes, specific internal energies, and stress
deviators are calculated. Subroutines are called to get new pressures, tem-
peratures, and artificial viscosities.

Statement Functions

DSDM(J,JM) = difference form of Rq—l %% .

VFR(J,JM) = difference form of & ‘RI)V ,where ¢ =25+ §_.

PH(J,JM)

interpolation formula to evaluate ¢ at a region boundary
where ¢ is discontinuous.
V(J,JM) = interpolation formula to evaluate V at a region boundary
where Vv is discontinuous.

Local Variables

I = do loop index for region #.

3

JMIN for region I
ninimum and maximum cell #'s in a region.
JMAX for region I

2

J = do loop index for cell #.

JP

I
o
+
-

D = the last term inside brackets of Eq. 8.
FM =M,/(M, + M, .
J/( 5 J+l)
MRM = region # for cell J - 1.
MR = region # for cell J.
MRP = region # for cell J + 1.

IT = IE(I) = original region # for region I.
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Care must be taken that interfaces between materials are treated properly.

The differential equation for acceleration is given by

au _ _fo—l eled

= _ _ 1y
3t o~ @~ Dgg - 1

Now, consider an interface between material 1 and material 2 at radius R

0
The difference in the limit of Eq. (1) as R tends to R0 from region 1 and re-
gion 2 is given by
_ﬁ,pa_u.z.:Ra—la_c];_.aO_z +(a_1)(ﬁ__¢i =0 (2)
at at BMl 3M2 Rp1 sz ’

where the subscripts denote the region from which the limit is taken. The
difference in acceleration is zero provided the two regions are in contact.

For the case ¢1 = ¢2 = 0, Eq. (2) implies 801/8M1==302/8M2 at R The

0’
usual difference equation schemes don't encounter any problems at the interface

because 30/3M is continuous.

For the case ¢1 # ¢2, set A = (¢2/RQQ2 - ¢1/qu1)(a - 1). We then have

. (3)

That is, 30/3M is not continuous across the interface. Therefore, care must
be taken so that the interface will be treated properly by the difference equa-
tions.

Let j be the cell number of the cell touching the interface in region 1

and j+1 for region 2. Equation (3) can be written in difference form as

o, -0 0.y — 0.
+ +
J!“j”i- —— oy, (4)
j j+1




where °j+% is unknown. Solving for Gj+%’ we have
-1 A)
= .+ Mo, - {TM .M, . (5)
Oipyy = My *+ Myyp) <Mj+1°J 305+ (2 3 J+l)
The difference form for Bcl/BMl then becomes

801 2

A
= (0, = 0., +3M ) . (6)
anl Mj + Mj+l 3 j+i J

The difference form of the acceleration in region 1 at the boundary is

given by

du o-1 ¢,V
_1_ _ |2 - A 1y 11
5t [Mj ¥ Mm(oj O P2 W) @D ] . 7

The velocity equation can then be written in the form

n’*)’i = n—;ﬁ _ a-1 a - + M + .(0'___llcp . 8)
uj+% uj+% At{(Rj+%) 2( j Uj+l)/(Mj j+1) Rj+% (
where
M, M'+l
¢ = d’1"1(1/1. ¥, )t ¢’2V2(M. M > )
h| j+l j j+1

with the subscript 1 and 2 denoting the region from which the limit is taken

approaching the interface. These limits are taken by extrapolation.
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10

21

31
32

33
22

SUBROUTINE SINX

PARAMETER (MCL=2500,ML=21,NGC=19) MLGCaNGC*ML )MLDWDT=2 0% ML,
+NUMV=10,MQL=((NUMV+1)/341)¢MCL+100,NDWe2 0»NCF=8,

+MXDUMP= 30 ND Xw 2% MXDUMP +2,MTABs 1, NTABsMTAB®3742
+sNSN=b ) NWPM=3728,NSDesNSH*NWPM¢132,ML2=100)
COMMON/CELL/RIMCL)»UIMCL)» VIMCL)» XI(MCL)»

+P(MCL)»SXIMCL)»SZ(MCL)»EE(MCLY »TIMCL)»Q(MCL)» XM({MCL) »IFLAG(MCL)

+oW(MCL)
LEVEL 2R

COMMON/OVL/NDF o NIsNPsNGs TEND»TPIML) »TG(ML)»UL» UFs UTI,UFI»NADDsNM)y

+IALPH)NDELToLABEL(B) > NDUMP»IDMPsNM1, YD (ML) » IJK

COMMON/MISC/TIMESICYCLsDTsNCLsIASBUSBUISF25F3,54dS

LEVEL 2» TIME :

COMMON/ INIT/DTO{ ML) » XMUCML) » YO (ML) pXL{ML)s XVIML) o NVIML) sVO (ML), PO
+(MLY> TOCML) »ROW(ML) »JMIN(ML2 )9 JMAXCML2) s IBRN(MLY,PLAP(ML)»DRO(ML ),
+MAT(ML) HUO (ML) oUT(ML) »DTCF (ML) »QO (ML) TMLT (ML), TMC (ML)

COMMONZUSUPC/ZCLIMLY»S1{ML)»C2(ML) »S2(ML)»SWV(ML) s VMN(ML),

+GAMMA(ML) s ALP (ML)
COMMON/MNMX/KMAX(ML2) s KMIN(ML2 ), NMC
COMMON/VOID/ INTX(ML2)sJdV(ML2)5s IVIML2)sNNY
COMMON/ES /IE (ML2)sNME
COMMON/ZUCJIC/UCJI» JUsNMAXSRCI»DCY
OIMENSION UUIMCL),VO(MCL)

DSOM(Jr JM)=2%R(JI*STAS(P(IM)+Q(IM)I=PLI)=QLIIIZEXM(II4XM(IMND))
VER(JpJMI=mIA® (V(JI+VIIM)IE(22(SXOI)+SXCIMIIST(INIHST(IM))I/(4*%R(J)})
PHUJ o dM) =285 X(J) +SZ(ID)+XMUII#{2% (SXLII=-SXCIMII=SZ(J}+S2(IM))/

+OMI Yo XMOIMY)

VV(Jp M=V (J )+ XM(SI*(V(II=VIIM)IZ7 (XM LI IS XMIIM))
NCLPsNCL+1

DO 10 J=1,NCLP

VUL ) =U(Jd) Saveoldu's

CONTINUE

DO 20 Is1,NMC

JUN=JMINCI)

JHXsJMAX(L)

IFCINEs1)JMNaJMN+1

DO 21 J=JMN,JMX

JMsJ~1

Utd)=sU(J)=DT*DSDM(JsJINM)
IFCINTX(I)eGTo2) ULJ)sU(J)I=DTHVFR(JyINM)
R(J)=R(J)I+DTHU(J)

CONTINUE

IF(JMAX(I)NE.KMAX(L))GO TO 20
IF(I.EQsNMC, AND.NMCNE.NM)IGD TO 20
IF(IV(I})31,32,33

JaJMX+}

GO To 22

JeiMX+l

JPaJ+l

UGI)sUCI)=DT*2%R (JISSTAS(P(JIMX)+O(IMX)IIXMLINX)
R(J)=R(J)+DT2U(J)

UCJIP) sULJIPISDT*2 %R JPI®*IAR{P(JP)+Q(JP))/XM(IP)
R(JP)I=R{JP)+DTHU(JIP)

60 70 20

JaJMXe2

CONTINUE

GO TO (152535455)INTX(I)
UtJ)=U(J)=DT*VFR(J2INMX)

UG )sU(J)=DT*DSOMIJ»INX)
R{J)=REJI+DT*U(J)

SINX
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INIT
us

us

MN

vo
ESM
uc
SINX
SINX
SINX
SINX
SINX
S INX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
S INX
SINX
SINX
SINX
SINX
SINX
S INX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
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20

12

101

13

60

80

IF(IV(I)«EQ.~1)G0 TO 20

UlJ=1)1sU(J)

R(J-1)=R(J)

60 70 20

DeIA® (PH{JIMX,JMX=1)SVV (JMXp JMX=1 ) XM{JIJMX )/ (XMN(J)

1 +XM(INX))I/RCJ)

GO 10 6
DsIA*PH{J»Je1)SVV(J o e 1)8XM{J) 7CIXMIIIeXMIIMX)I®R(I))
60 70 6

FMaXM{JIZ(XM(J I XM{IMX))

DelA® (PHUJ»J41I VUV Jrp JHLISEMEPHIIMX ) JuX =1 I EYV( IMXIMX=1)%(1=FN))
1 /R

UtJ)sU(J )=DT*(D+DSDM(J,IMX))

REJISR(JISU(JII*DT

IFLIVII).EQ.-1)GD TO 20

Utd=13eU(J)

R{J=1)=R(J)

CONTINUE

CALL BNDR1

DO 13 Is=1,NMC

JMNs JMIN(I)

JRX= SMAX(T)

II=1E(I)

IF(IV(I)eNEL.D)GO TO 101

JIsJvi(I)

PLJ1)s=0,

Q(JI)=0,

CONTINUE

DO 12 J=JMN,JIMX

VO(J)eV(d) Save old V's
VIJIsU(RIJISR(I+1)I/2)*TAS(R(J)I=R{J+1))/7XM(J)
JMej=1

IF(JeEQeJMN  ANDs IV {I~1)0GEe1eAND eI NEL1)IMmI=2
JPsJ+l

IFCJeEQeKMAX(IJeANDCIV(I)eGEC1)IPmJe2

IF(JeEQe2e ANDBUNEQs)IMa2

IFtJI.EQed*2)dPnyY
XI(J)oXI(J)=DT#(((XM(JI®(P(IM)FQ(IM)ILXMLIMIS(P(J)I+Q(I)))
L/7OXMIIEXMIIM) ) ISULIIeR(JIS*TA=((XM(JIPIS(P(J)+QLY))
2¢XM(JIS(PLIPISQIIPIIIZ(XMIIIeXMIIP))ISUCJe1 ISR (J41)ee]A)
3/XM(J) A energy - A kinetic energy
Q¢ ((UU(Je1)eUULI) )ISS2=-(U(SI¢UI+1))8e2) /8
IF(XMUCII).EQ.0s) GO TO 12
SXCI)aSX{J)e2¢XMUCITI*(DTR(ULII=UCI*1I I/ (R(S*1I=R(J)I*2%(V(J)~-
+VOULJ) )7 (36 (VvO(JIevid)I))

S2(J)=s=SX(J)12

CONTINUE

CONTINUE

CaLt VISC

DO 60 I=1,NMC

II=1E(I)

IF(IBRN(II).GT,0)CALL BURN(I)

CALL EOS

DO 80 I=]1,NN

I1=1E(I)

JMN=s JMIN(I)

JMXsSMAX(])

IFC(IV(I)eEQ.2)CALL RLEODS(I)

CONTINUE

CALL BNDR2

RETURN
END

SINX
SINX
SINX
SINX
SINX
SINX
SINYX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
S INX
SINYX
SINX
SINX
SINX
SINYX
SINX
SINX
SINX
S INX
SINYX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINYX
SINYX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINYX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
S INX
SINX
S INX
SINX
SINX
SINY

SINX
SINX

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

66
67
68
69
70
71
72
73
74

76
77
78
79
80
81
82
83
e4
85
86
87
88
89
90
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92
93
9
95
96
97
98
99

100

101
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104
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SINX "II'

The main hydro cycle using the SIN difference equations. New values of
radii, velocities, specific volumes, specific internal energies, and stress
deviators are calculated. Subroutines are called to get new pressures, tem-
peratures, and artificial viscosities.

Local Variables (Those variables that are the same as in HYDRO are not repeated

here.)
JI = JV(I) = cell # of a void.
NCLP = NCL + 1.

uu

velocity from previous cycle.

VO

volume from previous cycle.
Notes

The difference equation for acceleration is identical with HYDROX. The

internal energy equation, however, is based on the total energy equation

o-1

9E _ _ _(cuR¥ M)

3t oM ’
which is essentially the rate of PdV work being done on the cell. The rate of
change of kinetic energy is then subtracted to get the rate of change of

internal energy.
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20

11

12

13

140

SUBROUTINE ENS

PARAMETER (MCL=500,ML=21sNGC=19,MLGC=NGC*ML,MLOWNTe2N%ML,

+NUMV=10,MOLa( (NUMV+1)/34¢1)%MCL+100,NDW=20,NCF=8)
+MXDUMP=30,NDX=2%¥MXDUMP+2,MTABa 1 ,NTABsMTAB¥3742
+sNSM=6sNWPME3T72B,)NSCoNSMENWPM+132,ML22100)
COMMON/CELL/R(MCL) pU(MCL)sVIMCL)pXI(MCL ),

+P(MCL)s SX(MCL)»SZ(MCLIPEE(MCL) s TIMCL) s QIMCLY»XMIMCLY»IFLAG(MCL)

+,W(MCL)
LEVEL 2,R

COMMON/OVL/NDFoNIoNPyNGo TEND» TP(MLI» TGIML)5UT»UF,UTT,UFI,NADDsNM,

+IALPH)NDELTy LAREL(B)sNODUMP, IDMPyNM1,TD(ML)sTJK
COMMON/MISC/TIME,TCYCL,DTosNCLsTA,BUSBUI,F25F3,4S
LEVEL 2,TIME :

COMMON/INIT/DTOCML )5 XMUCML) » YOUML) s XL EML) o XVIML) sNV(ML), VO (ML) 500
4+ (ML) TOUMLI»ROVIML) 5 JMIN(ML2) » JMAX(ML2) o IBRNIML) »PLAP(ML),DRO(ML),

EMAT(MLY U0 (ML) »UTIML) »>OTCF (ML) » OO (ML) »TMLTIMLY,TMC (ML)
COMMON/MNMXY /KMAX(ML2)oKMIN(ML2)»NMC
COMMON/EOSN/TEDS(ML) s ME(ML)

COMMDN/ES/TE(ML2), NME

COMMON/ENSCOM/SRIML) pESIML)JALTIMLISAIML)»A3IML) S EMIML), IRVINL)

COMMON/SESIN/ITILINDT)RPT4y XIPT4yIBRyIFL
COMMON/SESNUT/PPT4(3),TPT4(3)

IBR=Q

10T=]

1=l

CONTINUE

11eJE(T) Original region #

1S=IEDS(II) EQOS type

JMN=sJMIN(I)

JMXasJMAX(T)

GO TO (1529354),18

CONTINUE

JS=0

DO 11 JsJIMN, JIMX

CALL HOM(II,!) HOM EOS

IFCIBRN(TTI).NELOIGD TO 11

IF(P(J)eLTo=0,005)CALL SPEQS(I,Jd) Spall?
IF(XMUCTITI)GT,0.)CALL EPP(Il»J) Elastic - perfectly plastic
CONTINJE

GO TO 10

CONTINUE

DO 12 J=sJMN, JMX

CALL BLDUP(IT,J) Buildup EQS

G0 TO 10

CONTINUF

JS=0

DO 13 JIsJuN, MY

CALL POLY(TI, ) Eight-parameter polynomial EOS
IF(P(J) LTe~0,005)CALL SPEOS(I,J) _Spall? .
IF(XMUCTT).GT.0.)CALL EPP(II,J) Elastic-perfectly plastic
CONTINUF

GO TO 10

DO 16 JIsJMN, IMX

XIPT4=X1(J)

RPT4e]l. 2V {J) ] Input for SESAME
IFL=MOD(IFLAG(J)964)

CALL T4ENSA SESAME EOS
IF(MODSIFLAG(JY»64).EC41) GO TO 140
IFCIRV(TI)oFO 0 AND IFLJEQ.1) IFLAG(J)SIFLAG(J)+1
P(J)=PPT4(1) Output pressure

EODS
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INIT
MN

EN
ESV
EQSCOM
EOS
ECS
EQS
E0S
£0S
ENS
EOS
EDS
EOS
EQS
EQS
EOS
EOS
EQS
EQS
EOS
EDS
EQS
EQS
EOS
EGS
EDS
EDCS
EOS
EQS
€0s
EOS
€0S
EQS
EOQS
EO0S
EOS
EOS
EQS
EODS
EOS
EDS
EOS
E0S
EOS
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158

14
10

T(J)sTPT4 (1) Qutput temperature

IF(XMU(TT).GT.0.,)CALL EPP(IX,J) Elastic -perfectly plastic
IF(P(J)aLTe=0.005)CALL SPEOS(I,J) Spall?

CONTINYE

CONTINUE

IF(JS.NE,O)CALL SL(I) Spall if indicated

Islel

IF(I.LE.NMCY 6D TO 20 Spalling changes the # of regions, so a do loop
RETURN is not used

END

ENS
EOS
EOS
E0S
EODS
EQS
EOS
EQs
EODS
EQs

53
54
55
56
61
62

64
65
66




®

Switching routine to call the appropriate equation of state. The spalling
and elastic-plastic treatments are also called if turned on.

Local Variables

I = region #.

IT = original region #.

IS = EOS #.

JMN,JMX = minimum and maximum active cell #.
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SUBROUTINE PTENSHI,PI,TII,VI,XII) PTEDS

PARAMETFR (MCL®500,ML®21)NGCa19,MLGCoNGCEMLyMLOWNT=20%ML, PARAM
+NUMVe10,vQL=((NUMV+1)/3+1)*MCL+100yNDWs20,NCFu8, PARAM
+MXDUMP=30,NDX=2%MXDUMP+2,MTAB=1,NTABeMTAB*3742 PARAM
+sNSMugy NWPMa3T728,NSDaNSMENWPM+132, ML 2100} PARAM

COMMON/CELL/R(MCL) sU(MCL)»VIMCL) s XI(MCL), MCELL
+P(MCL)»sSX(MCL) »SZ(MCLISEE(MCLY »TIMCL) pQ(MCL Y »XM{MCL)» TFLAGIMCL) MCELL
+HWIMCL) MCELL

LEVEL 2,R MCELL

COMMON/DVL/NDFyNT, NPyNG TEND, TPIMLY»TG(ML)»UT,UFyUTT,UFT,NADN,NM, MCELL
+IALPH)NDELT)LAREL(B)sNOUMP, IDMP,NM1,TD (ML), IJK MCELL

COMMON/MISC/TIME,TICYCLSDToNCLs XA,BU»BUISF2,5F3,JS MCELL

LEVEL 2,TIME MCELL

COMMON/ INTIT/DTO(ML ) s XMUCML) 5 YO (ML) s XLUML) sXV(MLISNVIML)»VO(ML)»PO INIT
+{MLY,TO(ML)yROWIML ) IMIN(ML2)» JMAX(ML2) s IBRNC(MLY,PLAP{ML),DRO(ML), INIT

ot pd b Pt
SPNHOOMNIWNODNCWMSIWNWSWNN

+MAT(MLY s UO (ML) s UT (ML) sDTCF(ML) 5 QOCML) s TMLT (ML), TMC (ML) INIT
COMMON/ENSN/IENS (ML) ) ME(ML) © EN
COMMON/ES/IE(ML2) s NME ESM
COMMON/SESIN/TISTDT)RPT4sXIPT4»IBRSIFL PTEOS
COMMON/SESNUT/PPT4(3),TPT4(3) PTEDS
IDT=1 PTEOS
IBRe]l PTEODS
II=TEL(]) PTECS
JueJMIN(Y) PTEQS 15
PT=spP (J) PTEODS 16
TT=T(J) cps s PTEOS 17
VT=VJ) Set cell quantities in temporary storage PTE DS 18
XITsXI(J) PTEOS 19
V(J)eVI s PTEDS 20
XI(J)aXTT Replace by input values PTEDS 21
ISsIEOS(ITY PTEQS 22
GO TO (1s25354),1S Call EOS PTEDS 23
1 CALL HOM(IT,J) PTEOS 24
G0 T0 10 PYEDS 25
2 CALL BLDUP(TTI,J) PTEODS 26
GO TO 10 PTEDS 27
3 CALL POLY(TI,»J) PTYEODS 28
GO0 TO 10 PTEDS 29
& DO 14 J=mJIMN,JIMX PTEQS 31
XIPT4sXI(J) PTEODS 32
PPT4eY,/V(J) PTEDS 33
IFL=MOD(IFLAG(J)s64) PTEQS 24
CALL TeFDSH PTEOS 35
P(J)aPOTG(Y) PTEDS 36
14 CONTINUE PTEOS 37
10 CONTINUFE PTECS 42
PI=P(J) PTEQCS 43
TIfeT(yy | Output P.T PTEDS Pt
P(J)=PT PTEDS 45
T¢J)=TT s s P PTEDS 46
ViJ)evT Put back original cell quantities PTEDS «7
XI(J)oXIT PTEDS 48
RETURN PTEOS 49
END PTEOS 50
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Controls calls to EOS subroutines with energy and volume as input rather
than region # and cell #.

Local Variables

IS = EOS type.

J = cell # used for EOS calls.

PT P(J)
TT T(J)
temporary storage for
VT vV(J)
XIT XI(J).
Notes

EOS calls are made by specifying region # and cell # in this code. 1In
the special treatment of high-velocity void collapse (see RL), it is necessary
. to call the EOS with arbitrary values of V and I. This is done by saving the
cell quantities for a given cell, replacing them with arbitrary values, calling
the FEOS, returning P,T, and then putting the original cell quantities back in

thelr proper place.
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SUBROUTINE HNM(T1,d)

PARAMETER (MCL®=500sML=21sNGC=19oMLGCaNGCHML,MLDWNT=20%4ML,

+NUMVE10, MOt = ( (NUMV+1)/341)*MCL+100,NDW=20,NCFe8,
+MXDUMPa30,NDX=a2%MXDUMP+2 ) MTAB=]1,NTABaMTAB*3742

+9NSM=4,NWOMa3T2R,NS
COMMON/CELL/R(MCL),

+P(MCL)»SX(MCL)»SZIMCL)»EE(MCL)»T(MCL) »Q(MCL)» XM(MCL)» IFLAGIMCL)

€ HIMCL)
LEVEL 2,%R

COMMON/DVL/NRFoNTIp NPy NG TEND, TP (ML) s TGIML))UT,UF,UTTI,UFI,NADD,NM,

DaNSMENNPM+132,ML2=100)
UIMCL)»VIMCL)» XTI (MCL)»

+1ALPHINDELT)LABEL(8)sNDUMPyIDMP,NM1oTDEML)» T JK
COMMON/MISC/TIMESICYCLSDTH)NCL,IA,BUSBUISF2,F3,J3S

LEVEL 2,TIME

COMMON/ INTIT/NTO(ML) o XMU(ML) s YO (ML) p XL (ML) sXV (ML, NV (ML), VO(ML),»PO
+(ML)PTOCML) s ROWCML ) p JMIN(ML2) p JMAX(ML2) s IBON(ML)PLAD(ML)}DRO(ML),

+MAT (ML) »JO(ML) s UTCMLY DTCF(ML)Y 5 Q0(ML) ) TMLT(MLY, TMC (ML)

COMMON/MNMY /KMAX(ML
COMMON/ENSN/TEONS(ML
DATA GASW/0.02/
DATA SOLW/0,.999/

C FIXUP FOR FNREST FIRF
IF(IBRN(I)4EQ.0) 60 YO 11 A1l solid

11

12

10

13

14

IF(A(J) LT .GASW)GO
IF(IBRN(I).E0.2)GN

2) )KMIN(ML2 )y NMC
Yo ME(NL)

T0 12 Treat as all gas for W < 0.02
10 13 Special for CJ burn

IF(NCJ) 46T SNLW) 60 TO 11 Treat as all solid for W > 0.999
CALL MIX(I»J) Mixture of gas and solid

GO TO 10

CONTINUF

CALL usur(T,J) Al
G0 TO 10

CALL GAS(I»J) AN
G0 TO 10

CONTINUF
IF(N(JY.GT.SNLW)IGN
CALL GAS(I,J)
PLJIs(l,=W{J))*D())
GO TO 10

P(J)=PO(T)

CONTINYE

RETURN

END

solid

gas

70 14
No solid EOS for CJ burn

HOM
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INIT
MN

EN
HOM
HOM
HOM
HOM
HOM
HOM
HOM
HOM
HOM
HOM
HOM
HOM
HOM
HOM
HOM
HOM
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HOM
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HOM
HOM
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HOM
Switching routine for deciding which type of EOS is used for a cell for
the HOM EOS (e.g., determines whether a material is a solid, gas, or mixture).

Local Variables

GASW = mass fraction below which a material is treated as all gas (W = 0).
SOLW = mass fraction above which a material is treated as all solid (W = 1).
Notes

If a CJ burn is used for an HE, the MIX EOS is not used for partially de-
composed HE. Instead, the GAS EOS is used with the pressure weighted by 1-W.
For other burn methods (except for sharp shock which never allows partially

burned HE), partially decomposed HE (GASW<W<SOLW) is treated in the MIX EOS.
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OO0

12

11
20

21

51

22
30

40

52

SUBROUTINE USUP(T,J)

EQUATINN OF STATE FOR A SOLID USING USUP FIT
FOR TWO PHASE FE TYPE EQUATION OF STATE
IeEop C ANN S IN THE RELATION USsC+S*UP CHANGE

AT SPECIFIC VOLUME SwV

PARAMETER (MCL=500,ML=21,NGC=19,MLGCaNGC*ML ,MLDOWDT=20%ML,
+NUMV=10,MQL=( (NUMV+1)/3+1)*MCL+100,NDW=20,NCFu8,
+MXDUMP=30,NDXw24MXDUMP+2,)MTAB=L1 ) NTAB=MTAB*3742
+pNSM= 4y NWPM=3T2RyNSDENSMENNPM+132,ML2=100)

COMMON/CELL/R(MCLI JU(MCL) S VIMCL) »XI{MCL),
+P(MCL)»SX{MCL)»STIMCL)SEE(MCL) s TU(MCL) o Q(MCL)» XM(MCLIHIFLAG(MCL)

+oWIMCL)
LEVEL 2oR

COMMON/OVL/NDF,NTIsNPsNGo TENDs TPIML)» TG(ML)sUT»UF,UTIT,UFT,NAND,NH,
+IALPH)NDELT,LABEL(8)sNDUMP, IDMPyNM1,TD(ML)» TJK
COMMON/MISC/TIMESTICYCLSDTHNCL, IA9BU»BUI,F2,F3,4S

LEVEL 2,TIME

COMMON/ INIT/PTO (ML}, XMUIMLY s YO (ML) s XL (ML) s XV(YL) sNV(ML)»VO(ML),PO
+{ML)»TO(MLY ) ROWEML ), JMIN(ML2) s JMAX(ML2) ) IBRN(ML) »PLAPI{ML),DRO(ML),
+MAT (ML) UOIMLYSUTIML) »CTCFIML) ) QOC(ML) pTMLT(MLY , TMC (ML)

COMMON/USUPEL/CIIML)»S2IML)SC2IML)»S2(ML),SWV ML) sVMN(ML),

+GAMMA(ML) AL PIML)

COMMON/FGHTJIC/FSIMLY»GSIMLISHS (ML) »ST(ML)»SIIML),CVIML)
COMMON/BRNS/ZA(ML) »BRIML) »BA(ML), VBO(ML) ,VBSW ML)

DATA CF/1.3952R394E~5/
IF(V({JI.LT.VBSW(IY) GO TO 30

Barnes EOS for V < VBSW

IF(V(J)GT.VO(T))IGO TO 40 _Grlneisen EOS (with P = 0 reference) for

IFIVIJ)GT.SWV(IT}IGO TO 11
IF(V(JYLT.VMN{T))IGO TO 12
V(J)sVMN(T)

C=C2(1)

S=52(1)

GG 70 20

C=Cl(I}

S=S1(I)

VOMVeYN(TI)=V(J)

HP=((C/{VO(II=-SkVOMV) )*x%2)4VOMV+PO(]I)

HE= (HP+PO(T) )*VNMV%0,5

tension

2nd USUP fit used for phase change

] P,I on the Hugoniot

PLJ)sHP+IXT (J)=HE ) *GAMMALI)/V(J) Shift off the Hugoniot with constant vy
IF NO 4FAT CAPACITY SKIP TEMP CALCULATION

IF(CV(1))22,22,21
ALNV=ALOGIV(J))

TIY=(XT(J)=HF)*2389C, /CV(I}+EXP(FS{I)+ALNV*(GS(T)+ALNVH(HS(T)

LeALNVE(ST(T)I+ALNV.SJI(I)))))
RETURN
CONTINUE
CALL BRQST(I,»J) Barnes EQOS
RETURN
CONTINUE
IF(ALP(T))51,51,552
P(J)=PO(])

Temperature fit

T(J)-TO(X)] Default values for tension if « < 0

RETURN

PUI)a(GAMMA(T)I®(XT(J)#(1e=V(J)/VOLII)IRCV(IIRCF/ALP(I)))I/ZVIS)

T(J)=XI(JI*23R00,/CVIII+TO(I)
RETURN
END

EQS for tension

usup
usur
usup
USuP
usue
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INIT
us

us
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usue
usue
usup
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usur
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USuP
USUP EOS allows for two USUP fits with a phase change. At high density
the Barnes EOS is used. In tension, the Grineisen EOS with the P=0 line as
the standard curve is used.

Local Variables

C,S = constants used in USUP fit. US = C + SUP where US is the shock

velocity and UP is the particle velocity.

VOMV = Vo - V, where Vy 1is the initial specific volume (cm3/g).

HP = pressure on the Hugoniot for volume V.

HE = energy on the Hugoniot for volume V.

ALNV = 2n(V)

CF = conversion factor in the Griineisen EOS.
Notes

USUP EOS: For many materials, a plot of U, versus U, data is a straight

S P
line to a good approximation over the range of interest. The data is then fit

to the equation

US =C + SUP . ¢D)

This equation combined with the Rankine-Hugoniot equations gives sufficient
information to determine the Hugoniot pressure, PH’ and Hugoniot specific
internal energy, IH’ on the Hugoniot as a function of the density, p, initial
density, p¢, initial pressure, Py, and the initial specific internal energy, Ip.
The Rankine~Hugoniot equations (also called jump conditions) are given from
conservation of mass, momentum, and energy, and from the assumption that the
shape of the shock front is constant in time. (For a derivation of these
equations see, for example, Courant and Freidrichs, Sec. 54.) The jump con-

ditions are
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Py = Bo = PpUglp > (3)
U
(Iy - I9) -3 |eglUs = PoUp - (4)

After some algebraic manipulation, the four equations yield the results:

2
_ C
Py = (v - S(v, - v)) (o -V +2 (5)
0 0
and
= v -wne, +2) (6)
Iy = 2 ntlt o
where
-1 =1
V0 = po and V 0 . (7)
Of course, P and I are required off the Hugoniot too. The Griineisen gamma is ‘

defined as v = V(SP/BI)V. If v is known, a Taylor expansion around the Hugoniot

values for a given specific volume yields (to first order)

(1 - L)y
3P\ _
P = PH + (I - IH)(E)V = PH + v . (8)

For this subroutine, Y is assumed to be constant.

The temperature on the Hugoniot, TH’ is calculated by the method of Walsh
and Christian. For the USUP fit, an analytic solution for the Hugoniot tem-
perature can be found, but it involves an exponential integral. So, ln(TH) is

fit to a polynomial in 2n(V), that is,

fn T, = F+6(n V) + H(n V2 + I0n V)7 + 3@ 0* (9)
with the assumption that CV = (g—;) is constant, we obtain for temperatures ‘
v
off the Hugoniot
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T=T + —— . (10)

This temperature calculation uses approximately 10%Z of the CPU time per cell
per cycle. So, the temperature should not be calculated unless it will be
used (for example, melt criteria, mixture of solid and gas products, etc.).

In tension, the reference pressure, Pr’ is zero instead of PH' At V =V

the values of T and I are denoted Ty and Ii1, respectively. Using

aT 1

<§T>p "o (11)

and the assumption that CP and CV are indistinguishable and CV is constant,

we have for the reference temperature

_ r 1
'rr = Tl + - (12)
v
For P = 0,
C
3I\ _ P
(av)P 3V (13)

With a different assumption about Cy,

CP/BGV = CV/3ocV0 = constant , (14)

we have

CV

Ir = I1 + BaVO v - Vo) . (15)
For this reference energy and Pr = 0, the Gruneisen EOS becomes
Y S
P=V(I—11—W(V—VO)) . (16)
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Also,

T=T +—Fo— . a7

In order to have continuous P and T at I =0, V = V,, we find

-P .V
_ 00
I1 = Y (18)
and
PV
_ 00
Tl = T0 —CVY . (19)

It can be shown that (%\1%) will be continuous at V = V,, P = Py, for
S

'YCV = 3OLC2 . (20)

If this relation is not satisfied, there will be a "bend" in the isentrope.

For further details, see the memo "Consistent EOS Input for HOM" by J. N. Johnson. ‘
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SUBROUTINF GAS(1,J)

EQUATION JF STATE FOR GAS ONLY

110

PARAMETER (MCL=500,ML=21sNGCuL9pMLGCoNGCHMLyMLOWNT=20%ML ,
+NUMV=10,MOL « ((NUMV+1}/341)%MCL+100,NDW=20,NCFag,
+MXDUMP230,NDX=24MXDUMP+2s MTAB=1,NTABSMTAB®3742
¢sNSM=4yNUPMe3728,NSDaNSMENWPM¢132,ML28100)
COMMON/CELL/R(MCLYI»ULMCL)SVIMCL I XI(MCL),

+P(MCL)s SX{MCLY»SZIMCL)SEE(MCL)»T(MCL) »QIMCL I XM{MCL) s IFLAGIMCL)
+sW(MCL)

LEVEL 2,R

COMMON/OVL /NDF o NT 3 NP, NG TEND, TPIML) s TG IML)»UT»UF,UTT,UFT,NADDyNM,
+IALPH)NDELTSsLABEL(8)sNDUMP, TOMP,NM1sTD (ML) TIK
COMMON/MISC/TIME,ICYCL,DToNCLsIA»BUSBUISF2,F3,J4$

LEVEL 2,TIME

COMMON/GASC/GCINGC ML)

DIMENSION G(MLGC)

EQUIVALENCFE (GC,G)

Ks(I=-1)%NGC

ALNV=ALOG(V(J)) 2n V
ALNPI;G&ﬁOl)*AlNV#(G(K#Z)*ALNV#(G(K¢3)+ALNV‘(G(Koh)oltNV#G(KoS))
1) n Py
ALNTInG(KeO)+ALNPTIH(GIK+TI+ALNPI*(G{K+B8)+ALNPTI*{G(K+9)+ALNPT*G (K
1+410))))  &n 1§’

ALNTISG(K411)+ALNV*{GIK+12) +ALNVH(G(K+13)+ALNVH(GIK+16)+ALNVRG(K
1415)))) an T4

EI=EXPCALNTTYI=G(K+17) Ij
PUII=EXPCALNPT)(ET=XI(JII/V(II*(G(K+12)+ALNVR(G(K+13)4G(K+13)+
LALNVE(3,%G(K4146)$ALNV#4,*G(K+15))))  P=P; + (I-1)/8V
TOI)V=EXPCALNTII#IX TC(JI=-EL)#23890./6(K+16) T = T; + (I - /¢
RETURN

END

GAS
GAS
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
GC
GAS
GAS
GAS
GAS
GAS
GAS
GAS
GAS
GAS
GAS
GAS
GAS
GAS
GAS
GAS
GAS
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GAS
Calculates the EOS for gases using analytic fits to the results of the
BKW code. By special choice of constants, a y-law gas EOS may be calculated.

Local Variables

G = one-dimensional array equivalenced to the two-dimensional array GC.
K = index to locate the data for region I in G.
NGC = parameter = # of gas constants per region.

ALNV = fn Vg'

ALNPI = fn P, .
ALNII = fn Ii.
ALNTI = fn T,.

4
EL =1, - 2=1,.

Notes

The BKW equation of state for the gaseous products is
PVg/RT =1+ xe™ | (1)
where Vg is the molar volume of the gaseous products and

kk

X = (2)
V (T + 8)
g .
where
k=3 xk (3)
g
with X = rri/ng being the mole fraction of gaseous compound 1, ki is a con-

stant covolume for that compound, and k,a,R are constants fit to reproduce

detonation data. Also, there may be solid products such as graphite. The

mole fractions will vary with volume and temperature. The equilibrium ‘
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composition is calculated by minimization of the Gibbs free energy.

does not permit a complete discussion of the EOS calculation in the BKW

Space

code. The interested reader is referred to Appendix E of Numerical Modeling

of Detonations by C. L. Mader. Analytic fits are made in the BKW code to

reference values of pressure (Pi)’ specific internal energy (Ii) and tempera-

ture (Ti) on the adiabat going through the CJ point.

given by
gn P, = G, + G.(20.V) + G.(2n V)2 + G, (%a V)3 + G.(2n M
g =6 *GUn 3 4 5 ,
gn I' =G, + G.(fn P.) + G.(2n P.)2 + G.(2n P.)°> + G, .(%n P)*
1 =6 6 1 8 1 9 i 10 9
fa T, = G+ G, (V) + G.(aW)Z + ¢, (0 3 + ¢ (a0 V)
1= 61t 6 13 14 15 ,

[}
[

exp (2n I;) -z ,

The fits used are

(4)

(5)

(6)

(7

where Z is a constant such that Ii has the same energy zero as the solid EOS.

Also, Z can be used to keep I; positive when making a fit.

