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FOREWORD

The CGIL camputer code described herein is as it existed on
October 26, 1964. The code has been in continuous development
for three years and in its presented form has been applied
successfully by General Atamic to the kind of problems discussed
in this report. However, the development and imprcvement in
both the physics and mathematics of the code are being continued,
s0 that duplication of resulte (or even close agreement) between
problems run with the code as published and the code as it
existed either before or after this time is not necessarily to
be expected.

Ceneral Atomic has exercised due care in preparation, but
does not warrant the merchantability, accuracy, and completeness
of the code or of its description contained herein. The complexity
of this kind of program precludes any guarantee to that effect. -
Therefore, any user must make his oun determination of the suiia-
bility of the code fur any specific use and of the validity of the
information produced by use of the code.
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1. INTRODUCZION AND ACKNOWIZDGEMENTS

The OIL code is very closely related to familiar particle-in-cell
cotes$1273) any has veen developed by modification of the Gemeral Atamic
particle-in-cell code named SHELL. The basic difference lies in the method
of the mass transport, the OIL scheme being a contimuous mass transport,
vhile the SHELL scheme is discrete. The initial work on a contimuous version
of SHELL was undertaken several years ago by B. E. Preeman and the author.
Since early 1963 the development of the continuous Eulerian has been continued
by J. M. Walsh and the author.

The author is deeply appreciative of the work and consultation given
by B. E. Freeman and J. M. Walsh. The assistance of D. R. Yates and R. H.
FPisher in the autamatic plotting routines us:z_ for the OIL code 1is also
much appreciated.

8ince its original use for the hypervelocity impact ea.lculations(u) 9

the OIL cole has been successfully adapted to several other high energy
fluid dynamic applications.

Detailed descriptions of various problems, especially results for
hypervelocity impact, are given in Ref. 4.

2. CLM

2.1. General Description

CLM 1s the generator code for the OIL cole, and is used to generate
initial values of the variables for each cell in the grid. (An exception
arises for certain simple initial conditions, described in Section 3.2,
vhere it is possible to bypass CLMM and use instead a more economical
routine called SETUP.)

The function of CLAM 1s illustirated by a simple example (Fig. 1). We
wish to generate the following grid: A right circular cylinder of density
1. g/ewd, radius 24 cm, and height 12 cm 1s located at position z = 20 cm
along the axis. A projectile (right cylinder) of density 1. g/cm3, radius
6 cm, and height 12 cm, is located at positions 8-20 along the axis. The
projectile has an initial axial velocity of 1 x 10° cm/sec. The cells are
1l cm on a side.
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{CLAN INPUT )
GAS CGAMMA = 1,5 RHO TARGET = RHO PELLET =l.

1. 24, 3z2. o. 20 0.
0024 1.

1132 1.

2. 3, 80,

1T 01 0. 0. 1.

4 1 0. 6. 8. 20,

S1 1.0 0, 0. 0. O.
52 0. 0. 0. 0. O
53 .01 0, 0. 0. 0.
11 01 0. 0. 1.

4 1 0. 24, 20. 32.

53 0. 0. 0. 0. 0.
2

GAS GAMMA = 1.5 RHO TARGET= RHO PELLET = 1,

PROB. NO, 1,000 =24 4=30
X(1) 1s0,24
0.0 1.0 2.0 3,0
5.0 6.0 7.0 8.0
10.0 11.0 12.0 13.0
15.0 16.0 17.0 18.0
20.9 21.0 22.0 23.0

YiJ) J=0,32

0.0 1.0 2.0 3.0
5.0 6.0 7.0 8.0
10.0 11.0 12.0 13.0
15.0 16.0 17.0 18.0
20.0 21.0 22.0 23.0
25.0 26.0 27.0 28.0
30.0 31. 32.0

OX€1) I=1,24

1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0

4.0
9.0
14.0
19,0
24.0

4.0
9.0
14.0
19.0
24.0
29.0

1.0
1.0
1.0
1.0

0.

07
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oYid) J=1,32,

1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0
1.0 1.C 1.0 1.0 1.0
1.0 1.0 1.0 i.0 1.0
1.0 1.0 i.0 1.0 1.0
1.0 1.0

AREA(S) I=1,48
30141592 9.424778 15.707963 21.991149 28.27433¢
34.557519 40,840705 47.123890 53.407076 59,690261
65. 973447 72.256632 78.539817 84.823003 91.106188
97.389374 103.672559 109.955745 116.238930 122,522116
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128.805300 135.068486 141.371672 147.654856

a

PACKAGE NO, 1 1 PARTICLE JCELL

Al A2 A3 A4 AS Ad

DENSITY 1. 0. 0. 0. 0. 0.

ENERGY 0. 0. 0. 0. 0. c.

YELOCITY 0.01 0. 0. 0. 0. 0.
RECTANGLE~-~~GEN-~~~ 0. €o 8. 20.

I{1)= 1 $ii)= 8 fiNY= 7 JiN)= 21
T2 (X)PARTICLES PE=x6.785839-02 PM=1,357163¢03

PACKAGE NO. 2 1 PARTICLE /CELL
Al A2 A3 A4 AS A6

VELOCITY 0, 0. 0. 0. 0. 0.
RECTANGLE~--~ GEN-—~ 0, 26, 20, 32.
)= 1  Ji1)=20 §iM)=24 JINy =32

288 (X) PARTICLES PE=0, PH =2,171467+04

THE = 6.785838399~2 E = 6.,785839237-2
K. = 0, MX = 2,30718404 M.+ MX = 2,30718404
PARTICLES -~~ 0 oov 360 X 360 TOTAL

TAPE OUMP AT TINME 0. CYCLE O.

N . .
B S W e A

25 LW X A€ 52 T e i
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The coordinztes x(41) =ard ¥(5) of each cell are caleulated from the
D¥'s 2nd DY's they are loaded. Ip addition, Lhe area term (TAU(i)) _
2 2 o
(x(i) - .,(i_l:‘)ﬂ are calesizted.

The next stew is to vroce:zs the vackages (cee Sectiop 2.2); there zre
two ‘n this exauw-le. Package Mumber (1) 41z the vrojectile cnd Package
Yumber {Z) 4is the target.

We cvecify ipe coucrdinates of each packege. In addition, we svecify
tae nuuber of narvicles per cell in each package. Ve acoipgn a density, the
two veloeity coumnonents, and specific internal energy for the package in
guestion. Thepe wmxy ve constants or funcrions of Dotn z and r.

 ATter specifying the coordirates of the vackage, varticles (N, wvhere
N’é wzy range from 1 to 20) are placed in each cell. Each of the particles
is tpen assigned a density, the two veloeiiy comvonents znd specific
internal energy. Thbe cell is divided into N equal parts, and the X
particles placed at the center of these areas. The mass of each particle
it toen iue density (orescribed along with the package 4input; times the
volume of the small subdivision cell of the cell (X). The mass of cell (K)
then 415 the sum of the N particle masses, and both momentz camponents are
calculated as the cum of the individual momenta components of each particle.
Th: internal emergy of eazh celi (K %5 tbe specific interpal energy times
the varticle masc surzed over all N varticies.

In tbe output rovtine these cell guantities are then converted to the
two velocity comoonents and the specific internal energy.

Particles are creatzd, whetber these data zre for an OIL or a SHELL
run, for tie purpose of deccribing tbe many possible geomet:ries and pessible
energy, velocity, and density distributiocns. I this is an OIL run, the
particlee are not written on a tape a5 they would be if this were a SHELL
run. Ore continues to vrocess each cell (XK) within the given package and
the H particles in cell (X).

In this example, it is sufficient to specify only oue perticle per
celil, since the vpackage povndaries coineide with the cell boundaries and
the density, velocities, and internal energy are constapt.
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Lfter processing all packages, one then writes this information about
H the grid and the cells on a2 tape that will be the starting coniitions for
the OTL or SHELL colz (see Bection 2.3.)

The output from CLM, excluding the lopg print, is shown om the listings
) w2035 oyl ho
2.2. Toput Description for CLIM

CL&4 2nd OTL are written in cylindrical coordinates with axial symetry.
In the following discussion and description, X re‘ers to the coordinate R
and T to the coordinate Z. An asterisk before the word signifies that the
data are im floating point; otherwise they are fixed point.

Caxd No. Column No. Description
1 Beafer card, any BCD information in col. 2-T2.
2 # 1-10 Contain the problem mmber. If less than zero,

this +ill be a particle run using SHELL; if
greater than zero, this will be z continuous

run using OIL.

% 11«20 MaX, the nuxbeyr of cells in the X-direction
(maximm of 50.)

% 21-30 JMAX, the munber of cells in the Y-direction
(maximm of 100)

- % 31-40 Biank

% l1-50 2

% 51.60 BB (not used as ipput in CLAM)

% 61-70 59 {not used in CL&M)

* T1-72 N7 (87 = dinary tape mmber)

3 {2 cards is the minimm)

i A{1) indicates that this is the last DX or DY
card to be read in. A{O0) indicates that there
will be more DX or DY data cards.

2 A(O) indicates that we are loading DX date
A(1) indicates DY data.

3-4 Indicate the mumber of zopes that will have

the same DX or DY values that appear in
columns 11-20.

5-6 Indicate the mumber of zopes that will have
the same DX or DY velues that appear in
columns 21-30.
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Descxiption
Indiczie the mpiber of zones that will have
the same IX o DY valmes thet sppear in
colums 31-LD.

Indicate the mmber of zones thet will Lave
the sane X or DY walues that zppear in
columns 41-50.

The valne of IX or DY

The value of IX or DY

The ‘alue of IX or DY

The value of IX or BY

Y1 = the tape mmber of one of the scratch
tapes to be nsed in CILAM znd OTL

X2 = the cther tape mmibexr Tor the scratch
tape. OIL reguives two scrateh tmpes 1T

using the particle transport.

¥i = maximum mmber of particle:z plus one
per tape recoxd, that ClMM will gererste

(maximm value = 130)

Switch {not used)

¥ow we bagin loading the necessary data to generate a package. The
maximm mmiber of packages that nay be generzted is 72; to increase the
maximm regulres changing the dimension stazbements.

1

1
2

51

11-20

31-40

W1-T0

Iosd a2 1 here

A1) impiies that x material will be generated
in this package. A[O) implies thet dot
material will be generated.

(f),ﬂnmnfnerofparticlzspercelltobe
generated, vhere 1 < ¥ £ 20.

YC = Y coocrdinate for the origin of the radlus
vector used in the density, energy, and
velocity fits.

XC = X coordinate for the origin of the radins
vecrtor nsed in the density, energy, and
velocity fits.

TRMP(3) is lomded into S8 (5B contains ibe
mmber {1-6) of the £it for the density,
internal energy, and velocity that will be
assigned to each particle as it is genersted
in this package.

Blank.
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Following the first card of each package are five other types of cards: (

(1) Generate (geametry of package)

(2) Delete card (if needed); there may be more than one
(3) A density card (only one per packege)

(4) An energy card (only one per package)

(5) A velocity card (only one per package)

For card (1) above, CLAM has the following geametric options for generating
or deleting:

1. A rectangle - a 4 in colum 1 ‘
& (1) in column 7 means generate this rectangle
& (0) in colum 7 means delete this rectangle

# 11-20 X1 = the left R coordinate of the rectangle

* 21-30 X2 = the right R coordinate of the rectangle

% 31-40 Y1 = the lower Z coordinate of the rectangle v
# 41-50 Y2 = the upper Z coordinate of the rectangle

2. A triangle -« a 6 in column 1
- a (1) in column 7 means generate this triangle
a (0) in column 7 means delete this triangle.

11-20 X1)
21-30 Y1)
31-40 Xx2)
41-50 ¥2)
51-60 X3)
61-70 Y3)

--Note: Vertices (1-3) can be in any order

* %k Kk % % X

3. Ap ellipse or cirvcle - a 41 in colum (1-2)
g (1) in column 7 means generate this
ellipse or circle
a (0) in colum T means delete this ellipse

or circle

=




T o ;»;.;n}-%w"!! - M:! Ezu,g‘”

ey

T

tigngs i LT B A SR

H
-
J

i .

w e ‘t""

o 1 v s

SR

et

9

* 11-20 The semi-axis in the X-direction if an ellipse or th.
the radii if for a circle
* 21-30 The semi-axis in the Y-direction if an ellipse or
zero if for a circle
31-40 The X-coordinate of the center of ellipse or circle
# L41-50 fThe Y-coordinate of the center of ellipse or circle.

- L. A perturved ellipse - a 61 in colums (1-2)
a (1) in column 7 means generate this perturbed
ellipse.
a (0) in column 7 means delete this perturbed
ellipse.

11-20 Semi-axis in the X-directiomm

21-30 Semi-axis in the Y-direction

31-40 0.

41-50 Y-coordinate of center of perturbed ellipse
51-60 X-coordinate of point of perturbation
61-T0 Y-coordinate of point of perturbation.

x K X Kk k %

Following the geametry cards are the following:
Density card - a 51 in colums (1-2)
Energy card - a 52 in columns (1-2)
Velocity card - a 53 in columns (1-2)

Note: If in this packege, the p or I or velocity will remain the
same ag tire pravious package, then a 5%, 52 or 53 card is sot required.

11-20)
21-30)

31-40)_ontains the values to be used in the amalytical
41-50) expressicns for the demsity, energy, and veloucities.

51-60)
61-70)

kK Xk ok ok

This data is then loeded into the following sriays:
TABR(1-6) for cemsity
PABi(1-6) for internal energy
TARUV(1~5) for velocity

. e Pas
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Finally, a 2 in column 1 signifies the completion of loading all input cards
for the CLAM code.

There are six subroutines (FITL - FIT6) used for camputing p, I, U, and
V. The standard input to these subroutines is as follows:

TY = Y coordinate of particle N
TX = X coordinate of particle N
The modified coordinates TTY and TTX are coamputed as follows:
TTY = Y coordinate = TY - YC (relative to YC)
TIX = Y coordinate = TX ~ XC (relative to XC)

The standard output from the subroutines is as follows:
WSR = p (density) cf particle N
WSi = I (specific internal emergy) cf particle N
WSU = U (radial velocity component) of particle N
WSV = V (axial velocity component) of particle N.

Below are the equations, or anaslytical fits, for the six subroutines.
Any or all msy be changed. Each equation is follewed by the FORTRAN mnemonic.

1. Frl

R= (X + lt‘?)fli

WS = (T2 + Trv2)E
p=A+B(Y-C)

WSR = TABR(1) + TABR(2) # (TTY - TABR(3))
I=A+B(Y-C)

WSi = PABi{l) + TABi(2) * (TrY ~ TABi(3))
U=0

WSU = 0

V=A+3{Y-C)
WSV = TABUV(1) + TABUV(2) * (TTY - TABUV(3))

2. FIr 2
I<1=(x2+‘:f2)é
WS = (o7 + Trv2)%

o= (B2 + (K97




weR = (ZZX )2+(___.m£).

I=A+EK+ cx2 + DY + B

WS1 = TAB1(1) + TABA(2) ¥ TTX + TABL(3) ¥ TTX°

+ TABL(4) * TTY + TABL(S) * TTL

U=C+DHY

WSU = TABUV(3) + TABUV(L) * TTY
VaA+BH*Y

WSB = TABUV(1) + TABUV(2) * TTY

3. FI? 3
R= (F+ 1(2)é
W8 = (7 + Trd)?
p = A+ BR +
WSR = TAER(1) + TABR(2) * WS + TAER(3) * WS~
I=A+HR+
WSi = TABL{1) + TABL(2) * WS + TABL(3) # WS~

(A+m+CR2
D+ER+F32

wey - TEX (ZABOV(1) + TABUV(2) * W + TABOV(3) * wse)
W8
TAROV(Y) + TABUV(S) * WS + TABUV(6) * WS~
Y Army caa)
D+ ER +
wev - TEX (BABUV(1) + TARUV(2) * WS + TABUV(3) ¥ WES,'
PABUV(L4) + TABUV(S) * WS + TABUV(G) #

Fits 4, 5, and 6 are dumny routines. Althcugh particles are not used in
the SHELL code if it is a comtinuous run (problem number greater than zero),

the use of particles in CLAM provides the method for assigning mass, energy,
to each cell.

ST
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2.3. GUTPUT FROM CL&M

The output fram the CLAM code is the entire Z block (defined below),
all the cell quantities (the two velocity components, the mass and internal
energy), and the cell dimensions and areas. In the case where it is a

perticle rum, the particles (their two coordinates and mass) and the 1 oo
of the cell whora the par: <le - .ocated are elsn ub onto the sinn-r o- o,

The normal system of units are the centimeter-gram-shake, where the
units of energy are Jerks/g and the pressure in units of ,jerks/cm3 {1 jerk
« 100 ergs and 1 shake = 1070 sec).

The Z block or array contains the number of cells, the mumber of zones
in both directions, and other necessary information to start the OIL or
SHELL calculation. Below is a camplete list of generated data from CLAM
that is written on the binary output tape.

Z Equiv. Units . Description

1 PROB - Equals problem number, input to CLAM
2 Cycle ~- Equals cycle muber = 0

3 pr shake Set to 0 by CLAM

L  Prints - ‘

5 Print-L .- :

6 DML - !

T C stop - \l,

8 PIDY -- Equals = = 3.1415927

9 M2 grams Potal mass (x) generated by CLAM
10 GMM -~ Set to O by CLAM
11 caD - Set to 0 by CLM
12 GAMX -~ Set to 0 by CLAM

13 ETH Jexk Total energy in system

1 FFA -- Set to O by CLAM

15 FFB .- Set to O by CLAM

16 ™z grams Total mass (*) generated by CLAM; this

version of CLAM does not generate {-)

17 ™M@ grams Total mass (x) generated by CLAM

18 XMAX cm = ¥{1MAX)

B
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19

21

23
2
25
27
28
29
30
31
33
34
35

37

39

L1

43

L5

ROD
HOPR
NiMAX
NMAX

-

-

13

Description

= 2 MAX

= 2. Y MAX (note Y MAX 1s not in Z block)
= minimum mess/2. ‘of the dot particles

= minimum mess/2. of the X particles

Set to 0, by CLMM

Set to 0. by CIaM

3et to 0. by CLAM

Set to 0. by CLMM

Sat to 0. by CLMM

Set equsl to 6 in CLM

CLAM sets NPRi = N4 (check definition of
Nh(Z(54))

Fixed value of cycle number, set to O.

by CLAM

Used as indices in CLAM

Used as indices in CILAM

Input to CLAM = maximm number of zones in
X direction for this run

Equal iMAX + 1

Input to CLAM = maximm number of zones in Y
direction for this rn

= JMAX + 1

= (1MAx)(gMAx) + 1

= KMAX + 1

= total mmber of particles + 1 that CLAM

has generated
= total muber of dot particles + 1 that
CLAM bas generated

Set to 0. by CLAM.

= IMAXA + 1

Used as index

Set equal to N3 (Note definitic of N3 (2(53))

Set to 0. by CLAM
Set to 0. by CL&M

Aoy s BV e B S R

Ay

s RS Do enamibe e b B LR E AR L XN

B PR R AR MR 90 SRS
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54

55
56

8 B3

60
61
62
63
64
65

66

67
68
69
70
71
72
73

T
75

Equiv.
il

13
1k
Nl
N2
N3

Nb

N5
N6

N7
N8
N9
K10
N1l

XNRG
SN

RADER
RADET
RADEB

RSTOP

SHELL

BBOUND
TOZONE

Units Description
Set to U. by CLM

Set to 0. by CLM

Set to 0. by CLAM
- Set to 0. by CLaM
scratch tape mumber
scratch tape number

\
]
L}

1
!
!

n

that CLAM has generated

nunber of particles + 1 to be stored on

eacn particle tape record

- Set to C. by CLAM

e = number of particles on the last particle
tape rezcrd

- = tinary tape designetion number
Set to O. by CLsM

o

A counter that may be used to distinguish
between codes

Set to 0. by CLAM

Set to 0. by CLAM

number of particle records of length I' - °.

3 SN AT e AR R IA RS B
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mﬁvsagg

81
82
83
85
87
89
91
93
9

96
97

88

Equiv. Upits

CABIN

: B

WsGD
WSGX
GMADR

8 %3&&%&%3%

810

Description
Set to 0. by CLAM

4
Used for storage of FIT nuwber for each

peackage in CIsH
Set to 0. by CLaM
Set to 0. by CLaM

Z(100) through 2(150) is also set to 0. by CLAM.

15
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3. oI

3.1. The Bulerimn equations we wish to solve are the following:
() £4+V. (1) = 0

gﬁ&

(B) +V . (pud) = -VP

() 2B . (of) = -7 (s

=

PEquation (A) is the conservation of mass equation, (B) is the conservation
of momentum, and (C) is the conservation of energy equation.

The second terms on the left side of Eqs. (B) and (C) are temporarily
dropped. Their contributions are later approximated when we move particles
or continuous mass across cell boundaries.

Rewriting equations (A), (B}, and (C) in cylindrical coordinates with
axis of symmetry results in Eqe. (1), (2), (3), and (4).

ZAR @
X - . E , (3)
P = £(p,I) Equation of state (5)

p = density of cell (X) in g/cm3

r = r coordinate in cm.

Zz = z coordinate in cm.

u = radial component of velccity in cm/shake

v = axial component of velocity in cm/shake
_ P = material pressure in Jerks/an3

E = total specific energy in jerks/g

I = specific internal energy in jerks/g

16

(1 Jerk = 107 ergs)
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. ' The five variables listed are all located st the center of the cell
(Fig.2 ). Por camplete description of all quantities used, see Sectiom 3.4
on List of Comon for OIL."

Rewriting Bq. (4):

p%gﬁ*‘i(uaﬂfa)] = -%-%
or

p%+pu%+pv%= --E%:r— u;g: V%’E’Pg':'
but

TR B I A
thus

oI 1 dur
Pt = "P IR -

Rewriting the mamentum equations as

2 2
) _ _,, 22 ) _ . ¢
P~ = -~uxm ad  pm—t = -2vg

the radial momentum equation becomes in difference form

2 (p ~ Py i3]
aut) _ i-3/2 i+%, j=
Pt T PigydTid 2
A(ri)
and the axial momentum equation becomes
[, -'p ]

e 2,1 1
P ot Vid,3-% Bz

and the change in specific internal energy becames

__._Pﬁﬁ_r;hﬁe Ty et g T T "oy 1-.3@.1_&]
L 24z J A(r)

Defining the velocity on the right-hand side of the momentum equations
. at time n+f results in

SR Risbwianns  Tadhh s b bR IR NN e T A e e




i IS THE RIGHT BOUNDARY

AND } 1S THE TOP BOUNDARY OF THE CELL
i
X=X aAx(i
ist
|
Y(j)=} lav (j)

JMAX

N O f
K lav(j
ICAX (51>
|
0 i i MAX
R — |

THE AREA OF CELL (i,j) IN THE i
DIRECTION = 2 x X (i) AY(j)
THE AREA OF CELL (i,j) IN THE j
DIRECTION = » (X5)- X ;2,,)
K 1S DEFINED AS (j-1) iMAX +i+1, AND IS THE INDEX
FOR CELL QUANTITIES

Fig. 2
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o, Lo 2 M
A Loy 307 - g 39" = 2 00 5D a(z5)
and
b M
[(1_§J,§) - (v .Aj-é)]—(v'%ni)
and
pi n+l n
_-'édﬁ[]:i-é P i-%,.j-%]
. c '2, 1 :%,4-3[ _~}___x§._.té -3/ 1‘3/—13—’31
14,35 A=)
Defining: " n+l +u n
ui'%:gg = - 2. -
Vi 1 o+l + vi:é na:i
vi'%)gg - 2.
and
PR R
ST R

Equation (2), the ‘radial mamentum equation, becames

+1 u 2 _ PRRD
Wy " V) = 286 oy DY) R (K

vwhere
pr® o Iik) * l’t(lceu to the left)
= 2.
+ P
PRE® = (x) Qe;.l to the right)
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Equation (3), the axial momentum equation, becomes

(P = Bronem)

n+l n BIn ABOVE

. 2 2
Vig) " V(k) T ®x Tt Tia) AX(%)

where
n
p Pli) * Pleell velow)
BIO 2.
n n
ph - Plr) * Flcel avove)
ABOVE 2.

The energy equation (4) becomes

———

N s e

oo Plg) ™ [(VBI:O" + vBLO™ - vapovE® - VABOVE‘”I)
(&) ~ “(k) AMK ) 5 x
(ri - r?-l) + [0¥(J)] (mfil + Uij”l - URR® - vR®TL
vhere
VBLO = V) " Y(cell below)
v LY 4
VAROVE = ‘(x)  "(cell above)
‘; UL = Y )% " Yee11 on the lers )RV
2.
¥
; URR = u(k)Rc " Ulceil tu the right)RR
3.
H
vhere
. .
i T(1+%)
BL = T(1.3/2)

PR

(o9

b v R

e RN AN TR R SR e T
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The above equations conserve energy exactly, despite finite difference
approximations. However, an adjustment at transmittive houndaries of the
o8 i5 necessasys 1nls is w work term, which is also taken into account
in ETH (the total energy of the system.) For the transmittive boundaries,
the pressure gradient is zero and the velocity at the boundary interface is
set equal to the velbcity of the cell adjacent to the boundary.

The term subtracted from ETH for the boundary at the right is

P +P
(k) (cell to the left)
5, u(k) I‘i_% ﬂAtDY(J)

and the top is :

P + P .
(k) (cgj:l below) V) “(ri - r?_l)At(.S)

and the bottom, if transmittive, is

P P
(k) + (g?ll avove) v(k) n(ri - r?_l)At(ﬁ)

and is added to ETH. K (in the above equations) refers to the border cell.

The velocity terms in the energy equatjcn for those cells at the
transpittive boundaries are, at the right = u(k )ri_% and tae top = v(k)‘

Rewriting Eq. {1), the mass transport zquation in finite difference
fore results in

n+l  n
Plr) " P(x) _ Lri-l P1-1 %1 Tafi M . Py Vg1 " pivJ] (6)
5 Ty 8Ty Ty by 82(3)
where
Az = V(k)‘ = V(k)
) (J) AE Az
3 -1

vhere &% for ull § = ﬂ(r%i) - r?i.l)) ,
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V(k) = volume of cell k = 2x Ty 3 Ay Az(é) (7)
multiply both sides of Eq. (7) by r, results in

V(k) ri = 2ﬂr AZ I‘i % Ar
or
v r, = A r Ar
(k) 1 = Ay Ty ATy (8)
where Ar = grea in the direction perpendicular to the 2 axis.

Ard similarly, mltiplying Egq. (7) by r,_ results in

Vig) Tr1 = By 82y Ty g b7y
or ‘ : (9)
n r
Vik) Ti-1 = Ayq Tig 87y )

Solving Eqs. (8) and (9) for r, 1% Ar, anl substituting their values into
Eq. (6) results in

o+l n .
Ple) ") _ 1 2 2 i
At (k) (Aj-l P31Vger ~ By Py vy ALy ey Uy - 1 Pyuy)

or rewriting in terms of mass,

MY - Ay = se0(AV)G e - ()5 0 + (A p - (a0 o]

where AMX = mass of cell k in grams end (Av) = area times a velocity (the
velocity is a function of the velocity of the two cells in question.) B
refers to the bottom, T to the top, L to the left, and R to the right of
cell k. The p used is the p from the cell Pram which the flux is coming.

VYarious techniques for velocity weighting in the mass flux have been
tried. Results fram these trials are presented in Figs. 5 and 6. The
scheme presently being used is as follows. Take the r direction as an :
example:
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k k+l
i — 1
e
i1
i

‘.
The mass to move across 1 is betwern 1 and 11 where A =1 - 4i; thus

A = UAt where U is the weighted velocity at A. Using the first two terms of
the Taylor series at a distapnce of -A from 1, we expand

o o ) * M)
(1) ~ 2.

or

Coenn) - ()
Ax

u = R + (-4)
or .
) u{k] + u(kﬁ)
%t' - U (u(kﬂ) -21;(kl)At+ ]
Ax

LU > 0, use p(k) ; 1fu< O, use p(k+l) in the mass flux calculation.

Mass, both campoments of momentum, and the energy across all four
sides of the cell are calculated. By conserving both axial and radial
monentum and the total energy, the new velocities are calculsted and the
new internal energy is then the difference between the total and the kiretic.

A look ghead, two cells in both directions, is done to remove preferen-
tial mars tramsport because of the initial choice of indexing in the
r direction first. Teke the example where the flux cut of the tcp and right
are such that their sum would remove more than the mass in the ceil. The
code would then assign new fluxes such that the top flux would be its
fraction of the total flux out times the mass of the cell, and the right
flux would be its fraction of the total flux out times the mass of the cell.

b oamarm s

[
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To treat a free surface in the contimuous Eulerian scheme, we have
chosen to use a density cutoff to limit the mass from flowing through N
zones in N time steps. If the mass flow across the free surface results
in & density which s less than an input mumber (~ 107 p ) the flux is
held back. To cut the small precursor ghe: 3 of the shock front, the
velocities are checked against 1078 cm/sh; if they are smaller than this,
they are set to zero.

