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A NUMERICAL STUDY OF VISCOUS, INCOMPRESSIBLE
FLUID FLOW PROBLEMS

I. INTRODUCTION

In the field of fluid mechanics, the governing equations of mo-
tion are very complex non-linear partial differential equations. Be-
cause of this complexity, analytical solutions can be obtained only for
highly-simplified, in effect non-physical, flow patterns. In order to
solve the equations of motion for more sophisticated problems, var-
ious numerical methods have been successfully applied. These meth-
ods include: (1) reduction to ordinary differential equations so that
numerical integration techniques may be used; (2) linearization tech-
niques to reduce the equations to the point where analytical solutions
may be obtained; and (3) finite-difference methods to reduce the
equations to a set of algebraic equations which are solved by trial-
and-error, or iteration, techniques.

The first two of these methods are limited in application be-
cause they are restrictive and involve much detailed analytical work.
A stringent restriction placed on fluid problems by these techniques
15 that of steady flow; i.e., time derivatives of variables must van-
ish. The third method mentioned above--finite differences--allows
the user to solve most types of fluid problems, including those involv-

ing unsteady flow.



Finite—differenée methods are by far the most widely used nu-
merical methods for solving fluid flow problems. These methods in-
volve a minimal amount of analytical work and are further facilitated
by today's high-speed digital computers. They involve replacing a
homogeneous fluid region with a discrete one and approkimating par-
tial derivatives with difference quotients centered at each of the points
of the discrete mesh. There are two basic approaches in applying
finite-difference methods: the Eulerian approach, where an observer
is stationary with respect to the fluid flow; and the Lagrangian ap-
proach, where the observer travels with the fluid. Of these, the
Eulerian is the more popular.

Recently, scientists at the Los Alamos Scientific Laboratory
employed finite differences in developing a method for solving un-
steady, viscous, incompressible fluid flow problems. This method
is based on the Eulerian approach and is very general; almost any
type of incompressible fluid problem may be examined up to the onset
of turbulence. The method is called the Marker-and-Cell (MAC)
Method and is developed in a report from the Laboratory (Welch etal.,
1664,

The MAC Method solves the two-dimensional incompressible
form of the equations of motion. It is an algorithm which computes
values of the field variables, at a certain point in time, from (1) quan-

fivieo at the previous time and (2) appropriate boundary conditions.



Although the method is effective for unsteady flow problems, the cal-
culations become tedious and time-consuming during heavy transient
periods, i.e., when the fluid velocity changes speed or direction
rapidly. This is due to the necessity of solving one of the equations
involved implicitly. Since problems must be solved on expensive
computers, a reduction in the number of steps, or iterations, needed
for this implicit solution would be helpful. One way to accomplish
this time-reduction is to employ a mathematical technique called
overrelaxation.

Overrelaxation and its application to the MAC Method are the
subjects of this paper. In Chapter II, the MAC Method is described
briefly, while overrelaxation techniques are presented in Chapter III.
Chapter IV consists of the actual application of overrelaxation to MAC,
including studies made of the time saved on two problems involving
different types of transients. Examples of the diversity of fluid flow
problems which can be solved by this method are included in Chapter
V. Other examples can be found in papers by Hwang (1968) and Mer-

cier {1968).



II. THE MARKER-AND-CELL METHOD

In this chapter, the Marker-and-Cell (MAC) Method for solving
viscous, incompressible, time-dependent fluid flow problems is pre-
sented, (For a more detailed treatment, see Welch, 1966.) As men-
tioned in Chapter I, MAC is an algorithm for solving a system of
finite-differenced forms of the partial differential equations governing
the motion of a fluid, These equations are presented here along with
the initial and boundary conditions necessary for their solution. Next,
the algorithm itself is described, and finally some extensions of the

MAC Method are mentioned.
Equations

There are two physical laws which govern the motion of a fluid:
(1) the Law of Conservation of Mass and (2) Newton's Second Law of
Motion. In terms of the field variables, these laws may be written

(assuming incompressible flow), respectively, as (Schlichting, 1960):

V-V =0 (2.1)
and

%_Y:_(V'V)V-vquvz'iffg". (2.2)

The variables used here are



V = fluid velocity,
t = time,
¢ = ratio of pressure to density,
v = kinematic viscosity, and
g: acceleration due to gravity.
The independent variables involved are time (t), and the space co-

ordinates (x,y in two-dimensional Cartesian coordinates). The de-

_—

pendent variables are V=ui+vj (where i and T are the unit

vectors in the x and vy directions, respectively) and ¢, while

v and g: ng+ g __f are considered known quantities. Thus, ex-

panding (2. 1) and (2. 2) in two dimensions, the problem involves three

equations in three unknowns:

du 0ov
9n L 2% _ 2.
8x+8y (2.3)
du du du ad Bzu Bzu
ot - Mo Vay) Tk YU T e (2-4)
ax 9y
and
v v ov o]0 32V BZV
— = - (ut—+v_—) - o v +t—= )+ g . (2.5)
t 9 9 2 2
9 9x vy vy ox> oy vy

Using the vector identity

— —

V-(AB)=(A-V)B + (V-A)B



and Equation (2. 1), it may be seen that

NV eV - Ve 4wV 4T (2.6)
is equivalent to Equation (2.2). Although the partial differential equa-
tions are equivalent, it is clear that the finite difference forms of
(2.2) and (2. 6) are not. Harlow (Welch et al., 1966) has shown that
the finite difference analogy of (2. 6) satisfies Newton's Second Law
more precisely than the analogous form of (2. 2). Hence the two-

dimensional expansions of Equation (2. 6),

2 2
ou d(u’) 9(uv) o 9 u 9 u
8t_-[8x * ay ]_8x+v( 2+ 2)+gx (2.7)
9 ay
and
2 2 2
ov vy 9(uv) t]0) 9 v 8 v
—=-1 + ] - = +v(—+—)+ g (2.8)
t 2 Z ’
9 oy ax ay ox° oy vy

are used in place of Equations (2. 4) and (2. 5).

In order to solve Equations (2. 3), (2.7), and (2. 8) using the cal-
culus of finite differences, the fluid region being examined must be
approximated with a finite number of points. This is done by defining
a grid, or mesh, which covers the region, as shown in Figure 1. Al-
though there are placements of the field variables relative to the mesh

different from that shown in Figure 1, Harlow (Welch et al., 1966)



reports that this is the only one which satisfies the physical laws.

|
:V' i+ 1
11+ .
1 Lz Itz
|
u. 1. (1) . u. 1.
LS SR A L
|
| 1
|V, ] J 2
| 1)-2
| o
1-3 1 1+35

Figure 1. The mesh and variable placement.

Hereafter the rectangle defined by the solid lines i-%, i+3, j-%, and
j+5+ in Figure 1 will be designated cell i,j of the computational mesh.
With the fluid region being defined as in Figure 1, and with the

cells having dimensions ©&x by &y, the finite difference forms of

Equations (2.3), (2.7), and (2. 8) become, respectively:

)=10, (2.9)

1
P L 72 1] (2.10)



and
1 n+tl 1 2 2
ot ("1j+§“vij+§) B éy[(vij) (Vi) ]
+_1‘[(U-V) 1. 1-(uv). 1 1]
ox 1-3J+2 1tz J+2

1
+ = (d..-9..
ey ey Py Pije))

]
tvl—; (Vi+1j+é+vi-1j+é' 2Vij+é)
6x
+ L ( + 2 )] (2.11)
—/— |V v - V.. : . .
2 Va4 Tij-xT Tl

The superscript n+l here refers to the value at time (n+1)8t and
the absence of a superscript denotes the value at time nét. It may
be noted that there are some quantities in these equations which are
not defined in Figure 1. In such a case, a simple average of defined

quantities is used. For example,

and
(uv) = lu v, a4V 1)
uv). =—(u, 1.tu, . .
1+§J-2 4 1+%J 1+§J—1 13-% 1+13-%
Now. since Equations (2.10) and {2. 11) can be used to obtain
values for u and v, only an equation relating ¢ to u and v

is needed. To get this relation, a new variable is first defined:



)+

Y1) Ty

-1
D, =€;( ) . (2.12)

. u, . V.. -V.,
i i3] ij43  ij-2

Using this definition, Equation (2.9) obviously reduces to:

D=0 (2.13)

It should be noted that due in part to truncation errors resulting
from the process of finite differencing, values of u and v ob-
tained from Equations (2.10) and (2. 11) will not, in general, satisfy
Equation (2.13). For this reason, (2.13) is used mainly as a check
for stability of the solution. If values of Dij exceed some prede-
fined tolerance, then the solution process is unstable and any result-
ing answers will not be reliable.

Using Equations (2.10), (2.11), and (2. 12), an expression for

the time rate of change of Dij is found:

1 n+l 1 2 2 2
st Py Diy) = '{6X2[ (0, qy) +E ) -2 ]

1 2 2 2
+ 6y2[(Vij+1) Hvy ) -2tvyy)"]

+ [(uv) 1+(uv)i_

2
5x8y i+3j+3

1 R
2 (11572157 2¢ij)+; @541 551" Zq)ij}

X

1
+ v[———(D. .. +D, . .-2D. )JH—=
6x2 i+1j i-1j ij 5y
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1
Now, by setting Dr,ll;_ = 0 in (2.14), the desired relation for ¢ is
obtained:
b, ,.4b. .. .. .t
1 -1 1 -1
by = T L — | ”321 RN L = is) (2.15)
] Z(——£+ —'—2) 6x oy )
ox oy
where
1 2 2 2
1 2 2 2
* oy [vis ) vy ) - 20v5) ]
Dij 1 1
- -vl (D. ..+D, ..-2D )+—(D.. +D.. -2D )],
1 -1 -
6t 6x2 i+l i-1j ij 6Y2 ij+1  ij-1 ij
(2.16)

called the source term of Equation (2. 15). Thus, with appropriate
initial ard boundary conditions, an algorithm may be developed to
solve Equations (2.10), (2.11), and (2. 15) for each point in the mesh

at each point in time.

Initial and Boundary Conditions

1 | .
When solving for un+ and vn+ in Equations (2. 10) and
(2.11), if values for u and v attime ndét are known, they may

be substituted into (2. 12), (2.16), and (2. 15), respectively, to obtain



11
values of ¢, thus making the solution of (2.10) and (2. 11) a mere
matter of substitution. In other words, initial (time = 0) values of
u and v are needed to start the solution process. Hence functions

f and f are required such that

1 2
0 ..
uij = fl(1,_]) , (2.17)
and
0 _ f (i,]) (2.18)
Vij_ 5 »3) . .

In addition to the initial conditions, values for u and v are
needed at the boundaries of the fluid region; similar values are also
required for ¢. These boundary conditions will now be developed.

There are five types of boundaries which are allowed in the
MAC Method: (1) input; (2) output; (3) no-slip wall; (4) free-slip
wall; and (5) free surface. In the sequel, each of the first four
boundary types is treated as a bottom boundary; i.e., the fluid re-
gion lies immediately above. Similar results can be obtained for the
other three configurations with suitable manipulation of the subscripts.

Before proceeding to develop the boundary conditions for a spe-
cific type of boundary, one should note that the boundary conditions
for ¢ are derived from Equaitions (2.10) and (2.11). Thus, ata

bottom boundary,
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6y , n+l { 2
ij-1 ¢1J 5t (Vij—1 Vij—;:) B J U 1j)
(uv), 1. 1-(uv), 1. 1
2)-2 1t2)-2
* 6‘/[ & Ty
R Al -2V Voo 1tV 3-2v.. 1\ )
V( i415-1 1_?_% -3 iy ij-3 i3l | k’ (2.19)
ox oy o

where the subscripts are defined in Figure 2.

ijt )
VFluid cell

u. . . U, . !

i-3] ®i; i+3)

J

IR Boundary
1J-2
u, . cO, . su, ;.
1-33-1 ij-1 1+3]-1 Zoundary cell

Y13

Figure 2. Bottom boundary.

Note that, as shown in Figure 2, an extra layer of cells is re-
quired outside the fluid region and that the subscripts are still in gen-
eral form. The last observation is due to the possible occurrence of
a boundary anywhere within the 1,j mesh. An example of this is
shown in Figure 3, where a typical fluid problem, that of flow through
a stepped channel, is depicted physically in Figure 3a and as a finite
computational mesh in Figure 3b. Note that there are two bottom

boundaries and two right boundaries, thus showing how boundaries
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may occur anywhere within the grid. Cells marked with an X are
termed null cells since they do not enter into the calculations. Also
shown in Figure 3b is a cell marked witha C. This is termed a
corner cell and becomes a sixth case for which boundary conditions
are needed, since two boundaries overlap at one of these cells. The

six cases are outlined below.

v"
—_—
O G
C
|Z Null cell Corner cell
Figure 3a. Flow through a Figure 3b. The computational mesh

stepped channel. for a stepped channel.

Case 1: Input. At an input boundary, it is assumed, for sim-
plicity, that the incoming fluid velocity is constant along the boundary,
constant with respect to time, and normal to the boundary. These

conditions result in the following, respectively (referring to Figure

2):
Vi—lj_% = Vl_]_% = V1+1J—% ’ (Z ZO)
n+l
Vit ® Vigt = Vinput (2. 21)

and
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1. (2.22)

) (2.23)

and

Combining these with (2. 22) gives

. . 2. 24
Vij-2 T Vijed ( )

Now, by substituting (2.20), (2.21), (2.22), and (2. 24) into (2. 19),

the condition for ¢ is found:

2v
cl)-].—cbl_]-gy'é '—(V

- . 2.25
ij y oy ijts ) ( )

.. l
1J-32

Thus the boundary conditions for an input boundary are given by

(2.21), (2.22), and (2. 25).

Case 2: Output. The velocity boundary conditions at an output

boundiry are given by (2. 23) and the following:

(2.26)

1. . = U, . u. . = u. ..
i-zj-1 " Ti-z] Hzj-1 7 i)

The boundary condition for ¢ is not derived directly from Equation
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(2.19), but rather is formulated to agree with experimental results.
It was learned from Harlow (1967) that many conditions were tried,
with the following agreeing most closely with experiment:

ij-1 - %4j " ex ~(uv), 1. 1] - (2.27)

Case 3: No-slip wall. At a no-slip wall, the tangential com-
ponent of velocity vanishes, while at a free-slip wall, the fluid is al-
lowed to move freely past it. (No intermediate type of solid wall was
considered, and the criterion for choosing one or the other is the ex-
pected depth of the boundary layer along the wall. If the depth of vis-
cous interaction of the fluid with the wall is expected to be less than
oy, then a free-slip wall is used; otherwise a no-slip wall is as-
sumed.) With these remarks in mind, one takes the boundary condi-

tions at a no-slip wall to be

V.. 1 = 0 s (Z 28)
1)-2
Sidior T TR Y1 T T Yk (2.22)
and 6 2v
A - (V.. 1-V.. . 2.25
Case 4 Free-slip wall. Again using the above remarks, the

boundzry conditions at a free-slip wall are given by (2. 28), (2.26),and

=¢;; - 8,5y - (2.29)

ij-1 J
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Case 5: Free surface. A free surface is defined to be a bound-
ary of the fluid region which is in contact with another fluid (usually
air) whose effects on the fluid being examined are negligible. In this
paper the pressure immediately below the free surface (referring
still to Figure 2) is assumed to be negligible compared to that above;
thus q)ij-l ~ 0; whereas in the report by Welch (1966), the fluid
below may apply some known additional pressure on the free surface.
Under this assumption, the boundary conditions at a free surface are
given by the following (Welch, 1966).

If only one empty cell, i.e., a cell outside the fluid region,
touches the free surface cell (cell i, j), then the velocity at the surface

is computed from Equation (2. 9). If this empty cell is above or below

cell 1i,j, then

_ 2y

b. ( ) . (2.30)

ey i+ Vij-d

If it is to the left or right, then

b. . :—f(u. L.-u 1) (2.31)

If two empty cells contact the free surface, then the velocities
at the surfaces are set equal to those on the opposite sides of the cell.

If the two empty cells are 1i,j+1 and i+l,j, then
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1
i1 it 0 T (Mg 1jed %0

c
-
+
|-
.
[}
—
1
=

(2.32)
Similar conditions apply to ¢ for the other three configurations of
diagonally-adjacent empty cells. If the two empty cells are not diag-

onally adjacent, then

b..=0. (2.33)

If three empty cells surround the free surface cell, then the
velocity opposite the fluid side is set equal to that of the fluid side,

and the other two surface velocities are changed only by gravity, e.g.,

1
S ov s g, ot - (2.34)

For the case of three empty cells, (2.33) holds for ¢.

Finally, if the free surface cell is alone, i.e., has four empty
cells surrounding it, then it follows a free fall trajectory. That is,
all four velocities are changed only by gravity. Again, condition

(2.33) applies for ¢.

Case 6: Corners. Since, as explained later in the section cov-
ering the algorithm, the pressure of a cell of fluid is computed im-
mediately after any boundary conditions needed for that cell, corners
do not change the conditions on ¢. This is true even though the

pressure in the corner cell will be different depending on which
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adjacent fluid cell is being considered.
Velocity boundary conditions, however, are different. Refer-

ring to Figure 4, the following boundary conditions are necessary

(Welch, 1966):

In the calculation of vl,q.+11,
1tz
L1, 1 = V.. 2.
Vitlj+s T Vijed (2.35)
for a free-slip corner, and
R T 2.3
v1+13+% v13+é ( ¢)
for a no-slip corner.
In the calculation of S,1j (only),
D1 =0 2.37
Yitdiel (2. 37)
In the calculation of Sij+l (only),
L1, = UL, 2.38
Yy Cirgiel (2-38)
for free-slip, and
P S 2.3
Yiagi T 7 Niepel (2:39)

for no-slip.

Similar conditions hold for the other three orientations of a corner cell.
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S, .
541 [ je1

ij+1 Vit1j+d

.. u. .
1] 1+3) 21 Corner cell

Figure 4. Typical corner cell.

To summarize the first two sections of this chapter, the follow-
ing tables have been prepared. Table 2.1 lists the unknowns, equa-
tions, and basic assumptions pertaining to the MAC Method equations;
Table 2.2 shows the initial conditions, boundary conditions, and as-

sumptions used in the derivation of the boundary conditions.

Algorithm

With the equations and associated boundary conditions listed in
the previous sections, all that remains is to generate a series of
steps to use these results. It is this algorithm, along with the bound-
ary conditions, which makes the MAC Method both unique and power-
ful.

At the heart of the algorithm lies a concept which has yet to be

introduced. This idea is the ''existence' of imaginary markers, or



Table 2. 1. Unknowns, equations, and basic assumptions of the MAC Method.

Equation
Unknowns Equations numbers Assumptions
2
(a..) -(u. ..) (uv). 1. 1-(uv). 1.
a uf1+ll' Cu. .+ 6t 1] i+1j + 1+%_]-% 1+%_]+%
i+3) i+3] ox oy
Lo u, a.tu. ;.-2u. ;.
‘g +¢1_] ¢1+1_]+v( 1+§_] 1-%_] 1-{-%_]
x ox
ox
wu, ., .t 1. o-2uL .
it5j+1 1-;%_]-1 1+%_]) (2.10)
oy
2 2
n+1 i) i) V)W)
\4 ... 1 =V 1 T ot
ij+s +3 oy ox
¢1J'¢ij+l Vij+2 Vij-é'zv13+3
g ot +v >
y y Sy
V.o .. v, .., 1-2V..
i+1j43 i-1lj+3 1_]+%> (2.11)
ox
o, .td. . b+,
1 1 -1 1 -1
o 6. = — 1 ( Lt 21 U L. 2” +si.>. (2. 15)
(st —) 6x 5y )
o0x Oy

0¢



Table 2. 1. Continued.
Equation
Unknowns Equations numbers Assumptions
2 2 2 2 2 2
{a, ..) +{u, ) -2(u..} (v.. Y +(v.. ) -2(v..)
i+1j i-1j ij ij+1 ij-1 ij )
S.. - .Incompressible flow.
1] 2 2
- ox oy
. Constant density-
+ .1, 1t o1 1- 1. 1% .
6X6Y[(uv)1+‘é‘_]+% (uv)l—%_]—% (uV)H-l —é (uv)l__é_ 4%] . Two-dimensional space.
D.. D. 4D, .-2D,, D,. +D.. -2D . Constant kinematic
ij itlj i-1j ij ij+1 ij-1 ij . .
- -v + (2.16) viscosity.
ot 2 2
ox oy
. Constant gravity.
1.1.1+l.—11.1 1. V.l.+l—V.l. 1
D --_t2) 1-2) 72 l)-2 (2.12) 6.Discrete fluid region.
ij ox by

.D

n+l
i

=0, all i,j.

1¢



Table 2. 2.

Initial conditions,

boundary conditions, and boundary condition assumptions.

Boundary conditions for bottom boundary (Figure 2)

Initial Num- Type of
conditions bers boundary Conditions Numbers Assumptions
0 - n+l
u,, =1 (i,§) . (2.17) Input V.. 1 =V.. 1=V, . (2. 21)  Input velocity constant with
ij 1 1j-3 1j-3 input .
respect to time.
a. 1. ,= -0, 1., U, ;. .= -, 1. (2.22) Input velocity normal to wall.
-3j-1 -5 5j-1 >3 .
O S f (1,5 . (2.18) -2J -2 ) 2]
ij 2 2v
q)lJ ] q) g 6y- 6 (1J+_ 13_%) (2. 25)  Input velocity constant along -
wall.
Loy
. = . . -u.. . 2.
Output ViJ-E 1_]+3 6x( 1+§_] u13-%) (2. 23)
= , . 2.2
Bi-dj-17 Tiegy Ciepiel 143 (2.26)
Sy
.. =9, [(u 1. 1- (uv) 1. l] . (2.27) Formulated to agree with
i~ ! 1‘] ox "2)-2 t2)-2 experiment.
No-slip v..1 =0 (2.28)  solid wall.
wall ERCEN 2. 22) | _ %
RSP S T I TP S 1+%j-1 i+3j ‘ Hlwall T
; 2.
01517 015 8,57~y (Vi 1V ) (2. 25)
Free-slip v,. =0. (2.28)  solid wall.
1)-2
wall
Biodio1T Mo Bl o7 i (2. 26) “lwa11:“|(vva11+6y/2)'
q)1_]-1 - q)i_] B gy6Y (2.29) vlwall -

(A4



Table 2. 2. Continued.

F'ree surface boundary conditions (Figure 2)*

Number of

Corner boundary conditions

empty cells (Figure 4)
surrounding Conditions Numbers Condition Number
1
One v| computed from D, = 0. (2.9) In calculation of V.n,+ 1
surface 13 ij+3
If empty cell is free-slip:
2v
: below: 6 = 2% v 1) (2030 = v :
above or below cpij 6y(vij+é 1J—%) ( ) Vi+1j+% Vij+% (2.35)
to left or right: ¢, . = éz—‘i(u.Jrlj_ lj). (2.31) no-slip:
1] x itz i-3 _
Two V’s rface Vlo osite’
4 PP ¢ In calculation of S, .(only),
If empty cells are b - o 1] (2. 37)
diagonally adjacent: q)ij = f(v, u, v); (2.32) 2J
otherwise: q)ij = 0. (2.33) In calculation of Sij+1 (only),
-slip:
Three v opposite fluid side = v fluid side; free-slip
otherwise vl = v 4 gét. (2.34) St T Yk (2.38)
cp.lj = 0. (2.33) no-slip:
n+l _ - u =-u . 2.39
Four v =v + gb6t, all sides. (2. 34) i+%j i+%j+1 ( )
., = 0. (2.33)

1]
*Assuming cp.lj = 0.

€¢
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particles of fluid, which move through the fluid region with velocities
associated with the cell velocities. If these particles were to enter
into the calculations, they would form, in effect, a Lagrangian coor-
dinate system. However, they do not affect the numerical results per
se. Instead they are used only to locate a free surface, if present,
as it moves about the system. An excellent secondary application for
these markers is to allow the investigator to watch the movement of
the fluid, as if the markers were particles of dye in the corresponding
physical problem. With the introduction of these particles, the al-
gorithm can now be described.

The calculations begin with the problem setup, in which the
fluid region is described and initial conditions are applied. After
this, the algorithm consists of a series of time cycles, each of length
6t. FEach time cycle is broken down into the following steps (see
Figure 5).

(1) The free surface, if present, is located by counting the
number of particles in each cell. (A cell is "empty'" if it contains no
particles, thus explaining the terminology used in the previous sec-
tiori. j At this time, the free surface boundary conditions on ¢ are
applied. Also, velocities are updated for those cells which have
changed from the previous time cycle; e.g., a free surface cell may
beccrne empty, in which case its velocities are set equal to zero.

(2} Using velocities from the previous cycle, D is computed
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for each non-empty cell from Equation (2. 12), and its absolute value
is checked against a tolerance. If any D is too large, the calcula-
tions must be stopped and the stability criteria should be examined.
(The stability requirements are mentioned later in this section.)

(3) The values of S for each full (non-empty and not free sur-
face) cell are now obtained from Equation (2. 16).

(4) & is calculated for all full cells by using Equation (2. 15).
This step proves to be the major part of the problem. It may be seen
that in order to solve (2. 15) for ¢, an iteration, or relaxation,
process is needed. In the original MAC Method (Welch, 1966), the
process used is Seidel's Method, or simple relaxation (see Chapter
III). In this paper, the MAC Method is strengthened by using a much
faster process called overrelaxation (Chapters III and IV). Since this
step (calculating ¢) usually involves more than double the amount
of calculations as the rest of a time cycle, a method for reducing
these calculations would be valuable.

The MAC Method procedure for solving (2. 15) is as follows:
starting with the lower left-hand full cell of the mesh, any boundary
conditions on & necessary for this cell are computed, and then ¢
;¢ computed from (2. 15), always using the latest possible values of
the surrounding o¢'s; if a value of ¢ for a surrounding cell is not
availa®nle from this tirne cycle, the last value from the previous cycle

14 wged, This process is repeated for each full cell in the mesh, thus
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making one iteration, or sweep. Ten such iterations are completed
before a check is made to determine if the pressure field is still
changing between iterations. If the change is sufficiently small (using
a predefined tolerance), the iterations are stopped and step (5) in the
time cycle is taken; if the field is still changing, ten more iterations
are run and another check is made. This process is repeated until
the pressure field converges.

(5) During this step, un+1 and vn+1 are computed from
Equations (2.10) and (2. 11), respectively, using old velocities, the
new pressures, and the velocity boundary conditions.

(6) The particles are now moved with a velocity equal to the
weighted average of the four nearest cell velocities. This procedure
is described in the report by Welch (1966).

Steps (1) through (6) comprise one time cycle and can be repeat-
ed as many times as needed for the solution of a fluid problem.

The stability criteria for this procedure are reported to be

(Welch, 1966):

26x6y

ot < .
c 5x+6y ’ (2.40)
where C is the wave speed of the fluid, and
2. 2
2ubt < DX OV (2.41)

ox +6y2
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In addition, Shannon (1967) reports that the following criteria should

also be met:

6x2
6t < s (2. 42)
4vy
2
5t% < z;x , (2.43)
u
max
ot < —2X (2. 44)
input
and
o(u
1 2 1 2 max
Eétumax+ 46x ox < v. (2. 45)

Similar inequalities hold in the vy direction.

The algorithm as described above has been made into a comput-
er program, called SPLIT, and used to examine several typical fluid
flow problems. A flow chart for this program is included on the next
page and a listing can be found in Appendix II. In addition, some ex-

amples of problem solutions are the subject of Chapter V.

Extensions

Although the MAC Method as so far described is a powerful tool
for solving fluid flow problems, its true strength lies in the fact that
it can be extended in many ways to solve any number of more sophis-
ticated fluid problems.

As reported by Harlow (Welch et al., 1966), some extensions



Problem Setup

Read problem description,
initial values, print and plot
intervals, stop time, etc.
Set t = 0.

e

/

Print and plot, at specified
intervals, the values from
the previous time cycle.

set 271 - ¢ 4 st

Locate free surface, empty,
and full cells; calculate ¢ for
free surface cells; change
appropriate cell velocities.

(1)

(2) Calculate D.

Yes

a

D too large ?

No

(3) Calculate S.

<)

Figure 5. SPLIT flow chart.
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Figure 5. Continued.



30
include (1) cylindrical coordinates, (2) accelerating systems, (3)
three-dimensional coordinates, (4) turbulence, and (5) heat trans-
port. The heat transport problem has been extended even further by
Mercier (1968) to include density variations. By adding more equa-
tions (energy equation, incompressibility relation), Mercier's analy-
sis can accomodate problems involving density- and temperature-
stratified flows, such as reservoir problems.

Another useful addition to the MAC Method is described by Daly
(Welch et al., 1966). This admits the solution of problems with two
confined (no inflow, outflow, or free surface) incompressible fluids
of different density. Using Daly's extension, the interface between
the two fluids may be followed throughout the solution. A computer
program, called SPLASH, has been written for this method and a
sample problem sclution is presented in Chapter V. The listing of
the program appears in Appendix III.

Hwarng (1968) has further strengthered this two-fluid analysis
by adding inflow, outflow, and free surfaces. His dissertation also

includes error and stability analyses.
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III. THE TECHNIQUE OF OVERRELAXATION

When stated in their most generalized form, the physical laws
governing the nature of the universe are usually expressed as integral
equations. In all but highly-simplified cases, however, these inte-
gral equations are next to impossible to solve analytically; likewise,
the few numerical integral-equation-solving techniques available are
very cumbersome, However, a system of integral equations may be
replaced with an equivalent system of partial differential equations
either by making a differential analysis or by employing well-known
theorems by Green and Stokes. Examples of both of these techniques
applied to the equations of motion for fluids may be found in Shapiro
(1953). Once a system of partial differential equations is obtained, it
may be solved in many different ways, the most common method be-
ing the scheme of finite differencing.

Firite difference solutions are usually accomplished in the man-
ner described in Chapter II. A system of partial differential equations
is approximated with difference equations, using difference quotients
in place of partial derivatives. One of these difference equations is
solved implicitly; then the solution of the rest of the equations follows
by substitution. There are several schemes available for the implicit
solution of a difference equation; one efficient method is an iteration

process called overrelaxation. A description of this technique is
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contained in the sequel.
Description

The following discussion of overrelaxation is based on a treat-
ment by Forsythe and Wasow (1960), although the original work was
done by Young (1954). The theory presented covers the special case
of elliptic partial differential equations of functions of two variables.

Given a function of two variables, w = w(x,y), and a partial
differential equation of the form

9 W a w d w ow oW

2+2b8x8y+cayz+d_8~;+e§+fw+g:0’ (3. 1)

a

the equation is said to be elliptic if

ac - b%> 0. (3.2)

A typical set of problems involving elliptic equations is the fol-
lowing. Let R denocte a regiorn in the x,y plane. The problem

is to solve for w in the equation

2 2
9 w(x, V) + 0 wi(x, y)

2
9x oy

= f(x,vy) , (3.3)

for (x,vy) ir R, subject to the boundary condition
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ow(x!, yt)

1 Y —— 7 1 1 1 1 1 1 =

gl(X’Y) on +g2(X’Y)W(X’Y)+g3(X’Y) 0, (3. 4)
dw(x',y') .

for (x',y') on the boundary of R. Here, T—- is the de-

rivative (at x',y') in the direction normal to the boundary. Only
problems of this type will be considered here.

