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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.

A~os’Alamos National Laboratory Identification No. LP-3052.



I. INTRODUCTION

HYDROX is a one-dimensionalLagrangian hydrodynamics computer code

written in FORTRAN for the solution of problems with plane, cylindrical, or o

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-mentionedmachines as

*
well as the VAX-11.

HYDROX draws heavily upon the features incorporated in the SIN hydro-
.

dynamics code,~ 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 (EOS) libraries for certain EOS types: HOM,
1

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

HYDROX.

buildup,

tion are

features of SIN for treating explosives were directly adapted into

These include Arrhenius reaction kinetics, C-J

and Forest Fire.4-7 Material descriptions for

also included.

volume burn with

plasticity and spalla-

Input to HYDROX is by way of NAMELIST and output is sent

different disk files. In addition to printer listable files,

to several

HYDROX writes

a random

computer

data and

access data dump file that is directly readable by the interactive

8
graphics code GAS. This file may also be read for cell quantity

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

kExeCUtio~ t~eg for the VAX-11 are about gev~n t~eg glower than the cDc 7600

for single precision (32-bit) arithmetic and ten times slower for double-
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 equationsofmotion in plane, cylindrical, and spherical ge-

ometriesas 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.

Time

Length

Mass

CONSISTENT SETS

us

cm

g

Density g/cm3
.-

OF UNITS FOR HYDROX

s s

cm meter

g kg
.-i .

g/cmJ kg/m3

Energy 10IL 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

a
ing any other set of units the

internal subroutines that also

consistent only with this set of units. In us-

user must make sure they are consistent with

contain dimensional constants.



Useful Conversion Factors

1 kilobar = 109 dynes/cm2

1 megabar = 103 kilobars = 1012 dynes/cm2 = g/cm ps2

Mbar cm3/g = 10
12

erg/g

1 gfgapascal = 10 kilobars

1 cm/ps = 10 knlls

11604.7 K

= 6.02252 x 1023/mole

1 electron volt =

Avogadro’s number

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

glamu

Bohr radius a. = 0.529167 x 10-8 cm

-.1..1erg
Rydberg = 2.17971 x 10

1 Rydberg/a~ = 147.103 Mbar
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II. HYDRODYNAMIC EQUATIONS OF MOTION (In collaborationwith 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 conservation 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 transformationscorresponding to the symmetry of the

problem.

To obtain the appropriate partial differential equations we must consider

both Eulerian and Lagrangian coordinates. Eulerian 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 Eulerfan 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 = @? = constant, (1)

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

the following,

6

r = Lagrangian position,

R= Eulerian position.
(2)

●



At time t = tO we pick the

as well as the length of a

Lagrangian and Eulerian coordinates to be equal,

mass element:

r(to) = R(tO) ; 6r(tO) = 6R(tO) .

At some later time t, the density is p(t) and

r(t) = r(tO) and r(t) + dr(t) = r(tO) + 6r(tO)

are unchanged with time. The Eulerian coordinates bec?me

R(t) + R(tO) and 6R(t) # 6R(tO) . (5)

1. Planar Geometry

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

of this mass is dV = 6R Ay Az*and its incremental mass is

Am’ = p(t) 6R(t) Ay Az (Eulerian),
(6)

= PO cSrAy Az = constant (Lagrangian).

Defining the mass per unit area as Am = & and going to the infinitesimal

(3)

(4)

limit, we have

dm=pdR= PO dr ,

where dm is also a mass per unit area.

2. Cylindrical Geometry

In cylindrical coordinates the mass elements may

dm’ = pO r dr de dz (Lagrangian),

= p(t) R dR dO dz (Eulerian).

(7)

be written:

(8)

*

●
&R and & are used to denote finite distances for the volume elements, while
dR and dr denote infinitesimals. Although not strictly correct, &R and &r
may be interchanged with dR and dr by taking a limit where 6R and 6r go to zero.

7



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

symmetry for the problem, integrate over f3to get

dm = 2mp0 r dr = 2np(t) R dR .

3. Spherical Geometry

In spherical coordinates the mass elements may be written

dm= dm’ = pO r~ dr sin 9 de d$ (Lagrangian),

= p(t) R2 dR sinede d+ (Eulerian).

Integration over 0 and $ gives

dm = 4mp0 r2 dr = 4mp(t) R2 dR .

(9)

(lo)

(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 ~U
_ R=:=—

unit mass dm at R ‘

where u
R
= velocity in the R

1. Planar Geometry

Figure 1 shows a planar

(12)

direction.

mass element subjected to a stress ar in the posi-

tive direction and a stress Ur+AOr in the negative direction. Since stress

is defined as the force per unit area, then

‘R
=GrAyAZ . (13)

The net force acting on the volume element is FR - FRtiR, giving



1

Crr I
D I 4 .

J-———-.——
///

R+8R

AZ
-(a, +ACTr)

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



~uR FR - FR+6R 0= A A= (Of+AOr)Ay Az
—=
at dm’ ‘p8RAyAz- p8RAyAz

~ A(J= ~ aOr
=- .— _——

p6R~ paR’

or

L

*=-–— p aRn “

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

f30 dr = p dR, we have

(14)
●

(15)

(16)

where (au/at)r denotes the acceleration of a single Lagrangian mass point

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 e-direction as well as the r-direction. Figure 2 shows

a mass element in cylindrical coordinates subjected to the stresses a and
rr

(Jrr + ‘err in the radial direction, and stresses i-a00 and -099
in the angular

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

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

is

COS:6RAZ-O
e

‘e = -%3 ~ecos~6RAz=0 . (17)

In the radial direction we have

.

‘R
= mu

R
= pR 6RA8 Az fiR

(18)

=(srr R sin Ae Az - (urr + AOrr)(R + 6R) sin Ae Az + 2(J6~sin *6R Az ●
10

=-a rr 6R sin At3Az - AOrr(R + 6R) sin A13Az + 2CJ6esin $%AZ .



I
Rsin A8

I

I

I
f

Fig. 2.
A mass element in cylindrical coordinates subjected to the stresses (Srr
and -(~rr +A~rr) in the radial direction and to wee and -Ooe in the
angular direction.
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Because mass = pR 6R A9 Az, we have

A(s
‘rr sin AO

()
2oe0 sin Af3/2pilR=-y Ae -+1+? si:oAe+T

AO “

sin At3
In the limit as 6R, AE3goes to zero, A6 + 1 giving

a a~
rr ‘eep;R=-T_ —+ O((SR)+O(A9) ,

a:+R

where O(x) = order of x.

Thus,

(19)

To change to Lagrangian coordinates, we use dm = p. r dr = pR dR ~ dr =

dm/pR, giving

where ( )r denotes that we are considering a single Lagrangian

(constant r or din),and the UR is the velocity measured in the

(20)

mass element

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 A41is 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+’ (not equal to A@) to help avoid

confusion. As in the cylindrical case, there are components in the radial

directions from ~ee and a$+, but no net force in either the e or @ direction.

12



z

x /

(a)

-( R+8R)sin~A#

‘+%

—Y

Fig. 3a.
A spherical volume element subjected to the stresses ORR and -(am + ACTRR)
in the radial direction, +aee and -~oe in one angular direction, and

~$$ and-a~$ in the other angular direction. Note that A@ # A$’.
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(b)
R+8R

-=++

Rsin 8 A+= RAt#’

(c)

\+a
00

(b)

(c)

14

Ffg. 3b,c.
The stress +a$$ and ~~~ acting on the
depend on the angle A@~ and not on its
For the O-direction, the stresses wee
upon Ae.

spherical volume element
projection in the x-y plane, A+.
and ~ee are dependent only



● Fig.

each

Consider first the stresses o
44

acting on the volume element

3b. The net force in the radial direction from the stresses

side of the volume element is

‘ith%$acting on an

A+ rotation to be the

)sin$ RdR

area R 6R Af3.

‘R6RAfI ,
‘e = 2%$ ‘in 2

as shown in

acting on

(21)

By requiring the arc length swept by the

same as the A@’ rotation, we have

RA$’ = R sin 0 A+ ,

A+‘ =sin0A4,

or making Eq. (21)

2%sin[~~sin f3A$]RcSR Ae .

● The net force in the radial direction from the a~~’s is

2%3sin~R6Rsin OA~ .

(22)

(23)

(24)

The net total force in the radial direction is

FR=cS rr R2 sin 0 Ae A@ - (Orr + AOrr)(R+ 6R)2 sin e AElA+

Ae
+ 2%$

sin [% sin 0 A+] RdR Ae + 20ee sin y R 6R sin e A$ . (25)

‘R = ‘R
auR FR

unit mass
pR2 sin 0 Ae A@ “p%= R2 6R sin e AO A~ “

In Eq. (25) we again take the limit of smallAe and A@:

sin[% sin e A@] + % sin e A@ .

15



or, taking the limit as 6R goes to zero,

aUR a~
,== .*+%

R $4 + ’00 - 2Urr) + 0(8R) + 0(6R2) .

Because of the spherical symmetry, a
4$

= (J6e,and if we neglect terms of order

&R and higher, our result is

(26)

To go to

equation

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

for the mass point labeled with the coordinate r: ●

(27)

c. Consenation 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—

because there is no motion in the angular directions.

1. Plamr Geometry

on the mass element

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 = p6R Ay Az, we can write

(energy = force x distance):

16



U(R)At
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U(R+8R)At

I
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I

R(t) R(t+At)

I
I
I
h,

d
I
I
I
I
I
I

R+8R R(t+At)

+ Aur)

+ 8R(t+At)

Fig. 4.
A planar mass element at time t (solid line) and t + At (dashed
line).



Or Ay Az U(R) At - (Or + AWr)dy AZ u(R + 6R)@
AE =

p&l Ay Az 9

P

We may expand u(R

Substituting this

3E
OrU(R) - (Or+ A~r)U(R+ 6R)

F= (SR
.

+ 6R) about R:

(}
u(R+dR)= u(R)+ ~ R+***.

result to first order in 6R into Eq. (28), we get

()3Ep= . - ~ -@ - AOr(~) .

Taking the limit as 6R + O,

In the limit 6R+ O, then Aar + O.

Using dm = p dR, we can write

()2E - &(aru) ,wr=

(28)

(29)

(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 = pR~R Ae Az. The angular

‘tresses ‘ee
and the axial stresses o do no work because motion is permitted

22 —

in the R direction only. Figure 5 shows the appropriate mass element at times

t and t +At. ●
18



-(trrr+lbrr)

.
*

R(t)+ 8R(t)
U(R+8R)At ~

t+At)+8R(t+At)

U(R) At<

Fig. 5.
A cylindrical mass element at times t (solid lines) and t + At (dashed lines).
The angular stresses, Wee and +ee, do no work because motion is permitted
in the radial direction only.

—



The change in energy per unit mass is again calculated by considering

the distance the forces acting on the mass element move.

+urrR(t)A9 Az-[u(R)At] - (urr +A(sr)(R+6R)A9 Az[u(R+6R)At] .
dE =

PR6RA0 ~Z

aE
arru(R) (arr-1-A@rr)(R + 6R)u(R + 6R)

z=+ p6R - pR (SR
.

Using u(R+6R) = u(R) + (au/21R)6R+ ““”, we obtain

AOrrU(R) AOrrU(R)
+

6R + pR

(31)

= o(1) +0(1) +O((SR) +0(1) +O(Aorr)

In the last equation we have written the relative

+ O(Aarr) + O(AarrdR)

order of the terms for

.

Eq.

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

priate limits,

Using dm = pR dR or aR/am = l/pR, we write

aE
()E=

-~ (OrrUR) ,
r

element labeled by r.for the Lagrangian mass

3. Spherical Geometry

A spherical mass element is shown in Fig. 6 where a unit

pR26Rsin9 Af3At). In the same manner as for the planar and

cases, the change in energy per unit mass due to the work done by the radial

stresses is

20

(32)

mass is
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U(R+8R)At

U(R)At

)

8A+

!R(t+At)+8

R(t +At )

R(t+At)

Fig. 6.
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.—



0==(RN3)(Rsin0 A@)[u(R)At] - (u==+ACY==)(R+ 6R)AEI(R+ 6R)sinO A$[u(R+8R)At]
dE = ●

pR2 6R sin 6 AO A@

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

CrrR2u(R) - (arr +Aarr)(R + 6R)2U(R + 6R)
P?$= .

R2 6R

Using u(R + 6R) = u(R) + (h/aR)8R + “-= , we may obtain

KeepinG only the leading order terms, our result becomes

Again, U66 and a do no work because of the requirement that there be no motion
$$ —

in the (3and $ directions. To write in a Lagrangian form, use dm = pR2 dR to

get l/pR = R aR/am, and

()aEx= -+ (R2u(sr) .
r

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

(33)
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~=~u2+1
2 9

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

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

aE =

()

d-1
=

- ~(orruR )
r

where d = 1, 2, or 3 for planar, cylindrical, or

We now wish to obtain the time rate of change of

spherical geometry, respectively.

the internal energy. Thus,

(%)=u(++(~~=‘uRd-l(~);CTr[&URd-l)t .

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

may write the conservation of momentum

(R)r=-Rd-f%ijt+

relation as

((Yee- arr)
(d - 1)

pR “

Using this expression allows one to write

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.

23



Conservation of mass requires

dm = pdR = pOdr (planar),

= 2npRdR = 2npordr (cylindrical),

= 4wpR2dR = 4mpOr2dr (spherical).

Conservation of momentum gives

()au =
z - :(%)t = -(%)t ‘P’anar)’

r

ao

()

(Uee - ~rr)
=-

R ~:t+ PR
(cylindrical),

()
R2 ~

+,(o 0(3- ‘rr) (spherical) .=- pR
t

Conservation of energy gives

()3E =
K

- & (Oru) (planar),
r

~m (OrUR) (cylindrical),=-—

jm (oruR2) (spherical).=-—

(34)

(35)

(36)
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●
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++

boundaries is called ri for cell j. The function f(r) evaluated at the center

of

is

to

.J

the cell is written f< and the same function evaluated
J

written f.
J~~”

Assume that the

calculate spatial

values of f(r) are known at the cell

derivatives of f at cell boundaries;

f f
J“’ ‘jtl’ jt2’

l=” and we want to calculate (~f/~r)jW+.

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

at the jiJZboundary

center and we want

that is, we know

Because j~+ is the

‘j and‘j+l ‘0
determine the derivative. To do this, we make a Taylor series expansion of

our function about the point j-l%.

(37)

where % rj is the distance from the cell center to the boundary and .(r~) indicates

that the next term in the expansion is of order r:. Similarly, we may write
J

(38)
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fj+

fj+l/2 ‘j+3/2

fj fj+l

]+ 1/2j-3/2 j-1/2
CELL j-1 CELL j - CELL j+[

j+3/2

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:

<)=laJ
‘j+l - ‘j 2 & (rj +rj+l ) +O(r2) ,

j+%

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

(39)

‘_J+lfj+ ‘jfj+l = ‘j+lfj* + ‘jfj* + 0(r3) ~

rj+lf +r f.+l
f.
J* s rj+r 5+ O(r .

j+l
(40)

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:

Subtracting,

()af‘j+% - ‘j-~ = = j ‘j + ‘(r;)

or

(41)
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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,

will have information about different quantities at different Lagrangian

we

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 jd+ and we associate with the

center of the cell the density (or volume), mass, stress, total energy, and

internal energy.

Vj =

Mj =

~j =

cl.=
J

E=
j

Ij =

volume of cell j (V = p-l)

mass of cell j (Lagrangianvariable)*

density of cell j

stress of cell j

total energy of cell j

internal energy of cell j

We locate the positions, R, of the cell boundaries at jt% as measured in the

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

aries.

Rj+!!=

‘jiJ~=

position of one boundary of cell j

* = velocity of one boundary of cell j

*
Mj is equivalent to the differential mass element dm introduced in Sec. 111.A; ●
that is, dm = M..

J
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t
n+I

Itn+l/:

w
z
i=

n+l
‘j-l/2

“n+ 1/2
]-1/2

~;- 1/2

n+ I
‘j+l/2

“n+l/2
j+V2

n
‘j+i/2

n+l
‘j+3/2

“n+ l/2
j+ 3/2

‘;+3/2

j- 1/2 j+l/2 j+ 3/2

CELL j CELL j + I

DISTANCE ~
Fig. 8.

Space-time grid for the evaluation of cell quantities as used
in HYDROX.
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The choice

the notion of a

of the previous

the time

allows a

argument

evaluate

of the time grid is slightly more difficult and we introduce ●
“half time step” to avoid confusion. By inspectionof Eq. (39)

section, assuming that we replace the spatial variable j by

variable n, we see that knowing a quantity at time t = n and t = n+l

straightfomard determination of derivatives at t = n+. The same

applies for quantities known at t = n~+ and t = n+3A when we need to

derivatives at t

values of n (indicatedby

.n
Kj+,

At half-integer values of n

n+l. Thus, we make the following choices at integer

superscript):

‘;’ $ %’ ‘;’ 1; “

we choose

Un%
j+% “

The mass of cell j, M
j’

is a constant in time and does not need the time

superscript.

The velocity is given by

(O(At2) means order of At squared; not to

value of the time step for the nth cycle)

position of the cell boundary at t = n+l,

the velocity at t = niJ4:

be confused with Atn meaning the

which can be rewritten to give the

knowing the position at t = n and

Atn+O(At3) . (42)

The volume of

and the relation

30

a cell can be calculated from a knowledge of the boundaries

m

dm =pr(d-l)dr ,



●
where d is the dimension (1, 2, or 3). Integrating both

cell of mass Mj, density pj, from Rj-% to Rj~z, we get

[

‘j-l-J+r(d-l)
‘j ‘Pj (

dr=~Rd
d j+JJ )- $%

.

sides over a single

.

Using V
j
= ~;~, we obtain for t = n

3. Momentum Equation

We want to write

(*)r=-(%)t
in finite difference form, or more specifically, evaluate

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

time about t = n:

n
niJ5

() ()

au n Atn+ a2u (AtR)2

‘ji%
—_

“%5+ -j~z 2 at2 8
+ 0(At3) ,

j+%

n
Un-% n

() ()

au n Atn+ a2u (Atn)2—_
j+% ‘Uj+%- -j% 2

- 0(At3) .
at2

8

W5

●
Subtracting and solving for (au/at)~%, we get
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●
(43)

For the stress derivatives, expand a? and a?
<.J

about the point j~z and denoteJ+l

the Lagrangian incremental spatial variable dm by M.:
J

Subtracting and solving for (W/am)n , we get
j+%

n n

()

au n ‘j+l - ‘“_—
= - %(M

+;)+ O(AM) .
am jti j+l j

(44)

●
‘hereAM=Mj+l ‘“j”

Our final result obtained from Eqs. (43) and (44) is

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

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

n n
CJUn++ . n-$ - ‘j+l

j+4 ‘j% + %(Mj+l + ‘j) Atn+ O(AMAt) +O(At3) .

4. Energy Equation

The energy equation is

(45)
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●
In finite difference form, we will want to evaluate this equation at t = n%

for mass element M.: .
J

(~~ = -~~”’ .

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

n~z
n+l = ~n%

() ()

+ &~% Atn a2E (Atn)2
‘j j at

~+ — + 0(At3) ,
j at2

8

j

Subtracting and solving for (~E/at)niJ+

j
, we get

n+l~E n~~ E. - En

()=“ = Atn
+ 0(At2) .

j

For the right-hand side, we note that the mass element dm = M., the jth
J

Lagrangian coordinate. Expanding au, we get

Subtracting and solving for the quantity of interest, we get

(46)



We still have the task of evaluating (au)n~% This can be written as
jh”

and un%
is calculated from Eq’.(45).j++ For the stress, we shall approximate

the time evaluation by

n+l

%%
will be evaluated later from the equation of state using the results for

n+l
v.

n+l
and I. .

J J

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

n n

a;#4 =
‘j+l‘j + ‘j”j+l

M +M.
+ O(Mj) .

j J+l

We can now write the result using Eqs. (46)-(48):

n+l
E. - En

1

1[ j jj

‘j+1
&+M(sn

1 [J’

+1 n*

jJll

M.a?_l + M _lan
.-— u-l+!!

Atn
M,
J ‘j ‘“j+l

‘j-@+- Mj_l+Mj j-~

+O(l$+o(k) ●

n+lThis equation can then be used to solve for E. .
J

5. Kinetic and Internal Energies

(48)

(49)

We shall define the internal energy 1. by the relations
J
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(50)

(51)

To calculate ~n%

j
, we expand about j to get

Adding gives

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

n+lsolving for 1~ , we get
J

1[ l[j”

+~ ‘j’”t-l‘“j-lo~un* ‘j+lCJn+Ma?

1

+1 Un+%
M.
J ‘j-1 + ‘j

j-+ -
‘j ‘“j+l j%

+()(+) +O(At2) . (52)

This result is the expression used for the SIN difference equations.

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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(R)r=-“(at ●

(53) ●
We can evaluate In+l by using a Taylor series expansion at t = n:

j

n+l

lj ()
=Ij+Atn~n + 0(At2) ,

j

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

n
n+l

lj = 1; ()- Atnu; % j + 0(At2) “ (54)

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

pansions about t = n and j:

~n-% ()Atn au nj#+=u;*-——
2 at j~

+ 0(At2) ,

Adding Eq. (55) and Eq. (56), we get

n . ~ n+% + Un-%
‘j-@~ (2 ‘j#5 )

+O(At2) .j+.!.!

Subtracting Eq. (58) from Eq. (57) leads to

(55)

(56)

(57)

(58)

(59)

●
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. (60)
a J

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

(61)

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

internal energy:

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

case of all M ‘s equal.
j

Future versions of HYDROX will include

difference equation as an option.

the special

this iterative

6. Conservation Properties for the Difference Equations

In this section we shall investigate to what degree our difference

equations conserve momentum

and energy of the system at

t = n++, the total momentum

and energy. To do this we sum the total momentum

two different times and compare the results. At

is

N

z niJ+
= ~(Mj ‘“j+l)uj* ‘
j=O

where N is the number of cells. Using Eq. (45), we have
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N N
(Mu)nq+ =

z
n-% +

E
Atn(~; -+@j +Mj+l)uj+ j=o U;+l) + O(At3) +O(AMAt)

j=o

= (Mu)n-% + Atn~ (< - ~+,),+ 0(At3)
j=o

+ o(AMAt)

““” + (a;_l -= (Mu)
[

n-% + Atn (a; - $ + ‘o: - 0;) +

+ O(At3) +()(AMAt)

= (Mu)nd3+Atn(~:- 0:+1) +()(At3) + O(AMAt)

But the j = O and j = N+l are effectively boundary cells that

boundary conditions such that M. and Mn+l = O and us = C&l =

conservation of momentum result,

give free surface

O giving our

(Mu)n~5 = (Mu)n-% + O(At3) +O(AMAt) .

The total energy at t = n+l is

N

(ME)n+l=z n+l

j=, ‘jE’

●

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

N

(ME)n+l=z
j=l

‘?4+l(Tn+ M an
+1

jjl)

n%

‘j ‘“j+l ‘ji+i
.

I+O(MjAt2) .

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
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N N-1

x+x and j + k+l
j-% + k+JJ .

j=l k=O

In a similar manner to the conservation of momentum calculation above, all

terms cancel between the two summations except the k=O term in the first

summation and the j=N term in the second. Again, free surface boundary con-

ditions give effective values of M. = ~+1 = O and a; = C&+l = O to obtain

(ME)*+l = (ME)n+O(MjAt2) .

Similarly, for the EYDROX difference equations, the conservation of

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

N

A(MI) =
z

M. (In+l - I;)
Jj

j=o

which can be rewritten as

N
1 n*

(

+ Un-%
A(MI) = -~ (a; ‘U~+~) ~ ‘j+ j

J
At +O(MjAt2) +0(1$ .

j=o

The change in kinetic energy can be written as
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which can be rewritten, using Eq. (4s), to get

The total energy is then conserved to O(MjAt2) -tO(M~) +O(MjAMAt).
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m III. INPUT AND OUTPUT

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

DUMPO - a

Section A

GAS (LTSS-523)

dump file for restarting a problem

describes the variables

describes the output files. Section C

for graphical output.

● Defaults

for the input file DATA. Section B

tells how-to process the GASSIN file

The default value for all parameters listed in the namelist statements

is O 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:

P$INP

----

P$su

P$ESC

P$BURN

----

P$su

P$ESC

P$BURN

----

Parameters for problem control $ Required

---- ---- ---- ---- ---- ---- ---- ---- -

Parameters for Material 1 $ Required

EOS constants for Material 1 $ Required only if ME # O
in the SU namelist

Reactive EOS constants for Material 1 $ Required only if IBRN # O
in the ESC namelist or in
data read from a library

---- ---- ---- ---- ---- ---- --- .-. A-= -- A---

Parameters for Material 2 $ Required

EOS constants for Material 2 $ Required for ME # O

Reactive EOS constants for Material 2 $ Required for IBRN # O

---- ---- ---- ---- ---- ---- ---- ---- - ●
Repeat SU, ESC, BURN for each material
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1. Namelist INP

NM = number of material regions.

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

IABEL = 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

TEND

NI =

label on the GAS plots.

= ending time (if NI is

TEND is made.

maximum # of cycles the

large enough). For TEND = O, no check for

problem may run (default = 10000).

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

ND.

MSFF

Np.

NG =

Tp =

TG =

approximate # of cells in the problem if the automatic zoner is

used (default = 180).

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

usual Forest Fire (default).

PRINT and GASSIN Dump Controls

print every NP

GAS dump every

is made.

cycles. For NP < 0, no check for cycle print is made.

NG cycles. For NG < 0, no check for cycle GAS dump

t1,At1,t2,At2, . . ..Atl.tn;n; print every Atl ~S from tl to t2, every

At2 from t2 to t3, etc. (must end with tn, not Atn). For At < 0,

no check for time prints is made.

same as TP except for GAS dump instead of print.

Automatic Time Step Parameters

NDELT = O for automatic time step control; 1 for At = DTO of the last

active material region.

DTCF = 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.

NMAx= # of cells used initially (for NADD< O, all cells are used).

Piston Boundary Conditions

UI = initial piston velocity for HE initiation (no piston if UI = O).

UP = final piston velocity for HE initiation.

RO = initial radius for piston.

UII = 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

NFLL= minimum region # for which data will be read in (default = 1).

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

or added. IfNMl= 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 = O, initialize

problem from the data set.

IV = see SU namelist. Used in INP namelist only for restart with NMl > 1

where IV(NM1-1)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 InterpolationOption

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

algorithm.



2. Namelist SU

● EOS Specifications

IEOS = type of EOS: 1 = HOM, 2 = buildup,

(default = 1).

MAT = EOS number in library for that type

ME =

ICI.=

R2 =

Uo =

searched if MAT = O.

0 for no changes in library values, 1

3 = 8-parameter fit, 4 = SESAME

of EOS. A library is not

for

the ESC (and sometimes BURN) namelist(s).

Initial Positions and Velocity

library values changed by

ME must be 1 if MAT = O.

outside radius for this material region (default = RO for the first

region; default = R2 of the previous region for other regions).

inside radius for this material region (required).

initial velocity for each cell in this region.

NCI = number of cells in this region (must be at least 2 if used).

DRl

)
for NCI = O (default) and DR1 > 0, NCI and DR (for each cell) are

DR2
computed using DRl 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 = O and DRJ.< 0, an automatic

(described in SETUP) is used.

NOSPLT = 1 calculates and allows rezoning; ~ doesn’t

rezoning.

Voids

IV = void index for the interface between

zoning scheme

even check for

this material and the next: -1 =

●
no void (the two materials are “glued together” so that under tension

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

becomes an open void under tension)(default= -l). 45



46

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 O). (Default = 1.)

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

At = DTCF* AX/C.(see D~T for details, default = 005)0

Active Cell Control Parameters

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

-lo
cell becomes active (default = 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).

@ = pressure at which viscosity is turned on (otherwisenoise can make

the problem unstable in regions where nothing should be happening)

(default = 10-lO).

TO = initial temperature (for IEOS = 4 and TO # O, ZI (see below) is

calculated using density and temperature as given quantities).

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

HOM Parameters (IEOS = 1)
Library = HMLB

cl

1

co
of u = cfJ

s
+ Su

S1.s P

C2

)
S2 } second set of constants

Swv)
VMN = W < volume < SWV the

that are switched to

volume is set to VMN

when the volume is <WV.

in the EOS calculation.

GAMMA = Grtineiseny (constant for HOM).

ALP = thermal expansion coefficient a used for HOM EOS in tension.

FS,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,E,K,L,M,N,C),Q,

R,S,T,U,C$, and Z).
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— -. ----
(not currently used).XL = thermal heat conductivity coezticient

XMU = v = shear modulus.

YO = 2/3 YO.

PUP = PLAP (see EPP).

‘flfLT= melt temperature

TMC = melt constant for

at normal density.

linear function of specific

HOM Parameters for Reactive Materials

IBRN = type of burn: O = no burn,”l = Arrhenius, 2

volume.

= 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 = initial burn fraction. Default = 1 - all solid, no products.

HE Buildup EOS (IEOS = 2)
Library = HMLB

BUA = A

I

where, for the detonation products, y = A + B/X and
B~wB g

X = distance from the detonation point, with the
BUMAX = ym~

\
constraint y < ymm.

BUDV = D

shift in effective distance of run.

region over which the “break” in y is smoother (default = 0.2).

8-Parameter Polynomial Fits (IEOS = 3)

CF = &par~eter EOS constants (see POLY).

SESAME EOS (IEOS = 4)
Library = SES2L

SR = density scale factor (default ~ 1).

ES = energy shift (Mbar - cm3/g).

AI,A2,A3 = ramp parameters with a ramp pressure given by P =

MIN{A1.*(P/Pe- 1), A2*(P/Po - As)}.
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IRV = reversible (0)/irre~ersible flag

EM = “melt” energy. For XI(J) > EM, a

(1).

flag is set to turn off the

ramp for that cell for the remainder of the

Barnes EOS - Used with HOM

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

Span Parameters - Used with HOM

problem.

SP = SPA in SIN (coefficient for the gradient span pressure).

USP = ultimate span 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 o

Z = frequency for Arrhenius burn.

E = activation energy for Arrhenivs 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 O for Forest Fire burn.

ND = # of Forest Fire constants.
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P$INP

SAMPLE DATA DECK

LA8CL=5@SW@lElRICPLATE IWACT CU/CU

kfkl

TEND%’
TM)., f. 4.0,
TG=O.,0.$,2.,0.1,4.0,
s

Pssu1$~~ M:;?

U0&O&30,- “’
=

s
Pssux:g~l, MAT=4,

(/Cal%
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B. Output 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. Array 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.
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SAMPLE DOUT LISTING

Begin Namelist INP

$INP --

----------------------------- --
:: -------------------------------
UF-------------------------------
RO-------------------------------
1 AL PM----------------------------
PDF ------------------------------

N 1-------------------------------
NP-------------------------------
NG-------------------------------
N4DD -----------------------------
NM AX-------— --------------------
TEND -----------------------------

1P I 1 )----------------------------
1P(4) ----------------------------
T P I 7 I ----------------------------
1P ( 10 1---------------------------
TP(13) ----- ----------------------

1P t 16 1—------------------------
1P ( 19)----— --------------------
TG ( 1 )----------------------------
TG(6) ----------------------------

rG ( 7) ----------------------------
TG ( 10 )---------------------------
TG(131 ---------------------------
TG ( 161 --------------------------
TG(19) ---------------------------

NOEL 1----------------------------
u I I ------------------------------
UF 1 ----------------------------

L4BEL 11 ) ---— --------------------
LABEL 18 )----— -------------------
Nil------------------------------
10MP -------------------------- --

IV(11 ----------------------------

Iv(81 ----------------------------
IV(15) ---------------------------

IV 122 l --------------------------
IV ( 29 ) ---------------------------
IV 136 I ---------------------------
IV(63) -------------------- -------

IV i 50 )---------------— ----------
Iv I 57 ) ---------------------------
IV 166 )---------------------------
Iv ( 71 ) ---------------------------
IV178) ---------------------------

Iv[d5 ) ---------------------------
1 u [92 )---------------------------
Ii 1 +9 l ---------------------------
NOUMP--------------------------—
10( 1 ) ----------------------------
T13(+) ----------------------------

10 t 7 )----------------------------
TDI 10 )---------------------------
TD t 13 ) ---------------------------
10116 )---------------------------
T0119 )---------------------------
IF N------------------------------
NO -------------------------------
OTCF ( 1 )--------------------------
OTC F141 --------------------------
0TCF[71 --------------------------

2
0.
0.
0.

1

IJ
0

Zu:
4.000110 Goooooook+oo
0.
G.
0.
0.
0.
0.
0.
0.
l.uOOOLiIOWOOOC E-01
0.
0.
0.
0.
0.

IJ
0.
0.

●*****4***
0
1
0

-1
-1
-1
-1

::
-1
-1
-1
-1
-1
-1
-1
-1

1C02!
0.
0.
0.
G.
0.
c1.
0.

0

● ☛☛☛☛☛☛☛☛☛

-1
-1
-1
-1
-1
-1
-1
-1
-A
-1
-1
-1
-1
-k
-1

181J
5. bllLJOCI. LIJOOLI)CE-bl
5. COULULGOOOOOOE-01
~.OOOutlbuobccl.)o t-ul

1.000GoGoLlooooGk+130
c.
l..
c.
G.
l).
0.
5 .OOwIJOOOIJOi)OOE-Jl
4.000(AIGL.UOOOLIOE+OO
o.
0.
0.
co
o.

********** o

-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

0.
6.
0.
0.
G.
6.
L.

5.1#o(xJo4LcoboolIE-Jl
5.CO(.(JIJC.OOOOOIJCE-IJ1
5.cooc.0t)IJ6600 uOE-Jl

6.0000 OOOOOOOOOE+OO
o.
0.
0.
0.
0.
0.
Z.OOOOOOLOOOOOOE *OO
o.
0.
0.
0.
0.
0.

0

-1
-1
-1
-A
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

0.
0.
il.
iJ.
0.
(3.
0.

5. OULIOOOOGOUWOE-01
5. COOOOOOOOOI/OOE-01
5.0000 GoIJOGOOOOE-01

o

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

0

-1
-1
-1
-1

3
-1
-1
-1
-1

::
-1
-1
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D lCFflb1-------------------------
DTCF{13) ---------------------- ---

OTC F (16 )-------------------------
DTCF ( 19 1-------------------------
$END

$Su --

DTO(1I—-------------------------
DTOI+)---------------------------
OTOI71---------------------------
DTO(10)--------------------------
0TO1131--------------------------
OTO(16)--------------------------
010119)--------------------------
NIISPLT(1I------------------------
NOSPLT(8l------------------------
NOSPLT(15)-----------------------
NIISPLT{22)-----------------------
NOSPLT(29)-----------------------
NOSPLT(361-----------------------
NOSPLTf43)-----------------------
NOSPLT(501---------------------—
NOSPLT(57 )-----------------------
NOSPLT(bkI-----------------------
NOSPLT(71)-----------------------
NOSPL1178)-----------------------
NOSPLT(851 -----------------------
NOSPLT(92)-----------------------
NOSPLT(99)-----------------------
Iv(1)----------------------------
Iv(81----------------------------
1V115)-------------------- -------
xvI22I---------------------------
Iv(29)---------------------------
Iv136)---------------------------

I v (50 )---------------------------
IV(57)---------------------------

IV(71J-------------------- -----—
IVi78)---------------------------

IV[9ZI---------------------------
xv(99l---------------------------
IEOS(1)----— --------------------
IEOS18I--------------------------
IEOS115)-------------------------
!IAT ( 1)---------------------------
MAT[8I---------------------------
HAT(15)--------------------------
NE(11----------------------------
NE(8I----------------------------
HE(15)---------------------------
Al-------------------------------
RZ-------------------------------
Uo ( 1 l ----------------------------
tJo (6 ) ----------------------------
Uo ( 7l----------------------------
Uo(10l---------------------------
Uol13)---------------------------
Uo(16I---------------------------
Uo(19}---------------------------

5.tIuuct,uOfJ(!COi)IJE-Cl 5.00111JUOUOOUUGGE-J1 5.OL.OGOLIL’OCOOOOE-01
>.GOOGUOuIJtiObdUt-O1 >.oocotiouooouoo k-ul 5.00(/ooooOOOOOOE-01
5.G0.)U601MCCW)IIC-OL 5.c(loGo600i)dol)ok-ol 5.ObOOOOOOOOOOOE-01
5.0GL6COOOCOOtiCk-01 5.cwoOC4G000300E-01 5.0000OOOO(IOOOGE-01

End Nsmelist INP

Begin Nsmelist SU
l.ocGcGGLoccocluk*oo
l.ocuoooocoo(?oclk+oo
1.IJO(J6000000000E+O0
1.0006uuOCOOGLOE+O0
l.COUbCC.0000COOE+OO
1.GOG660LOtiO06bE+O0
1.00WCOOOOOOOOE+OO

o 0
0
0
0
b
o
0
0
0
0
0
0
0
9
0

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

0
0
0
0
0
0
0
9
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 L
o 3
0 J

d.UCCGbL10b4JOG18t+C0
8.GC31JC(,I006ClblRf,*G(J

-3.LOC6LJOCOOOOOO[-G2
G.
c.
c.
(J.
(1.
cl.

1.006GOOOOWW>CE+J0
1.C’1SOG6CIOOOOOOCE+O0
1.600COOOWOGOOt +00
1.0G00630000G(I(JL+O(I
1.00G0OGOOOOOOGE+OO
1.00b600UOOOOO(.E+.)0
1.GOGAJC6UOOUUOM*O0

o 0

c.
o*
o.
(J.
c.

(1 o
0 0
(1 o
0 0
0 0
0 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
i 1
1

:
; o
0 0
1 0
0 0
G o

L.OOOOOOOOOOOOOE +OO
1.0060000000000 E+O0
1.0000OOOOOOOOOE+OO
1.COOOOOOOOOOOOE+OO
1.0000OOOOGOCOOE+OO
l.OOuOOOOOOOOOOE +OO
A.00001300000000E+O0

o 0
0 0
0
0 ;
o 0
0 0
0 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 :
0 0
0
0 :

o*
0.
J.
o.
0.
3.
l).

o 0
0 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

::

;

;
0,
0
0
0
0
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NC 1------------------------------
Oil ------------------------------
0R2------------------------------
UT 11J‘---------------------------
uT(4I----------------------------
U1(7)----------------------------
UT(10)---------------------------
UT I13l-------------------------—
UTt16)---------------------------
UT(19)---------------------------
OTCF(1)--------------------------
OICF(+)--------------------------
DTCF171--------------------------
OTCF(101-------------------------
OTCF(13)----— -------------------
OTCF (16)-------------------------
OTCF(19)-------------------------
SEND

SESC --

c1(1)----------------------------
cl (6J------— --------------------
cl{7I----------------------------
clI10 )---— ----------------------
C1(131---------------------------
C111 b) ---------------------------
c1t19)----------— ---------------
51(1)----------------------------
5114)------.---------------- —---
S1(7)----------------------------
S1(10J---------------------------
s1f131---------------------------

Sl(lv)------—-----------.----- --
C2(11----------------------------
C2[41----------------------------
c2[7I—--------------------------
cz(10)---------------------------
C2 (13)---------------------------
C2(16)---------------------------
C2(19)-----—----------- ---------
S211)----------------------------
s2(4)----------------------------
S2(7)--------------------------—
s.?(10)---------------------------
S2(13J---------------------------
s2t16)---------------------------
52(19)---------------------------
SuvI1)---------------------------
Suv{41---------------------------
Swv I7)---------------------------
SMV(10)--------------------------
Sdv(131-— -----------------------
Suv(16)--------------------------
SuvI19l--------------------------
vMt4(11---------------------------
UMN(4)---------------------------
v14NI 7) ---------------------------
VMN 110) --------------------------
VHN ( 13)--------------------------
VMN 116)--------------------------
VHN{191 --------------------------

Ltio
o*
0.
l.ol)clJuu Goc.uodo E-lo l.cococoooo>ocrl e-lo
L .CJOGObOOOOGOOk-10 1.GOCOOOOOOOOOLE-10
1.00uGGoCGOOIJOOE-lC 1.UCIOIJOGL)OOOOUCE-10
1.oillJcGLloGcnLooE-16 L.colJcLl(lucLluwot-lo
1oLuL(JGCCI.6LGO0E-1G 1.OGO6GCI)OOOOOCE-10
l.dOCIIJiJLICIL!CCO;CE-10 1.OOUOOCGOOOOOOE-10
1.(/.sdu(,ulJbcofJLloL-lo 1.OIJO6OOUUOOOOLE-10
5.uuuolJGIJooobook-ol 5.0t300cJG6000000t-ol
$.OdOCO.JOULOOOOk-01 5.COCJW309000000E-01
5,C)OO(IOOO060GOOE-01 :.0000OCOOO~OO&E-til
3.1) Oi16ClJLWCtiGCOE-01 !J. CIOUOOC’GOOO(WO E.-. J1
5.00 GcLu OOOOOOOE-01 5.000 iJoouooooob E-ol
5.(J(IOCGOCOCIL L(J(JE-61 5.0006600060000 s.-31
5.uO0660COOCOOOE-01 5.00000 COOO1300(JE-01

End Namelist SU

Bes2inNamelist ESC*
3.956UOO&6COOOk-C!l
G.
G.
o.
G.
60
0.
1.4970GOOOGCOOGL*O0
o.
0.
0.
b.
o.
o*
c.
0.
0.
0.
0.
c.
o.
0.
0.
0.
0.
0.
0.
0.
L.c(JwOOOOGOCLAE-L13
o*
0.
0.
0.
0.
0.
(i.
(/.
o.
0.
l).
c.
o.

3.95dbOGOOOOOOOt -Jl
o.
0.
0.
0.
0.
0.
1.497COOOOOOOOOL+O0
o.
6.
G.
c*
o.
llo
0.
6.
6.
6.
Il.
o.
(i.
o.
G.
(1.
o.
0.
0.
o*
1.u60GwAAOOOOOE-03
o*
00
b.
c.
o.
c.
o.
L.
c.
o.
6.
c.
o.

1.00b0OOOOOOCOCE-10
1.COOOOOOOOOOOOE-10
1.OOOUOOOOOOOOOE-10
1.GOOO66OOOOOOOE-10
1,OOOOOOOOOOOOOE-10
1.OOOOOOOOOOOOOE-10
1. GOOOOOOOGOOOOE-10
5. C!OOOOOOOOOOOOE-01
5.CIOOOUOOOOOOOOE-01
5.0000OOOOOLIOOOE-01
5.0000OOOOOOOOOE-01
5.0600000000000 E-01
5.0000 OOOOOOOOUE-LII
5.0000 OOOOOOOOOE-01

3.9580000000000 E-01
o.
0.
0.
0.
0.
0.
1.4970000000000E+O0
o.
0.
0.
0.
0.
0.
).
J.
o.
0.
0.
0.
0.
0.
0.
J.
0.
0.
i).
0.
1.0000OOOOOOOOOE-03
o.
0.
.3.
0.
0.
0.
9.
0.
i).
o.
0.
L).
0.

*
Not all variables in the ESC namelist are printed here since each variable is
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 M? 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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3. OUTPUT.

plus various other

The following list

The file OUTPUT contains a summary of the problem energies ●
information about what happened during the problem execution.

contains the information that may be written to OUTPUT.

Number of zones in
and outside cell.

Error messages for

each material, EOS type and number, &Ar for the

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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I
SAMPLE OUTPUT LISTING

e Nate- # EOS
rid Zcmes~ #’—— —.

~Ar
Outside Inside
Cell Cell

11001 4 2.964E-022.904E-02
21ml 4 2.984E-022.984E-02

RATERML 1 ENERGY= 3.9763&-03INTERNAL ENERGY= O.
NATERIK 2 ENERGY=

&
INTERNAI. ENERGY= O.

TOTAL ENERGY= 3.9763 -03TOTAL INTERNAL ENERGY= O.

0

KINETIC ENERGY= 3.9763W-03
KINETIC ENERGY= O.
TOTAL KINETIC ENERGY= 3.9763CE-03

TI-= 1.26326E-02DT= 1.26326E-02CYCLE=

NATERIAL 1 ENERGY= 3.9763&-03 INTERNAL ENERGY= O. KINETIC ENERGY= 3.9763&-03
MATERIAL 2 ENERGY= 0. INTERNAL ENERGY= O. KINETIC ENERGY= O.
TOTM ENERGY= 3.9763&-03TOTAL INTERNAL ENERGY= O. TOTAL KINETIC ENERGY= 3.9763CE-03

TINE= 2.52653E-02DF 1.26326E-02CYCLE= 2

1

MTERIK 1 ENERGY= 3.98155E-03 INTERNAL ENERGY= 1.86438E-05 KINETIC ENERGY= 3.9629CE-03
NATERIK 2 ENERGY= 1.35924E~ INTERNAL ENERGY= 1.77453E-16 KINETIC ENERGY= 1.35924E-(M
TOTAL mmGY= 3.98291E-03 TOTA INTERWENERGY= 1.86438E* TOTAL KINETIC ENERGY= 3.96426E*3

●
TIPE= 1.01061E+(KJ DT= 1.26326E-02 CYCLE= 80

NATERIAL 1 ENERGY= 3.15778E-CS INTERNAL ENERGY= 4.42471E-04 KINETIC ENERGY= 2.71531E~
MATERIAL 2 ENERGY= 8.2766CE~ INTERNAL ENERGY= 4.26922E-04 KINETIC ENERGY= 4.CK1738E-04
TOTAA ENERGY= 3.98544E-CB TOTAL INTERNAL ENERGY= 8.69393E~ TOTAL KINETIC ENERGY= 3.l1604Ea\3

TIW= 2.0(B59E+m DT= 1.26326E-02 CYCLE= 159

NATERIK 1 ENERGY= 2.32025E-03 INTERNAL ENERGY= 8.692WE-04 KINETIC ENERGY= 1.45104E43
MATERIAL 2 ENERGY= 1.66530E-03 INTERNAL ENERGY= 8.53659E-W KINETIC ENERGY= 8.11641E-04
TOTAL mmiY= 3.98555E-03 TOTAL INTERNAL ENERGY= 1.72287E-03 TOTk flNETIc ENERGY= 2.26268E-03

TINE= 3.00657E+W bT= 1.26326E-02 CYCLE= 238

MATERIAL 1 ENERGY= 1.48288E-03 INTERNAL ENERGY= 7.91417E-04 KINETIC ENERGY= 6.91463E-04
MATERIAL 2 ENERGY= 2.50313E-03 INTERNAL ENERGY= 7.95195E-04 KINETIC ENERGY= 1.70793E-03
TOTAL ENERGY= 3.98601E-Q37TWM& INTERNAL ENERGY= 1.58661E-03 TOTAL KINETIC ENERGY= 2.3994&-03

1 AT CYCLE =
# .40045E+01

TIM= 4.@.55E+(K) DT= 1.26326E42 CYCLE= 317

MATERIAL 1 ENERGY= 6.45511E-04 INTERNAL ENERGY= 4.1OO28E-C)4 KINETIC ENERGY= 2.35482E-04
MATERIAL 2 ENERGY= 3.34059E-03 INTERNAL ENERGY= 4.13702E

%
KINETIC ENERGY= 2.92689E-d3

TOTAL ENERGY= 3.9861(E-03 TOTAL INTERNAL ENERGY= 8.2373CE TOTAL KINETIC ENERGY= 3.16237E-03
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4. GASSIN. GASSIN iS

format for direct processing

structure of GASSIN consists

a random access

by the graphics

of a file index

file written in the MAGEE Movie

utility GAS (LTSS-523). The

that is 10031o words long and

dumps for each specified problem time.

File Index

Disk Address Word

o 1

1 2

Contents

Integer giving the number of words in the index

Integer giving the number of dumps in this file

2 3

3 4

4 5

5 6

6 7

Disk address of the last word in this file

Problem dump time for the first dump

I
1

Disk address for the first dump in this file

Problem dump time for the second dump
I2

Disk address for the second dump in this file\
●

●

●

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 thefirst 100 words are as follows.

(I = integer,

Word

1

2

3

4

5

6
.
●

1;

11
.
.

8i
●

.

96

91

92

93

94

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

Contents

Dump Time (F)

The number of zones for the problem (I)

1 (I)

Not used

Number of

Number of

Number of

Number of

Date (H)

packed words per cell =

cell variables per word

h (I)

= 3 (I)

fraction bits in the packing format = 14 (I)

exponent bits in the packing format = 5 (I)

Problem label,

Problem label,

Problem label,

First value of

1 (I)

first 10 characters (H)

second 10 characters (H)

third 10 characters (H)

the cell number = 1 (1)
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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

setup. A description of the control variables is given in the “Restart

Control Parameters” of Sec. 111.A.1, 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

movie format for processing by

the users to make plots of all

GASSIN is written in

the LTSS utility GAS

cell quantities as a

a random access MAGEE

(LTSS-523). GAS allows

function of distance or

any other cell variable. In addition, time 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 t r u v 1 p ‘X ‘Z

EE* T q

(or W

●
ifu=o)

*The variable EE contains energy sums in cell quantities in the following order:

1 to ML-1

ML

ML+l to 2m-1

2*~

2WL+lto3*ML- 1

3*%

4*~+1

4*~+2

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

materials plus one.

total energy for region 1 to ML-1

total energy for the problem plus work done on pistons

internal energy for region 1 to ML-1

total internal energy for the problem

kinetic energy for region 1 to ML-1

total kinetic energy for the problem

work done on the outside piston

work done on the inside piston
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The sample GAS plots on the following page were generated by the

commands listed below.

GAS!GASSIN!YES!ME Initialize GAS and enter the MESH plot mode

DC,3,4!SR!DU,1! Plot the particle velocity vs radius and allow
GAS to select a rectangle to plot the data; the
dump at the = 1 us was specified

DU,21MP! Plot the particle velocity vs radius at time =
2 us and overlay it on the previous graph

CV,3,7!SR!DU,1! Plot the pressure vs radius for time = 1 VS

DU,2!MP! Plot the pressure vs radius at time = 2 VS and
overlay it on the previous graph

END Terminate the execution of GAS

64



Velocity
Vs

Radius
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Pressure
Vs

Radius
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7
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\
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Iv. HYDROX DESCRIPTION BY SUBROUTINES

‘his 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

tion about each subroutine by

then giving detailed notes on

numerical algorithms.

flow diagram. Part C contains further informa-

first giving an annotated FORTRAN listing and

local variables, relevant physical models, and

A. Summary Description of the Subroutines

MAIN

Calls routines to set up the problem.

Contains the main cycle loop of the code

cells, print, make a GAS dump, make a restart

subroutines to rezone if necessary, determine

cycle.

SETUP

Controls the setup of the problem, reads

which checks whether to add

dump, or end the problem; calls

the time step, and run one hydro

INP namelist, checks for a

restart dump, calls other routines to read the rest of the namelists data

from EOS files, initializes all

writes out all variables in all

of the cell quantities except pressure,

namelists to the file DOUT.

Ssu

Reads the SU namelist and copies material data to region I-i-1.In order

to

at

keep the namelist variable names the same as those used in the code and

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 1+1 where I @ 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-stateconstants) and copies material

data to region 1+1.

BRSU

Reads the BURN namelist (various burn constants) end copies material data

to region 1+1.

CLR

Resets region 1 data to the default values.

RSTORE

Shifts region 1+1 data back to I (where it should be) for each region

EOSDSK

I.

toSwitching routine that assigns units for EOS files and calls routines

Data from EOS files can then be overridden by namelist reads.read them.

Reads

Reads

Dummy

RHOM

HOM EOS data.

RBLDUP

data for the buildup EOS and

EOS file HMLB to get

EOS file HMLB to get burn model.

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

fit constants.

RSESAME

disk for SESAME materials.Reads data from

determine the minimum and maximum cell numbers for eachSets indices to

material. Also sets a cell turned on andindices for the last region with

on.the

the

last cell turned

HEI

Calculates the total internal energy of a region

energy of its products at infinite expansion at T

of solid HE relative to

= 00 67



GASLM

Finds limits for the region in which two

reasonable.

BLDSM

Calculates the y for each cell using the

from constant y~ax to the y = A + B/R form is

of the analytic fits in GAS are

buildup model. The transition

smoothed out with a parabola

which joins both curves, leaving the first derivative continuous.

Makes a cycle

energies, and cell

PRNT

printout including time, At, cycle #, region and total

quantities for active cells.

ESUM

Calculates kinetic, internal, and total energies for each region and for

the whole problem.

at a

tion

at a

wDuMP

Writes a restart dump (all of the necessary data to restart the problem

given cycle). Inactive regions may be replaced with new setup informa-

so that two different problems that start out the same may be restarted

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/ficheany cell variable

as a function of any other cell variable (e.g., pressure vsradius) 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

9 Takes a 60-bit floating point word and converts it to a 20-bit floating

point word.

UE?Q

Switching routine to determine the type

be used in the main hydro cycle. Default is

HYDRO

of difference

HYDRO.

equation scheme to

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.

peratures, and artificial

Subroutines are called to get new pressures, tem-

viscosities.

callSwitching routine to

and elastic-plastic treatments

EOS

the appropriate equation of state. The spalling

are also called if turned on.

PTEOS

Controls calls to EOS subroutines with energy and volume as input rather

than region # and cell #.

HOM

the

● the

the

Switching routine for deciding which type of EOS is used for a cell for

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

Barnes EOS is used. In tension, the Gr~neisen EOS with the P=O line as

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 mtiture 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

variable. The iteration is a slightly modified form of

This method is faster than Newton-Raphson iteration for

the required to evaluate the derivative is longer than

required to evaluate the function.

function of one

the secant method.

the case where the

0.44 of the time

M!w

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 span by using the gradient span model.

As a special case, a constant span 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 specific in-

ternal energy.

VISC

Computes the viscosity for all cells using either “real,” PIC, or Landshoff-

type viscosity.

BURN

Switching routine to determine type

Calculates the decomposition

Calculates the decomposition

Calculates the decomposition

due to

CJ—

of burn to be used.

an Arrhenius rate law for region I.

of a detonating HE using the CJ burn model.

SSB

of an

the HE is burned at the shock front.

FOREST

Calculates the decomposition using

is appropriate for cases that require a

HE using a sharp shock model. All of

the Forest Fire burn model. This model

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.



FFI

The Forest Fire rate is calculated as a

energy.

GLTW

An entire region of explosive is burned

description.

function of specific internal

using the gamma-law Taylor-wave

BNDRl

Calculates several special boundary conditions such as an applied piston.

SL—

Does all the bookkeeping required to create a span.

SPLTCH.K

to

in

Checks whether rezoning is required in a region and if so calls subroutines

do the rezoning.

SHFT

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

the middle of the problem; e.g., for span 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.
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CUSUP

Calculates the sound speed for a USUP EOS with constant Grfineiseny.

CBLDUP

Calculates the sound speed for a buildup EOS in cell J.

CPOLY

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.

The Rayleigh line

initial compression of

a closed void when the

RLEOS

in P-V space is used as an equation of state for the

the two cells touching an interface that has just become

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, YSRCHK,

T41NTP, GETINV, RATFN1, T4DATI, T4RTPE, INV301, T4EOSA, PERTCR.
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B. Chart of the Relation Between Subroutines

MAIN

SPL

r

:HK

I
I I I I

GLf’W* WDUMP DE;TPK$T* OUT$AS*

II
I

ESUM* ICONV* JMNMX* DIFEQ I
I 1 I

E

—

l-% CUSUP CBLDUP CPOLY C:

HYDRO SINK

+

I: BNDRl RLEOS VISC BURN

~111111%
] ARHCJSSB FOREST FFTFFIGLTW**

T A
PH SSBGAS JMNMX*
I

PT$OS

1
I

I
SL EPP SPEOS

~1

SPLIT ~m T4DkTI

s

PRiT* OUTGAS* SHliT GAS MiX USUP

A
II

LFB BEQST A
ESUM* ICONV* RATFN1 T41NTP

SEi’UP
I

[ I I I I
t

I I I 1
SSU ESSU BRSU CLR RSTORE EOSDSK RDUMP BLDSM HEI T4RTPE

I I
T41iosA**

I I 1
RHOM RBLDUP RPOLY RSESAME

I I
GASLM GETINV

I

I I I I [
TABFCH MATCHK DPACK PERTCB INV301

I
INBUFR +-l

ISRCHK RATFN1

*subroutines that appear more than once.
**Subroutines that app~r more than once and subroutines called by this subroutine are ●
shown elsewhere on the chart.
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c. Variables in Common Blocks Not Already Described

/CELL/

R= outside radius of a cell (cm).

u= velocity (cm/ps).

v= specific volume = l/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 = O for all gas).

/OvL/ See INP namelist.

/MISC/

TIME = time (ps).

ICYCL = cycle #.

DT = the step (us).

NCL = last cell # +1.

IA= IALPH - 1.

BU = current outside piston velocity (cm/ps).

BUI = current inside piston velocity (cm/Vs).

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

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

A=A.

BR = b=.

BA = ba.

VBO = V..

for details.

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

DI = array for

/LEV/

DMPNO = dump #

GAS dumps.

all cell variables (equivalence to R).

= time (see OUTGAS).

/BUX/ See ESC namelist.

/ES/ See ESC namelist.

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

RC = R=.

RP=R.
P

RLv = RI.

(1)
PH1 = PH

DV1 = Avl

DV2 = AV2

/pWORK/ See BNDRl, ESUM.

PW = work done by the outside piston (if used).

PWI = work done by the inside.piston (if used).
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JS = span indicator. Whenever JS # O, 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 = initialAr for the innermost cell of the region.

/USUPC/ See ESC namelist.

/BRND/ See BURN namelist.

/GASC/ See ESC namelist.

/FGHIJC/ See ESC namelist.

/UCJC/

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: 1(111= u~+l = o), 2(P1= 0, lJ1+~+ 0),

JV = cell # of the artificial cell used

region I and I + 1.

Iv= see SU namelist.

NNv= # of voids.

/MNMx/

W = maximum cell # for a region.

+ 0), 5(1.11= ul+~ + 0).

to describe a void between

KMIN = minimum cell # for a region.

NMc = # of regions currently active.
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/XCOM/ See SU, ESC namelists.

/INTORD/ See IN? 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/

II = region #.

IDT = data type.

RPT4 = density.

XIPT4 = specific internal energy.

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

IFL = O allows for a ramp; 1 requires use of tables.

/SESOUT/

PPT4 = P, ap/ap, aP/aE.

TPT4 = T, ~T/~p, ~T/~E.
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D. Annotated Subroutine Listings and Detailed Notes

PROGRAA HY9?OX( IN0UTsOUTPUTsDATAJTAPE5=DATA~OOUTsTA~E6=OOUTS MAIN
+xLluT#TAPEe=x(luTPTTY#TAPE9=TTY) MSIN
PARAMETFR (~CL=500SML=21SNGC=19SflLGC=NGC*HLC~LDUDT=20*MLS PARAR

+MJMV=lO$MO1 =((NUHV+l )/3+l)*flCL+100sNDW=20sNCF=89 PARAM
+MXDLJrlP=3O~NOX=2*MXOUMP+2~MTAB=lnNTAB=tlTAB*3742 PARAH
+~NSM=4PNUPM=3728SNSD=NSM*NUPM+132#ML2=1001 PARAH
COHMONtCELL/R(~CL)SU(MCL l~V(MCL)~xI(MCL)s MCELL

+P(McL),sX[u:L) oSZ(MCL )sEE(MCL) ~T(HCL)jQ(MCL )sXM(MCL) SYFLAG(MCL) UCELL
+sw[HCL) NCELL
LEVEL 2~R MCELL
COMMONfnVLtNDFsNIsNPsNGsTENDsT~(HL)sTG(ML)sfJIs(lFsUTI sUFIsNAOD~N~s MCELL

+IALPH~NDELT#LAqEL(8 )sNDUMP~IDfiPJNHlsTD(BL)sIJK MCEIL
COMMONfPISCITIMFSICYCLSDTSNCL~ IAsBUSBUISF2SF3SJS MCELL
LEVEL 2sT1ME MCELL
COMRONIINTTIOTO(ML ISXHU(MLJSYO (IIL}~XL(ML)SXV(ML)~NV(~l )sV9[AL)SO0 INIT

+( ML)sTO(ML)jQnU(*L )~JRIN(llL2)s JMAX(t!L2 )sIBRN(~L)sPLAp(HL)sDRO (YL)s INIT
+MAT[fiL}sUO(qL )sUTtML }sDTCF(ML}~QO(ML) jTtlLT(HL) ~TAC(qL) INIT
COMMON/USUPC/Cl(MLISSl(HL )sC2(ML)SS2(ML )SSUV(YL) sVMN(ML)S us

+GAPIMA(HL )94LPf~L) us
COMMON/RRNO/ZtML)PE(PIL)SVCJ (HL)~DUDT(NDH~HL)SPCJ [HL )~PM(flL)sND(ML) BRC

+OMSFF BRO
COHMONIGASCIGC (NGC,HL) GC
COMMON/FGHTJCIFS(HL)~GS(HL IsHS(ML )SSI(MLISSJ(ML) SCV( ~Ll FG
COMMON/UCJe/UCJSJJSNtlAXs RCJSDCJ Uc
co~MoNtvnIotINTxfHL219Jv(ML2) ,IV[ML219NNV
COMMON/”N~X/KY1X(~L2)SKMIh(ML2 )sNHC
COMMON/BRNSt4(~L)SBR(ML) sBA(ML)sVBO(ML)SVBSU(ML)
COMrnON/FDSNIIEOS(MLJSHE( HL)
coMrloNtNsplT/NnspLT(ML2)
COMPON/SpC/SpfML)PUSP(HL)

+sXISP(HL)
COMMONtpOLyCtCFfNCFJMLIJPS( HL)
coMMoN/GAst~I(loo3)#DI(f4QL )
LEVEL 2sFT
COflMON/LFV/OMPNO
LEVEL ?,D~PNO
COMf10NlqUXl!3UA~9Ul!~BUMAX~BUDV( ML)

+~BURSBUD
coMMoN?Fs/TE(ML2)PNME
COMMON/RLCIQC(ML}sRP(ML)sRLV(ML )sPHlsDVlsDV2
COMtlONIPUf)OU/PUpPUI
TIME=o. Start at t = O
CALL SFTUP Setup the problem
1SS=0
DO 8 I=lsNM 1
IFIIBRNtI).NFo3)Gn TO 8
IF(ISSONEoO)GIl TO 8 I Initialization for sharp-shock burn only

VD
MN
BRN
EN
~sp
SpLC
SPLC
PLC
GS
GS
GS
GS
BUP
nuP
ESM
RLC
PUORK
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

JJ=JNINfrj

1

MAIN
ISS=I
NMAX=JJ

MAIN
MAIN

8 CONTINUE MAIN

CALL J~N*X?NwAX) Initialize indices formin. andmax. cell # in’each region MAIN
IF(IDI’P.NE.O)GO TO 10 Skipto 10 ifa restart MAIN
NMCT=NMC MAIN
Nt4C=NM VAIN
JMT=Jf44x(NMcTl MAIN
J14AX(NMCT) =KMAX(NWCT) MAIN
RCJ=O. MAIN
DO 9 Iwl~NM UA1~
IFtIBR~[I}.Fo.7)c4LLGLTb(I} Do any gamna-law Taylor wave first MAIN

2

;
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
3
2
3
2
2
2
2
2
2
2
2
2
3
2
2
3
4
5
2
3
2
2
2

24
25
26
27
2F
29
3C
31
32
33
34
35
36
37
38
39
40
41
42
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9

10

123

15

IF(RCJoNc.Oo .nP.lnRN(I)o NE.3)G0 TO 9
RCJ=R(JJ)
IF(I.E’Y.l)GT Tg 9

1

More setup for

DCJ=VCJ(T)
sharp shock burn

DT=(R(JJ)-Q(JJ+l))/(DCJ*4 )
UCJ=-E(I) J
CONTINIJE
CALL EnS Initialize P,Tfor all cells
JMAX(NHCT)=JHT
NMC.NMCT
CONTINUE
HG=O 1

T~P=TP(l)
TMG=TG(l)
TPMx=TYP
TGMX=T’4G
ITP=o

Setup for print, gas dump, restart dump

ITG=O
Keyed to certain cycle #’s and times

TMD=TD(l)
TDMX=TMD
ITO=O
Mp.()
MDwo

ICYCL=O
CALL PQNT Printout of initial conditions
BIJmUI

8UI=UIT
pti8i)o 1

Initial piston velocities and work

PUI=O. J
CALL 04SSI~N (3~6HGASSINSOSO) GASSIN = file for GAS dumps
IF(NAono LE.c)N4n~=5
CALL OUTGA~ GAS dump of initial conditions
00 20 TI=lJNT Main”do loopof
ICYCL=T7
~p.rnp+l
HGsHG+l
HO=HD+l
IF (18RN(NMC)OFO03)G0 TO 123
IF(NHAX.EOONCL-l)GO 10 123
JtlC=JMLX(N~C)

the code. NI is the maximum

Except for sharp-shock burn
or for.all cells active

Check to see if the last
iF(AIis(uiJM;)-LJ0(+4MC) ).LT.UT( NMCIIGO TO 123 active cell is moving
NI!AX*NYAX+44C0

1IF(NMAX.GTONCL-l)NMAX=NCL-1
If so, add NADD

CALL J~NMK(NMAX) New active cells

CCNTINUE
CALL SPLTCIJI( Check for rezoning
CALL OFI.T Check time step
TIME=TIME+KIT Increment time step
IF(U(3).L7.O.02) qU=UF 1Use final piston velocity when the
IF(w(NCL-3 )”.LT.O.02)6UI=UFI 3rd cell in has burned
CALL O!FEO Main h.vdro done here
IF{NPoLEoO)GO TO i5
IF(MP.LToNP)GO To 15
Hpmo 1

Check for print every NP cycles

CALL PQNT
CONTINUF

J

IF(NG.LF.O)Gn TO 16
IF(MG.LT.NG)GO TD 16
tlG=O 1 Check for GAS dump every NG cycles

MAIN
MAIN
MAIN
MAIN
MAIN
PAIN
UAIN
MAIN
P4AIN
MAIN
MbIN
MAIN
HAIN
PAIN
MAIN
MAIN
MAIN
UAIN
MAIN
MAIN
MAIN
IIAIN
f4AIN
MAIN
MAIN
MAIN
PAIN
MAIN
MAIN
?461N
MAIN
UAIN
MAIN
?4AIF
MAIN
MAIN
MbIN
MAIN
RAIN
MAIN
tlAIN
MAIN
MAIN
MbIN
MAIN
MAIN
MbIN
VAIN
MAIN
VbIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MbIN

43
44
45
46
47
4e
49
50
51
52
53
54
55
56
57
56
59
60
61
62
e3
64
65
66
67
68

%
71
72
73
74

●
75
76
77
78
79
Po
81
62
e3
84
65
86
87
88
89
90
91
92
93
Q4
95
96
97
96
99

100
101

CALL OUTGbS J
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●
16

27
17

28
18

39
29

20
999

CONTINUE
IF(TP(?)oL=oOO}GO TO 17
IFITIMEoLT.7WP)G9 TO 171
TIIP*THP+TP(2)
IF(TMPoLT.~OMX)G~ TO 27
TMP~TPMY I Check for print on time interval

ITP=ITD+2
TP(2)=7P(170)
TPPx=TO(ITO+l)
CALL PRNT J

CONTINUE
IF(TG(2).LFoo.)G0 To le
IF(TIMoLT.TMG)GO TO 18
THG=TMG+TG(2)
IF(TMG.LT.7GMX)Gn TO 2@
TPIG=TGMX

1

Check for GAS dump on time interval
ITG~ITG42
TG(2)=TG(TTG)
TGMX=TG(lTG+l)
CALL OUtGAS
CONTINIJE
IF(NDU~O.EO.O)GO TO 19

1IF(HDoLToNnU~P)GO TO 19
Check for restart dump every ND cycles

~D.o

CALL UOUMO 1
CONTINUE
IF(TD(2).LF.O.)GO TO 29
IF(TIW.LToTMD)Gfl TO 29
TMO=TM!)+Tl)(21 1
IF(THtJot.T.7@MX )G~ TO 39
TMD=TD~X

1

Check for restart dumpon time interval

ITO~ITO+?
TCI(2)=TD(17DI
TDHX=TDtTT1’!+l)
CALL UOUMP
CONTINUF
IF (TIMEoGF.TFND.AND.TEND .GT.O. )GO TO 999 Stop for t > TEND # O
CONTINUE
CONTINUE

sTOP
END

PbItI
MAIN
MAIN
PAIN
P41N
MAIN
MAIN
MbIN
MAIN
MAIN
MbIN
RAIN
PAIN
MAIN
PAIN
Mbxw
HAIN
MAIN
PAIN
MAIN
MbIN
MAIN
M41N
HAIN
MAIN
PAIN
MAIN
PAIh
HAIN
MAIN
MAIN
HAIN
MbIN
HAIN
MAIN
MAIN
MAIN
VAIN
MAIN
MAIN
MAIN
RAIN
MAIN

103
1C4
105
1C6
107
10E
109
110
111
112
113
114
115
116
117
11?
11’?
120
121
122
12?

