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An addendum to GAMD-8073 by W. E. Johnson. This section is broken

down into 5 parts as described below.

(A) -TCLAM--the generator code for TOIL, presents sample problem,

and instructions for usage.
(B) 'TOIL Equations--discusses the difference equations used in TOII;

(c) Inpur for TOIL--describes the necessary data for using the

TOIL code.

4 (D) Definition of Variables--defines the variables used in the

TOIL code, /

il g

e\,
TCLAM and TOIL--Fortran listings, conaists of the actual Fortran

e
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listings with an abundant sprinkling of comments. - -
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A. TCLAM CODE

General Description

TCLAM is a numerical code that provides the initial configuration

and starting condiiions for the TOIL code. This involves specifying the

the specific internal energy.

Below, Fig. 1, is a sketch of a typical two-dimensional grid. We

of revolution, symmetric about the Z axis. 1In the discussion to follow,
both X and R are referred to as the radial direction, and both Y and 2

refer to the axial direction.

JMAX
J
Y Al
or K pY(J)
A Ax (1)
Lot e ]
i iMAX
X or R
Fig. 1

i is the right boundary and j is the top boundary of cell K.

S = = ia—— —i — - s = TR S0, 0 e, T

dimensions for cach cell and the density, the two velocity components and

display only a plane view, keeping in mind that each cell is really a solid
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X(1) = Z AX(3)

i=1

;
v(3) = ) ax(y)

521

The area of cell (i,j) in the i direction = 2x X(i) AY(J).
2 2
’((X(l) - X(l'l)).

K is defined as (j-1) iMAX + i + 1, and is the index for all cell

centered quantitiecs.

The area of cell {:,j) in the j direction

First, we cpecify the total number of cells in the X direction (iMAX)
and the total nurber of cells in the Y direction (Jjv¥AX). In addition, we
specify the AX anl AY for each cell. TCLAM then calculates the X(i) and
Y(j) of each cell and the axial area (TAU(i) = n(X?i) - X?i—l))'

Next, specify the data for the various packages. This consists first
of specifying the number of particles per cell for this package, and the
type of material, and the origin of the radius vector for the density, energy
and velocity functions. We also specify one of the 6 possible fits for the

density, energy and velocity functions.

Next, specify the type of geometry (the configuration), of which there
are four possible: circle, ellipse, rectangle and triangle. Thus, the con-
figuration can bz broken up into combinations of the four possible geometries
(note, these geomeiries are really solids of revolution for the cylindrical
geometry). The data for these geometries are stored in the array (TAB). A
counter (IWS) is calculated from the initial data. This counter is stored
in the first word of the TAB block for each package. Its values are as

follows:

s = 1 delete this triangle

iwg = 2 generate this triangle
s =3 delete this rectongle
iws
iws
s = 6 g...erate this circle or ellipse

L generate this rectangle

5 delete this circle or ellipse

¢ TR et D e e g g T ey A Yot o g S - " - P B -
- A — g
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The next 6 words of this TAB block contain the coordinates of the
desired geometry. The next card contains the data for the density fit and
we store this data in the array (TABR). Next, read in the data for the
internal energy and store it in the TABI array. The last data card of each

package contains the input for the velocity fit, and this data is stored in
the TABUV array.

We then compute the boundaries of the specified geometry, and the

minimum and maximum i and Jj values for this geometry.

Next we subdivide all the cells in this package into N (the number of
particles per cell) equal area cells. The particles are placed at the center
of each sub-cell, where the volume of the sub-cell = 2x(XL)(DY/Ws) (DX/WS)
where VS = (N)ﬁ and XL, = the X value of the center of the sub-cell. Some
of the particles (N) may not be generated, however, for if the boundary of

the geometry passes through the cell, those particles that fall outside of
the boundary are deleted.

We assign a density, two velocity components and a specific internal
energy tr each package. These may be any function of XL, YL or R vhere
XL = X coordinate of the particle N, YL = Y coordinate of particle N, and
R = (TTX2 + TTYQ)% where TTX = XL, - XC and TTY = YL - YC; XC and YC are
the coordinates of the origin of the radius vector R, they are inputecd on
the first card of each package. The mass of each particle is the density

times the volume of the subdivision cell of cell K.

After processing all N particles foi cell K, we calculate the total
rass of cell K as

N
2‘ mu ?
n=1
N N
the axial momenta as E: Vn m the radial momenta as z: Un m_ and the
) N n=1 n=1

internal energy as z: In m. In addition, the total energy and mass of all
cells are summed upn?%r the entire package.
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The normal units for TCLAM are as follows:

m = pariicle mass in grams
AMX = mass of cell K in grams for the (x) waterial
AMD = mass of cell K in grams for the (.) material

U = radial velocity in cm/shake (1 shake = 10_8 sec)

V = axial velocity in cm/shake
AiX = specific internal energy in jerks/gram for (x) material (1 jerk

16
= 107" ergs)

AiD = specific internal energy in jerks/gram for (.) material.

Tter all cells in this package have been processed, we read in

another package and proceed as before.

After all packages have been processed, we then convert the axial and
radial momenta of each cell K to an axial and radial velocity component. The

internal energy of cell K is converted to specific internal energy.

The output from'ICLAM (a binary tape. that can be read by the TOIL code)
consists of the cell dimensions, total number of cells in both directions, the
mass and two velocity components, the specific internal energy of each cell K

and other information required for the TOIL program.
The Fortran symbols and units are listed below:

AMD = total mass in cell K (grams) for the (.) material
AMX = total mass in cell K (grams) for the (x) material
AiX = specific internal enc gy in cell K (jerks/gram) for (x) material
AiD = specific internal energy in cell K (Jjerks/gram) for (.) material
U = radial velocity of cell K (cm/shake)
V = axial velocity of cell K (cm/shake)
X = dimension in cm of the right boundary of the cell

Y = dimension in cm of the top boundary of the cell

o
=
>~

]

= total number of cells in the X direction
JMAX = total number of cells in ile Y direction
KMAX = (IMAX){(JMAX) + 1.

7'0__ }




For clarification, in generating data for the TOIL code, the creation
of particles is only a computational technique to give the proper density,
velocity and internal energy as specified. These particles are not saved

after they have been summed for the cell in question.

Below we list a complete description of the required input and format
for the TCLAM code.

INPUI' DESCRIPTION FOR TCLAM

An asterisk before the work signifies that the data is floating point;

otherwise it is fixed point data.

Card No. Column No. Description
1l 2 -T2 Header card, any BCD information.
2 * l-10 Contain the problem number.
* 11 - 20 iMAX, the number of cells in the X-direction

(maximum of 100).

¥ 21 - 30 JMAX, the number of cells in the Y-direction
maximum of 100).
( ) é././ﬁv(//g'/:y_)_{ a4

* 31 - 40 = 0.
* b1 - S0 2.
¥ 51 - 60 Blank.
* 61 - 70 Blank.
L - T2 NT = binary tape number.
3 (2 number 3 cards is the minimum)
1 A (1) indicates that this is the last DX or

DY card to be read in.
A (0) indicates that there will be more DX
or DY cards.

A (0) indicates DX data.
A (1) indicates DY data.
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Card No. Colum No. Description
- 3-4 Indicates the number of zones that will

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

5-6 Indicates the number of zones that will
have the same DX or DY values that appear
in Columns 21 - 30.

7-38 Indicates the number of zones that will
have the same DX or DY values that appear
in Columns 31 - LO.

9 - 10 Indicates the number of zones that will
have the same DX or DY values that appear
in Columns 41 - 50.

* 11 - 20 The value of DX or DY.
s * 21 - 30 The value of DX or DY.
. * 31 - 4o The value of DX or DY.
. * 41 - 50 The value of DX or DY:
4 * 1-10 Blank.
* 11 - 20 Blank.
* 21 - 30 80.
* 31~ kO Blank.

Now we begin leading the data to generate a package. The maximum

Gk AP ) At v LAy TR A
L TN A kst ARSI T

number of gomtries that méy be gencrated is T2; to increase the meximum re-

quires the changing of dimensions.

1l 1 Load a 1 here.

2 A (1) implies that X material will be gene-
rated in this package.
A (0) implies that dot material will be
generated.

5 -7 (Na), the number of particles per cell to
be generated, where 1< N< 20. Note, the
unit digit in Column 7 the 10 digit in
Column 6, the 100 digit in Column 5.
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Card No.

* 11

* L

Colum No.

20

30

L0

T0

Description

YC = Y coordinate for the origin of the
radius vector used-in the density, energy
and velocity fits.

XC = X coordinate for the origin of the
radius vector used in the density, energy
and velocity fits.

A number (1 through 6) that specifies the
fit number or subroutine to use for this
package to calculate the density, velocities
and specific internal energy of the N
particles.,

Blank.

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

generating or deleting:

1.

Generate geometry (see options below).

Delete geometry (see options below).

A density card (only one per package).

An energy card (only one per package).

A velocity card (only one per package).

For cards (1) and (2), TCLAM has the following geometric options for

A rectangle

* L1

20
30
40
50

A (%) in Column 1.
Columns 2 - 6 are blank.

A (1) in Column T means to generate this
rectangle.

A (0) in Column T means to delete this -
rectangle.

X1 = the left X coordinate of this rectangle.
X2 = the right X coordinate of this rectangle.
Y1l = the lower Y coordinate of this rectangle.
Y2 = the upper Y coordinate of this rectangle.
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Card No. Column No. Description
2. A triangle A (6) in Column 1, Colums 2 - 6 are blank.
A (1) in Column 7 means to generate this
triangle,
A (0) in Column 7 means to delete this
triangle.
% 11 - 20 X1 )
*® 21 - 30 Y1 )
¥ 31 - 40 X2 NOTE: Vertices (1-3) can be
% 41 - 50 y2 > in any order.
* 51 - 60 X3
* 61 - 70 Y3
3. An ellipse or circle A (41) in Colwms (1-2), Columns 3 - 6
are blank.
A (1) in Column 7 means 1o generate this
ellipse or circle.
A (0) in Column 7 means to delete this
ellipse or circle.
* 11 - 20 The semi-gxis in the X-direction if an
ellipse or the radius if for a circle.
* 21 - 30 The semi-axis in the Y-direction if an
ellipse or zero for a circle.
* 31 - 4O The X-coordinate of the center of ellipse
or circle.
* b1l - 50 The Y-coordinate of the center of ellipse
or circle.

Following the geometry cards are thc following data cards that refer

to all cells within this package:

Density card - a S1 in Columns (1-2).
Energy card - a 52 in Columns (1-2).
Velocity card - a 53 in Columns (1-2).

NOTE: 1If in this package, the density or internal energy or velo-
cities will remain the same as t . previous package, then a

51, 52, or 53 card is not requix

E————
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Card No. Column No. Description
* 11 - 20 .0
* 21 - 30
* 31 - 40 Contains the values to be used in the
, analytical expressions for the density,
¥ Lkl - 50. P
energy, and velocities.
* 51 - 60
¥  61-T70

This data is loaded into the following Fcrtran arrays:

TABR {1-6) The 6 constants available for the density fits. -
TABI (1-6) The 6 constants available for the internal energy fits.
TABUV (1-6) The 5 constants available for the two velocity
components.
Firally, the last card will have a 2 in Column 1, this signifies £he
completion of loading all input cards into the TCLAM code.

SPECIAL SUBROUTiINES

There are six subroutines labeled FIT 1 - FIT 6, used to compute fhe
density, internal energy and velocities,

The standzrd input to these subroutines is as follows:

TY
X

Y coordinate of particle N.

it

X coordinate of particle N.

The medified coordinates TTY and TTX are computed as follows:

TTY = Y coordinate
TrX = X coordinate

TY - YC (relative to YC)
TX - XC (relative to XC)

Note: YC and XC are the Y and X coordinate for the origin of
the radius vector used in the density, energy and velocity fits.

The standard output from these subroutines is as follows:

WSR - contains the density of particle N.
WST

Wsu

contains the specific internal energy of particle N.

contains the radial velocity component for particle N.

WSV - contains the axial velocity componeut for particle N.

SO
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1. FIT 1 1
c R=(x2+3fg)‘»2
2.k
WS = ('.r‘rx2 + TTY)2
p=A+B(Y-¢C) —]

WSR = TABR(1) + TABR(2) [TTY - TABR(3)]

IT=A+B(Y~-C)

EJSI = TABi(1) + TABi(2) [TTY - TABi(3)]

U= 0.
|}
WSU = O.
) VeA+B(Y-C)
. WSV = TABUV(1) + TABUV(2) [TTY - TABUY(3)]
2. FIT 2
pN
R= (X + V) ]
X
WS = (T‘I‘X2 + TTY2)2_| -
I__
D
2 2
sy = |TEX - TABR(L) ™, |ZTY - TABR(3)
‘ TABR(2) TABR(%)

I-zA+BX+CX2+DY+EY2
2
WSI = TABLi(1) + TABi(2)(TIX) + ABi(3)(TTX)

+ TABL (%) (2rY) + TABi(s)(TrY)‘?

U=C+ DY

o

WS = TABUV(3) + TABUV(M) * TTY

V= A+ BY

WSV = TABUV(1) + TABUV(2) * TTY |

11
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3. FIT 3
1
R = (x°+ Y°)2

1
WS = (TTx2 + TTYQ)Z
p=A+B(Y-cC)
WSR = TABR(1) + TABR(2) [TTY - TABR(3)]
I=A sin B )

LJSI TABi(1) sin L——g-(§< Qn)

U= 0.
WSU = 0.
=A+BI(Y-C)

Wsy = TABUV(l) + TABUV(2) [TTY - TABUV(3)]

YL, PIT 4 - FPIT 6

These are dummy subroutines. Any analytical expression for density,
energy and velocity may be programmed into these remaining subroutines by

following the prescribed formats.

EXAMPLE OF A CONFIGURATION

Example of the inpﬁt required to use the TCLAM code to generate

starting conditions for TUIL code.

P
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2C0

160
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! Interface
e between
=~ .ground
and air
40 120 280
160 240 320
X
iMAX = 20
JMAX = 29

A hot source 60 cm from the ground
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We will assume the source to be of the same material as the ground,
and that the air be the other material.

The distribution of the hot source might be ag follews:

\

P P /I/

6 AX's of 10 cm
1k AX's of 20 cm

10 AY's of 20 cm
12 AY's of 10 cm
T AY's of 20 cm

Package (1) gencrates a rectangle (the ground) from X, =0 to X,= 340 cm

and from Yl =0 to Y2 = 200 cm
1 particle/cell and YC = O = XC (X material)
p = 1.97
I1=0 Use FIT 1
U=VvV=0

Package (2) gencrates a circle of radius 50 cmat X =0 and Y = 260 cm.
Generate 16 particles/cell and YC = 260 cm and XC = O (X material). The

analytical expressions for the p, V and I are as follows:

p=A+ BR+ CR®
2

I=20G+HR+ KR

V=E+FR .

To achieve the radial distribution for the 2 velocity components, we

will program a new FIT subroutine, say FIT h:
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WS = (TTX2 + TTYz)% = R
WSR = TABR(1) + TABR(2) WS + TABR(3) WSZ = A + BR+ CRO = p (density)
WSi = TABi(1) + TABi(2) WS + TABi(3) us® = G+ HR + KR® = I (energy)
WSA = TABUV(1) = TABW(2) WS = E + FR
WSy = %%K fwsal = £ [(E + FR] = U (radial velocity component)
WeV = %gz [wsal = % [(E + FR] = V (axial velocity component)

Package (3) generates a rectangle from Xl = O to X2 = 340 cm and
for Yl = 200 to Y2 = 440 cm.

16 particles/cell and YC = XC = O (dot material)

p=1x 1073
I=0 Use FIT 1
U=V =0

The values of the TABi, TABR and TABUV arrays are read in on the 51,

52, and 53 cards.
A card with a 2 in Column 1 completes the data for the TCLAM code.

A subroutine SETUP is available to generate the initial grid (by-
rasses this generator code TCIAM) if both the target and projectile are of
the same density. In addition, the projectile must be a right cylinder,

with all the AX's as constant, and all AY's constant.

OUTPUT FROM TCLAM

The output, to be written on a binary tape, from the TCLAM code is
the entire 2 block (defined below), all the cell quantities (the two velocity
componerts, the mass and internal energy), and the ccll limensions and areas.
In the case where it is a particle run, the particles (their two coordinates
and mass) and the i and -j of the cell vhere the particle is located)

are also put onto the binary tape.

A
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The normal system of units are the cm-g-shake, where the units of
energy are jerks/g and the pressure in units of jerks/cm3 (L jerk = 1016 ergs
and 1 shake = 10“8 sec).

The Z block or array contains the number of cells, the number of
zones in both directions, and other necessary information to start the TOIL
ccde. Below is a complete list of the Z block generated, which is then

written cn the binary output tape.

Z Equiv. Units Description
1 PROB - Bquals problem number, input to TCLAM.
2 CYCLE - Equals cycle number = O.
3 DT shake Set to C by TCLAM.
L PRINTS - Set to O by TCLAM.
5 PRINTL - Set to O by TCLAM.
6 DUMPTT - Set to O by TCLAM.
T C3TOP - Set to O by TCLAM.
8 PIDY - Equals = = 3.1415927.
9 ™Z grams Total mass (X + .) generated by TCLAM.
10 CAM - If = 0. a cylindrical problem.
11 GAMD - Set to O by TCLAM.
12 GAMX - Set to O by TCLAM.
13 ETH Jjerk Total energy in system.
1k FFA - Set to O by TCLAM.
15 FFB - _ Set to O by TCLAM.,
16 TMDZ grams Total mass (.) generated by TCLAM.
17 T™MXZ grams Total mass (X) generated by TCLAM.
18 XMAX cm = X(iMAX).
19 TXMAX cm = 2. XMAX.
20 TYMAX cm = 2.YMAX (NOTE: YMAX is not in 2 block).
21 AMDM grams = minimum mass/2. of the dot particles.
22 AMXM grams = minimum mass/2. of the X particles.
23 DNN - Set to O by TCLAM.
2L DMIN - Set to O by TCLAM.
25 FEF - Set to O by TCIAM. ,

26 DTNA - Set to O by TCLAM.

«—_a?,\
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N

28
29

30
31
32
33

34
35

36
3T
38
39

4O

b1
42

k3

45
46
b7
43
49
50
51
52

54

25

et i e S A st

Equiv., Units

CVis -
NPR -
NPRi -

NC -
NPC -
NRC -
iMAX -

iMAXA -
JMAX -

JMAXA -
KMAX -
KMAXA -
NMAX -

ND -

KDT -
iXMAX -
NOD -
NOPR -
NiMAX -
NJMAX -
il -
i2 -
i3 -
il -
N1 -
Ne -
N3 -

Nk ’ -

NS -

TE o mn M oam s
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Description

Set to O by TCIAM.
Set equal to 6 in TCLAM.

TCLAM sets NPRi = N4 (check definition of
Nk (z(sh)).

Fixed value of cycle number, set to O by TCLAM.
Used as indices in TCLAM.
Used as indices in TCLAM.

Input to TCLAM = maximum nunber of zones in
X direction for this run.

Equal iMAX + 1.

Input to TCLAM = meximum number of zones in
Y direction for this run.

JMAX + 1.
(iMAX)( JMAX) + 1.
KMAX + 1.

= total number of particles + 1 that TCLAM
has generated.

= total number of dot particles + 1 that TCLAM
hes generated.

Sct to O by TCLAM.
iMAXA + 1.

i

Used as index.

Set equal to N3 (Note definition of N3(2(53)).
Set to O by TCLAM.

Set to O by TCLAM.

Set to O by TCLAM.

Set to O by TCLAM.

Set to O by TCLAM.

Set to O by TCLAM.

scratch tape number.

scratch tape number.

nurmber of particle records of length Ni - 1
that TCLAM has generated.

= number of particle records + 1 to be stored
on each particle tape record.

Set to O by TCLAM.
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56

57
58
59
60
61
62
63
6l
65
66
67
68
69
70
Tl
T2
73

Th
75
76
(i
78
9
80
81
82
83
8l
85
86
87

Equiv.

Units

N6

NT
N8
N9
N10
N1l
NRM
TRAD
XNRG
SN
DXN
RADER
RADET
RADEB
DTRAD
REZFCT
RSTOP
SHELL

BBOUND
TOZONE
EDK
SBOUND
X1

X2

Yl

Y2
CABLN
visc

GMAX
WSGD
WSGX
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Description

= number of particles on the last particle
tape record.

= binary tape designation number.

Set
Set
Set

Set

to
to
to
to
to
to
to
to
to
to
to
to
to
to
to

0 by TCLAM.
O by TCLAM.
0 by TCLAM.
O by TCLAM.
0 by TCLAM.
O by TCLAM.
0 by TCLAM.
O by TCLAM.
0 by TCLAM.
0 by TCLAM.
0 by TCLAM.
0 by TCLAM.
0 by TCLAM.
O by TCLAM.
O by TCLAM.

A counter that may be used to distinguish
between codes.

Set
Set
Set
Set
Set
Set
Set
Set
Set
Set
Set
Set
Set
Set

to
to
to
to
to
to
to
to
to
to
to
to
to
to

0 by TCLAM.
0 by TCIAM.
0 by TCLAM.
O by TCLAM.
0 by TCLAM.
O by TCLAM.
O by TCLAM.
0 by TCLAM.
0 by TCLAM.
0 by TCLAM.
O by TCLAM.
O by TCLAM.
0 by TCLAM.
0 by TCLAM.
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Z Eouiv, Units Description
88 GMADR - Set to O by TCLAM.
89 GMAXR - Set to O by TCIAM.
90 Sl - Set to O by TCLAM.
91 s2 - Set to O by TCLAM.
92 S3 - Set to O by TCLAM.
93 sh - Set to O by TCLAM.
ok S5 - Set to O by TCLAM.
95 sé - Set to O by TCLAM.
96 ST - Set to O by TCLAM.
o7 s8 - Used for storage of FIT number Tor each rackage
in TCLAM.
98 S9 - Set to O in TCLAM.
99 810 - Set to O in TCLAM.
2(100) through Z(150) is set to O by TCLAM.
The printed output from TCLAM is as follows:
1. The problem number, iMAX and jMAX.
2. A table of the values of X(i) from i =1 to iMAX.
3. A teble of the values of Y(J) from j= 1 to jMAX.
L., A table of the values of DX(i) from i = 1 to iMAX.
5. A table of the values of DY(Jj) from Jj = 1 to jMAX.
6. A table of the area's (in the axial direction) from i =1 to
iMAX. ‘
T. Folloving this preliminary printout of the grid quantities we

— . — .. 4.

have the following information printed out per package:

(a)

(b) The 6 constants for the density, encrgy and velocity fits.

(¢c) The type of geometry, generate or delete, followed by the
coordinates of the geometry.

(d) The minimum and moximum i and J values of the package

(e)

The package number and the number of particles per cell.

in question.

The total number of particles, the type, and the total
energy and mass in this package.

—————— = —
ey
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After all package information is edited, a statement will appear
as follows: "There are no more packages." The total energy of
the system is edited, followed by the total mass and particles.
A statement "Tape dump at time O" appears next. This indicates
that the binary tape was written successfully.

An edit of each column of the occupied grid appears next. This
contains the X, DX for the column, and the ¥, DY, U, V, AiD,

AiX, AMD and AMX as a function of j. This completes the printed
output from the TCLAM code.

SV U —
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B' TOIL

BASIC EQUATIONS

The Eulerian equations we wish to solve are the following:

(a) L9, (o) = o.

dt
893 .
(B) =g+t (puu) = - 9 P
(C) =g+ - (pBu) = -9 + (Pu)

Equation (A) is the conservation of mass equation (B) is the conservation of

momentum, and (C) is the conservation of energy equation.

The seconi terms on the left side of Eqs. (B) and (C) are temporarily
dropped, Their contributions are later approximated when we move mass across

cell boundaries,

Rewritin: Egs. (A), (B), and (C) in cylindrical coordinates with axis
of Symmetry results in Eas. (1), (2), (3), and (k).

op _ _ 3rpu _ Jpv
3t T 7 ror T oz (1)
ou oP
PSE= " 37 (2)
oV JP
P3E= "3 (3)
8E = orPu oPv )
P3t™ " Tror T oz (4)
P = £(p,I) Equation of State (5)
p = density of cell (K) in g/em3,
r = r coordinate in cm,
2 = 2 coordinate in cm,
u = radial component of velocity in cm/shake,
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v = axial component of velocity in cm/shake,
P = material pressure in jerks/cm3,
E = total specifi: energy in jerks/g,

I = specific internal energy in jerks/g (1 jerk = lO16 ergs), and

t = time in shakes (1 shake = lO"8 sec).

The five variables listed are all located at the center of the cell.

Rewriting Eq. (4):

3 e a 2 arPu 3PV
P 5% +3 (W +v9)]=- =t S
or
oI ou 3V P dur TP oP ov
PR RE T T iy VR TP
but
3u or ov _ dP
PRET e M PR TN
thus

oI ov 1 dur
P 3t -P<sz+;“s;)'

This is then, the internal energy equaticn that we will integrate in
the first phase of our calculations., As mentioned previously, the solution
to the three equations is completed in two steps, The first step (called
PHL in TOIL), the momentum and energy equation as a function of the pressure
forces only, are solved. Then in the second step (called PH2) we approximate
those transport temms (convective terms) that we omitted in the first phase

by transporting mass, momenta and encrgy across the cell boundaries.

In the discussion to follow, we approximate the partial differential

equations by difference equations.

The radial momentum equation (2) becomes in diffevence form

au _Fizse, s.1/2 " Piaage, 312
P = 2 br,

- i - i S VR

e
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2 : and the axial momentum equation (3) becomes

sv  Piam g - P, .

b . 0 ov _ j-3/2, i-1/2 j+l/2, i-1/2

3 ' ot 207, -

4 J

f’ where the acceleration of a cell is only a function of its two neighbor cells
b (not of itself),

Defining

: n n

; P, + P,

E P - i-3/2 i-1/2

Bﬁ n n

8 P, + P,

3 PRRY - 1-1/22 i+l/2

4 : n n

-4 . P, + P,

1K sl - =32 " Ty

- R

1

- 3 + PO

2 n s 2

- PABOVE = —322/ % 5+1/2

'Eg and substituting these interface pressures into the 2 momentum equations
'y results in

~ o ot | PL” - PRRD
(1-1/2, §-1/2) ~ "(s-1/2, §-1/2) T W[ a
: k
i L where
7 k = i-1/2, j-1/2
1
¥ or
»% 2n At r, Dy
= AU = i-1/2 7Vj [PLn } PRRn]
3 AMX
e k
% and
.E t PgLO F%BOVE
3 L n_ A -
3 ) VZ Y% *Th ( AZ
s pk J
Eo g
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Note (~) rot n+l 1is designated for the new velocities, since these

changes are due to the pressure forces only.

o At(ri - r?_l)(PgDO - PRBOVE)
bvy = AKX

k

and the change in specific internal energy becomes

k Vi-1/e, j+1/2 = Vi-l/2, j-3/2

®x 5T QAZJ

33 .n+l/2 n+l/2
o
"'k

Tivr/2 Yiedfe, gel/2 T Ti-3/2 Yio3/2, j-1/2

+
ery /2 by

n+l/2 n+l/2 ]

The reason for the velocities at time n+l/2 is apparent for energy

_ conservation,
Defining
u, ' o
L2 CYage, g-1/2 Y Miiu/e, 512
i.1/2,j-1/2 = 2.
and
e .
AH/2 _Viar/e 5-1/2 F Vicl/e, j-1/2
i-1/2,3-1/2 = 7.
and

VBLO =

i-1/2 T Yy-3/2
2.

Vi-r/e t Viel/e

VAROVE =

where VBLO, VAEOVE, UL and URR are calculated at time n and ~, and

}.

%172 Tiayge Y Mila/e Tilzfe

UL =

-‘wp
S—

~ e it




v — ——— - . - e - S

25

and.
u, r, , U, r,
. URR = i-1./2 1—1/; i+l/2 "i+l/2
then
- n - n ~
I _ {VBLO + VBLO  VABOVE + VABOVE
PE T 282, YA
J 3
_URR® + URK - UL - Uﬁ”]
“riaje by
or
n
~ o APy 1/, 5-1/2
Liaye,5-1/2 = Yisyge, 5172 * AR ’
’ ) 1-1/2,3-1/2
. 3 ~ n o~
- V310 + VBLO _ VABOVE + VABOVE) 22
) . 2. LT i

n ~ ~
+ <4nﬂz- URR + UL, + UL.) n A%,
J J J
where again
k = i-1/2, j-l/2 .

The change in internal energy for the entire cell is

é . , 3v. . 1 ]
] AQ = At (VOl)P[-é—z-+-;-—a-;J.
é The change in specific internal energy for each material is propor-
3 tional to the densily of each material, or
_sa 1
‘ S
: T IT
3 : and
3 AQ 1
3 RN v
- : = e
: * 1T
5

|
]
i
i
1

T ey




where (x) and (+) refer to the two different materials and f is the factor
to multiply times the volume of the total cell to calculate the volume
occupied by (x) material. The factor f 1is calculated from the equation

of state, where we iterate on the densities until the pressures of each
material are the same.

The solution of the momentum equations provide no difficulties, however,

the solution to the energy equation requires the velocities at two different
time steps.

We have chosen to make two passes through this routine, the first pass
to integrate the momentum equations, and formulate the interface velocities
(using the old velocities for their contributions to the work term) and the
second pass to bypass the momentum equations, and just compute the new inter-

face velocities for their contribution to the work term.

Another choice might be to solve the equations in one pass through,
looking ahead two cells above and two cells to the right.

As an example, we will look at the energy conservation, say, in the

axial direction. The radial direction would be very similar,

Since we have dropped the transport terms, our integration of the
momentum and energy equations have not been advanced to time (n+l). As
customary, we designate the FHASE 1 velocities and energy as W, v and 1.

n ¢
At [Pj-3/2 - Pg+1/2l

~

n
Vi-ij2 = Vet

n 2 Ay
and
n — —
~ I B Py 1/e | Vi-3/2 T Viri/e
J-1/2 = “3-1/2 n 2 by

p J
J-1/2

where

~ n
= _ VJ_3/2 + VJ1§/2
j-3/2 3.