Let 6x and o6y be the spacing inthe x and vy direc-
tions, respectively, of a grid which covers R. (It is assumed that
the boundary of R is the union of a finite number of straight lines,
each of which is either horizontal or vertical, although the technique
described below will work for other configurations either by changing
the coordinate system or by interpolating at the boundary.) Then the

partial derivatives in (3. 3) may be written

2
] w0~ wl—Zw +w2
5 = > (3.5)
0x ox
and
o) w0~ w3—2w0+w4
, (3.6)
2 2
ay by
where wo, wl, WZ’ w3, and w4 are defined in Figure 6. Thus,

using (3.5) and (3. 6) and rearranging, Equation (3. 3) may by approx-

imated with

1 12 3 4
w7 | iy )] (3T
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where W, = w(xo, yO). Hence, by using the boundary condition (3. 4),
one may solve (3.7) implicitly to obtain values of w at a finite num-
ber of points in R; the number of points is dependent on the rela-
tion of 6x and &y to the total dimensions of R. There are sev-
eral schemes available for solving (3.7), the easiest of which is an
iteration process called simple iteration. This technique consists of

the following steps.

8y W

6x

Figure 6. Illustration of the grid covering R.

(1) An initial guess (usually zero) is made for the function w

at each point (Xi’ yj) of the mesh (except, of course, at

0)

the boundaries). Call these initial values WE'

(1)

(2) Using Equation (3.7), new values, called w, ’, are com-

i]
(0)

puted using wij and boundary values.

(3) The difference between the new values and the old values is

(1)

checked against a tolerance. If the values of w,1j are too
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far different from those of wg;)), new values, ngZ)’
1
are computed from ng) as in step (2).

(4) Steps (2) and (3) are repeated until, for some k, the

k-1
wg;()'s are sufficiently close to the Wf. )y

point the iterations are stopped, the solution is said to have

s. At this

converged, and the process of simple iteration is said to
"work' for this problem.

A more efficient scheme, called Seidel's Method or simple re-
laxation, is the same as simple iteration except for one refinement.
Instead of using only quantities from the previous iteration to com-
pute new ones, simple relaxation uses new values, as soon as they
have been determined, in the calculation of other new values. It is
clear that the time saved by using this process will be dependent on
the order in which the points are taken during an iteration. An order
which takes maximum advantage of the refinement over simple itera-

tion is called a consistent order. One such ordering (Forsythe and

Wasow, 1960) is to start with the lower left-hand point, work across
to the right, then left-to-right on the next higher row of points. This
is continued throughout the mesh, ending with the upper right-hand
point. It can be shown (Forsythe and Wasow, 1960) that if simple it-
eration "works'' whenever a consistent order is used, then simple

relaxation '"works' exactly twice as fast.
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An even more efficient method for solving Equation (3.7) exists.
This scheme, called overrelaxation, speeds the convergence of sim-
ple relaxation by multiplying the changes between iterations by a fixed
number greater than one. The following discussion will help to clar-
ify this.

k th
Define a new quantity, R(O ), called the k residual of

W in the following way:

WD () (), () (k)
(k) = 1 1 2 (k-1)
R = + -f(x ,v.) -w ,
0 1 1 2 2 0’0 0
2(—s+—— 6x oy
6x2 ) 2
y (3. 8)
where the superscript { has the value of either k or k-1.
It is obvious that Equation (3.7) can now be written:
k-1
W - Gl (k) (3.9)

0 0 0

This is the equation which is used in simple relaxation. A more gen-

eral equation can be written to cover all types of relaxation processes:

(k) _ _ (k-1) (k)
Wy T W, +qR0 . (3.10)
When - 1, the process is termed underrelaxation; when q = 1,

the prosocse s the simple relaxation already discussed; and when
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g>1, itis called overrelaxation.

“orsythe and Wasow (1960) have shown that when a consistent
order is used, if simple relaxation ""works, ' then g_y_e_rrelaxation
works." The amount of time saved by using overrelaxation will, of
course, depend on the overrelaxation factor, q. Using a matrix
analysis of the operations involved, a relation between the rate of
convergence and the overrelaxation parameter may be obtained. This
relation is depicted in Figure 7; several observations can be made

from this curve.

=time required
for any relax-
ation process

=time required
for simple
relaxation

Figure 7. Overrelaxation factor curve.

/1) Underrelaxation is not profitable; it requires more time
than any other relaxation method.
, exists.
opt

depends on the problem being considered,

{21 An optimum overrelaxation factor, g

‘i Although <
* & %apt

it value lles in the interval 1< dopt < 2.
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(4) Approaching qopt from the left, the curve has an infinite

!

slope, while the slope is one for q > qopt + 0. Thus it is

better to use q = qopt + e than touse q = Aot = € for

p
some small e > O.
In general, determination of the best overrelaxation factor to
use cannot be done exactly. The next section describes a method for
finding qopt approximately, and also shows how to obtain qopt

exactly for the special case when R 1is a rectangle.

Determination of Overrelaxation Factor

As was noted above, the best overrelaxation factor cannot, in
general, be computed exactly. However, a method, shown below,

does exist for estimating qa, (Forsythe and Wasow, 1960).

pt

If a problemis started by using simple relaxation (q = 1), then

an estimate of the rate of convergence, r, will be given by
k
NG
(o1) —r as k-—o, (3.11)
(R

Any matrix norm will suffice for this estimate. Fortunately, a re-

lation exists between r and q _,:
opt

q . = . (3.12)
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Thus, if a computer program is being used, one may run for, say,
ten iterations using gq = 1, form the quotient ||R(10) ||/ ||R(9) ||,
compute a new q from (3.12), and continue by using overrelaxation.
It should be pointed out that the quotients in (3. 11) will behave in a
random manner when q £ 1, while with q =1 they will steadily
decrease until r is reached.

The optimum overrelaxation parameter may be computed exact-
ly for certain special cases. One of these is when the region R is
a rectangle.

When R is a rectangle, the value of r in (3.11) may be

computed exactly from (Davis, 1967):

2
, (3.13)

'n'6x+co moy
(cos W s 4 )

r =

2

where ©6x and ©&6y are as defined in the previous section, W is
the width of the rectangle, and H is the height of the rectangle. As
an example of this method, let &éx =8y =0.1, and W =H = 1.0.
Substituting these values into Equation (3. 13), we obtain

2.
10°

r = COS

Upon evaluating this cosine and substituting the resulting r into

Equation (3. 12), we have

qopt =1.53.
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IV. APPLICATION OF OVERRELAXATION TO MAC

The MAC Method, as described in Chapter II, can be used to
simulate a great variety of fluid flow formations. Because of this di-
versity, the associated computer program is very large and relative-
ly slow, owing to the complexity of its logic. As an example, a typi-
cal problem might require 50, 000 words of storage and one-half hour
of computer time on the fastest of machines. Since computers with
the required size and speed are very expensive to operate, it seems
that any idea which could reduce the running time would be in order.

As pointed out earlier, the most time-consuming portion of the

MAC Method is the solution of the pressure equation:

b, .+d. .. .. ,tD..
1 1 -1 1 -1
( 1+ 11 21 J+ 1]+ 211 +S-1- . (2. 15)
ox 5y J)

Recall that this equation must be solved, i.e., the pressure field re-
laxed, at every time cycle. For most problems, this can be done in
less than the minimum ten iterations (see page 26) for the majority
of the time of interest. However, many interesting problems have
heavy transient periods, during which the solution of (2. 15) takes
many times more than ten iterations when the process of simple re-
laxation is used. Thus the application of overrelaxation would ac-

complish the time-reduction mentioned above. The remainder of this
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chapter is concerned with this application.
Application

Recalling the theory presented in Chapter III, overrelaxation
will speed the convergence of the solution of the following problem.
Consider a function w = w(x,y) anda region R inthe x,y

plane for which

holds on the interior of R.

Suppose

ow
8,06 Y) 5 1 g, y)W + ga(x,y) = 0 (3. 4)

is satisfied on the boundary of R. The problem now is to solve for
the function w(x,y).

Hence, in order to justify the application of overrelaxation to
the solution of Equation (2. 15), it must be shown that the associated
boundary problem of (2. 15) is equivalent to the above problem. (It
was shown in Chapter III that overrelaxation applies to the problem
above.) This can be done very easily.

First, recalling that the equation
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0 Yo (3.7)

was shown to be the finite-difference form of (3. 3) and noting that the
grid system for this equation is similar to that for Equation (2. 15),

appropriate substitutions can be made to find that

2 2
8—%+8—%:_S'(X,y) (4. 1)
ox oy

is the partial differential equation associated with (2. 15). Here, the
function S'(x,y) is the analog of Sij' It is obvious that this equa-
tion is equivalent to (3. 3).

It remains to be seen that the boundary conditions for ¢ are
in the form of Equation (3.4). From Chapter II, the ¢ Dboundary
conditions for input, output, no-slip wall, and free-slip wall bound-

aries are all of the form

where the houndary in question is the dividing line between cell 1i,]

and cell 1,j-1, and the term g’ij , is dependent on the type of
-2

boundary. Likewise, at a free surface the conditions are of the form



43

or, since q>.1j_1 =0,

=0, - & . 1. (4. 3)
Now, recognizing that &y 1is a constantand that

P51, 00
by oy
it is seen that Equations (4. 2) and (4. 3) are the finite-difference

forms of

89 | £iix
ay—é( ' Y) s (4. 4)

for (x,y) on the boundary.

However, since (4.2) and (4. 3) apply at a bottom boundary, i.e., one

which runs in the x direction, Equation (4. 4) is just
9
99 E(x, y) . (4.5)

But this is equivalent to Equation (3. 4) with gl(x, y) =1, gz(x, y) =0,
and g, (x,y) = £ (x, y).

The two problems in question prove to be equivalent; it is there-
fore correct to assume that overrelaxation will result in a decrease
in computation time when applied to the MAC Method. This has been

deone; the ensuing section will show the savings for problems involving
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two types of transients.

Timing Studies

Two different types of problems have been investigated to deter-
mine the value of overrelaxation techniques when applied to the MAC
Method. A short outline of these problems follows.

(1) This problem was devised to attempt to obtain an empirical

relation for the savings produced by using overrelaxation.
This was done by defining a problem with several transients,
whose effects caused a varying amount of iterations re-
quired for convergence.

(2) The second problem was designed to illustrate the effects

of under- and overestimating q in a specific example
o]

pt
(see Chapter III). This problem also serves as a check for
problem (1).

Problem (1) consists of a channel with six steps in it (see Fig-
ure 8). Fluid begins entering from the left at time zero, flows over
the steps, and eventually reaches point A. It was expected that as
the fluid reached each step, more iterations would be required than
when it reached the previous step. This proved to be true, as shown
in Figure 9. The peaks of the curve in this figure correspond to the

fluid encountering each step. The reader might wonder why there are

seven peaks on this curve, while the channel has only six steps. This
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can be explained by the following argument.

= o PP - L A
——
——
I
——— A
5
———— 4
=3
— Z 2
1
T

Figure 8. Problem with several transients.

In practice it is observed that as a fluid flows over an obstruc-
tion it accelerates. (Note that the peaks get closer together as time
goes on, thus showing that the fluid does indeed accelerate.) After
passing the sixth step, the fluid accelerates so rapidly that a '"hole"
is created above the step. Some of the stability criteria exhibited in
Chapter II are based on the requirement that the fluid must not travel
farther than one cell width in one time cycle (Welch, 1966). If this
requirement is not met, then numerical instabilities will result and
the solution will diverge. It follows that if the above-mentioned hole
is large enough, then the solution will diverge. Thus, Figure 9 shows
the divergence of the solution after the fluid passes the last step.

Problem (2) consists merely of a box full of fluid. Actually,
because of the finite nature of the representation, the fluid is a small

distance above the bottom of the box. A large gravitational force is
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allowed to pull the fluid down at time zero, thus causing a heavy tran-
sient during the first time cycle. Using simple relaxation (q = 1),
the solution required 120 iterations. The exact optimum overrelaxa-
tion factor for this problem was computed in the example on page 39
and proved to be qopt = 1. 53. By using this g, the number of
iterations was reduced to 50. The program was then asked to esti-
mate qopt after ten iterations, in the manner of Chapter III. It
computed qopt = 1. 61, immediately used this value, and took a
total of 60 iterations. A value of ¢q = 1. 45 was then tried, requir-
ing 70 iterations, thus illustrating that it is better to overestimate
qopt than to underestimate, as implied in the discussion on page 38.
(The number of iterations is always a multiple of ten since the con-
vergence test is made only every tenth sweep. )

Results seem to indicate that the empirical relation sought in
problem (1) does exist (Slotta et al., 1968). Figure 10 shows the
number of iterations saved by using overrelaxation plotted against the
number required by simple relaxation. Also, the corresponding point
from problem (2) is plotted on this graph, thus serving as a check for
problem (1). It can be seen that the relation is appreximately linear,

with a slope of 1, i.e., the computing time is about halved. Re-

membering that these values were obtained with an estimated qopt’

the resnulting 100% savings over simple relaxation show the superior-

ity of the technique of overrelaxation.
Yy
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V. EXAMPLES

On the following pages are three examples of fluid flow prob-
lems which were simulated on a CDC 6600 computer with computer
programs embodying the principles of the MAC Method.

The first two problems were solved by the FORTRAN IV pro-
gram SPLIT, which uses the one-fluid MAC algorithm; the third prob-
lem solution was accomplished by the FORTRAN IV program SPLASH,
which incorporates the two-fluid extension of the MAC Method.

The first page of each example briefly explains the problem in-
volved and lists values used for some of the variables. This is fol-
lowed by a page of computer plots showing the fluid configuration at
various points in the time period of interest. These plots are the
representation of the marker particles mentioned in Chapter II, and
were generated by the computer program on an SC-4020 microfilm

recorder.

Stepped Channel with Free Surface

Fluid is allowed to enter a channel with a step in it (Figure 11).
The fluid does not fill the channel; thus a free surface exists at the
top. As the fluid passes over the step, a wave is formed at the free
surface and eventually leaves the system. Further running of the

problem shows that following waves get larger and hit the upper
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boundary, thus causing numerical instabilities which the program is

not equipped to handle.

Number of cells = 20 x 15 6t = 0. 02
6x = 0.125 uozl.O
6y = 0. 125 VO=O.O
Depth of fluid = 1.0 g, = 0.0
Height of step= 0.2 gY =-0.1
v=20.2

Computer time: = 20 minutes

Fountain Flow

Fluid enters the box from below and proceeds upwards between
retaining walls (Figure 12). As the fluid passes the tops of the walls,
gravity starts pulling it out and down. Inertia then carries the fluid
further upward. Eventually the fluid falls back out of the system.

Number of cells = 32 x 18

ox = 0.1

by = 0.1

Height of retaining walls = 0.3
Width of fountain = 0.6

v = 0.01
6t = 0. 025
uO:O.O
VO:]..O
gX:O.O
gy:-l.O

Computer time: = 30 minutes
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Fountain flow.

Figure 12,
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Mixing of Two Fluids

Two fluids lie side by side in a box, separated by a thin elastic

diaphragm; the heavier is on the right (Figure 13). At time zero,
the diaphragm is ruptured, allowing the heavier fluid to fall under the
force of gravity.

Numbgr of cells = 30x 20

NumBer of particles = 2400

ox = 0.1

by = 0.1

Density of heavy fluid = 1. 0

Density of light fluid = 0.5

Viscosity (both fluids) = 0. 0

6t = 0. 01
uO:O.O
VO:O.O
gX:O.O

=-1.0
gY

Computer time: ~ 1 hour
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VI. CONCLUSIONS

This paper has presented a method for finding transient solu-
tions to the complete two-dimensional incompressible Navier-Stokes
equations of motion for fluids. This MAC Method description was in-
tended to be brief; the interested reader may seek details by consult-
ing the excellent report by the Los Alamos research group (Welch,
1966).

In addition, a special case of the theory of overrelaxation meth-
ods has been developed. The development was not rigorous; however
care was taken in proving that this convergence-speeding technique
could be applied to the MAC Method and produce a more efficient al-
gorithm. Results of test cases were introduced to validate the con-
clusions reached in theory.

Finally, examples of the capability of the MAC Method were
presented, showing how it could be used for the simulation of a great
variety of incompressible fluid flow problems.

In conclusion, the author would like to point out some problem
areas of the MAC Method and suggest paths for future research.

One deficiency of this method is the absence of proofs of exist-
ence and uniqueness of solutions. Of course, to do this one must
first make the same analysis on the Navier-Stokes equations. Very

little work has been carried out in this area.
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Secondly, an error analysis of this algorithm, including trunca-
tion and round-off errors, would substantiate its value. Hwang (1968)
has presented such an analysis for his extended version of the two-
fluid MAC Method. An investigation should also be made into why the
theoretical outflow boundary conditions do not agree with experimental
results. Perhaps an order of magnitude analysis would help here.

Finally, future applications for this method might include: the
effect of atmospheric conditions on ocean waves and currents; a study
of density currents, both in air and water; and the effect of density
stratification on water quality. The latter subject could also be ex-
tended to the problem of selective withdrawal from a reservoir; pa-
pers by Hwang (1968) and Mercier (1968) might be used as a basis for
such an investigation. Particularly needed in this last area is a
method of scaling the problems. Mercier has shown that scaling dif-
ficulties exist because of the large difference in the horizontal and

vertical dimensions of reservoirs.
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The following table contains a list of the symbols used in this

paper. The symbols are listed in alphabetical order and are identi-

fied with the chapter(s) in which they appear.

Symbol  Meaning Chapter
a,b,c,d, Coefficients of the general second-order 111
e, f, g partial differential equation
A, B Arbitrary vectors II
C Wave speed of a fluid 11
D Finite difference form of du + ov II
ox 0y
f Arbitrary function in an elliptic partial dif- 111, 1V
ferential equation
fl’fZ Arbitrary functions defining uo, v, 11
respectively
E Acceleration due to gravity II
g8, 8 Components of E in x and y directions, I, v
Y respectively
818,85 Arbitrary functions in elliptic partial differ- I11, IV
ential equation boundary condition
H Height of rectangle III
i,] Subscripts denoting position in discrete mesh 11, 111, 1V
_1’,_3’ Unit vectors in x and y directions, re- II
spectively
. . th | .
k Superscript denoting k iteration 111
. . th .
n Superscript denoting n time cycle 11



Symbol  Meaning Chapter
q Overrelaxation factor III, IV
qopt Optimum overrelaxation factor III, IV
r Rate of convergence of simple relaxation III
R A region in the x,y plane II1, IV
k t
R( ) k h residual at w III
0 0
S Source term in ¢ equation II,IV
St Partial differential equation analogy of S v
t Time II
u, v Components of velocity in x and y direc- II
tions, respectively
0 0 . Lo . . .
u,v Initial velocities in x and y directions, II, v
respectively
v Velocity vector 1I
W Function satisfying an elliptic partial differ- II1, IV
ential equation
W Width of rectangle III
X,y Two-dimensional Cartesian space coordin- II,I1I1I,1IV
ates
x', y! Coordinates of a point on the boundary of R II1
ot Time increment II, v
ox, oy Increments in x and y directions, respec- 11, I1I,
tively v, v
€ Arbitrary small number II1
v Kinematic viscosity I, v
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Symbol  Meaning Chapter
g, & Arbitrary functions in ¢ boundary conditions IV
T i, area of the unit circle 111
& Ratio of pressure to density II,I1v
—(%1 Partial derivative in normal direction III, IV
-5;( $~ Partial derivatives in x and y directions, II, 11,1V
a4 respectively
}% Partial derivative with respect to time 11
v Del, divergence operator ——Q-T+—8—_'. II
’ & P © Tax T By
k k
( )” Norm of matrix R( ) III
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TN R aYaNaNa¥aXaNaaRa)

PROGRAM SPLIT
COMMON/TYPOOL/XKMINo XMAX s YMINo YMAXs TAMINe TAMAX o TYMIN o TYMAX
COMMON/TVGUIDE/ TMODE o TEXT I TV

COMMON/TYFACT/FACT

COMMON/ TYTUNE/LPENSLPEF s ITAL» IWINKs INTS»IRT s [UP

COMMON QQsLQAC TNUX&Gs TNUYG

COMMON DTVPoDELTASSTVP

COMMON MSKToMSKE sMKCTeMKCB IMPT2IMP8sDVTs0VSE

COMMON AGXL2AGYHSDTsDTCPoDTPoDTPPsDXCoOXCD290XCSWsDYLoDYCO290YCSG
$  DXINoGXsGYrHoNTsNIMI oNJoNIMI NP sNTPaNUsToTCP s TLs TR TPPsmeZsDYIN
COMMON KDsDXY o DYXoNIPIoNIP L sTDXYsGXDsGYDs TNUX s TNUT$IXDY2sDYDX2 s
s DXY4sDYX4 s ZRoZDXRIZDYROGXTsGY ToDXGoDYL s M sMOsUP s VP o XP s YP
COMMON CSeDoPePSsRsiUsVIXCeYC

COMMON MSK {81 oMKCIH) o IMP(E)sDVIS)

DIMENSION C5(259100)9D(25+100)9P125+100)9sP3(3000)sR(259100)
$ Ui260101)9V{269101)9XCL25)9YC(10C)

DIMENSION UP(30001sVPI3300)+XP({30001sYP(3000)

INTEGER CS+FLAGHPS

REAL NU

COMMON KNBPsNBP2+XB2(18)sYB2(181

COMMON NBPoXB{(18)+YB(18)

SPLIT SOLVES THE NAVIER~STOKES EQUATIONS FOR TwWO~DIMENSIUNALs IN-
COMPRESSIBLE FLOW USING THE MAC (MARKER AND CELL) METHODs AS VE-
SCRISED IN soTHE MAC METHODses A REPURT WRITTEN FUR LOS ALAMUS
SCIENTIFIC LABORATORY BY Jo cODIE WELCrs FRANCIS re HARLUWS JOrN Pe
SHANNGON, AND BART Jo. DALY,

THIS PROGRAM WAS WRITTEN IN MAY OF 1967 BY MICHAEL V. TERRY IN
CONNECTION WITH A RESEARCH PROJECTs ENTITLED «oSTRATIFIED RESIRVUIR
CURRENTSees AT CREGON STATE UNIVERSITY.

MI=5

M0=§

kD=1

CALL Ovl
CALL Ov2
GO TO (101+102)sKD
CALL Ov3
GO TO 100
CALL TVEND
STOP

END

SUSROUTINE OVl

COMMON/TVPOOL/ XMIN s XMAX s YMINs YMAX s TXMENs TXMAX 9 TYMINs TYMAX
COMMON/TVGUIDE/TMODE s TEXTH I TV

COMMON/TVFACT/FACT
COMMON/TVTUNE/LPENsLPEF o ITAL s IWENKs INTSsIRT IUP

COMMON QOsLQOsTNUXG» TNUYS

COMMON DTVP+DELTAS,TYP

COMMON MSK79MSKE sMKCT7oMKCBs IMPT»[MPBsDVT7+DVE

COMMON AGXL sAGYHoDTsDTCPoDTPoDTPP 4 DXCHXCD29DXLSUsuYCHDYCD29s0YCSU
$ DXINSGXoGYsHoNIosNIMY sNJsNIML NP oNTP o NUsToTCPsTLoTP s TPPaWsZ DY IN
COMMON KDsDXYsDYXsNIP] sNJP1oTDXYsGXDsGYDs TNUXs TNUY sDXDY29DYDX2s
$ DAY4sDYX4sZRZDXRSZDYRGXT sGYToDXGsDY LM sMUSUP s VP9 XP o YP
COMMON CSsDePoPSsRsUIVIXCaYC

COMMON MSKTE)oMKCIBI o IMP{6)2DVIE)

DIHENSION CSéZSO C01eD(259100) 9P 300D eRI25010014 0

2591231 9P35
69101 )9VI26s]) lloXC(ZS)vYClICG
“!VEVS!ON UP{3CCO)»VPI3TD 019¥PE2CS
INTEGER CSeFLAGPS
REAL NY
DIMENSICON TYPE(I6)9XB{1814YR(18)4:4(500;
NSION XPCL201eYP2(22 )9 XPLIZD 0 fPLIZU pUPI{275eVP2120)
] TYPE
3 KNSP o NBP24XB2(18)s¥32118}
COMMON MEBPXBsY8
READ (MI1001) NIsNJNS:I oNB2ZoNCRewP ol
READ (M19100C) UDesVIeGXeGY 4 2TPWDTPE TCE
READ (M] 310007 werteNJsTLIOXPeIYP ST
READ (M1 2000 DTVPeDELTASHID
READ (MI10101 (XPOUI3eYPOUINekPLI o fPLILIowPLil)evPUiLtslalninrR)
NIMl=NT-1
NIP1=NI+1
NJIM12NJ-1
NJP1=NJ+1
ANTI=NT
ANJ=NJ
DXC=wW/({ANI-24}
DYCsH/ANI=24)
GXTaGX#DT
GYT=GY#DT
DXY=DXC/DYC
DYX=DYC/DXC
CXYu=DXY®g2S
DYXe=0YX%,25
DX4=e25/0XC
DY&4=,25/0YC
TDOXY=zeS/{DXC#DYC)
GXD=GX#CXC
GYD=GY#DYC
TNUz24#NU
TNUX=TNU/DXC
TNUY=TNU/DYC
TNUXG4=TNUX®,25
TNUYS=TNUY* 425
DXCD2=45%*DXC
2YCD22.,5%#DYC
DXCSCsDXC#IXC
DYCSQA=DYCRPYC
Z=(1e/DXCSQ+1e/0YCSQ)I*2,
DYDX2=DYC#NU/DXCSQ
OXDY2=DXC#NU/DYCSQ
2R=z14/72
ZDXR=2R/DXCSQ
ZDYR=ZR/DYCSG
AGXL=A3SIGX*W)
AGYH=ABS(GY#*H)
MSK(11=73
MSK(2)=708
MSK{31=70C8B
MSK(4)=70008
MSK (532700008
MSK 16)=700G00¢CR
MSKT7=72022C08
“8K8=7002803008
D0 9C2 I=m)le6

CreXP1 30

2300 MKCUT)=oNOTaMSK ()

/




100

101

102

103

104

MKCT=aNOTMSKT

MKC8=oNOToMSKE

IMP(2)=108

IMP({3)=1008

iMP(4)=10008

IMP(S)=100008

IMP (6121000008

IMP7=10000008

IMP8=1C0020008

DV{2)=1e/8e

OVIi3)=1e/64e

DVi4)=1e/5120

OV(5)=1./74096.
DOVi61=14/32768,

DV7=1e/2621440

DV8=1472097152.

T=0,

TT=0,

DC 10C J=1sNJ

0C 100 I=1sNI

CS(I+J1=0

P{l+J)=0e

R{1sJ)1=0e

Dtls)=0e .

DO 101 J=1sNJP1

DO 101 I=isNiPl

UtIsJ)=0e

VilsJ)=0e

DO 2 K=1sNP

PS(K)I=0

XP{K1=0.

YP(K)=0,

UP(K)=0.

VP(K}=0,

XC(1)=~DXCD2

YC(1)=-DYCD2

DO 102 I=2NI
XC(I)=XCU[=1)+DXC

DO 103 J=2.NJ
YC(J)I=YClJI=1)+DYC

00 105 J=1sNJ

DO 105 [=1 NI

D0 104 K=3,6 )
CSUTsJ))=IMP(K)}eORe(CSI19J) e ANDeMKC(K) )
CS{I+J)=6e0Re(CS{I+J}eANDMKC)
KT=5#IMP(2}
CS{IsJ)=KTORICSIIsJ) e ANDeMKCI2) )
NB8=NB1

KNBP=]
PLMAX=AMAXLIXCINII+DXCsYCINJ)+DYC)
PLMIN=AMINYI(XT{11-DXCsYC{1}~-DYC)
XMIN=PLMIN

YMINEPLMIN

‘- XMAX=PLMAX

YMAX=PLMAX

NBP=NB+1

READ (MI+1000) (XBII)sYB(I)sI=1sNBP)
READ (MI1+1001) (TYPE{[)sI=1sNB)
XB{(NBP+1)a3XB(2)

YBINBP+1)=YBI(2)

DO 142 M=1eNB

116
117

118
119

120

121
122

IF (XB(M)=XB(M+1)) 1070121s11é
1=XB(M)/DXC+24001

J=YBIM)/DYC+14999
CS(19J)m240Re(C5(1sJ) ¢ ANDeMKC)
KT=TYPE(M)#IMP(2)
CSUI+J3=KToORG{CS (1 sJ) sANDGMKTI2)}
KT=2#IMP{4)
£S119J411=KTe0Re (CSIIsJ+1 ) sANDMKC(4))
KT=3%IMP7
C5119J)=KTaORG (CSI19J) dANDeMKCT)
KT=3#]MP8

CS{1sJ+1)=KTeORe(CS(TIsJ+1) sANDMKCB)
K2=CS(TsJ) e ANDeMSK(2)

K2=K2%DV(2)

IF (K2.EQe2) GO TO 110

KT=2%IMP16)
€S{1+J)=KT¢ORe (CS(IsJ) e ANDSMKCI6 )
1=1+1

IF (XC{1) oLEe XBIM+1)) 108s111

IF (YS(M42)~YBIME1}) 112+1629113
KT=2%IMP (5)
CS(1~10J)1=KToORGICSII~13J) s ANDeMKT(5))
G0 TO 142
C5(I1+J)=1e0Re(CSITJ) cAND SMKC}

GO TO 137

1=XB(M)/DXC+1.999

J=YBIM) /DYC+2,001
CS{I+J1=2e0Re(CS{IsJ) o ANDSMKCY
KT=TYPE(M) #IMP(2)
CSI1+J1=KT¢ORW(CSII5J) sANDSMKCI2))
KT=2#IMP{4)

CSUT9d=1)=KT4ORWTCS{ [9J~11sANDeMKC L&) )
KT=4*14F T
CSTT+J)aKTeORe (CS{TsJ) sAND eMKCT)
KT=4#1UP8

CS(TsJ=1)1=KToORe (CSITsJ=1) e ANDeMKCE )
K23CS(1vJ) «ANDMSK (2)

K2=K2¥DV{2)

IF (K2.EQe2) GO TO 117

KT=2#IMP(6)
CSUI+J=1)12KT4ORW LCS( 10 J=1) sANDMKC(6) )
1=1-1

IF (XC{1} +GEe XBIM+¢1)) 1155118

IF (YB(M+2)=YB(M+1)) 120+162+119
KT=2#IMP (5)

CS11+19J)3KToORe(CS{I+1sJ) eANDMKCI5))
KT=2%IMPT6)
CS(IsJ=1)2KTeOR1CS I [9J=1) eANDSMKCL5))
G0 TO 142

CS{I+J12] «ORe{CSI12J) e ANDMKC)

GO TO 137

IF (YB(M) oLTe YBIM+#1)) 1229129
1=XB{M}/DXC+2,001

J=YBIM)/DYC42,001
CS11+31%240Re (CS(IsJ} eANDSMKC)
KT=TYPE(M) #IMP (21
CS{1+J)1=KTeORe FCS{ToJ) e ANDOMKCI2))
KT=2%IMP(4)

CS(1~19J)=KTeORe(CSII~13J) sANDSMKCI4) )
KT=2#IMP7
CS11sJ1=KTeORe(CS(1sJ) eAND eMKCT)




12%
126
127
128
129

130

131
132
133

134
135

1356
137
138
139
140
141
142

143

-

144

=2%IMP8
(I~19J)=KTeORe{TS{I~19J) sANDMKCS)

K22CS(1sJd) 0 ANDeMSKL2)

K2=K2¥DVI2)

IF {K2,EQe2) GO TO 125

KT=2#IMP (6}

S {I~19d)=KTeOR(CSII~15J) e ANDeMKC(6))
J=Jd+l

IF (YC(J) oLEe YBIM+1)) 1234126

IF (X3{M4e2}=XB(M#1}) 12891429127
KT=2#IMP(5)
CS(Led=11=KTeORe(CSII9J=-1) e ANDeMKC(5)}
G0 TO 142
CSIT1eJ3=21s0Ra{CS({T3J)eANDeMKC)

GO TO 137

1=XB(M)/DXC+1995

J=YB(M)/DYC+14999
CS(19J)1=2e0Re(CS(19J) eANDOMKC)
KT=TYPE(M)*IMP{2)
CS(IsJ}=KTeORW(CS(1oJ}eANDeMKC(2))
KT=2#IMP (4}
CS(I+19J)=KTeORe{CS(I+19J)eANDeMKCI4))
CS{I+J)=IMP7a0Re(CS(10J) e ANDeMKCT)
CS{I+19J)1=IMP84ORe{CS(I+]19J)eANDMKCE)
K2=CS(1sJ) e ANDaMSK (2)

K2=K2#DV(2)

IF (K2eEQe2) GO TO 132

KT=2#IMP(6) .

