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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 

that of steady flow; i. e. , time derivatives of 

ish. The third method mentioned above -- finite 

the user to solve most types of fluid problems, 

ing unsteady flow. 

variables must van- 

differences -- allows 

including those involv- 

i'; 
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Finite -difference 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 approximating 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 et al., 

1466). 

T(le MAC Method solves the two -dimensional incompressible 

r;m c.f the equations of motion. It is an algorithm which computes 

clues of the field variables, at a certain point in time, from (1) quan- 

he previous time and (2) appropriate boundary conditions. t 
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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 

over r elaxation. 

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). 
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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): 

and 

v-V = o 

av 
(V v)v - + v 02 v+ g. at 

The variables used here are 

(2.1) 

(2.2) 
= - 

v 
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= fluid velocity, 

t = time, 

= ratio of pressure to density, 

y = 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 = u i + v j (where i and j are the unit 

vectors in the x and y directions, respectively) and (I), while 

v and g = g i + g j are considered known quantities. Thus, ex- 

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

equations in three unknowns: 

and 

au av 
ax 

+ = o, 

au au au a a2u a2u 
at - -(uax+va ) - ax 

+v( 2+ ) + gx' Y ax ay 

av av, av a a2v a2v 

at = -(uax+va) - +v( g 

a 
2+ 2) + . 

Y Y ax ay Y 

Using the vector identity 

v-(A B) ' (Á V)B + (V A)B 

(2.3) 

(2. 4) 

(2. 5) 

V 

x y 

g 

Y 



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

át= - v(V V) - v +vv2V+ g 

6 

(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), 

and 

au 

v( 

a(ú2)a(uv) a4) a2u 
at =-[ ax ay - ax + ax2+ a Y 

2)+ gx 

av a(v2) a(uv) a a2v a2v 
at = - [ + ] - + v( 

ay 
+ 2' + gy , 

Y 

(2.7) 

(2.8) 

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) 

2 

ay ax 



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

U. 1 ui+1 - 

1+2 

Figure 1. The mesh and variable placement. 

Hereafter the rectangle defined by the solid lines 
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j -2, and 

j +2 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 bx by by, the finite difference forms of 

Equations (2. 3), (2.7), and (2. 8) become, respectively: 

1 (u 1 -u 1 .) + 1 (v i -v i) = 0 , ax 1+z J 1-z J by ij+z 1J-z 

1 bt (u +2j-ui+2j) 
_ bx(uij)2-(ui )2] +lj 

+ by[(uv)i+2j-2-(uv)i+2j+] 

1 

+ gx + bx (1)1j-i+1j) 

1 

+ v 
bx2 (ui +3 

.+ui- 1.-2u. 1 . 

zJ zJ aJ) 

1 

+ 2 (ui+2j+l+ui+ZJ-1 -Zu. )] 
by 

(2. 9) 

(2. 10) 

_.1-LL. 

. 

+z 

W.. 
t 

I tJ+z +z 

iv. . 
-i 

i -i, i +z, 

1 



and 

1 n±1 1 2 2 

f (T.. 1 -v.. i) _ ,-[(v. e) -(v ° ) ] 
ot 1J+2 1J+2 by 1J 1J+1 

+ bx [ (uv)1-ij+z-(uv)i+Z j+z 

1 

+ gy + 
bY 

ijij+1) 

1 

+ v [ (v. 1 + v, 1 - 2v, , ) 

bx2 
1+1j+2- 1-1j-{-Z 1J+Z 

1 

+ (V 3+ vi . 1 - 2Vi,+1)] . 

ey J a 

8 

(2.11) 

The superscript n +1 here refers to the value at time (n +1)6t and 

the absence of a superscript denotes the value at time net. 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 

_ 1 

Ui` 
2 (ui+1.+ui-1 .) 

J aJ aJ 

1 

(uv)i1 . 1 
e 

4 
(ui+1 .+u. . 1) (vi 1+ vi+ 1) zJ-a aJ fJ- J-2 J-a 

Nosy, since Equations (2. 10) and (2. 11) can be used to obtain 

values for u and y, only an equation relating to u and v 

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

1 
] 

= 

d 



l 
D (u1 -u1 .) + (vi.+1 - vi 1 ) . 

bx by 

Using this definition, Equation (2. 9) obviously reduces to: 

D..=O. 
13 

9 

(2.12) 

(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 D.. exceed some prede- 
1J 

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 D.. is found: 
13 

1 2 
-(D. -D [(u)+(u)2-2(u)2] bt 1j 

+ l2[(vi°+1)2+(vi 1)2-2(vi`)2 
by J J- J 

2 

+ bxb Y [(uv)i1 .1+(uv)i1 . 

1 - (uv)i- (uv). 1 
' 1 - 1 1 ] 

aJ a iJ-z iJ-z zJ+z 

,+ (i+ ( - 2+ 

_ 2)+ + 
1Jlji- 13 

bY 
3- 

bx2 

+ v[ 1-2Dij)] 
bx2 

(Di+lj+Di-lj-2Dij)+ bl Z (Dij+l+Dij- 
Y 

(2. 14) 

a J-i 

j = - 

_ 

. 
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Now, by setting Dn +1 = 0 in (2. 14), the desired relation for cf is 
iJ 

obtained: 

where 

1 i +1 j +i- 1 j 4ij +l +4ij -1 .. - ( + + S..) , (2. 15) 
iJ 

2( 
1 

+ ) 
1 bx 

óy2 

óx2 
óy2 

2(ui+lj)2+(ui-lj)2-2(uij)2] 
bx 

+ 1 2 {(vij+1)2+(vij-1)2-2(vij)2] 
by 

2 

+ bxb [(uv)i+1 +1+(uv)i-1 
1 -(uv)i+1 . i -(uy). -i +i ] 

Y zJ z zJ-z zJ-i zJ z 

D 
13 - v [ 1 (D +D . - 2D . )+ 

1 
(D. . +D - 2D . ) ] , 

bt 6x2 i+lj i-lj iJ 
ó 

2 iJ+1 ij-1 iJ 
Y 

(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 

When solving for un and vn +1 in Equations (2. 10) and 

(2. 11), if values for u and v at time nbt are known, they may 

be substituted into (2. 12), (2. 16), and (2. 15), respectively, to obtain 

J 

Sij 

+l 

- 
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values of (I), 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 

fl and f2 are required such that 

and 

ui0 . = fl(i,.]) , 
13 

v.=f2(i,J) 
J 

(2. 17) 

(2. 18) 

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 cl). 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 Equations (2. 10) and (2. 11). Thus, at a 

bottom boundary, 



by n+1 
-1 Pij bt (vij-2 vij-Z ) 

+ by 

+v 

2-(v..)2 

'..(uv). i . 1-(uv). 1 . 

1-2J-2 i+zJ 2 +g bx y 

Iv. 1+v. 1-2y. . i v.. 1+v. . .a-2v. . l\ i+1 j-2 1- lj-Z iJ_2 1J+z 1J-i 1J-i I 

bx2 by2 

where the subscripts are defined in Figure 2. 

Fluid cell 

J 
Boundary 

Figure 2. Bottom boundary. 

',Boundary cell 

12 

(2. 19) 

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 i, 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 

( ) -°/-) 1j- 

_ ' 

ui+ij 

u. 
- 

3 
J-2 

z J- 
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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 with a 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. ' 
® Null cell ICI 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): 

v. 1 = v. . 1 = v. 1, 1-1j-2 1-z 1+1j-2 

n+1 
V .. 1 = v., 1 = v. 1 -2 1J -z input 

and 

(2. 20) 

(2. 21) 

V 

. i 
1111111111111111M11111 NNIEN1 NNINC00G 



U. . = - ui 
J- aJ 

From Equation (2. 9), 

and 

u1+-2-3-1 . = - ui+1 . 

aJ 

by 
vij-z = vij+Z + Sx (ui+Z j-ui-2 j) 

S v.. 1 = v.. + 
Y {u. 1 . -u 1 ) 1J-2 1J-2 bx 1-.3- 1 i+z J- 1 

Combining these with (2. 22) gives 

v.. 3 = v.. 1. 
1J-2 1J+Z 

14 

(2. 22) 

(2. 23) 

(2.24) 

Now, by substituting (2. 20), (2. 21), (2. 22), and (2. 24) into (2. 19), 

the condition for cl) 
is found: 

2v 
- gyby _ 

by (vij+2 -v 

Thus the boundary conditions for an input boundary are given by 

(2. 21), (2. 22), and (2. 25). 

(2.25) 

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

bctundri ry .arcs given by (2. 23) and the following: 

11. 1. = u 1. , U. 1. = u 1. . 

1-2J-1 
U. 

1+2J-1 
U. (2. 26) 

The boundary condition for cp, is not derived directly from Equation 

aJ- 

ij- 1=ij ) 

1 ' 

7 -z 



(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: 

4). . . - -5y [(uv) 1 1 -(uv). 1 1 ] 
13-1 i, bx i-iJ-z 1+zJ-i 

15 

(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 

by, 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 

and 

V., 1 = 0 , 
1J--f 

U. 1. = - U. 1 . , U. 1 . = - u. 1 . , 
1-zJ-1 1-zJ 1+zJ-1 1+zJ 

cb.. 
1J-- 1 

b gy ?v v y - ( -vij- ) 

(2. 28) 

(2. 22) 

(2. 25) 

Case 4: Free- slip wall. Again using the above remarks, the 

boundary conditions at a free -slip wall are given by (2. 28), (2. 26), and 

ij- gyby . (2. 29) 

= 

- 
iJ 

- 
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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 N 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 i, j, then 

2v 

ij 
= by (vij+z -vij-2 ) 

If it is to the left or right, then 

2v 
cf).. 6x(ui+2j-ui-2j) 

(2. 30) 

(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 i, j +1 and i +1, j, then 

ij- 1 

. 

. 



v 1 

1J 2 [ by (ui-i J+ui+i J-u1-i J- 1-u1+á J 
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+(v..i+v..1-v. -)+ 
(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 

(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., 

vn+1 -v+ g bt. 
Y 

(2. 34) 

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

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 4. This is true even though the 

pressure in the corner cell will be different depending on which 

4 

=o. 
ij 

1 i +rvi 

v 
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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 vn 1 , iJ +z 

vi+1 
j+Z - vij+2 

for a free -slip corner, and 

for a no -slip corner. 

(2. 35) 

vi+l +1 = - vi'+1 (2. 36) 
J a J z 

In the calculation of S.. (only), 
iJ 

ui = 0 . 

In the calculation of Si. (only), (only), 
J 

for free -slip, and 

for no -slip. 

ui+z j - ui+Z j+1 

(2.37) 

(2. 38) 

ui*1 . 
_ - u. 

1 1 

(2. 39) 
z J + aJ 

Similar conditions hold for the other three orientations of a corner cell. 

+Z +1 

+1 



SS.. 
ui+Z j+1 

vij+z 
S.. 

13 
u. 1. 

1+z J 

vi+lj+z 

..*Z___ C orner 

Figure 4. Typical corner cell. 

cell 
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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 

j+1 



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

Equation 
Unknowns Equations numbers Assumptions 

l 2 2 

n+11 
= u 1 + ót 

(u1J) 
-(u1+lj) (uv)i+2 j-2 -(uv)i+áJ+z 

u ui+Zj 
1+zj bx by 

ci). . -0. u. 3 .+u. 1 . - 2u. 1 . 

+ + 
1) 1+lj+v 1.-fn 1.-) 1.-{-f) 

gx bx bx2 

ui+z +u. 1 2ui+z 
J + 

by 

2 (v...)2- (v.. ) (uv) 1 . 1 -(uv). 1 . 1 n+1 1J 1J+1 
(uv). 

1+iJ+z v vi.+1 = vi.+1 + bt 
b + óx J z J z Y 

+ + 1J-1J+1 
/viJ++vij-2 - 2viJ+i 

gy 
by 

2 
Y 

ci) 

vi+ 1j+z+vi- - 2viJ+Z\ 
+ 

bx2 

1 i+ -lj (i)ij+1+4)ij-1 

2( 1 
2 

1 2) 
bx2 

+ óy2 
+ Sij 

(bx2 by 

(2. 10) 

(2. 11) 

(2. 15) 

N 
O 

1j+ q 
1, 

.. - 
13 

+ 1J Y 

+ 

/ 

y by 

I 



Table 2. 1. Continued. 

Equation 
Unknowns Equations numbers As sumptions 

2 2 2 2 

S.. 
(ui +1j) 

+(ui -1j.)2_2(u..)2 (vij +1) +(vij -1) - 2(vij) 

1J 
bx2 

óy2 

+ Sxb 
[(uv)l 

1+(uv) 1 
. (uv) 

1-(uv) ] 
1+aJ +i 

(uv). 1-iJ 

1. Incompressible flow. 

2. Constant density. 

3. Two -dimensional space. 

D.. D . +D -2D.. D.. +D - 2D 4. Constant kinematic 
i 1J +1J 1- lj 1J 1J +1 ij- 1 ij 

- 
St - v 2 + 2 (2. 16) viscosity. 

bx2 Sy 

ui +1 .- ui 1 . vi 1 - . vi 1 

1J bx by 

5. Constant gravity. 

(2. 12) 6. Discrete fluid region. 

7 Dn +1 
= 0, all i, j. 

1J 

Y 

1 1. 1 
i -z 1 +z J -Z +z 

iJ aJ J a J-z 



Table 2. 2. Initial conditions, boundary conditions, and boundary condition assumptions. 

Boundary conditions for bottom boundary (Figure 2) 

Initial 
conditions 

Num- 
bers 

Type of 
boundary Conditions Numbers 

u = f (i, j) . 

iJ 1 

0 vij = f2(i, .l) 

(2. 

( (2. 

17) 

18) ) 

Input 

Output 

No -slip No -slip 
wall 

Free -slip 
wall 

vn n+1 
= v. . 1 = v. 1J-z 1J-z input 

u1-iJ- 1 -ui-, ui+z j- 1= 
-ui+ij 

2v 

(2. 

(2. 

(2. 

(2. 

(2. 

(2. 

(2. 

(2. 

(2. 

(2. 

(2. 

(2. 

21) 

22) 

25) 

23) 

26) 

27) 

28) 

22) 

25) 

28) 

26) 

29) 

i- 1= iJ-gyóy- by (1+1-v - ). 
Sy v.. 1 = v.. 1 + (u. 1 -u.. 1 ) 

1J-z 1J+z ox 1+ZJ 1J-i 
u. 1 . = u 1 ., u. 1 . = u. 1 .. 
1-2J-1 i-zJ i+-2--j-1 i+zJ 

Sy 
(i)ii _1= i' S- (uv)i -1 . 1- (uv . 

i 
. 1 ] 

J fJ-i zJ-i 

V. = 1 0 
1.1-"E 

u1 
-23 - u1 -ZJ, ui 1= -ui 

+i) 
2v 

4)1i- 
1= gyby 

Sy (vi+ -vi-2 . 

v.. 1 = 0 . 

1J a 

ui -1' 1-ui-1'' ui+1' 1-ui+1aJ ' aJ- aJ aJ- 

i' 
J 

1=i - g by 
- J Y 

Assumptions 

Input velocity constant with 
respect to time. 
Input velocity normal to wall. 

Input velocity constant along 
wall. 

Formulated to agree with 
experiment. 

Solid wall. 

°'wall = 
0. 

Solid wall. 

u' wall= all+b Y/ 2) 

wall = 0 Ñ 

. 



Table 2. 2. Continued. 

Free surface boundary conditions (Figure 2)* 
Number of Corner boundary conditions 
empty cells (Figure 4) 
surrounding Conditions Numbers Condition Number 

One 

Two 

surface computed from D.. = 0. 
J 

(2. 9) In calculation of v.. 1 , 

1J +2 

If empty cell is free -slip: 
above or below: = 

2v 
(v 1-v.. 1); 

13 6y ij +2 1J -2 
(2. 30) 

to left or right: (I). 
2v 

(u . 1 -u. 1 .). (2. 31) 
13 6x i +J 1 -2J 

surface opposite 
If empty cells are 

diagonally adjacent: = f(v, u, v); 
1J 

otherwise: c = 0. 
1j 

Three v opposite fluid side = v fluid side; 

otherwise vn +1 = v + g6t. 

= 0. 

Four vn +l 
v + g6t, all sides. 

n, 
ij 

*Assuming cp,ij = 0. 

(2. 32) 

vi+ l j+Z 
vi = v . ' 

no- slip: 

vi+ 1 j+Z - vij+z 

In calculation of S..( only), 

ui+2 
j+ = 0. 

(2. 33) In calculation of Si. 
+1 (only), 

J 

(2. 34) 

(2. 33) 

(2. 34) 

(2. 33) 

free- slip: 

u. -ui+-2-+ 

no- slip: 

1 = - U- 

ui+z j+l 

(2. 35) 

(2. 36) 

(2.37) 

(2. 38) 

(2. 39) 

v I - v 
I 

iJ + 

. 

i J 

= 

+1 . 

zJ aJ 

u. . 1.+J 

- 

- 

it 
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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 

ót. Each 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- 

tion. ) At this time, the free surface boundary conditions on cp are 

applied, Also, velocities are updated for those cells which have 

changed from the previous time cycle; e. g. , a free surface cell may 

beccrnr empty, in which case its velocities are set equal to zero. 

(;;) 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) 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 4, 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 4) 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 

:ondr ons on necessary for this cell are computed, and then 

computed from (2. 15), always using the latest possible values of 

the surrounding 's; if a value of ci) 
for a surrounding cell is not 

vaii_e from this time cycle, the last value from the previous cycle 

d. This process is repeated for each full cell in the mesh, thus 

4 4 
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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, u 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): 

C6t < 
26x6y, 
6x+6y ' 

where C is the wave speed of the fluid, and 

2v6t < 

6x2 +6y2 

6x26y2 

(2. 40) 

(2.41) 

n +1 
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In addition, Shannon (1967) reports that the following criteria should 

also be met: 

and 

2 

bt < 
4v 

St2 
óx2 

u 
2 

max 

St < 
5u. 

Sx 

input 

â(u ) 

2 
St umax 

+ 
1 

Sx2 < v. 
Sx 

(2. 42) 

(2.43) 

(2. 44) 

(2. 45) 

Similar inequalities hold in the y 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 

b 
ax 
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(1) 

(2) 

(3) 

Problem Setup 

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

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

Set to +l t + St. 

Y 

Locate free surface, empty, 
and full cells; calculate 4 for 
free surface cells; change 
appropriate cell velocities. 

Figure 5. SPLIT flow chart. 



(4) 

(5) 

(6) Move particles 

Figure 5. Continued. 

29 
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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 solution is presented in Chapter V. The listing of 

the program appears in Appendix III. 

Hwang (1968) has further strengthened 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. 

Finite 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 



contained in the sequel. 

Description 
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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, 

differential equation of the form 

w = w(x, y), and a partial 

2 2 

a 
w+2b 8 w+c8 w+da-`+e0w+fw+g=0, (3.1) 

8x2 
8x8y 

8 
2 8x 8y 

y 

the equation is said to be elliptic if 

ac - b2 > 0 . (3. 2) 

A typical set of problems involving elliptic equations is the fol- 

lowing. Let R denote a region in the x, y plane. The problem 

is to solve for w in the equation 

2 
8 w(x, y) 8 w(x, y) 

2 + 2 = f(x, Y) 

ax ay 

for (x, y) in R, subject to the boundary condition 

(3. 3) 



8w(xt, Yt) gl(xl' YI) + g2(x, Y')w(x', Y') g3(x', y') = 0 , 
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(3. 4) 

for (x', y') on the boundary of R. Here, 8wán' Y) is the de- 

rivative (at xt, yt) in the direction normal to the boundary. Only 

problems of this type will be considered here. 

Let bx and by be the spacing in the x and y 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 

and 

D w0 wl-2w0+w2 

8x2 bx2 

82w w3 -2w+w 
0 

2 
8y by 

2 

(3. 5) 

(3. 6) 

where w0, w1, w2, 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 
wl+w2 w3+w4 

1 1 2 + 2 
- f(x8, Y8)] , (3.7) 

2( + ) bx by 
bx by 

l w 

8n 

- 

' 
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where w0 = w(x0, y0). 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 bx and by 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. 

(1) 

(2) 

(3) 

w3 

wl 

. 

w0 w2 

6y 
w4 

' 6x 

Figure 6. Illustration of the grid covering R. 

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

at each point (x., y.) of the mesh (except, of course, at 

the boundaries). Call these initial values . 

Using Equation (3.7), new values, called w. ), 

puted using w(0) and boundary values. 
1J 

are com- 

The difference between the new values and the old values is 

checked against a tolerance. If the values of w. 
1) are too 

. 

j 
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far different from those of w.. , new values, w(?), 
i ij 

are computed from w(. as in step (2). 
ij 

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

w(. )'s are sufficiently close to the w(k -1)'s. At this 
13 ij 

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

converged, and the process of simple iteration is said to 

"work's 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. 

(0) 
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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. 

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

w0, in the following way: 

_ (i ) (f ) w (i ) (f ) w +w2 +w4 
-f(x, RO 

2( 12+ 1 2)` 6x2 + óy^ 
6x by 

(k) 

-w(k -1), 
0 

where the superscript . has the value of either k or k-1. 

It is obvious that Equation (3.7) can now be written: 

w(k) w(k -1) 
+ R(k) 

0 0 0 

(3. 8) 

(3. 9) 

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 

1) + gR(k) 
w0 0 0 0 

. (3. 10) 

When l., the process is termed underrelaxation; when q = 1, 

the prc ie: the simple relaxation already discussed; and when 

= 
_ 2+ 

3 Y 

= 

._ 

q 

s. 
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q > 1, it is called overrelaxation. 

Forsythe and Wasow (1960) have shown that when a consistent 

order is used, if simple relaxation "works,'' then overrelaxation 

"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. 

tR 

tR =time required 
for any relax- 
ation process 

t 
SR I tSR 

= time required 
for simple 

j 

relaxation 
O gopt Z 

Figure 7. Overrelaxation factor curve. 

1) Underrelaxation is not profitable; it requires more time 

than any other relaxation method. 

( ?) An optimum overrelaxation factor, qo 
P 

exists. 

Although q 
<.pt 

depends on the problem being considered, 

í < valu,,. lies in the interval 1 < gopt < 2. 

1 

0 
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(4) Approaching qo 
P 

from the left, the curve has an infinite 

slope, while the slope is one for q > gopt + O. Thus it is 

better to use q = gopt + e than to use q = gopt - e , for 

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 qo 
P 

approximately, and also shows how to obtain qo 
P t 

exactly for the special case when R is 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 qo 
P 

(Forsythe and Wasow, 1960). 

If a problem is startedby using simple relaxation (q = 1), then 

an estimate of the rate of convergence, r, will be given by 

IIR(k) II r 
IIR(k 

1) 
as k- oo (3. 11) 

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

lation exists between r and q opt' 

2 

gopt l +t\I1 -r (3. 12) 

- 



Thus, if a computer program is being used, one may run for, say, 

ten iterations using q = 1, form the quotient IIR(10)II/ II11(9)II, 
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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): 

Trbx+ cos Hy 
2 

r 
2 

(3. 13) 

where bx and by 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 bx = by = 0. 1, and W = H = 1. 0. 

Substituting these values into Equation (3. 13), we obtain 

2 ?r r = cos 10 

Upon evaluating this cosine and substituting the resulting r into 

Equation (3. 12), we have 
q opt = 1. 5 3 . 

/ 
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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: 

cl'ij+1+4)ij-1 
- + + 5.. 

ij 
2( 1 1 2) 6x 2 

2 

bx by 

(2. 15) 

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 

1 4)i+lj+4)i-lj 
. i) 
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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 r w(x, y) and a region R in the x, y 

plane for which 

2 2 
8 a 

2w 
f(x, y) 

2 
óx óy 

holds on the interior of R. 

Suppose 

g 
1 
(x, y) añ + g2(x, y)w + g3(x, y) = 0 

(3. 3) 

(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 

= 
w w 



w 
1 

wl+w2 w3+w4 
- f(x ,y ) 

0 
?( 

1 
2+ 

1 2)_ 8x2 
sy2 0 0_ 

bx by 
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(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 
a 2+ a 2=- S'(x, y) 
ax ay 

(4. 1) 

is the partial differential equation associated with (2. 15). Here, the 

function SI (x, y) is the analog of S... It is obvious that this equa- 
13 

tion is equivalent to (3. 3). 

It remains to be seen that the boundary conditions for c are 

in the form of Equation (3. 4). From Chapter II, the 4 boundary 

conditions for input, output, no -slip wall, and free -slip wall bound- 

aries are all of the form 

+ 1 , 

13-1 _ ij 13-f, 
(4. 2) 

wbîe the boundary in question is the dividing line between cell i, 

and cell 

lao und a ry. 

-1, and the term 1 is dependent on the type of 
1J -2 

J 

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

J iJ 1 , 

2 - 

+ 
- 

C = 

` 

i., j 



or, since (j)ii_ = 0 
1 ' 

- 1 

Now, recognizing that by is a constant and that 

(I). -(1). 
1 ôq) - 

by ay 
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(4. 3) 

it is seen that Equations (4. 2) and (4. 3) are the finite -difference 

forms of 

áy = °(x, y) 

for (x, y) on the boundary. 

(4. 4) 

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 

a_ °(x, y) (4. 5) 

But this is equivalent to Equation (3. 4) with g1(x, y) - 1, g2(x, y) ' 0, 

and g3(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 

done; the ensuing section will show the savings for problems involving 

an 

, 

as), 



two types of transients. 
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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 over relaxation. 

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 qo 
P 

in a specific example 

(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. 

>- 
i3 

4 
5 

/ //iiiiiii 

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 Whole" 

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 

A 
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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 qo 
P 

= 1. 53. By using this q, the number of 

iterations was reduced to 50. The program was then asked to esti- 

mate qo 
P 

after ten iterations, in the manner of Chapter III. It 

computed qo 
P 

= 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 

q opt 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 approximately linear, 

with a slope of t'-'1-; i. e. , the computing time is about halved. Re- 

membering that these values were obtained with an estimated q , opt 

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

ity of the technique of overrelaxation. 
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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 St = 0. 02 

Sx = 0. 125 u0 = 1.0 

by = 0. 125 v0 = 0. 0 

Depth of fluid = 1. 0 g = 0. 0 x 
Height of step = 0. 2 g 

Y 
= -0. 1 

v = 0. 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 

bx = 0.1 

by = 0.1 

Height of retaining walls = 0. 3 

Width of fountain = 0. 6 

y = 0. 01 

St = 0. 025 

u0= 0.0 

v0 = 1. 0 

gx 
gy = 

0. 0 

-1. 0 

Computer time : 

N 30 minute s 

^-' 

Y 
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Figure 12. Fountain flow. 
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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. 

Number of cells = 30 x 20 

Number of particles = 2400 

= 0.1 

by = 0.1 

Density of heavy fluid = 1. 0 

Density of light fluid = 0. 5 

Viscosity (both fluids) = 0. 0 

bt = 0. 01 

u 0 = 0. 0 

v 0 = 0. 0 

g = 
x 

0. 0 

g = -1. 0 

Computer time: 1 hour 

bx 

Y 
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Figure 13. Mixing of two fluids. 
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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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Appendix I. Nomenclature 

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 III 
e, f, g partial differential equation 

A, B Arbitrary vectors II 

C Wave speed of a fluid II 

D Finite difference form of 
ôx 

+ ôv 
II 

Y 

f Arbitrary function in an elliptic partial dif- III, IV 
ferential equation 

fl, f2 Arbitrary functions defining u0, v0, II 
respectively 

Acceleration due to gravity II 

gx, g y Components of g in x and y directions, II, V 
respectively 

gl, g2, g3 Arbitrary functions in elliptic partial differ- 
ential equation boundary condition 

III, IV 

58 

H Height of rectangle III 

i, j Subscripts denoting position in discrete mesh II, III, IV 

i, j Unit vectors in x and y directions, re- II 
spectively 

k 

n 

Superscript denoting kth iteration III 

Superscript denoting nth time cycle II 

-- 
g 



Symbol Meaning Chapter 
q Overrelaxation factor III, IV 

q 
opt Optimum overrelaxation factor III, IV 

r Rate of convergence of simple relaxation III 

R A region in the x, y plane III, IV 

R(0 k) kth residual at w0 III 

S Source term in equation II, IV 

S' Partial differential equation analogy of S IV 

t Time II 

u, v Components of velocity in x and y direc- II 
tions, respectively 

0 , u 0 v Initial velocities in x and y directions, II, V 
respectively 

V Velocity vector II 

w Function satisfying an elliptic partial differ- III, IV 
ential equation 

W Width of rectangle III 

59 

x, y Two -dimensional Cartesian space coordin- II, III, IV 
ate s 

x', y' Coordinates of a point on the boundary of R III 

5t Time increment II, V 

óx, by Increments in x and y directions, respec- II, III, 
tively IV, V 

E Arbitrary small number III 

Kinematic viscosity II, V 

O 



Symbol Meaning Chapter 
Arbitrary functions in d) boundary conditions IV 

Pi, area of the unit circle III 

Ratio cf pressure to density II, IV 

60 

a Partial derivative in normal direction III, IV an 
a a Partial derivatives in x and y directions, II, III, IV ax, d y respectively 

Partial derivative with respect to time 

Del, divergence operator, 

Norm of matrix R(k) 

_ aXi+ Ó Y 

a 
at 

v 

IIR(k) II 

II 

II 

III 

0 
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Appendix II. SPLIT Listing 



PROGRAM SPLIT 
DIMENSION CS(25.100)+ t 5+100).P(25.100).PS( .100). COMMON/TVPOOL/XMIN.XMAX.YMIN.YMAX.TXMIN.TX,MAATYMINTYMAX f U(26.101)sV(26.1011.XCe25).YCI1Gû13`?)®k63 COMMON /TVGUIDE /TMODE.TEXT.ITV DIMENSION UP(3000),VP13"301.XP(30001+YP(30'v 0) COMMON /TVFACT /FACT INTEGER CS.FLAG.?5 

COMMON/TVTUNE/LPEN,LPEFoITALsI81INKsINTS,IKTsIuP REAL NU 
COMMON 0Q+LOO,T"iUX4,TNUY4 DIMENSION TYPE(16).X9(131.YB(19).iA(50::) 
COMMON DTVP.OELTAS.TVP ^IW°_NSION XPC(20).Y93(2.10(PL(20).rPL(2v)P3(2J;sVPO(20) 
COMMON MSK7MSK8.MKC7.MKC8,1MP7.IMPB.DV7.DV9 INTEGER TYPE 
COMMON AGXL,AGYH.DT.OTCP.DTP.DTPP.DXCOXCD2,0XCSO+DYCDYCJ2sDYCSQ. C'-'MON KN5P.NeP2.X82(191,Y92'.id) 

S DXIN.GXsGY,HNI,NIM1.NJsNJM1.NP.NTPsNU.T,TCPsTLsTP.TPP.w,Z+DY1N COMMON NBP+X5.Y9 
COMMON KODXY.DYX.NI9INJPI. TORY .GXD.GYD.TNUx.TNUY.JADY2.DYJX2. READ (MI.1001) NI.N,;,N91,?i2..'vP.,.P.3 

f DXY4.DYX4,ZR,ZDXRsZDYRsGXT.GYT.DX4sDY4M1.MO.UP,VP,XPsYP READ (yI.100n) JO.V^.GX,î`.'f'P.DTDP.°iCP 
COMMON CSD+P.PS.R.U.V.XC.YC READ (MI.10001 w.h.N.TL.vXP.JYP._; 
COMMON MSK(6),MKC(6),IMP(6).DV151 READ (MI.1000) DTVP.DELîAS.JG 
DIMENSION CS(25.100)+D(25s100)+P(25+100).P513000I.R(25.100)s READ (M/s101::) (XPG(*1.YPO(I1.APL(;),YPL(I)sPOtII.1FJ(15.I=1t.PK) 

S U(26.101),V(26s1O1).XC(25)YC1100) NIM1=N1-1 
DIMENSION UP(3000).VP(3000).XP(30001YP(3000) NIPI=NI+1 
INTEGER CS.FLAG.PS NJM1=NJ-1 
REAL NU NJP1=N.i+1 
COMMON KNBP.NBP2+XB2118)+YB2(18) ANI=NI 
COMMON N8PX8118).Y8(18) ANJ=NJ 

C DXC='d/(ANI-2.) 
DYC=H/tANJ-2.) 