~ n
- _Viene t Vsaase
j+1/2 2.

s -

o, ¥ W T g e W) P
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a7
} Before entering PHl, where the quantities are at time n, the total
SE
3 enexrgy of the system (again, we are referring to the axial direction only)
f is
(i JMAX
3 n n if.n 2
: E = égi MASSj_l/e [}3_1/2 + 2<vj_l/2> ]

and the total energy at the end of Phase 1 is then

? L MAX N e 5
3 E = MASS, I, .., + 3V,
5 , 322 3_1/2[: j-1/2 2<VJ_1/;) ]

the total change being A E = E' . E should be equal to 0. for energy con-

% servation.

29

JMAX n ~ ‘n 2 ~ \2
4 . = M - kS - (V.
i SE= 2 W [134/2 ERIEN 3(%-1/2) : ( aé)
4 . the A kinetic terms can be represented by

n ~
{VJ-1/2 i "5-1/2] [Vn ¥ ]
2. 2

| 3-1/2 = V3-1/

4 or
E v, v -V, . \
£ j-1/2 \ j-1/2 J-l/?/
4 or
3 iMAX ~
4 n - n ~
BB = }::l M -1/2 [Ij—l/e " L2t Vsaye (VJ~1/2 "3-1/2)]
L : N
JMAX n - =
= 7, b% Fy-1/e (VJ—3/2 - J+l/2>
MASS | -
J=1 j-1/21 2y 5
: j-1/2
= n n
| ¥ at \Fj-3/2 - Pj+l/2)
| j-1/2\ n 2hy .
pj-l/2 J

JMAX MASS /2
. Atz ,jl(. [-Pn

—_ n- —_
v + P v
% _ A j-1/2 '3-3/2 T T3-1/2 Tjel/2
o - -1\’ J
: =L P12 Y

F——.-...‘“ P
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S nooo=
5-1/2 V5172 T Fiage vj-l/Q]

JMAX
At 5 2

(A) v + P v
j=1 i Tid/ g-1/2 T5-3/2 7 T 5-3/2 T§-1/2

T P,
j¥l/e "j-1/2 T Tj-1/2 Tj+1/2
Thus the last two terms in j Dbeing cancelled by the first two terms
in j+l. Now by prescribing the proper boundary conditions, we will have

exact energy conservation for the entire grid.

EXAMPLE:
For J =1
Paje Ve * Pz Vije By Vija - By Vi
j=2
&7 &
P3je ije Py V35 5/2 V3/2 1;3Je Vs/2
J=3

&
P v + P v - P, Vv - P v
s/2 V372 T F3/2 sﬂ‘ 7/2 Y572 = Fsja2 Vq/2
Thus we have non-cancellation of the first two and last two terms,
For our first example, #ssume the bottom boundary is reflective,

Referring to Eq. (A) we have two terms that will not be cancelled as

increases, these terms are

n - n -—
Prje Vaye t Foye e

VWle set the pressure of the mirror cell

(which does not imply that Vl/2 = 0.) The other condition vhich does lead

to these two terms cancelling is that V-l/2 = - vl/2' A similar treatment

would be applied for the’ top boundary to be reflective.

it R ot ori clewowidt RHSI AT
- . gy A 8

ST A TR TR &
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(et e O A




BRARAL CanA

TR T

RN oy ik

FRMCIATSNE {5 R A o s o K S o O

R ek i AN I b e

LNt SR IT ) VR g G

Soete W% .

JETEN.

B

EPvo

’

e e, ot . oy e T A v gty s o 5

29

Nov, however, if we assume that the bottom boundary is transmittive,

our boundary condéitions are then that Qi/2 = 0. vwhich means that

n n
P-—l/2 = P3/2 .

The condition on the velocity is that V-l/2 = vl/2 . Now this leaves us
with the first twc terms Pl/2 vi/g + P3/2 Vl/g. This term then is adding

or subtracting erergy to the system (depends on sign of velocity). To com-
pensate, or a better word to use might be to keep the books straight, we also

add this term to the quantity called Eth.

Eth is defined as the total energy at time = 0., less the energy lost
by mass leaving ihe grid + the energy added if negative interval energies
appear in the transport phase + the energy loss or gain at the transmittive
boundary conditions in PHL,

A similar prescription would apply for the top boundary being trans-
mittive. The corservation of energy in the radial direction follows the same

logic and will nct be repeated,

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

P + P
(k) (cell to the left)
u,  r, ; nAtdDY,,
2. (k) "i-% (3)

and the top is

Py * Pleell velow)
5. v

o) TG - 1) ae(.S)

and the bottom, if transmittive, is

Pre) " Pleeld avove
2.

) Y(x) n(r? - rf_l)At(.S)

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

The left boundary (axis of symmetry) is always reflective, the bottom

may be reflective or transmittive and the top and right arve alwvays transmittive.

Rewriting Eq. (1), the mass transport equation in finite difference

form results in

e e
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ntl  n . u
(k) ~ P(x} i-1 Pi-1 %1 Tifi%y  Paey Vi1 T Py Y ()
At r Ar, T Ar,
i-f i i-y 71 52(5)
where \' \Y
pe o) V)
(3) 2 2
A, A,
J J-1
where A% for all j= n(r?i) - r?i—l) , and
V(k) = volume of cell k = 2n ri_% Ari Az(j) (7)
multiply both sidss of Eq. (7) by r, results in
V(k) r, = 2nri AZj LY Ari
or .
V(k) ri = Ai ri_% Ari (8)

where Ar = area in the direction perpendicular to the Z axis. And similarly,

multiplying Eq. (7) by r. . results in

i-1
Vik) Ti-1 = 8%y ) 825 Ty g b1y
or r
V() Ti-1 = Ayy iy 07y (9)

Solving Egs. (8) and (9) for r;_5 Or; and swstituting their values into
. -2
Eq. (6) results in

pn+l - pn )
(k) (k) _ 1 z a2 r T
At "V (Aj-lpj-lvj-l Nipgvy * By 0psa%oq = Agpgy)
k k+1
s Ax £

ii i

O




Ui N S

TR O A T S R o e B e TR

G Wt

ve

e

e — T N NV

31

The mass to move across 1 1is between. 1 and 1ii vwvhere A = 1 - ii;
thus A = UAt where U is the weighted velocity at A. Using the first

two terms of the Taylor series at a distance of -A from i, we expand

%) T N
Uiy © 3.
or 3 _ U.(k) ;.u(k+l) . (-A) (u(k'*'l)A; u(k))
°r ' Ux) T Mkr1)
bo_y- 2.
at (W) = )7 8% 4y

Ax

+ . > : wi i
If (k) u(k+l)/2 0 use P(x)’ otherwise use Plxe1) M the
calculation of the mass flux. The density (p) is the tctal mass (x and dot)

over the volume of the cell.

Mass, both components of momentum, and the energy across all four
sides oﬁ the cell for both materials are calculated. By conserving both
axial and radial momentum and the total energy, the new velocities are
calculated and the new internal energy is then the difference between the
total and the kinetic. Thus, up to this point, we have calcaulted the mass
fluxes, now we must determine (for a mixed cell) how much of each material

to wove. Three possible situations concerned with two materials arise.

1. Material moving from a non-mixed cell to a mixed cell. This

presents no difficulty or modification.

Example (non-mixed to mixed)

Mass flow js from cell 1 to cell 2.

M =Y Taat

-
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AMx = AM

AM 0]

where pl = density of x material in cell 1.

2. Material moving from & mixed cell to a non-mixed cell is calculated
as follows: The acceptor material from the donor cell is moved
to the acceptor cell. If the flux is such that this will more
than empty the acceptor material from the donor cell, the excess
is removed by assigning it to the other material.

Example (mixed to non-mixed)
1 2
X
x -
Mass flow is from cell 1 to cell 2.
oM = pl'ﬁ A At where pl is the total density of both materials
in cell 1 if AM > Ml.
AM = Ml
and MM = -t
if AM<g Ml
* AM = AM
and =
AMx" o L]
3. Material moving from a mixed cell to a mixed cell requires some

mecdification in order to keep the material interface defined in
a single mixed cell. The prescription of recipe if you like,
is that each material flux is weighted by the fraction of its

mass to total in the acceptor cell, rather than the donor cell.

Example (mixed to mixed)
1l 2

x | x
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Mass flow is from cell 1 to cell 2.

’ AM = pl‘ﬁ A At, vhere pl is the total density of both materials

in cell 1. Then

M
AM. = M
X M2 + M2
X .
and
M2 !
M = ——= AM .
. Mi + Md

Note: The superscripts refer to zone number of the subscript

to material number.

Several technigues are available for calculating the specific internal

energy of a mixed cell.

The scheme as reported in the listings of TOIL is as follows. The
specific internal energy for each material is proportional to the specific
total energy of that material (the tctal specific energy of the cell plus

that which is transported in less the amount transported out).

, 3 ~2 A2
“ - ~ Uy +V
= AE, =M |1 ¥ 2. |
t !' ol
c b
:‘? ,;' - lje ?"
«"} i' * ~ ~~, ~C,
2 B = T+ :

Where the (~) tilda refers to the velocitics and specific internal energy

: after (PHl).

BT T ATY S
o

é

ko y2+1 = AMx = total mass of cell plus that which is transported in less
'E the amount transported out for the x material.

: * n+l e et ot X .

B M = AM = similar term for the dot material.

§ : . L]

§ Then the new internal energy for the mixed cell is

; s - 2 2

H = + - 4 + .

: Q AE. AEx é(ufﬂl Vn+l) <AM:< AM.)

|7 TG R 7 R AT TN S T T

TS TR e R ) ) s
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Thus each material then has the following specific internal energy

AE

In+l . X

X MM, OE_+ BE
R NP

. AM AE, + DE ’

Several other techniques are available.

(1) The change in specific internal energies being proportional to

the mass, or

AT
X

AT

ZIZ
»~

where AQ = change in internal energy either due to the -ork

terms in PH1 or the transport terms in PH2.

Then Mx AIX + M. AI. = AQ

A = My 80
X M2 + M2
M AQ
AT = ————— .
. M2 + M2
x »

(2) The change in interaal energy for each material to be the same

Mx AIx = M. AI.

Mx AIX + M. AI. = 0Q

i

a1 = &%
X de

AI =_A§"—




and

or

R Rataner e b L -

(3) The change in specific internal energy for each material to

be the same

AIX = AI.
Mx AIX + M. AI. = AQ
--.__AEQ.'_._:
AIX"’MX.*_M AI. .
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C. NORMAL INPUT FOR THE TOIL CODE

An (*) designates that the work is fixed point {a 2 in Column 1)
although all words are loaded via card routine in floating format. (A *¥%,

double asterisk signifies this is last card of the set.)

1st Set--Column 1-3--contains N (the number of BCD cards to follow (format
I3) N BCD cards.

2nd Set
1.0C _Neme Description
*57 NT Binary tape dump number.
*%282 PX array PK(1) = problem number
PK(2) = cycle number to stert problem
PK(3) = -1, for restart or starting from the
TCLAM tape
PK(3) = O, starting problem at t = 0, via
subroutine SETUP.
3rd Set
LOC _Name Description
1% FFA See usage as described in OIL report.
15 FFB See usage as described in OIL report.
o4 DMIN ~ 10"6 energy check AE/E/cycle.
25 reF A .03, used in iteration routine for calculating
pressures in a mixed cell.
27 . CVIS Bottom boundary condition. If < O transmittive
othervise reflective.
*h7 il Active grid counter in the i direction (= the

i value of the right most cell(that has internal
or kinetic energy)+ 2).

*48 i2 Similar to il but for the Jj direction.

A,.__u{m :
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7
71

5

82

36

87

105

106

107

208

111

112

113

Name

N1

_SBOUND

REZFCT

TOZONE

CABLN
GAMMA
GANMMA
7(205)
Z(106)
2(107)
z(108)
7(111)

z(112)

2(113)

37

Description

~ 20, the maximum number of iterations allowed
for calculating the pressure of a mixed zone.

Same value as for OIL ~ 1.0.

PH2 routine always will check for the amount of
material (TOZONE) leaving the top or right
boundaries. It may trigger REZONE (sets REZ = 1.).
At the completion of PH2, if REZ = 1. a further
check is done, using REZFCT (if = 1.) code will
call the subroutine REZONE, otherwise it will
ignore the flag set in PH2.

The mass flux at a interior free surface is set
to O. unless the flux produces a density > TOZONE,
if so mass is allowed to move.

See usage as described in the OIL report.

(For dot material.)
(For x material.)

Fraction of stability for early times if the in-
itial energy is primarily internal, rather than
kinetic (~ .05).

Factor to increase Z(105)/cycle to build up its
value to the normal value located in Z(139).

p;in Minimum density of x material allowed in
any cell.

Pmin Minimum density of . material allowed in
any cell,

Density of (.) material to add on to target for
REZONE (hypervelocity type calculations).

Initial (2 component) projectile velocity in
cm/shake.

¢ (epsilonics) for emptying the bottom cells of
the projectile up until the reflected shock
reeches the bottom surface of the projectile.
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Description

The superscripts refer to the material. The
definitions and numerical values for different
material are the same as in the OIL report.

The superscripts refer to the material, the de-

finitions and numerical values for the different

materials are the same as in the OIL report.

Minimum density that a cell must have such that
a stability check will be performed on it.

Fraction of stability (~ .5).
= minimum density of the dot (.) material al-

lowable to transport across a cell or to remain
in a cell (~ 10° pé).
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1.0C Neme Description

1k Z(1hh) = similar term for the x material.

145 2(145) = ¢ (epsilonics) on tue specific internal energy.
If Aix or AiD < Z(145), Aix or AiD is set to O.
and the books are balanced.

146 z(146) = ¢ (epsilonics) on the 2 velocity component. If
|u| or |v|] < 2(146), w or v are set to O. and the
books are balanced.

N ~ ¢

148 Co C = CO + AP ;

149 A > Where the units of C, and A are 107 cm/sec and
P is in megabars. CDT routine converts (C)

d d .

150 c J speed of sound to cm/shake

*%3 DF h

L PRINTS

) PRINTL See usage and definitions as described in the
OIL report.

6 DUMPET

T CSTCP

J
If one uses the subroutine SETUP for generating lhe initial con-
figuration, the following data cards must be added to the 3rd set, and a
hth set must be added, usually duplicate the last card of the 3rd set.

Subroutine SETUP implies certain restrictions as stated:

1. Constant DX and constant DY,
2. The projectile is a right circular cylinder,

3. The projectile has kinetic (Z component only) energy only.

_10C _Name Description

285 PK(4) Set = 1.

286 PK(5) Right boundary of projectile (i).
287 PK(6) Bottom (j) + 1 of projectile.
288 PK(T) Top (J) of projectile.
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_Loc_ Name
289 PX(8)
290 PK(9)
291 PL(10)
292 PK(11)
23389 DX(1)
23489 DY(1)
1 PROB
*33 iMAX
*35 JMAX
*57 NT

Description
= 1.
Right (i) boundary of tgfget.
Bottom (j) + 1 of target.
Pop (Jj) of target.
DX, to be used for all (i).
DY, to be used for all (Jj).

The problem number.

40

The maximum number of yones in the i direction.

The maximum number of zones in the j direction.

NOTE: (iMAX)(JMAX) must be < 4499,

The binary tape number.
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D. TOIL (TWO MATERIAL)

No. of

Symbol Loc Words Units Description

AiD 5253 4500 jerks/g | Specific internal energy in
jerks/g of cell K (for . material).

AiX 9753 4500 jerks/g | Specific internal energy in
jerks/g of cell K (for X material).

M 14253 130 many Equivalenced to DMASL in PH2 and
used for partial editing in EDIT.

AMD 14383 4500 grams Mass in grams of cell X for (.)
material.

AMDM 23 1 grams Not used in TOIL. Set = minimum
(.) particle mass/2. in TCLAM.

AMK 267 15 many Used in EDIT, also equivalenced
to UR(16).

AMX 18883 4500 grams Mass in grams of cell X for (X)
material.

AMXM 22 1 grams Not used in TOIL. Set = minimum
(X) particle mass/2. in TCLAM.

AREA 23383 1 - Not used.

BBOUND T "1 - Not used.

BIG 2338% 1 - Not used.

BOUNCE 23385 1 - Not used.

CABLN 82 1 - Same definition as in OIL code.

csTop T 1 - Cycle number at which problem
will stop, edits and writes
dump tape.

CVIS 27 1 - If -, bottom boundary is trans-

mittive, otherwise reflective,
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No. cf
Symbol Loc Words Units Description
CYCLE 2 1 1 Cycle number.
DDVK 23387 1 - Not used.
DDXN 23386 1l - Not used.
DENRG 37539 130 Jjerks Equivalenced to iWl, used in PH2
transport array for (.) fluxes.
DKE 652 4500 - Partial volume of (X) material in
a mixed cell, fraction of.
DMASL 14253 130 grams Equivalenced to AM, used in PH2
transport array for (.) left flux.
DMIN 2h 1 - For energy check ~ 10-6.
DNN 23 1 - = (ETH - E)/ETH at the last energy
check cycle.
DT 3 1 shakes atPHe (hydro time step).
DTNA 26 1 shakes pt" (old hydro time step).
DTRAD o 1 shakes Not used in TOIL, reserved for
radiation, although calculated
in CIT.
DUMPTT 6 1 - Frequency in cycles at which code
will make a binary tape dump.
DVK 23388 1 - Not used.
DX 23389 100 cm DX(i) = X(i) - X(i - 1).
DXML 3726k 130 g-cm- Equivalenced to XL in PH2, contains
shake the (. )(X) component of momentum
at the left.
DXN 66 1 - Not used.
DY 23489 100 em DY(§) = Y(J) - ¥{J - 1).
DYML 36885 130 g-cm- Equivalenced to YL array in PH2.
shake Contains Y component of momentum
at left for (.) material.
E 23589 1 Jerks Used in REZONE as total energy
of new cell.

“-m?an
- -
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: No. of
Symbol Loc Words Units Description
ECK 76 1 - Energy check =
gri’-g" _ ETHS -ETH "
ETH pra
M
ETH 13 1 Jjerks Total energy of system less any
that leaves or adjustments at
transmittive grid boundaries.
¥D 23590 1 - Not used.
FEF 25 1l - ¢ factor in ES.
FFA ik 1 - Upper limit for stability and to
calculate At only if CABLN = O.
FFB 15 1 - Lower limit for stability and to
calculate At only if CABLN = O.
FLEFT 252 100 grams Used in PH2 as X mass at left
boundary.
Fs 23591 1 - Used in PH1l, PH2, independent
of each.
FX 23592 1 - Not used.
GAM 10 1 - Not used.
GAMC L52 1 many Equivalenced to PL of PR.
GAMD 11 1 - 1./(y.-1.) Used for gamma law
equation of state.
GAMX 12 1 - 1./(7X-1.) Used for gamma law
equation of state.
GMADR 88 1 - y./(y.-1) Celculated but not uscd.
GMAX 85 1 - Maximum gamma.
GMAXR 89 1 - yX/(7%X-1.) Calculated, but not
" used.
I 27531 1 - Index in X direction.
: IT 37532 1 - Working index, uscd in INPUIL.

T
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No. of

Symbol Loc Words Units Description

IMAX 38 1 - Maximum number of zones in the
X &irection.

IMAXA 3k 1 - = iMAX + 1, never used.

IN 37533 1 - Not used.

IR 37534 1 - Not used.

VS 37535 1 - Used as working storage in INPUT
and CDT.

TWSA 37536 1 - Not used.

TWSB 37537 1 - Not used.

IWSC 37538 1 - Not used.

IVl 37539 130 many Equivalenced to DENRG.

IXMAX 42 1 - Calculated as iMAX = 2 in TCLAN,
never used. SETUP does not
calculate it.

17 T 150 many Fixed point. Block equivalenced
to ZO

Il L7 1 - Active grid counter in X direction,
maximum value = iMAX.

12 48 1 - Active grid counter in Y direction,
maximum value = JMAX.

I3 k9 1 - Not used.

Ik 50 1 - Not used.

J 37669 1 - Index in Y direction (temporary).

JMAX 35 1 - Maximum number of zones in the
Y direction.

JMAXA 36 1 - = jMAX + 1, never usecd.

JN 37670 1 - Not used.

JP 37671 1 - Not used.

JR 37672 1 - Not used.

Tpx
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" No. of [ I
Symbol Lon Words Units Description
] - K 37673 1 - Index of center of cell, defined
as = (j-i) iMAY + 1 + 1.
KDT Ly 1 - Flag in CDT to sigral prirt re-
work DT has changed.
KMAX 37 1 - = (iMAX)(jMAX) + 1.
kMAXA 35 1 - = kMAX + 1.
KN 376Th 1 - Not used.
KP 37675 1 - Index in PH2 (temporary).
KR 37675 1 - Not used.
. KRM 37677 1 - Not used.
L 37673 1 - Index (temporary).
- M 37679 1 - Index (temporary).
MA 37680 1 - Index (used in SETUP).
MB 37681 1 - Index (used in SETUP).
MC 37582 1 - Index (used in SETUP).
MD 37683 1 - Index (used in SETUP).
ME 37635 1 - Index (used in SETUP).
MZ 37685 "1 - | 1Index (used in SETUP).
N 37686 1 - Index (temporary).
NC 30 1 - Fixed point value of cycle number
ND 4o 1 - Used temporarily in PH2.
NIMAX | 45 1 - = iMAX/2 calculated in REZONE.
NJMAX 46 1 - = jMAX/2 calculated in REZONE.
: WK 37687 1 - Index in EDIT.
NKMAX 37688 1 - Not used.
’ NK1 37689 1 - Tndex in EDIT.

e e et e el
e,
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No. of

Symbol Loc Words Units Description

NMAX 39 1 - Flag for stability check in
radial direction (PIC or OIL).

NO 37690 1 - Not used.

NOD %3 1 - Not used.

NOPR Lk 1 - Not used.

NPC 31 1 - Number of cycles between energy
checks.

NPR 28 1 - Not used.

NPRi 29 L - Not used.

. NR 37691 1 - Identification of routine when
- 2 Qump is called.

NRC 32 1 - Used as flag for advancing active
grid counters in PH1 and PH2.

NRM 62 1 - For radiation option, is the
maximum number of radiation
cycles per hydro.

Nl 51 1 - Maximum number of iterations for
mixed cell pressure.

N10 60 1 - = i of zone controlling time step.

N1l 61 1 - = j of zone controlling time step.

N2 52 1l - Not used.

N3 53 1 - Set = 0 in TCLAM.

Nk Sk 1 - Not used.

N5 55 1 - Not used.

) 56 1 - Not used.

NT 5T 1 - Binary tape number.

N8 58 1 - Not used.

N9 59 1 - Not used.
il




);7

No. of

Symbol Loe Words Units Description

our 23593 1 - Not used.

P 2359k 4500 Jjerks/ Pressure of cell K.
cm

PABOVE 28094 1 je§ks/ = [P(X) + P(cell ebove)]/2. PH1.
em

PBLO 28095 1 jerks/ | = [P(K) + P(cell below))/2. PHL.
em

PIDTS 28096 1 many = 1./xptAy in PHY; 1./nAt in PH2.

PIDY 8 1 - .

PK 282 15 rany Used for inputing starting data.

PL k52 200 many Used in PH1 and PH2.

PPABOV 28097 1 - Not used.

PR 452 200 many Used in PHL and PH2.

PRINTL 5 1 cycles Number of cycles between long

prints.
PRINTS b 1 cycles Number of c¢ycles between short
prints.

PROB 1 1 - Problem number.

PRR 28098 1 jerks/ | = [P(K) + P(cell to right)}/2.
cm PH1.

PUL 28099 1 - Not used.

QDT 28100 1 - Mot used.

QK 297 15 g-cm- Axial momentum in selected angles.
shake

QOOOFL 28107 1 - Not used.

RADEB 69 1 - Not used.

RADER ° 67 1 g-cm- Total positive radial momenta for
shake X material.

RADET 68 1 g-cm- Total positive axial momenta for
shake X material.

RC 28101 1 em = [X(i) + x(i-1)}/2. in PH1.
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Symbol Loc Words Units Description

REZ 28102 1 - If mass -leaves top, right or
bottom, REZ set > O.

REZFCT T1 1 - If REZ (trigger in PH2) > O and
REZFCT > O PH2 calls REZONE.

RHO 28103 1 - Not used.

RL 2810k 1 - Not used.

RR 28105 1 cm = [x(1) + X(i+1)]}/2. in PH1.

RSTOP T2 1 - Not used.

SBOUND 17 1 = Factor in velocity weighting PH2.

SHELL T3 1 - Not used.

SIG 28106 1 cm Minimum AX or AY in CDT routine.

SIGC 551 100 many Used in PH1 and PH2.

SN 65 1 - Not used.

SWITCH 28108 1 - Not used.

Sl 90 1 - Not used.

S10 9 1 - Not used.

se 91 1 - Not used.,

S3 92 .1 - Not used.

sh 93 1 - Not used.

S5 ok 1 - Not used.

s6 95 1 - Not used.

ST 96 1 - Not used.

s8 aT 1 - Not used.

s9 98 1 - Not used.

7 8l 1 shake | t% = t71 4+ pt.

iy

PPN




No. of

Symbol Loc Words Units’ Description

TAB 252 15 - Tangent ©f 12 selecied angles
(EDIT).

TABLM 28109 1 - Not used.

TAU 28110 100 cm TAU(i) = n(xf - xf_l).

TAUDTS 28210 1 cme- = TAU(i) * DT. (PH1)

shake

TAUDTX 28211 1 - Not used.

THETA 652 4500 - Equivalenced to DKE array.

TMDZ, 16 1 grams = total (.) mass. (If TCLAM
generates the data.)

TMXZ 17 1 grams = total (X) mass. (If TCLAM
generates the data.) '

™Z 9 1 grams Total mass (X + .).

TOZONE T5 1 g/cm3 If mass flux (across tree surface)
produces p < TOZONE, flux set
to 0. PH2.

TRAD 63 1 shake At radiation (not used in this
version).

TXMAX 19 1 cm 2. * X(iMAX) never used.

TYMAX 20 1 cm 2. * Y(JMAX) never used.

‘U 28212 4500 cm- Radial velocity component of

shake cell K.

UK 32712 1 - Not used.

UL 252 200 many Arrays in PHl, PH2 of twice (JjMAX).

UR 252 200 nany Arrays in PHl, PH2 of twice (JMAX).

" URR 32713 1 cme- [u(k) xi-1/2 + U(x+L) Xi+1/2)/2.
shake

UT 32714 1 - Not used.

UTEF 32717 1 - Not used.

uu 32715 1 - Not used.




50

e me ez = e -

No. of
Symbol Loc Words Units Description
. uwu 32716 1 - Not used,
UVMAX 32718 1 1/shake |Minimum |U] or |V|/DX or DY.
v 32719 4500 cm/shake | Axial velocity component of
cell K.
VABOVE 37219 1 em/shake | = [V(K) + V(cell above)]/2.
PH1.
VBLO 37220 1 em/shake | = [V(K) + V(cell below)}/2.
PH1.
VEL 37221 1 - Flag PHl1, PH2.
. VISC 83 1 - Not used.
: VK 37222 1 - Not used.
g ) VT 37223 1 - Not used.
é VTEF 37224 1 cm/shake | Initial pellet velocity (2(112))
5 if generating via subroutine
3 SETUP.
% vy 37225 1 - Not used.
é VVABOV 37226 i - Not used.
é VVBLO 37227 1 - Not used.
§ WPS 37259 ‘1 - Working storage.
: WS 37260 1 - Working storage.
WSA 37261 1 - Working storage.
WSB 37262 1 - Working storage.
WSc 37263 1 - Working storage.
#ISGD 86 1 - 7.
WSGX 871 1 - yX (input) ES atores .5 into it.
Y2 37228 1 - Not used.
W3 37258 1 - Not-used.
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) No. of
Symbol Loc Words Units Description
' X 152 100 cm X(i) = right boundary of cell i.
XL 3726h 130 - Used temporarily in EDIT and PH2.
XLF 3239 1 - Not used.
XMAX 18 1 cm X(iMAX).
XN 37395 1 - Not used.
XNRG 6l 1 - Not used.
R 3739 1 - Not used.
: XX 151 101 em XX(1i) = X(i-1) not used.
z ) X1 78 1 - Not used.
ié X2 T9 1 - Not used.
: : Y 5153 100 cm Y(j), the top dimension of cell K.
; YAMC 351 100 |" many Used in PH1 and PH2.
? % YL 37397 130 many Used temporarily in PH2 and EDIT.
?-? YIW 37527 1 - Not used.
g % YN 37528 1 - Not used.
2 g YU 37529 1 - Not used.
! YY 5152 101 cm YY(2) = Y(1) not used.
Yl 80 1 - Not used.
Y2 81 1 - Not used.
Z 1 150 many Definitions have been made.
ZMAX 37530 1 - Not used.
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Z BLOCK

Location | Symbol | Units Description

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

2(2) CYCLE - Cycle number (floating point value).
7Z(3) DT shake nbt hydro = tn - tn—l.

7Z(4) PRINTS - Cycle frequency for short print.

7(5) PRINTL - Cycle frequency for long print.

Z(6) DUMPTT - Cycle frequency for binary tape dumps.

z2(7) CSTOP - Cycle number at which problem stops.

Z(8) PIDY - = 5t = 3,1415927.

z(9) TMZ, grams Total (X + .) mess at t = O (calculated in
TCALM.

z(10) GAM - Not used.

z(11) GAMD - 1./7.-1)

Computed in INPUT.

7(12) GAMX - 1./(7X-1)

.Z(13) ETH Jarks Total energy (computed in TCLAM for t = 0).
Changed in PH1l at transmittive boundaries and
in PH2 if mass leaves the system, and by
radiation flow out of the system.

z(14) FFA - Upper limit for stability and to calculate
At, only if CABLN = O.

z(15) FFB - Lower limit for stability and to calculate
At, only if CABLN = O.

7.(16) TMDZ grams Total (.) mass (t = 0) calculated in TCLAM.

z{17) TMXZ grams Total (X) mass (t = 0) calculated in TCLAM.

7(18) XMAX cm- = X(iMAX).
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Location| Symbol { Units Description

z(19) TXMAX | cm 2 (XMAX) t = O. calculated ir. TCLAM.

z(20) THAX | om 2 (YMAX) t = 0. calculated in TCLAM.

z(21) AMDM grams Minimum (.) particle mass/2.; calculated in
T7LAM.

z(22) AMXM grams | Minimum (X) particle mass/2.; calculated in
TCLAM.

7(23) DNN - (g8 - £)*"VC /gy,

z(2h) DMIN - IE (ECK). NOTE: 2(76) > DMIN, problem will
stop and the EDIT routine will call dump.

z(25) FEF - ~ .03 used in iteration routine for calculating
rressures for partial volume.