The Grineisen E0S is

= Y -
P Pi + v (T Ii) ’

where
3P
Y= V(gf
We can use the thermodynamic relation
o) - az)(a_S) - - L)
o1 v EH v oI v T\JV g

to write v in terms of the function B defined by

A

(8)

©))

(10)
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1 9 4n T) VBT)
-z =l = sy s (1)
B aznvs Tavs
giving

=1 A
Y = R . (12)

We can readily evaluate B since 2n Ti on the adiabat is fit as a function of

2n V. The result is

2 3
+ 2Gl &n V + 3G14(2n " + 4G15(£n V) . (13)

=649

|-

3

The pressure is then given by

P=P, +——= . (14)

With the assumption of constant CV’ the temperature is

~ (I -1
T=T, + - (15)
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SUBROUT INE SSRBGAS(IsJ)

SHARP SHOCK SURN

PARAMETER (MCL#500,ML®21)NGC=19,MLGCoNGCHML,MLDWNT=20%ML,
+NUMVS10,MOLs((NUMV 1) /341)%MCL+100,NDN=20,NCFu8,
+MXDUMPa30,NDXe2¢MXDUMP+2sMTAB=1,NTABSMTAB*3742
+sNSMeiyNWPMa3728,NSDeNSMENWPM+132,ML22100)
COMMON/ZCELL/ZR(MCLY JU(MCLI s VIMCLY»XTI(MCL)

+P(MCL)» SXIMCL) pSZIMCL)»EE(MCL) »T(MCL) »QEMCL) » XM(MCL) » TFLAGIMCL)
*oN{NMCL)

LEVEL 2R

COMMDN/OVL/NDF NI o NP NGy TENDs TPIML) pTGIML) JUI UF,UTT,UFT,NADD,NM,
+TALPHSNDELT,LAREL(8) s NDUMP,IOMP)NM1,TD (ML), TIK
COMMON/MISC/TIMESICYCL)DToNCL)IASBUSBUISF2)F3,5JS

LEVEL 2,TIME

COMMON/ INTT/ZDTOC(MLY s XMUCML) s YOUML) s XL EML) o XVIMLY pNVIML),VO(ML),P0
(ML), TO(MLI ) RON (ML) ) JNIN(ML2) ) JMAX{ML2) pIBAN(ML) »PLAP(NML),DRO(MLY,
SMATIMLY S UOIMLYSUTEML) 5 DTCF(ML) »QO0(ML) » THLT (ML) s THC (ML)
COMMON/GASC/GCINGC ML)

COMMDN/ES/IE(ML2) y NME

COMMON/BUX/BUA,BUB ,BUMAX ,BUDV (ML)
+5BUR,BUD

COMMON/ENSN/ZTEDS ML), MECML)

DIMENSTION GIMLGC)

EQUIVALENCE {GCsG)

II=1E(T)

IF(IEDS(T).20,2)60 TO 2

Ke{I=1)8NGE

ALNVSALOG(VIJ)Y 2n V
ALNPISG(K+1)+ALNVH(GIKS2)+ALNVH({G(K+3 )¢ ALNV*(G(K+4)
++ALNV#G(K+5))))  2n Py
ALNxt-ctxob)oatnort(c(x+7)¢ALpr¢(c(xos)oALNott«s(Koq)
++ALNPI®*G(K¢10))))  2n Tj

EISEXP(ALNII)=G(K¢17) I;

SIPsEXP(ALNOT) P,

GAVe (GIK+12 )4 ALNVH (G (K+13)$2¢ALNV#(3%G (K414 )+ SLNVH4*G(K+15))))
+IVIS) -1/8V

P(JI)Ie(SIPH+FI*GAVI/ (140,5%(VO(1)=-VLJ))*GAV) P on Hugoniot
XI(J)e0,5%P(J)*#(VO(I)=V(J)) I on Hugoniot

RETURN

CONTINUF Buildup EOS

WPCJ=BUDV(TI®*ROV(II/(T(JI+1.) PCy

WVCJsT(JI*VO(IIZ(T(J)el,) cJ
WBI=T(J)I®(T(J)=2,32)/(T(J)=-6) 1/B

WKe=0, 5%8UNV(T)/(T(J)*T(I)=1,) I,

WPI=WPCJ®(WVCI/VIJ)I®*T(J) Py
PUJI)(WPI=(WK+WPIRV(JI/(T(I)=1))/(WBI*V(J)))/ P on Hugoniot

+(1=-(VOLTITI=V(JII)/(2oURIRV(J)))

XI(J)aP {J)*(VOLIT)=V(J))I/2 I on Hugoniot
RETURN

END

SSBGAS
SSBGAS
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INIT
GC

ESM
BuUP
BUP

EN
SSBGAS
SSBGAS
SSAGAS
SSBGAS
SSBGAS
SSBGAS
SSBGAS
SSBGAS
SSBGAS
SSBGAS
SSBGAS
SSBGAS
SSBGAS
SSBGAS
SS8GAS
SSBGAS
SSBGAS
SSBGAS
SSBGAS
SSBGAS
SSBGAS
SSBGAS
SSBGAS
SSRGAS
SSRGAS
SSBGAS
SSBGAS
SSBGAS
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SSBGAS
Calculates the pressure and specific internal energy for a cell that has
Just been burned using the sharp-shock burn method. The pressure and specific
internal energy are calculated on the Hugoniot for the HE products at the
given volume.

Local Variables

G = one—-dimensional array equivalenced to the two-dimensional array GC
K = index to locate the data for region I in G

NGC = parameter = # of gas constants per region

ALNV = n Vg

ALNPI = 2n Pi

ALNIT = 2n I;

= 1 -— =
EI Ii z Ii

S;p = %y

1
GAV = - BV

Notes

In the sharp shock burn (see subroutine SSB for more details) a cell is
compressed to CJ volume without going through the hydrodynamic equations.
So, it is necessary to find the Hugoniot pressure, PH, and specific internal
energy, IH, from the jump conditions and the equation of state. The jump

condition for specific internal energy is

1
I = Z(VO - V)(PH + Po) . (1)
For detonations, PO is negligible. The equation of state for the HE products
is
P=-i(I-1,) +FP (2)
gV i i?
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where Ii and Pi are functions of volume only (see subroutine GAS). By using

IH from Eq. (1) for I in Eq. (2) and solving for P = PH, we have

P, - I,/BV
T TS v, - /28 - )

Then using the value of PH’ IH follows from Eq. (1).

175




176

c

SUBROUTINF MIY(I,J)

EQUATION 9F STATE FNR MIXTURE OF SOLID AND GAS

210

215

220

225

230

235

236

240

PARAMETER (MCL=500,ML=21,NGC=19,MLGCaNGC*ML,MLNYDT=20%M|,
+NUMVS10,MOLs((NIMV+1) /341 )sMCL+100sNDW=20,NCFe8,
+MXDUMP=30sNDX=2%MXDUMP42,MTABe 1, NTABaMTAB%3742
+sNSMeby NUPMe3I 728, NSDaNSMENWPM¢132,ML2=100)

COMMON/ZCELL/R(MCLY »UCMCL)»VIMCL)»XI(MCL)>»
+P(MCL)sSX(MCL)»SZIMCLISEE(MCL)»TIMCL)Y »Q(MCLY pXM(MCL)Y,IFLAGIMCL)
4+ W(MCL)

LEVEL 2R

COMMON/NVL/NDFyNTIs NPy NG TEND)TP(MLI»TG(ML)»UT,UF,UTTI,UFI,NADN,NNM,
+IALPHONDELTHLARFL(8) o NDUMPIDMPoNML,TD(ML)»TJK

COMMON/MISC/TIME, ICYCLIDToNCLoIA»BUSBUI,F25F3,JS

LEVEL 2,TIME :

COMMON/INIT/DTO(MUY»XMUCMEL)» YO (ML) o XL (ML) s XV ML) NV(ML),VO(ML),20

ML S TOIMLY S ROVIML ) ) JMIN(ML2) » SMAX(ML2) s IBRN(ML) o PLAP(MLY,DRO(MLY,

+MAT (MLYoUO(MLY UTUML) »DTCF ML) »QO(ML) » TMLTIML) »THC (ML)
COMMON/ZUSUPC/CLIML) »SI(ML)»C2(ML)»S2(ML)sSWV ML) ,VMNIML),
+GAMMA (ML) yALP(ML)

COMMON/GASC/GCINGE,ML)
COMMON/FGHTJC/FS(MLY»GSCMLISHS(ML)»ST(ML)»SJIIML),CVIML)
DIMENSINN G(MLGL)

EQUIVALENCF (GC,G)

DIMENSINON VTT(10)

DATA VIT(3)/1.,F=5/ Tolerance for solution: pressure equiliprium within
DATA VIT(10)/0./ 10-° Mbar

DATA VG6S58/0,65/

XLM=1,01%VO(I)#(S1(I)=-1,)/51(1) 1.01 times V at which Hugoniot pressure
Ke{I=1)%NG( is infinite
CMWa]l ~-W(J)

OMWR=1,/70MW

IF (V{J).LT.VO(T)) GO TO 230 Iterate on Vg for V < Vg5 Vg for V > Vj
WR=1,/4(J)

VIT(L)=(V(J)=V(JII*VO(I)*VGSS)*#OMUR Ist guess for Vg: assume =

VIT(2)=0,998 Ratio to get next point VBSS*VO(I)
IBR=]1 BNR ITEPATINN DN VG
I1BR=1

CALL LFB (XeFyVIT) One step of iteration

IF (VIT(10)) 900,260,220 Error, solution, continue iteration
IF (X.LEsD,) ~0O TN 225 For fixup when X = Vg becomes unphysical
VGe X
VS=(V(J)-0MU+VG)#WR New values for Vg, Vs

IF (VS.LF.0.,) GN TQ 225 For fixup

60 T0 250

SET VSsVGaVILUMFE WHEN GET IN TROUBLE

VS=v(J)

VG=V({J) Attempted fixup when iteration gives unphysical values
XsV({J)

60 TO 250

VIT(1)=V(J) 1st guess for Vg
VIT(2)=.,999 PRatio to get 2nd point
IBR=2 FOR TTERATINN ON VS

IBR=2

CONTINUE
ii:;;ﬂ}%g;?;;"o'x'GT'XLH’GO T0 2361 pon't allow Vs to get near or
GO TO 240

CALL LF2(XsFpVIT) (One step of iteration
IF (VIT(10)) 900,260s240 Error, solution, continue iteration
IF (X.LE.O0.) GN TN 225 For fixup

below the singularity in pressure

MIX
MIX
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INIT
us

us

GC

FG
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
mIx
MIX
MIX
MIX
MIYX
MIX
MIX
MmIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
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VS =X ] New values for Vs,Vg
Ve (V(J)=W(J)*VSI*EDOMWR

IF (VG.LE.O.) GO TO 225
CALCULATE TFEMPFRATURE/PRESSURE DIFFERENCE FOR MIXTURE ITERATION

250 VOMV=VO(I)-VS

HP= ((CL(T)/(VO(TI-SIC(I)#VOMV))#+2) V0NV Py
HE = (HP=PA(I))%VOMV*0.5 Ij
ALNVY=ALDG(VS) tn Vg

HTSEXP(FS(T)+ALNVE(GS(I)+ALNV*(HSTT)}+ALNVEIST(I)+ALNVESI(T)I)))Y TH

ALNVSALOGIVG ) &n Vg

ALNPISG(K+1)+ALNV*(GIK+2)+ALNVH{GIK+3)+ALNV*(G(K+4)+ALNVEG(K+5))))
IFCALNPT oL T . GIK+19) JALNPI=nG(K+¢19) 2n P;, limit of validity on &nlj fit

EJSEXP(G(K+5)+ALNPI® (G(K+7)+ALNPI#(G(K+8)+ALNPI#*{G(K+G)+ALNPT#G(
1K+20)1)) )=

16UK+17Y 1§

PIsEXPCALNPTY Pi
TISEXP(G(K+11I+ALNVH(G(Ke12)+ALNVH(GIK+13)SALNVEIGIK+14)+ALNVHG(
1K+15)001) Ty

IFCALNYGT,GIK+1R))ALNV=G(K+18) Limit of validity of 1/8 fit
BETERe=(G(K+12)¢BLNV#(G(K+13) 4G (K413 )+ALNVE (3, %G (K+14) 44, %ILNVEG
1(K+15)))) 1/8 .

TEMP=-G(K+16)*RETER/VG -Cy V/BVg

TEMPR aGAMMALTY*CVII)/VS  YCy/Vs .
Fo~(HT#TEMPLATISTEMP)*4,18585182E=5 -[(THYsCy/Vs) - (TiCy/BVg)]
TEMPaTEMP4TEMO]  Equilibrium temperature ,

VSTO= (SV(T)=GIKe16))0u(I)+6LK+16) WC, + (1 - W)Cy
Fo((OMU*GIKI1AISTI+W(JI)PCV(II*HTI#4o185685182E=5+ (ET=HE)*W(J)=ET+
1XI(J))*TEMP/VSTN+F=PI+HP  Pressure difference = f;(x)

GO TO (215,235),18R

HAVE FOUND A SOLUTICN FOR THE MIXTURE

GET THE TEMPERATURE AND PRESSURE

260 VARST=((((TI-HY)*G(K+16)%4,18585182E~54XI(J)*OMWR=FI)*CV(I)+HE*G

1(K+16)VROMU/VSTMI=HE | - Iy
P(JI=HPHVARSTHGAMMA(T)/VS ] Output P,T
T(J)=HT+VARST*23R90,/CVLIL)

RETURN

ERROR IN HOM ITERATION SET IND TO -1

INDs~1

PRINT Q01 TIMF,T9JsXsFsVITsVS,»VG,IBR

FORMATI1X,10H HOM ERRDR)E12.¢5521594E12.5/710F12,5,15)
RETURN

END

MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX

MIX
MIX
MIX
MIX
MIX
MIXY
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MTX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
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MIX (1,J) ‘II’

Calculates pressure and temperature for a mixture of solid and gas where
temperature and pressure are assumed to be in equilibrium. The equations of
state for the solid and gas are described more fully in USUP and GAS,
respectively.

Local Variables

VIT = array of dimension 10 used by LFB (q.v.) for the iterative solution.

VGSS = relative specific volume assumed for the solid for the first
guess when iteration is on Vg'

K = index to locate the data for region I in G.
oMW =1 - W.
-1
OMWR = (1L - W) .
WR = 1/W.

IBR = 1 for iteration on Vg; 2 for iteration on Vs'

X = current value of the iteration variable: updated by LFB,
F = current value of the iteration function: calculated in MIX.
VG =V _.
g
Vs =V _.
s

HP PH.
HE = IH.
T, -

HT

H
AINV = n V_or &n V. .
g s

ALNPI = 2n Pi.

EL

I
H

PL = P
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TEMP1 = YSCV/VS.
VSTO = WCy + (1 - W)Cy.
VARST = I -~ IH in equilibrium.
IND = error index.
Notes
The solid equations used are
?(vy - V)

P, = s (1)
H 2
Vg - 8V - V)]

_ 2 3 4
fn T, =F_+G_ fnV_+ H (In V)" + I_(fa V)~ + J (V)" (2)
=lp (v -v) (3)
=720 -V
YS
P = V; (IS - IH) +P (4)
Ig = Iy
- -]
T, =Ty + ——?i;——— . (5)

where the s subscript denotes quantities associated with the solid.

The gas equations used are

_ 2 3 4
fn P, =A+B2n vg + C(&n vg) + D(&n Vg) + E(2n Vg) , (6)

. 2 3 4
n Ii = K + L(2n Pi) + M(%n Pi) + N(&n Pi) + 0(%n Pi) , 7
I, = I; -z , (8)
T, =Q+RAV +S®V)Z+TWn V) +0n v , (9)

i g g g g
1 2 3

-8 = R + 2S(&n Vg) + 3T(fn vs) + 4U(4n vg) s (10)
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Pg = BV (I Ii) + Pi s (11)
I - Ii
T =T, + T ’ (12)
g i C
v
where the g subscript denotes quantities associated with the gas.
The equilibrium conditions are
P = Pg = Ps s (13)
T = Tg = TS . (14)
where P and T are the pressure and temperature of the mixture.
Two more relations are easily derived from the definition of mass
fraction:
V= WVS + (1 - W)Vg , (15)
I=WI_+ (- w)Ig , (16)
where V and I are the specific volume and specific internal energy of the
nixture.
Multiplying Eq. (5) by WCV and Eq. (12) by (1 - W)C& we have, after
adding and substituting Eq. (14) and Eq. (16),
t
[x - (WIH + (1 - W)Ii) + WCVTH + (1 - W)CVTi]
T = ; s 17)
WCV + (1 - W)CV

which is an expression for the equilibrium temperature as a function of VS
and Vg (which are related by Eq. (15)).

Combining Eqs. (4), (11), and (13), we have

Y_S(I_ ) + P =——1—(I-I)+P (18)
v, s Ty H ng g i i




Combining Eqs. (5), (12), and (14), we have

C, (T - T,) (19)

V( H

Ig - Iy

and

-
|
L]
It

. C;(T - 1) . (20)

So the equation for pressure equilibrium (with equilibrium temperature T

from Eq. (17)) may be written in the form

1
Ysovlm _ SvTi) _
v BV '
s g

YsCV C;
f(Vs,Vg) =P -~ P, + >T (21)

H™ 1 v BV,

Using Eq. (16), this equation can be reduced to either of two functions of

one variable:

fl(vg)

V- Q- W)Vg
f( W s Vg) =0 (22)

or

I

V- Wv
f(VS s T—:W—s) =0 . (23)

Since the pressure for the mixture is always positive, VS will not get

£,(V))

much lafger than V0 (thermal expansion at low pressure). So, for V > Vo,

f2(Vs) will be very sensitive to the value of VS. Therefore, Eq. (22) is

solved for V > V0 and Eq. (23) is solved for V < VO'

by an iterative technique, basically the secant method, described in LFB.

The solution is found

The method requires two starting points to be stored in VIT(1l) and VIT(2)

where X = VIT(1) and x,

chosen to be V. For iteration on Vg’ VIT(1l) is chosen such that Vs is

= VIT(1l) *VIT(2). For iteration on VS, VIT(1) is

Vb=*VGSS. Sometimes the iteration will begin to diverge and give unphysical
values such as negative VS or Vg' The standard fixup is to set Vg = VS =V
which does not always work. Currently, if the iteration fails to converge,

the old values of P,T are used and an error message is printed. Usually,
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for cases where the iteration fails to converge for several cycles for the '

same cell, the problem will become unstable and an error (usually due to a
negative volume) will occur, stopping the problem.

Two of the fits used in the GAS equation of state are not always
accurate for large Vg' The constants G(K + 18) and G(X + 19) provide limits
on the valid regions of the fits. Further detail can be found in GASLM.

The function f is the difference in pressure of the gas and solid when
they are in thermal equilibrium. So, the value of VIT(3) (which is the
tolerance allowed in a solution) is the absolute limit of the accuracy in mega-

bars. The standard limit is 10_5 Mbar.
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SUBROUTINE LFBIXP,FP,TX)

TX(1) INITTIAL GUESS
TX(2) RATIN TO GET SECOND POINT
TX(3} ZERN DEFINITION

TX(10) COUNT OF NUMBER OF ITERATIONS
SEY TN ZERQ ON SOLUTION

SET TN NEGATIVE OF COUNT ON ERRNR

FP =FUNCTION(XP)
WHEN A SOLUTION IS FOUND, XP IS THE ROCY

ERROR EXTITS NCCUR FOR

1. TOO MANY ITERATIONS, +GT,CNTMAX

2. TWD SUCESSIVE XP S DR FP S ARE FQuAL

DIMENSINN TX(10)
DATA CNTMAX 7100,/
IF (TX(10).LE.0,) GO TO 1
TX(10)=sTX(10)+1,
IF (TX(10)=3.) 253,64
ENTRY FIRST TTME THRMUGH
1 TX(10)e1,
IF (TX(1).E0,06) TX(1) = 1,
XPeTX (1) Xq
60 GET F(XP) f(xg)
RETURN
ENTRY SECOND TIME THROUGH
2 Txt9)=Fp f{xq)
TX(8)=XP Xq
TX(5)=FP
IF (ABS(FP),LT.TX(3)) GO TO 18 Solution?
XPsTX(1)*TX(2)  xq
GO GET F(XP)
RETURN
ENTRY THIRD TIUF THROUCH
3 TX(5)1=F0  f(x])
TX(6) =P X1
TX({4)=X® X
TX(7)eFP flx])
IF (ABS(FPY,.LT,TX(3)) GO TO 18 Solution?
XPeTX(5)=TX(T)I*(TX(6)=TX(B)I/{TX(?)=TX(9))
GO GET F(XP)  f(x2)
RETURN
ENTRY FOR FOURTH AND SUCEEDING TIMES THROUGH
4 IF (TX(10).GT.CNTMAX) GO TO 99
TX(4)mXP X
TX({5)eFP fZ.Xi)
TaTX(4)=TX(5) Xj = Xj.]
IF (T.EQ,0.) GO TO 99
IF (ABS(FP),LT.TX(3)) GO TO 18 Solution
ReTX({S)=-TX(T?)  f(x{)- F(xj-1)
IF tR.EQ.0.) GO TO 99
XPsTX(4)-TX(S)*(T/R) xj4] by Eq. (1)
IF (TX(51%TX(7).LT.0.) GO YO 11
IF (TX(5)#TX(9).GF.0.) 6O TD 11| See notes
IF (XP.,GT.TX(4)) GO TO 6
IF (XP.GT.TX(8)) GO TO 10
8 XPSTX(4)=TX(5)*{TX(4)=TX(8))I/(TX(5)=TX(S))
10 TX(7)aTX(5)
TX(6)sTX(4) See notes
GO GET F(XP)
RETURN

x2

X34 by Eq. (2)

LFB
LFB
LFB
LFB
LFB
LFB
LF8
LFB
LF8
LFB
LFB
LFB
LFB
LFB
LFe
LFB
LFB
LFB
LFB
LF8
LFe
LFB
LFB
LF8B
LF8
LFB
LFB
LFB
LFB
LFB
LFB
LFB
LFB
LFB
LF8
LFB
LFe
LF8
LFe
LF8
LFB
LFB
LFB
LFB
LF8
LFB
LF@
LF8
LFB
LFB
LFB
LFB
LFB
LFB
LF8
LFB
LF8
LFB
LFB
LF8
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6 IF (XP.GT.TX({R)) GO TD 8

G0 70O 10

11 Txm)-rxtn]
TX(8)=TX(6) See notes
GO 70 10

HAVE FOUND A SOLUTINN

18 TX(10)=0, Index for solution
TX(1)=XP
TX{(4)=XP
RETURN

AN ERROR H4AS OCCURED

SET COUNT NEGATIVE AND EXIT

99 TX(10)=s-TX{10) Index for error
RETURN
END

LFB
LF8
LFB
LF8
LFB
LFB
LFB
LF®
LF8
LF8
LFB
LFB
LF8
LFB
LF8

62
63
b4
65
66
67
68
69
70
71
72
73
L)
75
76




LFB(XP,FP,TX)

A two-point iteration scheme to find the zero of a function of one
variable. The iteration is a slightly modified form of the secant method.
This method is faster than Newton-Raphson iteration for the case where the
time required to evaluate the derivative is longer than 0.44 of the time
required to evaluate the function.

Local Variables

XP

estimated value of the root from the previous iterative step.

FP value of the function at XP.

TX = array containing current and previous values of XP and FP.
Also, TX(1) = initial guess for XP; TX(2) = ratio to get second

XP; TX(3) = error limit, TX(10) = count of iterations.

L
]

TX(4) - TX(6).

=]
0

TX(5) - TX(7).
Notes

The secant method for finding a root of f(x) = 0 is given by

X, - X
i 1-1)
X, =X -<——_— i o (1)
i+l i Yy Vi1 i

where vy = f(xi). Two points, X, and Xy, are required to begin the iteration.

The secant method is used in LFB with the restriction that if YYio1 > 0

and YiYio < 0 with L

+1 not between X; and X5 99 then

i
X, . =%x, - [— )y, . (2)
i+l i (yi yi—Z) i

This modification treats the case where a root is known to be between

x, and x -2 from the fact that yiyi_2 < 0. 1If vy > 0, then there is the

i i i-1
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possibility that x from Eq. (1) is not between Xy and Xy o (If that is .

i+l

the case, then Eq. (2) is used for x , Which will then give x between

i+2

X and xi—Z') This modification helps avoid divergence of the solution in

some cases. When Eq. (2) is used, x

i+1

is replaced by x and Vi1 is re-

i-1 i-2

placed by Yio° The relation of X, and vy to TX in the code is as follows

TX(4) = X,
TX(5) =y,
TX(6) = x;_;
TX(7) = y;4
TX(8) = x,_,
TX(9) = v, ,
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SUBROUTINE RFOST(I,J)
BARNES SOLTD EOUATION OF STATE

ROUTINE SEYS VOLUMES GREATER THAN VO TO VO AND ENERGIES LFSS

THAN 2ERQ NPEGOPEE ENERGY TO ZERD CEGREF ENERGY
REAL NpNUsIC

PARAMETER (MCL=500,ML=21,NGC=19,MLGCaNGCHML, MLDWDTu20%NML,
+NUMVe10, MO = ((NUMV+1)/3+]1)*MCL+100,NDWe20,NCFe8,

+MXDUMP=30,NDY=24¢MXDUMP 42, MTAB=1,NTAB=MTABX3742
+yNSMabyNWPMa3728)NSDaNSMENWPM+132,ML2=100)
COMMON/CELL/R(MCLISULMCL)Y>VIMCL)Y ,XI(MCL ),

+P(MCL)»SXIMCL)»SZCMCLIPEE(MCLY»TIMCL) »QCMCL)» XM(MCL)» IFLAG(MCL)

+oWiMCL)
LEVEL 2,R

COMMON/OVL/NDFsNTpNPoNGos TENDs TPIML) »TGIML)I,UT,UF,UTT,UFT,NADD,NM,

+IALPH NDELT, LAAFL(8)sNDUMP, IDMP,NM1,TO{ML)» I JK

COMMON/MISC/TIMESICYCLSDTSNCLyIA,BU»BUIF2,F3,JS

LEVEL 2,TIME

COMMON/RENS/A(ML) »BRUML) »BA(ML) ) VBO(ML) ,VBSWIML)

DIMENSTON F1BR(ML),EXBR(ML)

VOLUME CAN NOT AF GREATER THAN VO

DATA E1BRyFXRR/ML*0,,)ML*0,/

IF(E1BR(TI)NF.N.)GO TO 10

E1BR(I)=EY(RR(T)) . :

En“”_"”“””] Constant for a given material

CONTINUE

vvev(J)

IF(VVGT.VRO(T)) VVeVBO(I)

NaVvBO(I)/V 7

CRN = N®#(1,73,) nl/3

NU = 1, = 1,/C°N v

EBRNsEXP (82 (T)#NU)  exp(bny)

EBAN=EXO(RA(I)*NU) exp(bav)

PCOA(I)*(CPONKIRNS®*S_FBANSCRN*CRN) Pc
GMe=1¢/3,414/18.*( (EBRN*# (8, #BR(II*CRN®®SG v
+418,¥CRN**54BR(II*BRIII*N)+EBANS
+(=2.,%BA(T)I*CON=RA(TI)*BA(I)) )/ (EBRN*(CRN**5
+41,/3,¥BR(T)*CRN**4)-EBAN®]1, /3, #CRN*BA(I)))
BON=BRIIV/CRN  bm~1/3

IC=3,/72,%ALT}*VAO(T)* (EBRN* (CRN*#2-BR(I) ¢
+ECRN)#RR(T)=1,4{2,/BA(I))*({1.~EBAN)
+=BR(IV*BRITI*EXBR(II*(EIBRC(II=CE1(BON)))

ENERGY CAN NNT RE LESS THAN ZERDO DEGREE ENERGY
IFIXI(IYLTICIXTI(J)=IC
P(J)sPCeGM*(XTI(J)-IC)/VV Pressure output
PZePC

RETURN

END

BEQST
BEQST
BEQSY
BEOQOST
BEOST
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
BRN

BEQST
BEQST
BEQST
BEOST
BEOST
BEQSTY
8EOST
BEOST
BEOST
BEQST
BEOST
BEOST
BEOSTY
REOST
BEQST
BEOST
BEQSY
REOST
SEQSTY
BEQST
BEQST
BEQST
BEOQST
BEOST
BEQST
BEQST
BFQSY
BEQST
BEQSY
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BEQST(I,J)
The Barnes EOS is used for the high-pressure region where the USUP fit
becomes unphysical.

Local Variables

VV = AMIN (V(J),VBO(I)).

\'
N=n = ??-,whereV'==VBO(I), V = V(J), and N is declared real.

0
CRN = nl/3.
NU=v=1- n—l/3. NU is declared real.
EBRN = & %',
EBAN = ¢ 2.
PC = Pc = An2/3(nebrv - ebav) = pressure on the zero-degree isotherm.

GM = vy calculated by the Dugdale-MacDonald formula using Pc'
BON = b n‘1/3.
r
IC = Ic = specific internal energy of the zero-degree isotherm. IC

is declared real.

Notes

The Morse potential has been modified by Barmes to give the proper

5/3

(i.e., Pxp for free—electron gas) form at very high pressures. The

pressure on the zero-degree isotherm, Pc’ is given by
byv b,V
P, = an2/3(£e " _e? ) . 1)

where n = VO/V s, v=1- n_l/3

, and a, br’ and ba are constants. The
constants a and br are usually chosen such that the repulsive term matches
the Thomas-Fermi-Dirac (TFD) pressure at n = 1 and n =10, réspectively. The

TFD pressure is typically fit within 2% over the range 1 < n < 15 by this




repulsive term. Given a and br’ then ba is chosen to match the experimental

isothermal bulk modulus, BO, using
<ch> 1
B =\|\-— ==a(3+b_-b) . (2)
0 dn n=1 3 r a
The specific internal energy on the zero-degree isotherm, Ic, is given by
v
Ic—-f P AV . (3)
Yo
Changing variables ton = VO/V gives
ne LY by - bgv
I =v €M) 4n = ay (n 3PV pmh/3 e )dn . %)
c 0 1 n2 0 A

-1/3

Further change of variables to x = n =1 -V gives

(]
[l

A dx

n 1/3 xebr(l x) _ x+4eba(l X)
-3av
0
1 X

3 _ brv( 2/3 _ 1/3) _g_( _ bav)
+2 V0[1+br+e n br'n +bal e

2(\_ _—1/3]
"br([ By (o) | = [E; o 723 )] , 5)
t
where Ei(x) = f x _et dt is the exponential integral.

The Griineisen y is computed using the Dugdale-MacDonald formula:

1 y.az(Pv2/3)/av2

'Y = am —— -
3 2 a(PV2/3)8V

, (6)

or in terms of n,
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3,2

T]2 2 (PVZ/ y + nz 3 L. (PV2/3)
on
Y =-7 + 2/3 > (7)
2 (PV ')
on
where
/3 - 2/3( rV _ gbavy (8)

.After evaluating the derivatives and multiplying numerator and denominator

by n_l/s, we have
(18n +8b n"/3 +b n) ( bi)
y=-% (9
br\)( 5/3 4/3) ba\)( ba 1/3)
b.n + -3
r : 3
The pressure is then evaluated using the Grineisen EOS with Pc and Ic as
reference pressure and specific internal energy, respectively,
= m -
Pc + v (I Ic) . (10)

0

Care must be taken in choosing the volume, VBSW, below which the Barnes
EOS is used instead of the USUP EOS. The Barnes y depends on volume and the
USUP y is constant. So, for a given volume the two Y's are generally not
equal. That means there is only one value of I which gives a continuous
pressure at VBSW. Therefore, a value of VBSW chosen to give a continuous_
pressure on the Hugoniot will not give a continuous pressure along a typical
adiabat. So, VBSW may need to be different for different problems. The error
due to a wrong choice of VBSW will be enhanced as VBSW decreases. This is
’“,due(primarily to the increased values of I with smaller volume.
The usual choice of VBSW is to match pressures at the Hugoniot. Using .

the Hugoniot energy equation
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—

‘ E, = % (Vg - By =5 V,((n - 1)/n)py (a1

and the Grineisen EOS, we can solve for the Hugoniot pressure

b - P, - Y(n/VO)Ec
H 1-vy(h-=-1)/2

(12)

and compare with USUP Hugoniot to find the proper choice for VBSW.
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1
10

20

SUBROUTTINE aLDYD(T,J)
PARAMETFR (MCL2500,MLs21sNGC=19yMLGC=NGC*ML,yMLDWDT=20%ML,
+NUMV=10,MOL={ (NIIMV+1)/341)%MCL+100,NDW=20,NCF =8,
+MXDUMP=3D,NDX = 24UXDUMP+2,MTABa]1,NTABSMTAB%3T742
+oNSH=4yNWPM=372R,NSD=NSMENWPM+132,ML2=100)
COMMON/CELL/RUIMCLI,SUIMCL)»VIMCL)»XI(MCL))

+P(MCL)»SX(MCL)»SZIMCLISEE(MCLI»TIMCLY »Q(MCL) o XM(MCL)»TFLAGINCL)

+oW(MCL)
LEVEL 2,R

COMMON/ZOVL/NDEsNT o NPy NG TEND» TP (ML) »TGIML) sUTsUFSUTTI)UFIsNADDoNM,

+IALPHINDELTSLABEL(8),NDUMP,IDMP,NM1,TD(ML)y TJIK
COMMON/MISC/TIMEL,ICYCLIDTYHNCLyIA»BU»BUISF25F3,JS

LEVEL 2,TIME

COMMON/INTIT/DTO(ML }o XMUCML) » YO UML) o XLEML) o XVIML) sNVIML)I»VO(ML) PO
+(ML) > TOCML) s ROWCML ) g JMINCML2)» JMAX{ML2) pIBRN(ML) ,PLAP{ML),DRO(ML),

+MATIMLY sUO(MLY UT(ML)»DTCF (ML) »QO (ML) » TMLT(ML) »TMC (ML)
COMMON/ENSM/TIEOS(ML) s ME(ML)
COMMON/BUX/8UA,8B!IR, BUMAX»BUDV (ML)

+5 BUR, B'1D
DATA WMAX/0,99/
DATA TL/O0./51IL707

IF(W(J)+GE.¥MAX)IGO TO 11 Set P =0 for W> 0.99

IF(TCJ)«EQ . TL.AND,I.EQ.IL)GO TO 20 Don't recalculate constanﬁgcgglsg

TL=T(J)
IL=1

WPCJ=BUDVITI*ROMITI/(T(JI)+1.) Pgy
WVCJsT(J)*VI(TIZ (T (J)+10) Vg
WBIeT(J)®(T(J)=2,32)/(T(J)=066) 1/B
WKs=0,5%BUCV(T)/(T(J)*T(J)=1.) Ig
WPIsWPCJ*(WVCJ/V(J) I#xT(J)  Reference pressure
PGeWBI*((XT(J)=WK)/V(J)=WPI/(T(J)=1.))+NPI

P(J)=PGE{1-W(J))
GO T0 10
CONTINUE

P(J)=0.

CONTINJE

RETURN

END

Scaled pressure

Pressure for W =0

BLDUP
PARAM
DARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INITY
INIY
INIT
EN
BUP
BUP
BLOUP
BLOUP
BLDUP
sLDuP
BLOUP
BLDUP
sLoUP
sLouUP
BLDUP
sLouP
sLoure
sLpup
sLoup
BLoue
BLOUP
sLouUP
BLOUP
aLpur
BLDUP
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BLDUP

Calculates the equation of state to be used with the buildup burn model.

The EOS is that of a y-law gas but the y is not necessarily the same for all
cells in a given material.

Local Variables

TL = the value of T(J) = y for cell J from the last call to BLDUP.

IL = the value of I = original region # from the last call to BLDUP.

WPCJ = PCJ for this cell.

WVC3 = VCJ for this cell.

WBI = 1/B for this cell.

WK =1 for this cell.

WPI = the reference pressure, Pr’ which is on the isentrope going through

the CJ point.

PG = the actual pressure, Pg’ which assumes W = 0.

Notes

A number of explosives have been shown to have an effective CJ pressure

that varies with distance of run. An effective way of modeling this experi-
mentally observed phenomena is to use a y-law EOS for the gas products where
¥ is a function of the distance of run. (See Mader's book for more details.)
To a very good approximation, y has been found to fit the data with the func-

tional form

Yy=4A+3 , (1)
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where X is the distance of run. The detonation velocity, D, is essentially

constant and is assumed to be constant. TFor short distances of run, y is not
allowed to exceed a maximum value Ypax because the functional form for y be-
comes inappropriate for small values of X. The buildup model is designed to
describe conditions in which the HE is underdriven but promptly detonates.
For a sufficiently small input shock, the buildup to detonation requires a
non-negligible distance of run and should be calculated with the Forest Fire
burn model (see FOREST). The constants for PBX-9404 are A = 2.68, B = 1.39,
D = 0.88, and Ypax = 3.7.

From the jump conditions and the definition of y (see, for example,

Fickett and Davis for details), the CJ pressure and volume can be expressed as

2
PoD
Peg = y+1 @
and
v
v =0 (3)
cJ Yy + 1 !

where D 1s the detonation velocity and y is evaluated at the CJ point.
For buildup EOS we use a y-law gas as the reference curve with the

constant-8 EOS off the isentrope. For a given cell, y is a constant calcu-

lated from Eq. (1). With the condition that the reference curve goes through

the CJ point, we have for the reference pressure

P.=p VIV . (%)

L=yTT+k (5)




where K is a constant appropriate for the zero of energy used. In our case,
the energy is defined as zero for the solid explosive. For this zero of energy,

the specific internal energy at the CJ point is

RN

ICJ = 7 . (6)

Substitution of Eq. (6) in Eq. (5) gives

P V. P 2
K== YcigJ*' gJ(Vo’VCJ)="—2——" y 7
2(y" - 1)

The constant-8 EOS (B is the inverse of the Griineisen I') is given by

_ 1
P—Pi+B—V(I-Ii) . (8)

One can determine 8 at the CJ point from experiment using the following rela-

tions (see Fickett and Davis, p. 30):

oy = 1 + o 9
and
D _y-1-a , (10)
3 fnp 2 +0
0
to give
94D
3 n Po
g = . (11)

_ 3 _d9%0D
Y\ 3 3 n po)

For PBX-9404, 9 %n D/3 n o is about 0.66.
Either CJ burn or sharp-shock burn may be used with the buildup model

using the CJ volume from Eq. (3) that can vary from cell to cell as y varies

through Eq. (1).
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SUBROUTINE SPENS(TI,J) SPEDS

PARAMETER (MCL=500,MLe21sNGCo19,MLGCaNGC*MLyMLNWNT=204M, PARAM
+NUMY=10,MQL® ((NUMV41)/341)%MCL+100sNDW=20,NCFug, PARAM
+MXOUMPe30,NNXa 254X DUMP+2, MTAB=1 ,NTABsMTAB*3742 PARAM
+sNSMe4yNWPMa3T728,NSDeNSMENNPM+132,ML2100) PARANM

COMMON/CELL/R(MCLY sUCMCL) s VIMCL) s XT(MCL), MCELL
+PUMCL) s SXUMCL) »SZUMCLISEE(MCLY s TUMCL) »QUMCL ) » XM(MCL) »TFLAG(NCL) MCELL
+5W(MCL) MCELL

LEVEL 2,R MCELL

COMMON/OVL/NDFyNI)NPyNG) TEND, TP UML) pTGIML) UL UF,UTITsUFIoNADDyNM, MCELL
+IALPHINDELT,LABEL(8)»NDUMP» IDMP,NML1,TDIML )Y, TIK MCELL

COMMONIMISP/TIME, TCYCL,DTHNCL, IA,BU,BUL,F2,F3,JS MCELL

LEVEL 2, TIME MCELL

COMMON/INIT/DTO(ML) pXMULML) s YOUMLY s XL UML) pXV (ML) oNV ML), VO(ML),PO INITY
+{ML),TO(ML), POU("L)pJHIN(MLZ)pJHAX(HLZ)9IBRN("li»’ll°("L)oDRO(NL)n INIT

NNOMWNWNSTWNODNTRSWNURSDWNN

+MAT (ML s UOCML ) s UTIML ) sDTCF (ML) QO(ML) s TMLTIML) »THMC (ML) INIT
COMMON/ZUSUPC/CLIML )Y »S1IML)Y»C2C(ML)»S2(ML)»SUVIMLY,VMN(MLY), us

+GAMMA (ML), ALP (ML) us
COMMON/SPC/SPI{MLY,USPIML) SPLC

+9 XISP (ML) SPLC
COMMON/FGHTIJC/FSIMLISGS (ML) pHS (ML) »ST(MLY»SICMLY CVIMLY FG
COMMON/ENSN/ZTIENSIML) s ME(ML) EN
COMMON/ZES/YE(ML2))NME ESM

II=IE(T) SPEODS 11
IF(SP(IT) LT,0,0001)RETURN Don't spall for SP< 10-4 SPEDS 12
JMPEJMAX(I)+] SPEQDS 13
DPOXeP(J)/(RU(J)I-R(JIMP)) Calculate pressure gradient SPFOS 164
IF(JoLELLIMINITI+1)) REWRN] New regions must have at least 2 cells SPEDS 15
IF{JeGFR o (JMP=2)) RETUKN SPEQDS 16
TM=SP(IIV*SART(=DPDX) SPEOS 17
SPLPe=TM Gradient spall pressure SPEDS 18
IF(TM.GT USP(TIT))ISPLPa~USPLII) Ultimate spall pressure SPEDS 19
IF(P(J).GT.SPLPIRFTURN Spall? SPEOS 20
JS=J SPECS 21
RETURN SPEOS 22
END SPEQDS 23
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SPEOS

Determines whether a cell should spall by using the gradient spall model.
As a special case, a constant spall pressure may be specified.