C SPLIT SOLVES THE NAVIER- STOKES EQUATIONS FUR TwO- DIMENSIONAL, IN- GXT.+GX*DT 
C COMPRESSIBLE FLOW USING THE MAC (MARKER AND CELL) METHOD. AS OE- GYT=GY*OT 
C SCRIBED IN ..THE MAC METHOD. A REPJRT WRITTEN FUR LOS ALAMOS DXY=OXC /DYC 
C SCIENTIFIC LABORATORY BY J. JDIE WELCH, FRANCIS n. HAM/.Ws JOHN P. DYXDYC /DXC 

SHANNON. AND BART J. DALY. CXY4=DXY*.25 
C DYX4=DYX*.25 
C THIS PROGRAM WAS WRITTEN IN MAY OF 1967 BY MICHAEL O. TERRY IN DX4s.25 /DXC 
C CONNECTION WITH A RESEARCH PROJECT. ENTITLED ..STRATIFIED RESERVOIR DY4..25 /DYC 
E CURRENTS... AT OREGON STATE UNIVERSITY. TDXY=45/(0XC*DYC) 
C GXD=GX*DXC 

GYO=GY*DYC 
MI=5 TNU2.*NU 
M0=6 TNUK=TNU /DXC 
KD=1 TNUY =TNU /DYC 
CALL OV1 TNUx4.TNUX*.25 

100 CALL OV2 TNUY4=TNUY+.25 
GO TO (1011021.KD DxCD2=.5*DXC 

101 CALL OV3 DYCD2.5*DYC 
' GO TO 100 DXCSO=DXC*DXC 
102 CALL TVENO DYCSO =DYCDYC 

STOP Z=(1./DXCSO+l./OYCSO)*2. 
END DYDX2=DYCNU/DXCSO 

DXDY2sOXCNU /DYCSO 
ZR=1./Z 

SUBROUTINE OV1 ZDxR=ZR/DXCSO 
COMMON/TVPOOL/XMINsXMAX.YMIN.YMAX,TXMINsTXMAXsTYMlNTYMAX ZOYR =ZR /DYCSO 
COMMON /TVGUIDE /TMOOE.TEXT.ITV AGXL=A85(GX*W) 
COMMON /TVFACT /FACT AGYH=ABS(GY*H) 
COMMON/TVTUNE/LPEN.LPEF,ITALslMINKs1NTS1RT.(UP MSK(1)=75 
COMMON OOsLOO.TNUX4TNUY4 MSK(2)=708 
COMMON DTVP.DELTAS,TVP MSK(3)=7O0B 
COMMON MSK7,MSK8.MKC7sMKC8.lMP7.IMP8.DV7,DV8 MSK(4)=70308 
COMMON AGXL.AGYH.DT.OTCP.OTP.OTPP DXC .OXCO2.DXGS+.JYC.JYCJ20YCS4. RSK(5)=700008 

S OXIN.GX.GY.H.NI.NIML.NJ.NJMI.VR.:VTP.NUsT.TCPsTLsTVsTPP..tsZ+OYI+v ese(63=7000008 
COMMON KOsDXYDYXNIPl.NJPI. TORY, GXD.GYD.TN'JX.TNOY.DXDY2.0YOX2 MSK7=70000008 

; DXY4.0YX4.ZR.ZOXR.ZDYR+GXT,GYT.DX40Y4.MIsMUsUP.VP.XP.YP +^SKB=700000OD3 
COMMON CS.D+PsPSsR+U,V.XC.YC ^O 9C0 '=1s6 
COMMON MSK16)sMKC(6)sIMP(6),OV16) -.i0 MKC(1)=.NOT.MSK(I) 

. 



MKC7=.NOT.MSK7 
MKC8=.NOT.MSK8 
tMP(2)=108 
iMP(31=1008 
IMP(4)=10008 
TMP(5)=100008 
IMP161=1000000 
1MP7=10000008 
IMPB=lOCO000os 
DV12)=1./8. 
DV13)=1./64. 
DV(4)=1./512. 
DV(5)=1./4096. 
DV(6)=1./32768. 
DV7=1./262144. 
DV8=1./2097152. 
T=0. 
TT=0. 
DO 10C J=1.NJ 
DO 100 I=1+NI 
CS(I+J1=0 
P(I,J)=0. 
RIIrJ)=0. 

100 0(1+J)=0. 
DO 101 J=1+NJP1 
DO 101 1=1+NIP1 
UtI.J1=0. 

101 V11+Jl=0. 
DO 2 K=1.NP 
PStKl=0 
XPtK)=0. 
VP(K)=0. 
UPtK)=0. 

2 VP(K)=0. 
XC11)=-DXCD2 
YCt1l=-DYCD2 
DO 102 I=20NI 

102 XC(I1=XC(I-1)+DXC 
DO 103 J=2.NJ 

103 YCIJI=YCIJ-11+DYC 
DO 105 J=1.NJ 
DO 105 I=1+NI 
DO 104 K=3+6 

104 CSlI+J7=IMP(K).OR.ICS(I+J).AND.MKC1K11 
CS(1+J1=6.OR.ICS1I.J).AND.MKC) 
KT=5*IMPt2) 

105 CS(I.J)=KT.OR.(CSII+JI.AND.MKC(21) 
N8=NB1 
KNBP=1 
PLMAX=AMAX1(XC1NI)+DXC+YCINJI+DYCI 
PLMIN=AMIN1(XC(11-DXC+Y(11)-DYC) 
XMiN=PLMIN 
YMIN=PLMIN 
XMAX=PLMAX 
YMAX=PLMAX 

106 N8P=Nß+1 
READ tMT+10001 (X81I1+Y8(I)+I=10NBP1 
READ (MI,1001) ITYPEII),I=1,B1 
XBtNBP+1)=XB121 
YB(NBP+1J=Y8121 
DO 142 M=1.N8 

IF tXB(M1-XBlM+11) 107,121+114 
107 I=XBIMI/DXC+2.001 

J=Y8IM)/DYC+1.999 
108 CS( I+JI=2.0R.1CS(I.JI.AND.MKC1 

KT=TYPEIM)*IMP(2) 
C5(!+J)=KT.OR.(CSII,JI.AND.MKC(211 
KT=2*IMP14) 
CS(I+J+11=KT.OR.ICSII+J+1).AND.MKC(41) 
KT=3*IMP7 
CSII,J)=KT.CR.ICSIIrJ1.AND.MKC71 
KT=3*IMP8 
CS( I+J+1)=KT.OR.(CS(IsJ+11.AND.MKC8) 
K2=CSIT,J).AND.MSK(2) 
K2=K2*DV12) 
IF (K2.E0.2) GO TO 110 

109 KT=2*IMP16) 
C51I+J1=KT.OR.I(S1I,JI.AND.MKC(6)) 

110 1=I+1 
1F IXCITI .LE. XBlM+1)I 108.111 

111 IF (Y8(M+2)-YB(M+1)) 112+142+113 
112- KT=2*IMP(5) 

CS(I-1.J)=KT.OR.iCS(1-1.J1.AND.MKC(5)1 
GO TO 142 

113 CSII.J)=1.0R.ICSlI,J1.AND.MKC) 
GO TO 137 

114 1=X8IMJ/DXC+1.999 
J=Y8lM1/DYC+2.001 

115 CSlI+J1=2.0R.(CS(I,J1.AND.MKCa 
KT=TYP£(M1*IMP12) 
CSII+J4=KT.OR.ICS(I,JI.AND.MKC121) 
K7=2*1MP14) 
CSII.J-11=KT.OR.(CS(I+J-11.AND.MKCl4)1 
KT=4*TMr7 
C5)I.J)=KT.OR.(CSII,J).AND.MKC71 
KT=4*1MP8 
CS(I+J-11=KT.OR(CS(IsJ-11.AND.MKC8) 
K2=C511+J1.AND.MSK12) 
K2=K2*DV(2) 
IF (K2.E0.2) GO TO 117 

116 KT=2*1MP161 
CG( I,J-11=KTOR.(CStIrJ-11ANOMKC1611 

117 1=1-1 
IF IXCiII .GE. XBIM+1)1 115,118 

118 IF 0181M+21-Y81M+111 120+142,119 
119 KT=2*)MP15) 

CStI+1+Jl=KT.OR. K511+1+JI.ANJ.MKCl511 
KT=2*1MPI6) 
CSII+J-1l=KT.OR1CS(I.J-1).ANù.MKCl611 
GO TO 142 

120 0S(I+J)=1.0R.lCSII+J).AND.MKC1 
GO TO 137 

121 IF MIMI .LT. YB1M+1)1 122.129 
122 I=X81M1/DXC+2.001 

J=YBIM)/DYC+2.001 
123 CSII+JI=2.OR.(CS1I.JI.AND.MKC) 

KT=TYPE(M1*IMP(21 
CStI,JI=KT.OR.ICSII,JI.AND.MKCl211 
KT=2*IMPt4) 
CS.Ii-1rJ)=KT.OR.ICSII-1+J).AND.MKC1411 
KT=2*IMP7 
CSII,JI=KT.OR.ICSIIJ1.AND.M1CC71 

- . 

_ 

C5 



KT=2*IMPB 
CS(I-1,J)=KT,OR.(C5(I-1.J1.AND,MKC8) 
K2=CS(I®J).AND.M5K(2) 
K2=K2*DV(2) 

K2=K2*DV(2) 
K4=CS(I,J).AND.MSK(4) 
K4=K4*DV(4) . 

IF (K2.NE.1) GO TO 164 
IF äK20E0,2) GO TO 125 145 IF (I .10. 1) 146,149 

124 KT=2*IMP(6) 146 L=i 
C5(I-1,J)=K7®012,(C5(I-1.JI.ANDMKC(6)) 147 LL=1 

125 J=J+1 K21=CS(I+1.J-11.AND.115ï<(21 
IF (YC(J) .LE. YB(M+1)1 123,126 K21=K21*DV(2) 

126 IF (XB(M+2)-XB(M+1)) 128,142,127 IF (K21.E0.4) GO TO 161 

127 KT=2*IMP(51 148 K2'.=CS(I+1,J+1).AND.'dSK(21 

CS(I)J-1)=KT.OR.(C5(I,J-1).AND.MKC(5)) K21=K21*DV(2) 
GO TO 142 GC TO 159 

128 CS(I.J1=1.0R.(C5(I,J).AND.MKC) 149 IF (I EQ. NI) 150,153 
GO TO 137 150 L=1 

129 1=XB(M)IDXC+1.999 151 LL=2 
J=YB(M)/DYC+1.999. K21=C5(I'-1.J-1).AND.MSK(2) 

130 CS(I,J)=2.0R.IC5(1.J).AND.MKCI K21=K21*DV(2) 
KT=TYPE(M)*IMP(2) IF (K21.E0.4) GO TO 161 

C5(I.J)=KT.OR.(CS(1,J).AND.MKC(2)) 152 K21=CS(I-1,J+11.AND.MSK(2) 
KT=2*IMP(4) K21=K21*DV(2) 
C5(1+1,J)=KT.OR.ICSlt+1,J1.AND.MKC(4)) GO TO 159 

CS(I,J)=IMP7.OR.(CSII,JI.AND.MKC7) 153 IF (J EQ 1) 154.156 
CSII+1,JI=IMP8.0R.(CS(I+1,J).ANO.MKC81 154 L=1 

K2=CS(I,J).AND.M5K(2) K21=C51I-1.,J+11.AND.MSKl21 
K2=K2*DV(2) K21=K21*DV(21 
IF (K2.E0.2) GO TO 132 IF (K21.E0.4) GO TO 161 

131 KT=2*IMP(6) 155 K21=C5II+1,J+11.AND.MSK(2) 
C5(I.J)=KT.OR.(CS(I,J).AND.MKC(6)1 K21=K21*DV(2) 

132 J=J-1 GO TO 159 

IF (YC(J) .GE. YB(M+11) 130.133 156 IF (J .10. NJ) 157.160 
133 IF (M .LT. N8) 134,142 157 L=1 

134 IF (XB(M+2)-XB(M+1)) 135.142,136 K21=CS(i-1.J-11.AND.MSK(2) 

135 KT=2*IMP(5) K21=K21*DV(2) 
CS(I,J+1)=KT.OR..(CSII,J+1I.ANO.MKC(S)) IF 1K21.E0.41 GO TO 161 

GO TO 142 158 K21=C5(I+1,J-1).AND.MSK(2) 

136 CSII,Ji=1.0R.(CS(I,J).AND.MKC) K21=K21*DV(2) 
KT=2*IMP(6) 159 IF (K21.E0.4) GC TO 161 

CS(I.J)=KT.OR.(CS(I,JI.AND.MKC(6)1 GO TO 162 

137 IF lM .LT. NBC 138.139 160 L=2 

138 KMP1=M+1 GO TO 147 

GO TO 140 . 
161 KT=2*IMP(3) 

139 KMP1=1 CS( I,J)=KT.OR.(C5(I.J).AND.MKC(31) 
14P IF (TYPE(M) .EO. 3 .OR. TYPE(KMP11 .EQ. 3) 141.142 162 GO TO (164,163),L 

141 KT=3*IMP(2) 163 GO TO (151.164).LL 

CS(I.J)=KT.OR.(CSlI,J1.AND.MKC(2)1 164 GO TO (165,168),KODE 

142 CONTINUE 165 GO TO (166,168),K4 
IF (N82 .NE. 0) 143,144 166 KODE=1 

143 NB=N82 IF (K1.E0.2) GO TO 170 

NB2=0 167 CTS (I,J)=1.0R.(CS(I,J).AND.MKC) 

KNBP=2 GC TO 170 

NBP2=NBP 168 KODE=1 

DO 1 I=1,NBP2 IF (K1.E0.21 GO TO 170 

X82(I)=X8(I) 169 KODE=2 
1 Y82(I)=YB(I) CS(I,J)=3.0R.(C5(1,J),AND,MKC) 

GO TO 106 170 CONTINUE 
144 KODE=1 DO 902 J=1,NJ 

DO 170 J=1.NJ DO 902 I=1.NI 

DO 170 I=1,NI K5=CS(I,J).AND.MSK(5) 
K1=C5(t,J).AND,MSK K5=K5*DV(5) Ch 

K2=CS(I,J),ANOeMSK(2) IF (K5.E0.1) GO TO 902 41. 



K41=CS(Im16J).ANDoMSK(4) 
K41=K41*DV(41 
IF (K41.EOu21 GO TO 901 
CS(I+J)=IMP7c0R.(CS(IoJ)cANDeMKC7) 
GO TO 902 

901 KT=2*IMP7 
CS(I.J)=KT.OR.(CS(I,J).AND.MKC7) 

902 CONTINUE 
KT=2*IMP(6) 
CS=KT.OR.(CS.AND.MKC(6)) 
DO 1.73 K=19NP 

173 PS(K)=3.OR.(PS(K).AND.MKC) 
K=1 
DO 191 II=1,NPR 
Y=YPO(II) 

174 X=XPO(TI) 
175 I=X/OXC+2. 

J=Y/DYL+2. 
Kl=CS(IcJi.AND.MSK 
K2=CS(I.JI.AND.MSK(2) 
K2=K2*DV(2) 
IF (K1.E0.1) GO TO 178 
IF (K1.E0.2) GO TO 180 

176 CS(I,J)=4.OR.(CS(I,J).ANO.MKC) 
PS(K)=1.OR.(PSIK).AND.MKCI 
U(I,J)=UPO(II) 
LI( 1+1.J)=UPO(II) 
V(I.J)=VPO(II) 
V(1J+1)=VP0(II) 

177 XP(K)=X 
YP(K1=Y 
K=K+1 

178 X=X+DXP 
IF (X .GT. XPL(II)) 179,175 

179 Y=Y+DYP 
IF (Y .GT. YPL(II)) 191.174 

180 IF (K2.NE.1) GO TO 178 
181 PS(K)=2.OR.(PS(K).AND.MKC). 

K7=CS(I.J).ANDoMSK7 
K7=K7*DV7 
IF (K7.E0.11 GO TO 183 
IF (K7.E0.2) GO TO 186 
IF (K7.E0.3) GO TO 190 
GO TO 189 

183 U(I+1,J)=U0 
GO TO 177 

186 Uli,J1=U0 
GO TO 177 

189 VII,J)=V0 
GO TO 177 

190 V(I,J+1)=VO 
GO TO 177 

191 CONTINUE " 

CALL BNDVEL 
WRITE (M0.1002) 
WRITE tM0.10031 NI.NJ.NB10B2,NPR,U40 
WRITE (MO.1006) 
WRITE (M0.1005) UO,VO.GX,GY,DTP.DTPP,DTCP 
WRITE IM0.1007) 
WRITE (M0,1005) WsHsNU+TL.DXP,DYP,DT 
WRITE (M0.1011) 

WRITE IMOs1005) DTVP,DELTAS,QO 
DELTAS =DELTAS *.5 
WRITE (MO110041 
DO 192 I =1.NPR 

192 WRITE (M0.1005/ XPO(1) +YPO(1),XPL(11,YPL(I) 
WRITE (M0,1008) 
WRITE ((10,1005) DXC,DYC 
WRITE ('10,1009) 
WRITE (M0.1003) NP 
WRITE (M0.1013) 
WRITE íM0.1005) PLMIN,PLMAX 
RETURN 

1000 FORMAT(7F10.0) 
1001.FORMAT(7I10) 
1002 FORMAT( 1H1.10X52HMAC METHOD SOLUTION OF TWO -DIMENSIONAL FLUID PROB 

$ LEM/// 1H-, 10X5HINPUT/ 1H-, 23X2HNI. 13X2HNJ s12X3HNB1,12X3HNB2,12X3HNP 
$R,12X3HLOO) 

1003 FORMAT(1H s10X.7I15) 
1004 FORMAT( 1H0, 22X3HXP0 ,12X3HYPOs12X3HXPL,12X3HYPL) 
1005 FORMAT(1H 10X,7E15.8) 
1006 FORMAT( 1H0. 23X2HU0, 13X2HV0, 13X2HGX ,13X2HGY12X3HDTP,1j,4HDTPP,iiX 

$4HDTCP) 
1007 FORMAT) 1H0, 24X1NW, 14X1HH, 13X2HNU, 13X2HTL ,12X3HDXP.12X3HOYP.13XLHUT 

$) 

1008 FORMAT(1H -/1H ,10X17HCALCULATEO VALUES /1H- ,22X3HOX(.12X3HDYC) 
1009 FORMAT(1H0,23X2HNP) 
1010 FORMAT(6F10.0) 
1011 FORMAT( 1H0 s21X4HOTVP,9X6HDELTAS.13X2H00) 
1012 FORMAT(2F10.0) 
1013 FORM AT(1H0,20X5HPLMIN,10X5HPLMAX) 

END 

SUBROUTINE BNDVEL 
COMMON/TVPOOL,'rMfN.XMAXsYMIN.YMAX+TXMIN+TXMAXTYMIN,TYMAX 
COMMON/TVGUIDE/TMODEsTEXT,ITV 
COMMON/TVFACT/FACT .. 

COMMON/TVTUNE/LPENLPEF,ITAL.IWINK,INTS,IRTsIUP 
COMMON OOsLOOsTNUX4.TNUY4 
COMMON DTVP,DELTAS+TVP 
COMMON M5K7,MSK8MKC7,MKC8.IMP7,1MP8s0V7.DV8 
COMMON AGXLsAGYH,DT,DTCP,DTP,DTPP.DXC.OXCD2,OXCSO.DYCsDYCD2.DYCSÙ+ 

S DXINsGX,GY,H+NI+NIMI.NJ.NJMI+NPNTP,NU,T,TCP,TL,TPTPP,WsL.DYtiJ 
COMMON KDDXYsDYX+NIP1,NJP1sTDXYsGXD.GYD.TNUX.TNUY.DX0Y2sDYDX2. 

$ OXY4sDYX4,ZR,ZDXRZDYRsGXTsGYT+DX4.DY4.MI.MOsUP,VP,XPsYP 
COMMON CSsDPsPSsR,U.V,XC,YC 
COMMON MSK(6),MKC(6)+IMP(6).DV(6) 
DIMENSION CS(25+100)0(25.100).P(25.100)+PS(3000).R(25,100), 

$ U(26.101)0V(26,101),XC(25)+YC(100) 
DIMENSION UP(3000),VP(30001.XP(30001.YP(3000) 
INTEGER CS,FLAG.PS 
REAL NU 
DO 126 J=1.NJ 
JM=J-1 
JP=J+1 
DO 126 I=1,NI 
IM=i-1 
TP=I+1 
TK1=1. 
TK2=1. 
K1=CSlIrJ).AND.MSK 



IF (K1.NE.2) GO TO 126 
100 K.5=CS(IcJ).AND.M5Kf5) 

K5=K5^DV(5) 
K7=C5Q1.J1.AND.MSK7 
K7=K7*DV7 
IF (K7.EQ.11 GO TO 117 
IF (K7.E0.2) GO TO 118 
IF (K7.E0.3) GO TO 108 
GO TO 109 

1C7 K43=CSlI.JM1.AND.MSK(4) 
K43=K43*DV(4) 
IF (K43.E0.2) GO TO 109 

108 J1=JP 
J2=JP 
GO TO 110 

109 J1=J 
J2=JM 

110 K2=CS(I.J).ANO.MSK121 
K2=K2*DV(2) 
GO TO (111.112.113.115.126).K2 

111 S=1. 
GO TO 116 

112 S=1. 
GO TO 116 

113 S=1. 
114 V(I.J1)=0. 

GO TO 116 
115 S=-1. 

GO TO 114 
116 U(IP.J)=S*U(IP.J2)*TK1 

U(I.J)=S*U(I.J2)*1.K2 
GO TO 126 

117 I1=IP 
I2=IP 
IF )14.5.E0.2) TK1=0. 
GO TO 119 

118 I1=I 
I2=IM 
IF (K5.E0.2) TK2=0. 

119 K2=CS(I.J).AND.MSK(2) 
K2=K2*DV(21 
GO TO I120.121.122.124.1261.K2 

120 S=-1. 
GO TO 125 

121 S=1. 
GO TO 125 

122 S=1. 
123 U(I1+J)=0. 

GO TO 125 
124 S=-1. 

GO TO 123 
125 V(I.JP)=5*V(I2.JP) 

VII.J)=5*V(12.J) 
IF (K5.E0.21 GO TO 107 

126 CONTINUE 
RETURN 
END 

SUBROUTINE OV2 
COMMON /TVPOOL /XMINsXMAX. YMIN .YMAX.TXMIN.TXMAX.TYMIN.TYMAX 

COMMON/TVGUIDE/TMODEeTEXT.ITV 
COMMON /TVFACT /FACT 
COMMON/TVTUNE/LPEN.LPEF.ITALsIWINKsINTS.IRT01UP 
COMMON 0O.LOO.TNUX4.TNUY4 
COMMON DTVPsDELTAS.TVP 
COMMON MSK7.MSK8eMKC7.MKC8.1MP7sIMP8sDV7vÜV8 
COMMON AGXL.AGYH.DT.DTCP0DTP.JTPPsDXC.DXCJ2s0XC5JVJYCvuYCJ2PùYC4v 

S OXIN.GX.GYsH.NIsNIM1.NJsNJM1.NP.NTPeNU.ToTCP.TL.TPsTPP.WaG.JYIN 
COMMON KD.DXYsDYX.NIP1sNJP1.TDXY9GXDsGYD.TNUX.TNUYsDX0Y2vDYDX2v 

S DXY4sDYX4sZR.ZDXRsZ0YRsGXTsGYT.DX4s0Y411MI.MusUP.VPsXPsYP 
COMMON CSsO.P.PSsRsU.VsXCsYC 
COMMON 45K(6).MKC(6)sIMP(6)sDV(6) 
DIMENSION CS(25.100)0(25.100).P(250100).PS(3000)vR(25v100). 

S U(26.101).V(26.101).XC(25).YC(100) 
DIMENSION UP130001.VP(30001.XP(3000)sYP(3000) 
INTEGER CSFLAG.PS 
REAL NU 
IF (KD.E0.2) GO TO 200 

99 IF IT .EO. O.) 100.101 
100 CALL 5G1 

GO TO 202 
200 CALL 5G2 

CALL SG3 
IF IKD.E0.11 GO TO 202 

201 WRITE (M0.1000) 
GO TO 110 

202 TP =DTP 
TPP=DTPP 
TCP =DTCP 
TVP=DTVP 
GO TO 109 

101 IF IT .GE. TP) 102.103 
102 CALL SG1 

TP=T +DTP 
103 IF (T .GE. TCP( 104,105 
104 CALL SG2 

TCP -T +DTCP 
105 IF (T.GE.TPP) 106.400 
106 CALL SG3 

TPP=T+DTPP - 

400 IF (T.GE.TVP1 401.107 
401 CALL PLOTV 

TVP=T+DTVP 
107 IF IT .GE. IL) 108.109 
108 KD=2 

GO TO 110 
109 T1=T 

T=T+DT 
CALL SECOND(X) 
WRITE (M0.1001) XsT1.T 

110 RETURN 
1000 FORMAT(1H1.41HABNORMAL STOP -- LOOK FUR ANOTHER MESSAGE) 
1001 FORMATI1H .10X.E10.317H SECONDS BETWEEN .F6.3.5H AND .F6.3) 

END 

SUBROUTINE SG1 
COMMON /TVPOOLJXMIN.XMAX. YMIN ,YMAX.TXMIN.TXMAX.TYMIN.TYMAX 
COMMON /TVGUIDE /TMODE.TEXT.ITV 
COMMON /TVFACT /FACT 
COMMON /TVTUNE/ LPEN .LPEF.ITAL.IWINK.INTS.IRT.IUP 



COMMON O0+LQO,TNUX4,TNUY4 
COMMON DTVP,DELTAS,TVP 
COMMON "íSK7sMSK8sMKC7sMKC9+IMP7eIMPBeDV79DV8 
COMMON AGXLeAGYHsi?T,OTCPDTPoDTPPsOXC,DXCO2+OXCSQo0YCsDYCD200YC60s 

!YXINcGXsGYsHsNIeNIM1eNJaNJM1eNPsNTPoNUsTsTCPsTLrTPsT,PPs+dsLsDYIN 
COMMON KD,DXYoDYXNIPIoNJP1sTOXY,GXDsGYD,TNUXsTNUY.DXDY2+0YDX2s 

DXY4,DYX4,ZR.ZDXR+ZOYRsGXT,GYTsDX4.0Y4sMIsMUsuP,VP.XP.YP 
COMMON CSoD+P,PSrRsUoV,XC,YC 
COMMON MSK(6).^?KC(6)9IMP(6),DV(61 
DIMENSION CS(25+100)sD(25.1001sP(25,100).PS(3000),R(25s1001s 

U(260.011sV(26,101).XC(25),YC(100) 
DIMENSION UP(3000).Vp(3000),XP(3000)+YP(3000) 
INTEGER CS,FLAG,PS 
REAL NU 
DIMENSION X82(18),Y82(18),XP1(3000).YP1(3000) 
COMMON KNBP,NBP2,X82oYd2 
COMMON NBP,X6(18),YB(18) 
TEXT=C. 
CALL TVPLOT(XB,YBsNBP1 
IF (KNBP.EQ.2) CALL TVPLOT(X8211Y32sN8P2) 
WRITE (98s1000) T 

CALL TVLTR(824..72.,0.31 
TEXT=1. 
1cOUNT=O 
DO 102 K=19NP 
KP=PS(K).AND,MSK 
IF (KP.EQ.3) GO TO 102 

101 1=XPlK1/DXC+2. 
J=YPlK1/DYC+2. 
K1=CS(I.JI.AND.NSK 
IF,lK1.E0.21 GO TO 102 
IF (k1.E0.1) GO TO 102 - 

KOUNT=KOUNT+1 
XP1(.KOUNT)=XP(K1 
YP1lK0UNTI=YP(K) 

102 CONTINUE 
CALL TVPLOT.(XP1,YP+_,KOUNT) 
CALL TVNEXT 
RETURN 

1000 FORMAT(4HT = ,F6.3) 
END 

SUBROUTINE SG2 
COMMON /TVPOOL /XMINsXMAX. YMIN ,YMAX.TXMIN,TXMAX,TYMIN,TYMAX 
COMMON /TVGUIDE /TMOOE,TEXT,ITV 
COMMON /TVFACT /FACT 
COMMON/ TVTUNE/ LPEN ,LPEF,ITAL,IWINK.INTS,IRTsIUP 
COMMON 00,LQO +TNUX4,TNUY4 
COMMON DTVP,DELTAS,TVP 
COMMON MSK7, MSK8 ,MKC7,MKC8+IMP.7,IMPS,DV7,DV$. 
COMMON AGXL,AGYH,DT,DTCP,DTP,DTPP, DXC ,DXCD2,DXCSQ,UYC,DYCO2,OYCS41+ 

$ DXIN. +NJ,NJM1+NP, NTP ,NU +T,TCP+TL,TP,TPP+W.L,DYIiN 

COMMON KD,OXY,DYX,NIP1 +NJP1, TDXY ,GXD,GYD.TNUX,TNUY +OX0Y2,DYDX2s 

$ OXY4+DYX4,ZR,ZOXR9ZDYR, GXTsGYT +DX4,OY4.MIMO,UP,VP,XP,YP 
COMMON CS+D +PPS+R,U,V,XC,YC 
COMMON MSK(6),MKC(61,IMP(6),DV(6) 
DIMENSION CS( 25+ 1OO), DI25 ,100),P1251001,P5(3000),R(25 +100). 

