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PREFACE

Since the beginning of time, man has searched for answers to
questions about himself and the world in which he lives. oOut of this
search have been born the many fields of science we know today. Most
of these sciences had their beginnings with the ancient Babylonians,
Egyptians, Phoenicians, and Greeks. By the 4th century B.C., Biology
and Physics had begun, while Astronomy and Mathematics were well es-
tablished sciences. Even applied sciences such as Medicine and
Engineering had begun to emerge.

Often shrouded in mysticism, or dominated by religious and
political thought, science seemed to advance or decline as a body.
During periods of advancement in one field, similar gains are often
found in others; progress in Astronomy and Biology, for example, was
stimulated by the optical discoveries of the telescope and microscope.
During the rise of Greek science, an interesting dichotomy appeared.
Observation, which played a minor role in Astronomy and Physics, be-
came prominent in Medicine. Hippocrates and Aristotle, the two Greeks
of the period most interested in the life-sciences had little to do
with Mathematics. Living things became exempt from mathematical
treatment, and Medicine became the province of the non-mathematician [1].
Now, over 2000 years later, the medical scientist has found a very
mathematical tool to aid him in his work - the digital computer.

Probably the first stored program electronic computer was the
EDSAC developed at Cambridge University in 1949. Primarily designed

to solve differential equations, early computers were strictly within

ix



the realm of the mathomatician. As computers became more powerful

and easier to use, their use became more general in other disciplines,
In 1956, the Air Research and Development Command of the U.S. Air
Force sponsored an investigation to explore the possible uses of the
computer in medical research [2].

In 1956, the National Aeronautics and Space Administration pub-
lished a report on the uses of the computer in the medical field. By
this time computers had been used in medical diagnosis, analog simul-
ation of physical systems, handling of medical records, and teaching [3].
Since the time of that report, the use of the computer in medicine has
been extended to include other administrative tasks, statistical
analysis, and patient monitoring [4].

The use of the computer to understand the physical phenomena of
the human body is still a relatively untouched field. There are
many systems within the human body that cannot be completely under-
stood using the physician's prime tool, observation. One of the most
important of these is the human circulatory system. Although a
great body of knowledge has been built up through the years, there are
still a great many unknowns about the way blood flows through the
body. Conventional means of measurement cannot answer these gquestions,
because the act of introducing a measurement device into the system
usually changes its characteristics.

By constructing a realistic mathematical model, the scientist
can use the digital computer to see into previously unknown worlds,
and find significant answers to problems regarding the circulatory
system, The.mathematibian, with the aid of the digital computer, has

X



a great deal to offer the field of medicine. It is hoped that the
kind of research represented here will be significant in bringing

together these two disciplines.
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ABSTRACT

The research presented here is part of a continuing project at
the University of Utah, involved in the study of blood flow phenomena
in the human body. These studies involve the solution of a system of
non-linear, partial differential equations known as the Navier-Stokes
equations. Analytic solutions to these equations exist only for a
few special cases, therefore, numerical technigques have been developed
for approximating them. A particular requirement for hemodynamic
studies is that a solution technique exists which allows flexible,
arbitrarily shaped, no-slip boundaries to be defined in the model being
studied. The technigque which is developed in this report allows
that kind of definition. It is a finite difference technique, based
on the Marker and Cell method developed at Los Alamos Scientific
Laboratory.

Because such methods are typically large and cumbersome, the
efficient implementation of this new technique was taken on as a
concurrent investigation. The use of interactive computer graphics
provides the user with the best approach to an efficient implementa-
topn, if it is applied in the right way.

Techniques for applying interactive computer graphics to the

solution of hemodynamics problems involving flexible, arbitrarily

*This report reproduces a dissertation of the same title submitted to
the Department of Electrical Engineering, University of Utah in
partial fulfillment of the requirements for the degree of Doctor
of Philosophy.



shaped, no-slip boundaries are demonstrated for a particular problem.
This problem involves the study of blood flow through a ball-type

prosthetic heart valve. The results of this study agree closely with

known experimental studies.
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CHAPTER ONE

INTRODUCTION

The research reported on here is part of an on-going project at
the University of Utah, committed to the study of blood flow phenomena
in the human circulatory system [5]. Topics of current interest in

ithis area include the formation of atherosclerotic plaques, and the
problems associated with blood flow through artificial heart valves [6].
The numerical solution of this type of problem involves the solution
of a system of non-linear partial differential equations. This set of
bquations, known as the Navier-Stokes equations is extremely difficult

.

to solve. Analytic solutions exist for only a few well known special
X
cases, where the proper assumptions reduce the equations to a solvable
form.
In recent years, numerical techniques have been developed which,

with the aid of the digital computer, can find solutions to a

broader class of fluid problems, Even these techniques however, take

advantage of special cases: straight walls, two-dimensional flow,
.symMetry, etc. They are typically finite difference techniqu;s,-

and as such require large amounts of computer storage and large
execution times. As the problem becomes more and more complex, the
storage and run time requirements of the problem grow very, very fast.
For example, in a recent work reported on by Hirt and Cook [7], a
three-dimensional problem of limited resolution (15 computing cells

on a side) required 64,000 words of high speed store on a CDC-7600 com-

buter,




Although numerical techniques are becoming more powerful and more
sophisticated, the trend seems to be for these techniques to rely
heavily on the brute-force speed and large memory capacity of today's
super-computers. They tend to neglect the more elegant features
available on modern computing systems. It would seem that a certain
level of sophistication would allow such problems to be run much more
effectively. This does not mean that the goal here is to produce a
faster piece of code, but rather one which is more efficient in its
use of total machine resources. One way that this can be done is to
give the user the capability to visually interact with his program.

Interactive computer graphics is certainly not a magic formula
which will make a computation easier. 1In fact, if poorly designed, a
programming system using interactive computer graphics may prove to
be a serious handicap. Therefore, in suggesting the inclusion
of an interactive graphics capability, the previously mentioned goal
of program efficiency must be kept in mind.

The class of problems to be considered here involves the study of
blood flow past artificial heart valves. In order that the problem
be studied with as few simplifying assumptions as possible, a numerical
technique of considerable power will be used. 1In addition, interactive
computer graphics will be included as an integral part of the solution
process. Considerable detail will be focused on keeping the entire

program efficient in terms of the use of machine resources,



CHAPTER TWO

THE PHYSICAL PROBLEM

The heart is basically a four chambered pump. The major pump-
ing muscle of the heart is the left ventricle, which supplies oxygen-
ated blood to the entire bodf. The inflow valve to the left ventricle
is the mitral valve, and it's outflow valve is the aortic valve. It
is one of these two valves which is most often destroyed or impaired
genitically or by disease, even though two other valves exist in
the right side of the heart.

In the past few years, successful replacement of the natural
valve with an artificial one has brought about the development of
many different designs for artificial heart valves. Unfortunately, no
one valve completely fulfills all of the criteria for an ideal re-
placement to the natural valve [8], By studying the flow character-
istics of currently available prosthetic heart valves, the results
could provide valuable insight into the design of a better valve.

The physical model chosen to study first was the Starr-Edwards
ball type valve. Because this is a very popular replacement for the
natural aortic valve, some detailed study of its flow characteristics
seems to be in order. The environment for this model is the heart
valve test chamber developed by Weiting at the University of Texas [9].
This provides experimental results for later comparison and evaluation
for the chamber was carefully designed, according to data derived
from cadaver heart measurements,

The valve testing chamber shown in Figqure 1 was designed by



Wieting such that the cross-sectional flow areas were analogous to those

in the human heart.

Figure 1

Wieting Heart Valve Rest Chamber

A cross-sectional view of the chamber is shown in Figure 2. In this
drawing, a ball type valve such as the one to be studied is shown

in the open position.

V%
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Figure 2
Cross Section of Chamber



Placing this cross section in an r-z reference frame, as shown in
Figure 3, the coordinates of points along the wall of the chamber
can be determined. These points then provide a description of the

boundaries for the computer program. This list of points is contained

in Table I.

» Z

Figure 3

Coordinate Axes Used to Obtain Computer
Input for Test Chamber Description




TABLE I

INPUT POINTS FOR BOUNDARY DESCRIPTION

1.736

1.683

1.524

1.397

1.65

2.984

3.175

COORDINATES IN MM

| 9

7.56

8.07

10.10

10.35

10,73

12.13

12.51

12.89



| o

3.2

0.198
0.388
0.561
0.700
0.827
0.908
0.949
0.949
0.908
0.827
0.700
0.561
0.388

0.198

TABLE 1

Continued

i

16,0

16.0

9. 255
9,233
2.171
2.072
8,938
8.777
8.595
8,399
8.209
8.105
7.823
7.662
T.528
7.429
7.367

7.345



CHAPTER THREE

THE DEVELOPMENT OF THE MATHEMATICAL MODEL

A. THE EQUATIONS OF FLUID FLOW

The mathematical study of fluid dynamics is based upon the prin-
ciples of conservation of mass, momentum and energy. These principles
can be expressed in the form of partial differential equations. Der-
ivation of these equations are found in standard fluid dynamics texts
such as those by Lightfoot [10] or Batchelor [1l1l]. For simple two-

dimensional flow they are:

= T w " 0, (1)
du , Bu . du ® _

p ( T + u=— + vay + v 0, (2)
du v v p _

pPlse ¥ o ¥ Vay!) Yy =@ (3)

Equation (1) is the continuity equation, and equations (2) and (3) are
the Navier-Stokes equations for two-dimensional incompressible flow.
In these equations, u and v are velocities in the x and y directions
respectively, p is the density of the fluid, and p the pressure in the
fluid.

Since blood is a viscous fluid, in our particular study involving
incompressible flow, we must consider the effects of viscosity.

This results in the set of equations:



du & v

=ty - O @
ou Ju du ap 32y 324
[ ==t # =1 =+ = =l l—— * —J5 A3)
ot d oy ox %2 3}'2
av v v 3p 32v azv
p ol A Nl % = F (6)
at ox ay y 92 ayz

where u is the viscosity of the fluid.

Dividing equations (5) and (6) through by p, we get:

du v v ey 32u 3%u

— tu— +tV— + = = -y (— + —), (7)

ot ox ay X N 3y

v v av g a2y 32y

5 F it o b o = oy —— + -—5} . (8)
Y y %2 3y

Here v = u/p, the kinematic viscosity of the fluid, and @ = p/p.

In the more familiar vector form these equations are:

V.u =0 (9)

=
%% = By = 9% w~0F & oo (10)

The motion of the fluid is described in equation (10) in terms of:

L. (3 . V)G The convection of momentum by fluid motion.
2. =Vp The momentum change due to pressure forces.

3, WV S The diffusion of momentum by viscous forces.



10

Equations of this kind cannot be solved analytically. However,
approximation methods have been devised which, with the aid of the
modern computer, can realize extremely good solutions to fluid prob-
lems. One class of such methods is that of finite differences. The
use of such techniques is discussed at length in Forsythe and Wasow [12],
and Varga [13]. The techniques used by the present investigator are

of this class.

B. FINITE DIFFERENCE TECHNIQUES

Fundamental to most numerical techniques for the solution of par-
tial differential equations is the fact that the derivatives of a func-
tion can be expressed in terms of values of the function or differ-
ences in values of the function at different points in the region
over which the function is defined. Given an arbitrary function
U = U(X), and assuming that U possesses a sufficient number of deriva-
tives, the value of U at two points X and X + h can be related by the

Taylor's series expansion

UiX:+h) =10 % +0' (X} b ¥ ...

Lo w™ e w0 (11)

(n-1)1

where Xl lies between X and X+h, As h, the incremental distance

between these two arbitrary points, is allowed to become very small,

the high order terms of the expansion approach zero, and can be
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E . v . i
lumped together as an error term Now expand U1+1 and Ul-l s B O

Taylor series expansion about the central point Ui'

AU

/

Ui+l

. [ .
af""__‘“‘*whh__jﬂ;Lff’EP//”F

«<h—
e —— > X
il i i+l
Figure 4
Using a Taylor's Series to Approximate
the Function U = U(x)
This results in the two equations:
2 3>
O, =G -8 %& & B 9—% - n = & § 1 h) (12)
] dx dx
and
2 3
_ du 2du 3du
Ui+1 = Ui + h = T h s & h 5 (o 0 § h 13 (13)
dx dx

where all derivatives are evaluated at the point X = i. Subtracting
equation (13) from equation (12) gives the three point, central finite

difference formula for the first order derivative of U at X = i as

T + 0 [ n? 1. (14)
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Similar derivations give the forward difference formula

U. y
Mo e L & pom, (15)
dx

and the backward difference formula

R M S (16)

The usefulness of these difference formulae can be demonstrated

by considering a simple differential equation:

dz
= = F (x,2) , z{x,) = z,. (17)
The derivative gﬁ- at the point x, can be approximated using the for-

ward difference formula of eguation (15) as:

. . (18)

Applying this approximation to the given differential equation (17)

gives an approximation to the solution of eguation (17) at the point
Xl.
Clearly, successive applications of this difference scheme will

result in solutions to the equation for all values of x for which the

function is defined.



13

Extending this derivation to functions of two variables also re-
sults in the central difference forms useful in the solution of partial

difference equations:

2
3_1.1 ) Ui"rl;j - Ui—l,j +0[h 1, (20)
I 2h
2 u - B, 4 ko + of n? ) (21)
3 u - Vi-lrj 143) i+1.3 r
3% h?
2 2
Similar forms exist for 223 E—Eq and J a :
oy Byz axay

An equation which frequently appears in studies of fluid dyn-

amics is Poisson's equation

82U A
_—2- +
0x oy

o

U

= g (er)- (22)

3¢]

Consider solving this equation over some region R with some appro-
priate boundary conditions along the boundary B. By superimposing a
square mesh on the region R, as in Figure 5 , the finite difference

forms of the derivatives at the point {xlyl) can be written



K\ : —

—~—l_ ]
"\,_.H__'__/
>
Xo X Xz
Figure 5

The Use of a Mesh in Deriving Finite Difference Equations

5 A e el s Y (23)
X h2

and
o A e N il s (24)
ay2 h2

Using these approximations, equation (22) can be written as
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u(xo,Yl) . U(XZ,Yl) + U(xl'Y°) + U(Xle) - 4U(X1,Yl)

2
h

(25)

= g(xl,YlJ.

An analogous equation may be written for every point interior to
B, being careful to use the appropriate boundary conditions for points
near B. This leads to a system of linear equations in the unknowns
U{xi,Yi) which can be solved for by some iterative technique. All of
the methods discussed in this paper are based on this use of finite

difference equations,

C. STREAM FUNCTION AND VORTICITY

In general, solutions to problems in fluid dynamics are difficult
to obtain. The most popular technique for simplifying the eguations
has been the introduction of stream function and vorticity as primary
variables.

In considering the flow of an incompressible fluid, the mass con-

servation eguation

. R .
at + v (pU) 0 (26)

reduces to the statement that a vector divergence is zero. If the flow
field is two-dimensional, this vector divergence is the sum of only
two derivatives. From the mass conservation equation given previously

in equation (l) it follows that udy-vdx is an exact differential,
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say equal to dy. Then

S e | (27)

In this way we have used the mass-conservation equation to replace the
two dependent variables u,v by the single dependent variable y, which is

a very valuable simplification in many cases of two-dimensional flow.
Y

e

~ X
Figure 6
Derivation of Stream Function
The scalar function { is now defined by
Y- ¥, = [(udy - vax), (28)

where Y, is a constant and the line integral is taken along an arbi-
trary curve joining some reference point 0 to the point P with coordin-
ates x,y, as shown in Figure (6). From this we can show that the flux
of volume across the closed curve formed from any two paths joining O

and P is necessarily zero when the enclosed region is wholly occupied
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by incompressible flow. The ?lux then is independent of the path, and
defines a function of the position of P. Since the flux of volume across
any curve joining two points is equal to the difference between the
values of Yy at these two points, it follows that y is constant along a
streamline. Y is therefore termed the stream function.

Another important concept in simplifying the equations is vorticity.

The vorticity, or rotation, of a fluid is given by
-+
= Uxu (29)

Again, restricting analysis to two-dimensional flow, there exists only
one component of vorticity, namely

du v

% 3y (30)

wz =

Almost all of the solution techniques that this author is ac-
quainted with use stream function and vorticity to simplify the equa-

tions of fluid flow. A few of these techniques are outlined below.

D. SOME PREVIOUSLY USED NUMERICAL TECHNIQUES

One of the earliest attempts to solve numerically a problem of
time dependent two-dimensional incompressible viscous flow was done by
Fromm [14] at Los Alamos. Fromm's use of stream function and vorticity
is representative of most numerical techniques.

Taking the curl of equation (10), and using the definition
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of vorticity of equation (29), results in the vorticity transport

equation

w2, B dw
i - T Y s B T W (et}

The definition of vorticity (29) can be written in terms of stream

function

w = - %—vw ; (32)

This equation is a Poisson's equation, and can be solved by some itera-
tive technique, using finite differences as outlined previously.

Fromm begins with some initial guess for his solution. Time is
then advanced, and a finite difference form of eguation (31l) is used to
compute new vorticities thoughout the mesh. Using the updated vorti-
cites, equation (32) is solved for the Yy field. BAn improved Liebmann's
method was used [15], taking advantage of any available advanced values
of neighboring points. The iteration continues until the field settles
down. Finally, new velocity components corresponding to the updated y
values are calculated, and then used to obtain cbrrected vorticity
values at walls and obstacles. This process is then repeated until some
appropriate convergence criterion is satisfied.

Fromm's method suffered from a poor approximation of the boundary
conditions, and the requirement for stability and accuracy of excess-
ively small time steps. Steps to improve the application of the boun-

dary conditions and the iterative procedures were taken by Pearson [16],
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and Esch [1l7]. Stream function-vorticity methods still have several
difficulties, First, the boundary conditions are difficult to apply,
especially to a free surface, Second, extension to three-dimensions
and cylindrical coordinates involves a great effort. These difficul-
ties have been overcome by solving the Navier-Stokes equations in terms
of the primary variables velocity and pressure. This work was done by

Harlow et al. [18] at Los Alamos.



CHAFTER FOUR

THE DEVELOPMENT OF THE NUMERICAI METHOD

A. THE MARKER AND CELL TECHNIQUE

Developed at Los Alamos, the Marker and Cell [19] (MAC) technique
for computing time-dependent, viscous, incompressible fluid flows in
several space dimensions, was the first such method to use the primary
variables velocity and pressure. The MAC technique utilizes the full
Navier-Stokes equations, without the usual simplifying assumptions.
The MAC methodology as described here forms the basis for later devel-

opments which were used in this research.

The Solution Technique

The MAC method uses two coordinate systems. The primary coordinate
system covers the region of interest with a rectangular mesh, each cell
of dimension éx by dy. If the cells are numbered by indices I and J,
such that I counts the columns in the X direction and J the rows in the
Y direction, then the field variables describing the flow field can be

positioned as shown in Figure 7



2L

g Viri+1/2

vi-1/2,5 ¢ ° 0i,] ¢ Ui+1/2,3

vi,j-1/2

Figure 7

Location of Primary Variables in MAC Finite Difference Grid

The variables are placed as shown in order to maintain conservation. If
the field variables are placed at the cell centers, the finite differ-
ence equation for pressure would require the involvement of the next
layer of cells beyond that which immediately surrounds any central cell
in order to attain rigorous finite-difference mass conservation. This
means that the solution technique becomes much more complex, in addi-
tion to the inaccuracies introduced by using far-distant quantities,

Besides the coordinate system attached to the finite difference
cells, there is a coordinate system of particles whose motions describe
the trajectories of fluid elements. The marker particles serve two

functions: first they show which cells are free surface cells, Second,
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they show the motion of the fluid as it passes through the computing

region.

The calculation is carried out by advancing the entire fluid con-
figuraticon through a small, but finite, time increment. The results

of each time cycle acts as the initial conditions for the next one, and

the computation continues as long as the fluid motion is of interest.

The steps in each cycle are outlined below:

1) The pressure for each cell is obtained by solving a finite-differ-
ence Poisson's equation, whose source term is a function of the vel-
ocities. This equation was derived subject tc the requirement that
the resulting momentum equations should produce a new velocity field
that satisfies the incompressibility condition.

2) The full finite-difference Navier-Stokes equations are used to find
the new velocities throughout the mesh.

3) The marker particles are moved to their new positions, using for
thegr velocities simple interpolated values from the nearby cells.

4) Bookkeeping processes are accomplished related to the creation or
destruction of surface cells, the input or output of particles, the
advancement of a time counter, printing or plotting results, and

numerous similar matters.

The Finite Difference Equations

Returning to the Navier-Stokes equations, the finite difference

form of equation (9) can be written for MAC usage as
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1 1
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The incompressibility condition then becomes
D = 0 (34)

ij

which is required at every cell, at every time step. Rewriting equation

(10) as

+
g—‘,—;— W 20 G - 4 Oy, (35)

The finite difference equations can be written

¥ n+l ‘ )
i = " Pl
° (ui”"”’j e b ((ui.j}z = Mg, o} ]
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(36)
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and
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(37)
where gx and gy are the gravity components. Equations (36) and (37) are
immediately available for computing new velocities, and in fact are the
equations used in step (2) of the computing technigque outlined previously.

Now it is only necessary to find an equation for the pressures. 1In

order to do this, first define

s 2 _ 2
1 2 2 2
) g, geal g gl T RN
F— | (uv) + (uv) - (uv)
Bxay | 412,543 T 5 =172 T W 4072, 5-1/2

=a%) i-i/z.jﬂ/;J ) (38)
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From equations (36) and (37) it follows that

1 n+l 1

e A - D ==-0Q., - —=— (¢, + . - 24,

6t D:|.,j Dl,j Ql,j 2 N’:|.+1, j ¢1-l,j ¢.1.. j)
1

= o—= [ + . = y

) (¢1,J+l r"i::l—l 2¢L:D
y

+vL(D. , ¥ B, .-213.)+—l—(D. + R = 2B JI » (39)

2 i+l j i=L3 1.9 2 "1+ 1,j-1 i3
dx 8y
By setting Din+1j = 0 in this equation, the fundamental equation for

finding the pressures is

1 (9, +¢, . - 24, ) = =R, .
1 b L =24, ) +—= "+l 5 3-1
= @541, 5 $i-1 ¢ij] sy — id 43 3]
8x (40)
where
Di'.
s 3 i Y e v
—ui-(n + D. —2D.)+L(D. + D . =-2D, )
632 i+l’j 1= rj J'j 6}'2 irJ+l ilJ-l ]‘rj

(41)

Equation (40) is a Poisson's equation, and must be satisfied by some

iterative method.

Boundary Conditions

Rigid walls, inflow boundaries, and outflow boundaries are confined
to follow cell boundaries. This means that all side or obstacle walls

must be horizontal or vertical.
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If the wall is to allow for Free-slip (i.e. there is no friction
between the wall and the fluid), then whenever an equation calls for use
of an exterior tangential velocity, the calculation simply uses the
value of the tangential velocity at the image point back in the comput-
ing region. If an exterior normal velocity is required, the negative
oF the image value is used so that the normal component of the velocity
in fact vanishes at the wall,

If the wall is no-slip (i.e. the tangential component of the fluid
velocity = 0 along the wall), then the exterior tangential component
must be the negative of the image point. In order that Dij vanish for
exterior cells, this requires the external normal velocity components
to have the same value as they do at their image interior points.

Expressions relating the normal difference of the pressure to the
normal component of the body force and the viscous diffusion of normal
momentum are contained in the momentum equations. These expressions

supply the needed boundary information for solution of the @-equation.

B. SIMPLIFIED MARKER AND CELL TECHNIQUE

It is the application of these boundary conditions in the @-equa-
tion which makes the MAC method unduly complicated. In addition, the
solution of the Poisson's Equation is very difficult, and does not lend
itself well to fast solution techniques. In order to overcome these
difficulties, the Los Alamos Group modified the Marker and Cell method,
making it much simpler to work with.

The procedure for each computational cycle as outlined by Amsden
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and Harlow [20] is outlined below:

1. A tentative field of advanced-time veloci-
ties is calculated by using an arbitrary pressure
field within the fluid, but with a pressure boundary
condition at the free surface satisfying the normal
stress condition. Correct velocity boundary condi-
tions assure that this tentative velocity field con-
tains the correct vorticity at every interior point
in the fluid. The tentative velocities do not, how-
ever, have V-E = 0.

2. The tentative velocities are modified to
their final values so as to preserve the vorticity at
every point. A potential function is employed, de-
termined by the requirement that it convert the ve-
locity field to one which satisfies the incompress-
ibility condition everywhere.

To begin, the basic equations (7), (8), and (1) are rewritten to

make use of cylindrical coordinates:

v, 1 ar “uv % av> - _ 3%, g ol 9 | of 3u _ EE; (43)
at  r%  Br oz 3z z % 3Jr 3z ar ||’

and
P 2 g; ngu + %% =0. (44)
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The velocity components, u and v, are respectively in the r and z
directions, and the pressure, ¢, is normalized to unit density. Plane
cartesian coordinates have a=0, and cylindered corrdinates have o= 1.

Writing the finite difference forms of these quations, specifying

the advance time velocities with a tilde:

an+1 = un =
i+1l/2,3 i+1/2,3
St
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& i+l/2,3=-1/2 ] i+l/2,3=1/2 i+l/2,3+1/2 i+l/2,3+1/2
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+
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1 n n n
+ v|—— ; ; + : . - : .
" 522 (u1+l/2,3+1 u1+1/2,J-1 2u1+1/2,j)
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(45)
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The finite difference approximation can now be written for the

vorticity as:
n n

n _ Mie1/2,9410 T Sie1/2,4
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(48)
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Equations (45) and (46) can be combined to give a vorticity
transport equation. This equation can be shown to be independent of
the pressure field, 6. This means that any field of pressure inserted
into the Navier Stokes equations will assure that the resulting
velocity field carries the correct vorticity. This velocity field,
however, does not satisfy the condition that Di,j vanish for each cell.
It is necessary then to convert the tilde velocities into a final
velocity field so that Di,j = O for every cell. This must be done so
that the vorticity already determined is preserved. This implies that
the change in velocity be given by a gradient of a potential function,

which will be called B. This can be written

n+l -n+1l 8 2
Ui+l/2,j - Ui+1/2,j “ %t Bi+1,j - Bi,j ) (49
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Now, with equation (47) and equations (49) and (50), it follows that

n+l = 1 o]
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Since it is required that D?+;
r

for every cell can be expressed as

1l

0 for every cell, the value of Bi

:
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(1 + o)
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Here, h indicates the iteration number, and o an over-relaxation
parameter. The iteration sequence proceeds until appropriate convergence

criteria are satisfied.

Ce ARBITRARY BOUNDARY MARKER AND CELL TECHNIQUE

The restriction placed on most finite difference schemes, that the
boundaries of theproblem must lie on the computational mesh, is most
severe. In effect, this means that one must restrict his problem to
having rectangular walls. In the particular application of the heart
valve, it is certainly desirable to have boundaries of any arbitrary
shape.

Mr, J.A. Viecelli developed a generalization of the Marker and Cell
Technique at the Lawrence Radiation Laboratory [21]. Known as the
Arbitrary Boundary Marker and Cell Technique (ABMAC) it treats the fluid
boundary at an arbitrarily curved wall or obstacle as a free surface,
to which a pressure is applied such taht the particles at the boundary
move tangent to it. 1In order to calculate the pressure along the free
surface, the usual MAC iteration formula is replaced by a simultaneous
scheme proposed by Chorin [22,23].

Using centered differences in a cylindrical coordinate system,

equation (7) can be written
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(53)

By combining the old velocity, advection, body force, and viscous

terms, and calling the resultant n , equation (53) becomes

n
i+l/23
n+l n At

ui+l/2:j - ni+l/2,j pAr {Pi-q-lj - Pij‘\ . (54)

Similarily the finite difference form of equation (8)
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can be written as

vn+l = g0 _ At - -p
i,3+1/2 i,3#1/2 plz ij+l ij ¢ (56)
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Pere 52,j+1/2 represents the old velocity, advection, body force,

and viscous terms in the v-momentum equation.
According to Chorin's derivation, the pressure and the advanced
 time velocity fields may be solved for simultaneously using the
relationship
- i i
pitl o pl e (313n+l).. ; (57)
| i | 1]
The iteration scheme is as follows:
1. Equation (57) is used to compute a new pressure field.
2. The new pressure field is substituted into equations (54)
and (56) to obtain the new velocities.
3. These new velocities are used to compute new values
of the divergence.
4. Repeat the above sequence until some convergence

. 4 n n
criteria is reached. Note that ni+l/2,j and Ei,j+l/2

need not be recomputed at each interaction.

In order to maximize the time step, the iterates

Un+1 +1 Un+l i+l vn+l i+l i (vn+1 i+l
i+l/2,3) "y 117343 "\ i, j+1/2 1,.3~1/2

must be recomputed as soon as Pit; has been obtained for a cell, and
before advancing to the next cell.

The pressures in boundary cells must be computed in a slightly
different manner. Instead of adjusting the pressure proportionai to
the divergence or net flux out of a cell, it is adjusted proportional

to the flux across the boundary relative to coordinates fixed in the

boundary. This means that if liquid is flowing across the boundary the
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pressure will be increased until the outflow stops. If liquid is
tending to separate from the boundary the pressure will decrease until
the liquid flows tangent to the boundary. This is accomplished through

the use of the following equation in boundary cells.
i+l i AT n+l - - -
PT . = Py, - — vioo) =% (e,8)] ¢ m
13 3,3 8 P b 1,3 (58)
r

Here n is the normal defining the boundary segment associated with
the cell (i,3), Vb(r,t) is the velocity of the midpoint of the segment,
and f;:+l)i is the liquid velocity at the midpoint of the segment. AT
and ¢ are the relaxation parameter and the mesh width respectively. The
inclusion of the velocity of the boundary segment means that the boundary
not only can assume an arbitrary shape, but can move relative to the
computing mesh as well.

The capability of a boundary to assume an arbitrary shape and to
move within the computing mesh is of great use in the‘study of blood
flow problems. The flexing leaflets of the natural heart valve plus
the motion of the sinus of Valsalva in the aortic root area are examples
of needed flow calculations over objects whose boundaries undergo
large deformations. In turn, components of heart valve prostheses move
about in the computing mesh, requiring the same capability in the
computational technique.

Consider the computing region shown in Figure 8. Its shape
corresponds to the in-vitro experimental chamber of Weiting [9]. The
flow is from the left verticle, through the open valve, into the aorta.
Since the geometry of the valve is symmetrical about a line drawn

through its center, we can solve the problem by considering only one
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Mathematical Model of Aortic Valve
(Starr-Edwards 12-3)
half of the region. In Figure 9 the computational mesh has been placed
over the

half of the
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L
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Because of symmetry, only half ( )
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of the region need be considered.

Slacuti This region is placed in an r-z
CROTRAERER coordinate frame and the \\ \\\\

computational mesh is introduced \ _4

The inset shows a portion of the -
boundary cutting through the mesh. ‘\\“h—__J-"”

frame.

Looking at a portion of the boundary as it cuts through the
computational mesh, we can visualize the ABMAC technique for describing
an arbitrary, moving wall. In Figure l0a the boundary has been
approximated in each cell by a straight line connecting the intersections

of the boundary with the cell. The position of each segment is then
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specified by a unit vector normal to the segment, with its base located

at the mid-point of the segment.

The convention is that the normal

points towards the fluid, and to the left as one advances from the ith

s AR ; i " i
to the i+l boundary point. Also associated with each segment is a

velocity vector, defining the motion of the wall. In this study, such

velocity vectors would result from programming the pulsing motion of

the walls, and the motion of the ball as a result of pressure changes in

the system.
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Figure 10a

Boundary is approximated by
straight line segments connecting
the intersections of the cell
walls with the boundary. Unit
vectors normal to the segment and
pointing towards the fluid are
positioned at the midpoint of
each segment.

F F r’?a\

Figure 10b

When the liquid fraction of a
cell is too small, the boundary
flag is turned on in a neighboring
cell. If that cell also contains
a4 boundary segment, the two
segments are replaced by one by
removing the boundary inter-
section between the two cells.

Having determined in which cells the boundary lies, the cells are

appropriately marked. Cells are marked as FULL, EMPTY, or BQUNDARY. The

boundary is approximated by flagging a boundary cell as such, only if
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;;ﬁhe liquid fraction of the total cell is greater than a specified fraction,
as shown in Figure 10a. If the liquid fraction is too small, the program
determines the neighboring cell that the boundary segment normal points
closest to, and turn on the flag for that cell. If that cell also
contains a boundary segment, the two segments are replaced by a single
‘segment, constructed by removing the boundary intersection between the

two cells. This is illustrated in Fiqure 10b.

Finally, marker particles are introduced to visualize the fluid
within the region. Figure 11 is an actual computer generated picture of

the completely described computing region.

Figure 11

Completely Described Computing Region
Including Marker Particles



CHAPTER FIVE

INTERACTIVE COMPUTER GRAPHICS

The cathode ray tube display was used as a computer output device
as early as 1956. The early Whirlwind computer at MIT used CRT displays
to plot curves and graphs. However, the first significant use of a CRT
display as an interactive device was demonstrated by Sutherland with
his Sketchpad program [24]. Sketchpad exhibited the two basic functions
of an interactive display device. First, it was used as an input/output
device that could accept or display data in pictorial form. Second,
it could be used to control the sequence of the program. Since this
demonstration of interactive computer graphics, it has been found to
be a valuable tool in many programming areas. Text editing [25],
conversational mathematics programs [26], circuit design [27],
mechanical design [28], and structural analysis [29], are some of the
areas in which interactive computer graphics has been found to be
useful.

Because fluid dynamics problems are extraordinarily complex, they
tend to absorb the computational power of available computing systems.

A single solution may consume several hours of CPU time on the most
powerful of today's machines. As advances are being made in numerical
methods, and in the understanding of the equations of fluid dynamics,
concurrent investigations must be made in developing newer and faster
computing techniques. The computer user needs to think of todayh
computer as more than just a very big, very fast calculator. There are

many ways in which these machines can be used to create an effective
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problem solving system. One such way is the addition of interactive
computer graphics.

The role that interactive graphics can be expected to play in the
study of fluid dynamics should be carefully evaluated before a large
scale commitment to computer graphics is made. One area for consideration
is the application of computer graphics to the display and interpretation
of results. Digital plotters have been around for many, many years,
helping computer users visualize their results. A picture may be worth
a thousand words, but in the case of computer generated data, a graph
or a plot may be worth over a thousand numbers. When working with a
real world physical problem, the computer user wants to see a real
world representation of his solution. He wants to see a picture, not
rows and rows of numbers.

A system where this kind of graphics is used interactively has
been proposed by Fromm and Schreiber [30]. Their approach has been
to have the program which computed the solution to the fluid problem
write a data set out onto a direct access storage device. Another
program, running interactively can then read the data, and under user
control provide a variety of interpretations of the data. A diagram
of this scheme is shown in Figure 12.

Especially applicable to Marker and Cell type techniques is the
making of motion pictures of the fluid simulations. A number of films
have been made [31,32] showing the power of such techniques. As the
marker particles are moved in each computational step, they are
plotted and photographed. The resulting sequence provides a most

graphic display of the fluid motion.
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Figure 12

Graphic Analysis Program
(Fromm and Schreiber)

Another area in which it seems that graphics can easily be applied
is the description and input of the problem to the computer. Still
bound to ideas associated with batch processing, most problems are
carefully drawn out by hand, measured and detailed and the resulting
data punched into cards. It would seem much better to present the
computer the data in a more natural way, where the user could sit down
at an interactive graphics terminal, and draw the region in which a
solution would be of interest, specifying the various parameters as
the program requested them. In methods such as ABMAC where the
specification of boundary segments and the correct flagging of
computational cells is critical, the ability to quickly see the results
of the input andspecify the appropriate changes would seem to be very
desireable.

A third area worthy of attention is that of graphically monitoring

and interacting with the executing fluid computation. Although this




41
jdea has been considered bv previous investigators [33,34], it was not
developed to its full potential. The basic idea is wvery simple. 1In
any complex numerical problem there are several factors which can
affect the solution to that problem. In a finite difference problem,
these typically are the mesh size, the time step, and the relaxation
factor. Other factors which may be of importance are the convergence
criteria, the differencing technique, and the proper use of boundary
conditions.

In working with problems in fluid dynamics, it becomes very
apparent that no two problems are alike. Given the same initial
conditions, the same boundary conditions, but changing the geometry
of the problem even slightly, may mean that a whole new set of convergence
criteria may be necessary to svlve the problem. Perhaps one problem
converges very quickly but one diverges unless a different time step is
used. Each problem must be considered as a separate entity. Certainly
dumps of pertinent numbers can lead the user to the correct choice of
conditions to allow him to reach the correct solution. The guestion is
how can this process of getting into the solution space of the problem
be made more efficient. The obvious choice seems to be interactive

computer graphics.

The interactive computer graphics facilities at the University of
Utah consist of a PDP-10 time shared computer running under Tenex, a
PDP-9 computer, four Univac 1559 CRT displays, and the associated
hardware interfaces. Figure 13 shows the basic configuration of the

system.

W
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1/0 1/0
PDP-10 H—| DA-10 ——| PDP-9 |—»| INTERFACE |

Bus Bus /

L1 [oogsses
MOUSE 000000
TY ;
KELETTRE UNIVAC 1559
Figure 13

Configuration of Interactive Graphic System
at the University of Utah

The PDP-10 is a 36 bit machine. It has sixteen high speed
integrated circuit registers which can be used as accumulators,
normal memory, and/or index registers. The memory bus structure of
the PDP-10 gives the central processor and high speed data channels
simultaneous access to separate memory modules. The bus system allows
each data channel to transmit full 36 bit words at speeds of up to
one million words per second.

In conversational time sharing, up to 63 users at local and
remote locations can simultaneously develop programs on remote
consoles, and receive answers to mathematical or engineering problems
in seconds. The time sharing monitor provides instantaneous response
for the users, so that they can perform on-line composition, editing,
and debugging of programs in FORTRAN IV, MACRO-10, BASIC, and AID.
The monitor can handle any mixture of these languages and programs

concurrently.
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The PDP-10 at the University of Utah is configured with 96,000
words of core storage, 8 dec-tape drives, and 6 disk pack drives. Each
disk pack is capable of holding over 5 million words of information.

Attached to the PDP-10 through the DA-10, a communications device,
is the PDP-9. The PDP-9 is a single address, fixed word length (18
bits), binary computer. The configuration here has 8,192 words of
memory. The function of the PDP-9 is to act as a satellite computer to
the PDP-10. It processes interrupts from the displays gathers data
to be sent to the PDP-10, and acts as a multiplexor for display infor-
mation coming from the PDP-10. '

The Univac 1559 is a high speed, buffered, line drawing display
which was designed as a cooperative exercise between the University
of Utah's Computer Science Department, and the Univac Division of
Sperry Rand Corporation. The Screen of the 1559 has a useful viewing
area of 10" by 10". Positions on the screen are specified in cartesian
coordinates, in which the origin is placed at the bottom left hand
corner of the screen. The top right hand corner is the point (1024,
1024).

Display files are held in the displays own memory, a 4096 by 16
bit core memory with a cycle time of 1.4 microseconds. The 1559 has
its own program counter, called the list counter, which is used to
access sequential display instructions.

All lines are drawn on the screen in a relative mode, i.e., they
are defined by their length in the two axis directions, and are drawn
from the position currently defined in the X and Y registers. The time
taken to display a normal vector is 2 microseconds. Beam repositioning

takes 32 microseconds or less, depending upon the distance involved.
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Associated with each display is a mouse, and a teletype. The
mouse is a graphical input device, consisting of a small plastic box
in whose base two potentiometers are mounted. The mouse rests on two
metal wheels, whose axes are horizontal and at right angles to each
other. Each wheel is connected to one potentiometer. As the mouse is
rolled around on a flat surface, its movement in two orthogonal
directions is reocrded by the rotation of the potentiometers. This
can be determined by applying a voltage across each potentiometer and
sampling the outputs through analog-to-digital converters. Push buttons
on the mouse give the user the ability to issue commands from the

mouse under program control.




CHAPTER SIX

GRAPHICS INTERACTION FOR THE ABMAC PROCEDURE

Regardless of how sophisticated the application may be, if the
graphics and interaction code are poorly handled it is difficult to
justify their use. Whatever advantage may be gained through the
addition of interactive graphics can be completely offset because of
poor program design. In the kind of application being considered here,
there are two glaring problems which must be considered. First, any
problem involving finite differences is typically very large. In a
time sharing environment such as the one being used here, any increase
in core size becomes critical to the effective running of the machine.
Second, fluid computations absorb a great deal of computing time. A
solution may take more than 30 hours of computing time to complete.
For this reason, the time required for interaction and graphics should
not interfere a great deal with the actual computation time.

Work done by Carter [33] and Bennion [34] here at the University
of Utah is typical of the approach which has been used in implementing
interactive graphics in a large scale numerical application. Figure 14
illustrates the way in which this approach imbeds the interactive and
graphics code within the computational program. This implies several
drawbacks in light of the problems under consideration.

First, at each point in the computational program where one of
these imbedded pieces of interactive graphics occurs, there must exist
a sequence of code represented by the flow chart in Figure 15. This

adds a certain amount of program space to the already large finite
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COMPUTATIONAL
CODE

T T

NNTERACTIVE OR
GRAPHICS CODE

Figure 14

Schematic of Imbedded Interactive Graphics Code

difference code, and requires the program process this overhead each
time that it is encountered. Suppose that some code of this nature
was placed in an iterative loop, and that that loop was iterated
through a hundred times per time cycle. That would represent a large
amount of overhead ina program where computing time was already
critical.

Second, consider what takes place when a display is required.
Since dynamic events are being modelled, each time an additional piece
of information is required to be displayed, a piece of code is needed
to describe that display. This means that there will be an additional
amount of program which will be proportional to the complexity of the
display both in terms of space and the time needed to execute it. As

the number and complexity of displays increases, the size of the
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program grows, and the time required to display is taken from the total

computation time.

CREATE THE
DISPLAY AND
SEND TO THE
DISPLAY DEVICE

WAIT FOR THE
RESPONSE RESPONSE

Figure 15

Flow Chart for Imbedded Interactive Graphics

Third, consider what occurs when some user interaction is required.
Whenever the program expects a response from the user, it must stop
and wait for that response. When the response is received, the program
must make some decision or perform some branching based on the response.
Again, what this means is that the more often interaction takes place,
the more code the program needs, and the more time the program loses to

computation.
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The proposed solution to these problems is simple; remove the
interactive graphics from the program. At first this may appear to be
a contradictory statement. How can an interactive graphics system be
written for solving a problem, when the computational program has no
interactive graphics. By splitting up the program as shown in Figure

16 , the solution becomes easy.

INTERACTIVE GRAPHICS

PROGRAM FOR PROBLEM
DESCRIPTION %M—’
DISK
FILES
%\.____/
COMPUTATIONAL
PROGRAM A sgg;;i’:
§ DISK
FILES
INTERACTIVE GRAPHICS
PROGRAM FOR DISPLAY § .

