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YAQUI:
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 i1s presented that com-
bines the Implicit Continuous-fluid Eulerian (ICE) and the Arbitrary
Lagrangian-Eulerian (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 FPRTRAN 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 1s 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 1s 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 1s 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,l in
which the flow may vary from supersonic to far sub-
sonic. This 1s enabled by an implicit treatment of
the pressure calculation. The method 1s 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 Eulerian 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.
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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
subgections or phases. The first phase is a typi-
cal, explicit Lagrangian calculation. The second
1s an iteration that provides advanced pressures
for the momentum equations and advanced compression
for the mass equation. These ensure the stability
of the method with respect to sound-signal propa-
gation. Finally, the third phase, called the re-
zone sgection, 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
handle calculations in either cylindrical or plane
(Cartesian) coordinates. Calculations in cylin-
drical coordinates are scaled to unit azimuthal
angle, thus allowing the equations to be written
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
corner of the mesh. The coordinate names in the
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-
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 1 and j, which increase in the radial and

axial directions, respectively. Cell centers are

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

The mesh of cells is I cells wide by J cells high.

The mesh illustrated in Fig. 1 is in cylin-
drical coordinates, where the cells are sections
of toroids of revolution about the cylinder.

The variables in an ICED-ALE grid are of two
types: those defined at vertices, and those de-
fined at cell centers. The principal variables
are shown in Fig. 2, where coordinates (x and y),
velocities (u and v), and masses (M) are defined
at vertices, and the densities (p), pressures (p),
volumes (V), and energies are defined at the cell
centers. E 1s the specific total energy, and I is

the specific internal energy.

8=1 RADIAN
\

J
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Fig. 1. A typical ICED-ALE mesh in cylindrical co-
ordinates.
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Fig. 2. A typical ICED-ALE cell showing the loca-
tions of the principal variables. The
numbers are in the shorthand vertex nota-
tion used in the equations that follow and
in the YAQUI code.

In the equations that follow, the superscript
n denotes the beginning-of-cycle values. The ad-
vancement of the solution through a time step, of
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.

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,I) ,
although the equation of state may be bypassed for
small Mach numbers. This is discussed further in
Sec. III F, "Incompressible Flow Calculations.”
(3) Cell volumes are given by

Viﬁ:-% [(rl + 1, + r3) ATR + (rl + r, + rl.) ABL],

where
1

ATR = 5 [x1 G, ~ y3) +x, (y3~y)) +x5 (7, ~ yz)]v
1

ABL = 5 [xl Gy3=-y) +x3 (9, -y +x, (y; - 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+ s 9+
My = Pray Vi

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

immediately by vertex masses:

o T A0 L TR . T L IO L.
My 4(Mwi+ni_;§+ni_;§+mi+;i) .

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. However, the pressure iteration in Phase 2
One could

get by with only a computer storage matrix of in-

requires a set of internal energies, I.

ternal energies, by updating I during the itera-
tion so 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

J¥s _ s 1 /2 2 2, .2

Ei'#'&i Ii+35+8 ul+u2+u3+u4+vl+v2 S
2 2 .
+ Vg + va) ’

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, u and v, 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,

= .nj
uy uy + 8t Ax ’

and

= _n
vi = vi + 6t Ay ,
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
%, and A g,

T yi

It is also helpful to insert a small, con-
trolled, artificial diffusive acceleration into Ax
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 (1) in
Fig. 3.
| ) :l+1) ]
cog;ecting the vertices (;+1 v (1 v l4Z1)r and
(i ) that will influence the accelerations at ver- .
(1)

tex |y /s but in the equations the acceleration com- &

The region is surrounded by dashed lines 3

puted from the surface stresses 1s 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




i-1
| -1 ie2

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

and (1+1)' 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
values at four different vertices, (ii ), (iii),

J j-1

(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
This is done in YAQUI by introduc~
ing a weighted average of the neighboring vertex

more strongly.

velocities, We can write
3 1 (n j n )
A =g + <u>, - u ,
Xy o ancét i i
-and
b 1 (n j_nj)
Ayi g, + anCGt vy Vi)
where
n_ j l(nj n j+l , nj nj-l)
<y>y = =
u! 1 A ui+1 + ui + ui-l + ui ,
L | l(n nj+l , n n-l)
<y>y = =
vz g (Vg + V74 1™ '

and a. i1s a coefficient that governs the amount of
coupling, and upon which there is 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:

]

P ( _ 1 ) n ( 1 ) n_ . j

uy 1 ) Wtz <wy + (St:gr ,
nc ne

and
-:l-( _L)n (L)n 3
vi 1-+ v‘l+ - <v>i+<Sq;z ,
nc nc
which show the effective interpolation among neigh-—

bors that 1s added in. = 1.0,

the technique becomes identical to a procedure

Note that for a
ne

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

that Lax introduced many years ago.

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

a;c is the actual relaxation time, rather than the
number of cycles for relaxation.
Next, the appropriate initial vertex energy

change 1s calculated as
- o )4 n j]
of = o[ + ()] -
One might expect to see, instead,
Qj=5—t[Aj(“u+E)j+Aj(“v+G)j .
1 2 X i ¥y i

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.
librium, we know that the final tilde velocities

To maintain equi-~

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

repeatedly added into the Q’s every cycle.

the Q calculation until the final, complete tilde

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-
trol volumes surrounding each vertex. The changes
in the initial u, v, and Q values are computed by
sweeping through the cells and suitably adjusting
the four vertices of each cell. Thus the net re-
sult at each vertex is the cumulative contribution
from each of four surrounding cells. This tech-
nique of initializing vertices and then accumulating
contributions from the cells is preferable to sweep-
ing the vertices themselves, as it is less dependent
on boundary conditions and requires calculation of
auxiliary cell quantities only once per cycle,
Thus, the set of energy changes that we obtain at
corner vertices is gubsequently 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
follows. First, for each cell, we calculate the
divergence, D = V':, and the components of the vis-—

3
cous stress tensor:

du -

. =24 I + AVeu
v >

I -2ua—y-+XVu R

ny-u(g—‘;+g—;) '

n -zu%+xv-3 .

0

Here U is the shear stress, and A = § - %-u, where

¢ is the coefficient of dilatational viscosity.
The corresponding finite~difference equations for
these quantities are:
D-l—-{(r +r,) [(u +u,) (v, ~y,)

4v 1 2 1 2 2 1

+ (vl + v2) (xl - xz)]

+ (r, +15) [(u2 +uy) (y3 ~ 5,

+ (v +vy) (x, - x3)]

+ gty [y +u o, -y

+ (v3 + va) (x3 - xaﬂ

+ oy + ) [, +up Gy -9

+ (vl. + vl) (xl. - xl)]} ,

% {(rz ) (wy +uy) (g, - yy)

+ (xy + r,) (u3 + u2) (y3 =~ ¥p)
+ (x, + ry) (u, + u3) (v, = ¥q)

+(e) +1,) (ug + u,) (y; = v,)

CYL

-5 (ul +u, +u, + ué) [(xl - x3) (Yz - Ya)

+(x, ~x,) (y3 - yl)]} + D ,

-
t
n
[ ]
~

Lle ) o +vp &
+(r, 41y (v, ¥vy) (x, = x5)

*rg 1) (g +v) (x5 =)

Yt (v, bv) (g mxp] +00
z—v-{(rl +rp) [y +u) Gy - xp)

+vy vy Oy -y

+ (r, + 1) [(u2 +uy) (x, = x5)

+ (v, +v3) (75 - yz)]

ey tr) [oagtu) g =%

+ vy +v,) (v, - y3)]

+m e oo, 4 @ - xp

+ (v, + vy (yp - ya)]

- &L (v1 +v, + v, + Va) [(xl - X3) (Yz - Ya)

2

+ (xz - xa) (Y3 - Yl)]} [}




g = CYL (:—v {(u1 +u, +ug+ou,) [(x1 = %x3)(y, ~ ¥,)

+ (x2 - xl.) (y3 - yl)]} + XD) .