Local Variables

IT = IE(I) = original regiomn #.

JMP = JMAX(I)+l = index for the inside radius of the region I.

DPDX = %E-assuming pressure is linear and the inside surface is a P = 0.
TM = negative of the gradient spall term.

SPLP = gpall pressure.

Notes

An empirical model® that has been found to fit experimental data for

spalling is the gradient spall model. The spall pressure is of the form

= _ /d_P
Ps—Adx, ¢D)

where %g-is the pressure gradient and A is a constant for a given material

which is denoted SP(II) in the code for original region II. A locally evaluated
numerical wvalue of %ﬁ-requires a very smooth solution for P vs x in order to
be accurate. To avoid possible problems, %g-has been approximated by the

form

dP _ AP _ P
dx = Ax  x - X, ’ (2)

where P is evaluated at x and Xq is the inside surface of the region in

question. The assumptions in this approximation are that the inside surface

%
B. R. Breed, Charles L. Mader, Douglas Venable, J. Appl. Phys. 38, 3271
(1967).
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of the region is a free surface with P, = 0, that the pressure is a linear

0
function of distance between x and Xq» and that the direction of motion is
toward the inside.

An additional assumption is made that there is an ultimate spall pressure
(-USP(1II) in the code) at which the material spalls regardless of the stress
gradient. So if PS from Eq. (1) is less than -USP(II), then the spall pressure
is get at -USP(II). If a cell meets the criteria for spalling, the flag JS
is set to the cell #. The actual spalling is done elsewhere in the code.

Since the code requires at least 2 cells in a region, spalling that would

create a one-cell region is not allowed.




SUSROUTINE °PDOLY(T,J) POLY 2
PARAMETER (MCL®500,ML=21sNGCo19,MLGCeNGCHML,MLOWDT=204M, PARAM 2
+NUMVal0,MQLe{{NUMV +1)/341)*MCL+100,NDW=20,NCFsR, PARAM 3
+MXDUMPE30,NDXu2%MYXDUMP+2 s MTAB=1,NTABsMTAB*3742 PARAM 4
$9NSMatyNWPMa3 728 NSDaNSMENWPM+132,M22100) PARAM 5
COMMON/CELL/R(MCLISU(MCLY»VIMCL)YXI(MCL), MCELL 2
*P(MCLY s SXIMCL) »STUMCL)SEECMCL) »TIMCL) »QEMCLY » XM(MCL) »TFLAGEIMCL) MCELL 3
+oM(MCL) MCELL 4
LEVEL 2»R MCELL 5
COMMON/OVL/NDF NI o NPy NGy TENDs TP(ML) s TGIML) s UL UF,UTTI,UFTIoNADD,NMy, MCELL 6
+IALPHINDELT,LABEL(8) sNDUMP,IDMP,NM1,TD (ML), TJIK MCELL 7
COMMON/MISC/TIMESICYCLSDTHNCLIIASBUSBULISF2,F3,JS MCELL 8
LEVEL 2,TIME MCELL 9
COMMON/INIT/DTOUML ) s XMUCMLY»YOUMLY s XLAMLIXVIMLY pNVIML),VO(ML)»P0 INIT 2
(ML), TO(ML) o ROWIML ) JMINCML2)» JMAX(ML2) ) TBON(ML) o PLAP(ML),DRO(ML), INIT 3
SMAT(MLY o UOIMLY sUTIML)»DTCF(ML) »QO(MLY» TMLTC(ML) »TNC (ML) INIT 4
COMMON/POLYC/CFINCF, ML), PS{ML) pLC 2
1 CONTINUE POLY 7
VVeVO(T)}/VIJ)=1, n POLY 8
AsVVE(CF(1,I)+CF(2,1)%ABS(VV)) A POLY 9
BasCF(3,I)+VVE(CF(4,1)¢VV*CF(5,1)) B POLY 10
CoCF(6sTISCFL7,TI)%VY C POLY 11
XIJaXI(J)*POW(T) ¢ POLY 12
P(J)s(A+XTJI*(ReCHXTJ))/(XIJ4CF(ByI)) Pressure output POLY 13
10 CONTINUE POLY 14
RETURN POLY 15
END POLY 16
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POLY(IZJ)
An eight-parameter fit to the equation of state that is basically a
polynomial in two variables divided by a linear function in one of the variables.
The two variables are related to specific volume and specific internal energy.

Local Variables

Vg - V

VV:'n: v

(not the same n as in CUSUP).

A

A in the notes (a function of n only).
B = B in the notes (a function of n only).
C = C in the notes (a function of n only).
X1J = pOI = initial density * specific internal energy = ¢ in the notes.
Notes

The coefficients CF(J,I) will be denoted CJ in the notes. The eight-

parameter fit for the pressure is given by

2
_ A+ Be + Ce
b= €+ Cg ’ (1
where
A= nC]_ + n]nlcz ) (2)
B =C, +nC, +n 3)
3 4 5 °?
C=Cg +nCy , (4)
with
vV, - V
and
€ = pOI . ' (6)

It can be shown that, like the USUP EOS, this EOS has a maximum possible

compression on the Hugoniot. However, unlike the USUP EOS, adiabats are well




described at higher compressions. For most (if not all) materials the Ci's
are all positive. A positive C8 means the pressure is finite for finite

n and €. (The Hugoniot pressure goes to infinity at maximum compression

because € does.)
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SUBROUTINE VISC

PARAMETER (MCL®59N,ML =821 pNGC=19,MLGCoNGC*ML»MLOWDT=20%ML,

+NUMV=10,MOL = ((NUMV+1)/3+41)*MCL+100,NDW=20,NCF=8,
+MXDUMPE30,NDX 824X DUMP+2, MTAB=],NTAB=MTAB*3T742
+9NSMe 4 NWPMa372R)NSDeNSMENNPM+132,ML2=100)
COMMON/CELL/RIMCL) ,UCMCL) »VIMCL),XI(MCL))

+PIMCL s SX(MCL) pSZ(MCLISEE(MCL) s TEMCL) »O(MCL) »XMIMCL) » IFLAGIMCL)

+oW(MCL)
LEVEL 2,R

COMMON/OVL /NDFsNIoNP NG TENDsTPIMLY s TGIMLY UL UF,UTTI UFT,NADD,NM,

+IALPH)NDELTLASEL(B8) s NDUMP,IDMP,NM1,TD (ML), TJK
COMMON/MISC/TIMF ICYCLIDTHINCL)IA»BUSBUISF2,F3,JS
LEVEL 2,TIME

COMMON/ INIT/DTOCML }» XMUCML)» YO UML) o XL (ML) »XVIML) ,NV (ML), VO(ML),PO
(ML) TO(ML) ) ROWIML )9 JMIN(ML2) ) JMAX(ML2) s IBRIN(ML),PLAP(ML)»DRO(ML),

+MAT (ML) ,U0(MLY JUTCML) 5DTCFIML) QO(MLY pTMLTEMLY ,THC (ML)
COMMON/MNMY ZKMAXEML2) pKMIN(ML2 ) oNMC

COMMONZ/XCNM/R@1,R2, DR1sDR2,)WOsNCI»DRy21I
COMMON/ES/TF (ML 21, NME

D0 10 I=1,NMC

II=1E(T)

JMNeJMIN(T)

JMX=JMAX(T)

DO 10 Je=JMN, JMX

DUsU(J+1)=UCJ) AU ,

IF(ABS(P{J)),LT.00(II))GO TO 11

IF(DUSLT.0,0,AND NV(I)4NELOIGO TO 11

IF(NV(T)=1)1,2,3 . ,
QUJ)=4sXV(TI*DU/(3#V(JI*xM(y)) "Real” (negative Q allowed)
60 TO 10

2 Q(J)=ARSIXVIT)I*(0.5%(UCJII+U(J+1))=-U0CT)I*DUIVII)Y

G0 10 10

QUJ)=ARS{XV(T)*NU/V(J)}) Landshoff
60 TO 10

Q(J)=0,

CONTINUE

RETURN

END

VISC
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIY
INITY
INIT
MN

FSM

vVIsC
vVISsC
VISC
VISC
VISC
VIsC
VISC
VISC
VISC
VISC
VISC
VISC
VISC
VIsC
VISC
VISC
vISC
VISC
VISC

(O e el e
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Computes the viscosity for all cells using either '"real," PIC, or
Landshoff-type viscosity.

Local Variables

DU = U(J) - U(J~1) = the change in velocity across a cell.

I

region #.

J = cell #.

]

JMN, IMX = minimum and maximum active cell #'s in a region.
Notes

For a sufficiently small time step, the difference equations coupled with
an equation of state will lead to cell quantities that follow an adiabat, i.e.,
the entropy will not change. However, in a shock, entropy is not conserved.
Without some dissipative mechanism it is impossible to satisfy the energy and

. momentum jump conditions at a shock front at the same time. That is, the
proper pressure jump on the adiabat gives the wrong energy jump and vice versa.
(However, for small amplitude shocks the adiabat and the Hugoniot are almost
the same since it can be shown that the difference between the two isof third
order in the specific volume change, e.g., see Courant and Friedrichs, p. 142.)
This and other things lead to oscillations in the cell quantities after the
shock front passes.

For most problems, the real viscosity is too small by several orders of
magnitude to supply the needed entropy change across the shock front. Two
"artificial viscosity" treatments are included in the code. Both are pro-
portional to the velocity change, AU, across a cell. The PIC type is also
proportional to the change in cell velocity from initial conditions. This

‘ effectively scales the viscosity with shock strength so that the shock is

smeared over about the same number of cells independent of strength.
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SUBROUTINE BURN(I)

PARAMETER (MCL=5005ML=21)NGC=19,MLGCaNGCHMLyMLOWDT=20%ML,

+NUMVe10sMOL = ((NUMV$1)/3¢1)%MCL+100,NDW=20,NCF=8,
+MXDUMP=309NDX=2¢MXDUMP+2,MTAB= 1, NTABaMTABS3742
+sNSMa4s NWPMe3T728,NSDaNSMENNPM+132,ML2=100)

COMMON/ INIT/0TOUML ) o XMUCML) » YO (ML) o XL (ML) o XV{ML) pNVIML)»VO(ML),»®O
+(ML)>TO(ML) yROWIML ) » JMIN(ML2) » JMAX(ML2) » IBRN{ML) »PLAP(ML)HDROIML),
+MAT (ML), UO (ML) UT{ ML) pOTCF(ML) »QOCMLI»TMLTI(ML) ,TMC (ML)

COMMON/ES/TE(ML2) s NME

1I=IE(Y)

GO TO (15253945596, 7),IBRN(II) Index for type of burn

CALL ARH(I}
GO TO 10
CALL C(DD
GO0 70 10
CALL SS8(I)
GO T0 10

Arrhenius
CJ
Sharp shock

CALL FOREST(I) Forest Fire (pressure)

GO TO 10
CALL FFTL(D)
6D T0 10
CALL FFI(T)
G0 70 10
CALL GLTW(I}
CONTINUE
RETURN

END

Forest Fire (temperature)
Forest Fire (energy)

Gamma-law Taylor wave

BURN
PARAM
PARAM
PARAM
PARAM
INIT
INIY
INIT
ESM
BURN
BURN
BURN
BURN
BURN
BURN
BURN
BURN

" BURN

BURN
BURN
BURN
BURN
BURN
BURN
BURN
BURN
BURN
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BURN(T)

Switching routine to determine type of burn to be used.

Notes

IBRN

1

6

7

Type of Burn

Arrhenius

cJ

Sharp shock

Forest Fire

Forest Fire rate as a function of temperature
Yorest Fire rate as a function of internal energy

Gamma-law Taylor wave

Any other type of burn may be added by extending the computed go to

statement last and adding the subroutine call and the subroutine.
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SUBROUTTNF ARMH(T)

PARAMETER (MCL=500,ML=21yNGC=19,MLGCoNGC*ML,MLDNDTa20%ML,

+NUMV=10,M0Ls({NUMV+1)/341)*MCL*+100,NDW=20,NCF=8,)
+MXDUMPa30,NNXu2#MXDUMP+2,MTAB=1,NTAB=MTAB*3742
+sNSM=4,NWPMa3T728,NSDeNSM*NWPM+132,ML2=100)
COMMON/CELL/R(MCL) yUCMCL)SVIMCL) »XT(NCL),

+P(MCL)sSX(MCL)»SZIMCLY,EE(MCL)»TIMCL)»Q(MCL)»XMIMCL)»IFLAG(MCL)

+oW{NMCL)
LEVEL 2»R

COMMON/OVL/NDFsNIsNPyNGs TENDs TPIML)» TGIML)»UI»UF,UTT,UFT,NADDsNM,

+IALPHINDELT,LABEL(8))NDUMP, IDMPyNM1,TOIML),» 14K
COMMON/MISC/TIME,ICYCLSDT)NCL,TIA»BU,BUI,F25F3,JS

LEVEL 2,TIME

COMMON/INIT/DTO(ML) s XMUCML) o YOUML) s XL (ML) »XV (ML) sNVIMLY,VO(ML),PO
+{(MLY,TO(MLY ) ROVIMLY» JMINCML2) » JMAXCML2) »IBON(ML) »PLAP(ML),DRO(ML),

+MAT(ML),UO(MLYSUTUML) s DTCF(ML),QO(MLY» TMLTIML) »THC (ML)

COMMON/BRND/Z(MLY»E(ML)s VCI(ML) s DWDTINDWsMLI»PCJI(ML) »PMUIMLI»ND (ML)

+yMSFF
COMMON/ES/TE(ML2) s NME
IIsIE(T)

JMN=sJMIN(T)
JMXsJMAX{T)

IFC(E(IT).LT.0.0001) GO TO 11
IF(Z(I1).LT.0.0001) GO TO 11

DO 10 J=JMN, gMY

IF(W{J).EQ.0.)G0 TO 10 No more to burn

IF(T(J)eLT.0.0001) GO TO 10 Avoid underflow -
WlSImW(J)*(1o=DT*Z(II)*EXPL~ECII)}/(1.,9865%T(J)))) W

IF(H(J) LT 0,64 ()0,
10 CONTINUE
11 CONTINUF

RETURN

END

Burn the rest of it

Yaw/dt = ze

] Don't calculate if constants say don't burn

-E/RT

ARH
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INITY
INIT
INIT
BRD
BRD
ESH
ARH
ARH
ARH
ARH
ARH
ARH
ARH
ARH
ARH
ARH
ARH
ARH
ARH
ARH
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Calculates the decomposition due to an Arrhenius rate law for region I.

Local Variables

IT = IE(I) = original region #.

3

minimum cell #.

maximum cell #.

2

J = do loop index = cell #.
Notes

The Arrhenius rate for burn is given by

1 dw ~E/RT
T ’ &Y
where W is the mass fraction of undecomposed explosive, Z is a frequency
‘ factor (us—l), E is the activation energy in cal/mole, R is the gas constant
(1.9865 cal/mole-K), and T is the temperature (K). This corresponds to a
thermally activated process where the barrier height is EK/R and the frequency

of attempts to cross the barrier is Z.
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SUSROUTINE CJ(1)

PARAMETER (MCL=300,MLs21,NGCu19,MLGCoeNGC*ML,MLOVDT=20%ML,

+NUMVY=10,MOL = ((NUMV+1)/341)*MCL+100,NDW=20,NCF=8,

+MXDUMPe30,NNXu24MXDUMP+2, MTAB=1, NTABSMTAB®3T742
+9NSMu 4y NWPM=3T28)NSD=NSHENWPM+132,ML22100)
COMMON/CELL/R(MCLY yUCMCL) sVIMCL) »XTI(MCL),

+P(MCL)»SXIMCL)»SZIMCLISEE(MCL) s TIMCL)»QENMCL) s XM(MCL)» TFLAG(NCL)

+oW(MCL)
LEVEL 2,R

COMMON/OVL/NNF NT s NP yNGy TEND) TP (ML) »TGIMLISUTI L UF,UTTIUFT,NADN,NM,
+IALPHoNDELTLAREL{B)sNDUMP IDMPoNMI,TO(MLYs TIK

COMMON/MISC/TIMF,ICYCLSsDTSNCLoTASBU)BUL,F2,F3,JS

LEVEL 2,TIME

COMMON/INTT/BTO(ML ) o XMUCML) » YO (ML) s XL (ML) s XV (ML, NV (ML), VO(ML) PO
+(ML)>TO(ML) ) ROVIML D) JMIN(ML2) s JMAX{ML2) »IBRN{MLIsPLAP(ML),DRO(ML),

+MAT(MLY SUO(MLY S UTUML) oDTCF (ML) QO(ML) s THLT (ML) , TMC (ML)

COMMON/RAND/ZIMLY)E(ML)SVCI(ML))ONDT (NDWIML)» PCIEIML) »PMIML),ND (ML

+9MSFF

COMMON/MNMY/ZKMAX(ML2) pKMIN(ML2) pNMC
COMMON/ENSN/TIFNSIML) yME(ML)

COMMON/ZES/ZYE (ML 2),NME
II=IE(I)

JMN=sJMINIT)
JMX=sJMAX(T)

DD 10 JsJMN, gMY
WoswW(J)

IFCIEDS(ITILEQe2) VCJ(II)=T(JI®VOIIII/(T(I)+1)

W(J)ele=(VOUTI)=VIJ))/(VOCIII-VCI(II))

TF(W(J)elT.0,02)W(J)=0,
IF(W0.GT.W{J))GD TO 10
WwiJ)=w0
IF(W0elTe0.9)W(J)=0,
CONTINUE

RETURN

END

Don't unburn

CJ burn

Buildup Vgg

cJ
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIY
INIT
INIT
BRD
BRD

[
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‘II’ CJ(I
Calculates the decomposition of a detonating HE using the CJ burn
model.

Local Variables

II = IE(I) = original region #.
JMN = minimum cell #.
JMX = maximum cell #.
J = do loop index = cell #.
W0 = old value of W(J).
Notes
The CJ burn model assumes the burn fraction, W, varies linearly with the

specific volume, V, between V0 and VCJ; that is,

Vo-V V-V
W=l-y 5% "V -v_ * (1)
0" ¢y Yo~ Tes

For the buildup EOS (see BLDUP), V

CJ is a function of position and is given by

g yY+1 (2)

where y depends on position and is stored in the temperature variable.

Several constraints are made on the value of W. If W < 0.02 the rest
is burned. If W < W (i.e., the cell expands) then the old W is still

old new

used to prevent "unburning." If this occurs for W < 0.9 then the cell is
completely burned.

The burn is normally initiated by a piston with the CJ particle velocity.
After the detonation is well started (3rd cell in has burned), the piston

. velocity is switched to the escape velocity of the products.
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The CJ burn is appropriate for a case where the HE promptly detonates. .

Otherwise, the Forest Fire model (see FOREST) will be appropriate.
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33

42

50

52

SUBROUTINE SSB(1)

PARAMETER (MCL=500,ML521sNGC=19,MLGCaNGC*ML,“LOWDT=204ML,
+NUMVS10,MOLa((NUMV+1)/3+41)%MCL+100sNDW=20,NCF=R,
+MXDUMPe30 yNDXu2%4XDUMP+2,MTAB=1 s NTABsMTAB*3742
+sNSMa4y NWPME3IT728,NSDaNSHENWPM+132,ML2=100)

COMMON/CELL/R(MCLISUIMCLYSV(MCL)»XTI(MCL),

+P(MCL)»SXUMCLI»SZIMCLISEE(MCL)I s TIMCL)»QIMCLY» XM(MCL)»IFLAGIMCL)

+oW(MCL)
LEVEL 2,R

COMMON/OVL/NDFoNIsNPyNGoTEND» TP(MLY» TGIML)sUT»UF»UTT,UFIsNADDINM,

+IALPHINDFELT, LAREL(8)sNOUMP, IDMPsNMLo TO (ML) TJK
COMMON/MISC/TIMESICYCL)DTH)NCL,IA»BUSBUISF2,F3,4S
LEVEL 2,TIME

COMMON/ INTT/DTOIML ) XMULML) s YOUMLY o XLEML) pXVIML) SNV (ML), VO(ML) PO
+(ML)» TOUMLY ROMIML ) p JMIN(ML2) » JMAXCML2)»IBRNIMLY»PLAP({ML),DRO(ML),

+MAT(ML) JUO(MLY JUT(ML)OTCFIML) »O0(ML) o TMLT(ML) ,TMC (ML)

COMMON/BRIND/Z(ML) yE(ML)SVCJ (ML) »DWDT (NDWSML)»PLI(MLY»PM(ML),ND (ML)

¢ pMSFF
COMMON/UCJC/UCI s 3 SsNMAXHRCI,DCY
COMMON/MNMY /KMAX{ML2) pKMIN(ML2 } 9NMC
COMMON/ES/IE (ML 2) o NME
COMMON/BUX/BUA,BUR,BUMAX,BUDV(ML)
+sBUR, BUD
COMMON/IEOSN/TENS (ML), ME (ML)

DATA ISSBsJdJ/1s1/

II=IE(I)

IFLIJGTK™AX(T)IGD TO 50 New region
IF(JJeLT KMIN(T))IJJuKMIN(I)
IF(15S8-4)30,35,35 4 cyclies per cell
ISSBeISSB+1

P(JJ)=0,

Q{dJ)=0,

RETURN

1sSSBs=l

W(JJ)=0., Burn the cell

Q(JJ)=0,

CALL SSBGAS(II,J$J) Get CJ P,T
IF(IACEQ.OAND IFOS(II)eEQe2)UCI==DCI/(T(JJ*1)+1) Build up Ugy
IF(IALEQ,0)IGD TN 42

DCJIsVOULITI*SORTIP{IJI/(VO(ILI)=VIJIJI})) :
UCJm=SORT(P(JSI*(VOLIII=V(JJ))) ] Converging geometry
OT=((R(JJI+1)=R(JJ+2))/DCI*0.25) 4 cycles for detonation to cross the
Jdeddel  yors cell ce
NMAX=JJ

IF(JILELKMAX(TYIIULIJ)=UCY Particle velocity for next cell
RCJ=R(JJ) Radius

CALL JMNMX(NMAX)  Activate the next cell
IF(NMCL.EQ.TIRETURN

IF(IZ.NF,IE(TI)IRFTURN

DT=DTO(TI1+41)  Next region

IBRN(II)=1

II=JE(T+1)

IF(IBRN{IT)I.NF.3)60 TO 51

IF(IEDS(TII) EQ,2)60 TO 52

UCJ=-E(II)

DCJaVCI(IT)

GO TO 53 s .
DCJ=SORT(BUDVIIT)) Initial UCJ’DCJ for the next region
JMNsJMIN(I+1)

UCJe=DCJ/(T(IMN)+1)

Ss8
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INIY
8RD
BRD
uc

MN
ESM
8uP
BUP
EN
31
SSs8
Ss8
s$S8
S$s8
SS8
sSS8
Ss8
SS8
31
£3.1.)
Ss8
SSB
S§8
$S8
Ss8
Ss8
SS8
$S8
SS8
SSB
Ss8
S$S8
Sse
§§8
SS8
ss8
s$S8
§$SB
S§S8
sse
Ss8
SS8
SSB
SS8
$S8
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53

51

CONTINUE

JJesKMIN(I+1)=1

U(JJ+1)=UCJ

1858=0

G0 TO 42

NMAX=NMAX4+10 Next region not sharp shock
CALL JMNMX(NMAYX)

RETURN

END

ss8
ss8
ss8
£3 ]
sse
$S8
§S8
SS8
$s8

48
49
50
51
52
53
54
55
56




SSB
Calculates the.decomposition of an HE using a sharp shock model. All of
the HE is burned at the shock front.

Local Variables

II = IE(I) = original region #.
ISSB = index incremented by one each cycle to keep track of when a cell
should be burned.
Notes
The sharp shock burn runs with the following constraints on the cell at
the shock front,
1. The inside boundary is held at a fixed position.
2. The outside boundary is moved at the CJ particle velocity.
3. The viscosity and pressure are set to zero until the cell is burned.
4. The cell is compressed for the time it takes for the wave to cross
the cell at the detonation velocity. (The time step is set so that
this takes four cycles.)
5. When the cell is burned, the internal energy and pressure are set on
the Hugoniot for that volume.
For converging geometry the detonation velocity and particle velocity
are no longer constant. The first cell is burned with the slab geometry values
and the rest are calculated with a new detonation velocity DCJ’ particle

velocity UCJ’ and time step At that are calculated from

_  .4,0.5
Deg = VolPey/ (Vg = Vel g (1)
0.5
Ugg = ~[B; (Vg = Vel , (2)
At = (AX/DCJ)O.ZS , (3)
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where

P_. . = Hugoniot P, V

. cy = V of cell just burned.

When the shock arrives at a new explosive, the new input CJ detonation
and particle velocities are used to compress the new explosive.

The advantages of a sharp shock burn are that one can obtain excellent
Taylor waves by using a small number of cells to describe multiple layers of
explosives in plane or converging geometry. The disadvantages are that it
requires more information and more artificial constraints than do the CJ
volume or Arrhenius-burn techniques. The sharp shock burn can give incorrect
results for systems in diverging geometry and for systems that are overdriven

or significantly underdriven.
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21

20

1000

10
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SUBROUTINE ENPEST(])

PARAMETER (MCL®500,)ML=2]1)NGCo19sMLGCeNGCE*MLsMLDWDT=20%4L,
SNUMV=10sM0L = ((NUMV 1)/ 3+¢1)8MCL+1CO,NDW=20,NCFe8,
+MXDUMP=30 ,NNX=2%MXDUMP+2,MTAB=I s NTABsMTAB®*3742
+sNSMagyNWOMa372R,NSCaNSMENWPM4132,ML2100)

COMMON/CELL7RIMCLY pUCMCLI»VIMCLI»XI(MCL),

+P(MCLY»SXIMCLY»SZIMCL)HE
+oW{MCL)

LEVEL 2,R
COMMON/NVL/INDF,NIsNPyNGy

ECMCL) »TUMCL)»Q(MCLY» XM (MCL)» TFLAGIMCL)

TENDSTP(ML)»TGEML)I,UT,UE,UTI,UFT,NADD, NN,

¢IALPHONDELY,LABEL(8),NDUMP,IDOMPsNM1,TO(ML), TIK

COMMON/MISC/TIMEL,ICYCL,D
LEVEL 2,TIME
COMMON/ INIT/DTO (ML), XMUL

TsNCL»TA»BU»BUISF29F3,5JS
MLYsYOCMLY p XL (ML) pXVIMLY oNVIML),VO(ML) »PO

(ML) TOIMLY, ROWIML ) o JMINIML2) o JMAX(ML2),IBRN(ML) ,PLAD(ML ),DRO(ML),

SMAT (MUY »UO(ML) »UTIML)H»OT
COMMON/RRND/Z(ML),E(ML),
+9MSFF

CE(MLY s QO(MLY s TMLT(ML Y, TMC (ML)
VCJ(ML ) »DWDT(NDUIMLYSPCIC(ML) 5 PMIML) ,ND (ML)

COMMON/MNMY JKMAX(ML2) ) KMIN({ML2 )5 NMC

COMMONSES/TIF(ML2) pNME
II=1E(])

JMNsJNMIN(T)

JMXsIMAX(TY

JL=JMN

D0 10 JsJuN,J¥X
IF(W(J).LELO0) G TO 11
PPQeP (J)+aMAX1(0.»Q(J))
IF(PPQ.LT.®4(IT)) GO TO
IF(PPQ.GT,PCJI(TTI}) GO TO

All burned

Pressure dependent rate
10 Minimum pressure to calculate burn
11 Burn all if PPQ > ng

IF(MSFF.F0,016N Tn 20 Multiple shock Forest Fire

IF(SX(JINF, 0.6 TO 21

Has 1st shock passed?

IF(J.NELJIMY)GN TN 22  Special at JMX for reflected shocks

JP=JMIN(I+1}
PPuP(JP)+AMAX1(04pC(JP))
IFIPP.LT.SX(JLYIGOD TO 22
DO 33 JJsJL,JdmMx
SX(JJ)sSACIL)

GO 70 21

CONTINUF

If the pressure in the next material exceeds
that in the nearest cell flagged as the

shock having passed, then those cells not
flagged as the shock having passed are flagged
with that pressure in SX.

PQL=S2(J) P + Q from previous cycle is in SZ

SZ(J)s=PP2
IF(PPQ.GT.PQLI’N TO 20

SX(J)=2PQ  Shock has passed; set SX

CONTINJE

JL=y
IF(PPQLTSX(INISXLJ)mPP
PPQuSX(J)

CONTINIE

SUMs0,

NDa=ND(II)

DO 1000 Ns1,NDA
SUMaSUM*DPD0+DWDTIN,I1)
IF(SUM.GT.100.1SUMS100,
RATE=EXP(SUM) Rate
W(J)ou{J)*(1.~NTORATE)
60 70 10

¥(J)=0,

CONTINUE

RETURN

END

0 Pressure used to determine rate, may decrease
but not increase

Polynomial fit
Avoid overflow

New W

FOREST 2
PARAM 2
PARAM 3
PARAM &
PARAM 5
MCELL 2
MCELL 3
MCELL 4
MCELL 5
MCELL 6
MCELL 7
MCELL 8
MCELL 9
INIT 2
INIT 3
INIY &
BRD 2
BRD 3
MN 2
ESM 2
FOREST 9
FOREST 10
FOREST 11
FOREST 12
FNREST 13
FOREST 14
FOREST 13
FOREST 16
FOREST 17
FOREST 18
FORESY 19
FOREST 2C
FOREST 21
FOPEST 22
FOREST 23
FOREST 24
FOREST 25
FOREST 2¢
FORFSY 27
FORESY rd4
FORESY 29
FORESTY 3C
FOREST 31
FOREST 32
FORESY 33
FOREST 34
FORESY 35
FOREST 36
FOREST a7
FOREST 3¢
FOREST 39
FOREST 40
FORESY 41
FOREST 42
FOREST 43
FORESY 44
FORESTY 45
FOREST 46
FOREST &7
FORESY 4«8
FNREST 49
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FOREST(I) .

Calculates the decomposition using the Forest Fire burn model. This
model is appropriate for cases that require a non-negligible distance of run
to detonation for the given input shock strength.

Local Variables

IT = IE(I) = original region f#.

IMN = minimum cell #.

JMX = maximum cell #.

J = do loop index = cell #.

PPQ = P + Max (Q,0).

SUM = temporary variable used to sum the Ath terms in the rate fit.

NDA = # of rate constants = n + 1.

- 14w
RATE = W at from the fit.

Notes

This discussion of the Forest Fire rates is a condensed version of
Appendix B in LA~-7245. An even more thorough discussion of Forest Fire is in
LA-6259. Several assumptions are made: (1) the Pop plot (2n P vs £n run

of distance to detonation) is a straight line given by

2n (run) = a; + a, n (P - 83) . @))

where ays 2,5 and a., are constants depending on the HE, and P is the input shock

3
pressure; (2) the "single-curve buildup hypothesis" that the pressure grows
along a unique line in (time, distance, state) space during buildup to
detonation and that the Pop plot gives that line; (3) the "reactive Hugoniot"
is assumed to be described by a USUP fit (several USUP fits Qre allowed but

are not treated in this derivation)

US =C+ SUP s (2)
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‘ which gives from the jump conditions for PO = 0,

V= VO(US - UE)/US R (4)
2
I= UP/Z 3 (5)

(4) the HOM EOS is used with the functional form

P = H(V,I,W) . (6)

The Lagrange coordinates m,T are related to the Eulerian coordinates x,t

by
9 129
om p 9X ™
® -
9 _ 9 9
37 3t T U3x (&)

Letting subscripts denote partial derivatives with respect to the subsecript,

the fluid flow equations are

U, =-B (9)
V'r = Um ’ (10)
and
I_=-PV_ . (11)

The derivatives of shock front quantities are denoted by the symbol °.

The equations for these derivatives are

‘ o dP(xs(t),t) dp
P = - Pmmr + PT = pOU.SPm + PT =3 US . (12)

run
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where xs(t) is the shock position, and

0=pUU +U_ =5=%"-___~ 13
= Po"s"m T ’ (13)
Finally, the total derivative of the equation is given by

PT = HVVT + HIIT + HWWT ’ (14)
which can be solved for WT, the desired quantity.

The usual»calculation is for WT as a function of pressure. The pressure-
dependent rate has proved useful, but there is nothing in the calculation that
says the rate is a function of pressure only. The solutions are for rates
on the Hugoniot and any variable will do (P, T, V, or I). Once off the Hugoniot,

assumptions about what variable (or variables) determine the rate leads to

different rates for a given state. For this derivation we will assume the

rate is a function of pressure only.

Given P, the run is given by Eq. (1). The particle velocity can be obtained

using Eq. (2) and Eq. (3) to give

-pOC + \/(poc)2 + 4PpoS
U:
P 20,8 : (15)

We have US from Eq. (2) and Eq. (5). Having US and UP’ we substitute in
Eq. (4) and Eq. (5) to get V and I. Then, knowing P, V, and I, we solve P =
H(V,I,W) for W. Now, with V, I, and W, we calculate the derivatives HV, HI’
and HW at that state point.

The shock front derivatives can be calculated using Eq. (1), Eq. (12),

Eq. (13), and the already calculated value of UP. The usual assumption Bm =0

is then made. Eq. (12) becomes ‘




p_="P (16)

and Eq. (13) combines with Eq. (9) and Eq. (10) to give

i
V =
T Polg

a7

We already know IT from Eq. (11). Using the known values of PT, HV, HT, HI’

IT, and HW’ we have

(18)

The function f2n (- %—WT) is then fit to a polynomial of the form

2n (— %zi AiPi . (19)

i=0
The constants DWDT(N,II) are related to the Ai’s by

DWDT(N,II) = A (20)

-(N-1) °
The value of P + Q (denoted PPQ) is used instead of P to calculate the

rate. The fluid flow equations are solved using P + Q instead of P, so

this is consistent. If PPQ < PM(II), then the rate would be so small it

would not be worthwhile to calculate it. If PPQ > PCJ(II), where PCJ is the

CJ pressure, then the cell is all burned. For W < 0.05 the cell is also all

burned. Except for the above restrictions, the new mass fraction is given by

n -
W= wold(l - At exp(Z AR+ Q)l)) , (21)

1=0

which is a linearized wversion of

219



new 1
AW = W ow Wold =./t. W(- W WT) dt , (22)

n
old

W
with &n (— _Wi) replaced by the fit.
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1000

11
10

SUBROUTINE FFT(1)

PARAMETER (MCL2500,ML=21sNGC=19, MLGCoNGC*MLpMLDWDT=2N0%ML,
+NUMVY=10,MOL=( (NUMV+1)/341)%MCL+100yNDW=20,NCF=8,
+MXODUMP=30,)NNIXe24MXDUMP+2,)MTAB=L,) NTABaMTAB#3742
+sNSMe 4y NWPM=3T28,NSD=NSMENWPM+132,ML2%100)

COMMON/CELL/RUIMCL) UIMCLI»VIMCL)»XIINMCL ),

+PAMCL) o SX(MCLY»SZ(MCL)SEEIMCLY»TIMCLI»Q(MCLY» XMIMCL)»IFLAGINCL)

+oW{MCL)
LEVEL 2,R

COMMON/OVL/NDFsNIs NPy NGoTENDs TP(ML) s TGIML)»UT,UF,UTTI,UFIsNADDyNM,

+IALPH NDELT»LABFL(B) )NDUMP, IDMPyNM1,TD{ML), IJK
COMMON/MISC/TIME,ICYCL,DToNCLsIA»BU,BUI,F2,F3,JS

LEVEL 2,TIME

COMMON/INIT/DTO (ML ) XMUCMLY» YO UML) s XL ML) pXV(MLY)NVIML), VO(ML) PO
+(ML)»TO(ML) »ROWIML) p JMINIML2) » JMAXEML2) s IBRN(ML) yPLAP(ML),DRO(ML),

+MAT(MLY UO(ML) sUTIML)DTCF(ML) »QOCML) s THLT (ML), THC LML)

COMMON/BRRND/Z(MLY»E(ML)»VCI(ML) sDWDT (NDNSMLY pPCI(MLISPMIML)pND (ML)

+»MSFF
COMMON/ES/TE(ML2) 9 NME
II=sTEL(T)
JMNeJMIN(T)
JMXsJMAX(T)
DD 10 JsJMN, JMX
IF(N(JYLE.D.)GO TO 11

A1l burned

TPeT(J) Temperature-dependent rate
IF(TPLT.PM(TI))IGN TO 10 Minimum temperature to calculate burn

IF(TP.GT.PCIC(IINIGOD TO
SUMs=Q,

NDASND(TII)

DO 1000 Ns=s1,NDS
SUMSSUMSTP+DWDT (N, II)
IF(SUM.GT,100,.)SUM=100.
RATE=EXP(SUM) Rate
W{J)eW(J)*(1,=-DT*RATE)
IF(W(J) oL T,0.,05)H(J)=0,
GO 70 10

W(J)=0,

CONTINYE

RETURN

END

11 Burn it all

Polynomial fit
Avoid overflow

New W

FFT
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INIT
BRD
BRD
ESM
FFT
FFT
FFY
FFT
FFT
FFT
FFT
FFY
FFT
FFT
FFY
FFT
FFT
FFT
FFT
FFY
FFT
FFT
FFT
FFT
FFY
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FFT
The Forest Fire rate is calculated as a function of temperature.

Local Variables

See FOREST.
Notes
The minimum temperature to calculate the rate is stored in PM and

maximum temperature at which W is set to zero is stored in PCJ.

FFI
The Forest Fire rate is calculated as a function of specific internal
energy.

Local Variables

See FOREST.
Notes
The minimum specific internal energy to calculate the rate is stored

in PM and maximum temperature at which W is set to zero is stored in PCJ.




