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YAQUT:
AN ARBITRARY LAGRANGIAN-EULERIAN COMPUTER PROGRAM
FOR FLUID FLOW AT ALL SPEEDS

by
Anthony A, Amsden and Cyril W. Hirt

ABSTRACT

A numerical fluid-dynamics computing technique is presented that com-
bines the Implicit Continuous-fluid Eulerian (ICE) and the Arbitrary
Lagrangian-Fulerian (ALE) methods. An implicit treatment of the pressure
equation similar to that in ICE enables the calculation of flows at all
speeds from supersonic to far subsonic. In addition, the vertices of the
computing grid may be moved with the fluid in normal Lagrangian fashion
or be held fixed in a Eulerian manner, or be moved in some arbitrary way
to give a continuous rezoning capability, as in the ALE method. Greater
distortions in the fluid motion can be handled than would be allowed by a
purely Lagrangian method, and with more resolution than is afforded by a
purely Eulerian method. The report describes the combined (ICED-ALE)
technique in the framework of a computer program called YAQUI, for which
the complete flow diagram and F@RTRAN index listing are provided. Rep-
resentative calculations illustrate some of the features of YAQUI, and

include both computer-generated plots and numerical listings.

I, BASIC DESCRIPTION OF THE METHOD (ICED-ALE)
A. Introduction

Over the past decade, there has been consider-
able progress in development of computer techniques
for solution of multidimensional problems in fluid
dynamics. A number of basic techniques have become
well established, and useful and practical applica-
tions are being made to an ever-increasing range of
problems in many fields. Because of computer stor-
age and time limitations, numerical methods obvi-
ously cannot afford the luxury of following the
dynamics of each and every molecule of the fluid at
hand, but must, instead, depend upon following the
dynamics of a finite, discrete set of fluid ele-
ments. Therefore, the region of interest is usu-
ally subdivided into a finite grid or mesh of com-
puting zones, associating with each zone or vertex
the local values of the quantities of interest,
such as mass, energy, and velocity. The governing

differential equations are approximated by finite-

difference forms in relation to the grid, and this
set of equations is then solved repeatedly over the
domain to advance the solution through finite inter-
vals of time, analogous to the frames of a motion
picture.

Given this basic description, however, there
are two fundamentally important considerations be-
yond which the various techniques differ. The first
of these considerations is the flow-speed regime of
interest, and the second is the interrelationship of
the grid and the fluid. These two points will be
discussed separately and then brought together.

The types of fluid flows that have been most
amenable to calculation are generally those that can
be characterized as either compressible or incom—
pressible. Compressible, or high-speed, flows are
those in which the fluid speed is comparable to or
faster than the local material sound speed, and they
are therefore governed only by local influences. In

the incompressible or low~speed regime, however,



fluid speeds are much‘'less than material sound
speeds, and disturbances at any point must, for all
practical purposes, be felt instantaneously through-
out the entire domain. As a result, the numerical
stability restrictions for high-speed flows produce
intolerably small time steps at low flow speeds.

On the other hand, low-speed methods cannot sense
compressibility effects produced by increased flow
speeds, as no equation of state is used. Unfortu-
nately, many fluid-dynamics problems of interest

do not fall at either of these two extremes, and
they are therefore not accurately calculated by ei-
ther high~ or low-speed methods. Examples are
flows that are initially supersonic but rapidly be-
come subsonic, or flows that are supersonic in one
region or direction and far subsonic in another.
Consequently, much effort is being placed on devel-
oping techniques to calculate in this intermediate
regime.

The second point concerns the relationship be-
tween the fluid and the coordinate grid. Tradi-
tionally, there have been two basic viewpoints for
both high- and low-speed flows. The first is
Lagrangian, in which the mesh of grid points is
embedded in the fluid and moves with it. Clear de-
lineation of fluid interfaces and well-resolved de-
tails of the flow are afforded, but the approach is
limited by its inability to cope easily with strong
distortions, which so often characterize flows of
interest., The second basic viewpoint, known as
Eulerian, treats the mesh as a fixed reference
frame through which the fluid moves. Strong dis-
tortions can be handled with relative ease, but
generally at the expense of precise interface de-
finition and resolution of detail.

Because of the obvious shortcomings of purely
high-speed and purely low-speed methods, coupled
with the shortcomings of purely Lagrangian vs pure-
ly Eulerian approaches, increasing emphasis is
being placed on development of ever more sophisti-
cated hybrid techniques.

Presently, the most successful method for
calculating flows at all speeds is the Implicit
Continuous-fluid Eulerian (ICE) technique,1 in
which the flow may vary from supersonic to far sub-
gonic. This is enabled by an implicit treatment of
the pressure calculation. The method is extremely

versatile and can be used for calculations in one,

two, or three space dimensions, allowing for arbi-
trary equation of state.

Simultaneously, techniques have been developed
that succeed to a great extent in combining the
best features of both the Lagrangian and Eulerian
approaches. In some methods, Lagrangian particles
are used to define fluid interfaces or free sur-
faces, or to define the fluid itself, within a
Eulerian mesh. There are other approaches, however,
that have no basic dependence on particles. One
such is the Arbitrary Lagrangian-Eulerian (ALE)
method,2 a low-speed technique that allows the ver-
tices to move with the fluid in normal Lagrangian
fashion or be held fixed in a FEulerian manner, or
to move in some arbitrarily specified way to give a
continuous rezoning capability. Greater distortions
in the fluid motion can be handled than would be
allowed by a purely Lagrangian method, with more
resolution than is afforded by a purely Eulerian
method.

This report describes a combination of the ICE
and ALE schemes (ICED-ALE) in a computer program
called YAQUI. It is based on the most recent im-
provements available in both the ICE and ALE meth-
ods, together with other improvements made possible
by the marriage of the two schemes.

Although much more work remains to be done in
the development of such hybrid techniques, YAQUI
has established itself as a versatile tool for
studying flows at all speeds and it has the capa-
bility of continuous rezoning.

The ICE technique was originally developed by
F. H. Harlow, and the ALE technique by C. W. Hirt,
who originated the ICED-ALE combination as it is
represented in YAQUI. The code as it stands, how-
ever, represents the efforts of a number of people
who have experimented with many alternatives along
the way, and who have provided valuable contribu-
tions to its development. We are grateful for the
help of our colleagues F. H. Harlow, T. D. Butler,
H. M. Ruppel, J. U, Brackbill, R. A. Gentry, and
W. E. Pracht of Group T-3, and for that of E. M.
Jones and R. C. Anderson of Group J-10.

Inasmuch as the underlying technique has been
discussed in detail elsewhere,2 this report will
start from that point. First, the finite-difference
equations will be presented as they appear in YAQUI,
then the code itself will be discussed in detail.




B. The Method Layout and the Computing Mesh ¢

The basic hydrodynamic part of each cycle of

the ICED-ALE method is divided into three distinct 8=1 RADIAN
\

subsections or phases. The first phase is a typi- f
cal, explicit Lagrangian calculation. The second

is an iteration that provides advanced pressures

for the momentum equations and advanced compression !

for the mass equation. These ensure the stability

CELLS —

of the method with respect to sound-signal propa- r4

gation. Finally, the third phase, called the re- !

J

zone section, performs all the convective-flux

calculations, which must be included if the mesh is

not purely Lagrangian.

The computing mesh consists of a two-dimen-
sional network of quadrilateral cells, and it will v - v
handle calculations in either cylindrical or plane [ I CELLS —

(Cartesian) coordinates. Calculations in cylin-

drical coordinates are scaled to unit azimuthal Fig. 1. A typical ICED-ALE mesh in cylindrical co-
angle, thus allowing the equations to be written ordinates.

without any T factors. The radial coordinate is

denoted by r or x, and the axial coordinate by z
or y, with the origin located at the lower left i+l
corner of the mesh. The coordinate names in the s+l
equations in this report are x and y. The coordi-
nate named r is used to determine the geometry: r

is always set equal to x for cylindrical coordi- 0, V,E, T

nates, but the expressions automatically reduce to
Cartesian expressions if all r's are set to unity.

The vertices of the cells are labeled with the in-
dices i and j, which increase in the radial and YU, M Pel,]
axial directions, respectively., Cell centers are !

denoted by half-integer indices 1 + 1/2 and § + 1/2

The mesh of cells i1s I cells wide by J cells high. Fig. 2. A typical ICED-ALE cell showing the loca-
The esh 13lustraced in Fig. 1 1o In cylta- Elone o ihe prlncipel veriebles, T -

drical coordinates, where the cells are sections tion used in the equations that follow and

of toroids of revolution about the cylinder. in the YAQUI code.
The variables in an ICED-ALE grid are of two

types: those defined at vertices, and those de-

I 1 1
fined at cell centers. The principal variables n the equations that follow, the superscript

b —of- . d-
are shown in Fig. 2, where coordinates (x and y), n denotes the beginning-of-cycle values The a

velocities (u and v), and masses (M) are defined vancement of the solution through a time step, of

at vertices, and the densities (p), pressures (p), duration 8t, provides values at the beginning of
the next (n+l) cycle. Intermediate values are typi-
cally labeled with a tilde for the results of Phase

1, or with a subscript L for the results of Phase 2.

volumes (V), and energies are defined at the cell
centers. E is the specific total energy, and I is

the specific internal energy.

C. Initial Conditions and Preliminary Calculations
Input Quantities: The input data supply the initial




values of x, y, u, and v at the vertices and p and
I for cells.
Preliminary Calculations (each cycle):

(1) The radius of each vertex is calculated as

r = x 1in cylindrical coordinates, or

r =1 in plane coordinates.
(2) Cell pressures are calculated at the beginning
of each cycle using an equation of state

p=p (p,1) ,
although the equation of state may be bypassed for
This is discussed further in
Sec. III F, "Incompressible Flow Calculations.”

small Mach numbers.

(3) Cell volumes are given by

Viﬁ'% [(’1 + Ty Ty) AR+ (1) 4Ty tx)) Am‘]’

where
1

ATR = 2 [xl (y2 = Y3) + xz (Y3 = yl) + X3 (yl - 72)]-
1

ABL = '2- [xl '(Y3 = Yl‘) + x3 (yA - yl) + xa (yl = Y3)]'

The subscript notation for vertex quantities has
been simplified to that shown in Fig. 2. It is
used throughout this report and in the YAQUI code.
(4) With the cell volumes defined, the masses at

cell centers can be computed from

I g g+l
Miva = Pi Vigx o

but because most references are to the vertex
masses, it is convenient to replace the cell masses

immediately by vertex masses:

o S L T . O, L SO,
M =7 (Mw5 MM Mwi) .

To maintain energy conservation throughout the en-
tire calculational cycle, it is necessary to cal-
culate and store E, the total specific energy per

cell.

requires a get of internal energies, I.

However, the pressure iteration in Phase 2
One could
get by with only a computer storage matrix of in-
ternal energies, by updating I during the itera-
tion 8o that the total energy was conserved. The
extra calculation required to do this, however,
especially within an iteration, makes it seem rea-
sonable to keep E and I separately. Therefore, we

maintain a field of E's throughout the cycle, where

initially

1+ 1 .
2,2 .
+ v3 + v4) N
to which we will later add the various work and dis- ~ .

sipation terms. ..

D, Phase 1 of the Calculation

In this section we carry out a typical fully
explicit Lagrangian calculation, with no grid mo-
tion, to obtain vertex values of the tilde veloci~
ties, 4 and Vv, and the change in total energy per
unit mass, Q.

These three quantities are calculated in sev-
eral steps. The following formulas show how these
values accumulate from the contributions of each
step. The appropriate initial values are, for each
vertex,

~3 . nJd
uy uy + St Ax ,

~} _n
vi- vi+6cAy s
where Ax and Ay are body accelerations or accelera-
tions from other forces applied at the vertices,

and the superscript n denotes the beginning-of-cycle
values. In most cases of interest, Ax and Ay are

set equal to the gravity components

A 3. g

jﬂ
x, v and A g, -

£

It 18 also helpful to insert a small, con-
trolled, artificial diffusive acceleration into A.x
and Ay at this point. To see the reason for this,
consider the integration area that will be used for -

updating the velocity components at vertex (i) in

Fig. 3. The region is surrounded by dashed lines 3
J) J+1) 3

cognecting the vertices (t+1 » 1 ) lima )y and

(i ) that will influence the accelerations at ver- .

tex 3 but in the equations the acceleration com- &

1/° -
puted from the surface stresses is independent of

the vertex's location within the integration area. -
Although proper rezoning will tend to keep the ver-

tex near the center of the region, and aid in




j=1
i-t i+2

Fig. 3. Momentym-integration areas about cells gj)

and 131)° indicated by dashed lines an

dotted lines, respectively.
obtaining the most accurate results, consider the
integration area for the next cell (iil)’ indicated
by the dotted lines in Fig. 3. This indicates that
v;lues at §gut different vertices, (112 . (iii),
(i)’ and (i+1)’ will enter. Although this defini-
tion of an integration area provides flexibility,
there is a definite lack of communication between
neighboring vertices, which can allow slight rela-
tive oscillations to arise in the velocity field.
Introduction of a small restoring acceleration at
each vertex, based upon the local velocity field,
can prevent any vertex from deviating too strongly
from its neighbors and couple the alternate nodes
more strongly. This is done in YAQUI by introduc-

ing a weighted average of the neighboring vertex

velocities. We can write
3. 1 (n j_n )
Axi g, + a_ 6t <u>i Yy ’
nc
and
J . 1 (n 3_n j)
Ayi 8, + anc6t vy Vi) »
where

n, . _1 (n 3 n j+l 0 j n j-1
Wy T\ Uty oy, “1) d

n<v>'1 =

Sl

n nj+l . n n j-1
("jiﬂ+ Vit e ) ’

and a. 1s a coefficient that governs the amount of
coupling, and upon which there 1s a stringent sta-

bility requirement, discussed in Sec. II F. It is

possible to interpret a . as the number of cycles
required for the vertex velocity to nearly equal
the average of the neighboring velocities. The
effect of this formulation becomes more apparent if
one considers the initial tilde velocities that re-
sult from it:

~3 l\n 3 1\n_ . j

uy = ( - ;——) u, + (———) <u>; + Gtgr ,

a
nc nc

and

e (-) M) el e,
ne nc
which show the effective interpolation among neigh~
bors that is added in. Note that for a.c." 1.0,
the technique becomes identical to a procedure
To avoid the

difficulty of that procedure as 6t + 0, it would be

that Lax introduced many years ago.

- 1
appropriate to take a . anc/Gt, in which case

A
nc
number of cycles for relaxatiom.

a is the actual relaxation time, rather than the

Next, the appropriate initial vertex energy

change 1s calculated as

of = oo+ ()] -

One might expect to see, instead,

L8t j(n ~\1 j(n =)
Qi 3 [Ax u+u 1 + Ay v+v 1] N
1 1
but this is inappropriate because of the way we
The initial tilde velocities

we have established contain only the body accelera-

calculate Phase 1.

tions, and inserting this part into the initial

Q's, before the pressure forces have been calcu-
lated, can cause the Q's, and hence the E's, to

depart steadily from the correct value.

This effect would be manifested, for example,
in a simple hydrostatic equilibrium, in which the
velocities at time n are zero. To maintain equi-
librium, we know that the final tilde velocities
must also equal zero, but the gravitational accel-
erations in the initial tilde velocities would be
This
condition would not arise if we were to hold off
the Q calculation until the final, complete tilde

repeatedly added into the Q's every cycle.

velocities were available. We choose, however, to



form the Q's simultaneously in the same next step
that will adjust for the various forces applied

through pressure and viscous stresses over the con- + (r, + 1) [(u4 +uy) vy - y,)
trol volumes surrounding each vertex. The changes -
in the initial 4, ¥, and Q values are computed by + (v, +vy) &, - xl)]} , -

sweeping through the cells and suitably adjusting

the four vertices of each cell. Thus the net re- u

Iln =5 (r2 + rl) (u2 + ul) (y2 - yl) .
sult at each vertex is the cumulative contribution ..
from each of four surrounding cells. This tech- + (g + 1) (uy+ uy) (373 - ¥p) -

nique of initializing vertices and then accumulating

contributions from the cells is preferable to sweep-
+ (r, +13) (u, +uy) (v, =¥y
ing the vertices themselves, as it is less dependent

on boundary conditions and requires calculation of + (rl + rA) (“1 + “1.) (yl _ y4)
auxiliary cell quantities only once per cycle.

Thus, the set of energy changes that we obtain at _ C\;L (“1 *uy +ug + u4) [(xl _ x3) (yz _ y/.)
corner vertices is subsequently assigned to the ad-

jacent cells in a manner that preserves total ener-

gy while updating the vertex velocities.

This second step for each vertex proceeds as u -
follows. First, for each cell, we calculate the Hy‘y v [(rl + r2) (vl + v2) (xl - x2)
divergence, D = V-:, and the components of the vis- . .
cous stress tensor:3 + (r2 + l'3) (VZ + v3) (x2 - x3)

I =2u g_t!_+ AWen + (rg +1,) vy +v,) (x5 -x%,) .

xx X

I =202 4w +(r, + 1) (v, +vy) (x, - "1)] A,

¥y 9y

-y (3w 3_V) u

nxy ¥ (ay * 3 ’ nxy = 'ﬁ{(rl + r2) [(ul +u,) (x:L xz)

M, = 2u 2+ AVeu

o= mEeavd . £+ vy Oy - 1))

2

Here U is the shear stress, and A = { - 3 U, where + (rz + :3) [(u2 + u3) (x2 - x3)

7 i8 the coefficient of dilatational viscosity.

The corresponding finite-difference equations for

+

(v, + vg) (73 = ¥,)]
these quantities are:

+

L (r3 + té) [(u3 + u4) (x3 - x4)
D =75 {(lr1 +r,) [(u1 +uy) (v, = vy >

+ (V3 + vl‘) (Y4 - Y3)]
v+ &y - xz)] ;
+ (r4 + rl) [(u4 + ul) (x4 - xl) "
+ (r, +1r3) [(u2 +uy) (y3 - ¥y) ;
3
+ G, v Gy -3
+ (v2 + v3) (x2 - x3)] .
- % vy + vy + Vg + V) [(x1 = xy) (v = ¥,) -

*@yrry [y e o, -y

+(x, = x,) (75 - yl)]} s .
+ (v3 + va) (x3 - xl.)]




- M - - G =5, 48t J1 -
g = CYL (w {(“1 *ouy tugtouy) [("1 Py -y V3 =Vg 217 Cat r2)[ny("2 vy
+(xy = x,) (y5 - yl)]} + lD) . + (Hyy - P x, - xz)]} s
- ~ 8t J1
In the above equations, V is the cell volume and all v, =V, + ?‘Ma 0 (tl + r3) [ny(y3 - yl)
the velocities on the right are the beginning-of-
cycle values at time n, not tilde velocities. The + (Hyy -p) (xl - xa)]} ’
coefficient CYL appearing in Hxx’ ny, and He equals
1.0 when used in cylindrical coordinates, or 0.0 where p is the cell pressure previously calculated
when used in plane coordinates. Note also the cy- from the equation of state. The energy changes
clic increase in index values in each term. are similarly calculated for each of the four ver-
Next, with the D and Il terms calculated for a tices, but the p's are handled in a special mass-
cell, the resulting changes in the 4 and Vv veloci~ weighted fashion to improve accuracy when contact
ties can be calculated at the four cell vertices as surfaces'are present. First, calculate the Q con-
follows, Start by defining tributions without the work terms:
1 14 (r:2 +r 4)
PTH = 7 Ty ["‘1 - %300y - vy Q=9+ T {(“2 + “4)["xy("2 - %)
¥y - x)y -] - Ty = 7] -y + v [l 0y - 3y
then - Hw (x, - x&)]} ’
4, = u +ﬁ—l—(r +r)[H vy, - v,) 8§t (r, + r.)
112!{1224)0:42 Q = Q, + 31(u+u)II(x-x)
2 2 8M2 3 17| 'xy™"3 1

+ 0 (x, -x)|+r,@& -y)p-PTH} ’
o 02 7 5] a0 -y = 3] - Gy e[ ey - v

)
- Hyy(x3 - xl)]J‘ ,

13 (r4 + r2)
G =% {(“4 +up) [nxy(xlo - %))

- Hxx(y4 - yz)] - (v, +v)) [ny(y4 -y,

- Hyy(x4 - xz)]} ,

~ St I
2= 4 t TM;{E (xg +19) [nxx(yl LY

(1]
n

+ ley(x3 - xl)] + lrz(y3 - yl) P - PTH} ,
~ §t J1
Uy =iy + iﬁ;{f (r, +r,) [Hxx (5, - Y,‘)

+ ny(x4 - "z)] + r3(y4 = Yy) P~ PTH} s

B = 8+ T 1t e [ - ) 6
+
*I Gy - x3)]+ T,y -9 P - PTH} , Q, =Q, * ‘_(;111‘__’_31 {("1 + “3)[nxy(*1 - %3)
AR g—;; e, r4)[nxy(y4 -y ~ ety - "3)] ST v3)[nxy(y1 - ¥y
@ - P, - x,)]} : Tyt "3’]} '

~ St

1 - When all cells have been so treated, we can dis-
Vatan 7 Gat A LSECAEEN

<t
N
n

tribute the vertex energy changes, Q, into the
+ @ -p) (xs _ xl)]} , stored cell-center energies E, to form an <E>,
4 which is denoted by brackets < > to identify that



the pressures were omitted from the Q terms:

=18 _n s 1
<E>i‘*45 Ei'*&i + 4 (Ql + Qz + Q3 + QA) .
Next, convert <E> values throughout the mesh to E's

by sweeping all cells. Define the following mass-
weighted ratios for each cell:

45 n_j¥s J+% n_J+s
- Y372 pi;:s Y Mie Plaag
12 3 4% ’
Mit372 + Mip
J+3/2 n_34¥s | J¥s n_j+3/2
0 Mgy Pip My Pii
23 3+3/2 , 3% ,
wlin/? + ul
3% n_j+is 4% n_ 3%
JMay Pra Mg iy
P34 Wity It ’

13 1435

3% 0 3¥s |\ 34% 0 4=k
My Pia Y My P

=% +
Mivg * Mi#s

Ps1

Although cell-center masses are no longer available,
they can be approximated easily here by averaging

four vertex masses. Finally, we can write

g _ = s
B - Pl -

St ~
ol RV [CRERTCR
14

+ G H,) “‘1"‘2’} + (xyiT3) Py, [‘52"‘33) 37y3)

+ @i eyreg)] + gty 0y, (@54, 05y
+ (v3+v4) (x3-xa)] + (r4+t1) Pu1 [(04"‘“1) (71'Y4)
+ (va+vl)(x4-xlﬂ] ;
We have observed that this technique of calculating
E in two steps is useful in enhancing the sharpness
of shock fronts as well as contact surfaces.
The E formulation does, indeed, conserve total

energy, and this can be shown as follows. If we

sum over all cells

Z M B g u, %, +§¥ (Q+Q,434Q,)

or

(New Total Energy) = (0ld Total Energy)
+z M1+M2+M3+M4 e
4 L ?
2

where the last sum has been changed from cells to

vertex £, and the coefficient of QZ is precigely
the mass of vertex £. Energy conservation is en- -
sured, because the M£Q£ cancel in pairs when summed.

This completes the calculations associated -
with Phase 1 of the ICED-ALE cycle. 1If, at this ..
point, one were to move coordinates with the U and
Vv velocities and calculate new densities, the re-
sult would be a typical, explicit, Lagrangian cal-

culation.

E. Phase 2 of the Calculation
We now need an implicit treatment to eliminate

the Courant-like restriction on high sound speed

that usually is required to ensure computational

stability. This is accomplished by iterating the
tilde quantities from Phase 1 so as to provide an
advanced-time set of pressures for use in the mo- -
mentum equations. These pressures, in turn, must
reflect the new densities that will be calculated

with the new velocities. In other words, the new

densities are computed from coordinates obtained
using accelerations that are functions of the new
densities. Such an implicit treatment can, indeed,
prevent instabilities at high sound speeds. For a
completely incompressible flow, for example, the
iteration tends to keep the p of each cell constant
as the sound speed approaches infinity. The im-
plicit coupling of p and p forces the cell to re-
turn to its initial p value, as p changes force
corresponding pressure changes.

The implicit Phase-2 calculation proceeds as
follows. First, we initialize velocities, densi-

ties, and pressures, where

u = u , -
vpmV o -
P =P,

n ",
pL= P . -

The subscript L identifies those quantities to be
updated during the iteration. (In Phase 3, U -

Vi and PL will be further changed to their final ‘



y

n+l  otl o+l
values, u, v, and

p.) As the tilde quanti-
ties 4, ¥, and "p need not be saved for any other
purpose, one can simply rename the tilde velocity
arrays and the pressure array without any actual
storage transfers. The quantity np, however, ap-
pears again in the Phase-3 convective flux equa-
tions, thus requiring separate storage for the °L
values.

In addition to the starting values of U, Vi
pL, and py» ome must keep the %1 values available
for each cell in order to compute cell pressures.
The Q values are no longer needed after Phase 1.

Second, we sweep the mesh systematically in 1
and j and make the following calculations for each
cell.

W D = g5 {e) (g ) oy
+ ) Oy,
+ (yrry) [Coph09) 737y
+ vty ) (o)
+ (rytr,) [(“La”"m) (y,v4)
* gty (x5,
+ gy [l ) Oy
+ o) o]}
(Note that this is the same divergence equation
that appeared in Phase 1, except that the veloci-

ties are at step L instead of time n.) From the

mass equation, we define

@ s=4% (op=") + o0

and

1

1 (1 1 1 *
S e (D)

(3) A=
Ar A
This prescription for A is exact only when the

cells are rectangular, but it is much simpler and

quicker to calculate than the fully general value,

which may be preferable when the zoning deviates
strongly from the rectangular, as errors in A alter
the rate of convergence.
In the above,
- )
Plg
is the square of the adiabatic sound speed, and Ar

and Az represent the average 6r and 8§z of the cell:

Ar

"
N

(x, - x, +x; - x3) ’

Az = (Y2'74+Y3'Y1) .

(NI

If the mesh is strongly rotated or distorted, more
sophisticated Ar and Az expressions may be required.
Note that the adiabatic sound speed should be
used here, because the Lagrangian representation in
this phase 1s accomplishing the changes in pressure
through simultaneocus changes in p and I (even
though the latter is not being calculated at this
point). This is in contrast to the purely Eulerian
calculation described in previous papers on ICE
methodology,l in which the change of pressure
through the iteration phase results from changes in
density only, the full change in internal energy
being calculated separately and incorporated into
the pressure-change calculation as a separate step.
In this purely Eulerian technique, 1t is the iso-
thermal sound speed that is accordingly required in
the implicit pressure-calculation phase.
(4) With D, S, and A defined, we can calculate the

necessary pressure change for the cell,
Sp = - wAS

where w is a relaxation factor. Straight relax-
ation is given by w = 1. An optimum overrelaxation
in many cases is w = 1.5 to 1.7, whereas w > 2 will
lead to an unstable iteration.

(5) The convergence test is

Sp

pmax

<e ,

where Ppax is a current maximum pressure in the
system, If the test fails for any cell, a flag is
get to indicate that another iteration pass through

the mesh will be necessary.



(6) With 8p calculated, we can update the PL and
Py, values for the cell.
o, = pfo;,"1), or p_ = p + 52
L L’ ) ’ L L 2

Py =P+ .

(7) Now we can adjust v and v. values for the

L
four vertices of the cell:

St
Y1 “upt 2 "1 Gy =3, %

U, T Y, +62‘+zr2 (33 = ¥y) Sp
Upamug gﬁ; ra (v, -5 % ,
Upg T U "'GmL (7 - y3) ép
vy " vy e St (r + ra) (x, - x,) o
Vi =V, t o 8t (r + 1‘1) (x, - x,) & ,
Vi3 " Vig * S ( 2) (xy = %) &,

. 5t rl + r
" Y T (‘_2— (=3 ~xp S .

When all cells satisfy the convergence test,
the iteration, using the above seven steps, is ter-

minated. At this point, the quantities u

L Vi Pue
and P describe the results of an implicit
Lagrangian calculation that is not subject to the
Courant condition. One could now move coordinates
to complete the calculation if no rezoning were
necessary. Note that pL was calculated in terms of

n> n+l>
x, not x.

n+l

The neglect of higher-order terms
causes p to differ slightly from s but the

approximation has not caused any difficulty. The
pL is used only in the pressure iteration, whereas
in Phasge 3 ¥l

of conservative fluxing in the mass equation.

p will be calculated from np by means

In summary, at the end of Phase 2, we have in
storage the n~time values of x, y, r, p, V, M, and
I, as well as E and the iterated values of Ups Vs

pL, and pL.

F, Phase 3 of the Calculation
The final phase of the ICED-ALE cycle computes

10

the necessary rezoning changes, i,e., convective
and diffusive fluxes.

Assume at this point that a field of grid ver-
G and Vo
gome appropriate fashion with respect to a fixed,

tex velocities, u have been assigned in

Eulerian reference frame. Thus, for a purely

Eulerian calculation,

=v,. =0 .

4 e

G
At the other extreme, a purely Lagrangian calcula-

tion would use

In general, the grid velocities may be any desig-
nated functions, and as such they are neither
purely Eulerian nor purely Lagrangian,

There are two types of quantities to be up-
dated in the rezone: cell quantities M (or p) and
E (or I), and vertex quantities u and v. The pro-

cedure 1is to compute the cell quantities first,
n+ n+

lucell o lnvetcex
vertex quantities. Finally, otly can be calculated.

then change and compute the

The rezoning can be accomplished using either
the old nx,ny coordinates or the new n+1x, n+ly
coordinates. The differences in rezoned quanti-
ties that result from these different coordinates
are of order Gtz, and they can be neglected for
most purposes. Our procedure is to move the coor-
dinates before the rezone calculations, as numeri-
cal methods are usually slightly more stable when
time-advanced quantities are used. The new coordi-
nates for all vertices are given by

n+1x =% + v, st ,

n+1y - ny + Vg 6t
and

“+1r = n+1x for cylindrical coordinates, or

1.0 for plane coordinates.

The mass and energy are rezoned on a cell-by-
cell basis.
late flux coefficients for each of the four faces,

For every cell, we must first calcu-

using the new coordinates:

LR



. Gt(rl + r2)
i R = 8 [‘“cl Ty Fugy Tuy) O -y
_,
. * gy -V Ve T V) (% "2)] ,
" Gt(rz + r3)
- FT = 8 (ugy —upy + ugy ~ upy) vy - yy)
* gy = Vg Vg3 - V) (xy "3)] ,
Gt(r3 + r4)
FL = 8 [(“ 3 T Up3 t g T U Oy - Yy
+ (Vgg ~ Vg F g, T V) (% "4)] ’
b St(r4 +r
FB = 8 [(“Ga T U tug Uy -y
- + (VG4 - Vi + Vo1 T le)(xa xl)] .

Note that the flux coefficients are zero in

e = U, and Ve T Vs
and that FR for cell (i+%,j+%) is equal to -PL for

Lagrangian calculations, as u

cell (i+3/2),3+%), and FT for cell (i+%,j+%) is
equal to -FB for cell (i+%,j+3/2).

Recall that the momentum equations in the
tilde calculations already contain diffusion terms,
through a general stress-tensor deviator, which are
used to repregent true viscosity or to ensure com-
putational stability., A slight instability results,
however, 1f old-time values are used in the convec-

tive flux terms in the mass and energy rezone, al-

though the stability of the mass equation is en-~

e

hanced by the use of the partially advanced den-
-“ sity, p.. In general, it seems preferable to pre-
\’ L
vent the instability at its source, rather than to

add a separate diffusion process. (The truncation

. errors responsible for instability are not really

in a full "diffusion form" when more than one dimen-
sion is considered.) Therefore, we will use flux
expressions that can be adjusted toward a partial
donor-cell treatment. It is convenient to embody
the flux coefficients, FR, FT, FL, and FB, within

expressions that allow various differencing forms

determined from input constants, o and BO:

ap = @ sign FR + 4FR Bo/("ﬁai/z vj%)

ap = o sign FT + 4FT B /(vjﬂ/2 vjﬁ) ,

sign FL + 4FL B /(vj“'éi + vj#i)

sign FB + 4FB Bo/(v-Lj; + vjﬁ:) ,

if FR> 0

where ''sign FR," for example, = '+ 1 1f FR < 0
b

and the input constants allow these combinations:

ao = 0 and Bo =0 = centered,

¢ =land B =0 = donor cell,

(<) (<)

o = 0 and Bo =2 = interpolated donor cell.

Note, however, that ao must be sufficiently posi-

tive2 for the mass equation to be stable.

As full
donor-cell differencing 18 too diffusive for most
circumstances, generally 0 < ao <1,

The new mass and energy for a cell (1+%,j+%)

are given by
-
n+le+'35 3+ I+
pV) + FR{(1-a )p. + (1+o,)p
14 _QR Ly e 1+3/2]

+ FT (1—ogr)p j+3/2

+ ooy

+ FL !’(1-%)9 I, (1+ap)p s
| 1+ Ly

+ FB [(1"“5)91. + (1+0LB)D s

and

11



¥

Stp. (r,+r,)
n+1Ej L 4 "2
——;M F24 = 16 (g4 Mg ug2) (7577,) .
.w
+ FR {(1—%) pE) + (1+uR)( )jif:f/z] * Vo Viatea VL) (% 2)] -
-~
4F13 ‘
@l3 = o sign F13 + 8 ’
+ F'r[(l-a ) pE) + (1+<x,r)( )j+3/2] ° ° (v, 3 -
143
4724 o
@24 = o sign F24 + B .
j"af j"Aﬁ o o v j
+ FL [(1-0:1) pz) + (rap) (oE) 1_12] L) e
+ FB [(1—013)( DE) + (1.,,%)( )j ;EJ Here, the "sign" has the same meaning as it did in
the mass- and energy-flux expressions given above,

and the o and B_ are the same quantities as in

Before updating the vertex quantities, we next o o
n+1V those expressions or may be chosen independently.

calculate (as per the equation in Sec. I C,

Because a greater proportion of donor-cell differ-

item (3), which in turn allows us to calculate

encing is required to stabilize the mass equation

"y than the momentum equations, it is well to use a .-
o+l
n+l j-fég <E)j different (smaller) ao in the momentum equations.
i
e 1+ Given the values of F13, F24, al3, and a24 for a

glven cell, the vertex contributions are given by:

The new volume and density replace " and np. The
y|

t th 1 ted usi
new vertex masses are en calculated using the Mi n+1ul - n+1ul _ .!;24 [“L3 (1-024) + uLl (1+a24)] ,
equation given in Sec. I C, item (4). o 1}41
To adjust the vertex values of up and vy for
rezoningswe set initial values at all vertices,where n+l n+l F13
uy = "y - - for, (o13) +uy, (1+a13)] ,
I A 0 S 2
1 n+ uLi ’
i n+l n+l F24
and uy ug + W [uL3 (1-024) + vy (1+(124)] R
3
ntld . (—n—n—>j v 3 +1 +1 F13
1™ \oF L, ° ntl o m _F13 [ - ]
n ]M A N U, u, + n+lM U (1-al3) + U, (1+013) R
The second sweep adjusts the four corner vertex -
values of each cell in a manner analogous to that n+lv1 = n+1v1 - %— [VL3 (1-a24) + Vi1 (l+<124)] .
in the first two phases. For each cell in turn, 1 -
we define several quantities:
n+l n+l F13 -
- - - 2
F13 T3 [(“Gl Uy g3 u3) O3Yy) .
»
n+l n+l F24 -« "
vy vy + n+1M [VL3 (1-024) + Vi1 (1+a.214)] R .
* (Ve VLrtes Ly “‘1"‘3’] , 3 -
n+l n+l F13
v, Vo * [vm (1-013) + v , (1+a13)] .
4

12



Finally, the new velocity field allows us to calcu-
late the new specific internal energies for all

cells:

n+1Ij435 n+l j+15
i+

(2222 2
Eyp, - tug

-3 i) -

vhere the u and v values are the ntl values just

calculated.

G. Boundary Conditions

Various boundary treatments can be used in an
ICED~-ALE program,2 but we discuss here only the
simple case of straight, rectangular reflective
boundaries on all four sides of the mesh. (For
ease of understanding, the version of the code pre-~
gented in the following sections is limited to this
one case.) The reflective boundaries considered
are free-slip walls, the left boundary becoming the
axis of symmetry for calculations in cylindrical
coordinates. The criterion for any boundary condi-
tion is that velocities on boundary vertices be set
in a suitable fashion. Por free-slip walls, this
means that normal wall velocities must be kept
zero throughout the calculation. In the three
phases of the calculational .cycle, particular at-
tention must therefore be given to the following:
(1) After the Phase-l tilde velocity calculations,
normal wall velocities must be reset to zero, i.e.,

= 0 on the left and right boundaries, and v = O
on the top and bottom boundaries.
(2) During the pressure iteration in Phase 2, the
normal wall velocities must be kept zero. There-
L and vL
be set to zero in boundary cells before proceeding

fore, the appropriate u component (s) must
to the next cell in the iterationm.

(3) During the rezoning of cell quantities, cells
adjacent to boundaries do refer to p and E values
outside the walls, but these terms have zero coef-
ficients, so they may be left unspecified.

(4) After the n+1u and n+1v calculations, the
normal wall velocities must be zeroed again, in a
manner analogous to that used for the Phase-1 til-
de velocities. As described here, the normal ve-
locities are set assuming that the boundary is tru-
1y horizontal or vertical. Generally, however,

any boundary (except the axis) may be curvilinear;

then the "normal" velocity becomes a function of
both the u and v components, requiring more care-
ful treatment.

It is important to note that no pressure bound-
This is a

direct benefit of the Phase~2 iteration procedure.

ary conditions are required in YAQUI.

It is useful to surround the mesh with a band
of fictitious cells (described in Sec. II B) to
aid in the treatment of the boundary conditions.
Generally, p and E should simply be set forever to
zero in the fictitious cells. This allows calcu-
lation of appropriate zero fluxes at the boundaries
in Phase 3. In many applications, however, it is
ugseful to allow the rigid walls of the mesh to ex-—
pand in the rezone. Then fluid is swept up, and
appropriate ambient values of p and E must be main-
tained in the fictitious cells. An example of this
is shown in the sample code version included in
this report. Here a uniform exterior E is gener-
ated in the setup and is allowed to remain constant
for all time.

exterior pL values to maintain atmospheric equilib-

The rezone calculates appropriate

rium. These new exterior pL values subsequently
become the final exterior n+lp values for the cycle.

Rezoning is discussed further in Sec. III B.

IT. THE YAQUI COMPUTING PROGRAM

A, General Structure

Here we describe the principal structural de-
tails of the LASL ICED-ALE computing program, call-
ed YAQUI, whose flow diagram and listing appear in
Appendixes A and B, respectively. YAQUI was writ-
ten as a CDC-7600 production code for specific
contractual purposes. As such, it embodies a num-
ber of features to make efficient use of computer
storage and time. As was anticipated, however,
the same basic code has been developed in several
directions by a number of investigators, so it was
purposely constructed in a modular form. The phys-
ical arrangement of these modules corresponds to
their logical sequence in the computing cycle to
The loss of effi-
ciency in certain regions that results from having

the entire code in FORTRAN IV, rather than machine

the greatest degree practicable.

language, is hopefully counterbalanced by increased
readability for most users and the simplification
of adapting it for use on computers other than the
CDC-6600/7600 series.

13



As depicted in Fig. 4, YAQUI is built in an
overlay fashion to minimize the use of small core
memory (SCM), which is the "fast' memory on the
CDC-7600. The main overlay, (0,0), which always
resides in SQM, contains the main controlling pro-
gram, YAQUI. Subservient to it are the programs
in the two primary overlays, (1,0) and (2,0), which
reside on digsk storage. YASET is the setup pro-
gram, and YAQUI1l performs the three-phase ICED-ALE
calculations,

The structure within each of these three pro-
grams is further detailed in Fig. 5, which shows
the UPDATE notation used in the actual code.

In addition to the main program, YAQUI, the
(0,0) overlay contains the subroutines L@@P and
FIIMCH. L@OP handles the three-row buffering
scheme that shuttles cell data between large core
memory (LCM) and the SCM common YSCl. The details
of cell-data storage and the buffering scheme are
given in Secs. II C and D, FILMC@ (for film coor-
dinates) computes the scaling for the microfilm
plots. Because these two subroutines are required
by both of the primary overlays, it is expedient
to place them in the main overlay. Because they
are thus always resident, the primary overlays can
access them at will., Also in the main overlay is
the common YSC2, which contains all the SCM data
that must be maintained from cycle to cycle, and
which is the SCM portion of the information written
on tape for restarting purposes.

Two LCM blocks are initially defined in the
main program: YLCl is the storage block for cell
data, and YLC2 is the storage block for the option-
al particles, described in Sec. II E.

To set up a calculation from initial input
data, the main program calls YASET, the (1,0) over-
lay program, from the disk, and surrenders control
to it. This overlay is placed in SCM immediately

(0,0)

MAIN PROGRAM YAQUI

OVERLAY

(1,0} (2,0
PROGRAM PROGRAM 2

PRIMARY PRIMARY

OVERLAY YASET YAQUI 1 OVERLAY

Fig. 4. The YAQUI 3 program overlay structure.
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following the (0,0) overlay. YASET itself is only

a two-instruction program: it prints "YASET CALLED,"
so that the user can monitor his path through the
overlays, and then immediately calls subroutine
YASET1. VYASET1 performs the actual setup, and in
turn calls upon PARTGEN, to generate particles if
specified, and MESHMKR, which creates the computing
mesh with its initial cell and vertex quantities.
When the problem setup is complete, YASET1l returns
control to the (0,0) main overlay program.

To calculate after setting up, the main program
calls YAQUI1l, the (2,0) primary overlay, from the
disk, and surrenders control to it. Because this
is an overlay of the same level as (1,0), it covers
the image of (1,0) in SCM, being read in also to
the locations immediately following the (0,0) over-
lay and thus making efficient use of SCM space.

Like YASET, YAQUIl is a two-instruction program: it
prints "YAQUI2 CALLED," and immediately calls sub-
routine YAQUI2, Should the program abort because of
an unexpected error, the user can quickly ascertain
which program he is in, inasmuch as the range of
instruction addresses for both the (1,0) and (2,0)
overlays is the same.

YAQUI2 is the largest section of code in the
entire computer program. It contains the three-
phase ICED-ALE, whose calculational cycles are re-
peated continuously under the direction of the

""Control Region."

This region is strategically
placed immediately after the np calculation, at
which point in the cycle all the quantities that
represent the complete solution at a given instant
in problem time are available. The control region
provides all microfilm plots and cell data prints.
Also, it updates the problem time, t, by the current
6t, performs tape dumps and tape restarts, and
senses problem completion or an impending operating-
gsystem time limit., In the latter two events, it re-
turns control to the main program, which, in turn,
searches the input queue for further taska. If
there are none, the job is ended.

YAQUI2 makes use of two subroutines: PARTM@V
moves and plots particles, and REZUNE calculates

new grid vertex velocities, u, and Vos and new ver-

G
tex coordinates, x, y, and r, for Phase 3 if the
flow is neither pure Lagrangian nor pure Eulerian.
If, however, the flow is pure Lagrangian or pure

Eulerian, these velocities and the new coordinates

&
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YAQUI CODE STRUCTURE

OVERLAY (UPDATE NAME) FUNCTION
[ rcomoscx YSC1 |7"COMMON2" -«— SCM BUFFER
COMMON INCLUDED IN
COMDECK YSC2 ~— TAPE DUMP — CONTAINS
ALL QUANTITIES KEPT
. . FROM CYCLE TO CYCLE.
(0,0) < COMDECK EQVREAL| "EQVREAL’ ~— EQUIVALENCE, REAL STATEMENTS
]
COMDECK DIMEN | "DIMEN" -«— DIMENSION STATEMENTS
MAIN PROGRAM “vyaqu!” -«— CONTROLS (1,0},(2,0) USAGE
SUBR. "LoOOP" -~ HANDLES LCM USAGE
SUBR. "FILMCO" -— SETS UP FILM COORDINATES
- FOR INITIAL OR REZONED GRIDS
r_ [} E
FROGRAM YASET" —— CALLS YASET
(1.0) | suBr. "vaseT1" | —~— BASIC SETUP
2 «
SETUP [sueR. “PARTGEN" -~<— PARTICLE GENERATOR
[sueR. "MESHMKR" ~~ GRID GENERATOR
—
IPROGRAM “yaQuil ¢ «— CALLS YAQU!I 2
(2.0 SUBR. "vaqQui 2" -«— 3- PHASE ICED-ALE
h 4
NSORO ) + CONTROL REGION
[susR. "PARTMOV" ~s~ PARTICLE MOVER AND PLOTTER
[suaR. "REZONE" l -~ ANY REZONE

Fig. 5.
nomenclature.

are directly calculated in YAQUI2 in a simple,
The REZONE package is re-

ally a "roll-your-own'" section in which the user

straightfoward fashion.

creates rezoning logic appropriate to his partic-
ular needs. (In the version of YAQUI presented
here, the REZPNE subroutine is an example of a pos-
sible way to follow the rise of debris from an
atmospheric burst.)

To restart a calculation from a tape dump,

the main program bypasses the (1,0) overlay and

Detailed breakdown of the YAQUI overlays, describing the functions of all sections and the UPDATE

calls (2,0) directly.
sensed immediately by YAQUI2, and the control re-

The restart condition is

glon reads in the tape dump, placing the data in
SCM and LCM as required, and turns control over to
the point in the calculational cycle that will con-
tinue the problem from where it left off when the

tape dump was made.
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B. The Indexing Notation

An examination of Fig. 2 shows some variables
centered at vertices and some at cell centers, a
common occurrence in Lagrangian computing methods.
In FORTRAN, one can reference xi simply as "X(I,J),"
but piiz cannot be referenced by a "half-integer"
index, so the convention has evolved that "P(I,J)"
refers to this pressure., Thus the indices I and J
refer to a quantity lying at the lower left vertex
of a cell, or at the cell center, depending upon
where the quantity is defined. In YAQUI, "(I,J)"
is replaced simply by "(IJ)," as only single sub-
scripts are used for computer efficiency. In the
YAQUI subscript notation, the letter "P" stands
for "+," and "M" stands for "-." Thus, we write

= (4,3) ,

IPJ = (i1+1,3) ,

M= (4,j-1) ,

IPJP = (i+l,j+1) ,

etc.

Such a notation permits easy readability of pro-
grammed difference equations in the code. Figure 6
shows the single subscripts typically seen in ref-
erence to vertex quantities, and Fig. 7 shows sub-
scripts referring to cell quantities.

As the number of vertices in either direction
is one greater than the number of cells, it is
apparent that the grid in computer storage must be
at least (I+1) by (J+l1) in size. Because our in-
dexing refers to cell centers and lower left ver-

tices, we must allow one extra column of storage

jfl_l

j 1My I

jmi—

IJM —
1! | |

Fig. 6. Single subscript notation for vertex quan-
tities.
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j*‘%ﬁg i

IMJ——t — [ =t —1py
' Y
)4-/2 AN P4 |

i-Yo i+l iiibh

Fig. 7. Single subscript notation for cell quan-
tities.

on the right and one extra row along the top. -
YAQUI includes one extra row along the bottom in
addition, giving a mesh that is (I+1) by (3+2) in .
extent., These exterior zones are known as ficti-
tious cells, and having them on three sides helps s
in the treatment of expanding meshes and certain

boundary conditions. Note that fictitious cells

are not used on the left, however. The code was
bagically intended for calculations in cylindrical
coordinates, in which the left boundary is an ax-~
is of symmetry. In plane coordinates, it becomes
a rigid free-slip wall, or plane of symmetry. The
omission of fictitious cells on the left implies
that no fluxing will ever be desired on that side,
and the code would have to be modified to allow
such a feature. The actual YAQUI mesh for the
conceptual mesh of Fig. 1 is shown in Fig. 8. Co-
ordinates are not calculated for fictitious cell
vertices. -

Obviously, double D@ loops in FORTRAN to cover
all vertices would have the limits J = 2 to JP2
and I = 1 to IPl. Similarly, loops to cover all
cell centers would have the limits J = 2 to JP1
and I = 1 to IBAR.

‘e

.
-

C. The Storage of Cell Data K
The YAQUI code was designed for running finely i

-~

resolved calculations, implying several thousand

computing cells., In addition to the basic fluid -~
dynamics, space has been left in SCM for the later ‘
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Fig. 8. An actual YAQUI mesh, corresponding to the

conceptual mesh of Fig. 1, showing vertex
notation. Fictitious cells are denoted by
dashed lines.

inclusion of code to deal with other physical phe-
nomena, such as magnetohydrodynamics, turbulence,
and chemistry effects. Therefore, all cell data
are maintained on LCM, and the code deals with only
three rows of cells at a time in SCM processing.
Clearly, the optimum procedure is that which re-
quires the minimum number of read/write references
to LCM.

in an "interleaved" fashion, in which all the var-

Accordingly, the cell variables are stored

iables for a given cell are stored contiguously,
followed by all the variables for the next cell,
etc. (Contrast this with the traditional method of
storing cell variables in individual T by J blocks
for each variable. This scheme is appropriate
vhen the computing code is designed for smaller
meshes that will always fit in SCM.)

sion of YAQUI presented here, the full calcula-

In the ver-

tional cycle, including the optional particles,
requires 35 different cell variables, but we are
able to get by with using only 14 storage words )
per cell. This is made possible by retaining quan-
tities during a cycle only as long as they are
needed, and then using their storage words for
other quantities. Figure 9 shows the allocation
of the 14 storage words for a YAQUI cell in the
(1,0) and (2,0) overlays.
to right corresponds to the actual order in which
A black

dot implies that the quantity currently in the

The ordering from left

quantities are calculated in the code.

gilven storage word is referenced to calculate the
quantity specified at the top of the column. The
open dots in the rezone imply that x, r, y, and V
may be referenced, depending upon the particular
rezone. Note that the vertex masses, Mv’ and the
cell volumes, V, are stored as reciprocals for in-
creased computer efficiency. Because most refer-
ences to Mv and V are in denominators of equations,
the time-consuming divide operation is thus avoided
much of the time.

The quantities 28t <?£§ + —l?>, known in the

r Az
code as DELSM, and 1/c2, known as RCSQ, are invar-
iant through the Phase-2 iteration. It is, there-
fore, expedient to compute their values throughout
the mesh beforehand to avoid needless and repetitive
calculation within the iteration itself.

In the convective~flux part of Phase 3, the
"n+1" values of Mc (the cell mass), 1/Mv (the vertex
mass), and u and v are initially stored in vacant
slots. Their "n" values are still required through
the calculation of the momentum equations, after
which the new masses and velocities can be trans-
ferred to their ordinary storage words. This places
them in their proper locations as the "n" values
going into Phase 1 of the next cycle.

The contour quantity (CQ) in the control re-
gion denotes the field of some chosen cell variable
for which a contour plot is drawn on microfilm.

The quantities referred to in the PARTM@V subroutine
are described in Sec. II E.

Charts such as Fig. 9 have proven extremely
useful in initially planning the storage before-a
code is written, but they are equally useful there-
after as an aid in visualizing what quantities are
available at a given point in the calculational
cycle, and where storage vacancies exist.

YLC1l, the storage block for cell data on LCM,
contains a single array, AAl, dimensioned at
13100010 worda in the version of the code presented
here. Because 14 words per cell are used in this
version, a maximum of 9357 cells (the product of

I+1 and 3+2) are available.

D. The Three~Row Buffering Scheme
Subroutine L@@P, in the (0,0) main overlay,

shuttles the cell data between the large LCM array

and a small buffer in SCM where it is operated on.
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Generally, L@@P maintains three rows of the grid in
SCM at a time: the row being processed and the
rows above and below. All calculations affecting
cell data are actually performed directly on the
current contents of the buffer., Because the cell
data are interleaved in storage, all quantities
pertaining to the three rows of cells are instantly
available. The schematic flow diagram and sample
F@RTRAN double D@-loop in Fig. 10 show how the
buffering takes place.

(1) Before the "D@" statements are entered, a CALL
is made to the START entry of L@@P. START reads in
the entire contents of the bottommost three rows of
the grid from LCM to the SCM buffer, placing row

j = 1 in the buffer section designated "row 1/3";
likewise row j = 2 is read into "row 2/3," and row
J = 3 is read into "row 3/3." Rows 1/3, 2/3, and
3/3 are contiguous in SCM, and like their counter-
parts in LCM each contains NQI = NQ * IPl words,
where NQ is the number of quantities, or storage
words, per cell. With the three rows read in, the
calling program needs to know how to access data
in the buffer. This information 1s provided by
the setting of the indices IJM, IJ, and IJP to
point to the first words for the 1 = 1 column of
Thus, IJM is set to the first-
word address (f.w.a.) of SCM row 1/3; similarly,
LJ points to the f.w.a. of 2/3, and IJP points to
the f.w.a. of 3/3. Note the indicator IBUF which

is set to 1; it will control the subsequent read-

cells in each row.

ing and writing of individual rows and the reset-
With the first three
rows of cells read in and the basic indices set,

ting of the three indices.

control is returned to the calling program.
(2) The double D@ loops are initiated.
indices are needed for cells not lying immediately
above or below cell IJ, so IPJ (= 1+1,j) and IPJP
(= i+1,j+1), which initially refer to the i=2 col-
umn of cells, are easily obtained by applying in-

Secondary

crements of the number-of-storage-words-per-cell,
NQ, to the primary indices IJ and 1JP.
ample shown in Fig, 10, we are able to calculate

In the ex-

the radius of a cell as the simple average of the
radii of its four vertices. The terminal state-
ment of the inner D@ loop, which counts columns
within each row, is statement No. 89, Note how
the primary indices, IJ and IJP, are first ad-

vanced to the next column in the row. The inner

loop is repeated until the row is completed, at
which time control passes to the "CALL L@@P" state-
ment,

(3) The LOPP entry immediately writes row IJM back
onto LCM, and depending on the setting of IBUF, goes
to statement No. 10, 20, or 30. Because IBUF was
initially set to 1, control passes to statement No.
10 in our example. Now the indices IJP, IJ, and IJM
are reset to point to different SCM rows -- IJP to
the vacated row 1/3, 1J to 3/3, and IJM to 2/3. IBUF
is reset to 2 to control the next entry to L@@P, and
control passes to statement No. 40 which will read
row j = 4, the new IJP row, into SCM row 1/3. Note
that no unnecessary shuffling of data in SCM has
taken place: row j-1 was read out and replaced by
row j+l, and the three indices were reset to point to
where the rows j+1, j, and j-1 are located. As de-
picted at the bottom of Fig. 10, the grid rows in
SCM are in their actual logical order only every
third row.

(4) L@PP returns to statement No. 99 in the sample
calling program, and rows are processed similarly
until all the rows specified by the J D@-loop have
been processed, at which time control passes to the
"CALL D@NE" statement.

(5) The DPNE entry is really only a cleaning-up
operation: because further reading is unnecessary,
it merely writes the final two rows, j and j+1 (JP1
and JP2, respectively) back out onto LCM.

Not indicated in the flow of Fig. 10 is the
incrementing of the relative address indices for
reading and writing LCM. These are initially set
to 0, and incremented by NQI as processing pro-
gresses up the mesh.

Given this three-row buffering subroutine, the
ugser needs only to include the CALLs to START, L@@P,
and DPNE at the appropriate points in the D@-loops
and to increment by NQ words for each cell within a
row. Other than that, the logic he must know is no
more complex than if the data were entirely in SCM,

The number of storage words per cell in the
YAQUI version presented here is seen to be NQ = 14,
as per Fig. 9. This may be increased very simply
by adding the new variables to the EQUIVALENCE and
DIMENSION statements in the Comdecks EQVRFAL and
DIMEN, respectively, and redefining NQ in the (0,0)

main program at one place only.
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&ENTRY LOOPY»

WRITE ROW UM —LCM
| GO TO (10,20,30) 1BUF
|
Co)+1dP = fwa SCM 3
1J = fwa SCM 3/z3|——
IJM = fwa SCM %3
IBUF = 2
(0)+1JP = fwa SCM 23
I = fwa SCM 3
IJM = fwa SCM 3/3\
IBUF = 3

«ENTRY START>

READ INTO ROW SCM '/3
READ INTO ROW SCM %3
[]

SCM BUFFER
ROW 3 | ]
» .
ROW
73 | | .
ROW Y3 | | .-
INTERLEAVED STORAGE at NQ WDS/CELL 5.

LOOP EXAMPLE .

CALL START
DO 99 J=2,JPI
DO 89 I=1,IBAR
IPJ = 1J + NQ
IPJP = IJP + NQ
R = .25 % [R(IPY)+R(IPUP) +R(LJP)+R(1J)]

Go+1op = fwa scm ¥
IJ = fwa SCM 2/3
IJM = fwa SCM U3 I = IPJ
IBUF = | ; 89 || I1JP = IPJP
CALL LOOP
READ INTO ROW (I JP) ]‘—‘ 99 || CONTINUE ..
CALL DONE
CRETURND >
&ENTRY DONE)
WRITE ROW TJM — LCM 1JP 1PJP
60 TO (50,60,70) IBUF * ¥
GO~jrum = fwa scm %3 IMJ IJ/. 1Py
¥ *
60)+1IJM = fwa SCM /3
GO+1uM = fwa scM Y3 S
(80D~ WRITE ROW 1JM —= LCM |
RETURN
4
J J J J J J J
ROW ¥3— (1JP) 3 | (19) 3 | (IuM) 3 | (P) 6 | (1)) 6 | (1um) 6 | (TuP) 9
ROWZ3 - (1) 2| (oM 2 [ (tuP) 5| (1 5 | (zyM) 5 | (1uP) 8 | (1) 8 :
ROW Vz—= (TuM) | [ (1JP) & | (19) 4| (zum) 4 | (P 7 | (T0) 7| (zum) 7 .
Fig. 10. YAQUI three-row buffer. , -
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The SCM buffer is in common YSC1l which con-
tains a single array, AASC, dimensioned at 4242
words in this YAQUI version.

10
Because AASC must be

able to hold three complete rows at once, NQ = 14
means I < 100.

Other entry points in the L@¢P subroutine, not
shown in Fig. 10, allow the user to access any cell
at random easily, and to perform D§ loops with the
J index reversed so as to sweep from top to bottom.
Examples of this flexible routine are seen in numer-

ous places throughout YAQUI.

E. The Particle Option

The basic ICED~ALE scheme has no dependence
upon particles, but deals entirely with field vari-
ables related to the computing grid. It is useful,
however, to include particles in many problems of
interest. These may serve either as true "markers,"
which are carried along by the flow but have no in-
fluence upon 1it, or they may act upon the surround-
ing fluid. In the latter case, we must store veloc-
ity components, a mass, and a drag coefficient for
each particle, in addition to the usual coordinates.
This permits calculation of momentum changes expe-
rienced by the particles owing to fluid forces,
these changes in turn being subtracted from the
fluid momentum on & cell-by-cell basis.

For simplicity, we shall first discuss the
basic particle-moving scheme used in YAQUI, and
then describe the inclusion of the momentum-exchange
feature.

1. The Particle Mover. Our technique for moving

particles in a general, quadrilateral grid is based
on use of a temporary, uniform rectangular cell
grid superimposed on the YAQUI grid. Given a veloc~
ity field related to a uniform grid, particles are
easlly moved by an ordinary interpolated area-
weighting scheme. The problem, then, is to define
a velocity field on the superimposed grid (here-
after called the particle grid) so that it reason-
ably approximates the velocity field of the current
YAQUTI grid.

(a) First, we define the particle grid by

This is done as follows.

specifying its cell-edge lengths, Ax and Ay, and
its overall dimensions PXR and PYI. Because we use
a vacant part of the YAQUI cell storage to store

particle grid quantities, we do not allow the number

of zones in either the r or z direction to exceed
that of the YAQUI grid.

at this maximum for the best resolution.

We generally, however, run
In most
calculations, the dimensions Ax and Ay are chosen

so that the particle grid just encompasses the region
covered by the regular rectilinear or curvilinear
grid, although in some cases when particles are used
solely in some specific region, the particle grid may
be placed only over the region of interest.

(b) The second step, after definition and loca-
tion of the particle grid, is to sweep the YAQUI ver-
tices systematically and do the following for each.
® If the vertex lies outside the particle grid, skip
to the next vertex.
have x € PXR and PYB € y <« PYT, where PYB is the y
coordinate of the bottom of the particle grid.
® Determine (i,j) of the particle-grid cell that

To be included, the vertex must

contains the vertex,
® Agsign to each of the four corners of the parti-
cle-grid cell (1,j) x and y momenta (Mx and My) and

mass (Mo) according to

(M )J - (M )3 +mu (W) (by - h)/&x by
* 141 */1#1
(M )j+l -
*/1+1
(M )j+1 -
*/1

6& J - (% )j + mu (Ax - w)(Ay -~ h)/Ax Ay ,
*/1 */q

(M >3+1 +mu (W) (h)/Ax Ay
X/14+1

(ux)J“l +mu (A - W) (h)/Ax Ay
i

where w and h are defined as shown in Fig. 11. TUse
similar expressions with the same weighting factors
for M and M _.

y o

(¢) Finally, after momenta and mass have been
assigned from all YAQUI vertices onto the appropri-
ate particle-grid vertices, we calculate the u and
v velocities of the particle-grid vertices as

PU = Mx/Mo and PV = My/Mo .
which are the velocities to be used in moving the
particles.

(d) To move a particle, we first determine in
which cell (1,j) of the particle grid it is located.
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i

i i+l

Fig. 1l1l. Assigning YAQUI vertex quantities to the
gurrounding particle-grid cell.

It is then moved according to an interpolated veloc-
ity based on the cormer velocities of the particle-

grid cell. If the particle lies at positions (w,h)

ag shown in Fig. 12, then

u, - [PUL_I ) (&y - h) + P“iﬁ () (h)

+ puji‘“l (&x - w) (h)
+ el (ax - Wy - h)]/Ax Ay
n+lx =2 4+ 8tu ,
P P P

and similarly for the vp velocity and yp coordinate.
2, Particle-Fluid Momentum Exchange. 1In particle-

fluid momentum exchange, the particles do not

j#|——PU,PV PU,PV

j ——PU,Pv ! PU,PV

i iel

Fig. 12. Area weighting the particle p within the
particle grid cell.
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necessarily move with the fluid velocity. The basic
particle mover is extended to include reaction with
the surrounding fluid as follows.

(a) In addition to storing PU and PV for all
particle-grid vertices, we store the quantities AMx
and AMy, which are the x and y momentum changes
caused by fluid forces suffered by the particles
near each vertex. These quantities must therefore
be subtracted from the fluid momentum on a cell-by-
cell basis. In YAQUI, we felt that to within the
accuracy of the particle mover itself, we could
split the word storage used for particle-grid veloc-
ities, combine PU and AMx at one-half word each,
and similarly combine PV and AMy.

(b) The calculation of AMx and AMy proceeds
as follows. The velocity of each particle is gov-
erned by the equation of motion

n+l nup + thp (ufl + urand) + 6tgr

Yp 1 + scnp '

fl
the area-weighted value of the particle-grid veloc-

in which u is the up of the previous equation —

ities at the particle location, Yoand is the Zeloc-
ity contribution from turbulent fluctuations, and
np is a drag coefficient. The x-momentum change

of the particle is

o+l
(XM_x)p = mp Gt:np (ufl - up + urand) ,

where mp is the particle mass. This momentum
change is distributed to the particle-grid vertices
in much the same manner that ug, was calculated.
Thus, if the particle is in cell (i,j), the corre~

sponding changes at the vertices are given by

(AMx)jiﬂ ) <AM") i+1 . Aﬁ &y " (ATx)p ’

() ™ O = (5%,

()17 = (eI SR (@)

’
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A similar distribution is performed for AMy, where

- n+l
(AMy)p mp thp (vfl - vp + Vrand) .

Because AMx and AMY are calculated through a summa-
tion, their values must be initialized at zero each
cycle.

Note that whereas the basic particle mover re-
quired that the particle coordinates (xp, yp) be
stored from cycle to cycle, the momentum exchange
In YAQUI,
particle-storage words are split like particle-grid

requires in addition up, vp, m_, and np.
gtorage. Thus, the six quantities per particle are
kept in three words, where xp is combined with u_,
yp is combined with vp, and np is combined with mp.
(c) After all particles have been moved and
their momentum changes recorded at the particle-
grid vertices, these momentum changes must be in-
This is done

by sweeping the YAQUI vertices in the same manner

serted into the fluid momentum field.

as that used to set up the particle-~-grid velocities:
Determine in which particle-grid cell (1,j) each
Lagrangian vertex, is located. Because the mass,
Mo, agsgociated with each particle-grid vertex is
still in storage, the change in velocity components
of the Lagrangian vertices can be calculated easily.
The adjusted velocity component, u, of Fig. 11 is
given by

av \J ay \I*2 '
u=u- ({75 @ @y-w+(gF) @m

° /441 ° /141
j+1

AMX

¥ ”Z’)
i

A\

X
(&)
°/3

and v is given similarly, with AMx replaced by AMy.

(&x -~ w)(h)

(&x - w)(4y - b)|/&x &y ,

These expressions conserve momentum.

The YAQUI particle mover has been written with
the momentum-exchange feature built in. To calcu-
late with true marker particles only, however, we

merely set allm_ = 0O, np + ©, and u

rand = ‘rand
0, and bypass all AMx and AMy calculations.
Two-fluid dynamics can be performed without

using particles in a purely Lagrangian manner when

the fluid distortions are not sevete,2 whereas for
incompressible flows involving large distortions,
two-fluid dynamics can be calculated by tying the
particle motions strongly to the fluid in which the
particles are embedded. The particle masses are
chosen so as to supplement the density already con-
tributed by the background fluid, the sum of that
density and the particle density being the total
dengity of the second fluid. (More generally, the
presence of a spatially varying density in the sec-
ond fluid can likewise be represented by appropri~
ate choice of particle masses.) The masses can be
negative or positive.

In the absence of a free surface, the effects
of gravity are most efficiently represented by sep-
arating the pressure of the background fluid into
two parts, the uniform gradient in equilibrium with
gravity and the departure from this. As a result,
only the departure pressure is obtained by itera-
tion, its boundary condition being zero gradient
on the top and bottom walls. The gravitational
acceleration on the particles (i.e., on the differ-
ence between the densities of the fluids) then re-
mains as the only exterior force field. To allow
for this, one must accordingly supply a separate
specification for the gravitational acceleration on
the particles, designated by gzp'

Particle storage in YAQUI is maintained in the
LCM bdlock named YLC2, which contains a single array,
AA2, dimensioned at 13100010 words. Because the
particle data are stored using three words per par-~
ticle, a maximum of 43,666 particles may be used in
the version of the code presented here.

F. The Automatic Calculation of the Time Step and
the Viscosity Coefficients

The automatic calculation of the time step, 6t,
1s included as an option in YAQUI, primarily on the
basis of two stability conditions, one of which is
imposed by the viscous stresses, with coefficients
A and Y, and the other of which is associated with
the convective fluxes for Eulerian calculations, or
with the prevention of negative volumes for
Lagrangian calculations.

The viscous-stress stability conditions are
tested in the Phase~1l calculations in conjunction
with the calculation of the viscosity coefficients
As described below,

the code creates effective values of A and U on a

for the stress—-tensor terms.
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cell-by-cell basis, as determined by a combination
of input quantities ahd local flow conditions.

From these considerations, it then calculates a ten-
tative 6t, labeled Stv, for use in the next cycle

of calculation.

The convective-flux limitation can be imposed
during the rezoning of M and E in Phase 3. From an
examination of the flux coefficients FR, FT, FL,
and FB, calculated for each cell as defined in Sec.
I F, along with the divergence, D, and ao’ the code
obtains another competing tentative §t, labeled
Gtc.

The 8t actually chosen for the next calcula-
tional cycle, then, is the smaller of Gtv and Gtc,
6t = min (Gtv, Gtc). Subsequently, the initial val-
ues of Gtv and Gtc that go into the next cycle's
tests differ by some factor, stfac' which is usually
slightly larger than unity, times the new &t just
chosen. This permits the 8t to increase when con-
ditions become more stable. Because the 6t is al-
ways chosen for the next cycle of calculation, it
can be argued that it is always a cycle behind.
Ideally, the 6t chosen should be for use in the
present cycle, as it is based upon present condi-
tions, but this would be more difficult to accom-
plish. The one-cycle lag, however, presents no
problems, as the 8t 1s always small enough that
significant changes in the flow field occur only
over a number of cycles of calculation. Accuracy
considerations alone demand this, in addition to
the requirements of numerical stability.,

There is a great deal of latitude in how the
viscosity coefficients may be determined for Phase
1. Governing the use of the input values of A and
U is the input quantity £, an integer exponent used
in conjunction with pi. Three possible forms of
viscosity are allowed, depending upon the defini-
tion of §:

(1) & = 1 will allow a read-in value of artificial
kinematic viscosity. The input values of A and i
must be chosen with regard to the numerical stabil-
ity requirements for expected flow conditions.2

(2) & = 0 is used when the input values of A and

U represent the real, physical coefficients of vis-
cosity.

(3) & = -1 forces the code to seek its own viscos-
ity on the basis of local numerical-stability con-
ditions in the flow, Note that the actual numerical

24

values of the input A and Y are immaterial when
g€ = -1, Only the ratio A/u will be considered for
dividing the total viscosity between A and U.

The effective A and U used in the viscous
terms of the equations are, in all three cases,

given by

(xeff)i = k)‘:tnput:

and
where

when £ = 1 or 0. When § = -1, k is determined
directly from the numerical-stability requirement

A4+2u, 1.2 L., .2
5 > 7 U §t + Fu 6x .
We define
(udx)
pQA+e)f1 2 max
k=Fv@m \zw s+ ’

where € is a coefficient, ui

representative velocity at vertex (j) of the cell,

1
2 2 . 2\d
1 = (u + v )i N

{8 the square of a

u

and u'Gx2 is approximated by the maximum ufx of the
cell times a factor (1/n),
(udx)
2 max 1
u'dx = = 5 uax (Iui[Ar,|v'1|Az) s
in which Ar and Az have the usual definitions of

average Or and 68z:

1
Ar = E-(x2 =X, +x, - x3) s

=1 - -
bz =5 (y, =y, t vy -y -

Use of £ has removed the restriction for infinites-
imal 6t's that would otherwise be required in very
low-density regions, as when £ = 1 or -1, A = p

times some quantity, and U = p times some quantity,




so that the condition we must satisfy for stability,

O+ 2w 8t l<5r2 82* )
Prin 2 6:2 + 622

becomes

1 [6x? 822
some quantity times &t < sl B
8™ + 8z
and the dependence upon pmin has been entirely re-
moved. Moreover, for £ = 1, X has been converted
to a kinematic form more convenient for artificial
viscosity in problems involving large density vari-
ations.
The AD term appearing in the Hxx' Hyy’ and He

equations is calculated as

(0)] = mtn (0,0) (Aege)?
i
as D is applied only in compressive regions, that
is, when it is negative.
With the viscous effects included through the
stress tensors, the crucial equation for determining
Gtv is the stability condition

-1
St < 2(\ + 2p) 1 + 1 ,
[} A 2 A 2
r Z

which roughly states that momentum must diffuse
less than one cell width per time step. Because
(A +2u) = %-u + 7, the right side of the above ex-
pression is always positive. Further, the alter-
nate node coupler in Phase 1 introduces another
stability condition, which can be shown to always

be

Combining these two conditions, we obtain

pi (1 - ANC) Ar? Az2

Quantityj = .
' 2[(xeff) + z(ueff)]i @r? + 8a%)

from which Gtv way be reset as
Gtv = min (Gtv, Quantityi) R

thus allowing every cell a chance to participate in

the selection.