124
125
126
127
128
129
13C
131
132
133
134
135
136
137
138
13Q
140
141
142
143
144
145



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

subroutines to rezone if necessary, determine the time

hydro cycle.

Local Variables

MP,MG,MD = #

‘IMP,TMG,TMD=

ITP,ITG,ITD =

end the problem; calls

step, and run one

of cycles since the last print, GAS dump, restart dump.

time at which the next print, GAS dump, restart dump will

be made.

index for which t,At to use.

TPMX,’ICMX,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

cycles as the shock goes through the material

The algorithm for printing, etc.,every N

for adding a cell every four

(see SSB).

dumps iS: initialize an index

M to O, increment by 1 each cycle. When M = N print, etc. and reset M to O.

The algorithm for printing, etc.,on tl,Atl,e** is: initialize a parameter

Ttot.. When the time is > T print, etc. Reset T to T + Atl unless
J. J.

T+Atl > t2. Then set T to t2 and increment by At2, etc.

The common blocks should be all kept in MAIN even though they

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

82

are not all

the first
@



9 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 andRDUMP (q.v.).
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SUBROUTINE SFTUP
PARAHETEa f~cL=50f)0ML=21sNGC=19SHLGC=NGC*ALSNLDWOT=20*MLS

+NUMV=lOs~OL= ((NUUV+l )/3+l)*MCL+100sNDU=20SNCF=9S
+HXDUPlP=30~NnX=2*~XDUMP+2j flTAB=lsNTAB=MTAB*3762
+8NSM=4jNUO*=37280NSD=NSll*NUPM+132SML2=100)
COHMONICELL/Q(~CL)SU(MCL lsV(tICL)SxI(MCL)S

+P(MCL)SSX(@CL )sSZ(MCL IsEE(MCL)ST(MCL)SO(MCL )BXM(WL) SIFLAG(~Cl)
+~H(MCL)

SETUP
pAPAM
Pbnbpl
PARAH
PARAf4
PCELL
HCELL
llCELL

LEVEL 29R MCELL
COMMON/OVL/NoFsNIPNptNGs TENDsTp(ML )JTG(ML)sUISUFSUITSUFIJNAnDJNNS HCELL

+IALPH~NL’)ELTpLAQEL(8 )sNOUPPo IDflPtNMlsTD( ML]91JK flCELL
COMMON/~ISC/TIMESICYCLSDTSNCLS IA~BusBuI~F2sF3sJS MCELL
LEVEL 2sT1ME MCELL
COMffON/YNIT/DTO(~L)SxRU( ML)sYO(ML )SXL(ML)SXV(~L) ~NV(~L)SVO(ML)SOO INIT

+(ML);TO(ML) sROU(HL)# JMIN(ML2)sJMAX(ML2)sIBRN( ML)sPLAP( ML)~DRO(’lL)P INIT
tl’!AT(tlL)~UO(~L) sUTtHL) sDTCF(HL) sOO(flLIJTPLT( MLIsTMC(M1) INIT

coflr’loNtusuPc/cl(ML)#sl(mL)#c2 (ML)SS2(ML ISSWV(ML)SVMN(ML )s us
+GAt4PlA(YL )sALP(Nl) us
COMflON/BpNOIZ(ML)SE(ML)S VCJ(ML)SOMDT(NDNSflL )S~CJ [ML)sPN(~L)sND(~L) RRD

+~PsFF
COMMONtCASCICC (NGCSML)
COM~ONfFGHTJCIFSfML)SGS (ML )sHS(ML) SSI(ML)SSJ(MLl~CV( ML]
COflMON/UCJCIUCJSJJSNMAXsRCJsDCJ
ccMmoN/voInlTNTx(~L2)#Jv( f4L2)PIv(ML2)#NNv
coMMoN/~N~y/~~Ax(~L2)9KMIN( flL2)#NMc
COMIION/BRNS/A(~L)SBR(MLl J8A(RLIsVBO(
CCHf’ION/EOSN/?EnS(~L)SF!E( ML)
coMfloN/NspLT/NnspLT(ML2)
COMhONtSPCISP(~L)sUSp(flL)

tjXISP(YL )
COHMON/POL~CICF(NCFSML)S PS(fIL)
COMMON~BUXIBUAsBUBsBUHAX~BUOV( ML)

+~BuR~BUO
coflMoN/Es/TEf~L2)9NHE
LEVEL 2~DC
COMMONILCYCtOCIN$O)

flL)}VBSW

COMMONtXCl?~/RlsP?~DRlsDR2JUOSNCI oDRsZI
COYHONITVTnQntTFN
COMflONFFOSCOM/SR(HL)SES( ML)sA1(ML)sA2 (ML)sA3(ML) sEH(ML)sI~V(ML)
NAMELIST/SUIOTOsNgSPLTs IVsIEOSJMATsMESRlJR2sUOJNCI

+PDRlPD?2jUTSPTCFSl JK
NAMELIST/E~C/Cls~lSC2SS2)SUVSVMN~GAMMAS ALP~A~BQ~9AsVnO$V~SW#

+FS$GS~~SSS19SJPCVpGCSS PsUSPJCFsPSsBUA~ BUBSRlJ~AYSBUnVST~LTSTf4CS
+XMU8YOSMLSMV~VO~POSTO~ROWS PLAPJIBRN~NVSUOSZI
+~SRSESS AlSA?SA3SEMSIRVSBUPS BUDSXISPSQOSIE
NAWELIST/SURN/2s=SVCJ}PCJs DuDTsPHsND
NAMELIST/lNo/Nq~UI~UFSROs IALPH~NDFsNIJNPsNGsNAODSNMAYS

+TENDsTPsTCSNPELTSUIISUFIsLABELSNMls IDMP$IVSNOUMpSTDS IFN
+sNOJDTCF
+~rlSFF
DATA NVIIII,IOVPIO ISNNVIOIDNDUMPI1OOOOI8TDIML*O. I
DATA luM~UI~UF~QOcIALPHsNDFsNIs NPsNGsNADCsNMAXSTENOSTeSTG

+sliII#uFIJLA9FL/o#3*o .03$ lsloooo04*o#oo# llL*oo9~L*oo$2*oo#
+B*1OH 1
OATA DTOSX~UpYOsXLSXVSVOSPOsTOsROUJ PLAP}IBRNsNVSNOSPLTSIV

+sUOSQOSTMLTSTW?
+/PIL*l.sMLIlfO.jML*O. ~MLxO.8MLIt2.SMLto.j ML*1.F-1OSML*OOS
+ML*O,~~L*O, ?PL*OgML*l$IIL2*O$HL2*-lSf4L*0 ,$ML*l. E-10SIIL*0.9ML *0./
OATA RlJQ2s’40~ZIpNCI/2*00~10s0.sO/
DATA A9BQsBAsV90SVBSU/ML*O, stlL*OosML*Oo~tlL*OoS~L*O ,? “

BRD
GC
FG
Uc
VD
MN
BRN
EN
NSP
SOLC
SPLC
PLC
BUP
BUP
ESH
LCMC
LCHC
xc
SETUP
EOSCOM
NMLST
NMLST
NMLST
NMLST
NHLST
NULST
NIILST
NMLST
NMLST
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP

;
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
3
2
3
2
2
2
2
2
2
2
2
2

2
2
3
2

24
2
2
3
4

5
t
7
8
9

10
29
30
31
32
33
34
35
36
37
3e
39
40
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DATA IFOS~H4TsME/flL*lsRL*OsHL*O/
OATA ClSSl*C?SS?SSHV~VHNSGA~flASALP/HL*O~nL*OS~L*OSML*OSML*OS

+HL*o~ML*o,ML*~/
DATA ZsE~VCJ~PCJSPflsND/llL*OSML*OsPlL*OsRL*OpHL*Os!IL*O/
OATA F$sGSp~SSSISSJsCV/HL*OO sML*OOSML*OOSNL*OOSML*O. #~L*O./
DATA SP~USP/WL*O.~RL*O./
DATA GC/HLCC*O/
OATA DUDT/~LOUOT*Ol
0A7A IFN1OI
OATA SQSES041~A2SA3~EMSIRV/HL*l.SML*O.SHL*OO sML*OOSML*OOSWL*1OOO.

+nf’lL*of
DATA UTIML*l.E-10tnNO1180tSOTCF/ML*0.5/
DATA HSFFIOI
DATA XISPlqL*O.1
OATA WD?.21
READ(5$INP) Read INP namelist
IF(IOMo.Eo.O)Cn Tn 99 Check whether to use a restart dump
CALL R!Nl~P(19MP) Read 1st dump after cycle IDMP
REAO(5$INP) Make any necessary changes in INP variables
IF(NM1.EO.l}UETUQN If no new materials are added, setup is complete

99

1

15

20

30

50

CONTINUE
DO 1 I=N~lsN~
IE(I)=I
SQQQaRO)~O Default value used
R1.Ro Default value for R1
IA=IALOH-1
J-l J=cell #
IF(ZDMa.~E.~)J=K”AX (NHl-l )
F2=0.5
F3.o. 1

in automatic zoning

For a restart with new materials added, do
setup only for the new materials

1IF(IA.NE.2)S0 Tn 15 Geometry factors
F2=l,/3.
F3=10
CONTINUE
IF(IDNO.EO.O)Q (l)=RO Set piston radius
00 10 I=N~lsNf4

to RO unless a restart

CALL CLR Set default values for region 1
CALL SSU(I) Read SU namelist
IF(HAT[1411.NF.0) CALL EOSDSK(I} For MAT# O-read EOSdata from disk
IF(HE(I+l ).EOOO.ANO.flAT( 1+1).NE.0) GO TO 30 More data?
CALL ESSU(I) Read ESC namelist
IFf IBQN(I+l).EO.0) GO TO 30
CALL BQSU(I) Read BURN namelist
R(J+l]=R1 Outside radius for region I
IF(ZI.NEOO.lGIY TLl 50
IF(TO(I+l ).iO;O.:nR:IEOS (1+1).NE.4)G0 TO 50
1191+1 1Calculate IO for

CALL T4PTPE( IslsOCSRObI(II ),TO( II),PP,ZI,IFL)
input To in SESANE

CONTINUF
IFL=i4~~ Region # flag
IF(DTO{ I+l).LF.O.. OR.DTO( 1+1) .EQ.I.)DTo(I+1)=oTo(2}
IF(DTCF( I+l).LE.O. .OR.OTCF( 1+1}.EQ.o.5)oTcF (I+1)=cIT?F (2)
U(J+l)=UO(T+l) Initial velocity for the region
JtfIN(I)=J+l
OS-O,
IF(NCI.NF.O.)GO TO 12
IF(DR1oLE.OO)GO TIY 14
NcI=2*(R1-Q21/(nQl+DR2)

10S=2X(R1-Q2-NCIXOR1)l(NC lx(Nc1-1)] Variable zone size
DR.DR1

SETUP
SETUP
SETUP
SETUP
SETUP
SFTUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
$ETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUp
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUp
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUp
SETUp
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
5t
57
50
59
60
61
62
63
64
65
66
t?
6e
69
70
71
72
73
74
?5
76
77
78
79
80
81
02
e3
e4
e6
87
8e
e9
90
92
93
94
G5
96
97
9e
99

100
101
1C2
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DRO(I+1)=QR2
GO TO 13

14 CONTINIJE
DR=SRDQ/SQeT(QOW(I+l))
NcI=(R1-Q2)/DQ+o.5
IF(NCI.LT.4)NCI’4 1Automatic zoning

IF(NcI.GToNo/4.ANooRok( 1+1).GT.loo)NcI=No/4
IF(NCI.LT. 8.ANO.QnU(I+l) .GT.50)NCI=8

12 CONTINIJE

1DR=(R1-P2)t’JCI NCI equallysized zones
DRO(I+l)=OP

13 CONTINIJE
‘DO 11 K=IoNCI Initialize cell quantities in this region

J=J+l
U(J)=UO Burn fraction
T(J)=TO(I+I) Temperature
XI(J)=ZI Specific internal energy
R2.Rl-nR
XM(J)=F2*DR*( QI**IA+R2**IA+F3*R1*R2 )*RoM(I+l) Ws/unit solidan leer%rea
v(J)*2*OP*(R1**IA+R2**IA+F3*R1*R2 )/XH(J) Specific volume
R18R2
R(J+l I=R1 Outside radius of the cell
IFLAG(J)=IFL
U(J+l)=UO(I+l) Velocity
DR.DR+~S For variable zone size

11 CONTINUF
JHAX(II=J Naximum cell # in the region

C BUILD UP E~S CONSTANTS

41
40

10

180

IF(IEOS(I+IIONF02) GO TO 40
JNN=JMIN(I) 1
JMX=JMAX(I)
8UOV(I+1) =RUOV(I+1)**2

I

For Buildup EOS calculate for each
DO 41 K=JMNsJMX cell and store in temperature
DRsR(JMN)-(R (K+~)+R(K) )/2+8uR

T(K)=BLDSW(DRSI)
CONTINUE
CONTINUE
VO(I+l)=V(J) Initial specific volume for the region
IF(IBR’J( I+l).NE.O)CALL HEI(I+l) Shift in energy zero for HE’s
IF(IV(I+l ).LT09)G(! TO 10
JwJ+l 1
NNV=NNV+l
XM(J)=O.

1

Set up the artificial cell used for voids

JV(I)=J
CONiiNUE -
CALL RST!IQF All region quantities shifted down one to their proper places
NtlIl=NM-1
DO 180 I=lsNMM
Ill 1
1281
IF(XMU(I)OFQOOO) 12=0
lF(XIIU( I+l}OEOOO. )11=0 I Set up flags for the type

of interface (see HYDRO)
11912*2+11+1

IF(IIOFO*4*ANDOYMU( I)*EOOXMU[ 1+1))11=5
XNTX(I)=II 1
CONTINUE
INTX(NM)=l
IF(XHU(NH)ONEO 0.) INTX(Nfl)=3 Interface flag for inside free surface
NCL=J+l
R(NCL+l)=p[NCL)

SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUp
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUp
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUp
SETUP
SETUp
SETUP
SETUP
SETUP
SFTUP
SETUp
SETUP
SETUP
SETUP
SETUp
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUp

1C3
104
105
106
107
loe
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135 ●
136
137
138
139
140
141
142
143
144
145
146
147
146 ,
149
150
151
152
153
154
155
156
157
158
159
160
161
162
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IFLAG(NCL)=IFLAGINCL-1)+64
DTsDTo(l]
IF(NADD. LE.0)NM4X=NCL-1 for NADD< O, start with all cells active
00 200 I=lPNN
SROU=SORT(PIIU(I))
JHN=JHIN(I)
JIIX=JN4X(I)
J.JHx-JMN+l
SR1=(I?(JMN)-R (JI’4N41))*SROU
sR2=(R( JMx)-QtJMx+ll )*sRoti
PRINT 201sT~JsIEOS (I)S!lAT(I)JSRl}SP2

201 FORRAT(415~2(lP~10,31)
200 CONTINIJE

IF(UI.NE.O. .OQ.IE?)S(1),NE ●21G0 TO 211
usw-sQQT(Btlovfl))/fT(2)+l) 1 Automatic setup of piston velocities for
uF.-UI*O@ Buildup EOS

211 CONTINUE
IF(18RN(l) .NE0309*.IDPp. NE.O)GO TO 210
DCJ=VCJ (l)
IF(IEOS (l)OEOO?)DCJ=SORT (8UDV(1))
DT=(R(2)-Q(3))/(OCJ*4) 1
UCJ=UI
IF(E(l)oLF.00)GO TO 210 I Setup for sharp shock burn

WRITE(6PSU)
URITE(6BESCI IWrite out all of the namelist variables on DOUT
HRITE(6S9UQN)
CALL CLOSE(6)J
RETURN
ENO

SETUP
SETUP
SETUP
SETUP
SETUP
SETUp
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUp
SETUP
SETUP
SETUp
SETUP
SETUP
SETUP
SETUP
SETUP
SETUP
SETUp
SETUP
SETUP
SETUP

163
164
165
166
167
168
169
17C
171
172
173
174
175
176
177
178
179
leo
181
182
183
184
185
186
187
lee
le9
190
191
192
193
194
195
196
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Controls

restart dump,

SETUP

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

calls other routines to read the rest of the namelists data from

EOS files, initializesall 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 ~ Ar to be used in automatic zoning. It iS

set such that approximately NO cells would be used in ‘theproblem

if p. were 1.0 for each material and the imermost cell of the

problem were

J = cell # index.

RD = outside radius

I = region # index.

atr= o.

of the problem.

PP = pressure from SESAME for input PO,TO.

IFL = flag = 1 for success = O for failure to 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.

11= ~ if PI =o, lifJll+o.

12 = O if 111+1= O, 1 ifP1+l # 0.

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

SROW = ~.

SRI-= ~ Ar for the outermost cell of the region.

SR2 = ~~ Ar for the innermost cell of the region.

JMN,JMX = JMIN(I),JMAX(I).
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● Notes

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

linearly with cell number; that is,

Ar = Ar(l) + S(n - 1) ,n
(1)

where n is the number of the cell counting inward from the first

(1)~cellinthe region, Ar is Ar , and S is a constant to be determined. The
1

total distance spanned by N cells for given S is

N

E‘1 - ‘2 = ‘ri
= NAr(l) + S ‘(N; ‘) ,

i=l

(2)

where rl is the outside radius of the region and r2 is the inside radius. The

cell size of the innermost cell is

Ar(2)
= ArN = Ar(l) +S(N-1) . (3)

The usual input quantities are rl, r2, Ar
(1)

, and Ar(2). Using this informa-

tion we can express S and N as

“(2r1-r2-Nr
)

(1)

s =
N(N - 1) 9 (4)

2(rl - r2)
N= (5)

Ar(l) +Ar(2) “

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) is evaluated using the new integer value of N. The

● value of Ar(2) will then be slightly different from the input value.
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The mass and volume calculations are the same as inHYDRO (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 Dz to avoid recalculating the same thing many times.



SUBROUTINE SSU(T)
PARANETER [~CL=500jI’lL=21SNGC=19SHLGC=NGC*NL o*LOW5T=20*HLS

+NuHV=lo#~Ol =((NU~V+l )/3+1)*fIlCL+100#N0u=20#NCF=8#
+F!XDURP=30~NOX=?**XDUbP+2DHTAB=l~NTA0=RTAB*37b2
+~NSH=4SNWPMs372?pNSD=NSH*NUPH+132SHL2=100]
CORHON~INIT/OTO(ML)sXHU(NL) sYO(RL)SXL(HL)SXV(WL) ~NV( ML)sVO(ML)SPO

+(HL)STO(ML)~QnU (NL)s JMIN(KL2)sJMAX(KL2 )S18QN( mL)sPL4P(HL)s0eO(qL)s
+fIIAT(ML) ~uO(ML)sUT(flL )sDTCF(ML) sOO(ML)STRLT(*L) sTMC(ML)
coMMoN/voIn/INTx(~L2)PJv (ML2181V(ML2)8NNV
COMNONtEOSN/IFOS(ML)SME(HL)
coMmoNlxcowlRl#@2sDRl#oR2suosNcI#oRszI
COHMOh/NSplT~N~SpLT(ML2)
tiARELISTJSU/DTO#NOSPLT# IVSIEOSJMAT9!4ESR1JR29U09NCI

+~OR100Q2~UT~DTCFsIJK
NANELIST/ESCtClSSlSC2SS2SSdh~VPNSGAMHASALpsAS9QS84cVBOsV9Sw#

“+FSsGSPUSSSTpSJ$CVsGC~SPsUSPsCF sPSsSUAsOUBsOU~AXSBIJOVsTqLTSTMC~
+xMusYo~XLSYVSVOSpOSTOSROUSPLAPS I@RNsNV~UOSZI
+DSR~ES~A10A2SA3SEHSIRVS5URSBUDSXISP~OO~ IE
NAnEL15T/BuRNt29E9vcJ9PcJ90uoT9PH9No
NAmELIsT?INptN~9uI$uF$RosIALPHsNoF$NI9NP#NG#NAoD#N~4x$

+TENDPToPTGsNDELTpUIIsUFIS LAOELsNMlsIDHPSIVSNDUMPSTDs TFN
READ(59SU) Read SU namelist (data goes into region 1)
JsI+l
DTO(J)=DTO(l)
NOSPLT{J )=N13S01T(1)
IV(J)=IV(l)
IEOS(J)=IEfJS(l) 1
UO(J.)=UO(l}
UT(J)=UT(l) I Copy all of the data into region I + 1

OTCF(J)=OTCF(l)
tlAT(J)-MAT(l\
MECJ)=qE(l) J
RETURN
END

Ssu
PARAH
PAFAM
PARAM
PARAM
INIT
INIT
INIT
VD
EN
xc
NSP
N?4LST
Nf4LST
NMLST
NNLST
NHLST
NMLST
N8LST
NULST
NMLST
Ssu
Ssu
Ssu
Ssu
Ssu
Ssu
Ssu
Ssu
Ssu
Ssu
Ssu
Ssu
Ssu

2
2
3
4
5
2
3
4
2
2
2
2
2
3
4
5
6
7
8

1:
10
11
12
13
14
15
16
17
le
19
20
21
22
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SSU(I)

Reads the SU namelist and copies material data to region 1+-1. (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 1+1 where I is the actual region number. After all

data & 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 = 1+1 is the region in which data is temporarily put (see above).
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SUBROUTINE FSSU(I)
coMMoN/yc@~tRlPQ29DRlDDR2$do0NcI#DR# 21
PARAHETEQ (qCL=5nOsHL=21sNGC=19sHLGC=NGC*HLs~LOWOT=?O*Mt s

+NUNv=lopHOL=( (NUNV+l )/3+l)*flCL+100sNDU=20SNCF=8S
+flXOUflP=3OpN9X=2*WOUt4P+2~flTAB-l~NTAB=HlAB*3742
+~NsM=ksNuDM=3728sNSG=NSM*NUPtII+1320NL2=100 )

COHNON/INIT/CTO(*LISXW(PL)SYO(RL )sXL(ML)SXV(~L)SNV( ML)SVO(ML )gPO
+(flLJsTO(~L)SROW(HL )SJf41N(flL2) 9JMAX(NL2]S18RN(~L)soLAP(ML} sDRO{ML)}
+MAT(ML)sUOfWL) sUT(flL)sOTCF(ML} sOO(HL) sTflLT(14L)STMC (IIIL)

COHHONfpOIVC/CF(NCFsML)#pS(ML)
COMHONtSnCtSpfML)SLJSP(HL)

+$xISP(MLI
coHr40N!lJsupclclfmL )9sl(r4L)#c2(llL )SS2(HL)DSUV(ML)9VMN(ML)9

+GAt4MA(~L) sALp(P!t)
CO~MONtBRNS/AfML)SBR(PL)SBA(ML l~VBO(ML) sVBSUtPIL)
CORt!ONIFGHTJC/FS(ML)JGSt ML)sHS(ML)SSI (HL)~SJt14L) sCV(ML)
COf4f40N/GASC/GC(NGCsML)
coMqoN/~lJx/Qu4,~uA,@uKAx,9uDv (hL)

+#Buli#gun
cOMHON/FOSCOU/RQt~L],ES( ML),Al(flL)sA2(ML),A3(ML) ,EM(ML)gI@V(*L}
NANELISTIS~J/OTO~NOSPLTS IWSIEOSSHA1SMESR19R2PU09NCI

+#DRl#DQ29uT9DTcF91JK
NAnELIsT/Esc/cl#slsc20s2#sMvsvRN9GAmHA#ALPsA9QQsnA9v9o#v9suP

+F$~Gs~HSpSTsSJp?VSGC8S PsUSPsCFsPS~BUAsBUBS@Uf4Airg BUDVSTrI!LTST~C,
+XMU$YOP XL9YVSV09B08TOSROW9PLAPS IBRN8NVSNOS21
+ssRJEspAlsA2sA30FHs IRVsBURsBUDJXISPsOOs IE

NAMELIST/W*NIZ,ESVCJD PCJSDUDTSPMSND
NAMELIST/INptNNSUISUFSROSIALPHSNDFSNISNPSNGSNADOSNMAXS

+TEN~~TOp.TGOFJDELT~lJII~UFI~LABELDNfIIS IONPJIVSN9~JMO9TD91FN

m

READ(59ESC) Read ESC namelist (data goes into region 1)
J-1+1

Cl(J)=Cl(l)
S1(J)=SII1)
C2(J)=C2(11
S2(J)=S2(1)
SkV(J)=SUVtl)
VHN(J}=WN(lI
GAMflA(J)=G&q~A(l)
ALP(J)=ALP(l)
A(J}=A(I)
BR(J)=BR(l)
eA(J)=B4(l)
VBO(J)=VROfl)
VBSWtJ)=VQSUtl)
FS(JI=FS(l)
GS(J)=GS(l)
HS(J)=HS(I)
SI(J)=SI(l}
SJ{J)=SJ(l)
CV(J)=CV(l)
SP{J)=SP(l}
USP(J)=USP(l)
PS(J)=OSfl)
XMU(J)=XAUtl)
YO(J)=VO[l)
TMLT(J}=TWLT(l)
TMC(J)=THC[l)
XL(J)=Xltl}
XV(J]=XV(l)
VO(J}~VO(l)

Copy ESC data into region I + 1

ESSU
xc
PbPA?!
PARAM
PARAY
PAPA?!
INIT
INIT
INIT
PLC
SPLC
SPLC
us
us
BRN
FG
GC
8UP
BUP
EOSCOU
NNLST
NHLST
NPLST
NULST
NKLST
NPILST
NMLST
NMLST
NMLST
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
EsSu

ESSU
~ssu
ESsu

ESSU
ESSU
ESSU
ESSU
ESSU
EsSu

ESSLf”
Fssu

ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU

2
2
2
3
4
~

2
3
4
2
2
3

:
2
2
2
2
3
2
2
3
4
5
t
7
e
9

lC
17
1P
19
20
21
22
23
24
25
26
27
28
29
3C
31
32
33
34
35
36
37
3e
39
40
41
42
43
44
45
46
47
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Do(J) =O~(l)
00( JI=OO(l)
TO(J) =TO(l)
ROM(J)=ROU(lI
PLAP(J)=OLAO(lI
19RN(J)=1~RN(ll
NV(Jl=NV(l)
BUDV(J)=BUDV(l)
DO 10 K=lsNGC

10 GC(KsJ)=GCfKsl)
DO 20 K=lsNCF

20 CF(KjJ)=CF(K#l)
SR(J)=SR(lI
ES(J)=ES[l)
Al(J)=Al(l)
A2(J)=42(1)
43(J)=A3(1)
E14(J)=E~(l)
IRV(JI=IRV(l)
RETURN
ENO

ESSU
ESSU
ESSU
ESSU
ESSU
EsSu

ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
ESSU
Essu
ESSU
ESSU
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49
5C
51
52
53
54
55
56
57
58
59
61
62
63
64
65
66
67
69
70



JEmLl

Reads the ESC namelist (equation-of-stateconstants) and copies material

data to region 1+1.

Local Variables

J = 1+1 is the region in which data is temporarily put.

K= do loop index.

NGC = the first dimension in the GC array = the number of

lowed, (NGC is set in the parameter statement.)

NCF = the first dimension of the CF array = the number of

in the 8-parameter fit. (NCFis set in the parameter

gas constants al-

parameters allowed

statement.)
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SUBROUTINE QPSU(I)
PAQAIIETER f~CL=5000ML=21> NGC=L9~flLGC=NGC*ML$~LnUOT=20*ML#
+NuMvslOlqOl=((NUqV+l)/3+l)*MCL+100tNOW=20#NCF=@S
+MXDUtlP=3OpWOXm2*MXDUf4P+2#flTA6=laNTAB=PtTAB*3742
+~Nsfl=4sNuPm=37?~sNSO=NSM*NWPM*132SML2=100)
COHMONtOQNn/Z(~L)SE(ML)sVCJ(ML )sOUOT(NDW~NL) SBCJ(ML)tpH( ~L)sW)t~L)

+sflSFF
NAHELI$T/su/DTo9NosPLT#Iv$IEos#NAT9ME9RlDR29uo9NcI

+90Rl#oR2#uT#DTcFsIJK
NAHELIST/ESC/ClsSlSC2SS2SSWVsVHNSGANMASALPSAs9QSBAsVBO,V9SUS

+FSOGS~HS$SIBSJSCVSGCSSPjUSPtCFSPSSBUAS 8U8s3U~AYsRUDVSTMLTST~CS
+XMUsYOSXL,XVSVOSpOoTOsROUSPLAPSIBRNsNVsHOs ZI
+#sR#Es9AlsA2$A38ER# IRv#BuR8BuD#xIsP$Qo81E
NAMELIsT/BURN/ZsFSVCJjPCJ#DMDT# Pf!sNO
NAMELISTtINOtNN~UIsUFsROs IALPHsNOFsNIsNPsNGSNAOD8NMAXs

+TEND$TOSTGSNDELTSUIISUFI~LABEL~NM1O IoMPOIVsNOUMP~TPs IFN
READ(5~9UQN) Read BURN namelist (data goes Into region 1)
J-1+1

Z(J)=Z(l)
E(J)=E(l) 1
VCJ(J}=VCJ(I)
PCJ(J)~pCJfl) I

Copy all BURN data into region I + 1

Pfl(J)=O~(l)
NO(J)=NO(l)
DO 10 K=lsNOU 1
OUDT(K~J l=D~DT(Ksll
RETURN
ENO .

~Rsu
Pbabm
PARAM
PAPAH
PA9AM
BRO
BRD
Nt4LST
NHIST
NtlLST
NttLST
NRLST
NMLST
NHLST
Nt!LST
NMLST
EIRSU
BRSU
BRSU
BRSU
BRSU
BRSU
BRSU
BRSU
BRSU
BRSU
nwsu
BRSU

2
2
3
4
5
2
3
2
3
4
5
6
7
@
9

10

;
P

1:
11
12
13
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BRSU(Q

Reads the BURN namelist (various burn constants) and copies material

data to region 1+1.

Local Variables

J = 1+1 is the region in which data is temporarily put.

K = do loop index.

NDw = the first dimension of the

constants allowed for each

statement.)

DWDT array = the number of Forest Fire

material. (NDWis set by the parameter
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SUBR@U71NE CLR CLP
PARAHETEQ (~CL=500JHL~21sNGC=19#HLGC=NGC*NL~MLnUb7=2~*ML~ PARA~

+NUMV=lO~MOL= ((NIJMV+l )/3+l)*MCL+100sNOU=20PNCF=9# PARAfl
+HXOUMP=3OsNOX=2*NYDLJlIP+2Sf4TAB=lSNTAB=~TAB*3742 PARAM
+PNSM.4SNUpM=3729#NSO=NSN*NW PM+132s~L2D100) PAPbP
COMHON/INIT/OTn(~L)SXHU( ML)#YO(ML)JxL (HL)#Xv(NL) sNV(ML)SVO(ML)Ppo INIT

+(llL)D TO(’4L) pR@Wf~L)SJPIN( ML2)~JMAx(ML21sIBQN(ML~ ~“LAp(ML)soQo[~L~s;::;
+HAT(RL) sUOf~L)~UTfHL )sOTCF(RL )~OO(ML)sTRLTf ~L)sTwC(~L)
CONMON/USUPSICl(ML)#Sl(HL )sC2(ML lSS2(ML )SSWV(~L)SVHN (YL)s us

+GAfiHA(~L)JALP(ML) us
COMMON/BQND/7f~L)jE(ML)sVCJ (HL)~DMOT(NDUSML)~pCJ (*L) ~o~[ML)sNO(~L) BRD

+;iSFF
COlltlON/GAStlGC(NGC~ML)
COf’IflON/FGHIJCIFSfML)SGS[ PL)sHS(MLIOSI (HL)SSJ(~L)SCV( ~L)
coHtloNtvoIDJINTx(wL2)#Jv (r’!L2)sIv(mL2)PNNv
CONRON/FRNS/A(”L)SBR(HL) ~BA(MLIsVBO(NL )SVBSW(~L)
COHfIONfEnSN/IFOS(ML)~ME( ML)
coHHo~/NspLT/~ospLT(nL2)
COMHON/SPC/SPfPL)SUSP(PL )

4$xISP(HL)
COHHONfP~LYC/C~fNCFSNL)S pS(f4L)
CORHON/BUX/BuAs9U9SBUMAX~BUOV (ML)

+~BURsBIJO
coflMoNlxc~MlQlsR2#DR10DR2#uo0NcI#DRszI
COHMON/EfJSCgM/SQ(NL)SES (HL)sAl (HL)JA2(~L)sA3(NL)sE~( ‘L)sTQV(UL)
oTo(1)=1o
NOSPLT(l)*O
Iv(l)=-l Reinitialize all variables in namelists
Uo(i)=o. Su, ESC, and BURN (forregion1)tothedefaultvalues
UT(1I=1.E-1O
DTCF(l)=O.5
IEOS(l)=l
HAT(1)sO
HE(l)=O
Q2moo
NCI=O
Cl(l)=oo
Sl(l)=oo
C2(1)90.
S2(1)=O*
SUV(lI=O*
VtlN(l)=O.
GAtlMA(l)=O.
ALP(ll=Oa
A[l)=OO
BR(1)=13.
BA(l)=OO
VBO(l)eOo
VBSN(l)=OO
FS(l}=O.
GS(l)=OO
HS(l)=Oe
S1(1)=0.
SJ(l)=O.
Cv(l)=oo
SP(l)=O.
USP(l)=O*
Ps(l)=oo
BUDV(l)=O.
BUA=Oo

8RD
GC
FG
VD
BRN
EN
NsP
SPLC
SPLC
PLC
BUP
BUP
xc
EOSCOM
CLR
CLR
CLR
CLR
cLP
CLR
CLR
CLR
cLR
CLR
cLR
CLP
CLP
CLE
CLP
CLR
CLP
CLR
CLR
CLR
CLP
CLR
CLR
CLR
CLU
CLR
CLR
CLR
CLR
CLR
CLP
CLR
CLR
CLR
CLR

3
4
5
2
3
6
2
3
2
3
2
2
2
2
2
2
2
3
2
2
3
2
2
20
21
22
23
24

29
30
31
32
33
34
35
36
37
30
39
40
41
42
43
44
45
&t
47
48
49
50
51
52
53
54
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8U9=0.
Woml.
ZIWI)O
XMU(l)=O.
Yo(l)=oo
THLT(l)=O.
TNC(l)=OO
XLfl)=Oa
XV(11=20
VO(l)=O.
PO(1)=1OE-1O
00(1)=1.E-10
10(1)=0.
ROU(l)=OO
PLAP(l)=Oo
IBRN(l)=O
NV(l)=l
BUN4X=O0
00 100 K=lsNGC

100 GC(KS1)=O*
DO 200 K=lsMCF

200 CF(KS1)=OO
2(1)=00
E(lJ=OS
VCJ(l)=OO
PCJ(l)=OO
PR(l)=O,
NO(lI=O
DO 300 K=l,NOW

300 DMDT(K~l)=Oa
SR(lj=10
ES(l)=O.
A1{l)=O.
A2(1)=0.
A3(1)=90
EM(l)=O.
IRV(l)=O
RETURN
ENO

CLR
CLR
cLP
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CIR
CLR
CLR
CLR
CLR
Cl@
CLR
CLR
CLR
CLR
CLP
CLP
CLR
CLF
CLR
CLR
CLR
CIR
CLR
CLR
CLR
CLP
CLR
CLR
CLR

55
5t
57
58
5~
60
61
t2
63
64
65
66
67
6@
6~
70

;:
73
74
75
7e
77
?8
79
Po
@l
P2
83
84
P6
e?
P8
89
90
91
92
94
95
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CLR

Resets region

Local Variables

1 data to the default values.

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 =

allowed in the 8-parameter fit. (NCF

statement.)

NDw = the first dimension in the DWDT array

constants allowed for each material.

the number of parameters

is set in the parameter

= the number of Forest Fire

(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 1+1. 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 QST9RF
PARAMETFR fWCL=500sML =21sNGC=19#RLGC=NGC*NLSMLOHOT=?O*MLS

+NuUv=lO~MOl =((NU”V+l )/3+l)*MCl+100SNDN=20~NCg=9S
+MXDUPlP=3OsNDX82*WXCUtlP+2sRTAB=l~NTAB=UTAB*3742
+nNsNm4~NUP~=372?9NSD*NSH*NtiPH+132#ML2=100)
COMMONICELLIP(*CL) SU(RCL )sV(PICL)~XI(RCLl~

+P(PcL),sX~PCL )cS2(MCL )sEE(HCL)sT(NCL/SO(NCL) ●X*(MC1)SIFLAG(MCL)
+su(r4CL)
LEVEL 2sR
COHHON/OVLtNDFsNIsNPsNGsTENDsTP{HL)sTG{ML)sUT~UFsUIXJUFI~NtOOsN~s

*IALPHSNOELT~LAqEL(8 lsNDUMPS IOflPsNlllsTD(tlL )sIJK
COMfIION?YISC/TI~EtICYCL~DTSNCLS IAs9USBUIsF2SF3SJS
LEVEL 2sTINE
COMMON~INIT/OTO(NLISXMU( ML)sYO(HL \sXL(NLlsXV(~L) sNV(HLISVO(*L)SBO

+(ML)~TO(ML)~ROU(~L )SJMIN (tlL2)tJMAX(flL21 S18QN(~L) >fJLAP(~L)sORO{ML)>
+FIAT(tlL)jUO(YL )SUT(ML)sDTCF(ML) sOO(ML) sTMLT(ML)sTHC(YL )
COMMON/USUP?/Cl(HL)SSl(ML) sC2(AL)0S2 (ML)sSUV(ML)SVMN( ~L)s

+GAMHA(~L)stLO(ML)
CONHON/BRNOIZlflL)sE(HL)S VCJ(IIL l~DUDT(NDWSML),PCJ (ML)sPM(~L)/N!)(ML)

+,MsFF
CCNMON/GASC/GC(NGCSML)
COHMON/FGHIJC/FSf~Ll~GS(fIL )sHS(ML)jSI (ML)sSJfMl)pCV(ML)
commoNtvoIn/lNTxt~L2)*Jv(HL2) PXV(ML2)SNNV
COMMONf9QN~tA( ~L)sBR(RL)SBA(ML )sVBO(HL)~VBSWfYL)
COMMON/EOSN/TEQS(mL)SHE(ML )
COHMON/NSPLT/N9SPLT{PlL2)
COM?lONtSpC/Sp(ML)sUSP(FIL)
+PXISP(~L)
COflHON/POLYC/CF(NCFpllLln PS(ML)
COPlMONt9UYtBUA~qU9~BUMAX~8UOV(ML 1

+DBUR~BUD
COtlMONtTABC/FSC(NTABlsNLOC [ML)
COMMON~EOSCOP~SR(YLl~ES (ML )PA1(ML)sA2(NL) s43(ML}cCM( ML}sIRV(~L)
DO 10 I=lsNH
JwI+l
DTO(I)=@TO(J\ Shift all variables in namelists

XMU(I)=XYU(J) SU, ESC, and BURN down one region

YO-YO to their proper place

THLT(I)=TUIT(J)
Tf4C(I)=T~C(J!
XL(I)=XL(J)
XV(I)=XVIJ)
VOLVO
PO(I)=@O(J)
QO(I)=OO(J)
TO(I)=TO(J)
ROM(I)=RflU(J)
PLAP(I)=PLAO(J)
IBRN(I)=18RN(J)
NV(I)=NV(J)
NOSPLT( T)=NOSPLT(JJ
IV(I)=IV(J)
UO(I)=UO(J)
UT(I)=IJT(J)
DTCF(I)=DT~:(J)
IEOS(II=IFOS(J)
HAT(I)=MATtJ\
flE(I)=~F(J)
Cl(I)=Cl(J)
S1(I)=S1(J)

PSTORE
PARAM
PARAM
PAPAM
PAPAfl
HCELL
HCELL
MCELL
MCELL
NCELL
HCELL
MCELL
MCELL
INIT
XNIT
INIT
us
us
PRD
BRC
GC

U
?Prd
FN
NSP

SPLC
SPLC
PLC
EilJP

BUP
TABG
EOSCOH
RST@RE
RSTORE
RSTORE
PST@RE
RST@RE
RSTORF
PSTORE
RSTORE
RSTCRE
RSTORF
RSTORE
RSTORE
QSTORE
RSTORE
RSTORF
RSTORE
RSTCRE
RSTORE
RSTORE
RSTORE
RST17RE
BST@RE
RSTORE
RSTCIRE
RST@RE
RSTCRF
RSTORE

;
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
3
2
3
2
2
2
2
2
2
2
3
2
2

;
2

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
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c2tI)=c2(J)
S2(I)=S2(J)
SWV(I)=SUV(J)
VMN(I)=V~N(J)
GAtltlA(I )=GA~uA(J)
AL
A(
BR
BA
VB
VB
Fs
GS
HS
SI
SJ
Cv
5P

‘(I)=ALP(J’
:)-A(J)
,I)s9Q(J)
,I)s9A(J)
)(I)=V90(J’
~w(I)=V9SU
I]mEs(J)
I)=Gs(J)
I)=qS(J)
I)=SI(J)
I)=SJ(J)
I)=cv(J)
,I)=sP(J)

J)

USP(I)=USO(J)
PS(I)=PS(J)
BUOV(I)=BU@V(J)
DO 100 H=lsNGC

100 GC(RSI)=GCIM~J)
DO 200 M=lsNCM

200 DMOT(MSI) =OWDT(H~J)
DO 300 M=ltNCF

300 CF(HSI)=CF(MSJ)
2(1)=2(J)
E(I)=E(J)
VCJ(I)=VCJ(J)
PCJ(I)=PCJ(J)
PH(I)=PM(J)
ND(I)=NO(J)
DRO(I)=DQO(J)
NLOC(I)=NLgC(J)
SR(I)=SR(J)
ES(I)=ES(J)
A1(I)=41(J)
A2(I)=A2fJ)
A3(I)=43(J)
E14(I)=F~lJ)
IRV(I)=IRV(J)

10 CONTXNUF
RETURN
END

liSTORE
PSTORE
PSTORE
RSTORE
PST@RE
RSTORF
RSTORE
RSTORE
RSTORE
PSTORE
RSTORE
RSTORE
RSTDRE
RSTORE
RSTORE
RSTORE
RSTORE
BSTCRE
RSTORF
PSTORE
RSTORE
RSTORE
RSTORE
PSTORE
RSTORE
RSTORE
RSTORF
QSTORE
RST@RE
RSTORE
RSTORE
RSTORE
RSTORE
PSTORE
RSTORE
RSTORE
RSTCRE
RSTORC
RSTflRE
RSTORE
RSTORE
RSTORE
RSTORE
RSTGRE
RSTORE

4e
49
50
51
52
53
54
55
56
57
58
59
6C
tl
62
e3
64
65
e6
67
68
69
70
71
72
73
74
75
76
77
7?
79
80 ●
@l
82
84
85
86
(?7
88
89
90
92
93
94
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Shifts region

Local Variables

RSTORE

I-t-ldata back to I (where it should be) for each region I.

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.)
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SUBROUTINE EPSDSK(II
PARAMETER (“CL=500SML=21SNGC=1QS MLGC=NGC*MLS~LDU07=20*~L s

+NuMv=10sM9L= ((NlJYV+l )/3+l)*flCL+100sNDU=20sNCF=8s
+vxournP=30SNDr=?*wXDUMP+2#MTAB=l#NTAB=RTAB*3742
+~NsM=4sNwou=3728sNSD=NSM*NUPM+132SML2=100 )
CO?4HONtXEOS/IX
COMMON~E~SN?IE~S(ML)SHE(HL)
DATA IST)lI
IF(ISToE9m2)G~ TO 2
IST=2 11st time through
CALL QASSIeN (2?S5USES2LOOSO) QASSIGNall EOS files
CALL 0ASSIGN(23~4~HHLBSOSOJ

2 CONTINUE
1X=1+1
ITYPE=TFOSfIxl
GO TO (11s12s13s14)sITYPE 1

11 CALL R~O~
RETURN

12 CALL RqLWo
RETURN I Call the appropriate subroutine to read

and store data for that type of EOS

13 CALL ROOLY
RETURN

14 CALL RSFSAME
RETURN

I

ENO

EOSDSK
PARAH
PAPAM
PAPAM
PAQAP!
XFOS
EN
EOSDSK
EOSDSK
EOSDSK
EOSDSK
EOSDSK
EOSOSK
EOSDSK
EOSDSK
EDSOSK
EOSDSK
EOSDSK
EOSDSK
EOSDSK
EOSOSK
FOSDSK
EOSDSK
EOSOSK
FOSOSK

16
17
le
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EOSDSK

read

Switching routine that assigns units

them. (Data from EOS files can then

Local Variables

1ST = flag

IK= 1+1 =

ITYPE

Notes

Ix is

to determine whether this

for EOS files and calls routines to

be overridden by namelist reads.)

is the first call to EOSDSK.

data is stored in region 1+1 during setup.

= IEOS for that region.

used in all of the called subroutines.
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SUBROUTINE RHnM Pwoll
PAQAPETEQ (~CL=500~ML=21sNGC=19pMLGC=NGC*~L~~LnUDT=20*HLs PARAM

+NUMV=lO~~OL =((NUMV+l )/3+l)*HCL+100sNDU=20SNCF=8S PARAM
+uxOUHP=30sNOX=?*HXDURP+2sflTAB=l, NTAB=MTAB*3742 OARAM
+,NsM=4sNUpM=3728sNSD=NsN*NtipH+132s HL2=1OO) PbPbu
COMtIONIINIT/~Tn(~L)SXHU(HL lsYO(tlL )SXL(ML)SXV(ML)SNV( HL)~VO(HL)~90 INIT

+(ML)sTO(YL)s~9W(YL )SJHIN (HL2)sJHAX(PlL2)pIBRN( RL)sPLAP(NL)~ORO( ML)S INIT
+MAT(ML) sUO(~L.\jUT(ML) sCTCF(tlL) pQO(MLlpTMLT(~L) sT~C(~L) INIT
COMMON/USUBC/Cl(~L)SSl(HL)sC2(HL)sS2{ML )JSUVf~L)JV~Nf~L )s us

+GAMMA(~L)s61P(~L) us
COHHONt~RNn/z(~L)sE(NLls VCJ(HL)sDUDT(NDUsMLl sPCJ (HL)~oM(NL)sNO(~L) BRD

+sMSFF
COMHON/GASe/GC(NGC~ML)
COMf40NlSQC/Sp(UL)nUSP(HL )

+$XISP(~L)
COMMONtFGHTJc~FS(~L)SGS( ~L}sHS(HL)~SI (ML)SSJ(ML) JCV(MLI
CONH@N/PQNS/A1”L)S8R(ML)SBA( NL)sVBO(MLl sVBSw(~L)
COfIHON/FOSN/Ic~Sl~L)sHE( ML)
COHMON/qUx~9UADqU90BUPAXSBUDV( ML)

+J!JURStllJf!
COMNON/XEOTtIf
DIRENSIflN PAT(R4)91DAT(B4)sNAH(31
EQUIVALENCE (D~TSI~AT)
DATA LUN1231 Unit # for HMLB
1=1X
NNA=3*’4AT(I)-1 Location in index of lstword address for material #
CALL RDISK(LUNsNA~s3sNNA)
IF(UNIT(LUN)ll,l#l 1-Read the FWA plus two words of conrnent

1 CONTINUE
CALL E~1$~~LUN#9AT#84#NAH[1) ) Read the 84 ~rds of HOMdata
IF(uNIT(Lu~))2#29? 1

2 CONTIN”JE
IBRN(I)91D4T(4)
IF(IBRN(I).lF.1)13RN(I)=IBRN(1)+1 1Convert the SIN type

IF(DAT(64) .FOOOO.4NDOIBRN( I) oEQ.l)IBRN(I)=O
burn index

IF(~E(lJ.~@.O~G~TO lC If more data is to be read from namelist, then
I@RN(l)=I?@N(I)
.Iwl 1the region 1 values must be set to override

10 CONTINIJF
the default values

NV(I)=IOAT(5)+1
IF(Nv(l )*Eo63)~vlT}=o
XV(II=DAT(6)
TO(I)=!)AT(Q)
C1(I)=04T(12)
S1(I)=DAT(13)
suv(I)=DATf14)

BRD
GC
SPLC
;:LC

BRN
EN
BUP
BUP
XECS
PHOM
RHOW
RHOM
RHOH

MAT(I) RHOH
RHOM
RHOtl
RHOM
RHOU
RtJOfi
RHOM

C2(I)=9AT(15)
S2(I)=OAT(16)
FS(I)=OAT(17)
GS(I)=DA7(19)
HS(I)99AT(19)
sI(I)=f)AT(20)
SJ(I)=OAT(21)
GAMnA(I)=oAT(221
CV(I)=9AT(23)
ALP(I)=DAT(25)
SP(I)=OAT(?6}
USP(I}=OAT[27)
YO(I)=OAT(30)
XW(I)=DAT(31)

Load the data into the proper constants

RHCM
RHOM
RHOV
QHOM
RHO!!
RHOP
RHOV
RHOII
RHOM
RHOM
RHOM
RHOM
RHOP
RHOP
RHOfi
RHOF
RHCIM
PHC~
RHOU
RHOM
RHO!!
RHCP
RHOM
RIJOM
RHOM
RHOM
RHOM
RHOR

2
2
3
4

:
3
4
2
3
2
3
2
2
3
2
2
2
2
3
2

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
3@
39
4C
41
42
43
44
45
46
47
40
49

;!
52
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PLAP(I)=9AT(32)
vMN(I)=DATf34)
2(1)=047(36)
E(I)=D4T(37)
THLT(I)=E(l)
TtlC(Il=Z(I)
VCJ(I)=04T(38)
NO(I)=T!)ATf41)
PCJ(IJ=DAT(42)
PII(I)=OAT(43)
DO 110 K81s20

110 DMDT(KSI)=OAT(U+43)
DO 111 K.=1s17

111 GC(K$I)=DA7(K+63)
A(X)=D4T(64}
8R(I)=OAT[65)
BA(I190AT(56)
VBO(I)=DA7(57)
VBSM[I)=04T[68)
ROU(I)=OATt7)
Gc(180T)=lo.
Gc(19#I)=-?oo1 Default limits on the region of validity of two fits in MIX

IF(IBRN( I).FO_04)CALL GASLM(I) Calculate the actual limits of validity
RETURN
END

RHOM
QPOM
RHOV
RHOM
RHOH
RHOM
RHOR
RI+Of4
RHOM
RHOP
RHOfl
RHop
RHOM
RHOM
RHOR
RHOH
RPOM
RHOW
RHOP
RIJOM
RHCP
RMOH
RHO!
RHOW
RHOP

53
54
55
5e
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
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RHOM

Reads EOS file HMLB to get HOM EOS data.

Local Variables

NNA

NAM

DAT

IDAT

JJ =

Notes

IBRN

IX = temporary region # in which data is stored.

location in HMLB of the 1st word address for the location of data

for the material //MAT(I).

three words in the index for material # MAT(I). Word //1is the

1st word address described above. Words 2 and 3 are Hollerith

data giving a label for that material.

the actual data (84 words) for that HOM material.

corresponds to that in the SIN input deck for the

= equivalence to DAT, so that integer data can be

conversion.

an index such that data is stored in region 1 only

data is to be read (ME=l).

and NV require conversion from their corresponding

The order

same material.

retrieved without

if more namelist ●

SIN values.

Data is stored directly in region 1+1 if no changes are to be made (ME = O).

Data is stored in region 1 if changes are to be made by namelist (ME # O).

After changes are made, all of the region 1 data is copied to region 1+1.
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SUBROUTINE QqLL)Up
PAR41’IETER (MCLP500DHL=21~NGC=19~MLGC=NGC*ML$ML5UDT=ZO*YL,

+NUMV=lO~UQI W((NU~V+l }/3+l)*MCL+100sNDM=20SNCC=RS
+MXDUMP=30PNf)X=Z*qXDUMP+20HTAB=lSNTAB=MTAB*3742
+,N$M=4~NWPM=3729sNSO=NSM*NWPH+132$HL2=loO)
CO~MON/9UX/PUAt9UQJBURAXS BUDV(ML)

+JBUR~BIJO
COHMON/CELl/R($ICL)SU(HCL )sV(MCL)SXI(riCL)J

+P(NcL)~SXfMCl )sSZ[rlCL )sEEIMCL)sT(HCL) ~O(MCI. )sX~(MCl)~IFLAG(14CL)
+sUII’ICL)
LEVEL 2jR
COMMON/IYVL/NOF~NIsNPsNGs TENDsTP(ML )sTG(ML )sUI*IJCS!JTISUFTSNAOOS N~s

+IALPFI,NDELTsL48EL(8 )jNOUMPS IDHPSNIMISTO( ML)~YJl(
COMMON/MISCtT19E~ICYCL~OTSNCL~ IAsBUSBUIsF2~F3sJS
LEVEL 2sTI~E
COMtlONtINTT/DTO(ML)~X?4LI( ML)sYO(ML)SXL (F!L)S%V(M1) ;NV(ML)SVO(ML)SOO

+(ML)jTO ($fL)spOW(~L]S JMIN(ML2)sJNAX(ML2)S IBRN(YL) sPLAp(~L)sDQO( ~L)s
+IIATfML) JUO(~L)tUT( ML]sDTCF(?4L) sOO(flL) ~TMLT(rlL) sTMC(14tl
CUfIMONIXEQ~/IX
CORRON/EOSN/TEflS(NL)jME( PIL)
DIMENSICN @4Tf~4)s IOA1(84)SNAM(3)
EOUIVALENCF(OATSIDAT)
DATA LUN1231
1=1X
NNA-3*YAT(T)-1
CALL ROISK(LUNPNAMS3jNNA} 1
IF(UN17(LUN)IISISI

1 CONTINUE I See RHOM

— CALL” R91SK(LIJNPOATP84SNAM(1))

1
IF(UNIT(LUNI )2129? 1

2 CONTINIJS
r BUA=DAT(811 1

9UB=DA7(92)
EUHAX=9LT(~?)
IF(HE(IloNFoO)I=l
BUDV(I)=OA7(P4)
IBRN(I)=2
ROU(I)=DAT17)
NV(I)=IOAT(5)+1
IF(Nv(I)*Foo3)NvfI)=o
XV(I)=OAT(6)
RETURN
ENO

Load the data into the proper constants

RBIC!UP
PARAM
PARAM
PARAM
9ARAM

BUP
NJ P
MCELL
MCELL
HCELL
HCELL
MCELL
F!CELL
RCELL
t!CELL
IN IT
INIT
INIT
XECS
EN
RBLCUP
RBLOUO
RRLDUP
R@LcUP
R8LOUP
PI!LCUP
QBLDUP
P@LcLJP
RBLDUP
9~L~up
RBLDUP
RBLoUP
PRLOUP
RBLDUP
RBLDUP
RELoUP
RBLOUP
RBLOUP
RBLOUP
RBLDUP
RBLDUP
RBLCUP
QRLDuP

2
2
3
4

;
3
2
3
4
5
t
7
B
9
2
g
4
2
2
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
2B
29
3C
31
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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 =

NAM =

DAT =

IDAT

JJ =

Notes

location in HMLB of the 1st word address for the location of data

for the material # MAT(I).

the 3 words in the index for material # MAT(I). Work i’}1is the

1st word address described above. Words 2 and 3 are Hollerith

data giving a label for that material.

the actual data (84 words) for that HOM material. The order

corresponds to that in the SIN input deck for the same material.

❑ equivalence to DAT, so that integer data can be retrieved

without conversion.

m index such that data is stored in region 1 only if more

namelist data is to be read (ME=l).

NV requires conversion from the corresponding SIN value. See notes for

RHOM.
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SUBROUTINE QOOLY
PRINT 900
WRITE(4$’300)
MRITE(QP900)
WRITE(99909) Output message and STOP

900 FOR!4AT( lK~?t)H********************t
+1X,20H* Nn LTSRAQY FCR */
+1XS20H* 1=0S=3 MATERIALS *t
+1X~20H********************)
STOP
ENO

RPPLY
RBoLy

RPOIY
RPOLY
RPoLy
PPOLY
RPCIY
RPOLY
RPOLY
RPoLy
RPOLY

2
3
4
5
b
7
8
9

10
11
12
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RPOLY

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

fit constants.
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SUBROUTINE RSESAHF
PARAMETEQ (~CL=500jML=21SNGC=19sPLGC=NGC*ML~~L@UOT=?O*~L s

+NUHV=lOs MQL=((~lJ~V+l )/3+l)*MCL+lCOONDW=20SNC~=8P
+MXDUMP=30jN@X=?*WYDUMP+2SMTAB=10 NTAB=MTAB*3742
+,NSH=4#NuDM=37?9,NSD=NSM*NuPM+132NflL2=loo)
LEVEL 2sDC
COF!MON/SESOAT/OC(NSD)
COtItIONtS?DTR/LCAYSNREGSLCFW (IILs1)
COMMONtIN17/DTO(ML)SxHU( ML)sYO(ML)~XL (HL)jxV(~L) tNV(~L)SVO(*L)S~O

+(f4L),To(rIL )sROU(NL)sJMIN (PIL2)s JMAX(HL2)SIBRN( HL)JPLAP(ML)sDRO( ~LJS
+MAT(ML)$UO(WL )sUT(flL) sDTCF(tlL) SOO(ML)STMLT( HL)sTMC(~L)
COVtIIONtKEOTtIX
DIHENSIONZB(3)
DATA LCNTllf
DATA LUl~LU2/2102?f Unit # for SES2L
IR=IX-1 Region # Is what it will be after RSTORE is called
IF(LCNTOGTC1) Gf’1TO 10
NREG=ML
LcHX=NSD 1Initialize
DO 5 I=lsNR=G
LCFUIIS1)=O

5 CONTINUE
10 CALL GFTINV( IQ~~AT(Ix)~lSoc~LcNT~Lu2S IFL,Z9) Store data

IF{IFLoLToO) Gn TO 90
IF(IF1oGToO) Gg TD 100
PRINT 20sV4T(TX)

20 FORMAT(* SFSA~F ~ATERXAL * S15S * NOT FOUNO *)
RETURN

90 PRINT 95s”~T(IY)
95 FORMAT(* NflT FNTJRH STORAGE SPACE TO LOAO SCSAYE HATFRIAL ●S

●
S 15)
RETURN

C ● ● MATER14L Ln~OE~
100 ROW(IX) =OC(LCFU(TQS1)+l) Get density from SESAME

ROW(l)=QOU(IX)
RETURN
END

RSESAME
PAP)M
PARAfl
PARAM
PARAM
RSESAt!E
RSESAMF
S2DIR
INIT
INIT
INIT
XEl)S
RSESAPIE
RSESAME
RSESAME
RSESAtlE
RSESAME
RSESAHE
RSFSAME
RSESAME
RSESAME
RSESAFE
RSESAME
RSESAME
RSESANE
PSESAME
RSESAME
RSESAHE
RSESAP!E
RSFSAME
RSESAME
RSESAME
RSESA~E
RSESAME
RSESAME
RSESAME
RSESAME

2
2
3
4
5
5
6
2
2
3
4
2

:!
12
13

::
16
17
18
19
2g
21
22
23
24
25
26
27
28
29
30
31
32
33
46



Reads data

Local Variables

RSESAME

from disk for SESAME materials.

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: ●
*D S~F

*B ~IN@l

*p~T~ SES~E
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● SUBROUTXNC JPNY~(NIIIAX)
PABAMETEQ (MCL=500StIL=21SNGC=19SHLGC=NGC*M1.J~LDUDT=20*ML s

+NuHv=lO~HQl =((NU~V+l )/3+l)*MCL+100sNDU=20sNCF=8S
+MXDuRP=30PNOY=2*MXDUHP+2s MTAS=lsNTAB=l!TA9*3742
+nNSrJ=4nNwPM=372Q8VSO=kSfl*NUPM+132#HL2=100 )
CONMON~CELLtP(~CL! ~UIMCL )sV(MCL)SXI(MCL)S

+P(flCL )JSX(MCL)SSZ(MCL )sEE(flCL)JT(MCL)SO(MCL )sXw(~CL)pIFLAG(*CL)
+~~(HCL)
LEVEL 2sU
CORMONtOVLINOF~NTSNPSNGSTENO#TP(ML)sTG(MLl~UIsUFSUIIsUFIsNAOf)sNMs
+IALPH~NOELTJLAPEL(8)~NDUPPsIDHPsNMlsTO(P!LIsTJK
CDNflON/MISC/TINCSICYCLSDTSNCLS IAsBUSBUISF2SF3SJS

JtlNMX
PbRAM
PARAM
P~RA?4
PARAM
PCELL
MCELL
MCELL
MCELL
PCELL
MCELL
MCELL

+MAT(ML)sUO(NL)s(JT(tlL)sDTCF(ML)POO(HL)STrnLT(ML)STiC(~L)
COHNONlNN~YfKMAx(ML2)~KMXN(ML2)sNHC
coMMoN/Es/IE(PL2)sNmE
OATA lSTlll~NNClll
IF(ISTONEO1)G~ rn 2
IST=2
IF(TIHE.NE.O..JNO.NP1.EO.l)GO To 2 Don’tSetKMIN,KMAX fora
DO 1 I=N~l~NH unlesstherearechanges
KHAX(I)=JMAX(I)
KHIN(I)=J*lN(!)

1 CONTINUE
NHE=NPl

? CONTINUF
JM=O
IF(NMA%.GT.K~Ax(N~))NMAX=KMAX(NM) 1

LEVEL 2sTI”E PCELL
CbMMON/INXT~DTOf~L)~XMU(HL )tYO(ML)tXL (PJl)JyV(MLIBNV( ~L)sVO(~L)S~O INIT
+(HL)sTO(~L}~ROU(ML)sJMIN(HL2)sJrtAX(IlL2)SIBQN(ML)sPLAP(~L)sORO(ML)SINIT

INIT
HN
ESW
JMNMX
JPNMx
JF!NMX

restart JPNMX
JVNNX
JRNMX
JMNMX
JMNM)(

JMNMX
JMNHX
JP!NPX
JPNRX

DO 10 l=NflC#N~
IF(JM.NF.0)Gn T9 10
IF(NRAXSGT.KH4x(I)) GO TO 10
JM=I

10 CONTINUF
IF(JM.EO.0) JM=NMC
IF(JMoNEoN@C) J~AXINMC)=KMAX(NPCl
NtlC=JM
JMAX(N~C}=NKAY
IF(NHAX OLTcJ~IN(NHC)) J?lAX(NMC )=JMIN(NtlC
RETURN
ENO

JPINMX
JHNUX
JMNPX

ResetJMAX’StocorrespondJMNMX
toNMAXactivecells JHNtlX

JMNMX
JMNHX
JPNMX
JMNMx

JMNMX
JNNMX
JFNPX

2
2
3
4
5
2
3
4
5
6
7
e
9
2
3
4

:
8

1:
11
12
13
14
15
16
17
le
IQ
20
21
22
23
24
25
26
27
28
29
30
31



JMNMx(w)

Sets indices to determine the minimum and

each material. Also sets indices for the last

and the last cell turned on.

Local Variables

NMAX = cell

1ST = index

I = do 100P

maximum cell numbers for

region with a cell turned on

# of the last cell turned on (subroutineargument).

that is 1 the 1st time through and 2 thereafter.

index = region #.

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

if necessary.