CS(I9J)=KTeORe(CS(I9J) eANDeMKC{6) )
J=J-1 ’

IF (YC(J) «GEe YBI(M+1)) 130,133

IF (M oLTe NB) 1344142

IF (XB{M+2)}=XB(M#1)) 13591429136
KT=2%IMP(5) - -
CS(1s1J+1)2KToORe(CS{TsJ+1) e ANDeMKC(5))
GO TO 142 -
CS{T9J)=1e0Re (CS{T0J) e ANDSMKC)
KT=2%IMP(6)

C5{19J)=KTeORe(CSt1+J) eANDeMKC(6))

IF (M oLTe NB) 138,139

KMP1=M+1

G0 TO 140

KMP1=1

IF {TYPE(M) «EQe 3 oORe TYPE(KMP1) +EQ.
KT=3#IMP(2)
CS(19J)=KTeORe(CS(IsJ)} s ANDeMKC(2))
CONT INUE

IF (NB2 oNEe 0) 143144

NB=N82

NB2=0

KNBP=2

NBP2=NBP

DO 1 I=1sNBP2

XB2(1)=XB(1)

YB2¢11=Y8(1)

GO TO 106

KODE=1

DO 170 J=1sNJ

DO 170 I=1sNI

K1=CS(1sJ) eANDeMSK
K2=CS(1eJ) s ANDeMSK (2}

KT
s

145
146
147

148

149
150
151

153
154

156
157

158
159
160
161
162
163
164
165
166
167
168
169

17¢

K2=K2#DV{2}
Ka=CS{T9J) e ANDaMSK (4}

K&=K4®DV(4)

IF (K2.NEel) GO TO 154

IF 11 «EQe 1) 1469149

L=1

LL=1
K21=CStI+19J-1) e ANDeMSK (2}
K217K21#0V(2)

IF (K21eEQe&4) GO TO 161
K2.=CSUI+10J%1) e AND&MSK (2}
K21=K21#DV(2)

GC TO 159

IF (1 «EQe NI) 150,153

L=1

LL=2
K21=CStT~19J=1) e ANDeMSK(2)
K21=K21#DV{2)

IF (K21eEQe&4) GO TO 161
K21=CS{I~1sJ+1)eANDeMSK(2)
K21=K21%#DV{2)

GO TO 159

IF (J eEGe 1) 154,156

L=1
K21=CS(I~19J%1) e ANDeMSK(2)
K21=K21%DV(2)

IF (K21eEQe4) GC TC 161
K21=CS(I+1sJ+1)eANDeMSK (2)
K21=K21%#DV(2)

GO TO 159

IF (J oEGe NJ) 1579160

L=1
K21=CS{I=19J-1) e ANDeMSK (2]
K21=K21#DV{2}

IF (K21eEQe4) GO TC 161
K21=CS(I+19J=1) e ANDeMSK (2}
K21=K21%DV(2)

IF (K21leEQe&4) GC TO 161

GO TO 162

L=2

GO TO 147

KT=2%IMP(3)
CS(19J)=KTeORe (CS(19J) eANDeMKC(3))
GO TO (16441631 sL

GO TO (1519164} sLL

GC TO (1659168)sKODE

GO TO (1669168} 91K4

KODE=1

IF (KleEQe2} GO TO 170
CS{1sJ)=1eORe(CS(19J) e ANDeMKC

GO TO 170

KODE=1

IF (K1eSQe2) GC TG 170

KODE=2
CS(I+J)=3e0Re(CSEL9J) 0 ANDoMKC)
CONT INUE

DO 902 J=1sNJ

DO 902 I=1sNI
K5=CS(10Jd) e ANDeMSK(5)

K5=K5#DVIS)

1F (K54EQel} GO TO 902

9




™
~
w

174
175

176

177

178

180
181

183
186
189
190

191

K61=CStI=10.) s ANDMSK (4}
K41=Kal%DV (4}

IF (K&1eEQe2) G2 TO 901

CSUIo ) =IMPTORG(CS o) cAND eMKCT
50 TO %02

KT=2#IMPT
CS11+J)=KTeORe (CS{19Jd3 cANDaMKCT)

> CONTINUE

KT=2%IMP (&}
CS=KToORe(CSeANDeMKC(6))
DO 173 K=19NP
PSIKI=3+0Ra(PS{K}«ANDaMKC)
K=1

DO 191 [I=1eNPR

Y=YPO(TL}

X=XPO(11}

[=X/DXC+20

J=3Y/0YC+2.
K1=C5(1sJ} s ANDeMSK
K2=CS{leJ) e ANDeMSK(2)
K2=K2%DV (2]}

IF (K1eEQel) GO TO 178

IF t{K1e.EQe2} GO TO 180
CSU1sd)=24e0Ra(CS(I s aANDSMKC
PS{K)=1cORe(PS(K)cANDeMKC}
Ul J1=UPOLILIT)
UtI+1+J)=UPOI(I])
VITs2)=VPO(I])
VEToJdeli=VPO(I]}

XP(K)=X

YP(K}=Y

K=K+1

X=X+DXP

IF (X eGTe XPL(LII})} 179,175
Y=Y+DYP

IF (Y oGTe YPL(II}) 1919174
IF (K2sNEel) GO TO 178
PS{K)I=2sORe{PS{K)2aANDeMKC)
K7=C5(1+J) e ANDeMSK?
K7=K7%*DV7

IF (K7:EGel) GO .TO 183

IF (K7¢EQo2) GO TO 186

IF (X74ESe3) 6O TO 190

GO TO 189

Ull+l,s5)=U0

GO TO 177

UtisJ)=U0

GO TO 177

VilsJd)=v0

GO TO 177

V{1sJ+1)=VO

GO TO 177

CONTINUE

CALL BNDVEL

WRITE (M0»1002}

WRITE (MO51003) NIeNJsNBLsNB2sNPRoLID

WRITE (MO»1006)

WRITE (MO91005) UQsVOsGXsGYsDTPsDTPPsDTCP

WRITE (MO,+1007)

WRITE (MO+1005) WeHsNUsTLsDXPoDYPsDT

WRITE (MO»1011)

WRITE (MO#1005) DTVPDELTAS QO
DELTAS=DELTAS#®*,5

WRITE (MOs1004)
DO 192 I=1sNPR
192 WRITE (MOs1005) XPO(I)sYPO(I)eXPLII)sYPLLL
WRITE (MO»1008)
WRITE (MOs1005) DXCsDYC
WRITE (M0»1009)
WRITE (MO,1003) NP
WRITE (MO,1013)
WRITE (MOy»1005) PLMINsPLMAX
RETURN

1CC0 FORMAT(7F10,0)

1001 FORMAT(7110)

1002 FORMAT(1H1+10X52HMAC METHOD SOULUTION OF TWO-DIMENSIUNAL FLUID PRUB
SLEM///1H=» 10XSHINPUT/1H=923X2HNT 9 13X2HNJ 9 12X3HNB19»12X31NB2 s 12X 3rNP
$R+12X3HLAO)

1003 FORMAT(1H +10Xs7115)

1004 FORMAT(1HO922X3HXP0s12X3HYPO» 12X3HXPL 9 12X3HYPL)

1005 FORMAT(1H +10X+s7E1548) '

1006 FORMAT(1HO#23X2HUOs13X2HVO»13X2HGX » 13X2HGY 91 2X3HDTP s 11A4HDTPP»ilX
$4HOTCP)

1007 FORMAT(1HO 24X 1HW 14 X1HH 1 3X2HNU 13 X2HTL 9 12X3HDXP 2 12X3HDYP e 13X2HDT
%)

1008 FORMAT(1H~/1H +10X17HCALCULATED VALUES/ IH-922X3HDXCs12X3HDYC)

1009 FORMAT(1HO»23X2HNP)

1010 FORMAT(6F1040)

1011 FORMAT(1HO»21X4HDTVP99XEHDELTAS13X2HA0)

1012 FORMAT(2F10.0)

1013 FORMAT(1HO»20X5HPLMINs 10X5HPLMAX Y

END

SUBROUTINE BNDVEL

COMMON/TVPOOL #XMINs XMAX s YMINs YMAX s TXMINs TXMAX s TYMIN»TYMAX
COMMON/TVGUIDE/ TMODE+TEXT s ITV

COMMON/TVFACT/FACT
COMMON/TVTUNE/LPENSLPEFsITALs IWINKs INTSsIRTsIUP

COMMON QO sLQ0 s TANUXGs TNUY S

COMMON DTVP+DELTASTVP

COMMON MSK 7 sMSK8 sMKC79MKC8 s IMP79IMPBDV7+0V8

COMMON AGXLsAGYH DT sDTCP+sDTPsDTPP s DXCoDXCO2+DXCSUsDYCHDYCD29DYCSUWS
3 DXIN;GX-GY-H:NI1NXM1tNJtNJMltNPvNTP'NUtTtTCPvTL'TPvTPPtWQLtDYIN
COMMON KDsDXYsDYXsNIPLsNJPLsTOXYsGXDoGYDs TNUX s TNUY sDXDY2+DYDX2e
3 OXY49sDYX492R92ZDXR9ZDYRIGXTaGYT sDX4sDY 4L sMI sMOIUP s VP2 XP s YP
COMMON, C59D9PsPSsRsUsVIXCrYC

COMMON MSK (63 sMKC(6) 9 IMP{6)sDVIE) .

DIMENSICN €S(259100)9D(25+100)sP(25+100)9sPS{3000)eR(25+100)9
$ U(269101)sV(2691010)9XCE25)sYCL100)

DIMENSION UP(3000)sVP(3000)sXP(3000)sYP(3000)

INTEGER CS+FLAGPS

REAL NU

00 126 J=1sNJ

JM=g-1

JP=J+1

00 126 1=1sNI

IM=]~1

1P=1+1

TKl=1le

TK2=1l,

K12CS(19J) »ANDeMSK

99




160

187

108

109

110

111
112

113
116

115

116

117

120
121

122
123

124

128

126

IF (KleKEs2) GO TO 126
K5=CS{cJ) o ANDeMSK(S)
K5 =K5#DV{5)
K7=CSt1e.J) e ANDMSKY
KT=(T7#DVT

IF t(K7«EQell GO TO 117
IF {K7+EQe2) GO TO 118
IF (K7:EQa3) GO TO 108
GO TO 109
K43=CS{1oJM)eANDWMSK (&)
K633Ke3#DV(4)

IF (K&3+EQe2) GO TO 109
J1=4P

J2=4P

GO TO 110

Ji=J

42=0M
K2=CS{1sJ) e ANDsMSK (2}
K2=K2%#DV (2}

GO TO (111+112+1135115+126)19K2
5=1s

GO VO 11le

S=1e

GO TO 116

S=1e

V(1sJ1)=06

GO TO 118

=1,

GO TO 114
U(IPeJ)=S*ULIP4J2)%TK]
UlTeJI=S*U(1+J2)%TK2
GO TO 126

I1=IP

12=1P

1F (K5eEQe2) TK1=0s

GO TO 119

Il=1

12=1M

IF (K50EGe2) TKZ2=0s
K2=CS(IvJ) e« ANDeMEK (2)
K2=K2#0V (2}

GO TO (120912191229124912619K2

S==1la

GO TO 125

S=1.

GO TO 125

5=1.

UlIl1sJ)=0,

GO TO 125
==1l.

GO TO 123

V(14JPI=SRV(129JP)
VileJ)=5#V (1243}

IF (K5.EQe21 GO TO 1Q7
CONTINUE ’
RETURN

END

SUBROUTINE 0OV2

COMMON/TVPOOL/ XMIN o XMAX s YMIN9 YMAX s TXMIN o TXMAX o TYMIN 9 TYMAX

99
100

200

.201
202

101
102

103
104
105
106

4Q0
401

107
108

109

110
1000
1001

COMMON/ TVGUIDE/TMODE s TEXT I TV

COMMON/TVFACT/FACT

COMMON/ TVTUNE/LPENSLPEF s ITALs IWINKs INTSsIRT o JUP

COMMON Q0sLQ0O » TNUX4» TNUYS

COMMON CTVPDELTAS»TVP

COMMON MSKT79MSKE eMKCT79MKC8s IMP T IMPBDVT VS

COMMON AGXLsAGYH DT sDTCPsDTPsOTPP e DXCoDXCU2e DACSWosLYCoOYC U200V (Sde
S OXINsGX9GYsHoNIsNIMI NI aNIMLaNP sNTPoNUsTeTCPeTLsTPaTPPedol e DY Iix
COMMON KDsDXYsDYXONIPL sNJPL1sTDXY sGXDoGYDe TNUX» TNWY oDXDY2eDYDKR 2w
% DXY49DYX4sZRoZDXRZDYRIGXT9GYT DX oDY 4 s M] oMU sUP 2 YP 3 XP s YP
COMMON CS9DsPsPSIRIUIVIXCrYC

COMMON MSK{6) yMKC{6) s IMP(6)sDVIE)

DIMENSION €S5(25+100)3D(25+100)sP(25+4100)sPS(30C0}eR(255100}+
$ Ut26+101)9VI269101)9XCL25)9YC(100)

DIMENSION UP(3000)1sVP({30Q0)sXP{33CC)sYP(3000)

INTEGER CS#»FLAGHPS

REAL NU

IF (KDeEQe2)} GO TO 200

IF {T «EQGe 0e) 1C0s101

CALL 5G1

GO TO 202

CALL SG2

CALL 5G3

IF (KDsEQsl) GO TO 202

WRITE (MO,»1000)

GO TO 110

TP=DTP

TPP2DTPP

TCP=DTCP

TVvP=DTVP

GO 70O 109

IF (T «GEe TP) 1024103

CALL S5G1

TP=T+DTP

IF (T «GEe TCP) 1044105

CALL 5G2

JCP=T+DTCP

IF {T.GE«TPP} 1069400

CALL 5G3

TPP=T+DTPP

IF (T.GE.TVP} 401,107

CALL PLOTV

TVP=2T+DTVP

IF (T «GEe TL) 108,109

KD=2

GO TO 110

T1=T7

T=T+0T7 -

CALL SECOND(X)

WRITE (MOs1001) XsT1,T7

RETURN h

FORMAT (1H1+41HABNORMAL STOP ~- LUOK FUR ANUTHER MESSAGE)
FORMAT(1H »10X9E10e3s17H SECONDS BETWEEN 9F5e395H AND oF6e3)
END

SUBROUTINE SG1
COMMON/TVPOOL/XMINs XMAX s YMIN s YMAX s TXMIN s TXMAX s TYMIN o TYMAX
COMMON/TVGUIDE/TMODE S TEXT»ITV

COMMON/TVFACT/FACT

COMMON/ TVTUNE/LPENILPEF s I TALs IWINKs INTSeiRT I UP

99




rOMMON G0sL Q0 s TNUXGp TRUY G
COMMON DTVP9DELTASTVYP ’
COMMON MSKT7eMSK8 oMKCTeMKCB 9 IMP 70 IMP3oDVT70DV8
COMMON AGXLsAGYH DT sOTCPsDTPsDTPP9OXCsDACU29DXCSQoLYCsDYCD2IVYCIQy
DXXN@GX»GVaHpNI9N1M1sNJ;NJMlDNPQNTPQNUQT'TCP&TL:TPDIPPtd!L)DVIN
COMMON XDsDXY o DYXeNIFLoNJPLoTDXY sGX0sGYDs TNUX s TNUY 9DXDY24DYDR 2
DXYA;DYXQ'ZR9ZOXR920VRtGXTtGYTtDXhtDYhtMlﬁMO’UP,VPtXPDYP
COMMON CSeDsPsPSsRoUsVaXCsYC
COMMON MSK(6)sMKCIE) e IMP L6} eDVIE)
MIMENSION CS(2501001sD(25+100)3P(25+100)9sP5(3000)sR(25+100)
Ul265101)9V{269101)9XCI25)9YC(100)
AIMENSION UP(3000),VP({2000;+XP13000),YP(3000)
INTEGER CS5+sFLAG:PS
REAL NU
DIMENSION XB2(18)1sYB2(1831sXP1(3000)+YP1(3000)
COMMON KNBPoNBP2+XB2,YB2
COMMON MBPyXBI18)sYB(18)

]

%

3

TEXT=0Co
CALL TVPLOT(X3sYBsNBP)
IF (KNBP.EQe2) CALL TVPLOT(XB2sYB29NBP2)

WRITE . (985100C) T

CALL TVLTR(B24697269093)
TEXT=1.

XOUNT=0

DO 192 K=1¢NP
KP=PS{K} s ANDsMSK
IF (KP.EQe3) GO TO
1=XPUIK)/DXC+20
J=YP(K) /DY 42
K1=CS5(19J) eANDoM5K
IF, {K1eEQe2) GO TO
IF (K1.EQ.1} GO TO
KOUNT=KOUNT+1
XP1IKQUNT) =XP(K)
YPL(KOUNT)=YP(K)
CCNTINUF

cALL TVPLOT(XP1lsYP1:KOUNT)
CALL TVNEXT
RETURN
FORMAT (4HT
END

102

102
102

2FEe3}

SUBROUTINE SG2
COMMON/TVPOOL / XMIN o XMAX o YMIN s YMAX s TXMINs TXMAX s TYMIN» TYMAX
COMMON/TVGUIDE/TMODE» TEXT S {TV
COMMON/TVFACT/FACT
COMMON/TYTUNE /LPEN,LPEFs ITALs IWINKs INTSsIRTs IUP
COMMON Q0,5LQC Y TNUX4 s TNUYS
COMMON DTVP,DELTASsTVP :
COMMON MSK7 sMSK8 +MKCTsMKCBs IMPT7sIMP8+sDVT7+0VS
COMMON AGXL sAGYH DT sDTCP sDTP9DTPP s DXCsDXCD2+DXCSGsLYC o DYCO24DYCSUY
DXIN!GX;GV-HDNIONIMI;NJoNJMltNPtNTPoNUoT!TCPoTL-TP-TPP.N-L-DVIN
COMMON KDsDXY sDYXoNIPLsNJPL s TDXYsGXDsGYDs TNUX+ TNUY#DXDY29DYDX2s
DXY49DYX4sZRo ZDXRsZDYRIGXTsGYTaDXbsOY 4 eMI yMOsUP s VP XP s YP
COMMON €5sDsPsPSsRsUsVeXCsYC .
COMMON MSK(6)»MKC(6) s IMP(6)9DVIE)
DIMENSION CS5(255100)30125+1001sP(255100)sPS(3000)sR(252100)s
U(269101)3VI265101)9XC(25)9YC(100)
DIMENSTION UP(3000) »VP(3000) sXP{3000)+YP(3000)
INTEGER CSeFLAGPS . ’

3

$

s

101
102

123
1064
1000
1001
1002

1003
1004

REAL NU
LINE =0

WRITE (MO,»1000)
WRITE (MO,»1001)
DO 104 J=2sNJIM1
JPzJ+1

DO 104 I=2sNIM1
Pxl+l
K1=CS(1sJ)eANDeMSK

IF (K1.EQe&4) GO TO 100

IF (K1eNEe5) GO TO 101
DlEed)=(ULIPsI)=ULTsJ))/DXCHIVIToJP)=VI{0J))/DYT

GO TO 102

D(1+J1=0,

Ul=(U(IPsJI+U(1sJ))®%e5

VI=({VIIsJP)+VIIsJ) ) %e5

WRITE (M0O»1002) ToJdeXCEI)aYCtJIoUdTloVIaRITInUI P edlopilvs) o lSlLod}
LINE=LINE+1
IF (LINE o+ECe
LINE=D ;
WRITE (M0»1003)

WRITE (M0»1001)

CONTINUE

WRITE (MO,»1004) T

RETURN

FORMAT (1H1»10X22HCELL PRINT FOR TIME 2»F6e3/7/)

FORMAT (1H%»123X2HCS/ 1H $2XI1HI #3X1HJ 2 12X 1HX o L4XLHY s LaXiriue L4X1IHV e
$14X1HRs12X3HPHI » 14X1HD »$X8HET654321 /)

T

50) 103,104

FORMAT(1H »1Xs1291493XsTE15693X909)

FORMAT (1H1) .

FORMAT(1HO »20X36H®#%#% END OF CELL PRINT FUR TIME = »F6e3s7H *#%*
sHw///) - : ’

END

SUBROUTINE 5G3
COMMON/ TVPOOL/ XMIN s XMAX s YMIN» YMAX s TXMIN s TXMAX s TYMIN s TYMAX
COMMON/TVGUIDE/TMODES TEXT 4 1TV
COMMON/TVFACT/FACT
COMMON/ TVTUNE/LPENSsLPEF s ITALs IWINKS INTS» IRT s 1P
COMMON QO»LQO0» TNUX4» TNUYL
COMMON DTVP+DELTASsTVP
COMMON MSK7 sMSKB8 sMKCT79MKC8s IMPT7 4 IMPBsDVT7sDVE
COMMON AGXL-AGVH.DT.DTCP.DTP-DTPPtDXC-DXCDZlDXCSQ-DYC'DYCDZODYCSQv
DX[N.GX,GV!H.NIDNIM}oNJoNJMlthvNTP’NUtT!T:P»TL-TP-TPP’N’ZQOYIN
COMMON KDQDXV.DVXtNIPlDNJPltTDXVlGXDtGVDtTNUX-TNUY’DXDYZ-DYszc
. DXYAtDVXhoZRtZDXRDZDVRtGXTtGVTvDXADDVA'MItMOoUPnVPtXPpYP
COMMON CSeDsPsPSsRsUsVXTHYC
COMMON MSK (&) sMKCI6) s IMPIE)2DVIE)
DIMFNSION CS(250100)+D(25,100)sP (2591001 9PS13000)sR125¢100)5
s Ul269101)9VI269101)9XC{25)9YCL100)
DIMENSION UP(3000)sVP(3000)+XP(3000)+YP{3000)
INTEGER CSs»FLAGPS
REAL NU
LINE=D
WRITE {MO»1000}) T
WRITE (MOs»1001}

$

DO 102 K=1sNP

KP=PS(K) s ANDeMSK

IF (KPeEQe3} GO TO 102

100 WRITE (MOe1002}) KoXP(K)s¥YP(K)sUPIK) VP (K}

L9




o
[S]
Y

= fe b 30 o
OOwoCC
OGO O
EWN - O

LINE=LINE®]
IF {LINE -EQ.
LINE=O

WRITE (M0s1003}
WRITE (M0O»1001)
CONTINUE

WRITE (MOs1004) T
RETURN

50) 101102

FORMAT(1H1s10X26HPARTICLE PRINT FOR TIME = +Fb5e3///)

FORMAT (1H+383X2HPS/1H 513X 1HK» 14X1HX s 14X1HY s 14X 1HU»14X1HV/)
FORMAT(1H 910X 4s5Xs4E1546)

FORMAT (1HL)

FORMAT{ 1HC » 20X 40H*%uew sF6e3s7h
S nmuwk// /)

END

END OF PARTICLE PRINT FUR TIME =

SUBROUTINE PLOTV

COMMON/ TVPOOL/ XMINs XMAXs YMIN S YMAX s TXMINs I AMAX s TYM N TYMAX
COMMON/TVGUIDE/TMODESTEXTHITV

COMMON/TVFACZT/FACT
COMMON/TVTUNE/LPEN sLPEF» ITALSIWINKs INTS»IRTsIUP

COMMON 30, L Q0+ TNUX4 s TNUY S

cOMMON DTVP,,DELTAS,TVP

COMMON MSK 7 yMSK8 sMKC79MKC8s IMPT2IMPBSDVT7sDVSE

COMMON AGXL sAGYHsDTsDTCPsDTPsUTPPyDXCoDXCD29DXCSUsDYCHIDYCD292YC W
3 OXINsGXsGYsHINIsNIMIsNIJsNIMIINPoNTP oNUsToTCPsTLs TP s TPPsws Lo GYIN
COMMON KDoDXYsDYXINIP1oNJIPLoTOXY sGXDoGYDsTNUX s TNUY s DADY29DYDA 2
L3 DXY4sDYX49ZR9ZDXReZDYRIGXT oGYT DXL DY L sMI sMOIUP s VP s XPoYP
COMMON CSsDsPsPSsRIUIVIXCYC

COMMON MSYK (6)9MKC(5) o IMP{6)sDVIE)

DIMENSION S(259100)5D(25+1C0)sP(25+100)+PS130C0)sR(25+100)
3 U(25+1011sV126+101)9XC1251sYC(100)

ATMEMNSION UP(2000)sVP(3020),XPI3000)+YP(30C0)

INTEGER CS»FLAGHPS

REAL Ny

A=A

RETURN

END

SUBROUTINE 0v3

COMMON/ TVPOOL/ XMIN o XMAX s YMINs YMAX9 TXMINs TXMAX s TYMIN s TYMAX
COMMON/TVGUIDE/TMODES TEXTs 1TV

COMMON/TVFACT/FACT

COMMON/ TYTUNE/LPENSLPEF s ITALs IWINKs INTSSIRT s IUP

COMMON QOSL QO TNUX4s TNUYSL

COMMON DTVP,DELTAS,TVP

COMMON MSK7sMSK8sMKCT7sMKCBs IMPT 9 IMP8sDVT7sDVE

COMMON AGXL9AGYHsDTsDTCPsDTPsDTPPsDXCoDXCD29DXCSUsYCoDYCD2o0YCSU
S DXINsGXsGYsHaNToNIMLIsNJsNIMIsNPoNTPsNUsToTCPsTL,TPsTPPswsZsDYIN
COMMON KDsDXYsDYXoNIP1 sNJP1sTDXY sGXDsGYDs TNUXsTNUYsDXDY29DYDX2s
$ DXY4oDYX49ZRIZDXRIZDYRIGXTsGYToDX4sDY4L oMl sMOsUPsVP s XPsYP
COMMON CSsDsPsPSsRUsVeXCHrYC

COMMON MSK(6)eMKCI6) s IMP(6)sDVI(6)

NDIMENSION €5(25+10C)sD(255100)sP125+100)9P5(3000)sR(255100)
% U(26+101)sVI265101)9sXCE25)sYC(100)

DIMENSION UP(3000)sVP(3000)sXP(3000)sYP(3000)

INTEGER CS+FLAGsPS

REAL NU

TALL 5G4

100

101
102

1C1

102

103

104

105

106

107

108

IF (KDeEQe2)
CALL SG5

IF (KDeEQe2) GO TU 102
CALL SGé

RETURN

END

GO TO 102

SUBROUTINE sG4

COMMON/ TVPOOL /XMINs XMAX s YM N9 YMAX s TXMINs TXMAK s T YMIfus TYMAX
COMMON/TVGUIDE/ TMODE s TEXT,, I TV

COMMON/TVFACT/FACT

COMMON/ TVTUNE/LPENsLPEF s ITAL s IWINKs INTS s IRTs JUP

COMMON QOsLQOs TNUXG s TNUYS

COMMON DTVPSDELTAS,TVP

COMMON MSK7sMSK8 sMKC7sMKC8y [P Ty 59LV7IDVE

COMMON AGXL sAGYH sDT s OTCPsDTP s DTPP s OXC s OXCL 29 DATSws T CoDYCO200YCSW
S DXINsGXsGYsHaNIsNIMIsNIsNIMIINPINTPsRUs ToTCP s TL s TPsTPP oWl DYIN
CCMMON KD9DXY s DYXoNIP1oNJPL9sTOXY sGXD9GYDsTNULX s TINJUY 2DXDY29DYDKX 2
g DXY4sDYXG9sZRsZDXRIZDYRIGATsGY T DXL DY Lo sMUsiP s VF s XP 3 YP
COMMON CSeDsPsPSsReUIVIXTH YT

COMMON MSK(6)sMKCI&3,IMP{6)sDVIS)
DIMENSTION CS(25+130)sD(259100)9P(2591C0)9P5 ¢
3 Ul265101)sVI269101)9XC(258)sYCL1CT)
DIMENSION UP(30003+VPI30C0)9XPI30CD)»YP (3800
DIMENSION SU(259100)#SVE259100)sNK(259100)

2000 sR(255100)

EQUIVALENCE (DsSUY s (RsSV)
INTEGER CSsFLAGHPS
REAL Ny

DO 114 K=1sNP
KP=PS(K)eANDeMSK

IF {KPeEQe3) GO TO 114
[=XP(K)/DXC+2
J=YP(K)/DYC+2

IF (KPeEQe2) GO TC 103
IF {KPeEGe3) GO TC 114
K1=CS(1sJ)eANDeMSK

IF (K1eEQel} GO TG 102
IF (K1eNEe2) GO TO 114
PS(K1=3e0Re (PSIK)eANDeMK{}
XP{K)=0e.

YP(K) =0

UP(K)=0e

VP(K)=0.