SUBROUTINE FFI(T) FET
PARAMETER (MCL=500,MLe21,NGC=19,MLGCoNGC*ML,MLDVDT=20%ML, PARAM
+NUMVe10,M0L=( (NUMV+1)/3+1)$MCL+100,NDW=20,NCF=8, PARANM
+MXDUMP=30,NDXs2#MXDUMP+2, MTABo 1, NTABSMTARS3742 PARAM
+)NSM=4sNWP*=3729,NSDaNSMENWPH+132, ML22100) PARAM
COMMON/ CELL/R{MCLY JU(MCL) pVIMCL) ,XI(MCL) MCELL
+P{MCL)» SX(MCL)»SZIMCL)ISEE(MCL) pT(MCL)»Q(MCL ), XU (MCL), TFLAG(MCL) MCELL
+sN(MCL) MCELL
LEVEL 2,R MCELL
COMMON/OVL/NDF,NT NP yNG, TEND, TP(ML) » TG (ML), UT,UF,UTT,UFT,NADD, NN,  MCELL
+IALPHsNDELT,LAREL(8)oNDUMP, TOMP,NM1,TD (ML) TIK MCELL
COMMON/MISC/TIMEsTCYCLoDTHNCLs TAsBUSBUISF25F3,JS MCELL
LEVEL 2,TIME MCELL

COMMON/INIT/DTOCML }» XMUCML) s YOCML) o XL UML) s XVIMLYoNVIML) ,VOIML)»P0 INIT
UML) s TO(MLY S ROWIML) 5 JMINIML2) 9 JMAX(ML2) o IBRN(ML)»PLAP{MLY,DRO(MLYy INIT

b ot Pub bt
WNHOODNWNSWNOIDINCTBSWNVSWNN

+MAT(MLY U0 (ML) UT(ML)SDTCF(ML) »QO(MLY s TMLT (ML) »TMC (ML) INIT
COMMON/BRND/ZZ(MLY» E(ML)» VCI(ML)sDWDT(NDWoMLI»PCI{ML)»PM{ML)IH)ND(ML) BRD
+sMSFF BRD
COMMON/ES/TE(ML2) 9 NME ESM
IIsIE(]) FFI
JMN=JMIN(T) FFI
JMXsJMAX (I} FFI
DO 10 J=sJMN, MY FFI
IF(W(J)el®,04)60 TQ 11 ATl burned FF1
EsXI(J) Internal energy-dependent rate FFI
IF(ELLT.PM{TIT)IGN TO 10 Minimum energy to calculate rate FFI 14
IF(E.GT.PCI(ITIIGN TO 11 Burn it all FF1 15
SUM=0, FFI 16
NDASND(II) FFI 17
DO 1000 N=1,NDA FFI 18
1000 SUMsSUMRE+DURT(N,TI) Polynomial fit FFI 19
IF(SUM.GT,100,3ISUM=100. Avoid overflow FFI 20
RATE=EXP(SUM) Rate FFI 21
W(J)oW(J)® (1, ~DT*RATE) New W FFI 22
IFCH(I)eLTeN.05)W(J)=0, FFI 23
GO T0 10 FFI 24
11 Wi(J)s=0. FFI 25
10 CONTINJYE FFI 26
RETURN FFI 27
END FFI 2¢
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SUBROUTINE GLTW(T)

PARAMETER (MCL=500,MLe21,NGC=19,MLGCONGC*ML,MLDWOT=20%ML,y
+NUMV=10,MOL= ((NUMV+1)/3¢1)%MCL+100,NDWe205NCF=8,
+MXDUMP=30,NNY a2 #MXDUMP+2,MTABe1 s NTABuMTAR®3 742
+9NSM=4, NWPMR3T2RyNSDaNSMENWPM+132,ML22100)

COMMON/CELL/ZRIMCLY »U(MCL) »VIMCL) »XI(MCL)»
+PIMCLY»SXIMCL) 9 SZEMCL)EE(MCL) pTCMCLY 2 Q IMCL Y XMEMCL) , TFLAG CMCL)
+oWIMCL)

LEVEL 2R

COMMON/OVL /NDFs NI, NPsNGs TEND,TPIML) s TGIML) »UTsUF,UTT,UFT,)NADDyNM,
+TALPHINDELT,LABELC 8) NDUMP, IDMPyNM1» TD (ML) » TJK

COMMON/ MISC/TIME,TCYCLsDT)NCL» TA»BU,BUISF25F3,54S

LEVEL 2,TIME '

COMMON/BUX 7BUA,BUR y BUMAX » BUDV (ML)
+5BUR,BUD

COMMON/ INTT/DTO(ML) 5 XMUIML)pYO(ML) » XLCML) pXVIML)sNVIML) pVO(ML) »P0
+UML) > TOLMLY s ROWIML ) p JMINCML2) » JMAXC{ML2) s IBRNEML) 3 PLAP{ML) 4 DRO(ML )y
SMAT(MLY ) UO (ML) sUTLIML) pDTCFIML) »QOCML) s TMLTIML) »TMC (ML)

COMMON/ZES/TE(ML2) o NME

COMMONS MNMYX JKMAX{ML2) pKMINI(ML2) »NMC

COMMON/ZEOSN/ZTIENSIML) pME(ML)

COMMON/GASC/GC(NGC ML)

COMMON/RRND/Z (ML) »E(ML)»VCILML)sCHDTINDNsMLY s PCIT{ML) 5 PMIML) 4 NDINL)
+pMSFF

COMMON/UCJC/X1, T, NMAX )X 2,X3

IIsIE(T)Y

JMNSJMIN(T)

JUX=IMAX(T)

RO=R (J4X+¢1)

G==GC{?,1T1)

IFC(IEDS(IT) FQ.2)6eT (JMX)

GPeGel Y +1

GM=G~1 v -1

DV=VCJ(II) ]

IFLIEOS(TI) E0.2)NV=SCRT(BUDV(II))

DV2=DV#DV D2

UCJ=DV/G®

oRo-R(JMN)-an~N¢1)

UL#=UCJI*GP/GM

GLTW
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
BUP
sup
INIT
INIT
INIT
ESM
MN

EN

GC
BFD
BRD
GLTW
GLTW
GLTW
GLTW
CLY¥
GLTW
GLTW
GLYW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW

UGJMX+1)e=i1CY Start with CJ conditions at shock front and calculate outward GLTW

PCJ=DV2¢ROWIIIN/IGP Pry
CIVEG/IGPERNITTIN) V¢,
CCJ=UCI*G ¢
DLR-V(JMX)#X§9J"¥)
IF(U.NE.O)DU-DLRI(RIJHX»I)NIA)] Get new radius from V and M
RIJMX )R (JMX+1)+DLR
DReR(JUNI=RO AR
DT=DR/NV Time
JalMXel
00 10 JJ-J"'NpJ"X] Calculate cell quantities starting with the inside
J=J=1
U001 205 4% (2% (R (37=R0) /OR

syt 2% J)=RO)/DR-1) . .
IF(UCJ) 6T UFIU(L) aUF ] Particle velocity
CC==GM*(U(J+1)+UL)7(2%G*UCJ) Llocal ¢ -~
P(J)wPCI*CCex(2%G/GN)
V(J)=CIVCCr#(=~2/GM)
XICJ)=P(J)*V(J)/GM=DV2/(2%GP*GM)

DLReV(J)*X4(J) .
xF(IA.NE.mm.e-ouuku)"xn] Get new radius from V and M

] P,V,I solutions for that cell

GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
GLYW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
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10

11

20

R(J=1)=R(J)eNLR
CONTINUE
IF(J.NEL2)0 TN 11}
R{1)=R(2)

U(1)sut2) Piston conditions if the HE was in region 1

BUsUF

TIMETIMESNT Set the time to include the GLTW detonation time

CONTINUE
IBRN(II)=1
IF(I.EQ.1)RETURN

NMAXsJYAX(T-1) Special for other materials outside GLTW HE

CALL JMNMX(NMAX)
NCIeJMX=JMN+1

NT=NCI#12#(R(NMAX=1)=R(NMAX))/DRO
DTeDT/NT  Set time step

NCLT=NCL
NCLsNMAX

BUIsUF Effect of HE treated as a piston

KMAX(I=1)akMAX{1~=1)+]
NMC=I-1
DO 20 II=1,N

T
TIMEsTIME+DY ] Run hydro for the outside regions to catch up with GLTW HE

CALL DOTFEQ
CONTINUE
NCL=NCLT

BUI=0, Get rid of piston

KMAX(I=1)sXMAX(T=]1)=]
NMAXSNMAX4NCTI4+3

CALL JMNMX({NMAY)
RETURN

END

] Set up for normal hydro

GLTW
GLTW
GLTW
GLTW
GLYW
GLTW
GLTH
GLTW
GLTW
GLTW
GLTW
GLTW
GLYW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
GLTWV
GLTW
GLTW
GLTW
GLTW
GLTW
GLTW
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GLTW ‘
An entire region of explosive i1s burned using the gamma-law Taylor-wave

description.

Local Varigbles

226

CC = C in notes = sound speed.

CJV = VCJ in notes = CJ volume,

DLR = width of a cell computed from its mass and specific volume.
DR = AR in notes = width of region.

DV = D in notes = detonation velocity.

DV2 = D2.

G = vy in notes.

GM =y - 1.

GP = vy + 1.

II = IE(I) = original region #.

J = cell # being computed.

JJ = do loop index.

JMN = JMIN(I).
JMX = JMAX(I).
NCI = # of cells in the first region outside the GLTW HE.

NCLT = temporary storage of NCL.

NT = # of time steps used to allow the first region outside the GLTW HE
to respond.

RO = inside radius of the GLTIW HE.

UCJ = UCJ in notes = CJ particle velocity.

o Y+l)
UL UCJ(y-l.'




Notes
Following Fickett and Davis, we will outline the gamma-law Taylor-wave
solution for a detonation. The equation of state in a rarefaction wave follow-

ing the detonation is restricted to the CJ isentrope. The pressure and sound

speed are then functions of density only. For a y-law gas they are given by

v Y
cJ
b= PCJ( Vv ) (1)
and
(y=1)/2y 1/2
C = (_B_) = (4P . (2)
cJ PCJ dp :

With the addition of two characteristic equations,

P
S = o (3)
and
U+cC=x/t , 4)

a solution can be found for U(x/t) where x is the Eulerian distance and t is

the time. From the jump conditions the CJ state has the following relations.

D

Ues vV +1 (5)

ponz
Pes Sy 41 (6)

and
V.Y
- 0

Ves = YyY+1 ° 7)

Using Eqs. (1) and (2), we can solve Eq. (3) for

. [1 + (Y - 1)U - UCJ)]ZWY"1
P=p
cJ 2,

(®)
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Combining Eqs. (2), (4), and (8), we have

o G)0) - e

By integrating the PdV work from infinite volume, one can find the specific

internal energy on the CJ isentrope to be

M S -
Yy-1 vy-1 2

-V (10)

0 CJ) ?

where the last term sets the zero of energy relative to the solid. The time is

then set to
t="= , (11)

where AR is the width of the y-law explosive. That is, the state is evaluated
when the detonation has just crossed the entire region. For a given cell, we
can use Eqs. (1), (8), (9), (10), and (11) to find V, P, U, and I. Then, from
the mass and V, the radius of the inside of the next cell can be evaluated. For
U greater than UF, the final piston velocity U is reset to the final piston
velocity with the corresponding values for V, P, and I.

It must be remembered that Eq. (1) is the equation of state only on the CJ
isentrope. Provision is made for either the HOM EOS or the Buildup EOS for
subsequent evaluation of the EOS. However, the buildup EOS must not be used when
the region is thick enough to require a nonconstant 7.

The GLTW is useful for burning a large region of HE in slab geometry with
a minimum of computation. However, it has also proved useful in cylindrical
or spherical geometry under certain restrictions. Since GLTW is designed for

slab geometry, it can only be used for a small enough region that convergence




can be ignored. This small region can be used instead of a piston to initiate
HE burn for a larger region. In some cases the usual piston initiation can be
sufficiently zoning-dependent to be noticeable. By burning three cells of a
large HE region using GLTW, the zoning dependence is minimal.

Provision is made for materials outside the GLTW HE. A separate calcula-
tion is made for the outside regions for the total detonation time of the GLTW
HE. A piston with the final pi§ton velocity UF acts on the outside regions

from the inside.
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SUBROUTINF BNDR1 BNDR1

PARAMETER (MCL=500,ML=21sNGC=19,MLGCuNGC*ML,MLOWDT=20%ML, PARAM
+NUMV=10,MQL=s((NUMV+1)/341)%MCL+100,NDW=20,NCFs=8, PARAM
+MXDUMP230,NDXa24MXDUMP+2,MTABe]1,NTAB=NTAB*3742 PARAM
+sNSMe 4y NWPME3728,NSD=NSHENWPM+132,ML2=100) PARAM

COMMON/CELL/R{MCLI »U(MCL) »VIMCL) s XIINCL), MCELL
+P(MCL)»SX(MCLY»SZIMCLISEE(MCL),TIMCL),Q(MCL)»XM{MCLI,IFLAG(MCL) MCELL
+oWIMCL) MCELL

LEVEL 2,R MCELL

COMMON/OVL/NOFsNIyNPsNGs TEND» TP(ML) s TGIML) »UI»UF,UTT,UFI,NADDyNM, MCELL
+TALPH)NODELTLABEL(8)sNDUMP,IDMP,NML,TD( ML), TIK MCELL

COMMON/MISC/TIMESICYCLIDTONCL,IA,BUSBUI,F25F35JS MCELL

LEVEL 2,TIME MCELL

COMMON/ INIT/DTO(ML) pXMUIML) s YO UML) s XL CML) pXVIML) pNV(ML),VOIMLY,PO0 INIT
(ML) STOCML) S ROW(MLY ) JMIN(ML2) 5 JMAXEML2) »IBRNIML) yPLAP{ML),DRO(MLY, INIT

[}
WWNNNNDNONNSLDNORNCRITWRNWMSWNN

+MAT(ML)pUOIMLY UT(ML)»DTCFIML)»QOCML)»TMLT(ML),TMC (ML) INIT
COMMON/VOIDZINTIX(ML2)»JVIML2)»IV(ML2)sNNYV vD
COMMON/MNMX JKMAXIME2) oKMINCML2) sNMC MN
COMMON/UCJC/UCY»JI»NMAXSRCJHDCY uc
COMMON/NSPLT/NOSPLT(ML2) NSP
COMMON/PYORK/PU PV | PWORK
COMMON/ES/TE(ML2) s NME ESM
COMMON/SPC/SPIMLYUSP(ML) SPLC
+ XISP (ML) SPLC
DATA IFLP/O/,1FLPYIZO/ BNDR1
IF(IBRN(NMC) NEL3)GO TO 20 BNDR1 14
IF(JJJLLEL2)G0 YO 20 BNDR1 15
RCJIsRCI+DT*UCY Sharp shock burn BNDR1 16
R(JJ)=RCY SNDR1 17
U(JJd)sucCy BNOR1 18
20 CONTINUE BNDR1 19
IFLP=]IFL D=1 BNDR1 20
IFLPI=TIFLPT=~1 BNDR1 21
IF(BU.FO.N.) GO TN 1 Skip if no outside piston BNDR1 22
RO=R{1) BNDR1 23
R(1)=sR(1)+DT*nYy . : s BNDR1 24
U(1)e8Y Qutside piston boundary condition BNDR1 25
R{2)=R(1) BNDR1 26
DVP=F2%0,5*(R(1)-RO)I*(R(1)**IA+RO**IA+F3*R(1)*»2N) BNDR1 27
PUsPW+(P(2)+0(2))*DVP Work done by the piston BNDR1 28
IFCIFLPoLT0)P WP XM(2) 2 ((U(2)4U(3))%*2=(U(1)+U(3))*%2) BNDR1 29
IFLP=l BNDR1 30
Ut2)sutl) BNDR] 31
1 CONTINUE BNDR1 32
IF(BUI.FQ.,0.36N TO 11 Skip if no inside piston BNDR1 33
ROsR(NCL+Y) 8NDR1 34
RINCL+1)=R(NCL+1)+DT*BUI : s odr P BNDR1 35
UINCL+1)=BUT Inside piston boundary condition SNDR1 36
IF(R(NCL)«GT,R(NCL+1))GO TO 11 BNDR1 37
RINCL)=R(NCL+1) BNDR1 33
DVPIsF2#0,5#(R{(NCL)=ROI*(R(NCL)**IA+RO**IA+FISR{(NCL)*RD) BNDR1 39
PUIsPWI+(P(NCLI+O(NCL))*DVPY Work done by piston BNDR1 40
IFLPIw BNDR1 41
UCNCL )=UINCL+1) 8NDR] 42
11 CONTINUE BNDR1 43
IF(R(NCL).GT,1.E~10.0R. IA,EQ.0) GO TO 5 Special for converging geometry BNDR1 &4
R(NCL)®s1.E-=10 If R(NCL) is 0, the difference equations won't allow it to move gNDR1 45
NOSPLT(NM)=0 Don't rezone after R(NCL) hits the origin BNDR1 46
U(NCL)=0. Don't move until it goes into tension BNDR1 47
$ CONTINUE BNDR1 48
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IFINNV,EQ.,0)RETURN  Skip if no voids

DD 2 I=1,NMC

IF(IV(T).LT.0) 6D TO 2 No void

JeJv(I)

IF(J.GT,JMAX(NME)) GO TO 2 Void not active
IF(IV(I).GE.1)6N TO 3 Go check for closed void in tension
IF(REJIGT P(J+12)G0 TO 2 Open void still open
DU=U(J)=U(J+1) Void closes with relative velocity DU
PRINT 100»TIMESR(J)sDUSIsJoMAT(I))MAT(L+])
WRITE(8y100)TIME,R(J)sDU,IsJsMAT(I)»MAT(I+])

100 FORMAT(2141VNID COLLAPSES TIME=,1PE12.5,8H RADIUS=,1PE12,5,

+4H DUs=p1PEL12,553H I#p13,3H JwpI5,17H MATERIAL NUMBERS,216)
IF(DULT.~-0,5)GN TO Special treatment for high velocity
DRaR({J)=R(S+1)

) .
::j:;;:;‘(’j; td+111/2 Calculate R,U for newly closed interface

DI = (UCdY+U0g+1)) /2 as if materials are the same

U(Jd+1)=sUtJ)

IV(I)=1 Closed void flag

G0 TO ?

CALL RL(I) Special treatment for high velocity

IVLI) =2

60 10 2

II=IECI)

IF(P(J+1) LT XISPUII)4ANDP{J=1)oLT XISP(ITIIIV(I)=0 Open void?
IFCIVII)oF0.0)0RINT 101, TIMESR(J)pIoJsMAT(T),MAT(T41)
IFLIV(T)cEQ.OIVRITE(B)I01)TIMESR(IISTISJISMAT(T)IoMAT(T+])

101 FORMAT(18HIVNTD NPENS: TIMEs,1PE12,5s8H RANIUSe,1PF12,5,

+3H I»p,T13,3H Ju)I5,17H MATERIAL NUMBERS, 216}

2 CONTINJE

RETURN

ENTRY B8NDR2

IFUIFLP EQ.1)PWaPY+(P(2)4Q(2))*DVP
IF(IFLOT.EO0,1)PWTePNI+(P(NCL)+Q(NCL))*DVPI
RETURN

END

] Work done by pistons

BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR]
BNOR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR]
BNDR1
BNDR1
BNOR1
BNDR]
BNOR1
BNDR1
RNDRY
8NDR1
BNDR1
BNDR1
BNCR1
BNDR1
BNDR1
BNDR1
BNDR]Y
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
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BNDR1

Calculates several special boundary conditions such as an applied piston.

Local Variables

I = do loop index = region #.
J = JV(I) = cell# for outside free surface of open void.
DU = relative velocity of the two free surfaces bounding an open void.
DR = position difference of the two free surfaces bounding a just closed
void. The positions were calculated assuming the void Would not
close.
Notes
For sharp-shock burn, the cell currently being burned has its outside
cell boundary moving at the computed CJ particle velocity instead of the
results of hydrodynamics. A piston on the inside of the problem and a piston

on the outside of the problem are allowed. (Pistons are only calculated when

their velocity is not set to 0.) Piston positions are calculated using the
input piston velocities BU and BUI. The inside and outside radii of the
problem are calculated assuming they are free surfaces. If a radius is not
within the limits of the corresponding piston then it is reset to the piston
value and the velocity is reset to the piston velocity. For spherical and
cylindrical geometry the origin cannot be crossed (yielding negative radii?).
If it is, the inside radius is reset to 10-10. A negligible but positive

value is used in order to allow the inside surface to move under tension.

Otherwisge, the difference equations will not allow it to move under any circum-
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stances. Also, a flag is reset to turn off rezoning for the inside region
after the inside surface hits the origin.

If there are voids, a check is made whether an open void just closed

or a closed void should open. A closed void is allowed to open under tension. ‘



When a void closes, the two free surfaces "overshoot" each other. An extrapola-
tion is made back to the point of contact. The two velocities are reset to
the average velocity. This velocity is correct only for identical materials.
However, the difference equations will bring the interface velocity to its
proper value unless the relative velocity is too great. TFor large relative
velocities, the artificial viscosity treatments currently in use in the code
will dump too much internal energy into the cells bounded by the interface
before the cell boundaries have time to respond. That is, the difference in
velocity across a cell next to a just-closed interface becomes instantaneously
finite. When this difference is large (and viscosity depends on this differ-
ence in velocity) the above-mentioned problem occurs. A special treatment

is made in this case that is described in RL.
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100

10

SUBROUTINE SL(I)

PARAMETER (MCLe500,MLe2)sNGCe19,MLGCsNGC*ML oMLDWDT=20%4L,
+NUMVs10oMOL = ((NUMV+1)/3+1)*MCL+100,NDW=20,NCF=8,

+MXDUMPS30,NDX m2%MXDUMP+2,MTABa 1, NTABoMTAB#*3762
+9NSMeLyNUPMe3T728,NSDeNSMENNPM+132,ML2=100)

COMMON/CELL/R(MCL) sUIMCLY»VIMCL)»XI(NCLY)»
+PLMCL) s SX(MCL) 9SZ(MCLISEECMCL) s TCMCL) »O(MCL) s XMIMCL) » IFLAGIMCL)
+sM{MCL)

LEVEL 2»%

COMMON/NVL/NDF NI NPyNGyTENDs TP(ML)»TGIMLYHUTIUF,UITI,UFI,NADDyNM,
+TALPHINDELT,LASEL(BY)NDUMP,IDMPNML1,TO(MLY» UK
COMMON/MISC/TIMESTCYCL)OTHNCLSTASBUSBULSF2,F3,JS

LEVEL 2,TIME

COMMON/ INTT/DRTO(ML ) o XMUCML) YO (ML )o XL AML ) o XVIML) oNV( ML), VO(ML), PO
+(ML),TOMML) »ROWEML ) JMIN(ML2) 9 JMAX(ML2)» IBRN(ML)»PLAP(ML)»ORO(ML),
+MAT(ML)»UO(ML) s UTCML) sDTCF (ML) »QO(ML) s THLT (ML) ,THC (ML)
COMMDN/VOIN/ZINTX(ML2),JVIML2) ) IV(ML2) 5NNV

COMMON/MNMX/KMAX{ML2) pKMIN(ML2) sNMC

COMMON/NSPLT/NNSPLT(ML2)

COMMON/ES/TE(ML2),NME

IPMaNMs]

JedS  Cell # to spall

IF(IPM.GE,ML2IRETURN Don't make more regions than storage allows
II=JE(T)

CALL OUTGAS  GAS dump before spall

PRINT 100, TIMESR(J)»IsJsMATI(II])

WRITE(BLOD)TIME,R(J)p1sJpMAT(I])

FORMAT(13H1SPALL? TIME=)1PE12.598H RADIUS=,1PF12,5,3H I=,13,
+3H JUsyI5,16H MATERIAL NUMBER,IG)

CALL PONT Print out before spall

00 10 TI=I,NM
IPsIPM

IPMaIP=1
IE(IP)=TE(TPM)
IVIIP)=sIV(TOM)
JV(IP)=JV(IOM)
INTXC(IP)@INTX(IPM) 1
JMAX(IP )= JMAX (IPM) Shift variables that characterize the region up by 1
KMAX (TP }aKMAX(IPM)
JMIN(IO) = JMIN(TIPM)
KMIN{IP)asKMIN(TPM)
NOSPLT(IP)=NOSPLT(IPM)
CONTINJE

NMsNM+]l .

NMC-NH¢¢1] One new region

CALL SYFT(1,Js1) Shift cell quantities up by 1
NNVaNNV+1 A new void

IV(I)=0 that is open

JPaJ+l

XM{J)=O,

IVIIyay ] Void cell

I17e1l

IFCINTX{TI).GE.2) IT-S] Set interface flag
INTX(I)=IT
JHAX (1) =J=1
KMAX(I)=J=1
JMIN(I+1)}=JP
KMIN(I+1)=JP
NOSPLT(TI)=0 ~ Turn off rezoning
R(JPI=R(J)

Set region boundaries

SL 2
PARAM 2
PARAM 3
PARAM 4
PARAM 5
MCELL 2
MCELL 3
MCELL 4
MCELL ]
MCELL 6
MCELL 7
MCELL e
MCELL 9
INIT 2
INIT 3
INIT 4
vD 2
MN 2
NSP 2
ESM 2
St 10
118 11
SL 12
StL 13
St 14
SL 15
St 16
SL 17
SL le
St 19
SL 20
St 21
SL 22
SL 23
SL 24
SL 25
St 26
SL 27
SL 28
SL 29
St 30
SL 31
St 32
SL 33
SL 34
SL 35
St 36
St 37
SL 38
St 39
SL 40
SL 41
SL 42
SL 43
St 44
St 45
SL 46
SL 47
SL 48
St 49




12

IFLAG(I)=IFLAG(J=1)+64
JMNaJp

JHXeKMAX {NM)

DD 12 Ke=JMN, MY
IFLAG(X)sIRLAG(K)+128
CONTINUE
IFLAGI(NCL)=IFLAG(NCL)+128
CALL 0UTGAS  GAS dump after spall
JSa0  Turn off spall flag

RETURN

END

Set flags so that GAS plots will show
spall on interface plots
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SL(TI
Does all the bookkeeping required to create a spall.

Local Variables

IPM = NM+1 = # of regions after the spall (which splits one region into two);
also, TPM is decremented in the do loop where data is shifted.

J = JS = cell # to spall.

IT = IE(I) = original region #; also do loop index.
IP = previous value of IPM in the do loop where data is shifted.
JP = J+l = cell # next to the created void.
IT = temporary variable to calculate INTX.
Notes

When a spall occurs, a single region is split into two regions with an

open void between them. The open void requires a new cell to be created.




SUBROUTINE SPLTCHK

SPLTCHK
PARAMETER (MCL=500,ML=21,NGCu1G,MLGCaNGCEML,MLDWDT=20%ML, PARAM
SNUMV=10,MQL s ((NUMV+1)/3+1)¢MCL+100,NDW=20,NCF a8, PARAM
+MXDUMPa30, NDX=2%MXDUMNP+2, NTABe 1, NTABaMTAB*3742 PARAM
+sNSMe4yNWPMa372R,NSDasNSMENWPM+132,ML2=100) PARAM
COMMON/CELL/RIMCL) pLIMCL)Y»V(MCL),XI(MCL), MCELL
+P(MCL)osSXIMCLY»STIMCLISEE(MCLIT(MCL) »Q(MCLY»XM{MCL), TFLAG(MCL) MCELL
+s2N(MCL) MCELL
LEVEL 2R MCELL
COMMON/OVL/NDFsNTsy NPy NG TENDS TPIML)»TG (ML) »UT,UF,UTIT,UFT,NADD,NM, MCELL
+TALPHONDELTHLARFL(8),NOUMP,IDMP,NML1,TD(ML)» TJK MCELL
COMMON/MISC/TIMESICYCLsDTINCLsIASBU,BUI,F2yF3,JS MCELL
LEVEL 2,TIME MCELL

COMMON/INIT/DTOUML ) o XMUCML) s YOUML) pXL{ML)sXVI{MLI,NV(MLI,VO(ML)I,PO INIY
+(ML),TOLMLY S ROWIML )y JMIN(ML2) s JMAX(ML2) pIBRN{ML) ,PLAP(ML)pDROIML), INIT

+MAT(MLY>UO(ML) JUTIMLY sOTCF(ML) »QOCML) s TMLTIML) » TMC (ML) INIY
COMMON/MNMY JKMAX(ML2)pKMIN(ML2) pNMC MN
COMMON/NSPLT/NDSOLT(ML2) NSP
COMMONZES/TIE(ML2) 9 NME ESM
DATA DRMN/0,001/ SPLYCHK
DATA N/4&4/ SPLYCHK
IF(KMAX{NM) G5 MCL~1~N)RETURN Don't overrun storage SPLYCHK
DO 10 I=1,NMC SPLTCHK
IFINDSPLY(Y).LE.O) GO YD 10 1Is rezoning allowed? SPLTCHK
JURKMAX(1) SPLTCHK
DLReR(J)I=R(J+1) SPLTCHK
;::;Eé:;”') If the innermost cell has AR > 4AR0, then rezone 3:32::
IF(DLR,LT,DR) GN TO 10. SPLYCHK
12 CONTINYE SPLTCHK
NCIskMAX{T)=KMIN(T)+1 ' : . : SPLTCHK
‘ IF(N.GT.NCIIN®NCI ] Don't split cells outside the region SPLTCHK
CALL O'JTGAS SPLTCHK
CALL SHFTL(T»J,N) Shift cells inside of the split by N SPLYCHK
11 CALL SPLIT(X,JsN) Split the last N cells in half SPLYCHK
CALL PRNT SPLYCHK
CALL OQUTGAS SPLTCHK
10 CONTINUE SPLTCHK
RETURN SPLYCHK
END SPLTCHK
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SPLTCHK ‘

Checks whether rezoning is required in a region and if so calls subroutines

to do the rezoning.

Local Variables

N = # of cells to be split if rezoning is required.

I = do loop index = region #.

J = cell # of innermost cell in region I.

DLR = width of cell J.

DR = 5 times initial width of cell J.

NCI = # of cells in region I.
Notes

Rezoning is not checked for unless NOSPLT(I) > 0. Currently, the only
criterion included is that the innermost cell of a region gets wider than
five times the initial width. Other criteria are available for particular ‘
types of problems. The GAS dump before and after the rezoning is to avoid

extraneous lines in certain types of plots.
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11
12

SUBROUTINE SHFT(I»JpN)

PARAMETER (MCL=500,ML=21yNGC=19)MLGCaNGC*ML,MLOWNT=202ML,
+NUMV=1D,MOL= ({NUMV+1) /341 )}*MCL+100,NDW=20,NCF =8,
+MXDUNPR3)yNDX w2 ¥ MXDUMP+2, MTAB1 ) NTABaMTARS3742
¢pNSMLyNWPMu3T72R,NSDsNSM¥NWPN+4132,ML2+100)

COMMON/CELL/R(MCLY pUCMCL)sVIMCL)Y»XI(NCL))
+PIMCL)»SXIMTL)»SZUMCLI,EEC(MCL)»TIMCL) ,Q(MCL)»XMIMCL), TFLAGIMCL)

+sW(IMCL)
LEVEL 2,R

COMMON/NVL/NDFINTI NP NG TEND, TPIMLYI»TGIML)»UT)UFL,UTT,UFI,NADD,NM,
¢IALPHYNDELT»LABFL(B)sNDUMP, IDMP,NML1,TD(ML)»TJIK
COMMON/MISC/TIME,ICYCLsDTANCLsIASBU,BUI,F2,F3,JS

LEVEL 2,TImE

COMMON/ INIT/DTO (ML) o XMUCML) p YO UML) s XL UML) pXV(MLY SNV (ML), VO(ML),PO
+(ML)>TO(ML) »ROWIML ) p JMINIML2) » JMAX(ML2Z2)»IBRN(ML)Y,PLAP(MLY,DRO(ML)Y,
+MAT(ML) s UOCMLY »UT(ML) yDTCF(ML) »QO(ML) » TMLT{MLY»TMC (ML)

COMMON/UCIT/UCI»JJ sNMAXSRCJIHDCY

COMMON/VOIN/INTX(ML2),JVIML2), IVIML2) pNNY

COMMON/MNMY /KMAX(ML2) oKMIN(ML2) oNMC

JJ=NCL+1
R(JJI+N) =R (JIJ) 7
UCJJ+N) =U(SJ)

DD 10 K=J,NCL
Jdsdy-1

JNaJJ+N

REIN)=R(JJ)
UtJINI=I(Jd)
P(JIN)=P(dJ)
VNI eV (JJ)
XICJIN)eXT(JJ)
SX(JN)=SX{JJ)
SZ(JIN)=SZ(JJ)
WIINY W (JJ)
XMUIN)=XM(JJ)
IFLAG(IN)aTELAG(JJ)
TCIN)=T(JJ)
QUIN) =2 (JJ)
CONTINYE -
DO 11 K=T,NY
KMAX(K)=KMAX (K)eN
JMAX(K) e JMAYX (K) 4N
IF(I.EQ.XY GN TO 11
JHINCK) sJMIN(K) 4N

—

KMIN(K)oKMIN(K)+N
CONTINUF
DO 12 K=1,N¥

-

Shift cell quantities up by N for cell #'s > J

1st KMIN, KMAX, JMIN, JMAX reflect the shifted cells

IFLIVIK) 6T, J) JVIK)eJV(ik)eN Shift void cell index
NCLaNQL+N ] N new cells

NMAXsNMAX 4N
RETURN
END

SHFT
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INIT
uc

vD

MN
SHFY
SHFT
SHFY
SHFT
SHFT
SHFT
SHFT
SHFY
SHFT
SHFT
SHFY
SHFT
SHFT
SHFT
SHFT
SHFT
SHFTY
SHFY
SHFT
SHFT
SHFT
SHFT
SHFT
SHFT
SHFT
SHFTY
SHFY
SHFT
SHFT
SHFT
SHFY
SHFT
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SHFT

Shifts all cells with cell # 2 J up by N. Used when new cells are created
in the middle of the problem; e.g., for spall and rezoning.

Local Variables

JJ = index of cell being shifted.
JN = index of cell to which cell # JJ quantities are being shifted.

K = do loop index.

Notes

Any new quantities that are tied to a cell # should be included in this

subroutine.




SUBROUTINF SPLIT(IJdsN)

PARAMETER (MCL=300,ML821,)NGCo1GyMLGCaNGCOML ) MLDUDT=208ML,

+NUMV210,MO0Le ((NUMV41) /341 )%MCL+1009NON=20sNCF =8,
+MXDUMP=3Q, NNXu2¢MXDUMP 42, MTABo 1, NTABSMTABS3742
*sNSMa4yNWPYR3T2R,NSDENSMENWPM4132,ML2=100)
COMMON/CELL/RIMCL)Y JUIMCL)»V(MCLY,XIINCL),

“PIMCL)»SXIMCLYHSZIMCLISEECMCL) s TIRCL) ) Q(MCL Y, XMIMCL),TFLAG (MCL)

soN(MCL)
LEVEL 2,R

COMMON/OVL/NCF oNToNPoNGo TENDSTPIML) s TGIMLI »UTUFSUTTUFToNADD)NN,
+IALPHINDELTH)LANEL(8))NCUPPLIDMPSNMI,TD(ML)»TJIK
COMMON/ZMISC/ZTIMESICYCLIDTHNCLS IASBUSBUISF25F3,5JS

LEVEL 2,TIM=

Ji=J+l

JP=JeNe]

R{JP)=R1IY)
UlJP)=ti(Jdy)

00 10 Kel,N

JP=JpP=2

Jiadi=-1
IFLAG(JPI=IFLAR(YY)
IFLAG(JP+1)=TFLAGLJJ)
R(JP+1)(R{JIIER(JJe1))/2
R(JPI=R(JI
UGJP+1)e(U(JJY+ULIJ+1) )72
UtJPIai(JdJ)

JM=JJ-1

XNFoaQ SEXM(III/ (XM(SII+XM(INY)
DVaXMF*(V(JJ)=V(JIN))
V(JP+1)aV(JJ)enY
V(IP)eV(JIIV=DV
DVeXMFE{P(JJ)=~P(J™))
P(JP+1)sPJJ)eny
P(JP}eP(JJ)=DV
DVsXMF#(XTI(JJ)=XT(JIM})
XICJP+1)mXT(JJ)eDV
XICIPI=XT(JI)=DV
DVeXMFS{SX(JJ)=SX{IM))
SX(JP+1)sSX(JJ)eDV
SX(JP)aSX(JI)=DV
DVeXMFR(SZ2(JJ)I=ST(JIN))
SZ(JP+1)1=SZ{JS) oDV
SZ(JP)=S2(JJ)=0V
DVeXMF&® (W(JJ)=W(JM))
W{IP+L)mW(JJ 4DV
WlJP )W (JJI)-DV
OVesXMF*(T(JJ)=T(JI™))
T(IP+1)eT(JJ )NV
T(JP)eT(JS)=-DV
DV=XMF®(0(JJ)=0(IM))
Q(JP+1)es0(JJ)eOV
CliP)=0(JJ)=nV
CFeXM(J )

DReR (JP+1)=R(JP+2)
Rl=R (JP+2)

R2sR(JP+1)

XM(JP+1)=DPeF2% (R122JA+R2*#TA+FISR]IR2)/V(IPe])

DReR{JP)=R{JP+1)
R1l=R2 .
R2=R(J°)

Interpolate
cell quantities

SPLIT
PARAM
PARAM
PARANM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
SPLIT
SPLIT
SPLIY
SPLITY
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIY
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIY
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIY
SPLIT
SPLIT
SPLIT
SPLITY
SPLIT
SPLIT
SPLIY
SPLIY
SPLIT
SPLIT
SPLIT
SPLIY
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
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10

XM(JP)uDREE2A(R1*kTAR2SIAIFIHR]ISR2)/V (JIP)

CFeCF/(XM(JPI4XM(JIP+1))
XMIJP)sXM(JD)*CF
XM(JP+1)aXM(JP41)%CF
CONTINUE

RETURN

END

Be sure mass is conserved exactly

SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT

- -

52
53
54
55
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‘ SPLIT

Splits N cells starting at cell #J into two cells. All cell quantities
are linearly interpolated and conservation of mass is explicitly required.

Local Variables

JJ = cell # being split.

JP = cell # to which the split is made.

JM = JJ - 1.

CF = (1) mass of cell being split, (2) ratio of computed mass to original

mass.