Notes

The first time through, KMIN

were determined in SETUP. If the

and KMAX are set to .JMINand JMAX which

problem has been restarted (TIME # O the

1st the through) and no changes have been made (NMl = 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 J’Ml&except for the last region that

is turned on. In that case,

and KMAX is the last cell in

JMAX is the last cell turned on in the region

the region.

Each time through,a test is made

JMAX for that region is set to NMAX.

of an artificial cell used for voids.

is set to JMIN. Also, the index NMC

active region) is reset accordingly.

and rezoning on the cell numbering.

to determine which region NMAX is in.

Sometimes NMAX will be the cell number

In that case, JMAX of the next region

(which is the region number of the last

See SHPT for the effects of spalling
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● SUBROUTINE ~FItI) HEI
PARAMETER(PCL=500~HL=21sNGC=19sFLGC=NGC*MLSMLDWOl=20*MLS PAQbfl
+NIJHV=lO~MOls((NU~V+l)/3+l)*MCL+100JNDW=20SNCF=8S PbRAP
+MXDUMP.30PNoK=2*~XDUHP+2~NTAB=l*tuTAB=MTAB*3742 PARAM
+sNsN=4~NuPu=3728PNSD=NSM*NUPM+132SML2=100) PARAM
coPMoN/EslrEf~L2)PNME ESP
COMMONIGASCIGC(NGC~MLl GC
COMMON/BUX18UASBUBSBUMAXS BUDV[ML) BUP

+,BuR~BIJD BUP
COMRON/INTT/DTO(~L)SXtW( ML)sYO(t!L)SXL(RL)JXV(@L) oNV(~L)SVO(~l.)SeO INIT

+(ML)~To(!4L)~ROW(ML) sJPlIN(flL2 )sJtlAX(t4L2) sIBRN(ML )sPLAP(ML)sDRO(ML )S INIT
+flAT(t4L)tUO(~L)SUT(llL )jDTCF(flL) sOO(ML)gTMLT( NL)sTMC(ML) INIT
CORNON/EnSN/IEOS(~L)SME( RL) EN
COPPION/CELl/R[~CL}SU(RCL lsV(tlCL)sXI(MCL)S MCELL

+P(NCL)j SX[~CL)sSZ(MCL )sEE(NCL)ST(tlCL) jO(MCL )pY~(~CL) sTFLAG(MCL) HCELL
+}W(MCL) MCELL
LEVEL”2sQ MCELL
COMflON/OVLINDF~NISNP~NGSTENDjTP( NL)sTGIML)sUTSUFSUIISUFIONADOS NHs MCELL

+IALPH~NDFLT~LAqELIB) /NDUNP~IDHPSNfllSTD(ML )sIJK
COR~ONl~ISC/TI”ESICYCLJDTSNCLS IAsBUs9UI~F2SF3SJS
LEVEL 2sTIME
DIMENSI!IN G(1)
EOUIVALENCF (GtGC)
IM=I-1
JMN=JMIN(I~)
JMX=J!IAX(IN)
GO TO (ls2~QQs991s XEOS(I}

1 CONTINUE HOMEOS
K=Itl*NGC
XM7=0.

a

DO 11 J=J~NsJPu
11 XHT=XMT+XN(J) Total mass

x,G(K+19)
EE(3*HL+I~) =(FXP(G(K+6)+X* (G(K+7)+X*(G(K+8)+X*(G(K+9 )+X*G(K+1O)

+) ))]-G(K+17))*XMT Referenceenergyforverylargevolumes
RETURN

2 CONTIN’JE BLDUP EOS
EB=O.
DO 10 J=JHNsJMX

10 EB=EB+Y~(J)/(TIJ}*T(J)-l. ) xFl”/(yz -1)
EE(3*ML+IH}=FR*9UOU(I)/2 ZFljD~/[2i,Y~- 1)]
RETURN

99 EE(ML*3+IY)900 No shift calculated
RETURN
END

MCELL
PCELL
RCELL
HEI
HEI
Hfs
HEI
HEI
HEI
HEI
HEI
HE I
HEI
HFI
HEI
HEI
HEI
HEI
HE I
HEI
HEI
HE I
HEI
tJFI
HEI
HEI
HEI

2
2
3
4
5
2
2
2
3
2
3
4
2
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
19
19
20
21

:;
24
25
26
27
28
29
30
31
32
33



HEI

Calculates the total interml energy of a region of solid HE relative to

the energy of its

Local Variables

EB = the sum

IM=I-1=

products at infinite expansion at T = O.

over cells in the region of Mj/(y2 - 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=

G =

x.

Notes

The

for each

index to locate the data for this region in G.

gas constants for a HOM gas.

gn P at which the reference energy is set to a constant (see GASLM).

= total “mass”

total internal

region that is

in a region.

energy at infinite expansion for HE products is calculated ●
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

For the HOM EOS the reference energy becomes a constant

for very large volumes. This value is used for the infinite

For Buildup EOS, the infinite expansion energy becomes

K=-
D2

2(y2 - 1) ‘

because the y-law energy term goes to zero at large volume.

in the system.

calculated in GASLIM

expansion energy.

Since y is not the

same for all cells, the sum of the energy in each cell is calculated.
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SUBROUTINE GASL~tI)
PARAMETER (~Cl=500SML=21~NGC=19SMLGC=NGC*ML0MLDW~T=?O*MLS

+NUMV=lOsHOi =((NUMV+l )/3+ll*MCL+100JNDU=20tNCF=8s
+MXDUMP=3OSNDX=2*~XOUHP+2PtlTAB=lJNTAB=lIlTAB*3742
+,NsM=4sNWPM=3728sNSO=NSM*NWPfl+132sf4L2=100 )
COMMON/GASCIGC(NGCDRL)
EOUIVALFNCF (GCSG)
DIMENSION G(MLGC)
K=(I-l)*NGC 7
IF(G(K+15)oE0.o.}GOTO 15

J

General case for -1/I?
Tu9G(K+14)/(4*G(K+15))
G(K+lB)=-TU+SQILT(TU*TU-G(K+13) /(6*G(K+15)))
GO TO 14

15 CONTINUE
IF(G(K+14)oEOOOO)G0TO 14
G(K+18) =G(K+13}I (3*G(K+14) ) Special case for U = O

14 CONTINUE
IF(G(K+lO) .EOOOO)GO TC 10
P=o.75*G(K+9)/G(K+lo]
0=0.5*G(K+8) IG(K+1O)
R=o.25*G(K+7}/G(K+lo)
A=(3*Q-P*P)/3 1 General case for En I
B=(2*P*P*P-Q*P*O+27*l?)/27
SBA=SQQT(B*Bf4+A*A*Af27]
0T=le/3,
OT.-B~2
BTMS=BT-SBA
BTpS=BT+SR$ I
G(K+19)wSTGN (1.JBTPS)*ABS (BTPS)**OT+SIGN(l. SRT*S )*ARSI

+-P!3
RETURN

●
10 CONTIN~JE

IF(G(K+9).C0.0. )CO TO 9 Special case for O= O
G(K+19) =(-?*G(K+9) +SQRT(6*G(K+8 )**2-12*G(K+9)*G(K+7))
RETURN

9 CONTINIJE
IF(G(K+8)oF0.0. )G~ TO 8
GlK+19) =G(K+7}t(2*G(K+8} ) Special case for O= N= O

0 CONTINIJE
RETURN
ENO

RTMs)**~T

GASLM
PAflAB
PARAM
OARAM
PARAM
GC
GASLP
GASLM
GASLM
GASLP
GASLM
GASLR
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLM
GASLH
GASLM
GbSLM
GASLM
GASLH
GASLM
GASLt4
GASLM
GASLM
GASl~
GASLM
GASLR
GASLN
GASLM

/(6*G(K+9)) GASLM
GbSLf4
GASLP
GASLM
GASLM
GASLM
GbSLM
GASLM

2
2
3
4
5
2
5
b
7
8

1:
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
26

%
31
32
33
34
35
36
37
38
39



Finds limits

are reasonable.

Local Variables

GASLM(I)

for the region in which two of the analytic fits in GAS

G= equivalence 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.

r

2
SBA =

A3
*+fi.

OT = 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 HIIdecomposes 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 Vo.

The fits that cause problems are

1.—=
B

R+

and

For a typical choice of

and a relative maximum.

becomes very large. In

120

2S(!?mV) + 3T(ln V)2 +AU(Jk V)3 (1)

L(9m Pi) +M(ln Pi)2+N(!%n Pi)3+O(ln Pi)4 . (2)

constants, the fit to - ~ has a relative minimum

For large V,

the Grtineisen

the cubic term dominates and - 1
B

EOS,



P =&( I- Ii)+Pi , (3)

a large - A
B
gives large vlaues of IPI in a region where it should be small.

We have artificially chosen V at the second extremum (denotedV2) to be the

largest value of V at which the fit in Eq. (1) will be used. For larger V,

the value of - ~ at V2 is used.
B

The extrema can be found at the zeros of $(- ~), i.e., solve the

equation

-&(R+2S(kn V) +3T(Rn V)2+4U(kn V)3) =0

to find the values of !tnV at the extrema. Eq. (4) simplifies to

~+&
6U

!tnV+(J?nV)2=0 ,

which has the solutions

We will use the greater of the two which is

!tnV2=--&+’ J-.

(4)

(5)

(6)

(7)

For a typical choice of constants, the fit to h Ii has one extremum,

which is found by solving

d
d(ln P)

[K + L(Rn P) + M(!l.nP)2 + N(ln P)3 + O(kn P)4] = O (8)

L+ 2M(!LnP) + 3N(!LnP)2 + 40(!LnP)3 = O . (9)
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In the CRC Standard Math Tables we see that the general cubic equation,

y3+Py2+Qy+R= O, may be put in the form

X3+AX+B=0 , (lo)

where

x= y+$ ,

A =+ (3Q - P2) ,

(11)

(12)

and

B =* (2P3 - 9PQ+ 27R) . (13)

The real solution for the case where there is one real root is given

by

(14) ●
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FUNCTION ●lfiS”(fJQSI)
PARAMETEQ (~CL=500sML=21sNGC=19sMLGC=NGC*ML~YLDUDT=20*ML P

+N~fiv=lo,~QL=((NU~V+l )/3+l)*RcL+loo,NoW=209NcF=R9
+HXDUHPa30,NIIX.2*qXOUMP+2SNTA8=lSNTAB=MTAB*3742
+BNSMm6~NWQU=3729~NSC=hSH*NWPP+132nML2=100 )
coflMoN/BIJx/9uA$9u9#auEAx9BuDv(HL )

*sBURsBUD
DATA IL/O/
IF(BUDOLE.00)Gn TO 2
IF(I.EfloIL~GO TO 1
IL.I
xxmguB/(91JPAx-n(JA) 1
B.XX-BLJD

I

Setup smoothing
X=(3*B!IP+50RT{9*91JB*BUB-8*(BUMAX-BUAI ●BuB*9))/ function

+(4*(BU’4A~-aUA))

1

2

A=91Jg/(2*(x-n)*x*x)
CONTIN’JE

J
IF(OR.LT.B.nQ.!)R.GT.X IGO TO 2
BLDSM=911~AX-A*(09-B)**2 Evaluate smoothing function
RETURN
CONTIN’JF
BLDSM=~UA+91JP/@R
IF(BLOS”.GTO RU~AX)BLDSM=BLJMAX 1 Usual functional form of Y

RETUPN
END

BLOSM 2
PA flA14 2
PA RAM 3
PARAH 4
PA PAM 5
BUP 2
BUP 3
BLDSF! 5
BLDSM 6
BLCStl 7
BLCSM B
BLDSM
BLDSH 1:
BLDSII 11
PLOSM 12
RLCSR 13
BLOSM 14
BL@SM 15
BLI!.SM 16
eLl?sM 17
BLDSM le
RL@SM 19
BLDSM 20
BLDSH 21
BLDSM 22
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from

BLDSM

Calculates the y for each cell using the

~ax to the y =constant y A + B/R form iS

buildup model. The transition

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 in notes.

#.

xx= X. in notes.

Notes

The y used in the buildup model is a function of the form

Y = Min (A-t-B/R, ymax) .

This function has a discontinuous first derivative at

X. =
B

Y -A “max

(1)

(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) It intersects the liney =ym= at R= XO - BUD = b with zero slope; that

Is,

f(R) =yma- a(R-b)2 (3)

is a function with the desired property. (2)It intersects y = A+ B/R at some ●
point X, such that
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I

Y
2

a(X - b) =A+ B/X .
max -

(4)

(3) At this point X, the derivatives of the two curves are equal; that is

-2a(X-b) =-3 .
X2

(5)

Combining Eqs. (4) and (5), we get

d3B+ 9B2 - 8(y - A)bB
x=

4(y -mn
max

and

B
a = .

2X2(X - b)

(6)

(7)

Equation (3) is then used to calculate y from b to X.
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SUBROUTINE DPNT
PARAHETEQI (~CL=500SML=21SNGC=19~MLGC=NGC*ML#MLDUOT=20*HLS

+NuHv=lo,YQL. ((NU~v+l )/3+l)*tlCL+100sNDU=20PNCF=RS
+HXDUflP.30pNDK=2*~XDUMP+2~MTAB=l~NTAB=YTAB*3742
+sNSP!=49NUP~=3722sNSD=NSM*NUPfl+132#ML2=100)
COMIION~INIT/DTO(UL )sXPU(ML)$YO(HL)SXL(HL)SXV(AL )~NV{ML)sVO(WL)tpO

+(flL)sTfl(ML}tROW(ML )#Jt41N (llL2)sJMAX(ML2)~IBI?N(ML) sPLA~(ML)sOROt~L)S
‘+flAT(IIL)~UO(ML) SUT(tlL lsDTCF(ML)sQO(ML)STRLT( ML)sTMC(WL)

COHHONtEOSN/IEOSIML)#ME[ ML)
coMMoNlvoIP/INTY(~L210Jv (ML2)#Iv(flL2)0NNv
COtIHON\CELL/R(~CL)SU(HCL )sV(NCL)SXIIACL)S

+P(IICL )SSX(NCL)SS2( tlCL)SEE(t4CLl ST(MCL)s0 (?4CL)SX4(HCL) pTFLAG (mCL)
+~M(fICL)
LEVEL 2sQ
COIlfION/flVL/NDF~NISNPSNGSTENO~ TP(RL)sTG(ML)sUI *UFSUII sUCSSNAOOSWS

+IALPHJNOELTsL AREL(@) sNDUMP$ IOMP$NMlsTD(flL)s IJK
COMMONf~ISC/TY~EsICYCLsOTSNCLs IAsBUSBUISF2~F3SJS
LEVEL ?sTI~E

4

6

5

20

95

COHllONIUCJC/UCJJJJSNtlAXSRCJSOCJ
COM110NiMNMxtkMAxt*L2 )SKMIN(ML2 )sNMC
collfloN/EsfIF(ML2)0NrlE
URITE(9941 TAPE8 = XOUT
FORt4AT(lHl)
MRSTE(9~6)L49EL Problem label
FORMAT(1XSRL1O)
WRITE (q,5)TIHF~DTs ICYCL Time (us), At, cycle #
FORllAT(//lXs5UTI~F=1lPEl6.5S lXs4HDT= slPE12.5s lxs7HCYCLF= sYIO~/)
PRINT 5sTI~EsOTsICYCL PRINT+ OUTPUT
CALL” ESUrn Calculate energy sums
00 20 I=lsNYF
uRITE(9s96)IpEF (I)sEE(I+ML) sEE(I+2*HL) 1 Total, kinetic, and internal
PRINT 9691sEE[ I)pEE(I+ML)sEE( 1+NL*2) energy for each region
CONTINIJE z
WRITE (q)95)FF(ML)s EE(2*NL )~EE(3*ML) 1 Total, kinetic, and internal
PRINT 95s EE(~L)sEE {2*tlL)sEE(3*ML) energy for the problem
FORMAT(1YS1414 TflTAl ENEPGY=s1PE12.5s23H TOTAL TN7EQNAL ENFRGY=s

+IPE12.5s22H TnTAL KINETIC ENERGY=~lPE1205)
96 FORMAT(lYslOH MATERIAL s12s8H ENERGY=~lPE12e5~

+17H INTERNAL ENERGy=~lPE12.5s16H KINETIC ENFQGV=s1°E12.5)
URITE(9997) Cell quantity labels

97 FORflAT(l~OS2XS10~J IEOS UATS+XD1HHS1OXS1HRD1OXS1W,1OXS1WJS1OX
+21HIs10XjlHT~10!(slHP>10X/lHOs9XS2HSXs9XJ2HSZp10XslW/)
IF(Bu.Eo.o.)GP TO lC
UBITE(9980)R (1)$U(1) Piston radius and velocity

80 FORMAT[3XSIOH1 DISTON s10XJ2(lPE10.3s12X))
URITE(fis81)Region separator

81 FOPtIlAT(lXS131(lH-))
10 CONTINIJE

NIIP=NIIC
lF(ICYCL.EO.O)NMO=NM Print all cells forcycle O
DO 11 T=1sN14P Print all active cells
JflN=JMIN(I)
JMX=JMAX(I)
SF{ ICYCt.FO.O)J~X=KMAXIS )
II=IE(I)
00 12 J=J~NpJMX
URITE(8j 8Z)J~TFq’5( lI)SHAT( IIIsXM(J) sR(J)~VIJ)SUtJ) sXT(J)JTfJ)

+jP(J]s9(J) jSX(J)SSZ(J )sN(JI Print cell quantities
82 FORMAT(lXS213s 15~ll(lPE1003S 1X1)
12 CONTINUE

PR NT
PARAM
PARAN
PARAM
P#DAM
INIT
INIT
INIT
EN
Vo
RCELL
P!CELL
MCELL
MCELL
HCELL
uCELL
MCELL
MCFLL
Uc
MN
ESP
PRNT
PRNT
PRNT
PPNT
PRNT
PRNT
PPNT
PUNT
PRNT
PRNT
PRNT
PPNT
PRNT
PPNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PUNT
PRNT
PRNT
PFNT
PRNT
PRNT
PRNT
OPNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PRNT
PUNT
PRNT
PRNT

2
2
3
4
5
2
3
4
2
2
2
3
4
5
t
7
8
9
2
2
2
11
12
13
14
15
lt
17
10
19
20
21 ●
22
23
24
25
26
27
2P
29
30
31
32
33
34
35

:;
3e
39
4C
41
42
43
44
45
46
47
48
49
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J?lP= JMY+l DPNT

IF(II.FO. IF(141))G0 To 13 PRNT
uRITE(8s81) Region separator PRNT

IF(IV(I) .NE.-l)WQITE (8984} Jt!PSR(JMP)SU(JMP) Radius and velocityat the PRNT
GO TO 14 outside of a void ini-

13 CONTINIJE

PRNT
tially in the problem PRNT

wRITE(q,83) Interface due to spalling PRNT
83 FORHAT( 1XS131(1HO)) PRNT

IF(Iv(T ).NF.-I)u9lTE(8s85)JNP~R tJMP)JUIJtIP) Radius and VelocltY at the PRNT
14 CONTIN’JF !~:71%90f’vo’ddueto ;;;;
84 FORMAT(lXs13s5H vOID~2XS2(12XSlPE10.3)/lXS131 ( H-))
85 FORMAT(lXsT305H VOIO~2XS2(12XSlPE10.31/lX}131(lH* ))
11 CONTINIJE

P@NT
PRNT

IF(N!IAWOLTONCL-l)GO TO 15 PRNT
uPITE(9s841NCLJ@(NCL )SU (NCL) Innermost radius and velocity” PRNT

86 FOR1’lAT(lXsf3#7W INSIOESlZXS2(lPE10.3~ 12X) ) PRNT
NCLPWN?L+l PRNT
IF(BUI.NF.n. )Uo17E(8,87) NCLpSR(NCLP)~U(NCLO) Inside piston PRNT

87 FORllAT(lXS131flH-)/lXSX3s7H PISTONS12XS2(10C1003p12X ))
15 CONTINIJc

Pf?NT
PRNT

uRITE(895)TTME$oT# IcYcL PRNT
900 FOPMAT(1XST3911E11.4)

RETURN
PPNT
PRktT

ENO PRNT

50
51
52
53
54
55
56
57
5@
59
60
El
62
63
64
t5
bi!
67
68
69
70
71
72
73
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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

II = IE(I)

J = cell #.

#.

= original region #.

JMN,JMX= JMIN(I),JMAX(I) = minimum and maximum active cell # in a region;

for cycle #O, JMX is the maximum cell # in a

region.

JMP= JMx+l = cell # of inside radius of a region.

NCLP = NCL+l = cell # of the inside piston radius.

NMP = NMC for any cycle # except O; NMP = NM for cycle #O so that all

cells are printed with their

Notes

The cell quantity lines are longer

initial conditions.

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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● SU9ROUTINC FSUM
PARAMETER (’4CL=500SML~21SNGC=19~MLGC=NGC*MLS M1.DU0T=20*”Ls

+NUF!V=lOs ~OL=((NU~V+l )/3+l)*MCL+100SNOU~20sNCF=qp
+MXDbtlP=30SNDY.?*MXDUMP+2sNTAB=lgNTAB=MTAB*3742
+sNSM=4SNUP~=37’2?jNSO=NSM*NWPfl+132SttL2 ●100)
COMPONtCELl tp(wCl)SU(MCL )sV(HCL)SXI(NCL)S

+P(MCL]s SX(~CL)JSZ( flCL)SEE(MCL) ~TIMCL) sQ(MCL)O X4(YCL)0TFLAG (MCL)
+sW(MCL)
LEVEL 2sQ
COflWONIOVL/NDFSNIpNPONGSTENOS TP(HL)sTG(ML)sUI SUFSUII ,UFISNADOSNWS

+IALPH~NDELTsLABFL(8) sNOUMPsIOMP~NMlsTO(NL)s TJK
COMMONIHI$C/TIMESTCYCLsDTsNCL~ IAsBUSBUISF2SF3SJS
LEVEL 2sTIME
COMMON~IN17/DTo(ML)sxRUIML )sYO(ML)sXL (ML)sXV(HL)~NV( ML)pVO(qL)SpO

+(ML)sTO(~L)sROU(flL)O JflIN(tlL2)~ JHAX(P!L2)jIBQN(~L) sOLAP(~L)~CRO(~L)S
+MAT(ML)JUO(~L )#llT(ML )sOTCF(ML) sOO(ML)STMLT( ML)sTMC[~L)
COFMONIES/7E (*L2)JNME
COMHON/MN~Y/K’4Ax(’4L2)0KMIN(ML2 )~NrIC
COMt10NtOW9QK/~UsOWI
DATA P1f3.1415Q265351
H3.ML*3
GF=PI*IA*2
IF(14.F9.O)GF=l. 1Geometry-dependent factor

00 10 I=lP~3
10 EE(II=O.

DO 20 I=lsN~
JMN=JHIN(I)
JPIX=KRLX(T)
IT.IE(l) Original region #; sums are over original regions
11.IT+ML
IK=II+YL

●
DO 21 J=J~NsJMx
EE(II)=X~(J )*XI(J)+EE(II ) Sum of term proportional to internal energy

21 EE(XKI=XN(J)*(U(J)+U(J+l ))**2+EE(IK) Surnof term proportional to
20 CONTINUE kinetic energy

IJ=IE(NM)

DO 23 T=l~IJ
Il=I+~L

23 EE(XI)=EE( TT)+FE(II+2*PL) Add energy shift for HE’sfrom HEI(q.v. )
ITwML=?*~L
ITHf’lL=3*$iL
DO 22 I=l~TJ
IML=I+’4L
ITPL=I’4L+ML
EE(IML)=FF(IML)*GF Scale internal energy to proper value
EE(ITML)=FF(IT~L)*GF/8 Scale kinetic energy to proper value
EE(I)=EE (l~L)+EE(ITML) Total energy for the region
EE(ML)=FE (”L)+FE(T) Total energy for the problem
EE(ITUYL )=CC(17WML)+EE(INL 1 Total internal energy for the problem
EE(ITHYL )=cE(ITH~L)+EE( ITML) Total kinetic energy for the problem

22 CONTINUE
XFML=4*ML
EE(IFML+l)=GF*OW
EE(IFML+2)=GF*PUI 1Scale piston work

ESUM
PbPAM
PARAM
PARAM
PAPAM
MCELL
HCELL
MCELL
PCELL
MCELL
UCELL
MCELL
MCELL
INIT
INIT
INIT
ESP
UN
PW@PK
ESL!M
ESUP
ESUM
ESUM
ES(JH
ESUM
‘FSuw
ESUf!
ESUP
ESUP
ESU~
ESUM
ESUP
ESUM
FSUM
ESUM
ESUM
ESUP
ESUM
ESU~
ES(JH
ESUN
ESUH
ESUP
ESUP
ESUM
ESUH
ESUM
ESUP
ESU?I
Esur
ESUM
ESUM
ESUM
FSL)M

EE(ML)=F~(”L)+FE~~FML+l)+EE( IFML+2) Add work done by the pistons to the ESUM
RETURN total energy of the problem ESUM
END ESUM

2
2
3
4
5
2
3
4
5
b
7
8
9
2
3
4
2
2
2
9

lC
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
2e
29
30
31
32
33
34
35
3’4
37
3e
39
4C
41
42
43
44
45
46
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ESUM

Calculates kinetic, internal, and total energies for each region and for ●
the whole problem.

Local Variables

GF = geometry factor = 1,21T,41Tfor a = 1,2,3.

I = do loop index (usually region #).

IFML = 4*ML.

II = original

IJ = original

IK = original

~ = same as

IT = original

region # + ML = index for internal energy.

# of regions.

region

II.

region

ITML = same as IK.

ITWML = 2*~ = ind~

ITHML = 3*ML = index

J = cell #.

# + 2*ML = index for kinetic energy.

#.

for total internal energy.

for total kinetic energy.

JMN,JMX = Minimum and maximum active cell #’s.

M3 = 3*ML0

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*ML+lto3*ML-1 kinetic energy for region 1 to ML-1

3WL total kinetic energy for the problem
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3*~+1 to

4*~+1

4*~+2

ML is set in a

materials plus

4*~.1 shift of the energy zero for HE’s so that at infinite

expansion of the products, the energy will be zero

work done on the outside piston

work done on the inside piston

parameter statement and is usually 21, the number of allowed

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

mass of the cell. For a = 1 it is the mass per unit area so

is the energy per unit area in cell J. For a = 2, XM is the

length per unit angle. So, 2~*XM(J)*XI(J) is the energy per

is not the actual

that XM(J)*XI(J)

mass per unit

unit length. For

a = 3, XM is the mass per unit solid angle. So, 4?T*XM(J)*XI(J)is the energy

a in cell J.

The kinetic energy is calculated from % mv2. For mass in grams and

12velocity in cm/ps, the unit of kinetic energy is 10 erg = Mbar-cm3, which

agrees with the unit for internal energy. There is also a geometry factor of

1,2T, and 4T of a = 1,2,3, respectively. Also, as above, the energy is per

unit area for u = 1 and per unit length for a = 2. A cell-centeredvelocity

is 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. ‘ForHE’s, the interml 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,

work done on pistons is also included so that the total energy should be

constant to a good approximation.

the
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SUBROUTINE MDUM~
PARAHETEQ (~CL=500SHL=21SNGC=19sRLGC=NGC*MLJ~L~UnT=20*HLs

+NUMV=19C~OL= ((NU~V+l )/3+ll*MCL+100~NOU=20~NCF=~S
+qxDuFIP-30PNDX=2*YXDUMP+2JHTAB=lgNTAB=NTAB*3762
+DNSM=4PNUO~=3728pVSD=NSM*NUPM+132,HL2=100]
COMMONICELL/Q(~CL~sU(NcL lsV(MCL)SxI(MCL)S

+P(MCL)sSX(~CL )pSZIPICL )sEE(NCL )sT(HCL)~Q(NCL )cXW(NCL) ~TFLAG(NCL)
+jW(flCL)
LEVEL 2sR
COflNON/OVLtNoFsNIsNpsNGs~ENDsTp (HL)sTG(HL)sUTsUFslJIIsUFIs~An~s~~s

+IALPH$NDELTSLA?EL( 81SNOUMPS IDflPsNMlsTD(HL)oIJK
COPIMONIHISC/TI~ESICYCL#OTSNCLS IAsBUSBUISF2SF3SJS
LEVEL 2s71ME
COPPONIINITIOTOfHL )sxMU( HL}tYO(ML )~XL(ML)SxV(~L)~NV( ‘L)~VO(ML)~PO

+(ML),TO(!lL)$ROU(ML )~JPIIN (ML2)sJMAX(ML2)$1BQN(ML )tPL40(~L )sDQO(YL)S
+flAT(PiL) sUO(ML)SUT(ML) ~GTCF(ML)sOO(ML )STMLT(HL) ~TMC(~L)
COtIHONfUSUPC/Cl(ML)SSl(ML )#C2(ML 13S2[ML )sSuV(NLlsVNN( ~L)s

+G4MMA(YL)$ALP(ML)
COMMON/BRNntZ(~L)tE(ML)SVCJ (HL)sCtiDT(NDMSML)SPCJ (~L) sOM(ML)SND(4L)

+ptlSFF

iOMMONtV010tINTX(Ai2 )0JV (HL2)s1v(ML2)sNNv
coiMoN/MN~x/KMAx(ML2)0KnIN (nL2)sNNc
COMMON/BRN~/A(ML)SBG(NL)S BA(ML)IVBOI
COMMON/EOSNtIFPS(~L)SME(HL )
coNHoN/NsPIT/uns91T(ML2)
COllM”ON/SpC/SP(ML)DUSP(rlL )

+$xISP(?L)
COMMON/P~l~r/CF(NCFSML)S PS(NL)
COHflONtGAS/FIf1003)SDI(l’lQL )
LEVEL 2~FI
COflHON~LEvln~DN~
LEVEL 2sOMPN0
COMMON~RUx?9LlJs91.19~BUMAXsBUDV( ML)

+OBURPBUD

2

ML)sVBSU

COHf40N/pLC/Qr(~L)sRP(PL)sRLV(ML )~PHlsDVlSOV2
DIHENSION ~INCX(N9X )jINDX(NDX)
EOUIVALENCF (YINOx(l)SINDX (l))
DATA ISTtll
IF(IST.NE.l)Gn Tn 2 Initialize
1s1=2
I-l
J=O
Ll=LOCF(~V?)-LnCF(NDF)+l SCM length
L2=LOCF (JS)-LPCF(Q(lI)+l LCM length
L12=L1+L? Total length per dump
LEN= (L12+2)*MXnU~Pt2 Total length of file to allow MXDUMP restart dumps
INDX(l)=L1?
INDX(2)=0
CALL 04SSIGN(1S 5HOUMPOSOSO)
CALL FA~SY7[lSLEN) 1Setup DUMPO file

CALL FA~UATT(lSl)
CONTINUE
J.J+l

INDX(2)9J 1The index has the form:
1.1+2 L12, last dump #, cyclel, timel, ““”, cycleMxDuMpS
INDX(II=ICYCL
XINOX(I+l)=TINE

‘imeMXDUMP

WDUMP
oA9AP
PARAM
PARAH
PARA4
#lcELL
PcELL
MCELL
MCELL
NCELL
NCELL
f4CELL
MCELL
INIT
lNIT
INIT
us
us
BRC
BRI!
GC
FG
Uc
Vo
MN
E!UN
EN
NSP
SPLC
SPLC
PLC
GS
GS
GS
GS
BU P
BUP

RLC
UOUMP
Uot!mp
UDUMP
wr!uPP
UDUNP
MoeMP
UDUPP
bJouMP
UDUMP
WDUMP
UDUMP
UDUMP
WDUMP
uol/HP
blounP
WDUMP
UDLJMP
WDUMP
UDl!NP
MDUMP
UDUHP
WOUMP

2
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
3
2
3
2
2
2
2
2
2
2
2
2
3
2
2
3 ●
4
5
2
3
2

21
22
23
24
25
26
27
2F’

::
31
32

::
35
36
37
3e’
39
40
41
42
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● CALL u91s Kflt I’INcx~Nox80) Write the index
IF(UNIT (l)) 10pl OJIO

10 CONTINUE
N1.NDX+L12*(J-1) 1 Find the locations for the SCM and LCM dumps
N2.N1+L1
CALL ti~IS~(lpN9FsLlsNlt Write the SCM dump
IF(uNIT[l)~ll~llsll

11 CONTINIJE
CALL l101SKflt@912sN2) Write the LCM dump
IF (UNIT(1))12P12912

12 CONTINUE
PRINT 100sJoICYCLSTIME

100 FORflAT(l%#~HDUMPs 14s9H AT CYCLES I10S6HSTItIE=~E12. 5)
IF(J.LT.~Xn’~MV)QETURN
PRINT 101
URITE(Q~lOl) 1If this is the last allowed dump, STOP

101 FORflAT(14~ LAST OUMP: STOP)
STOP
END

UDUMP
UOUMP
UOUPP
blol’1’!P
WCUMP
WDUMP
UOURP
UDURP
u@uPP
UDUMP
UDUHP
MO(JUP
UDUMP
WDUMD
WDUPP
WCUMP
WDUMP
w@uNP
liDUMP

43
44
45
46
47
4@
49
50
51
52
53
56
55
56
57
58
59
to
61
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W-DUMP

Writes a restart dump (all of the necessary data to restart the problem

at agivencycle) . (Inactiveregions 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

J = dump #.

in

L1 = # of words

L2 = # of words

L12 = L1 +L2.

the index where the cycle # at this dump is stored = 2*J.

in SCM to be dumped.

in LCM to be dumped.

LEN = total length of the dump file required to make MXDUMP dumps.

N1 = 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

the first variable in the first

last common block to be dumped.

for a given variable) to get the location of

common block and the last variable in the

The index is written in the following order

beginning with word O of the dump file: L12, last dump #, 1st cycle #, 1st time,

2nd cycle #, 2nd time, ●==, last cycle #, last time. If the last allowed dump

(MXDUMP is usually 30) is made, the problem is stopped.

134



SUBROUTINE QDU~P(I)
PARANETEQ (~CL=509sML=Zl#NGC=19SMLGC=NGC*MLSMLOW0T=20*~L s

+NuMv=19sMQL= ((NlJ~V+l )/3+l)*MCL+100SNDU=20SNC~=R s
+HXDUMP=30sNOX=2*MXOUMP+2S HTAB=lsNTAB=IlTAB*3742
+PNSM=4~NWPw=3728PUSO=NSH*NUPB+132PML2=100)
COMMON?CELL/Q[”CL)tUIIICL )sV(HCL)SXI(MCL)S

+P(14CL )sSY(~CL)sSZ(MCL )sEE(NCL)~T(flCL)sO(hCL )oX~(fIICl )SIFLAC(*CL)
+sM(MCL)
LEVEL 2sR
CONtlON/fJVL/NDFSNISNPSNGS TENO~TP(ML )~TG(ML)slJl#lJgs~JTIslJFTsNAnOsN~~

+IALPH8NDFLTSLAREL (@)SNOUf4PS IOtlPsNMlsTO(tlL)SIJi(
COMflONIMISC~TI~FSICYCLsOTSNCLS IAsBUSBUISF2SF3SJS
LEVEL 2sTIMF
CONIIION/INTT/PTO(~L)iXHU{ FL )sYO(ML) ~XL(rlL)SXV(WL )SNV(HL )sVO(qL)OPO

+(ML)sTO(~L)SROU[~L )sJtlIN( ML2)sJMAX(ML2 )sIBQN(ML)pBL4P(~L) ~DRO(~LIS
+flAT(ML)sUO(~L) ~l!T(HL IsDTCF(ML) SOO(HL)STPLT(ML )sTPICt~L)
COMMON/USUDC/Cl(HL)SSl(ML )sC2(ML )SS2(NL )SSWV(ML)SVMN(ML )S

+GAHNA(flL )~ALP(ML)
COHMONt9RNO~Z(ML)~ E(flL)SVCJ (ML)sONDT(NOUJML)SDCJ (HL) s~q(ML)sNO(YL)

+$MSFF
C13HtJONlGASClGCfNGC~tILl
COflMON/FGMIJC/FS(ML)sGS( ML)sHS(MLI SSI(flL)SSJ(~L) ,CV(ML)
COMHONtUCJCIUCJsJJsNMAX,RCJ,OCJ
coRNoNlvnIn/INTx(ML21#Jv (rlL2)#Iv (flL2)0NNv
comHoN/vN~ytKvAx(nL2)#KHIN( uL2)8Nnc
COPMONIB@NStAI ML)sBR(ML)S BA(ML},vBo(ML),vBsW{ML)
COMPON/EflSNlTFOS(ML)S?4E( ML)
cof4moNfNsDLT/Nr)s*LT(!lL2)
COMf40N/SpC/SD(~L)~USP(HL)

+sXISP(qL)

●
COMMDN/PgLYC/CF(NCFsML)SPS (ML)
corlMoN/GAstFrrloo3)#oI(HQL)
LEVEL 2sFI
CON40NlLEV/!)~DN~
LEVEL 2sO~PNP
COMMONt9~JX19US~qUn)dUHAXsBUDV( ML)

+$BUQ$RU12
COMtlON/RLC/RCl’4L)SRP(PlL) sRLV(flL )SPHl~DVlSOV2
DIMENSIf3N L(2)
CALL 04SSIGN (295WJUMPISO$O) Restart dump read from file OUMPI
CALL ROISK(2SL,2so) Read the first two words of the index
IF[UNIT(2) )1O$1O,1O

10 CONTINJE
IF(L(2).LT.I)GO Tn 991 Are there I dumps
Ll=LoCF (Dv7)-LoCF(NDF]+l SCM length
L2=LOCF(JS)-LnCF(R (l))+l LCM length
L12=L1+L2 Total length
N1=NOX+L12*(T-1) SCM address
N2_Nl+Ll LCM address
IF(L12.NE.L(l)}Gfl TO 992 If L12# L(l), then dimensions don’t match
CALL ROISK(2SN5cPLlSNl) Read SCM variables
IF(uNIT(2) )ll#l1911

11 CONTIt4JE
CALL R91SK(?sRSL2JN2) Read LCM variables
IF(UNIT[ 2))12912912

12 CONTINUF
RETURN

991 CONTINUE
PRINT 101sT

101 FORMAT(5H 0UPPs15p21H 00ES NOT EXIST: STOP)

RDUMP
PAR&tl

P#PA14

PARAM
PbPA?
MCELL
UCELL
MCELL
MCELL
f4CELL
14CELL
IIICELL
UtELL
INIT
INIT
INIT
us
us
RPC
BPI!
GC

;:
VD
MN
RRN
EN
NSP
SPLC
SPLC
PLC
GS
GS
GS
GS
B~P

@uP
RLC
RDUMP
muMP
ROUPP
RDUHP
ROUMP
RDLfPP
RDUMP
uoutlP
R@UMP
ROU!IP
RDUII!P
RDUMP
RpuMo
ROUMP
RDUMP
RDUf4P
RDUt4P
RDUMP
R@UPP
ROUMP
ROuMP
RDUMP

:
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
3
2
3
2
2
2
2
2
2
2
2
2
3
2
2
3
4
5
2
3
2

$:
23
24
25
26
27
2e
29
30
31
32
33
34
35
36
37
3R
39
40
41
42
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blRITE(9slol)I
GO TO 9Q9

992 CONTINIIE
PRINT 102 In this case check for d~,fferences i.nthe parameter statement
WRITE(Q~102) or for any changes in any comnon block

102 FORHAT(339 0U’4° LFNGTH DOES NOT MATCH: S100}
999 CONTINUE

STOP
ENO

RDUNP
RDUFP
RDIJMP
RDUHP
RDUMP
RDUf4P
ROUMP
ROUHP
RDUMP

43
44
45
46
47
48
49
50
51
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RDUMP

Reads the restart dump and stores all of the data in the appropriate

locations.

Local Variables

L= array containing the 1st 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

Nl= first word address for the

N2 = first word address for the

Notes

a valid restart.

SCM part of the dump to be read.

LCM part of the dump to be read.

If L12 # L(l), then the number of words in

variables into which the data is to be stored.

changed incorrectly between the two runs or one

the dump does not match the

Then either the code has been

of the

PARAMETER statement has been changed. In either case,

properly and is terminated.

array sizes in the

the code would not run
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c
c
c
c
c

c

SUBROUTINE IIUTGAS
PARAPETFQ (MC1.=500sML=21SNGC=19S FLGC=NGC*MLSM1OUOT=2O*M1S

+NUMV=lO#WOL= ((NU~V+l )/3+l)*MCL+100sNDbl=20sNCF=Rs
+PIXDUMP=30gVqY=2*MXCUnP+2SMTAB=l~NTA0=MTAB*3742
+~NSM=4pVUDY=372nPNSD=NSH*NMPM+132#ML2=100)
COtIMON/CELL/w(MCL)SU(HCL )sV(MCL)SXI(PCL)S

+P(MCL)s SX(~CL))$Z(MCL )sEE(MCLlsT(MCL) sQ[flCL )sX~(MCL) SIFLAG(MCLl
+,M(HCL)
LEVEL 2sQ
COlll’!ON/CtVLINDFSNISNPSNGSTENOS TP(ML)sTG(P!L )sUTS~JFSUIISUFItNAODSN~P

+IALPH)NOELTSLA6FL( 8)JNDUMPS :OMPtNMIOTO(ML)P IJI(
COflMON/MISC/TIHESTCYCLSDTSNCLS IAsBUSBUISF2SF3SJS
LEVEL 20TTME
COMMON/INTTtD70(~L)SXRU( RLIsYO(I’!L)SX L(HL)S%V(AL)SNV( ~L)pVO(ML)SpO

+(fIL],To(HL }PRnW(~L) sJtlIN(ML2 )sJMAX(ML2) sIBRNf~LIspLAp(AL IsORo( VL)$
+MAT(ML)P UO(ML)PUT(ML) DDTCF(ML) tOO(MLISTHLTfYL) ~TNC(~L)
coMMoNIGAs/FIfloo3)#DI(MoL )
LEVEL 2PFI
COMMONtLEVIOMpNn
LEVEL ?~OYpNn
CO~fIIONf4V’4XlK4bx(~L2 )~KHIN(ML2 )sNHC
COHflONtVOIn/INT~fML2)sJV(ML2) sIV(ML2)SNNV
COMflONtFS/IF(~L2)SNflE
DItlENSInN PATIN(~CLPNUt!V)
EOUIVALFNCF (DATINsR)
OIflENSTON lFT(1003)s IOI(HOL)
EOUIVALENCF (FI~IFI)J(CISIOI)
DIMENSION TT~P(100)
DATA (!STFLAG=l)
DATA 19LANKIIOH
DATA l~C15R
GO TO (1s2)s7STFLAG Initialize

1 ISTFLAG=2
IFI(1I=1OO?
IFI(2)=0
IFI(3)=1OO7
NUIIVP=NUMV+2 Total # of variables including region flag and time

THIS CODE uQITFS A RANDOM f12C FILE
ND CfINVFQSIgN IS NECESSARY IN GAS

cotIIPuTE THE * n~ PACKED koRos PER CELL

y:;(~u~vD-1)/3+1
# of packed words per cell

NA83
IFIIJK.LE.O)IJK=l Use every IJKth cell
NCLP=NCL+55 Allow 55 extra cells from spllts and spans
IF(NCL”.GEO~CL) NCLP=HCL-1 Don’t allow for more than dimensioned
NVN=lOO+NWOC*( (NCLP+IJK-1 )/IJK) # words per dump
LENGTH=~OO*NVN+1003+512 Total # of words needed for 500 dumps
CALL F4~ST7(3,LENGTH) Make GASSINthat length
CALL FAYWA1T(391)
THE MAGIC FIQST HUNOREO UORDS
101(3)=1
IDI(5)”NUBC #words per cell
IDI(6)=3 # variables per word
101(10} =14 # of fraction bits in packed word
IDI(11)=5 # of ex orient bits in packed word
CALL DATE~(IDATF)
IDI(81}=IOATE 1

Get the date and put it on graphs

OUTGAS
PbRbF!
PAQAM
PARAM
PbPAM
MCELL
MCELL
PCELL
PCELL
P!CELL
MCELL
MCELL
MCELL
INIT
INIT
INIT
GS
GS
GS
GS
MN
VD
ESP
OUTGAS
OUTGAS
OUTGAS
CWTGAS
OUTGAS
OUTGAS
OUTGbS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OLITGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
ObTGAS
DUTGAS
OUTGAS
OUTGAS
OUTGAS
@UTGAS
OUTGAS

2
2
3
4

:
~

4
5
6
7
8
9
2
3
4
2
3
4
5
2
2
2

13
14
15
16
17
le ●
19
20
21
22

::
25
26
27
28
29
30
31
32
33
34
35
36
37
3P
39
40
41
42
43
44
45
46
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IDI(82)=Ym14NU
IoI(e3)=T!lLANK 1 Label is currently blank

1101(’?0)9L~R~1(1~~ttheIstsoc~aracter~
IDI(91)=LAOFL(2)
IDI(92)=LAaFL(3)

the classification words
of LABEL in

101(93)=1
IDI(94)=1

2 CONTINUE
IF(IFI(2).~F.500) RETURN

c
DO 10 I=lsN~C
J-JV(I)

IF(IV(I})10slls12
11 P(J)=OO

Q(J)=O. 1SX(J)=O.

J
SZ(J)=O. Set cell quantities to O in the void cell for open voids
w(J)=OO
V(J)=O.
XI(JJ=O
GO TO 10

12 P(J}a(o(J+l)+o(J-1))/2
Q(J)=(O(J+l)+O(J-1))/Z
SX(J)=(SY(J+l)+SX(J-1))/2
sz(J)=(52(J+l)+sz(J-1))/2 1Interpolate cell quantities for a closed void
w(J)=(u(J+l)+w(J-1)1/2
V(J)=(V(J+l)+V(J-1))/2
XI(J)=( XI(J+l)+XI(J-l) )12

●
10 CONTINUE

cALL ESuH Calculate energy sums
DtlPNO=TIME
sTMP(2)=lcnNvtD~wo) 2nd variable is time
NAwNA+Z
DI(l)=o~o~n Dump # is time
IDI[2)=NCLP

c FILE INOEX
NAF9NA=+2 #words in file index
FI(NAF)=D~”N~ time word
IFI(NA)=YF7(?)+1FWA of dump
IFI(2)=IFI(2)+1
IFI(3)=IFI(3)+NVN

# of dumps
Last word address of dump

c dQITE OUT TO OISK THE FIRST 1003 UORDSl FILE INDFX
CALL UOISK(3SFIp1003sO)
IF(UNIT(3)$ 152s152s152

152 CONTINUF
c PUCK ~E~

IIA=1OO
1=1
DO 210 L=l~NCLSIJK
IF(L.GT.KYAX(I))T=I+l
ITMP(l)=IFLAG(L)164 lstvariableisa region#

c SHIFT ~EW TQ 20 mIT UOROS
DO 22o K=3tNUW0

220 ITHP(K)=ICCINV(OATIN(L$K-2 )) Convert to 20-bit words
II=IE(I)
IF(XMU( II).EO.O. )ITMP(9) ●ICONV(W(L)) StoreW in S2’s place ifu = O
DO 230 K=ltNUWVPs3
IIA=IIA+l

230 DI(IIA)wSHTF7(T7MS(K)S40).ORoSHIFT(ITMP(K+1)S20).IYR.T7~P(K+2)
210 CONTINUE Put three 20-bit words together to make one 60-bit word

OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
DUTG#S
OUTGAS
OUTGAS
9UTGAS
oLITGAs
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTCAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
nUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
0U7GAS
PUTGAS
OUTGAS
OUTGAS
OUTGbS
IIUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
o(!TGAs

OUTGAS

47
48
49
50
51
52
53
54
55
56
57
5e
59
60
61
62
63
64
65
~6
67
68
69
70
71
72
73
74
75
76
77
7e
79
Po
81
@2
83
84
e5
86
e7
8@
e9
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
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1
IF(IIAoGF.~VN) G@ TO 400
Io.IIA-NldPC+l
IpsIIA+l Fill unused cells with data
00 300 L=Ip~WN from the last cell used
OI(L)=DI(IO)
Io.Io+l

3G0 CONTINUE
400 CONTINUF

c dRITE OUT T5 OISK THE DATA
CALL WD1SK(3SDTSNVNS IFI(NA))
IF(UNIT(3)) 3401340s340

340 CONTINUF
RETURN
END

OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS
OUTGAS

107
loe
109
110
111
112
113
114
115
116
117
118
119
120
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Makes

GASSIN may

OUTGAS

a GAS dump to file GASSIN which

be postprocessed to give on the

includes most cell quantities.

Tektronix/film/ficheany 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

inr-t space, etc.

Local Variables

IBLANK = 10

IDI =

IFI =

IIA =

IJK =

array

array

blank Hollerith characters used in the plot label.

containing the first 100 words in each dump.

containing the first 1003 words of GASSIN which contains the

file index.

counter to keep track of the indwc for DI.

only dump every IJKth cell (usually IJK = 1).

IO

I

indices used to copy the packed data for the last cell into

1P
the remaining space for a data dump.

ISTFLAG = flag that is 1 for the 1st time through and 2 otherwise.

ITMP = array to contain

J = cell # for voids.

the 20-bit words before they are combined 3 to a word.

K = do loop index.

L= do loop index.

LENGTH = length of

NA = index to give

the file GASSIN that will hold 500 dumps.

the location in IFI that the 1st word address for the

current dump is stored.

NAP = NA+l = index to give the location in II?Ithat 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,
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NUMVP = # of variables stored per cell.

IWN = {/of words per dump.

NwPc = {1of words per cell.

Notes

The cell variables are stored with the following variable numbers.

1 = region index

2 = time

3 = radius

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 v = O

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-dimensionaland r-t plots of all

cells to avoid atraneous lines. Details of the GAS file and how to run GAS

are given in LTSS-523.
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FUNCTION ICPNV(X)
LEVEL 2sX

c FORM A 20 817 FL~tTTNG POINT WORD FOR MAGEE MOVIE
DATA IFA/170000000B/aIFB/3777777B/p IFC/377777b0/
ISIGN=O
IF(X.LT.O.I TSIGN=l
JS=SHIFT(APS(X)9-33)-IFA
IF(JSeGTOIF9)JS=IFB MaximumallowedvalueofJS
IF(JSOLT.01 JS=O Minimum allowed value of JS
ICONV=(JS. ~Nn.IFC).OR.lS IGN 20-bit word with sign in bit o
RETURN
END

ICONV
ICONV
ICCNV
ICONV
ICONV
ICONV
ICONV
ICONV
ICONV
ICGNV
ICONV
ICONV

2
3
4
s.
b
7
f!
9

10
11
12
13
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KwQQ

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 value 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

11

48

sign bit at bit #59.

exponent bits at bits 48-58, with a bias of 2000B.

integer coefficient bits at bits O-47.

The desired 20-bit floating point structure is as follows:

5 exponent bits at bits 15-19, with a bias

14 integer coefficient bits at bits 1-14.

1 sign bit at bit #0.

The 20-bit word has about 4 significant figures.

stored in 1’s complement form for the 60-bit word but

The sign of X is stored in ISIGN. The absolute value

of 100B.

Negative numbers are

not for the 20-bit word.

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

Subtracting IFA shifts the exponent

14 bits of the integer coefficient,

the integer coefficient bits at 0-14.

bias from 2000B to 100B. By using only

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
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Value of O is used. Then the O bit is set with the sign bit and the 20-bit word

● conversion is complete. Bits 20-59 are all O. The largest 20-bit word is

2777776B which is 2
16_2

= 65534. The smallest positive 20-bit word is

0060000B whichis 2
-16 -5

~ 1.5 * 10 .

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
PARAIIETER fMCL=500sML=21sNGC=19tMLGC=NGC*MLsHLDWOT=20*HL~

+NUMV=lOsHOL=((NUNV+l)/3tl)*MCL+lOOsNOU=2OtNCF=8s
+MXDUHP=30JNOX=2*MXDUMP+2s flTAB=lsNTAB=MTAB*3742
+9NSti=4SNUDM=372@pNSD=NSM*NWPtl+132SML2=100)

COPIMON/CELltR(~CL)SU(MCL )sV{MCL)SXI(MCL)S
+P(f4CL)sSX[MCL)JSZ( tlCL )sEE(MCL)sT(MCL)sQ(MCL }sXM{MCL) SIFL4G(HCL)
+9U(MCL)

LEVEL 2sR
COMHON/OVL/NDESNIsNPsNGSTENDSTF’(HL lsTG(HL )sUIsUFsUIIsUFIsNAnO~NNs

DIFEQ
PbPAH
PbRAM
PARAM
PARAM
MCELL
flCELL
MCELL
HCELL
NCELL

2
2
3
4
5
2
3
4
5
b

+IALPli~NDELlsLA9FL (B)sNDUMPS IDtlPsNMIsTD(llL)sIJK MCELL 7

1

2

COHMON/MISC/TIMEsICYCLSDTSNCL~ IA~BUsBUIsF2SF3PJS
LEVEL 2sTIME
GO TO (1s2)sNDF Index to determi.ne, type~f di,fferencing scheqe
CALL HYD@C HYDROX
RETURN
CALL SINX SIN
RETIJRN
END

MCELL
MCELL
DIFEO
DIFEQ
DIFEO
DIFEO
CIFEO
DIFtFO

e
9
5
6
7
e
9

10
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Switching routine to determine the type of difference equation scheme

to be used in the main hydro cycle. Default is HYDRO.

Notes

NDF ‘UPe 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
c

HYDRO
HYDRO

PERFDRFIS THE BASIC HYDRONAMICS CYCLE HYDRO
; CHANGES IN THE DIFFERENCE EOU4TIONS MAY BE HAOE HYDRO
c EXCLUSIVELY IN THIS SUBROUTINE VYDRO
c HYDRO

PARAPIETER (MCL=500SHL=21*NGC=19S t4LGC=NGC*MLStlLDUDT=2C*MLs PARAW
+NuHv=lOsHOL=( (WHV+l) /3+l)*MCL+100SNDU=20StIJCF=8S PARAM
+fIXDUMP=3O~NDX=2*l4XDUfIP+2SMTAB=l#NTAB=MTAB*3742 PARAII
+$NSII=4~NUPM=3728SNSD=NSH*NUPM+132S HL2=1OO) PARhH

COt4HON/CELLIR(NCL)SU(MCL )sV(MCL)SXI(MCL)S NCELL
+P(flcL)ssX(MCL )sSZ(MCL) sEE(llCLlsT(MCL)#Q(MC L)sXM(MCL)SIFLAG(MCL ) MCELL
+sU(MCL} MCELL

LEVEL 2sR rnCELL
COMMON/OVL/NOFSNISNPSNGSTENOSTP(flL )sTG(flL) sUISUFsUIISUFISNADDsN!I s NCELL

+IALPH$NDELT~LABEL{8]~NDUMPSIDH PPNPllsTD(ML)sIJK UCELL
COMfION/MISC/TIHE~ICYCLsOTs NCLPIAS BUSBUISF2,F3SJS UCELL
LEVEL 2sTIME MCE LL
COflflON/INIT/DTO(ML)SXflU(~L )sYO(HL) SXL(t4L )SXV(NL)SNVfML )sVO(NL)pPO INIT

+(flL)sTO(NL ]SROU(ML)S JPlIN{ML2)~JMAX (HL2)sIBRN(ML) sPLAP(ML)sDRO(ML)S INIT
+tlAT(flL)sUO(ML )SUT(ML )sDTCF(F!L)S OO(ML)STIILT(ML )sTflC(ML) INIT

COHMON/UCJC/UCJ,JJpNMAX,RCJS DCJ Uc
cotIIHoN/mNflxtKflAx(ML2}sKt11N (mL2)sNMc MN
COflflON/EOSN/IEOS(ML)SME(ML) EN
cotllloN/voID/INTx(rlL2)#Jv(rlL2 )01v(ML2)#NNv VD

,.— 1 cotltloN/Es/IEfflL2)#NME ~sm
RU-’&/dMDSDfl(J~JM)=2*R(J)**IA*(P(JM) +Q(JM)-P(J )-O(J))t(XM(J)+XM (JM)) iYDRO
(a-l)V$/RVFR(J,JM)=IA*(V(J)+V(JM )J*(2*( SX(J)+SX (JH))+SZ(J)+SZ(JH) )I(4$R(J)) HYORO

@ PH(J,JM )=2*SX(J }+SZ(J)+XM(J) ●(2*(SX(J )-SX(JM)J -SZ(J)+SZ(JH ))/ WYDRO
1 (Xfl(J)+XH(Jtl))

VV(J~Jll)=V (J l+XH(J)*(V(J)-V( JM))/(XM(Jl+XM(JM)) V
DO 10 I=lsNNC
JIIIN=JtlIN(I)
JMX=JMAX(II
DO 10 J=JIINsJMX
XI (J )=XI(J)-VI J)*DT*O.5*( (P(J) +O(J))*(U( J+l)-U(J) )/

1 (R(J+l)-R(J ))+XA*(P(J)+O(J )-2*SX(J)-SZ(J) )*(U(J+l)+U( J))/
2 (R(J+l)+R(J))) Part of AI that uses old R,V,U

10 CONTINUE
DO 20 I=lsNMC
JflN=JMIN(I)
JMX=JIIAX(I)
IF(I,NEo1)JMNuJMN+l
IF(JMNoGT.JMX)GO TO 20
DO 21 J=JHNsJMX
Jtl.J-l

U(Jl=U(J)-DT*DSDM(JsJMl
1

au a-1 au
IF(INTX(I)oGTo2) U(J)=U(J)-DT*VFR(JsJH) ~--R ~-

(a-1) #

R(J)=R(J)+DT*U(J) aR(3t ‘U

21 CONTINUE
IF(JHAX( I)tNEaKMAX(I))GO TO 20
IF (IoEOCNMC*ANDONMCONEONM)GO TO 20
IF(IV(I))31S32S33 Treat interface as a special case

31 J=JM)(+l No artificial void cell
GO TO 22

32 J=Jf’lx+l
JP=J+l
U(JJ=U(J )-DT*2*R[J)**IA*(P (JHX)+O(JMXl )tXM(JMX)
R(J)=R(J)+DT*U(J) 1Open void:

free aurfac~a
U(JP)=U(J P)+OT*2*R(JP) **IA* (P(JP)+O(JP))/XPl(JP)

HyDRO
HYDRO
HYDRO
MYDRO
HYDRO
HYDRo
HYDl?O
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
VYDRO
HYDRO
HYDRO
HYORO
HYDRO
~YDRO
HYORO
HYDRO
HYDRO
HYDRO
HYDRO
HYORO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO

4
5

:
2
3
4
5
2
3
4
5
6
7
8
9
2
3

:
2

:
2

16
17
18
19

24
25
26
27

;:
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
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33
22

5
1

3

2

4

6

20

13

12
c
c
c
30

60

R(JP)=R~JP )+ DT*U(JP)
GO TO 20
J. JM)(+2 Closed void
CONTINUE
GO TO (ls2s3s4~5 )sINTX(I) Boundary conditions depend onp’s
U(J)=U(J )-DT*VFR(J,JMX}
U(JI=U(J )-DT*DSDM(J,JMX)
R[J)=R(J}+DT*u(J}
IF(IV(I).EOO-l)GO TO 20
U[J-l)=U(J)
R(J-l)=R(J)
GO TO 20
D=IA*(PH(JMXSJMX-l)*VV(JMXSJNX-1 )*XIl(JMX)/(XM(J)

1 +xM(JMX)))/R(J)
GO TO b
D=IA*PH(JsJ+l)*VV~JtJ+l )*XM (J)/((XM(J)+XM(JIIIX))*R(J ))
GO TO 6
FN.xM(J)/(xM(J)+xH(JHx))

D=IA*(PH(JsJ+l)*VV(JsJ+l )*FM+PH(JtlXsJHX-l)*VV (JHXSJMX-1 )*(1-FM)]
1 #R(J)

U(J)=U(J)-DT*(D+DS!IH (JsJHX ))
R(J)=R(J)+U(J)*OT
IF(IV(I).EO.-1)GO TO 20
U(J-l)=U{J)
R(J-l)=RIJ)
CONTINUE
CALL BNOR1 Check other boundary conditions
~R.1
!4RP=1
DO 30 I=lPNllC
JNN=JHIN(I)
JMX=JMAX(I)
II=IE(I)
DO 30 J=JMNsJHX
HRM=MR
MR.MRP

MRP=IFLA6(J+1)164 New volume
V(JI=F2* (R(J)-R(J+l))*(R( J)**IA+Q(J+I)** IA+F3*R(J) ●R(J+l)l/XM(J)
XI(J) =XI(J)-V(J I*DT*0,5* ((P(J)+Q(J ))*(U(J+l)-U(J ])/

1 (RIJ+I]-R(J )]+IA*[P(J)+O (J)-Z*SX(J )-SZ(J))*(U(J+l) +U(J))/
2 (R(J+l)+R(J))I Part of AI that uses new R,V,U

IF(XMU(II ).EO.O. )GO TO 12
SXIJ)=SX(J )-4*XHU(II)*DT*[ (UIJ+l)-U(J ))?(R(J41)-R(J ))

1 -IA*o.5*(u(J+ll+u(J))/(R( J+l)+R(J)J1/3
IF(IALPH.EO.21G0 TO 13
sz(J)=-sx(J)/2 New Stress deviators
GO TO 12
SZ(J)=SZ( J)+2*XMU(IIJ*DT*( (U(J+l)-U(J)l/(R(J+l)-R(J ))

1 +(U(J+l)+U(J))/(R(J+l)+R (J)))/3

HYDRO
HYORO
HYDRO
PYDQn
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRD
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYD!?O
HYDRO
HYDRO
HYDR@
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDUO
HYDRO
HYDRO
HYDRO
HYDRD
HYDRO
HYDRO
VYDI?O
HYDRO
HYDPO
HY~RO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYDRO
HYORO
HYORO
HYDRO

CONTINUE HYDRO
XI(J) =XI(J)+DT*( (XLIRR)+XL (tlRP)) )*(T(J+l)-T(J) )*R(J+l )**IA/(R(J+2) HYDRO

1 -R(J) )-(XL(IIR)+XL (MRH))* (T(J1-TtJ-l}l*R(J)**IA/(R(J+l)-R (J-2)) HYDR@
2 )/Xt4(J) HYDR~

CONTINUE HYDPO
CALL VISC New Q’s HYD RO
DO 60 I=lsNMC HYDRO
II=lE~I) HYDRO
IF(IBRN(II ).GT.O)CALL BURN(I) NSWW’S HYDR(I
CALL EOS New P’s and T’s HYDRO
DO 80 I=lsNM HYDPO

;:
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
?9
80
81
92
93
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
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II,IE(I)
Jf4N=JflINtI)
JflX=JflAX(I)
IF(IV(IIOEQ.2)CALL RLEOSfI) Special fox high-yeloclty @pact

00 CONTINUE
CALL BNOR2 More boundary conditions (an entry point 10 BNDRl)
RETURN
END

HYDRO 112
HYDRO 113
HYDRO 114
HYDRO 115
HYDRO 116
HYDRO 117
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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)
a-l aO

= difference form of R ~ .

VPR(J,JM)
(a - l)V$

= difference form of R ,where $ =2SX+SZ.

PH(J,JM) =

W(J,JM) =

interpolation formula to evaluate @ at a region boundary

where @ is discontinuous.

interpolation formula to evaluate V at a region boundary

where v is

Local Variables

● I = do loop index for

JMN= JMIN for region

JMX = JMAX for region

J= do loop index for

JM=J-1.

JP=J+l.

discontinuous.

region #.

I

1
minimum and maximum cell #’s in a region.

I

cell #.

D = the last term inside brackets of Eq. 8.

FM ‘Mj/(Mj +Mj+l)*

MRM= region # for cell J - 1.

MR= region # for cell J.

MRP = region # for cell J + 1.

II = IE(I) = origiml region # for region I.



Care must be taken that interfaces between materials are treated properly. ●
The differential equation for acceleration is given by

au a-l a~—= —-(a-
at ‘R aM

1)* . (1)

Now, consider an interface between material 1 and material 2 at radius”RO.

The difference in the limit of Eq. (1) as R tends to RO from region 1 and re-

gion 2 is given by

(2)

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 = O, Eq. (2) implies W1/aM1=a02/aM2 at Ro. The

usual difference equation schemes don’t encounter any problems at the interface ●
because &J/aMiscontinuous.

For the case $1 # $2, set A = (@2/Rap2 - $l/Rapl)(a - 1). we then have

That is, acJ/aMis 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

and j+l for region 2.