OF RESULTS

Figure 16

Formation of Supplemental Programs

This system allows the investigator a great deal of freedom in
describing his problem to the computer. His input is not bound to
certain fields on punched cards, but can be more naturally input as he
manipulates figures on the face of the CRT. In this type of environment

he can alter the problem description and have immediate visual feedback
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of the changes he makes, and computation need not proceed until he is
satisfied with the problem he has described. A term that is often
heard in the computer community is "structured programming"” [35].
In large software systems such as assemblers, compilers and operating
systems, people try to structure their programs in a nice way. However,
in the scientific world, it seems that this idea is often neglected.
In the system under consideration, it seemed that a very highly
structured program was a necessity. First, it is desirable to keep
the computational routines and the display routines completely
separate, and yet they must be able to communicate with each other very
freely. Also, the graphics routines themselves must be structured in
such a way as to allow the user the greatest possible degree of flex-
ibility, and yet be simple to understand and use. These considerations
pointed to the necessity of a modular program for implementing a
graphical ABMAC technique.

In guantizing the program, it seemed appropriate to study the
nature of the problem which it was intended to solve. Basically, the
solution consists of three components; describing the problem, solving

the problem, and displaying the solution. This is illustrated in

Figure 17.

GRAPHICAL
ABMAC

DESCRIBE SOLVE DISPLAY
THE THE THE
PROBLEM PROBLEM SOLUTION

Figure 17

Basic Components of a Graphical ABMAC Program
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aA. DESCRIBING THE PROBLEM

The problem description can be broken down into four different
components; setting the initial values of computational parameters,
describing the computational grid, describing the geometry of the
problem, and describing initial and boundary conditions of the fluid.

These steps are shown in Figure 18.

DESCRIBE

THE
PROBLEM
INITIAL DESCRIBE DESCRIBE DESCRIBE
VALUES FOR THE THE
COMPUTATION MESH GEONE FLUID
Figure 18

Components of Problem Description

Each of these components can be broken down even further into
functional groups. It is at this level that the program was structured.
For example, consider the mesh description. This requires four
functional groups: a main or controlling program, a program to handle
communications with the user through the teletype, a display program
to give visual verification of entered values, and a routine to computer
various scale factors and constants for later use. The actual grid

is displayed in another set of programs.
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CONTROL TTY DISPLAY
PROGRAM PROGRAM PROGRAM

Figure 19

Components of Mesh Description

The entire system then takes on a tree-like structure. Putting

the pieces together as described above gives the structure of Figure 20.

GRAPHICAL
ABMAC

INITIAL
VALUES

CONTROL TTY DISPLAY
PROGRAM PROGRAM PROGRAM
Figure 20

Tree Structure of Graphic ABMAC Components
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This kind of structure makes the code simple, easy to understand, and
interactive to a high degree. The following section will point out some
of these ideas, as the basic components of the program are discussed

in detail.

The Main Program

The main program in the input routines simply allows the user to
choose the type of input he wants to use. After initializing the
display system, the main program produced the display shown in Figure 21.
By pointing to one of the boxes shown, the
appropriate input program is called. "TTY" L _
and "DSK" allow the user to input all of
his data from the teletype or from a

INPUT FROM:

previously constructed disk file. If he
my

points to "TERMINAL", the graphical input

program is called and executed.

TERMINAL

Figure 21

Initial Graphic ABMAC Display
for Choosing Input Device

The Input Module

This module is the actual driving module for the input programs.
It gives the user complete control of the input for his particular
problem. In order to provide the user with some guide for constructing

his problem description, the input module produces the display shown in
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Figure 22. This display lists the various functions performed in a

typical problem description. The user steps through this list by

L4
pointing to the function which he wishes Spsems e i
~ to perform next. As he points to an item | M I
he pushes one of the switches on the BOLNDARY
mouse. This indicates to the program
=
which function is desired. That program

module is then called to be executed.

When it is finished control returns

to the input module. The basic

structure of the input module is this:

Figure 22

Computer Display for Graphic
ABMAC Problem Description

1 CALL INPUTL
CALL WMOUSE
INY=(INY+128) /128
Go TO (2,3,4,5,6,7,8)INY

CALL CHECK

2 CALL OUTP
CALL EXIT

3 CALL MOD
GO TO 1

4 CALL CNTRL
GO TO 1

5 CALL CONVG
GO TO 1

6 CALL FLUID
GO TC 1

7 CALL FIGURE
GO TO 1

8 CALL MESH
GO TO 1

END
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INPUT1 is the program which creates the display of Figure 20. WMOUSE
is a program which halts the computer until one of the mouse switches
is pushed. It then returns the coordinates of the mouse cursor in the
variables INX and INY. This is how the mouse is used in pointing to
objects on the display screen. By performing a transformation on INY
and using a computed GO TO statement, the input module calls the
appropriate subroutine. As each subroutine returns, a GO TO 1 is
encountered which creates the list of functions again and waits for the
next user response.

The light buttons produced by INPUT1 are created in a program called
BOXES. The number of boxes desired is passed as an argument to the
subroutine. It computes the correct starting position for each box,
and then calls another subroutine named BOX which draws the actual

box in that location.

The Mesh Description Module

This module allows the user to specify the computational mesh
upon which he wishes to solve his problem. The way in which this is
done illustrates another unique feature based on the structuring of
the program. It is desireable to ask the user to input all of the
required parameters, so that none are forgotten. Once this is done the
program should allow him to selectively change any of the input values.
This is accomplished using a driving routine for this module which
looks like this:

DO 1 I=1,5

g CALL MESH1(I)
CALL WMOUSE
INY=(INY+128) /128
IF (INY.GE.6) RETURN

CALL MESHI1 (INY)
END
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and MESH1 looks like this:

SUBROUTINE MESHI (J)
Go T0 (4,6,8,13,15),J
4 TYPE 5
5 FORMAT (1H ,'DR=',$)
ACCEPT 3, DR
3 FORMAT (F)
GO TO 18
6 TYPE 7

18 CALL MESH2
CALL SEND
RETURN
END

As the module executes, the following sequence of events occurs.

MESH1 is called 5 times, each time with a different argument. This
argument determines which of the parameters is to be requested from
the teletype when the value is typed in. Control is then passed to
MESH2. MESH2 puts up the display shown in Figure 23. Each time the
display is produced, it shows the most recent values of the input
mesh parameters.

Having gone through all of the mesh parameters in the DO LOOF,
the driving routine calls WMOUSE in the

same manner as in the contrcl module.
NO. OF CELLS
’ . INZ=82
This way the user can point to a value

NO. OF CELLS
he wants changed, and push the mouse LE.2l

2
2

switch. This calls MESH1 with the
appropriate argument to change that

value. If he points to the top box,

2
Hytyd

control returns to the input module.
Figure 23

Computer Display for Graphic
ABMAC Mesh Description
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Figure Description Module

The purpose of this module is to allow the user to input the
geometry of his problem in a natural way. Initially the module

creates the display shown in Figure 24.

Pointing to INFLOW directs the

BOUNDARIES
program to accept the inflow boundary
conditions of the problem. Pointing

I NFLOW
to BOUNDARIES directs the program to
accept th eomet of the problem.

RS o P RETURN
A program called FIG3 controls the
input on the geometry. Its first
Figure 24

task is to create the display shown
Computer Display for Graphic

in Figure 25. This is a display of ABMAC Figure Description

the computational mesh previously

described. The coordinate axes, the number of cells in the mesh, Dr,

and DZ are also displayed. The program is capable of accepting the

input describing the figure either from the teletype or the mouse. As

each point is entered, an arrow head is created and displayed, showing

the location of the point. A completely described digure is shown in

Figure 26. At the conclusion oé executing this module, the completed

figure is created and displayed without the mesh, as shown in Figure

27. This figure is seen to be eguivalent to half of the region of

interest shown in Figure 8. Because of symmetry only half of the region

need be considered. If the display produces a satisfactory drawing,

control returns to the input module.
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DR=.2008, DZ- z0@d

Figure 25

87

Computer Display of Computational Mesh

MESH 15 18 BY 82 CILLS
D= 7888 D7= 7908

Figure 26

Computer Display of Computational
Mesh Showing Points Input to
Describe the Curved Boundary

RETLEN

Figure 27

Computer Display of Final
Figure Description



58

The Fluid Description Module

This module accepts the initial
conditions which are to be imposed on
the fluid. Using the display shown
in Figure 28, the fluid description
module operates in the same manner
as the mesh description module. The

PARTICLE DENS 17

variables input here include MU; the

kinematic viscosity of the fluid,

HRER ERERC
!

RHOA; the denisty of the fluid, NP,
the density of the marker particles,
V, NOT; the initial V-velocity, and

U-NOT; the initial U-velocity.
Figure 28

Computer Display for Graphic
ABMAC Fluid Description

The Initialization Module

This module has been split into two different parts. The first
handles the input of the problem
parameters effecting convergence.
The list of parameters is shown in
Figure 29. DT is the time step, EPS1 BETA=R. 450
is the convergence epsilon, and BETA

is the relaxation constant. Input of

these numbers is done just as in the
mesh description module.

Figure 29

Computer Display for Initializ¥
Convergence Parameters
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The second portion of this module
handles the input of those parameters
effecting program control. These are

shown in Figure 30. NDUMP is the number

of cycles between creations of saved | SEmEo

core images, NPIT is the number of pressure

iterations allows per cycle, NSTOP is the
NEDN T=28

number of cycles to be run, and NEDIT is

NSiOP=5@
the number of cycles between EDITS. FNAME
is the name of the file tc be created with iy

the output of this program, and description

L

is a short description of the program
which has been described. Input is done

in the same way as above. Figure 30

Computer Display for Initializing
Control Parameters

When the EXIT function is requested, the input program calls upcn
two remaining subroutines. Although they serve important functions,
they were not included as separate modules. The first of these is the
CHECK routine. This produces the display shown in Figqure 31. This is
a complete description of the input problem. The mirror image of the
description is rpoduced across the 2-AXIS, and the dimensions are
labeled. Also shown are the initial and input velocities, and the
text describing the problem. If this description is what the user
wants, he pushes the switch on the MOUSE, and the various parameters

describing the problem are written out onto a disk file. This is done
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using the subroutine OUTP. This routine organizes the data and writes

it out in the form expected by the ABMAC routines.

STARR- COWARDS BALL YALVE.

| e
A CH—T ) ——] d®
O
\\\x______

¥-IN= -7.58 V-NDI= -10.89@
UIN- 2.8 U-NOT= @9

Figure 31

Computer Display of Complete Problem Description

B. SOLUTION OF THE PROBLEM

The use of interactive graphics in numerical problems was briefly
discussed in the previous chapter. One area under consideration was
the use of interactive computer graphics to monitor and interact with
the computational program. The computational code in this program is
based on Viecelli's ABMAC technique. Typical of finite difference
methods, it is very large. The addition of an arbitrarily shaped
boundary adds even more complexity to the program. If the design
goals of an efficient program are to be met, this program cannot contain
any code to do interactive graphics., It is still possible however, to

graphically monitor and interact with the computational program.
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The structure of the TENEX system on the PDP-10 allows two jobs
to simultaneously share core. Using this facility, a program can be
constructed which "SPIES" on the computational program, and visually
displays what the computation is doing. This method of applying'
interactive graphics has the following advantages:
1. The spy program is completely independent
of the computational program. Small and
compact, it adds no apparent load to the
overall computer system.
2. The computational program, running independ-
ently of the spy program can run completely
in the background, being detached from any
1/0 device.
3. The Spy program need only be run when desired.

Its presence puts no additional load on the

computation program.

4. The computation program has none of the
overhead normally associated with graphics
or interaction.

5. Since the data space of the computational
program is available to the spy program,
parameters effecting convergence or program

control can be changed from the spy program.

The mechanics of core sharing are straightforward. During the
initialization process in the computational program, the user has the

option of requesting that a shareable file be created. At this point,
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a file is created, and opened. Then pages from the fork containing the
computation program are mapped into the file. The computational program
is now free to run uninterrupted.

Whenever it is desired to examine the state of the computational
program, the spy program is run. The spy program immediately maps
into its own fork (or processing space) pages from the file created by
the computational program. Whatever pages have been mapped in this
way are actually now being shared by the two programs. This is

illustrated in Fiqure 32.

COMPUTATIONAL

PROGRAM
PROGRAM__| % M/

DISPLAY

Figure 32

Block Diagram of Core-Sharing Used
to Achieve Interactive Graphics

The spy program then creates the display shown in Figure 33. This
display presents to the user important information about the state of
the computation. In the center of the display are shown the cycle number
and the iteration number in that cycle. The display is dynamic in the
sense that these numbers constantly change to reflect the current séate

of the computation.
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MAX CHANGE IN U= 25.238
MAX CHANGE IN ¥= 51 288

THIS CYOLE
HAX PRESSURE=#4 340 073 -+
MAX V-VELOCITY= 168 928
MAX U-VELDCiTr= 115,829

MAY DIVERGENCE
CYCLE 279 i_ﬁ
BETA= @, Jodoa 7
=
Figure 33

Computer Display of Current State of ABMAC
Computation as Produced by Spy Program

In the upper left hand corner of the display are shown the maximum

changes in the velocity components as measured during the current
iteration. As the problem converges, these values will approach zero.
In order to give additional meaning to the changes in velocity, the
maximum values of the velocity components as well as of the pressure
are displayed for the current cycle.

On the right hand side of the display are shown plots of the
divergence and the error term for the pressure iteration. Bars are
added to this plot at each iteration, so that the convergence or
divergence of the iteration sequence can be monitored. The divergence
is given in equation (1). &as is shown, it is reguired that the
divergence be equal to zero. In terms of the finite differences, this
will never exactly be true. However, it should approach zero. The

error term in the pressure iteration is
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ERROR: PNORM/ENORM , (59)
where.
2
FNORM = [ Pi (60)
i
and
2
ENORM = I :‘.\Pi (61)

[N

The spy program is constructed so that it sleeps as long as there
is nothing new to display. When a change occurs, it wakes up, makes
the appropriate changes or additions to the display, and returns to
a sleep state.

Along the left hand side of the display are five light buttons.
The first four of these are parameters which affect the convergence of
the program. By pointing at any one of these with the mouse, it is
possible to change the value of that parameter in the computational
program. EPS is the convergence epsilon, BETA is the relaxation
constant, NPIT is the maximum number of allowable pressure iterations
per cycle, and DT is the time step. The bottom light button, marked
SELECT, gives the user some control over the course of the computation.

Pointing at the SELECT light button results in the display shown

in Fiqure 34, e e peoes oo

T

Figure 34
Computer Display of Spy Program Options
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~ This display gives the user five options from which to choose. By
pointing the mouse at one of the light buttons, flags are set in the
computational program which set into motion the appropriate action.
STOP sets a flag which causes the computational program to stop at the
end of the current cycle. Before stopping, it will create a data file
and a core image of itself. CYCLE sets a flag which causes the current
iteration sequence to stop, and a new cycle to be started. PRINT
causes a data file to be constructed at the end of the current cycle.
DUMP causes the program to create a file which is a core image of itself.
This file can be used as a starting place for continuing the program.
EXIT halts the SPY PROGRAM without affecting the computational program.
These few capabilities provide all of the necessary interaction
for this kind of a problem, and because of the way in which they are
implemented, the computation procedure does not suffer from the problems

associated with interactive graphics.

a, DISPLAYING THE SOLUTION

Using the computer to produce graphical images of a solution has
become a well understood idea. Digital plotters, microfilm plotters,
and CRT displays havegiven the computer user an important tool to help
him solve his problems. Working with a visual representation of his
solution he can gain valuable insight into his problem.

The program for displaying the solutions has three basic functions.
The first is to read in the data from the disk files. Two files are
required for displaying solutions. The first file which is needed is
the file containing the problem description. This is used in drawing

the curved boundaries for plotting solutions. The second file is the
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data from the computational program. It should be noted here that all
of the filenames are handled internally by the various programs. A
master file name is all that is required in order for any program to
get the required file from the disk.

The second function of the program is to compute the A matrix,
the BNDRY matrix, and the SI matrix. The A matrix and the BNDRY
matrix are matrices which are used in the countour plotting program.
This program plots contours inside of arbitrarily shaped boundaries.
The A matrix and the BNDRY matrix are used in specifying the boundary
to the contour program.

The third function of the program is to produce displays of the
solution space. Control over this function is similar in nature to the
control of the input program, using the mouse and a computed GO TO
statement to govern the branching. The display of figure 35 is drawn
by the subroutine CNTRL1l. These light buttons indicate the available

functions for displaying the solutions to the problem. By pointing at

one of these light buttons with the

ISMETRIC PLOT |6

mouse, the appropriate type of

solution will be displayed on the ﬁf&:

wn

screen. Although the option for

OUR PLOT 1

producing an isometric plot is
VELOCITY

VECTORS

vy

shown, and a program for doing so

t= availabile, tochnical considerations

made it impossible to include

isometric plots of solutions in this

o]
E.
0]
L
< g e

report.

Computer Display of Output
Functions.




67

Velocity profiles can be drawn for any specified axial position.

Initially the display shown in Figure 36 is drawn on the screen,

O\

Qo = =
AXTAL POSTTION

OYERLAY

PG EM SO T

s, 2 5.

RADIAL PUSITION (M)

Figure 36

Computer Display of Basic Plot
For Velocity Vector Display

The horizontal and vertical axes are the radial position in millimeters,
and the axial velocity in centimeters per second, respectively. On the
right side of the screen are three light buttons. CLEAR causes the
entire display to be erased, and the display of Figure 36 redrawn.
OVERLAY allows more than one velocity profile to be displayed at the
same time. RETURN returns control to the control portion of the main
program. At the top of the display is a scaled down drawing of the

geometry of the problem. As each velocity profile is drawn on the
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display, a small arrow head indicates the axial position of that profile
by pointing to the appropriate position on the scaled drawing. The

display in figure 37 contains one velocity profile at the axial position

k. S

A
AXIAL POSITION

LLES

OYERLAY

AT O ErS ——
3 5
IS

RADIAL POSTTION [MM)
RETURN

Figure 37

Computer Display of a Typical
Velocity Profile

shown. All of the programs in this section were written to serve one
purpose. That is to give the user a quick look into the solution of
his problem. Because of this, they do not contain a lot of code
required to produce "beautiful" pictures., For example, in the velocity
profiles as displayed above, no data smoothing has been attempted. The
plot shown merely connects existing data points. The display shown in
Figure 38 illustrates the ability to produce a series of velocity

profiles in the same display. This type of display is meaningful in
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that it shows the development of the flow as it proceeds down the length

of the tube.

5_
T e

AXIAL P

OVERLAY

A O IO T
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i
RADEAL POSTTION CHM) e

Figure 38

Computer Display of a Series
of Velocity Profiles

Contour Plots

The initial display of the contour plotting program is shown in
Figure 39. The user points the mouse at the light buttons on the

right side of the display in order to choose the variables which he
wants contoured. After doing this, he uses the mouse to ocutline the
region he is interested in seeing onthe figure to the left of the

light buttons. This allows him to "zoom in" on areas of particular
interest. As the region of interest is narrowed down, the number of
contour levels can be increased so that more detail is visible. Figures
40, 41, and 42 illustrate this effect on a contour plot of the stream

function.
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STREAN
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Figure 39
Initial Display for Contour Plotting

Figure 40

Computer Display of Stream Function
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Figure 41

Computer Display of Same Stream
Function under a Different Window

Figure 42

Computer Display of Same Stream Function
Under an Even Smaller Window, Illustrating the Zoom Effect
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This zoom effect is done with a graphic technique known as
"windowing." Windowing is the process of defining a region of interest
and mapping it onto a particular area of the display screen. This

technique is illustrated in Figure 43.

0,0 COORDINATE i Y

VIEWPORT

Figure 43
Mapping Function Performed by Windowing

If WCX and WCY are the coordinates in the coordinate system of the
problem, of the center of the window, and WS is the measure from the

center to one side, then the equations for the windowing transformation

are
1023 X-WCX
= e i B " 62
- > (1 e ) (62)
and
o m g o T , (63)

vp 2 WS
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here the viewport is the entire face of the display screen. Also
guvolved in producing this effect is a process known as "clipping."
¢lipping involves removing the lines outside of the region of intercst
i”gm the display. In Figure 43, all of the points in the coordinate
space undergo the transformations of equations (62) and (63). This
- means that the display will try to produce lines outside of its
1024 x 1024 addressable space. On the 1559, this produces only a maze
L‘of tangled lines crisscrossing the screen. The only way to display the
picture then is to remove those lines not actually within the specified
region of interest.

" Figure 44 is a contour plot of the v-velocity component, and
Figure 45 is a plot of the u-velocity component. In Figure 46, we
have zoomed in slightly, and specified more contour levels, illustating
the capability of producing more detail when it is required. Figure

47 is a contour of the pressure field.

Figure 44

Contour Plot of V-Velocity
Component



Figure 45

Contour Plot of U-Velocity
Component

Figure 46

Contour Plot of U-Velocity Component
With More Contour Levels Specified

74
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Figure 47

Contour Plot of Pressure

Velocity Vectors

Velocity vectors are produced by means of the subroutine VVECT.
This program blanks out areas where the velocity is too small to produce
a vector, so that some areas in the display will in fact appear blank.

Figures 48 and 49 are displays of velocity vectors.

Figure 48

Computer Display of Velocity Vectors
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Figure 49

Same Display as Figure 48
With a Smaller Window

In the interactive graphics environment described in this chapter, the
computer user can sit down at a conveniently placed graphics terminal.
On the graphics display he can have his data presented in its natural
form for both input and ocutput. Decisions can be made at the display
allowing several separate trials at a single session. Yet, this has
been implemented with no appreciable lcad on the computer due to the

addition of the interactive graphics.




CHAPTER SEVEN

RESULTS

A. NUMERICAL RESULTS

Several attempts were made in computing the flow about a ball

‘type valve. The ABMAC technique as outlined in Chapter Four relies
‘upon the assumption that a free-slip boundary condition exists at the
arbitrarily shaped walls of the boundary and of the obstacle. BAs hag
‘been pointed out, in ABMAC these curved walls are treated as a free
surface. In these surface cells, the pressure is computed according

to the equation

i+l i AT nel b
P = i {r :vp ) v (ret)] n} (64)

Pl = B g -
A =

Here n is the unit normal defining the boundary segment associated

with cell (k,1), (Vb (1 ,£)) is the velocity of the midpoint of the

k,1
segment, and vg+l is the liguid velocity at the midpoint of the
segment. According to this equation, the pressure isnot adjusted
proportional to the divergence of the cell, but rather proportional to
the flux across the boundary. This certainly represents a free-slip
boundary condition. There can be no flow across the boundary wall,
instead the fluid flow is forced to be tangential to the boundary.

The velocity vectors in Figure 50 illustrate this effect. Note
that there are velocity vectors right on the surface of the ball, as

a result of this, the velocity directly behind the ball does not drop

off as expected. However, a strange side effect is shown in Figure 571,
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In this display, note how the velocities far downstream react. They

actually approach zero at the center of the tube.

Figure 50

Computer Display of Velocity Vectors on
Ball with Free-Slip Boundary Condition

Figure 51

Computer Display of Downstream Anomoly
in Velocity Vectors with Free-Slip Boundary Condition
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In order to pursue a more realistic solution, the case where the

poundary is no=-slip must be considered. By a no-slip boundary, we mean

one on which both the normal and tangential velocity components are

In the original MAC Technique, a no-slip boundary is specified

as follows:

OUTSIDE WALL FLUID
—8 £
Vj-l,j+l/72 Vi, j+1/2

Vit1/2,j @==———=]

Figure 52
Specification of MAC No-Slip Boundary

Uy g5 =0 (65)

=¥ (66)

Via,94a28 ™ Ve 9810

Yie1,550 = Y, 00 (67)

This scheme assumes that the wall is coincident with some part of the

computing mesh. If, however, the wall is represented by an arbitrary
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segment cutting through the cell, it should still be possible to
specify the across-the-wall velocities such that a no-slip boundary .

condition exists.

There appear to be two classes of boundary configqurations that
need to be considered. The first, represented in Figure 53, contains
those instances where there is an empty cell only on one side of the

cell containing the wall segment.

@
Vi,je1/2 Vitl,je1/2

OBSTACLE 4— ——= FLUD--=j
Pui-i72,; \ cELL Ui-1/2, ]

VL.'I/'Z
S @ Vitl,j-1/2

OBSTAQLE :
CELL ,
]
|

Figure 53

ABMAC Cell with Only One Empty Cell Bordering
the Cell Containing the Boundary Segment

In this class of cells, the velocities V 2 and

i,94172" Vi,5-1/
U;_1/2,5 need to be computed such that a linear interpolation across
r

the boundary will yield zero velocity components on the wall. In

order tc compute the required velocities, a linear interpolation is
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used in the direction most nearly normal to the boundary segment. In

Figure 54 the case under consideration is shown.

XU

% eVitl,j+l/2
Vi,j+1/2

L ]
Vi,j-I72 QXL Vi+l, j-1/2
r
Figure 54
Linear Interpolation of Boundary Values for the
Class of Cells Illustrated in Figure 53.
Since the midpoint of the segment is known, for Ui-l/Z,j
bty * AL1) / ALZ, (68)

U. . = L :
i=1/2,3 U1+l/2,j

where ALl and AL2 are easily computed.

In order to compute \:’:L , the point XL where the wall cuts

r j'l/z
the mesh must be known. Given PNORX and PNORY, the midpoint of the
segment, and DNORX and DNORY, the direction cosines of the segment,

the point XL is given by

XL = (Z,_) ,, = PNORY) / TAN + PNORX, (69)

1/2

where

TAN = DNORX / DNORY. (70)




. |

Now with XL known, Vi j5-1/2 can be computed as in equation (68).
e

When the wall crosses the mesh outside of the unknown velocity as in

the case of V, , it should be noted that equation (68) still

i,3+1/2
produces a correct velocity for that point.
This system works for all orientations of the boundary, where

only one side of the boundary cell faces an empty cell. The equations

for determining XU, XL, ALl, and AL2 are a little different for each
case, but the general approach is the same.
The second class of problems are those in which an empty cell

faces the obstacle cell on two sides. This is shown in Figure 55.

EMPTY
—o
Vi,j+1/2
FLUID EMPTY
$Ui-1/2 i+l/‘2.*——--j
OBSTACLE

CELL

Vi,j-1/2
=)

1

|

:
FLUID

I

I

'

Figure 55

ABMAC Cell with Two Empty Cells Bordering the
Cell Containing the Boundary Segment

In this case, V and U, will be computed using the

i,j+1/2 a5 Iy 23|

velocities directly across the cell. 1In order to do this, the lengths

XL, and YL must be known, as shown in Figure 56.
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L
Vi,j+l/72

Ui-172,j9

Vi,j-1/2
[
[

Figure 56

Computation of XL and YL for Determining the Boundary
Values for the Class of Cells Illustrated in Figure 55

X1, the point where the boundary segment crosses the line 2z = z;

is given as

Xl = (zj - FNORY) / TAN + PNORX, (71)

where PNORY, PNORX, and TAN have identical meanings as in equation (69).
With X1 known, the lengths XL and YL can be computed and the velocities
found using a linear interpolation formula.

Results using the no-slip boundary condition represent a far
better solution than those with the free slip condition. The velocity
profiles shown in Figures 57 and 58 are at positions upstream from the
ball. Those in Figqures 59, 60, and 6l are at positions downstream from
the ball. These profiles represent a realistic simulation of the flow

about a ball type valve.



OMONTES = PO T 3 e

84

N e T

O O

N o

AviaL POSITIOR AXJAL POSITION

. s /’\
X
]
X
AR Lol
HJ 2 28
e |
Y
18 g 1
{ \
OYERLAY g
AT 8. 8, 6. 2. Yie.
RADIAL POSITION (RO RADIAL POSITIOR (RO
RETEN
Figure 57 Figure 58
Upstream Velocity Profiles
For No-Slip Boundary Condition
O
AR posiTon " n posivion
A Y-
; 18- 7
i o
»
v g
t -
9 A {
{ e :
u ¢ Mo
ﬁ I..-‘ ’
4 OVERLAY §
f E -16. 9. 16.
-18. e. 16,
RADIAL POSITIGN (D
RAD(AL POSITIOR ()40 _—
Figure 59 Figure 60

Downstream Velocity Profiles
for No-Slip Boundary Conditions




85

G
Lana - \_

AXTAL POSITION

‘8-

AMB=EN SO e
1

=16 LR 16,

RADIAL POSITION ()
RETURN

Figure 61

Downstream Velocity Profiles
for No-Slip Boundary Conditions

Figure 62 and 63 are comparisons of these velocity profiles with

selected profiles produced experimentally by Wieting. The shapes of
the profiles are very similar, but note that those produced numerically
show slightly faster velocities.

The differences can be attributed to several factors. First, the
numerical solution represented here is a steady state solution, i.e.
given some initial conditions and a set of boundary conditions, the
computer iterates on the given equations until the sclution satisfies
the given conditions. The experimental solution on the other hand is
time dependent. The pulsatile motion of the fluid, the motion of the
ball, and other time dependent factors will certainly make a difference.

The exact moment at which the profiles were measured could in itself
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produce different results. From a numerical standpeint, a more accurate
solution could certainly be obtained if a finer computational mesh were

used.

V-velocity component, U-velocity component, and pressure. Figure 68

shows the wvelocity vectors for the solution. These figures represent a

realistic representation of the flow.

B. THE COMPUTER PROGRAM

In addition to producing numerical results, the goal of this research
was to produce a series of programs which used the computer to its best

advantage.

time sharing system, several changes were made in the program.

The first major change involved separating the initialization
portion of the program from the computational part. This is a significan
change for many reasons. During the initialization procedure, the
curved boundary segments are defined, fluid particles are created, andﬂ

b

the cell flags are marked. This involves a great deal of time, program

in efficiency.

During a long production run, the set-up time may be insignific f?

when compared to the total run time. However, testing and debugging ;'

pose an entirely different picture. Usually, interest lies only in



Figure 64

Computer Display of the Contour Plot of the Stream Function
for No-Slip Boundary Solution of Blood Flow ARbout
a Starr-Edwards Ball Type Valve



Figure 65

Computer Display of the Contour Plot of the V-Velocity Component
for No-Slip Boundary Solution of Blood Flow 2bout
a Starr-Edwards EBall-Type Valve

06



Figure 66

Computer Display of the Contour Plot of the U-Velocity Component
fexr No-Slip Boundary Solution of Blood Flow About
a Starr-Edwards Ball-Type Valve

16



Figure 67

Computer Display of the Contour Plot of the Pressure Field
for No-Slip Boundary Solution of Blood Flow About a
Starr-Edwards Ball-Type Valve

26
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first one or two time cycles. In this frame of reference, the set up

time becomes a large part of the total run time. Therefore, by removing
\
that code from the rest of the program, the set-up for a particular

test need only be done once. Each test can use the same stored values

of initial data. The overall scheme of the initialization procedure is

shown in Figure 69.

READ IN INITIAL
DATA

¥

DEFINE CURVED BOUNDARY
SEGMENTS, CREATE FLUID
PARTICLES, MARK CELL
FLAGS, AND SET UP INITIAL
VALUES OF VARIABLES.

v

WRITE OUT INITIAL
DATA TO FILE.

Figure 69

Block Diagram of Initialization Procedure
For Modified Version of ABMAC Code

The second change involved combining several pieces of code into
common subroutines. The major changes in this respect involved the
velocity computation code. The ABMAC technique requires a velocity
computation at two distinct times. As the pressure is re-computed for I
each cell, the velocities are simultaneously changed for that cell. In I

addition, at the end of each pressure iteration, the entire field of
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.‘%3locities is re-computed. Although computationally the same, the codes
for these two distinct subroutines are different.

It was a simple matter, to combine these subroutines, using a check
to determine which function to perform. Subroutine VELS55 for example is
called with three arguments. If one of these arguments is zero, it
indicates that the entire mesh is to be swept. If non zero, the arguments
indicate which cell the velocities are to be computed in. The code to

do this is as follows:

SUBROUTINE VEL55 (XM, K, L)
COMMON STATEMENTS

-
-

IF (kM, NE . 0) GO TO 10
DO1L =2, LMZ
KMM = I, KMAX
DO 1 k = 2, KMZ
KM K + KMM - KMAX
10 KT KM + KMAX
KB = KM - KMAX

Il

The third change involved the determination of a system for setting
and checking cell flags. The original ABMAC code, written in LRLTRAN
for the CDC 7600, took advantage of several nice language features not
generally available. 1In particular, LRLTRAN contains a byte specification
and a structure specification. In ABMAC, the cell glags SUR, FULL, EMP,
BND, and etc., were specified as 1 bit bytes. These flags were then
combined into one word using the structure specification, and that set
of flags was made into an array.

These 1 bit bytes could then be accessed by name. For example:

OB (KM) =1,

FULL (KM + 1) = 0 .
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Treating these quantities as truth values made it easy to check

cell flags and make decisions based on their contents. For example:

TEST = FULL (KM). UN. (SUR (KM) . INT. (.NOT.COR(KM)))
IF (TEST) 20, IB2.

In this illustration, are shown three other items peculiar only to

LRLTRAN. .UN. is a bit or, .INT. is a bit by bit AND, and the statement

Ir (TEST) 20, 192

means go to statement 20 if test is true, and go to statement 192 if it
is false.

In order to simulate this scheme as efficiently as possible, a
table was devised which marked the cells as powers of two. The flags

are defined as

SUR = 4
FULL = 8
EMP = 16
BND = 32
IN = 64
ouT = 128
FRSLP = 256
NOSLP = 512
EMPBND = 1024
OB = 2048
COR = 4096
OK = 8192
GAS = 16384
ARB = 32768

A cell then can be marked as full by writing
FLAG (KM) = LFAG (KM) . OR. FULL,

while checking the cell to see if it is full can be done by writing
IF ((FLAG(KM), AND.FULL) .EQ.FULL) ... .

|
It can be seen that while it takes more source code to write the same
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1£hing, the code for the PDP-10 is just as efficient both space-wise and
v:time-wise.

The final major change was one dictated by the heavy load this

- type of problem placed on the system. Since the problem is being run on
~ a time-shared system, it must compete in time with other jobs. The

~ scheduler on the PDP-10 is such that a long compute bound job is not
favored. In order to take advantage of all possible time available on
the machine, and yet not load the system, the following scheme was used.

The PDP-10 allows background jobs to be initiated using a system
program called FIB. FIB queues up requests for background jobs, and
runs them whenever the machine load average drops below a specified
point. Jobs are run according to the reguested run times, i.e., a job
requesting two minutes of CPU time will run before one requesting four
minutes. If a process can be broken up into discreet segments, such
that each segment uses two minutes or less, the FIB program will use
all available machine time to run these segments without loading the
machine.

ABMAC runs through one time cycle in about 12 minutes, This
provides a convenient place to segment the process. Instead of writing
out a file at the end of each segment, and reading it in at the beginning
of the next, the program maps a complete core image of itself onto a
file called P.DMP. At the beginning of the next cycle the command
RUN P.DMP is sufficient to start the next cycle with all of the proper
data.

In the event that the machine crashes during this mapping operation,

two different versions of P.DMP are written out, the program alternating
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between them. This insures that there is always one complete, good

version of P.DMP. on the system.
|

In order to keep the program running, the FIB request must generate
the next FIB request as well as the next program segment. Also, it

must be sure that it uses the correct version of P.DMP. The FIB request

necessary to do this is shown here. The machine responses are under-

lined.

(1) @ FIB

(2) _@_@. <SYSTEM> EXEC. SAV

(2) @@ CONSOLE-OUTPUT (TO FILE) NIL.DAT [NEW FILE]
(4) @@ RUNTIME (MAXIMUM IN MINUTES) 2 [CONFIRM]
(5) @@ COMMAND-TEXT (ENDING WITH *+ 2)

(6) :_COPY O-REQUEST.INPUT (TO) REQUESTED-F-I-B. INPUT
(7) * RUN GETIT

(8) il 3

(9) Y

(10) g 4

(11) * N

(12) ®+a

(13) e

Line (1) calls up the FIB program. Line (2) tells FIB that it
to run the system EXEC routine. Line (3) specifies that any consolg
output is to go to a file named NIL.DAT. Line (4) specifies a two
minute maximum run time. Line (5) asks for a list of commands -Eu'Jd/"-L'»":’I"t
text to be executed by the routine specified in line (2). TLine (6)
copies from a file O-REQUEST.INPUT, the next FIB request. This is Put
intc the gqueue by writing it onto a file called REQUESTED-F-I-B.

Line (7) tells the system to run a program called GETIT. GETIT 1ooks

at the version numbers of P.DMP, selects the proper one, and mapSA 2
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” ,; core. Control is then passed to P.DMP. Lines (8), (9), (10),

(11) contain text which is used by P.DMP. Line (12) terminates

» 1list, and line (13) returns to the EXEC.



CHAPTER EIGHT

CONCLUSIONS

The numerical results of this study illustrate the applicability
of a unique numerical technique to an extremely important problem. The
development of a method for specifying a flexible, arbitrarily shaped,
no-slip boundary provides an important step in studying blood flow
characteristics. The technique developed in this report is based on
the Marker and Cell methodology produced at Los Alames Scientific
Laboratory. This method, using marker particles, provided a powerful
method for defining free surfaces in a fluid flow study, as well as the
ability to solve the problem in terms of the primitive variables of
velocity and pressure. The marker particle concept allowed the
definition of an arbitrarily shaped, flexible boundary in the flow
problem, as demonstrated in the ABMAC method developed at the Lawrence
Livermore Labs. Adding the no-slip boundary concept developed in this
report to ABMAC provides a powerful tool for blood flow studies.

It should be noted that in the steady-state, confined flow
solutions presented in this paper, the marker particles used originally
in MAC have no significance, and in fact have been eliminated from the 
computation altogether. Therefore, no figures containing marker particle
appear in the text. However, once the walls are allowed to flex, or t
ball is allowed to move, the particles again become important in
maintaining the definition of the walls.

In addition to the development and application of a new numerical

method, this report has illustrated the kinds of techniques necessary
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prime cause of some 800,000 heart attacks in the United States =zach
year is an infarction of a coronary artery. Such an obstruction of
the local circulation by an advanced plague formation, thrombus or

embolus is involved in a many-branched amplification of our present

studies concerning arterial geometrics. It is realized that the inclusion
of moving (pulsing), free boundaries and their computer graphics
simulations into the problem will allow tethering, tapering and reflectin;
effects; conceptual requirements that would aid in advancing the hypotheses
of myocardial infarction mechanisms. Knowledge of such mechanisms may
not be attainable by any other analytical means except by such resulting

computer simulations.



BIBLIOGRAPHY

Hull, L.W.H., History and Philosophy of Science. London:
Longmans, Green and Co., 1959.

Ledley, R.S., Use of Computers in Biology and Medicine. New York:
McGraw Hill Co., 1965.

Townsend, J.C., Uses of Computers in the Medical Field. NASA
Technical Report, 1965.

Whiteby, L.G., and Lutz, W., Principles and Practices of Medical
Computing. London: Churchill Livingston Co., 1971.

Greenfield, H., and DeBry, R., An Application of Computer Graphics:
Two Concurrent Investigations Within The Medical Field. Computer
Science Technical Report UTEC-CSc-71-115, Salt Lake City, Utah, 1971.

Starr, A., and Edwards, M.L. "Mitral Replacement: Clinical
Experience with a Ball Valve Prosthesis," Annals of Surgery,
154:726, 1961.

Hirt, C.W., and Cook, J.L., "Calculating Three-Dimensional Flows
Around Structures and Over Rough Terrain." Journal of
Computational Physics, Vol. 10, No. 2, October 1972, pp. 324-340.

Braunwald, N.S., and Detmer, D.E., "A Critical Analysis of the
Status of Prosthetic Values and Homografts." Progress in
Cardiovascular Diseases, Cardiovascular Surgery I., Vol. 11, No. 2,
September 1968, p. 113.

Wieting, D.W., Dynamic Flow Characteristics of Heart Valves.
Unpublished Doctoral Thesis, University of Texas, May 1969,

Bird, R.B., Steward, W.B., and Lightfoot, E.N., Transport Phencmena.
New York: John Wiley and Sons, Inc., 1960.

Batchelor, G.K., An Introduction to Fluid Dynamics. London:
Cambridge University Press, 1960.

12. Forsythe, G.E., and Wasow, W.A., Finite Difference Methods for
Partial Differential Equations. New York: John Wiley and Sons, Inc.,
1960.

13. Varga, R.S5., Matrix Iterative Analysis. Englewood Cliffs, N.J.:
Prentice-Hall, 1962.




14.

15,

16.

17.

is.

19.

20.

2L.

22.

23.

24,

25

26.

27,

104

Fromm, J.E., A Method For Computing Nonsteady, Incompressible,
Viscous Fluid Flows. Los Alamos Scientific Laboratory Report
LA-2910.

Liebman, H., Sitzungsberichte Der Bayerischer Akademie Der
Wissenschaften, 1918.

Pearson, C.E., "A Computational Method for Viscous Flow Problems,"
J. Fluid Mech., Vol. 21, 1965, p. 1ll6.

Esch,; R.E., An Alternative Method of Handling Boundary Conditions,

and Various Experiments in the Numerical Solution of Viscous Flow
Problems. Sperry Rand Research Center, Sudbuey, Mass., SRRC-RR-64-64,
1964.

Harlow, F.H., "Numerical Calculation of Time-Dependent Viscous
Incompressible Flow of Fluid with a Free Surface," The Physics of
Fluids, Vol. 8, No. 12, December 1965, pp. 2182-2189.

Harlow, F.H., Welch, J.E., Shannon, J.P., and Daly, B.J.,
The MAC Method, Los Alamos Scientific Laboratory Report LA-3425.

Amsden, A., and Harlow, F.H., The SMAC Method - A Numerical Technigue
for Calculating Incompressible Fluid Flows, Los Alamos Scientific
Laboratory Report LA-4370.

Viecelli, J.A., "A Method for Including External Boundaries in the ,
MAC Incompressible Fluid Computing Technique," Journal of Computational -
Physics, Vol. 4, 1969. pp. 543-551.

Chorin, A.J., "Numerical Solution of the Navier-Stokes Equations,"
Journal of Computational Physics, Vol. 2, No. 12, 1967.

L]
Chorin, A.J., The Numerical Solution of the Navier-Stokes Equations
for an Incompressible Fluid. AEC Research and Development Report
NYO-1480-82, November 1967.

Sutherland, I.E., "A Man-Machine Graphical Communication System,"
AFIPS Conference Proceedings, Vel. 23, 1963. pp. 329-346.

English, W.K., Engelbart, D.C., and Berman, M.L., "Display Selection
Technigues for Text Manipulation," IEEE Transactions on Human Factors
in Electronics. HFE-8 No. 1, March 1967, pp. 5-15.

Ruyle, A., Brackett, J.W., and Kaplow, R., "The Status of Systems
for On-Line Mathematical Assistance," Proceedings of the 22nd
National Conference of the ACM, 1967, pp. 471-476.