DR = cell width.
Notes

Cells are divided in half and the new cell quantities are linear (in
Lagrangian coordinates) intefpolations of the old cell quantities. The cell

‘ masses are adjusted from the interpolation such that mass is conserved exactly.
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SUBROUTINE EPP(TsJ) Epp

PARAMETER (MCLe500,ML 821 ,NGCo19yMLGCoNGCEML, MNLDNDT=20%ML, PARAM
#NUMVS10,M0L=({NUMV+1)/341)%MCL+100,NDWN=20,NCF=8, PARAM
¢MXDUMPR30,MNXa2%kMXDUMP+2,MTAB=1,NTABsMNTAB%*3742 PARAM
+sNSME4 o NWPVR3T728,NSO=NSMENWPM+132,ML22100) PARAM

COMMON/CELL/Q(MCL) pU(MCL)»VIMCL) o XI(MCL)» MCELL
+PIMCLYSSX(MCLY s SZUMCL)EE(MCL) »TIMCL) »QIMCLI s XMINCLI»IFLAGIMCL) MCELL
+oN(MCL) MCELL

LEVEL 2,R MCELL

COMMON/OVL/NDFsNTI» NPH)NGs TENDs» TPIML) s TGIML)IS UL UF,UTT,UFT,NADD,NM, MCELL
+IALPH)NDELT,LABEL(8)sNDUMPyIDMPyNMI,TD(MLY»TIK MCELL

COMMON/MISC/TIMESICYCLSDTHNCLsIA)BU,BUI,F29F3,JS MCELL

LEVEL 2,TIME MCELL

COMMON/ INIT/DTO(ML ) s XMUCML) s YO (ML) p XL (ML) pXV (ML) sNV (ML), VO(ML)»PO INIT
+{ML),TO(ML), RDU(ML):JMIN(MLZ);JMAX(NLZ)’IBRN(NL)9°LAP(WL)’DR0(NL)3 INIT

+MAT(MLYUO(MLY UTIML) sDTCFIML) »QO(ML) s TMLT(ML) ,TMC (ML) INIT
COMMON/BRND/Z(MLYSECML)»VCI(ML) sDWDT(NDW,MLY»PCIIML) pPM{ML),ND (ML) BRD
49 MSFF BRD
IF(TMLT(1).LF.0.)60 TO 10 EPP
TH=TMLT(T)+TMCITI®(VO(ID)=V(I))/VO(I) Kennedy melt law EPP
IF(TM.GT.T(J)IGN TO 10 EPP
S$X(J)=0, EPP 10
S2(J)=0, Epe 11
RETURN EPP 12
10 CONTINUE EPP 13
GO TO (15351)5TALOH gEPP 14
1 IF(P(J).LT0,)GN TO 2 No correction for negative pressures : EPP 15
IF(PLAP(I).LT.YO(I))GO TO 2_No correction if PLAP < 2/3 Y EPP 16
X=sP(J)/PLADP(]) EPP 17
P L) APl =YD LTI *AMINL (10 sX) Correction to get on the hydrostat Epp 18
2 IFCABS{SX(J)).LF.YO(I))IGO TO ¢ On the yield surface? EPP 19
SX{J)eSIGNIYO(T),SX(J)) EPP 20
4 P{J)=PlJ)+SX(J) Total stress in the x-direction Epp 21
RETURN EpPP 22
3 CONTINUF EPP 23
IF(P(J)LTL0.IGN YO 5 EPP 24
IF(PLAP(T)LT.YO(T))GO TO 5 EPP 25
XeP (J)/PLAP(T]) EPP 26
P(J)ePlI)=YO(T)®*AMINLI(1l.sX) EPP 27
5 F=2# (SX(JI*(SX(JV+SZ(J))+S2(J)*S2(J)) Yield surface for o = 2 is EPP 28
TTY281.5%Y0(T)*YD(]) different gpp 29
IF(F.LT.TTY2)GO TN 4 EPP 30
FTe«SQRT(TTY2/F} (3144 31
SX(J)aFT#SY(J) EPP 32
SZ(J)-SZ(JNFT] Sx and Sz are independent Epp 33
GO TO 4 EPP 34
RETURN EPP 35
END EPP 3¢
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EPP
An elastic — perfectly plastic model with the von Mises yield model and
an optional correction term to put shock data fit equations of state on the
hydrostat.

Local Variables

X = P/PLAP. See below for usage.
Notes

In the elastic region, consider the linear stress—strain relation (Hooke's

Law),

g + A(ell +e,.,+ 533) . @B

13 = 2Heyy 22

The hydrostat is given by €,, = - AV/3V for all i and

ii

Phydrost:at (3 +A v (2)

For one-dimensional compression we have g,, = ~AV/V with all other €;4 = 0.

11 i
This gives
AV
= = - + l <
PHugoniot %11 (2u ) v (3)
and
= AV
with
- AV .
Opp = Opg = = 205 . (5)

The value determined experimentally is P in single shock compres-

Hugoniot
sion. For strains larger than at the yield point, 011 ~ Oy9 is assumed to
remain constant at YO’ the yield stress. The difference between the Hugoniot

stress and the hydrostat is
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4 Av
PHug - Phydro - T3 H 2 (6)

in the elastic region. At the yield point, -AV' = Y V/2u and Pﬁug -

((2u-+l)/2u)Yb. The difference between PHug and Phydro can then be written as

P
=2y _Hug 4 AV
Piug = Phydro = 3 Yo Y T3y o 7
Hug

In a similar manner, we can write for strains larger than at the yield point,

=2
PHug - Phydro 3 Yo - (8)

These last two formulas are found to be in satisfactory agreement with
experiment for real materials in the region of interest. They are then used to
calculate the hydrostat for equations of state fit to Hugoniot data. 1In the

code Pgug is designated PLAP and is input data. For PLAP < % YO’ it i1s assumed ‘

that the EOS pressure is the hydrostat.

Next we define the stress deviators by

Si=oi—P . (9)
where
o, +0,+0
P = 1 2 3 (10)
3
and
oy = 2ue; +A(ey + e, +ey) (11)

which is Eq. (1) with a change of notation to take advantage of the fact that

c is diagonal for the coordinate systems we are considering.

ij
Substitution of Eq. (11) in Egqs. (9) and (10) gives

AV
= 211(&:i +-§V- , (12)

Sy



with

pe-(Z+2) 40, (13)
where we have used
- %¥-= ey te, teg . (14)

The differential form of Eq. (12),

< . _Y‘
S; = 2u(ei +37) s (15)

is used in the code to calculate the stress deviators.

The yield stress is calculated using the von Mises yield criteria. This
model assumes that yielding occurs when the distortion energy is the same as
the distortion energy at yield for simple tension (see, e.g., Mendelson,

Plasticity:. Theory and Application for further details). This criterion can be

written as

1 2 2 2, _ L2
which can be rewritten in terms of the stress deviators to give
2 2 . 2 _2 .2
S1 + 32 + S2 =3 Y0 . 17
For ¢ = 1 and o = 3, directions 2 and 3 are equivalent so we have
2 3 271 °
which simplifies Eq. (17) to yield
2
Sl §'Yo . (19)
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Equation 15 need only be evaluated in the l-direction, which is the .

x-direction for o = 1 and the r-direction (still denoted x in the code) for

o = 3. The value for él is obtained from

€1=—_a'§ ’ (20)

which is the same for all a.

For oo = 2, none of the directions are equivalent, so we have
S2 = —Sl - S3 ’ (21)

which is substituted into Eq. (17) to give

- 2 2 2 2
f = 2(Sl + 53 + sls3) 3 YO . (22)
The value for él is again obtained from Eq. (20). However, the value .
for é3 is zero because the 3-direction, which is the z-direction, does not have

any motlon in cylindrical geometry. When the yield condition, Eq. (22), is
met, the stress deviators in the 1- and 3-directions are scaled to lie on the

yield surface.




"

12

11

10

SUBROUTTINE DELT

PARAMETER (MCL=500,ML=215NGC=19,MLGCeNGC*ML)MLONDT=20%ML

+NUMV=10,MQL= ((NUMV+1) /7341 )%MCL+100,NDW=20,NCFe8,
+MXDUMPa30,NDXe24MXDUMP 42, MTAB=1 ,NTABsMTAB®*3742

+pNSMehy NYPMa3T728,NSDeNSMENWPM132,ML2=200)
COMMON/CELL/RIMCLI SUIMCL)»VIMCL) »XI(MCL),

+P(MCL)sSX(MCLYSSZIMCL) JEECMCLY ) TCMCL) 5Q(MCLI,XM(MCL) »TFLAGIMCL)

¢ iMCL)
LEVEL 2R

COMMON/OVL/NDFoNIsNPyNGs TENDs TPIML)sTGIMLY, UL UFSUTI,UFI,NADDyNM,

+TALPHONDELT,LAREL(B) )NDUMP, IDMP,NMLI,TD ML), TIK
COMMON/MISC/TIMESICYCL,DTHNCLs IA»BU»BUISF2,F3,5JS
LEVEL 2,TIME

COMMONZ INTT/70TOCMLY ) XMUCML) » YO (ML) o XLIMLY »XV ML) sNV (ML), VO(ML) PO
+(ML)> TO(MLY o ROWEML) p JMIN(ML2) » JMAX(ML2) o IBRN(ML) y PLAP(ML),DRO(ML),

+MAT(MLY JUOIMLY pUTCMLY s DTCF (ML) »QOCML) p TMLTIML) 5THC (ML)
COMMON/VNTO/TNTX(ML2),JVINL2) s IVIML2) o NNV

COMMONZMNMY ZKMAYX(ML2) pKMIN(ML2 ) »NMC

COMMON/ BRNS /A (ML), BR{ML) »BACML) pVBOIML) ,VBSWIML)
COMMON/ENSN/TEQSIML) ) ME(ML)

COMMONZES/TE (ML2)y NME

DATA IDV/O/

NMCE=IE(NMC)

TFCJMAX(NMC )=JMIN{NMC) oLEc2.ANDNMCoGTo 1INMCE=TE (NMC=1)
IF(DTOI(NMCE) LENT)DTFeDTO(NMCE)
IF(NDELTE0.1.0R.IBRN(NMC) +EQ43)RETURN

DTC=DTO(NMCE)
DLT=DTO(NMCE)
J1s0

DO 10 Is1,NMC
I1=1IE(Y)

JMN= JMIN(T)
JMX=JMAX(T)
VM=V ( SMN)
DRM=R(JMNI-R (JMN+1) |
DRVeDRM

JI=IMN

JR® JMN

JMN=JMN+1

D0 11 JsJMNyJIMX
DReR(J)=R(J+1)
IF(DR.GTL.DPMIGD TO 12
JRey

DRM=DR -
CONTINUE
IF(V(J).GE.VMIGD TO 11]
Jimy

VMV (1)

DRVaDR §
CONTINUE
DTCeDTCF{NMCFI*DRM/CLITI,JR) At for the smallest R
IF(DTCoLT.NPLTIDLT=DTC Is it smaller than DLT?
IF(JR.EDJJIGO TN 10 Don't check the same cell twice
DYCsDTCF(NMCE)®DRV/C(II»J4d) At for the smallest V
IF(DTC.LT.DLT)IDLT=DTC Is it smaller than DLT?
CONTINUE
JuKMAX(NM) e
IF(IALEQ.,0)160 TO 20

Find the smallest AR in the region

Find the smallest V in the region

IF(UCJ)aGF.0.,)G0 TD 20 small enough

Check for last cell about to hit the origin
IFIRLJILEL1,E-10)GD YO 20 (x = 2 or 3) and whether the time step is

DELTY
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INIT
vD

MN
BRN
EN
ESM
DELTY
DELT
DELT
DELY
DELT
DELT
DELY
DELT
DELY
DELY
DELT
DELT
DELY
CELT
DELT
DELTY
DELY
DELT
DELT
DELT
DELY
DELY
DELT
DELY
DELY
DELT
DELY
DELTY
DELY
DELY
DELT
DELY
DELT
DELT
DELY
OFLY
DELY
DELT
DELT
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20

30
40

DTV==R(J)/7ULI)
IF(DTV.GT,5#%DT)IGO TO 20

DLIVe=,05*%(R(J=1)=R(J})/U(J=1)

IF(DLTV.GT.DLTIGN YO 20
DT1s0LTV

10v=101

CONTINUE

IF(NNV,LE,0) GO TO 40
DO 30 Ie=l,N%C
IF(IV(I}.NF.0) GO TO 30
J=JviI)

DRV=R(J)=R(J+1)
DUsU{JI=U(J+1)
IF(DU.GT.-0,01)GN TO 30
DTV==DRV/NUY
IF(DTV.GT.5*NT)GO TO 30
DRM=R (J=1)=R(J)
DRPsR(J+1)=P(J+2}
DRT=AMIN1(NPP,NRM)
DTV=0.,05%DRT/ARS(DU)
IF(DTV.GT.NLTVIGN TO 30
1DVs=101

-

DLTV=DTV
OT1e=DLTV j
CONTINJE
CONTINUF
I0V=I0V-1

IF(OLT.LT,OTO(NMCE))DTFsOLT

IF(IDV.GE.1)DTF=DT1
IF(DLT.LT.NTFINTFaDLT
DTR=DTF/DT

IF(DTReLT o 04PeNReDTReGTe1,2)DT=DTF

RETURN
END

Check for void about to collapse

] Pick the smallest time step

Don't make small changes in At

DELT
DELT
DELT
DELY
DELT
DELT
DELY
DELY
DELT
DELY
DELY
DELT
DELY
DELT
DELT
DELTY
DELY
DELT
DELT
DELT
DELY
DELTY
DELT
DELT
DELT
DELTY
DELT
DELTY
DELY
DELT
DELY
DELY
DELY
DELT

50
51
52
53
54
55
5¢
57
58
59
60
61
62
63
64
65
66
€7
68
(3
70
71
72
73
T4
75
76
77
78
79
€0
81
82
e3




DELT
Calculates the time step to be used. The time step may be input data or
may be evaluated from several criteria in order to keep the problem numerically
stable.

Local Variables

IDV = index used to count the number of time steps to use the void collapse
time step.

NMCE = the region from which the maximum allowed time step is obtained.

DTC = At calculated from the sound speed.

DLT = variable used to keep track of the lowest calculated At.

IT = IE(I) = original region #.

JMN = JMIN(I).

JMX = JMAX(I).

W™ = vériable used to find the smallest volume in the region.

DRM = variable used to find the smallest Ar in the region.

JJ = cell # of cell with V = VM,

JR = cell # of cell with Ar = DRM.

J = last cell # in the problem/void cell #.

DTV = time step required for cell with Ar = DRT to collapse 5% when void
collapses - also, approximate time required for the inner surface
of the problem to reach the origin.

DLTV = time step required to collapse the last cell 57 when it hits the

origin.
DT1 = DLTV when small enough to be needed = collapse time step.
DRV = width of void.

DU = relative velocity at which a void is closing.
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DIV = approximate time required for a void to close.
DRM = Ar for cell that is outside bound of a void.

DRP

Ar for a cell that is inside bound of a void.
DRT = smaller of the two.

DTR = ratio of computed time step to the current time step.

Notes

Several methods are used to compute the time step. For a sharp shock burn,

At is fixed in SSB (q.v.) and is not changed by DELT. Each region can be as-
signed a maximum time step, DTO, which is in effect when that region is the
last active region. For NDELT = 1 in the INP namelist, At is set to DTO for
the last active region. The time step can also be calculated from a constant
times the time it takes a sound wave to cross a cell at the local sound speed.
That is, At = a(Ar/c), where a is a constant (DTCF in the code with default
value of 1/2), Ar is the cell width, and ¢ is the sound speed in that cell.

This check is made for the densest cell and the cell with the smallest width

for each material. (See Chap. 12 of Richtmyer and Morton, Differential Methods

for Initial-Value Problems, 2nd Ed., for a discussion of the stability criteria

252

for the difference equations.)

In converging geometry, for the inside surface about to collapse at the
origin, the time step is temporarily (100 cycles) required to be no greater
than 1/20 of the time required for the outside of the innermost cell to reach
the origin at its current velocity. The same criteria is used for collapsing
voids, except that the relative velocity of the two surfaces is used along

with the smaller of the two cell widths for the cells touching the void.




FUNCTINN C(TI,J)

PARAMETER (MCL=500,ML®21,NGC=19,MLGCuNGC*MLyMLDWDTe20%ML,
*NUMV 10, MOL = { INUMV €1 ) /7342 )*¥MCL+200,NDWw20,NCFa8,
+MXOUMP=30,NDY =2 ¢MXDUMP+2 ,MTAB=] ,NTABsMTAB#*3742
+9NSMeL , NWPMa3 728, NSDaNSMHENWPN+132,ML22100)

COMMON/ZCELL/R(MCLIJUCMCLI»V{MCLI»XI(NCL),

AP (MCL)sSXUMCLY pSTIMCL)SEEIMCL)»TIMCLY s QLMCLY» XM{MCLY,TFLAGIMCL)
+¥(MCL)

LEVEL 2,R

COMMON/DVL/NDFyNTsNPyNGy TENDs TP(ML)»TG(ML)»UXsUF,UTTI ,UFTIH,NADD,NM,
+IALPHINDELT,LABEL(8) ,NDUMP,IDOMP,NM1,TD(ML )y TIK

COMMON/MISC/TIMESTCYCLsDTHNCL,IA)BUBUL,F2,F3,J8

LEVEL 2,TIME

COMMON/FEOSN/IEODSIML) ) MECML)

IS=JEOS(1}

Vi=y(J)

PJ=P(J)

X1JeXI(J)

G0 TO (1925354)51S Pick sound speed subroutine according to EOS type
CALL CUSUSIVJI,PJ,CChI)

C=CC

RETURN
CALL CBLNDUP(1,J,CC)

C=CC

RETURN
CALL CPOLY(VJIsPIsXIdpCCrI)

C=CC
RETURN
CALL CSES(VJIaXTJsCCrlnd)

C=CC
RETURN

END

c
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
EN

CFOONOOOOOTATOOIOOOOOOOO
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Switching function subroutine to pick the appropriate sound speed
subroutine.

Local Variables

IS

IEOS(I) = equation-of-state type.
VI = V().

PJ = P(J).

XIJ = XI(J).

CC = sound speed.

C = sound speed.
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20

30
40

SUBROUTINE CUSUB(VC,PCsChI)

PARAMETER (MCL=500,ML=21sNGCo19,MLGC=NGC*ML,LDWDTa202ML,
+NUMVS10,M0L= ((NUMV41)/341)*MCL+100,NDW=20,NCF=8,
+MXDUMP=30,NDX=24MYDUMP 42, MTABs1,)NTABuMTAB%X3742
+sNSMe 4y NYPMu3T728,NSDeNSMENWPM+132,ML2=100)

COMMON/CELL/R(MCL) pUINMCL) »V(MCL) pXI(MCL)»

+P(MCL)sSX(MCLY»SZIMCL)IPEECMCL) »T(MCL) »QUMCLY» XMIMCL) » IFLAGIMCL)

+oW{MCL)
LEVEL 2,R

COMMON/OVL/NOFoNTyNPoNGs TENDS TPIML) s TG(ML)s UL, UFSUTT,UFISNADDyNM,

+IALPHyNDELT, LABEL(8)p)NDUMP, IDMPyNM1,TD (ML) TJK
COMMON/MISC/TIMESICYCLSDT,NCLsIA»BU»BULSF25F3,JS
LEVEL 2,TIME

COMMON/INIT/DTO (ML ) o XMUCML) 5 YOCML) 9o XL (ML) s XVIML) sNVIML);VO(ML),»®0
+ (ML) TOUML) pROWIML ) pUMINCML2) 5 SMAXCML2) pIBRN{ML)Y ,PLAP (ML) »DRO(ML),

+MAT(MLYUD(MLYSUT(ML),DTCF(ML)»QO(ML)Y»TPLTIML),,THMC (ML)
COMMONZUSUPC/CLIML ) »SIC(ML)»C2(ML)»S2(ML ) SHVIML) ,VMN(ML),
+GAMMA (ML) pALP (ML)
COMMON/BRNS/ZA(ML) pBRUML) »BAIML)»VBO(ML) »VBSW ML)
IFCIBRN(TI)CNELOIGN TO 40
IF(VC.GT.SWV(T1)) GO TO 11
C=C2(1)
§=52(I)
G0 70 20
CeCl(I)
SsS1(I)
ETA=(VO(I)=VC)/VOL )
IF(PC.LE.O.) GO TN 30 If in tension, use C from USUP constants
VVeVC/VOL(T)
HP=(C/(1=S*FTA))**2%ETA/VO(I) Hugoniot pressure
CSO=(VV*C) %% (14S*ETA)*(1=-GAMMA(I)*ETA/ (2%VV))
+/(1=S*ETA)*XJ4GAMMA(T ) *VO (I} EHP/24VCH(PC-HP IR (GAMMA(T) 1)
IF(CSO .LE. 0) GN TO 30 If C2 < 0, use C from USUP constants
C=SQRT(CSQ)
CONTINUE
RETURN
Cs=1, Used for HE's
RETURN
END

pick appropriate USUP constants

cusur
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIT
INIT
us

us
BRN
cusup
cusup
cusup
cusue
Cusup
cusup
cusup
cusup
cusup
cusue
cusup
cusue
cusur
cusur
cusuyp
cusue
cusup
cusur
cusue
cusur
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CUSUP(VC,PC,C,I)

Calculates the sound speed for a USUP EOS with constant Gruneisen Y.

Local Variables

VC = specific volume, V, for which C is to be calculated (subroutine
argument).
PC = pressure, P, for which C is to be calculated (subroutine argument).

C = sound speed = output of subroutine (subroutine argument).

I = initial region number from which to get EOS constants (subroutine
argument).
S = S in USUP fit US =C + SUP
vV, -V
Em:n,iv__
0
W=¥—=l_n .
0
HP = Hugoniot pressure at specific volume V.
csq = c2.
Notes

The sound velocity C is given by

2 _ (9P 2(3P
¢ sp) "(av)s’ L

which can be rewritten as

-2 @) @ E)]- @), @] e

The Gruneisen EOS is given by

P=P, +?%-(I - (3)
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where
Py = 0 Con/( - sm? (4)
L s
with PO and I0 ignored, and
n= V°V- ° (6)
0

Since PH is a function of volume only, the first term in Eq. (2) is readily

evaluated using Eq. (3) to give
Q), Y
P T . P v (7

where ¥ is assumed to be constant.

The second term in Eq. (2) is more readily evaluated if we rewrite Eq.

in the form

™V,
- - —9) . Iy
P PH( /v - (8
We then have
(B_P =8PH<1_nYVO>+PHYVO_H ©
v 1 oV 2V 2V2 V2
where
P 9P c 2
o nac_(_g><1+8n> (10
L2 LA Ul v

and I can be written from Eq. (8) as

(3)
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nyv
A - .0
I—Y[P P\l 7 ] . (11)

Substitution of Eqs. (6), (7), (9), (10), and (11) in Eq. (2) yields

3P v ) nyv
2 _ 28y _Cuf oMo} o ovwy L L (__0]
C V{v av( 2v) Py 0+V[P Py v

C.V\2 nyv YV
o) (1+Sn)<1 o)+(P_P)( 0

- Yy+1) +P . (12)
<Vo - sm3 v H H 2

if 02 < 0 or P<0, then C is set to CO, the sound speed in the uncompressed

solid. The value of C0 and S that is used is allowed to be one of two sets

of values depending on the volume. See USUP for more details.
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SUBROUTINE CRLDUP(I,J4,CC)

PARAMETER (MCL=500,MLe2]1sNGCoa19,MLGCaNGC*ML,MLOWDT=20%ML,
+NUMV=10,MQL=( (NUMV+1)/341)*MCL+100,NDOW=20,NCFe8,
+MXDUMP=30 )NDXe2%MYXDUMP+2, MTABu1,NTAB=MTAB#*3742
+sNSMu4yNUPME3T28,NSDaNSMENWPM+]132,ML2=100)

COMMON/CELL/R(MCL) pUCMCL)»VIMCL) S XT(NCL)»
+PIMCL) sy SXUMCL) »SZ(MCLISEE(MCL) » TIMCL) »Q(MCLY»XM(MCL)» IFLAGIMCL)

+pN(MCL)
LEVEL 2R

COMMON/DVL/NDFoNIsNPsNGyTENDs TPIML) s TGIML)sUToUF,UTI,UFT,NADD,NM,
+IALPHONDELT,LABEL(8)sNDUMP, IOMPyNM1,TO(ML) s TJK
COMMON/MISC/TIMESICYCL,DTHNCL,IA»BUSBUISF25F3,JS

LEVEL 2,TIME

COMMON/ INTT/DTOCMLY s XMUCMLY pYO UML) pXL UML) )XV (ML) SNV (ML), VO(ML),P0

#(ML) > TO(MLY ) ROWIML ) p JMIN(ML2) p JMAX{ML2) » IBRNIML) »PLAP(ML),DRO(ML),

+MAT(MLY»UO(MLY sUT(ML) sOTCF (ML) »00(ML) »TMLTI(ML) ,TMC ML)
COMMON/AUX/BUA, RUB,BUMAX »BUDV (ML)

+»BUR, BUD

COMMON/ES/TE(ML2) 5 NME

JMNsJMINLT)
JHUXa JMAXLT)
II=IE(TD)

IF(N(JY.GT.0.99)G0 TO 10

IF(W(JIMY)eGT+0.99. OR.W(JIMN)GT.0.99)G0 TO 10 If still burning, use D
Be(T{J)=eb66)/{T(I)*(T(JI)=2.32)) B

B=¢{B+1)/8

VVeT(JI*VOLTIIIZ(VIJ)I*(T(J)+1))
PI=(ROV(TIT)*BUDV(TIN*VV*£T(J))}/(T(J)e1) Reference pressure
CCeSQRT((R#(P(J)/(1=W(J))=PI)eT{J)*PII*V(J)) C

IF(CCeLT0,2)CC=0,2
RETURN

CONTINUE
CCsSQRT(BUDV(II))
RETURN

END

Lower limit on C

Use the detonation velocity for C

csLoup
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INIY
INIT
BUP
sue
ESM
ceLpup
csLoupr
csLpuP
caLpure
ceLpuUP
csLpuP
csLDUP
caLouUP
cstLour
cBeLOUP
cBLpUP
csLpuP
ceLpye
CBLDUP
cs8Lpue
CBLDUP
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CBLDUP

Calculates the sound speed for a buildup EOS in cell J.

Local Variables

IT = IE(I) = original region #.

JMN = JMIN(I).

JMX = JMAX(I).

B+1
B -

VW = VCJ/V.

B =

PI = Pi = reference pressure.

CC sound speed.
Notes

The buildup EOS (see BLDUP for details) is given by

1 Piv)
P=[B—V(I—K-Y_1+Pi(l—w) , (1)
where Pi is the reference pressure,
v.\' p.D° vV Y
P=P*(CJ)=0 0 )
i cJ \ y+1\(y +1)V ’

and B is given by

- _Y~-0.66
B Yy - 2.32) ° (3)
and K is a constant for fixed y (note y is stored in T(J)).
The square of the sound speed, Cz, is (see CUSUP)
02=v2[P .g_lI’) - g—g)] . (4)
\') I
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Combining Eq. (1) and Eq. (4) we find

cz-(%)(I—K—YP—i_-V—l +Ypiv=(Bgl)(lfw_Pi)v+yPiV . (5)

Now, if W(J) is too near 1, there is the possibility of numerical

4

problems. Also, the calculated sound speed will be small. Since the buildup
burn model.is designed for prompt detonation, the detonation velocity is used
for the sound speed when W(J) > 0.99. It is also used if either the inner-—
most or outermost cell of the region has W > 0.99. We have arbitrarily set

the lower limit of the sound speed at 0.2 cm/Us.
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SUBROUTINF CPNLY(VCyPCyXCsChrI)

PARAMETER (MCL=500,ML=21sNGC=19,MLGCeNGC*MLyMLDWDT=20%ML,
+NUMVel0,MOLe ((NUMV+1)/34]1)%MCL+100sNDWe20,NCF e,
+MXDUMPa3N NDYXe26MXDUMP+2 ) MTABs1 ) NTABeMTAB®3742
+yoNSMa4 NWPMa3T2R ,NSDaNSMENNPM+132,ML22100)

COMMON/CELL/RIMCL) sU(MCL)»VIMCL) »XI(MCL)»
+P(MCLYIPSX(MCLY»SZIMCL)SEE(MCL) sTIMCL) »QIMCLY 9o XM{MCL)»IFLAGIMCL)
+o M (MCLY

LEVEL 2,R

COMMON/OVL /INDFoNIpNPyNGo TENDs TPIML)» TGIML)» UT»UFUTI UFI,NADDyNM,
+IALPHINDELTSLABEL(8))NOUMP, IDMPy)NMLI,TDIML)»TIK

COMMON/MISC/TIME,ICYCLSDTsNCL,IASBUSBUISF25F3,JS

LEVEL 2,TIME

COMMON/ZINTT/DTO(ML) o XMUCML) p YO UML) s XL (ML) sXV (ML) )NV (ML) VO(ML),PO
+ (ML) TOIML) yROW(ML ) JMINCML2), JMAX(ML2),IBRN(ML)»PLAD(ML ), DRO(ML )Y,
+MAT(ML) ) UO (ML) yUT(ML) s DTCF(MLY 5QOCMLY p TMLTIML) »THC LML)

COMMON/POLYC/CFI(NCFsML)»PS(ML)

VPayo{T)/7VE

VVsypP=-1, n

VP==yP/V(C n'

AsYVR(CF(1,T)+CF(2,1)%ABS(VV)) A

BeCF(3,I)+VVE(LF(4,I)eVVECF(5,1)) B

CeCFl6s1)+CF(T,1)%VY C

AP=sVP¥(CF(1,1)+42%CF(251)¢ABS(VV)) A

BPsVP*(CF(4,1)+2%CF (55 1)*ABS(VV)) B'

CP=VP¥CF(7,1) ('

XICeXC*RNW(T) €

OPDV= {(PC*ROW(TI}I*(B4+2%XIC*C)—( A+ XIC*(B+XIC*C))/(XICH+CF(Bs1)))
+=(AP+XIC*(RP+XIC*CP)))I/(XIC+CF(Br1))

IF(DPDV.LT.0.)0PDVeCF(1,1)/CF(B,I) —(3P/3V)g

C=VC*SART(DODY)Y

RETURN

END

cPOLY
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCFELL
MCELL
MCELL
MCELL
MCELL
INIT
INIY
INIT
PLC
CPOLY
cPOLY
cpPoLY
ceoLy
crPoLY
ceoLy
ceoLy
cpPoOLY
cpPoLY
CcPOLY
ceoLy
ceoLy
cpoLy
ceoLy
cPOLY
cPOLY

-
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‘ CPOLY(VC,PC,XC,C,I)

Calculates the sound speed at specific volume VC, pressure PC, and
specific internal energy XC for the eight-parameter fit EOS in subroutine POLY.

Local Variables

= on
VP = N
Vo - V
vV = —v =N

A,B,C = see notes.

JA

AP:W'
_ 3B
BP = W
= oC
CP = v

XIC = POI =€,
‘II’ aP
DPD SV)S .

C = sound speed, C2 = —V2 3P .
ov S

Notes

As shown in CUSUP, the square of the sound velocity can be written

2 2ap) 2[ ap) ap)]
c? = v - v2[p(2R) - (22 ] . @
8v/g 3Ty av);
The POLY EOS is
A + Be + ce2
p-2tf it (2)
8
where
A=7c) + Inln02 , 3)

]

2
. B =Cy +0c, +0%, , (4)
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6 7 °
with
] VO -V
n v
and
€ = pOI .

The bracket is readily evaluated to give

2

'
C

_(§_1>_) =Pp(B+2€C_A+Be+C€2)_A'+€B'+e
av S o\e + C8 (e + C8)2 € + C8
where
' =§A=—8Ah= ]
A" =5y = anav - € 260",
|=3_B8J_= 1
B =3nav = (€ +nCydn
' =3_C | - '
C M n C7n s
with
n' =@-=-V_o .
v v2

(5)

(6)

@)

(8)

(9)

(10)

(11)

(12)

A check is made whether -(%%)S is positive. If it is not, then =0, I =0

value (initial conditions) is used, which is

Cy
8 Cs¥

- 3_P)° - _A(n=0) _
V) C

The sound velocity is then

oP
C = V.\/- ——)
oV /g
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SUBROUTINE CSESIVI»XIJsCCrlsd)

PARAMETER (MCLe50N,ML=2]1)NGC=19,MLGCoNGCHMLyMLDNDT=20%M,
+NUMV=10oMQL= ((NUMV+1)/3+1)*MCL+100,NDN=20,NCF=8)

+MXDUMPE3I 0 NDX w2 *MXDUMP+2, MTAB= ) NTAB=MTAB®3T742
+sNSMebyNWOMa3I 728, NSDaNSMENWNPM+132,ML2=100)

COMMON/CELL/ZR(MCL)Y »UCMCL)»VIMCL) s XTI INCL)»
+P(MCLYsSXIMCL) »SZ(MCL)ISEE(MCL) »T(MCL) »Q(MCLI»XMIMCL), TFLAGINMCL)
+2H(MCL)

LEVEL 2,R

COMMON/DVL/NDF s NIsNPsNGs TENDs TP{MLY»TGIML)»UTUF,UTTI,UFT,NADD,NM,
+IALPHONDELT,LASEL(8) s NOUMP,IDOMPoNML1,TD (ML) TJK
COMMON/MISC/TIMESICYCL,)DTHNCLoIASBUSBULISF2,F3,4S

LEVEL 2,TIME

COMMON/ES/TE(ML2) ) NME

COMMON/SESIN/YITSIDT,RPT4sXIPTGsIBRYIFL
COMMON/SESOUT/PPT&(3),TPT4L3)

CC=.5 Default value
I8R=1 Output PPT4 only
10T7s]

11=1E(1)

XIPT4=X1J

RPT4e]l,/VJ
IFLeMOD(IFLAG(J)964)
CALL T4ENSa Call SESAME
C2aVIsVJI*PPT4(1)*PPT4(3)+PPT4(2) C
IF(C2.,6T,0.,)1CC=SQRT(C2) C

RETURN

END

Set up input

2

CSES
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
ESM
CSES
CSES
CSES
CSES
CSES
CSES
CSES
CSES
CSES
CSES
CSES
CSES
CSES
CSES

-
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CSES

Calculates the sound speed for a Sesame EOS.

Local Variables

CC = sound speed = C.
c2 = c2.
Notes

The output of the Sesame EOS call in PPT4 is

PPT4(1) = P ,

PPT4(2) = 3—P) (L

ap/1 °’
PPT4(3) = g—l%) i
b

The sound speed is gdiven by

2 2[ ap) ap)] 2 (3P) (ap‘)
C" =V IPls=) - {s5) 1= VPl5ss) +ils ’ (2)
oI Vv I oI 0 op I
which in terms of the PPT4 array is
2 2

C” = V° % PPT4(1) = PPT4(3) + PPT4(2) . (3)

If the calculated C2 is negative, then the default value of C = 1/2 is used.




10

SUBROUTINE RLENS(I)

PARAMETER (ML s500,MLe21,NGCu19sMLGCENGCHMLoMLONNT =20%ML ,
+NUMV=10,MOL=( (NUMV+1)/3+1)#MCL+100,NDW=20,NCF=8,
¢MXOUMPe 30 s NNYXe2%MXDUMP+2, MTAB= 1) NTAB=MNTAB*3742

+sNSH= G, NYPMu 3728, NSDENSHENNPM+132,ML2=100)
COMMON/CELL/ZREMCL) pUCMCL)»VIMCL) o XI(MCL)»
+P(MCL)»SX(MCL),SZC(MCLYSEECMCL) »TIMCL) »Q(MCL) s XM(MPL) s TFLAG (MCL)
s W(NCL)

LEVEL 2,R
COMMON/OVL/NDE,NT»NPsNGs TEND» TPIML) s TG (ML) »UT,UF,UTT,UFT,NADD,NM,
+TALPHsNDELT,LAGELCB) s NDUMP, IDMP,NML, TO (ML) TJK
COMMON/MISC/TIME,ICYCLsDToNCL, IAsBUSBUISF25F3,JS

LEVEL 2,TIME

COMMON/VOIN/INTX(ML2)»JVEML2) IV (ML2) sNNV

COMMON/RLC/RC (MLY»RP(ML),RLV(ML) »PH1,0V1,DV2

JPaJV(l) el

IF(V(JP=2) (LT RLV(I).OR.V(JP)LT.RLV(I+1))GD TN 10
JNeJP=2

Q(JPI=0,

Q(JM) =0,

P(JP)-VIJD)tPC(Itl)OaPtlol)] sah 14

PLIN) =V (JMISRC (T)4RPLI) Rayleigh 1ine EOS

RETURN

CONTINUE

IV(I)est Go back to normal EOS

RETURN

END

RLEOS
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
Vo
RLC
RLEDS
RLEOS
RLEDS
RLEOS
RLEOS
RLEDS
RLEOS
RLECS
RLEDS
RLEOS
RLEOS
PLEDS
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RLEOS (1)
The Rayleigh line in P-V space is used as an equation of state for the
initial compression of the two cells touching an interface that has just become
a closed void when the relative velocity of the two surfaces was large.

Local Variables

JP = JV(I) + 1 = cell # of inside cell touching the interface.
JM = JP - 2 = cell # of outside cell touching the interface.

Notes
The Rayleigh line is a straight line in P-V space that passes through the

initial state (PO,VO) and the final state (Pf,Vf) for a shock. That is

Vg - V
P=Py+ (P - PO)<VZ)-—Vf—> . (1)

The change in energy across the shock front using the Rayleigh line EOS is

A" (P, - PV, - V,.) (P. + P )V, - V)
f B f 0’0 £/ Mf 0’''0 f

AL = -j‘; PAV = Po(v0 - Ve + 5 = 7 R (2)
0

which is equal to the energy change from the jump conditions. That is, without
artificial viscosity, energy is conserved across the shock front using the
Rayleigh line EOS. Pf and Vf are determined in RL using the jump conditions and
equations of state for the two materials that collide. The RLEOS is used until
one of the materials reaches a preset specific volume. RLV(I), at which time

a flag is set to switch back to the normal EOS with artificial viscosity. Since
the materials may be different, Vf can be different and the RLEOS would then

be different. By the time the RLEOS is no longer used, the artificial viscosity
is no longer so large that excessive energy is dumped in the cell before the

difference equations have time to respond.