‘i

number of the cell touching

Equation (3) can be written

the interface in region 1

in difference form as
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● where a. is unknown. Solving for Gj@+, we have
J+~

(=(Mj +Mj+l)-l Mj+laj +Mjuj+l -
aj+% ($~j”j+l) ●

The difference form for ~u /a
15

then becomes

a~l 2—=
a~ (oj -CJj+l +$ Mj+l) ●

‘j + ‘j+l

(5)

(6)

The difference form of the acceleration in region 1 at the boundary is

given by

aul

[
M~R;-; ‘“j

A

1
$lV1TF=- +z‘j+l

)+(ct-l)T .

jtl
- ‘j+l (7)

The velocity equation can then be written in the form

where

(8)

(9)

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

5
1

SUBROUTINE SINX SINX
PARAIIETER (flCL=5OO~PlL=2lJNGC=l9s?ILGC=NGC*fILtMLDWDT=2O*HLs PARAH

+NUMV=lOSNOL=(( NUMV+1) I3+1I*MCL+1OOSNDW=2OSNCF=8S PARAM
+H)(DuNP=30cNDX=2*MXOUHP+2srITAB=ls NTAB=HTAB*3742 PARAM
+#NSfl=4sNUPM=3728nNSD=NSH*NUPM+132~ML2=100) PARAM

COIItlON/CELLIR(tlCL)sU(MCL)S V(MCL)SXI(PICL}S MCELL
+P(MCL)SSX(HCL)9SZ(HCL )sEE(MCL) ~TIMCL)sO(MCL)s Xfl(HCL) sIFLAG(tlCL) HCE LL
+sufMCL) MCELL

LEVEL 2sR llCELL
COfit40N/OVL/NDFsNIsNPsNGsTENOsT P(ML)sTG(HL)sUISU FSUIISUFISNADDSNHS t!CELL

+IALPHsNDELTsLABEL(8)sNDUHP~IOflPsNlllsT0 (llLIJIJK MCELL
COHf40N8tlISClTIMEsICYCLsDTsNCLsIAsBUsBUIsF2sF3s JS HCELL
LEVEL 2pTIflE NCELL
COt!PION/INIT/DTO(ML)sXMUIML) sYOfML)sXL(HL )sXV(ML)sNV( HLl,VO(tlL)sPO INIT

+(tlL)sTO(HL)SROU(flL}sJMIN [tlL2)s JMAX(ML2)SIBRN(ML }sPLAP(tlL)sORO(llL)s INIT
+MAT(NL)sUO (f4L)sUT(ML] sDTCF(ML) #JO(PIL)sTMLT(ML) sTMC(ML) INIT

COIltlONIUSUPC/Cl(t!L)SSl{ML) sC2(HL)SS2(PlL)pSWV(ML) sVMN(f4L )S us
+GAHM4(IIL)S ALP(HLI us

COMflON/HNMX/KIlAX(ML2]SKMIN[llL2 )sNHC MN
COflHON/VOID/INTX(flL2)sJV(~L2 )sIV(ML2}tNNV Vo
coMmoN/Es/IE(flL2)sNflE ES M
COlltlON/UCJC/UCJSJJ,NNAXSRCJ pOCJ
OIHENSION UU(tlCL)SVO(f4CL) &N X
DSDfIl(JsJM)=2*R(J )**IA*(P(Jfl) +O(Jtl)-P(J)-QIJ))/(XM(J)+Xfl (JM)) SINX
VFR(JSJH)=lA* (V(J)+V[JM))*(2*( SX(J)+SX (Jtl))+SZ(J )+SZ(Jtll l/(4*R(J)) SINX
PH(J,JM)=2*SX(J)+SZ(J)+XM( J)*(2*(SX{J)-SX(JII) )-SZ(J)+SZ(JM ))/ SINX

+(XM(J)+XM(JM)I SINX
VV(Js Jfl)=V(J )+XPl(J)*(V(J)-V( Jfl))/(Xfl(J)+Xtl(JM)) SINX
NCLP=NCL+l
DO 10 J=lsNCLP

SINX
SINX

UU(J)=U(J) Saveoldu’s SINX
CONTINUE SINX
DO 20 I=lsNtlC SINX
JIIN=JIIIN(I) SINX
JMX=JtlAX(I) SINX
IF(IcNEo1)JMN=JIIN+l SINX
DO 21 J=JMNsJMX SINX
JM.J-1

U(J) =U(J)-DT*DSDPl(JSJfl)
SINX
SINX

IF(INTX(I)OGT02) U(J)=U[J )-DT*VFR(JSJH)
R(JI=RIJ)+OT*U(J)

SINX
SINX

CONTINUE SINX
IF(JNAX(I)ONEtKMAX(I) )GO TO 20 SINX
IF(IcEQoNMCOANDONMC ONEONN )GO TO 20 SINX
IF(IV(I))31S32S33 SINX
J.J~x+l SINX
GO TO 22 SINX
J.J~I(+l SINX
JP.J+l
U(J)=U(J )-DT*2*R(J)**IA*( P(JflX)+O(JtlX))/Xtl(JMX)
R(J)=R(J)+DT*U(J)
U(JP)=U(J P)+OT*2*R( JP)**IA*( P(JP)+O(JP)l/XM(JP)
R(JP)=R(J P)+OTW(JP)
GO TO 20
J9JMX+2

CONTINUE
GO TO (ls2s3J4s5)sINTX(I)
U(J)”UIJ 1-DT*VFR(JsJHX)
U(JJ=UCJ 1-OT*DSOM(JsJMXI
R(J}=R(J)+OT*U(J)

SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX

11
12
13
14
15
16
i7
18
19
20 ●
21
22
23

:;
26
27
28
29
30
31
32

%
35
36
37
38
39
40
41
42
43
44
45
46
47
48
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3

2

4

6

20

IF(IV(I)OEOO-l)GD TO 20
U(J-lI=U(J)
R(J-l)=R(J)
60 TO 20
O=IA*(PH(J!IX,JMX-l)*VV (JHXSJHX-1 )*XH{JPIX)l(XN(Jl

I +xM(JllXJ)]/R(J)
GO TO 6
D=IA*PH(JsJ+l)*VV(JsJ+l)*XM( J)/((XM(J)+XM(JIIX))*R(J))
GO TO 6
FM.xfl(J)/(xfl(J)+x~[JNx))
0=IA*(PH(JsJ41)*VV(JS J+1 )*FH+PH(JHXsJMX-l)*VVI JMXSJtlX-1)*(1-FM) )

1 IR(J)
U(J]=U(J )-OT*(D+DSDtl( JSJIIX) )
R(J1=R(J)+U(J)*DT
IFIIVII).EOO-l)GO TO 20
U(J-lJ=U~J)
R(J-l)=R(J}
CONTINUE
CALL BNOR1
DO 13 I=ltN!IC
JHN=JMIN(I)
JRX=JNAX(I)
11.IEII)

IF(IV(I).NE.O)GO TO 101
JI.Jv(I)
P(JI)=OO
O(JI)=OO

101 CONTINUE
00 12 J=JMNsJHX
VO(J}=V(J) Save old V’s

:::~=:(RIJ)+R(J+l))/2)**IA*(R( J)-R(J+l})/XN(J)

IF(J.EQsJNNo ANDo IV(I-1).GE, 1.AND.X.NE.l)JM=J-2
JpmJ+l

IF(JoEOOKIIIAX( IJOANO.IV(I ).6E.1)JP=J+2
IFtJoEo.20AND.Bu.NEaoe )Jll=2
IFIJJoEOOJ+l)JP=J
XI(J]=XI (J I-DT*(([XH(J)*(P (JIl)+O (JM))+Xfl CJ~)*(P(J)+O (J)))

l/[)M(Jl+XM(JH)l]*U(J}*R( J)**IA-( (XR(JP)*(P(J)+O(J ])
2+Xfl(J)*(P(JP)+Q(JP)))/(XH( J)+XF!( JP)})*U(J+l )*R(J+l)**IA)
3/xM(JJ A energy - A kinetic energy
4+ ((UUfJ+l )+UU(J)J**2-(lJ(J )+U(J+lJ)**2)/8

IF(xfI!u(II)cEO.Oo) GO TO 12
SX(J)=SX(J)+2*XNU(II I*(OT*(U(J )-U(J+l) )I(R(J+l)-R(J) )+2*(V(J)-

+vo(J))/(3*(vo(J)+v(J) )))
SZ(J)=-SX(J)/2

12 CONTINUE
13 CONTINUE

CALL VISC
DO 60 I=lsNMC
II=IE(II

60 IFCIBRN( II).GT.O)CALL BURN(I)
CALL EOS
00 80 I=lsNM
11.IE(I)

JMN=JMINfI)
JMX=JMAX(I)
IF(IV(I).EO.2)CALL RLEOS(I)

60 CONTINUE
CALL BNDR2

RETURN
ENO

SIVX
SINX
SINX
SINX
SIN)!
SINX
SINX
SINX
SINX
SINX
SXNX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SXNX
SINX
SINX
SINX
SINX
SINX
SINX
STNX
SINX
SINX
SINX
SINX
SINX
SINX
SXNX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX
SINX

SINX
S INX

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
e4
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108

109
110
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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.

Local Variables

here.)

JI =

NCLP

~.

Vo .

Notes

The

internal

which is

JV(I)

= NCL

(Those variables that are the same as in HYDRO are not repeated

= cell # of a void.

+ 1.

velocity from previous cycle.

volume from previous cycle.

difference equation for acceleration is identical with HYDROX. The

energy equation, however, is based on the total energy equation

aE (cuRa-l)—=-
at aM 9

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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SUBROUTINE En$
PARAMETER (~CL=500~ML=21SNGC=19SMLGC=NGC*flLSMLOUOT=?O*uLS

+NUMv=lO$NOL= ((NUMV+l )/3+l)*MCL+100SNDli=20SNC F=Rs
+MXDUtlP=3OsNDX=2*MXDUMP+2JMTAB=lpNTAB=fITAB*3742
+,Nsfl=4~NUPv=37288NSC=NSM*NUPM+132#UL2=100)

COHMONICELL/Q(NCL)SU(FCL IsV(HCL)SXI(MCL)S
+P(t4CL )0sX(MCL]~SZ(MCL )pEE(MCL)sT(HCL) 9Q(HCL )sXIl(MCL) sIFLAR(MCL)
+sW(MCL)

LEVEL 2sR
COMMON/OVL/NDF#NI#NP~NGSTENDsTP (ML)sTG(ML )sUI~UFSUIISUrISNADDSNMS

+IALPHJNDELTs LA!lEL[@) sNDUP!Ps IDllPsNMlsTD(ML )sIJK
COMMON/MISC/TIMEsICYCLsDT,NCL, IABBUSBUIsF2SF3sJS
LEVEL 2sTI~E
CO1’IflON/INIT/DTO(ML)~XMU(ML)~ YO(ML)SXL(ML)OXV(ML) SNV( HL)~V6(HL)SO0

+(ML)sTO(ML)>POW(ML) pJMIN(HL2)sJMAX(tlL2) sIBRN(ML) smLA~(ML)$ORO( ML}s
+f4AT(flL)~UO(NL)sUT(ML )sDTCF(FIL))OO(ML)sTMLT(~L)#TWC (ml,)

COHMON/MNMx/KMAx(f’lL21SKMIN(flL2 l~NMC
COMHON~FOSNtIEOS(~L)~ME( ML)
coMMoNtEstrEfML2)s NME
COMRONlEOSC~~fSa(~L)pES(ML)sAl(ML)sA2 (ML)SA3(ML)SEW(ML)SIRV(ML )
C0Mf40N/5FS1N/11tIDTpRPT4S XIPT4~IBR~IFL
COMMONlSESnUTf?PT4 (3)~TPT4(3 )
IBR=O
IDT=l
191

20 CONTINUE
I1=IE(I) Original region #
ls.IEos(II) Eos type

JMN=JM~N(I)

●
JMX=JM4X(T)
GO TO (Is2s3P4)sIS

1 CONTINUE
Js.o

00 11 J=JMN?JMX
CALL HOfl(II~J) HOM EOS
IF(IBRN( lI)oNEoO)GO 10 11
IF(P(J) .LTo-0,005)CALL SPEOS(IJJ) Span?
IF(XMU(II ).GT.O.)CALL EPP(IIsJ) Elastic-perfectly plastic

11 CONTINIJE
GO TO 10

2 CONTINUE
DO 12 J=JMN2JMX

12 CALL BLO~JP(IT,J) Buildup EOS
GO TO 10

3 CONTINUF
J$.o

00 13 J=J4N*JM7
CALL POLY(TISJ) Eight-parameter polynomial EOS

IF(P(J) .LT.-0.0051CALL SPEOS(I~J} Span?

IF(XMU( II).GT.00)CALL EPP(IIsJ) Elastic-perfectly plastic

13 CONTINUE
GO TO 10

4 DO 14 J=JNNpJqX
XIPT4=XI(J)
RPT4=l./V(J} 1 Input for SESAME
IFL=HOD( IrL4G(J)S64)
CALL T4Ef3SA SESMiE EOS
IFIMOO( IFLAG(J)s641.ECI.l ) GO TO 140
IF(IRV(l loFO.O. tNO.IFLoEO. 1) IFLAG(J)=IFLAG (J)+l

140 P(JJ=PPT4(1) Output pressure

EOS
PARAP
PARAM
PARAM
PARAM
PCFLL
MCELL
t!CELL
MCELL
MCELL
MCELL
HCELL
HCELL
INIT
INIT
INIT
MN
EN
ESP
EOSCIIM
EOS
EOS
EOS
EOS
EOS
EfYS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
EOS
Eas
EOS
EOS
EOS
EUS
EOS
FOS
EDS
E @S
EOS
EOS
EOS
EOS
EOS
EOS
EOS
E OS
Fos
EOS
EOS
E OS
EOS
E OS
Fos
FOS
EOS

2
2
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
2
2
2

11
12
14
15
16
17
18
19
20
21
22
23
24
25
26
27
2e
29
30
31
32
33
34
35
3t
37
38
39
40
41
42
43
45
46
47
48
49
50
51
52

157



T(J)=TPT4(1) Output temperature
IF(XMU(II )OGTOO.)CALL EPP(IIsJ) El::::; perfectly plastic
IF (P (JI.LTo-O.005)CALL SPEOS(ISJ)

14 CONTINUE
10 CONTINUE

IF(JS.NEOO)CAL1 S1(1) Span if indicated
IDI+l

IF(IoLFoN~C) Gg TO 20 Spalling changes the # of regions, so a do loop

RETURN is not used

END

Ens
E OS
EOS
EOS
E OS
EOS
EOS
EOS
EOS
EOS

53
54
55
56
61
62
63
64
65
66
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EOS

Switching routine to call

and elastic-plastic treatments

Local Variables

I = region #.

II = original region #.

IS = EOS #.

the appropriate equation of state. The spalling

are also called if turned on.

JMN,JMX = minimum and maximum active cell #.
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SUBROIJTINE pTEOS(IsPIsTIIsVIsXII) PTE OS
PARANETFR (MCL=500sML=21#NGC=19sMLGC=NGC*ML$IILDWDT=20*4LS PARAM

+NUMv=lO$YQL= ((NUMV+l )/3+lJ*IIYCL+100sNDU=20sNCF=8S PARbIl
+HXL)UMP=3O,Nf)X=2*MXDUMP+2SMTAB=lSNTAB=HTAB*3742 PARAM
+PNSfl=4sNUPM=3728sNSD=NSM*NUPH+132~ML2=100) PARAM

COMMON/CELL/R(~CL)SU(MCL )sV(flC1.)SXI(HCL)S HCELL
+P(MCL)~SX(~CL) SSZ(MCL)8EE (MCL)ST(MCL)sQ(MCL )SXM(~CL) sIFLAG(MCL) MCELL
+~U(tICL) MCELL

LEVEL 2sR NCELL
COHMON/OVL/NPF~NTphP~NGSTEND~TP(t4L )sTG(ML )sUISUFSUTIPUFI,NADO,NM, !!CELL

+IALPH,NDELTDLA9FL(E )jNOUMP21DMPjNMl~TD(ML )91JK HCELL
COt4MON/IIISCtTI~FSICYCLODTSNCLt IA,Bu,BuI,F2,F3,Js tlCELL
LEVEL ?JTIME HCELL
COMNON/INIT/DTO(KL)SXtIU(ML )sYO(RL)SXL(ML)SXV(ML)SNV(ML )sVO(HL)OPO INIT

+(flL)$TO(ML)SROU(HL)J JHIN(ML2))JMAx(ML2)sIBRN(IILI sPLAO(ML)SDRO(ML)S INIT
+MAT(ML) sUO(flL)stlT(HL )8DTCF(ML]SOO(ML)STMLT(IIIL) sTNC(D4L) INIT

COMIIONtEOSN/IEnSINL)~PE(PL) EN
coMfloN/Es/rE(~L2)JNmE ESH
coMMoN/sEsIN/T19ToTtRPT4sxIPT4sIBR#IFL PTEOS
coMrloNtsEsmlT/pDT4(3)#TPT4(3 ) PTEOS
IDT=l
IBR=l

PTFoS
PTEOS

II=IE(I) PTEOS
J=J)41N(I) PTEOS
pT.p[J)

1
PTEOS

TT=T(J)
VT.V(J) Set cell quantities in temporary storage

PTEoS
PTE 0S

XIT=XI(J) PTEOS
V(J)=VI
%I(J)=xII 1 Replace by input values PTFOS

PTEOS
IssIEos(II\ PTEOS
GO TO (1s2$3s4)s1S Call EOS PTEOS

1 CALL H~M(ITsJl PTFOS
GO TO 10 PTEOS

2 CALL BLOIJP(TISJ)
GO TO 10

PTEOS
PTEos

3 CALL POLY(TISJ) PTEOS
GO TO 10 PTEOS

4 DO 14 J=JANsJMX PTEOS
XIPT4=XI(J)
PPT4=l./v(J)

PTEOS

IFL=MOO( IFL&G(J),64)
PTEOS
PTEOS

CALL T4FlYSi PTEOS
P(J)=POT4[1) PTEOS

14 CONTINUF PTEOS
10 CONTINUF

1
PTEOS

PI-P(J)

TII=TIJ)
Output P,T PTEOS

P(J)=PT
PTEOS
PTEOS

T(J)=TT

1Put back original cell quantities PTEOS
V(J)=VT PTECS
XI(J)=XIT PTEOS
RETURN
END

PTEOS
PTEOS

2
2
3
4
5
2
3
4
5
6
7
P
9
2
3
4
2
2
9

10
11
12
14
15
16
17
18
19
20
21
22
23
24

●
25
26
27
2P
29

::
33
?4
35

%
42
43
44
45
46
47
48
49
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

I
P(J)

TT T(J)
temporary storage for

VT V(J)

XIT XI(J).

Notes

EOS calls are made by specifying region # and cell # in this code. In

the special treatment of high-velocity void collapse (see RL),it is necessary

o to call the EOS with arbitrary values of V and I. This is done by saving the

cell quantities for a given cell, replacing than with arbitrary values, calling

the EOS, returning P,T, and then putting the original cell quantities back in

their proper place.



SU9ROUTTNE ~nM(IsJ)
PARAMETER tWCL=5OOSML=2lSNGC=l9SflLGC=NGC*MLp~LDUf)T=2O*MLS

+NuMV=lOS ~Ol=((NUHV+l )/3+l)*HCL+100sNDW=20sNrF=8~
+MXDUflP=3OjNI)X=2*~XDUflP+2ptlTAB=lSNTAB=HTAB*3742
+~NSM=4sNUoM=3728SNSD=NSfIl*NUPM+132stlL2=100)

COMMONtCELL l@lMCL)SU(HCL )sV(MCL)#xI(MCLIS
+P(tlCL]sSX (MCL)~SZ( MCL)sEE(MCL )sT(FICL) sQ(HCL)~XH(!’4CL)SIFLAG (f’lCL)
+PM(MCL)

LEVEL 2sQ
COMflONt@VLtNFFsNIPNpJNGsTENDsTg(ML)sTG(ML)~UIsUFsUTIJUFIsNADOsN~#

+IALPHjf40ELT9LABEL( 8)sNDUtlPs IDllPpNMlsTD(HLlsIJK
COMMONtNISCITIHEsICYCLsDTsNCLs IAsBUj8UIsF2sF3pJS
LEVEL 2sTIME
COMMON/INITtPTO(~L)sXHU( MLlsYO(ML)sXL (HL)~XV(~LlsNV(ML )sVO(~L)sPO

+(HL),Tg(fIIL )~t?f)U(ML ]$JPIN(f4L2)S Jt4AX(ML2 )s18QN(ML)sPLAo(~l )sDRO( HL)~

+MAT(HL) JIJO(YL)SUT(HL) JDTCF(tlL)~OO(ML)jTHLT(ML) sT~C(~L)
COMMONtMN~~~KMAx(ML2) sKNIN(ML2 )sNHC
COMMON/EfIS~tTEfJStML)SRE(ML)
DATA GASUIO.021
OATA S9LU1O.999I

C FIX!JP FOR FflQEST FIWF
IF(18RM(I)oEOOO) GO TO 11 All solid
IF(U(J~oLT.RASw)Gq TO 12 Treat as all gas for W< 0.02
IF(IBRN( I).Fo02)GfI TO 13 Special for CJ burn
IF(N(J)oGT.SOLU) GO TO 11 Treat as all solid for W> 0.999
CALL MIX(ISJ) Mixture of gas and solid
GO TO 10

11 CONTINUE
CALL’ USUOIISJ) All solid
GO TO 10

12 CALL GAS(ItJ) All gas
GO TO 10

13 CONTINUF
IF(H(J).GT.SPLW)Gn TO 14
CALL GAS(I~J)
P(J)= (l.-U(J))*O(J) No solid EOS for CJ burn
GO TO 10

14 P(J)=PO(I)
10 CONTINIJE

RETURN
ENO

HOM
PbFAM
PARAM
PAPAM
PbRAM
PCELL
tlCFLL
MCELL
MCELL
MCELL
HCELL
HCELL
MCELL
INIT
INIT
INIT
MN
Eh
HO!I
HOM
HOM
Horn
HOM
HOM
HOH
HOM
HOM
HOM
HOM
HOM
HOH
HCIM
HOI
HOM
HON
HOV
HOP
HOH
HOP
HOM
HOM

2
2
3
4
5
2
3
4
5
6
7
8
9
2
3
4

:
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23 ●
24
25
26
27
28
29
30
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I
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

Local Variables

a solid, gas, or mixture).

GASW = mass fraction below which a material is

SOLW = mass fraction above which a material is

Notes

If a CJ burn is used for an HE, the MIX EOS is

composed HE. Instead, the GAS EOS is used with the

treated as all gas (W = O).

treated as all solid (W = 1).

not used for partially de-

pressure weighted by l-W.

For other burn methods (except for sharp shock which never allows partially

burned HE),partially decomposed HE (GASWCW<SOLW) is treated in the MIX EOS.
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SUBROUTINE USUP(TSJ)
c EQUATI~N OF STATE FOR A SOLID USING USUP FIT
c FOR lWI PH8SE FE TYPE EQUATION OF STATE
c IaEos C ANn S TN THE RELATION U$=C+S*UP cHANGE
c AT SPECIFIC VOLUYF SHV

PARAMETER (IlCL=5OOSML=2lSNGC=l9SPlLGC=NGC*MLS~LDWOT=?O*ML~
+NuHv=lO~MQL=( [NUAV+l )/3+l)*MCL+100JNDM=20SNCF=8S
+lIfXDUIIP=3O~NDX.2*PIXDUMP+2~flTAB=l~hTAB=MTbB*3742
+8NSN=49NUPM=372RSNSD=NSM*NUPM+132SIIL2=100)

COMMON/CELL/R(MCL)SU(MCL)sV(tICL )~XI(MCL)s
+P(HCL) SSX{MCL)SSZ(MCL )sEE(MCL)sT(llCL) SO(HCL )sX~(~CL)SIFLAC(MCL)
+sW(MCL)

usuP
usuP
usuP
usuP
USUP
PARAM
PARAH
PARAH
PbRAU
MCELL
HCELL
MCELL

LEVEL 2sR
-----
MCELL

CONMONIOVL/NDFsNIsNPsNGSTENDsTP(ML )sTG(ML)sUTSUFPUIT~UFI,NAnD,NM, MCELL
+IALPH$NDELTSLA9FL(8 )DNOUtlPs IDt4PsNM18TD( ML)sTJl( MCELL

COMMONtMISC/TINESICYCL~DTSNCLO IAsBUSBUISF2SF3~JS MCELL
LEVEL 2sTIME MCELL
COMMON/INIT/nTO(4L)SXMU( ML)sYO(tlL ISXL(ML)SXV(~L lpNV(NL)pVO(WL)pPO INIT

+(14L)STO(ML )sROW(NL)~JMIN (ML2)sJMAX(ML2)JIBRN(~L) sPLAofML)sORO[~L)S INIT
+flAT(ML)fUO(~L) 9UT( ML]sCTCF(HL)~ OO(ML) jTllLTINL)sTMC(qL) INIT

COMflON/LISUDt/Cl(~L)sSl(14L )sC2(ML)SS2(ML)S SWV(14L) SV~N(”L)s
+GAMPIA(ML )~ALPfML)

COflMON/FG~IJC/FS(YL)~GS( MLIsHS(ML)JSI (ML)sS.l(~L)~CV( ML)
COMMONIBRNSIA(~L)pBR(ML)SBA(ML ),VBO(ML),VBSU(ML)
DATA Cc/1.3952R394E-5/
IF(V(J) .LTOVBSU(I)) GO TO 30 Barnes EOS for V < VBSU
IF(V(J) .GTOVO(T))GO TO 40 GrUneisen EOS (with P = O reference) for
IF(V(J) OGTOSUV(I})GO TO 11

1
tension

IF(V(J).LT.V~Nf T))GO TO 12

us--
us
FG
BRN
USUP
USUP
USUP
USUP
USUP

V(J)=VMNfI) I 2nd USUP fit used for phase change ‘--USUP
12 C=C2(I)

5.s2(I) 1
GO TO 20

11 C. Cl(I)
SSS1(I)

20 VOMV=Vf3fI)-V(J)
HP=((C/(VO(I)-S*VOflV))**2)*VOMV+PO( 1)
HE=(HP+POC T))*VOMV*O.5 1 P,I on the Hugoniot

P{ J)=HP+(XI (J)-HF)*GAtlllA (1)/VfJ) Shift off the Hugoniot with
c IF NO HcAT CAPACITY SKIP TEHP CALCULATION

IF(CV(I))22s22s21
21 ALNV=ALOG(VfJ))

USUP
USUP
usuP
usuP
USUP
usuP
usuP
usuP

constant y USUP
usuP
Usup
usuP

T(Jl=(XI(J)-~F)*23890./CV (I )+EXP(FS(I )+ALNV*(GS(Y )+ALNV*(HSfI)
l+ALNV*(SI(I )+ALNV*SJ(I}) }))

USL(P
Temperature fit

22 RETURN
usuP
USUP

30 CONTINUE u
CALL BFOST(ISJ) Barnes EOS
RETURN :

40 CONTINUE u
IF(ALP[I))51s51s52

51 P(J)=PO(I)
T(J)=TO(I) 1 Oefault values for tension ifa <0

RETURN
52 P(J)=(GAM~A( r)*(XTIJ)+(l.-V[J )/VO(I))*CV(I}*CF/ALPfI) ))/V(J)

TlJ)=XI(J)*23P90./CV(I )+TO(I) EOS for tension
RETURN
ENO

u
u
u

u
u
u

.-.
;UP
;UP
;UP
i UP
;IJP
iuP
;IJP
;UP
i UP
i UP
iuP
i UP

2
3
4
5
6
2
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
3
2
2

13
14
15
16
17
18 —
19
20
21 \

22
23
24
25
26
27
2B
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
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the

the

usuP

USUP EOS allows for two USUP fits with a phase change. At high density

Barnes EOS is used. In tension, the GrtineisenEOS with the P=O line as

standard curve is used.

Local Variables

C,S = constants used in USUP fit. US = C + SUP where US is the shock

VOMV

HP =

HE =

ALNV

CF =

Notes

●
usuP

line to a

velocity and Up is the particle velocity.

= Vo - V, where VO is the initial specific volume (cm3/g).

pressure on the Hugoniot for volume V.

energy on the Hugoniot for volume V.

= !Ln(V)

conversion factor in the GrtineisenEOS.

EOS: For many materials, a plot of US versus Up data is a straight

good approximation over the range of interest. The data is then fit

to the equation

Us=c+sup . (1)

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, po, initial pressure, PO, and the initial specific internal energy, l..

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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Pou~ = P(US - up) , (2)

- P. = pou~up , (3)
●

~: ]

2
‘P

- 10)-~ POUS = POUP . (4)

After some algebraic manipulation, the four equations yield the results:

( c
2

PH =
- S(vo - v)

)
(V. - V)+PO ,

‘o

and

%= +(VO
- V)(PH + Po) 9

(5)

(6)

where

Vo=&andV=~ .
Po

(7)

Of course, P and I are required off the Hugoniot too. The Griineisengamma is ●
defined as y = V(8P/81)v. If y is known, a Taylor expansion

values for a given specific volume yields (to first order)

P
()

=PH+(I-IH)~ =
v

For this subroutine, y is assumed to be

The temperature on the Hugoniot, TE

(1 - $.+Y
PH +

v
.

around the Hugoniot

(8)

constant.

~, 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, !lm(TH)is

fit to a polynomial in In(V), that is,

!?nTH = F i-G(!LnV) +H(J?m V)2 + I(!LnV)3 +J(!ln V)4 , (9)

with the assumption that
()%l’%v

is constant, we obtain for temperatures

off the Hugoniot
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T=TH+
‘-%

Cv “
(lo)

This temperature calculation uses approximately 10% 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. AtV=VO

the values of T and I are denoted TI and 11, respectively. Using

and the assumption that Cp and Cv are indistinguishableand CV is constant,

we have for the reference temperature

Ir - 11
Tr=T1+ .

Cv

For P = O,

aI

()

CP

%p=— 3CLV “

With a different assumption about Cv,

cp/3av = Cv/3aVo = constant ,

we have

%
Ir=I1+~ (V-vo) .

0

For this reference energy and Pr = O, the GrtineisenEOS becomes

P
(

x~_~ Cv
‘v 1 )

-~(v-vo) .
0

(11)

(12)

(13)

(14)

(15)

(16)
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Also,

I-Ir
T =Tr+ ●

Cv

In order to have continuous P and T at I = O, V = VO, we find

-Povo.—
11 y

‘Ovo
T1=To-—

Cvy “

It can be shown that
()

ap
m~ will be continuous at V = v~, P = PO for

(17) ●

(18)

(19)

(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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SUBROUTINE GAS(I,J)
C EQUATION 9F STATE FOR GAS ONLY

PAQAHETER (HCL=5OO~tlL=2l~NGC=l9#flLGC=NGC*HL~~LOUnT=?O*~Ls
+NUHV=lOsNOL =((NU~V+l )/3+l)*!lCL+100pNDM=20SNCF=8S
+fiXCIUMP=3OgNDX=2*MXDUflP+2sMTAB=lsNTAB=tiTAB*3742
+$NSM=4SNWPM=3729SNSD=NSH*NIIPH+132SIIL2=100)

CONRONtCELL/R(~CL}sU(MCL )~V(HCL)SXI(MCL)~
+P(flcL )gsX(FICL)DSZ(MCL )sEEIMCL)ST(HCL)SO(MCL )sXM{MCLI SIFLAG(MCL)
+sU(MCL)

LEVEL 2sR
COMRON/OVL/NDF~NTsNP~NGsTENDJTp( flL)sTG(MLl#UI~UFsUIIpUFIpNADDSN4j

+IALPHONDELT~LABEL (8)SNDUMPS IDMP~NMlsTD(ML)~ TJI(
COMMONl~ISC/TINFSICYCLSDTSNCL~ IAsBUSBUISF2pF3sJS
LEVEL 2sTIPE
COflHONtGASC/GC(NGCSllLl
DIMENSION G(MLGC)
EOUIVALENCF (GCSG)
FL.(1-l)*NGC

110 ALNV=ALOG(V(J)) fin V

ALNP1=G(K+1)+4LNV* (G(K+2 )+ALNV*(G(K+3)+ALNV*(G(K+4)+ALNV*G(K+5) )
1)) tn Pi
‘iLNSI=G(~+h)+4LNPl*(G(K+7)+ALN91*(G(K+8 )+ALNDI*(G(K+9)+ALNPI*G(K
1+10)))) In If’

ALNTI=G(K+ll )+AL~V*(G(K+12) +ALNV*(G(K+13)+ALNV*(G(K+14) +ALNV*G(K
1+15]))) kn Tj

EI=Exp(ALNTr )-G(I(+17) Ii

p(J)=Exp(ALNpI )+fEI-xI (J))/V(J)*(G(K+12)+ALNV*(G (I(+13)+G(K+13)+
1ALNV*(3.*G(K+14 )+ALNV*40*G(K+15 1))) P=Pi+ (1-Ii)/6V

T(J)-=EXP(ALNTT }+(XI(J I-EI)*23890.1G(K+16)
RETURN

T=Ti + (1- Ii)!cv

END

GAS
GAS
PAPA!I
PARAM
PARAM
PARAM
MCELL

MCELL
FICELL
MCELL
MCELL
MCELL
tICELL
?lcELL
GC
GAS
GAS
GbS
GAS
GAS
GAS
GAS
GAS
GAS
GAS
GAS
GAS
GAS
GAS
GbS
GAS

2
3
2
3
4
5
2
3
4
5
b
7
P
9

;
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
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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

K = index to locate

NGC = parameter

ALNv=,env.
g

ALNPI = J?nPi.

ALNII = !ln1;.

ALNTI = !?ATi.

= #

EI=I; -Z=Ii.

Notes

The BKW equation of

array equivalence to

the data for region I

the two-dimensionalarray GC.

in G.

of gas constants per region.

state for the gaseous products is

@PVg/RT = 1 + xe ,

where Vg is the molar volume of the gaseous products and

x=
Kk

Vg(T+(3)~ ‘

where

(1)

(2)

(3)

with X
i

= n /n being the mole fraction of gaseous compound i, ki is a con-
ig

stant covolume for that compound, and K,cx,f3 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. Space

does not permit a complete discussion of the EOS calculation in the BKW

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 (P.), specific internal energy (Is) and tempera-
.!. .L

ture (T~) on the adiabat going through the CJ point. The fits used are
J.

given by

Rn Pi = G1 +G2(!Zn.V) +G3(!tn V)2 +G4(kn V)3 -tG5(kn V)4

!?mI; = G6 + G7(!lmPi) + G8(!lnPi)2 + G9(ln Pi)3 + Glo(ln

9

l’J4 ,

In Ti = G11+G12(!LnV) +GU(lnV)2 +G14(ln V)3 +G15(!Ln V)4 ,

Ii = exp (!?nI;) - Z ,

(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 Ii positive when making a fit.

The GriineisenEOS is

P=Pi+~(I-Ii)> (8)

where

Y ()=Vg .
v

(9)

We can use the thermodynamic relation

(E)v=(a$+”v=-+(%)s (lo)

9 to write y in terms of the function 6 defined by
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(11) a
giving

1
Yp”=— (12)

We can readily evaluate i3since 2n Ti on the adiabat is fit as a function of

2n V. The result is

_—=
i ’12 + 2G13h V + 3G14(!?nV)2 + 4G15(!ZnV)3 .

The pressure is then given by

I-Ii

‘=Pi+ j3V ‘

With the assumption of constant CV, the temperature is

(1- Ii)
T=Ti+ .

Cv

(13)

(14)

●
(15)
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c
Subroutine SS9G4S(10J)

SHARP SHOCK ~UQN
PARAMETFR (~CL~500~ML=21SNGC=19>MLGC=NGC*MLSMLDW9T=20*MLt

+N(JHV=lOSWOL= ((NUWJ+1 ]/3+l)*tlCL+100sNDM=20JNCF=8s
+MXOUlIP=3OprJDX=2*~XCJUMP+2SMTARI=lZNTAB=MTAB*3742
+sNSPl=4sNUPM=3729SNSD=NSfl*NUPfl+132SML2=100)

COHMONtCFLLfptMCL)sLJ(MCL )sV(MCL)~XI(MCL)S
+P(IICLJSSX(MCL) pSZf MCL)SEE(MCL )ST(MCL) sO(HCL)SX~(HCL) pIFLAG (MCL)
+9U(PCL)

LEVEL 2sR
COfltIION?OVL/NDFsNIPNPsNGsTENDsTP(flLl sTG(ML)PUIsUFsUIItUFIjNADO~N~s

+IALPH,NDELTsLAPEL(8 )PNDuMp,IOMo~NHl~TO(ML )$7JK
COMHONIMISC/TIMFsICYCLsDTsNCLs IAsBUsBU10F2PF3sJS

SSBGAS
SSBGAS
PARAM
PARAM
PbPAM
PARAM
MCELL
MCELL
MCELL
tlCELL
RCELL
NCELL
MCELL

LEVEL 2~TI~E RCELL
COMMON/INIT/DTO(fItL)SXttU( ML)sYO(HL)SXL(M LISXV(ML} sNV(~L)sVO(hL)sBO INIT

+(ML)PTO(ML )sROU(Nl)~ JMIN(tlL2)~JMAX[ML2]~IBRN( ML)soLAo(NL )sPQO(NL)~ INIT
+tlATIML)sUO(qL)sUT(ML)sDTCF( ML]sOO(ML) STNLT(ML)STHC (YL) INIT

COMMONlG4Se/GC(NGCSHLl
coHMoN/Fs/Is(~L2)?NmE
COMMONiBUX/BUA~BUBsBUMAXSBUDV(ML )

+sBURSBLJO
COMMONtEDSNtIE~SIHL )sME(HL)
DIflENS!ON G(MLGC)
EOUIVALENCF (GCSG)
IIsIE(I)

IF(IEOS(!).C0.2)G9 TO 2
K=(I-l\*NGt

110 ALNV=ALnG(vlJ)) In V
ALNPI=G(K+l )+ALNV*(G[K+2 I+ALNV*(G(I(+3 )+ALNV*(G(K+4 )

++ALNV*G(K+5)}))

●
kn Pj

ALNII=G(K+6)+ALN91*(G(K?71+ALNPI* (G(K+8)+ALN91*(G(K+9)
++ALNPS*G(K+lO) ))) Itn Ii

E1=ExP(ALNI1 )-G(K+17) Ii

111 SIP=EXPIALNOI) Pi
GAV=(G(K+17 )+ALNV*(G(K+13) *2+ALNV*(3*G(K+14 )+SLNV*4*G (K+15))))

+/v(J) -1/fW
P(J)=(SIP+FT*GAV)$ (l+O.5*[VO( 1)-VIJ))*GAV) P on Hugoniot
XI[J)=005*P(J )*(VO(I)-V(J )1 I on Hugoniot
RETURN

2 CONTINIJF Buildup EOS
UPCJ=B’JOV(T)*ROW(I}/(T(J )+1.) pcJ
UVCJ=T(J)*VO{I\/(T(J)+l. ) VCJ
UBI=T(J)*(T(J)-2.32)/(T( J)-.66) 1/6
WK=-0.5*9UfiV(T ~t(T(J)*T( J)-l.) Icu
WPI=UPCJ*(UVCJ/V{J))**T(J ) Pi
P(J)=[UPI-(UK+WOI*V(J)t(T (J)-1)1/(UBI*V(J)))/ P on Hugoniot

+(l-(VO( II)-V(J ))1(2*UI!I*V(J )))
XI(J) =~(J)*(VO(II)-V(J) 1/2 I on Hugoniot
RETURN
END

GC
ESM
BUP
BUP

~;BGAS
SSBGAS
SSBGAS
SSBGAS
SSBGAS
SS@GAS
SSBGAS
SSBGAS
SSBGAS
SSBGAS
SSBGAS
SSBGbS
SSBGbS
SSBGAS
sseGAs
SSBGAS
SSBCAS
SSBGAS
SSBGAS
SSBGAS
SSeGAS
SSeGAS
SSBGAS
SSllGAS
SSPGAS
SSBGAS
SSBG4S
SSPGbS

2
3
2
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
2
2
3

1:
12
13
14
15
16
17
le
19
20
21
22
23
24
25
26
27
2(!
29
3C

::
33
34
35
36
37
38
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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 equivalence to the two-dimensionalarray GC

K = index to locate the data for region I in G

NGC = parameter = # of gas constants per region

ALNV=kn V
g

ALNPI = gn P
i

ALNII = gn I;

EI = 1’
i
-Z=If

=P
‘1P i

GAV=-+

Notes

In the sharp shock

compressed to CJ volume

burn (see subroutine SSB for more details) a cell is

without going through the hydrodynamic equations.

So, it is necessary to find the Hugoniot pressure, PH, and specific internal

energy, ~, from thejump conditions andtheequation of state. The jump

condition for specific internal energy is

~ = *(VO (1)- V)(PH + Po) .

For detonations, PO is negligible. The equation of state for the HE products

is

174

-~(l-Ii)+Pi ,
‘-BV

(2) ●



where Ii and Pi are functions of volume only

~ from Eq. (1) for I in Eq. (2) and solving

P. - 1,/13V

(see subroutine GAS). By using

for P = PH, we have

PH = 1.
1- (V. -=V)/2(3v “

Then using the value of P~, ~ follows from Eq. (1).

(3)
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SUBROUTINE flIy(IoJ)
C EQUATION IYF SThTE FfIQ MIXTUPE OF SOLID AND GAS

PARAHETER (~CL=500sflL=21SNGC=19s PLGC=NGC*MLSMLOVDT=?O*MLs
+NuMv-lO~MOL =((NIJMV+l )/3+l)*flCL+100sNDU=20sNCr=13P
+PlXDUtlP=3OsNOX=2*MXDURP+2sMTAB=l#NTAB=MTAB*3742
+JNSM=4$NWPM=37289NSO=NSM*NHPM+132SML2=100)

COMMON/CELL/Q(MCL)SU(HCL)SV(RCL )sXI(NCL)S
+P(MCL)sSX(MCL )sS2(MCL )sEE(IIICL )~T(MCL)~O(MCL )~XM[qcL)~IFLAC(WcL)
+sU(MCL)

LEVEL 2gR
COMMON/OVLINDF~NISNPSNGSTENDSTo(ML )sTG{ML IsUISUFSUTISUFISNAOOSNMS

+IALPH~NOELTSL6QFL(8) JNDUHPsIDMP~Nt41STD(ML )sIJK
COMflON/NISC/T14ESICYCLSDTSNCLS IAsBUSBUI~F20F3SJS
LEVEL ?sTIME
COHMONIINITII!T O(M1)SXW( ML )sYO(ML)sXL (ML)sXV(~L)sNV( ML)9VO(ML)SO0

+(ML],TQ(ML)$QOV(NL )sJF!IN(IIL2)PJMAX(HL2 )s16RN(ML)spL4p(ML)8PQo( ~L)s
+MAT(ML) oU@(~L}SUT(ML )sDTCF(llL l#OO(ML)STMLT{ ML)pTqC(MLl

COMllON/USUPC/Cl(ML)SSl( MLIsC2(ML)SS2(ML) SSWV(HL )sVMN(HL))
+GAMMA(YL) sALP(PIL)

COPMONIGASC/GC(NGC~ML)
COMflONIFG~IJC/FS(f’IL)sGS( llL)sHS (IIL)tSI (MLIDSJtML) sCV(ML)
DIMENSION G(~LGC)
EOUIVALENCF (GCSG)
DIMENSION VTT(10}
DATA VIT(3)/loF-5/ Tolerance for solution: pressure equ~~~r~rwithin
DATA VTT(ln)/O./
DATA VGSSIO.651
XLM=,l.O1*VO(I)*(R1 (I)-1. )/S1(1] 1.01 times Vat which Hugoniot pressure
~c(I-l)*NGC is Infinite

210 OMN=l.-U(J)
OMUR=1OI!)MU
IF (V(J)OLT.VO(I)) GO TO 230 Iterateon V5 for V< Vo; Vg for V > V.
UR=l./V(J)
VIT(l)=(V(J)-V( J)*VO(II*VGSS I*OMUR lst guess for Vg: assume V =
VIT(2)=f).908 Ratio to get next point vkS*VO(I)

c IBR=l cnQ ITFOATTflN ON VG
IBR=l

215 CALL LFB (XoF~VTT) One step of iteration
IF (VIT(1O)) 900s?60s220 Error, solution, continue iteration

220 IF (X.LE.O.) c~ TO 225 For fixup when X = Vg becomes unphysical
vG.x 1 New values for Vg,V5
vs.(v(J)-O~v*vG)*wR

IF (VS.LF.O. ) Gf! TO 225 For fixup
GO TO 250

c SET VS=VG=V’YLUMF VHEN GET IN TROUBLE
225 VS=V(J)

VGSV(J) 1Attempted fixup when
)(-V(J)
GO TO ?50

230 VIT(l)=V(J) 1st guess for V5
VIT(2)=.999

c
Ratio to get 2nd

IBR=2 FIYR ITERATION ON VS
IBR=2

235 CONTINUE

iteration gives unphysical values

point

MIX
rlrx
PAPAW
PAPAM
PARAM
PARAM
flCELL
IIICELL
PICELL
MCELL
MCELL
?lCELL
MCELL
MCELL
INIT
INIT
INIT
us
us
GC
FG
MIX
MIX
FIX
NIX
UIX
MIX
Hxx
HI%
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
tlIX
MIX
MIX
t!IX
MIX
MIX
MIX
MIX
MIX
MIX
MIX
MIXIF(FoLT.10.0.4ND.X .GT.XLM )GO TO 236

x.(x+vIT(4))/2 1Don’t allow Vs to get near or

GO TO ?40
below the singularity in pressure ~~~

236 CALL LF9(%sFsVIT) One step of iteration MIX

IF ~vIT(lo~) Qo08~60s2411 Error, solution, continue iteration HIX
240 IF (X.LEeO.) GO Tfl 225 For fixup MIX

$
2
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
3
2

1:
11
12
13
14
15
16
17
lB
19
20
21 ●
22
23
24
25
26
27
2e
29
30
31
32
33
34
35
36
37
3B
39
4C
41
42
43
44
45
46
47
4e
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●
VS. )(

1
New values fOr Vs,Vg

VG. (V(J)-U(J )*VS)*OMkR
!41X
MIX

IF (VGOLEOO.) GO TO 225 NIX

c CALCUL4TE TF~pFQ~TLJRE/PRESSURE DIFFERENCE FOR flIXTURE ITEPATION MIX
250 VOMV=VO(I)-VS NIX

HP=((Cl(I)/(VO(T)-Sl(I)*VOf4V)]**2)*ti0?4V pH MIX
HE ● (HP-PO( I))*VOMV*O.5 IH MIX
ALNV=ALOGIVS) tn Vs
HT=EXP(FS( T)+ALNV*(GS(I) +ALNV*(HS( II+ALNV*[SI(I )+tLNv*sJ(T))))) TH
ALNV=AL(IG(VG) !?.n Vg
ALNPI=G(K+ll+ALNV* (G(K+2l+ALNV*(G(K+3l+ALNV*(G(K+4) +ALNV*GtK+5))))
IFIALN~I .L7.G(K+19) lALNPI=G(K+19 ) Ln Pj, limit of validityon lnIifit
EI=ExP(G(K+4 )+ALNPI*(G(K+7)+ALNPI*(G[K+8)+ALNPI*(G(K+9)+ALNPI*G(

lK+lO)l)))-
lGtK+17)

PI= EXP(AL&) pi
TI=EXP(G(K+ll)+ALNV*(G(K+12)+ALNV*(G{K+13)+tLNV* (G(K+14)+ALNV*G(

1K+15111)) Tj

IF(ALNV.GT.G(K+1811 ALNVSG(K+18 ) Linitofvalidityofl/!3 fit
LIETER=-(G(K+l~B)+ALNV*(G (K+13)+G(K+13)+ALNV*(30*G (K+14)+40*~LNV*G

1(K+15))))
TE14P=-G(K+16)*RE7ER/vG -C;V/BVg
TEMP~=GAh~l(I!*CV(I}/vS Yh/VS
F=-(HT*TEM91+T1*TEMP)*4, 16585182E-5 -[( THYSCv/Vs) - (TiC~/Bvg)]
TEHP=TEMP+TEMD1 Equilibrium temperature
VSTO=(?V(I 1-C(u+16))*U(J )+G{K+16) Wcv+ (1 -M)c;
F=((OMU*G(~+16 )*TI+U(J)*CV( I)*HT)*4.18585182E-5+ (ET-HE )*U(J)-ET+

lXI(J))*TE~P/VSTfl+F-PI+HP Pressure difference= fj(x)
GO TO (215s235)s19R

c HAVE F9UND A SOLUTICN FOR THE MIXTURE

a c GET THE TE~PFRATUQE AND PRESSURE
260 VARST=( (((71-HY)*G(K+161 *4.18585182E-5+XI(J )*Cl~WQ-EI )*CV(I)+HE*G

l(K+16)\*OMW?VSTn)-HE - Iq
P(J)=HO+V4PST*G4~NA (I)iVS

1
Output P,T

T(J)=H7+VAQ5T*23890./CV(I 1

c
900

901

RETURN
ERROR IN H~~ ITERATION SET IND TO -1
IND=-1
PRINT 901sTIMF~IsJsXSFSVITSVSSVG8 IBR
FORHAT[1XS1OH HOM ERROR8E1205S 2I5S4E12.5I1OC12O 5p15)
RETURN
END

MIX
FIX
MIX
NIX
MIx
MIX
MIX
MIX
tIIY
MIX
MIX
MIX
MIX
MIX
MIX
PIIX
MIX
MIX
MIX
MIX
MIX
MIX
MIx
PIX
MIX
Mlx
MIX
MIX
MIX
f41x
MIX
UIX
MIX
MIX
MIX

49
50
51
52
53
54
55
56
57
5t!
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
!!4
85
@6
87
88
89
90
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Calculates pressure and

temperature and pressure are

MIX (I,J)

temperature for a mixture of solid and gas where
●

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 V .

g

K = index to locate the data for region I in G.

OMW= l-W.

OMWR= (1 -W)-l.

WR= l/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 = vs.

HP = PH.

HE =
%“

HT = TH.

ALNV = Ln Vg or In Vs“

ALNPI = In Pi.

EI = Ii.

PI=P
i“

TI = Ti.

BETER = l/f3.

TEMP = -(@lvg.
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VSTO = Wcv + (1 -

VARST = I -
h ‘n

IND = error index.

Notes

The solid equations

w)c; .

equilibrium.

used are

C2(V. - v~)
PH =

[V. - S(vo - VS)]2 ‘

!?m~=Fs+G l..nVs+Hs(2n Vs)2+Is(kn Vs)3 +Js(kn Vs)4
s

b = i ‘H(VO - ‘.) ‘

PS=$(I~-~)+PH ,
s

Ts=TH+ ls-%
9

Cv

where the s subscript denotes quantities associated with the solid.

The gas equations used are

gn P =A+B flnVg +C(kn Vg)2 +D(fln Vg)3 +E(l.n Vg)4 ,
i

!?mI! = K+L(An Pi) +M(gn Pi)2 +N(gn Pi)3 +O(kn Pf)4 ,
1.

Ii=I;-Z ,

kn Ti = Q+ RRn Vg+S(2n Vg)2+T(Rn Vg)3+U(ln Vg)4 ,

1_—.
B

R+ 2S(!lnVg) +3T(kn Vs)2 + 4U(kn Vg)3 ,

(5)

(1)

s (2)

(3)

(4)

(6)

(7)

(8)

(9)

(lo)
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P
; “

=—
g

-Ii)+Pi ,

gg

I - Ii
Tg=Ti+

c; 9

where the g subscript denotes quantities associated with the gas.

The equilibrium conditions are

where P and T

Two more

fraction:

where V and I

mixture.

P=Pg=P
s’

T=T=TS ,
g

are the pressure and temperature of the mtiture.

relations are easily derived from the definition

are the

v= WV8 + (1 - W)v
g’

I =WIS + (1 -W)Ig ,

(11) ●
(12)

(13)

(14)

of mass

specific volume and specific internal energy of the

(15)

(16)

Multiplying Eq. (5) by WCV and Eq. (12) by (1 - W)C~we have, after

(17)

adding and substituting Eq. (14) and Eq. (16),

[1 - (w%+ (1 - W)Ii) +W~TH + (1 - W)C~Ti]
T= 3

Wcv + (1 - W)c;

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

> (1s - \)+pH=&(Ig-Ii)+Pi .
s g

(18) ●
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m Combining Eqs. (5), (12), and (14), we have

Is - ~ = CV(T - TH) (19)

and

I
g
-Ii= ~(T-Ti) . (20)

So the equation for pressure equilibrium (with equilibrium temperature T

from Eq. (17)) may be written in the form

f(v5,vg) = PH- Pi +
(?-*)T -(’yT” -*, =

Using Eq. (16), this equation can be reduced to either of two

one variable:

(v- (1 - W)v
fl(vg) = f w )

,V=o
g

or

(
V-WV5

f2(vs) = f v
)

= o.591-W

Since the pressure for the mixture is always positive, Vs

o. (21)

functions of

(22)

(23)

will not get

much larger than Vo (thermal expansion at low pressure). So, for V > Vo,

f2(Vs) will be very sensitive to the value of V Therefore, Eq. (22) is
s“

solved for V > V. and Eq. (23) is solved for V < Vo. The solution is found

by an iterative technique, basically the secant method, described in LFB.

The method requires two starting points to be stored in VIT(l) and VIT(2)

where x
1
= VIT(l) and x2 = VIT(l) *VIT(2). For iteration on Vs, VIT(l) is

chosen to be V. For iteration on V VIT(l) is chosen such that Vs is
g’

VO*VGSS. Sometimes the iteration will begin to diverge and give unphysical

values such as negative Vs or Vg. The standard fixup is to set V = V = V
gs

●
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,

181



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 V . The constants G(K + 18) and G(K + 19) provide limits
g

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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c
c
c
c
c
c

:

c

c

c

c

c

c

SW~y~TINE LF9fYP~FPsTX)
INITIAL GUESS

TX(2) @ATIq TO GET SECOND pOINT
TX(3) ZEQn DEFINITION
Tx(lo) COUNT OF NUMBER OF ITERATIONS

SET TO ZERO ON SOLUTION
SET Tn NEG4TIVE OF COl!NT ON ERROR

FP =FUNCTION(XP)
WHEN A SCILLITION IS FOUNDS XP IS THE RO@T

ERROR EXITS nCCUR FOR
10 TOO HANY ITERATIONS .GT.CNTMAX
2. TwO SUCESSIVE XP S OR FP S ARE FOU4L

DIMENSI13N TX(10)
DATA CYTVAX 1100.1
IF (TX(1O)CLE.O.I GO TO 1
Tx(10)=Tx(IO)+1.
IF (Tx(lO)-3.) 2p3s4

ENTRY FIRST TTME THQnUGH
1 TX(10)=1.

IF (TX(l)OFO.00) TX(1) = 1.
xp.Tx(l) Xf)

GO GET F(X~) f(xo)
RETURN

ENTRY SECON9 TINE THROUGH
2 TX(9)=FfJ f(xo)

TX(81=YP Xo
TX(5)=co
IF (ABS(F~).LT.TX( 3)) GO TO 18
XP=TX(1)*TX(2) )(1

Solution?

GO GET F(XP)
RETURN

ENTRY THIQP TI~F TW~UCh
3 TX(51=F0 f(xl )

TX(6)=KIJ Xl
TX(4)=Y0 X
Tx(7)=cP 1fxl)
IF lABS(FP).LTOTX( 3)) GO TO 18 Solution?
XP=TX(5)-TX(7)* (TX(6)-TX (e))/(TX(?)-TX(Q)) x2

GO GET F(XO) f(xz)
RETURN

ENTRY FOR FOURTH ANO SUCEEOING TIMES THROUGH
4 IF (TX(lO)OGT.CN7~AX) GO TO 99

TX(4)=XP X
Tx(5)=F~ ifXi)
T.Tx(4)-Tx(5) xi ..xi-~
IF (T.EQ,O.I Gn TO 99
IF (ABS(F9)01T.TX(3)) GO TO 18 Solution
RmTx(5)-Ty(7) f(.Xi)- f(Xi-1)
IF (R.EO.00) GO TO 99
xP=Tx(41-Tx(5)*(TtR) xi+l by Eq. (1)
IF (TX(51*TV (7).LT.O.) GO TO 11
IF (TX(51*TX(9) .GF.O.) GO TO 11

1

See notes
IF (XP.GTOTX(4)) GO TO 6
IF (XP.GT07X(8)) GO TO 10

8 XP=TX[4)-TX(51*(TX (4)-TX (8))/(TX(5)-TX(9)) Xi+l byEq. (2)
10 TX(7)=TX(5)1

TX(61=TX(4)
~

See notes
GO GET F(XP)

RETURN

LF8
LFB
LFB
LFB
LFB
LFB
LF8
LF8
LFB
LF8
LFB
LFB
LFB
LFB
LFB
LFB
LFB
LFB
LFB
LFB
LF@
LFB
LFB
LFB
LF8
LFB
LF8
LFB
LFB
LFB
LFB
LFB
LFB
LFB
LFB
LFB
LFEI
LFB
LF@
LFB
LFB
LFB
LFB
LFB
LFB
LF@
LF@
LFB
LFB
LF8
LFB
LFB
LFB
LFB
LFR
LFB
LFB
LFB
LFB
LFB

2
3
4
5
6
7
e
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

;;
53
54
55
56
57
58
59
60
61
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6 IF (XP.GT.7X(P)) GO TO 8
GO TO 10

11 1X(91=1X(7)
TX(8)=TX(6)

1
See notes

GO TO 10
C HAVE FOUN9 A SgLUTItYN

18 TX(10)=OO Index for solution
TX(l)=XP
TX(4)=KP
RETURN

C AN ERROR ~4S OCCURED
C SET COUNT NEG~TIVE AND EXIT

99 Tx(10)=-TX(1O) Index for error
RETURN
END

LFB
LFB
LFB
LFB
LFB
LFB
LFB
LFB
LFB
LFB
LFB
I.FB
LFB
LFB
LFB

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
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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

TX = array

Also,

of the function at XP.

containing current and previous values of XP and FP.

TX(l) = initial guess for XP; TX(2) = ratio to get second

XP; TX(3) = error limit, TX(10) = count of iterations.

T = TX(4) - TX(6).

R= TX(5) - TX(7).

Notes

The secant method for finding a root of f(x) = O is given by

(1)

where y
i
= f(xi). Two points, X. and xl, are required to begin the iteration.

The secant method is used in LFB with the restriction that if yiyi_l > 0

and YiYi_2 < 0 With Xi+l not between xi and Xi_2, then

● ‘i

(
x.-x

1

‘i+l = ‘i - Yi )

i-2 Yi .
- Yi_2

(2)

This modification treats the case where a root is known to be between

and ‘i-2
from the fact that yiyi z < 0. If yiyf ~ > 0, then there is the
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possibility that Xi+l from Eq. (1) is not between xi and xi_2. (If that is o

the case, then Eq. (2) is used for Xi+l, which will then give Xi+2 between

‘i
and x~_2.) This modification helps avoid divergence of the solution in

some cases. When Eq. (2) is used, xi_l is replaced by xi_2 and yi_l is re-

placed by yi_2. The relation of xi and yi to TX in the code is as follows

TX(4) = Xi

TX(5) = yi

TX(6) = Xi_l

TX(7) = J’1-l

TX(8) = xi_2

TX(9) = Yi_2
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SUBROUTINE QFOST(ISJ)
c BARNES SOLTD EOUATION OF STATE

ROUTINE SETS V!ILUMES GREATER THAN VO TO VO AND ENEQG?ES LFSS
: THAN ZERO n!?GoEE ENERGY TO ZERO DEGREE ENE@GY

REAL NsNUOIC
PARAtlETER (~CL=500sUL=21sNGC=19~MLGC=NGC*HL#MLDUDTm20*ML9

+NUNVO1OP ~91=((NUMV+l )/3+l)*t!CL+100SNDU=20sNCF=8S
+!lXDUMP=3OjNOM=2*HXDUMP+2sflTAB=lJNTAB=MTAB*3742 -
+0NSM=4SNWPW=3728~NSO=NSM*NUPtl+132~HL2=100)

COMMON/CELLIR(MCL)SU(MCL )JV(MCL)SXI(HCL)S
+P(MCL)JSX(MCL)sSZ( tlCL )sEE(liCL )sT(MCL)SO(flCL }sYM(MCL)S IFLAG(HCL)
+PH{MCL)

LEVEL 2sQ
COPIflON/OVL/NDFsNIpNPSNGS TENOSTP(FL )sTG(ML )sUTOU~SU?IsUFTpNtPDSN~S

+IALPHsNDFLT~LA8FL(8 )sNDUflP~IDMPsNMl~TO(ML ))IJK
CONMDN~~ISCITIMEsICYCLJDTsNCLs IAsBU~BUI~F2sF3sJS
LEVEL 2sTI~E
COMMONln@NS/A(~L)SBR(MLls8A( ML)sVBO(MLISV BSW(VL)
DIMENS1ON FIBQ(~L),EXBR(flL)

c voLurnE CAN NOT q: GREATER THAN vo
DATA E19R~FXRR/YL*O.SPIL*O./
IF(EIBR( I).NE.O.)GO TO 10

1EIBR(I)=El(~Q(l)i - ‘- ‘-
EXBR(I)=FXP(BP (I))

Constant for a given material

10 CONTINUF
VV=V(J)
IF(VV.GT,V@O(I)} VV=VBO(X)
N=vB()(l)/vv

CRN ● N**(l./3y) ~1/3

NIJ ● 10 - 1,/cON v

EBRN=Ex~(9Qf I)*Nu) exp(brv)
EBAN=EXo(?~(I)*NU) exp(bav)
PC=A(I)*(CPQN*?RN**5-EBAN*CRN*CRN) PC
Gfl=-I./3.+l./l*((EBRN*(8(*BRBR (I)*CRN**4 Y

++18.*CRN**5+BQ( I)*BR( IJ*N)+EBAN*
+(-20*B4(I }*C9N-aS(I )*BA(I)))/(EBRN*(CRN**5
++lo/30*BQ(T)*CRN**4 )-EBAN*10,/30*CRN*BA( I)))

BON=BR(I)ICRN brq-1/3
IC=3./2o*A(I)*V9O(Il*(EBRN*(CRN**2-BR (I) Ic

+*cRN)+RQ(T)-1.+(2./BA (1))*[1.-EBAN)
+-BR(I}*BR( T)*F)19R( I)*(E1BR(I )-El(BON)))

c ENERGY c4N NCT BE LESS THAN ZERO OEGREE ENERGy
IF(XI(J) .L7.IC)XI(J)=IC
P(J]sPC+GM*(XIIJ)-IC)/VV Pressure output
pz8pc
RETURN
END

BFOST
BEQST
BEoST
BEOST
BEOST
PAPAM
PARAR
PARAM
PARAM
MCELL
UCELL
HCELL
MCELL
~CELL
MCELL
MCELL
MCEIL
BRN
BEOST
BFQST
BEOST
8EOST
BEOST
BEOST
E!EOST
BEOST
BEOST
BEQST
BEOST
REOST
8EOST
@EOST
BEOST
BEOST
BEOST
F!EOST
9EOST
BEQST
9EOST
BEQST
BEOST
8EOST
8EQST
BEOST
BFQST
BEQST
BEOST

2
3
4
5
6
2
3
4
5
2
3
4
5
6
7
e
9
2

10
11
12
13
14
15
16
17
le
19
20
21
22
23
2+
25
2t
27
28
29
30
31
32
33
34
35
36
37
3B
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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

w =MIN (v(J),VBO(I)).

V()
N= rI =~, whereVo=VBO(I), V = V(J), and N is declared real.

1/3
cRN=~ .

-1/3
Nu=~=l_~ . NU is declared real.

br~
EBRN=e .

bav
EBAN=e .

brv bav
Pc=Pc=lq 2’3(~e - e ) = pressure on the zero-degree isotherm.

GM = y calculated by the Dugdale-MacDonald formula using Pc“

BON
-1/3

= br~ .

IC=IA= specific internal energy of the zero-degree isotherm. IC
L

is declared real.

Notes

The

(i.e., P

pressure

Morse potential has been modified by Barnes to give the proper

a ?13 for free-electron gas) form at very high pressures. The

on the zero-degree isotherm, P-, is given by

(1)

where rl=vo/v,v=l-Tl
-1/3

, and a, b and ba are constants. The
r’

constants a and br are usually chosen such that the repulsive term matches

the Thomas-Fermi-Dirac (TFD) pressure at q = 1 and ~=10, respectively. The

TFD pressure is typically fit within 2% over the range 1 < q < 15 by this
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repulsive term.

isothermal bulk

Given a and br, then ba is chosen to match the experimental

modulus, B~, using

()dP=‘o== =~a(3+br-ba) .
n=1

The specific internal energy on-the zero-degree isotherm, 1=, is given by

J
v

IC=- Pc dv .
V()

Changing variables to ?I= Vo/V gives

Jn ‘C(n) dn n
IC=VO —

{(

~-1/3ebrv
= aV

)
_n-4/3 bav

?-l’
o e dq .

1 1

Further change of variables to x = rI-1/3 = ~

●
- V gives

Ic = -3aVo
J

~-1/3

1

= +~aVo

[
(

b V 2/3 _ b ~1/3
-l+br+er~ ) +~$ - 2.”)

‘b~([-Ei(-br)]-[-Ei(-br~-l/3r ,)])]

Xebr(l-x) _ ~+4eba(l-x)

4 dx
x

~
x etwhere Ei(x) = ~ dt is the exponential integral.

The Grtineiseny is computed using the Dugdale-MacDonald formula:

v a2(Pv213)lav2 ,
Y=-+-?

a (pv2/3)av

(2)

(3)

(4)

(5)

(6)

or in terms of ~,
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where

(7)

23 ~3 32
n ~ W 2’3) +y— 2/3,z (Pv

Y=-++
an

2/3, 9
~2 a(Pv

an

~v2/3 =AV~/3(~ebrv-ebav) . (8)

After evaluating the derivatives and multiplying numerator and denominator

by rl-1/3 , we have

brv
e

(
18q5/3 +8b#3

+ b~n) + ~av(-2ba$’3 - b:)
Y= -$+&

ebrv
( ~br~4’3) +ebav[~m1’3j “ “)
~5/3 + 1

The pressure is then evaluated using the

reference pressure and specific internal

P = Pc+~(I
o

GrtineisenEOS with Pc and Ic as

energy, respectively,

- Ic) . (lo)

Care must be taken in choosing the volume, VBSW, below which the Barnes

EOS is used instead of the USUP EOS.

USUP y is constant. So, for a given

equal. That means there is only one

The Barnes y depends on volume and the

volume the two y’s are generally not

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

~ due..
,.

./’

the

to a wrong choice of VBSW will be enhanced as VBSW decreases. This is

primarily to the increased values of I with smaller volume.

The usual choice of VBSW is to match pressures at the Hugoniot. Using

Hugoniot energy equation
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%=$
and the GrtineisenEOS,

(V.-v)PH=+vo((?-l

we can solve for the

- l)/T-l)PH

Hugoniot pressure

Pc - Y(v/VO)Ec

‘H=l-y(?T - 1)/2

(11)

(12)

and compare with USUP Hugoniot to find the proper choice for VBSW.