Waxman, J.S., "Automated Logic Design Techniques Applicable to Inteng
Circuit Technology," AFIPS Conference Proceedings, Vol. 29, 1966,
pp. 247-265.



105

Jacks, E.L., "A Laboratory for the Study of Graphical Man-Machine
Communication," AFIPS Conference Proceedings, Vol. 26, Part 1,
1960, pp. 343-350.

pParmlee, R.P., Three-Dimensional Stress Analysis for Computer-Aided
Design, Ph.D. Thesis,Dept. of Mechanical Engineering, M.I.T., 1966.

Fromm, J.A., and Schreiber, "System Aspects of Large Problem
Computation and Display,” IBM Systems Journal, Vol. 11, No. 1,
1972, pp. 41-55.

Computer Studies of Fluid Dynamics (Y-154), Film Produced by
Los Alamos Scientific Laboratory, 1966.

Computer Fluid Dynamics (Y-204), Film produced by Los Alamos
Scientific Laboratory, 1969.

Carter, T.R., "Laminar Fluid Flow from a Reservoir Up To and
Through a Tube-Entry Region," Ph.D. dissertation, Department of
Chemical Engineering, University of Utah, 1969.

Bennion, S.T., "A Method of Solution for Hydrodynamics and Radiation
Diffusion as a Multi-Material Problem in One Dimension," Ph.D.
dissertation. Department of Computer Science, University of Utah,
297«

Dijkstra, E.W., Notes on Structured Programming, August 1969.




APPENDIX I

GRAPHICAL INPUT PROGRAM

Routine Name Function
MAIN Main program
MAINL Displays input selection
INPUT Controls input
INPUT1 Displays input functions
MESH Controls mesh input
MESH1 Accepts mesh input
MESH2 Displays mesh input
FPIGURE Controls figure input
FIGl Displays input functions
FIG2 Displays mesh
FIG3 Accept figure input
FIG4 Displays figqure
TTYIN Does teletype input
FLUID Controls fluid input
FLU1 Accepts fluid input
FLU2 Displays fluid input
CONVG Controls parameter input
CONVG1 Accepts parameter input
CONVG2 Displays parameter input
CNTRL Controls parameter input
CNTRL1 Accepts parameter input
CNTRLZ2 Displays parameter input
CHECK Displays completed description
ouTP Outputs completed description
ARO Draws arrow heads
BOXES Draws light buttons
BOX Draws one box




COMMON MESS(7)

COMMON KMAX ¢ LMAXsMU»RHOA»DR¢DZ

CUMMON NP,BPX(50) »BPY(50) » UNOT,, VNOT»UINsVIN
COMMON DT,NEDIT,EFS2/BETA»NSTOPsNPIT»NDUMP»NEXP
COMMON/MOUSE/ INX» INY» INSWr SWSTAT
COMMON/ETC/ISMX1 e ISMX2,NXSP e NYSP ¢ FNAME
INTEGER FNAME

ReaL Mu

CALL SETDIS

CALL MAIN1

CALL wMmOUSE

INY=(INY+128) 7128

GO TO (S5r2¢s 1) INY

JUMP TABLE FOR INPUT TYPE
1=-TTY

2=DISK

3=TERMINAL

NDEV1=S

CALL KEADIT

CaLl EXEY

NpEvV1=21

TYPE 3

FORMAT(1H » *INPUT FILENAME:'e%)
ACCEPT 4 »FINAME
FORMAT (AS)

FNAME=ZF NAME+32

CALL LFILE(21:FNAME)
CALL READIT

CALL EXIT

NUEVI=Q

CaLL LINPUT

CaLL EXIT

EnND
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SUBROUTINE MAINL

CaLlL
caLL
CaLL
CaLL
CaLL
caLL
caLl
CaLlh
CaLL
CaLl

BOXES(3)

MOVETO (752 24%)
WRITE('TERMINALKL> )
MOVETO(768/,152)
WRITE('DISKLS> )
MOVETO(768,280)
WRITE('TTYLOY)

MOVETO (728, 350)

WRITE (*INPUT FROMI<>")
SEND

RETURN

END
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SUBROUTINE INPUT
COMMON/MOUSE/INXs INYr INSWe SWSTAT
CALL INPUTL

CALL WMOUSE

INY=Z(INY+128) 7128

GO TU (2¢314¢59s007e8)INY

JUMP TABLE FOR INPUT MQDULES

CALL CHECK
CALL wMOUSE
CALL OUTP
CALL EXIT
caLL MOD

GO TO 1
CALL CNTRL
00 TO 1
CALL CONVg
GO TO 1
CALL FLUID
GO0 TO 1
CALL FIGURE
Go TO 1
CALL MESH
GO TO 1

END
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SUBROUTINE INPUT1

CALL
caLlL
CaLL
CaLL
caLlL
CaLL
caLL
CaLL
caLL
CaLL
caLL
CaLL
caLL
caLL
CaLL
caLL
CaLL
caLL

BOXES(7)
MOVETO(768,24)
WRITE('EXLTI<>")
MOVETO(750,152)
WRITE("MOLIFY<S>")
MOVETO(740,289)
WRITE('CONTROLC> ")
MOVETO(732:422)
WRITE('CONVERGENCE<>")
MOVETO(748,390)
WRITE('CRITEKLIAL>Y)
MOVETO(760,536)
WRITE('FLUID<>")
MOVETO(740r6064)
WRITE('"BOUNDARY<> ")
MOVETO(768,792)
WRITL("MESIIK, )
SEND

RETURIN

EinD
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SUBROUTINE MESH
COMMON/MOUSE/INXs INY » INSW¢ SWSTAT
DO 1 Iz=1:5

CaLL MESH1(I)

CALL wMOUSE
INY=(INY+128) /7128
IF(INY,GE,6) GO TO 3
CALL MESH1(INY)

GO TO 2

COWTINUE

RETURIN

ENU
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SUBROUTINE MESH1 (J) 113

COMMON MESS(7)

COMMON KMAX,LMAXy MU RHUA,DRDZ
COMMON NP, uPX(53) s BPY(50) ¢y UNOT, VNOT,UIN,VIN
COMMON DT,NEDIT,EPS2,UETArNSTOP»NPIT»NUUMP ¢ NEXP
COUMMON/MOUSE/ZTINXe INY» IndSwWe SWSTAT
COMMON/ETC/ISMAL s ISMX2 , NXSPeNYSP
GLU TO (HepeBrl3:15)J

TyPE ©

FORMAT(1H »'DR="¢%)

ACCEFT 3spKk

FORMAT(ALl)

FORMAT (F)

GO TO 14

TYPE 7

FORMAT(1H »'DZ="r )

ACCEPT 3,02

Go TO 18

TYPE 9

FORMAT(1H »*'RECT OR CYL COURDZ2':%)
ACCEPT 2pnN5YS
IFINSYS ,EQ, 'R )NEXP=0
IF(NSYS,EQ,'C? ) NEXP=1

o TO 18

THPE. L

FORMAT (1H »*NO, OF CELLS IN R="»3%)
ACCEPT 12,KMAX

Go TO 18

TYPE 16

FORMAT(1H »'NO, OF CELLS IN Z=':%)
ACCEPT 12,LMAX

NYSP=800/ (LMAX=2)

NXSP=iNYSPxUR/DZ

FORMAT (1)

CALL MESH2

RETURN

END



113
SUBROUTINE MESH2
COMMON MESS(T)
COMMON KMAXLMAXe¢MUyRHOA,DR¢DZ
COMMON NP,BPX(50) +BPY(50) s UNOT,VNOT»UINeVIN
COMMON DT,NEDIT/ EPS2/BETArNSTOP+NPITNODUMPNEXP
COMMON/MOUSE/ZINXe INY» INSW» SWSTAT
COMMON/ETC/ISMX1 ¢ ISMX2,NXSPyNYSP
CALL BOXES(6)
CALL MOVETO(744,24)
CALL WRITE('DR=b8.06AAA<>"+DR)
CALL MOVETO(744,152)
CALL WRITE('DZ=a.88A0<>"9D2)
CALL MOVETO(746:280)
IF(NEXP,EQ.D0)CALL WRITE('RECT COORUK>?)
IF(NEXP.Ew.1)CALL WRITE('CYL COORDK>')
CALL MOVETO(T722,422)
CALL WRITE('NO, UF CELLS<>')
CALL MOVETO(734,390)
Cal.L WRITE('IN R=aAA<> ' 1 KMAX)
CALL MOVETO(722,550)
CALL WRITE('NO, OF CELLS<?Y)
CaLL MOVETO(734,518)
CALL WRITE('IN Z =aaAa<>',LMAX)
CALL MOVETO(768,064)
CALL WRITE('RETURNL>')
CALL SEND
KRE TURN
END
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SUBROUTINE FLIGURE

COMMON MESS(7)

COMMON KMAX LMAXe MUy RHOA»DReDZ
COMMON NP ,BPX(50) yBPY(50) pUNOTyVHNOTpUT N VIN
COMMON DT,NEDIT,EPS2yBETAsrnNSTOP¢NPIT»NLUMP » NEXP
CUMMON/MOUSEZINXry INY» INSWr SWSTAT
COMMON/ZETC/ZISMX1 9 ISMX2,NXSP e NYSGP
caLl FIG1

CALL wMOUSE

INT=(INY+128)/7128

GO TO (1r27)INY

RE TURN

TYPE: 3

FORMAT (1H »*INFLOw VELOQCITIES:")
TYPE 4

FORMAT (1H »*V=INZ',%)

ACCEPT 5SevIN

FORMAT (F)

TYPE &

FOKMAT (1H »'U=1H=",%)

ACCEPT 5,ulN

Go TO 10

caLL Fle2

CaLL FIG3

Lo TO 10

RETURN

ENU

114



SUBROUTINE FIGL

CALL
CaLL
CALL
CALL
CaLL
caLl
CALL
CAaLL

BOXES(3)
MOVETO(768,24)
WRITE(*RETURNK> ')
MOVETO(740,152)
WRITE(*INFLOWL> ")
MOVETO(732,280)

WRITE (*BOUNDARIESC> ')
SEND

RETURN

END
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SUBROUTINE FIG2
COMMON MESS(7)
COMMOIy KMAXpLMAXpMU:RHOADR»DZ
COMMON NP,BPX(50) ¢BPY(50) t UNOT,,VNOT»UINsVIN
COMMON DT ,NEDIT,EPS2,BETArNSTOP»NPIT NOUMP ¢ NEXP
COMMON/MOUSE/ZINXe INY r INSWeSWSTAT
COMMON/ZETC/ISMX1rISMX2,NXSPeNYSP
KMAXZZKMAX=2
LMAXZ=LMAX=2
MAXY=LMAX*NYSP+128
MAXX=KMAXZXNXSP+128
DO 10 1=1,KMAX=1
NXLIME=128+(I=1)*xNXSP
CaLL MOVETO(NXLINE,128)
CALL VECTO(NXLINE,MAXY)
Uo 20 JUz=1,LMAX=1
NYLINE=128+(J=1) *NYSP
CALL MOVETO(128»NYLINE)
CALL VECTO(MAXX,NYLINE)
CALL SEND |
CALL ARO(o4,192,'U")
CaLL VvEC(Ce=128)
CaLL VEC(128:0)
CALL ARO(2N7,49,"L")
CALL MOVETO(150:60)
CALL WRITE('*RE>")
CALL MOVETO(10,200)
CALL WRITE('4<>")
CALL MOVETU(256¢52)
CALL WRITE('MESH IS asa BY aas CELLSS> ' KMAXsLMAX)
CaLL MOVETO(325¢25)
CALL WRITE('DR=,08AAr DZ=.48A4<>"1DReDL)
CALL APND
CALL ARO(128r128r'U")
RETURN
Einb
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SUBROUTINE FIG3 117
CUMMON MESS(7)

COMMON KMAX,LMAX MU, RHOA,DReDZ
COMMON NP,BPX(50) +8PY(50) ¢ UNOT, VNOT,ULIN,VIN
COMMON DT,NEDIT+EPS2:BETA'NSTOP+NPIT»NDUMP »NEXP
COMMON/MOUSE/ZINXr INYr INSWe SWSTAT
COMMON/ZETC/ISMX1y ISMX2,NXSPeNYSP
LOGICAL IMF

LOGICAL TERM

TERM=.TRUE «

TYPE 101

FORMAT(1H +*TTY OR MOUSE INPUT2':%)
ACCEPT 102,IDEV

FOURMAT (A1)
IF(IDEV.NE,"M")TERM=,FALSE,
IMF=.TRUE,

SMA=Z (KMAX=2)*DR

SMY= (LMAX=2)*DZ

SX=DR/NXSP

SY=DZ/NYSP

MM=1

IF(TERM)CALL WMQUSE
IF(.NOT,.TERM)CALL TTYIN
EPX(MM)={INX=128) %5SX
BPY(MM)=(INY=128)%SY

IF(BPX(MM) ,LT.DR)BPX(MM)=0,
IF(BPY(MM) . LT.DZ)BPY(MM)=0,
IF(BPX(MM) .GT « SMX)BPX{MM)=5MX
IF(BFX(MM) ,LT<DR,AND,BPY(MM) ,LT.DZ)GO TO 6
IF(BPY{(MM) .LT«DR)GO TO 2

IF(BPY(MM) ,GT.SMY)GO TO 3
IF(IMF)GO TO 4

CALL ARO(INXeINYet'L")

GO TO §

CALL ARO(LNXrINYo'UY)

GU TOLS

CALL ARO(INXeINY»'D")

IMF=.FALSE .

ISMX1EmMM

Go TO 5

CALL ARO(INXesINYr'*RY)

MM=MM+ 1

Go TO 1

ISMX2=MM

CaALL FI1GY

RETURN

END



- SUBROUTINE FlGu4

COMMON MESS(7)

COMMOIN KMAXyLMAXeMUsRHUADR¢DZ

COMMON NP, sPX(54) »8PY(50) pUNOT» VNOTUTInde VIN
COMMON DT,NEDIT,EPS2/BETArNSTOPeNPIT»HDUMP ¢ NEXP
COMMOH/ZMOUSE/ZINAr INY» INSWe SWSTAT
COMMON/ETC/ZISMX1 s ISMX2,NXSPeNYSP

CALL MOVETO(128,128)

D0 1 d=1,15MX2

IA=(BPX(I)xNXSP)/0R+128
1y=(BPY(I)%xNYSP)/0LZ+128

CaLl VECTO(IX»IY)

CALL MOVETU(732,350)

CALL WRITE(*RETURNK> ')

CaLL SEND

RETURN

END
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SUsROUTINE TTYIN

COMMON MESS(7)

COMMOIN KMAXoLMAXeMU,RHOAYDRWDZ

COMMON NP,uPX{(50) »BPY(50) o UNOT,VNOTyUINsVIN
COMMON DT,NEDIT,EPS2,BETA'NSTOP'NPIT»NDUMP ¢ NEXP
COMMUN/MOUSE/ZINXe INY» INSWe SWSTAT
COMMON/ETC/ISMX1»ISMX2,NXSPeNYSP

TyrFE 1

FORMAT(1H »'%"*) ;

ACCEPT 2,aINX»AINY

FORMAT (2F)

INXZ1286+ (AINX®NXSP ) /DR

INnY=128+ (AINY%NYSP) /D2

RE TURN

END
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120
SUBROUTINE FLUIUD
COMMON/MOUSEZINX e INYr INSWe SWSTAT
Do 1 I=z1,5
CaLl FLUl¢l)
Cal.L wMOQUSE
Iny=(INY+128)7128
IFCINY,GE ,6)RETURN
CALL FLUXL{LINY)
Gu TO 2
ENU
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SUBROUTINE FLU1(J) =1
COMMON MESS(7)

COMMON KMAX, LMAX+MU, RHOA»DReDZ
CUMMON NP,BPX(50) ¢BPY(50) s UNOT  VNOTyULINyVIN
CUMMON DT ,NEDITIEPS2BETArNSTOP«NPITNOUMP» NEXP
COMMON/MOUSE/ZINXr INY» INSWe SWSTAT
COMMON/ETC/ISMX1y ISMX2,NXSP¢NYSP
REAL MU

G0 TO (1r4¢6¢9911)J

TYPE 2

FORMAT(1H »*INITIAL U VELOCITY='":%)
ACCEPT 3,UNOT

FORMAT (F)

GO TO 15

TYPE 5

FORMAT (1H »*INITIAL V vELOCITY=':%)
ACCEPT 3.vNOT

G TO 15

TYPE 7T

FORMAT (1H »'PARTICLE DENSITY=',%)
ACCEPT 8.NP

FORMAT(I)

@D TO 15

TYPE 10

FORMAT(1H +'RHOA='"+%)

ACCEPT 3,RHOA

GO TO 15

TYPE 12

FORMAT (1H ¢ *MUZ' ¢ %)

ACCEPT 3.MU

GO TO 15

CaLL FlLU2Z2

RETURN
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SULROUTINE FLUZ2

COMMOIN MESS(T)

COMMOMN KMAX LMAXer MU RHOA»DIReDZ

COMMON NP, GPX(52) +bPY(50) ¢y UNOT VNOT»UINe VIN
COMMON DT,NEUIT,EPS2/BETArNSTOPeNPIT»NDUMP ¢ NEXP
COMMON/MOUSE/ZINXe INY» INSWeSWSTAT
COMMON/ETC/ISMX1¢rISMX2,NXSP ¢ NYSP

REAL My

CALL BOXESs(6)

CALL MOVETO(732,24) (
CALL wRITE('UzAanAoaA<>YUNOT)

CALL MOVETU(740,152)

CALL WRITE('V=aaa.aA8<> "y VINOT)

CALL MOVETO(704,279)

CALL WRITE('PARTICLE DENSITYL>")
CALL MOVETO(770,258)

CALL WRITE('=aA<>'"¢NP)

CALL MOVETO(732,410)

CALL WRITE('RHOA=A.AAMBAAAAL> " P RHOA)
CALL MOVETO(732,936)

CALL WRITE('MUZA.8AAMDAAL> " P MU)
CALL MOVETO(732,064)

CALL WRITE('RETURNE> ")

CaLL SEND

RETURN

ENU




SUBROUTINE CONVG
COMMON/MOUSE/ZINXs INY s INSWrSWSTAT
D0 1 I=z1,3

CALL CONVg1(I)

CALL wMOUsE

INY=(INY+128) 7128

IF(INY,GE ,4)RETURN

CALL CONVGLl(INY)

GO TO 2

END
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SUURUUTINE CONVGL(J)

COMMON MESS(7)

COMMON KMAXsLMAX»MUpRHOA»DRReDZ
COMMOIW MP,3PA(50) +BPY(50) sUNOT  VNOT ULiNe VIN
COMMONW DT, NEDIT EFPS2/BETArNSTOPNPIT»HDUMP»NEXP
COMMON/MOUSE/ZINX e INY » INSWr SWSTAT
COMMON/ETC/ISMX1r ISMX2,NXSP»NYSP
GO TO (1lrygeb)d

TYPE 2

FORMAT (1H 4 *'DT=%,%)

ACCEPT 3207

FORMAT (F)

60 TO &

TYPE 5

FORMAT (1H » *CONVERGENCE EPS=':5)
ACCEPT 3spPS2

o0 TO 8

TYPE 7

FORMAT(1H »'RELAXATION FACTOR=':%)
ACCEPT 3,4LTA

CALL CONvVg2

RETURN

EivD
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SUBROUTINE CONVG2
COMMON MESS(7)
COMMOIN KMAKLMAX MUy RHQA»DRDZ
COMMUN NP, uPX(5GC) »bPY(50) sUNOT,,VNOT UIN,VIN
COMMUN DT ,NEDIT EPS2:BETArNSTOP»NPITHDUMP  NEXP
COMMON/MOUSE/INXy INY r INSWr SWSTAT
COMMON/ETC/ISMX1r» ISMX2,NXSP ¢ NYSP
CALL BOXES(4)
CALL MOVETO(742,24)
CALL WRITE('DT=A.08A84<>":0T)
CALL MOVETU(742,152)
CALL WRITE('EPS2=a.AA800K>'EPS2)
CALL MOVETO(752,280)
CALL WRITL('BETA=A.AAMLK> " rBETA)
CALL MOVETO(760,408)
CALL WRITE('YRETURNL>Y)
CaLL SEND
RETURN
EnD



SUBROUTINE CNTRL
COMMON/MOUSE/ZINX» INY» INSWe SWSTAT
Vo 1 Iz1le6

CALL CNTRL1(I)
CALL WMOUSE
LY=(INY+128) /128
IF (INY,GE,7)RETURN
CALL CNTRL1(INY)
GO TO 2

RE TUR

END
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SUBROUTINE CNTRL1(J)
COMMON MESS(7)
COMMON KMAX,LMAX:MUyRHOAYDRDZ
COMMON NP,B8PX(50) +8PY(50) s UNOT, VNOT,UIN¢VIN
COMMON DT,NEDRIT EPS2,BETANSTOP+NPIT»NDUMP » NEXP
COMMOMN/MOUSE/ZINXr INY» INSWe SWSTAT
COMMON/ZETC/ZISMX1r ISMX2,NXSPeNYSP» FNAME
INTEGER FNAME
GO TO (1le4e6e8r10,13)J
TYHE 2
FORMAT (1H »'NO, OF CYCLES QBETWEEN DUMPS='",%)
ACCEPT 35»NDUMP
GO TO 16
FORMAT(I)
FYFPE S
FORMAT (1H ,'NQ, OF PRESSURE ITERATIONS=',3%)
ACCEPT 3¢nNPIT
G0 TO 1o
TYPE 7
FORMAT(1H »*'STOP AT CYCLE='",%)
ACCEPT 3,nSTOP
GO TO 16
TYPE 9
FORMAT(1H »'NO, OF CYCLES BETWEEN EDITS=',%)
ACCEPT 3sNEDIT
GO TO 16
TYPE 1%
FORMAT (1H »'OUTPUT FILENAME:'»%)
ACCEPT 12,FNAME
FORMAT(AS)
GO TO 16
TYPE 14
FORMAT (1H » *DESCRIPTION:'¢$)
ACCEPT 15, (MESS(I)sI=1,7)
FORMAT (7A5)
CaLl CNTRL2
RETURN
EnD



SUBROUTINE CNTRL2 : 128
COMMON MESS(7)
COMMON KMAX e LMAX» MUy RHOA»DR¢DZ
COMMOIN NP, BPX(53) »8PY (50) » UNOT » VNOT s UTN» VIN
COMMUN DT, NEDITEPS2,BETA»NSTOPeNPIT»NDUMP » NEXP
COMMON/MOUSE/ZINXs LNY » INSWe SWSTAT
LUMMON/ETC/ISMXl!ISMXZ:NXSP NYSP FNAME

INTEGER FINAME

CALL
caLL
CaLlL
CaLL
caLL
CaLL
CALL
caLbl
CaLL
CaLL
CaLkl
CaLL
CaLL
caLL
caLL
CAaLL
CcaLL

BOXES(7)

MOVETO(752,24)

WRITE ( *NDUMP=AA<> " » NOUMP)
MOVETO(752,152)
WRITE('NPIT=8A<> " NPIT)
MOVETO(752,250)

WRITE(® NSTGP-AA&<>'rNSTOP}
MOVETO(752,408)
WRITE("NELIT=aA<> " NEDIT)
MOVETO(752,:530)

WRITE (*FNAME=<>")
WRITES(FNAME)
MOVETU(752:664)
WRITE('DESCRIPTIONS>'Y)
MOVETO(760,792)
ARITE("RETURNL> )

SEND

RETURN

ElD
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SULROUTINE CHECK

COMMON MESS(7)
COMMON KMAX »LMAX ¢ MU, RHOA»DR»DZ
COMMON NP, 53PX(53) r8PY(50) »UNOT,VNOT»UINsVIN
COMMON DT,NEDIT+EPS2)3ETArNSTOP¢NPIT ¢ NDUMP » NEXP
. COMMON/MOUSE ZINA s INY ¢ INSWs SWSTAT
COMMON/ZETC/ISMX1 ¢ ISMX2,NXSP»NYSP
Iy1=512-6PX (1) *NXSP/DR
| CALL MOVETO(150,1IY1)
| DU 1 J=2,15MX1=-1
Ix=1504+BPY (J)*NYSP/DZ
1y=512=-8PX (J)*NXSFP/DR
1 CALL ZIPTyU(IXeIY)
Ivy1=512+8PX(1)xNXSP/DR
CaLL MOVETO(150,1Y1)
VO 2 J=2r [SMXL1-1
IA=150+BPY (J) *NYSP/DZ
IY=512+8P X (J)*NXSP/DR
2 CALL ZIPTU(IXeIY)
ISMzISMX1+1
IA1=150+8PY (ISM) *NYSP/p2Z
CALL MOVETO(IX1,512)
DO 3 J=ISM+1rISMX2-1
1Xx=150+8BPY (J)%xNYSP/D2Z
I 1¢y=512+8PX (J)*NXSP/DR
3 CALL ZIPTO(IXeIY)
CALL MOVETO(IX1,512)
DO 4 J=ISM+1sISMX2=1
1x=1504+8PY (J) *NYSP/DZ
] IYy=512-BPX (J)*NYSP/DR
B 4 CALL ZIPTQ(IXsIY)
1yb=512=-8BPX (1) *NXSP/DR
! IYT=512+BPX (1) *NXSP/D2Z
CALL SEND
CALL ARO(140+IYTe'U")
[ CALL VECTQ(140,525)
CALL ARO(14DeIYBe'U")
( CALL VECTQ(140,499)

CALL MOVETO(52,504)
CM=BPX(1)x2,
CALL WRITE('AA.0A CML>'eCM)
’ CALL ARO(150e¢1YBe'DY)
CaLL VECTQ(150.512)
LNG=512=1Yyw
IXT=150+LNG
B CALL ARO(IXTe512:'L")
n CALL VECTO(150,512)
CALL MOVETL(160,1YB+5)
CALL WRITE(*RE>")
CaLL MOVETO(IXT+12,504)
CALL WRITE(*Z<>Y)
IsMIz=IsMX1i=-1
IvyB=512=-BPA(I5M1) xNXSP/DR
IvyT=5124+8PX(ISM1) *NXSP /DR
CALL ARO(OBSeIYTsrU)
CaLlL VECTu(985:532)
CALL ARO(QBS.1IYH,'DY)




CaLL VECTO(985,492)
CaLL MOVETO(955:522)
CM=BPA(ISM1)*2,

CALL WRITE(*0A.68<>"9CM)
CALL MOVETU(973,503)
CALL wRITE('CM> )
Ivi=IyT+2C

CALL ARO(QS0.IY1r'L")
CALL VECTO(600,1Y1)
CaLL ARO(1500IY1,'R")
CALL VECTQ(S500,1Y1)
Cm=BPY (ISMX1) %2,
IvyizIY1l=8

CALL MOVETU(S504,1IY1)

CALL WRITE('AA.AA CMLO> Y CM)

IX1=BPy (IsM)xNXSP/DZ+300
CALL MOVETO(IX1,517)
CALL VEC(-60:0)

CALL VEC(0r10)

CaLL VEC(=20¢=15)
CaLL VEC(2M,=1Y)
CaALL VEC(0:10Q)

CaLL VEC(eNe0)

CALL MOVE(5¢=3)

CALL WRITE(YFLOWL> ")
CaLL MOVETO(348,124)

CALL wRITE("U=INZAAAA«AOL> " »UIN)

CaLL MOVETO(348,164)

CALL WHEITE('V=INZ=aAAA LAY VI

CALL MOVETO(515,124)

CALL WRITE('U=NOT=aAAD AA<S> "y UNOT)

CALL MOVETO(D15:104)

CALL wWRITE('V=NUTzaaAa,AA<> e VNOT)

CALL MOVETO(412,900)
DO B Uz=le7

CaLL wRITES(MESS(J))
CaLL APND

RETURN

EnD
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SUBROUTINE OQUTP

CUMMON MESS(7)

COMMON KMAX)LMAXeMUyRHOA,DR¢DZ
COMMON NP,BPX(50) BPY(50) s UNOT, VNOT»UINyVIN
COMMON DT,NEDIT+EPS2+8ETAsNSTOP+NPIT»NDUMP ¢ NEXP
COMMON/MOUSE/ZINXs INY» INSWe SWSTAT
COMMON/ETC/ZISMX1rISMX2,NXSP¢NYSP»FNAME
DIMENSION IDT(2)

ReAL MU

INTEGER FNAME

CALL OFILE(23+FNAME)

TYPE 1

FORMAT (1H ,'LINEFEED TO NEW PAGECR?')
ACCEPT 2,puMMmY

FORMAT(AL)

CaLL UATE(IDT)

TYPE 3

FORMAT(1H »T37» *ABMAC')

TYPE &

FORMAT (1H » T35 "UNIVERSITY OF UTAH')
TYPE S5,I0T(1)1IDT(2)

FORMAT(1H »T35:A5,A8)

TYPE ©

FORMAT ( 1H=)

TYPE 74 (MESS(I)I=1,T)

FORMAT(1H »7A5)

WRITE(23¢7) (MESS(I)sI=1,7)
MOPT=0

TYPE 8pKMAX,LMAX NEXP»MOPT
FORMAT (1H »41)
WRITE(23¢8)KMAX)LMAX ¢ NEXPyMOPT
SMIN=,01

EpPSli=.2

TYPE 9,SMIN,EPS1

FORMAT(1H 4 2F)
WRITE(23+,9)SMIN,EPSL

bz=0,

GR=0,

TYPE 10¢GZ2rGRyMUrRHOA

FORMAT(1H y4F)
WRITE(23,10)GZsGR» MUy RHOA

TYPE 11,0R

FORMAT(1H «F)

WRITE(23+11)DR

TYPE 11,02

WRITE(23,11)D2Z

KA=2

KB=KMAX~1

La=2

L=LMAX=-1

TYPE 12¢NPeKArKBeLA,LB

FORMAT(1H +51)
WRITE(23¢12)NPsKArKBeLAPLB
1.ERO=0

ZEKRO=0,

SMALL==0,0001

ISM=ISMX1=1
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14

15

le

17

18

19

TYPE 13,2ER0¢ZERO 132
WHRITE(23913) cERVr ZERO

FORMAT (1H »2F)

DO 14 y=1,1ISMX2

TYPE 13:3PX(J)BPY(J)
WRITE(23,13)6PX(J)BPY(J)

TYPE 15,1ZERO

FORMAT (1H 1)

WRITE(23,15) 1ZERO

Ka=1

Kos=KMAX

La=1

Li=LMAX

KIN=D

KOoUuT=0

T(PE 160KiarKBorLAPLByUNOT»VNOT»KINeKQUT
FORMAT (1H s4le2Fs21)
WRITE(23016)KA KBr LA LBrUNOTp VNOT e KIN KOUT
KAZ2

Kg=BPXx (1) /UR+2

LA=1

Lu=1

KOUT=1

TYPE 16vKAPKBr LA LBeUNOT» VNOT»KINeKOUT
WRITE(23016)KA KB LA LBrUNOT e VNOT P KIN, KOUT
KA=2

K=KMAX=1

LA=LMAX

L8=LMAX

VVEL=VIN

UVEL=UIN

KouT=p

KIN=L

TYPE 16rKarKBeLAPLByUVEL VVEL KINyKOUT
WRITE(23¢16)KAWK3»LAYLErUVEL VVELeKIN,KOUT
TYPE 15,1/tR0

WRITE(23,15)1ZERD

NBP=2% (KMAX=2)

XXA:o 05

YYAZUZ* (LMAX=2)+.05

DuR=DIks2

vpd=n,

TYPE 17¢NgP . XXA:YYA,DDRDDZ

FORMAT (1H ,I+4F)

WRITE(23p17)NBPs XXA,YYA+DORsDDZ

TYPE 9,BPX(1)sSMALL
WKITE(23,9)BPX (1) r SMALL

Uo 18 1=2,1SMX1=2

TYPE 9,8PX(I1)eBPY(I)
WRITE(23,9)8PX(I1)+BPY(1)

ITwo=2

TYPE 19,BPX(ISM) +3PY(ISM)» ITWO

FORMAT (1H +2F 1)

WRITE(23+19)8BPX(ISM) +BPY(ISM) s ITWO
IONE=1

ISM2=1GoMX1+2

ISMz1SMX2=-1
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BPX(ISM2) =5MALL
L0 20 I=ISM2¢ISMX2=2
TYPE 9,BPX(I)BPY(I)
WRITE(23.,9)BPX(I)s8PY(1)
TYPE 19,8PX(15M)8PY(ISM)» IONE
WRITE(23019)BPX(ISM) eBPY(ISM) ¢ IONE
ICcRT=1
CRTRA=3,2
CRTRB=6H.
CRTZA=Z16.
CRTZp=.2885
AMAX=,288%
YMAX=.9
TYPE 212 ICRT+CRTRAyCRTRBy»CRTZA,CRTZB» XMAXy YMAX
FORMAT (1H »I1¢6F)
WRITE(23+21)ICRTICRTRA,CRTRB¢CRTZA+CRTZB» XMAX» YMAX
TYPE 11,07 '
WRITE(23,11)DT
TYPE 15NEDIT
WRITE(23¢,15)NEDIT
TYPE 11.EPS1
WRITE(23,11)EPS]
TYPE 11,EpS2
WiRITE(23011)EPS2
TYPE 11,0ETA
WRITE(23,11)BETA
NGEN='*N?
TYPE 22¢NGEN
FORMAT(1H A1)
WRITE(23,22)NGEN
TYPE 11»SMIN
WRITE(23911)SMIN
TYPE 15¢NSTOP
WRITE(23¢15)NSTOP
TYPE 15.NPIT
WRITE(23015)NPIY
TYPE 15:NDUMP
WRITE(23+15)NDUMP
END FILE 23
RETURN
END
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SUBROUTINE ARG (INX»INY,DIR)

INTEGER DIR

N1=5

N2=15

IF(DIRLEQ,"U') INY=INY=15
IF(DIRLEG,'D")INY=LINY+15
IF(DIRLEQ,"L") INXZINX=15
IF(DIR.EQW,"R") INAZINX+15
CaALL MOVETO(INX,INY)
IF(DIR,EG,"R" 4ORUIRsEWs "UTIN2==IN2
IF(DIRLEW,"U' ORLWUIRsEW.'D")GO TO 1
CALL VEC(QeN1)

CALL VEC(N2p=N1)

CaLL VEC(=NZ2r=N1)

CaLL VEC(QeN1)

CaLlL AaPND

RETURN

CaLl VEC(=N1:0)

CaLL VEC(W1,=-N2)

CALL VEC(nN1s,N2)

CaLL VEC(=N100)

CaLL APND

RETURN

EiD




SUBROUTINE BOXES(N)
DO 1 I=1eN
JPOS=(I%128)=128
CalL MOVETO(704,JP0S)
CaLL BOX

RETURN

END
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SUBROUTINE BOKX
CALL VEC(0rBEY4)
CALL VEC(192:0)
CaLL VEC(O,=64)
CALL VEC(=192,0)
RE TURN

END
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APPENDIX II

THE COMPUTATION INITIALIZATION PROGRAM

Routine Name Function

MAIN Establish common areas

MACMAIN Control initialization, writes
out data file

GEN Marks cells and initializes

GENB Computes normals describing
boundary segments

REFLAG Readjusts cell flags in surface

EDIT Lists initial values for all

problem. variables
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Cumisis VAC UL rUACPVAC y Tl e T2 M3
CurMMuiy NCYCLE suSTUPR yNEUTMy WEDTI T OPE
Combiud TIML EDTIMEDUT NPT
CumMUn S TR EFSErDT e VMAX s UnAX s KELAAPCU T
Combilis SMEnpEPSLeigMAX s Toe Ve T0s UL » VBHD
CumMd U UrhHUAY GR» Gl o LSEC
CumMMOE VINeULNp DRF e DLP MBP,DOM,DUL
CL;MIH]UN NE}{I“' ] NEXFP » NPAKr v DLV
CUMMON MURLD r RMAX ) LMAX g KMAAZ p LUAXZ » KMAXZZ ) LMAXZZ
Couol U KA LOMN e KDMX» LOMA, MESS(T)
CumtOn TCRT e AMAAr YMAR e CRTRAPCRTRE P CRTLAPCRT Z0
Coriua LTLOTr Luer LZeGAMMA I POAS»PGASLyPAIByGASV e GASVZ
CUMMUTT NF piGa NI TotH e XGortially 1 Go FULGE r ITAL» CRAX W DELL
CumkCi BHX(3I0I) s PTR(3I20) »RMP33D) »ikall? (300 ) » X3(300)
Cumbuly BPY(3N0) pPTY(300) 2 ZEP(35L) 2P (300) o YB(300)
CumMMuly US(3ND) » L3P (300)
COMMON R{1D2) e £(A50) s R (130 ) 43 (150
CoMMGH Lk (150) 2D (450)
Comi- v MU2H00)
CoMmn RP1L(5200) fRP2(500N)
COMMUN UnvG(2500) r VAVGL256)
COMMON P(2529) pUL2500) ,ETA(25D3) v vi2500) ¢ PLI(2500)
CotMON DMNGRX(2020) yDNOKY (25020) o PRURX(2508) » PNOKY (250)
Cutibud WPRTAC200C) fNPRTB(25037) y MPRTA(LOCS) e MPRTB (25CC)
CumMUMN SNC(2LJ0) rLR DL
CoMMGW NBC(300) p IFX(330)
CoMMun Mo VL rNue V2
Ccod Mt ZFLabl Lkl
Fral My
TGTEGER A U CN 3y SURyFull s EMP ol e 1M, QUT
FrOLP el OSLLH» LMPHU 2B CORPOKr GAS P ALY
UnaTA SLTRE»CNTRB e SURyFULLPEMPygNU» Lile OUT,
FeOLF v NOSLI? o EMPRilL» CBrCORPOK P GASPARB/ 1121 40691160320
Ll 120200 e 51201024, 2048 ,4095, 819219 1658%, 3270687
UATA mASK L MASKZ ridASKI e MASK S e MASKS » MASKG
MASE T rmASALA/UTITTTII?TITTIS T QT 77TTI773T7T0 0
Q7777776 TTIT T v OTTITTT7I777T3e0T7TTTITITITOT
UITTITIIS NI T QIITITTISTIT T T TG (T
UuUBLs PRECISION UrVaPSIHETANP
Lok PRECTSION UMAXy yMAX
Flz=3. 14150026
InIEcEP FLAG)
FLAGL=)
CaLl wip Gl
ﬁNU
Suphiwu e MACMALL
CumMMOr NV ACpinoTive UAC, VAC» T4l e T2 13
CuMMUut MCYCLE s NSTUP pHEL T LEDIT»OPE
CumMmMOtl TIME EDTIMeEDDT  NRPIT
C uMHun DETA s EPSZeUT o VMAX s UAX HELAA, LU
CumMuin SMLde EPSLrTIEMAA, USTO e VBETO » Unilliy VBT
CurMOn UMy MUrEHUAPGR G Gr ISFC
CorMUn V1eULiNg UKE e DL 1IBP, DD, DUz
CLpMOiT NEAF pNEXPP )y NPARTpND LV
CumMON NURLO e RMAA P LMAX g KMAAZ pLMAXL e KMAAZZp LMAALZ
CuMtUre KDMN e LUMNY RDMX ¢ LIDUMX p MESS (7))
CumbOr LER Ty AMAR P YMAX CRIRAPCHRIRLPCRTZACRTZY
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CuriMO TTSTelOLrIzasCAMAIPGASYPGrScr?AMBy GASV rGASYE
COMMOIE IWF ,nGeWWITehe XGrHH HV e GG FuLtL p ITALP CRAADELZ
CumMOIN BrAa(300) yPTX(IC0) b RMP{3CI) okl (300) ¢ X5 (300 )
COMMON GFY(A00) s PiY(3C0) 2 ZMP(32) o ZWNP (302 ) Y (300)
CuMMON S (3N0) e IBKP(32))
ComMUuM RE190) p£(150) rRg(LD0) rZu(L502)
Cummlil DR (150) »De(150)
CommMOnN M(2500)
ComMMON RP1(5000) rxP2(5000)
CuMMO UAyu (2500) p VAVG (25090)
CumMOii P(2500) s L2200 ETA(2500) pv(2920) ST (2500)
CUMMCI UNQRX(25900) #DNORY (2500) PR X (250C) f PHORY (2500
COMMUN NERTA(2500) e MPRTB(2500) yMPRTA(2500) 2 MPRTB(25C0)
CuMmOUii SNC(2000)2LRyDL
CoMMOn NECi300)»IPX(330)
COMMOI NUEVYLeNUEV2
COoMMON/FLat L/FLAGL
Fedl. Mo
JUTEGE |, Aius OR e CHNTRER »aURPFULL e LMP s ulD» AN, OUT
FroSLPNOSLP s EMPUNU e Obr COR» OK e GAS» AL
Lo lA LTI 2o CNTRUr SURpFULL e EMP e sMNU s L OUT
FROLErHOS PPl OB CORPOK P GAS P ARIZ1Ir 2 4 r B Lise 320
LEP 125,250 51201024,2048,4096001929 16384, 32708/
UATA MASKL e MASAZ rMASKI p MASKY p MASKE » MASKG »
Mo SK7 e MASREZ0TTYTTTTTTTIOTvO7727T7TT73TT 7
CITTI7207 77T Ty QTTTITTIITTITT3:07FTTTTTTI776T 0
7777737777077 77IRTTITT07777777067777/
pulsLE PRECISION UrVePSTETARP
LOUBLE PRLCISION URsUL,VBr vTeUUAIK VEAR
vulUBLe PreCISL0M UTOPe WLEF T VRGHT
LUUBLE PRECISION TEMPL: TEMPRUS0T
DOUBLE PHECISION UMAK, yMAX
Fl=3,1415926
T AL=O
1yPE &
FCRMAT (il o 'NEw GEIVERAIOR2'¢S)
ACCEDNT oyl XE
FORMAT (L)
FORMAT(AL)
If"l*‘lll‘(L.Eda'Nl’ L'!U TO 7
150°E 6
FORMaT (IH » *IPUT FIROMI " »b)
sCCLr 1 g LEVL
FulshMAT (A
lf'(r"u'i:.\llaiU.'T'TY'} NDE"les
IF(NLEVIEw,'uan?) NDEVIz=21
L (Hetovletw, 20000 TO o0l
iU TU A0S
TYPE 602
Foulvntl (18 o " INPUT FILE;"»%)
ACCEFT ol3sNME
FORMAT (ab)
FMbE = IME RS2
Cole IF1LLE2Y/NNME)
CaLl OoEN
NLLTwm=0
P dMT=D
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le,MitT 2]
OE=1la
o TL 11
7 1 YRC Gy NCYCLE
) FOREMATL (1 p "HEAUY AT CHiCLE ' 13)
1ybL &
9 FORMAT (Yr ¢ *CHARNCGE RUN TIME SYSTEMZ')
ALUEFT 10,MYS
i0 FurmaT(ALl)
IF(NYSEU, 'MY) 6L TO 33
“ig‘;‘ll:—:J
14 TyrE L2
1z FOEMET (LH o 'DI=" %)
kAl GiwEVYI,13) ul
TiPE &y
13 Flta T (r)
1 yPE 14
14 FOorwaTolo » 10 OF CYCLES GETweEl EDITS=145)
FeAC EpEV I e LOINEDIT
TYHE 24
15 FORMAT(T)
TYHE 16
lo FORMAT (IR o "EVUNDARY SENSTUG PARAMETER=' %)
Real (g V1e13) P51
TykE 24
TPe 17
17 FORMAT (LM o *COMVERGENICE CPLILONSY )
REau GapBEv1e13) EPL2
1YFE 24
TyFE Lo
lo FORMAT(1IH » "OVER=HELAXATIUIl FACTURE'»3)
FEAD (peVie13) LETA
TIPE 24
TYFE 10
19 FORMAT {1t » YORCKWARDS LIFFERFUCINGZY)
KEAUGoLEVLe20) HNGEN
TYFPE 24

1F (NGEMGEW. 'Y ) RWOGEN=G
LE(NOEN.LGe "IN ) NGEN=y

2n FORMpM (A1)
¢ i

21 FurMAT (1 o 'FULL CELL EPSILONZ,3)
ReAD(NLEVLY 13) SMIN
FYRE 24
TPE D5

2s FORMAT (LH o *STOP 41 CYCLE=1,%)
KLAD(NGEVLy 1D) WSTUP
TYHE 25

23 CunT L NUE

24 FORMAT (1t )
TyPE 25

2% FORMAT (1H 5 *FRESSURE ITERATIONSZ' )
HeaD(pEVLIe15) NPLIT
TYRE 24
TYFE 26

20 FORMAT (IR p*NU, OF CYCLES SETWEEN LUMPSzZY, %)
READ(AGEVL» 15) NDUMP




25
29

& {

141

Tk, an

BMARZZKMA A=,

L XL MAA=]

WA RELZK M A=

LuprcezLMpax=-2

WURIUZKRMAR®LMA X

DimMAAZUR*:2:kDL*¥%2/ (DR*¥*%2+D2%%2)

DTIMARZ 4D TMAX/ (MU+, 040001 ) xRHOA

L e D (UTHDTHMAX) = xABS(DT=0THMAX)

UIMAAZDT

PrLARD, 2% HOARDR*%2/0T

NHwll=g2

TEM= 25

T Fuz2s

FiSe.