$ U(26 +1011 V(26,1011,XC(25),YC(100) 
DIMENSION UP13000 ),VP(3000) +XP(3000),YP(3000) 
INTEGER CS,FLAG,PS 

REAL NU 
LINE =0 
WRITE (M0+1000) T 

WRITE (M0,10011 
DO 104 J=2,NJM1 
JP=J+1 
DO 104 I=2,NIM1 
IP=I+1 
K1=CS(I,J).AND.MSK 
IF (K1.E0.4) GO TO 100 

IF (K1.NE.5) GO TO 101 
100 D(I,J)=(U(IP,J)-U(I,J)1/DXC+(V(I,JP)-V((+J)I/DYC 

GO TO 102 
101 DII+J1=0. 
102 U1=(U(IP,J1+U(IsJ)1*.5 

V1=1V(IsJP)+V(I,J))*.5 
WRITE (MO010021 I,J,XC(I).YC(J),.i1+V1sR(I,J1+P(I+J1sv(I+J),CS(i+Jl 
LI NE =LINE 
IF (LINE sEes 501 103,104 

103 LINE =O 
WRITE (M0s1003) 
WRITE (MC.10011 

104 CONTINUE - 

WRITE (M0,10041 T 

RETURN 
1000 FORMAT( 1H1+10X22HCELL PRINT FOR TIME _ +(--6.3/>/) 

1001 FORMAT( 114+. 123X2MCS /I14 .2X1HI,3X1HJ,12XIHX,14XiHY,i4XïHv,14X1HVs 
$14X1HR,12X3HPHI,14X1HOs9X8H87654321/) 

1002 FORMAT(1H s1X,120I4.3X0E15.6.3X,09) 
1003 FORMAT(1H1) 
1004 FORMAT(1H0120X36H***** END OF CELL PRINT FÜR TIME = sF6.3.7H *** 

$**///1 - 

END 

SUBROUTINE SG3 
COMMON/TVPOOL/XMINsXMAXsYMINsYMAX,TXMIN,TXMAXsTYMIN.TYMAX 
COMMON /TVGUIDE /TMODE.TEXT,ITV 
COMMON /TVFACT /FACT 
COMMON 
COMMON 00,L00+TNUX4.TNUY4 
COMMON DTVP,DELTAS,TVP 
COMMON MSK7,MSK8,MKC7,MKC8,IMP7sIMP8,OV7s-0V8 
COMMON AGXL+AGYH,DT0DTCP+DTP.DTPPsDXCsDXCD2+OXCSQ,DYCoDYCO2+DYCSO, 

$ DXIN,GXsGY+H,NI+NIMI+NJ,NJM1,NPsNTPsNUsTeTCP,TL.TP,T?PoW,Z,OYIN 
COMMON KD+OXY+OYX,NIP1sNJP1+TDXY+GXD+GYO,TNUX.TNUY+DXDY2sDYDX2, 

$ DXY4,DYX4s2RsZDXR+ZDYR+GXT0GYT.DX4,DY4sMI,MOsUP.VP+XP,YP 
COMMON CS+O,P,PS,R,U,V.XC+YC 
COMMON MSK(6),M,KC(6),IMP(6),DV(6) 
DIMENSION CS(25+1001.0(25,1001+P(25+100),PS(3000)sR(25s100)s 

$ U126.1O11+V126+1011.XC(251sYC(1001 
DIMENSION UP(30001.VP(3000)+XP(3000),YP(3000) 
INTEGER CS,FLAG.PS 
REAL NU 
LINE° 
WRITE (M0,10001 T 

WRITE (M0,10011 
DO 102 K=1,NP 
KP=PS/K).AND.MSK 
IF (KP.E0.31 GO TO 102 

100 WRITE (M0,10021 K,XP(K1+YP(KI,UPIK),VP(KI 

S 

S 



LINE= LINE +1 
IF (LINE .EO. 501 101.102 

101 LINE =O 
WRITE (M0.1003) 
WRITE (M0,1001) 

102 CONTINUE 
WRITE (M0.1004) T 

RETURN 
1330 FORMAT(1H1,10)(26HPARTICLE PRINT FOR TIME = 11F6.3///) 
1001 FORMATI1H +,83X2HPS /1H , 13X1HK ,14X1HX.14X1HY.14X1HU,14X1HV /) 
1032 FORMAT( IH .10X,14.5X114E15.6) 
1003 FORMAT( IH1) 
1004 FORMAT( 1HC,20)(40H * * * ** END OF PARTICLE PRINT FUR TIME = ,F6.3.7H 

S * * * * * / //) 

END 

SUBROUTINE PLOTV 
COMMON / TVPOOL/ XMIN, XMAX ,YMIN,YMAX,TXMIN+IXMAXsTYMIN +TYMAX 
COMMON /TVGUIDE /TMODE,TEXT +ITV 
COMMON /TVFACT /FACT 
COMMON /TVTUNE/ LPEN ,LPEFsITAL..IWINK,INTS,IRT,IUP 
COMMON 00.LOO+TNUX4,TNUY4 
COMMON DTVP,DELTAS,TVP 
COMMON MSK7, MSK8 ,MKC7,MKC8,IMP7,IMP8.DV7,DV8 
COMMON AGXL.AGYM.DT +DTCP.DTP+üTPP, DXC +DXCO2,DXCSü.DYC$OYCO2 +DYCSU, 

S OXIN,GXsGYsH,NI,NIMI +NJ+ NJMI,NP,NTPsNU, T,TCPsTL,TP+TPPsw+L+ÛYIN 
COMMON KD,DXY+DYX,NIPI.NJPI, TDXY ,GX0,GYD,TNUX,TNUY,DX0Y2,DY0X2+ 

S DXY4+DYX4,ZR,ZDXR,ZDYR, GXT ,GYT,DX4,DY4 +MI.MO,UP,VP,XP,YP 
COMMON CS,OsP.PS.R,U,V,XC.YC. 
COMMON MSK(6),MKC(6)sIMP16),DV(6) 
DIMENSION CS(25.100).,D(25, 100)+P(25,100),PSI30001,R125 +1001+ 

S U( 26 ,1.01)sV126,101),XC(25)+YC(1001 
DIMENSION_ UP( 3000 ),VP(30001 +XP(3000),YP(30001 
INTEGER CS,FLAG,PS 
REAL NU 
A =A 
RETURN 
END 

SUBROUTINE OV3 
COMMON /TVPOOL/ XMIN+ XMAX+ YMIN ,YMAX,TXMIN,TXMAXsTYMIN,TYMAX 
COMMON /TVGUIDE /TMODE,TEXT +ITV 
COMMON /TVFACT /FACT 
COMMON/ TVTUNE/ LPEN .LPEF,ITAL,iW1NK,INTS.IRT,IUP 
COMMON 0O.LOO +TNUX4sTNUY4 
COMMON DTVP,DELTAS,TVP 
COMMON MSK7, MSK8 .MKC7,MKC8.IMP7 +IMP8sDV7,0V8 
COMMON AGXL,AGYH,0T,DTCP,DTP,OTPP, DXC ,OXCO2,OXCSO,UYC +DYCD2,0YCSU, 

S DXIN,GX,GY,H,NI.NIM1,NJ, NJMI+ NP, NTP,NU,T,TCP +TL,TP,TPP,W.Z+OYIN 
COMMON KD,DXYsDYX,NIPI,NJP1, TDXY ,GXD.GYD,TNJX+TNUY +DXDY2,0YDX2+ 

S DXY4+DYX4,ZR.ZDXR,ZDYR+ GXT ,GYT,0X4.DY4+MI.MO,UP.VP.XP,YP 
COMMON CS.D,P,PS,R.U,V.XC,YC 
COMMON MSK(6),MKC16)+IMP(6).DV(6) 
DIMENSION CS(25, 100)+ D(25 +100),P(25,100),PS(3000)+R(25 +100)+ 

U) 26 ,101),V(26,101),XC(25),TC(100) 
DIMENSION UP( 3000 ) +VP(3000),XP(3000).YP(3000) 
INTEGER CS,FLAG,PS 
REAL MU 
CALL SG4 

IF (KD.E(3.2) GO TO 102 
100 CALL SG5 

IF (KD.E(3.2) GO TO 102 
101 CALL SG6 
102 RETURN 

END 

SUBROUTINE 5G4 
COMM.ON/'iVP00L/XMIN.XMAX.YMIN+Y(-0AX+TXMIN,TXMAX,TYirINsTYMAX 
COMMON/TVGUIDE/TMODEsTEXT,ITV 
COMMON/TVFACT/FACT 
COMMON:TVTUNE/LPEN,LPEF,ITALsI+:I K,INTS:IñT,IüP 
COMMON QOsLQOsTNUX4.TNUY4 
COMMON DTVP,DELTAS,TVP 
COMMON MSK7,MSK8sMKC7.MKC8,IMP7s1UV7.DV6 
COMMON AGXLsAGYH,OT.DTCPsOTPsDTPP+DXC,DXCC2rDXYC,DYCD2+DYCSÜs 

S DXIN,GX.GY,H.NIsNI)-i1+NJsNJMI+;NPsNT?+'U,TST[P.7L+TP+TPP,W+Z,DYíN 
COMMON KD,DXY,DYXsNLP1.NJP1sTDXY,GXDsGYD0TNi.X+T(<.:Y+DXDY2sDYOX2, 

S DXY4sDYX4,ZRsZDXRsZDYR,GXTsGYT,DX4,;;Y4,i?I.MU,UP+VP+XP+YP 
COMMON CS,D.P.PS+R,UsV+XC,YC 
COMMON MSK(6),MKC(6),IMP(6)+DV(6) 
DIMENSION CS(25,100)+D(25s100)sP(25s100)s25(3GC0),R(25.100). 

S U(26+101),V(26+101) sXC(25),YC( IL: ) 

DIMENSION UP(3000),VPI30001,XP(3000lsYP(3300) 
DIMENSION SU(251,100)+SV(25+10U)sNK(25s100) 
EQUIVALENCE (DsSU)sIR.SVI 
INTEGER CS+FLAG.PS 
REAL NU 
DO 114 K=1,NP 
KP=PS(K).ANO.MSK 
IF 1KP.EQ.3) GO TO 114 

100 I=XP(K)/DXC+2. 
J=YP(K)/DYC+2. 
IF IKP.E0.21 GO TO 103 
IF (KP.EQ.3) GO TO 114 

101 K1=CS(I.J).AND.MSK 
IF (K1.EQ.1) GO TO 102 
IF (K1.NE.2) GO TO 114 

102 P51K)=3.OR.(PS(K).AND.MKC) 
XP(K)=0. 
YP(1()=0. 
UP(K)=0. 
VP(K)=0. 
GO TO 114 

103 K2=CS(I.J).AND.MSK(2) 
K2=K2*DV(2) 
IF lK2.E(1.1) GO TO 114 

104 PS(K)=1.OR(PS(K)ANDMKC) 
DO 105 L=1,NP 
LP=PS(L).AND.MSK 
IF (LP .EO. 3) 106.105 

105 CONTINUE 
CALL NOAVLIIsJ) 
GO TO 114 

106 KB=PS(K).AND.MSK(2) 
KB=KB*DV(2) 
GO TO (107s108.111.110),KB 

107 XP(L)=XP'(K)-DXIN 
GO TO 109 

108 XPiLI=XP(K)+DXIN ON 
00 

6 



109 YPIL)=YPIKI 
GO TO 113 

110 DrIN 
GO TO 112 

111 YPIL)=YPIK)-DYIN 
112 XPfL1=XP(Kl 
113 P5(1.1=2.OR.IP5IL).AND.MKC1 
114 CONTINUE 

DO 700 J1.NJ 
DO 700 I=1.NI 

700 5U(I.J)=0. 
DO 701 J1.NJ 
DO 701 1=101I 

701 5V(I.J)=0. 
DO 702 J1.NJ 
DO 702 I1.NI 

702 NKII.JI=0 
DO 703 K=1.NP 
KP=PS(K).AND.MSK 
IF (KP.E0.3) GO TO 
I.XPIK)/DXC+2. 
JYP(K)/DYC+2. 
NK(.I.JI=NK(I.J)+1 
SUfI.J)=SU(I.JI+UPIKJ 
SVII.J1=SV(I.J)+VP(K) 

703 CONTINUE 
DO 135 J=2101JM1 
DO 135 I=2.NIM1 
K1=CS(!iJ).AND.MSK 
K11=C5(I+1.JI.AND.M5K 
K12CS(1-1.J1.AND.MSK 
K13.C5(IJ+1I.AND.MSK 
K14CSIIrJ-1).AND.MSK 
IF 1K1.E0.51 GO TO 126 
IF (K1.NE.3) GO TO 135 

115 P(IeJI=0. 
IF INK(I.J1.E0.0) GO TO 135 

116 CSfI.J115.OR.lCS(I.J).AND.MKC1 
K21.CS(I+1.J).AND.MSK12) 
K21=K21+DV(2) 
K22CSII-1.J1.ANO.MSKl21 
K22K2240V121 
K23=CSI1.J+11.AND.MSK(2) 
K23K234OV(21 
K24=CS(11J-1).AND.MSK(2) 
K24.K2440V(21 
IF (K11.E0.3) GO TO 118 

117 IF IK21.NE.21 GO TO 119 
118 U(1+1.J)=SU(1.J)/NK(l.Jl 
119 IF (K12.E0.31 GO TO 121 
120 IF (K22.NE.2) GO TO 122 
121 UfI.JI=SUII.J)/NKII.J1 
122 IF (K13.E0.3) GO TO 123 

IF IK23.NE.2) GO TO 124 
123 VII.J+11=SV(I.J)/NK(I.J1 
124 IF (K14.E0.11 GO TO 125 

IF IK24.NE.2) GO TO 135 
125 V(I.J)=5V(IeJ)/NK(I.J) 

GO TO 135 
126 IF (NK(I.JI.NE.OI GO TO 135 
127 CS( I.J)=3.0R. ICS) IeJ).AND.MKC) 

P(I.J)=0. 
IF (K11.NE.31 GO TO 129 

128 UII+1.J140. 
129 IF IK12.NE.3) GO TO 131 
130 U(I.J).0. 
131 IF (K13.NE.31 GO TO 133 
132 V1I.J+1140. 
133 IF (K14.N£.3) GO TO 135 
134 V(I.J1=0. 
135 CONTINUE 

DO 156 J02.NJM1 
DO 156 I20N1M1 
IF (NKII.J).E0.0) GO TO 156 

136 K11.CS(I+1.JI.AND.MSK 
K124C5(I-1.J).AND.MSK 
K13C5(I.J+1I.ANO.MSK 
K14=CSII.J-II.AND.MSK 
XI.CSII.JI.ANO.MSK 
IF (K1.NE.4) GO TO 142 

703 137 IF 1K11.EO.31 GO TO 141 
138 IF-IK12.E0.31 GO TO 141 
139 IF (K13.E0.31 GO TO 141 
140 IF 1K14.NE.3) GO TO 156 
141 CS(I.J1.5.0R.(CSl1.J)+AND.MKC) 

P(/.J10. 
GO TO 156 

142 P(I.J140. 
IF IKI.NE.S) GO TO 156 

143 SPsO. 
ANPsO. 
IF (K11.E0.3) GO TO 156 

144 IF 1K11+E0.4) GO TO 151 
145 IF LK12.EO.3) GOTO 156 
146 1F iK12.E0441 GO TO 152 
147 IF 16.13.Ep.31 GO TO 156 
146 IF tK13.E0.41 GO TO 153 
149 IF (K14.E0.3) GO TO 156 
150 IF 1K14.E0.4) GO TO 154 

GO TO ISS 
151 SP.SP+P(I+111J) 

ANP.ANP+1. 
GO TO 145 

152 SP.SP+PII-1J) 
ANPANP+1. 
GO TO 147 

153 SP.SP+PII.J+1) 
ANPANP+1. 
GO TO 149 

154 SP4SP+PII.J-1) 
ANP.ANP+1. 

155 CSI I.J)4.OR.(CSIL *JI .AND.MKC1 
IF (ANP .EO. 0.1 1560300 

300 P(I.JISP/ANP 
156 CONTINUE 

CALL VELSUR 
00 200 J4201JM1 
JMJ-1 
JP.J+1 
00 200 I=2.NIM1 
IM.I-1 
1P.I+1 



K1=CS(I,JI.ANO.MSK 
IF (K1.NE.5) GO TO 200 
KI1=CSIIM.JI.AND.MSK 
K12=CS(IP.JI.AND.MSK 
K13.CSIIeJM1eAND.MSK 
K14CS1I+JPI.AND.MSK 
IF (K11.EQ.3AND.K12.NE.3.AND.K13.NE.3.ANU.K14.NE.37 GO TO 157 
IF IK11.NE.3.AND.K12.E0e3.AND.KI3.NE.3.AND.KI4.NE.3l GU TO 157 
IF (K11.NE.3.AND.[12.NE.3eAND.KI3.EQ.3.ANJ.KI4.NE.5) GO TO 150 
IF (K11.NE.3.ANU.K12.NEe3.ANU.K13.Nm.3.ANU.KI4.EQ.3) Gü TU 17d 
IF IK12.E0.3.AND.KI4.EQ.3.AND.KII.NE.3.ANJ.K13.NE.3) GU-TU 159 
IF (1C12.EO.3.AND.K13.cQ.3.AND.KII.NE.3.ANU.KI4.NE.31 GU TO 160 
IF (K11eE0.3.AND.K13.E0.3.AND.KI2.NE.3.ANU.KI4.NE.31 GO TO 161 
IF (K11.E0.3.AND.K14.E0.3eAND.KI2.NE.3.ANU.KI3.NE.3) GU TO 162 
P( 1.J10. 
GO TO 200 

157 P1I,J1TNUX+IU(IP.J1-UtI+J)1 
GO TO 200 

158 PlI.J1TNUYrIV(I+JP)-VII.Ji) 
GO TO 200 

159 PII,J)=TNUY4+(U(IsJ)+U(IP,J)-U(I.JM1-U(IP,JM))+TNUX4+(Vl2.JP)+ 
S V(I,J1-V(IMsJP)-VIIM,J)1 
GO TO 200 

160 P(I,J).-TNUY4+(U(IP,JP)+UtI.JP')-UIIP,..31-UtI+J1)-TNUX4+tVlI,JP)+- 
S V(I,JI-VIIM,JPI-V(IM,JID 
GO TO 200 

161 P(IsJI.TNUY4w(UIIP,JP)+U(I+JP)'?UlIP,J)-UI;,JII+TNUY4*(VIIP,JP)+ 
S V(IP,J)-V(I,JPI-VCf+J)t1 
GO TO 200 

162 PII.J).-TNUY4+(UII+J)+U(IP.JI-IF(I+JM1-UlIP,JM1)-TNUX4+(V(1P,JP)+ 
S Vf1P,J)-V(I,JPI-VII,JII 

200 CONTINUE 
163 DO 166 J=2,NJM1 

DO 166 I=2.N1M1 
K1=C511.J1.AND.MSK 
IF lK1.E0.4) GO TO 164 
IF (K1.NE.5) GO TO 166 

164 DII,J)1U(1+1.J)-U(I,J)1/DXC+IVII.J+1)-V(I.J))/DYC 
166 CONTINUE 

RETURN 
END 

SUBROUTINE NOAVL(I,J1 
COMMON/TVPOOL/XMINrXMAX.YMIN+YMAX.TXMIN,TXMAX,TYMIN,TYMAX 
COMMON /TVGUIDE /TMODE.TEXT,ITV 
COMMON/TVFACT/FACT 
COMMON/ TVTUNE/ LPEN ,LPEF,I1AL,IWINK,INTS,IRT,IUP 
COMMON QOrLOO+TNUX4TNUY4 
COMMON DTVP,DELTAS.TVP 
COMMON MSK7sMSKBsMKC7sMKC8sIMP7,LMP8,OV7,OV8 
COMMON AGXL,AGYH,DTsDTCPsDTPsDTPP,DXC+OXCD2,DXCSQsOYC,DYCO2,DYCSQ. 

S DXIN.GXGYsHNL,NIMI,NJNJM1,NP,NTP,NU,T,T[P,TL,TPsTPPsW,L,pY1N 
COMMON KO,OXY.DYXsNIP1+NJP1,TDXY,GXO,GYD,TNUX,TNUY,DXOY2.DYDX2+ 

S DXY4+DYX4,ZR.ZDXR,ZDYR+GXTGYT.DX4.0Y4,M1,MO,UP,VP.XP,YP 
COMMON CS,DsP,PS.R,U,V,XC,YC 
COMMON M5K(61,MKC(6),IMPt61.OV(6F 
DIMENSION C5(25+100),D(25.100)+P125+1001+PS(3000).Rt25,100). 

S U(26,1011+V(26,101),XC125),YCI1001 
DIMENSION UPP30001.VP(30001,XP13000),YPt3000) 
INTEGER CSrFLAG.PS 

WRITEN(M0.1000) T.1.J 
RETURN 

1000 FORMAT(1H .10X4OHNO PARTICLE STORAGE AVAILABLE AT TIME _ ,F6.3,41, 
E -- CANNOT CREATE PARTICLE FOR IN CELL 13,1Ms.12( 
END 

SUBROUTINE VELSUR 
COMMON/TVPOOL/XMIN.XMAX.YMIN,YMAX.TXMIN.TXMAX,TYMIN.TYMAX 
COMMON/TVGUIDE/TMDDE.TEXT.ITV 
COMMON/TVFACT/FACT 
COMMON/TVTUNE/LPEN.LPEF,1TALs1'WINK,INTS+IRT.IoP 
COMMON O0.L00sTNUX4.TNUY4 
COMMON DTVP,DELTAS.TVP 
COMMON M5K7.MSK8.MKC7.MKC8,IMP7.IMP8+DV7+0V8 
COMMON AGXL.AGYH+DT.DTCP.DTPsDTPP.DXC,DXCD2,DXCSQ.UYC+DYCO2,OYCSQ, 

S DXIN.GX.4Y,H.NI.NIML.NJ+NJM1,NP.NTP.NU.T.TCP,TL.TP,IPP,d,L.DYLN 
COMMON KD,DXY .DYX,NIPI.NJP1,TDXY.GXD,GYD,TNUX,TNUY,DXDY2,DYDX2s 

$ DXY4.DYX4.ZR.ZOXR.ZDYR.GXTsGYT,DX4.0Y4.MI,MU.UP+VP+AP.YP 
COMMON CS..D.P.PSRsU+.V,XC,YC 
COMMON MSK(61,MKC(6),IMP(6),0V(61 
DIMENSION C5(25,100)+D(25+100).P(25s100).PS130G0)+R(25,1001. 

S U126s1011.V126,1011.XCI251+YC(100) 
DIMENSION UP130001.VP(3000).XP13000)sYP(30001 
INTEGER CS'.FLAG.PS 
REAL NU 
DO 108 J=2.NJM1 
00 108 142.NLM1 
K1=CS(I.JI.AND.MSK 
K11=CS(I+1.JI.AND.MSK 
K12=CS(I-1.J1.ANO.MSK 
K13=CSII.J+1).AND.MSK 
K14=CSII.J-1).AND.MSK 
IF IK1.N£51 GO TO 208 
IF (K11.E0.2.OR.K12.E0.2.OR.KI3.EQ.2.OR.K14.G8.2) G'v TG 100 
IF (K11.E0.3.AND.K12.NE.3.AND.K13.NE.3.ANU.K14.NE.31 Gü TU 104 
IF (K12.E0.3.AND.K11.NE.3.AND.K13.NE.3.ANU.K14.NE.3) GO TO 105 
IF (K13.E0.3.AND.K11.NE.3.AND.K12.NE.3.AN0.K14.NE.3) GO TO 106 
IF tK14.NE.3.OR.K1i.E0.3.OR.K12.E0.3.OR.KI3.EJ.31 GO TO 108 
V(1,J).V(I.J+11+lüLl+1.J)-U(I.J17+DYJ( 
GO TO 108 

104 U(1+1,J)U11,J1+tV/I,J1-Vti+J+11)40X1 
GO TO 108 

105 UII.J1iJ11+1.J)4.1V1I.J+1)-VlI,J114i0XY 
GO TO 108 

106 V(i.J+1)V(1,J)+(UII.J)-U(I+1,J)1DYX 
108 CONTINUE 

RETURN 
END 

SUBROUTINE SG5 
COMMON/TVPOOL/XMIN.XMAX,YMIN,YMAX,TXMINsTXMAXsTYMIN.TYMAX 
COMMON /TVGUIDE /TMODE,TEXT,ITV 
COMMON /TVFACT /FACT 
COMMON/TVTUNE/LPEN.LPEF.ITAL,IWINK,INTS.LRT.IUP 
COMMON 00sL0011TNUX4,TNUY4 
COMMON DTVP.DELTAS.TVP 
COMMON MSKTMSiC8,MKC7,MKC8+1MP7,IMP8,OV7,OV8 
COMMON AGXL.AGYHDT,DTCPsDTP+DTPP,DXC,OXCD2,0)(CSU+JYC.DYCD2+0YC6r 

v o 

., 

' 

-s, 

'' 

..... 

. 



f DXIN.GX.GY.H.NI.NIM1.NJeNJM1.NP.NTP.NU.T.TCP.TL.TP.TPP.:J.Z.DY1N 
COMMON KD.OXY.DYX.NIPI.NJPI.TDXY.GXD.GYD.TNUX.TNUY.DXDY2.DYDX2 

S DXY4.DYX4.ZR.ZDXR.ZOYR.GXT.GYT.OX4.0Y4.M(.MO.UP6VP.XP.YP 
COMMON CS.D.P.PS.R.U.VsXC.YC 
COMMON MSKl6)0KC(6),IMPl61.DV(61 
DIMENSION CS(25.100).O(25.100).P(25s100)+PSt3000).Rt25.100). 

f U126.1011.V126.101).XC(25).YC(1001 
DIMENSION UPt3000).VPI30001XPI30001.YP13000) 
INTEGER CS.FLAG.PS 
REAL NU 
DIMENSION P1125.100).U1(26.1011.V1t26s101) 
INTEGER COUNT 
IF IT.NE.DT) GO TO 99 
DO 98 J=1sNJ91 
DO 98 I=10IP1 
U1(I.J1=0. 