191



SUBROU7?NF qLnUo(TsJ)
PARAMETFR ('4CL=5OOsML=2l~NGC=l9StlLGC=NGC*MLsMLDWOT=2O*ML#

+NUMv=lOsYOL=( (Nll~V+l) /3+l)*MCL+100/NDU=20SNCF=8S
+MXDUl4P=3OsNnX=2*uXCUtIP+2sfiTAB=lsNTAB=MTAB*3742
+~NSll=4sNWPM=372P~NSD=NSll*NHPtl+132sML2=100)

COP!flONICEL1/R(~CL)SU(MCL )sV(HCL)SXI(MCL)S
+P(MCL)SSX(~CL )SS2( PCL)SEE(MCL) sT(MCL) sO(~CL)sXM(~CL)SIFLAG (MCL)
+~U(flCL}

LEVEL 2,R
COHMON/f3VL/NDFSNISNPSNGSTENDSTP( ML)sTG(ML )sUISUFSUIIpUFISNADDpNMS

BLDUP
PARAM
DbRAM
PbRAM
PARAM
flCELL
!4CELL
MCELL
HCELL
flCELL

+IALPH$NDELT,LABEL(8 )sNOUMPDIDMPSNMlsTD(HL)s IJK flCELL
COMMONfMISCITINEsICYCLsOTsNCLs IAsBUSBUISF2SF3SJS MCELL
LEVEL ?sTtME MCELL
COtIHON/INIT/DTO(NLISXRU(fIL )~YO(ML)SXL(NL)sXV(ML)SNV( ML)sVO(ML)sPO

+(ML),TO(YL)~ROV(ML) sJtlIN( tlL2)sJMAX(ML2) #1BRN(~L)$PL4P(ML)$DROt”L )9
+MAT(ML) sUO(~L)pUT(f4L )sOTCF(t!L)sOO(ML)STMLT(ML) ~TMC(ML)

COMt40N/EIS~!/IEOS(ML)SME( ML)
COMMONIBUX/9UA~911B~BUMAXs BUOV(!IL)

+$BIJRPBIID
DATA U~AXIO.Q9/
DATA TLIO.ISILIOI
IF(bI(J1.GE.WflAX )GCl TO 11 Set P= OforW> 0.99
IF(T(J) .EO.TL.ANO. I.EQ. IL)GO TO 20 Don’t recalculate constant
TLsT(J) n~cl;i~$~

IL.I
dPCJ=B’JDV(I)*ROU(I)/(T(J )+1.) PCJ
UVCJ=T(J)*V3(I)/(T(J)+l. ) ‘CJ
UBI=T(J)*(T(J)-2032)/(T (J)-.66I l/B
UK=eO.5*BU@V(I)/(T(J)*T (J)-1.) 18

20 dPI=WPCJ*(wVCJtV(J ))**T(J ) Reference pressure
PGmuBI*((XT(J)-UK)/V(J )-uPI/(T(J)-10))+WPI Pressure for W = O
P(J)=PG*(l-U(JI) Scaled pressure
GO TO 10

11 CONTINUE
PIJ)=O.

10 CONTINJE
RETURN
ENO

INIT
INIT
INIT
EN
BU P
BUP
BLDUP
BLDUP
BLDUP
BLDUP
BLDUP
BLDUP
BLDUP
!)LDUP
BLDUP
BLDUP
BLDUP
8LDUP
BLDUP
BLDUP
IILDUP
BLOUP
BLDUP
OLDUP
BLDUP

2
2
3
6
5
2
3
4
5
6
7
B
9
2
3
4
2
2
3
e

J
11
12
13
14
15
16
17
18

23
24
25
26
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● BLDUP

Calculates the equation of state to be

The EOS is that of a y-law gas but the y is

cells in a given material.

used with the buildup burn model.

not necessarily the same for all

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.

WVCJ = V~J for this cell.

WB1 = l/~ for this cell.

WK = Im for this cell.

WPI = the reference pressure, Pr, which is on

the CJ point.

Notes

A number of explosives have been

that varies with distance of run. An

mentally observed phenomena is to use

● PG = the actual pressure, P , which assumes W
g

shown to have

effective way

the isentrope going through

= o.

an

of

effective CJ pressure

modeling this experi-

a y-law EOS for the gas products where

y is a function of the distance of run. (See Mader’s book for more details.)

To a very good

tional form

approximation, y has been found to fit the data with the func-

B
y = A+— ,

x
(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. For short distances of run,yis not

allowed to exceed a maximum value yma 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 ymn = 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

poD2
P
CJ=— y+l

and

where D is the detonation velocity and y is evaluated at

For buildup EOS we use a y-law gas as the reference

the CJ point.

curve with the

(2)

●
(3)

constant-~ EOS off the isentrope. For a given cell, y is a constant calcu-

lated from Eq. (l). With the condition that the reference curve goes through

the CJ point, we have for the reference pressure

Pi = PCJV;JV-Y .

The corresponding reference energy is then

(4)

Pfv
Ii=—

Y -l+K ‘
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● whereK is a constant

the energyis defined

the specificinternal

appropriatefor the zeroof energyused. In our case,

as zerofor the solidexplosive.For thiszeroof energy,

energyat the CJ pointis

‘#f) - ‘~J)

ICJ = 2 .

Substitutionof Eq. (6)in Eq. (5)gives

‘PCJVCJ ‘CJK=- _l +~(VO-VcJ)=- D2
Y 2(y2- 1) “

(6)

(7)

The constant-~EOS (B is the inverseof the Grtineisenl?)is givenby

P=Pi+#I -Ii) . (8)

● One can determineB at the CJ pointfromexperimentusingthe followingrela-

tions(seeFickettand Davis,p. 30):

and

to give

For p13x-9404,2 EnD/a

EitherCJ burn or

M3y=l+a

a !?nD=y-l-a ,
a lnpO 2+cX

a J?mD
y–a !LnpO

6 =

(
afinD “

YY-;- a !tnpo)

(9)

(lo)

(11)

flnPO is about0.66.

sharp-shockburnmay be usedwith the buildupmodel

●
usingthe CJ volumefromEq. (3) thatcan vary fromcell to cellas y varies

throughEq. (l).
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SUBRtlUTINF SPFOS(ISJ)
PAQAPETEQ (WCL=500JHL=21SNGC=19$MLGC=NGC*HLSMLnUOT=20XMl$

+NuMv=lO~MQL= ((NUqv+l )/3+l)*IlCL+100SNDU=20~NCF=8~
+MXOUMP=3O~Nf)X=2*YXDUMP+2$MTAB=I~NTAB=P!TAB*3742
+#NSH=4,NwPMm3729,NSD.NSM*NHpM+132,HL2=loo)

COMMON/CFLL /R(MCL)SU( HCL)SV( IICL)SXI(MCLIS
+P(tlcL )9SX(McL)$Sz( flCL)sEE (NCL)~T(rICL) SQ(MCL )sXqtNCL) SIFLAG(MCL)
+~u(McL)

LEVEL 2sR
COMMON/OVL~NOFtNI~ NPsNG~TENDsTP(IIL )~TG(ML )~UIsUFsUIIsUFIsNAOOsNMs

+IALPH~NDELT~LA9EL (8) PNDUtIPS IDMP~NHl$TO(RL)~ IJK
COHFON~MISr/TTMES tCYCLsDTsNCLS IAsBUs9UIsF2sF3gJS
LEVEL 2sTIME
COMf10N/IN17/OTO(ML )JXtW( NLJSYO(tIL) SXL(PIL)SXV(ML) sNV(ML}SVO(ML)9P0

+(HL)8T0 (ML)JPI)U(ML )SJMIN(llL2 )~JMAX(ML2 )SIBRN(~L )SPLAO(PIL )snRO(NL)s
+HAT(ML) ~UO(NL)sUT( ML )sOTCF(ML)SQO(ML )STIILT(WL )9TYC(ML)

COMMONtUSUPCICl (ML)\S l(ML)sC2( ML)SS2(MLlsSWV(ML) sV~N(HL)s
+GAMM4(ML}0ALP (ML)

COMHON/SPC/SO(ML),USP(HL )
+~XISP(HL)

COMMON/FGHIJC/FS(qL )sGS (ML)sHS(HL)>SI( ML)JSJ(YL) sCV(*L)
COMMONtEOSNI IFqS(ML)sME(ML ]
coMHoN/Es/TF (ML2)pNmE
11.IE(~)
IF(SP(II )OLTOO. OOO1)RETURN Don’t span for SP<10-4
JMP=JMAX(I)+l
DPOXDP(J)/(Q(J)-Q(JflP )) calculate pressuregradient
IF(J.LE.(JHIN(I)+l)) RETURN Ne~regj~nsmUst haveat least 2ce115
IF(J.GEo(JMP-2)) RETURN 1
TM.SP(II)*SOQT(-DDOX)-
SPLP=-TN Gradient span pressure
IF(T1l.GT.USP (IT})SPLP=-USP~ 11) Ultimate span pressure
IF(P(J) .GT.SPLP)RFTURN Span?
JS=J
RETURN
END

SPEOS
PbRAf’1
PARAM
PARA?i
PARAF!
HCELL
uCELL
NCELL
MCELL
t!CELL
HCELL
MCELL
MCELL
INIT
INIT
INIT
us
us
SiLC
SPLC
FG
EN
ESP
SPEOS
SPEOS
SPEOS
SPFOS
SPEOS
SPE(JS
SPEOS
SPEOS
SPFOS
SPEOS
SPEOS
SPEOS
SpEOS

3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
3
2
3
2
2
2

11
12
13
14
15
lb
17
18
19
20

●
21
22
23
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Asa

SPEOS

Determineswhethera cellshouldspan by usingthe gradientspan model.

specialcase,a constantspan pressuremay be specified.

LocalVariables

II = IE(I)= originalregion#.

JMP = JMAX(I)+l= indexfor the insideradiusof the regionI.

DPDX = ~ assumingpressureis linearand the insidesurfaceis a P = O.

TM= negativeofthegradientspan term.

SPLP= span pressure.

Notes

An empiricalmodel*

spallingis the gradient

thathas been

span model.

foundto fit experimentaldata for

The span pressureis of the form

P
d

= -A ~ ,
s

(1)

AD
where ~ is the pressuregradientand A is a constantfor a givenmaterial

which is denotedSP(II)in the codefor originalregionII. A locallyevaluated

numericalvalueof ~ requiresa very smoothsolutionfor P vs x in orderto

be accurate. To avoidpossibleproblems,~ has been approximatedby the

form

whereP is

question.

ZAP - PdP
dx Ax X - X. ‘

(2)

evaluatedat x and X. is the insidesurfaceof the regionin

The assumptionsin thisapproximationare that the insidesurface

*
B. R. Breed,CharlesL. Mader,DouglasVenable,J. Appl.Phys.~, 3271

●
(1967).
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of theregionis a freesurfacewith PO = O, thatthe pressureis a linear

functionof distancebetweenx and Xo, and thatthe directionof motionis

towardthe inside.

An additionalassumptionis made thatthereis an ultimatespan pressure

(-USP(II)in the code)at which thematerialspans regardlessof the stress

gradient. So if Ps fromEq. (1)is less than-USP(II),thenthe span pressure

is set at -USP(II). If a cellmeets the criteriafor spalling,the flagJS

is set to the cell#. The actualspallingis done elsewherein the code.

Sincethe coderequiresat least2 cellsin a region,spallingthatwould

createa one-cellregionis not allowed.
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SUBROUTINE POIY(TSJ)
PARAtlETFR (HCL=500pllL=21JNGC=19SMLGC=NGc*MLsqLOWOT=ZO*MLS

+NUflv=lOPMOL= ((NUMV+l )/3+l)*flcL+loo,NDu=20,NcFsR,
+MXDUHP=30PNDXW2*MVDUMP+2~MTbB.l~NTABWHTAB*3742
+~NSM=4SNUOM=372q~NSD=NSR*NUPH+132~ML2=loo)

COllMONtCELLtP(MCL) sU(fICL )JV(fICL)SXI(f4CL)S
+P(tlcL)s SX(McL)jsz{ HCLJJEE( 14CL)$T[MCL) ●Q(HCL}SXq($lCL) $IFLAG( HCL)
+sU(RCL)

LEVEL 2sR
COHMONfOVLINDFSNIs NPSNGsTENDsTP( ML)sTG(MLlsUISUFSUIIsUFIsNA09SNNs

+IALPH,NDELT~LABEL( 8)~NDuMPs IDMP~NMI~TD (ML)~IJK
COMMON/HIStlTIMEsICYCLsDTsNCLs IAsBUSBUISF2SF3SJS
LEVEL 23TIME
COMMON/INIT/DTO(ML )SXt!LJ(HLJSYo (ML)~XL(ML)pXV(ML) pNV(ML )~VO(ML)SOO

+( NL)$TO(ML]9QIYU(ML )sJPIN( ML2)sJMJx(ML2 )sIBQN(AL)s PLtP(ML )pOQO(ML)S
+tlAT(IIL) sUO(YL)SUT(NL )SDTCF(tlL )SOO(ML)PTrILT(ML )sTqC(YL)

COIIIMON/~OLYC/CF (NCF}HL )sPS(IIL)
1 CONTINUE

vv=vo(t}/v(J)-l. n
A=VV*(CF(1SI)+CF(281]*ABS (vv)) A
B=CF(3,1)+VV*(CF(4$I) +vv*cF(5sI)) B
cscF(6,T)+cF(7,1)*vv c
XIJ=XI(J)*POW(I)
P(J)=(A+XIJ*(n+C*X:J ))/(XIJ+CF(8S[)) pressure output

10 CONTINUE
RETURN
END

POLY
PARAM
PARAM
PARbM
PARAM
MCELL
f’lCELL
MCELL
MCELL
HCELL
RCELL
t!CELL
UCELL
INIT
INIT
INIT
PLC
POLY
POLY
POLY
POLY
P(ILY
POLY
POLY
PoLy
POLY
POLY

2
2
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
7
8
9

10
11
12
13
14
15
16
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POLY(I,J)

An eight-parameterfit to the equationof statethatis basicallya

polynomialin twovariablesdividedby a linearfunctionin one of thevariables.

The two variablesare

LocalVariables

V(j- v
VT,7.q.

v

relatedto specificvolumeand specificinternalenergy.

(notthe sameTIas in CUSUP).

A= A in the notes (a functionof TIonly).

B = B in the notes (a functionof rIonly).

c = C in the notes (a functionof ~ only).

XIJ = POI = initialdensity* specificinternalenergy= E in the notes.

Notes

The coefficientsCF(J,I)will be denotedCJ in the notes. The eight-

parameterfit for the pressureis givenby

where

with

and

P .A+BE+CE2
E+C8 9

A=

B =

c =

T-lcpllT-llc2 ,

C3 + llc4+ n2c5

‘o - v
n= v

& =poI .

(1)

(2)

(3)

(4)

(5)

(6)

It can be shownthat,like theUSUP EOS,thisEOShas a maximumpossible ●
compressionon the Hugoniot. However,unliketheUSUP EOS,adiabatsarewell
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● describedat highercompressions.For most (ifnot all)materialsthe Ci’s

are all positive. Aposltive C8 means the pressureis finitefor finite

rIand E. (TheHugoniotpressuregoes to infinityat maximumcompression

becausec does.)
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SUBROUTINE VISC VISC
PARAMETFR (MCl.=59nSML=2lsNGC=l9stlLGC=NGC*MLsqLDWDT=2O*ML$ PARAF!

+NUMV=lOsHOl =((NIJYV+l )/3+l)*MCL+100sNDU=20~UCF=8S PARAM
+MXOUMp.30,NDX.2*qXDUUP+Z8MTAB=l~NTJB=HTAB*3742 PbRbM
+~NSH=4~NUIJt4=372PSNSD=NSfl*NllPM+l32Sf'lL2=lOO) PARAM

COMMON/CELL /R(~CL)SU(HCL )sV(MCL)JXI(MCL)S MCELL
+P(McL)9SX(HCL )JSZ( MCL)sEE(MCL) sT(RCL) sO(tlCL) SXH(ACL)pIFLAG(HCL ) MCELL

MCELL+~u(MCL)
LEVEL 2~R MCEIL
COMflONfOVL ~NDFONISNPSNGsTENDSTp( ML)sTGIML}sUISVFSUIISUFTtNAog~Nqs MCELL

+IALPHJNDEL7sLA9EL 181sNDUMP~ IDNPpNfllsT0 (HL)sIJK MCELL
COMPON/MISC/TINCSICyCL#DTSNCLs IAsBUSBUISF2SF3SJS MCELL
LEVEL ?JTIME MCELL
COMRON/INIT/DTO(ML)SXMU(ML)sYO (ML)sXL(ML)sxV(ML)SNV( ML)~VO(HL)SOO INIT

+(ML)JTO(ML)DROU($!L )sJFIIN (ML2]~JMAX(ML2 )sIBQN(HL)~PLAP(ML )sORO(ML )s INIT
+flAT(HL),UO(qL) $UT( ML)9DTCF(ML)S0 O[ML) sTMLT(ML)sT~C(ML) INIT

coMMoN/MNMy/KMAxf~L2) $Kf41N(mL2)DNMc PN
COMMONlxCQMtel~Q?~ DRl~DR2~UO~NCI~DR~ 21 xc
coMMoN/Fs/TF(~L 2))NME Fsm
Do 10 I=19~~c VISC
11.IE(I) VISC
JPN=JMIN(T) VISC
JMX=JMAX(I) VISC
DO 10 J=JMN~JHX VISC
f)usu(J+l)-ll(J) AIJ
IF(ABS( O(J)).LT.Qo(II ))GO’TO 11

VISC
VISC

IF(DU.LT. 000.AN90NV( I)oNE.O)GO TO 11 VISC
IF(NV(I)-1)102S3
O(J)*4*Xv( T)*!W~(3*V (J)*xtl(J))

VISC
1 “Real” (negative Qallowed) VISC

GO TO 10 VISC
2 O(J)=AflS [xV(I)*(O.5*(U[J )+U(J+ll l-UO(I))*OUtV( J)) VISC

GO TO 10 VISC
3 OtJ}SARS(xV[lJ*n~/VtJl~Landshoff VISC

GO TO 10 VISC
11 O(JI=O. VISC
10 CONTINUE VISC

RETURN VISC
END VISC

2
2
3
4
5
2
3
4
5
b
7
8
9
2
3
4
2
2
2
9

10
11
12
13
14
15
lb
17
10
19
20
21 ●
22
23
24
25
26
27
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VISC

Computestheviscosityfor all cellsusingeither“real,” PIC,or

Landshoff-typeviscosity.

LocalVariables

DU = U(J) - U(J-1)= the changein velocityacrossa cell.

I = region#.

J= cell#.

JMN,JMX= minimumand maximumactivecell//’sin a region.

Notes

For a sufficientlysmalltimestep,thedifferenceequationscoupledwith

an equationof statewill lead to cell quantitiesthatfollowan adiabat,i.e.,

the entropywill not change. However,in a shock,entropyis not consemed.

●
Withoutsomedissipativemechanismit is impossibleto satisfythe energyand

momentumjump conditionsat a shockfrontat the same time. Thatis, the

properpressurejumpon theadiabatgivesthewrong energyjumpand vice versa.

(However,for smallamplitudeshocksthe adiabatand theHugoniotare almost

the samesinceit can be shownthat the differencebetweenthe two isofthird

orderin the specificvolumechange,e.g.,seeCourantand Friedrichs,p. 142.)

Thisand otherthingslead to oscillationsin the cellquantitiesafterthe

shockfrontpasses.

For most problems,the realviscosityis too smallby severalordersof

magnitudeto supplythe neededentropychangeacrossthe shockfront. Two

“artificialviscosity”treatmentsare includedin the code. Bothare pro-

portionalto the velocitychange,Au, acrossa cell. The PIC type is also

proportionalto the ch~nqein ceQ velocityfrom initialconditions.!l’his

● effectivelyscalestheviscositywith shockstrengthso thatthe shockis

smearedoveraboutthe samenumberof cellsindependentof strength.
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SUBROUTINE BUPN(II BURN
PARAMETER (MCL=5OOSML=2lsNGC=l9Sl!LGC=NGC*flLSqLOWOT=2O*AlS PARAM

+NUNV=lOS YOL=((NUW+1 )/3+l)*tlCL+100sNDW=20sNCF=8s PARAM
+MXDUIlP=3OsNDX=2*MXOUllP+2sPlTAB=lSNTAB=llTAB*3742 PARbt4
+$NSM=49NWPM=3728PNSD=NSN$NWPM+132$ML2=100) PARAII

CONflONIINIT/DTO(qL)sXW( ML)pYO(ML)SXL(ML)sXVfML) sNV(ML)SVO(ML)SOO INIT
+(ML)sTO(IIIL )sROW(~L ]sJtlIN (ML2)sJPlAx(f4L2) sIBRN(ML )sPLAP(14L)sDRO( AL)9 INIT
+MAT(HL),uo(rIL )~uT( ML) SOTCF(ML) $OO(tIL)OTMLT(ML) sT*CIML) INIT

colllloNtEslTE [~L2)#NME ESM
11.IE(I) BURN
GO TO (1s2s3s4s5s6s7) sIBRN( II’) Index for type of burn BURN

1 CALL AQH(I) Arrhenius
GO TO 10

BURN
BURN

2 CALL CJ(I) CJ
GO TO 10

BURN
BURN

3 CALL SS8(1} Sharp shock
GO TO 10

BURN

4 CALL FOREST(I) Forest Fire (pressure]
BURN

GO TO 10
BURN
BURN

5 CALL FFT(I) Forest Fire (temperature)
GO TO 10

BURN
BURN

6 CALL FFI(I) Forest Fire (energy)
GO TO 10

BURN
BURN

7 CALL GLTU(I) Gansna-law Taylor wave BURN
10 CONTINUE

RETURN
BURN
BURN

END BURN
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Switching

Notes

IBRN

1

2

3

4

5

6

7

Any other

statementlast

BURN(I)

routineto determinetype

ZYPe of Burn

Arrhenius

CJ

Sharpshock

ForestFire

of burn to be used.

ForestFire rateas a functionof temperature

l?orestFirerateas a functionof internalenergy

Gamma-lawTaylorwave

typeof burnmay be added

and addingthe subroutine

by extendingthe computedgo to

call and the subroutine.



SUBROUTTNF ARH(I) ARH
PAQAHETER (MCL=5O!)~ML=2I~NGc=I90IILGC=NGc*ML~MLDW9T=2O*ML~ PARAM

4NL1MV=10,MOL= ((NUMV+1 )/3+1)*MCL+100$NOU=209NCF=8S PARAM
+PlXDUf4P=3OsNnX=2*YXDUHP+2SflTAl3=l~NTAB=MTAB*3762 PARAM
+PNSn=4PNwPM=3728#NSD=NSM*NUPll+132#flL2=loO) PARAM

COfIIION~CFLL/R(MCL) sU(HCL )sV(MCL)SXI(MCL)S MCELL
+P(flcL)~SX (~CL)~SZ( HCL)~EE (t!CL)sT(tlCL) so(flCL )SXM(~CL)sIFLAG (MCL) McELL
tSu(ficL) NCELL

LEVEL 2sR MCELL
COflMON/OVLtNDFSNIS Np#NGSTENDsTp(ML }sTGIML )sUISUF~UI!SUFIONADDSNMs MCELL

+IALPH~NDELTsLA8EL( 8)~NDUllP~ IDflPSNHlSTo(ML)s IJI( MCELL
COfIMONtMISC/TIMESICYCLSDTsNCLs IAsBU)BUISF2SF3SJS MCELL
LEVEL 2sTIME 14CELL
COflMON/INITtDTO(qLlsXMU(HL)sYO(Ml )sXL(HL)SXV(ML)SNV(NL) pVO(qL)SOO INIT

+(ML),To(qL}~RoU(ML )SJP!IN(ML2)$JNAX(ML2 )p18@N(MLl s~LAP(4L)s0RO[NL )s INIT
+FIAT(flL)sUO(*L )sUT( HL)sDTCF(flL )/QO(ML)sTMLT(PL) sTqC(ML) INIT

COfIMONt8QND/Z(qL) sE(ML )sVCJ(ML)SDUDT(NDH~ML) spCJ(HL)sPM(ALl~NO(ML) BRO
+JIISFF BRD

coHmoNIEs/rEtML2) 9NmE ESt!
II=[E{I) ARH
JMN=JMIN(I) ARH
JMX=JIIAX(I) APH
IF(E(It~oLToo*0901) Go To 11 ~nlt calculate if constants saydon’t burn :~~
IF(Z(II )OLTOO.0001) GO TO 111
DO 10 J=JMNsJMx

—

IF(U(J).EO.O.}GO TO 10 NO mOreto burn
IFIT(J).LT.O.0001) GO TO 10 Avoid underflow
W(J}=U(J I*(1O-OT*Z( II l*EXP(-E (II)/(109865*T (J)))) W-ldW/dt = Ze -E/RT

IF(W(J).LTOO06)U(J )=0. Burn the rest of it
10 CONTINUE
11 CONTINUF

RETURN
END

A
A
A
A
A
A
A
A
A

!H
!H
!H
IH
!H
IH
!H
/H
IH

2
2
3
4
5
2
3
4
5
6
7
B
9
2
3
4
2
3
2
8
9

10
11
12
13
14
15

17
18
19
20 ●
21
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Calculates

LocalVariables

II = IE(I)

ARH(I)

thedecompositiondue to an Arrheniusratelaw for regionI.

= originalregion#.

= minimumcell1!.

JMx= maximumcell#.

J = do loop index= cell#.

Notes

The Arrheniusrate for burn is given

1 dw ~e-E/RT—— ~
W dt

whereW is themass fractionof undecomposed

(1)

explosive,Z is a frequency

● factor(US-l),E is the activationenergyin cal/mole,R is the gas constant

(1.9865cal/mole-K),and T is the temperature(K). ~is correspondsto a

thermallyactivatedprocesswhere thebarrierheightis EK/Rand the frequency

of attemptsto crossthebarrieris Z.
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SUBROUTINE CJ(I)
PARAMETEQ (~CL=5OOsIlL=2lSNGC=l9sHLGC=NGC*flLsHLOVDT=2O*~L,

CJ
PARAM

+NUMV=lOSMOL =((NlJf4V+l )/3+l)*flCL+iOOSNDU=20~NCF=8~ PiRAti
+MXDUf4P=30SNf)X=?*14XDUPP+2~ MTAB=l~NTAB=nTAB*3742 PARAfl
+SNSM=4SNUPM=3728tNSD=NSM*NUPM+132SfIL2.100) PARAH

COMMON/CFLl lR(HCL)sU(MCL lsV(MCL)sXI(MCL)t MCELL
+P(McL)~SX (McL)$sz( flcL)/EE (HcL),T(McL) ,o[McL),y~(qcL), TFLAG (McL) MCELL
+sW(MCL) MCELL

LEVEL 2sR MCELL
COMMONfOVL/Nf!FsNISNPsNGsTENDOTP(HL) sTG(PL}sUIsUFsUIIsUFYsNAOOpNMs MCELL

+IALPHtNDELTsLABEL (8)sNDUHPs IDflPjNPl~TD(PL)s TJK MCELL
COMMON/~ISCtTIMFsICYCLsDTsNCLc IAsBUp8UIsF2s F3sJS MCELL
LEVEL 2sTI~E MCELL
COfI!IION/INIT/DTO(ML)sXMU(HL }sYO(IIlL)SXL(ML)oXV(ML)sNV(f4L )sVO(WL)9P0 INIT

+(flL)sTO(qL)pf?OW(ML )SJflIN{f4L2)$JMAX(ML2)$IBRN(f4L) spLAO(ML)sORO(ML)p INIT
+FlAT(t4L) slJO(qL)sUT( ML)sOTCF(tlL) SOO(ML) sTtILT(ML)tT~C(ML) INIT

COHMON/QQNn/Z(HL)s E(RL lsVCJ(NL )jDNOT(NDWsML)s PCJ(~L)pp~(HL)sND(ML) BRD
+JMSFF BRO

COMMON/~N~ytKMAX[ML2)~KRIN(NL21sNMC MN
COflMON/Ei3SN?TFfJS(RLlj RE(HL) EN
COMHON/ES/~F (ML2)SNHE
11.IE(I)

ESM

JMN=JMIN(I) ::
JMX=JMAX(I)
DO 10 J=JqNsJMX

CJ
CJ

Mo=M(J) CJ
IF(IEOS(IT).FO.2) VCJ(II)=T(J)*VO(II)/(T\:}:;:n Buildup VcJ
u(J)=l.-tvo( I!)-vfJ)) /(VO(II)-VCJ(II))

CJ
CJ

IF(U(J) .LT.O.02)W(J)=0. CJ
IF(UO.GT.W(J))GO TO 101 Don’t unburn CJ
U(J)=UO CJ
IF(bO.LT.O.Q)W(J)=O. -

10
CJ

CONTINUE
RETURN

CJ

ENO
CJ
CJ

2
2
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
3
2
2
2

10
11
12
13
14
15
16
17

22
23
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Calculatesthe decomposition

model.

LocalVariables

II = IE(I)= originalregion

Gm

of a detonatingHE using theCJ burn

J=

= minimumcell#.

=maximumcell #.

do loop index= cell//.

Wo = old valueof W(J).

Notes

The CJ burnmodelassumesthe burn fraction,W, varieslinearlywith the

specificvolume,V, betweenV. and VCJ; that is,

w=l- ‘O-v ‘-VCJ

‘O-VCJ
‘VO-VCJ “ (1)

For thebuildupEOS (seeBLDUP),VCJ is a functionof positionand is givenby

w.
v
CJ ‘~’ (2)

wherey dependson positionand is storedin the temperaturevariable.

Severalconstraintsaremade on thevalueof W. If

is burned. If Weld < Wnew (i.e.,the cell expands)then

used to prevent“sunburning.”If thisoccursfor W < 0.9

completelyburned.

Theburn is normallyinitiatedby a pistonwith the

W < 0.02 the rest

the old W is still

thenthe cell is

CJ particlevelocity.

After the detonationis well started(3rdcell

● velocityis switchedto the escapevelocityof

in has burned),the piston

theproducts.
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The CJ burn is appropriatefor a casewheretheHE promptlydetonates.

Otherwise,theForestFiremodel (seeFOREST)will be appropriate.
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● SUBROUTINE SS0(1) SSB
PARAMETER (MCL=500JML=21sNGC=19sMLGC=NGC*MLsULDUDT=?O*~LS F’ARA?l

+NuMv=lo#Mol =((NuMv+l)/3+1 I*MCL+1OOSNOW=2OSNCF=8S PARAM
+MXDUMP=3OsNDX=2*~XOUMP+2SflTAB=lSNTAB=llTAB*3742 PARAM
+~NSH=4JNuPM=372qjNSD=NSM*NWPM+132SML2=100) PARAM

COPlt!ONtCEL1/R(MCl lsU(HCL IsV(MCLISXI(HCL)S HCELL
+P(McL)sSX(qCL)pSZ (HCL)sEE (flCL)sTIHCL) sO(PICL )SXM(HCL) SIFLAG(MCL ) HCELL
+~u(tIIcL) MCELL

LEVEL 2sR MCELL
CONMONIOVLtNPFJNI~NPsNGsTENDsTP( HL}sTG(NL)sUIsUFsUIIsUFIsNAOOsNq~ MCELL

+IALPHSNDELTSLAqEL (8)sNOUMP# IDHP#NFl19TO(ML)s IJI( HCELL
COHMON/MISC~TIMESICYCL#DTsNCLS IAsBUSBUISF2SF3SJS HCELL
LEVEL 2sTTUE
COMHONIINITIOTO(ML )SXMU(ML) sYOf~L)sXLtBL)sxV(~L)sNVfML )sVO(ML)SPO

+(HL), To(qL)sRoU(ML )JJMIN(flL2) PJMAX[fIL~ sIBRN(qL} spLAP(HL}sORO(ML )S
+tlAT[tlL) sUO(~LISUT( ML]OOTCF IML)~OO(ttL) sTMLT(IIIL) sTqC(qL)

COHMONtBQNntZ{~L)sE(flL)~VCJ [HL)~DUDT(NDNsML)sPCJ(NL) sBM(~L}sND(4L)
+~RSFF

CONMON?UCJCfUCJ ~JJ~NMAXsRCJsDCJ
COMHONlHNMYluMAx{~L2)~KPlIN(HL2 )sNMC
COHMON/ES/IE (ML2)sNHE
COMtlON/BUX/BUA~9UBsBUMAXsBUDV( ML)

+~BuROBUD
COMMONfEOS~/IEnS(ML)s NE(FL)
OATA ISSBSJJ/lsl/
II=IE(I)
SF(JJ.GT.K~4Xtl))G0 TO 50 New region
IF(JJoLT.K~IN(I ))JJ=KMIN (I)
1F(15s9-4)30,35P35 4cycles per cell

30 ISSB=ISS8+1
P(JJ)=Oo

●
Q(JJ)=O,
RETURN

35 ISSB~l
U(JJ)=O. Burn the cell
O(JJJ=O.
CALL SS6GAS(II,JJ) Get CJ P,T
IF(IA.EO.O.AND. ICOS(I 11. EQ02)UCJ=-OCJ/(T(JJ+l )+1) 6Uild UpUcJ
IF(IA.EOOO)G@ 70 42
DcJ=Vo~II)*SoQT(P( JJ)i (VO(II)-V(JJ}))
UCJ=-SoRT(P(JJ)*(VO( II )-v(JJ))) 1 Converging geometry

42 OT=((R(JJ+l)-R( JJ+2) )/OcJ*O.25) 4 cy~les for detonation to cross th:ll
JJ=JJ+l
NMAX=JJ

Next cell

IF(JJ.LE.KWT:)UIJJ )=UCJ Particle velocity for next cell
RCJ=R(JJ)
CALL JNNMX(NMAX) Activate the next cell
1~(NMC.EQ.T)MWQN
IF(II.~F.IE(I ))RFTURN

50 DT=DTO(II+l) Next region
IBRN(II)=l
II=IE(T+l)
IF(IBRN( II)oNF.3)G0 TO 51
IF(IEOS{ II)OEO02)G0 TO 52
UCJ=-E(II)
DCJ=VCJ(II) 1

UCELL
INIT
INIT
INIT
8RD
BRO
Uc
MN
ESM
BUP
BUP
EN
SSB
SSB
SSB
SSB
SSB
SSB
SSB
SSB
SSB
558
SSB
SSB
SSB
SSB
SSB
SSB
SSB
SSB
SSB
SSB
SSB
SSB
SSB
Sse
SSB
SSB
SSB
SSB
SSB
SSB
SSB
SSB

GO TO 53 IInitialIJcJ,DcJfor the next region SSB
52 DCJ=SORT(BUDVIII)) SSB

JMN=JPIIN(I+l)
UCJ=-DCJI (T(JMN}+l)

SSB
SSB

2
2
3
4
5
2
3
4
5
6
7
e
9
2
3
4
2
3

2
2
3
2

12
13
14
15
16
17
18
19
20
21

::
24
25
26
27
28
29
30
31
32
33
34
35
36
37

;:
40
41
42
43
44
45
46
47
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53 CON TINIJE
JJ=KflIN(I+l)-1
U(JJ+l)=UCJ
ISSB=O
GO TO 42

51 NIIAX.NIIIAX41O Next region not sharp shock
CALL JMNNX(Nf4AX)
RETURN
END

212

SSB
SSB
SS8
SSB
SSB
SS6
SSB
SSB
SSB

48
49
50
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52
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54
55
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SSB

Calculatesthe.decompositionof an

the HE is burnedat the shockfront.

HE usinga sharpshockmodel. All of

LocalVariables

11 = IE(I)=

ISSB= index

originalregion//.

incrementedby one eachcycleto keep trackof when a cell

shouldbe burned.

Notes

The sharpshockburn runswith the followingconstraintson the cellat

the

are

and

shockfront.

1. The insideboundaryis heldat a fixedposition.

2. The outsideboundaryis movedat the CJ particlevelocity.

3. The viscosityand pressure

4. The cell is compressedfor

the cellat the detonation

thistakesfourcycles.)

are set to zerountilthe cell is burned.

the timeit takesfor thewave to cross

velocity. (Thetimestepis set so that

5. When the cell is burned,the interml energyand pressureare set on

theHugoniotfor thatvolume.

For converginggeometrythe detonationvelocityand particlevelocity

no longerconstant. The firstcell is burnedwith the slabgeometryvalues

the restare calculatedwith a new detonationvelocityDfl.,particleLd

velocity UCJ, and timestepAt thatare calculatedfrom

0.5
‘CJ

= vo[PcJ/(vo- VCJN Y

‘CJ
= -[PCJ(VO- vcJ)10”5 9

At = (AX/DcJ)0.25,

(1)

(2)

(3)
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where

P
CJ

= HugoniotP, V = V of celljustburned.
CJ

When the shockarrivesat a new explosive,thenew”inputCJ detonation

and particlevelocitiesare used to compressthe new explosive.

The advantagesof a sharpshockburn are thatone can obtainexcellent

Taylorwavesby usinga smallnumberof cellsto describemultiplelayersof

explosivesin planeor converginggeometry. The disadvantagesare thatit

requiresmore informationand more artificialconstraintsthando the CJ

volumeor Arrhenius-burntechniques.The

resultsfor systemsin diverginggeometry

or significantlyunderdriven.

sharpshockburn can give incorrect

and for systemsthatare overdriven

214



SUBROU71NE FnBEST(I) FOB EST
PARARETFR (MCL=500~ML=21#NGC=19$ tlLGC=NGC*MLSqLOWDT=20*qLs PARAM

+NUMv=lOSYOl =((NU~V+l )/3+l)*MCL+lCO~NDU=20~NCF=9S PAPAM
+MXDUMP.3O~NqX.2*~X(JLiPlP+2~MTAB=l~NTAB=HTAB*3742 VARAM
+sNSK=4>NUOM=372QsNSC=NSN*NUPH+132sRL2_100) PARAM

COMMON/CELl lR(~CL)PU( flCL)/V( MCL)SXI(MCL)S MCELL
+P(MCL)PSX (MCL}SSZ( flCLlsEE (MCL)~T(MCL) sO(MCLI SX~(~CL )STFLAG(WCL) UCELL
+sH(HcL) McELL

LEVEL ?tR MCELL
COMMONIOVL/NDFSNIsNPsNGsTENDsTP(ML IsTG(mL)~UISUC$UIIsUFTsNAOO?NYs HCELL

+IALPHSNDEL7s LA9El (8)s NDUflPSIDPlPSNHl~TO(ML)s TJK MCELL
COHRON/PISf/TIAEs ?CYCLSDT#NCLs IA~BUSBUIsF2sF3sJS MCELL
LEVEL 2JTI~E MCELL
COHHON!!NITlDT5(ML)SXFUt HLJsYO(ML)tXL(HL)SXV(~L) sNV(ML)SVO(~L)SpO INIT

+(ML)sTO(ML}sRf3W(M1. )sJMIN(ML2)sJP4X(ML2 )s16RN(NL)spLAB(ML )sDQO(ML)P INIT
+HATIML) ~Uo(qL)~UT[ HL)~GTCF (ML)~OO(tlL) sTM~T(NL\sTqC(qL) INIT

COPIIION/?QNPIZ(WL)PE (t4L )sVCJ(tlL)~DUDT(NDUSHL )SpCJ (qL)sP~(ML)sNO(ML) BRD
+sMsFF 9RD

COMMON/MNuy/K*AX(~L2) SKMIN(ML2)SNMC RN
cof’ll’loNfFstIF tML2)#NmE ESR
11.IE(I) FOREST
Jf4N=JMIN(T) FOREST
JHX=JMAX(I1 FOPEST
JL=JHN FOREST
00 10 J=J*~sJ~x FnPEsT
IF(H(J).lE.00) Gn TO 11 All burned FOREST
PPQ=PIJ)+AMAXl(O.~Q (J)) Pressure dependent rate FOBEST
IF(PPO.lT.0~(11)) GO TO 10 Minimum pressure to calculate burn FOQEST
IF(PPO.GT.PCJ(TI)) GO TO 11 Burn all ifPPQ> PJ

$
FORFST

IF(tKFF.FO.O)Gn To 20 Multiple shock Forest Fire. FOREST
IF(SX(J).N:.O.)Gq TO 21 Has lstshock Dassed? FPREST

●
IF(J.NE.J~X)Gn Tn 22 Special at JMXfo; reflected shocks FOREST
JP=JflIN(I+l) FOREST
PPmP(JP)+AqAYI(o.~c[JP )) 1Ifthe pressure in the next material exceeds FOPEST
IF IPP.LToSYtJL))GD TO 22 that in the nearest cell flagged as the FOREST
DO 33 JJ=JL~JMx shock having passed, then those cells not FOREST

33 SX(JJ)=Sr(JL) flagged as the shock having passed are flagged FOPEST
GO TO 21 with that pressure in SX.

22 CONTINUF
FOREST
FORFST

POL=SZ(J) P + Q from previous cycle is in SZ FOREST
SZ[J)=OP9 F(IQEST
IF(PPQ.GT.PRL)GIY TCI 20 FOPEST
SX(J)=OPQ Shock has passed; set SX FOREST

21 CONTIN’JF FOREST
JL.J
XF(PPQ.iT.~X (J\)’SX(J )=PPO Pressure used to determine rate, may decrease
PPQ=SX(J) but not increase

20 CONTIN’JE
SUM=O.
NDS=ND(II)
DO 1000 ‘4=1sNDA

1000 SUM=SUY*OOO+DUDTIWPII) Polynomial fit
IF(SUM.GT. 1OO.)SUM=1OO. Avoid overflow
RATE=EXP(SUM) Rate
U(J)=U(J)*(l.-PT*QATE ] NewW
IF(u(J)oLT.O.05) U(J)=O.
60 TO 10

11 U(J)=OO
10 CONTINUE

RETURN

END

FOPEST
FOREST
FOREST
FOREST
FIJQEST
FOREST
F@REST
FOREST
FOREST
FOREST
FOREST
FOREST
FOREST
FOREST
FOREST
FOREST

FOOEST

2
2
3
4
5
2
3
4
5
6
7
e
9
2
3
4
2
3
2
2
9

10
11
12
13
14
15
16
17
le
19
2C
21
22
23
24
25
26
27
2P
2Q
3C
31
32
33
34
35
36
37
3e
39
40
41
42
43
44
45
46
47
4e

49
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FOREST(I)

Calculatesthe decompositionusingtheForestFireburn

model is appropriatefor casesthatrequirea non-negligible

model. This

distanceof run

to detonationfor

LocalVariables

II = IE(I)=

thegiveninput

originalregion

shockstrength.

#.

~ . ~in~~ cell //0

~ “ m=~~ cell #.

J = do loop index= cell#.

ppQ = P +Max (Q,O).

SUM = temporaryvariableused to sum theA-Pn termsin the rate fit.
11

NDA = # of rate constants= n + 1.

RATE = - *g from the fit.

Notes

Thisdiscussionof the ForestFireratesis a condensedversionof

AppendixB in LA-7245. An evenmore thoroughdiscussionof ForestFire is in

LA-6259. Severalassumptionsare made: (1)the Pop plot (!tnP vs b run

of distanceto detonation)is a straightlinegivenby

2n(run)=a1+a2Rn (P-a3) . (1)

whereal, a2, and a3 are constantsdependingon theHE,andP is the inputshock

pressure;(2)the “single-curvebuilduphypothesis”thatthe pressuregrows

alonga uniqueline in (time,distance,state)spaceduringbuildupto

detonationand thatthe Pop plotgivesthatline; (3)the “reactiveHugoniot”

is assumedto be describedby a USUP fit (severalUSUP fits are allowedbut

are not treatedin thisderivation)

us = c -tSuP’
(2)
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● whichgivesfrom the jumpconditionsfor

P = pol$up

‘o = “

s

v= vo(u~- up)/u~ ,

I =u:/2 ;

(4)the HOM EOS is usedwith the functionalform

P = H(V,I,W) . (6)

The Lagrangecoordinatesm,~ are relatedto the Euleriancoordinatesx,t

(3)

(4)

(5)

by

the

and

The

(7)a la—= .—
b p ax

a
-~+u&.

%-at
(8)

Lettingsubscriptsdenotepartialderivativeswith respectto the subscript, I
fluidflowequationsare

The derivativesof

equationsfor these

u= = -Pm , (9)

VT = Um , (lo)

I = -PVT . (11)
T

shockfrontquantitiesare denotedby the symbol0.

derivativesare

dP(xs(t),t)
;~

dP
dt

= PmsnT+PT = po71~Pm+PT=~u5 ,
run

(12)
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wherex~(t) is the shockposition,and

h.
fi= u +UT =g*= ~ +‘OUSm

Finally,the totalderivativeof the equationis

PT = H& + HIIT+ ~WT

2SU “

givenby

9

(13)

(14)

whichcan be solvedforW the desiredquantity.
T’

The usualcalculationis for WT as a functionof pressure. The pressure-

dependentratehas proveduseful,but thereis nothingin the calculationthat

says the rate is a functionof pressureonly. The solutionsare for rates

on theHugoniotand any variablewill do (P,T, V, or I). Onceoff the Hugoniot,

assumptionsaboutwhatvariable(orvariables)determinethe rateleadsto

differentratesfor a givenstate. For thisderivationwe will assumethe

rate is a functionof pressureonly. ●
GivenP,

usingEq. (2)

the run is givenby Eq. (l). The particlevelocitycan be obtained

and Eq. (3)to give

-poc+ @oc)’ + 4PPOS
up = 2pos . (15)

Eq. (2)and Eq. (5). Having us and UP, we substitutein

(5)to get Vand I. Then,knowingP, V, and I, we solveP =

Now,with V, I, and W, we calculatethe derivatives%’HI’

We haveUS from

Eq. (4)and Eq.

H(V,I,W)forW.

and ~ at thatstatepoint.

The shockfrontderivativescanbe calculatedusingEq. (l),Eq. (12),

Eq. (13),and the alreadycalculatedvalueof Up. The usualassumptionPm = O

is thenmade. Eq. (12)becomes
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(16)

and Eq. (13)combineswith Eq. (9)and Eq. (10)to give

v SE .
‘r P&J

(17)

We alreadyknow IT fromEq. (11). Usingthe knownvaluesof P., ~, H., HI,

IT, and ~, we have

H& + HIIT - ‘.
WT(P)=

%“

.
The function2n (-$ WT) is thenfit to a polynomialof the form

d-w v’i ●

i=O

● The constantsDWDT(N,II)are relatedto theAi’s by

DWDT(N,II)= An_(N-l).

(18)

(19)

(20)

The valueof P + Q (denotedPPQ) is used insteadof P to calculatethe

rate. The fluidflow equationsare solvedusingP +Q insteadof P, so

thisis consistent.If PPQ < PM(II),thenthe ratewouldbe so smallit

wouldnot be worthwhileto calculateit. If PPQ > PCJ(II),wherePCJ is the

CJ pressure,thenthe cell is all burned. For W < 0.05 the cell is also all

burned. Exceptfor the aboverestrictions,the new mass fractionis givenby

‘new =wold(l-Atexp(~ Ai(p+Q)i)) S
(21)

@

which is a linearizedversionof
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t

f

new
All= w - Weld= w(- ; WT) dT ,

new told

(22) ●

WT()with gn -~ replacedby the fit.
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SUBROUTINE FFT(I) FFT
PARAMETEQ (MCL=500SML=ZlSNGC=19SMLGC=NGC*HLSMLDWDT=2mML$ PARAM

+NuMV=10$N9L= ((NUMV+l )/3+l)*IlCL+100SNDW=20SNCF=8P PARAM
+l4XOUflP=3OpNOX=2*YXoUHP+2JNTAB.I~NTAB.MTAI)*37~2 PARAM
+~NSM=49NUPM=3728DNSD=NSfI*NUPM+132$ML2=IOO) PARAM

COFIHONICELL/Q (MCL)sU(MCL )sV(RCLISXI(MCL)S FcELL
+P(F!CL )sSX(~CL)PSZ( MCL)sEE (flCL)sT(RcL )sQ(HCL )sYM(MCL]sIFLAG (MCL) MCELL
+sN(MCL) MCELL

LEVEL 20Q MCELL
CONMONIOVL/NDFsNIsNPSNGsTENOSTP( PIL)OTG(ML)oUIsUFPUII~UFI~NADD,NW, McELL

+IALPH~NOELT~LABFL( 8)jNOUflPS IOMP~NMlSTD(fIL)p IJK MCELL
COMflON?MISC/TIMESICYCLSOT~NCLS IAsBU~BUISF2sF3SJS MCELL
LEVEL 2sTI~E MCELL
COMMON/INIT/DTO(ML)JXr!U(ML )sYO(llL)SXL(flL)~XV(ML) oNV(ML)SVO(ML)9P0 INIT

+(flL)STO(ML)PRnW(ML )$JHIN(HL2)9JMAX(ML2) SIBRN(HL) SPLAP(ML)$ORO(WL )$ INIT
+qAT(RL) ~uo(IIIL)~uT( ML)8DTCF(HL) JOO(ML) sTMLT(ML)sThC[YL) INIT

COflMON/?QNP/Z(ML )~E(ML )sVCJ(t4L )sDbIDT(NOWsML) pPCJ(ML )sPM(ML)sNO(~L) BPO
+JMsFF BRD

coMtloN?EstTE (HL2)9Nr4E
11.IE(I)

ESP
FFT

JMN=JHIN(I) FFT
JHX=JMAX(I)
00 10 J=JMNsJMX

FFT
FFT

IF(b(J)oLF.!). )Gfl TO 11 All burned
Tp=T(J) Temperature-dependent rate

FFT
FFT

IF(TP.LT.PM( II))Gfl TO 10 Minimum temperature to calculate burn
IF~TPcGTo°CJ(IIJJGO TO 11

FFT
Burn it all

Sufl=o.
FFT
FFT

NOA=NO(II) FFT
00 1005 N=lpNDA

1000 SUfl=SU~*TP+OWDT (N,II)
FFT

●
Polynomial fit FFT

IF(SUhOGT.lOO. )SU~=100. Avoid overflow FFT
RATE=EXp(SUA) Rate
H(J)=W(J)*(l.-DT*QATE ) Neww

FFT
FFT

IF(U(J).LT.O.05}W( J)=O. FFT
GO TO 10 FFT

11 U(J)=OO FFT
10 CONTINUE FFT

RETURN
END

FFT
FFT

2
2
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
3
2
8

1:
11
12
13
14
15
16
17
le
19
20
21
22
23
24
25
26
27
28
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FFT

The ForestFirerate is calculatedas a functionof temperature.

LocalVariables

See FOREST.

Notes

The minimumtemperatureto calculatetherate is storedin PM and

maximumtemperatureat whichW is set to zerois storedin PCJ.

FFI

The ForestFirerate is calculatedas a functionof specificinternal

energy.

LocalVariables

See FOREST.

Notes

The minimumspecificinternalenergyto calculatethe rate is stored

in PM and maximumtemperatureat whichW is set to zerois storedin PCJ.
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●
1000

11
10

SUBROUTINE FFI(I)--—
PARAMETER (qCL=~OOsHL=2lSNGC=l9SMLGC=NGC*fIlL~4LDUOT=2O*ULJ

+NUMV=lOjMOL=( (NU$4V+l )I3+1)*MCL+1OOPNDU=2OSNCF=8S
+tlXDUMP=3OsNOX=?*MXDUflP+2~HTAB=l~NTAB=NTAB*3742
+~NSll=4SNUPW=372QSNSD=NSM*NUPM+132$ML2=100)

COMMONICELL/P( ~CL)sU( MCLlsV(MCL)~XI( MCL)S
+P(HCL)s SX(MCL)sSZ(MCL )JEE(flCL ]ST(HCL]sO(MCL )sXU(~CL )sIFIAG(NCL )
+sM(MCL)

FFI
PARAM
PARAH
PARAM
PAPAN
MCELL
MCELL
MCELL

LEVEL ?sR MCELL
COllMON/OVLtNOF~NI~NPsNGsTENDsTP(ML)sTG( HL)sUIPUFsUIIsUFISNADO,NMs HCELL

+IALPH9NDELT?L40EL(8 )sNDUMPs IOMP~NMl~TO(ML )sIJK tlCELL
COflPIONIHISC/TIqEsICYCL~DT~NCLs IAsBusBUISF2JF3SJS MCELL
LEVEL 2sTINE HCELL
COfltlON/INITtDTO(qL)pXfIU( ML)sYO(t4L)sXLt%L)SXV(ML) sNV(ML)~VO(YL)spO INIT

+(t4L),To(ML)$Rnw(ML )SJMIN(rIL2)SJIIAX(HL2) sIBRN(ML)sPLAPt14L}sDRo( ML)s INIT
+MAT(ML) sUO(NL)sUT(ML )JDTCF(ML )$QO(ML)$THLT(ML) sTMC(ML) INIT

COMMON18RNDlZ(~L)P E(ML )sVCJ(HL )SDUDTINDblSML)S PCJ{HLI SPM(ML)SNO(~L) BRD
+$!ISFF BRO

coHMoN~EsfTE (ML2)9NME
11.IE(l)
JflN=J?lIN(I)
JflX=JMAX(I)
DO 10 J=JMNsJMX
IF(W(J).LC.O.)GO TO 11 All burned
EsxI(J) Internal energy-dependent rate
IF(E.LT.PM(IT))Gq TO 10 Minimum energy to calculate rate
IF(E.GT.PCJ(IT))Gn TO 11 Burn itall
SUM=O.
NOA=ND(II)
00 1000 N=IPNOA
SUH=SUW*F+OUl!TfN#TI) Polynomial fit
IFISUM.GTO 1OOO)SUM=1OOO Avoid overflow
RATE=EXP(SUq} Rate
H(Jl=UIJ)*(l.-DT*QATE ) NewW
IF(U(J)*LT*O.05)V(J )=00
GO TO 10
U(J)=O.
CONTINUE
RETURN
END

Esr
FFI
FFI
FFI
FFI
FFI
FFI
FFI
FF1
FFI
FFI
FFI
FFI
FFI
FFI
FFI
FFI
FFI
FFI
FFI
FFI
FFI

2
2
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
3
2
@

1:
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
ze
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SUBROUTINE GLTU(I)
PARAMETER (~CL=5OOsPIL=2lsNGC=l9sMLGC=NGC*fILSRLDUOT=2O*HLS

+NIJMV=lO}MOL= ({NIJW+1 )/3+l)*flCL+100SNDW=20SNCF=8s
+!q&DUllP=3OSNnX=2*MXDURP+2,MTAB=lSNTSB=NTAB*3742
+~Nstl=4PNUPM=372RpNSD=NSM*NWPM+132~NL2=100)

COMMONtCELL~R(MCLI SU(MCL lsV(fIJCLl sXItfIJCL)t
+P(f4cL )9sX(McL)sS.Z( flCL)~EE (MCL)CT(MCL) so(NCL)SXMIMCL) sIFL4G tMCL\
+sw(flCL)

LEVEL 2#@
COflMONtOVLtNOFsNIsNPsNGsTENDJTP(ML lsTG(fIJL) pUIOUFSUII~UFIsNADDSNNc

+IALPHsNDELTPLA8EL( 8)~NDUHPS IORP~NMl~TO( tJL)PIJt(
COHMONIMISCITI~EsICYCLtDTsNCLs IAsllU~BUIsF2sF3sJS
LEVEL 2jTIME
COHllON~BUXiBUASBURsBUMAXsBUDV( ML)

I

GLTW
PARAR
PARAM
PAPAII
PARAM
NCELL
NCELL
MCELL
tlCELL
UCELL
MCELL
JICELL
HCELL
BUP

+~BuRsB\JO BUP
COHHON/TNTT/OTO(HL)SXHU[ MLl~YO(ML)SXL(MLISXV(Ml lsNV(ML)sVO(ML)S~O INIT

+[ML)OTOIIIL) sROW(ML )JJMIN( ML2)sJWAX(ML2 )sIBRN(NL) s~LAp(ML}sDRO(ML )~ INIT
+flAT(t4L) ?UO(WL)sUT( ML)pDTCF(MLJ SQO(ML)sTMLT(ML) ~TMC(HLl INIT

comfloNtEs/TE f~L2)sNmE ESH
co~MoNt~N~x/K~Ax(~L2) $KMINtML2)#NMc MN
COflMON/EOSNtlE~S(~L)sflE( ML) EN
COMMON/GASC/GC(NGC,ML ) GC
COMMON/~RNO/Z(~L})E(NL )sVCJtML )SCWDTlNDUSML)p9CJ IHL)spMIML)~Nl!(NL) @PD

+SIISFF BRD
COfiMONIUCJCtxlS TlSNMAXSX2SX3 GLTU
IIsIE(I) GLTU
JNN=JMIN(I} GLTU
JIIX=JM4X(I) GLTW
RO=R(J’4X+11 GLTM
G.-GC(7,IT)

1
Y GLTbI

IF(IEos (II) oFo.2)G=T(Jflx ) GLTU
GP=G+l y+l GLTU
GM.G-1 -1 GLTW
Dv.VCJ(II; 1 D GLTb
IFIIEOS (II).FO.2)OV=SCRT (BUOV(III) GLTU
DV2=OV*OV D2 GLTW
UCJ=DVIG” U
DRO=R(JMN1-Rh’~N+l)

GLTU
GLTN

LJL.-UCJ*GD/GfIl GLTU
U(JMX+l)=-IJCJ Start with CJ conditions at shock front and calculate outward GLTW
PCJ=DV?*RllU(II)/GP PCJ GLTU
CJV=G/[GP*R7U(II)) VCJ GLTU
CCJ=UCJ*G
OLR=V(JHXl*Xc~/Jwx)

GLTU

1 GLTM
SF(IAONE OO)OL~=OLR/(Rl JMX+l)**IA) Get new radius from V and M GLTU
R(JMX)=R (JNX+l)+OLR GLTli
DR,R(JYN)-PI) AR GLTM
DTsoRI~v Time GLTN
J=JMX+l 1 GLTU
00 10 JJ=JMNsJ~X Calculate cell quantities starting with the inside GLTM
J.J-l GLTU
U(J)=OO All burned
U(J)=UCJ*(2* (R(J)-ROl/DR-1)

GLTU

1 Particle velocity
GLTW

IF(U(J) .GT.UF)U(J)=UF GLTU
CC=-GM*(U(J+l)+UL)/(2*G*UCJ ) Local C -
P(J)=PCJ*CC+*(2*GIGH)

GLTW

V(J)=CJV*CC**(-21GM) 1
GLTU

P,V,I solutions for that cell GLTU
xI(Jl=p(J)*v(J )/GM-Dv2/ (2*GP*GM) GLTM
DLR=V(J)*Xq(J) 1 Get new radius from V and M GLTW
IF(IAoNEoO) l)LQ=OLQ/(R (J)**IA) GLTW

2
2
3
4
5
2
3
4
5
6
7
B
9
2
3
2
3
4
2
2
2
2
2
3

12
13
14
15
16
17
le t
19 ●
20
21
22
23
24
25
26
27
2e
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
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● R(J-l)=Q(J)+OLQ
10 CONTINUE

IF(J6NE02 PI To 11
R(1)=R(2)
W;LJ(2)

1

Piston conditions if the HE was in region 1

TIME=TIHE+nT Set the time to include the GLTW detonation time
11 CONTINUE

IBRN(II)=l
IFII.EO.l)RETUQN
NMAX=JqAX(T-1) Special for other materials outside GLTW HE
CALL JNNHX[MMAX)
NCI=JIW-JMN+l
NTCNCI*12*(Q(NMAX-1]-R (NMAX\)/DRO
DT*DTINT Settimestep
NCLT=NCL
NCL=NM4X
BuI=UF Effect of HE treated as a piston
KH4xt I-l\=u~4xtl-1)+1
NflC=I-1

1DO 20 II=19NT
TIME=T?MF+OT Run hydro for the outside regions to catch up with GL7W HE
CALL DY~EO

20 CONTINUE
NCL=NCLT
BUI=OO Get rid of piston
KMAX(I-l)=I(qAX( T-I )-1
NmAx=NMbx+NcI+3 1Set up for normal hydro
CALL’ JWNMX(NMAY)
RETURN
ENO

GLTU
GLTM
GLTw
GLTU
GLTW
GLTW
GLTH
GLTbI
GLTW
GLTU
GLTw
GLTU
GLTu
GLTw
GLTbl
GLTu
GLTu
GLTu
GLTM
GLTM
GLTM
GLTU
GLTw
GLTU
GLTbl
GLTU
GLTw
GLTU
GLTW
GLTU
GLTU

48
*9
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
7e
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An entire

description.

GLTW

regionof explosiveis burnedusingthe gamma-lawTaylor-wave ●

LocalVariables

CC=CinnOtes= soundspeed.

CJV = VCJ in notes= CJ volume.

DLR = widthof a cellcomputedfromitsmass and specificvolume.

DR = AR in notes= widthof region.

DV = D in notes= detonationvelocity.

DV2 = D2.

G= y in notes.

GM-y-l.

GP = y + 1.

II = IE(I)= originalregion#.

J = cell# beingcomputed.

JJ = do loop index.

J’MN=JMIN(I).

JMX= JMAX(I).

NCI = # of cellsin the firstregionoutsidetheGLTWHE.

NCLT= temporarystorageof NCL.

NT = # of timestepsused to allowthe firstregionoutsidethe GLTWHE

to respond.

RO = insideradius

UCJ = UCJ in notes

of the GLTWHE.

= CJ particlevelocity.

()y+l~=-uCJy-l.”

226



●
Notes

Following

solutionfor a

l?ickettand

detonation.

Davis,we will outlinethe gamma-lawTaylor-wave

The equationof statein a rarefactionwave follow-

ing thedetonationis restrictedto theCJ isentrope.The pressureand sound

speedare thenfunctionsof densityonly. For a y-lawgas theyare givenby

Y()‘CJP=PcJ~

p (y-1)/2y. ~ 1/2

()
c—
‘CCJPCJ ()dp “

With theadditionof two characteristicequations,

● and

dP
— = pcdu

(1)

(2)

(3)

U+c =x/t , (4)

a solutioncan be foundfor U(x/t)wherex is the Euleriandistanceand t is

the time. From thejumpconditionsthe CJ statehas the followingrelations.

D
‘CJ ‘T (5)

POD2

‘CJ = —y+l (6)

and

VOY
.—

‘CJ Y+l “

UsingEqs. (1)and (2),we can solveEq. (3)for

.

[

1 + (y - 1)(U- UCJ) 2Y’Y-1

p = ‘CJ 2CCJ 1 .

(7)

(8)
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CombiningEqs. (2),(4),and (8),we have

‘=(7H:)-UCJ ●

(9)

By integratingthe PdVwork frominfinitevolume,one can find the specific

internalenergyon the C. isentropeto be

I ‘v ‘CJVCJ+ ‘CJ=— -
-1y-1 y (V.- VCJ) ,

Y
(lo)

wherethe last

thenset to

term sets the zeroof energyrelativeto the solid. The timeis

t=% , (11)

whereAR is thewidthof they-lawexplosive.That is, the stateis evaluated ●
when thedetomtion has justcrossedthe entireregion. For a givencell,we

can use Eqs. (l),(8),(9),(10),and (11)to findV, P, U, and I. men, from

themass and V, theradiusof the insideof thenext cellcan be evaluated.For

U greaterthanUF, the finalpistonvelocityU is resetto the finalpiston

velocitywith thecorrespondingvaluesforV, P, and I.

It must be rememberedthatEq. (1)is the equationof stateonlyon the C.

isentrope.Provisionis made for eithertheHOM EOS or theBuildupEOS for

subsequentevaluationof the EOS. However,thebuildupEOSmust not be usedwhen

the regionis thickenoughto requirea nonconstanty.