To ensure that the bottan cells in the projectile will empty as the
projectile moves up, a scheme using the p and v from the cell above is used
to calculate the flux. This is contimued until the initial velocity of the
bottom cell of the projectile begins to change because of the shock. After
this point is reached, no special procedure is used for the bottom cells
of the projectile. )

Boundary Conditions

These cells adjacent to the axis of symmetry (r = O) have the following
boundary conditions; the pressure on the left side of the cell is equal to
the pressure of the first cell, and the velocity at the left is set to zero.
The pressure at the right interface of a cell whose right neighbor is void
is zero, and the velocity is that of the occupied cell; similarly for the
case of a void cell above.

The pressure and velocity at a transmittive boundary are the following.
The pressure at the boundary is set equal to the pressure at the left or
bottom boundary respectively for a right and top transmittive boundary (no
acceleration of the border cells) while the velocity is set equal to the
border cell velocity.

The top end right boundary of the grid is transmittive; the bottam
boundary may be either transmittive or reflective, where the same boundary
coniitions then will exist as for the top or right and the axis of symmetry.

Two passes are used to solve the change in internal energy due to the
work terms. The first pass through, one calculates the new velocities at
time (n+l) and simulteneously, the velocities at the interfaces at time (n).
The time (n) interface velocities are also used to evaluate the internal
enexrgy contributions due to terms involving these velocities (see Eq. k.)

P - - iy e e ———
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. In & second pass the time (n+l) interface velocities are calculated and the
essociated comtributions to the internal energles are camputed. (A look-
ghead feabure of two celis in both directions would enable one to use only
one pass.) '

An option exists for correcting negative internal energies if they arise
in phase 1. The cell where the maxinmum negative internal energy occurred is
recorded; assuming the rate of change of internal energy with time is
essentiall- constant, we calculate a smaller time step, such that the new
internal energy will be positive. We camplete the entire cycle, to time
(n+1), now set the time step negetive, integrate backward to time (n), and
now forward with the new smaller At to a revised time (n+l).

Time Control for Code

The time control for the continuous Eulerian is the same as for the
particle in cell scheme, with the exception of the r direction. In the
z direction:

fm, = pVAAL Assume V = v(k)
p = p(k)
am, = AMx(k)
Then
A (k)

AMX(k) = v(k)vt[r?i) - r?i-l)]At ‘

ﬂ[r?i) = r?i-l) ]DY(J)

= AM(k)v(k) ﬁ%

or |v(k)|At £ DY(J) such that the flux in the z direction will not empty
the cell.

In the r direction, the stebility is as follows.

Am, = pulst Assume Arp = AMx(k)
: u = u(k)
p = p(k)

W A hrdN,
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Then

or

P A N b e R A L7 T R i T TR W

aecli) = én(ri?%gf%wﬁf u(k)2nr(1i)DY(J)At
= AMx(k)u(x) 1
(142 (1)
uw(k)at s Ar(1)T(1-3) < TaU (1)

gy 2nr(i)

C = speed of sound, defined as ,/ yP7p for a polytropic form of the equation
of state and (3P/dp) - for a real equation of state. Provisions exist for
calling either one.

The time control (At) conditions are the Courant congition and that

the maximum [l%}-{-l and l{;;]< Bl—

t .

Three options for time control are:

1.

2.

Code will control the At, calculated fram the Courant and particle
velocity scheme, but at a fraction of stability.

The At loaded at t = O will remain constant, prcvided option for
integrating backvard in time to remove negative internal energies
from phase 1 is not operating.

Code will control the At, decreasing At if
uAt VAt
Ax Y
exceeds FFA (an input number), aend increasing At if it is less than
FFB (an input number.)

or

The stability check is omitted for a cell if the density of that cell
is less than some input number. This prevents isolated debris of high
velocity and small masses from controlling the the time step.

oy MY AT gr. e
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Corner Coupling

The question investigated here is the correctness of the mass tranaport
which ia done neglecting corner coupling. Below is an example of the cau-
parison with a PIC-like transport:

Assume u = v for all four cells and

Ax or Ay
2

Where gdrtiddeg in the FPIC scheme located
// // in the shaded area will cross into zone 3
1 L in one time step, the OIL code requires
two time steps for mass to move into
zone 3, first by the path of zone 1 to

2 or 4, and finully to zone 3.

In the case of very small time steps, it is seen that the above approxi-
mation is unimportant. We have chosen to run most of our problems at .5
stability. Further, from early test rmuns of an impact calculation, results
d1d not change apprecisbly as the factor was varied from one~-fourth to one-
half to nine-tenths of stability.

The PIC Transport

The changes required to change from a continuous mass transport to the
particle transport are:

1. The problem number must be negative.
2. The transport and rezone subroutines must be replaced with those
for PIC transport.

Following is a brief discussion of the particle (PIC) transport cha.racterizing

SHELL. Two scratch tapes are required for the particles. SHELL reeds in
particle records from one tape, processes the particles upde’.. ag the
coordinates, writes them out on the other tape, and interchanges tape
numbers.

Five variables are associated with each particle; the mass (AM), the r
coordinate (XL), and Z coordinate (YL), the i-coordinate of the cell where
the particle lies (iwl), and the j-coordinate of the cell where the particle

N Y W
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lies (4w2). Thus, one computes the cell nmumber where the particle is by
k = (J-1)%MAX + 1 + 1.

The particles are moved with an area weighted velccity, which is
basicelly a cell placed with the particle at the center. The overlay of
this cell on the four cells in question times the velocity of that cell is
sumed for the four cells ard then the weighted velocity is calculated by

dividing through by the tobtal area.

—‘I Example: For particle N the u com-
‘ ponent of velocity used to move the
particle is

1
{
o |
|

|
w |
 —

i_l
1
£1
§

k and the v component is

L

_ 2:1 Aivi
i I V= E

= Ai
e i=1

The particle is then moved with the area weighted velocities. If the
particles does not leave the cell (k), no additionnl calculations are needed;
process the next particle. If the particle leaves ce.l (k), it carries with
it a mass, momentum, and internal energy.

By conserving momentum and total energy, one rhen changes the quantities
in the new cell. No changes except removing the purticle mass from the mas:
of cell (k) are necessary for updating cell (k).

® .
(x) (L)

1 2

Example: Particle N moves from cell (k) to cell (L). Conserving both
axial and radiai mamentum: '

* IS S Bt 8 R s Lot SRR VRIBATY NGRS
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()ay = Moy +muyy
(p)vy = Mgvp + mvy,

whWove signifies the updated variable. Thus,

Rk P

Y, %

. ;:Eelg-+iw—l-}-
T

However, M, is not availsble at this stage (since -M; has replaced Mz);

¥ M - Iet = E-:-- - - H
substitute M, = M, - m results in u, = = (ull ue) + s@larly for the v
component. Note that upq and vy, are ¥ set equal to vy and v unless
there has been an elastic bounce off a reflective boundary (requiring the

velocities to change sign to conserve momentum); then uyy and vy are set

to-uland -vl.

To calculate the new internal energy in cell (2) requires that we
congerve total energy and momentum, resulting in the expression:

M I, + %Ml(ui + vi) + ML, &MQ(u: + vg) =
(0 - mT, + 30 - (s + E) + (i, + m)T, + B, + m)(E5HHD)
Solving for -I'eﬁe =

ly + dal ¢ 9) + oy + Bp(] + ) - B+ )

Substituting the new values for u, and 5;2 from conserving mimentum results
in

2
G g oo dat et ey
2 ﬁf. 1 2 2. ;,,"‘2
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Thus, after each particle is moved, the two cells invoived are updated.
After a particle record Ias besn prucessed, the particles, with their new
ccordinates and i and J value of the new cell location, are then written omn
another tape, which will become the starting conditions for the next transport
cycle. An option exists to call rezone if particles leave the top or the
right of the grid.
Vi3¢ssity

Tre movemsrt ¢ mass £2=:s: the ceil boundarien give rize tc force
wnish i3 effe.tive ip reducing flretu&%icns that arise from the differencing
aechniq¢e(ref 1). “rie 1 ¢t the frr -~ 2 “true" vieessisy,’ teing proper-
ticrel to the velozity gr:iitem.. ©%1 - viscotity 1 precent at ail times,
rcth ir 2ompres:icn: api rarvelaction:. No additionel +thet s, a controllable)

artifizinl viszcoity 1: prosent in thi. ves-ien of oil.

Best pvaiiabie GopY
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3.2. Special Subroutines

EHrOYGISSY

—— S A
.

L Ly AN R e G i b S AT

Reference 3.

become one in the new grid.”

* z(111) 111

* 7(112) 112

#* DX(1) 7845

# DY(1) 7897
iMAX 33
Max 35
il 47
i2 48

* PROB 1

* PK(3) 237

31

-

. -

The REZONE routine for the particle transport is differemt from that
required for the contiiuous mass transport version. If ma.tgriai leaves the
grid out of the right or top, a trigger is set to call REZ(ME.

The REZONE multiplies all dimensions by two, so that four old cells

The total number of cells remains the same,

and the target is doubled In depth and width by adding mass at the sides

and back surface. This scheme does conserve total energy, and by conserving
manentum, also, new veloclities and intermal energy are calculated. This
will cause the total internal energy of the system to rise slighily.

For the particle_rezone, it is not necessary to multiply all dimensions
by two, but rather change the Ax's and Ay's by any prescribed amount. One
adds new material with the same density, internal energy, and velocity
distributions as cre available in CLAM. The number of particles per cell
to add is also an input number.

For a more coamplete description, see

A subroﬁta‘,ne SETUP is available to generate the initial grid (bypasses
the generator code CLAM) if “oth the target and projectile are of the same
density. The projectile must be a right circular cylinder. This routine
assures that all Ax's are the sime and all Ay's are the same. An asterisk
before the symbcl implies it is floating point.

SYMBOL LOCATION DESCRIPTION

Initial density g/em>

Initial pellet velocity cm/sh.
AX ‘n can

Ay in cm

Maximun number of zomes in the r
direction

Maximum number of zones in the 2
direction

the 4 value oL o0 radlub ot the
“Proifentils 42 . .-

The j value of the top of projectile +2
Any positive. number for the problem
Must be a positive number

-,




KR gy L

o Voo T e L i i ) )
it i ®3 o T e .
TRSOANTNNN B ENEPR LIEITRLY M 9 5 e g er

32

% % % %k % kX *® ok

(L)
PX(5)
(6)
PR(T

P(8)
x(9)
2K (10)
PK(11)

238
239
240
241
242
243
2k
2h5

Set =1

Right boundary (i) of projectile
Bottam (j)+1 of projectile

Top (j) of projectile

Set = L

Right (i) boundary of target
Bottom (j)+1 of target

Top (J) of target

Ard the usual input datas to start OIL code from a CLAM tape.

A Bxample of Input for OIL Using the SubrouSine SETUP.
INPUT)

. (oicL

1

n

P ps

GAS GAMMA= k.5

23521,
112001
ihi1.
i1,
sili.
13821,
231871,

P.

-2le5
b

245

32.
24
32.
ie

le
=5 o
'lo

147
47
113
3
12

1
1
1
H
11.
1
1
1}
1

~1,
1e
1.
1
2le%
120«
3
10,

n.K e

B

9.

® o

RKO TARGET = RHO PELLET =1},

20 .

}6.

Le

164

rs,

Fl.

This will mexe a binary tape that is equivalent to that made by the exmmple in CLAM

(see Ssction 2.7, See Section 5.2 for fommal for CARDS subroutine.
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3.3. Logic of OIL

The logic involved in following = given cell (K) from time t to t+at,
or fram cycle n to nt+l.

"
o

kK = (J-1)iMAX = i+ 1
XA A
2 2
. Il‘ ; TAU(i) = ﬂ(X(i) - x(i-l))
k-1 k AY(J) k+1

&.._

["““X(i)_’li
R

Fig. 3

1. CDT Routine

Here one calculatezh;'llgi pressure (P) for cell (k) where P(k) =
f[g}k), I(k)] where P(x) = T €A 37 - The speed of sound (yP/p)Z or
(achg )s is then calcx;la.ted and the Courant condition for stability, that
min (6% o &7) < Q(Ymax-l) and tllze parti:ile veloiity criteria that the

max [|Z§| and IEU < Tt ave calculated. From

these stability checks a new At is calculated or At remains the sme (see
options under description ~7 cammon for OIL, symbol CABIN.) The cycle
mamber end the time are now advanced. {A radiation time step is also
celculated, although radiastion is not being used in this version of the
code.)

2. EDIT Routine
Trhe OIL code has four zzparate editing-like routines all included
in the routine called EDIT. A section called short print displays the time,
cycle number, the total intermal ard kivetic epergy and total mass, and
variocus otﬁer integral quantities such as mamenta , and mass r various




3k

angles (see Sect. 3.4.) A plot routine is also available in the EDIT routine
vhich places an (x) (in an equal cell size grid, corresponding to the actual
grid in OIL) if there is any mass in the cell; thus it is a display of mass
movement from time to iime. A4 long print routine may also be called for
that edits on each page a column from the OIL grid which contains the
coordinates of the column, and the cell quantities as a function of the

row coordinates (see column identification in Seet. 5.2 FORTRAN listing of
EDIT.)

The last opticn is a dump routine vhich dumps all necessary duta for
_restarting the problem. This data may also be used for the automatic plotting
routines.

Various iaput numbers (see Sect. 3.4) specify the frequency that these
routines will be called for, and an input number specirying o cycle number
to stop.

In the followin discussicn, please refer to Fig. 3.

3. PHL Routine
Here we integrate the two momentum equations and the change in
internal energy due to the work terms. No material is moved at this time,
and the transport terms are dropped. Using the new pressures and the time
step which were computed in CDT, we now prepare to integrate the equetions.
PL(J), the pressure at interface (i-1) and uL(j), the velocity at
interface (i-1) are available from the previous column sweep on i-1.

PL(J) = g(‘k.) +2%’(k‘g"

n

n
r u N + 1 A g,
un(y) - -i3/2 (k1) RE (x)

The PBIO term, which wae the PABOVE for cell (kB) and VBLO, VABOVE for cell
kB, is also available Zcr interface -1.

P'k) + P(kBY

3
VBIC = vgk[ + vng[

2.

PEILO

T et ISR
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Now we calculate terms at interfece i and J:

ROev) + P() URR = Aok M(x)” “;%&“(k@n
P,y + Ppo v ' n n
R R _ v{® + v(a)
Frsovz 5. VABOVE = 5.

Now we can integrate the two mamentum equations

ou _ _ 9P
P = " or
or
PL,,\s~ FRR"
nt+l n g;%
and
v _ _ 9P
P = oz
or
n+l .} PBLO PABOVE 2
MORCORE ) atef - e

Now one can add the work term due to velocities at cycle N to the
change in internal energy.

In*& - I‘(‘k) __;H. [(uL, - uRK") nAtDY(J)

[}

+

(VB VO ) (s - o )

3L

1 dur
P 3t *z

N v our.
= 'P(az > 57 )

Now we mske one more pass through the grid, this time omitting the momentum
equa’.ions but calculating the velocity temms at the interface, where again
we only have tc caley’ate the data at interface i and J:
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r un+l v, . un+1 vn+l + vn+l .
aLgy 1-3/2 (k-l;. 1-* (k) VABOVE (k) - (kA)
r u.n+l + un-i'l V;:1+l + Vn+]. :
= {
T 1-% (1) 2i+é (+1) VBLO = _(k_)_4_12 kB

X
and then add to Ir&‘)e the work terms due to velocities at cycle n+l.

R S 9. [urfty - wRE™) matpy())
(x) (k) 7 Bk ()

, (™ - vapove™
2.

2 2
) n(ri - 1_l)lﬂ:'l

The specific internal energy is checked during both passes for negative

values. If a negative value 1s found, we assume dI/dt is constant over the

time step;

and recampute a new At (nct placing it in the At storage) that

will prevent I fram going negative. After the completion of integrating

all values
energiles.

integrates
smaller At

to cycle n+l, an option exists for removing these negative

If one selects the option, At is set equal to -At, the code
backward two passes to cycle n, then replacing At with the new,
and now forward in time with two passes using the smaller At.

4. PH2 Routine

Here we move the mass and approximate the transport terms in the momentum
and energy equations that were omitted in Phase 1.

z| () 4

kA
AMPY

[ J
AP
ktl Fig. &

o [ e
k-1 T
AMY
kB

¢ ¢
1

R 1

AN e s
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AMP = mass flow across the right boundary

AMUR = radial momenta across the right boundary

AMVR = axlal momenta across the right boundary

DEIER = total specific energy across the right boundary

MY = mass flow across the bottom boundary

AMMU = radial mamenta across the bottom boundary

AMV = axisl momenta across the bottom boundary

DEIEB - total specific energy across the bottom boundary
caMc(J) = mass flow across the left boundary
FLEFT(J) radial momenta across the left boundary
YAMC(§)= axial momenta across the left boundary

SIGC(J): total specific energy across the left boundary
AMPY = mass flow across the top boundary

AMUT = redial momenta across the top boundary

AMVT = axial momenta across the top boundary
DEIET

[H

total specific energy scross the top boundary

Again, following a typical cell k (Fig. 4) the masses, the momentas,
and the energies are now available at the left and bottom boundaries of
celi {k) from the previous column sweep and the cell below.

Now, begin by calculating the mass flow at the top of cell (k).

v o V)t V(ka)
ABOVE 2.

then form

VABOVE
v -V
kA k
14+ %
L 5T Jg 4

as the weighted velocity to use in the flux equation and store it in VABOVE'

If it is positive, use p(k); if 1t is negative, we use p(.!m). Now
calculste the mass flow across the top as &my = poy)A 4 Vat where

ABOVE

V=1v
M = donor cell
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or
AMx{m

Ml = AMPY = FERYS Vopoyp(at)

Now we calculete the mass flow at the right boundary of cell k. uRR
1s defined as WE) +0lerd) o eom

2.
URR ) e
u - ulk :
(k+1) .

es the weighted velocity to use in th? flux equation and store it in ukR.
The mass flow acros:s 1 is then

B = P o

where
= uRR

i value of donor cell

2 = sl
]

= donor cell
L
nAt

\
sy = mee - R L 2Guw)

Now check to see if these masses will more than empty the cell, since
it is possible that the left and bottom flux were both negative. Search
cells shead in both directions to remove preferential mass movement. As
an example, suppose the flux at the TOP (AMPY) is positive axrd the flux at
the right is positive, where their sum is larger than the mass in cell (k);
then normalize the fluxes the following way. The flux out of the top is

]

PIDTS

or

FpLa(k) ]

Fp* By

and the flux out of the right is equal to

Fplam(x)]

-u——-:-—-i‘--‘-

Fp* TR
where F is a symbol for the mass flux.

PP S

ppen L
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The moments associated with these mosses are now computed. The sign of
the flux specifies the zone where the mass came from, thus at the top; the
redial component equals AMUT = AMPY(u(N)) and the axial AMVT = AMPY(v(N))
where (W) = cell number of the donor cell.:

The momenta for the right is AMUR = AMP(u(N)). for the radisl end
AMVR = AMMP(v(N)) for the axial component, where again (N) = cell mmber of
the donor cell.

The total specific energy that those mass fluxes carry is also
celculated at this time; for the top it is equal to

2 2
u + v
DEIEP = I+ ._(ﬂLé__ﬂ).
end for the right it is equel to
2 2
u + v \
DEIER « I + W

where again (N) = cell muber of the donor cell.

The mass now in cell (k) is equal to DEIM = AMX(k) + GAMG(J) + AMMY -
AMPY - AMMP vhich equals the originel mass plus the mass flow across the
left, the bottam, and less the mass flow across the top and the right.

The total axial momenta that have come into or left cell (k) is =
SIGMV = YAMC(J) + AMV -~ AMVT - AMVR = the moments crossing the left
boundary plus the momente crossing the bobtam boundary less the mamenta
cressing the top and the right boundery.

The total radial moments that .has come into or left cell (k) is
SIGMU = FLEFT(J) + AU - AMUT - AMUR = mamenta crossing the left and bottam
boundary less the mamenta crossing the top and the right.

Similarly we calculate the total energy that these fluxes have carried
= DELEK = (GAm{J)) sxcc(a) + (AMMY) Deleb - (AMPY) Delet - (AMMP) Deler =
the mass times the total specific energy at the left plus the similar term
for the bottom loss the similar terms for the top and the right.

.
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Now by conserving momenta and total energy, calculate the new specific

internal energy and velocities of cell (k).

MU + MU - MU, - MO + MU, = (TOTAL MASS)u

where totel mass = DEIM and

- - = v
My, + M,vB MVT Mvp + Mv, {TOTAL MASS)v

and the new specific internal energy

L BBy B cER 2,2
(x) ~ DEIM 3.

and now AMX(k) get = to DEIM.

The subscripts L, B, T, R, refer tc the left, bottom, top, and right.
Now the values that we calculated at the right for cell (k) are now set to
the left values for cell (k+l) and the 3op values for cell (k) now become
the bottom values for cell (ka). 7

The limits of the DO loops on i and J are il and i2. A check is done
to se2 If mass or energy has moved beyond il or i2 and then the counter is
increased by 1. This check is also done in PHl. By using this scheme, we
pr :88 only the active mesh at all times, in all the subroutines.

3.4, IList of Common (OIL)

The location refers to the location u. that symbol relative to the
beginning of common. Since the beginning of common is assigned the same
location for each subroutine, a program (CARDS) is availabie for chenging
any word in cammon. The 2z block is first in common for OIL.

Note that if one should change the dimensions of the arrays, he must
be careful and also make the necessary changes of the locations in the
following tables.

R
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No. of

Symbol Location Woxrds Units
ATD 706 1 --
ATX 707 3500 Jerks/g
M h207 130 g

AMD 4337 1 -

AMK UR(16) 220 15 g

AX 1338 3500 g
AREA 7838 1

BIG 7839 1 --
BOUNCE T840 1 --
CABIN 82 1 -

Caution: You must loed a
At for this option

This holds provided SN # O

DDXN 7841 1
DDVK 7842 1
DKE 7843 1
DVK T8k 1
DX 7845 52
DY 7897 100
E 7997 1
FD 7998 1
FS 7999 1
FX 8000 1
ouT 8001 1

P 8002 - 3500
PABOVE 11502 1

Jerks/ cmd
Jerks /om

b1

Description

NWot used, since this is a one-material
(x) code

Specific internal energy (x) for cell (k)

Mass of particle (N) for PIC transport
only

Not used in this one-materiasl code

Storage (EDIT) for swming masses in
given angles for editing

Total (x) mass in cell k

Tag, used in PH2 (EUL and PIC)

Not used

Teg used in particle FH2

If < 0 code controls At but at 2(139)
of instability

If = 0, code will control the At,
decreasing At if |BA§| or Im
1A%

Ay
FFA (an input number) and increasing

At 1P IuA_;__tI or !_m_t_ is less than FFB
Ax & Tan input number)

If > 0, DT load=d will remain constant.

Not used

Not used

Not used

Not used

DX(1i) = x(i) - x(i-1)

p¥(3) = ¥(3) - ¥(3-1)

Not used

Not used

Fhig P2

Not used

Tag in particle PH2

Material pressure in cell k

exceed

P{k)+ P(cell gbove )
2.

B s el
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PBLO 11503
PiDTS 1150k
PK UR(31) 235
PL,PR,GAMC 405
PR(100),816(C)
PPABOV 11505
FRR 11506
FL 11507
QDT 11508
QK 250
RC 11509
ReZ 11510
RHO 11511
RL 11512
RR 11513
SIG 11514
SIGN = 11515
QOOOFL

SWITCH 11516
TAR 205
TABIM 11517
TAU 11518
TAUDTS 11570
TAUDTX 11571
U 11572
UK 15072

NSRBI —— " =

1

15

|t

[ o

I = =

15

52

3500

Jerks/ em

l/cm.sh

cm2

cm sh

cm/ sh
cm/ sh

st VAR

Px)" Pleell pelow)

Radial momentum in certain angles for
editing

Pressure in PH1l, flux. 1in PH2, etc.

Not used

Piy)* Pleell to the right)
5.

Not used
Not used

Axisl momentum in certain angles for
editing

[(x(1) + x(i-1)]/2. in PHL

If > O and ReZFceT > 0, then PH2 (EUL)
will call subroutine REZONE, ReZ set
in PH2.

Density

Not used

[x(i) + X(i+1)]/2 in PHL
Minimum AX or Ay in CDT routine
Not used

Not used
Tan(a) (Table of,used in EDIT routine)
Not used

ﬂ(x%i x21 1y =

TAU(.)At in PHI.
Not used
R component of velocity in cell (k)

n

R component of velocity in cell (k)
used in PIC transport




ﬁ T 143
b UL,UR, Fleft. 205 200 ar®/sh  U(X)RC + U(k-1)RCC  where
: ete. 2.
; X + X
}‘ 20
11
\ Xy + X
; URR 15073 1 en®/sh  [U(K)RC + U(k+1) RR]/2.
t uT 1507k 1 - Signal in PEl (decrease At)
uu 15075 1 sh New At if PHL integrates bai})g for
I <0, set originally to 10™-.
4410) 15076 1 .- Not used
UTEF 15077 1 cm/sh R velocity component used to move
particle when using PIC transport
UVMAX 15078 1 1/sh [Max velocity|/Min(AX or AY)
v 15079 3500 cm/sh Axial (Z) component of velocity for
. cell (k)
VABOVE 18579 1 cm/sh [v(x) + v(cell above)]/2.
. VBI.O 18580 1 cn/sh [(v(x) + V(cell below)]/2.
VEL 18581 1 - Used as a tag in PHL and Max(y-1) in
CDT, and tag in ZUL. PH2
VK 18582 1 cn/sh Axial canmponent of velocity in cell
{k) for PIC transport
VI 18583 1 - Not used \
VIEF 18584 1 cm/sh 7 velocity component used to move
\ particle when using PIC transport
w 18585 1 -- Not used
VVABOV 18586 1 -- Not used
VVBLO 18587 1 “- Not used
e 18588 1 -~ Not used
W3 18589 1 -- Not used
WPS 18590° 1 - Working Storage
w8 18591, 1
WSA 18592 1
WSB - 18593 1
WsC 18594 1




£
3
§
2
s

X1
X2
Y
YL
YLW

w

YU

YY
(rx(2) = x(1)

pal
Y2
Z

ZMAX

ise
18595
18725

18726
13727

75

606
18723
18358

13359
18860
605

80
31
L

12961

18%2
18363
13364
13365
13366
18367
13862
18869
L7

}-.l

’_J

100
130

150

| Sad

l—-l

e i i

!,_ﬁ

fort

ol

cn

cm

on

cnm

cm

cim

xx(2) = x(1)
R coordinate of particle N

Fraction of area on left to use in
velocity weighting for PIC PHR.

R coordinzte of particle N at cwvele
(n-1)

Fraction of area to the right to use in
velocity weighting for PIT PH2.

Not used

Not used

Y(J) = top dimension of zme (1i,J)
Z coordinate of particle N

Fraction of arez btelow to be used in
velocity weighting for PIC PH2.

Z coordinate of particle N at cycle
(n-1)

Iraction of area above to be used in
velocity weighting for PIC PH2.

YY(Jj+1) = ¥(;)

Not used
Not used

See peges vhere Z(L) through Z(150)
are delfined

M up-to-date value of largest Y
2ooirdinate of all particles used in
PIC PFHZ.

Index (Jorking Storage)

!

v
The right boundary of the active grid
+ 2, Max(i1l) = iMAX

AR

P




23
1k
iwl

JN
JP
JR

~

£

SESEEE=CIAAE

NKL
KC
NR

18870

19060
19001
19002
19003
1500k

b1

19005
19006
19007
19008
19009
19010
19011
19012
19013
1901k
19015
19016

19017
19018
19019
19020
19021
19022

130

I i i i o

| Sad

o T I T~ I =

H

= e

'—-l

45

The top boundary of active grid + 2
MaX(12) = JMAX
Not used

Not used

= (1) of the cell (k) where particle
(W) is located, used in PIC FH2.

Tidex (Working Storage)
)

Index of cell defined such that
k= (j-1) iMaX + 1zl

If XDT = O, At has chenged if #0
At remains constart

Index (Working Storage)

¥

Set by input, used In EDIT for length
of & block to write on tupe, present
value = 150

Index(Working Storage)

Maximum number of radiation cyclee/
hydro cyecle calcuisted in CDT
WR = N




= (J) value of cell (k) where particle
(N) is located, used in PIC PH2.

Fixed value of Z block
Equivalenced, used for flux terms
in Eulerian continuous (PH2)

Location Symbol Description

Z(1) PROB Problem number (if positive, this is an OIL
run; 1 negative, this is a PIC run

z(2) CYCLE Cycle number (floating point value)
z(3) or At hydro = t& - t2°1

z(4) PRINTS Cycle frequency for short print

z(5) PRINTL Cycle fregquency for long print

z(6) DUMPTT Cycle frequency for binary tape dumps
z{T) CSTOP Cycle number at which problem stops
z(8) PIDY = 1 = 3.1415927

2(9) T™Z Total (X + +) mass at t = O (calculated in
CLAM

z(10) GAM Not used
z(11) GAMD 1./(y.-1)
2(12) CAMX 1./{y,~1)

Camputed in Input

z(13) ETH Total energy {ccmputed in CLAM for t=0.)
Changed in PH1 at transmittive boundaries and
in PH2 if mess leeves the system, and by
radietion flow out of the system.