98 V11I.J)=0. 
99 SR=O. 

DO 150 J=2.NJ*11 
JM=J-1 
JP=J+1 

DO 150 1=2.N1M1 
IM=I-1 
IP=I+1 
KI=CSII.Jd.AND.MSK 
IF 1K1NE.41 GO TO 150 

100 S1=0. 
52=0. 
51=0. 
54=0. 
55=0. 
K51=CS(tPsJ).AND.MSK(5) 
K51=K51*DV15) 
IF (K51.E0.11 GO TO 104 

101 K41=CSIIP.JPI.AND.MSK(41 
K41=K41*DV14) 
IF IK41.E0.1) GO TO 103 

102 52=52-UIIPsJP)/DXC 
GO TO 104 

103 52=52-UIIP.JM)/DXC 
104 K52=CS(IM.JI.ANO.MSK(51 

K52=K52*DVtS) 
IF (102.E0.1) GO TO 106 

105 K42=CSIIM.JP).AND.MSKt41 
K42=K42*DVl4) 
IF (K42.E0.1) GO TO 107 

106 52=S2+UII.JP)/OXC 
GO TO 108 

107 52=52+U(I.JM1/DXC 
108 K51=CSII.JP).ANOMSK(5) 

K53=K53*DVt51 
IF IK53.E0.11 GO TO 112 

109 K41=CSlIP.JPI.AND.MSKl41 
K43=K43*DVt4) 
IF (K43.E0.11 GO TO 111 

110 $1=51-V(IP.JP1/UYC 
GO TO 112 

111 51=51-V(IM.JP)/DYC 
112 K54=CS(I.JMI.AND.MSK151 

K54=K54*DV151 
IF 1K54E0.11 GO TO 116 

113 K44=C.SI4P.JMI.AND.MSK14) 
K44=K444DV(4) 
IF (K44.E0.1) GO TO 115 

114 51=S1+VIIP.J1/DYC 
GO TO 116 

115 S1=S1+VIIM.J1/DYC 
116 K4=C51I.J)ANDMSKl41 

K4=K4*OV141 
IF 1K4.E0.21 GO TO 133 

117 K55=CSIIP.JM).AND.MSK(51 
K55=Ki5*DV151 
IF tK55.E0.11 GO TO 121 

118 K21=C5(IP.JM).ANDMSKI21 
K21=K21*DV(21 
IF tK21.NE.31 GO TO 120 

119 SI=S1-V(I.J1/DYC 
52=52+U(IP.J1/DX.: 
GO TO 121 

120 51=51+V1I.J1!DYC 
52=S2-U(10.J)/DXC 

121 K56=CSIIM.JMJ..ANU.,MSK(5) 
K56=K56*DV151 
IF (K56.E0.1) GC 10 125 

122 K22=CS(IM.JMI.AND.MSK(2) 
K22=K22*DV(2) 
IF (K22.NE.3) GO TO 124 

121 S1=SI-VtI.J1/DYC 
52=52-'J(7.J1/DXC 
GO TO 125 

124 51=51+VII.J)/DYC 
52=52+11l1.J)/DXC 

125 K57=CS(IP.JPI.AND.MSK(51 
K57=K57*DV151 
IF IK57.E0.11 GO TO 129 

126 K23=CSl1P.JP1AND.MSK12) 
K23=K23*DVl2) 
IF tK23.NE.3) GO TO 126 

127 51=51+V(I.JpI/DYC 
52=52+U(IP.J)/DXC 
GO TO 129 

128 51=51-V11.JP)/DYC 
i2=52-U(IP.J1/DXC 

129 K58=CSIIM.JPI.AND.MSKtS) 
K58=K58*DV151 
IF 1K58.E0.11 GO TO 133 

130 K24=CS(iM.JP).ANO.MSK(2) 
K24=K24*0V(2) 
IF IK24.NE.31 GO TO 132 

131 51=51+V(I.JP)/DYC 
52=52-U(I.JI/DXC 
GO TO 133 

132 51=51-V11.JP)/DYC 
52=52+1iILsJ)/DXC 

133 T1=(UIIP.JI+U(I.J))*.5 
UIJ=T1*T1 
T2=IVIt.JPi+VIt.Jll+.5 
VIJ=T2*12 
K11=CSIIP.JI.AND.MSK 
IF (K11.E0.2) GO TO 135 

134 SI=51+D1IP.J)-DII.JI 
T3=1U(I+2.JI+UtIP.J)1*.5 

. 



53=53+T3*T3-U1J 
135 K12=C511M0J1.AND.M5K 

IF (K12.E0.2) GO TO 137 
136 51=51+D(IM,J)-D(!,J) 

T4=(1)(I0J)+U(IM.J)1*.5 
S3=53+T4*T4-UIJ 

137 51=51/DXC50 
53=53/OXCSQ 
K13=CStI.JP).AND.MSK 
IF (K13.E0.21 GO TO 139 

'38 52=52+D(I,JP)-DII.J) 
T5=(V(I0J+2)+VII,JP))*.5 
54=54+T5*T5-VIJ 

139 K14=CS(I0JM).ANDMSK 
IF (K14.E0.2) GO TO 141 

140 52=52+D(I.JM)-D(I.J) 
T6=1V(I,J)+V(I.JM))*.5 
54=S4+T6*T6-V1J 

141 52=52/DYC50 
54=54/DYC$Q 
51=-NU*(51+52) 
52=S3+54 
K6=C5(I0J).AND.M5K(6) 
K6=K6*DV(6) 
IF (K6.E0.2) GO TO 143 

142 55=tU(IP,J)+U(1PJP))*(V(I.JP)+V(IP,JP)1 
143 K61=C5(IM.JM).AND.MSK(6) 

K61=K61*DV161 
IF (K61.EQ.2) -GO TO 145 

144 55=55+(U(1,J)+U(I1JM)1*(V(I,J)+V(IM,J)) 
145 K62=CS(I.JM) .AND.M5K(6) 

K62=K62*DVt61 
IF (K62.E0.2) GO TO 147 

146 55=55-(U(IP.J)+U(IP,JM))*1VtI,J1+V(IP,J11 
147K63=C$(IM0J).AND.MSK(6) 

K63=K63*OV(6) 
IF (K63.E0.2) GO TO 149 

148 55=55-(U(I,J)+U(I.JP))*(VllM.JP)+V(I,JP)1 
149 RII.JI=51+52+55*TDXY-D(I.J)/DT 

SR=SR+ABS(Rti,J)) 
150 CONTINUE 

IF (00.E0.0.) GO TO 496 
0=00 
GO TO 497 

496 0=1. 
497 L0=L00 

DO 151 J=10NJ 
DO 151 I=1.N1 

151 P1(I.JI=PII,J1 
COUNT=O 

152 IF (COUNT .EO. 4000) 4980499 
498 WRITE (M0.1002) .CONMA%.T 

GO T0 501 
499 IF (COUNT .GT. 4999) 5000501 
500 KD=2 

WRITE (M001001) T.CONMAX 
RETURN 

501 CONMAX=0. 
KF=1 
DO 182 L=1.10 
COUNT=COUNT+1 

REM=O. 
DO 181 J=20NJM1 
JM =J-1 
JP=J+1 
DO 181 1=2.NIM1 
IM=1-1 
IP=I+1 
K1=C5(I.JI.AND.MSK 
IF (K1.NE.4) GO TO 1131 

154 K4=C5(I0J)+AND.M$K(4) 
K4=K4*DV141 
IF (K4.E0.1) GO TO 179 

155 K11=CSII.JPI.AND.MSK 
IF (K11.NE.2) GO TO 161 

156 K21=CSII.JP).AND.MSK(2) 
K21=K21*DV12) 
GO TO (700.160.159,157,181).K21 

700 P1(I,JP)=P1(I.J)+GYD+DYDX2*(V(IP.JP)+V(IM,JP)-2.AVl1.JP1 ) 
GO TO 161 

157 P1(I.JP)=P1(I,J)+GYD+IV(I,J)-V(I.JP))*TNUY 
K31=C$(I,JP).AND.MSK(3) 
K31=K31*DV(3) 
IF (K31.E0.1) GO TO 161 

158 P1(I,JP1=P1(10JP)-lV(IP.JP)+V(IM.JP))*DYDX2 . 

GO TO 161 
159 P1(I.JP)=P1(I.J)+GYD 

GO TO 161 
160 P1(I.JP)=P1(I,J)+1IUl1.JI+U(I.JP)1*(V(lM,JP)+V((,JP))-(J((P,J)+ 

5 U/IP.JP11*(V(I,JP)+V(lP,JP))1*DYX4 
161 K12=C5(I,JM).AND.MSK 

IF (K12.NE.2) GO TO 167 
162 K22=CS(1,JM)ANOMSK(2) 

K22=K22*DV(21 
GO TO (163,166,165.163,181).K22 

163 P1(1.JMI=P1(I.J)-GYD-(V(I.JPI-VLI.J11*TNUY 
K32=CS(I.JM).AND.MSK131 
K32=K32*DV131 
IF 1K32.E0.1) GO TO 167 

164 P1(I,JM)=P1(I,JM)+(VtIP.JI+V(IM.J11*DYDX2 
GO TO 167 

165 P1(I.JM)=P1(I,J1-GYD 
GO TO 167 

166 P1(I,J).11=P11I.JI-((U(1,J)+U(I,JM)}*(V(1,J)+VtIM,J))-(Ui1P.J)+ 
E UtIP,JM1l*(VIIP.J)+V(1.J)1)*DYX4 

167 K13=CS(IP,J).AND.MSK 
IF (K13.NE.21 GO TO 173 

168 K23=CS(IP.J).AND.MSK(2) 
K23=K23*DV:12 ) 
GO TO (169,172.171s1691181).K23 

169 P1(1P.J1=1,1110J1+GKD+(U(1,J)-U(IP.J))*TNIrX 
K33=CS(IP,J).ANO.MSK(3) 
K33=K33*DV131 
IF (K33.E0.11 GO TO 173 

170 P1(IP.J)=P1(IP,JI-IU(IP.JP)+UIIP.JMl1*DXDY2 
GO TO 173 

171 P1(lP.J)=P1(I,J)+GXO 
GO TO 173 

172 P1(IP,J)=P1(I.J)+I(UIIP.:1)+U(IP.JM1)*lV(IP,J1+V(IJ))-(U(IPeJ)+ 
E U(IP.JP)1*(VII.JP)+VIIP,JP71)*DXY4 

173 K14=C5(IM.J).ANO.MSK 
IF (K14.NE.2) GO TO 179 

' 



174 K24=CS(IM.J).AND.MSKI2) K52=C5(I.JR).AND.MSK(5) 
K24=K24*DVI2) K52=K52*DV(5) 
GC TO (175,178,177,175,181).K24 K53=CS(IP,JM).AND.MSK)51 

175 P1(IM,J)=PI(I,J)-GXD-IU(IP,J)-01I.Jii*TNVX K53=K53*DV(5) 
K34=CSIIM,JI.AND.MSKl31 K54=CS(I.JM).ANJ.IdSKl5) 
K34=K34*DV(3) K54=K54*DV(5) 
IF (K34.E0.1) GO TO 179 K55=CS(IP,J).AND.:45K(5) 

176 P1(IM,J)=P1(IM,J)+lU(I,JP)+U(I,JM))*DXDY2 K55=K55*DV(5) 
GO TO 179 K56=C5(L'<,J).AND.MSK(5i 

177 P1(lM9J)=P1(I,J)-GXD K56=K56*DV(5) 
GO TO 179 K57=C5(IM.JP).ANU."?SK(5) 

178 P1(1M.J)=P1(I,J)-((U(I,J)+U(I,JM))*(VII,J)+VIIM,J11-(UII,J)+ K57=K57*DVI5) 
S U(1,JP)1*(VIIM,JP)+V(I,JP)I)*DXY4 K6=CSII1J).ANJ.MS<.I6I 

179 RES=(P1(IP,J)+P1(IM.J))*ZOXR+(P1(I,JP)+PI(I,JM11*ZDYR+R(I,J)*Zk- K6=K6*DV(6) 
E P1(I1)J1 K1=CSIi,J1.AN0.'JSK 
P1(I,J)=P111,J1+O*RES IF (KJ.E0.4) GO TO 155 
REM=AMAX1(ABS(RES),REM) IF (K1.NE.5) GO T 253 
IF (L.E0.9) RES1=REM IF (K11.NE.3) GO TO 500 
IF (L .EO. 101 180,181 V(I+1.J+1)=V(I.J+1) 

180 CONIJ=ABS(P1(I,J1-P(I,J))/(ABS(P11I.J1)+ABS(PII,J))+IUI1P,4I V(I+19JI=V(I1J) 
S +UlI,J1)*(U(IP,J)+U(I,J))*.25+(V(i,JP)+V(I,J)1*(VII,JP) 600 IF (K14.NE.31 GO TO 501 
S +V(I,J))*.25+AGYH+AGXL) VlI-1+J+11=VII9J+1) 
CONMAX=AMAX1(CONMAX.CONIJ) 

181 CONTINUE 
182 CONTINUE 

DO 181 J=1,NJ 
DO 183 I=1.NI 

183 P(I,J)=P1(19J) 
IF (CONMAX.LT.2.E-4) GO TO 184 
IF (LO.E0.01 GO TO 152 
0=2./(1.+SORT(1.-REM/RES1)) 
LO=O 
GO TO 152 

184 WRITE (M0,1000) COUNT,T,O 
DO 258 J=2.NJM1 
JM=J-1 
Jp=J+1 
DO 258 1=2,NIM1 
IM=I-1 
IP=I+1 
K11=CS(IP,JI.AND.MSK 
K12=CS(I,JP).AND.MSK 
K13=CSlIP,JPI.AND.MSK 
K14=CS(IM,J).ANO.¢1SK 
K15=CS( I,JM).AND.MSK 
K21=CSIIP,JP).AND.MSK(2) 
K21=K21*DV(2) 
K22=C6(I,JP).AND.MSK(2) 
K22=K22*DV(2) 
K23=CSIIP,JMI.AND.MSKI2) 
K23=K23*DV(2) 
K24=CS1I,JM).AND.MSKl2) 
K24=1(24*DV ( 2) 
K25=C511P.J).AND.MSK(2) 
K25=K25*DV(2) 
K26=CS(IM,J).AND.MSK(2) 
K26=K26*DV(2) 
K27=CS(IM9JP).AND.MSK(2) 
K27=K27*OV(2) 
K51=CS(IP,JP1.AND.MSK15) 
K51=K51*DV(51 

V(I-1,J)=V(I,J) 
601 IF (K12.NE.3) GO TO 632 

U(i,J+1)=tJ(I,JI 
U(1+1,J+1)=U(I+1,J) 

602 IF (K15.NE.3) "v0 TO 165 
U(I,J-1)=U(19J) 
U(I+1.J-i)=UlI+1,,i 

185 IF (K11.E0.2) GO TO 167 
IF (K11.NE.3) GO 188 

196 U1(IP,J1=U(I)1,J)+'SX7 
GO TO 221 

187 T1(IP,J)=U(IP,J) 
GO TO 221 

188 IF (U(IP,JP1.9E0.O.) 189,198 
189 IF (K21.NE.4) GO TO 191 
190 IF (K51.E0.2) GO TO 193 
191 IF (K22.NE.4) GO TO 194 
192 IF IK52.E0.11 GO TO 194 
193 UP1=-U(IP,JI 

GO TO 202 
194 IF (K21.NE.31 GO TO 196 
195 IF (K51.E0.2) GO TO 201 
196 IF (K22.NE.31 GO TO 198 
197 IF (K52.E0.2) GO TO 201 
198 IF (K12.NE.3) GO TO 200 
199 IF (K13.E0.3) GO TO 201 

200 UP1=UlIP,JPi 
GO TO 202 

201 UPI=U(IP,J) 
202 IF (U(IP.JM) .EO. O.) 2039212 
203 IF (K23.NE.4) GO TO 205 
204 IF (K53.E0.2) GO TO 207 
205 IF.lK24.NE.4) GO TO 208 
206 IF (K54.E0.1) GO TO 208 
207 UM=-U(IP,J1 

GO TO 216 
208 IF (K23.NE.31 GO TO 210 
209 IF (K53.E0.2) GO TO 215 
210 IF (K24.NE.31 GO TO 212 

T; 



211 IF IK54.E0.21 GO TO 215 
212 K14=CSII,JM).ANDMS1( 

IF 1K14.NE.31 GO TO 214 
213 K15=C5(IP,JMI.ANO.M5K 

IF (1(15.E0.31 GO TO 215 
214 UM=UIIPsJM) 

GO TO 216 
215 UM=U(IP0J1 
216 51=NU*(1U(I+2,J)+UII0JI-2.*UIIP,J1)/OXCS0+(UP1+UM-2*U1IP,J1) 

E /OYCS01+(P(I0J)-P(IP+J))/DXC+GX 
52=0. 
IF IK6.E0.2) GO TO 218 

217 52=-(UIlP,J)+U(IPsJP)1*(V(IsJP)+V(IPsJP)1*.25 
218 K61=CS(I11JM).AND.M5K(6) 

K61=K61*DV(61 
IF (K61.E0.2) GO TO 220 

219 52=52+1UlIPsJI+U(IP,JM1)*(VIIPsJ)+V(IsJl)*.25 
220 T6=U(IP,J)+U(I0J) 

T7=U(1+2+J)+U(IP,JI 
U1(IP,J/=UIIP,JI+DT*151+52/DYC+(T6*T6-T7*T71*DX4) 

221 IF (K12.NE.3) GO TO 223 
222 V1(I0JP)=V(IsJPI+GYT 

GO TO 258 
223 IF (K12NE.2) GO TO 225 
224 V1(I.JP)=VIIsJPI 

GO TO 258 
225 IF (V(IPOJP) .EO. 0.1 2260235 
226 IF (K21.NE.41 GO TO 228 
227 IF (K51E0.21 GO TO 230 
228 IF (K25NE.4) GO TO 231 
229 IF (K55.E0.1) GO TO 231 
230 VP1=-V(IsJPI 

GO TO 239 
231 IF (1(21.NE3) GO TO 233 
232 IF (K51.E0.21 G0 TO 238 
233 IF IK25.NE.3) GO TO 235 
234 IF (K55.E0.2) GO TO 238 
235 IF (K11.NE.3) GO TO 237 
236 IF (K13.E0.31 GO TO 238 
237 VP1=V(IP0JP) 

GO TO 239 
238 VP1=VlI,JPI 
239 IF (V(IMsJP) .EO. 0.) 2400249 
240 IF (K26.NE.4) GO TO 242 
241 IF (K56.E0.21 GO TO 244 
242 IF (K27.NE.4) GO TO 245 
243 IF 1K57E0.1) GO TO 245 
244 VM=-V( I sJP 1 

GO 70 253 
245 IF (K26.NE.3) GO TO 247 
246 IF 1K56.E0.21 GO TO 252 
247 IF (K27.NE.31 GO TO 249 
248 IF (1(57.E0.21 GO TO 252 
249 K16=CS(IM0J1.AND.MSK 

IF (K16.NE.3) GO TO 251 
253 +f17=CSIIM,JP).AND.MSK 

IF (K17.E03) GO TO 252 
251 VM=V(IM.JPI 

GO TO 253 
252 VM=V(I,JP) 
253 S1=NU*i (VI I.J+2)+V(IOJ)-2.*V(IsJP))/DYCSO+IVP1+VM-2.*VIIsJP)1 

5 /0XC5Q1+(P(I.J)-P(I,JP))/DYC+GY 
52=0. 
IF (K6EQ.21 GO TO 255 

254 52=-(U(IPsJI+U(IP+JP11*(V(I,JPI+v(IPsJP11*.25 
255 K62=CSIIM0J1.AND.M5K(61 

K62=1C62*DV(6S 
IF (K62.E0.2) GO TO 257 

256 52=52+(U(I0J1+UlIsJP)1*(V(IM,JPI+VIIsJPI)*.25 
257 T6=V(IsJP)+V(I,J) 

T7=V(IsJ+2F+V1IsJP) 
V1II,JP)=VIIsJP)+DT*(51+52/DXC+(76*T6-T7*77)*DY41 

258 CONTINUE 
DO 271 J=20NJM1 
JP=J+1 
DO 271 I=2.NIM1 
IP=I+1 
K1=C5lIsJ1AND.MSK 
IF tK1.E0.5) GO TO 263 
IF IK1NE.2) GO TO 271 

259 K41=C5(IP.JI.ANDMSK(4) 
K41=X41*DV(41 
IF (K41.E0.11. GO TO 261 

260 U1(1PsJ)=U(IP,J) 
261 K42=C5Ii,JP1.AND.MSK(4) 

1042=K42*DV(4) 
IF 1K42E0.11 GO TO 271 

262 V1(I.JPI=V(I.JP1 
GO TO 271 

263 K11=C5(I-1.J).AND.MSK 
IF (K11.NE.3) GO TO 265 

264 U1(I0J)=U1(IPsJ) 
GO TO 267 

265 K12=C5(IP,JIANDMSK 
IF (K12.NE.31 GO TO 267 

266 Ul(IPsJl=U11IsJ1 
267 K13=C5(I0J-11.AND.MSK 

IF (K13.NE.31 GO TO 269 
268 V1)I0J)=V1lI.JP1 

GO TO 271 
269 K14=C5(I,JPIAND.MSK 

IF IK14NE.31 GO TO 271 
270 V1lI.JP1=V1(I.J1 
271 CONTINUE 

DO 289 J=21NJM1 
JM=J-1 
JP=J+1 
DO 289 I=2,NIM1 
IM=I-1 
IP=I+1 
K4=CS(10JI.AND.M5KI41 
K4=K4*DV(4) 
IF (K4E1].11 GO TO 289 

272 K1=C5(I.J).AND.MSK 
IF_a K1.E0.31 GO TO 289 

273 K11=C5(IP.J).AND.MSK 
IF (K11.NE.2) GO TO 277 

274 K21=CS(1P0J)AND.MSK(21 
K21=K21*DV(2) 
IF (K21.NE.2) GO TO 276 

275 U1fIP.J)=U1(1,J1-(V1(I,JP)-V1(IsJ))*DXY 
GO TO 277 



276 U1fIP,JI=U./IP,JI 
277 K12=CS(IM,J).AND.MSK 

IF (K12.NE.2) GO TO 281 
278 K22=CS(IM,J).ANO.MSKl21 

K22=K22*DV121 
IF (K22NE21 GO TO 280 

279 U11IsJ1=U1lIP,J)+IV1(I0JP1-V1(I,J11*OXY 
GO TO 281 

280 U1lI,J)=U(I.J) 
281 K13=CSII.JPI.AND.MSK 

IF (K13NE21 GO TO 285 
282 K23=CSlI,JP).AND.MSKl2) 

K23=K23*DV(2) 
IF (K23.NE.2) GO TO 701 

283 V1(IsJPI=V1(I,JI-(U1(IP,J)-01( I,JI)*DYX 
GC TO 285 

701 IF (K23NE.11 GO TO 284 
V11I0JPl=V1lI,J1 
GC TO 285 

284 V1(I0JPI=V(I0JP1 
285 K14=CSII,JMI.ANO.MSK 

IF IK14.NE.21 GO TO 289 
286 K24=CS(I0JMIANDMSK(2) 

K24=K24*DV(21 
IF (K24.NE.21 GO TO 288 

297 V1(I,J)=V1(I,JP)+(UiiiP,J)-U1(.I,J) iXDYX 
GO TO 289 

288 V1(I0J)=V(I,J1 
289 CONTINUE 

DO 290 J=1,NJM1 : 

Jo=J+t 
DO 297 I=1.NIM1 

U(IPsJ1=U1(IP,JI 
290 VLI0JP1=V1(I0JP) 

CALL VELSUR 
CALL BNOVEL 
RETURN 

1000 FORMAT 1H ,10X,I5,22H ITERATIONS AT TIME sF63,10X4N0. = 0F106// 
S/I 

1001 FORMAT(1H-,45H********** TOO MANY ITERATION'S AT TIME _ .F6.30 
S15H -- CONMAX = sE13.6,15H **********) 

1002 FORMAT I 
CONMAX = ,E136034H AFTER 4000 ITERA 

STIONS AT TIME _ ,F6.3s15H **********) 
END 

SUBROUTINE 506 
COMMON/TVPOOL/XMIN,XMAXsYMIN,YMAX,TXMIN,TXMAX,TYMIN.TYMAX 
COMMON /TVGUIDE /TMODE.TEXT.ITV 
COMMON /TVFACT /FACT. 
COMMON/TVTUNE/LPEN,LPEF,ITAL,IWINK,INTS,IRTs1UP. 
COMMON O00L00,TNUX40TNUY4 
COMMON DTVPsDELTAS,TVP 
COMMON MSK7,MSK8,MKC7sMKC8,IMP7IMP8.DV7OV8 
COMMON AGXLsAGYH,OTDTCPsDTP,DTPP,DXC,DXCD2,OXCSOsUYC,UYCO2.0YC5G}. 

S DXIN,GX.'GY,H,NIsNIM1,NJsNJM1sNP,NTPsNUsT,TCP,TL,TPsTPP,W,Z,DYIN 
COMMON KOsDXY,DYX,NIP10NJP1sTDXY,GXD,GYD,TNUX,TNUY0OXDY2,DYDX2. 

S DXY4,.DYX411ZRZ0XRsZ0YRGXTsGYT,DX40OY4,MI+MOsUP0VPsXP0Y14 , 

COMMON CS,DsPsPS,RsU,V.XCYC 
COMMON MSK(61,MKC(6),IMPI61.pV(61 

DIMENSION C5(25,100)sD(25,1001sP125,100),P5(3000),R(25s1001, 
S U(26s101),V(26s101I,XC125),YCI1001 
DIMENSION UP1300010VP(300010XP(3000),YPI3000) 
INTEGER CSsFLAG,PS 
REAL NU 
KDD=1 
DC 150 K=1,NP 
KP=PS(KIANDM;SK 
IF (KP.E0.31 GO TO 150 

100 TI=YP(K1/DYC+2. 
T2=XP(K1/DX0+2. 
KDD=2 
J=T1 
I=T2 
FY=T1-FLOAT(J) 
FX=T2-FLOATII) 
IM=I-1 
IP=L+1 
JM=J-1 
JP=J+1 
K1=CS(IsJ1.ANO.t.±SK 
IF (K1EO.41 GC TO 103 
IF (K1.E05) GO TO 103 

101 K2=CSlI,J).AND.MSK(21 
K2=K2*DV(27 
IF (K2.NE.1) GO TO 150 

102 K7=CSIIsJ1.ANG.MSK7 
K7=K7*DV7 
IF (K7E0.17 GO TO 403 
IF (K7.E0.2) GO TO 402 
IF (K7.E°0.3) GO TO 400 
T2=VI I,JI*DT .. 
DYIN=T2 
KT=4*IMP(2) 
PS(K1=KT.OR.IP-S(KI.AND.MKCl21) 
GO TO 401 

400 T2=V(I,J+1)*DT 
DYIN=T2 
KT=3*IMPl21 
PSIK)=KTOR.(PSIK).AND.MKC(211 

401 YPIK)=YPIK)+T2 
GO TO 150 

402 T1=U(I.J1*DT 
DXIN=-T1 
KT=2*IMP(2) 
PS(KI=KT.OR.IPSIK).AND.MK02)) 
GO TO 404 

403 T1=U(I+1,J)*DT 
DXIN=T1 
PS(K)=IMP(2).OR.(PS(K).AND.MKCl2II 

404 XP(K)=XP(K)+T1 
GO TO 150 

103 K51=C5(IM,J)AND.MSKl51 
K51=K51*DV(5J 
K52=C5(IPsJ).AND.MSK15) 
K52=K52*DVl5) 
K53=05(I,JPI.AND.MSK(51 
K53=K53*DV(5I 
K54=C5(1,JM).AND.MSK(51 
K54=K54*DV(5) 
IF (FY LT. .51 1040105 

IP=I+1 

= 

: 



164 'JPR=JM 
GO TC 106 138 

GO TO 139 
V2=V(1PRP,JP) 

105 JPR=J 139 IF (V(IPR,J) .EO. 0.) 140,141 
106 JPRp=JPR+1 140 V3=VlI,J) 

HPSX=(xC(I1-XP(K)1/DXC+.5 GO TO 144 
HPSY=(YC(JPR)+DYCD2-YPIKII/DYC+.5 141 IF 1K54.E0.11 GO TO 143 
HMSX=1.-HPSX 142 V3=0. 
Hti+SY=I.-HPSY GO TO 144 
IF IU(I,JPRPI EQ 0) 107.108 143 V3=VIIPR,J) 

107 U11=01I,J) 144 IF -(VIIPRP,J) .EO. 0.1 145,146 
GO TO 111 145 V4=V(I,J) 

108 IF (K51.Eu^.11 GO TO 110 GO 70 149 
109 U11=0. 146 IF (K54.EQ.1) GO ï0 148 

GO TO 111 147 V4=0. 
110 Uil=UII,JPRP) GO TO 149 
111 IF (U(IP,JPRPI .EQ. 0.) 112,113 148 V4=VlIPRP,J) 
112 U2=U(IP,J) 

GO TO 116 
149 VP(K)=HPSX*HMSY*V11+HMSX*H:MSY*V2+HPSX*HPSYV'.+H'-.SX*HPSY*V4 

YP(K)=YP(K)+VP(K)*DT - 

113 IF (K52.E0.1) GO TC 115 J9=YPlK1/DYC+2. 
114 U2=0. IF (J9.GT.NJ.OR.J9.LT.1) GO TO 200 

G0 TO 116 GO TO 150 
115 U2=UlIP,JPRP) 200 PSIK)=3.0R.(P5(K).AND.MKC) 
116 IF IUII,JPR1 .EQ. 0.) 117.118 XP(K)=0. 
117 U3=U(I,J) YP(K)=0. 