The GLTW is usefulforburninga largeregionof HE in slabgeometrywith

a minimumof computation.However,it has alsoprovedusefulin cylindrical

or sphericalgeometry

slabgeometry,it can

228

undercertainrestrictions.SinceGLTW is designedfor

onlybe used for a smallenoughregionthatconvergence ●



can be ignored. Thissmallregioncan be used insteadof a pistonto initiate

HE burn for a largerregion. In somecasestheusualpistoninitiationcan be

sufficientlyzoning-dependentto be noticeable.By burningthreecellsof a

largeHE regionusingGLTW,the zoningdependenceis minimal.

tion

HE.

from

Provisionis made formaterialsoutsidetheGLTWHE. A separatecalcula-

is made for the outsideregionsfor the totaldetonationtimeof theGLTW

A pistonwith the finalpistonvelocityUF actson the outsideregions

the inside.
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20

1

11

5

SUBROUTINE 9NDQ1
PARAHETER (HCL=500sML=21jNGC=19stlLGC=NGC*MLsMLOUDT=20*qLS

+NUHv=lOsMOL=( (NUWV+l )/3+l)*NCL+100sNDM=20sNCF=8J
+MXDUMP=309NOX=Z*MXDUHP+2$MTAB=1$NTAB=MTAB*3742
+DNSM=4~NUPM=37211~NsD.NSH*NUPH+132nflL2*100]

COtlflONICELLtR(~CL) sU(flCL )sV(HCL)SXI(MCL19
+P(fIICL )sSX(F!cL )ssZ(fICL)~EE (MCL)sT(MCL)sO (PICL)sXM(~CL)sIFLAG(@lCL )
+~H(HcL)

BNDR1
PbRAt4
PARAH
PARAH
PARAH
MCELL
HCELL
NCELL

LEVEL 2sQ MCELL
COHMONtOVLfNDFsNIsNP8NGSTENOsTP( ML)sTG(HL)~UIsUFSUIIsUFIpNADDsNqs PICELL

+IALPH~NOELT~LAIJEL( 8)JN9UMPJlDMP~NMl~TD( ML)sIJK HCELL
COMtlONIMISCtTItlEsICYCLJDTsNCLs IAsBUSBUIsF2sF3sJS MCELL
LEVEL 2sTI~E MCELL
COHMON~INITfDTO(HL)~XtlU(flL) sYO(tlL)sXL(tlLlsXV(ML)sNV( ML)tVO(ML)spO INIT

+[ML)sTO (NL)SROU(NL IsJMIN(ML2)sJHAX(HL2) sIBRNIML) sPL4P(IlL}sDROC~L )S INIT
+MAT(PL)~UO(4L)$UT(fil )#DTcF(WLj~OO[&L)81filT(ML) #T%(qL) “-

coflfloN/voIr)/INxK(mL2)#Jv(tlL2)9 IV(ML2)9NNV
COMMONIMNMX/KHAX(NL2)sKtlIN(llL2 )sNHC
CONMON/UCJC/UCJpJJ~NtlAXJRCJSDCJ
coMMoNINspLT/NosPLT(HL2)
COMHONIPUllQKtPU~PWI
COMHON~ES/TE[NL2)sNflE
COflflON/SPCtSfJ(ML)sUSP[HL )

+sXISP(ML)
DAIA IFLp/O/SIFLPI/O/
IF(IBRN(NNC)ONE.3)G0 TO 20
IF(JJ.LE.2)G0 To 20
RCJ=RCJ+OT*UCJ 1Sharp shock burn
R(JJI=QCJ
U(JJ)=UCJ
CONTINUE
IFLP=IFLO-1
IFLPI=IFLOT-1
IF(BUOFOOO.) CO T~ 1 Skip if no outside piston
Ro_R{l) 1
R(l)=R(l)+DT*qU
U(l)=BU I Outside piston boundary condition

R(2)=R(1) J
DVP=F2*0.5*(P(1)-QO)*(R(l )**IA+RO**IA+F3*R(1)*QO)
PU=PI(+( P(2)+O(2))*DVP Work done by the piston
IF(IFLO .LT.0)PW=9W+XM(2) ●((u(2) +U(3))+*2-(U(1)+U(3))**2)
IFLP=l
U{2)=U(1)
CONTINUE
IF(BUIOEO.O.)Gn TO 11 Skip if no inside ptston
Ro=RINCL+l) 1
R(NCL+1)=6 (NCL+1)+DT*BUI
U(NCL+l)=BUI I Inside piston boundary condition

IF(R(NCL I.GT.R(NCL+l) IGO TO 11
R(NCL)=R(NCL+l) 1
DVPI=F2*0.5*(@(NCL )-ROl*(R(NCL)**IA+RO**IA+F3*R(NCL)*RO)
~~:~~::+(p(NCL)+O(NCL )I*DVPI Work done by piston

U(NCL)=U(NCL+l)
CONTINUE

INIT
VD

;:
NSP
PUORK
ESM
SPLC
SPLC
BNDR1
BNDR1
BNDR1
BNOR1
BNDR1
BNOR1
BNDR1
BNDR1
BNDR1
BNDR1
BNOR1
BNDR1
BNDR1
BNDR1
BNDR1
BNOR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNOR1
BNDR1

IF(R(NCL ).GT.1.E-1O.OR .IA.EQ.0) GO TO 5 Spf2Ciitl fOr Conver in9.9eOMetry BNDRi
!R(NcL)=1.E-1o If R(NCL)is 0, the difference equations Won’t al ow It tOmVe BNDRl

NOSPLT(NM)=O Don’t rezone after R(NCL) hits the origin BNDR1
U(NCL)=O. Don’t move until it goes into tension BNDR1
CONTINUE BNDR1

●
2
2
3
4
5
2
3

;
6
7
8
9
2
3
4
2
2
2
2
2
2
i!
3

13
14
15

H
18

23
24

::
27
28
29
30
31
32
33
34
35
36
37
38

::
41
42
43
44
65
46
47
48
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IF(NNV. Eo.O)QETUQN Skip if no voids
DO 2 I=ltNflC
IF(IV(I)OLTOO) GO TO 2 No void
JsJV(I)
IF(J.GT.J~A%[NmC)) GO TO 2 Void not active
IF(IV(I).GE.l)GfJ TO 3 Go check for closed void in tension
IF{R(J).GT.Q(J+lI)GO TO 2 Open void still open
DU=U(J)-IJ(J+l) Void closes with relative velocity DU
PRINT IOOSTIMFSQ (J)SDUSISJJMAT (I)sflAT(I+l)
WRITE(8S1OO)TIMESP(J )#DUSIs JOflAT(I)sNAT(I+l )

100 FORMAT(21W1VOI0 COLLAPSE$ TIME=s1PE12.528H RAOIUS=slDE12.5s
+4H DU=PlBE12.5~3H I=s13s3H J=s15~17H MATERIAL NUMBEQSs216)

IF(DU.LT.-O.5)Gn TO 4 SDecial treatment for hiqh velocitv
DR.R(J}-Q(J+l) 1“

.

4

3

101

R(J)=(Q (J}+Q(J+l))/i!
R(J+l)=Q(J)

I

Calculate R,U for newly closed interface

U(J)=(U(J)+U(J+l)) /2
as if materials are the same

U(J+l)=U(JI
IV(I)=l Closed void flag
GO TO ?
CALL RL(I) Special treatment for high velocity
IV(I)=2
GO TO 2
II=IE(I)
IF{P(J+l).LT.XISP( II ).AND.P(J-1).LT.XISP(II ))IV(I)=O Open void?
IF(IV(I ).FO.O)OPTNT 101sTIMEsR(J)sIsJsMAT(I )~M4T(I+l)
IF(IV(K IO EO.O)VQITE(881O1 ITIME~R(J )sIJJJMAT (I)PM4T(T+l)
FOQMAT(18HlVnT9 fYoENS: TIPE=sl~E1205s8H RAnIUS=sloEl?.5s

+3H I=~13P3H J=j15917H MATERIAL NUtlBERSs216)
2 CONTINUE

RETURN
ENTRY 9NOR2
IF(IFLO .EO.1)DV=DV+(P(21 +Q(2))*DVP 1Work done by pistons
IF(IFLOT. EO.l)PVT=PWI+(P (NCL)+O(NCL))*DVPI
RETURN
END

BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNDRI
BNDR1
BNDR1
BNOR1
@NDRl
BNDR1
BNDR1
BNOR1
PNDR1
BNDR1
BNDR1
Rt’JnRl
BNDR1
BNDR1
@N@Rl
BNCR1
BNOP1
BNDR1
BNDR1
BNDR1
BNDR1
BNDR1
BNOR1
BNDR1
BNDR1
BNDR1
BNOR1

49
50
51
52
53
54
55
5b
57
58
59
60
61
e2
b3
64
65
b6
67
68
69
70
71
72
73
74
75
76
77
7@
79
80
F!l
82
e3
84
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Calculates

LocalVariables

BNDRI

severalspecialboundaryconditionssuchas an appliedpiston. ●

I = do loop index= region//.

J = JV(I)= cell#for outsidefreesurfaceof openvoid.

DU =

DR =

Notes

relativevelocityof the two freesurfacesboundingan openvoid.

positiondifferenceof the two freesurfacesboundinga just closed

void. The positionswere calculatedassumingthevoidwouldnot

close.

For sharp-shockburn,the cellcurrentlybeingburnedhas itsoutside

cellboundarymovingat the computedCJ particlevelocityinsteadof the

resultsof hydrodynamics.A pistonon the insideof the problemand a piston

on the outsideof the problemare allowed. (Pistonsare onlycalculatedwhen

theirvelocityis not set to O.) Pistonpositionsare calculatedusingthe

inputpistonvelocitiesBU and BUI. The insideand outsideradiiof the

problemare calculatedassumingtheyare freesurfaces. If a radiusis not

withinthe limitsof the correspondingpistonthenit is resetto the piston

valueand thevelocityis resetto the pistonvelocity. For sphericaland

cylindricalgeometrythe origincannotbe crossed(yieldingnegativeradii?).

If it is, the

value is used

Otherwise,the

-loinsideradiusis resetto 10 . A negligiblebut positive

in orderto allowthe insidesurfaceto move undertension.

differenceequationswill not allowit to move underany circum-

stances. Also,a flag is resetto turnoff rezoningfor

afterthe insidesurfacehits the origin.

If therearevoids,a check

or a closedvoid shouldopen. A

232

is madewhetheran open

the insideregion

void justclosed

closedvoid is allowedto openundertension. ●



● When avoid closes,thetwo freesurfaces“overshoot”eachother. Anextrapola-

tionis made back to the pointof contact. The twovelocitiesare resetto

the averagevelocity. Thisvelocityis correctonlyfor identicalmaterials.

However,the differenceequationswill bringthe interfacevelocityto its

propervalueunlessthe relativevelocityis too great. For largerelative

velocities,theartificialviscositytreatmentscurrentlyin use in the code

will dump toomuch internalenergyintothe cellsboundedby the interface

beforethe cellboundarieshave timeto respond. That is, thedifferencein

velocityacrossa cellnext to a just-closedinterfacebecomesinstantaneously

finite. When thisdifferenceis large (andviscositydependson thisdiffer-

ence in velocity)the above-mentionedproblemoccurs. A specialtreatment

is made in thiscase thatis describedin W.
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SUBROUTINE SL(I)
PARAMETEQ (~CL=500JML=ZlsNGC=19sHLGC=NGC*ML~MLDWDT=20*qLs
+NuMV=lOsMOl=((NUqV+ll/3+l)*MCL+100sNDU,=20SNCF=8p
+tlXDUt4P=3OSNDX=2*MXDUMPt2sMTAB=lsNTAB=HTAB*3742
+,Nspl.4nNWPM=3728eNSD=NSM*NUPM+132nML2=100)

COMMON?CELL /R(YCL)sU(NCL )>V(MCL)~XI(HCLl#
+P(HCL)sSX(MCL )oSZ( HCL)SEE (FICL)sT(MCL) sO(flCL) SXq(MCL) sIFIAG(MCL)
+$M(MCL)

LEVEL 2sQ
COMHONlnVL~NDFSNIS NpSNGsTENDSTp(HL)STG(ML)SUI~UFsUXISUFIsNADOsNHS

+IALPH~Nf)ELTsL49EL[ 8)sNDU1’lPs IDMPSNHIJTD( ML)sIJK
COHHON/~ISC/TIMESTCYCLSDTSNCLS IASCJUSBUISF2SC3CJS
LEVEL 2sTI~E
COMMON/INTTIRTO (ML)sXMb(ML )sYO(ML )SXL(ML)SXV(M1) sNV(~L)sVO(ML)SoO

+(ML), TO(YL)$QO!Jf{ML )sJtlIN (ML2]sJMAx (HL2)~IBRN(ML IspLAp(MLJsDRO(~LJS
+HAT(ML)PU O(YL)$UT( ML)sDTCF IML)$OO(ML) sTMLT(~L}pTMC(qL)

coM~oN/voIo~INTx (~L2)# JV(ML2)S IV(ML2)9NNV
COHMONlMNYxtK~Ax(qL2)sKRIN(NL2 )sNMC
coMHoN/NsPLTtNnsDLT(HL21
coHMoN/Es/lE(HL2)#NHE
IPtl=NP+l
J=JS Cell # to span
IF(IPMsGE0~L7. JRE7uRN Oon’t make more regions than storage allows
II=IE(T)
CALL OUTGAS GAS dump before span
PRINT IOOSTIMESR( JISISJSMAT( II)
tiRITE(8~100)TTMFoQ (J)sIs J}MAT(XI)

100 FORMAT(13H1SPALL: TItlE=slPE12.5s8H RADIUS=slPE1205#3H I=~13P
+3H J’=~15~16H MATEQIAL NUHBERs16)

10

SL
PARAII
9ARAhl
PARAM
PARAH
MCELL
MCELL
PCELL
HCELL
MCELL
MCELL
MCFLL
HCELL
INIT
INIT
INIT
VD
RN
NSP
ESM

SL
SL
SL
SL
SL
SL

CALL PONT Print out before span SL
DO 10 II=IpNM SL
IP=IPM SL
IPM=IP-1 SL
IE(IP)=IE(TP”)

I

SL
IV(IP)=IV(TOM) SL
JV(IPI=JV(IOM) SL
INTX(IO)=INTX (IOR)
JMAX(IP)=J*LX(IPq) hift variables that characterize the region up by 1 ~;
KMAX(I”)=K~AY(Ig*) SL
JHIN(IO)=J~IN(IP~) SL
KMIN(Io)=KMIN(T~M) SL
NOSPLT( IP)=NOSPLT(IPM SL
CONTINUE SL
i+f18Nn+l

1
‘ One new region

NHC=NM5+1
CALL S~FTIISJsl) Shift cell quantities up by 1

XMi(Jl=OO
JV(I)=J 1 Void cell

ITw1
IF(INTX(I).GE.2) IT=5 1 Set interface flag
INTX(I)=IT
JtlAX(I)=J-1
KIIAX(I)=J-1

1
JMIN(I+l)=JP Set region boundaries

KMIN(I+l)=JP

SL
SL
SL

::
SL
SL
SL
SL

NOSPLT(I)=O 4Turn off rezoning SL
R(JP}=R(J) SL

2
2
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
2
2
2

10
11
12
13
14
15

;!
le
19
20
21
22 ●
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
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IFLAG(J )=ICLAG(J-1)+64
JMN=JP
JtlX=KHAXtN~)
DO 12 K=JMNsJMX 1Set flags so that GAS plots will show

IFLAG(K I=ICL4G(K}+1Z8 span on interface plots

12 CONTINUE
IFLAG(NCL)=IFLAG(NCL) +128 1
CALL OUTGAS GASdump after span
Jsmo Turn off span flag
RETUR’N
END

SL
SL

50
51
52
53
54
55
56
57
58
59
60
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Wa

Doesall thebookkeepingrequiredto createa span.

LocalVariables

1PM = NM+l = # of regionsafterthe span (whichsplitsone regionintotwo);

also,1PM is decrementedin the do loopwheredata is shifted.

J = JS = cell# to span.

II =

1P =

JP =

IT =

Notes

When

openvoid

IE(I)= originalregion//;alsodo loop index.

previousvalueof 1PM in the do loopwheredata is shifted.

J+l = cell# next to the createdvoid.

temporaryvariableto calculateINTX.

a span occurs,a singleregionis splitintotwo regionswith an

betweenthem. The openvoid requiresa new cell to be created.
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SUBROUTINE SPLTCHK
PARAMETER (~CL=500~ML=21~NGC=19sMLGC=NGC*ML~~LDWDT=20*MLs

+NUMV=lO~MQL= ((NU~V+l )/3+l)*MCL+100sNDU=20~NCF=8S
+HXDUMP=3OsNOY=2*~XDL)ilP+2nMTAB=l~NTAB=?lTAB*3742
+sNsH=4sNt/PH=372RpNSD=NStl*NUPM+132jML2=100)

COMMON/CELL fR(MCL)sU(MCL )sV(MCL)SXI(flCL)S
+P(?ICL)SSX(MCL )9S7( MCL)sEE (MCL)8T{14CL) pO(HCL)pX~( MCL)pIFLAG l~CL)
+su(MCL)

LEVEL 2sR
COMNON~OVLJNOFSNIS NPSNGSTEND~TP(PL )sTG(ML )pUlSUFOUITSUFTSN4DDSNqS

+IALPHsNOELTSLA*FL (8 JSNDUHP~IDMDSNMltTO( !IIL)sTJI(
COIIMONtMISC/TINES ICYCLSOTSNCLs IAsBUSBUIsF2sF3sJS
LEVEL ?sTIME
COPMONIINITtDTOtML )sXMU(ML) SYO(ML)SXL{NL )sXV(HL )pNV(HL)#VO(ML )sPO

+(ML)~TO(ML) sPLIU(ML )9JPIN(ML2)9 JF!AX(HL2) sIB!tN(ML) sPLAP(ML)~ORO( ML)s
+MAT(ML) 9UO(NL)PUT( ML)sDTCF(ML ]~QO(ML) sTMLT[ML)$TMC(YL)

comMoN/~N~xfK~Ax(~L2)sKmIN(HL2 )sNllc
coflMoN/NspLT/NosDLT(rlL21
cor’lrloNtEstrE (~L2)9NME
DATA DQqNI0.001?
DATA N?41
IF{KflAX (Nq).GGOqCL-l-N)RETURN Oon’t overrun storage
DO 10 I=1oNMC
I~tNosDLTt~)oLEoo) GD TO 10 Is rezoning allowed?
J=KMAx(I)
DLR=R(J)-QtJ+l) 1
11-IE(I)
DR=5*DQo(If) I Iftheinnermost cell has AR>4AR0,then rezone

IF(tiLRoLT,OR) Gq TO 10~
12 CONTINVE

NCI=KMtX( T)-K~TN(T)+ 1
IF(N.GT.NCI)N=NCI 1 Oon’t split cells outside the region

CALL O’JTGAS
CALL S$+FT(TSJPN} Shift cells inside of the split by N

11 CALL SpLIT(ISJ,tIJ) Split the last N cells in half
CALL PRNT
CALL OUTG4S

10 CONTINUE
RETURN
ENO

SPLTCI+K
PbPAF!
PARAH
PARAfi
PARAM
MCELL
?!CELL
MCELL
NCELL
HCELL
MCELL
MCELL
MCELL
INIT
INIT
INIT
l!N
NSP
ESM
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK
SPLTCHK

2
2
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
2
2
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
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SPLTCHK

Checkswhether

to do therezoning.

LocalVariables

N.

I=

J=

DLR

# of cells

rezoningis requiredin a regionand if so callssubroutines

to be splitif rezoningis required.

do loop ind~ = region//.

cell# of innermostcell in regionI.

= widthof cellJ.

DR = S times initialwidthof cell

NCI = # of cellsin regionI.

Notes

Rezoningis not

criterionincludedis

checkedfor unless

thatthe innermost

.
J.

NOSPLT(I)>O. Currently,the only

cellof a regiongetswider than

five timesthe initialwidth. Othercriteriaare availablefor particular

typesof problems. The GAS dumpbeforeand afterthe rezoningis to avoid

extraneouslinesin certaintypesof plots.
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SUBROUTINE SHFT(IpJ~N) SHFT
PARAMETEQ (YcL=5OO0ML=2l0NGC=l9JflLGC=NGC*MLSWLOWf)T=2O*MLs PARAM

+NuMv=19~~OL= ((NUMV+l )/3+l)*MCL+100jNDU=20~NCF=8s PbRAM
+MX@UMPW3D,NI)X.2*MXDUMP+2~MTAB.l~NTAB.HTAB*37b2 PARAM
+$NSM.4$NUPM=372Q~NSD=NSM*NUPM+132~ML2=100) PARAM

COMMON~CELL l@(”CL)SU(MCL IsVIMCL)SXI(MCL)S MCELL
+P(HcL)sSX (HCL)sSZ( flCL)sEE (MCL]sT(PICL )sO(MCL )sX$4(MCl)PT~L4G (MCL} l!CELL
+sU(McL) MCELL

LEVEL 2#R
COWNONlnVLIVPF~NT~N

+IALPH$NDELT9LABFL (8
COUfION~~ISCITIWF#IC
LEVEL 2sTIME
Confront INtT/DTO(~L)

+( ML)$TO(HL)9ROW(ML )
+IIAT(ML) sUO(YL)~UT( M

COMPON/UCJr/UCJPJJS
COMMONIVOIPIINTX(flL
COMtlOWHNHX ?K~AX(ML
JJ=NCL+l
R[JJ+N)=R(JJ) 9
U(JJ+N)=UIJJI
DO 10 K=JsNCL
JJmJJ-1
JN=JJ+N
R(JNI=Q(JJ)
U(JN)=J(JJ)
P(JN]=D(5J)
V(JN)=V(JJ)
XI(JN)=XI(JJ)
SX(JN)=SX(JJ)
SZ{JN)=SZ(JJ)
U(JN)=U(JJ)
XII(JN)=XH(JJ)
IFLAG(JN)=TCLAG(JJ)
TAT
O(JNI=Q(JJ)

10 CONTINIJE
DO 11 K=IPNY
KMAX(K)=KMAX(K}+N
JMAX(K)=J~AX(K)+N
IF(I.EO.K\ GP TO 11
JtiIN(K)=JMTN(~)+N
KPIN(K)-KMIN(K)+N ,

11 CONTINUE

MCELL
sNGsTEND# TP(ML)#TG(mL]#uI#uFpuT19uFr#N4DD#NMp MCELL
sNDUHPS IOMPSNHISTD(NL )sIJK flCELL
CLSDTSNCLSIASBUSBUIJF2SF3SJS I!CELL

UCELL
XMU(ML)SYO(ML)SXL(HL) sXV(ML)SNV(ML)SVO(ML)SPO INIT
JflIN(NL2)sJPlAX(llL2)01BRN(~L)PPLAPt ML)90ROfML)s INIT
)sDTCF(flL)sOO(tlL)JTtlLT(ML) STHC(HL) INIT
MAXsRCJSOcJ Uc
)sJv(NL2)sIu(HL2)#NNv VD
),KMIN(ML2)$NMC MN

SHFT
SHFT
SHFT
SHFT
SHFT
SHFT
SHFT
SHFT
SHFT

Shift cell quantitiesup by N for cell #’s > J SHFT
SHFT
SHFT
SttFT
SHFT
SHFT
SHFT
SHFT
SHFT
SHFT
SHFT
SHFT

1stKMIN,KMAX,JMIN,JMAXreflect the shifted cells~fl~~

SHFT
SHFT
SHFT

00 12 K=l,NY SHFT
12 IF(JvIK).G7.J) JVtK)=JV{K)+N shiftvoidcell index SHFT

NCL=N~L+N 1 N new cells SHFT
NHAX=NUAX+N SHFT
RETURN SHFT
ENO sHFT
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SHFT

Shiftsall cellswith cell#> Jup by N. Usedwhen new cellsare created

in themiddleof the problem;e.g.,for span and rezoning.

LocalVariables

JJ = index

JN = index

of cellbeingshifted.

of cellto which cell# JJ quantitiesare beingshifted.

K= do loopindex.

Notes

Any new quantitiesthatare tiedto a cell# shouldbe includedin this

subroutine.
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SUBROUTIM: SPLITIIsJ~Nl
PARAMETER t~CL=900~ML=218NGC=19JFL6C=NGC*MLSMLOMDT=?O*MLS

+NURv=lOS~OL=( (NUMV+l) /3+l)*tlCL+100SNOM=20SNCF=Ci$
+MXDUMP*30SNOX=2*WXOUMP+2PMTAB=l$hTAa=HTAO*3742
+JNStl=4JNWP~=372n~NSO=NSPt*NUPN+132jIIIL2=100)

COMMON/CELL/R(MCLt sU(HCL )sV(MCLISXI(NCLl~
+P(tlcL )~SX(FCL)SSZ( RCL)JEE(HCL )$T~BCL)~Q(MCL )sxN(flCL I~lFLaG(4CL )
+~W(t!cL)

JJ=J+l
JP=J+N+l
R(JP)=Q(JJ}
U(JP)=U(JJ)
DO 10 K=lsN
Jp.Jp-2
JJmJJ-~
IFLAG(JP}=IFLA~(JJ)
IFLAG(JP+l)=IFLAG( JJI
R(Jp+l)=(e(JJ~+P (JJ+l ))/2
R(JP)=Q(JJ}
U(JP+l)=tU(JJ)+U(JJ+l) ]/2
u(JP)=U(JJ)
JflnJJ-1

●
XflF=Oo5*X~(JJ)/ (XW(JJ )+XM(Jft))
OV=XmF*(V(JJ )-VfJq))
VtJP+l)=V(JJ)+nV
V(JPI=V(JJ}-DV
OV=XMF*( P(JJ)-P(JM)j
P(JP+l)=P(JJ)+nV
P(JP)=P(JJ)-DV
DV=XMF*(Y1(JJ)-XI( JM) )
XI(JP+l)=XI(JJ)+OV
XItJP)=XIIJJ)-f)V
OV_XrqF*(SX(JJ)-SX( JH) )
SX(JP+l)=SX(JJ)+OV
SX(JP)=SX(JJ)-!)V
ov=xMF*(sz(JJ)-szfJ~) )
SZ(JP+l)=SZtJJ)+LW
SZ(JP)=SZtJJ)-OV
DV.XKF$(U(JJ )-U(JM))
U(JP+l)=U(JJ)+DV
U(JP)=WtJJ)-DV
DV=XMF*(T(JJ )-T(JP])
T(JP+l}mTtJJ)+W
T(JP)=TtJJ)-DV
OW=XMF*(O(JJ )-O(JM)]
Q(JP+l)=O(JJ)+l)V
G(JP)=OfJJ}-l)V
CF.XM(JJ)
DR=R(JP41)-Q(JP+2)
Rl=R(Jp+2)
R2=R(JP+1)
XH(JP+l}=DP*F2*(Ol**IA+P2**IA+F3*Rl*R2}/V(JP+l)
DR=R(JP)-RtJP+l)
R18R2 .
R2=R(JO)

Interpolate
cell quantities

SPLIT
PARA!4
PARAM
PARAN
PbRAM
HCELL
MCELL
MCELL
MCELL
RCELL
NCELL
MCELL
MCFLL
SPLIT
SpLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SpLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SpLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SpLIT
SPLIT
SPLIT
SPLIT
SPLIT
SpLIT
SpLIT
SPLIT
SPLIT
SPLIT
SPLIT
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5
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7
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9
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19
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47
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4G
50
51

241



Xtl(JPl=DQ*c2*(pl**IA+R2**IA+F3*Rl*R2)/V (JP)
CF=CF/(XM (JP)+XM(JP+l ))
XM(JP)=xM(Jo)*CF Be sure mass is conserved exactly

XM(Jp+l )=x”fJO+ll*CF
10 CONTINUE

RETURN
END

ipiii
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
SPLIT
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SPLIT

SplitsN cellsstartingat cell#J intotwo cells. All cell quantities

are linearlyinterpolatedand conservationof mass is explicitlyrequired.

LocalVariables

JJ = cell # beingsplit.

JP = cell# to whichthe splitis made.

JM = JJ - 1.

CF = (1)mass of cellbeingsplit,(2)ratioof computedmass to original

mass.

DR = cellwidth.

Notes

Cellsare dividedin halfand thenew cell quantitiesare linear(in

Lagrangiancoordinates)interpolationsof the old cell quantities.The cell

● massesare adjustedfrom the interpolationsuch thatmass is conservedexactly.
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SUBROUTINE EPP(I. J) E PP
PAPAMETEQ (~~L=500sML=21~NGC=190HLGC=NGC*NLSNLDUDT=20*MLS PARAM

+NIJMv=lOs ’40L=((NUMv+l II3+1)*MCL+1OO9NDN=2OSNCF=8S PARAM
+MXDUMP=30$N9Y=2*MXDUMP+2~MTAB.I~NTAB=HTAB*3742 PARAM
+$NSfI=4~NbIPV=3728$NSO=NSM*NUPPI+13Z$ML20100) PARbrl

CO~HON~CELL/Q (~CL)SU(fIICL )sV(HCLISXI(MCLIS HCELL
+P(tJICL ),SX(~CL)~SZ( llCLJjEE (MCL)~T{MCL) tQ(MCL)sXN(tiCL) SIFLAG(MCL ) tlCELL
+sH(flCL) MCELL

LEVEL 2*Q
----

i4CELL
COMtIION/OVL/NDFSNIS NPsNGsTENDsTP(ML)sTG(NL )sUIJUFSUIISUFI~NADOsNMs MCELL

+IALPH$NDEL7~LA9EL (8}~NDUflP$ IDMP8Nfll~TD(ML]S IJK MCELL
COMMON/HISC/TIHE~ ICYCLJDTsNCLs IASBUJBUISF2SF3pJS PICELL
LEVEL 20TT~F MCELL
COMMON/INIT/DTO(qL)SXtUJ( ML)sYO(ML)sXL(HL)sXV(ML) SNV(PL)9VO(ML)DB0 INIT

+(ML)tTO(qL)$ROU(ML )JJMIN[IIL2)$JMAX(PIL2) sIBRN(qL)sPL4P(YL)PDRO(HL )S INIT
+tlAl(ML) sUO(qL)SIJT( ML)$CTCF(ML) OOOIML) sTflLT(ML)sTMC(qL} INIT

COHMON/BRND/Z(ML)sE (tlL)SVCJ (ML)sDuDT(NDMsML)PPCJ(ML )sPM(NL)sNO(Hl) BP()
+~MSFF BRD

IF(TMLT (I).LF.O.)GO TO 10
TM=TMLT( I)+TMC(T)*(VO (1)-v(I))/vo(I)

EPP
Kennedy melt law EPP

IF(TM.GToT(J))GO TO 10 EPP
SX(J)=OO
SZ(J)=O.
RETURN

10 CONTINUE
GO TO (l~3sl)sIALoH

1 IF(P(J).LTo!I. )GO TO 2 No correction for negative pressures
IF(PLAP (I).LT.YO(I))GO TO 2 No correction if PLAPc 2/3 Yo
X=P(J)/PLAP(I)
P(J)=P( J)-YO(I)*LMIN1 (1.,X) 1 Correction to get on the hydrostat

2 IF(ABS(SX (J)).Lc.YO(I ))GO TO 4 On the yield surface?
SX(J)=S IGN(YO(I)2SX(J ))

4 P(J)=P(J)+SK(J) Total stress in the x-direction
RETURN

3 CONTINIJF
IF(P(J).LT.O.)GIY TO 5
IF(PLAD(I ).LT.YO(T))GD TO 5
xmP(J)/fJLAP(T]
P(J)=P( J)-VO(I)*SMIN1 (1.,X]

~ F=2*(s~(J}*(sx(J)+sz (J))+sz(J)*sz(J)) yield surface fora = 2 is
TTY2=1. 5*YO(II*YO(I) different
IF(F.LT.TTY2)GD TO 4
FT=saRT(TTY2/F)

EPP
EPP
EOp
EPP
EPP
EPP
EPP
EPP
EPP
EPP
EPP

EPP
EPP
EPP
EPP
EPP
EPP
EPP
EPP
EPP
EPP
COD

SX(J)=GT*SY(J)” 1 Sx and Sz are independent ;PP
SZ[J)=SZ(J)*FT
GO TO 4

EPP

RETURN
EPP

END
EPP
EPP

2
2
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
3
7
8

1:
11
12
13
14
15
16
17
18
19 A—
20
21 A

22
23
24
25
26
27
28
29
30
31
32
33
34
35
3e

244



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

Law),

stress-strain

The hydrostat is given by Cii=-AV/3V for all i and

P
()

=_2~
hydrostat ~+a$ .

relation (Hooke’s

(1)

For one-dimensional compression we have CIl = -AV/V with all other s = O.
ii

This gives

(2)

P
Hugoniot = ’11

=-(211+A)+

and

with

The value determined

sion. For strains larger

experimentally is P .
Hugoniot ‘n

than at the yield point, CJl,-
LA.

●
remain constant at Yo, the yield stress. The difference

stress and the hydrostat is

single

’22 ‘s

(3)

(4)

(5)

shock compres-

assumed to

between the Hugoniot
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P -P
4 AV

Hug hydro
._Tp T (6)

a

in the elastic region. At the yield point, -AVY = YOV/2U and PyHug =

((2P+x)/2p)Yo. The difference between P
Hug

and P
hydro

can then be written as

P -P
‘Huzy-a= 4 Av

Hug hydro = ~ O PY -~1.ly ● (7)

Hug

In a similar manner, we can write for strains larger than at the yield point,

P
Hug

-P
hydro

These last two formulas are found

2Y=—
30”

(8)

to be in satisfactory agreement with

experiment for real materials in the region of

calculate the hydrostat for equations of state

v

interest. They are then used to

fit to Hugoniot data. In the

code P’
Hug

is designated PLAP and is input data. For PLAP < : Yo, it is assumed ●

where

and

that the EOS pressure is the hydrostat.

Next we define the stress deviators by

‘i =ai-P,

01+02+0
P 3=

3

which is Eq. (1) with a change of notation to

%j
is diagonal for the coordinate systems we

Substitution of Eq. (11) in Eqs. (9) and

(9)

(lo)

9 (11)

take advantage of the fact that

are considering.

(10) gives
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m with

where we have used

(13)

Av_—=
.V ‘i+c2+c3 ●

(14)

The differential form of Eq. (12),

(15)

is used in the code to calculate the stress deviators.

The yield stress is calculated using the von Mises yield criteria. ‘J%is

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

* [(al - (J2)2+(cr2-

which can be rewritten in terms of

A .

03)2 + (03 - 01)2] = Y: ,

the stress deviators to give

(16)

s: + Sf “+ s;
L L

For a =landa = 3, directions 2 and

‘2=s3=

which simplifies Eq. (17) to yield

Sl=;

3

.~y2
30” (17)

are equivalent so we have

(18)

‘o “ (19)
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Equation 15 need only be evaluated in the l-direction,which is the

x-direction for a = 1 and the r-direction (still denoted x in the code) for

c%= 3. The value for &l is obtained from

which is the

For a =

. au
% = -m ‘

same for all a.

2, none of the directions are equivalent, so we have

‘2=-s1-s3 ‘

which is substituted into Eq. (17) to give

f = 2(s; + s: + S1S3) = $Y: .

(20)

(21)

(22)

The value for &l is again obtained from Eq. (20). However, the value

for 63 is zero because the 3-direction, which is the z-direction, does not have ●
any motion 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.
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SUBROUTINE ~ELT
PARAMETER {~CL=500SHL=21SNGC=19pMLGC=NGC*MLpALOWDT’20*MLS

+NUNV=iOs~QL=((NUW+l) /3+l)*tICL+100SNOU=20SNCF=8s
+flXOUMP=3OSNOX=2*~XDUtfP+2SHTAB=lSNTAB=tlTAB*3742
+pNSfl=4nNVpM=3728pNSD~NSM*NMPtl+132#ML2=100)
COHMON?CELLtQt~CL) SU(NCL)sv( HCL)sxI(NCL}#

+P(llCL)sSX(~CL)SS2( HCL )sEE(MCL)~T(MCL) sO(MCL)SXM(~CL) sXFLAG(MCL)
+swtMCL)
LEVEL 2~R
COMMON/OVLINOFsNIsNP~NGSTENDsTP(ML )~TGIML)sUI~UFsUIISUFISNA~DsN~s

tIALPHsNOELT~LABEL(8) sNOUMPJIO!4P9NN1STD(ML )BSJK
COMMONt~ISC/TIMESICYCLsDT~NCLs IAsBU~BUIsF2sF3SJS

DELT
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
RCELL
MCELL
NCELL
MCELL
MCELL

LEVEL 2sTIME MCELL
COMHON?INITIOTO(~L)sXW(NL)sYO(PL)sXL(ML) sXv(~L)SNV(~L)sVO(~L)SPO INIT

+(HL)sTO(ML)sROU(HL)s JMIN(ML2)sJMAX(ML2)S IBRN( ML)sBLAP(MLI sORO(ML)S INIT
+MAT(HL) sUO(ML) ~UT(ML)sDTCF (llL)sQO( PIL)sTMLT(ML} sTWC(ML) lNIT

12

11

COKMON/VOI@/TNTx(~L2)sJV(RL2)sIV(HL2) sNNV
COMMONtMNHxtKMAy(~L2)sKHIN(ML2 )sNMC
COMMONtllRNStA(~L)s BR(t’lL)sBA(ML )sVBO(ML)SVBW{ML)
COMMONtEOSN/IEOS(~LlsflE(HL}
coMMoNtEs/TE(~L2)8NHE
OATA IOVIOI
NHCE=IE(N~C)
IF(JHAX(N~C )-JMIN(NMC).LE .2.ANOeNMC.GT. l)N~CE=TE(NMC-l )
IF(DTO(N~CF) .LF.W)OTF~DTO( NMCE)
IF(NOELTOEO.l.OR. IBRN(NHC ).EQ.3)RETURN
DTC=DTO(NMCE)
DLT=DTO(WCE)
JI.O
DO 10 191sNMC
lImIE(~)
JPIN=JMIN(I)
JMX=JMAX(I)
VPI=V(J4N)
DRM=R(JMN)-R (J~N+ll
DRV=DRY
JJ.JHN
JR.JMt/ 1
JMN~JflN+l
00 11 J=JMNsJAX
ORSR(J)-R(J+l)

IF(DR.GToOpfl)GD TO 12
JR-J
ORM=DR 1
CONTINUE
IF(V(J).GEOVM)G@ TO 111

Find the smallest AR fn the region

JJmJ
VH=V(J} I Find thesmallest V in the region

Vo
MN
BF?N
EN
ESN
DELT
DELT
@ELT
DELT
DELT
OELT
DELT
DELT
OFLT
OELT
OELT
OELT
OELT
I?ELT
OELT
DELT
OELT
OELT
OELT
DELT
DELT
OELT
DELT
DELT
DELT
DELT
DELT

DRV=DR J DELT
CONTINUE
OTC=OTCFtNWCF)*DQM/C(IIsJR) At for the smallest R
IF(DTC.LT.~LT)OLT=DTC Is it smaller than OLT?

DFLT
DFLT
DELT

IF(JR.iO.JJ)GO-TO 10 Don’t check the same cell twice DELT
DTC=OTCF(NMCE)*DRV/C(XIs JJ) At for the smallest V OELT
IF(DTC.LT.OLT)OLT=DTC Is it smaller than OLT? DELT
CONTINUF DELT
J=l(HA)((IOfIl)+~ OFLT
IF(IAoEO.O)GO TO 20 Check for last cell about to hit the origin DELT
IF(R(J) .LE.1.E-1O)GO TO 20 (a = 2or 3) and whether the time step is DELT
IF(U(J).GF.00)GO TO 20 small enough OELT

2
2
3
4
5
2
3
4
5
6
7
@
9
2
3
4
2
2
2
2

1:

H
14
15
16
17
18
19
20
21
22
23
24
25
26
27
2P
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
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DTV=-R[J)/U(J)
IF(DTV.GT05*@T)G0 TO 20
DLTV=-005*(Q (J-1 )-R(J))IU(J-1)
IF(DLTVOGTODLT)GO TO 20
DT1=OLTV
IDV=101

20 CONTINUE
IF(NNVOLEOO) GO 10 40
DO 30 I=lsN~C
IF(IV(I)CNFOO)GO TO 30
J=JV(I)
DRV=R(J)-R(J+l)
DU=U(J)-U(J+l) 1
IF(DUOGT.-OOOl~Gn TO 30
Olv=-oRvlnu Check for void about to collapse

1
IF(OTVOGT.5*DT)G0 TO 30
ORM=R(J-1)-Q(J)
ORP=R(J+l)-P(J+2)
DRT=AtlINl(OOP,nQM]
DTV=O.05*DpT/ARS(DU)

~~l~~~;GT”DLTv)Gn To 30
DLTV=DTV
OT1=DLTV

30 CONTINUE
40 CONTINUF

IDV=IDV-1
IF(DLToLT.PTO(N~CE ))DTF=OLT
IF(iDVOGE.l )OTF=DTl

1
Pick the smallest time step

IF(DLT.LT.nTF)OTF=DLT
DTR=DTF/OT

a

IF(DTR.LT.O.POflQ.DTROGT. 1.2)OT=DTF Oon’t make small changes inAt
RETURN
END

DELT
DELT
OELT
DELT
DELT
DELT
DELT
DELT
DELT
DELT
OELT
DELT
DELT
DELT
DELT
DELT
DELT
DELT
DELT
DELT
DELT
DELT
DELT
DELT
DELT
PELT
DELT
DELT
DELT
DELT
DELT
DELT
DELT
DELT

50
51

x
54
55
5(!
57
50
59
60
61
62
63
64
65
66
e7
6@
159
70
71
72
73
74
75
76
77
78
79
@o
81 ●
82
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DELT

Calculates the time step to be used. The time step may be input data or

may be evaluated

stable.

Local Variables

m? = index

from several criteria in order to keep the problem numerically

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.

II = IE(I) = original region #.

~. ~IN(I)O

JMx= JMAX(I).

VM = variable used to find the smallest volume in the region.

DRM = variable

JJ = cell # of

JR = cell # of

used to find the smallest Ar in the region.

cell with V = VM.

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 5% 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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DTV = 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 IMP 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 c 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

for the difference equations.)

In c~nverging 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.
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FUNCTI~N C(I~J)
PARAMETER (~CL=5OOSllL=2lSNGC=l9~t!LGC=NGC*MLsMLDUOT=2O*~LS

+NUMv.10,MOl=( INuMv+I)/3+l)*MCL+100sNDW=20SNCF=8~
+UXOUrIP=3ODNO!r=2*MXDUMP+20MTAB=lJNTAB=RTAB*3742
+~NSM.4SNUDW=3728pNSD=NSM*NUPM+132sHL2=100)
COflflON/CELL/R(~CL)SU(f4CL)sV(t4CL)pXI (MCL)S

+P(Mcl)JSK(UCL)~S?( McL )~EE(HCL),T(MCL)$O(rIICL)OXN(HCL) sIFLAG(MCL)
+sU(MCL)
LEVEL 2sQ
COPMONtOVL~NOFSNISNPsNG~TENOsTP(ML)sTG(ML)sUIsUFsUII sU~IpNAODSNMs

+IALpH,NOELl~LA8EL( 8],NOUMP,IOMP,NH1STO(ML )91JK
CDMMON/MISC/TINESTCYCL~OTsNCLS IA~BUsBUIsF2PF3sJS
LEVEL 2pTIMe
CONMON/FLY$N/IEOS(flL)OME(ML )
IS.IE(JSII)
VJ=V(J)
PJ=P(J}
XIJ=XI(J)
GO TO (ls2p3s4)sIS Pick soundspeed subroutine according to EOS type

1 CALL CUSUO(VJSOJSCCSII
Ccc
RETURN

2 CALL C9LD)JP(I~JjCC)
Ccc
RETURN

3 CALL CPOLY(VJ>PJ~X IJsCC~I)
Ccc
RETURN

4 CALL CSES{VJSXTJPCCS ISJ)
Ccc
RETURN
END

c
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
f!CELL
MCELL
MCELL
MCELL
HCELL
MCELL
EN
c
c
c
c
c
c
c
c

:

:
c
c
c
c
c
c

2
2
3
4
5
2
3
4
5
6
7
8
9
2
6
7
@
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
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Switching

subroutine.

Local Variables

IS = IEOS(I)

VJ =V(J).

PJ z P(J).

XIJ = XI(J).

b

function subroutine to

= equation-of-state

pick the appropriate sound speed

type.

CC = sound speed.

C = sound speed.
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SUBROUTINE CUSIJ”(VCOPC~C}I)
PARAHETER (wCL=500sP!L=21SNGC=19sMLGC=NGC*MLSMLDWDT=20*VLJ

+NUMV=lOs~OL= ({NUMV+l )/3+l)*MCL+1000NDU=20SNCF=8s
+MXDUMP=30sNOX=2*~XDUMP+2SMTABIIlsNTAB=MTAB*3742
+9NSM=4PNWPM=372R~NSD=NSfl*NWPM+132SHL2=100)
C0141110NtCELL tQ(MCL)SU(NCL )sV(MCL)SXI(HCL)S

+P(PlcL )sSX(MCL)sSZ(flCL lsEE(HCLlsT(MCL)SO(#lCL)SXII( MCL)SIFLAG(MCL)
+~u(NCL)
LEVEL 2sQ
COfittON/OVL/NOFSNISNPSNGS TENDsTP(flL)sTG(ML)sUISUFSUII~UFISNADOSNM~

+IALPH~NDELTsLABEL( 8)#NDUMP~ IOflP~NMlOTD(NL)~IJi(
COMflONtMISCtTI~EsICYCLsDTsNCLs IAsBUSBUISF2SF3SJS
LEVEL 2~TI~E

CUSUP
PARAM
PbRA?l
PARAP!
PARAM
MCELL
HCELL
MCELL
MCELL
MCELL
MCELL
flCELL
M~Fl L

CONMON/INIT/OTO(~L)SXMU( ML)sYO(HLISXL(HL)SXV(tlL) sNVCML)SVO(~L)SDO INIT
..---,

+(HL)sTO(~L) tPOW{ML)JJtlIN(ML2 )sJMAX(HL2)sIBRN(ML)SPLAP(mL)SDRO[ ~L)s ::::
+MAT(ML)sUO(ML)SUT( ML)S DTCF(fIL)sQO(ML)STPLT( WL}ST~C(~L)
COflMON/USUPC/Cl(HL)SSl(ML )sC2(ML )SS2(ML ISSUV(ML)SVHN (~L)p

+GAMflA(nL )~Ate(ML)
CORMON/BRNStA(~L)OBR(HL)sBA{ML )sVBO(IIL)SVBSU(ML)
IF(IBRN( I).NE.O)Gfl TO 40
IF(VCOGTOSwV(I)) GO TO 11

12 C=C2(I) 1
S.52(1]
GO TO 20 I Pick appropriate USUP Constants

11 C=Cl(Ii”
S.S1(I) J

20 ETA=(VO(I)-VC)/VO(I)
IF(PC.LE.O.) GII TIY 30 If in tension, use C from USUP constants
vvmvc~vo(y)
HP=(C/(1-S*FTA))**2*ETA/vo( I) Hugoniot pressure

●
CSO=(VV*C)**2*(1+S*ETA18(1-GAHHA (I)*ETA/(2*vv))

t/(1-s*ETA)**3+G4MMA( I)*vo(I)*HP/2+vc*(Pc-HP)*tGA~MA( 1)+1)
IF(CSd .LE. O) Gn To 30 IfC2 < 0, use C from USUP constants
C.SORT(CSO)

30 CONTINUE
RETURN

40 C=l. Used for HE’s
RETURN
END

us
us
BRN
CUSUP
CUSUP
CUSUP
CUSUP
CUSUP
CUSUP
CUSUP
CUSUP
CUSUP
CUSUP
CUSUP
CUSUP

~2
CUSUP
CUSUP
CUSUP
CUSUP
CUSUP
CUSUP
CUSUP
CUSUP

:
3
4
5
2
3
4
5
b
7
8
9
2
3
4
2
3
2
8
9

10

:;
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
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Calculates

Local Variables

CUSUP(VC,PC,C,I)

the sound speed for a USUP EOS with constant Grtineiseny.

VC = specific volume,

argument).

PC = pressure, P, for

V, for which C is to be calculated (subroutine

which C is to be calculated (subroutineargument).

sound speed = output of subroutine (subroutineargument).

initial region number from which to get EOS constants (subroutine

argument).

S in USUP fit Us = C + SUP

‘o-v
‘n=.,.

‘o

Vv v l-q .=—=

‘o

HP = Hugoniot pressure at specific volume V.

CSQ = C2.

Notes
i

The sound velocity C is given by

‘2=(%)s=-V2(%)S9
(1)

which can be rewritten as

The GrtineisenEOS is given by

P = PH+;(I-+ , (3)
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●
where

‘H = f30cjl/(1 - srl)2 ,

‘H~v~

%=7 ‘

(4)

(5)

with PO and 10 ignored, and

‘o-v
n =—

(6)
‘o “

Since PH is a function of volume only, the first term in Eq. (2) is readily

evaluated using Eq. (3) to give

(7)

where y is assumed to be constant.

The second term in Eq. (2) is more readily evaluated if we rewrite Eq. (3)

in the form

We then have

where

(8)

(9)

(lo)

and I can be written from Eq. (8) as
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,=+[’?-PH(,-%)]
Substitutionof Eqs. (6),(7), (9), (10), and (11)

.

in Eq. (2) yields

Cov 2

() ()

(l+s?-O1 ‘Yvo +(p_p)(y+l)+p Yl? .=— _— (12)

‘o (1 - sn)3
‘v H H’

If C’ < 0 or P < 0, then C is set to Co, the sound speed in the uncompressed

solid. The value of Co and S that is used is allowed to be one of two sets

of values depending on the volume. See USUP for more details.

258



● SUBROUTINE CnLDIJP(ISJ~CC) CBLDUP
PARAMETER t~Cl=500jflL=21#NGC=19SHLGC=NGC*NLSNLOWOT=?O*ALS PbRAH

+NUMV=lOSMQL=( (NIJ~V+l )/3+l)*MCL+100SNOU=20SNCF=8S PARAH
+HXOuMPm30#NOX=2*MXDUllP+2nMTAR=l~NTA8=MTAB*3742 PARAW
+0NSrl=4SNUPM=3728~NSD=NSN*NUPtl+132sML2=100) PARAM
COMMON/CELL/@(MCL)tU(MCL)SV(HCL)SXI (NCL)S MCELL

+P(llcL)tSX(MCL)PSZ(llCL)JEE(PICL )~T(MCL) sO(flCL)PXY(NCL) sIFLAGfHCL) UCELL
+SM[MCL} McELL

LEVEL 2s@ MCELL
COfIMON/OVLINOFSNISNPSNGpTENDSTP(ML)STG(ML )sUIrUFsUIIsUFISNAOOSN~s fIICELL

+IALPH~NDELTsLA9EL( 8)sNDUMPS :Df4PsNtllsTD(f4L)sIJK MCELL
COMNON/MISC/TINE~ICYCLSDTsNCLS IAsBUSBUISF2SF3SJS MCELL
LEVEL 2sTIME
COIIIflONtINITIDTOINL )sXMU(HL)sYO (ML)~XL(NL)sXV(NL)sNV(ML )sVO(ML)SOO

+(ML)sTO(~L}sROW(ML)# JtlIN{FlL2)pJtlAX(tlL2)SIBRNt ML) sPL4P(ML)oOR0(~L)S
+HAT(HL)~(~O(ML) SU7(flL ]sDTCF(flL)JOO(rlL) sTMLT(ML) sT~CfML)
COt!tION/PUx18UAsQUBsBUMAX08UDV( ML)

+tBURSBUD
commoN/EstTF{ML2)sNME
JIIN=JM!NII)
JtlX=JMAX{I)
Sl=SE(I)
IF(N(J).GT.0*Q9)G0 10 10
IF(U(JMX) .GT.O.9900R.U(JHN) .GT.O.99)G0 TO 10 If stillburning, use O
B=(T(J)-.66)/lT(J}*(T(J)-2.32 )) B
8=(B+l)/B
VV=T(J)*VO( II)I(V{JI*(T(J )+1))
PI=[RoU( II)*EHJDV(II)*UV**T(J ))/(T(J)+ll Reference pressure
CC-SQRT((Q*(P(J)/(1-M(J))-PI)+T[ J)*PI)*V(J)) C
IF(CC.LT*002 )CC=O02 Lower limit on C
RETURN

●
10 CONTINUE

cc=soRT(Buov(II)) Use the detonation velocity for C
RETURN
ENO

f4CELL
INIT
INIT
INIT
BUP
BUP
ESM
C@LDUP
CBLOUP
CBLDUP
CBLDUP
CBLDUP
C8LOUP
CBLDUP
CBLDUP
CBLOUP
CBLOUP
CBLDUP
CBLDUP
CPLDUP
CBLOUP
CBLDUP
CBLDUP

2
2
3
4
5
2
3
4
5
6
7
8
9

:
4
2
3
2
8

1:
11
12
13
14
15
16
17
18
19
20
21

::
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CBLDUP

Calculates

Local Variables

II = IE(I)

the sound speed for a buildup EOS in cell J.

= original region #o

JMN = JMIN(I).

JMX= JMAX(I).

Vv= VCJIV.

PI=Pi= reference

cc = sound speed.

Notes

The buildup EOS

pressure.

(see BLDUP for details) is givenby

[( Pfv
‘l-K-
Bv H~+Pi (l-w) ,

Y

where Pi is the reference pressure,

Y

(–)‘CJ
‘i=pCJ* V ‘% ((Y’’T1)VY s

and ~ is given by

B =

and K is a constant for fixed y

y- 0.66
Y(y- 2.32) ‘

(notey is stored in T(J)).

The square of the sound speed, C2, is (see CUSUP)

(1) ●

(2)

(3)

(4)
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Combining Eq. (1) and Eq. (4) we find

Now, if W(J) is too near 1, there is the possibility of numerical
#

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/ps.
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SUBROUTINE C~flLyfVCS PCSXCSC~I)
PARAMETEQ (MCL=500SML=21SNGC=19SMLGC=NGC*flLS~LDU9T=20*MLs

+NUMV=lOsMQL= ((NUNV+l) /3+l)*F!CL+100~NDli=20SNCF=8S
+HXDUMP=30sNOY=2*~XOUflP+2S MTAB=lsNTAB=fIlTAB*3742
+,NSfl=4,NWPM=372QnNSD=NSU*NMPH+132DtIlL2=100)
COMflONtCELL/RIMCL)SU(lICL )JV(IICLISXI(FICL)S

+P(McL)OSX(~CL)SS?(flCLl sEE(flCL) OT(MCL) jQ(flCL)SXM(ACL) sIFLAG(MCL)
+sN[f4CLl
LEVEL 2sQ
COMMON/OVL/NDFSNISNPSNGDTENDSTP(ML )sTG(ML )$UIsUFsUII~UFIsNADDsNNs

+IALPH~NDELTsLA$3EL(8)sNOUMPs IDMPsNMIsTD(ML]~IJK
COHflON/HISC/TIHESICYCLSOTSNCLS IAsBUSBUISF2S:3SJS
LEVEL 2sTI~E
COHHON~INITtOTO(~L)SXHU( RL)sYO(!IL)SXL( ML)SXV(HL} ~NV(ML)SVOIML)SPO

+(ML),TO(ML)sROU(IIL)~ JMIN(HL2)SJMAX(ML2)$IBQN(NL)PPL4P(ML )sORo(~L)#
+MAT(ML)sU O[’4L)SUT( HL)~DTCF(ML} SQO[tlL) JTMLT(ML)oTHC(ML)
COMMONtPIYLVCICF(NCFSNL)pPS(ML 1
vP=vo(T)/vc
vv.vp-~o ~
vP=-vP/vc I

4=vv*(CF (lsI:+CC(2#I)*ABS (VV)) A
B=CF(3pI ]+VV*(CF(4sI)+VV*CF (5s1)) B
C=CF(6~I )+CF(7SI)*VV C
AP.VP*(CF(1,1)+2*CF(2,1 )*ABS(VV)) A’
Bp.vp*(cF(4,1)+2*c~(5,1) *A8S(VV)) B’

CP=VP*CF(7PI) C’
XIC=XC*ROU(I)
OPDV=((pc*ROU(&(B+2*XIC*C)-[ A+XIC*(B+XIC*C)}I(XIC+CF(891)))

+-(AP+XIC*(RO+XIC*C P))l/(XIC+CF(8SI)l
IF(DPDVOLTOOO )DPDV=CF(lS I)lCF(9sIl -(aP/aV)~
C=Vc*SQRT(CIoDV) c
RETURN
END

CPOLY
PARAM
PARAR
PARAM
PbPbH
MCELL
?ICELL
HCELL
HCFLL
HCELL
HCELL
HCELL
HCELL
INIT
INIT
INIT
PLC
CPOLY
CPOLY
CPOLY
CP(ILY
CPOLY
CPOLY
CPOLY
CPOLY
CPOLY
CPOLY
CPOLY
CPOLY
CPOLY
CPOLY
CPOLY
CPOLY

2
3
4
5
2
3
4
5
6
7
8
9
2
3
4
2
7
8
9
10
11
12
13
14
15
16
17
le
19
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CPOLY(VC,PC,XC,C,1)

Calculates the sound speed at specific volume VC, pressure PC, and

specific internal energy XC for the eight-parameterfit EOS in subroutine POLY.

Local Variables

am
VP=*.

V()-v
w= v =?l.

A,B,C = see notes.

.%APav.

BP=$$

cP=g.

XIC = poI=E.

)DPDV . =
av~*

c
()

2 ap= sound speed, C2 = -V ~ .
s

Notes

As shown in CUSUP, the square of the sound velocity can be written

The POLY EOS is

~=A+BC+CS2
E+c s

8

where

A= Tlcl+ blplc2 ,

B = C3 +?lc4 +n2c5 ,

(1)

(2)

(3)

(4)
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with

and

where

with

c=c6+rlc7 ,

n
‘o-v=

v

E = pOI .

The bracket is readily evaluated to give

-(%), = “O(: : ;;’ - ‘: ;;,:’2)- ~’+::’; ~’c’
8

At=~=~~=(~ +2c]n,)n!
aqav I 2 9

B’ =~~= (C4 +Tlc5)rl’

c? =~nl = c7?-1’9

= an ‘o
m’ 3V --—.

v’

(5)

(6)

(7)

(8)

(9)

(lo)

(11)

(12)

()A check is made whether - Z
av s

is positive. Ifitisnot, therl=O, I= O

value (initial conditions) is used, which is

oap 0 A’(~=0) _ c1_— =_
av s .

‘8 C8V0

The sound velocity is then

c
m

‘V.-g .
s

(13)

(14)
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—
SUBROUTINE CSES(VJ~XIJSCCSISJ)
PARAPETER (~CL=5OOSML=2lSNGC=l9SMLGC=NGC*tIILSMLDWOT=ZO*IILP

+NUMV=109MQL=( (NUMV+1) /3+l)*flCL+100sNDU=20sNCF=8s
+HXDUMP=3OSNOX=2*UXDUfItP+2~MTAB=lsNTAB=MTAB*3742
+~NS11.4pNUOM=3728PNSD=NSfl*NUPM+132nML2=100)
COfltlONICELLIQ (~CL)SU(RCL )sV(MCL)SXI[!4CL)S

+P(PlcL)sSXfMCL)sSZ(RcL )OEE(PICL)sT(?lCL) sO(fICL )sXM(NCL)SIFL4G(~CL)
+sU(MCL)
LEVEL 2PQ
COMMON/flVL/NOFsNIsNPJNG~TENDsTP(ML )sTG{ML)sUIsUFsUIIsUFI,NAOO$NM$

+IALPH~Nl)ELTsL4~EL(8 )#NDuMP~IDMP8NM18TD(PL]P IJK
COtlMON/MXSC/TINESICYCLSDTsNCLS IAsBUSBUISF2SF3pJS
LEVEL 2sTIME
coI’lMoN/Es/rEtML2)#NME
COBMON/SESIN/IlSIDTsRPT4SXIPT4SIBRSIFL
coMtloN/sEs!’luT/ppT4(3)#TPT4( 3)
cc.o~ Default value
IBR=l Output PPT4 only
IOT=l
11.IE(I) 1
XIPT4=X!J
RPT4=1.IVJ I Set up input

::::”~::::AG(JJsb4) JCall SESAME
C2=VJ*VJ*PPT4[1 )*PPT4(3)+PPT4 (2) C2
IF(C20GT*0. )CC=SORT(C2J c
RETURN
ENO

CSES
PARAM
PARAM
PARAM
PARAM
MCELL
MCELL
tlCELL
MCELL
tlCELL
NCELL
UCELL
MCELL
ESM
CSES
CSES
CSES
CSES
CSES
CSES
CSES
CSES
CSES
CSES
CSES
CSES
CSES
CSES

2
2
3
4
5
2
3
4
5
6
7
8
9
2
7
8
9
10
11
12
13
14
15
lb
17
18
20
21
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CSES

Calculates

Local Variables

CC = sound

C2 = C2.

Notes

The output

The sound speed

the sound speed for a Sesame EOS.

speed = C.

of the Sesame EOS call in PPT4 is

PPT4(1) = P ,

()
PPT4(2) = ~1 ,

()
PPT4(3) = ~ .

D

is given by

‘2=v2[K%\-(%)J=V2’(RP+(%)19

(1)

(2)

which in terms of the PPT4 array is

C2 = V2*PPT4(1)*PPT4(3) +PPT4(2) . (3)

If the calculated C2 is negative, then the default value of C = 1/2 is used.
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SUBROUTINE QLEPS(I)
PARAMETER (*tL=500sML=21sNGC=19sHLGC=NGC*fILs~LOHOT=20*MLs

+N(JMV=lOSMOL= ((NUIIV+1 }t3+l)*PlCL+100JNDW=20JNCF=8p
+rqxouMP=30~N9x.2*MxDutIP+2s MTAB=1DNTAB=NTAB*3742
+DNsH=6~NUPM=3729~NSD=NSH*NMPH+132~llL2=100)
COHtIONtCELLtR(MCL) sU(flCL IsV(HCL)SXI(MCLIS

+P(flCL )~SX(WCL )PSZ(tlCL}SEE (flCL)OT(NCL)JO(MCL)sX~( WL)S!FLAG(NCL)
+sU(IICL)
LEVEL 2sR
COHMONtOVLIN~FsNI~NPsNGsTENOsTP(l’ILl sTG(HL)sUIsUFsUIIsUFIsNADOsN~s

+IALPH~Nf)ELTsLAqEL(8 )sNDUHP~IDKP~NRl$TO(NL)s IJK
COMflON/MISCtTIMEsICYCLsDTsNCLs IA0BU~BUIsF2)F3sJS
LEVEL 2sTI~E
COMf10NlV01DtTNTX(ML2)sJV(ML2) sIV(ML21SNNV
COI’lflON/RLCtRC(NL)sRP(ML)sRLV(ML)sPHlsOVlSDV2
JP=JV(I)+l
IF(V(JP-2) .LT.RLV( I).OR.V(JP) .LToRLV(I+l))GO W 10
Jl!=JP-2
O(JP)=O.
Q(JII)=OO
P(JP)=VIJO)*PC(!+I )+RP(I+l)
P(JMI=V(JM)*RC( I)+RP(I) 1 Rayleigh line EOS

RETURN
10 CONTINUE

IV(I)=l Go back to normal EOS
RETURN
END

RLEOS
PA RAM
PARAM
PARAM
PAPAM
MCELL
f4CELL
t4CELL
MCELL
t!CELL
PCELL
MCELL
flCELL
Vo
RLC
RLEOS
RLEOS
RLEOS
RLEOS
RLEOS
RLEflS
RLEOS
RLEOS
RLEC!S
RLEOS
RLEOS
PLEOS

2

:
4
5
2
3
4
5
6
7
8
9
2
2
7
8

1:
11
12
13
14
15
16
17
18
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RLEOS(I)

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

Local Variables

JP=JV(I)+l= cell # of inside cell

the two surfaces was large.

touching the interface.

JM=JP -2= cell # of outside cell touching the interface.

Notes

‘he 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

P=PO+ (P--p)
()

‘o-v
f Ovo-vf “

(1)

The change in energy across the shock front using the Rayleigh line EOS is

I

‘f
(Pf - Po)(vo - Vf) (Pf+Po)(vo -Vf)

~~xx- PdV = P.(V. - Vf) + =
2 2 9 (2)

Vo

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

the materials

be different.

to switch back to the normal EOS with artificial viscosity. Since

may be different, Vf can be different and the RLEOS would then

By the time the RLEOS is no longer used, the”artificialviscosity

is no longer so large that excessive energy is dumped in the cell before the

difference equations have time to respond.
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SUBROUTINE RL(I)
PARAt!ETER (NCL=500SML=21SNGC=19SMLGC=NGC*HL~MLDu’JT=20*~LS

+NUMV=lDpHOL= ((NUUV+l )/3+l)*RCL+iOOsNDli=20#’lC~_8t
+tlXDUJlP=3O~NDY=2*~XDUHP+2~RTAB=l~NTAB=MTAB*3762
+~NSM=4sNUB~=3728?NSO=NSH*NUPH+132SML2=1001
COJIPON?CELLl@ (~CL)sU(MCLl sV(MCL)SXI(RCLIS

+P(MCL)PSX(UCL)SSZ( RCL )sEE(flCL )JT(MCL)~O(MCL )sXM(llCL )SIFL4G(MCL}
+sH(MCL)
LEVEL 2sQ
COMNONtOVL/NPFSNTSNPSNGSTENDSTP(JIL )sTG(MLlsUlsUEsUTIsUFIsN~DDsN~s

+IALPHgNOELTSLA8EL(8 )pNOUMPS IDHP~NRISTD(NL)SIJK
COMMON/MISCtTI~FsICYCLsOTsNCLs IAsBUPBUI~F2sF3sJS
LEVEL 29TIXE
COMMONtQLC~QC(ML)sRP(ML)tRLV(ML )0PHlsOVlsDV2
connoNlvnID/INTx(NL2)#Jv(nL2 )BIV(ML2)SNW
JP=JV(I)+l
J.JP-1
Jfl=JP-2
OLJ=LJ(J)-U(JP) 1
UV2=U(J)-DU12 [ Initial guesses for interface velocity
GB*G(LJIJ2,1)
UV3=U(J)-DIJ*.45 I
IC=O

10 CONTINUE
IcwIc+l
UVI=UV2
UV2=lJV3
IF[lC.GTo100)G~TII11
GA.GB
GB=G(UV3PT)
UV3=(G9*UV1-GA*UV2)I(GB-GA)

i
IF(UV30LT.U(J)o~QOUV3.GToU(JP))GO TO 12
IF(ABS((UV3-UV2)/UV3)OGToOeOOl)GO TO 10
RC(Il=(p(J~)-pHl)/DVl
Rc[I+l)=(DfJ9)-Wl)/ov2
RP(I)=O (J~)-eC(Il*V(JH)

1RP(I+lJ=O(JP)-QC(I+l)*V( JP)
DR=R(J)-Q(JP)
A=(~v3-u[JP))/(u(J)-u(JP ))
RV=A*R(J )+(l-A)*Q(JP)
U~J)=UV3
U(JPI=U(J)
R[J)=RV
R(JP]=RV
RLv(I)=v( J~)-oo9*ovl
RLV(I+l )=V(JP)-O.Q*OV2
PETURN

12 COhTINUE

RL
PbRAM
PbRAV
PAPAM
PARAM
NCELL
MCELL
MCFLL
MCELL
WELL
MCELL
MCELL
#CELL
RLC
VD
RL
RL
RL
RL
RL
RL
RL
RL
QL
RL
RL
RL

Iterateto find the velocity lk
at which Hugoniot pressures RL
match RL

RL
RL
RL
UL
RL
P1
PL
RL

Set the Rayleigh line EOS parameters RL
and the interface velocity RL

UV3=U(JP)-OU*.01
UV2=U(J)+!)U*.01 1Fixup attempt if the iteration

G8=G(UV2ST) gets out of range
GO TO 10

11 CONTINUF
PRINT lsTI~EsIsJ

1 FORMAT(18H QL E*QDR AT TIt!E=sE1304s4H I=~13s4H J=0T4)
DRsR{J)-R(JP} 7
R(J)=R(J)+U[J)*fJR/DU
R(JP)=Q(J)

1

Iteration failed:

u(J)=(u(J)+u(Jp))/2 try the low-velocity method

U(JP)=LJ(J)

IV(I)=I
RETURN
END

PL
RL
RL
RL
RL
RL
PL
RL
EL
RL
RL
RL
RL
RL
RL
RL
Rt
RL
RL

RL
RL
RL

2
2
3
4
5
2
3
4
5
b
7
e
9
2
2
7
8

1:
11
12
13
14
15
16
17
18
19

x
22
23
24
25
26
27
2P
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

52
53
54
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RL(I)

Calculates parameters for the Rayleigh line EOS. Thisprimarily consists

of iteration to find the interface velocity which sends shock waves into both

materials with the same final pressure.

Local Variables

Void

Region 1 I
t

Region 1+1
I

JM,J,JP - see illustration.

h

I i Ill

After the collision, R(J) = R(JP) f~

is the interface,U(J)= U(JP), and .JMJJP

the

DU = relative

UV1,UV2,UV3 =

void is closed.

velocity of the two free surfaces.