Z(14) Upper limit for stability and to calculate
At; Onl:'y' if CABLN = Oc

7(15) Lower limit for stability and to calculate
At, only if CABIN = O,

z(16) Total (+) mass (t = 0) calculated in CLAM
2(17) Total (x) mass (t = O) calculated in CLAM
2(18) X (1MAX)

z{45) 2 (MMAX) t = 0. calculated in CLAM

z(20) ; 2 (YMAX) t = O. calculeted in CLAM

z(2"} Min(*) particle mass/2.; calculated in CLAM




z{2z)
2(23)
Z(24)

2(25)
z{26)
z(27)

7(28)
z(23)
2(30)
4(31)
z(32)
2(33)
Z.34)
2(35)
2(36)
7(37)
z{38)
2(3%)

z{4o)

2(41)
z{42)
2(43)
2{Lh)
z(45)
Z(46)
2(47)
Z{L8)
z{49)
z(50)
z(51)

z(52)

Cvis

NPR1
NC
NPC
NRC
iMaX

MARA
ITT:Y

1xMAX
NOD
NOPR
NiMAX
NjMAX
il

i2

il
Nl

e

L7

Min (x) particle mass/2. Calculated in CLAM
(18 - E)*VFC/pmm

IR (ECK) Note Z(76) > IMIN, problem will stop
and the edit routine wili call dump.

Kot used

Pt

If < 0, bottom boundary is transmittive)
otherwise reflective boundary.

Index (Working storage)
" "
Cycle number in fixed point.
Number of cycles between short prints
Index
Meximum number of zones in R direction
IMAX + 1
Maximur nuuber of zones in Z direction
JMAX + 1
(1Max) (Ax) + 1
KMAX + 1 r

Total number of wmarticles 4 1, genersted in
CLAM for PIC problem only.

Total number of () particles + L generated
in CLAM

Defined previously

Not used

Index

Index

New iMAX before adding new zones
New JMAX before adding new zones
Defined previously

Defined previously

Not used

Not used

Scratch tape number for particles if this is a
PIC run.

Scratch tape number for particles if this is a
PIC run.
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z(54)

z(55)
2(56)

2(57)
2(58)
z(59)
2(60)
Z(61)
z(62)

2(63)

z(6L)
2(65)

7(66)
2(87)
2(63)
2(69)

Z(70)
Z(71)
z(72)
z(73)
z{Th)
z(75)

z(76)
Z(7T7)

z(73)
z(79)
7{80)

N3
Nk

N5
N6

N8
N9
N1O
Nll

TRAD

DXN

RADER
RADET
RADEB

DTRAD
REZFCT
RSTCE
SHELL
BBOUND
TOZQNE

ECK
SBCUND

p:al
X2
Yl

g~cm/sh
g-cm/sh

g-cm/sh

Q
g/en’

Number or particle rscords generated if this
1s a FIC run.

Number of particles~l per record (MAX = 127)
if this is a PIC run.

Not used

Nuniber of particles on last particle record
17 this is a PIC run

Mot used
liot veed
Not used
= 4 value of zone that is controlling At
= } value of zone that is controlling At

= maximum nurber of Red cyeles/Hydro (input
nurcber)

NR + At Rad = AT Bydro; not used in this
version

Total energy of (x) meterial

If = 0 code will decrease At t¢ correct for
I<0Q, if % C, those I < O are left alone

Not used
Total positive radial momentum (x only)
Total positive axial mamentum (x only)

Potal positive radial momentum (x) for material
under target

ot used

If = U, FH2 vill not trigger rezone

Not used in cortinuoue version

ot used

Not uvsed in this version

Minimum density for mass flow 8t tree swface

o i ¢EIE - E\n _ ,ETH - E\n-NECT) |
energy check L ) { A ) J /NPC

w3

ETH
Fraction of A in mass weighting veloclty
UL P -~ 1.0
Not used
Not used
ot used

A s i BT RO



7(81)
2(82)
z(83)
z(34)
; z(85)
z(86)
z(87)
7(88)
2(39)
2(90)
z(91)
z(92)
z(93)
z(9k)
%(95)
z(96}
. ©z(97)
z(93)
2(99)
2(100)
2(101)
Z{102)
z(103)
Z{10k)

MR 100 4R, X DA

2(105)
7{106)
Z{307)
7(108)
Z(109)
z{110)
z{111)
7{112)
2(113)
Z{114)

12
CABLW
VIsC

WSGD
WSGX
GMADR
GMAXR
si

s2

S3

sk

55

6

s7

S9
S10

Jerks /e
g/en’
cm/sh

Not used

Already defined

Not used

Total tixe up to cycle N, t¥ = 21
Maximum of Yy OF Y-

Y-

Y, and (Ymax’ 1) in CDP

v-/ly. - 1)

\WACHE

Not used

Not used

Not used

Not used

Not used

Not used

Not used

Used in CLAM only

Not used

Not used

Mass throwm away (PH2) continuous transport

Total energy thrown away
Total radial momentum thrown away
Total sxial momentum thrown away

Energy {internal) added to system when
internal is set to 0 ifI <O

Not used

Nobt used

Not used

Not used

Not used

Critical energy B{S), same value as 2{122)
Initial density of material

Initisl velocity of pellet

Epsilonics for empiying pellet ~ .01

Not used
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z(115)
z(116)
z(117)
Z{113)
z{119)
7(120)
z(121)
Z(122)
z(123)
z(124)
2(125)
7.(126)
z{127)
2{128)
2(129)
7(130)
7(131)
2(132)
2(133)
z(134)
z{135)
2{136)
z(137)
2(138)

z(139)

7(1%0)
Z{1h1)
z(142)
2(1h3)
bAGLLY
Z(145)
2(146)
z{147)
zglua)
z{149)
Z{150)

Density (po)
a
Jerks/g E
- b
jerks/cm3 A
- Vs Mo equation of state

3

jerks/g

Jerks/cm? B
-- Not used

v
Density check if p(k) < Z(138) stability check
for cell (k) is bypassed.

Percent of instability, used in CDT if
CABIN < O w .5

Not used

v

- J (of pellet-torget interface) at t = 0

10%cm/sec } C{speed of sownd = A + BFS vhere A= C,
J

-

and P is in megebars
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See Ref. 5 for a more detailed description of the equation of state.
For condensed states,

[}

P [a+ 2 JE+Au+Bu2 ;
~E. 44V
3
| 5

for expandédistates,,

v Vo _ 8
’ (= - 1), -BlF- - )%
* P o=ampe[—2— s 0 |e O
, +1
2
: Fo'

L e and

p=— T|= ] M=’n-lo
v o

E = specific internal energy

Condensed form for states where

<
= T, and E < E

P R . TSt
-

v
. A

expanded form for states where

V. > 1 amd E > B
A s

The fcllowing table contains the constants for the above eguations.

y -
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EQUATION OF STATE DATA

Loc. |=(128) | z(116)}z(117) 12(118)|2(119) (2(120) (7(121)|z{.22)|2(12:)z(12k)}z (125 jz(126)
Def. P a E, b A vy 0 E o f o) B
Unit g/cm3 serks/ ,jer§s/ Jerks/ Jer§s/
g om 4 g cm
W 19.17 .5 2.25 11.04 |[3.08 L.11 0. 1.135{ 10. 0. 2. g.5
(-5) (-1 , (-6) (-4)
cU 3.9 .5 3.25 |1.5 1.39 1.13 0. 1.38 5. 5. 1.1
(-5) (1) (-6) (-4)
FE 7.86 .5 9.5 1.5 1.279 1.21 c. 2.44 5. 5. 1.25
(-6) (-4) (-6) (&)
AL 2.7 .5 5. 1.63 {7.52 1.1 0. 3. 5 5. 6.5
(-6) (-5) (-6) (-5)
BB 1.845] .55 1.75 62 11,173 1.1 0. 1. 5. 5 5.5
(-3) (-4) (-3, (-5)
T4 4.51 .5 7. 60 [1.03 1.09 0. 3.5 5 5. 5.
(-6) (-b) (-6) (-5)
Ni 8.96 .5 9. 1.33 |1.912 1.11 0. 2.85 5. 5 1.5
(-6) 1 (-6) (-4)
MO 10.2 .5 L.s 1.02 [2.713 1.08 0. 2.3 5. 5 1.65
(%) (-b) (-6) (-1)
TH |11.63 A z.5 .06 15.31 1.15 2. 2. 9. |0.88 5.
(-6) (-5) (-6} (-5)
CH, .92 6 | 7. =0 |7.5 1.1 0. 2.4 1 10. 5. 2.
() (-5) (-6) (-6)
PB [11.34 | b [ 1.5 2.7 [hBE | 1. 0. 2.6 [13. } 15. 1.5
i (-5, ’ (-5, (-7 (-5)
7{s48, 74 149) 2(150;
03 ~ 3 VWhere
AL 3.28 e .45 C = C0 + ap°
PB 2.0 Z.ae 43 C, in 10° em/sec
Plastic 2.86 z 45 P in megsbars
FE 4.0k 5en 2
v 4. 3. 42

S PRI A AW (bt -+ bt
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4, TEST PROBLEMS

b1, Technique

A series of one-dimensional impact problems was underteken to select
the most appropriate scheme for the velocity weighting in the mass transport
equation. An iron projectile traveling at a velocity of 1 x lO‘5 cm/sec
striking an iron target was used as the standard test problem. The projectile
hed iive zones of l-cm each; the target had 95 cones of l-cm each. The
equation of state used was that for iron.

Four different velocity weighting techniques were investigated to
determine the best u to use in the mass transport expression pult. These
are i1llustrated below, for the case where the flow 1s fram cell k to cell
(k+1).

The four different approaches were ss follows:

1. The donor cell scheme: Q= u(k)
2. The Rich scheme®) O ¢-2 ) Yic-1)
(no density texms) T k) 5.

X " By

3. The OIL scheme )

=1
!

Ll . [u(kﬂ/)uc- “(k)]"f_]

and 4, enother scheme where

R R ) S i - D “(kﬂ“}
' z- L Bx

The donor cell, Fig. 5, locks very good in the neighborhoocd of the
shock front; however, behind the front (the rarefaction side) instability
sets in. Rich's scheme (without his density weighting) is very wsimilar to
scheme 4. The present scheme 3 now used in the OIL code “as chosen s the
best representation of the shock front and the rarefaction (Figz. 6).
However, the results indicate the possibility of using the donor cell
(scherpe 1) near the shock front and one of the other three schemes in the
rest of the problem.
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4.2. Comparison of SHELL and OIL

An iron projectile, 3-cm-diam by 3-cm long, strikes an iron target
at a velocity of 4 x 10 cm/sec. The problem was run using both SHELL
(PIC transport) and OIL (continuous mass trensport.) The starting conditions
and cell sizes were the same for both. There were T2 cells in the projectile
and 2976 in the target, and 16 particles per cell were used in the SHELL

run.

Figure 7 is a plot of the total positive axial momentum and the total
positive radial momentum (in the target) vs time for the two problems.

Pigure 8 shows the shock pressure vs position as a function of time for the
two problems. The agreement between the two techniques is very good, with
the SHELL scheme overshooting the theoretical shock pressure by a womewhat
larger amount. Figures 9 and 10 are mass flux plots of the two schemes vs
zone number, agein at hSO. Figure 11 is a pressure and compression plot of
the two schemes as a function of zone number along a ray MSO fram the
initial center at the projectile target interface. Figure 12 is the same
information at a later time of 2.2 usec. Throughout all the comparisons,
the two schemes are seen to be in very good agreement, with the SHELL schene
exhibiting same undesirable oscillatory behavior due to the discrete nature
of the particle populction in the cells. Finally, the SHELL run required

H longer mechine time by a factor of 15 over the OIL run.

4.3. One-dimensional Test Problems

Figure 13, a camparison of the two schemes for a plane wave free
expansion problem, indicates good agreement between OIL and theocry. A hot
gas extending to 30 cm with a p of .8 g/cm3, a y of 5/3, and specific
internal enexrgy of € x lO-3 jevks/g, with a rigid wall on the left, was

suddenly released and free to rarefy to zero pressure. The slight rise in

mass in the leading edge is due to the constraint adopted for preventing

mass transport to diffuse n cells in n time steps (see 3ection 3.1).

A second "shock tube” problem consisted of a rigid boundary on the
left, a hot gas of p = .8 g/cm3, a vy of 5/3, end o specific intemmal energy

of 9 x 10-3 jerks/g, which was alloved to shock a cold region extending

from 30 em 0 40 cm, consisting of a p of 1.2 g/cm3 end a y of 5/3. In

RRAGRIEL rtd s O A s o < T
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addition to the OIL and SHELL versicms of this flow, a third comparison was
made using a plane-gecmetry version of & one-dimensiomal Lagrangien (SPUTTER)
code. The results are given in Figs. 1% and 15, vhere pressure and velccity
are plotted as functions of distances in both the hot and cold material.

The comparison between OIL and SFUTTER 1s very good, while SHELL, again;
exhibits an oscillatory behavior.

AR RE e e . S

Figure 16 shows the initial setup of a spherical blast problem which
was run using the three codes, SHELL, OIL, end a spherical version of
SPUTTER. Figure 17 is the pressure versus position for the three cases,
and Fig. 18 is a plot of density versus position. In the latter plot
particularly, SFUTTER displays a decidec advantage over the two Eulerian
methods. This is due to the fact that the SPUTTER (Lagrangian) zoning was
on an equal ness basis and the resolution 1 accerdingly bhetter at big R.
Hence, there are many zones to represent the dansity discontinuity or shock
locetion. The SHELL and OIL results are very similar, with the OIL results
being substantially smoother.

ORI A DN IR 7

Figures 19 and 20 are pressures vs position along the r and z axis
for the SHELL and OIL codes. The results for OIL are especially interesting
in that they are very nearly spherical, where the results for SHELL are not
as smooth and are slightliy different along the two axes, partially because
of the prefersntial movement of particles that exist ia the PIC transport
of SHELL.

e APPSR LRRGIGEIN T MO (HRNICPLF LSBT furs S0 VMG AN ReeY - .

e e e L I 2

The spherical character of the OIL solution is also borne out by
further tests, such as the close agresment, to about one-tenth of one percent,
of the two coamponents of velocity along a ray hSo fro tle axls of symmetry.

The fuct that an initially spherical problem ramains spherical is gratifying
as evidence that the differencing or transport schemes are not introducing

significant preferential treatments in the radial or axial directiors.
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5.1. FORTRAN IV LISTINCS OF CLAM

72.

C NOTE, THE BLLOW >&T CF

(o DIMEMSICisey LJIUIYALEMCr AME JovML2 15

C TG BE USED nlf¥ ALL Sus~3uTiNCS IN

C CLAM, WITH T4t £xCEPTION OF 4AlN &OUTIAHE,

C D 1 ] 1 Y 5 H o 4 INPUO02C -

C IKPUGO30 -
DIKENSIUN ALXAL43050) 40130, INPLOO4O
LABX(4300),UX(52) 46N LYo ITASIST2) 0540800}, INPUOO0S50
2RONEL2) sTAB(SNZY o TABLI27) 4 8AasiIY{21) o TABRI25), 1NPUNC6O
ATABUV(Z2O) y 1 LABX(21) 4y TAnYLZ s TAULD2 ) 4TEXP(L13), INPUOOTO0
4U€4300) oV{a290) o REE2Y, 4L 8120 s 55054}, INPUOGSBO -
SYLEIL3G) o015 3) 04132 yYY{155)40YE103) {NPUO090O T
DIMENSTIUN 1alfl30)efuwctiz0) INPUOGLIOO
COMMON z ¢ XA sThe ' YY INPUCL1O -
COMMON L1 s ALHAK  SAlX s AJHAX  JAM 9 Al INPUG120 ~
COMMON A PRI ¢ s LA UL o FHX PP AL s GXX INPUCL130
COUMMON YN 1 5YX e] 21A vlo e 13A INPUOL140
COMMON | BF: o 1L sI1G v11 »11C e1J INPUOL150
CUMMON 13 9 IRC s EJV s JUVL 2 I WS e 1uSA INPUOL60
COMMON InSs s IX o 1 X% e TAX oI YN o IYX I %PUO170
(«U”MON J '-)/\ 141 gJ[’". 'K ,K—E !NPUO!BO
COMHON KF 2 KK oL LA 'L B sbu INPUCIS0
COMMON L s L1 oL X 14 41 PY AW IWPUL200
COMMON e R ¢ MNP oM X o MXA 1 M5 IxPU0C210
COMMON “1 e NPRT s NP P ok T X s NY INPUC220
COMMON GOOCFLyRHO 2 IRz e 5LALHLY s TABT InPU0Z30 -
COMMON TAlY $Thox 2 TABUY s Tho2 o TABY s TAM INPUO240
COMMON Tay e TESP s TF#X sTPINY  HT1X eTY INPUC25C
COMMON U 'V 1P IDY %5 ' M SA shSB INPUC260
COMMON KSC » A5 veSE 24 SF o1 5% sH51 INPUG270
COMMON Wi 2 %51 'SV enSX 2 W SY 9#d S5 INPUQ28O
COMMON XC s XL 2 YC oYL s YMAX s HSR INPUO290 .
COMMON " Pt g P4 JI1X s TTY oLF o £ INPUO300
COMMON PEE s Pk vidYY sEY s NK 2 SHITCH 14PU0310
COMMON iwl 9 12 INPUO320

C INPUO40OO

C E Q Y] 1 v A L E Y C & I NPUOS1O

C INPUGS420 .
OEQUIVALENCE {Z,124PRUB), §2{2),€YCLE), 12{3),DT7}, INPUO430
1{ZL4) oPRINTS) ¢ (£45),PRINTL Y, (ZletGUREPTT), [Z{7),C5TLP), {NPUO44O
26Z18) +P1LY) $202)TML), {ZL1C)GAM), €Z(11})+GAMD]), INPUO4S0 -
3(Z(12),GAMX}, §2(12)1,€TH), {LL14)¢FFA), (2(15) ,FFB), INPUO460
4(7416),TMDZ ), (Z(17),THNXZ}, {ZU18) e XPAK]), (L(19) 4 TXMAX), INPUOSTO
S8Z(20),TYMAK), £L021) 2 AMDM) ¢ (L(22)sAHRNY, {Z(Z23) 40NN}, INPUC480 -
642(24)yDMINI, (2{25)FEF), (Z{26)GTNAY, (LL27)4CVIS), INPUO4A90
TELL28) NPR ), {2(29),MPR1}, £2€-200eNCY {2{31)NPC}, INPUOGS00
B3(Z832)4MNRC) o (20330 410AK13, {L(24)4 L HHMAXA) 17(35)+0MAX}y INPUOS1O ~
9(Z{36),JMAXA), (Z{57)KHKAX) 4 £2L38)KMAXA), {2(39) sKMAX) INPUOS20 7 .
CEQUIVALENCE $2040) 48003 ¢ (2641 ),KDT), (Z842) 1 XHLX) s INPUOS3O
1(Z2(43),N0D) (L0449 HUPR) 4 {LUAD ) o NIMAX) o (Z2(46) NIMAX}s INPUOS40 ,

v,
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SR

282i4T)oi1)
3(Z(51),N1),
4(2855)0:N5),
3621593 ,89),
662(563),TRAD)
TLZ(6T)oRADER )Y o
8ZE71),REZFLT ),
9(2175),YOLONE} 5
OEQUIVAL ENCE
147182} ,CABLNI,
2(2(86)4¥HSGD)
3§¢2(90),51),
4(2894)+S5),
54249814593,
OEQUIVALENCE
BVY(2),Y(1D)

11448)312),

(2§52)4M2%,
(Z156) 4N6)
(Z(50),N103,
(2864)¢XNRGSY
(2(68) ¢RADET )y
(Z€T2)4RSTOP S
(2076)4ECK)Y
§Z2(79)4X2Y,
§2(83),VISC)Y,
§2€87)9WSGX) 5
€2(913,52},
(2095),56),
{2199),510)
§20112),

(2¢493,13),
£Z(53)¢N3),
(2857 3eNT)
(Z161),N11),
$Z165)95N5 o
§Z2{69),RADEB),
{Z1T3)4SHELL) »
(2477),SBOUNDS,
(Z(80},Y1),
§2(8434T5
1Z2(88),GMADR),
124921,53),
(2096)957},

EXXE2)9XE10 3,

NOTE . ALTHOUGH THE OIMENSIONS FOR THE CELL
QUANTITIES ARE 4300 IN CLAH, THE DIMENSIONS
FOR  OIL ARE 3500, THAT IS, KEEP (IMAX) (JHAX)

+1 LESS THAN

3499,

13.

{2(50) 414}, INPUO550
£2{54) 4N4}, INPUC560
({2(58) 4N8}, INPUOSTO
12062]) JNRM) ¢ INPLOSE0
(24662 +DXN) » INPUOS590
(2(70) ,DTRADS, IKHPUCGSHOO
(2§74} +BBOUND) s INPUOS1O
(2478) yX1) INPUO620
(24813 ,Y2), INPUO620 -
124(85) ,6¥AX), INPUDESD
§2(89) 4GMAXR)I, IRPUCHSC
(2493} 554}, INPUCHH0
(2(97),58), INPUO6TC

INPUOGSO
(TABs ITAB!, IKPUO630

INPUOTCO

iNPUOT10
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$IBFTC HAIN LIST9DECA - i
CHAIN
CLAMNM t2 2 X 224 Yalln BET L FE

$% IF PRUoLiA Ho%sts 15 NELAYEYe,

CLAM xILL WAITE THe PARTICLES (% TAPL,
PREPARING 11 Fiix A PIC Rk,

$¥% NOTE (1 MATERIAL JMLY (iX13

CALL SLITE §O)
INPUY E0UTIRE CALLULACE: THE ALTUALL RID,
DIMENSIUNS ARD INDBICES,

10 CaLL 1wPUT
PHly, READS IR DATA LAF05 FO2 Tic
PACKAGED>y Ph2 CALCULAIEL, THz HEUAETRILS,
PH3 THE PARTICLLES, FH4 LALL> THE
6 POSSIBLE FIT3 TrHAT LHLCULATE THE
DENSITY, VELGCITIES AhD IRTERRAL EAERSY
OF THE PAKTICLES.

20 CALL PHL
OUTPUT CALLULATE, THE venulITY (ofids
RADIAL AND AKIALY ANu SPoCIFLL 14T EF WAL
ENERGY OF EACH CELL FKUM THL
TOTAL MUMENTA AKD IHLTFENAL
ENERGY AMU HASS OF EALH CkiL,
CUTPUT ALSO PHEPAPES A UUNP Tokl
WHICH IS USED THeEN Tu S ART 31L,

30 CALL ouTtPUT
CALL EXIT
ERD

alxN o NaNsNalg)

HAINOO10
¥A13G020
AAINCO30

KAINCC40
HMAINOO5D
¥AIN0060

MAINOOTC

$AINCOSO

MAINCO90
KAINC100
MAINCILO

N wumm’w@.ﬁﬁf&

Y

re




we v e

$IBFIC IMPUT

¢
c
c
C

30

e N el aNalal

40
50

60

Q. Oafh 6 6 O 6

70

101
102
104
106

LISY sUELK,REF
SUBROUT INE 15PUT

ss$88¢ NUTE (1 HATEKEIAL CHLY {(X}))
HI=150

CLEAR 7 BLOCK.

C0 30 1=1,ML

2(13=0.0

READ IN HEACING CARD
READ (5,8012)i4S
1¥5=1
WRITE (6+48012)¢1u5)

WRITE (6,8100)

READ IN PRUSLER LUNSTANTS
PROB=PROBLEM NO, AIMAX=IFA¥,
AIMAX=SHAXs QLOOFL 15 NOT USZD-SET
TO ZERD, SHELL SET=2.,58,59 ARE
LZERO, SEY N7 TO=TAPE ii.

READ (5,8004)PROB,AIMAX; LIMAK s UOOCFL ¢ SHELL 958959 437
1F(KT)40,40,50

N7=7

CONT INUE

BAX., NUMBEK COF ZOWES 14 R DIRECTION.

Mi=50

MAX. NUMBER OF ZONES IN 1 ODIRECTION.

HI=109

MAX. NUMBER OF PARTICLES/CELL.

MNP=400

SIZE \F TABLE (TAB!}
JTR=500

MAXINUM  [¥J
MAX, NUMBER OF CELLS.

K1J=4299

CALCULATE ADDITIONAL IAUICES FOR CLAM AND OilL.
IRAX=AIMAX

JBAX=ASKAX

IMAXA=TMAX+1

IXMAX=IMAXA+1

JHAXA=JMAX+]

KMAX=( IHLZ=JNAX) +1

KMAXA=KMAX -1

MRITE 169650481 (PROBsIAAXJRAX)

CHECK INPUT NDS., CONCERNED #ITH GRID SIZE.
IFCIBAX-ME)102:10249901
IF(IMAX-MS)104,104,9902
IFIKBAX-MIJ~1§1069106,9903

NOD=1

NPC=1

NRC=0

75

INPUOR1O
IXPUOT 30
ENPUD94LG
IRPUBISC
I1nPUD9ED

INPUOSTD
INPUOSEC
INPUDI9U
INPU1000
INFPUL01C
15PUL020
INPULDZO
15PUL1040

INPULOST
INPULISEC

IXPUL0ED
INPUL09S
INPULIL10D

INPULL1O
ThPU1120
INPUL130
INPU1140O

1kPL1150

INPUL16O
INPULLTD
INPUL1180
THPUL1190
INPUL 200
INPUL210
INPUL122D
INPU1230

INPU1240
INPU1255
INPUL26C
INPUL270
INPUL280
INPU1290




Kz

76.

2600

2001
2502
2003
2004
2006
2008

2610

2012
2014

2030

PEAD IN uY AWD DX
£=0
J=D
X{(1)=0.9
Y(33=0.0
READ (5081 L2)InSAhoTuSD NIl gNZgNZglibg {TESPUKY gK=1¢ %)
L=1
COUNT RD, OF DIFFERENT DK DR DY,
IFING) 2003520012003
IFIN3) 20044 200242004
IF{N2I 200692008, 2006
L=L+1
L=iL+1
L=1+1
IF(IHSBIZCL10,2010,20320
PROCESS THE OX AN DY YALUVES.
DG 2014 n=1,L
NK=1Z{N+50)
D0 2012 K=1,8K
I=1+1
OXC(Ly=TERPL(N)
X1 =X{I~-1}+#DAL1)
CONTIMUE
CONT INVE
65 To 20590
CALC THE Y AND DY VALUES
DO 2034 K=1,L
NK=IZ{(K+50)
D0 2032 K=1,0NK
J=J+1
DY(J)=TEXP(N)
Y{J)=Y(JI-1}+DY {3
CONTINUE
CONT INUE
IF{SM5AY205242000,2052
IF(=) READ MURE Dx OR DY SAT4L CAKDS.
IF{J-JRAX)96C5, 053,99C5
CHECK 1INPUT NUMBERS.
IFLI-IMNAXD 950642054, 9906
CONTINUE
REAU (508004 WS o%SAnS8,SHITCH
Nl, AND N2 ARE THE ¢ SCRATCH TAPES.
N1l=nS$S
N2=WSA
REWIND N1
RENIND N2
Ne=MAX., NUMBER CF PARTICLrS~-1 PER RiCOKD.
N4=uSB
NPRI=N4
NPRR=M%4

———— i e n e

IAPW1200
Ino>nl 310
in 1320
P 1330
10Ul 340
INPYL3SO
INPY1 350

A NPYE 370
INPYL 38D
INPUL 390
IHPUL4£0D
INPULI41D
INPU1420
INPUL43D

INPUL44D
INPU1450
InNPUL&450
INPYLATO
INPUL4ED
INPUL420
INPULS00
IXPULS51O
INPUL 520D
INPUL1S3D
INPULS4D
{NPULS5D
INFUR550
1HPU_>F0
INPULS580
INPUL590
INPU160O
INPULE1Q
INPU1520

IhPULE30

INPULG4O
INPU165G
INPUL 660

IHPUL6TD
1%PU16£80
TNPU1690
IRPULT70C

INPULT1O
inPU1720
INPU1T730

4]




Ti-

MRETE (DebUL4TIMAKSE KT Y 07 DpIWMany InPUda- o
WRITE (2280058 IMAX WD) =D smial INFW1 750
#3=3,1415927 INPULULTED
WSA=0.0 INPUATTO
T CALCULATE THIE ARELA*SITAYI=PIE{R] T J¥x2—
C KEI-1y*%2).
DD 1008 I=i. IMAX INPUL TBE
WSB=WS& INPURTSD
WOSA=XK{ T i%2 1 WPUL SO0
1008 TAUIII=MS*LuSh—NEDD INPULBLC
C WRITE CUVT X ¥,0XKeD¥e AND TAy VAlLLESS
MRITE (2306t IfRXKIDXATE Y i=0 IO} INPYIR2D
WRITE (CaBDOTIIRAK9IDYITI D0 I=0 o SMAXE INPJIIBID
WRITE (09509220 IMAKL ATABII o T=1 cEMAXD ) INPUT 84D
10230 XMAX=A{ IMLX) INPWISSD
TXMAX=KVAX*2 .0 IWFUIB60
YNMAK=Y] JMax) INPULBTD
TYMAX=YRLX*Z,D INPURB3D
c PIDY IS REALLY PI{(Z.14]15527).
PIDY=%3S INPULSSO
- g SET VELDCITIESs INTERNAL ENDRSIES AND MASSES
C 0 De
DO 1014 I=1.KHM&KA INPLL DO
. UiI}=0.0 INPULII2D
VEI)=0.D INPYIS3ID
AIX(1)=0.0 . INPU I 94D
ANX(I)=0,0 INPYI 9SO
iD14 CONTINUE INPUL 940
C SET TOTAL ENERGY 10 ZERD.
ETH=0.0 INPULISTO
C INIYIALIZE WIh. 4ASS PARTICLE TO A LARGE ND.
AMDM=].E4+28 ThNPUIOBD
ANXN=ARTH INPULIOD
60 TO 2016 INPYZO0D
C ERRDR ENPU2010
2901 MK=1901 IRNPU202D
60 T0 9999 INPUZ2030D
9902 NK=102 INPU2D40
68 TO 9999 INPU205D
99032 NK=10& INPUZ2060
60 TO 999% INPUZDTD
C JKAX DDES NUT EQUEAL THE S3UM OF THE INPUT J INPU20B0
990 KK=2052 INPUZO90
68 TO 9999 INPUZ21DD
C INMAX DOES NOT EQUAL TiHE SUM OF THE INPUT ) INPUZELO
5906 AK=2053 INPUZ212D
S999 WRITE (6,888 INKe19JdyXal oMol IANPI213D
PRINT 8888 hKslsJesXgloMeN INPUZTI A0
CALL DUmP INPUZISD

20156 RETURN INPU216D
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18.

O

FURMAT
8004 FORMATI(TEL1O.5,4121
30120F0RMAT (1l.71HItd1y 15 THE CLAM PRULGRAS Al THERE
1 )
5048 FORMAT(1H /9H PROD NUF9e349 201 =12,26X2H0=12)
8064 FURMAT{IH /10H X{1) I=0,12/(5F1L.6))
8065 FORMATI{1IH /10H Y(4) J=0412/(5F106.01))
8066 FORMAT{IH /11H DXL} 1=1,12/(5F16.0610)
8067 FURMAT{(1IH /Z11H LY(J) J=1,12/({5F1b.01))
8092 FORMAT(IH /1i3H AR A(f) T1=ji;12/1nF16.6})
8100 FORMAT(1H /141 (SnttLL INPUT))
8102 FORMAT{211:+4124+4E1044)

I3 AN

ERRUR.