As mentioned earlier, several criteria in
Phase 3 influence the choice of Gtc. One require-
ment is that material cannot be fluxed more than
one cell width per time step, as the flux approxi-
mations are based on the implicit assumption that
exchanges occur only between adjacent cells., There-

fore, Gtc must be based in part upon the quantity
[max (IFR},]FT],]FL] ]FBI)/Volume]i ,

if the flow has any Eulerian features. In
Lagrangian cases, D§t can provide the same measure
that flux/volume does for Eulerian cases, as both
expressions have the appropriate %§~6t dimensions.
Besides monitoring these two quantities, Gtc
must take into account the differencing scheme it-

self. It can be shown that for stability we must

require
Ust < 2a°
?
ox 1+ a2
[¢]

in which U = , and ao is a measure of

u .. - u

fluid grid
the donor-cell proportion in the mass equation, as
I F. (The right side of the

above condition has its maximum when ao =1,) For

described in Sec.

accuracy, we restrict the limit to only a quarter

of this amount:

o
o}

2(1 + o?

[

Combining these three conditions, then, yields the
crucial quantity for determining Gtc:

, o)

' 3
<——————Iflux,W> + 6:]9[1
i

Quantity

L]
Volume
according to which we reset 6tc, if necessary, by
Gtc = min (Gtc, Quantityi) .
on a cell-to-cell basis, as we did to calculate
Gtv. (For computational purposes, the denominators

of both the above and the previous "Quantityi"

expressions should contain an added constant (on
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the order of 10-10) td ensure that they do not van-
ish.)

IITI. USING THE YAQUI PROGRAM

A. Mesh Generation

The generation of the initial mesh and fluid
configuration in YAQUI 18 the responsibility of the
(1,0) subroutine, MESHMKR. This subroutine must
provide the starting x, y, r, u, and v values for
all vertices, and p and I values for all zones.

Data punched on input cards, described fully in Sec.
C below, provide MESHMKR the information necessary
to perform this task for a variety of circumstances.

The first consideration is to define the co-
ordinates for all vertices. The input quantities
f, 3, 6r, and 8§z (= IBAR, JBAR, DR, and DZ in the
program) are the four fundamental quantities in
grid generation. They permit creation of a grid of
uniform 8r by 8z zones whose origin, vertex (1,2),
lies at coordinates (0.0, 0.0). The addition of a
fifth quantity Y5 (= ¥YB), the y coordinate of ver-
tex (1,2), allows the entire mesh to be displaced
upward. This is useful for calculations involving
expanding meshes. The initial, basic part of
MESHMKR generates exactly this uniform grid.

The version of MESHMKR presented here further
allows the option of nonuniform zoning. As depilct-
ed in Fig. 13, the previously generated grid lines
may be shifted vertically and horizontally, with
zone size increasing continuously outside of some
remaining inner area of uniform zones. The region
of uniform zones occupies Iuniform (= IUNF) by
Juniform (= JUNF) zones, centered at Jcenter
(= JCEN) zones up from the j = 2 bottom boundary
line. IUNF and JUNF may range from values of 1 and
2, respectively, implying variable zones through-
out, up to values of IBAR and JBAR, implying uni-
form zones throughout. The input coefficient FREZ
provides the expansion ratio for the zones lying
outgide the IUNF by JUNF region. A relationship of
the form x, = x, , + FREZ (x, , - %, ,) is used to
locate grid lines lying to the right of IUNF, above
JCEN + JU?F’ and below JCEN - JgNF. For accuracy,
FREZ generally should not exceed about 1.1. The

above expression will retain uniform zoning through-
out if FREZ = 1,0, A simple program modification
would allow for different expansion rates in the

two directions.
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Fig, 13, An initial YAQUI grid with variable zon-
ing. The region of uniform 6r and 6z
zones (IUNF zones by JUNF zones, center—
ed at JCEN zones up from the bottom) is
denoted by shading.

If variable zoning is employed (FREZ > 1,0),
user calculation of ¥YB would be inconvenient, so,
instead, the input quantity REZYO, which is the
y coordinate of the center of expansion, Yor deter-
mines the vertical placement of the mesh, REZYO
refers to the YAQUI vertex (1, JCEN + 2), and
allows YAQUI to calculate the actual value of YB.

Although the variable zoning shown in Fig. 13
for this version of MESHMKR is of a simple recti-
linear form, we emphasize that neither the tech=
nique nor the code is by any means limited to this.
MESHMKR may be modified easily to create any curvi-
linear grid, and, indeed, simple iterative tech-
niquesS have been used in MESHMKR to define a vari-
ety of more complex grid shapes for special appli-
cations.

With the basic grid (x, y, and r values) de-
fined, the second consideration is the initial u,
v, P, and I values to define the fluid. Input data
cards are read which define regions containing in-

tegral numbers of zones, and specify the initial




L 2]

values of the four variables assigned to all zones
Use of these data cards
is fully described in Sec. C below.

This version of MESHMKR includes the special
capability of setting up atmospheric-explosion cal-

lying within each region.

culations. 1In this case, it creates an entire
background of ambient atmosphere through use of one
In addition, p and

E values are initialized in the external or ficti-

of the fluid-region data cards.

tious zones, as the grid will later be expanded in
the REZONE, MESEMKR then adjusts the uniform o
field of this ambient atmosphere to a state of
gravitational equilibrium by use of an algorithm
that accounts for nonuniform zouning.

When combining variable zoning with an equilib-
rium atmosphere, the user must consider zone height
in relation to scale height. It is calculationally
inaccurate to allow a zone height to exceed one
scale height, and for zones larger than this, a
change in sign can be introduced into the p field.

Therefore, it 1s wise to ensure that the condition

6z < EZLTEE%EEEE R
z

is satisfied throughout the mesh. In the above ex-
pression, Iamb is the ambient specific internal
energy. As coded in this report, Iamb (given by
REZSIE) is a constant, but when atmospheric condi-
tions allow it to increase with increasing altitude,
larger zones may be employed in the region of in-
creased Iamb' However, the above condition must
still be satisfied.

Upon the ambient background, the spherical
burst may be defined in any manner that the user
wishes. We usually employ a special set of data
cards to define the upper right quadrant of the
burst. These cards are provided by a one-dimension-
al spherical code whose purpose is to calculate the
early-time dynamics. The cards are arranged in
relation to a set of uniform Eulerian zones, each
data card in the set specifying a pair of relative
1 and j cell indices and the associated p, I, v,
With a j index specified in YAQUI

to correspond to the center of the burst, MESHMKR

and u values.

creates only the upper right and the mirror-image
lower right quadrants, taking advantage of the

cylindrical symmetry of the burst. The data are

superimposed over the previously defined ambient
atmosphere, overwriting a part of it that is re-
stricted to lie within the IUNF by JUNF area, whose
uniform zones are identical in size to those of the
one-dimensional code. (This restriction would be
unnecessary if one were to interpolate the input
data separately.) The velocity components specified
on the data cards are located at cell edges, creat-
ing a minor complication, as YAQUI velocities must
As a result, MESHMKR

must store these velocity values in temporary loca-

be centered at the vertices.
tions as they are read in. After the entire set of
data cards hags been processed, MESHMKR can transform
the field through appropriate averaging to form a
vertex—centered velocity field.

Whatever logic the user chooses to employ in
grid generation, MESHMKR's work is finished when all
initial x, y, r, u, v, p, and I values have been de-
fined and appropriately stored. This information
enables YASET1 to calculate the initial values of
the remaining basic cell and vertex quantities

(Mc’ VvV, E, and MV) in a straightforward manner.

B. Rezoning

Rezoning, which is grid motion relative to
fluid motion, occurs in any flow that is not purely
Lagrangian., Indeed, purely Eulerian flow is a re~
zone flow, and 18 unique only in that the grid mo-
tion is such as to maintain the grid in a fixed
location. When rezoning occurs, there is a convec-
tive flux of mass, momentum, and energy from one
zone to its neighbors, which must be properly ac-
counted for. For fluxing accuracy, the grid veloc-
ities or the time step must be restricted so that
fluid is fluxed less than one cell per cycle, as it
is assumed in the equations that exchanges take
place only between neighboring zones.

These considerations are dealt with in Phase
3, in which grid velocities, ue and Vas and from
them the resulting new x, y, and r coordinates, are
determined. For the extremes of purely Lagrangian
and purely Eulerian flows, these grid velocities
may be specified quite simply. In the Lagrangian
limit, the grid velocities are identical to the
Lagrangian velocities resulting from Phase 2,
In the Eulerian limit, the
In YAQUI,
these two cases are treated in Phase 3 in YAQUI2

itself. The (2,0) subroutine REZONE is called to

ug = up and Vg = Ve

grid velocities are identically zero.
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define the grid velotities and the resulting coor-
dinates for any flow that is neither of these two
extremes. This "roll your own' subroutine allows
the user to force the grid to follow one or more
features of the flow continuously.

The sample REZONE included here shows just one
of a variety of possible schemes for following the
dynamics of an atmospheric-explosion calculation.
It i3 a good example because it shows the three
basic objectives that must be met by a rezone for
such a calculation.

(1) The mesh must be expanded so as to maintain
the boundaries ahead of the strong radially expand-
ing shock,

(2) The mesh must rise in the atmosphere at the
rate of fireball rise, and

(3) The zoning must resolve the details of the to-
rus in the central region finely, but may be much
coarser in the outlying regions, for computer effi-
ciency.

(The variable zoning discussed in Sec. III A and
shown in Fig. 13 can provide a good beginning for
this last aspect.) The following briefly explains
how REZONE meets these three objectives in this
version.

(1) The mesh expansion is controlled by monitoring
the largest absolute uL or vL fluid velocity (umax)
along a column or (vmax) along a row, several cells
in from each rigid boundary, thereby allowing sig-
nals to be sensed before they can reach the bound-
aries. The normal grid velocity assigned to the
boundary vertices is then calculated to be the
square root of the product of this maximum velocity
times the largest absolute u, or vy velocity (Vmax)
in the entire grid:

(“G)i-l =0 for all j,

- I*
(“G)i-Ipl = | Voax (umax)i-I-G] for all i,

(VG)j-Z - [vﬁax (vmax)j-9]¥ for all {,

(VG)j-JPZ = | Vnax (vmax)j-j-lalk for all 1 .
(2) The overall upward rise or tramslational veloc-
ity (vT) of the mesh can be determined by tracking
the rising maximum point of some representative

feature of the flow. We have found that the
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vorticity will serve this purpose if care is tak-
en. Although the rising fireball torus will soon
develop a strong vorticity field, the vorticity
profile flattens with time, developing a vertically
elongated plateau of the larger values. Upon this
plateau, the maximum point itself may move around
significantly from cycle to cycle. If the grid
translation is tied to such a shifting point, the
result is discontinuous up and down translation,
perhaps moving the grid several zone heights all at
once. A smoother and more reliable quantity to fol-
low than the pure vorticity would be some weighted
average vorticity. One possible form that we have

used successfully is based upon the quantity
Ve =:£: Yi wk/ E Wy which is summed over all cells
k k

except those near the rigid boundaries. Then Vo is

calculated as

QG (yc - ycen)}
v — |

= maximum of [0, 3t 3

T
where Yeen is the y coordinate about which the fire-
ball should be kept centered, and QG i8 an under-
relaxation factor used to ensure smooth rezoning.
(3) The technique for rezoning the interior grid
lines also makes use of the center of maximum vor-

ticity, requiring the radial center,
x, -Z X wk/z: W, as well as the vertical Yos
k k

to move. The interior vertices are then made to

satisfy the relations

- 1l /n n n
x; = 5-( X + xi-l) + BG (xc - xi) for all j,
and

5, - %—(nyj+1 + “yj_1)+ B (yc - "y, ) for all {,
where the coefficient BG determines how tightly the
vertices are drawn in towards the center of vortic-
ity (xc,yc), and therefore governs the level of
resolution in the fireball torus.

In terms of grid velocities, these results are

obtained by setting

Q
(wg)y = 3% (;i - nxi) for all i,




X4

and

ol

(vG)j = —% (;& - nyj) + vy for all {i.

The minimum zone size is related not only to
the value of B,, but also to the value of I. For
a given I, 1t is helpful to be able to estimate a
priori an appropriate value for BG to achieve some
desired level of resolution. The relationship can

be shown to be

2Bpxp
(+8;+B1 - 1+, -8

armin >
where Grmin is the minimum 6r after relaxation of
the grid, xR 1s the x coordinate of the right bound-
ary after all grid expansion has taken place, and
BF = (ZBG + Bé)k. The procedure is to obtain solu-
tions for various values of BG, but the final BG
chosen as optimum for a given problem will probably
differ slightly from the value suggested by the re-
lationship, and it is generally obtained empirical-
ly.

The rest of the REZONE subroutine, from state-
ment No. 1200 to the end, is somewhat more general
than the preceding part. New values of x, y, and r
are calculated for all vertices, using the values
of ue and Vas in expressions identical to those in
Phage 3 of YAQUI2. This is done in REZONE, however,
to enable the following adjustments to be made be-
fore RETURNing.

(1) The particle grid parameters are adjusted to
fit the new grid.

(2) Subroutine FIIMC@ is called to adjust all the
film-plot scaling parameters, and finally,

(3) The pL values in the exterior zones are recal-
culated using the new coordinates,

C. The Input Data

Formatted input data cards provide the infor-
mation necessary to specify a problem setup. The
number of cards required varies according to the
problem. However, the following cards must always

appear.

Card No. 1: IBAR, JBAR, IUNF, JUNF, JCEN, DR, DZ,

CYL, GRDVEL, AO, AOM, BO, KXI (Format
514, 7F8.3, I14), where:
IBAR = i, the number of real zones in the r

or x direction.

JBAR = 3, the number of real zones in the z or
y direction.
IUNF, JUNF, JCEN, and FREZ (see Card No. 4 below)
allow one form of variable orthogonal zoning in the
initial grid generation. Refer to Sec. III A and
to Fig., 13.
DR = 8r, the cell size in the r or x direction
in the uniform region.
DZ = 8z, the cell size in the z or y direction
in the uniform region.
(Note: The user may wish to completely override
the specifications of IUNF, JUNF, JCEN, DR, and DZ
in MESHMKR.)
CYL = 1.0 for cylindrical geometry, or =
0.0 for plane geometry.
GRDVEL = "grid velocity,” 0.0 = pure Eulerian,
1.0 = pure Lagrangian, 2.0 = REZ@NE.
A0 = ao coefficient in the Phase-3 momen-
tum equations.
AOM = ao coefficient in the Phase-3 mass
and energy equations.
BO b Bo coefficient in the Phase-3 mass,
energy, and momentum equations.
KXI = ¢, the exponent of p that determines
the form of viscosity in the problem.
Refer to Sec. II F.

Card No. 2: NAME (Format 10A8), where columns 2-80

of this card are used for problem
identification on prints and plots.
Column 1 should not be used because it
is treated as a carriage control. If
desired, the card may be entirely
blank, but it must always be included.

Card No. 3: MU, LAM, §M, EPS, GR, GZ, ASQ, R@N,

GMl1 (Format 9F8.3), where:

MU = uy
nput Viscosity coefficients. Refer

to Secs. I D and II F.
input
M = w, the Phase-2 iteration relaxation

parameter. The value w > 1 provides
overrelaxation, whereas w > 2 is un-~
gtable. Refer to Sec. I E.

EPS = €, the Phase-2 iteration convergence
criterion, typically on the order of
10_5 (specifying convergence to with-
in 10.5 of the maximum pressure in
the system at a given instant), but

€ may be greater or smaller depending
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GR

GZ

I E.
= 8. gravity felt by the fluid in the

upon the problem. Refer to Sec.
r or x direction, which may be + or
- to pull rightward or leftward, re-
spectively.

=8, gravity felt by the fluid in the
z or y direction, which may be + or
- to pull upward or downward, respec-—

tively.

The quantities ASQ, RPN, and GM1l are applicable to
the stiffened gas equation of state, which appears

in the code version of this report.

ASQ
RPN
GM1

Card No. 4&:

= az, the zero-temperature sound speed.

= po, normal material density,

= (y-1), where Y is a constant charac-
teristic of the gas, becoming the
ratio of specific heat at constant
pressure to the specific heat at con-
stant volume, Y = cp/cv, if the gas
is truly polytropic.

FREZ, YB, REZYO, REZUE, REZVE, REZVT,

REZR@N, REZSIE (Format 8F8.3), where:

FREZ, YB, and REZYO are parameters relating to the

zoning and grid location in the initial grid gener-

ation,

REZUE

REZVE

REZVT

REZRON

REZSIE

Card No. 5:
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IBP

JBP

Refer to Sec.

= Ipart:icles

III A.

Available for use in REZONE to specify

grid expansion (ue,ve) and traunslation

(VT) velocities, if these velocities

are constant.

= the po of the ambient atmosphere at
altitude REZYO at t = to.

= the gpecific internal energy of the

In the code

listing in this report, REZSIE is a

ambient atmosphere.

value that remains constant in space
and time.

IBP, JBP, PDR, PDZ, PYB, GZP, IM@MX
(Format 214, 4F8,3, I4). This card
supplies the parameters for the op-
tional particles described in Sec. II
E.

If no particles are to be
used, set IBP = 0. Then
the rest of Card No. 5 is
3 unused, so proceed to
Card No. 6.

= Jparticles
For particle

PDR

PDZ

PYB

GZp

IMPMX

Card No. 6

DT

T20MD

TLIMD

TWFIN

usage, IBP and JBP are the I and J of
the particle overlay grid. IBP < 1BAR,
and JBP < JBAR.

Axy the (uniform) Ax and Ay of the

See Fig. 11,

Ayl In variable-zoned meshes, these

particle-grid cells.

values are calculated automatically
in the setup. Similarliy, PDR and
PDZ are recalculated by REZ@NE, In
both places, the code version pre-
sented here "stretches" the parti-
cle grid to just cover the farthest
points on the bottom, top, and
right edges of the YAQUI grid.
YBparticles’ the displacement of the
particle-grid lower edge measured rel-
ative to YB.
set PYB = 0.0 and allow the code to

To superimpose exactly,

adjust the particle grid automatically,
as described above.

g, felt by the particles, which may or
may not be equal to GZ (see Card No. 3).
1.0 for the momentum-exchange option,

= 0.0 otherwise.

T, DT, T20MD, TLIMD, TWFIN, LPR, ICOL@R
(Format 5F8.3, 2I4), where:

to’ the problem starting time, usually
zero.

Gto, the initial 8t. The first cycle
is automatically run with 8t = 6:0/10,
then the second and third cycles are
run with 8t = Gto. From cycle 4 on,
the 8t is chosen automatically as de-

scribed in Sec. II F,
1.0 to force tape dumps every 20 min

of central processor (CP) time for
restarting purposes, or = 0.0 to by-
pass this option.

1.0 to force a tape dump and RETURN to
the (0,0) overlay just before reaching
the CP time limit specified on the J@¥B
card; > 1.0 to force tape dump and RE-
TURN immediately after cycle 0 output;
0.0 to run out to a full time limit
with no tape dump.

problem finish time. When this is
reached (t # TWFIN), control will RE-
TURN to the (0,0) overlay.




W

(Upon RETURN to (0,0) for either the
TLIMD or TWFIN condition, the (0,0)

main program YAQUI searches the in-

put queue for further tasks,)

LPR = Printing Control, where:

0 = movie option, 1 = zone prints on
microfilm only, 2 = zone prints on
both film and printer, 3 = zone
prints on printer only. These are
described more fully in Sec. III D.
ICALPR > O plots particles in red, and any~

thing else on film in white, obvi-
ously effective only with color pro~
cessing. ICPLOR < 0 implies normal
black-and-white processing.

Card No. 7: (DTP(N), N=1,10) is used in conjunc-
tion with

Card No. 8: (DT@EC(N), N=1,10)
(both are Format 10F8.3), where
DT¢n specifies the problem-time out-
put interval for both plots and
prints, DTO)Cn specifies the time at
which to change to DT¢n+1. As an ex—
ample, assume that t is in seconds,
and that output is wanted every 1/4
sec for the first second, then every
1/2 sec up to 4 sec of problem time,
then every 1 sec until t = 10, then
every 2 sec until t = 50, and every
10 sec until t = 200. One would use
DT$ (1-10) = 0.25, 0.5, 1.0, 2.0,
10.0,
DI¢C (1-10) = 1.0, 4.0, 10.0, 50.0,
200.0.
To keep the output time interval fix-
ed throughout a run, specify DT@ (1)
= (interval) and DT@C (1) > TWFIN.
(Note: When an output time is being
approached, the automatic &t routine
will choose a special 8t for one cy-
cle so that the output occurs at the
precise time desired).

The above eight cards pertain to all YAQUI
setups. They have defined a basic grid and provid-
ed the parameters for its use. What remains to be
defined is the contents of this grid -~ particle
regions and fluid regions. Because these regiomns

vary with the problem geometry, the number of cards

in the rest of the input deck varies widely. The

procedure beyond Card No. 8 is to define the par-

ticle regilons first, if any exist, then finally

to define fluid regions.

Card No. 9:

DRPAR
DZPAR
Xc

5838

DRPAR, DZPAR, XC, YC, XD, YD, UPAR,
VPAR, MTE, DRAG (Format 10F8.3).

This is a particle-region card, to be
expected only if IBP > 0 on Card No.
5. One card of the above format must
be provided for each discrete particle
region in the mesh. In the present
version of PARTGEN, a particle region
may be one of two shapes -- cylindri-
cal or spherical (rectangular or cir-
cular in plane geometry). These two
general shapes are shown in Fig. 14
with the named dimensions that specify
them. The four dimensions (XC, YC, XD,
and YD) are input in true distance
units because the particle regions are
not constrained to follow zone edges.
For a cylinder, XC and YC specify the
coordinates of the lower left corner,
and XD and YD specify those of the
upper right corner. For a sphere, YD
must always be identically zero to en-
able PARTGEN to distinguish it from a
cylinder. YC specifies the position
of the center, measured up the axis,
and XD specifies the sphere radius.
Note that the y dimensions are de-
fined relative to y = 0, not relative
to the bottom of the mesh. (This was
allowed so that particles might origi-
nally be placed outside an expanding
mesh, but the user should not try to
move any particle while it is still
outside the mesh, as the present logic
in PARTM@V assumes that all particles
lie within the mesh.)

Particle spacing in the r or x and z

or y directions, in problem units.
Particle-region dimensions in problem

units, relative to x = 0 and y = Q.
See Fig. 14,
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Fig. 14. Particle-region shapes available in PARTGEN. Note that the named dimensions

are measured from x = 0 and y = O.

UPAR ) Initial u and v velocity components for

VPAR } the particles in this region; will be
0.0 for true marker particles.

MTE Mass per particle = MTE*r
MIE = 0.0 for markers.

DRAG Drag coefficient, n, for these parti-
cles, Use DRAG = 1010 for markers.

particle’ Use

Particle-region cards are processed individually,

and the number of particle regions is unlimited.

If particles are used at all, the set of particle-

region cards terminates with the final card having

DRPAR < 0.0 and the rest of the card is unused.

Therefore, the number of particle-region cards in a

YAQUI deck is either zero, or two or more.

Card No. 9: if no particles are used. If parti-
cles are used, however, then this card
follows the DRPAR = 0,0 card: NB, NR,
NT, NL, UI, VI, R@1, SIEI (Format 414,
4F8.3). This is a fluid-region card,
one card of this format being provided
for each discrete fluid region in the
mesh. The allowed fluid region covers
gome specified number of zones, as
shown in Fig. 15 with the named dimen-
sions that define it. The four dimen-
sions (NB, NR, NT, NL) are given in
integer numbers of cells to emphasize
that the four cormers of the region
must coincide with cell vertices.
Thus, NL and NB specify how many cells

in from the left and up to the vertex

32

\ A\res — \

NT+4

fo-NLsl
x2

Fig. 15. The basic fluid region available in
MESHMKR, defined by the number of zones
over and up to two corners.

where the lower left cormer of the region is located,
and NR and NT similarly locate the vertex of the up-
per right corner. Even if the grid is not originally
orthogonal, specifying two diagonal corners uniquely
gpecifies the zones that will be included in the re-~
gion. To use a single fluid region as an entire am-
bient background, set NL = NB = 0, NR = i, and
NT = J.

numbers of zones (integers only). Refer
to Fig. 15.

=u; the initial velocity components to

= v_| be assigned to all vertices in the

SAE338

£fluid region.




SIEI = SIE_Jinternal energy to be assigned

RAL =Py I}the initial density and specific
to all zones in the fluid region.

Fluid-region cards, like particle-region cards, are
processed individually, and the number of fluid re-
glons is also unlimited. The version of MESHMKR
presented in the code listing in this report ex-
pects that at least one fluid region will be de-
fined by this type of card. The set of fluid-region
cards terminates with the final card having NR = 0
and the rest of the card unused. Therefore, a min-
imum of two fluid-region cards must be present in a
YAQUI deck.

To set up an atmospheric-explosion calculation,
as described in Sec. III A, the final NR card (fol-
lowing the ambient fluid NR card) has NR = 1000,
instead of NR = 0, with NT = the j index of the
burst point in the full YAQUI grid. Generally,

NI = JCEN+2, where JCEN was defined on Card No. 1.
The set of special data cards follows the NR = 1000
card, and contains I, JJ, RPI, SIEI, VI, and UI
(format 215, 4(4X,E11.5)), one card per Eulerian
zone. The j index is called JJ here to emphasize
that it is relative to the definition j = 1 at the
burst point on the data cards. VI is the v veloc~
ity centered on the top edge of the Eulerian zone,
and UI is the u velocity centered along the right
edge., These cards are read and processed individu-
ally, the set terminating with a card having I = O,

This completes the discussion of the input
data cards. The final card normally placed at the
end of the input deck is in reality the first card
for the next problem. The first quantity on Card
No. 1 is IBAR, and its value determines the action
to be taken by YAQUI. If IBAR > 0, it is valid for
use as i, and YASET is called. The value IBAR = 0
indicates a tape restart, and IBAR < 0 indicates
that the end of data has been reached. Thus a neg-
ative IBAR card is the appropriate way to terminate
a deck, and hence, the run.

D, Output--Plots, Prints, and Motion Pictures

The YAQUI output is in the usual two forms-~
visual information on microfilm or motion-picture
film, and printed information on microfilm or fan-
fold paper. Both forms are automatically provided
at cycles 0 and 1, and thereafter at intervals
specified by DT@® and DT@C in the input data. The
microfilm plots are generally the most useful

output, and they are made on the III FR-80 or the

S~C 4020 C@M (computer output microfilm) devices.

Six plots are provided in the basic code version:

particles, zones, velocity vectors and contours of
density (isopycnics), internal energy (isotherms)

and vorticity.

The particle plots are made by plotting the xp
and y_ coordinates of all particles, and are pro-
vided automatically when particles are used.

The zone plot is included for all Lagrangian
or REZPNE runs (GRDVEL > 1.). For purely Eulerian
calculations (GRDVEL = 0.), the zone plot is pro-
vided only at cycle 0. The labels of minimum and
maximum 8r and 8z on the zone plot are really un-
ambiguous only for orthogonal grids. The general
form used in their calculation was intended to make
the labels meaningful for slightly distorted grids.

The velocity-vector plot shows the direction
of fluid flow and the relative magnitude of the
velocities. Vectors are plotted originating at
each vertex, denoted by a "+," and have a length
and direction proportional to the vertex velocity
components., If (xl,yl) are the coordinates of ver-
tex (1,j), the coordinates of the vector end point

(xz,yz) are given by
x, = x, + (uj (DRYU)
2 1 i ’
and
vy = vy + (v1) orovy
2 1 i ’
where DR@U 1s a scaling coefficient defined as

X4aIP1
DRYU = (0.9) (VELmax) <——§——j> .

This coefficient is recalculated whenever a veloc-
ity-vector plot is drawn, and it scales the length
of a vector drawn for the largest u or v velocity
in the system at that instant (VELmax) to be 9/10ths
the length of the average zone (xi=IP1/i)' This
method ensures that the vectors are always of rea-
sonable length, regardless of velocity magnitude.
The plot is deleted if there are no significant
velocities in the entire system.

The contour plots are drawn by a routine that
creates plots for any cell-centered quantity stored

in CQ, and they are composed of connected vector
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segments joining points of equal quantity, just
as the lines on a contour map join points of equal
altitude. The plots may be either linear or loga-
rithmic in contour increment. Logarithmic plots
are more useful for atmospheric studies and are
provided for the isopycnics and isotherms, whereas
the vorticity plot is linear.

The printed information consists primarily of
a listing of the principal field variables over
the entire grid, One line is printed for each zone,
giving the 12 quantities i, j, xi, yi, ui, vi, Ii,
pi, Vi, Di, Mvj, and pi for the zone or its lower
left vertex.

A two-line short print is provided every cycle,
and it contains the following 13 quantities:

T is the current problem time.
CYC is the current cycle number.
DT is the curreant dt.

GRINDS = &CP/(I*J), the elapsed central processor
(CP) time for the cycle just finished, di-
vided by the total number of zones. The CP
time per cell per cycle is a useful indica-
tor of the code's computing efficiency.

CIRC, or circulation, is a measure of fluid veloc-
ities near the rigid mesh boundaries, in-
tended primarily for atmospheric calcula-
tions. Interaction of signals with the out-
er boundaries often shows up as a signifi-
cant change in the value of CIRC.

ITERS i1s the number of iterations in the preceding
Phase 2.

CPTIME is the current CP clock time.

DTV 1s the competing Stv calculated during the
previous cycle, in which

IDTV and JDTV are the i and j indices of the zone
that limits Gtv most severely.

DIC is the competing Gtc, and, similarly,

IDTC and JDIC are the i and j indices of the zone
that limits Gtc most severely.

For either Gtv or Gtc, if the printout indicates

that the limiting zone is zone (1,2), the tentative

next time step, Gtv = 6tc = (6t) (thac), is small
enough to satisfy the stability and accuracy re-
quirements at every point in the mesh.

The short print is provided on fanfold paper
regardless of the LPR setting, and on microfilm if

ILPR = 1 or LPR = 2, LPR primarily controls the

destination of the full zone prints, where:
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LPR = 1 gives zone prints on microfilm only,

LPR = 2 gives zone prints on film and paper,

LPR = 3 gives zone prints on paper only.

If LPR = 0, no information is printed on microfilm.
This cagse 1s intended for motion picture use, and
the only microfilm output is a particle plot. For
movies, the user should hold the 6t constant, and
set DTP = St or 28t. The code is easily altered to
provide some plot other than a particle plot for
the movie if desired, or to have a frame shared by
several different types of plots.

E. Tape Dump and Restart

Tape dumps are staged out as Fileset 8 in the
control region under influence of the quantities
T20MD and/or TLIMD, as described in Sec. III C. The
quantities dumped are the contents of the SCM common
YSC2, the LCM block YLCl, and, if particles are used,
the LCM block YLC2.

A tape restart is performed by staging in the
dump tape as Fileset 7. The input deck consists of
an IBAR = 0 data card, where JBAR = the dump number
on the tape and is used as a check.

F. Incompressible Flow Calculations

Conceptually, the YAQUI code in this report
should be able to calculate a truly incompressible
flow, defined as a flow in which the sound speed is
vastly greater than the fluid speed. Practically,
however, the code should be slightly modified to
render itbsuitable for handling such calculations.
The equations we use are intended for flows contain-
ing compressibility effects, and they, indeed, dif-
fer from those we would choose for a fully incom-
pressible flow technique.

In incompressible flow, variations in I can be
neglected unless buoyancy effects are important,
and as p is essentially a constant for each fluid
element, the mass equation reduces to the require-
ment for vanishing velocity divergence. Using an
equation of state is therefore unnecessary, because
the changes in pressure arise as a direct consequence
of the dynamics. In YAQUI, however, the equation of
state is inherent: Phase 2 assumes it through the
appearance of cz, and the equation of state is used
directly to update 123 into the new n+1p, to account
for p changes that occurred in the Phase-3 convection,
Nevertheless, the implicit treat:ment1 should still
enable YAQUI to handle incompressible flows. In

practice, we see this to be true for Mach numbers




&

down to about 0.0l. For lower Mach numbers, how-
ever, there are three features in YAQUI that intro-
duce difficulties. The first difficulty occurs in
the (Lagrangian) iterative phase, where we compute
Py from an equation that leaves 6:2 errors. The
second arises in the convective flux calculation,
which is treated explicitly in Phase 3. This in-
troduces nonzero values into the velocity diver-
gence and, consequently, allows the densities to
change. The third arises in the internal energy
calculation, in which the nonvanishing values of
V-K introduce fluctuations into the internal energy
field. When the overall level of internal energy
is high, these fluctuations are reflected in large
variations of n+1p, which cannot be efficiently
corrected in the subsequent pressure iteration. As
a solution to the problem, we have bypassed the
equation-of-state calculation after cycle 0, and
instead used n+lp =P, in incompressible flows.
Yet another choice would be to iterate Phase 2 to
much greater accuracy, which would not be very eco-
nomical, especially in view of the vastly increased
computer time requirements. We cannot run with the
limit of € = 0 in Phase 2, but rather use a value
more on the order of, say, 10-5, which leaves rel-
ative errors of that order in Pre

These considerations can be illustrated with
the stiffened gas equation of state, appearing in
the code version of this report. For this, np is
given by

2
"p=a (“p - po> + ¢y - D%

The incompressible limit can be described by 32 > o
‘forcing the (y - 1)pI part of the equation to be
negligible, or by I + », Because true ® cannot be
used on the computer, we might choose, say,

32 = 1010. Even this less-than-infinite a2 is
large enough to magnify any slight o errors into

appreciable variations in the p field.

To implement the n+1p =P, logic in YAQUT,
the storage requirements must be considered. Ex-
amination of Fig. 9 reveals that 128 in gtorage
word 11, is not saved in Phase 3. The simplest way
to preserve p; throughout the cycle is to create a
15th word of storage and store 129 in it after

Phase 2. Then, at the beginning of the next cycle,

4+
o 1p can be set from it quite easily. Note that

then one must set NQ = 15,

The standard Phase-2 treatment is to bypass the
updating of the vertices of any cell whose §p satis-
fies the convergence test, the argument being that
the slightly improved accuracy is generally not
worth the extra computer time required to obtain it.
When using n+1p = Pp» however, it becomes more appro-
priate to update the vertices of all cells, whether
or not the convergence test was satisfied.

G.__ The CPMM@N Block YSC2

The following list provides the names, descrip-

tions, and sources of all quantities in the SCM
COMM@N YSC2 in the (0,0) overlay. This CPMM@N is

of fundamental importance in communication between
the various overlays and their subroutines. It con-
taing all the SCM-based information that must be
maintained from cycle to cycle, and it is the SCM
portion of the tape-dump data.

The sources in the list are keyed to the fol-

lowing symbols:

I = Supplied as part of the standard input
data. The parenthetical symbol that fol-
lows I specifies where this quantity is
read.,

= (0,0) Main Overlay
= (0,0) Subroutine L@¢P
(0,0) Subroutine FILMC@®
= (1,0) Subroutine YASET1
= (1,0) Subroutine PARTIGEN
= (2,0) Subroutine YAQUI2
R = (2,0) Subroutine REZ¢UNE
Multiple sources indicate that the quantity is re-

N W O
[

calculated.
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AOFAC
AOM
BO
CPLAMU
CYL
DR

DT
DTC
DTFAC
DIGR
DTGZ
DTGZP
DT@
DT@C
DTP16
DT@2
DT@4
DT@#8
DTP@S
DTV
DTS
DZ
EM10
EPS
FIBP
FIPXL
FIPXR
FIPYB
FIPYT
FIXL
FIXR
FIYB
FIYT
FJBP
FREZ
GGM1

GM1

GR
GRDVEL
Gz

GZp
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DESCRIPTION

Dummy word, always the first word in the C¢MM@N.

ayes alternate node-coupler coefficient.

a?, the zero-temperature sound speed for the stiffened gas equation of state.
o , determines Phase-3 momentum differencing form.

oM [2 (1 + aoﬁz)]’ used in calculating Gt:c.

oM’ the o used in Phase~-3 M and E calculation,

Bo’ determines Phase-3 differencing form, used with o, and aoM'
(1 +€)/(A + 2u), used in Phase-1 viscosity-coefficient calculation.

= 1. if cylindrical coordinates, = 0. if plane coordinates.

8r, the cell size in the radial direction if uniformly zoned.

8t, the time step, subject to automatic recalculation.

Gtc, competing St based on Phase-3 convective flux and divergence considerations,
Initial Gtv and Gtc each cycle are given by Gtv - étc = (§t) (thac).

6t*gr.

Gt*gz.

Gt*gzp.

Problem time interval between outputs (plots and prints).

Problem time at which to change to next DT in the set.

6t/16.

st/2.

8t/4.

ot/8.

St possible for the cycle, but actual 6t may be reduced to adjust to output time.
Gtv, competing St based on Phase-1 viscous-stress considerations.

St*8.

62’18he cell size in the axial direction if uniformly zoned.

10

€, convergence criterion for the Phase-2 iteration.

, epsilon added to terms to ensure that they do not vanish.

Floating-point equivalent of ip.

Floating-point frame coordinate for left edge of particle plot.
Floating-point frame coordinate for right edge of particle plot.
Floating-point frame coordinate for bottom edge of particle plot.
Floating-point frame coordinate for top edge of particle plot.
Floating-point frame coordinate for left edge of regular plots.
Floating-point frame coordinate for right edge of regular plots.
Floating-point frame coordinate for bottom edge of regular plots.
Floating-point frame coordinate for top edge of regular plots.
Floating-point equivalent of 3p'

Expansion coefficient for zoning; = 1.0 if uniform throughout.
Y(y-1), in which y is the equation-of-state specific heat ratio if the gas is truly
polytropic.

(r-1).

By gravity component in the r direction, +.

= 0. if pure Eulerian, = 1, if Lagrangian, = 2. if REZONE.

B, gravity component in the z direction, +.

gzp’ 8, felt by the particles. May be equal to GZ.

1(0)

I(S)

ol
V!a'v"ld"l'd'ﬂ’ﬁ'ﬂ"d'ﬂ
~

1(8) .
I(s) -
I(0) -

I(S)
1(S)




NAME

IBAR
IBP
1BP1
ICALAR
IDT@
13

1M
1JP
1JPS
IMPME)
IMPMX
m™1
™6
IPAR
IPXL
IPXR
IPYB
IPYT
1P1
P2
ISCF1

ISCF2
IsC2
IsC3

IUNF
IXL
IXR
IYB
IYT

JBAR
JBP
JBP2
JCEN
JM10
JIM14
JP1
JP2
JP4
JP4@2

JUNF@2

DESCRIPTION
Index 1. In CPMMPN because of ENTRY SETIJ in L@@P.
f, the number of interior fluid zones in the r direction.
1 , the number of particle-grid zones in the r direction.
ip+l, index of rightmost column of particle-grid vertices.
= 1 for color movie, = 0 for black and white processing.
Index for DT@ and DT@C tables.
Index for cell (i,j), initialized by L@@P.
Index for cell (i,j-1), initialized by L@@P,
Index for cell (1,j+1), initialized by L@@P.
Index for cell (i,j+1), saved for later reference to cell (1,j+l).
TM@MX*1000, forces resetting of J in statement No. 2020 in PARTM@V if IM@MX = 1.
= 1 1if particle~fluid momentum exchange, = 0 otherwise.
i—l, index of next-to-last zone or vertex in column.
i—é, in usual large grids, this column is in somewhat from the right.
LOCF(AA2), the address of LCM block AA2, for tape dump.
Integer frame coordinate for left edge of particle plot.
Integer frame coordinate for right edge of particle plot.
Integer frame coordinate for bottom edge of particle plot.
Integer frame coordinate for top edge of particle plot.
I+1, index of rightmost column of grid vertices.
I+2, index used in reversed D@ loops.
ISC2-NQ, the relative first word address (f.w.a.,) of 1 = I + 1 zone in SCM buffer row
1/3.
ISCF1 + NQI, the relative f.w.a. of 1 = I + 1 zone in SCM buffer row 2/3.
NQI+1l, the relative f.w.a., of 1 = 1 zone in SCM buffer row 2/3.
ISC2+NQI, the relative f.w.a. of 1 = 1 zone in SCM buffer row 3/3.
JP1*NQI, the relative f.w.a. of the J + 2 row in LCM storage.
IUNF’ the number of zones with uniform initial 6r (DR).
Integer frame coordinate for left edge of regular plots.
Integer frame coordinate for right edge of regular plots.
Integer frame coordinate for bottom edge of regular plots.
Integer frame coordinate for top edge of regular plots.
Index j. In CPMMPN because of ENTRY RIRPW and WIRGW in L@@P.
3, the number of interior fluid zomes in the z direction.
39, the number of particle-grid zones in the z direction.
Jp+2, index of the topmost row of particle-grid vertices.
Number of zones up to center of uniform-grid region.
J-10. In usual large grids, this row 1s down from the top.
J-14. In usual large grids, this row is down from the top.
3+1, index of topmost row of interior zones.
3+2, index of topmost row of grid vertices.
3+A, index used in reversed D@ loops and in LCM clearing.
(J+4)/2, j index at midpoint of full YAQUI grid.
JUNF’ the number of zones with uniform initial 8z (DZ).
JUNF/Z lie below.
£, the p exponent that determines the viscosity form.

JUNF/Z uniform zones lie above JCEN, and

Ai viscosity coefficient. A real number.
nput

SOURCE
1(0)
1(S)

3
1(8)
S,2
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=
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S

1(0)
1(8)

1(0)

~ n mw n v

0)

1(0)
I(S)
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NAME DESCRIPTION SOURCE

LJP2 First word address of last zone in row JP2 when in usual SCM buffer row. S

LPB Number of words, truncated to a multiple of 3, that will fit in NQI-wd. SCM row, P

LPR Determines output options of film and printer. I(S) o
MU uinput: vigcosity coefficient. A real number. I1(S) 1=
NAME The problem identification from input card No. 2, up to 79 characters. I(S) i
NCYC Number of calculational cycles completed. 5,2 2.
NLC Mumber of words of LCM block AAl actually in use, for tape dump. S - -
NPS Number of words of LCM particle block AA2 actually in use, for tape dump. P -
NPT Total number of particles generated. P i
NQ Number of quantities, or storage words, per cell. 0 ’
NQI NQ*IPl, the number of words for a full row of zones. S

NQIB NQ*IBAR, the number of words back to zone i = 1 when at 1 = I+ 1 in SCM. S

NQI2 NQI*2, the number of words in two full rows of zones, for PARTM@V. P

NSC Number of words in this SCM C@MM@PN, for tape dump. s,2

NUMIT Number of iterations required for Phase-2 convergence. 2

NUMTD Number of the next tape dump. S,2

oM w, the Phase~2 iteration relaxation parameter. 1(S)

@MANC (l—aNC), used in 6t:v calculation. S :
PMCYL (1-CYL), used in calculating r from x. S

gumMi0  (1-10719), s ..
gpea10  (1+10710), s

PDR The uniform Ax of the particle grid. S,P,R 2
PDZ The uniform Ay of the particle grid. S,P,R -
PXC@NV Frame-conversion coefficient for particle-plot x direction. F

PXL X coordinate of left edge of particle grid, in problem units. F

PXR X coordinate of right edge of particle grid, in problem units. F

PXRP PXR*@PEM10, test comparand in particle~grid mapping. P

PYB Y coordinate of bottom edge of particle grid, in problem units. S,F,R

PYBM PYB*@MEM10, test comparand in particle-grid mapping. F

PYC@NV Frame~conversion coefficient for particle~plot y direction. F

PYT Y coordinate of top edge of particle grid, in problem units. F

PYTP PYT*@PEM10, test comparand in particle-grid mapping. b3

RDT 1/68¢t. 2

REZR@N , of the ambient atmosphere at altitude REZYO at t = t - I(S)

REZSIE The (constant) specific internal energy of the ambient atmosphere. I(S)

REZUE Crid-expansion u velocity, available for REZPNE use. I(S),R ?
REZVE Grid-expansion v velocity, available for REZPNE use. I(S),R

REZVT Grid-translation velocity, available for REZ¢NE use. I(S),R -
REZYO Y coordinate of center of expansion, refers to YAQUI vertex (1,JCEN+2). 1(S)

RIBAR Reciprocal of I. S -
RIBJB Reciprocal of T*J , used in control region grind calculation. S -
RIBP Reciprocal of I. P ‘
RJIBP Reciprocal of 3p' P -:'-
R@MFR Reciprocal of (1.-FREZ). [ 3
RON Py» normal density for equation-of-state use. I(S) -
RPDR Reciprocal of A&x. ¥

RPDRDZ Reciprocal of (Ax*Ady). F
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NAME DESCRIPTION SOURCE
RPDZ Reciprocal of Ay. F

T t, the problem time. 1(S),2
THIRD 1./3. S
TLIMD = 1.0 to force a tape dump & RETURN before time limit. I(S)
TPUT The next output time for plots/prints. $,2
TWFIN Time-When-to-Finish: calculation completed when t # TWFIN. 1(8)
T20MD = 1.0 to force tape dumps every 20' CP time. I(S)
AAY Velocity-vector plot-scaling coefficient, = 9/10 average dr, F
XCONV Frame-conversion coefficient for regular plots, x direction. F
XL X coordinate of leftmost vertex of the grid, in problem units. F
XR X coordinate of rightmost vertex of the grid, in problem units. F
YB Y coordinate of bottommost vertex of the grid, in problem units. F
YC@NV Frame-conversion coefficient for regular plots, y direction. F
YT Y coordinate of topmost vertex of the grid, in problem units, F
z2Z Dummy word, always the final word in the C¢MM@N, -

IV. SOME CALCULATIONAIL EXAMPLES

Here we present results from several YAQUIL
calculations. Emphasis is on the method's versa-
tility in handling a given problem, rather than on
presenting a wide variety of different examples.2

The flexibility of the Arbitrary Lagrangian~
Eulerian approach is illustrated in the calculation
of a one~dimensional shock tube, performed first in
a Lagrangian fashion, and then with a full Eulerian
rezone. This example is followed by sequences at
very early times from three calculations of a low-
altitude explosion, first Lagrangian, next Eulerian,
then with the REZONE subroutine as presented in
this report.

The versatility of the YAQUIL particle tech-
nique 1s illustrated at one extreme by the marker
particles carried along with the fluid in the low-
altitude explosion calculations, where the parti-
cles have no influence on the flow, and at the oth-
er extreme by calculations in which the particles
govern the fluid dynamics through the momentum-
exchange feature.

Finally, we present listed results from a
particle-fluid momentum-exchange calculation, for
those readers who may find a benchmark calculation
useful,

Detailed discussions of various YAQUI calcula-
tions will be presented elsewhere, and no attempt
18 made here to describe a variety of late-time re-

sults,

A. One-Dimensional Shock Tube

The two examples in Figs. 16 and 17 were se-

lected from a series of one-dimensional shock-tube
test cases; although they do not necessarily repre-
sent the best that YAQUI can do for this problem,
they clearly demonstrate that satisfactory results
can be obtained in both the Lagrangian and Eulerian
limits. The figures show the profiles (heavy lines)
of velocity, pressure, specific internal energy, and
density from a pure Lagrangian (GRDVEL = 1.0) calcu-
lation and then a pure Eulerian (GRDVEL = 0,0) cal-
culation of a 2:1 density-ratio shock tube, along
with the theoretical solution (lighter lines) to
the problem.3

The calculations were performed in a plane mesh
60 cells long by 1 cell high, allowing 30 cells for
each fluid region. The initial p was 0.2 on the
left and 0.1 on the right, and the initial specific
internal energy was 0.18. The initial cell size was
Sr = 8§z = 1/3, the viscosity coefficients were
A =0,002 and 4 = 0.0, and, in addition, the gas was
polytropic with Y = 5/3. The Eulerian shock tube
was run with full donor-cell differencing
(ao == 1,0, B°'=0.0). At t = 0, the diaphragm
separating the two fluid regions was instantaneously
removed, causing a shock to advance into the lower
density region, and a rarefaction to propagate back
from the contact surface into the higher demsity
region. In both calculations, St was held constant
at 0.1, and the profiles shown in Figs. 16 and 17
are at t = 10.0. Such calculations typically require
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Fig. 16. One~dimensional YAQUI Lagrangian calcula-
tion of a 2:1-density-ratio shock tube.

20 to 30 sec of CDC-7600 time to run to t = 15.0,

producing plots and prints every unit of time.

B, A Low-Altitude Explosion

These examples demonstrate three distinct ap-

proaches to the treatment of grid motion in a typ-
ical low-altitude explosion calculation. The sets
of s8ix plots in each of Figs. 18, 19, 21, 23, and
24 represent the marker particles, computing mesh,
and velocity vectors (top) and isopycnic, isotherm,
and vorticity contour plots (bottom).
Figure 18 shows the various plots at time

t = 0, immediately after superposing the explosion
density, energy, and velocity data, which were pro-
vided by a one~dimensional spherical code, onto a
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Fig. 17. One-dimensional YAQUI Eulerian calculation
of a 2:1-density-ratio shock tube.
uniform 26 by 52 cell YAQUI computing grid that al-
ready contained an appropriate ambient background.
This procedure was described in Sec. III A. In the
particle plot, the explosion debris is represented
by a hemisphere of particles, surrounded by more
widely spaced particles in an adjacent region of the
ambient atmosphere. These marker particles do not
enter directly into the calculation, but are used
gsolely as an aid to flow visualization. Note that
the velocity, density, and energy fields are well
developed, but that the vorticity field is not, and
indeed, will not be well established for about the
first two seconds of problem time.
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and velocity vectors (top) and isopycnic, isotherm, and vorticity contour plots

YAQUI low-altitude explosion calculation at t = O,

computing mesh,
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Figure 19 shows the same six plots at t = 1
sec from a calculation of this problem in which the
interior vertices were allowed to move in a purely
Lagrangian fashion (GRDVEL = 1.0)., The rigid walls
of the computing mesh are held fixed, causing the
strong radially expanding shock to reflect back in-
to the central region shortly after t = 2 sec.

This effect is visible in Fig, 20, which shows the
appearance of the velocity vectors at t = 2 and
t = 3 sec.

Pigure 21 shows the six basic plots from a
pure Eulerian calculation (GRDVEL = 0.0) of the same
problem at t = 1 sec. More resolution is available
in the central region, and less resolution is given
to the shock front, than in the Lagrangian calcula-
tion. As in the Lagrangian calculation, the walls
are rigid, and the t = 2 and t = 3 sec velocity-
vector plots of Fig. 22 show the same strong wall
reflection as did Fig. 20.

In reality, the edges of an atmospheric region
are not rigid walls, so to calculate such an atmo-
spheric explosion beyond the first two or so sec-
onds, with this degree of resolution, would require
one of several possible alternatives:

(1) A vastly larger computing mesh could be used,
but this obviously is not economical in terms of
computer storage and time requirements.

(2) Continuative outflow boundaries would allow
the strong radially expanding shock to leave the
system with a minimum of upstream disturbance, but
the subsequent rise of the explosion debris sucks
material up behind it in the central column, caus-
ing the bottom and right walls of the mesh to be-
come inflow boundariea. Appropriate inflow condi-
tions are difficult to define, suggesting again a
larger computing mesh to avoid this difficulty.

(3) A third choice, which we exploit in YAQUI, is
to allow the entire mesh to expand at a rate that
will keep the reflective boundaries out ahead of
the radial shock while it has significant strength.
At the same time, we vary the sizes of the interior
zones to provide high resolution in the central re-
gion and much coarser resolution in the outlying
regions, which still allows the use of the same
number of cells.

Figures 23 and 24 show such a calculation,
using the REZONE subroutine exactly as provided in
the code version of this report. The problem input
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is identical to the preceding cases except that
GRDVEL = 2.0, As the problem proceeds, the mesh

is continuously enlarged at a rate that depends
upon the magnitude of the velocities approaching
the boundaries. This expansion leaves a region
without particles around the outer regions of the
mesh, which is already evident by t = 1 sec (Fig.
23). By t = 5 sec (Fig. 24), the initisal mesh
radius has already increased by 50Z, allowing the
calculation to run to much later times without
boundary interference than do either the Lagrangian
or pure Eulerian approaches. Note in Fig. 24 that
the velocities near the rigid walls are negligible,
and that the vorticity field has become well estab-
lished.

Because the computer is programmed to draw
plctures of a fixed size, the frame scales of Figs.
23 and 24 differ and are further quite different
from the scale in the preceding figures. (Informa-
tion printed on the film below each plot provides
the necessary specifications to properly interpret
the plot.)

Figures 23 and 24 represent only the early
stages of a calculation that has been made feasible
through the use of continuous rezoning and mesh ex-
pansion. These techniques, combined with an appro-
priate mesh translation that follows the debris
rise, allow the dynamics to be followed for several
hundred seconds of problem time. A wide variety of
REZONE subroutines have been used with success,
each tailored to provide optimum results for a
particular problem.

We generally enhance this approach by combin-
ing 1t with an initial grid containing variable
cell sizes, as described in Sec. III A. Figure 25
shows a setup configuration for the same problem,
in which the cells are expanded (FREZ = 1.1) beyond
a uniformly zoned 16 by 32 cell central region.
This affords high resolution where required, at the
same time allowing the continuous rezoning and ex-
pansion to take place much more gradually, as in
this particular case the initial mesh encompasses
a much larger volume.

The CDC-7600 CP time per cell per cycle
(grinds) averages approximately 0.50 msec at two
iterations per cycle, increasing by about 0.03 to
0.04 msec for each additional iteration required

for convergence in Phase 2. Calculations such as
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Fig. 20. Velocity-vector plots at t = 2 and t = 3 sec of the problem shown in Fig. 19, showing shock re- .

flection from the boundaries.

this, with 1500- to 1600-cell meshes, can be fol-
lowed to over 200 sec of problem time in well un-
der lh of CDC~7600 time, with generous amounts of
output along the way.

C. Particle-Fluid Momentum Exchange

An example of the particle-fluid momentum-
exchange feature described in Sec. II E 2 is illus-
trated in the particle-drag problem of Fig. 26.

The first set of three frames show the initial par-
ticles, velocity vectors, and the (Eulerian) com-
puting grid with cylindrical symmetry and rigid
free-slip boundaries. In this calculation, a
sphere of particles, each of which has a finite
mass and drag coefficient, is immersed in a fluid
of uniform density and energy, representing a two-
£fluid configuration in which the density of the
heavier spherical part is given by the sum of the
background fluid and particle densities, Initial-
1y, there are no velocities in the system; the en-
tire dynamics of the calculation result from a
gravitational force upon the particles but not
upon the fluid. This causes the sphere of parti-
cles to fall and deform, producing a pronounced

circulation pattern within the fluid.
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The evolution of this process 1s shown in the
remaining seven sets of plots in Fig. 26, at times
of 9, 12, 15, 18, 21, 24, and 27. Each set of three
frames consists of a particle plot and the velocity
vectors and vorticity contours for the fluid. Note
that the effects of drag soon retard the leading
edge of the sphere relative to the shielded trailing
edge. The sphere is deformed into a cup, with a
vortex ring around the rim. At time t = 21, the cup
collides with the bottom wall of the mesh and is
seen gradually settling into place thereafter. By
time t = 27, only the rolled rim retains any defini-
tion, but it, too, will soon collapse into the rest
of the particles. The circulation pattern will per-
sist for some time, until viscous effects gradually
damp it out.

D. Input Data and Results from a Sample Calculation "

The following pages are abstracted from the

microfilm output of a particle-fluid momentum-exchange .
test calculation. They are included as an aid to the ‘.
reader who uses YAQUI, allowing him to set up the .

same problem and compare results.

The input data are listed in their entirety,

and include all information necessary to specify the
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An Eulerian calculation at t = 1 sec of the problem setup of Fig. 18.

Fig. 21.
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Fig. 22. Velocity-vector plots at t = 2 gsec and t = 3 sec of the problem shown in Fig. 21, showing shock

reflection from the boundaries.

problem. Subsequent pages show the initial parti-
cle and zone plot configurations at time O, along
with a sample frame abstracted from the cell primt.
This includes a row across the mesh halfway up,
cutting through the initial position of the sphere
of particles. This same frame of print output is
included for cycle 1, to show the initial changes
in the fluid variables.

For t = 1.0 (cycle 7), we present six frames.
These include plots of the particles, and for the
fluid, the velocity vectors and contours of densi-
ty, specific internal energy, and vorticity, fol-
lowed by the sample listing. The normal velocities
on the symmetry axis are, of course, nonphysical.
They result from the momentum carried by the parti-
cles and distributed to the cell vertices. After
each cycle, these velocities are reset to zero, 8o

no buildup can occur. This will, however, act as a
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sink for momentum, which would be easy to correct
if it became a problem.

Pinally, we present the same six frames at
t = 9.0 (cycle 232). Note in the listing that the
circulation pattern is quite evident in the wake of
the particles. The u velocities at this height on
the axis are now zero, as the particles are no lon-
ger present here to contribute momentum changes.

The CDC-7600 CP time for this calculation was
305 sec for 265 calculational cycles (to time
t = 9,54181). After the first 100 cycles, the num-
ber of iterations required for convergence in each
cycle stabilized at 4, for which the grinds (CP
time per cell per cycle) averaged about 0.637 msec.
Comparison with the grinds for the low-altitude ex-
plosion calculation (0.56 msec) indicates that
slightly more time is required for the momentum-
exchange option.
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Fig. 26. YAQUI particle~fluid momentump-exchange calculation.
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YAQUE PARTICLE-FLUID MOMENTUM EXCHANGE TEST. (T3AAAIGB 032272-3) 110872-1
1BAR= 26
JBAR= 52
IUNF= 26
JUNF= 52
JCEN= 26
DR= 1.00000E+00
0Z= 1.00000E+00
CYL= 1.00000€+00
GROVEL= 0.
A0= 7.30000E-01
AOM= 7.%50000E-01
B0= 0.
KXl= -1
MU= 1.00C00E+00
LAM= 1.00000E+01
OM= 1.00000E+00
EPS= 1.00000E-04
GR= 0.
GZ= 0.
ASQ= 1.00000E+02
RON= 1.00000E+00
GMi= 0.
FREZ= 1.00000E+00
YB= C.
REZYO= O.
REZVE= 0.
REZVE= 0.
REZVT= 0.
REZRON= 0.
REZSIE= O.
18P= 26
JBP= 852
PDR= 1.00000E+00
PDZ= 1.00000E+00

PYB= 0.
GZP=-1.00000E+00
IMOMX= |
T= 0.
DT= 1.00000E-01
T20MD= 0.
TLIMO= 0.
TWF IN= 1.00000E+01
LPR= 1
ICOLOR= 0
DTO(1-10)= 1.00000€E+00 -O. -0. -0. -0.
-0. -0. -0. -0. -0.
DTOC(1-10)= 1.00C00E+02 ~0. -0. -0. -0.
-0. -0. -0. -0. -0.
DRPAR= 5.00000E-O! DZPAR= %.00000E-01 XC= 0. YC= 2.60000E+01 XD= 8.00000E+00
10z 0. UPAR= 0. VPAR= 0. MTE= 2.50000E-01 DRAG= !.00000E+00

408 PARTICLES GENERATED, WITH TOTAL MASS= 3.46375E£+02

NBe O NR= 26 NT= 52 NL= 0 Ul=0. vi= 0. ROI= 1.00000E+00 SIEl= 1.00000E+00




PARTICLES

T3AAA

POR= 1.00000E+00 PDZ= §.00000E+00 PXR= 2.60000E+01 PYB= O.

1BA YAQUI PARTICLE-FLUID MOMENTUM EXCHANGE TEST.

(T3AAAIGB £32272-3)

PYT= 5.20000E+01

110872-1

1= 0.

CYCLE=

0
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ZONES

DRMIN= 1.00000E+00 DRMAX= 1.00000E+00 DZMIN= | .00000E+00 DZMAX= 1.00000E+00 XR= 2.60000€+01 YB= 0.
18A YAQU! PARTICLE-FLUID MOMENTUM EXCHANGE TEST.

T3AAA
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YT= 5.20000€+01
({T3AAAIGB 032272-3)
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1.8000€+01
1 .89000€+01
2.0000E+01
2.1000E+01
2.2000E+01
2.3000E+01
2.4000E+01
2.5000E+01
2.6000E+01
o.
1.0000E+00
2.0000E+00
3.0000E+00
+.0000E+00
5.0000E+00
6.0000€E+00
7.0000€E+00
8.0000E+00
9.0000E+00
1 .0000E+01
1.1000E+01
1.2000E+01
1 .3000€+0t
1.4000E+01

Y
2.4000E+01
2.4000€E+01
2.4000€E+01
2.4000E+01
2.4000E+0!
2.4000E+01
2.4000E+0!
2.4000E+01
2.%000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000€+01
2.4000E+01
2.4000E+0)
2.4000E+01
2.4000E+01
2.4000€+01
2.4000E+01
2.5000€+01
2.5000E+01
2.5000€+01
2.5000€+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000€+01
2.5000€+01
2.5000€+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000€+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000€+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.6000E+01
2.6000€+01
2.6000€+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000E+0?
2.6000E+01

0.
0.
0.
0.
0.

v

IBA YAQU! PARTICLE-FLUID MOMENTUM EXCHANGE TEST.

v

SIE
1.0000€+00
1.0000£+00
1 .0000E+00
1.0000€+00
1.0000€+00
1.0000E +00
1.0000£+00
1.0000E+00
1.0000€+00
1.0000E+00
1.0000E+00
1.0000€+00
1.0000E+00
1.0000€+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000€+00
1.0000E+00
0.
1.0000E+00
1.0000E+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000E+00
1.0000£+00
1.0000€E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€E+00
1.0000E+00
t.0000E+00
1.0000E+00
1 .0000E+00
1.0000E+00
1.0000€E+00
0.
1.0000E+00
1.0000E+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000£+00
1.0000€+00
1.0000E+00
1.0000£+00
1.0000E+00
1.0000E +00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000£+00

(T3AAAIGB 032272-3)

RHO
1.0000E+00
1.0000€+00
1.0000E+00
1.0000£+00
1.0000€+00
1.0000E+00
1% 0000E +00
1.0000E+00
1.0000£+00
1.0000€+00
1.0000€+00
1.0000E+0C
1.0000£+00
1.0000£+00
1.0000€+00
1 .0000€+00
1.0000€+00
1.0000E+00
1.0000E+00
0.
t.0000€+00
1.0000€+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000£+00
{.0000€+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 .0000E+00
1.0000£+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000£+00
1.0000E+00
1.0000£+00
1.0000£+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000€+00
0.
1.0000E+00
1.0000£+00
1.0000E+00
1.0000£+00
1.0000€+00
1.0000€+00
1.0000€£+00
1.0000€E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 .0000E+00
1.0000E+00
1.0000E+00
1.0000E+00

110872-1

voL
7.5000€E+00
8.5000£+00
9.5000E+00
1.0500€+01
1.1500E+01
1.2500E+01
1.3500€+01
1.4500€+01
1.5500E+01
1.6500E+01
1.7500E+01
1.8500E+01
1.9500€+01
2.0500£+01
2.1500E+01
2.2500E+0!
2.3500E+01
2.4500€E+01
2.5500E+01
0.
5.0000£-01
1.5000E+00
2.5000E+00
3.5000€+00
4.5000€+00
5.5000€+00
6.5000E+00
7.5000E+00
8.5000€+00
9.5000E+00
1.0500€+01
1.1500€+01
1.2500E+01
1.3500E+01
1.4500E+01
1.5500E+01
1.6500£+01
1.7500E+01
1.8500E+01
1.9500E+01
2.0500E+01
2.1500E+01
2.2500E+01
2.3500E+01
2.4500E+01
2.5500E+01
0.
5.0000E-01
1.5000E+00
2.5000E+00
3.5000E+00
4.5000E+00
5.5000E+00
6.5000E+00
7.5000E+00
8.5000£+00
9.5000€+00
1.0500E+01
1.1500€E+01
1.2500E+01
1.3500€+01
1.4500£+01

T= 0.

CYCLE=

M
7.0000E+00
8.0000E+00
9.0000£+00
1.0000E+01
1.1000€+01
1.2000E+01
1.3000E+01
1.4000E+C1
1.5000€+01
1.6000€+01
1.7000€+01
1.8000E+01
1.9000€+0t
2.0000E+01
2.1000E+01
2.2000€+01
2.3000E+01
2.4000£+01
2.5000€+01
1.2750€+401
2.5000€-0t
1.0000E+00
2.0000E+00
3.0000€E+00
%.0000E+00
5.0000E+00
6.0000E+00
7.0000€+00
8.0000€+00
9.0000E+00
1.0000€+01
1.1000€+01
1.2000E+01
1.3000E+0¢
1.4000E+01
1.5000E+01
1.6000£+01
1.7000£+01
1.8000£+01
1.8000€+01
2.0000E+01
2.'000£+01
2.2000E+01
2.3000&£+01
2.4000E+01
2.5000€+01
1.2750€+01
2.5000£-01
1.0000€+00
2.0000E+00
3.0000E+00
4.0000E+00
5.0000E+00
6.0000E+00
7.0000E+00
8.0000E+00
9.0000E+00
1.0000€+01
1.1000E+01
1.2000E+01
1.3000E+0"
1.4000E+01

0.
0.
c.
0.
0.
0.
0.
0.

55

"]



!
8,
9.

10,

11.

12,

13,

i,

18,

16.

17,

18,

19,

ao,

at,
a2,
a3,
a4,

25,

a6,

27,

i,
2,
3.
4,
5.
6,
7.
8,
9.

10,

11,

1a,

13.

14,

15.

16,

17,

18,

19,

20,

al.

aa,
a3,
a4,
as.,
a6,

TIAAA

CEEREEE R R R R R PR R LR Ay
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1BA YAQU! PARTICLE-FLUID MOMENTUM EXCHANGE TEST.

X
7.0000E+00
8.0000E+00
9.0000€+00
1.0000€+01
1.1000€+01
1.2000E+01
1.3000E+01
1.4000€+01
1.5000€+01
1.6000E+01
1.7000E+01
1.8000E+01
1 .9000E+01
2.0000E+01
2.1000E+01
2.2000£+01
2.3000E+01
2.4000E+01
2.5000€E+01
2.6000E+01
0.
1.0000€+00
2.0000E+00
3.0000E+00
%.0000€+00
5.0000E+00
6.0000E+00
7.0000€+00
8.0000E+00
9.0000E+00
1.0000€+01
t.1000€+01
1.2000E+01
1.3000€+01
1.4000£+01
1.5000€+01
1.6000E+01
1.7000E+01
t.8000E+01
1.9000€+01
2.0000€+01
2.1000E+01
2.2000€+01
2.3000E+01
2.4000E+01
2.5000E+01
2.6000E+01
0.
1.0000£+00
2.0000E+00
3.0000E+00
%.0000€+00
$.0000E+00
6.0000E+00
7.0000E+00
8.0000E+00
9.0000E+00
1.0000€+01
1.1000€+01
1.2000€+01
1.3000E+01
1.4000€+01

Y
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+0!
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000€+01
2.4000E+01
2.4000€+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000€+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.5000E+01
2.5000€+01
2.5000€+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000€+01
2.5000E+01
2.5000E+01
2.5000€+01
2.5000E+01
2.5000E+01
2.5000E+01
2.8000E+01
2.5000E+01
2.5000€+01
2.5000E+01
2.5000C+01
2.5000E+01
2.5000E+01
2.5000€+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.6000E+01
2.6000E+01
2.6000€+01
2.6000E+01
2.6000£+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000€+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000E+01

v
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

\J
-9.2157€-05

-2.9200£-05

0.
0.
0.
0.

0.

0.

0.
~7.42%7€-05
-9.9008€-05
-9.9008€ -05
-9.9007e-05
-9.9008€-05
~9.9008€-05
-9.9008€ -0%
-9.9008€-05
~-4.7184E-05

0.

0.

0.

0.

0.

0.

.

0.

0.

0.

c.

0.

0.

c.

0.

0.

0.

.
-7.4257€-05
~9.9008E-05
-9.9008€-05
-9.9007£-05
-9.9008E-05
-9.9008E-05
-9.9008E-05
-9.8008€-05
-4.7184E-05

0.

0.

0.

0.

0.

0.

SIE
1.0000€+00
1.0000€+00
1.0000€+00
1.0000E+00
1.0000€+00
1.0000€+00
1.0000E+00
1.0000€E+00
1.0000E+00
1.0000€E+00
1.0000E+00
1.0000€E+00
1.0000€+00
1.0000E+00
1.0000€+00
1.0000E+00
1.0000€+00
1.0000E+00
1.0000E+00
0.
1.0000€E+00
1.0000€+00
1.0000€E+00
1.0000E+00
1.0000€+00
1.0000€+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000€+00
1.0000€E+00
1.0000€+00
1.0000E+00
1.C000E+0C
1.0000E+00
1.0000€+00
1.0000E+00
t.0000E+00
1.0000£+00
1.0000€+00
1.0000€£+00
1 .0000E+00
1.0000€ +00
1.0000€+00
1.0000E+00
1.0000E+00
0.
1.0000€E+00
1.0000€+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000€+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00

(T3AAAIGB 032272-3)

RHO
1.0000E+00
1.0000€E+00
1.0000E+00
{.0000€+00
1.0000E+00
1.0000€+00
1.0000€+00
1 .0000€+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000€+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000€+00
0.

{ .0000€E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000€+00
1.0000E+00
1.0000E+00
1.0000E+C0
1.0000E+00
1.0000£+00
1.0000€+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+G0
1.0000E+00
1.0000E+00
1.0000E+00
1.0000€+00
0.

1.0000E+00
1.0000€E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 .0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1 .0000€+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00

110872~}

vou

T= 1.00000€E-02 CYCLE= 1

o}

M
7.5000E+00 -1.2418€-05 7.0000E+00
8.5000E+00 -8.99206-06 8.000QE+00

9.5000£+00
1.0500E+01
1.1500E+01
1.2500E+01
1.3500E+01
1.4500E+01
1.5500E+0!
1.6500E+01
1.7500E+01
1.8500€E+01
1.9500€+01
2.0500E+01
2.1500E+01
2.2500€+01
2.3500€+01
2.4500€E+01
2.5500€+01
0.