GO TO 114
K2=CS(1sJ) e ANDeMSK(2)
K2=K2*DVI(2)

IF {K2eEQe1l) GO TO 114

PS(K)=1eORe(PSIK)eANDeMKC !
DO 105 L=1sNP
LP=PS(L)eANDeMSK

IF (LP «EQe 3) 1065105
CONTINUE

CALL NOAVLI(1sJ)

GO TO 114

KB=PS(K)eANDeMSK (2)
KB=K3#DV(2}

GO TO (107+108s1115110)+K8B
XP{LY=XP{K)=DXIN

GO, TO ‘109
XP(L)=XPIK)+DXIN

o~
[ee)




109

110
111
112

113
114

700

701

702

703

115

116

117
118
119
120
121
122

123
124

125

126
127

YPIL)=YP{K)

GO TO 113
YPIL)=YP{K)+DYIN

GO TO 112
YP{L)1aYP{K)=DYIN
XP(L)=XP(K)

PS(L)=2eO0Re (PS{L)eANDeMKC)
CONTINUE

DO 700 J=19sNJ

DO 700 I=1sNI

SULI+J1=0,

DO 701 J=1sNJ

DO 701 1=1sNI

SV{19J)=0e

DO 702 J=leNJ

DO 702 I=1eNI

NK(1eJ)=0

DO 703 K=1 NP
KP=PS(K)eANDeMSK

IF (KP+EQe3) GO TC 703
I=XP{K)/DXC+2e
JEYPIK)/DYC+24
NKCIsJ)=NKiTed)+l
SULTeJ)=SUTT9J)+UP(K)
SVI1eJ)=SVIIesJ)+VPIK)
CONTINUE

DO 135 J=2eNJM]

00 135 I=29NIM1
K18CS{15J)eANDeMSK
K113CS({I+19J) eANDeMSK
K128CS{1~19J)¢ANDeMSK
K132CS(leJ+1) eANDeMSK
K148CS{I9J=1) eANDeMSK

IF (K14EQe5) GO TO 126
IF 1K1eNEe3) GO TO 135
P{IsJ)s0e

IF INK{I+J)eEQeD) GO TO 135
CS(19J185e0Re(CStI9J)eANDMKC)
K212CS{1+19J) eANDMSK{2?
K21=K21#DV{2) Ea
K228CSU1~=1+J) e ANDeMSK(2)
K228K22#0DV(2) .
K238CS{1eJ+1) s ANDeMSK(2)
K233K23#DV(2)
K243CS(T9J=1)eANDeMSK(2)
K263K24#DV1(2)

IF (K114EQe3) GO TO 118
IF (K2leNEe2) GO TO 119
U(T+19J)3SULTsJ)/NKIT9J)
IF (K124EQe3) GO TO 121
IF (K22eNEe2) GO TO 122
UtTeJ)=SULTJI/NK(TsJ)
IF (K134EGe3) GO TO 123
IF (K23eNEe2) GO TO 124
VIIeJ+118SVII9JY/NK(T9J)
IF (K14¢EQe3) GO TO 125
IF (K24eNEe2} GO TC 135
V(19J)aSVIIsJI/NKIToJ)
60 TO 135

IF (NK¢IoJ)eNEeO) GO TO 135
CSU19J133,0Rc4CSiT0d) oANDIMKC)

128
129
130
131
132
133
136

13%

136

127
138
139
140
141

142

163

144.
1645
lo§
147
148
149
150

151

153

156

15%

3C0
156

Pl{leJ)=0Qe

IF (K11eNEe3) GO TO 129
UllIeleJ)sOe

IF (K12eNEe3) GO TO 131
UlTeJ)s0e

IF (K13eNEe3) GO TO 133
VileJ+1)20,

IF (Kl4eNEed) GO TO 135
V(leJ)=Co

CONTINUE

D0 156 Js29NIM]

00 156 [=2eNIM1

IF (NK(IsJ)eEQeO) GO TC 156
K11=2CS{I+19)) e ANDeMSK
K122CS(I=19J) ¢ ANDeMSK
K13sCS(1eJ+1) eANDeMSK
K142CS{1eJ~1) eANDeMSK
K1=CS(IeJ)eANDeMSK

IF (XK1eNEe#%) GO TO 142

IF (K11EQe3) GO TO 141
IF -(K124EQe3) GO TO 141
IF (K13+EQe3) GO TO 141
IF (KlheNEed} GO TO 156
CStIeJ)e5e0R (CSIIpJYeANDMKC)
PllsJ)sCe

GO TO 156

PtIsJisCe

IF (K1eNEe5) GO TO 156
SP.OO

ANP=Oe

IF (K114EQe3) GO TO 156
IF 1%11eE0e4) GO TO 151
IF {K124£Q03) GO TO 156
fF-(K124EQe&1- GO TO 152
IF "(K13+€Qs3) GO TO 156
IF (K13eEQe4) GO TO 153
IF (K144EQe3) GO TO 156
IF tK164eEQe&’ GO TO 154
GO TO 155
SP2SP+P(f+1eJ)
ANPEANP+] o

GO TO 14%

SPaSP+P (=100}
ANP=ANP+1e

GO TO 147
SPESP+P( [ J+1)
ANP=ANP+1e

GO TO 149
SPeSP+P(1sJ=1)
ANPSANP+1 .
CSULoJI=teOR(CS(10J)eANDOMKCY
IF (ANP +EQe Oe) 1564300
P(leJ)sSP/ANP

CONTINUE

CALL VELSUR

NO. 200 Js2eNJML N
JMs)=]

JPeJ+l

00 200 [=2eNIM1

[Ms]=]

[P+l

69




K1=2CS(IsJ) e ANDeMSK
If (K1sNEe5) GO TO 200
€112CS(IMeJ) cAND eMSK
K12=CS(1PoJ) e ANDWMSK
K132CS( [ eJM) e ANDaMSK
K142CSTIsJP) o ANDeMSK
IF (K116eEQe3.ANDeK12oNEe3sANDeK13eNEe3eANDeK14eNES3) GO TO 157
IF (K11eNEe3eANDoK12eEQe3sANDeK13oNEe3eANDeK14eNEC3) GO TO 157
IF (K11aNEe3eANDeX124NE«36ANDeK13eEUe3eANVeKILeNES3) LU TU 158
IF (K11eNEe3sANUeK12eNEe3eANUeK13eNEo3eANUeKLLokWe3) LU TU 158
IF (K12eEQe30ANDeK14¢EWe3 ¢ANDeK1leNEe3eANDeK13eNESS) GO TU 159
IF (K12+EQ+30ANDeK13eEWe3¢ANDeK11eNEe3eANDeK14eNES3) LU TO 160
IF (K11cEQe30ANDeK13eEUe30ANDeK12eNEe3sANDeK14eNEeS) GO TU i61
IF (K11eEQe30ANDeK14eEQe3sANDeK12eNEe3eANDeK]13eNES3) LU TO 162
P(lsJ)=0e
GO TO 200
157 PUlsJ)sTNUX®IULIPsJ)I=UlT,4J))
GO TC 200
158 PUIsJ)=TNUYR(VIIWJP)=V(]sJ))
GO TO 2020
159 PUIsJ)=TNUYLR(UIT2J)4UTIP s )=UlIsJIM)=U(IPsJM))+TNUXL*IVII,JP )+
$ VIIsd)=VIIMsJPI=V{IMs S}
GO TO 200
160 PUIsJ)z=TNUYL®(ULIPsJP)+UITsJP)=UIIPsu)=UlTsJ) )~TNUXG*(V(TsJP )+
$ VIIsJ)=VIIMsJP)=VIIMsJ)}

GO TO 200

161 P([oJ)-TNUVh'lU([PoJP)+U([oJP)oU(IPoJ)-U(!oJl)+TNUY4.(V(IP0JP)¢
s VIIPsJ)=VIIsJPI=VIilsJ} )]
60 TO 200 ¢

162 P(!oJ)--TNUYA.(U(IoJ)+U(IPoJl'U(loJM)-U(lPoJMI) =TNUX4#(V(IPsJP)+
$ V(IP.J)'V(!.JP)-V(IOJ)) N

200 CONTINUE )
163 DO 166 J=2sNJM1
DO 166 I1=2sNIM1 .
K1=CSt1sJ) s ANDeMSK
IF (K1.EQe4) GO TO 164
IF (K1aNEe5) GO TO 166
184 D(IDJ):(U(I+10J)-U(IDJ)l/DXC+(V(IDJ¢1)‘V(IDJ))/DYC
166 CONTINUE
RETURN
END

{

SUBRQUTINE NOAVL{I.J)

COMMON/TVPOOL/ XMIN s XMAX s YMIN s YMAX s TXMIN s TXMAX s TYMINs TYMAX
COMMON/TVGUIDE/ TMODE » TEXT, I TV

COMMON/ TVFACT/FACT
COMMON/TVTUNE/LPEN.LPEF.lTALolHINKoINTSolRToIUP

COMMON GOsLQ0s TNUX4s TNUYS

COMMON DTVPDELTASsTVP

COMMON MSK74MSKBsMKCTsMKCE+ IMPTsIMP8+DVTsDVE

COMMON AGXL sAGYHsDToDTCPsDTPoDTPPsDXCsDXCD29DXCSWsDYCsDYCDR+DYCS@ s

$ DXINsGXoGYsHoNIsNIMI NI sNIML NP oNTP o NUsTs TCPsTLsTPoTPPsWsZsDYIN
COMMON KDsDXY sDYXsNIP1sNJPLoTDXYsGXDsGYDs TNUX s TNUYsDXDY290DYDX2s
H DXY49DYX49ZRoZDXR9ZDYRGXT oGYToDX49DY4sMI sMOsUP s VP o XP o YP
COMMON CSsDsPsPSsRsUsVIXCHYC

COMMON MSK{6)sMKCI6)sIMP(§)sDVISE)

DIMENSION C5(25+100)+D125+100)sP(25+100)9PS(3000)9sR(25+10Q)»

U(26+10119Vi269101)eXCE25)sYC4100}
DIMENSION UP(30001+VP{3000)+XP(3000)sYP(3000)
INTEGER CS»FLAGWPS

1000

106
105

106
108

EE?HEN?MOOIOOO) Tolod

RETURN

FORMAT(1H »10X40HNO PARTICLE STORAGE AVAILABLE AT TIME = oF6e3caln
$§ == CANNOT CREATE PARTICLE FOR IN CELL +13s1Hesi2)

END

SUSROUTINE- VELSUR
COMMON/ TVPOOL / XMIN o XMAX s YMIN s YMAX s TXMINS TXMAX s TYMEN s TYMAX
COMMON/ TVGUIDE/ TMODE s TEXT» I TV
COMMON/TVFACT/FACT
COMMON/ TVTUNE/LPENSLPEF s ITALs IWINKSINTSoIRT, JUP
COMMON 0Q0sLQ0s TNUX4s THUYS
COMMON OTVP4DELTASeTVP
COMMON MSKT7sMSKB +MKCT+MKCBs IMPT,1MP8+sDVT+DVE
COMMON AGXL 9AGYHsDT oDTCPsDTPsDTPP sDXCoDXCD2+sDXCSQPs0YCoDYCO2sDYCSOo
$ DXINsGXsGYsHoNIoNIML sNJsNIMLsNP sNTP 4 NUsToTCP sTLsTPoTPP oo ZsDYIN
COMMON KDsOXY sDYXsNIPLsNJPL1sTDXY sGXDoGYDsTNUX s TNUY sOXDY2+0YDR2Z s
$ DRY4sDYX%sZR+sZDXRsZDYRsGATsGYToDX4sDYLsMI sMUSUP s VP 9 AP 5 YR
COMMON CSsDsPsPSsRsUsVeXCsYC
COMMON MSK{6)+MKCI6) 4 IMP(6)+DVI6E)
DIMENSION CS(ZEDIOO)oD(ZSolQO)DP(Z50100)DPS(3000)0R(25010°)'
$ U(26+1011sVI26+1011+XC125)sYCL100)
DIMENSION UP(BOOO)OVP(BOOO’oXP(BOOO)oYP(BOOO)
INTEGER CS»FLAGPS
REAL NU
DO 108 J22.NJM]
DO 108 is2,NIM]
K1=2CS{1sJ)eANDeMSK
K115CS{I+19J)eANDSMSK
K128CS{I~=1+J1 eANDeMSK
K133CS(1eJ+1)eANDeMSK
K14sCS(14J=1)1eANDeMSK
IF (K1.NEJS5)Y GO TO 108
IF {K114EQe240ReK124EQe240ReK13eEWe240ReK1betWa2) LG TG 108
IF {K11eEQe3eANDeK124NEe3eANDeK134NEe3sANDeK14eNESSF) GO TU 104
IF (K12eEQe3eANDeK114NE34ANDeK134NE3sANDeK14eNEe3) GO TO 105
If (K13¢EQe3eANDeKL] 4NEe3eANDeK124NE«3eANDeK14eNEe3) GG TO 106
IF (K14eNEe360ReK11eEQe3e0ReK124EQe340ReK13eEWe3! GO TS 108
VOIs IVl o+ 104(UIT+10)-UTT+J))#DYX
GO TO 108
UITe1o 120020 +VIT 1=V sJ+1)1#DXY
GO .TO 108
U2 J1sUl 41004 {VIIsU+1)=VI{]sJ))¥DXY
GO TO 108
VT deldaViTed)+(U(1,J)=ULI+1sJ))¥DYX
CONTINUE
RETURN
END

SUBROUTINE 5G5
COMMON/TVPOOL/XM[N.XMAX.YM[NoVMAXoTXM[NoTXMAXoTYMINoTYMAX
COMMON/ TVGUIDE/TMODEsTEXTs 1TV

COMMON/TVFACT/FACT
COMMON/TVTUNE/LPENSLPEF s ITAL s IWINKs INTSsIRT s JUP

+-- COMMON @0sLQOs TNUX4 s TNUY4

COMMON DTVP,DELTASsTVP
COMMON MSKTsMSKB sMKC79MKC8+ IMP T+ IMP8sDVT20VSE
COMMON AGXLsAGYHsDTsDTCPsDTPsDTPPsDXCsDXCD2sDXCSWoOYCsDYCO24DY(C ST

0L




98
99

105

106
107
108

109

110

111
112

$ OXINsGXsGYsHINTIoNIMIsNJoNIML NP oNTPoNUsToTLPsTL TP, TPP oW Z»DYIN
COMMON KDoDXYsDYXINIPI oNIPI e TDXYsGXDoGYDe TNUX s TNUYsDXDY2s0YDX2 s
DXYGsDYX4sZRsZDXRZDYRIGXTsGYToDXGoDYSLoM{ sMOsUP s WP o XP»YP
COMMON CSeDsPsPSsRJsVIXCeYC

COMMON MSKTI5)eMKCIE) s IMP{6)2DVISS
DIMENSION CS5(259100)+D(25+100)9P(25+10019PS{3000)9sR125+10010
$ U269101)sVI260101)9XCI25)9YC(1200}
DIMENSTION UPL3000)sVP(3000)+XP13050)»YRP(3000)
INTEGER CSeFLAGWPS

REAL NU

DIMENSICON P1425+1C031sU1126+101)9V1{26+101)
INTEGER COUNT

IF (TeNELDT) GO TO 99

0O 98 J=1leNJP}

D0 98 1=1sNIP}

Ul(lsJ)=0e

V1i{I+J)=0.

SR=0.

DC 150 J=2sNJMI

M=J-1

JP= )+l

DC 150 1=2eNIM)

IM=]-1

IP=1+1

K1=2CS(IeJ) e ANDeMSK

I[F {KleNEo%4) GO TC 150

S1=Q%

52=0.

$3=0.

54=0,

5520

K51=CS{IPsJ} e ANDMSK(5)

K51=K51#DV{5)

IF {(K51eEQel) GO TO 104

Kal1=CSLIPsJP) JANDWMSK (4]

K41=K41®#DVIa)

IF {K&4leEQel) GO TO 103

52=52~Ul 1P+ JP}/DXC

GO TO 104

§2=282~-U( 1P+ JM})/DXC

KS2aCS1IMeJI e ANDMSK(S)

K523K52%DV{5)

IF {K52.5Qel) GO TO 108
K42=CSUIMeIP) e ANDeMSK (&)

K&2aK42%DVI4)

IF (K424EQel) GO TO 107

S2%52+Ul 1+ JP)/DXC

GO TO 108

$2=52+U{ 19 JM}/DXC

K538CS{1eJP1eANDGMSKIS)

K53sK53%DVI5)

IF {K53eE0e¢1) GO TO 112

K43sCS (1P JP) dANDeMSK L4

K43=K43#DV(4)

IF (K43.EQe1) GO TO 111
51=51~-VULIPeJP}/DYC

GO TO 112

$1a51~VIIMsJP)/0YC .

KS645CS{1sJ4M)oAND SMSK(5)

K54=K54%0DV(5)

IF (KS54«EQel) GO TO 116

113

115
116

117

118

12¢
121

122

126
125

126

K44aCS{AP s JM) e ANDeMEK (&)
Ka6=K4s*¥DV(4)

IF (K644EQel) GO TC 113
S1=S14VIiPsJ)/DYC

GO TO tls
S12514V(IMeJ2/DYC
K4=CS(1eJ) e ANDeMSK { 4)
KazKo®DV (&)

IF (K&4oEQe2} GO TO 133
K55=CSUIP» MY e ANDOMSKI(S)
K55=K35#DV {5}

IF (K554EQel) GC TT 121
K21=CS{IPs M) e ANDMSKI( 2)
K21=421#DV(2)

{F (K21eNEe3} G0 T2 120
S1=51-VIi1+J)/DYC
§2=82+U(IP+J)/DXT

GO TO 121
Si=S14VLiTe ) /DYC
$2=252-UtIPes ) /OXC
KS56xCS{IMa M) s ANDeMSK(5)
K56=K55%DVI(5)

IF {(K36eEQe1) GO TL 125
K22=CS(IMeJIM) e ANDMIK 2}
K22=K224DV(2)

IF (K22eNEe2) GO T2 124
S1=51=-Vi1sJ)/DYC
§2=52-U(1eJ)/7DXC

GO 1O 125
S1=514V(1221/7DYC
52252+Ul 1+ J)/70XC
K5T7=CS(1PsJP1 o ANDeMSIKI(9)
K57=2KST#DV(5)

IF (KS5T«EQel) GO T3 129
K23=CS5(1PsJP Y« ANDIMSKI 2}
K23=X23%#DV{2}

CIF (K23eNZe3) GO TO 128

127

128
129

130

§1=S1+VIIsJP)/DYC
$2=52+3(1P» )y /DK

GO YO 129
51=51=-V{]+JP)/DYC
$2282-Ul 1P+ J)/DXC
KEBsCSUIMIJP ) «ANDOMSK B
K58=K58%DV{5)

IF {K58eEQel) GO TC 133
K242CSIIMeJP) o ANDSMSKE 2)
K24=K244%DVI2)

IF (K24eNEe3) GC TQO 132
§1s51+Vv([+JP)/DYC
$2252-Ul1eJ)/DXC

GO 10 133 .
S1=S1-viI+JP)/DYC
$2=252+UL [+J31/DXC
TIs(UIIPeJI+ULToJ)1%e5
UlJsTI#T) .
T2a(VII4JPI4VIIsJI1#,5
v1JsT2#T2 )
K112CS{IPeJ) s ANDeMSK

IF [X11.,EQe23 GO TO 135
$§1=51+D(IP»JI=D{1sJ)
T3=(UII420J)4ULIPsJ) %05

1L




138

139

140

142
143

144
145

146
147

148
149

150

496
497
151

152
498

499
500

S3=534T3#T3aUl ]
€122C5(1MsJ) e ANDeMSK

IF (K12.EQe2) GO TO 137
S1=514D(IMyJ)=D(1,4J)
TastULTsd)+ULIMeJ} ) %5
$3=534T4%T4~UlJ

$12$51/DXCSQ

$3=53/DXCSQ
K13=CSt1eJP)eANDeMSK

IF (K13450e2) GO TO 139
§22524D(1sJP)=DI(1sJ)
TS5=(V(leJe214VI(IsJP) 1 %45
S4=S4+TSHT5-VIJ

K142CS(19JM) oANDOMSK

IF (K14eEQe2) GO T 161
$2=52+D(14JM)=DI 1+ )
To=(VIIe N4VITsIM) I H,5
S4s54+To#T6=VIJ

$2=252/DYCSQ

$64=84/DYCSQ

S1=-NU*(51+452)

52=53+54
K6=CS19J) e ANDeMSK(6)
K6=K6*DVI(6)

IF (K6+EQe2} GO TO 143
SS=LULIPsI+ULIPsJP) ) *LVI[4JPI+V (IR JP))
K61=CS(IMyJIM) e AND «MSK(6) ’
K61=K61#DV(6)

IF (K61eEQe2)-GO TC 145
S52554(UIT»J1+UTTsdM)IRIVIT L DI+V(IMeJ))
K62=2CS(1sJM)eANDSMSK (&)
K622K62%DVI6}

IF (K62.EQe2) GO TO 147
$5255=(U(IPsJI+ULIP UM ) ®(VIL s J)4V(IPJ))
K63=CStIMyJ) s ANDeMSK (6}
K633K628DVIE)

IF (K63.£Qe2) GO TO 149
S52S6=(UL 12 J)+UTsJP) IR (VI IMsIPI4VIIJP))
R{1+4J1=2514+52+55#TDXY=-D(1,J)/0T
SR=SR+ABSIRIT+JY) ’

CONT INUE

IF (Q0eEQeDs) GO TO 496

Q=09

GO TO 497

Qui,

LQ=LGC

00 151 J=1sNJ

DO 151 I=1sNI

PliIsJI=P(1sJ)

COUNT=0

IF (COUNT +EQe 4000) 4984495
WRITE (MO,1002) CONMAXT

GO TO 501

1F (COUNT oGTe 4999) 500,501
KD=2

WRITE {MO,»1001) T,CONMAX
RETURN

CONMAX =0,

KF=1

DO 182 L=1s10

COUNT=COUNT+1

158
159
160
161
162

162

164
165

166
$

167

168

169

170

171

172
s

173

REM:?.
DO 181 J=2sNJM1

JM=z)-1

ELENTSY

DO 181 [=2sNIM1

IM=1-~1

IP=1+1

K1=CSTT19J) e ANDeMSK

IF (KleNEs&4) GO TO 181
K4=CS{T19J) e ANDeMSK (4)

K4=K4*DVI4)

IF (K4eEQel) GO TO 179

K113CS(1sJP) e ANDeMSK

IF (K1leNEe2) GO TO 161
K21=CS(11JP)eANDeMSK(2)

K21=K21%DV(2)

GO TO (700+160+15991579181)sK21
PLIIsJPI=PI(IsJ)+GYD+DYDXZ2¥(VIIP s JP IV IMeUP )1 =24%V(1sdP})
GO TO 161
PLI1sJP)=PLITsJ)+GYD+(VIII)=VIIsJP))*TNUY
K31=2CS{1sJP1oANDeMSK ( 3)

X31=K31%DV13)

IF (K31eEQel) GO TO 161
PLIIsJP)2P1(1sJP)=(V(IPsJP)+V(IMsJP))*DYDX2

GO TO 161

Pl{l1+JP)=P1{1+sJ)+GYD

GO TO 161

PLUIsJP)2P1 s} +ltUtTsd)«U(IsdP))RIVIMaJP)I4VI[susP))={u([Psd)+

ULIPSJPI IRV vIP)+VIIP4JP 1) ) *DY XS

$
K12=CS{1+JM) e ANDeMSK

IF (K12eNEe2) GO TO 167

K22=CS(19JM)eANDeMSK (2}

K22=K22#DV12)

GO TO (163+166+165+163+181)9K22

PLIT#IMI=PLITaJd)=GYD=(VIT2JPI-VIIeJ))*THUY

K32=CSt(1 s JM) ANDeMSK13)

K32=2K32#%#Dv(3)

IF (K324EQel) GO TO 167

PLUilsJMI=PLIT o IM)I+(VIIPJ)+VIIMeJ) I #DYDX2

GO TO 167

PLUI+JMI=PL(1+J)~GYD

GO TO 167

PriTIs3Mi=PItTsd)={ Ul s ) eUiTadMII*IVITIoJ)eviiMed)I=iULIPsJI+
ULIPsJM)I®(V{IPsJI+VIIsJ}))*DYXG

K13=CS(IPsJ) e ANDeMSK

IF (K13eNEe2) GO TO 173

K23=2CS(IPsJ) e ANDeMSK(2)

K232K23%DV(2)

GO TO (16901729171+1694181)9K23

PLUIPsJ1aP1{1sJ1+GXKD+{UCT2J)~-ULlIPvJ)) #TNLX

K33=CSUIPyJ) e ANDeMSKI(3)

K33=K33#DV(3)

IF {K33,EQel) GO TO 173

PYUIPsJ)2PLUIPsJ)=(ULIP+sJP)+ULIP+yJM))*DXDY2

GO TO 173

P1{IPsJ)=P1{14sJ)+GXD

GO TO 173

PIUIP»J)sP1(Ied )+ {ULIPsJ)+UIPIIMIIRIVIIPJ)VIIJ))=tULIPsJ)+
UTIP9JP)II#(VIIWJR)I«VIIPJP) ) y*DXY 4

K14=CS{IMeJ) ¢ ANDeMSK

IF (Kl14eNEe2) GO TO 179

L




174 K24=CS(IMsJ)oANDeMSK (2}
K24=K24#DV(2)
GO TO (1755178,177517591381)9K24
175 PICIMsJ) =P (TsJd}=GXD=~{UIPsJ)~UlTsd] ) *TNUX
K34=CS(IMsJ) eANDeMSK (3)
K34=K34%#DV(3)
IF (K34¢EQel) GO TO 179
176 PLUIMsJ) =P LUIMd )+ (UCTSJPI+UCT,JM) ) ¥DXDY2
GO TO 179
177 P1UIMsJ)=P1l1sJ)-GXD
GO TO 179
178 P1CIMsd)=PI{T9d) =L {UCTsd)+UTTsIMII*IVILIsJI+VIIMyd 1) =(UtLsd)+
H UCTsJP) I #VITIMsJPI+V (15 JP) ) ) 2DXY 4
179 RES=(PI{IPsJ)+P1(IMsJ) 1 ¥ZOXR+ (P s JPI+P (T s M) J*ZDYR+R {9 J) #IR~
$ P1il4+d)
P1{IsJ)=P1{IsJ)+Q*RES
REM=AMAX1(ABS(RES) +REM]
IF (LeEQe9) RES1=REM
IF (L «EQe 101 180,181
180 CONTJ=ABSIPIIIsJ)=P{IsJ))/(ABSIPLIUIsJ)I+ABSIPIIsU))I+(U([PsJ)
$ FUCT ) IRIUCTIP s +U(19J) 1% e25+ (V15 JPI+VI]sJ) ) *IVI[sdP)
$ +VII9d) ) #e25+AGYH+AGXL )
CONMAX=AMAX]1 (CONMAX sCON1J)
181 CONTINUE
182 CONTINUE
DO 183 J=1sNJ
DO 183 I=1,NI
183 P(1,J1=P1(1sJ)
IF (CONMAXeLTe24E=4) GO TO 184
IF (LQ.,EQeQ) GO TO 152
Q=2e/110+5ART{1s-REM/RESL))
LG=0
GO TO 152
184 WRITE (M0,1000) COUNT»T»Q
DO 258 J=2sNJML
JM=J-1
JP=J+1
DO 258 1=2sNIML
[M=1-1
IP=1+1
K11=CS{IPsJ) eANDeMSK
K12=2CS5t19JP)eANDMSK
K13=CS(IPsJP) sANDeMSK
K14=CS{IMsJ)eANDMSK
K15=CS(19sJM)eANDMSK
K21=C5{IPsJP) o ANDeMSK(2)
K21=K21#DV(2)
K222CS(19JP)eANDMSK(2)
K22=K22#DV{2)
K23=CS{IPsJIM) e ANDSMSK {2}
K23=K23#0V(2)
K24=CS{1sJM) e ANDMSK (2)
K26=K24%0V (2}
K25=C5C(IP sJ) e ANDeMSK (2}
K25=K25%DV (2)
K26=CS{IMsJ) e ANDeMSK (2}
K26=K26%0V (21
K27=CS(IMsJP) e ANDeMSK(2)
K27=K27#DV(2)
K512CS{IPsJP) JANDeMSK(5)
K51=K5140ViS)

186
187

188
189
190
191
192
193

194
195
196
197
198
199
200

201
202
203
204
205
206
207

208
209
210

K52=CS{1+JP) e ANDeMSK (5)
K52=K52%DVI(5;
K53=CS(IPsJM) e ANDaMSKi 5]
K53=K53%0DV(3)
K54=CS{IsJM) e AND eMSK (5}
K54=K54%DVI5)
K55=CS{IPsJ) e ANDMEK (5]
K55=K55%DV(5)
KS6=CS([MsJjeANDeMSK (2]
K56=K56%DV(5)
K5T=CS{IMsJP ) eANDeMIKI(5)
K5T=K57#DV(S5)
K6=CS(IsJ) eANDeMSK (5]
K6=K6#DV (6]
K1=CS{1sJ)eANDeMIK

If (KleEQe&) GO TS 135
[F (K1eNEe3) GC TS 258
IF (K1leNEe3) GO TS 420
VII+1sd+1)=viisd+i}
VII+1sd)=VIilsd

IF (K14eNEe31 GO TO 621
VII=1sJ+1)=V(]sJ+1;
VII=1sd)=Vilsd)

IF (K12eNEe3) GO 7T 622
Ulisd+1)=ULTsd?
UlT+leJ+11=00+19d)

if (K15eNEe3) GU TU 183
Ullsd=-11=0Ullsd)
UTI+lsd=11=Ull+1s0)
IF (K1leEQe2) GC TO 12
IF (K1leNEe3) GO TC 188
ULUIPsJI=U{IP s Y +0XT
GO TO 221
UICIPsJI=ULIPsJ}

GO TC 221

IF (U(IPsJP) oEQe Te) 189,138
IF (K2leNEe4) GO T2 191

IF (K51eEQe2) GO TO 193

1F (K22eNEe4) GO TO 19¢

IF {(K52eEQel) GO TC 194
UP1=-U(IPsJ)

GO 1O 202

IF (K21eNEe3) GO TO 196

IF (K51eE£Qe2) GC TO 201

IF (K22eNEe3) GC TO 198

IF (K52eEQe2) GO TO 201

IF (K12eNEe3) GO TO 200

IF {K13eEQe3) GO TO 201
UP1=U(IP,sJP)

GO TO 202

UP1=U(IPsJ)

IF (UCIPsJM) <EQe Oo) 203,212
IF (K23eNEe4) GO TO 205

IF (K53+EQs2) GO TO 237

IF. (K24eNEe4) GO TO 208

IF {K54eEQel) GO TO 208
UM==U{IPsJ)

GO TO 216

IF {K23eNEe3) GO TO 210

IF (K53eEQe2) GO TO 215

IF (K24eNEe3) GO TO 212

7
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211 IF (K544EQe2) GO TO 213 s
212 K14=CS(1sJIM)eANDeMSK
IF (Kl4eNEe3) GO TO 214

2 6DXCSQ)*(P(I'J)‘P(le?))/DYC+GY

IF {K6eEQe2) GO TO 255

213 K15=CS{IPsJM)ANDMSK 254 S52==1ULTPsJI4ULTIPsJP)IRIVIIeJPI#VIIPIP) )25
IF (K154EQ«3) GO TO 215 : 255 KE2=CSUIMeJ) e ANDeMSKI(S)

214 UM=ULIPsJM) K62=KE2#DV (6}
GO TO 216 IF (K624EQe2) GO TO 257

215 UM=U(IPsJ) 256 $2=S2+4 (ULl e ) +ULTwdP)IIRIVIIMeJPI+VIIJP)1#,25

216 ST=NURCIUCT4250)4UNT o) =2e%UTIP»J))/DXCQ4(UPL+UM=2%ULIPUI ) 357 Te=y(1eJPI+Viled)
$  /OYCSQ)+(P(1+J)=P(IP»J))/DXC+GX TT=VIleJd+2r+VI1sJP)