INPU2170
INPU218O
INPUZ2190
INPU2200
INPU2210
ENPU2220
INPU2230
INPU2240
INPU2250
INPU2260
INPU2270
INPU2280O

8888 FUORMAT(1H+/26RH1 INPUT cRRUK IN STATEMENTIS,12Xe12H INDICES ARE61T)INPU2290

END

WIS B ¢

INPU2300
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$IBFTC PH1 LISTDECK,REF

(K g}

2020

2021
2022

(g} (o] OO O

2024

SUBROUTINE PH1

*¥xx¥x NOTE (1 MATERIAL ONLY ((X))
READ IN GEOMETRY ETC.

NPP=T7

NPR=NPP~-1

TPIDY=PIDY#*2,0

ND=0

NX=0

NT=1

NYY=1

FIRST CARD OF EACH PACKAGE.

READ  (5,8008)IXsLXyMXsTEMP(1) 4 TEHP{2) o TEMP(3)

"INITIALIZE THE NUMBER OF PACKAGES TO 0.

NPKG=0
IF{IX~-1)9901,2018,2018
IX=]
LX=L
MX=M

IF THERE ARE NO MORE PACKAGES GO COMPUTE TOTAL VALUES
THE LAST CARD HAS A 2 PUNCH IN COL 1.
IF{1X-2)2018+700099902
J=0
NFKG=NPKG+1
SET PACKAGE MASS AND ENERGY TO O. -
PE=0.0
PM=0.0
ORIGIN FOR THE RADIUS VECTORS TO BE USED
FOR THE FIT ROUTINES{1 THRU 6).
VC=TEMP(1)
XC=TEMPI(2)
$8 CONTAINS THE FIT NUMBER FOR THE
PACKAGE IN QUESTION.
S8=TEMP(3)
WRITE (648100) {NPKG,MX)
NOW READ IN THE GEOMETRY AND DENSITY,
ENERGY AND VELOCITY CARDS.
READ (5,8008)I4LoMy (TEMP{N} ,N=1,6)
IWS=1
IF(1-5)2021,2045,2022
IF=y THIS IS A RHO. VELOCITY OR ENERGY CARD.
IF LESS, YOU HAVE READ ALL CARDS FOR THIS
PACKAGE IN, PLUS THE FIRST CARD FROM THE
NEXT PACKAGE.
iF(I-3)2060,9503,2025
If GREATER, EITHER A TRIANGLE OR PERTURBED ELLIPSE.
IF(L19904,2030,2024
A PERTURBED ELLIPSE.
INS=7

79.

PH1
PH1
PH1
PH1
PH1
PH1
PH1
PHI1
PH1
PH1
PH1

PH1

PHI1
PH1
PH1
PH1
PH1
PH1

PH1
PH1
PH1
PH1
PH1

PH1
PH1

PH1
PH1

PH1
PH1
PH1

PH1
pPAl

FH1

0010
0740
0950
0960
0980
0990
1000
1010
1020
1030
1040

1050

1060
1070
1080
1090
1100
1110

i120
1130
1140
1150
1160

1170
1180

1190
1200

1210
1220
1230

1240
1250

1260
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2026
; 2027
i 2028

o

2030

2032
<03%

2036

(2 ¥ g

. 2040

fn)

2042

s X sl gl

2046
| 2048

2052
2054

2058
2059

60 TO 2030

IWS=3

IF{L)9805,2030,2028

IWS8=5

A TRIANGLE.
IF(M)93906,2034,2052

IF=y DELETE TH1S GEOMETRY.
IWS=INS+1

J=J+1

TAB STORAGE CONTAINS THE COORDINATES GF
GEOMETRY.

ITABL{J) =INWS

DO 2036 N=1,NPR

J=J+1l
TAB(J)I=TEMP(N)
60 TO 2020

ONE ONLY RHOsI,U OR V ALLUWES PER PACKAGE
IF=y THIS IS A DENSITY CARD.
IF(L-1)9G071+204642042
IF GREATER, EITHER A VELOCITY OR ENERGY CARD.
IF(L-3)2052420G58,9908
IF=y THIS IS A VELOCITY CARD, IF LESS, THIS IS A
ENERGY CARD.
DENSITY
DO 2048 N=1+46
TABR{N)=TEMP{N)
60 TO 2020
ENERGY
DO 2054 N=1,6
TABI{N)=TEMP(N)
60 TO 2020
VELOCITY (U AND V)
20 2059 N=1+6
TABUVINI=TEMP (N}
60 TO 2020
OUTPUT DENSITY, ENERGY, AND VELOCITY PARAMETERS
ALL CARDS FOR THIS PACKAGE HAVE
BEEN READ IN.
IF(J-3dTM)2070,2070,9915
NO. OF PACKAGES EXCEED {72), NOTE
JTM SET=T0 500 IN IMNPUT, THUS MaAX.
NO. OF PACKAGES = 72, UNLESS DIMENSIONS
ARE CHANGED.
WRITE (6,8C36){TABR{II}),II=1,46)
MRITE (6,8038Y{TABI(JI1}sII=1ys6)
WRITE (648040H{TABUV{II)sI1=1,06)

COMPUTE BCUNDARIES OF GEOMETRIES FOR LEFFILIERLY IN

GENERATING OR DELETING PARTICLES
CALL PH2
COMPUTE I{C),I{N},J(D) AND J{N).£ROM PREVICUSLY

PH1
PH1
PHL
PH1

PH1

PH1
PH1

PH1
PH1
PH1
PH1
PH1
PH1

PH1

PH1

PH1
PHI1
PH1
PH1
PH1
PH1
PH1
PHi
PH1
PH1
PH1
PH1
PH1

PH1

PH1
PHL
P#l
PH1
PH1
PH1
PH1

1270
1280
1290
1300

1310

1320
1230

1340
1350
1360
1370
1380
1390

1400

1410

1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540

1550

15&0
1570
1580
15990
1600
161G
1620

Py

e

PES

i v
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c COMPUTED VALUES,FOR UPPER AND LOWER LIMITS IN PH1 1630
c THE CELL MESH SCAN PH1 1640

(W IXN=MINIMUM (1) OF GEUMETRY OF PACKAGE

c IYN=MINIMUM (J) OF GEOMETRY OF PACKAGE

C IXX=MAXIMUM (1) OF GEOMETRY OF PACKAGE

- c IYX=RAXIMUM (J) OF GEOMETRY OF PACKAGE
) 3001 IXN-=1 PH1 1650
: IXx=1 PH1 1660
: IWS=1MAX-1 PH1 1670
' 3800 IF(IWS)9929,3820,3801 PH1 1680
: 3801 OO 3808 N=1,IWS PH1 1690
; IF(X{N)-GXN) 3802938043804 PHL 1700
3802 IXN=IXN+1 PH1 1710
3804 IF(X{N)-GXX)}3806,3806,3808 PH1 1720
3806 IXX=IXX+1 PH1 1730
3808 CONTINUE PH1 1740
. EF(IXN)3812,3812,3814 PH1 1750
: 3812 IXN=1 PH1 1760
¢ 3814 IF(IMAX-IXX)3816,3818,3818 PH1 1770
© . 3816 IXX=IMAX PH1 1780
: 3818 IF(IXN~-IXX)3820,3820,9930 PH1 1790
) 3820 IYN=1 PH1 1800
: 1YX=1 PM1 1810
: INS=JMAX~-1 PH1 1820
¢ 3821 IF(INS)9929,3834,3822 PH1 1830
3 3822 DO 3813 N=1,IKWS PH1 1840
i 3823 IFIY{(N)-GYN)3819,3817,3817 PH1 1850
; 3619 IYN=IYN+1 PH1 1860
i 3817 IF(Y(N)-GYX)3815,3815,3813 PH1 1870
¢ 3815 IYX=IYX+l PHl 1880
i 3813 CGNTINUE PH1 1890
? IF(IYN)3824,3824,3826 - PH1 1900
: 3824 IYN=1 . PH1 1910
1 3826 IF{JMAX-1YX)3828,3850,3830 'PH1 1920
, 3828 IYX=JMAX PH1 1930
: 3830 IF(IYN-1YX33834,3834,9931 PH1 1940
: 3834 NRITE (698044 IXN- IVNoIXXeIYX PH1 1950
: c SCAN CELL MESH TO DETERMINE IF PARTICLES ARE TO BE PH1 1960
c GENERATED OR DELETED PH1 1970
c GENERATE PARTICLES PHL 1980
4000 CALL PH3 PH1 1990
c REARRANGE X,Y AND M FOR PARTICLES IF NECESSARY PH1 2000
6011 LA=NY~-NT PH1 2010
IF{LX)9947.:602046022 PH1 2020
6020 ND=ND+LA PH1 2030
G0 TO 6024 PH1 2040
6022 NX=NX+LA PH1 2050
6024 NT=NY PH1 2060
: ETH=FTH+PE PH1 2070
REPLACE 606760000000 BY-318115198376 PH1 2080

[n]
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6026

PR 27 T

6028
. 6030

6050
7000

OGO

n h A 4R

4050

* 4051

4052
4060

9901

9902
9903
9904
9905
9906
9907
9908

9915

9929
2930
9931

9933

WS={-ABS(-18115198976})
IF(LX)9933,6028,6030
REPLACE 244663000000 BY 22125740032
NS= ABS{ 22125740032)
WRITE (698501)LA,WS,PE.PH
GU READ 1) NEXT PACKAGE
60 TO 2016
NMAX=NT
NMAX=MAX. NUMBER OF PARTICLES+]1.
YOU HAVE PROCESSED ALL PACKAGES, ALL
PARTICLES, NOW 6O TO THE OUTPUT,
IF(AM{2))4051+4050,44051
N3=NRC
GG TO 4060
NRC=NRC+1
N3=NRC
N3=NO, OF PARTICLE RECORDS OF
N4 WORDS.
IF(PR0B)4052,4052,4060
HWRITE (NZICAM{T) o XL, YLUI) o IW1(E)oIW2(1)a21=2,NPRI)
N6=NMAX—-{N4-1}#%(N3-1)
NOPR=N3
REWIND N2
60 TO 10000
£RROR
NK=2015
60 T0 9999
NK=2017
G0 TO 9999
NK=2021
G0 T0 9999
NK=2022
GO0 TO 9999
NK=2027
GO0 7O 9999
NK=2030
60 70 9999
NK=2040
60 TO 9999
NK=2042
60 10 9999
NK=2060
60 TG 9999
NK=3800
60 TC 9999
NK=3818
60 TO 9999
NK=3830
60 70 9999
NK=6026

P e

PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1

PH1
PH1
PH1
PH1
PH1

PH1
PH1
PH1
PH1
PH1
PH1
pHl
PHL
PH1
PH1
PHY
PH1
PH1
PH1
PH1
PH1

..PH1

PH1
PHL
PH1
PHL
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1

2090
2100
2110
2120
2130
2140
2150
2160

2170
2180
2190
2200
2210

2220
2230
2240
2250
2260
2270
2280
2250
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2440
2470
2480
2490
2500
2510
2520
2530

At #NY, .
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P
{
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GO TO 9999 PH1 2540
9947 NK=6011 PH1 2550
9999 HRITE (6,8888)NK PH1 25601
PRINT 8888,NK PH1 2570’
CALL DUMP PH1 2580
10000 RETURN PH1 2590
c FORMATS PH1 2600
8008 FORMAT (211415:E13.545E€10.5) PH1 2610:
8036 FORMAT(1HO7X,8HDENSITY 9Xs1P6E16.6) PH1 2620
8038 FORMAT{1HOTX,8HENERGY 9X¢1P6E16.6) g PH1 2630!
’ 8540 FORMAT(1HO7X,8HVELOCITY9X1P6EL16,6/1HO/) PH1 2640
; 8044 FORMAT(LIH /6H I{1)=12,4XeS5HI(1)=1244XsSHIINI=124X,5HJ(N)=12) PH1 2650
B81000FORMAT{ LHO///12HOPACKAGE ND.13,120,15H PARTICLES/CELL//33X,2HAL114XPHLl 2660
19 2HA214%92HA314X2HA414X s ZHAS14Xs 2HAG ) PH1 2670.
85010FORMAT{1HO/128,2H (A3511H) PARTICLES22X 4HPE =1PE12.6416X,4HPM =E1PH1 2680
12.6) PH1 2690.
8888 FORMAT(23H1PHL ERROR IN STATEMENTIS) PH1 2700

END . PH1 27190
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3007
3008
3009

3010
3011

3012
3013

3014
3016
3017
3018

3019
3020

3024
3034

LIST,DECK,REF
SUBROUT INE PH2

CALCULATE THE PACKAGE GEOMETRIES

GENERATING OR DELETING PARTICLES
J=VALUE OF LAST COORDINATE READ IN.
JT=J
INITSALIZE OUTER BOUNDARIES.
GXN=XMAX
GYN=YMAX
6XX=0.0
GYX=0.0
NPP=T(SET IN PH1).
DO 3700 J=1+JT,NPP
IWS STORED IN ITAB ARRAY IN PHI.
IF IWS=2(A TRIANGLE) IF=4(A RECTANGLE),
IF=64A ELLIPSE OR CIRCLE. IF IWS=8,A
PERTURBED ELLIPSE. IF IWS IS LESS THAN
THESE VALUES, THE DEFINITION STILL HOLDS, BUT
NOW DELETE THIS GEOMETRY.
KK=(ITAB{J)~1)/2
IF(KK)9919,3010+3008
IF(KK-2)3100+3200,3009
IF(KK-4)34004992049920

TRIANGLE
VERTICES CAN BE INPUTED IN ANY ORDER,
X COORDINATE FIRST.
SEARCH FOR THE LARGEST X{(WSE) AND
SMALLEST X(wWSD).

FIND MAXIMUM(WSE) AND MINIMUM{WSD} X COORDINATE

IF(TAB(J+1)-TAB(J+3))3011,3012,3013
WSE=TAB(J+3)

WSD=TAB{J+1}

60 70 3014
TAB{J+1)=TAB(J+1)*1,00000014+1.0E-8
WSE=TAB(J+1)

WSD=TAB(J+3}
IF(TAB{J+5)-WSD}3020,3019,3016
IF(TAB(J+5)-HSE)302443017,3018
TAB(J+5)=TAB{J+5)%1.0000001+1.0t-8
WSE=TAB(J+5)

GO 70 3024
TAB{J+5)=TAB(J+5)%0,9999999-1.0£~8
WSO=TAB{J+5)

ARRANGE VERTICES IN ASCENDING ORDER
IF(TAB(J+2)-TABIJ+4))3036,43034,3038
TAB(J+2)=TAB(J+2)*1.0000001+1.0E-8
G0 TO 3038

PH2
PH2
PH2
PH2
PH2
PH2

PH2

PH2
P2
PH2
PH2

PH2

PH2
PH2
PHZ
PH2
PH2

PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PHZ
PH2
PH2
PH2
PH2
PH2
PH2

0010
0020
0740
0950
0960
0970

0380

0990
1000
1010
i020

1030

1040
1050
1060
1070
1080

1090
1100
1110
1120
1130
1140
1150
1169
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270

sty




3036

3038
3040

3042

3053
3054
3056
3058
3062

3064
3066

3068
3069

NSA=TAB(J+l)

NSB=TAB(J+2)

TAB{J+1)=TAB(J+3)
TAB(J+2)=TAB(J+4)

TABLJ43)=NSE

TAB(J+4)=HSB
IF{TABLJ+4)-TAB(J+6))3042,3040,3044
TAB(J+6)=TAB(J+6)%0.,9999999~-1,0E~8
60 TO 3044

WSA=TAB(J+3)

KSB=TAB(J+4)

TAB(J+3)=TAB(J+5)
TAB{J+4)=TAB(J+6)

TAB(J45)=4SA

TAB{J+6)=WSB

GO T0O 3024

WSF=MINIMUM VALUE CF Y

NSG=MAXIMUM VALUE OF Y
KSF=TAB(J+6)

WSG=TAB(J+2)

COMPUTE SLOPES
SLA={TAB(J+4)-TAB(J+2))/(TAB{J+3)-TAB{J+1})
SLB=(TAB(J+6)~-TAB(JI+2))/{TAC(J+5)-TAB(J+1))
IF{SLA-SLB)3054,9921,3058
IF(SLA)3056,9922,3064
IF(SLB)306499923,3062
IF(SLA)30624992493056
WSA=TAB(J+3)

WSB=TAB(J+4)

HSC=SLA

TAB{J+3)=TAB{J+5)

TAB(J+4)=TAB{J+6)

SLA=SLB

TAB{J+5)=KSA

TAB{J+6)=WSB

SLB=KWSC
IF(TAB(J+3)~-TABL(J+5))3066,9925,3068
ITAB(J)=ITAB{J)+2

INS=1TAB{J)-3

G0 TO 3069

IWNS=ITAB(J}~-1

KE=J+1

KF=KE+5

REPLACE 272545000000 8Y 25058082816
¥S= ABS{ 25058082816)
IF{INS)3072+30703072

REPLALCE 242543000000 8Y 21836333056
K¥S= ABS{ 21836333056)

NRITE (648016)KS, (TABIN) s N=KEKF)
WS=TAB(J+2)-SLB*TAB(J+1])

’
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PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2

PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
pH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
FH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PHZ
PHZ
PH2

1280
1290
1300
1310
1320
1330
1340

1350

1360
1370
1380
1390
1400
1410
1420
1430

1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1696
1700
1710
1720
1730
1740
1750
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3200
3202

3203

3300

TABUJ+1)=TAB{J42)-SLAXTAB(J+1)
TAB(J+61=(TABLI+6)-TAB(S+4) ) /(TABLI+5)-TAB(J+ 1))
TAB({JI+S)=TAB(I+4)-TAB(J+6)*TAB(J+3)
TABL J+2)=SLA
TAB(J+3)=HS
TAB(J+4)=5LB
60 10 3600

RECTANGLE
ITAB(Ii=1TAB{J)+2
IS=1TAB(J}-5
REPLACE 272545006000 BY 25358082816
WS= ABS{ 25058082816}
IF(IWS)3110,3105,3110
REPLACE 242543000000 BY 21836333056
WS= A3S( 21836333056}

WRITE (648020)WS,TAB(J+1),TABLI+2),TAB(J+3),TAB(I¢4)

WSD=TAB(J+1)
WSE=TAB(J+2}
WSF=TAB(J+3)
WSG=TAB{J+4)
GO TO 3600

ELLIPSE OR CIRCLE
IFCABS{TAB{J+1)-TAB(J+2))-1.0E-8)3300,3300,3202
IF(TAB(J+2))9926,3300,3203

ELLIPSE WITH NO PERTURBATION
ITAB(JS)=ITAB(J)+2
INS=1TABLJ)-T
REPLACE 272545000000 BY 25058082816
WS= ABS{ 250580828161}
IF(IWS) 2210,3205,3210 :
REPLACE 242543000000 BY 2183633305¢
NS= ABS{ 218363330561}

HRITE (658024)WS, TABUJ*1) o TAB(J+2),TAB(Jd+3),TABLJ +4)

WSD=TAB(J+3}-TAB{J+1}
NSE=TAB(J+3)+TAB(J+1)
NSF=TAB(J+4)~TAB( J+2)
WSG=TAB(JS4+4)+TAB(I+2; .
TAB(J+1}=TAB{J+1)*%2 :
TABEA#2)=TAB(J+2)%%2
60 TO 3600

CIRCLE
ITAB(J)=ITAB(J)+4
ENS=1TABLJ)~-9
TAB(J#2)=TAB(J+1)
REPLACE 272545000000 8Y 25058082816
WS= ABS{ 25058082816)
IF(1WS)3310,43305,3310
REPLACE 242543000000 BY 21836333056
WS= ABS!{ 218363330356}
WRITE {6,8028)WS,TAB(J+1),TABII+3)},TAB(J+4)

PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PHZ
PH2
PH2
PH2
pPH2
PH2
PH2
PH2
PH2
PH2
PHZ
PH2
PH2
PHZ
PHZ
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PHZ
FR2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
pPH2
PH2
PHZ

1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1960
1910
1920
1930
1940
1950
1960
1970
1380
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
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G0 TO 3215 PH2 2260
C ELLIPSE WITH PERTURBATION PH2 2270
3400 ITABIJS)=ITAB(JI)+4 PH2 2280
WS=1.0-(TAB(J+S)/TABLJ+1) ) %52 PH2 2290
INSA=ITAB(J+T7) PH2 2300
OTAB(J+T)=(TAB{JI+C)-TAB(I+4)-TAB{I+2)}*SQRT(NS) )/ PH2 2310
1 (ITAB(JI+5)%(TAB(JI+5)-TABLJI+1)) )&%2) PH2 2320
IWS=1TAB(J)-11 PH2 2330 :
KE=J+1 PH2 2340 .
| KF=KE+6 PH2 2350 ;
C REPLACE 272545000000 B8Y 25058082816 PH2 2360 .
WSA= ABS( 25058082616) PH2 2370
! IF(1WS)3410,3405,3410 PH2 2380 :
c REPLACE 24254300000C BY 21836333056 PH2 2390 °
3405 WSA= ABS{ 21836333056) PH2 2400 :
3410 WRITE (6,8032)WSA, { TAB(N) yN=KE ,KF) PH2 2410 .
3415 IF{HS)9927¢9927,3420 PH2 2420
3420 IF(TAB(J+3))9928,3425,9928 PH2 2430
3425 TAB(J+3)=TAB(J+T) PH2 2440
ITABL(JI+T7)=1WSA PH2 2450
WSA=TAB(J+2)+TAB(J+2)/4.0 PH2 2460
WSD=0.0 PH2 2470
. WSE=TAB{J+1)+TAB(J+1)/4.0 PH2 2480
WSF=TAB{J+4)-HSA PH2 2490
WSG=TAB{J44) +WSA PH2 2500
c DETERMINE BOUNDARIES OF GEOMETRIES PH2 2510
3600 IF{WSD—-GXN)3602,3604,3604 PH2 2520
c MAXIMUM {X)
3602 GXN=WSD PH2 2530
3604 IF(MSE-GXX)3608,3608,3606 PH2 2540
c MINIMUM (X)
3606 GXX=WSE PH2 2550
3608 IF(WSF-GYN)3610,3612,3612 PH2 2560
c MAXIMUM (Y)
3610 GYN=WSF bH2 2570
3612 IFIWSG-GYX33700,3700+3614 PH2 2580
c MINIMUM (Y)
3614 GYX=WSG PH2 2590
3700 CONTINUE PH2 2600
d=47 PH2 2610
GO TO 10000 PH2 2620
C ERROR PH2 2630
9919 NK=3007 PH2 2640
GO TO 9999 PH2 2650
9920 NK=3009 PH2 2660
GO TO 9999 PH2 2670
9921 NK=3053 PH2 2680
GO TO 9999 PH2 2690
9922 NK=3054 PH2 2700
60 TO 9999 PH2 2710
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9923
9924
9925
9926
9927

9928
9999

16000
8016
8020
8024
8028
8632
8888

NX=3056
GO0 TO 9999

NK=3058

60 10 9999

NK=3064

60 TG 9999

NK=3202

60 TO 9999

NK=3415

60 TO 9996

MK=3420

HRITE (6,6888)NnK \

PRINT 8888,NK

CALL DUMP

RETURN

FORMATY ISHOTRIANGLLE ~—-= A3,7H —~——m=—w= IPcElo.b6)
FORMAT{ ISHORECTANGLE == A2, 7H —-==—m 126E16.06)
FORMAT{15HOCLLIPSE =~~~ A3, 7H ~=——nw 1P6El 6.0} .
FORMAT({ 1SHOCIRCLE ~=—==== A3, 7H ~=mee- 1PELlGen e 14X, 4E164.6)
FORMAT(15HOP ELLIPSE ~- = A3, 7H =—-—ee 1P5E1646 )
FOKMAT(23:41PH2 ERKOR 1n STAVEMENTIS)

END

PH2
PH2
PH2
PHZ2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PHZ2
PH2
PH2
PH2

2720
2730
2740
2750
2760
27170
2780
2790
2800
2810
2820
2830
2840
2850
284~0
2849
2880
2890
2900
2910
2920
2930

~ v i
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$IBFTC PH3 LIST ,DECK,REF
SUBROUT INE PH3 PH3 0010
¢ C GENERATE (OR DELETE) THE PARTICLES PH3 0OC20C
C PH3 0740
3 c PH3 0950
g c PH3 0960
C PH3 0970
" C SCAN CELL MESH TO DETERMINE IF PARTICLES ARE TO BE PH3 0980
c GENERATED OR DELETED PH3 0990
c GEMERATE PARTICLES #H3 1000
c SAVE CURRENT VALUES OF COUNTERS.
3 4000 IA=I PH3 1010
3 JA=J PH3 1020
3 14=K PH3 1030
JT=L PH3 1040
IF(IX-1)9932,4010,9932 PH3 1050
4010 IF(MX-MNP)4012,4012,9935 PH3 1060
(W IF GREATER, YOU TRIED TO GENERATE MORE THAN
; c 400 PARTICLZES / CELL.
: 4012 WS=MX PH3 1070
; FMX=SQRT(WS) PH3 1080
3 MXS=FMX+.5 PH3 1090
4011 IF(MXS*MXS~MX)9936,4013,9936 PH3 1100
c IF(GREATER OR LESS) THE NO. OF PARTICLES / CELL
c THAT YOU REQUESTED WAS NOT N SQ. WHERE
c N IS FROM 1 TO 20.

4013 MXA=1-MX PH3 1110-
TFMX=.5/FMX PH3 1120
KPIDY=TPIDY/FMX PH3 1130

4015 IF(MXA)4018,4018,9937 PH3 1140

c IF GREATER, YOU HAVE FAILED TO SPECIFY THE
c NO. OF PARTICLES TO GENERAYE.

4018 NY=NT PH3 1150

DG 5700 I=IXw,IXX PH3 1160
c COMPUTE THE COORDINATE OF THE PARTICLE PH2 1170
c UNDER CONSIDERATION PH3 1180

WS5=DX(I)/FMX PH3 1190
c THE VOLUME OF THE SUBDIVIDED CELL =
c PI(2.*XLI(N)DY/N*DY/N).

TABX{1)=X{1}-TFRX*DX{1) PH3 1200

4019 IF{MXA)402044024,9938 PH3 1210

4020 DO 4022 K=2,MXS PH3 1220

C WE START AT THE RIGHT AND TOP OF CELL{KJ.
c SET UP ARRAY FOR X COORDINATES OF THE
c PARTICLES. :
4322 TABX(K)=TABX{K-1)-HS5 PH3 1230
c J LOOP, LIMITS OF Y FOR THIS PACKAGE.