$.0000€-01
1.5000€+00
2.5000E+00
3.5000E+00
%4.5000E+00
5.5000E+00
6.5000E+00
7.5000€E+00
8.5000E+00
9.5000€+00
1.0500E+01
1.1500E+01
1.2500E+01
1.3500€+01
1.4500€+01
1.5500€E+01
1.6500€+01
1.7500€+01
1.8500£+0!
1.9500€+01
2.0500€+01
2.1500€E+01
2.2500E+01
2.3500€+0!
2.4500E+01
2.5500E+01
0.
5.0000E-01
1.5000E+00
2.5000€+00
3.5000€+00
%.5000E+00
5.5000€+00
6.5000E+00
7.5000E+00
8.5000E+00
9.5000€+00
1.0500£+01
1.1500E+01
1.2500E+01
1.3500€+0!
1.4500€E+01

0.
0.
a.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

9.0000E+00
1.0000€+01
1.1000€E+01
1.2000€+0t
1.3000E+01
1.4000E+01
1.5000E+01
1 .6000E+01
1.7000E+01
1.8000€+01
1.9000E+01
2.0000E+01
2.1000E+01
2.2000€+01
2.3000E+01
2.4000E+01
2.5000€+01
1.2750E+01
2.5000€-01
1.0000E+00
2.0000E+00
3.0000E+00
%.0000E+00
5.0000£+00
6.0000£+00
7.0000E+00
8.0000£+00
9.0000E+00
1.0000€+01
1.1000€+01
1.2000E+01
1.3000£+01
1.4000E+01
1.5000€E+01
t .6000E+01
1.7000€E+01
1.8000E+01
1.9000E+01
2.0000E+01
2.1000E+01
2.2000E+01
2.3000E+01
2.4000E+01
2.5000E+01
1.2750€+01!
2.%5000€-01
1.0000€+00
2.0000E+00
3.0000E+00
%.0000E+00
5.0000E+00
6.0000€E+00
7.0000E+00
8.0000E+00
9.0000€E+00
1.0000€+0!
1.1000€+01
1.2000€£+01
1.3000E+01
1.4000E+01

c.
0. .
0.
0.
0.
0.

-7.1054€-13

0.

0.
-7.1054%-13
-7.1054E-13

0.

7.8431E-02

0.

0.

0.

0.

a9.

0.

0.

0.

0.

0.
-7.1084E-13

0.

0.
-7.1054E-13
-7.1054€-13

0.
7.8431E-02
0.

0.
0.

‘v




PARTICLES

T3AAA

PDR= 1.00000E+00 PDZ= 1.00000E+00 PXR= 2.60000E+0! PYB= 0.

1BA YAQU! PARTICLE~FLUID MOMENTUM EXCHANGE TEST.

(T3AAALIGB 032272-3)

PYT= 5.20000E+01

110872-1

T= 1.00000E+00 CYCLE=

7
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LR SR 25 K B R R 2 I R 2R I R IR TR K R R IR I R IEE N

L R R K R R 2 2 R 2R BE R TR R TR R I R R KR

LK 2NE JNE 2NN R I 2 IR R R R R R 2 2R R I N 2R IR JNE 2N N 4
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L ZEE NN IR 2N 20 R TR I N R JER NN K K R SRR NN JEE TN JEE JEE 2R K R NN 2N 4
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L IR 2 R I K B R R R JEE R R R I JEE K JER SRR IR B R R IR RN 2ER

L 2EE 2NE 2K 2NN B R R K NN R R JEE JEE SRR IR SRR R R K 2K R 2ER K JER JEE JEE 3
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[ 2EC 2K IR I K K B IR R R R BE B B ER IR BE ER R IR T I R R AR 3
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LK 2 N NN B AR K 2R 2 2N R IR 2EE TER TR I NN 2K R JEE 2 K R N N R 2

LR B SR 2R 2K IR R R R IR I I R IR R R R S 2 R R R T IR R R

LR R R 2 25 2R 2 IR 2K R IR 2K K IR 2R R K BE B N R R R BE IR
LR K BE 2R 20 2 R R X R R K N I R R A ISR 2R 2R R R 2 B 4

LR R B 2 B ZE 2R R R R IR K R I R R I B K 2R 2 R R R N 3

LK L B 5 2 R R IR R I R R K I I I R IR B B 4

LN R N I S IR R R R R K R R K S R 2R 2N R TR 2R R R B B 2R

LR K 2 R R 2 K R IR R 2 I I R R I B R R A

LR I N B A IR R I R B IR R R R I B B A B e 4
LB B IR 2R R IR 2 2R K JEE T IR I JEE R R IR R R R 2 R R R R I 3

L ZBE K JNE 2N 2 K JEE R R R N R K R 2 K JEE R JER SRR JEE IR IR K R 2

LR R K AR 2 K T T IR R JEE R IR IR BN R R R I R R R R
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LR R IR R R R I BRI IR R R R 2

LB 2R JEE I I R K B R JER IR R I JEE JEE JEE JEE EK R 2R IR IR SR IR R AR 2

VELOCITY VECTORS

VMAX= 2.96442€-01
1BA YAQU! PARTICLE-FLUID MOMENTUM EXCHANGE TEST.

7

110872~1 T= 1.00000E+00 CYCLE=

(T3AAAIGB 032272-3)

T3AAA

@
9




ISOPYCNICS

T3AAA

V)

\

MIN= 9.90697E-01 MAX= 1.00900E+00 L= 9.90697E-01 H= 1.00807£+00 DO= 1.93073E-03
1BA YAQUI PARTICLE-FLUID MOMENTUM EXCHANGE TEST. (T3AAAIGB 032272-3) 110872-1

T= 1.00000E+00 CYCLE=

7

- 59



ISOTHERNMS

T3AAA

60

MIN= 9.72363E-01 MAX= 1.00004E+00 L= 9.72363E-01 H= 9.98169€ -0t 0Q= 2.86729€-03

1BA YAQU! PARTICLE-FLUID MOMENTUM EXCHANGE TEST.

(T3AAAIGB 032272-3)

110872-1

T= 1.00000£+00 CYCLE=

?



VORTICITY

MIN=-7.34092€-02 MAX= 2.22235€-01 L=-7.34092E-02 H= 1.93570E-01 DQ= 2.96644E-D2

T3AAA 1BA YAQUI PARTICLE-FLUID MOMENTUM EXCHANGE TEST. tT3AAAICGB 032272-3)

110872-1

T= 1.00000€+400 CYCLE=

7

61



1
8.
9.

10,

1.

12,

13,

14,

15,

16,

17,

18,

19.

a0,
at.
a2,

23,

a4,

T3AAA 1BA YAQUI

" EEEEFEEE R EERE R EE R B
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X

7.0000€+09
8.0000E+00
9.0000E+00
1.0000E+01
1.1000E+01
1.2000€+0t
1.3000€+01
1.4000€+01
1.5000€+01
1.6000E+01
t.7000€+01
1.8000E+01
1.9000€+01
2.0000€E+01
2.1000E+01
2.2000E+01
2.3000€E+01
2.4000E+01
2.5000E+01
2.6000£+01
c.
1.0000E+00
2.0000E+00
3.0000€E+00
4.0000E+00
5.0000E+00
6.0000E+00
7.0000E+00
8.0000E+00
9.0000E+00
1.0000E+01
1.1000E+01
1.2000E+01
1.3000E+01
1.4000E+01
1.5000€+01
1.6000E+01
1.7000€+01
1.8000£E+01
1.9000€+01
2.0000E+01
2.1000E+01
2.2000€E+01
2.3000E+01
2.4000E+01
2.5000€+01
2.6000E+01
0.
1.0000E+00
2.0000£+00
3.0000€+00
4.0000E+00
%.0000£+00
6.0000€+00
7.0000E+00
8.0000E+00
9.0000E+00
1.0000€+01
1.1000E+0!
1.2000€E+01
1.3000E+01
1.4000€+01

PARTICLE-FLUID M
Y

2.4000E+01
2.4000€E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000€E+01
2.4000E+01
2.4000€+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000€+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000€+01
2.5000E+01
2.5000€+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.6000E+01
2.6000E+0!
2.6000€+01
2.6000€+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000€+01
2.6000E+01
2.6000E+01
2.6000€+01
2.6000E+01
2.6000E+01
2.6000E+01

u
-2.6115€-03
1.8472€-02
2.9641E-02
1.7077€e-02
1.0472€-02
6.4389€-03
%.0581E-03
2.5859%€-03
1.6565€-03
1.0696E-03
6.6491E-04%
4. 2952E-04%
2.7631E-04
1.7590E-04
1.1380€E-04
$5.7160E-05
6.2426E-06
1.2598€-10
-2.0318£-10
0.
1.4377e-05
-2.9517E~04
-5.8180E-0%
-8.3517€-04
-1.2579€-03
-1.3142€-03
~-2.7082€-03
-6.0943E-04
7.8593E-03
1.2810€E-02
9.4904-03
5.3329€-03
3.3904E-03
2.0998E-03
1.3434E-03
8.5737e-04
S.4414E-OY
3.5296E-04%
2.0440E-04
1.5145€-0%
1. 1140E-04
6.4717E-05
2.6459€-05
3.32686E-10
1.$725€-10
-2.0318€-10
0.
-3.2053E-06
7.9745€-05
1.3387E-04%
2.1385€-04
3.4453E-04
3.8807€E-04%
7.6047€-0%
-2.8873E-04
-4.9988E-04
-7.9370€-0%
~9.5067€-04
-2.9771E-04
-1.9746E-0%
-7.7690€-05
-5.3675E-05

OMENTUM EXCHANGE TEST.

v
-2.7685€-01
-9.1458€-02

2.3379€-02
1.4951E-02
9.8134€-03
6.2071E-03
3.9648€-03
2.5520€-03
1.6012€-03
1.0108€E-03
5.9648E-04
3.6599€-04
2.0612€-04%
1.2050E-04
5.7997€-05
2.8970€E-05
6.1064E-06
3.0704€-12
3.8627€-25
-9.5390€E-25
-2.2500E-01
-2.9595E-01
-2.9596€-01
-2.9501E-01
-2.9375e-01
-2.9187E~01
-2.9012e-01
-2.8739€-01
-1.2689€-01
2.7868E-02
1.9209€-02
1.1866& -02
7.3901E-03
4.6773E-03
2.9204£-03
1.8475e-03
1.1233E-03
7.0730E-04
4%.0366E-04

6.3802E-05
1.3518€-05
5.7808E-11
7.5020€-17
B8.2718E-25
-8.2718E-25
-2.2558€-01
-2.9642E-01
-2.9644E-01
-2.9556€E-01
-2.9411£-01
-2.9274€-01
~2.8947E-01
-2.9063E-01
-1.3271€-01
2.7992€-02
2.0842e-02
1.2485E-02
7.8501E-03
4.8637e-03
3.0799€-03

SIE

9.8534£-01
9.9813€-0!
9.9983E-01
9.9994¢-01
9.9997€-01
S.8999€-01
1.0000€+00
1.0000E+00
1.0000€+00
1.0000E+00C
1.0000E+00
1.0000E+00
1.0000E+00
1.0000€+00
1.0000€+00
1.0000E+00
1.0000E+0D
1.0000E+00
1.0000€+00
0.

9.7828€-01
9.7236€-01
9.7244E-01
9.72%7E-01
8.7276E-01
9.7306€E-01
9.7308E-01
9.8371E-01
9.97_27e-01
9.98986E-01
9.9993e-01
9.9997€-01
9.9899€-01
1.0000€E+00
1.0000€+00
1.0000E+00
1.0000£+00
1.0000€+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000£+00
1.0000€+00
1.0000€+00
0.

9.7835€-01
9.7243e-01
9.72%2€-01
8.7266E-01
9.7284€E-01
9.7315e-01
9.7334£-01
9.8397e-01
9.9737e-01
9.9983€-01!
9.9992t-01
9.9997€-01
9.9999€-01
1.0000E+00
1.0000€E+00

(T3AAAIGB 032272-3)

RHO
1.0016€+00
1.0013E+00
1.0009€+00
1.0006E+00
1.0004€+00
1.0003E+00
1.0002£+00
1.0001E+00
1.0001E+00
1.0001E+00
1.0000€+00
1.0000E+00
1.0000€E+00
1.0000€+00
1.0000E+00
1.0000E+00
1.0000E+00
1.0000€+00
1.0000E+00
3.3769€-33
1.0004E+00
1.0004E+00
1 .0004E+00
1.0004E+00
1.0004E+00
1.0004E+00
1.0004E+00
1.0004E+00
1.0003E+00
1.0003€+00
1.0002£+00
1.0001E+00
1.0001E+00
1.0001E+00
1.0000€E+00
1.0000€E+00
1.0000£+00
1.0000€E+00
1.0000€E+00
1.0000€+C0
1.0000€+00
1.0000E+00
1.0000€E+00
1.0000E+00
1.0000E+00
1.0000€+00
3.3769€-33
9.8942e-01
9.9941E-01
9.9939€-01
9.9938€-01
9.9934E-01
9.9931E-01
9.9921E-01
9.9930e-01
9.9943E-01
9.9957€-01
9.9976€-01
9.9983€-01
9.9989€-01
9.98992t-01
9.9984E-01

110872-1

voL

7.5000E+00
8.5000€+00
9.5000E+00
1.0500E+01
1.1500€E+01
1.2500€E+01
1.3500E+01
1.4500€+01
1.5500E+01
1.6500E+01
1.7500€E+01
1.8500E+01
1.9500€+01
2.0500E+01
2.1500E+0!
2.2500E+01
2.3500€+01
2.4500€E+01
2.5500E+01
0.

5.0000E-01
1.5000€+00
2.5000E+00
3.5000E+C0
4.5000£+00
5.5000&+00
6.5000E+00
7.5000E+00
8.5000€+00
9.5000€+00
1.0500E+01
1.1500€+01
1.2500€+01
1.3500E+01
1.4500E+01
1.5500€+01
1.6500€+01
1.7500E+01
1 .8500E+01
1.9500€E+01
2.0500E+01
2.1500E+01
2.2500E+01
2.3500E+01
2.4500E+01
2.5500E+01
0.

5.0000E-01
1.5000€E+00
2.5000E+00
3.5000E+00
4.5000€+00
5.5000€+00
6.5000E+00
7.5000E+00
8.5000€+00
9.5000€+00
1.0500€+01
1.1500E+01
1.2500€+01
1.3500€+01
1.4500E+01

D
-7.4401E-03
-5.3887€-03
-1.7326E-03
-1.2173€-03
-8. 1243E-04%
-5.6867E-04
-3.8710€E-0%
-2.8930E-04
-2.0397E-04
-1.4646€-0%
-9.4129€-05
-6.4684E-05
-5.8896E-05
-4.8841E-05
-4.9223£-05
~4.8468€-05
-6.1081E-06
-3.2800E-10

1.9920€-10
0.
-7.4488€E-04
~7.1263E-04
=7.0650E-04%
-7.1226E~0%
=7.2403E-0%
=-7.5051E-0%
-8.7606E-04
-1.8334E-0%
4.9862E-05
=3.1845E-04
-3.0268€E-04
-2.0272€-0%
-1.5791E-04%
~1.3187€-04
-7.9575€-05
-7.38268€-05
-1.5073E-05
-4.7181E-05
5.8972€-0%5
3.6586€-05
-2.5261E-05
-3.542%€-05
-1.9696€-05
-1.8321E-10
-3.2219€-~10
1.9920€~10
0.
1.1064E-03
1.0771E-03
1.0944€-03
1.1228€-03
1.2313E-03
1.2896E-03
1.7076E-03
2.1035E-03
1.6484E-03
1.2230€E-03
5.3746E-04
3.7_278E~04%
2.2960E-04
1.5334E-04
1.0783E-04

T= 1.00000E

7.0153E+00
8.0160€E+00
9.0131€+00
1.0009€+01
1.1007E+01
1.2005€+01
1.3004E+01
1.4003E+01
1.5002€+01
1.6001E+01
1.7001E+01
1.8001€E+01
1.9001E+01
2.0000€+01
2.1000E+01
2.2000E+01
2.3000€E+01
2.4000€+01
2.5000€+01
1.2750E+01
2.5021E-01
1.000B8E+00
2.0017e+00
3.0026€E+00
4.0035E+00
5.0046€E+00
6.0058€+00
7.0070E+00
8.0073€+00
9.0063E+00
1.0005€+01
1.1003€+01
1.2002€+01
1.3002€+01
1.4001E+01
1.5001E+01
1.6001E+01
1.7001E+01
1.8000E+01
1.9000E+01!
2.0000€+01!
2.1000€+01
2.2000E+01
2.3000€+01
2.4000€+01
2.5000E+0}
t.2750€+01
2.4997e-01
9.8988€~01
1.9998€+00
2.9996E+00
3.9994E+00
4.9992€+00
5.9989€+00
6.9987€+00
7.9988€+00
8.9991E+00
9.9934E+00
1.1000€+0?
1.2000€+01
1.3000€+01
1.4000£+0)

00 CYCLE= 7
L]

[
1.6220£-01
1.3420€-01
8.9469€~-02
%5.6908€-02
3.7067€E-02
2.5416€-02
1.7033€-02
1.2253E-02
8.4277€-03
6.3515€-03
4. 4433E-03
3.4923€-03
2.2837€-03
1.4581E-03
8.3332t-0Y
8.205%€E-04%
1.0341E-0%
4.6107E-09

-2.8891E-09
7.8431E-02
3.5892¢€-02
3.5199€-02
3.%5792£-02
3.8994E-02
3.7266E-02
3.7192E-02
4.1218€-02
3.6000E-02
3.2829€-02
2.5339€-02
1.5377€-02
t.0709€-02
7.2363€-03
5.7312€-03
%.0369€-03
3.5379€-03
2.4859€-03
2.4012e-03
7.9734E-04
%.9782€ - 04
6.6380E~-04
5.8972€-04
3.3344E-04
1.5753€~09
4.8107€-09

-2.8891E-09
7.8431E-02

-5.7697E-02

-5.8950£-02

-6.0348E-02

-6.2376E-02

-6.6128€-02

~6.8855€-02

=7.9322€-02

-6.9982€-02
~3.7M72E~02
-4.25%3E-02
~2.3870E~02
-1.6534E-02
-1.0550E~-02
-7.8319€-03
-5.7456€-03




PARTICLES
PDR= 1.00000E+00 PDZ= 1.00000€+00 PXRe 2.650000E+01 PYB= 0. PYT= 5.20000€+01
T3AAA 1BA YAQU!I PARTICLE-FLUID MOMENTUM EXCHANGE TEST. (T3AAALGB 032272-3) 110872-1 T= 9.00000€+00 C*CLE= 232
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VELOCITY VECTORS

VMAX= 2.93061E+00
1BA YAQU! PARTICLE-FLUID MOMENTUM EXCHANGE TEST.

232

T= 9.00000E+00 CYCLE=

110872-1

(T3AAAIGB nZ2272-3)

T3AAA

-t
h




2%

{SOPYCNICS
MIN= 9.72275€-01 MAX= 1.04SO01E+00 L= 9.7227SE~01 H= 1.04223E+00 DQ= 7.77298E-03
T3AAA

1BA YAQU! PARTICLE-FLUID MOMENTUM EXCHANGE TEST. (T3AAAIGB 032272-3) 110872-1 T= 9.00000E+00 CYCLE= 232

65



ISOTHERMS
MIN=-~7,32911€+00 MAX= 1.22158E+00 L=-7.32911E+00 H= 3.67413E-01 OQ= B8.55170€-01

T3AAA 18A YAQU! PARTICLE-FLUID MOMENTUM EXCHANGE TEST. (T3AAAIGB 032272-3) 110872-1 T= 9.00000E+00 CYCLE= 232

66



- VORTICITY
MIN=-2,39303E-02 MAX= 9.72045E-01 L=-2.39303E-02 H= 8.73348E-01 DQ= 9.96376E-02
T3AAA 1BA YAQUI PARTICLE-FLUID MOMENTUM EXCHANGE TEST. (T3AAAIGB 032272-3) 1:.0872-1 T= Q.U0000E+00 CYCLE= 232
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N4

T3AAA 1BA YAQUI

CEEEEEREERE R R EEE R Ay

68

X
7.0000E+00
8.0000E+00
9.0000E+00
1.0000E+01
1.1000E+01
1.2000E+01
1.3000€+01
1.4000E+0}
1.5000E+01
1.6000€+01
1 .7000E+01
1.8000E+01
1.9000E+C.
2.0000€~01
2.1000E+0*
2.2000E+01
2.3000E+01
2.4000E+01
2.5000€E+01
2.6000E+01
0.
1.0000€+00
2.0000E+00
3.0000€+00
%.0000€E+00
%.0000E+00
6.0000E+00
7.0000E+00
8.0000E+00
9.0000E+00
1.0000E+01
t.1000€+01
1.2000E+01
1.3000€+01
1.4000E+01
1.5000€+01
1.6000E+01
1.7000€+01
1.8000€E+01
1.9000E+01
2.0000E+01
2.1000€+01
2.2000E+01
2.3000E+01
2.4000€+01
2.5000E+01
2.6000E+01
.
1.0000E+00
2.0000€+00
3.0000€E+00
4.0000E+00
5.6000E+00
6.0000E+00
7.00G0E+00
8.0000E+00
9.0000€+00
1.0000€+01
1.1000€E+01
1.2000€+01
1.3300E+01
1.4000€E+01

PARTICLE-FLUID MOMENTUM EXCHANGE TEST.

Y
2.4000€+01
2.4000€E+01
2.4000E+01
2.4000E+0)
2.4000E+01
2.4000€E+01
2.4000E+01
2.4000E+01
2.4000€+01
2.4000E+01
2.4000€E+01
2.4000E+0)
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000E+01
2.4000€+01
2.4000E+01
2.5000E+01
2.5000€+01
2.5000€+01
2.5000E+01
2.5000€+01
2.5000E+01
2.5000€+01
2.5000E+01
2.5000E+01
2.5000€+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000€+01
2.5000€E+01
2.5000€+01
2.5000E+01
2.5000€+01
2.5000E+01
2.5000€+01
2.5000E+01
2.5000€+01
2.5000€+01
2.5000E+01
2.5000€+01
2.6000€+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000€+01
2.6000€+01
2.6000E+01
2.6000€+01
2.6000E+01
2.6000E+01
2.6000E+01
2.6000€+01
2.6000£+01
2.6000E+01

v
-5.1537€-01
-5.3391E-01
-5.2%92€-01
-4.9208€-01
~4.4172€-0t
-3.8491E-01
-3.2845€E-01
-2.7653E-0)
-2.3053E-0)
-1.9096€-01
-1.5721E-01
-1.2864€-01
-1.0426E-01
-8.3382E~02
-6.5270€-02
-4.94I4E-02
-3.5348€-02
-2.2633e-02
-1.0954E-02

0.

0.
~-8.99:3E-02
~1.7724E-01
-2.601%5€-01
-3.3588€-01
-4.0166€-01
-4%.5440€-01
-4.9029€-01
-5.0544E-01
~4.9601E-01
-%.8399€-01
-4.1811€-01
-3.6642€-01
-3.1508€-01
-2.6731c-01
~2.2482E-01
-1.8767€-01
-1.5574€£-01
~1.2828€-01
~1.0464E-01
-8.4140E-02
-6.6169€-02
-5.0313€-02
-3.6075€-02
~-2.3158€£-02
-1.1214E-02

0.

0.
-8.5059€-02
~1.6812€-01
-2.4683E-01
-3.1833%€-0!
-3.8003E-01
-4.2866E-01
-4.6076E-01
-4.72768E-01
-4.6220E-01
-4.3233E-01
~3.9067€-01
-3.4426€E-01
-2.9790€-01
-2.5471E-01

v
-7.8591€-0!
-5.2959€-01
~-2.8341£-0t
-9.2084€-02

4.0406€-02
1.2368€-01
1.7186€-01
1.9782€-01
2.1089€-01
2.1669€-01
2.1866E-01
2.18%52€-01
2.1746€-01
2.1595€-01
2.1434%€-01
2.1286E-01
2.1155€-01
2.1054€-01
2.0980E-01
2.0939€-01
-1.4403g+00
-1.4618€+00
-1.4288£+00
-1.3528€+00
-1.2374€+00
-1.0853E+00
-9.0021E-01
-6.8854€-01
-4.6219€-01
-2.5217e-01
-8 9856E-02
2.4101€e-02
9.7761€-02
1.4255€-01
1.6877€-01
1.8379€-0¢
1.9236€-01
1.9704E-01
1.9945£-01
2.0050e-01
2.0077€-01
2.0061E-01
2.0021€-01
1.9977€-01
1.9932e-01
1.9895£-01
1.9868E-01
-1.2696E+00
-1.2895€+00
-1.2607E+00
-1.192%+00
-1.0883E+00
-98.5134£-0!
-7.8571E-01
-5.9844€£-01
-4.0111€-01
-2.238%E-01
-8.6694E-02
1.0791€-02
7.5636€-02
1.1698€-0!
1.4292€-01

SIE
1.0532£+00
1.0449E+00
t.0249€+00
1.0145E+00
1.0114E+00
1.0081E+00
1.0057€+00
1 .0040E+00
1.0028E+00
1.0019€+00
1.0014E+00
1.0010€+00
1.0008€E+00
1.0006E+00
t.0005€+00
1.0004€+00
1.0004E+00
1.0004€+00
1.0003E+00
0.
1.1846E+00
1.0378€+00
1.0479€+00
1.0401€£+00
1.0375€+00
1.0399€+00
1.0452€+00
t . O4Y66E +00
1.0343E+00
1.0189€+00
1.0131E+00
1.0100€+00
1.0070E+00
1.0050E+00
1.0035€+00
1.0024€+00
1.0017€+00
1.0012E+00
1.0009€+00
1.0007€+00
t.0006€+00
1.0005E+00
1.0004£+00
1.0004E+00
1.0004E+00
1.0003E+00
0.
1.2148E+00
1.0890£+00
1.0877€£+00
1.0689€+00
1.0563€E+00
1.0%78E+00
1.0430E+00
1.0374£+00
1.0259€+00
1.0152£+00
1.0118E+00
1.0086E+00
1.0060E+00
1.0042€E+00
1.0028€+00

(T3AAAIGB 032272-3)

RHO
9.9707€-01
9.9689€-01
9.9680E-01
9.9680E-01
9.9688€-01
9.9700€-01
9.8717€-01
9.9735€-01
9.9755€-01
9.9774E-01
9.9794E-01
9.9810€-01
9.9826E-01
9.9838€-01
9.9848E-01
9.9857€-01
9.9862£-01
9.98866€E-01
9.9868€-01

-1.8170E-07
1.0006£+00
1.0001E+00
9.9975¢-01
9.8940E-01
9.9904E-01
9.9869€-01
9.9835€-01
9.8804-01
9.9779%€-01
9.9761E-0t
9.9751€E-01
9.9747E-0t
9.9753€-01
9.9756€E-01
9.9766E-01
9.9777€-01
9.9790€-01
9.9803E-0!
9.9814£-01
9.9825€-01
9.9836€-01
9.8842€-01
9.9848E-01
9.9853e-01
9.9855£-01
9.98%7E-01
1.0315e~-07
1.0013E+00
1.0009€+00
1.0005€+00
1.0002E+00
9.9984€-01
9.9948E-01
9.9913g-01
9.9880E-01
9.9849€-01
9.9825E-01
9.9808€-01
9.9797e-01
9.9791E-0!
9.9790E-0]
8.9793E-01

110872-1

voL

7.5000E+00
68.5000€+00
9.5000E+00
1.0500€+01
1.1500€+01
1.2500€+01
1.3500E+01
1.4500€+01
1.5500€E+01!
1.6500E+01
1.7500E+01
1.68500E+01
1.9500E+01
2.0500E+01
2.1500E+01
2.2500E+01
2.3500€+01
2.4500€+01
2.5500E+01
0.
5.0000E-01
1.5000E+00
2.5000E+00
3.5000E+00
4.5000€+00
%$.5000€E+00
6.5000E+00
7.5000€+00
8.5000€+00
9.5000€+00
1.0500€+01
1.1500E+01
1.2500£+01
1.3500€+01
1.4500€+01
1.5500E+01
1.6500€+0¢
1.7500E+01
1.8500E+01
1.9500E+01
2.0500€+01
2.1500E+01
2.2500€+01
2.3500E+01
2.4500E+0!
2.5500E+01
0.
5.0000E-01
1.5000E+00
2.5000E+00
3.5000E+00
%.5000E+00
$.5000£+00
6.5000E+00
7.5000€E+00
B8.5000E+00
9.5000E+00
1.0500€+0!
1.1500€+01
1.2500€+01
1.3500E+0]
1.4500€+01

D
-2.6219€-03
~2.5925€~03
-2.3834€-03
-2.1566E-03
-1.8838€-03
-1.6101E-03
-1.3189€-03
-1.0566€-03
-8.1772€-04
-6.0852€-04
-4 .6446E-04
-2.9468€-0u4
-1.9709€-0%
-6.9868€-05
-2.2380E~05

3.5902£-05
6.2106E-05
7.6929€-05
8.7703E-05
0.
-3.4404E£-03
-1.6890E-03
-1.7619€-03
-1.8811E-03
-2.0103E-03
-2.1383E-03
-2.2377E-03
-2.3078£-03
-2.2432€-03
-2.1057E-03
-1.9039€-03
-1.6979€-03
-1.4725€-03
-1.2443E-03
-1.0447E-03
-8.3634E~04
-6.941 1E-04
~-%5.3876E-04
-4.4414E-OY
-3.2336E-04
-2.4078€-04
-1.7353E-04
~1.2993E-04
~1.0232E-04%
-8.9065E-08
-8.6277€-05
0.
-2.8902£-03
-1.4587E-03
-1.5278E-03
-1.6280€-03
-1.7367E-03
-1.8330£-03
-1.9022E-03
~-1.9755E-03
-1.8973€-03
-1.8032£-03
-1.6512E-03
-1.5047€-03
-1.3296£-03
~-1.1758£-03
-1.0056E-03

T= 9.00000E+

6.9759€+00
7.9711E+00
8.9668E+00
9.9633E+00
1.0961E+01
1.1959€+01
1.2959€+01
1.3959€+01
1.4960E+01
1.5961€+01
1.6962€+01
1.7964E+01
1.8965E+0!
1.8967€+01
2.0968E+01
2.1969€+01
2.2969€+0!
2.3969€+01
2.4968€+01
1.2734E+01
2.5002£-01
9.9972€-01
1.8987E+00
2.9970E+00
3.9946€+00
4.9315€+00
5.9879€+00
6.9836€E+00
7.9796E+00
8.9754E+00
9.9718E+00
1.0969€+01
1. 1967€+0!
1.2965€+01
1.3964E+01
1.4S64E+0]
1.5964E+01
1.6964E+01
1.7965E+01
1.8966E+01
1.9966€+0!
2.0967E+01
2.1967€+01
2.2967€+01
2.3966E+0)
2.4965€+01
1.2732€+01
2.%024E-01
1.0006E+00
2.0006€E+00
2.9998E+00
3.9984E+00
4.9962E+00
5.9934E+00
6.9900€E +00
7.9862€+00
8.9823E+00
9.9786E+00
1.0975€+01
1.1873€+01
1.2970E+01
1.3969€+01

00 CYCLE= 232
M

P
-2.9254£-01
-3.1083€-01
-3.1973€-01 .
-3.2023€-01
-3.1241E~01 o
-3.0029€-01
-2.8300E-01 .
-2.6499€-01
-2.4477€-01 T
-2.255%€-01
-2.0650E-01
-1.B964E-01
-1.7440E~01 -
~1.6159€-01
-1.5157€-01 Co-
-1.4326€~01
-1.3776€-01
-1.3387€-01
-1.3237€-01
7.8530E-02
5.9747€-02

1.219%€E-02
-2.5003€-02
-6.0391E-02
-9.6021E-02
-1.3140E-01
-1.6497€~01
-1.9560€-01
-2.2076€-01
-2.3895€-01
-2.4882E-0!
-2.5274E-01
-2.4987E-01 ..
-2.4377€-01
-2.3362€-01 .-
-2.2262€-01
-2.0992E-0! -
-1.9740E-01
-1.8562€-01
-1.7%73€-01
~1.6526E~01
~1.5781E-01
-1.517%€-01
-1.4723€-01
-1.4468E-0)
-1.4348£-01
7.8540E-02
1.2918€-01
8.7659£-02
5.3658€-02
1.9792€-02
-1.5583€-02
-5.1701E-02
-8.7385€-02
-1.2048E-0)
-1.5130£-01
-1.7%78€-01
-1.9242€-01
-2.0309E-01 .
-2.0893E-01 -
-2.0960€-01
-2.0747€-01
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oL

R
PROGRAM J@B STARTS WERE > 0,0 OVERLAY

NQ =14 <= No. Quanminies/ CELL
RESTORE PRINTER

|

\0 READ FIRST INPUT DATA CARD

IBAR =1, THE NUMBER OF REAL ZONES IN THE R ORX DIRGCTION.
JBAR =T, THe NUMBER OF ReAL ZONES IN THE 2 ORY DIRECTION.
IUNF = Lywronm

JUNF -JUNISOKM}DETEQMINE REaloN OF UNIFORM RONING,
JCEN = Teenrer

DR s Br, THE CELL 5126 W R OR X DIRECTION,

D2 = §2, The CELL S13& IN T onY DIRECTION.

(& (N 1,0 If CYLINDRICAL, 80,0 (F PLANE

GRDVEL « 0.0 if EULERIAN; =1.0 IF LAGRAMCIAN; >1.0 IF REZONG.

AO = oy POR MOMENTUM EQUATIONS
AOM wdo FOR MASS (& ENERGY) EQUATIONS.
B8O - @a FOR MASS, MOMENTUM, AND ENERGY EQUATIONS

KXI =, THE P GXPONCNT THAT DETERMWKS THE VISCOSITY FORM.

i

[lDVANCE FILM, AND SET LINE COUNTER TO TOP OF FRAME.

Q

s IBAR S
(SYPASS W’\\—;O—E—J
CZ0D)—>| CALL GVERLAY (1,0) =SETUP |

RETURN FROM SETUP

CALL GVERLAY (2,0) =ICeD-ALE]

[+] JOB CoMPLETED

RETURN FROM CALC.,

CALL EMPTY (Scavence Fium Burree)

@ J0B STOPS MERE /AMSBI;"/

‘2 3.




T

RS‘Z%L:;} CALL ECWR (AASC(TIMS), IECW,NQLNE)
UPWARD 1IECW = [ECW + WQL
 lew Te( JIBUF ;
ROUTINE: : —
o O——-[ 1aP=13Ps = 1 I
I3 = 1S3
IIM = 1TMS = ISC2 M
r——— IBUF = 2 17P
Q@oD— Wp - 19 = 15¢2 [1am
=1
I0M = ITMS = 15¢3  [YP
P IBUF = 3 7
LENTRY STARTY

\"®—°‘ CALL ECRD (AASC(LIPS), IECR, NOT, NE)

s
‘ ‘
*

0,0 SUBROUTINES — SCMACM 3-ROw BUFFERING:

LSUBRBUTINE LBdP

¥
Y3

'3

I3

%3

- ITPS = |
IECR = IECW =0

CALL ECRD(AASC(ITPS), LECR,NQI,NE)
LECR = IECR + NQI
ITPS = ISC2

CALL ECRD(AASC(ITPS), 1ECR, NOT,NE)
IECR = TECR + NOI

;

LTP = IJPS = 1SC3 e
IJ = 152 w

1I0M = IJMS = IBUF= 1 [1om

'3

%
23
[ /3

LECR = TECR + NQL

CRETURN)

KENTRY DgNE >

CALL ECWR (AASC(ITMS),1EQW, NQL, NE)

IECW = LECW + NQL
6B To ( ) IBUF:

Go >~ 1IMS = 15C2

r—y

1IMS = 15¢3

GO+ 1ImS = 1

\ 1 , ‘n s .
' ' '\ . .

LENTRY STARTDS

msS = 1562
IECR = 1ECW « ITV

CBED={ cALL ECWR(ARSC(ITHS), 1ecW,No L, NE)]

REVERSED
2-Row
DOWNWARD
ROUTINE

KENTRY L80PDSY /

CALL ECWR (AASC(1JS), IECW, NQI, NE)

Go T (

LECW = IECW = NQI
) IBUF:

IBUF = 2
IT = [SCFi
IJS =1

1Im = ISCF2

LIMS = ISc2 .

CALL ECRD (AASC(IIMS), IECR NQI NE)
LER = IECR — NQL

!

IIm = ISCFI
ITmS = IBUF=|
1T = IScF2
I7S = ISC2

2

1ECR = TECR = NQI

CALL ECRD(AASCLITMS), [ECR, NOT, NE

KENTRY RIRGW 7

READ jﬂ-

Raw IEC = (F~1)# NQI

NTO SC LL. SC(1), [EC,NQT,
lﬂo(:v I/;A' CALL ECRD(AASC(1), IEC,NQT, NE)

- KENTRY SETIT D

o coumn [ 19= (L=0xNQ ¥

N jth ROW

KENTRY WIRWY

RETURN

L1EC = (T-1) ¢ NOI

jth ROW :
10 LM <‘“L ECWR(ASCQ), T6C, NOT,NE)

REDUNDANT UNLESS RIROW
ENTRY WAS UNYSED

{END SUBROUTINE LooP /AM

sozf\/

‘12




L

0,0 SUBROUTINES -~

SETUP PLOTS ¢ PARTICLE GRID:

L SUBROUTINE FILMC@Dy

PARTICLE GRID &
PARTICLE PLAT SETUP:

{L=0.0
YB=|0“
XR=YT= =B

INITIALIZE COMPARAMDS
POR DETERMINATION OF
GRID SIZE & SWEEP VERTICES:

~

l

CALL START

L — D6 129 T=1,72
- — Do 119 1=1,IP
XR = hAxt [xR, X(1T))
YB= AMINI[YB,Y(IT)]

}ALL VERTICES

YT= AmAx (YT, Y(IT)]

I—E__-
)|

|
Qs>

l

I
|
l
I
L

13= 1T+ NQ
CALL LOOP

i

Qzoo—

—  CONTINVE |

=VeLocrvy vecTor ScaLe
=YB on PiLm FRAME
= RATIO WiDTH/ NG 1GHT
INITIALIRE FOR TEST:

VV3 0.9 ¢%R # RIBAR
FIYB = 916.0

XD= %R/ (YT~YB)
Y2 0.0

> WIDER THAN HIGH

113566 1022,
900

MAXIMLZE

PLPT S12E

oN FILM
FRAME:

FIAL = AMAXI[0.0, (511.~450,#XD)#YY] ENnobe "0 o«

FIXR = (Sil,+ 450. 4 XAD) ¥ + 1022, #(1,-\vY)
FINT 2 e, oYY + (916.~1022./xD) # (1.-YY1)

XCONV » (FIXR=-FIXL)/(XR=KL) | conveRSIBN
YeoNV = (FIYT=FLYB)/(YT-YB) J COEFFLCLENTS
IAL= FIXL
IXR * FIXR
IYB = FIYB

INTEGER
EQUIVALENTS

IYT = FIYT

I

L HIGHER THAN WD ;

A e PLAALLIR AR AT 4
taLe 5il-450-XD/¥YT
IXR=511+ 450 XD/YT
IYT=16 f

PWIDER THAN HIGH:

IAL=0

1XR = 1022

1¥T= 916 —102LYT/XD

NPT:0

4

No PARTICLES,

OF SUBROUTINE

Gerursd

BYPASS REMAINDER

PXL = 0.0

PYB = YB +PYB

PXR = PDR+# FLBP

PYT =PYB+PDZFIBP
PXRP = PXR« GPEMIO
PYBMm = PYB ¢ @MEMIO
PYTP = PYT « OPEMIO

COMPUTE DISTANCE FROM Y=0
Ar s Lp _
YBp + A’o Je
JUST OUTSIDE GRID —
FOR TESTS IN PARTMOV

RPDR = 1./PDR 1./Ax
Rep2 = |./PD2 1. /by
RPDRDZ = RPDR«RPDZ | /Axly

FIPY® = 916.0 YBp ON FILIA BRAME
XD = PXR/ (PYT-PYB) = RATIO OF WIDTH TO HEIGHT
YY = 0.0 MITIAURE FOR TEST:

(por, PDZ, AND PYB
ARE SPECIFIED BY
INPUT AND BY
SUBR, REZONE)

SETUP FOR PARTICLE
PLOT, TO FIT PARTICLE
@RLD, NOT FLUID GRID,

£ WGHER
XD : 113556/ Tuan wive

7 [ wioer THan miGH

FIPXL = AMAXI [0,0, (511. ~450. ¢XD)¢ YV ]
FIPXR = (5l1.+ 450. ¢ XD)s¥Y + 1022.7¢(1.=YY)
FLPYT=2 16.6YY + (916.-1022./AD)  » (l.=YY)

PACONV = (FIPXR ~FIPXL)/ ( PXR—PXL) }mmoﬂ
PYCONV » (FIPYT- FLPYB)/ (PYT-PYB) ) COEFFS:
IPRL = PIPAL

IPXR = FIPXR INTEGER
[PYB = FIPY8 EQUIVALENTS

IPYT = FIPYT

PYT

N 8O

S END SUBRPUTINE FILM(P > /A

MSVE"/
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1 L . M o K . . s '
1,0 OVERLAY - THE PROBLEM SETUP: 4
PRINT KT=9 “—QuTPUT (PRINT) FILE | 1DT® =1 » OUTPUT INDEX
PROGRAM "YASEI CALLED’ ( ASSIGN 110 T8 KRET / TPUT =T+ DTE(t) sisrourport | NOTE &
T 2 DTPPS @ DT 0.1 CONSTANTS
YASET [oae wasert ] 1 NCYC =NUMTD = O DEPENDENT
] (100 DY WRITE THE ® cps. ReAD SO FAR EMIO =10""° %’.EI‘BS %er
; ONTO FILESET (KT) FMEMIO =1 — 10 N 2,0.
ﬁ GPEMIO =\ +107"
@ (RReT) (=100r120) ANC. = 0.05
BMANC = 1.~ ANC
. 2 NO FILA WRITING CHLANMU = (1+€)/(Lan+2.omu+10™)
<L SUBRAUTINE YASETL S Z T om waite fm AOFAC = Aom/[2.06(i.+hom?)]
KT=12 o FILM FILE 3aml =(GMH|')‘GMI
READ IDENTIFICATION CARD ASSIGH 120 T6 KRET TRIRD  =1./3.
READ NEXT & INPUT-DATA CDS: IUNF = MAXO (LUNF,1)
s JUNF = ARG (TUNF,2)
A ) }wscosm’ COEFFICIENTS W =Tereo JUNF@2 = TUNE/2
oM W RELAXATION PARAMETER Mo = IBAR-G
EPS € CONVERGENCE CRITERION COMPUTE f1p"  =rBARs JSTans
lqar 3 }GRAV\TY COMPONENTS CONSTANTS 1e2 =1BAR:2
G 9y (reFee o |IMI0 = TBAR-1O
2’:3 }C:Yairzc:aerrgrsc:?: SECTION {IMi4 = TBAR-14 4
IFFENE - = R ROmMFR =
\GMmI EQUATION OF STATE IIFIORG g.;'z = ggﬁi:.;- @D—. l-/(lngEz')-l
FREZ  VARIABLE ZONING COEFF. pgs(gm‘s) JP4  =TBARtA =g T
AE:] Y, Yof j=2 JP4P2 =3P4/2
REZYO Ya, Yor BUBBLE CENTER RIBAR =1./FLBAT(IBAR) BASLC
REUE Us J6RID ExPANSION RIBTB =1./FLOAT(1BAR ¢ IBAR) PARTICLE CALL PARTGEN | (=1,0 suer.)
24RE2VE Vi }Temsmuou VELS. NQIB = NQs IBAR GENERATOR 3
RERVT [y FOR REZONE PMCYL = 1o —CYL RETURN
REZRPN pu = ¢ AT Y, NQL  <NQ & 1P CLEAR MEMORY,
REZSIE Iamagesr R =ne DEFINE
18p Ir IS€2 =NQI+t! Ayrd, | CALL MESHMKR | =1,0 sugry
I8P Je ISC3 =15C24nQ1 v f, L
PDR Ax PARTICLE GRID IV =7pPlengL TuSouambm GRID: RETURN
34pPp2 Oy PARAMETERS ISCFL =1IsC2 -NQ
PYB Ye, ISCF2 = 1SCFI+RQL SETUP
G2P  Gqn NSC = LOCF(22)-LdcF (M) 41 FM | caLL FILmcg ] (0.0 susr)
IMOMA  MomErTUM EXCHANGE NLC = LoCF [AAL(TP8sNQI)]-LOC (i1 %:Rgmmes_
; r & LIP2 =73P2 ~JPL/3 ¢ 3 ’ RETURN
T20MD 1= 20'CP TAP e INDEX OF LAST ZONE Y
4JT(2.IxD 1= ?r'\Me LT Dowe é’ia“&'l‘wi?;’ wHen 2000 ow wex7 Pace
ITWFIN  TIMe WHEN YO FINISK BUFFER ROWS. USED
LPR PRINT CONTROL T0 SET TOP BOUNDARY ’ ,/
ICaLAR 1= corar PLOT —/ VELS . 4]——/ MSDE
5§DT¢(\-\0) CONTROLS OUTPUT [LIP2 = LIP26 QT —NQ_+1 T2
6ipTgc (1 -1 INTERVALS
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1,0 SUBROUTINES — THE PROBLEM SETLIP: 5

KSUBROUTINE YASETL> Conrimvep:

.——- H CALL START ~(300 )—= CALL STARTD
D0 229 T, 3Pt 1.0, ceil centers . D@, 359 JI=2,JP2
D 219 1=1, I8AR ) J='§rp4—m
1PT= 1T4NQ A\ D8 249 1I=1, IP|
IPIP ~ LIP+NQ ' 1 / 1=:4P2 11
=x(1P7)  A2=X(IPTP) X3 =X(13P) 4 ~x(19) MV IMT = IT-NQ
YU=Y(IP3)  Y2aY(1eIP)  Y3aY(13P) Y4:Y(L7) CALCULATE IWit = éUM—NQ
R1=R(1P) RL«R(IPTP)  R3I=R(1IP) R&=R(1T) GEETEX MASSES x%= 0. « osrene M
ATR=.5 e [Ki € (Y2-YD+x28 (Y3 -Y0) + XBe(YI-Y2)] | DoL02P D USE =0 1N SUMMATION:
ABL=.54[X1 ¢ (Y3-YA)+ X3¢ (YA=Y1) + Xho (Yi-Y3)] STORE THE g
: RECIPROCALS R X% = m(13w) |
M M(137) = THIRD+« [ATR¢(2\+R'L+R3) ovER M, CELL:
¢ + ABLe (RI+R3+R4)] ¥ RB(IT)
1/ Vou [rvoLis) = ré(13)/m(1s)
. |e6n - s .05 ® XK= Kx+ m(17) |
[U(LPT)sr2 + U(IPTP)s62 + U(ITP)ss2 + HIT)es2
£V (IPTIs2 4V (IPTOsed +V(ITP) 52 +V(1T0s2]
1 = 1P9 T XK= XX+ M (IMT) |
l R CELL:
Q19— 17P = 1PJP TO NEXT CELL IN RowW 1
CALL LOOP Row COMPLETED , GO UP A ROW ,‘
I ¥ ::-L. Y%= XX+ M (IMTM) |
C2—*{ CBNTINUE ’
CALL DONE ALL ROWS COMPLETED |
0 RM(LT) = 4, /%x
/ LI = IMJ TO NEXRT CELL ON THE LEFT
1 l j
ITM = IMTIM
CALL  L@OPD AOW COMPLETED, DROP DowN /A Mﬁ,ﬂ/
l A ROW ‘12
G5>—] canTInuE 70 0,0 GVERLAY
(DONE ENTRY & END SUBROUTINE YASET1)

UMHECESSARY ON

RGVERSED L00P ) SETUP COMPLETED
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1,0 SUBROUTINES ~ PARTICLE GENERATOR : 6

KSUBROUTINE FPARTGEN >

! NO. OF PARTICLES
r NPT =0 N SYsTem @%__9
PREVIBUSLY READ N
1BP 1 to, PARTILLE-GRID
JIBP JCeus N R,2, DIRS,
PDR }Ax AND Ay Of
PD2 J PARTICLE GRID

PYB = PHYSICAL DISTANCE
FROM YB -» BOTTOM
OF PARTICLE GRID

©ZP. * A% FSLT BY PARTICLES

\F NO PARTICLES USED,
18p=0

Wil BT m RAD
Y DIRECT! AL
b4

IBP: IBAR To0 LARGE

READ A_PARTICLE - REGION CARD:

[ORPAR }?AleCLE SPACING 1N
rk& z Drzsc'nons N
D2PAR TRUE DISTANCE UNIT '

X DIMENSIONS TO DEFIME EITHER A CYLINDER
Yc (0R RECTANGLE), OR A SPHERE (OR CIRCLE),
Jxp IN TRUE DISTANCE UNITS, AS PER DRAWINGS

YD BELOW.

UPAR INITIAL VELOCITY COmporIZNTS
VPAR FOR THESE PARTICLES

MTE MASS OF PARTICLE = MTE % Tp FOR MARKERS,
[DRAG  DRAG COBFFILIENT FOR THESE PARTICLES. | MTE0, DRAG= "]

IMOMR 12 MONENTUM EXCHANGE WILL FIT 1N AKIAL
SEE DRAWING ON P, 3 <loiecTon ALsO T
— DRPAR:0.0 }ve rae PRRTICLES NEXT FAGE
= w! WAL BUFFE
FIBP b4 JFLoaTingpT. sQuivALENTS GENERATE PARTICLES :
F78P e A5 SPECIFIED BY | PRINT CONTENTS OF ABOVE CARD |
RIBP =I./FIB 0 CALC.NEV PDR & PDZ IN REZPNE. ABOVE CAED

RIBP  =1./FIBP
IBP|  =18P+1

I8P2 =38P 42 }Foa DA-LOOP OVER PARTICLE GRID

{WRITE CARD ON FILM ALSO ]

= |BYPASS FiLm WRITE

NQIZ  =NQL#2Z  "LENGTH OF TWO ROWS OF CSULS. 5§E°P3$g(
1ECP =IPAR =1gCcF(AAL) =BASE R.A.OF LCM PARTICLES COMPONENTS USH = SHIFT(uPAR,30).A. 11777777778 }VEL"CW'ES 1N FINAL
LPB  =NQI/343 =LGA. IN wDS. OF PARTICLE X-r- M's gggpggef;” VSH =SHIFT(VPAR,30),A.T1771777778 ) 30 BITS ONLY
IMPME3 —[Momx ¢ 1000 €useD 1n PALTAEY | sem ponr ob 1. FOR STORING: | DRAG =DRAG.AND..NOT. 77777777778 JSAVE 15T 30 BITS OMLY
Ke =\ & PARTICLE INDEX | NQI ,TRUNCATE IF P = YC4+ XD
NT =0.0 « TOTAL mAss Sum | NECESSARY T’ A :g?n = Ye— XD }\Nm:uszpsﬂ BgEASSUMNG
- SET To ToPmoST & BOTOMMOST EXTENT
INPUT VALUES REMAIN / *
FREi: I.O o= VALID
> | recaLcwiate ParmILLE -GRID Contmwued ow Next Face
PARAMETERS XD o
AMAX = (FLOAT(ZUNE) + FRER (|, = FREZ ¢4 (I5AR-1UNIE)) |
#ROMFR ] & DR 77
YHAX = RE2YO+ [FLOAT (JUNFO2)+ FRER o (1.-FRED4o(IBAR-Teon-Tunet)) s Xee 0.0
$ROMFR ) ¢ D2 g e YDa 0.0
YMIN = REZY0 - [FLOAT (JUHFO2)+FREZ @ (1. ~FRERws(TBAR -JUKRRL) e-XC
#eoveR 1 e D2 CYLINDER SPHERE
PDR = XMAX ¥ RIBP _/ (0R RECTANGLE) 7 Ye (0R cr1eCLE )
PDT *(YMAX~YMIN)s RTBP Y=YB

Yo

|

Y=0

gl
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1,0 SUBROUTINES ~ PARTICLE GENERATOR (Cowr): 7

< SUBROUTINE PARTSEN S Conrinuen:

<
SPHERE

-~

) 24 CYLINDER

{ xp:LPB

-

BUFFER 15 FULL
& hmave moRE RoOM

30>+ XTE =XTE + DRPAR

“—TO NEXT COLUMN IN ROW

<

YB@T=YC BXTENT OF CYLINDER

ONIFORM 2ONING < FREZ:1.0 )

> ! ASSUME TO BE BACKGROUND

l_YT¢P =YD } RESET TO TOPMOST & BOTOMMOST

b

YBOT=YMIN [As CALC. FOR NON-UNIFORM GR D EARLIER
XD = XMA% IN THIS SUBROUTILE

1
@—4Y15=*5¢1‘ 4+.5¢ DAPAR = BOTIOMMOST ¥ ]

XTgP =Ymax }Reser To COVER REGION OF BACKGROUND

INSIDE ’TEN$T
REQw0 > } OUTSIDE TEST REGION
ON THE RIGHT

“ TO NEXT ROW UP J

e =TE + DZPAR

PRECEDING
PAGE
£

C2100—o{ KTE= XC + .5+ DRPAR = LEFTMOST X y
|-

FSO

> N

/]

/ YD £0.,0 \
AND YzS _ (SPERe, & OUTSIDE)

B ) MOvE UP_L ROW OF
ATTEUPTS To CRENTE AaRTIcLes \(TTE-YS) #3772 x0 PARTICLES
ONLY WITHIN RECTANGLE

DR RECTAHGULAR REGION
ENCLYSING HEMISPHERE
APAR (¥P) = (XTE.A..N.7T77777777B). 8. USH
YPAR (XP) = (YTE.A,. N, T7777777778). 4. VSH

Q2>

INSIDE (CIRCLE QR RECTANGLE)

=Aend
=\JA-JV'

e = MTE « (KTE CYL+OMCYL)  ™p= MTC 1F PLANE
T = MT + MC « ci« mm.M/L‘\;sr' F v
MPAR(KP) = DRAG .B. (SHIFT(MC,30).A.17777777778) 9
kP =KP+3 }mvmm INDEX DRAG sndmg
NPT = NPT+ JAND PARTICLE COUNT

(300 D-o{PRINT: * PARTICLE GRID TOO LARGE FOR SCM LAYOUT

YTE :YT@gP

INSIDE TEST

ABOVE TEST
REGION REGION ~ READ

NEXT CARD
CALL ECWR (AASC,IECP,LPB,NE) <©—WRITE BUFFER -» LCM
IECP = 1ECP+LPB a— INCREMENT R.A. IN LCM

PARTICLE GENERATION COMPLETE :

KP = | a— RESET SCm INDER

N

\/ CALL ECWR (AASC, IECP, LPB,NE) <~FINAL PARTIAL BUFFER+LCA

NPS= Lack [AAZ(NPT« 3)] ~ IPAR + | *ﬁwggﬂ‘gg&“gﬂ

PRINT HQ. OF PARTICLES GENERATED (NPT), & TOTAL MASS (MT)

LPREO o Fim warie
> )
| waiTe ABovE QUANTITIES ON FiLm ALSO, @

Q70 YASETL,
WHICH WiLL
NEXT CALL
MES HIKR

<END SUBROUTINE PARTGEN >

g
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1 0 SUBROUTINES - MESH & FLUID GENERATOR:

KSUBROUTINE MESHMKR

STANDARD [NQIM = NQXL —{ = #wps./RoW -I
CLEARING [CALL START
OF LCM DS 119 T=1,TP4 = AL ROWS +
CELL K=ITM+NQLM  «INDEX u}%wn
El IN ROV
(PLUS%%ME D2 109 I=13m,K * & DOENTIRE ROW
EXTRA)
(09 De{AASC(I) = 0.0 “ SET 10 2ERO
CALL LAOP
!
CONTINUE
CALL DONE
g
XX= 0.0
YYe YB 4—YB iS5 INPUT
————-%2;%%“ CALL START
=220 | pg 229 §=2,T7P2 } ALL
X A\ 1" DP 219 1=1,IP| [VERTICES
’ ‘/’ ¥(17)= XX
¢ Y(13) =YY
MAY BE XXk CYL+ .
RE-DONE R(IT)= XXe YL+ BmCYL
BELOW) XX = XX+ DR
1= IT+NQ
Xx=0.0 ROW FINISHED, RESET
YY=YY+D2 [ T0 DO NEXT Row
CALL L@ap up
29 CONTINUE
CALL DONE

(TRULY UNIFORM MESH
MUST BYPASS THE

FREZ:I|.0

REMAINDER OF "2.00" ABOVE LooP
REGION TO Avom/ VALID

2ER0 DWIDE) > {RE-DO VERTICES

NON-  TreeneTeeN+2 =INDEX Tcenter
UNIFORM JTEP=JCEN + JUUFDL INDICES
(M JBOT=JCEN - JUNFB2  TAND
REFER 10 | TJ = FLOAT { JUNFQ1)« D2] oF

Fig.13) ) UNIFORM /

CENTRAL REGION

{ CALL START
DB 249 §=2,7P2 } ALL
D@ 239 I=1,IP| )VERTICES
IMT = 1T~NQ

> | N NON-UNIFORM
Y REGION ON RIGHT

IN UNIFORM
X REGION

X(IT) = X(1M3T)
+FREZ ¢ [X(IMT)-X (I0T-NQ )]

R(IT) = X{IT)scyL+EMOTL
JDT=IABS(T-ITEP)
JDB = 1ABS (J-JBOT)

<

™ LOWER NON-UNIFORM
REGION

Y(IJ)= REZYO ~TT - 08
D24 FREZsROMFR#(1,~-FREZVY)

(RE2YO 15 GRID
CENTER OF
EXPANSION)

Y(1J) = REZYO + TI+
D2¢FREZaRAMFR «(1,-FREE

JOT)

[YB=Y(17) < save new yg

]

IT=1T+NQ
CALL LOBP  <—To wexT ROwW LP

@49 ={CENTINDE

CALL DOBME  a-- ALL Rows DONE

-

L300 D READ A FLUID-REGION CARD:
NB INTEGER NOS, Ne _
"7

No =
1[ J=NT2 0R I=NRj )}-e

G119 D+[CoNTINGE

.-

BASIC FLUID GENERATOR

NR | or ceLLs
NT | peFmung oppxiTe

-
DAGONAL COLNZ RS+ ,//'/
. S,

N rd
S P W, y kR
VI p,1 FOR ALL ] j=2z
Rl VERTICES OR (SEE AlsO
SIET) ceus s resion FlG. 15)

REGIONS HAVE
BEEN CREATED

SPECIAL ATAOS-
PHEREL SETUP

>

NEXT PAGE
—

WRITE CONTENTS
> OF ABOVE CARD
ON FEILm ALSO.

= 9 NO FiLM WRITING {

NB2=NB+2
NRI = NR+ |

NLL = NL+1

CALL RIRGBW

CALL SETLY “GET RONE

COMPUTE INDICES TO MATCH
NT2 = NT4+2 THIS R'EGKON TO APPROPRIATE
J's € I's IN YAQUL GRID.

- =# VERTICES, BUT §
D& 329 J=NB2,NT2 {stzk Rons oF CELLS. |

“ROW T — SCM /3,

= =# VEQTICES
D@ 319 I =NLi,NR! {rsweg coLs.éﬂsgsTa.Li's..\

No

{

J>2 AND T4 Jpy )-YER

oo ]

/

ol RB(1T )= RPT

YES ¢

- TO NEXT CELL IN ROW
CALL WAiRGW <« RoW DONE-WRITE IT

3
BNTINUE <« DO ALL ROWS SPEC.] /AM'W_
SUBROUTINE CONTINUED...

SIE(II)=SIEL
]

spen”
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1, O SUBROUTINES

MESH &

' FLLID GENERA 70R (Cont'p),

K SUBROUTINE MESHMKRS Cowrmuen:

frv». 77 8
@"’FX; GM] % REZSIE = (t'nlnnmﬂ

YY= 0.5%ABS(G2) = /2
[:ResSeT To Ju_ S?I'ART ¢ I'E
EXPONENTIAL |v5e) =, e [y(17p)+Y(1]]
ATMOSP HERE : ROSAV = REZREN # EXP
(- G2+ (RE2Y0-YTC2) /yx )
FNUM = [Y(130)-Y (1T) ]+ YY
(REZRON = FDEN = FNUM « FREZ
AMBIENT 0o AT 10871 = RpSAV ¢ (XX+ FNUM)

ALTITUDE REZYD, {XX= FDEN)

THE £=0 BURST Do 459 1=1,1P! Yoo Rows T=1
CENTER) RG(17) = RpSAY PAT=L, N0
DO ROWS RA(IIM) = RBT | ¥somom RIGHT
Tk Je2 E(13)= E(ITM)=RERSIE
FIRST: I3=IT+NQ
2
G5+  ITM= 13M+NQ.
CALL LOBP  4—Ts1,2 DONE-mMoVE
DO 479 J=3,3‘P|J ue
Do ALL INTERIOR FDEN= [Y(IIP)-Y(I‘J) Yy
Egglfé 'fi«lﬁﬁus FNUM =¥ (13)-Y(ITM)]JeYY
THE OUTSIDE | RPSAV= RPSAV « (XX=FNUM)
CeLtsS: (XXt FDEN)
D@ 469 1=1,1P!
RA(IT) = RESAV
E(13)=RERSIE
QeI D+ 1T~ 1T +NR_ l
CALL LOB®  ~po THRU TP
@79 +{CANTINGE
FNUM = FNUM« FREZ
A
v Row 92: |FDEN = FDEN « FRER
ROTP2 3 RISAVe (XX ~FNUM)
(XX+ FDEN)
DY 489 I=1,1P)
RBUIT = RoTP2
E(1J) = REZSIE
§
489 >+ IT = 13+ NQ
\ CALL DENE <-write pinaL rows

2: SUPERIMPOSE BURST OVER AMBIENT BACKGROUND:
|

200 Rf?ai%iiz?;-rzrcﬁm 3. FINALLY, AVERAGE U, AND V, VALUES
(Reree 1o SEcs, T -A in-c) APPROPRIATELY € STORE IN U ¢ V :
= ALL CDS,READ, CALL START
0 2up PASS D@ 549 J=2,7BAR Emﬁ‘r
> VAL DATA CD. Do 339 I=t,IM! fycotices
1PT= IT+NQ
UPPER TnTT4+NT—| a1 REFER TO
QUADRANT: CALL RIR®W DRAWING IPIP=17P+Ng
CALL SETIT
' RE(13)=rAL
% SIE(1T)=SIEL v on Axs
UL{IN=UI
VL(IJ) =vI U(IPJP) =.5¢ [UL(IJ)+UL(lJP)J vev
CALL. WIRGW V(IPIP)=.5¢ VLN +VLIPD] | averaaing
LoWER T (17 =IeT
=J- J+! I
QUADRANT: CALL RiROW
CALL SETIT @" IJP = I1PJP
\§ RG(EJ)):RGI I CALL LBBP  4-row Dong
SIE(IJ) = SIEX
- 54 CBNTINUE
A MIRROR 1MAGE UL(zy) =
OF UPPER QUAD- CALL WIRGW 431 \ CALL DONE 4-aLL vowe
RANT. NOTE I=T-1 e T0 YASET 1
THAT ¥ HUST CALL R1R®W 2 LEND SUBROUTINE MESHIKR >
BE STORED ONE CALL SETIJ 33
CELL LOWER VL(17)= -
\ CALL Wi)égvxl .V g’? RULERIAN VELOUITIES:  MESHMKR IstAAsS
- ;; SUPERIMPOSED gl NTO UL, VL U
P /j n o v 57
\__READ NEXT CARD sl yAQUI 6RID w vy u
% Bt  26x52 I 2>
{grr‘ /15 13456 TEIRVANNGR wiv UV AveRae e
“ |\ centeren { OvER MESH
: W\ ov &
ﬁ ;L: AXIS LN
s Wl wrws Examees v Vv
s BURST DATA 1) NT=28 (own
7 ’ ' CARDS B cD.ReAD B “300%) vy R
5 ri 2 oN v
4 €-CeLL RADIUS 5 FYUTI Y /
phtaniiihy ST
1 " 72
1234546783 nannyngsh
1




64

PROGRAM
YAQUI 1

LSUBRBUTINE YAQUIZ D>

SETUP FOR
OPTIONAL.

TIME-LIMIT
TAPE DUMP:

NOTES:

PRINT:
"YAQUI2 CALLED"

2,0 OVERLAY - 3-PHASE ICED-ALE:

10

CALL SECOND (TBASE)

Ti = TBASE

CALL GETQ (4LKIBN , TNM)
CALL H4020

CALL GETQ (4LKTLM, 1T)
TLIm =11

DTVSAV = DTCSAV = 0.0

SAVED FOR PRINT OF
) CAUSING CELL
IBAR:0 e —=C3700

RESTART

> | coming FROM SETULP
TLIM = TLIM* 27.56-9 —40.
+ (\.—TLIMD)*\. E+10

-
JcaLL Y?QUIZ }

100 >+ CALL START
/ CIRC = 0.0 «iTIALRE LIRCULATION
DB 99 I=2,I7 } e
P2 189 1=1{,LBAR) (centers)

IPT = ITt NQ
IpIP = ITP+NO

CALCULATE =

CIRCULATION CIRC= CIRC+ 0,58 (W) +v(130) ]« [¥(130)-Y(17)] |

AROUND THE

BOUNDARIES :

CIRC-CIRE=o. y[vumv(m)]c[x(m)_ﬂ )

GET CENTRAL PROCESSOR TWAE
TO DATE, PUTIN T1 ALSO CIRC=CIRC-0,5¢ [U(LIHU(IPT)]s [x(1PT)-X(13) ] )
GET JOB DAYFILE NAME i
EXTRA JOB HEADER ON FILIA -
GET JOB-CD. TIME UMIT o{CIRC = CIRC +0,5¢ [u(19) 10 (1PT e[ x(1P3) X (19)]]
FLOAT 1T n #

NTIAUZE Sty € St

SLET = AMAXI [SIE(1J),0,] 2-DON'TUSEA NEGATWE 1
P(1T)= ASQe [RE(IT)-EAN] + GMIaRA(IT)s SIET

STIFFENED GAS
EQUATION OF STATES

“p=ot{p-p)+ (-0pl

(g o)

7 | INCOMPRESSIBLE RUN— USE P, FROM PREVIOUS PHASE 2.

[P(17)= ASQ« [REL(TT)-REN] + GMI ¢ RA(IT)s SIET |

y

o) 27, 541077 15 FacTOR To CONVERT
J0B-CD. TME LIMIT FRoW 7600 CLOCK
CYCLES BACK TO CP SECONDS, AS
PER "CRESTALK" 4, 12/1070, p.‘,
1TeM 53,

}) SUBTRACT 40" To ENSURE COVERING
UPDATE , COMPILATION,, AND SET-UP
TIME USAGE.

¢) TLIMD {INPUT) =1.0 T0 UTw12E
THE DUMP FEATURE; = 0.0 FOR MO
TIME. LIMIT DUMP USAGE (1.€e., WHEN
DEBUG RUN 1S To BE RUN TO FULL
TIME LIMIT WITH NO TAPE DUMP.)}

’

NOTE — FOR FULLY]

= | SET HYDROSTATIC PRESSURE INITIALLY

[P1m) =

THE F.QUAT(ON oF

~RON# G2« [YT-YB = (FLRAT(T)-1.5)4D2] | = — 93;"“

STATE , AND USE

180 >-{I7P = 1P3P

60 T0 NEXT CELL |

13 = 17

|caLL Looe

|

CONTINUE
CALL D@NE

TO CONTROL REGION

Cont D on NEXT FAGE —

spev”

‘12

/AM
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2,0 SUBROUTINES — 3-PHASE ICED-ALE (Cowr): 7/

LS UBROUTINE YAQUIZD Cowrmyep:

£G7
lQONTROL R— GIoN (290 D-of JOUT = TOUT + D76 (1DT2) NCYC 2 NCYC +1 ]
/_’._.1 $eompUTE NEXT OUTPUT TIME)
KEEP TRALK

200D~ T@LD=T2 4 SAVE PREVIOUS CP TIME y
SRR Sl W
A% = (T2 -TOLD)4RIBIB « e”iND (aLC. ey T+10™ ¢ DTGC(10Tg) =
SAME Y
K. GRNDS = [S(.P/c.m:l Yoy 7| ae Ta NEXT SET OT=DTP®S = DT 210,
I3 _ restonz t; 0.1 5t )For
o TouT = DTRC(10TA) rekpRY LIS

WRITIHG +« DT (IDTA+1)

SHORT WRLITE ON FILM 3 T, NCYC, DT, %X, CLRC, IDTY = LDTP+ 1 AUTOMATIC Bt N
PRINT DTV, LDTV, TDTV, FROM CYCLE 3 MeYC L 3
' NUMLT, T2 DTC, 1DTC, IDTC o >
! PLOTS DTpossieLe L
of CALL EMPTY < FLUSH FILAY BUFFER EVIRY CYCLE, ENTERS {DT= DTPPS= AMINY(DTV,DT0)|
PRINT THE SAME 13 QUANTITIES OM PAPER I Sty, Ste

CALCULATION | DTFAC = 1,26  (TYPICALLY)

ACTUAL DT DIV DTC = DT« DTFAL
PRINT kAy BE

CHECKR OUTPUT

QUTPUT TIMmE

2>

(T+emio) s TOUT

Timz: SMALLER
£ | N0 QUTPUT THES RE‘?‘SQN
FORCE OUTPUT ON N Legom prinr Q &t
cYcLes o ¢ 1, Nere €1 14 ‘\‘ED AT NEXT d
OR I PREVIOUS YES ] outeutT Tig, DT = T@UT-T
PHASE 2 REQURED / IF NECESSARY :
500 ITERATIONS T e e e e e e —
LY S -
AUTOMATIC 20’ g FINALLY, T =T+DT
DUMP: (T2-T1) 2 1200. ES?;”Q. g"; o |RPT =t /DT
Y65 . =
© AnD @ TVI=T2  €BASE TInE FOR tixT 20'_] FOR THE g:;gz - 7_55:];:_
CYCLE ¢ ‘
' | DTP8 =.1254DT
AUTOMATIC. @m Dﬂ—-—mp :E DTG\6  =.0625¢DT
TIME LimT TR T Uk oT8  =DT-8.
pume:, LA BRI EM T T TN ~_ vafROM DUMP DTGR =DT«GR
—————————————————— \ S DTGZ =D+ G2
ASSIGN T 2UME £ -
S B350 Jom) s DTeze:DTacee

T:TWFIN END TWE PROBLEIA" ;
PROBLEM FINISH < Jconmmue furon geTun (’ge:a;r Tg
Time: ° tC, -
(G40 z CRETURN) FoR AUTOSDT ’

TO 0,0 OVERLAY DISLUSSION )
FOR FURTHER TASKS PROCEED To PHASE 1

OR JoB END ) OF THE ICED-ALE CYCLE

/AMSPEM
<72
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2,0 SUBROUTINES —

3-PHASE ICED-ALE (Conro):

KSUBROUTINE YAQUIZD Comrmuen:

| 74PE DUMP
ON KRET)

E50-o{pRINT : *TAPE DUNE (UUUTDIAT (1), erenes (Weve) |

(eNTERED

[waiTe sanc INForEATION ON FiLA. ]

=IWRLITE(8) (AA(N),N=1,NSC) <4 SCA commdr!
{WRLTE (8) {AALIN), N=1,NLC) <Lem CompoN

NPT 10
>
[WRITE (8) (AAZ(N), N=1,NP5) ¢PaRTiCLES]

NO PARTICLES IN Lem

1N CASE OF CRASH;
OPERATOR WILL
SUFSEQUENTLY
MOUNT NEw TAPE 8.