G6 TO 121 UP(K)=0. 
118 IF (K51.E0.1) GO TO 120 VP(K)=0. 
119 U3=0. 150 'CONTINUE 

'GO TO 121 IF IKDO.E0.21 GO TO 152 
'.2C U3=11(I.JPR) 151 KD=2 
121 IF (U(IP,JPR) .EQ. 0.) 122.123 WRITE (M0,1000) T 

122 U4=U(IP,JI 152 RETURN 
GO TO 126 1000 FORMAT(1H-,48H********** NO PARTICLES IN SYSTEM AT TIME _ 

123 IF 1K52.E0.1) GO TO 125 $ F6.3.15H **********) 
124 U4=0. END 

GO TO 126 
125 U4=U(IP,JPR) 
126 UP(K)=HPSX*HMSY*U11+H1.15X*HM8Y*02+HPSX*HPSY*U3+HMSX*HP5Y*U4 

XPIK)=XPlR1+UP(K)*DT 
I9=XPIK)/DX0+2. 
IF (19.GT.NI.OR.I9.LT.1) GO TO 200 
IF (FX .LT. .5) 127,128 

127 IPR=IM 
GO TO 129 

128 IPR=I 
129 IPRP=IPR+1 

HPSX=(XC(IPR)+DXCD2-XPIK))/DXC+.5 
HPSY=(YC(J)-YP(K))/DYC+.S .. 
HMSX=1.-HPSX 
HMSY=I.-HPSY 
IF (VIIPR,JP) .EQ. 0.) 130.131 

130 V11=V(I,JP) 
GO TO 134 

131 IF (K53.E0.1) GO TO 133 
132 V11=0. 

GO TO 134 
133 V11=V(IPR,JP) 
134 IF (V(IPRP,JP) .EQ. 0.1 135.136 
135 V2=VII,JP) 

GO TO 139 
136 IF IK53:E0.1) GO TO 138 
137 V2=0. 

r 
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PROGRAM SPLASH 
COMMON DELTAS,DT,01.2,DT4DX,DT40Y.OTCP1101UX,DTUY,OTUXS.DTuiSsUTP, 

b DTPP,DTVP,DXCDXCD2+0XI4DXINDxP,DYCDYCD2sDY14.0YINUYI' 

DTDY=DT*ODY 
DT2=2.*DT 
ODXS=ODX*ODX 

COMMON EPS.G,GH.GX,GXD,GXOT,GY+GYD+GYDT,H,ICNTR,ITEST.KD,KKK.LL 
b MI+MOMU1+MU2,N81,NB2,NI,NIM1sNIP1sNJNJid1sNJP1.NP.NPn,NTP. 
b ODX.CDX2ODXS,CDY,ODY2.ODYS,R1,R2+T+TCP.TLTP.TPP,TVP,.10. 

CDYS=^DY*ODY 
ODX2=2.*CDX 
ODY2=2.*ODY 

S VC,W 
COMMON A(50,20).B1(50,2o),B2(50,20)+83(50,2o).B4(50.20),C5(50,20). 

S DV(13),IMP(13),MKC(13),mSK(13),MU(50.201.NF(30).NK150,20), 
S NKT(50,20),P(50,20).PS(45o0).P5I151,211,R(50920),5R(50s20), 
S GRT(50,20)+U51.21),'JP145001,'JT(51s21),V(51+21).VP14500I., 
b VT(51921),XC(50)XP(4500),XPO(30),XPL(30)YC(20),YPC4500). 

DTDXS=DT2*ODXS 
DTDYS=.DT2*ODYS 
GXDT=GX*DT 
GYDT=GY*DT 
DT4DX=DTDX*.25 
DT4DY=DTDY*.25 

S YP01301,YPL(30)ZET151+211 MSK(1)=7 
REAL MU,tiiU1,MU2,NK.NKT IMP(1)=1 

r 
INTEGER CS,PS DV(1)=1 

MKC(1)=01OT.MSK(1) 
C DC ICC 1=2,13 
C PROGRAM SPLASH CONTAINS THE TWO -FLUID EXTENSION OF THE MAC METi,vU. MSK(1)=MSK(I-1.8 

MKC(I)=.NOT.MSK(I) 
C THIS PROGRAM WAS WRITTEN IN JULY OF 1967 BY MICHAEL U. FANS, IMP(I)=IMPII-11*S 

r 
100 DV ( I )=D?/( I-1 1'/? 

'T=0. 
NTP=11 XC111=-DX(02 
REWIND NTP YC111=-C'YC'D2 
MI=5 DO 101 I=2,NI 
MO=6 101 XCII)=XC(I-1)+DXC 
KD=1 DC 102 J=2rNJ 
READ (MI.100C) NB1,N52,NI,NJ.NP,NPR 102 YC(J)=YC(J-1)+DYC 
READ (MI.1001) W,H,GX+GY.UO.VO,DT DO 104 J=1,NJ 
READ (M2,1001) MU1,MU2,R1,R2,TL.DELTAS.DTP DC 104 I=1NI 
READ (Mis10O11 DTCP,DTPP,DTVP,DXP,DYP DC 103 K=3,6 
READ (MI 1002 (NFII).XPOCT).YPO(I .XPL(I),YPLII),I=1,NPK1 103 CS(I,J)=IMP(K).OR.(CS(I.J).A?..MKC(<)1 
DXC=2'/INI-21 CS(T,J)=6.0R.(CSIì,J).APiD.MKC) 
DYC=H/(NJ-2) KT=5*IMP121 
WRITE I"40,1003) 104 CS(I,J)=KT.OR.CCS(I,JI.AND.`1KC(2)l 
WRITE (M0,1004) N81.N82.NI,NJ.NP,NPR CALL CELSET 
WRITE (M0.10051 CALL PARSET 
WRITE IM0.10061 W,H.GX,GY,UOVO.DT CALL DENVIS 
WRITE (MO1007) CALL PLTSET 
WRITE IM0.10061 MU1.MU2,R1,R2,TLsDELTAS,LTP CALL BNDCND 
WRITE (M0,1008) 106 CALL CNTRCL 
WRITE (M0,1C06) DTCP.DTPP+DTVP,DXP,DYPDXC,DYC IF (KD.E0.2) GO TO 113 

WRITE (M0,10091 GONER, 
DO 105 I=1.NPR LLL=O 

105 WRITE (M0.1010) NF(I),XPO(I),YPO(I),XPL(I1.YPLlIJ CALL ONTPRS 
NIMI=NI-1 107 DO 108 J=1,NJ 
NIPI3MI+1 DO 108 I=1.NI 
NJM1$NJ-1 108 CS(I,J)=IMP(131.OR.(CS(I,J).ANO.MKC(13)I 
NJP1=NJ+1 ITER=0 
DELTAS=DELTAS*.5 109 ITER=ITER+1 
G=SORTIGX*GX+GY*GY) ICNTR=ICNTR+1 
GXD=GX*DXC ITEST=4 
GYD=GY*DYC EPS=.0008 
ODX.1./DXC CALL PRSITN 
ODYY1/DYC IF (KD.E0.2) GO TO 106 

DXCD2=DXC*.5 CALL PARTRA 
DYCD2=DYC*.5 IF (KD.E0.2) GO TO 106 

DXI4=4.*ODX CALL DENCHG 
DYI4=4.*ODY IF (LL.E0.0) GO TO 112 
GH=1./(G*HI IF (LI.GT.5) GO TO 202 
DTDX=DT*ODX IF ILL.E0.LLL) GO TO 200 

C 



!co = 
SUBROUTINE CELSET GO TO 201 COMMON DELTAS.DTsJT29DT40X.0T4DY.OTCP9DTOX,DTY9UTvX6+CTOY5907P, 

200 IC=IC+1 S DTPP+DTVP9DXC.OXCO290X149OXIN.DXP.,;YCsCYCî;2.JYI4.JYIN.DYr' 
IF (1C.GT.10) GO TO 112 COMMON EPS.G+GHsGX.C.XDsGXDTsGY.GYD9GYDTsH.ICNTR+1TCST9KO9KKK.LL9 

2C1 LLL=LL $ MI9M0,MU1.Mb2sNB1sN82.N1sNIMl,NI?1,;.J,N9,N1.H-PlsïrP9NPr2.NTP, 
2C2 CALL NFWBA E ODX,ODX2-9ODXS,ODY9OOY2.ODYSsR1.R2.79TCP.TL.TR.TPP,T'dP,,;O9 

IF IITER..NE.31 GO TO 109 3 'V0.'d 
DO 111 J=29NJM1 CO"+MO"! A(50920)991(50920)992(50920)9831509201,84(5J920)9C(50+20), 
DO 111 1=2.NIM1 $ DV(13)91MP(13).MKr_(13).MSK(13)sMU(50.201.NF13::).,NKI5J.2U1+ 
K11=CS(I.J).AND.MSK(11) S NKT(50+201sP(50920).P57450019P6I(51.21)9k1592ú196:i(.201. 
K11=K11*DV(11) S SRT150s20),U(51s2119UPí4500)9T151s211.V151s211.P(4500)+ 
IF (K11.E0.2) GO TO 110 S '/T(51+211,XC(50),XP(4500)9XPOl3Ci.XPL(3Cl.YC1201.Yr'fv5001s 
K10=C61I9JI.AND.M5K(10) S YPC(30)9YPL(30).ZE7(=1921) 
K10=X10*DV(10) REAL MU,"4U19MU2.NK,TiKT 
IF (K10.NE.Z) GO TO 111 INTEGER CS+PS 
K13=C5(19J).AND.MSK(13) DIMENSION IA(100).TYPE(20)9X9(22).Y81221 
K13=K13*DV(13) INTEGER TYPE 
IF (K13.NE.1) GO TO 111 PLMAX=AMAXl(xClN11+DXC.YC(NJ)+DY_) 
CS(I.J)=IMP(10).OR.ICS(1.J).AND.MKC(10)) PLMIN=AMIN1(XC-DXC.YC-DYC) 
GO TO 111 CALL SETl0.91.9.191.9PLMIN,PL"tAX9PLMIN9PLi?AXsli 

110 K13=C5(19J).AND.MSK(13) CALL LA9MOD(6H(F6.3),1H 969191909093090) 
K13=K13*DV(13) CALL FLASH1(1A91O01 
IF (K13.NE.1) GO TO 111 CALL FRAME 
CSlI,J1=IMP(11).OR.(CS(19J).AND.MKC(11)) NB=N81 

111 CONTINUE 200 NBP=N8+1 
GO TO 107 READ (M192000) IXB(1)9YB(I).1=1sNBP) 

112 1TE5T=13 READ (M192001) ( TYPE( I)91=1+NB) 
EPS=.0002 XB(NBP+1)=X8(2) 
WRITE (M0,1011) YB(NBP+1)=Y8(2) 
CALL PRSITN DO 236 M=1.NB 
IF (KD.E0.2) GO TO 106 IF (XB(M)-XB(M+1)) 2019215.208 
CALL VELCTS 201 T=XBIM1*OOX+2.001 
KKK=2 J=YB(M)*ODY+1.999 
CALL MOVPAR - 202 C5(19J)=2.OR.(CS(1.J).AND.MKC) 
IF IKD.E0.21 GO TO 106 KT=TYPEIMI*IMP(2) 
,CALL DENVIS CS(19J)=KT.OR.1CS(I.J).AND.MKC(2)) 
IF (KD.E0.2) GO TO 106 KT=2*IMP(4) 
CALL REFCEL CS(19J+1)=KT.OR.(CSII,J41).AND.MKC(4)) 
GO TO 106 KT=3*IMP(7) 

113 END FILE NTP CSII9JI=KT.OR.ICS(I11J).AND.MKC(7)) 
RE'AIND NTP KT=3*!MP(8) 
STOP CSII.J+11=KT.OR.IC5(1,J+1).ANQ.MKC(8)l 

1000 FORMAT(7I10) K2=C5(IsJ).AND.MSK(2) 
1001 FORMAT(7F1090) K2=K2*DV(2) 
1002 FORMAT(I10s4F10.0) IF (K2.E0.2) GO TO 204 
1003 FORMAT(1H1910X49HMAC METHOD SOLUTION OF TWO-MATERIAL FLUID PROoLCM 203 KT=2*IMP(6) 

S///1H-,10X5HINPUT/1H-,22X3HN81,12X3HN82s13X21.1NI,13X2HNJ.13X2HNr912 CS(19J)=KT.OR.tCS(1.J).AND.MKC(6)1 
SX3HNPR1 204 1=I+1 

1004 FORMAT(1H 910X971151 IF (XC(II .LE. XBdM+1)) 202,205 
1005 FORMAT( 1H0924X1HWs14X1HH913x2HGX.13X2HGY913X2HU0s13X2HV0s13X2HOT1 205 IF (YB1M+2)-YB(Mt1)) 206.236,207 
1006 FORMATIIH ,10X17E15.8) 206 KT=2iIMP(5) 
1007 FORMAT(1H0,22X3HMU1,12X3HMU2911X4HRH01,11X4HRHO2913X2HTL99X6HDELTA CS(I-1,J)=KT.OR.(GS(1-19J).AND.MKC(5)1 

S5912X3HDTP1 GO TO 236 
1003 FORMAT(1H0921X4HDTCP911X4HDTPP.11X4HDTVP912X3HDXP912X3HDYP.12X3HUX 207 CS(I.J)=1.0R.(CS(I.J).AND.MKC) 

SC912X3HDYC) KT=3*IMP(7). 
1009 FORMAT (1H0923X2HNF.12X3HXPOs12X3HYP0912X3HXPL.12X3HYPL) CS(19J)=KT.OR.(CS(19J).AND.MKC(7)) 
1010 FORMAT(1H 910)(911594E15.81 

- GO TO 231 
1011 FORMAT(1H0) 208 I=X8(M)*ODX+1.999 

END J=YBIM1*ODY+2.001 
209 CS(1.J)=2.OR.ICS4I,Jq.AND.MKC) 

KT=TYPE(MI*IMP(21 



CS(19J)=KT.OR.(C5(1,J).AND.MKC(2)1 
KT=2*IMP(4) 
C5(I,J-1)=KT.OR.1C5(I,J-1).AND.MKC(4)) 
KT=4*IMP(7) 
CS(19J)=KT.OR.ICSlIsJ1.AND.MKC(7)) 
KT=4*IMP(B) 
CS(19J-1)=KT.OR.(CS(19J-1).AND.MKC(8)) 
K2=CS(I11J).AND.MSKl21 
K2=K2*DV(2) 
IF (K2.E0.2) GO TO 211 

210 KT=2*IMP(6) 
C5(I.J-1)=KT.OR.(C5(I+J-1).AND.MKC(6)) 

211 I=I-1 .. 

IF (XC(I).GE.(B(M+1)) 209,212 
212 IF (YB(M+2)-Y9(M+1)) 214,236.213 
213 KT=2*IMPl5) 

CS(I+1+J)=KT.OR.(CS(I+19J).AND.MKC(5)) 
KT=2*IMP(6) 
CS(19J-1)=KT.OR.ICS(t,J-1).AND.MKC(6)) 
GO TO 236 

214 CS(IsJ)=1.OR.(CS(19J).AND.MKC) 
KT=4*IMP(7) 
CSIIsJI=KT.OR.(CSII.J).AND.MKC(7)) 
GO ß0 231 

215 IF (YB(M).LT.YB(M+1)1 216+223 
.216 I=XB(M)*ODX+2.001 

J=Y9lM1*ODY+2.001 
217C5(I+J)=2.0R.(CS(I+J).AND.MKC) 

KT=TYPE(Ml*IMP(2) 
C5(I,J)=KT".OR.tCSII,JI.AND.MKC(2)) 
KT=2*IMP(4) 
CS(I-1.J)=KT.OR.ICS(I-1,J).AND.MKC(4)) 
KT=2*IMP(7) 
C5(I,J)=KT.OR.(C5(IsJ).AND.MKC(7)) 
KT=2*IMP18l 
CS(I-1+J)=KT.OR.tCS(I-19J).AND.MKC(8)1 
K2=CS(I,J).AND.MSKt21. 
K2=K2*DV(2) 
IF (K2.E0.2) GO TO 219 

218 KT=2*IMP(6) 
CSlI-1sJ1=KT.OR.(C5(I-19J)..AND.MKC161) 

219 J=J+1 
IF IYC(J).LE.YB(M+1)) 2179220 

220 IF (X8(M+2)-XBIM+1I) 222.236+221 
221 KT=2*IMP(5) 

C5tI,J-11=KT.OR.(CS(I+J-1).AND.MKC(5)) 
GO TO 236 

222.CS(I.J)=1.0R.tC5tI9J1.AND.MKCI 
KT=2*IMP(7) 
CS(19J)=KT.OR.lCS(1+J).AND.MKCl71) 
GO TO 231 

223 I=XB(M)*ODX+1.999 
J=YB(M)*ODY+1.999 

224 CS(19J)=2.0R.(CS(19J).AND.MKC) 
KT=TYPE(M)*IMP(2) 
CS11+J)=KT.OR.(CS(I,J).AND.MKC(2)1 
KT=2*IMP(4) 
CS(1+1,J)=KT.OR.lC5t1+19J1.AND.MKC(4)1 
CS(I,J)=IMP(7).OR.(CS(19J).AND.MKC(7)1 
CSlI+19J1=IMP(8).OR.lC5(I+1+J).AND.MKC(8)) 
K2=CS(I+J).AND.MSK(21 

K2=K2*DV(2) 
IF(K2.EQ.21 GO TO 226 

225 KT=2*IMP(6) 
CS(I,J)=KT.OR.(CS(IsJ).AND.MKC(6)) 

226 J=J-1 
IF (YC(J).GE.YB(M+11) 224,227 

227 IF (M.LT.NB) 2289236 
228 IF IX13(M+2)-XBIM+1l) 2299236,230 
229 KT=2*IMP(5) 

CS(19J+1)=KT.OR.IC5II+J+II.AND.MKC(5)l 
GO TO 236 

230 CS(I+J)=1.0R.(C5(I,J).AND.MKC) 
C5(i9J)=IMP(7).OR.(CS(I,J).AND.MKC(7)) 
KT=2*IMP(6) 
CS(19J)=KT.OR.( CS( I9J) .AND.MKC(6)) 

231 IF (M.LT.N9) 232.233 
232 kMP1=M+1 

GO TO 234 
233 KMP1=1 
234 IF ( TYPE IM).E0.3.OR.TYPE(KMP1).E0.3J 233.236 
235 KT=3*IMP(2) 

CS(I,J)=KT.OR.(C5(I,J).AND.MKC(2)1 
236 CONTINUE 

IF (NB2.NE.0) 237.235 
237 N9=N82 

N92=0 
CALL CURVE(XB,YB,N9P) 
GO TO 200 

238 CALL CURVE(XB,YB,NBP) 
CALL FLASH2(1sLENGTH) 
WRITE (NTP) LENGTH.(IAI1I,I=1,LENGTn) 
WRITE (NTP) NIM1,NJM1,PL(11N-9PLMAX 
KODE=1 
DO 264 J=1.NJ 
DO 264 I=1+NI 
K1=CSlI+JI.AND.MSK 
K2=C5(I+J).AND.MSK(2) 
K2=K2*DV(2) 
K4=CS(19J).AND.MSK(4) 
K4=K4*DV(4) 
IF lK2.NE,11 GO TO 258 

239 IF (I.E0.1) 240,243 
240 L=1 ' 

241 L1=1 
K2A=CS1I+1,J-1).AND.MSK(2) 
K2A=K2A*DV(.2) 
IF (K2A.E0.4) GO TO 255 

242 K28=CS1I+19J+1I.AND.MSK(2) 
K2B=K28*DV(2) 
GO TO 253 

243 IF (I.EQ.N1) 244,247 
244 L=1. 
245 L1=2 

K2C=CSII-19J-1I.AND.MSK(2) 
K2C=K2C*DV(2) 
IF (R2C.E0.4) GO TO 255 

246 K28=CSII-1.J+11.ANO.MSKL21 
K28=K2B*DV121 
GO TO 253 

247 IFIJ.E0.11 249,250 
248 L=1 



K2D=CSII-1.J+11.ANDMSK(2) 
K2D=K2D*DV(2) 
IF (K2D.EQ4) GO TO 255 

249 K28=C5(I+1,J+1)ANOMKC(2) 
K,28=K2B*DV121 
GO TO 253 

253 IF (JECNJ) 251.254 
251 L=1 

K2E=CSlI-1+J-11.ANDMSK(2) 
K2E=K2E*OV(2) 
IF (K2EE04) GO TO 255 

252 K2B=CSII+1,J-1l.AND.MSKl2F 
K2B=K2B*DV(2) 

253 IF (K2BEQ.4) GO TO 255 
GO TO 256 

254 L1=2 
GO TO 241 

255 KT=2*IMP(3) 
CS( I,JI =KT .OR. (CSI I+J).AND.MKC(3)1 

256 IF ILEQ11 GO TO 258 
257 IF (L1.EQ1) GO TO 245 
258 IF IKODEE021 GO TO 262 
259 IF IK4EQ.21 GO TO 262 
26C KODE=1 

IF (K1E0.2) GO TO 264 
261 CS(I.J1=1.OR.lCS(I.J).AND.MKC) 

GC TO 264 
262 KODE=1 

IF IK1E021 GO TO 264 
263 KODE=2 

CS( I+J)=3.OR.(C5(I.J) .AND.MKC) 
264 CONTINUE 

KT=2*IMP(6i 
CS=KTOR.({SANDMKC(6)) 
RETURN 

2000 FORMAT(:7F10.0) 
2001 FORMAT(7I10) 

END 

SUBROUTINE PARSET 
COMMON DELTAS.DT.DT2,0140X+DT4DY,DTCP+DTDX(OTDY.DTUXS+OTDYS.OTP, 

S DTPP,UTVPDXCsDXCD2,DXI4,DXIN+OXP,DYCsDYCU2+UY14,OY1N+UYP. 
COMMON EPS+G+GH.GXsGXD,GXDT,GY.GYD,GYDTsH,ICNTR.ITEST.KD.KKK,LL, 
S. MI,MOMUI+MU2.NB1,N82,NIsNIM1,NIPI.NJ,NJMI.NJPINPsNPRsNTPs 
E ODX,00X2,0DX5,ODYODY2,ODYS,R1,R2.TsTCP,TL+TP+TPPrTVP+UO. 

VO,W 
COMMON Af50,201,81(50,20),82(50+20),83150+201,B4150,201sC5(50,20). 

S DV(13)sIMPl131,MKC(13)+MSK(13)sMU(50,20)sNF(30)sNK(50,20) 
$ NKT150,201+P(50+20),P5(45001.PSIt51+211sR(50,20)sSR(50s201, 

SRT(50,201.U151+211.UP(4500).UT151,211.V(51+21),VP(4500)+ 
$ VT(51,21).XC(50),XP(4500),XPO(30)+XPL(301,YC(20),YP(4500)s 
S YPO(301,YPL(30),ZET(51s21) 
REAL MU,MU L,MU2,NK,NKT 
INTEGER CS,PS 
DO 300 K=1.NP 

300 PS(K)=3OR.(PS(K).ANDMKC) 
K=1 
DO 301 J=1.NJ 
DO 301 I=1+NI 
KT=4*IMP(9) 

301 C5(I.J)=KTOR.ICS(I.JI,.AND.MKC(9)) 
DO 315 II=1,NPR 
Y=YPO(II) 

302 X=XPO(II) 
303 I=X*ODX+2. 

J=Y*ODY+2 
K1=CS(I.J)AND.MSK 
K2=CS(I,JIAND.MSK(2) 
K2=K2*DV(2) 
If (KIE01) GO TO 308 
IF (K1.E02) GO TO 310 

324 CSII+J)=4.0R.ICS(I,J>.AND.MKCI 
Pfi(K)=1.OR.IPS(K).AND.MKC1 
K'"=NF(I11*IMP(3) 
PS(K)=KT.OR.(PSlK1.AND.MKC(3)) 
K9=CSII,JI.AND.MSK(9) 
K9=K9*DV191 
IF (K9.NE.4) GO TO 305 
KT=NF(II)*IMP19) 
CS(I,J1=KT.OR.ICS(I.J1.AND.MKC(9)> 
GC TO 306 

305 If (NF(II),EQ.K9) GO TO 306 
KT=3*IMPl9) 
CS(I+J)=KT.OR.(CS(I+J).AND.MKC19)) 

306 U(I.JI='J0 
VII,J)=VO 
U(I+15J)=U0 
VhI.J+11=V0 

307 XP(K)=X 
YP(K1=Y 
K=K+1 

308 X=X+OXP 
IF FX.GT.XPLIII.)) 309+303 

309 Y=Y+DYP 
IF (Y.GT.YPLIII)) 315.302 

310 IF (K2.NE.1) GO TO 308 
311 PS(K)=2.0R.(PSIK).AND.MKC'. 

K7=C5(I,J).AND.MSK('i 
K7=K7*DV(7), 
IF (K7.E0.1) GO TO 312 
IFIK7.E0.2) GO TO 313 
IF IK7.EQ.31 GO TO 314 
V(I.J)=VO - 

GC TO 307 
312 UII+1,J1=U0 

GO TO 307 
313 U(I,J)=U0 

GO TO 307 
314 V(iJ+1)=VA 

GO TO 307 
315 CONTINUE 

DO 316 J=1.NJ 
DO 316 I=10NI 
CS(I,J)=IMP(10).OR.(CSII,J)ANDMKC(10)1 

316 CSIIsJ)=IMP(11).OR.ICS(I+J)ANtDMKC(11)) 
CALL FLGCEL 
RETURN 
END 

SUBROUTINE FLGCEL 

S 

S 



COMMON DELTAS.DT,DT2s0T4DX+DT40YsDTCPsDTDX+6)TUY,DTOXSsOTUYS+DTP, 
S DTPP,DTVPsDXC,DXCO2,DXI4+OXIN,DXP,DYCsDYCD2,0Y14,0YIN,DYP 
COMMON EPS.GGH,GX.GXD,GXDT,GY,GYD,GYDT.H,ICNTR,ITEST+KD,KKKsLL+ 

S MI+MOr:MU1,MU2sN81,N82,NI+NIMI+NIP1+NJshJM1+ì4JP1s:JPsiuPsï,NTP9 
S 0DX,00X2,ODXS,ODY+ODY2sODYS+R1+R2+T,TCP.TLsTP,TPP.TVPsUO+ 
S VO,W 
CCM'.ION A(50+20).81(50s20)sB2(50+20),B3150,201sB4(5G.20)sCG(50s2u)+ 

S Dv) 13)sIMP(13I+MKC(13).bM5K1131rMJ( 50+20),NF(30) +NK(50+20)+ 
S NKT(50,20),P(5),201,PS(4500),PSI(51+21),R(50+201+SR(50s20)s 
S SRT(50s20)+U151+211+úP(4500)sUT151,21)sV151s211sVP145001+ 

VT(51.21)0XC(50),XP(4570)+XPO(30),XPL(30)sYC(20)11YP(4500)s 
S YPO(30),YPL(30),ZET(71.21) 
REAL MU.MUI,MU2,NK,NKT 
INTEGER CS,PS 
DO 818 J=2+NJM1 
JM1=J-1 
JP1=J+1 
DC 818 1=21)NIM1 
IM1=I-1 
IP1=I+1 
K1=CS(I,J).AND.MSK 
IF (K1EW.4) GO TO 800 
IF (K1.N-c.5) GO TO 818 

800 K9=CS(I,J).AND.MSK(9) 
K9=K9*DV(9) 
IF (K9.NE.3) GO TO 815 

1 KT1=2IM.P111) 
KT2=2*I^1P(10) 
CS(I,J)=KT1.OR.( CS(I,J).AND.MKC(11)l 
CS(I,JP1)=KT1.OR . (CSIIs.JP11.AND.MiKCl111) 
CS(IP1.JP1)=KT1. OR.ICS(IP1,JP1),AND.MKC(11)) 
CS(IP1sJ)=KT1.OR .(C5(iP1,J).AND.MKCC11)1 
05(IP1+JM1)=KT1. OR.ICS(IPl,JM1).ANp.MKC(11)) 
CSII,JM11=KT1.OR .ICSIIJN1).AN,;.MKCt111) 
CS(IM1,JM1)=KT1. OR.(C5(IMl+JM1).,:ND.MKC(11)) 
CS(IM1,J)=KT1.0R lCSII:M1,3I.AND.MKC(11)1 
CSIIMI,JP1)=KT1. 
CS(I+J)=KT2.0R.( CS(I,J).AND.MKCl101) 
CS(I+JPI)=KT2.OR 61C5(IsJP1)AND.(MKC(10)) 
CS(IP1,JP1)=KT2. OR.)CS(IP1,JP1).A^1D.MiCC(10)1 
CS(IP1,J)=KT2.OR lCS4IP1,J).ANO.rMKC(10)1 
CS(IP1sJM1)=KT2. ORIC5(IP1sJM1)ANO.MKC(10)) 
CS(I.J)41)=KT2.0R (05(I+3MI).ANO.MKCl101) 
CS(IM1+J)-M11=KT2. OR.(CS(IM1sJM1).AwU.MKC(10)1 
CS(IM1.J)=KT2.OR .(CS(IM1,J).AND.KC(10)1 
CS(IM1sJP1)=KT2. 
ML=1 
MR=1 
MB=1 
MT=1 

K1A=CS(IM1+J).AND.MSK 
IF (K1A.E0.2).ML=2 
K1B=CS(IP1+J).AND.MSK 
IF 1K1B.E021 MR=2 
K1C=CS(I+JM1).AN'J.MSK 
IF IKIC.E0.21 M8=2 
K1D=CSIIsJP11.AND.MSK 
IF IK1D.E0.21 MT=2 
IF (ML+MR+MB+MT.NE.4) GO TO 801 
JM2=J-2 
JP2=J+2 .. .. . 

OR.lC5(1M1,JP1).AN9.1dKC(11)) 

CR. ( S ( INII.JP1 ).AND.;+1KC( 10 ) 1 

IM2=I-2 
IP2=I+2 

2 KT2=2*IMP(10) 
CSII,JP21=KT2.OR{C5(I.JP2).ANO.MKC(10)1 
CS(IPl.JP2)=KT2.6R.lCS(IP1,JP2).ANO.MKC(101) 
CS(IP2+JP2)=KT2.OR.(CS{IP2,JP2)0!101) 
CS(IP2+JP1)=KT2.UR.(CS(IP2sJP1).A.KC(10)) 
CS(IP2+J)=KT2.OR.(CS(IP2+J).AN:ï.)KC(10f) 
CS(IP2,JM1)=KT2.CR.ILS:IP2,J'11).a:rJ.:azC(17)) 
CS(IP2,J"-12)=Y.T2.CR.(C:(Ia2,J>n2).VO....xC('S)I 
CS(IP1.J`M2)=KT2.OP.(CS(: -12).. +IKC (C) 
CS(I,JM2)=ZT2.CR,({S(IsJM2).AN)..%KC 
CS(IM1sJM2)=KT2.CR,(CS(I.,,Jh2).ARG.C)) 
CS(IM2sJM)=KT2.OR.(CS(I2,J)?2). .4.0)' 
CS(IM2,JM1)=KT2.OR.(CS('' .Jvl) -. 