S2=0. VI(I3JPY=V(1sJP)4DTH(S14S2/DXCH(THR*TL~TT*T7)#DY4)
IF (K64EQe2) GO TO 218 258 CONTINUE
217 $2==(UCIPsJI+ULIPsJP)I#(VIIsJPI4VI(IPsJP))#425 DO 271 J=2sNJM1
218 K61=CS511+JM) dANDMSKI(6) JP=J+1
K61=K61%#0V(6) DO 271 1=2sNIM1
IF {K6leEQe2) GO TO 229 IP=1+1
219 52=524(ULIPsJ)+ULIP M) I®(VIIP»J)4+VIIsJ))*e25 K1=CS{1sJ) eANDeMSK
220 T6=ULIPsJI+UIT+J) IF 1K1eEQeS5) GO TO 263
TT=U(1+42sJ)4ULIPsJ) IF {Kl1eNEe2) GO TO 271
ULUIPsJ)=ULIPs ) +DTR(S1+S2/0YC+(TE*T6-TT#T7)*DX4) 259 K41=CS(1P s ) eANDSMSK(4)
221 IF (K12eNEe3) GO TO 223 . K&1=X41%DV(4)
222 V1U1sJP)=VI1+JP)+GYT IF {K4leEQel) GO TO 261
GO TO 258 260 UL{IP«JI=ULIP+J)
223 IF (K12.NEW2) GO TO 225 261 K42=CS{19JP)eANDMSK (4)
224 V1(1+JP)I=VIIWsJP) K42=K42%DV (1 4)
GO TO 258 IF {K&42.EQel) GO TO 271
225 IF (VUIPsJP) oEQe Qo) 2264235 262 VI{1+JPI=VIIsJP)
226 IF (K21eNEe4) GO TO 228 GO 1O 271
227 IF 1K51.EQe2) GO TO 230 263 K11=CS(1-1+J)eANDaMSK
228 IF (K25eNEe4) GO TO 231 IF (Kl1leNEe3) GO TO 265
229 IF {(K554EQel) GO TO 231 264 Ul(lsJd)=Ul(1IPsJ)
230 VPl=-VvI(IsJP) GO TO 267
GO TO 239 265 K12=CS(IPsJ) e ANDeMSK
231 IF {K21eNEe3) GO TO 233 IF (K12eNEe3) GO TO 267
232 IF (K514EQe2) GO TO 238 266 ULL{IPsJI=ULITsJ)
233 [F (K25eNEe3) GO TO 235 267 K13=CS(1sJ~1)eANDeMSK
234 [F (K554EQe2} GO TO 238 IF (K13eNEe3) GO TO 269
235 IF (K1leNEe3) GO TO 237 268 V1(Isd)=V1li1eJdP)
236 IF (K13.EQe3) GO TO 238 GO TO 271
237 VP1=V{IPsJP) 269 K14=CS{1+JP)eANDeMSK
GO TO 239 IF (Kl4eNEe3) GO TO 271
238 VPl=Vi(l.JP) 270 V1(IsJP)=V1(1ed)
239 IF (VIIMsJP) oEQe 0o) 2404249 271 CONTINUE
24Q IF (K26e.NEea) GO TO 242 DO 289 J=2sNJUM1
241 IF (K56eEQe2) GO TO 244 JM=g-1
242 IF (K2T7eNEe4) GO TO 245 P=Jel
243 IF (K57.,EQel) GO TO 245 DO 289 1=24sNIM1
244 VM==V(1sJP} IM=1-1
GO 10 253 1P=1+1
245 IF (K26eNEe3) GO TO 247 K4=CS5{19J} e ANDeMSK (4}
246 IF (K56EQe2) GO TO 252 K4=K4®*DV (&)
247 IF (K27eNEe3) GO TO 249 IF (K4eEQel) GO TO 289
248 IF (K5TeEQe2) GO TO 252 272 K1=CS{1sJd) eANDeMSK
249 K16=CS(IMsJ) e ANDeMSK 1F.{KleEQe3) GO TO 289
IF (K16eNEe3) GO TO 251 273 K11=CS{IPsJ)eANDeMSK
250 €17=CS{IMeJIP) eANDeMSK IF (K11eNEs2) GO TO 277
IF (K17.EQe3) GO TO 252 274 K21=CSUIPsJ)eANDMSK(2)
251 VM=V {IMeJP) X21=K21#DV{2}
GO TO 253 IF (K21eNEs2) GO TO 276
252 VM=V{1+JP) 275 ULUTIPJy=ULLLs 3 ~{VI(1+JP)=V1(I3J))®DXY

253 S1aNURU(VIIsde2)4VI10J)=2,#VIIsJP))/0YCSQe(VPI4+VM=2,#VI]sJP)}

GO TO 277

¥L




& UL(IP, i=u(IPyJ)
7 K12=CS(IMsJ)eANDeMSK

IF (K12eNEe2) GO TO 281
278 K22=CS(IMsJ)eANDGMSK (2}
K22=K22#0V(2)
IF (K22eNEe2) GO TO 280
279 UL(19J)=ULLIPsJ)#(VI(IsJP)~VI(IsJ))*DXY
GO TO 281
285 Ullledd=Ullsd)
281 K13=CS(19JP)eANDeMSK
1€ (K13eNEe2) GO TO 285
282 K23=CS(19JP)eANDeMSK(2)
K23=K23%DVI(2)
IF (K23eNEe2) GO TO 701
283 VI{I9JPI=VI(IsJd)~tULLIPsJ)~ULl1+J})*DYX
GC TO 285
701 IF (K23eNEel) GO TO 284
V1(14JP)I=VI(Isd)
GO .TO 285
284 VI(19JP)=VI14JP)
285 K14=CS(19sJM) e ANDeMSK
IF (K14eNEe2) GO TO 289
286 K24=CS(19JIM)eANDeMSK (2}
K24=K24%DV(2)
IF (K24eNEe2) GO TO 288
287 V1(1eJd)=VI1edP)+{ULiIPes)=Ultlnd))ADVX
GO TO 289
288 Vi(led)=v(Ied)
289 CONTINUE
DO 29C J=z1sNJML
Jo=J+1
DO 292 I1=1sNIM1
P=1+1
ULIPsJ) =YL (1P J)
290 V(I+JP)I=VI(1+JP)
CALL VELSUR
CALL BNDVEL

RETURN -

1000 FORMAT(1H +10Xs15922H ITERATIONS AT TIME = sF6e3+10X4HG = sF10e0//
371

1001 FORMAT(1H-s45H®XRkRERE*E TOO MANY ITERATIONS AT TIME = »F6e3s
$15H ==~ CONMAX = sE13e6915H LA AL AL LA LD

1002 FORMAT (1 H=924H R RERua"* CONMAX = sE13e6934H AFTER 4000 I[TERA
STIONS AT TIME = +sF6e3915H ERARBERERE )

END

SUBROUTINE S5Gé

COMMON/7TVPOOL /XMIN g XMAX s YMIN o YMAX o TXMIN o TXMAX o TYMIN» TYMAX

COMMCON/ TVGUIDE/ TMODE s TEXT 1TV

COMMON/ TVFACT/FACT.
COMMON/TVTUNE/LPEN LPEF s ITALy IWINKy INTS o IRTs 1UP

COMMON QO sLQO» TNUX4s TNUYSL

COMMON DTVPsDELTAS»TVP

COMMON MSK7yMSK8sMKCT4MKCB 9 IMPT7,IMP84OV7,4DVS

COMMON AGXL sAGYHsDT+sDTCP+sDTP+sOTPPsDXCsDXCD29DXCSQeDYCoDYCD29DYCSUs
$ DXIN-GXlGV-H-NI-NIMltNJtNJMltNP'NTPtNUtTtICPtTL'TPtTPPtWtZ'DVIN
COMMON KDsDXYsDYXsNIPYIsNJIPIsTOXY sGXDsGYDsTNUX s TNUY»DXDY 29DYDX 2>

% OXY4 s DYX49ZRs ZDXRZDYRIGXToGYT s DX49DY4sMIsMOsUP s VP s XPy YR
COMMON CSsDsPsPSsRsUsVIXCHYC

COMMON MSK(8)sMKCL6) s IMPIE) 2DV IS}

101

400

401

4C2

403

404

DIMENSION CS(ZB-100)-0(25-100)-P(ZB-IOO)oPS(BOOO)DR(ZS-IOO)'
691C1)2VvI269101)9XCL25)9YC(100

3IWENSION UP(BOOO)-VP(BOOO)-XP(3OOQ)-YP(3000)
INTEGER C€S»FLAGWPS

REAL MU

KDD=1

DC 159 K=1sRP
KP=PS (K] e ANDeMSEK

If (KPeZGe3) GO TO 150
T1=YP(K)/DYC+2e
T2=XP(K) /DXC+26

KDD=2

J=T1

I=72

FY=T1-FLOAT(J)
FX=T2~FLOAT(I)

M=1-1

IP=1+1

M=y-1

JP=J+l
K12C5(1sJ) e AND e SK

IF (K1eEGe&4) GC TO 103
IF (K1eEGe5) GC TO 103
K2=CS(1sJ) e ANDeMSK(2)
K2=K2%0V(2)

IF (K2eNEel) GO TO 150
K7=CSUI4J) e ANDeMSEKT
K7=KT#DV7

IF (K7eEQel) GO TO 433
IF {K74EQe2) GO TO 402
IF (K745Ge3) GO TO 400
T2=V11,J)#DT

DYIN=-T2

KT=4#IMP(2)
PS({KI=KTeORe {PS(K) e ANDeMLC(2) )
GO TO 401
T2=VI(1sJ+1)%0T

DYIN=T2

KT=3%IMP(2)
PS{K}=KTeORe(PS(K)sANDSMKC(2))
YP(KY=YPIK)+T2

G0 TO 150

T15U(1+J)%0T

DXIN=-T1

KT=2%IMP(2)
PS(K)=KTeORe (PS(K) s ANDeMKC(2))
GO TO 404
T1=U(1+1:J)#0T

DXIN=T1
PS(K)=IMP(2)«ORe (PSI{K)eANDeMKC(2))
XP(K)=XP(K}+T1

GO TO 150
K51=CSIIMsJ) e ANDeMSK (5)
K51=K51#DV(5)
K52=5CS(IPsJ) e ANDSMSK I5)
K52=K52%0V(5)
K53=CS(14JP}eANDeMSK (5)
K53=K53%#DV(5) N
K54=CS11+JM) e AND eMSK (5)
K54=K54#DV(5)

IF (FY oLTe o5) 104105

SL




134 UPR=UM 3

GO TO 106 138 $2=§?1533.JP)

105 JPR=y 139 IF (V(IPRsJ) oEQe Ce) 1404141

136 JUPRP=JPR+1 140 V3=VI(I,J)
HPSX=(XC(1)=XP{K))/DXC+e5 GO TO 144
HRSY=(YC(JPRI+DYCD2=YP(K) ) /DYC+e5 141 IF (K544EGel) GO TO 143
HMSX=1e~-HPSX 142 v2=0,.
HMSY=1¢=HPSY GO TO 144
IF (UCIsJPRP) oEQe Jo) 1079108 143 V3=VIIPRyJ)

107 Ull=Utlsn) 144 IF (VUIPRPsJ) eEQe Qo) 1454145
GO 7O 11! 145 va=vil.J)

108 IF (K51eEQel) GO TO 110 GO TO 149

109 Ull=0. 146 IF {K54eEQel) GO TO 148
G0 TO 111 147 v4=0e

112 Ull=U(12JPRP) GO TO 149

111 IF (UCIPsJPRP) oEQe Do) 112113 148 VazV(IPRP,J)

112 U2=UlIP,,J) 149 VP(K)=HPSX*HMSY*V] 1 #HMSX*HMSY XY $HPSX#HPSY %V 2 4 MK *HPSY V4
GO TO 116 YP(K)=YP(K)+VP(K)*DT

113 IF (K52eEQel) GO TC 115 J9=YP{K)/DYC+2.

114 UY2=0. IF (J9eGTeNJeOReJSeLTel) GO TC 200
GO TO 116 GO 70 150

115 U2=U(IP+JPRP} 2C0 PS(K)=3e0Re{PS{K)eANDeMKC)

116 IF (U(1+JPR) eEQe Qo) 1174118 XP{K)=0e

117 U3=u(lsd) YP(K)=0o
GO 1O 121 UP(K)=0,

118 IF (K51eEQel) GO .TO 120 VP(K)=0e

119 U3=0, 150 CONTINUE
‘GO TO 121 IF (KDDeEQe2) GO TO 152

128 U3=U(1sJPR) 151 KD=2

121 IF (U(IPsJPR) oEQe 0e) 1224123 WRITE (MO,1000) T

122 U4=U(1IPsJ) 152 RETURN
50 TO 1256 1000 FORMAT(1H=948H & ¥t kxn NG PARTICLES IN 3YSTEM AT TIME =

123 IF (X52eEQel} GC TO 125 $ Fbe3ylSH AR L LA ]

124 U4=0. END
GO TO 126

125 U4=U(IPsJPR)
126 UP(K)=HPSXEHMSY*ULL +HMSX XHMSY ¥ U2 #HPSX *HPSY ¥U3+HSX*HPSY ¥Ub
XP (K 1=XP (K ) +UP (K) *DT
19=xXP (K) /DXC42.4
IF (19.GTeNIsOReI9eLTel) GO TO 200
IF (FX oLTe o5) 127,128
127 1PR=IM
G0 TO 129
128 1PR=1
129 1FRP=[PR+]
HPSX = (XC(IPR)+DXCD2-XP(K) ) /DXChe5
HPSY=(YC(J)=YP(K)1/DYC+e5
HMSX=1e~HPSX
HMSY=1 o=HPSY
IF (VIIPRsJP) «EQe 0o) 1304131 |
130 V11=V(I4JP)
60 TO 134
131 IF (K534EGel) GO TO 133
132 v11=0.
G0 TO 134
133 V11=V(IPRsJP)
134 IF (VCIPRPsJP) «EQe 0s) 135,136
135 v2=VII1+JP)
G0 TO 139 .
136 IF (K53.EQel) GO TO 138
137 v2=0.

9L
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Appendix III. SPLASH Listing




PROGRAM SPLASH

COMMON DELTASsDT»DT25DT4DX sDT4DY sDTCPDTUXsDTOY sOTUASsDTUTSsUTPs PAASEI LA
s DTPPsDTVP 4DXC s DXCD2s0OX14sDXINsOXPsDYCsDYCD23DY 1430V INsUYF ADXS=UOX#ODX
COMMON EPSsGsGHsGXsGXDsGXDTGY s GYDsGYDTsHs ICNTRs ITESTsKDIKKKsLL S OBYS=0DY*OBY
$ MIsMOsMUL sMU2sNBL sNB2s NI sNIMLsNIPL sNJ s NIML sFJP L siP s NP 5N TP 0DX3=2.#0DK
$ ODX s0DX2 sODXS »ODY sODY2 sODYSsR1sR2sTsTCPsTLs TP TPPSTVP U0 DY 222 %00y
S VO DTDXS=DT2#20X5
COMMOM A(50920)9B1{5092C0)sB2(50920)19831505203)984(50520)9C5(50+20) DTDYS=0RT2#00YS
3 DVI12)sIMP(13)sMKCIL13)9MSK(13)sMU(509201sNFE30)sNKI50520)s GXDT=G6X*DT
s NKT{80,20)9P(50520)sP5145003sPSI{51+21)sR(50520)9SR{50s20)s GYDT=GY#OT
$ SRT(50520)5U{51921)sUP(4500)sUTI51521)sV(519211sVP(4500)s DT4DX=DTDOX*e25
3 VTI51521)sXC(50) sXP(4500) sXPO(30) s XPLI301YC(20)5YP(4500) NT4DY=DTDY*425
] YPC(30)sYPLI30)sZETI51521) MEK(1)=7
REAL MUsMUL sMU2 s NK s NKT IMP{1)=1
INTEGER (SRS DVily=1

C MKC(11=eNOTeMSK (1)

C CO 120 (224132

C PROGRAM SPLASH CONTAINS THE TWO-FLUID EXTENSION OF THE MAC METhwue MSK ] )sMEKTT~11%8

< . MKC(I)=eNCTeMSK(])

C THIS PROGRAM wWAS WRITTEN IN JULY OF 1967 8Y MICHAEZL Ue TLKRYe IMP{I1=IMP(]=1)%§

¢ 122 DV(Ly=DY(I=-1)/8

r ‘T20,
NTP=11
REWIND MTP
MI=3 00 101 I=2sNI
vMO=6 101 XCtl)=XC{I=-1)+DAC
KD=1 . D0 102 J=2sNJ
READ (MI»1000) NB1sN32sNIsNJsNPINPR 102 YCU{U)=YC(J=1)+DYC
READ (MI»1001) WsHsGXsGYsUQsVOSOT DO 104 J=1sNJ .
READ (MIs1001) MULsMU2sR1sR2sTLsDELTASSDTP NC 104 I=14NI
READ (MIs1001) DTCODTPPsDIVPDXPSDYP DC 103 K=2146
READ (M1e1002) (NF({1)eXPO{I¥sYPO(I)sXPLIT)eYPL(TI)sI=1aNPR) 103 CS5(19J)=IMPIK)eCR(CSII0dYaANTaMRKIIKY)
DXC=H/ (NI=2) CS{Ts))=6e0Re{ TSI 1)) eAND MK
CYC=H/ (NJ=2) KT=5%IMP{2)
WRITE (M0510C3) 104 CS(I1sJ1=XTelRe(lSlIsJ)eANDeMIC{2))
WRITE (M0»1004) NB1sNB2sNI,NJINPsNPR CALL CELSET
WRITE (MO»1005) : CALL PARSET
WRITE (MO5,1006) WsHsGXsGYsUOsVO,DT CALL DENVIS
WRITE (MO»1007) CALL PLTSET
WRITE (MO+s1006) MU1sMU2sR1sR2sTLDELTASSLTP CALL BNDCND
WRITE (MO.1008) 106 CAaLL CNTROL
WRITE (MOs1006) DTCP+DTPPsDTVPsDXPsDYPsEXCsDYC IF (KDeEQe2) GO TO 113
VRITE (MOs1009) 1CNTR=0
D0 105 I=1sNPR LLL=0

106 WRITE (MOs1010) NF(L)sXPOLLIsYPO(TI1sXPLUI)SYPLITY CALL ONTPRS

NIM1=NI=-1 107 DO 108 J=1sNJ
NIPL1=NI+1 0O 108 I=1sNI
NJIM1aNY-1 108 CS{IsJ)=IMP(13)e0Re(CS(TI9J1eANDGMKCI(13))
NJP1sNJ+1 ITER=0
OELTAS4DELTAS*e5 109 ITER=ITER+1
G=SQRT I GX#GX+GY#GY) ICNTR=ICNTR+1
GXD=GX*DXC ITEST=4
GYD=GY*DY(C EPS=.0008
ODX21e/DXC CALL PRSITN
ODY=21e/DYC IF (KDeEQe2) GO TO 106
DXCD22DXC* o5 CALL PARTRA
DYCD2=DYC#* o5 IF (XDeEQe2) GO TO 106
DX14=4e%0DX CALL DENCHG
DYI4=4.%0DY IF (LLeEGe0} GO TO 112
GH=1e/(G#*H) IF (LLeGTe5) GO TO 202

8L

DTDX=DT*0ODX IF (LLeEQeLLL) GO TO 200




C=
IC=0 SUBROUTINE CELSET

GO TO 201 COMMON DELTAS,DT sDT2+DT4DXsDT4DY sDTCP»DTDRsDTOY s UTUXRSILTOYSIOTP
200 I1C=1C+1 . 13 DTPPsOTVP yDXCoOXCO290X 169 CXINIDAP 9 OYLsIYCO200Y 14 0Y INsDYP
IF {1CeGTe10) GO TO 112 COMMON EPS »GoGHeGX sCXD s GXDT G Y 9GYD9GTDT sHoICNTRy ITESToKDoKKK oL s
201 LLL=LL $ MIoMOsMUL sMU29NB1 o NB2 o NI s NIMIoN1IP T snJpMuMl sine ] siiP o NPR 9 TP
202 CALL NFWBA $ 00X 30DX230DXS»ODYs0DY290DY5eR1sR29TsTCPsTLITF ¢ TPE,TYP L0
IF (ITFReNEs3) GO TO 109 5 VO o
DC 111 J=2,NJM1 COMMON ALED9203981(52920)982(5002019832(55+20)9B4I50923)19C3E53592010
D0 111 1=2sNIM1 5 DVE13) o IMP{13) sMKCU13)oMSK{12)oMU(S5C220) o NF 3L oNKI53920) s
K11=CS(IsJ)eANDeMSKI11) H NKT(50920)9Pi5092G) sPS{4530)9P51451 0223 sRIBCIZUIISRISSecO)
K11=K11#DV(11) $ SRT(5002019U(51 921 1 sUP {4500 s UTH52921 ) 9¥ (510211 evPia53D)0
IF (K11eEQe2) GO TO 110 5 YTU519213 9XC(50) 9XP{45CT 1o AP 23T o XPLI3S)I9YCI20) 9YP 445381y
K10=CS{IsJ)eANDeMSKI10) $ YPL(30) 4 YPLIZ0eZETL31921
K10=K10*0DV.(10) REAL MUs™MUlpMU29 NK 9 NKT
IF (K10eNEe2) GO TO 111 INTESER ZS»PS
K132CS(1sJ) eANDGMSKI13) DIMENSION TA(100)sTYPE(20)9XB122)9Y3(22)
K13=X13*DV(13) INTEGER TYPE
IF (K13eNEel) GO TO 111 - PLMAX=AMAX1IXC{NL)+DXCoYCINII+DYZ)
CSUT9J)=2IMP(10)e0Re(CSIT o)) e ANDeMKC(10})) . PLMIN=AMINL (XC—DXC,YC~-DYC)
GO TO 111 CALL SET{OeslerelslesPLMINIPLMAXSPLMINSPLMAXS 1}
110 K13=CS5t1sJ)eANDeMSK (13} CALL LABMOD(6H(F6e3}slH 1691919090920+3}
K13=K13#DV(13) CALL FLASH1(IA,1C0)
IF (K13eNEel) GO TO 111 CALL FRAME
CS{I1+J)=IMP(11)eORe(CS(1sJ)eANDeMKCI11)) NB=NB1
111 CONTINUE 200 NBP=NB+1
50 TO 107 READ (M1+2000) (XB{I}sYB(I}sI=1+NBP)
112 ITEST=13 READ (MI+20C1) (TYPE(I)sI=1sNB)
EPS=40002 XB(NBP+1)=X8(2)
WRITE (MO,1011) YB(NBP+1)=YBI(2)
CALL PRSITN ) DO 236 M=1,NB
IF (KDeEQe2) GO TO 106 IF (XB{M)~XBIM+1)) 201+215+208
CALL VELCTS 201 T=XB(M)#0DX+2,001
KKK=2 J=YB(M)*0DY+14999
CALL MOVPAR 202 CS5(1+J)=2e0Re(CS{1sJ)eANDeMKC) N
IF (KDeSQe2) GO TO 106 : KT=TYPE(MI®IMP(2)
CALL DENVIS CS(I1+J)=KTeORe (CSU1sJ) eANDMKC(2))
IF (KDeEQe2) GO TO 106 ) KT=2%#IMP{4)
CALL REFCEL - CSUIeJ+11=KTeOR(CSITsJ+1) e ANDeMKC(4) )
G0 TO 106 KT=3#IMP(T)
113 END FILE NTP CSU1sJ)=KTeORe(CS{1+J)eANDeMKCIT) )
REWIND NTP KT=3#IMP(8)
sTOP CS(IsJ+11=KTeORe (CS{1sJ+1)eANDMKCIB)
10CC FORMAT(7110) K2=CS(15J) eANDeMSK (2)
1001 FCRMAT(7F1040) K2=K2%*0V (2}
1002 FORMAT(I10+4F1040C) IF (K24EQe2) GO TO 204
1003 FORMAT(1H1+10X49HMAC METHOD SOLUTION OF TWO~MATERIAL FLUID PROoLEM 203 KT=2%IMP(&)
$///1H=910XSHINPUT/1H~922X3HNB1s12X3HNB2+13X2HN1 s 13X2HNI » 13X2HNF #12 CS{1sJ)=KTeORe(CSI19J) eANDeMKC(6))
$X3HNPR) 206 I=1+1
1004 FCRMAT(1H »10X+7115) IF (XC(1) oLEe XB(M+1}} 202,205
1005 FORMAT(1H0»26X1HW»14X1HH»13X2HGX » 13X2HGY » 13X 2HUQ »13X2HVQ»13X2HOT) 205 1F (YB(M+2)~YB(M+1)) 206+236+207
1006 FORMATI{1H s10X+s7E1548) 206 KT=2%IMP(5) ‘
1007 FORMAT(1HC s22X3HMULy 12X3HMU2,5 11X4HRHOL »11X4MHRHO29 13X2HTL s 9X6HDELTA CS{I=1+J)=KTeORe(CS{I=1+J)eANDMKC(5))
$5912X3HDTP) GO TO 236 ’
1008 FORMAT(1HO»21X4HDTCP s 11X4HDTPPs11X6HDTVP 3 12X3HDXP » 12X3HOYP s 12X3HDX 207 CS5(TsJd1=1eORe(CS{I+J) e ANDeMKC)
$C 91 2X3HDYC) KT=3#IMP(7)
1009 FORMAT(1HOs23X2HNF 912X3HXPO»12X3HYPO»12X3HXPL»12X3HYPL) CSUI9J)=KTeORe(CS(15J) sANDeMKCIT})
1210 FCRMAT(1H +10X+s115+4E1548) © GO YO 231
1011 FORMAT(1HO) 208 IaXB(M)*ODX+14999
END J=YB(M)#0DY+2.001

209 CSU1+J12240Re(CS{1sJ)eANDSMKC)
KT=TYPE(MI*IMP (2}

6L




210
211

212
213

214

215
216

217

218
218

220
221

223

222

CS(I4J)=KTeOR(CSIIsJ) eANDMKC(2))
KT=2#IMP(4)
CS(19J=1)=KTeORW(CS(IsJ~1)eANDeMKC(4]))
KT=4*IMP(T)

CS(14J)=KT4OR{CS(I4J) «ANDMKC(T))
KT=4%IMP{8)
CS(1sJ=1)=KTeOR(CS{IsJ=1)eANDeMKCI(8))
K2=CS(1sJ) s ANDeMSK(2)

K2=K2#DV(2)
IF (K2+EQe2)
KT=2#IMP(6)
CS5(19J~112KTeOR(CSIT9Jm1) e ANDeMKC(6))
1=1~-1

IF (XCUI)eGE«XB(M+1))
IF (YB(M+2)-YB(M+1))
KT=2#IMP(5)
CS(I+19J)=KT4ORL(CS(I419J)+ANDMKCI(5))
KT=2%IMP(6)
CS(19J=1)1=KTeOR(CS(I9J=1)eANDeMKC(6))
GO TO 236
CS(19J)=1e0Re(CS(1sJ)eAND#MKC)
KT=4#IMP(7)

CSUI19J)=KT4ORS{CSIIsJ) sANDSMKCITY)

GO TO 231

IF (YB(M)eLT4YB(M+1))
[=XB(M)*0DX+24C0
J=YB(M)I#0ODY+2,001
CS(19J1=240R4(CS{IsJ) e ANDSMKC)
KT=TYPE(M)*IMP(2)
CS(19J)=KTeOR(CS(IsJ) eANDMKC(2))
KT=2#IMP(4) |
CS(I~19J)=KT4OR(CS(I—19J) e ANDeMKC(4))
KT=2%IMP(T) ’
CSUI+J)=KTeOR(CS{I+J) e ANDMKC(T))
KT=2#IMP(8)
CS(I-19J)=KT4OR(CS(I=11J)sANDMKC(8))
K22CS5(10J) o ANDeMSK(2)

K2=K2#DV(2)
IF {K2+EQe2)
KT=2#IMP(6)
CS(1=19J)=KT4OR(CS(I=19J)eANDeMKC(6))
J=J+l

IF (YC(J)eLE&YB(M*1))
IF (XB(M42)~XB(M+1))
KT=2%IMP(5)
CS(1sJ=1)1=KTeORG(CSIIsJ=1)eANDeMKC(5))
GO TO 236
C5(14J)=1e0Re(CS(1sJ)eANDeMKC)
KT=2#IMP(T)

CSII'9Jd)=KTeORe(CSIsJ) ¢ANDMKCIT))

GO TO 231

1=XB(M)#0DX+14999

JSYB(M)#0ODY+14999
CS(10J)=240Re{CS{IsJ)sANDSMKC)
KT=TYPE(M)#IMP(2)
CS(19J1=KTeOR(CS{LeJ) eANDMKC(21)
KT=2#IMP(4)
CS(I+19J)=KTeOR(CS(I+19J)eANDMKC(4))
CSU1sJ)=IMP(T7)sORe(CS(I9J) eANDeMKCI(T))

GO 70 211

2099212
21442364213

2169223

GO TO 219

217,220
22292364221

CS(I1+1+J)2IMPI8)+OR.(CS(I+10J)sANDSMKCI8))

K2=CSEIsJ) eANDeMSK{2])

225
226
227

228
229

A

NN
R

233
234
23%
236

237

238

239
240
241

242

2413
244
245

246

247
248

K2=K2#DV(2)
IFtK2.EQe2)

KT=2#IMP(6)
CS(I19J)=KToORW(CS(I9J)eANDeMKC(E))
J=J=-1

GO TO 226

IF (YC(J)eGESYBIM+1)) 2244227
IF (MeLTeNB) 2284236
IF (XB(M+2)=XB(M+1)) 22942364230

KT=2#[MP(5)

CSUI1J+1)1=KTeORW(CS(19J+1) +ANDsMKC(5 )}

GO TO 236
CS(10J)1=1.0Re(CS{LsJ) e ANDSMKC)

CSU{19d)=IMPUT)eORICS( o) s ANDSMKCITY)

KT=2®IMP(6)
£5(19J)=KTsORs(CS{1sJ) e ANDSMKC(6))
IF (MeLTeNB) 2329223

EMP1=M+]

GO TO 234

KMP1=1

IF (TYPE(M)+EGe3sOReTYPE(KMPL) eETe3)
KT=3#IMP (2}
C5(19J)=KTeORW(CSII st} o ANDSMKC (2]}
CONTINUE

IF (NB24NEeO)
NB=NB2

N82=0

CALL CURVE(XBsYBNBP)

GO TO 2060

CALL CURVE(XBsYBsNBP)
CALL FLASH2(1+sLENGTH)
WRITE (NTP). LENGTH.(IA(I)
WRITE (NTP) NIMLNJM1sPLM
KODE=1 T

DC 264 J=1sNJ

DO 264 1=1sNI1
K1=CS(1+J)eANDeMSK
K2=CSt1sJ)eANDeMSK(2)
K2=K2*DV (2}

K6=CS{TsJ) oANDeMSK{4)
K4=K4RDV(4)

2374238

9 I=1sLENGTr)
INPLMAX

IF (X2+NEsl) GO TO 258
IF (14EQel) 2409243
L=1

L1=1

K2A=CS{I+19J-1)4ANDSMSK(2)
K2A=K2A®*DV(2)

IF (K2A+EQe4) GO TO 255
K2B=CS(I+1sJ41)eANDeMSK(2])
K2B=K2B8#%*DV12)
GO TO 253~

IF {l1.EQeNI)
L=1

L1=2
K2C=CStI=-19J=1)eANDeMSK(2)
K2C=K2C*0V(2)

IF {K2C+EQes4) GO TO 255
K2B=CS(I~19sJ+1)eANDAMSK(2)
K28=K2B8#DV{2)

GO TO 253
IF(JeEQ.])
L=l

2444247

268250

2359236

08




249

259
251

252

254
255
256
257
258
259
26C

263

264

20¢C
2001

300

K20=CS(I=19J41)eANDeMSK (2)
K2D=K2D#DV(2)

IF (K2DeEQe4} GO TO 255
K2B=CS(I+19J+1)eANDeMKC(2)
K2B=K2B*DV(2)
GO0 TO 253

IF (JeEGeNJ)
L=1
K2E=CS(I-19J-1)eANDeMSK (2)
K2E=K2E*DV(2)

IF (K2EeZQe4} GO TO 255
K2B=CS5(I+419J-11eANDeMSK (2}
K2B=K22#DV(2)
IF (K2BeEQe4)
GO TQ 25¢
L1=2

GO TO 241
KT=2%IMP(3)
CSU19J1=KTeORe(CSIIsJ) e ANDeMKCI(3))
IF (LeEGQel) GO TO 258

IF (L1eEQel) GO TO 245

IF (KODEeEQe2) GO TO 262

IF (K4eEQe2) GO TO 262

KODE=1

I[F (KleEQe2) GO TO 264
CS(19J1=21e0Re(CS(I5J) e ANDeMKC)
GC ' TO 264
KOLE=1

IF (KleEQe2)
KODE=2
CS(I+J1=3e40Re(CS(1sJ)eANDJMKC]
CONTINUE

KT=2Z*IMP(6)
CS=KTeORe(CSeANDOMKCI(6))
RETURN

FORMAT(7F1040)

FORMAT(71101}

END

2514254

GO 7O 255

GO TO 264

SUBROQUTINE PARSET

COMMON DELTASsDT oDT24+DT4DXsDT4DY sDTCPsDTOXsDTDY sDTUXS1DTOYS90TP

$ DTPPsDTVP sDXCoDXCD2+DX14sDXINIDXPsDYCrDYCD29DYI4sLYINyOYP
COMMON EPS+GsGHsGX sGXD sGXDT9GY sGYDsGYDT sHs ICNTRyITESToKDsKKKsLL Y

3 MIsMOIMUL sMU2 sNBLIsNB2sNTsNIMLoNIPL asNUsNIMLsNJIPL 9P s APRNTP s
QDX +0DX250DXS+0DY sODY2 sODYSsR1sR2sToTCPoTLsTPsTPPaTVP LD
VO W
A({50920)1sB1(50s20)9+B2(50520)+B3(50920)sB84(50920)+CS5(50920)
OVI13) s IMP(13) sMKC(13)sMSK(13)sMULS50+20)sNF{3Q)sNK(500201)
NKT{50920)9P(50520)5PS(4500)+PS1(519211sR(50920)s5R(50+2075
SRT(50920)sU€51922)sUP(4500)9UTI{52922)sVI51921)9sVPI4500)
VT{51921)sXC({501sXP{45001,XPO(30)sXPLI33}sYCI20)9YP(45001}
YPO(30),YPLI30)+2ET(51,21)

REAL MUsMULsMUZ29NKsNKT

INTEGER CSsPS

DO 3092 K=1sNP

PS(K)=340Re(PS(K)eANDeMKC)

K=1

00 301 J=19sNJ

00 301 [=1sNI

KT=4%IMP {9

LU g

COMMON

PP R R

301

102
303

3C5

306

309

310
3211

312
313
31la

31

w

316

CS(1sJ)=KTe
D0 315 IlI=1

Y=YPO(I])

X=XPO(II)

I=X*0DX+2.