10

12

SUBROUTINE RL(T)
PARAMETER (MCL=500,ML=21,NGC=19,)MLGCaNGCEML ,MLOWIT=20M,
SNUMV=10,MOLe { (NUYV+1)/3¢1)#MCL+100s)NDW=20,NCFeB,

*+MXDUMPa 30, NDXe28MXDUMP+2 yNTAB=1 o) NTABsMTAB®3742
*gNSMeoNWPMa3T728,NSDaNSMENNPM4132,ML2=100)
COMMON/ZCELL/ZR(MCLILUCNCL)»VIMCL)Y S XI(MCL),
SP(MCL)»SXIMCL)»SZIMCLIPEE(MCL)Y »T(MCL) pQ{MCLY s XM(MCL)SIFLAGIMCL)
¢+ WINCL)

LEVEL 2,R%
COMMON/OVL/NDESNT ;NP oNGo TENDS TP (ML IS TG (ML) UT,UF,UTT,UFTI,NADD,NM,
¢TALPHINDELTHLABEL(B8) ) NDUMP, TOMPNML,TDO(MLY»TJIK
COMMON/MISC/TYIME,ICYCLSDTSINCLIIA)BUSBUISF25F3,5JS

LEVEL 2,TIME

COMMON/RLC/RC(ML)»RP(ML)pRLV{ML),PHL,DV1,DV2
COMMON/VOID/INTXIML2)pJVINL2),IVIML2) pNNY

JPaJV(l)+]

JeJpP-1

JMe $P=2

DU=UJ)=UlJP}

uv2su(Jy)-pus2 Initial guesses for interface velocity

GB=G(UV2, 1)
UV3sU(J)=DUs%, 45

IC=0

CONTINUE

IC=ICe+l

Uvlsyv2

Uva2s=uvs3
IF(IC.GT,100)6N YO 11

GA=GB Iterate to find the velocity

GB=GlUV3, 1) at which Hugoniot pressures
UV3s(GB*UV1-GASUV2)/(GB=~GA) match

IF(UV3LT . U(J)NR,UV3 6T U(JP)IGO TO 12
IFCABS((UV3=UV2)I/UV3).GT .00 001)G0 TG 10
RC(I)=(P(JM)=PH]1)/DV]
RC(I+1)s(P(JP)=PYY)/DV2
RP(1)s2(JM)=PC(TIEV(JIM)
RP(1+1)=P(JP)=RC(T41)0V(JP)
DRsR(J)=R(JP)
As(UV3=ULJPY)Z7LULI)=ULJIP))
RVEASR(J)+(1=-A)%R(JP) Set the Rayleigh line EQS parameters
UlJdyauys and the interface velocity
UGJPYay(J)

R(J)=RV

R(JP)aRY
RLV(I)eV(IM)=D,9%NV]
RLV(I+1)eV(JP)=0,9*DV2
RETURN

CONTINUE

Uv3sy(JP)=-nus*,01 .
Uv2ay(J)+du=,01 Fixup attempt if the iteration
G8aG(UV2, 1) gets out of range

60 10 10

CONTINUF

PRINTY 1,TIME,I,J

FORMAT(18H RL EPRNR AT T!HE-.EI3.«.4H fe,1354H Jmp14)
DRsR{J)=R{JIP)

R{JI=R(JI+U(JI*DR/ DU : .
R(IPI=R(J) Iteration failed:

UG ) e(ULII+UIP)I /2 try the low-velocity method
Utarysisty)y
IV(I)st

RETURN
END

RL
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
RLC
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RL(T)

Calculates parameters for the Rayleigh line EOS. This primarily consists

of iteration to find the interface velocity which sends shock waves into both

materials with the same final pressure. Void
Local Variables Region 1 | | Region I+1
I
JM,J,JP - see illustration. \ ‘ : l \
After the collision, R(J) = R(JP) ’/4
JM J JP

is the interface,U(J) = U(JP), and
the void is closed.
DU = relative velocity of the two free surfaces.

uvi,uv2,uv3 = U U,. See notes.

i

See notes.

i-2°Y4-1°

GA,GB = gi’gi+l'

IC = count of # of iterations (only 100 are allowed).

DR = cell width,
RV = position of the interface after collision,
DTV = time the void has actually been closed.
Notes
The jump conditions (see USUP) can be combined to give the equations

(P + P )(V, - V)
_ o’ Yo
I-1, - 5 (1)

and

Up = V@ -PNW, -V , (2)

where the subscript indicates initial quantities in the unshocked material and
UP is the particle velocity of the shocked material relative to the particle

velocity of the unshocked material. Combining Eqs. (1) and (2), we have .
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I- IO =

2
bt
2

+ PO(V0 -V . (3)

Now the shocks we are considering are from the collision of two free surfaces.
At the free surface P0 = 0, but PO can be nonzero at the center of a cell
touching the collision interface. However, P0 will be much less than P for the
high-velocity collisions we are considering and will be set to zero in Eq. (3).
For the collision we are considering, the interface particle velocity, U,
is the same for both materials. (We will designate the region outside the
interface by superscript 1 and the inside region by 2.) By our choice of

coordinates we will have the relation

Uéz) >U > Uél) , %)

(2)

where U and Uo are the free-surface velocities of regions 1 and 2 just

(1)
0
before the collision. The corresponding particle velocities to be used with

the jump conditions are

1) _ 1
UP =7 - U0 (5)
and

(2) (2)
U™ =07 - (6)

What we need to find is a value of U such that the Hugoniot pressure is the
same on both sides of the interface. For a given value of U, we have a fixed

value of I for each region from Eqs. (3), (5), and (6) (with P, = 0). Given

0
I, V can be varied until a point on the Hugoniot (using Eq. (1) and the EOS)
is found. We then define a function g(U)to be the difference in Hugoniot

pressures for regions 1 and 2 when the interface velocity is U. The zero of

g(U) is found using the secant method,
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Uy - Uy_y) Uj 185 ~ UiBi g
Uy "% "G -8, D &i" ~ g 7
84 i-1 By i-1
Two initial values are set as
_ (D ;( (2) _ (1>)
Uo Uy +3 Uy Uy (8)
and
_ @ ((2) . (1))
Uy Uy~ + .45 Uy Uy , (9)

where UO is the correct value if the two materials are the same and in the same

state. If the iteration goes out of the range in Eq. (4), then new initial values

- gD
Uy = Ug (10)

and

_ +(2)
v, = o 11) ‘

are tried. The iteration is allowed to proceed for 100 steps. If a solution
has not been found, then an error message is printed and the low-velocity
collision procedure is used.

When a solution for U is found, the parameters R, and RP for RLEOS are

C
set. The Rayleigh line EOS can be written as

Vo"v

P=P0+(Pf—Po)ﬁ=VRC+R_P , (12)
where
P ~-P
0 £
R =0 £ (13)
C V0 - Vf
and (Pf _ Po)Vo
R, = Py +— v =Py -~ RV, - (14)
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A third parameter, Rz, is the volume at which a flag is set in RLEOS to switch

back to the normal EOS plus viscosity. It is given by
Rl = V0 - 0.9(V0 - Vf) . (15)

The interface velocity, U(J) = U(JP), 1s set to the solution value for U.
The position of the interface, R(J) = R(JP), is found by a linear extrapolation

back to the point of collision followed by uniform motion at velocity U.
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FUNCTINN G(UV,I)

PARAMETER (MCL=500,MLe21,NGCo]19,MLGCaNGCHML,MLNWNT=20%ML,
+NUMV=10,MOL = ((NUMV41)/3¢1)*MCL+100,NDW=20,NCFu8,
+MXDUMP= 30, NDX=2%MXDUMP 42, MTAB=1yNTAB=MT AB®3742
+)NSMe4NUPMRIT28yNSDaNSMENNPM+132,ML22100)
COMMON/CELL/R{MCLIHJU(MCL)»VINCL)I»XIINCL),
+P(MCL)»SXIMCL)»SZCMCL)SEE(MCL) s TCMCL)»>Q(MCL) s XMIMCL)Y»IFLAGIMCL)
+sWIMCL)Y

LEVEL 2,R
COMMON/DOVL/NDFsNIs NPSNGy TENDsTPIML) »TGIML) s UL, UF,UTII,UFT,NADD,NM,
+TALPHINOELTHLAREL(B) s NDUMP,IDMP,NM1,TD(ML )y 2JK
COMMON/MISC/TIMESICYCLODTONCLs» IA»BUSBUISF2,F3,J48

LEVEL 2,TIME

COMMON/RLC/RC(ML)» RP (ML) »RLV(ML)»PH1,DV1,DV2
COMMON/VOIDZINTX(ML2)sJV(ML2) »IVIML2) s NNV
COMMON/EOSN/IEOS(ML) ) ME(ML)

J=Jdv(I)

JPasJjel A .

JHeJ=1 Given the interface velocity, calculate:
XI1=0,5%(UV-U(J)I**2+XI(JM) Internal energies
XI220.5*%(ULJP)=UV)*%2eXI(JP)

PH1IsPH(XIl,I,JM)

IPal+] Hugoniot pressures

PH2=PH(XT2,1P,J0)

DV1=2#X11/0H4]1 Volume changes

DV2=2%X12/°42

G=PH1=PH2 Pressure difference (= iteration function)
RETURN

END

PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
RLC

N
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G(Uv,I)
Given a value for the interface particle velocity, UV, the difference in
the corresponding Hugoniot pressures of the two bounding cells is calculated.

Local Variables

JM,J,JP - see RL.

XI1 = specific internal energy for region 1. (See RL for definition of regions.)

XI2

specific internal energy for region 2.
IP = I+l = region # for region 2. (I = region # for region 1.)
PH2 = Hugoniot pressure for region 2.

Notes

We will reproduce here Eqs. (3), (5), and (6) from RL (with P0 set to zero).

2
U

_ P
I—Io-i-T . @D

(1_ 1)
UP =7 - U0 . (2)

(2)_ ,(2)

U7 =0 - U (3)

These equations give the specific internal energy on the Hugoniot Iél) and
Iéz) for regions 1 and 2 consistent with an interface velocity U. The Hugoniot

(1) for those energies are calculated in PH. The corresponding

pressures PH

volume changes are calculated using

(P + Po)(V0 -V

I-1I,= 3 , (4)

and the function g is given by
= p(1) _ 5(2) 5
g(U) = Py Py . (5)
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2

20

10
99

990

FUNCTION PH{XTH,I,J)

PARAMETER (MCL=500,MLu21,NGC=19,MLGCsNGC*ML,MLOWOT=20%ML,
+NUMVs10s MQL= ((NUMV+1)/3+41)%MCL+100»NDWe20,NCFeB,
+MXDUMP230sNDX = 2%MXDUMP+2,MTAB=]1,NTAB=MTAB*3742
+sNSH=G NWOMR3T28,NSDaNSMENWPM+132, ML 2100)

COMMON/CELL/R(MCLIU(MCL) ,VIMCL)»XTI(MCL )Y

4P(MCL)»SXIMCL)»SZUMCLISEE(MCL) pT(MCL) »Q(MCLY» XMIMCL)» TFLAG(MCL)

+sW(IMCL)
LEVEL 2,R

COMMDN/OVL/NDF NI, NPy NG TEND TPIML) »TGIML) UL, UF,UTT)UFT,NADDsNM,

+IALPHSNDELToLABFL(8)»NDUMP» IDMPoNM1,TD (ML), IJK
COMMON/MISC/TIME,ICYCLSDT,)NCLsIApBU,BUI,F2,F3,JS
LEVEL 2,TINME

COMMON/ INTT/DTO(ML) p XMUCML) s YO(ML) o XL(ML) pXV (ML) s NVIML)»VO(NL),PO
+{ML)» TOUMLYSROWIML ) ) JMIN(ML2) » JMAX{ML2) s IBRNIML) pPLAP(ML),DRO(ML),

+MAT(MLY JUOIMLY JUT (ML) »DTCFIMLY»QOUML)  TMLT(MLY ,TMCIML)
COMMON/RLC/RCIML)»RP(ML) »RLV(ML)»PH1,DV1,0V2
COMMON/VOID/INTX(ML2) 9 JV(ML2)pIV(ML2) sNNV
COMMON/ZUSUPC/CICML ) »S1UMLISC2UMLY»S2(MLI»SHVIML) oVMN(NL),
+GAMMA(ML)Y»ALPIML)

COMMON/ENSN/TENS (ML) s MECML)

COMMON/ES/IE(ML2)» NME

II=1E(D])

JM=JV(I)=-1

IS=IEOS(I)

GO TO (1925252)51S

CONTINYE USUP EOS

C=CL{IM)

SsS1(IN

UP=SQRT(2*(XIH=-XTI(J}))

VP=VO(TII)*(1,-UP/{C+S%UP)) Volume on Hugoniot for Up

IF(YP LT VMNITI) . DR VP LT, SWV(IX})COD TO 2
PHaUP*(C+S*UP)/VO(II) Hugoniot pressure

60 70 10 .

CONTINUE

GENERAL EOS ITERATE TO FIND HUGONIDY
DVB=,01%V(J)

DVC=2%DV8

VIsV(J)=-DVR Initialize
CALL PTEDStI,PH,TI,VI,XIH)
GBasPH=-2*%*YXTIH/DVE

IC=0

CONTINUE

IC=IC+l -
IF(IC.GT.1001G0 TN 99
DVA=DYS

GA=GB

DV8sDVC

VIsV(J)-0VC Secant method iteration
CALL PTEOS(I»PHITI,VIpXIH)
GBaPH=2%XIH/DVB .
DVC=(GA*DVA-GA*DVR )}/ (GB=GA)
IF(ABS((DVC=DVB)/DVC)}.GT.0.001)G0 TO ZQ
CONTINUE
RETURN
CONTINUE
PRINT 990
FORMAT(35H WARNINGs FAILURE TO CONVERGE IN PH )
RETURN

END

PH
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
MCELL
INIT
INITY
INIT
RLC
vD

us

us

EN
ESM
PH

PH

PH

PH

PH

PH
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PH
. For a given specific internal energy, the volume on the Hugoniot and the
Hugoniot pressure are determined.

Local Variables

IT

IE(I) = original region #.

1S

IEOS(I) = EOS type.

C,S = in USUP fit Ug=C+ SUP'

UP = UP = particle velocity relative to unshocked material.
VP = VH from USUP EOS.

PH = PH = calculated pressure in the iteration to find the Hugoniot pressure.
DVA,DVB,DVC = Avi—l’ AVi, AV1+1.
VI = Vi'
GA,GB = g g ; g=P. - 251 g is 0 for the Hugoniot.
’ i-1°%1 ° H Av  °?

IC = iteration count.
“II' Notes

The USUP fit is treated as a special case because the Hugoniot pressure can
be calculated directly as a function of the particle velocity , UP. The
material is assumed to be in the initial state in order to allow this simplifica-
tion. The error involved in this assumption should be small. The particle
velocity is calculated using
%
2

AL = . (1)

From the jump condition for comservation of mass,

pOUS = D(US - UP) s (2)

we have, with a little algebra,

= (3)
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The jump condition for conservation of momentum,

Py = Po * Pplglp s (%)

directly gives the Hugoniot pressure in terms of UP provided a USUP fit is
used, i.e.,

Py = By + pgUp(C + SUL) . (5)

However, if the final volume in Eq. (3) is small enough that the initial USUP
fit is not used in the USUP EOS, then the general Hugoniot iteration scheme

described below is used.
For a general EO0S, we define a function, g(I,V) such that it is zero

everywhere along the Hugoniot, i.e.,
g = P(L,V) - 25— +P s (6)

which, as can be seen from the jump condition,

(P +Py)(Vy - V)
I-1I,-= 3 R o)

satisfies the condition that g(I,V) is zero on the Hugoniot. In this subroutine,
the specific internal energy I is given. So we are looking for the zero of g
as a function of V only. The secant method,

AV, 185 ~ AVsiB5 4

AV = — ’ (8)
i+l gi gi—l

is used with the initial wvalues

AV

0 0.01 A (€))

and
AV

1 0.02 V0 s (10)



where

Av=v0—v . (11)
Iteration is allowed for a maximum of 100 cycles with a relative conver-

3

gence criteria of 10 - in AV.
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E. SESAME Tabular Equation-of-State Subroutines

The following set of subroutines are used for reading and interpolating
the SESAME equation-of-state tables. TFurther information may be found in

Sec. VI.B.
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SUBROUTINE MATCHK(MIDsNRSsLOC» TBLS»IFLG)

SESAME MATERIAL ID

NUMBER OF REGIONS

ARRAY OF FIRST WORD LOCATIONS

IN TABLE STORAGE ARRAY FOR

FOR EACH REGION

TABLE STORAGE ARRAY

=0 MATERIAL NOT PREVIODUSLY LOADED
GT.0 LOCATION DOF TABLE IF LOADED

-C

c

C SUBROUTINE MATCHK(MIDsNRSsLOC»TBLS»IFLG)
¢ .

C PURPOSE TO CHECK IF A MATERIAL HAS BEEN
C PREVIOUSLY LOADED

¢

C ARGUMENTS MID (INPUT)

c NRS (INPUT)

c Loc (INPUT)

c

¢

c TBLS (INPUT)

c IFLG (OUTPUT)

c

C ALREADY
¢

C REMARKS NONE

¢

C EXTERNALS NONE

c

C PROGRAMMER J.ABDALLAH,JR,

c

C DATE 26 APRIL 1979

c

c

100
200

LEVEL 2,TBLS

DIMENSION LOC(1),TBLS (1)
IFLG=0

D0 100 J=1,NRS

LC=LOC(J)

IF(LC.LE.O) GO TO 100
ITEST=TBLS(LC)
IF(MID.EQ.ITEST) GO TO 200
CONTINUE

RE TURN

IFLG=LC

RETURN

END

SES AME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SES AME
SESAME
SES AME
SESAME
SESAME
SESAME
SESAME
SES AME
SESAME
SESAME
SESAME
SESAME
SES AME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SES AME
SESAME
SES AME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
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SUBROUTINE TABFCH(MIDsTIDsLIBy As LENy IFLAG) SESAME 42

¢ SES AME 43
c SESAME 44
C SUBROUTINE TABFCH(MIDsTIDsLIBsAyLEN,IFLAG) SESAME 45
o SESAME 46
C PURPOSE TO FETCH A GIVEN TABLE FOR A GIVEN MATERIAL SESAME L7
c FROM A SESAME II LIBRARY SESAME 48
c SESAME 49
C ARGUMENTS MID (INPUT) MATERIAL ID SESAME 50
c TID (INPUT) TABLE NDe=~ IF 000 MATERIAL INDEX SESAME 51
C IS RETURNED SESAME 52
o LI8 (INPUT) LIBRARY FILE UNIT NO, SESAME 53
c A (DUTPUT) ARRAY FOR TABLE STORAGE SESAME 54
c LEN (INPUT) NOs OF WORDS IN A AVAILABLE SESAME 55
c IFLAG (OUTPUT) =0 IF TABLE COULD NOT BE LOCATED SESAME 56
c GTe O=NO. OF WORDS IN TABLE RETURNED SESAME 57
c LTe O - NOo OF ADDITIONAL SESAME 58
c WORDS NEEDED SESAME 59
¢ SESAME 60
C REMARKS A RANDOM™ I/O0 TECHNIQUE IS USED TO LOCATE AND LOAD SESAME 61
c THE SPECIFIED TABLE FROM THE SESAME 1I LIBRARY, SESAME 62
c THE MATERIAL INDEX AND ITS ADDRESS ARE TO SAVED SES AME 63
c TC HASTEN THE FETCHING OF ANOTHER TABLE FOR THE SAME SES AME 64
c MATERIAL AND LIBRARY FILE IN SUBSEQUENT CALLS TO SESAME 65
c TABFCH. SES AME 66
c SESAME 67
C EXTERNALS INBUFR SESAME 68
c SESANE 69
C PROGRAMMER J<ABDALLAHes JR. SES AME 70
c SESAME 71
C DATE 24 APRIL 1979 SES AME 72
C . SESAME 73
C SES AME T4
LEVEL 254 SESAME 75
DIMENSION A(1),HINDEX(35) SESAME 76

DATA HINDEX(1)70,0/ SESAME 17

DATA LIRLST/0/ SESAME 78
IFLAG=0 SESAME 79

C ¢ ¢ FIND NOo MATERIALS ON LIBRARY SESAME 80
IF{LIB.NE.LIBLST) GO TO 50 SESAME 81

IDLAS T=HINDEX (1) SESAME 82
IF(IDLAST.EQ.MID) GO TO 230 SESAME 83

50 LIBLST=L 1B SESAME 864
Ny=1 SES AME 85
IF(LEN.LT«NW) GD TO 99§ SES AME 86

CALL INBUFR(LIBsA»1»1,IER) SESAME 87
N=4(1) SESAME 88
NW=N+N+N SESAME 89
IF(LENCLT.NW) GO TO 999 SESAME 9

CALL INBUFRILIBsAsNWs5»IER) SESAME 91

C « « FIND ADDRESS OF MATERIAL FILE SES AME 92
DO 100 Js=1,N SESAME 93
ITEST=A(J) SESAME 94
IF(ITEST.NE.MID) GO TO 100 SES AME 95

NW=A {J+N) SESAME 96
IAD=A(S+N+N) SESAME 97

GO TO 200 SESAME 98

100 CONTINUE SESAME 99
RETURN SESAME 100

C o o« GET MATERIAL INDEX SESAME 101
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200

210
230

250
300

400

500
999

IF(LENS.LT.NW) GO TO 999
IADX=IAD

CALL INBUFR(LIBsAINW)IADX»IER)
DO 210 J=1,NW

HINDEX(J)=aA(J)

CONTINUE

IF(TID.EQ.0.0) GO TO 500
N=HINDEX(5)

IADsIADX+64N+N

DO 300 Jsl,N

NWsHINDEX (5¢J+N)
IF(TID.NELHINDEX(5+4)) GO TO 250
GO TO 400

IADsTAD#NW+1

CONT INUE

RETURN

IF(LEN.LT.NW) GO TO 999

READ REQUESTED TABLE

CALL INBUFR(LIBs ApNWy IAD,IER)
IFLAG=NW

RETURN

IFLAGsLEN=NW

RETURN

END

SES AME
SESAME
SESAME
SES AME
SESAME
SESAME
SESAME
SES BME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SES AME
SESAME
SESAME
SESAME
SESAME
SES AME
SESAME
SESAME

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
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SUBROUTINE INBUFR{LU»ZsNWs IADs IFLG)

SUBROUTINE INBUFR(LUsZsNWsIADsIFLG)
PURPOSE RANDOM 1/0 READ
ARGUMENTS LV (INPUT) UNIT NO.
z (OUTPUT) STORAGE AREA WHERE DAT IS RETURNED
Nv (INPUT) NO. OF WORDS TO BE READ
IAD (INPUT) STARTING DISK ADDRESS OF DATA
IFLG (OUTPUT) O=NORMAL
1=EO0F ENCOUNTERED
=1=ERROR
REMARKS NCNE
EXTERNALS RDISK
PROGRAMMER J+.ABDALLAH,JR,

DATE 1 MAY 1979

10
20
30

LEVEL 292

CALL RDISK(LU»Z»NW»IAD)
IF(UNIT(LU)) 10,205 30
IFLG=1

RETURN

IFLG=0

RETURN

IFLGa~=]

RETURN

END

SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SES AME
SESAME
SES AME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SES AME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME

126
127

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
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FUNCTION DPACK(A,B8)

FUNCTION DPACK

PURPOSE TO DOUBLE PACK ARGUMENTS A AND B INTO A SINGLE WORD
REMARKS SYSTEM DEPENDENT SHIFT FUNCTION

PROGRAMMER JoABDALLAHsJR,

DATE 1 MAY 1979

EQUIVALENCE (IlsX1),(I2sX2)
DATA MASK/TT7777777700000000008/
Xls=A

X2=8

I1s11.AND.MASK
I12=12 AND JMASK
I2=sSHIFT(12,30)

I1=I1.0R.I2

DPACK=X1

RETURN

END

SESAME
SES AME
SESAME
SESAME
SESAME
SESAME
SES AME
SESAME
SESAME
SESAME
SESAME
SES AME
SESAME
SES AME
SESAME
SESAME
SES AME
SESAME
SES AME
SESAME
SES AME
SESAME
SES AME
SESAME
SES AME

160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
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FUNCTION ISRCHK(Xs TBLSsNsKsNSFT)

OO0 NOON

FUNCTION: ISRCHK (XsTBLSsNsKs NSFT)
PURPOSE? FIND INDEX OF X IN AN ARRAY TBLS. TABLE VALUES
NEED NOT BE CONTIGUOUS AND CAN BE IN EITHER
ASCENDING OR DESCENDING ORDER,
ARGUMENTS3 X (INPUT) ~ VALUE TO BE LOCATED
TBLS (INPUT) - TABLE YO BE SEARCHED
N (INPUT) = NUMBER OF VALUES TO BE SEARCHED
K (INPUT) ~ SPACING BETWEEN VALUES IN TABLE
THE VALUE OF THE FUNCTION = INDEX I, WHERE
TBLS(L4K* (I=1})oLEeXeLToTBLS (14K*I), DR
TBLS(1+K*#(I-1)) e GEoXeGToTBLS (14K%I)y OR
I=0 OR I=N IF X IS DUTSIDE RANGE OF TABLE.
NSFT (INPUT) - ND, OF BITS THE TABLE VALUES ARE
TO BE SHIFTED
REMARKS: TBLS CAN BE DECLARED LCM ON THE CDC 7600,
EXTERNALSS SHIFT,
PROGRAMMERS Ge Io KERLEY» T=06e» JoABDALLAH»JR.
DATE S 19 NOVEMBER 1976,REVISED 6 JULY 1979
LEVEL 2»TBLS
DIMENSION TBLS (1)
ISRCHK = 0
J = N+l
KI = 1=K
S1l=TBLS(1)
S1eSHIPT(S1,NSFT)
S=TBLS{KI+K®*N)
S=SHIFT(S,NSFT)
S=$5~51
IF(J~ISRCHK.EQsl) RETURN
JP = 5% (J+ISRCHK)
S1=TBLS(KI+K#*JP)
S1=SHIFT(S1,NSFT)
IF(S*¥(X=S1)eLT«04,0) GO TO 2
ISRCHK = Jp
60 70 1
2 J = JP
60 TO0 1
END

SESAME
SESAME
SESAME
SES AME
SESAME
SESAME
SES AME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SES AME
SESAME
SESAVME
SESAME
SESAME
SES AME
SESAME
SES AME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SES AME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESANE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME

185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233



SUBROUTINE T4INTP

SUBROUTINE?®
PURPOSES

REMARKS?®

kekkk
s S
ek
RS
L2221 ]

EXTERKALS?

PROGRAMMER?

DATE:

T4INTP

INTERPOLATE FOR A FUNCTION Z(X»Y) AND ITS
DERIVATIVES FROM TABLES LOCATED IN ARRAY TBLS.

THE ROUTINE REQUIRES COMMON BLOCKS»

COMMON/RTBLK2/LOCX»IXsNXsLOCYsIYsNYsLOCZHsNZsNSFT»

XsY¥9Z(3)sIPs»IDS»22

LOCX = LOCATION OF X VECTOR

Ix = INDEX OF X VECTOR

NX ® LENGTH OF X VECTOR

LOCY = LOCATION OF Y VECTOR

18 4 = INDEX OF Y VECTOR

NY = LENGTH OF Y VECTOR

LOCZ = LOCATION OF Z(X,Y) ARRAY
NZ = SPACING OF 2 ARRAY

NSFT = BIT SHIFT PARAMETER
XsY (INPUT) - INDEPENDENT VARIABLES
z (CUTPUT) = VECTOR OF LENGTH 3, WHERE
Z(1) = VALUE OF FUNCTION
2(2) = X DERIVATIVE OF FUNCTION
Z(3) = Y DERIVATIVE OF FUNCTION
47 (IN/OUT) = COEFFICIENT VECTOR OF LENGTH 16
IP CINPUT) = BRANCH PARAMETER
IP4+EQsOs USE INPUT COEFFICIENTS IN 27
IPeNE«Os» CALCULATE ZZ VECTOR FIRST
IDS (INPUT) ~ DISPLACEMENT INTO ZZ FOR COEFFS,
T0 BE USED
COMMON/ INTORD/ IFN,
IFN (INPUT) = INTERPOLATION TYPE
IFNoNEels RATIONAL FUNCTION
IFN.EQs1» BILINEAR
COMMON/SESDAT/TBLS
TBLS IS THE TABLE STORAGE ARRAY

UNLESS BILINEAR FORM IS SPECIFIEDs ROUTINE
USES RATIONAL FUNCTION METHOD WITH QUADRATIC
ESTIMATE OF DERIVATIVES AT THE MESH POINTS.
TBLS CAN BE DECLARED LCM ON THE CDC 7600.

SYSTEM DEPENDENT FEATURE. THE Z-ARRAY CAN BE
DOUBLE PACKEDe PARAMETER NSFT SPECIFIES THE
NUMBER OF BITS TO BE SHIFTED WHEN UNPACKING TFHE
RIGHT HALF OF THE WORDe. THIS ROUTINE USES

THE LASL SHIFT FUNCTION

NONEs BUT A SEARCH ROUTINE MUST BE CALLED
FIRST, TO COMPUTE INDICES IX AND IV,

Ge I« KERLEYs T=boes Jo ABDALLAH»T=4,
01 AUG 1979

PARAMETER (MCL®500sML=21sNGC=19,)MLGC=NGC*MLy MLOWDT=20%ML,
+NUMV= 10, MQL= ( (NUMV+1)/3+1)%MCL+100sNDW=20sNCF=8,

SESAME
SESAME
SESAME
SES AME
SESAME
SES AME
SESAME
SES AME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SES AME
SESAME
SES AME
SESAME
SES AME
SESAME
SES AME
SES AME
SESAME
SES AME
SESAME
SES AME
SESAME
SES AME
SES AME
SESAME
SESAME
SESAME
SES AME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SES AME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SES AME
SESAME
SES AME
SESAME
SESAME
SESAME
SESAME
SESAME
PARAM

PARAM

234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
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+MXDUMP=30,ND X2 MXDUMP+2s MTAB=s 1o NTAReMTAB®3742 PARAM 4
+sNSH=4 )NWPM=3T728, NSDeNSMENWPM+132,ML2=100) PARAM 5
LEVEL 2, TBLS SESAME 293
COMMON/RTBLK2/LOCX» IX sNXoLOCYs IYSNY,LOCZsNZHINSFT»XsY52Z(3), SESAME 294

$ IP»IDS»22(32) SESAME 295
COMMONZINTORD/IFN SESAME 296
COMMON/SESOAT/TBLS(NSD) SESAME 297

C CALCULATE COEFFICIENTS FOR RATIONAL FUNCTION INTERPOLATION SESAME 298
IF(IFN.EQ.,1) GO TO 13 SESAME 299
IF(IP.EQ.0) GO TD 8 SESAME 300

I = LOCX+IX-] SESAME 301

IZ = LOCZ+NZ*(IX=14NX*(IY~1)) SESAME 302

KZ = NZ SESAME 303

IBR = IX SESAME 304

NBR = NX=-IX SES AME 305
Z2(IDS+4) = TBLS(I) SESAME 306

DO 7 Ks=l,4 . » SESAME 307
KIsIDS+K=~1 SESAME 308
IF(K.LT+4) GO TO 1 SESAME 309

1Z = 1Z+N2Z SESAME 310

GO TO 4 SESAME 311

1 IF(K.LTe3) GO TO 2 SESAME 312
ZZ(IDS+6) = D SESAME 313

I = LOCY+IY=] SESAME 314

KZ = KZ%®NX SES AME 315

12 = I2-KZ - SESAME 316

IBR = 1v SESAME 317

NBR s NY=-1Y SESAME 318
ZZ(1IDS+5) = TBLS(I) SESAME 319

GO T0 3 SESAME 320

2 IF(K.LT.2) GO T0O 3 SES AME 321
IZ = IZ4NX%®NZ SESAME 322

GO T 4 SESAME 323

3 D = TBLS(I+1)=TALS(I) SESAME 324
4 ZZ(KI)aSHIFT(TBLS(IZ)sNSFT) SES AME 325
S=SHIFT(TBLS(IZ4KZ)sNSFT) SESAME 326

S = (S=Z2¢(KI))/D SES AME 327
IF(NBR,EQ.,1) GO TO 5 SESAME 328
SPaSHIFT(TBLS(IZ+KZ+KZ),NSFT) SES AME 329

SP = (SP=D#*S=2Z(KI))/(TBLS(I+2)-TBLS(1+1)) SESAME 330

G2 = (SP-S)/{TBLS(I+2)-TBLS(I)) SESAME 331
IF(IBR«GTe1l) GO TO 5 SESAME 332
IF(S*(S=D*G2) +LE«Os) G2sS/D SESAME 333

Gl = G2 SES AME 334

GO TO 6 SESAME 335

5 DM = TBLS(I)=-TBLS(I-1) SESAME 336
SM=SHIFT(TBLS(IZ=KZ)»NSFT) SES AME 337

SM = {(22(KI)=SM)/DM SESAME 338

Gl = (S=SM)/7(D+DM) SESAME 339
IF(NBR.EQsL) G2=G1 SESAME 340
IF(IBR.,GT.2) GO TO 6 SESAME 341
IF{SM*(SM=DM2G1) (LE+Os) Gl=(S=SM=SM)/D SES AME 342

6 IF(G2+NE«Oo) Gl=GlrG2 SESAME 343
IZ(KI+8) = G1 . SES AME 344

-7 ZZ{K]I+12) = G2 SESAME 345
2Z(10S+7)=D SESAME 346
128=Z2(1IDS+7) SESAME 347
Z27=2201DS+6) SES AME 348
ZZ(IDS+2)=(2Z(IDS+1)~ZZ(IDS))/228 SESAME 349
ZZ(IDS+1)=(Z2(1DS+3)=-2Z(IDS))/227 SES AME 350
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8

10

11
12

Z2(IDS+3)=(S=2Z(1IDS+2))/2127
ZZ(IDS+12)=22(10S+12)/228
Z1(IDS+13)=2Z2(1DS+13)/228
ZZ(IDS+14)=Z2(IDS+14)/117
2Z(I05+15)e22(1IDS+15) 72127

EVALUATE RATIONAL FUNCTION FROM PRECALCULATED COEFFICIENTS

QX & X=ZZ(IDS+4)

RX = ZZ(IDS+6)=QX

QY = Y=22(IDS+5)

RY = Z2(1DS+7)=QY

IF(RXsNEeOs) GO TO 9

Wl = 1.,

W2 = 1,

GO Y0 10

W1l = le=1e/(1e+ABS(ZZ(IDS+8)%0X/RX])})

W2 ® 1le=1e/(1e¢ABS(22(IDS+9)%QX/RX))

F1l = 22(IDS+12)%(W1+¢2Z(IDS+B)*(1.,~-W1))

F2 = 22(IDS+13)%(W2+422(10S5+9)%(1,~-W2))

202) = ZZ(IDS+6)%(RY*(F1=22(1DS+12))*N1+QYV*{F2=22(IDS+13))*W2)
Gl = RY®F1+40Y®F2

IF(RY.NE.O) GO TO 11

Wl = 1,

W2 = 1,

60 TO 12

Wl ® 1e=1e/01e+ABS(ZZ2(IDS+10)%QY/RY))

W2 = 1le=1e/(1.+ABSC(ZZ(IDS+11)%QY/RY)})

F3 = Z2(IDS+Y4)%*(W1+422(IDS+20)%(1.=-N1))

F4 = 27(IDS+15)%(W2+22¢(1IDS+11)%(1l.~W2))

2(3) = ZZ(IDS+7)¢(RX*(F3=2Z(IDS+14))%W1+QX*(FL=22(IDS+15))%u2)
G2 = RX*F3+QX*F4

2112=21(1DS+1)

2I3=22(IDS+2)

2Z4=22(IDS+3)

Z(1) = ZZ(IDS)4(2224224%QY~RX*GL)I*OX+(2Z3~RY*G2)*QY
2(2) o Z(2)42224QY%(224+RY*(F3=F&))+(QX=RX)*G]
203) = Z2(3)422340XS{224+RX*(F1=F2))+(QY=-RY)%*G2
RETURN

C CALCULATE COEFFICIENTS FOR BILINEAR INTERPOLATION

13

IF(IP.EQ.0) GO TO 14

I=LOCX+IX

IND=IDS+4

ZZ(IND)=sTBLS(I~-1)
DXsTBLS(I)=2Z(IND)

JelLOCY+IY

IND=IDS+S

ZZ(IND)=TBLS (J=1)
LYsT3LS(J)=2Z(IND)

I2=LOCZ+NZ* (IX=1+NX*{IY=~1)])
ZI(I10S)=SHIFT(TBLS{IZ)»NSFT)
IND=IQS+1
ZZ(IND)=SHIFT(TBLS(IZ4NZ),NSFT)
ZZUIND)=(ZZ(IND)=-ZZ(IDS))/DX
I1ZelZ4NZ%NX

IND=TIDS +2
ZZICIND)Y»SHIFT(TBLS(IZ)SNSFT)
ZZ(IND)=(ZZ(IND)~ZZ(IDS))/DY
INC=IDS+3
ZZUIND)=SHIFTI(TBLS(IZ4NZ)sNSFT)
ZZ(IND)=(ZZ(IND)=ZZ(IDS)=ZZ(IDS+1)*DX=-2Z(IDS+2)#DY)/(DX*DY)

C EVALUATE BILINEAR FUNCTION FROM PRECALCULATED COEFFICIENTS
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14

OX = X=ZZ{IDS+4)
QY = Y-ZZ(IDS+5)

Z(2) = ZZ{IDS41)+ZZ(IDS+3)%QY

Z(3) = ZZ(TDS+2)+4ZZ( IDS+3)%0X

Z(1) = ZZ(IDS)+Z(2)%QX+ZZ(IDS+2)*QY
RETURN

END
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SESAME
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SUBROUTINE GETINVIIR,MIDsIDT»TBLSHLCNTSLU»IFL,y28) SESAME 418

= SESAME 419
SESAME 420

SUBROUTINE GETINV(IRSMIDsIDT,TBLSsLCNTsLUsIFL,2B) SESAME 421
SESAME 422

PURPOSE TO LOAD INVERTED (ENERGY BASED) SESAME II SESAME 423
ECS TABLES SES AME 424

SESAME 425

ARGUMENTS IR (INPUT) REGION NOD,. SES AME 426
MID (INPUT) SESAME MATERIAL ID SESAME 427

1DT CINPUT) DATA TYPE INDICATOR SESAME 428

TBLS (INPUT) TABLE STORAGE ARRAY SESAME 429

LCNTY (INJOUT) POSITION IN ARRAY FOR STORING TABLES SESAME 430

L (INPUT) SESAME LIBRARY UNIT NO. SESAME 431

IFL (OUTPUT) ERROR FLAG SESAME 432

2=MATERIAL ALREADY LOADED SES AME 433

1=SUCCESSFUL LOADING SESAME 434

0=DATA NOT FOUND SES AME 435

LTe0 FOR - THE NO. OF EXTRA WORDS SESAME 436

NEEDED FOR LOADING SES AME 437

B (OUTPUT) ATOMIC CHARGE,CHARGE®**2,AND MASS SESAME 438

18(1)=2 SES AME 439

IB(2)=7%%2 SESAME 440

IB(3)=A SESAME 441

SES AME 442

REMARKS UNITS - ENERGY MBAR*CC/GM SES AME 443
TEMP DEGREES KELVIN SESAME 444

DENSITY GRAMS/CC SESAME 445

PRESSURE MB AR SESAME 446

: SESAME 447

EXTERNALS MATCHK» TABFCH»INV3O01 SESAME 448
SESAME 449

PROGRAMMER J<ABDALLAHY, JR, SESAME 450
SESAME 451

DATE 13 JUNE 1979 SESAME 452

SESAME 453

(232X s X3 X2 X2 X2 N2 X2 X2 Xa a2l Xa XN e N e N NN a s N N Ra Ne N o e NN o Na Ny Na N o Ra Nyl

- SESAME 454
SESAME 455

PARAMETER (MCL=500,ML=21,NGC=19,MLGC=NGC *ML,MLDWDT=20%* ML, PARAM 2
+NUMVe]10, MQAL= ((NUMV+1)/341)%MCL+100sNDWa20,NCFu8) PARAM 3
+MXDUMP=30 )NDX=2%MXDUMP +2,MTAB=]1 ,NTAB=MTAR*3742 PARAM 4
+sNSMa 4y NWPMu3T728, NSDaNSMENWPM+132,M.2=100) PARAM 5

LEVEL 2,TBLS SES AME 657

COMMONZS2DIR/LCMXsNRSSLCFW (ML, 1) SESAME 458

DIMENSION ZB(3)sTBLS(1) SESAME 459

e UNIT CONVERSION FACTORS SESAME 460

DATA TFAC»RFACHPEFAC/14091.05.01/ SES AME 461

CALL MATCHK(MIDsNRS,LCFW(1,IDT),TBLS(1),sIFL) SES AME 462

IF(IFL.EQ.0) GO TO 10 SESAME 463

LCFW(IR,IDT)=TIFL SESAME 464

IFLe2 SES AME 465

RETURN SESAME 466

NL=LCMX=~LCNT=-1 SESAME 467

« FETCH EOS TABLES SESAME 468

CALL TABFCH(MIDs201esLUsTBLS(LCNT+2)sNL,IFL) SESAME 469

IF(IFL.LE«O) RETURN SESAME 470

ZB(1)=TBLS(LCNT+2) SESAME 471

Z8(2)=Z8(1)*78(1) SES AME 472

Z8(3)=TBLS(LCNT+3) SESAME 473

TBLS(LCNT+1)eTBLS(LCNT+4) SESAME 474
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20

30

OO0
[ ]

40

CALL TABFCH(MID»301esLUsTBLS(LCNT+2)sNLs IFL)
IFUIFL.LECO) RETURN

TBLS(LCNT) =FLOAT(MID)

CALL PERTCB(IRsTBLS(LCNT)»ZB(1),2ZB(3})
NR=TBLS(LCNT+2)

NT=TBLS(LCNT+3)

NRTsNR*#NT

LOCPsLCNT+34NR4NT

CONVERT TO DESIRED UNITS

00 30 Isl,NT
TBLS{3+4I+LCNT¢NR)=TFACKTBLS(34T4LCNT+NR)
00 30 J=1,sNR

IF(I.GT.1) GO 7O 20
TBLS(3+J+LCNT)=TBLS(34J+LCNT)*RFAC
LOCP=LOCP+1

TBLS(LOCP )=PEFAC*TBLS(LOCP)}
TBLS(LOCP+NRT )«PEFAC*TBLS(LOCP4NRT)
CONTINUE

WINDOW TABLES HERE AND RESET VALUES DF NR NT AND
NRT IF WINDOWING IS NEEDED

INVERT TABLES

o CHECK TO SEE IF THERE IS ENOUGH ROOM TO INVERT THE TABLES

NINV IS THE LAST LOCATION NEEDED FOR TABLE INVERSION
NINVSLCNT+3+2%NRT+2%¥NR+4*NT
IF(NINV.LE.LCMX) GO TO 40
IFL=sL CMX=NINV

RETURN

RO=TBLS(LCNT+1)

LOCsLCNT+2

CALL INV301(TBLS»LOC,»RO»LDS)
DOUBLE PACK DEPENDENT VARIASBLES
LOCP=LCNT+3#NR +NT+NR

DO 50 I=1,NRT

LOCP=LOCP+1

PTEM=TBLS (LOCP)
TTEM=TBLS(LOCP+NRT)
TBLS(LOCP)sDPACK(PTEM,TTEM)
CONTINUE

WRAP UP

LCFW{IR,IDT)=LCNT
LCNTeLCNT+24¢LDS=NRT

IFL=1

RETURN

END
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SUBROUTINE RATFN1

SUBROUTINES RATFN1

PURPOSEs INTERPOLATE FOR A FUNCTION Y(X) AND ITS

DERIVATIVE FRDM TABLES LOCATED IN ARRAY TBLS.