CS(IM2sJ)=KT2.CR(CS(IM2,J)4:ia.,111 i; 
CS(IM29J21)-KT2.0R.(CSlI.12sJP1)4)D?.C10(1 
CS(IM2+JP2)=KT2 JT.lCS(.@2,JP2)JIp., , 

CS(IM1sJP2)=KT240R.lC3(I"-",LrJP2).A(vJ.MCC(1:J)) 
GO TC 818 

801 IF (ML+MR+MS.NE.6) GJ TC 802 
JP2=J+2 

3 KT2=2*ImP( 10) 
_S1I+JP21=KT2OR,(CS(I +JP2).ANü,mKC(10)) 
CS(IP1.JP21=KT2.CR (CS MP! ,JP2) `d0.iKC(1 , 

CS(IMI.JP2)=KT2.9R.(CS(I;Mí,JP2)Ar(D.MKC(1C)) 
GO TO 818 

802 IF (ML+MR+MT.NE.6) 50 TO 803 
JM2=J-2 

4 KT2=2*IMP(10) 
CS(1.,)1M2)=KT2.OR.(C5(I.Ju2)AND.MKC(10)) 
,.., IPi.,J^.12)=KT2.OR(CSCIPl,Jt'2).AND.'MKC(10)1 
CS IIMirJ`-021=KT2.0R.(CS(IM1,J''n2) 4NO.!-.K ,1C)' 

GO TO 918 
803 IF (ML+M3+MT.NE.6) GO TO 804 

:P2=I+2 
KT2=2*IMP(10) 
CS(IP2+JM1)=KT2.OR.(CS(IP2,JM1).AND.MKC(10)) 
C5(IP2,J)=KT2.OR.(CS(iP2,J.).ANO.:HKCf10ì` 
CS(IP2,JP1)=KT2.0R.(CS(IP2+JP1).AN0.)1KC(10)) 
GO TO 818 

804 lF (MR+MB+MT.NE.6) GO TO 305 
lM2=I-2 

6 KT2=2*IMP(10) 
CS(IM2,JM1)=KT2.0R.(C5lIM2sJM11.ANO.MKC(10)1 
r5(IM2+J)=KT2.OR.(CS(I)42,J).AND..MKC(10)) 
CS(IM.2,JP1)=KT2OR.tCSIIM2,JPII.AN.^,.(AKC1101) 
GC TO 818 

805 IF (ML+MR.NE.4) GO TO 805 
JM2=J-2 
JP2=J+2 

7 KT2=2*I:MP(10) 
CS(IM1,JP2)=KT2.OR.1.CSlIM1,JP21.AN0.MKC(10)1 
CS(I,JP2)=KT2.OR,(C51I.JP2).AND.MKC(10)1 
C8(IP19JP2)=02.0R.(CS(IP1sJP2).AND.(°1KC(10)) 
C51IM1 sJM2)=KT2.OR.(CS( IH1,JM2)AND.MKC(10)) 
CS(I.JM2)=KT2.OR.tCS(I,JW2).AND.MKC(10)) 
CS(IPi.JM2)=KT2.0R.(CS(IP1+JM2)'.ANO.MKC1101) 
GO TO 818 

806 IF (ML+MB.NE.41 GO TO 807 

S 
1 

5 

- 
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IP2=I+2 
8 KT2=2*IMP(10) 
CS(IM1sJP2)=KT2.OR.(CSIIM1sJP21.AND.MKC1101) 
CS(IsJP2)=KT2.OR.lCS(1,JP2).AND.MKC(10)1 
CS(IP1sJP2)=KT2.0R.(CS(IP1,JP2).AND.MKC(10)) 
C5(IP2.JP2)=KT2.OR.(C511P2,JP21.AND.MKC11011 
C5(IP2.JP1)=KT2.OR.(CSl1P2,JP11.AND.MKC11011 
CS(IP2.J)=KT2.OR.ICSIIP2.JI.AND.MKC(10)) 
CS(IP2,JM1)=KT2.0R.lC5(IP2sJM1).AND.MKC(10)1 
GO TO 818 

897 IF (ML+MT.NE.4) GO TO 808 
JM2=J-2 
I1'2=I+2 

9 KT2=2*IMP(10) 
CS(IP2.JP1)=KT2.OR.(CS(1P2.JP1).AND.MKC(10)) 
C5(IP2.J)=KT2.OR.(C5(I?2.J).AND.M4..C(10)) 
CSlIP2.JM11=KT2.OR.(CS(IP2.JM1).AND.MKC11011 
CS(IP2,JM2)=KT2.OR.(CS(IP2,JM2).AND.MKCl10)) 
CS(IP1.J:M2)=KT2.OR.lCS(IP1.JM2).AND.MKC(10)1 
CS(I.JM2)=KT2.OR.(CSII,J:M2I.AND.MKC(10)1 
CS(IM1,JM2)=KT2.OR.(CS(IM1sJM2).AND.MKC(10)) 
GO TO 818 

808 IF (MR+Mg.NE.4) GO TO 809 
JP2=J+2 
IM2=I-2 

10 KT2=2*IMP(10) 
CS(IM2,JM1)=KT2.OR.(CSI1M2,JM11.AND.MKC(10)) 
CSiIM2sJ)=KT2.OR.(CS(1M211J).AND.MKC(101) 
CS(IM2,JP1)=KT2.OR.lCSlIM2+JP1l.AND.MKC(10)l 
CS(IM2,JP1)=KT2.O1.1.(C5lIM2sJP11.AND.MKC(10)) 
CS(IM1sJP2)=KT2.OR.(CS(IM1sJP2).AND.MKC11011. 
CSIIsJP2l=KT2.OR.ICS(1.JP2).AND.MKC(10)) 
CS(IPI..JP2)=KT2.OR.(CS(IP1sJP2).AND.MKC(10)1 
GO TO 818 

809 IF (MR+MT.NE.4) GO TO 810 
JM2=J-2 - 

IM2=I-2 
11 KT2=2*IMP(10) 

CS(IP1.JM2)=KT2.OR.(CSlIP1sJM21.AND.MKC(10)) 
CS(IsJM2)=KT2.0R.(CS(I,JM2).AND.MKCl101) 
CS(IM1,JM1)=KT2.OR.ICSl1M1sJM11.AND.MKC(10)) 
CS(IM2.JM2)=KT2.OR.(CS(IM2sJM2).AND.MKC11011 
CS(IM2,JM1)=KT2.OR.(CS(IM2sJM1).AND.MKC(10)) 
CSlIM20J1=KT2.OR.lCS(1M2,J).AND.MKC(10)1 
CS(IM2,JP1)=KT2.OR.ICS(IM2,JP1).AND.MKC(10)) 
GO TO 818 

810 IF (M8+MT.NE.4) GOTO 811 
IM2=)-2 
1P2I+2 

12 KT2=2*IMP(10)- 
CS(1M2.JP1)=KT2.0R.(CS(IM2sJP1).AND.MKC(10)1 
CS(1M2,J)=KT2.OR.(CS(IM2,J).AND.MKC.1101) 
CS(IM2,JM1)=KT2.OR.(CSIIM2,JM11.AND.MKC(10)1 
CS(IP2,JP1)=KT2.OR.(CS(iP1,JP1).AND.MKC(10)1 
CS(IP2sJ)=KT2.OR.(C5()P2sJ).AND.MKC(10)) 
CSOP2.JM11=K1.2.OR.lCS(IP2.JM1).AND.MKC(10)1 
GO TO 818 

811 IF (ML.NE.2) GO TO 812 
JM2=J-2 
JP2=J+2 
IP2=I+2 

13 KT2=2*IMP(10) 
CS(IM1.JP2)=KT2.OR.(CS11M1sJP2).AND.MKC1101) 
CSII,JP21=KT2.0R.lC5(I.JP2).AND.MKC(10)) 
CS(1P1,JP2)=KT2.GR.(C511P1.JP21.AND.MKCILO)) 
CS(IP2,JP2)=KT2.OR.ICSIIP2sJP2).AND.MKC(LO)1 
CSl)P2.JP11=KT2.0R.(C5(IP2,JP1).AND.MKC(10)) 
CS(IP2sJ)=KT2.0R.IC5(IP2.J).ANU.MKC(10)1 
CS(1P2sJM1)=KT2.CR.ICS(IP2sJM1).AND.MKCl101) 
CS(IP2.JM2)=KT2.OR.(CSIIP2sJM2).AND.(!KC(10)l 
CS(IP1sJM2)=KT2.OR.(CS(IP1sJM2).AND.P.IKC(10)) 
CS(I11JM2)=KT2.0R.(CS(I,JM2).AND.MKC(10)7 
CS(IM1.JM2)=KT2.OR.ICS(IM19JM2).AND.MKC(10)7 
GO TO 818 

812 IF IMR.NE.2l GO TO 813 
JM2=J-2 
JP2=J+2 
IM2=I-2 

14 KT2=2*IMP(10) 
C5(IP1sJM2)=KT2.OR.(CS(IP1.JM2).AND.MKCl101) 
CS(I.JM2)=KT2+0R.lCS(1.JM2).AND.MKC(10)) 
CS(IM1.JM2)=KT2.0R.(CS(IM1,JM2).AND.MKC(10)1 
CS(IM2,JM2)=KT2.0R.(CS(IM2,JM2).AND.MKC(10)) 
CS(IM2sJM1)=KT2.OR.(CSI1M2,JM11.AND.MKC(10)) 
CSIIM2sJ1=KT2.OR.ICSOM2sJ1.AND.MKC(10)1 
CS1I412sJP1)=KT2.OR.ICS(IM2,JP1).AND.MKC(10)) 
CSIIM2.JP2l=KT2.OR.(CS(IM2.JP2).AND.MKC(10)) 
CSlIM1,JP21=KT2.OR.1C5(1M1sJP2).AND.MKC(1G11 
CSII,JP2)=KT2.OR.(CSII,JP2I.AND.MKC(101) 
CS(IP1sJP2)=KT2.GR.(CS(IP1,JF2).AND.MKC(107) 
GO TO 818 

813 IF 11.18.14E.2) GO TO 814 
JP2=J+2 
IM2=I-2 
IP2=I+2 

15 KT2=2*IMP(10) 
CSl1M2sJM11=KT2.0R.ICS(IM2.JM1).AND.MKC1101) 
CSIIM2,J1=KT2.OR.lCSl1M2,J1.AND.MKC(10)) 
CS()M2sJP1)=KT2.0R.lCSlIM21JP1i.ANO.MKC(10)) 
CS(IM2.JP2)=KT2.OR.(CSi1M2sJP21.AND.MKC(10)) 
CSIIM1,JP2)=KT2.OR.lCS(IM1sJP2).AND.MKC(101) 
CS(I.JP2)=KT2.OR.tCS11sJP2).AND.MKC11011 
C5(1P1.JP2)=KT2.OR.(CS(IP1,JP2).AND.MKC(10)) 
CS(IP2,JP2)=KT2.OR.(C5(IP2.JP2).AND.MKC(10)) 
CS(IP2sJP1)=KT2.OR.(CSIIP2sJP11.AND.MKC(10)l 

. CSIIP2.J1=KT2.OR.(CS(IP2sJ).AND.MKC(10)1 
CS(1P2,JM1)=KT2.OR.lC5(IP2.JM1).AND.MKC(10)) 
GO TO 818 

814 IF (MT.NE.2) GO TO 815 
JM2=J-2 
IM2=I-2 
1P2=I+2 

16 KT2=2*IMPy101 
CS(IP29JP1)=KT2.OR.lC5(IP2sJP1).AND.MKC(10)) 
CS(IP211J)=KT2.OR.1C5lIP2.Jl.AND.MKC(10)1 
CS(1P2sJM1)=KT2.OR.lC5lIP2.JM11.AND.MKC(10)1 
CS(1:P2.JM2)=KT2.OR.lCS11P2,JM21.ANO.MKG(10)) 
CSIIPI.JM21=KT2.OR.(CS(IP1sJM2).AND.MKC11011 
CS(I.JM2)=02.OR.tCS(I1JM2).AND.MKC(10)) 
CSlIM1sJM21=KT2.OR.lCS(SM1.JM21.AND.MKC(10)1 
CS(iM2.JM2)=KT2bOR.(CSlIM2.JM2).AND.MKC(10)1 
CSIIM2.JM11+KT2.0R.YCStIM2sJM11.AND.MKri101) 



CSIIM2,JI=KT2.0R.lCS(IM2+J).ANO.MKC(10)1 
CS(IM2,JP1)=KT2.0R.ICSIIM241JPII.AND.MKC11011 
GO TO 818 

815 K9A=CSII,JP11.AND.MSK(9! 
K9A=K9A*OV(91 
IF (K9.EO.K9A) GO TO 816 
KIA=CSII,JP1).AND.MSK 
IF iK1A.E0.2) GO TO 818 
JP2=J+2 

17 KT1=2*IMP111) 
CSII,J)=KT1.OR.1CS1I,JI.AND.MKCl111) 
CSII,JP1)=KT1.OR.1CS(IsJP1).AND.MKC(11)1 
KT2=2*IMP(101 
CS/I,J1=KT2.0R.(CS(I,J).ANO.MKC110)1 
CS( I,JP11=KT2.0R.(CS(1,JP1) .ANJ.MKC(10)) 
CSII,JP21=KT2.OR.lCSII,JP21.AN0.MKC(101) 
CS(IP1,JP2)=KT2.OR.ICSIIPI.JP2).AND.MKC(10)) 
CS('IPI,JPI)=KT2.OR.(CSIIP1,JP1).ANDMKC(1011 
CSlIP1,JI=KT2.OR.ICSIIP1.JI.ANO.MKC11011 
CS(IP1,JM11=KT2aOR.ICS(IP1,JM11.AND.MKC(10)1 
CS(I+JM11=KT2.OR.ICS(I,JMII.ANO.MKC11011 
CSlIM1,J)=KT2.OR.(CS(IMI,JI.AND.MKC(I01) 
CS(IM1,JM11=02.OR.(CSIIMI+JM1).AND.MKC(10)1 
CSIIM1rJP1)=(T2.0R.(CS(IM1,JP11.AND.MKC(10)) 
CS(IM1,JP2)=KT2.OR.1CSlIM1,JP21.AND.MKC(10)) 

816 K98=CSI1P1+JP11.AND.MSK(9) 
K9B=K98*0V19) 
IF (K9.E0.K981 GO TO 817 
K1B=C51IP1,JP1).AND.MSK 
IF lK1B.E0.1.0R.KI8.E0.2! GO TO d18 
JP2=J+2 
IP2=I+2 

19 KT1=2*IMP(111 
CS(I,JI=KTI.OR.(C5(1,J1.AND.MKCIi11) 
CSlIP1,JP1)=KT1.OR.ICSlIP1sJP11.AND.MKC(11)1 
KT2=2*IMP(10) 
CSII,J)=KT2.0R.lCSII,JJ.AND.MKC(10)) 
CSlIP1,JP11=KT2.OR.(CS(IP1sJP1).AND.MKC(10)1 
CSIIPI,JP21.KT2.0R.(CS(IP1,JP21.AND.MKCl1011 
CSIIP2,JP21=KT2.OR.(CSlIP2,JP21.AND.MKC(10)) 
CS(IP2,JP1)=K72.OR.ICSIIP2sJP1).AND,MKC110)1 
CS(IP2.J)=KT2.OR.lCS(IP2,J).ANO.MKC(101) 
CSIIPI,J)=KT2.OR.(CS(IP1,JI.AND.MKC(10)) 
CSIIPI.JM1)=KT2.OR.(CS(IP1,JM11.AND.MKC(10)) 
CSfI,JM1)=KT2.OR.(CSII,JM11.AN0.MKC(1011 
CS(IMI+JM11=KT2.OR.(CSIIMI,JM1).AND.MKC(10)) 
CS(IM1,J)=KT2.0R.lCS(IM1,J).AND.MKC(101) 
CSIIMi,JP1)=KT2.OR.(CS(2M1.JP1).AND.MKCl10)) 
CSf2,JP11=KT2.OR.ICSII.JP1I.AND.MKC(101) 
CS(1,JP2)=KT2.OR.lCS1I,JP2I.AND.MKC(10)) 

817 K9C=CSCIP1+Jl.AND.MSK191 
K9C.K9C*DV191 
IF (K9.E0.10C) GO TO 818 
K1CCSfIP1+JI.AND.MSK 
IF IK1C.E0.21 GO TO 818 
IP2=I+2 

19 KT142*IMPI1I1 
CSII.J)KTI.flR.4CSII.J).AND.MKC(11)1 
CS-IIP1.JI=KT1.bR.ICS(IP1rJ).AND.MKC11111 
KT2=2*IMP(10) 
CS(2,J)=K72.OR.ICS4I,JI.ANO.MKCI10)) 

CSlIP1,J)=KT2.OR.(CS(IP1,J).AND.iAKCt10),) 
CS(IP2,J)=KT2.OR.lCS(IP2,JI.AND.MKC(10)1 
C5lIP2,JM1)=KT2.OR.(CSIIP2,JM1).ANO.MKC11011 
CSIIPI+JM1)=K1.2.OR.(CS(IPI.JM1).ANO.MKC(10)1 
CS(IJM11=KT2.OR.ICS(IsJM11.AND.MKC(10)1 
CS1IM1,JM1)=KT2.OR.1C5(IM1,JM1).AND.MKC(10)) 
CS(IM1,J)=KT2.0R.(CS(IM1+Jl.AND.MKC(10)) 
CS(IMI,JPII.KT2.0R.(CS(IMI,JP1).A.ND.'?KC(10)) 
CS(I,JP1)=KT2.OR.(CS(I.JP1).AND.MKC(10)1 
C5(IP1,JP11=K1-2.OR.CCS(IPI.JP1I.AND.mKC(IO)) 
CSlIP2,JPl1=KT2.OR.lCS(1P2,JP1).AND.MKCt101) 

818 CONTINUE 
RETURN 
END 

SUBROUTINE PLTSET 
COMMON DELTAS,DT,01.2074DX,0743Y,DTCP,OTDA,uTäY,DT,iXsJTJYS.DTP, 

OTPP,DTVP,OXC,DXCD2,DXI4,DXIN,DXP,JY:scYCJ2,:,YI4sDYIYí? 
COMMON EPS,G,GH,GX,GXD,GXDT.GY.GYO,GYDT,n.iCNTk,ITEST.KD.KKK.LL. 

S MI,MOsMU1.MU2sN81,N82,NI,NIM1.NIPI,re1s1..+1sivP,,Pi<,.4TP. 
S ODX,0DX2,ODXS,ODY.0DY2s00YS,R1sR2,T.TCP,TL.TP,TPP,TVP.JJ, 
S VO,W 
COMMON A(50,20),81(50,20)sB2150,201.83I50.201,84I5,201,C3(50,20)s 

S DV(13),IMP(13)sMKC(13).MSK(13)sMU(50,20)s-,Fl3G1+NK150+201, 
S NKT(50,20),P150,201.PS(4500).PS1151+21),RI50,20.1,5rt(j0.21, 
8 SRT(50s20,,U(5122).JP(4500).äT(51.211.'(51+21).P145001, 
S VT(51,21),XC(50).xP(45001,XPO(30),XPLI30)+YC(20),YP(4500)+ 
$ YP0130)sYPL(30),ZET(51s211 
REAL MU,MUI+MU2,NK,NKT 
INTEGER CS,PS 
CALL FRAME '' 

00 412 J=1.NJ 
DO 412 I=1.NI 
K1=CS(I+J).AND.MSK 
K2=CSII.JI.AND.MSKl21 
K2=K2*DVI2! 
K4=CSIi,J1.AND.MSK(4) 
K4=K4*DV(41 
K5=CSII.JI.AND.MSK(51 
K5.K5*()V I 5 ) 

K6=CSlI,J1.AND.MSK161 
K6=K6*OV16) 
GO TO (412+400.406,405.406,412)0KI 

400 GO TO (401,402,403,404,412),K2 
402 CALL PSYM(XC11)sYCIJ).1H+,0,0+1) 

GO TO 408 
402 CALL PSYMIXC(21,YCIJI,IH-,0,0,1) 

GO TO 408 
403 CALL PSYMIXC(I)+YCIJI,1H*,0,0.1) 

GO TO 408 
404 CALL PSYMIXCII1sYCIJIsIHX,0,1,11 

GO TO 408 
405 CALL PSYMIXCII1sYC(J).1H/,0,0,11 
406 IF 1K4.E0.11 GO TO 408 
407 CALL PSYM(XC(II,YC(J1,IHO.C.0.11 
408 IF IK5sE0.11 GO TO 410 
409 CALL PSYMIXCII)YCIJI,IH0,0.0,1) 
410 IF (K6.E0.11 GO TO 412 
411 CALL PSYM(XC(I)+DXCO2,YCIJ)+DYCO2.1H.,Os0.1) 
412 CONTINUE 



CALL FLUSH 
RETURN 
END 

U(I,J)=U(IJ+1) 
507 V(I.J+11=0. 

GO TO 511 
508 IF lK2.NE.4) GO TO 509 

V(I,J+1)=VII+J-11 
SUBROUTINE BNOCNO U(I+1J)=-U(I+1+1-1) 
COMMON DELTAS+DT+DT2+DT4DX0DT4DY.DTCP,DTDX,JTDYtDTJXS+DTUYSDTP. U(I,J1=-1((I,J-1) 

$ DTPP,DTVP+DXC,DXCD2,DX14+0XIN,DXP+DYC+DYCD2rDY14,0YIN,OYP GO TO 510 
COMMON EPS4G,GH,GX+GXD+GXDT,GY+GYD,GYDT,H+ICNTR.ITcST+KD.KKKsLLs 509 IF (K2.NE.3) GO TO 511 

$ MI00+MU1+MU2081,NB20I,NIMI0IPINJNJrv71sNJP1sNP.NYRsNTP V(i,J+1)=-V(I+J-1) 
$ 0DX+0DX2.0DXS+ODY+ODY2sOD"S,R1,22+TTCP,TL,TP,TPP+TVP9jO, U(I+1.J)=U(I'-1,J-1) 
S VO,W U(I.J)=U(IrJ-1) 
COMMON A(50,20)sB1(50,20)+82(50+23)+B3(0s201,84(50.20)sC515Qt201. 510 V(I,J)=0. 

S DV(13)+IMP(13),MKC(13)+MSK(l3)sMU(50+20)0F130)0K(50s20)r 511 CONTINUE 
$ NKT(50,20),P150+201+P5(4500)+PSI151,211+.R150+201,31R(50+20)+ RETURN 
$ SRT(50+20)+U(51+21),UP(4500)+UT1)1,21),V(51+21),VP145001 END 
$ VT(51+21),XC1501,XP(4500)+XPO(30),XPL(3J)+YC(20)+YP(4500), 
S YPO(30),YPL(30),ZET(51921) 
REAL +1U,MU1,MU2+NK,NKT 
INTEGER CS,PS 
DO 511 J=1+NJ 
DC 511 I=1.NI 
K1=C5(IsJ).AND.MSK 
IF (K1.NE.2) GO TO 511 
K2=CS(I.J).AND.MSK(2) 
K2=K2*DVd21 
K7=C5(I,J).AND.MSK(7) 
K7=K7*DV(7) 
IF (K7.NE.1) GO TO 502 
IF (K2.NE.4) GO TO 500 
'JlT,J1=U(I+2+J) 
V(T.J+1)=-V(I+1,J+1) 
VII.J)=-V(I+1,J) 
GO TO 501 

500 IF IK2.NE.31 GO TO 511 
UlI,J1=-UII+2,J). 
V(I.3+1)=V(I+1+J.1) 
VlI.J1=V(I+110J) 

501 UII+1,J1=C. 
GO TO 511 

502 IF (K7.NE.2) GO TO 505 
IF (K2.NE.4) GO TO 503 
U(I+1,J)=U(I-1,J) 
V(I,J+1)=-V(I-1.J+1) 
V(IsJ)=-VII-1sJ) 
GO TO 504 

503 IF (K2.NE.3) GO TO 511 
U(1+1,J)=-U(I-1+J) 
VII,J+11=V(I-1sJ+1) 
V(I,J)=VII-1J1 

504 U(I.J)=0. 
GO TO 511 

505 IF (K7.NE.3) GO TO 508 
IF lK2.NE.4) GO TO 506 
V(I,J)=V(I+J+21 
U(I+1,J)=-U(I+1,J+1) 
(I(I,J)=-U(I,J+1) 
G0. TO 507 

506 IF (K2.NE.3) GO TO 511 
V(I,J)=-VII,J+2) 
U(I+1,J)=U(I*1,J+11 

SUBROUTINE CNTROL 
COMMON DELTASDT,DT2DT4DX,DT4JYDTCP,DTDXsOTDY,3TJXS+DTOYS,D7P, 

$ DTPP,DTVP,DXC,DXCO2,UXI4,OXIN+DXP,DYC,3'YCJ2+GY14,3.YiNDYP 
COMMON EPS0G+GH.GX,GY,0+GXDT,GY,GfÚ+GYDT,Hf1CNT<.1Ti:5TKJ+KKK,LLs 

S .MI,M0,M1J1,MU2N61.N82+NI,NIM10IP1,N.+N...,N14JP1+.rTP, 
S ODX.ODX2+OCXS,ODY.ODY2.0DYS,R1,'r,,TsTCP,TL,iPTPP+TVP.vG, 
S VO,W 
COMMON A(50,20)+81(50,207,82(50+22)+83(50+207,54f5-0920).C3(5020)s 

S DV(13),IMPIr31+MKC1131MSK(131,?1U(50,20).ivF(30),IvK150.201, 
S NKT(50,20),R(50+20),PS(4500)+P5I151+211,R(50,20)+SR(50+20)+ 
S SRT(50,20).U(51+211+UP(450))+UT(51+21)+V(51,21),VP145001+ 
S VT(520.1),XC(50)+XP(4520)+XPC(301,XPL(2C),YC(201.YP(450C), 
S YP0(30),YPL13C1.ZET(5121) 
REAL MU+MUI,M'J2+NK,NKT 
INTEGER CS,PS 
IF (T.NE.O.) GO TO 600 
CALL PLTPAR 
CALL CELPRT 
CALL'PARPRT 
CALL PLTVEL .. 

TP=DTP. 
TCP=OTCP 
TPP=DTPP 
TVP=DTVP 
GO TO 605 

600 IF (KD.E0.2) GO TO 606 
IF (SENSE SWITCH 6) 596.598 

596 FARG=SAVEF(1) 
IF IFARG.E0.0.1 GO TO 598 
IS=NN+2 
DO 597 II=1,I5 

597 READ (NIP) 
598 CONTINUE 

IF (T.LT.TP-.000000011 GO TO 601 
CALL PLTPAR 
TP=T+DTP 

601 IF (T.LT.TCP-.000000011 GO TO 602 
CALL CELPRT 
TCP*T+DTCP 

602 IF (I.LI.TPP-.00000001) GO TO 603 
CALL PARPRT 
TPP=T+DTPP 

603 IF (T.LT.TVP-.00000001) GO TO 604 



CALL PLTVEL 
TVP =T +DTVP 

604 IF (T.GE.TL- .00000001) KD =2 
605 T =T +DT 

RETURN 
606 CALL CELPRT 

CALL PARPRT 
WRITE (M0,6000) 
GO TO 505 

6000 FORMAT(1H1,10X,41HA5NORMAL STOP -- LQVK FcR ANLIHCn ricSSM c) 

END 

SUBROUTINE PLTPAR 
COMMON DELTAS+DT,0T2,DT4DXsDT4DY+DTCP>UTDXsOTDY,0TJX5,DTDYS0UTP+ 

S DTPP+DTVP,DXC,0XCO2,DXI4,DXINsDXP,DYCsDYCD200Y14,DYIN+DYP 
COMMON EPS+GsGH,GX,GXD,GXDT,GY,GYD,GYDT,H+ICNTR,ITEST.KU,KKK,LL+ 

S MI00+MUI,MU2.181+182+NI,NIM1+NIP1,ïJJSNJM1,r,JP1,:NP,wPn,:viP+ 
S ODX+0DX2,ODXS,ODY.CDY2,ODYSsR1sR2,T,TCP+TL,TPsTPP+TVP.UO, 
S VO,W 
COMMON A(50,20),B1(50,20),82(50+20)+53(50,20),84150.20),C5150.2U1. 

S DV(13),IMP1131+MKC(13)+MSK(13)+MU(50,20)+NF(30).,ivK(50+20), 
$ NKT(50,20),P(50,20),PS(4500),P5I(51+21)+R(5(;+20)+6R(50.20)+ 
5 SRT(50+20)+U(51+21)+UP(4500),UT(51,21),V(51+21)+VP(45J0), 
S VT(51,21),XC(50),XP(4500),XPO(30)+XPL(30),YC12G7,YP(4500), 
S YPO(301,YPL(30)+ZET(51,21) 
REAL MU+MU1,MU2,NK+NKT 
INTEGER CSsPS 
CALL FLASH3(1) 

- 

ENCODE .(10s7000,AA)T 
CALL PWRT(824,72,AA+10,1+0) 
DO 702 K=1,NP 
KP=PS(K).AND.MSK 
IF (KP.EQ.3) GO TO 702 
I=XPIK1*ODX+2. 
J=YP(K)*ODY+2. 
K1=CS(I,J).AND.MSK 
IF (K1.00.2) GO TO 702 
IF (K1.EQ.1) GO TO 702 

KPA=PS(K).AND.MSK(3) - 

KPA=KPA*'DV(3) 
IF (KPA.E0.2) GO TO 700 
CALL OPTION(0+0.0s0) 
CALL POINTIXP(K),YP(K)) 
GO TO 702 

700 CALL OPTION(0,1.0+0) 
DO 701 L=1+5 

701 CALL POINT(XPlK1+YP(K)) 
702 CONTINUE 

CALL OPTION(0,0+0+0) 
CALL FLUSH 
RETURN 

7000 FORMAT(4HT = ,F6.3) 
END 

SUBROUTINE CELPRT 
COMMON DELTAS,DT+0T2,DT4DX.040Y,DTCP,DTDX,UTUYsDTUXS.DTUYS.DTP. 