In the above equations, V is the cell volume and all
the velocities on the right are the beginning-of-
cycle values at time n, not tilde velocities. The
coefficient CYL appearing in nxx’ ny, and He equals
1.0 when used in cylindrical coordinates, or 0.0
when used in plane coordinates. Note also the cy-
clic increase in index values in each term.

Next, with the D and I terms calculated for a
cell, the resulting changes in the u and v veloci~
ties can be calculated at the four cell vertices as
follows. Start by defining
PTH = = II [(x - %) (y, - ¥,)

40 1 3732 4

+(xy = x)(yy ~ yl)] ’

then

i.o=a, +5t 41 +r)[II &, - 3.)

1 172 |2 2 & [MexVe T Y2
+IIxy (xz-xa)]+r1(y2-y4)p-PTH} R

- - st 1

“2'“2*@{5 (’3+’1)[“m(y1'y3)
+ny(x3-x1)]+r2(y3-y1)p-PTH} R

i.=m, +3 J1 +r)[I[ 5. - v,)

3T T2 T 2 o Y2 7Yy
+ny(x4-x2)]+r3(y4-y2)p-PTH} R

u, = u

St J1
4%t E;{i ey + 2 ig vy - v
- P

-}

m

+ ny(xl - x3)]+ ra(yl - y3)

= - 8t J1
v, =V, + m—l{i (r2 + 1‘4) [nxy(ylo - Yz)

@ - Ry - x,)]} :
v +£t__

v
2 2 ZMZ

+ = p)(xy - x1>]} :

<t
L}

3 oy + oI 6y -9y

= 1
3= V3t 214_3{7 (xg, + 1) [nxy(y2 -y
+ My - P)x, - x2>]} :

= St J1
RS A £ I vy - vp)

+ - ) xy - x3>]} :

where p 1s the cell pressure previously calculated

from the equation of state. The energy changes

are similarly calculated for each of the four ver-
tices, but the p's are handled in a special mass-
welghted fashion to improve accuracy when contact
surfaces' are present., First, calculate the Q con-

tributions without the work terms:

8t (r:2 + rl.)
Ql = Ql + —S-M—l-—— {(u2 + ul.)[llxy(x2 - xl.)

- Ty = 3] - vl 0, - 3y

- Ny G, - x@]} .

St (r3 +

rl)
Q, = Q, + o (g + 1)) [ny(x3 - x))

-0y = 9] - Gy ey - v

)
- Hyy(x3 - xl)]f ,

St (rl. + r2)
% = O + g {ma +up o -2y

R O ] LIS
- Hyy(xl. - XZ)J} R

8t (rl + r3)
U=, {(“1 +up i e = =)

-0y - y3)] = (v, + v3)[llxy(y1 - ¥3)

- NGy - x3)]} .

When all cells have been so treated, we can dis-
tribute the vertex energy changes, Q, into the
stored cell-center energies E, to form an <E>,
which is denoted by brackets < > to identify that



the pressures were omitted from the Q terms:

s _on s 1

< - —

E>i+35 Ei+3i+ A (Q1+Q2 +Q3 +Q4) .
Next, convert <E> values throughout the mesh to E's

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

W5 n iHs 40 g
oo = 312 Pi:; 1+3§ Pi43/2
12 3 3 !
Mivaza + M
J+3/2 n 3+ §¥s n_j+3/2
Mg Pras t My Prg
P23 W37 3V ’
14 14+
J+Hs n 3+ g+ 0 i+
I = e o T
34 s, JHs v
MyTE My
3% n ¥ 3+ n %
I Mivg Piag ¥ M Piay
41 =%, I
Myt My

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

four vertex masses. Finally, we can write

R T o 1 - 3.
E-L% B - ;;j—j_g (r14r5) Py, [(ulﬂxz) (yy~y;)
1

+ (vl+v2>(x1-x2>] * (55475 Py [(62#:3) (737,

+ @y opmg)] + (et ey [@54,) 047y)
+ @ ]+ (e vy [ 6

+ (64+Vl)(x4-x1]] .

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 Z u, “e, +Zkai (Q+Q,434Q,)

or

(New Total Energy) = (0ld Total Energy)

M. +M, +M, +M
1 2 3 4

4 .

where the last sum has been changed from cells to
vertex £, and the coefficient of QZ is precisely
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. If, at this .
point, one were to move coordinates with the u and
v velocities and calculate new densities, the re-
sult would be a typical, explicit, Lagrangian cal-

culation.

E. Phage 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 ,

v. =v , -

L -
n

DL =P, .
n

PL' P . -

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

Vi and pL will be further changed to their final ‘



H

n+l ntl n+l
values, u, v, and

p.) As the tilde quanti-
ties 4, Vv, 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 pL
values.

In addition to the starting values of Uy Vi
PL and Py, one 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= gy {ort) [Cp ) oy
+ ("L1+"f.2)(x1"‘2)]
+ (rytry) [(“Lz*“m) (737¥2)
+ vty ("2"‘3)]
LR [CHETRTER
+ gty ("3"‘4)]
+ gty [Cug b)) 0,
+ Gyt ("4"‘1)]} .
(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 =5 o)t

and

1

L T, 1)
c2(5t+D)+25t:( 2+ :25

(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,

- ()

is the square of the adiabatic sound speed, and Ar

and Az represent the average Or and 8z of the cell:

Ax

"
(N

(x2 - x, +x, - x

1 3)

Az

[}
(N

(YZ'Y4+Y3"Y1) .

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 simultaneous 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,1 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, it is the iso-
thermal sound speed that 1s accordingly required in
the implicit pressure-calculation phase.
(4) WwWith D, S, and A defined, we can calculate the

necessary pressure change for the cell,
Sp ~ -~ wAS ,

where w 1s a relaxation factor. Straight relax-
ation 1s 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

<eg ,

where Prax 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 Sp calculated, we can update the oL and

128 values for the cell,

8
pL - D(PLvnI)v or pL = pL +:§ y

pp=p, t&p .

(7) Now we can adjust uL and vL values for the

four vertices of the cell:

St
U1 “L1+ﬁ1‘r1 Gy =9, S
u - +6Lr ¢ - ) &
L2“L22M22y3y1p’
S

Uz T Ut 24, "3 (v, =95 dp

“La'“m*%;’a Gy = vy) S0

st (2% T,
Vi1 T V1 +E‘( 7 G, = %) S0

1
V2 " VL2 t 6—2;2‘ (’r_s";i) (=) - xp) p
Vi3 T Vit gri_s(l}i) Gy = %) S
Vi T Ve t 6214;4 (rl : r3) (k3 = %)) 6p

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 Pr
and 13 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, hot x.

n+lp to differ slightly from PLe but the

The neglect of higher-order terms
causes
approximation has not caused any difficulty. The

pL 18 used only in the pressure iteration, whereas
in Phase 3 ™1p will be calculated from %p by means
of conservative fluxing in the mass equation.

In summary, at the end of Phase 2, we have in
storage the n-time values of x, y, ¢, p, V, M, and
I, as well as E and the iterated values of U, v

1K) and 0.

L’

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-
tex velocities, us and Voo have been assigned in
some appropriate fashion with respect to a fixed,
Eulerian reference frame. Thus, for a purely

Eulerian calculation,

=v,=0 .

Us = Vg

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 1s to compute the cell quantities first,

oty ., to Ty

then change cell vertex

and compute the
vertex quantities.
The rezoning can be accomplished using either

n+l_~ n+l
x y

the old nx,ny coordinates or the new .