2(26) DTNA shake | ac™ »

z(27) CVIS - If < O, bottom boundary is trensmittive; other-
wise reflective boundary.

z(28) NPR - Index (working storage).

2(29) NPRi - Index (working storage).

Z(30) NC - Cycle number in fixed point.

Z(31) NPC - Number of cycles belween short prints.

z(32) NRC - Index.

2(33) iMAX - Maximum number of zones in R direction.

z(3k) iMAXA - iMAX + 1.

7(35) JMAX - Maximum number of zores in 7 direction.

2(36) JMAXA - JMAX + 1.

Z(37) - | KMAX - (iMAX)(JMAX) + 1.

2(38) KMAXA - KMAX + 1.

2(39) NMAX - Total number of particles + 1, generated in
TCLAM for PIC problem only.
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Location] Symbol| Units Description

2(40) ND - Total number of (.) particles + 1 generated
in TCLAM.

Z(41) KDT - Defined previously.

z(42) IXMAX - Not used.

z(43) NOD - Index.

Z (k) NOPR - Index.

2(45) NIMAY. - New iMAX before adding new zones.

Z2(46) NJMAX - New jMAX before adding new zones.

zZ(47) Il - Defined previously.

z(48) 12 - Defined previously.

z(49) I3 - Not used.

z(50) Ik - Not used.

z(51) N1 - Maximum number of iterations allowed in ES
calculation of a mixed cell.

7(52) N2 - Not used.

2(53) N3 - Not used.

2(54) N4 - Not used.

z(55) N5 - Not used.

z(56) N6 - Not ‘used.

z(57) NT - Not used.

z(58) N8 - Not used.

z(59) . N9 - Not used.

7(60) N10 - = i value of zone that is controlling At.

z(61) N1l - = j value of zone that is controlling At.

7(62) NRM - = maximum number of radiation cycles/hydro

(input number).
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Location | Symbol | Units Description
7(63) TRAD shake | NR - At radiation = At hydro; not used in this
version.

z(6k4) XNRG - Not used.

7(65) SN - Not used.

7(66) DXN - Not used.

2(67) RADER | g-cm- Total positive radial momentum (X only).
7(68) RADET Z?i;? Total positive axial momentum (X only).

shake

2(389) RADEB - Not used.

2(70) DTRAD - Not used.

z(71) REZFCT - If = 0, PH2 will not trigger REZONE.

2(72) RSTOP - Not used in continuous version.

2(73) SHELL - Not used.

Z(74) BBOUND - Not used in this version.

2(75) TOZCNE g/cm3 Minimum density for mass flow at free surface.
z(76) ECK energy [(@Egﬁﬁ_g ’ - E@g@ﬁ_g)n-NPC]/;PC.

check
2(77) SBOUND - Fraction of A in mass weighting velocity
EUL PH2 ~ 1.0,

.Z(78) X1 - Not used.

z(79) X2 - Not used.

2(80) Y1 - Not used.

2(81) Y2 - Not used.

z(82) ° CABLN - Already defined.

2(83) VISC - Not used.

z(84) T shake Total time up to cycle N, t© = 21 4 At
2(85) GMAX - Maximum of 7X or 7.

4
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3 Location | Symbol| Units Description
E ' z(86) WSGD - 7
A
3 7(87) WSGX - 7X and (7MAX - 1) in CDI.
§ 7(88) GMADR - yo/(y. - 1).
é 7(89) GMAXR - ¥X/(7X - 1).
E 7(50) S1 - Not used.
z(91) sa - Not used.
.f 2(92) S3 - Not used.
f? 2(93) sh - Not used.
i Z(9k) S5 - Not used. ,
'g 7(95) s6 - Not used.
% v z(96) ST - Not used.
g z(97) s8 - Used in TCLAM only.
3 7(98) 9 - Not used.
: 2(99) 510 - Not used.
{ 7(100) grams Mass thrown away (PH2) continuous transport.
?g ' 2(101) Jjerks Total energy thrown away.
: 2(102) - Not used.
- 2(103) _ - Not used.
; Z(104) Jjerks Energy (internal) added to system when internal
; is set to 0 if I < O.
v 7,(105) yes Fraction of stability at early times.

2(106) yes (1. + %) increase/cycle until Z(106) = Z(139).

z(107) yes X mass cut off in PH2.
g z(108) yes . mass cut off in PH2.
q 7(109) - Not used.
:
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Location

Sywbol | Units

Description

2(110)
z(111)
z(112)
2(113)
Z(11k)
z(115)
z(116)
z(117)
z(118)
z(119)
2(120)
z(121)
z(122)
2(123)
z(12h)
7(125)
2(126)
z(127)
7(128)
z(129)
2(130)
z(131)
z(132)
2(133)

7.(134)

g/cm

cm-
shake

Not used.

Initial density of material.

Initial velocity of pellet.
Epsilonics for emptying pellet ~ .0Ol.

Not used.

For equation of state constants. Are the
same as in OIL report GAMD-5580.
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Location | Synbol | Units Description
2(135) - Not used.
7(136) - Not used.
2(137) - Not used.
z(138) g/cm3 Density check if p(K) < Z(138) stability
check for cell (K) is bypassed.
z(139) - Percent of instahility, used in CDT if
z(1k0) - Not used.
Z(141) - Not used.
z(1k2) - Not used.
71143) g/cm3 Minimum (.) density in PH2 ~ 1073 pé.
Z(244) g/cm3 Minimum (X) density in PH2 ~ 1073 p)’{.
z(145) jerk/g | € on T in PHL, PH2 ~ 1077,
Z(146) cm- ¢ on Uor V in PHl, PH2 ~ 10'6.
shake
Z(147) - j fof pellet-target interface) at t = O.
z(148) A 10° cn-
sec ¢
C (speed of sound = A + BP* vwhere A =C
z(149) B - and P is in megabars. °
. 2(150) -
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e — o




E. TCLAM AND TOIL LISTINGS

c NOTE2THiE> FOLLOWING SET OF DIMENSHON»
L COMON AND EQUIVALENCE ARE TO BE USED FOR ALL SUBROUTINES
¢ kxx 0k TCLAM 2wt -i¥s
o D I M E # % 1 6 KX INPU002¢0
< INPUB030
DIMENSION AIX(5000)» AID(5000),AM(130)
1AMX (5000} s AMD(5000) ,DX{100) »ENDD(2) + ITAB(502) s
212(100) »RONE (2) + TAB(502) » TABI (20} » TABIY(21) » TABR(20))
STABUV(20) » TABX(21) » TABY (21) 2 TAU(100) » TEMP(13) »
45 (5000) 0 V(5000) »X{100) 2 XL(1307) ¢
SYL{130)02(150)Y(100),DY(100)
DIMENSION IW1(130)s1Iv2(130) INPUO100
COMMON Z+XeTAB2Y
COMMON ALD t AIMAX 2AIX tAJMAX 1AM » AMD INPUO120
COMMON AlaX DX JENDD  fFMX ¢ GXN 2 GXX INPUCL3Q
COMMON GYN P GYX v v IA v IB v IBA INP00140\
COMMON 138 2 ID v 16 ' 11 »11C v 1J INPUOLSD
COMMON IR ¢+ IRC e IUV » IUVC » IWS » IWSA INPUO160
COMMON I5SB 11X » IXN r IXX 2 IYN 2 1YX INPUOL170
COMMON J ' JA b JT P JTM 'K o KE INPUOL18O
COMMON KF PKK oL 'LA 'LB 'LD INPUO190
COMMON LE LI 'LX M 'MI 'MIJ INPUG200
COMMON MJ ' MN ? MNP rMX P MXA *MXS INPUO210
COMMON MZ 'NPKG  oNPP 'NT P NX e NY INPU0220
COMMON Q100FL +RHO »RONE »SLA?SLB » TABI INPU0230
COMMON TABIY TABR  »TABUV sTABX  »TABY  »TAM INPUO2%4Q
COMMON T&U yTEMP o TFMX o TPIDY »TX ' TY INFU0250
COMMON U ¥ ' WPIDY s WS r WSA ' WSB INPUO260
COMMON wsC 135 1 'WSE ' WSF » WSG rWSI INPUO270
COMMON Wl 1SV » WSV P WSX »WSY rWSS 1INPUO280
COMMON XC e XL ' YC 'YL ' YMAX  #WSR INPU0299
COMMON ps 1PM +3TX e TTY sLF 'E INPUO300
COMMON PLE *NPRR  #NYY DY o NK 2SHWITCH INPUO310
COMMON Iul rIw2 INPU0320
C. INPUOYHOQ
C E @ U I v A L E N C E INPUOY L0
C INPUOR20
UEUUIVALENCE (Ze12+,PROB)» (Z2(2)1CYCLE) ¢ (z2(3)4DT)» INPUOL3C
1(Z(8) sPRINTS) » {Z{5) +PRINTL)» (Z(6) P DUMPTT7) ¢ (Z(7)+CSTOP)»  INPUOHY
2(2(8)2PIDY)» (Z2(9) 1+ TMZ) » (Z(10) rGAM) » {Z111),GAMD) v  INPUOHS
3(20(12) 0GAMX) ¢ (Z(13)ETH) » (2(14) +FFA)» (Z(15),FFB)r. INPUOHG(
4(2(16) 2 THMDZ) » (Z(17) 2 TMX2) » (2(18) ¢+ XMAX) ¢ (Z(19), TXMAX) ¢ LRFPUOWT
5(2(29) 1 TYMAX) » £2021) 2 AtDM) » (Z(22) 1 AMXM) ¢ (Z(23) )DNND » 1HPU0UB(
6(2(24) sDMIN) » {Z(25)1FEF)» (Z2(26) rDTNA) ¢ (Z2{27),CVIS)r  LEPUOHY(
7(Z2(28) +NPR) ¢ (Z2(29) 1NPRI)» (Z(30)+NC) (Z(31):NPC)» IMPUODO(
8(2(32) 1NRC) ¢ (2(33) 1 IMAX) » (Z(34) 2 IMAXA) ¢ (Z(35) ,JMAX) »  INPUOSL
9(Z(36) 1 JMAXA) ¢ (Z(37) 1KMAX) » (Z(38) 1KMAXA) ¢ (Z(39) ,NMAX) INPUOS2
OEQUIVALENCE (2(40) +iD) » (Z(41) +KDT) ¢ (Z2(42) , IXMAX)» INPUGS3
1(2(43) 0 NOD) @ (Z(44) 1 NOPR) ¢ (Z(45) $NIMAX) 2 (Z(46) ) NJMAX) » INPUOSY
2{2(47)o11) (2(48)012) (Z(49)213) (Z2(50),14) INPUOSS
3(Z2(51)eN1)» (Z(52) 1N2) 0 (Z(53) rN3)o (Z(54) 2Ny ) » INPUOSSE
4(2(55) eNS) ¢ (Z(56) +16) (Z(57)NT)» (Z2(58)+N8)» INPUOST
, 5(Z2(59)oNI) ¢ (2(60) e}410) ¢ {Z(61)2N1L) (Z2(62) »MRM) » INPUOSS
6(21632) ¢+ TRAD) » (Z(64) 2 XNRG) ¢ (2(65) 1SN0 {Z(66)0XH) ¢ INPU0S9
7¢2(67) :RADER) ¢ (2(68) 1RADET) ¢ (2(69) »RADEB) » {(2(70),DTRAD)» INPUO060
8(2(71)2REZFCT)»  (2(72) tRSTOP) ¢ (Z(73) 1 SHELL) » (2(74) ,BBOUND), INPUOG]1
Y(2(75) ¢+ TOZONE)» (Z2(76)1ECK)» (Z(77)+SBOUNDR)Y» (2(78),X1) I1PU062
OEQUIVALENCE (2(79)21X2) ¢ (2(80) Y1) (Z(81),Y2) INPUO0G3S
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. 60

' 1(Z(82) rCABLN) » (£(83)VISC), (Z(84)sT) (Z(85),GMAX)» INPUOGYLQ
. 2(Z186) rWSGDJ » {£(87) rviSGX) » (Z(88) 1GMADR) » (Z(39) ;GMAXR)» INPUO65Q
3(Z(90)»S1), (Z(91)9S2) (Z(92)¢S3)» (Z(93)»S4) » INPUOGGY
4(Z(94)+S5)» (Z(95) »S6) (Z(96)1S7) (Z{97):58)» INPUOG79
: 5(Z(98)¢59) (2(99)»S10) INPU0680

EQUIVALENCE (Z»IZ)+(TAB»ITAB)
DIMENSION PLOT(10)
DATA PLOT/3H X »3HDOT» SHGEN» 3HDEL/

40 N7=9

CMAIN MAINOO1g0
CLAM *kkk oKk MAIN KckRiok MAINOO20
c . MAINOO3g
C MAINOOSO
CALL SLITE (0) MAINOO6Q
C INPUT ROUTINE CALCULATES THE ACTUAL GRID»
C DIMENSIONS AND INDICES.
10 CALL INPUT MAINGCO79
Cc PH1s READS IN DATA CARD5 FOR THE
C PACKAGES» PH2 CALCULATES THE GEOMETRICS:
C PH3 THE PARTICLES, PHY4 CALLS THE
C 6 POSSIBLE FITS THAT CALCULATE THE
C DENSITYs VELOCITIES AND INTERNAL ENERGY
C OF THE PARTICLES.
: 20 CALL PH1 MAINOO8Q
. C OUTPUT CALCULATES THE VELOCLTY (BOTH
C RADIAL AND AXIAL) AND SPECIFIC INTERNAL
-C ENERGY OF EACH CELL FROM THE
Cc TOTAL MOMENTA AND INTERNAL
C ENERGY AND MASS OF EACH CELL.,
C OUTPUT ALSO PREPARES A DUMP TAPE
C WHICH IS USED THEN TO START TOIL
30 CALL CUTPUT MAINOOOQ
CALL EXIT MAINO1l0Q
tND ’ MAINO1l1lg
SUBROUTINE LhNPul INPUOQO1g
C . 3 7 s INPUO710
C ’
C *kdokkkk A 2 MATERIAL CLAM FOR THE TOIL CODE *kkkxskdkkikkkkok
G .
(o INPUOT730
c INPUO9%Q
MZ=150 . INPU096(
C CLEAR Z BLOCK.:
DO 30 I=1.,MZ INPUG97¢
Z(I)=0.90 INFUD98Q
READ IN HEADING CARD INPUO99g
READ (5,8012)1IWS INPUL1000
Ivis=1 . INPUL1O1g
WRITE (6:8012) (IWS) INPU102p
WRITE (6:8100) INPUL03g
C READ IN PROBLEM CONSTANTS INPULO4q
C PROB=PRQBLEM NO. AIMAX=IMAX!
C AJMAX=JMAX» QOOUFL IS NOT USED-SET
C TO 2ERO» SHELL SET=2,:5875S9 ARE
‘C ZEROy SET N7 TO=TAPE NO.
READ (5:8004)PROB2AIMAXrAJMAX»QOQUFL »SHELL » S80S9 N7 INPU1050
IFIN7)40,40050 INPIIL060




50

ke

60

a0 oo o o o

70

oY

F © 101
] 102

106

2000

2001
2002
2003
2004
't 2006
1 2008

2010

2012
2014

2030

CONTINUE )
MAX. HUMBER OF ZOMES IN R DIRECTION.

MI=100
MAX. NUMBER OF ZOHES IN Z DIRECTION.
MJ=100
MAX. NUMBER OF PARTICLES/CELL.
MNP=400
SIZE OF TABLE (TAB)
JTM=500
MAXIMUIG  IxJ
MAX. WUMBER OF CELLS.
MIJ=4999
CALCULATE ADDITIONAL INDICES FOR TCLAM
AND TOIL.
IMAX=AIMAX
JMAX=AJMAX
IMAXASIMAX+L
IXMAX=IMAXA+L
JMAXASUMAX+HL
KiMAX= ( IMAX®EJMAX) +1,
KMAXAZKMAX+1
WRITE (60:8048) (PR :BrIMAX7JMAX)
CHECK INPUT NOS. ONCERNED WITH GRID SIZE.
IF (CIMAX=MI)102,10209901
IF (JMAX~MJ) 10410229902
IF (KMAX=MIJ=1)10( : 30699903
NOD=1
NPC=1
NRC=0
READ 1IN DY AND DX
1=0
J=0
X{1)=0.0
Y{J)=0.0
READ (5:8102)IWSXvIWSBervNZrN3'N“f(TEMP(K)0K=194)
L=1
COUNT NO. OF DIFFi:RENT DX OR DY
IF(N4)2003,2001,2003
IF(N3)2004¢2002,2004
IF(N2)20060200822906
L=L+1
L=l+}
L=L+1
IF(IwsSB)2010,2010,2030
PROCESS THE DX AHD DY VALUES.
DO 2014 N=1l.L
NK=12(N+50)
DO 2012 K=1»NK
I=i+d
DX(I}=TEMP(N)
X=X (I=-1)+DX(1)
CONTINUE
CONTINUE
G0 TOo 2050
CALC THE Y AND DY VALUES
DO 2034 N=irL
NK=IZ(N+50)

J R g -

61
INTU1080

INPU1100

INPULl1L0
INPUL120
INPUL130
INPUL1HQ

INPUL160
INPU1170
INPUZ 180
INPUL190
INPUL1200
INPUL21G
INPUL220
INPUL230

INPUL240
INPU1250
INPUL260
INPUL1270
INPU1280
INPUL290
INPUL1300Q
INPUL1310
INPU1320
INPUL330
INPU1340
INPU1350
INPUL360

INPUL370
INPUL380
INPUL390
INPULLH0O
INPULHLO
INPULU20
INPUL43Q

INPULGYQ
INPULY50
INPULL6G
INPULR70
INPUL4BQ
INPUL49Q
INPUL150Q
INPUL510
INPULS20
L5830
IMPULSHQ
INPUL550
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| 2032
- 2034
2050
(

2052
c

(eXg)

i

~eh

*

2053
2054

1014

9901

DO 2032 K=1/NK

J=J+1

DY (J)=TEMP (N)

Y(JIZY (J=1)+DY (J)

CONTINUE

CONTINUE

IF (IWSA) 20522000, 2052

IF(=) READ MORE DX OR DY DATA CARDS.
IF (J=JMAX) 9905+ 205319905

CHECK INPUT NUMBERS.

IF (I=-IMAX) 990620549906

CONTINUE

READ  (5+8004)WSrWSA»WSB»SHWITCH
N4=MAX. NUMBER OF PARTICLES=1 PER RECORD.
N4=WSB

NPRI=NG

NPRR=N4 '
WRITE (608064) IMAXY (X(1)»I=00IMAX)
WRITE (608065)JMAXs (Y (J) 1 J=00rJMAX)
WS=3, 1415927

WSA=0,0

CALCULATE THE AREA=~S(TAU)=PI(R(I)x*2~
R(I=1)*%2),

DO 1008 I=1rIMAX

WSB=WSA

WSASX (1) *%2

TAUCI) =WS* (WSA~WSB)

WRITE OUT XeYsDXsDY» AND TAU VALUES.
WRITE (608066) IMAXNY (DX(I)»I=1yIMAX)
WRITE (608067)JMAX? (DY (I)sI=1,JMAX)
WRITE (608092) (IMAXe (TAUCI) »I=1IMAX)).
XMAX=X ( IMAX)

TXMAX=XMAX*2,D

YMAX=Y (JUMAX)

TYMAX=YMAX*2,0

PIDY IS REALLY PI(3.1415927).

PIDY=US

SET VELOCITIES, INTERNAL ENERGIES AND MASSES

T0 O,

DO 1014 I=1s,KMAXA

U(I)=0.0

V(I)=0.0

AIX(1)=0.,0

AMX(1)=0.0

AID(I)=0.

AMD(X)=0,

CONTINUE -

SET TOTAL ENERGY TO ZERO,
ETH=0.0

INITIALIZE MIN. MASS PARTICLE TO A LARGE NO,
AMCM=1.E+28

AMXM=AMDM

GO TO 2016

ERROR

YO . BHM O IMAX GREATER THAN 100
NK=101
GO0 TO 9999

62

INPU1560
INPUL57g
INPU1589
INPU1590
INPU1600
INPU161g
INPU1620

INPU1630

INPUL16%Q
INPU165¢
INPUL660

INPUL719
INPUL720
INPU1730
INPUL74¢
INPULT750
INPUL1769¢
INPUL770

INPUl789
INPUL1799
INPU180g
INPUL181g

INPU182¢
INPUL83g
INPU18Y4g
INPU1859
INPU1860
INPUL87(
INPUL8Bg

INPU1899p

INPUL910
INPUL19290
INPUL1930
INPUL1S40
INPU195¢

INPU196(
INPU1970
INPU1980
INPU199¢
INPU20CO
INPU2010

INPU2020
INPU2030




-

" 9903

c
9905

C
] -9906
4 9999

: 2016
15
Y 8004

; 8048
-1 18064
: 8065
8066
. 8067
8092
8100
8102
8888

AOOOO
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YOU HAVE JMAX GREATER THAN 100

2 NK=102

GO0 TO 9999
YOU HAVE TRIED TO GENCRATE MORE THAN
4999 CELLS,
NK=104
GO TO- 9999
JMAX DOES NOT EQUAL. THE SUM OF THE INPUT J
NK=2052
60 TO 9999
IMAX DOES NOT EQUAL THE SUM OF THE INPUT I
NK=2053
WRITE (6,8888)NKerIrJeKeLsMeN
PRINT 8888¢NKrIrJrKoleMeN
CALL pUMP
RETURN
FORMATS

FORMAT(7E1005012)

80120FORMAT (I1s71iHTHI; IS THE CLAM PROGRAM AND THERE IS AN ERROR.

)
FORMAT(1H /9H PROB NO+F9.3912Xr2HI=12+26Xy2HJ=12)
FORMAT(1H /10H X(1) 1=0+I2/(5F16.6))
FORMAT(1H /10H Y(J) J=0+12/(5F16.6})
FORMAT(1H /11H DX(I) I=1,12/(5F16,6)}
FORMAT(1H /11H DY(J) J=1,12/(5F16,6))
FORMAT (1H /13H AREA(I) I=1,12/(5F16,6))
FORMAT(1H /14H (TOIL INPUT))
FORMAT(2I1,412,4E10.4)

63

INPU2040
INPU20Sg

INPU2060
INPU2070
INPU2080
INPU20%0
INPU210O
INPU2110
INPU2120
INPU2130
INPU2140
INPU21S0
INPU2160
INPU2170

INPU2180
INPU2199
INPU2200
INPU2219
INPU22Z0
INPU2230
INPU2240
INPU2250
INPUR2260

INPU2280

FORMAT (1H+/26H1 INPUT ERROR IN STATEMENTISr12Xr12H INDICES ARE617)I1INPU2290

END
SUBROUTINE PH1

kickkxkk A 2 MATERIAL CLAM FOR THE TOIL CODE kickkkkkkkkkkki

READ IN GEOMETRY ETC.
NPP=7 .
NPR=NPP=1
TPIDY=PIDY*2.0
NP=0
NX=0
NT=1
NYY=1
FIRST CARD OF EACH PACKAGE.
READ (5,8008)IX LXeMXs TEMP(1) » TEMPL2) o TEMP(3)
INITIALIZE' THE NUMBER OF PACKAGES TO 0.
NPKG=0
IF(IX-1)9901,2018,2018
IX=1
LXsL
MASM

IF THERE ARE NO MORE PACKAGES GO COMPUTE TCGTAL VALUES

THE LAST CARD HAS A 2 PUNCH IN COL 1,
IF(IX-2)2018,7000,9902
J=0
NPKG=NPKG+1

INPUZ300
PH1 €010
INPUQ710

PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1

0960
0980
0999
1009
1019
1029
1030
1040
PH1 1059
PH1
PH1
PH1
PH1
PH1
PH1

1060
1070
1989
1399
1loo
1l10

PH1
PH1
PH1

1120
1130
Liue

——




2Xg)

SET PACKAGE MASS AND ENERGY TO 0.
PE=0.0
PM=0.0
ORIGIN FOR THE RADIUS VECTORS TO BE USED
FOR THE FIT ROUTINES(1 THRU 6),
YCSTEMP(YL)
XC=TEMP(2)
S8 CONTAINS THE FIT NUMBER FOR THE
PACKAGE IN QUESTION.
SB=TEMP(3)
WRITE (608100) (NPKG2MX)
NOW READ IN THE CEOMETRY AND DENSITY,
ENERGY AND VELOCITY CARDS.
READ (5,8008)I+L M (TEMP(N)2N=116)
IWS=1
IF(1~5)202102040,2022
IF=» THIS IS A RHOr VELOCITY OR ENERGY CARD,
IF LESSs YOU HAVE READ ALL CARDS FOR THIS
PACKAGE INe¢ PLUS THE FIRST CARD FROM THE
NEXT PACKAGE,
IF(I-3)206009903:2026
IF GREATERes EITHER A TRIANGLE OR PERTURBED ELLIPSE,
IF(L)9994,2030,2024%
A PERTURBED ELLIPSE,
IWS=7
G0 TO 2030
IWS=3
IF(L)9%05,2030,2028
IWS=5
A TRIANuLE.
IF(M)9906,2034,2032
IF=» DELETE THIS GEOMETRY,
IWS=IWS+1
J=J+)
TAB STORAGE CONTAINS THE COORDINATES OF
GEOMETRY
ITAB (J)=IWS
DO 20356 N=1sNPR
JTu+l
TAB(JI=TEAPIN)
GO TH 20620
ONE ONLY RHO+I»U OR V ALLOWED PER PACKAGE
IF=» THIS IS A DENSITY CARD.
IF(L=-1)9907,2046,2042
IF GREATERes EITHER A VELOCITY OR ENERGY CARD.
1IF(L-3)2052,2058,9908
IF=» THIS 'IS A VELOCITY CARD» IF LESS, THIS IS A
ENERGY CARD.
DENSITY
DO 2048 N=1+6
TABR{N)=TEMP (N)
GO To 2020
ENERGY
DO 2054 N=1+6
TABI{N)=TEMP(N)
GO TO 2020
VELOCITY (U AND V)

PH1
PH1

PH1
PH1

PH1
PH1

PH1
PH1
PH1

PH1
PH1

PH1
PH1
PH1
PH1
PH1

PH1

PH1
PH1

PH1
PH1
PH1
PH1
PH1
PH1

PH1

PH1

PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1

ek

1159
1160

1170
1189

i199
1200

1219
1229
1239

1240,

125¢

1260
1279
1280
1299
13Gg

1310

1320
1330

1349
13590
1360
1370
1380
139¢

1400

1419

1420
1430
14t
1450
1460
1479
1480
1490
1500
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2058
.2059

OO

2060
2070

3000

QOCHIMIOOO o0

3001

3800
3801

3802
3804
3806
3808

3812
3814
3816
3818
3820

3821
3822
3823
3819
3817
3815
3813

3824
3826
3828
13830
“3834

4000

(o] OO

6011

e
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DO 2059 N=1r6

ThBUV(N)=TEMP(N)

GY TO 2020
QUTPUT DENSITY: ENERGYs AND VELOQCITY? PARAMETERS

ALL CARDS FOR THIS PACKAGE HAVE

BEEN READ IN.

IF(J=JTM)2070,2070,9915

WRITE (6:8036) (TALR(I1)»1I1=1s6)

WRITE (6,8038) (TAZI(II)II=1¢6)

WRITE (6,8040) (TALUV(II)»1I=1/6)
COMPUTE BOUNDARIES OF GEOMETRIES FOR EFFICIENCY IN
GENERATIMNG OR DELETING PARTICLES

CALL PH2
COMPUTE I(0)»XI(N)sJ(0) AND J(N)+FROM PREVIOUSLY
COMPUTE!; VALUES»FCR UPPER AND LOVER LIMITS IN
THE CEL!. MESH SCAN

IXN=MINIMUM (1) OiF GEOMETRY OF PACKAGE

IYN=MINIMUM (J) O GEOMETRY OF PACKAGE

IXX=SMAXIMUM (1) C. GEOMETRY OF PACKAGE

IYX=MAXIMUM (J) O GEOMETRY OF PACKAGE

IXN=1

IXX=1

INS=IMAX~-1

IF(IVS)9929,3820,7 1301

DO 3808 N=1r1IWS

IF(X(N)=GXN)3802/,.304,3804

IXN=IXN+L .

IF(X{N)=GXX)3806:..306r3808

IXX=IXX+1

CONTINUE \

IF(IXN)381203812,..814

IXN=1

IF(IMAX-IXX)3816,.318,3818

IXX=IMAX

IFCIXN=IXX)382003%20,9930

IYN=1

1YX=1

IWS=JMAX=1

IF(IWS) 992938343822

DO 3813 N=1rIWS

IFCY(N)Y=GYN)3819+4817,3817

IYNSIYN+L

IF(Y(N)=GYX) 3815, °815,3813

IVYX=IYX+1

CONTINUE

IF(IYN) 3824038242826

IYN=1 :

IFLJMAX=~1YX)3828: 38303830

IYX=JdMAX

IFCIYN=-TIYX)3834130634,9931

WRITE (6,8044) IXN IYN»IXX2IYX
SCAN CELL MESH TO DETERMINE IF PARTICLES ARE TO BE
GENERATED OR DELETED
GENERATE PARTICLES

CALL PH3
REARRANGE X»Y AND M FOR PARTICLES IF NECESSARY

LA=NY-NT

PH1
PH1
PH1

PH1

PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PHL
PH1

PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PHY
PH1
PH1
PHY
PH1

65

1510
1520
1539
1549

155¢
1560
1570
1589
159¢
1609
1619
1620
1630
164g

1650
1660
167¢
1689
169¢
1700
1710
1729
1730
1749
1750
1760
1770
1789
i79¢
1800
1819
182¢
183¢
1849
1859
i860
1870
1880
1899
1909
1919
1929
193¢
1940
195¢
1960
1970
198¢
1999
20090
2010




thoteil s
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- 6020

6022
- 6024

IF(LX)9947,602006022

NO=ND+LA

GO TO 6024y

NX=NX+LA

NT=NY

ETH=ETH+PE

WS=PLOT(1)

IF{LX)9933:602326030

WS=PLOT (2)

WRITE (6,85017LA21S»PEPH
GO READ IN NEXT PACKAGE

GO0 TO 2016

NMAX.=NT

NMAX=MAX.» NUMBER OF PARTICLES+1.

YOU HAVE PROCESSED ALL PACKAGES» ALL

PARTICLES, NOW GO TO THE OQUTPUT.