CALL DATAREL (5LFSZT8) « RELZASE DUMP
CALL AFSREL (3L6UT) } FROM DISK TAPE

FLUSH OUTPUT &
CALL AFSREL (ALFILM)JFHERT BOSFUY

NUMTD = NUMTD +1  <«iNcRemenT DUMP #

v

NSC = LENGTH OF SCM CORMON YSC2 , = LBCF (22)— LOCF(AA) +1
NLC = LENGTH OF LCM CELL STORAGE, = LOCF (ARI{TP4 #NQL))-LOCF (AN +i
NPS = LENGTH OF LCM PARTICLE STORME LGCF (AA2 (NPT43)) - TPARH L

[N 7

NOTES:

i
LWA =~ FWA +1

THESE 3 PARAMETERS ARE STORED IN THE SCcM COMMON YSC2,
NSC % NLC ARC CALCULATED IN YASETAL IN STATEMENT # 120
NPS IS CALCULATED AT THE END OF PARTGEM 1N STATEMENT # 290.
USE  OF JP4 N NLC ENSURES THAT CAREFULLY-CLEARED LM
WILL BE USED, To AVOID TROUBLE ON RESTART.
NPT _\S THE TOTAL NO. OF PARTICLES N THE SYSTEM,

[TAPE RESTART]
G7o-+{ ReEWIND 7

JTD = TBAR
INSC= LACF (2R~ LECF(AA)+1

READ(7) {AA(N),N=I,TNSL) «Scm common

«BE SURE TAPE 1S POSITIONED
<~ DUMP #

-

JTD: NUNTD

WRONG TAPE

[READ (7) (AA2(MN), N=1, NPS) < PARTICLES |

CALL AFSREL (5LF3ET) < RELEASE FILESET
NUMTD = NUMTD+ 1 <« MUST INCREMENT DUMP #
TLIM=TLIM#27.5E-9 ~40, +{L-TLIND) ¢ 10"

PRINT:"RESTARTING FROM TAPE DUMP NO. (T TD)]
PRINT: NAE, T, NCYC

V4

MUST CALCULATE

& LENGTH OF SCMm
COMMON, AS NSC
ISN'T 1IN SCm UNTIL
THIS COMMON 1S
RZAD IN.

«SEE P.10 OF FLOW
DIAGRANM .

=

CONTINDE RUN
‘FROM WHERE IT

LEFT OFF, 1N CONTROL
REGION

LPR:Q
>

WRITE ON FILM THE SAME 2 LIMES OF
INFORKATION AS PRINTED ARAYE.

NO FiILM wRITING

220

«/

(380> PRINT AND

" - (- " [
WRTTE ON FILR { WRING TAPE = WRING DLUP

CALL AFSRZL (LLFSET]) < RELEASE FlLeseT

0

e
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2,0 SUBROUTINES — 3-PHASE ICED-ALE (Conr'):

/3

<<5 UBROUTINE YAQUIZD Conrmuep:

LPR:
LONG PRINT] : 3 3
ENTERED FILM ONLY Fitm E PRINT | PRINT ONLY
B 440 INTTIALLY 458 INTIALLY
ON KRET e KR F 460 DURNG LoOP 456 DURIMG LOOP / // g
@ . LPR:0 Zo @ & RV¢L(IJM)'. 0. :Avg PRVE O 7
’ ' 440 INVTIALLY
> L Attow chL PRINT # | 0.%.To DviDE KRP ///// 460 DURING LOOP
ITIALIRE ASSIGN 440 T KRF _
RETURNS TR { | ASSIGN 440 Tg KRP [ PRV =1./rveL(zam) |
FLM, PRNT, |[ asaTeN 4GO Tg KRFP 4 Te3P2,
EEULIRNT | qp T@ ( YLPR: X2 X(IPTM)  x2= k(IPT) X3 FR(IT) K4 = X(IIN) SN 1=1P11
SEE CHART T r Yi=v(IPIM) YT Y(IPT]  Y3SY(I3) Y4 = Y(1IM) CALCULATIONS M omy
AT RIGHT. LM OHLY 220 RI=ZR(I1PTM) RZZR(IPT)  RI=R(IT) R4 = R{ITM) OF M.V.D |
2 8ot 10 Ul=ufregmy U2 LU(IPY) U3 =U(13)  ud = UIIM) ,OB;(: INSIDE : !
3 emwrowy zaa Vi=V(IPIM) V22 V(IPT) V3 =V(IJ) V&= V(ITm) PNt AE |wv.D ||
D= 254 RveL (LIms{(RI+R )¢ [(U14U2 )¢ Cr2-Y 1)+ (Vetva)e (xi-x2)] DEPENDENT a3 .
M @o -+ ASSIGN 458 T8 KRF +(R2+R3)e[(U24U3) ¢ (Y3-Y2)+ (Y24V3) # (X2-X3)] ON LOCATION !
§ PRINT: ASSLGN 456 T KRFP “2““"?”3?”‘)‘m-Ym (43 +94)+ (x3-¥a1] NGRD: C——----
4 (RA4R1)s[(ud4u1t) ¢ (YI-Y4)+ (VA +VY) ¢ (x4—¥d)]3 Tel t NONE OF THE 3
Fum (420 CALL LINCNT (64)
oNLy s CALL ADV (1) e@ T8 ()LPR: | ~(LINESP : 57 S-oGRPD
h 4 3
440 KRF = KRFP [2 !:mo” @ G525 NEW PAGE OF PRINT 3 Z
ASSIGN 460 T3 KRP 3 mrowy (3500 458 )-o{LINESP =0  <~UNE COUNTER
MOTE & CALL START RESTORE PRINTZR To NEW PAGE
: DO 489 Tz, TP2 | AL cEus PRINT: INM, NAME,T, NCTC
e | pe a9 1-v, 0 ey @BZ--{WRrTe: 1,3, X(13M),¥(L7M),U(13M) PRINT CoL. WEADER: "L T X Y '6Te
ROW 2 , I1PTM = TJM+NQ }vem'lcss Y(ITM),PRSLE, RB(ITM),
RouTine IPT «17+NQ J 142 PRY, D, PRM, P(IIM) 1IT= 1PJ ]
#gvzeﬁaxwm D=PRM=PRV = PR3IE= O, LINESF= LINESF+ | < §NT o TO NEXT COL. N ROW
VALUES "1 7 IIM= IPTM
SRS CALL LagP < TONEXT ROW LP
(]
cald. T
NEW FILM_FRAME : GBI+ CONTINUE ]
r LINESF = O « LWE GOUNTER
7 Jo 70 pivipe WRITE : INM, NAME,T,NCYC PRWT CoMPLETE.
) . *CALL DONG
(PR =, Jam (M) o WRITE COL. HEADER : I T X Y..."¢Tc. i e
I=IPi R T=TP2 )ok® GESLO=PRINT: 1,3, X(1IM), (LI, (17w CE93>>] CALL EMPTY o FLSH FILW BUFFER
= FTE Y(13m),PRSIE,RE(1TM),

HO O

PRY,D, PRM, P(1TM)
[ _PRSIE = SIE (1TM) e a,

LINESP = LINESP +1 «r‘ﬁ‘ffuss/

IPr 3
SETTIN
gDV wl:._)




€8

eLat
PARTICLES: |

DETERMINE
MAXIMUM  —
VELOCITY

FOR. VELOCITY
VECTOR SCALE
(P3-100P WiILL
OMIT VELOCATIES
ONRIGHT ¢ TaP
BOUNDARIES.)

DETERMINE
MiNIUM ¢
RAYAUM

ZONE S(2ES
FOR 2ONE
PLOT I.D.

2,0 SUBROUTINES — 3-PHASE ICED-ALE (Cowrs):

&SUBROUTINE YAQUIZY Conrimven:

ZONE FlLoT

[_caLL aDVv(D) ;4-',‘,‘;";"{;5 SeE]

DRMIN = DZMIN = |0%®
DRMAX = DZMAX = VMAX = 0.
CALL START
DD 549 J=2,7P ALL
D¥ 539 l=1,1BAR | “EusS
IPT = 1T+ NQ
IPTP = 1IP+NQ

viax=miaxt [vax, lua, vl ]

GRDVEL<10™ § NOYC >0

NOT BOTH TRUE

DON'T PLOT
ZONES AFTER £20
1F PURE GULERIAN

Kz %(LPT) Yie Y (IPT)
X2 X(1PIP) Yo« Y (1PJP)
X3 X(ITP) 3= Y {IIP)
Xé= X (17) Y4 = ¥ (13)

K4 = SQRT { (X1-%4)*+ (Y1-Y4) ]
XY23 <SQRT [(2-%3)* + (Y2-Y3)*]
DRMIN= AMINI(DRIIN,RYI4, XY23)
DRMAX = AMARL (DRMAY, XY 4, XY7_3)
A21 =9QRT [(x2=x0% 4 (Y2-Y})* ]
AY34 = 5QRT [(x3-x4)2 +{ Y3 ~Y4)*]
DIMLN= AMINI (DZMIN,XT21, X134,
DEMAR= AMAX] (DZMAX, XY2[, XY34)

VERTEX

POSITIONS

TO 4020

COORDS ¢

(SEE BELOW)
R}

DRAW
VECTORS
AS REQD:

539

&4l
CONVERT | I}
AL 4 X2

FIAL + (X\=XL) % XCONV
FITB + (Y1-YB) ¢ YCONY
FIXL + (R2-XL) ¢ XNV

W nw o 0w amn

1Y2 = FIYB t (Y2-Y3)¢ Yeomy
I¥3 = FIAL + (X3-XL)» Xcgny
Iv3 = FIYB + (Y3-Y8)s Yepnv
IX4 = FINL + (X4-XU)s XCBNV

IYa = FIYB + (v4-YB)e YCONY

LCALL DRV (14, 14, IX1,I71) |
¢

CALL DRV (Ix1,I¥1,Ix2,1Y2)
CALL DRV (1x2,1Y2,Ix3,IY3)

1T=1PJT ) ]

1P = 1P3P
CALL LoaP

&~ T0 NEXT ROW UP

1
G4+ centinoe ]

PLOT & ComPLETED

NCICY0 € GRPVELL10™

NOT BOTH TRUE §— FINISH ZONE PLOT
CALL LINCMT(59) <70 wRITE ID BEwov)
WRITE ¢ DRMIN, DRAMAX, DZMIN s DAY

R, Y8,YT
WRITE : INM, NAME, T, NCYC

3'-1
-t

To NEXT (L. IN ROW

NOT DOING
W0ME AOT

VELOCITY VECTOR PLOT]

VMAX $107"
Do v PLOT

SKIP PLOT, GO ON TO TRE
CONTOUR PLOTS ~—tn

/4

DRAU = W /Vmax
CALL ADY (1)
CALL START

Dy 599 J=2,3P2
Dp 589 L=1,1pP|
IX{ = FIXL + [X(1T)-%L]#XCANY
IV = FIYB + [Y(I3)-YB] « Ycpny

VERTEX ¢

END POWNT

“— VECTOR SCALING

ALL VERTICES

Ix2 = FIXL+ [X(13)4U(Z3)4DRAU-XL]AXCPNY
OFVECTOR: | 1Y2 = FIYB + [Y(131+V(IT)s DRAU~YB]sYCANY

VECTOR WITH IY2 < woULD
BE OMITTED; SET IYvlon|
< AND INTERPOLATE FOR IX2:

e [i(l = IXKL 4 (IX1=In) s (IY1=1)/{1¥1~I¥2)
— Y2 = ]

!

|CALL DRY (IX!,1Y|,1%2,1Y2)
CALL PLT (IX),IYL,16)

GBI 1T =TT+ ne «—TO NEXY Qo.M Row
CALL LOPP < TO NEXT ROW LP

GITCONTINUE 155 CaLL Dome
CALL LIMCNT(59) «~Towerrte 1D
WRITE : VMAX BELOW
WRLTE : TNM, NAME,T,NCYC

~—DRAW VECTOR

+—DRAW A "4°
AT VERTEX TO
DENOTE VECTOR
ORIGIN.

NOTE: VEL.VECTOR
PLOT 1S NOT OUT-
LINED, AS BY A
“CALL FRAME", AS
FRAMING 0BSCURES
VECTORS ON EDGES
OF LAGRANGIAN
PLOTS .

FORMED N { x¢ONY = (%R ~IXL)/(XR-KL)
FILMCB: ] yeony = (IYT-1YB) AYT-YB)

L
\/
To CONTOUR PLOTS ———& ON NEXT PAGE—>

MSDE"/

‘T2




¥8

2,0 SUBROUTINES — 3-PHASE ICED-ALE (Covrs):

/5

<<$ UBROUTINE YAQLUL 2>> Conrmuen s

[CONTOUR PLOT S ~Pc 1]

G000

YES

A T=1 oa T=l )}"—eCi90> Iy = IPT KTOOO—QMN = 10¢
o GEARED TO AT LEAST TONEXT COL.IN ROW QMX - — QMN
[T=0 = rior CoonTer, awpex] wior £49 > L3P = 1PIP CALL START
r s CALL LOOP <70 NEXT ROW DY M9 T=2,IP\ ALL
1_- [ J Dg 709 1=1,IBAR | CELLS
[ - 1 (659 D)4 CBNTINUE  a—Do ALL ROWS QMN = AMINI [(R(IT), QMN]
1 +(620 ) p CALL Dene QMX = AMAXI [€Q (1T),qMX]
1 NG \\ I
:Ji :—“‘0 09D IT= 1T+ Ng_ 4 TO NEXT COL.
(496 - . O.CALL DoNe” REQUIRED, AS LOOP < T0 NEXT ROW
420/ DoNE - CALL SMPTY § GO TO KRET CR(ET) 1S STORED BACK INTO CALL LOO

CALL START

1 DS 639 T=2,IA }
?5 DY 629 1=1,1BAR

ALL
INTERIOR
2O0NES

¢
DEPENDENT
B (cotooe, LCRUIT) = RO(13+L~1)  FEERTE 177 | o smomase
QUANTITY ) S
5- = LI+ NQ 4—T0 NEXT COL.MN ROW
CALL LoaP a— TONEXT ROW UP
CONTINUE 4~ DO ALL ROWS \/
CALL DENE SEE———
FALL START
DD 659 T=2,J3P| ALL CE TERS
(] Do 649 1=, IBAR } L CenTer
IPT= IT4NQ,
CALULATE
VORTIUTIES, 1PJP = IJP + NQ
PUT INTO [ X = K(IPT)  X2aK(1PTP) x3=x$m) x4 =K (13)
«: Y= Y{IP3)  waeY(IPTP) Y3 =YUITP) Y4« (1J)
= O(IPT)  y2=L(IPTP) U3ZUQTIP) w4 «uL(IT)
Vis= ¥(IPT)  y2=v(IPTPi Y3=V(ITP) V4=y(17)

Ri = , 125 +RYGL(IT)s
[R(zP)+ (1P TP)4RUITPI+R(IT]

CRUIT) = Ri s [(U14U4)¢ (X1-%a )+ (Vi+VA) e Y1-Y4)
U2+UL) #{X2-X1) + (vt Ve (X2-T1)
U3+U) € (%3 -X2)4 (¥34Y2)e(Y3-Y2)
+(UA1UB) (K4 ~%3)4 (VA+Y3)n(¥4-3)]

‘ ' "‘ AT i AN

wm.

IIO~{ConTINUE

INITIALIZE LIMITS £ SEARCH FOR

MINIMUM ill MAXIMUM FIELD VALUES:

SKIP “CALL DONE "

o~ DO ALL ROWS I AS REFERENCING

1 ONLY
[XX = amx /(quN +107") |
- ﬁ? TRY TO FIT A
LINEAR PLOT
73 INSTEAD ,
SETUPA [K = 10.7ALAGLO (XX) (SEE NEXT PAGE) =
LOGARITHMC XX = k-1
PLoT ¢

GENERATE
TABLE
OF CONTOUR
VALUES

WNDEXED on
£ COUNTED BY K ¢

DQ = 10, *x (1. /XX)

= ALGGLO (QMN)

= 10, %% (K= 1)

= | a— INITIALIZE WDEX

K
XK
X

]

SINCE VS P 1, 0T
WON'T LDOP HERE
BY MISTAKE.

XX = XX #DQ
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2,0 SUBROUTINES — 3-PHASE ICED-ALE (Conr);

LSUBROUTINE YAQUIZD Conrmuen :

[conTour PLOTS

—Fage ZI

G35+ XX = QMX —QMN

LINEAR PLOT —

SET UP CoN
TABLE ¢

BKIP PLOT—
INSUFFICIENT
FIELD VARIATION

r--—

D@ 739 K=1,11

CON(K) = QN+
R= i1

FLRAT(K-1] # DQ
<—RESET COUNTER/INDEX

) g

cALL ADV(1)
CALL LINCNT(59)

G Tp( IS

—(G6001
e G

" ISBPYCNICS —» FRAME 1D

(60| 1SBTHERMS " —» FRrAME 1D

I+ WerTICITY” r FRAME ID

WRITE: QMN,QM», Can(1),
N K-1), DR
WRITE: JNM,NAME, T,NCYC

PRECEDING
PAGE

&10D

«— 0.001 ENSURES
CBN() > QMK

: ~ED

s

CALL START
DO 899 J=2,TBAR
> CALL LgaP

/6

T-t Rowss, ACTUALLY

SO PROPER

3 ROWS

OF X-Y COORDS WiLL
BE IN SCM FOR COORD.
INTERPOLATION

I~ COLUMNS, ACTUALLY

INDICATES ¢

ELL CENTER

COORDS. NOT YET
CALCULATED
INDEX K HAS COUNT

OF NO, OF VALUES
IN "CON® TABLE

# contour oes NOT PASS THROUGH,

(879D TRY NEXT CONTOUR VALUE

T
—
190 / D@ 889 I=l, 1Ml
oPEARMNCE Y IPT = 1T+ N&L
MTER FIRST IJ’-—--K?— _\_:14- 'IQPJAA = ITM+ N
“CALL L69P": N <
PN DB 879 KkK=l,k
oM -, Ki= K2=K32k4=0 ‘1
[ ' ! <
1 _'L _L CQUITM) ¢ CON(RK)— Ki = |
| N -—
>
Fa-ra CQUIPTM) 2 (BN(KK) £ JJka= {
) __] >
"CALL | !
START" 4 < -
sers 3 1P| _J CQUIT): CPN(kK) o> K3z
“"'-" [T - Sk
v
R S CQUIPT): CAN(kK))—E k4=
]
U pepereen  fgRme
WMMEDATELY, 1 1 1 1, ALL'& aeE
"CALL 4 [t1F 1 =1,
Leer” T 1 IF SUM=0,
AND = - TUEN e 4
.2 =0.
OBTAN:> v |'J| C00RDS ALREADYT CALCULATED FOR
| HI I 34 — A PREVIOUS CON VALUE
| Y CALC. COORDS 0 CELL CENTERS
] 112 gAB = B’_’M }sewp FOR CELLS 4 £ 2
| 1ol chnt sl i | =
“E::’L 5 ]3P, r_ (‘A‘S_"“’; 1" ps 799 37=1,2 } LOORDS. OF ALL 4 CELL
leee” XA _{ VERTICES | D@ 789 1I=1,2 ) CENTERS IN QUADRANT
oN 3 ARE IN S¢M IPTB = 1TB+ NQ
START OF - j BYVRIUE'|  [pJa = 1JA+NQ
e T OF " CALL N=N+i o STORE {-2—~3-4
Row o boi Lol LopP"
G\VESS =ttt ABOVE.) XC¢(N)=.7.5([X(IP{TB)+X(IPJA)“X(IJA)+X(IJB)J
YCB(N)=. 258 [Y(IPTB)MY(IPTANT(1TA)+Y(ITB]
I3A=1PJA )
§ > To NexT (oL. N SAME ROW
.’@ > 1JB = [PTB
138 = IT ]
{7 RESET uP 10 ROW CONTAINING
(i§§ )—°| LIA = I7P Jceus 3 .; 4

/A

B0O0 DNEXT PAGE
E5o>

[——

Mspsr\/

|72
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2,0 SUBROUTINES —~ 3-PHASE ICED-ALE (Cowro):

17

LSUBROUTINE YAQUIZ Conrmuen

[CONTOUR FPLOTS —Piae 3]

840 L= L+t CALL START
YN TR TN v _ cau(«z—cg(m)] Do 949 T=2,3P1 LA
o LL=0 & N LLat o KK = [CQ(IU").)—CQ(L.’H) CoMPLETE | D@ 939 1=1,IBAR
THE PLOT I1PT = 1T+ NQ
, LR (LL) =FIXL+ {xco(1C+ 5K ¥ BY IPTP = 1TP + HeL
["Cﬂlm'“”uc‘)]‘)‘l-}* ACANY OUTUNING {IX} = FLXL + [X{IPT)~%L J#XCONV
IY( (LL) = FIYB+{YCH(IC)+ XX e THE  |y) = FIYB + [ (1PT)~vBl4Yeonv
= | CONTOUR ACROSS LEFT [~r¢¢(lc’z)-‘rco*(1<-')]-‘f33**‘Q”‘i MESHS g9 = FIxe + [X(IPTPI-%L] ¢ xCONY
Ics=1 4-coorvs of B- 1 3[ =7 s sy | (GENERAL Y2 = FIYB + Y (IPTP)-YB] 4 YCONV
s SR 17 oF TWO CURVI=  [T%3 = FIXL 4+ [X (ITPI~XL ] a XCONV
}“LL Wii-Gajnl) 2] o0 | 4 - ponTs= ) LWNEAR - 11v3 < FLYB 4+ [Y(13P) -YB] ¥ YeoNV
——— JUe T TeeTER | mose ROUTINE) 1134 = FIXL + LX(1T) ~ XL]& KEONY
[eare DRY (1x1,IYL 12, 1Y2)] I¥4 = FIYB + [Y(I3) - YB]a YoMV
LABEL Aot >{CALL DRY (IX3,1Y3,1x4,1v4) |
) CONTOUR ACROSS BOTTOM: Lowesr
1 !
1CV et 4— COORDS OF BL 4 CALL PLT (IX1,IYI,35)
e -1 1 ) | Hienest I - ot CALLDRY (1%4, 1A, T¥LIY1) |
%g"?‘. = 1PTM }“L"“'S) “tnd) 1 2 VALUED 7
ASSIGN 820 T8 KRi | | o
LaieS =1 Ao, CALL DRY (Ix1,1Y1, 12, 1Y2)]
ponTs |[CALL PLT (Tx1,1Y1,24) |
]
- /]
[ LL=0 a—RESET INDEX AT‘&‘,K: CAL\-DRV(IXI,IYZ,IKwi
) 1 CONTOUR ACRDSS RIGHT (see
1ci=2 BR Jo 14 = NOTE
1c21= & ‘—coog_nf.? ™ -1 JUST (OFMECTED BELOW ) u&‘ = I1PT B ]
171 = 1P0M }csu Genii-ttnge| =17 LEFT & BaTTOM. 20 "] B To NEXT CGLL IN RowW
172 =167 R AL ¥ 9P = 1P3P
ASSIGN B30 T@ KRI CANTINUE (KK) =~ YALUES ) Je =
IIM=1PTMm FOR THIS (4§ ) CALL LOg@P TO NEXT Row
13 = 1P7 &
; ¥ P70 NEXT CELL N ROW CGag>-+{ conTINUE ]
K34+K4 ¢ f LTP = ITP+N&. Jzere not mi use) | ? L o0k FOR MORE
= Jeontom ceoss s, rRow 'S DONE | (CALL LOPP 15 IN 780) ) o-rgéag‘mgm’f\, (610 CONTOUR PLOTS
899 NTIN o
1c1-3 4—CooRDS OF TL . CONTINUE FLOT DONE
Ic2=4 cee b TR 11—t NOTE ; IF A CONTOUR VALUE CROSSES ALL # STDES, PATH OF THE CONTOUR THROUGH MORE THAN
{g;_“ {gv }cm Ggriietgen| [ “17 THE PLOT ROUTINE SHOULD COMMECT ENTHER | THE 4 2ot «‘ié&"s}fﬁﬂé"&,‘#*; GRADIENTS o8 /
hy L-=B AND R—*>T) OR (B~+R AND T—=L). 0 AVO!
ASSIGN B79 Td xRl (ro DETERMINE WHILH CHOMCE 1S CORRECT PROBLEM .) THE ABOVE ROUTINE AYOIDS THE /,AMS.-,Z
WOULD, HOWEVER , REQUIRE FOLLOWING THE MORE COMPLICATED LOGIC | AND SINPLY CONHECTS
{L—+B AND R—=T) T0 CLOSE CONTOUR LINES.
i . ., . .. i | ¥ L . N , % r‘ - "
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LSUBROUTINE YAQUIZD Cowrmuen :

Inmiauze Veevex Vawes o o, 0
MAAAMAANANAAANAAAMAMAAANMVANAVAAA!

2,0 SUBROUTINES ~ 3-PHASE ICED-ALE (Conrd):

50

Reaion CALL START

Couple
Alternate

Nodes ¢

T+ o

[

Y) 2 ANC# RDT a—GOUPLING

COEFFICIENT

!

I

DS 1099 IJ'=’).,SP?_} AL
DB 1089 1= 1 1P § VECTICES

|

i

IMT = IT=NQ

IPT = LI+NQ

IPJP = IJP+ N
XX=XY=10
AN=Ul=vi=0.0

Ui= U (Im3T)

# [Ul= 01+ u(1TMm)
@ 3:2 ) VI=Vi+V (1TM)

FHASE-1 CALCULATION - P 1

KX € YY ARE SET To
2ERO ON BOUMNDARIES.

Xt COUNTS EXTERIOR
VERTICES .

Ul £ VI ARE SUMMATIONS
¢

OF INTERIOR NEIGHBOR
VELOCITIES.

@25 x1 = X1+ 1,0
Y= 0.0
; # [0I=01+ U (TPT)
Q@20 1:IPV 2yiayiay zp7)
GozB >+t = X1 + 1.0
KX = 0.0

J+

(T )"

ur=Ut+ u(13Ie)

ot

VI =Vi+V (1T70)
Ty W Tt
YY=0.0
¢
X1a L0 DENOMINATOR 15
(4.0-xV) 4 — 4 EXTERIOR VERTICES
A% = GR+ Yiw[UI#Xt ~u(1T)]
~ AY = G2+ Yie [V £x1 —v(13)]
U um_ém = [u(I:) -tDT*AX%*XX
27 VTIL(LT) = [V(IT) +DTaAY ) #YY
V Q(m = DT » [AX¢ U(N)—MY-V(IJ)}
Q, l
17 = IPY ]
IJP = 1PTP
i >mue‘:va§:xa<
IIM = LIMINQ
CALL LagP h)
L T0 NEXT ROW UP
CONTINUE )
CALL DANE .
P 1 w &aP
Cont D om — (I\qp_?)_) i
NEXT PAGE i ,
: i
i 4é@> - L
r( éﬂg
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2,0 SUBROUTINES — 3-PHASE ICED- ALE (Cownrp):

79

LS UBROUTINE YAQUIZD> Connmuen:

This 20 LOOP SWEEPS CELL CENTERS ¢
\NV\AN\NVVV\NWVV“MAM/\MAAM/W\/V\N\MMVV
UPDATES THE 4 YEQTICES OF EACH CELL
SAAAAANAAAAAANNAMAVAAAANM, WAANMAN A/

CALL START
D¢ 1299 ¥=2,30 }m CELL CENTERS
PP 1199 I=1,1BAR
18T = IT+MQ
1PTP = TTP A NQ,
K= X(1PT)  xa=x(1PTP) X3=X(1JP)  X4=X(1T)
Yi=Y(IPT)  y2=v(1PTF)  Y3=Y(LIP)  y4 =v(17)
RI= RéIPJ') m=g$mp) R3=R(IIP)  RE=R “Jl
ut =a(1P3)  uz=u{IPIP)  y3=u(lJP) U4 2L
VI =Y (IPT)  y27V(IPTP)  Vv3=Y(LJP) V4=V (1J)
!
X2 =X1-X2  RIL= RI+RZ VIZ = Vi+¥2
FORM X273=X2-X3  R23= R1tR3 V23=v14V3
COMBIMATIONS | x34=x3-%4 R34=R3+RA V34=y34v4
THAT APPEAR |X41=X4~X1 R4|= R&+R! VAL = y4 4yt
REPEATEDLY.., |X14=X-%& w13 6q(riapd) V24=y24V4
K31=X3-X1  WRaa=,5¢(R24R4) Yi3= Vi3
Y21=2Y2-Y1 W2 =Ul+U2  DTE2MI=DTP2 4 RM(1PT)
Y31=Y3-Y2 U23=U2+U3  DTpaM2=DTH2¢ RM(IPIP)
YA3=Y4-Y3 U34=U3+Us&  DIp2m3=DIA2s RM(1TP)
YI4=Yi-YaA L&l 2 Ue+Ul  DTg24= DT2« M (IT)
Y24=Y2-Y4  y24= y1+04
Y3i=v3-Y1 U3 = Uj+y3 Y =X242Y31- X31x Y24
D= .25 ¢RVAUIT) # [RILe (U e Y21 +v120x12)
D +R234{U23 5Y324+V23aX23)
+RI44 (US4 eYAD+Y34 4 X34}
+RA1e (UA LT 14+ VAL €X4()]
R = .56 (X2~%X4 +X1=K3) ;
1Yn 151 (a-vk 4¥3-Y1) }mena&& Br t B2 OF CELL

COMPUTE EFFECTIVE

< /
A& Jb FOR CELL:

A 2 gwngn B=i 0RO, kz(?;);
(')‘EFF)':z' k}mpuf ‘ AK = Rﬁ(l\’)** KX1 ‘.—-——/

(pere)i=kpess

(cv=1.0 1 CTUNDRICAL, ¢
=0.0 ¢ PLANE COORDS.)

VPHASE—1 CALCULATION - Fise 2

WHEN E= -1, BASE K UPON THE NUMERICAL STABILITY

REQUIREMENTS .

VELLT = U4#s2 +VA#e2

VELMK = 0,7 » Amai{ JUsxx], {VAe Y1)

AK = RG(IT) + COLAMU¢ (DTE2SVELLT + VELMX )

:

LAMD = AMINI(D,0.) s Ak+«LAM
MUGL = 58 AKS MU

MUB4A = SeMup2

KX XK# XX

YY=YYeYY

Gt WAS REDUCED TO FIT AN OUTPUT TIME. USE THE
St TRAT WAS POSSIBLZ,TO CA ATE K 3

o] Ak = RO(LT) 4 CALAMU ¢ (.5 DTFASHVELLT TVELMX)

DQ.:[ RPA(1I) s BMANC #AReYY ]

2.4 AKS (LAME 2. € MU)# (XX+YY)+EMIO

DTV = AMIN[ (DTY, .5¢DQ)

SAVE INDICES OF UMITING
CELL FOR NEXT SHORT PRINT,

oo ALONG WITH THZ MINIMUM
Stv.

PIXX = MUGBZ# RYBL (1T)¢ [RIZ # D12 # Y21 + R234 123 632
+R3I4+ 34443 + RE|# U4{ 4114
—,55CYLs (UI2+U34) 4 XY ] + LAMD

PLYY =MUG2 # RyDL (1T)s [R124Vi2eX12 +R23#V235%23
+R344Y¥345 X34 + RA| #Y41#x41]+LAMD
PIXY =304 » RYBL (13)+ [ R12# (U X24VI20Y21)+R23 (U235 X234V235Y32)
+ R34+ (U34 sX344Y34eY43)+ R4 o (U4 £ XA\ +V4L 2 Y14)

- GeCTLE(VIZTY34) e xY]
=, 4 #

PITH = 125 XY €CYLe{NUBA 4RVOL(LT)s [(ur2+U34) XY ] 4 uuw} /AM speV’

J CONTINUED ON NEXT FAGE —— ‘72
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2,0 SUBROUTINES ~

3-PHASE ICED- ALE (Conrd):

@ UBROUTINE YAQUI 2>> Contmuen:

Urpating the Veerices «
MMAAMWAAAMAAMAAMAMNANN WAANN

XX = HR24 s (PIXY* %24 —PIAX#124)
Y = Y24 % P(17)
UTILUIPT) =UTIL(IPT) + DTE2MI¢ (XX +R1#YY-PLTH)
UTIL(ITP) = UTIL(ITP) - DTG2M34 (XK +R3sYY+PITH)
A= HRIZ # (PIXY # X3| — PIXX#3Y)
YY= Y3 » P(1T)
UTIL(IPIP) = UTIL (IPTP)+ DTA2M2s (X¥+ R2 #Y'7-PLTH)
UTILUT) =UTIL(IT) -DTE2MA ¢ (XX+R4 e Y+PLTH
PYYMP = PIYY=P(1T)
XX = HRZ4¢ (PYYMP # X24 —PIXY 6'724)
NTIL{IPT) = YTIL(IPT) + DTO2IMI % XX
VTIL(ITP) = VTIL(1TP) —DT22M3 ¢ XX
XX = HRI3 * { PYYMP# X 3| —PIXY % 3Y)
VTLL{IPTP)= VTIL(IPTP) + DTE2M2. £ XX
NTIL{IT) = VYTIL(IT) ~-DTo2M4 kxR
XX= 58 HR2AS [U249 (124 # PLXY -Y24 % PIXX)
—V24+ (Y24 ¢ PIXY — X2 4 4PLYY)]
QUPT) =Q(IPT) + DTP2MIw XX
QITP) = Q (ITP) - DTPZMD#RA
RX= 56 HRIBs [UIB % (X314 PIXY - Y31 s PIXX)
— W34 (Y314 PIXY —X31¢ PIYY)]
QUIPTP) = QIPTP) + DTOML € XX
QUI) = QUI) —~DTEIME XX

13 = 1PT
> TO NEXT CELL IN ROW
D>~ 1P - e ﬁ‘f'ﬁﬁl anmni]
RESET § Row COMPLETED  *<3vo7s <
BOUNDARY  |UTLLUIT) = UTIL(ITP) = UTIL(ITP-NQIB) j
VERTICES: =UTIL{IT-NQL®) = 0.0
RESET V'S ON BTTOM: . y
! ZIN RO
r-=—[Dp 1210 19=1SCT, ISCFZ, Na [* V.5 Sueh 1o mviein
l SCM BUFFER Row/ 2/3 J
@O~ VTIL(IT)=0.0 ]

NOTE : SINCE BSUCCESIIVE CELLS WITHIN A RowW DO NOT

REQUIRE THEIR NEIGHBORS' NEW TILDE VELOCITIES,
IT 15 REASONABLE To RESET BOUNDARIES WHEM A ROW 15 COMPLETED.

PHASE~1_CALCULATION - Foe 3|

r--[De 230 13P-1IPS,LTIP2, Ny | <
{

20

LYPZ , FORMED IN SETUP,
TELLS WHICH OF THE 3

! \ SCM ROWS THE TP2Tx
@3>+ VTIL(1IP) =0.0 | RO e Y eerex
ROW DONE ¢ BNDRY, [ COMDS, SET AS REQ'D L 7 LIp2
CALL pOP ] -
§ P DOALL ROWS 3 —=l
@ CONTINUE ] ALSO, TIPS (=1TPguye ), WHICH 1S
CALL DRNE THE PROPERTY OF SUBR. LOOP,
15 PUTIN 'YSC2 FOR USE HERE,
[ IT CAN BE USED HERE AS LONG
G200+ CALL START AS 1T 1SN'T ALTERED.
. DO 1399 T=2,7P1 } CELL
PNTTIALLZA TN D@ 1389 I=1, IBAR J CENTERS
LooP : IPI =13+ NQ
IPJP = 1TP+NQ
¥

<EY
28t ik

S

ETIL(IT) = E(IT)+.254 1PJP,

Rm((x 3):255 A 254 [QUPS)+QUPIPI+Q(1TF)+Q(1T)]

RESQ (1) = 1. /§ASQ + GGmix amax [ [SIE(1T),0,0]}
XX = [X(1PTP) =X (13)+ X (1PT)-K (17P) 4 ¢ 2
Y= [Y(1PIP) =Y (13)+Y(1TP) - (1PT)Jun2

DELSM (1T)= pT8 i[L*YY

t KXY
17= IPJ
) TP =1P3P INCE SIE,X,Y DON'T_CHANGE DURMG
CALL LapP ITERATION', IT IS EXPEDIENT To
¢ CALCULATE THESE 2 CELL VARIABLES
BEFOREHAMD, TO AVOID (ONTINUAL
CANTINGE RECALCULATION DURMG ITERATION. |
CALL DBNE

~ —
Yo B catcutation —> (15000  Nexr PAace —e

/AMSDE/
72
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LuBrROUTINE TAQUIZ)> Conrmued :

2.0 SUBROUTINES -

3-PHASE 1CED - AL E (Cont'p):

\PHASE-1 _CALCULATION - Bced]

Va od A
<
Caconte E rrom LB

CALL START
D@ 1599 J=2,3P1
IMT = LT-NR

1PT = IT+NY
1PTP = ITP+HY

D@ 1589 I=1,18AR | tenTers

© ALL CELL

b

U3 =uTIL(IIP)
Us = uTIL (1T

Xl= X(1PT) X2 =X(IPTP) A3=X(IJP) X4=X(IT)
Y= Y(1FT)  YLTY(IPIP)  ¥3=v{1IP) Y&WEIJ‘)
Rl = R(1PT) R2=R(IPIA  R3:=R(ITM R4=R(IT)
X112z k1-X2 YAl ==Y R12= RI+R2
X23=%2-X3 Y32 SY3-2 R23*R1+RD
X34 = x3-X+ Y432 Y4-¥3 R34 =R3+R4
r41=r4-X1 Y4 Y. .14 R&12 R44+R)
Ut 2 UTIL(IPY) Vi=yTIL (1PT)

v = UTLL%IP:TP) V2 yTIL (1PTP)

¥3* yTLL (177
142 yTIL (17)

U2 = ui+y2 T BVIeY2
U23 s U2+U3 V37 V2+V3
U34 2y3+04 V34 =z y3+vé
Ual=U4+u1 V4l zy4ay]
IC.(:LLECT M, MR= ML = MT = mB= Mz = RS (13)/_v3L(17)] |INTIALIZE NEIGHBOR
¢ 14wu.ues PR=PLE= PT=PB=PC = P(1T) VALUES » 1] VALUES...
S ‘ Voo
on 4 sioes Ao elg = o
MR~ RA(IPTI/RVEL(1FPT) | )
| PR= P (1PT)
o
.o BUT
T ML= RB(IMTI/RVOL(IMT) | | RESET NEWGHBOR
PLE = P(IMY) L TERMS IF Tug

NEIGHBIR CELL

I

MT = RB(LIP)/Ry3L(1TIP) ERISTS

PT=_P(13P)

27

CBAD -+ P12 = (MR% PC + MC & PR),/(MR+MC)
P23 = (MT & PC+ MC 2 PT)/ (MT +MC)
P34 = (ML #PC + MC#PLE) // (ML+MC)
PAl = (MB4PC +MC#PB) /(MB4mC)
ETIL(IT) = ETIL(IT)-DTo4 /mes
{sz #PI2e (U5 Y21 4 VL e X12)
+R13 P23 4 (U234 Y32+ V23 ¢ X23)
+@34 1P344 (UB4aY43 + V34 X34)

ke

+RA1PAY e (U] €14 + VA ex41)]

17 =1PJ
1yp = 1PJP

TIM= ITMT G
CALL L32P

@ CONTINUE
CALL DONE

-

(2000 TO PHASE 2, NEXT PAGE—

)} NOTE'PLE"; THE NAMZ *PL
15 A MESH VARIADLE.

MR, ML, MT, MB £ MC ARE
DECLARED REAL.

IN'I3007, P = "p WAS WITIALIZED, PRESERVING *p.

ALS0 REQUIRID FOR PHASE 2 ARE :

Uee (L ) BUT- THESE ARS IN SAME uL=urIL
~ | 5TorAGE wIRDS, THUS NO

VsV feororace TRancrsr 15 | YR 2VTIL

. REQUIRED. PLEP

[TREREFIRE , WE HAVE INVTIALIZED

» N

N 7 [ MB=RI(ITM)/RVEL(ITM)
@300 ’ J:2 ™1eB= P (IJIM) l—*//

3% -\rL )‘P’Ll pl- (SM“N(’ " ?) (THE
NAmeES W, V, Q ARE No LONGER NEEDED.)

]

REFER TO
FlG, 9 —
STORAGE

ALLOCATION




T6

Realon @ood>o] NumiT =0 a—COUNTS # 1TERATIONS
:jﬁlL]]sTLT = o —c)E \':AL\C}Z(E: 1% |;r_a§fn's (Force {sr Tme)
PLMmAX = 10” — FOR CONVERGENCE TEST
Goio+{ caLL sTART b

NEW DA 2099 722,70 \

YTERATION D6 2089 1=1,1BAR

STARTS IPJT = IT+NA

HERE ¢ I1PJIP = IfP"’ NQ
KI=XUPT)  K2=x(IPIP) ¥3=X(ITP) X4=X(1J)
Yi=Y(IPT)  y2=Y(IPIP y3:Y(ITP) va=Y(LT)
RI=R({IPT) R2=R(1PJP) R3=R(IIF) R4=g(1J)

NOTE Ul=UL(ZPT) U2-UL(IPTP) U3:0L(TP)  L4euL/1T)

U,V Vi=VL(IPT) V2=YL(IPIP) VI=VL (1P} V& =VL(1T)

USAGE:

2,0 SUBROUTINES -

3-PHASE ICED— ALE (Conr):

LSUBROUTINE YAQUIZS> Conrmuea:

D=.,25¢ akumo{(m R [(UI+U2)e(Y2Y1)+ (V14v2 )¢ (X1-¥2) ]
+(R24R3)8[(Y2403)4(¥3-12)+ (24¥3)e(x2-x3)]
+(R3+R4)s [(U3+04)4 (Y4-Y3)4{y34V8) ¢[x3-X4]]
HRELRSLUA 100 (Y1 -¥8) 4 (490 (ra-x ]

S = RDT ¢ [ROLILT)-RB(ZN]+RGL(IT) ¢ D

RA = RCSQ (13) # (RDT+ D) + DELSM(LT) «(Dm"{v%vma

UNT
DP = —@M*S/RA EQs SAVING
ROL(13) = ROL(IT) + RCSQ(IT)4DP ONE #.)

pLMAX = amAxt [ Pumax, IPL(z3)]]

PLMAX IS ALWAYS
POSITINE. SAVE
A DNIDE BY
TRANSPOSING

P
® l £ CELL HAS CONVERGED

€+ riu.m_x/

D 4 MUST ITERATE

( ALTERMATIVELY , ONE MAY
CHOOSE To ALWAYS ADJIUST
Py U AND VU, VALUES

[mosTIT=1

FLAG INDICATES| RZGARDLESS OF OUTCOME
& FAILURE _I

OF THtS TeST,)

P

ADJUST
COORDINATES:

NOTE ABOVE THAT CALCULATIOM

OF RA AND R%L IS SPZEDED

UP BY HAYING PREVIOUSLY

CALCULATED RCSQ ¢ DELSM,

AS THEY ARE (NVARIANT 1N
PHASE 2.

}//VERTEX MASSE S ARE STORED

PL(LI) =PL(IT)+DP
Y24=Y2-Y4

Y31 =¥3-YI

XR13= .5 £ [RI4+R3) ¢ (X1-X3)
AR24 =.5 ¢ (R24R4)x (X2-X4)
KX =DI@2+DP

DTI2MI1 = XX % RM(IPT)
DTEIM2 = %X # KM (IPTP)
DT02M3 = XX «RM (ITP)

AS RECIPROCALS , SAVING
CONSTANT DIVIDING HERE,

/

\PHASE 2 : I7TERATION|

22

[UL(IPT) ~UI+DTd2mI~RI*v34
UL(IPIA = U2+ DTOIM2+RL& Y3
W UL(IJP) =U3~- DToImM3 « R3e Y24

UL (1J)

L

=U4—DTpaM4« R4 ¢ v3y

MINUS SIGN REVERSES X OR Y
DIFFERENCES AS REQUIRED.

LEAVE VL= 0.0

NOTE $¢ ALREADY mULTIPLIED
INTO THE DTO2Mi-4 TERMS.

UNFORTUNATELY, V'S ON ToP ¢

VL{IPJ) = vI =DT32M | #xR24
VL (ITJ) = V4-DTp2M4- 4 XR1(3

BOTTOM BOUMDARIES MUST BE
RESET WITHIM THE LOOP AS THE

NEXT CELL WILL DEPEND ON THIS
CELL'S VALUE FOR TS D.

THE UL's, MOVIEVER , MAY BE
LEFT UNTIL THE END OF THE

VL(IPIP) = V2 4+ DT@2M2 % XRI3
VL(IJP) = V34 DTAIM3 exR24

Row,(AS IN PHASES L £ 3)
AS THE BOUNDARY VERTEX U 's
WON'T BE REFEREMCED AGAIN

TO NEXT

UNTIL THE NEXT Row Uf’.)

TO NEXT CELL IN Row.

RESET U,'s ON BOBHDARY VERTICES
ROW

@B ITP = 1PJP

'/

| Iy

)
[UL(23) = UL{ITP) = DL(1TP-NREB)= LL(IT-NQIB)= 0.0 |

[CALL LagP - TO NEXT ROW UP

CONTINUE
CALL DONE o
NUMLT = NUMIT 41 o 1erations

4-DO ALL ROWS

MUSTIT: 0 =

GO0 TO

ALL VALUES ©
>

K.

3000 pyase 3
—

[MUSTIT =0

4
ITERATE MESH

NUMIT : 500
> & STOP \TERATING

LPR=2 & FORCE PRINTS (N PAPER

OPTIONAL-
ALSO SET |~»
ToUT=T

‘72

DTé2M4A « XX 4 RMI1T)

' g/\/
PRINT “ITERATION LIIT EXCEEDED - RUN MAY ABORT" /A msp
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2.0 SUBROUTINES - 3-PHASE ICED—ALE (Conr'd): 23

&SUBRIUTINE YAQUIZY Conrmuen:

|\PHASE-3 CALCULATION - Pace 1]

CaLCULATE “nt1" VALUES OF XY, T, MC,IE‘,,%;,@

AWV WWYVAAAA S VWA

ReG 10N (Boo) A GRDVEL :1.99 -2+ * 2.0 Kl =%(1P3) XL=X(IPIP) ¥3=X(1IP) X4=K(TJ 37230 +Fr = DTPB« RI2«[(UDIHUDL)4Y2|
- . / YU =Y(1PT)  Y2=YUIPIP)  Y3=¥(13P) Y=Y (LT} 4 + (YD1+vDR) 12}
<g 00 Rl Ri =R(IP3) R2:R(IFTP) R3=R(1JF) RE=A(I) AR = AOM#SIGN (1.0, FR)
CALL START ULl = UL{IPT)  UDI=UG(IPT)-UL]  XI2=XI1-X2
D9 3019 722,3P2 Juveerices uneu&wm UDZ7 UG (1PIP-UL2  X23%X2-X3 +B0x 4.+ FR /(VoLR+VRLL)
Do 3009 1=1,1P1 UL3=UL{1TP) UD3=UG(ITPI-ULZ  x34=x3-X4 FT(1)=DT684R23+ [(UD2+UD3) Y32
u V ‘328:%’ i‘ét%}fé‘é%ﬂ% ULA-UL(IT)  UD4TUG(IT) -ULR  x41=x3-xy +(VD24¥D3)# X23]
(‘h G L VLI =VL(IPT)  yD1 = VG(IPT) -yLy  Y2I=Y2-Y1d AT(1)=AoM¢SIGN] L0, FT(I)]
3= 1340 VL= V(PSP yD2= VG(IPgP -vLy, Y3223 -2 +BO# 4. 4FT(I)/(voLT +VpLC)
Q V13 = VL(IJP) VD3 = Y6 13P) -yL3 Ya3=vi4-Y3
CALL LOZP ks 4= 4 {
. VLA= LD ypasva U3) vk RTONE,
1 CONTINUE 5'33’:'{15; Ui2 = ULI+uL2 VIZ =i+ v xx = amaa [ [F2, [FR1 IFT(0)], IFLL]
CALL. D3NE 1 5% U23=UL1+UL3 V23=yi24ni3 - A
T REL=RIRA  Lzkauiz+uLs V34=Vi3+vLh 8ﬁ pre= meni{ o7,
Gioo> u;;; %TQ;R} 2 Ud) zyr4+uel Y41=VLa+VLl ¢ DTPBSe AOFAC
MOVE VERTICES: 19 T=2,7P2 1, vernees L{13)+DTPPS+{D|t10™"
D& 3109 1“:1"‘} 2,256 RUOL(IT) ¢ [R12 4 (U Y214 VI24%12) [x«RY3{12)+ D175+ Dl 410°"]
n+l VLT X((IIJJ;= x((xgr)) +uq (n';m'r +RI36 (U134 Y32+V234X23)
X Y(L3} = X(1LT) +8G (13)«DT +R34e (L34 sY434¥34ex34) # [ioc=1
’,/’ R(1J)= X(IJ)*C‘{L+¢MCYL +R&1 (UM ¢ Y14 +VA10X41)) 'F%ZO DTCSA: DTY IoTC= I
£ TESE AT VOLR= YOLT =vaLC = 1. /RVIL(2T) PRINT :
CALL LGpP J ! DTCSAV = DTC
7 CoUECT Yowme ("1 :1BAR So{VALR= 1. /RVOL(LFT))
Gl CoNTINVE TERMS FOR z :
CALL DAME AR, AT(T)..0. NEXT, CALcULATE Mo € B
VOLT = 1. /RvgL (13P)] Contivued oy Next Face—
G50~ CALL REZINE
¢ COLLECT FLUX —_
200~ CALL START COEFACIENTS ¢ seeNet
DO 3249 T=12,7P ALL !
n+1 1 D3 3259 1=1,18AR [ CilL3 BOOTSTRAP LEFT €
E. Y| s« 13-n BT L
C ou IPT = 13+ 8Q_ WHEN '
IPJP = 1JP+ MQ e
NOTESY GRDVEL = 0.0 FOR PURE EULERIAN , 1,0 FOR PURE LAGRANGIAM
2.0 FOR RITOME. EQS. ™ ~3000° ABIVE GIVE (IRRICT

VALUES FOR EITHER 0.0 OR 1.0. UL ¢ VL ALREADY = 0.0 —AT(1)
ON BOUHDARIES, SO UG € ¥G WILL ALSY BE 0.0 THERZ. AB=—A
KY,R VERTER L0OP (3190) 1S SEPARAT FROM 3000 LoOP T0 ALLOW FOR PISSIBLE REZONS USE.

/
£A
_/ A




2,0 SUBRIUTINES = 3-PHASE_ICED~ ALE (Conr's): 24

<<S UBROUTINE ﬂ@[2>> ConTinyso:

€6

n+l

F

n+i
[

n+l {

Vou

M, B,
b

ANAANVWAN

|PHASE-3 CALCULATION = Fige 2]

MP(LT) = RAUITI#VALC

+ FT(L)s [, ~AT(D) #R0L(1I) +

ROE = RG(IT)S ETIL(LT)
EP(IS) = \./WP(1T)# {R3EevaLC

+FR  #[{1.-AR} mm(u)lrél.ma) % RéL (163)]

LAT(L)) « RGL(1TP)]
+FL {0 -AL) #RAL(LT) (L+AL) #RaL{IMT)]
+FB s {(1.-AB) ¢ROL(ITI+ (1.+AB) e RAL(ITN)]

+FR #[(1,-AR) €ROE+ (1. +AR) ¥RB(1PT)¢ETLL{ZPT)]
+FT(L# [, - AT(L)) e REE + (1. +AT(INs PB(ITPIETIL{LTP)] >
+FL #[(l.~AL) #ROE+(I.+AL) #RE(IMT)SETIL(IMT)]

+FB  4[(L,~AB) #R3E +(I.+AB) sRB(ITMe ETIL(IJM)]}

». (G300)—>{ CALL START
D@ 3319 I=2,JP ALl CELL
D®3209 I=(, IBAR JCENTERS [ (CANT INCLUDE N PREVIOUS

P AS T
RO(13) = mp(1T) ¢ RVPL(LD | 200 A5 1T USES 7 VALUES))

E(IT) =€P(I7) —MOVE E

SET EXTER(OP.
el ?'s:
EXTERI0R REL
VALUES WILL
EITHER BE 0.0

>R@ (1IM) = RBL (1T J
7

RO(ITP) = e (ITP) |

)

ATR = .5 # (%28 Y3l =Xl 6 Y32 - X3 ¥21)
ABL= =54 (Al #Y43 4+X36 Y14 +X45731)

.[ 3.0
RVOL(IT) = [ ATRe{R1¥R21R3) + ABLe (RI+R3+R4)
1= 1P7 )
iJp=1PJP

] [P0 NERT CELL N Row
1I9M= LMt N
CALL L@@P 4~ TO NEXT ROW UP

K]

4~ D0 ALL ROWS

CALL DANE

<] OR WILL HAVE
= BEEN SET TO
1:1BAR S R¢(13+NQ)=R¢L(U*NQ)I APPROPRIATE
Z 4 VALUES N
5 SUBR. REZONE
IIM= 1IN+ NQ
LyP= IJ'P-PNQ.D

; {7 TO NEXT CELL N Row
.——l@) fIT=1T+NMe  J)
CALL LOOP o NEXTRGW

C:§)—-"~ CONTINUE  4—ALL ROWS
CALL DONE ConTINUED on NEXT FAGE
O/t cace)

j IMPORTANT NOTE ON FLUX TERMS:

WITH THIS RIGID-WALL VERSION OF YAQUL, FLiFBiIAL, & AB wiLl AUTOMATICALLY BE
CALCULATED A5 0 (IND2ED: FT,FR, AT, & AR wilL ALSD BE O ON RIG'D BIINDARIES).
ALTHOUGH FLL AL EB. L A JOULD SIMPLY HAVE BCEH SET DIRECTLY T0 0.0 IN

FL=DT@84R34[(UD3+UDANM Y43+ (vDI+VDA) X347
AL =AOM # SIGN (1.0, FL)+BO* 2. # FL 2 RV3L{IT)

“3280" & "3290", THE ~ULL GEMERAL EXPRESHIOMS ARL INCLUDED HERE FOR
POSSIBLE USE BY FUTURE VERSIONS OF YAQUL THAT HAVE BEEM SUITABLY
MODIFIED 1O ALLOW FOR BOUMDARY ELUNXES.

NOTE 1M PARTICULAR THAT WiTH NO FICTiTIoUS CELLS ON THE LEFT, THE USE OF

ANY NOMNEERO AL WiLL RESULY IN SRRONEOUSLY REFERENCING Q ANDE

CONTINUE

FB = DT@8s R41» [(UDA+FUD1) 4 Y144+ (VD4+VD1) ¢ < 41)
AB= AOM # STGN(1:0,F3)+B0x 2. ¢ FR¢RVAL(IT)

THE FINAL TERM N AD( R AL) 1S OF THE FORM!

72

VALUES FROM THE RIGHT SI0E OF THE MESH. I\/
/AMSDE

240 4F B (NOBOWDARS 5 4FB 5 orppyg
<

VetV ORADIENT) 7 gy,
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2,0 SUBROUTINES - 3-PHASE ICED-ALE (Cont'n; 25
<<9UBROU7‘Z/VE Y/JQ_U[2>> CanTimvuep: IPHASE—3 CALCULATION - face 3]
. 1
CaLcuLATE "n+L” vaLues oF My, U, V"
WAWAWAMWMAWAMAWMAAMANMNAMWWWNANVMMAWWAWW
l
CALL STARTD (3400 -t CALL START
Dp 3399 IT=2,3P2 DO 3499 T=2,TF2 | AL
{ T= J04 —37 Inmiavize D® 3489 1=1,1P1 [ VERTICES
Do 3389 111, 1P VerTices: { : .
n+l 1= 1P2-11 XK= RMP(LT)/ RM(IT) D A . 13
n+i W, e
v INT = JT-NQ UP(13) = xx # UL(IT) J My
CALCULATE IMTM = 1JM~NQ U,V VP (1T} =Xx ¢ VL (3T) o~ INITIAL "MV REPLACES
VERTEX MASSES *X=0.0 1) WM, DIRECTLY, ERYES WILL
IN A REVERSED \F CELL 1S OUTSIDE MESA (3489 172 IT+N AUTOMATICALLY BE PROPAGATED
DB-Le2P AND USE #s0 1N SUMMAT 10N gD SLLI:{M:‘ THROUGH UL ¢ VL § SET on
STORE THE .
RECIPEROCALS BR XX = MP (1JIA) I P BOUNDARIES AS REQUIRED
OVER ™M r  CELLS CONTINUE
CALL DBNE
ZND L00P SWEEPS ;
T - D |CALL START
cELL: XK= XKAMP(LT) | CELL CENTERS & D6 3699 T=1,TP1 } ey
uppATes The 4 DF 3599 1= 1 JBAR camies
VERTICES oF eACH [PTP= 17P R
TL ’ )
= KX +HM
CELL: XR= KX AP(IMM W= ) (IPT) X2 =X(IPJ’P} K3<X(ITP) x4 =XLIT)
v1=Y(IPT)  YATY(IPIP)  y3sY(1IP)  y4=Y(1D)
Rl = R(1PT) R2=R (IPTP) R3= R(17P) R4=R(1])
BL 1 ubie uL(LPT) uLi‘l:JLC’((IIPgJPg) UL3=UL(IJP)) UL4 =UL(tT)
p = Ugl=lg(Iey) ue2? BG22UG(IIP)  LGE=UG(1])
cELL J‘A,Z& L xte xx#e(iwam) | YLIZVL(IPS) VL2 *VL(IPTPY 3.y (17P) ViL4=VL(1D)
Val=Y6a(1P3)  va2.2:Va(IPTP) ya3=vg(I1IP) VG4 +Va(l3)
FALSE 3
RMP(1T)=4. /%% *X = DTPI6 % RPL(IT)
IT = 1MT TO NEXT CGLL ON THE LEET ULi3 = ULIduL3 pL24=ULL+ULE
i V.13 'VLH-\EL3 VL24 = VL2 4VLA
G+ - Fi3= XK# (R1+R3)x [(UG1+UG3 -ULIB) # (Y3 -Y1)
ﬁ'& Lﬁ,’gf,”l‘, £ (Va1 +VG3 -VL13) ¢ (x1-X3) ]
A ROW COMPLETED, DROP DowN F24=XM(R’L+Q4)c[(UGl+U(;4-UL’IA)f(Y'L—Y't)1 . Ve
- R&-%2
s> ComNGE | j + (¥624VG4 -VL24) ¢ ( ) /AMS‘?IZ

éCoumusn ow Nexr FPase —
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2,0 SUBROUTINES -

' .
‘. t '
. » .

3-PHASE ICED-ALE (Cont'p):

LsuBrouTINE YAQUIZD ConTimvuep:
COMPLETE caLcuLaTion oF ™'u v, CAccutaTe ™' 1
VWMAAAMAAAANAA WMAMMWWW

d

FPHASE =3 CALCULATION- FrGe 4

26

MIE HAS ALREADY

BEEN STORED INTO

"E LOCATIONS

@ *3300"

G0 To PRESSURE

CALLY LATIONY T0
COMPLETE C C;E)

FMi= F24 % RMP (1PT) (GBI CALL START
FML=F13 »RMP(IPTP) DO 3899 T=2,3P1 LAl
?’Ai‘ ';‘24“ m:«i((lzjg)) P [5g 3630 13P UPS 3P2,Na | D@ 3%%7 1°1, IBAR Jteuts
FFI34 R — == =I3PS,L3P2, Ny .
XK =Bov 4, ¥RYOL(IT)/RL (1) ' et e
ALI3 = A0# SIGN (1., Fi3)+ XX # FI3 VP (13P) =0.0
AL24=A04 STGN (1. F24) + XX ¢ F24 ROW DONE ¢ ENDRY, § CONDS. SET AS REQ'D SIE(LT) = (1) =250
@PALI3 = 1, + AL\ Gead®—| CALL LeBP ) a n+{ ) . .
OMALIZ = |,—ALI3 S TY T I [L(1PT)ee2 +u(1PIP)ee2
PPAL24 = I +AL24 GePD>»{ CONTINUE ] +U(1TP)esL +U(TIT)e92 ,
PhAL24 =1 —AL24 CALL DBNE AV (1PTYse2 +V (IPTP)sx2
{ A%= UL3¢OMALL4 4 ULI# OPAL2A T Y (LTP)en2 4V (1T)se2]
n+ UP(1PT) = UP(IPT) — FMI ¢ Xx CALL STABT ]
R i s R 28 30 ) e (iFe1re?
= 7 2|, 1P|
UP(1PTP)« UP(1PTP) — FM2 #xx ]
UP(1T) =UP(1J) +FMaexx ’ﬁ/‘\OVE \ ET=0F ) G889+ 17 = IPT
RX=VL34 MAL24 +VL] « BPAL24 WY,y L\;(m = VP (13 CALL LOGP
N+l VP(IPT)= VP (1PT) ~ FMie XX XL | en (1= e )
Vv YP(13P) = VP (1TP) + FMB 4 XX SToease LBM( me( CANTINUE
Xi= VLA« GMALI3 +VL2¥ 0P ALI3 WORDS ¢ I Vorr CALL DBNE
‘x//g((IPJ)PMPaPJP)— FM2 # XX 17= II+NQ mViE/M lgMzsos_feosT?z
1T) =YP(IJ) +FMawxx CALL LogP v 3
e nit ny
13= 13 T AS ™'y 15 N /M
T4 To NexT CELL N Row GTO{ CHNTINUE STORAGE. WORD. %{\O\IE 3
-_,{@ o [JP= IP\sPR;w el st CALL D@NE A — ARTICLES % l AL PARTIGY
RESET : FLow Iy
BOUNDARY UP(13) =UP(13P) = UP(ITP-NQ1LB) ?,':22"“ HAS BEEN MOVED,
VERTICES: =UP(13-NQLB) = 0,0 20 1 STeRAGE 15 'F'E'EIE’
N /4 S0 CALCULATE
J:2
= § RESET ™''s ON BoTIom:
r—-or3e0 & END SUBROUTINE YAQUIZ>
|

13=15C2,1SCF2, NQ |
i § SCM.2/3 CONTAINS T=2 VAWES
Goio| VP(13) = 0.0 b

NOTE: ASIN PHASE L, SUCCESSIVE CELLS WITHIN A RowW DO NOT

REQUIRE THEIR NEIGHBORS' NEW VELOCITIES;
HENCE, BOUNDARIES ARE NOT RESET UNTIL Row
COMPLETION.

/AMng/
Tz
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2, 0 SUBROUTINES — PARTICLE MOVER 27

LSUBROLITINE FARTMAY >

CALL START 1sT Pass 1 D 1049 TT=1,2
\ =2,JP ALL It
gg “ooo% ‘L,'I,ﬁ VEQTICES |  EVERY CYCLE, / WTE = PDR-W o= (Ax-w)=BL,TL
y RESET Yo 2ERO AS D@ 1039 LI=1,2
PMX (1T) =Py (13)=P0(1T) 20,0l Next sweeP THROUGH K1 = RK# wTEO HTE
MESH WILL ACCUMULATE B (K1) = Pmx (KIT) + X1 U(LT) | ~~M MOMENTUM € MASS
~ SUMS. - * | CONTRIBUTIONS TO The
GO0+l 17=1T+NQ PIY (KIT) = PMY (K1) +X 1oV (IT){a=My}, " oponie o eain
cALL LogP PMO (X13)= PMO (KIT) 4+ x| a—M
®| VERTICES INVOLVED.
1 WTE =W 4w 15 BR, TR COEFF,
ol CANTINUE L
CALL D@ME @39 K17 = KIT + NQ 470 BR 0P TR
HTE = H <—ROW DOME , [w 1S TL,TR COEFF.
2np PAsS.. T
DPp 1099 J=2,3P2 <] ALL ROWS OF VERTICES... KIT = KIJP 4 -TL,TR veRTice3
LEC= (T-1) QL o] jTH ROW,READ 1NTO CALL ECWR(AASCL(ISCD),TEC,NQL2, NE) [o WRITE THE 2 PARTICLE-GRID
CALL ECRD (AASC,TEC,NQIL, NE) [SCM RoW /3, LEAVES Yo NERT EELL W Y AOT Rows BACK QUT ONTO LCM
SCM USAGE: 1I7= 1\ a——INITIALIZE ROWS 2/3 & 3/3 FOR T‘ 1T+ NQ °
108 1P| PARTICLE GRID (BELOW) ¥ Eom DONE, TG WEXT Row UP IN YAQUI MESH
3/3Z oARTILE D¢ 1089 I=t, <— |ALL VERTICES WITHIN ROW CQSNTINUE
1/3[ GRID 5 . R 4 ALL YAQUL ROWS HAVE NOW BEEN READ
To RIGHT OF PAQTICLE GR! 4| CALL START
a Bt y Juoo” START et wowcaton | SWEEP PARTICLE GRID € SET
To NEXT ROW UP %% ::Z?) 01' 7; 31%*;7[ Veerex VELOCITIES ..
Z QD = =~ ALL PARTICLE -GRID VERTICES .(RECALL
£ oUTSIDE, BELOW PARTICLE GRI RPMO = PMO (IT) THAT PART.GEID SJ;\&)TS IN ROW T*2
N LG,

TRY NEXT ROW
> PMO(LJ) a- o AS RECIPROCAL TO AVOID

7 ABOVE PARTICLE GRID A =RPMO "
a DIVIDE IN"“2500" LATER ON.
AL DonE |, /RPMO IDE IN"2500" LATE
INSIDE OR QN
2521:232%239 oA L CRID [ ke=1 ] a—— KK=[ INDICATES THAT ADDITIONAL
20NE To wiicn | K1= %(13) #R PDR + BPEMIO 3 SWEEPS WILL BE REQUIRED, (UNSET
0 WHIC — =F PART. GRID VERTICES WILL AFFECT
¥AQUI VERTeX | KT = [Y(13)-PYB] % RPD2 + BPEMID PU (13) = PMX(1T)+RPMO MOTION.), SEE NEXT PAGE ——pr
VALDES AQE/ &QN T ASSURE PARTICLE emb m« " PY (LT) = PMY(1J)4RPMO TTREPLACE PMX € P (SAME STORAGE WDS.)
ASSIGNED THE OME HOW 1N AA scgq N READ: y
ADDR.OF RovI K¥+ TEC = KT s NQI AVOlD USAGE OF LCM Rew Y33 — ELIMINAT M
: DON'T USE (KT-1) 4 RQI, To >PU(11)20.0 *Ax\s‘ué NoTE 3 IS AN CAUSE

A MOMENTUM LOSS IN MOMENTUM-

ABOVE INTO
EXCHANGE PROBLEMS.)

READ 1T § now/ CALL ECRD (AASCISC), LEC, NQ1L2, NE) AVOID LEAVING GARBAGE IN

A 3/3 KIT = (KI-1)4NQ+ 1Sc2 } FICTITIOUS CELLS. .
b a——1 INDICES OF BOTH ROWS. -
 KITP = KIY +NQ1 K13 POINTS TO CELL Ly= 1T 4+ NQ
(™ sem 2/3) CALL L@@P

CALCULATE | [x(l:r)) ]—FLOAT((KI—;).PDR. ¢
AREA WEIGHTS | H = LY(1T)-PYB]-FLMAT(KI-l)« PDZ @ m CONTINUE _

KX = RPDRDZ/RM(1T) a—m/(AxAy) j CALL DONE ——=C200> MSDEI‘/

HTe = PD2-H a—(Ay-h)=BL,8R To NexT 72

COEFF. PaGe
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2.0 SUBROUTINES — PARTICLE MOVER (Cont'n):

KSUBROUTINE FARTMBY Y ~/7€ 2

: =, 250 )| DEN= {.0/ (XWL+ XwWR)
Qo uv?er LD WTL™ XWR4DEN | INVERSE

R >4 VERTICES \ WTR = XWL ¢DEN wm;u'ruufk

EPAIR CALL START PU(LT) = PULeWTL + PURS W
UNSET VERTICES | D2 1299 J‘?—,ETBPZ}ALL PG PY(13) = PVLAWTL + PVR +WTR
N OVERLAY D@ 1289 I=i, IBPI Jverncey B

GRID ~ ! 128 1T= 1T+ NQ

CALL LOGP
VERTEX O.K . I
= gUNser Ty CONTINUE
115 Row BASE-POINTe| ITESTL. = ITESTR = L CALL DONE J
PLL = PVL = PUR = PYR = 0.0
WEIGHTS —& | XWL = XWR = (.0 2\ Sweee
woies —e | IL = IR=IT 15 VerTlcaL:
3
@Z15>-~] TTESTL =L1ESTL- 1 Bl ”&?Z"(a""&; 7572
J < READ 4 Row {l  cAL tcRo(ARse,TEC | NQT,NE D
AT rerT eoar. \LTESTL | I3=1
7 Y SEARCH LEFT DB 1389 1=1,1BP!
(1L -1L-Ne o GET eELL |

PMO(13)>0.0

AWL = XWL 4140 a-INLREASE WT.

VERTEX IS FITHER
UNSET IN LATERAL
ROUTINE ABOVE,OR
YELS . ARE TRULY

2ER0, BUT ATTEMPT

VERTICAL SGT.

PU(§) #0.0 VERTEX 0.K.