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 i1s to move the coor-
dinates before the rezone calculations, as numeri-
cal methods are usually slightly more stable when
time~advanced quantities are used.

nates for all vertices are given by

o, . x + ug it ,

n+1y - ny + Ve st
and

“+1r = n+lx 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:

Finally, P11 can be calculated.

The new coordi-

'



. Gt(rl + r2)
FR = 8 [(“Gl mup gy T U O - yy)
-
. * gy = vy gy~ V) (% xz)] ’
- <St:(r2 + r3)
- FT = 8 [(“cz m Uy tugy t )y - yy)
+ (vgp = Vg F Vg3 = vp3) (xy "3)] ’
Gt(r3 + ra)
FL = 8 [(“cs “upg tug, ~u )Gy, -y,
+ gy ~ V3 + Vg, T vy,) (x5 - "4)] '
b Gt(ra + rl)
FB ~ 8 [(“ct. Tug, tug mu by -y,
-x + (VG4 ~ Vi + Ve ” le)(xa - xl)] .

Note that the flux coefficients are zero in
Lagrangian calculations, as ug =y and Vg = Vo
and that FR for cell (i+%,j+%) is equal to -FL for
cell (i+3/2),j+%), and FT for cell (i+%,j+%) is
equal to -FB for cell (i+%,3j+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 represent true viscosity or to ensure com-—
putational stability. A slight instability results,

however, if old~time values are used in the convec-

tive flux terms in the mass and energy rezone, al-
s though the stability of the mass equation is en~
hanced by the use of the partially advanced den-

-‘E‘ sity, pL. In general, it seems preferable to pre-

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 i1s 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:

3+ 3+
op = o sign FR + 4FR Bo/(vi+3/2+vi+ai) ,
o = o sign FT + 4FT Bo/(viii/z + viz) ,

o, = o sign FL + 4FL Bo/(vifz + vi:) .

ag = & sign FB + 4FB Bo/(vijz + viﬁ) ,

FR > 0
<0

Naos n - + 1 1if
where "sign FR," for example, = '_ 1 1f FR

and the input constants allow these combinations:

@ =0and B =0 = centered,

o o
@ =1land B =0 = donor cell,

o o

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 is too diffusive for most
circumstances, generally O < a, < 1.

The new mass and energy for a cell (i#,j+%)
are given by
HEV I RTE e ElﬂR)pLi: + (1+aR)pLif:/2]

j+3/2

-
i+
+ FT|(1-a.)p + (1+0,.)p
) %r L +op L
[ 4% o+
+ FL|Q1~o, )p + (14 )p J
o Ly 1Py

+ FB [(H")p’*i: + (M”)p’*i: :

and

11



n+15d445 _____::;} nu;)
+ FR &1—aR)(“o ) + (1*“3)( °E)1+3/2]

r
n
+ FT (1—aT)( PE

+ (L) ( )j+3/2]

+ FL L(H’I‘)( DE) + e (° oE)it ]

+ FB L(l-aB) (“p ) + (1+0.B)( )j ;5]

Before updating the vertex quantities, we next
calculate n+1V (as per the equation in Sec. I C,

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

atl j*‘*i n+1§j+35
i+k v 14 b

The new volume and density replace Ny and np. The
J

New vertex masses are then calculated using the Mi
equation given in Sec. I C, item (4).

To adjust the vertex values of up and vy for
rezoningswe set initial values at all vertices,where

ol g _ [N g
Y1 o+ uLi ’
1

and

n+1vi <n+]M>j 3 .

The second sweep adjusts the four corner vertex
values of each cell in a mamner analogous to that
in the first two phases. For each cell in turn,

we define several quantities:
i+
thL (r1+r3)

F13 = 3 [‘“c1’“L1+“c3'“L3)(ys'yl)

+ (VGI-VL1+VG3-VL3)(XI-X34

12

¥
thL (r4+r )
F24 = 16 Qg o4 g0 p) (7577,)
+ (VGA-VL4+VG2-VL2)(XA-XZﬂ

413
vo, |}
1+
4F24
vo, \!
1+

@13 = & sign F13 + Bo

a24 = o sign F24 + B

Here, the "sign" has the same meaning as it did in
the mass~ and energy-flux expressions given above,
and the o and Bo are the same quantities as in
those expressions or may be chosen independently.
Because a greater proportion of donor-cell differ—
encing is required to stabilize the mass equation
than the momentum equations, it is well to use a
different (smaller) o in the momentum equations.
Given the values of F13, F24, al3, and a24 for a

given cell, the vertex contributions are given by:

n+l n+l F24
u, = u, - ;q [u]:‘3 (1-a24) + ur, (14024?]
1
n+l nt+l F13
up = "y - s [uLa (1-013) +up, (1+a13ﬂ
2
n+l nt+l F24
u3 u3 + ;q [l.LL3 (1-024) + uLl (1'*'(1210)]
3
n+l n+l F13
u4 - u4 + ;q [uIA (1-al13) + uL2 (l"ﬁl3)]
4
n+l n+l F24
vy v, - n“'l-M [VL3 (1-024) + Vi1 (1-!-0(24)]
1
n+l n+l F13
vy = vy = ;q [VL4 (1-013) + VL2 (1"0.13)}
2
n+l n+l F24
vy = vy + n+1M [vL3 (1-024) + Vi1 (1+a24ﬂ
3
n+l n+l F13
P v, + [;Lé (1-013) + Vi (1+a13ﬂ

n+!
1M4




-

Finally, the new velocity field allows us to calcu~
late the new specific internal energles for all

cells:

n+1j+3i_n+1j+35_l(2 2,2 .2, 2 2 2 2
T ® 0 Fip, ~ 3 wlrbrgrininging) |

vwhere 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-
sented 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. For 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 Phage~1l tilde velocity calculations,
normal wall velocities must be reset to zero, i.e.,
3 = 0 on the left and right boundaries, and v = 0
on the top and bottom boundaries.

(2) During the pressure iteration in Phase 2, the
normal wall velocities must be kept zero. There-

fore, the appropriate up and v_ component(s) must

be set to zero in boundary celis before proceeding
to the next cell in the iteration.

(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-
ly 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.

useful to allow the rigid walls of the mesh to ex-

In many applications, however, it is
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 1s allowed to remain constant
for all time. The rezone calculates appropriate
exterior pL values to maintain atmospheric equilib-
rium. These new exterior pL values subsequently
become the final exterior P*lp values for the cycle.

Rezoning is discussed further in Sec. IIT 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 greatest degree practicable. The loss of effi-
ciency in certain regions that results from having
the entire code in FORTRAN IV, rather than machine
language, 1s 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.
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As depicted in Fig. 4, YAQUI is built in an
overlay fashion to minimize the use of small core
memory (SCM), which 1s 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 disk storage. YASET is the setup pro-
gram, and YAQUIl performs the three-phase ICED-ALE
calculations.

The structure within each of these three pro-
grams 1s 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
FIIMC@. LPPP 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 1s placed in SCM immediately

(0,0)

MAIN PROGRAM YAQUI

OVERLAY

(1,0} (2,0)
PROGRAM PROGRAM :

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
it prints "YASET CALLED,"
so that the user can monitor his path through the

a two-instruction program:

overlays, and then immediately calls subroutine

YASET1. YASET1 performs the actual setup, and in bt
turn calls upon PARTGEN, to generate particles if o
specified, and MESHMKR, which creates the computing -~ .
mesh with its initial cell and vertex quantities. T
When the problem setup is complete, YASET1 returns -

control to the (0,0) main overlay program.