JEYRODY+ 2.

K1=CS5(1sJ)eANDeMSK
K2=CSt1+J1 e ANDeMSK(2)

K2=£2%DV(2)

IF {K1leEQel) GO TO 308

IF (K1eEGQe2) GO TO 210
CSL19J)=4e0Re(CSIT9J) e ANDOMKC)
PS(KY=1eO0Re (PS(K)eANDeMKL)
KT=NF(I1})#IMP(3)
PE(K)=KTeORe(PSI{K)eANDeMKC(3))
K3=CS(1sJ) e ANDeMSK (9}

K9=KI#DV (9}

IF (K9eNEes4) GO TO 305
KT=NF{I1)*IMP(9)
CSU19J)=KTeORe(CSIIrJ)eANDeMKC (I}
GC TO 306

IF (NF(I1)eEGeKY)
KT=3*1MP(9)
CS(I19J1=KTeORe(CS{IsJ)eANDeMKC(2))
UtlsyJd)=u0
VIIed)=vD
Ull+lsd)=U0
VIIasd+1)=V0
XP{K)=X

YP(K)=Y

K=K+1

X=X+DXP

IF (XeGTeXPL{II}}
Y=Y+DYP

IF (YeGTeYPLIII)) 31593C2
IF (K2eNEel) GG TO 208
PS{K)=2e0Re (PS{K) e ANDeMK I}
K7=CStIsJd) e ANDeMSK (7
K7=KT*DV(T)
IF (KT7eEQel:}
IF(K7eEQe2)
IF (K7.EGe3)
VII+sJ)=V0

GC TO 1307
Ull+l,J1=U0
GO TO 307
UtlsJd)=UC
GO TO 307
V(lsJel)=VO
GO 10 1307
CONTINUE

00 316 J=1sNJ

DO 316 I=1sNIl
CSUT9J)=IMPI10)eORe{CSIIsJ)eANDeMKCI10))
CSUI9J)=IMP(11)e0Re(CS{YsJ)eANDeMKCILI1))
CALL FLGCEL

RETURN

END

ORe (CSUT+J)LaANDeMKC(9))
sNPR

GO 7O 306

30949303

L0 1O 312
GO TG 313
GO 1O 314

SUBROUTINE FLGCEL
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COMNON DELTAS»DT»DT2sDT4DXsDT4IYsDTCPDTOXs OTDY»DTDXS2DTDYSHDTP Y M22]

DTPP»DTVP »DXC sDXCD2»DX [ 4sDXINsDXPsDYCsDYCD2sDY14»DYINSDYP ip3zlis
CCMMON EPS+GaGH»GX sGXD»GXDTsGY s GYDsGYDT sAs ICNTRs ITESTsKDsKKK»LL 2 KT222%18P (10
MIsMOsMULsMU2 sNB1sNB2 N1 sNIML sNIP 1 sNJ s NJAT s NJPL s P s NPRONTP s CS(1sIP2)1=KT2e0R(CS(1sIP2) oANDMLC(10) 1

$ DX s0DX2»3DXSs0DYs0DY250DYSsR1sK22TsTCPsTLaTRSTPPsTYP LD c<(1p1,Jpz,_(T2.0R.(cs(IPA,JPZ,.,éU.MKC(
$ VO, W CS(IP2sJP2)2KT2e0Re(CS{IP2suP2)e w.‘«fc*c;;
COMMON A(B0920)931(5092C)9B2(509201983(50920)9B4(5C220)9C5(509201 CS{IP2sJ Pl =KT2eURe{ LS {IP2suPlle 3
3 DVI13) s IMPIL3)sMKCI13)9MSK(13)9MI(50920) sNFI30)sNK(50920) CS(IpZ,J)‘KTZ.OR.‘CD([pZ,J).A\J.
$ NKT (309201 9P (509201 9PS(4500)9P51(51921)9R(50920)s5R(50520} CS({IP2,JM]1)=KT2eCRe(CSIIP29 M1l e )
3 SRTU50920)19U(519211sUP (45001 sUT(51921)sVI(51921)5VP(4500) c<(1P2,Jv2)-K72.uR.(’,‘IDC,JMZ).h\w
3 VTU51921)sX {501 9XP (4530 sXPO(30}sXPLI3C)sYCI2015YP(4500) CS(IP1 s JM2 1 oK T2e0R L5110 1 0M2 ) 0 &N e i
L3 YPO(30)sYPLI3QY«ZET(21921) CS{IsIM2)=KT2eORICIIIvJIM2) eANDO KT 1)
REAL MyMUL 9MU2 9 NK 9 NKT CS(IMl’JV2)=KT2.ORo!CS(I”I’JMZ;oﬂx,o' 1100
INTEGER CSHPS CSUIM2 UMD ) =KT 24¢ LI Ot
DO 818 J=2sNJML CS(IM2,JM1)=XT 26l [ o
JMl=J-1 CS(IM29J1=KT2eCRe{CE1H :

JP1=U+1 . CSUIM29 P11 =T 2eCRe{CE([H29uP L) eAiiDeY S
0O B18 1=2.NIM1 CS{IM29JP2)=KT ZeURa{ L8 {129 JF2) eniiD St
IM1=1-1 CSUIMLUP2)1=KT2eCRe{IS(IMIIPZ) 0AND R I
IP1=1+1 GO TC 318

K1=CS(1sJ) eANDeMSK 801 IF (ML+MR+MBeNZeb) 53 TC £22 |
IF (K1.E3e4) GO TO 800 NLEENLY: |
IF (K1leNEe5) GO TO 818 3 KT2=2*IMP(10)

8002 K9=CS(1sJ)eANDMSK (T} 8T 9 JP2)=KT2e0Re{CS{ 19 JP2) e ANC MK CI1IC) )
K9=K9*DV (9] CS({IP1sJP21 2K T2e0Re(CS(IP1 P2 0aNDeMKCI1T) i
IF . (K9eNEe3) GO TO 815 CSU{IMLeJP2)1=XT2e DR {CSI T sUF2) s ANDOMKCI1C)!)

1 KT1=2%IMP(11) GO TO 818
KT2=2#IMP{10) 802 IF (ML+YR+MTeNEe6) (0 TT 803
CS(19J)=KT1eOR(CS{IsJ)eANDeMKCILI1) ) JM2=J=2
CS{1sJP1)=KT1e0Re(CS{1sJP1)eANDeMKCI11)) 4 XT2=2#1MP{10
CS{IP1sJP1I=KT1eORe(CS{IPLsJPLl}eANDeMKC(111}] ’S(IQJVZ)-KYZoDRo(CS(IoJVZJOAN) MKZU18))

CSUIP1sJ)=KT1eORe(CE(IP1sJ)eANDeMKCI11)) CS{TP1sIM2)=KT2e0Re(CSIIPLs 2} oA

TLion

=
Je

CSUIPLyJM1)=KT2e0Re(CS(IP1»JIML) e ANDSMKC(11)) £SUIMLpIM2) 2T 2e0Re (C5(IM1 9 M2) e AND@MKCI10) !

CSU1sJMII=KT1edRe(CE(IsIM]) eANSeMKCI11)) G0 TO B8

£S{IML s JIM]) =K T1eORe (CS(IM1sIM1) e ANDMKC(11)) 553 IF (ML+MB34+MTeNEe6) GO TO 804

CS(IMI,J)-KTloOR.(CS(I%l,J)oAND.WKL(ll)) pazls2
S(IM1sJP1i=KT1e0RG(CS(IM1sJPT)eANDeMKCI1])) 5 KT2=2%[MP(10)

CS(T»J)=KT2e0Re(CS(IsJ) «ANDaMKC(10) ) CSIIP23 ML) =K T2e0Re(C5(IP2sJML) o AND@MKC{10))

CS{1sJP1)=KT2e0Re(CSLI+JP1) e AND@MKC{10)} CSUIP2yJ)=KT2eO0R{CI{IP2s) eANDOMKLI10 !

CSIIP1yJP112KT2eORe{CSIIPL»JPI ) eANDeMKC(10)) CSUIP2sJP11=KT2e0Re{CS{IP2sJP L eANDeARS (LD}

CSUIPLsJ3=KT2e0Re(CSIIPLsJ) eANDeMKC (10T} GO TO 818

CSUIP1»JMI)=KT2e0Re{ CSUIP1»JM1) 0 ANDMKCI10)) 304 [F (MR+MB+MToNEeb) GG TG 8G3

CSU1sJMI)=KT2e0R(CSIL 9 ML) e ANDMRC (101} [M2=]=2

CSUIML 1) =KT2e0Re (CSITMLI ML 0 ANDeMKCI10)) 6 KT2=2%[MP[ 10}

CSUIM] s J)=KT2e0Re(CS(IMLsJ) e AND@MKC(10)) £S(IM23JM] ) =KT2e0Re (CS{IM25JIM1) o AND@MKC (101}

CSUIMI»JP1)=KT2eCRe (TSI EMIsJP11eAND K C(1G)) FS(IM2,J31=KT2e0Re{CS(IM2yJ) eANDOMKC(10))

ML=1 CSUIM2sJP1) =K T2e0RS LS IM2sJP1 ) eANDSMKE110))

MR=1 GG TO 818

ve=1 825 IF (ML+MR4NEes) GO TC 805

MT=1 SM2=J-2

K1A=CS{IMYsJ) s ANDeMSK JP2=J42

IF (K1AeEQe2) ML=2 7 KT2=2#IMP(10)

K18=CS{IP1lsJ) eANDeMSK CS{IMLsJP2)=KT2e0R{CSIIML»JP2) eANDeMKC1101)

If (K1BeEQe2) MR=2 £S(19JP2)=KT2e0Re{CS{TsJP2) e ANDeMKC(10))

K1C=CStTs ML) eANDeMSK CS(IP1sJP2)12XT2e0Re(CS(IPI»JP2) 0 ANDeMKC(10Y)

IF (K1CeEQe2) MB=2 CSIIMLsJIM21=2KT240Re (CS(IM] 9 M2} e ANDMKC (10}

K1D=CS{1sJP1) e ANDeMSK CS{1sJM21=KT2e0Re{CS{IsJM2) e ANDeMKC (10}

IF (K1DeEGe2) MT=2 CSIIR1,JIM2)=KT2e0Re¢CSUIPL»JM2Y0ANDOMKC(10))

IF (ML+MR+MB+MT NEs4) GO TO 801 GO TO 818

JM2=y-2 805 IF (ML+MB3eNEes) GO TO 807

28

JP2=U+2 JP2m e




10

809

11

12

811

IP2=1+2

KT2=2#IMP(10)
CS{IM19JP2)=KT2e0Re(CS(IM19JP2} «ANDeMKC(10))
CS(1sJP2)=KT2e0R.(CSI1sJP2)eAND+MKC(10})
CSIIP19JP21=KT2eCRe(CSIIP1sJP2)«ANDWMKCI10))
CSUIP24JP21=KT2eCRe(CSIIP29JP2) s ANDMKC(10))
CSTIP24JP1)=KT2e0Re(CS(IP23JP1) e ANDeMKC(10})
CS(IP24J)=KT2e0Re(CS(IP29J) eANDeMKC(10))
CSUIP24JM13=KT2e0Re L CS(IP29JML) e ANDeMKC(10))
GO TO 818

IF (ML4MTeNEes) GO TO 808

JM2=g-2

192=1+2

KT2=2+IMP(10)
CS(IP2+JP11=KT2e0Re(CSIIP29JP1) eAND«MKC(10))
CS(IP2+J)=KT2e0R4(CS{IP29J) eANDeMKC(10))
CS{IP2+JM1) =KT2e0Re (CS{IP24JM1) «AND+MKCI(101))
CS{IP29JIM2)=KT2e0Re (CS(IP29JM2) e ANDMKCI10Q))
CS{IP1sJIM2)=KT2e0R(CS(IP19JIM2) e AND+MKC(10))
CS{19JM2)=KT2e0Re(CS(19JM2) «AND«MKC(10))
CSUIM19JM2)=KT240Re(CSIIM]9JM2) e ANDeMKLC(10))
GO TO 818

IF (MR+MBeNEe4) GO TQ 809

JP2=J+2

IM2=1-2

KT2=2#IMP(10)

CSUIM29JM1)=KT2e0Re (CSIIM29JM1) e ANDeMKCI(10) )}
CSUIM29J)=KT2e0Re(CSIIM2+J) eANDeMKC (10} )
CSIIM2+JP1)=KT2e0Re(CS(IM29JP1) eANDeMKC(10) )
CS(IM29JP1)=KT2+0Re(CSIIM29JP1)eANDeMKC(10))
CSUIML19JP2)=KT2e0Re(CS(IML9JP2) «ANDeMKC(10))
CS(19JP2)=KT2+0Re(CS{I+JP2)+ANDeMKC(10})
CS(IP1sJP2)=KT2e0Re(CSIIP13JP2)eANDeMKC(10))
GO TO 818

IF (MR+MTeNEe4) GO TO 810

JM2=J-2

IM2=1-2

KT2=2%[MP(10)

CS(IP1eJM2)=KT2e0Re (CSIIP1sJM2) «ANDeMKC(10))
CS(14JM2)=KT2e0Re (CS(1+JM2) eANDeMKC(10))
CSUIM19JML1)=KT240Re(CSIIM19JM]1)eANDeMKC(10))
CSIIM29JM2)=KT2e0Re(CSIIM23JM2) cANDMKC(10))
CSUIM29JM1)=KT240Re (CSIIM2+JM1 )+ ANDeMKC(10))
CSUIM29J)=KT240Re(CSTIM2+J)eANDeMKC(10))
CS{IM24JP1)=KT2s0Re{CS{IM2,JP1) e ANDeMKC(10))
GO TO 818

IF (MB+MTeNEes4) GO TO 811

IM221-2

IP2s81+2

KT222#IMP(10)
CS{IM29JP1)=KT2e0Re(CSIIM2+JP1)eANDeMKC(10))
CS({IM2+J)=KT2e0Re(CSIIM29J) eANDeMKC(10})
CS{IM24JM1)=KT240Re {CSIIM24JM1) e ANDeMKC(10))
CS{IP29JP1)=KT240Re(CS(IP1sJP1)eANDeMKC(10))
CS{IP2+J)=KT240Re(CSIIP2+J) e ANDeMKC(10))
CSIIP2+JM1)=KT2e0Re(CSIIP2+JM1) «AND&MKC(101})
GO TO 818

IF (MLeNE+2) GO TO 812

JM2= =2

JP28J+2

1P221+2

13

g812

16

15

814

16

KT2a2#1MP(10)
CSTIM14JP2)1=KT2.0R4 CSIIML 9 JP2) 4 ANDWMKCI10) )

CSII19JP2)=KT2e0Re(CS{I9JP2) eANDOMKC (107}
CSUIP19JP2)=KT2eCRe(CSIIP1sJP2)eANDMKC(10))
CS(IP24JP2)=KT2e0Re(CS{IP2+sJP23 oANDWMKC(10))
CSUIP2+JP1)=KT2eO0Re(CSIIP29JP1) e ANDeMKC(10))
CSUIP29J)=KT2e0Re(CS(IP2+J)eANDeMKLC( 10}
CS{IP29JM1)=KT24CRe (CS{IP2+JM1 ) e ANDSMKE(1014)
CSUIP2+JM2)1=KT2e0Re(CS(IP24JM2) e ANDeMKCI10 )
CSUIP1sJM2)=KT2e0RG(LSIIPL ¢ JM2) e ANDeMKC(10Y)
CS(I19JIM2)=KT2e0Re(CSII9JM2) e ANDeMKC(10) )
CSIIML o JM2)=KT240Re(CSIIML 9 IMZ I« AND«MKCI1C)
GO TO 818

IF (MReNEe2) GC TO 813

IM2=J~2

JP2=J+2

IM2=1-2

KT2=2%IMP(10}
CS(IP1sJM2)1=KT2e0Re(CS(IP1+JM2) +ANDWMKC(10}}
CSUI+JM2)=KT2e0Re(CSIT 9JM2) «ANDMKC(10) )
CSUIM14JM2)=KT240Re(CSIIMLaJM2) 4 ANDMKC(10)}
CSIIM2+JM2)=KT2e0Re{CSIIMZ 9 M2} e ANDOMKC (101}
CS(IM29JM1)=KT2e0Re (CS(IM29JML1) eANDeMKC(10))
CS(IM29J)=KT2e0Re(CS(IM24J1eANDeMKC(10)}
CSUIM24JP1)=KT2e0Re (CSIIM24JP1)eANDeMKCI1G))
CS({IM2+JP2)=KT2e0Re(CSIIM20JP2) o ANDMKC(10))
CSUIM1sJP2)=KT2e0Re(CSIIM19JP2) +ANDeMKCIL1G)}
CSI1+JP2)=KT2e0Re(CS(1+JP2) eANDeMKCI(101))
CSIIP1sJP2)=KT2eCRe(CS{IPLsJPZ)eANDeMKCI(10))
GO TO 818

IF (MBeNEe2) GC TO 8la

JP2=J+2

IM2=1-2

IP2=1+2

KT222#IMP(10)
CSUIM29JM1)=KT2eORG(CSIIM29JM1) e ANDeMKC(10)}
CS{IM2+J)=KT2e0R{CSIIM20J) «ANDeMKC(10))
CS(IM2+JP1)=KT2e0Re(CS(IM29JP1) e ANDeMKCI10)}
CS(IM2+JP2)=KT2e0Re(CSIIM29JP2)eANDeMKCI10))
CSIIML9JP2)=KT2e0Re(CS(IM1sJP2)eANDeMKC{10))
CS(19JP2)=KT2e0Re(CSTI1JP2) e AND+MKC(10))
CS(IP1+JP2)=KT240Re(CS(IP1+JP2) e ANDeMKCL10))
CSIIP2+JP2)=KT240Re(CSIIP2+JP2)eANDMKC(10)}
CS{IP241JP1)=KT2e0Re(CSIIP29JP1)eANDeMKC(10))
CSUIP24J)=KT2e0Re(CSIIP2sJ)eANDeMKCI10))
CSI{IP24JML)=KT240Re(CSIIP29JM1) s ANDMKCL101))
GO TO 818

IF (MTeNEe2) GO TO 815

JM22J-2

IM2=21-2

1P2=1+2

KT2=2#IMP(10)
CSIIP24JP1)=KT2e0Re(CSIIP24JP1)sANDIMKC(10))
CSUIP21J1=KT240Re(CSIIP29J)eANDsMKCL10))
CS(IP24JML)=KT2e0Re (CS(IP24JML)sANDeMKC(10))
CS{IP2+JM2)=KT2e0Re{CSIIP29JM2) e ANDeMKC(10))
CS(IP1sJM2)=KT2e0Re{CSIIPI+JM2) e ANDeMKC(10))
CS(IsJIM2)=KT240Re{CSLIIIM2) e ANDSMKC(10))
CS(IM1sJM2)=KT240R (CS(IM]19JM2) e ANDeMKC(10))
CSUIM23IM2)£KT200ReVCS1IM24JM2) e ANDMKC(10) )
CS(IM29JM11aKT24O0RL(TS(IM29JM1) e ANDeMK 1101}

€8




815

17

18

817

19

CS(IM2+J)=KT240R 4 (CS{IM20J) «ANDeMKC (10))
CSUIM2sJP112KT2e0RG{CSIIM29IP1 ) oANDeMKC(10))
GO TO 818

K9A=CS(19JP1) oANDeMSK(9)

K9A2KIAXDV(9)

IF (K94EQ.K9A) GO TO 816

K1A=CS(1+JP11eANDeMSK

IF {K1A«EGe2) GO TO 818

JP22 342

KT1=2#IMP(11]1)
CS{I+J13KT1e0R(CSITsJ)eANDeMKCI(11))
CS{1sJP1)2KT1oORL1CSIIsJPL)wANDeMKC(11))
KT222#1MP(10) )
CSU1+J1=KT2e0R(CSIT2J)eANDeMKC{10))
CS(19JP1)2KT2eDRe(CS(IsJP1) eANDOMKC(10) )
CS(I+JP212KT2e0Re(CStTI9JP21 e ANDMKC(10) )
CS(IP1+JP21sKT240ReICS{IP1+JP2)eANDeMKCI10))
CSUIP1sJP1)=KT2e0Re(CSIIPLsJPL) e AND#MKC(10))
CS(IP19J)=KT2e0Re(CS(IP1sJ)eANDeMKCI(10))
CSUIPLsJIMI I =KT2eORetCSIIP1sJIML) e ANDeMKC (10}
CS{IsIMIInKT2e0R(CS(T9JML) eANDOMKC{10})
CSUIM19J)=KT2eO0Re (CS(IMLoJ) e ANDeMKC (101}
CSUIM1sJMI ) 2KT200Re{CS{IMLsJML) e ANDeMKC(10)}
CS{IMLsJP1)=KT2s0Re(CSEIML P11 eANDeMKC{10))
CSUIM1+JP2)=KT2e0Re(CSIIMLsJIP2) e ANDeMKC{10) )
K98=CS(IPLlsJPL) e ANDeMSK(O}

K9B=KIB*DOV(S)

IF (K9eEQeKS8) GO TO 817
K1B=CS{IPLlsJPLl) e ANDeMSK

IF (K1BeEQeleOReK1BeZGe2) GU TO 318

JP2zJe2

[P2=[+2

KT1=2#[MP(11}
CS(fsJi=KTI1eOR(CS{TsJ)aANDSMKCIT1)
CS(IP1sJP1)=KT1eOR(CSIEIPL9JP1) eANDeMKCE11))
KT222#[MP{10)
CS{T+J18KT2,0R e (CS(sJ) s ANDeMKC{10)
CSUIP19JP1I=KT2,0R(CS(IPLJPL)eANDSMKCI10))
CSIP1sJP2)=aKT2e0Re(CSIIPL+JP2)sANDMKC(L10})
CSU1P2+JP212KT240RetCSIIP2+JP2) ¢ ANDeMKC(101)
CSEIP2+sJP1I=KT2,0Re(CSIIP29sJP1) e ANDSMKC(10))
CSUIP2+J12KT2e0Re(CSLIP29J) eANDMKC(10Y)
CSUIP1sJ)aKT2eO0R(CSIIPLsJ) e ANDMKC(10))
CSUIP1sJIMY )=KT2,0Ra(CSITIPLsJML) e ANDeMKC(10)]}
CSAIsJM1)I=KT2.0R (CSTI9JIM1) eANDeMKC(10))
CSEIMls M1 IaKT2e0R{CSEIML UML) e ANDeMKC(10))
CSIIM19J)=KT2e0R CSIIMLsJ) eANDSMKC(10))
CS(IM1sJP1)=KT24ORe (CSIIMLsJP1) e ANDeMKC(10))
CSUL+JP1L)mKT2e0R(CS(I+JP1)eANDMKC(10))
CS(1sJP21=KT2e0Re(CS{T+IP2) e ANDeMKCI(10]))
K9C=CS(IP1sJ) s ANDeMSKI( D)

K9CaK9C#0OV.(9)

IF. (K9sEQeKSC) GO TO 818
K1CaCS(IP1sJ) e ANDeMSK

IF (K1C4EQe2) GO TO 818

1P2s1+2

KT1=2#1MP(1})
CS{19J)3KT1aDR4LS{19J) e ANDOMKCI(11))
CStIP19J)=2KT1eOR{CS(TP1sJ) s ANDeMKCI11))
KT2=2#IMP(10) o

CSULeJ)=KT240Re(CS(T9J) e ANDeMKC(101 1)

818

400
401

402
403

404

40%

406

407
408
409

410

411

412

$

L )

H A DB R

CS(IP1leJ)=KT2e0Re(CSIIPLsI)eANDMKCL10))
CS(IP29J)aKT240R(CSIIP2+J) e ANDeMKC(10))
CSUIP24 ML) =KT240Re{CSIIP2sJML) e ANDSMKC {20
CSUIPLy ML I 2KT2e0R (CSUIPLsJIMI)eANDeMKCi1C))
CSETeJMII2KT2eO0R{CS( T 9 JIM] ) eANDeMKCLL10))
CS(IM14JIM1)3KT2eO0Re (CSUIML9JML) 0 ANDMKC(L10))
CSUIMYad)=KT2eOR{CSIIMLe ) 0ANDOMKC (1LY
CSUIMILJPL)aKT240R (CSIIML 2 JP1) e ANDeMKL(1C))
CS{I9JP1)=KT2e0R (CS(T9JP1)eANDSMKCI10))
CSUIPLe P 1=2KT2,0R(CSEIPI P e ANDeMK (10T
CSUIP2sJP11=aKT2e0Re(CS(IP29JIPL) 0 AND e MKIIL1O) )
CONTINVE ‘

RETURN

END

SUBROUTINE PLTSET ’

COMMON DELTASsDT#DT24DT40XsDTLOY sOTCPsDTORsLTLY 9 OTUXRSsLTUCS9DTP
DTPPsDTVP s DXCoDXCD2+s0X T4 s DXINIDXPsOYIsTYCO2 90 14 s DY INsOYR

COMMON EPS+GeGHIGX sGXDsGXDTsGY s GYDsOYOT o ts ICNTR e ITESTIKDsKKK sk
MIoMOIMUL 9MU2 o NBT oNB2oNTsNIMLaNIP L ofmve oMl oalvumlainr e iPiksiTFy
QDX s ODX290DXSs0DY QDY 290DYSeRIaR29T o TLR»TL TR o TRPF o TVP U
VOsW

COMMON Al5Ce2031+81(50920)+82(50+20)9B3(50+20)9B4150920)9C3(50+20)»
DVI13) s IMPE13)oMKC{13)9MSKIL13) o MULB092C19FI30)9ink{50920)
NKT(50920) 9P (50920)9P3(4500) sPSI(51921)9R(50920)95K(50920)
SRT(50+201 9051921 1oUP (45003 9UTI{5192219VI5]1921)evPL4500)
VTI5102139XCE50) o XP(4500) 9XPO(30)9XPLI30)eYCI2039YP(4300)
YPO(30)sYPLI30)+ZETI51921)

REAL MUSMUL#MU2 9 NK 9 NKT

INTEGER CSePS

CALL FRAME -~

D0 412 J=1lsNJ

DO 412 l=1sNI

K1=CS([9eJ) e ANDeMSK

K2=CS{1sJ) sANDeM3K (2)

K2=K2#DV(2)

K4mCS(19Jd) e ANDeMSK i 4}

K4=K4#DV {46}

K5=CS(1sJ) e ANDMSK(3)

KS=KS#DVI(S)

KE6=CSt1eJ) e ANDeMSK{S)

K&=KE#DVI6)

GO TO (412+400+406+605+406+412) eK1

GO TO (401+402+403+4049412)4K2

CALL PSYMIXCUI)oYCIJ}alH+40+091)

GO TO 408

CALL PSYMIXCUIIoYC(J)elH=90+0s1)

GC TO 408

CALL PSYMIXC(IYsYC(J)»1H*40091)

GO TO 408

CALL PSYMIXCII)sYCUJ)91HXs0s101)

GO TO 408

CALL PSYMIXC(I)»YClJIslH/+090s1)

IF (K4eEQel) GO TO 408

CALL PSYM(KCUI3oYC{J)s1HOCel01)

IF (K54EQel) GO TO 419

CALL PSYM{XC(L19YC(J)91HQ90+0s1)

IF (Kb6eEQsl) GO TO 412

CALL PSYMIXCLII+DXCD29YC(JI+DYCD291Hes09091)

CONTINUE :

78



500

503

504

505

506

CALL FLUSH
RETURN
END

SUBROUTINE SNOCNC

COMMON DELTAS DT sDT2sDT6DXsDT4DY sDTCPsDTDXsDTDYsDTUKSIDTOYSIOTP,

$ DIPPHSDTVPIDXCHDXCD29DXT4sDXINsDXPsDYCsDYCUZsDY14sDYINsLYP

COMMON SPSsGaGHIGXsGXDsGXDTsGY sGYD»GYDT sHs ICNTR ITESTHKDsKKKsLL
MIsMOsMUL sMU2 9 NBLoNB2sNI sN[MIsNIPL sNJ s NJSMLsNUP 1 2P yikPReNTP
ODXs0ODX2s0DXSs0DY sODY2s00YSsR1sR2sToTLCPsTLaTP»TPPsTVP U0
VOsW

COMMON A(50920)9B1(50920)982(509201983(30s20)984(50920)9C5(5Q920)
DVI13) 9o IMPC13) sMKC (131 9MSK{L13}9MUIS0920)9NFE30)9NKE50920)
NKT150520)9P(5C220)sPS14500)1sPST{51921)sR{50920)»5R(50920)
SRT(S0920)15U(51921)sUP{4502)suUTi51921)sV(519211sVP (45001
VT{51921)sXC(50)Y9XP14500) s XPOI 3019 XPLI301sYC(20)9YP(4500)

L

WA A R

YPO(30)»YPL(30)»2ET(51s21)
REAL MUsMULsMU2 9 NKoNKT
INTEGER CSHPS
DC 511 J=1sNJ
DC 511 [=1»sNI
K1=CS(IsJ) « ANDeMSK
IF (K1eNEe2) GO TS 511
K2=zCS(1sJ) e ANDeMSK (2]
K2=K2*DV(2)
K7=CS({1sd) e ANDeMSK(7)
RT=KT7%#DV(T}
IF (K7«NEesl) GO TG 502
IF (K2eNEe4) GO0 TO 500
UlTeJ)=U(T1425J)
VITsJelt==V(I+lsd+1)
VIIsd)==V(i+lsd)
GO 7D 501
IFf (K2eNEe3) GO TC 511
UlTsdiz=Ul142+J) .
VIiIsJdel)=Vilelol+l}
VIIsdi=Viield)
Ull+1sd)=Coe
G0 TO 511
IF (K7eNEe2) GO TO 505
IF (K2eNEes4)y GO TO 503
UtI41,0)=0(01-15J)
VITsJel)==v(I=1sJd41)
ViIsd)z=viI=1sJ)

GO T0 504
IF - (K2«NEW3) GO TC 511
Utl+1,J)==Ull=~1yJ)

V(IsJdell=VIiI=19J+l}
VIIsJ)=ViI=1sJ}
UlIsJ1=0e

GO TO 511

IF (K7sNEe3} GO TO 508
IF (K2eNE.4) GO TO 506
VIilsd)=VIIsJ+2)
UlT#1sJ)==0(1+lsJ¢1)
UtlsJd)==Ut],J+1}

GO TO 507

IF (K2eNEe3) GO TO 511
VilsJ)==vil,J+2)
DISESEFI VIS SEINES &

507

508

600

596

597
598

601
602

603

$

$
$

A B

UlTsJ)=U(lsJdel}
V{lsd+1}=0.