IF(AM(2))4051,405024051

N3I=NRC

GO TO 4060

NRC=NRC+1

N3=NRC

N3=NO. OF PARTICILE RECORDS OF

N4 VYORDS,

NO=NMAX= (N&4=1) % (N3~1)

NOPR=N3

GO TO 10000
ERROR

MK=2015

G0 To 9999

NK=2017

GO TO 9993

NK=2021

60 Y0 9999

NK=2022

G0 TO 9999

NK=2027

GO TO 9999

NK=2030

G0 TO 9999

NK=2040

GO TO 9999

NK=2042

GO TO 9999

NK=2060

G0 TO 9999

NK=3800

G0 TO 9999

NK=3818

GO TO 9999

NK=3830

GO0 TO 9999

NK=6026

GO TO 9999

NK=6011

WRITE (6:,8888)NK

PRINT 8888¢NK

CALL DUMP

PH1
PH1
PH1
PH1
PH1
PH1

PH1

PH1
PH1
PH1
PH1

PH1
PH1
PH1
PH1
PHL

PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1
PH1

2020
2030
2040
20590
2060
2070

2100

2130
2149
215¢
2164

2170
2180
2190
2200
2210

2240
2250
2270
2280
2299
2300
2310
2320
2330
2340
2350
2360
2370
23890
2390
2400
241¢
2420
2430
2449
2459
2460
2479
2480
2499
2500
2510
2520
2530
2540
2550
2560
2570
2589

R sy e

.




10000 RETURN PH1
:C FORMATS PH1
8008 FORMAT (2I1015¢E13.5:5E10.5) PH1
8036 FORMAT(1HO7X»8HDENSITY 9Xs1P6E1G6) PH1

- 8038 FORMAT(1HO7Xr8HENERSY 9X21P6E1646) PH1
8040 FORMAT(LHO7X¢»8HVELOCITYOX s 1P6EL6 .6/ LHO/) PH1
8044 FORMAT(LIH /6H I(1)=I2,4Xs5HJ(1)=I2e4XsSHI(N)= Ia.ux.SHJ(N‘-Ia) PH1
81000FORMAT (1H0///12HUPACKAGE 0,130120915H PARTICLES/CELL//33X»2HAL114XPHL

172HA214Xr 2HA314 X 2HAL 1L X 2HASL14X » 2HAG) PH1
85010FORMAT(1H0/128¢211 (A3211H) PARTICLES22X»4HPE =1PE12.616X,4HPM =E1gH1
12,6) H1
8888 FORMAT(23H1PH1 ERROR IN STATEMENTIS) PH1
END PH1
SUBROUTINE PH2 PH2

C

C *kickkkkk 4 2 MATERIAL CLAM FOR THE TOIL CODE skkkskokkkkkokk-vkig

¢

CALCULATE THE PACKAGE GEOMETRIES PH2

c PH2

c PH2

c PH2

C GENERATING OR DELETING PARTICLES PH2

tC J=VALUE OF LAST (HORDINATE READ IN.

JT=d PH2

c INITIALIZE OUTER BOUNDARIES.

. GXN=XMAX PH2
GYN=YMAX PH2
GXX=0.0 PH2
GYX=0,.0 PH2

c NPP=7(SET IN PH1), _

DO 3700 J=1»JTINPP PH2

C IWS STORED TN ITA3 ARRAY IN PH1,

¢ IF IWS=2(A TRIANGLE) »IF=4(A RECTANGLE)»

o IF=6+A ELLIPSE OR CIRCLE. IF IWS=82A

C PERTURBED ELLIPSE, IF IWS IS LESS THAN

o THESE VALUES» THE DEFINITION STILL HOLDSs BUT

c NOW DELETE THIS CEOMETRY., .
KK=(ITAB(J)~1)/2 . PH2

3007 IF(KK)9919:,3010¢3008 PH2
3008 IF(KK=2)3100,3200,3009 PH2
3009 IF(KK=4)3400,9920,9920 PH2

(o TRIANGLE PH2

C VERTICES CAN 8E INPUTED IN ANY ORDER.

c X COORDINATE FIRST.

c SEARCH FOR THE LARGEST X{WSE) AND

c SMALLEST X(WSD).

c FIND MAXIMUM(WSE) AND MINIMUM(WSD) X COORDINATE PH2
3010 IF(TAB(J+1)=TAB(J+3))3011,3012,3013 PH2
3011 WSE=TAB(J+3) PH2

VISD=TAB (J+1) PH2
GO TO 3014 PH2
3012 TAB{J+1)=TAB(U+1)%1.0000001+1,0E-8 PH2
3013 WSE=TAB(JU+1) PH2
WSD=TAB (JU+3) PH2
3018 IF(TAB(J+5)=ySD)302003019,3016 PH2
3016 IF(TAB(JU+5)=1SE)3024,3017,3018 PH2
3017 TAB(J+5)=TAB(J+5)%1,0000001+1.0E~8 PH2

67

2590
2600

2510
2620
2630
2640
2650
2660
2670
2689
269¢
2700
2710
0019

0020
0740
095¢
0969
0979

0980

0990
1000
1010
1020

1030

1049
1050
1060
1070
1080

1090
1100
1110
1120
1130
1140
115¢
1160
117¢
118¢
119¢
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s

{adl

pd il |

3018

" 3019

3020

T 3024

3034

3036

3038
3040

3042

3053
3654
3056
3058
3062

3064
30606

30vL8
. 3069

3070
3672

WSE=TAB (J+51

60 TOo 3024
TAB(J+S)=TAB (J+5) +0,9999999~1,0£~8
WSD=TAB(JU+5)

ARRANGE VERTICES IN ASCENDING ORDER

IF(TAB(J+2) ~TAB(U+4) ) 30363034 ,3038
TAB(J+2)=TAB(J+2)+1.0000001+1,0E~8
G0 TC 3038

WSASTAB(J+1)

WSB=TAB(J+2)

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

TAB (J+3) =ySA

TAB(J+4)=\SB
IF(TAB(J+4)~TAB(J26))3042,3040,3044
TAB(J+6)=TAB(J+6) -0,9999989-1,0E~8
GO TO 3044

WSASTAB (J+3)

WSB=TAB(J+4)

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

TAB(J+5)=WSA

TAB(J+6)=ySB

GO TO J024

WSF=MIKIMUM VALUE OF Y

WSG=MAXIMUM VALUE OF Y
WSF=TAB(J+6)

WSG=TAB (J+2)

COMPUTE SLOPES
SLAS(TAB(J+4)-TA (JU+2))/(TAB(J+3)=TAB(J+1))
SLB=(TAB(J+6)~=TA: . (J+2) )/ (TAB(J+5) -TAB(J+1) )
IF(SLA-SLB) 30549213058
IF(SLA)305609922: 3064
IF(SLE) 306499923:3062
IF(SLA)306209924:3056
WSA=TAB(J+3)
wSB=y .3 {(J+4)

WSC=SLA

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

<t AZSLB

AB(J+5)=iSA

TAB(J+6)=ySB

SLB=usC
IF(TAB(J+3)~TAB(J+5) ) 3066,9925:3068
ITAB(J)=ITAB(J)+2

IWS=ITAB(J) -3

GO To 3069

IWS=ITAB(J) -1

KE=J+1

KF=KE+5

WS=PLOT(3)

IF(IuS)3072:307003072

\'IS:PLOT (4 )

WRITE (6:8016)0Se (TAG(H) 1 N=KEsKF)
WSSTAB LJ+2) ~SLB*TAB(J+1)
TAB(J+1)=TAB(J+2)=SLA*TAB(J+1)

PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
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

68

1200
1210
1229
1239
lzug
1250
1260
1270
1280
1299
1300
1319
1320
133¢
1340
1350
1369
1370
1380
139¢
1409
141
1420
1439

i44g
1459
1460
1479
1489
i49¢
1500
1510
1529
1530
1549
1559
1560
157q
1580
159¢
1600
1619
1620
163p
1640
1659
1660
1670
1680

1710
1749

1750
1760

-
e
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C

3100

3105
3110

3205
3210
3215

3300

3305
0310

3400

405
3110

TAB(J+6)=(TAB(J+6) ~TAB(J+4) )/ (TAB(J+5)~TAB(J+3))
TAB(J4+5)=TAB (J+4 1 -TAB(J+6) %TAB(J+3)

TAB(J+2)=SLA

TAB(J+3) =4S

TABLJ+4)=SLB

GO TO 3600

RECTANGLE
ITAB(J)=ITAB(J)+2
INS=ITAB(J) =5
WS=PLOT(3)

IF{INS)I3110,3105. 3140

WS=PLOT(4)

WRITE (698020)WS TAB(J+1) »TAB{JU+2) rTAB(J+3) 2 TAB(JU+H)
WSL=TAB{J+1)

WSE=TAB(J+2)

WSF=TAB(J+3)

WSG=TAB(J+4?

GO TO 3600

ELLIPSE OR CIRCLE
IF(ABS(TAB(J+1)~TAB(J+2))~1,0E~8)3300,330023202
IF(TAB(J+2) 1992613300, 3203

ELLIPSE WITH NO PERTURBATION
ITAB(UI=ITAB(U)+2
IWS=ITAB(JI-7
WS=PLOT(3)

IF+IWS) 3210032052 3210

WS=PLOT(4)

WRITE (6,8024)WS» TAB(J+1) 2 TAB(J+2) 1 TAB(J+3) » TAB(J+4)
WSD=TAB(J+3)=TAB(J+1)

WSE=TAB(J+3)+TAB(J+1)

WEF=TAB(J+4) =TAB (J+2)

WSG=1AB(J+)+TAB (U+2)

TAB(J+1)=TAB(J+1) x%2

TAB(U+2)=TAB(J+2) %%2

60 TO 3600

CIRCLE
ITAB(ID)=ITAB(J) +4
IVNS=ITAB(U) =9
TAB(J+2)=TAB(J+1)

YWS=PLOT(3)

IF(IwS)33102330%4+43310

vVSEPLOT (4)

WRITE (6:,8028)WSeTAB(J+1) 2 TAB(J+3) ¢ TAB(J+1)
60 TO 321%

ELLIPSE WITH PERTURBATION
ITAB(U)2ITAB(J)+4
WS=1.0~(TAB(J+5)/TAB(J+1) ) %%x2
IWSASITAB(J+T)

0TAB(U+7)=(TAB(J+6)~TAB(J+4) ~TAB(J+2) *SQRT(WS) )/
1 ((TAB(J5 ) (TAB(J+5)=TAB(J+1)) ) %%2)
IWS=ITAB(U) =11

KE=J+1

KFSKE+6

WSA=PLOT(3)

IF(IWS)34100340593410

WHA=PLOT (4)

ARITE (628032)4SAr (TAB(N) + N=KE1KF)

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
PM2
PH2
FH2
PH2

PH2

PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2

PH2

PH2
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3415
: 2120
-425

3600
n

3602
3604

3606
3608

3610
3612

3614
$ 3700

9919
9920
9921
9922
9923
9924
9925
9926

S927

9928
9999

10000
8016
© 8020
8024
8028
* 8032
8888

IF(VS)99270¢9927¢31:20
IF(TAB(J+3))9928:5425,9928
TAB(J+3)=TAB(J+7)
ITAB(JU+7)=IWSA
WSASTAB(J+2) +TAB(J+2) /4.0
WSD=0,0
WSESTAB(J+1)+TAB(U+1) /8,0
WSF=TAB{J+4) =WSA
WSG=TAB(J+4) +WSA
DETERMII'E BOUNDARIES OF GEOMETRIES
IF(WSD=GXN) 3602+ 204, 3604
MAXIMUM (X)
GXN=WwSD
IF(WSE-GXX) 3608137.08,3606
MINIMUM (X)
GXX=WSE
IF(WSF=GYN)3610+3512,3612
MAY.IMUM (Y)
GYN=WSF
IF(WSG-GYX)3700:3700,3614
MINIMUM (Y)
GYX=WSG
CONTINUE
J=JT
GO TO 10000
ERROR
NK=3007
GO TO 9999
NK=3009
GO TH 9999
NK=3053
G0 TO 9999
NK=3054%
G0 TO 9999
NK=3056
GO0 TO 9999
NK=3058
GO TO 9999
NK=3064
GO TO 9999
NK=3202
GO TO 9999
NK=3415
G0 TO 9999
NK=3420
VRITE (6:,8888)HNK
PRINT 88889NK

CALL DUMP

RETURN

FORMAT (15HOTRIAMGLE ~=~== A3»7H -—-—==1P6E16,6)

FORMAT (15HORECTANGLE === A3)7H ==-=——=1P6E16,6)

FORMAT (15HOELLIPSE =w==- AS1TH =me==- 1P6E16,6)

FORMAT (15HOCIRCLE —====~- A31TH === 1PE16¢6216X+4E16,5)
FORMAT (15HOP ELLIPSE === A3¢7H ====-- 1P6E16,6)
FORMAT(23H1PH2 ERROR IN STATEMENTID)

END

SUBROUTINE PH3

e

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
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH3

T0

2429
2430
2449
2450
2460
2479
2480
2499
2500
2510
2520

2530
2540

2550
2560

2570
2580

2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2799
2800
2819
28290
2830
28490
2859
2860
2870
2880
2890
2900
2910
2920
2930
0010

S—
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Frrpksx A 2 MATERIAL CLAM FOR THE TOIL CODE #ikkkskakikiks

GENERATE (OR DELETE) THE PARTICLES

SCAN Cti L MESH TO DETERMINE IF PARTICLES ARE TO BE
GENERAT..D OR DELETED
GENERATE PARTICLES

SAVE CURRENT VALU'.S OF COQUNTERS.

IA=]

JA=J

IJ=K

JT=L

IF(IX=1)9932,4010,9932

IFIMX=INP)4012:4032,9935

IF GREATER: YOU 1..IED TO GENERATE MORE THAN

400 PARTICLES / C..lL,

HS=MX

FMX=SQRT(WS)

MXS=FMX+45

IF (MXS*MXS~MX)993,, 40139936

IF(GREATER OR LES%) THE NO. OF PARTICLES / CELL

THAT YOU REQUESTEY: WAS NOT N SQ. WHERE

N IS FROM 1 TO 20,

MXA=1-MX

TFMX=,5/FMX

WRPIDY=TPIDY/FMX

IF(MXA)4018:4018s5° 937

IF GREATER: YOU I, .YE FAILED TO SPECIFY THE

NOs OF PARTICLES 0 GENERATE.,

NY=NT

DO 5700 I=IXN»IXX
COMPUTE THE COORDINATE OF THE PARTICLE
UNDER CONSIDERATION

WSSZDX (1) /7FMX

THE VOLUME OF THE SUBDIVIDED CELL =

PI(2,5XLINIDY/HNXDY/N) o

TABX (1)=X(I)=TFMX%DX{1)

IF(MXAYH020040247,9938

DO #4022 K=2/MXS

e START AT THE RIGHT AND TOP OF CELL(K).

SET UP ARRAY FOR X COORDIMNATES OF THE

PARTICLES.

TABX(K)=TABX(K-1)~1S5

J LOOpP» LIMITS OF Y FOR THIS FACKAGE.

D0 S700 J=IYN!1YX

TAM=WPIDY*VSHEXDY (J)

TAM= Z2PI/NxDX/N=DY

E=0.0

1IvS=0

IWsS=0

1

INPUO710

INPUOO3

PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3

PH3
PH3
PH3
PH3
PH3
PH3

PH3
PH3
PH3
PH3

PH3
PH3
PH3
PH3

PH3
PH3
PH3
FH3
P13

PH3
PH3
PH3

PH3

PH3
PH3

PH3
PH3
PH3

0029
0740
0950
0960
0970
0980
0999
1009

1010
102¢0
1030
1049
10590
1060

1070
1080
1090
1100

11190
1129
1130
1lygp

115¢
1l60
1170
1130
119¢g

1200
1210
1229

1230

12149
12590

1269
12790
1289




18=0
s WS=DY (J) /FMX
TABY (1))=Y (J)=TFRHAxDY(J)
MXS=N
DO 4026 K=2/MXS .
SET UP ARRAY FOR Y COORDINATES OF THE
PARTICLES,
4026 TABY(K)=TABY(K=1)-¥WS
K USED FOR THE CELL QUANTITIES.,
K=(J=~1) xIMAX+I+)
4028 IBB=IB/MXS
IB=Ig+l
IBA=MOD{IB s MX'3)
C TX=X COORDINATE OF PARVICLE IN QUESTION.
TX=TABX(iIBA+1)
C TY=Y COORDINATE OF PARTICLE IN QUESTION.
TY=TABY{IBB+}1)
C GENERATE OR DELETE THE PARTICLE
I1D=0
I16=0
L=1
4202 CONTINUE
. KK=ITAB(L)
IF(KK-~5)4062,4073,4078
C TRIANGLE
- 4062 WSX=(TY=TAB(L+1)}/TAB(L+2)
IF(WSX=~TX)4064,4064,4200
4064 WSX=(TY=-TAB(L+3))/TAB{L+4)
IF(WSX-TX)4200,4066,4066
40656 WSY=TAB(L+6)xTX+AB(L+S)
IF(KK=2)4068,4063,4072
4068 IF(WSY=-TY)4200,4370,4070
4070 GO TO (4074,4076,4074,4076) »KK
4072 IF(VSY=TY)4070,4070,4200
Lo74 ID=1
: G0 TO 4200
4076 1G6=1
GO TO 4200
4078 KKSKK=-4
4077 IF{KK=8)4079,4094,9939
4079 GO TO (408004080:,4090,4090,4092,4092:4094) rKK
C RECTANMGLE
4080 IF(TAB(L+1)=~TX)4082,4082,4200
4082 IF(TAS(L+2)-TX)&200,4084,4084
4084 IF(TAB(L+3)=-TY)!1086,4086,4200
4086 IF(TAB(L+4)-TY)%200,4088,4088
4088 GO TO (4074:4076) 2KK
C ELLIPSE VITH NO PERTURBATION
4090 KK=KK=2
IFCCTX-TABLL+3) ) 4x2/TAB{L+1)+(TY~TAB(L+4) ) *%2
- 1/TAB(L+2)~-1.0)4088,4088:4200
C CIRCLE
34092 KK=KK=4
< OIF((TX~TAB(L+3) ) *%x2+(TY-TAB(L+4) ) x*2-TAB(L+1))
l 4088:4088:,4200
C ELLIPSE WITH PERTURBATION
Bo94 KK=KK=-6

O o0 O
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PH3
PH3
PH3

Ph3

PH3

PH3
PH3
PH3
PH3

PH3

PH3
PH3
PH3
PH3

PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
P13
PH3
P13
PH3

T2

129¢
1300
1310

1329

13390

1349
1359
1360
1370

1380

139¢
1400
1410
429

1449
14590
1460
1470
1480
1499
1S00

P——
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1510 -

1520
1539
1549
1559

15690 -

1570
1580
1599
1600

1610 -
1620 .

1630
649
1650
1660
1670
1689
1699
1700
1710
1720
1730
1740
1750
1760
17709
1780




4201
4310

O O _ OO0

4312

22
23

OOOOO

4332

24
4333

4334

OO0 O

i 4335

4§34 1
§342

16

15

4344

17

o T L - R = = = - T o et R

2IF((TX/TAB(L+1))**2+(TY-TAB(L+4)“TAB(L+3)*(TX*
4200 L=L+NPP

(TX-TAQ(L+1)))#*2)**2/TAB(L+2)~1.0)%088»408804200
IF(L-JA)4202,4201,4201
IF 1ID=L DELETE

IF(ID)9940, 431004800

IF ID=0 AND 16=0 DELETE
IF(IG)9941 480014312

GENERATE PARTICLE
NY=NY+1
IF(IIViS)23022923
1IWS=1
IvS=1
NYYSNYY+1
CALL PH4
RETURN FROM PH4 :/ITH THE FOLLOWING DATA»
WSR=PARTICLE DENSITY
WSI=PARTICLE SPECIFIC INTERNAL ENERGY
WSU=RADIAL VELOCITY COMPONENT OF PARTICLE
WSV=AXIAL VELOCITY COMPONENT OF PARTICLE
N=NYY
IF(IIVS) 43354355020

TIWS=-1

IF(AMX(K)+AMD(K)}9951:u335'4334
CALCULATE PACKAUZ ENERGY.
E:((U(K)**2+V(K)ﬂ*a)/(AMX(K)+AMD(K)))*05+AIX(K)+AID(K)
THE FOLLOWING IS FOR PIC TRANSPORT ONLY
SET THE PARTICLE COORDINATES INTO THE
PROPER ARRAYS.
XLIN)=TX
YLIN)=TY
SET I AND J OF CuLL K(LOCATION OF PARTICLE) .,
IWi(N)=1
IW2(N)=J
CALCULATE PARTICLE MASS AS
=2PI/N*DX/N*DY*X.(N)*RHO.
AMIN) =TAM*TX#WSR
CHECK FOR TYPE OF MASS(X OR )
IF{LX) 9945, 4342 4354
WS=AM(N) *WSI
IF (AM(N) ~AMDM) 16215¢15
AMDM=AM(N)
NOTEs AID HERE IS INTERNAL ENERGY »
NOT SPEIFIC INTRNAL ENERGY.
AID(K)ZAID(K)+VS
PM=PM+AM{N)
AMD (K ) =AMD (K} +AM{N)
AMIN) ==AM(N)
60 TO 4346
WS=AM(N) *WSI1
IF CAMUN) =AMXM) 18217017
AMXM=AMIN)
NOTEr» AIX HERE IS INTERNAL ENERGY»
NOT SPECIFIC INTERNAL EMNERGY .
ALXAK)=AIX(K)+uS
PM=PM+AM(N)

PH3
PH3

PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3

PH3
PH3
PH3

PH3
PH3

PH3
PiH3

PH3

PH3
PH3
PH3
PH3

PH3

PH3
PH3
PH3
PH3
PH3

PH3
PH3

73

1799
1809

1829
1830
1849
1859
1860
1870
1880
1899
1900
1919
1959

1960
1970
1980

2010
2020

2030
2040

2050

2060
2070
2080
2090

2110

2120
2130
2149
2150
2160

2179 1
2180
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4346

4800

CAL
* 4880

4300
4910
4930
4340
4950
5700

9932
9935
9936
9937
9938
9939
9940
2941
9sus
9946

9951
9999

SUM UP MASS» BOTH COMPONENTS OF MOMENTA
AND TOTAL INTEML. ENERGY IN CELL K.
AMX(K) =SAFX(K)+ 0 .N)
% NOTE» U AWD V ARE NOT VELOCITY COMPONENTS
HERE IN PH3s BUT ARE THE RESPECTIVE
RADIAL AND AXIAL MOMENTAS.
UK)=U(K) +ABS (ARIN) ) *xySU
VIK)=V(K)+ABS (AM(N) ) XWSV
IF{NY~NPRR)I4800 14,9945
NRC=NRC+1
NPRR=NPRR+NPRI-1
NYY=1
DO 2 N=2/NPRI
SET PARTICLE ARRAYS TO ZERO.
XL(N)=0,0
YL.(N)=0,0
AM(N)=0,0
IW1(N)=0
I42(N)=0
CONTINUE
IF(MX~IB)9S46,4L300 4028
CULATE ENERGY FOR PKG
IF(IWS)490025700,4900
IF(AMX(K)+AMD(K) 39951,570004910

PEE=(U(K) %#2+V(K) %%2) / (AMX (K) +AMD (K) ) %+ S+AIX(K) +AID(K)

IF(E)4950,4950,":940
PEE=PEE~-E
PE=PE+PEE
CONTINUE
I=IA

=JA

K=IJ

=JT

GO To 10000

ERROR

NK=4000

GO TO 9999
NK=4010

GO TO 9999
NK=4011
60 TO 9999
NK=4015
GO TO 9999
NK=#019
60 TO 9999
NK=4077
GO TO 9999
NK=4201
GO TO 9999
NK=04310
60 Y0 9999
NK=4341
GO 0 9999
NK=4800
60 TO 9999
NK=4905
WRITE 46:8888)NKrIsJrKsLoMIN

e - D~ -

PH3

PH3
PH3
PH3
PH3
PH3
PH3
PH3

PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3

PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3
PH3

(e

2190

2200
2210
2220
2230
2240
2270
2280

2290

2300
2310
2320
2330
2340
2350
2360
2370

2400

2410 -
2420 ¢

2439
2440
2450
2460
2479
2480
2490
2500
2510
2520
2530
2549
2550
2560
2570
2580
2590

2600

2610
2620
2630

2640

2650
2660
2670
2680

2690 -

2700
2710




75

PRINT 8888sNKe17:J2KoLoMIN PH3 2720
. CALL DUMP PH3 2730
10000 RETURN PH3 2749
8888 FORMAT (1H+/26H1 P H 3 ERROR IN STATEMENTISr12Xr12H INDICES ARE6I7)IPH3 2750
. END PH3 2760
SUBROUTINE PH4 PH4 0010
c INPUO710Q
C PHL 0730
c %% NOTE» XC AND YC ARE COORDINATES FOR RELOCATING -
C THE ORIGIN FOT THE
C RHO, INTERNAL EMERGYrs AND VELOCITY FITSe
c PH4 0949
c THE ACTUAL COORDINATES USED IN THE FIT
¢ SUBROUTINES IS TIX=TX~XCrTTY=TY-YCe.
TTX=TX=XC PH4 G950
TTY=TY=YC PHY 0960
LL=S8 PH4 0970
¥ GO TO(L1e2¢3042S250)rLL PHY4 0980
‘ 1 CALL FIT1 PH4 099¢
GO To 7 PHY 100 -
2 CALL FIT2 PH4 1014
‘ GO T0 7 PH4 1020
: : 3 CALL FIT3 PH4 1030
r GO TO 7 PH4 1040
4 CALL FIT4 PH4 1050
. GO TO 7 PHY4 1060
! 5 CALL FITS PH4 1070
] GO TO 7 PH4 1080
) 6 CALL FIT6 PH4 1090
3 7 RETURN PH4 1100
= END PHU 1110
‘ SUBROUTINE FIT1 FIT10010
c INPUO710
c FIT10730
c FIT10940
' WS=SQRT( TTX*k*2+TTY*%2) FIT10950
C DENSITY F1T10960
WSR=TARR(1) +TABR(2)*(TTY-TABR(3}) FIT10570
! ¢ ENERGY FIT10980
E WSIZTABI (1) +TABI(2)*(TTY~TABI(3)) F1T1099¢
; c VELOCITIES FIT11000
1 WS=TABUV (1) +TABUV (2) *(TTY=TABUV(3)) FIT11010
i WSU=0,0 FIT11020
b WSV=NS FIT11030
RETURN FIT11040
END FIT11050
SUBROUTINE FIT2 F1T20010
c INPUOT10
c 1720730
C F1T20940
. WSTSART{ TTX*x2+TTY*%2) FIT20950
o DENSITY FIT20960
wSR=((TTX—TABR(1))/TABRtZ))**2+((TTYwTABR(3))/ FI1720970
* 1TABR (4) ) *%2 F1720980
c ENERGY F1T20990
USIZTABI(1)+TABI(2)*TTX+TABI (31 *¥TTX%*2 FIT21000

»oa
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1+TABI (4)*TTY+TABI(S)*TTY*%2 .

LA

7001
6000

6001

7013
7014

VELOCITIES
WSV=TABUV(1)+TABUV(2) *TTY
WSU=TABUV (3) +TABUV (4) xTTY
RETURN

END

SUBROUTINE FIT3

THIS FIT FOR SIN KZ/KZ #Hakkdkgkiky¥kk
WS=SQRT(TTX*k*2+TTY**2)

DENSITY
WSR=TABR(1)+TABR(2)*(TTY-TABR(3))
WSA=TTY/TABI(2)

WSBZWSA*PIDY*2,

WSC=SIN(WSB)

WSI=WSC/WSA*TABI(Y)
WS=TABUV(1)+TABUV(2)*x(TTY-TABUV(3))
WSU=0,

WSV=WS

WSI=HWSIXTABI(3)

TABI(3) US SCALE FACTOR FOR YIELD NORMALLY SET To 1.
RETURN

END

SUBROUTINE FIT4

RETURN

END

SUBROUTINE FITS

RETURN

END

SUBROUTINE FIT6

RETURN

END

SUBROUTINE OUTPUT

skksckx® A 2 MATERIAL CLAM FOR THE TOIL CODE ssikkskickokssk

M *dkk Ak

OUTPUT sk kkok

PACKAGES HAVE BEEN READ IN AND PROCESSED
COMPUTE TOTAL ENERGIES AND TOTAL MASSES

E=ETH

WRITE (6,8104)

ND=ND+1

IF(E)6000,6000,6001

AMDM=0.0

AMXM=0.0

GO TO 7016

ANMUDM=AMDM/240

AMXM=AMXiM/240

IF(AMDM)9901¢:9901,7614

IF {AMXM) 9902,9502,70616

e N e e Mt bt~ = gy

T6

F1721010
F1T21020
FI1721030
F1T721040
FIT21050
FIT21060
FIT30010
INPUO719

FIT30730

FI1T30%940

FIT30959
FIT30960

FIT40010
F1T40020
FIT40030

FIT60010
FIT60020
FIT60039
oUTPOOLQ

INPUO710

QUYPO0020
QUTPGO030
oUTPO750
OUTPO970
ouUTP0980
QUTP0990
OUTR1000
0UTP1010
0uTP1020
0uUTP1030
QUTP1040
OUTP10S0
QUTP1069
0UTP1070
ouTP1080
0UTP1090

QUTPLii0Q |

i

""*‘.F'l
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7016

7017
7010

7004

OO

7012
2000

2001
2002

2003
200

2005
7015

7113

7163
7162

7131 VRITE(NT) (UCK) »VIK) o AMD(K) » AMX{K) »AID(K) » AIX(K) »

ETH=0.0
TiiDZ2=0,.0
TMKZ2=0,0
DO 7015 I=2+KMAX
IF(AMD(I))9904,7010,7004
WSI=0.
IF(AMX(I))9904,7012/,7006
TMDZ=AMD(I)+TMDZ
VWSIZAID(I)
CALCULATE THE SPECIFIC INTERNAL ENERGY
FOR{+) MATERIAL IN CELL K.
AID(I)=AID(I) /AMD(I)
IF(AMX(I))9904,7008,7006
WSISUSI+AIX(Y)
SUM UP TOTAL (X} MASS IN GRID,
TMXZ=AMX (1) +TMX7
CALCULATE THE SPECIFIC INTERNAL ENERGY
FOR(X) MATERIAI. IN CELL K.
AIXCIY=AIX(I) /AKX (L)
WS=AMX(I)+AMD(I)
CALCULATE RADIAL AND AXIAL VELOCITIES BY
CONSERVING BOTH “OMPONENTS OF MOMENTA,
U(I)=u(1)/us
v(iI)=v(I)/uS
SUM UP TOTAL EN-RGY IN SYSTEM,
ETH=((U(I)*x2+V (1) *%2) /2, ) *iS+WYSI+ETH
GO TO 7012
SET FLAGS FOR TYPE OF MATERIAL IN CELL Ko
IF(AMX(T)+AMD(1})2000:,20000.2001
DKE(I)=0C.
G0 TO 7015
IF(AMX(1))2002,7.002,2003
DKE(I)==},
GO TO 7015
IF(AMD(I))2004,2004,2005
DKE(I)==2.0
GO TO 7015
DKE(I)=1.0
CONTINUE
TMZ=TMDZ+TMXZ
VRITE (6+8072)ETH,E»TMDZ» TMXZ» TMZ
IWS=ND~1
IWSA=HMAX=-ND
IvSB=NMAX=-1
WRITE (6,8073) (IViIS»IWSA»IVSB)
REVIND N?