To calculate after setting up, the main program
calls YAQUIl, 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, YAQUI1l 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 1s 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

8t, performs tape dumps and tape restarts, and

-

senses problem completion or an impending operating-

system time limit. In the latter two events, it re-

turns control to the main program, which, in turn, -

searches the input queue for further tasks. If

there are none, the job is ended. .
YAQUI2 makes use of two subroutines: PARTM@V

moves and plots particles, and REZPNE calculates

new grid vertex velocities, u, and vg, and new ver- &

tex coordinates, x, y, and r, for Phase 3 if the

flow is neither pure Lagrangian nor pure Fulerian.

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
[ rcomoecx YSC1 |7"COMMON2" --— SCM BUFFER
COMMON INCLUDED IN
COMDECK YSC2 -+— TAPE DUMP - CONTAINS
ALL QUANTITIES KEPT
FROM CYCLE TO CYCLE.
(0,0) 4 COMDECK EQVREAL| "EQVREAL' ~«— EQUIVALENCE, REAL STATEMENTS
COMDECK DIMEN | "DIMEN" —<—~ DIMENSION STATEMENTS
MAIN PROGRAM "vyaQul" -— CONTROLS (1,0).(2,0) USAGE
SUBR. "LOOP" —— HANDLES LCM USAGE
SUBR. "FILMCO" ~<— SETS UP FILM COORDINATES
- FOR INITIAL OR REZONED GRIDS
[~ | PROGRAM "YASET" —— CALLS YASET
(1.0) | suBR. "vaseT1" | <~ BASIC SETUP
k] «
SETUP [SUBR. "PARTGEN" == PARTICLE GENERATOR
[sueR. "MESHMKR" ~<~ GRID GENERATOR
—
IPROGRAM "vyaQuil t" -«— CALLS YAQUI 2
(2.0 SUBR. "vaQui 2" -— 3— PHASE ICED-ALE
»
HYORO b + CONTROL REGION
[SUBR. "PARTMOV" -~ PARTICLE MOVER AND PLOTTER
[sueR. "REZONE" l -+~ ANY REZONE

Fig. 5.
nomenclature.

are directly calculated in YAQUI2 in a simple,
The REZUNE 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. The restart condition is
sensed immediately by YAQUI2, and the control re-
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 '(1J),” 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

7= (1,5) ,

IPJ = (i+1,3) ,

IM= (1,5-1) ,

IPJP = (i+1,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+l) by (J+1) in size. Because our in-
dexing refers to cell centers and lower left ver-

tices, we must allow one extra column of storage

i+l _I ___pp——1RP =

j—1IMy )

j=1—

oM —
l!l |

i i+l

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

IM)— ot — 1) == —1py
N\
)4'/2 A S L4 |

i-¥ i+l 143

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 1s (T+l) by (J+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
basically 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 JPl
and I = 1 to IBAR,

‘e

C. The Storage of Cell Data f

The YAQUI code was designed for running finely

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 1s appropriate
when the computing code 1s 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.

given 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 26t (—lf + —l?>, known in the

Ar 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-
glon 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
ugseful in initially planning the storage before-a
code 1s 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

Because 14 words per cell are used in this
version, a maximum of 9357 cells (the product of
I+l and J42) are available.

words in the version of the code presented

here.

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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Fig, 9. The storage of cell data in YAQUI, showing how the 14 words per cell are allocated.




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
avalilable. The schematic flow diagram and sample
FPRTRAN double D@-loop in Fig. 10 show how the
buffering takes place.

(1) Before the "D@" statements are entered, a CALL
1s made to the START entry of L@PP. 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 18 read into "row 2/3," and row
J = 3 1s 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 is provided by

the setting of the indices IJM, IJ, and IJP to
point to the first words for the i = 1 column of
cells in each row. Thus, IJM is set to the first-
word address (f.w.a.) of SCM row 1/3; similarly,

1J 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-
ing and writing of individual rows and the reset-
ting of the three indices. With the first three
rows of cells read in and the basic indices set,
control is returned to the calling program.

(2) The double D@ loops are initiated. Secondary
indices are needed for cells not lying immediately
above or below cell 1J, so IPJ (= i+l,j) and IPJP
(= i+1,j+1), which initially refer to the i=2 col-
umn of cells, are easily obtained by applying in-
crements of the number—of-storage-words—per—cell,
NQ, to the primary indices IJ and IJP. In the ex~
ample shown in Fig. 10, we are able to calculate
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, 1s 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 1s 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, 1J, 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
1s 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+l1, and the three indices were reset to point to
where the rows j+l, 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) LPPP 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
user 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 1UM —={LCM
‘ 60 TO (10,20,30) 1IBUF
\
Co)+IuP = fwa scM Y3
IJ = fwa SCM 3/3(——
IJM = fwa SCM %3
IBUF = 2
QO)+1JP = fwa SCM U3
IV = fwa SCM !73
IJM = fwa SCM &3\
IBUF = 3

«ENTRY START>

READ INTO ROW SCM Y3

READ INTO ROW SCM &3
[]

Go)+1up = fwa scm 3
IJ = fwa SCM 24
IJM = fwa SCM !5
IBUF = |
¥

9

READ INTO ROW (LJP) |«

CRETURND

<ENTRY DONE)

WRITE ROW IJM —LCM
60 TO (50,60,70) IBUF

SCM BUFFER

ROW ¥3 | l

ROW %3 | |

Row Y3 | |
INTERLEAVED STORAGE at NQ@ WDS,/CELL

LOOP EXAMPLE :

CALL START

DO 99 J=2,JPI

DO 89 I=1,IBAR
IPJ = TJ+ NQ
IPJP = IJP + NQ

IJ = IPJ
89 IJP = IPJP

CALL LOOP
99 CONTINUE

CALL DONE

1JP IPJP
¥ —X-

IJM = fwa SCM %3 IMJ IJ/. IPJ
60 )~1JM = fwa SCM /3
GO+1uM = fwa scMm V3 S
(80)-~[WRITE ROW 1JM —= LCM |
RETURN
N J J J J

(IoM) 3 | (IuP) 6 | (IJ) 6 | (IUM) 6 | (IJP)

J
ROW 3/3— (IJP) 3 | (TJ) 3
ROW &3 — (IJ) 2| (IJMm) 2

5Ty 5| (IJM) 5 | (IyP) 8 1 (IJ)

ROW Yz —= (1JM) (I4P) 4

~N| O <

4 | (IdM) 4 | (IJP) 7 | (V) 7 | (IuM)

Fig. 10.
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The SCM buffer is in common YSCl which con-
tains a single array, AASC, dimensioned at 424210
words in this YAQUI version, 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 it, 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 a 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
easily 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
YAQUI 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 PYT. 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
golely 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.

To be included, the vertex must

® Determine (1,j) of the particle-grid cell that
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

——
L

M)j (M)j +m )by - h)/Ax by
i1+1

" x
(M )j+1 - (M >3+1 + mu (w)(h)/Ax &y ,
i+l

X/1+1

)

(ux)3+1 +mu (Ax - w)(h)/Ax By
1

(M j=(M)j+mu (Ax - w)(Ay ~ h)/Ax Ay ,
*/1 /1

where w and h are defined as shown in Fig. 11, Use
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 = M.x/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 (i,j) of the particle grid it is located.
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ot

i 1+l

Fig. 11. Assigning YAQUI vertex quantities to the
surrounding particle-grid cell.

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

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

as shown in Fig. 12, then

u - [pui 4 @y - ) + puiﬁ ) (b)

§+1

+ PUi

(Ax - w) (h)
+eud (ax - w(ay - h)]/Ax Ay
n+l n

x_ = x_ + Stu R
P P P

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

fluid momentum exchange, the particles do not

j+|—PU,PV PU,PV

} =——PU,PV ‘ PU, PV

| 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 AM_, 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 AM .