GO TO 511

IF (K2eNEe&4) GO TO 509
VIIsJel)=Vilsd=1}
Ull+lsJdi==Utl+lru~1}
Ullsd)==U(1,J-1)

GO T2 510

IF (K2eNEe3) GO TO 511
VIiTsdel)==Vilsd=1)}
UlT+1,0)=U(I+1sd~1)
UlTedy=Utlst-1)
ViIsJ)=0e

CONT INUE

RETURN

END

SUBROUTINE CNTROL

COMMON DELTASsDTsDT2sDT4DX oaDTGDY sDTCPsDTOAsDTOY s L TUXSIDTOY LD TPy
DTPPDTVP s DXCoDXCD29DX 14 s DXINsDXP DY CoIYCUZ LY LG sUY INIDYP

COMMON EPSsGsGHIGKsGXC sGXDT oY sGrUsGYDTars ICNTRy ITESTIKOPRKRLL Y
MToMOoMUL sMU2 sNS1 e NBZ oIl s NIM1 sNIF ] ain s NOML sniuFP L anr s PRy iiTF »
ODX sQDX2900XSsODY sODY2s0DYSoR1oRZo T TCPsTLI TP TPPITYP IO
VO W

COMMON A(50520)9B1(505203982(509201983(509201984{50s2019C35(50920)s
DVI13)sIMPII21 sMKC(212)9MSKI132),MU(5C920)sNFI30)9NK150920)
NKT(50520)sP(50520)sPS(4500)sPST1i31921)sR(E0sZC) #SRIB02Z0)
SRT(80,20)5U (51921 )sUP{45C0) s UT(31921)9V(Z1921)9VPI4500)
VT(51921)sXCUB0)sXPL4EI0) o XPCL20) s XPLAACIYC(ZC)9YP (42000
YPOU30)s YPLIBC)ZET(51521)

REAL MUsMUL,MU23NKyNKT

INTEGER CS»sPS

IF (T.NE«Oe) GO TO 600

CALL PLTPAR

CALL CELPRT

CALL PARPRT

CALL PLTVEL

TP=DTP

TCP=DTCP

TPP=DTPP

TVP=DTVP

GO TO 605

IF (KDeEQe2) GO TO 606

IF (SENSE SWITCH 67 596,598

FARG=SAVEF (1)

IF (FARG.EGQ.0e} GG TO 598

I1S=NN+2

DO 597 11=1,18

READ (NTP)

CONTINUE

IF (T«LT+TP=-,00000001) GO TO 601

CALL PLTPAR

TP=T+DTP

IF (TeLTeTCP-.0000C001) GO TO 602

CALL CELPRT

TCP=T+DTCP

If {TeLT+TPP-,00000001) GO TO 603

CALL PARPRT

TPP=T+DTPP

IF (TeLT«TVP-o000000013 GO TO 604
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604
6CS

606

6000

700

7C1
702

7060

CALL PLTVEL

TVP=T+DTVP

IF (TeGEeTL-eCCOCO0CL)
T=T+DT

RETURN

CALL CELPRT

CALL PARPRT

WRITE (M0O,6000)

GO TC 605

FORMAT{1H1 »10X»41HABNORMAL STUP =-- LUUK FUR AlwiHor “Mc$Savc)
END

KD=2

SUBRCUTINE PLTPAR
COMMON DELTASsDTsDTZsDT4LDXsDT4DYsDTCPIDTDXsOTOY sOTUALsDTOYSHDTP
3 DTPP sDTVP sDXCsDXCD2 DX 14 sDXINSDXPsOYCsDYCD25s0Y143DYINsOYP
COMMON EPSsGaGHGXsGXDsGXDTsGY »GYDsGYDToris ICNTR ITESTHKDsKKKsLL»
% MToMOsMUL sMU2 s NBTsNB2ZsNT sl IMLaNIP T sNU s NJMY sNIP L aNP s iiPRyNTH
$ ODX sODX2s0DXSs0ODY sCOY2sODYSsR1IsR2sToTCPsTLTRPsTPPH»TVP,UDS
3 VOsW
COMMON A(50920)19B1(50520)982(50920)983450920)sB4(50+20)+C5(50520)
DVI13) s IMP(13)9MKC(13)sMSK(131aMU(50»2079NF{30)90K(509201)
NKT{50520)9P{50520)sPS{4500)sPST(51521}9sR{50920)195R(50520)
SRT{50920)9U(519215sUP (45001 >UT(519211sVI51921)sVPI4500)
VT(51921)9XC{5019XP{4530)sXPO{30)sXPLI30)»YC(23)1sYP(43500),
YRPO(301sYPLI30)ZETI51,21)
REAL MUsMU1sMU2 sNKINKT
INTEGER (S5»PS
CALL FLASH3(1)
ENCODE (10,70CC»AA) T
CALL PWRT(824,725AA51051,0)
DO 702 XK=1NP
KP=PS{K)eANDeMSK
IF (XPeEQe3) GO TC 702
1=XP(K)*0ODX+24
J=YP(K}*ODY+2e
K1=CS(IlsJ)eANDeMSK
IF (KleEGe2) GC TO 702
IF (KleEQel) GC TC 702
KPA=PS(K)eANDeMSK3)
KPA=KPA*DV(13)
IF {KPAeEQe2) GO TQO 700
CALL OPTION(0sCs0sQ)
CALL POINT{XP{K)sYP(K))
GO TO 702
CALL OPTION(Os150+0}
DO 701 L=1»5
CALL POINT{XP{K)sYP(K})
CONT1INUE
CALL OPTION{(050,0,0)
CALL FLUSH
RETURN
FORMAT (4HT =
END

L R N

sF6e3)

SUBROUTINE CELPRT
COMMON DELTASsDTsDT24DT4DXsDT4DYsDTCP»DTDXsDTDY»DTUXS»DTVYSSDTP

$ DTPP,DTVP sDXCoDXCD2sUX14sDXINSDXPsDYCDYCD25DY14 DY INsDYP
COMMON EPSsGsGHGX sGXD»GXDTsGY s GYDsGYDT sHs ICNTR S ITEST kD sKRKslil s
$ MIsMOsMUL sMUZsNBLsNB2s NI s NIMLeNIPLsNI s NUMYoNJPL NPy NPRyNTP

: 38X&ODX2’ODXS’ODY’ODYZ’ODVSDRI’RZ’T’TCP’TL’TP’TPP’TVP’UO’
A

COMMON A(50520)sB81(530920),82(50920)»83(50520)sB4(509201+C5(50+20)»
DVE13)s TMP{13)sMKC({13)sMSK(13)sMUI50520)sNF130)sNK(50520)>
NKT(5092059P(50920)sPS(4300)sPSI{5192219R(E0+20)s5RI50+201)>
SRT(50+2012U(51921)+UP(4500)2UT{51921)9V(51921)9VP{45500)
VT{51921)eXCI50) 9 XP L4500 s XPO120) 9 XPLI3VIsYC(2039YP(4500),
YPO{30) s YPL(A0ILZETI5192])

REAL MU»MUL sMU2 s NK 9 NKT

INTEGER (5,PS

LINE=D

WRITE (M0O,8000) T

WRITE (MOs3001)

20 800 J=1,sNJ

DO 800 I=1,N1

Ul=(UCT+1s 01 +UCTsdi0*

V1={VITsJ+1)1+Vilsdyix

WRITE (MO,3002) [sJsl

LINE=LINE+]

IF (LINEeNEe50}

LINE=Q

WRITE (M0,»8003)

WRITE (M0,8001)

800 CONTINUE
WRITE (MO»8004) T
RETURN

200 FORMAT{1H1s1C0X22HCELL PRINT FOR TIME = »F6e3///)

8001 FORMAT{1H »5XIHIs3X1HJs2aX1HU»14X1rV s 14X1HP 3 12X3HRAU13A2-M%yi3X2H

$CS/)

8002 FORMAT(1H »4Xs12514+5515e692X9015)

30C3 FORMAT({1HL)

8004 FORMAT{11Os20X3eH¥w*nx.c END OF CELL PRINT FUx TlMe =

S*%/1H1)
END

R AP R A

V1ePiloJloR{ITeJieMUlIou}slZiled}

GO TQ 800C

srbess Tin HEHE

SUBROUTINE PARPRT

COMMON DELTAS»DTsDT25DT4DXsDT4DY sDTCPsDTDXsDTDY sDTUASIUTLYSSDTR

$ DTPPsDTVP s DXCsDXCD2 s DX 14 DXINSDXP s OYTsDYCDZsUY14sUYIN,DYP

COMMON EPS»sGsGHsGX sGXD s GXDTsGY sGYDaGYDTaris ICNTRI ITEST oKD sKKKsLL Y
MIsMOsMUL sMU2 sNB1aNB2sNIsNIMIsNIP L sNI s NIML s iluP 1Py NPR TPy
ODX»ODX2s0DXSs0DY s0DY2sCDYSsRIIR2Zs T TP TLHTPsTPPTVP, L0
VO W : A

COMMON A(505201sB1(509201sB82(50920)s83(5092C)sB415092C)19C5(50+20)>
DVI13)sIMP{13)sMKCE13)sMEK(13}sMUI50520)sNF{38)sNK(50,20),
NKT(5052015P 1505201 sPS{450C)sPST(51521)9R{50220}95R(509201)s
SRT (505201 sU151521)»UP(4500),UT(5192119¥{51521)sVP (45001,
VTU51921)sXC(50)sXP{4500)9sXPO(2019XPLIZ0IsYCE20)9YPI4500)
YPO{30)sYPL(30)9s2ET(51521)

REAL MUsMUL,MU2 s NKHINKT

INTEGER CS»PS

LINE=0

WRITE (MO»9000) T

WRITE (MQ,9001)

DO 900 K=1,NP

KP=PS5{K)eANDeMSK

If (KPeEGe3) GO TO 900

WRITE (MO»9002) KsXP(K)sYPI{K)sUP(K)sVPIK)IPS(K)

L

L

LINE=LINE+]
IF (LINEeNE«50)
LINF=0

GO TO 900

98




900

9000
9001
9002
9003
9004

100

101
102

1000

WRITE (M0O»9003)

WRITE (MC,9001)

CONT INUE

WRITE (M0O,9004) T

RETURN

FORMAT{1H1»10X26HPARTICLE PRINT FOR TIME = 4F6e3//77)
FORMAT(1H s9X1HK s 14X1HX»14X1HY » 14X1HUs L4X1HVISA2HPS)
FORMAT (1A s110+s4E156592X+05)

FORMAT(1H1)
FORMAT(1HO s 20X40H"# %% %%
$ *wu®i/1H])

END

END OF PARTICLE PRINT FOR TIME = sFbe397H

SUSROUTINE PLTVEL

COMMON DELTAS»DToDTZ24DT4DXsDT4DYsDTCPIDTDX9DTOYsDTDXSDTDYSHDTP Y

$ DTPPsDTVP yDXCyTXCD29DXT4 s DXINsDXP sDYCoDYTDZoOY 4o DYINDYP
COMMON EPSsGeGHoGX sGXDsGXDTsGY oGYDsGYDToHs ICNTRIITESTIKCsKKKsL L

3 MIsMOPMUY sMUZ 9 NB1oNB2oNT o NIMLIoNIP Lo sivIMLoviP loanP o NPRyNTH s
s ODXsODX2sCDXS+0DY sODY22UDYSsR19R29ToTCPsTLITLHTPP TP UG
VO W
A(50920)9B1(509201982(50920)983(509251934150920319C5(50020)
DVE12) s IMPU13)sMKCI13)9MSK(13)sMUCSDs20) sNFE30)sNK(50920)
NKT(5052019P(50920)sPS(4500)9sPSI{5192139R(50920195R{50923)
SRT(50,20)sU(51921)sUP(4500)sUT(51921)9VE51921)9VP ({4500}
VT(51921)9XCU50) s XP (45001 sXPO(3039XPLI3C)IYCI2I)sYP(4500)
YPO(30)sYPL(30)9ZZTI51921)
REAL MU9sMUT sMU2 4sNKyNKT

INTEGER CS+PS
MN=NN+1

WRITE (NTP) T
WRITE (MOs10CC) NN
DO 102 J=2sNJM1

DO 102 I=24NIM1
K1=CS{IsJ)eANDeMSK
IF {KleEQe4) GO TC
IF (K1leNEe3) GO TO
X1=xXCi1}

Y1=YClJ)
X2=X1+DELTAS* (Ul I+1,J)+U(T+J))
Y2=Y1+DELTAS*{V(IsJe1)+V(IsJ))
GO TO 102
X1=777777777777777777778
WRITE (NTP) X1sY1sX2,Y2
RETURN

FORMAT(1H~918H// 27727777
END

L]

COMMON

R I

100
101

NN = +[4913H f1211177775777)

SUBROUTINE QNTPRS

COMMON DELTASsDTsDT24DT4DXsDT4DY sDTCPsDTDXsDTDY sDTDXSsDTDYSHsDTP s

5 DTPPsDTVP oDXC o DXCO24OXT14sOXINsDXPsOYCoDYCD29DYI4sDYIN,DYP
COMMON EPS»GsGHeGXsGXDsGXDTsGY sGYDsGYDT 9rds ICNTRHyITESTIKDIKKKsLL »
MIsMOsMUL sMU2 ¢ NBLoNB2sNIsNIMLyNIPL sNJsNIMLsNJPLyNPsNPRyNTP»
ODX»ODX2+0DXSsODY sODY2+0DYSsR1sR2eTsTCPoTL TPy TPPsTVP L0
VOsW
A(50+20)9B1150+20)9B82(50920)+83150920)9B4150+20)9(5(50+20)>
DVI13)9IMP{}3)sMKC(13)sMSK({13)sMUL50+20) eNF(30)sNKI509201)
NKT(50,20)sP (509201 sPS(4500)sPST1(51+21)9+R(50+20)9s5R(50+20}>»
SRT(50+2031sU(51921)sUP(4500)sUT(51921)9V(51921)sVP(45Q00)
VT(51921)sXC(50)sXP(4500)9XP0{30)sXPLIZ0)»YC(20)9YPI4500)

L )

COMMON

L B )

YPO(30)sYPLI3D) 9ZET{5L21)

%
REAL MUsMULsMUZ9NK 9 NKT

INTEGER CS5sPS
D0 517 J=2,NJIM]

M=g-1

JP=J+l

CO 517 1=2sNIM1

IM=1-1

IP=1+41
K1=CS(IeJ) e ANDeMSK

IF (KleZGe4? GO TU 500
IF (K1eNEe5) GO TO 517

VAVEL=«5% (V(Lsd )4V {iPyJ))
VAVE2=eS5#(V(1sJPI#V(IPsJP))
UAVEL=e5% (U s 1+Ul1sJP})
UAVE2=¢5% (UL IP o) +U(IPsJP))
AR1=o5%{RUI4JI4R(IP )}
ARZ2=eS*(R{IsJI+R(1sJP))

IF (VAVE1l) 5014502503
RV1=AR1#U(IPyJ)*VAVE]

GO TO 504

RV1=0e

GO TO 504

RVIZeS# (R yJMI®RIIPyIM) }#UL Py UM)*VAVE]L
IF (VAVEZ) 50545064507

505 RV2=e5%(RI Iy JPI#RIIP4JPII#UIIPyJPI*VAVE2
GO TO 538

506 RV2=0.
GO 70 528

537 RVZ2=ARI*ULIPJ)*VAVED

5C8 IF (UAVELl) 5094510511

509 RUL=AR2*VI(1,JP)*UAVE]

WA AR

. ICIR R

517

GG TO 3512

RU1=0e

GO T2 512

RUT=eS5%(R{IMeJI+RIIMyUP) 1¥VIIMeJPIRUAVE]L
IF {UAVER) 51345144515
RUZ=e5%{RIIPsJI*RUIP o JP ) j#VIIP yJP)#UAVEZ

VIIsJPI*®UAVER

Ul=U(ladieu(IPy)

U2=UlIPss)#U(I+24J)

V1=aV{ilsd)+VilsJdP}

V2=Vl JPI+VILIed42)

AMI=MUCT oS ) +MULT 9 JP)+MULTIP o JP)+MUL [P J)

PSI(IPyJ)=ARI*UTIP»JI+CTLDX* (R o) RULRUL=R{IP oI *U2¥U2I+DTDYH*(KV]
“RYZ2I4DTOXSHAMULIP N * (U429 ) =UiTIPsJ)I=MULT» ) *IUTTIPyY
1=UlTeJd) ) )+DTLOY R (AMI* (ODYR(UCTIP 9P =U(TFP ) )+UDK*{VIIPY
JPI~=VITeJdP I I=(MULT 2 IMIEMUL T o) #MUT IRy ) #MUT TP 9 IM) ) #(UDY
*(UCIP o) =UlIP o UM) ) +ODXFIVIIP»JI=V(TsJ) ) ) )+ARL*GXOT

ZET(19JP)1=ARZEV(TI o+ JP)+DTIX*({RUL=RU2)+DTL4DY*(RI[4J)*VI¥VI=-R{] 0P ¥y

2%V2140TDYS* IMUL T ouP)I®{VIIsJ42I=VIIadP)I=MUl Lo )R (VIIsJP
1=V sJ3 ) )+DTLDX* (AMI* (ODY*(ULEPIPI~ULIP s ) ) 4UDX* (VP
JP)=VITedP) 1 )~ (MU TIMeJ) MU TMeJPI+HULT 9 JP ) +MULTou) )% (UDY
*(UCTsJPI=ULToJ) ) +ODX*(VITIsJP)=V(IMsJP)) ) I +AR*¥GYDT

CONT INUE

D0 519 J=2sNJML

IM=J-1

JP=J+1

~J]




ok I=gsniml GO TO 204
' 203 IF (K2AeNEes) GO TO 204
i PN{IMsJ)=PN(1sJ)=RETsJIRGXO-DXIG*MUL Lo d 1 ¥Ut 1P a1 =0OY RV ([aP 3%
3 ToJta ANDsMSK B (MUCT o J b MU T 9P I 3=V Lo d i #LMUE Lo S +MUTT 9] ¢
i £de4) GO TO 518 204 K1B=CS(IPsJ} eANDeMSK
iF #NEu5) GO TC 519 IF (K1BeNEe2) GC TG 206
519 ARI=1e/(R(IsJI®RIIP2UY) K2B=CSIIP»sJ) e AND eMSK(2)
AR2=1a/{R{IsJI+RIIMII)) K2B=K2R*DV(2)
ARI=1s/(R({IsJI+RITsIP)) IF (K2BeNEe3) GU TG 205
AR4=16/IRIFed1#R I sIMy) PN(IP,J1=PN{TsJY+R(1sJI*GXD
CI1J=1a/(DT2%(IDXS*{ARLI+AR2)+0DYS*{ARI4ARL))) GO TO 206
Biils ) =CIURDTOXS*AR] 205 IF (K2BeNEe4) GC TG 206
B2(1,4)=CII*DTOXS#ARD PN(IP,J)=PN(1sJ)#R( 15 JI ¥GXD+DXIA¥MULIsUI®UI]s *
83(15J1=CII*DTDYS#ARS [ (MULT s JI4MUTTaJdP ) =VITad) % iMITad)+
R4 (1sJ)=CLI%DTDYS¥ARG 206 K1C=C311sIM)eANTeMSK
A(l9J)=CT ¥ (ODX2#(PSI(1sJ)*AR2-PSI(IPyJ)*ARL)+ODY2* (LET(19J) *ARL~ IF (K1CeNEe2) GC TGO 208
$ ZET (1 JP)*AR3)) K2C=CS(1sIM) e ANDOMSKI(2)
519 CONTINUE K2C=K2C*DVI2)
RETURN 1F (K2CeNZe3) GG TO 207
END PN (T sdM)=PNIIsJ1~R(1,J)2GYD
30 TO 208
207 IF (K2CeNEe&4) G2 TC 208
SUBROUTINE PRSITN PNET s M) =PNLT ) ~RIT,JIHGYD-DYI4*MIL IaJ1*V I TouP)=J0XR(UIIP I *
COMMON DELTASsOT»OT2s0T4DX»DT4DYsDOTCPsOTOXsDTDY»DTOXSIDTDYSIDTP 3 (MU T Jd+MUTTP 3 ) b =U T a (M LT 9 ) +MULIML) )
[ DTPP»DTVP sDXCsDXCD2 DX 149 DX INsDXPsDYCsDYCD2sDY145DYIN,DYP 208 K1D=CSUIPsJ)eANDMSK
COMMON EPSsGoaGHsGX sGXDsGXD T sGY 9 GYD 0T LT oris ICNTRe ITESToRD»KKKsLL IF (K1DeNEe2) GO TO 210
3 MIsMOsMUT sMUZ yNB1oNB2 s NI sNIMLaNIP 1 aNI s NIMI o NP L sNP s PRy NTP K 2D=C5(1sJP) e ANDWMSK (2)
$ ODX»0DX290DXSs0DY sODY250DYSsR1sR2sTsTCPsTLSTP»TPPHTVP,UQ» K2D=K2D*DV 2]
H VO . IF (K2DeNEe3) GO TO 209
TOMMON A(S052301581(50920)982(50220)5B83(50»201»34(50920)9C5(50,207>» PN(TI»UP)=PN(I,J)+R(1,J)#GYD
$ DVI133 o IMPU13)sMKC(13) sMSK(13)»0U(5052039NF(30)sNK(50520) G0 TO 210
3 NKT(5092019P(50920)sP5(4500)19PST(5192119R{5092C)s5R150520) 209 IF (K2DeNEe4si GO [0 21C
H SRT(50520)sU(519211»UP{4500)sUT(51921)sVIE1921)5VvP{4500)> PRITsJP)=PNITsJ)+R(I s JIXGYDHDYIL*MUL T s J)#V (T2 ) =COXR(ULIP ) *
$ VT(5192119sXC{50}sXP4500)sXPOI30)sXPLI30)sYC(20)sYP(4500) $ (MULT o J1eMULTP 3 ) 3=t T s d ) ¥ LMETT»d ) +MStIMa0))
3 YPC{30)sYPL(20)»ZET({51+21) 210 PN{1sJ)1=B1{1sJ)%PN{IPsJ1+B2(1sJI¥PNIIMsJ)+83 {1 ) *rNilsir)#34(10J)
REAL MUsMUL sMU2 9 NKSNKT $ *PREIs M)A (10 )
INTEGER £5,P5 IF (LeEQeITEST) ERR=AMAX1{ERRsABS(PNII» 3P (1)) *Or/ABS(RITsU})
DIMENSICN PN(50,20) 211 CONTINUE
FAUIVALENCE (PNsSRT) DC 212 J=1sNJ
DC 200 J=1»NJ DC 212 I=1sNIl
00 200 I=1,NI 212 P{lsJ)=PN(1,J}
200 PN(IsJ)=P(1sJ) 213 CONTINUE
1CNTP=0 IF (ERReLTSEPS] GO TO 214
201 ERR=0. IF (ICNTP,LTe300#ITEST) GO TO 20.
DO 213 L=1,ITEST KD=2
ICNTP=1CNTP+1 WRITE (MO»200C) T»ICNTRsLL
DO 211 J=2sNJM] GO TO 215
IM=g=-1 214 WRITE {MO,2001] ICNTP»T»ICNTRsLL
JP=y+] 215 RETURN '
DO 211 I=2,NIM1 2000 FORMAT(1H=/]1H=-»20X30HTOO MANY ITERATIONS AT TIME = »F6e3s10X8HICNT
(M={~-1 SR = »14s10X5HLL = »+14)
1P=1+1 2001 FORMAT(IH »10X»sI4923H [ITERATIONS AT TIME = »F6e3»510X8A1ICNTR = »14
K1=CS(1sJ) e ANDeMSK $510X5HLL = »14)
IF (K1eEQs4) GO TO 202 END
IF {KleNEe5) GO TO 211
202 K1A=CS(IMsJ) eANDeMSK
IF (K1AsNEe2} GO TG 204 SUBROUTINE PARTRA
K2A=CS(IMsJ) e ANDeMSK (2] COMMON DELTASsDTsDT2sDT4DXsDT4DY»DTCPsDTUXsDTDY s DTDXS9DTDYSsDTP
K2A=K2A%*DV(2) $ DTPP3DTVP sDXCsDXCD2sDX14sDXINsDXPsDYCsDYCD2sDY 14 DYINSDYP —
IF (K2AeNEs3) GO TO 203 COMMON EPS»GeGH3GX s GXDsGXDTsGY sGYDsGYDT sHs ICNTRSITESTsKDsKKKsLL > &L
PN(IMsJI=PN(IsJ}=R{1,JI*GXD $ M sMOsMUL »MU2 sNS1 sNB2 s NI sNIMEsNTF I sNIs NIMLsNIPL NP »iiPRyNTP s <o




00

=171

AL B AT

3@XQODX2’ODXS’ODV’°DVZ’ODVS’Rl’RZ’T’TCP’TL’TP’TPP’TVP’UO’

5 »

COMMON A(509201+B1(50s20)s82(5092019B3(50+2019B84(50+20)sC5(55,20)>
DV(13) s IMP{13) #MKC(13)sMSK(13)sMUI50»20)sNFI30)9NK(50520)
NXT(509201sP (509201 9P514500)9PS1(51921)5R(50520)95R(50520)
SRT(50520)sU(51921)sUP(4500)5UT(51921)sVI51921)5VP(450Q0)
VT(51421)9XC(50319XP(4500)9sXPC(30)sXPL(30)sYC(20)sYP(4500)
YPO(30)sYPLI30)»ZET(51521}

REAL MUsMULsMU2 sNKoNKT

INTEGER CS»sPS

D0 903 J=1NJ

20 900 I=1,N[

NKT(1,J)=0e

SRT(IsJ1=0e

DO 902 J=2sNJM1

JM=J-1

JP=J+]

DO 902

IM=1-1

IP=1+1

I=2,NIM1

© K1=2CS(IsJ}eANDeMSK

901

IF (K14EQe4) GO TO 901
IF (KleNEs3) GO TO 902

K10=CS{1sJ)eANDeMSK (10)
K10=K10%DV(10)
IF (K10eEQel) GO TO 902 |
UT(19JP)=22e*(PSI(IsJP)+DTOXX¥(P({IMyJP)~P(I5JP)))/(RIIMsJP)I+R(T5JIP))
UT(I9Jd)122¢%(PSI(IsJ)+DTDXR(P(IMsd)=P(I5J)))/ (RUIMsI)4R(TsJ))
UT(T M1 52 e*{PST(]1sJMI4DTOXX{P(IMyJMI=P(IsJM) ) ) /ARIIMyIM) 4RI T )
UT(IPsJP)=2e%(PST(IPsJP)+DTDX*¥(P(I5JP)=F(IPyJP) )}/ IRITSJP)+R(IP+JP
$ 1)

UT(IPsJ)=2e*(PST(IPsJ)+DTDXX¥(P(IsJ)~P(IPsJ))i/(RIIsJI+RIIP»J))
UT(IPsJIM)=2 % (PST(IP,JM)+DTDX*(P (1, JM)=P LIP3 JIM} 3}/ (RITsJIMI4R(IP UM
1) .

$ -
VT(!P;J)=2.*(ZET(XP;J)+DTDY*(P(IP;JM)-P(IP;J)+)/(R(IP;JM)+R(IP;J)Y

VTAT 91226 ¥ (ZETEIsJ)«DTOYR(P(IsJMI=P(T5J)))/{RETsIMI+R(T,5J))
VT (IM»J) 220 (ZET(IM,J)+DTOY% (P (IMsJM)=P(IMyJ) ) )/ (RUIMsIMI4R(IMsJ) )}
VTIP3 JP)=2e*(ZET(IP,JP)4DTOY*(P(IPsJ)=P(IPsJP 1))/ (R(IPsJI+R(IPsJP

3 1)

VT (D sdP)=2e*IZET(IsJP)I4DTDY*(P(IsJ)=P(IsJP1))/(R(IsSI+RETI P}
VT (IMsJP Y22 ¥ (ZET(IM,JP)+DTOY* (P (IMsJ)—P(IMyuP ) ) )/ (R(IMs J)+R(IMsIP

$ ))
CALL TBDCND
CONTINUE
KKK=1

CALL MOVPAR
RETURN

END

SUBROUTINE TBDCND
COMMON DELTASsDTsDT2,DT4DXsDT4DYsDTCP,DTDXsDTDYsDTDXSsDTOYSIDTP

$ DTPPsDTVP sDXCsDXCD2sDX143DXINsDXPsDYCsDYCD2s0YI4sDYINSDYP
COMMON EPS»GsGHsGX sGXDsGXDTsGYsGYDsGYDTsHy ICNTRS ITESTsKOsKKKyLL Y

3 MI sMOsMUT sMU2 sNBLsNB2sNT sNIMLsNIP 1 sNJs NIMI s NUPL sNP s NPRINTP
$ ODX sODX2s0DXSs0ODYsODY2s0DYSsRIsR2sToTCPsTL»TPP»TVPSUQ,

$ VOl

COMMON A(505,20)9B1(505201+82(50520)sB83(50520)5B4(50520)5C5(50520)>

$ DV(13),IMP(13)sMKC(13)sMSK(13)5MU(50520)sNF(30),NK(50,20)>
$ NKT(50;20)vP(50v20);PS(4500)vPSI(Slel)sR(SOvZO)sSR(SOvZO)s
3 SRT(50920)5U(51921)9sUP(45001sUT(51922)5VI51921)sVP{45001}»

8090

803

804

806

807

808

810

81

—

-3 VT ¢

1s21)9X
YPOT(30)sYPL
s M

REAL MUsMU1l,sMU2
INTEGER. CS5sPS
DO 811 J=1,NJ
JM=J-1
JP=J+1
00 811
IM=1-1
IP=1+1
K1=CS(1sJ)e ANDeMSK

IF. (X1eNFEe2) .GO TO 811
K2=CS(1sJ) e ANDeMSK(2)
K2=K2%¥DV(2)

K7=CS{IsJ) eANDeMSK(T)
K7=K72DV(T7)

IF (K7+EGe4) GO TC 808
IF (K7eEQe3) GO TO 835
IF (K7eEQe2) GO TO BO2
IF (K2eNEe4) 50 TO 800
S=le

GO TO 821

IF (K2eNEe3) GO 7O 811
S==1e
UT(1sJ)=S*¥UT([+25J)
UT{IPsJ} =00

VT (1sd)==S*VT{IP,»J)
VT(IsJP)==S*VT(IP,JP)

GO TO 811

IF (K2eNEeo4)

S5=1le

GO TO 804
IF (K2eNEe3) GO TO 811
=-le

UTtlsJ)=Ce
UT(IP,J)=S*UT (IM,J)

VT (19J)==5%VT (IMsJ}
VT(1sJP)y==S*VT(IM,JP)

GO TO 811

IF (KZ2eNEe#%) GC TC 826
=-1le

GO 7O 807

IF (K2eNEe3) GO TO 811
S5=1le
UT(1sJ)=S*UT(I,JP}
UT(IP,J)=S*UT(IP,JP)
VT(1sJ)==5S%VT(1sJ+2}
VT(IsJP)=0e

GO 7O 811

IF (K2eNEe4) GO TO 809
S==1.