IF(G) 22829

CitAXZRHOA

LO TQ 30

CepX=oxl (LLMAX)

Crnin=l,/CRAX

GL=0

YF(NLAL JEwe'™™N") U TO 33

£ ALL EL.‘ 1 T

CunTI1NUE

CUNTINUE

e =HHE+2

Cutl OF ILE (229 NML)

LRLlTE (22) woEN
wiRITE (22)NCYCLE f HSTOP ,MEDTMp NEDIT » 0P
wh L TE (22Y T IME s EOTIMereDTyPIT
GRITE (22)BETAIEPS2,DT, VMAA P UMAX s RELAX CUT
WRITE (22)SMUINSEPSLy N3MAXrUBTO, Vi3TO p UBEND » vBND
A ITE(22) UM MUPRHOAYGR P GZ G ISEC
wHITE(22)VINpUIN,DKP »u P NBP» 0OR,LDZ
WKL IL (22 ) NEXAP e NEAPP o NPART pNDI Y
wRITE(22)HNGRIUD P KMAX e LMAX e WMAXZ e LMAXZ p KMAXZZ 0 LMARLE
whITE(22) aDMNy LOMNy KOMX s LOMX» MESS

WREITE(Z22) ICRT e XMAAr YMAXPCRTRAPCRIRD pCTZAPCRTLE
wh ITE(22) LTESTrI0LZe T2 GAMAPPGAS POASZ P PAMBGASVIGASYY
VRITE (22)NFoNGeNLTyHe nGoHrHV p GOp FUDGE s NTALs CRAKSDELZ
whITe(22)KRy 20 Rb 0 2B
IRITE W 2E)URBrULD
SHRITE(22)M
wRITE(22)F UpETA»V,PS1
wRITE(22)ONGRX e DNORY ¢« PMORX ¢ PHORY

LrlTE(22)ure0Z

Edly FLLE 22

beg, T

Eisl
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SJJFUu[INL GEN
CoMML 4 MVACYPNGEN» UAC s VAC» Tl e T2y T3
ComMOiN MG YCLE e NOTOPy NEDTM WEDI T OPE
CuMMOn TlmbEDTIMyEDDT,NPIT
ComMuin BETRPEFS2eUT e VMAX» UuAXy RELAX»CUT
COmMON SMLiNe EPSLenlBMAX,UBTO VBTOsUD VBND
COMMUN UMy MUrhitUA»GReGZLr Gr ISEC
comn VIneUINUKPyDLP,NBP,DDR,DUZ
Cummiv HEXP g MEXPP ¢ NPART P NIV
CoMMOm NERLID P KMAXy LMAK g KMAXZp LMAXZy KMAXZZ 9 LMAXZLZ
CoMMTIs KDMIp LUMN s AUMX 1 LOMApMESSI(T)
cumMuis 1CRT»AMAAY YMAX+CRTRAPCKTRUPLRTZACRTZB
ComMure TTESTe 1029 1ZrGAMA»PGASPGASZPANMB ) GASV e LASVL
CoMMGi M oG rNITrrie XGrHHo v 1 GG o FUDUE  ITAL » CRAKDELZ
Cummiuin LPACIUU) pPTX(300) o RuP (330) ¢ RNP (30C) » XB (30U)
CemMull BREY(300) »PIY(3350) 9 £ZP (300) » 2P (30C) »YB(300)
CumMbivie LSEA00) 1B (300)
CoMMan RE1HD) »Z(150) sRa(150) #Z5(150)
CuMMOi URp (100) »LZB (150)
CuMMOy M(2500)
COMMC IP1(SR00) tKP2(50CC)
CuMML UAVL(2000) » VAVG(2500)
COMMOW PL2D00) »U(2500) yETA(2580) vV I(2bJ0)»PS1(2500)
Comtiv DHURXA2L00) » DHORY (2534)  PNUKX (£500) » PNORY (2500)
CutmCM NPRTA(250C) +NFRTB(2500) yMPRTA(2500) + MPRTB(2500)
COMMCN SNCL2300) rUR DL
CoaMCiy NBC(300) » IFX(300)
Culiden NUE v L e NOEV2
CuMMGHI/FLAGL/FLAGL
RoAL ML
TWTEGER ANL OB CNTRB» SURPFULL P EMP D IN,QUT
FRSLP o nOSLF »EMPBNDU » Ou v COR P OK# GAS» AR
LAalA INTIE e CNTRE » SURPFULL r EMPp sND» I0de OUT,
FrSLien0SL? nEMPENL OBy CORPUKPGASPARB/ 1121418916932,
Ll 128,2569512,102492046)4096,81920 16384, 32768/
LATA MASKL»MASKZ e MASK S MASKY » MASKS 1 MASKE
MASKT p MASKEZOTTTTTTTITTIST»OTTTTTITITISTT7 T
077777767TTTTIQTTTTTITITITT30077TTTTTTTTOT
CITTITII3T 7T OTTTIIRTITSTITI 79 QVT7?TTITETTTT/
UuUHLE PRECISION UMAXryMAX
pounle PRECTISIOVN UpViPSIHETARP
P1=3.1415920
LubICAL TEST
b1=3.1415926
1yPE 1001
TyPE 1009
FUHMP\T{-‘-H e VHEALTINGY)
HL;-,U“,.L.{-_\I]_!j.]'llViEE)s{IlrI:ll?)
FOEMAT (TAS)
FORMAT (81)
FUkMAT (2F)
FokHi 1 (4F)
TyiPE 1002
IyHE 1PN9
FORNMAT (LH ¢ "RMAA P LMAX) NEXPy MOPT?)
hLRU{HDEVIfEJKMthLMAX,NEAP:MOPT
TYRPE 1003
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TYFE 1009

FURMAT(LH o *SMINIEPSLY)
REAaD(HUEVL s 3)SMINEPST
TYFE 1004

TVPE 1009

FOURMAT (1H , tGer Gl RHOAY)
HEADINLEVI v 4)GZr GILp MU RHOA
G=SURT (0dxk2+0R%%x2)

Fig APPZ{EXP 1

AMp XZZRMAX=1

|’\MAXA_.|{:KM}:\X"'2

LMAXZZLMA L=,

LMARKLLZLMAR=2

HCYClL.Eg=(

TimE=0,

Fulv=0

CUT=: 000000

L.i|'~|‘.—'f‘4|..l

HORILZKMAARLMAX

FvHE 100G

GUMERATE COORLINATESy pND CONSTANTS

FORAAT (LM o TLRY)
berDuhiEVL e 5) uR
TYiE 1n0e

TyvL 1n0Q
FORMAT(1h p'LUZY)
henl (WLEVIeBIULZ
FORMAT (F)
PU(l)=1le /200 0%kl
WO o KRzlekMARL
EB(K+1l)=Ke (k) +0UR
LL‘jtljzt‘n

MO 7 L=z1lrLAAZ

L ALy 22y L) w2
B{iYy==,5%R (2)
c(l)== 8% 0 (2)

vl 8 KZ2rKMAX

M) Z(RBIKI+HB (K=1))*2.5
DO € L=2rLMAA
LL)ZL20 L) +28(L=1)) %3, 5
U 10 Kzl ,KMAXL
Eu (R)ZR(K+1)=R(K)
LU 11 L=l ,LMAXZ
Pap L)z UL 1 =1L
v 12 KRz=1,66RID
Fum =D,

Witk 20,

% o

Etantk)=n,
s Uik ey,

UpvGing =9,
MavGiry=n,

Mik)=0
LHORA(KIZD.
DIURY (K )=,
FHURX (K) =0,
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(alaRsN ool

10Pn7
14
15

le
1nng

irog
1/
lo
19
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POy (k) =0,
L0
Vinbz0,
Ll 13 L2, Lie X
Fivid= (L=1) &K 10N
LD 13 BKS2ZndnXxZ
FaizKo M
MIEM)IZIMIRM) ORJEMP)
Reau 1i A SEL OF FOINITS SPECIFYING A CLOSED CURVE: LYING
Iti Irk REGION pOUHDEL oY KAerKueLArLs PAKTICLLS ARE
Gk kATED AT RENSITY nf*x2 INSIDE THIS AERA. ARY WUMBER
UF LCLUSED ~EGLONWS ALLOWED.

k=0

oy PE. 1P0T

el 1009

FubkMal (1 s 'MP s RAPKBeLAPLEY)
Re AODUTWEYLe 2D ) MF e KARERB e LA LI
FURMAT (51)

IFIME) 32,5810 16

TrFE 1008

FoisMaT (1Lh e OP Xy YY)

TyrE 1109

Fursmad (1h )
PLAD(CHREV 12 A7) A1) 1 BRPY (L)
FURMAT { 2F )

MM=2

BEAD (CHNSEVLy 178X (MM) »uFY (14M)
IF(BFA(L) JEouPA(MM) s AND UPY (1) JEW.BPY(MM)) GO TU 21
MM=Mp

Gy Tu 18

Mg A X =1,

UKP =0/ NF

ULPzUL/NE

Lu 20 L=LarLi

Ky = (e=1) 1 MAA

UU 2L K=Enme Ko

Rl b M

KAZRE (R=1) =0, 5%LKP
CAZZE(=1)=0,5%JLF

LG 2¢ LP=1hF

LLZENFSLPRLP

LC 28 aAP=1,MNP

FRzZRA+UAFP+RP

"\NULE:nl

b 20 o=1l,mMAK

AJZBPA(U) =R

AeZBFA (I L) =IRE

Y1=RPY(u)=£2Z

Y2ZEPY (J¥1) =44
CrOSSP=X1%Y2-X2%Y1
FMthlAl**:+Tl**l)*(XZ**E*TE**ZI
Futo=SulT (FMAL)
ALFHAZALGT v (CRUSSP/FMAL)
LOT=Al®=X24+Y2%Y2
IF(DulY28,25e28H

IF(ALPHA) 23+24,24
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1rgn
23

b

la Cy oy

ir)s
3y

4n

HA
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ALLLEZANGLE=FPL=4LFHA

GO TU 26

A GLE=ANGLE4PI=ALPHA

v 10 2o

hoGGLEZANGLE +ALPHA

ComnTlilut

TF (ALS (ANGLE)=0.0001)28¢27,27

Nzt ]

FPHRTO (KM) =NPRTA(KM) 1

MInM)Z (M (ki) SO, FULL)

M) S (MURM)  AND . MASK L)

FFEL{F)=RR

k2 ()=l

COMT LIGE

l\'._,lVZH

HEARY =

GO TV 14

CunmTENUL

IPUT CLLL VECLOCITIES., KIM=D9eKOUT=0 FUR IWNTERIOR CELLS.
For tHFLUwe SET KLn=ir FOR OUTFLOW SET KOUT=1.

Tyl E Anin

TyFE Lr0@

FORMAT (IH s 'nAsKorLArL e UVELe VVEL o RITI,ROULY)

READ (HNUEV 1P 33)KAPKB LA, LBrUVEL, VVEL kI KOUT
FURMAT (4T ,2F ¢ 21)

IF(KA) 38,3834

PO 37 L=bneLu

Kbz (l=1) ki MAX

v 37 KZKAeKE

K=K A b

U(rM)SUVEL

VIKM) ZYVEL

[r(KIN,EW,") GO lu 35

Uil=UVEL

Vii=v VEL

M{KM) = (M{aM) s URW (hIMN¥0L4))

MAARMYZ (M M) sOR (KOUUT%128))

CORTINUE

ou IC 32

SHECIFY A LIME OF LINPUT PAKTICLES LYIle JUST OUTSILILE
INPUL BOUNLUARY e nNuPz MUMBER OF PARTICLES, AXA AND
YYA ARE TiiE COORDINATES OF THE FIRST PUINT. Duk AN
Lus GIVE THE SPACING,

TyPE 1C11

IZYRE 100e

FUBMAT (LH o "NOP e XAAS YYADDReDDLZY)
FeAUINUEVLr39)INDP e XXAr Y YA»DDRyDDZ
FORMAT (L 4F)

IF(MBP)43,43+40

MyvzhEP L

M RTZHPART +NoP

DO 41 HizNPART MMy =1

RELIN)ZRFL (MN=NsiP)

K2 (N)YZRP2 (N=NB3F)

R L (1 )=XXA
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S Y 2X T E
k= (X2 A+UR ) /DI L
Lo (YYAtDz ) /D)
Pz L L=2) ¥ A A
gl (L) =kM
B ThAtrM) = P A CKE) +4
wly W8 pMEZek
AANTAAFLLIS
LYASYYpdlpd
BRL M) AR
K20 =YYa
Ko (ANA+DE ) /0Ii+ 1
L=(YYArLZ; /L£+1
FoMmK E(L=1 ) FiKMAX
NEh e CpM) ZnPR VA TKRR ) + 3
e C (1) =hM
Lo VEnEaRT
CUNT Lk
Canl oLt
ST onupu gD uCuhu FLAUS.

Luvitnk Te5T

LU H7 L=2,LMAXL

nlTZL* A X

Lo 57 K=&, KMAXZ

RTZKITH+K

RV=K T =k M

Fog=KM=kMa A

1T Xz

TFC(HRM) L ANDW00) JEQau) Gu TO 44

Gy FOy T

LF (GRURX (1) )45 49,47
TESTZAPTA(LSLC) dEURD IR ) eURG(PTX (L) qLiuai3(K))
IF LT Fa-Eue®) TESTEJFALSE, ‘
Ir GO IRM41) o AND o UD) o EUe 08 ) « OK L CIMIKM+ L) JiiD o FULL) o CuaFUL
L, TES1 ) «0 10 89

MokMa L)z (Kh+1) o OR,COR)

GO T 49

TeSTo P ITA(LSEC) JEWRO(A=1) ) OK, (PTA(L1) dEQ. RB(K=1))
IFUITrA«bue D) TESTZFALSEs \
lF(((H{KM-l).ANU.UB).Eu.Ub).OH.((M!KM-l).AHD.FULLI.EG.FUH
WOl 12ST) w0 10 49

le\M"‘l]:tM(KM-lj-UR.CUR}

IF(LNURY(KrF)Y) HSur24,5c

TESTE(FTY (ASEC) oEWwsZBAL) ) «ORS (PTY (1) sEweés (L))
IF(I‘IFAUEUOQ) T[‘-ST:QFALSEU

ITFCCCHM(KT ) o ANUGUL) oEGe DR ) s UR { AIMIKT) o AND JFULL) sE@LFULL)
sl TEST)I w0 TU 54

MIKRTI=(MIRT) s WR.COUR)

GO TO H4

TEST=(PT1 ({1SEC) EU.ZBAL=L) ) MR, (PTY (L) sEG.ZB3 (L))
IFUITE A B« TESTI=S,FALSE.

Lr COOMIKE ) o AL GUD) 'EUUUB}QURo‘(M(KD]i"\NDlFULL}QEGQFULL’ d
eUReTEST) w0 10U 54
M(AR) = (Mhw) «URL.COR)
ConT Liut

IF(ITEXEw, 1) WU 10 55
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LG TC 87
TEST=((M(KB) e ANUWCOR) «EQ,COR) 4OR, { IM(KT) ,ANDLCOR) ,£Q.COR)
dOR G (UIM(KM=2) dAND.COR) ,EGoCOR) ,OR { (M(KM41) AU COK) JEQ4LCR)
IE COIM(KM) DAND GUB) JEQ.UGRY s AND . (4NUT L TEST)) GO TO 96
bu Tu 57
1 X220
vO TO 444
CulsTINUL
TuRiN OFF pnOBo FLAG IN CONVEX RIGHI AMGLE BOUNUARILS,.

LOOGICAL TAs» Ty IC»1D

L0 59 L=Z,LMAXZ

KTTZL¥xkKMAX

vu HA KZ2,AMAXZ

KYIzZKTT ¢k

KMZKT=KMAL

Ko ZKM=KMA x

TAZ MK, )Y dANULOL)Y JEu,03) JAND, (IM(KM=1) , auD e 08) «EY e D )
o ANU « L (M{KT)YsaNDJCOR) s NE.CUR) s ANU ¢ (M (KM+1) (ANDJCUR)Y (Niz gL uR))
1220 EM(KE) JAND L OB)Y JEuw,03) ,AND, ((M{KMEL) ,ANDLOB) .EQ.0B)
CAND ¢ L(MIKM=L) e ANULCOR )Y 4 NE ,COR)  AND s { (M (KT) ¢ ANDACOK) JHE 4L UR))
TCR( LM (KMEL) JAND.OB) 26, 08) JAND, ( IMIKI) (AND L 0B) o 29,08
G (UM RM=1) JAMDLCONRY) JHNE ,CORY aAND . ( (M {K3) s ANDLCUR) e LUR))
Tu= M (KM=1) d AND«OH) dEQ.0B) ¢ AND & { (MK ) ,AND ¢ O3) o Q. 013}
dALID . (M pMi+1) s ATID o COIRY) o NE ,COR) ¢ AND o { (M (K) s AND 4 COR) aNELLOR) )
TESTZ ((M{RM) JANUOUB) s EusO3) (ANDS ( TALOR.TB,0OR. TC.,OR.,TD)
IFLTEST) g0 TU 58

Ly TC 19

MrM)Z(M(RM) e ANL e mASKZ)

COuNTLNUE

TYrE 1012

Tyrf 1009

FOMAT(IH y*ICRT CRTRACRTRBeCRTZAYCRTLB » XMAX s YMAX?)
FEAD(NUGEVLr60) ICRTyCRTRAVCRTREyCRTLA» CRTZ » XMAK 9 YMAX
TYFEL 1013

VYFE L1nQ9

FORMAT (1H » *KOMN KDMX g LUMN,LOMX )
READ(NDEVE Yy LY KOMN s KDMX e LDMINp LOMX

FORMAT(Ir6F)

FORMAT (41

176.6T=0

PolhSTIPOAS,

UhSV=C,

CALL REFLav

VDL BY L=2,LMAXZ

KLz (L=1) R KMAXR+]

Kzl +KimAX

IF((M(AL) JANULCOR} 4Ew.CORYGU TO 83

M(KL) =S (M(KL) « UR.BND)

IF{(M(KR) ,ANDLCOR) ,EG.COR) GO TO 65

MKR)Z(M{xK) «URLBND)

CONTINUE

JO 69 g=1,KMAX

N ZKHLMIAR ZHKMAX

Ry LKt (LMpNZ=1) ¥UMAX

K=K EnviAN

Ir ({M(K) ANDCOR)Y ZEQ,LOR) O TU o7
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MIR)Z LR DR ol )

IFCIMINT) cANLCCUR) JFueCOR) GO TO 69
HIRT) 2 (MURT) . OR . LIW)

Cottl 1nuE

logc=1

Fil =0

kL Ttk (Y

E oy

148
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SULRQUT INE GENG

CumMOI NVACyNGE p UAC e VAC e THLe TM2» TM3
COMMON NCYCLE p NLTUP s NEUTMe MEDIT » QPE
ComMOIn TIMELEDTIMPEDLI MPIT
CumMO BETAPEPSZrUT o VMAX s UMAX» RELAACUT
CuMMECIy SMIN)EFPSLyisMAR, UBTOVBTO» UunD e VBND
COMMON UM, MUrRHCAPGR GG ISEC
CUMMUI VENsUINsLKRP DL, HBPyUDR,DLZ
CUMMOMN NEAP, NEXFPylPART»NDIV
CuMMON NORID e KMANp LMAX ) KMAXZ p LMARZ s KMAKZ £ LMARZEZ
ComMON KLUmne LUMIMy muMX p LDMA , MESS(T7)
CoMMUN TCRTyAMAR YMAX» CRTRAPCHTRULCRTZACRTZB
CumMON ITEST IOy L2 s GAMAPPGASIPGASLPAMB GASV I GASYVE
COMMOIT INF , NG eNI T rme XGritHeHV » GG o FUDGE p [ITAL» CRAADELLZ
COomMOn BPAIIBT) pPTAC3GD) p REP (330) =P (S00) » XB(300)
CoumMUal SF ¢ (3T0) pPTY (330 2 ZP(3G2) 2P (300) »YB(30G0)
CuriMCiv DSL3PN) s Lo (322
CulMMUIT RE1THBN) e Z20A53) v (AHD) » 20 (150)
CuMMOIN DRE(LDD ) yUen(22d)
ColidON Mi2h0n)
CUMMOIT RF1(S000) rRP2(2900)
CumMul UAve (2509) s VAVG (2500
CuMMON P (2bnN) »U(2L272) ETA(2502) e VI2500) 2 PSI2500)
CLaMUnN DNORACZ250Q) $DIWKRY (2590) o PRNORA (2500) 1 PHORY (2500)
CuMMuil NPRTA(250C) o NFRTB(2900) yMPRTA(2500) fMPRTB(2500)
COMMON Sl (2500) rUR UL
CorMON NaCI3NG) » IFA(304)
CumMON NMDEV L NUEVR
CUMMOI/FLAVI/FLAOS
AL MU
LLTEGER AnurUEsCHIRPRSURPFULL s EMP oD e IN,QUT »
£ FIOLPrNOSLP s EMPLHUr OB v CORP OK P GAS ARD
UATA SMIRE»CHIRGs e SUR»FULL P EMP poilue s OUT,
*  FPSLPerOSLPl p EMPBlili s OB v CORPUK p GASPAKB/ 12 UheBrle 320
kB 120, 290051202024, 2248, 409605192, 16384, 327068/
Uit A MASK LY MASK2 e IASK Iy MASKY ¢ MR SKS e MALKRG ¢
4 MASKT e ASKRS/VTTTTITTITTITIST»OTTTITITI377 70
*  QYTTITTIT6T TR 7vOTTTTTTITI07 300777777767
¥ WITTITRISTIT e 0T TT 72720 OXTTTT7767T0T/
UoUBLE PReCISION uMAX e vMAX
Louble PRECISION UrVePSTLETAP
Pxiﬁ.lulbgah
UEFSA=, 05%uPR
LelPSY=,05%0L7

1 =1
tYyrC 1001
1enl FOURMAT (Lt p *XBy YLrNSEGY 1 %)
IYFE 2001
2nol FORMAT(1r1 )
2 EAD ULV e 3) XB (R e Yo (M) p ({SEU
3 FOMAT (2F, 1)
IF (1St u) By e S
03 ’\:Ii‘f‘l
ey Tu 2
5 T M AAS =1
T =0

e 32 1z=1,HBMAA
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1t

iy

nx:

e2n

&1

e
2a

IFLALCL+) =M (L) )10r 1446

KL XU (L)+,790001) /DR2

AESCYLLLI L) =YI (L)} Z (X3 L+ =XB (1))
boak=1

Mw=(

e =h My a

Bz (B (Ll)=AxX (1)

UL & haRl,K2 KUK

bt (FotK)=Au(l+1)=0.973001)7+729
iz, F 1

R (M) =i, (m )

Zvb G ) ZAKaE Card) +io

Culdl nlue

AL N v

Gt TH 1S

FIz(he(l)=.n00001) /DRt

Ao (I ) =Yull)) /(X tLH )="B{1))
he=1

L=YB(L)=hAxX5(1)

Kuk==i

M=

Lu 12 K1 e K2 e KUK

IF(Rb(K)=at (1+1)+.002021) 13:41ril
M=l b 3

bk (Mim ) ks (K)

ZME (MM ) ZAxRME (MM ) o

ke lilLzmM™

Gu TQ 1o

Ko dbl=n

CulTIuE

IF YL (142 )= (1))20e24, 16
L1i=(WH(1)+.000001) /D2

Az (Ro(I41)~Xe(I))/(Yulit+tl)=YR{]I))
Le=LMAax

ezAD(Ll)=Axy=s(1)

L=l

4z

LU 186 L=uieL2slole

Lr(Zain)=yL (I41)=,002301)17¢17,19
h:l',"'l

ek st i)

b () =k oy () +3

Lo lMNE=Z(

Lo TO 24

Laz=¢yB(L)=.n00301)/D2+1

AS{AG (1+1)=Xol L) )7 (YBCLEL)=YR(]1))
LT

LzABLL)~Hhavu(l)

[ W=l

Bl

P RE sy L2kl

et Ze{t)=yo (L41)+.00%01)23,21,21
i O 8§

Zint () =28 (L)

Riwe? (i) = Z2NpP () A+

ke YHE =y

oG Tu 25
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LLENE=P
CunTLINUE
L 26 Jz=1,LLINE
JusJdHElLINE
Kmb (ud ) SRMP (J)
£ (UJ)=4NP (J)
JMAXSKLINE+LLINE
Lo 27 .J:l,.JMﬁX
DSOJ)S(RMPUU) =X (1)) w2+ (ZMP (J)=YB(I) ) %%2
LG 30 =1, uMAX
T1EST=10,0%%5
MTRANS=Z0
U0 29 MM=1, JMAA
I (DA(MM) =TEST ) 28, 28,29
TLST=OS (MM)
M HANSZMM
CONTLiE
K (i) 2RMP (MTEARS)
P () =ZMpP (MTRANS)
USIMTRANS)S10. 0% +T
CL)“TII'JUE
I1ZILHEC+]
we=ISEC+JRnX

Nz [
LU 21 Jd=uvilrJ2
Nzt

PAX(J)=RNE(N)

FIY (J)=ZNE (M)

CUNTJHUE

1SECZLSECHUMAX

CONTIinUE

iz

Iz1+1
IFCARS(PTX(L)=PTA(L1=1) })=UEPSX) 35935, 38
Ir (ABS(PTY(L)=PiY(1=2))=DEPSY)36¢36,38
1GECZISEC=-1

Lo 37 w=lp1S5EC

PIX(G)=PTIX(J+L)

PTIY(J)=2PYIY(J+l)

CUNTLNUE

IF(I=1SEC) 51434, 20

IF(I=-15EC)1 0303939

CONTLNUE

I5eCez]l5EC=-1
UeFZ(PTACISEC)=RTALISECZ) ) %2+ (PTYLISEC)=PTY(ISECL) ) x%2
CebahudRTIGEP)

IF(0OLP=,24L0R) 4184201472

ISECsISECE

COMTLNUE

PP (PTX(2)=PTX{L) 124 (PIY(2)=PTY (L)) **%2
VEFPZSURT (DER)

LEADEP =, 2xUH) 4o Y B4

I=1 '

wu TO 45

1=n

=

K (D% (PTXUIH)I+PIX( L)) ) Z/UR+2
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Lzq1.0r00016PIY(I))ZD241
e ((PIY (L) eEQaPTY(L4+1) ) e ANUL(PTY (L) EQ.ZB(L)) )60 10 4o

Lo 19 49
4o TR (PIA(LEL) =P IACI) I B8e48,47
Iy vzl A A s

s =KM=rMAX

UNGRX(KM) =P,
UNORY (kM) =1,
PopRx {km) 2o S+ (PTX (L) 1P )X (I +1))
PruRY (KiM) =TT (L)
MIrRM) = (M (KM) «URL L)
MehB) 2 (MIKB) « URLCOIR)
_ LU T L3

bo K= (L=] ) #Kim AR R
RMTZKMEMAA
Lél*iﬁw):‘i‘\r"} } e i .
DNl (gM)==1,
FPaURATAM) = o HR{PIA(L) HPTX(I+1))
FRNORY (M) =+TY (L)
MOKT)=Z(MIKT) « URLCUR)
MeAm) T (MERM) s URLUE)
L TU B3

b L2 (oSk(PIY(I+1)+PIY(T)}) 7Le+2
K=(1,0000n1«PTX(L))/0R+ 1
TF((FITACL) WEQPIACLIFL)Y ) ANDG(PTX (1) JEG.RB(K)))IG0 10 5C
Go 10 40

on Le PV (IH1) =Y 11))52052,5)

o1 Kviz(L=1 )% AXR+n=—21
DiWURKA (KM=t
WINURY (KM} =0,
PNURA (M) =PTXA(L)
FINURY (AM) = 5% (PTY(1+1)+PTY (1))
MIKM) = (MgM) o 0R.005)
M(KMEL)Y = (mlkm+l) s UR,COR)
VU Tu 53

oe KM= (L=1) % MAX+K
UNURX(KM) =1,
UnURY (KM) =0,
FRMOKA(KM) = TALL)
FNORYAIRMIZS*¥(PTY(1+2)+PTY(I))
MerM=1)= (M (KM=1) «ul{,CUR)
MIKM) = (M(&M) JUR, VL)

50 CuNT1flue
LU TO 03
4n CONTINUE

UAZPTA(LI11)=PIXLT)

ABERZ k(P TX(L)+PIA(I+1))

UYZPTY(I#1)=P1lv(1)

YU RZ a0k (PTY(L)+PTY(I+1))

WZADAR/ZDR4 1

L=vBAR/DZ L

SUMZ=YyAh*UX

I (Pra(l+1)=Ro(R))57+54+57
:“ L (PTY(I1)=£B(L) 15515655
09 5Uh:bbm-2nlLJ*UR*tPTXIL}-Nu(K+1}}*LB{L+1}

GO Tu 64




06

b7
50
bho
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61
b2

ba
o4
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b
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SumzSUM=(PITX{L) =Ry (K) ) *Z3(L)
Lu TO B4
LE(PTY (L41) =28 (L) )59, 58¢59
HUMZLUM= (R (K+ 1) =FPTX(I+1) ) kZB (L) =(PTX (L) =R (K+1) ) xZ3(L+1)
O Tu 64 g
IF(PIA(IH) =Hoa(k+1))6I,.60063
IF(PTY(1)=23(L+l))o6lr02ebl
SUMZLUMH L L+ L) %UR=(PTA(I)=RB(K) ) *£B(L)
GU TU &4
SUMZSUp=(PTXCL) =RU (KEL) ) ®Zu(L+1)
Cu TU A4
SUAESUN = (R IR =P TACTFL) ) k2B (L+ L) =(PTX (L) =Ru (K) ) *Z (L)
CUNT I VIUE
Kt ez A+ 1
LrrM=i+l
TR (SUM=SMLa) 0D e T2 7O
1|' {ALJS(U‘T ) -.‘\IJE)(U,\] ]F\g'l)glbﬁ
tF(UY I 7rnleol
KPHMZE 2
Gy T 72
WPRMZR
g T 72
L (DR) 70,77, 71
LML
GO Tu 72
LiEKNZL+2
CUNTINLE
KAM=L kKMAX FK+1
MIKRM) UM {KKH) UL COR)
XavOZ 5% (PTXLL+2) #PTALLIHL))
YAVOS oD (HTY(14+2) +PTY(1L+1))
KAVGZXa VG /uR 2
LAVGZYAVG/uZ+2
Ir ((APRMee G dKAVU) s AND o (LPRMFU.LAVL)) GO TO 73
e TO 75
I5EC=1SEC=)
Le=101
Lo 74 J=1l..13EC
HIX(J)ZPTX(J+L)
PTyluw)=PTY (J+1)
CONTINULE
G TG 78
ARVGZ (5% (PTX(1)4PTA(I=1))
YAVG= 5% (FTY (I} +PTY(I=-1))
KAVGZAAVG/UR42
LAVGZ AV uZt2
FLEL= (LAVOG=1) 2 MAR+HKA VU
bLELACEL+iPRTB(KCEL)
KPP TZ ILPRM=1) *aMA A +KPRM
LF (KMHFTWEU.KCEL) ¢O TO 76
0o 70 79
1oeCzISEC=1
LY
lzi=1
Wiy FT J212 ISEG
FTaCur=RTLLo+1)
Fiyilgi=PTy(J+1)
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T Culdl LMUE

o CLidTIhvue
ApnlZ 5 (PIX(I+1)+PTX(L))
Yubh= ek (FTY(L+1)+PTY L))
DAZPTA(L+1)-FIX(I)
LYY= Y7 {1110~ IY (I}

79 CURTIHLE
FMAGTOGURT (LX*+2+DY ¥%2)
I (FEAC)ECr B0 G2

anr TarE 8

di FOREMATOLEH p "EMALZO)
CriL eXIT

Ge COTInUE

Pz (LitnM=1) «KMAAHRIPRM
MAVE = Al /LR 2
LAVLIVsallsaZ¥2
konti={ LAVu=1) ¥ KirfaA+KAV G
KO ZpM=pu il
Falrbe ot A ) SKS TUls
B (M ORM) s UR L UL)
VU AL M) z=11 ZFiake
I.J']'-’[' T ihq"’l ’ _'...K/I' .l"'th'
Higsinia lesM b s Aiani
T L PR O 5 B el (8 TN
[3)6] Lo Cd=I15E0C 1) e 30, 850
b CunTintue
LU of el2) gudlPAET
A= vy
Ap a1
koAl +2
1 S=F N IWPIWITE e
PRoBRZOL=1 ) R A+R
RSTURZ N T lnsnk))
Kuimh AR S T O
LR CLIORA ) o iZe O) 4 OR, (DNORY (M) &iille?)) @0 TO 85

Lo TL &7
ol PuoTr= ¢ XicPHOR K (KL ) ) R UMORA (KM) # (XZ=PHOLY (K] ) *DNORY (KM)
IFARPOOTN=LI'S1) U656 87
du MERM) Z (M(KM) » URLAKB)
o/ CUNTI1HUE
SETU FORMBT (1H 2 2F)
LR ANSLe=L )88 A d
T8 Cont LHUE
Hbhog FORMAT (1H »3F)
Hun2 FuridAd (ke g hF )
(RS RAIETY

Eals
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SULRCUIINE HEFLAG
COMMUN NVAC pNGEMr UAC» YAC» TMLp THIZ T3
COMMON MCYLLEyNSTCRyNEUTMeNEDIT » OPE
COMMCn TImo pEDTAMPERUT  NRPIT
CUMMON BETAWEPSZ e LT VMAX» UMAX ) RELAA CUT
CotMO SMINesEPSLrivoMAX,UBTO» VB TO» UsnD ¢ VBIND
CubMOi UM, MUrFHUAPGRe G2 G 1SEC
ComMOl VImnsULNp UK DL ,NBP,LDR,DuZ
COMMUN NEXPy NEXPP» NPART o NO LV
CoMmMUl NGRIDerRMAR  LMAX ) KMAXZ p LMAAZr KMANZ Lo i LMAXLZ
ConiACia WDl p DM s QDX o | LOMX p MESS(T)
CoMmmUle TCRT e AMAA Y YMAXP CRTRAPCRTRBCRTZA P CKTZS
COMMUN ITTEATrIVLr LZrGAMA s PGASYPGASL PAME y GHEVIGASYZ
CoMMOl NF g iGe NI Loripa XGrtiH p HV e GG FUDUE o [ITAL s CRAX 2 DELZ
ComiGme SPA(300) pPTX(3U0) o RP(320) s KNP (3C2) p XL (300)
COMMU GEFYCSD0) v PTY(329) v £PI3GE) n ZWIP(302) » YB(30D)
CoMitdhy DS(SPB e lr (3G5)
Cubuatiid KI1OT )1 v 2(230) ritp(150) »Z3(150)
CuMMOin ORE(1L50) pLLL(L100)
CurvmOix M(2500)
CuMMON RFL(5000) rRP2(2200)
CuMmMON LAV (2500) P VAVE (2500)
CutariOm PA2500) 2L (200 2) yETA(2H5d0) o vI2508) 2 PSTI(2500)
COMMOI DHOKX (25¢0) »OMORY (2500) »PNORX(2500) » PNORY (2bCN)
COMMOUN NPRTIA(2540) »NPRTR(2530) yMPRTA(22500G) »MPRTRL2500)
CuommMiun ShC(2000) rbiky DL
CumMUN NuC(300) »IFPX(330)
CLMMON NLEVL Yy NDEVD
CumMCH/FLAGA/ZFLLGL
KLnk Ml
L TCGER A s Uk p Lin i Ry QURPFULL pEMP e LU e TN, QUT
FRSLPpilOSLP e EMPLENE 2 QL r CORP UK P GAS» AR
UATA LinTRE e CNTRB e SUReFuUlL e EMP s S3NUe Lo OUT,
FPSLPrliOSLP s EMPBHE p Qu e CORPOK r GAS ARG/ L 20 4 e 8 L0 D20
elr128,2000512,102049 22048, 40968192, 10384,32768/
LATA MASKL e MASK2 e MASK Sy MASKU pMASKS e MA KGO
MASKT e vADKG/CTTTTTTZTTIST v TTTTTTITI3777 0
WP TTT770a?T I Q77777773007 7T777777767
CITTITI733T7TeQTITTTITIIRTIT T+ 0 P77 7767977/
UCURLE PRECISIUN uMAXy yMAX
botilbke PRECISIUN UpVePST L ETARP
F1=3.1410026
LOGICAL TAeThe TCr IVeTit, TEST
LucICAL Al s ANAPAGyAC AL
bu 23 L=Z,LMand
Knﬂl‘-‘.:L#f Ki\fln./\
biu 20 RI KNAAL
Ko K M
KM=KT=KMA X
Foy= KM= MA X
LE(CEMIKM) JAMLU s SUR) JEQ.SUR) GO TO 2
Ly 16 13
IF(HVRTA(RM) ) 2303023
LE O hM) JANLWOB) LEQ,0UB) GO TO 4
e U 5
]LET:( {M{Hi‘l"i'l} e AL 4 COR) .EU.COH) e ORS{M(KM+1) cANDQbUﬂ\ 6EG.JL’Q
sUby (AN (KEFTL) s ANULFLULL) e FUFULL) dORQ ({MIRM*L) f ANLABHD) sEwanN
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lo
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TEDT=TILET e { { UMEIKM=1) AND o CURJ «EQ,CURY JUR,
Gl (RM=1) chtlr e SUR) o 50 sUR) (O ( (M{rM=1) o ANL JFULL) JEu, FULL)
sulte CAMIRE=1) S ANL o pMMD ) ,Faa.3MND) )
PeBVYETEST Al ¢ CGHOKT) AN GCOH) s EdeCUR) o0t '
MR T) s At o SUR) o BV SURD GURG COAGRT) AU G FULL ) o £GuF ULLL) |
s CIMAKT) JAND o BHL) sEwensiln) )
(eI =TEST AL CCAMEKB) JAND LCOR) oEuWe COR) ¢ OR W
COMEEL) aAND e DUR) sEw SURD) Uk ( IM(RE) s AID FULL) (LG FULL)
s LU IRL)  AND JUHD)Y yeweidiy) )
IF{TEST) wu 15 23
fagni) = (MiKM) s CRGEMIP)
bR T (MOo) s ANU o MASKS)
M(hﬂl;‘MthM}UANU-MASKq)
H(kM) =g, C
LTE UM Oivey ) s AND JEMP) JEULFRP) GO TU 6
Gu L 7
CouT IMuE
U () 2pg 0
IFCUMIKM=1) JAND JEMP) ceweEMI?) U(KM=L)zu.N
LFCIMUAT) JANDGEMP) sEQEMP) VIKMi)= )60
IFCIMIKE) JANUGEMP) JEWEMP) VIkEH)IZ2. 0
Ly TO 25
L ((MOEM) AMDLENF) JEQEMP) GO 1O 1L
Cu Tu 234
FinM)=n,C
NM=HPRTA (kw)
IFUHL) 15,230 1%
MR Z (M) o VIR SUR)
MOEM)S(MOEM) o mlu e MASK L)
J=KM {
VoAR=ZVAVG ()
VAR s AR AN
UpaRzUaVG (W)
UsARZUG A ZiniiN .
IF OO (KRM4L) s ANUSEMP) ENEMP) OR ( (M (#M#1) s AND S QU ) oF U OUT )
Gu Tu 1o
u( T L7
L(KM)ZUGA =2 f
LECOOM(KRM=1) s ANU JEMP) «EQLEMP) 4 ORy ( (M(KM=1) ANU.OUT) oFY.0UT)
Uikei=1) zUunk
TE (MR T) s AND GEMPY JEQ EVIF) o ORL (IMIKT) s ANU o OUT) o 20, DUT) )
V{IKM) ZVEAR
TFCCIM(KD) o AHDGEME) JEW EMF) ¢ O, (IMIKE) s ANLOUT) oEwaOUT) )
VKD ) TVBAR
CunTlilue
VU 47 L=2,LMAKL
Kyiv=l A MA &
L 47 A=2,AMAAL
K ERMM
MK T=KMA A
FoosTKM=KMA A
TFANPETA(RNY) 240070 24
IFcEmerM) JaMULFULL) JEQ FULL) w0 TU 25
v TG 30
IFCUMIRMEL) AU GEIMP) JEQEMP) 60O TO 29
Ol TN 2o
LEC(M{M=1) JANDJEMP) EGEMP) GO TO 29
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LR CImKT) ertlueEMiP) JFQEMP) GO TO 20
L ((M{KL) aAMD G ENMP) dEdeeMP) GO TO 2¢
QC TO 47
MM S (MIKM) « URWSUR)
MAKM ;2 (MK lANU.MASI‘\:‘i)
P(h.MSD-C‘
U TG 47
LF(CIM{RM) JAMUCUG)Y LEQ,03) GO TO 47
IFC(MIKH) JANLUGSUR) (EQe5UR) GO TO 32
Lo TO 47
51.;?"‘:0.!1
F(&M)y=n,n
[izn
LECIMIRMI L) JANUSEMP) sEuweEMP) GO TO 47
TP OO IRMEL) JANULFULL) «£EQLFULL) GU TV 34
CO Tu 35
SubZOHEP Y (K4 1)
|’a:|‘l+1
I (Miinbi=1) o ANUGEMP) JEw.ErP) GO TO 47
IF(IM(KM=1) JAND,FULL) sEQ,FULL) GO 10 I7
Co Ty 38
S =S6F +- (aM=1)
izt 1
IFCMIKT) JANDSENMP) EQ.CMP) GO TO 47
IF C(MIKT) JAND o FulL) JEQ,FULL) GU TU 43¢
o T 41
SUPZSUPHP (KT)
fa=int )
IFCMIRB) JANUGENMP) JEG.EMP) GO TO 47
It C(MIKB) JaNDFuULL) (EW, FULL) GO TU 43
U TU y44
Sub=%CpP+P (RD)
nzfat ]
MIKM) S (M(nM) «UR FULL)
MEAM)Z (MIKM) « ANJ « MASKD)
M{ni) = U"-‘ (o) o AND w MASKY)
1- (MDY rd5e 46
F(rM)=0,0
GCu TC 47
F{My =SGF /in
CulkT1lhue
vl Bb Lz2,LMAAL
B T=LRKMA X
Lo 63 KZZ)ykMARZ
KT=KTT K
K=K T =rnidA A
KRoZKM=gMAA
L= tRM) gL U ) JEQ, L) w0 TO 48
Ly 10 pb
A=A (M KM UANU-OH\) El.0K)
TAZCUMIKMAL) e AML W OU) «EuweOB) s ANUe ( (i (KMT1) JAND GEMP) oEGEMEF)
= CIMIKT ) yAMD o U8 ) s CUUB) « AND  ( (HI(AT) ,AND JFMP) LEQ,EMP)
ToZ((hi(KM=1) s AND UL ) sEuaOB) AU ( (M (K=1) ¢ AHU JEMP) EGEMI)
TU:t (M(KUJ l;".HU-UUj oE\-ﬂ-UBl .AND’ ‘. {Mtf\d} CANU.tMP) .EU."—MP)
TeST=TAORTo U« ICL,UR, TV
MnE ) S (MOKM) « AL o MASKT)
lr' (( ll"l(KMl IANUoUu] aEGnUB} QAND. { Lidl (M) .AND.J‘\HB! EwdARS) s AU
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el
5]