(b) The calculation of AMx and AMy proceeds
as follows. The velocity of each particle is gov-
erned by the equation of motion
nup + thp (ufl + urand) + Gtgr
P 1+ thp ’

n+l

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

in which u_. 1s the up of the previous equation —

ities at the particle location, u. is the veloc-

and
ity contribution from turbulent fluctuations,a and
np is a drag coefficient. The x-momentum change

of the particle is

n+l
(ZM_x)p - m, (St:np (ufl - ug + urand) ,

where mp is the particle mass. This momentum
change is distributed to the particle-grid vertices
in much the same manner that u., was calculated.
Thus, if the particle is in cell (4,j), the corre-

sponding changes at the vertices are given by

(AMX)1+1 i (AM") i+1 + A’A‘ B ; (mx)p ’

)i ™ ) w0 (%),

(Mx)i+l - (AMX)iﬂ +_(AX_A;_X;7_*' (Ex)p ,

- o - )
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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, mp, and n_.
storage. Thus, the six quantities per particle are
kept in three words, where xp is combined with u_,
yp 1s combined with vp, and np is combined with mp.
(¢) After all particles have been moved and
their momentum changes recorded at the particle-
grid vertices, these momentum changes must be in-
serted into the fluild momentum field. This 1is done
by sweeping the YAQUI vertices in the same manner
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’ agsociated 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. 1l is

given by
e 3 ~ 3+l '
u=u-~|lF= W) (by - h) +|{57— (w) (h)
° /i °/1n
v L
+ (M—"> (&x - w) (h)
°/4

e\
+<M—’i> (&x - w)(8y ~ b)|/Ax by

° /g
and v 13 given similarly, with AMx replaced by AMy.
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 all mp = 0, 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 severe,2 whereas for
incompressible flows involving large distortionms,
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
dengity and the particle density being the total
density 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 efficilently 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 flulds) then re-
To allow

for this, one must accordingly supply a separate

mains as the only exterior force field.

specification for the gravitational acceleration on
the particles, designated by gzp.

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

words. Because the

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, 6Ot,
is 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 i1s 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 Phage~1l calculations in conjunction
with the calculation of the viscosity coefficients
As described below,

the code creates effective values of A and ¥ 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 S6t, labeled Gtv, 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 6t 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, thac’ 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 8t is al-
ways chosen for the next cycle of calculation, it
can be argued that it i1s always a cycle behind.
Ideally, the 8t 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 1s the input quantity £, an integer exponent used
in conjunction with pi. Three possible forma 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 U
must be chosen with regard to the numerical stabil-
ity requirements for expected flow conditions.2

(2) & = 0 15 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
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values of the input A and U are immaterial when
£ = -1, Only the ratio A/u will be considered for
dividing the total viscosity between X and u.

The effective A and U used in the viscous

terms of the equations are, in all three cases, <-
given by A
v

(Aeff)i = kAinput: T

and

i
(ueff)i kuinput: ’

where

o )

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

2 -

A+ 2u > l-u2 8t + 1 u' 8&x° .

o 2 2
We define

§
k=9g1+eg<1 2 4 (u:)max) .

X+2u \2%

where € 1s a coefficient, ui

representative velocity at vertex (j) of the cell,

1
2 2 . 2y3
1 - (u + v )i .

1s the square of a

u

and u'5x2 is approximated by the maximum udx of the
cell times a factor (1/n),

(uéx)
2 max 1
u'dx” = ——== = " max (Iui]Ar,Iv‘lIAz) ,
4
in which Ar and Az have the usual definitions of
average 6r and z:
Ar = l-(x -x, +x, -x.)
2 2 4 1 3 ' -
bz = 2 (v, -y, ¥, - ¥,
2 2 4 3 1 * -
—-

Use of £ has removed the restriction for infinites-
imal 8t's that would otherwise be required in very
low-density regions, as when £ = 1 or ~1, A = p

times some quantity, and y = p times some quantity,




so that the condition we must satisfy for stability,

O+ 2) 6t l<5r2 822 >
f 2 Grz + 522

min

becomes

1 [6c? 822
some quantity times 6t < & | —5——>] ,
2 2 2
8 + 8z
and the dependence upon Prnin has been entirely re-
moved. Moreover, for £ = 1, X has been converted
to a kinematic form more convenlent for artificial
viscosity in problems involving large density vari-
ations.
The AD term appearing in the Hxx, nyy’ and He

equations is calculated as

()] = ntn (03,0) (Aege)?
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
5t<[2k+2u) _15_‘_% ,
P Ar Az
which roughly states that momentum must diffuse
less than one cell width per time step.

(A + 2u) = %-u + ;, the right side of the above ex-

Because

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) Ac? az®

Quant:it:yj = ’
Y2 [O‘eff) + z(ueff)]i @’ + 82"

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

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(lmt,lrrl,lm.l |FB|)/Volume]i .

if the flow has any Eulerian features. In
Lagrangian cases, D6t can provide the same measure
that flux/volume does for Eulerian cases, as both
expressions have the appropriate %% 8t dimensions.
Besides monitoring these two quantities, Gtc
must take into account the differencing scheme it~
self.

require

It can be shown that for stability we must

Udt < [¢]
8 "’
x 1+ ai

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 a = 1.) For

described in Sec,

accuracy, we restrict the limit to only a quarter

of this amount:

a
o]

2&1 + azj
(o]

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

,

i° 3
<———lfluxlm> + 5t|D|i
1

Quantity

"’
Volume
according to which we reset Gtc. 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

25



the order of 10-10) td ensure that they do not van-
ish.)

ITY. USING THE YAQUI PROGRAM

A, Mesh Generation

The generation of the initial mesh and fluid
configuration in YAQUI is 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
I, J, 6r, and 6z (= 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 Y (= 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 depict-
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
Juniforln (= 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
outside the IUNF by JUNF region. A relationship of
the form X =X + FREZ (xi_1 - xi-2) is used to

locate grid lines lying to the right of IUNF, above

JCEN + JUNF JUNF

2 and below JCEN - 7 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.

26

JUNF= 6

NNYNNN
NARAN
NN

A

A
NONN Y YOY

NN N YR

JBAR =13

JCEN=7

jo— JUNF = 5-—7

1BAR = 10 —————>

Fig. 13. An initial YAQUI grid with variable zon-
ing. The region of uniform 6r and &z
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,
ingtead, 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-
niques5 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




values of the four variables assigned to all zones
Use of these data cards
1s 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., In this case, it creates an entire
background of ambient atmosphere through use of one
of the fluid-region data cards. In addition, p and
E values are initialized in the external or ficti-
tious zones, as the grid will later be expanded in
the REZONE, MESHMKR then adjusts the uniform p
field of this ambient atmosphere to a state of
gravitational equilibrium by use of an algorithm
that accounts for nonuniform zoning.

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 is wise to ensure that the condition

8z < fz_%gi%fﬁﬁh .
z

is satisfied throughout the mesh. In the above ex-
pression, Iamb i1s 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 I However, the above condition must

amb*
still be satisfied.

Upon the ambient background, the spherical
burst may be defined in any manner that the user
wishes.

cards to define the upper right quadrant of the

We usually employ a special set of data
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
be centered at the vertices. As a result, MESHMKR
must store these velocity values in temporary loca-
tions as they are read in. After the entire set of
data cards has 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, ¢, u, v, p, and I values have been de-
This information

enables YASET1 to calculate the initial values of

fined and appropriately stored.

the remaining basic cell and vertex quantities

(Mc, vV, 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 is 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 ao 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 Ve 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
1imit, the grid velocities are identical to the
Lagrangian velocities resulting from Phase 2,
In the Eulerian 1limit, 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 velocities 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 is 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 reglons, for computer effi-
clency.