PV (13) # 0-0
NONE TRUE ¢ VERTEX PERNAPS UNSET

PUL=PU(LL) l
PYL =PV (IL)

ITESTR= ITESTR+1

XWR = XWR +1.0 o—INCREASE WT)

(315 CoLUMN
8ast -poinTy| I TESTB = JTESTT =T
"Dl BbuB= pyB = PUT= PVT = 0.0
AWB = XWT= 1.0 SAME T IN
I1B=1T = 1T+NQT stm 23
JECB = LECT = LEC
1
310 o[ TTESTB = JTESTB - | ]
k ¢
TESTB: 2
READ NEXT ROW AT BoTom BDRY
BELOW = Sem 3 D §searcH BELOW

JECB = 1ECB-NQI
CALL ECRD(AASE(1572), 1ECB,NQL, NE)

Pmo(18): 0.0-c5

G

PUR= PU (1R) \/
PVR = pv (1R) kr {
- o o KWB = XWB41.0 4 INCREASE WT. |
% Q Pe) A s
~ = P Iy
LINEAR . v A FOR NONRERG MASSES AT 171 ¢ 1T+
WEIGHTING E £ 17 F : Z <wemwﬂ:e WOULP BE i + R
— s + FoR NONZEQO MASSTS AT 1T~ | IJ+2
EXAMPLE ¢ I3~ 134 1341 WE IGHTING WOULD BE %3L +'/3 ‘9. ’

PUB = PU(IB)
PVB = pPV(18)

¥

ol JTESTT = JTESTT+ |

READ NEXT Row
ABOVE ~ SEM %y

Lo J1eeT = 180T 4+ nvQ

CALL ECRD(AASC(ISC2), LECT NQL,NE)

PUT= PU(LT)
PVT = PV (IT)

1
DEN 21,0/(XWT+AWB)

WTB= xwWT ¢ DEN ’k INVERSE
WTT= XWB ¢« DEN WEIGHTING
PU(1T) = PUBSWTB + PUTeWTT
PV(IT) =PVBsWTB + PYTawTT

) 3
(389 ){ 1T = 1T+ MG o ToNEXT CELL IN Rov]
Py

28

Q3F9O-{CALL ECWR(ARSE, TEC,NQI,NE) ] &~WRITE RE-WORKED
w.

ALL ROWS DOIE[ON YERTICAL SETTER

CALL START
DB 1499 J=72,T3BP)
Do 1489 1=,1BP
PU(1T)= PU(IT). AND. NPT, 77717777778
PY(1J) =PV (LIL AND..NGT.TTTTI177778

IT= 1T+ N
CALL LOGP

|

CENTINUVE
CALL DONE

SDE
/AM"IZ

[

naw
& wove’
PARTICLES

{NEXT PAGE) —»

~IF MOMENTUM
TRANSFER PROBLEM,
CLEAR RT. WALF OF
FINAL PU,PV SO THAT
MOMENTUM CONTRI =
BUTIONS (AN BE
SUMIAED INTO THEM
DURING PARTICLE

MOVEMENT.

v
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2.0 SUBROUTINES — FPARTICLE MOVER (Cowr'd): 29
<<9UB/?OU TINE PARTMOV> - e 3 Move Partictes in Recation 70 Overiay Grio ~o—
IECP = IPAR < REL.ADDR. OF 15T LCM PARTILE UPAR= [UPAR +DTDRAG ¢ (UK+URAND)+DTGR] s RDTDRG }mwme NEW
N e Eet wosie v Atk REQUD VPAR: [VPAR + DTDRAG¢(VK+VRAND)+DTG2P]4RDTDRG | JPARTICLE YELOLITY
BLD= 0 <—WILL TEST To SEE ! D REQ'D. XTE = XTE + DT ¢ UPAR }mve OARTICLE
¢ LPB =MULTIPLE OF 3wDS. YTE = YTE + DT « VPAR
CALL ECRD (AASC ,LECP,LPB,NE) lo————— USH = smr; ((U';AR|30;-AND-’_!’ZI’77‘!"%T%77$ }u ¢ V.70 RT. sIDE
KP =1 a=PARTICLE WMDEX W St /3 VSH = SHIFT (VPAR,30). AND, 17777777778 oF xt Y, RESP,
sﬁ"g) :Qﬁmi ) %PAR (KP) = (XTE . AND. ,N@T, 7777777777 B) . 8R . USH COMBINE £
—_—— YPAR(KP) = (YTE. AND., NAT. 77177777778) .8R.V } TORE AWAY
Go1® 3‘(,75 = XPAR((KP; } DON'T BOTHER DELETING fa———— ¢ 1 )-4R-VSH ¥
NEXT TE = YPAR (kP UPAR, YPAR , OR MTE FROM BYPASS— =
= = RT. SIDES OF THESE WDS, IMGMY i O
PARTICLE II)R=AC§( T-EMPAR (pr)szvva e, ( NO MDMENTUM TRANSFER PMX & CarcuLaTe MomenTum TRAHSFER:
- >
TE-P :
: ~ I- (v YBI4RPDZ + GPEMIO MTE = SHIFT ( DRAG, 30) <~PARTICLE MASS TO LEFT SIDE ﬁ%o‘l;.“;im?: ::V;D
1¢J ARE ) = MTE # RPDRD? & FOR USAGE N
Y H = MTE s R RDZ #DTDRAG -~ READ ON EVERY PARTICLE
PARTICLE - GRYD 641 ® TyTIBP or 1< ot I>1BP )80 KIT=13 MoSte/(axay) IF 1MaMK =1 (IMOMED »
WNDICES OF CElL = = TROE (NEXT KK=0 }mnmuu FOR. DO-LOOP.... | [MPMX +1000), A5 MOMENT
CONTANING WONEJTRUE PROE , K> MOMENTA
PARTICLE sant. ) DB 2149 TTet,2 }ovs& QUADRANT OF 4 ARE CONTINUALLY BEING
iAo\ 1 I4LD seeReNT 3 Gb DB U39 11=1,2 PARTICLE-GRID VERTICES ADDED INTo THE RIGHT
O NEED TO READ 7 Tmuer ceap N(ﬂ:m J°4/0R KK = KK+1 - SIDES OF PU,PV
§ MUST READ . TRANSFER, Xi= XI(KK) # H X1 conTAms "wh' ¢acToRs |/
JOLD = T+ IMGME S <—SEE NOTE AT FAR RIGHT = PUL= PU(KLT) AS SET IN "2030"
TIEC= TANQL 4 4.u.a. OF PART.-GRIDROW N LM PVL = PV (K1J) }GET PARTKLE GRID PU, PV
READ 2 ROWS | > |CALL ECRD (AASC(15€2),IEC,NQL2,NE) %X = [ SHIFT (PUL,30)]+ X1« {UK~UPAR+URAND) CONTRIBUTE TO
z\/mgalsm YY=[SHIFT (PYL,30)] 4 X! # (yK=~VPAR +VRAWD) MOMENTUM SUMS
323 (p3 IT= (I-VANR +ISCT ) 7_/ PU(KIJ) = (PUL.AND..NBT.17777777778)
e 4 verTices | 1PT = ITHN& ESE 2 AREINSMTS LOR . (SHIFT (XX, 30)AND. 1T77777777B) RECOMBINE WITH
OF PART,GRID CELLS] }g‘;P :IIJP'E)&%I . }Tu[sg 2 ARE 1N SCM 3/3. PV(K1T) = (PYL .AND, .NOBT. 1777777777 B) e lf PV ¢ STORE
Q PR, (SHIFT(YY,30).AND.1777177777B) THEM.
;m?‘ Posmorr;“ oF
WCLE WITHIN 1w = XTE ~FLBAT (1-1)¢PDR. (::5 Do K1T = KIT+ NG a—T0 BR 0
PQETKLG-G'ND H=(YTE-PYB)~ FLEAT (T-~\)#PDZ 7 ] RTR
CELL 1,7 : PDRMW = PDR=W e Ax—w
PDZMH = PD2-H  o—Ay-h . 2149 K1J = 19P «—To TL OR TR
L1 = PDRMW & PD2MH CALL ECWR(AASC (ISC2),TEC,NQI2,NE ) | a— DONE : STORE MODARIED PU, PV
6T INTERPOLATED x2= W4 PDIMKH avgih ] \.’r 1 BACK To LCM.
HTS A A
vewemies Uvk)| X3 TPPRM i e 2 CZI50D-={NPMT = NPMT + | ] a—To wEXT PARTICLE; COUNT PARTICLES
FOR MOVING MOVED.
PARTICLE % U= [PU(LT) exI + PU(IPT) X2 +PU(ITF)¢¥3 = ~(Z1GOD ALL HAVE BEEN MOVED, GO WRITE
+PU(1PTP) #%4] # RPDRDZ NPT £ NPT LAST BLOCK TO LCM o>
note ; partceesact (VK= [PY(IT)OXI + PY(IPT)ex2 +PY(ITP)eX3 < § MORE TO BE MOVED
STORED BY ACTUAL +PY(IPTP) #%4] ¢ RPDRDZ [kp=kP+3 <a— INCREMENT BUFFER INDEX
PHYSICAL POSATION,, |1)0A 0 = SHLFT(XTE,30) TTIES To LEFT
AND ARE NOT NOR- ! }'Ew’ e < .
WALILED By DRipm |VPAR = SHIFT (YTe,30) ] SIDE FoR UsAGE MORE REMAIN the BUFFER KP:LPB
ASTHEY oFTEn ARE  |DTDRAG = DT #DRAGT  4—DRAG WAS SET > AL MOVED IN THIS BUFFER LOAD EI\/
N PURE EULERIAN | RDTDRG = |,o/(|.°+mn|u(,) ABOVE. , CALL ECWR (AASC, 1ECP, LPB,NE) M?v
coves. URAND = VRAND<= 0.0 a—i0 RANDOM VELS, FORNOW | \——IlecP » 1ECP +LPB 4—ADVAMCE REL. ADD, (2
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2,0 SUBROUTINES - FPARTICLE MOVER (Cowt’d): 30

LBUBROUTINE PARTMEV -Fiae 4
LENTRY FARPLOTY

APAR(KP) = —\03 o&—SET %p To
AN UNREALI1STIC VALUE TO INDICATE
PARTICLE 15 DUTSIDE ; MAINLY M EANT PARTICLE
FOR THE PARTICLE PLOT. sG150D .
m CALL ADV(1)  a—NEW FUM FRAME
COMPLETE PARTICLE MOVEMENT BY WRITING FINAL CALL FRAME TWICE ¢ OUTLINE REGION
BLOUK (MAY BE PARTIAL.LLY FULL) BACK ONTO LCM e SURRGUNDING (1PxL, IPXR, IPYT,1PYB)

@190D>-+{CALL ECWR (AASC, LECP, LPB,NE) |

Momenum Trauseer Back Onto YAgur Grio:
VWAWWMAMAAAAMNMVVANVWWWA A AAAA

VVWAAN YWWAWY W

CALL LINCMT (59) +-59 LINES DOWN
WRLTE: PDR, PDZ , PxR,PYB,PYT,
JNM, NAME, T, NCYC

W= X(IT) ~FLOAT (K1-1)% PDR. i
o MORENTUN ( H= [Y(13)-PYB]-FLOAT(KT)e PDZ (G000 )-»{TECP = IPAR_ 4 REL.ADDR. IST LM PARTICLE ]
HTE = PD2~H «—BL,BR (Ay-h) \
DB 2599 T=2,IP2 4L RUSoF DP 2549 JT=1,2 BLACK ¢ WATE
READ jTH Row IEC=(J-|)(4A2%: IECNGLNE) WTE = PDR-W <«—BL,TL (Ax-W) O0R (OLOR ¢
CALL ECRD(AASC NQI, ~ ] :
INTO sct 3, 17 ’ 4—1\}1?:[\/\1,&5 D@ 2539 1I=1,2 a—1$8E NOTE [RFPT =0 <—CooNTS PARTICLES PLOTTED ]
LEAVING /3 & A= RPDRDZ FWTECHTESPMO(KLT) | Bewow
" |Dp 2589 I=1,IP1 &AL VERTCES o ]
35 FoR PART.GRO) : s u(Ia= 1{(1;{)—?:6“ 0,30] CALL ECRD (AASC,1ECP,LPB, NE) <—ﬁ
SHIFT 13}, Ke=
€, TRY
P ouTsoe BT (X(IT)>PXRP OR Y(13)< PYBM ~Neinice V(IT) = Y (1T)-XX#
NEVTHER ] TRUE S\ TRUE [SHIFT (PV(KIT),30)]
\TES WTE=W  +—BR,TR (w CONVERT
. Y(13) 7 PYTP }RETURD) ) PARTICLE To 24
KL ¢ KT ARE ALL DoNE 4020 COORDS, |IXI = FIPXL+ [PAR(KP)-PxL JePxeany
INDICES OF PART.GRID NO-{ IKSIDE OR 0N PART.GRID (G539~ K1T = KIT+NQ = 1Q BROZTE @il |y A I¥1 = FIPYB + [YPAR(KP)~ PYB]e PYCHNY
CELLTOWRICH  [g1= X(IT) RPDR+ BPEMIO {H.QARCANT 3 ot CALL PLT (Ix1, 1Y), 42.)
= % 3 )
YAQUL VERTEX  |xT = [Y(1J)~PYBJeRPDZ+FPEMIO - _
= R (h
VALUES ARE ASIONED| 1 Tt 1 e [HTE=H <L, 7R W) ] GNP TR T T

INTO Scm 3 ¢ IKIT = (KI~1)sNQ + 18C2

READ PART. 6RID | CALL ECRD(AASC(ISCD),1ECP,NQI2,NE) j
33. K13 15 WDER | K1TP = KIT+NRL

KIT=KITP «—To 7L,TR | =

| QUADRANT DonE ALL ARE POTTED
< { More To BE PLOTrED

Of CELL; K1TP 6 _
RoW ABOVE (1N3/3). [J=1T+NQ *‘x‘i’é&ﬂ& " l [KP=kP+3
NOTE 0F_PMO_USAGE (SEE ABOVE mc,m)z/ \@,I :
PMO=0 IF YERTEX WAS NEVER SET IN "1000" LOOP, EVEN CALL ECWR (AASC IEC,NQI,NE) | Al PLOTTED 1N
IF PU,PY WERE SET FROM NEIGHBORS IN "1200" % "1300." STORE YAQUL ALL ROWS DONE IN /SEL‘EE,; &2‘;’;{‘%,*
MOMENTUM TRANSFER CALCULATION (AN BE IMPERFECT ROW — [.CM Y YKUL GRD. )
THEREFORE , IF THERE IS mucH DISPARITY IN SIZE BEAWEEN {60 up A ROW RETURND
YAQUL GRID ¥ PARTICLE GRID. HOWEVER, RE26MING 1S '
NOT SO COMMONLY USED IN MOMENTUM TRANSFER PROBLEMS
AS IT 1S IN PROBLEMS (N WHICH THE PARTICLES ARE EMPLOYED
SOLELY AS MARKERS. & END SUBROUTINE PARTMOV >
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2.0 SUBROUTINES — REZONE 31

LusrouTInNE REZO/VE>>

REZPMG = 0,154 RDT  4-Lb /Gt , UNDER-RELAXATION FACTOR Xl=X(IPJ) X2 =X(IPTP] X3 =X(1JP) X4=X(1J)
REZBTA = 0,002  4-p, DETERMINES HOW TIGHTLY Yi=Y(IPT)  Y2=Y(IPIP)  Y3=Y(I3P)  Y4=Y(IJ)
k= ~[,E+G VER‘HCSS&wm %E DRAWN Ul=UL(IPT) U2=UL(IPIP) U3=UL(IJP) U4 =yL(1T)
SEARCH FOR | CALL START TOGETHER - Vi=vL(IPS) V2=VL(IPTP) V3=VL(IJP) V&=vL(13)
Maximum FCR= FCT= FCB=XXK *XBMSUM = YBMSUM &
Jud o Vil | Do 1089 722,302 ~@MSUM= 0.0 Rl = 0.125¢ RVEL(1T) e [R(IPT)+R(IPTP;rR(1TP)HR(LT)]
IN FROM THE Dp 1039 1=1,1P! Yy = RI€[(UiH04) 5 (X1-%4) + (Vi+V4)} e (Y(=Y4)
BOUNDARIES, AveL = amax 1 Lol (il +(U2H01)% (X2-X1) + (v24V1)+ (Y2-Y1)
To CONTROL XX = AMAX] (XXX, AVEL) +(U3+UL)n (X3=X2) + (V34V2) #(Y3-Y2)
MESH EXPANSION: _ +(U8+U3)# (X4-X3) + (V4+V3) 4 (4 ~¥3) ]
=——o{FCR = AMAXI (FCR, AVEL)]
# g
J: TMI4 J—=—o{FCT= AMAX | (FCT, AVEL)] g VORTICITY OF INTEREST 1S THE ALGEBRAIC MINIMUM
— NYE ey (AND NEGATIVE)
# 4 XBMSUM B XBMSUM + Y'Y e X4 o— Sxuw
= oTFCB= AMARI(FCB,AVEL)] YOMSUM =Y@mSum + YY Y4 +—Dyw
2 74 BMSUM = OMSUM _+ XY — 1w
3
17= 1T+N& 13 = 1°0 |
CALL L@aP
] g&» 1P7P l
Q049D+ CANTINUE L
FCR = SRRT (FCR« XXX) {
FCT= SQRT (FCT v xxx) CONTINUE 4—SKIP *CALL DONE" AS. REF, ONLY
FCB = SQRT (FCLB#XxX) KC= XBMSUM/BMSUM xc= LW /Fw
SEARCH FOR  |CALL START CALCULATE | ve = Yomsum/gmsum Y= Dyw/Sw
rh‘/t/mmum DP 1069 J=2,7TPi Transuation | REZVT= Amaxi{0.0, [Rezpmgs.5¢ (Yc-Ycen)]}
o !
T gj&,‘:ﬂ’ - SAYE HT. OF MESH CENTER, Vewuty
MESH TRANSLATI:\ D¢ Jeag2 YCEN=Y(LT) ;ﬁgﬁ”&:?ﬁ;‘;gﬁ) (VT) Continved on NEXT FAGE ~—+
t
#y BURST CENTER . —*

DY 1059 1=1,1BAR
IPT = IJ+ N&
IPTP= IJP 4+ N

Y TRUE — 1T RCGL
BOUNDARICS. /A MSDE/\/

b4
\
.
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2,0 SUBROUTINES — REZONE (Cont'v):

<<SUB/\’OUTZNE /?520/\/5>> -a6E 2

32

505"/.

U,V
o [eaw saeT (365 +|CALL START
D@ 1099 J=72,JP2 < ALL YERTILES XIPI = X3JP2=0.0 }.N.mm,—,
CALCULATE | TBAR=.5¢[Y(1TP)+Y(ITM)] Y2 = 'l%l N,
W | i | RS E ee Sa o s e o
+RERVT T+ X(13) = X(13) + UG(17)4 DT NEW  COORTINATES] ¢
lr; Y(1T) = Y(2T) + VG(II)«DT VAMAMAAMAMAAARAA
Xa(ys R(IJ) = X(IF) ¢ CYL + @MLTL
e, Chr sThey
T vy = |agl /(aMix REZSIE)
BOT(.):O 2= AT [Y(IJ),Y?_J ] (90’ 1399 J=2, 3P4 }ALL CELL
M CALC. DY \389 1=\ ,IBAR CENTERS
¢ ToP MAKIHUM IPT = I3 +\Q
BOUNDARIES : BXTENT : YTP2= AMAX | [Y(1T),Y3P7]] 1PTP = 13P + NQ
GRID <L Y4 = REZYO + 0.25+
D@ 1089 L=1,IPl «ALL VERTICES IN Y (Y(13P)4 Y (1PTP)+ Y(13)4¥(1PT)]
1P = IJ+N] ALL 3 : ~%1P1= AMAXI[X(1T) x1P1]]
< JROL(1317)= REZRAN % EXP
IJ = 1T +NQ_ #—DO ENTIRE Row {r4 Y(L3)~v(1PTI]a v}
CALL LBGP  e—aouPa rROW
CALLULATE XBAR = 5¢[x(1P7) + X (1T-NQ )] _{ROL(IPT) = REZRGN # EXP
T, ARRAY +REZBTA« [XC~X(17)] 289)-{CONTINUE <D0 ALL Rows . {iv4-¥(Py)-vurae)] e Yy §
wite §=2: | UETE(L)=REZPMG XBAR-X(13)] CALL Diiue
) > RAL(ITP) = REZREN » EXP ]
. Derme New Paericie kal PLLTE) s ERa Exe,
VELOCITIES PDR = XIPI * ’213)"
oF PD2 = (YIP2-Y2)*RTBP
o PYB= 00 rugru ok urs, 13P- L3P tua
éouN‘;ARlES CALL FILMC{ < NEW GRIDS DEFINED.
; ] RETURN
Q080+ UG(IT) = UGTE(T (PARTICLE GRID THUS JUST COVERS 1389 17 = IPT
Vz (13) = V(—;TE( ) YAQUI GRID THROUGHOUT THE RUN. CALL LO@P
T THIS IS THE SIMPLEST TREATMENT,
g+ 13= 17 ESP. WHEN THE CENTER OF RESOLUTION
CALL LopP IS MOVING OUT RADIALLY,) @ g?zlg;f'm
0992 (PNTINUE /AM
CALL DoNE

K END SUBROUTINE REZONE )

72



102

APPENDIX B

FORTRAN IV INDEX LISTING OF THE YAQUI PROGRAM




£07

INREX 0\{i2/73

OVERLAY{YAQUFIL 40,0}
OVERLAY (YAQUFIL+0,0)

NEX 73 PROGRAM YaQ NP9OUT 4 F ILMyFSETI=QUT+FSET12xF ILM¢FSETT4FSETA)
Inng Ol{lZI 3 OGP OGRAMU$§6U TC(INP, 06% }IL50FSE¥9=SU$ }§571%= IL FSETTFSETB)
2 LEM 7YLCY/ AAL (1310000 /YLC2/ AA2(131000)
3 COMMON /YSC1/ AASC(4242)
4 COMMON /YSC2/ AA(1) 4ANCsASQeAQ¢AOFACIAOMeBOICOLAMUICYL
1 DR4DTIOTCINTFACIDTGRIDTGZINTGZP DTN (101 4DTOC(10) ¢
H DTO1690T02,D7044DTORIDTPOSsDTVeNTBDZIEMI0EPSIFIBPY
3 FIPXLsFIPXReFIPYBoFIPYT,FIXL FIXReFIYB,FIYTyFJBP,
4 FREZyGGM1 1GM1 1GRGRDVEL 9GZ+GZP+ 1+ IRARY I8P+ IBP1y JCOLORY
5 10TO0s TJeTJMs TJUP ¢ TJPSs IMOMES ¢ IMOMX 9 IM1 0 TM6
6 IPAR, IPXL o IPXReIPYBoIPYT,IP141P2+ISCF1.1SCF241SC2,15C3,
7 ITVeIUNF s TXL o IXRoTYBs 1¥YToJs JRAR ¢ JBP ¢ JBP2 4 JCENs JM1 0,
[} JM160JP1y P2, JP4 ¢ JPG02 JUNF 9 JUNFO29KXT 9 LAMWLUP2,yLPB
9 LPRyMUINAME (10) yNCYCoNLCoNPSyNPToNQeNQT yNQIR¢NQT2yNSCs
1 NUMIToNUMTH s OMyOMANC s OMCYL s OMEM1040PEM: 04 PNR9POZ 4 PXCONVy
2 PXL¢PXRyPXRPPYBsPYRMIPYCONV4PYTsPYTP¢RDTsREZRONIREZSIE
3 REZUE+REZVEWREZVT4REZYO(RIRARIRTIBJRVRIRP yRUBP1ROMFR
4 RON¢RPDRyRPORD7Z ¢RPDZ s Ty THIRD e TLIMD s TOUT s TWFINs T20MD s
S VVeXCONVe X1 o XReYBoYCONV,YT 22
5 EQUIVALENCE (AASC(1)sXeXPAR) » (AASC(2)4RsYPAR) ¢ {AASC(3),YsMPAR) s
1 (AASC (4) sUsUGsDELSM) » (AASC(S) o VeVG) o LAASCLE) sROY
2 (AASC(TYsSIEIMPsRMP4RCSQ) o (AASC(BY sEWETIL)
3 (AASCSQ)oRVOL)v(AASC(lO).M'R"'VP)a(AASC(il)oP.PLOEP'
4 UP¢PMO) ¢ (AASC(12) qUTILIULsCAsPMXsPU) ¢ {AASC(]13)oVTIL
5 VLePMYsPV) o (AASC(14) 9QsROL)
6 REAL LAMyLAMDsMyMBoMC oML IMPy MPAR'MR.MT.MTE.MU MUO24MUO4
7 NQ = 14
8 ) PRINT 100
9 10 READ 110y IBARsJBAR IUNF ¢ JUNF s JCENsNReDZsCYL 9 GROVEL ¢AOs AOMeBO 4KX]
10 CALL abv (3}
1 CALL LINCNT (64)
12 IF {IBAR) 40430620
13 20 CALL OVERLAY (7LYAQUFILels040)
14 30 CALL OVERLAY (TLYAQUFIL9240+0)
15 Go TO 10
16 40 CALL EMPTY
c .
17 100 FORMAY (1M1} L
18 110  FORMAY (514+s7F8,3,14)
19 END

PAGE
YAQUY

PAGE
YAQUT
YAQUIL
COMMON2
COMMON2
COMMON2
COMMON2
COMMON2
COMMON2
COMMON2
COMMON?
COMMON?
COMMON2
COMMON2
COMMON2
COMMON?2
COMMON?
COMMON2
COMMON2
EQVREAL
EQVREAL
EQVREAL
EQVREAL
EQVREAL
EQVREAL
EQVREAL
YAQUT
YAQUL
YAQUL
Yaqu1
YAQUI
vaqul
YAQUL
YAQUI
YAQUI
YAQUI
YAQUL
YAQUY
YAqUT
Yagul

)
00002

2

00003
00004
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
000}
00015
00016
00017
00002
00003
00004
00005
00006
00007
00008
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00018
00019
00020



20T

INDEX  01/12/73 PROGRAM
SINGLY REFERENCED VARIABLES

AA
Al
AA2
ADV
ANC
ASQ
AQFAC
COLAMUY
co
NFELSM
nT
nTe
NTFAC
nIGR
n16Z
nTGZP
nTo
ntoe
nTny6
nT0?
NTna
nroa
nTPOS
nTv
nra

E
FMPTY
FM1n
(3]

{
{
{

(
{

IR
"R
R
“R
-R
-R
-R
-R
-R
-R
-R
~R
-8
-R
-R
'R
IR
-R
-R
-R
-R
-R
-R
-R
-R
-R
-R

4CO
2LC
2Le
108U
4CO0
4CO
&CO
4Co
SEQ
SEQ
4CO
4Co
4CO
4Ca
4Co
4C0
4C0O
4CO
4Cn
4CO
4CO0
4CO
4Cco
4Co
4C0
S€Q
16SU
4Cco
5E0

EPS
EQUIVA
ETIL
FIRP
F1PXL
FIPXR
F1PY8
F1PYT
FIxL
FIXR
FIYR
FIvyr
FJRP
FREZ
FSFET12
FSETT
FSETS
FSET9
GhRMY
GM1

19

L

YAQUI (INPoOUToFILMeFSETISQUTIFSET122F ILMsFSETT7+FSETA)

R
-R
-R
)
-R
«R
-R
=R
~R

aco
SF

SEQ
4co
4co
4co
4co
4co
4c0
4c0
4¢0
4CO
4C0
4c0
146
1AG
1AG
146
4C0
400
400
4C0
acn
aCo
4C0
4co
4C0
4C0
4C0

1M
1JP
1JPS
TMOME3
TMOMX
M
M6
INP
1PAR
IPxL
1PXR
1PYB
1PYT
1P
1P2
1ScF1
1ScF2
1S¢c2
1S¢3
1Ty
1XL
IXR
1vYg
tYr

J

JBp
Jap2
JM10
JM14

~1
~1
-1
-1
~1
-1
~1
~1
~1
~1
~1
-1
-1
~1
-1
-1
-1
~1
-
-1
-1
-1
~1
-1
-1
-1
L3¢
-1
-1

4co
4Co
4co
4co
4co
4Co
4co
1AG
4CO
4CO
4co
4Co
4co
4Cco
4co
4co
4CoO
4C0
4co
4CO
4co
4co
4co
4cn
4co
4co
4co
4co
“cn

JP1
JprP2
JPe
JP&O2
JUNFO2
LAMO
LCM
LINCNT
LJP2
LPB
LPR
MR

MC

ML

MR

MT
MTE
MUO2
MUOS
NAME
NCYC
NLC
NPS
NPT
NOT
NQIR
NQT2
NSC
NUMIT

-1
-1
-1
-1
-1
=R
-1
-1
-1
=R
=R
=R
=R
«R
=R
«R
=R
tyl
-1
-1
-1
-1
-1
-1
-1
~1
-1

4Co
4Co
4CO
4CO
4CO
6RL
2F
115V
4CO
ACO
4Co
6RL
6L
6RL
6RL
6R
6RL
6RL
6RL
4CO
4Co
4Co
4CO
4C0
4Co0
4Co
4Co
4CO
4Co

NUMTD
OM

OMANC
oMCYL
OMEM10
OPEM10Q
P

PDR
PDZ
PL
PMX
PMY
PMO
PRINT
PU

PV
PXCONV
PXL
PXR
PXRP
PY8
PYRAM
PYCONV
PYT
PYTP
Q

R
RCSQ
/DT

-R
=R
R
=R
=R
=R
~R
=R
~R
=R
«R
-R
=R
-R

PAGE 3
4Co READ
4Co REAL
4Co REZRON
4C0 REZSIE
4Co REZUE
4C0 REZVE
SEQ REZVY
4Co REZY0
4Co R18AR
SEQ R18JB
SEQ RIRP
5EQ RJRP
SEQ RM
8F RMP
5€EQ RO
S€Q ROL
4CO  ROMFR
4CO  RON
4Co RPDR
4CO RPDRDZ
4C0  RPDZ
4Co RVOL
4Co S1E
4Co T
4Co THIRD
5EQ TLIMD
5EQ  TOUT
SEQ TWFIN
4C0  T20MD

-
-R
~R
R
“R
-R
-R
“R
“R
«R
-R
«R
-R
-R
R
-R
-R
-R
R
-8
~R
~R
R
-R
-R
-R
~R
-R

9F

6F

ACO
ACO
4CO
4Co
4CO
4CO
4Co
ACO
4CO
4Co
SEO0
SEaQ
S5EQ
SEQ
4CO
4CO0
4C0
4C0O
ACO
SEQ
SEQ
4Co
4C0
4C0
4CO
4CO
4C0

YPAR
Yscy
Ysca2
Y7
2z

=R
=R

=R
=R

=R
=R

=R
-R
-R
=R
«R
=R
«R

=R
R

Sg0
SEQ
SEQ
SE0Q
SEQ
50
5€Q
5£Q
Seq
5¢Q
4co0
5£Q
4c0
4c0
SEQ
o
SEQ
1sy
[Yals}
4Cco0
2¢N
2¢N
SEQ
3¢cN
ACN
4cO
4CcO

P R e T L R Y Py R T TR P Ry Ry L T Y P L PR Y P R Y Y PP S R R L P P I R L R L P L L L L R LR DA L X e L XL L d

MULTTPLY=REFERENCFD VARTABLFS
15

10 = 9o

20 -~ 12

10 - 1?7

40 = 12

100 = APR

110 = 9RD
AASC IR 3co
AD =R 4CO
A0M =R 4CO
RO =R 4CO
COMMON = k13
cYL -R 4CO
DR “R 4CO
nZ “R 4co
FILM “R 146
GRNVEL =R 4Co
1BAR ~1 4CO
TUNF -1 4Co
JBAR -1 4COo
JCFN ~l 40
JUNF -1 4CO
KX -1 4Co
LAM ~R 4COo
M =R SFQ
MP R SFQ
MPAR -R SEQ
1Y)
NO L3 4COo
nut =R 1AG
OVERLAY =~ 135U

13e
140
160
17e
18«
SEQ
9RD
9RD
98D
4F
9RO
9RN
9RN
146
9RN
9RD
9RD
SAN
90
9RD
9RN
6RL
6RL
6RL
6RL,

7=
146
14sy

5

12

EQ

5E0

sEQ

SEQ

SEQ

SEQ

SEQ

SEQ

INnExR 01/12/73 PROGRAM YAQUI (INPsOUT4FILMeFSETO=NUTIFSETI12=FILM,FSET7+FSETB)
- 4CO 6RL-

SEQ

SEQ SEQ

PAGE 4

SEQ
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INDEX

01{!2/73

2
3

10

20

30

40

S0
60

70
1]

SUBROUTINE LOOP

SUBROUTINE LOOP

COMMON /YSC1/ AASC(4242)

COMMON /YSC2/ AA(1) sANCIASOsAOWAOFACIAOMIBOCOLAMUCCYL y
DReNTsOTCDTFACIDTGRIDTGZINTGZPIDTNL10) «DTOCI10)
NT016+0T02,0T04«DTOBINDTPOSIOTVIDTRLDZIEMI0EPSIFIBP,
FIPXLoFIPXAsFIPYRIFIPYT o FIXL+FIXReFIYB4FIYT4FUBP,
FRF.ZyGGM1sGM1 +GRyGROVEL +»GZ4GZP+ 14 IBARYIRP4IHP1 4+ 1COLORS
TDT0e TJe1UMITJP e TIPSy IMOME3 s IMOMX ¢« TM) g {Mb o
IPARSIPXLyIPXRyIPYR¢IPYTIP141P24ISCF1,ISCF2415C2415C3,
ITVoTUNFoIXLoIXReIVRe IYT ¢Jo JRAR ¢ JRP ¢ JBP2y JCENsJM10,
JM169JP1 s JP24 P4 JPA02, JUNF ¢ JUNFO24KXT s LAMILIP24LPRy
LPRoMUSNAME (10) +NCYCoNLCoNPS NPT sNGINGTINQIBINQTI24NSCo
NUMIToNUMTD 9 OMy OMANC OMCYL s OMEM1 04 NPEM] 0 4PNR,PDZ 4 PXCONY,y
PXI.ePXRePXRP4PYBIPYRMIPYCONVIPYTsPYTPsROTyREZRONSREZSTE
REZUEZREZVE sREZVTIREZY0+RIBARIRIAJBIRIBP 4RIAP1ROMFR ¢
RON+RPOR¢RPDRNZ4RPNZ s T4 THIRDy TLIMD y TOUT < TWFINs T20MN
VVoXCONVe XL ¢XRyYBo YCONV,YT,22

CALL ECWR (AASC(IJUMS) ¢ TECWINQ] #NE)

TIECW = TECW ¢ NQI

60 YO (1n420+30) IBUF

IJP = 1UPS = 1

1J = 1sC3

TJM = TJYMS = 1SC2

IBUF = 2

GN TO 490

1JP = 1UPS = ISC2

J =1

TUM = TUMS = ISC3

IAUF = 3

GO TO 40

ENTRY START

IJPS =

IECR = 1ECW = 0

CALL ECRD (AASC(IJPS)IECRyNOTINE)

1ECR = IECR ¢ NQGI

1JPS = 1802

CALL ECRD (AASC(1JPS)+1ECRINQTINE)

TECR = [ECR + NQOI

1JP = 1JPS = 1SC3

1J = 1S8C2

IJM = IJMS = IRUF = )

CALL ECRD (AASC(IJPS) ¢ IECRINQIINE)

1FCR = JECR ¢ NQI

RETURN

ENTRY DONE

CALL ECWR {AASC({IJUMS) 4TECWNQ]NE)

IECW = JECW ¢ NQT

GO YO (50+60e70) [BUF

1JMS = [SC2

GO TO R0

TJUMS a 1SC3

GO TO R0

1JMS = |

CALL FCWR (AASC{IUMS) s TECWINQT ¢NE)

RE.TURN

ENTRY LOOPH

CALL FCWR {AASC{IJS)eIECW.NOT,NE)

1ECW = [ECW = NQ!

NS WN—~ OO NOUN & WN

PAGE
YAQUI
COMMON2
COMMON?2
COMMON2
COMMON2
COMMON2
COMMON2
COMMON?
COMMON2
COMMON2
COMMON?
COMMON2
COMMON2
COMMON2
COMMON2
COMMON?
COMMON?
YAQUT
YaQUl
YAQUT
YAQUI
YAQUI
Yanul
YAQUT
YAQUL
YAQUI
YAQUI
Yanul
YAnUI
YAQUL
YaqUL
YAQUI
YAQUT
Yaqur
YAQUI
YAnUT
YAQUL
YAQUL
YAQUL
YanUt
YAQUT
YAQUt
YAQUI
YAqUl
YAQU!
YAQUL
YAQUT
YAqQUI
YaqQut
YAQUT
YAQU!
YAQUT
YAQUL
YaQUt
YAQUT
YAQUT
Yagut
YAqul

S

00021
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00032
00013
00014
00015
0006
00017
00023
00024
00025
00026
00027
000248
00029
00030
00031
00032
00033
00n34
00035
00036
00037
n0oas
00039
00040
00041
00062
00043
00044
00065
00046
00047
00048
00049
00080
00051
00052
00083
00054
000585
00056
00057
00058
00059
00060
00061
00062
00063
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INPEX  01/12/73
45
46

110

130

140
150

SUBROUTINE LOOP
GO TO (11001200140) JBUF
18UF = 2
TJ = ISCF1
108 =1
TJM = ISCF2
IUMS = 1sc2
Gn 10 130
ENTRY STARTO
TJMS = 15C2
IECR = 1ECW = ITV
CALL ECRD {AASC{IJMS) ¢IECRyNQT(NE)
IECR 3 IECR ~ NOI
IJM = ISCF}
IJMS = IRUF = 1
1J = ISCF?2
1JS = Isc2
IF (IECR,LT.0) GO To 150
CALL ECRD (AASC{IJMS) +IECRINQT¢NE)
IECR = lECR = NQI
RETURN
IBUF = 3
Gn 70 100
ENTRY RIROW
IFC = (J=1) ® NG1 )
CALL ECRD (AASC(1)sTECINQIsNE)
RETURN
ENTRY SETIJ
1J = (I=1) ® NG » 1
RETURN
ENTRY W1ROW
1EC = (J=1)eNQI
CaLL ECWR (AASC(1)sIECINQTINE)
RETURN
END

PAGE
Y2qQult
YAQUL
YArUl
YAQUI
YAQUI
YAQUI
YAQUL
YAQUI
Yaqul
YAQUL
YaQU?
YAQU:
YAQUL
YAQUL
YAQUY
YAqQuUT
YAQUI
YAQUL
YAnUl
YAQUI
YAQUI
YAQUI
YAQUL
YAQUI
YAQUI
YAQUl
YAQUI
YAQUI
YAQUL
YAQUY
YAQUT
YAQUI
YAQUI
YAQUT

6

00064
00065
00066
00067
00068
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
00080
00081
000A2
00083
00084
00085
00086
00087
00088
000A9
00090
00091
00092
00093
00094
00095
00096
00097
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INDEX 01/12/73 SUBROUTINE LOOP PAGE 7

SINGLY REFERENCED VARIABLES

Ak OR 3cn oyna =R aco 62 =R acn vy -] 3Co NCYC -] 3C0 PYCONV =R aco STARTD = 525U
ANC =R 3¢o0 0TPOS R 3¢0 GZp «R 3co JRAR -l 3Co NLC -1 3co PYY «R 3co T R 3¢o
ASQ =R 3co oTv =R 3co 1BAR wl 3co JRP -1 3Co NPS -1 3co PYTP =R 3C0 THIRD -R aco
A0 =R 3co ors =R 3co 1RP -1 3acn JRP2 -1 3Co NPT L34 3Co RDT =R 3C0 TLIMD =R 3¢c0
AOFAC =R con 02 «R 3co 18P1 1 3co JCEN -1 3Co NGB8 =1 3Co REZRON =R 3Co TOUT =R 3¢o
AOM ~R 3cn EM10 R 3¢0 ICOLOR «1 3co JM10 -1 3Co NOI2 -1 3co REZSIE =R 3C0 TWF IN =R 3¢o
A0 _ =R ico EPS R 3co 1070 -l 3¢o JM14 -1 3Co NSC -1 3Co REZUE R 3co T20MD R 3¢co
COLAMU =R co F1ep =R 3co IMOMES  »1 3co Jrl -l 3co NUMIY =1 3Co REZVE R 3¢0 vv =R 3¢0
cyL “R 3c0 F1PXL =R co IMOMX -1 3co JP2 -l aco NUMT( -1 3co RF2VT =R 3co W1ROW - 745U
NONE - 318U F1PXR -R 3co My 224 3co JPé -1 3co oM -R .3C0 REZY0 =R aco XCONV R 3¢co
DR =R 3C0 F1PYB =R 3COo Ma -l 3co JP4p2 -1 3Co OMANC =R 3co RIBAR R 3C0 XL R 3¢0
nY -R 3c¢o FIPYTY =R 3c0 IPAR -l 3co JUNF =1 3Co OMCYL =R 3Co RIAJB =R 3co XR «R 3co
nTC =R 3co FIXL -R 3co IPXL -l 3co JUNFO2 1 3cn OMEM10 <R 3Co RIBP =R 3¢0 Y8 -R 3co
NTFAC R 3co FIXR -R 3C0 IPXR -1 3¢co Kx} -l aco OPEM10 «R 3co RUBP -R 3C0 YCONY «R 3c0
NTGR «R aco F1vys R co 1PYA -l aco LAM -1 3Co PDR =R 3Co ROMFR =R 3Co Yscl - 2CN
nTGZ =R icn FIYT =R 3o 1PYT -1 3¢o LJP2 -1 3Co PNz =R aco RON -R 3c0 Ysc2 - 3¢N
nTG7P ~R aco F. 8P R aco 1P) -1 3co Loop - 15V PXCONV =R 3Co RPOR =R k[ofo) Yv =R 3co
nTo_ ORrR 3co FREZ -R 3co 1P2 -1 3co LOCPD - 425U PxL =R 3C0 RPDRDZ =R 3co 22 -R 3co
nToc¢ OR co GGM) =R aco TUNF (3¢ 3co LPB -1 aco PXR =R aco RPDZ =R 3C0

nTOYh =R 3cn GMY -Q 3co IXL -1 3co LPR -1 3Co PXRP =R 3co R1ROW - [ 343V)

nT02 =R 3co GR =R 3co IXR -] 3co My -l acn PY8 =R 3Co SETIJ - 718U

DTO4 R 3cn GRDVE( =R 3co 1YR -l 3co NAME (31 3Co PYBM =R 3Co START - 175U

PRI R Pt el Tt atmtm it = tatntn ittt tntntndutat T iminiRindrinitdeiotntatetctailotndniatoladnimiaisdnitctviniaiatPindPicIntniadI=itinivinta

MULT]PLY*REFERENCED VARIABLES

10 = 6 Te
20 ~ 6 124
30 = 6 25 .
a0 = 11 16 286
S0 = 34 354
60 = 34 376
mn - 34 39
_80 = 36 38 40
190 ~ 434 66
110 - 45 460
120 = 45 574
130 = 51 61
140 « 45 640
150 = 61 656 .
AASC ()R 2Co 4AG 2046 23A6 28AG 3246 40AQ 43AG6 SSAG 6248 69AG 7646
COMMON = oF 3F B
ECRO - 205U 23SV 28SU 558U 625U  69SU
ECWR - 48U 325U  40SU  43SU  TeSU
FNTRY = 17F 3)F 42F s52f 67F 71F TaF
1 -1 3¢0 712
18UF -1 6 10= 15= 272 3 45 46 SR= 65=
1EC -l 68= 6946 75= T6AG
1EcR el 19= 20A6 21= 21 23AG 24s 24 28AG 29= 29 543 SS5AG 56a 56 61 62A6  63=
63
1ECW -1 4AG Sa 5 19= 3246 33= 33 40AG  43A6  44= 44 54%
1J -1 3C0 82 132 6= 47m 59a 723
TJM -1 3co 9= l4= 27= 49= 57a
TJMS =1 4AG 9= 142 27= 3246 35= 37a 39s 40AG  50= 53= 55A6 58= 62A0
1JP -l 3co T 12= 25= R
1JPS -1 3C0 T= 12= 18= 204G 22= 23A6 25= 284G
1J8 _ =1  43a6 4Bz 60=
1ScF1 -1 3co 47 S7
ISCF2 =1 3co 49 59
INNEX  01/12/73 SUBROUTINE LOOP _ PAGE 8
18¢2 =1 3co 9 12 22 26 35 S0 53 60
15¢3 -1 3co 8 14 25 37
1TV -l 3co 54
J -1 3C0 68 5 .
NE -1 4AG 20AG 2346 28A6 32A0 40AG 43AG SSAG 6246 69AG 76406
NG -] 3co0 72 i - .
NQT -1 3co 4AG 5 20AG 21 2346 24 28AG 29 32A0 kK] 40AG 43A0 (1) 55AG 56 62A0
63 68 69AG 715 T6A6

RETURN = 30F 41F 64F 70F 73F T7F
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SUBROUTINE FILMCO

SUBROUTINE FILMCO

COMMON /YSCL1/ AASC(4242) .

COMMON /YSC2/ AA(1) ¢ANCYASQIADAOFACIAOMIBCICOLAMUCCYL
NReDTsDTCoNTFACIOTGRsDYGZ9DTGZP4NTO10) 4DTOC(10)
NTN16+0TO2,DT04s0TORIDTPOSsDTVIDTR(DZIEMIO0+EPSIFIBP
FIPXLOFIPXR;fIFVBvFIPVTvFIXLvFIX“‘FIYB.FIYT.FJBP'
FREZ+GGM) yGM] +GRyGROVEL +GZ¢G2ZP o1+ IRARY IBP ¢ I1BP1+ICOLORY
10TNe1Js TIMe 1Py [IPSe TMOMESs TMOMX 4 TH 10 TM6
IPARS IPXL e IPXRy IPYR, IPYT 1P IP241GCF1 4 ISCF2,15C241SC3,
ITVIUNF o IXL o IXReIYRe1YT 3 JsJRAR 4 JRPJBP2¢ JCENIJIM10,
JM163JP1 4 JUP2 P4y JP40O2,, JUNF s JUNFN2 KR4 LAMeLUP2¢LPRy
LPRoMUINAME 110) yNCYCoNLCoNPSeNPT «NtyNQT «NQIB4NQT2sNSCe
NUMTToNUMTR ¢ 1My OMANC s OMCYL ¢ OMEM1 0+ DFEM1 04 PNR4PDZ 4 PXCONV,
PXL sPXRPXRP ¢PYRsPYRMePYCONV sPYT+PYTPIRNT1REZRONIREZSIES
REZUEWREZVF +REZVTsREZY(0+RIBARIRIRJR(RIAP yRUBPyROMF R
RONRPOR ¢ RPORNZ +APNZ s Ty THIRD» TLIMD s TOUT s TWFINy T20MD s
VV e XCONV o X ¢ XRy YR e YCONV YT 22

EQUIVALENCE (AASC{1)sXsXPaR) ¢ (AASC(2)sR4YPAR) ¢ {AASC(I) 4Y4MPAR),

(AASC(4) sUsUG,DELSM) s (AASC(5) sVeVG) o {AASC(6)9RO) ¢
(AASC(7) 9STE+MP ¢RMP yRCSO) o tAASC (81 4EWETIL)
{AASC(9) yRVOL) s (LAASC(10) sMeRMyVP) o (AASC(11) 4P PLIFEPy
UPsPMQ) ¢ (AASC(12) JUTILoULsCAIPMXePU) ¢ (AASC(1314VTILy
VL PMYsPV) o (AASC{14)9Q4ROLY
REAL LAMyLAMD¢MoMRoMCoML 1 MP o MPARIMRIMT 4MTE 4 MU, MUO2 s MUOG
DIMENSION X(1)sXPAR(1)¢R(1)sYPAR(I) oY (1) +MPAR(I) »U(1)9UGI)

NELSM{1)svi1)oVGI1) 4JRALLIGSTELL) +MP (1) 4RMP (1) 4RCSO(1) s
ECLYoETIL (1) oRVOL (LY oMI1Y oRM (1) o VP {1} 0P (1) 9PLIT)WEP (1) s
UPLTY sUTIL (1) oUL (1) 4COILY oPMXL1) sPULL) oVTIL (1) 9VL(L) s
R PMY (1) oPV (1)@ (1) eROL (1) ePMO(])

XL = 0.0

YR = 1,E¢20

XR z YT a =YB

CaLl STARY

DO 129 J=2,.JP2
no 119 1=1,IP1

XR = AMAX1(XReX(IJ))
YR = AMINL(YBsY (1))
YT = AMAXY(YTeY{IU))
14 8 IJ « NO

CALIL. LOOP

CONTINUE

VV 3 0.99XReRIAAR

FIYB = 916,0

XD = XR/Z(YT=YR)

Yy = 0.0

IF (XDJLE,1+13556) yY=ls

FIXL = AMAX1(0sy(5114=450,9XD) YY)

FIXR = (5114¢450.#XN)OYY o 1022,%({1,=YY)
FIYT = 164%YY ¢ (916,°1022./7XD)%(1,=YY}
XCONV 8 (FIXR=FIXL)/{XR=XL)

YCONV = (FIYT=FIYR)/(YT=YR)

IXL = FIXL

JXR = FIXR

1vB = FIYR

IvT = FIYT

IF (NPT,EN,0) RETURN

XLl = 0.0 .
PYB = YR ¢ PY8

"PAGE
YAQUI
COMMON2
COMMON2
COMMON2
COMMON2
COMMCN2
COMMON2
COMMCN2
COMMON2
COMMON2
COMMON2
COMMON?
COMMONZ
COMMON2
COMMON2
COMMON2
COMMON2
EQVREAL
EQVREAL
EQVREAL
EQVREAL
EQVREAL
EQVREAL
EQVREAL
DIMEN
DIMEN
DIMEN
NIMEN
DIMEN
YAQUI
YAaqu?
Yaqut
YAQUL
YAQUY
YAaqUL
YAQUL
YAQUY
Yaqul
YAQUT
YAQUL
YAQUT
YAQU!
YAQUT
YAQUI
YAQUI
YAQU1
YAQUI
YAQUIL
YAQUI
YAQUI
YAqUL
YAQUL
YAQUI
YaQul
YAnul
YAQUI
YAQUI
YAQUT

9 .

00098
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00002
00003
00004
00005
00006
00007
00008
006002
00003
00004
00005
00006
00102
00103
00104
00105
00106
00107
00108
00109
00110
00111
00112
00113
00114
00115
00116
00117
00118
00119
00120
00121
00122
00123
00124
00125
00126
00127
00128
00129
00130
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INDEX  01/12/73
36

37
3R
39
40
a1
.2
43
&6
45
46
a7
48
49

) SUBROUTINE FILmMcO
PXR = PDReFIBP
PYT 3 PYB ¢ POZ#FJBP
PXRP 3 PXR®OPEM]0
PYBM a PYRAQMEM10
PYTP 2 PYTSOPEM10
RPDR = 1,/PDR
RPDZ = 1./PDZ
RPDRDZ = RPDR*RPD?
FIPYRB = 916,0 ]
X0 = PXR/(PYV<PYR)
YY = 040
IF (XNJLE414135561 vY=1. )
FIPXL = AMAX1(0++(511,-450,9XD)eYY)
FIPXR 3 (51140450,*XD1®#YY o 1022¢#(1e=YY)
FIPYT = 1649YY ¢ (916,=1022./XD) ©(1se=YY)
PXCONV = (FIPXR=F{PXL)/ (PXR=PXL}
PYCONV = (FIPYT=FIPYB}/(PYT«PYR)
IPXL = FIPXL
1PXR = FIPXR
1PYR = F1PYB
IPYT = FIPYT
RETURN
END

PAGE
YAQUE
YAoqut
YAQU1
YAQUI
Yaqut
YAQUL
YAQUT
YAQUL
YAqQUI
YAQUL
Yaqul
YaQUl
Yaqut
YaqQul
YAQUY
YAqQU!
YaqUl
YAQUI
Yanul
YAQUT
YAqut
YAQUJ
YAQUY

10
00131

00132
00133
00134
0013S
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
00146
00147
00148
00149
00150
00151
00182
00153
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. INDEX 01/12/73 SUBROUTINE FILMCO PAGE 11

SINGLY REFERENCED VARIABLES . .
AA UR .3¢o DTO {IR 3co GROVEL =R 3co. ISCF2 -1 aco LJP2 =% 3aco NQI2 1 3co ROMFR =R 3co
AMIN1 - 14SU 0TOC (IR 3¢0 6Z =R 3co 1sC2 -l 3Co LoOP - 175V NSC (3 aco RON =R 3¢co
ANC “R 3co DTO16 =R 3co GZp =R aco I1sC3 ~y 3co LP8 1 3Co NUMIT -1 3co START - 108V
ASQ =R 3cn D102 =R aco 184R w] 3co 1TV ~1 3Co LPR -1 3C0  NUMTOD -] 3co T -R  3¢c0
A0 =R acn DTN4 =R 3¢0 18p -1 3co IUNF -1 3aco MB =R SAL OM =R 3co THIRD «“R 3¢c0
AOFAC -R 3co DTo8 =R 3co 18pr1 -1 3co JBAR ~1 3co MC =R SRL OMANC =R 3Co TLIMD =R 3c0
AOM =R 3co 0TPOS =R 3co ICOLOR =I 3co Jap -1 3Co ML =R SRL OMCYL »R 3Co0 TOUT =R 3c0
RO -R con otV =R 3co 1070 -l 3co JRP2 -1 3Co MR R SRL ROT -R 3co TWFIN =R 3co
COLAMU =R 3Co 0T8 =R 3co IJM ~1 3co JCEN =1 3Co MT =R SRL REAL - SF T20M0 =R 3co
cyL =R 3¢co 02 -R 3co 1Jp -1 3c0  uMlo -1 3Cn  MTE =R SRL REZRON =R 3co ¥YSCl - 2CN
NIMENST = &6F EM10 =R 3co 1JPS -1 3co JM14 wl 3co Myo2 «R SRL REZSIE =R 3co Ysca2 - 3CN
nR =R 3Co EPS -R 3aco IMOME3 =1 3co JP1 ~1 3Co MUD4 «R SRL REZUE =R 3co 2z =R 3¢co
nt “R 3Co EQUIVAL = AF IMOMX -l 3co JPS -1 3Co NAME 01 aco REZVE -R 3Co
nTe =R 3C0 FILMCO = 18U My =1 3co JP4n2 -1 3co NCYC -1 3Co REZVT =R 3co
DYFAC =R 3C0 FREZ =R 3¢0 Mg -l 30 JUNF -1 3Co NLC -1 3C0 REZYD =R 3C0
NTGR =R 3co GGM} -R 3co 1PaR -1 3co JUNFO2 =1 3co NPS L34 3aco RIRJB =R 3¢€0
nTG2 =R 3co GM] =R aco P2 - -1 3co KXI ) ¢ 3co NOI -1 3co RIRP =R 3Co
D1G7P =R 3Co GR -R 3co 1ScF1 -1 3co LAMD -R SRL ~ NQIB -1 3Co RJBP =R 3co

0-0-0-_0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-$~0-0-0-0-0-0-0-0-0-0-‘-0-0-0-0-0~0-0-0-0-“-‘-0-0-0-0-0-0-0-0-‘-o & *=0 - PO omom
MULTIPLY=REFERENCFD VARIABLES

119 = 1200 164
129 = 11n0 1R f

AASC OR 2¢0 4FEQ AEQ 4EQ AEQ AEQ 4EQ AEQ AEQ 4EQ 4EQ 4E0 4EQ AEQ 4EQ

AMAX) - 13sU 155U 24Sl) 48SU

COMMON = 2F 3IF

cQ (IR AFQ 6nt

nELSM ()R 4FQ enl

3 R 4EQ 6n1

EP ()R 4EQ 6nt

FTIL (R 4EQ 6n1

F1AP =R 3C0 36

FIPXL =R 3C0 48= 51 S3

FIPXR =R 3co 49= St 54

FIPYB =R 3C0 44z 52 55

FIPYT =R 3C0 50= 52 56

FIxXL =R 3co 243 27 29

FIXR -R 3cn 25= 27 30

FlyB “R 3Co 20 28 3

FIYT R 3co 26= 28 kY4

FJRP =R Kie{o] 37

1 =1 3o 1200

1 -1 3co 13 14 15 les 16

1PXL =] co 53

1PXR =1 3co Shz

1PY8 -1 3co 55

PYT =1 3C0  S6x

1P1 =1 3co 12n0

XL -1 3C0  29=

1XR -1 3co 0=

1YR -1 3C0 3=

1YY -1 3¢Co 32=

J . -1 3Co 1100

JP2 -1 3C0  11n0

LAM =R 3co SAL

M (IR 4EQ SRL 601

MP R 4EQ SRL 601

MPAR (IR AEQ SAL 601
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INDEX  01/12/73
=R 3c0

NPT
NO
QMEMT §
OPEM] 0
p

POR
P02

PL

PMX
PHY

-1
el
=R
R
(IR
=R
=R
)R
OR
(R
(R
()R
OR
=R
<R
*R
-R
=R
-R
’“
-R
=R
OR
(2R
(R
=R
OR
R
R
(R
=R
=R
=R

3¢o
3co
3co
3co
4€Q
3Co
3co0
4EQ
4EQ
«EQ
4EQ
4E0
4EC
3Ca
3¢co
3co
3aco
k oy)
3co
3co
3co
3Co
4EQ
4EQ
4EQ
33F
3co
4EQ
4FQ
4EQ
4EQ
3co
3C0
3c0
4F0
4EQ
4EQ
4EQ
4EQ
4£Q
4EQ
4F0Q
4EQ
4EQ
4EQ
4FQ
3C0
4EQ
aco
21=
3co
4EQ
3C0
4EN
3C0
3¢o
4EQ

40
4

42

51 .

38 45

35 ar

A0 45

43

43

13

24 25

27

13a 13

14 15

9 148

SUBROUTINE FILMCO

51

39 45

52

26 45=
19 21

14 21

52

A7 48 49 50
27

28 35

PAGE
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INNEX  01/12/73 SYBROUTINE FILMCO PAGE 13
=R 3co 9u 15= 15 21 28
Yy =R 2?7= 23= 24 25 25 26 26 LY1] A7= 48 A9 49 50 S0

0-0-0-0-0-0-0-.-.-o-.-o-o-o-o-b-o-o-‘-‘-o-.-o-o-o-o-0-Q-g-o-.-o-Q-.-0-0-0-0-9-0-0-0-0»0-0-0-0-0-0-0-0-0-0—0-0'000-0-0-0-0-0-0-0-0-

NDEX 0171277 OVERLAY (YAGUFiL 1 PAGE 14
! 01fr2s73 OVERLAY (YAQUFIL, 3 v 61 ILele YASET 00002
INDEX  01/12/73 PROGRAM YASET PAGE 1S
1 PROGRAM YASET YASET 000(_)3
2 PRINT 10 _ YASETY o0o0ns
3 CaLL VASETI YASET 00005
4 10 FORMAT{# YASET CALLED®) YASET 000_06
5 ENO YASEY 00007

INDEX_ 01/12/13 PROGRAM YASET PAGE 16
SINGLY REFERENCED VARIABLES
PRINT - 2F YASET - 18U YASET! = 3sy
PPt ntnttininimintntnininintatatnind Smbme ¢ Sugmtmtmintintntntaitstaniainintntotviatnindiviatats
MULTIPLY-REFERENCED VARIARLES
10 = 2PR L1

Q-Q-Q-QUO.Q-‘-0-0-‘-Q-0-0-‘-0-0.‘-.-0-0-0-0‘0.0-“‘-.-0-0-‘-‘-0-0-0-0-0-0-0-‘.0-0-Q-0-0-0-0-0-0-0-OQQQO-O.QOQUO-0-‘-0-..0-'-..0-0.




INDEX  01/32/73 SUBROUTINE YASETL PAGE 17
1 SUBROUTINE YASET1 YASEY 00008
LCM /YLCl/  AA1(131000} /YLC2/ AA2(131000) YASET 00009

COMMONZ 00002
COMMON2 00003
COMMON2 00004
COMMON2 00005
COMMONZ2 00006
COMMON2 00007
COMMON2 00008
COMMON2 00009
COMMON2 00010
COMMONZ 00011
COMMON2 00012
COMMON2 00013
COMMONZ2 00014
COMMON2 00015
COMMON2 00016
COMMON2 00017
EQVREAL 00002

COMMON /YSC1/ AASC(4242)

COMMON /YSC2/ AA(1) JANCoASOsAQsAOFACIAOMIBUICOLAMUICYL Y
DRyNTsDTCHDTFACIDTGRIDTGZIOTGZP4DTN{10)+DTOC(10),
NTO16eNT02,DT04sNTOB4DTPOSsDTVeDTB4NZIEM104EPSIFIBP,
FIPXLsFIPXRIFIPYReFIPYT FIXLoFIXRIFIVYB4FIYToFJIBP,
FREZ4GGM1 ¢GM] +GR4GRDVEL ¢GZ9G2P 4 1+ 1RARIBP 4 IBP14 ICOLORY
10700 1JeTUMeTIP Y IJPSs IMOMES s IMOMX s TM]1 9 TM6
TPARIPXL o IPXRs IPYRy IPYToIPY4IP20 ISCF14ISCF2,1SC241SC3,
TTVeIUNFoIXLeIXRy1YBolYTeJs JRARJBPUBP2yJCENIJIMIO0,
JM140JP 19 UP24JP4 s JPA02¢ JUNF o JUNFO2¢KXIsLAMsLIP2yLPR
LPReMUYNAME (10) +NCYCoNLCINPSINPTINUSNQT I NQIBJNQI2sNSCo
NUMIToNUMTD»OM o OMANC ¢ OMCYL y OMEM1 05 OPEM1 09 PDR4PDZPXCONV,
PXLyPXRePXRP4PYRsPYBMsPYCONVIPYTIPYTPeRDT¢REZRONVREZSIE,
REZUEsREZVEWREZVTIREZYN4RIBARYRIAJAIRIBPyRJRPIROMF R,
RONsRPDRyRPDORDZ 4 RPNZy Ty THIRD s TLIMD s TOUT s THFIN9 T20MD
VVeXCONVy X s XRe YR YCONY 4 ¥T 422

5 EQUIVALENCE (AASC (1) eXaXPAR)Y s (AASC{2) ¢ReYPAR) » (AASC (3) 4 YoMPAR) ¢

> wWN

NMLPWLWN™ ODACNSWN =

err

1 (AASC(4) sUsUGIDELSM) ¢ (AASC(5) ¢ VaVG) 9 (AASC(6) 9RO) ¢ EQVREAL 00003

2 (AASC(T7) +SIEIMPoRMP4RCSA) o (AASC(BY4EVETIL) o EQVREAL 00004

3 (AASC (91 9AVOL) » LAASC(10) oMoRMoVP) ¢ (AASC {11} «P,PLoEP,  EQVREAL 00055

& UPoPMN) 4 (8ASC(12) JUTIL+ULWCOIPHX9PU) » (AASC(13) 4VTILs  EQVREAL 00006

5 VLePMY s PV) 2 (AASC(T4)1QeROL) EQVREAL 000907
6 REAL LAMoLAMODyMoMBOMC oML aMP s MPARIMR o MT ¢ MTE MU+ MUO2 s MUOSK EQVREAL 00008
7 DIMENSION X(3)oXPAR(1)¢R(1} s YPAR(TI oY (1) 9MPARCID oU(T) sUUG{L )4 DIMEN 00002

1 NELSMC1) ov{1) VG (1) RN WSTE(L) sMP (1) +RMP (1) ¢RCSOL1)y  DIMEN 00003

2 EC1)oETIL (1) oRVOL (1) oM{1) oRM(1) o VP (1) 9P (1) 9PL (1) 4EP(1)y DIMEN 00004

3 UPE1) sUTIL (1) oUL (1) 4COILD 9PMX (LYW PULL) oVTIL (1) ovL (LY, DIMEN 00005

4 . PMY(1)4PV{114Q(1)4sROL L) oPMOLL) OIMEN 00006
8 READ 5009 NAME YASET 000313
9 READ S10¢ MUsLAMyOM4EPSIGRGZ4ASQsRON4GMY YASEY 00014
10 READ 5159 FREZsYBoREZY0+REZUE REZVE +REZVTyREZRONWREZSIE YASET 00015
11 READ 5209 1BPsJRP4PNRWPDZsPYBLGZP s IMOMX YASET 00016
12 READ 5309 TeDTsT20MNeTLIMD e TWFINSLPRyICOLOR YASEY 00017
13 RFAD S40e (DTO(N) 4N=1,+10) YAQETY 00018
14 READ 540 (DYOCIN) oN=1410) YASET 000}9
15 KT = 9 - YASET 00020
16 ASSIGN 110 TO KRET YASET 00021
17 100 WRITE(KT+500) NAME YASET 00022
18 WRITE(KT¢550) IBAR»JBAR IUNF » JUNF » JCEN+DRsDZsCYL 9 GRDVEL o YASET 00023

1 AO9AOMIBO KXY YASET 00024
19 WRITE (KT9560) MUsLAMIOMIEPSeGRyGZ9ASQsRONGGMY YASET 00025
20 WRITE(KT+565) FREZsYBoREZYOsREZUE,REZVE +REZVT ¢REZRONIRE2STE YASET 00026
21 WRITE(KT9570) 18P¢JRP«PDR¢POZ4PYBsGZP, IMOMX YASE] 00027
22 WRITE (KT+580) TeDTeT20MDs TLIMD, THFINSL PRy ICOLOR YASET 00028
23 WRITE(KT+590) (DTO(N) oN=1410) YASET 00079
26 WRITE (KT+600) (DTOC(N)sN=1+10) YASEY 00030
2S G0 TO KRET YASET 0003}
26 110 1IF (LPR.FN,0) GOTO 120 YASEY 00032
27 KT = 12 YASET 00033
28 ASSTGN 120 TO KRETY YASET 00034
29 GO TO 100 YRSET 00035
30 120 IM1 = IRAR « 1 YASET 00036
31 1M6 = TBAR<6 YASEY 00037
32 1Pl = 1RAR » ] YASET 00038
33 1P2 a2 JRAR ¢ 2 YASEY 00039
34 JM10 = JRAR-10 YASET 00040
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INDEX  01/12/73
35

36
37
38
39
40
41
42
43
ob
45
46
&7
48
49
50
51
52
53
S4

200

fueéour!NE YASETY

JM1A = JRAR = )

JP1 = JRAR ¢ )

JpP2 3 JBAR ¢ 2

JPs 3 JRAR ¢ &

JP402 = JP4 / 2.

RIBAR 2 1./FLOAT(1BAR)
RIBRJB = 1./FLOAT(IBAR®JBAR)

NRIB = NO o IBAR
OMCYL = 1.=CYL

NOT = NQ » IP)

1SC2 = NOY o 1

I1SC3 = 1SC2 ¢ NOT

1TV = JPy * NO!

ISCF1 = 1SC2 = NQ

1SCF2 = ISCF1 & NQI _

NSC = LOCF(ZZ) « LOCF(AA) o]

NLC = LOCF{AAL(JPAONOT)) « LNCF(AAL) o}

LJP2 » JP2 = JP2/3 @ 3

IF (LJP2,EQ.0) LJP2 = 3

LJP2 a LJP26NQI =NQ o}

InT0 = 1

TInUT = T « DTO(YD)

OT = NTPOS = DT*0,1

NCYC = NUMTD = 0

EM10 3 1,E~10

OMEM10 = 1.=EM10

OPEM10 3 1,¢EM10

ANC = 0,05

OMANC = ] ,=ANC

COLAMUY = (14001467)/ (LAMSMUSMUSFM]O)
AOFAC = AOM/{2,0%(],4A0M®e2))
GGM1 = (GMlel.)eGM]

THIRD = 14/36 _ -
TUNF = MAXO(JUNFo1}

JUNF = MAXO(JUNF2)

JUNFO? = JUNF/2

IF (JCENLF0,0) JUCEN = JBAR/2

1F (FREZJNEsle) ROMFR = 14/(1,=FREZ)
CALL PARYGEN

CALL MESHMKR

CaLL FILMCO

CALL STARTY

0On 229 J=2,JP1

DN 219 1=1,1BAR

IPJ = 1J & NQ

1PJP = 1JP ¢ NQ

X1 = X(1PJ)
Y1 = Y(IPN)
Rl = RUIPY)
X2 = %X(IPJP)
Y2 = Y{(1PUP)
R2 =z R{IPJP)
X3 = X(1JUP)
Y3 = Y(1JP)
R3 = R{1JP)
X4 2 x(1J}
Y4 = V(I
R4 = R{LJ)

PAGE
YASETY
YASET
YASFY
YASETY
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASETY
YASET
YASEY
YAGET
YASEY
YASET
YASEY
YASEY
YASEY
YASETY
YASET
YASEY
YASEY
YASETY
YASET
YASEY
YASE1
YASET
YASET
YASEY
YASETY
YASEY
YASET
YASET
YASEY
YASEY
YASEY
YASET
YASEY
YASEY
YASEY
YASET
YASET
YASEY
YASEY
YASET
YASET
YASET
YASET
YASEY
YASET
YASEY

18

00941
00042
00043
00044

00045

00046
00047
00048
00049
00050
00051
00052
00053
00054
00055
00056
00057
00058
00059
00060
00061
00062
00063
00064
00065
00066
00047
00068
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
00080
00081
00082
00083
000R%
00085
000R6
00087
00088
00089
00090
00091
00092
00093
00094
00095
00096
00057
00098
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INDEX  01/12/73
93

94
95
96
97

98
.99
io0
101
102
103
10e
108

219
229
300

349
359

c

500
510
515
520
530
540
550

560
565

570
580

590
600

SUBROUTINE YASETI]

ATR = (58 (X]1®({Y2=Y3)¢X20(Y3=Y])eX2®{Y]1aY2))

ABL = oSO (XI®(YI=y4)oxX3#(Y4=Y])+X4®{Y1=YI))

M(fJ) 3 THIRD#(ATR® (R1+R24R3) ¢ABLS {R1+R3eRE) ) BRO (1)
RVOL(1J) = RO(TIN/M(TD)

_Ett) = SIE(IJ)‘olZS’(UllpJ)’°ZOU(IPJP)°'20U(1JP).‘2'U(IJ)"2
1 SVIIPJI OS2V (IPJP) OBV P) 020V (1) 082)
v = 189

1Jp = IPUP

CaLt LOOP

CONT INUE

CALL DONE

CALL STARTO

D6 359 JJz24JP2

J 3 JPE « gJ

Dn 349 11=1,1P)

1 =1P2 - 11

IMJ = 10 « NQ

IMJM = TUM =NO

XX = 0.0

IF (T NEJTP1 ¢AND, JoaNEe2 ) XX = M(IUM)

IF (T NELIP1 oAND, JeNE.JP2) XX = XXeM{1J)

IF (I.NE.} eAND, JeNE.JP2) XX = XXeM{IMJ)

1F t1.NEJ1 oAND, JeNEe2 ) %X 3 AXeM{IMJM)

RMITJ) = 4,/%X%

19 = 1N

TUM = IMUM

CaLL LOOPD

CONTINUE

RETURN

FARMAT L10AR)

FOARMAT(9F8,3)

FORMAT |8F8,3)

FORMAT(21646FBa3014)

FORMATISBFR,3¢214)

FARMAT (10F8,3) . . . . .