GO 70 810

IF (K2eNEe3) GO TO 811
S=1le ’
UT(T9J)=SHUT(T M)
UT(IP,Jy=S*UT(IP,,JM)
VT(1+J)=0
VI(IsJP)==SHVT (I,JM)
CONTINUE

RETURN

END

XPO(3C e XPLI3C)sYCI20)sYP(45CG0 )

I=1,NI

GO TG 803

68




500

601

699

602

SUBROUTINE DENCHG

COMMON DELTASsDTsDT2sDT4DXsDT4DOY sDTCPsDTOXsDTDY»DTUXSsDTOYSsDTP

% DTPPsDTVP sDXCoDXCO2sDX14 9 DXINsDXP s DYCoDYCDR29DY 149 DY [NWDYH

COMMON EPSsGrGHIGXsGXDsGXDTsGY s GYDsGYDTsHos ICNTRIITESTKDsKKKoLL

$ MIsMOSMUTL yMU2 yNB1oNS2 s NI sNIMIsNIP L s NJsNIML 9 NP LoNP s NPR9NTP

£ ODX s0DX2 s ODXS+0DY »ODY2s0DYSIR1sR29ToTCPaTLsTPsTPPoTVP»UD»

$ VOt

COMMON A(50520)9B1(5092C)+B2(50920)9B83(50920)984150020)9C3(50020)
DV(13)sIMP(13)sMKC(13)9sM5K(131sMU(S50s20)sNF(3C)sNKI5092C)
NKT(5092C)9sP(50920)9P5(4500)9sPSI(5192119R{50920)9sSR(50920)
SRT{50s20)sU(51921)sUP(4500)sUT(51921)9sVIi51921)sVPI4500)
VT(51921)9XC{50)sXP(4500)sXPO(30)sXPLI33)sYC(20)9YP(4500)
YPO(30)sYPL{30)sZET(51921)

REAL MUsMULsMUZ2 9 NKoNKT

INTEGER CS»PS

LL=0

PO 600 J=s1sNJ

D0 600 I=1,NI

CS(T19J)=IMP(12)eORe(CS(1+J) eANDeMKC(12))

DO 602 J=29NJM1

D0 602 1=24NIM1

K1=CS(1sJ) e ANDeMSK

IF (KleEQe4) GO TO 601

IF (K1eNEe5) GO TO 602

K11=CS(IsJreANDeMSK(11)

K11=K11#DV{1l1l)

IF (K1leEGel) GO TO 602

IF (NK(T9J)+NKT(IsJ)eEQeOe) GO TO 602

RHO= (SR I JI+SRT (14J) /7 (NK{ToJ)#NKT(T0J))

IF (RHDeEQeRIsJ}) GO TO 602

R{IsJ¥=RHC

LL=LL+]

KT=2%IMP(12)

CS(19J1=KTeOR(CSIIvJ))eANDOMKC(12}}

KT=2#IMP(13)

CS(19J)=KTeOR(CS(IvJ)eANDeMKC(13))

CONTINUE

RETURN

END

R R R

SUBROUTINE NEWBA

COMMON DELTASsDTsDT2sDT4DXsOT4DY»DTCPsDTDXsDTDYsDTLUXS»DTDYSHDTP s

$ DTPPsDTVP 3DOXCsDXCD2 DX 149 DXINIDXPsDYCoDYCD29DYI4 s DYINsDYP

COMMON £PSsGsGHeGX sBXDsGXDTsGY 9 GYDeGYDT oHs ICNTR ITEST oKD sKKKsLL »
Mo MOpMUL pMU2 9 NB1 sNB2 s NI oNIMLoNIP T oNJsNIML s NIPLaNPINPRINTP
ODX s0DX2 s ODXS90DY »ODY2s0DYSIR1sR2sToTCPsTLITPITPRPITVRUO
VO W -

COMMON A(50,20)sB1(50920)+B2(50920)9B83(50920)9+B4(50+2019C5(50920)»
OVE13) s IMP(13)sMKC(13)sMSK(13)9sMUIS50+s20)sNF{3C)sNK(50+20)>
NKT{50s203 9P (509201 9PS{4500)9sPSI(5192139R(50+20)9SR(50+20)
SRT(50+20)sU(51921)sUP(4500) »UT(51921)9sV(51921)sVP(4500)
VT(51921)9XC(50)sXP (45001 sXPO(3C)sXPLE30)sYCI20)9YP(4500)
YPO(30)sYPLI30)»ZET(5121)

REAL MUsMULsMU2 s NK o NKT

INTEGER CSsPS

DO 219 J=2sNJIM]

IMzJ~]

JP=J+1

LR

A BB R

223

264

206

207

208

209

DO 219 I=24nIM]

im=7-1

1P=1+1 .
K12=CS(1sJ)eANDeMSEK (12}
K12=K12%Dv(12}

IF (K12eEQel) G0 TO 219
ML=1

MR=1

MB=1
K1A=CS{ My J)eANL eMSK

IF (X1AeNEe2) GO TO 207°
ML=2 :
K18=CS({IPsJ) e AND eMSK

IF (K1BeNEe2) GC TU 201
MR=2

K1C=CS5(1sJM) eANDeMSK

{F (K1CeNEe2) GO TC 202
MB=2,
K1D0sCS ([ sJP)eANDeMSK

IF (K1DeNEe2) GO TC 223
MT=2

IF (ML+MR+MT+MBeNEe&) GU
RIMaR(19J=-2)
RIP=RI{I,J+2}
RIM2R(1-29Jd)
RIP=R(1+2+J}

G0 TO 218

IF (ML+MR+MB,NEe6) GO TO
RIM=0e

RIP=0.

RJIM=Ce

RIP=R(1sJ+2)

GO TO 218

IF {ML+MR+MT¢NEeS) GO TO
RIVM=0,

RIP=0,

RJIM=R (I sJ=-2}

RJP=0.

GO TO 218

IF (ML+MB+MTeNEeS} GO TO
RIM=0e

RIP=R(1+2yJ)

RJM=z0,

RJP=0.

GO TO 218

IF (MR+MB+MTNEe6) GO TO
RIM=R(I~2+J)

RIP=0,

RJIM=0e

RJP=0,

GO TO 218

IF (ML+MRoNEe4) GO TO 209

RIM=0.

1P=0.
RIM2R(1sJ-2)
RJP=R(1sJ+2)
GO TO 218

IF (ML+MBeNEe4) GO TO 210

RIM=0.
RIP=R(1+42+J)
RJM=0.

T3

205

208

204

06




211

212

213

214

215

216

217

RJP=R(14J+2)

GO TC 218
IF (ML+MTeNEe4) GO TO 211
RIM=0.

RIP=R(I42+J)

RIM2R(1,J~-2)

RJP=0.

GO TO 218

IF (MR+MB.NEes4) GO TO 212
RIM=R(1-2+J)

RIP=0.

RJUM=0.

RUP=R(14J+2)

GO TO 218

IF (MR+MToNEe4) GO TO 213
RIM=R(I-2yJ)

RIP=0,

RJIM=R(14,J-2)

RJP=0.

GO TO 218

IF (MB+MT.NEe4) GO TO 214
RIM=R(1-24J)

RIP=R(I+2+J)

RJM=0.

RJP=0e

GO TO 218

IF (MLeNEe2) GO TO 215
RIM=0Q.

RIP=R(1424J)

RIM=R(14+J-2)

RJIP=R(1J+2)

GO TO 218

IF (MR.NE.2) GO TO 216
RIM=R(1~24J)

RIP=0.

RIM=RI(1,4J-2)

RJIP=R(T¢J+2)

GO TO 218

IF (MBeNEe2) GO TO 217
RIM=R{I=2+J)

RIP=R(1+424J)

RJIM=0.

RJP=R(1+J+2)

GO TQ 218

IF (MT,NEe.2) GO TO 218
RIM=R(I-24J)

RIP=R(1+2yJ}

RIM=R(19J~2)

RJP=0.
AR1=1e/(RII2JI4R(IP»J))
AR231e/({R(IsJI+R{IMy I}
AR3=14/(R{I1+JI+R(14JP})
AR4=1e/(RITyJI+RITIM))
ARS=1e/(RITIsJMI4R(IP,JIM))
ARG6=1e/(RITyJMILR(IMyIM))
AR7=14/(R{ 1+ JMI4RIM)
AR8=1e/(R{I1+JPI+R(IP,JP)}
AR9=1e/(R(14JP)+R(IM,yJP))
AR10=1e/ (R{1+JP)+RIP)
AR11=1e/(RUIMsJ)I4RIM)

AR12=1e/(R(IMsJ)I+R(IMyJIP})

AR le7(R{IMsJI*RY M
ARPZZIeZREIR SRR M

AR15=1e/(R{IPsJI+R(IPsJIP})

AR16=1e/ (RUIPyJI+RIIP4IM})

ClJ=1e/(DT2%(0ODXS*(AR1+AR2)+0DYS*(AR3+ARL)))

CIJM=14/(DT2%(ODXS*(ARS+ARG ) +ODYS*( AR4+ART )} )

CIJP=1¢/(DT2*(ODXS*(ARB+AR9)+ODYS*( AR10+AR3) ))

CIMJ=1e/(DT2*(ODXS* LAR2#AR111+0DYS* (AR12+AR13) )}

CIPJ=1e7(DT2*(ODXS*{AR14+ARL)+ODYS* (ARI5+AR16) ) )

B1(1+J)=CIJ*DTOXS*AR]

B1(1+JM)=CIIM*¥DTDXS*ARS

B81(1+JP)=ClJP*DTDXS*ARS

B1(IMsJ1=CIMI*DTDXS*ARZ

B1(IPyJ1=CIPJ*DTDXS*AR14

B2(1+J)=CIJ*DTDXS*AR2

B2(1»JM)=Cl1IM*DTDXS*ARG

82(1,JP1=CIIPXDTDXS *ARY

B21IMsJ)=CIMJIXDTDXS*ARLL

B2(IP+J1=CIPJ*DTDXS*#AR]

83(1+J)=ClJI*DTDYS*AR3

83(1sJMI=CIMIXDTDYS*ARSG

B3(1+JP)=ClJP*DTDYS*ARLO

B3(IMsJ)=CIMJIXDTDYS*ARL2

83(1P»J)=CIPJ*DTDYS*AR]S

B4{LsJ)=ClJI*DTDYS*ARS

B4 (1 +JM)=CIIM¥DTDYS*ART

B4(19sJP)=CIJP*DTDYS*AR3

CB4{IMyJ)r=CIMIXDTDYS*ARLS

B&IIP»J)=CIPJ*DTDYS*ARLE

AlT9J)=ClJ*(ODX2*(PST(19J)*ARZ-PSI(IPsJ)*AR1 ) +UDY2*(ZET(14J) *ARG~
S ZET(1,JP)*AR3)) :

ALT»IM)=CIIM*(ODX2* (PSTL{TsJM) #ARG=PST(IP s JM)¥ARS ) +UDY2* (ZETI 1, M) *
s AR7 ~ZET{IsJ)*AR4))

AtL1sJP)=CIJIP*(ODX2*¥(PSI(1sJP)*ARG~PSI(IPsJP)*ARE) #UDY2# (ZET(1 0P *
$ AR3 -ZET(l,J+2)*AR10}) -

AUIM3J)=CIMI*(ODX2* (PSTEIMyJ)*ARLI1~PST (14 J)*AR2)+ODY2¥ (ZET(IMsJ)*
$ AR13 ~ZET(IMy»JP)%AR12))

ACIP» ) =CIPJ*(ODX2* (PSI(IP s JI*ARLI-PSI{ 142+ J) *¥AR14)+UDY2*(ZET(IPJ)
$ *AR16 =ZET(IPsJP}*AR15))

219 CONTINUE
RETURN
END

SUBROUTINE MOVPAR

COMMON DELTASsDT+DT2+DT4DXsDT4DY sDTCPIDTDXsDTDYsDTOXSsDTDYSDTP
$ DTPP+sDTVP sDXCoDOXCD2+DX14sDXINIDXP sDYCsDYCD29DYI4sDYINSDYP
COMMON EPS+GoGHsGX sGXD9GXDT9GY sGYDsGYDT oHs ICNTR fTEST oKD sKKKoLL »

 MTaMOWMUL sMU2 s NB1 sNB2a NI sNIMIaNIP ] oNU s NIM] oNJPL o NPy NPRINTP »

$ ODX 20DX290DXS+0ODY s0DY2s0DYSsRIIR2sTHTCPsTLaTPsTPP»TVPUQ

$ VO W

COMMON A(80420)9B1(50520)9B2(50+20)+B3(50+20)sB4(50920)9C5(50+20)
DVIE13) s IMP(13) sMKC(13)sMSK(13)sMULI50s20)sNF(30)9NKI50+20)
NKT150920)9P(50+20)sP5(4500) sPS1(51+21)9R(50920)95R(50+20)
SRT(50920)sU(51+21)sUP(4500) sUT151921)sV(51921)sVP(4500)
VT(5192119XC(50)sXP{4500)sXPC{30)sXPL130)sYC(20)92YP(4500)
YPO(30)sYPLI3D)»ZET(51,21)
REAL MU»MUL sMU2 o NK s NKT

INTEGER CSsPS

DO 148 K=1sNP

KP=PS(K)eANDeMSK

P ANPDA R

16




99

100

101
102

103

104
105
106
107
108
109
110

111

IF (KPsEQ.3) GO TO 148
0=XP(K1%0DX+24

Q=YP (K1 *ODY +2.

1=0 112
J=q 113
FX=0~1

FY=0-J

K1=CS(1J) cANDoMSK 114

1F (KleEQe4) GO TO 99

IF (KleNEeS5) GO TO 138

IF (KKKeEGe2) GO TO 100
K10=CS{19J) e ANDeMSK (10}
K10=K10%DV(10} 115
IF (K10eEQel) GO TO 148 1186
IF (FYelLTee5) GO TO 101

JPR=Y

GO TO 102

JPR=J-1

1P=1+1 117
JPRP=JPR+1 118
HPSX= e 5+0DX* (XC(I)=-XP(K))
HPSY=e5¢0DY®#(YC(JPR)+DYCD2-YP(K))
HMSX=1e~HPSX

HMSY=1¢~HPSY

IF (KKKeEQe2} GO TO 103
UT1=UT{1sJPRP;

UT2=UTI(1+J}

UT3=UT(IPsJPRP)

UT4=UT(IPsJ)

UTS=UT{1+JPR)

UT6=UT(IPsJPR}

GO TO 104

UT1=U(I 2 JPRP)

UT2=Utl+J) 119
UT3=U(IP,JPRP)

UT4=ULIPsJ)

UTS5=U(1+JPR)

UT6=U(TPsJPRI}

IF {UTleNEeQOs) GO TO 105

Ul=UT2 120
GO TO 107

K5A=CS(I~19J) eANDeMSKI5)

K5A=K5A*DV (5} 121

IF {(K5A+EQel) GO TO 106

" Ul=0.

GO TO 107

Ul=UT1 !

IF (UT3.NEeOe) GO TO 108 122
U2=UT4 123
GO TO 110

K58=CSIIPsJ) e ANDeMSK (5}

K5B=K5B*DV(5) 124
IF (K5BeEQel) GO TO 109

U2=0e

GO TO 110

U2=UT3

IF (UT5eNEeOe) GO TO 111 125
U3=uT2 126
GO TO 113

KSA=CS11-19J) eANDeMSK(5)

K5A=K5A*DV (5] 127

IF (K5AsEQs1) GO TO 112
U3=0.

GO TO 113

U3=yTs

IF (UT6eNEsOs) GO TO 114
UssUT4

GO TO 116
KSB=CS(IPsJ) e ANDeMSK (5)
K58=K5B%0DV(5)

IF (K5BeEQel) GO TO 115
U4=0.

GO TO 116

Us=UT6
UPT=HPSX®*HMSY#UL +HMS X ¥ HMS Y #U2+HP SX*HPSY*U3+HMSX¥HPSY* U4
XPT=XP (K} +UPT#DT

IF (FXeLTee5) GO TO 117
1PR=1

GO TO 118

IPR=1-1

JP=J+l

IPRP=IPR+1
HPSX=e5+0DX*(XC(IPR)+DXCD2-XP (K))
HPSY = 5+0DY*(YC{JI~YP(K))
HMSX=1e~HPSX
HMSY=1e~HPSY

IF (KKKeEQe2) GO TO 11
VT1=VT(IPRsJP)
VT2=VT(1+JP)
VT3=VT(IPRPsJP)
VT4=VTIIPR I}
VT5=VTI(1.J) -
VT6=VTLIPRPsJ}

GO0 TC 120

VT1=V(IPR,JP)
VT2=V(I+JP)
VT3=V(IPRPsJP)
VT4=VIIPRsJ)

VT53ViTaJ)

VT6=V(IPRPsJ)

IF (VT1eNEesOe) GO TO 121
V1i=vT2

GO TO 123
K5C=CS{1sJP)eANDMSK (5)
K5C=K5C*DV(5)

IF (K5CeEQel) GO TO 122
V1=0.

GO TO 123 .

V1=vVT1

IF (VT3eNEeOs) GO TO 124
v2=vT2 /

GO TO 126
K5C=CS(13JP)eANDeMSKI(5)
K5C=K5C*DV.{5)

IF (K5C+EQel) GO TO 125
v2=0.

GO TO 126

v2=VT3

IF (VT4eNEeOs) GO TO 127
V3=¥TS

GO TO 129
K50=C5(TeJ-1)2ANDeMSKI(5)

26



128
129

130

131
132

133

134

136

137

139

140

K50=K50%#DV (5]

IF (K5D.EQe1) GO TO 128

Vv3=0.

GO TO 129 141
V3=yT4

IF (VT6eNEsOe) GO TO 130

ves=vT5

GC TO 132 142
K5D=CS(IsJ-1)} eANDeMSKI(5)

K5D=K5D#DV (5}

IF (K5DeEQel) GO TO 131 143
V4=0e

GQ TO 132

V4=VTé

VPT=HPSX¥HMSY #V1 +HMS X ¥ HMS Y ¥V 2 +HPSX*#HP S Y #V34HMSX#HPSY*V4
YPT=YP(K)+VPT*DT 144
I1=XPT#0DX+2»

J1=YPT#*0ODY+2.

IF (I114LEeNIeANDeJleLESNJ) GO TO 133 145
KD=2

WRITE (MOs1000) KslsJsKKK 146
GO TQO 149

IF (KKKeEGel) GO TO 134

UP(K}=UPT

XP(K)=XPT 147
VP(K)=VPT

YP(K)=YPT 148
GO TO 148 149
IF (JeNE&J1} GO TO 135 1000

IF (1+EQel1) GO TO 148
KPA=PS(K)eANDMSK(3)
KPA=KPA%DV (3}

[F (KPA+EQe2] GO TG 136
SRT(1sJ)=SRT(1,J)-R1
SRT(I1,J1)=SRT(11sJ114R:
GO TO 137
SRT{I,J)=SRT{I,J1=R2
SRT(I1,J1)=SRT{11sJ1)+R2
NKT{TsJ)=NKT(TIsJ)-10
NKT(I1,J1)=NKT(T1sJ1) 410
GO TO 148
K2=CS(19J) s ANDSMSK (2)
K2aK2%#DV(2)

1f (K2.NEel) GO TO 148
IF (XKKeEQe2) GO TO 139
UT7=UT(1sJ)
UT8=UTLI+1,J)
VT72VT(1sd)

~YT8=2VT(1,J+1)

GC TO 140

UT7=U(TsJ)

UT8=U(1+1sJ)

VT7=V(Isd)

VT8=V(IeJ+1)

K7=CSU1sd) eAND eMSK(7)

K7=K7#DV(7) 400
IF (K7.EQe1) GO TO 144

IF (K7.,EQ.2) GO TO 143

IF (K74EQe3) GO TO 141

T2=vT7%0T 401
DYIN=-T2

P AR A R

KT=4#IMP(2)
PSI{K)=KTeOR(PSIK) «ANDeMKC(2))

GO TO 142

T2=VT8%DT

DYIN=T2

KT=3#IMP(2)

PS(K)=KTeORe(PSIKI «ANDeMKL(2})
YPT=YP(K)+T2

XPT=XP(K)}

GO TO 146

T1=UT7#DT

DXIN=-T1

KT=2%IMP (2}

PSIK)=KTeORe (PS{K}eANDeMKC(2}))
GO . TO 145

T1=UT8DT

NXIN=T1
PS(K)=IMP(2)e0Re(PS(K)eANDeMKC(2))
XPT=XP({K)*+T1l

YPT=YP(K)

IF (KKKeEQe2) GO TO 147
I11=XPT#0DX+2

J1=YPT#0DY+2,

GO TO 134

XP(K}=xPT

YP{K)=YPT

COMTINUE

RETURN
FORMAT{1H=/1H-920X13HPARTICLE NOe s I14»13Hs FRUM CELL »I2s1rss1292

$2Hs CROSSED A BOUNDARY+s10X6HKKK = »I11)

END

SUBROUTINE VELCTS

COMMON DELTASsDTsDT25DT4DXsDTLOY sDTCPsDTDXsDTDYsDTUKSIOTUYS» TPy
DTPPQDTVPQDXC’DXCDZ’DXIQ’DXIN’DXP’DVC’DYCDZ’UYIQ’DYINQDYP

COMMON EPS sGsGH»GX sGXDsGXDTsGYsGYDsGYDTsHs ICNTRSITESTHKDsKKKsLL
MIsMOsMUL sMU2 sNBLsNB2sNIsNIMLsNIP 1 sNJsNIMLsNJPL s NP9 NPRINTF »
ODX s0DX2s0DXSsCDYs0DY2530YSsR1sR2sTsTCPsTLsTPsTPPTVP LU0
VOl

COMMON A(SO,ZO)’Bl(SO’ZO),82(50’20),83(50’20),BA(SOoZOivCS(EO:ZO),
DV(13)QIMP(13)’MKC(13)DMSK(13)’MU(SGOZO)’NF(30)’NK(50’ZOIV
NKT(SO;ZO)’P(SO#ZO)’PS(QSOO)’PSI(51’21)’R(50’20)’SR(50020)9
SRT(50520)sU(51521)sUP(4500)sUT{5121)sV{51921)sVP{45C01)>
VT(51’21)DXC(SO)’XP(QSOO)’XP0(30)9XPL(30)’YC(ZO)DYP(QSOO)9
YPO{30)sYPL(30),ZET(51921)

REAL MUsMU1 sMU2 sNK s NKT

INTEGER CS5sPS

00 401 J=2sNJM1

JP=J+l

00 401 I=2sNIM1

IP=1+1

K1=CS{IsJ)eANDMSK

IF (K1+4EQe4) GO TO 400

IF (K1eNEsS5) GO TO 401

Tl=(PSI(IPoJ)+DTDX*(P(I’J)—P(IP’J)))/(R(IQJ)+R(IPQJ))

TZ=(ZET(l!JP)#DTDV*(P(I’J)—P(IOJP)))/(R(IyJ)#R(I’JP))

ULIPsJ)=T14T1

VIIsJP)=T2+T2

CONTINUE

CALL. BNDEND

€6




300

302
303

305

PANRA

e L

RET
END

SUBROUTINE DENVIS )
COMMON DELTASsDTsDT2+DT4DXsDT4DY sDTCP9DTDAsDTDY sDTUXS»DTOYSOTP

COMMON

COMMON

DTPP 4DTVP s DXCsDXCD29DX149sDXINsDXPoVYCrOYCD2 LY 14 LYINJLYP
EPS+GsGHIGX sGXDsGXDT9GYsGYDsGYDToris ICNTR I TEST oKD s KKK okl
MIsMOIMUL $MU2 sNBL sNB2sNTsNIMLsNIP L sNJsNIMLONIPLeNP o PR TP
ODX sODX290DXSsODY*QDY2sIDYSsRIsR29ToTCPoTLTP s TPPsTVP U0y
VOsW
A(50+20)9B1(50+20)+B2(50920)983050+20)841(50+20)9C51{5002V)>
DV(131+IMP(13)sMKCI13)sMSKI13)sMUISO220) sNFI30)sNKI50920)
NKT(50+20)sP{50920)+PS(4500)sPSI(519213sR(50+20)95R150+20)>
SRT(50920)9U(51921)sUP(4509)9UT(51921) sV {51921)sVP(45001)
VT(51921)eXCt503)9XP(4500)sXPO(30) s XPLE30)sYCU20)9YPL45C0
YPO{30)sYPLI30)»ZET(5121)

REAL MUsMUL#MU29sNKsNKT
INTEGER CSsPS
DIMENSION SM(50+20)
EQUIVALENCE (SMsNKT)
DQ 300 J=1sNJ

£Q 300 I=1sNI
NK{IsJ)=0e

SRl sJ1=0e

SM(14J)1=0e

KK=1

DO 303 K=14NP
KP=PS{K)eANDeMSK

IF (KPeEGe3} GO TC 303
KK=2

1=XP(K)#ODX+2
J=YPIK)Y®0ODY+2e
KPA=PS (K)o ANDeMSK(3)
KPAzKPA®DV(3)

IF (KPALEQe2) GO TO 3901
SRUIsJI=SR{IsJI+R]
SM{TeJ)=SMITeJ)+MUL

GO TC 1202
SR{I+J1=SR{1+J)+R2
SM{1sJ)=SMITeJ)+MU2
NK{IsJ)=NK(IsJ)*1le
CONTINUE

IF (KKeEQel}) GO TO 306
D0 305 J=1sNJ

00 30% I=1sNl

IF (NK(IsJ)eEQeDe) GO TU

R{I+J)=aSR(IsJI/NKIIsJ)
MULT»J)=SMITaJI/NKITJ)
CONT INUE

0C 357 J=lsNJ

JM=d-1

JP=J+l

DO 357 l=1,NI

IM=1~1

IP=1+1
K1=CSt1sJ) e ANDeMSK

IF (KleNEe2) GO TO 353
K7=CS{19J) e ANDeMSK(7)
K7=KTRDV(T)

IF (K74EQet} GO TO 352

350

351

352

353

354

IF (K7¢EQe3) GO TO 351
IF (K7.EQe2) GO TO 350

RUIsJ)=R(IPsJ)
MUIT»J)=MUCIPJ)

GO TO 357
RiIsJI=R{IMsJ)
MUCTeJ3=MULIMeJ)

GO TO 3%7
RUIsJ)I=R{1sJP)
MUCT9Jd)=MU(T P}

GO TO 357
R{lsJ1=R(IsJM;}
MULTsJ)=MULT sIM)

GO TO 357

IF (KleNEel) GO 7O 357
KT7=CS(1sJ)eANDeMSK(T)

K7=KT7#Dy {7}

IF (K7eEQe4) GO TO 356
IF (K7+EQe3) GO TQ 355
IF (K7eEGe2) GO TO 354
IF (K7eNEel) GO TO 357
R{1sJ1=R{IP+JP)
MUCTsJd)=MU TIPS JP)

GO TO 357
RiIsJY=R{[MsJIM)

MU »Jd)=MUCTMeIM)

GO TO 257
R(IsJIZRIIMsJP)
MUCT»d)=MULIMsJP)

GC TO 357
RULsJI=REIPIIM)

MU T 9JdIZMUCIP s IM)
CONTENUE

GO TO 307

KD=2
WRITE
RETURN

(MQO»3000) T

FORMAT(1H~/1H~320X33HNO PARTICLES IN SYSTEM AT TIME = +F6e3)

END

SUBROUTINE REFCEL

COMMON

$
COMMON

RN

PARA AR

COMMON

DELTASsDT+DT2sDT4DXsDT4DY s DTCPoDTDXsDTUY s DTOXS»DTOYSDTP »
DTPPsDTVP +DXCoDXCO2+OX 14 9TXINSOXPsUYCoDYCD290Y 149DY [NsDYP
EPS+GsGHIGX s GXD9GXDToGY sGYDsGYDT ame ICNTReITESToKDsKKKsLL »
MIsMOsMUL »MU2 sNB1 oNB2 osNIsNIMLoNIP L o NS s NIML o NUP Lo NP o NPReNTP »
ODXQODXZDODXSQODYQODVZoODYSoRIoRZoToTCPoTLoTPDTPPoTVPoJOD
VOsW "~
Al50+20)9B1(50920)+82(509201s83(50+20)9B84(50+20)19C3(50+20)
DVI13)sIMP(13)sMKC(13)sMSK(13)eMU(50920F9NF{3G)sNKI{50520)s
NKT(50+201sP(50920)+P5(4500) sPSI(51921)9R150920)95R(50920)
SRT(50420)sU(5121)sUP(4500)»uUT (519211 sV{51921)sVP{4500)0
VT(51921)sXCU50)+XP{4500)+XPO(30)sXPL{30)sYCl201+YP{45001})s
YPO(303,YPL{30)+2ZET(51421)

REAL MUsMUL 9sMU2+NKoNKT
INTEGER CS5+PS

DIMENSION SU(51921)sSVi51+21)
EQUIVALENCE (SUsUTIs(SVeVT)
DO 710 K=1sNP
KP=PS{K} e ANDeMSK

IF (KPeEQe3) GO TO 710

144




70¢C

7C1

702

703

704
705
736
707
708

709
712

711

712

I=XP(K)®#0ODX+2,.
J=YP(K)*ODY+2,

IF (KPeEQe2) GO TO 701
K1=CStIsJ)eANDeMSK

IF (KleEQel}) GO 1T 700
IF (KleNEe2) GS TG 710
PS(K)=3+0Re (PS(K)eANDSMKT)
XP(K)=0e

YP(K)=0s

UP(X)=Ce

VP (K1}=3e

GO TO 710
K2=CS(1sJ)eANDMSEK(2)
K2=K2*DV{2}

IF (K24EQel) GO TO 710
PS(K)=1eO0Re(P3(K)eANDeMKC)
D0 702 L=1sNP
LP=PS(L)eANDeMSK

IF (LP.EQe3) GC TO 703
CONT INUE

GO TO 710
KB=PS(K) ¢ ANDeMSK {2}
KB=K2#DV (2]

IF (KBeNEss4) GO TC 704
YP{L)=YP(KI+CYIN

GO TO 705

IF (KBeNEe33 GO TC 706
YP(L)=YP(K)=DYIN
XP(L)=XP{K)

GO 10 709

IF (KBeNEL1l) GO TO 707
XP(L)=XP{K}=DXIN

GC TO 708
XP(L)=XP(K)+DXIN
YP(L)=YP(K)
PS(L)=2e40Re(PS(L)eANDsMKC)
CCNTINUE

DO 711 J=1sNu

D0 711 I=1sNIi
KT=4%IMP (9}
CS(19J)1=KTeCRe(CS(IvJ)eANDSMKC(9})
DO 712 J=1sNJ

DO 712 I=1sNI
SU(IsJ)=0s

SV(1sJ)=0e

DO 714 K=1sNP
KP=PS(K)eANDeMSK

IF (KP+EQe3) GO TO 714
I=XP(K)®#0DX+2.
J=YP (K} #0DY+2,
SUITsJ)=SUlTsJ)+UP(K)
SVIIsJ=SVIIsJI+VP(K)
K9=CS(IsJ} e ANDeMSK (G}
K9=K9#DV (9}
KPA=PS{K) e ANDeMSK (3}
KPA=KPAXDV(3)

IF (K9eNEs&4) GO TO 713
KT=KPA®IMP (9)
CS{19J)=KTeORe(CSIIsJ)eANDeMKC (9}
GO 10 714

713 IF (KPA+EQeKS) GO TC 714

Tla

KI=3%1MP(9)
CSUIsJ1=KToORG(CSITs ) e ANDOMKI (1))
COMTINUE

CALL FLGCEL

RETURN

ZND
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