85
by

Do

59

of

ol

e

0o

b4
69

(=15
bo

oY

71
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TESTS o ALSE 5

Ir (LHORX (i) J 49951052

LEU(MOAN=1) JANUEMP) L uFMP) TeST=.Thuk,

L Tap 51 )

J-!" { ‘:"i( sl 1« AINL I_"“J} . tu;EMP) fl-'_S | = TRU"._.
IF(CRUKKY (R) ) 02r 580535

IFUIMIRE) JANUEiP) JEGLEMP) TEST=TEST 0K, , TRUE,
Gy TU 54

I G M tAT) o ML siiP) s FWeeMP) TRESIZTEST 0K, o RUE,
JELTEST efiiue (UM IRM) oaNYeDin) o« Fuw,0K) ) MIAM)Z(MIKM) «£ND . MASKT)
Lr (0 Ciom) ALV ) LEQ OR) L0 TGO 56

FP(rt4)=r,

Ll 1L ob

TESTZ (AR E . FALSE. ).AHU ((Mthl.AhD UR) L EWeOK)

IFCTEST) oU v 57

G 1Tu n8

tatl

S5k =U,

IFCCUIRT) « ANU G UK) qEQaUK) s URG ( (MIKT ) AND,FULL) JEG.FULL))
Lu 1L 58

Ly Tu HY

LPZSPIR(R])

Pez it 1

LA UMIKD) s AML UK ) dCWaOK) a UKo ( (MIKZ) « VD LFULL ) EQFULL) )
vy 3L A

LO rO Il:)l

JP—SP "P{’\t»"}

Fi=iv+] 3
Ir COUMIKM41) e AU e UR) aCae DR ) o DR, (MM (KFEL) s D oFULL) JEuFU U,
GG T 62 !
Cu 10 3
SFISPEP (K1)
Nzint J :
Ir (O (KM= ) sAMU G UK) st uweOR ) e DR, TEMIKM=1) s AND o FULL) ,EQ 4 FULL
Lo TO pYy

vl TO AL
SHZSH+P (Ka=1)
Fzid+ 1
Ir(luirngybo
F(rmY ISP /iy
CouinTIvlbe

CALL. vELYUS

vl 71 L=Z,LMAXCL
A= iL=1) % \MAX
Lo T AZL, nMAXL
Ko ZK P M ;
LE GO ERM) LA o EME) JEULEVMP ) o OR, { LMUEKM) « AU « SUR) o Evie SHIR Y I
Co 10 09

G TO 71

L C(MIKM) (AND AKB) dEuwsARB) G2 TO 71
P(r‘\M)lPAMd

Coml1NUL

K TUKH

£ N
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SuskeUuT g FoIT
Cumidln NV AL o NGEir UAC P VAC, THLp T2 TS
CUOMMOIv NCYLILE s NSTORyNELTM NEDI | »OPE
CUMMCIN TIME2DTIMEDIT  NPIT
CumMuid BETA EPS2suT ) VMAX ) UMAX s RELAX»CUT
COMMOCN SMIw EFSLeNEHaX,USTOe VB FOrULNU e VRIID
COMMUC UM, MUrRIMUA»GRGLrGr [SEC
CumMON VINeUJINpuUKPeDLFP,MBPyDDOR,DUL
CuMMOIT NE A p MEXFE  NPAR | e NDEV
CoMMUIN NORLD e Kiah e LMAX p KMAAZ p LIAARKZ e KMAAZZ ) LMAKXKLZ
ComMGRL KUpMid e LUMNe KDMX » LOMX y MESS (7))
COMMUIN TCRT p AMAA P YMAXpCRTRA s CHTRLYCRTZA P CILT 213
CuMMuni [MeSTrI0Zr LarGAMA I POASIPGASLPAMB ) GASVruASVL
ComMang NF i3 r NI T et1e XGeiHp iV e GG, FUDGE » HTAL » CRAX P DELZ
ComMGIL BFATION) yPTACIC0) o kP (320) o RNP(303) 1 X83(300)
ComMUul Ry (30W) e EY(300) 0 ZuP(332) p 2P (000) P YO (3C0)
CoumrMUly DS AT0) P ILIP (3N
CURMCH RO19D)Y v (150) o 125 0150) e Z23(157)
COMMON LR (250) UL (150)
ComMuN M(2500)
CumhGi HP] (5000) IHPE(JOOD}
CuMmMuie UAVL(2D02) pvAVE(2500)
COMMOW P(2500) pU(Z5320) ETA(25G) e v I(2DGC) LI (2500
ComMUI UNURX{250C) v DHORY (2500) o PHiuliX (2900) r PHORY (2500)
COMMULN NPRTA(2500) hMPRIB(2590) ¢y MPRIA(LS0C) f MPRTB(2500)
CulMOrt SNC(2500) sk, U2
CumMON NEBC{300) ,1PX(320)
CUMMUN NopvleNULVE
COmMON/FLAGL/FLAGL
ol My
INTECER ANUrORpCHNITRBpSURSFULL e tMProidDy LM, QUT »
x  FprSLF e OSCr yEMPSNL 2 QurCORPOK P GASr AR
UDnTA LIRTREF 1 CNTRE e SURPFULLPEMP e 3NU» Tolp QUT,
*  FRSLEpNUSLE o EMPUNL e OB e CORPUKPGASIARDB/Z1 02040 B 1be 32
ke le ) 25505129 1C24,20148,409/,3192» 10384, 327087
LATA YASKLeMASKZ2 I MASKI s MASHY » MASKS » MALKRE
*  MASKV s MASKNO/VUTTTTITTTTI7IST 0777777773777
* OITTITFeTT it eI I 713002727 T7T116T
® QP TRITTISR T T QRTINS ITITI e OIRTTTTITCI LI,
LCUBIE PRECISIVN urVePSI ETARP
UOUBLE FRLLCISLICHW VMALrUMAA
HI=3.1415y26
WieLTE(2201)
FURMAT (LM ,YEUIl'}
FURMAT(LH 2 "LV pISs 53X e "KyETArESTeUrVePrX OR KeUPART e VEARI
FORMATCIH p "CYCLEY pI8sr TIME ' rir? LTyl NPART'»
x 110, PAMS Y F)
WHLITE(Z22, ) MCYCLEy TIME DT WPAKRT e HAMD
wr lTE (229 7)RHOA » MU
FURMAT (Lh 15X *IKHUAZ Y o' MU=, )
Wil T (22e8)
FulMAaTOLH » *SURFACE PAKTICLESY)
Bipe U
ey 14 Mz, wPAl T
AASRIPL (M)
YIS RPEL N
KAX/ KA 2
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LYYV LZ+"

AM=K (L=1) *KMA X

IF (CMOKRM) ,AND SUE) ,EQ.xUR) 60 TO 9

Lu Tu L
MM=MM + 3

CO TO (10,21¢12) epum

AL=XX

8 5 =t g

GO TO 14

Ay

Y2=YY

GO Tu it

XJ:}A}\

15=Y

fam=0
FOLMAT (I s QA 2E e 22X 2020 2X9 2F)
W L TE 22, 13) A e YLeA2p Y 2eX3,Y3
COnToanuE
LU 27 LztygtiNel.OMX

RTT=(h=1) xKMAA

WA TE (221D IMESS(L)Y e I=1,e7)
FORMAT (1t ¢ 703)

Wh AT (229 16) 200 ) s HCYCLE » TIHE ¢ MU e [RHOA
FORMAT (LR 2 v£= byt CYCLEZ" o Iev iIME="sE,r MU=,
Ly "RHUZY o)

WiLTL(22:2) L
Uu 21 K=KoMdMeKUMX

KREPZVAIRTT

LPaRTZUAVG (KP)

VHARTZVAV G (KD)

MRPZHPRTA(KE)

LEAMNE)LIT 17028

UkrpkT=n,

VPalR1=e,

cp TO 19

UPHHT’—UPAHT/NP

VEARTIZVPAKKT /NP

TESTZ (U {R) dNE 1) JUR, (v (KP) JNE,D)

IF(TLLT) U Tu 20
o T 22
COnTINUE
WHATE (227 o) rETAIRE) o PST(RP) s UKE) e VIKE) o PIKP) s R IR
Uk Te vPAKD
FORMAT (JH T4 0E15,.8)
CUMT 1 IUE

Ie (OFL el 1) w0 ¢ 22
e TO &7

ARITel22,25)0 Sl
FOEMAT IH 2 'L e I K- ULL s SURJEMP 1 OB s UK s ARR 9 COR ¢ BND o I
EvPBMsy SNC e MPT p KMPFR p DNOR X » UNOR Y » PHORX, FNORY yUBWD » VBWD ' 1
DO 26 KZKudMeKUida '
KezK v IKTT
TESTZ(PRTIA(ARM) dNE QY GF o {ANO (i{km) s CON) s Ld o COR)
eulle (AND (14 0KM) 2 0B) ¢EQ UB) sur e (AN (R (KI4) rSUR) oLute SUR)
.OH.lAND(mt&MJpPULL).tu.FULL)-OR.lAAU(M(KM)rdND}.bQO,*
CORG (AND (M (KM) 0 EIN) dEQe IN) « OR & (AND (i (kM) »OUT) oL OUT)
cUR G (ainOY , CAND (MIRM) rEMP) EQ EHP) )
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IF(TLoT) w4 TOU 24

vu TO 256

Mpz=0

IF (AN (M(rm) rFULL) sEG.FULL)Y MAZ1
M=

IF (AT (MIRM) P SURK) L EQL.SUR) mRB=1
mCz=0

1A (AMNS (M(Kia) s EME) dEQRLEMP) wmC=1
Mo=m

L2 (AN (M) 1 Op) o EWL.08) MD=1
ML=n

IF (AU (MIKM) POR) oEw,0Kn) MEZ1
V=0

IF (AL (M) PARG) JEG.ARB)Y MF=1
Me=L0

IF AN (MIKM) P CUK) JEQ.CUR) mb=1
pp, =0

IF (AL (M IRNM) rolL) dET BND)Y sH=1
f\r-.l___(f

I (Al (Mlrm) e 1) dEQ,INY MIZ1
Muz0

L (AR (M{KM) rUUT ) L EQ,O0UT) ad=1
AR el |

IFE (AL (M) rGAS) LEQLGAS) MK=1
MiL_=0

LECANLD(M (Am) e EMPLND) sEusEMPBND) ML=L

MmZSC (KM)

Ma=MERTA ()

e =NPRTE (KD

WPl Te (22929 K e MA e MC MDD e ME p MF e MG o MH p 1T ¢ slu g MK e ML,
Mivie NA it p LNORX (KM ) o DNORY (KM) » PNORX (KM) » PLIGKY (1K)
FORMAL(LIH s IS0 dXe301e 1 Ao 4I1e1Xp 310 1Xy31001X0 2130
LE)

CunTlnuE

CounT 1MUE

TibFE ZrspNCYCLE

WEITE (229 20)NCYCLE

FURMAY (1H »'EUIl COMPLETE FOR CYCLE'pil4)

Eay FILE 22

R TUR

E i



APPENDIX III

THE COMPUTATIONAL PROGRAM

Routine Name Function
MAIN Read in data from initialization

program, compute ETA and PSI values,
controls other computation.

PRES Pressure Iteration

VEL Velocity computation

VEL55 Free surface velocities

NOSLIP Takes care of no-slip boundary

condition



CuMMUN ity o MGEI v UACr VAC s TML1e T2y T3 i
ComMunl HEYCLE s NSTUP » e UTMe NEDIT » UPE

COMMONT TIwe pEUTIMEDUTNPITeNI |ER

Cunmbitviv BETArEFSZeL Ty VMAX e UMAX e RELAA LU

COMMON SMLpEFSLyni™AX,U3TOr VG TOpUnddl e VBIL

COMMOTT UM, e EHUA P GRy 5 2e G TSEC

Commie VINeULNpUKE e DOLP, M3, D0R,DDL

COMBiUN NEAEF g NEXFP p NPART e NDIV

CumMMue HURLD I KMEA p LMAX ) KMAXZp LMARZ » KMARZZ s LMAX L7
ClmMUis KUt p O™ KLMX e LOMX g MESS(T7)

CuMbvuit LCRT s XMAZr TMAX e CRTRAPCHTRBPCRTZASCRTZE
ComMn JTEST»LIOZLe IZyGAMAYPGAS PGASLy PAME y UASV  GASVYE
CumliUiv NF G eNLTebis XGeHHe HY 2+ GGy FUUOE pHITAL Py CRAXpDELZ
COMMUit RE15M) 2 Z(150) 1R (150) rZ3(150)

Comaln DR (150) rL2s(450)

CumMOn M(p5H00)

CoMdurd D (2o0N) pd (050 FTA(2582) V2508 ) PST(2500)
CuMnur DNghX (2908 ) ¢ DRIRY (Z500) y PHOKX (2900) » PHORY (2b0))
ComdON LDy, LZ

CumUiy MUEV LeNUEVD

COMMONZFLALLZFLAGY

oMM MU | e T
CoampOriZFLOSZT i AR NED T p MSTE WP Liw
COMMUNZSTur FAERRUKS p (IAME ¢ DL VS vCHiM e UCHM
COMMUI/MUGSEZTMAr LY e ISwe SWSTAT

Cubimum /LGOR/PMA s UMX y VAR PHMXLpUAdX L viX1
COMMON /MX /UTMAN

LoCLlCar TIY sNLME- e EDOTerNSTP NP I

LOGICAL NELDB

FEAL mu

TWTEGER AnveOReLaTRRy SURSFULLyEMP ronD e LN»QUT
FPSLE» nOSLP  EMPrlive 0o e CORr UK p GAS e AKB

UATA LwTRESCNTRLSURpFULLp EMP e sNL» Tdp QUT,
FirGLi?enOSer v EMPSHRL rOurCORPUKPOASIARGZLr 20U rthr 1A I
Ehr 12602006582, 1020, 200b, 4096 2192 1038L, 327t/
LATA SASh 1 e MASKRZ e MASE S e MASKY p MASKS » MASKA

MASK 7o MASKO/OT IV ITTTTISTyOT7T7ITITT3TT T

VIt Tl 77T e T 7T TiTiT7 0307777777776 7
UITTITITo7TIT e QITTTTI0TII 790777777767 0T7/

CaLle IPsLdg

TPE Bl

FORMAT (LI » "FRUCESS OR EXAMIMEZ" %)

ALCLEET 302,100

ForMAT (AL)

IF(IDV,EW, 'E")Cnkl FXAMIN

Fykis 1

FOBRMaT (1n s rApmaCt)

IYFL 72

FurMAT (Lrl o 'SuaviD COREZY )

ALCEPT 3en1S

FObMAT (AL)

LECMYSEG, YY) su TO 32

FenGlan

YRy 4

FOrmad (1l o *INPUT FILEZ" %)

LLUERT HaeliAME

FORMIT (AD)



le4
P Ez e ME o2
WAME T =AM +2
Cobkll IF1L (22 aMEL)
BenaDiog ) NGEHN
REAL(ZZ2)NCTCLE pinTUP, NEDTM,NED LT UrE
thbtéﬂ)Tl1urFu11m.FDU|.wP1T
READ(22)JETA EPS29DT o VIdAX» UMAK y RELAX CUT
RUALL22)SMIMNPEPLL ) iNBMAA e UBTOp VisTO» UBND » VEIvu
Renab(22) Ui e MU RHOA» GRe 7 1 G ISEC
READLZ )V v ULigs URPy UL v NBP DCH DL
Ren L (22)Ne AP e HEXPP s NFART o N TV
READ(22)NGHIU s RIaAA s LMA A WHAXZ o LMARZ e KMAXZ L9y LMAXZZ
B/ D22 NoMN e LuMNy KDMX o LOMX s MESS
R AL 22) LCHT o XMAXp YMAX pCRTRAPCRTHREBICRTLA P CRTZY
REALIZ22)LTES T IOZLy LZ0GAMA 1 POAS POASZePAMB )y GASV s GALVZ
NEACIZ2) e idGe i Talle AG, HrlrllV GurFJUGE s NTALP CRAKPDLLZ
KLl {22 )Ry dohne 2B
lunblﬁnthHpULD
RLno(22) M
LhHJlEQ)FpUrETﬂrV-PSI
BKenl (22) UnuBR X Da0RY o PHOR X 'NOKY
HrEalbi2210eDNe
LTHnAZUR R 26D 2k 8/ (DR HULEX2)
LitANS B TYMANZ (HMU+,000C00 1) ¥RITOA
DI D& (UTH+UTHRA) = D%ABS (D I=DTMAX)
L ARZLT
RELAAZ 2kt 0N ROk 270 1
Tl o
6 FOLMATCLIH o "UPLATE st e h)
ALCFFT 30005
1F (NS Ev, "M 6L TO 32
e ME ZiNAME i
CarLl IFlu (23, MER)
hE AD(R3)M
ReAD(25)U, vl
FEAc 3 UT e RHUA P TTME p NCYCLE oMU EPS L
REALEZa)EpMEI e AUMX s LDMI  LMX e Do D2y KMAX e LIMA K p D TMA X
IYFE 7
7 FOilaT (1t o *idPIT=,4)
ACCEFYT bonPIT
3] FORMAT({I)
1Y¥E 9
9 FORMAT (111 » *NDMPT=',%)
LCCEFT Hy JUMPT
IHEE A
in PO T AN p "INEUIT="¢%)
ACCEP T Bt DAT
He L TMERCYCLETNEUT
32 CunTliuE
IyiC 3nn
L I8z FALSL,
B0 ForidAT (IH 2 'FIS vUN2 T es)
AULEPT 8, NTs
SIANE I GIMAY (AL)
I CNSEQtHY Y uU T 892
lF 134, TRUL o
an2 COMTLMUE
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TYPE 14
FORMAT (1n »'CRCATE SHARE FILEZ2'93)
ACLCEPT 3.0YS
IF (% EU."YY)CALL FILE
Ti = TRYUL.,
HPIMz ok alse,
NoMPZ  FFALSE. ,
HeEUT=.FALSE ,
WSTP= . FALSE .
TFv=.25
T ¢
NSER=2
Fuv=aD
CONTLaNUE
MUk T
Wi oM Lz l,nelly
PSLt st
Eja (i) z=le @
CuldTIUE
pu Loy L=2,LMAXZ
KM= (L=1) &aMAX
PEAHGLIN v, D) U TO 36
Loz TRV (LD pMM4AL AU (KMA+2) ) kNS aRERHTIAXRR(2)
Lo 10 39
USnR=r v (g (KMM+2) U (KMY+2) ) % RHOARR ( 2)
IE(UBAK)I 3G 370 87
Up:ZUn AR®U (r MM+ 1)
Gie Th 59
UHZUBALR U (aMM+2)
Uo it RZ2,KMAAC
K=K ERM
Wizl
LF(HOEW o, U) GU TO 41
UPZTEV (U (RM) $UREA L) ) e xNSURR R OASR K+ 1)
ew Too U
UgalRoF Ve (G (KM) #0 tnel+ L) ) # RHQAXRR (K+1)
IF{UBAR) B2 43043
Lp=UoAKRU (KM EL)
vy Tu 4y
URZUBAR*U(AM)
TECCUR(RM)Y s ANDGEMP) JNE EMP ) s AL e ( (i {KM+1) s AL JEMP)
o:'lF--E_M]’J, ) w0 U Lt
Lo TU 4o
EralkvpzE TACAM) #RHOA®RU (KM)
ETACAM)SETA(KM) =DT¥ ((Ux=UL) Z(DRB(K)*R3(K)))
CONT 1L
L0 bl R=Z,RWMAXLL
L [ S
(19} ol l-ZZ,LMI\Ad
TR LMy
Bk T =KMAX
b =Ket=p MA L
V=V,
VRS E vk (G LKM) +V (RMEL) )
TR COUMRMY JAND GEMP) JF 9 EMP) ANU e ( (H(KM+EL ) JANU JEMP)
o aLu, M) ) GO TO BT
vy TO 50




47

44

Ly

U
[V

5o
hy

ph
vl

b/
(11
64
T
‘.4
f

&3

166
LF OO ) s AU EFE ) o NE JFME ) (AND o LIt IKT+Y) o AN o EMP)
shilz o L) 0 GO TU 1
SN == A
Cu Tu nl
MIZlrOpaAU (T ) eV AR
Ly T8 Lk
JECUMHEKMY « ANUGEMP) ¢ NE ,FMP) o ANy o ( (M (EM+ 1) s AND « EMP)
enflaEM2) ) WO 10 BB
IFCOUM(KT ) s AHL GEMP) JME (EMEP)  AMU S ( (MIKT+1) o AND JEMP)
ek b TIP)) CO TU B2
o TU i
LR (Vvivaii ) o e DY e DL
VISPHR*URT) ¥VEAR
v 10U Bl
VTR0 ARV LARKU (M)
Ly 10 E]J_
LE(NVOAR)Dae D8 DB
IFCOUMIRT )Y dARD oM ) JEW EMP) s AL C{H(KT+1) o AHD JEMP)
fEULEMPY Y L0 1Y Db
vIZlBCH® N A R*U(KT)
e Tu H9
vT=RLUARN AR EU (KM)
P CCIMIRBY s AU OUT) JEQ,QUT ) e OR L (CIMIKT) « AlsL . QUT)
ILUQOUI ]) L'-’C' -IU E).’.
ETalkM) =k jA(KM)=pi®((VI=VL)/D2Z)
Comrinue
LO 73 Rz, nMaXZ
LR (HLENGEg«") Lo 10 63
VIZTEVR (VY (B AV IKRHRMARD ) 3 NSO ®HUA
U TU 66
VEHARZE vk (y (KD +VIKERMAX) ) xRHOA
L AVonk) by r6De05
VI=VonkoxV (KahMaX)
Cu T oo
VTI=VonaBE®Y (R)
vl T3 L= LMAXLL
KTz iLaarMgn
KM=k T =k MAA
V=Vl
Ik (HobinaEu.m) GO TO ou
VIZTEVS (VM) +v (KT) ) kxiuSQixRHOA
wo T 71
Vnisk vy (KM) +VIKT) ) *xHOA
LEAVEAR)BY, 70 70
Viz=Vaallxlv (K1)
vk A6 T
VEZVLAREY (KM)
Ly GOty o AHD JEMP)Y e JEMP ) s AMU e CLTRT ) o AL a ERP)
sNELLME )Y v U T2
GO TO 75
S (M) =PSL (KM ) +RHOA®RY (KM)
S () ZPS L (M) =DT+ ((VT=Vi3) /DZB (L))
Gl T UL
fru HO LZ2y LMARLE
HAM=L kR MA A
Upe=iy o B
vy B KRZ2,RAMAXZ




K

, ) 167
oy ZKOER MM
K=K T =i MA A
UL=UR
UARZFyk (o (AM) +U(KT) ) *RB (1K)
If‘ ( ( {IVIIKM) oANU-I’.l']P) IF..u.EMP) .AI‘“.). ( l:‘J(KT} c.‘r\“i.}.l_l'lp)
AW LMP) ) L0 U Th
o Twe 77
IFCCOMEKMEL)  AND o EMP)  HE JEMP) c AMD o« { (MIKNT+4)} s AU SEiP)
dEJEMPY) GO TV To
Up=0,0
Lo Tu ol
URZRHOARUL A R®RV (KM+1)
afl TU 58
iF Lt {M(I‘\M] .AI\IL).EI\';P) QNV-.EMP) OAHUQ ( i l"l{KT) .!\I'il).E:ViP)
ez e LMP) 1 G0 T 82
IF UM AME 1)  AHDWFEFP) o MEGEMPY o AMD o ( ({MINTH 1) s AllD L)
viabolMi?) ) Gl TV 79
ol TY o8
LEwdnAalR) snydderol
URZROD% U ARV (KM4+1)
vy TR ws
L2 Bk Ups ARV (K01)
) T L‘,H
LE CHYBAR) Laebbrdd
LEAC(MIRMEL)  AND GEAP ) dEQEMP) s ANU S (IMIAT+1) AU LEP)
SEULEMP)) G0 T 8b
URZROvAXUGARRV (KM+1)
O T Bo
HEZROVARUG, 006V (1)
Le COMARMEL) e ANJQUUT) «EGOUT) a0Re (CA(AM=L) o Aldw o QU )
L, UUl)) wD TV 88
POIlRM)ZPS L (K ) =d Mk ((JR=UL) Z(DRrR*R(K)))
COATLHJE
J.r(MU;I lol)i’.nff!'“g
PDu 97 L=2,LMARL
T2k KMAA
By 97 K=2,KMAXZZ
RTZKESTT
M=K T=1sMA X
=K A=KMA 4
IECOIMAM) o ANU G EME) e JEMP)Y AN e COMOKETL) o AMD JEMP)
eviv- e M) U TO 94
Lo TV a7
IECCIMIKG ) o AND JEMP) JEWw,EMP) AN« { IM{KB+1) o AND JEMP)
betMPY) GO TO 91
Ly TO 32
UAOTIU (1M
vy 'y Qa
U0T=d ()
Le CCUIRT )  ANULEMP) JEQLEMP) « AND o ( (M {KT+1) o AND S EMP)
u'._.'}-:_-\'llj}] gd 1Y gq‘
2 Tu 9%
UioPz=Jd(nMy
LU T2 9o
UroPzdinT
LTATSD) ZEMa(Kdd) +UMk (LUTOP+UBOT=TuO*xU(KM) )/
dEkktsgR )



97

Yo

99
1'n
e
12

g
iny

1Ny
1RG

iny

A0

12n

1na
110

111
152

L1%
110
117

11y

=

anlmMa:tra(ﬁw)-UAt{tv:KM+1)-V(Ku+1)*VlKM)+V{Kd}?§-
futidvh) ®ul))

Con T Lo

0 10D KZDekmAAL

IS I RALS I =L T Y IRCVIP W94

g SRk RN A

VISR M= MA A

CECCCITEIMy e AU M) JNE LEMP) e AU e ( THIRT) o AU L LEHIP)
eivlo e MEY ) ot TU 9

ity Tar LWL

SO AM=1) o AU SEP) o EQ mP ) s pilU e LIM{RT=1) s AU E4P)
fEUWLEHRY ) GO T A

ou Tu 100

VLF T ()

3 T8 1ha

VL Ty (sa=2)

LECCUMERM+1) oA EMP ) o £ taif? Y o AN e C (M IRTA L) s AT 1D o 2iaP)
soda P} ) G0 Tu 102

wad TD 103

VErLHITZ o (N

Lu Tu 1014

Vo TSV AR+ 1)

F2MPRI U T =U(RM) 3 2D (L) = (VRGH T=v (Ki1) ) Z0RB (1)
TPz (UG T=2)=U(RM=L) ) ZDZ3 ) =V (M) =vLEFT) ZU2B (=11
SL M) L L (M) =Ud® (((TEMPR&IB () =TEMPL®RE (n=11))
Zlulsyn) )

Cune T HUL

Ll UL

ConT Liluk

Ul 234 KZ2 K AXKL

PRI =P LR FERKMAA) =2, ¥PST (K FIRRMAL) +2 o 2 ST (1 +KMAK)
Conriidue

LpPS=iLPs2

Lacl PPES{1LPS)

w120 1= MGihdu

Farl2adAXTIALS (P IL) ) o PiX 1)
UAR1=AMAAL(ALS(ULIL)Y) ruMXY)
VAALZAMAAL (AGS (VL)) p VX1)

O (s Wt iyl O I 0§

FPIMC=T L AE +uT

IF(VAnK) 11001109109

WESEPLH 1A n X

CUN T INUE

TFOT=pTMAR) L2, 10208010

DT=D T M

Curi FinNUE

HELARSSET i kIIdAROR®®27 1, T

i (NFL )6 TO Uda

IE(HLTPIGY TO 119

A (N T NP G TU 113

CalL AidSAY

gy v 117

ar S ICLE=NDAP ) 11y li0r L is

il AdLAY

AdeiPooF AL st

HymP T2NUMPR T+H0UMP

L (LHNOTWNELRT)GO TO 123




23
fael

119

o unh
- pho
823

- 8n7

Cacl. EDIT

NEL‘T: B FAL:WE .

G TU 39
1F{NufCLE—NEoTM}ES-lalplal
NLUTH£NEU[M+NEUIT

oAbl Lald

3% TO 3.5

CauL EofY

Gaml. ABLAV

Cank ELET
iFiNCrCLtunEulMlda?.ﬂﬁﬁ-SDb
HLuTM:NLUiM+NEUIT

LPE BRSrdCYCLo

FoRMAT(Lr ¢ 1EOLIT AT CYCLE '»r13)
Cael. EQLT

DALL AdSAY

cali EXLY

)T TURN

(WD)

169



. 170
SUBINGUTINE PRES(EFS)
COMMCH NvAC P HGEN e UAC, VAC y Tl e T2, TH3
CutMON NCYCLE s NSTOPyNEQTMe NEDI T p UPE
ComMUii 1Ll pEQOTIMyEDCT SNRPITeNITER
CUlMO RETA ERS2ruTy ViIAX s JMAX e RELAXyCUT
COMMON oM pEPSL e HUMAK, Ues TOe VBTO » Loy VR
COMMOII UMy mille RHUA ) GR1GLr G ISEC
COMMOIL VIie LNy LKE,DLP,NBP+DDE,DLZ
CumMON NEAP s MEAPP s NPART e WD 1V
COmitGi NGIZLL v R X o LMAX ) KIMAXZ p LAARL P KMARZ Z LMAXZZ
ComMOn Kuwie LuvNe KOMX ¢ LTIMX » MESS(T)
COMUIN TCRT o XMAAP TMAXe CRTIRA»CHRTRUPCRTZAYCKRT Zu
COMMOIN LTESTrIUZr 1 Z9eGAMAPGAS PGASLyPAMBy ASVGASVE
CUMMON MF p Gy NIV pHeXGoHM s HY s GG FUDGE p NTAL s CRAK$DELZ
CumMOM ROLIHDP) 2 Z(150) 2R LEQ) r£3(150)
CorbCor Divgt150) 1 Len(150) ‘
CLMMOI M (05H00) I
CemMUic F(20n0) u(29503)  ET1A(2585) p v (2500) ) FPS5I(2500) '
CorMON DNURX(2506) ¢ DNORY (2500) s PNUORX (2900) y PHURY (2500)
CumMOUN Lhy_Z
COmMUNT NupvieNUEVZ
COMMUNZFLAGL/ZFLAGY
CORMUNZFLGS/ZTIY pHUMP p IED T » WSTP MNP 11
CubMULLZSTURFF 7ERKRORS o NAME » DI VS vCHiM» UCH N
LUoICAL TTreNUMPeMEDTenSTRONPIM
RiZAL My
LWwTEGL s AL s ORp CHIRB e sURp FULL e EMPp oD LM QUT
FESLE 2 050 yEMPLNU e Ou e COR P OKr GAS Y A
CATA LiaTrE o CNTRE SURpFULL p ERP p gNU e Lide QUT,
FROSLP» OSLE s EMPUNL 2 DB r COR P UK P GASPARB/ZLr 21 Lo BriHe 32,
Ly e 128,250r5%2010248,2048,409698192 106584, 352708/
WATA MASKLeMASKRZr MASK Iy MASKY ¢ AASKDS P MASKG
MASKT7 » MASKB/ZO0TTTITTTITTT ST UTTTITITITI3T77
T rTT T T T d I T T T T TITITI I TT6T v
CATTII I T NTTT?TTILTIT 72O TTITI7T0TTT TS,
Flos.14lby2h
HaST=4s501 2
el ST 501
LOGICAL TEST
LOGICAL TueTBrICrIVeTH
M X=0
fire=r
Cull veLtzoNILpHIILeMIL,Y)
MMz O
il TERZN
RITERZNL YR 42
L=,
FNORM=TY,
vivslzn
1CMPS1IzZN
U Ly =, LMaag
v Tl ®k A
Voo b K2, nMARL
Wz
Liz=i
HT=KTT4+KP
=i T =1 A,




171

M= iM=nMA X .

IFCOMMINM) JAND JFULL) JEueFULL) ¢ ANU, ( (MINM) JAHD L 0B) JNF 0L ) )
* by Ty g |

IF(MLGM) B B3052)60 TO 4

Lrdbi(n) sruw s 450186)060 TO 4

Ly Tu &

LAvz=(u (M) xR (KR)=U(HM=2) %Ris (K=1)) /
x (L (K ) *D1)

DaVoulv+ (v INM) =V () )70l

Lo fu 29

CoOnTINUE

TE M UMY JAMD GUR ) LJEDLOK) Gu TO 6

L T .83

Lebir=upR

LiblZd=0

IF (HRCRY i) =Z(LF)) Te718

Le=Li=1

G Tu ©

CUNTLHNUE

L=l

KL MA A +KP

=z (Lo=1) knbinx+rk

OAm (B (nF ) =FMORX (Ng) ) ZULLR

Stz (40 (LU ) =PNORY (TiM) ) 7ulLs

IF(UEAT=2))12p10,12

UlzU(lip=2)

Ly TG 12

Ui1=U(AT=1,

LE (UIKRT) J24eldely

Lzl i)

€O YU 15

ezl KT)

IF(U(RNM=1))1T7916217

UoZu =1

Co 1Tv 18

LozU(RM=1)

IF LU(RM)) 20019,20

U=l Clap, )

Ly TR 23

Gz (M)

UPZ o LrSA k(o D=SY ) kUL F (o H=GX) % [ DH=SY) *U2

UpZUR 4+ o S+0X) (o 5+SY ) ®UT+ ( (D=SX )Y ¥ (JHESY ) xuG

LF(FHORA G N =RIKP)) 22,2223

K =KP=1

Lo 10 24

Kisohki?

hu= (LIP=2) s nMAXERD

A= (LF=1) *EMAA+RE

SAT(RB (RE) =PNORX (1yiM) ) ZuLLR

S (UL =PRHURY (M) ) 7LLLZ

IFIVIaNM)) 2625920

1=V

GO Te 27

vizV(r)

TR(VIRG+Y)) 29,28,00

Vo=V (i)

JJ Tu 30




29
3n
31

32
33
4
o5
du

3o
34

o2
4n

e

47

hps
144
56
Ly

172
VIV (v b L)
Le (i) ) 32031032
vozY (Hu)
LU TY A3
s L)
T (MR ) J350alke 35
vyoViy)
GO T 50
vV (kp+l)
YHPZ oD SA )R D=SY ) # Vit («5=3SX)k( ¢5=5Y)*%Vv2
VESYE F (o S+0X ) (D FSY ) Ry I3+ (. D=54) F(«5+51) %V
LOT=00 0k (av) UL 0RY (M) % VP
LIV=UUT /U
LR (i 10Iv) LT 10E=-22)uIV=0.7
ToeP o LagxyLyV
IF(OIVELeul LABS(LLIV)IGU TO 7D22
UIVOLIZABL (L LIV)
Pl OT SR
LMLOC =L
BOnt = (N ) = TEmP
JECINANT) JANDOUT ) JEQ.QUT) GO 1O 41
e lu y2
Freblmyzn,
Ihi":l":{‘ =
EURMZE MU i+ TEMP®TEMP
PioUkMZFPMNOp P () 2P (i)
Cebl VEL(LeNE KoL eD)
CUNT1ivUE
LU 45 LzE,LMANL
FL=2-0 (L= ) cKMAX
FirLt=1)=F (KL) =GR*HOA% (R(2)-R{(1))
CCETINUVE
LU 46 L=2,LMAXZLe
V=N 3 NP
FORFD)ZP(KEe=1) +0R¥*RrI0A® (R (KMAX) =R (KMAAZL) )
CONTINUE
LO 87 K=, AMAKZ
MIZKA (LMAxe=1) *KMAA
KT TZK+LMmAAZxIMAX
KRB =K FAmA A
F\.-;_}L}:i".
P(RTTIZP(RT)
IF(CH(R) o aMD.0UT) JEQ,OuT)bu TO 47
P(uGi2) sP i)
CONT1HUE
Cack VEL(LeMLblymIL,HNIL, )
ERBOP=SURT (ZHURNMZ (PMNORM+Y . 00004831) )
EisORSZEIRUR '
LIVS=JdLivS]
TYRE H7eNCYCLE
IYPE Uerel VS
TyPC 7023, nMLOC, LMLOC
Bl T0IH o 'AT K2V I3e =1, 10)
Tyi'l 4&ebp 0K
FORMAT (IR o "CYCLE '21I3)
FORMAT (L1H o "MAA DIVERGENCRE="'F)
FORMAT (IH ,*ERRCR=",F)




Ik kERHUR—r_'PS) uo Y 50
,lF' { ';quu[‘il’iM]GU TU 5"
b Ledz o FAALSZ @

1 TURN
IF\“LlLR’NPITJJrslrSl
wt LT v'.".')?Jf*iCYCLE
whL1TL (12561 01V
LpIThE(Le b)) ERROK

oy FILE 3

Lall ARPFLE

CuniTINUE

b Turdl

By

173



(]

OO OO0

SUCCOUTIHE VELGHMALZ e HAZ , MAS, NAL , NAS) 174
COriln NVAL g NOEN s UAC s VAC» T4l e TM20 TM3
CutitUm HCyCLE »mSTURP e NEDTM HERIT»UPE

ComMMCin 11 e EDILMyEPDT  HPIT»NITER

CObMta BETAPLES2o LT Vs X e UMAX s RELAX,CUN
Coumae SPivie EPSL e HBMAAN U Tue VOTO»Ucdl e VBIIL
ComMmCi Lk, MU HIOA DR GLe G 1SEC

COMMQQu VIfaeUINpuRP e DLEP ,NAP DO, DL

CuMMOte NE Py MEXPP e NPAIKT e WD EV

CumMUre NORID P RMAX P LMaX s KMAXZ e LMAAZ s KMARZ £ 9 LMAKLZ
COMMON KLt e LUuMive MY LOUMX , MFS5(T)

CumPOM TCT g AMp Ly YMAR s CRTRAPCHTRLPCRTZACRTZy
COrMO0 LTTESTlUZe LE»GAMA s PUASrPGAScr PAMBr GASV 1 GALVE
CORMOG NF  Toe I Talta XGoetitha 4 e GG FULGE plITAL P LRAX P DELZ
COMMLI To(1hD )y Z20150) e K (2150) »£3(150)

Comtabil DiGs 1) 2Lt kb))

Cutyiun Meshnn) y

Cumbraii FAzanD) ,u(2500) ,FTA(2503:3) » v (2500),PSI(2500)
COmbiUie DX (2500) » DNORY (2500) p PLIURX (2500) 1 PNORY (2500)
CutMull be,uz

COMRMQN NUEVLriuL w2

COMMULIZFLaUL/ZFLLAGL

COrbUlL R LGS/ 1Ty o NUMP y NED T tISTR NP IM

COrtMUniZo l UFF /D RKORS e NAME 2D IVS e VCHM r UM

LOGICAL Tiv UMb e HEDT e NSTHHNPIM

hbalk My

LVEGLE AWbaUE e CNTIKB r SUR P FULL EMP oDy LN, QUT

PGl Py MOSLE r EMP oD p QL e COR UK PGAS Y AKKD

LAl LT REpCHTRa e HUP e FUlLL e EMPp ML » T0lp UUT

Frobli e USLH pLMP s e OB e COR VUK r0ASe A/ Lt 204080 LB 30

R 120,200 B 20 102649 2048, 4096081929 10384932708/

UATA ReSK1IeMASKZ s MASKI y MASK U p MASKD » MASKHE )

MASKT 2 MASROZUTTTTITITTIT?ST 077777737710

METR R Tul i T T TIT I TIN50 0T TTI0TITIVIGET
7272737777 Q0TI 7ISTIIT Q777777077777

Flzo.141b926 '

G lGz=mng)

Kaziif 2

K=lIAD

L=liny

FtsilAb

==

T41S ROUTINE COMPUTES aLL OF THE CELL VELOUITIES.
THt. PRESSUKRE GRADIEMTS ARE CALCULATED FOK pOUMDARY
FEESSURES LOCATEL AT THE MID POINIS OF ThHE LAaLRANuE
BOURDARY SLGMENTS, APPROXIMATE LINEAR LMTERPOLATIul
15 Usel,

LGOICAL EST
vvAaX=( . 0

LyvlZLmpXe

nimid=hMAXZ
IF(KPEWLQI0OU TG T3
LonMsT,

vOhtd=L1,

DU 3% L=, Lus



175
Ko T2 nMAA
Lu 39 K=2,nMZ
RTSEARTT
PR =R MA A
K=K =R MA X
N ZZK T EIKMg A
co TO 74
K=K ERMA £
hi):ﬁ"k‘ﬁl’“iﬂ\n
ek FRMp A
M T
LML=
2R CCUMIRM) o AMUGFULL)Y sEwe FULL) ¢ UR, CLIMINM) a ANU W« SUR)
W HUI) g AliDe (ORI JANDLCOR) sHELCUR))) 6O TO 1
Ly it 39

L COMPONET OF VELOCITY

TR COMIRM+E1) Janl WUl ) fEWeBMD) GO TL 2C

IFCOIM(KNMEL) bARNDGEMP) dERJEMP) ¢ OR ( (MIKM+1) dANUL COI)
WEUWL,CORY) VO TV 3

Ly TU 5

ol TO (20,4) e N5IL0

UiAM)ZU(Ry ) =obk*xuT

(}\l IU EP
AC=h i)

Lr COMMIAM) G AND QUK ) eE24OK) s AND o ( {MInM=1) ¢ AlNL - COE)
I:_('!n(-\JR}) 00 IU 6

g T0 7

ALZFPIVR X (£M)

ABZIctnt 1)

IFCOIM(KM+1) o ANUUK) o bwe O ) o AND e ( (1M (KM+2) JAMNDJCOR)
srW,CUR)) O 1V 8

vy TU @

FOZPHORX (K4 l)

PAzP (aN)

IFCCOM(KM) o ANU UK ) JCUsOK) o AND 4 ( (MIAT) ¢ AND JCOR)
s W CCR)) O T0 1€

Gu TO 11

FozP (M)

FLzP (R )

TZEPTIORY LK)

YT1EZ k=1 )

Ly TG 13

T (i (KM) AND UK ) o EUL0OK) dAND  ( (M InG) s AND JCOR)
s CUR) ) GG 1L 12

v TO 14

PzzP(KR])

F£1=P (K1)

Y2ZZ(Ltl)

T1=PrURY (kM)

LLEETP2=F] JALTE=Y 1 )

GRrLzP )=S0yl

AL (R

FA=SLE+2 (L) +UhJ

Fo=P {K«+1)
1]’{‘{l"'ﬂt{“M-i'lJGHI"thUl\}|Eu00|(,oANl.Jot“"I(KT"’I!.J\“UOCOH)



ib

1o

N

lo

19

lelolie

2N

22
25

24

29
20

27
8

29

3n

31

176
LU.CORY) w0 TU 15
Cu TU 1bp
P2z=P (KM+1)
Fi=P(Kp+l)
Y2ZHPNORY (niat1)
YizZI(L=1)
L 10 1§
IFCCENMIEMEL) s ANUGUR) o EQeOK) s AU e (IMIKLE+Y) sAND.COR)
+LQ,COR)) GO 1V L7
Co TO 19
FEZPERTHL)
F1=P(KM+1)
12=2(41)
VIZPRHORKY (kM+ L)
SLb=(Pa=P1)/7(Y2=-Y1)
U= L=SLp*y L
AASROREL)
FuzSuiP*Z () +Uhy
UOLO=U (KM)
U(KM)ZETA(KRM) +UuT* ((PA=PB) / (XA=XC))
LHAM) ZU (K ZBHOA=OR¥UT
LUCH=An o (UuLD=U(KM))
UCHM=AMAX Y (UCH) JCHM)

v COmPUlEy] OF VELOCITY

IFCMMIRT) ,ANDBID ) dEQLHND)Y GO 10 39

IFCCUMEKT) s AU o MF ) JEW EMP) JOKL (IMIKT) « AND «COR)
fLULLCUR)) wO TU 22

Lo TO 24

LU 0 (39,23) rNsIo

VikM) =V (Km) =GL*xuT

v TO 39

VigaZ ¢l

AECUMIKM) AU UK) JEQLOK) o AHD o { (M (nB) JANDJCOR)
+LALCOURY) L0 TO 25

Gu TO 26

YC=PHORY (M)

TA=Z(L+1)

IFCCUMIKT) o ANULOK) dEQ.UK) « AMD 4 ((M(KTZ) + AD «COR)
B, COK) ) GU VO 27

LO TO 28

YASPHORY (R T)

PAZP (M)

IFECCM(RM) e ANDLOK) dEQ4UK) s ANDy ( (M(KM+1) ¢ AND ,CORY}
EL.CUKY) WO 10 29

Le 1Q AU

F =P (i)

FIloP(Km=1)

K2=PHNORX (K™)

AER(K=1)

LG 1w 32

Lis COMMCIRM) o AU QUK «EQ.OK) s AND g ( (M (AM=1) ¢ Al 4COR)
vitwalurg)) w0 TU 31

Lo 10 33

F2zP(Kii+1)

FL=P{Ki4)




35

¥ I

30

1¢)

37

34

OO OO

QOO =~
o8

e

177
WITPIowidX (o)
XR2ZR(ARDL)
Surz(P2=F1)/(X2=A1)
U= L=5LpP*X1
Te=2(L)
FASSLE®R (W) +ORJ
FosPIKT)
Ir COMMIKT ) o ANU UK ) o SQUK) « ARND o ( IMIKTH+ 1) o AND 4COR)
. CORY) LO TO JH
vu TV 34
F2zZP (KT)
FI1zP(KT=-1)
A2ZPNORX(IKT)
FI1=R(n=1)
Lo TV 37
AP CCUMIKT ) GAND G UK ) dEUJaUK) o AND g ((MIKT=1) s AL e cOR)
shuWL,COR) ) 0 T e
CL T oY
e iRTEL)
F1=PRT )
ARZRIKEL)
AIZProsX(nT)
SLPZ(P2~F1)/Z(X2=-X1)
LrLi=Pl=5LpPpxX1
“f-m:th"l)
Fo=SeFEr () +0RD
VOLLUZV (KN
VKM SRS (KM)+u T * ((PA=PB) / (YA=YC) )
VIKF) ZVIANM) ZRHOA=CLxD T
VT AL (VOLD=V (KM) )
VOAMZAMAXL (VCH» vCHM)
UMAXZARS (U (KM) ) HARS (V (M) )
VVAXSE V& (ABS(VMAX=UMANR ) +VIIAXFULIAR)
(..Ufu] LNULC

LS LUSLIP ROUNDANY CUNDITIONS ON Od CELLS...