FORMAT (3XeTBARa®14/3X# JBAR=®14/3X0 IUNFueT4/3Xe JUNF2814/3XeJCENaNTS
1/5%X0DR=81PE1245/5X202Z=%E12,5/4XACYLS®E12,5/% GRDVEL2®E12,5/5Xea0=#
2E12,5/4X*20M=2E12,5/5X*AD=eE12,5/8X0KA1=0TT)

_FORMAT (SXOMUI®1REY2,5/6X0| AMZeE12,5/5%X80M=8E12,5/4X#EPS=£12,5/5X
JGP=%E12,5/5X%G2=%F12,5/4X0AS0=2E12.5/6XORNON=*F12,5/4X*GH] =*E172,5)

FORMAT {3XeFREZ=®1PE]2,5/5%X0YR=8F12.5/% REZY0=z#E£12,5/% RF2UEa#

1 F12.5/% REIVE=SE12.5/% REIVT=CE12.5/% REZAON=¢E12.5/% REZSIEas
2 E1245)

anMATlkxnlap-hlb/tx°JRP=ox6/«X°P0R--1pclz S/4XePNZ=%E12,5/4 KPR
19E1245/4XPGZPS#E]245/2%X0 IMOMX= @12}

FORMAT [6X0T=01PEL1D5/SX0DT=0E12,5/% T20MNseEl12,5/¢ TLIMN=EE12.5/
16 TWFIN=#E12.5/4X% PR=#]2/% 1COLOR=412)

FORMATLo DTO{1=10)x®St1PF12e5¢2X) /12X 5(E120542X))

FORMAT(# DTOC{1=1n)=®5{1PE124502%X)/12Xy5(E125,2X)

END
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00099
00190
00191
00102
00103
00104
00105
00106
00107
00108
00109
00110
00111
00112
00113
00114
00115
00116
Q0117
00118
00119
00120
Q0121
00122
00123
00124
00125
00126
00127
00128
00129
00130
gatal
00132
60133
00134
00135
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
00146
00147
00148
00149
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INDEX  01/12
SINGLY REFERENC
200 = 76

300 - 103

340 = 115

AA2 OrR 2
DIMENST = 7
NONE - 162
DTC -R 4
DIFAC =R &
DTGR ~R 4
nTGZ -R &
PTGZP =R &
NInis =R 4
nTo? ~R &

/73

ED VARIABLES

d NT04 =R
A DTOR =R
. DTV =R
LC oTe R

F EQUIVAL «

Su FiBp =R
cn FILMCO =

co FIPXL =R
co FIPXR =R
co FIPYB =R
co FIPYT =R
co FIXL =R
co FIXR =R

4CO
4CO
4CO
4C0
SF
4CO
758U
4C0
4CO
4Co0
4CO
4C0
4C0

SUBROUTINE YASET!

FIYB -R ACO
FIVT «R  4CO
FJRP <R 4CO
18pP1 «]  4cO
1JpS «1  4cO-
IMOME3 =1 4C0
IPAR =1  4coO
IPxtL -1 4co
1PXR =1  4CO
1PYB =1  4CcO
IPYT -1  4&cO
IXL -1  4cO
I1XR -1 4CO

Iva
IvT
JRP2
LAMD
LCcM
LooOP
LnopP
LPR
MB
MC
MESH
ML
MR

0

MKR

-1
-1
-1
-R
.1
-R
=R
«R
«~R

4Co
ACO
ACH
6RL
2F
100SU
1185y
4Co
6RL
6RL
745U
6RL,
6RL

MT =R
MTE =R
MUO2 «R
MUO4 «~R
NPS 1
NPT -1
NQI2 -1
NUMIT -1
PARTGEN =
PXCONV =R
PXL =R
PXR =R
PXRP «R

PAGE 20
6AL  PyaM
6RL  PYCONY
6RL  PYTY
6RL  PYTP
4CO  ROT
4CO  REAL
4CO  RETURN
4CO  RIBP

735U RUBP
4CO  RPDR
4CO  RPDRDZ
4CO  RPDZ
4CO  START

=R
=R
=R
-R
=R
=R
=R
Ll
-R
=R

4CO
4C0
4CO
4CO
4CO
6F
120F
4CO
ACO
4CO
4CO
ACO
T6SU

STARTD
vV

=R
=R
R
=R
R

=R

103sU
4c0
4C0
4c0
4c0
15V
4CO
2CN
2cN
3cN
acN
4c0

0-0-0-0-0-0-0-.-0-0-0-0-0-0-0-0-o-‘-9-0-0-‘-‘-.-0-0-0-...-.-.-.-¢-.-.-.-.-q-.-o-.-.-.-.-.-.-o-..¢-o-o-.-o-...-.-q.‘-‘-.-.-.-;-..o-

MULTIPLY-REFERENCED VARIABLES
100 = 17¢ .
110 = 16AS 26
120 = 26 28AS  30¢
219 = 7800  99e
279 - 7700 101e
349 = 106N0 1176
359 = 10400 119e
500 = BRD  17WR 121e
S10 = 9RD  122e
815 = 10RD 123e
520 = 11RD 1240
G0 = 17RD 125
540 = 13R0 T4RD  126¢
550 « 18WR 127
5h0 = 19WR  128e
565 = 20WR  129e
570 = 21WR  130¢
SAQ = 27WR 131e
590 = 23WR  132e
600 = 24WR 133
AA R 4CO S0
AASC (IR 3co SEQ SEN
AA} tIR 2LC 51 51
[X:1N =R 94= 95
ANC ~R 4CO0 62z 63
ASnH ~R .4C0 9RD  19WR
ASSIGN = 16F ?8F
ATR “R  93= 95
A0 =R ACO  18uWR
AOFAC =R 4CO  65c
AOM =R 4C0 18uR 65
RO =R 4CO 18wR
coLAaMy =R ACO  Gé=c
COMMON = 3F oF
ce (IR SEQ ml
cYL ~-R 4CO  18wR 43
pELSM ()R SEQ ™I
DR ~R ACO  18wR
or =R 4CO0  12RD  22WR
nTo R ACO 13RD  23wR
nToc )R 4CO  14RD  24WR
nTPOS =R 4CO0  S7=

SEQ

65

57=
56

sEQ SEQ

s7

SEQ

SEQ

SEQ

SEQ

SEQ SEQ

SEQ

SEQ
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INNEX 01712773
=R 4COo

E _ ()R SEQ
EM10 =R 4CO
€P OR SEQ
EPS =R 4Cco
FTIL. (IR SE0
FLOAT = A0SU
FRFZ =R 4C0
GGM1 =R 4C0
GMY =R 4CO
GR . =R 4CO
GRNVEL =R 4COo
6z =R 4Co
G2Zp =R 4C0
1 -1 4CO
1BAR -1 4CO
18P -1 4«CO
1CoLOR =l 4CO
10710 -] 4«CO
11 =1 106h0
14 ~I 4COo
115

1M ~1 4Cco
1Jp -1 4CO
™My =1 1loa=

TMUM =1 109=

TMOMX -l 4Co
™) =1 4COo
1M6 -1 4Cco
1PJ -1  79=

1PJUP =1  8o0=

1P -1 400
1P? -1 4C0

1ScF1 =1 4#CO
ISCF2 -1 4Co
15¢? -] 4CO

15€3 -1 4CO
1TV -1 (Y]
TUNF -1 4C0
J - 4CO
JBAR -] “C0
JBP -1 4COo
JCEN -l 4COo
JJ_ -1 104DO0
JMLO -1 4COo
JM14 -1 4CO
JP) -1 4C0
Jr? -1 4C0
JPe -1 4C0

JP4np =1 4CO
JUNF =i 4CO
JUNFO2 =l 4C0

KRET -1 16AS
xT -1 15=
KX1 -1 4CO
LAM ~R 4C0

LJP2 =1 4CO
I.OCF - SosuU

1AWR
m1
59x
ml
9RD
mi
41SU
10RD
66=
9RD
9RD
18wWR
9RD
11R0
7800
18wWR
11RO
12RD

107

116>
109

113

114
11RD
30=
3=
81
84
32=
33a
4R=
9=
45=
46z
41=
18wR
7700
18%R
11RD
1RWR

105
4w
35=
36=
7=

39=
18wR
70=
25
17wR
18WR
6RL

50SU

97s
690

19WR

20WR

19WR
19WR

19un
21wR
fo7=
21WR
22WR
90
111
116
17
21WR
82
44
107
49
46
6R=
1053
34

21WR
n

a7
52
39
69=

28AS
18WR

IR0
S1SY

61

72
66

1ni
3

117=
88

A3
a6
10600

48

6A
1
35

T1=

77D0
52
%1

69

19WR

19wR
S53=
518U

SUBROUTINE YASET!

64

72
66

112 113 114

32 33 0
92 95 95
89 97 97
97 97 98
97 97 99
1 12

112 113 ite
36 7 38

10400 112 113
108

70

20WR  21WR  22WR

66
548 Sé

41

96

99=

al

23WR

PAGE 21
42 7800
96 96 97 97 97 97 98s=
T
24WR  27=

112
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INPEX 01/12/73
-1 4CO 12

LPR RD
M ()R SFQ 6RL
MAX0 - 6RSU 698U
up ()R SEQ 6RL
MPAR ()R SEQ 6RL
My R 4CO 6RL
N -1 13RD  13RD
NAME 1 4C0 8RD
NCYC -1 4C0  S8s
NLC -1 4CO Sl=
NO -l 4C0 42
NOT -1 4COo 442
NQTR -1 400  42=
NSC -1 4CO S0z
NUMTD =1 4CO0  SA=
0OM =R 4CO 9RD
OMANC «R 4C0 63z
aMeYtL, «R 4CO 43=
OMEM10 =R 4CO0  60=
APEMIN =R 4C0 hl=
[ ()R S5EQ 701
POR =R 4CO 11RD
pD?7 =R 4C0 11RD
PL R SEQ I
PMX ()R SEQ ™l
pMY (IR SEQ mnl
M (IR SEN ml
Py (R 5E0 mn1
PV (IR SEQ m1
PYR =R 4C0O 118D
] )R ]FQ nt
R ()R SFQ n1
RCSO ()R [320] 1
READ - aF 9F
REZRON =R 4CO 108D
RE7STE =R 4CO 108D
REZUF =R 4C0 108N
REZVE -R 4CO 10RD
REZVT =R 4C0  10RD
RE7Yp ~=R 4CO0  10RD
RIRAR =R 4CO 40z
alpJR =R 4C0  41m
RM R SEQ mni
RMP R SEQ 1
RO (IR SEOQ mI
ROL {IR SEO m1
ROMFR =R 4C0  72=
RON =R 4C0 9RD
RVOL OR S€Q mni
Rl =R 83= 95
R2 =R R6= 95
R3 =R 89= 95
R& =R 97= 95
SIE tIR S€0 1
4 =R 4CO  12R0D
THIRD =R 4CO0  67=
TLIMD “R 4C0 12R0
TouY =R 4C0 S6=

22vR
701

mne
701
9RN
16RD
179R

o4
AS

19%WR

214R
21WR

21WR
83
10F
2048
P0WR
20wR
20WR

20WR
20WR

115=
95
19wR
96=
95
95

97
224WR

22%R

26
95=

19WR
14RD

4R
46

86

11F

96

56

SUBROUTINE YASET]

96 111 112 113 114

64 64

23WR  23WR  24WR  24WR

S4 79 8n 108 109
47 49 51 54

89 92

12F 13F 14F

PAGE 22
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. INNEX 01/12/73
TWFIN =R AC0 12RO
T20MN =R 4COo 12RD
Y (IR 5€Q 01
uéG (IR SEQ 701
UL (1R SFQ 701
upP (IR SEQ me
uTIL IR S€Q ml
v ()R SEQ 701
v6 (IR SEQ 701
vi (IR SEQ 701
vP (IR SE0 701
VTIL (R SEQ ml
WRITE - 17F 18F
X (IR 5EQ 701!
xPaR (1R sE@ _ 0t
XX =R 1l0= 111=
X1 =R 81= 93
x2 =R 84= 93
x3 -R  87= 93
X4 “R 90s 96

Y (IR SFQ 701
Y8 =R 4CO 10R0
YPAR ()R SEQ 701
141 R 82= 93
¥2 =R B8§= 93
Y3 «R 88z 93
Yé =R 91= 9%
72 =R 4CO0 S0

Rt mt et rentmtaitmtmdmsntetntedetondadninintatnintatminteiniatnd ¢EitaintnimintelintnininintoieinltntniadnicininioiciniusTiosnimin

22vR

22WR

7 97
97 97
19F 20F
8] A4
112= 112
94

94

82 a5
20wWA

93 94
93

93 9%
94

SUBROUTINE YASET]

97 g7

97 97

21F 22F 23F 24F
87 90

1132 113 {18z 114 115

88 91

%
94

PAGE

23
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INDEX  01/12/73 SUBROUTINE PARTGEN PAGE 24 .
1 SURROUTINE PARTGEN _ - YASET 00150
2 LCM /YLC1/  AA1(131000) /YLC2/ AA2(131000) YASET 00151
3 COMMON /YSC1/ AASC(4242) COMMON2 00002
4 COMMON /YSC2/ AA(1) yANCoASQeADsAOFACIAOMIBOsCOLAMUCCYL COMMONZ 00003

1 ORsNTDTCINTFACINTGRIDTGZIDTGZP4NTNi10) +DTOC(10) 0 COMMON2 00004

2 DT016¢DT02,0T04¢DTOBIDTPOSIDTVNTAINZIEMIOIEPSIFIBP, COMMON2 00005

3 FIPXLoFIPXR9FIPYRIFIPY T FIXLIFIXRIFIYBIFIYT4FJBP, COMMON2 00006

4 FRFZ+GGM] 9 GM1 »GRsGRDVEL «GZsGZPs1+IRARs IRP+ IRP1 ¢ ICOLORY COMMON2 00007

5 1070 1Js 1IMs 1P 4 1JPS e IMOMES s ITMOMX s TH1 0 TME COMMON2 00008

6 1PARY IPXL ¢ 1PXRyIPYB s IPYToIP141P24ISCF) 4 ISCF2415C291SC3y COMMON2 00009

? ITVeIUNF o IXLo TXReTYROIYT o JeJBARJBP ¢ JBP2 9 JCENsJM10, COMMON2 00010

8 JM184 P14 JP24 P4 ¢ JP4O2,, JUNF o JUNF 024"t X T4 LAMLUP2sLPRY COMMON2 00011

9 LPReMUINAME {10) ¢NCYCoNLCoNPS NPT NQ '\ NQT«NQTRINOT24NSCe COMMON2 00012

1 NUMTToNUMTD s OMyOMANC ¢ OMCYL ¢ OMEMT 0 4 OPEM] 04 PNRyPDZ 4 PXCONV,y COMMON2 00013

2 PXL +PXRyPXRP ¢PYR4PYBMsPYCONV+PYTsPYTPyRDT ¢REZRONIREZSIE COMMON2 00014

3 REZUEWREZVEsREZVTeREZY0«RIRARCRIARJReRIAP yRYHP s ROMF Ry COMMON2 00015

4 RON¢RPOR¢RPDRNZ 4 RPNZ s To THIRD s TLIMD s JOUT s THF INs T20MN, COMMON2 00016

s VV e XCONV o X 9 XReYBoYCONY ¥ T 422 COMMON? 00017

S EQUIVALENCE (AASC(1) Xy XPAR) s (AASC(2) ¢ReYPAR) o (AASC(3) s YsMPAR) EQVRFAL 00002
1 {AASC(4) sUsUGSNELSM) 9 LAASC(5) «VoVG) s (AASC(6) 9RO ¢ EQVREAL 00003

2 LAASC(7) «STE'MPyRMP4RCSQ) o (AASCI(8) +EVETILY EQVREAL 00004

3 LAASC(9) sRVOL) 9 (AASC10) ¢MeRMIVP) s (AASC(11) 4P(PLIEPy  EQVREAL 00005

4 UPsPMN) o (AASC(12) UTILsUL +COoPHAXsPUY » (AASC(13)oVTILs  EQVREAL 00006

5 VLPMYsPV) ¢ (AASC(14) ¢QeROL) EQVREAL 00007

6 REAL LAMoLAMD¢MoMA sMCyML 4 MP sMPARIMRGMT yMTE JMUoMUO24MUOG EQVREAL 00008
7 DIMENSTON Xt1) o XPAR(1)4R(1}sYPARILI) oY (1) sMPARI]) ¢U(1) 9 UGIT)y DIMEN 00002
1 DELSMIL1) oV {13 oVGIL1) 4RNIY) «STELL) oMP (1) sRMP (1) 4RCSQIY) s DIMEN 00003

2 Ef1)oETILLI)oRVOL L1 sME1) sRMIT1 VP L1 oP{1)sPL (1) 4EP(Y)y DIMEN 00004

3 UP (1 oUTTI (1) o UL {1 oCRU1YaPMX {11 sPULTY oVTIL 1) sVL (LY DIMEN 00005

4 . PMY L1)sPV (114G (1) eROL (1) sPMO (]} DIMEN 00006

8 NPT 3 0 YASET 00158
9 1F (IAP,EQ,0) RETURN . YASET 00156
10 1IF (1RP,GT.IRAR +NR, JBP.,GT.JRAR) GO TO 300 YASET 00187
11 FtBP 2 IBP YASET 00158
12 FJBP = RP YASFT 00189
13 RIAP = 1,/F1BP YASET 001640
14 RJRP = 1,/FJBP YASET 00141
15 1RP] = [RPe] YASET 00162
16 JRP2 = JBPe2 YASEY 00163
17 NQI2 = NQTe2 YAGET 00164
18 1FCP = IPAR = LOCF{AA2) YASET 00145
19 LPB = NOI/3 *3 YASET 00166
20 IMOME3 = JMOMX#1000 YASETY 00167
21 K =1 YASET 00168
22 MY = 0, . YASET 00149
23 IF (FREZ,F0s140) GO TO 100 R L. YASET 00170
24 XMAX = (FLOAT (TUNF) ¢ FREZ® () ,~FREZ®® (IBAR «IUNF )) YASET 00171
1 #ROMFR) *DR . YASET 00172

25 YMAX = REZYO ¢ (FLOAT(JUNFO2} ¢ FREZ®(],~FEZ#® (JRAR=JCEN=JUNFO2)) YASET 00173
1 #QOMFR) D7 YASET 00174

26 YMIN & REZYN ~ (FLOAT(JUNFO2) o FREZ®(],~FREZ®*®{JCEN =JUNF02)) YASET 00175
1 *ROMFR) D2 YASET 00176

27 PDR = XMAX*RIPP YASET 00177
28 PDZ = _(YMAX~YMIN)*RJBP YASEY 00178
29 100 READ Q900e NRPARIDZPARIXCoYCeXDsYDsUPAR,VPA4MTEORAG YASEY 00179
k14 IF (DRPAR,LE«0s) GOTO 290 YASETY 001A0
k) PRINT 910+ DRPARIDZPARIXC4YCoXDsYDIUPARVPARIYMTE 1NRAG YASEY 00181
32 IF (LPR.GT.0) WRITE(12+4910) DRPARDZPARsXCoYCoXDeYDsUPARIVPAR, YASET 00182

f . . B ' . . »
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INDEX
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T4
75
76

200
210
220

230
240

250

290

910

920
990

SUBROUTINE PARTGEN
MTE «DRAG

USH = SHIFT(UPARY30),ANDTT777777778B
VSH = SHIFT(VPARe30).AND.77777777778
DRAG = DRAG<ANDsoNOT777777777TR
YTOP = YCeXD
YBOT = YC=XD
IF (YDJLTLEMI0) Go YO 200
YroP = YD
YROT = YC
IF (FREZ.ER.140) 60 TO 200
YTOP = YMAX
YB80T = YMIN
Xxn = XMAX
YTE = YBOTe,5%NZPAR
XTE 2 XCeo,59DRPAR .
IF (YDoLE«Oe ¢AND, (YTE=YC)®#2.xXTE®#2,GT,XD®92) GO TO 240
XPAR(KP) = (XTEJAND, oNOT, 77777777778} +ORs USH
YPAR(KP) = (YTEJAND, «NOT, 7777777777R) +ORs VSH
MC = MTES (XTESCYLeOMCYL)
MT = MT + MC
MPAR(KP) = DRAG «0R, {SHIFT(MCs30)sAND.7777777777R)
KP = KP+3
NPT = NPTel
IF (KP.GT,LPB) GO TO 250
XTE = XTEeDRPAR
IF (XTELLE.XD) GO Tn 220
YTE = YTEeNZPAR
IF (YTELLE,YTOP) GO TO 210
Gn YO 100
CALL ECWR(AASCoIECP,LPBINE)
1ECP = [ECP+LPR
XP =
G0 TO 230
CALL ECWR (AASCyIFCP¢[PBINE}
NPS = LLOCF(AA2(NPT®#3)) =~ IPAR ¢ 1
PRINT 920+ NPTyMT
IF (LPR.GT40) WRITE(12+920) NPT MT
RETURN
PRINT 999
RETURN

FORMATY (10F8,3)

FORMAT(®> DRPARS®)PE12,5¢ DZPAR=®E12,59 AC=%E12,5¢ YCseE12,5
10 XD=%E12,5/% YnseE12.5¢ UPAR=eE12,5% VPARa#E12,5# MTE30F12,.5

2% DRAG=*F12.5)

FORMAT (4X1h® PARTICLES GENERATENs WITH TOTAL MASSa®1PE12,5)

FORMAT ¢4 PARTICLE GRIN TOO LARGE FOR SCM LAYOUT,®)
END

PAGE
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DTOA
oto8
DTPOS
nrTy
oT8
€PS
EQUIVA
FIPXL
F1PxR
FIPYB
FIPYT
FIxL
FIXR
F1YR
FIYT
GGM}
GM

GR
GROVEL
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R
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INDEX  01/12/73
SIMGLY REFERENCED VARIABLES
AA R 4Co
AAY Or  2LC
aMC =R 4CO
ASQ =R 4CO
Y] =R 4CO
AOFAC =R 4CO
AOM =R 4CO
RO R 4Cn
COLAMU =R 4CO
NIMENSI = ¥
nT =R 4CO
nre =R 4CO
NTFAC =R 4CD
NTGR ~R  4CO
nT6z ~R  4CO
NTGZP <R &CO
nTo (IR 4CO
DToG IR 4CO
NTOIA =R 4CO
nTa2 “R  4CO

GZ

-R

4C0
4Co
4co
4co
4Co
4co
SF

4co
4co0
4c0
4co
4co
4Co
4COo
4co
4co
4c0
4Co
4Co
4co

SUBROUTINE PARTGEN

GZp

1
ICOLOR
1070
1J

P L]
1Jp
1JpS
My
IMA
1PxL
IPXR
1Pv8
1PYT
1?1
P2
1ScF1
IScF2
1S¢2
15¢3

=R
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1
-]
-1
~1
~1

4CO
4CO
4co
4C0
4co
acn

4co.

4co0
4Co
4co
4co
4cn
4CO
4co
4co
4co
4co
4CO
4co
4Co

1TV
IxL
IXR
IYR
T

-1
-1
i §
-1
-1
-1
S
PO
2 4
-1
-1
02 -1
Fooo-1
-1
n <R
2 el
~R
-R
-R

4Co
4C0
4CO
4C0
4Con
4Co
4Co
4C0
4CO
4Co
4Co
4CO
4Co
4COo
6RL
oF

4Cco
6RL
6RL
6RL,

MUN2
MUOS
NAME
NCYC
NLC

NQ
NQIB
NSC
NUMIT
NUMTN
oM
OMANC
OMEMY|
OPEM1 0
PARTGE
PXCONV
PXL
PXR
PXRP
PYR

=R
«R
01
-1
-1
-1
-1
-1
-1
-1
-R
=R
=R
=R
N -
-R
R
R
=R
«R

PAGE 26
6RL, PYBM
6RL PYCONV
4Co PYT
4CO PYTP
4Co RODT
4Co READ
4C0 REAL
4CO REZAON
4CO0 REZSIE
4CO REZVUE
4Co REZVE
4CO0 REZVT
4CO R1BAR
4C0 RIAJB
15U RON
4Co RPDOR
4CO RPNRDZ
«COo RPDZ
4CO T .
4Co THIRD

=R
R
=R
=R
“R
=R
=R
“R
-R
=R
=R
=R
=R
«R
-R
=R
=R
=R

4C0
4C0
4CO
4CO
4CO0
29F

6F

4Co
4CO
4CO
4Co
A4CO
4CO
4C0
4CO0
4CO
4CO
4Co
4Co
4CO

=R

4C0
4c0
4C0
4cO
4co
4CO
4c0
ACO
4Cc0
4CO
2CN
2CN
3CN
4CN
4c0
4CcO
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MULTIPLY=REFERENCED VARIABLES

1n0
200
214
220
230
240
75N
290
300
ano
910
920
990
AASC
AAP
COMMON
co
cyL
DELSM
nR
NRAG
NRPAR
nZ
NZPAR
F
FCWR
FM10
EP
FTIL
FIRP
FJAP
FLOAY
FRFZ
18AR
18P

(R
(R
()R
=R
()R
«R
-R
=R
=R
=R
()R
«R
(R
IR
=R
=R
=R
-1
~1

23
A
460
ATe
56e
&7
55
3n
10
29RD
31PR
67PR
TOPR
aco
2Le
3F
SENQ
4CO
SEQ
4CO
29R0D
29R0
4CO
29RD
SEQ
618U
4CO
GEQ
SEQ
4CO
LYo)
245U
4CO
4CO
4CO

29«
41
59
57
64
58«

60
450

73e
Teo

SEOQ
66

J2WR
31PR

32WR

13

26SV
26
24
10

S5EQ

5=
32WR

45

24
1

sEo

35
46

S8

25
15

SEQ

52
56

25

SEQ

26

5EQ

26

41

SEQ

SEQ

SEQ

SEQ

SEQ

SEQ

61AG

6SAG




INDEX  01/12/73
-1 4CO 1

18P1 5=
1EcP -1 18= 61AG
IMOME] =1 4C0 20=
MOMx =1 aCO 20
1PAR -1 4COo 182
1UNF -1 4Co 24
JBar -1 4CO 10
Jap -1 4CO 10
JBp2 -1 4CO 162
JCEN =1 4co 25
JUNFO2 =1 4C0 25
KP -1 2i= 48
LAM =R 4C0 6RL
LOCF - 18SU 668U
LPR -1 4CO 19=
LPR -1 4CO 32

) IR SEA 6RL
MC =R 6RL 50=
MP tIR &F0 6RL
MPAR (IR SEQ 6RL
MY =R 6RL 22=
MTE =R 6RL  29RD
MU =R 4C0O 6RL,
NE -1 61AG 6546
NPS -1 4CO 66=
NPY -1 4CO0 Bz
NG T -1 4Co 17
NQt2 -1 4Co 7=
oMCYL -R 4CO 50

4 (R SEQ my
PDR ~R 4C0  27=
e02 =R 4Co 28=
pPL ()R SEQ 1
PMX (R SEQ mnl
PMY ()R SEQ ml
PMQ QR REQ mnt
PRINT - NF 67F
PU (IR 5€0 n1
PV (IR SEQ ml
Q (IR SEQ 701
R (IR 5EQ mI
acsa (IR SEQ 701
RETURN = 9F 69F
REZYO =R 4CO 25
RIAP -R 4CO 13=
RJRP =R 4COo 142
M OR SEQ m1
RMP tIR SEQ mnt
RO R 5EQ me
Aoy IR SEQ 701
ROMFR =R 4C0 24
RVOL (IR SEQ 701
SHIFY - 33su 345U
SIE R SEQ ml
U )R SEQ mn1
U6 (1R REQ mt
uL (IR SEQ mIl
up (R SEQ mt

XA

62«

66
24
25
12
26

49

TOF

25
52sU

62

16

26
52

61AG

52
52=
32WR

5S4

26

SUBROUTINE PARTGEN

6548

26
Sa=

62

67PR

S0

66

53 55 63=
6546

68uWR

67PR 68WR
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k44 ¢

UPA
USH
utIL

Y0
YMAX
YMIN
YPAR
YIF
YTnpP

-R
()R
R
(IR
IR
()R

=R

=R
t)R
()R
=R
=R
=R
R
=R
(1R

-R

=R

=R
=R

«R
(IR

=R

=)

INNEX  01/12/73
] =R 29RD

33=
SFQ
SEQ
SEQ
SEQ
SEQ
29RD
34=
SEQ
32F
SEN
29RN
29RD
24=
5FQ
46=
SEQ
37=
29R0
29RD
252
26=
5EQ
45=
36=

28
m1

&7

39=

32WR

32w

32WR
32wR
46
48=
48

43=
32WR
32WR
42
43
49=
49
42=

33

34

46
36
50
45
s

58=
59

SUBROUTINE PARTGEN

a7

S6=

37
39

SR

hbzx

56

40
a7

59

o7 57

57

47
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INDEX ol{i2/73
2
3

[ N7

219

229

SUBROUTINE MESHMKR

SUBROUTINE MESHMKR

COMMON /YSCL/ AASC(4242)

COMMON /YSC2/ AA(1) yANCoASQeAQsAOFACIAOMeBOsCOLAMUWCYL
BR4DT+0TCINTFACIDTGRDTGZIOTCZPNTNL10) 4DTOCI1I0)
DT0164DT02,07049DTOBWDTPNSIDTVINTBINZIEMIOLEPSIFIRP,
FIPXLsFIPXRIFIPYByFIPYT(FIXLIFIXR¢FIYB,FIYTFJBP,
FREZsGGM) »GM1 1GReGRDVEL +GZ+GZP 414 IRARYIBPy1RP1ICOLORY
I0TOs 1JeTUMYTJIP ¢ 1JIPSy IMOME 3¢ IMOMX ¢ TM1 9 IM6
IPARCIPXL o JPXRyIPYRGIPYToIP1+1P2+4ISCFl4ISCF241SC201SC3,
TTVeIUNF o IXLyIXReIYR9IYToJeJRAR¢UBP ,JBP2yJCENIJMLO0,
JM169JPL s P24 JPG 9 JPLO2, JUNF ¢ JUNFOR2¢KXT o LAMeLUP2+LPRy
LPReMUSNAME (10) s NCYCoNLCoNPSINPTINQeNQI ¢NQTRB¢NQT2¢NSCy
NUMIToNUMTN»OMyOMANC s OMCYL s OMEM10 o NPEMY 04 PNRyPDZ4PXCONY,
PXLsPXRIPXRP ¢PYRsPYRMyBYCONVPYTsPYPsRNTsREZRONVREZSIE,
REZUE «REZVEsREZVTIREZYNsRIRARVRIBJR+RIBPRIRPyROMFR,
RONsRPDRyRPDRNZ yRPNZ ¢ Ty THIRD s TLIMN ¢ TOUT s TWF IN¢ T20MD
VV o XCONV o X1 9 XRsYBoYCONV YT 422

EQUIVALENCE (AASC (1) sXsXPAR) s (AASC(2) sReYPAR) ¢ {AASC{3) 4 Y4MPAR) ¢

CAASC (4) 9112 UG4DELSM) 9 (AASC(5) ¢VeVH) 4 (AASC(6) 4RO) s
(AASC(T) ¢ SIEsMPsRMP4RCSN) o (AASC(B) ¢E4ETIL) o
CAASC(9) sRVOL) o (AASC(YINY sMeRMyVP) ¢ LAASC(11) 4PyPLIEPS
UPsPMQ) o {AASCL12) o UUTIL UL +CQePHXIPU) o LAASCI13) o VTIL
VLePMY PV ¢ LAASC{14)9QROLY
REAL LAM¢LAMDsMoMR¢MC oML 9MPo+MPARCMR yMT ¢MTE ¢ MU4MUO2 s MUOA
DIMENSION X (1) 9XPAR(1)2R(1)oYPAR(T) oY (1) sMPARIL) +ULTI) 2 UG(1Yy
DELSM{T) sv (1) 9 VG (1) 4RO(1I&STIE(L) «MP 1) sAMP L)) 4RCSQ(T)
ELL)9ETTIL (1) 9RVOLAL) oM{1) oRM(1) 4 VP (1) 9P (1) 9PLI1}4EP (1)
UP (L) oUTIL (1) UL 1) oCQALY) oPMX (1) JPULT) «VTTILL1) oVL ()0
PMY (1) sPV(1)+Q (1) eROL (1) sPMA(1)

NQIM = NOI~1

CALL STARY

NO 119 y=1.JP4

K = 1JM ¢ NGQIM

DO 109 I=1JMeK

AASC(T) = O

CaLL LooP

CONTINUE

CALL NONE

XX = 040

YY = YR

CALL STARY

DN 229 Js2.4P2

D0 219 1=1,1P1

X{IJ) = XX

Y1) = vy

R(IJ) =

XX = XX ¢ DR

1J = 1J » NG

XX = 0,

YY = YY ¢ D2

CALL {.00P

CONTINUE

CaLl. NONE

IF {FREZ,EQ.1e0) GO TO 300

JCEN = JCEN o 2

JTOP = JCEN ¢ JUNFO2

JROT = JCEN = JUNFO2

TJ = FLOAT{JUNF02) & DZ

NS WNe= DO0~NPN WA

DS W N

SN -

PAGE 29
YASET 00231
COMMON2 00902
COMMON2 00003
COMMONZ 00004
COMMON2 00005
COMMON2 00006
COMMONZ 00007
COMMON2 00008
COMMAON2 00009
COMMONZ 00010
COMMON2 00011
COMMONZ 00012
COMMON? 00013
COMMON2 00014
COMMON2 00015
COMMONZ 00016
COMMON2 00017
EQVREAL 00002
EQVREAL 00003
EQUREAL 00004
EQVREAL 00005
EQVREAL 00006
EQUREAY, 00007
EQVREAL 00008
DIMEN 060002
DIMEN 00003
DIMEN 00004
DIMEN 00005
OIMEN 00006
YASET 00235
YASET 00236
YASET 00237
YASET 00238
YASET 00239
YASET 00240
YASEY 00241
YASET 00242
YASET 00243
YASET 00244
YASET 00245
YASET 00246
YASET 00247
YAGET 00248
YASET 00249
YASET 00280
YASEY 00251
YASET 00252
YASETY 00253
YASET 00254
YASET 00255
YAGET 00256
YASET 00257
YASEY 00258
YASET 00259
YASET 00260
YASET 00261
YASEY 00262
YASET 00263
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36 CALL START YASET 00264
7 DO 249 J=2,JP2 YASET 00265
38 no 239 1=1,1P1 . YASET 00266
39 M4 = 1J = NQ . YASET 00267
40 IF (T.GTLTUNFel1) X(TJ) & X{IMJ) ¢ FREZ®(X(iMJ}=X(IMJ=NQ)) YASEY 00248
41 R{IJ) = X(1J)®CYL ¢ OMCYL YASET 00249
42 JNT = JTARS(J=JTOP) YASET 00270
43 JNB = IARS(J=JROT) B YASET 0027}
b4 IF (JJLTeJROT) Y{1J) = REZY0 = TJ = OZ#FREZ%(]1,-FREZ**J0OB)SROMFR  YASET 00272
45 IF (J.GT4JTOP) Y(1J) = REZY0 ¢ TJ ¢ DZ20FRE.%(],~FREZ#*©JOT)eROMFR  YASEY 00273
46 IF (J.EQe?) YB = YT YASET 00274
“7 239 10 = 1J + NQ YASET 00275
48 CALL LOOP YASET 00276
49 249 CONTINUF. YASEY 00277
50 CALL DONE YASET 00278
sl 300 RFAD 1000« NRsNRyNT,NLIUI,VIsROLeSIEY YASET 00279
52 IF (NR,EQ.0) RETURN YASET 00280
53 1F (NR,EQ.1000) GO TO 400 YASET 00281
54 PRINT 1010, NBvNRoN]‘oNLvUI'VIvROIoSIE! YASET 002a2
55 1IF (LPR,GT,0) WRITE(1241010) NB4NRyNToNLsUTsVI4ROT¢SIEL YASET 002R3
56 NR2 = NB o 2 YASET 00284
S7 NRyl = NR ¢ 1 YASET 00285
58 NT2 = NT ¢ 2 YASET 002R6
59 NLLl = N o ] YASET 00287
60 NN 329 J=NB2¢NT2 YASET 00288
6} CallL RIROW YASET 00289
62 DO 319 I=NL1sNR] YASEY 00290
63 CaLL SETIV . YASET 00291
64 IF (1.6T41 oAND, [+LT.IPl) U{TJ}aUl YASFT 00292
65 IF (J.GTe2 «ANDs JolLT,JP2) V(IJIEV] YASEY 00293
66 IF {J.ENGNT2 «ORe I,EN.NRI) GO TO 319 YASEY 00294
67 RN(IJY = ROI YASET 00205
68 S1E(IJ) = SIEI YASET 00296
69 319 CONTINUE YASET 00297
70 CALL. WIROW YASET 00294
71 329 CONTINUF YASET 00299
172 Gn TO 300 YASET 00300
73 400 XX = GM1eREZSIE YASET 0030}
74 YY = ,5#ARS(G2Z) YASEY 00302
75 CALL START YASET 00303
76 Y.JC2 = (Se{Y(IJPYeY(IN)) YASET 00304
T RNSAV = REZRON®EXP (~GZ@ (REZY0=YJC2) /XX) YASETY 00305
18 FMUM = (Y(IJP) =Y (IJ})oYY YASET 00306
79 FNEN = FNUMSFREZ YASET 00307
A0 ROJL = ROSAVE (XXeFNUM) / (XX=FNEN) YASETY 00308
A1 no 459 1=1,1P1 YASET 00399
a2 RN(1J) & ROSAV YASET 00310
83 RO(1JM) = ROJL YASET 00311
R4 Et(lJ} = E(TJ4) = REZSIE YASETY 003)2
85 1J 2 1J ¢ NO YASET 00313
86 459 TJM = IJM + NQ YASET 00314
a7 CALL L0NOP YASET 00315
88 DO 479 Je3,JP1 YASET 00316
89 FREN = (Y{TJP)=Y(TJ))aYY YASET 00317
90 FNUM = (Y{IJ)=Y(IyM))evY YASET 00318
91 RNSAV = ROSAV#® (XX=FNUM)/(XX+FDEN} YASET 00319
2 D0 469 [=1,1P1 YASEY 00320
93 RO(TJ) = ROSAV YASET 00321
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95
%
97
98

99

00

101

102

103

1ns

105

106

107

108

109

110

111

nea

113

114

115

116

17

118

119

120

121

je2

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

162

143
144
145
146

SUBROUTINE MESHMKR
E(I1J) = REZSIE
469 IJ = 1J ¢ NQ
CALL LOOP
479  CONTINUE
FNUM = FNUMSFREZ
FNPEN = FDENSFREZ
ROJP2 = ROSAV® (XX=FNUM) / (XXeFDEN!}
DO 489 1=1,1P1
RO(TJ) = ROJP2
E(I1J) = REZSIE
489  1J = TJ ¢« NO
CALL NONE
500 READ 1020s IeJJsROILSIETSVIWUT
1F (1.£Q.0) GO TO 520
J = JJ e NT=]
CALL R1ROW
caLL SETIJ
RN{1J} = RO}
STE(LJY = SIEI
ULttty = Ur
VLTS = VI
CALL WIROW
J = Je2eUJel
CALL RIROW
CALL SETIY
RA(1JY 2 ROI
SIE(1J) = SIE]
ULty = Ul
CALL W1ROW
J = J=l
CALL RIROW
CALL SETIJ
VLIT)) = =VI
CALL WIROW
GO T0 500
6§20 CALL START
DO 549 J=32,JBAR
DN §39 f=1,IM1
1PJ = TJeNQ
1PJUP = 1JPeNQ
IF(14EQ,1) VIIUPY = VLI
ULTPJP) = S#(ULITJ)«UL(TUP)}
VIIPJP) = S(VLITJyevL(IPU))
1J = 1PJ
539 JP = IPUP
CaLL LOOP
549  CONTINUE
CALL NONE
RETURN
c
ORMAT (414 44FB,3) i .
}g?g ;ORMArzéx QBBOIBO NHz#13e NTzel3e NLse1de UIza)PE12,5e Vias
i E12.5% ROI=2F£12,5¢ SIEI=0E]2,5)
1020 FORMAT (21544 (4XsE11,5))
END
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00349
00350
00351
00352
00353
00354
00355
00356
00357
00358
00359
00360
00361
00362
00363
00364
00365
00366
00367
00368
00369
00370
00371
00372
06373
00374
00375
00376
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SINGLY REFERENCED VARTABLES
200 « 16w DTO04 =R 3C0 GR =R 3¢c0 IsC3 -1 3c0 MT -R  SRL  PXCONV =P 3C0O RPDZ =R 3c0
AA R 3c0 OTOB =R 3C0 GRDVEL =R 3cO - ITV «I  3C0 MTE =R SRL  PXL R 3CO0 T R  3¢0
ABS = 748U DTPOS =R 3CO GZP ~R 3co IxL ~I 3C0 MUo2 =R SR PxR =R 3C0 THIRD =R 3c¢0
ANC “R  3C0 DTV =R 3¢0 1IBAR -1  3¢0 IxR -1 3C0 MUODA ~R  SRAL  PXRP =R 3C0 TLIMD ~R 3cCO
ASN “R 3CH DTS -2 3C0 1BP =] 3co0 IYB -] 3C0 NAME ()T 3CO PYR =R 3CO0  TOUT -R  3¢0
A0 =R 3C0 EM1p =R 300 IAP1 -1 3¢co IYT -1  3c0 NCYC -1 3C0 PyBM -k 3C0 TWFIN R 3¢O0
AOFAC =R 3C0  EPS =R 3¢0 ICOLOR =1 3¢0 JAP -1 3c0 NLC -1 3CO PYCONV =R 3CO T20MD =R  3CO
AOM =R 3C0 EQUIvVaL - 4F 1070 -1  3co JmP2 -1 3C0 NPS -] 3CO0  PYTY «R  3C0 WV =R 3¢0
RO “R  3C0 ExP - 715U 1JeS -1 3¢0  JM10 1 3Co0 NPT -1 3€0 PYTP =R 3C0 WRITE = SS5F
COLAMU ~R  3C0  FIRP =R 3¢0 IMOME3 -1 3CO0 JMla -1 3Co NOIB -1 3C0 ANt =R  3C0 XCONV =R  3¢0
NTMENS] « 6F FIPXL =R  3C0 IMOMX «1 3¢0  JP402 1  3CO NOf2 -1 3C0 REAL - SF XL =R 3c0
nY =R 3ach FIPXR =R  3C0 IMa -1  3C0  JUNF -1 3C0 NsC -1 3C0 REZUE =R 3C0 XR -R  3c0
nYC. =R 3Ch FIPYR =R 3c0 [IPaR ~1 30 KxI -1 3Co NUMIT -1 3CO REZVE =-R 3C0 YCONV ~R  3¢0
DTFAC =R 3CO FIPYT <R 3cO0 IPXL -1 3c0 LAMD =R SRL  NUMTD -1 3CO REZVT =R 3C0  YSC) - 2CN
NTGR =R 3C0  FIXL -R  3¢0 IPxR -1  3¢0  LJP2 «1 3¢0 OM -R 3C0 RIBAR =R 3CO  YSC2 - acN
NYGZ =R 3C0 FIXR -R  3C0 1PYB -1  3¢0 PR -1 3C0 OMANC. -R 3CO RIAYB =~k 3Co YT =R 3¢0
nTGZP -R  3C0 FIYR =R 3¢0 IPYT =1 3c0 Mg -R  SRL OMEM1) R 3CO RIAP -»  3C0 22 -R  3¢0
nin (IR 3C0  FIYY =2 3€0 IP2 _ =1 3c0 MC -R  SRL  OPEM10 ~R 3CO RUBP “R  3CO0
nInf (IR 3€C0  FURP =R 3¢0 ISCF1 =@  3CO MESHMKR = 15U PR ~R  3CO  RON =2 3C0
nTnis ~p  3CO FLOMAT =~ 355U ISCF2 =1 3co M -R  SRL  PDZ =R 3C0 RPOR =R 3CO
nYo? =R 3C0  GGM] =R 3¢0 ISc2 -1  3c0 Mm “R  SRL  PRINT = 54F RPDRDZ =R  3CO

PP Ir I mtutOlatmiataintectriciniotaitntetadataitniniateiadciteidP i icdadsintaiatnltaintainicdniatntndnioirttatltotwd initinintuini=i®tvsaintds
MULTIPLY-REFERENCED VARIABLES
109 =~ 1100 120

1Y - 9no0 14

719 - 2000 2%e

229 - 1900 290

239 = 3AN0  47e

249 = 3700 49+

300 ~ 31 Sla 72

319 ~ 6200 66 690

320 ~ 6000 Tle

400 =~ 53 T3e

459 =~ 81n0 86»

469 ~ 9200  9S5e

479 ~ RRANO 97

4R9 =~ 10100 104e

SO0 = 106% 128

520 ~ 107 129«

839 = 13100 138+

549 = 13000 140e

1000 ~ S1RN 143«

1010 =~ 54PR SSwWR 1440

1020 - 106RD 145
AASC R 2Co &FQ 4EQ AEQ 4EQ 4EQ 4EQ 4EQ AEQ 4EQ AEQ 4EQ 4EQ AEQ AEQ 12=
COMMNN =~ ?F ki
ce (IR 4EQ 6n}
cYL =R 3Co 23 41

DELSM (IR 4EQ  6nI N
DONE  ~ 158U 30SU  50SU 105SU 14iSU

nR =R 3co 24

n2 ~R 3co 27 35 LY oS

E R 4EQ 6nt 4= 84= 94x  103s

EP (IR 4*EOQ 601

FTIL  OR 4EQ 6n1 .

FDEN =R T79= 80 89= 91 992 99 100

FNUM =R 7Ta= 79 8¢ 90= 9N 98« 98 100
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FREZ =R 3¢0 3

GM1
6Z

1
1ARS
1J

TIM
1Jp
MU
M
1Py
1PJP
1P
TUNF
J

JBAR
JBaY
JCEN
JOR
Jor

JJ

JP1
JP2
JPe
JToP _
JUNFO3
K

LAM
LOOP
LPR
M

NP
MPAR
MU
NB

6T

-R
-R
-1

-1

-1
-1
-1
-1
-1
=1
-1
-1
-1

-l
-1
-1
-1
-1
-1
-1
-1
-1
-1
~1
-1
-R
-1
R
()R
QR
~R
“l
-1
-1
-1
-
-1
L3¢
-1
-1
-1
-1
=R
IR
()R
R
(IR
(IR
(IR
(IR
R
()R

1
3Co 73
3co 74
3Co 1100
42SU 43SV
aco 21
67 68
104 111
3Co 10
3co 76
39= 40
3C0 13100
132= 136
133= 135
3Co 2000
3Co0 40
3co 900
123= 123
3Co 13000
3= 43
3aco 32=
43= Ab
42= 45
106R0 108
3Co 8800
3Co 1900
3co 9no0
33= 42
3ro 33
10= 1100
3Cco SRL
13su 28sy
3Co 55
4EQ SRL
4EQ SRL
4EQ SRL
3co SRL
S1R0D S4PR
56= 6900
S1RD S4PR
59= 6200
3C0 25
3¢co 7
1= 10
51RO 52
§7= 6200
S1RD S4PR
58= 60D0
ico 23
4EQ 6n1
4EQ 601
4EQ 601
4EQ 6n1
4EN 6D1
4EQ 6Ny
4EO 6n1
4EQ 6D1
4EQ 6Nn1

40 L1

77

12 2000 3800
22 23 25=
76 78 82
112 113 114
1100 a3 84
78 89 133
40 40

137

136 138

3800 64 8100

1900 3700 42
13000

o4

32 33 34
116

3700 65

45

34 35

48SU 87su 96SU

601

601

601

S5WR 56

SSWR 59

39 40 47
53 54PR S5WR
66

S5WR S8 108

23= 41=

SUBROUTINE MESHMKR
44 45 45

40 6200
25 39
8s 85=
119 120
86= 86
136 135
9200 10100
43 Ab
1395y

85 86
57

45

95

104

99

66
41
132

6000

132

8100
ab

.93
i34

133

9200

45
94
135

65
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10100

46
95
136

66

jo6RD
4Ts

_95
137=

88no

107

.7
102
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13100

64
103

116w

134

65
104=

116
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RCSO (IR 4EQ 601
READ =~  5IF  106F
RETURN =  S5pF  142F
REZRON =R 3c0 77

REZSIE =R 30 73 84 94 103

REZYO =R 3C¢0 oh L33 7

RM (R AEQ 6n1

AHP (IR 4EQ 601 . _ 3
RO (IR 4EQ 6n1 67= a2e 83= 93= 102= 111= 119=
ROT | “R  S1AD S4PR  5SWR 67 106RD 111 119
ROJP?2 =R 100= 102

ROJ1 =R  An= a3

ROL, ()R 4EQ 601

ROMFR =R 3C0 447 45 3 . L
ROSAV =R 77= 80 82 91= 91 93 100

avoL (IR 4EQ 6Nt

R1POW - 61SU  109SU 117SU 1248V

SET1J - 635U 110SU 118SU 125SU R

SIE R 4F0 601 68= 112= 12n= .
SIF1 “R  SJAD S4PR  S55WR  6A 106RD 112 120

STARY = ASU 185U 365U  75SU  129SU

T -R  35= 44 45

U (R 4FQ 6Dl  64= 135z

ué 1R 4EQ 6n1 o
ul «R  BIRND  S54PR  S55WR & 106RD 113 121
UL (IR 4LER 6Nt 113=  121= 135 135

uP 1R 4EQ 6n1

uTIL (IR 4EQ 601

v ()R 4EN 6Nn1 65= 134= 136%

VG (IR 4EQ 6n]

v1 =R S1AN S4PR  S55WR 65 106RD 114 126
vL (IR 4EQ 601  11é4= 126 134 136 136
vP t)R 4EQ 6nl

vTIL ()R 4EQ 601
WIROW - 705U 1155V 122U 127SU

X R AEQ 6nl  21= 402 49 40 40 41

XPAR R AEQ 6n1 -
XX =R 16= 21 23 24 24 26= 733 77 80 80 9 9 100 100
Y (IR 4EQ 6ny 22= a4z 483 46 76 76 78 78 89 89 90 90
'2:] =R co 17 Abx

vJe? “R  T6= 77

YPAR )R 4EQ 6nl!

121 “-R  17= 22 27= 27 T4z 78 89 90

.-0-‘-0-0-0-‘-0-0-.-0-0-0-0-.-0-.-.-0-.-0-0-0-0-0-'-0-0~’-.-Q-0-‘-‘-0.0-0-0-‘-0-‘-‘-Q-.-0-‘-.-‘-Q-‘-0-‘-0.O-.-Q-Q-‘-.-.-0..-’.'-‘.
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INNEX 01712773 OVERLAY LYAQUF 1L 42402 PAGE 35 .
1 OVERLAY (YAQUFTL 4240} YAQUI1 00002
INDEX 01712773 PROGRAM YAQUI] PAGE 36 .
1 PROGRAM YAQUIY YAGUIY 00003
2 PRINT 10 YAQUIY 00004
3 CALL YAQUI2 ] . YAGUIY 00005
o 10 FORMAT (¢ YAQUI2 CALLED®) YAQUI1 00006
S END YaQut\ 00007
IMDEX  01/12/73 PROGRAM YAQULY PAGE 37

SINGLY REFERENCED VARIABLES
PRINT - 2F YaQull - 1SU YAgUt2 - 35y
o'o—o-o-"0-0-0-O-Q-O-Q-Q—O-o-o-Q-A-0-0-0-0-0-.-0-o-o-¢-o-q..-o.ooq-’~0-0-h-Q-Qq.-Q-Q-.-on;-0~.-0n0-0-0-.-0-0-0-0-0-0-0.0-0~4-0-0-
MUL TIPLY~REFERENCED VARTABLES
10 ~ 2PR he

0-000ﬁO-‘-..0-0-0-0-0-0-0-’-0-0-6-0-0-0-0-#-0-‘—0-0-0-0—0'6-0-Q-000-0~§h0-0-0-0~0-Q-Q-qnq-'-‘-0-0u0.0-'-‘-0-b.b-.-‘.‘-O-O.‘-'.Od..
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INDEX  01/12/73 SUBROUTINE YAqQu12 PAGE 38 __
1 SUBROUTINE YAQUIZ2 YAQUI] 00008
2 LCM /YLC1/  AAL(131000) /YLC2/ AA2(131000) YAQUIY 00009
3 COMMON /YSC1/ AASC{4242) COMMON2 00002
4 COMMON /YSC2/ AA{1) 4ANCiASQeAQsAOFACIAOMIRO,COLAMUCYL COMMOM2 00003

1 DReDT+DTCHyNTFACIDTGRIDTG7sNTGZP¢NTO(10)4DTOC(10) COMMOM2 00004

2 DTN1640T02,D0T044DTOBsDTPNSsOTVeDTB4DZsEMI0EPSIFIBP, COMMOM2 00005

3 FIPXLoF IPXRIFIPYBeFIPYTFIXLFIXRIFIYBFIYToFJBP, COMMOM2 00006

4 FREZ+GGM19GM] 9 GRIGRDVEL s GZ+GZP+ 1+ IRARs IBP+IBP1y JCOLORY COMMOMN2 00007

5 10T0e1Je IUMIUP ) TUPS ¢ IMOMESy IMOMX o IM{ ¢ M6y COMMON?2 00008

6 IPARG IPXL sy IPXReIPYR IPYTyIPY1 4 I1P2+ISCT14ISCF241SC2415C3, COMMOH2 00009

7 ITVeIUNF9IXLaIXReIYReIYToJeJRARJBP JBP2 4 JCENY JM10, COMMON2 00010

3] JM1 40P 4 UP2JP& s P02y JUNF ¢ JUNFOR o KXT s LAMsLUP24 PRy CoMMON2 00011

9 LPRoMUSNAME (10) oNCYCINLCeNPSINPTINQINQT ¢NQTRINGT24NSCo COMMON2 00012

1 NUMIToNUMTN oMy OMANC s OMCYL y OMEM] 09 OPCM10+PNRWPOZIPXCONY, COMMON2 00013

F] PXL+PXRyPXRP yPYR s PYBMsPYCONVPYToPYTPyRDT ¢REZRON,REZSIE COMMON2 00014

3 REZUEREZVE sREZVToREZY0.RIBARSRIRJRUIIAP 4RUBPIROMF Ry COMMON2 00015

4 RONsRPDRyRPDRDZ1RPNZ s Ty THIRD G TLIMD s TOUT s TWF INs T20MD, COMMOMN2 00016

5 VV e XCONV XL 9 XReYBoYCONV YT, 22 COMMON2 00017

S EQUTVALENCE (AASC(1)eXeXPAR) » (AASC(2) sReYPARY ¢ (AASC(3) s YeMPAR) EQVREAL 00002

1 (AASC{4) sUsUG,DELSM) 9 (AASC{5) ¢+VeVG) s LAASC6) 9RO} » EQVREAL 00003

2 (AASC(7) 9STEsMPyRMPyRCSQ) » (AASC(8) 4EVETIL) EQVREAL 00004

3 (AASC (9) »yRVOLY ¢ {AASC(10) ¢MeRMgVD) 4 (AASC (1)) 4P yPLIEP EOVREAL 00005

4 UP¢PMQ) y LAASC(12) JUTILoUL+COePMXsPU) ¢ (AASC(13),VTILs EQVREAL 00006

5 V0L oPMYsPV) s LAASC(14)9QeROL) EQVREAL 00007

6 REAL LAMyLAMDsMoMRIMC oML 1MP oMPARIMRMT ¢MTE oMU, MUO2 s MUOS EQVREAL 00008

7 DIMENSION X (1) oXPAR{1)4R(1)«YPAR(1) 4Y (1) sMPARI1) sUL1) sUGEYYs _ DIMEN 00002

1 DELSM{1)ov{1)aVG(1) gROC1IWSTE(L) o AP (1) 9RMP (1) ,RCSO (1) 0 DIMEN 00003

2 EC1YoETILCYIoRVOL (L) oMI1) oRM (1) oV (1) 4P (1) ePLILY4EP(1) s OIMEN 00004

3 UP{1) sUTILC1) oULE1) oCOULY oPMX(L1)oPU (1) o VTIL (1) oVL (1) DIMEN 00005

3 PMY (1) sPV{1)+0(1)sROL (1) sPMO(1) DIMEN 00006

a DIMENSION AT(100)4FT(100) eIX1(1)eIX2(1)o1Y1(1)0IY2(1)9XCO(4)9YCO(4 YAQUIL 00013

1 1+CONL100) YAQUI1 00014

9 EQUIVALENCE (AToIX13e (AT(2)0IX2) 0 (ATI3)oIY1) 0 (ATI4)41Y2)s(AT(S) YAQUI1 00015

1 XCO) s (AT(9) 9YCO) y (FT+CON) YAQUI1 00016

10 CNMMON /YSC3/ JNM YAQUI1 00017
11 CALL SECOND (TBASE) YAnUI1 00018
12 T1 = TBASE YAQUI1 00019
13 CALL GETQ (4LKJBN,JINM) YAQUIY 00020
14 CALL H6020 YAQUIl 00021
18 CALL GETQ (4LKTLM,I1) Yanull 00022
16 TLIM = 11 YAQUIl 00073
17 DTVSAV = NTCSAV = 0,0 YAQUIY 00024
18 IF (IRARLEQ.N) GO TO 370 _ . YAQUILl 00025
19 TLIM = TLIM®27,5E-9 = 40¢ ¢ (1.=TLIMD)®1,E410 YAQUI) 00026
20 100 CALL START YAQUIT 00027
21 CIRC = Q. YAQUIL 00028
2?2 DO 199 Js2,JP1 YAQUI1 00029
23 D0 189 1=1,1RAR YAQUI) 00030
24 1PJ = 1J ¢ NQ YAQUI} 00031
25 IPJP & TJP + NO YAQUI1 00032
26 IF (1.EQ.}) ) CIRC = CIRC ¢ 0.5%(VIIJ)eVIIJP)I®(Y(TIJP)=Y(IJ}) YAQUI1 00033
27 IF (1.€0,IM1 ) CIRC = CIRC = 04S*{V(IJ)eV(IJP))O{Y{TJIP) Y (IJ}) YAQUIS 00034
28 IF (J.EQ.3 } CIRC = CIRC « 0,S*(ULTJ)eU(IPJ))®(XITIPJY=X(TU}) YAQUIl 00035
29 IF (JJ,EQ,JRAR) CIRC = CIRC ¢ 0.,5*(ULIJIsUCISU)) 8 (X(IPUY=X(1J)) YAQUIY! 00036
30 SIET = AMAX1(SIE(T1J) 904} YAQUIY 00037
31 P{IJ} = ASOS(RO(IJY=RON) o GM]@RO{IJ)®SIEY YAQUI1 00038
32 IF (ASQ,L.T,1.F.¢6) Gn TO 180 YAQUI1 00039
33 P(IJ} = ASO®(ROL(IJ)=RON} & GM1#RO(1J)#SIET YAQUIY 00040
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34

35
36
37
38
39
40
L3}
42
43

44
45

46
A7

180
189

199
200

210
220

300
310
320

330

340
350

SURROUTINE YAQUI2.
IF (NCYCeEQ40) P(1J) =2 =RON®GZS(YTeYB=(FLOAT(J)~1,5)202)
1JP 2 IPJUP
14 = tPY
CALL LOOP
CONTINUE
CALL DONE
ToOLD = T2
CALL SECOND (T2)
XX = (T2-TCLD)*RIRJR
IF (LPR(GT.0) WRITE(1244000) ToNCYCsDTeXX,CIRCoDTVoI0TVe DTV
1 NUMIToT2+DTCoINTCsINTC
CalLL EMPTY
PRINT 4000, TeNCYCoDToXXsCIRCHDTVIIDTVIINTV,
1 NUMITeT24DTCoINTCHINTC
IF (Te EM10 .GE,TOUT) GO TO 290
IF (NCYCJLEesl «OR, NUMIT.GT.499) GO TO 300
IF (T2<T1.GE.1200, oAND. T20MN.,GT.EM10) GO TO 320
IF {(Y?=TBASE.GE.TLIM) GO TO 330
IF (T.GE.TWFIN) GO YO 340
NCYC = NCYC ¢ 1
IF (NCYCJEQ+2) DT = DTPOS = OY#10,
1F (NCYCJGE+3) DT = DYPOS = AMIN1(DTV,0TC)
DTFAC = 1,25
DTV = DTC = DT#DTFAC
IF (TeDT«GT,TOUTY DT = TOUT=T

T=71e+DT

RPT = 1./0T
DT02 = ,5eNT
NT04 = ,25eDT
DTOR = 4125007
DT016 = 0A25¢0T
DTR = DY*4,

DYGR @ NT4GR

DTGZ = DTeGZ

DTGZP = NT&GZP

60 T0 1000

TOUT = TOUT ¢ DTO(IDTO)

IF (Te EM10 +LT.DTOC(INTO}) GO TO 300

TOUT = OTOCLINTO) « DTOLINTOS1)
InTO = INTQ + 1
ASSIGN 310 TO XRET
Gn TO 500

ASSTGN 210 TO KRET
GO TO 400

TL = 12

ASSIGN 220 TO KRET
G0 10 350

ASSIGN 360 TO KRET
G0 T0 350

RETURN

PRINT 4010+ NUMTD,ToNCYC

IF (LPR.GT,0) WRITE(12+4010) NUMTDsTeNCYC
WRITE (R) (AA(N) ¢N=1,NSC)

WRITE(B) (AAL(N)sN3]19NLC)

IF (NPT,GT.0) WRITE(R) (AA2(N)sN=21sNPS)
CALL NATAREL (SLFSETS)

CcaLL AFSREL (3LouTt)

CALL AFSREL (4LFILM)

PAGE 39
YAQUI1 0004}
YAQUI1 00042
YAQUEIT 00043
YAQUIY 00044
YAQUIY 00045
YAQUI1 00046
YAQUI1 00047
YAQUIL 00048
YAQUI1 00049
YAQUI1 00050
YAQUI1 00051
YAQUIY 00052
YAQUI1 00053
YAQUI1 00054
YAQUI1 00055
YAQUI1 00056
YAQUI1 00057
YAQUI1 00058
YAQUI1 00059
YAQUIY 00060
YAQUI1 00061
YAQUI1 00042
YAQUI1 00063
YAQUIY 00064
YAQUI1 00065
YAQUIY 00066
YAQUIY 00047
YAQUI1 00068
YAQUI1 00069
YAQUI1 00070
YAQUI1 00071
YAQUI1 00072
YAQUI1 00073
YAQUI1 00074
YAQUIY 00075
YAQUI1 00076
YAQUIL 00077
YAQUIL1 00078
YAoUI1 00079
YAQUI1 00080
YANUI1 00081
YAQUI1 00082
YANUI1 000QR3
YAQUI1 00084
YAQUI1 000AS
YAQUIY1 00086
YAQUIY1 00087
YAQUI1 000R8
YAQUIY 000A9
YAQUIY 00090
YAQUI1 00091
YAQUI1 00092
YAQUI1 00093
YAQUI1 00094
YAQUI1 00095
YAQUIY 00096
YAQUTIY 00097
YAQUIY 00098
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90

127
128
129
130
131
132
133
134

147

370

3a0

400

410
420

4560

SUBROUTINE YAqQuI2
NUMTD ® NUMTD ¢ 1
G0 YO KRET
REWIND 7
JTD = JRAR
JNSC = LOCF(ZZ) = LOCF(AA) o1
PEADL7Y (AA(N) sN=14JNSC)
IF (JYD,NF,NUMTD) GO TO 380
READ(7) (AALIN) yN=14NLC)
IF (NPT.GT.0) READ(T) (AA2(N)+N21sNPS)
CALL AFSRFL (SLFSET?)
NUMTD = NUMTD « 1 .
TLIM = TLIM®27,5E=9 = 40+ & (1,=TLIMD)®l.E#10
PRINT 4020+ JTD
PRINT 4030y NAMEs»TeNCYC
IF (LPR,ER,0) GO TO 220
WRITE (12+4020) JTD
WRITE(12+4030) NAME,T(NCYC
GO TO 220
PRINY 4040
WRITE(1244040) .
calL AFSREL (SLFSETT)
RETURN
1F (LPR,ER.O0) GO TO KRET
ASSIGN 440 TO KRF
ASSTGN 440 TO KRP
ASSIGN 460 TO KRFP
GN TO {620+4104458) LPR
ASSIGN 458 TO KRF
ASSIGN 456 TO KRFP
CALL LINCNT (64)
CALL ADV (1)
GN TD 454
KRF = KRFP
ASSIGN 460 TO KRP
CALL START
DN 4R9 J=1,JP2
NO 479 1=1,1P1
IPJM = TJUM o NQ
I1PJ = 1J ¢ NQ
D = PRM = PRV = PRSIE = 0,
IF (J.EQ.1) GO TO 450
1F (RM(IJUM} NE.Os) PRM=1e/RM(TUM)
IF (1.EQ0.TP1 +0Re J.EQ.JP2) GO TO 450
PRSIE = SIF(IJM)
IF (RVOL (TJM) eNEeQe) PRV=14/RVOL (TJM)

X1 = X([PJM)
Y1 = Y(IPJIM)
R1 2 R{IPJM)
U1 = U(IPJM)
V1 = V(IPUM)
X? = X(IPJ)
Y2 = Y(1PU)
R2 = R(IPJ)
uz2 = UlIP)
v2 = V(IPY)
%3 a X(19
Y3 = Y{IU}
R3 = R{TN

PAGE 40
YAQUI1 00099
YAQUIl 00100
YAQUI1 00101
YAQUI1 00102
YAQUI1 00103
YAQUI1 00104
YAQUI1 00105
YAQUI1 00106
YAQUIT 00107
YAQUI1 00108
YAQUI1 00109
YAQUIL 00110
YaQulil 001311
YAQUIL 00112
YAQUIL1 00113
YAQUIL 00114
YAQUIL 00115
YAQUIL 00116
YAQUI1 00117
YAQUI1 00118
YAQUI1 00119
YAQUIL 00120
YAQUIL 00121
YAQUTL 00122
YAQUIL 00123
YAQUI1 00124
YAQUI1 00125
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YAQUIL 00131
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YAQUI1 00134
YAQUIL 00138
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YAQUIL 00137
YAQUIL 00138
YAQUIL 00139
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YAQUIL 00141
YAQUIL 00142
YAQUIL 00143
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148

149
150
151
152
153
154
155

450
452

454

AS6

458

460
479

489
490

500

SUBROUTINE YAQUI2

Ul = Uit
V3 = VII)
X4 o X(TJM)
Y4 = YIIJMY
R4 = R(TJUM)
Ua = ULTIMY
Ve 2 VIIJM)

D m 4259RVOL (1UM)@{ [R1eR2) 8 ((U1eUR) @ (Y2=Y1) ¢ (V] eV2) #(X)=X2))
1 4 {R2¢R3) #{ (U2+U3) A (Y3=Y2) ¢ (V24V3) #(X2#X3))
2 +(R3eR4) S ({U3eUs) @ (Y4=YI) e (V3oV4) @ (X3=Xa))
a S (RASR1IIOCLUASULI ALY IYA) 0 (VooVI) R (R4=X1)))
G0 TO (452+4520456) LPR

WRITE(12+4070) 1sJoxX (TIM) oY CTUM) sULTIM) sV {TJM) sPRSIESRO (I JM) sPRV
1 DsPRMIP { 1M)

LINESF = LINESF ¢ 1}

1F (LINESF,LY+62) GO TO KRF

LINESF = 0

WRITE (1244080} JNMeNAME»ToNCYC

WRITE(1244060)

GO TO KRF

PRAINT 4070, TodaXUTIMY oY (T UMY sUCTIMY sV (TIM) JPRSTESRO(TIIMY 4PRY s
1 DePRMeP (1JM)

LINESP = LINESP o |

IF (LINESP.LT«57) GO TO KRP

LINESP = 0

PRINT 4050

PRINT 4080+ JNMyNAMEToNCYC

PRINT 4060

GN YO KRP

1J = 1Py

UM = TPYM

CALL LOOP

CONTINUE .

1F (LPR,6T,2) GO TO KRET

CALL EMPTY

GO 10 KRET

IF (NPT,GT,0) CALL PARPLOT

1F (LPR,EQ,0) GO TO 490

1F (GRNDVEL.GTJEM10 ,0R, NCYC.,EQ.0) CALL ANVl

DPMIN = NZMIN = 1,Ee29

DRMAX = DZMAX = VMAX = O

CALL START

nn 549 Js2,J4P1

DO 539 1=1,1RAR

1PY = 1J ¢ NO

1PJP 3 1JP ¢ NQ

VMAX = AMAX] (VMAXsARS(ULTJ)) JARS(V(IU)))

IF (NCYC.GTe0 +ANDe GRDVEL,.LT,EMIQ) GO TO €30

X1 = X{tPJ)

X2 = X{IPIP)

X3 X{1JP)

X6 = X{[J)

Y] = Y{IPJ)

Y2 = Y{IPJP)

Y3 Yirue

Yo a Y{1J) B .

XY1a = SQRT((X1=x4)8s2 ¢ (YlaYs)oe2)

XY23 = SQRT((X2+x3)#92 ¢ (Y2.Y3)ee2)
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YAQUIY 00165
YAQUI1 00166
YAQUIl 00167
YAQU1Il 00168
YAQUI1 00169
YAQUI1 00170
YAQUIl 00171
YAQUIL 00172
YAqUI! 00173
YARUTL 00174
YAQUI1 00175
YAQUI1 00176
YAQUTY 00177
YAQUIl 00178
YAQUI1 00179
YAqUIl 00180
YAQUI1 001R1
YAQUI1 00182
Yanurl  001a3
YAQUIL 00184
YAQUI1 00185
YAQUIL 00186
Yaqull Q017
YAQUI1 00188
YaQuIl 00189
YAQUIL 00190
YAnUIl 0019}
Yaquil 00192
YAQUIL 00193
YAQUIl 00194
YaquUIl 00165
YAnUIl 00196
YAQUTL 00197
YAQUI1 00198
YAQUIY 00199
YAQUIl 00200
YAQUI1 00201
YAQUIY 00202
YAQUIl1 00203
YAOUT1 00204
YAQUI1 00205
YAQUI1 00206
YAQUTL 00207
YAQUIl 00208
YAQUI1 00209
YAQUI1 00210
YAqull 00211
YAnUIl 00212
YAQull 002]3
YAqUIl 00214
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201

202
203
204
205
206
207
208
209
210
211
212
213
214
218
216
217
18
219
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231
232
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S30
539

549

550

S80
589
599

600
610
620

629
639

SUBROUTINE YAQul2

DAMIN = AMINY (DRMIN,XY14sXY23)

DRMAX = AMAX1(DRMAX¢XY144XY23)
XY21 = SORT((X2=X1)%e2 ¢ (Y2aY])#s2)
XY34 = SORT((X3=X4)902 o (YI.Y4)es2)
DZMIN = AMINY (DZMIN4XY219XY24)

DZMAX = AMAX1(DZMAX(XY2]eXY34)

IX] = FIXL ¢ (X1=XL)®XCONV
1Yl = FIYR ¢ (Yl=YB)oYCONV
1X2 = FIXL + (X2-XL}OXCONV
I¥2 = FIYR o (Y2=YB)®#YCONV
IX3 = FIXL ¢ (X3=%XL)*XCONV
1¥3 = FIYB o (Y3=YB)®@YCONV
IX46 2 FIXL ¢ {X4=XL}9XCONV
Ivé = FIYR ¢ (Ye~YB)®YCONV

IF 11.ENe1) CALL DRV (IX341Y3,1X4,1Y4)
IF (J,EQe2) CALL DRV (IX4¢IY4eIX)sIY])
CALL DRV (TX1e1Y1,1x2,1Y2)

CALL DRV {1X241Y2,IX3,1Y3)

1J = 1Py

10P = IPUP

caLL LooP

CONTINUE

IF (NCYCeGT40 «ANDs GRDVEL.LT.EM10} GO TO 550
CALL LINCNT(59)

WRITE(12+4140) DRMINGDRMAX¢DZMINIDZMAX¢XReYRsYT
WRITE(12+4080) JNMeNAME T 4NCYC

IF (VMAX,LT.EM10) GO TO 600

NROU = VV/VMAX

CALL ADV{1)

CalLL STARY

DN 599 J=2,JP2

N0 589 1=1,1P1 )

IX1 = FIXL ¢ (X{IJ)aXL)®XCONV

1Yl = FIYR « (Y(IJ)=YR)*YCONV

1%2 3 FIXL o (X{1J)eU(IJ)*NROY=XL)*®XCONV
IY2 = FIYR o (Y(1J)eV{IJ)®DROU=YB)*®YCONV
IF (1Y2.6F,1) GO TO_580

1X2 = IX1 o (IX2=IX1)e(IY1=1)/(1Y1=1Y2)
1v2 = 1

CALL DRV (IX1s1Y1,4IX241Y2)

CALL LT (I1X1e1Y),14)

1J = 1J « NQ

CALL L0OP

CONTINUE

CALL LINCNT{S9)

WRITE(12+4150) VMAX

WRITE(1244080) JNMyNAME ¢ ToNCYC .
IF (IBARLEQ.1 +OR, JBAR.EQ.1) GO TO 490
L=0

L = Lel .