(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 u, or v 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 v velocity (vmax)
in the entire grid:

(u,) =0 for all j,
G i=1

£
(uG)i-IPl = [vmax (umax)i-i-G] for all j,

Ve yaa = [me v )1_9]35 for all 1,

max

) yarp2 = [Vmax (vmx)j_j_m];2 for all 1 .
(2) The overall upward rise or translational 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 =:E: Vi mk/ z mk, which is summed over all cells
k k

except those near the rigid boundaries. Then Ve is

calculated as

9 O, - ycenﬂ
V, N s

= maximum of [0, 3 3

T
where Yeen is the y coordinate about which the fire-
ball should be kept centered, and QG is 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 (nk/z: (nk, ag well as the vertical Yoo
k k

to move. The interior vertices are then made to

satisfy the relations

- l /n n n
x, = E-( Xi41 + xi-l) + BG (xc - xi) for all j,

and

7 = %(“yj+1 + “yj_1)+ Bs (ve = vy ) for all 1,

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 terma of grid velocities, these results are

obtained by setting

e

(uG)i il (;i - nxi) for all j,




and

ol

(vG)j = E% (ij - nyj) + vp for all 1.

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

be shown to be

2Bpx,
I- - g yI-l
(+ 8, +BpT 1~ 1+, -8

"’
Grmin ®

where Grmin is the minimum 8r after relaxation of
the grid, Xp 1s the x coordinate of the right bound-
ary after all grid expansion has taken place, and

BF = (ZBG + Bé)%. The procedure is to obtain solu~
tions for various values of B,, 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 Var in expressions identical to those in
Phase 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, AQOM, B0, KXI (Format
514, 7F8.3, I4), where:
IBAR = i, the number of real zones in the r

or x direction,

Card No. 2:

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 = §r, the cell size in the r or x direction
in the uniform region.
DZ = §z, 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.

AO = ao coefficient in the Phase~3 momen-

tum equations.

AOM = ao coefficient in the Phase~3 mass
and energy equations.
BO = 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,

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

1s treated as a carriage control. If

desired, the card may be entirely
blank, but it must always be included.

MU, LAM, ¢M, EPS, GR, GZ, ASQ, R@N,

GM1 (Format 9F8.3), where:

MU = ui
nPUL | yigcosity 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-
stable. 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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upon the problem. Refer to Sec. I E.
GR = - A gravity felt by the fluid in the

r or x direction, which may be + or

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

and JBP < JBAR.
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reached (t # TWFIN), control will RE-
TURN to the (0,0) overlay.

~ to pull rightward or leftward, re- PDR = Ax) the (uniform) Ax and Ay of the -
spectively. particle-grid cells., See Fig. 1ll. .
GZ = 8, gravity felt by the fluid in the PDZ = Ay!) In variable-zoned meshes, these 1;
z or y direction, which may be + or values are calculated automatically =
~ to pull upward or downward, respec- in the setup. Similarly, PDR and -
tively. PDZ are recalculated by REZ@NE. In -
The quantities ASQ, RPN, and GMl are applicable to both places, the code version pre- -
the stiffened gas equation of state, which appears sented here "stretches” the parti-
in the code version of this report. cle grid to just cover the farthest
ASQ = a2, the zero-temperature sound speed. points on the bottom, top, and
RGN = po, normal material density, right edges of the YAQUI grid.
GM1I = (y-1), where Y 1s a constant charac- PYB = YBparticles’ the displacement of the
teristic of the gas, becoming the particle~grid lower edge measured rel-
ratio of specific heat at constant ative to YB. To superimpose exactly,
pressure to the gpecific heat at con- set PYB = 0.0 and allow the code to «
stant volume, Y = cp/cv, if the gas adjust the particle grid automatically,
is truly polytropic. as described above.
Card No. 4: FREZ, YB, REZY0, REZUE, REZVE, REZVT, GZP = g, felt by the particles, which may or te
REZR@N, REZSIE (Format 8F8.3), where: may not be equal to GZ (see Card No. 3). T
FREZ, YB, and REZYO are parameters relating to the IMPMX = 1.0 for the momentum—exchange option, .
zoning and grid location in the initial grid gener- = 0.0 otherwise.
ation., Refer to Sec., III A, Card No. 6: T, DT, T20MD, TLIMD, TWFIN, LPR, ICOLOR
REZUE )} Available for use in REZONE to specify (Format SF8.3, 2I4), where:
REZVE | grid expansion (ue,ve) and translation T - to’ the problem starting time, usually
REZVT (vT) velocities, if these velocities zero.
are constant. DT = Gto, the initial 8t. The first cycle
REZRON = the P of the ambient atmosphere at is automatically run with &t = 6t0/10,
altitude REZY0 at t = to. then the second and third cycles are
REZSIE = the specific internal energy of the run with 8t = Gto. From cycle 4 on,
ambient atmosphere. In the code the 8t 1s chosen automatically as de-
listing in this report, REZSIE is a scribed in Sec. II F,
value that remains constant in space T20MD = 1.0 to force tape dumps every 20 min
and time. of central processor (CP) time for .
Card No. 5: IBP, JBP, PDR, PDZ, PYB, GZP, IM@MX restarting purposes, or = 0,0 to by- ’
(Format 214, 4F8,3, 14). This card pass this option.
supplies the parameters for the op- TLIMD = 1.0 to force a tape dump and RETURN to ’
tional particles described in Sec. II the (0,0) overlay just before reaching
E. the CP time limit specified on the J@B -
IBP = iparticles If no particles are to be card; > 1.0 to force tape dump and RE- )
used, set IBP = O, Then TURN immediately after cycle O output; .
the rest of Card No. 5 is = 0.0 to run out to a full time limit .
JBP = Eparticles unused, so proceed to with no tape dump. .
Card No. 6. For particle TWFIN = problem finish time. When this is -




(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. ICPLPR € 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@C(N), N=1,10)
(both are Format 10F8.3), where
DT¢n specifies the problem~time out-
put interval for both plots and
prints. DT¢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
pT¢$ (1-10) = 0.25, 0.5, 1.0, 2.0,
10.0,
pT@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 8t 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 regions

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 regions 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 = O.
See Fig. 14,
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Fig. l4. 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
MTE = 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: 1if 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@l, SIEI (Format 414,
4F8.3). This i1s a fluid-region card,
one card of this format being provided
for each discrete fluid region in the
mesh. The allowed fluid region covers
some 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
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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
specifies the zones that will be included in the re-
glon. 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,

=uy the initial velocity components to

-vy be assigned to all vertices in the
fluid region.

SARBE3E




RPI
SIEI

pI I}t:he initial density and specific
SIE

internal energy to be assigned
to all zones in the fluid region.
Fluid-region cards, like particle-region cards, are
processed individually, and the number of fluid re-
The version of MESHMKR
presented in the code listing in this report ex-~

glons 1s also unlimited.

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, R@I, SIEI, VI, and UI
{format 2I5, 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 = 0.

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 forma are automatically provided
at cycles 0 and 1, and thereafter at intervals
specified by DT@ and DTPC 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 (isotherma)

and vorticity.

The particle plots are made by plotting the xp
and yp 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.).
calculations (GRDVEL = 0.), the zone plot 1is pro-
The labels of minimum and

For purely Eulerian

vided only at cycle O.
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 + (ui) (DRU) ,
and
y, =y, + (vj) (DR@U)
2 1 i
where DROU 1s a scaling coefficient defined as

X
DROU = (0.9) (VEL__) (ﬂ> .
I

This coefficient 1s 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 1, i, xi, yji, u'}, vji, I'},
Vj Dj 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 1s the current cycle number,
DT is the current 6t.

GRINDS = 8CP/(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 1s 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 1s the number of iterations in the preceding
Phase 2.

CPTIME 1s the current CP clock time.

DTV is the competing Gtv calculated during the
previous cycle, in which

IDTV and JDTV are the 1 and j indices of the zone
that limits Gtv most severely.