IF(RPEULLIGO TO TH
Crll WOSLLF¢(NILevIbLyNIL)
GU TU 7o

CAaLL HOSLIP(KMpnrL)
CONTINUE

EOUMTARY CUNDITIONMS ON VELOCITIES AT ELGE OF MESH,

LO o0 RZZpaMAAL
hT=KH (LMAKe=1) xKMp X
i"T L;ZI’\T—*‘\M;\X
ATTZKTHRMA X

kK

KoTZR3+KMA X
IFCMKIT) oL o LiV) o EGe AN) GO TO 42
Lo Tu 5N

MARKTY=V I
vinTh)svikT)
L(nTT)=N,

cu Tu bt
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IF((MIRTT ) JANMULUUT) LEW,0UT) GO TU 51 7
Gy lu Hh2 1
VinT)=vIKI0) f
U(rd i) zULKT) ‘
VicTT)=VIKTH)

O Ty 54

TR C(MERTIT ) o ANUCUND) JFu BiD) GO TO 53
vo Tu B4

vinT)=n,
UkT 1) =UlRT)

VIRTTIz=v n1b)

LR C0HIREG) JANDL L) JEQ,IN) GO TO Sb

LU TU YHo

VIiKEI=VIN

Lgnti)=r',

v TO h“

IF COm{RB) (ANDLQUT) JEw.0UT) GO 10 57
G TRy B4

Vi S(POL(R)=LUT*P (WBT) /DZB (1)) /RIHUA
LIK)SU(RBT)

GO 10 60

IF((m(ng) MU0 ) JEQeaMND) GO 70 59
Lo TO 0

Vikhalzn,

U(I"\B]:L’(Y\UT)

CundTLnmUE

e 79 L=), LMAX

WnZ (=1 )k MAA

Le=KR+hMAAL

LL=2 AR

IF((MOLL=1) AR IN) JEQ,IN) GO (O 61
LY TU ©?2

U(LLl=1)=uln

L2 4 e

GU U RO

IF ({M(LL=1) ,AND.OULT) sLwsOUTY GU TO 63
GO TQ et

Ll=1)=Uil)

VELL=3)=Y pil)

LU 'L B

JE(IMILL=1) JANUJLND) sEweB3HD) 60 TO 65
LU TV 6o

U{LL=1)=0,

viLL=1)=V(LL)

G Tu 72

IFCMMILKHRL) JAND S IN) JEW,IN) GO 0 67
v TO &8

U(LR)=UIN

ULRIL)=U(LR)

ViiLEY LYY=V LR)

v T 72

I COMILR+1) JAHULULT) bEwaOUT) GO 10 69
vu Te 70

ULR)=U(LR=-1)

U{LRFL)ZU(LR)

VieR#L)ysvLR)

i ThH 2
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lrt(MtLh+11.ANb.uHU).Eu.BNU) 6o Tw 71
wlll Tw T2
UlLKI=D.
UiLR+1)==ulLR=1)
v (L4 L)=V LR
LonTLruE
A bURN
Ly
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SULPQOUTINE VELODS(HIAGPNAT pHa8)
CORMULE MY RC e NOETT P UAC e VAC, Tidlp Tm2y T3
CutmCol NCrCLE sy TUP pLELTM e inEDI [ UPE
Cuptitay TIna yEUTEIM EDL T NPIT MITER
CobMUI GETAPEPSZ e LT o VMAX p UMAX» RELARCU |
Comialin SMIN EFS1rlioMAA, UBTO VETO s LoDy vBID
CumMlinl UM, el hHuA s GRy G2 G 1SEC
CurtMOry Vi ULMNeUKP o DLP p N3P DD ,DLZ
COMMUON MEAP HEXPPyNPAR | s NDIV
COMMOMA oD e BMAR s LMAX p KARZp LMAKL s KMAXZZ e LMAXLZZ
COMMOTE KOs LUMNy KOMX e LDMAy MESS(T)
CotaMunt LG T o AMARr THAX e CRTRAYCRTRUPCRTZACRTZL
COMMORN THESTrI020 L GAMA Y POASPGASCrPAMB, GASV p GASVZ
Comeaunl (IF prdoe ML t1e XGoriHative GGy FUDOE»HTAL Y CRAX»DELZL
ComMOM (1L p 2 (15%0) r Ry (150 ) »£15(152)
ComMO DREBLAH) »Ucn (E30)
CumdMum Ml oot
Cupibil P aLP8 ) u(2007) JETA(256I) p VI2000) pPSI(250C0)

COMMuin LMo (20C0) » DNOKY (2502) s PNORX (2200) f PNORY (2500)

CubMuN UK, L2

CuMbuvl MLUEvlelipb Ve

COMMONZF LAUL/FLAGL

CUmMMUzFLos/ZTIY s NLMP o MED T 4STH (ML
LOUCICAL TUYRNEUT o HUME ¢ (4STR NPT 4

HEAL MU

TNTEGER ARUrORpCHTRRy SURyFULL s2MP el p LN, QUT
FESLP e NOSLP yEMPUND e OL e COR» DK GAS e AKB

DATA LnTREPCNIRGr SUR s FULL P EMP e MU s I e ulUTy
FrSUF USSP s EMPENL s OB v COR P OR P GRS  ARGZL 02048 160 320
GEp 220250 B120 1004, 2008, 40969 5192 LO3BU,y L2THLY/
LWATA MASKL e MASKZ2e MASKI o MASKY p MASKS r MASKA
MESK T MASKOZOTTYTTTTTTIST v Q?T7TTTTTIITT 70
VY7777 7677T77eQTTTT7TT 7777300717777 T77767 1
WP TIIT RS F T e T I TR TSI v QI IITTTO6TITT,
Piza. INThy2e

K=l o

k=lIAT7

Lol

LUGICAL Tto7T

Lms=lMund

KLzl Mp AL

LF{KMIE.0)GU TL 10

L 1 L=2eds

Ad = ke A A

Lo 1 K=2p47

3 el S I OO [

kM=K T=rMA A

Ky =hti=priia X

L TO 11

AT=KNEKMA L

K ZKM=iK A A

NAL=RA

Y, o o

CulvT LUE

IFCOIM(EM) o AND s SUR) JEw,SUR) «OR,
({mlrM) JANL L UK) JEQ.O0K) ) G TO ¢

v Tu ]
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IF (Lol o ( COMEKMAL) JANGJEMP) JEQEMP) JU,
{ (P!fr\‘ ) ;AIJU.EMP] IEJ.EMP} UKo ( (M(K-d! .ANU.ELI"IP) .EU.E.MP) )
AT L (UM RM=4)  AND JEMP) (Eu.EMP)
dUR S LU (Ridi=1) « AU« COR) LEQCOR) ) s AU o ( (MIKM=2)  ANU & DNU Y JHL otsfIN)
e AP e G MU« (M IRMFL) o AND G COR) ,EQaCOK) «ORe (L IM(KT) oD W
CUR) sbu o Cuin) sUR L iM(KE) s ANDLCOR)Y JEWLCOK)I)) GO TO 3
GG Tu |
U(rM=1) =R (R)*URk{(V(KM) =V (KB) ) /(Kb (K=1)*D0Z) )
Lire=1)=L(aM=1) +U(KM) *x (RB(K) /KRB (K=1))
o TU 1
IF((anUT e { ((MERAM=L) JAND EMP) ¢EueEME') 4OR,
(AMURT ) W AMULENP)  EweEME) Lt ORe ( {MIRD)  ANUDCEFP ) cEweEMM®) ) ) s Al4U
COAMUmin+ 1) s AU GEMEF) JEW,EMP) o OR, (L IMIKM+1) JAND e COR) a2, CO1L0 )
whiled o LIMIKM+1) JANUSONU) o NE (BMD ) s AL o o NOT & € (
M{l'\M"J:.) .;\I‘-|U.CLR) DEG.CUH} LY [ £ 4 ( (M{I\” .AND-CON} .tU.CUI{)
cUh e Ll tRp) ol CUR) «EWwaCOR)II) LU TO 5
Lo TU &
UirnMizU(rp=1) 2 (b in=1) ZRB8 (1))
URM)ZURM) = () ¥k ( Ly (KM)=VIRB) )/ (RBIK}Y%UZ) )
GO T 1
IFCCamHOT o (UM EKE=2) AL «EMP) EQectiP) ¢ UR G L IMIKM+L) « AND . LEMP)
EUGIMP ) s Ok CIMIAT) AL GERMP) gEweEME) ) ) a Alib e € COMIKLED) oAU
EvP) s EMPY s uB L IMIKS )} s ANDCCOR)Y sEwgaCUI) ) JAND,
CIM{RG) o ANU JoiNd ) o NE 4 BN )  AND o ( JMOT o (((MIKM=L) s AND e LOR)
IE.JOEC"" )' I { tM‘l\M""l) .f\ND.COP’ .EU‘.LO‘R] 'o"'\i
MRl )y o ANULCUR) WEW,COKI))) GO TC 7
Cp T &
V(KEB)ISV(RM) +0e® ( (ko (K) *U(KA) =R (R=1) %¥U(KM=1) )
. Z(R(K)#+LK))
Lu TU 1
IF L aMNOT o ((IMIKM=1) ANDEMP) s EuwebEMt?) OR s C (MIKM+1) s ANNGEME ) EG i
eulta LUMIRE) o ANDGEMP) sEwe EMP) ) ) JAND o ( ( (IMIKT) s ANULEMP) ,LQLMWP)
sURG CUIMIAT) AND W CUR) eELeCUR) ) e ANU G L IMIAT) s AND 4 3NL ) o NE ¢ NL )
-hNU-t.NUT-([(M(Kh‘l}oHNDoCOR)-Eutth]aOH.([M‘KM*l).M“U-
COMY eEdeCOR) sURS [ IMIKE) « ANLGCOR) 4EW,CORKY))}) GO TO 9
wo TO )
Vir M) Sy (R ) =Ld*x( (BRI AU (Ki) =Ru(n=1) *UtKM=1))
L (Itn)aDRY)

ComT EMNUL

R TG

tui-IJ

N oF R - % % % . &% % %

¥ oy % ox
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SUBROUTLNL MNOSLIP(NAG¢NATrNAB)

COMMON HVAC s NGENy UAC» VACy TM1e TM2, T3
COMMON NCYCLE NSTUPyNEpTMeNEDIT e OPE
CoMMON TIMEEDIIM,EDDTNPIT:NITER
COMMON BETAEFS2¢LT VMAX ) UrMAX e RELAA»CUI
COMMON SMINEPS1yiibMAK,UBTO»YBTO»UoilD s VBND
COMMOMN UM, MU» KHOA»GRsGZLrGr ISEC
COMMOMN VINeUIWNsUKPDLP,NBP,DDK,DULZ
CUMMOIl HNEXP 9 NMEXFPP»ilPART« DLV
COMMON HORID» KMAR p LMAK , KMAKZ pLMAXZ e KMAXZZ ) LMAKXZZ
COMMOIN KDMN e LUMN p KUMX » LOMX , MESS(T)
COMMON ICRT s AMAKr YMAXe CRTRACRTRU»CRTZACKTZE
COMMON ITESTIIOZy 1Z+GAMA»PGASIPGASZyIPAMB, GASV»GASVL
CUMMOMN NF yNGeNI1ptle XGrHHp 11V GG FUDGE s NTAL s LRAXDELZ
COMMON REL1HN) 2 Z2(150) vRx(150) #Z:3(150)
CUMMUN DRE(1LD} »DL5(150)
COMMOIL M(2500)
COMMON P(2500) ,U(2500),ETA(2530)V(2500),PS1(2500)
COMMOIN DNORX(2500) » DNORY (2500) » PHHORX (23500) + PNORY (2500)
COMMON DR,ULZ
CoMMON MNDEVI1eNUEVZ
CUMMON/FLAGL/FLAGY
COMMDIN/MEBTIN/MBTIN
COMMON/ZFLGS/ZTTY e NUMP o NEDT e NSTP , NP I
COMMON/STUFF/ZERRORKRS s NAME» D L VS e vCHM» UCHM
CUMMON/MOUSEZLNXe 1Y » INSWe SWSTAT
CUMMON/LOOR/ZPMX s UMKy VMX e PMX1 o UMXL1» VMX1L
LOMMOUNZHAZDTMAK
LOLICAL TTY,NMUMP e HEDT e NSTF,NPIH
LOGICAL NEiIB
KAl MU
ITWTEGER ANU»ORyCNTKBySUReFULL s EMPyidDy LN, QUT,
*  FRSLPIHOSLP yEMPBNU»OB»CORrOKp GAS» ARB
UATA LHTREPCNIRBy SURPFULL p EMP p 3NLD » TN, OUT,
*  FPSLP 2 iyOSLFyEMPBHU»OBrCORrOK P GASPARBZ1021 418916132
*  04r120+2509512,1024,2048,4096,0819216384,327687
UATA MASKL1rMASK2r MASKIy MASKY p MASKS » MASKG »
*  MASKT7sMASKB/O0TTT77TTTTITIST+0TTTTITITI3777
*  OFTTTT6T7IT77eQ7TTT7TTT77730077T7T7T777767
* Q77?77 NITITT0OTTTITITSTIT240727777767T77/
LITEVER ESeEC
thZDR/E .
LC=l112
LS8 10n
r=NAG
K=MNA7
L=NAG
IF(KM,HE.Q)GU TO 925
LMZ=LLMAXKZ
Kile=eMARE
JO 1ND L=peLMZ
BT T (=1 ) xKMAX
Uo 100 K=2,KMZ
ni=KTTH+K
w0 TV Y9p
i3h Le=u
AMLZR
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96 IF(MIRM+)) dEQe32.ANDM(KM) LEQ4H)G0 TO 98
2U TG Q9

98 JrM) =n,

] VIiKMELl) ==y (KiM)

» GO Tu 100

99 IF((M{nM) JANLULOB) JNELOB)GO TO 100

TANZSLGN(DNORX (KM ) ZDNORY (K1) p =DNORX (KM) #DNORY (KM) )
I (DNORY(KM) «EW.0.0) TANN=10x%20
KT=KM+tKMA X
KyzKM=KMA &
LF(M(KMHEY) ,Ev.EC)G0 TO 101
lFlMiKM-lilEQ-EC,UU TO 102
IF(MIRT ) sEW.EC)GO TO 103
IF(MIKB) sEQ.EC)GU TO 104
IFIM(AM+1) ,EQ.SC)GU TO 101

1ny AU (20 (L) =FMORY (KM) )/ TAN+PNORX (KM)
IF (IM(IKT) s EUWL.EC)LU T0O 110
IFIM(KS) sLUEC)Y 10 111
ALLIZRE(K) =PNORX (Kii)
AL2ZUR=-AL1
U(KM) == (U(KM=1)%AL1) /AL2
IF(TAN,GE,10*%klC) by TO 142
IF(CUM(KT ) s ANUGFULL) eEdeFULL) s ANU L XU, GT . RB(K))IIGO To 114
ALLI=R(K)=XU
AL2=DR=ALY
VKM)Z={V(kM=1)+AL1) /AL2
ou TO 100

112 J(AM)=0,0
wu TV 100

110 P (ABS(TA{) JLT.025)60 TO 103
TI=TAN® (R(K)=PNOKX (KM) ) #PNORY (KM)
YLEYl=Zil)
AL=YL/TAN
AL1=ull=XL
AL2Z0H+EXL
M) o= (U (xM=1) xAL 1) ZAL2
AL1ZUN=YL
ALZ2ZDHEYL
V{AM) == (V(KB)*all) /AL2
ol TO 10N

112 TIZTANE(R{K)=PNUORX(KM) ) +PNORY (kM)
YLEY1=ZI(1)
ALSYL/TAN
ALI=UH#XL
AL2ZUH=X0L
J(nM)==({U(KM=1)*%*AL1) 7AL2
IF(C(M(KT) dAND . 08) sEQ.OB) s AND 4 { (M(KM=1) ¢ alnpoFULL)

*  WruW.FULL))G0 TO 11iH
IFI(OIMM(KM=1) s AND «UB) o EQ0B) s ANDe L {IM(KT) s AND «FULL)
AL FULLYIGD TO 116

ALIZUHrYL
AL2ZDH=YL
V(KB)==(V (kM) *AL1)/ALZ
vu (2 100

114 ALI=ZR(K+1)-XU
AL2zUuR=AL1L
VKMEL)Z=(V(KM)*%ALL) ZAL2

*
<3
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1lo

ara

120

123

103

1ny

100
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S0 TO 100
ALIZR(K) =XU
AL2zDR-AL1
VihM)z=(V(KM=1)¥AL1)/AL2
>0 TO 100
YRETAN* (KRG (K)=PNORX(KM) )} +P[iORY (KM)
ALLZYR=Z (L)
ALP2zZDZ~-ALL
U(KM)==(U(nT)*ALL1) 7AL2
o0 TU 100
AU={Z8 (L) =PNORKY (KM) ) /TAN+PJOPX (KM)
IF(MIKG) LW ECIG0 TO 120
IFIMIRT) EQ,EC)G0 10 121
ALLI=PHORX (KM) =R (k=1)
AL2=0R=-AL1
U(KM=1)==(U(KM)*ALL) ZAL2
ALL=AU-RI(K)
ALP2ZuR=AL1
VIRM)Z=(V(KM+1)*AL1)/AL2
G TO 100
T1IZTANR(R(K)=PNORXA (KM) ) +PNORY ( KM)
Yo=Z(L)=Y1
ALZYL/ TN
AL1=uHeXL
AL2=DH=-XL
UikM=1)==(U(KM)®ALL1) ZAL2
ALL=OH=YL
AL2Z0H+YL
VIKB)==(V(KM)*ALLl) /ALZ
wo TO 100
YIZTAN®(R(K)=PNORX(KM) )+PNORY (KM)
YL=Z(L)=Y1
AL=YL/ZTAN
ALL=DH=XL
AL2=zUMH AL
U(KM=1)==(U(KM)*®AL1) /AL2
AL1=0OH=YL
ALR=DH+YL
V(KM)==~(V(KB)*AL1) 7AL2
LGy TO 100
VR=TANK (R (K) =PNURA(KM) ) +PNORY (KM)
ALl=ZB (L) =PNORY (Kin)
AL2Z0Z=-AL1
V(AM) == (V(KB)*ALL)/AL2
ALL=Z2(L) =¥

Al2z=Dc-AL1
U(hM)==(u(hkB)xaALL) /AL2
vu Tv 100

{R=TANE (RE(K)=PNORX(KM) ) +PNORY (KM)
ALLZPHORY (KM) =ZB(L=1)

AL2zZDce=AL1

VinB)==(V(KM)*xALLl) /AL2

ALITIR=2(L)

AL2z04-AL2

U(KkM)==(U(KT) *AL1)/AL2

Lo 10 100

CONTINUE
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APPENDIX IV

SPY PROGRAM

Routine Name Function

Does display and interaction
for Spy Program

Sets up core-sharing process

EXAMIN

SHARE
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SUGUTINE EXAMIN
COMMOIN NVAC » NGEMy UACr VAC» TM1p THi2e THM3
COmMMOIT NEYCLE »HNSTOPyNEUTMe NEDIT» OPE
COMMCN T1IML,EDTIMyEDDI yNPIT.MITER
COMMOI BE[APEPS2eDT e VIMAX» UMAX » RELAACUT
Compitil ST ERSLyNGMAX,USTOr VBTU»UsiD» VBND
COmMGIe UM, MUs RHOA» bR 2 GLe G ISEC
COMMOI VIjeUINsURP»DLF,NBP,DDR,DDZ
COMMQO NEXP e NEAFP s NPART»NDIV
COMMGCE NG AD e KMAX p LMAA g KMAXKZ p LIAAXRZ p KMAXZZ 9y LMAXZZ
COMMO T KUpmiNe LLMN p KOMX e LDMX , MESS(T7)
COMMON TURT e XMAX e YMAX s CRTRAYCRTREPCRTZACRTZB
CORMGI TTESTe 1022 12)GAMARPGAS PGASL[PAMB » GASV e GASV L
COMMOH NF , nG eIl vlle XGrrH HY GGy FUDGE o MITAL » CRAXKpDELZ
COMMCIi R{1HD)« 2(150) ¢ Rpt150) 2 Z23(159)
CoMmUIT DIty (150) »UZ8(120)
CoMMOul M{2L00)
CCMMGI P{2bN0) »U(2509) ,ETA(2507) 1V (2500) P51 (2500)
COMMCIHL DNORX{2500) « DMNORY (2500) y PHORX (2500 ) r PNORY (250(0)
CUMMON DK, L Z
CORMON WLZV1eNDEV2
COMMUIIFLp @l /ZFLAGY
COMMOI/ZFLLS/TTY e NODMP s MEDT o WSTP NP IM
COMMO LS TOEFZERIKORS » NAME s DIVS e PHORMS y TEMPS
COMMON/ZMOUSEZINAe TINY » INSWe SWSTAT
COMMOM/LOQIKZTMA » UMX y VMAX e PMAL g UMX 19 VMX 1
LIMENGLON IPY(T7I)»IP2{70)rIP3(7))
LOGICAL ITY e NUMPeHEDT e WSTRP,NPIM
CALL FORK
CaLL SLTDLS
NLTZHATER 700¥%00Q
NPLOTS=MI jel?
NPLT1=RITER
CaLl HMOVETU(2bor928)
CALL wRITE(*PREVIOUS CYCLEC>')
CALL MOVEjJU(192,89%)
CALL. wiRITE('MAX PRESSURE=AAAAA ,AAALD Y »I'MX)
CALL MOVETG (192, 0664)
CALL WRITE("MAX V=VELOCITYzAAAAALLLD> Y P VidX)
CaLl MOVEU(192,832)
CALL wPRITE('"MAX U=VELOCITY=ZAAAAHALL> Y »UMX)
CALL MOVETU (256 763)
CALL WRITE('THIS CYCLESDY)
CaLL MCVETU(192,735)
CALL WIRITL ("MAA PRESSURFzAAAAGL ,AAALD> Y 1 I"MX1)
CALL MuVRETU(192,704)
Crll WRITE(*MAA V=VELUCITY=AMAL.0LKD> Y P VMXL)
CALL MOVETU(192,672)
CaLL WRITE('MAX U=VELOCITY=AAAA.AAAL> Y P UMXL)
L=ALOGIN(PDIVS)
Ig=t+1
L=ALCH 1D (ERROKS)
Iu=D11
CALL MOVETO(576944)
CALL wRITL(*30<>")
CALL MOVE (16:20)
CALL WERITE('As<>"rIB)
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LG & vy
JELT= 8+ k10
CaLl WVETU(592,JPLT)
CeiLL VEC(32,7)
CaLl MOVE (L T70r464)
CALL wRITE(*18<>")
CALL MOVE (1l6020)
CrLl WRITE('aADY 1IN
DO s dsleg
JPLTZUubk+us 100
CALL HOVETW({DY9Z29JPLT)
CALL VEC(32.,0)
Cri.ll MOVE U (60U, 944)
CaLl. VEC(pe=H00)
CALL veC(3bre0)
CALL MOVLjo(uD8r464)
CalLL YEC(r=4002)
CoLL vEC(39200)
CALL TICVETU(704,512)
CaLl. JEITE "MAX DIVERGENCE<S>")
CALL MOVLTO(TIY,32)
CaLl wWRITL (*RNURM/ZPNOKME>Y)
CaLL duXEs
CALL #OVEQ10(180r26)
CALL WRITE('SELECTL> ')
CALL MQOVETO(170,152)
Crul #4RITE('DT=A.880004<>",0DT)
CALL mMOuVETu(L70,203)
Cacl WHRLTE('NPLITL>Y)
CALL aRITL (Y =A8B<> ' eNPTT)
CALL MOVETU(L28,344)
CALL WRITE('BETAZAA,ALAAASO Y PBETA)
CaLl MOVEquU(L28,440)
CALL WRITEAW'EPSZA.088008AK> " 1EPS2)
CALL MOVETG(42T7,489)
CALL WRITE('CYCLE aaaa<>'sNCYCLE)
CaLL SEND
CALL MOVETU(430,448)
CALL WRITE('ITER aaaA<>'eNITER)
CALL KwPND
LyePr=n
IF(NIIER.pe ITPLT)GO Ty 7
CALL WELETE
€0 ITERATIONS CAN BE DISPLAYED OM SCOPE, e«
IF(MITER=NIT) «6T.H60MGO TO 103
IY=04 ¢ (ALUGLO(LIVS)=1o44) %100
IF{IYauTe1P0)IY=1000
IF (LY .LT.sug)Iv=uy
LAZHCH (NI TER=NIT) 5
1P2(NPLOTS=MNII)=1Y
CALL MOVETU(LIX.IY)
CALL VECTGL(IX,SuUl)
I1¥Zot+ (ALCOID(ERRORS ) =1D+4) %15
IFCIYaLTapd)lYZ0N
IF3(MFLOTS=N1V)=IY
CALL MOUVETC(LX,IY)
CALL VECTQO(IXet4)
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CALL AFND
CALL MOVEJO(L420,443)
CALL WRITEA('ITER AAAA<> ' 'NITEK)
CALL APND
NMePLOTSZNFLOTS+1
1TRPLT=NITER

7 CALL MSEINT(MDT)
IF(MLTLEC,L)GO TL 8
CALL SLeRp
VO TG b

o] CaLl MOUSxY
INYZUINY Q) /S0
GO TO (16,9 11013,14) 0 1MY

9 TYFE 25

25 FOLMAT(IH »Y0T="e%)
ACCEFT 19,uT

1n FOrMAL(F)
LO TU 102

1 TYPE 12

1z FORMAT (YN LT 9 )
ACCEFT 2&,NPLIT

26 ForMaT (1)
Lu TC 101

13 TYHFE 24

2y FORMAT (1t »*BETAS'»%)
MACCEFT 10,6ETA
RELAXNZEETA*RHUARDL*x2/uT
Lo TC 310

14 [YFE 15

s FORMAT (1H ,YEPS=')»3)
ACCERPT 1N, EFS2
GO TC 101

inn IT=nl T+
PLOTSz1

in) DO 102 1= FLT1=NIT o HPLOTS=NIT=1
IXZ6081 14y
LN=THE 6L
CALL MOVETU(IX,IY)
CALL VECTO(IXyLgl)
Ly=1+311)
CALL MOVE (O(Lx»LY)

iro Cnll VECTO(IXro4)
Cu T )

lo CALL CLEApR
CALL buXEs
CaLL MOVETU(1KorD36)
CALL wWRITE(*STOPL<> ")
CALL MOVETU(130,152)
CALL wRYITE ("CYCLECSY)
CaLL “OVETO(186r248)
Cakl WRITE('PRINTL>Y)
CALL MOVETO(Y80¢3U4)
CaLL WRITE(TLUMPL> YY)
CALLL MOVETO(180,449)
CALL WRIT  ("EXLT<>Y)
CALL SERND




1¥
14
FiL )
2N

23
21

CACL wiiddn e

LA (2 LMY g0) 296

G TO (17,18089920,21), THNY
N.")TC'}: o I'RJL'_ .

CALL EXII

NP IMZL TR W

Lo Ty 101

WEDT=,. [RU:,

GO TV LNy

MIJHI"z . Fl‘lt.ll: >

39 TY 18N

FORMATL(T)

FYRZ 2

FORMAT(LH , "(NDMP=1, %)
ACCERT 23, mbMP1
LFCHUAR L . g o MY NUMP=ROMP L
CALL EXIT

2D

SUSROUTINE 30XKES

JY X IS e
APLT={[=1)k0p+32
CALL AOVETU(Q9 e JPILT)
CAl. uOX

f'it_ TURv

Cidu

SUBRUUTING JJA

CALL VEC(22443)

CALL VILC(nral)

CALL VEC(=2P440)
CALL VEC(ne=nl)
RETURN

o
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TITLL

FILEi

FMAF

UUNE L

FORK.

FMaPL;

Ok L

FHAM©C

SHiKEL

ENTRY FILE
ENTRY FORk

n
HpPROL
MOVSL
L TJUFH
HALTH
HRHZS
MOVEi1
MOVE
OPEHNF
FIAL T+
el
MOVS1
MOVS L
L
BPACS
TN
JigsT
MOV5S
HIRIRL
Fai?
AOUN
MOVS S
HRRI
CLUSF
JIA

f
HRPRO L
MOVSI
Tk i
HALTF
HRKZS
LOVEM
MOVE
JPENE
HALTE
SETZ
MOVS L
MOvVS
HERL
HRALS
TLEHN
JitST
MOVSL
HRIKT
Fidnk
LOJA
MOVSL
HPK L
CLUSF

wited

2, FHNAME
Ty B2 28T

1
Y FTLUF N
2,04 ANR10 320! AB211182511R326)

5y
3,1132!183!184)
1,400000

1,7M{5)

29 1 18b)
UOME
2,FILJFN

2,0(5)

5, FMAP
1, (160)
3 p I ILJFN

Lo L LG)

2y FNAML
1 L YERLIUET)

1.
1, F ILJFI
2,0 44p5151011,200 1821110251 13261 )

el (G

r
3, (1521131184
1,+ILJFN
1,N(5)
& L ABH)
UGhES
2, 4N0000
s g

5,FMAPL
1, (180)
1, FILJFN

lgeNilo)

WSU L2/ XAM+FILE  SHAREYZ

Enb
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APPENDIX V

OUTPUT PROGRAM

Routine Name Function
MAIN Read in data, compute A, BNDRY,

and SI matrices. Controls other
output functions.

CONTRL Displays output functions

VPLOT Draws velocity profiles

VVECT Draws velocity vectors

CNTRL1 Displays axes for velocity profile
CNTRL2 Displays choices for contour plots

CONTOR Contour plotting program
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INTEGER bpmN(2) yBNDRY
DIMENSION UULL18,92),VV{18+192)sPP(16992),51(18)92)
OIMENSION SNURY(18,092)
ODIMENSION A(18,92),U(250Q),V12520)P(250C)
DIMENSION MESS(7)
DIMENSION BPX(106Q),3PY(100)
DIMENSION XB{100),YB(100}) ) NSEQ(100)
DIMENSION XBP(50¢2)»Y3P(50,2)
DIMENSION M{2500)
DIMENSION K(150)02{1250)RB(150)+2B(159)
DIMENSION ABB(50r2)YBg(50,2)
DIMEHSION ME(18,92)
DIMEIISION 0S(300)
DIMENSION PTX(300)yPTY(300)»ZNP{(300) »ZMP{300) yRMP (300) ¢RiNP (2
EQUIVALENCE (ME,M)
EQUIVALENCE (XBo» XBP) » (YR, YRP)
EQUIVALENCE (UpUU) » (Vo V) s (P2PP)
COMMOMN/CLP/IN, IXP»IYP 29N
COMMON/MUUSE/ZTNX» INY » INSWe SWSTAT
COMMOIN/STUFF /DRI DZ s KMAX ¢ LMAX ¢ KDMN » LDMN» KOMX o LUMX» EPS Lo DT
COMMON/WINDOW/WSy WCX» WCY o XL
COMMOUN/CONLVL/NCLS»NCL
COMMON/3CUN/BLN ¢ XBP s YBP
INTEGER EMP»BND»FULL 1 Op
DATA EMPsgND2FULLIOB/169329822048/
wS=8.C
WCX=8.0
NYSZ*N?
WCT:BQ(\

104 TYPE 1n01

1nny FORMAT(L1H » 'DISPLAY='+53)
ACCEPT 109,1DI

104 FORMAT (Al)
TYPE 1n2

inz FORMAT (LH » *INPUT FILE=',%)
ACCEPT 10359 NAME

103 FORMATY (AS)
IF(ICL.EQ, "ARDS')IDI=)
IF(IDI.EG,'1559)1IpTI=2
NAME=ZNAME + 32
CALL IFILE (22¢NAME)
READ(22+»1) (MESS(L)»T=1,7)

1 FORMAT(7AS)
READ (222 )KMAX ) LMAX
2 FORMAT(21)
READ (229 3)SMIN»EPSL
3 FORMAT (2F)
KEAD(22y4)U»DrMU»RHOA
5 FORMAT (4F)
READ{22)»5)uR
5 FORMAT (F)

KEAD(22y5)02
READ(22,6)D
o FORMAT (1)
KEAD (229 3)usPX(1) v BPY (1)
MM=2
F i READ (229 3)yBPX{(MNM) »BPY (MM)
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IF(8PA(L1) ,£Q.BPX{MM) JAND,.BPY(1)+EQ,BPY(MM))GO TO 64
MMm=MM+ 1
GO 10 7

b MMz=MM=1
DO 9 I=1sg,

9 READ(22,0)0
=zl

i READ(22s11)XoUN) r YB(M) ¢ NSEQ(N)

1 FORMAT (2F, 1)
IF (NSEU(iN) sFU.1)G0 TO 12
Nzi+ 1
GO TO 10

12 KMAXZZ=ZKMNpA=2
LMAXZZ=LMAR="2
KMAXZ=KMA =1
LMAXZ=ZLMAX=1
ABMAXZOR*KMAXZ L
TEMAXZDZ*% | MAXZZ
N=n
MM=0

13 N=N+1
MVZMM+ 1
ABP (MM, 1)=YEB(N)
YEP (MM, 1)=XB(N)
IF(NSEG(N) .EQ.0)GO TO 13
X3P (MM 1)=YB(N)
YBP (MM, 1) =XR(N)
MM=MM 1 3,
ABP (MM 1) =YBMAA
YBF (MM 1) =ABMAX
BLM(1)=MM
MM=U

14 MM=MNM k1
N=iN+1
X3P (MM, 2) =YEs ()
YBP (MM, 2)ZXB(N)
IF(NSEQ(N) o Fual)60 TO 45
GO TOU 14

15 AHP (MM, 2)=YBIN)
YBP (MM 2) =2 A (N)
BLN(2)=MM
NAME=NAME+6©
CaLL LFILE(23sNAME)
REAU(23)M
READ(23)U, VP
KREAD(23)CT+RHOA» TIME s NCYCLE »MU,EPS1
READ (23 ) KOMMNy KDMX e LDMIN, LOMX o DRy DZ s KMAX » LMA X
KMAXZ=ZKIMAX =1
LMAXZ=LMAA=1
KMAXZZLZKMAX=2
LMAXZZEzZLMpAX=2
DO 414 1=1,KMAX
LO urL J=1,LMAX

iy BNDRY(IyJ)=2
DO 411 L=2sLMAXZ
NgHb=1
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TECIME(2eL) e ANDFULL) NEFULL)EO TO 399
NyND=2
399 BNURY {1sL)=1
: GO TQ 4n2
N TAR) BNDRY(1,Ly=2
- 4n2 00 411 K=z rKMAX
GO TU (473,405,407, 409,011) NSND
4n3 IFC(ME(KeL) JANDLUB) EQ,0B)GO TO 404
bHNURY(KsL)=2
wO TO 411
4ny BNDRY (KeL ) =1
NENDZ=2
LG TO 11
yrs IFC(ME (KoL) 4AND.OB) (NE,OB)GO TO 406
BNURY (K,L)=1
HEND=3
GO TO 411
4Ne UNURY (Kel)=D
MND=3
GO TO 11
by IF ((ME (KoL) s ANULOUE) JEuW,0B4OR, (IME (KoL) ¢AND 8ND) .EG,I3ND)
*  GU TC 400
BMURY (Kely=n
GO TO 411
uny cNLRYIKeL)=1
NynpD=4
O TO 411
4ng IFCIME (KoL) JANUOB) +EuW,038.0R. (il (KoL) dAND «BND) EQL.3140)
*  LO TO 410
LNORY (Kelo) =2

NBND=5
GO TO 411
41n oNDRY (KeL =1
NBND=L
411 CONT LNUE

U0 412 Kz=1eKMAX
IFCMME(KS 1) o ANDGBND) « NE«BNY)GO TO 442
ANDRY (khel)=1
IF((ME(Ke LMAX) « aAND ,BND ) «NE .BND) LO TO 412
gNDRY (KyLMAX) =1