4024 DO 5700 J=I1YN.IVX PH3 1240

TAM=HPIDY#KS5%DY( J) PH3 1250

C TAM=: 2P I/N*DX/N*DY

P T A o+
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4026

4028

4062
4064
4066
4068
4G70
4072
4074
4076
4078

4077
[ 4079

4080
4082
4084
4086
408%

£=0.0
{LWS=0
1WS=0
I8=0
WS=DY({J}/FMX
TABY{1)=Y{Jd)~-TFMXxDY(J)
MXS=N
DD 4026 K=2,MXS
SET UP ARRAY FUR Y COORDINATES CF THE
PARTICLES.
TABY/K)=TABY{K-~1)-WS
K USED FOR THE fTELL QUANTITIES.
K={J=1)*IMAX+[+]
IBB=IB/MXS
iB=18+1
I8A=MOD(1B,HMXS)
TX=X COORDINATE OF PARTICLE IN QUESTION.
TX=TABX{iBA+1}
TY=Y COORDINATE OF PARTICLE IN QUESTION.
TY=TABY{IBB+1)
GENERATE (» DELETE THE PARTICLE
10=0
16=0
DO 4200 L=1sJAsNPP
KK=ITAB(L)}
IF(KK=~5)406244078,4078
TRIANGLE
WSX={(TY-TAB(L+1))/TAB(L+2)
TFINSK-TX)40644406444200
WSX={TY-TAB{L+3})}/TAB{L+4)
FFLHSX-TX} 42004+406644066
WSY=TAB(L+6}*TX+TABLL+S5)
IFIKK~-2)406844068,4072
IF(WSY-TY)420044070,440870
G0 TO {407414076,4074,4076}1 KK
IF({WSY-TY}&0T70,407044200
1D=1
GO0 TO 4200
I16=1
&0 TD 4200
KK=KK-4
IF{KK=-814079+4094,9939
60 T0 {(4080,4080,4090:4090:4092,4092;4094) %K
RECTANGLE
IFCTAB L+, )-TX)14082:408244200
IFITAB{L+2}-TX)4200,408%44084
IF{TABI{L+3)-TY14086,4065,4200
IF(TABL +4)~TY)4200,4088,4088
GO TO {4074,4076)FK
ELLEPSE HWITH NO PERTURBATION

PH3
PH3
PH3
PH3
PH3
PH3

PH3

PH3

PH3
PH3
PH3
PH3

PH3

PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH2
PH3
PH3
PH3
PH3
PH3
PH3
PH3
FH3
PH3
PH3
PH3
p3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3

1260
1270
1280
1290

1300 .

1310
1320

1330

1340
1350
1360
1370

1380

1290
1400
1410
1420
1430
1440
1450
1460
147C
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1643
1650
166C
167G
1680
1690
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4090 XK=KK-2 PH3 1700
IFCLTX-TAB(L 43} )%22/TABIL+1)+{TY-TAB{L+4) ) **2 PH3 1710
1/7AB{L+2)-1.0)4088,4088,4200 PH3 1720
c CIRCLE : ) PH3 1730
4092 KK=KK-4 PH3 1740
OIFC(TX-TABI{L+3) ) +#x2+{TY-TAB{L+4))=%2-TAB(L+1)) PH3 1750
1 4088,4088,44200 PH3 1760
C ELLIPSE WITH PERTURBATION PH3 1770
4094 KK=KK-6 PH3 1780
OIF{(TX/TAB(L+)) ) %2+ (TY-TABIL+4)-TABIL+3)*{TX* PH3 1790
1 {TX-TAB(L+1)) )**2)%%2/TAB(L+2)~-1.0)4088,4088,4200 PH3 1800
4200 CONYINUE PH3 1810
c IF IN=1 DELETE PH3 1820
4201 IFLED)9940,43190,4800 PH3 1830
C IF ID=0 AND 16=0 DELETE PH3 1840
4310 IF(1IG)9941,4800,4312 PH3 1850
C GENERATE PARTICLE PH3 1860
4312 NY=NY+1 PH3 1870
IF(1INS123,22,23 PH3 1880
. 22 1IWsS=1 PH3 1890
23 IHsS=1 PH3 1900
NYY=NYY+1 PH3 1910
. CALL PH4 PH3 1950
C RETURN FROM PH4 WITH THE FOLLOWING DATA,
C WSR=PARTICLE DENSITY
C HWSI=PARTICLE SPECIFIC INTERNAL ENERGY
c WSU=RADIAL VELCCITY COMPONENT OF PARTICLE
L WSV=AXIAL VELOCITY COMPONENT OF PARTICLE
©332 N=NYY ; PH3 1960
. KF(IIHS)433S»4335:24 PH2 1970
24 1IWS=-~ - —. PH3 1980,
4333 IF(ASX(K))9951 4335y4334 PH3 1990
c CALCULATE PACKAGE ENERGY.
4334 E={ULK)**2+VIKI&®2) / (AMXIK]) } 1#.54ATXIK) PH3 2000
C SET THE PARTICLE COORDINATES INTO THE
c PROPER ARRAYS.
4335 XLINI=TX - PH3 2010
YLINY=TY PH3 2020
© SET 1 AND J OF CELL K(LOCATION OF PARTICLE).
IHLINI=1 PH3 2030
IN2INI=J PH> 2040
c CALCULATE PARTICLE MASS AS
C =2PT/N*DX/N+DYHXL (N ) *RHO.
ARINI=TAM*TX¥HSR PH3 2050
4341 IFI{EX29945,4342,4344 PH3 2060
4342 HWS=AMIN)*KSI P13 2070
IFCAR(NI-ARDM)16415,15 PH3 2080
16 ARDM=AMINZ PH3 2090
15 CONTINUE PH3 2100

PH=PM+AM(N) PH3 2110
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4344

i8
17

4346

164

5000
5001

4800
CAL
4880
4900
4910
4930
4940
4950
510G

9932
9935
9936

9937

AMIN}=-AM{N)

GO TO 4346

WS=AM(N)*HS T

FECAMINI-AMXMIL8,17,17

AMXM=AMIN)

AIXCK)I=AIX{K)+WS

PM=PM+AM{N)

SUM UP MASS, BOTH COUMPONENTS OF MOMENTA
AND TOTAL INTERNAL ENERGY IN CELL K.
AMX (K )=AMX{K}+AMHIN)

UK} =U(KI+ABS(AMIN) ) %HSU
VIK)=sVIK}+ABS(AM{N) ) *W3Y
IF{NY-NPRR}4800+14,9545

NRC=NRC+1

NPRR=NPRR+NPRI-1
IF{PROB)IS000,5000,5001

HWRITE PARTICLES ON TAPE IF THIS 15 TO
BE A PIC RUN.

ARITE (N2)(AMIN) o XLINT o YLIN) g I ldNY s TW2{N) yN=2,NPRL}

NYY=1
DO 2 N=2,NPRI
SET PARTICLE ARRAYS TU ZERD.
XL{N)=0.0
YL{N}=0.0
AM{N)=0.0
IWliNI=0
IW2{N)=0
CONTINUE
IF{MX~1iB)9946,4880,4028
CULATE ENYKGY £ OR p
JF{iAS)49004+570094900
IF(AMX{K))9951,5700,4910
PEE={UCK) *%2+V{K)x%2 )/ (AMA(R) }*.0¢ATX ()
IF(E)}4950+44 - 1. 4940
PEE=PEE-E
PE=PE+PEE
CONTINUE
I=1A
J=Ja
K=1J
L=J7
50 TO 10000
ERROR
NX=4000
60 TC 9999
NK 34010
G0 TO 9999
NK=4011
GO TO 9599
NK=4015

K G

R SEHF ¥ e

PH3
PH3
PH3
PH3
PH3
PH3
PH3

PH3
PH3
PH3
743
Ph3
PH3
PH3

PH3
PH3
PH3

PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
FH3
PH3
PH3
PH3
PH3
PH3
PH3
Pi3
pH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
FH3
PH3
PH3

2120
2130
2140
2150
2160
2170
2180

219¢
2200
2210
2220
2230
2240
2250

2260
2270
2280

2290
2300
23190
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
24490
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
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60 TO 9999 \ PH3 2570 .
9938 NK=4019 PH3 2580
60 TO 9999 PH3 2590
9339 NK=4GT7 PK3 2500 °
GO TO 9999 PH3 2610 -
9940 NK=4201 PH3 2620
60 TO 9999 PH3 2630
9941 NK=4310 PH3 2640
GG TO 9999 PH3 2650
9945 NK=4341 PH3 2660
60 TO 9999 PH3 2670
9966 NK=4800 PH3 2680
60 TO 9999 PH3 2690
9951 NK=4905 PH3 2700
9999 WRITE (698888)INKsTedekolyMeN PH3 2710
PRINT 8888 ,NKyIsJsKoLoMyN PH3 2720
CALL DUMP PH3 2730
10000 RETURN PH3 2740

8888 FORMAT{1H¢+/26H1 P H 3 ERROR IN STATEMENTiIS5,12X,12H INDICES ARE6IT)IPH3 2750
END PH3 2760
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$IBFTC PH4 LISTL,DECK,REF
SUBROUTINE PH4 PH4 (0010
c PH4 0730
C PH4 0940
c THE ACTUAL COORDINATES USED IN THE FIT
C SUBROUTINES IS TIX=TX-XC,TTY=TY-YC,
TTX=TX-XC PH4 0950
TTY=TY-Y( PH4 0960
LL=58 PH4 0970
. GO TOU1+2939495+6}¢lL PH4 0980
1 CALL FIT1 PH4 0990
60 T0 7 PH4 1000
2 CALL FI1T2 PH4 1010
GO TO0 7 PH4 1020
3 CALL FIT3 PH4 1030
GO 10 7 PH4 1040
4 CALL FIT4 PH4 1050
G0 10 7 PH4 1060
5 CALL FIYS PH4 1070
60 T0 7 ) PH4 1080
6 CALL FIT6 PH4 1090
7 RETURN PH4 1100
END PH4 1110

SUBROUTINE PH4 DETERMINES WwHICH ONE OF THE
SIX POSSIBLE FITS TO CALL FORs TO ASSIGN A DENSITY
ENERGY, AND VELOCITIES TO PARTICLE N. THE FIT NUMBER
IS SPECIFIED IN COLUMNS 31*40 OF THE FIRST CARD
OF EACH PACKAGE{SEE SECTION 2.1)
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$IBFTC FIT2

111 LISTyDECKREF
BROUTEINE FIT1

[74)
<

WS=SQRT{TTX*#2+TTY#*%2)

DENSITY
WSR=TABR{1)+TABR(2)*(TTY-TABR{3))
ENERGY
WSI=TABI(1)+TABI(2)+(TTY-TABI(3))
VELOCITIES

RS=TABUV{1)+TABUV{2})" TTY-TABUVI(3))
W5U=0,0

WSV=WS

RETURN

END

LIST,DECKREF
SUBROUTINE FIT2

WS=SQRT(TTX*%24TTY%%2}
DENSITY

WSR={{TTX~TABRI(1)})/TABR{2) )**2+{({TTY-TABR(3))}/

1TABR(4) )#%*2
ENERGY

WSI=TABI{1)+TABI{Z}*TTX+TABI(3)*TTX**2

1+TABI (4 )*TTY+TABI(S5 ) *TTY*%2
VELOCITIES
WSV=TABUV{1)+TABUV(2)*TTY
WSU=TABUV(3) +TABUV{4)*TTY
RETURN

END

v R Tanl o RR RS e T
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FIT10010 ¢
FIT10730 ¢
FIT10940 ;
FIY10950
FIT10960
FIT10970 %
FI1T7T10980

0

0

0

FIT11020
FIT11030
FIT11040 3
FIT11050

b v e e e A AR AL Y AT F ST i ST AP A BT By G ARSIt i o >

1
FIT20010 ;
FIT20730 ;
FIT20940 ;
FIT20950 ;
FIT20960 ;
FIT20970 !
FIT20980 |
FIT20990 ;
FIT21000°
FIT21010:
FIT21020
FIT21030°
FIT21040 !
FIT21050

FIT21060°

*
i
3
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$IBFTL FIT3 LIST+DECK4REF
SUBROUTINE FIT3

THIS FIT FOR SIN KZ/KZ #%%wdkkd&kkxyx
WS=SQRT(TT X224 TTY%*%x2)
DENSITY
WSR=TABR(1L)}+TABR{Z2)*{TTY-TABR(3)}
WSA=TTY/TABI(2)
WSB=WSA*PIDY*2,
WSC=SIN(WSB)
WSI=WSC/WSA*TABI(1)
WS=TABUV{1)+TABUVIZ2}I*{TTY-TABUV(3})
WSU=0,
NSY=NWS
NSI=WSI*TABI(3)
C TABI(3) US SCALE FACTOR FOR YIELD NORMALLY SET TO 1.
RETURN
END

2] OO

$IBFTC FIT4 LISTyDECKoREF
SUBROUTINE FIT4
RETURN
END

$IBFTC FITS LISToDECKoREF
SUBROUTINE FIY5
RETURN
END

$IBFTC FIY6 LIST,DECK,REF
SUBROUT INE FIT6
RETURN
END

k: - [,

FIT30010
FIT30730
FIT30940

FIT30950
FI17T30960

FIT40010
F17T40020
F1740030

FIT50010
FIT50020
FIT5G030

FIT60010
F1760020
FET60030

13
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$IBFTC QUTPUT LIST DECK,.REF

OO OOON

L A

7001
6000

6001%

7013
7014
7016

SUBROUTINE OUTPUT
C 0 M 4 0 N

] R EEER Rk K

ouUuTPUT

NOTE {1 MATERIAL ONLY {{X))

PACKAGES HAVE BEEN READ IN AND PROCESSED
COMPUTE TOTAL ENERGIES AND TOTAL MASSES
E=ETH
WRITE (6,8104)
NO=ND+1
IF(E)5000,6000,6001
AMDN=0.0
AMXM=0.0
60 70 7016
AMDM=ANDM/2.0
AMXM=AMXM/2,.0
IF(ARDM)9901,9901+ 7014
IFCAMXM)9902,499024 7016
ETH=0.0
TMDZ2=0.0
TMX2=0.0
DO 7012 1=2,KMAX
IF(AMX(1))9904,7012,7006
CONTINUE
SUM UP TOTAL (X) MASS IN GRID.
TMXZ=AMX(1}+TMXZ
CALCULATE SPECIFIC INTERNAL ENERGY/CELL (K).
AIXLI)=AIXC(1)/AMX(])
NS=AMX(1)
CALCULATE RADIAL AND AXTAL VELOCITIES BY
CONSERVING BOTH COMPONENTS OF MOMENTA.
ULTI=U(T}/KS
VII)=VI{I)/uS
SUM UP TOTAL ENERGY IN SYSTEM.
ETH=ETHH{LU( 1 }%02+V{1 18825 /2 ., G+AIXLI ) ) *NS
60 TO0 7012
CONTEINUE
TMZ=THDZ+THXZ
WRITE {(64BOT72)ETHoE»THDZTMXZ,TMZ
IWS=ND-1
1HSA=MNNAX-ND
1dSB=NRAX~1
WRITE (648073)( 185, IWSA,INSB}
PUT INPUT ON BINARY TAPE 7
REWIND N7

WRITE TAPE FOR OIL CODE.

o7.

ouTPOO10
INPUOT720
ouTP0020
ouTP0030
ouTPO750
guTP0960
ouTPO970
auTP0980
ouTP09990
ouTP1000

oUTP1010 |

auTP1020
GUTP1030
guTP1040
ouTP1050
guTP1060
ouTP1070

AR PR AR B TR AT (000 M S B T I

rppvere

oUTP1080 |
QuTP1090
ouTP1100 |

OUTP1110 ;

ouTP1i20
OuTP1130

2

ouTP1140 -
ouTP1150 .
ouTP1160

ouTP1170

ouTP1l80
ouTP1190

0uUTP1200
ouTP1210

ouTP1220
ouTeP1230
0uTP1240
ouTP1250
ouTP1260
auTP1270
guTP1280
ouTP1290
DUTP1300
QuTP1310
ouTP1320
guTP1330




)

s s | oo

RIS

i)

7163
7162
7131
7140

7150

7160
7161

7170
7175

c
7180

IF(PROBIT1I6297162,7163

N3=0

#5=555.0

WRITE (NTIWS,CYCLE,N3

WRITE (N7)4Z(1),1=14M1)

WRITE (NTI{U(K) VIK) o AMX{K) g AIXIKIpATIX{K) 9 K=1,KMAXA)
GO TO 7140

CONTINUE

WRITE (NTIX(0) o {X{K) s TAULK) oK=14IMAX)
WRITE (N7MIY{K}eK=0,JIMAX)

W$=666.0

KRITE PARTICLES ON DUMP TAPE FOR PIC RUN.
IFEPROB)ITI50,7150,7161
DO 7160 [=1,N3
READ (IN2)LAMINI o XLiIN)o YLIN) o THLIN) sIN2{N) ¢N=2,NPRI}
WRITE (INT)(AMINY} o XLIN) o YLIN) pIWIIN)IW2(N) yN=2,NPRI)
CONT INUE
HRITE (NT)WS+WS,NS
REMINDG N7

HRITE (6,8120)0T,NC

IMS=IMAX®JIMAX+]
CALL SLITE (O0)
DO 7517 1=1,1IMAX
CALL SLITE (1)

J=JMAXA

K=IWS+1
DO 7517 JP=1,JMAX

Jd=J=-1

=t~ I MAX

IF(AMXIK) 1990547517, 7175

CALL SLITET{1,XK000FX)

GO TOUL718047185)4K000FX

PRINT OUT CELL QUANTITIES.

WRITE (680801 1,X(I}),DX{I)

TL8S0NRITE (648084)J+Y{J)yDY(S)yUIK) 4VIK],

1517
7616

C
9901

Lo VIK} 4 AMX(K)

CONTINUE

IF(QOOOFL) 752047520, 7616
REWIND N2

60 TO 7520

ERROR
NK=7013
GO TO0 9999

9902 NK=7014

GO 10 9999

9904 NK=7005

9905

GO TG 9999
Nk=T170

Ll o

ouTP1350
ouTP1360
ouTP1370
ouTP1380
ouTP1390
ouTP1400
OUTP1410
ouTP1420
ouTPl430
JuTP1440
QuTP1450
ouTP1460
ouTP1470

ouUTP1480
ouTP1490
ouTPl500
oUiP1510

ouUTP1520

ouTP1530
ouUTP1540
ouTP1550
OuTP1560
GUTP1570
ouTP1580
ouTP1590
ouTP1600
QuUTP1610
ouTP1620
oUTP1630
ouTP1640
ouTP1650
OUTP1660
ouTP1670

ouTP 1680

BEK) 4AIX{KIOBUTP 1690

ouTP1700
guTP1710
ouTP1T20
ouUTP1730
ouTP1820
ouTP1830
ouTP1840
ouTP 1850
outTP1860
ouTP1870
ouTP 1880
ouTP1890

ouTP1900 .
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9999 WRITE (648888INKeIoJekeloeMaN ouTP1910
PRINT 8888 yNKoloJyKoL oMol guTP1920;

CALL DUNP ouTP1930

7520 RETURN QUTP1940
FORMATS OuUTP1950 3

80720FORMAT(IH ///46H THE =1PE1649¢7X93HE =€16.9///5H M. =E1145,5¥:4HMX0UTP1960
] 1 =E11547XoTHM . #MX =E1l.5) 0UTP1970§
8073 FORMAT(1HO/1THOPARTICLES ~ - ~]12,4H DOTI14+2H XIl4,6H TOTAL) ouTP1980 ;
B808C0FORMAT( 1HO/ //3HOI=12910X¢ 2HX=1PE13¢7910Xs3HDX=E13,7/3H0 J10Xe1HY130UTP1990;
1X92HOY12K 9 LHUL3X ¢ L14V12X e 3HAID11 X 3HAIX11Xy 3HAMD1L Xo 3HAMX) ouTP2000 ;
8084 FORMAT(I343X,1P8El4.7) ouUTP201C ;
8104 FORMAT(1H /31H THERE ARE NO MORE PACKAGES--—) ouUTP2060 :
8120 FORMAT(1H ///718H TAPE DUMP AT TIMEF10.l+TXeSHCYCLEI&) ouTP2070 .

8888 FORMAT( 1H#/26HI0UTPUT ERROR IN STATEMENTISs12X,12+H INDICES ARE6I7)I0UTP2080,
END ouTP2090 -
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FORTRAN IV LISTINGS OF OIl,

=%k NOTE,THE FOLLOWING SET OF DIMENSIONS,COMMON

AND EQUIVALENCE CARDS ARE TGO BE USED FOR ALL

SUBROUTINES WITH THE EXCEPTION OF MAIN AND CARDS.

b 1

DIMENSIGN  AM{130),
1U(3500),Vi{3500) ¢AMX{3500)4AIX(3500},

E N

XL(1301},

2P{3500),
3 IW1{130), IW2{130},
4DX{(52), X{53), XX(54}), 0Y{1001), ¥Y{(100), YY{1Gl),
5TAB{15), AMK(151), PK{15), QK{15), 2(150), 12{150)
6TAU(52), PL(200), PR(200) » yL{200}, UR(2007 .
TFLEFT{100),YAMC{100} SIGC{100}y GAMC(100)
COMMON Z o XX sUR » PR ' YY
COMMON AID 2ALX 0o AM ¢+ AMD s AMX +AREA
COMMON 8IG +BOUNCE ,DDXN »DDVK o DKE 2 DVK
COMMON DX + DY +oE oFD «FS +FX
COMMON ouT P +PABOVE ,PBLYU P2 IDTS L PPABOV
COMMON PRR s PUL +Q0T +RC JREZ +RHO
COMMON RLeRRySIGyQO00OFL oSWITCH ,TABLM
COMMON TAU +« TAUDTS ,TAUDTX LU yUK 2URR
COMMON ut UU 2wUUL +UTEF sUVMAX ,V
COMMON VABOVE ,VBLO y YVEL 1 VK WVY +VTEF
COMMON Vv 2 VVABOV LVVBLO W2 oW3 'WPS
COMMON WS s WSA +WSB s WSC WXL ¢ XLF
COMMON XN ¢ XR ' YL ' YLW ' YN ' YU
COMMON IMAX ol o1l s IN IR + I WS
COMMON INSA + IWSB 2 IWSC e INW1 *d oJN
COMMON JP +JR 'K s KN o KP s KR
COMMON KRM WL M s MA sMB 'MC
COMMON MD + ME M2 oN +NK s NKMAX
COMMON NK1 +NC 2 NR 2 IN2
E Q U I v A L E N C E
QEQUI VALENCE {2,12,PR0OB}, {Z(2)+CYCLE), (Z2(3),0T7),
1{2(4)PRINTS), fZ{5),PRINTL), (Z(6) 4DUMPTT ]}, {Z(T7),CS5T0P),
2(2(8),2IDY )y (28G),TML}, {2{10),GAM), {2(11),GAMD},
342(12)+GAMX), (Z{)13}-ETHI} (2(14}:FFA), (Z(15) 4FFB),

4{ZL16)THDZ )
5{29020) . TYMAX),
6(2124)4DMIN),
T(2(28) 4NPR)
BIZ(32):NRC),
9(Z(36),JMAXA),

(Z(LT)oTHXL)
(Z121).,AMOM),
(2(25),FEF]},

{Z{29) yNPR] ),
§L133) ¢ IMAXD
(Z{37) yKKAX) .

S

I U

YL{130),

(Z{18),XMAX),
(Z{22) 0 AMXM),
{2{26)+DTNA},
(Z{302NC)
{2(34),IHAXA),
{2{38);KMAXA),

(Z(19F 4 TXMAX),

(Z{23) sDNN)»

(Z(27),CVIS),

€Z(31) 4NPC),

(Z(35),0MAX),

(2(39) NMAX)

PH2
PH2
PH2
PH2
PH2
PH2
PH2
Pri2
PH2
PHZ
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PHZ2
PH2
fH2
pH2
PH2
PH2
pPH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
pPH2
PH2

0020
0030
0040
0050
0060
0070
0080
0090
0100
0110
0120
0130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
0500
0510
0520

o 8 e A e ) S




OO0 OON

OEQUIVALENCE
1Z(43;,NOUI},
2{2(4T), 11,
3(2(51)yN1},
4LZ(55)4NS},
SEZ{59)4N9),
6(2{ 632, TRAD),
TLZ{67) yRADER),
8LZ(T1),REZFCT),
9{ZL75),TOZONE)
OEQUIVALENCE
1(Z2€82)»CABLN},
2{Z{86)4WSGD)
3(2(90),S1),
4(2{94),55),
5(2{98),59),

OEQUIVALENCE

{Z{40),ND),
(2(44)4,NOPR),
{Z{38),12),
(Z{52)N2),
(2(56)4N6),
(Z{60)4N1O},
{Z2(64)yXNRG),
{2(68),RADET},
(Z(T2),RSTOUP),
{Z(76)4ECK),
(Z(T79) X2,
{2(83),VISC),
(Z{8T)HSGX),
(2(91),+S52),
{Z2(95).+56),
{Z(99),510)

(XXE2heXE10),

(Z(41)4KDT),
(2(45) yNIMAX),
(2€49)413),
{Z{53)4N3),
{Z{5T),NT7),
(Z{61),N11),
{Z{65) oSN},
{Z2{69):;RADER),
{Z(T73),SHELL),
(2(77),SB0UND),
(2(80),Y1),
{Z(84),T),
(Z2(88),GMADR) ,
{Z(92),53),
{Z{96)457),

(URJUL,FLEFT),

LEPR(100)9SIGC) 9 {PRyPLyGAMC) s {UR,TAB)

2(UR(16],AMK),

{UR(3114PKi},

14
\"

(UR(46),QK),

101.

{(Z{42) 4 IXMAX)y PH2
(Z{46) yNIMAX),y PH2

(2(50),14), PH2
{L(54) N4, PH2
{2(58) 4N8), PH2
(Z2(52) 4NRM), PH2
{Z{66) sDXN), PH2

(Z{T70) .DTRAD}y PH2
(Z(74) yB0OUND) , PH2

{2(78),X1) ?H2
(Z(81}).v2}, PH2
{(2{85) +GMAX)y PH2

{2(89) +GMAXR )y PH2
{(Z{93) 4S4), PH2
(2(97),58), PH2

PH2

PH2
{UR(100),YAMC),PH2
PH2
PH2
PH2
PH2

(YY(2i,Y(1}})

NOTE, THERE ARE 2 SPECIAL SUBROUTINES{FORTRAN &) USED
IN THE OIL CODE, SUBROUTINE SLITE SERVES THE SAME FUNCTION

AS TURNING ON SENSE LIGHTS, AND SLITET SERYES THE

FUNCTION OF TESTING THE SENSE LIGHTS.

NOTE, IF AN ERROR{SEE THE END OF THE SUBROUTINES) OCCURS, THE
SUBROUTVINE WILL CALL FOR A DUMP. BY CHECKING THE

VAUZS OF NR AND NK , ONE CAN READILY IQENTIFY THE

STATEMENT NUMBER AND THE SUBKOUTINE WHERE THE ERROR OCCURRED.

NK WILL CONVAIN THE STSTEMENT NUMBER, AND NR IS
AN IDENTIFATION FOR THE SUBRQUTINE AS FOLLOWS,

NR=1 INPYUT
NR=2 coT
NR=3 PH1
NR=4 PH2
NR=6 ERIT

0530 .
0540
0550 °
0560
0570
0580
0590
0600 °
0610
0620
0630
0640
0650
0660
0670
0680
0690
0700
0710
0720
0720
0740
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LIST,0ECK4REF

s¥ddix NOTE 1 MATERIAL ONLY (X}) dkkskxssdsis

INPUT READS OItL DUMP TAPE OR
WILL CALL SUBROUTENE SET®UP WHICH
WILE MAKE A JUMP TAPE FOR CERTAIN TYPES OF PROALEM
{SEE SECTION ON SETUP)
ALSC CALCULATES DX AND DY AMND EQUATION OF STATE DATA ceoco
CALL INPUT
COT ROUTINE CALCULATES DT(HYDRO TIME STEP)
AND PRESSURES, ADVANCE CYCLE NG. ETC.
CALL COT
IN EDIT, DETERMINE WMETHER TO EXECUTE A LONG
PRINTy A SHORY PRINT, A TAPE DUMP, ETC. AND
CALCULATE TJITAL ENSRGY IN SYSTEM(COMPARE
WEITH ETH) TOTAL MASS, INVEGRATE TOTAL
COMPONENTS OF MOM.NTA.
CALL EDIT
CALL SLITET{1,KOCOFX?
SENSE LITE 1 SIGNIFIES THIS
IS THE LAST CYCLE OF THIS KUN $$5$$5$5383588$
LITE TURNED 18 [N THE EDIT ROUTINE %%tkkik
GO 70{30¢20),K000FX
PHL, INTEGRATE THE "MOMEMTA EQS. INTEGRATE
ENERGY EQUATION(ONLY CHANGES DUE TO WORK
TERHS) . ND MOVEMENT OF MASS HERE
CALL PHY :
TRANSPORT MASS ACROSS BOUNDARIES (SOLVE
MASS TRANSPORT EQ.) TRAMSPORY TERMS IN
THE MOMENTA AND ENERGY EQS. LEST OUT OF
PHL, HERE APROXIMATED BY MASS MCVEMENY. LONSERVE
MASS:; MOMENTA AND TOTAL ENERGY.
CaLL PHZ2

0 TO 10
CALL EXIT
END

[N -

HAINOCG1O
MAINO0O20
MAINOO30
MAINOOS0

MAINQ060

NALINOOTC

MAINOOBO
MAINQO90

MAINO100

MAINO110

M4 1IN0 20
BATNOL30
MAINO140
MAINO150
MAINO160
MAINO170

'
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$IBFTC INPUT

o (aRe! OO

e NeNeNeNaNel

OO (2N e Kel

OO0

8888

8887

10

40
45

LIST.DECK,REF
SUBROUTINE INPUT

TURN ON SENSE LITE 3.
CALL SLITE (3)

READ HEADER CARD (COLUMNS 2-72).