‘i-2’”i-l’ui”
See notes.

GA,GB = gi$g~+~. See notes.

IC = count of # of iterations

DR = cell width.

(only 100 are allowed).

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 +Po)(vo - v)
l- l.=

2
(1)

and

(p - po)(vo - 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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2
‘P

1-10=~+

Now the shocks we are considering are

Po(vo - v) . (3)

from the collision of two free surfaces.

At the free surface PO = O, but P. can be nonzero at the center of a cell

touching the collision interface. However, P. 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

(2)
‘o

>U> (1)

‘o ‘ (4)

where U~l) and lJ$2)are the free-surface

● before the collision. The corresponding

the jump conditions are

velocities of regions 1 and 2 just

particle velocities to be used with

(1) (1)
‘P

=U-uo

and

(2)
= U:2) -‘P u.

What we need to find is a

same on both sides of the

value of U such

interface. For

that the Hugoniot pressure is

a given value of U, we have a

(5)

(6)

the

fixed

value of I for each region from Eqs. (3), (5), and (6) (with P. = O). Given

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

●
g(u) iS found using the

and 2 when the interface velocity is U. The zero of

secant method,
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Ui+l = Ui -

Two initial values are

and

(Ui - ui_l) ‘i-lgi - uigi_l

(q - gi-l)
gi =

13i- t3~_~ “

set as

‘o ( )=u:’) + + u:’) - u:’)

‘1 )=uy+.45uy LJp ,
(

(7)

(8)

(9)

where U. 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

‘o
= up

and

(2)
‘1 = ‘o

(lo)

(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 RC and ~ for RLEOS are

set. The Rayleigh line EOS can be written as

where

and

Vo-v
P= Po+(Pf-Po)v_v =VRc+% s (12)

of

RC =
‘o - ‘f

‘o - ‘f

- Po)vo
y= Po+(p; _v =PO-RCVO .

of

s

(13)

(14)

●
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●
A third parameter, R2, is the volume at which a flag is set in RLEOS to switch

back to the normal EOS plus viscosity. It is given by

‘A = V. - 0.9(V0 -Vf) . (15)

The interface velocity, U(J) = U(JP), is 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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FUNCTI~N G(UVsI)
PARAMETER (~CL=5OOSML=2lSNGC=l9sMLGC=NGC*HLSIIlL~UOT=2O*HLS

+NUMV=109WOL=( (NIJMV+1 )/3+l)*flCL+100SNDM=20sNCF=9s
+MXDUMP=30sNDX=2*MXOUMP+2SHTAB=lsNTAB=MTAB*3742
+~NSH=4sNUPM=3728sNSD=NSN*NUPH+132SML2=100)
COHNON/CEIL/R(UCL)SU(HCLJSV(rIICL )sXI(MCL)S

+P(MCL)SSX(~CL)~SZtHCL )sEE(MCL]S T(IICL)SO(MCL)SXM(MCL) sIFLAG(NCL)
+sU(flCL}
LEVEL 2sR
COIIMON~OVLINDFSNI~NpSNGSTENDsTP( ML)sTG(flL)sUItUFsUIIPUFIsNADDsNMs

+IALPHsNOELTSLA!IEL(8)SNDUHPS IDIl~sNf41sTD(fIlL)s IJK
COMflON/MISC/TIMESICYCLSDTSNCLS IA~BUJBUISF2sF3pJS
LEVEL 2s71ME
COt4NONtQLC/QC(ML)SRP(NL) sRLV(ML )SPHlsDVlsDV2
coHMoN/voIn/INTx(ML2)sJv(t4L2J 91V(ML2)9NNV
COMflONIEOSNfIEOS(~LI JHE(flL)
J.Jv(I)
JP=J+l
Jtl=J-1 Given the interface velocity, calculate:

X11=0.5*(UV-U(J ))**2+XI( JM) Internal energies

X12=0.5*(U(JP)-UV) **2+XI(JP)
PH1=PH(XI191,JM)
1P-1+1
PH2sBPH(X12~IPSJO)

Hugoniot pressures

DVl=2*X11/OHl
DV2=2*X12/o~2

Volume changes

G.PH1-PH2 Pressure difference (= iteration function)
RETURN
END

G
PARAM
PARAM
PARAM
PARAM
MCELL
HCELL
HCELL
MCELL
MCELL
RCELL
MCELL
t4CELL
RLC
VD
EN
G
G
G
G
G
G
G
G
G
G
G
G
G

2
2
3
4
5
2
3
4
5
6
7
8
9
2

:
8
9

;!
12
13
14
15
16
17
18
19
20
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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.

X11 = specific internal energy for region 1. (See RL for definition of regions.)

X12 - specific internal energy for region 2.

1P = 1+1 . region # for region 2. (I =region # for region l.)

PH2 = Hugoniot pressure for region 2.

Notes

We will reproduce here Eqs. (3), (5), and (6) from RL (with PO set to zero).

2

I
‘P

=IO+Y .

u(l)= u

P
-U:l) .

(2)= U:2) _u .
‘P

(1)

(2)

(3)

These equations give the specific internal energy on the Hugoniot

42) for regions

~) and

1 and 2 consistent with an interface velocity U. The Hugoniot

(i)pressures PH for those energies are calculated in PH. The corresponding

volume changes are calculated using

(p + I?o)(V. - v)
I-lo=–

2 ?

and the function g is given by

(4)

(1)
g(u) = PH -

p~) . (5)
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FUNCTION P~(XYHSISJ)
PARAMETER (~CL=5OO~ML=2lSNGC=l9~tlLGC=NGC*tlLSMLOUOT=2O*MLS

+NUMV=109M OL=((NWV+1 )/3+l)*MCL+100sNDW=20SNCFC8~
+MXDUllP=3O~NDX=2*YXDUIlP+2~HTAB=l~NTAB=MTAB*3742
+PNSM=4nNUDW-3728~NSD=NSH*NWPH+132~HL2=100)
COHHON/CELL/R(HCL)sU(MCL )sV(tlCL)~XI(MCLls

+P(MCL)sSX(McL)SSZ( flCLlsEE(flCL)sT(flCLI SOIMCL )sXN(MCL )SIFLAG(MCL)
+PU(HCL)
LEVEL 2sR
COHMCIN/OVL/NOFSNItNPSNGSTENDsTP(ML )sTG(HL)sUISUFpUIISUFTsN40DsN~J

+IALPHsNDELTpLABFL( 8)sNDUllPs IDtiPsNtJlsTD(f4L)sIJK
COMMON?HISCtTIME~ICYCLsDTsNCLs IA~BU~BUIsF2SF3sJS
LEVEL 2sTI~E
COMMON/INIT/OTO(~LlsXtW(ML )sYO(IIIL)SXL(ML)SXV(14L )SNV(ML )pVO(IIIL}pPO

PH
PARAM
PARAM
PARAU
PARAU
MCELL
MCELL
MCELL
tlCELL
?!CELL
?ICELL
t4CELL
MCELL
INIT

cotlf’loN/voIn/INTx(ML2)sJv(mL2 )#Iv(ML2)#NNv
cof’lrloNtusuDc/cl(flL)#sl(t4L)#c2( RL)PS2(HL)PSUV(HL) SVMN(ML )9

+GAMIIA(YL)SALP(MLI
COHNON/EOSN/TEnS(NLlsME(ML )
coNMoN/FslIE(mL2)sNmE
11.IE(T)
JR.JV(I)-1
ISSIEOS(l)

GO TO (192s292)s1S
1 CONTINIJE USUP EOS

C.C1(II)
s.sl(ll]
UP=SORT(2*(XIH-XI(J J))
VP=VO(II)*fl.-UP/fC+S*UP) ) Volume on Hugoniot for Up
IF(VPOLT.VMN( TI).(IR.VP.LT.SUV (XI))GO TO 2
PH=uP*(C+S*UP)/VO(II) Hugoniot pressure
GO TO 10

2 CONTINUE
c GENERAL EOS ITERATE TO FIND HUGONIOT

OVB=.O1*V(J)
0VC=2*DV9
VI.V(J)-I)VR 1Initialize
CALL PTEOStItPHS71~VItXIH)
GB=PH-2*xIH/Dv!l
ICSO

20 CONTINUE
Ic.Ic+l
IF(I,C.GT.1OO)GDTII99
DVABDV9
GAwGB
DVBmDVC
vIsv(J)-fJvC Secant method iteration
CALL PTEUS(IsPHpTIsVIsXIH)
GB=PH-2*xru/DvB
DVC=(G9*DVA-G#*DV~)/(GB-GA)
IF(ABS[(DVC-DVB)/DVC).GT.O.001 )GO TO 20

10 CONTINUE
RETURN

99 CONTINUE
PRINT 990

990 FORMAT(35H WARNINGS FAILURE TO CONVERGE IN PH )
RETURN
ENO

+(ML)sTOfML)SR@W(~L )SJMIN( flL2)sJtlAX(tlL2)SIBRNfML) tPL4p(ML)9DRO(ML)9 INIT
+flATIML)~UO(qL)sUT(ML )sDTCF(flL)jOO(flL)sTHLT(ML! jT~C(ML) , INIT
COHflON/RLC/QC(ML)sRP(ML)sRLV(HL )~PHlsDV10DV2 RLC

VD
us
us
EN
ESM
PH
PH
PH
PH
PH
PH
PH
PH
Pli
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH
PH

2
2
3
4

:
3
4
5
6
7
8
9
2
3
4
2

;
3
2
2

11
12
13
14
15
lb
17
18
19
20
21 ●
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

::
40
41
42
43
44
45
46
47
48
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PH

● For a given specific internal energy, the volume on the Hugoniot and the

Hugoniot pressure

Local Variables

11 = IE(I) =

IS = IEOS(I)

are determined.

original region

= EOS type.

#.

C,s = in USUP fit Us = 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 ~, AVi, AV2+1.

VI = vi.

GA,GB =
2AI

13i_~913~; g = -—
‘H AV ~ g is O for the Hugoniot.

●
IC = iteration count.

Notes

The USUP

be calculated

fit is treated as a special case because the Hugoniot pressure can

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

q

AI=~ .

From the jump condition for consenation of mass,

(@s = p(us - up) ,

we have, with a little algebra,

(1)

(2)

()‘P
v= l-rvo .

s
(3)
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The jump condition for conservation of momentum,

‘H = ‘o + ‘OUSUP ‘ (4)

directly gives the Hugoniot pressure in terms of Up provided a USUP fit is

used, i.e.,

PH = P. + poup(c + sup) . (5)

However, if the final volume in Eq. (3) is small enough that the initial USUP

fit is not used in

described below is

For a general

the USUP EOS, then the general Hugoniot iteration scheme

used.

EOS, we define a function, g(I,V) such that it is zero

everywhere along the Hugoniot, i.e.,

I-In

g = P(I,V) - 2 _;+Po ,
‘o

(6)

which, as can be seen from the jump condition,

(IJ+lJo)(vo - w
l- l.=

2 s (7)

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,

is used with the initial values

AVO = 0.01 V.

and
AV1 = 0.02V0 ,

(8)

(9)

(lo)
a
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where

Av=vo-v . (n)

Iteration is allowed for a maximum of 100 cycles with a relative conver-

gence criteria of 10‘3 in Av.
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E. SESAME Tabular Equation-of-StateSubroutines

The following set of subroutines are used for reading and interpolating

the SESAME equation-of-statetables. Further informationmay be found in

Sec. VI.B.
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a SUBROUTINE IIAT CHK(NIDSNRSS LOC,TBLSSIFLG)
c

SESAVE
------ —-. ----------- .-----— —----.------- ---.-——----------- SESAME
c
C SUBROUTINE
c
C PURPOSE

:
C ARGUMENTS
c
c
c
c
c
c
c
c
G
C RENARKS
c
C EXTERN4LS
c
C PROGRAMflER
c
C DATE
c

MATCHK{IIIDSNRSSLOCSTBLSS IFLG)

10 CHECK IF A MATERIAL HAS BEEN
PREVIOUSLY LOADED

MID (INPUT) SESAME HATERIAL ID
NRS ( INPUT) NUMBER OF REGIONS
LDC (INPUT) ARRAY OF FIRST UORO LOCATIONS

IN TA@LE STORAGE ARR4Y FOR
FOR EACH REGION

TBLS (INPUT) TABLE ST0R4GE ARRAy
IFLG (OUTPUT) =0 MATERIAL NOT PREVIOUSLY LOADEO

GT.O LOCATION OF TABLE IF LOADEO
ALREADY

NONE

NONE

J.ABDALLAHsJRo

26 APRIL 1979

c-------.--—---—--- ---.-----------—-----------------.=— ------------
LEVEL 2sTBLS
OIHENSION LOC(lISTBLS (l)
IFLG=O
DO 100 JBIsNQS
LC=LOC(J)

IF(LC.LEOOI GO TO 100
ITEST=TBLS(LC)
IF(MIO.EQOITEST} GO TO 200

100 CONTINUE
RETURN

200 IFLG=LC
RETURN
END

SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESbME
SESAME
SESAME
SESAME
SEStI~E
SESAME
SESAME
SESAME
SESAME
SESAME
SESbME
SESAME
SESbNE
SESbME
SESA~E
SESAPE
SESAME
SESAME
SESbME
SESAME
SESAME
SESAME
SESAME

2
3
4
5
6
7
8
9

10

:;
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
3B
39
40
41
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SUBALIUTINE TA9FCH(MIDST IDS LIBSASLENS IFLAG)
c

SESAME
.--------- -----—------------------ --------— --.----- --—.-----_---- -- SESAME
c
c SU8R0UTINE
c
C PURPOSE
c
c
C ARGUMENTS
c

:

:
c
c

:
c
C REMARKS
c

:

:
c
C EXTERNALS
c
~ PRO GRA~WER

C DATE
c

TAB FCH(MIDSTIDS LIBSASLENS IFLAG)

TO FETCH A GIVEN TABLE FOR A GIVEN MATERIAL
FROM A SESANE 11 LIBRARY

HID (INPUT) MATERIAL ID
TIO (INPUT) TABLE NO.- IF 0.0 MATERIAL INDEX

IS RETURNED
LIB (INPUTI LIBRARY FILE UNIT NO.
A (OUTPUT) ARRAY FOR TABLE STORAGE
LEN (INPUT) NO. OF NORDS IN A AVAILABLE
I FLAG (OUTPUT) =0 IF TABLE COULD NOT BE LOCATED

GTo O=NOO OF WORDS IN TABLE RETURNED
LT. O - NO. OF ADDITIONAL
WORDS NEEDEO

A RANOOt! 1/0 TECHNIQUE IS USED TO LOCATE AND LOAD
THE SPECIFIED TABLE FROH THE SESAME II LIBR#RY.
THE MATERIAL INDEX AND ITS ADDRESS ARE TO SAvED
TC HASTEN THE FETCHING OF ANOTHER TABLE FOR THE SANE
MATERIAL AND LIBRARY FILE IN SUBSEQUENT CALLS TO
TABFCH.

INBUFR

J.ABDALLAHosJR.

24 APRIL 1979

SESAME
SESAME
SESAME
SESAME
SESAME
SESAHE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAi4E
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESANE
SESAME
SESAKE
SESAME
SESAME
SESAME

c--------------------------------.----------—------------------—.-----
LEVEL 2sA

SESAME
SESAMF

DIMENSION A(1)sHINDEX[35)
DATA HINDEX(ll/O.O/
l):;:G::RLSTfO/

C . ● FIND NO. MATERIALS ON LIBRARY
IFtLIB.NE.LIBLST) GO TO 50
IDLAST=HINDEX[l)
IF(IOLASTOEO.tlID) GO TO 230

50 L15LST=LIB
Nu.1
IF(LEN.LToNu) GO TO 999
CALL INBUFR(LIBSASISIS IER)
~m$(l)
Nu.N+N+N
IF(LEN.LT.NU) GO TO 999
CALL INBUFR(LIBjASNWS5SIER)

C . . FIND ADDRESS OF MATERIAL FILE
DO 100 J=lsN
ITEST=A(JI
IF(ITEST.NEOMID) GO TO 100
NW=A(J+N)
IAD=A(J+N+N)
GO TO 200

100 CONTINUE
RETURN

C . . GET MATERIAL INDEX

-----
SESAME
SESA9E
SESAME
SESAPE
SESAME
SESAME
SESAME
SESAYE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAPE
SESAME
SESAII!E
SESAME
SESAME
SESAME
SESAUE
SESAME
SESAME
SESAME
SESAME
SESAME

44
45
46
47
4B
49
50

#
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

76
77
70
79
80
B1
82
83
84
B5
86
B7
88
89
go
91
92
93
94
95
96
97
98
9Q
100
101
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● 200 IFILEN.LT.Nw) GO TO 999
IADX=IAD
CALL INBUFR(LIBsAsNWs IADXsIFR)
DO 210 J=lsNw
HINDEX(J)=A(J)

210 CONTINUE
IF(TIOOEO.O.01 GO TO 500

230 N=HINDEX(51
IAD=IADX+6+N+N
DO 300 J=ltN
NU=HINDEX(5+J+N)
IF(TIO.NE.HINDEX(5+J)) GO TO 250
GO TO 400

250 XAO=IAO+NU+l
300 CONTINUE

RETURN
400 IFfLENoLT.NH) GO TO 999

C . 0 READ REQUESTED TABLE
CALL XNBUFR(LIBS ASNWSIADSIER)

500 IFLAG=NU
RETURN

999 IFLAG=LEN-Nw
RETUi7N
ENE

SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAHE
SESbME
SESAME
SESAUE
SESAME
SESbME
SESAME
SESAUE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAflE
SESAME
SESAME
SESAHE

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 IN BUFR(LUp ZjNWs IA DsIFLG)
c

SESAME
----- .---. —-- -—------ ---------------------- ------------------ —----.- SESAME
c
c
c
c
c
c

c
c
c
c
c
c

SUBROUTINE INBUFR(LUs Z~NUs IADs IFLGl

PURPOSE RANDOtl 1/0 READ

ARGUMENTS LU (INPUT) UNIT NO.
z (OUTPUT) STORAGE AREA UHERE DAT IS RETURNED
Nd (INPUT) NOO OF WORDS TO BE READ
XAD (INPUT) STARTING DISK ADDPESS OF DATA
IFLG (OUTPUT) O=NORflAL

lmEoF Encountered
-l=ERROR

REMARKS NCNE

EXTERNALS RDISK

PROGRA!ltlER JoABOALL4HSJR0

OATE 1 MAY 1979

c---------------—---- ------------------------------a------- -----------

LEVEL 2s2
CALL RDISK(LU,ZSN#S IAD)
IF(UNIT(LUI) 10s20s30

10 IFLG=l
RETURN

20 IFLG=O
RETURN

30 IFLG=-1
RETURN
END

SES
SES
SES
SES
SE S
SES
SES
SES
SES
SES
SES
SES
SES
SES
,SES
SES
SES
SES
SES
SES
SES
SES
SES
SES
SES
SES
SES
SES
SES
SES
SES
SFS

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(ASB)
c

SESAME
'--------------------------------------------------------------- SESAME

c
C FUNCTION DPACK

SESAME

c
SESAME
SESAME

C PURPOSE TO DOUBLE PACK ARGUMENTS A AND B INTO A SINGLE WORD SESAME
c SESAME
C REtlARKS SYSTEtIl DEPENDENT SHIFT FUNCTION
c

SESAME
SESAME

C PROGRAMMER J.ABDALLAHsJR. SESAME
c
C DATE 1 NAY 1979

SESAME
SESAME

c
c

SESAME
.----------------------- --------- —-------- —----------—----,.----—,

EOLIIVALENCE [11sX1)S(12SX2)
SESAPE
SESAME

DATA NASK177777777770000000QOOBI
xl.A

SESAME

x 2-B
SESAME
SESAME

I1=I1oANDoMASK SESAME
12.120AND.MASK SESAME
12=SHIFT(12,30) SESAflE
11=1100RO12
DPACK=X1

SESA?IE

RETURN
SESAME
SESAME

END SESAME

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 TBLSSN$K#NSFT)
c -------------------------- -------— ----------- --------—-- ----

c
C FUNCTIONX ISRCHK( XSTBLSSNSKSNSFT)
c
C PURPOSE! FIND INDEX OF X IN AN ARRAY TBLS. TABLE VALUES
c NEED NOT BE CONTIGUOUS AND CAN BE IN EITHER
c ASCENDING OR DESCENDING ORDER.
c
C ARGUMENTS: X (INPUT) - VALUE TO BE LOCATED
c TBLS (INPUT) - TABLE TO BE SEARCHED
c N (INPUT) - NUMBER OF VALUE$ TO BE SEARCHED

K (INPUT) - SPACING BETUEEN VALUES IN TABLE
: THE VALUE OF THE FUNCTION ● INDEX Is UHERE
c TBLS(l+K* (I-l) )OLEOX.LT.TBLS (l+K*I)s OR

TBLS{l+K*( I-l) )OGE.XOGTOTBLS (l+K*I)s OR
: I.o oR I.N IF x Is olJTSIoERANGE oF TABLE.

NSFT (INPUT) - NO. OF BITS THE TABLE VALUES ARE
: TO BE SHIFTED
c
C REMARKS: TBLS CAN BE DECLAPEO LCH ON THE CDC 7600.
c
C EXTERNALS: SHIFTO
c
C PROGRAMMER: GO I. KERLEYs T-4.s J.ABDALLAHsJRo
c
C OATE: 19 NOVEflBER 1976sREVISED 6 JULY 1979
c
c ---------- ---------—------- --------- --------—------ ----------

LEVEL 2~TBLS
DIMENSION TBLS(l)
ISRCHK = O
J . N+l
Kr . 1-K
S1=TBLS(l)

.sl_sHI~T(sl,NsFT)
S.TBLS(KI+K*N)
S..SH[FT(S,NSFT)
S.s-sl

1 IF(J-ISRCHK.EQ.1) RETURN
JP = .5*(J+ISRCHK)
S1.TI)LS(KI+K*JP)
S1.SHIFT(S1,NSFT)

IF(S*(X-Sl)oLT.OeOl GO TO 2
ISRCHK ● JP
G(3 Ti) 1

2 J=JP

GO TO 1
ENO

SESAME
SESbME
SESAME
SESAME
SESAHE
SESAME
SESAME
SESANE
SESAME
SESAME
SESAME
W:::;

SESAME
SESAME
SESAME
SESAME
SESAPE
SESbVE
SESAME
SESAME
SESAME
SESAME
SESAPE
SESAME
SESAME
SESbt!E
SESAME
SESbBE
SESAME
SESARE
SESAME
SESAME
SESAME
SESAME
SESAME
SESbME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESbME
SESAME
SESbMF
SESAHE

1B5
●

186
1B7
1B8
1B9
190
191
192
193
194
195
196
197
19B
199
200
201
202
203
204
205
206
207
20B
209
210
211
212
213
214
215
216
217
218 ●
219
220
221
222
223
226
225
226
227
228
229
230
231
232
233
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c
c
c
c
c
c
c
c
c
c
c
c

c
c
c
c
c
c
c
c
c
c
c

SUBROUTINE T41NTP
c -.—-—- -------------------- ----—----—-- --------.-— ------

c
C SUBROLITINE8 T41NTP
c

c
c
c
c
c
c
c

c
c

PURPOSE: INTERPOLATE FOR A FUNCTION Z(XSY) AND ITS
DERIVATIVES FROM TABLES LOCATED IN ARRAY TBLS.

THE ROUTINE REOUIQES COMMON BLOCKSp
CON MON/RTBLK2 fLOCXs IXs NXs LOCYs IYs NYs LOCZJNZs NSFTs

;~X =
m

NX
LOCY I
IY =
NY
LOCZ z
NZ
NSFT 1

X9 YSZ(3)SIP91DS9ZZ
LOCATION OF X VECTOR
INDEX OF X VECTOR
LENGTH OF X VECTOR
LOCATION OF Y VECTOR
INDEX OF Y VECTOR
LENGTH OF Y VECTOR
LOCATION OF Z(XsY) ARRAY
SPACING OF Z ARRAY
BIT SHIFT PARAMETER

REMARKS:

●****
*****
*****
*****
*****

EXTERNALS!

PPOGRAHMER:

DATE1

XSY (INPUT) - INDEPENDENT VARIABLES
z (OUTPUT) - VECTOR OF LENGTH 3P WERE

Z(1) ■ VALUE OF FUNCTION
Z(2) = X DERIVATIVE OF FUNCTION
Z(3) = Y DERIVATIVE OF FUNCTION

ZZ (IN/OUT) - COEFFICIENT VECTOR OF LENGTH 16
1P ‘(INPUT) - BRANCH PARAMETER

IPoEQoDs USE INPUT COEFFICIENTS IN ZZ
IP.NEoOS CALCULhTE ZZ VECTOR FIRST

IDS (INPUT) - DISPLACEMENT INTO ZZ FOR COEFFSO
TO BE USED

COflflONIINTORDIIFN.
IFN (INPUTI - INTERPOLATION TYPE

IFNoNEoIs RATIONAL FUNCTIQN
IFNoEQoIs 131LINEAR

COMflON/SESOATfTBLS
T8LS IS THE TABLE STgRAGE ARRAY

UNLESS BILINEAR FORfl IS SPECIFIED Rf3UTINE
USES RATIONAL FUNCTION METHOD WITH OUADRATIC
ESTIRATE OF DERIVATIVES AT THE MESH POINTS.
TBLS CAN BE DECLARED LCH ON THE COC 7600.

SYSTEM OEPENDENT FEATURE. THE Z-ARRAY CAN BE
DOUBLE PACKED. PARAMETER NSFT SOECIFIES THE
NUf43ER OF BITS TO BE SHIFTED UHEN UNPACKING TFE
RIGHT HALF OF THE WORD. THIS RgUTINE USES
THE LASL SHIFT FUNCTION

NONES BUT A SEARCH ROUTINE MUST BE CALLEO
FIRSTS TO CONPUTE INDICES IX AND 1%

G. 1. KERLEYs T-4.~ J. ABOALLAH9T-4.

01 AUG 1979

PARAMETER (PlCL=500sML=21sNGC=19sf4LGC=NGC*IlLS fiLOWDT=20*NLS
+NUMv=lOsMQL= ((NUHV+l)/3+l)*HCL+100S NOH=20SNCF=8S

SESAME
SESAHE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESANE
SESAME
SESSME
SESAME
SESAPE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SEStME
SESAME
SESAME
SESAPE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAUE
SESAME
SESAME
SESAME
SESAME
SESAPE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAIIE
PARAB
PARAM

234
235
236
237
23B
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
200
2B1
282
283
284
285
286
287
288
289
290
291

2
3

287



+MXDUIIP=3OsNDX=2*MXOUHP+2sIqTAB=lsNTAB=HTAB*3742
+sNsfl=4,NuPM=3728PNSD=NSN*NUPA+132SML2=100)
LEVEL 2PTBLS
cotv40N/RTBLK2/Locx$Ix#NxsLocYs IYsNY0Locz#NzsNsFT#xsY#z(3)$

S IPsIDSSZZ(32)
COMMONIINTOROIIFN
COMNONISESDATITBLS (NSD)

C CALCULATE COEFFICIENTS FOR RATIONAL FUNCTION INTERPOLATION

1

2

3
4

5

b

7

IF(IFN.EO.1)GO TO 13
— --

IF(IP.EQ.0) GO TO 8
I . Locx+Ix-1
12 = LOCZ+NZ*(IX-l+NX*(IY-1))
Kz s Nz
IBR = XX
NBR = NX-IX
22(10S+4) = TBLS(I)
00 7 K=ls4
KI.IOS+K-l
IFIK.LT.4) GO TO 1
Iz = Iz+Nz
GO TO 4
IF(K.LT.3) GO TO 2
ZZ(IDS+6) = D
I . Locy+Iy-1
Kz m KZ*NX

12 . 12+2

IBR = IY
NBR = NY-IY
22[10S+5) = TBLS(I)
GO TO 3
IF(K.LT.2) GO TO 3
Iz . Iz+Nx*Nz
GO TII 4
D . T8LS(I+l)-TqLs(l)
ZZ(KI)=SHIFT (TBLS(IZISNSFT)
S.SHIFT(TBLS(Iz+Kz),NSFT)
S s (S-zz(KI))/D
IF(NBR.EOO1) GO TO 5
SP=SHIFT(T0L5(12+KZ+KZ) ,NSFT)

sp ■ (SP-D*S-ZZ(KI))l(TBLS(I+2)-TBLS(I+I))
G2 . (SP-S)I(TBLS(I+2)-TBLS(l))
IF(IBR.GT.1) GO TO 5
IF(S*(S-0*G2).LE.O.) G2=S/D
G1 . G2
GO TO b
Dfq . TBL~(I)-TBLs(l-1)
SM=SHIFT(TBLS( IZ-KZ)SNSFT)
SH . (zz(I(l)-sM)joH
c1 = (s-sM)/(D+DH)
IFINBR.EQ.1) G2=G1
IF(IBR.GT.2) GO TO 6
IF(SY*(SM-ON*G1) .LEOO.) Gl=[S-St!-SMl/D
IF(G20NE.O.) G1=G11G2
ZZ(KI+B) ● G1
ZZ(KI+12) = G2
ZZ(IOS+7)=D
228=22(10S+7)
zz7=ZZ(IOS+bJ
ZZ(IDS+2)= (ZZ(IDS+1)-ZZ(IDS ))/228
ZZ(19S+1) =(ZZ(IDS+3)-ZZ( IOS) 1/227

PARAH
PAR&H
SFSAME
SESAME
SESAME
SESAHE
SESAUE
SESAVE
SESAME
SESAVE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME

, SESAME
SESAWE
SESAPE
SESAIIE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAVE
SESAME
SESAME
SESAME
SESAHE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAVE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME

●
‘4
5

293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324 ●
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
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ZZ(IDS+31*(S-ZZ(IDS+2) )IZZ7
ZZ(IDS+12)=ZZ(IDS4121/ZZ8
zz(IDs+13)=zz(IDs413)/zz8
zzfIDs+14) =zz(IDs+14)4zz7
zz(Ios+15)=zz(IDs+15)/zz7

C EVALUATE RATIONAL FUNCTION FROM PRECALCULATED COEFFICIENTS
8

9

.10

11

12

Qx ● x-zz(IDs+4)
Rx . zz(Ios+6)-Qx
Qy . y-zz(IDs+5)
RY = ZZ(IDs+7)-OY
IF(RXONE.00) GO TO 9
Ml = 1.
U2 9 1.
GO TO 10
WI = lo-1,/(lo+ABs(zz(Ios+8) ●OXIRX))
U2 = lo-1./(lo+ABstzz(IDs+9)*ox/Rx )1
F1 = ZZ(IDS+12)*(U1+ZZ(IDS+8)* (1.-U1))
F2 = ZZ(IDS+13)*(U2+ZZ (IDS+9 )*(1.-w2))
2(21 ● ZZ(IDS+6)*(RY*(F1-ZZ( IDS+12 ))*U1+OY*(F2-ZZ( IOS+131)*N2 )
G1 ● RY*F1+OY*F2
IFIRY.NEoO) GO TO 11
Ml = la
U2 8 10
GO TO 12
U1 = 10-10/(1.+ABS(ZZ(IDS+lD)*QY/RY))
U2 = 1.-1.1(1.+A8S(ZZ(IDS+11)*QY/RY))
F3 = ZZ(IOS+14)*(U1+ZZ(IDS+1O)*(1o-N1))
F4 = ZZ(IDS+15)*(U2+ZZ(XDS+11)*(10-u2))
2(3) ● 2Z(IDS+7)*(RX*(F3-ZZ(IDS+14))*bil+OX*(F4-ZZ(IDS+15))*W2)
G2 . Rx*F3+Qx*F4
ZZ2=ZZ(IDS+1)
ZZ3=ZZ(IDS+2)
ZZ49ZZ(IDS+3)
Z(l) = ZZ(IDS) +( ZZ2+ZZ4*OY-RX*G1 )*OX+(ZZ3-@Y*G2)*OY
Z(2) ● Z(2)+ZZ2+OY* (ZZ4+RY*(F3-F4) )+(OX-RX)*G1
:~;jR; Z[3)+ZZ3+OX*(ZZ4+RX*(F1-F2))+(OY-RY)*G2

C CALCULATE COEFFICIENTS FOR BILINEAR INTERPOLATION
13 IF(IPoEO.0) GO TO 14

I=Locj(+Ix
IND=IDS+4
ZZ(IND)~TBLS(I-1)
OX=TBLS(I)-ZZIXNO)
J.LOCY+IY
ING=IDS+5
ZZ(IND)=TBLS( J-1)
0y=T3Ls(J}-zz(INo)
Iz.Locz+Nz* (Ix-l+Nx*( Iy-1))
ZZ(IDS)=StiIFT(T3LS (IZ)SNSFT)
IND=IOS+l
ZZ(INO) =SHIFTITBLS(IZ+NZ )sNSFT)
ZZ(INDl=(ZZ(IND)-ZZ(IDSll/DX
IZ=IZ+NZ*NX
IND=IOS+2
ZZIINO)=SHIFT(TBLS(IZ)SNSFT)
ZZIINO)=(ZZ(INO)-ZZ(IOS))/DY
INC=IOS+3
ZZ(IND)=SHIFT(TBLS(IZ+NZ )sNSFT)
ZZ(INO)=(ZZ(INDI-ZZIIOS)-ZZ(IDS+l)*DX-ZZ(IDS+21*DY)/(DX*DY)

C EVALUATE BILINEAR FUNCTION FROM PRECALCULATE COEFFICIENTS

SESAME
SESAllE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAWE
SESAME
SESABE
SESAME
SESAtlE
SESAME
SESAME
SESAME
SESAIIE
SESAME
SESAME
SESAtlE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESA!’IE
SES6ME
SESAPE
SESAWE
SESAME
SESAME
SESAME
SESAME
SESbME
sEs4f’lE
SESAME
SESbWE
SESAME
SESANE
SESAME
SESAHE
SESAME
~E<AME

SESA~E
SESAME
SESAME
5ES4ME
SESAF’E
SESA’4E
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESA8E

351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
394
397
398
399
400
401
4Q2
403
404
405
406
407
408
409
410
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14 Qx m x-zz~IDs+4)
Qy = y-zz(IDs+5)
2[2) = ZZ(IDS+l) +ZZ(IDS+3)*QY
Z(3) ■ ZZ(IDS+2)+ZZ( IDS+3)*OX
Z(1) = ZZ(IDS)+Z (2)*QX+ZZ( IDS+21*QY
RETURN
EN O

.

SESAME 411 0
SESAME 412
SESAME 413
SESAME 414
SESAIIE 415
SESAME 416
SESAME 417
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● SUBROUTINE GETINVfIRsf41DSIDT#TBLSSLCNTSLUS IFL~Z6)
c

SESAME
--------- —-------------- -.------ —-------- .---------— ------—---- - SESAME

c
C SUBROUTINE
c
C PURPOSE
c
c
C ARGUMENTS
c

:
c
c
c
c
c
c
c

:

:

:
C REMARKS

:
c
c
C EXTERNALS

●
c
C PROGRANUER
c
C DATE
c

GETINV( IRSMIDSIDTSTBLSSLCNTSLUS IFLsZB)

TO LOAD INVERTEO (ENERGY BASED) SESAME II
ECS TABLES

IR
nIo
IOT
TBLS
LCNT
LU
I FL

ZB

(INPUTI
(INPUT)
( INPUTI
[INPUT)
(IN/OUT)
(INPUT)
(OUTPUT)

(OUTPUT)

REGION NO.
SESAME MATERIAL 10
DATA TYPE INDICATOR
TABLE STORAGE ARRAY
POSITION IN ARRAY FOR STORING TABLES
SESAME LIBRARY UNIT NO.
ERROR FLAG
2.MATERIAL ALRE#oy LoAoEo
l=SUCCESSFUL LOADING
O.OATA NOT FfJIJNo

LT.O FOR - THE NO. OF EXTRA WORDS
NEEOED FOR LOAOING
ATOt41C CHARGEsCHARGE**2pAND MASS
29(1)=2
ZB(2)=Z**2
zBf3)=A

UNITS - ENERGY RBAR*CCJGH
TEMP DEGREES KELVIN
OENS ITY GRAF!SICC
PRESSURE MBAR

MATcHK#TAeFcH91Nv301

JoABOALLAHSJR.

13 JUNE 1979

c-------------- ----—---------------------- -------------------------- -
c

PAEAMETER (F!CL=500sML=21~NGC=19jMLGC=I$GC*NLS l’!L0W0T=20*FLS
+NUPV=lOsflQL= [(NUMV+l )/3+l)*MCL+100SNOW=20SNCF=8S
+NXDUqP.30~NDX=2*RXOUMP+2~tlTA9=l#NTAB=MTAB*3742
+~NSM=4sNti PM=3728#NSO=FlSM*NWPM+ 132sPL2=1OO)
LEVEL 21TBLS
COMMON/S2DIR/LCllXSNRSSLCFU (HLs1)
OIMENSION ZB(3)STBLS(11

C . . UNIT CONVERSION FACTORS
DATA TFACSRFACSPEFAC/10DSIOOS .01/
CALL MATCHK(MIDSNRSSLCFU(lSIOT )sTBLS(l)SXFL)
IF(IFL.EQ.01 GO TO 10
LCFU(IRSIOT)=IFL
I FL=2
RETURN

10 NL=LcMx-LcNT-l

C . . FETCH EOS TABLES
CALL TA9FCH(MIDs201. sLUsTBLS(LCNT+2 )sNLsIFL)
IF(IFL.LE.0) RETURN
ZB(1)=TBLS(LCNT+21
ZB(2)=ZB(11*ZB(1)
ZB(3)=TBLS(LCNT+3)
TBLS(LCNT+I I=TBLS(LCNT+41

SESAME
SESAHE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESANE
SESAME
SESAHE
SESAME
SESANE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESbVE
SESAPE
SFSAHE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SFSANE
SESAME
SESAME
SESAME
PARAM
PARA4
PARAM
PARbH
SES APE
SESAME
SESAKE
SESAME
SESAWE
SESAME
SESbME
SESANE
SESAME
SESAME
SESbPE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAPE
SESAPE

418
419
420
421
422
423
424
425
426
427
42B
429
430
431
432
433
434
435
436
437
438
&3Q”
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455

2
3
4
5

457
45B
459
460
461
462
463
464
465
466
467
46B
469
470
471
472
473
474
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CALL TAB FCH(?IIDS3010 SLUSTBLS( LCNT+2)SNL,I FL)
IF(IFL.LEoO) RETURN
TBLS(LCNT) =FLOAT(MID)
CALL PERTCB(IRSTBLSI LCNT)SZB(l )sZB(3))
NR.TBLs(LcNT+2)
NT=TBLS(LCNT+3)
NRT=NR*NT
LOCP=LCNT+3+NR+NT

C ● ● CONVERT TO DESIRED UNITS
DO 30 I=lsNT
TBLS(3+I+LCNT+NR)9TFAC*TBLS f3+I+LcNT+NR)
DO 30 J=lsNR
IF(IoGT,l) GO TO 20
TBLS(3+J+LCNT)=TBLS(3+J+LCNT)*RFAC

20 LOCP=LOCP+l
TBLS(LOCP )=PEFAC*TBLS(LOCP )
TBLS(LOCP+NRT)=PEFAC*TBLS( LOCP+NRT)

30 CONTINUE
C . . UINDOU TABLES HERE AND RESET VALUES OF NR NT AND
c NRT IF UINDOUING IS NEEDED
C ● ● INVERT TABLES
C . . CHECK TO SEE IF THEQE IS ENOUGH ROOM TO INVERT THE TABLES
c NINV IS THE LAST LOCATION NEEDED FOR TABLE INVERSION

NINV=LCNT+3+2*NRT+2*NR+4*VT
IF(NINVOLE.LCMX) GO TO 40
IFL=LCflX-NINV
RETURN

40 Ro.TBLs(LcNT+l)
LOC=LCNT+2
CALL INV301(TBLSsLOCpR0,LOS)

C ● . DOUBLE PACK DEPENDENT VARIA8LES
LOCP=LCNT+3+NR+NT+NR
DO 50 I=lsNRT
LOCP=LOCP+l
PTEM=TBLS(LOCP)
TTEfl=TBLS (LOCP+NRT)
TBLS(LOCP)=DPACI( (PTEHsTTEM)

50 CONTINUE
C ● ● WRAP UP

LCFU(IRSIDT)=LCNT
;;::;LCNT+2+LDS-NRT

RETURN
END

SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SES AHE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAtlE
SESAME
SESAME
SESAPE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESANE
SESAME
SESAME
SESAME
SESANE

477
478
479
480
4B1
4B2
483
4B4
4B5
4B6
487
488
4B9
490
491
492
493
494
495
496
497
490
499
500
501
502
503
504
505
506
507
508 ●
i 09
510
511
512
513
514
515
516
!$17
51B
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● SUBROUTINE RATFNI
c-------------------------------------------------------

c
C SUBROUTINE t RATFN1
c
C PURPOSEt
c
c
c
c

c
c

c
c
c
c
c

:
c

:
C REHARKSt
c
c
c
c
C Externals
c
c

INTERPOLATE FOR A FUNCTION Y(XI AND ITS
DERIVATIVE FROM TABLES LOCATED IN ARRAY TBLS.

THE ROUTINE ALSO REQUIRES COMNON BLOCKSS
COtl!40N/RTBLKl/LOCXSKXsLOCYsKYS IsNsIP/XSY(2)

L..CX ● LOCATION OF X VECTOR
= SPACING OF X VECTOR

LOCY ● LOCATION OF Y VECTOR
KY = SPACING OF Y VECTOP
I ● INDEX OF X AND Y VECTORS
N = LENGTH OF X AND Y VECTORS

x (INPUT) - INDEPENDENT VARIABLE
Y (OUTPUT) - VECTOR OF LENGTH 2s wHERE
Y(l) = vALUE OF FUNCTI@N
Y(2;1;p~;fIVATIVE OF FUNCTION

1P - 9RANCH PARAMETER
IPoEQ.OS USE INPUT COEFFICIENTS IN YY
IP.NEoO~ CALCULATE YY VECTOR FIRST

COMflON/INTORDtIFN
IFN (INPUT) - INTERPOLATION TYPE

IFN.NEoIs RATSONAL FUNCTION
IFN.EOOIS LINEAR

COHMONtSESDATfT8LS
TBLS (INPUTI - TABLE STORAGE ARRAY

UNLESS LINEAR FORM IS SPECIFIERS ROUTINE
USES RATIONAL FUNCTICN METHOO MITH QUADRATIC
ESTIBATE OF DERIVATIVES AT THE MESH POINTS,
TBLS CAN BE DECLARED LCI’I ON THE CDC 7600.

NONES BUT A SEARCH ROUTINE tIUST BE CALLFO
FIRSTS TO COMPUTE INDEX 1.

C PROGRAllqERt G. I. KERLEYs T-4.
c
C DATEt 18 JULY 1979
c
c------.------------------- -----.-— —-------. ——-------------

PARAF!ETER fMcL=500sNL=21sNGC=19S!IlLGC=NGC*flLS HL0WDT=20*f41s
+NUMV=lojt4QL. ((NUMV+l )/3+l)*MCL+100sNDW=20SNCF=8s
+MXDuHP=30~NoX=2*MXDuHP+2s HTAB=lsNTA8=MTAB*3742
+sNSM=4sNUPN=372B0NSO=NSfl*NUPN+132#ML2=lDO)
LEVEL 2sT8LS
DIMENSION YY(6)
COPMONtSESOAT/TBLS(NSD)
COMUONIINTORDtIFN
COMMON/RT8LKl/LOCXSKXJLOCYPKYS 1~N,1p~x$y(2)
IF(IFN.EO.1) 60 TO 6
IF(IP.EQoO) GO TO 3

C CALCULATE COEFFICIENTS FOP RATIONAL FUNCTION INTERPOLATION
IX . Locx+Kx*(I-1)
Iy . Locy+Ky*(I-1)
YY(3) ● TBLS(IX)
YY(4) = T8LS(IX+KX)-YY(3)

SESAME
SESbHE
SESAME
SESAME
SFSAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAWE
SESAIIE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SEShPE
SESAPE
SESAII!E
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAP?E
SESbPE
SFSAHE
SESAME
SESAME
SESAFE
SESAFE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESbME
PARAfl
PARAM
PARAR
PARAM
SESbME
SESbME
SESAnE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME

519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559

560
561
562

2
3
4
5

564
565
566
567
568
569
5 ?0
571
572
573
574
575
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YY[l) = TBLS(IY)
YY(2) = (TBLs(IY+KY )- YY[l)lf YY(4)
IF(I.EQ.N-1) GO TO 1
SP = (T8LS(IY+KY+KYI-TBLS(IY+KY))I(T8LS(IX+KX+KX)-TBLS(IX+KX ))
YY(6) = (SP-YY(21)I (TBLS(IX+KX+KX)-YY( 3))
IF(I.GTo1) GO TO 1
IF(YY(2)*(YY(2)-YY(4)*YY(61).LEoO.) YY(6)=YY[2)/YY(4)
YY(5) = YY(6)
GO TO 2

1 DM = yy(3)-T9Ls(Ix-Kx)
Sfl = (YY(lJ-TBLS(IY-KY))/Dli
YY(5) = (YY(2]-SM)/(YY(4)+DN)
IF(I,EQ.N-1)YY(6)=YY[5)
IF(IoGT.2)GO TO 2
IF(Sfl*(Sfl-DM*YYt5)).LE.O.) YY(5)=(YYi2)-SM-SMl/YY(4)
IF(YY”(6)oNE.O.IYY(5)=YY(5)/YY(6)

C2 EVALUATE RATIONAL FUNCTION FROM PRECALCULATED COEFFICIENTS
3 Q = X-YY(3)

R . yy(4)-Q

IF(RcNEoOOI GO TO 4
~=lo
GO TO 5

4 u = 1.-l./(lo+ABs(YY(5)*R/R ))
5 F = YY(6)*(U+YY(5)*( 1.-U))

Y(1) = YY(1)+W(YY(2)-R*F)
Y(2) = YY(2)+(0-R)*F+YY(4)*U*( F-YY (6))
RETURN

C CALCULATE COEFFICIENTS FOR LINEAR INTERPOLATION
6 IF(IP.EO.0) GO TO 7

Ix . Locx+Kx*(I-1)
IY = LOCY+KY*(I-1)
YY(3) = TBLS(IX)
YY(l) ■ TBLS(IY)
YY(2) ■ (TBLS(IY+KY)-YY(l))/(TBLS( IX+KX)-YY(3))

C CALCULATE LINEAR ESTIMATE FROtl PRECALCULATED COEFFICIENTS
7 Y(l) = YY(l)+YY( 2)*(X-YY(3))

:;:’R; YY(2)

END

SESAME
SESAME
SESAME
SESAHE
SESAME
SESAUE
SESAME
SESAUE
SESAPIE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAHE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAUE
SESAUE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAflE
SESAME
SESAME
SESAME
SESAME
SESA1’IE
SESAME
SESAME
SESAME
sESAME
SESAME
SESAME

578
579
5B0
5B1
582
5B3
584
585
586
587
58B
589
590
!591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610

●
611
612
613
614
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c
c
c
c
c
c
c
c

c

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

c

c
c

c-.

c

c

SUBROUTINE T4DATI
)-----—.-------- ------------ ----—------ ------—----------

SUBRObTINE: T4DATI

PURPOSE8 SEARCH/INTERPOLATE FOR PRESSURE AND TEMPERATURE
AS FUNCTIONS OF REGIONS DENSITY AND ENERGYs
USING PACKED SESAME 2 DATA STRING OF TYPE 302

COllHON/SESIN/IRpIDTSRSEt IBRsIFL
coMrloN/sEsouT/P(3J*T(3)
IR ( INPUT) - MATERIAL PEGIUN NUMBER
IOT (INPUT) - OATA TYPE INDICATOR
R (IN PUT ) - DENSITY
E ( INPUT) - INTERNAL ENERGY
PoT tOIJTPUTl - PRESSURES TEMPERATURE VECTORS

P(l)sT(l) = PRESSURE AND TEMPERATURE
P(2)sT(2) = DENSITY DERIVATIVES
P(3)sT(3) ● ENERGY DERIVATIVES

IBR (INPUT) - o.CoIIIpuTE BOTH p AND T
l.CoNpuTE p oNLY
2=COPlPUTE T ONLY

COHIIONtSESOATfTBLS
TBLS (INPUT) - TABLE STORAGE ARRAY

REMARKS9 ADAPTEO FROH T-4 SESAME 2 ROUTINES S2EOSI AND
LA3fi2A . PRESSI.JRE AND TEMPERATURE ARE PACKED.
THE SEARCH INOICES AND INTERPOLATION CONSTANTS
ARE SAVED AND REUSEDS IF POSSIBLE.

●**** SYS7EH DEPENDENT FEATUREO THE CONSTANT NSFT
***** IN STATEMENT 60 SHOULO BE SET TO 1/2 THE BIT
●**** LENGTH. FOR b CDC 7600p NSFT = 30.

Externals RATFN1 (l-D INTERPOLATION ROUTINE)
T41NTP (2-0 INTERPOLATION ROUTINE)

PROGRAMMER: G. 1. KEQLEY ANO R. 1. BENNETTs T-4.
J. ABDALLAHsJR.

DATEx 2 AUGUST 197B

.--------—--- ------------------ --—------ -------------------
PARAIIETER (MCL=500ttlL=21SNGC=19SMLGC=NGC*MLSMLDUDT=20*MLS

+NUMV.lo, MQL=((KUMV+l )/3+l)*HCL+100sNOU=20S NcF=8s
+MXDUNP=30sNDX=2*MXDUMP+2SMTAB=lSNTAB=MTAB*3742
+sNSfl=4SNUPH=3728sNSD=NSM*NWP’4+132~ML2=100)
LEVEL 2sTBLS
COMflON/S2DIR/LCIIXsNREG}LCFU(MLJl )
COFflON/RT9LKl/LOCR~KXsLOCEJKY, IRX~N~ISA~E~RXlsPXl (2)
COPflON/RTBLK2/LOCXSIXSNXSLOCYS IYsNYsLOCZSNZ~NSFTS

S RX2SETS PX2(31S INTSIDSOZZ(32 )
CONMON/SESIN/IRsIDT,R,E,IBR~ IFL
comtloN/sEsouT/P(3)#T(31
COf’lMON/SESDAT/TBLS(NSD)
DATA LOCLSTsIPsXT/OslSl/

LoC IS POINTER TO START OF OATA STRING FOR REGION IR
LOC ● LCFMtIRsIDTJ+2

TEST TO SEE IF THE fIIATERIAL IS THE SAME AS LAST CALL
IF(LOC.EQOLOCLSTI GO TO 5

SESAHE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAWE
SESAME
SESAME
SESAPE
SESAME
SESAME
SESAME
SESAME
SESAII!E
SESAME
SESAME
SESAME
SESAME
SESAME
SESANE
SESAME
SESAME
sESAME
SESAME
SESiiNE
SESAME
SES4ME
SESAME
SESAME
SESAPE
SESAME
SESAME
PARAH
PARAH
PARAR
PARAM
SESAME
SESAME
SESAME
SESAME
SESbME
SESAME
SESAME
SESAflE
SESAPE
SESAPE
SESAME
SESAME
SESAME

615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657

2
3
4
5

659
660
661
662
663
664
665
666
667
668
669
670
671
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C THE FCLLOUING OPERATIONS DO NOT NEED TO BE REPEATED
Nx = TBLs(Loc)
Ny = TBLS(LOC+l)
NmN)(
LOCR = LOC+2
Kx.1
LOCX = LOCR
LOCY ● LOCX+NX
;:C: ; LOCY+NY

LOCZ = LOCE+NX
Nz.1

C UNLESS A NEU REGION HAS BEEN ENTERED
LOCLST=LOC
IXLAST = O
IYLAST = O
LOCI = LOCX+NX12-1
LOCJ = LOCY+NY/2-l
LOCNX=LOCX+NX-2
LOCNY=LOCY+NY-2

C SEARCH FOR DENSITY INOEX
5 IF(RoLT.TBLS (LOCI)) GO TO 15
10 IF(Ro LT.TBLS(LOCI+lI) GO TO 20

IF(LOCICEQOLOCNX) GO TO 20
LOCI=LOCI+l
GO TO 10

15 IF(LOCI.EOOLOCX) GO T~ 20
LOCI=LOCI-1
IF(R. LToTBLS(LOCI)) GO TO 15

20 IX=LOCI-LOCX+l
C INTERPOLATE FOR ENERGY ON COLO CURVE. IF ISAME = OS DENSITY
C INDEX IS THE SAME AS IN THE LAST CALL TO THIS ROUTINE

IRX = IX
ISAME = IA3S(IX-IXLAST}
RX1=R
CALL RATFN1
ET ● AflAxl(oO, E-pxl(l))
DECDR = PX1(2)
RX2=R

C SEARCH FOR ENERGY INDEX
IF(ET. LToTBLS(LOCJ)) GO TO 35

30 IF(EToLToTBLS(LOCJ+l)) GO TO 40
IF(LOCJOEOOLOCNY) GO TO 40
LOCJ=LOCJ+l
GO TO 30

35 IF(LOCJOEOOLOCY) GO TO 40
LOCJ=LOCJ-1
IF(ETo LT.TBLS(LOCJ)I GO TO 35

40 IY=LCICJ-LOCY+l
C IF ISAME = 0s DENSITY AND TEMPERATURE INDICES ARE
C THE SAME AS IN THE LAST CALL TO THIS ROUTINE

ISAIIE = ISARE+IABS( IY-IYLAST)
1P = MINO(lSIP+ISAMEI
IT . HINo[l,IT+IsAME)
IXLAST = IX
IYLAST = IY
IDS=(IDT-1)*32+1
IF(IBR.EO.2) GO TO 50

C PRESSURE CALCULATION
NSFT = O

SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESARE
SESAME
SESAME
SESAME
SESAME
‘SESAME.
SESAME
SESAME
SESAME
SESAME
SESAME
SESAHE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAHE
SESAME
sESAME
SESAME
SESAPE
SESAME
SES APE
SESAME
SESAME
SESAME
SESAWE
SESAME
SESAME
SESAME
SESAWE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESbPE
SESAME
SESAME
SESARE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME

672
●

673
674
675
676
677
678
679
680
681
682
683
684
685
686
6B7
688
689
690
691
692
693
694
695
696
697
69B
699
700
701
702
703
704
705 ●
706
707
70B
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
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INT=IP
CALL T41NTP
P(1)=PX2(11
P[2)=PX2(21-DECDR$PX2 (3)
P(3)=PX2(3)
IP=O
IF(IBRoEOO1) RETURN

C TEflPERATURE CALCULATION
50 NSFT = 30

INT=IT
IDS=IDS+16
CALL T41NTP
T(1)=PX2(11
T(2)=PX2(2 )-0ECOR*PX2(3)
~;3:=;X2(3)

RETURN
END

SESANE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME

732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
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SUBROUTINE T4RTPE(IRs IDTsTBLSORSTS PSESIFL)
-------------------------- ----—--- —-------- --------- -—-----------

t
C SUBROUTINE T4RTPE(IRsIOTS1BLSSRSTSPSES IFL]
c
C PURPOSE TO FIND PRESSURE AND ENERGY AS FUNCTIONS
c OF DENSITY AND TEFIPERATURE FROM A
c SESANE TYPE 302 TABLE USING NENTONS METHODO
c
C ARGUMENTS IR (INPUT) REGION NO.
c IOT ( INPUT) OATA TYPE FOR 302 TABLES
c TBLS (INPUT) TABLE STORAGE ARRAY

T (INPUT) TEMPERATURE
: P (OUTPUT) PRESSURE
c E [OUTPUT) ENERGY
c IFL (OUTPUTI OUTPUT FLAG
c
c

=1 FOR SUCCESS
=0 FOR FAILURE

c
C REtiARKS NONE
c
C EXTERNALS T4EOSA
c
C PROGRAMtiER J.ABDALLAHsJR.
c
C DATE 5 JULY 1979
c

;::;;:

SESA~F
SESAME
SES ABE
sESAME
SESAME
SESAME
SESAME
SESAUE
SESAME
SESAME
SESAME
SESARE
SESAME
SESAME
SESAME
SESAME
SESAFE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME

c--------------------------- ------— —------ ----.------—----—------ -- SESAME
PAPAMETER (MCL=500Sf4L=21SNGC =l9SHLGC=NGC*llLSMLOWOT=2O*MLS PARAM

+NUMV=lOS HQL=((NUMV+1 )/3+l)*MCL+100sNDW=20S NCF=8S PARAM
+flXOUMP=30sNOX=2*flXOUM P+2sMTAR=1sNTAB=MTAB* 3742 PARAII
+sNSIIl=4sNUPfII=3728SNSO=NSM*NUPH+132S ML2=1OO) PARAM

C*O
C*.

10
c**
20

LEVEL 2sTBLS
collfloNts2DIR/LcMx#NREG#LcFufl’!L#l)
OINENSION TBLS(l)
COflllON/SESIN/IRXXSIOTXSRXSEY~IBR sIFLX
coKlloN/sEsouT/zP(3)0zT(3)
IBR=O
IFLX=l
Rx.R
IRXX=IR
IDTX=IOT
LOC=LCFU(IRSIDT)
NR.TBLS(LOC+2)
NE.7BLS(LOC+3]
GET INITIAL GUESS ON ENERGY
FIND CLOSEST DENSITY INOEX
LOCX=LOC+4
IXP=l
OELS=ABS (R-TBLS(LOCX))
IF(NRoEQo1) GO TO 20
DO 10 J=2sNR
LOCX=LOCX+l
OEL=ABS (R-TBLS(LOCX))
IF(OEL.GT,OELS) GO TO 10
IRX=J
OELS=DEL
CONTINUE
FIND THE ENERGY INDEX ASSOCIATE NITH THE CLOSEST TEIIP
Locx=Loc+3+hR+NE+NR+IRx

SESAVE
SESAME
SESAUE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAt!E
SESAHE
SESAUE
SESAME
SESAME
SESAME
sESAME
SESAME
SESAME
SESAHE
SESAME
SESAPE
SESAIIIE
SESAWE
SESAME
SFSAVE
SESAME

●
750
751
752
753
754
755
756
757
75 B
759
760
761
762
763
764
765
766
767
76B
769
770
771
772
773
774
775
776
777

2
3
6
5

779
780 ●
781
7B2
783
784
785
786
787
788
7B9
790
791
792
793
794
795
796
797
79B
799
800
801
802
803
804
605
806
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DELS=TBLS(LOCX)
DE LS=SHIFT(DELS,30)
::;:;ABS(T-DELS)

IF(NEoEQo1) GO TO 40
DO 30 J=2sNE
LOCX=LOCX+NR
DEL=TBLS(LOCX)
DEL=SHIFT(OEL,30)
DEL=ABS(T-DEL)
IF(DEL.GT.DELS) GO TO 30
lEX=J
DELS=DEL

30 CONTINUE
C ● ● INITIAL GUESS ON ENERGY
40 EX=TBLS(LOC+3+NR+IEX)+TBLS(LOc+3+NR+NE+XRX )

C*
● ITERATE USING KEUTONS METHOD

Kmo
IFL=l

50 K.K+l
IF(K.EQ050) GO TO 90
CALL T4EOSA
EwEx
pmzp(l)
TTEST=ABS [T-ZT(l) )-1.OE-05*( ABS(T)+1OOE-O2)
IF(TTESTOLT.O.) RETURN
D=-ZT(3)
1F(DoE40COO) GO TO 90
EX=EX-(T-ZT(l)]/D
GO TO 50

●
90 IFL=O ‘-

RETURN
END

SESAHE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SES4VE
SESAME
SESAME
SESAME
SESAME
SESAHE
SESAPIE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAFF
SESAME
SESAME
sESAME
SESAME
SESAME
sESAME
SESAME
SESAME
SESAME
SFSAME
SESAME
SESAME

IN&

809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
B24
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
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SUBROUTINE IN V301(DSTRS LOCSROp LOS I
c --------------------------------- --------------------- --.----e

c
C SUBROLTINEt INV301(DSTRsLOCsROsLDS]
c
C PURPOSEt INVERT OATA STRING OF TYPE 301 TO TYPE 302.
.