412 CONTINUE
DO 413 K=1KMAX

413 TE(BMURY (h12) eEU2)BHNURY (Ky1)=2
IFINYS,EW,"N?I6G0 TO 303
TYPL 299

29Y FORMAT (1H »*ApMAC CALCULATION FOK PLOT ROUTINES')
DO 301 L=1sLMAX

303 RKBO1)=1./10**13
aB(l)=n,
KMAXZZKMAX=1
LMAXZZLMA =1
U0 415 I=1/KMAAZ

415 HB(I+1)=Rp (1) +LR
LO 4lu I=1elMAXZ
416 cBOIN1Y=Z(T)+DR

DO 417 I=1:KMAA
DO 417 J=1,LMAX




417

16

17

18
19

210

21

22
2

24
25

27

26

29

ae

31
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AlLeJ)=DR
LO 100 Uz=q,2
NBMARZBLIN (u) =1
ISEC=D
LO 32 I=1,rBMAA
IFCYRB(TI Lo L) =ipls(1l,0) 200240 )6
LI=(YBB(L,J)+,.,000001)/70u2+2
AAZ(XBB(I+1oJ)=XBB(TrJd) ) ZCYBBII+L o J)=YBB(I,J))
L2=LMAX
B=XBB(I,J)=AAXYB(Led)
hl=l
=N
CO 18 L=L1esL2ZsLLL
IF(ZB(L)=YBB(I+1yu)=,000001)17,17¢19
hi=ti+1
IMP (N =Zb (L)
RMP (N) =AAxZMP (1i) +[3
LLIME=N
G0 TO 2%
Li=(Yuib(1,J)=.000001)/02+1
AR=(XBbB (I41,0)=2BB(1sJd))/(YBR(I+1rJ)=YLB(I»J))
Le=1
BzABBULLsJ)=AAXYBEB(I,J)
LpL==1
N=n
Do 22 L=L.asL2sLLL
IF(ZB(L)=YBB(I+]1rJ)+.000001)23,21,21
NzM+1 '
ZMP (M) =2b(L)
KMP (M) =ZMP(N) *AA+E
LLINE=N
GO TO 25
LLINE=DN
CONTIMUE
JMAXZLL INE
DO 27 KJ=1rJMAX
DSIKU) = (RMP (KJ)=XBB (T2 J) ) %2+ (ZMP(KJ)=YBB(1rJ) ) *¥2
Do 3C Mz=1,UMAX
TEST=1n,0%x%x5
MTRANS=ZO
DO 29 MMz JMAA
IF(DS(MM)=TEST)Z2E,28¢29
TEST=US (MM)
MTKANSZMM
CONTINUL
RNP (F) =RME (MTRANS)
ZNP(N)ZZMP (MTRANS)
LSIMIKANS)y=1N, 0% %7
CONTINUE
JIZISECH!
J2ZISEC+UMAX
=0
U0 31 KJd=ul.d2
N=N+1
PTX(KJ)=KyP (N)
PTY (KJ)=ZNP (V)
CONTINUE




32
33
34
35
36

37

38
39

41
42

53

51
52
54

46

47

1723
49
5n
100

31n
312

1SEC=ISEC+UMAX 197
CONTINUE

I=1

Iz1+1
IF(ABS(PTX(I)=PIX(I=1))=DEPSX)35¢35, 34
IF(ABRS(PTY(I)=PTY(I=1))=DEPSY)36¢36¢38
ISEC=ISEC-1

DO 37 KJ=I,1IS5EC

PTX(KJ)=PTX(J+1)

PIY(KJU)ZFTY(J+1)

CONT1IWNUE

IF(I=-ISEC) 343430

IF(I=1ISEC) 33939, 3°

CONTINUE

IGECZ=]ISEC-1
DEPZ(FTX(ISEC)=PTX(TISECZ) ) %2+ (PTY(ISEC)=PTY(ISECZ) ) %%x2
DEP=SGRT(GEP)

IF(DEP=,24UR)41, 42,42

ISEC=ISECZ

CONTINUE
DEP=(PTX(2)=PTX(1) ) xxz+ (PTY(2)=PTY (L)) *%2
DEP=SURT(pcP)

L=ISEC

IF(NYS,EQ,'N'")6U To 54

TYPE 53

FORMAT(1H o/77¢" BOUNDARY=MESH INTERSECTIONS')
JO 51 K=1,L

TYPE H2+Kk,PTX(K) KsPTY(K)

FORMAT (LH »*PTX('s12,")=%sFe" PTY('"»I2:%)=",F)
U0 50 K=1,L

II=(PTX(K)4+,001)/DR+2
JUS(PTY(K)+,001)/D2+2
X1=PTX(K)=FLOAT(II=2)%yR
Y1=PTY(K)=FLOAT(JJ=2) %2
IF(X1.6T.,N00001)G0O TO 47
IF(Y1l.LT,.00005,0R.4Y1.GT40.199992)G0O0 TQ 49
IF(BNDRY(ILrJJ) EQ,1)GO TO 46
A(LIruu+l)=Y1

A(IIr»JdJ)=pR=Y1

GO TO L9

IF(X1.5E.,19988)G0 TO 49

IF(BNDRY(11sJJ) JEQ,1)A(IT,JJ)=uR=X1
IF(BNURY(IL1+1rJd) sEQeL)A(II+1rJJ)=AY
IF(BNDRY(II=-1sJJ)EQ.1)A(II=1,JuJ)=0OR+X1
FORMAT(1H ¢21sF:1)

CONY LIUE

CONTINUE

CONTINUE

IF(NYSEQ,'NY)GO TO 312

DO 310 K=1sKMAX

DO 310 L=1sLMAX
IF(ABS(A(KsL)=0.2),LE«0.0001)G0 TO 310
COWTINUE

CONT IINUE

LO @15 L=1rLMAX

SItI) =05

NBND=0



911

912

914
91%
00

106
107
108
201

20n

109

309

3Ne6

307

308

3nn

301

198
IF (BMUKY(1sL).EQ,1)NBND=1
DO 914 Kz=2rKMAX
IF(NBHL.6T.P)GO TO 912
IF (BNDRY(KeL)«EQs1)NBND=1
SI(KeL)=N,5
GO TO 91k
IF (BNORY(KsL)EQ«O0)NBND=2
ST(KeL)=ST(K=1eL) =0 ,5%A(K=1¢L)*
(VV(KsL)*RB(K) +VV(K=1/L)*R3(K=1))
CONTINUE
CONTINUE
CaLL SETDIS
CALL RECT1(6)
CALL CONTRL
CALL SEND
IF(IDI,.EQ,1)CALL AMOUSE
IF(ID1,.,EQ,2)CALL WMOQUSE
INY=(INY+128)7128
GO TO (106¢1070109,111,108,111) ¢ INY
CALL EXIT
w0 1TO 105
CONTINUE
CALL CHGBIN
CaLL CLEAR
CALL CNTRL1
CALL VPLOT(V)
IF(IDI,EQ,1)CALL AMQUSE
IF(IDI,EQ,2)CALL WMOUSE
INY=(INY+128) /128
GO TGO (900+,200,201) ¢ INY
CALL CHGBIMN
CALL CLEAR
RB(1)=1./1Nn,%%10
DO 309 K=31»KMAXZ
RB(K+1)=Kp (K)+UR
ZB(1)=0,
DO 306 L=1sLMAXZ
Z2B(L+1)=2g(L)+02
R(1)==0,5xRB(2)
2(1)==,05x2B(2)
DO 307 K=2:KMAX
R(K)Z(RB(K)+RB(K=1))%*.,5
DO 308 L=2+LMAX
ZIL)S(Z2B(L)+2B(L=1))%,.5
CALL VVECT(UrVeReZ¢M)
CALL SEND
IF(IDi,EG,1)CALL AMOUSE
IF(IDI,EQ,2)CALL WMOUSE
INY=(InNY+128)/128
GO TO (90¢c»300) INY
CALL CHGBIN
CaLL MOVETO(0Ds1000)
CALL SEND
CALL CHGASC
TYPE 301
FORMAT(1H »'wS="'),9%)




110
111

113

114
115

116

117

118

119

12n
121

ACCERT 302, WS 193
FORMAT(F)

TYPE 357

FORMAT (1H »'"WCX='s %)

ACCEPT 304WCX

FORMAT (F)

TYPE 305

FORMAT (1H »"WCY=', %)

ACCEPT 30y,wWCY

CALL CHGHIN

GO TO 109

CONTINUE

CALL CLEAR

SC=700/( (LMAXZ=2)%D2)

CALL CNTRL2

CALL WMOUSE

INYGT=(INY+128) /123
IFCINYUT.EW,B)G0 TO 900

TYPE 113

FORMAT (1H »'DEFINE REGION OF INTEREST')
CALL «MOUSE

WCX= (INX=128)/SC
WCLYS(LINY=380)/5C+XL

CALL waMOUSE

WS=WCA=(INaA=128)/5C

TYPE 114

FORMAT(1H »'POSITIVE CONTOUR LEVELS=',%)
ACCEPT 11s5:NCLS

FORMAT (1)

TYPE 116

FORMAT(1H , *NEGATIVE CONTOUR LE . ELS=',9%)
ACCEPT 115,NCL

AL=0

Xw=0

DO 117 I=1,BLN(1)

IF(YBP(Ie))  GTXL)XL=YBP(I,1)

DO 121 J=1+2

DO 119 I=1.,3LN(J)

IX=1023/2% (1+(XBP(1yJ)=WCX)/WS)
Iy=1023/24(1+(YBP(IrJ)=WCY+XL)/WS)
IF(I.EQ.1)u0 TO 118

CaLL VECLP(IXeIY)

GO TO 119

CALL MOVCLP(IXeIY)

IONE=1

CONTINUE

DO 121 I=1.BLN(J)

IX=1023/2% (1+(XBP(I,J)=WCX)/WS)
IY=1023/2% ( 1+ (AL=YBP(I,J)=wCY)/'5)
IF(I.EQ,1)G0 TO 129

CALL VECLP(IXeIY)

GO TO 121

CALL MOVCLP(IXs1Y)

CONT INUE

CALL SEND

GO TO (1229123112491 25,900) ¢ INY.-T
CALL COUNTQOR(18+,92¢5.¢VVeBNDRYrA?»18982)



123
124

125

126

in

i

11

200
GO TO 126
CALL CONTQOR(18:92¢5,UUrBNDRY»A?»18,92)
GO TOU 126
CALL CONTQOR(18+92+5,PP*BNDRYrAr18,92)
GO TCO 126
CONT INUE
XX=LMAX*L2Z2~D2Z
IMX=BLN(2)
IX=1023/72%(1+(=WCX) /WS)
IY=1023/2% 11+ (XL=WCY)/uWS)
CALL MOVCLP(IXeIY)
I1X=1023/724 (L+(XBP(IMXe2)=WCX)/W3)
CaLL VECLP(IX»IY)
I¥X=1C23/2%(1+(XBP(1/92)=WCX)/WS)
CALL MOVCLP(IXeIY)
IXZ1023/2% (14 (XX=WCX) /WS)
CALL VECLP(IXeIY)
CALL APNU

CALL CONTOR(18¢92¢5,951+3NURY»A,18,92)

CALL APND

CALL wMOQUsE

GO TO 111

GO TO ann

E N

SUBROUTINE RECTI1 (M)
U0 10 1=1,n
JPOS=(Ix128)=128
CALL MOVETO(704,JPUS)
CaLL RECT

RETURN

END

SUBROQUTINE RECT

CALL VEC(prBH)

CALL VEC(192:,0)

CALL VEC((Qr—-B4)

CALL VEC(=192,0)
RETURN

END

SUBROUTINE AMOQUSE
COMMON/MOUSE/ZINXe INY,, INSWrSWSTAT
CALL CHOASC

TYPE 10

FORMAT(1H p*%")
ACCEPT 11, INY
FORMAT(I)

INSW=INY
INY=INY*1p8=128
RETURM

ENU

SUBROUTINE CONTRL
CALL MOVETO(770,24)
CALL WRITE('STOPL>'")
CALL MOVETO(746r152)
CALL WRITE(*NEW DATAC>')
CALL MOVETU(T752,264)
CALL WRITE('VECTURSL>")
CALL MOVETO(7406,296)

T W




CALL WRLTE (*VELOCITY<>") S
CALL MOVETO(722,408)

CALL WRITE('CONTOUR PLOTC>')
CALL MOVETO(746,520)

CALL WRITE('PROFILES<C>")

CALL MOVETU(T46¢552)

CALL WRITE('VELOCITYL>)

CALL MOVETO(710,664)

CALL WRITE('ISOMETRIC PLOT<>')
CALL MOVETO(900,24)

CALL WRITE('1<>")

CALL MOVETO(90D0,152)

CALL WRITE('2<>")

CALL MOVETO(900,280)

CALL WRITE('3<>)

CALL MOVETO(900,4048)

CALL WRITE('4<>')

CALL MOVETO(900,536)

CALL WRITE(*5<>")

CALL MOVETO(900:664)

CALL WRITE('6<>')

RETURN

END

SUBROUTIMNE VPLOT (V)
COMMON/WINDOW/ WS WCX, WCY» XL
COMMON/STUFF/DReDZeKMAX P SZF
COMMON/MOUSE/ZINX» INY» INSWeSWTAT
DIMENSION v(2500)

DIMENSIOMN PVI50)

KMAXZ=KMAX=1

CALL CHGDIN

CALL MOVETC(0,1000)

CALL CHGASC

TYPE 3

FORMAT(1H »'PROFILE AT Z=',%)
ACCEPT #,ps

LPOS=200+ (PZ*190) / ( (KMAX=2) %x2%R) =5
CALL MOVETO(LPOS»820)

CALL VEC(=10:0)

CALL VEC(5:15)

CALL VEC(5:=15)

FORMAT (F)

L=PZ/DZ+1

KTT=(L=1) xhMAX

DO 6 K=1,KMAX

KM=KTT+K

FV(K+KMAX )=V (KM)
PVIKMAX=K4+1)=V(KM)

SC=350/ (KMAX=2)

MOVE=0

DO 7 K=2rpMAX
IFIPV(K)+10,00090.LT,..0001)GO TO 7
GO TO &

CONTINUE

KGT=K=1

PV(KST)=0,

AND=KMAX*k2o=KST+1



12

13

345
312

355
313
311

2b

203

41
40

202
PV (KND) =N,

DO 13 K=KST e KNV

IX=K*SC+1p0

Iy==10,%FPy(K)+128

IF (MOVF. ,Ew.0)CALL MOVETO(IXelY)

CALL ZIPTQ(IXeIY)

MOVE=1

CALL APND

RETURN

EnD

SUBROUTINE VVECT(UsV,R,ZsM)

DIMENSION U(2500)»V(2500)+M(2598) 1k (150),2(150)
COMMON/MOUSE/TINX» INY» INSWe SWSTAT
COMMON/WINDOWZ/WS» WCX s WCY » XL
COMMON/STUFFZDReDZ ¢ KMAX» SZF + KDMN» LOMN » KDMX ¢ LDMX 2 EPS1,DT
COMMOMN/BOUN/ZBLN(2) ¢ ¥EP 150¢2) ¢ YB (5002)

INTEGER BLN

INTEGER FuLL»SUR

UATA FULL,SUR/B,4/

DO 311 J=1.+2

U0 312 I=1eBLN(J)

IX=1023/2% (1 +(XBP(I,J)=WCX)/WS)
1Y=1023/2x (L4 (YBP(I,J)=WCY+XL) /WS)

IF(I1.EQ.1)u0 TO 345

CALL VECLP(IX»IY+512)

60 TO 312

CALL MOVCLP({IXrIY+512)

CONT INUE

DO 313 I=1.BLN(J)

IA=1023/2% (L+(XBP(I,J)=WCX)/WS)
1Y=1N23/2% (1+ (AL=YBP(I,J)=WCY) /¥S)

IF(1.EQ,1)60 TO 355

CALL VECLP(IX»IY+512)

GO TO 313

CALL MOVCLP(IXeIY+512)

CONTINUE

CONTINUE

KKK= 5% (2, +KDMN) + . 5%ABS (2 « =KDMN)

LLL= 5% (2, +LOMN) +. 5%ABS (2. =LDMN)

IONE=1

DO 375 K=KKKeKOMX

DO 375 L=LLLeLDMX

KM=K+ (L=1) kKMAX

KB=KM=KMA X ‘
IF(({M(KM)«AND.SUR) ,EQ,SUR) «OR, { (M(KM) +AND.FULL) sEWG,FULL)]
GO TL 203 ‘
GO TO 375 %
VIS D% (V(KM)+VIKB)) ¢
Ul=,.5% (U(KM) +U(KM=1) )
IF(A3S(UL)=,001)41,41,40
1F (ABS(V1)=,001)375,375:40
H1=R(K)

Z23=Z{L) i
R2=R1+2,.*DTxU1*DR/EPS1 '
22=Z1+2.%DT*V1*xDZ/EPS1 ‘
R1=I0NE*R1 |
R2=IUNE*xR?2 '




375

R1=R1+XL R
R2=R2+ XL
IX1=1023/2% (14 (Z1=WCX) /WS)
IX2=1023/2%(1+(Z2=WCX ) /WS)
1Y1=512+1023/2%(1+(R1=-WCY) /WS)
I¥y2=512+1p23/72%(1+(R2=WCY) /WS)
IF((IX1=-Ix2,LE«1)+AND.(IY1=-IY2,LE.1))GV TQ 375
CALL MOVCLP(IX1i,1IY1)

CALL VECLP(IX2,1Y2)

GO TO 375

CONTINUE

IF(IONE,NE,1)G0 TO 452

10NE==~1

G0 TO 26

RETURN

END

SUBROUT INE CNTRI.1
COMMON/MOUSE/ZINXy TNY » INSWe SWSTA T
COMMON/STUFF/DRyDZ s KMAX
COMMON/BOUN/BLN(2) » XBP (5002) e YBP(50+2)
INTEGER BLN

CALL MOVETO(120+512)

CALL VECTO(120,116)

CAaLL MOVETO(108,128)

CALL VECTQ(820s128)

DO 1 J=1.y

JPOS=128+y*100

JN=J® L0

CALL MOVETO(120,JP0S)

CALL VEC(=12:0)

CALL MOVE(~=30,=3)

CALL WRITE('aa.<>'rJN)
CONTINUE

DO 2 i=1ry

IPOSZi20+I%175

INZ=32+1%106

CALL MOVETO(IPOS»128)

CALL VEC(D:.=12)

CALL MOVE (=12¢=106)

CALL WRITE('aAAA.<>" s IN)

CALL MOVETO(340,48)

CALL wWRITE('RADIAL POSITION (MMI<>')
CALL MOVETLU(32:512)

CALL WRITE('AL>Y)

CALL MOVETUL(32,492)

CALL WRITE('X>")

CALL MOVETO(32¢472)

CALL WRITE('IL>")

CALL MOVETO(32,452)

CALL WRITE('A<O>")

CALL MOVETO(32,432)

CALL WRITE('LL>")

CALL MOVETO(32,392)

CALL WRITE('VL>)

CALL MOVETO(32,372)

CALL WRITE('E<>")

CALL MOVETO0(32,352)



. 204
CALL WRLITL('LL>Y)

CALL MOVETU(32¢332)
CALL WRITE('0<o")
CaLl. MOVETL(32,312)
CALL WRITE('CL>1')
CALL MOVETO(32,292)
CALL WRITE('IL>")
CALL MOVETO(32:272)
CALL WRITL(*'T<>")
CALL MOVETO(32,252)
CALL WRITE('Y<>Y)
CALL MQVETO(32,2172)
CALL WRITE('C<CoM)
CALL MOVET0(32,192)
CALL WRITE('HM<>")
CALL MOVETUL(32,172)
CALL WRITE('/<>")
CALL MOVETO(32,152)
CALL WRITE('S<>")
CALL MOVETO(32+132)
CALL WRITE('E<>")
CALL MOVETO(32,112)
CALL WRITE('CK>')
SC=190C/ ((KMAX=2)%DRx2)
DO 7 J=1:r2

DO 4 I=1rplMN(u)
IX=XBP(Irg)xSC
Iv=YBP(Leg)x5C
IF(I.CW2)00 TO 3
CALL VECTQ(IX+200,927+1Y)

GO TO 4
3 CALL MOVETO(IX+200,927+1IY)
4 CONT IHUE

DO & I=1,8LN(J)

IX=X3P(IrJ)*SC

1v=YBP(I,g)%SC

IF(I.EQ,1)60 TO S

CALL VECTO(IX+200,927=1Y)

GO TV 6

CALL MOVETO(IX+200,927-1Y)

CONT INUE

CONT INUE

CALL MOVETO(416,800)

CALL wRITE(*AXIAL POSITIONG ')

CALL MOVETO(B8Bos24)

CALL WRITE('RETURNK> ')

CALL MOVETO(886,152)

CALL WRITE ('"OVERLAYZS )

CALL MOVETO(896,280)

CALL WRITE('CLEARS> ")

CALL SCNU

452 KETURN
END
SUBROUTINE CNTRL2
COMMON/MOYUSEZINX» INY s INSWe SWSTAT
COMMON/STUFF/DRyDZ s KMAX s LMAX
COMMON/BOUN/BLIN(2) ¢ XBP (50+2) ¢ YBP (500 2)

~N oo




INTEGER BLN

CALL MOVETO(868,214)

CALL WRITE('V=VELQCITY<>')
CALL MOVETO(868,152)
CALL WRITE('U=VELOCITY<>')
CALL MOVETO(868:,280)
CALL WRITE('PRESSUREL>!')
CALL MOVETO(874,396)
CALL WRITE(*FUNCTIONK>")
CaLL MOVETO(886:422)
CALL WRITE('STREAML> ')
SC=770/( (LMAX=2)*DZ)

DO 5 J=1e2

DO 2 I=1.BLN(J)
IX=XBP(IrJ)*xSC+128
IVY=YBP(I,9)xS5C+380
IF(I.EQ.1)G0 TO 1

CALL VECTO(IXeIY)

G0 7O 2

CALL MOVETO(IX,1Y)
CONTINUE

DO 4 1=1,8LN(J)
1A=XBP(Iry)%SC+128
Iy=380=YBP(IrJ)#SC
IF(I.EQ.1)GO TO 3

CALL VECTO(IXeIY)

GO TO 4

CALL MOVETO(IX,IY)
CONTINUE

CONTINUE

CALL SEND

RETURN

END
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bo

67

oY
ob

70

N

SutiP2uTINe CONTOR(MyNs XDIS)GeBDrArMD D)
CaMESION w(MDeinD)
CIMENSION AX(D)oYY(5)r3(200) e X(200)
Y207 ) BN (MO e L) o A(MD,ND) o F U512 5(5) e T(S)
UDIMENSION AS(8000) ,YS(80092) p XP(300) 2 YPI3Q0)
COMMIINZNWINUOW/Z WS e wCXp WC Yy XL
COMMUM/CUNLVL/NCLS,NCL
ITWTLORER By
SCALE=XxDIS/FLUAT (M=1)
v1z=G(1, 1)
C2=ul
LR Fo I=1,M
U0 66 J=t,N
1f (BNU(Ird) GTe1)00 TO pe6
CI=AMANLIGLeGLINJ))
U mAMAXL (L2001 d))
Ceiit INug
her1zhCLS
T1:iMP=uy
GL=0,0
5=(22=61)/FLUAT(NCLi+1)
C{l)=Cl+oy
BO 67 w=2.4CL1
BiR)ZO{K=1)+0S
(7]=T|.MP
1F(Gl.GE0.0)60 Tu 68
T8T==G1/0CL+1)
MOLI=HCL+ LS
MCLHZNCLS+2
BAHCLS ) Y= L +TST
U0 A9 kz=hCLNeNCLA
b(R)=E2 (Kh=1)4T5T
CiLl ChHGSIN
Cal. MOVE U0y 1009)
Chile AP
TYPE 70p01eG20 (LK) pKSLrNCLY)
FURAAT (1ri 920Xy "IN GRLID VALUE=' »F»3X»

YOAX 510 VALUE=Z '"yFe/Z1H »10Xe 'CONTOUR LEVELS'/

(100 4F))
CALL CHOLLN
bo 1 I=4«100
AlL)=1l=1)%,2
YLI)=(I=2)*,.2
Ml=M=1

113 =li=1

fy=

vy Yy 1:1”‘”_
sl

u‘“'.:ﬁp:l

LO B uzMNS, N1
LU TO (Seu) pJd P

206

IAF(BNU LT ru41) eGE e LoAND BND (T+1,J+1) 4GE«1}060 TO 5

a=dJ
JTEMPZ2
Co TO &5

MFZ U




207
hszu+l
LE(NS.GT. ) NS=N
CO TO o
5 CONnTINUE
uG TO 44
o LO 43 u=itlgeNF
iCL=}
15=0
IF(BNDUTry) BEL.L) 1521546
IF(BNC(I1ru+l) 2GELL)ISZISH2
JF(BND (141rJd+1) sOE 1) IS=1S+3
LF(BND(I4+1,J) e« 1) TIS=1ISH+Y
IF(ACLFLrUY=1.011,7011
7 IF(A(LyJ)=-1,011,8,112
‘ 3] IF(ALLI+Leg+1)-1.)21+9,11
G
1

IF(A(I+1lru)=1)200 1011
n IF(BND(Lrd) dEWe2.0R BHO(LrJ+1) JEQe2 URBHI(THLrJ+1) .
2 LU.2,0R.oriv(I+1,J).EQ.2)60 TO il
‘ 161
GO TU 13
11 IF(IS.0E.1.AND,IS.LE,15)60 TN 13
15=1
KRRRKRZKkian+ 1
IF (KRKKK.GT.40)00 TO 13
IFWLISEE Bt 1) TYPE 12514

iz FORMAT (1H 220X SIHWARNING. .o "IS' IS OUT OF RANGE,
* Sar201h=13,3Xe2HHU=13)
L3 Fil)=u(Ird)

Fi2)zo(lrg+l)
Fro)=o(I+1lrd+l)
Few)=Grl+1ed)
S5(1)=A(I)
St2)=X1X)
S(a)=A(I+1)
S(e)=X([+1)
TLl)=r(d)
[(2)=Y(Ju+1)
TL3)=Y {u+1)
((4)=Y(J)
l=u
VO T (28,149 1591097 17218919020+ 20r21927924+23043043),15

14 F(2)Eo(Ledrl)
F{-3Y=61 Lsd+ 1)
Fia)=g(l+1rJ+1)
FiSi=o(I+1rd)

| S(S)ZX(L+1)=A(T,dF1)

SID)=A(I+1)
T(2)ZY(Jd) ¢A(Lrd+])
T(4)=Y(J+1)
T{B)=Y(J)
IN=5
00 Tu 28

15 FO3)=G(I+1eJ+l)
Fl)zol{I+1ledt+l)
F(bH)=a(I+1eJ)
S(3)=X(L)+A(L+1,J+))
S(H)=A(I+1)



lo

17

18

19

20

24

L)Y (U rA(L+1utL)

[(5)=Y(u)
L=
ag T 24

F(Hr=o(lr1ird)
F{B5)Z0(L+1rJ)
S(OI=X(L)+a(I+1,J)
(W) S (U+ L) =ACI+1, )

T(HY=Y(u)
IN-'-:.LB
vy o 238

F(2)Y=o(lrutl)
FI3y=G(Er1,J+2)
T(2)2Y (I eA(Lrd+1)

1 (3)=Y (U +All+1,Jd+1)
1=y

oy Tu 238

LEA(BND(TIr + 1) oGL a1 AND BND(I41,J) 4GELLICO TO 25

FOLI=G(TIey)
Fesyzo(ley)
S(H)=X([+1)=Al1,J)
T(A)SY (Ut1)=A(Id)

T(3)=Y(J)
IN=5
Ly TO 28

Fe3)=o(lr1yd+l)
i“(‘-ﬁ):\-’(lflld)

S EX(E)+A(I+1 0 dr))
S(4)=X(I) FA(T+L, )
[w=4

oo Tu 28

FLr)zo(ley)
FI2)=G(1egtl)

S EX(Ir)=A(Lyd)
S{2)ZX(I+1)=A()rdeY)
NZY

v TO 28

FLY=6(1ry)
Fla)zu(It1eJ)
FCYSY(J+r ) =allyd)
)=y (J+)=A(L+1,»J)
fiy=y

20 TD 24

Loo.z4

Fil)<o(l,J)

Fud)za(l+rd ) ¥ lu(I+10J+ ) =G(L oI+ 1)) +G(Erutl)

S SX(T)+A(1+10d4Y)
TSI (UL} ~A(Lsd)
IN=3

20 TO 28
F(l)Su(Ilsgtl)
F(2)za(l+1rdtd)
F(3)ZS (141 0)
S(L)ZA(I+1)~A(LrJt])
S(2Y=X(1+1)
T{ly=r(J+1)
TI3)ZY(JH1)=A(1+1,V)

208




2

<)

a0
31
32

33

34

35

36

57
30

Inz=3
1C.=1
a0 TJ2 28
Iglzs?

209

IF (BND(1,J) 0E.L.ANDNO(I+1rJ+1).GE 1) WLUTU 22

F{2)Z6e(Lrutl)

F{3)z0(I+1,J)

S(I)=X(I)+A(I+1,V)
T(2)=Y(J)+A(Lsd+l)

TEAYEY L}

In=3

oolC 28

Fer)z=e(ley)

FL2)=G(I+1rJ+1)

F(3)=G(IL+1,J)

S(L=X(I+1)=A(I,J)

S{2)=%1t I+1)

T(2)=Y(J) bA(L+1putL)

Ti3Y=14d)

InN=3

ICLE]

DO 42 L=1,NcLd

LL=0

[sw=1

[1=1

[2=2

21=F(I1)

52zF(12)

IF 184L =31} 0637931

IF (3(L)=G2) 34,37,32

LF (32=B(L)) 34,37,32

n.L:LL+ 1

LF (ABS(S(I2)=S(I1)) LT. Q.0U01) GOTO 33
SLOPZS(T(12)=T(IL))/7(S(I2)=S(1I1))
[F (AUS(SLOPE) .GT.1.0) GOTu 33
AX(LL)=(S(I2)=5(I1) ) *(p(L)=61)/(Ge=G1)+S(11)
YY(LL)Z(XX(LL)=S(11))*sLOPE+T(1L)
LOT0 34
SLOPLZZ(S(I2)=S(11)) /(T (I12)=T(I1))
YY(LO)=(T(12)=T(IL))*(8(L)=GY)/(G2=G1)+T(I1)
AX(LL)=(YY(LL)=T(I1))*5LOPE+S(I1)
LIzl

Ig=12+1

o100 (35¢36)r1SW

IF (12,LE,.IN) GOTG 29

11=1

I2=1(\

[Sw=2

S0TQ 29

IF (LL,EQ.,0) GOT0 42

IF (-L,Eu,2) GOTU 39

IF{ISEE.EQ«1)TYPE 3BeLLeBILYeIsotr(IL)rIl=104)

FORM}T (' NAHNING.."!12!F1°.5'212'4F‘1C.5}
w0TC 42

[F (XX(1).,LT«XA(2)) GOTO 40

MeM=XX(1)

XA(L)=XX(2)



un

L ga)

4o

47
s

49

51

Xx(2)=TEM
[ZMzYY (1)
Y{t)zyy(2)
(Y(2)=TEM
LS=harl
StLal=Xat 1)
(Sils)z=¥YY (1)
LS=LaFL
AS(L3)zXX(2)
YRIL3ISYY(2)

IF (L5,LT, 8200)

TiPD 43

FURMAT (Y DIMENSION ON XS IS ToO SMALL I SUis CONTORe)

Cate oxIT
CONTINUE

SO0 (4392, 43027)ICL

CunT [NUE
aQfD 2

CONT INUE
LSHA VLS
TunNE =1
1sw=-1
2P5=,0n1

i

[PS=L

JJ=1)

IonC=1i
JusJdJEl
ARPLJI)ZXS (L)
(PlJJd)=YS(L)
JuzJdIrl

be (Ju,LT,3500)

Tyro 47

FOMAT (' DIMENSION ON XPy v HAS sEbkil EXCEEDED')

CaLl coxIT

ARP(JJI=ZXS {L+))
TP(JJ)=0S (L+1)

=i
=i+l

GOTO 48

iF (RNeweL+l) 62TV 55

LF (ABS(AS(K)=XS(L+1)) «GT . EPS,ORWAGS(YS(An)=YS(L+1))

T EPS) GUTO 55

LSIl =2

IF (o, LE.N) GOT0 56

B Fg W
leSR=2
WISk

-LF \('l.)**K.LT.U-O} GOTD 51

TEM=XS (K~).)

AS(K=1) =X, (K)

AS(K)=STEM
EMZYS(K=1)
YOIh=1)=Y5(K)
T () =TEM
LK==

bvlzk=-1

lr (l"-.'aT-I_l‘l‘l, LOTO 52

sOTO 42




Ty S ——

92
2.5
o4

55

ol
6Bl

o J 2

54

02
8Jd

84

ol

L=h 1

IF (L.oTe0) GOTO 53

Lzl

Lo H4 Lkzpl,Ls

A L) =sX5(Ll+2)

YS(LL)=YS (LL+2)

GOTY (4orb0)eIPS

IF (KoL Tel.SeAND s A(R) JLTFLOAT(M)) GOTO 49
iP%=E

[ g

L.G=L 5=

CGulo 53

v1Z(Ud=1) el 1+150) 72+

CaLL LHPLT(XPrYPrJJ)
IAZIN23/2% (14 (YP{Ul)=WCX)/WS)
IF(IUREL 61,060 Tu A
IyzIn23/2% (L+H(XP(Ul)=wWCY+XL)/WS)
GO Tu 6l

Ir=1n23/2% (LH(ALL=AP(JL)=WCY)/WS)
Cunl INUE

Call MOVCLP(IX,LIY)

WO B9 U=, Jd

iF 13180y .9 euTY 87
Jicshdrl=u

GuTu bu

Y =)
LAZ1023/72x ( A+ (YP(JL)=WCX)/WS)
IF (IR .6TL )60 TO 62
I(=1028/784 00 XP(Ul)=ACY+AL)/0S)
e TO a3
Iv=1023/72% (L + (XL=AP(J1)=WCY) /W:3)
COMTLNUE

CALL VECLP(IXeIY)

CONT LNUE

LF(IOME WOTL2)00 Tu 61
LUE=i0HE+1

LU TU Ho

COLT LNUE

IF(LS.LE.0)RETURN

iSw=—15W

LOTO 45

EfilL

SUBROUTIHE PLOT (A, Yel)
COMMON/FLAT/DX LY
IF(M,LT.D)u0 T30 1
A0 R (A+UX)

PZLON L (THDY)

WAZIFLA(A)

lp=IFIA(B)

LF (ML, EQ.3)CALL SUVETO(NA»NG)
IF(H.bw.2)CALL VECTO(NAYNB)
Re TURN

DAZDCHX

UYZUT+Y

i, TURN

b

SUUROUTINE FINI

211



212
Cal.l AaPND
Ak TUHN
Ll
SULROLTINE [CPLOT(XXe YY)
COMMUN/F LT /DX Y
ba=2.0
Dy=t:, 2
CaLl SETurb
VS=4,0
LCR=OL.N
N‘. Y-:Ll'- ﬂ
ReETuURN
£
SUBROUTINE SYMBLLY4 (XXe Y1 HTyNOO Ml I)
RETURH
Einu
SUBROUTINE, MUMBER (XXXe YYYrHHH» RRR» 222, 111K)
HKETURL
L b




OO0

=00

hW"EaRele]

s leNelel

55

213
THIS SET OF SUBROUTINES PERFORMS CLIPPING ON
DATA PASSED TO IT THROUGH VECLP AND MOVCLP
CALLS. (4=20=72)
SUBROUTINE VECLP(IX,IY)
COMMON/CLP/ZINs IXPy LYPoMN
LOGICAL IN
IF(.NOT,.IN) GO TO 12
THE PREVIQUS POINT WAS INSIDE OF THE FIELD
CF VISION UEFINED BY THE SCOPE.
N=0
IF{IXeGTo1023)N=N+1
IF(IXeLT+0)N=N+Z
1F(IY.GT|1023)N:N+3
IF(IY.LT.C)N=N+6
Nzin+ 1
SSUIY=TYP)Y 21 LX=1XP)
GU TO(1rv3¢5v402/4s69816) N

ENTIRE LINE IS VISIBLE

CALL VECTO(IXeIY)
O TO 11

LINE GCES OUT TuP RIGHT HAND SIDE OF SCREEN

1XS=(1023=-1YP)/S5+LXP
IF(IXS,GT,1023) GO TO 3
CALL VECTO(IXS,1023)

O TO 10
IF(IY.EQ.IYP)IGO TO 35
IyS=(1023=-1XP)*x5+1YP
CALL VECTOQ(1023,1%5)

Go TO 10

CalL VECT0(1023,1Y)

LU TO 10

LINE GOES 0UT TOP OR ToP LEFT HAND SIiuE
UF SCREEN,

IF(IX.EQ.IXP)IGU TO 45
IXS=(1N23=1YP) /S5+1XP
IF(IAS,LT,MGOU TO 5
CALL VECTQ(IXS,1C23)
@0 TO 10

CALL VECTO(IXr1023)
co TO 10

LINE GOES WUT LEFT HANu SIDE OF SCREEN.

IF(IY.EQ,1YP)GO TO 55
IyS=1YP=5S%]IXP

CALL VECTO(DeIYS)

GO 10 10

LALL VECTO(DeIY)

GO TO 10

LINE GOES OUT OF gOTTOM OR BOTTOM LEFT CORNER,.



(@]

6b

ocoOcCo

1n
11

=000

13
14

=000

155

= 00

214

IF(IX.EQ.IXP)GO TU 65
LAS=1XP=-1YP/S
IF(INS,,LT,0)GL TO 7
Cull VECTUGULIXSeQ)

G0 TO 10

CaLL VECTO(IXeD)

Go TO 10
IYS=IVP=IXPxS

CaLL VECTQ(ODrIYS)

GO TU 10

L1INE GOES QUT BOTTOM RIGHT HAND CORWNER.

1YSZIYP+5%(1023=1XP)
IF(LYS,LT,M)GO T0 9
CaLL VECTQ(1023,1Y5)
G0 TO 10
IXSzIXP=1YP/S

CaLL VECTUI(IXS,0)
IN=,FALSE,

IXP=1lX

1¥P=LY

MN=N=1

RE TURN

LINE 1S COMING INTO FIELD OF VISION,

N=zD

Sz(IY=IYP)/Z(IX=1XP)
IF(IXeGT1N23)N=N+1
IF(IXJLT«0)N=N+2
IF(IYWGT+1023)N=N+3
IF(IYJLTOIN=N+E

NzN+1

GO TO (13,23123123023023923923+423)01
GO TC (15,17+v16914+16,18+20,18) v MN
IXS=(1n23=1Y)/S5+1IX
IF(IXS,GT,1023)G0 TO 15

CALL MOVETO(IXS,1023)

CaLL VECTO(IX.IY)

GO TO 22

LINE 1S COMING FRUM RIGHT SIDE OF SCREEN,

IF(IY.EQ,IYP)GO TO 155
IVSZ(1023=-1X)*5+1Y
CALL MOVETO(1023,1YS)
CALL VECTO(IX»I1Y)

GO TO 22

CALL MOVETO(1023,1Y)
Catl VECTO(IX.IY)

GO TO 22

LINE 1S CUMING FRUM TOP OR TOP LEF1,

IF(IXEW.IXP)GO TO 166




215
IAS=(1023~-1Y)/5+1IX

1IF(IXS.LT,0)60 TO 17
CALL MOVETO(IXS,1023)
CALL VECTO(IX»IY)
Gu TO 22

166 CaLL MOVETC(IX,1023)
CALL VECTO(IXeIY)
60 TO 22

C

C LINE IS COMING FRCM LEFT SIDE OF SCREEN,

C

17 IF(IYJEQ.LYP)GO TO 175
1YSzIY=S*IX

CALL MOVETU(O0,IYS)
CALL VECTO(IXeIY)

Gu TO 22
175 CALL MOVETC(O0rIY)
CALL VECTu(IXeIY)
Gu TO 22
1u IF(IX.EQ,IXP)GO TO 185

IAS=1IX=1Y/S
IF(IXSLT,0)G0 TO 19
CALL MOVETO(IXS:0)
CALL VECTO(IX,IY)

6o Tu 22

1485 CALL MOVETO(IX»0)
Call VECTO(IXeIY)
GO TO 22

19 1YS=IY~-IX%S

CaLL MOVETO(0,1IYS)
CaLk VECTO(IXseIY)
GO TO 22

20 Sz(IY=1YP)/(IX=1XP)
LYS=iY45%(1023=1X)
IF(IYS,LT,0) GO Tu 2%
CALL MOVETO(1023,1YS)
CaLL VECTOQ(IXeIY)
GO TO 22

21 IAS=IX=1Y/S
CALL MOVETO(IXS,0)
CALL VECTOQ(IX»IY)

22 1in= ., TRUE

23 MN=N=-1
1AP=IX
IvyP=1lY
KETURN
END
SUBROUTINE MOVCLP(IX,IY)
COMMON/CLP/INyIXPrIYPrMN
LOGICAL IN
INZ,TRUE .
Nz0)
IF(IXGTL1N23)N=N+1
IFC(IXALTe0)N=N+2
IF(IYeGT&1023) N=NEDS
IF(IYJLTo0)IN=N+6
N=N+1



GO TO (Le202020202020202) 014
CALL MOVETO(IX,IY)

Lo TO 3

In=4FALSE,

1AP=Z1 X

IrPzlY

MN=N=1

RETURN

END

SUbRQUTINE DOTCLP(LXeIY)
COMMON/CLP/INy LAP» LYP MmN
LOGICAL 1IN

ta= 00

IF(IXeGTo1N23)N=N+1
IF(IXJLT0)N=N+2
TECIYaGTolN23)N=N+3
IFCIY.LT.0)N=HN+6

M=+l

GO TU (1s2¢r202e292¢29202) 1N
Culkl LOTAT(IXeIY)

MN=H=1

I1XxP=1X

IYyP=1Y

RETURM

END
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APPENDIX VI

MISCELLANEQUS PROGRAMS

Routine Name Function
SAVCOR Saves a core image of currently
executing program
PSEUD Sets up pseudo-interrupts
SLEEP Dismisses process for specified

number of ms.

GETIT Determines latest wversion of
saved core and gets it.

PRINT Reads in data file and formats
for line printer listing.

TYPE Reads in data file and formats
for teletype listing.

APFLE Appends error function to a
display file.




TiTLL

SAVRREU:
ABSAV !