DTC is the competing Gtc, and, similarly,

IDTC and JDTC are the 1 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 = Gtc = (8t) (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

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

destination of the full zone prints, wheres
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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 case i1s intended for motion picture use, and
the only microfilm output is a particle plot., For
movies, the user should hold the 8t constant, and
get DTP = 8t 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 1s performed by staging in the
dump tape as Fileset 7. The input deck consists of
an IBAR = Q data card, where JBAR = the dump number
on the tape and 1s 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 it suitable 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 1s 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 1s inherent: Phase 2 assumes it through the
appearance of c2, and the equation of state is used

n+lp, to account

directly to update 127 into the new
for p changes that occurred in the Phase-3 convection,
Nevertheless, the implicit treatmentl should still
enable YAQUI to handle incompressible flows. In

practice, we see this to be true for Mach numbers




down to about 0.01. 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
pL from an equation that leaves Gtz 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': 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+lp, 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

= Py 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
1limit 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 Py,

These considerations can be i1llustrated with
the stiffened gas equatlon of state, appearing in
the code version of this report. For this, np is
given by

p = az(“o - oo) + (v - D%

The incompressible limit can be described by 32 + =

‘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,

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

appreciable variations in the p fleld.

To implement the n+lp = PL logic in YAQUI,
the storage requirements must be considered. Ex~
amination of Fig. 9 reveals that p;, in storage
word 11, is not saved in Phase 3. The simplest way
to preserve pp throughout the cycle is to create a
15th word of storage and store p; in it after

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

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

then one must set NQ = 15.

The standard Phase-2 treatment 1s to bypass the
updating of the vertices of any cell whose 8p 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+lp = Pps however, it becomes more appro-
priate to update the vertices of all cells, whether
or not the convergence test was satisfied.

G.  The C@MM@N Block YSC2

The following list provides the names, descrip-
tions, and sources of all quantities in the SCM
CPMMPN YSC2 in the (0,0) overlay. This CPMM@N is

of fundamental importance in communication between

the various overlays and their subroutines. It con-
tains all the SCM~based information that must be
maintained from cycle to cycle, and it 1s 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 PARTGEN
= (2,0) Subroutine YAQUI2
R = (2,0) Subroutine REZ@NE
Multiple sources indicate that the quantity is re-

N Yoo MO
[]

calculated.
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AOFAC
AOM
BO
COLAMU
CYL
DR

DT
DTC
DTFAC
DTGR
DTGZ
DTGZP
DT@
DT@C
DT@16
DT@P2
DT@4
DT@8
DTP@S
DTV
DT8
Dz
EM10
EPS
FIBP
FIPXL
FIPXR
FIPYB
FIPYT
FIXL
FIXR
FIYB
FIYT
FJBP
FREZ
GGM1L

GR
GRDVEL
GZ

GZP
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DESCRIPTION

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

avee alternate node-coupler coefficient.

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

. 2(1 + “ouz)]' used in calculating St .

aoM’ the ao used in Phase~3 M and E calculation,

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

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

Sr, the cell size in the radial direction if uniformly zoned.

6t, 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 = Gtc = (8t) (thac).

Gt*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.

se/2.

St/b.

8t/8.

6t possible for the cycle, but actual St may be reduced to adjust to output time.
Gtv, competing 8t based on Phase~1 viscous-stress considerations.

St*8,

6z, the cell size in the axial direction if uniformly zoned.

10-10, epsilon added to terms to ensure that they do not vanish.

€, convergence criterion for the Phase-~2 iteration.

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-1), in which Y 1s the equation-of-state specific heat ratio if the gas is truly
polytropic.

(r-13.

- gravity component in the r direction, +.

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

8,0 gravity component in the z direction, +.

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

-
n -~ v =™ m™ m ™ o™ om oo

1(S)
1(S)
I(0)
I(S)
I(s)




NAME

IBAR
IBP
IBP1
ICOLIR
IDTY
1J
1M
1JP
1JPS
IM@ME3
IMPMX
™1
™6
1PAR
IPXL
IPXR
IPYB
IPYT
IP1
1P2
ISCF1

ISCF2
IsCc2
ISC3

IUNF
IXL
IXR
IYB
IYT

JBAR
JBP
JBP2
JCEN
JM10
JM14
JP1
JP2
JP4
JP4@2

JUNF@2

DESCRIPTION
Index 1. In CPMM@N because of ENTRY SETIJ in L@@P,
I, the number of interior fluid zones in the r direction,
1 , the number of particle-grid zones in the r direction.
ip+1, index of rightmost column of particle~grid vertices.
= 1 for color movie, = O for black and white processing.
Index for DT@ and DT@C tables.
Index for cell (1,j), initialized by L@@P.
Index for cell (i,j-1), initialized by L@@P,
Index for cell (i,j+l1), initialized by L@@P.
Index for cell (i,j+1), saved for later reference to cell (1,j+1).
IM@MX*1000, forces resetting of J in statement No- 2020 in PARTM@V 1if IM@MX = 1,
= 1 if particle~fluid momentum exchange, = O otherwise.
E-l, index of next-to-last zone or vertex in column.
5-6, 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.
T+l1, index of rightmost column of grid vertices.
f+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+l, 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.
LI the number of zones with uniform initial 8r (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 W1R@W in L@@P.
3, the number of interior fluid zones in the z direction.
EP' 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+4, 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 uniform zones lie above JCEN, and JUNF/Z lie below.
£, the p exponent that determines the viscosity form.

Ainput viscosity coefficient. A real number.

SOURCE

I(0)
I(S)

I(S)
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NQI
NQIB
NQI2
NsC
NUMIT
NUMTD
o™
¢MANC
¢MCYL
PMEM10
@PEM10
PDR
PDZ
PXC@NV
PXL
PXR
PXRP
PYB
PYBM
PYC@NV
PYT
PYTP

REZRPN
REZSIE
REZUE
REZVE
REZVT
REZYO
RIBAR
RIBJB
RIBP
RJBP
RYMFR
RON
RPDR
RPDRDZ
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DESCRIPTION

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

Number of words, truncated to a multiple of 3, that will fit in NQI-wd.
Determines output options of film and printer.

uinput viscosity coefficient. A real number.

The problem identification from input card No. 2, up to 79 characters.
Number of calculational cycles completed.

Number of words of LCM block AAl actually in use, for tape dump.

Number of words of LCM particle block AA2 actually in use, for tape dump.

Total number of particles generated.
Number of quantities, or storage words, per cell.

NQ*IP1l, the number of words for a full row of zones.

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

NQI*2, the number of words in two full rows of zones, for PARTM@V.
Number of words in this SCM C@MM@N, for tape dump.

Number of iterations required for Phase~2 convergence.

Number of the next tape dump.

w, the Phase~2 iteration relaxation parameter.

(l-aNC), used in Gtv calculation.

(1-CYL), used in calculating r from x.

(1-10710),

+10719),

The uniform Ax of the particle grid.

The uniform Ay of the particle grid.

Frame-conversion coefficient for particle~plot x direction.

X coordinate of left edge of particle grid, in problem units.
X coordinate of right edge of particle grid, in problem units.
PXR*@PEM10, test comparand in particle-grid mapping.

Y coordinate of bottom edge of particle grid, in problem units.
PYB*@MEM10, test comparand in particle-grid mapping.
Frame~conversion coefficient for particle-plot y direction.

Y coordinate of top edge of particle grid, in problem units.
PYT*@PEM10, test comparand in particle-~grid mapping.

1/6¢.

Py of the ambient atmosphere at altitude REZYO at t = £y

The (constant) specific internal energy of the ambient atmosphere.
Grid-expansion u velocity, available for REZ@NE use.
Grid-expansion v velocity, available for REZ@NE use.
Grid-translation velocity, available for REZ@NE use.