S DTPP,DTVP,DXC+DXCD2+0XI4+DXIN+DXP,DYCsUYCU2+0Yi4sUY1N,DYP 
COMMON EPS,GsGH.GX,GXD,GXDT,GY+GYD+GYOT+H,ICNTR+ITEST+KD,KKK.LLs 

$ MI.MO,MUI,MU2sN81+NB2+NI,NIMI+NIP1,NJsNJM1,NJP1+NPsNPRsNTPs 

f ODX,ODX2,ODXS+ODY+ODY2s00.YS,R1,R2,T,TCP,TL,TP+TPP,TVP+UOs 
S VO,W 
COMMON A(50,201031(50.20)+02(50,20)+83(50,201+84(50,201sC5(50,20), 

S DV(13),IMP(13),MKC(13),MSK1131,MU(50,20)+NFI301.NK(50+20), 
S NKT(50,20),P(50s20)+PS(450010P51(51+21),R(50+20),SR150,201, 
$ SRT150s20),U(51+21)+UP145001+ÚT(51,21)V(51,21).VP(4500)+ 
S VT151+211+XC15O(,XP14500),XP0130),XPL(3G),YC(20),YP(4500), 
S YP0(3O),YPL(301,ZET(51,21) 
REAL MU,MUI,MU2,NK,NKT 
INTEGER CS,PS 
LINE=O 
WRITE (M0,8000) T - 

WRITE (M0,8001) 
DO 800 J=1.NJ 
DO 800 I=1,N1 
U1=1U(I+1,J)+U(I,J)1*.5 
V1=(V(I,J+1)+V(i,J))*.5 
WRITE (M0,8002) I+J,U1,V1,P(I+JI,rt(I,J),"4U1I+3,C5:1+.:; 
LINE=LINE+1- 
IF (LINE.NE.50) GO TO 800 
LINE=O 
WRITE (M0,8003) 
WRITE (M0,8001) 

800 CONTINUE 
WRITE (M0,8004) T 

RETURN 
8300 FORMAT(11-11,10X22HCELL PRINT FOR TIME = +F6.3///) 
8001 FORMAT(1H ,5X1HIs3X1HJ,14X1Ht;,14A1HV+14X1HP+12X3HRHU.13X2,15X2H 

SCSI/ 
8002 FORMAT(1H .4X,I2+I4,5E15.6,2X,015) 
3003 FORMAT(1H1) 
8004 FORMATITN0.20X36H****, END OF CELL PRINT = *** 

S#*/1H1 ) 

END 

SUBROUTINE PARPRT 
COMMON DELTAS,DT,DT2,DT4DX,DT4DY+OTCP,DTDX,OTDY.Uï0AUTDYSsDTP, 

$ DTPP,DTVP+DXC,DXCD2,DXI4.DXIN,DXP,vYC,DYCO2.üY14,ÙYIN,UYP 
COMMON EPSsG,GH,GX,GXD+GXDT,GY,GYD,GYDT,ri,iCNTR,ITEST.KD,KKK,LLs 

S MIsMOsMU1+MU2+NB1,N82s"JIsNIM1,NiPl,NJ,NJM1+((JP1+P,NPR,NTPs 
S ODX+ODX2,ODXS,ODY.ODY2+0DYSsR1,R2,T,TCPsTLsTPsTPP,TVP,UOs 
S VO,W 
COMMON A(50,201+81150+201,B2(50,20),63150+20)+B4150,201+CS(50+20)+ 

S DV(13)+IMP(13)sMKC(13).MSK(13),MU150.2CI,NFl301,NK150,201, 
S NKT(50,20)+P(50+20),PS(450C),PSI(51+21),R(50+20)+SR(50+20).. 
$ SRT(30,20)+U(51+21)sUP-(4500)sUT151+211.V151+211,VP(4500)s 
S VT(51s21),XC(50)+XP(4500),XPO1301+(PL130)+YC(20).YP(4500)+ 
S YP0(30),YPL(30)sZET151+21) 
REAL MU+MUI+MU2,NK,NKT. 
INTEGER CS,PS 
LINE=O 
WRITE (M0,9000) T 

WRITE (MQ+9001) 
DO 900 íC=1,NP 
KP=PS(K).AND.MSK 
IF (KP.EQ.3) GO TO 900 
WRITE (M0s9002) KsXPIKIsYP(K)sUP(K),VP(K)sPSIKI 
LINE=LINE+1 
IF ILINE.NE.501 GO TO 900 
LINF=0 

F. TIrrc ,i-b.3s7h 

.. 



WRITE (M0,90031 
WRITE (M0,9001) 

900 CONTINUE 
WRITE (M0.9004) T 

RETURN 
9000 FORMAT(1H1.10X26HPARTICLE PRINT FOR TIME = .F6.3 / //) 
9001 FORMATI1H , 9X1HK, 14X1HX ,14X1HY,14X1HU +14X1HV,5A2HP5). 
9002 FORMAT., I10.4E15.6,2Xs05) 
9003 FORMAT(1H1) 
9004 FORMAT(1H0.20X40H END OF PARTICLE PRINT FOR TIME _ +F6.3 +7H 

S * * * * * /1H1) 
END 

S YP0130)+YPL(30).ZETI51211 
REAL MU+MU/.MU2.NK,NKT 
INTEGER CS.PS 
DO 517 J=2NJM1 
JM=J-1 
JP=J+1 
DO 517 I=2,NIM1 
IM=I-1 
IP=I+1 
K1=CS(isJ).AND.MSK 
IF IKI.E0.41 GC TO 500 
IF (K1.NE.5) GO TO 517 

500 VAVE1=.5*(V(L,J)+V(LP,J)). 
VAVE2=.5*(V(I,JP)rV(IP,JP)) 

SUBROUTINE PLTVEL UAVE1=.5*(U(i+J)U(i,JP)l 
COMMON DELTAS.DT+DT2,D74DXsOT40Y.DTCP.DTDX,DTùY,DiDXS+OTDYS,DTP, UAVE2=.5*(U(IP.J)+U(IP,JP)l 

S DTPPsDTVP+OXC,DXCD2sOX14.J.XIN,OXP+DYC+0YCD2+DYI4.DYINDYP AR1=.5*tRlI.J1+R(1P+,1)) 
COMMON EPS.G.GH+GX+GXD.GXDT,GY,GYD,GYDT.H,ICNTR,ITESTsKO,KKK,LL. AR2=.5*(R(I,J)+R(I.JP)) 

S MIsMO.MiU1.MU2sN51.N82+Nl.:viLi1.`Ir'1,NJ+NJM1+,Ja1,0+P+ivPK+NTs 
IF (VAVEI) 501,502.503 

S ODX00X2,0DXS,ODY,ODY211UDYS,R1.)l2sT+TCP+TL.TPsTPP,TYPsu0, 501 RV1=AR1*U(IP,J)*VAVE1 
S VO.W . GC TO 504 
COMMON A(50,20).131(50,20).52(50+20)s83150,201.34(50+20).C5150s201. 502 RVI=O. 

$ OV(13)+IMP(13)sMKC(13).MSK(13)+MU(50,20)NF(30),tiiC(53.20). GO TO 504 
S NKT(50.20).P(50+201,PS(4500),PSII51.21)+R(50,20).SR(53+20), 503 RV1=.5*(RII,JMI+R(IP,JM))*UIIP,JM)`*'VAVE1 
S SRT(50+20),U(51s21),UP(4500),UTI51,211,V(51.21)+VP(4500)+ 504 IF (VAVE2) 505,506.507 
S VT151,211,XC(5O),XP(4500),XP0(3O).XPL(30),YC(20),YP145001, 505 RV2=.5*(R(I,JP)+R(IPsJP))*U(IP,JP)*VAVE2 
S YPO(30)+YPL(30).Z_T(51.21) GO TO 5.`5 
REAL MU+MUI,MU2sNKsNKT 505 RV2=0. 
INTEGER CSPS GO TO 508 
NN=NN+1 507 RV2=AR1*U(IP,J)*VAVE2 
WRITE INTP) T 508 IF (UAVE1) 509,510.511 
WRITE IM0,10001 NN 509 RU1=AR2*VII.JP)*UAVE1 
DO 102 J=2+NJM1 GO TO 512 
DO 102 1=2+NIM1 510 RU1=O. 
K1=CSLI.JI.AND.MSK GO TO 512 
IF (K1.E0.4) GO TO 100 511 RUT=.5*(R(IM,J)+R(IM+JP))*V(IY,JP)*'JAVE1 
IF (K1.NE.5) GO TO 101 512 IF IUAVE21 513,514,515 

100 X1=XC(I) 513 R'.J2=.5*IR(IF,J)+R[IP,JP1)*V(IP,JP)*'JAVE2 
Y1=YC(JI GC TC 5'6 
X2=XI+DELTAS*(U(I+1,J)+U(I,J)1 514 R,;-=-, 
Y2=YI+DELTAS*IV(I,J+I)+V(I.JI) _C TO 516 
GO TO 102 515 RU2=A:2*v(I.JP)*UAVE2 

101 X1=777777777777777777778 515 U1=U(I,J)+UIIPsJ1 
102 WRITE INTP) X10.1,X2+Y2 U2=UliP,J)+U(1+2sJ) 

RETURN V1=V(I,J1+V(I,JP) 
1000 FORMAT(1H-18H////////// NN = .14,13H //////////,///) V2=V(IsJP)+V(I,J+2) 

END AM1=M'J(I.J)+MU(I,JP)+MU(IP+JP)+idU(IPsJ) - 

PSI(IPsJ)=AR1*U(IP,J)+DT4DX*(ß(IsJ)*UL*U1-H(I.J)*ü2*U2)+DTOY*(KVl 
S -R'J2)+DTOXS*(M.UfIPsJ)*(u(1+2+J)-U11P+J))-MUIIsJ)*(u(IP,J 

SUBROUTINE ONTPRS S )-'J(IJ)))+DT4DY*(AM1*(JDY*(U(IP,JP)-UIIP,JI)+UDX*lV(íP, 
COMMON DELTAS.OT,DT2,DT4DX,DT4DYsDTCP.DTDXsDTDYDTDXS.DTDYS,DTP S JP)-V(IsJP)1)-(MU(I,JM)+MU(I.J)+MUIIP,JI+MU1IPsJM))*luOY 

S DTPP.DTVP.DXCsDXCD20X14,0XIN+DXPsDYC,DYCD2,DY14,DYIN,DYP S *(U(IP,J)-U(IP+JM))+ODX*(V(IP.J)-'VII,JII))+ARI*üXDT 
COMMON EPS,G.GH.GX.GXD,GXDTGYtiYD,GYDT,H,ICNTR,ITESTsKO,KKK,LL. ZET(I,JP)=AR2*V(I,JP)+DTOX*IRUl-RU21+DT4DY*(K(IsJ)*Vì*V1-K(I,,(P)*V 

5 MIMOMU1MU2,N81+N82NINIM1sNIP1.NJsNJM1,NJP1NP,NPR.NTP, S 2*V2)+DTDYS*(MJIIsJP1*(V(I,J+2)-VlIJP)1-MU(IJ)*(V1IsJP 
S ODX.ODX2.00X5,ODY.ODY2.00YS,R1.R2.T,TCP,TL,TPTPP,TVP,u0, $ )-VII,J11)+DT4DX*(AM)1*(ODY*(U(IP.:P)-U(IPsJ))+JDX*lV(1P, 
S VO,W S JP1-V(IsJP))1-(MU(IM.J)+MU(IM.JP)+;lU(I,JP)+MUIi.ull*IUJY 
COMMON A(50,20)s81(50.201.62(50,20)+83(50,20).84150.201sCS(50.20)+ S *()JII.JP)-U11,JI1+0DX*(VII,JPI-V(IM,JP))))+AR2*GYDT 

S DV( 131. IMP( 131+MKC( 13) +MSK(13)MU150,20) IRE( 301.NK150s201 517 CONTINUE 
S NKT(50,201,P(50,20).P5(4500) *PSI (51s211+RI50,20),SR(5020) DO 519 J=2.NJM1 
$ SRT15020),U(51.21) +UP(4500),UT(51,21)V151211+VP(4500) , JM=J-1 
S VT151.211,XCf501XP(4500).XPO(30),XPL(30)+YC(20)+YP(4500), JP=J+1 



CO 514 . ' 2 ,'.\ I ?^ I 

^.w=l-i 

ïP=I+1 
X?=CS(IoJI.AND.MSK 

;K1.EO.41 GO TO 519 
(K1.NE.5) GO TO 519 

718 ARI=I./(2tloJl+R(19oJt) 
AR2=1./tR(I.J)+R(IM,J)) 
AR3=1../(R(I,J)+R(I,JP)) 
aR4=1./(R(I.J)+R(I.JM)) 
CIJ=1./(DT2*(JDXS*(AR1+AR21+ODYS*(AR3+AR4))1 
ß',¢InJ)=CIJ*DTDXS*A91 
P2(I,J)=CIJ*DTDXS*AR2 
53(I.J)=CIJ*DTDYS*AR3 
B4(I+J)=CIJ*DTDYS*AR4 
A(I,J)=CIJ*(00X2*(PS1(1,J)*AR2-PSI(IP,J)*AR1I+ODY2*(LET(I,J)*AK4- 

S ZET(I.JP)*AR3)) 
519 CONTINUE 

RETURN 
END 

GO TO 204 
203 IF (K2A.N£.4) GO TO 204 

PN(IM,J)=PN(I,J)-R(I,J1*GXD-DX14*t"(U(I,J}*UtIP.JI-QJY*(VfI,JP)* 
s (MU(I,J)+MU(I,JP11-V(I.J1*(Mütl,Jl+:MJíI0JPI)) 

204 K18=CSlIP,J1.AND.inSK 
IF (KLB.NE.2) GC TO 205 
K28=CSIIP,J).AND.MSK(2) 
K25=K25*0V(2) 
IF (K25.NE.3) GC TC 205 
PN(IP,J)=PNII,J)+R(I,J)*GXD 
GO TO 206 

205 IF (K2B.NE.4) GC TO 206 
PNIIP.J)=PNlI,J1+R(IsJ)*GXD+DXI4*(9U(1+J)*f:(1o.:)-V3Y*fY4ï....., 

S (MU(I.J)+MU(I,JP)1-V(I.J)*t;"J(I.J)+Mu(i.J,.l)) 
206 K1C=G II,JM).AND.M5K 

IF (K1C.NE.21 GC ro 206 
K2C=C5(I,JM).AND.MSK(2) 
K2C=K2C*DV(2) 
IF (K2C.N=.31 GO TO 207 
PN(I,JM)=PN(I,J)-'(I,J)*GYD 
GO TO 208 

207 IF (K2C.NE.4) S3 TO 208 

SUBROUTINE PRSITN PN(I,JM)=PN(IsJ)-R(I,J)*GYD-CYI4*M'J(i,J*'JfI,.;P)-.:vX*lU(IP+J)* 

COMMON DELTAS+DT.DT2,0T4DX,DT40Y+DTCP,OTOX.DTDY,DTJXS.DTDYS,DTP, $ (MU(I0J)+MU(IP,J)1-U(I+J)*('dl1.Jl+V'J(iM,J)1) 
S DTPP,DTVP,DXC.DXCD2+DX14,DXIN+DXP.DYC,UVCD2,DY14,DYIN.OYP 208 KID=CSIIP,J).AND.MSK 
COMMON EPS,GGH+GX,GXD+GXDI,GY,GYÛ.GfGT,ri.ICNTR.iTEST,KD,KKKsLL, IF (IO,.NE.2) GO TO 210 

S MI.MO+MUI,M'J2,N81.-Y62,NS,NI^11+N1PI+NJ++dJr11+NJP101P,rvPR,ivTP, K2C=CSI I,JPI.AND.iMSK(2) 
S ODX,00X2+0DXS.ODY,ODY2+ODYS.R1,R2,T,TCP+TL.TP,TPP.TVP,UO K2D=K2D*DV(2) 
S VO,v,' . 

IF (K20.NE.3) GO TO 209 

COMMON A(50,201,G1(50,20),B2(50,20),03(50,20),34(50+20),CS(50,201, PN(I.JP)=PN(I,J)+R(I,J)*GYD 
S DV(13),IMP(13).MKC(13),tMSK(13),MU(50+20)+NF(30),NK(50,20), GO TO 2:0 
S NKT(50,20).P(50.20),PS(4500),PSI(51.21)R(50.20I,SR(50s2U) 209 IF (K2D.NE.4i GO TO 210 
S SRT(50,20).U(51.21),UP(4500)+'JT(51,21),V(51,21),VP(4500), PNii,JP)=PN(I,J)+R(I,J)*GYD+DYI4*'-7U(I,J)*VIIsJ1-3ùX*(U(ir.J)* 
S VT(5I,21),XC(501.XP(4500).XP0130)+XPLl30),YC(20),YP(4500)+ g IMU(I,J)+MU(IP,J))-U(I,J)*(MJ(I,J1+M,;.c:,M,..))) 

S YPC(30),YPL(30)+ZET(51,21) 210 PN(I,J)=B1(I,J)*Pfi(IPsJ)+32(I,JI*PN(IM,J)*63(I+J)*.'NI;sJP)+ò4(I+J) 
REAL MU+MUI+MU2,NK<,NKT g *PN(I,JM)+A(I,J) 

INTEGER CS,PS IF (L.EO.ITEST) ERR=AMAX1(ERR,ABS(PN(I.J)-r(I,J))*6ri/AD.7(R(I,J)11 

^,IMEMSION PN(50+20) 211 CONTINUE 

'%IVALENCE (PN,SRTI DO 212 J=1,NJ 

DO 200 J=1,NJ DC 212 I=10N1 

DO 200 I=1,NI 212 P(I.J)=PN(I,J) 

200 PN(I,J)=P(I.J) 213 CONTINUE 
ICNTP=O IF (ERR.LT.EPS) GO TO 214 

201 ERR=0. IF (ICNTP.LT.300*ITEST) GO TO 20., 

DO 213 L=1+ITEST KD=2 

ICNTP=ICNTP+1 WRITE (M0.2000) T,ICNTR,LL 

DO 211 J=20NJM1 GO TO 215 

JM=J-1 214 WRITE IM0,20011 ICNTP,T+ICNTR,LL 

JP=J+1 215 RETURN 
DO 211 I=2,NIM1 2000 FORMAT(1H-/IH-,20X30HT00 MANY ITERATIONS AT TIME _ ,F6.3,IOX8HICNT 

IM=I-1 SR = .14,IOX5HLL = .I4) 

IP=I+1 2001 FORMATIIH .10X,14,23H ITERATIONS AT TIME _ ,F6.3,10X8H1CNTR = .14 

K1=CS(I,J).AND.MSK S,lOXSHLL = ,I4) 

IF (KI.E0.4) GO TO 202 ENO 
IF (K1.NE.5) GO TO 211 

202 K1A=CS(IMsJ).AND.MSK 
IF (K1A.NE.2) GO TO 204 SUBROUTINE PARTRA 

K2A=CS(IM.J).AND.MSK( 2) COMMON DELTAS,DT.0T2,0740X.DT4DY,DTCP+DTUX,DTDY,OTDXS,DTDYSoDTP. 
K2A=K2A*DV(2) S DTPP,DTVP,DXC+DXCD2,DXI4.0XIN,DXPsDYC,DYCD2,0YI4.DYIN,DYP 
IF (K2A.NE.31 GO TO 203 COMMON EPS,G,GH.GX,GXD,GXDT,GY,GYD,GYDT+H,ICNTRsITEST,KD,KKK,LL, 
PN(IM,J)=PN(I.J)-R(I,J)*GXD S MI.MO,MU1,MU2,N5I.NB2.NI+NIMI+NI1-1+NJ,NJMI.NJP1+NP+;àPRavTP+ 

i` 
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S ODX,ODX2.ODXS,ODY.0DY2,0DYSsR1+R2,TsTCP,TL,TP,TPP,TVP,UO, 
$ VOsW 
COMMON A(50,20),B1(50s201sB2(50s20),83(50.20).84150.20)sCS150s20), 

S DV(13),IMP(13).MKC(13)+MSK(131,MU(50+201,NF(30),NK(50s201, 
NKT(50,201,P(50,20)1P5(4500),PSI(51,21),R(50>20),SR(50020), 

$ SRT(50.2G)+U151,211+UP14500) .UT (51.21),V(51,21)sVP(4500). 
S VT151,211,XC(50),XP(4500),XPO(30).XPL1301.YC(20),YP(4500), 
$ YPO(30),YPL(30).ZET(51.21) 
REAL MU+MUI,MU2sNK,NKT 
INTEGER CSsPS 
DO 900 J=1,NJ 
DO 900 I=I,N( 
NKT(I,J)=0. - 

900 SRT(IsJ)=0. 
DO 902 J=2sNJM1 
JM=J-1 
JP=J+1 
DO 902 1=2,NIM1 
IM=I-1 
IP=I+1 
Kl=CS(I,J).AND.MSK. 
IF (Kl.EQ.4) GO TO 901 
IF (K1.NE.5) GO TO 902 

901 K10=C5(I,J).AND.MSKl101 
K10=K10*DV(10) 
IF (K10.E0.1) GO TO 902 
UT(I.JP)=2.*1PSI(I,JP)+DTDX*lP(IM,JP)-P(I,JP))1/lklIM,JPI+k(I,JP)) 
UT(I.J)=2.*(P5I(1,J)+DTDX*(P(IM.J)-P(I,J)))/(kIIM,J)+RII,J)/ 
UT(I,JM)=2.*(P5III,JM)+DTDX*(P(IM,JM)-P(I,JM))1/(k(1MsJM)+k(IsJri1) 
UT(IP,JP)=2.*(PSI(IPsJP)+DTDX*lP(I,JP)-)'(IP,JP)))/lR(I,JPI+R(IPsJP 

$ )) 
UTIIP,J)=2.*(PSIIIP,JI+DTDX*(P(I_.J)-PIIP.J)I1/(R(I,J)+k(IP,J)1 
UT(IP,JM)=2.*IPSI(IP,JM)+DTDX*(P(IsJM)-P(IP,JM)))/(R(I+JM)+R(IPSJM 

$ )) 

VT(IP,J)=2.*(ZETIIP,J.I+DTDY*(P(1P,JM)-P(IP,J)_)1/(RIIP,JM)+R(IP,J)) 
VT1T,J)=2.*(ZET)I,J)+DTDY*IPII,JM)-P1T.J)))/(R(I.JM)+R(IsJ)) 
VTtIM,J)=2.*.(ZETIIM,J)+DTDY*(P(IM.JM)-P(IMsJ)))/(R(IM,JM)+k(IM,J)) 
VT(IP,JP)=2.*(ZET(IPsJP)+DTDY*(P(IPsJ)-PIIP,JP)11/(RIIP,J)+k(IP,JP 

S )) 

VTIIsJP)=2.*IZET(I,JPI+DTDY*(P(IsJ1-PI1,JP)))/(R(I,J)+R(I,JP)) 
VT(IM,JP)=2.*(ZET(IM,JP)+DTDY*lP(IM,J)-PIIN(sJPI))/(k(li,1sJ)+r211M.JP 

S )l 

CALL TBDCND 
902 CONTINUE 

KKK=1 
CALL MOVPAR 
RETURN 
END 

SUBROUTINE TBDCND 
COMMON DELTAS,DTsDT2,DT4DX,DT4DY,DTCP,DTDX.DTDYsDTUXS,DTDYS,OTP, 

S DTPPsDTVP0DXC,DXCD2sOXI4,DXINfDXP,DYC,DYCD2,DYI4+DYINsDYP 
COMMON EPS,G,GHsGX,GXDsGXDT+GY,GYD.GYDT+H+ICNTR,ITESTsKD.KKKsLL, 

$ MIsM0,MU1,MU2+NB1sN132,NIsiVIM1sNIP1,NJ,NJM1sNJP1,14PsNPR,NTP, 
S ODX+ODX2,ODXS,ODYsODY2,ODYS,R1,R2+T,TCPsTL,TPP,TVPsU0, 
S V0,44 

COMMON A(50,20),B1(50s20)+B2(50,20),B3(50,20)0B4150,20)sCS150,20), 
S DV(13)sIMP(131+MKC(13),MSK(13)sMU(50,20),NF(3.0),NK(50s201. 
S NKT(50,20),P(50.201,P514500)sPSI(51,21),R150.201sSR150,20), 
S SRT(50,20).U(51s21),UP(4500)+UT(51.21),V(51,21)11VPS4500) 

S VT(51s211,XC150),XP(45001,XP0(30),XPL(30)sYC1201,YP(4500)s 
S YPO(301.YPL130).ZET(51s21) 
REAL MUsMU1,MU2sNK,NKT 
INTEGER CS,PS 
DO 811 J=1,NJ 
JM=J-1 
JP=J+1 
DO 811 I=1,NI 
IM=I-1 
IP=I+1 
K1=CS(I,J).>ND.MSK 
IF (KI.NE.2) GO TO 311 
K2=CS(I,J).AND.MSK(2) 
K2=K2*DV12) 
K7=CS(IsJ).AND.MSK(7) 
K7=K7*DV(7) 
IF 1K7.EG.4) GO TO 808 
IF (K7.E0.3) GO TO 805 
IF (K7.E0.2) GO TO 802 
IF (K2.NE.4) GO TO 800 
5=1. 
GO TO 801 

800 IF (K2.NE.3) GO TO 811 

5=-1. 
801 UT(I+J)=S*UT(I+2,J) 

VT(IsJ1=-S*VTIIP,J) - 

VT(I.JP)=-S*V71IP,JP) 
GO TO 811 

802 IF 1K2.NE.4) GO TO 803 

5=1. 
GO TO 804 

803 IF (K2.NE.3) GO TO 811 

S=-1. 
804 OT(I,J)=0. 

UTIIP,J)=S*UTIIM,J) 
VT(I,J)=-S*VT(IM,J) 
VT(I,JP)=-S*VT(IM,JP) 
GO TO 811 

805 IF (KZ.NE.4) G. TO ..,,.. 

5=-1. 
GO TO 807 

806 IF (K2.NE.3) GO TO 811 
5=1. 

807 UT(I,J)=5*UT(IsJP) - 

UT(IP,J)=S*UT(IPsJP) 
VT(I,J)=-5*VT(I.J+2) 
VT(IsJP)=0. 
GO TO 811 

808 IF (K2.NE.4) GO TO 809 

S=-1. 
GO TO 810 

809 IF (K2.NE.3) GO TO 811 
5=1. 

810 UT(I+J)=S*UTtI.JMl 
UT(IP,J)=S*UT(IPsJM) 
VT(IsJ)=0. 
VT(I+JP)=-S*VT(I,JMi 

811 CONTINUE 
RETURN 
END 

$ 

UT(1P,J)=0. 

co 



SUBROUTINE DENCHG 
COMMON DELTAS+DT,DT2,DT4DX.DT4DY.DTCP,DTDX,DTDY,DTDX5.DTDY.DTP. 

$ DTPP+DTVP+DXC+DXCD2,DXI4,DXIN+DXPsDYC.DYCO2+0Y14.0YIN,0YP 
COMMON EPS+G.GH+GX+GXD+GXDT.GY+GYDsGYDT.H,ICNTR+ITEST,KD,KKK.I.Ls 

5 MI,MO,MUI.MU2.N81+N620I.NIMI+NIPI.NJ+NJM1.ïrJP1,f.P.NPrd,ivTP+ 
S ODX+ODX2,ODXS.ODY,ODY2.ODYS.R1,1"22.T.TCP+TL.TP,TPP,TVP.UO+ 
$ VO,W 
COMMON 050+20)+81(50.20).62(50,20)s83(50.20),8050s20)+C5150.201. 

5 DV1131+IMP(13)+MKC113)+MSK(13),MU150.20)+NF(30),NK(50+20), 
S NKT150,201.P(50s20)+PS(4500)+P51(51.21)0(50+20).SR(50,20)s 
S SRT(50s20)+U(51+21)sUP(4500)+'JT(51.21),V(51,21),VP145001, 
S VT(5I+21)+XC(501.XP(4500),XPO1301+XPL(30),YCI201.YP145001. 
S YPO(30)+YPL(30).2ET(51.21) 
REAL MU+MUI+MU2+NK,NKT 
INTEGER CS.PS 
LL=O 
DO 600 J=1+NJ 
DO 600 I=1+NI 

600 CS(IsJ1=IMPI121.0R.(CSII+JI.AND.MKCI12)) 
DO 602 J=2,NJM1 
00 602 I=2.NIM1 
K1=CS(I,J).AND.MSK 
IF (K1.E0.4) GO TO 601 
IF lK1.NE.51 GO TO 602 

601 K11=CS(I,J).AND.MSKI11) 
K11=K11*DV(11) 
IF (K11.E0.1) GO TO 602 
IF INKtIsJI+NKTtIsJ).E0.0.1 GO TO 602 
RHO=ISR(I.J)+SRTCI,J))/lNK(I+JI+NKT(I.J)1 

699 IFARHO.EO.R(I.J)) GO TO 602 
R(I+J)=RHO 
LL=LL+1- 
KT=2*IMP(121 
CSIIsJ)=KT.OR.(CS(I,J).AND.MKC(12)) 
KT=2*IMP(13) 
CS( I+J)=KT+OR.( CS( I+J).AND.MKC(1311 

602 CONTINUE 
RETURN 
END 

SUBROUTINE NEWBA 
COMMON DELTASsDT,DT2+0T4DX.DT4DY+DTCP,DTDX,DTDY+DTDXS+DTDYS+DTP, 

S DTPPsDTVP.DXC,DXCD2,DXI4+DXIN.DXPsDYC,DYCD2,DY14,DYIN.DYP 
COMMON £PS.GGH.GX+GXD+GXDTsGY+GYD+GYDT+M.ICNTR.ITEST.KD.KKK.LL. 