6N TO (6200620+640+490)L

CALL START

No 639 Jy=2,JP1

D0 629 1=14IRAR

€Ol = RO{IJeL={)

1J = 1J & NO

CALL LOOP

CONTINUE

PAGE 42 _
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YaQUI1 00230
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YAQUI1 00232
YAQUI1l 00233
YAQUIL 00234
YAQUI1 00235
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YAQUI1 00237
YAQUI1 0023A8
YAQUI1 00239
YAQUI1 00240
YAQUIY 00241
YAQUIY 00242
YAQUI1 00243
YAQUIL 00244
YAQUI1 00245
YAQUI1 00246
YANUT1 00247
YAQUT1 00248
YAQUIYl 00249
YAQUIYl 00250
YAQUI1 00251
YAQUIl 00252
YAQUIl 00253
YAQUI) 00254
YAQUI1 00255
YAQUI1 002k6
YAQUIL 002587
YAQUI1 o002s8
YAQUIl 00259
YAQUIL 00260
YAQUIY 00261
YAQUIL 00262
YAQUI1 00263
YAQUI1 00264
YAQUI1 00245
YAQUI1 00266
YAQUI1l 00267
YAQUI1 00268
YAQUI1 00269
YAQUI1 00270
YAQUI1 00271
YAQUIl 00272




LET

INNEX

01/12/73
259
260
261
262
263
264
265
266
267
268
269
270
2N
272
?73
2146
275
276
277
278
279
28n
281
282
283

284
285
284
287
28a
289
290
291
292
293
294
29%
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313

640

649
659
700

709
719

720
730

SURROUTINE YAQU12

CALL DONE

60 TO 700

CALL START

DO 659 J=2sJP1

N0 649 Ta=),1BAR

IPJ 3 1J + NO

1PJP 3 1JP o NO

X1 = X(1PN)
Y1 = Y(IPJ)

Ul = 1(IPY)
Vi'= V{IPJ)

X2 = X(IPJUP)

Y2 = Y(1PUP)

U2 = utipyp)

V2 = VIIPJP)

X3 3 X{1JUP)
Y= Y(1JP)

Ui = y(1ypy

V3 = vI1JP)

X4 = XU1H)

Y6 = Y(I)

Us & ULTY

V4 = VI

R1 = (125%RVOL (TJ)}®(R(TPJ) eRUIPUP)Y eR(TJPIeR(TIU))

COUIJY) 3 RI®{(ULeUd) ®(X1=X4)o(V]oVL)IO(YInYs)
2 ¢ (U24Y1) 0 (X2=X]) @ (V2eV]1)@(Y2mY])
3 ¢ (UJe1)2) # (X3=X2) ¢ (VIeV2)# (YI=Y?)
4 S {Uhey3) ¥ (X4=X3) *(V4eVI) O (YamYI))

1J = 1Py

1Jp = IPUP

CaLL LOOP

CONT INUE

CALL DONE

QMN = 1,Ee6

QMX = «QMN

CALL START

DO 719 J=2,JP1

D0 769 I=1,41BAR

QMN = AMINY (CQ(1J)4OMN)

OMX = AMAX] (CQ(1J),QMX)

IJ = 1J ¢« NO

CALL LOOP

CONYINUE _

XX = QMX/ (OMNeEM10)

IF (XXelEs240) GO Tn 738

K = 104/AL0G10(XX)

XX = Kel

Dn = 1n,%0(1./XX)
K = ALDG1 0 (QMN)
XX 2 10,00 (K=1)

K =1 )

XX = XXaDQ

IF IXXsLT<QMN} GO TOo 720
CON{K} = XX
IF (XXeGT<QMX) GO TO 740
K = Kol
XX = XXeoDQ
GO TO 730
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INOEX  01/12/73 SUBROUTINE YAQUT2 PAGE 44
314 735 XX = OMX=QMN YAQUI1 00331
315 IF (ARS[XX) eLTe1¢E=3%AMAX] (ABS (AMX) s ARS(QMN)}) GO TO 610 YAQUIY 00332
316 DQ = J1®(XXe,001) YAQUIL 00333
Nt No 739 K=1,11 . YAQUI1 00334
318 739  CON(K) = QMNe(FLOAT(K=1})#nQ YAQUI1 00335
319 K a1t YAQUI1 00336
320 740  CALL ADV({1) YAQUI1 00337
321 CALL LINCNT (59) Yaqull 00338
322 6O TO (7504760977001 YAQUIl 00339
323 750  WRITE(12¢4090) YAQUI1 00340
324 Gnh TO 780 YAQUI1 00341
32% 760 WRITE(1244100) YAQUI1 00342
326 Gn TO 7RO YAQUI1 00343
327 770  WRITE(12,4110) YAQUI1 00344
328 TR0  WRITE(12,4120) QMNQMXsCON(1) 4CON(K=1) ¢NO YAQUI1 00345
329 WRITE(12+4080) JUNMyNAME,TNCYC YAQUIL 00346
330 CALL STARY YAQUIL 00347
331 DO 899 J=2,JBAR YAQUI1 00348
332 CALL LnoP YAQUI1 00349
333 DO 889 1=141M1 YAQUI! 003R0
334 1PJ = TJ o NO YAQUI1 00351
335 IPUM = [JM « NOQ YAQUI1 00352
336 N=0 YAQUI1 00383
337 DN 879 KK=1+K YAQUI! 00354
338 Kl = K2 = K3 = Ké 3 0 YAqUll 003sS
339 IF (CA{IJM) JLEJCON(KK)) K1=} YAQUIL 00356
340 IF (CO(IPJIM) sLELCON(KK)) K2=1 YAQUIl 00357
361 IF (CN(1Y)  oLESCON(KK)} K3=] YAQUI1 00358
342 IF (CALIPY) oLEJCON(KK)) Ké=l_ YAQUIl 00359
343 IF (K19K20K39K4 NE, 0 +ORe KisK2¢K34K4 «EOs 0) GO TO 879 YAQUT] 00360
344 IF (N,6T,0) GO TO 800 YAQUIL 00361
345 1J8 = 1UM YAQUI1 00362
346 1JA = 1Y YAQUIL 00363
347 DO 799 JJ=1e2 YAQUI1 00364
348 D0 789 11=1+2 YAQUIL 00365
349 IPJR = TJReNQ YAQUIL 00366
350 IPJA = TJANR - YAQUIL 00367
351 N = Ne} YAQUIL 00348
352 XCOINY 3 ¢2S5*(X(IPJR) ¢ X{IPJA) e X (1JA) oX (1JUR)} YAQUIL 00369
353 YCOIN) = 425%(Y(IPJR)eY(IPJA)eY(1JA)eY(1JR)) YAQUI1 00370
354 1JA = IPJA YAQUI1 00371
55 789 1JR = IPJA YanUIl 00372
356 148 = 1J YAQUIT 00373
357 799  1JA = 1P YAQUIL 00374
358 800 LL = 0 YAQUI1 00375
359 IF (K14K3,NEs1) GO TO &i0 YAQUIl 00376
360 161 = 1 YaquIl 00377
361 12 = 3 YAQUIL 00378
362 T1J1 = TUM YAQUIL 00379
363 1J2 = 14 YAQUIL 00380
364 ASSIGN R10 YO KR1 YAQUIL 00381
365 GO YO A40 YAQUIl 00382
366 810 IF (K1eK2,NE.1) Gn TO 820 YAQUI! 00383
387 Icl = 1 YANUIL 00384
368 1c2 = 2 YAQUIL 00385
369 1J1 = IUM YAQUIL 00386
370 1J2 = IPJM YAQUI1 00387
37 ASSIGN 820 TO KR} YAQUILl 003A8

- L] . *
! i L . t | e 4 ‘
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INDEX

01/12/73
372

3713
374
375
376
3T
378
319
380
a8t
382
383
3R4
385
386
387
188
IR9
390
19}
392
393
394
395
396
397
398
399
400
40l
402
403
404
405
406
407
408
409
410
all
412
413
414
415
416
417
418
419
420
421
422
423
426
425
426
4?7
428
429

820

830

840

879

889
899

939
949
1000

SUBROUTINE YAQUT2
G0 T0 840
IF (K24K&,NEJ1) GO TO 830
Ic1 = 2
1c2 = &
1J1 = IPUM
142 = 1Py
ASSIGN 830 TO KR1
Gn 10 R40
IF (K3+K& NE.1) GO TO 879
el = 3
1c2 = &
14l = 1y
102 = 1Py
ASSIGN 879 10 KRl
LL = LLsl . _
XX 3 (CON(KKI~CQ(TJT))/(CO(1d2)=CalTJIT)}

IX1ULLY = FIXL ¢ (XCO(IC1)+XXa(XCO(IC2)=XCO(IC1))~XL)OXCONV
TYLILL) = FIYB o (YCO(ICI)#XXa(YCN(1C2)=YCO(ICL))=YB)OYCONY

IF (LL.LT,2) GO To KR1

CALL PRV (IX191Y1,1X2,1Y2)

IF (KK.EQ,41) CALL PLT (IX1le1Y1935)
IF (KKGEQ.K=1) CALL PLT (IX1s1Y1924)
L =0

IF (1J2.EQ.IPJM) GO TO 820

CONTINUE

1M 2 IPYM

14 = 1Py

T1JP = 1JPeNQ

CONTINIUE

Call START

DN 949 ys2,JUP1

DO 939 I=1,1RAR

P4 = IJ ¢ NO

IPJP = 1JP o NQ .
IX] = FIXL ¢ (X(1PJ) =XL}®XCONV
IYl = FIYR o (Y(IPJ) «~YR)oYCONYV
I%2 = FIxt o (X{(1PJP)=XL)oXCONY
1v2 = FIYR « (Y(I1PJP)aYB)oYCONY
IX3 = FIXL ¢ (X{IJP) =XL)eXCONV
Ivd = FIYB ¢ (Y{IJP) =YB)oYCONV
Ixe 3 FIXL o (X(IJ)) «XL)eXCONV
IY4 & FIYR o (Y{IJ)) <YR)®YCONV
IF (1.EQ.1) CALL DRV (IX3e1Y301X401Y4)

IF (J.EQ2) CALL DRV (T1X4s1YAeIX1s1IY1)
IF (1.F0,JRAR) CALL DRV (IX1sIY1e1X241Y2)
IF (JJEQesJP1) CALL ORV (IX2+1Y2+1X341Y3)
14 = 1PJ

1JP = 1PUP

CALL LOOP

CANTINLIE

Gn TO 610

CALL START

Y1 2 ANCeRDT

No 1099 u=2.JP2

DN 10R9 [=ale1P]

Ind = TJ=NQ

1PJ = TJeNQ

1PJP a 1JPeNQ
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YAQUI1 00407
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YAQUIL 00411
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YAQUIT 00413
YAQUIL 006414
YAQUIL 00415
YAQUI1 00416
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01712773
430
431
432
433
434
435
436
437
438
439
Lé0
Y3
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
45T
458
459
460
461
462
463
464
465
466
467
46R
469
470
471
472
473
474
[34-)
476
77
478
479
480
AR1
482
4R3
ARA
485
ARG
487

1015
1020

1025
1030

1035
1040

1045
1050

1089
1099
1100

. SUBROUTINE YAQUT2
XX = YY = |,
X1 = Ul = V1 3 Q.
IF (1,EQ.1 } GO 7O 1015
Ul = ULIMY)
Vi = VIIMD)
GO TO 1020
X1 = 140
XX = 040
1F (J.EQ.2 ) GO YO 1025
Ul = UleU(TJM)
V1 = VIeV(IJM)

Gn TO 1030
X1 = Xlel,0
Yy

= 0.0
1F (1,E0.1P1) GO TO 1035
Ul = UleULIPJ)
V1 = V1eV(IP))
GO TO 10640
X1 = X1 ¢ 1.0
XX = 0.0 )
IF (JL,EQ.JP2) GO TO 1045
Ul = Uleu(1JP)
V1 = V1eV(IUP)
GO Y0 1050
X] 3 Xlele0
YY = 0.0
€ le/l4,=X1}
A% = GR evle(UleXi=y(1d))
AY = GZ eY1®(V1eXj=y(1J))
UTIL(TJ) = (U{TJ)eDTOAX)®XX
VTIL(IJY & {VIIJ)eDTRAY)®YY
Q(l1J) = DT*(AXOU(TJ)*AYSV(IJ))
1V = 1PY
1JP = IPUP
IUM = TJMeNQ
CALL 1.OOP
CONTINUE
CALL NONE
CaLL START
DO 1299 J=2+.JP1
DO 1199 1=1+1BAR
1PJ = 1J ¢ NQ
1PJP = 1JP ¢ NQ

X1 = X(IPJ)
Y1 = Y(IPD)
R1 = RIIPN
Ul = utipy
V1 = V(IPY)
X2 = X{1PJP)
Y2 = Y(IPUP)
R2 = R{1PUP)
U2 s ULIPJUP)
V2 = VIIPJUP)
X3 = X(1JP}
Y3 = Y(1JP)
R3 = RIIJP)
U3z = ui1Je}
V3 = ViIJP)
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YAQUIYl 004A1
YAQUIL 004R2
YAQUI1 004A3
YAQUI1 00484
YAQUIl 004AS
YAQUIl 00486
YAQUIY 00487
YAQUI1 00488
YAQUI1 004AR9
YAQUI1 00490
YanuIl 0049}
YAQUI1 00462
YAQUIL 00493
YAQUI1 00494
YAQUI1 00495
YAQUI1 006496
YAQUI1 00497
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488

489
490
491
492
493
494
495
496
497
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502
503
504
505
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S1é
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516
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562

543

1130

1140

SUBROUTINE YAQUT2

X4 = X(1J4)

Yo = Y(IY

R4 = RIS

Us = ULIN

Ve = V(1N

X2 = Xyi=-X2
X23 = X2=X3
X34 B X3-X4&
X4l = Xa=X1
X246 3 X2-X4
X31 = X3-X1
Y21 = Y2=Y]
Y32 = Y3=Y2
Y43 = Y4eY3
Y14 = Y1eva
Y24 3 Y2=Y4
Y31l = Y3=-vl
R12 = R1+R2
R23 = R2+R3
R34 = R3eR4
R41 = R4eR1

HR13 = ,54(R1+R3)
HR26 3 456 (R24R4)

ui2 = UleU2
U2l = U2+U3
U3s = U3eUs
U4l = Uskeld
Uré = U2eUs
U3 = UteU3d
V12 = Viev2
V23 = V2evV3
V3h = V3Ieva
V4l 3 Véevl
V24 3 V2oV
V13 = Viev3

DTO2MY = NTOR®RM(IPJ)
NTO2M2 = NTO2RM(IPJP)
DTO2M3 = NTO2®RM(JP)
DTO2M4 = NTO29RM(1J}
XY = X248Y31eX3]14Y24

D % L25eRVOL(IJ)® (R126(U124Y2]eV120X12) +R23# (U230Y324V23#%23)
+R348 (U340Y434V3I48X34) eRA1# (USLOY140VAINXA]))

XX = 456 (X2=X4eX1uX3)
YY 3 5k (Y2=Y4eY3.Y])
IF {(KXI.LT.0) GO TO 1130
AK = RN(1J)#eKX]
60 TO 1160 .
VELIJ 2 Ubss2 o Viea2
VELMX = 0,7 © AMAX] [ABSIUABXX) 4ABS{VAOYY))
AK = RO(1J)*COLAMU® (DTO2*VELIJ o VELMX)
LAMD = AMIN1(D+0.) ®AK®LAM
MUN2 = ,50AK®MY
MUNG = ,5#MUC2
XX = XX9XX
YY = YYaYY
IF {KX1,LT,0 ¢AND, DT,LTeDTPOS)
AK = RO(IJ)*COLAMU®(+S80TPOSSVELIJ o VELMX)

1 ?
DO 8 RO(TJIHOMANCEXX*YY/ (2% AK2(LAMe2,8MU) ® (XX4YY)*EM1I0)
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YAQUIY 00523
YAQUI1 00524
YAQUI1 00525
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YAQUI1 00533
YAQUIl1 00534
YAQUI1 00535
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YAQUI1 00538
YAQUI1l 00539
YAQUIL 00580
YAQUIt 005841
YAQUI1 00542
YAQUI1 00543
YAQUIL 00544
YAQUI1 00545
YAQUIY 00546
YAQUI1 00547
YAQUI1 00548
YAQUI1 00549
YAQUI1 00550
YAQUI1 00551
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YAQUI1 00553
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YAQUI1 00555
YAQUIlL 00556
YAQUI1 00587
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YAQUI1 00560
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. SUBROUTINE YAQUI2
DTV = AMINT(DTVy,5°00)
IF (DTVSAV,NE.OTV) 10TV = I
1F (DTVSAV,NEJDTV) JOTV = J
DTVSAV = DTV . .
PIXX = MUNR@RVOL{[J)®(R124U120Y2]1¢R236U234Y32 )
sRI4OU340Y430RG19UAIAGY 14 =, SeCYL @ (lI120U34)#XY) o LAMD

1
PIYY = MUNP®RVOL (1J)®(R12eV120X124R232V23#X23

+R34%V340%X34eRA1#VAI®X41Y) o LAMD

1
PIXY = MUQ4®RVOL (TJ)#(R12e(ULl2axX12eV1207Y21)¢R238(U234X234v234Y32)

1
2

*R340(U340X34+V3aeY63) +R4 10 (UL12XALoVALYLA)
. | <JSOCYL®(V124V34) aXY)
PITH = .2$¢XY'CVL0(MU06'RV0L(IJ)'((U120U34)’XY) + LAMD)
XX = HR240 (PIXY®X24-PIXXOY24}
YY =2 Y2404P (1)
UTILIIPS) = UTIL(IRJ) +DTO2M]® (XXeR]1SYY=P[TH)
UTILALTJP) = UTIL(IJP) ~DTO2H3® (XXeR3eYYePITH)
XX = HR13e(PIXY®X31PIXX®Y3])
YY = ¥31eP(IN} )
UTIL(TPJP) = UTIL(IPJP}+DTO2M28 (XXsR24YY-PITH)
UTILITJ) = UTIL(1J) =~DTO2M4o (XXeR4RYYSPITH)
PYYMP = PIYV~P(1J)
XX = uﬂzco(PYYMPH(ZI.-FIXYOYZ‘)
VIIL{IPJ) = VTIL(IPJ) +DTO2M1exX
VIIL(TJPY = VTIL(IJP) =DTO2M3oxX
XX = HRi36 (PYYMP#xX31=PIXYoY3])
VTIL(IPJPY = VTIL(IPJP)eDTO2MPoXX
VTILITYY = VTIL(1J) =DT02M4exX )
XX = (5OHA24® (1248 (X240PTXY=Y24#PIXX) V240 (Y240PTIXY=X244P1YY))
QUIPJY = OLIPJ) +DTOZM1OXX
Q(IJP) = O(IJP) ~DTO2M3eXX
XX = +S#HRI3* (U138 (x318PIXY=Y31aPIXX)=y134(Y3]ePIXY=X310PYY})
0(1PJP) = QLIPUP) «DTO2M20XX
I = QIIJ) =DTOM4*XX
14 = 1PJ
1JP = IPJP
UTILITJ) = UTILIIGP) = UTILtIUP=-NOIR) = UTIL(1J=NQIB} = 0,
IF (J.NE.2) GO 1O 1220
DO 1210 1J=1SC241SCF2,4N0
VIIL(1J) = 0.
IF (JNE.JP1) GO TO 1240
DO 1230 1JP=1JPSsLJP2NQ
VTIL(TJP) = 0.
CALL LOoP
CONTINUE
CALL NONE
CALL START
D0 1399 Ja24JP1
00 1389 I=1,IBAR
1Py = 1J » NQ
IPJP » IJP & NQ
EYIL(IJY = E(1J)¢,252(Q(IPJI+Q(IPUPI«0(TUP) ¢Q{TU))
RAL(TJ) & ROLIJY
RCSQ(TJ) &= 1./ (ASQ*GGMI®AMAX] (STE(TJ) 004}
XX = (X(IPJP)=X{1J) oX(IPJ) =X (1JP))#e2
YY = (Y(IPJP)=Y(1J)eY({TJPI=Y(IPJ))ae2
DELSM(TJ) = DTB® [xXeYY)/{XXeYY)
1J 2 19y
1JP = IPJP
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YAQUI1 00600
YAQUI1 00601
YAQUI1 00602
YAQUIl 00603
YAnUIl 00604
YAQUI1 00605
YANUI1l 00606
YAQUI1 00607
YAQUI1 00608
YAQUI1 00609
YAnull 00610
YANUI1 006}11
YAQUI1 00612
YAQUI1 00613
YAQUI1 00614
YAQUIl 00615
YAQUI1 00616
YAQUIL 00s)7
YAqQUIl 00618
YAQUIL 00619
YAQUI1 00620




€91

INDEX  01/12/73
59A

599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
62?2
623
624
625
626
627
6«28
629
630
631
632
633
634
635
636
/37
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
656
655

1399
1500

1510

1520

SUBROUTINE YAQUT2
CALL LOOP
CONTINUE
CALL NONE
CALL START
DO 1599 Js24JP]
00 1589 lal«IAAR

IMJ = Ty=NQ
IPS = TJeNQ
IPJP = 1JPeNQ
Xt = X{1PU)

Yt a Y{1PJ)

R1 = R(IPUN)

X2 = X(1PJP)
Y2 = Y(IPJP)
R2 = R(IPUP)
X3 3 X(1JP)

¥3 = Y{(1JP)

R3 = A(1JP)

X6 = X(IJ)

Y4 s Y1}

R4 = R(1J)

X12 = X1=X2
X23 ® X2«X3
X346 2 X3=Xé
X6l £ XowX)
Y21 = Y2ev}
Y32 = Y3-Y2
Y43 ® Y4=Y3
Y14 a8 YieYsd
R12 = R1+R2
R?3 = R2eR)
R34 = R3+Ré
R4l = R4eR1

Ul = UTIL(IPJ)
U2 = UTIL(TPJUP)
U3 = UTIL(IJP)
Us = UTIL(TD)
V1 = VIIL(TIRJ)
V2 = VTIL(1PJP)
V3 = VTIL{T1JP)
V4 = VTILL(TIJ)
ui2 = U1eu2
U?3 = U2eU3
U3é & U3ells
Usl = Usst}
V12 3 Viev2
V23 = V2eV3
V34 2 V3IeVs
V4l 3 Veevl

MR = ML = MT = Mg = MC = RO{IJY/RVOL (I}

PR = PLE = PT = PR = PC = P(IN
IF (1.EQ.IRAR} GO To 1510

MR = RO(IPJ)/RVOL{IPY)

PP & P(IPY)

IF (1.FQ1 ) GO Tn 1520

ML = RO(IMJ)/ZRVOL (IMU)

PILE = P(IMY)

IF {J.FQ.JP1 ) GO TO 1530
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YAQUI1 00668
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656 MT = RO(1JP)/RVOL (1JP) YAQUI1 00679
657 PT = PI1JP) YAQUI1 00680
658 1530 IF (J.E0.2 ) GO To 1540 YAQUI1 00681
659 MR = RO(1JM}/RVOL (I M) YAQUIL 006A2
660 PR = P(IJM) YAQUI1 006A3
661 1540 P12 = (MRePCeMC#PR) / (MR+MC) YAQGUI1 006A4
662 P23 3 (MT#PCeMCOPT) / (MTeMC) YAQUI1 00685
663 P34 = (M @PCeMCOPLE) /(ML oMC) YAQUI1 00686
664 P41 = (MBAPCeMCOPR)/(MBeMC) . YAQUIYl 00687
665 ETILITJ) = ETIL(IJ)-DTO4/MCH(R124P120(U120Y2]14V128X12) YAQ)11 00688

1 *R23%P23# (U234 Y324V230X23) YAQUI1 006R9

2 *R342P34@(U34#Y4IeVI4aX34) YAQUIl 00690

3 SRAL4PALS (UAIAVIAeVLLEXAL)) YAQUI1 00691
666 19 = 1Py YAQUI1 00662
667 1P = 1PJP YAQUIL 00693
668 1589 UM = 1 MeNQ YAQUI1 00696
669 CALL LOOP YAQUI1 00695
670 1599 CONTINUE YAQUIY 00696
671 CALL DONE YAQUIY1 00697
672 2000 NUMIT = 0 YAnull 00698
673 MUSTIT = | _ YAQUI1 00699
676 PIMAX = EMIQ YAQUI1 00700
675 2010 CALL START YaQull 00791
676 DN 2099 J=2¢JP1 YAQUI1 00702
677 nn 20R9 1=1,1BAR YAQUI1 00703
678 1P4 = 1y « NG YAQUIY 00704
679 1PUP = 1JP ¢ NG YAQUIl 00705
680 X1 = X(1PJ) YAqUIl 00706
681 Yt = Y(IPJ) YAQUI1 007¢7
682 Rl = RIIPYY YAQUIYl 00708
683 Ut = IL(IPY) YAQUIYl 00799
684 V1 = VLIPY) Yaquil 00710
685 X2 = X(IPJP) YAQUTl 00711
686 Y2 = Y(1PUP) Yaqull 00712
687 R2 = RUIPUP) YaqUTl 00713
688 Uz = uL(1PJP) YAQUI1 007)4
689 V2 = VL(IPJP) Yagull 00715
690 X3 = X(1JP) YAQUI1 00716
691 Y3 = Y(IUP) YAQUI1 00717
692 R3 = A(1JUP) YAQUI1 00718
693 U3 = UL{1IP) Yaoull 00719
694 v3 = vL(1uP) YAQUI1 00720
695 X4 = X(1J) YAQUI1 00721
696 Yo = YUIOY Yaqulrl 00722
697 R4 = R(1J) YaQuIl 00723
698 Us = UL(TN YAQUI1 00774
699 Vo = VLITD) _ YAQUI1 00725
700 N 2 ¢250RVOLITJI®((RISRZI®((ULeU2)(Y2uY1)e(V]Iev2ie(XlX2)} YAQUI1 00726

1 ¢ (R24R3)® [ (UZeU3)# (YI=Y2) » (V2eV3) ®(X2=X3)) YAQUIY 00727

2 ¢ {R3RAI @ ((USeUMI#(Y4=YI) ALVIeVh)® (X3=X4) ) YAQUIl 00728

3 ) +(RASRLI ® ((UbeUl)®(Y1uYh) e (VaeV])®(XbaX1))) Yanull 00729
701 S = RNT#(ROL{TJ)I=RO(T1J))*ROL{TJ)*D Yanuyl 00730
702 RA = RCSQ(1J)®(RDT*D)+DELSMIIY) YAQUIL 00731
703 DP = «0M#S/RA YAQUI1l 00732
704 ROL(TJY = ROL(TIJ) * RCSA(TJ)*DP YAQUI1 00733
705 PLMAX © AMAX1(PLMAX,ABS(PL(T1J))) YAQUI1 00734
706 IF (ABS{DP) LE.EPS*PLMAX) GO TO 2080 YAQUI1 00735
707 MUSTIT = 1§ YAQUIY 00736

» . » - . . .
L3S ¢, [ | N s A . s JLEN .
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01712773
708
709
710
EAR
712
713
74
715
16
nr
718
719
720
721
722
723
726
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
%7
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765

2060

2080
2089

2099

3000

3009
3019
3100

3109
3119

3150
3200

SUBROUTINE YAQui2
PLITJY = PL(IJ)«DP
Y24 = Y2evs
Y31 = Y3-vl _
XR13% ,58(R1+R3)® (XI~X3)
XR264= ,56 (R2*R4) ® (X2=X4)
XX = NT026nP
DTO2MY = XXoRM{1Pj)

NTO2M2 = XX8RM(IPJP)
DT02M3 = XX®RM(IJP)
DTO2M4 = XX®RM{1J)

UL LIPJY 3 ULSDTOPM{®R10Y24
UL{IPJP) = U2¢DTO2M2#R20Y3]
ULLTJP) = U3=DTOPM3%RI*Y24
ULITJY = Us=DTOPMG®R4®Y3]
IF (J.EQ.2) GO YO_2060
VLITPY) = VI=DTO2MI#XR24
VLIIJ) = V6=DTO2M4#XR13
1IF (J.EQ.JP1) GO TO 2080
VLIIPJP) = V2+DTO2M20XR13
VLIIJP) = V3+DTO2M3®XR24
1J = 19y
1P = 1PJP
ULITJ) & ULITJP) & UL(IJP=NQIR) = UL{1J=NQTB) = 0,
CALL L.OOP
CONTINUE
CALL NONE
NUMIT = NUMITel
IF (MUSTIT,EQ.0) GO TO 3000
MUSTIT a 0
IF (NUMIT,tT.500) GO TO 2010
LPR = 2
PRINT 64130
1F (GANVEL.GT+1.99) GO TO 3159
CALL START
DO 3019 J=2,JP2
Dn 3009 I=14+IP1
UG(TJ) = UL(T1J)*GROVEL
VGITJ) = VL{IJ)*GROVEL
10 3 1J ¢ NQ
CALL LOOP
COANTINUE
CALL OONE
CALL START
Do 3119 Js2,JP2
00 3109 I=1.IP1
X(1JY = X(1J) *UGITJ) *OT
Y1) 3 Y(IJ)eVG(1Jy*nT
RETJ) =2 XUTJI*CYLeOMCYL
I = 1J ¢ NQ
CALL LOOP
CONTINUE
CALL NONE
GO TO 3200
CALL REZONE
CalL START
nn 3269 J=24JP1
Dn 3259 I=1,1B8AR

MY 3 TJ=NQ
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YAQUIL
YAQUIL
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YAQUIl
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00738
00739
00740
00741
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00743
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SUBROUTINE YAqQui2

1PJ 3 TJeNQ

IPJP = TJP4NQ
X1 = X(1PY)
Y1 = Y(IPJ)
Rl = R(IPY)
X2 = Xt1PUPY
Y2 = Y(IPJUP)
R? = R(IPUP)
X3 = X(1JP)
Y3 = Y(IJP)
R3 = RIIJP)
X6 = X{1J)
Yo = Y(IO)
R4 = R(IN)
ULY = ULLIPY)
VLl = VL{TPJ)
UL2 = UL(IPJP)
ViL2 = VL(IPJP)
ULl = UL (1up)
VLI = VLITJP)
ULs = UL(TY
VLS = VLTI -
unl = UGIIPS) = UL}
VNl = VGIIPJ) = wvii
Un2 = UGIIPJP) = UL2
VN2 = VGIIPJUP) = vlL2
und = UG(IJP) = (IL3
VN3 = VGITJUP) = VL3
ung = UGLTU) - ULs
vné = VGILTY) = vLé4
X12 = X1=X2
X23 = X2~x3
X34 = X3=X4
X41 = X4eX)
Y21 = Y2ev)
Y32 ® Y3e=Y2
Y43 2 YheVY3
Y14 = YleYs
Y31 = Y3eYv)
R12 = R1eR2
R23 = R2e¢R3
R34 = RI+R4
R4l = R4eR}Y
U12 = ULleut2
U23 = UL2+UL3
U34 = UL3sULS
Uql = ULédeull
V12 = VY[ 1eVL2
V23 = VL2eVL3
V3h = VL3eVLA
Val = Viaevid - L.
D = (250RVOLITJ)I®(R12#(U12#Y21evI20X]12)4R230 (U238Y324V230%23)

oRIAM (U348Y43eVv340X34)eR41O(UALOY]IAGVAL®XAY))
VOLR = VOLT = VOLC =2 1./RVOL(TD)
IF (1.NE,IRAR) VOLR = 1./RVOL (IPJ)
IF (JoNEoJP1 ) VOLT = 14/RVOL (1UP)
IF {1.EQ.1) GO TO 3280
FL = «FR
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YAQUI1 00827
YAQUI1 00878
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YAQUI1 00832
YAQU!l 00833
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YAQUT1 00835
YAQUI1 00836
YAQUI1 00837
YANUT1 00838
YAQUT1l 00839
YANUT1 00840
YAQUT1 00841
YAQUT]1 00842
YAQUIl 00843
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839
840
841
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843
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R6T7
A6R
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3240
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3280
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3300
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3319
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1
2
3
o

, Al
. . .
SUBROUTINE YvAqQul2
AL = «AR
IF (J.,EQ,2) GO YO 3290
FB & «FT(])
AB z «AT(T) X
FR 3 DTOA*R12#( (UD1+UD2)#Y214(VD1evD2) 8X12)
AR = AOM*SIGN(144FR ) +B0a4 ,5FR /(VOLReVOLC)

FT{1) = DYOB®R23#((UD2+UD3) Y324 (VD24VD3) #X23)

ATUI) = AQM®SIGN{)1e,FT(]))eB0GG,*FT(1)/ (VD TeVOLC)

XX s AMAX1{ABS(FB)¢ABS(FR) ¢ABS(FT(1))¢ABS(FL)" ;

DYC = AMIN](DTC,DTPQSeAOFAC/ (XXaRVOL(1J) eNTPOS@ABS (D) +EM1D))

IF (DTCSAV.NEJDTC) IDTC = 1

IF (DOTCSAV,NEJDTC) JOTC = J

DTCSAV = DTC

MP(1J) = RO(IJ)evValLC
¢FR  ®#((1e~AR)  SROL(IJ}e(1,4AR)  ®ROL(IPJ))
SFTUIIS((YemAT(I)IOROL(TJ) @ (1aeAT(T})PROL(IUP))
*FL *((1e=AL)  SROLU(TJ)e(1,4AL)  ®ROL(IMJ)}
*FR *({1e=AR) *ROL (1J) ¢ (1,+AB) #ROL (TUM))

ROE = RO(TJI*ETIL (1)

EPLIJ) = 1./MP(1J)® (ROESVOLC .
+FR *((1e=AR) ®ROEe {1, *4R) SRO(IPN SETIL(IPYY)
CFTLIIO((1e~AT(1})OROF e (1,4AT(1))OROITIPISETIL(IUPY)
oFL *({1e=AL) ©ROE+ (1,¢4L) SRO(IMJYSETILIIMY)Y)
oFR  ®(()ewAB)  #ROFe(1,¢aR)  #RO(TUMIGETIL(TIUM)))

ATR & o5%(x2%Y31=x10Y32=X3eY2])

ARL zw,50(X]1#Y43ex30Y14eX4Y3])

RVOL(IJ) = 34/(ATR®(R]1+R24R3} ¢ARL® (R]+R3+R4))

14 = 1PJ

1uP = IPUP

TUM 2 TUM + NQ

CALL LOXP

CONTINUE

CALL NONE

Gn TO 3300

FL = DTOB®R348((D3IeUDLI®Y434(VD3IeVNA) #X34)

AL = AOMOSIGN(1e9FL) *BOS2,#F*RVOL(TJ}.

GO To 3230
Fg = DTOB%R41% ({UD4eUDIIOY]4e(VDALVNL) WXAL)
AB = ANMESIGN(]144FB) 4B0*24oFHORVOL (TJ)
GO TO 3240

CALL STARY

0n 3319 J=2,JP1

N0 3309 1=1+18AR

RN(TJY = MP{IJ)@RVOL (TN}

E(1d) = EP(IY)

IF (J.EQe2 ) RO(IUM) = ROL(TJM)

1IF (JJEQ.JP]1 ) RO(IJP) 2 ROL(TUP)

{F (1.EQ.IRAR) RO{1JeNQ) e ROL(IJeNQ)

IJM = 1JMeNQ

TUP = 1JPeNO

1J = 1J.s NQ

CALL LOoP

CONTINUE

CALL NONE

CALL STARTD

On 3399 Juy=2+JP2

J = JP4=yy

DO 3389 11=1.1P)
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873

874
875
876
art
a7a
879
880
a81
a82
883
884
885
A8A6
887
888
889
890
a91
A92
893
894
9%
R96
897
a98
899
9040
901
902
903
904
905
906
907
Q08
909
910
911
Q2
913
914
915
916
Q7
918
919
920
921
922
923
924
925
Q26
927
928
929
930

3389

3399
3400

3489

3499

SUBROUTINE YAQUI2

1 = 1P211

IMJ = TJ=NO

IMJM 2 1JM=NQ

XX = O

IF (T.NEJIPl oAND, JeNE#2 )} XX = MP(IJM)

IF (T.NE+sIP1 oAND, JeNE«JP2) XX 3 XXeMP(1))
IF (T.NEW1 ¢AND, JeNEoJP2) XX = XXeMP(IMJ)
IF (1,NE,) oAND, JaNE+2 ) XX = XXeMP({IMJM)

RMP(1J) = 4,/XX
1J & 1My

IJM = IMUM

CALL LOQGPD
CONTINUE

CaLL START

D0 3499 J=2.JP2

DO 3489 I=1,+1P1

XX = RMP(1J)/RM(TJ)
UPITJ) = XXSUL(1J)
VP(TIJ) = XXeVL(IJ)
1J = 1J ¢ NG

CALL 1.00P

CONTINUE

CALL DONE

CALL START

DO 3699 J=2sJP1

Dn 3599 1=141RAR

IPJ = 1JeNO
IPJP = [JPeNO
Xy = X{1e)
Y1 = Y(IPD)
R1 = R(IPJ)
ULl = UL (TP)
UGl = UG(IPJ)
ViL1 = VL (TP}
val = VGILIPY)
X2 = X(IPJP)
Y2 a Y(IPJP)
R2 = R(IPJP)
UL2 = ULLIPJP)
UG2 = UG(IPUP)
VL2 = VL(IPUP)
VG2 = VG(IPJP)
X3 = X(1JP)
Y3 = Y(IJP)
R3 = R(1JP}
W3 = UL(TJP)
UG3 = UGLTJP)
VL3 = VLITUP)
V63 = VG(T1JP)
X4 = X{1J)

Y& = Y(INY

R4 = R(IN)
ULs = ULIIDY
UGs s UGITY)
VL& = VLIID)
VG4 = VGLTIY)

XX = NTD16ROL (1)
UL13 = ULleul3
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YAQUIY 0094)
YANUI1 00942
YAQUI1 00943
YAQUIY 00944
YAQUIY 00945
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YAQU11 00948
YANU1l 00949
YAQUI1 009s0
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YAQUI1 00953
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YAQUI1 00955
YAQUI1 00956
YAQUI1 00957
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9N

932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
%8
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
9685
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
911
982
9483
9R4
985
986

987

3599

3610
3620

3630
3640
3699

37100

3709
3rie

3R00

1
10P & 1PJP

SUBROUTINE YAqut2
VL13 = VL1eVL]
UL26 = YL2+ULA
VIL24 = VL2+VL4 _
F13 = XX®{R1+R3)®((UGTeUGI=ULI3)*(Y3=¥1)4(VG]leVG3aVL13)®(X]1=X3))
F24 = XX®(R20R4)#((UG2eUGA=UL24)#(Y2=YA)} ¢ (VG2eVGh=V| 24)» (X4=X2)}
FM1 = F24*RMP(IPJ}
FM2 3 F13aRMP(1PJP)
FM3 2 F24#RMP{IUP)
FMé c F130RMP (1Y)
XX & RO®4,8RVOL(TIJ)/ROL(TY)
AL13 = AQ9SIGN(legF13)eXXeF]13
AL24 = AOOSIGN(14,F24)eXX0F24
OPAL13 = 1,.+AL13
OPAL26 = ], ,¢AL24
OMAL13 = 1,-AL13
OMAL24 = 1,-AL24
XX 3 UL3*NMAL24eUL 100PAL24
UP{IPJ) = UP(IPJ) « FM1®XX
UP(IJPY = UP(IJP) + FM3eXX
Xx = HL4®OMAL13+U 200PALY3
UP(IPUP) = UP(IPJP) = FMROXX
UP(T) s UP(TJ) o FMe®xX
XX = VLIeNMAL24eV| 160PAL24
VPIIPJ) = VP(IPJ) = FMI®#XX
VB (IJP) = VPIIJP) o FM30xXX
XX = VL4®OMAL13+V| 200PALL3
VP(IPJUP) = VP(IPJP) e FM2%XX
vP({1) = VP(IJ) o FM&®XX
1J =2 1Py
1UP = IPUP
UP(1J) = UP(LIJP) = UP(1JP«NQIB) = UP(1J-NQIB) = 0,
IF (JJNEL2) GO 1O 3620
DO 3610 1J=1SC241SCF2,NQ
ve(rJdy = 0,
IF (JJNEJJP1) GO TO 3640
DO 3630 1JUP=1JPS¢LJIP2.NQ
VR(1JP) = 0,
CALL LOOP
CONTINUE
CALL DONE
CaLL STARY
D0 3718 J=2,4P2
NO 3709 I=1.1P1
Utty) = upttd
VIIg) = vPLID
RM(T1J) & RMP(1J)
IJ = 1J ¢ NO
CALL LOOP
CONTINIE
CaLL NONE
CALL START
Nn 3899 J=2,JP1
NN 38R9 1al,IBAR
IPJ = [JeNQ
IPJP = 1JPeNQ .
SIE(IJ) = E(IJ)=e125%(U(IPJI®024U(IPJP)#024ULTIP) #020U (1Y) 002
SVIIPJ) #0240V (IPJP) 9024V (I JP) 0426V (1)) #082)
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SUBROUTINE YAQul2
1J = IPJ
caLL LOOP
CONT INUE
CaLlL 0OONE
1IF (NPT,GT,0) CALL PARTMOV
Go 10 o9

FORMAT (& To®]PE12,5¢ CYC=#]5é DT=6£12,5¢ GRINDS=#E12,56 CIRCae
1 E12,5% DNTVaogl12,Se IDTVeJDYVa®130,413/54 X [ TERSa A4 CPre
1 Fl2.52 DTC29E12,50 IDTCeJDOTC=#]130s013)

FORMAT(#0 TAPE DijMp®13e AT TeeiPE12,5# CYCLE®IS)

FORMAT (60 RESTARTING FROM TDaI3)

FORMAT{3X¢10AB®  T=#1PE12.,5% CYCLE=®15)

FORMAT (60 WRONG TAPE « WRONG DUMP,#)

FORMAT (1H1) . N
FORMAT(8 1 Ja7xexo]i1Xsys]lxeus]]xeye]0XeSIEe9XeRHOSXeYOLSYI(X
)} *D®]1XoMe]1X*P0) .

FORVAT(1Xe1309#13,10(1Xs1PEL1,6))

FORMAT(5X+A10910AR®  T=#]PE12,5% CYCLE=®IS)

FORMAT (e TSOPYCNICS4)

FORMAY (& TISOTHERMS®)

FORMAT (e VORTICITyY®) . . ,

FORMAT(12X0 MINZBIPE]12,5% MAX=#F12,5% | =#E)2,58 HeoE12,5¢ DO=e
1 F12.%) .

FNRMAT (#0 TTERATION LIMIT EXCEENED « RUN MAY ABORT.®)

FNRMAT (# ZONES®/® DRMIN=®1PE12,5% DRMAX=®E12.5¢ DZMIN=0E12,5
1 ® DZMAX=®#E12+5¢ XRa®E12+.50 YR=sE]12.5e YT=eE12,5)

FORMAT (o VELOCITY VECTORS#/18Xx2VMAX=#]1PEL12,5)

END
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INNEX  01/12/73 SUBROUTINE YAQUI2 \ PAGE 57
SINGLY REFERENCED VARTARLES
0 - 40 F1PYB =R 4c0 IPxL -1 4CO JCEN -] 4Co0 PARPLOT = 179SU  REWIND = 92F RPDZ R 4C0

1100 = 468 FIPYT =R 4CO IPXR -1 4cO JM10 -l 4CO PARTMOV = 992SU REZONE = 7615V STARTD « 869sV
1300 = 545 F1XR “R ACO 1Pv8 -1 AcO JM1a4 -1 4Co PDR «R 4Co REZRON =R 4CO0 THIRD - 4CO
1500 - 60)e F1YT =R 4CO IPYT -1 4co JrPan2 -1 ACO PDZ =R 4Co REZSIE «R. &CO YAQUI2 - 1sV
2000 = 6729 FJBe -R 4co ISCF1 -1 4co JUNF -1 4CO PXCONV =R 4CO0 REZVE =R 4CO vL.cl - 2¢N
3100 = 750e FREZ =R 4Co 1Sc3 -1 4con JUNFO2 =1 4CO.  PXL =R 4Co REZVE ~R 4CO YLc2 - 2CN
3400 - 886 H4020 - 145U ITv ~1 4co LcM - 2F PXR =R 4Co0 REZVTY =R 4CO Yscl - 3cN
3700 = 971e {RP -1 4CO TUNF -1 4COo LOOPOD - 8845y PXRP =R 4Co REZYO =R 4Co ¥sc2 . 4CN
3800 « 98)e 18P -1 4CO XL -1 4CO LPR -1 4Co PYR =R 4Co RIBAR =R 4CO YSC3 - 10CN

DATAREL = 87su ICOLOR =1 4CO IXR -1 4co MTE -2 6RL PYRM «R 4C0 R1BP -R 4Co

DR ~R 4con IMOME3 =1 4co 1YR -1 4co NOT -1 4Co PYCONV =R 4CO RJRP =R 4CO

FIRpP “R ACO IMOMX -1 4Co 1Yy -1 4cn NQT2 -1 4Co PYT =R 4Co ROMFR -R 4CO

FIPXL -R 4CO M6 -1 4c0 JBP -1 4co0 OMEM10 =R ACO PYTP R 4CO RPDR =R 4CO

FIPXR =R 4Co IPAR -1 4C0 Jae2 -l 4CcO OPEMI0 R 4Co REAL - 6F RPDRDZ =R 4CO
P Bt tul e tnd i et et r et tn it atotntctaduiniPinintminieintnimintatnimtnitetotoiclatviatnininintintaintntatudminivimintnintas tntPsntn
MULTIPLY=REFERENCED VARIABLES
lo0 = 20 993

180 - 32 354

189 = 2300 364

199 = 2200  38e

210 = 480 74AS

220 - Soe 7748 104 107
290 = 46 684

300 - 47 69 728
310 = T2AS 746

320 = a8 768

330 = 49 794

340 = 50 T9AS A1«
350 ~ 78 a0 aze
370 - 18 92e

380 = 96 1086

“ng = 75 1125V

410 = 116 1170

420 = 116 119e

440 = 113AS 1]14AS 122«
450 = 130 132 156
452 = 154 156 157«
454 « 121 1600

456 = 11848 156 164
458 = 116 11745 167«
460 = 115A5 123458 1729
479 = 126D0 173%

4R9 = 12500 175

490 = 1774 1RO, 248 251
R00 = 73 179¢

530 « 190 2198

5319 =~  1R6D0 220

549 = 18500 2224

6550 = 223 227e

SR0 - 237 2408

SA9 =  232Nn0 2424

599 ~  231N0 244e

600 = 227 P4Ae

610 « 250 315 422
620 = 251 251 252
679 = 254D0 256@

639 = 25300 258#
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JNDEX
640
649
659
700

780
760
770
780
789
799
fno
810
820
810
A40
879
8RY
ROQY
9139
949
1000
1015
1020
1025
1030
1038
1040
1045
1050
10R9
1099
1130
1140
1199
1210
1220
1230
1240
1299
13R9
1399
1510
1520
1530
1540
15A9
1599
2019
2060
20R0
2089

01/12/73
251
26300
26200
260
29300
292n0
307¢
3096
300
31700
310
322
322
322
324
34R00
34700
34a
359
366
373
365
33700
33300
33100
40300
402n0

432
435
438
441
[TYY
447
450
453
42600
426N0
531
533
47000
57700
576
580D0
579
46900
SB7D0
58600
649
657
655
658
60300
60200
675
722
706
67700

2614

285
2878
289+
2964
298+
308

313,

3]4e

318e

320¢
323
3254
327«
326 .

355«
3570
358+
36448
37148
378AS
3re

343
3994
400e
4198
4210
4230
4364
4384
4420
A4h0
4480
4504
4560
AS6e
4640
LT
534
5374
574
5784
5794
581e
582«
583e
597
599
652
6554
658e
6618
668s
670
737,

725
725,

729

328*

366
373e
380%
379
380

728

SUBROUTINE YAQUT2

398

384
385AS 394

PAGE 58




€51

AA

AAS
441
AA2

ABL
ABS
ADV
aFs
aK
AL

INOEX

2099
Jan00
3009
3019
3109
3119
3150
3200
3230
3240
3259
3269
3280
3290
3300
3309
3319
33A9
3399
34R9
3499
3599
3610
3620
3630
3640
3699
3709
3719
3AR9
3R809
4000
4010
6020
4030
4040
4050
4060
4n70
40RN
4090
4109
4110
6)20
4130
4140
4150

c

REL

T80 13 ¢ 1 808 38 00 Y Pt 330 EYTYOAY L EEY AL

R
(IR
()R
=R
R

=R
=R

0lsi2/73

67600
735
74300
74200
75200
75100
740
760
R24%
827#
76400
76300
821
A24
R48
857h0
85600
87200
870D0
88AN0
88700
89800
96300
962
96600
Q65
898700
97300
97200
98300
98200
43WR
82PR
102PR
103PR
108PR
168PR
162WR
1STWR
161WR
323WR
3726WR
327WR
328WR
739PR
225WR
246UWR
4CO
3C0o
2LC
a2Le
B26=
fA40=
18984
1208V
88su
S32=
823z

7324
7404
T4
7484
7569
758
7619
762
851
854
B4s0
8464
8494
852
85549
865
8674
AR
885e
892+
A94a
960
9640
9654
967¢
9684
9699
977e
9790
Oﬂﬁé
990e
45PR
83wR
105WR
106WR
10%wR
999¢
170PR

994
995+
996
9970
998+

1000

164PR 1001e

_169PR
1003+
10040
10059
10068
1007e
10084
1009+
B4WR
SEQ
ASWR
R6WR
8136
841
1895V
181sU
89suy
536=
836

226WR

94
SEN
97RN
98RN

a36

315S8U
2295V
99Sy
837
836

247WR

95RO
SEQ

838

3155U
3208V
1105V
538
838

SUBROUTINE vaqQui2

329WR 1002¢

sEQ
83n

31550

5428
838

SEQ SEQ SEQ SEQ SEN SEo 5EQ

853s
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439
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1
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559
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675SU
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235
986
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451
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700
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169PR
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. INDEX
us) =R
v ()R
voi “R
vb2 =R
v03 =R
vDs R
VvELIJ ~R
VELMX =R
V6 R
vGY “R
vG2 R
V63 -R
VGs -R
vL R
vl “R
vL13 =R
vL2 “R
vL24 »R
VL3 =R
via ~R
VMAX =R
voLC -R
VOLR =R
voL T -R
vP OR
vTIL (R
vV =R
vi =R
vi2 =R
v13 =R
v2 =R
va3 ~R
v2e =R
v3 =R
v3s =R
vé =R
Va1l =R
WRITE -
X ()R
xCO R
XCONV =R
XL =R
XPAR IR
xR R
¥R13 “R
XRP4 =R

01712773
Slé=
SEQ
281
789
9=
793=
798s=
534=
535z
5EQ
907=
914=
921=
92R=
SEQ
913
781=
931=
783=
Q33=
785»
7872
183=
81a=x
Bls=
B1A=
SEQ
5EQ
4CO
139=
Ss20
S17=
520=
144=
S18=
521=
149=
519=
154=
700
520=
43F
327F
SEQ
235
593
174
ant
ACO
4COo
SEQ
ACO
1=
T12=

701
434
827
827
829
B49
536

1
934
935
934
93§

701
920
789
934
791
935
793
795
189=
828
819=
820=

m1

ml
228
155
522
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570
155
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724
528

R3F
328F

1
266
593
177

9%Q
207
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ml
225wR
724
723

548
26
440
852
a29
849
852
542
S42
T45»

684
927
a13

a13

Rlé
815
189
a30
R28
R30
A91=
460=

155
635=
549

155
549

155
549
155

549
84F
329F

270
593
901
352=
209
209

726
727

550

LY

754

689
816
814

81s
8le
227
836

9543
5622

269=
643
550

273=
550

271=
550
281=

550
AsF

28
274
593
908
3RA
211
211

SUBROU
642=

27
452

906%
913=
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927a
228
833

954
562

283
646
550

283
LLY

283
550
283

6ho=
84F

29
278
607
91s
388
213
213

TINE YAQUg2
665 s8le=

27
458

91

699
931
933

931
933
246WR

9653
563=

283
6864z
643=x

283
665

283
645=
283

665
105F

29
352
610
922
388
233
233

139
460

793

953
956

958
563

46318
700
665

4«82
814z

487=
665
4923

Al6E
106F
135
152
613

235
235

817
144
461

798

T24=

9573
565

434z
700
813=

517
817

518
R8s
519
a7
109F
140

352
616

38R
a8

149
AT7

907

726a

957
565

440z
723
817

518
519
817
520
187F
145

352
680

406
406

154
482

914

T27=

958z
566=

440

521

522
521

161F

150
406
685

408
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1SR
487

921

745

958
566

A46=

636«
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162F
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408
690

410
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164PR 189 236
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964 967= 975
578= 581= 635

446 452 452
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164PR 191 192
a0 412 473
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194
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700

325F
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INDEX  01/12/73 SUBROUTINE YAQUI2 ) PAGE 67
=R 428  43WR  45PR 299=  30p 301 302= 303 30Sss  307= 397 308 309 310  312=m 312  3lés

315 316  387= 388 389  430s 4373 4493 459 5293 535  Sag= 540 540 543 543  552a
554 565 5563 558 559  56l= 562 %63  S64m 565 566  S567e S68 5§69  §70¢ 571 572
5933 595 595  713a 716 715 716 717 831 RB32  A76= B772 78a 878  879= B79  880=
880 881 AB9s 890 89} 9292 934 935  940= 94l 942  947= 448 949  950x  95] 952
9533 954 955 956z  95Y 958

XY -R 527= GS&8 &S50 551 553 ,

XYis =R 1998 201 202

xvay <R 203= 205 206

XY23 =R 200= 201 202

XY36 =R 2043 205 206 . )

x1 =R 1352 155 155 191= 199 203 207  266x 283 283  431m  A36% 4423 442 448 448 4542
454 456z 456 457  ASR  4T3am 493 696 98 529  607= 619 622  680= 700  T00 711
768 796 799 839 840  90l= 934

x12 “R 493z &7 849 550  6lg= 665 7963 A)T 827 )

x2 “R 140= 155 155 1923 200 203 209 270= 283 283 4783 493 494 497 529  610m 619
620  68S= 700 700 712  77lz 796 197 839  908a 935

x23 =R 494= 528 549 S50 620 665 7972 817 829

x24 *R 497z 527  S52 561 567  S67T

x3 “R 1452 155 155 193= 200 206 211 274 283 283 4833 494 495 498 529  613= 620

: 621 6903 700 700 71} 7743 797 798 839 840 915 934

x31 “R 498= 527 %56  Sk4  5Tp  STO

X34 =R 495z 528 549 550  621m 665  798= 817 849

X4 -R 150= 155 155 1943 199 204 213  278= 283 283  4AB8" 495 496 497 529  6l6m 621

N 622 695z 706 700 712  T77= 798 799 860  922= 935

x4i -R 496= 528 549 550 6228 665 7993 817 852 ) _

Y R  s5€@  TD1 26 26 27 27 {36 161 146 151 1STWR  164PR 195 196 197 198 234
236 267 2T} 275 279 353 353 353 353 407 409 411 413 474 479 AB4 489
594 594 594 594  60A 611 614 617  6R) 686 691 696  "Sex 754 769 772 175
718 902 909 916 923 .

¥8 =R 4CO 34 208 210 212 214  225WR 238 236 389 407 409 41l 413

yCo R anlI 9EQ 353= 389 389 389

YCONY =R 4C0 208 210 212 214 234 236 389 407 409 411 413
YPAR (IR SEQ 701

A ~R 4CO 34 225WR

Yy =R 430s 4433 4552 460 530= 535 Sel1x 541 541 543 543 5538 G54 §55 5578 558 559
594= 595 595 A

Y1 =R 136z 155 155 195 199 203 208 267z 283 283 424= 457 458 AT4s 499 502 S0a
530 608z 623 626 68in 700 700 710 769 800 803 804 902z 934

Yls =R 502z 528 548 550 6263 665 803= 817 840 852

v2 =R 141= 155 158 196z 200 203 210 271= 283 283 479 499 500 503 530 611x 623
624 6868 700 700 709 772z ROO a0} 909= 935

v21 =R 499z 5§28 548 550 6233 665 800 817 827 839

Y24 “R §03= 527 552 553 561 567 567 709= 718 720 . .

Y3 R 146= 155 155 1972 200 204 212 275= 283 283 484 500 501 S04 530 614z 624

_ 625 691s 700 700 710 775= 801 802 8064 9163 934

¥31 =R S04z 527 556 557 564 570 570 710% 719 721 RO4= 839 LTY]

v32 =R 500= 5?8 548 550 624= 665 a01= 817 829 839 .

ve =R 151= 155 15% 1982 199 206 214 279= 283 283 4892 501 %02 503 530 617= 625
626 696x 700 700 709 778a 802 803 923= 935

Y63 ~R 501z 528 548 550 6259 665 802=  8)7 840 849
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INDEX 01/12/73 SUBROUTINE PARTMOV PAGE 68 _
1 SURROUTINE PARTMOV YAQULY 01056
2 COMMON /YSC1/ AASC(4242) COMMON2 00002
3 COMMON /YSC2/ AA(1) ¢ANCoASQsAQvAOFACIAOMIRY9COLAMUSCYL COMMON2 00003

1 DRNT4DTCHNTFACINTGRINDTGZeDTGZP«NTOL10) 4DTOC(10) 0 COMMON2 00004

2 DT016+DT02,0T044sDTORIDTYPOSIDTVNTBI0OZ+EMI0EPSIFIBP, COMMON2 00005

3 FIPXLoFIPXRIFIPYBsFIPYTIFIXLoFIXReFIYBoFIYTIFJBP, COMMONZ 00006

4 FREZ4GGM1 9GM) 9 GRyGROVEL +1GZ¢G7Pe 1+ IRARI IRP+IRP1 4 1COLORY COMMON2 00007

S TOT0sTJe TUMITIP¢ TIPSy IMOMED s IMOMX 4 1541 9 [Mb s COMMON2 00008

6 IPARVIPXL o IPXRyIPYRGIPYT IP141P241S7F141SCF2418SC201SC3, COMMON2 00009

7 ITVeIUNF o IXL o IXRyIYRe1YT¢JeJRAR JRP « JBP24JCENsJM10, COMMONZ 00010

8 M40 JP1 4 JP2¢ JP4 ¢ JPL02 ¢ JIINF 4 JUNFD2,KXT o LAM(LUP24LPRy COMMONZ 00011

9 LPReMUSNAME (10) sNCYCoNLCoNPSoNPToNOINQT'NOTBINQI29NSC COMMON2 00012

1 NUMIToNUMTN Mo OMANC s OMCYL s OMEM1 0 90OPEM] 04 PNR4PDZ 4 PXCONV, COMMON2 00013

2 PXLsPXRyPXRP 4 PYR¢PYBMIPYCONV+PYToPY TPyRDTyREZRONIREZSIE, COMMON2 00014

3 REZUEWREZVEIREZVTIREZYORIBARVRIRJUR,RIAP¢RJRPYROMF R, COMMON2 00015

4 RONSRPDRyHPDRDZ+RPDZ s T4 THIRN o TLIMN TOUT + TWF INs T20MD COMMON2 00016

S VVeXCONV o X o XRyYBoYCONV YT 422 COMMON2 00017

L3 EQUIVALENCE (AASC(1) eXeXPARY s (AASC(2) 4Ry YPAR) v (AASC(314YsMPAR) EQVREAL 00002
1 (AASC14) sLIsUGYDELSM) o LAASC{S) ¢ Ve VG) o LAASC(A) 4RO) EQVREAL 00003

2 (AASC(7) sSTEsMPoRMPRCSN) ¢ (AASC(B) sESFTIL) EQVREAL 00004

3 (AASC(9) oRVOL) + {AASC(10) +MsRM'/P) s (ARSC(11) 4PyPLWEPy  EQVREAL 00005

4 UP¢PMN) o LAASC{12) JUTIL ¢UL +CQePH4XePU) » (AASC(13)VTILs  EOVREAL 00006

S - VLsPMYsPV) s LAASCL14)909R0L) EQVREAL 00n0N7

5 REAL LAM¢LAMD¢+MyMAIMCyML sMP ¢MPARYMR VMY ¢MTE ¢ MU ¢ MUO2 s MUOS EQVREAL 00008
6 DIMENSION X(1) ¢XPAR{1I«R(1)oYPARITI) oY1) eMPAR(1)4ULL) sUGLY) OIMEN 00002
1 DELSMI1) oV (1) oVG (1) yROTIIeSTIECLY #MP (1) ¢RMP (1) yRCSQ (1} OIMEN 00003

2 E(1)oETILLL) oHVOL (1) «MU1) oRM{1) 0P LY WP (1) oPL(1)4EP 1)y DIMEN 00006

3 UPLEI) gUTILC1) sUL 1) oCOLY) oPMX (YY) ~PULYY o VTIL (1Y oVL LYY DIMEN 00005

4 PMY (1) sPV(1)+Q(1)eROL (1) sPMD(]) DIMEN 00006

7 DIMENSION X1 (4) . YAQUIl 01060
8 EQUIVALENCE (X1(239X2) ¢ (X1 (3)9X3) e (X1{4)eXa)} YAQUIl 01061
9 COMMON /YSC3/ JNM YAQUI1 01042
10 CALL START YAQUI1 01043
11 00 1019 J=2,JP2 YAQUI1 0longs
12 NO 1009 1=1,IP] B YAQUIY 010kS
13 PMX(TIJ) = PMY(1J) = PMO(1J) = 0,0 YAQUEl 01066
16 1009 IJ = TJeNQ YAoUll 0los?
15 ~ CALL LooP YAQUI1 01068
16 1019 CONTINUE YAnUI1l 01069
17 CALL NONE YAQuUIl o0lo70
18 Do 1099 Ja2+.JP2 YAnutl olo7!
19 IEC = (J=1)eNQI YAQUI1 01072
20 CALL ECRD (AASCyIEC,NQIWNE) YAnUI1 o0l073
21 1J =1 YAQUTl O0lo7é
22 na 10R9 1=141P1 YAQUIl 01075
23 IF (X(IJ}4GTePXRP +OR, Y(IJ)eLT,PYBM) GO TO 1099 Yaquil 01076
26 IF (Y(1J).GT.PYTP) GO TO 1100 YAQUIl 0lo77
25 KI = X{lJ) #RPNR » OPEM1g YAQUI1 0lo78
26 KJ = {(Y{IJ)=PYR)*RPNZ  OPEM10 YAnUll 01079
27 TIFC = KJeMQI YAqQUll 0l0A0
2R CALL ECRD (AASC(ISC?)+1EC/NQI2,NE) YAQUI1 010A]
29 KIJ 8 (Kl=1)%NQsISC? YAQUI1 01082
30 KIJP = KIJeNQI YANUIl 0l0a3
31 W Xty «FLOAT(KI=1)ePNR YANUIl 0loR4
32 H = (Y(1J)=PYB)=FLOAT(KJ=1)#PDZ YAnUI1 010RS
33 XX & HPNRNZ/RM(1J) YAQUI1 0lo0R6
34 HIE = PNZ=H YAQUI1 01087
35 NO 1049 JJ=1.2 YAQUI1 01nR8
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36

37
38
39
40
41
42
43
44
45
46
(24
[L]
49

1039
1049
1089

1099
1100

1189
1199
1200

1210

1220
1230

1240
1250

1289

SUBROUTINE PARTMOV
WTE = PDReW
DO 1039 1l=le2
X] = XX@WTEOHWTE
PMX{KIJ) = PMX(KIJ) ex1eU(1J)
PMY (KTJ) = PMY(KIJ} exlev{lJ)
PMO(KTJ) 2 PMOIKIJ) ¢x1

WTE = W

K1J = KlJeNQ

HTE = H

KI1J = K1JP

CALL ECWR (AASC(ISC2)+IECINQI2,NE)
IJ 2 1JeNQ

CNNT INUE

CALL START

KK = 0

N0 1199 J=2,JBP2

DO 11R9 I=i11BP1

RPMQ = PMO(1J}

IF (RPMO,NE.Os) PMO(IJ) = RPMQ = 1,/RPMO
IF (RPMDFQRe0s) KK a 1

PU(TJY = PMX(1J)*RPMQ

PVITJ) = PMY(1J)eRPMO

IF (1.EQe)) PULIJ) 2 0

10 s 1J ¢« NG

CALL LNOP

CONTINUE

CALL NONE _ .

IF (KK.EQ,0) GO To 1400

CALL START

N 1299 J=24JBP2

Do 12R9 1=1.18P1

IF (PMO(TJ)«GT40s) GO TO 1289
ITESTL = ITESTR = ]

PUL = PVL = PUR = PYR = 0,
Xdl. = XWR = 1o

IL=tWR=1J

ITESTL = ITESTLe]

IF (ITESTL.LT41) @O YO 1230
IL = tL=NQ :

IF (PMO(IL)+GT,04) GO TO 1220
XWl = XWL o 1.