«RITE TAPE FOR THE. TOIL CODE.

IF(PROB) 7162,7162,7163
N3=0

WS=555,0

WRITE (N7)WS,CYCLE/N3
WRITE (N7)(Z(I)»1=1oMZ)

IAIX(K) »OKE LK) rK=12KMAXA)
GO TO 7140

e s s o A = <o -

T

oUTPillg
0UTP1120

OUTP113p

0UTP1179

0UTP1180

ouUTP1200
OUTP1219

O0UTP123¢

OUTP125¢
oUTP1260
OUTP127¢
OUTP128¢
0UTP1299
OUTP130¢
oUTP132¢
OUTP133g

OUTP135%0
oUTP1360
QUTP1370
0UTP1380
oUTP1390
CUTP1400

ouTP 1420

[
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7140 CONTINVE OUTP1439
WRITE (N7) (X(K) » TAUCK) 1K=1 9 IMAX)
WRITE(N7) (Y (K) 1K=1rJMAX)
HS=66640 OUTP1460
c 0UTP1470
c EDIT OUT THE VELOCITIES, MASS
c AND SPECIFIC INTERNAL ENERGIES AS A FUNCTION
C OF JFOR ALL I
7161 WRITE (N7)WS,WSrHS . 0UTP1530
REWIND N7 OUTP1540
WRITE (608120} TelC OUTP1550
IWSTIMAX*JMAX+1 OUTP1560
CALL SLITE (0) 0UTP1570
DO 7517 I=1sIMAX oUTP1580
CALL SLITE (1) 0UTP1590
JZUMAXA OUTP1600
KSIWS+I OUTP1610
DO 7517 JP=11JMAX OUTP1620
J=J=1 OUTP163p
K=K=IMAX OUTP164g
7170 IF(AMX(K)+AMO(K))9905, 7517+ 7175 :
7175 CALL SLITET(1,KU0OFX) OUTP1660
GO TO(7180,7185) 1KOBOFX 0UTP1670
c PRINT OUT CELL GUANTITIES,
7180 WRITE (658080)I:X(I),DX(I) OUTP1680
7185 WRITE(6¢8084)J»Y(J) rDY () 2UCK) #VIK) rATDCK) rAIX{K) s AMD (K) » AMX (K)
7517 CONTINUE OUTP171p
IF (QOOOFL) 752017520, 7616 0UTP1720
7616 CONTINUE
GO TO 7520 OUTP182¢
c ERROR OUTP 1830
9901 NK=7013 OUTP184 ¢
GO TO 9999 OUTP 1850
9902 NK=7014 OUTP1860
GO TO 9999 OUTP187
'9904 NK=7005 OUTP1880
GO TO 9999 OUTP189¢
9905 NK=7170 . 0UTP1900
9999 WYRITE (6+8888)NKeIrJrKrLoMoIN OUTP1910
PRINT 8888+NKsIrJeKsLoMoN 0UTP192
CALL pUMP OUTP193¢
7520 RETURN © OUTP194g
c FORMATS OUTP1950
80720FORMAT(1H ///76H THE =1PE16.9,7X¢3HE SE16.9///5H M« =E11.5¢5X04HMXOUTP1960
1 SE11.507Xs THHM#MX SE1145) 0UTP1970
8073 FORMAT(1HO/1THOPARTICLES = = =I12+4H DOTIL4,2H XIl4,eH TOTAL)  OUTP198¢
8080CFORMAT (1H0///3H0I=I2, 10X s 2HX=1PEL3 4«72 10X» 3HDX=EL13, 7/3H0 J10X¢ 1KY130UTP1990
1X» 2HDY 12Xy 1HUL3X» 1HV12X» 3HAID11X» 3HATX11X 9 3HAMD11X ¢ 3HAMX) OUTP2000
6084 FORMAT (13,3X¢1PBE1l.7) 0UTP2010
8104 FORMAT(1H /31H THERE ARE NO MORE PACKAGES==--) OUTP2060
8120 FORMAT(1H ///18H TAPE DUMP AT TIMEF10.1s7X»5SHCYCLEIY) 0UTP2070

8888 FORMAT(1H+/26H10UTPUT ERROR IN STATEMENTISr»12X:12H INDICES ARE6I7)0UTP2080Q
END ouTP2090
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SUBROUTINE pH1

A TW0 MATERIAL OIL

NOTEs» THE FOLLOWING SET OF DIMENSIONS,
COMMON, AND EQUIVALENCE ARE TO BE USED
FOR ALl SUBROUTINES EXCEPT
THE CARDS ROUTINE soscsess

D

OIMENSION AM(130),

I

1U(4500) »V(4500)»
2P(4500) yDKE(4500) » THETA(4500) »
3IWL(130)242(30)»
4DX(100) #XC(100) »XX(101)>DY(100),Y(100),YY(101)»

M E N
XL(130) s

S

I 0 N

YL(130)»
2D (4500) 1 AMX(4500) s AID(U500) » AIX (4500}

5TAB(15)» AMK(13)» PK(15), QK{15), Z2{150)» 1Z(150)
6TAU(100) »PL(200):PR(200) 2UL(200) rUR(200) ¢
7FLEFT(100) » YAMC(L30),» SIGC(100)}» GAMC(100)
DIMENSION DMASL(130),DXML(130)DYML(130)DENRG(130)
COMMON 2 r XX sUR ' PR » THETA oYY
COMMON ATID P ALIX e AM » AMD » AMX ? AREA
COMMON BIG r30UNCE »DDXN »DDVK ¢ DVYK DX
COMMON ) 'S 'FD 'FS FX r OUT
COMMON P +PABOVE »PBLO +PIDTS +PPABOV PRR
COMMON PUL » 20T 'RC 'REZ s RHO 'RL
COMMON RRySI1G»us00FLSWITCH »TABLM»TAU
COMMON TAUDTS »TAUDTX »U r UK 'URR 'UT
COMMON (§]V) yJUU yUTEF 'UVMAX oV ' VABOVE
COMMON VBLO rvel, r VK ' VT ' VTEF *VV
COMMON VVABOV »VVYBLO W2 V3 PSS 'WS
COMMON WSA v 338 P ¥ISC » XU r XLF » XN
COMMON XR P YL 'YLV ' YN ' YU ? ZMAX
CoOMMON ¢ vI1 ' IN v IR » IWS ¢ ITWSA
COMMON Ivse » 14SC r IWL rJ »JN ' JP
COMMON JR 'K ' KN 1 KP ' KR » KRM
COMMON L M 'MA 1 M4B ' MC ' MO
COMMON ME M2 oN » NK rNKMAX  #NK1
COMMON NO 1R

E Q@ U ? U} A L E N ¢ €
OEQUIVALENCE (Z,12,PROB), (Z2(2)»CYCLE), (Z(3),0T)

1(Z{4) 1 PRINTS) »
2(Z(8)PIDY)
3(Z2{12) »GAMX) »
$(Z{16) r TMDZ) 1
5(2(20) » TYMAX) ¢
6(Z(24) »DMIN)»
7{(Z2(28) sNPR}»
817(32) rNRC)»
9(Z(26) 1 JMAXA) ¢
OEQUIVALENCE
1(Z(43)NOD)»
2(Z(u7)211)y
3(L{HL)INL)
4(Z2(55) NS
S(2(59) 1N9)»

(Z(5) »PRINTL) »
(2(9)»TMZ) »
(Z(13)1ETH)»
(Z(17) 2 TMXZ) s
(Z<21) 1 AMDM) »
(Z2(25) 1FEF)»
(Z2(29) +NPRI)»
(Z(33) r IMAX) »
(Z(37) 1 KMAX) »
(Z(40) +ND)»
(Z(nt) »NOPR) 2
(Z(48)212)
(Z2(52)1N2)»
(Z(56) 1N6)»
(Z(oc0)eNLIO),

(2(6) s DUMPT7)»
(Z2(10) 1GAM) ¢
(Z{14) cFFA)»
(2(18) o+ XMAX) »
(2(22) P AMXM) »
(Z2(26) rDTNA)»
(Z(30)2NC)»
(Z{34) s IMAXA) »
(Z(38) 1 KMAXA) »
{Z{41) +KDT"
(Z{4S) o NT AX) ¢
(Z149) 1o -
(Z(53) + N3, .
(Z(57) 2117
(2(61)N11),

(Z(7)sCSTOP) ¢
(2(11)GAMD) »
(Z(15) +FFB)»
(Z2(19) r TXMAX)»
{Z{(23) »DNN) »
(2(27)+CVIS) e
{(Z(31) ' NPC)
(Z(35) 1 JMAX) »
(Z2(39) 1 NMAX)
(2(02) p IXMAX) 2
(Z{Uu6) + NUMAX) 9
(2(50),1I8),
(2(54) MU)
(Z(58) sN8)»
(2(62) ¢MRM) »

”

PH1 003

EQITCO060
EQITO070
EDIT0080

ECITOL30
EOITOLS50

ECITOLE0
ECITOL70
ECITOl80
EDITO02S0
ENIT0200
EDITO210
EDIT0220
E01IT0230
EDITO0240
EDIT0250
EDIT0269
EDITO270
EDIT0280
EDIT0290
EDIT0300
EDITO31Q
ERIT0320
EDIT0330
EDITO340
EDITO44D
EOXTO4S0
EDITO460
EDITO470
EDITO47D
EDXITO490

‘EDIT0500

EDITOS510
EDIT0520
EDITO0530
EDLTOS40
EDITO550
EDIT0560
EDITISTO
0170580
EDIT0590
EDIT0600
FDITO0610
EDLT0620




sl e

(9}

a0 000 OO0 Ho Soo0o

OOO0ONO

deo ™

(g

10

20

30

6{(Z2(u3)»TRAD) ¢
7(2(07) RADER) »
8(2(7L)sREZFCT) +
G(2(75) ¢+ TOZONE) »
0ZQUIVALENCE
1(2(82) 1CABLN) »
2(20oo) 1 4SGD)
3(2(80U)+1S1)
B2(S4)1S5),
5(2(9a)159),

0EQUIVALENCE
1{Pr(100) »SIGC)
2(UR(10) 1 AMK) »

EQUIVALENCE (AMsCUASL) o {XL,DXML) »

{Z(ol) P XNRG) »
(Z(68) »RADET)»
(Z(72)Y1RSTOP) »
(Z(T76) 1ECK)»
(Z{79)¢%X2)»
{Z(B3)YVISC)
(Z(87)rISGX)
(Z(91)1r52)
(Z2(95):58)»
(2(99):510)

(XX(2) 1 X(1))>
(PRyPL2IGAMC) »
(UR(31) »PK)»

LIYLsDYML) » (1W1 DENRG)
DIMENSION PLOT(10)
DATA PLET/IH »1H. LHo o LHMs AH=/

(Z(65)1SN)»
{Z2{69) +RADEB) »
(Z{T73)SHELL) »
(Z(77)+SBOUND)
(Z(80):Y1)»
(Z(8u>T)»
(Z(88) »GMADR) »
(2(92)+53)»
(Z(96)+ST)»

(URYULFLEFT)»
(DKE»THETA) »
(UR(46)1QK) ¢

INPUT READS THE TOIL DUMP TAPE OR

wILL CALL SUBROU: {NE SET'U? WHICH
WILL MALE A DUMP (APE FOR CERTAIN TYPES OF PROBLEM

CALL INPUT

COT ROUTINE CALC!"ATES DT(HYDRC TIME STEP)
ANL PRESSURES: ALUANCE CYCLE NO. ETC,

CaLi CDT
IN EQIT,
PRINT»

A SHORT P2INT.»

DETERMI! I WHETHER TO EXECUTE A LONG
A TAPE DUMP:

ETC. AND

CALCULATE TOTAL #IERGY IN SYSTEM(COMPARE

wITH ETH) TOTAL ! 1SS,

COMPONENTS OF MO! INTA.

CALL EDIT

CALL SLITET(1+KOC3FX)

SENSE LITE 1 SICNIFIES THIS
IS TAE LAST CYCLE OF THIS RUN $35555555553535%
LITE TURNED ON I THE EDIYT ROUTINE skksckkk

GO T0(30020) KOMOFX

PHL,

INTEGRATE TOTAL

INTEGRATE THE MOMENTA EQS. INTEGRATE

ENERSY £QUATTON(ONLY CHANGES DUE TO WORK

TER:“OS ) L]
CALL PHY

NO MOVE!.ZNT OF MASS HERE

TRANSPORT MASS ACROSS BOUNDARIES (SOLVE
MASS TRANSPORT EQ.) TRAMNSPORT TERMS IN

THE MOMENTA AND =NERGY E@S.

LEFT OUT OF

PHlr, HMERE APROXIMATED BY MASS MOVEMENT. CONSERVE
“ASS» MOMENTA ANO TOTAL ENERGY.

CALL PH2

60 Tu 10

caLl. 2KIT
tND

T g S TR 0 gy TV o, TT WO WY €0 T s TV oy T P N D S 0 W iy S PR 8wt e w8 T g e D O g s 2 T i) OB IR TR 00 G g P o T AR ST TP e (S gy TV s s TP e e

JUuROUTINE INPUT

(Z(66) 1DXN)
(Z(70)+DTRAD) »

80

EDITO0630
EDITO640

(Z(74)BBOUND) ;EDIT0650

(2(78)¢X1)
(Z(81)YrY2)
(Z(85) »GMAX)
{Z2(89) ¢+ GMAXR) ¢
(2(93)rS4)
(2(97)+S8)

EDITO0660
EDITO0670
EDITO680
EDITC690
EDITO7G0
en1T0710
EDITO720
EDITO730

(UR(100)»YAMC) ,EDITO740

(UReTABY»
(YY(2):Y(1))

vEeed oy kil A2 MATERIAL OIL CODE soiiorik kigskiiodiodpaioksokks & wkdox

A SLITE (3)

EDITO750
EDITO0750

000000390

INPUBG +Q

INPULO50



40

50

85

80

81

82
8,05

KEAD IN COUNTER: FOR THE NO., OF HEADER CARDS.
READ(508009) 11
FORMAT(613)
READ IN THE HEADER CARDS.
DO 8010 I=1,1I
READ (5:8004)1IV4S
wRITE (6,8004)IWS
CONTINUE
CALL CARDS
NOTE,» OPTION FOR CALLING SETUP.
IF(PK(3)) 8887,8836,8888
CALL CARDS
CALL  SETUP
CONTINUE

READ TAPE
GO TO 1000
CONTINUE
CALL CARDS

EXECUTE R E S
GO TO 2000

CONTINUE

DECREASE T 8Y DT» SINCE CDT KOUTINE
INTEGRATES THE TiMc.

T=T-DTNA

ALSO CYCLE NO.

NC=NC=1

CYCLE=NC

AND NO., OF CYCLES BETWEEN ENERGY {HECKS.
NPC=NPC~1

UVMAX=0.0

GENERATE DX AWD DY FOR ALL I AND J
SINCE THEY ARE NOr ON THE DUMP TAPE.
DX(1)=X(1)

DO 50 I=2,IMAX

DX{I)=X{I)=X(I=1)

DY(L)= Y(1)

DO 55 J=2)JMAX

oY () =Y (J) =Y {(J=~1)

EDIT OUT THE Z BLOCK.

Kal

0O 80 I=1:3

L=K+8
WRITE(698005)Ky {ZIN) 1N=K,L)
K=+l

K&28 )

00 81 I=l4

L=K+8
hRITE(&oBOOé)K:(IZ(N)oN=KyL)
K=+l

K<62

DO 82 I=1.10

LSK+8
ﬂRITE(6:8005)K;(Z(N)pNzKoL)
KalL+]

FORMAT (141 1Xr 1PIEL245)

81
INPUL060

INPUL080
INPU1090

INPU1120

INPU1270
INPUL1280
INPUL340
INPU1350
INPUL1369
INPUL1370
INPUL380
INPU1390

INPULLOO

INPULEL0
INPU1420

INPULLSO
INPULLLO

INPULKT70

INPU1490




1034
1036
1038

2000
2005
2010

2012
2015
2020

.2025
© 2030
C i

OCAO

9901

82
FORMAT(I4»1X0917)
GO TO 10000 INPU1600
INPUL610O
INPUL620
INPU1630
READ T AP E isoickiokiokgdkidokiokadofgonkktokdgonsgkdkhikkpekdixeixsx ] NPULO6LQ
mZ2=150 INPU1650
1wWS=0 INPU1660
REWIND N7
READIN7IPR(L1) +PR(7))N3
NR = NUi. 3ER OF RECORDS INPUL690
NOTE skdekdok INPU1700
NR=NS*HH
IF(PR(1)-555.0)10%0,1016,1010 INPUL720
IvS=1IVS+) INPU1730
IF(MOD(IWS,»3))990::9902,1003 INPULTHO
IF(PR(2)1}1010,1012,1018 INPULT750
CHECK FOR CORRECT CYCLE NO.
IF(PK(2)~-PR(2))10.3+,1023+1020 INPUL1760
DN 1022 L=2/NR INPUL770
READ (N7)0UM
GO TO 1004 INPU18BLO
REAUINT) (Z(I) 2 1=1:242)

CHECK FOR CORRECT PROBLEM NO.
IF(A3S(PROB=-PK(1): -.01)1024:1024,9901 INPU1830
READIN7) (UCT) o VLY s AMD(I) v AMX(I) 2 AID(I) +AIX(D),

1P(1) +DKE(T) 2 I=10K AXA)

READ(N7) (X(K) » TAUCK) »K=1y IMAX)
READ(N7) (Y(K) 1K=1:JMAX)

READ(N7)PR(1) vPR(:’} »PR(3)

IF(PR(1)=~555.0)9S%4+,1040»1038 INPUL1960

IF(PR(2)~666,0)9% 3,1040,9905 INPULO70

GO TO 10 INPUL980

ENG OF READ TAPE  isdoksoksaok ok Kojodode ok ok ok ok k doaok ok dop o R ok ko %2 INPU L1990
INPU2000
INPUY20L0
INPU2020

CALLULATE MAXIMUN GAMMA AND
GAMMAZ (GAMMA=1,) I'OR EACH MATERIAL.

IF(W5GX) 9906020102005 INPU204O
GAMX=1,0/(1SGX~1.0) INPU2050
VWSGX= (GAMX+14+0)/761MX © INPU2060
GMAXR=GAMX*WSGX INPU2GT0
IF(v>GD)99070:2020,2015 INPU2030
GANML=L1.0/(\ISGD=1,0) INPU20S0
WSGU=(GAMD+1+0)/GAMD INPUR10O
GMALRTGAMD%#SGD INPU2110
GMANZWSGD INPU2120
IF(u>GD-4SGX) 2025203022030 INPU2130
GMAAR=NSGX : INPU214O
GO TO 40 INPU2150
Ehuw OF R £ S Aidddakprbiakhkiddasbdotnk iforkaikiokkathhantrckiwrdzrxiaINPU2160O
INPU21T70

: INPU218O

ERROR INPU2190O

NK=1023 INPU2200

60 TO 9999 INPU2210
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9902 NK=1011 INPU2220
. G0 TO 9999 INPU2230
9904 NK=1036 INPU22GO
GO TO 9999 INPU2250
. 9905 NK=1038 INPU2260
60 To 9999 INPU2270
9906 NX=2000 INPU2280
GO TO 9999 INPU2290
9907 NK=2012 INPU2300
9999 NR=1 INPU2310
CALL DUMP INPU2340
c INPU2350
10000 RETURN INPU2360
C INPU2370
C FORMATS INPU2380
8000 FORMAT(7E11,3012) INPU2390
8004 0FORMAT (I, 71H INPU240O
1 ) INPU2410
c INPU2U30
END INPU24YLO
c
' .c -"-u-n---w--..-“-v-'u"-a'--------w-n---u"-——-—--"'v 0 un -t on
s <
SUBROUTINE SETUP,
‘ c 0 I M E N S 1 0 N EDITO0060
< EDIT0070
c Tywo MATERIAL  SETUP
C PACKAGES MUST BE RECTANGLES.
c ASSUMPTION OF = DX AND = oY
c LOAD PK(4)=1.
=PK(H)
i C LOAD PK(5)=RIGHT BOUNDARY. OF PELLET(I) .
} MA=PK(S5)
c LOAD PK(6)=80TTOi(J)+L OF PELLET.
MB=PK(6)
C LOAD PK(7)=TOP(J) OF PELLET.
MC=PK(7)
C LOAD PK(8)=1.
MOSPK(8)
c L.OAD PK(9)=RIGHT {I1)BOUNDARY OF TARGET»
ME=PK{9)
c LOAD PK(10)=BOTTOM(J)+1 OF TARGET»
MZ2=PK(10)
c .OAD PK(11)=TOP(J)OF TARGET .
N=PK(11)
C LOAD INITIAL DENSITY INTO Z(115) FOR (X)MATERIAL
c FOR THE PROJECTILE.
c AND Z(116) FOR THE GOT MATERIAL (TARGET))
c LOAD INITIAL PELLET VELOCITY INTO Z(112).

VTEF=Z(112)
KMAX=TMAXEJIMAX+L
KMAXASKHAX+1
JMAXASUMAX+1

. IMAXA=IMAX+1

¢ CLEAR ALL CELL ARRAYS.
DO 1 K=1sKMAX
U(K)=0,0




iy vu:ﬂ

10

20

40
30

60
50

V(KI=0,.0

P(K):OoO

AMX{K)=0,0

AIX(K)=0.0

AID(K)=0.

AMD(K) =0,

DKE(K)=0.

CONTINUE

DX(1)=0X(1)

X(1)=DX(1)

WS=X (1) %%2
PIDY=3.,1415927
TAU(1)=WSxPIDY

CALCULATE DOXeXeTAU,

DO 10 I=2,IMAX
X(I)=X(I=1)+DX(1)}
DX(I)=DX(1)

WSASX (1) k%2
TAUCI)=PIDY*(WSA=-'S)
WSSWSA

CONTINUE

Y(1)=DY(1)

CALCULATE DY AND Y,

DO 20 J=2»JMAX

Y(J)=Y (J=1)+DY (1)
DY(J)=DY(1) '

CONTINUE

ETH=0.0

D0 30 I=M/MA
K=(M8=~1)*IMAX+I+L
CALCULATE MASS» A D VELOCITY OF PELLET.
D0 40 J=MB.MC
AMX(K)=Z(115)*DY(J)*TAUSI)
V(K)=VTES

CALCULATE TOTAL EiSRGY (ETH.)
ETHEETHHAMX (K) % (V (K)#%2) /240
DKE(K)==2, )
KSK+IMAX

CONT INUE

CALCULATE MASS OF TARGET,»
DO 50 I=MD!ME

K= (MZ=1) *IMAX+I+1

D0 60 J=MZ»N
AMD(K)=Z(116)*DY(J)*TAU(I)
DKE{K)==1. :
K=K+IMAX

CONTINUE

IMAX=IMAX

JMAX=JMAX

SHELL=2.0

CYCLE=D.D

DT=0.0

NMAX=0

XMAX=X ( IMAX)
TXMAX=XMAX%2¢0

YMAX=Y (JUMAX)
TYMAXS=YMAX%240

84
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DUMP ON TAPE N7

WRITE STARTING CONDITIONS FOR TOIL

REWIND N7

WS=555,0

WRITE(NTIWS»CYCLE/N3

WRITE(N7) (Z(I)¢I=15150)
WRITE(N7) CUCI) o VII) o AMDII) o AMX(I) o AID(I) P AIX(I)»
1P(1)DKE(I) » I=1 1 KMAXA)
WRITE(NT7) (X{I)»TAU(T) » I=10 IMAX)
WRITEINT7) (Y(I)IZ2JMAX)
WS=666.0

WRITE(N7)IWS» WS, WS

REWIND N7

RETURN

END -

SUBROUTINE CARDS

DIMENSION TABLE(L),CARD(7)LABLE(L)

COMMON TABLE
EQUIVALENCE(TABLE(1),LABLE(1))

WRITE (6010) ‘

READ  (5011)IEND 1 OCeNUMUPC) (CARD(I) »1=1»NUMWPC)
WRITE (6012) IEND1.0CoNUMWPC) (CARDLI) 2I=1»NUMWPC)
DO 4 I=1NUMHWPC

J=LOC+I~1 )

IF(IEND=2)2¢502

LABLE(J)SIFIX(CARD(I))

GO TO &

TABLE(J)=CARD(I)

CONTINUE

IF(IEND=1)1¢301

RETURN

‘ FORMATS _
FORMAT(20HLTOIL  INPUT. CARDS/7/)
FORMAT(I1rI5¢T11207E94)
FORMAT(1H I4917¢1301P7EL4.6)
END

SUBROUTINE COT

Rdesekdokokpdolstlor ok, eksleokoo okt okt sl gedeoktok ook
*kkokkdkopkk A 2 MATERIAL OIL CODE skdleksgescscedoliedodook ook sk kok

2(138) FOR DENSITY CHECK(IF CELL K
HAS RHO LESS THAN Z(138) »NO STABILITY CHECK
DONE IN CELL K
IF (CABLN) GREATER THAN 0, THE DT LOADED WILL REMAIN
CONSTANT,
IF(CABLN) =0+« CODE CONTROLS TIME STEP BETWEEN FFA,FFB
IF (CABLN) LESS THAN 0. CODE CONTROLS,BUT AT
2(129) OF STABILITY.
55555 Z(139) IS A INPUT NO. *kokdkdkoldesiorskk

CARDOO30
CARDOO%0
CARD0050
CARDOO70
CARDO090
CARDOL0O
CARDOLLO
CARDO120
CARDO0130
CARDOL40
CARDO150
CARDO160
CARDO170
CARD0180
CARDO190
CARDO0200
CARDO210

CARD0230
CARDO240
CARD0250

0060
0780
0010

coT
coT
CcoT

1030
1040
1050
1080
1090
1100
1110
1120
1130

coT
CDY
coT
COoT
CoT
CcoT
coT
coT
CcoT




3000 VEL=0.0

3005 DO 3050 I=1,I1

w9010 K=I+1

3015 DO 3050 J=1,12

3020 IF(AMX(K)+AMD(K))S9901+3050,3025

RO

CALL EQUATION OF STATE
3025 CALL ES
3030 IF(ABS(P(K))=1,0E~10)3035+3035,3040
3035 P(K)=0.0
3040 IF(WSGX=VEL)3050% 305003045
3045 VEL=ZWSGX
3050 K=K+IMAX
3055 KDT=1
UVMAX==1.0
3070 DO 3255 I=1,I1
3075 K=1+1
3095 DO 3255 J=1,12
3100 KP=K+IMAX
IF (AMX(K)+AMD(K) ) 9901 +3255 4 _
IF THE DENSITY IS LESS THAN 2(138) WHICH IS A
INPUT NO» THIS CEll. WILL BE BYPASSED
FOR STABILITY CONS{DERATIONS,

4 I CCAMX(K)+AMD(K) )/ (TAUCI)*DY (J) )=2(138))3255,3255+3115
3115 SIG=DX{I) '
3120 IF (DY(J)=SI6)312%:313003130
.3125 SIG=DY(J) :

3130 IF(Z(143))4000,4000,4001

eXeXy!

c SPEED OF SOUND FOI! POLYTROPIC GAS.
4000 WS=SQRT(GMAX*TAU(1)*xDY (J)*ABS(P(K) )/ (AMX(K)+AMD(K)))
G0 TO 3205
C SPEED OF SOUND FOR METALS.

| 4001 WSASABS(P{K))*1.E+4
WS=Z (148)+2 (149) % (YSA*#Z(150) )
WS=WS*1 E=3
3205 WS=WS/SIG
3210 IF(UVMAX=WS)3215,32200,3220
3215 N10=1
N1lzJ
UVMAX=WS
3220 IF(NMAX)1r1,2
1 CONTINUE
3 WSSABS(U(K) ) /TAUCT) %X (1) /+5%«P1DY
60 TO 3225
2 WS=ABS(U(K)}/0X(I)
3225 IF (UVMAX~VS)3230/93235, 3235
3230 UVMAXSWS
N10=1
N11=J
3235 WS=ABS(V(K))/0Y(J)
3240 IF (UVMAX=WS) 32453250, 3250
3245 N10=1
NilzJ
UVMAX=WS
3250 CONTINUE
3255 K=K+IMAX
c SAME TIME CONTROL OPTIONS THAT

coT
CcOT

coT
coT

coT
coT
coT
CoT
coT
coT

coT

coT
coT

CcoT
coT
CcoT
coT

CcoT
coT
coT
CcoT
CcoT
CcoT
coT
CcoT
CcoT
coT
CoT
coT
coT
cor
CoT
CcoT
coT
coT
COT
coT
coT

1149

1200
1320

1340
1350
1360
1370
1380
1390

1410

1430
1440

1450
1460
1470
1480

1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670

1664

1690
1700
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c

O oo ¢

81
83
82

3305
3310
3315
3320
9901
9909
9910
9911
9999

3325

80000FORMAT (17H

EXIST IN OIL

N1G AND N1l CONTAIN THE COLUMN
AND ROW NO, OF THE CELL THAT IS
CONTROLLING OT.
IF(CABLN)90:91,3390
IF(Z(105)=2(139))7001,7000,7000
2(105)=1.