: ARGUMENTS: OSTR
c LOC

: RO
c LCS
c
C REMARKS: DSTR
c THIS
c OATA

(INPUT) - TABLE STORAGE ARRAY
(INPUT) - STARTING LOCATION OF DATA STRING

IN OSTR
(INPUT) - APPROXIMATE DENSITY OF SOLID
OUTPUT) - LENGTH OF NEW DATA STRING

CAN BE DECLAREO LCM ON THE CDC 7600,
ROUTINE OVERWRITES LOCATIONS FOLLOUING TPE
STRINGO IT EXPANDS THE STRING BY NR NORDSS

c dHERE NR IS THE NUMBER OF DENSITIES. IT ALSO
USES 3*NT UOROS AS TEHPORARY STORAGES HHERE NT

: IS THE NUMBER OF TEMPERATURES.
c
C EXTERNALS; ISRCHKS RATFN1o
c
C PROGRAMMER: G. 1. KERLEYs 1-40
c
C DATEs 4 OCTOBER 1977
c
c---------- ------------.----------— —--------------------------

LEVEL 2sOSTR
OIflENSION OSTR(l)
COPMON/INTORO/IFN
WfN/RTBLKl/LOCX~NRsLOCYSKYsJX sNTsINT~ETsZ(2)

IFNS=IFN
IFN=O
NR . o’sTR(LoC)
NT . oSTR(LoC+l)
LOCT = 2+NR+LOC
LCEC = LOCT+NT
LOCP = LCEC+NR
LOCE = LOCP+NR*NT
LOCN = LOCE+NR*NT
IHAX = 2*NR*NT
O!l 1 I=l>IMAX

1 OSTR(LOCN-1) = OSTR(LOCN-I-NR)
00 2 I=lsNR
JJ . LOCE+I-1
Q = 1.’E-12*A3S (DSTR(JJ])
OSTP(LCEC+I-1) = DSTR(JJ)
DSTR(JJ) = 0.
00 2 J=2SNT
JJ . JJ+NR
DSTR(JJ) = OSTR(JJ )-DSTR(LCEC+I-1 )
IF(DSTR(JJ )-OSTR(JJ-NR)OLTO 0) OSTR(JJ)=OSTR (JJ-NR)+O

2 COhTINUE
I = ISRCHK(ROSDSTR(LOC+3)SNR-2 slsO)+l
00 3 J=lsNT
DSTR(LOCN+J-1) = DSTR(LOCT+J-1)

3 OSTR(LOCT+J-1) ■ DSTR(LOCE+I-l+NR*(J-11)
00 5 I=lsNR
LOCX = LOCE+I-1

SESAME
SESAUE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESANE
SESAME
SESAHE
SESAME
SESAME
,SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESA~E
SESAHE
SESAME
SESAFE
SESAME
SESAME
SESAME
SESbME
SES4ME
SESAME
SESARE
SESAME
SESAME
SESAME
SESAME
SESAME
SFSAPE
SESAME
SESAME
SESAME
sE$AME

SESAWE
SESAME
SESAME
SESAPE
SESAPE
SESAME
SESAPE
SESAME
SESAKE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAPE
SESAME
SESAME

842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
865
867
868
869
870
871
872
873 ●
874
875
876
877
878
879
880
881
B82
883
884
885
8B6
887
880
889
890
891
892
893
894
895
896
897
898
899
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DO 4 J=l~NT
ET = OSTR{LOCT+J-1)
JX = ISRCHK( ETsOSTR(LOCX+NR) sNT-2sNRsO)+l
LOCY = LOCP+I-1
Ky . NR
CALL RATFN1
OSTR(LOCN+NT+J-1) = Z(1)
LOCY ● LOCN
~y.1
CALL RATFN1

4 OSTR(LOCN+NT+NT+J-1) = Z(1)
DO 5 J=lsNT
DSTR(LOCP+I-l+NR*(J-1)) = OSTR(LOCN+NT+J-1)

5 OSTR(LOCX+NR*(J-1)) = DSTR(LOCN+NT+NT+J-1)
LDS = LOCN-LOC
IFN=IFNS
RETURN
ENO

sE~J@!E
SESbME
SESAME
SEShME
SESAME
SESAME
SESAPE
SESAUE
SESAME
SESAME
SESARE
SESAME
SESAME
SESAME
SESAME
SESARE
SESAME
SESAME

900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
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SUBROUTINE T4EOSA
c--------------------- --------------------- ----,- .- — ---------------

c
C SUBROUTINE
c
C PURPOSE
c
c
c

C PROGRAMMER
c
C DATE
c

T4EOSA

TO COMPUTE A DENSITY SC AL EDJ ENERGY SHIFTEDS
ECU AT ION OF STATE AUGMENTED BY A ANALYTIC
PRESSURE RAMP

CCHMON/SESIN/IR,IDTSRSESIBRS IFL
coMfloN/sEsouT#Pf3)sT(3)

(INPUT) REGIONC NO.
:;T (INPUT) DATA TYPE CORRESPONDING TO ENERGY BASED

(TYPE 302) SESAME TABLE
R (INPUT) DENSITY
E (INPUT) INTERNAL ENERGY
P(l) (OUTPUT) PRESSURE
P(2) [OUTPUTI DENSITY DERIVATIVE OF PRESSURE
P(3J (OUTPUT) ENERGY DERIVATIVE OF PRESSURE
T(1) (OUTPUT) TEMPERATURE
T(2) (OUTPUT) DENSITY DERIVATIVE OF TEPIP
T(3) (OUTPUT) ENERGY DERIVATIVE OF TEMP
IBR (INPUT) ■0 TO OUTPUTBOTH P AND T

=1 TO OUTPUT P ONLY
=2 TO OUTPUT T ONLY

IFL (IN/OUT) INPUT
o.cHoosE 8ETuEEN RANp AND TABLEs
l.FoRcE usE oF TABLEs
OUTPUT
o.pREssuRE coMpuTED FRoM RAMp
l.ppEssuRE coMpuTED FRoH TAgLES
NOTE THAT THIS FLAG CAN BE USED
TII SATISFY REVERSIBILITY CONDITICNSO

COllflON/EOSCOM/ MUST BE SUPPLIED BY THE USER
PROGRAM. NREG IS THE NUMBER OF REGIONSO THE ARRAYS
CCNTAIN VALUES FOR PARA~ETERS IN EACH REGIONSTHEY ARE
SR(IR) - DENSITY SCALE FACTOR FOR REGION IR
ES(IR) - ENERGY SHIFT
RO(IR) - RHoO FOR MATERIAL
A1(IRI - RAMP PARAMETER IF O THEN NO RAMP
AZ(IR) - RAMP PARAMETER
A3(IR) - RAMP PARAMETER
EM(IR) - MELT ENERGY

T4DATI

JoABDALLAHsJRo

14 JUNE 1979

c-------.------- ------—------------ —------ -------------------------- -

PAFAHETER (MCL=500SflL=21SNGC=19S~LGC=NGC*HLS HLDbf0T=20*P11s
+NUMV=109MOL=( (NUNV+1 l/3+l)*MCL+100SNDU=20S NcF=8#
+MXDUMP=30SNDX=2*HxDUMP+2S flTAB=l~NTAB=HTAB*3742
+~Nsflm4,NuPM.3728~NSO=NSM*NUPH+132#ML2=loo)

;:::::

SESAHE
SESAME
SESAME
SESAME
SESbME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESANE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SES4ME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESb~E
SESAME
SESAME
SESAME
SESAME
SESAME
SESbME
SESAPE
SESAME
SESAME
SESbME
SESAME
SESAME
SESAME
SESAME
SESAME
SESA~E
SESAME
SESAME
SESAME
SESAME
PARAll
PARAM
PARAM
PARAM

COtlMON/INIT/DTO(tlL)sXMU (tlL)sYO (~L)s XL(ML)sXV (ML)shVIML lsVO(HL)sPO INIT
+(HL)sTO(ML)sROW( fIL)s JtlIN(IlL2)sJF!AX (rIL2)0 IBRN(ML) sPLAP(ML)sDRO(ML )S INIT
+tlAT(ML)sUO(IIL )sUT(ML )sDTCF(HL)SO O(ML)STIILT(ML )sTMC(HL) INIT
COMMON/EOSCOH/SR(llL)SES( ML)s SESAME

91 R ●
9i9
920
921
922
923
924
925
926
927
929
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951 ●
952
953
954
955
956
957
95e
959
960
961
962
963
964
965
966
967
96 B
969

2
3
4
5

:

97:
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$ A1(ML)s A2(ML)s A3(ML)s EM(ML )sIRV(ML)
COhtlON/SES IN/ IRS IDTSRSESIBRS IFL
collMoN/sEsouTt P(3)#T(3)
DIMENSION RO(ML)
EQUIVALENC E(ROSROU)

Co ● SCALE DENSITY
RSAVE=R
R=sR(IR)*R

C ● ● SHIFT AND SCALE ENERGY
ESAVE=E
E.(Es(IR)+E)/sR(IR)

C . ● COMPUTE EOS FROM TABLES
CALL T6DATI

C . ● IF FORCED TABLES - RETURN
IF(IFLoEOO1) RETURN
IF(IBR.NE02) GO TO 5

C . ● TEHP ONLY
IFL=l
RETURN

5 IF (A1(IR).NE.O.0) GO TO 10
C ● . NO RAMP INPUT RETURN

IFL=l
RETURN

10 IF(ESAVEOLE.EM(IR)I GO TO 20
C ● . ENERGY IS GREATER THAN THE MELT ENERGY - RETURN

IFL=l
RETURN

C ● ● COMPUTE RAMP PRESSURE
20 COMP=RSAVE/ROtIR)

P1=A1(IR ]*(C(YFIP-l.CI)

a

OPRl=Al(IR)/RO(IR)
IF(A2(IR)oLE.O.0) GO T12 25
P2=A2(IR)* (COHP-A3(IR) )
DPR2=A2(IR)/Ro(IR)
IF(P1.LToP2) GO TO 25
P1=P2
0PF(1=DPR2

25 IF(P1.LT.P(l)J GO TO 30
C ● . RAMP USEO FOR PRESSURE

IFL=O
P(lI=P1
P(2)=OPR1
P(3)=0.O
RETURN

C o . PRESSURE FROM TABLES
30 IFL=l

RETURN
END

SESAHE
SESAME
SESAME
SESAME
SESAME
SESAHE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESANE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SES4ME
SESAME
SESAME
SESAME
sESAWE

SESAME
SESAME
SESAME
SESAPE
SESAPE
SESAME
SESAME
SESaNE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESA~E
SESAME
SESAME
SESAME
SFSbKE
SESAME
SESAME

973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
9B9
990
991
992
993
994
9Q!S
996
997
998
999

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1o11
1012
1013
1014
1015
1016
1017
1018
1019
1020
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SUBROUTINE PERTCB( IRS TBLSSZBARSABAR)

: ROUTINE TO PERTURB A 3G1-LIKE EOS TABLE BY llEANS OF A GAUSSIAN
c BUMP ON THE IS OTHEQtlSO ONE MAY ALSO INCLUDE A HARDNESS
c FACTLIR FOR THE PRESSURE AND ENERGIES.
c

LEVEL 2sTBLS
PARAMETER (MCL=500SHL=21SNGC919SMLGC=NGC*!!LSMLDUDT=20*MLS

+NUNV=lOpflQL=( tNUPIV+l )/3+ll*MCL+100~NDW=20~NCF=8S
+MXDUHP=30~NDX=2*HXOUflP+2~llTAB= l~NTAB=flTAB*3742
+sNsM=4sNuPM=3728JNSD.NSM*NWPM+132SHL2=1OO)
COHIION/INIT/DTO(MLISXflU(ML )~YO(flLI SXL(ML)s XVoiL)sNV(ML) sVO(lW)SPO

+( ML)$TO(ML)SROU(HL) sJMIN(ML2)s JriAX(ML2)S IBPN(ML)sPLAP(ML)s ORO(ML)#
+MAT(flL) sUO(ML)sUT(HL ]~DTCF(ML) sOO(PL)STIILT(HL) sTflCCtlL)

:
c

200

202
c
c
c

c
c
c

210
211

c
c
c

c

:

c
c

COMMON/S201R/LCflXsNREGsLCFU(MLsl )
comNoN0T4PERTtLPERT(5 )#zETA( 5) #vLow(5)svHI (5)#HARD(5)
DIMENSION RO(llL)
EQUIVALENCE (ROSROU)
DIIIENSION TBLStl)
RHOZRO = RO(IR)
IF(RHOZROOEO.O.0) !lHOZRO = TBLS(2)

DOES THIS EOS GET PERTUR@EO?

IM ■ ABs(TBLs(l))
DO 200 LI=ls5
XF(IA.EQOIhBS (LPERT(LI\}) GO TO 202
CONTINUE
GO TO 299
CONTINUE

DO PERTURBATION -- PRELIMINARY STUFF

VINLOU = l.O/VLOU(LIl
VINHI = l.O/VHI(LI)
CEN = 0.5*(VINLOU + VINHI)
SIG = 2o0/(VINLOU - VINHI)
LCEP = TBLS(3)
LTEP = TBLS(4)
Cl = ZETA(LI)*ZBAR*(8.3144E-03 )/ABAR

FIND THE COllPilESSION JUST LESS THAN CEN

RHOCEN ● RHOZ?O*CEN
DO 210 LCEN ● lsLCEP
IF(TBLS (4+LCEN).GTORHOCEN) GO TO 211
COhTINUE
LCEN = LCEN - 1

FIRST COMPUTE BIAS FOR PRESSURE AND ENERGY LOOKUP IN TBLS

NPRSK = 4 + LCEP + LTEP
NERSK = NPRSK + LCEP*LTEP
ICEN = NPRSK + LcEN + 7*LCEP

ORIGINAL PRESSURE AT OR NEAR CENTER OF GAUSSIAN

PCEN = TBLS(ICEN)

FINO THE REGION THAT NEEDS MODIFYING

SESA?lE
SESAME
SESAME
SESAME
SESAME
SESARE
SES4F!E
PARAM
PARbt4
PARAM
PARAM
I?JIT
INIT
INIT
S2DIR
T4PERT
.SESAME
SESAHE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAPE
SESAME
SESAPE
SESAflE
SESbME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SFSAME
SESAPE
SESAME
SESAME
SESAME
SESAPE
SESAME
SESAME
SESAHE
SESAME
SESAME
SES4ME
SESAME
SESAME
SESAHE
SESAME
sESAME
SESAPE
SESAME
SESAME
SESAPIE
SESAME
SESAME

●
1021
1022
1023
1024
1025
1026
1027

2
3
4
5
2
3
4
2
2

1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049 ●
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1974
1075
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● c LOWEST CO!lPRESS ION INDEX = IPL
RINHI = RHOZRO*VINHI
DO 212 IPL=ls LCEP
IF(TBLS[4+ IPL)OGT, RINHI) GO TO 214

212 CONTINUE
214 IPL ● IPL - 1

c
HIGHEST COMPRESSION INDEX = IPH

:
RINLOU = RHOZRO*VINLOW
DO 215 IPti=IPLsLCEP
1F(TBLS(4+IPH) .6EORINLOU) GO TC 216

215 CONTINUE
216 CONTINUE

; TABLE REPLACEMENT WITH PERTURBED VALUES
c

DO 230 JP=IPL,IPH
c THIS IS THE COMPRESSION LOOP

RHO = TBLS(4+JP]
ETA = RHOIRHOZRO
F = ExP(-(SIG*(CEN-ETAI )**2)
DO 231 JT=lsLTEP

c THIS IS THE TEMPERATURE LOOP
T = TBLS(4+LCEP+JT)

c IOEAL GAS SHAPEO BY A GAUSSIAN
PHAT ● F*C1*RHO*T
MSKIP ● JP + tJT-l)*LCEP
IPX ● NPRSK + flSI(IP
IEX = NERSK + HSKIP
TBLS(IPX) ● HARO(LI)*TBLS(IPX) + PHAT

●
TBLS(IEX) = HARDILI)*TBLS(IEX)

231 CONTINUE
230 COhTINUE
299 CONTINUE

RETURN

000014 COMPLETE R 2 T14 U R 060501 12/01/80 09:51s07 BOX T14 SESAME LIST 1201Q0951 0024

●
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SESAWE
SESAPE
SESA4E
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME
SESAUE
SESAME
SESAME
SESAME
SESA~E
SESAME
SESAME
SESAME
SESAME
SESAME
SFSAME
SESAME
SES AHE
SESAME
SESAME
SESAME
SESAPE
SESAHE
SESAHE
SESAME
SESAME
SESAME
SESAME
SESAME
SESAME

1076
1077
1078
1079
1080
1081
10B2
10B3
1084
1085
1086
10B7
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
109B
1099
1100
1101
1102
1103
1104
1105
1106
1107
11OB
1109
1110
1111
1112
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SAMPLE PROBLEMS

To aid users in setting up problems in HYDROX, we have included a set ●
sample problems. Each of the problems is concerned with the use of HE

contact with a metal plate. The first two sample problems consist of

aluminum plate striking a piece of PBX-9404 treated in the Forest Fire

model. As shown in the results, the l-mm-thick plate drives the PBX-9404

a full detonation,

full detonation. The

whereas the O.S-mm driven system does not proceed to

third problem is a 3-cm piece of PBX-9404 treated in

the buildup HE model driving an aluminum plate. Span 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. 1 mm of Aluminum Impacting PBX-9404 Using the Forest Fire Model

Input File DATA

P$INP NM=2sTEND=lasN6=20~ 1ALPH=lsRO= .5s
NHAX=35#NADD=2#
LABEL=27H FOREST FIRE 9404/AL DRIVER S

PSSU flAT=2sR2=c4sNCI=30SUO=-.lSME=l S
P$ESC NV=2SXV=.3 S
PSSU fIlAT=24sR2=0.,NCI=120 S
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Fig. 9.
Pressure contours (0.010 Mbar).
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B. 0.5 mm of Al Impacting 9404 Using the Forest Fire Model

Input File DATA

PSINP NH=2s TEND=1.PNG=20sIALPH=1sRO= .65s
NMAX_35BNAoom2,
LABEL=27H FOREST FIRE 96041AL ORIVER S

PSSU MAT=2PR2= 04sNCI=15sUO=-ClsME=l S
PSESC NV=2SXV=.3 S
PSSU MAT=24sR2=OOSNCI=120 S

9,
C- r-a

11/lm Ew- 8.-*-mm 9cam. alma

Time (PS)

Pressure
Fig. 10.

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

P$INP NM=28TEND=1O.SNG=1OSZALPH=1S RD=600sNDF=2s
LA6EL=17H BUILO UP 9404/AL S

Pssu IEos=2DllAT=22$R2=l.*NcI=looDME=l s
PSESC IBRN=3sBUD=04SXV=30 S
PSBURN VCJ=e88#E=.187236 S
Pssu HAT=29R2=OODNCI=50DME=1 s
PsESC YO=.00367~XMU=.256~ XV=3.5 S

\

1L/IL.-a - 9.-*
ml:ln w mm

Time (us)

1V1V9 - 1.=*
Nun w S9wn.

Distance (cm)

Fig. 11.
Pressure contours (0.020 Mbar) and Span Layers.
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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 NP!=2DRO=6001ALPH=1SNG=20S TEND=e. sUI=-.2l3564#UF=. 15s
NMAX=10Jt4A00.2,
LABEL=26H CJ BURN COMP B/SESAME AL S

PSSU HAT=19sR2=losNCI=100sNE=l S
PSESC IBRN=2,XV=205 S
PSBURN VCJ=.428513 S
P$SU IEOS=4sfIIAT=3710sNCI=25sR2=OosME ●1 S
PSESC XV=3. S

1

L

Distance (cm) Distance (Cm)

Fig. 12.
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e VI. HMLB AND SESAME EQUATION-OF-STATELIBRARIES

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. In

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.

are currently available.

about the SESAME library.

A. HMZB

HMLB is a library of

In Sec. B we have merely listed the materials that

Reference 4 of Sec. I contains additional information

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 /~Rox/HMLB

Before running HYDROX, HMLB must be obtained as a local file if the HOM EOS

is used; IEOS=l and MAT#O 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

1 BE
2 2024 AL
3 MI
4 Cf19PER
5 STEEL
6 TA
7 Au
8 LEAD
9U

10 301 POLYIMIDE
11 PLE)(G
12 CH2
13 Fi3Af’1
14 AIQ 1
15 AIR 2
16 13A~E
17 NO AQRHENIUS
19 NQ FOREST FIRE
19 CII~P 6 SHARP SHOCK
2G CIY~O B CJ(ARRH)
21 9494 CJ
22 9404 3bILD UP EOS
23 94G4 GAM3A LAU
24 9404 FO?EST FIRE
25 T4T~/tiAX FF F(P)
26 Yo29G FF pcJ..285
27 NS/ESTANE 95/5 FF(T)
30 NO FF Rd ZERO OaDEQ
31 TNT

2. Cross-Reference Table Between HYDROX Variables and SIN Variables

for HMLB

HYDROX SIN

MAT NMAT

--- IEXP

IBRN IBRN

Nv IVIS

xv VPACT

ROW RHo@

PO P@

TO To

ZI E@

U@ uO

c1 SOL(1)
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HYDROX

S1

SW

C2

S2

FS

GS

HS

S1

SJ

GAMMA

Cv

V!l

ALP

SP

USP

To

PO

Y@

PLAP

W!il

z

E

VCJ

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)

Wo

z

E

VCJ
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HYDROX

---

ND

PCJ

PM

DWDT

GC

A

BR

BA

VBf!l

VBSW

BUA

BUB

BUMAX

BUDV

SIN

DCJ

BCJUP

NDWDT

BPCJ

AMINP

DWDT

GAS

GAS(1) )

GAS(2)

GAS(3) When the Barnes
EOS is used

GAS(4)

GAS(5) /

BUA

BUB

BUMAX

BUDV

318



3. Listing of the EOS Constants in HMLB

SDAT
IEXP
19eN
IVIS
VFACT
?+qo
Po
To

;:
SCIL

Uo

***** Bfj

9

m
-
●

9
m
=
8
9

●

8

o#
08
09

2.3000000000aOOE+OOp
le8450000000000E+OO~
1.00CIOO~OOOOOOOE-06~
3.0000000000000E+02,
b. 9
o*
7.975GooooOOOOOE-O1;
1.9060uOOOOOOOOE-02~
G.
3.4B669B63501OOE+O1:
9.4841753554900E+OOS

r 9 lIo
E.= 0.
VCJ ■ o*
OCJ ● G.
QCJU.3 m o.
NDWDT ●

BDCJ m ~.
A~INP a G.
OYQT ● 0,

O*
00
Q.
69
0.
(i.
b.
o.
0.

G4S ● 6.
0.
0.
0.
O*
o*
09
b.
o*

9(,JA = O.
3(M = 0.
9LMAX = O*
9UOV = 0.

$FIQD

1*18CJOOOOOO0900F+OOS
5.+200542005400E-OIP
0.
3,GoOCOLJOOO0300E+02;
O* 3
G.

::WOOWOUO0300E+OO!

*****

1.OQ1OOOOOOOOOOE+OO,
o*
1,4Q4W9523200E+01:
30~f?740019B0200E+~l#

-l,9b!17277845000E+OO~
4.7409000000900E-01~
1.2330000000000E-05w
o.
1.0000090000000E-Ob;
09
1.~OOO030~O0300E-06:

o.
0,
0.
0.
0.
0.
0.
08
0.
o*
0.
00
0.
0.
0.
0.
0.
0.

319



*M
NYAT ● Z#
NN = -lD

$E?.lfj
●**** 2026 AL

S04T
IEXP
19QV
lVIS
VFACT
R-!LIO

;;
EJ
110
SfJL

9UA
l)lJg
91J14Ax

BU!)V
SENIJ

OD
OJ
08

2.LIOOOOOOOOOOOOE+OOD
2.7850000000000E+OOD
l*ofJoooooooaoooE-06D
3.i)OOOOOOOOOOOOE+02n
O* s
0,
5.350dOdOOOOOOOE-01:
1.0000uOOOOOOOOE-01#
O*

-3.1753356163300E+02:
-2.46248248QbOOOE+32n
ie?~oi)L)ao090000E+09n
3.59Gbb42728900E-Ols
7. 14GOOUOOOOOOOE-02S
3.00000WOOOOOOE+02S
09
5.G900WOOOOOOE-02:
08
1.GOOOWOOOOOOOE+OO:
4.600000GOO0300E+03t
9.500000GOOOOOOE+02#
c. s
0. #
0. 9

09
00 P
0. #
O* $
O* #
0. 9
Go 9
00 9
0, D
0. $
u. #
o* 9
00 9
(f. o
0. e
0. P
0. *
0. ●

0. #
0. #
09 9
0. 9
0. 9
o* 9
0. 9
0. 0

●☛☛☛☛

lm3503000000000E+90n
00

-7.9611596687600E+01;
-4038525371!J3300E+02~
-5,7973496473200E+01P

2.2003033000900E-01#
2,4000030000000E-05~
5.0000030000000E-02~
1.0009000000000E-06B
00
1.0000090000000E-06;

o*
0.
0.
0.
00
0.
0.
00
0.
0,
0.
00
o*
09
0.
0.
0.
00
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SN
N!ibT ● 3D

m -ID
S::0

***** MI

SD4T
rEx~ ■

19RN ●

IVIS =
VF4CT ●

RHOO ●

Po ●

TO ●

EO ●

Uo ●

SOL ●

Uo
z
E
VCJ
DCJ
BCJUB
NOUDT
IjPCJ
AMINP
DiiDT

GAS =

8UA ●

BU9 =
BUMAX =
BUOV ●

$END

o#
2e_i)oOOOOOOOOOOOE+OOs
8.86OOOO1OOOOOOE+OO,
1.0000OOOOOOOOOE-06B
3.cJOOOOOOOOi)OOOE+02n
0. 9
o*
4.6460000000000E-01:
1.uOOGOOOOOOOOOE-029
00

-3.70985325851OOE+O3:
-705077048497800E+02s
1.8900000000000E+OOS
1.12B6681715600E-OIS
0.
3.9000000000000E+02:
0. 9
o* s
09
l,QOOOOOOOOOOOOE+OO:
G.
0.
00
00
0.

0.
0.

::
0.
0.
00
G.
69
o*
0.
().
09
0,
0.
0.
6.
O*
0.
0.
00
00
00
0.
00

*****

lo4450000000000E+OOn
09

-2.03W91593800E+03:
-2.51226201O2OOOE+O3P
-8034681847624DOE +01,
1,0500000000000E-OIP
1.3000000000000E-05s
0.
1.0000OOOOOOOOOE-06;
o*
1.0000000000000E-06:

0.
0.
0.
09
0.
o*
0.
Oe
o*
0.
09
00
0.
0.
00
0.
0.
09
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SW
~Y~~
Nw

SEND

SD4T
IEx P
19RN
IVIS
vG4c T
Q-tOO
Po
TO
EO
IJo
SOL

k’o
z
F
vCJ
OCJ

9CJUP
w9w DT
~Pc J

AflINP
DVDT

GAS

~lJA
Ru%
BUHAX
BUDV

SEND

w 4s
9 -1s

***** COPPER

0s
OD
on

2,uOOOOOOOOOOOOE+OO~
8.9030000000000E+OO#
l*OL)GOOOOOOOOOOE-06P
3.DuoOUWO09000E+02P
09 s
0.
3.3580000000000E-01:
1000OOOOGOOOOOOE-03~
0.

-1042340426B78OOE+O3:
-3.1807912677400E+02s
z.0000oOOOOOOOOE+OO*
1.1232168931800E-OIS
1ouOOGQOOOOOOOOE-O1S
3adilGO09bOOOOOOE+02,
3.0000ooOOOOOOOE-03S
5.~duUOGWOOOOOE-02P
09
1.00G0uoOOOOOOOE+OO:
5.5700000000000E+03s
1.3530uwoOOOOOE+03P
u.
o.
0.

00
00
o*
(J*
0.
cl.
00
0.
0.
00
0.
o*
0.
0.
09
0.
O*
G*
09
o*
O*
O*
cl.
09
00

*****

le4970000000000E+oo~
0.

-7.2269373246900E+02:
-1.0197438Q49400E+03p
-3m4471449q81900E*OlP
9e3000000000000E-02~
la7670000000000E-05,
1.2ooooooooooooE-ol#
1,0000OOOOOOOOOE-06*
4.6600000003000E-01~
1.000ooooooooooE-06#

00
0.
0.
0.
0,
0.
0.
0.
0.
O*
o*
0.
0.
0.
0.
0.
0.
09
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SN
NMAT
NN

SEN9

SOAT
IEXfJ
18QN
IVIS
VFACT
Rqclo
Po

::
Uo
SCIL

40
z
E
VCJ
i)CJ
9CJUP
Nljui)T
fIPcJ
AMINP
DiiDT

G4S

QUA
9U9
9u~AX
9U9V

$EN!I

0$
08
0$

2.0000OOOOOOOOOE+OOS
7*917QoooooooooE+ao#
1.aooooooooooooE-06#
3eoOOOOOOO03000E+02~
0. s
00
4e5800aOOOO0300E-01:
1.0000ouOOOL)OOOE-02S
0.

-7.0321195402400E+03:
-le466784021180i)E+03p
2.00(JOOOOOOOOOOE+OO~
lm2631047113800E-01~
0.
3.930000GOOOOOOE-02:
0. #
0. P
00
L.0000OOOOOOOOOE+OO:
O* #
0. 9
0. ●

0. 9
0. 9

08
00 #
0. s
0. 9
00 #
09 s
b. 9
o* D
0. 9
08 “s
0. ●

0. 9
o* 9
09 s
0. s
00 #
u. #
0. s
6. 9
09 #
0. s
00 D
0. #
O* ●

o* 9
08 9

*****

1.5100000000000E+OO~
0.

-3.8238259745300E+03;
-4*R267021399400E+030
-1066391415993OOE+O2S

1.0709090000000E-OIS
l*1700000000000F-05#
0.
1.0000009000000E-D6:
0.
1.0000OOOOOOOOOE-06:

O*
0.
0.
0.
0.
0.
0.
0.
O*
o*
09
0.
0.
O*
09
0.
00
0.
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SN
NY4T
NN

SEND

SD4T
IEXP
I~RN
lVIS
VFACT
Qwclo
Po
TO
EO
Uo
S’YL

do
z
E
VCJ
I)5J

8CJUP
NOUDT
BPCJ
AMINP
l)d9T

GAS

ylJ4
BU9
9UMAX
BUDV

SEND

s 6J
= -1s

***** TA

OJ
0s
o#

2.woooooOOOOOOE+OO#
1.6690000000000E+01$
1OOOOOOOOOOOOOOE-O6?
3.IJOOOOOGa03000E+02*
o* s
09
304140000000000E-01:
1.000GoOOOOOOOOE-02P
c1.

-400152531315500E+03:
-5.1221616258700E+02P
1.70000doOOOOOOE+OOP
5.9916117435600E-OZS
0.
3.dOOOOL10000000E+02:
4.ooooouoOOOOOOE-03~
5.0000oooOOOOOOE-02~
09
1.JoooooL)oOOOOOE+OO:
5.0000000000000E+03D
3.z70GooooooJooE+03#
60 9
00 #
00 9

0$
0. 9
G* 9
0. P
(J. #
00 #
00 #
00 9
o* $
()* 9
b. #
00 $
b. 9
0. s
00 s
09 9
G. D
0. s
00 9
O* 9
0. D
O* #
00 9
G. s
0. #
00 #

**O**

1.2010000000900E+OO~
0.

-2.7769235055300E+03:
-2.1597503349ROOE+03~
-4.52232596P2200E+01D
3.3000000000000E-02#
1.6590000990000E-05#
0.
1.0000OOOOOOOOOE-06:
7.0500000000000E-01~
0. 9

0.
0.
0.
0.
0.
00
0.
o*
0.
0.
09
0.
0.
0.
0.
00
00
09
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- ..
SN

MMAT
NV

$ENQ

SD4T
IEXD
IBRN
IVIS
VFACT
R!+oo

%
EO
Uo
$DL

no
z
E
VC.J
DCJ
qCJUV
ND1/f)T
BPCJ
AHINP
DWDT

,

I

~~s

9UA
9U9
9iJMAX
8iJDV

SFwi)

●

✘ -L
***** AU

0s
0s
on

2.0000000000300E+OO~
1.9260000000000E+01,
1.0000OOOOOOOOOE-06~
3.0000000000000E+02,
0. 9
0.
300750000000000E-01:
1.0000OOOOOOOOOE-02~
0.

-5.1941782941600E+03;
-5.8203419236900E+02s
2.0000000000300E+OOS
5.197505197DOOOE-02~
V*
3.0000000000000E+02:
0.
50000000GOOOOOOE-02;
0.
lmooooowoooooowoo;
5.0000000000000E+03s
1.3360000000000E+03~
G. 9
0. 9
00 #

0s
Go s
Cle >
0. 9
u. D
00 s
00 B
0. 9
09 D
b. s
Go 9
0. 9
0. #
0. $
06 s
09 9
O* #
O* #
00 9
0. #
O* s
b. 8
0. 9
0. 9
09 0
Oe D

●☛☛☛☛

1.5600000000000E+OOp
0.

-3.@449405?50300E+03:
-?.6112P96415500E+!)3~
-4.8455143294100E+Ol~
3.12!)oooooOOOOOE-02p
1.4200090000000E-05$
0.
1.0000OOOOOOOOOE-06:
O* 9
0. 9

O*
0.
0.
0.
0.
0.
0.
00
0.
00
09
0.
0.
0.
0.
0.
00
08
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$941
IEXP
IBRN
IvIS
VF4CT
RAOO
PO
TJ
EO
IJO
SgL

No
7.

~

VC J
DCJ

RCJUP
NDwDT
BDcJ
A~INP
DiloT

B(JA ●

9U3 =
9UW4X ●

BU9V =
SEN9

O*
0$
09

Z.0000600000000E+OOS
lo1340000000000E+OlS
l*OOOOOOOOOOOOOE-06P
3.0uuOOOOOOOOOOE+02p
0. 9
o*
2,0280000009000E-01:
1.0000OOOOOOOOOE-03s
0.
4.4550742326900E+i)2:
2.2953413952900E+Olp
2.d34uOOOOOOOOOE+OO#
8.918342151b800E-02~
1.uOOOOOOOOOOOOE-OIS
3.0dO0900000000E+02~
u. #
00 9
08
1.0000ooOOOOOOOE+OO;
3.500000GuOOOOOE+03~
5.990uOOGOOOOOOE+02P
0. 9
O* 9
00 $

09
0. s
(J* s
o* 9
0. 9
0. #
0. $
G. $
00 #
o* 9
0. 9
G. ●

09 D
09 9
0. P
C40 9
0. #
08 9
o* s
00 s
00 s
0. P
00 s
u. s
00 s
o* 9

●☛☛☛☛

le5170000009000E+OO~
0.
3.9729257221900E+02:
1.699275143B400E+02s
4,q665122596100E-ols
3.0000OOOOOOOOOE-02D
2.8370000000000E-05p
2.0009000000000E-02P
1.000ooooooooooE-06#
0.
1.0000030000000E-06:

o.
o*
0.
09
0.
0.
o*
o.
0.
0.
o*
0.
0.
00
O*
o*
o*
o.
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SDAT
r~xp
IBRN
XVIS
VFACT
f?~n(l
Po
To
EO
Uo
SgL

Uo

;
VCJ
DCJ
92JIJ0
N!JUOT
9Pc J
AMINP
OUOT

GAS

8UA
9UB
BU~AX
61J3v

SEVO

8

O*
0s
0$

2.0000OOOOOOOOOE+OO*
10891oOOOOOOOOOE+O1S
l* OOOOOOOOOOOOOE-06D
3.0000000000000E+02~
0. s
0.
2e540UOOOOOOOOOE-Ol;
1.0000OOOOOOOOOE-04~
O*
6.1OO9951139OOOE+O2:

-2a203731627?600E+Ol~
2.tiOOUOOb600~OOE+OOP
5,2882072600000E-02#
0.
3.3uGOOOOOW3000E+02;
o* #
u. s
0.
lwOOOOOOOOOOOOE+OO;
O*
O*
00
0.
0.

00
0.
o*
0.
09
0.
u.
0.
09
00
00
09
0.
0.
().
0.
09
u.
o*
00
00
0.
o*
09
0.

●☛☛☛☛

1.500000000c)OOOE+OO?
0.
B.1777341466300E+02;
9.0904269245400E+01P

-4.@735636fj43100E+OOP
2.7bOOOOOOOOOOOE-02#
1.1666030000000E-05P
00
1.0009090000000E-06:
0.
1.0000OOOOOOOOOE-06:

o.
0.
0.
0,
0.
o*
O*
0.
0.
0.
0.
O*
0.
O*
0,
0.
0.
0,
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SN
NM4T
VN

SENO

SDAT
IE%P
IBRN
IVIS
vFAcT
R~OO
Po
TO
Eo
Uo
SIYL

Ua
i!
E
VCJ
DCJ
BCJUP
NDtiDT
BPc J
AMINP
DUDT

GAS

BUA
9U9
BUWAX
BUOV

● 10$
w -1s

XX*XX 301 POLYIMIDE

00
0s
z#

2.0000000000000E-03#
1.4140000000000E+OO~
0.
3.doOOOOOOOOOOOE+02:
00 D
00
2.65WOOC)OOOOOOE-01;
4.4878000090000E-01#
406860000000000E-01~
00 D
0.
leOOOOOOOOOOfJOOE+OO:
7.072135785000UE-OIJ
09
3.wooOOOUOOOOOE+02:
be P
00
4.4878000000000E-01:
1.U060000000000E+OOB
0.
00
0.
0.
0.

(J.
0.
o*
09
0.
c).
00
00
0.
O*
09
6.
0.
o*
60
O*
00
o*
()*
00
O*
0.
0.
00
00

*****

1,51OOOOOOOOOOOE+OO,
4.9090000000000E-01~
0. s
0. 9
o*
2.5000000000000E-O1;
1.0000099000000E-05B
0. D
00 $
0. 9
0. 9

0.
o*
0.
0.
0.
08
0.
0.
O*
0.
00
00
0.
0,
00
0.
00
0.
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-..
5N
NH4T
NW

$ENo

SOAT
IEXP
I?RN
IVIS
VF4CT
RL400

::
Fo
Uo
S IYL

do
?
E
VC J
OtJ
8CJUP
?JDuDT
gOc J
AN[NP
DwDT

G&S

glJA

9 IJ9
9UHAX
OUDV

w 119
● -19

●**** PLEXG

09
OD
0$

2.0900000000000E+OOP
1.L800000000900E+OO*
lCOOOOOOOOOOOOOE-06D
3.0000000000000E+02B
0. 9
09
2.432uOOOOOOOOOE-O1;
1.0000OOOOOOOOOE-04?
G.

-4.2495037136800E+OO:
-300863807557200E+01,

1000ooOOWOOOOOE+OOS
8.4745762700000E-01~
1.000000GOOOOOOE+02S
3000uUOOGOOOOOOE+02S
0. #
be #
O*
1.3000090uOOOOOE+OO:
O*
0.
09
0.
60

0.
G*
0.
00
Go
00
00
o*
0.
G.

0.
00
u.
G.
O*
0.
09
0.
60
09
00
6.
0.
d.
0.

●☛☛☛☛

1.5785000000000E+O09
0.
5.2938024350600E+OO:

‘1.5505557633200E+Ol#
-1c4670919373900E +01s
3.5000000000000E-01#
1.0000000000300E-04?
1.0000000000000E+30#
I*OOOOOOOOOW)OOE-06*
0.
1.0000090000000E-06:

0.
0.
0.
0.
0.
o*
00
0.
0.
0.
0.
0.
o*
0.
00
09
00
o*

SEND
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SN

S9AT
IEXP =
I$)QN =
IVIS =
VFACT =
i?~go =
Po =
TO ●

●

:; ●

SOL =

Uo
z
E
vCJ
flCJ
9CJUP
NDWDT
B~CJ
ANIWP
DbfOT

-
m
9
9

m
m
m
w
●

m

GAS =

6UA =
B(J9 =
9U~AX =
BUOV =

SENO

0s
09
0s

2*GOOOOOOOOOOOOE+OOP
9.15000i10000000E-01~
l*OUOOOOOOOOOOOE-069
3.0000000000000E+02s
!)0 #
O*
2.9010000003000E-01:
1.0000OOOOOOOOOE-02#
O* s
0. 9

0.
5.GooOOOOOOOOOOE-01:
1.0928951750000E+OO#
G*
3.0000000000000E+02:
0. #
00 9
00
1000GuOOOOOOOOOE+OO:
00 9
Go #
09 9
00 s
0. P

0s
00 P
0. ●

o* ●

o* #
09 9
0. 9
0. #
o* 9
o* D
00 #
00 s
09 9
00 9
0. $
0. #
0. s
0. $
0. 9
0. 9
0. #
o* 9
00 s
0. J
00 D
o* s

*****

1.491OO3OOOOOOOE+OO9
0. s
0. #
0. #
0,
5.0000oOOOOOOOOE-01:
1.0000OOOOOOOOOE-04#
0.
1.0000OOOOOOOOOE-06:
0. D
0. 9

0.
0s
0.
00
o*
09
D.
09
0.
0.
0.
0.
08
0.
0.
0.
0.
0.
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SN
NM4T ● 13s
NN = -10

SEND
●**** FOAM

SDAT
IEYP
19QN
IVIS
VFbCT
RHIIO
Do

To
Eo
Uo
~n~

Vfi)
i!
E
VC J
~CJ

RcJUP
NDMDT
9PcJ
AMIND

OUDT

Glis

m
●

9
m
●

9
8
9
■

m

lD
18
08

2.uoOOOOOOOOOOOE+OO~
2.5600000000000E-Olp
190000000000000E-069
3.3GOOUOOOOOOOOE+02~
u. s
00
1.a030000000000E-02:
1.dOOOOOOOOOOOOE-03S
0.
6.5738798524400E-O1;

-3.2818147067500E+01D
1.0000oOOOOOOOOE-01~
3.9062500000000E+OOB
O*
3.0aOGOOOOOOOOOE+02;
6. 9
O* #
0.
laoOOOOWOOOOOOE+OO:
00 9
00
2.5UGOUOQOOOOOOE+OO;
2.5000000000000E+O0,
0. D

0s
0. 9
G. #
0. #
09 9
00 s
0. 9
0. $
00 s
00 #
00 8
0. 9
L)*

-2,3056290298900E+OO:
4.16247i)b382900E-02#
1,37108419343OOE-O2S
3.5139377096100E-01#
8.695425%906300E-06#
8.535852+401000E+OO#

-1oO822141O511OOE-O1S
9,1399+390bb400E-03m
1.0000oOOOOOOOOE-01~
0. 9
0. ●

O* 8
09 $

●☛☛☛☛

1.40000i30000000E+O09
08
5.7795095?89400E+OO:
5,2908B52170300E+OOB
3.7389Q90213ROOE+Ol#
5.0000OOOOOOOOOE-01~
190000000000000E-05*
0.
1.0000OOOOOOOOOE-06:
0. s

.08 D

09 s
09 9

08 9

09 $
O* #
00 9

0. 9

0. #
08 9
o*

-2.0327298174000E+OO:
-8.5046298250600E-03p
-nC13q1769155qooE-ol#

3.4051522790100E-02~
-2.61b5006722~OOE-05#
-4.9068713Q91300E-OIS
6.46801727551OOE-O2S
5.0000OOOOOOOOOE-Olp

331



SN
NflAT ● 1+s
NN = -ID

SEND
***** AIR 1

SDAT
IEXD =
I13RN =
IVIS =
VFACT =
Rq~() ●

Po =
TO =
Eo ■

11~ =
SOL =

do *
7 w
E=
V:J ■

DCJ =
BCJUP =
NDdDT =
BPcJ =
4MINP ●

DUIIT -

G&s ●

O(JA =
qu3 =
qlJMAx =
BUOV =

tENfl

18
OP
0s

1.wJOOO06000000E-02#
2.2022200000000E-03#
1.1oOOOOOOOOOOOE-O5S
3.00000aOOOOOOOE+02#
3.uooGoOCNOOOOOE-03P
00 9
09 9
0. #
09 9
O* ●

u. 9
O*
+.540B723aOOOOOE+02:
o*
3.dOO@GOOOOOOOE+02:
(/.
0.
60
00
o*
0.
09
00
00

0.
Go
09
0.
00
0.
0.
0.
0.
0.
00
0.

-b.4815597907600E-01#
2.2211209300100E-01#

-107B38446631100E-03s
305923780267100E-01s
1.6963777637300E-03s
8.713b933986300E+OO#
4.790239G066100E-02s

-2.1837533877900E-03s
1oOOOOOOOOOOOOOE-O1S
09 9
00 8
0. s
O* #

*****

0. 9

0. P

0. s
09 s
00 $
o*
100000000000000E-05:
o*
1.1OOOOOOOOOOOOE-O5;
o* 9
o* t

0. 9

0. D

0. s
09 s
0. 9

0. ●

0. P

0. .9

o* #
0.

-2.3284494242200E+oO:
-9.8771B!39708400E-93D
-1.7129377158500E-01~

2.4989330519100E-02,
7.3Q78993972900E-05D

-408115Q47b96200E-01~
5.9R9074~038100E-03#
5.0009000000000E-01~
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●
SN

N4AT = 15#
NV _ -1s

SEND
****+ AIR 2

SDAT
IEXP
18RN
IVIS
vFACT
RHQO
Po
TO
Eo
Uo
S~L

Vo
2
E
vCJ
OCJ
9CJUP
NDUDT
9PCJ
AMINO
L)UDT

BI!A =
9LJ9 ●

quw~x =
Buov =

SENo

1s
09
19

2.0000OOOOOOOOOE-OIP
9024b2900000000E-04#
6.00IWOOOOOOOOOE-07~
3.0000GOOOOOOoOE+02#
2.96b8800000000E-03~
u. P
cl. 9
00 8
0, s
0. #
(I. #
09
9.2965314640000E+02:
00
3.00UOOOUOO0300E+02;
00
00
0.
0.
00
00
0.
O*
0.

o*
ct.
0.
00
00
0.
00
0.
0.
09
00
00

-4.5925651463400E+OO#
-2.1288704554600E-OIS
-4.6651572500600E-03 s
8.59669028575aOE-02~

-1.27025922%7200E-04~
8.1411219425200E+OOS

‘2.1837b86705400E-01~
‘4.7035249074400E-03p

1.0000oOOOOOOOOE-Olp
o* 9
09 s
0. #
Q* 9

●☛☛☛☛

o* ●

09 s
00 9

0. 9

0. ●

0. s
00 9

O*
lm0300000000000E-Ob:
00 8
0. #

0. D
O* 9

0. #
0. s
00 9

0. s
0. $

o* 9

0. s
0.

-Q. 1684449125200E-01:
5.4146702Q54700E-02#

-106191507q89ROOE+OOS
1c6688939090400E-03s

-3.4389375401OOOE-O6S
1oOO9Q6I9O8O7OOE-O1S
5.4901424967700E-02D
5.0000OOOOOOOOOE-01~
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SN
NMAT = 16s
N~ 8 -1s

$EVD
***XX BAHE

$3AT
IEXP =
I@RN =
IVIS =
VF4CT =
QqfIo =
Po =
TO ●

EO =
.UO =
j~L =

MO =
~ 9

E=
VCJ ●

L)CJ =
BCJUO =
w49T =
fIPcJ =
AMINP =
DdDT ■

GAS ■

8UA -
8U9 =
guMAx =
BUDV ●

SEND

1s
3s

z.000::OOOOOOOOE+OO~
2,60400Q(IOOOOOOE+OOS
1.0000000000000E-06s
3.d9CIOudC)O09000E+02#
0. 9
00
2.715GOaOOOOOOOE-01:
1000oOOOOOOOOOOE-O1,
0.

->.831378Z208900E+01:
-802009910278300E+OO#
6.7470000000000E-01#
3*a402457700000E-ol#
00
3.00000~OOOOOOOE+02:
0. t
b. s
0.
MIOOOOOOOOOOOE+OO:
09 #
09
4.886GOOGOOOOOOE-01:
40B300000000000E-01$

0.
4.3255033000000E-01:
7.6787070000000E-03#

*****

2.9760000000000E+OO#
0.

-8A66184Q555200E+OO:
-6c9716341095OOOE+O1S
2.0?19!J56900900E+01s
4.0000090000000E-01~
5.000!)090000000E-05#
0.
1.0000OOOOOOOOOE-06:
o* s
0. 8

0.
-2.1397537000000E+OO:
8.504b!J!lbOOOOoOE-02~
2.6461528000000E-04?

-1.430i)OOOOOOOOOE+OO#
0.
5.0000ooooOOOOOE-01:
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*N
NflAT = 17$
NW ~ -1$

SEMD
●*$?* YQ ARRHENIU$

$DAT
ICXP
19RN
IVIS
VFACT
RMOO

i’:
EO
Uo
SOL

Uo
z
E
VCJ
DCJ
@CJuP
NDUC)T
BOcJ
ANINP
OWOT

G&$ ●

18
0s
19

4eoooooOOOOOOOOE-01#
le714UOlGOOOOOOE+OO#
1.0000OOOOOOOOOE-06S
3,0000000000000E+02B
00 ●

0.
2.3440000003000E-01:
1.000ooooooooooE-06#
00

-5*290171O5896OOE+O1;
-8a1576457J53800E+OlS
5.00u0OOOOOOOOOE-OIS
5.8343057000000E-01#
0.
3.i)OOOOdOOO0900E+02:
o* #
0. #
00
1.0000LwOOOOOOE+OO:
‘O*
4.500GoOGUOOOOOE+04:
09 9
00 ●

08 9
0s

cl. 9
0. #
09 s
0. P
0. 9
O* 9
00 P
0. t
0. 9
0. #
G. 9
00

-3.7984107O524OOE+OO:
l,3602389047600E-01#

-lob149804591500E-Ols
5.1283010050500E-01#
3.8767269529200E-03P
7e2000000000000E+OOD

-1.7250193817700E-018
-1C5260936054800E-OIS

l.OOOO@OOOOOOOE-O1#
09 9
0. D
0. $
0. s

●☛☛☛☛

1.7509000000000E+OO#
0.

-4.3;7566272B300E+OO:
-1.013414165460aE+02p
-2.16f19340014100E+OlS
1.0000OOOOOOOOOE+OOS
5.0000ooOOOOOOOE-05~
0.
1.0000OOOOOOOOOE-06:
0.
1.0000oOOOOOOOOF-96:

o.
0.
0,
00
0.
0.
0.
0.
00
0. $

-3*036039*334QOOE+O09
-1c4409QQ24621OOE-O1$
-1.605Q840383600E+OO#
7.7617166547600E-02P

-!3.9008825467300E-05P
-8.8963147931300E-01#
-1.30743%2573300E-OIP
5.0000OOOOOOOOOE-01,
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SN
N~AT = 18s
NN = -19

SEND
**$** NQ FOREST FIRE

SDAT
IEXP
IBRN
IVIS
VFACT
RHOO

;:
EO
Uo
SIIL

MO
z
E
VC J
DCJ
9CJUP
NDuDT
flOcJ

A!41NP
OUOT

GAS

BUA
BU9
8UMAX
BUDV

SEND

1s
4.0000OOOOOOOOOE-Oln
1.6990000000000E+OOn
19uooouooooooooE-06#
3.000000COOOOOOE+02,
0. 9
00
3000(JOI)OOOOOOOOE-01:
09 #
0.

-5.29817105995OOE+O1:
-8.1576457053000E+Ol#
1.500C)OOOOOOOOOE+OO~
5.B858151OOOOOOE-O1S
0.
3.0006000000000E+02:
09 9
G. s
0.
1.0000OOGOOOOOOE+OO:
0. #
0. 9
6. 9
o* $
00 D

15#
2.90CJOGOOOOOOOOE-OIS
5.000LJOOO090000E-02,
4.9202389622500E+13~
1.1697639473600E+14P
3.l17334b662~OOE+13s
2.0822288929400E+12D
4.2189947999700E+10#
Z.5b29565712500E+08#

,3.7304675705800E+05~
3.3511179937000E+01B
09 #
0.

-3.7813223223600E+OO:
4.5780376665900E-OIS

-308759650139800E-OIS
5.3353834+11400E-OIS
7e3248274107000E-03n
6.7027481505400E+OO#
1.7172154149600E-OIP

-308360574585200E-OIS
leOOOOOOOOOOOOOE-01~
0. 9
0. #
0. $
0. s

●☛☛☛☛

1.7950000000000E+OOP
00

-4.3375662728300E+OO:
-1s0134141654400E+02s
-2.I68U34OO141OOE+O1S
1.0000090000000E+OOP
5.0000oOOOOOOOOE-05n
0.
1.0000OOOOOOOOOE-06:
0. 9
0. P

-1.1233545305500E+14R
-7035591q0215000E+13s
-9e4073157340500E+12#
-3.4297744207900E+11P
-3,fJ511339183400E+09n
‘1.2022334049f100E+07#
-6.6173053564300E+03s
0. 9
0. 9
09

-208669072289500E+OO:
-2e1393476004!?OOE-Oln
-1.58131?14217000E+OO~
9.10386245891OOE-O2R
2e3436649022400E-04~

-6.6694075746100E-01P
-2.3654570859100E-01#
5.0000OOOOOOOOOE-OID
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gN

NWAT =
NN =

SEW)
*****

SDAT
IEXP
I RRN
IVIS
VF4CT
RHno

%
EO
Uo
SQL

Uo
~

E
VCJ
DCJ
BCJW
NnuOT
8D~J

A!IINP
!)doT

●

-

9
8
●

●

m
m

w
m

GAS ●

BUA =
B{lq 9
BUMAX =
BUDV ■

SEN9

198
-lD

COMP B SHARP SHOCK

19
38
0s

3.5000000000000E+OOn
1.7130000000000E+O09
1.0000OOOOOOOOOE-Ob#
3.000000GOOOOOOE+02#
00 9
0.
2.4000000000000E-O1;
1.0000oOOOOOOOOE-030
0.

-7.3193114947300E+01:
-6~55497tJ0378000E+Ol~

8.QOOOOOOOOOOOOE-01#
5m0309037909300E-OID
00
3.uooOOWOOOOOE+02;
G* ●

00 ●

0.
1.0000W@OOOOOE+OO;
o* 9
0.
6.0300000000000E-01:
8.G30000CN)30000E-01,
00 s

09
00 ●

00 #
00 9

0. 9

00 #
09 #
0. $

0. s
00 D

o* ●

0. ●

G*
-305630947z34000E+OO:
0. s
O*
5.1979454280230E-01:
3.2585940953bOOE-03s
00 ●

0. $
0.
1.0000ooooOOOOOE-01:
0. #
0. 0
0. D
0. ●

●☛☛☛☛

2.5500000000000E+OO#
0. 9

-9.3035923780500E +00~
-10198$90972O7OOE+O2S

8.PR110326591OOE-O1S
2.!J900030000000E-01#
5.0000000000900E-05p
00
1.0000030000000E-M;
0.
1.0003000000000E-06:

0. D
00 9

00 9

o* #
00 9

09 9

0. 9
0. 9

0. ●

0.
-2.7600030000000E+OO:
09

-le5607327324500E+OO:
607Q91!599954500E-02J
2.2709937422000E-05#

-50 52264241OOOOOE-O1S
0.
s.0000OOOOOOOOOE-O1;
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-..
$N

M*hr

NN
:E’41)

$D4T
IEXP

19QN
IVIS
VFACT
?~oi)

%
EO
IJo
SgL

U3
z

;CJ
OCJ
PCJUp
NDdDT
9PCJ

441N0

DUDT

GAS

9UA
BIIB
gu~AX
BgOv

SENO

338

w 20s
m -10

***** COMP 5 CJ(ARRH)

lD
18
0s

3.5QOUOOOOOOOOOE+O09
1.73GOOOOOOOOOOE+OO*
1.0000OOOOOOOOOE-Obs
3,0000000000000E+02#
0. $
o*
2.31OOLIOOOOOOOOE-O1:
1.oooouOOOOOOOOE-02#

●☛☛☛☛

1.l!300000000000E+OO~
0.

Go -8m4482247659700E+OO;
-7.6697948971400E+01: -le4nR07~8590100E+02,
-lm226b687B62300E+02# -
2.00i)oOOOOOOOOOE+OOP
5.7803+6B203000E-01,
O*
3.0(300000000000E+02:
00 D
O* s
0.
1.0000OOOOOOO~OE+OO;
1.w300000000000E+13s
4.500000uOOO~OOE+04~
4.3311700000000E-019
4.3311700000000E-010
6. s

08
Ue 9
0. s
0. s
0. 9
0. 9
G* 9
09 #
6. #
0. $
o* $
Ga $
0.

-3*810149221O2OOE+OO;
09 $
00
5.0113382815600E-01:
5.3425796030900E-03#
7.508177290B100E+OO#
50867O14O66*1OOE-O2S

-7.u630889677900E-03s
L.uoOOOOOUOOOOOE-OIS
0. s
0. 9
0. 9
60 9

-3.4139045957900E+01s
2.5000000000000E-OIP
5.0000OOOOOOOOOE-05#
00
1.0000OOOOOOOOOE-06:
o* s
0. 0

0. #
00 9

00 #
09 #
0. 9

0. $

0. 9

0. 9
0. 9

00
-2098B7450000000E+oo;
00

-1059352416195OOE+OO:
7.8549138663000E-02#
1.278394B755700E-04#

-4,5925899205700E-01#
2.1635450837900E-02s
5.000!)OOOOOOOOOE-019



●

SDAT
IExP =
16RN =
Ivxs ●

VFhCT =
IZHOO =

m
:: ●

EO =
Uo ■

SQL =

Uo =
7=
E=
v~J .
DCJ =
BCJUP =
NDUDT =
BPCJ =
AMINP s

DdCIT ●

GAS ●

91JA *
8U3 =
@uMAx _
Buov ●

SEND

1s
1s
08

L.5000~OOOOOOOOE+OO#
l,8440000000000E+OO#
LSUOOU900000000E-06P
3.000000000aOOOE+02#
09 #
Oe

2.7150~Ob(JOOOOOE-01:
1000OOOOOOOOOOOE-O1}
00 ;

-5m8313792209900E+Ol:
-8.2009910278300E+OO#
6.747uOOOOOOOOOE-01#
5.422993500JOOOE-01#
09
3.0000000003000E+02:
O* ‘ #
00 #

00 :
J.000uoooOOOOOOE+OO;
09 s
0.
4.1318000000000E-01;
4.1318udouoOOOOE-01#
00 D

OD
o* , 9
0. s
O* #
o* D
0. I P
09

I
9

00 9

00 ●

Oe ; #
0. ; 9
0. ●

00
-3.9071763513500E+30:
00 ; #
0. :
5.2133755898000E-01:
6.23921b2210300E-03#
0. I ●

Oa ●

0. \

1.0000oOOOOOOOOE-01:

●4***

2.5740000000000E+OO#
0.

-8.6561849555200E+90;
-6.9716341OB5OOOE+O1S

2.0719556900800E+01B
4.0000OOOOOOOOOE-01~
5.0000oOOOOOOOOE-05~
00
1.0000OOOOOOOOOE-06:
0.

.1.0000OOOfJOOOOOE-Ob;

0. 9

0. s
0. #
00 #
o. ●

0. 9
0. P

0. 9
0. 9

0.
-3.2000090000000E+OO:
0.

-1*6380521783QOOE +90:
8.575?555186200E-02s
1.65b3329597bOOE-04~

-la1085bOOOOOOOOE+OO#
Oe
5.0000OOOOOOOOOE-01:

I
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A .,

SY

Nf’lAT . 22s
NN = -1s

SEN9
***** 94o4 aUILQ UP EOS

SDAT
IEXO

19RN

IVIS
VFACT
RHOO
PO
TO
EO
Uo
S5L

30
z
E
VCJ
DCJ
BCJUP
NDW’)T
BPcJ
AHINP
o#oT

auA ■

9U9 =
BUMAX ●

BUDV =
$FND

5#
19
o#

2.5dOO030000000E+OOD
1.8440000000000E+OOS
l*oooooooooooooE-06#
3.uooGOUOOOOOOOE+02S
0. 9
09
2.7150000000000E-01:
1.uOGGOOOOOOOOOE-01*
0.

-508313782208900E+01:
‘8.2L)09910278300E+OO~

6.7470GOOOOOOOOE-OIS
5.4229935000000E-OIC
0.
3.0000000000000E+02:
0. #
00 $
0.
l.dooooooOOOJOOE+OO:
0. 9
0.
4.146995GOOOOOOE-01:
4.1469950000000E-01#
0. 9

0)
00 P
0. 9
00 $
G. 9
o* #
0. 9
O* 9
0. 9
O* #
69 9
0. B
08

-3,9513022262000E+OO:
0s 9
0.
5.1809393382100E-ol:
6.5604492690900E-03#
00 #
u. #
0.
l.OOOOOOOOOOOOOE-O1:
2.6800000000000E+OO#
1.39000000aOOOOE+OO#
3.7000000090000E+OO#
8.90000000013000E-01#

●☛☛☛☛

2.5760000000000E+O0,

-::6661849555200E+OO:
-6.9716341085OOOE+O1S
2.0719556900ROOE+01S
4.0000oOOOOOOOOE-019
5.0000OOOOOOOOOE-05#
00
1.0000OOOOOOOOOE-36:
09
1.0000000000000E-06:

08 $
0. s
0. #
0. $

00 #
0. s
o. 9

09 #
0. P

00
-3.2500000000000E+OO:
0.

-la642705245Q600E+OO:
8.730125Q3@9500F-02#
1.8255953940800E-04#

-lo166989416~~OOE+OOs
0.
5.0000oOOOOOOOOE-O1;
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I
I

I
I

$N
N4AT
NN

SEVD

SOAT
IEXO
IBRN
IVIS
VFACT
QHOO
P()

To
EO
Uo
snL

‘do
z
E
VCJ
DCJ
9CJU0
NOUDT

BOt J
AMINP

DW9T

G*S

RUA
BUB
ewhx
BUDV

9 23~
- -1s

***** 9404 GAM~A LAW

1s
28
00

2.5000000000000E+OOB
1.8440600000000E+OO#
1OOOO(JOOOOOOOOOE-O69
3.0000000003000E+02,
0. ●

0.
2.7150000000JOOE-01:
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4.2652426469100E-03s
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‘101453249820600E-02$
1OOOOOOOOOOOOOOE-O1D
Oe s
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1.8830000000000E+130n
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0. 9
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1.3908357850800E-02D

-1s6191304113300E+OOS
4.775065941O7OOE-O2*
1,0467999990200E-04s
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3.3027740221900E-02p
5.0000oOOOOOOOOE-01~
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NMAT
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SCi4T
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Iil RN
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!:
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8
●

9
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●
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1P

4.00o0ooOOOOOOOE-01#
1.74100Q6000000E+OO~
1.0000OOOOOOOOOE-Ob~
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09 $
00
2.6200000000000E-01:
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2.9147295142500E+06~
3.469Z852517900E+02*
0. D
(J. 9

m -308151151160bOOE+OO~
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m 0. #
m 0. 9
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*****
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00

-1oO9455614795OOE+O1:
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1.0000090000000E+OOD
5.0000OOOOOOOOOE-05D
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1.0000OOOOOOOOOE-06:
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1.0000OOOOOOOOOE-06:

-4a048$613115500F+15s
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-4.14918819102OOE+1OS
-19030b137019700E+Ofl,
-4.9191520774900E+04D

09 #
0. 9
0.

-2g6~20304590R00E+00;
1c1OO81772756OOE-O1S

-1.5324690993000E+30p
1.109912178O6OOE-O1,
4.3719078163900E-04p

-4.7@24523434400E-OID
7.4133402313400E-03s
!5.0000ooOOOOOOOE-01#
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0. 9

00 s
0.
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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 span, 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

TO = initial

ZI = initial

If ROW is not

library. An input

density in g/cm3

temperature in K

internal energy (Mbar-crn3/g)

input, the code will obtain this quantity from the SESAME

value will override the SESAME number. Parameters TO and

ZI default to zero.

from

gas,

If the user specifies TO # O and if ZI = O, the code will calculate ZI

ROW and TO. This feature is especially useful when the material is a

but it can be used for solids and liquids as well.

2. Density and Energy Scaling. In NAMELIST ESC,

SR = density scale factor (default = 1)

ES = energy shift in Mbar-cm3/g(default = o)

Using these parameters, the EOS is scaled according to the following

relations.

P(p,E) = pTm(PT>ET) s

PT =SR*P ,

ET = (E +ES)/SR ,

(1)

where P, p, and E are the pressure, density, and energy variables used by the

E ) is the tabular EOS.code, and PTM(PT, ~
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The parameter SR is useful for

atomic weight for the EOS table, an

setting

SR =

treating isotopic

EOS for an atomic

L/A .

mixtures. If AT is the

weight A is obtained by

(2)
&

For example, set SR = Z to scale the SESAME D2 EOS, #5263, to H2. Similarly,

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 %amp” option, discussed below.

3. Foams and Phase Transitions. In NAMELIST ESC,

Al, A2, A3 = ramp parameters (default = O)

ES = energy shift in Mbar-cm3/g (default = O)

IRV = reversible/irreversibleflag (default = O)

EM = “melt” energy in Mbar-cm3/g (default = 1000)

For treatment of foams and certain types 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

P = Al(P/PO -

where p. is the initial density (ROW) and

~ can be computed from

given by

1) ,

Al is the bulk modulus in Mbar.

‘1 = O.olpoc:

-.

where Co is the bulk sound speed in lan/s. If Al = O, no ramp calculation

is performed.

(3)

(4)

349



At some pressure Pi,

to the high-density phase

the crush curve is

the material will begin to “crush,” or transform

which is described by the SESAME EOS. The EOS of

P = A2(p/Po -AJ ●

(If A2 = O, 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

(5)

‘iAl

‘2 = Pi +Al(l - AJ (Mbar). (6)

The transition pressure for foams is usually rather small (<1 kbar). For a

phase transition, Pi must be obtained from experiment. The parameter As can

be adjusted to give the correct slope of the crush curve. In the absence of

data, the default value (A3 =

At some pressure Pf, the

point, the cell is said to be

either reversibly (follow the

O) should give acceptable results.

ramp crosses the SESAME hydrostat. At that

“crushed.” Subsequently, the material may behave

ramp on expansion) or irreversibly (stay in the

high~enaity phase

transitionsmay be

on expaaaion]. Foaps ●re norwally irreversible,but phase

either. The behavior is controlled by setting

~V . 1 reversible,
O irreversible,

(7)

where the default is IRV = O. In HYDROX, the material will also behave

irreversibly if it melts;

upon the path and must be

is sufficiently high that

i.e;, if the melt energy EM is exceeded.

treated carefully. The default value (EM

“melting” will not occur in most cases of

EM depends

= 1000)

interest.

For foams, the energy shift ES should be set

tions, set

ES = ~E (initial.+final)

to zero. For phase transi-
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@

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 metastable, ES is yositive.
t

40 Interpolation Option. In NAMELIST INP, set

IFN = O rational function algorithm,

IFN = 1 bilinear algorithm,

where the default is IFN = O. 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

S~OQT SU9QARY FOR VERSIW 67 f)FSESA~E LI~QAt
DATED 91280 F~R 45 ~ATER14LS

Nu~9ER ~4TERIAL ZBAR A9AR 00 TA
1560 URANIUM 92.0 239.0 19.0 10
2020 REQYLLIU~ 4.0 990 108 10
2021 BERYLLIUM +00 9.0 1.9 10
2140 IRflN
2144 IRON

26.0 5509 7.9 10
26.0 55.9 7.9 10

2145 IRDN - REACTOR SAFET 26oO 55.9 7.a 10
2~oo LITAIUH 3*O 6.9
2445 SDOIU~

●s 10
11,0 23.0 100 10

2466 Soosull 2.300 2s00 1.0 10
2449 SWILM 11.0 2390 100 10
2700 WJLD 79.0 197.0 19.3 10
2701 GOLD 79.0 197.0 19.3 10
2980 HOLYBOENUM 42.0 95.9 10.2 10
3100 NICKEL 2$.0 59.7 8.0 10
9200 LEA9 82.0 207.2 11.3 10
3330 CWPER 2990 63.5 8,9 10
3541 TUNGSTEN 74.0 183.9 19.2 10
3710 ALU~INUti 13.0 Z7.O 2.7 10
3730 DL4TINuM 79.0 195.1 zle4 10
4100 BRASS 29.? 65.3 9.9 10
4270 STAINLESS STEEL 25.8 55.4 7,9 10
4271 STEEL z6.o S5.R 7.0 10
5170 ARGON 18.0 3909 105 10
9180 KRYPTON 3500 93.8 2.5 10
5263 DEUTERIUN 100 2.0
5410 NEON

●2 10
10.0 Z9.2 104 to

5500 METHANE Z90 39Z
5501

.$ 10
METt+At4t 200 3.2 .5 10

5760 MELIU4 z-o 4.0 .2 10
7081 B’IR5NcAdQIoE - REAC 5.2 1004 2.3 10
7111 NEVAOA ALLUVIUM 9.4 1*.P Z*4 10
7150 HATER 3*3 6.0 190 10
7151 STEAM 303 5.0 1*O 10
7170 POLYETHYLENE Z.7 4.7 .Q 10
7Z60 LITHIW OEUTERIDE 2*O 4.0 ●8 10
737o LITHIUM dYORIOE 2.0 3.5 .7 10
7380 QU4RTZ Loo Zoo 202 10
7390 wESTERLY GRANITE 1003 Z007 2.6 10
7410 ALUWINA 10*O zoe4 4.0 10
7432 UQAMIUP OIOXIDE 3600 90,0 1100 10
75Z0 MICA 609 13,5 2,7 10
7560 POLYURETHANE 308 7.0 1.3 10

FILE S

.ES
201 30
10Z 20
Zol 30
201 30
102 Zo
10Z Zo
201 30
102 20
102 20
201 30
102 20
201 30
Z31 30
231 30
102 Zo
201 30
201 30
~ol 30
Zol 30
192 20
201 30
Zol 30
102 20
10Z 20
Ioz Zo
Zol 30
10Z Zo
102 20
Zol 30
201 30
201 30
Zol 30
Zol 30
201 30
201 30
Zol 30
Zol 30
201 30
201 30
201 30
201 30
201 30

;2L

301

301
301 401

301
301
401
301

301

301

301
301
301 303

301 401
301 +01

401

401

351

I



352

7590 POLYSTYRENE 3*5 6.5 109 101 201 301
7830 D14~oNo 6.0 12.0 3.5 101 201 301
9180 HIG~ EXPLOSIVE 5.6 11.0 1.8 101 201 301

NOTES.

TABLES 100-199 CONTAIN U~LLEQITW DATA
TABLES 201 CflNTAIN 9ASTC !)tTA
TABLES 301 CONTAIN TCWAL EOS D4TA
T4BLES 303 cfJNTAIU InN E~S OATA
TAaLES 401 CWTAI* VAOQQ17tTIflN OATA
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Domestic
page Ran$e Price

001425 s 5.00
0264S0 6.00
0s 1.075 7.00

076-100 8.00
101-12s 9.00
126-150 10.00

NTIS
Price Code

A02

A03

A04

A05
A06
A07

printed In the United States of Ameria

Amikble from

NXional Tr.chnicaI Infonnatbn ScrviCe
US Department of Commerce

528S Porl ROYd Road
SPIin~Ield, VA 22161

Domestic NTIS
I%ge Range Rim Mm Code

1s1-17s $11.00 A08

176-200 12.00 A09

201-225 13.00 AlO

226-250 14.00 All
251-275 15.00 A12
276-300 16.00 A13

S3.S0 (AO1)

PW RmSe

301-325

326-350

351-375
376400

401425
426450

Domestic NTls
Price Rice Cc.de Page Range

S17.00 A14 451475

1s.00 A15 476-S00

19.00 A16 SOI-525
20.00 A17 526-550
21.00 AIS 5s1-57s
22.00 A19 576400

Domestic NTIS
Mm Price Code

$23.00 A20

24.00 A21

2s.00 A22
26.oo A23

27.00 A24
2s.00 A25

601*p t A99

tAdd S1.00 for each additional 2S-LWC inwemr.nt or portbn thereof from 601 pages up.
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