S MI040,r!U1,MU2+N61.N82.NI.NIMI,NIP1sNJ+NJMI+NJPI.NPvNPR.NTPs 
S ODX,OD)(2,ODXS,ODYe0DY2,0DYS,R1sR2,7,TCP,TL,TP.TPP+TVP,61O. 
S VO.W - 

COMMON A(50,20 ) .,B1 50.20)+82(50,20)1163(50.20),641 50.201+CS150.20). 
S DV(13)sIMP(13),MKC(19).MSK(13)sMU(50,20),NF(30)sNK150,201, 
S NKT(50.20),P(50,20) 'PS (4500) 'PSI ( 51.21)sR150,20)+SR150+20). 
8 SRT(50+201sU(51+21),UP(45001.UT(51+21)sN(51+21)+VP(4500), 
S VT( 51,21)sXC150),XP(4500),XPO(30),XPL( 30)sYC120),YP( 4500), 
S YPO(30).YPL(30 ),ZET(51.21) 
REAL MU,MUI.MU2,NKsNKT - 

INTEGER CS,PS 
DO 219 J=2+NJM1 
J,M,=J-1 

JP=J+1 

DO 219 I=2.NiM1 
IM=1-1 
IP=I+1 
K12=CS(I.JI.AND.MSK(12) 
K12=K12*DV(12) 
IF (K12.E0.1) GO TO 219 
ML=1 
MR=1 
MB=1 
K1A=CS(IM+J).A:NJ.:MSK 
IF (K1A.NE.2) GO TO 200 
ML=2 

200 K1B=CS(IP.J).AND.M5K 
IF (K19.NE.2) GO TO 201 
MR=2 

201 K1C=CSII,JMI.AND.MSK 
IF (K1C.NE.2) GO TO 202 
MB=2, 

202 K1D=CS(I,JP).AND.MSK 
IF (KID.NE.2) GO TO 203 
MT=2 

203 IF (ML+MR+MT+MB.NE.4) GO TO 204 
RJM=R(I+J-2) 
RJP=R(I,J+2) 
RIM=R(I-2,J) 
RIP=R(I+2.J) 
GO TO 218 

204 IF (ML+MR+MB.NE.6) GO TO 205 
RIM=0. 
RIP.O. 
RJM.O. 
RJP=RII+J+2) 
GO TO 218 

205 IF (ML+MR+MT.NE.6) GO TO 206 
RIM=O. 
RIP.O. 
RJM=R(I,J-2) 
RJP.O. 
GO TO 218 

206 IF (ML+MB+MT.NE.6) GO TO 207 
RIM=0. 
RIP=R(I+21J) 
RJM.O. 
RJP.O. 
GO TO 218 

207 IF (MR+MB+MT.NE.6) GO TO 208 
RIM=RII-2,J) 
RIP.O. 
RJM.O. 
RJP.O. 
GO TO 218 

208 IF (ML+MR.NE.4) GO TO 209 
RIM=O. .. 

RIP=0. 
RJM=R(I+J-2) 
RJP=R(I,J+2) 
GO TO 218 

209 IF (ML+MB.NE.4) GO TO 210 
RIM=0. 
RIP=R(I+2.J) 
RJM=O. 
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RJP=R(I,J+2) 
GO TO 218 

210 IF (ML+MT.NE.4) GO TO 211 
RIM=O. 
RIP=R(I+2,J) 
RJM=R(IsJ-21 
RJP=O. 
GO TO 218 

211 IF IMR+MB.NE.41 GO TO 212 
RIm=R(I-2,J) 
RIP=O. 
RJM.O. 
RJP=R(I.J+2) 
GO TO 218 

212 IF IMR+MT.NE.41 GO TO 213 
RIM=R(I-2,J) 
RIP=O. 
RJM=R(I,J-2) 
RJP=O. 
GO TO 218 

213 IF (MB+MT.NE.4) GO TO 214 
RIM=R(I-2.J) 
RIP=R(I+2,J) 
RJM.O. 
RJP=O. 
GO TO 218 

214 IF (ML.NE.2) GO TO 215 
RIM=O. 
RIP=RII+2sJ1 
RJM=R(I,J-2) 
RJP=R(I.J+2) 
GO TO 218 

215 IF IMR.NE.2) GO TO 216 
RIM=RII-2,J) 
RIP=O. 
RJM=R(I.J-2) 
RJP=RII,J+21 
GO TO 218 

216 IF (MB.NE.2) GO TO 217 
RIM=R(I-2,J) 
RIP=R(I+2,J) 
RJM.O. 
RJP=R(t,J+2) 
GO TO 218 

217 IF (MT.NE.2) GO TO 218 
RIM=R(I-2,J) 
RIP=R(I+2,J) 
RJM=R(I,J-2) 
RJP=O. 

218 AR1=1./lR(I,J)+R(IPsJ)1 
AR2=1./(R(I.J)+R(IM,J)) 
AR3=1./lR(I,JI+R(I,JP)) 
AR4=1./(RII,JI+R(I,JM)1 
AR5=1./IRII,JMI+RIIP.JM)1 
AR6=1./(R(I,JM)+R(IM,JM)1 
AR7=1./IRII,JMI+RJM) 
AR8=1./(R(I,JP)+R(IPsJP)) 
AR9=1./IRIIsJP1+R(IM,JP)) 
AR10=1./(R(I,JP)+RJP) 
AR11=1./(RIIM,JI+RIM) 
AR12=1./(RIIM,J1+R(IM,JP)) 

AR13=1./IRIIM,JI+R(IM,JM)) 
ÁR114=1./IR(IP.JI.+RIP1 
AR15=1./(R(IP,J)+RIIP,JP)1 
AR16=1./(RIIP.J)+R(IP,JM)! 
CIJ=1./(DT2*(ODXS*lAR1+AR2)+ODYS*(AR3+AR4)Il 
CIJM=1./IDT2*(0DXS*1AR5+AR61+ODYS*IAR4+AR71/1 
CIJP=1./(0T2*100X5*IAR8+AR91+ODY5*1AR10+AR31)I 
CIMJ=1./l0T2*(ODXS*(AR2+AR111+ODYS*(AR12+AR13)11 
CIPJ=1./(DT2*IODXS*(AR14+AR1)+ODYS*(AR15+AR161)) 
811Is11=CIJ*DTOXS*AR1 
81(I,JM)=CIJM*DTDXS*AR5 
81(I,JP)=CIJP*DTDXS*AR8 
81(IM,J1=CIMJ*DTDXS*AR2 
8111P,J)=CIPJ*DTDXS*AR14 
1321I.J1=CIJ*DTDXS*AR2 
B2(I.JM)=CIJM*DTDXS*AR6 
82(I,JPI=CIJP*DTDXS*AR9 
B2IIM,J)=CIMJ*DTDXS*AR11 
02lIP.J1=CIPJ*DTDXS*AR1 
83(I.J)=CIJ*DTDYS*AR3 
B3(7.JM)=CIMJ*DTDYS*AR4 
B3(IsJP)=CIJP*DTDYS*AR10 
831IMsJ)=CIMJ*DTDYS*AR12 
83(IP,J)=CIPJ*DTOYS*AR15 
84(I.JI=CIJ*OTDYS*AR4 
841I.1M1=CIJM*DTDYS*AR7 
84(I,JP)=CIJP*DTOYS*AR3 
04(IM.JI=CIMJ*DTDYS*AR13 
841IP,JI=CIPJ*DTDYS*AR16 
A(I,J)=CIJ*(00X2*(PSI(I,J)*AR2-PSI(IP.J)*AR1)+JOY2*(ZETII,J)*AR4- 

S 2ET(I.JP)*AR3)1 
A(IsJM)=CIJM*(OOX2*(PSIíI,JM)*AR6-PSIIIP.JMI*AR5(+úOY2*IZtTII,JMI* 

S AR7 -ZET(I,JI*AR4)) 
A(I.JPI=CIJP*(ODX2*(PSl(I.JP)*AR9-PSIIIP.JP)*AR8)+úDY2*(ZET(I,JP)* 

S AR3 -2ET(I,J+2)*AR10)1 
A(1M,JI=CIMJ*(00X2*(PSIIIMsJ)*AR11-PSIII,J)*AR2I+ODY2*(ZtTIIM,J)* 

S AR13 -2ETI7MsJP7*AR12)I 
AIIP,J)=CIPJ*(00X2*(PSIIIP.J)*AR1-PSIII+2,J)*AR141+úDY2*(ZETIIP,J). 

S *AR16 -ZET(IP,JP)*AR15)1 
219 CONTINUE 

RETURN 
END 

SUBROUTINE MOVPAR 
COMMON DELTASsDT,0T2sDT4DX,DT40Y,DTCP,DTDX,DTDYsDT0X5sDTDYS,DTP. 

S DTPPsDTVP,OXCsDXCD2s0X14,0XIN,OXP,DYC,DYCO2,0YI4.0YINs0YP 
COMMON EPSsGGHsGX,GXDsGXDT,GY.GYD,GYDT,H.ICNTRs1TESTsKD.KKK,LLs 

S MI,MO.MUI,MU2sN81,1482,NIaNIM1sNIP1,NJ,NJM1,hJP1.0IW,ivPR,NTPs 
S ODX,ODX2.ODXS,ODY.ODY2,0OYS,RIsR2sTsTCP,TL.TP,TPPsTVP0ú0. 
S VO,W 
COMMON A(50.201,B1(50,20),82(50,20),8315u,201s84(50,201sC5150s201s 

S DV(137,IMP(13),MKC(13),MSK(13),MU150.201sNF130.1,NK(50,20). 
S NKT150,20).P(50.201,PS(45001,PSI151,21).R(50±20)±SR(50.20)s 
S _ SRT150,20),U(5121),UP(4500),UT151s21).V151s211,VP145001. 
S VT(51,21),XC1501,XP(4500),XPC(307,XPL(30).YC(20)sYPt4500)s 
S YPOI301,YPLI301,LETC51.211 
REAL MU.MUIsMU2,NK.NKT . 

INTEGER CS/PS 
DO 148 K=1/NP 
KP:PSlK1.AND.MSK 



IF (KP.E0.3) GO TO 148 
O=XPlK1*ODX+2. 
0=YPtK1*ODY1.2. 
I=0 
J=0 
FX=O-I 
FY=O-J 
K1=CS(I.J).AND.MSK 
IF (K1.E0.4) GO TO 99 
IF IK1.NE.51 GO TO 138 

99 IF (KKK.E0.2) GO TO 100 
KI0=C5(IsJ).AND.MSK(10) 
K10=K10*DV(10) 
IF (K10.E0.1) GO TO 148 

100 IF (FY.LT..5) GO TO 101 
JPR=J 
GO TO 102 

101 JPR=J-1 
102 IP=I+1 

JPRP=JPR+1 
HPSX=.5+0DX*lXC1I1-XP(K)) 
HPSY=.5+ODY*IYC(JPR)+OVCD2-YPIK)1 
1.0.15X=1..HPSX 
HMSY=1.-HPSY 
IF (KKK.E0.2) GO TO 103 
UTI=UT( JPRP) 
UT2=UT(IsJ) 
UT3=UTIIP.JPRP1 
UT4=UT(IP,J) 
UT5=UT(IsJPR) 
UT6=UT(IPsJPR) 
GO TO 104 

103 UT1=U(IsJPRP) 
UT2=U(IsJ) 
UT3=U(IP,JPRP) 
UT4=UlIP,J1 
UT5=U(IsJPR) 
UT6=U/IPsJPR) 

104 IF (UT1.NE.0.) GO TO 105 
U1=UT2 
GO TO 107 

105 K5A=CS(I-1,J).AND.MSK(5) 
K5A=K5A*DV(5) 
IF (K5A.E0.1) GO TO 106 
U1=0. 
GO TO 107 

106 U1=UT1 
107 IF (UT3.NE.0.) GO TO 108 

U2=UT4 
GO TO 110 

108 K58=C5IIP,J).AND.MSK(5) 
K5B=K5B*DV(51 
IF (K58.E0.1) GO TO 109 
U2=0. 
GO TO 110 

109 U2=UT3 
110 IF (UTS.NE.0.) GO TO 111 

U3=UT2 
GO TO 113 

111 K5A=C5(I-1sJ).AND.MSKl5) 
K5A=K5A*DV(5) 

IF IKSA.EO.1) GO TO 112 
U3=0. 
GO TO 113 

112 U3=UT5 
113 IF tUT6.NE.0.1 GO TO 114 

U4=UT4 
GO TO 116 

114 K58=CS(IP,J).AND.MSK(5) 
K50=K5B*DV(S) 
IF IK50.E0.11 GO TO 115 
U4=0. 
GO TO 116 

115 U4=UT6 
116 UPT=HPSX*HMSY*U1+HM5X*HMSY*U2+HP5X*HPSY*U3+Hì-0SX*HPSY*U4 

XPT=XP(KI+UPT*DT 
IF (FX.LT..5) GO TO 117 
IPR=I 
GO TO 118 

117 IPR=I-1 
118 JP=J+1 

IPRP=IPR+1 
HPSX=.5+ODX*(XCIIPR)+DXCD2-XP(K)) 
HPSY=.5+ODY*IYC(J)-YP(K11 
HMSX=1.-HPSX 
HM5Y=1.-HPSY 
IF (KKK.E0.2) GO TO 119 
VT1=VT(IPRsJP) 
VT2=VT(IsJP) 
VT3=VT(IPRPsJP) 
VT4=VTIIPR,J) 
VT5=VT(I,J) 
VT6=VTCIPRP.sJ1- 
GO TO IZO 

119 VT1=VlIPR,JP) 
VT2=V(I.JP) 
VT3=V(IPRP.JP1 
VT4:V(IPRsJ) 
VT5=VII.J) 
VT6=VIIPRPsJ) 

120 IF (VT1.NE.0.) GO TO 121 
V1=VT2 
GO TO 123 

121 K5C=CSII,JPI.ANO.MSK(5) 
K5C=K5C*DV151 
IF (K5C.E0.11 GO TO 122 
V1=0. 
GO TO 123 

122 V1=VT1 
123 IF (VT3.NE.0.) GO TO 124 

V2=VT2 
GO TO 126 

124 K5C=CS(IsJP).AND.MSK(5) 
K5C=K5C*DV(5) 
IF (K5C.E0.11 GO TO 125 
V2=0. 
GO TO 126 

125 V2=VT3 
126 IF (VT4.NE.0.) GO TO 127 

V3=VT5 
GO TO 129 

127 K50=CS(I.J-1).AND.MSK(5) 



K5D=K5D*DV(5) 
IF (K5D.EQ.1) GO TO 128 
V3=0. 
GO TO 129 

128 V3=VT4 
129 IF (VT6.NE.0.) GO TO 130 

V4=VT5 
GO TO 132 

130 K5D=CS(I,J-1).AND.MSK(5) 
K5D=K5D*DV(5) 
IF (K5D.E0.1) GO TO 131 
V4=0. 
GO TO 132 

131 V4=VT6 
132 VPT=HPSX*HMSY*V1+HMSX*HMSY*V2+HPSX*HPSY*V3+HMSX*HPSY*V4 

YPT=YP(K)+VPT*DT 
I1=XPT*ODX+2. 
J1=YPT*ODY+2. 
IF (11.LE.NI.AND.J1.LE.NJ) GO TO 133 

KD=2 
'WRITE (M0,1000) K.I,J+KKK 
GO TO 149 

133 IF (KKK.E0.1) GO TO 134 
UP(K)=OPT 
XP(K)=XPT 
VP(K)=VPT 
YP(K)=YPT 
GO TO 148 

134 IF(J.NE.J1) GO TO 135 
IF (I.E0.I1) GO TO 148 

135 KPA=PS(K).AND.MSK(3) 
KPA=KPA*DV(3) 
IF (KPA.E0.2) GO TO 136 

SRT(I,J)=SRT(I,J)-R1 
SRT(II,J1)=SRT(II,J1)+R:. 
GO TO 137 

136 SRT(I,J)=SRT(I,J1-R2 
SRT(I1,J1)=SRT(I1+J1)+R2 

137 NKS(I,J)=NKT(IsJ)-1. 
NKT(I1+J11=NKT(I.1,J1)+1. 
GO TO 148 

138 K2=CS(I,JI.AND.MSKl21 
K2=K2*OV(2) 
IF (K2.NE.1) GO TO 148 
IF (KKK.E0.2) GO TO 139 
UT7=UTII,JI 
UT8=UT(I+1sJ) 
VT7=VT(I+J) 
VT8=VT(I,J+1) 
GO TO 140 

139. UT7=11lI,J1 
UT8=U(I+1,J1 
VT7=V(I,J) 
VT8=V(I.J+1) 

140 K7={S(I,J).AND.MSK(7) 
K7=K7*DV(7) 
IF (K7.E0.1) GO TO 144 
IF (K7.E0.2) GO TO 143 
IF (K7.E0.3) GO TO 141 

T2=VT7*DT 
DYIN=-T2 

KT=4*IMP(2) 
.PS(K)=KT.OR.(PS(K).AND.MKC(211 
GO TO 142 

141 T2=VT8*DT 
DYIN=T2 
KT=3*IMP(2) 
PS(K)=KT.OR.(PS(K).AND.MKC(2)) 

142 YPT=YP(K)+T2 
XPT=XP(K) 
GO TO 146 

143 T1=UT7*OT 
DXIN=-T1 
KT=2*IMP(2) 
PS(K)=KT.OR.(PS(K).ANO.MKC(2)) 
GO TO 145 

44 T1=UT8*DT 
DxIN=T1 
PS(K)=IMP(2).OR.(PSIKI.AND.MKC(2)) 

145 XPT=XP(K)+T1 
YPT=YP(K) 

146 IF (KKK.E0.2) GO TO 147 
I1=XPT*0Dx+2. 
J1=YPT*ODY+2... 
GO TO 134 

147 XP(K)=XPT 
YP(K)=YPT 

148 CONTINUE 
149 RETURN 

1000 FORMAT(1H-/1H-.20X13HPARTICLENO. ,I4,13)-1, FROM 

32H, CROSSED A BOUNDARY.,10X6HKKK = +IIY 
END 

CELL , I2, 1rl I2,2 

SUBROUTINE VELCTS 
COMMON DELTAS,DT.,DT2,DT40X.DT4JY,DTCP,DTDXfOTDY,DTDX5.0T0Y5+DTP. 

S DTPPsDTVP,DXC,DXCD2,DXI4,DXIN+UXP,DYCsDYCD2,0YI4,0YIN,DYP 
COMMON EPS,G,GH,GX+GXD,GXDT,GY+GYD.GYDT.H,ICiNTRsITEST.KD+KKK,LLs 

$ MIsMOsMU1,MU2,NB1+NB2,NI+MIMI+NIP1+PiJsNJM1.ívJP1,NP,NPR,iNTPs 
S ODX,00X2+0DXS,ODY+ODY2.0OYS,R1,R2,T,TCP.TL+TP+TPP,TVP1UO+ 
S VOsSd 

COMMON A(50s20)+B1150+201,B2(50,20)+B3(50.20)+84(50+20).C5(50,20)+ 
S bV1131,IMP113),MKL(13)+MSK(13)+MU150+201+NF(30)+NK(50,20)s 
$ NKT(50.201+P(50+20),PS(45001,PSI(51.21),R(50,20) 'SR (50.20), 

S SRT(50.20)+U(51,21) +UP(4500)+UT(51+21)+VI51+21)sVPi45001-+ 
S VT151s211,XC1501+XP(4500),XPO(30)sXPL(30)sYC(20),YP145007s 
S YPO(30),YPL(30).2ET(51+21) 
REAL MU+MU1+1)U2,NKsNKT 
INTEGER CS,PS 
DO 401 J=2,NJM1 
JP=J+1. 
DO 401 I=2s11IM1 

IP=I+1 
K1=CS(I,J).ANO.MSK 
IF (K1.EQ.41 GO TO 400 
IF (KI.Nf.5) GO TO 401 

400 T1=(PSI(IPsJ)+OTDX*(P(I+J)-P(IP,J1))/(R(I,J1+R(IP,J)) :. 

T2=lZET(I.JP)+DTDY*(P(IsJ)-P(IsJP)))/(R(I+J)+R(IsJP)1 
U(IP+J)=T1+TI 
V(I,JP)=T2+T2 

401 CONTINUE 
CALL BNDCND 



RETURN 
END 

SUBROUTINE DENVIS 
COMMON DELTASDT,DT20T4DX,DT40Y+DTCP,DTDXDTDYOTOXS.OTUY5+07Ps 

E DTPP+DTVPsDXCOXCD2,DX14sUXIN,DXP.JYCOYCD2.UY140YIN,UYP 
COMMON EPSsGGH+GXGXO.GXDT+GY+GYD,GYDT.HICNTRsITGST+KU+KKKLL. 

S MI.M0+MU1,MU2+NB1NB2.N1N1MI,NIPI.NJ,NJMI.NJP1NPsNPtisi,TP+ 
S ODX.ODX2.ODXSODY,ODY2.0DYS,R1.R2.isTCP+TL.TP+TPPTVP+VO. 
S VO.w 
COMMON A(5020101t50920)+B2150201+B3150+201+84150+201+C5150,241+ 

S DV(23)+IMP(13)+MKC113).MSK(13)sMU150.20)+NF(30).NK(30s20)+ 
E NKT(50.201P(50+201+P5(4500)sPSIt51+21)+R150+20)+SR150.201. 
S SRT(50+201+U(51211+UPt45001+UT151+21),V(51+211sVP(4500) 
b VT151.211+X050J.XP1450010XP0130),XPL130)+Y020)sYP(4500)+ 
ß YP01301,YP11301,ZE1151,211 
REAL MUM,U1.MU2+NK+NKT 
INTEGER CS,PS 
DIMENSION SM150201 
EQUIVALENCE ISM+NKT1 
DO 300 J=1+NJ 
DO 300 I=1+NI 
NK(I,J)=0. 
5R(I.J)=0. 

300 SM(I+J)=O. 
KK=1 
DO 303 K=1+NP 
KP=PStK1.AND.MSK 
IF (KP.E0.3) GO TO 303 
KK=2 
1=XP1K1*ODX+2. 
J=YP(K)+ODY+2. 
KPA=P5tK1.AND.M5K13) 
KPA=KPA+DV(3) 
IF (KPA..E0.2) GO TO 301 
SR(1,J)=SRII-,J)+R1 
SMtI.J)=SM(I+J1+MU1 
GO TO 302 - 

301 SR(I0J)=SR(I,J)+R2 
SM(IsJ1=SM(IsJ)+MU2 

302 NK(19J)=NK11.J)+1. - 

303 CONTINUE 
If (KK.E0.1) GO TO 306 
DO 305 J=1,NJ 
D0 305 1=1+NI 
IF (NK(IsJ).EQ.O.) GO Tr..) 305 
R(IJ)=SR(I,J)/NKIIsJI 
MU(I.J1=SM(I+J1/NK(I+J) 

305 CONTINUE 
DO 357 J=1sNJ 
JM=J-1 
JP=J+1 
DO 357 I=1+NI 

IP=I+1 
K1=CS(1+J).AND.MSK 
IF (K1.NE.2) GO TO 353 
K7=CS(I+.JI.AND.MSK171 
K7=K7+DV(71 
IF (K7.E0.4) GO TO 352 

IF (K7.E0.3) GO TO 351 
IF 1K7.E0.21 GO TO 350 
R(I.J)=R(IP,J1 
MU(I.JI=MUIIP.J1 
GO TO 357 

350 R(I.J)=R(IMsJI 
MU1I.J1=MUIIMJ1 
GO TO 357 

351 RII.J)=R11,JP) 
MU(I0J1=MUlI.JP) 
GO TO 357 

352 R(I.J1=R(1JM) 
MU(IsJ)=MUtI,JM1 
GO TO 357 

353 IF IK1.NE.I1 GO TO 357 
K7=CSlI,JI.AND.MSKt71. 
K7=K7++DV t 71 
IF lK7.E0.4).GO TO 356 
IF (K7.E0.3) GO TO 355 
IF IK7.E0.2) GO TO 354 
IF (K7.N'c.1) 30 TO 357 
R(I.J1=R(IP,JPI 
MU(I,J)=MU(IPJP) 
GO TO 357 

354 R(IJ)=R(IMsJMI 
MUII,J)=MU(IM,JM) 
GO TO 357 

355 R(IJ)=R(IMJP) 
MU(IJ)=MUIIM,JP1 
GO TO 357 

356 RlI.,JI=RIIP+JM) 
d+U(i.J)=MU(IP+JM) 

357 CONTINUE 
GO TO 307 

306 KD=2 
WRITE (M0.30001 T 

307 RETURN 
3000 FORMATl1H-/1H-020X33HN0 

END 
PARTICLES IN SYSTEM AT TIME _ F6.3) 

SUBROUTINE REFCEL 
COMMON DELTAS.DT+DT2+DT4DX,OT4DY+DTCP+DTDX+OTOY,OTUXS,OTDYS,DTP, 

S DTPP+DTVP+DXC,DXCD2+DXI40DXINaOXPsDYCsUYCO2süY14,DYIN,OYP 
COMMON fPS,GGH.GXGXD+GXDT+GY,GYD.GYDT+hsICNTRiTEST.KU.KKK+LL+ 

S MI,MO+MUI+MU2.NB1,N82+Nl,NIM1+NIPi+NJ,iVJM1.iJJP1,NP,NPR,NTP+ 
S ODXsODX2+0DX5.O0Y.ODY2,O)YS+RT.R2.TTCP,TL,TP.TPP,TVP.J0._ 

VO.W 
COMMON A(50,20),81(50,20)+82(50,20),B3150+20)+54(50.20).CS(50,20). 

S DV(13),IMP(I3).MKC(13)+MSK(13).MU(50.201+NF(30).NK(50.20), 
S NKT(50,20)+P(50,20)+PS(4500)+PSI(51.21)R(5020).SR(50+20)+ 
S SRT(50,20).U151+211+UP(4500)sUT(5121)+V(51+21)VP(4500)+ 
S VT(51+21),XC(501+XPI45001+XPO(30)XPL(301.YC(20).YP145001s- 
b YP01301,YPL(30).ZET(51s211 
REAL MU.MU1sMU2NK.NKT 
INTEGER CS,PS 
DIMENSION 5U151,211.SVI51,21) 
EQUIVALENCE (SU.UT)+(SV+VT) 
DO 710 K=1.NP 
KP=PS(K1.ANDMSK 
IF (KP.E0.3) GO TO 710 

IM=N1 

S 



I=XP(K)w00X+2. 
J=YP(K)*ODY+2. 
IF (KP.E0.21 GO TO 701 
K1=CS(I,J).AND.MSK 
IF (K1.E0.1) GO TO 700 
IF (K1.NE.2) GO TG 710 

700 PS(K)=3.0R.(PS(K).AND.MKC) 
XP(K)=0. 
YP(K)=0. 
UP(K)=0. 
VP(K)=0. 
GO TO 710 

701 K2=CS(I.J).AND.M5K(2) 
K2=K2*OV(2) 
IF (K2.E0.1) GO TO 710 
PS(K)=1.0R.(P5(K).AND.MKC) 
DO 702 L=1,NP 
LP=PS(L).AND.M5K 
IF (LP.E0.3) GO TO 703 

702 CONTINUE 
GO TO 710 

703 KB=PS(K).AND.MSiC(2) 
K8=K9*DV(2) 
IF (K9.NE.4) GO TO 704 
YP(L)=YPIKI+CYIN 
GO TO 705 

704 IF (K8.NE.3) GO TO 706 
YPIL)=YP(K)-DYIN 

705 XP(L)=XP(K) 
GO TO 709 

706 IF (KB.NE.1) GO TO 707 
XP(L)=XP(K1-DXIN 
GO TO 708 

707 XP(L)=XP(K)+DXIN 
708 YPIL)=YP(K) 
709 PS(L)=2.OR.(P5(L).AND.MKC) 
710 CONTINUE 

DO 711 J=1,NJ 
DO 711 I=10NI 
KT=4*IMP(9) 

711 CSlI,J1=KT.CR.(CS(I.J).AND.MKC(9)) 
DO 712 J=1,NJ 
DO 712 I=1.NI 
SU(I,J)=0. 

712 SV(I,J)=0. 
D0 714 K=1,NP 
KP=PS(K).AND.MSK 
IF (KP.E0.3) GO TO 714 
I=XP(K)*ODX+2. 
J=YP(K)*ODY+2. 
SU)I.J1=5U(I,J)+UP(K) 
SV(I,J)=SV(I,J)+VP(K) 
K9=C5(I,J).AND.MSK(9) 
K9=K9*DV(9) 
KPA=PS1K).AND.MSK(3) 
KPA=KPA*DV131 
IF (K9.NE.4) GO TO 713 
KT=KPA*IMP(9) 

KT =3 *IMP(9) 
CS( I,J) =KT.OR.(C5(I,J) .AND.MKCI9)) 

714 CONTINUE 
CALL FLGCEL 
RETURN 
END 

CS(I,J)=KT.OR.(CS(IsJ).AND.MKC(9)) JD 
GO TO 714 Qn 

713 IF (KPA.E0.K9) GO TO 714 