GO TO 7002
Z(105)=2(105)%2(106)
0T=5/VEL/UVMAX%Z(139)%Z(105)
GO TOo 3295

WS=SUVMAX*DT

ViSA=0.5/VEL

IF (FFA-~WSA) 3276032763270
FFASWSA
IF(WS~FFA)3285.33DG'3280
DT=DT/WS*FFB/0.9

GO TO 3295

IF(WS=FFB) 32900323+ 3300
DT=DT*FFA/¥S*0.9

KDT=0

T=T+DTNA
IF(DTRAD)S911,80:81
NR=NRM i

WS=NR

TRAD=DT/WS

GO0 To 82

14S=DT/DTRAD

NR=IWS+}1

IF {NR=NRM) 84184280
NC=NC+1

CYCLE=NC

NPC=NPC+1
1IF(7)9909,3320,3310
IF(KDT)9910,3315,3320
WRITE (698000)T20TNADT
OTNA=DT

GO TO 3325

NK=30Q20

GO TO 9999

NK=3305

G0 TO 9999

NK=3310

G0 YO 9999

NK=85

NR=2

R L T A Tt L

CALL DUMP °

RETURN

L(N+1)=1PE9,3)
END

OCHANGE DT see TS1IPE943011H

DT{N)=1PE9+3,13H

- Ty P v AP 9y gn e -u----"..-..--—--..---—--———-o-—-.'--mm-..— - g I g W=
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SUBROUTINE PHL

xxxssxxick A 2 MATERIAL OIL CODE sekgoforkgorirkk dopk ok ckoloRk

coT

coT
cot

GoT

&7

1730
1740
1750
1766G
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1alg
1920
1930
1940
1950
1960
1970
1980
1990
2000
2020
2030
2049
2050
2060
2070
2080
2090
2100
2120
2130
2140
2150
2160

¢030

—




OO ONOO

3303
3305
3306
3310

oo

" 3311
3307

SINCE WE INITIALIZE THE BOUNDARY CONDITION
AT THE LEFT FOR THE FIRST COLUMN» AND THE
BOTTOM BOUNDARY CONDITION OF THE FIRST CELL»
WE NEED ONLY CONCERN OQURSELVES VWITH
CALCULATING QUANTITIES AT THE TOP AND RIGHT
OF EACH CELL» SINCE THE LEFT AND BOTTOM
HAVE ALREADY BEEN CALCULATED.

#okxxkx STANDARD PHe1l VELOCITIES AT CENTER OF CELL k¥kkideok
INTEGRATION OF VELOCITIES AND INTERNAL ENERGIES
REQUIRING 2 PASSES
ETH1=0,

NRT=0

NRC=0

VEL=1.0 ]
INITIALIZE MID-POINTS OF FIRST. AND SECOND CELL
IN THE R DIRECTION.

RC=DX(1)/2,0

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

AXIS OF SYMMETRY [OUNDARY CONDITIONS

Ks2 -

DO 3302 J=1,JMAX

PL(J)ZP(K)

UL(1)=0.0

K=K+ IMAX

FIRST PASS, CALCUL.ATE U AND V TILDA» AND
THE WORK TERMS USING PRE=-PHI VELOCITIES.
SECOND PASSs CALCULATE ONLY THE YORK TERMS
USING THE NEW VELOCITIES (U AND V TILDA)
DO 3360 I=1,11

Ks1+1

IF(CV1IS)700227003:7003

BOTTOM BOUNDARY IS TRANSMITTIVE.
vBLO=V(K)

PBLO=0,0

GO TO 7004

BOTTOM BOUNDARY IS REFLECTIVE.

V8L0=0,.0

PBLO=P(K)

TAUDTS=TAU(I)*0T

00 3348 J=1.12

PIDTS=1.0/(PIDY%DT*DY(J))

K IS INDEX OF CELL IN QUESTION.

N 1S INDEX OF CELL ABOVE,

N=K+IMAX

IF(VEL)3305,3305:3303

CONTINUE °
IF(AMD(K) +AMX(K?) 9902+ 33%40»3306
IF(IMAX~=1)9903,3311,3310
IF(AMD(K+1) +AMX (K+1))9904,3312,3314

WE AKE AT THE RIGHT BOUNDARY OF THE GRID»
SET PRESSURE GRADIENT TQ. ZEROr AND MODIFY
ETH.,

PRR=PL(J) )

ETHZETH=PRR%=U(K) /PIDTS*RC

60 TO 3313

PH1

PH1
PH1
PHL

PH1

PH1
PH1

PH1
PH1
PH1
PHL
PH1

PH1

PH1
PH1
PH1

PH1
PH1
PH1

PHL

PH1
PH1

PH1
PH1
PH]

PHL
PH1
PHL

0990

1010
1020
1030

1090

1100
1110

1120
1130
1140
1150
1160

1240

1250
1260
1270

1280
1290
1300

1360

1370
1380

1400
1410
1420

1430
1440
1450

— e



83

c THE BOUNDARY CONDITION FOR A EMPTY CELL ON
c THE RIGHTs» THE PRISSURE AT THE RIGHT
o IMNTERFACE=0. AND THE VELOCITY IS THAT
¢ OF THE CELL CENTER,
3312 PRR=0.0 PH1 1460
: 3313 URR=RC#U(K) PH1 1470
60 TO 3316 . PH1 1480
c CALCULATE PRESSURE AND RU AT INTERFACE I
3314 PRR=(P(K)+P{K+1))/2,0 PH1 1490
3315 URR=(U(K)*RC+U(K+1):xRR) /2.0 PHL 1509
3316 1F (JMAX=J) 9905331853320 PH1 1510
c SET PRESSURE GRADIENT TO. ZERO» FOR TOP OF
¢ GRIDs AND MODIFY ETH,
3318 PABOVE=PBLO PH1 1520
3319 ETHZETH-PABOVE#V(I:)/2.0%TAUDTS PH1 1530
GO TO 3323 PH1 1540
3320 IF (AMD(N)+AMX(N))C906s33223324 PH1 1550
¢ CELL ABOVE IS EMPiY, SET TOP BOUNDARY
¢ CONDITIONS, PRESS!'RE AT TOP SURFACE=0,
¢ AND VELOCITY = TH..T OF CELL.
3322 PABOVE=0.0 PH1 1560
3323 VABOVE=V(K) PH1 1570
_ G0 To 3328 PH1 1589
3 CALCULATE PRESSUR: AT INTERFACE (J)
3524 PABOVE=(P(K)+P{N))/2,0 PH1 1590
IF(CVIS)700103325,3325 PH1 1600

- 7001 IF (1-J) 3325700075905 _
BOTTOM BOUNDARY CTHDITION OF GRID IS REFLECTIVE,
AND WE HAVE ALREADY SET THE CONDITIONS.

BOTTOM BOUNDARY O GRID IS TRANSMITTIVE, SET
PRESSURE GRADIENT 70 ZERO AND MODIFY ETH.
7000 PBLO=PABOVE PH1 1630
ETH=ETH4PBL.O*V (K} /2. 0%TAUDTS PH1 1640
C CALCULATE VELOCITY AT INTERFACE (J)
3325 VABOVE=(V(K)I+V(N))/2.0 PH1 1650
3328 IFIVEL)9907:3404 23400 PHl1 1660
C CALCULATE THE U AND V TILDA GUANTITIES
3400 VIK)=V(K)+(PBLO=P/30VE1*TAUDTS/ (AMD(K)+AMX(K)) PH1 1670
3302 ULK)SULKY+F(PL{J)=IRR) 7 (AMX(K) +AMD(K) ) *RC/PIDTS*2,.0 PH1 1710
(o CHECK FOR ADVANCING ACTIVE GRID COUNTERS IN
C THE R DIRECTION.
3404 IF(1=-11)601606005:6005
6005 IF(U(K))660516606:6605
6605 MRCS1
6606 LF(V(K))6607:600%26607
6607 NRC=1
6008 IF(AIX(K)+AIND(K))6015+601626015
6015 NRC=}
5016 CONTINUE
6044 WS=(VBLO~VABOVE)*TAUDTS/2.0%P{K)
. CALCULATE THE CHANGE IN IMTERNAL ENERGY
[ DUE TO PRESSURE FORCES ONLY,
DE=VIST (UL (J)=URR) /PIDTS*P (K)
* 3305 CONTINUE
3331 IF(AMD(K))9908,3332,3334 PHL 1770
3332 AIXUL)I=AIX(K)+DE/AMX(K)

OOOO0O0




3334
+ 3330

(2X g’

" 3338

1y22

QOO

3340

'2XaXz

3342

- 3348

6000
6001
6002
6003
6017
6018
3355

3360

3361
3363

9902
9903
9904

© 9905

, 9906
9907

GO TO 3342
IF (AMXTK) )9909,33369333C
AID{LI=AID(K)+DE/AMD(K)
GO TO 33u2
CONVERT TO SPECIFTIC INTERNAL
ENERGY FOR EACH MATERIAL.
FSSAMX(K) Z7DKE(K) +AMD(K) 7 (1. ~DKE(K))
WSD=DE/(1+~DKE(K))/FS+AID(K)
WSX=DE/DKE(K)/FS+AIX(K)
AIX(K)=WSX
AID(K)=WSD
GO TO 3342
CAME HERE BECAUSE CELL IN QUESTION IS EMPTY.
SET INTERFACE QUANTITIES ASSUMING CELL ABOVE
AND TO THE RIGHT. ARE NOT VOID.
PRR=0.0
URR=U(K+1)*RR
PABOVE=0.0
VABOVE=V (N)
SET RIGHT QUANTITTYES TO THE LEFT (FOR
MEXT CCLUMN SVIEEP) AND ABOVE QUANTITIES
TO BELOW FOR NEXT CELL ABOVE.
VBLO=VABQVE
PL{J)=PRR
UL {J)=URR
K=N
PBLU=PABOVE ‘
CHECK FOR £DVANCITiI!G ACTIVE GRID COUNTERS
IN (J) BIRECTION.
LL=K-~IMAX
IF(U(LL))6000+6002,6000
NRT=1
IF(v(LL))6002+,6003,6002
NRT=1
IF(ALXC(LL)+AID(LLY)6017+6018,6017
NRT=1
CONTINVE
RC=RR
RR=(A(I+1)+X(I+2)) /2,0
CONTINUE
IF(Vel)9911,70301 3363
VEL=0.0
RECYCLE FOR SECOMD PASS.
GO To 3301
£RROR
NK=33505
60 TO 9999
NK=3306 -
GG To 9999
NK=3410
G0 TO 9999
NK=3416
60 To 9999
NK=34320
60 TJ 9999
NK=J3..28
G0 To 9999

PH1

PH1
PH1
PH1

PH1
PH1
PH1
PH1

PH1
PH1
PH1
PH1
PH1

PH1
PH1
PH1

PH1

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

90

1800

2220
2230
2240

2250
2260
2270
2230

2290
2300
2310
2320
2330

2340
2330
2360

2380

2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500

2510

2520
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9¢08 NK=3331 PH1 2530
: 60 TO 9999 PH1 2549
F 99909 MNK=3334 PH1 2550
60 TO 9999 PHY 2560
9911 NK=3361 PH1 2570
; + 9999 NRZ=3 ’ PH1 2580
sk ol ksl s o e Aok ok R ok ) PH1 2590
CALL DUMP PH1 2610
SET VELOCITIES AND INTERNAL ENERGY
(FOK SMALL VALUES) TO ZERO.
ALSC NEGATIVE INTERNAL ENERGIES
7630 DO 10 K=2¢KMAX
IF(ABS(V(K))~Z(1%6))3%01:3401911
3401 ETH}:ETH1+(AMX(K)#AMD(K))/Z.*!V(K)**Z)
ViK)=0,
11 IF(ABS(U(K))-241QG))3u03o3403o12
3403 ETHl:ETH1+(AMX(K)+AMD(K))/2.*(U(K)**2)
U(K)=0,
1 12 CONTINUE
IF(ABS(AIX(K)) =2(1u45)) 8002+8002/,8003
8002 ETHIZETH1+AMX{K) £ATX(K)
s AIXC(KI=O
.89003 IF(ABS(AID(K)) =Z(145)) 3004,8004,8005
- 8004 ETHIZETH1+AMD (K) =ATID (K)
AID(K):OQ
8005 CONTINUE
» 10 CONTINUE
C INCREASE ACTIVE GRID COUNTERS.,
11=11+NRC
12=12+NRT
£ TH=ETH=ETH1
‘ IF(11~IMAX)6100:6100,6200
6200 I1=IMAX
6100 IF(I2=-JMAX)6201,:201,6202
6202 12=JMAX

6201 RETURN
END PH1 2770
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SUBROUTINE PH2
wxxdordkkrxx A 2 MATER1IAL OIL CODE ek s ok s e o ok st e sk Aok A K e AR
PH2 0740

FOR X MATERIAL

AMPY = MASS AT TOP

AMUT = RADIAL MOMENTUM
AMVT = AXIAL MOMENTUM
DELET = SPECIFIC ENERGY

FOR DOT MATERIAL

TOM = MASS AT TOF

TOXM = RADIAL MOMENTUM
TOYM = AXIAL MOMENTUM
TOTE = SFECIFIC ENERGY

FOR X MATERIAL
AM4P = MASS AT RIGHT

nnd-ﬁnn‘nnnonnonon GO0
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AMUR = RADIAL MO!U"MTUM
AMVR = AXIAL MOFIiiTUM
DELER = SPECIFIC CTNERGY

-
.
-
-

FOR DOT MATERIAL

ROM = MASS AT RIGHT
RDXM = RADIAL MON NTUM
ROYM = AXIAL MOMENHTUM
ROTE = SPECIFIC Li=ZRGY

B Cr g s e

FOR X MATERIAL

AMMY = MASS AT BO17TOM
AMMU = RADIAL MOMTMTUM
AMMV = AXIAL MOMEL.TUM
DELEB = SPECIFIC LiIERGY

FFE

FOR DOT MATERIAL

BOM = MASS AT BOTVOM
BOXM = RADIAL MO.. NTUM
BDOYM = AXIAL MOMEITUM
BOTE = SPECIFIC E!'“RGY

LI R 1]

FOR X MATERIAL

GAMC = MASS AT THE LEFT
FLEFT = RADIAL MQ. ZNTUM
YAMC = AXTAL MOMEITUM
SIGC = SPECIFIC &I ZRGY

FOR DOT MATERIAL
DMASL = MASS AT T: < LEFT
DXML = RADIAL MOM .ITUM
DYML = AXIAL MOME! TUM
DENRG = SPECLFIC « JERGY
ETH1=0,
RECYC=0.,
1 NRT=0 PH2 1620
] NRC=0 PH2 1030
1 REZ=0.,0 PH2 1040
CALL SLITE (0) PH2 1050
PIDTS=1,0/(PIDY*0T) . PH2 1060
C SET BOUNDARY COND.TIONS FOR THE AXIS OF SYMMETRY
101 DO 103 J=1,JMAX PH2 1070
102 GAMC(J)=0.0 PH2 1080
FLEFT(J)=0,0 PH2 1090
SIGC(J)=0.0 PH2 1110
OMASL(J) =0,
DXML(J) =0,
DYML(J)=0.
DENRG(J) =0,
103 CONTINUE PH2 1120
¢ BEGIN DO LOOP ON I
104 DO 547 I=1,I1 PH2 1130
J=1 PH2 1140
" 105 K=I+1 PH2 1150
80 IF(AMA{K)+AMD(K))9900,97,81
&1 IF(V(K))82,97197 PH2 1170

OGO OOOOOOOOOOOOOVION
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35

106

10

11

99
98

107
108

93

NO MASS FLUX

AMMV=0.0 PH2 1180
BDYM=0,

GO TO 98

CHECK BOTTOM BOUNDARY CF GRID

IF(AMX(K))9900,2¢3

DOT ONLY

ND=1

GO TO 6

IF(AMD(K))9900,4¢5

X Oy

NO=0

GO T9 6

MIX£o CELL

ND=~1

MASS OUT OF THE BOTTOM OF THE GRID

WS= (AMX{K) +AMD(K) ) =V (K) /DY (J) %DT

CHECKR FOR MORE THAN EMPTYING THE CELL

IF{vistAMX(K) +*AMD(K) ) 80919

AMMY ==AMX (K)

BDM=-AMD (K)

GO TO 85

THE RESPECTIVE FLUZES ARE PROPORTIONATE VO THE MASSES
WSA=AMX (K) +AMD (K)

AMMY=uSxAMX (K) /7WSA

BOMT e S*AMD (K) /WSA

IF(CVIS)10&:99999

BOTTOM BOUNDARY IS TRANSMITTIVE.

WS (UIR) %%k 24V (K) *u:2) /2,

IF{NG)Y11010031

X MATERIAL ONLY

AMMUZAMMY*U(K)

AMMY=AMMY %V (K)

DELES=AIX(K) +WS

ETH=cTH+AMMY*DELEB

GO To 107

DOT FOX SURE AND PERHAPS X ALSO

SOXM=LIM*U(K)

BOYM=GDM®V (K]

BOTE=AID(K)+WS

ETH=:TH+BDM=BDTE

IF(NU}L0»1070107

BOTTO BOUNDARY IS REFLECTIVE

AMMV =2 o xAMMY*V (K)

BOYM=«. xBDM%V (K)

AMMY=0,

BOM=0.

AMMUZ0,

BDXM:O [

DEL(‘.J:O .

BOTE=0,

BEGLivy ©0 LOOP IN THE J DIRECTION

DO S4b J=1.12 PH2 1340
l.oK+ s MAX PH2 1350
VEL=3.0 PH2 1390
FS=9.0 PH2 1400
HEG. . CALCULATION OF VABOVE,
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ok

210 IF(UMAX=J)211,211:207 PH2 1410
AT TOP BOUNDARY OF GRID.
211 VEL=1.0 ’ PH2 1420
G0 TO 208 PH2 1439
207 IF(AMX(L)+AMD(L))215,215,214
: 214 IF(AMX(K)+AMD(K))216+216,209
216 VABOVE=V(L) ) PH2 1460
GO TO 212 PH2 1470
215 IF(AMX(K)+AMD(K))705,2050208
205 VABOVE=0.9 PH2 1490
GO TO 212 PH2 1500
208 VABOVE=VIK) PH2 1510
60 TO 212 : PH2 1520
209 VABOVE=(V{K)+V(L)}/2,0 PH2 1530
212 CONTINUE PH2 1540
C NOW WE HAVE VABOVE
c BEGIN CALCULATION OF URIGHT
404 IF(IMAX-1)412,412%405 PH2 1580
405 IF(AMX(K+1)+AMD(K+1))411,411,409
409 IF(AMX(K)+AMD(K) )L 10,410,407
410 URR=U(K+1) PH2 1610
GO TO 408 PH2 1620
41l IF (AMX(K)+AMD(K))%03,403+406
- 403 URR=0.0 PH2 1640
GO 7O 408 PH2 1650
412 FS=1.0 PH2 1660
- 1506 URR=U(K) PH2 1670
G0 TO 408 PH2 1680
497 URR:(U(K)+U(K+1))/200 PH2 1690
408 CONTINUE PH2 1700
109 CONTINUE -
c CHECK HERE FOR EMPTYING THE PROJECTILE FOR
C IMPACT PROBLEMS
c Zi112) = INITIAL AXIAL VELOCITY
C Z(113) = EPSILONICS)» LIKE +05
301 IF(VABOVE)300,3042302 PH2 1720
302 IF(AMX{K)+AMD(K))S900,304,8800
8800 IF(J~1)9900,303,8801 PH2 1740
8801 KP=K-IMAX . PH2 1750
IF (AMX (KP)+AMD(KP))9900,8803+303
8803 IF(ABS(VABOVE‘Z(llZ))/2(112)“2(113))306!303'303 PH2 1770
303 M=K PH2 1780
JJ=J PH2 1790
50 To 307 PH2 1800
304 AMPY=0.Q PH2 1810
TOM=0o
308 AMUT=0,0 PH2 1820
ToOXM=0, )
AMVT=0,0 PH2 1830
TOY =006
. DELET=0.0 PH2 1840
: TOTe=0,
6O TO 501 PH2 1850
. 300 IF(VEL)9901,305, 304 PH2 1860
© 305 IF(AMX(L)*AMD(L))9903!30“'306
306 M=L PH2 1880

JJu=Jd+1 PH2 1890




307

6130

OO0 OO0

6140
501
502

‘503

S04

500
506
507

508
6100

6110

9500
4600
170
172

SRR

i74

T173

190

IF(VEL)6130,6130,6140
WSAS(V(K)+V(L))/2.0

WSBZL 0+ (VL) =VIK}) Z(DY(JJ) xSBOUNV) DT
VABOVE=WSA/WSB

HERE WE HAVE CALCULATED THE MASS FLUX AT THE ToP,
THIS MAY CONSIST OF BOTH X AMD DOT
MATERIAL» NO DISTINCTION VET.

AMPY=(AMX (M) +AMD (11) ) xVABOVE/DY (JJ) *DT
IF (URR) 500,504,502

IF (AMX(K)+AMD(KJ))C300,504/+503

M=K

N=1

GO T0 508

AMMP=0.0

AMUR=0,.0

AMVR=0,.,0

DELER=0.0

ROM=0.,

RDXM=0,

RDOYM=0.,

RDTE=0,

GO T0 9500

IF(FS)9905,506,50"

LF (AMX(K+1) +AMD(K+1))9904,504,507

M=K+1

N=I+1

IF(FS)6100,610006110
WSAS(U(K)+U(K+1) )/ 2,
WSB=1.0+{UK+1)~U{l))/Z7(DX(N)*xSBOUND)*DT
URR=WSA/YISB

DEN=(AMX (M) +AMD (M} )} /TAU(N)

HERE WE HAVE CALCU ' ATED THE MASS FLUX AT THE
RIGHT» THIS MAY CC.ISIST OF BOTH X AND DOT
MATERIAL» NO DIST..ICTION MADE YET
AMMP=DEN/PIDTS%X(?)/,5%URR

BEGIN HERE TO CALCULATE THE FLUX FOR
EACH MATERIAL» THZ FIRST PASS THROUGH.
WE CALCULATE THE {1LUX FOR BOTH

MATERIALS (IF NECISSARY) AT THE TOP» THE
SECOND PASS IS FOR THE RIGHT SIDE.

NOTE» THE RULES T FOLLOW FOR
TRANSPORTING OF BOTH MATERIALS ARE
“XPLAINED IN DETAIL IN THIS REPORT

IF(AMPY)13% 2694600

IF CAMX (L) +AMD(L) ) 5900,170, 14
IF(AMX(K) ) 17191724172
IF(AMD(K) ) 173,173,722
CONTINUE

TOM=AMPY

GO TO 733

G0 TO 26

IF CAMX(K) +AMD(K))9900+190 14
IF(AMX(L) 119121910192

PH2

PH2
PH2

PH2

PH2
PH2
PH2
PH2
PH2
PH2
PH2

PH2
PH2
PH2
PH2

PH2
PH2

PH2

95

1900

1920
1930

1950

1970
1980
1990
2000
2010
2020
2030

2050
2070
2080
2090

2110
2120

2140



IF(AMD(L)) 1930193223

IF(AMDIL) +AMPY)19%, 194,194

TOM=AMPY

GO To 733

GO TO 733

IF(AMX(L) +AMRY) 197526026

GO TO 26

IF (AMX(L))9900,16,18

ND=1

GO To 17

iIF(AMD(L))9900,19:20

ND=0 ’

GO To 17

ND==1

1F (AMX(K))9900,73:75

NX=1

GO TOo 720

IF(AMD(K))9900,76:51

NX=0

GO TO 720

NX==1

1IF (AMPY) 22,260726

IF(NX)24925025

1F(NDJ) 150193028

TOM=0.

GO TO 27

IF(ND)230193:28

IF (AMX(K)+AMD{K) ) 975,975,976

KK=L .

60 TOo 977

KK=K

¥S=AMX (KK) +AMD (KK)

WSASAMPY

AMPY=VISAAMX (KK) /S

TOM=vISA*AMD (KK) /WS

CONTINUE

60 To 27

TOM=AMPY ,

IF(TOM+AMD(L) ) 732,732¢733
TOM = ~AMD(L)

AMPY=0.

GO0 TO 27

IF(NX)9900,29:31

IF (AMX(L)+AMPY) 32:26526

WS=AMX (L) +AMPY

AMPY=~AMX (L)

IF(AMX(L))9401,9401,33

AMPY=0, )

IF (WS+AMD(L) ) 3593434

TOM=WS

60 T0 27

TOM==AMD (L)

G0 To 27

IF (AMD (L) +AMPY) 721,99400,9940

TOM=AMPY

AMPY:OO

G0 TO 27

o m————— e i —p— — o~




724

128

70

47
48

TOM=~AMD(L)
WS=AMD (L) +AMPY
IF(wS+AMX (L)) 39238, 38
AMPY=WS

GO To 27

AMPY==AMX (L)

G0 TOo 27

1IF (AMX (L) +AMD(L)) 97209729970
KK=K
G0 To 971
KK=L
WSZAMX (KK) +AMD (KK)
wSAZAMPY
AMPY=VWSA*AMX (KK) /HS
TOM=WSA®AMD (KK) /%S
CONTINUE
CONTINUE
6" TO 27
IF{(ND)41,40,40

IF(NX) 4297300171
CONTINUE
G0 TO 26

IF(NX) 722017303471
IF(ND)9900, 600721

IF (AMX(K) =AMPY) 723126126
WS=AMX (K) =AMPY
AMPY=AMX (X)
IF(YS+AMD(K) ) 46115245
TOM==~WS
60 To 27
TOM=AMD(K)
G0 TO 27
IF(AMD(K)-AMPY)?Q:128v128
TOM=AMPY
AMPY=0,
60 TO 27
TOM=AMD(K)
S=AMD (K) =AMPY

IF (WS+AMX(K) ) 49:48,48
AMPY ==WS
GO To 27

AMPY=AMX (K)
60 TO 27
CONTINUE

IF(RECYC) 1522150,152
RECYC=1.,
SAVE1=AMPY
SAVE2=TDM’

ISAVEL=K

ISAVE2=L

=K+l
AMPY=AMMP
TOM=0.
60 TOo 9500

AMMP=AMPY
ROM=TOM

AMPY=SAVEL

97
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3n06
3007
3002

3008
3009

- 3010

3013
3012

3011
3014
3016

3017

3615
3018
3019
3020
3021

3022
3023

3025
3026
3027
3028

30630
3049
3050
3051
3052
3100

TDOM=SAVE?2
K=ISAVEl
L=ISAVE2
RECYC=0,

NOW» WE HAVE THE % POSSIBLE FLUXES»
NOW BEGIN CHECKInG FOR PREFERENTIAL
MASS MOVEMENT BECAUSE OF CHOICE OF
INDEXING.

THE LOGIC OF CHECKING INVCLVES LOOKING
AHEAD IN THE J AND I DIRECTIONS» THE
PROGRAM CONTINUES FOR THE NEXT 5

PAGES OR SO UP TO STATEMENT NO., 5500

IF (GAMC (J) +DMASL{.J) ) 3007,3002, 3002
WSZAMX (K) +GAMC (J)
WSASAMD (K) +DMASL (1))

GO TO 3008

¥S= AMX(K)

WSA=AMD (K)

IF(AMMY+8DM) 300©:5010,3010
WSZWS+AMMY

WSAZWSA+BDM

IF(AMPY+TDM) 3012,3013,3011
TF=0,

GO TO 3014

TF==1.

GO TO 3014

TF=1,

IF (AMMP+RDM) 3017,50160 3015
TR=0,

GO TO 3018

TR==1,

60 TO 3018

TR=1.0
IF(TF)3030,3019, 3019
IF(TR)3025,302523020
IF(N&“AMPY-AMMP)6021'302293022
#SSSAMPY+AMMP
AMPY=AMPY/WSS*WS
AMMPSAMMP/9SS*WS

IF (WSA=TDM=ROM) 3023, 30243024
WSS=TDM+RDM
TOMSTDM/VISSHWSA
ROM=RDM/UWSS*WSA

GO TO 3024

IF (1S~AMPY) 30261+ 3027, 3027
AMPY=WS

IF(WSA-TOM) 302893100,3100
TOM=uSA

GO TO 3100
1IF(TR)3100,3100+3040

IF (wS~AMMP) 3050+3051,3051
AMMPZWS

IF (WVSA-RDM) 30529 3100,3100
RDM=VISA
IF(TF)3159,3200+ 3200

PE————



3159
3101
3102

3103
3104
3158

3105

3150
3151

3152
3153
3154
3155

3157
3156
3166
3500
3501

3502

3503
3162

3504

3505
3506
3900
3507

3509

3508
3901
3510

3511
3512
3513

3Hlh
3515

3516
3518

IF(VEL)3101,3101,3200
IF(FS)3103,3103,3102
FRAZUAL)

60 TN 3104
FRAS(U(L)+U(L+1)) /2,
IF(FRA) 3158315323105
FRA=0,

GO TO 3150

FRASFRA®* (AMX (L) +AMDIL) ) /(TAUCT)*xDY(J) ) %2 %PIDY
1xX(1)*DY(J+1)*DT

IF(J+i=JMAX)3152,315)1,3152
FTASV(L)

KA=L

GO To 3154

KA=L+IMAX

FTAS(V(L)+V(KA))*.5
IF(FTA) 3155, 315553157

FTA=0.

60 TO 3156
FTASFTARx(AMX(L) +AMD(L) ) *DT/DY(J)
IF(DKE(L})3166:%5200,3166

GO TO 3500

IF({GAMC (J+1)+DMASL(J+1))3502,3501,3501
WS1=AMX(L)

wS2=AMD(L)

GO TO 3503
WS1=ANX (L) =GAMC(J+1)
WS2=AMD (L) -DMAS!. (J+1)
IF(AMPY+TDM) 3501231623162
WS=0,

WSAZ0.

GO TO 3505

YWSSAMPY

WSA=TDM

IF(FTA)3700+3700+3506
IF{DKE(L))3900,3508,3508
IF(DKE(L)+1.,)3507+3509,3509
WSEWS=FTA

GO TO 3700

ViSASVISA=FTA

GO TO 3700

IF(DKE (KA))390103901,3510
IF(DKE(L)+1.0)3515,3511,3511
FTAX=AMX (KA)/ (AMX(KA) +AMD(KA) ) *FTA
FTAD=AMD (KA) Z (AMX(KA)+AMD(KA) ) *FTA
GO0 TO 3520

FTAD=FTA
IF(AMD(L)Y=FTAD)3514,3513,3513
FTAX=0.

G0 To 3520

FTAX=FTAD=~AMD (L)

FTAD=AMD (L)

GO0 TO 3520

FTAX=FTA

IF (AMX(L)~FTAX)3517+,3518¢3518
FTAD=0.