GO T0 1210
PUL = PULIL)
PVL = PV(IL)

ITESTR = ITESTRel

IF (I1TESTR,GT,IBP1) GO TO 1250
IR = IReNO

IF (PMO(IR)«GT40e) GO TO 1240
XWR =2 XWR ¢ 1,

Gn TO 1230

PUR = PU{IR)

PVR PVLIR)

DEN = 1,/ (XWNL4XWR)

WTL = XWReDEN

WYR = XWLANEN .
PUITIJ) 3 PUL®WTL + PURSNTR
PV{1J) a PVLOWTL + PVReWTR

1J = 1JeNO

PAGE 69
YAQUI1 010R9
YAnUIl 01090
YAQUI1 01091
YAqUI1 01092
YAnUl1l 01093
YANUI1l 01094
YAQUIYl 0l09S
YAQUIY 01096
YAnUI1 o0lao7
YAnUI1l 01098
YAQUI1 01099
YANUI1 01100
YANUTY1 01101
YAQUIY o0l102
YAQUI1 01103
YAQUYIY 01104
YAnUJ1 01105
YAQUIl 01106
YAQUI1 01107
YAQUI1 01108
YAquUIl 01109
YAqUIl 01110
YAQUI1 01111
Yanull 01112
Yaqull 01113
YAQUIY 01114
YAQUI1 011)5
YAQUI1 01116
YaqUll 01117
YAQUI1l 01118
YAQUI1l 01119
YAnuJl 01120
YAQUIY1 01121
YAnUIl 01122
YAQUIl 01123
YAQUIY 01124
YAnUIl 01125
YAQUIl 01126
YAQUIYl ol127
YAQUI1 01128
YAnull 01129
YAnUIl 01130
YanUIl 01131
YANUIY 01132
YAQUI1 01133
YAQUT1 01134
YAQOUIl 0135
YAQUI1 01136
YAQUIY 01137
YAQUI1 011138
YAnUT1 01139
YAQUI1 01140
YanuIl 01141
YAQUIY1 01142
YAQUIL 01143
YAQUI1 01144
YAQUI1 01145
YAQUIl 01146
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INREX  01/12/73 SUBROUTINE PARTMOV PAGE 70 .
9% caLL LOOP YAQUIL 01147
95 1299 CONTINUE YAnUIY 01148
96 CaLL DNONE YAQUI1 01149
97 1300 D0 1399 J=2.J8P2 YAQUI1 01150
98 IEC =2 (J=1)oNQl YAQUI1 0115}
99 CALL FCRO (AASC+IECINQIWNE) YAQUIY 01182
100 1J = 1 ) YAQUI1 01153
10} D0 13R9 I=1,.,1BP) YAQUIl 01154
1n2 IF (PMO(IJ)eGT40e o0OR, PU(IJU) NEeOs o0R, PV(I1J},NEsOs) GO TO 13R9 YAQUI1 01155
1n3 JTESTA = JYESTT = J YAQUIY 01156
104 PUB = PVB = PUT = PVT 3 0, YAQUI1 01187
105 XWA = XWT = 1. YAQUIY 01188
106 I8 = 17 = TJeNQIL YAQUI1 01169
107 .. TECB = 1FCT = lEC YAQUI1 01160
108 1310 JTESTR = JTESTR = 1} YAQUI1 01161
109 IF (JTESTR,LT.2) GO TO 1330 YAQUYY1 01162
110 1ECR = IECA « NQI YAQUT1 01163
111 CaLL 'ECRD (AASC(ISC2)+IECRsNOTWNE) YAQUI1 01144
112 IF (PMO(IB).GT,0.) GO TO 1320 YAQUIY 01145
113 Xwh = XWR ¢ 1, YAQUI1 01166
114 60 TO 1310 YAQUIL 011A7
115 1320 PUB = PU{(IR) YAQUTYl 01168
116 PvB = PV{IB) YaQull 01169
n7 1330 JTESTT = JUTESTT o 1 YAnUll 01170
118 1IF (JTESTT.GT.JBP2) 6O TO 1350 vanuril olir7t
119 IECT = IECT ¢ NQI YAQUIY1 01172
120 CalL FCRD (AASC(ISC2)4IECTNQINE) YAQUI1 01173
121 IF (PMO(1T)eGT404) GO TO 1340 YAQUIY1 01174
122 XWT = XWT ¢ 1, YAQUIY1 01175
123 Gn TO 1330 YAQUI1 01176
1264 13490 PuUT a2 PUY(IT) YAQUIY 01177
125 PVT = PV(IT) YAQU)1 01178
126 1350 OFN 2 1,/(XWT+XWB) YAQUI1 01179
127 WT8 = XWT#DEN YAQUI1 01180
128 WTT = XWA#NEN . YAQUI1 O011R1
129 PUITJ) = PUB*WTB o PUTSWTT YAQUI1 01182
130 PVI1J) = PVB*WTB o PVTeWTY YAqQurl 01183
131 1389 1J = 1J & NQ YAQU)1 01184
132 1399 CALL FCWR (AASCoIECJNQIWNE) YAQUIl 01185
133 1400 IF (IMOMX.EQ.0) GO TO 2000 YAQUI1l 011R6
134 CALL STARTY YAQUI)1 01187
135 0n 1499 J=2+JBP2 YAQU)1 01188
136 DO 16R9 I=1.18P) YAQUJ1 01189
137 PULTJ) = PULLJ) sAND,«NOTe 77777777778 YAQUIl 0llg0
138 PVITJ) = PVIIU) ¢AND,«NOT.77777777778 YAQUI1l 01191
139 1489 1J = 1J ¢ NG YAQUIY1 01192
140 CaLL LOOP YAQUI1 01103
141 1499 CONTINUE YAQUIY1 01194
142 CaLL NONE YAQUIY 01195
143 2000 [IFCP = IPAR YAQUI1 01198
164 NPMT = JOLD = 0 YAQUIl 01197
145 2010 CALL FCRD (AASCyIECPLPBINE) YAQUI1 01198
146 KP 3 ) YAQUI1 01199
147 2020 XTE = XPAR(KP) YAQULl 01200
148 YTE & YPAR(KP) YaQuil o120l
149 NDRAG = MPAR(KP) YAQUJl o1202
150 1 = XxTE #RPDR + OPEM10Q YAQUIY 01203
151 J = (YTE-PY8)*RPDZ + OPEM1O YAQUI1 01204

» . . [ . ‘ . -
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1712773
s2

207

2030

SUBROUTINE PARTMOV .
IF (JslTel «ORe JoGTeURP (ORe J,LTel ,ORe 1.67,18P) GO TO 2189
IF (JLEQ.JOLD) 6O To 2030
JOLD = J « IMOME]
1EC = JeNOI
CaLL ECRD (AASC(ISC2) +IECINGI2HNE)
1J = (1=1)#NQeISC2
IPJS = TJeNG
IJP 3 IJeNQ1
I18JP = 1PJ ¢ NQI .
W= XTE = FLOAT(1=1)#POR
H a2 {YTE«PYB) = FLOAT(J=1)ePDZ
PNRMW = PNR~W
PNZMH a PRZ=H
X1 = PORMWEPDZMH
%2 = woPDIMH
X3 = PNRMWe H
Xh ® we H . . .
UK = (PU(TJI®X] o PU(IPJ)#X2 o PU(TJUPI®X3 « PU(IPJP)*X4) o RPDPRDZ
VK 2 (PY(TJI®X] o PYLIPJI@X2 + PV(IJP)®X3 o PV(IPJPI*X4) & RPNRDZ
UPAR = SHIFT(XTE30)
VPAR = SHIFT(YTE.30)
NTDRAG z DT#DRAG
ANTONRG = 1./(1.+0TORAG)
URAND = VRAND = 0.0

URPAR = (UPAR ¢ DTORAG®(UK+URAND) ¢ OTGR)} # ROTORG
VPAR a (VPAR ¢ DTNRAG#H(VKeVRAND) ¢ DTGZP) * RDTDRG
XTE = XTE o DT#UPAR

YYE = YTE ¢ OVeVpAR

USH = SHIFT(UPARs30)4ANDGTTT7TTTTTIR

VSH = SHIFT(VPARs30)+AND.T777777777R

XPAR(KP) = (XTELAND, NOT, TTT777777778) «OR, USH
YPAR{KP) = (YTEJAND, NOT. 7T777777TTR) +ORe VSH
IF (IMOMX,EQ.0) Gn 1O 2150

MTE = SHIFT(DRAG»230)

H & MTESRPNROZ#DTORAG

K1J = 1y

KK = @

D0 2149 JJy=192

00 2129 1t=1,2

KK = KKel

X1 @ X1(KK)®H

PUL = PU(KTID)

PYL = PYIKIJ) i

XX = (SHIFT(PULs30))eX1® (UK=UPAR®URAND}

YY = (SHIFT(PVL430)14X1®(VK=VPAR®*VRAND)

_PUIKTIJY = (PULJAND,eNOTeTT7T7777778) ,0R,

(SHIFT(XX130) «ANDe 77777777778}
PVIKIJ) = (PVL,AND,eNOT«7777777777R) ,0R,
(SHIFT(YYs30) eANDSTTTTTTITTTO"
K1J = KIJeNQ
K1J = [JP
CALL ECWR (AASC(ISC2)sTECINGI2,NE)
NPMT = NPMTel
IF (NPMT,EQ.NPT) GO To 2190
KP = KPe3
IF (KP.LT.LPB) GO Tpn 2020
CALL ECWR (AASC4IfCP4LPRINE)
IECP = JECP+LPB

PAGE
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YAqQuIl
YagQull
YAQUIL
Yaqull
Yaquit
YAQUIY
Yaqull
YAQUIL
YAQUIL
YaQUIL
YAQUIL
YaAQurll
YAQUIN
YAQUIY
Yaaull
YAQUIL
YAQUI1
YAQUT1
YaQull
YAQUIY
YAQUTl
YAQUIL
YanUIl
YAQULL
YAQUI)
Yaoull
YAQUIL
YAQUIY
YAQUIL
YAQUI1
Yagurl
YAQUI)
YAQUTL
YaQuUIl
YAQUIL
YAQUIL
Yaoull
YaQull
YAanU1l
Yanuri
YAQUIL
YAQUIL
YAQUI)
YAQuIl
YAqQUIL
Yaqull
Yaqull
YAQUIL
YaQull
YAQUIL
YAQUIL
YAQUIL
YAQUIL
Yaouil
Yanull
YAQUIL
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208

209
210
211
212
2)3
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
264
245
246
247
248
249
250
251
252
253
P56
255
256
257
258
259
260
261
262
?63
264
265

INDEX 01/12/73
266 306

267
268

269
270

2180

2190
2500

2539

2569
2589
2599

3000

3010
3020

3050

[
3090
3095

SUBROUTINE PARTMOV
G0 YO 2010
XPAR(XP) = =1,Ee3
Gnh TO 2150
CALL ECWR (AASCyI1ECPLPBNE)
IF (14MOMX.EQ.0) RETURN
no 2599 Js=2.JP2
IEC = (J=1)eNOI
CALL ECRD (AASCyIECHNQIWNE)
10 =1
DN 2589 1a1,1P1
IF (X{1J)eGT.PXAP 4OR, Y{1J)sLT,PYBM) GO YU 2599
IF (Y{1J)oGT.PYTP) RETURN
KT = X(IJ) *nPNR & OPEM1p
KJ = (Y(1J}=PYR)ORPNZ + OPEMlQ
1ECP = KJoNGI
CALL FCRD (AASC(ISC2) 41ECP4NQT2,NE)
K1J = (KI=1)®NQeISC2
K1JP 3 X1JeNQI .
W X(1J) = FLOAT(KI=1)6PDR
H 3 (Y(I1J)=PYB) = FLOAT(KJ=1}ePDZ
HTE = PNZ«H
DO 2549 JJ=1e2
WTE = PDReW
DA 2539 11=142 .
XX & RPPRNZSWTESHTERPMO (KTJ)
UILTJ) = U(TJ) =XXe(SHIFT(PU(KTJ)*+30))
VIIJ) = VITJY) =XXe(SHIFT(PV(KIJ)1¢30})
WTE
K1J =
HTE =
K1J = KIJP
1J = TJeND
CALL ECWR (AASCsIEC,NQINEY
RETURN
ENTRY PARPLOT
CALL ADVI(Y)
CALL FRAME (IPXLeIPXRoIPYT4IPYR)
CALL FRAME (IPXLoIPXR,IPYT,1PYB)
1F {LPR,EQ,0) GO TO 3000
CALL LINCNT(59)
WRITE (1213090} PDRyPDZ+PXRsPYR(PYT
WRITE (1243095) JINM¢NAMEsT4NCYC
1FCP = IPAR
IF (ICOLOR,GT40) CALL COLOR(1)
IF (1COLOR.GT«0) CALL COLOR(1)
NPPT = 0
CALL ECRD (AASCyIFCPsLPBNF)
Kp = 1
IF (XPAR(KP)«LT4¢0,) GO TO 3050
IX1 = FIPXL ¢ (XPAR(KP)=~PXL}*PXCONV
1Y) = FIPYR ¢ (YPAR(KP)=PYR)®*PYCONV
CALL PLT (IX1s1Y1,42)
NPPT 3 NPPT ¢ 1
IF (NPPT,FO.NPT) GO TO 3060
KP = KP+3
IF (KP.LT.LPR) GO To 3020
1ECP = IFCP+LPB
Gn TO 3010

"

w
K1JeNQ
H

SUBROUTINE PARTMOV
1IF (ICOLOR,GT«0) CALL COLOR(O)
RETURN

FORMAT (4 PARTICLES®/11XoPDR=®{PE12,50 PNZscE12,5¢ PXRWEE12,5

1 ® PYR=eE]2,5% PYT=4#E12.5)

FORMAT (SX+A10910AR® T=*1PE12,5% CYCLE=®1R)
END

PAGE 72
YAQUI1 01263
YaQUIl 01264
YAQUI1 01265
YAQUIY1 01266
YAQUIL 01267
YAQUI1 01268
YAQUI1 01249
YAOUI1 01270
YAQuIl 01271
YAQUIl 01272
YAQUI)l 01273
YAQUI1 01274
YAQUIl 01275
YAQUI1 01276
YAoUIl 01277
YAQUI)1 01278
YAQUIY 01279
YAnUIl 01280
YANUT)1 0128}
YAQUI1 01282
YAQUIY 01283
YAQUI1 01284
YAQUll 01285
YAQUI1 012AR6
YAQUI1 01287
YAQUI1 01288
YAQUI1 01289
YAQUI1 01290
YAQUI1 o0l29q1
YAQUTY 01292
YAQUT1 01293
YAQUI1 01294
YaqQuil 01295
YAQUI1 01296
YAQUIl 01297
YaquUIl 01298
Yanuil 01299
YAQUI1 01300
YAQUI1 0130l
YAQUI1 01302
YAQUI1 01303
YAQUI1 01304
YaQUIl 01305
YAQUI1 01306
YAQUI1 01307
Yapuil 01308
YAQUI1 01309
YAQUIY1 01310
YAQUIl 013)1
YAQUIl 01312
YAqUIl 01333
YAQUIY 013)4
YAQUI1 013)S
YAQUIY 01316
YAQUI1 01317
YAQUI1 01318
YAQUID 01319
YAQUIYl 01370
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YAQUIYl 01327
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SUBROUTINE PARTMOV

o . .
o -~ ! N
. INDEX  01/12/73
SINGLY REFERENCED VARTARLES
1200 = 630 DTOC ()R 3C0  FIYT
1300 « 97e DT016 =R 3CO FJURP
2500 = 212« D102 =R 3C0 FREZ
AA ()R 3CO  DTO4 =R 3C0 G6M1
ADV = 243SU DTO8 =R 360 GM]
ANC =R 3CO DTPOS =R 3C0 GR
ASQ =R 3CO DTV =R 360  GRNVEL
AQ =R 3C0 D78 =R 3CO0 GZ
AOFAC =R 3CO0 D7 =R 360 GZp
AOM =R 3Ch  EMIQ =R 3CO  IRAR
Ao =R 3CO ENTRY = 242F 1010
COLAMU =R 3CO  EPS =R 300 IJM
cYL «R 3co Fi8pP =R 3C0 1JpS
nR =R 3C0 FIPXR =R 3C0 IM)
nTe =R 3CO0 FIPYT =R 3C0 IMg
DYFAC =R  3CO  FIXL =R 3C0 P2 _
nTGZ =R 3C0 FIXR «R  3c0  ISCFY
DTO (OR  3CO  FIYR «R  3C0 IScF2

=R
«R
«R
=R
=R
=R
=R
=R
-R
-1
-1
-l
-1
-1
-1
-1
~1
-1

3co
aco
3co
3co
3co
3co
3cn
acn
3cn
3co
3co
3co
3co
3cn
3co
3co
3co
3¢n

18€3
1TV
TUNF
IxL
I1XR
1YR
1vY
JRAR
JCEN
Julo
JM14
JP1
Jré
Jrang
JUNF
JUNFO2
KX I
LaMn

-1
-1
-R

3co
3Cn
3Co
3Co
3Co
3Co
3Cn
3Co
3co
3Co
3¢Co
3Ca
3Cn
3co
3co
3co
3co
SRL

LINCNT
LJp2
MB

MC

ML

MR

MY
MUO2
MUO4
NLC
NPS
NQIR
NSC
NUMTIT
NUMTD
o]
OMANC
oMCYL

=R
=R

PAGE T4
247SU  OMEM1o
3C0  PARPLOT
SRL  PARTMOV
SAL  PLTY
SAL  ROT
SRL  REAL
SRL  REZRON
SRL  REZSIE
SRL  REZUE
3C0  RFEZVE
3C0  RE2VT
3C0  REZYO
3C0  RIRAR
3C0  RIAJB
3¢0  RIAP
3C0  RJBP
3C0  ROMFR
3C0  RON

=R
»R
=R
=R
=R
=R
=R
=R
«R
=R
«R

3co
242SU
1SV
2595V
3Co
SF
3co
3co
3co
3co
3Co
3co
3co
3co
3Co
3Co
3Co
3co

=R
<R
<R
R
R
=R
«R
=R
-R
=R
=R
-R
=R

3co
3co
3co
3co
3¢0
3c0
3c0
aco
aco
3co
3co
2¢N
cN
YCN
3¢0
aco

LA R L L I R L R LR P T R P L PR T T R Ry Y R Y Y L X LY LY T LY TR L PO PP ISy P Sy YIP Py iy Qi QP up i g Qi pup sy T Y Yipen

MULTIPLY~REFERENCED VARIABLES

1009

1019 -

1039
1049
1089
1099
1100
J1R9
1199
17210
1220
1230
1240
1250
12AR9
1299
1310
1320
1330
1340
1350
13R9
1399
lag00n
14R9
1499
2000
2010
2070
2030
2139
2149
2180
2180
2140
2539
2549

1200
1100
3700
3500
2200
1800
264
5200
5100
T2
75
73
83
81
66N0
6500
108+
112
109
121
118
10100
9700
63
13500
13500
133,
14560
147¢
153
19000
18900

23100
22900

140
16+
430
45e
470
23,
496
59
6le
77
780
80e
866
88e
67
95e
114
115«
1178
12490
126«
102
132
1330
1394
1410
14230
208
205
1574
199+
200%
2020
2094
211e
236e
23R+

Age

85

93e

123

1310

210
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INDEX 01/)2/73 . SUBROUTINE PARTMOV PAGE 75
2589 = 21700 239
2599 = 21300 218 240
3000 = 246, 250
30J0 = 2548 265
3020 =~  256% 263
3050 = 256 2609
3160 = 261 266
3090 = 248WR 2684
3095 =  249WR 269+
AASC (IR 2C0  AEQ _ AEN  AEQ  aEQ  4EQ _ AEQ  4EQ  4EQ  4EQ  4EQ  4EG  AEQ _ 4EQ  4EQ  20AG 2840

46AG 994G 111AG 120AG 132AG 145AG 156AG 201AG 206AG 211AG .215AG 223AG 240AG 254A6
COLOR = 251SU 252SU 266SU
F

COMMON = 2 3F 9F

co R 4EQ ent

DELSM (IR 4EQ 6n1 .

DEN R 88= 89 90 1262 127 128
NIMENST 6F 7F

NONE - 17U 62SU 965U 142SU

NRAG «R 149z 173 185

nT =R 3co0 173 178 179
DTDRAG =R 173= 174 176 177 186
DTGR «R 3¢0 176

nTGZP =R 3co0 177

3 (IR 4E0 6nt . ) .
ECRD - 205U 28SU  99SU 11ISU 120SU 145SU 156SU 215SU 223SU 254SU
ECWR = 46SU  132SU 201SU 206SU 211SU 240SU
EP OR AEQ 6nt

EQUIVAL = oF 8F

ETIL QR 4EQ 6nt

FIPXL =R 3C0 257

FIPYR =R 3C0 258

FLOAT = 31sU  32SU  161SU 162SU 226SU 227SV
FRAME =  244SU 245SU

H “R  32= 34 44 162 164 167 168  186= 192 2273 228 237

HTE =R 3= 38 44x 2282 232  23T= .

1 I 3¢0 1200 2200 5200 S8 66N0 68 10100 13600 150 152 152 157 61l 21700
18 -1 106= 112 115 116

18p -1 3c0 152

1891 - 3C0 520 6600 81 10100 13600

1C0LOR =1 3¢0 251 252 266 .

1EC -1  19= 2046 27= 28AG - 46AG  98= 994G 107 132A6 1552  156AG 201AG 2l4x  215A6 24040
TECR ~1 107=  110= 110 11146 ]

1ECP =l 143=  1645a6 P06AG6 207= 207 211A6 2223  223A6 250= 254AG 264= 264

tecT =1 1072  119=" 119 120A6

11 =1 3700 19000 23100
1J -1 30 13 13 13 142 14 21= 23 23 24 25 26 31 32 33 9 40
a7= 47 53 54 56 56 57 57 58 593 59 67 71 91 92 93= 93

100= 102 102 102 106 129 130 1312 13 137 137 138 138 139= 139 157= 158
159 169 170 187 216= 218 218 219 220 221 226 227 233 233 234 234 239w

239 )
1Jp =1  3¢0 159= 169 170 20
1L I 71z Tas T4 75 8 79

IMOME3 =1 3C0 154

IMOMX =] 3co0 133 184 212
T1PAR -1 3C0 143 250 .
1P4 «] 158= 160 169 170
1PJP «] 160= 169 170

1PXL -] 3CO0 244AG 26546




INDEX  01/12/73
-1 3C0

1PXR
1PYR -1 3c0
1PYY -1 3co
1P -1 3co
IR -1 Tia
15¢c2 -l 3C0
1T =1 106=
1TESTL =1 683
1TESTR =1  68=
231 -1 257=
1341 =1 25a=
J -1 3C0
21300
JBp -1 3C0
Jep2 =1 3C0
JJ -1 3sn0
JNM -1 9Co
JOLD =1 l&s=
JP2 -1 3¢o
JTESTR =1 103=
JYESTT =1 103=
K1 -1 25=
K1J -1 29=
199
x1yp -] 30=
KJ -l 26=
KK -] S0=
KP «] l46=
LAM =R 3Co0
LOOP - 158U
LPR -1 3Co
LPR -1 3Co
M ()R 4EQ
MP )R 4EQ
MPAR (IR 4F0
MTE R SRL
MU =R 3co
NAME (1 3c0
NCYC -1 3co
NE -1 20AG
NPMT =1 lé44=
NPPY -1 253=
NPT -1 3C0
NQ -1 3€0
NQY -1 3ico
215A6
NOT2 ] 3ce
OPEMIQ =R 3C0
P (R 4EQ
PDR =R 3¢
PDRMW *R 163=
pD2 =R 3co
POZMH =R 164z
PL (IR 4EQ
PMX (R 4EQ
pMY (IR EQ
PMg tIR 4EQ

691

24446

24446

24446
12p0
82=
28A6

21300
109
118
2203

225
238
221=
188=
149

140SU
206AG

149

99AG
203
261

43

27
260AG
156A6
150

161
162
39=

40=
4=

SUBROUTINE PARTMOV

86
111A6

5100

118

224
232
222
191»
182

207

11146

47
30

20iAg
151

163
164
39

49
41

87
12046 15646 157 201AG 223A6 224

6500 9700 98 103 13500 151=

13500

226 A

40 41 (%} 43a 43 483
233 234 236= 236 238

227

191 192

183 2064® 204 205 209 2552

211A6 254AG6 263 264

PAGE 76

152 152 153 154 155 162

187 193 194 197 198 199a

256 257 258 262= 262 263

120A6 13246 145AG 15646 20146 206AG 211AG 215AG 223AG 240AG 254AG

59 76 82 93 131 139
98 99AG 106 110 11186 119
22346

220 221

226 230 248WR
227 228 248WR
56

57
53 54 67 75 a3 102

157 158 199 224 236 239
120A6G  132Aa6 155 159 160 214

112 121 232
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(R 4EC

PU

193
PUR =R 104=
pUL =R 69=
PUR =R 692
pUT R 1042
pv R 4EQ

198=
PVR «R  104=
PVL =R 69=
PVR =R 69=
VY «R  104=
PXCONV =R 3C0
PXL =R 3co
PXR =R co
pPXRP R 3C0
PYR =R 3C0
PYRM <R 3co
PYCONV =R 3C0
PYT -R aco
PYTP =R 3C0
4] (IR 4£Q
R (IR 4EQ
RCSQ IR 4EQ
RDTDRG =R 174=
RETURN = 212F
L] (IR 4EQ
RMP (IR 4EQ
RO (IR 4EQ
ROL IR 4EQ
RPNR «R 3co
RPNRNZ ~R 3¢0
RPNZ -R 3Co
RPMO -R §3=
RVOL R 4EQ
SHIFT - 171U
SIE ()R 4EQ
START - 10sSY
Y =R 3Co
u IR 4EQ
UG (IR 4EQ
UK “R 169=
uL (IR 4EQ
uP R 4EQ
UPAR «R 17N=
HRAND =R 1752
USH =R 180=
UrTL IR 4EQ
v t)R 4EQ
v6 OR 4EQ
vK -R 1702
vL R 4EQ
vP ()R 4E0
VPAR =R 172a
VYRAND R 178=
YSH =K 18)1=
vTIL (IR 4EQ
W =R 31=

- »
o 4$*

601
1972
115»

78=
86z
1242
6nl
234
116=
19=
a7=a
125=
257
257
248wR
23
26
23
258
248wR
24

601

6n1

601
176
219F

anl

601

6D

601

25
33
26
54
6n1
172U
601
49SU
249WR

601

601
176

6n1

6nt
1763
176
182

6nl

601

&nt
177

6nt

6n1
177z
177
183
ent
36

219

177
281F
33

150
169
151
Sbes
180SU
64SU
39
195
176
195
40
196

177
196

4?

193«

79

194=

267F

220
170
221
54
1215V
1348V

233s

178

23ar

179

16132

SUBROUTINE PARTMOV
78 86 91=

195

87

196

162

186
55

1855y

233

189

234

181

163

102 115
197
92a 102 16 125
198
221 227 248WR 258
232
56 57
195U 196S5U 197SU 198su
195
196
166 168 226= 230

124 1293

130= 138«

233sU 234SU

[
137=

138

AGE

137

170

17

170

169

19
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INDEX  01/12/73 SUBROUTINE PARTMOV PAGT 78
WRITE - 248F 249F
wIR =R 1275 129 130 .
wTE =R 36= 38 42s 230= 232 235=
wTL “R 89= 91 92
wTR =R 9q= 91 92
wTY =R 128a 129 130 = X
X ()R 4EQ 6nt 23 25 31 218 220 226
XPAR (IR 4EQ 601 147 1R2= 209= 256 257
XTE “R 1472 150 161 171 178= 178 182
XWR =R 1062 113= 113 126 128
xWL =R 703 T6= 76 88 90
XWR =R 70= A4z 84 A8 89
XWY =R 105= 122= 122 126 127
XX «R  33= ki:] 195= 197 232 233 234 _
x1 (IR 701 AEQ  BEQ 8EQ 3az 39 40 41 165x 169 170 192= 192 195 196
x2 =R AEQ 1663 169 170
23 ~R 8EQ 167x 169 170
x4 -R REQ 16A= 169 170
Y (IR «EQ 6D1 23 24 26 32 218 219 221 2217
YPAR (IR «EQ 601 148 183z 258
YTE =R 148= 151 162 172 1792 179 183
Yy «R 1962 198

LY R LA AT YL P P P PR XY TR 2R XY PR PR L P XX T PY Y T YT PYPY Y Y PEPY PR T PYPY Y PY TR S N P T YT Y P YT YL Y YT T PR Y FY P TTPY P PY XX P TYTTY POPY
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INDEX 01/12/73 SUBROUTINE REZONE PAGE 79 .
1 SUBROUTINE REZONE YAQUIl 01328
2 COMMON /YSC1/ AASC(4242) COMMON2 00002
3 _COMMON /YSC2/ AA(1) ¢ANCyASQIAQAOFACYAQMeR0sCOLAMUICYL COMMON2 00003

1 DReNTDTCINTFACIDTGRIDTGZINTGZPyDYO(10)sDTOC(10) o COMMONZ 00004
2 DT0169DT02,070440T084DTPOS DTV DTRDZIEMIOLEPS,F 18P, COMMON2 00005
3 FIPXLsFIPXReFIPYBIFIPYT FIXLIFIXRIFIYBIFIYTIFJIRP, COMMON2 00006
4 FREZyGGM] ¢ GM1 9 GReGRNVEL 1GZsGZP s T+ IRARY I8P IBPL ¢ 1COLOR: COMMONZ 00007
5 IDTOTJe UM IJUP s 1IPS IMOMES s IMOMX 9 THM1 0 TM6 COMMONZ 00008
6 IPARyIPXLy 1PXRy IPYRyIPYToIP141P24ISCF141SCF2,1ISC2+1SC3, COMMON2 00009
7 TTVoTUNF o IXL o IXRAIYRy IYT 4 Je JRAR s JBP ¢ JBP24JCENY JM10, COMMON2 00010
8 JHl‘oJPl'JPZ!JP‘HJPBOZQJUNF'JUNFOZ.C(XIoLAM'LJPZ'LP‘% COMMON2 00011
9 LPReMUSNAME (10) sNCYCoN[ CoNPSoNPT¢NOINQT sNOIR4NGTI24NSCo COMMON2 00012
1 NUMT ToNUMTO y My OMANC ¢ OMCYL ¢ OMEM] 0 ¢ OPEMT 04 PNR¢PDZ s PXCONV, COMMON2 00013
2 PXLsPXRyPXRP4PYBIPYBMsPYCONVIPYT PYTPyRDT¢REZRONVREZSIE COMMON2 00014
3 REZUE+REZVESREZVTIREZY0sRIBARIRIRJIH¢RIRPyRIRPIROMFR, COMMON2 00015
4 RON¢RPDRIRPDRDZyRPDZy Ty THIRD s TLIMD, fOUT ¢ TWFINe T20MD, COMMONZ 00016
5 VV e XCONV XL o XRoYBs YCONV, YT 422 COMMON2 00017
L3 EQUIVALENCE (AASC(1) o XeXPAR) ¢ (AASC(2)sR1YPAR) ¢ [AASC(I) 4 Y9MPARY, EQVREAL 00002
1 (AASC(4) sUsUGDELSM} ¢ {AASC(S) o VsVG) ¢ LAASCIS) sRO) EQVREAL 00003
2 (AASC(7) e SIEsMPoRMPRCSQ) o LAASCIB) 4EWETIL) EQVREAL 00004
3 (AASC'g‘))-RVOL)-(AASC(lo)cM.RM,VP)'(AASC(II).P.PL'EPo EQVREAL 00005
6 UPyPMDY 4 (AASC112) JUTILoULSCQePrIXsPUI 4 (AASCI13)4VTILy EQVREAL 00006
H VL sPMYsPV) s LAASC{14) 0QeROLY EQVREAL 00007
5 REAL LAMy{ AMD¢MyMR ¢MC oML +MP¢yMPARYMR ¢ MT ¢ MTE s MU MUO2 4 MUOS EQVREAL 00008
6 DIMENSION X (1) oXPAR(1)oRUII4YPAR(IL) 4 Y1) sMPARIY} qUIY)2UGIY )y DIMEN 00002
1 DELSME1) sv (1) eVGI1) yRO(1) oSIE (1) sMP 1) oRMP{]1) sRCSQ L) o DIMEN 00003
2 EC1YoETTL (1) sRVOL LI oMIL) oRM{L) o VP L) sP (1) 9PLILY 9EP (1) s  DIMEN 00004
3 UPL1)sUTIL L) sUL (1) 4COLY) oPMX (L) oPULLI oVTIL (1Y oVL (L) DIMEN 00005
3 PMY (1) 90V (1) 4Q (1) sROL (1) ePMO (1) OIMEN 00006
7 DIMENSION UGTE(100) Yaqulit 01332
8 REZOMG = (4.15%ROT YAQUI1 01333
9 REZBTA = 0,002 YAQUI1 01334
10 XX = =]1,Fe6 YAQUI1 01335
11 CALL START Yaqull 01336
12 FCR = FCT a FCB = XXX =@ XOMSUM = YOMSUM = JMSUM = 0, YAQUI1 01337
13 00 1049 J=2,JP2 Yanuil 012338
14 Do 1039 1=1+1P1 YApull 01339
15 AVEL = AMAX1(ABS(UL(1J))sABSIVL(IUNIY) Yaqull 013a0
16 XXX = AMAX) (XXX¢AVEL) YaQuUIl 013s41
17 IF (1.EN.IM6 ) FCR = AMAX](FCReAVEL) YAQUI1 01342
18 IF (JoEQeJM14) FCT = AMAX1(FCT,AVEL) YanuIl 01343
19 IF tJ.EQ,9 ) FCB = AMAX1(FCRsAVEL) YAQUI1 01344
20 1639 Iy = TJ « NQ YAQUIl 01345
21 CaLL LOoP YAanUIl 01346
22 1049 CONTINUE YANUI1 01347
23 FCR = SORT (FCRXXX) YAQUI1 01348
24 FCT = SQRT{FCTeXXX) YAnUI1 01349
25 FCR = SQRT(FCBOXXX) Yanuil 013%0
26 CALL START YApUIl 0135)
27 00 1069 J=a2+JP1 YAQUI1 01352
28 IF (JeFNeJP402) YCEN = Y{1)} Yaoull 013583
29 DO 1059 1=1+1BAR YAQUI1 01354
30 1PJ = 1JeNQ YAQUI1 01355
31 IPJP = [JUPeNQ YaQUIl 01356
32 IF (JoLTe10e0RJe@T JMI0OR,I,GTIM6) GN TN 1055 Yanull 01357
33 X) = X{1PdY YAQUIl 013%8
34 Y1 = Y(IPJ) YAQUI1 01359
35 Uy = ULLIPN Yagull 01360
" . . [l
ay " v, o c, < R
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INDEX 01/12/73
36

37
38
39
40
4)
42
43
bh
45
46
&7
48
49
50

1058
1059

1069

1080
1089
1099
1200

SUBROUTINE REZONE

VLIIRY)

X (1PJP)

Y{1PJUP)
UL (1PYP)

VL (IPUP)

X(10P)

Y(1JP)

uLt1uP)

VL(1JP)

X{1J)

Yird
ULl

VLl ) :
+1250RVOL (1J) ®(RITIPJI«RTPJPYoR(TIP) &R IIUN)
R1®((U16U&) @ (XTeXb) o (V] +V4){Y]1aVh)
¢ (U24UL)®(X22X1) 0 (V20V])®(Y2=Y1)

2 +{U3eU2) 9 (X3=X2) # {VI4Y2) *{¥3=Y2)
3 ¢ (UGeU3) @ (X4mX3) ¢ (VAOVI) @ (Y4=YI))
IF (YY.GT,0s) GO TO 1055

YY = YYsYY

XOMSUM 2 XOMSUM o Yyexa

YOMSUM = YOMSUM ¢ Yvevs

OMSUM = OMSUM o YY

14 = 1PJ

1JP = 1PUP

CALL LOOP

CONT INUE

XC ® XOMSUM/OMSUM

YC 5 YOMSUM/OMSUM

REZVT 3 AMAX1{0es9 (REZOMG®.5® (YC=YCEN)})
CALL S$TAR?

DN 1099 Ja2eJP2 .

YRAR = 58 (Y{1JP) oY 1IUM) ) eREZATA®(YC=Y(TJ))
VGTE = REZOMG*(YBAR«Y(1J))eREZVT

IF (J.ED.2 ) VGTE n «FCB '

IF (J.EN.JP2) VGTE = FCT !

DO 10R9 I=1e1P)

1PJ = 1JeNO )

1F (J.6T+2) GO TO 1080

XRAR = (50 (X{IPJ)eX(1J=NO)) sREZRTA® (XCoX (1U})
UGTE(1) = REZOMG® {XBAR=%{1J))

IF (1.EN.1). UGTE = 040 i

1F 11,EQ.IP1) UGTELTY = FCR

UG(TJ) = UGTE(D)

VGi1J) = VGTE

1J = Py

CALL LDOP

CONTINUE

CALL DONE

CaLL STARY

X1P1 = YJP2 = O,

Y2 & 1,E420

DO 1289 J=2sJP2

nn 1279 I=14+1P)

Xt1J) B X(1J)+UGL1J) DT

Y(TJ) = YUTJ)eVG(TJ)enT

R{IJ) = X{TJIOCYLLOMCYL )

IF (JoEGe2) Y2 = AMINI(Y{(IJ)sY2)

(=3
w
UMK UBRERUR KU MR OG

—

PAGE 80
YAQUI1 01361
YAQUI1 01362
YAqQUIl 01363
YAQUI1 01364
YAaquIl 01365
YAQUI1 01346
YAQUI1 01367
YAnUIl 01368
YAQUI1 01369
YAQUI1 01370
YAQUI1 013N
YAqUIl 01372
YAQUI1 01373
YAQUI1l 01374
YAQUIY 01375
YAQUI1 01376
YAQUIY 01377
YAQUI1 01378
YAQUll 01379
YANUI1 01380
YANUTY  013A1
YaQull 01382
YAQUIY 01383
YAQUI1 01384
YAQUI1 01385
YAQUI1 01386
YAQUI1 01387
YAQUI1l 01388
YAQUIY 01389
Yaoull 01360
YaqUYIl 01391
YAQull 01392
Yanutl 01393
YAQUIY 01394
YAQUI1 0139§
YAQUI1 01396
YAQUIl 01397
YAQUI1 01398
YAQUI1 01399
YAQUI1 01400
YAQUI1 olanl
YAQUIL 01402
YAQUI1 01493
YAQUI1 0l4né
YaquUIl 01405
YAQUIY 01406
YAQUI1 01407
YAQUI1l 01408
Yaqull 01409
Yaquil 01s]0
Yaqutt o0lall
YAQUI1 01412
YAQUI1 01413
YAQUI1 01414
YagUIl 01415
YAQUTY 01416
YAqUI1l 01417
YAQUI1 01418




vLT

INDEX  01/12/73
9

113
115

118

1279
1289

1389
1399

SUBROUTINE REZONE
IF (JJENeJP2) YJUP2 © AMAX](Y(1J)9YJP2)
IF (1,EQ.IP1) XIP1 = AMAX1(X{IJ)eXIP1)
1y = TJeNQ
CatLL LOOP
CONTINUE
CaLL DONE |
PNR = XIP1#RIBP
PNZ = (YUP2=~Y2)eRBP
PYB = 0,0
CALL FILMCN
CALL START .
YY a ARS(GZ)/ (GM1eREZSIE)
NN 1399 J=24JP1
00 1389 1=1,1IRBAR
1P & 1y ¢ NQ
IPJP = 1JP o NQ
Y& = REZYOD o 0,258(Y(IJPIeY{IPUPIeY (1) eY(1PJ))
IF (J.EQe? ) ROL(IJM) = REZRON®EXP((Y&4=Y(lJ) =Y (IPJ) )evY)
IF (1.EQ.IRAR) ROL(IPJ) = REZRON®EXP((Y4eY (IPJ)=Y(IPJIP))®YY)
IF (JeEGeJPY ) ROL{TJUP) = REZRON®EXP((Yb=Y(IJP)=Y(1PJIP}}OYY)
I1JM = 1JM + NQ
1JP = 1UP « NQ
1) = 1PY
CaLL LOoOP
CONTINUE
CaLL NONE
RE TURN
£ND

PAGE 8! _
YAQUI1 01419
YAQUIL 01420
YAQUIl 01421
YAQUIl 01422
YAQUI1 01423
YAQUI1 01424
YAQUI1 01425
YAQUIL 01426
YAQUI1 01427
YAnUIl 01428
YAQUIY 01479
YAQUIl 01430
YAQUI1 01431
YAQUI1 01432
YAQUT1 01433
YAQUI1 01434
YAQUI1 01435
YAQUI1 01436
YAQUI1 0la37
YAQUI1 01438
YAOUI1 01479
YAQUI1 01440
YAQUIL 0144l
YAQUIL 01442
YAQUIL1 01443
YAQUI1 0l4sé
YAQUI1 01445
YAQUI1 01446




SLT

LR Y s, L
. INDEX 01/12/13
SINGLY REFERENCED VARIARLES

. 1200 « a2« pTo8 R
AR {)R  3C0 DTPOS R
AMINT = 905U DTV =R
ANC R 3Co 0718 R
ASQ -p 3C0 ©0Z R
AD =R 3CO0 EmMlo R
AOFAC =R 3CO  EPS R
AOM R 3CO0  EGUIVAL =«

RO -R  3CO  FIBP =R
COLAMYU =R 3co FILMCO =

nR eR  3CO0  FIPXL =R
'3 =R 3CO  FIPXR «R
NTFAC =R 3CN  FIPYB =R
NTGR “R 3CO FIPYT =R
nY62 =R 3CO  FIXL -
PTGZP =R 3CO0 FIXR =R
nTo_ ('R 3CO  FIYR =R
proc ()R 3CO FIYT =R
D106 =R 3C0  FURP R
nTo? =R 3C0  FREZ «R
nrnse =R 3CO0 GGM1 «R

3¢0
3¢0
3€0
3¢0
co
360
3¢0
4F

. 3c0

ioosu
3co
3¢0
3¢0
3co
3¢o
3¢0
3co
3¢0
3¢
aco
3¢0

SUBROUTINE REZONE

GR
GRDVEL
GZP
18p
18p1
ICOLOR
1070
1Jes
IMOME3
IMoMx
M
1PaAR
1PxL
IPXR
1Py8
IPYT
P2 _
1ScF)
1ScF?
15¢2
15¢3

«R
=R
»R
-1
-1

-l
-l

3co
3co
3co
3co
3co
3co
co
3co
3co
3co
3co
3co
3co
3co
ico
3co
3co
3co
ico
3co
3co

124"
TUNF
IxL
1xR
1ve
v7
JRAR
Jap
Jap2
JCEN
Jpe
JUNF
JUNFO2
KX1
LaMD
LJP2
LPB
LPR
MR
MC
ML

-y

L]
-1
(3¢
el
i
«R
-n

3Co
3Co
3co
3Co
3Co
3Co
3aco
3Co
3Co
3Co
3Co
3co
3Con
3co
SR
aco
3co
aco
SRL
SRL
SRL

MR

MY

MTE
MyQ2
MUO4
NAME
NCYC
NLC
NPS
NPT
NQT
NOIB
NQI2
NSC
NUMIT
NUMTH
oM
OMANC
OMEM1
OPEM10
PXCONV

-R
«R
«R
«R
R
(B4
-1
-1
-1
-1
-1
-1
ol
-1
-1
-1
«R
«R
<R
«R
«R

PAGE 82
SRL PxL
SAL PXR
SRy, PXRP
SAL PYRM
SRL PYCONV
3Co oyt
3Co PYTP
3Co REAL
3Co RETURN
3co REZONE
3Co REZUE
3Co REZVE
3C0 R1B8AR
3co R18J8
3Co ROMFR
3co RON
aco RPDOR
3Co RPORDZ
3C0 RPD2Z
3Co T
3co YHIRD

wR
R
R
«R
~R
-R
R
-

-

-

-R]
=R
«R
-R
“R
wR
R
-R
R
R
R

3co
3Co
3co
3C0
3aco
3co
3co
5F
117F

1SV
3Co
3C0
3co
3C0
3Co
3co
3Co0
3aco
3C0
3Co
3co

=R
R
-R

=R
=R
=R
=R
-R
=R
«R

=R
=R

3¢o
3co
3c0
3c0
3¢0
3co
3¢o
3co
10=
3¢0
3co
2CN
3CN
3¢co
3co

P P P T N L Y T L Y L Yy e S i e e S T P Y L T Y S Y R PP YR 2T PY P PE XY PR YL R 2L Y T

MULT{PLY=REFERENCED VARTABLES

1039
1049
1085
10R9
1049
10RN
1089
1099
1279
12R9
1389
1399

AASC

ABS

AMAXY

AVEL

COMMON

co

cYL

NELSM

NIMENST

DONE

or

E

FP

FTIL

EXP

FCa

FCR

FCY

GM1

GZ

1

184R

R

=R
1R
=R
OR
«“R
()R
R
(IR
-R
-R
-R
=R
-R
-1
~1

1400
1300
32
2900
2700
1
6900
6400
8600
8500
10400
10300
2C0
155U
158U
15=
2F
4EQ
aco
4EQ
6F
81su
3ca
4EQ
4EQ
4EQ
108SU
12=
12=
ie2=
3co
3co
3COo
3Co

20
22e
51,
57«
594
760
18
8o
936
959
113e
115
4EQ
155V
16SU

3F

1400
2900

56w

. #EQ
io2sy
175U
17

116SU
88

1108U
19

17
18

17
10400

4EQ

1asv
18

25a
23=
242

2900
109

4EQ
195y
lg

25
23
24

32

4EQ
625U

67
15
68

6900

915y

T3

AEQ
92sV

T

5

4EQ

AEQ

76

4EQ

AEQ

8600

4EQ

92

EQ

10400

4E0

109
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INDEX  01/12/73 SUBROUTINE REZONE PAGE 83
=1 3co 15 28 30 9 49

15 203 20 45 46 47 48 S56x 65 66 70

72 72 73 76 77 782 87 87 87 88 88 88 89 89 90 91 92
93a 93 105 107 108 113=

1M -1 3C0 65 108 ms= 11 i _

1JP -1 co 31 4] 42 43 ' 49 57= 65 106 107 110 110 112= 112

M6 -1 3o 17 32 ) ] ~ )

1Py -1 30s 33 34 35 36 49 56 70= 72 78 1052 107 108 109 109 113

1PJP =1 3= 37 38 39 40 49 87 106= 107 109 110

1P -1 3C0  14D0 6900 75 8400 92

J -1 3¢0 1300 18 19 2700 28 32 32 64D0 67 68 7 8500 90 91 10300 108

) 110

JMio -1 3¢0 32

JMY4 -1 3C0 18

JP1 -1 3¢6 2700 103d0 1o

P2 -l 3C0 1300 64D0 68 8500 91

JP402 =1 3¢0 28

LAM «R 3co 5RL

LOOP - 21SU  58SU  79SU  94SU 11aSy

M (IR 4EQ SRL 601

Mp (IR 4EQ SRL 601

MPAR (IR 4EQ SRL 6n1

(Y] =R aca SAL R .

NO -] 3co 20 30 31 70 72 93 108 106 111 112

oMCYL <R 3C0 89 -

OMSUM =R i2= 55z 55 60 61

p R 4EO 60

POR R 3€0 97s

POZ =R 3C0  98a

Pl RL 4EQ 601

PMX OR 4EQ 601

PMY (IR 4EQ 6nt

PMp R 4EO 6nl

pU OR 4E0 601

PV (IR 4EQ 6nt

PYB =R 3C0  99=

) (IR 4EQ 601

] OR 4EQ 6nT 49 49 49 49 aga

RCSQA  OIR 4EQ 601

ROT ~R 3¢0 8

REZRTA =R = 65 72

REZOMG =R a= 62 66 73

REZRON R 3c0 108 109 110

REZSIE =R 3¢0 102

REZVY =R 3C0  A2s 66

REZYD =R 3Co0 107

RIRP =R 3C0 97

RJRP =R 3¢0 98

RM (IR 4EQ 6nt

RMP IR AEO 6n1

RO 1R 4EQ 6D1 N

ROL R 4EQ 6n1 108= 109=  11¢=

avoL  OR 4EQ 601 49

Rl =R 493 S0

3 OR AEQ en1

SORT - 235U 245U 255U -

START = 115U 265U 635U  R2SU 101SY

u (R 4FQ 601

uG {IR 4EQ 6Nl 76= a7

hd - N (e . . , ] .""q,‘_ .
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INREX  01/12/73 SUBROUTINE REZONE PAGE 84
UBTE (IR 1 73= Tés 750 76
ul DR 4EQ 601 15 35 39 43 47
uP (IR 4EQ 601
uTIL (IR 4EQ 601
ul =R 35z S0 50
u2 =R 39= 50 50
u3 “R  43= 50 50
ue =R 47= 50 50
v ()R 4EQ 601
v6 (IR 4EQ 6Dl  77= as
VGTE ~R  &6= 67x 68 77
vL (IR 4€Q 6D1 15 36 AQ Y 48
vP DR 4EQ 6D1
vTIL (IR 4EQ 601
vl =R 3= 50 50
v2 =R 403 50 50
v3 R 4ex S0 50
vé =R 48z 50 50 _
% tIR AEQ 6p1 33 37 L3} 45 T2 72 T2 73 87= a7 89 92
XBAR =R 72= 73
xC ~R  60=3 72
xIe1 =R 83=a 92z 92 97
XOMSUM =R 12= 53= 53 60
XPAR  OR 4EQ 6n1
XXX =R 12= 163 16 23 24 25
x1 =R 33= 50 50
X2 =R 37= 50 50
x3 =R 4= 50 50
X4 =R 45z 50 50 53
¥ (IR EQ 6p1 28 34 38 42 46 65 (1 65 66 88n ag 90 % 107 107

107 107 108 108 109 109 110 110
YBAR =R 653 66

yC =R 61= 62 65

YCEN R 28= 62

YJP2 =R 83= 91= 91 98

YOMSUM <R 122 S6n 54 61

YPAR (IR 4EQ 601 .

Yy «R So= 51 S52= 52 52 s3 S 55 102= 108 109 110
Yl R 34z 50 50 .

y2 =R 38= 50 50 84= 95 90 LT

¥3 *R 42z 50 50 . .

Yé =R 46= 50 S0 Sé 107= 108 109 110
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INDEX 01/12/73 MASTER INDEX PAGE 85
LsST OF ALL VARIARLES NEFINED IN INPUT

C MEANS VARTARLE WAS DEFINED IN COMMON IN THAT ROUTINE

D MEANS VARIABLE WAS DEFINED IN OTHER DECLARATIONS

NON«RLANK NUMERIC 1S NUMBER OF NON=-DECLARATORY REFERENCES

S PRECEDING MEANS SUBROUTINE (PROGRAMsFUNCTION) NAME

L PRECEDING MEANS COMMON(LCM)} NAME
F PRECEDING MEANS FNORTRAN KEYWORD
® PRECEDING MEANS VARIABLE 1S DECLAREDs NOT USED ANYWHERE

ROUTINE TYPE ROUTINE TYPE ROUTINE TYPE

VARTARLE ROUTINE TYPE ROUTINE TYPE ROUTINE TYPE ROUTINE TYPE ROUTINE TYPE ROUTINE TYPE
AA YAQU! ¢ Loop ¢ FILMCO C YASETY 1C PARTGEN € MESHMKR €  YAQUI2
AASC YAQUL co LoopP 11¢ FILMCO ch  YASET) €D PARTGEN 2CD MESHMKR 1¢0 vaQut2
AAY YAQUE D  YASETY 2D PARYGEN D  YaQul2 2p

AA2 YAQUY D YASET! D PARTGEN 20 Yaqulz 20

AR YAQUIZ2 6

ABL YASETY 2 YAaQUI2 2

S ARS MESHMKR 1 Yagul2 14 REZONE 3

S ANV YAQUL 1 YaQUIZ 4 PARTMOV 1

S AFSREL  YaQul2 4

AK YAQU12 6

AL YAQUI2 6

S ALOGIO0  vaout2 2

ALL3 YAQUI2 3

AL24 YAQUI2 3

S AMAX1 FILMCO & YaQuli2 10 REZONE 8

S AMIN] FILMCO 1 YaQuia 7 REZONF 1

ANC YAQUT ¢ LnoP ¢ FILMCO € YASET1 2C PARTGEN € MESHMKR C  YAQUI2
AR YaoUI2 6

ASO YAQUT C LOOP ¢ FILMCO C YASET1 2C PARTGEN C MESHMKR C  YAQUI2
F ASSIGN  YASET! 2 YAQUI2 1a

AT YAQUIZ2 6D

ATR YASETL 2 YaQula 2

AVEL REZONE 5

AX YAQUI2 3

AY vaoui2 3 .

A0 YaQul 1C  LOOP ¢ FILMCO C YASETY 1C PARTGEN € MESHMKR C  YAQUI2
AOFAC YaoOul C LoOP ¢ FILMCO C YASETL 1C PARTGEN ©C MESHMKR €  vaQul2
AOM YAQUI 1C  LOOP ¢ FILMCO C YASET1 3C PARTGEN € MESHMKR €  YAQUI2
RO _ YAQUI 1¢  LOOP ¢ FILMCO C YASET1 1C PARTGEN C MESHMKR C  YAQU!2
CIRC YAaQul2z 11

COLAMU  YAQUI c LOOP ¢ FILmCO € YASET!] 1C PARTGEN C MESHMKR C  YAQUI2
§ COLOR PARTMOV 3

F COMMON  YAQUI 2 LooP 2 FILMCO 2 YASETY 2 PARTGEN 2 MESHMKR 2 YAQUI2
CON YAQuUI2 90 R

co vanul D FILMCO D YASET] D PARTGEN N MESHMKR D  YAOUI? 110  PARTMOV
cYL YAQUI  1C  LOOP ¢ FILMCO C YASEYY 2C PARIGEN 1C MESHMKR 2C  YAQUI2
D . YaQule 1

S DATAREL vaguiz | -

PELSM YAQUY D  FILMCO D YASET] D PARTGEN D MESHMKR O  YaOUI2 2D PARTMOV
DEN PARTMOV 6

F DPIMENST FILMCO 1 YASETY } PARTGEN 1 MESHMKR 1 YAQul2 2 PARTMOV 2 REZONE
S NONE LOOP 1 YASETY 1} MESHMKR 5 YaQUI2 16 PARTHMOV 4 REZONE 3

np YAQUI2 S

nQ vaQUlZ2 &

nR YAOU1 1C  LooP ¢ FILMCO C YASETY 1c PARTGEN 1C MESHMKR 1C  YAQUIZ2
NRAG PARTGEN 6 PARTMOV 3

NRMAX YAQUIZ2 &

~_ " . ‘ '3

3c

PARTMOY

c

REZONE

ChD PARTMOV 16CD REZONE

1c
4C

PARTMOV
PARTMOV

PARTMOV
PARTMOV
PARTMOV
PARTMOV
PARTMOV
PARTMOV
REZONE

PARTMOV

REZONE

PARTMOV

"

(2] OO0

[ B~

REZONE
REZONE

REZONE
REZONE
REZONE
REZONE
REZONE

REZONE

REZONE

REZONE

c

co

O 0000

1C
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. INDEX  61/12/73 MASTER INDEX PAGE 86
DRMIN YaQuiz 4

DROY vaqurz 3

_ DRPAR PARTGEN 6

DRV vaQut2 10 B R

Ny YAQUI ¢ LooP ¢ FILmCO C  YaSET) 4C PARTGEN C MESHMKR C  YAQUI2 24C PARTMOV 3C REZONE 2C
1344 YaQul c  LooP ¢ FILMCO C  YASET] C PARIGEN C MESHMKR C  YAQUI2 9C PARTMOV € REZONE 4
DTCSAV  YAQUI2 &

NTORAG  PARTMOV § .

DYFAC yaQu?t C LooP ¢ FILMCo C  YasgN C PARTGEN C MESHMKR € YAQUI2 2C PARTMOV C  REZONE c
DTGR YAQUI C LooP ¢ FILuCo C  YASET! C PARTGEN € MESHMKR €  YAQUI2 1€ PARTMOV 1C  REZONE ¢
nTe2 YAQUI ¢ LooP ¢ FILMCo C  YaSETY C PARTGEN C MESHMKR €  YAQUI2 1€ PaRTMOV €  REZONE c
nT6ZP YAQUI c LooP ¢ FILMCO C  YASET) ¢ PARTGEN C MESHMKR C  YAOUI2 1C PARTMOV 1C  REZONE ¢
nYo_ YAQU1 ¢ LooP ¢ FILMCO C YASETI 3C PARYGEN C MESHMKR C  YAQUI2 2C PaRTMOV €  REZONE c
orog YAQUI ¢ LooP t FILMCO € YASET] 2C PARYGEN C MESHMKR €  YAQUI2 2C PARTMOV C  REZONE c
pTOY6 YAQUI c LooP ¢ FILMCo C  YASET) C PARTGEN C MESHMKR C  YAQUI2 2C PARTMOY C  REZONE [+4
opY02 YAQUY ¢ LOOP ¢ FILmMCo C  YaSET) € PARTGEN C MESHMKR ¢  YAQUIZ 7C PARTMOV €  REZONE c
DT02M1  YAQUI2 7

NTO2M2  YaQUI2 7

DTOPM3  vaoUl2 7

nTO2M8  YaQUIZ2 7 .

DYO4 YAQUT C LOoOP ¢ FILuCo C  YaSgN € PARTGEN € MESHMKR C  YAQUI2 2C PARTMOV €  REZONE [+
DYO08 YAQUY c LooP ¢ FILMCo C YasgN C PARTGEN C MESHMKR €  YAQUI2 SC PARTMOV €  REZONE c
nTPas YAQUL c LOOP ¢ FILuCoO C  YASETY iCc PARTGEN € MESHMKR €  YAQUI2 6C PaRTMOV €  REZONE c
DTV YaQUI C LooP ¢ FILMCO C  YASET) C PARTGEN € MESHMKR € YAQUI2 9C PARTMOV C  REZONE c
DIVSAV  YaQUI2 &

nT8 YAQUI ¢ LooP ¢ FILMCO C YASETL € PARTGEN C MESHMKR C  YAQUI2 2C PARTMOV C  REZONE ¢
nz YAQUY 1C  LooP ¢ FILMCo C YASETl 1C PARTGEN 2C MESHMKR AC  YAQUI2 1C PARTMOY €  REZONE [+
NZMAX YAQUIZ2 &

NZMIN YaoUIZ2 4

DZPAR PARTGEN § N

3 YAQUT 0 FILMCO D YASETI 10 PARTOEN D MESHMKR aD  YAQUI2 3D PARTMOV D  REZONE [}

ECRD Loor 6 PARTMOV 10

ECWR Loop 5 PARTGEN 2 PARTMOV 6

EMPTY YAQUY 1 vaQula 2 -

EM10 YAQUY ¢ LoopP ¢ FILMCO C  YASET] 4C PARTGEN 1C MESHMKR €  YAQUI2 11C PARTMOV. €  REZONE 4
ENTRY LooP 7 PARTMOV 1 _

EP YAQUT D FILMCO D YASET D PARTGEN D MESMMKR D  YAQUI2 20 PARTMOV O  REZONE 1]

EPS_ YAQUL ¢ LooP ¢ FILMCO C YASET1 2¢ PARTGEN C MESHMKR €  YAQUI2 1C  PaRTMOV €  REZONE [+
gouival  vaaut 1 FILMCO ) YASET) 1 PARTGEN | MESHMKR Yaouiz 2 PARTMOY 2 REZONE 1

ETIL YaQUY D FILMCO D YASET) D PARTGEN D MESHMKR D  YAQUI2 8D PARTMOV D  REZONE [

EXP MESHMKR 1 REZONE 3

F8 vaqulz 7

FCR REZ20NE 6

FCR REZONE 6

FCY REZONE 6

FDEN MESHMKR 7 .

F18p YAQU1 c LooP ¢ FILMCO 1C  YasgM C PARTGEN 2C MESHMKR € YAQUI2 C PARTMOV € REZONE c
FILM YAQUL 2

FILMCO  FILMCO 1 YASET] 1} REZONE 1}

FIPXL YaQul ¢ LooP C FILMCO 3C  YaSgTl ¢ PARTGEN € MESHMKR ¢ YAQUI2 € PaRTMOY 1C  REZONE ¢
FIPXR YAQU! c LnoP ¢ FILMCO 3C  YASET) C PARTGEN € MESHMKR € yaQul2 C PARTMOV C  REZONE c
F1PYA YAQU1 ¢ LOOP ¢ FILMCO 3C  YasgM C PARTGEN C MESHMkR € YAQul2 € PARTMOV 1C  REZONE 4
FIPYT YAQU? ¢ Loop ¢ FILMCO 3C  YaSgT) C PARTGEN C MESHMKR € YAQUI2 _ C PaRTMOV €  REZONE [4
FIXy YAQU?Y ¢ LooP ¢ FILMCO 3C  YasgT) C PARTGEN C MESMMKR €  YAQUI2 11C PARTMOV C  REZONE c
FI1XR YAQU! cC LooP ¢ FluMCo 3C  YASETY C PARTGEN C MESHMKR € YAQUI2 _ C PARTMOV C  REZONE c
F1YR YAQUL c LonoP ¢ FIlLMCo 3C  YaSeT C PARTGEN € MESHMKR €  YAQUI2 11C PaRTMOV €  REZONE c
F1YT YAQUT c LooOP ¢ FILMCO  3C  YASET) € PARTGEN C MESHMXR € YAQUI2 C PARTMOV C  REZONE [4
FJyBP YAQUT C LOOP ¢ FILMCO 1C  YaSET C PARTGEN 2C MESHMKR € YaoQul2 C PARTMOV C  REZONE c
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YAQUI2
YASET]
YAQUI2
YAQuUI2
YAQuI2
Yaquiz
MESHMKR
YAQUT2
PARTMOV
YAQUI
YAQUI
YAQUI
YAQUY
YAQUT
YAQUI2
YAQUI2
YAQUT2
YAQUT2
YAQUT
YAQUI
YAQUL
yanul 1
YAQUL
YAQUI
PARTMOV 12
YAQUTI2 4
YaQut2 4
PARTMOV 6
YAQUI2 1
YAQUY c LooP 1c FilmnCo 1¢ YASET] 6C PARTGEN [ MESHMKR 16C YAQUI2
MESHMKR
PARTMOV
YAQUI
YaQul
YAQUT
LOOP 9
YAQUT
YAQUI2 8
YAQU12 6
3
3
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PARTGEN 3 MESHMKR 1 YaQul2 2 PARTMOV 6
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LoopP 18

PARTMOV &

Lo0P 12 .

YASET1 2 YAQUI? 5 PARTMOV 3

YAOQUY [ LOOP 6C FILMCoO sC YASET] 18C PARTGEN c MESHMKR A7C YAQUI2
YaQul2 6

YaAQU12 6

YAQUI c LOOP s5C FILMCO c YASET] ac PARTGEN c MESHMKR 7C YAQUI2
LoopP 14
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JOLD PARTMOV 3 .
JP1 YAQUL ¢ LooP ¢ FILmuCo C YASETI 3C PARTGEN C MESHMKR 1€ YAQUI2 21C PARTMOV € REZONE 3C
JP2 YAQU! c LooP C FILMCO 1C  YASET] 6C PARTGEN € MESHMKR 3C YAQUI2 12C PARTMOV 3C REZONE 5C
JP& YAQU] C LooOP ¢ FILMCO C YASET1 4C PARTGEN C  MESHMKR 1C  YAQUI2 1C PARTMOV C  REZONE c
JP402 YAQUT C LOOP ¢ FILMCO C  YASET1 1C  PARTGEN € MESHMKR € YAQUI2 C PaRTMOV € REZONE 1C
JTN YAQUI2 4
JTESTB  PARTMOV 4
JTESTT  PARTMOV 4
Jrop MESHMKR 3
JUNF YAQUT 1IC  L0OP ¢ FILmCo C YaSETI aC PARTGEN € MESHMKR €  YAQUI2 C PARTMOV € REZONE c
JUNFO2  YAQUI ¢ LhoP ¢ FIlmCo C YASET] 1C PARTGEN 4C MESHMKR 3C  YAQUI2 C PARTMOV C  REZONE c
X MESHMKR 2 YaQUI2 185
K1 PARTMOV 6
KIJ PARTMOV 27
KIJP PARTMOV &
XJ PARTMOV 6
KK vaQul2 8 PARTMOV 7
XKP _ PARTGEN 8 PARTMOV 17
KRET YASET1 3 YAQUI2 &
KRF YAQUI2 5
KRFP vaQulez 3
KRP YAQUIZ &
KR1 YAQUI2 5
KT YASETY 10 .
KX1 vaQul 1C  LooP ¢ FILMCO C YASETI ¢ PARTGEN C MESHMKR € YAQUI2 3C PARTMOV €  REZONE c
3] vyaqui2 6
K2 YAQUIZ 6
K3 vaAQul2 6 -
Ké YAQUIZ 6
L YAQUI2 6
LAM_ YAQU! ch  LoOP ¢ FILMCO CO YASET] 3CD PARTGEN €D MESHMKR €O YAQUI2 2CD PARYMOV €D REZONE co
LAMD vaoul D FILMCO D YASET) D PARTGEN N MESHMKR D  YAQUI2 4D PARTMOV D  REZONE 3}
F LCM_ YAQUT 1 YASET! 1} PARTGEN 1 Yaoulz 1t
S LINCNT  YAQUY 1 YAQUI2 & PARTMOV 1}
LINESF  vaQUI2 &
LINESP  YAQUI2Z 4
LJP2 YAQUI ¢ LooP ¢ FILMCO C YASET] 5C PARTGEN € MESHMKR £ YAQUI2 2C PaRTMOY C  REZONE c
LL . vAQul2 7
S LOCF YASET1 4 PARTGEN 2 Yaoulz 2
S LooP LooP 1 FILMCO } YASET] ) MESHMKR 6 YAQul2 22 PARTMOV & REZONE &
S LOOPD LooP 1 YASET1 1 Yaoule 1 .
LPR YAQUT C  LOOP ¢ FILMCO € YASET) ¢ PARTGEN 5C MESHMKR €  YAQUI2 C PaRTMOV BC  REZONE c
LPR YAQUL C LOOP ¢ FILKCO C YASET]  3C PARTGEN 2C MESHMKR 1C  YAQUI2 9C PARTMOV 1C  REZONE c
Mo YAQUT D FILMco D YASETY 6D PARTGEN D  MESHMKR D  YAQUI2 D PARTMOV D  REZONE [+}
S MAX0 YASETY 2 _
MB YAQUY 0  FILMCO D YASET] D PARTGEN p MESHMKR D  YAQUI2 4D PARTMOV D  REZONE 0
MC | YAQUY 0  FILMCO D YASFT1 D PARYGEN 3D MESHMKR D  YAGUI2 100 PARTMOV D  REZONE D
S MESHMKR YASET1 1 MESHMKR 1 R .
ML YAQUY D FILMCO N YASET] D PARTOGEN D MESHMKR D  YAQUI2 4D PARTMOV D  REZONE 0
®P YAQUL D FILMCO D YASET] D PARTGEN D MESHMKR D  YAQUI2 7D PARTMOV D  REZONE 2}
MPAR YAQUT D  FILMCO D YASET] D PARTGEN Ip MESHMKR D  YaQul2 D PARTMOV 1D  REZONE [}}
MR YAQUI D FILMCO D YASET) D PARTGEN 0 MESHMKR D  YAQUI2 AD PARTMOV D  REZONE 0
MT YAQUI D FILMCO D YASETY D PARTGEN §D MESHMKR D  YAQUI2 4D PARTMOV D  REZONE D
KTE YAQU! D FILMCO N YASETY D PARTGEN 4AD MESHMKR D  YaOQUI2 D PARTMOV 2D REZONE ]
MU YAQUL CO LooP ¢ FILMCO CO YASETY!  4CD PARTGEN CD MESHMKR €D YAQUIZ 2CD PARTMOV €D REZONE co
MUOR YaQug D FILHCO D  YASET] D PARYTGEN D MESHMKR D  YAQUI2 AD PARYMOV D  REZONE "]
MUOA YAQUY D  FILMCO D YASET] O PARTGEN D MESHMKR D  YAQGUI2 30 PARTMOV D  REZONE 0
MUSTIT  YAQUI2 &
- - " i T [ N s * L Yy ¥ ‘_
1‘ '.‘I' N ! ’ ' ’ N 4 id
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NOT
NO1B
NQTM
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NR_
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NSC
NT.
NT2
NUMTT
NUMTD
oM
OMAL13
OMAL24
GMANC
OMCYL
QMEM10
OMSUM
OPAL13
OPALPA
OPEM10
ouT
OVERLAY
P

paReLq?
PARTGEN
PARTMOV
PB

pC

PDR
PDRMW
PDZ
PDZMH
PITH
PIXX
PIXY
PIYY

pL

PLE
PLMAX
PLT

pPMX

PMY

PMO
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YASET!
YAQUI
MESHMKR
MESHMKR
YAQUI
Loop
MESHMKR
YaQul
MESHMKR
PARTMOV
PARTMOV
YAQUI
YaQul
YaQul
vaQut
YaQuy
MESHMKR
YAQUY
MESHMKR
MESHMKR
YAQUIL
MESHMKR
MESHMKR
YaQul
Yaqul
YAQUY
YAQUL2
YAQUL2
YAQUY
YAQUY
YAQU
REZONE
YAQUI2
YAQUI2
YAQUY
YAQUY
YaQul
YAQUT
vaqute
YASFTI1
YaQut2
YaAQut2
YAQUI2
YAQUL
PARTMOV
YAQUI
PARTMOV
YAQUT2
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YaQU12
YAQUI
YAQUI2
YaoQuta
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PARTGEN 2
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FILMCO o
PARTMOV 1

PARTGEN 1

PARTMOV 1
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FILMCO ]
PARTMOV 1

FILMCO ]
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FILMCO n
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F1LmMCo c
FILMCo [
PARTMOV 16
FitMto- €
FILMCO ¢
FlLmco 1€
FILMCo 1C
F1LMCo c
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FILMCO ¢
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FiLmCo c
FILMCo c
FILMCO [
FILMCo c
FILMCO c
FILMCO 1€
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FiLMCo 2C
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YASETY 0
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YAQUt2

YAQUI2

YAaQul2
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YAQuUl2
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YAQUT2

YAQUl2

YAQUI2
YAQUI2
YAQUI2

YAQUT2
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PARTMOY
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PARTMOV
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PARTMOV 1C
PaRTMOV 1C
PARTMOV €
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PARTMOV 16C
PARTMOV 20C
PARTMOV €
 PARTMOV SC
PaARTMOV €
PARTMOV €
PARTMOV €
PARTMOV €
PARTMOV €
PARTMOV €
PARTMOV €
PARTMOV 6C
REZONE D
PARTMOV TC
PARTMOV 7C
REZONE /]
REZONE 0
REZONE n
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REZONE
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PR vAQurz 3 . )

F PRINT YAQUI 1 YASET i PARTGEN 3 MESHMKR 1 ysauir 1 Yaoulz 19
PRM YAQUIZ2 4
PRSIE YAQUIZ 4
PRV YAQulZ2 4
PT YaQuriez 3 . =
PU YAQUT 0  FILMCO D YASET] D PARTGEN D MESHMKR D  YAQUI2 D PARTMOV 18D  REZONE D
PUB PARTMOV 3
PUL PARTMOV 6
PUR PARTMOV 3
PUT PARTMOV 3 R . -
PV YAQU! D  FILMCO D YASET] D PARTGEN D MESKMKR D  YAQUI2 D PARTMOY 17D  REZONE 1}
PV8 PARTMOV 3
PYL PARTMOV 6
PVR PARTMOV 3
PYVT PARTMOV 3
PXCONV  YAQUY ¢ LooP ¢ FILMCO 1C  YASET) C PARTGEN C MESHMKR €  YAQUI? C PaARTMOV 1C  REZONE [
PXL YAQU! ¢ LooP € FILMCO 2C  YASET] € PARTGEN C MESHMKR C  YAQUI2 C PARTMOV 1C  REZONE [4
PXR YaQU1 ¢ LnoP € FILMCD 4C  YASFT) € PARTGEN C MESHMKR €  YAQUI2 C PARTMOV 1C  REZONE c
PXRP YAQUY € LoOP c FILmCo 1C  YaSET] C PARTGEN C MESHMKR €  YAOQUI2 C PARTMOV 2C REZONE c
PYR YAQUT ¢ LOOP € FILMCO 6C YASETl 2C PARTGEN C MESHMKR C  YAOUI2 C PARTMOV 8C REZONE 1C
PYRM YaAQUI C LooP ¢ FILMCh 1C  YASET) ¢ PARTGEN C MESHMKR € YAQUI2 C PARTMOV 2C  REZONE c
PYCONVY  YAQU! ¢ LooP C FILMCO IC  YASET) C PARTGEN C MESHMKR C  YAQUI2 € PARTMOV 1C REZONE ¢
PYT YAQU! C LooP C FILMCO  4C  YASET] € PARTGEN C MFSHMKR ¢  yvaoul2 C PARTMOV 1C  REZONE c
PYTP YAQUI ¢ LooOP ¢ FILMCHh 1C  YASET) € PARTGEN C MESHMKR €  YAQUI2 C PARTMOV 2C  REZONE c
PYYMP vaourt2 3
P12 vanur2 2
p23 vaQui2 2
P34 vaoure 2
P&l vaQule 2
0 YaOul 0 FILMCO D YASETi D PARTGEN D MESHMKR D  YaQUI2 130 PARTMOV D  REZONE [}
OMN vaQur2 11
aMx YAQUIZ 8 =
R YAQUT D FILMCO D YASET]I 4D PARTGEN D MESHMKR 20  YAQUIZ 29D PARTMOV D REZONE SD
RA yaoure 2
RCSO YAQUI D FILMCO D YASET] D PARTGEN D MESKMKR 0  YaQUl2 30 PARTMOV D  REZONE [}
RDT_ YAQUI ¢ LooP ¢ FiLmCo C  YASET) C PARTGEN € MESHMKR € YAQUI2 4AC PARTMOV C REZONE 1C
ROTDRG  PARTMOV 3

F READ YAQUI 1 YASETY 7 PARTGEN 1 MESHMKR 2 YAQUI2 3

F REAL YAQUI 1 FILMCO 1 YASET] 1 PARTGEN 1 MESHMKR ) YaQulz 1 PARTMOV 1 REZONE 1

F RETURN  LOOP 6 FILMCO 2 YASETY 1 PARTGEN 3 MESHMKR 2 Yaourz 2 PARTMOV & REZONE 1
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ROUTINE PAGE
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e3asesEND OF COMPUTATIONSS * L

2835 MAXIMUM BUFFER USED BY ANY ROUTINE
2048 TOTAL ECS REQUIRED BY INDEX
T+454 SECONDS OF CP TIME USED
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