REATRY:

RSTART:

SAVCUR
LHTRY ABSaAV
EATERNAL LAGL

LBLOUCK 20

n

MOVEM 17, SAVREGHLT
MOVE 1 17+ SAVREG
LT 17+ SAVREG+16
MOVEI 1,4n0000
GEVEC

MUVEM 2,5AvV0L0CH
HRLZ] 1,1818+18330
MOVE 3,FLAGY
AOKI 5,1

MOVEI S,FLAGL
HPRO 2, BSTABTLS)
wTJF N

HALTE

HRRZM 1,JFMSAVH
MOVE 1 1,400000

HRI.T 2; 4

ARIKT 2, RENTRY
SENEC

HRLI 1,4n0003
HRR 1, JFNSAV

MOVE 2,L777760,,291)
SAVE

MOVE 1,470000
HRLL Z L

HRix 2, BANLOC
SENECD

HRrLZI 17, SNVREG
LT Y17

JRA 160 (16)
LASCLAL/P P L/ )
LASCLZ/PpMPI2/ ]

ENw
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- We W W

SAVK

CHilT R ;
LEVTaB:
PCSAV:
PSEUDL:

MES:S
LOL S

THLIS PROLRAM ENABLES PSEUDQ=INTERRUPTS TO

uE GENERATED. WHEM AV IS TYPE IN»
INTERRUPT CHANGES THE SENSE OF THE
TTY FLAG,

TITLL INIRPT

ENTRY PSELU

EXTERNAL FL.GS

ITY=ZFLGS

BELOCK 20

tLOCK 4y

BLOCK 3

tsLOCK 3

0]

MOVEM 17+SAVR+17

MOVEL 171 SAVR

bLT 17,SAVR+16
HRL T 4.4

MOVEM  1,CHMTAB
HKK 1 1,PCSAV

MOVEM 1, LEVTAL
MOVEL 1,40000¢C

HRLI 2yLEVTADL
HRRI <o CHNTAB
SIR
MOVE1 1,47°0500
EIR

MOVE I 1,400000
MOVE 2,0402000,,0]

AIC

MOVE 2,260,001
ATI

HRLZI 17,SAVR
BLT 17417

YA l1gr (1l6)

ASCIZNITY FLAG CHANGEU . 4 e
SETCMA 2, TTY

MOVEM 1, SAVR

HRROI  1,MES

PSOUT

MOVE 1, SAVE

DEBRK

ENUD
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1I1LE SLEQH =
L1SMISSES THE PROCESS FOR SPECIFIED NUMBER OF MS.
ENTRY  SLLEP
SLELP:

MOVEM 1, SR LK

MOVEL 1, 10000

-e

L1SMS
MOVE 1,5A2
JEA Thr(l6)

LMD




221
SEARCH STENEX

TITLE START RLGHT FIbB wOb
LuC 2nonnp
P THIS PROGRAM DETEKMINES THE APPROPRIATE P.DMP FILE
s TC RUN FROM A Flg REGUEST s v s e e
FNAML1: ASCIZ/REGQULSTEJ=F=I1-=134INPUT/
FNAM2: ASCIZ/P,DMP/
GET1T: MOVE 1,0Xwh 100001, =2]
HRROI  2,FNAML
OGTUFN
HALTF
MOVE 2,LXWD 1,71
MOVE L 9

GTFDE

HLRZ 2,2

KQOT 2,1

JUMPL 2,0DD

MOVE 1,0 Xwu 10000121

vRS1 NxT
(V1B MOVE 1,LXWD 100001,11
MNXT 2 HREOIL 2,FNAM2

GTUFN

HALTF

HRLI 1,4n0000

GLT

hRK2 1,120

JPST 1)

HALTF

Einly GETIT



1nn

1rl

le

17

16
19

2n
21

222
DIMENSION JUL18282)»VV(18r82)PP(1B,82]
DIMENSION A(18082),U(2500),V(2500)P(2500)
LIMENSION MESS(T)
EGUIVALENCE (UpUU) p (Ve yV) e (PsPP)
TyPE 1n0
FORMAT (1t o *INRPUT FILE:'»%)
ACCEPI 171 ,NAME
FORMAT (AS)
NAME ZHAME 4 32
CALL LFL1LE(R?y[vAME)
READ(Z29) ) IMESS(T) ¢ I=a,7)
FCORMAL (7AS)
NAME=MAME +6
CALL LFILE(2391{AME)
FEAD(23) M
KEAD(23)U, Vv, F
READ(23) T oRHUAP TIME yNCYCLE MU, EFS]
KEAD(23)KEMN e KUMA p LDMNy LOMX 2 DRy DZ» kMAX P LMAX
WRITE(P4916) (MESS(1)pI=147)
FORMAT (1H 2 7AD)
WRLITE (240 17)NCYCLE
FOURMAT (11t » 'CYCLE 1)
JO 20 L=1,LMAX
WRITE(24,108)L
FORMAT (1 o'L=",1I3)
VRITE (249 19)
FORMAT (LM 4 'K Vv U 2t
DO 20 K=1,KMAX
WREITE (2422 0)F e JUIK L) ryVIK L) 1 PP(KeL)
FOERMAT(1H »I13¢34¢3F)
STOUP
BN




223

INTEGER BLN(2)»BNDRY
DIMENSION UU(18,82),VV(18:82)'PP(18,82)
DIMENSION ME(18,82)
DIMENSION BNDRY(18,82)
DIMENSION VZ(18,82),51(18:82)
DIMENSION DIMR(150),0IM2(150)
DIMENSION A(18,82),U(2500),V(2500)P(2500)
DIMENSION MESS(7)
DIMENSION BPX(100),BPY(100)
DIMENSION XB{(100)YB(100)NSEQ(100)
DIMENSION XBP(50¢2),YB8P(50,2)
DIMENSION M(2500)
EQUIVALENCE(U UU) p (Ve VV) 2 (PePP)
EQUIVALENCE (M¢ME)
COMMON/CLP/INy IXPe IYPeMN
COMMON/STUFF/DR»DZ e KMAX» LMAX
COMMON/WINDOW/WSs WCX» WCY s XL
COMMON/CONLVL/NCLS e NCL
INTEGER EMPBNDeoFULL,»OB
DATA EMP,»gNDeFULL,0B/16932,8,2048/
TYPE 100

1nop FORMAT (1H »*INPUT FILE:"»%)
ACCEPT 101 ,NAME
NAME=NAME+ 32
CaLL IFILE(22)NAME)

101 FORMAT (ADS)
READ(22¢1) (MESS(I1)sI=1,7)

1 FORMAT (7A5)

READ(22s2)KMAX s LMAX

FORMAT (21

READ(22+3)SMIN,EPS1

FORMAT (2F)

READ(22+4)0¢D s MUrRHOA

FORMAT ( 4F )

READ(22+5)UR

FORMAT (F)

READ(22¢5)02

READ(22+6)D

6 FORMAT(I)
READ(22,3)BPX(1)¢BPY(1)
MM=2

7 READ(22+3)BPX(MM) »BPY (MM)
IF(BPX(1) ,EQ.BPX(MM) ,AND ,BPY (1) EG.BPY(MM))GQO TO 8
MM=MM+ 1
GO TO 7

8 MM=MM=1
Do 9 I=1l+g

9 READ(22+6)D
N=1

1o READ(22,11)XB(N)»YB(N) s NSEQ(N)

11 FORMAT (2F, 1)
IF(NSEG(N) ,EQ.1)GO TO 12
N=N+1
GO TO 10

12 KMAXZZ=ZKMp X=2
LMAXZZ=LMpX=2
KMAXZ=KMAx=1

o F WM



224
LMAXZ=LMAX=1
XBMAXZDR*kMAXZZ
YBMAX=DZ*| _MAXZZ
N=N
MM=0
13 N=N+1
MM=MM+1
XBP (MM, 1)=YB(N)
YBP(MM,1)=XB(N)
IF (NSEG(N) .,EQ.0)G0 TO 13
XBP (MM, 1)=YB(N)
YBP (MM, 1) =XB(N)
MM=MM+ 1
XBP (MM, 1)=YBMAX
YBP (MM, 1) =XBMAX j
BLN(1)=MM
MM=0
14 MM=MM+ 1
N=iN+1
XBP (MM, 2)=YB(N)
YBP (MM, 2)=XB(N)
IFINSEQ(N).EG.,1)GD TO 15
GO TO 14
15 XBP (MM, 2)=YB(N)
YBP (MM, 2)=XB(N)
BLN(2)=MM
NAME=NAME +6
CALL IFILE(23¢NAME)
READ(23)M
READ(23)U,V,P
READ(23)DT+RHOAy TIME NCYCLE »MU,EPS1
READ(23) KDMN ¢ KDMX s LDMNyLDMX ¢ DRy DZ ¢ KMAX ¢ LMAX

202 TYPE 16

16 FORMAT (1H » 'LOOK AT:'s%)
ACCEPT 17,IVAK

17 FORMAT (A1)
IF(IVAR,Eg.® *)CALL EXIT
TYPE 18

18 FORMAT(1H »*START AT L=',3%)
ACCEPT 19,L1

19 FORMAT (1)
TYPE 20

20 FORMAT(1H »'LIST TO L='+$)

ACCEPT 19,L2
ACCEPT 2n3,NDUM

203 FORMAT(I)
TYPE 201,NCYCLE
2ny FORMAT (1H ¢ *CYCLE ',13)

IF(IVARJEG.'P')GO TO 24
IF(IVAR.EQ@.'V'")GO TO 27
DO 22 L=bLqsl2

TYPE 21,L
21 FORMAT(1H o¢'L=',13)
Do 22 K=1,18
22 TYPE 23+:K,UU(K,L)
23 FORMAT(1H »*K="9I3s* U(KeL)="eF12.7)

G0 TO 202




24

25
26
27

28
29

225
DO 25 L=LjrL2
TYPE 21,L
bo 25 K=1,18
TYPE 26/+K,PP(KeL) -
FORMAT(1H »*'K=ty I3, P{KsL)='1F15.7)
GO TO 202
DO 28 L=L1.L2
TYPE 21.,L
DO 28 k=1,18
TYPE 29:K,VV(K,L)
FORMAT(IH »'K='13," V(KsL)='rF12.7)
GO TO 202
END



226
: 2770 iRAw FILE YORP1,OAT AND APPEND TO FILE
: PR Y T, MELETE FORZL T WHEN DONE.eees
* LT T IR
LT gy 7Y TILE

Y AWTE S

T ApTLE
X e 22
e AGYIT/TRAL OIATY
Voades A maT 2 RSN JONTEL
’ 1 ol X
Y 17,34YR+17
R 17,3AVR
M F 17,32 VR+16 y
R 3l >, TN
S 1,C1321131 T
23 |
"‘.I‘I‘.‘
wOHE R l,d""»!l_?
T 2, 1443511519
RV [
‘Rt 2, iR

“YST 1, C1B3NI3LT)
@il
!.'q". 1_-1-"-

muEY ] JEN2Y
‘TR 2, 0443511822 ]

~oT

NALTT
LYty L yJF4

3]

YAYE 3,2

~TS 14

o, 7 ,1022
e E N
e o
A L ydri2
LRI

JR A

By By, 1yd%n1
'7_‘1‘_;"
0y 1_.TT

|




APPENDIX VII

LISTING OF INPUT DATA FOR
BALL, VALVE



228
STARK=LLWARDS pALL VALVE(EXTENDED)
1609291,°
N1y o20Nael),
NNy  NO32,1.00
o
o
2r2¢1792091
ni'ns
1-?!“0
1Q7lﬂdu
1-55'96(51
libb-glsb
1.5609,42
l.G2:10,07
1,736s10.53
1.736,10.78
l.obosrl) .04
1.52Hp11 .42
Neb9ell, b
N,BUGr L1 TH
Pa9Nel1, 9
1.397¢12.10
1.""{)!12-3})
1.6H012,73
2.9&3‘!!1‘*'13
3.175114.51
Se20 1l 59
3-2!18-
nl'ld.
0-011.255
llgb' 11.25:’
0388l11.171
W561,11,N72
700y 10,958
8270 00,777
«9NBe 10,040
«949, 10,599
«949, 10,209
«908e10,20b
«827919,0205
.70”!9-(3‘32
-bbllgnbad
3B8919.429
e198¢9. 307
ﬂ-!9.345
Paei,
n
1p10019092,049=20,,7,0
2ed0elele0ar=10,90r1
2917092921040 =7:5721¢0
n

360, "5y 2. 45061
l,79=,000]
1&7[&.”
1.56¢9,31
1-5bl9.5b
1-58!9-&2




l1.62e10,007
1.736010.50
l.736rl0a70
l.083r11.04
1.5241242
N,u9ell, %o
”.546:11-74
f‘.‘j' 1105’\»‘
1,397¢12410
l.ﬂbulz.ﬁb
l.bbel2,75
P T SO TR
3,075 14451

3.202914459,2
~o0NN1, 12,259

00190f11'233
n-slﬁbl 110]71
NeOblellen72
N 700,100,958
nobE?rl”o???
NeGNBr1n.595
nll.qufl”'jgg
P99, 10,209
NeONBY10,100
N, L2T7rY,623
N.7N0,9 062
“-bblv?.bab
Ne3BLPY, LY
MelY0r9,307

=N, N0N1,9, 3451
190, 03,0r0er18,9,28800,.9

lelse el
LNINY
20

ol
0001
45

I

S |
2n

20

4
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APPENDIX VIII

LISTING OF DATA FOR
BALL VALVE SOLUTION




STARR=-EDWARDS BA; L VALVE (EXTENDED)

CYCLE 277
L= 1
K U
1 0,00p0000
2 -0, 0075029
3 -0.,0131090
1t -0,0182086
5 -0,0226600
(5] -010265614
7 -0.0304269
b -0,0342607
9 -0,0341043
n 0.0341043
11 0.0000000
12 D.0000000
13 0.000Q0000
14 0.00p0000
15 0,0000000
16 0.,0007°000
17 0.0007000
18 0.000n000
= 2
K U
1 0.00p0000
2 -0,0075029
>3 -0,0131090
L =0.01g82086
5 -0,0226600
6 -0-026561“
7 -0,0304269
8 -0,03,2607
9 -0,0341043
10 0.,0341043
11 0.00n00000
12 0,0Cp0000
13 0,0000000
14 c,0000000
15 0,0000000
16 C.0000000
17 0,0000000
18 0.0000000
= 3
K u
8| 0.,0000000
2 -0,00pN0D38
3 0.0095547
4 0.0030556
5 0.0043301
6 0.0050547
7 0.0046078
8 0.0010023
9 0.0001551
10 -0,0001551
11 ¢.00nN000
12 0,0000000
13 0.0Pn0000

v
=-35.2557037
-35.2557037
=-35.3133917
-3503263162
~35.33290953
-35.3382938
=35.3437446
-35.3448391
-34.7626600

0.0682824
0.0000000
0.0000000
2.0000000
2.0000000
2.0000000
0.0000000
0.0000000
-1000000000

v
-35.2409236
-35.2409236
-35.3010952
-35.,3151243
=35.3228718
-35.3290867
-35.3348572
-3503361804
=34.7583905

7.0000000
-10.0000000
-10.0000000
-10.0000000
‘1@00000000
=-10,0000000
-10.0000000
-19.0000000
-10.0000000

v
-35.,2413002
-35.,2413002
=-35.3034645
=-35.3178225
=35.3254676
-35-3311151
=35, 3355452
-35,3332594
=-34.7578723

0.0000000
'19-0000000
-19.0000000
=-10.000000"

P
0.0000000
0,00000¢0
0,0000000
0.0000000
0.0000000
0,0000000
0.0000000
0.000C000
0,0000000
0,0000000
0.0000000
0.0000000
0,0000000
J,0000000
0,0000000
0.0000000
0.0000000
0,0000000

P
-25,9982292
=25,9982292
'26.1790384
=26¢5270531
-27.0173922
-27.,6058041
-28,2245919
-28,7877768
-29.,2185578
=29,4657301

U.0000000
0,0000000
0,0000000
0.,0000000
0.,0000000
0.0000000
0.00000C0
0.,0000000

=]
-58,8076420
=-58,8076420
=58,9373298
-59,1852829
-59,5273599
-59,9238522
-50,3163153
=6046190503
-60,6135242
=-50.,6192805

0.0000000

0.0000000

0.0000000

231



14
15
16
17
18
L=

LCOoONDUNFEFOUNP

i
-

s e e b s
ENOUTEFEWN

r
I

VE~NTOFWNe

x
DV NO U FE WM -

-

0.0000000
0.0000000
0.00pN000
0.0000000
0,0000000

U
0,0000000
=-0,00p5199
0.0005913
0,0018273
0.00z0747
0.0041225
0,0048516
0.00g6662
0.,0002392
-0,00p2392
0,000Nn0NQ
0.0000000
0.00n0000
0.0QnPgNO0D
c.00pNN0OY
c.00pNNN0Q
0.,0npND00
0,00pN000

U
0,0000000
-0,001Nn812
-0,00p4366
0,0N0p5936
0,0N19466
0,0034631
0.005N768
0,0053552
0.,0Np3226
-0,0003226
0.000N000
0.000Nn000
0,00p0000
0,00p0000
0,00QN000
0,000N000
c.0np0C00
¢,0000000

U
0.000N000
-0,0047108
-0,0015540
-0,0007146
0.,00¢7568
0.0025955
0,0044356
0.,00,0378
0,0004056
-0,0004056

=10.0000000
=10.0000000
-10.0000000
=10.000000°0
=-10.0000000

v
-35.2408037
-35.2408037
-35.3050075
-35.3199217
‘35&3277832
-35.,3333227
-35-5374“59
-35.3363112
-34l7522557

0.000000"
-10.0000000
-10.0000000
-10.0000000
-10.,0000000
-10.0000000
-19%.0000000
-10.0000000
=10.0000000

v
-35,2393445
=35.2393445
‘3503056680
=35.3214685
-35032996?7
=35.3359006
-35,3402894
-35.3389189
=34, 7471148

2.,0000000
‘1000000000
'1000000000
=-10.0000000
-10.0000000
-10.0000000
-10.0000000
-10.0000000
-10.0000000

v
=35.2367852
=-35.2367852
=-35.305371°
-3543224441
-55o3320152
=35.2386700
-35.3433210
-35.,3418738
-34.,7424567

0.0000000

0.,0000000
0,0C00000
0.0000000
J,0000000
0.0000000

P
=31.6542172
‘91|b5u2172
-91,7389899
-91|9006852
=92,1191096
-92,3628353
=-92,5882347
=-92,7424811
-92,8500302
-92,8584397

0.0000000
0.v000000
J.0000000
0.0000000
0.0C00000
0.0000000
0.0000000
0,0000000

P
=-124,3235874
-124,3235874
=1248,3757321
=124,4758968
-124,0103379
~-124,7581425
-124,8953906
=-125,0059348
=125,0681379
=125,0796080
0.0000000
0,0000000
0,0000000
0,0000000
0.0000000
0.0000000
0,0000000
0.0000000

p
-156,8759889
-156.8759889
=-156,9040962
=156,9606797
=157,0384786
=-157,1260919
=-157.2108832
=-157,2789331
-157,3213567
-157,3354588
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1 B
12
13
14
15
16
: By ¢
18

VENTUF W -

e s s b e s
E~NOUDEWLN=D

VWE~NT U F LGN

NN EWUMN -

0.0CCN000
0,00c0000
0.0000000
0,00cN000
0.0000000
0.00c0000
0.0000000
0,0000000

U
0.0000000
-0,0N0p3061
-0,0026064
-0,0019422
-0,0003663
0,0017443
0.0039077
0.0057533
0.00p0u4883
-0.,0004883
0.0000000
0,0000000
0.,0000000
0.00¢0NN00
0,0000000
0.00¢0000
0.0000000
0,0000000

U
0.0000000
-0,0055798
-0,0031120
=0,0025605
-0,0009363
0,0013630
0.0037333
0,0056511
0,0005705
-0,00n5705
0,00¢0000
0.0000000
c.,0000000
¢,0000000
0,0000000
0,0000000
0.0000000

U
0,0000000
-0,00¢19593
-0,00,21293
-0,0015640
-0.0001432
0,0019433
0,0041479

-17.0000000
-10,0000000
‘1000000000
-10.0000000
=-10.0000000
-10-0000000
=10.0000000
-10.0000000

v
-35.2331959
-35,2331959
-35.3041831
-35.3228927
-35.3339322
-35.,3415921
=35.3466470
=35.3451062
-34,7382482

0.0000000
-19.0000000
-10-0000000
-10.0000000
-12.,0000000
-10.0000000
-10.0000000
‘10-0000000
-10.0000000

v
=35.2292165
=35.2292165
-35.3026159
=35.,3231080
‘3503358284
=35.,3446953
-35.3502281
-35.3484869
-34.73u3184

2.0000000
-10,0000000
-10.0007000
-10.0000000
-10.,0000000
“10-0000000
-10.0000000
-1000000000
-10.0000000

Vv
‘35-2266345
=35.2266345
-35.3020564
-35.3238367
-35.3378758
-35,3478353
-35.3538290

0.,0000000
0,0000000
0.0000000
0.0000000
0.00000CQ
2.0000000
J+0000000
0.0000000

P
-189,3525612
-189,3525612
-189,3615429
=-189,3844683
=189,u4205161
-189,4663316
=189,5146244
-189,5568450
-189,5867535
=-189,6029790

0.000n000
0.0000000
0.0000000
040000000
0,0000000
0.0000000
0.0000000
0,0C00000

P
-221,7791439
=221.7791439
~221.,7707601
-221,7639112
-221.7651927
-221.,7787509
-221.8022016
=-221.8287797
=221.8519454
-22l.8695157

0.0000000
J.000¢000
0.0000000
0.,0000000
0.0000000
0.0000000
0.000C000
0,0000000

P
=254,1678143
=-254,1678143
=254 ,1429256
=-254,1079488
=-254,0776287
=254,0643033
=-254,0705991

233



10
11
12
13
14

16
17

L= 1n

VOENOUEFE UGN -

[
SLCOEONODFOWN -

11

T e b e e feb fea
TN WDME WD

L= 12

F OGN

0,0058341
0.0006522
-0,0006522
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0,0000000
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0,0000000
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-35.3568736
=35.3545625
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0.0000000
-10.0000000
-10.0000000
=-10.0000000
-10.0000000
=-10.0000000
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=10.0000000
=10.0000000
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-35.2426425
-35,2426425
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0.0000000
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-10.0000000
-10.0000000
-10.0000000
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0.0000000
0.0000000
0,0000000
0,0000000
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0.0000000
0,0000000
0.0000000
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=-286.5192001
~286,4793879
-286,4189599
=-286,36048C3
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-286,3191259
=266.3363367
-286,3594410
=-286,3775831
0,0000000
0,0000000
0.0000000
0.,0000000
0.0000000
0,0000000
0,0000000
0,0900000
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-318.8180928
-318,8180928
-318,7699024
=318,6936048
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~318,6186370
0.0000000
0,0000000
0.0000000
0.0000000
0,0000000
0.0000000
U.0000000
0.,0000000
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0.0000000
0.0000000
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N,0000000
0,0000000
0.,0000000

U
0.0000000
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0.0000000
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-10.0000000
-10.0000000
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=-35.3393737
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=35,3937209
-35.3756569
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=35.3418253
=35.,3462588
=35.3516214
-34.7122382
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-19.0000000
-13.0000000
-12.,0000000
-10.0000000
-15.000n000
-10.0000000
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v
=35,4410753
=35.4410753
=-35.4741767
=35.4201984
=-35.3605587
=35.3259u44
=35.3254613
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=34.7105924
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-10.0000000
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-1000000000
'13-0000000
-10.0000000
-10.000000¢0
=-10.0000000
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v
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=350.8455013
=350.,7860047
=350,7694159
=350.7981715
=350.,8393545
=350.8550045
0.000000C0
0.0000060
0.,00000G0
0.0000000
0.0000000
0.,0000000
0.0000000
0,0C00000

P
-383.1229997
=383,1229997
-383.,1160930
=363,0950414
-383,0551249
-383,0081974
-382,9893213
=383,0227335
~383,0740531
=383,087u4567
0.0000000
V.00000CO
0.00000¢C0
0.,0000000
0.00C0000
0.,0000000
J.000000U
0.,0800000
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-415,0495161
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-415.,1130323
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-415,3092359
0,00000¢0
0,0000000
0.0C00000
v.0000000
0.00C0000
0.0000060
0.0000000
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0,1102661
0.0643802
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C.0000000
0,00pN000
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0,0000000
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U
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=10.0000000
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-10.0000000
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=-35.7481584
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-35.5711285
=35,3990287
-35.2692086
-35.2318600
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-34,7283579
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‘10'0000000
=-10.0000000
-10.0000000
-10.0000000
-1C.0000000
-12.0000000
-10.0000000
=19.0000000
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=35.9045625
=35.9045625
=35.8624723
=35.6667407
-35.4383834
-35,2403719
=-35.1584375
-35.2596991
-34,7515583

0.0000000
-10.000000C
-10.0000000
~-12.0000000
-10.0000000
-10.0000000
-10.0000000
-10.0000000
-10.0000000
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-446,96801788
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-447,4878614
-447,4913222
-447,4988435
0.0000000
0,0000000
0.,0000000
0,0000000
0,0000000
0.,0000000
0.0000000
0.0000000
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-478,4891163
-478,4891163
-478,7695822
-479,2150561
-479,6478678
-479,8861001
-47908701335
-479,7309269
=479,6130364
-479,6172832

0.0000000
0.000000C0
0.0000000
0,0000000
0.0000000
0.0000000
0.0000000
0,0000000
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0,0000000
0.,0000000
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-0,0013123
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0.0000000
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U
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-0,0231934
-0,0245368
0.0009593
0.047369
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0.0013701
-0,0013701
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0,00000C00
0.0000000
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0.0000000
0.0000000
0,0000000
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U
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=-0,1224383
=-0,2025060
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0.0000000
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=-35.9539613
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=35.4925394
=-35,2327429
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-19.0000000
=1G6.0000000
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-10.0000000
=10.0000000
-1000000000
=-19.0000000
-19.0000000

v
=35.9514102
=-35.,9514102
=35.9386485
=35.7702058
=35.5468553
-35.2715619
=35.0707028
=-35.1854555
=34.,7752225

2.0000000
-1000000000
-10.,0000000
-19.0000000
=10.0000000
-10.0000000
-1000000000
=-10.0000000
-10.0000000

v
=35.7093308
=35.7093308
-35.7522771
-3506748153
=35.5606493
=35.3767302
=35.,2245048
=35.1768613
=34 ,6946239

2.0000000
-1000000000
=10.00060000
-10.0000000
-19.,000000¢
=12.0000000

p
-542,4087797
=542,4087797
=542,7357484
=543,3447440
-544,1168700
=-544,8094983
=-544,9529130
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-543,4001316
-543,3986862
0.0000000
0.,0009000
0.0000000
0,0000000
0.00000080
0.0C00000
0,00000C0
0,0000000

P
=575.2259125
=-575,2259125
=575,4125793
=575.8002777
=-576.,4356558
=577.2743061
=577.6639660
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=-574,9551733
=574,9524985

0.0000000
0.,0000000
0.0000000
0.0000000
0.2000000
0,0000000
0.0000000
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p
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0,0000000
0.0000000
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0.0900000
0.0000000
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=0,6655240
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U
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=-0,877802
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-0,9L76788
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v
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=35.7516021
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=-34.4476208

0.0000000
-10.0000000
~-10.0000000
-10.0000000
-10.0000000
-10.0000000
~-10.0000000
-10.0000000
-10.0000009
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-34.4952852
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=-35.6964756
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-34.2044853
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-33.0590799

0.0000000
-10.0000000
-10.0000000

0,0000000
0,0000000
0,000C000

P
=643.6794479
-643,6794479
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-642,8332706
-642,0731176
-641,7500381
-5U42,3495193
-639,5371188
-637,7373715
-637.7203320
0,0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.,0000000
0.,0000000

P
-679,5053636
-679,5053636
=679,1723673
-678,2025699
-676.,4011388
-674,1460492
-673.3530317
-670.8787014
-669.7760527
-669,.,7063152

0,0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.,0000000
0.0000000
0,0000000

P
-716.3895969
-716,3895969
-716,2130330
=715,3574754
=713.0187978
=-708,3091666
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0,0000000
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U
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=-0,5647062
-1,0324574
-1,38p7374
-1,5740538
-1.2785430
1.51H5734
1.3138N046
0.,0015950
=-0,.0015950
0.000N0D0D0D
0.00p7000
0.00p0000
0D,0000000
0.0000000
0,00¢c0000
0.00p0000
0,0000000

U
0.0000000
-0.6251805
-1.1317574
-1.4612365
=1:5387375
~1,1015646
1.7755537
1.5620841
0.0016342
-0,0016342
0,0000000
0.0000000
0.00pN000
0.00n0N0D00
0,0000000
0.,0000000
0.000Mn000

U
0.0NpN0OD
-0-6737169
=1.1969293
-1,4699228
-1,2800676
=-0,2122785
1,6861749
1.60p4524
0,0016747

"10-0000000
-10.0000000
-10.0000000
-10.0000000
-1000000000
=10.0000000

v
-32.41635906
-32.4163906
-32.8597095
~33.3756447
-34,0774140°
=35.7471529
-41.7966390°
=35.3060547
-31.8364639

0.0000000
-10,0000000
-12.0000000
=-10.0000000
-10.0000000
-10.0000000
-1000000000
-12.0000000
-10.0000000

v
=-31.1632540
-3101632540
-31.7718003
=32.5296983
~33.5733995
~35.8929683
-44,7370127
-35.3512883
=30.3822085

0-0000000
-10.0000000
“10-0000000
-10.0000000
-12.0000000
‘1900000000
-12.0000000
-10.0000000
-1000000000

v
'29.8191313
-29,8191313
=30.6274146
=31.7255236
~33.3725072
=-36.7970038
-46.7714906
=35.5268575
-28,8866356

0.0000000
0.0000000
0.,00000060
0.0600000
0.0000000
0.,0000000
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=754,42335917
=754,2335917
-754,4009988
=754,2470549
=752.7400632
=7T47,2712626
=-736.,6449837
=-739,0522887
=740.5057628
=-740,0949527
0.,0600000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

=]
=792.9777135
=792.,9777135
-793.,4378986
=-794,06707C3
=794,5629363
-792.8811689
=777.4902587
-781,0705011
-781,6339438
-781,0338442
0,0000000
0.0000000
0V, 0000000
V.0000000
0.0000000
0.0000000
0.0000000
0.0000000

=}
-832,7893470
-832,7893470
-833.2990263
=833,9636777
~835,2092807
-838.8087605
-828.4534295
-828,3775453
-825,9410341
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0,0000000
-0.6998858
=1,231363
=1,4795000
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115081670
0,0047178
-C,0017178
0,0000000
0,0000000
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0.0000000
0.00p0000
0.00c0000
0.0C0p0000

V]
0,0000000
=0,6977563
=-1,22n4068
_1.4378544
=-1,0275985
1.,9169836
1.2448875
1,3992354
0,0NM17646
=-0,001764%6
6,0000000
C.0000000
0,0NQN0OO0
0, 0000000
0.000N000
0,a0000N000
0.0000000
0,0000000

U
0,00pN000
=-0.6615963
-1.1325859
-1,2441632
-0,7624071
1.7579073

0.0000000
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-10.0000000
=19.0000000
-10.0000000
”1000000000
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-10.0000000
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v
~28.4227613
~28.4227613
-29.4482660
-30.9412826
-33.3875921
-3910025448
=47.2974978
-35.8602356
=-27.4828948

0.0000000
-10.0000000
-10.0000000
-10.0000000
-10.0000000
-10.0000000
-1000000000
-10.0000000
-10.0000000

Vv
=-27.0307504
=27.0307504
-28.2887425
-30.1945001
-33.4478721
-42.0481306
-46.9171774
=36.2182587
-264.1809323

0.0000000
=-10.0000000
-10.0000000
-10.0000000
-10.0000000
-10.0000000
-10.0000000
=19.0000000
-10.0000000

Vv
-25.06971717
-25.0971717
-27.2269551
-2906099652
-33.6224221
-44,5990877

-825,2897491
0.0000000
0,0000000
0.,0000000
0,0000000
0.0000000
0,00000060
0,0000000
U.0000000
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-873,9951108
-873,9951108
-874,5191996
-874,6690606
=873,7977971
-874,6188958
-882,0260991
-875,7069562
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-870,4006378

0.0000000
0.,0000000
0.,0000000
0,0000000
0.0000000
0.0000000
0.00000C0
0.0000000

P
-316.,5451978
-916.,5451978
=917,4204548
-917.8811987
-915,5198936
=909,5184211
=-925,3187631
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-915.,4815753
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0.0000000
0.0000000
0.,0000000
0,0000000
V.0000000
0,0000000
0,0000000
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0,0000000
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0.,0000000
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0.0000000
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0.3953287
C.2838942
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0.0000000
0.0000000
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0.0000000
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-10c0000000
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-29,2899411
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-10.0000000
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-10.0000000
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-10.0000000
=10.0000000
=10.0000000
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=-25.4377551
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=35.2879468
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-47,7106962
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0.0000000
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-10.0000000
-10.0000000
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-10.0000000
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=-10.0000000
=10.0000000
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0.,0000000
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0.0000000
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0.,0000000
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=1009,3036715
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0,0000000
0.0000000
0,0000000
0,0000000
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-8.,0419068
-8.0086581
-7.&203885
=T7.7573629

11536,1259813
11536,95104G0
11537.,6177738
11538,0849252
11538.3164520
11538,3164520

P
11527,2570896
11527,2570896
11527,4502459
11527.,7673612
11528,2000537
11528,7379856
11529,3678391
11530,0733159
11530,08341133
11531.6265757
11532,4237878
115335,1949229
11553,90719¢64
11534,5269936
11535,0219915
11535,3654633
11535,5341258
11535,5341258

=]
1152645919390
11526,5919390
11526,7582732
11527.0221169
11527,3762989
11527,8120647
11528,3180522
11528,8805711
11529,4830437
11530,1059122
11530.7277563
11531,3240821
11531.8703959
11552,3415520
11532,7148261
11532,9716849
11533,0964821
11533,0964821

P
11525,8017118
11525,8017118
11525,9474638
11526,1694911
11526.4618332
11526,8172259
11527,2262628
11527.6777680
11528,1577716
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-0.,4132876
-0,3505576
-0,2974279
-0,2325687
“0.1588761
-U.DTqQLQQ

0,000N"000

0,0000000

U

0.,00n0000
-0,0659719
-0,12q0802
=0,1872597
-0,23,4429
-0.2806648
'0.3122477
_003318897
-0,3387258
«0,3323935
-0,3130864
-0128]565“
-0,2391641
-0.1877025
-0,1292827
-0.0657674

0.00p0000

0.0000000

U

0,0000000
-0,0531511
-0,1034842
=-0,1500667
-0,1910588
-0,22,48139
-0,249803
-0,2655422
-0-2708679
-0,2657396
=0,2504011
=-0,2255530
-0,1923356
-Ua1522202
=0:107337
=0,056475

0,0000000

C,0000000

u
0.0000000
=0.0445n35
-0.0607198
-0.1171924
~-0,1492891
=0,1757006

-7.6923189
-T7.6278569
=T.5667040
=7.5116003
-7.4651256
-7.4293680
-7.4022768
=7.2379837

7.2379837

V
=7.9099767
-709099767
=7.3031390
-7.8872299
-7.8628866
-708312463
=7.7935560
=~T7.7512241
-7.7058472
=-7.6592045
-7.6132244
'7.5699425
=7.5313973
-704995503
-7.4?6085q
-7.4591048
-713016682

7.3016682

v
-708037442
=-7.8037442
-708006499
=7.7899908
=-7.7732153
=7,7513375
-7.7252824
‘706960626
-7.6648199
-7.6328270
-7.6014586
=7.5721890
=-7.5465092
-7.5259484
-7.5120468
-7.5036231
-7.3565535

7.3565535

v
=7.7208541
-7.7208541
=7.7207811
-7.71“0196
~7.7031311
-7.6888968

11528,6508138
11529,1391062
11529,6049538
11530,0286124
11530.3917351
11530,6778374
11530,8735083
11530,9669199
11530.9669199

p
11524 ,9647322
11524 ,9647322
11525,0948379
11525,2838964
11525,5279961
11525,8206176
11526,1543105
11526.5196684
11526,9056084
11527,2992785
11527.,6871743
11528,0549536
11528,3879946
11528,6723274
11528,8959379
11529,0481160
11529,1196416
11529,1196416

P
11524,1417224
11524,1417224
11524,2596279
11524 ,4233544
11524,6296423
11524 ,8733694
11525,1485753
11525,4477161
11525,7611993
11526.,0793390
11526,3912390
11526.6855369
11526.9515226
11527,1781134
11527.3566480
11527.4788375
11527,5357413
11527,5357413

P
11523,3792486
11523,3792486
11523,4874683
11523.6310783
11523,8079364
11524,0140381
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~0,1953839
-0,20+5765
-0,2118151
-0.2079886
-0.193395
-0.1523930
-0.,1222729
-0,08p/3u407
-0,05¢06767

C.,00p00000

0.0000000

U

0.000N000
-0,0307850
-0.0602323
-0,0896031
-0,1116710
-0,1314935
-0.1463080
-001555621
-0.,15/9324
=0,1563705
-001480981
-0,1346395
=-0.117815
-0,0955441
-0,0750314
-000462759

0,0000000

0.,00n0000

U

0,00n0000
-0,0243895
-000422042
-0,0614645
-0.07g4405
-0,0954778
-0,1030396
=0.1007363
-0.,1123638
-0,1109050
=0,1055558
~0.097357
-0,0850740
-0,0794183
-0,05,8259
-0,04417713

0.000N000

0,0007000

u
C.000N000
-0,0145587
=0,02¢9989

-706719458
~7.6529563
-706327047
-7.6120441
-7.5919137
=7.5733262
=7.5573492
-7.5451709
-7.5382672
-7.5365828
-7.4056846

7.4056846

v
=-7.6594412
=-7.6594412
-7.6611105
-7.0571893
-7.6507004
-7.0421598
-7.56319800
-7.6205850
=7.6084725
-7.5961639
-7.5842676
=7.5734272
-7.5643837
-705580220
-7.5556809
-7.5583673
-7.4505761

7.4505761

v
-706168504
-706168504
-7.6192346
-7.6173216
-706138604
-7.6092522
-7.6037644
-7.5976408
=7.5911587
-7.5846100
‘705783450
=T7.5727367
-7.5682627
-7.5655404
-7.5656470
-7.5701442
-7.4911234

7.4911234

v
-7.5899442
-7.5899442
=-7.5924263

11524,2440748
11524,4918997
11524,7501555
11525,v106464
11525,2649906
11525,5044336
11525,7204073
11525,9949955
11526,0512131
11526,1529135
11526,2020874
11526,.,2020874

P
11522,7104659
11522,7104659
11522,8107693
11522,9391056
11523,0936120
11523,27047G2
11523,4656754
11523,6742916
11523,8901722
11524,1069841
11524,3183012
11524,5169523
11524,6963250
11524,8509246
11524,9746973
11525,0632661
11525.1102979
11525,11062979

p
11522,1573534
11522,1573534
11522,2522552
11522,3695087
11522,5069719
11522,6615715
11522,8304202
11523,0095136
11523,1939154
11523,3783173
11523,5577832
11523,7269114
11523.8806727
11524,0145969
11524,1244930
11524,2065425
11524,2554369
11524,2554369

p
11521,7361162
11521.7361162
11521,8277584
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-0,0395656
=-0,0507305
-0.0600172
-0.0670674
-0,0716307
-0,0735927
=-0,0729597
'0.0606966
-0,0647194
-0,0579239
-0,0502050
=0,0425443
-0,0358715

0,0000000

0,000N000

U

0,000N000
-0,0071873
-0,0151370
=0,0226231
=-0,02g2381
-0,0347284
-0,0359110
-0a0416669
'0.0429466
=0,0427739
-0,0412701
-0,03n6569
-0,0352965
-0,0317401
-0,0288687
-0,0279569

0.0000000

0,0000000

U

c.00n0000
-0,0020115
=0,0070247
-0,0103841
-0,0132068
=-0.0154048
-0,0172148
=0,01g3423
-0,0158646
=-0,0188098
-0,0182404
-0,0172712
-0,0151034
-0,0150784
-0,0148804
-0,0172513

0.00C00000

0.00n00000

u

=-7.5915825
-7.5899309
=7+5877935
-7.5852931
-7.5825397
‘7-5796“61
=-7.5767538
=T7.5740220
-T7.5716362
=7.5698591
=7.5690673
-7.5700057
=7.5742467
=7.5259706

7.5259706

Vv
=7.5757933
=7.5757933
-7.5771961
=7.5766913
=-7.5760490
=-T7.5753357
=T.5745538
=T7.5737234
-765728637
-7.5720219
—7.5712“10
=T7.5705819
=7.5701428
=7.5700820
=7.5707712
=7.5733380
-7.5531651

7.5531651

v
=7.5700000
=7.5700000
'705700000
=7.5700000
=-7.5700000
=7.5700000
=~7.5700000
=7.5700000
=-7.5700000
=7.5700000
=7.5700000
=7.5700000
-705700000
‘7'5700000
=7.5700000
=7.5700000
=7.5700000

7.5700000

'

11521.,9362574
11522,0607753
11522,1995423
11522,349392%
11522,5072513
11522,6689289
11522,8304202
11522,9876275
11523,1366391
11523.,2736367
11523,3954536
11523,4993892
11523,5820907
11523,6375975
11523,6375975

P
11521,4594203
11521.,4594203
11521,5468715
11521.6492238
11521,7654529
11521.8934166
11522,0309729
11522,1746760
11522.3212662
11522,4677632
11522,6108144
11522,7471600
11522,8742855
11522,9903283
11523,0951021
11523.1879559
11523,2627402
11523,2627402

P
11521,.3313634
11521,3313634
11521,4175108
11521,5178142
11521.56298523
11521,7520418
11521,.8824270
11522,0177482
11522,1558633
11522,2935128
11522,4280889
11522,5574496
11522,6796391
11522,7943781
11522,9039016
11523,0147290
11523,1482806

0.0000000

P
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COEeNIPOFUND M-

0,0001000
©,000Nn000
0,000n000
0.0C0000
0,0002000
0,0000000
0.0000000
0.0000000

. €.0000000

c.0000000
0.0C0N000
0.0000000
C.0000000
0.,0000000
0.,0000000
0.00n0000
0.0000000
0.0000000

-7.5700000
-705700000
-7.5700000
~7.,5700009
’705700000
=7.5700000
~-7.5700000
-705700000
~7.5700000
-7.5700090
=7.5700000
=7.5700000

- =7.5700000

-705700000
=7.5700000
-705?00000
-705700000

-10.0000090

0,0000000
11521.,3313634
11521.4175108
11521,5178142
11521,6298523
11521,7520418
11521.88242790
11522,0177482
11522.1558633
11522,2935128
11522,4280889
11522,5574496
11522,6796391
11522,79143781
11522.9939016

11523,0147290

11523,1482806
0.0000000
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APPENDIX IX

SAMPLE DIALOGUE FOR
COMPUTATIONAL INPUT PROGRAM



TTW GENERATIOR?
IT2PUT “ROM:DSK
TIPUT “TLE:BALE
AN

K¥AX MAX, VEXP, MOPT
S¥T 1, P4

"7, 3, MU RHA

Al
N7

TPy KA L K3, LA, L3

32X,3PY ‘ ,
KA K3,L8,L3,UVEL, VVEL,KIN,KQUT"

KA LK 3,18, 13, UVEL, VVEL,KI N,KOUT
KA, K3, LA, LR, IVEL, VVEL ,KIN,KOUT
KA ,K3,1A,L3, UVEL, VVEL,KIN,KOUT
NBP L %XA,YYA,DDR, IDZ :
X3,Y3, NSED

XN, YR, NS EQ

12pT,2RTR4,CRIR3,CRTZA,CRTZB, XMAX, YMAX

K% 1, K DMK, LMY, LDMX

3. 0~ ZYCLEZS BETWEEN EDITS:=

B2UIARY £<NSTH5 PARAMETER=

2

ChIYrR

ENTHE <PSTLON=

[

OUIR-RZLAKATION FACTOR=
JASHVARDS DI FFERENCING?
SULL CrLL TRPSTILCN=

STZ22 AT CYCLL-

PREZCURE T TERATICNS=

M0, OF CYCLES BETWEEN DUMPS=
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APPENDIX X

SAMPLE DIALOGUE FOR ABMAC



PROCESS OR FX4 MINE PP

267
ADMAC

SAMED COREZY
1P0T SILE=BALE
RN TER?N

FT3 RUNZN

CREATE SHARE “ILZ?N