O TO 3520



FTAD=FTAX-AMX(L)
FTAX=AMX (L}
G0 TO 3520
VS=VS~FTAX
WSA=WSA=FTAD
GO TO 3700
IF(FRA) 3800038003701
IF(DKE(L))3902,3%02,3708
IF(DKE (L) +1,)37022,3703:3703
KSASWSA=FRA
GO TO 3800
WS=WS=FRA
GO 70 3800
IF(DKE(L+1))3903;3903'3710
IF(DKE(L+1)+14)3715,3711,3711
FTAXSAMX (L+1) /7 (AMX(L+1) +AMD (L+1} ) *#FRA
FTAD:AMD(L+1)/(AMX(L+1)+AMD(L+1))*FRA
WS=WS~FTAX
WSA=WSA=FTAD
GO TO.3800
FTAD=FRA
CIF (AMD(L+1)~FTAD)371493713,3713
FTAX=0,
GO To 3750
ETAX=FTAD~AMD (L+1)
FTAD=AMD (L+1)
GO TO 3750
FTAX=FRA
IF (AMX(L+1)=-FTAX)3719,3718,3718
i FTAD=0.
GO TO 3750
FTAD:FTAX-AMX(L+1)
FTAX=AMX (L+1)
GO TO 3750
IF (~1S=WS1) 380205802, 3801
AMPY:~AMPY/WS*WSL
IF (=WSA=1IS2) 320013200, 3803
TDM=~TDM/WSA*WS2
1IF(TR)4010,3024, 3024
WS1=AMX (K+1)
WS2=AMD (K+1)
IF(J=1)3999,400%,3999
IF{I~-IMAX) 4002, 3024:4002
FB=V(K+1)
IF(CVISIu00%r4005:4005
IF (I-IMAX)4003,3024,4003
I KBzK+1=IMAX
FB=(VIK+1)+V{KB) ) %5
IF(FB?%OO6;4005:Q005
WS:O.
WSA=0,
GO TO 4100
5 IF(DKE(K+1))4030:3024:4007
7 KBoK+1-IMAX
FB=FB*(AMX(K+1)+AMD(K+1))/DY(J)*DT
IF (DKE(KB) ) 40144013,4011
3 KB=K+1
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60 TO 4011 101
4011 FBAXZAMX(KB)/(AMX(KB)+AMD{KB))*FB
. FBAD=AMD (KB) / (AMX(KB) +AMD {KB) ) *FEs
4012 KS=WS+FBAX
WSAZWSA+FBAD
: GO TO 4100
4014 IF(DKE(KB)+1.0)4915,45019,4019
4015 FBAX=FB
, 4016 IF (AMX(K+1)+F8)4018,4017,4017
4017 FBAU=0,
GO Ty 4012
4018 FBAX=~AMX(K+1)
FBAD=AMX (K+1) +FB
GO TO 4012
' 4019 FBAD=FB
? 5020 IF (AMD{(K+1)+FB)4022,4021,4021
402% FBAX=0.
: 60 TO 4012
\l 4022 FBAD==AMD(K+1)
‘ FBAX=AMD(K+1)+4F8
GO TO 4012
4030 FB=F8* (AMX(K+1)+A4D(K+1)) /DY (J)*DT
. IF(DKE(K+1)+1,0)2032,4031,4031
© 4032 VWS=WS+HFR
GO TO 4100
4031 WSA=WSA+FB
* 5100 IF(I+1=-IMAX)4102:410104102
4101 FRR=U(K+1)
G0 TO 4103
4102 FRR=(U(K+1)+U(K+2))%,S
4103 IF(FRR)4200,4200: 4104
4108 IF(DKE(K+1))4130:4200,4105
4130 FRRZFRR#*(AMX(K+1)+AMD(K+1))/(TAU(I)*DY(J))*2,0%PIpY
1xX{I+1) %07
3 BIGO IF(DKE(K+1)+1.000141,0102,4142
| 4141 WS=WS=FRR
GO TO 4200
( B142 WSASHSA-FRR
| GO TO 4200
| 4105 KR=K+2
| 4106 FRR=FRR*(AMX(K+1)+AMD(K+1))/LTAUCI)*DY(J))*2,0%PIDY%

IX(1+1)#DT
f 4107 IF(DKE(KR))4110+4109,4108
4109 KR=K+1
| G0 TO 4108
| 4108 FBAX=AMX(KR)/ (AMX (KR)+AMD {KR) ) *FRR
FBAD=AMD (KR)/ (AMX (KR) +AMD (KR) ) *FRR
4150 WS=WS=FBAX
WSASWSA-FBAD
. GO TO 4200
. 4110 IF(DKE(KR)+1.0)411254111s4111
4111 FBAD=FRR
4116 IF (AMD(K+1)=FRR)4118,4117,4117
5117 FBAX=0.,
! GO TO 4150 .
4118 FBADZAMD(K+1)
F2AX=FRR=AMD (K+1)




1]

4112
4113
41ly

4115

4200
4201
4202

4203
4204
4205
4206
4207
4208
212

4209
4210

‘4211

4220

- 221

aOOco

4222
4250

4230
n224
4225
4226

w227

4223
4228
229

231

5500
4301
4302
4303
3024

GO TO 4150

FBAX=FRR

IF (AMX(K+1)=FRR) 115, 41144510
FBA[):O »

60 TO 4150

FBAX=AMX (K+1)
FBAD=FRR=AMX{(K+1)

60 TO 4150
IF(VEL)4203,4203,1201
IF(FS) 4202, 42024300
FAB=V(K+1)

G0 TO 4206
IF(FS)4204,42044700
KA=K+1+IMAX
FAB={VIKA)Y+V(K+1)) %65
IF(FABYU30024300.,74207

FABZFAB* (AMX (K+1)+AMD {K+1)) /DY (J) *DT
IF(DKE(K+1))4209: 130004212
KASK+1+IHMAX

GO To 4220
IF(DKE(K+1)+1.0)1710,4211 4211
VS=vS—~FAB

GO TO 4300

WSA=WSA~FAB

GO TO 4300

IF (DKE(KA)) 4230047214222
KAZK+1

w0 TO 4222

EBAX=AMX (KA)/ (AMY.{KA) +AMD(KA) ) *FAB
FBAD:AMD(KA)/(AMX(KA)+AMD(KA))*FAB
wSSWS=FBAX

HSA=WSA-FBAD

60 TO 4300
1F(DKE(KA)+1»O)42?4:4223:#223
FBAX=FAB

IF (AMX (K+1)=FAB) 227, 4226, 4226
FBAD=0,.

GO TO 42590

FBAX=AMX (K+1)

FBADZFAB=AMX (K+1}

GO0 TO 4250

FBAD=FAB
IF(AMD(K+1)~FAB)4231:4229,4229
FBAX=0,

GO TO 4250

FBAD=AMD (K+1)
FBAX:FAB*AMD(K+1)

GO TO 4250

IF (=yS=1S1)4302,4302,4301
AMMP:-AMMP/WS*WSl

IF (~WSA=\S52) 302454303, 4303
RDM==ROM/1SA*VIS2

CONTINUE

FINIS OF ELABORATE LOOK AHEAD.
CHECK POSSIBLE OFTIONS TO LIMIT THE
MAGNITUDE OF THE FLUXES
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550U
55001

* 02

5503

5504

5600
5601
5602
5603
5604
5700
5701
5702

5703

. 5704

5800
5801

© 5802

5803
5804

5900
900
901
903
904
905

902

920
921
Q23
924
925

922

930
931
932
940
gl
942
v54

74

IF(AMPY) 5504,56023:5501

IF{VEL) 550215562:5600

WS TAU( T %Y {U+1)

IF(AMPY/WS = Z{144%)) 5503,5503,5600
AMPY=0,

GO TO 5600

WS=TAU(I) *x0Y(J)

IF(=AMPY/YS = Z2(144)) 5503:5503:5600
IF(TOM) 5604:5700,5601

IF (VEL) 5602156025700
WS=TAU(I) %DY (J+1)

IF(TOM/WS = 2(143)) 5603:,5603+5700
TOM=0. .

GO 70 5700

WS=TAU(1) *0Y (J)

IF(=TDM/WS = Z2(183)) 5603+s5603,5700
IF{AMMP) 5704,5800,5701
IF(FS)5702:570225300
WSSTAULI+1) DY (J)
IF(AMMF/HS=Z(14%)) 5703+5703:5800
AMMP=0,

60 TO 5800

WS=TAU(I)*pY(J)

IF (=AMMER/VS~2(140:)) S5703+5703.,5800
IF(RDM) 5804+5900:5801
IF(F5)5802,5802,5900
WS=TAU(T)+DY (J)

IF(ROM/WS=-Z(143)) 5803+5803,5900
RDM=0.

60 TO 5900

WS=TAU(I)*DY ()

IF(~RDOM/VS = 2(1%43)) 5803+5803+5900
CONTINUE

IF(AMPY) 9010920,920

IF(GAMC(J+1)) 903+,902,902
WS=AMX (L) +GAMC (J+1)

IF(WS + AMPY) 9059920,920

AMPY ==WS

G0 TQ 920

wS=AMX (L)

GO TO 904

IF(TOM) 921,9300930

IF(DMASL(J+1)) 923:,9221922
wS=AMD (L) +DMASL (J+1)}

IF(WS+TOM) 9259930,939

TOMz«WS

GO TO 930

WSAMO (L)

GO TO 924

IF(AMMP) 931,940,940

IF(AMX(K+1) + AMMP) 932,940,940
AMMP==AMX (K+1)

IF(RDM) 941,954,954

IF(AMD(K+1) + RDM) 942,954,954
ROM==AMD(K+1)

CONTINUE

JTAG=0

1C3

PH2 2260




T

309

8833
» 8835
8836

- 8837

"
IO

8838
8834
8839
8840
e84l

318

322
323

6gr?

324

325
8831

326
327
3208
329

330
331

332
333
8810

IF (AMPY+TDM)8834:38317,8833

IF (UMAX=J) 9911, 31318835

KP=K+IMAX

IF (AMX(KP) +AMD(KP))990008837,318

RULES FOR TOP FR-i SYRFACE WITHIN THE GRID
IFCCAMPY+TDM) /{TAU(I) %*DY(J) ) ~TOZONE) 8838:,318, 318
AMPY=0,0 '
TOM=0,

GO To 8831

IF(J-~1)9911, 32522339

IF (AMX(K)+AMD(K))9900,8840s 325

RULLS FOR BOTTOM FREE SURFACE WITHIN THE GRID
IF ((~AMPY=TOM) / (TAU(TI)*DY(J+1) ) =TOZONE) 88419325+ 325
AMPY=0,0

TDM=0.

GO TO 8831

DELM=GAMC (J) +AMMY ~AMPY

DELMO=DMASL (J) +BL.i~TDM

1IF(VEL)9901+32%41 323

WSZU(K) £%x2+V (K) %42
ETHSETH=AMPY* (AT 1K) +1S/2.0)
ETH=ETH=TDM*x (AID (L) +WS/2,)

A TRANSMITTIVE SUIFACE AT TOP GRID BOUNDARY:
CHECK FOR SUFFICfINT MASS TO TRIGGER REZONE.
IF (CAMPY+TOM) /(TAU(T) *xDY (J) ) =TOZONE) 324+ 32416900
REZ=1.0

CALCULATE THE Mo/ CNTUM OF THESE TOP FLUXES
AMUT=AMPY*U(K)

AMVT=AMPY =V (K)

TOXM=TDM*U (K)

TOYM=TDOM*V(K)

GO TO 326

CONTINUE

CALCULATE THE MOI"INTUM OF THESE TOP FLUXES
AMUT=AMPY*U (L)

AMVT=AMPY*V (L)

TOXM=TDM*U (L)

TOYM=TOM*V (L)

DELM = MASS AT LEFT + BOTTOM - TOP FOR X MATERIAL
DELM=GAMC (J) ~AMP +AMMY

DELMD = SIMILAR FUNCTION FOR DOT MATERIAL
UELMO=DOMASL (J) +BOM=-TDM

IF{AMPY) 32713281328
VELETSAIX (L) +(ULL) %24V (L) *22) /240

G0 TO 333

IF (AMMY) 32913309330

VELET=DELEB

GO TO 333

LF{GAMC(J)) 331,332,332

OELET=SIGC(J)

60 70 333

NWOw WE HAVE SPECIFIC ENERGY CARRIED BY

THE X FLUX.
DELETSAIX(K) #(U(K) *x2+V(K) %%2) /240
IF(TuM)&210,8811,88118

TOTEZAID (L) +(U(L) %2+ V(L) %%2) /2,

GO0 TOo 8817

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

104

3400
3410

3440

3450
3460

3490

3500
3510

3520
3530
3540

3560

3570
3580

3590
3600

3610
3620

3630

3640
3650
3660
36.0
3680
3690
3700
3710
3720

3730



OO0

<

C
c

8s11
a8la

£33
0314

509
8844
8845

846
8847

3843
8848

8449
8850

IF(BOM)8812,8813,8813

TOTE=BDTE

G0 TO 8817

IF(DMASL(J) ) 8814,0315,8815

TOTE=DENRG(J)

GO TO 8817

NOW WE HAVE SPECIFIC ENERGY CARRIED BY
THE DOT FLUX
TOTE=AID(K) + {U(K) »224+V(K) *%2) /2,

SUM UP EACH COMPONENT OF MOMENTUM

FOR EACH MATERIAL: EXCEPT THE RIGHT FLUX
AND MOMENTA OF CELLL IN QUESTION.
SIGMUSFLEFT (J) +AM U=-AMUT
SIGMUD=DXML(J) +BD I M~-TDXM
STGMV=YAMC (J) +AMMV ~AMVT
SIGMVD=DYML (J) +BD14=TDYM

SUM UP THE CHANGE IN ENERGY (BOTH X

AND ,) FQR THE CElI', IN QUESTION EXCEPT
FOR ENERGY AT THE RIGHT AND ENERGY OF THE
CELL IN QUESTION.
DELEK=GAMC(J) *SICGC(J) +AMMY*DELEB-~AMPY*DELET
CoLED=DMASL (J)*DE: 26 (J) +BDOM%BDOTE
1-TOM=*TDTE

IF (AMMP+RDM) 8843, 13,8844
IF(IMAX=1)9911,51 ;8845
IF(AMX(K+1; +AMD(K 1))9900,8846¢1518

RULES FOR FREE SU. FACE AT THE RIGHT WITHIN
THE GRID.

IF CCAMMPARDM) Z(TAH(T) DY (J) ) ~TOZONE) 88475189518
AMMP=0,0

ROM=0.

60 TO 518

IF(I~1)9911,512:878
IF(AMX(K)+AMD(K) ) 900:8849,512

RULES FOR FREE SU. :"ACE AT THE LEFT WITHIN
THE GRID.

IF ( (=AMMP=ROM) /(T U(I+1)%DY(J) ) =TOZONE)8850:512:51i2
AMMP=0,0

ROM=0.

GO TO 518

NOW DELM = CHANGE IN X MASS FOR CELL K
DELM=DELM~AMMP+AMI{(K)

NOw DELMD = CHANGE IN « MASS FOR CELL X
DELMD=DELMD~ROM+AND(K)

CONTINUE

CONT INUE

CALCULATE THE MOMENTUM OF THE RIGHT FLUXES
AMURZAMMP XU (K+1)

ROXM=RDM*U(K+1)

AMVR=AMMPRY (K+1)

ROYM=RDM*V (K+1)

GO TO 525

NOv DELM = CHANGE IN X MASS FOR CELL K
DELM=DELM=AMMP+AMX (K)

NOw DELMD = CHANGE IN . MASS FOR CELL K
uELMD=DELMD~ROM+AMD (K)

C INTINUE

PH2

PH2

PH2

PH2

PH2
PH2

PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2
PH2

PH2

105

3750

3760

3780

3810

3820
3830

3860
3870
3880
3890
3900
3910
3920
3930

3940

3950




106

922 IF(FS)9905,524,523 PH2 3960
523 WSZU(K) %x2+V (K) *%2 PH2 3970
ETH=ETH=-AMMP* (AIX(K)+WS/2.0) PH2 3980

ETH=ETH=-RDM* (AID(R) +1S/2,0)

A TRANSMITTIVE SURFACE AT RIGHT GRID BOUNDARY»
CHECK FOR SUFFICIENT MASS TO TRIGGER REZONE.

IF (CAMMP+RDM) / (TAU(I)*DY (J) ) =TOZONE) 524, 52416901

6901 REZ=1.0 PH2 4000

524 AMUR=AMMP*U(K) PH2 4010
ROXM=RDM*U(K)

AMVR=AMMP*V (K) PH2 4020

ROYM=RDM*V (K)
MOW SUM THE NET MOMENTA CHANGES
BY THESE FLUXES

525 SIGMU=SIGMU-AMUR PH2 4030
SIGMUD=SIGMUD~RDXH
SIGHV=SIGMV=AMVR PH2 4040
SIGMVD=SIGMVD=-RDY! '
526 TIC=0.0 PH2 4050
527 IF (AMMP)52815290529 PH2 4060
528 DELERZAIX(K+1)+(U(K+1)*%2+V(K+1)#%2)/2,0 PH2 4070
GO To 537 PH2 4080
529 IF(AMMY)53095319531 PH2 4090
530 DELER=DELEB PH2 4100
GO0 TO 536 PH2 4110
531 IF(GAMC(J))532¢533+533 PH2 4120
532 DELER=SIGC(J) PH2 4130
GO TO 536 PH2 4140
533 IF (AMPY)535,535:534 PH2 4150
534 DELER=DELET PH2 4160
GO To 536 PHz 4170
c NOW WE HAVE THE SPECIFIC ENERGY FOR FLUX
C AT THE RIGHT FOR X MATERIAL
535 DELERZAIX(K)+(U(K)%x2+V(K)*x2)/2,0 PH2 4180
536 TIC=1.0 PH2 4190
c NOW wE HAVE TOTAL CHANGE IN ENERGY BY
c THE 4 FLUXES FOR X MATERIAL
$37 DELEK=DELEK~AMMP*DELER PH2 4200

999 IF(RDM)700,701,701
700 ROTESAID(K+1)+(U(K+1) xx2+V(K+1) %x%2) /2,
G0 7¢ 710
701 IF(BDM)702,703,703
702 RDTE=BDTE
GO0 To 710
703 IF(DMASL(J))T704+705,705
704 ROTE=DENRG(J)
GO0 TO 710
705 IF(TDM)706,706,707
707 RDTE=TDTE
. GO To 710
C NOW,» THE SPECIFIC ENERGY FOR THE FLUX
C AT THE RIGHMT FOR DOT MATERIAL.
706 RDOTE={U(K)*x2+V(K)*%x2)/2,+ATD(K)
T NOVW WE HAVE TOTAL CHANGE IN ENERGY
C BY THE 4 FLUXES FOR DOT MATERIAL.
710 DELED=DELED-~-RDM=*RDTE




AH) -
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‘cooo

OOOO

239

3998
997
712
7i3
715
714
o540

9953
6604
6605
6606
6607
6508
6609
6610

603

Su2

750
751

752
753

754%

WS=(U(K) #x2+V(K)*¥%2) /2,0

IF(DELM) 9987129712
IF(AMX(K)*1,E~6+DELM) 9906019979997
OELM=0.

IF(DELMD) 71327182714

IF(AMD(K) *1 . E~6+DELMD) 990607150715
DELMD=0.

CONTINUE

ENKSAMX (K) * {WS+ATX(K) ) +DELEK
DENK=AMD(K) % (WS+AID(K) ) +DELED
VSASDELM+DELMD

IF(USA)SY3,543,501

CONSERVE MOMENTUIT TO CALCULATE THE
RADIAL VELOCITY COMPONENT

U(K)S(SIGMU+SIGMUN+ (AMX(K) +AMD(K) ) *U(K) ) /WSA
IF(ABS(U(K)) =2(146)) 9951+9951,601
ETHIZETH1+ (DELM+DELMD) /2 e x{U(K ) x%2)

U(K)=0,

CONSERVE MOMENTUM TO CALCULATE THE
AXIAL VELOCITY CGHPONENT.,

VIK)=(SIGMV+SIGMYD+ (AMX(K)+AMD(K) ) 2V (K) ) /WSA
IF(ABS{V(K)}=2(1l:R)) 9952,9952,9953
ETH}:ETH1+(DELM+DELMD)/2o*(V(K)**2)
VIK)=0.

CHECK FOR ADVANCING ACTIVE GRID COUNTER
IN THE RADIAL DIRECTION.
IF(I=-11)603,660420604
IF(U(K))166052660016605

NRC=1

IF(V(K)) 6607166086607

NRC=1
IF(AIX(K)+AID(K) ) 6609661006609
NRC=1

CONTINUE

WSSU(K) %x2+V{K) %2

CONTINUE

IF (DELM+DELMD)S543+543,750

IF(DELM) 751,751,752

AID(K) =DENK/DELMD~YS/2,

UKE(K):'lo

GO To S43

IF(DELMD) 753917532754
AIX(K)=ENK/DELM=VS/2.

DKE(K)==24

GO TO 543

CONTINUE

THE NEW INTERNAL ENERGY IS THE TOTAL
LESS THE KINETIC

DA=ENK+DENK~ ¢ S¥WS* (DELM+DELMD)
wS= ENK +DENK

PH2
PH2
PH2
PH2

PH2
PH2
PH2
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4330
4340
4350
4360

4380
4390
4400




CALCULATE THE NEW SPECIFIC INTERNAL ENERGIES
FOR EACH MATERIAL

OO0

AIX(K)=ENK/DELM/YS*DQ
AID(K)=DENK/DELNMD/VIS*DQ
DKE(K)=1,

543 AMX(K)=DELM : PH2 4420
AMD (K)=DELMD
IF(AMXEK) +AMD(K) )9900,20072725

2007 AIX(K)=0,
AID(K)=0.
DKE(K)=0.
U(K)=0,
VIK)=0Q,
P(K)=0,
GO0 TO 544
725 IF(AMY{K))99000716»717
716 AIX{K)=0.
DKE(K)==1,
GO TO 544
717 IF(AMD(K))9900,718,719
718 AID(K)=0.
DKE(K)==2,
GO To Su44
719 CONTINUE

SET THE LEFT QUANTITIES WITH THOSE FROM THE
RIGHT FOR THE NEXT COLUMN SWEEP.

OO0

544 GAMC(J)=AMMP PH2 4480
FLEFT(J)=AMUR PH2 4490
YAMC (J)=AMVR PH2 4500
SIGC(J)=DELER PH2 4510
DMASL (J)=RDM
DXML (J)=RDXM
DYML(J)=RDYM
DENRG (J)=RDTE

Vo

SET THE BOTTOM QUANTITIES WITH THOSE
FROM THE ToP FOR THE NEXT CELL ABOVE

OO0

545 AMMY=AMPY PH2 4520
AMMU=AMUT PH2 4530
AMMVZAMVT PH2 4540
DELEB=DELET PH2 4550
BOM=TOM
BDXM=TOXM
BDYM=TOYM'

BDTE=TOTE -
546 K=K+IMAX PH2 4560
, LL=K=-IMAX PH2 4570
¢ CHECK FOR ADVANCING THE ACTIVE GRID IN THE
C AXIAL DIRECTION.
IF(U(LL))6500+6600+6500 PH2 4580
6500 NRT=1 PH2 4590
6600 IF(V(LL))660176602¢6601 PH2 4600
6601 NRT=1 PH2 4610

4
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6602 IF(AIX(LL)+AID(LL))66110547,6611
6611 NRT=1 PH2
. 547 CONTINUE PH2
C ADVANCE ACTIVE GRID COUNTERS
11=11+NRC PH2
. 12=I2+NRT PH2
IF (IMAX=11)6700:6701,6702 . PH2
6700 11=IMAX ‘ PH2
6701 CONTINUE PH2
6702 IF(JUMAX=12)680076301,6802 PH2
6800 12=JMAX PH2
6801 CONTINUE PH2
6802 GO TO 548 PH2
9901 NK=300 PH2
60 TO 9999 PH2
9900 NK=302 PH2
GO TO 9999 PH2
9903 NK=305 PH2
60 TO 9999 PH2
9904 NK=506 PH2
G0 TO 9999 PH2
9905 NK=500 PH2
G0 TO 9999 PH2
' 9906 NK=998
C AND STATEMENT NO. 713 ALSO
60 TO 9999 PH2
. 9911 NK=8833 PH2
60 TO 9999 PH2
9908 NK= 17 PH2
G0 TO 9999 PH2
9909 NK= 22 PH2
GO TO 9999 PH2
9910 NK= 47 . PH2
60 TO 9999 PH2
9907 NK=538 PH2

9999 NR=4 PH2

: WRITE(629939)I1J:KeLeNeIleI2)NKeNR
WRITE(629938) AMPY » AMUT » AMVT »DELET » AMMP» AMUR » AMVR» DELER
WRITE(6929938) AMMY » AMMU» AMMV y DELEB» GAMC (J) ¢+ FLEFT(J) » YAMC (J) ¢ SIGC(J)
WRITE(6,9938) TDM» TDXMe TOYM» TDTE»RDM»RDXM»RDYMyROTE
WRITE(6,9938)8DMBDXM:BDYMsBOTE»DMASL (J) »DXML (J) »DYML(J) »DENRG{J)
WRITE(6919939)NXND
WRITE(6'9938)DELM'DELMD'SIGMU'SIGMUD'SIGMV'SIGMVD'DELEK'DELED
WRITE(G:9938)AMX(K)'AIX(K)'U(K)OV(K)OAMD(K)OAID(K)DP(K)
WRITE(629938) AMXIL) s ATX (L) »ULL) 2 V(L) 2 AMD(L) »AID(L) »P(L)

9939 FORMAT(9I6)

9938 FORMAT(1P8E12.5)

CALL DUMP: -PH2
548 SUM=0.0 PH2
2005 DO 2001 I=1.11 PH2
K21+ PH2
DO 2013 J=1,12
WSA=0.

WS=TAU(I1)*DY(J)
i IF (AMX{K) ) 595295952+ 5950
C OPTION FOR REMOVING LOW DENSITY X MASS
5950 IF(AMX(K)/WS=Z(107))59511595195952

109

4630
4640

4650
4660
4670
4680
4690
4700
4710
4720
4730
4740
4750
4760
4770
4780
4790
4800
4810
4820
4830

4850
4860
4870
4880
4890
4900
4910
4920
4930
4940
4950

4960
4979Q
4980
4990

———




5951

5952

5963
5962

5960
5961

WSAS (U(K) xk2+V (K)%%2) /20
2(100)=2(100)+AMX(K)
WSATAMX (K) x (AIX(K)+VSA)

SUM=SUM+WSA

2(101)=2(101)-wSA

AMKLK)I=0,

AIX{K)=0o,

IF (AMD(K) ) 5960526005963

OPTION FOR REMOVING LOW DENSITY .« MASS
IF (AMD (K) /WS=2(103))5962+5962:5960 ’
WSAS (U(K) x%x2+V (K)%%2) /20
2(100)=2(100) +AMD(K)
WSASAMD(K) *x (AID{K)+WSA)

SUM=SUM+WSA

2(101)=2(101)=WSA

AMD{K)=0.

AID(K)=0. .

IF (AMD(K) +AMX(K) )5961+5961,2008
U(K)=0,

V(K)=0.

P(K)=0.

DKE(K)=0,

GO TO 2013

0PTION FOR REMOVING SMALL (OR NEGATIVE)
INTERNAL ENERGIES FOR MATERIAL (X)
IF(AIX(K) =Z(145)) 2004020112012
SUM=SUM+AIX (K) *AN<(K)

AIX(K)=0.0

OPTION FOR REMOVIilG SMALL (NR NEGATIVE)
INTERNAL ENERGIES FOR MATERIAL (DOT)
IF(AID(K)'Z(l“S))2012'2000'2000
SUM=SUM+AID (K) %ALD(K)

AID(K)=0,
IF(AMX(K)*AMD(K))4400'4400'4401

IF (AMX(K) ) 4t02,84:02,4403

DKE(K)==1,

GO TO 2013

IF (AMD£K))2009,20309,2010

DKE(K)==20 .

G0 TO 2013

DKE(K)=1.

GO TO 2013

DKE(K)=0»

K=K+ IMAX

CONTINUE

ETH=ETH~SUM=~ETH1

Z(104)=2¢104) +SUM

CHECK IF REZONE FLAG HAS BEEN SET BY PH2
IF(REZ)8001,5001,8002

CHECK IF YOU WANT TO CALL REZONE

1F (REZFCT)8004,8004,8003

REZ=0.

GO TO 8001

CALL REZONE

RETURN

ENO
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PH2 5170
PH2 5180

PH2 5200
PH2 5220

-PH2 5260
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SUBROUTINE ES

iF(ANMX(K))9901,201,202
DOT MATERIAL ONLY
BEL:“lo

VS3=1.

ViSA=1.

WS1=AMD(K)
WS2=A1ID(K)

JJ=116

D0 761 1I=1.10
PRIXII)=Z(JJ)
JU=JJ+2

CONTINUE

-G0 To 10

IF{AMD(K))9901,203,204
X MATERIAL ONLY
BELz‘lo
WSASLe
WS3=“10
CONTINUE
WSL1=AMX(K)
WS2=AIX(K)
HERE SET 2Z BLOCK DATA FOR (X) MATERIAL TO PR BLOCK
Ju=115
00 700 11=1,10
PR(II)=2(JJ)
JU=JJ+2
CONTINUE
GO To 10
MIXED CELL
Z{115)=RHONOT FOR X
Z{116)=RHONOT FOR (.2
EPS1z45
WSA=EPS]T
w53=~1.
BEL=1.
NN=0
60 TO 211
CONTINUE
RHOW=WSL/ (TAU(T)*DY (J))
RHOW=RHOW/WSA
ETA=RHOW/PR(1)
VOW=1.0/ETA
PL1=WS2*%RHOW*PR(2)
pa2=vise
P3=ETA*ETA%PR(3)
PYU=PR(4) /(P2/P3+1.) ¥1S2*RHOW
PS=PR(5)*(ETA=1.)
IF(ETA=1.)50+100+100
IF(VOW=PR(6))55¢55¢75
IF (wS2-PR(7))100,100,75
P7=PR(B)*(VOW=10)
IF(P7-88,)4002,4002,4003



4003
4002

PRl

E T 4001
. 4000

10C
120
119
999
500
501

502
503

509
13

510
511

410
420

401
711
710
400
712
713

~ 9901

P7=33.0

CONTINUE

P8=EXP(P7)

P9=1./P8

P10=PR(9)*( (VOW=1.)%*%2)
IF(P10U~88.)400004000,4001
P10=568,

CONTINUE

PL1=EXP(P10)

pla2=1./P11

WSC=P L+ (P4+P5*P9) xP12
GO 70 120
P6E=PR(10) % ( (ETA=10)**2)
WSC=P1+P4+pP5+P6
CONTINUE

IF(W5C) 999,999,500
WSC=0.