THE ROUTINE ALSO REQUIRES COMMON BLOCKS,
COMMON/RTBLK1/LOCXsKXpLOCYsKYs IsNoIP» XY (2}
Locx LOCATION OF X VECTOR
KX SPACING OF X VECTOR
Lacy LOCATION OF Y VECTOR
KY SPACING OF Y VECYOR
1 INDEX OF X AND Y VECTORS
N = LENGTH OF X AND Y VECTORS
X (INPUT) ~ INDEPENDENT VARIABLE
Y (QUTPUT) - VECTOR OF LENGTH 2, WHERE
Y(1) = VALUE OF FUNCTICN
Y{2) = DERIVATIVE OF FUNCTION
IP (INPUT) = 3RANCH PARAMETER
IP+EQ.0» USE INPUT COEFFICIENTS IN YY
IPeNE«.O» CALCULATE YY VECTOR FIRST
COMMON/INTORD/IFN
IFN  (INPUT) = INTERPOLATION TYPE
IFNeNEWls» RATIONAL FUNCTION
IFN.EQels LINEAR
COMMON/SESDAT/ITBLS
TBLS (INPUT) = TABLE STORAGE ARRAY

REMARKS$ UNLESS LINEAR FORM IS SPECIFIED, ROUTINE

USES RATIONAL FUNCTICN METHOD WITH QUADRATIC
ESTIMATE OF DERIVAVIVES AT THE MESH PDINTS,
TBLS CAN BE DECLARED LCM ON THE CDC 7600,

EXTERNALS? NONEs BUT A SEARCH ROUTINE MUST BE CALLFD

FIRST, TO COMPUTE INDEX I,

PROGRAMMER: Go Ie KERLEYs, T=é.
DATE? 18 JULY 1979

c

PARAMETER (MCL=500,ML=21sNGC=19,MLGC=NGC*MLy MLOWDT=20%ML »
+NUMV=10s MQL= ( (NUMV+1)/3+1)#MCL+100, NDN=20,NCF=8,
+MXDUMP =3 0,NDX=2¢MXDUMP+2, MTABs 1, NTAB=MTAB*3742
+)NSMa 4 )NWPM=3T2B, NSD=NSMENWPM+132,ML2=100)

LEVEL 2, TBLS

DIMENSION YY(6)

COMMON/SESDAT/TBLSINSD)

COMMON/ INTORD/IFN

COMMON/RTBLKY/LOCXsKXoLOCYsKYs IsNs IP» XsY (2)

ITF(IFN.EQs1) GO TO 6

IF(IP.EQ.0) GO TO 3

CALCULATE COEFFICIENTS FOP RATIONAL FUNCTION INTERPOLATION

IX = LOCX+KX®*(I=1)

1Y & LOCY+KY*(I~-])

YY(3) = TBLSCIX)

YY(4) = TBLSCIX+KX)=YY (3)
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YY(l) = TBLS(IY) SES AME 576
YY(2) = (TBLS(IY#KV) YY(1) )/ YY (&) SES AME 577
IF(I.EQ.N-1) GO TOD 1 SESAME 578

SP = (TBLS(IY+KY#KY)=TBLSCIY+KY))/ (TBLSCIX+KX+KX}=TBLSLIX+KX)} SESAME 579
YY(6) = (SP=YY(2))/(TBLS(IX+KX+KX}=YY{3)) SESAME 580
IF(I.GT.1) GO TO 1 SESAME 581
IR(YY(2)%(YY{2)=YY(4)*YY(6))elEsOs) YY(O6)=YY(2)}7YY(4) SESAME 582
YY(5) = YY(6) SESAME 583

GO TO 2 SESAME 584

1 DM = YY(3)-TBLS(IX=KX) SESAME 585
SM = (YY(1)-TBLS(IY=KY))/DM SESAME 586
YY(5) = (YY(2)=SM)/7(YY (4)+DM) SESAME 587
IF{I«EQeN=1) YY(6)=YY(5) SESAME 588
IF(I.GT.2) GD TO 2 SESAME 589
IF(SM* (SH=DM#YY(5))oLEeOc) YY(5)n(YY(2)=SM=SM)/YY (&) SES AME 590

2 IF(YY(6)eNEOa) YY(5)=YY(5)/YY(6) SESAME 591
C EVALUATE RATIONAL FUNCTION FROM PRECALCULATED COEFFICIENTS SESAME 592
3 Q = X=YY(3) SESAME 593
R = YY(4)=Q SESAME 594
IF(R«NE«DOs) GO TO 4 SESAME 595
We=l, SESAME 596

60 T0 5 SESAME 597

4 W s La=le/(1le+ABS(YY(5)%Q/R))} SESAME 598
5 F = YY(6)*(M+YY(5)%(1le=W)) SES AME %599
Y(1) = YY(1)+Q%(YY(2)=R*F) SESAME 600

Y(2) = YY(2)+(Q=R)*F+YY{4)sW*(F=-YY(6))} SESAME 601
RETURN SESAME 602

C CALCULATE COEFFICIENTS FOR LINEAR INTERPOLATION SESAME 603
6 IF(IP.EQ.,0) GO TO 7 SESAME 604
IX = LOCX+KX*(I-1) SESAME 605

IY = LOCY+KY*(I~-1) SES AME 606
YY(3) « TBLS(IX) SESAME 607
YY(1) = TBLS(IY) SES AME 608
YY(2) = (TBLS{IY4KY)=YY(1))/7{TBLSCIX+KX)}=YY(3)) SESAME 609

C CALCULATE LINEAR ESTIMATE FROM PRECALCULATED COEFFICIENTS SESAME 610
7 Y1) = YY(1)4YY(2)%(X=YY(3)) SESAME 611
Y(2) = YY{(2) SESAME 612
RETURN SESAME 613

END SESAME 614
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e X2z Xz X2 X2 X2 2 X222 k2 Xz X2 K22 X222 X2 ok Xa k2 X X2 X2 X e X2 X2 N2 X2 X2 Xz X2 X2 X2 X2 X2 Xn)

SUBROUTINE T4DATI

SUBROUTINE!
PURPOSE

REMARKSt

REEE
L2222
sREEk

EXTERNALS?

PROGRAMMER?

DATE:

T4DATI

SEARCH/INTERPOLATE FOR PRESSURE AND TEMPERATURE
AS FUNCTIONS OF REGION, DENSITY AND ENERGY,
USING PACKED SESAME 2 DATA STRING OF TYPE 302

COMMON/SESIN/IR» IDToRsEp IBRSIFL
COMMON/SESOUT/P(3),T(3)
IR (INPUT) = MATERIAL REGION NUMBER
IDT (INPUT) DATA TYPE INDICATOR
R (INPUT) DENSITY
E (INPUT) INTERNAL ENERGY
P»T (OUTPUT) PRESSURE, TEMPERATURE VECTORS
P(1),T(1) = PRESSURE AND TEMPERATURE
P(2)>T(2) = DENSITY DERIVATIVES
P(3)sT{3) = ENERGY DERIVATIVES
IBR  (INPUT) - O=COMPUTE BOTH P AND T
1=COMPUTE P ONLY
2=COMPUTE T ONLY
COMMON/SESDAT/TBLS
TBLS (INPUT) = TASLE STORAGE ARRAY

ADAPTED FROM T=4 SESAME 2 ROUTINES S2EOSI AND

LA302A . PRESSURE AND TEMPERATURE ARE PACKED,

THE SEARCH INDICES AND INTERPOLATION CONSTANTS
ARE SAVED AND REUSED» IF POSSIBLE.

SYSTEM DEPENDENT FEATUREs THE CONSTANT NSFT
IN STATEMENT 60 SHOULD BE SET TO 1/2 THE BIT
LENGTHe FOR A CDC 7600, NSFY = 30,

RATFN1 (1-D INTERPOLATION ROUTINE)
T4INTP (2-0 INTERPOLATION ROUTINE)

Ge I, KERLEY AND Ros I+ BENNETT, T4,
Jo ABDALLAH,JR,

2 AUGUST 1978

c

PARAMETER (MCL=500)ML=21p)NGC =1 9oMLGCeNGC*MLyMLOWD T=20%ML
+NUMY= 109 MQLw ( (NUMV41)/3+41)%MCL4100,NDW =20, NCF=@y
+MXDUMP=3 0, NDXu2#MXDUMP+2, MTABs 1o NTAB=MTAB* 3742
+sNSMub ,NWPMs 3728, NSD=NSMENWP 1+ 132, ML 22100)

LEVEL 2, TBLS

COMMON/S2DIR/LCMXSNREGHLCFW(ML 1)

COMMON/RTBLK1/LOCRIKX s LOCESKYs IRXsNs ISAME 9RX15PX1(2)

COMMON/RTBLK2/LOCX pIXaNXo LOCY o IY oNY»LOCZINZyNSFT,
$ RX2,ETsPX2(3),INT,IDS,»22(32)

COMMON/SESIN/IRSIDTHRsE»IBRyIFL

COMMON/SESOUT/P(3),T(3)

COMMON/ SESDAT/TBLS(NSD)

DATA LOCLST»IP,IT/0,151/

C LOC IS POINTER TO START OF DATA STRING FOR REGION IR
LOC s LCFWLIRL,IDT)4+2

TEST TO SEE IF THE MATERIAL IS THE SAME AS LAST CaLL
IF(LOC.EQ.LOCLST) GO TO 5
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C THE FOLLOWING OPERATIONS DO NOT NEED TO BE REPEATED

NX = TBLS(LOC)
NY = TBLS(LOC+1)
N = NX
LOCR = LOC+2
KX = 1
Locx
Lacy
LOCE
KY =
Locz
N1 =

C UNLESS A NEW REGION HAS BEEN ENTERED
LOCLST=LOC
IXLAST = O
IYLAST = O
LOCI = LOCX+NX/2~-1
LOCs = LOCY+#NY/2-1
LOCNX=LOCX+NX=2
LOCNY =L OCY+NY=2

C SEARCH FOR DENSITY INDEX

5 IF(R.LT.TBLS(LOCI)) GO TO 15

10 IF(ReLTTBLSILOCI+1)) GO TO 20
IF(LOCILEQ.LOCNX) GO TO 20
LOCI=LOCI+1
G0 70 10

15 IF(LOCI.EQ.LOCX) GO TO 20
LOCI=L0CI-1
IF(R«LT.TBLS(LOCI)) GO TO 15

20 IX=LOCI-LOCX¢]l

C INTERPOLATE FOR ENERGY ON COLD CURVE.

LOCR
LOCXeNX
LOCY+NY

LOC E+NX

[l T A I B ]

C INDEX IS THE SAME AS IN THE LAST CALL TO THIS ROUTINE

IRX = IX
ISAME = IA3SC(IX=-IXLAST)
RX1=R
CALL RATFN1
ET =« AMAX1(0.sE~PX1(1))
DECDR = PX1(2)
RX2=R
C SEARCH FOR ENERGY INDEX
IF(ET.LT.TBLS(LODCJY) GD TO 35
30 IFCETLTTBLS(LOCJ+1)}) GO YO 40
IF(LOCJ.EQ.LOCNY) GO TO 40
LOCJ=LOCJ+1
G0 TO 30
35 IF(LOCJ.EQ.LOCY) GO TO 40
LoCy=toCy-1
IF(ET.LT.TBLS(LOCJ)) GO TO 35
40 IYsL3CJ=-LOCY+1

If [SAME = 0y

C IF ISAME = 0y DENSITY AND TEMPERATURE INDICES ARE
C THE SAME AS IN THE LAST CALL TO THIS ROUTINE

ISAME = ISAME+IABS(LY-~IYLAST)
IP = MINO(1,IP+ISAME)
IT = MINOC1,IT+ISAME)
IXLAST = IX
IYLAST = 1Y
IDS=(IDT-1)%32+1
IF(IBR.EQ.2) GO TO 50
C PRESSURE CALCULATION
NSFT = O
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c
50

INTsIP

CALL T4INTP

P(1)=PX2(1)
P(2)=PX2(2)=-DECOR*PX2 (3)
P(3)=PX2(3)

IP s 0

IF(IBR.EQs1) RETURN

TEMPERATURE CALCULATION

NSFT = 30

INT=1IT

I0S=1DS+16

CALL T4INTP

T(l)=PX2(1}
T(2)=PX2(2)~DECDR*PX2(3)
T(3)=PX2(3)

ITe 0

RETURN

END

SES AME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SES AME
SESAME
SES AME
SESAME
SESAME

732
733
734
735
736
737
738
739
740
741
T42
743
T44
T45
746
747
748
749

297




SUBROUTINE T4RTPE(IRSIDT»TBLSsRsTHPsESIFL)

SUBROUTINE T4RTPE(IR,IDT,»TBLSsRsToPsEsIFL)
PURPOSE TO FIND PRESSURE AND ENERGY AS FUNCTIONS

OF DENSITY AND TEMPERATURE FROM A
SESAME TYPE 302 TABLE USING NEWTONS METHOD.

ARGUMENTS IR (INPUT) REGION NO.
107 (INPUT) DATA TYPE FOR 302 TABLES
TBLS (INPUT) TABLE STORAGE ARRAY
T (INPUT) TEMPERATURE
P (OUTPUT) PRESSURE
E (OUTPUT) ENERGY
IFL (OUTPUT) DUTPUT FLAG

=] FOR SUCCESS
»0 FOR FAILURE

REMARKS NONE

EXTERNALS T4EDSA
PROGRAMMER J.ABDALLAH,JR,
DATE 5 JULY 1979

OO0 MAOOON

oo

298

10

20

PARAMETER (MCL=500sML=21sNGC a199MLGCaNGCEMLyMLOWDT®20%ML »
+NUMVE 10, MQLs ( (NUMV41)/341)5MCL+100,NDW=20s NCF=8y
+MXDUMP=3 0y NDXu2%¥MXDUMP+2, MTABn 1, NTAB=MTABS 3742
+sNSMuo yNWPM=3T28s NSDeNSMENWPM+132,M.22100)

LEVEL 2,T8LS

COMMON/S2DIR/LCMXsNREGLCFW(ML 1)

DIMENSION TBLS(1)

COMMON/SESIN/IRXXsIDTXsRXSEX»IBRSIFLYX

COMMON/SESOUT/ZZP(3),2T7(3)

I18R=0

IFLXs}

RX=R

IRXX®IR

IDTX=IDT

LOC=LCFW(IR,IDT)

NR=TBLS(LOC+2)

NE=TBLS(LOC+3)

GET INITIAL GUESS ON ENERGY

FIND CLOSEST DENSITY INDEX

LOCX=LOC+4

IXR=l

DELS=ABS (R=-TBLS(LOCX))

IF(NR.EQ.1) GO TO 20

DO 10 J=2,NR

LOCX=sLOCX+1

DEL=ABS(R~TBLS(LOCX))

IF(DEL.GTL.DELS) GO TO 10

IRX=)

DELS=DEL

CONTINUE

FIND THE ENERGY INDEX ASSOCIATED WITH THE CLOSEST TEMP

LOCX=LOC+34NRENE+NR+ IRX
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90

DELS=TBLS (LOCX)
DELS=SHIFT(DELS,30)

DELS=ABS(T-DELS)

IEX=]

IF(NELEQ.1) GO TO 40

DD 30 Js2,NE

LOCX=LOC X¢NR
DELsTBLS(LOCX)
DEL=SHIFT(DEL»30)
DEL=ABS(T-DEL)
IF(DEL.GT.DELS) GO TO 30
IEX=J

DELS=DEL

CONTINUE

INITIAL GUESS ON ENERGY
EXsTBLS(LOC+3+¢NR+IEX)+TBLS(LOC+3+NR+NE+IRY)
ITERATE USING NEWTONS METHOD
Ks0

IFLs]

KK+l

IF(K.EQ.50) GO TO 90
CALL T4EOSA

EsEX

PazZP(1)
TTEST=ABS(T=2T(1))~1,0E~05%({ABS(T)+1,0E~02)
IF(TTESTeLTe0e) RETURN
D==2T7(3)

IF(DsEQ.Cs0) GD TO 90
EXsSEX=({T=ZT(1))/D

G0 TO 50

IFL=0

RETURN

END
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SUBROUTINE INV301{DSTR,LOC,RO,LDS}

SUBROLTINEt INV3O1(DSTR,LOC,»RO,LDS)

PURPOSE:

ARGUMENTS?S OSTR (INPUT)

REMARKS?

EXTERNAL

INVERT DATA STRING OF TYPE 301 TO TYPE 302,

TABLE STORAGE ARRAY

STARTING LOCATION OF DATA STRING
IN DSTR

APPROXIMATE DENSITY OF SOLID
LENGTH OF NEW DATA STRING

LOC (INPUT)

RO (INPUTY
LCS (OUTPUT)

ODSTR CAN BE DECLARED LCM ON THE CDC 7600,

THIS RDUTINE OVERWRITES LOCATIONS FOLLOWING THE
DATA STRINGe IT EXPANDS THE STRING BY NR WORDS,
JHERE NR IS THE NUMBER OF DENSITIES., IT ALSO
USES 3#NT WORDS AS TEMPORARY STORAGE, WHERE NT
IS THE NUMBER OF TEMPERATURES,

S13 ISRCHKs RATFN1,

PROGRAMMERS Ge I+ KERLEYs T=4,

DATEs

4 OCTOBER 1977

300

LEVEL 2,DSTR

DIMEN

SION DSTR(1)

COMMON/ZINTORD/IFN
COMMON/RTBLK1/LOCXsNRsLOCY»KYpJXsNTsINTHET,2(2)

INT=}

IFNSeIFN

IFN=0

NR =
NT =
LoCT
LCEC
Loce
LOCE
LOCN
IMAX
Do 1
DSTR(
00 2
Jd =

DSTR(LOC)
DSTR(LOC+1)
= 2+NR+LOC
LOCT+NT
LCEC+NR
LOC P+NR#NT
LOCE+NR#NT
2%NRENT
I=1,IMAX
LOCN-I) = DSTR{LOCN-I=NR)
I=1,NR
LOCE+I-1

Q = 1.E~12%A3S(DSTR(JJ))

DSTR(
DSTR(
DO 2
JJ =
DSTR{

LCEC+I-1) = DSTR(JJ)

JJ) = O,

432 9NT

JJ+NR

JJ) = DSTR(JJI=-DSTR(LCEC+I-1)

IF(DSTRUJJII=DSTR{JJI=NR)IeLT40Q) DSTR(JJI=DSTR(JIJI=NR) +0Q

COMI

NUE

I = ISRCHK(ROSDSTR(LOC+3),NR=2,1,0)+1

00 3
DSTR(

Js1,NT
LOCN+J=1) = DSTR(LOCT+J=-1)

DSTRILOCT+J~1) = DSTR(LOCE+I-14NR#*(J-1))

00 5
LOCX

I=1,NR
= LOCE+I-1
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DO 4 J=l,NT

ET = DSTR(LOCT+J~1)

JX = ISRCHK(ETsDSTR (LOCX+NR),NT=2,NR,0)+1
LOCY = LOCP+I-1

KY = NR

CALL RATFN1

DSTR(LOCN#NT+J=1) = Z(1)

LOCY = LOCN

KY = 1

CALL RATFN1

DSTR(LOCN#NT+NT4J=1) = 2(1)

DO 5 J=1,NT

DSTR(LOCP+I-14NR#({J=1)) = DSTR(LOCN+NT¢J=1)
OSTR(LOCX+NR#(J~1)) = DSTR(LOCNNT+NT+J=1)
LDS =« LOCN-LOC

IFN=IFNS

RETURN

END
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SUBROUT INE T4EODSA SESAME 918

c -——— SESAME 919
c SESAME 920
C SUBROUTINE T4EOSA SESAME 921
¢ SES AME 922
C PURPOSE TO COMPUTE A DENSITY SCALED» ENERGY SHIFTEDs SESAME 923
o ECUATION OF STATE AUGMENTED BY A ANALYTIC SES AME 924
c PRESSURE RAMP SESAME 925
c SES AME 926
c CCMMON/SESIN/IR,IDT 5RE»IBR,IFL SESAME 927
c COMMON/ SESOUT/P(3),T(3) SES AME 928
c IR (INPUT) REGION. NO. SESAME 929
c IDY (INPUT) DATA TYPE CORRESPONDING TO ENERGY BASED SESAME 930
c (TYPE 302) SESAME TABLE SESAME 931
c R (INPUT) DENSITY SESAME 932
¢ E (INPUT) INTERNAL ENERGY SESAME 933
c P(1) (OUTPUT) PRESSURE SESAME 934
c P{2) (DUTPUT) DENSITY DERIVATIVE OF PRESSURE SESAME 935
c P(3) (ODUTPUT) ENERGY DERIVATIVE OF PRESSURE SESAME 936
c T(1) (QUTPUT) TEMPERATURE SESAME 937
¢ T(2) (OUTPUT) DENSITY DERIVATIVE OF TEMP SES AME 938
c T(3) (QUTPUT) ENERGY DERIVATIVE OF TEMP SESAME 939
c IBR (INPUT) =0 TO OUTPUT BOTH P AND T SES AME 940
¢ =1 TO QUTPUT P ONLY SESAME 941
o =2 T0 OUTPUT T INLY SESAME 942
c IFL  (IN/OUT) INPUT SES AME 943
c 0=CHOOSE BETWEEN RAMP AND TABLES SESAME 944
c 1=FORCE USE OF TABLES SES AME 945
c ouTPUT SESAME 946
c O=PR ESSURE COMPUTED FROM RAMP SES AME 947
c 1=PPESSURE COMPUTED FROM TABLES SESAME 948
C NOTE THAT THIS FLAG CAN BE USED SESAME 949
o TO SATISFY REVERSIBILITY CONDITICNS,. SESAME 9%0
c SESAME 951
C REMARKS COMMON/EOSCOM/ MUST BE SUPPLIED BY THE USER SESAME 952
c PROGRAM, NREG IS THE NUMBER OF REGIDNS. THE ARRAYS SESAME 953
c CCNTAIN VALUES FOR PARAMETERS IN EACH REGION, THEY ARE SESAME 954
c SR{IR) = DENSITY SCALE FACTOR FOR REGION IR SESAME 955
c ESCIR) = ENERGY SHIFT SESAME 956
c RO(IR) = RHOO FOR MATERIAL SESAME 957
c A1(IR) - RAMP PARAMETER IF 0 THEN NO RAMP SESAME 958
C A2(IR) ~ RAMP PARAMETER . SES AME 959
c A3(IR) = RAMP PARAMETER SESAME 960
c EM({IR) =~ MELT ENERGY " SESAME 961
c SESAME 962
C EXTERNALS T4DATI SESAME 963
c SES AME 964
C PROGRAMMER J.ABDALLAH»JR. SESAME 965
c SES AME 966
C DATE 14 JUNE 1979 SESAME 967
¢ SES AME 968
¢ SESAME 969
PARAMETER (MCL=500,ML®21,NGC=19,MLGC=NGC*ML, MLDWDT=20%ML, PARAM 2
+NUMV= 10, MOL= ((NUMV+1)/73+1)*MCL+100sNDW =20, NCF=8, PARAM 3
+MXDUMP=30sNDXu2¢MXDUMP+2s MTAB®1) NTAB=MTAB* 37642 PARAM 4
+sNSMm4  NWPM=3728, NSO=NSMENWPM+132,ML22100) PARAM 5
COMMON/INIT/DTO(MLY oXMUCML)o YO (ML) » XLAML) XV (ML), NVIML), VO(ML) »PO INIT 2
+(ML)H)TO(ML))ROWEMLY » JMIN(ML2) p3MAX(ML2)s IBRN(ML) pPLAP{ML),DRO(ML), INIT 3
+MAT(ML)» UO(ML) s UT (ML ) »DTCF (ML) » QOC ML) » THLT (ML )» THC (ML) INIT 4
COMMON/EOSCOM/SRIML)»ES(ML)» SES AME 972

302



25

AL(ML)»A2(ML) 5 A3 (ML) EM(ML ), IRV(ML)

b 3
COMMON/SESIN/IRSIDT»R»EsIBRs IFL

COMMON/ SESOUT/P(3),T(3)
DIMENSION RO(ML)
EQUIVALENCE (RO, ROW)

SCALE DENSITY

RSAVEs=R

ReSR(IR)#*R

SHIFT AND SCALE ENERGY
ESAVE =t

E=(ES (IR} +E) /SR(IR)
COMPUTE EOS FROM TABLES
CALL TeDATI

IF FORCED TABLES = RETURN
IF(IFL.EQs1) RETURN
IF(IBR.NE.2) GO TO 5

TEMP ONLY

IFL=1

RETURN

IF (A1 (IR) <NE+O.0) GO TO 10
NO RAMP INPUT RETURN
IFL=1

RETURN
IF(ESAVEL.LELEM(IR)) GO TO 20
ENERGY IS GREATER THAN THE MELT ENERGY = RETURN
IFL=1

RETURN

COMPUTE RAMP PRESSURE
COMP=RSAVE/RO{IR)
P1=AL(IR)*(COMP=1,0)
DPR1=A1(IR)/RO(IR)}
IF(A2(IR) «LE«D040) GO TC 25
P2sA2{IR)*(COMP=A3(IR))
DPR2=A2 (IR)/RO(IR)
IF(Pl.LT.P2) GO TO 25
Pl=pP2

DPkl=DPR2

IF(Pl.LT.P(1)) GO TO 30
RAMP USED FOR PRESSURE
IFL=0

P(1)=pPl

P(2)=DPR1

P(3)=0.0

RETURN

PRESSURE FROM TABLES
I1FL=1

RETURN

END
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200
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SUBROUTINE PERTCB(IR,TBLS» 2BARsABAR)

ROUTINE TO PERTURB A 3Cl-LIKE EOS TABLE BY MEANS OF A GAUSSIAN

BUMP ON THE ISOTHERMS, ONE MAY ALSO INCLUDE A HARDNESS
FACTOR FOR THE PRESSURE AND ENERGIES,

LEVEL 2,TBLS

PARAMETER (MCL®500,ML=21sNGCul 9y MLGCoNGCH*ML,MLDWDT=20%ML,
+NUMV=10,NQL=( (NUMV+1)/341)#MCL+100,NDW=20p NCFag,
+MXDUMP=30,ND X246 MXDUMP+2, MTAB= 1) NTABSMTAB® 3742
+sNSMs4 yNWPM=3728,NSD=NSM$NWPM+132,ML2=100)

COMMON/INIT/DTO(ML) o XMUML )2 YO UML) oXLUML )p XVIML )IsNV(ML) »VO(ML) s PO
+(ML)» TO(ML ) ROWIML) JMINEML2) s JMAXIML2)» IBRN(ML) » PLAP(ML)» DROCML),

+MAT(ML) JUOLMLISUT (ML), DTCF (ML) »QO( ML) » TMLT(ML) »TMC(ML)
COMMON/S2DIR/LCMXoNREGHLCFW (ML)
COMMON/TAPERT/LPERT(S)HZETACS) »VLOW (5 )s VHI(S5)»HARD(5)
DIMENSION RO(ML)

EQUIVALENCE (RO,ROW)

DIMENSION TBLS(1)

RHOZRO = RO(IR)

IF(RHOZRO.EQ.0.0) RHOZRO = TBLS(2)

DOES THIS EOS GET PERTURBED?

IM = ABS(TBLS(1))

D0 200 LI=1,5
IF(IM.EQ.IABS(LPERT(LI))) GO TO 202
CONTINUE

G0 TO 299

CONTINUE

DO PERTURBATION == PRELIMINARY STUFF

VINLOW = 1,0/VLOW(LI)

VINHI = 1,0/VHI(LI)

CEN = 0 5%(VINLOW + VINHI)

SIG = 2.,0/7/(VINLOW =~ VINHI)

LCEP = TBLS(3)

LTEP = TBLS(4)

Cl = ZETA(LI)*ZBAR*(B4314%E=03)/ABAR

FIND THE COMPRESSION JUST LESS THAN CEN

RHOCEN = RHOZRO#CEN

DO 210 LCEN = 1,LCEP

IF(TBLS(4+LCEN).GT«RHOCEN) GO YO 211

CONTINUE

LCEN s LCEN - 1

FIRST COMPUTE BIAS FOR PRESSURE AND ENERGY LOOKUP IN TBLS
NPRSK = & + LCEP ¢ LTEP

NERSK = NPRSK ¢ LCEP*LTEP

ICEN = NPRSK + LCEN + 7#LCEP

ORIGINAL PRESSURE AT OR NEAR CENTER OF GAUSSIAN
PCEN = TBLS(ICEN)

FIND THE REGION THAT NEEDS MODIFYING
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o [a Nz N3]

212
214

215
216

231
230
299

LOWEST COMPRESSION INDEX = 1PL
RINHI = RHOZRO*VINHI

DO 212 IPLsl,LCEP
IF(TBLS(4+IPL)«GT.RINHI) GO TO 214
CONTINUE

IPL s IPL -1

HIGHEST COMPRESSION INDEX = IPH

RINLOW = RHOZRO®VINLOW

DO 215 IPH=IPLsLCEP

IF(TBLS (4+IPH) «GELRINLOW) GD TC 216
CONTINUE

CONT INUE

TABLE REPLACEMENT WITH PERTURBED VALUES

DO 230 JP=IPL,IPH

THIS IS THE COMPRESSION LOOP
RHO = TBLS(4+JP)

ETA = RHOD/RHOZRO

F o EXP(=~(SIG*(CEN=ETA))¢$2)
DO 231 JT =1,LTEP

THIS IS THE TEMPERATURE LOOP

T = TBLS(4+LCEP+JT)

IDEAL GAS SHAPED BY A GAUSSIAN
PHAT = Fe*Cl*RH0O*T

MSKIP = JP ¢+ (JT-1)%LCEP

IPX = NPRSK + MSKIP

IEX = NERSK + MSKIP

TBLS(IPX) = HARDILID*®TBLS(IPX) ¢ PHAT
TBLSCIEX) = HARD(LIV*TBLS(IEYX)
CONTINUE

CONTINUE

CONT INUE

RETURN

END
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V. SAMPLE PROBLEMS

To aid users in setting up problems in HYDROX, we have included a set .
of sample problems. Each of the problems is concerned with the use of HE
in contact with a metal plate. The first two sample problems consist of
an aluminum plate striking a piece of PBX-9404 treated in the Forest Fire
HE model. As shown in the results, the 1-mm-thick plate drives the PBX-9404
to a full detonation, whereas the 0.5-mm driven system does not proceed to
full detonation. The third problem is a 3-cm pilece of PBX-9404 treated in
the buildup HE model driving an aluminum plate. Spall layers are allowed
to form in the aluminum and are evident in the distance-time plot. The last
problem consists of 5 cm of Comp B in contact with an aluminum plate.

All plots were obtained by using the graphics code GAS, and for the
distance-time plots the code OTGAS was used as an intermediate step. Further

details on the graphics may be found in LASL Utility Routine LTSS-523. .

A. 1l mm of Aluminum Impacting PBX-9404 Using the Forest Fire Model

Input File DATA

PSINP NMe2,TEND=l.sNG=20, IALPH=1,RO= 5
NMAX=35,NADD =2,
LABEL=27H FOREST FIRE 9404/AL ORIVER $
PSSU MAT=2,R22,4sNCI®30sU0n=,1,ME=]1 §
PSESC NVs2,XV=,3 §
PSSU MAT=24,R2=0.,9NCI=120 §
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B. 0.5 mm of Al Impacting 9404 Using the Forest Fire Model

Input File DATA

PSINP NMe2, TENDe1.oNG=20,IALPHa1,R0=,45)
NMAX=35,NADD=2,
LABEL=27H FOREST FIRE 9404/AL ORIVER $
PSSU MAT®2,R2=,4)NCI=15,U0n=,1,MEe]l §
PSESC NV=2,XVa,3 §
PSSU MAT®24,R2e0.sNCI=120 $
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Fig. 10.

Pressure contours (0.010 Mbar)
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C. 3 cm of 9404 in the Buildup Model Pushing 1 cm of Al

Input File DATA

PSINP NM=2 ,TEND=104sNG=10sIALPHS1,R0O =4, 05 NDF =2,
LABEL=17H BUILD UP 9404/AL $

PSSU IEQS=2,MAT=22,R22] s NCI=100,MNE=] §

PSESC IBRN#3,BUDe,4,XVe3, §

PSBURN VCJ=,88,E=,18723¢ $

PSSU MAT=2,R2=0.pNCI=50,ME=1 §

PSESC Y0=2,00367,XMUs 2565 XVe3,5 §

ILD WP MO¢/R.
T
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Fig. 11.

Pressure contours (0.020 Mbar) and Spall Layers.
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Pressure (Mbar)

D. 5 cm of Comp. B in the C-J Volume Burn Model Pushing 1 cm of Al with a

SESAME Equation of State

Input File DATA

PSINP NMs2,R0564»IALPH®1sNGS20) TEND=8, s UTn=e213564,UF=,15,
NMAX=10,NADD®2,
LABEL=26H CJ BURN COMP B/SESAME AL $

PSSU MAT=19,R2m],)NC1I=100,ME=] §

PSESC IBRN=2,XVe2,5 §

PSBURN VCJ=,428513 §

PSSU IEOQS=4,MAT=3710,NCIe25,R250,5MEs]l $
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VI. HMLB AND SESAME EQUATION-OF-STATE LIBRARIES

In this section we discuss the use of the library HMLB for the HOM EOS
and the SESAME tabular EOS library. Since the use of the HOM EOS can require
the specification of many constants, we have provided a library of typical
materials for metals, gases, and reacting materials. Any particular EOS con-
stant in HMLB may be changed in HYDROX on the ESC NAMELIST since the library
values are read first, and then the values specified in ESC are changed.
Unspecified variables in ESC are thus defaulted to the values in HMLB. 1In
Sec. A we give a list of the materials on HMLB, a cross-reference table of
HYDROX and SIN variable names, and a listing of all the HMLB constants.
Further information on the HOM EOS may be found in Ref. 2 of Sec. I.

HYDROX includes the capability of accessing the SESAME tabular EOS library
and uses special subroutines for reading the library and doing the required
numerical interpolation. In Sec. B we have merely listed the materials that
are currently available. Reference 4 of Sec. I contains additional information
about the SESAME library.

A. HMLB

HMLB is a library of constants for 29 different materials for use by the
HOM equation of state in HYDROX. At LASL, HMLB may be obtained by the LTSS
command :

MASS GET /HYDROX/HMLB
Before running HYDROX, HMLB must be obtained as a local file if the HOM EOS
is used; IEOS=1 and MAT#0 in the SU NAMELIST causes a search of HMLB for the

material number specified by MAT.
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1.

Materials in the HMLB HOM EOS Library

2.

31

Cross-Reference Table Between HYDROX Variables and SIN Variables

BE

2024 AL

NI

COPPER

STEEL

TA

AU

LEAD

Y

301 POLYIMIDE
PLEXG

CH2

FOAM

AIR 1

AIR 2

SAHE
NQ AQRHENIUS
NQ FOREST FIRE

COMP § SHARP SHNCK
€NMo 8 CJ(ARRH)
9404 CJ
9404 3LILD UP EOS
94C4 GAMMA LAW
94064 FOREST FIRE
TAT8/wAX FF F(P)
Y0290 FF PCJ=,285
MI/ESTANE 9575 FFI(T)
NQO FF R+ ZERD ORDER
TINT

for HMLB

ROW
PP
TP
z1
U

Cl

SIN

NMAT
IEXP
IBRN
IVIS
VFACT
RHO®
PP
TP
E®
U

SOL(1)




HYDROX
S1
SWV
c2

S2

FS

GS

HS

SI

SJ
GAMMA
cv

Vo

sp
Usp
gy
1)
Y9

PLAP

vCcJ

SIN

SOL (2)
SOL(3)
SOL (4)
SOL(5)
SOL(6)
SOL(7)
SOL (8)
SOL(9)
SOL(10)
SOL(11)
SOL(12)
SOL (13)
SOL (14)
SOL(15)
SOL (16)
SOL(17)
SOL(18)
SOL(19)
SOL(20)
SOL(21)
SOL(22)
SOL(23)
we

z

E

vCJ
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HYDROX SIN

_— DCJ

-— BCJUP
ND NDWDT
PCJ BPCJ

PM AMINP
DWDT DWDT

GC GAS

A GAS(1) )
BR GAS(2)
2 oas(s) | e, P 2o
VB@ GAS(4)
VBSW GAS(5) J
BUA BUA

BUB BUB
BUMAX BUMAX
BUDV BUDV
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3.