READ (5;8004)IWS

WRITE (6,8004)IWS

CALL DATA,

CALL CARDS

IF PK(3) = OR GREATER THAN ZERO, CALL ROUTINE
SET-UP, OTHERWISE, BINARY OIL TAPE HAS BEEN MADE.
READ IN DATA FROM OIL DUMP TAPE, OR

GENERATE A DUMP TAPE FOR OIL, AND

CALCULATE DX AND DY FROM THE X AND

Y VALUES FROM TAPE.

IF{PK(3))8687,8888,8888

CALL CARDS

CALL SETUP

CONTINUE

READ TAPE
GO READ BINARY 1aPE.
GO T0 1000

READ IN REMAINING INPUT CARDS
CONTINUE
CALL CARDS
GO 70 2000

SET THE PRESSURES TO ZERO.

D0 45 K=1,KMAXA

P(K}=3,0

INTEGRATE BACKWARDS ON CYCLE, TIME AND NO. OF
CYCLES BETHWEEN ENERGY CHECK, SINCL THESE
ARE ADVANCED IN CDT.

T=T-DTNA

NL=NC~1

CYCLE=NC

NPC=NPC-1

UVHAX=0.0

CALCULATE THE DX*S, SINCE THESE ARE NOT OGN
TAPE.

DO 50 I=1, fMaX

DXCId=XX(1}-X(I-1)

CALCULATE THE DY®'5, SINCE THESE ARE NMOT ON
TAPE.

00 55 J=1,JMAX

L..O: ©

INPUOO10 ;

INPUO760
INPUOSO0

INPUQ9 80
INPUO990

INPU1000
INPU101O

INPU1020

INPUL030
INPU104C
INPULO50
INPU1060
INPUL070
INPU108O

INPUL09O
INPUL110O
INPULZL110O
iNPUl120
INPU1130
INPUL140
INPUL1150

INPUL160
INPULLYTO

INPUL18O
INPU1190
INPUL1200
INPUL210
INPUL220

INPUL1230
INPUL240

INPUL250

T emen e AR LSO s LB AR




65
70
80

(g XaRalel

1000

1003
1004

1006
1010
{ ioll
g 1016

1018

1020
b 1022

1023

1024

oo

e NeNulel

DYEJI=Y(J)-Y(J~1]}
=M{~8

PRINT Z B8LOCK.

DO 8C I=1:J538
K=1+7

DO 65 J4=1,K
IFLZ(3))1704,65,70
CONTINUE

G0 T0 80

K=1+7

WRITE (648111015 (ZEL)sL=1,K}
CONTINUE

GO 70O 10000

READ BINARY TAPE.

M2=150

INS=0

REWIND 7

READITIPRIL)PR{2) (N3

NR=N3+5

IFEPR(1)-555.0)1010,101641010

INS=IKS+] ’
IF{MUD{INS,3))9902,9902,1003
IF(PR(2)}1010,1018,1018

CHECK HERE FOR THE CORRECT CYCLE NUMBER,
IF(PK{2}-PR(2))1023,1023,1020

SKIP OVER, LOOK AT NEXT CYCLE.

B0 1022 L=2¢NR

READ(T)

GO TO 1004

READ(T)I(Z(1)1I=1,4M2Z)

CHELK FOR THE CORRECT PROBLEM NO.
IF(ABS{PROB-PK(1))-401)1024,1024,9901
READUTIIUL T ) o VU)o AMXCI) SAIXL{I)+P(E)oi=1KMAXA)
READ(TIX(Q) s XCI)y TAU(L) yI=1, IMAX)
READETHI(Y(1),1=09dMAX)

NOTE, INMITIALIZE N1 TO 2,AND N2 TO 3
NOTE N1 AND N2 ARE ONLY USED FOR BOOK-KEEPING *%¥kikky
N1=2

N2=3

NOTE, IF PROBLEM NO. IS NEGATIVE, THIS IS
A PIC TRANSPORTs CHECK YOUR PHZ2 ROUTINc
AND READ THE PARTICLES FROM TAPE ONTO
SCRATCH TAPE Nl.

IF{PROBIL, 101034

REWIND 2

REWIND 3

DO 1025 I=14N3

e

INPU1260

INPUL290
INPUL1300
INPU1310
INPUL 320
INPU133C
INPU1340
INPU1350C
INPUL360
INPUL3T70
INPY1380
INPUL1390
INPU1400

INPU1410
INPUL1420

INPUL450
INPU1460
INPUL4TO
INPU1480
INPU1490
INPUL1500
INPU1510

INPU1530

INPULE50

INPUL15SD

INPUL620

\
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105.
READ(7H{AMIND) o XLUIN) o YLUND yIWLIN) s IW2{N) :N=2sN4)
WRITELZFCAMIN) 9 XLEN) g YLEN) 9 IWLIN) s IW2{N) o N=2,N4)
1025 CONTINUE INPU1650
1034 READ(TIPRIL}PR(2).PR{3)
RENIND 2
1036 IF{PR(13-555.0)9%04+1040,1038 INPUL1680O
1038 IF{PR(2)-6664.0)9905,1040,9905 INPU1690
1040 GO YO 10 INPU1700

Cxkkk END OF READ TAPE s&bpd sfdgtokfiokiokikkirsihikknghrhkkiksrikrertkkek INPULIT710

c INPUL1720

C INPUL1730

C CALCULATE ™MAX. GAMMA AND GAMMA/ {GAMMA-1.).

c INPUL1740
2000 IF{%SGX)990A+2010,200% INPULTSO
2005 GAMX=1.0/(WSGX-1.0]) INPUL1T60
2010 WSGX=(GAMX+1.0}/GANX INPULT70

GMAXR=GAMX % SGX INPULTSO
2012 IF(M56D)9907,2020,2015 INPULITOO
2015 GAMD=1.0/{WSGD~1,0) INPU1800
2020 WSGD={GAMD+1.0)/GAMD INPU18i0
GMADR=GAMD*WSGD INPUiIB20
GMAX=HSGD , INPU183D
IF{WSGD~-WSGX)2025,2030,2030 IMPU1340
2025 GMAX=WSGX INPU1850
2030 GO 710 40 iNPU1860

Cx%&% END OF R E S *#fkfkkikkkhgiokinkirod ot fopikkhkifbdkebsbnassohsstk INPULRTO

C INPULBS0

C INPGL890

C ERROR INPUL1900
9901 NK=1023 INPULS1O0

GO 70 9999 INPU1920
9902 NK=1011 INPU1930
&0 T0 9999 INPU1940
9204 NK=1936 INPUL950"
G2 TO 9993 : INPU1960
9905 NK=1038 INPU1970
60 T0 9999 INPU1980
9906 NK=2000 INPUL1990
GQ TO 9999 iNPU2000
9907 NK=2012 INPUZO10
9999 NR=1 INPUZ2029
CALL DuMP INPU2030

C INPUZC4O
10000 RETURN INPU2050

c INPY2060

c FORMATS INPU20T0
8000 FORMATI(7E1IC.34:12} INPU2080
80040FORMAT(IL,TLH INPU2090

i ) INPU210C
8111 FORMAT(14,8014) INPUY2110
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LIST,DECK REF
SUBROUTINE CARDS
DIMENSION TABLE{L) oCARD{7),LABLE(L}
COMMON TABLE
A 2 IN COLUMN 1, ROUTINE WILL FIX THE
FLOATING PT. NO, -
A 1 IN COLUNN 1, MEANS THIS IS LAST CARD TO
READ IN.
EQUIVALENCE(TABLE(L) LABLE(1))
HRITE (6,10)
READ (5:11)IENDyLOCs NUMWPC o (CARD(I) 4 I=1NUHKPC)
WRITE (6912} IEND4LOCy NUMWPC o {CARDE L 4 1=1+ NUMNPC)
D0 4 I=1,NUMNPC
J=L0C+I-1
IFLIEND-2)20542
LABLEAJ)=IFIX{CARDCI})
GO TO 4
TABLE(J)=CARDLI)
CONT INUE
IFCIEND=1}14:341
RETURN
FORMATS
FORMAT{20H1 OIL INPUT CARDS///:
FORMATIILoI5:11,0P7E9.4)
FORMAT(LH E4337913.,1PTEL4%:6)
END

WU RS I A KPS s b v 2

CARDGO10
CARDO020
CARDOO30

CARDOO50
CARDOGTO
CARDOOBO
CARDOOSC
CARDO100
CARDO110
LARDO120
CARDO130
CARDO140
CARDO150
CARDO160
CARDO170
CARDO180
CARDO19C

CARDO210
CARDQ220
CARDO230

~
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$IBFTC SETUP LIST,DECK,REF

() « (@] OO0

a0 O 6o 60

SUBROUTINE SETUP

WILL ONLY GENERATE (1) MATERIAL.
PACKAGES MUST BE RECTANGLES.
ASSUMPTION OF = DX AND = DY

LOAD PK{4)=1.

M=PK(4) .
LOAD PK{5)=RIGHT BOUNDARY OF PELLET(I).
MA=PKLS)

LOAD PK(6)=BOTTOM(J)+1 OF PELLET.
MB=PK{6)

LOAD PK(7)=TOP(J) OF PELLET.
MC=PK(T7}

LOAD PK(8)=1.

MD=PK{8)

LOAD PK{9)=RIGHT{T )BOUNDARY OF TARGET,
ME=PK(9]

LOAD PK{10)=BOTTOM(J)+1 OF TARGET.
MZ=PK(10)

LOAD PK{11)=TOP{JS)OF TARGET.
N=PK(11)

LOAD INITIAL DENSITY INTO Z(1lllj.
RHO=2{(111)

LOAD INITIAL PELLEY VELOCITY INTO Z2(1l12).

VTEF=2(112)
KMAX=IMAX* JMAX+]
KMAXA=(MAX+]
JMAXA=JMAX+1
IMAXA=IMAX+1

CLEAR ALL CELL ARRAYS.
DO 1 K=1,KMAX
U(K}=0.0

ViK)=0.0

P(K})=0.0
AMX{(K}=0,0
AIX(K)=0.0
CONTINUE
OX{1)=DX{1l)
X(1)=0x{1)
WS=X{1ji%%k2
PIDY=3.1415927
TAU(1)=WS%PIDY
CALCULATE OXo.X,TAU
DO 10 I=2,4IMAX
X(E)=XCI-13+DX(1}
DXL I)}=DX(1)
WSA=X{T)*%x2
TAULI)=PIDY#(WSA~WS)
WS=WSA

10 CONTINUE

107.

SETUYO0010

SETU0980
SETU0S90
SETU1000
SETU1010
SETUL1020
SETU1030
SETU1040
SETU1050
SETUL060
SETU1070

SETU1080C
SETU1090
SETU1100
SETU113D
SETUL120

SETU1130
SETU1140
SETUL150
SETU1160
SETU1170
SETU1180
SETUL1190
SETU1200
SETULl210
SETU1220
SETU1230
SETU1240

SETUL250
SETUL1260
SETY1270
SETU1280
SETU1290
SETU1300
SETU1310




20

Y(1i=0Y(l
CALCULATE

)
DY AND Y.

D0 20 J=24JMAX
Y{d)I=Y{J-132¢DY(L}
DY(Ji=DVY(1)

CONTINUE
ETH=0.0
B0 30 I=M

o MA

K={NB~1)*INAX+]+}

CALCULATE

MASSy AMD VELOCETY OF PELLET,

00 40 JS=MB,MC
AMX{K)=RHO*DYLJI*TAU(L)

VIK)=VTEF
CALCULATE

TAGTAL ENERGY (ETH.)

ETH=ETH+AMX (K ) ={V{K)*%23/2.0

K=K+ INAX
CONT INUE
CALCGULATE

MASS OF TARGET.

00 50 [=MD,ME
K=x{MZ-1i*IMAX¢+I+]

GO 60 J=MZyN
ANX{K)=RHO*®DY(J ) *TAW(I])

K=K+IMAX
CONTINUE
IHAX=1MAX
JMAX=JMAX
SHELL=2.0
CYCLE=0.0
DT=0.0
MMAX=0
N1=2

N2=3

N3=0
N&=127

XMAX=X( IMAX}
TAMAX=XMAX%*2.0
YMAX=Y{JMAX)
TYHAX=YMAX%2.0

RENIND 7
W§=555,0

WRITE OQUTPUT FOR OIt ON TAPE.

MRITE
HRITE
WRITE
WRITE
VREITE
WS=666.0
WRITE ¢ 7
REWIND 7
RETURN
END

7

7
7

oy PWy PR g, e,

JHSsCYCLE ¢N3
PiZ01141=1,150)

THGCT o VE T o ANKIT ) o AIX(I ) o PU{T)41=1,KHAXA)

YX(0) o EXCLD o TAULL )4 I=1,1IMAX)
JY(L) 4 I=00JMAX)

WS WS WS

SETUL320

SETUL1330
S5ETU1I340
SETUL350
SETUL360
SETU1370
SETU1380
SETUL390

SETUL400
SETU1410
SETU1420

SETU1430
SETUL440
SETUL1450

SETU1460
SETU1470
SETU1480
SETUL490
SETU1500
SETULI510
SETU1520
SETU1530
SETULS540
SETU1550
SETU1560
SETUL1S570
SETY1580
SETU1590
SETUL1600
SETU1L610
SETUL€ 20
SETU1¢30
SETU1640
SETUL650

SETUL67O

SETUL1T730

SETULT60

PO




$18FTC .COT LIST+DECKoREF

OO DIOHOO

Q0

3000
3005
3010
3015

3020

3025

3030
3035
3040
3045
3050
3055

3070
3075
3095
3160

a0

OO0

3115
3129
3125

3130
4000

4001

SUBROUTINE CODY

CHECK COURANT CONDITION AND PARTICLE
VELOCITY.

RECORD I AND J OF ZONE WHERE DT IS BEING
CONTROLLED .

YEL=0,0

B0 3050 I=1,11

K=l+1

D0 3050 J=1,12

I=1

J=y

IF(AMX(K)}9901,305053025

CALCULATE PRESSURES FROM EQUATION OF STATE(ES).
CALL ES

IF(ABS(P(K) )-1.0E-20)3035+93035,43040
P(X)=0.0 .

IF{WSGX~VEL 3050430504 3045

VEL=KSGX

K=K+ ITMAX

KDT=1

UVNAX=~1.0

00 3255 I=1411

Kal+]

00 3255 J=l.12

KP=K+IMAX

IFCAMX{K)I29901,+3255+4

IF -RHO(K) IS LESS THAN Z(138), CELL K
WILL BE BVPASSED FOR STABILITY CHECK.
IFCAMXIK) ZETAULT)*DY(J)1-2(138))3255,325543115
S1G=DX(I1)

IF (DY(J)-516)3125,3130,3130

SIG=DY(J4!}

C=SPEED OF SOUND FOR POLYTROPIC GAS AS
THE SQ. ROCT OF {GAMMA*P/RHO}.

HERE CALCULATE THE SPEED OF SOUND FOR
YHE EQUATIONM OF STATE

AS THE SQ. RQOT OF OP/DRHO.
IF(Z(1485240005400004001
WIsSQRT{GRARGTAULT }*DY (Ji*ABS(P(K) )/ (AMX{K) )
60 TC 3205

USA=ABS{P(K) )=l .E¢4
HS=2{148)¢2(149)*{WSASSZ{150))

109.

cot
cov
coT
corv
cov
corv

cor
coTt
cov
cov
cov
Cov
cov
cov

coTv
¢oT
cor
cuy
cov
cov
o7
coT
cov
cor
cov
coT
cov
coT

cot
cov
coT
Cov

cov
cov
cov
Cov
coTt

0030
0020
10990
‘1008
1010
1020

1030
1040 ;
1050
1060
1070
1080
1090/
1100

£
1110
1120°
1130.
1140
1150
1160
1170
1180
-1190
1200
1210
1220
1230
1240

11250
1260
1270

1280

1290
1300
1310
1320
1330




1i0.

3205
3210
3215

WS=HS*1,E-3

HS=WS/SIG

IFLUVMAX-1WS) 3215,3220,3220
N1O=1

N1l=J

UVMAX=HWS

IF(NKMAX)L1y102

EULERIAN CHECK FOR RADIAL PARTICLE VELOCITY.

CONTINUE
WS=ABS{U(K) } /TAU(T }&XL 1)}/ .5%PIDY
GO TO 3225

PIC CHECK FOR RADIAL PARTICLE VELOCITY.

HS=ABS(U(K} ) /OX(1}
IFCUVMAX-4KS$)3230,3235,3235
UVMAX=WS

N10=1

Nil=J

WS=ABS(V(K) )/DY{J)
IF(UVMAX-NWS5)3245,3250+3250
N10O=1I

N1l1=J

UVMAX=WS

CONT INUE

K=K+ IMAX

IF(UVMAX) 991259912, 3260
FOR OPTIONS ON CABLNy CHECK
SECT1UN 3.4 IN GAMD-5580.
IF(CABLN)90,91,3300

DV¥=,.5/ VEL/UVRAX*Z{139)

G0 TO 3295

WS=UVMAX*DT

WSA=0,5/VEL
IF(FFA-WSA 1327 327643270
FFA=HSA
IF(WS~-FFA)328543300,3280
DY=DT/WS*FFB/0.9

GO TO 3295
EF{NS-FFB13290+3290,3300
DT=DT#FFA/HWS*¥0.9

KDT=0

INTEGRATE THE TIME AND CYCLE COUNTER.
T=T+DTNA
IF(DTRAD)9911,80,81

NR=NRN

WS=NR

TRAD=0DT/HS

60 T0 82

IWS=DT/DTRAD

NR=INWS+1

IF(NR-NRM) 84,84, 80

cor
cov
coT
corv
cor
cov
cov
coT
corT
coT

cov
coT
corv
coT
cort
coT
cov
cor
cot
cot
coT
corv

cov
cov
cor
corY
coT
£oT7
coT
corv
coT
coTv
cor
coT
coTt

corv
cov
coT
cot
cov
cort
20T
cov
cot

1340
1350
1360
1370
1380
1390
1400

1410
1420
1430

1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550

1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680

1690
1700
1710
1720
1730
1740
175¢
1760
1770

N .
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82 NC=NC+1 CDOT 1780
© CYCLE=NC CoT 1790
NPC=NPC+] CDOT 1800
3305 IF(T)9909,3320,3310 CDT 1810
3310 IF{KDT)9910,3315,3320 COT 1820
3315 WRITE (6,8000)T,DTNA,DT cul 1830
3320 DTNA=DT CDT 1840
GO TO 3325 CDT 1850
c NEGATIVE MASS CDT 1860
9901 NK=3020 CDY 1870
GO TO 9999 COT 1880
9909 NK=3305 CDT 1890
GC TO 9999 COT 1900
9910 NK=3310 COT 1910
GO TO 9999 COT 1920 .
C THE DT WILL BE 0. OR NEGATIVE ,SToP ‘
9912 NK=]
GO TO 9999 A
9911 NK=85 €OT 1930
9999 NR=2 COT 1940
CALL Dump CDT 1950
3325 RETURN CDT 1960 -
80000FORMAT (1THOCHANGE DT ... T=1PL9.3,1iH DT{N)=1PE9.3,13H DTCDT 1970
1(N+1)=1PE9.3) CDT 1980

END COT 1990
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8000

OO 06

3301
3304

3302
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: $IBFTC PHL LIST»DECK,REF

SUBROUTINE PH1

VELOCITIES, ENERGIES, PRESSURES ARE AT THE
CENTER OF THE CELL.,

(2) PASSES THRU PH1 ARE REQUIRED. NO

MASS IS MOVED IN PHI1.

*ekEke NOTE 1 MATERIAL ONLY (X)) #kkkdkxkyk®kk

-+t 32+ $ 24 2 2 A+ S+ 2ttt 2 -+ 5 £ 32

NRT=0

NRC=0

UU=1.E+15

UT=0.0

YOU WILL GET BACK HERE IF AIX WAS LESS
THAN 0. AND PROVIDED SN=C.

VEL=1.0

INITIALYZE MID-POINTS OF FIRST AND SECOND
CELL IN R DIRECTION.

RC=DX(1)/2.0

RR={X{1)+X(2}))/2.0

K=2

AXIS OF SYMMETRY BOUNDARY CONDITIONS.

DO 33202 J=1,JMAX

PLEJ)I=?(K)

UL{J1=0.0

K=K+ IMAX

FIRST PASS THRU, CALCULATE U AND V AT
CYCLE N+1l, AND THE WORK TERMS USING U AND V
FROM CYCLE N.

SECOND PASS THRU, CALCULATE ONLY THE
CONTRIBUTION YO THE CHANGE IN INTERMNAL ENERGY
FROM WORK TERMS EVALUATED FROM U AND V

AT CYCLE N+l.

DO 3360 I=1,11

K=i+1

IF{CVISi7002,7003,7003

BOTTCOM BOUNDARY IS TRANSMITTIVE.
VBLO=V(K)

PBLO=0.0

GG TG 7004

BOTTOM BOUNDARY IS REFLECTIVE.

VBLO=0.0

PBLO=P(K)

TAUDTS=TAU( I }*DT

Il= MAX.(I) OF DISTURBANCE IN R DIRECTION.

D s ey oo e

PH1
PH1

PH1
PHL
PH1
PH1
PHL1
PH1
PH1
PH1
PH1

PHE

PH1

PHL

PHY
PH1
PHL

PHL
PH1
PHL
PH1

PH1
PH1
PH1

PHL
PH1
PH1

PH1
PH1
PH1

0010
0900

0980
0990
1000
1010
1020
1030
1040
1050
1060
1070
1080

1090

1100
1110
1120

1130
1140
1150
1160

1170
1180
1190

1200
1210
1220

1230
1240
1250

N
e L e IO AR e S
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113.
I2= MAX{J) OF DISTURBANCE IN Z DIRECTION.
BO LOOP IN J DIRECTION
D0 3348 J4=1,I12 PH1
PIDTS=1.0/¢(PIDY*DT*DY(J)) PH1
K= INDEX OF CELL IN QUESTION.
N= INDEX OF CELL ABOQOVE.
N=K+ IMAX PH1
IF{AMX(K))9902+334053306 PHI
IFCIMAX~1)9903,43311,3310 oul
IF(AMX{K+1))9904,3312,33i4 PH1
WE ARE AT THE RIGHT BOUNDARY, SET PRESSURE
GRADIENT TO 0. IN R DIRECTION, MODIFY ETH.
FOR RIGHT BOUNDARY BEING TRANSMITTIVE.
PRR=PL(J) PH1
ETH=ETH-PRR*U(K)/PIDTS*RC PH1
GO TO 3313 ’ PH1
RIGHT BOUNDARY CONDITION FUR THE MOMENTUM EQ.
ADJACENT TO EMPTY CELL.
PRR=0.0 PH1
URR=RC*U(K) PH1
GO TQ 3316 PH}
CALCULATE PRESSURE AT INTERFACE(I) AND
(RU) FOR WORK TERM.
PRR={P(K)+P{K+1})/2.0 Pl
URR=(U{K)}*RC (K¢l }*RR}I /2.0 PH1
IFCIMAX~J)9905,3318,43320 PH1
SET PRESSURE GRADIENT TC 0. THIS IS FOR TOP
BOUNDARY BEING TRANSMITTIVE.
PABOVE=PBLO PH1
MODIFY ETH FOR TOP BOUNDARY CONDITION.
ETH=ETH-PABOVE*V(K)/2.0%TAUDTS PH1
GO TO 3323 PHL
IF(AMXIN))9906+3322,3324 PH1
TOP BOUNDARY CONDITION (EMPTY CELL ABOVE.)
YOP BOUNDARY CONDITION FOR VELOCITY (EMPTY CELL ABOVE).
PABOVE=0.0 PH1
VABOVE=V{K) PH1
GO TO 3328 PH1
CALCULATE PRESSURE AT INTERFACE(J)
PABOVE={(PI{K)+P(NI) /2.0 PH1
IF{CVIS)7001,332543325 PH1
IF{1-4)33254 7000, 9905 PH1
BOTTOM BOUNDARY IS TRANSMITTIVE, SET PRESSURE
GRADIENT TO 0.
AND MOODIFY ETH.
PRI O=PABOVE PH1
ETH=ETH+PBLO*V(K)/2.0%TAUDTS PH1
VELOCITY AT INTERFACE(J}
VABOVE=(V{K)+V(N)}1/2.0 PH1
IF(VEL)3907,4 340443400 PH1

LI R VAR P ]

1260 °
1270

1280,
1290,
1300
1310°

1320
1330
1340

1350
1360
1370

1380
1390
1400

1410

1420
1430
1440

14540
1460
1470

148G
1490
1500

1510
1520

1530
154C



11k,

C
3400

- v T P Aachiad

3401
3402

3403

3404
5005
5605
6606
6607
6004
6015
&016

(&}

3332

1000
1001

1011

1013

1014

3340

3347

COMPUTE ELTA U AND DELTA V.

VIK}=V{K) 4 PRLO--PABOVE ) #TAUD TS/ { AMX(K) )
IFCABSI{Y(K))~1.E-GB) 340153401, 3402
V(K:=6.0

UIK)=UIK I+ (PLISI=PRR)ZLAMR(KD I#RE/PEDTS*2,.0
IFCABS{UIK) }=1.E~08183403,34035 3406
UlX)=0.0 e -
CHECK FOR ABVANWCING COUNTERS OF THE ACTIVE
GRID IN THE R DIRECTION.
IF{1-11)6015+6005,6005

IFEU(K) 1660556606 6605

NRC=1

IF(VIK)}5607,6004,6607

NRC=1

TF(AIX{K))6015:6026,6015

NRC=1

CONT INUE

HERE CALCULATE CHANGE IN INYVERNAL. ENERGY
DUE TO WORK TERMS ONLY.
HS={VBLO-VABOYE ) *TAUDTS/2.0#P(K)
RHO=WS+{UL(J)~URR) /PIDTS*P(K)

CORVERT TO SPECIFIC INTERNAL ENERGY.
WSX=AIX{K)*RHO/ARX{K]

GO YO 1200

CHECK FOR NEGATIVE INTERNAL ENERGIES.
IF{¥SX1101151001,1001

AIX({}=WSX

GO TO 3342

BT=1.0

COMPUTE NEW DT(STORE IN UU) ASSUMING
THAT DI/OT WILL BE THE SAME FOR A SHMALLER
TIME STEP, THE NEW DT IS CHOSEN SUCH
THAT AIX(AT M+1)=2/3 OF AIX{N}.
WSA=2,0%AIX{K)I/3.0%DT/{AIX{K)-WSX)
IF{HSA-UUI 1024510011031

UU=WSsa

G0 T0 1001

CELL (K) IS EMPTY, SET INVERFACI: QUANTITIES,

ASSUMING CELL TO THE RIGHT AND Y0P ARE
NOT VOID.

PRR=0.0

URR=U{K+1}*RR

PABOVE=C.Q

VABOQVE=V (i}

SET RIGHT QUANTITIES YO THE LEFT (FOR NEXT
COLUMN SHWEEP) ANL SET ABOVE QUANTITIES T4
BELOW FOR NMNEXT CELL ABOVE.

V3ILO=YAZQVE

PL{J)=PRR

UL "3 =URR

PHI
eHi
Pl
PHL
PH1
PH1

PHL
PH1
PHI1
PHl
PHI
PHI1
pH1
PH1

PH1
PHi

PH1
PH1

PH1
PH1
PH1
PH1

PH1
PHL
PH1
Pl

PH1
Pl

PHL

PH1
PH1
PH1

1550
1560
1570
1580
1590
1000

iél0
1620
1630
16490
1650
1660
1670
1680

1690
1700

1710
1726

1730
1740
1750
1760

1770
1789
1790
1800

1&10
1820
1830
1849

1850
1860
1870

-~
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K=N PHI 1880

PBLO=PABOVE PHl 1890
LL=K~T¥AX PH1 1900
CHECK FGCR ADVANCING COUNTERS OF THE ACTIVE
GRID IN Z DIRECTION.
IFLUCLL})60020,6001,6000 PHY 191v
NRT=1 PH1 1920
IFEVILLE)60024600346002 PHL 1230
NRT=1 PH1l 1940
IFCAIXILL)I6017,6018,6017 PHY 1350
NRT=1 #HI 1960
CONTINUE PH1 1979
RC=RR PHZ 1980
RR=(X{I+1})+X(1+2)}/2.0 PHI 1990
CONT INUE PH1 2000
IF{VELI9911,41000G:3363 PHL 2010
VEL=0.0 ' PHLI 2020
GO 70 3301 Pl 2030
ERROR PHL 2040
NK=320% PH1I 2330
GO TO 9983 ' PHE 2060
N¥=3306 PHl 2070
63 TQ 9999 PH1 2080
NK=3310 PH1l 2090
GO TO 9%99 FHl 21060
NK=3316 PH1 2110
G0 70 9999 PHL 2120
Nk=3320 PH1 2139
GU 70 9999 Pl 2140
NK=3328 PH1 2150
66 YO 9999 PHY 2160
NK=3361 PHLI 2170
MR=3 FH1 2180
CALL DuMmP PH1 2190

IF SNANDT=0.) ANY NEGATIVE ENERGIES uiki

REMAIN. IF=0, CODE HAILL TRY AMOTHER PASS

WITH A SMALLER Df.