WSGX:QS
IF(uEL)S501,502¢502

CELL IS NOT MIXED
P(K)=VWSC

60 To 600
IF{#S3)503,509,509
wS3=1.

VISA=1.=1YSA

P(K)=WSC

EPSI=1.-WSA

GO0 TOo 210

N1 = MAX. NOo OF CYCLES FOR ITERATION
IF(N1=NNI420013213
NNSNN+L
IF(P(K))510¢510,511
P(K)=0,

GO TO 400
wS1=ABS(P(K)=WSC)
IF(WS1/ABS(P(K))~,05)420,420,410
IF(P(K)=WSCI400r220,401
P(K)=(P(K)+WSC) /2,

OKE (K)=EPSI

60 TO 600

FEF = EPSILON TO INCREASE OR DECREASE PARTIAL
VOLUMES FOR THE ITERATION
EPS1=EPSI+FEF
IF(EPSI-.99)71097107711
EPSI=e99

WSA=EPSI

wS3=-1.

GO TOo 211-
EPSIZEPSI-FEF
IF(&PSI-.01)7120712'713
EPSi=.01

VWSASEPSI

WS3:"10

G0 'TO 211

NK=200

NR=9999

CALL DUMP

112
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600

OO0 &aoo’

100
102
104
106
108
110
112
114
116
118
120
122
124
126

128

O o0 o oo

130
132

O

134

136
140

Y

6

WSGXZeD
RETURN
END
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SUBROUTINE EDIT EDIT0050
EDIT1010
EDIT EDIT1130
IF(SKITCH)102,1042102 EDITL1UO
CALL SSHTCH(4,KO0O00FX) EDIT1150
GO T0(122,104) KGOOFX EDIT1160
FIRST CYCLE OF THE RUN (SENSE LIGHT 3 ON) EDIT1170
CALL SLITET(3,K008FX) EDIT1180
GO TO(106,108) 2K300FX EDIT1190
CALL SLITE (3) EDIT1200
GO TO 126 EDIT1210
IF(CYCLE~CSTOP)11n,122,122 EDIT1220
IF(REZ)9901,112910 0 EDIT1230
IF(AMOD(CYCLEDUNMNPTT)IL1140124,114 EDIT1240
IF(AMOD(CYCLE,PRINTL)) 11601260116 EDIT1250
IF(SWITCH)118,120:118 EDIT1260
CALL SSHWTCH(5:KOO0LFX) EDIT1270
GO TO(128+120) 0 K?00FX EDIT1280
IF(AMOD(CYCLEPRI!ITS)) 140,128,140 EDIT1290
NORMAL (R FORCED STOP ON THIS CYCLE EDIT1300
CALL SLITE (1) EDITL310
EXECUTE YWTAPE - DUMP VARIABLES ONTO TAPE 7 EDIT320
60 TO0 1 EDIT1330
SET SEMSE LIGHT TO INDICATE TAKING OF LONG PRINT EDITLI34H0
CALL SLITE (%) EDITL1350
EXECUTE SP = WRITE THE SHORT PRINT INFORMATION EDIT1360
GO TO 6000 EDITL370
EXECUTE PLOT - PLOT THE FILLED CELL DISTRIBUTION EDIT1380
G0 TO 1000 EDITiH10
CALL SLITET(4,K000FX) EDIT1420
GO TO(134,136)2KO00FX EDIT1430
EXECUTE LP = WRITE THE LONG PRINT INFORMATION EDITiOUO
GO To 5000 EDIT1450
TEST FOR AN ENERGY CHECK VIOLATION EDIT1460
1IF(ABS(ECK)=DMIN) 140,140+9905 EDIT1470
CALL SLITET(1,KOUOFX) EDIT1480
GO TO(142,144)KO00OFX EDIT1490
REWIND N7
CALL SLITE (1) EDITL510
GO TO 10000 EDIT1520
' EDIT1530
EDIT1540
SUBRQUTINE §TAPE AaskadsxkkikghfhrihdpdopnhsofhiamRasdk taakxaindasttEDITIS550
IF(DUMPT7)3003,3 EDIT1580
BACKSPACE N7
wS=555.0 EDIT1620

WRITE(N7IWS2CYCLE N3

WRITE(N7) (ZIL)L=19M2)

WRITE(NT)Y (UCL) pVIT) 2 AMDCI) 2 AMX(T) 9o ATO(I) 2 AIX(I),
1202 +OKE(TI) 2 I=1 0 KMAXA)




: 11k
7 WRITE(N7) (X(K)»TAL(K) 1K=1s IMAX)
WRITE(N7) (Y (K) ¢KS1rJMAX)
. %WS=666,0 EDIT1780
WRITE(N7IVSVWS»WS
WRITE (6,8120)NC EDIT1800
: 30 60 TO 126 EDIT1810
Cxxuk END OF WTAPE SUSROQUTINE skskakskokdookokdok Ao ek gokokok e ki ook dorkkokox ox ek x xED IT1820
C EDIT1830
- C EDIT1840
2 Cokestox SUBROUTINE S P 5t 52" e s ke sk o o o e o s o s s oo ok s ok o s K s o Kok e ok oo s ok A sl kiR ook ki skl sk ok ok kED I T1 850
. C SIZE OF TABLE EDIT1860
- 6000 NK=12 EDIT1870
: TAB(1)=0.02 EDIT1880
p TAB(2)=0,04 EDIT1890
3 TAB(3)=0,06 ) EDIT1900
3 TAB(4)=0.08 EDITiS40
TAB(5)=0,10 EDIT1920
TAB(6)=0.15 ENDIT1930
TAB(7)=0.20 EDITL940
TAB(8)=0.25 EDITL950
TAB(9)=0.30 EDIT1960
TAB(10)=0.4 EDIT1970
TAB(11)=0,5 EDIT1980
TAB(12)=1.0 EDIT1990
6010 DO 6012 I=1,18 EDIT2000
6012 PR(I1)=0,0 E0IT2G10
NK1=NK+2 _ EDIT2020
D0 6014 I=1,NK1 EDIT2030
TEMPORARY USE PAR{ICLE STORAGE FOR EDITING
AM(I)=0,
XL(I)=0,
YL(I)=0,
AMK(I)=0.0 EDIT2040
PK(1)=0.0 ED1T2050
6014 QK(1)=0.0 EDIT2060
D0 6028 K=2;KMAX EDIT2070
WSB= (U(K) %xx2+V(K) 2%2) /240 EDIT20802
6015 IF(AMD(K))9917,601996017 EDIT2090
6017 PR{1)=AMD(K)*AID(K)+PR(1).
PR(2)=AMD (K) *WSB+PR(2)
6018 PR{4)=AMD(K)+PR(4) EDIT2120
6019 IF(AMX(K)+AMD(K))9917,6028:6020 EDIT2130
6020 I=NK1 EDIT2140
IF(V(K))60260602616022 EDIT2150
6022 YISASABS(U(K) }/VIK) EDIT2160
DO 6024 I=1sNK EDIT2170
IFI(TAB(I)-WSA) 6024602616026 EDIT2180
6024 CONTINUVE - EDIT2190
I=NK+1 EDIT2200
6026 WSSAMXIR) EDIT2210
6027 AMK« L)SAMK({X) +AMX(K) +AMD(K) EDIT2220
XL(I)SXL(I)+U(K)%AMD (K)
YL(I)SYL(I)+V(K)*AMD(K)
PK{1)=PKEI)+U(K) *AMX (K) EDITZ230
GK(I)=QK (L) +V(K)*AMX (K) EDIT2240
PR(5)=PR(5)+AIX (K} *AMX (K) EDIT2250

PR{0)=PR{6)+WSB*AMX (K) EDIT2260




6028

7002
7003

7000
7001

801

502
803
810
821
823
620

6029

al4
817

PR(8)=PR(8)+AMX(K)
CONTINUE
PRI3)=PR(1}+PR(2)
PRAUTIZPRIS)+PR(6)
ANRG=PR{7)
FR{G)=PR(1)+PR(5)
PR(10)=PR(2)+PR{6)
PR11)=PR(3)+PR(7)
PRU12)=PR(4)+PR(B)
IF(eTH)7G02,7002:7003
\'uSAZO ]

%0 TO 7000

CONT INUE
wSA=(ETH=-PR(11))/ETH
1FIPCIT000,7000,7001
NPC=1
PROLE)=(WSA~DNN) /FLOAT(NPC)
ECh=PR{18)

CHNR=WSA

NPC=Q

*¥%x FOR PELLET PIOBLEMS ONLY wd%kx
SUMD=0,

SUMX=0.,

00 5060 1=1,13
SUMX=SUMX+QK (1)
SUMU=SUMD+YL(I)

CONT INUE
RADET=POSITIVE A IaL MOMENTUM OF X
VABOVE=POSITIVE  XIAL MOMENTUM OF,
RADE T=SUMX
VABOVZZSUMD

SUM=0 .0

SUMbL=0.,.

D0 wz0 K=2,KMAX
IF(AMX(K))&10,8102802
IF(U(R))B810,810:503
SUM=5UM+AMX (K) #U (K)
IF(AMD(K) ) 820,820,821
IF(U(K) ) 82008200823
SUMO=SUMD+AMD (K ) =U(K)
CONT1NUE

RADER=SUM

VBLO=SUMD

PR(19)=0.8

D0 L9 IZ1,NK
PR{I+19)=PR(I+18)+AMK(I)
PR{NnKT20)=0.0
PRINK+21)2040
JU=2(147)

SUMX=3,

SUMD=0,

U0 811l 1=1,IMAX

K2i+l

U0 o133 J=l,JJ
IF(A4A(K))81618162814
IF(.,i£))816,8160817
SU . - H>UMX+U(K) *AMK(K)
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EDIT2270
EDIT2280
EDIT2290
EDIT2300
EDIT2310
EDIT2320
EDIT2330
EDIT2340
EDIT2350

EDIT2360

EOIT2380
EDIT2390
EDIT2u00
EDIT2410

EDIT2430

Z0IT2450

EDIT247¢C

EDIT2490
EDIT2500
EDIT2516

EDIT2530

EDIT2540
EDIT2550
EDIT2560
EDIT2570
EDIT2580
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-

.o

kS S -
.

4 816 1F(AMD(K))B813,813:818
4 818 IF(U(K))313:,813:819

E < 819 SUL0SUMDHU (KD %A (K)
o 813 KTiCHIMAX

. 811 CONTINUE
. PBLO=SUMX
3 PABOVE=SUMD )
WRITE {6¢8116)PRCYINC,TrDTNA»TRAD?DTRADNR 2141 N2+ N3/ N4 £EDIT2590
vRITE (6:8117) (PR(1),1=1,8) EDIT2600
N SRITE (608118) (PR(1)021=9/,12) EDIT2610
'} WRITE (6:8119)RADIB)RADERIRADET»UVMAXPETHPECK EDIT2620
g WRITE(6,8203)RADET, VABOVE RADER»VBLQ»PBLOPABOVE
E WRITE (6,9040)N10:N1Y EDIT2630
;ﬁ WRITE (6:8124) (1 K1) PR(I+19)PK(I}sQK(I)rI=1)NKL1) EDIT2640
6090 GO TO 130 EDIT2650
Cxxxkx END OF S P SUE. QUTINE Hamackaokdkkkdkglphiokiokokggkkxkkhkanhkk#xkax2EDIT2660
C EDIT2670
C EDIT2680
Cakikx SUBRUUTINE PLOT 4 sedkdhgkiipkkfxskardhiogihkihkinhpkpshikpxfakkrxx2*ERIT2090
1000 6O To 1030 EDIT2700
1037 wRITE (6+8116)PRCINCsT/DTNA:TRAD/DTRAD/NRNL N2 N3 2 NG ERDIT2710
JMAX=UMAX EDIT2720
WRITE (6:8307)D0X(") DY (1) XMAX Y12Y2,Y (UMAX)
M=1 EDIT2740
IF(UMAX~=532)1034:1036,1036 EDIT2750
1034 M=IABS(51~-JMAX)/2 EDIT2760
1036 DO 1040 I=1.M EDIT2770
WRITE (6,8308) EDIT2780
1040 CONTINUE EDIT2790
1044 J=12
1100 K=(J=1)%xIMAX+] EDIT2810
1105 0C 1180 I=1,11
K=K+l EDIT2830
1126 PR{I1)=PLOT(1)
C TEST FOR DOT PANTICLE £EDIT2860
11188 IF{ANMD(K))9917,11:0,1152 EDIT2870
C TEST FOR X PARTICLE EDLIT2880
1150 IF(AMX(K))9917,1105621160 EDIT2890
C TEST FOR MIXED CELL £EDIT2900
1152 IF(ANMX(:))9917,11062,1164 EDIT2910
C X PARTICLE OMLY EDIT2920
1160 PR{II=PLIT(2)
GO TOo 11380 EDIT2950
C DOT PARTICLE ONLY EDIT2960
1162 PRUL)I=PLOT(Y)
G0 To 1180 ED0IT2990
C MIXED CELL EDIT3000
1164 PR{T)=PLOT(4)
00 Y0 1180 EL 5030
1166 PR(1)=PLOT(L)
~ .30 CONTINUE EDIT3060
* 1200 IFGACD(UPS)) 1210012040120 EDIT3070
120% IF(DY(U)=DY{J~1))1206:12U8+1206 EDIT3080
1206 wRITelord211)0Y () 2 Uy (PRUT) D IZ10 100
’ v To 1224 EDIT3100

1208 aRITei6r0201)J0 (PRI1)2IZLr1L,
3 Tu 1224 EDIT3120




. 5012
‘5014

5016

5019
5030

5031
5032

5033
5034

OO0 O000O0OO

"yl

BUBES)
" 5050

C .ux
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IF(DY(J)=DY(J=1) 21212212140 1212 EDIT3130

WRITE(698222)0Y(J) + (PR(I) 2 I=10I1)

G0 TO 1224 EDIT3150

allTe (628202 (PR(I) 2 IZ1011)

JzJd~l EDIT3170

IF(J)1230+1230,1100 EDIT3180

PR(1)=PLOT(S) .

WRITE(6,8201)Js ({FR(1)2I=101Y)

WRITE (6+8302) (I+1=0sIMAX2S) EDIT3220

GO To 132 EDIT3290

MO OF PLOT SUCR0UTINE skkokikgeoksdedksokkokgkokkdkkkokkomkkk ok kpkkkkxxxkxEDIT3I300
EDIT3310
EDIT3320

© SUBROUTINE L Pkl ™ wokksokokoksiolokk ook ok ok gk dokokok ook Rk kokokok g koo kor 2 ¥ ED I T 3330

WRITE (6+8116)PRCINC+T+OTNA»TRAD/DTRADNRINL/N2/N3 NG EDIT3340

DO 5030 I=1.11

CALL SLITE (&) EDIT3360

JzI2+1

KeI2xIMAX+I+1
DO 5046 L=1sl2

Jzd-1 EDIT3400
KSK=IMAX EDIT3410
IF (AMX(K)+AMD(K) ) "217,5046,5014 EDIT3420
CALL SLITET(4»,KO00 FX) EDIT3430
60 To(5016,5019}7 000FX

WRITE (6+8135)1+X((),0X(1) EDIT3450

IF (AMX(K))5030:50 "0,5031

WSEBEZAMD LK) Z/(TAU(I DY (J))

wSB=WSB/Z(116)

WSA=Q0.

GO TO 5034

IF(AMD(K))S032,5C 2,5033

WSASAMX(K) Z7(TAU(L. DY (J))

wSASVSA/Z(115)

WSBZ0

&0 TO 5034

¥SAZ (AMX (K)+AMD (K )/ (TAU(T)%xDY (J))

WoB=-.1111§

wSCSP(K) *x1,E+H4

FIRST COLUMN J

SECOND COLUMN RADIAL VELOCITY CM,./SH.

T+HIRD COLUMN AXIAi, VELOCITY CM./SH.

FOURTH £OLUMN PRISSURE IN MEGABARS

FIFTH COLUMN DKE{(STATUS OF MIXED CELL)

SIXTH COLUMN MASS (OF X MATERIAL) IN GRAMS.
SEVENTH COLUMN SF.CIFIC INTERNAL ENERGY FOR (X) IM JERKS/GR
EloHT COLUMN MASS (OF , MATERIAL) IN GRAMS.

NINTH COLUMN SPECIFIC INTERNAL ENERGY FOR (.) IN JERKS/GR.
TENTH COLUMN DENMSITY IN G/CC.

ELEVENTH COLUMN .SB

TWELFTH COLUMN Y (J) TOP COORDINATE OF CELL IN CM.,

RITE (608108)JrU(K) »VIK) 1 WSCoTHETA(K) 1 AMX{K) » AIX(K)

LAMU(K) o AID(K) rSA4ISB2 Y ()

CONTINUE EDIT3460
CONTINUE EDIT3490
¢0 TO 136 EDIT3500

P
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C EDIT3520
C EDIT3530
c ERROR EDIT3540
9901 NK=110 EDIT3550
GO TO 9999 EDIT3560

-C ENERGY CHECK EDIT3570
9905 NK=136 EDIT3580
GO TO 9999 EDIT3590

C NEGATIVE MASS EDIT3600
9917 NK=6015 EDIT3610
GO TO 9999 EDIT3620

9920 NK=904 EDIT3630
GO0 TO 9999 EDIT3640

9921 NK=912 EDIT3650
60 TO 9999 EDIT3660

9922 NK=918 EDIT3670
GO0 TO 9999 EDIT3680

9923 NK=922 . EDIT3690
60 TO 9999 EDIT3700

9924 NK=926 EDIT3710
9999 NR=6 EDIT3720
CALL DUMP ECIT3740

10000 RETURN EDIT3750
-C EDIT3760
C FORMATS EDIT3770

8108 FORMAT(I3,1X»1P11ELD,3)
- 81160FORMAT (8HIPROBLE! 5X»SHCYCLESX s 4HTIMEL3X s 2HDT13X s 4HTRADLILX » SHDTRADLIEDIT3790
12X»2HNROX » 2HNLGX 7 2HN2UX » 2HNI X2 2HNG/ (F7,1911192X 9 1P4EL6.7911092X14EDIT3800

216)) EDIT3810
8L170FORMAT(1HO//717X21AT16X»2HAK14X 1 SHAT+AK 15X 2HAM/UH DOT3X» 1PYELB8.7/3EDIT3820
1H X4X»4EL18.7) EDIT3830
81180FQ0RMAT (12X 13H =~ mmmm——a=a 5X 1 13H= o mmnamanne§Y ) | FHum e am e SEDIT3840
1X1 1o3H= = mmm e mracecses /7H TOTALSIPUELP8.7) £DIT3850
81190FOrMAT (2HO //16XsSHRADEB13X»SHRADER13X ) SHRADET12X» THMAX VEL13X»3HTEDIT3860
1HE12X29HREL ERROR/7X¢11P6E18,.7//77) EDIT3870
8120 FORMAT(i1HG//21H TAPE 7 DUMP ON CYCLEIS////) £DIT3880
81280FORMAT (3H K12X»SHAM(K) 11X 9HSUM AM(K) 11Xs4HP(K) 13X 4HA(K) /(13 4X0EDIT3890
11P4E18,7)) EDIT3900
8131 FORMAT(IH ///11H DY(J) J=1132//(10F12.,3)) EDIT3910
8133 FORMAT(1H ///11H Y(J) J=0r12//7(10F12.3)) ECIT3920

8LI50FORMAT(LH //7/74H I =I3+6X16HX{I) =F1243:6X¢THOX(I) =F12.3//3H JBX.EDIT3930
11HU9X» LHVIX s SHF/ATX ) SHDIETX » 3RAMXTX ¢ SHAIXT7X» 3HAMD7X» 3HAID7X » 4HETAX

2X6X + HHETADSX » LHZ/)
8201 FORMAT(I10,2H IS4A2) EDIT3950
8202 FORMAT (10X»2H IS4A2) EDIT3960

8203 FORMAT(3Xs1P6E18,7)
8211 FORMAT(F7.1r13,2H I54A2) EDIT3970
8222 FORMAT(F7.113Xs2H I54A2) EDIT3980
8302 FORMAT(I12,10110) EDIT3990
83070FORMAT (5H X1 =1PEL12,093Xs4HX2 SE12.6+3X 1 GHXMAX =E12.616XsUHY1 =E12EDIT4000
1,60 3X18HY2 =E124603X:6HYMAX =E12,6) EDIT4010
" 3308 FORMAT(1H /) EDITL020
9049 FORMAT(1H / 616) EDIT&030
END EDIT4O4O
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SUBROUTINE REZONE

NOTE,» THIS VERSION ASSUMES THAT WE ARE
ADDING (o) MATERIAL

*apckkiokkk A 2 MATERIAL OIL CODE okckdowsksiek ¥k kdkokdokkk ki dokokok

A 2 MATERIAL REZONE SUBROUTINE

CONSERVE MOMENTUM AND TOTAL ENERGY» INCREASE
ALL LINEAR DIMENSIONS BY 2. (THUS 4 CELLS

IN THE OLD GRID ARE COMBINED INTO 1 FOR

THE NEW GRID)

NIMAX=IMAX/2

NJIMAX=UMAX/2

DO 10 J=1,NJMAX

K= (J=1) xNIMAX+2

L=(u=1)*%2%IMAX+2

00 11 I=1.,NIMAX

ML+ IMAX

WSASAMX (L) +AMX (M) tAMX (L+1) +AMX (M+1)

tSAD=AMD (L)Y +AMD (1) +AMD(L+1) +AMD(M+1)
IF(WSA+WSAD)100,%3900101

AMX(K) =0,

AIX(K)=0.

AMD(K)=0.

ATD(K)=0.

U(K):Qo

V(K)=0,

60 TO 9901

CONT INUE

CONTINUE

wSBT (AMX (L) +AMD (1) ) % (U(L) %%2+V (L) %%x2)

wSB=uSB+ (AMX (M) +.1D (M) ) % (U (M) %%2+Y (M) %%2)
wSBZHSB+ (AMX(L+1) “AMD(L+1) ) x (UAL+1) %24V (L+1) *%2)
wSBZKSBE (AMX IM+:1 Y +AMD(M+1) ) = (U(M+1) 224V {M+1) %%2)
UCK)ZUL) = (AMX (L) +AMD (L) Y AU (M) = (AMX (M) $AMD (M)
14U L+ (AMX L+ DY -AMD L7 L) YU (ML) 2 (AMX {M+ 1) +-AMD (M+1))
UK =UCK) 7 (MSA+VITAD)

VIK)=VL) e (AMX (L) =AMD (L) ) +V (4) = (CAMX (M) +AMD (M) )
1+VLEL ) (AMX(L+AL) FAMD (L+1) ) +V (M+ 1) k (AMX (M+1) +AML (M+1))
VIKI=VIK) 7 (WSA+YSAD) '
AIXCK)ISAIX (LY #AMACL) +ATX (M) «AMX (M) FAIX(L+1) %
JAMX (L+1) +AMX (M+L1)=AIX (M*1)

AMX (K) SHSA

AID(K) = AIO(L) A MD(L)+AID(M) «AMD(M) +
LAID(L+1) *xAMD(L+L) + AID(M+1)=xAMD(M+}1)
ANMD (K) =USAD

WS=U(K) w2+ (K) #x2

E=alx(K) + AID(K)+ WsB/2.0

IF (AMD(K) +AMX(K)) $901,9901,500

IF (AMD(K)) 501,501,502

X ONLY

AIX(K) = E/ZAMX(K) = ,5%WS

DRE(K)==2

,\ID(K) = 0,

60 To 9901

502 IF(AMX(K)) 503,503,504
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REZ00010

REZ00990
REZ01000
REZ01010
REZ01020
REZ01030
REZ01040
REZ01050
REZ01060

REZOL1140
REZO1150
REZ0O11€0

REZ0L170



DOT ONLY

AID(K) = E/Z/AMD(K) ~ 5% \S
DKE(K)==1,

AIX(K) =0,

G0 To 9901

MIXED CELL

DA=E= (AMX{K)+AMD ({) ) %WS/2,
WSESAIX (K)Y+AID(K)
AIX(K)SAIX(K) ZAMX(K) *DQ/WSE
AID(K)=AID{(K)/AMD{K)*DQ/VSE
DKE(K)=1,

IF(K=2)140,14,13

SET CELL QUANTITI'S OF OLD GRID TO ZERO.
AMX(L)=0.0

AMD(L) =0,

U(L)=0,.0

VIL)=0.0

AIX(L)=0.0

AIDIL)=0.

P{L)=0.0

DKE(L)=0.

AMX{M)=0.0

AMD (M) =0,

U(M)=0.,0

VIM)=0.,0

AIX(M)=2.0

AID(M)=0.

P{M}=0.,0

DKE(M)=0.

AMX(L+1)=0,0

AMD(L+1)=0,

U({L+1)=0.0

VIL+1)=0.0

AIX(L+1)=0,.0

AID(L+1)=0,

P(L+1)=0.0

DKE(L+1)=0,

AMX(M+1)=0.0

AMD(M+1)=0,

U(M+1)=0.0

V(M+1)=0.0

AIX{M+1)=0.,0

AID(M+1)=0,

P(M+1)=0.0

CKE(M+1)=0,

K..K+1

L=L+2

CONTINUE

CONTINUE

CALCULATE NEW DY AND Y (JMAX OF THEM).
1=0

DO 200 J=1,JMAXr2

I=I+1

OY(I)=DY(J)+DY (J+1)
CONTINUE

1I=NJMAX+1

v0 20l J=IT,JMAX
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REZO1210
REZ01220
REZ01230
REZ0O1240
REZ01250
REZ01260
REZ01270
REZ01280
REZ01290
REZ01300
REZO1310
REZ01320
REZ01330
REZOL1340
REZ01350
REZ01360
REZ01370
REZ01380
REZ01390
REZ01400
REZO1410
REZ0O1420

REZOLLS0
REZOLl440




201

202

203

204

205

1000

1001

1g02

21
20

DY(J)=DY(I)
CONTINUE

1S=0,

DO 202 J=1,JMAX
Y{J)Y=DY (J)+4S
ws=Y(J)

CONTINUE

CALCULATE THE NEW DX»S AND TAU»S
1=0

DO 203 J=1,IMAXr2
I=1+}
DX(I)=DX(J)+DX(J+1)
CONTINUE

II=NIMAX+L

00 204 J=II,IMAX
OX(J)=DX(T)
CONTINUE

WS=0,

YiSA=0.

DO 205 I=1,IMAX
X(I)=0X(1)+UWS
WS=X(I1)

WSB=X (1) *x%2
TAUCT)=PIDY=%{VWSB VSA)
WSASHSB

CONTINUE
IMAX=NIMAX
JMAX=NJIMAX

PREPARE NOW TO S'UFFLE THE K ARRAYS SUCH

AS TO PRESERVE Ku(J=1)*%IMAX+I+1l.
D0 20 N=1:JMAX
J=JMAX+1=N
K=(Jw1) ¥ IMAX+L+IMAX
Le{del)x ( IMAX+IMAX) +1+IMAX
D0 21 I=1l,IMAX

AMX (L) =AMX(K)

DKE (L) =DKE (K.}

AMD (L) =AMD(K)
AIX{L)=AIX(K)
AID(L)=AID(K)
UlLY=U(K)

V(LISVIK)

P{L)I=P(K)

1F (J-1)1002,1002,1301
AMX(K)=0.0

AMD(K)=0.

AIX(K)=0.0

AID(K)=0e"

DKELK)=0.

ViK)=0.0

U(K)=0.0

P(K)=0.0

K=K=1

Lal=-1

CONTINUE

CONTINUE

IMAX=SNIMAX*2

121

REZ01620
REZ01630

REZ01640
REZ01650
REZ01660
REZ01670
REZ01680
REZ01690

REZ01700

REZ01716
REZO1720
REZ0O1730
REZOL740
REZ01750

REZ01760

REZ01770
REZ01780
REZ01790
REZ01800
REZ01810/
REZ01620
REZ01830
REZ01840




~w

129

JMARASNIMAX *2
LISNIMAX S
GJTNUMAX+L

C AUD ON NEW MASS WITH DENSITY=2(111) IN TARGET

vw0 DU I=1leNIMAX
nE(ud=1)*IMAX+]+1L
U0 ol JaddrJMAX
AMO(K)ZZ(11L)*TAUCI) xDY (J)
60 K=K+IMAX
50 CONTINUE
JUs(24(147)/244,2)
udzudt]
U0 ol I=II,IMAX
KIi+1l+{Ju=1)*INMAX
vl be JaJJrJMAX
AMUIK)ZZ2(111)%TAU(T)4DY (W)
62 ASK+[MAX
61 CONTINUE

C nESET ACTIVe GRID MAKKERS.

JJdIud=~}
A187)=ud
1l=lize+2
12312/2+2
wSST+UTNA
"‘K:NL+1

c EDIT THE NEw GRID.

wRITE (or8008) S oNKruX(Li

WRITe (608007)1AXe (X{I) 0 I=0s IMAX Y
WRITE (0eBOULIVIMAX» (Y {J) rJ=0rJIMAX)
wRITe (02809 IVAX (uX{I) ISy INAYX)
WRiTe (6+8010)UBAXy (Y (J) rJd=1rJIMAX)
RITe (628021 IAX» (TAUCI) p 1319 IMAX)
AMAXZIMAX*JMAX+L

IMAAAZIMAX+1

CMAXASUMAX+]

MMARASKMAX+L

rETURN

8u04OFORMAT (LH ////<H PROBLEM REZONED AT T=1PE12+646x»SHCYCLEIS X 1 3HDRELD2L90 ,°

1astl2.0//77)

8007 FORMAT(in /1UH X(I) 1=0+]J2/(5F16.6))

8U08 FORMAT(1H /10H Y(J) J=0r12/(5F16.6))

8009 FOKMAT(1H /11H OX{1) I=1,12/(5F16.,6))

8010 FORMAT(1d /11H OY(U) J=1,12/(5F16.6))

8ULl FORMAT(1H /1oH AREA(1) I=1,12/(Fl6.614F18.5))
tNU

e e e .‘Q_._!::.‘,.- .
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