Listing of the EQS Constants in HMLB

SN
NMAT

SEND

$OAT
IEXP
138N
IVIS
VFACY
470

10
EO
uo
SOL

w0

vCJ
0cJd
agJy?
NDVWDT
B®CY
AMINP
0¥nT

GAS

3UA
LTL]
sUMAX
auov
$END

1s
-1,

s*2%s BE

0,

0»

0»
2¢9000000000000E+400»
1,8450000000000E+00,
1.,0000000000000E~06»
3.0000000000000E+02,
Ve »
[*2% ’
7:9750000000000€-01»
1,0000000000000E=02»
Ge 14
3,4866986350100E+01,
9¢4841753554900E+00,
1,1800000000000F+00»
5¢02005642005400€8=01»
[*29 »
3,390C000000000E+02,
O »
Ce 9
Ge »
1.9000000000J00E+Q0,
Oe
0.
0.
Ge
0.

-

 w v e

0
O
G
O,
Do
O
Qe
Ge
Ue
O
Ge
Co
[+ 18
Ge
Os
O.
O
O
O
Oe
e
O
O.
O
Qe
0.

W W Y VY VY WYY YTV VY Ve VY VP 9 P Ve WY

(222 3]

1,0910000000000£+900,
De 14
144064%229523200E401,
3.%RT740018B80200E+21,
~1,9607277845000E+00,
447600000000000E-01,
1.2330000000000E~05»
°o 14
1,00000320000000E~06,
O. ’
1.,0000020000000E=~06»

0.
De
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.

0.
0.
0.

W Y P W P W 9V Y Y Y VY VY W VY e
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N
NMAT

SEND

$0AT
1EXP
I3QN
IVIS
VFACT
R+400
Py
T0
EQ
vo
snL

v)

ved
DCy
BCJUP
NDJDT
apcy
AMINP
DT

GAS

BuA
LDL)
BUMAX
8UdV
SENO
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L2 L1 1

2s

=1
2024 AL

0,

0»

0,
2.U000000000000E+00,
2.7850000000000£+400»
1.,0000000003000E~06»
3.9000000000000E+02»
O »
O 4
5.3500000000000E~01»
1,0000000000000E~01»
Os [

-341753356163300E+02»
~245424824896000E+02»
1¢7900000000000E+09»
345906642728900E=01»
7+ 1400000000000E-02)
3,0000000000000E+02,»
Oe 14
5¢0900320000000£=02»
O »
1,000006u0000000E+00>
4+,60000000002000E+03»
9+500000G000000E+02,»
Ce 14
O 4
e 14
0»
O »
O ]
O »
O 14
Qe 14
Ge ’
O »
O 14
O 4
Qe 14
O »
O 14
Ge 14
Oe ’
Ue »
Oe »
Qe »
0. »
Oe »
(/9% 14
Oe 1 4
0, 14
O ’
Oo »
Ge »

[ 1421/
1.3503000000000E+20,
0. 14

=7.9611586687400E+01,
-443852537153300E+02,
=5:7973496473200E+01,
2,2003032000000E-01»
244000020000000E~05,
5.0000030000000€E=02»
1.0005000000000€=06,
0, 4
1,0000000000000E=06,

0.
0.
Oe
0.
0.
0.

0.
0.
0.

0.
0.
0.
0.

O.
0.

W W P Y Y Y W WY WY WY vV B e




SN
NMAT - 3
NN » -1,
$SEND
*s%% NI [ 1341
SDAT
1EXP = 0,
IBRN n 0
Vs - 0
VEAST = 240000000000000E+00,
RHO0 = 8.8600001000000E+00,
PO = 1.0000000000000E~06»
70 - 3,0000000000000E+02»
EO s O« »
uo - Qe »
soL . 445460000000000E~010 1,46450000000000E+00»
1.0000000000000E=02» 0. »
0. » =2,03564981593800E+03»
=3,7098532585100E+03, =2¢%5122620102000E+03,
=7¢5077048497800E+02» -8,3468184762400E+01»
1.8900000000000E+400, 1,0500000000000€=01»
1.,1286681715600E-01, 1,3000000000000E~05,
('Y » 0. ’
3.,0000000000000E+02» 1.,0000000000000E=06»
Je 1 4 0. »
O » 1.0000000000000E-~06»
Oe »
¥o - 1.0000000000000€+00»
4 - Ge ’
E L] Oe [
vCJ - O »
DCJ - Oe »
8CJUP = 0. »
NOWOT = (/1)
8PCJ = 0. »
AMINP = 0. »
oWwDT s Ce ’ O »
O » 0. »
Oe » Oe ’
O » 0. 9
Qe » 0. »
Ge ’ 0 ’
Oe » O 14
0. » O ’
Os [ O ’
Ge » 0. ’
GAS - O. » Do ’
Ge ’ De 14
Oe 14 0. »
D » Oe 14
Ge » O ’
Oe ’ O ]
Oe » O »
O » 0. 1
Oe »
8UA e Oe »
BUS = Qe »
BUMAX = O »
8UDV s (1 »
$END
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N
NMAT

$END

SDAT
IEXP
IBRN
IVIS
VEACT
R400

T0
EOQ
Uyo
SoL

%0

ved
ned
3CJue
NDWODT
39CJ
AMINP
DYoT

GAS

BIJA
AUB
BUMAX
BUDV
SEND
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*EXEY

4
-1,
CNPPER

0

0,

0,
2.0000000000000E+00,
849030000000000E+00»
1.0000000000000E=06»
3,0U000UUC0J000E+02)
Oe »
Oe »
3.3580000000000E~01,
1400000006000000E~03)
Oe 14

-144234042687800E+03,
~341807912677400E+02,
2+0000000000000E+400»
1.1232168931800€E-01,
1,000G000000000€E=-01>»
3,v0G0000000000E+02»
3.0000000000000E=03,
S +vQUUOGLUUO0000E=-02s
Oe ’
1.0060000009000E+00,
545700000000000E+03»
1.3530v00000000E+03,»
Oe »
O ’
O 14

0
Qe »
O »
O ’
Qe »
Ve ’
o »
Oe 14
Oe »
Ve 14
Ue »
O »
O »
Qe »
O ’»
O »
O 4
O. »
Goe 14
O »
Oe ’
Oe »
O ’
(0% »
Qs ’
O »

(3424

1,4970000000000E+00»
O »
=7¢2269373246900E+02»
=1.0197498949400£+03,
=3,564T71449881900E01)
9+3000000000000E-02»
1.7670000000000E~05,
1.2000000000000E~01»
1,0000000000000E=06»
4¢6500000000000E=01>»
1,0000000000000E~06»

0.

0.
[+ )
0.
O
0.
0.
0.
O
0.
0.
0.
0.
0.
0.

® W W " Y VP VYO OV W Ve

De




N
NMAT

SEND

SOAT
IEX®
182N
IVIS
VFACY
RH1DO
?0
TO
€0
vo
saL

40

ved
gy
8CJUP
NOWODT
85CJ
AMIND
owdT

GAS

auA
BUs
BUMAX
3Udv
$END

5s
- -1

*xsss STEEL

- Qs
= 0
= 0
s 2¢0000000000000€+00,
s 7.93170000000000€400»
. 1.0000000000000E-06»
L 3,0000000000000E+02,
- Qe »
- Qe »
- 4+5800000000200E=01»
1.00000v0003000E=-02,
O 14
~7¢0321195402400E+03»
~1.4667840211800E+03,»
240000000000000E+00>
1¢2631047113800E-01,
Qe »
3,2900000000000E-02>»
O »
Oe 4
0. . 4
= 1.0000000000000E+400»
- O »
= Oe 4
= Ue »
- O 14
- Ge »
- 0,
- [V »
- Oo »
L Oe »
Qe »
(V1% »
Ge »
Oe ’
Oe »
Qe ‘e
Qe »
Qe ’
O »
= OCe ]
Ge ’
O 14
Ve »
Oe »
Ge 14
(VIS »
Oe »
(V1S »
- O ]
- Oe »
s O. »
s Ce s

(12234
1,5100000000000E+00»
0. 14

-3,8238258745300E+03,
~4+B8267021389400E+03)
=1.,6639151598300E+02»
1.,0705030000000E=01»
1.1700000000000E«05,
O ’
1,0000000000000E=06,
0. 14
1,0000000000000E~06»

o
[ ]
% VY VWYYV WY VWY VWV w
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SN
NMAT

SEND

SDAT
IEXP
TARN
IVIS
VFACT
RHOO
PO
T0
Ed
uo
SaL

<0

vid
b D)
ACJUP
NDWDT
BPCJ
AMINP
DWOT

GAS

aua
BU"
QUMAX
BUDV
SEND
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*¥Erk

TA

6s
1,

240000000000000E+00,
1.6690000000000E+01,
1,0000030000000E~06»
3.0000000000000E+02»

Qo
Q.

’
»

3,4140000000000E=01,
1,0000000000000E=02»

Ge

=4,0152531315500E+03,
-5.1221616258700E+02,»
1.7000000000000E+00»
5¢9916117435600E-02)»

Oe

’

3.,9000000000000E+02,
4.0000000000000E=03)
540000000000000E~02»

Oe

»

1.9000000000000E+00,
50000000000000E+03,
3.,2700000000J00E+03»

Ge
Q.
Ge

Oe
Ge
Oe
Ue

0,

4
»
’

W Y W WY WY VW VP YV Y Y VY Y VYW P WY e e

*Eehg

1.2010000000000E+00,
0. »
=2.7769235055300E+403»
=2.1587503348B00E+03,
-4,522325R6R82200E+01,
3,3000000000000E~02,
1.6590000000000E-05,
0. »
1,0000000000000E=06»
7.0500000000000E-01,
[+ 1% »

(=]
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$N
NMAT

SEND

$DAT
I1EXP
IBRN
IVIS
VFEACT
RH40O0
PO
T0
EO
uo
SOoL

wo

veld
DeCJ
AlJue
NDWDT
8PCJ
AMINP
DWOT

3UA
3u8B
JYMAX
suov
S$END

L2122 1)

AU

£
1,

O
0
0,

2.0000000000200E+00»
1,92640000000000E+01»
1.,0000000000000E=06»
3.0000000000000E+02»

Q.
Ce

»
’

3.0750090000000E~01,
1.0000000000000E-02»

0.

=541941782941600E+03»
=548203419236900E+02y
240000000000000E+00»
5¢1975051970000E~-02»

Ve »
3.0000000000000E+02>»

0.

5,000000G000000E~02

0.

»
»

»

1.000000CQ000000E+Q0s
$»0000000000000E+03»
1,3360000000000E+03,

G
Qe
0.

Ge
Qe
O
Ve
O
Qe
Oe
O
e
Goe
O«
O
0.
O
Qe
Oe
Oe
O
0.
Qo
Ve
[ 1%
Qs
O

Qe

(7]

14
’
»

W P Y U Y Y Y VYU R VY WY Y YW Y e W Y W VY

ekEE

1.5600000000000E+00,

0.

=348649405250300E+403

=2.61128396415500FE4903,
=4.8453143294100E401,
3.1290000000000E=02)
1,4200090000000€~-05,

0.

’

1.,0000000000000F =06,

0.

0.

’
’

% e 9 9 P Y Y YV OV OY P Ve VB e
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Wwo

vCJ
ncy
RCJUP
NDWDT
BrCJ
AMINP
DWOT

GAS

BUA
303
sUMAX
BUOYV
SEND

sEkp ¥

8y
-1,

LEAD

0»

0,

(]
2¢0000000000000E+00,
1.1340000000000E+01,
1.0000000000000E-06,
3.00U0000000000E+02>
Qe 14
O »
240280000000000E-01»
1,0000000000000E-03,
O H4
4¢4550742326900E+02,
2¢2953413952900E+01,
24934U0G0000000E+00>
8.3183421516800E-02,
1.,0000000000000E=~01»
340000000000000E+02»
Ve »
[+ 1% b4
0. 14
1.,0000000000000E+00,
3+5000000U00000E+03,
5¢9900000000000E+02,
Qe ’
Oe »
O 14

0,

Oe
Ve
0.
Oe
O
O
Ge
O
Oe
O.
Ge
0.

0.

(=]
L]
W W WV Y W Y VY Y L Y Y VY VY Y Y Y VY e Ve W e

wkkxé
1.5170000009000E+00»
O ’
3.9729257221900E+02,
1.6992751538400E+02»
4¢A665122596100E=01,
3,0000000000000E=02,
2.8370000000000€E~05,
2.0002000000000E~02»
1,0000000000000E~064,
0. ’
1.0000000000000E~=06,
0. 4
Oe ’
0. ’
O 14
Oe »
o. 14
Oe ’
0. »
O »
0, ’
Oe 14
De »
0. »
O 14
0. »
O »
Oe »
0. 14




N
NMAT

SEND

$SDAT
IEXP
8RN
IV1s
VEACY
RH4NQ
PO
70
EO
uo
SIL

wo

Ve
DTy
scJuye
NDOWOT
3rCy
AMINP
oWOT

GAS

AUA
auB
BUMAX
BUIV
$END

*¥evs

240000

v

9
-1l

0»
0»
0

’
000000000E+00»

1.8910000000000E+01,
1,0000000000000E~06,
3,0000000000000E+02,

Ge

Oe ’
2¢5400000000000E~01,»
1.0000000000000E~04%»

O

»

641009951139000E+02,»
~242037316277600E+01»
2+0000000000000E+00»
5.2882072000000E-02»

0.

3.3000000000000€+02,

O
Ve
O

’
»
»

1.,0000000000000E400»

Oe
Oe
Qe
Qe
Oe

O
Oe
0.
Qe
Oe
Qe
Ve
Oe
G
Oe
Je
Qe
Oe
Oe
Qe
O
')
Ve
Oe
O
O
O
O
Ge
Qe

v e ve

W Y Y Y PP VY P Y Y VPV T W PO VY B VY e e

sh&s§

1.5000000000000E+00»
Oe t4
Bel7773414666300E+02,
9.0904269245400E+401,
=4.R735636843100E¢00,
2+7600000000000E-02,
1.1666000000000E=-05,
0. ’
1. 0000020002000E~06,
O »
1.0000000000000E=06»

=]
.
Y e WYYV PEWWwUUw WO OUw e
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¥)

ved
0cJ
BCJUP
ND4ODT
8PCJ
AMINP
DVDT

GAS

BUA

£ 1L )
8UMAX
BUDV
SEND

328

10,
-1,

#%%&x 301 POLYIMIDE

0,

0

2
240000000000000E~03,
1.4140000000000E+00»
Oe ’
3,0000000000000E+02»
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O 14
Q. »
4.1469950000000E-01,
4¢1469950000000E=01,
O t4
0,
G 1 4
0o ’
Ve ’
Ge »
Oe 14
Ge »
0. 14
O »
[/ 1% »
Ge »
Qe 14
O »
=3.9513022262000E+00
O 14
O »

5.1809393382100E~01,
6+5604492690900E-03,
O »
Ue 4
O »
1.000000G000000E=01,
2.6800000000000E+00,
1.3900000030000E+400»
3.7000000000000E+00,
8.8000000000000E-01»

*ekns

2.5760000000000€+00,
Oe »
-R,6661849555200F8+400,
~-649716341085000E+01»
2.0719556900800E+01,
4,0000000000000€E-01»
5,0000000000000E~05»
0. ’
1.0000000000000F =06,

0. »
1., 0000000000000E~06»

O ’
Oe »
0. 14
[/ ’
0. 14
Oe 1 4
Oe »
0. »
[/ »
[+ 18 ’
=3.2500000000000E+00»
0o ’
=1:64270492459600E+00,
8.73012%9389500F =02,
1.8255953940800E~04»
=1,16698841697900E+00,
0. 14
5+0000000000000E~01)




SN
NMAT

$END

SOAT
IEX®
I8RN
IVIS
VFACT
]HQOO
PO
10
EOQ
Vo
SnL

40

vCJ
oCl
3CJuo
NOWDT
aec)
AMINP
DwWDT

GAS

RUA
BuUB
BUMAX
auov
SEND

23,
2 %)

ssk%% 9404 GAMMA LAW

1
2s

0s
2¢5000000000000E+00>
1.8440000000000E+00»
1,0000000000000E~06»
3,0000000003000E¢02»
O »
O »
2¢7150000000000E~01»
1,0000000000000E-01»
0. 14
-548313782208900E+01»
~8+2009910278300E+00»

647470000000000£-01»
504229935000000E-01»
Ge »
3,0000000000000E+J32»
O, »
Q. »
Qe ’
1.,0000000000000E+00»
O »
Qe »
608000000000000€-01,
8,8000000000000E~01»
Qe »
0
Ce 14
O »
Qe »
Ve »
Oe »
Ue  J
Ge 1
O »
O »
Qe »
Oe 14
Ue »
=3,9513022252000E+400»
O »
O »
5.1809393382100E~01»
645604492690900E~03»
Qe »
O. 14
Qe »
1.,0000000000000E~01»
O »
Oe 14
'Y 14
Oe »

et
245760000000000E+20»
0. 14

-B8,6661949355200E+00,
=6097153641085000€+01»
2.0719556900800E+01,
4€,0000000000000E~01,
5.0000000000200E=05,
O »
1.,0000000000000E-06»
O ’
1,0000000000000E-06s

0. 4
0. ’
Oe »
0. ’
o. 14
0. ’
0. »
O ’
O ’
De 14
=3,2500000000000£€+00,
0. »
=1.6427052459600E+00,
8.7301259389500E~02,
1.8255953940800E~04»

=1.1669884169900E+00,
0. ’
5,0000000000000E~01»
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gN
NUAT

$END

SDAT
Iexe
IBRN
IVIS
VFACT
RHOO
PO
T0
EO
vo
SIL

W0

veJ
necd
ACJuP
NDA4DT
arcy
AMINP
DWOT

GAS

aud
RUY
sUMAX
suny
$END
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24y
-1,

*%%8% 9404 FOREST FIRE

2.0000000000000E~03,
1.,8440000000000E+00,
1.0000000000000E=06»
3.,0000000000000E+02»
Qe 14
Q. ’
2¢4230000000000E-01»
1,0000000000000E~02,
O »
~7¢1318525243500E+401»
«9.2042417760300E+01,»
6+7500000000000E=01»
5e4229934924100E~01>
O »
3,0000000000000E+02»
Qe »
Oe »
O »
140000000000000E+00»
Q. 14
O 14
848800000000000E-01»
Ge 4
Oe 14
14
306300000000000E-01»
145000000000000E~02y
2¢5277953727000E+10,»
8.6704208069000E+10»
3.,0950369616000E+410,
2¢5068548091000E+09,
5¢4017707404000E+07»
249889932207000E+05,
4,0524452315000E+02,
O »
Oe 14
Oe »
=345390625996400£+00,
246007542333200E~01»
~141396302407500E-02»
542151853419200E-01»
442652426469100E-03)
703642291979000E+00»
2¢9235306096100€E=02»
=1.1453249820600E~02»
1,0000000000000E=01»
0. 4
O »
U »
O »

eekd
1,8830000000000E+0»
0. 1 4

=9.,06418722204200E+00»
=1.2%20497936000E+02,
«2.2189382572700E+01»
4,0000000000000€=01,»
5+.0000000000000E~05»

O »
1,0000000000000E~06»
O 14
O »

=6494745029170000E+10,»
~6,3781135352000E+10»
~1,0433258901000E+10»
~4,3377143285000E+08,
*4¢7962436917000E+06,
=1.2887959724000E+Q04&»
=8,3979132644000E+00,»
0. 14
0. ’

0. 14
=2.5773750039300E+00,
1,3908357850800E~02,
«146191304113300E+00,
5.7750659410700E~02»
1,06467999990200E=04»
-4,936%822238900E=01,
3.3027740221900€~02)
5+0000000000000E=01»




N
NMAT

S$END

$DAT
1EXP
IBRN
IVIS
VFACT
RHOO
PO
T0
EO
uo
soL

wo

ved
[l
acJue
NDYDT
8prCd
AMINP
DWOT

GAS

suUA
sus
BUMAYX
BUOV
$END

25,
2 Y)

seess TATB/WAX FF F(P)

1,

4

1,
4.0000000000000E-01,
1.7410000000000E+00»
1.0000000000000E=06,
3.0000000000000E+402»
Oe »
0. 14
246200000000000E~01,
1+36G00000000000E~02>»
Oe »
=8,8519912048700E+01,
=~144821742233500E+402,
17000000000000E+00»
507436253877100E-01,»
0. »
3,000000G000000E+02»
O »
Ge »

[+ 1% »
1.C000000000000E+00,
e »
0.
(‘X
Ce
O

v o we

15,
24420000000J000E=-01,
5.000000G0O00000E=-02>
2¢1UT4823834300E+15,
3¢56(04013860000E+15,
6.8538310052000E+14»
343749845395400€E+13)
541695074669000E+11,
2¢4497203379100E+09,
2¢9147295142500E+06,
3,4692852517900E+02»
("I 4
O ]

«3.8151151160500E+00,
24670T281671500E~-01»
=442627029473100E-02>
56368029118800E-01»
1.1097910232600E=02»
72050716427100E+00,
6:0919683634800E-02»
«5,0885279490900E~03,
1.0000000000000E=01,
O »
[+ 1% »
O »
O 14

L1244
1.8460020000000E+00»
0. »

«1.,0%5465561473500E+01,
=1.75806170256200E402,
=442691261225500F +01,
1.0000030000000E+00»
5.0000000000000E€-05,
0. »
1,0000000000000E=06»
O »
. 1,0000000000000E=06,

~4.06484613115500F+15%,
=1.8095456%595300E+15,
=1.7708730387300€E+14»
~4.81566840092100E+12»
=6,1691881910200€+10,
=1,0306137019700E+08)
«449191520774900E+04,
[+ 2% »
0. »
O ’
=2.6%020304590800E+00,
1.1008177275600E~01»
~1,5324680893000E+30,
1.1099121788600€~01,
443719078163800E-04»
=4eT7826%23434400E~01,
7¢4133402313400E~03,
5.0000000000000E=01,
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$N
NYAT

SENOD

SCAT
IEXP
IRRN
IVIS
VEACT
RHOO
PO
T0
€0
ud
SoL

w0

ved
DCJ
RCJUP
NDJDT
gprcd
AMINP
DWOT

GAS

Ba
BIIR
BUMAX
Bunv
SEND
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260
2 ¥

**%xx X0290 FF PCJ=,285

1

LY

0
240000000000000E+00s
1,8940000000000E+00,
Oe 14
Oe »
Ge »
Ge »
2+4000000000000E=01,
O »
Ue »

=1.3631901377800E+02,
=147104959098300E+02»
14500G000000000E+00»
5.2798310454100E-01»
(4 18 »
3.,0000000000000E+02,
O 4
Ve »
[/1% 4
1.,v000000000000E+00»
O ]
Oe »
3¢94230J99000000E~01,
O »
O 14
15,
2+856G0000000000E~01,
5¢5000000000000€E~-02»
8.1425481008020E+13,
2¢1097494446000E+14»
6¢1110150327000E+13)
444248348854000E+12,»
9.6978690159000E+10,
643734690585000E+08,
1.0170082035000E+06,
1.6223658470000E+402,
('Y »
Oe »
=3.8782854115900E+00»
20¢2207418495100E-01,
=304281943072700E~02»
5¢3489544838500E-01»
6+2564345992400E-03»
Ted674029264900E+00,
501794158609500E-02»
~1,0921841974800E~02»
1.0000000000000E=~01»
Oe 14
O »
O 14
[+ % »

hkhs
240500000000000E+00,
0. 14

-2+30164158556000E+01»
=2+3506R21666100E+02,
~442263550555900E401,

3,0029000000300E-01,
5.0000000000000E~05,
0. 14
Oe 14
0. ’
0. »

=1,9413888714000E+14»
=1.3R3515R0944000E+14)»
=1.92065772744000E+13,
=7.5017519329000E+11»
=0,20643833492000E+09,
-2,1181988011000E+07,
=1.9660831926000E+04,»
00 »
O ’
[+ »
=2+6903226723100E+400,
7.%4248212800000E-02,
=1.5883961537700E+00,
9.4282425112400E-02>»
2¢8935792253200E=04,
=546700324443000€E-01,
9.8485334639500E~03y
5.0000000000000E-01>»




SN
NYAT

$END

SDAT
1EXP
I3RN
IVIS
VEACT
R4Q0
PO
10
EO
uo
st

0

ved
DCJy
atyye
NOWDT
8PCJy
AMINP
0WDY

GAS

BUA
8us
BUMAX
BUDV
$END

27
-1

1l
4

1
245000000000000E+00,
1.,6990000000000E+00,
O »
3,0000000000000E402,
O 14
Ge 14
3,0000000000000E-01>

Qe 4
Qe »
~542981710589500E+01,
-841576457053800E+01»
1.5000000000000E+00Q,
5,8858151000000E-01»
Ve ’
3.0000000000000E+02,

Oe ’
[+ % »
Oe 14
1.0000000003000E+00»
Os 4
Ge 9
Ge ’
Qe »
Ge »
15,
163965931925800E+03,
349413000365800E+02»

=-244754151108200E-37,
=146403011725300E~29,
=1¢2626800047100E=22»
=2¢546T7895398A00E~16,
~1.6458549154900E-10,
~3,4143685421200E-05,
-1,8688014733600€+400»
=142115464430700E+04»
O 1 4
O »
=3,7813223223600€E+00»
©.5780376665900E~01,
=3,8759650139800E~01,
5¢3353834411400E-01,
7.3248274107000E-03)
6+7027481505400E400,
1,7172154149600E-01,
=3,8360574585200£-01,
1.,0000000000000E-01»
Ge 4
O »
O« ’
O 14

#swax NQ/ESTANE 9575 FFIT) ¢¢ede

1.7950000000000E+00,
O. ’
~4,3375662728300E+J30,»
=1:01341641654400E+02)
=2.1688340014100E+01»
1.0000000000000E4+400»
5.0000000000000€~05,
0. »
1.0000000000000€E~06,
0. ’
0. »

2.9718825932700E~33y
5.51625T7515100E=26»
2.0810584469500E~-19»
23512495264500E-13,
8.,69%51979083100E-08»
9.6694517066%900E~03y
242101464421200E402»
0. »
0. 14
0. »
~2.8659072289500€+00»
=2+1393476004800E~01»
=145813814217000E+00»
9.1038624589100E~02»
2.3635649822400E~04»
=6466964075746100E~01)
~2,3654570859100E-01»
5.0000000000000E=01,
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$OAT
TEXP
IBRN
IVIS
VFACT
RHO0
°0
TO
EQ
1o
snL

W0

vCJ
0CJ
ACJuyr
NDWODT
BPCJ
AMINP
DYOT

GAS

BUA
AUB
ayMax
BUOV
SEND
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30
=1s

**ax% NQ FF RH ZERO ORDER

1,

LY

1,
245000020000000E+00s
1.6990000000000E+00,
Qe »
3.0000000000000E+02»
Oe 14
Oe t4
3.000U000000000E~01>
Ue »
Ue »
=502981710539500E+01,
~841576457053800E+01,»
1,5000000000000E+00,
5,9658151000000€-01,
O t4
3.0000000000000E+02»
O 14
Qe »
Oe 14
1.0000000000000E+00»
O »
Oe »
Oe »
e »
Qe !

15,

248500000000000E-01»
940000000000000E-02»
149493710061000E+13,
205848703251000E+13,
To0926386979000E+12,
4.8379711632000E+11»
9.8904508407000E+09,
5¢9260968094000E+07)
T¢3400413699000E+04»
=1¢4056835920000E+01,
Ge ’
O »
-3,7813223223600€E+00,
4,5780376655900E-01»
-3,8759650139800E~01,
5¢3353834411400E-01»
703248274107000E-03,
6¢7027481505400E+00,
167172154149600E-01»
-3.8360574585200E~01»
1.0000000000000E~01»
[\79 ?
Oe 14
Qe »
Oe »

hEkeE
1.7950000000000E+90,
0. »

~443375662728300E+00,
=1¢0134141654400E+02,
~2+1688340014100E+01»
1.,00000000000C0E+00,
5+0000000000000E=05,
Oe 14
1.,0000000000000E~06»
0. 14
O 14

=2+4403909027000E+13,
«1,6509273785000E+13,
=2:1655438303000E+12,
=8.,0196999204000E+10s
«9.,003614274R000E+08,
=2:705%239629000E+406»
=1,0435423%28000E+03»
Do 14
Oe ’
O ’
=2.R669072289500E+90,»
=241393475004800E~01»
-1,5813R814217000E+00,
9.1038624%589100E~-02,
2.3436649822400E~04)
-6.66940757456100E-01,
=2.3654570859100E~901»
5.0000000000000€E~01>»
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I3RN
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L]

veJd
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AUMAX
BUDV
SEND

31,

-1,

ss$8s  TNT

1s

1,

0s
2¢0000000000000E+00>»
1.6400000000000E+400,
1.0000000000000E~06»
3.,0000000000000E+02,
G, »
Oe »
3,0330000000000E=01,
1.0000000000000€E-03,
Oe »
209423815334900E+01,
3,6666803808000E+01,
1.730C000000000E+00»
6.0975609760000E=01»
Qe ’
3.,0000000000000E+02,
Oe »
O 14
Je »
1.0000000000000E+00,
Qe »
Ge »
4+6300000000000E~01>
4.6300000000000E=01,
O »

0,
Oe 14
Ve »
Oe ’
Oe 4
("1 »
O »
Qe »
Go 14
Qe »
O ’
O ”
O »
-4,0927913585100E+00»
Oe ’
Qe 14
4¢65320457097100E~01»
607200941511000E~03,
O« »
0% ’
Ge ’
1.3000000000000€-01,
Qe 14
Oe 14
Ge »
O. »

e

1.3660000000000E+00,
0. ’
1,14687924489200E+01,
5.1407831602000E+01,
1.07753093%8200E401,
2+9300000000000E~01,»
5.0000000000000E=05,
0. 14
1.,0000000000000E=06»

0. »
1.0009000000000€E=06»

Oe »
0. »
0. »
Oe »
Oe »
0. »
O »
Oe »
Oe »
O »
«3.1600000000000E+00,
Do 14
=1./01748738T7500E+00s
£,2694%00461400E~02,
2.,0718222636500E~04»

=9,9000000000000E=01)»
Oe 14
5.,0000000000000E~=01,»
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B. Using the SESAME Option in HYDROX (by G. I. Kerley) '

Specify a SESAME EOS in NAMELIST SU, by setting IEOS = 4 and MAT equal to
the material number. In NAMELIST ESC, specify the parameters for spall, vis-
cosity, and elastic-plastic flow, as with other EOS options. In order to use
special options available with the SESAME tables, specify the parameters dis-

cussed below.

1. Initial State Calculation. In NAMELIST ESC,

ROW = initial density in g/cm3
TO = initial temperature in K
ZI = initial internal energy (Mbar-cmslg)
If ROW is not input, the code will obtain this quantity from the SESAME

library. An input value will override the SESAME number. Parameters TO and

ZI default to zero.

If the user specifies TO # 0 and if ZI = 0, the code will calculate ZI

from ROW and TO. This feature is especially useful when the material is a

gas, but it can be used for solids and liquids as well.

2. Density and Energy Scaling. In NAMELIST ESC,

SR

Il

density scale factor (default = 1)

ES = energy shift in Mbar—cm?/g(default = 0)

Using these parameters, the EOS is scaled according to the following

relations.
P(p,E) = Pryp(PpsBy) s
oy = SR*p , )
ET = (E + ES)/SR ,

where P, p, and E are the pressure, density, and energy variables used by the

code, and PTAB(pT,ET) is the tabular EOS. '
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The parameter SR is useful for treating isotopic mixtures. If AT is the

atomic weight for the EOS table, an EOS for an atomic weight A is obtained by

setting
SR = A./A . (2)

For example, set SR = 2 to scale the SESAME D, EOS, #5263, to H Similarly,

9°
set SR = .80 to obtain an EOS for a 50:50 DT mixture.
The parameter ES can be used to change the energy zero of the table. It

is intended for use primarily with the "ramp" option, discussed below.

3. Foams and Phase Transitions. In NAMELIST ESC,

Al, A2, A3 = ramp parameters (default = 0)

ES = energy shift in Mbar-cms/g (default = 0)

IRV = reversible/irreversible flag (defaulf = Q)

M = "melt" energy in Mbar-cm3/g (default = 1000)
For treatment of foams and certain typeé of phase transitions, it is
" possible to modify the SESAME EOS by adding a "ramp" which describes the be-
havior of the material at low stress levels.

The material starts out in either a porous state or low-density phase.

The EOS as a function of the density p is given by
P=4(plog -1 , (3)

where p, i1s the initial density (ROW) and A, is the bulk modulus in Mbar.
0 1

A1 can be computed from

_ 2
Al = 0.01poc0 (4

where C0 is the bulk sound speed in km/s. If Al = 0, no ramp calculation

is performed.
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At some pressure Pi’ the material will begin to "crush," or transform ‘

to the high-density phase which is described by the SESAME EOS. The EOS of

the crush curve is
P = A2(p/p0 - A3) . (5)

(If A2 = 0, there is no crush region and Eq. (3) is continued on until it

crosses the SESAME hydrostat.) A2 is related to the transition pressure by

PiA

A =
2 P, + Al(l - A3)

(Mbar). (6)

The transition pressure for foams is usually rather small (<1 kbar). For a
phase transition, P i must be obtained from experiment. The parameter A3 can
be adjusted to give the correct slope of the crush curve. In the absence of

data, the default value (A3 = 0) should give acceptable results.

At some pressure P_,, the ramp crosses the SESAME hydrostat. At that ‘

f’
point, the cell is said to be "crushed." Subsequently, the material may behave
either teversii:ly (follow the ramp on expansion) or irreversibly (stay in the
high~density phase on expansion). Foaps are normally irreversible, but phase

transitions may be either. The behavior is controlled by setting

1 reversible,

IRV = 0 irreversible,

@

where the default is IRV = 0. In HYDROX, the material will also behave
irreversibly if it melts; i.~e.', if the melt energy EM is exceeded. EM depends
upon the path and must be treated carefully., The default value (EM = 1000)

is sufficiently high that "melting" will not occur in most cases of interest.

For foams, the energy shift ES should be set to zero. For phase transi-

tions, set .

ES = -AE (initial + final) |, (8)




where AE is the energy required to transform the low-density phase to the
high-density phase. Hence there are two cases. If the initial phase is
stable, ES is negative. If the initial phase is metagtable, ES is positive.

4. Interpolation Option. In NAMELIST INP, set

IFN = 0 rational function algorithm,

IFN = 1 bilinear algorithm,
where the default is IFN = 0. The rational function option is the more accurate
interpolation scheme. The bilinear scheme is faster and is sufficiently
accurate for some applications.

5. Table of SESAME Materials in SES2L

SHORT SUMMARY FOR VERSION 67 NE SESAME LISRARY FILE SES2L
DATED 91280 FOR 45 MATERIALS

NUMBER MATERIAL IBAR ABAR R0 TASLES

1540 URANIUM 92,0 23%.,0 19,5 101 201 301

2020 RERYLLIUM 4.0 9.0 1.8 101 102 201 301
2021 BERYLLIUM 4.0 9,0 1.9 101 201 301

2140 IRON 26,0 55.9 7.9 101 201 301

2144 IRON 26,0 5%.% 7.9 101 102 201 301
2145 IRON =~ REACTOR SAFET 26.0 5%5,% 7.5 101 102 201 301 401
2200 LITHIUM 3.0 649 «5 101 201 301

2445 SODIUM 11.0 23.0 1.0 101 102 201 301
2646 SOOIUN 1.0 23.0 1.9 101 102 201 301
244% STDIUN 11,0 23.0 1.0 101 201 301 401
2700 GILD 79.0 197.0 19,3 101 102 201 301
2701 GOLD 79.0 197,0 19,3 101 201 301

2980 MOLYBDENUM 42.0 95,9 10.2 101 231 301

3100 NICKEL 28.0 53,7 8,9 101 221 301

3200 LEAD 82.0 207.,2 11.3 101 102 201 301
3330 COPPER 29,0 63.5 8.9 101 201 301

3541 TUNGSTEN T4.0 183,59 19,2 101 201 301

3710 ALUMINYA 13,0 27.0 2.7 101 201 301

3730 PLATINUM 73.0 195.1 21,4 101 201 301

4100 BRASS 29,8 65,3 8,5 101 192 201 301
4270 STAINLESS STEEL 25.8 5%5.&4 7.9 101 201 301

4271 STEEL 26.0 55.f 7.9 101 201 301

5170 ARGON 186.0 39.9 1.% 101 102 201 301
5180 KRYPTON 35,0 83.2 2.5 101 102 201 301 )
5263 DEUTERIUM 1.0 2,0 +2 101 102 201 301 303
5410 NEON 10,0 29,2 1.4 101 201 301

5500 METHANE 2.0 3.2 «% 101 102 201 301 401
5501 METHANE 2.0 3,2 +% 101 102 201 301 401
5760 HELIUM 2.0 4.0 2 101 201 301

7081 8IRIN CARSIDE = REAC 5.2 10.4 2.5 101 201 301 401
7111 NEVADA ALLUVIUNM 9.4 1%.% 2.4 101 201 301

7150 WATER 3.3 6.0 1.0 101 201 301

T1%1 STEAM 3.3 5.0 1.0 101 201 30%

7170 POLYETHYLENE 2e7 &7 «9 101 201 301

7260 LITHIUM DEUTERIDE 2.0 4,0 «8 101 201 301

7370 LITHIUM HYDRIDE 2.0 3.8 «7 101 201 301

7380 QUARTZ 10.0 20.0 2.2 101 201 301

7390 VESTERLY GRANITE 1043 20.7 2.6 101 201 301

7410 ALUMINA 10,0 20.4 4.0 101 201 301

7432 URANIUM DIOXIDE 36,0 90,0 11,0 101 201 301 401
7520 MICA 649 1345 2.7 101 201 301

7560 POLYURETHANE 3.8 7.0 1.3 101 201 301 351




7590 PILYSTYRENE 3.5 65 1.9 101 201 301

7830 DIAMODND 6.0 12.0 3,5 101 201 301
8180 HIGH EXPLOSIVE 5.6 11,0 1,8 101 201 301
NOTES.
TABLES 100-199 CONTAIN HNLLERITY DATA
TABLES 201 CONTAIN %ASIC DATA
TABLES 301 CONTAIN TOTAL ENS DATA
TABLES 303 CONTAIN INN ENS DATA
TABLES 401 CANTALIN VAPNRITATION DATA
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