IFESN)7036,70321,7030 PHI 2200
FFLUT)» 7020, 7030,7010 PHL 2210
NEGATIVE ENERGIES HAVE OCCURED, INTEGRATE

BACK TO CYCLE N WITH (~DT}.

UT=-1.0 PH1 2220
DT=-DT PH1 2230
YOU NOW HAVE INTEGRATED BACK 7O CYC: de NUM

INTEGRATE TO CYCLE Mel wWITH NEw DVLSTORED IN UUL.

GO 70 80060 PH1 2240
Ur=0.0 PHL 2250
0T=UU PH1 2260
NR=DT/TRAD+1.0 PH1 227C
WS=NR PH1 2280




%
2
g <
.'
2
B
4
&

TRAD=DT/HWS

DTHNA=DT

GO TO 8000

INCREASE ACTIVE GRID COUNTERS 1F NEEDED.
f1=T1+NRC

I12=124NRT
sFL1Y-TIMAX)610046L00,46200
Ii=IMAX
IF(12-3MAX)6201,6201,6202
[2=JMAX

RETURN

END

116.

PH1
PH1
PH1

PH1
PH1
PH1
PH1
PH1
PHL
PH1
PHL

2290
2300
2310

2320
2330
2340
2350
2360
2370
2380
2390
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$IBFTC PHZ LIST,DECK4REF

SUBROUTINE PH2

Z(110)= CRITICAL ENERGY{ BETWEEN GAS AND CONDENSED STATE)
Zi111d= INITIAL DENSITY

Z{112)= INIVIAL VELOCI'Y OF PELLET

Z{113}l= EPSILONICS FOR EMPTYING PELLET ON BASIS UF VELOCITY
TOZONE = MINIMUM DENSITY FOR MASS FLOW

AMPY=MASS ACROSS TOP BOUNDARY OF CELL
AMUT=RADIAL MOMENTA OF THIS MASS
AMVT=AXTAL NOMENTA OF THIS MASS
DELET=TOTAL SPECIFIC ENERGY OF THIS MASS
AMMP=MASS ACROSS RIGHT BOUNDARY OF CELL
AMUR=RADIAL MUMENTA OF THIS MASS
AMVR=AXIAL MOMENTA OF THIS MASS
DELER=TOTAL SPECIFIC ENERGY OF THIS MASS
AMMY=MASS ACROSS BOTTOM BOUNDARY OF CELL
AMMU=RADIAL MOMENTA OF THIS MASS
AMMV=AXIAL MOMENTA OF THIS MASS
DELEB=TOTAL SPECIFIC ENERGY OF THIS MASS
GAMC=MASS ACROSS LEFT BOUNDARY OF CELL
FLEFT=RADIAL MOMcNTA OF THIS MASS
YAMC=AXIAL MOMENTA OF THIS MASS
SIGC=TOTAL SPECIFIC EMERGY OF THIS MASS

A T e e A B T e m U S A o e o0 M ww S M s mv ST vy S M e e e DN A S ) e Al
Pt 3 - A 3 3 AL

CALL SLITE (0}

PIDTS=1.0/(PIDY*DT) 4
DO 103 J=1,JdMAX ’
GAMC(4}3=0.0

FLEFT{23=0.0

YANCLU)I=0.0

SIGC{JI=0.0

CONTINUE

DO 547 I=1,11

J=]

K=l+1

IFEAMX{K! 199009781

IF{VIK) 182097497

AMMV=0,0

6@ TG 98

AMRY=AMX (K} *VICI*DT/0Y{ 4}

IFLAMMY+AMX(K) )84,85,85

AMMY =~ AMXIK)

IF{CVIS)106499,99

BOTTOM BOUNDARY IS TRANSMITTIVE, MAVERIAL IS MOVING

117.
PH2

PH2
PH2

PH2
PH2
PH2
PH2
PH2
PHZ
PH2
PH2
PH2
PH2
PH2
pH2
PH2
PH2
PH2
PH2
PH2
PH2
PHZ
PH2
PH2
PH2
PH2
PHZ

TR PR T SRR T

G010

0906
0680

0990
1010
1020
1830
1040
1050
1060
1070
1080
1090
1100
1110
1120
1136
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
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106

107
108

210
211

207
214
216

215
205

208

209
22

404
405
409
410

411
%03

412

OQUT,y REMOVE ITS ENERGY FROM ETH.
AMMU=AMMY*U (K}

AMMV=AMMY$V{K)
DELEB=AIXI{KI2{U{K)*#24V{Kj¥22) /2.0
WS=(UIKI**2+V(K)*%2}/2,0
ETH=ETH+AMMY& {AEX{K)+WS}

GO Y0 167

BOTTOM BOUNDARY (S REFLECTIVE, NET MOMENTA CHANGE
IN Z DIRECTION IS 2 HV.

AMMV =2 . O%AMMY SV (K)

AMHY=0,.0

AMNMU=0,0

DELEB=0.0

BEGIN DO LOOP IN J4(2) DIRECTION.
DO 3546 Jd=1412

L=K4 TMAX

I=1

J=d

AREA=0.0

VEL=0.0

£5=0.0

IF{JUMAX-d) 21102114207

YEL=1.0

G0 10 208

IFCAMXIL]I215,215,214
[FEANMNXIK)INZL6216,209
VABOVE=VI(L)

GO T0O 212

IFLAMELK]I120542059208

VABOVE=0.,0

GO YO 212

VABOVE=VIX}

GO 70 212

VABOVE={VIK)+YILII/2.0

CONT INUE

I=X

NERS

Fs=0.0

(FEIMAX~E3412:412,4505
IFLAMA(RSLEFA11:401,409
IFLAMXIKYIO10,4610,40G7

URR=LGERE L)

60 VO 408

IFEAMXI{X)2403,503,206

URR=0.90

GO YD 408

WE ARE AT THE RIGHT BOUNDARY UF THE GRIDR, THE
BOUNDARY CONDITION HERE IS TRANSMITYEIVE.
FS=1.0

JRR=Q{K ]

PH2
PHZ
PH2Z
PH2
PH2
PHZ

P2
PH2
PH2
PH2

PH2
PH2
PHZ
PH2
P2
PH2
PH2
PHZ
PH2
PH2
PH2
pPH2
PH2
PHZ
pPH2
PH2
PHZ
PH2
PH2
PH2
PH2
PH2
PH2Z
PH2
PH2
PH2
PH2
PH2
PHZ
PH2
PH2
PH2

pr2
PH2

1240
1250
1260
1279
1280
12690

1300
1310
1320
1330

1340
1350
1360
13790
1380
1390
1400
141Q
1420
1430
3440
1450
1460
1476
1480
1490
156¢C
1510
1520
1530
1540
1580
1560
1870
13580
159G
1600
1610
1620
1630
1640
1650

1660
1670
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407
408
109
301
302
8800
8801

¢t O

8803
3¢3

304
308

300
30%
30¢

307
6130

6140
501
502
503

504

500
506
507

508
6100

G8 70 408
URR={UIKI+UIKs+1)) /2.0

CONYINUE

EFCAREA) 990143014547

IFCVABOVEDY 300, 3044302

IF{AMX{K))9900,304,8800

IF{Jd~-119900,303,8801

KP=iK~IMAX

IF{AMX{KP} }9900,8803,303

A CHECK HERE YO INSURE THAT THE BOTTGM ZONES
OF THE PROJECYILE EMPTY (FOR HYPERVELOCITY) UP UNTIL
THE INITYIAL VELOCITY CHANGES DUE TO THE SHOCK.
IF(ABS{VABOVE-Z(112)}/2(112)-2(113)3306,303,303
M=K

Jd=J

60 70 307

AMPY=0,0

ANUT=0.0

AMVT=0,.0

DELET=0.0

GO TO 501

IF{VEL)S901, 305,304

IFCAMRILI)9903,304,306

M={

Sd=J+1

IFIVEL16130,6130,46140

HWSA={V(K)+V(L}IN/2.0

WSB=1o 0+ (VIL)-VIK) }A(DY{JJI®SBOLND #DT
VABOVE=WHSA/WSH

CALCULATE THE MASS FLUX AT THE TO. OF CELL K.
AMPY=AMX{MI¥VABOVE/DY(J3JI1%DT

IFLURRIS00, 504,502

IFLAMX{KE )} ) 9900504,503

M=K

N=§

6G VO 508

AMMP=0.0

ANUR=0,0

AMVR=0.0

DELER=0.0

GO 10 1

IF{FS19%905;506:504

IFLARKEK+L))99044+504,507

M=K+l

N=1+1

IF{FS)6100+6100,6110

HSA={UIKICU{K+1) 1/ 2.0

WSB=1,0+ {U(K+LI-UIKII/{DX{N}*SBOUND 2DT
URR=KHSA/HSB

CALCULATE THE MASS FLUX AT THE RIGHY OF {ELL K.

PH2
PH2
PH2
PH2
PH2
PH2
PH2
PHZ

PH2
PH2
PH2
FH2
PHz
PH2
P2
pH2
FH2
PH2
PHZ
B2
PH2
P2
BH2
PH2
FH2

PH2
PH2
PH2
PH2
PH2
PH2
PH2
pH2
PH2
PHZ
PH2
PHZ
PH2
PH2
#H2
PH2
PH2
PHZ
PH2

1690
1700
1710
1720
1730
1740
1750
1760

1770
1780
1790 °
1800 -
1810
1820
1830
5840
1850
1860
1876
1850
£890
1900
1910
1920
1930

1840
195¢
1960
1970
1980
1990
2000
2G10
2020
2030
2040
2050
2060
2070
2580
2090
2100
2116
2120
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420

6110

8820
es2l
6120
8822
8823
8824

8825

8826
76

O o0o

19
il
12

(4 EeNa

DEN=AMX{MI/TAUIN)
AMBRP=DEN/P EDTS#X(1)/.5%URR
IFLAMMP ) 164574,.882C
IF(SANCYIN 1 74474,8821
IF(FS)6120:,612C,74%
IFCAMXIK+129903,8822,7¢

IFCAMXIK)ZATAUL 1 )#DYE{2))-2(1115 08823474474

IFCAIX(K)I-Z{110})8824¢T4,T4%

WI=GAMC {1} +ARXI{K3-TAULT ) %DY{4)&2(111)
1F{15)8826,8826,8825

ARMP=KS

60 0 74

AMMP=0,0

JTAG=0

BEGIN CHECKING YO SEE IF THEIR [S ANY

PREFERENTIAL HASS FLUX BECAUSE OF CHOICE OF .

INDEXING DIRECTION,
IFEAMPY) 3,444

TOP FLUX IS INTO CELL K.
ITAG=1

HSB=AMPY

ARPY=0.0

GQ YO 64

ITAG=0

IF(AMMY)9:5,5

BOTTOM FLUX IS INTO CELL K.
IFIGANCEN) 1 T746.6

LEFT FLUX IS INTC CELLK.
WS=AMX{K)

GO 70 11}

PLEFT FLUX IS OUT,
KS=AMXI{K}+GAKC{J)

G0 70 11

BOY7OM FLUX 1S OUT OF CELL K.
IF{GANMC{J))I10,8,8

LEFT FLUX IS INTO CELL K.
WS=AMX (K| +AMMY

GO T0 13}

LEFY FLUX 1S DUT OF CELL K.
WS=AMX{KY+GAMC { 3 )+ ANAMY
WSA=AHMPY+AMMD

IFLHSA-HS)T5, 75,13

CHANGE TOP AND RIGHT FLUX TO 2E THE

QL2 FLUX TIMES THE MASS OF THE CEwLL/THE SUM

OF THE OLD FLUXES.

AHPY=AMPYENS/HWSA

AMMP=ANNPSHS/HSA

IF(STAG 14,973,014 !
HSC=AMMP ,
IFEITAGILIS5:7000C,15 !

PH2

PH2
PH2Z
PHZ
PH2
PHZ
FH2
PH2
PH2
PH2
PH2
PH2
PH2

PHZ

PH2
PH2
PH2
PH2
PHZ
PHZ

PH2

PH2
FH2

PH2
FH2

PH2

PH2
PH2

PH2
PH2
PH2

PHZ
PH2
PH2
PH2
PH2

2130

2150
2160
2170
2180
2199
2200
2210
2220
2230
2240
2259
2260

2270

2280
229¢
2300
2310
2320
2330

2340

2350
2360

2370
23806

2390

2500
2410

2420
2430
2440

2456
2460
2470
2480 "
2490
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76

17
18

B N

i9
29
2]

22
23

24

g 26

’F'xﬂ 25
S N 21
- 28

29
31

30
32
33
24
35
17

o

37

AMPY =4S

ITAG=0

60 CHECK CELL ABOVE.

60 T0 40

RIGHT FLUX IS INTO CELL K.
IFLFSIT6:17,76

WSC=AMMP

I=IMAX, SU CHECr CELL ABOVE XK.

G0 10 40

IFEI+1-1MEX)19,18,9908
URRR=U{K*1)/72.0

GO Y0 20

URRAR=AUEK+LI+U(K#2)) /2.0
IF(URRR}39939,21

FLUX IS OQUT DOF THE RIGHT OF CELLIK#13,.
URRR=URRR/TAU{ I+ 1) *AMX{K+L)/PIO 5&X(I%1)/.5
1IF{J-119909:23,24%

VBLO=V{K+1)/2.0

GO 70 26

KP=K+1-IMAX
VBLO={VI{K*+1}+VIKP}}/2.0
IF(VBLD)25,38,38

FLUX IS OUT OF TwHE BOTTOM UF CELL{K+1).
VBLO=AMX{K+1)/DYLJ)*xVvBLURDY

IF{VEL 28029028

VAB=V{K+1}/2.0

GO YO 3

KP=K+]IMAX+1

VAB=IV{K+L)¢VIKP}) /2.0

IFIVAB! 36436430

FLUX IS QUT OF TOP.
VAB=AMX{K+1}/DY{J)*VAB#DT
HE=AMR({K+1)

WSA=URRR~-AMMP-VRLO+VAS
IF{WSA-WSETT,7To35

AMMP =AMMP =S/ WS A

JTAG=]

WSC=AmMMp

AMRMP=0.v

G0 vg 2

FLUX AT 707 1S INTO CELL {K+1l).
HS=aMAik+]

WSA=ZRRR—ANREP- VUL T

G0 YT 24

FLUX IS Ik ~RO® °A1TOM INTO CELL (Kol
¥YBLG=(.0

GG 5 27

FLUX IS INTL CEil s:-1) FROM RIGHT,
URRR=L .0

6G 14 22

izl.

PHZ 2500
PH2 2510

PH2 2520

PH2 2530
PH2 2540 °

PHZ 2550
PH2 2560 .
PH2 2570
PH2 2580
PH2 2590
PH2 2600

PH2 2620
PH2 2630
PHZ 2640
PH2 2650
PH2 2660
PH2 2670

PH2 2680
PH2 2690
PH2 2700
PH2Z 2710
PH2 2720
PH2 2730
PH2 2740

PH2 2750
PH2 2760
PH2 2770
PH2 2780
pPH2 279C
PH2 2800
PH2 2810
PH2 2820
PH2 2830

PH2 2840
PH2 2850
PR2 2860

PH2 2870
PH2 2880

PH2 2890
PHZ 2900



43

45

46

70

47
48

RIGHT FLUX OUT OF CELL (KY IS POSITIVE AND TQOP

FLUX IS COMING INTO CE'L (K) FROM (K+IMAX),.
IF(VELIT7000541, 7000

IFEFS)462043,42

WE ARE AT THE RIGHT BOUNDARY OF THE GRI1D.
KP=K+[MAX

URT=ULKP)/ 2.0

60 Y0 45

KP=K+IMAX

URT={UIKP)+U(KP+1}) /2.0

IFLURT 146446970

FLUX AT RIGHY (CELL M} IS NEGATIVE.
URT=0,0

G0 YO 47

KP=K+IMAX
URT=URT/TAUIT I ®AMX(KP) /PIDTS*X{(1)/.5

FLUX AT RIGHT (CELL M) IS POSITIVE.
IF(J+1-J0MAX) 48;49,9910

Ke=K+IMAX

KL=K P+ IMAX

VABT={V{KP)+VIKL}I}/2.0

GO TO 51

KP=K+IMAX

KL=KP+ [MAX

VABT=V{KP)/2.0

IFIVABTIBB10,71:72

FLUX IS IN FROM TUP OF CELL M.

IFCAMX(K]} )9903,8811,71

CHECK FOR SOLID OR VAPOR.

FRFLAMXEKPY ZETAUCTY*DY{J+1) ) -2(111)18812,71,71
IF(AIXIXKPE~Z2(110)18813,71471
YABT=VABT#AMX(KL)/0Y(J4¢2}%DT
WS=~VABTLAMX{KP)-TAU(I }3DY(Jel )52V ()
IF§{WS;8817,8817,8816

AMPY=~WS

60 T0 71

AHPY=0.0

VABT=0,.0

GO T0 60

VABT=VABTSAMX(XKP)/DY(J+1}%DT
IFEGAMC{J+1)364453,53

WS=AMX{KP)

GG TO 55

WS=AMX{KP}+GAMC{J+1}

HWSA=VABT~-aMPYLTURY

GO ¥0 57

IFSGAMC{Jd+ 1)) 6. 261,59
WE=AMX(KP)+GLIMC{J+1)

GO 70 58
WS=AMA{KP)

PH2
PHZ

PH2
PH2
PH2
PH2
PH2
PH2

PH2
PHZ
PH2

PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2

PH2

PH2
PH2
PHZ
PHZ2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PHZ
PH2
PH2
PH2
PHZ
PH2
PH2
PH2
PH2

2910
2920

2930
2940
29%0
2960
2970
2980

2990
3000
3010

3030
3040
2050
3060
3070
3080
3090
3100
3110

3120

3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330

2SI

R
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58
57
56

7000

309
€833
8835
8836

8837
8838

8834
8839
8840
8841

318

322
323

6900
324

25
8831

326
3217

328
329

330
331

332

333

WSA=~AMPY+URT

IF{WSA-US) 7000, 7000456

AMPY=AMPY%xS/NKSA

GO TO 7600

AMMP =WSC

IF(AMPY )8834,8831,8833

IF(JIMAX-J)9911,318,8835

KP=K+IMAX

IF (AMX(KP) }9900,:8837,318

Stkk NOTE Sk o i ok ok ook o ol ol ek ook e ek e sobe o ek o X 3ok
ACRUOSS FREE SURFACE, HOLO UP MASS FLUX

UNLESS THIS MASS PRODUCES A DENSITY GREATER THAN TUZONE.
Al g Aol e Kot A6 o e A e o e e g ok ool o o e e s e ofe X ol ool i oo Al o R s e o
IFEAMPY/(TAULL)*DY{J))-TOZONE)B8B838,318,318
AMPY=0,0

GO0 TO 8831

IF{J4-1)9911,325,8839

IFLAMYX{K})9900,8840,325

IF(=-AMPY/Z(TAU{I1}%DYL1J) )~-TOZUNE)BB4] 43254325
AMPY=0.0

GO TO 8831

DELM=GAMC{ J ) +AMMY-AMPY

IF(VEL)9901+324,323

WO=UIK) =824V (K ) ®%2

MATERIAL HAS LEFT THE TOP, TRIGGER REZONFE
~LAGy REMDVE ITS ENERGY FROM ETH{VOYAL ENERGY UG SY3ATEMI.
ETH=ETH~AMPYS{AIX{K)*HS/2.01}
IFLAMPY/ZATAUL T }*DY1J))~TOZONE) 324,324,6900
REZ=1,0

AMUT =AMPY#U{K )

AMVT=AMPYLVIK)

GO TO 326

CONTINUE

AMUT=AMPY=U(L)

AMVT=pAMPY*VIL }

DELM=GAMCLJ)~AMPY+AMMY

IFCAMPY 327,328,328
DELET=AIX(LI#{UILYXE24V{L)}*%2}/2.0

GD 70 323

IFEAMMY1329,330,330

DELET=DELER

GO TO 133

IF(GAM({J))331,332,332

DELET=SIGC{J)

60 TO 333

DELET=AIXIK)I+{U(K)E#*2+VIK}¥%2) /2.0

SUM UP RADIAL MOMENTA FOR ALL FLUXES EXCFPY
THE RIGHY AND STORE IN SIGMU.
SIGMU=FLEFT(J)+AMMU~-AMUT

SUM UP AXIAL MOMENTA FOR ALL FLUXES EXCEPT THE

PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2

PH2
PH2
PH2
PH2
PH2

PH2
PH2
PH2
PH2
PH2

PHZ
PH2
PH2
PHZ
PH2
FHZ
PH2
PH2
PH2
PH2
PH2
Ph2
PH2
PH2
PH2
PH2
PH2
PHZ
PH2
PH2

P12

123.

3340
3350
3360
3370
3380
3390
3400
3410
3420

3430
3440
3450
3460
3470

34590
3500
3510
3520
3530

3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3649
35650
3669
3670
3686
3690
3720
3710
3720
3730

3740
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509
8844
8845
8846
8847

8843
8848
8849
8850

512
513
514
8828

518
521
522
523

65901
524

525

526
527
528

529
530

531
532

533
534

535
536
537
538

IRREARA KK 2w

RIGHT AND STORE IN SIGMV,
SIGMY=YAMC (J} ¢ AMMY~AMVT

SUM UP TOTAL ENERGY CARRIED 8Y THESE FLUXES
EXCEPT THE RIGHT FLUX AND STORE IN DELER.
DELEK=GAMC(J}*SiGC () +AMMYCDELES-ARPY*DELET
IF{AMMP )BB843,518,884%
IF{IMAX-T1)9911,+518, 8845
IF(AMX(K+1))9900,8846,518
IFCAMMP/(TAUST ) *DY(J))-TDZONE)BB4T:518,518
AMHP=0.0

60 TO 518

IF{1-1)9911,512,8848
IF(AMXIK))}9500,48849,512
IF(-AMMP/{TAULTI*DY(J ) )-TOZONEIB8BSD¢512,4512
AMMP=0.0

60 T0 518

DELM=DELM-AMMP+AMX (K)

CONTINUE

CONTINUE

AHUR=AMMPXU{K+1)

AMVR=AMMP*V{K+1)

50 T0 525

DELN=DELM-AMMP+AMX{K)

CONTINUE

IF(FS5)9905,524,523

WS=U(K) ##2 V(K ) *%2
ETH=ETH-AMMP*{AIX(K}+WS§/2,0)

IFCAMMPZ (TAULT)*0Y(J))-TOZONE)5249524,6901
REZ=1.0

AMUR=AMHP+U(K}

AMYR=AMNPEY(K)

SIGMU=SIGMU-AMKUR

SIGMY=SICMV-AHVR

T1C=0.0

IELAMMP ) 5284 529,529

DELER=AIX{K+1) +{U{K+1)%%2+V{K+1}%%2)/2.0
GO 70 537

IFCAMMY 530,531,531

DELER=DELESB

GO TO 536

IF§GAMC(J) ) 532,533,533

DELER=SIGC(J)

GO TO 536

IF{ANMPY) 53545354534

DELER=DELETY

GO TG S3e6
DELER=AIX{K}+{U(K}**2+V (K} *%2) /2.0

TIC=1.0

DELEK=DELEK-AMMP*DELER

IF(TIC)9907,:5394550

PH2

PH2
PH2
PH2Z
PH2
PH2
PH2
PH2
PH2
PH2

PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PHZ
PH2
PH2
PH2
PH2
PH2
PH2
PHZ
PH2Z
PH2
PHe
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2

3750

3760
3770
3780
3790
3800
3810
3820
3830
3840

3860
3870
3880
3890
3900
3910
3520
3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
42090
4210

e i ey e WY
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559
539
¢S99

998
997

540

541

OO0 SO oo

601

6604
6605
6606
6607
6608
6609
6610

603

N aNe)

542
543

20067

546

WS=DELER

GO TQ 999
WS=AIX{K)+{ULK}*$2+V(K)**2) /2.0
IF(DELM)998: 543,540

IFCARKEK )} * Lo E~S+DELM) 9906, 997,997
DELM=0.0

GO T0 543

ENK=TOTAL ENERGY OF CELL (K) + ENERGY THAT
HAS BEEN ADDED ANUC LOSY.
ENK=AMX{K)*WS+DELEK

BY CONSERVING AXIAL MOMENYAy CALCULATE THE NEW
AXTAL VELOCITY COMPONENT FOR CELL K.
UEK)I=(SIGMU+AMX(K)*U(K) } /DELM

BY CONSERVING RADIAL MOMENTA, CAVL.CULATE THE NEW
RADIAL YELCCITY COMPONENT FOR CELL K.
VIK)={ SIGNV+AMX{K} =V(K) ) /DELM
[IF{1-11160356604:6604

IF{U(K)) 6605906064 5605

NRC=1

IF(V{K))660796608,6607

NRC=1

IF(AIX(K)? 56609, 661046609

NRC=1

CONT INUE

HS=ULK ) %*2+V{K)*%2

BY CONSERVING BOTH TGTAL ENERGY AND
MJOMENTA: CALCULATE THE NEW SPECIFIC
INTERNAL ENERGY FOR CELL K.
AIX{K}=ENK/DELM-WS5/2.0

AMX (K} =DELM

IFCAMX{1} 2950052007544

AIX{K}I=0,0

UtK}=0.0

V.K1=0,0

2{K)=0,0

THE RIGHT VALUES OF CELL (K) BECOME THE LEFT
YALUES OF CELI (K#l),

GAMC (J}=AMMP

FLEFT(J)=AMUR

YAMC(J ) =AMVR

SIGC{J)=DELER

THE TOP VALUES OF CELL{K) BELUME THE
BOTTOM VALUES FOR CELL (K+IMAX]).
AMMY=AMPY

AMMU=AMUT

AMMV=AMVT

DELEB=DELETY

K=K+ IMAX

LL=K-IMAX

IF(ULL) 6500466005500

125.

PH2
PH2
PH2
PH2
PH2
PH2
PH2

PH2

PH2

PHZ
PH2
PH2
PH2
PH2
PH2Z
PH2
PHZ
PH2
PH2

PH2
PH2
PH2
PH2
bH2
PH2Z
PH2

PH2
PH2
PH2
PH2

#H2
P42
PH2
PH2
PH2
PH2Z
PH2

4220
4230
4240
4250
4260
4270
4280

4290

4300

4310
4320
4330
4340
4350
4360
4370
4380
4390
4400

4410
4420
4430
4440
4450
4460
4470

4480
4490
4500
4510

4520
4530
4540
4550
4560
4570
4580
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6500
6600
6601
6602
6611

547

6700
6701
6702
6800
6801
6802
9901
9900
9903
9904
9905
9906
9911
9908
9909
3910

9507
9999

5438
2005

2009

NRT=1

IFEVELLY)IB60]1466024660)

NRT=1

IFLAIXELINGOLL54T7,6611

NRT=1

CONT JNUE

Il=11+#NRC

J2=124¢NRT

JFCIMAX-1116T0046701,6702

[1=IMAX

CONT IMUE

IF{JMAX-1226800,6801,6802

[2=JMAX

CONTINUE

GU TU %544

NK=3C0

GO 70 2999

NK=302

GO 10 9999

NK=305

GU 10 9999

NK=506

GG TO 2999

NK=%00

60 T0 9999

NK=513

GO YU 9999

NK=8833

60 10O 9995

NK= 17

GO TO 9999

NK= 22

GO TO 3999

NK= 47

GG 10 9999

NK=538

NR=4

CALL OuMp

SUM=0,0

DO 2001 I=1411

K=[+1

B0 2000 J=1,12
IFLAMX{K))2000,2000,2009

IF ANY RHO {CELL DENSITY) IS LESS THAN TOLONE,
SET THt MASS TO ZERO, AND TALLY THE
MOMENTAS AND ENERGEIES IN THE Z STORAGELs ALSU
CHECK FOR NEGATIVE INTERNAL ENERGIES, IF
WE FIND SOME, SET THEM YO ZERDO AFTER
SUBTRACTING THEM FROM tTH..
IF{AMX{KI/{TAUCL)*DY{J})I~TOZONE)2010,2008,2008

PH2
PH2
PH2
PH2
PH2
PH2
pH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PR2
PH2
PH2
PH2
PH2
PH2
pH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2

PHC

4590
4600
4610
4620
4630
4640
4650
4660
4670
4680
4690
4700
4710
4720
4730
4740
4750
4760
4770
4780
4790
4800
4810
4820
4830
4840
4850
4860
4870
48890
4890
4900
4910
4920
4930
4940
4950
49€0
4970
4980
4990
5000
5010

5020




2010

2008
2004

2000
2001
2003

8000
8002
8004

8003
8001

WSS LUK o224y (K )86%2}1/2,0
Z(100=2(10Q0i+AMX(K]}

HS2 AMX{K ) ¢ (AIX{KI+WS)
£0L01p=ZL010L3+WS
ETHSETH-WS

61027220102} «AMKIK)ISU(K)
201031=2(103) ¢AMXIK)#VIK)
AMX(K}=0,0

ATX{K)=0,.0

P{K)=0.0

UlK})=0.0

ViK}=0.0

60 TO 2000
IFLALIX(K1)20044 200042000
JUR=SUMSAIX(K I*AMX(K)
AIX{K}=0,0

K=K+ IMAY

CONTINUE

ETH=ETH~5UM
2(1043=20(104)¢+SUM
IF(REZ}8001,8001,8002
IF{RELZFCT)B800448004,8003
REZ=0.

GO YU 8001

CALL REZOME

RETURN

END

mm—— SR s

127.

PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
P2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2

PH2
pH2

5030
5040
5050
5060
5070
5080
5090
5100
5110
5120
5130
5140
5150
5160
5170
5180
5190
5200
5210
5220

5260
5270
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$EBFTC ES LIST,DECKGREF

SUBRUUT INE €5 £ES 0010
c ES 0760
c £S 0900
c METALLIC EQUATION OF STAYE, SEE
c GA~3216 REPORT,
c ES 0980
10 RHOW=AMX(K}/(TAUCL)*DY{J)) ES 0990
ETAZRHOW/Z(115) ES 1000
VOW=1.0/ETA £5 1010
13 PL=AIX(K)*RHOWSZ(116}) ES 1020
12 P2=(Z¢115)8TAUCIISDYEL) ) %8 2%ATX(K) ES 1030
13 P3=AMX(K)*%282(117) . ES 1040
14 Pa=72(1183/4P2/P341.0)%A1X(K)SRHOW ES 1050
15 P5=2(119i¢(ETA-1.0) £S 1060
16 IF{ETA-1.0G)5M,100,100 €5 1870
50 IF(VOW~2{1201)55,55,75 ES 1080
55 IF(AIX(K)-Z{122))100,100,75 ES 1090
75 PT=2(123)%(VOK~1.0) £S 1100
1F(P7~88.0)4002,4002,4003 ES 1110
4003 P7=88.0 ES 1120
4002 CONTINUE ES 1130
PB=EXP(PT) ES 1140
P9=1.0/P8 £S 1150
P1O=Z{124)#{ {VOH-1.0)%%2} ES 1160
IF (P 10~88.0)4000,4000,4001 €S 1170
4001 P10=38.0 ES 1180
4000 CONTINUE €S 1190
P11=EXP(P10) £ES 1200
P12=1.0/911 ES 1210
PLKI=P144P44P5%P9)#P]2 ES 1220
GO 78 119
100 Po=Z{126)%((ETA~1,0)%%2) £S 1230
PUK)I=PL1+P4+P5+P ES 1240
; 119 IF(P{K}}999,999,200 ES 1250
i 200 WSGX=.5 ES 1260
) GO TO 500 £S 1270
£ 999 P(K}=0,0 ES 1280
L WSGX=.542(125} ES 1290
¥ GO TO 500 €S 1300
l . 500 RETURN ES 1310
: ; END ES 1320
»
gsxasrc ES LISTsDECKoREF
j « SUBROUTINE ES £S 0010
¥ jC *% POLYTROPIC EQUATION OF STATE ## ES 0980
i PUKI=AMXIK)SAIX(K)/GAMX/ (DY SB*TAUELY) £ES (990
: g WSCX=GMAX~1,0 ES 1000
E = RETURN £S5 1010
. g END £S 1020
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SUBRLUTINE RLZUNE

COMHSERYE MOMEMTUM AND THOTAL EHEPLY, FRCFEASE
ALE LIMEAF DIMENLIUNS BY 2. (THUS 4 CELLS
i THE CLY GRED AKE COUBINED IHTL 1 FOK

THE HEW OGRID.}

NIMAL- S MAX/2

HIKAX= JFKAK/ 2

DO 10 U=isHIKAX

K= j=L )BT HAXSD

t=(J-1,%2¢[MAX47

00 11 (=1 HIMAX

M=) «1MA%
WOSL=AMKLL J 4 AMX NI+ ARLLL 61 ) sAMNLIM4 L)
wSE=AMXEL Y7 {UlL)esZeV (L 32428 ¢ANX (M (M)
1624 P10 s AV L 410 iIEL #5520 L o] }4E2)
2YAMKINMET IV EULMNe 134529V INe]L )55

UK =1l LIS AMALL)AUIHI SAMAINY 0 L2 ) PANX L1 )4
LMo LY 4 A LM 81/ 4SA
VIK)I={VILISABX{L I+ d A IsAMK{MI4VIL+ 11 SAMIIL+] )4
Vi LI LAMA Ve ) 5 /71SA
AIALRI=LEX(LIZLMX(L 4 AL ALA#AFA(MI4ATALLSL ¥
TAMXCLL T2 ANKEMeL QX EH¥2])

AR (K1 =8

HO=U(KIs8 24V (Kjany

E=LlX{Ki+WsB/2.0

ALYLKI=E/AMRK(KI~.5%%5

IF{K-2114,14,13

SET LELL QUAKTILIILES GUF D GRIw Tu ZEKD,
AMXLLE=D,0

UtLy=0,.0

viL}=0.0

AlZ{L}=0.0

PLLY=G,0

BMAI M} <0 C

ULHl=0.0

Vin-3,0

ALY 1HME=0.0

PiM,=03,.0

ABXIL#1)=0,0

JiL$1}=0.0

V(L#l;:CoG

AfY{L+¢11=C.0

PlL#LE=C.D

ANX{He1=0.0

U{H+13=0.0

YiK+11=0.0

AIX{M+1}=0.0

Pinsi}=0.,0
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REZOOO10
REZ30980

REZ00990
REZG1000
REZO1019
REZN1020
PEZCI030
REZD1040
REIOD1050
REZU1060
RELO1079
REZG1080
REZG1090
REZO1100
HEZOL111Q
RELOLIZO
REZO1139
REZU1140
RELOLLSD
REZCLY60
REZOL3 70O
REZOL189
REZOL1L90
FELZLGLI20D

REZO121N
REZD1220
REZOL230
FELOL240
RELO1250
REZO1240
RELOL270
RELD1280
REZO1290
REZO1300
REZO1310
REZO1320
R£Z01330
REZC1340
REZIC1350
REZO1260
REZC1370
REZ01380
REZO1390
REZO14C0




14,

SRl L SRR I B g S L S

14
11
10
C
18
999
L 99
.16
. C
17
98
¢
C
1000
1001
1002
21
20

KaK#]

LzL+2

CONT I~

COHTINUE

CALCULATE REw DY AMD Y {a¥L4 UF THEM) .
DO 999 J=l,JHAX
DYESI=0DY(3)32,0

CONRT INUE

DO 99 J=1,JIMAX
Y{JI=Y(J=1}eDV(J}

CORT IKUE

DX€131=2,0%i3%(1)

X613=DX1(1)

HS=x(]1#%2

TAUC1i=PIDY*aS

CALCULATE NKEW DX AND %, AKU TAULGIKAX OF THEH)
DO 98 1=2-1HAX
ACTi=X03~1)20X(1)
DX{1i=0x(}1)

WSA=X{1)%%2

TAUCT =PIDY*{W5A~ xS
WS=KSA

LONTIHUE

FMAX=NINAY

SMAX=S JALX

PREPAFE HOw¥ TO SHUFFLE [HE % ARKAYS SULH
AS T3 PHESERVYE K={(J-1isllLrelsi,
00 < h‘leﬁiA

S=SHAX+ ]~}

K=l J~133 [MAX+L ¢ I HLE

L=l p~1 )9 EHAXSINAK s L ¢ I ViL K
0O 2@ =1, IMAX

AMX (L S=AMX{¥ }
AIXILI=ATXLK]

UlLE=UlR)

YL k=YK ]

PELI=P (1)
IF(3~13100241002,1001
AMX{KY=0.0

AIV(K)=0.0

VIK$=00

UK 1=0,0

PEK:=0.0

K=¥~1

Laf~1

CONTY 1BUE

CONT IMUE

IMAX=NIMAX%*2

JMAX=RIKAR ¥ 2

1128 I8A%+1

REZ01410
REZO1420
REZO143D
RELZU1440

REL(1450
REZOL460
REZO1470
REZOL 480
REZL1490
REZO1500
RELO1IS510
REZO1520
REZO1530
REZO1540

REZD1550
RE&Z01560
RELOL570
REZO1580
RELO1590
RELDLIE00
ReZ01610
REZO16K20
KELGL1630

RELIC1640
PEZG1650
REID1660
REZO1670
REZ(31680
KEZ01690
REZG1700
FEZD1710
REZDLIT20
“EZO1730
REZOLT40
REZOG1750
REZOL760
REICL1770
REZG1780
REZLO1T790
RELOL800
REZO1810
FEZC1820
REZC1830
REZNLE40
REZO1850




JI=13JMa e ]
¢ AUD OH NEW HMASS ®MITH DERMITY=Z{111) 1% TE&RGET
vl 50 T=1,N]8AX
K={JJ-118[8AX¢]¢]
DO 69 J=id4JdH48)
AMXLYy=2'1111#TAU(T }9DY{J)
K0 K=X+ 144K
50 LONTINUE
JI={2014T1/2.4.2)
Jd=djel
DO 61 1=11,51KAXK
K=]4loldd-1I¥IHAEX
00 62 J=JisJHAK
AMX(LI=Z4113)#TAUCTI#DYL(S)
62 K=K+ IMAX
61 CONTIHUE
RESET ACTIVE GRID MARKERS.

oD

Jd=4)=1
1€147)=3¢
f1=HIMaX+2 REZO2040
12=NJHAX+2 REZ02050
, K9=T+DTNA REZO206C
Hr=NC+1 REZO2GT6
C EDIT THE KEwm GRID,
WRITE (65;80043W5,HK,DX(1) REZG2086
WRITE (£,8C0T3IMARKyIXEED 9 1=0,1M4K) RELD2099
wnifs (6,8006JIMBX2E Y103 39=0,I7AX) REZDZ2108
WRITE (6,80091IMAX, (DX (1} ,1=1,1NM5%) REZD2110
HRITE (6,301050%AX, (DY 1S} su=19IMAK) REZD2120
WRITE 16,8C111IRAXK, (TAULT), i=1, 114X} HEZOZ2139
KMAZ=1H4AX% JMAX+ ] RELG2140
INAZLAs [MAXe] RELD2150
SHLXA=IVAXS L REZD2:160
YMARA=KHAKS L REZO2170
RETURN REZO2180
BOUGAKOFORMAT(LH ////7221 PROBLEM REZONED AT T=1PELZ2,Hh96K,5HCYCLELS 45X 3HDREZDZ190
1X=E12.6/4/7/) REZ02200
£007 FORMATILIH /10H A{I} 1=0,12/(5F16,6}1 REZO2219
8008 FORKATILIH /10H Y{J3) I=001./{5F16.6)} REZD2229
8009 FORMATILIH /711H DX{1} 1=1412/7(5F16.6}) REZD2235
BOLU FORMAT{LY /ilH DYLJSS J=1052/(5F16.6}) RELO2240

8011 FORMAT{LH /134 ARKEA(L} 1=1,12/(F16.6,4F18.611)
END REZD2260




#IBFIC EDET LISTsDECK REF

LN S N W I N S WY

)

SESESE RS

ana

Nt Je F G mwmm’wﬂm\ S 8 e RTINS

132
134

136
140

142

144

[ )

6 MRITE ( THEUEK) yVIK)} JAMKAKE JAIXIK) yP LK) s K= 1 o XHAXAS

SUBROUTENRE EDITY

SEMSE LITE (1) MMDICATES LAST CVYCLE UF THIS

R .

SENSE LITE (3) INDICATES FI&ST CYLLiE OF THIS

RU .
CALL SLITET{3,X000FX}

GO TOL106,108k,KOOCFX
CALL 3LITE 13}

63 0 1256

IFECYCLE-CSTOPY 116,122,122
IFCREZI9%03,01124124
EFCARBOOECYCLE  DUMPTTI 11441245114
[FSAPULICYORLEPRITLINLLE, 126,120
IFCANDDICYLLEPRINTSII1I40,128,140
KORHAL STOP (% THIS CYCLE.

CALL SLITE (1)

DUMP On TAPE 7.

GG TC 1

CALL SLITE (4}

GO T0 6000

60 70 1000

CALL SLITET(44KCUOFX)

GO T0{1344+132624K000FX
GO 710 5000
CHECK FOR ENERGY CHECK ERRCR. WHEFE
ECK= PERCENMY ERRCR/PER CYLLE.
ECK=(ETH-EB/ETH AT CYCLE H-{ETH-EV/ETH
AT LYCLE H~-RPC ALL DIYIDED BY RPC, NOTE
NPL= HO. OF CYCLES BETWEEH ERERGY (HECX
IFSABSIECKI-DXINIL40,146,2905

CALL SLITETI14X000F X}

GJ TOi{142+144) +KROOFX

REMIND 7

CALL SLITE (11

60 70 12000

punP OK TAPE 7
IF(DUMPTTI30,%,3
BACKSPACE 7
REXIND 2
REWIHD 3
#$=555.0
MRITE § 7)i4S.lYCLE N3
MRITE  TH(Z(L),L=1,M2)

MRITE ( TIXEO0D o8 X(K)o VAUIK) oK=1, IMAX}

£ED1ITS010
EDIT0%30
£DiT100G0

EDIT1040
EDIT1050
EDIT1060
EDITIOT70
EDIT1G80

EDIT1100
EDIT1159
EDIT116D

EDIT1170
£E0IT1180
EniT1190
EDIT1200
EDIY1210
0171220
£0171236

EDIT1240
EDEY1259
EDEIT1260

EDIT1280
£DIT1290
EDIT1300
EDIT1310
EDET1320
£D171329

EDIT1360




501C
6052

£Gl4

6017

6019

WeITE § TriTiN W=, JULSY

LGALY, 3F PROBLEY WO, 15 RESLTIVWE, a»%flt

PARTICLE #ECTHELS 0 T&#PE 7,

IF(PRL2 b, 1644

0O 12 f=1,03%

IF{K11 150, 148, 15C

COKY TGE

FPEALD { 23LAMIMS4 A LEMIS>TYLERT o T il nd s 5n2{lN} =2 ,%0)
G0 G i52

CORT IhUE

RELD § SILAMINI LALLM YLD 2 i) o inZ(f) oMi=2 48k )
CONT itvut

ARTTE { THEAMUNI o K iNid YLUENY 2T 1IN} 9T A7 (M) o D=2 4 00%)
COHT InE

RExIND 2

RENIND 3

35=6565,0

WRITE § T)aS,udsud

HRITE 16,28120300

&0 TG 126

WR=1z

TABS 2+f TARGENT LLPHLS.
T8£13:1=0.G2

TAs8{21=8,804

TREL23=0.06

TAB14)1=0.08

TRE(51=0.10

TAB(E=5.15

TABIT1=06.20

T48123=0.25

T&193=0.20

TAB{ 181=9.4

TABE:21:50.5

TA81121=1.0

DO 6012 T=1418
PRULI=G.3

K I=NKe2

BG 6014 1=1,%K1}

AWK {13260

Pri11=0.0

Rt §1=0.3

OC 5823 K=ZsKHAX
PR{1I=0,0

PR{21=60.0

PRE43=0,

CALLCULATE KINETIC ENERGY 1% CELL XK.
WEB={U(K IS 2oV (KI*92}%,5
IFLANXER ) 319717 96028:6020

eIT14620
EDIT1420

EDIT14£D

EDIT1480

EDITIS00
EDIT1S10
EDITLIS20
EDITLI530
EDiTIC4C

EDETLE550
EUIT15€0
EDITLISTO
171520
EGITESGD
EDITIECH
EG171610
IDTV10 20
EZIT14630
EDITIESE
EDITLIESS
EDIT 1660
EDIT1670
EDITI680
£DiT1650
EO1T1700
ECITIT10
EDITiIT20
EDITIZ3D
EDIT1740
EDIT1T6D
EBIVLITTO

EDITITSO




625
6C27

A a a6 a0

60628

9931
9932

=31

IFIVAL ) 1EG26,6026,5322
HSL=ABEL IR IIVEN]

I &026 i=1sWK

SERRLCH FliF Tl MMGLE Twil

MAKE o

FFETABEE 1-w3LIE6376 060286 ,£026

COMT Iy
E=fixel
WS=RMA L)

SUM UP WASS BETHEEW ANGLES.
ARKAETY=AME € J ) eRm¥ (K3
SUR WP RADIAL MOWENTA
PEEII=PKL{] I 4L IFEMELL)

SUM UP 2XIAL MONEMEA IR THE ANGLE >.
KT F=QRE I D)oV I®AMEIN])

SUM LP TOTAL INTERMNAL EMERGY
PRISI=PRISI+ATXKIKI*ANXI{KY

SUN P TOTAL KINETIC EMERGY
PRISI=FPRIH )+ $SBFAMX(K )

SUN UP TOTAL MASS
PREBY=PRIZY s AXX(X]

CONT IMUE

PREJI=PRELYSPRE2)
PRETI=PRISIPRISY
ANRG=PRET)
PRIGIPRELISPRIS)
PRAJCI=PRIZ)sPF (&}
PRIULLI=PR{ZI+PRLT)
PR{LZ~PRILI+PHIR)
WEA=(ETH-PRELIDIFETH
IFECYLLEIF931 9930 49932

WPC=1

PRE1Z)=(WSA-DIN ) /T LA TIMNPCY
ECK=PR(1E)

DRi= 54

RESET CYOLE COUNTER RETWEEN ENERGY CHECX.

WPL=0
Sin=0.0

D0 800 1=1.12
SUN=SUNeCKI1}

CONT INUE

RADET= TOTAL POSITIVE AXIAL MOMENTUM In GRID

RADET=SUM
SUN=0.0

00 81C K=Z,KHNAX
IFEAMXIK]))B10,810,807Z
IF{UIK) 810,210,803
SUN=SUR+ARXIK) *UIX)

CONTINUE

B

YELOC ITY wECTONS

In THIE AWGLES,

EDIYIS00
EDET 210
EDITIBZC
EDETAS20

EDIT 1840
EDIFIBS0
EDITIZSD
EDIVEBTO

EDITIBED
EDITI&%0
EDIT 1900
EDITISIO
EDITEI9Z20

EDITIF30
EDET 1940
EDIT1950
EDITI9E0
EDIVI97O
EDIVI9ED
EDITI990
EDEIT2000
EDIT 2010
EDIT2020

EDIT 2040
ERIT2050

EDIT 20560
EDIV2070
EDIT2080
EDIT2050
EDITZI00

EDIT2110
EDIT2120
EDIT2130
EDIT2140
EDEV2150
EDIT2160
EDIT2170




@l

El%
ELS
&i3
&1L

&QZP

FILEA= TV SISETIHE AlTa, ®ute® gF I% 370,

FADEF = 3y

ume=l, L

Bi=Z L7y

R0 HUL E=D,awax
X=1+1

J5 312 s=ladid
IFEARMLER YRl 3Bl 2a D%
[FEIEH v Bl 2802410
M= SUMEHEE R, B L)
A= % IR

CaWT EMiE

BOADEE= FOUTXL POSITIVE - 25000 MUAEaTe REL D
IMEThal TARCEF-—PIEIECTILE IMFE~T Kta

RADE B= S

PRETIY=C.C

DY &02% =10
PRETSTIZU=PRET# BN+ OMCED Y
P S22 3=T .0

PREWM#2] §=7.0

Wi HVE ?@a&ﬂﬂ@ngBnMQ W,&f'ﬁxﬂ-g T LLw&ﬂQMngMH r'“.:?” l‘.\BwW

#ERIUE (ELELITHEPRITNnl=0s20
WRTHE 0EsBIABRAPRF{TEal=25020

APITE (B BLEFFRADE Do TBUER ¢ Lo T gk WK 5 T e SO

wWEETE [&xplaCINICMEinwilahznlBals

WRITE (L sl 2% 00 pANAET Y WPR(T4D 3B pPKE EN 2 QKUT ) D=1 p kD B

G T@ L3S

ToiTzLBl
ERFRID 5 K
EETZ2LIN
Sulinup R 14
ghim2 2T
ELIT2Z32
SDET224T
EwIT22%53
EDITZ2262
EMIT 227
EIIT 228D

LI T2 29D
EDIT2 3@
EMETZZRT
ELIN232%
EDIT233D
EDT T 23440
EDRITZ35C
EHRITZ34D
ELIT237T
ED T 2220
EHDIT23HD
ELIT 240D
EITF 241D

b o 3 B D@ IUTIME 2% Rt w SRB AN Rk X H AR AR § XX % T2 x% % g%t 0, T T 2420

ByI¥ 2430
EDE T 24l

SLEHRILTIME FLLT $4550ss Rx 86Xt o6 80 51 50 8 S0kl Rkt %88 $8 K52 25 25 553 22BN IT 24T

@ TC YS30

W&{g YE alﬁ’u \@E llé})wm@@u ‘n:-n g ;,JJT?NAI&, E"&’lh]w ])Wﬂwﬂd)"ml‘ "-W]l m‘wwt\’}‘; » Nk

R8T g 1) 4

ITE (& E30MP KD g X2 w X" QKL W o W2 oW I LB X)

=g
IFLIMBR—523 [E2ha LD2E, T34
F=J ABSES N~ INAXK RS2
S0 IC&4T I=H .M
WRIEE (€.,BI0B3
ST I
=L
K= S~ F*Emaxs1
oG 1130 E=Bs0iD
=]
REPLACE SLOODOOREDOD BY-LTLT IHSHPT B4
PREDY=1{-ABS{-RTLTIEEIT A4 ¥
FFEANKERRIDDE T L1561 6E
X PARTECLE CmaLy
REPLM.E 6TCDOOCCOD W D22 T 4SHHBT

TR T W sl
D IT 2477
DIV 243
£ T 2430
ERIT 2507
EQITZSI@
ERIT2520
EBIT2530
EDIT 2540
EDIE 2550
EDEN 254D
EDIT257D
EDITZ5E0
EDITZ59D
EDIT2600
EDIT2619
EDIT2620
ERI V2520
E3IT26%0




136.
1160

1166
1180
1200
1204
1206

1208

1210
1212

1214
1224
1226
1230

1240
CHxés

CHskx
5000
5004

5012
5014

5016

5019

o0 O

OO OO

PROII=0R(PR(I}y, ABS( 922746880) )
GO 70 1180

REPLACE 6000000000 BY 805306368
PROI)=0R(PR{}}y ABSI 805306368} )
CONTINUE

[F(MOD{Js5))12104120441210
IF(OY{JS)-DY(J~1))1206+120841206
WRITE (648211)00Y(J) 9d9{PR(I)oI=1,11)
GO VO 1224

WRITE (648201)J4(PR{ED;I=1411)

GO Y0 1224
IF(DY(J)-DY(J~-1)2112,121441212
WRITE (648222)0Y(J)s(PR(L)yI=1y11)
GO TO 1224

WRITE (698202)(PR(1)y1I=1,11)

J=J-1

IF{J)1230,1230,1100

REPLACE 604000000000 BY~177167406096
PR{1)={-ABS{-17716740096}}

WRITE (6482010J4(PR(1},1=1,11)

WRITE (6483023 (L,1=0,IMAX,5)

GO TO 132

EDIT2650
EDIT2660
EDIT2670
EDIT2680
EDIT2690
EDIT2700
EDIT271C
EDIT2720
EDIT2730
EDIT2740
EDIT2750
EDIT2760
EDIT2770
EDIT2780
EDIT2790
EDIT2800
EDIT2810
EDIT2820
EDIT2830
EDIT2840
EDIT2850
EDIT2860

END OF PLOT SUBROUTINE xskkkykidkkkkfopkrkiokikpobhkkbkirkxisnkesXED[T2870

EDIT2880
EDIT2890

SUBROUTINE i P #kkeksskbkdkdkithkhitxbkbaekbeehkiihiiibshxeaxsxkEDIT2900

WRITE (6:8116)PROBeNCyTDTNA,TRADDTRAD,NRyNL1yN29N3 N4

DO 5050 I=1¢11

CALL SLITE (4}

J=12+1

Kz=IZ2*IMAX+1+1]

DO 5046 L=1,y12

J=J-1

K=K~ [MAX
IF{AMX{K))9517,5046,501 4
CALL SLITET(4,K000FXj

GO TO(5016¢5019),KCO0OFX
WRITE (6,8135) 8 X(I),DX(])

WS= DENSITY OF CELL{K) IN GRAMS/CM. CUBED.

WS=AMX(K)/{TAU(T)*DY{J))

WSA= COMPRESSION = RHO/RHO NOT.
WSA=WS/Z(111)

WSC= PRESSURE CONVERTED D MEGABARS,
HSC=P(K)*¥1.E+4

FIRST COLUMN= (J) THE ROW NO.

SECOND CGi UMN= RADIAL VELOCITY CM./SHAKE
THIRD COLUMN= AXIAL VELOCITY CM./SHAKE
FOURTH COLUKN= F/A = PRESSURE IN MEGABARS
FIFTH COLUMN = AMX = MASS IN GRAMS.

SIXTH COLUMN = RHO = DENSITY IN GRAMS/CC,

EDIT2910
EDIT2920
EDIT2930
EDIT2940
EDIT2950
EDIT2960
EDIT2970
£01T2980
EDIF¥ 29930
EDIT3000
EDIT3010
EDIT3020

EDIT3030
EDIT3040
EDIT3050




HOTE T W AR STEWRARE A RN WA S VPR R £ N Nt e

C

1
C
C

137 .

SEVENTH COLUMN = AIX = SPECIFIC INTERNAL ENERGY JERKS/GM.
EIGHY COLUMN = COMPRESSION = RHO/RHO NOT
NEINTH COLUMN = Z VALUE (CM.; OF TOP OF CELL)
50180WRITE (648108JJyU(K)sV(K)yHSCyAMX(K), WSy AIX{K),EDIT3060
1WSA,Y(J} EDIT3070
5046 CONTINUE ERIT3080
5050 CONTINUE EDIT3090
GO 70 136 EDIT3100
*kxx END OF L P SUBROUTINE *skkhbhkschkhrsghihkhbihkkkkehpribkhosxkssx¥EDIT3110
EDIT3120
€DIT3130
ERROR EDIT3140
99C1 NK=110 EDIT31590
GO TO 9999 EDIT316C
ENERGY CHECK EDIT3170
9905 NK=136 EDIT3180
GO 70 9999 EDIT3190
NEGATIVE MASS EDIT3200
9917 NK=6015 EDIT3210
GO 7O 9999 EDIT3220
9920 NK=904 EDIT3230
GO0 TO0 9999 EDIT3240
9921 NK=9312 EDIT3250
GO 70 9999 EDIT3260
9922 NK=918 EDIT3270
GO TO 9399 EDIT3280
9623 NK=922 EDIT3290
G8 10 9999 EDIT3300
9924 NK=926 EDIT3310
9999 NR=6 EDIT3320
CALL DUMP EDIT3330
0000 RETURN EDIT3340
EDIT3350
FORMATS EDIT3360
8108 FORMAT(I391lXylP2EL144693E15e69E14.69E15.69E14.6) EDIT3370

81160FORMAT{ 8H1PROBLEMEX 9 SHCYCLEGX» OHTIMEL3X2HDT13 Xy4HTRADL1X ,SHDTRADLEDIT3380
12X 2HNRG6X s 2HN14X s 2HN24X 3 2HN34X 9 2HNG/ (FTols[11+42X91P4ELS6T911092X+4EDIT3390

2161)) EDIT3400
B11T7OFORMAT{LIHO/ /L TXZHATI 16X 32HAKLI4X9ySHAI+AKLS5Xy2HAM/4H DOT3X,1P4E18,7/3EDIT3410
IH X4Xy4E18.7) EDIT3420
81180FCRMAT (12Xs13H=~—mmmmemr—m= 5X¢413H-~wmermmnn o 5X9 13H~=mvr e mnme e SEDIT3430
1X¢l3Hwmmommcmmm s /7H YOTALS1P4ELB.T) EDIT3440
B1190FORMAT(2HO //16XySHRADEBLI3X s SHRADER13XSHRADET1IZ2Xy THMAX VEL13X,3HTEDIT3450
1HEL12X,GHREL ERROR/TXy1P6EY8B.T7////) EDIT3460
8120 FORMAT(1HO//21H TAPE 7 DUMP ON CYCLEILS////) EDIT3470
81240F0RMAT{3H K12Xy5SHAMIK)L11X,9HSUM AM(K)11Xo4HP(K)13X,4HQIK)/{13,4X,EDIT3480
11P4E18.7)} EDIT3490
8131 FORMAT(1H ///11H DYUJ) J=1,12//(10F12.3)) EDIT3500
8133 FORMAT(1IH ///11H VY{J) JU=0,12//610F12.3)) EDIT3510

81350F0RMATIIH //7/4H T =13,6Xy6HX(I) =F12.3+6Xs7HDX{I) =F12.3//3H JB8X,EDIT3520
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11HX 3K, LHY 13X 3HF /A12X o 3HAMK 12X ¢ 3HRHOL1 Xy 3HAL X12X ¢ 4HCOKPL1Xy2H Y/ ) EDIT3530
8201 FORMAT(110.2H [154A2) EDIT35490
8202 FORMAT(10X¢2H 154A2) EDIT3550
8211 FORMATIFT.1,13,2H 154A2) EDIT3560
8222 FORMAT(FT.143Xs2H 154A2) EDIT3570
8302 FORMAT(112,10110) EDIT3580
83070FORMAT(5H X1 =1PE12.693Xe4HX2 =E12.593Xe6rXMAX =E12:696Xs4HY1l =E12EDIT3590

1,693X94HYZ =E12.693Xs6HYMAX =E12,6) EXIT3600
8308 FORMAT(1H /) EDIY3610
9040 FORMAT(1H /7 616) EDIT3620

END EDIT3630
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