Y coordinate of center of expansion, refers to YAQUI vertex (1,JCEN+2).
Reciprocal of I.

Reciprocal of 5*3, used in control region grind calculation.
Reciprocal of ip.

Reciprocal of Jp.

Reciprocal of (1.-FREZ).

po, normal density for equation-of-state use.

Reciprocal of Ax.

Reciprocal of (Ax*Ay).

SOURCE
S
P
I(S)
I(S) 1-
1(S) .-
$,2 s

W o O Y

S,2

s,2
1(S)

—
~
0
S
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s
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NAME DESCRIPTION SOURCE
RPDZ Reciprocal of Ay. F

T t, the problem time. 1(8),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. 5,2
TWFIN Time-When~to~Finish: calculation completed when t # TWFIN, I(s)
T20MD = 1.0 to force tape dumps every 20’ CP time. I1(S)
W Velocity-vector plot-scaling coefficient, = 9/10 average Or. 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

2z Dummy word, always the final word in the C@MM@N, -

IV. SOME CALCULATIONAL EXAMPLES

Here we present results from several YAQUI
calculations. Emphasis 1s 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 YAQUI 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
1s made here to describe a varlety 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 probl--m.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
6r = 8z = 1/3, the viscosity coefficients were
A = 0,002 and u = 0,0, and, in addition, the gas was
polytropic with ¥ = 5/3. The Eulerian shock tube
was run with full donor-cell differencing
(ao =am= 1.0, Bo'=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 density
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 rum 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 six 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
solely 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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The six plots represent the marker particles,

computing mesh, and velocity vectors (top) and isopycnic, isotherm, and vorticity contour plots

YAQUI low-altitude explosion calculation at t = O,
(bottom)

Fig. 18.



Figure 19 shows the same six plots at t = 1
gec 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 gec.

Figure 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 gec 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 boundaries. 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 vergsion 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

1s 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 1s already evident by t = 1 sec (Fig.
23). By t = 5 sec (Fig. 24), the initial mesh
radius has already increased by 50X, 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 1s programmed to draw
pictures 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 it 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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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-
ly, 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 is 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 S

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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Fig. 22, Velocity-vector plots at t = 2 sec 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 0O, along
with a sample frame abstracted from the cell print.
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, so

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.
Finally, 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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YAQU1 PARTICLE-FLUID MOMENTUM EXCHANGE TEST. (T3AAAIGB 032272-3) 110872-1
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80~ 0.
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GM1- 0.
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Ye= 0.
REZYO=- O.
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REZS1E~ O.
18P= 26
JBp= 82
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PDZ- 1.00000€E +00

PYB= 0.
6ZP=-1.00000€+00
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T= 0.
DT= 1.00000E-01
Ta0M0= 0.
TLIMO= O.
TWFIN= 1.00000€+01
LPR= 1|
1COLOR= O
DTO{1-10)= 1.00000£+00 -0. -0. -0. -0.
-0. -0. -0. -0. -0.
DTOC(1-10)= 1.00000€+02 -0. -0. -0. -0.
-0. -0. -0. -0. -0.
DRPAR= 5.00000£E-01 DZPAR= %,.00000€-01 XC= O. YC= 2.60000€+01 XD= B.00000€+00
10z 0. UPAR= 0. VPAR= 0. MTE= 2.50000£-01 DRAG= 1.00000E+00
408 PARTICLES OENERATED, HWITH TOTAL MASS= 3.4637SE+02
NB= 0 NR= 26 NT= 52 NL= 0 UI=- O. vi= 0. RO1= 1.00000E+00 SIEI= 1.00000E+00




PARTICLES

T3AAA

POR= 1.00000£+00 PDZ~ 1.00000€+00 PXR= 2.60000E+01 PYQ= O.

18A YAQUI PARTICLE-FLUID MOMENTUM EXCHANGE TEST.

PYT= 5_20000€+01
(T3AAAL1GB £32272-3) 110872-1

T=

CYCLE=-
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YT= 5.20000€E+01

ZONES
DRMIN= 1.00000E+00 DRMAX= 1.00000E+00 DZMIN= 1.00000E+00 DZMAX= 1.00000E+00 XR- 2.60000E+0) YB= 0
1y0872-1 T= 0. CYCLE= 0

T3AAA 1BA YAQU! PARTICLE-FLUID MOMENTUM EXCHANGE TEST. (T3AAAIGB 032272-31
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.0000€ +00
.0000€E+00
.0000E+0D0
.0000€E+00
.0000€+00
.0000E+00
.0000€E+00
.0000E+00

et e DN A EF NN —~RONNANRAVNN = ot s e e = DD T DAL WN =~ RONNRUANRN =t = s e = (DD

110872-1

voL

.5000€ +00
.5000£+00
.5000E+00
.0500€+01
.1500€+01
.2500€ +0)
.3500€+01
.4500€+01
.5500€+01
.6500€+01
. T500E+01
.8500E+01
.9500€+01
.0500€+01
.1500€+01
.2500E+0)
.3500€+01
<4500 +01
.5500€+01

.0000€E-01
.5000€+00
.5000€+00
.5000€ +00
+5000€E+00
.5000€+00
.5000£+00
.5000€E+00
.5000E+00
.5000€+00
.0500€+01
. 1500€+01
.2500€E+01
.3500€+01
.4500€+01
.S500€+0)
.6500€+01
.7500€+01
.B500£+01
.9500€+01
.0500E+01
.1500€+01
.2500€+01
.3500£+01
.45S00€E+01
.5500£+01

.0000E-01
.5000£+00
.5000€+00
.5000€+00
.5000E+00
.5000£+00
.5000€+00

S000€ +00

.5000€+00
.5000€+00
.0500E+01
. 1500€+01
.2500€+01
.3500€+01
.4500€E+0)

[-N-N-N-N-N-N-N-Rel- - - - )

T
o]

CYCLE=

M
7-0000E+00
8.0000E+00D
9.0000€E+00
1.0000€+01
1.1000€+01
1.2000€+01
1.3000£+01
1.4000€+01
1.5000€+01
1.6000€+01
1.7000£+01
1.8000E+01
1.8000€+01
2.0000€E +01
2.1000€+01
2.2000E+01
2.3000E+01
2.4000E+01
2.5000E+01
1.2750E+01
2-5000€-01
1.0000E+00
2.0000€+00
3.0000€+00
4.0000€E+00
5.0000€£+00
6.0000E+00
7-0000€E+00
8.0000€E+00
9.0000€E+00
1.0000€E+01
1.1000€+01
1.2000€+01
1-3000€+01
1.4000€E+0)
1.5000E+0T
1.6000E+01
) .7000£+01
1.8000€+01
1.9000€+01
2.0000€E+01
2.1000€+01
2.2000€+01
2.3000£+01
2.4000€+01
2.5000E+01
1.2750€+01
2.5000€-01
1.0000€E+00
2.0000€ +00
3.0000£+00
%.0000€+00
5.0000€+00
6-0000€+00
7.0000E+00
8.0000E+00
9.0000E+00
1.0000E+01
1.1000€+01
1.2000€+01
1-3000€+01
) .4000E+01

OOOOOOQOOOOOOOO?

55



I
8,
9.

10,

11,

12,

13,

14,

15,

16,

17,

18.

19,

a0,

a1,
ea.,
a3,

24,

as.,

26,

a7,

T3AAA

FRRAXBRBRARRBRIBRRRX

56

18A YAQUI PARTICLE-FLUID MOMENTUM EXCHANGE TEST.

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

Y
2.4000E+01
2.4000€+01
2.4000E+01
2.4000€+01
2.4000E +01
2.4000E+01
2.4000E+01
2.4000€ +01
2.4000€+01
2.4000E+01
2.4000€E +01
2.4000€ +01
2.4000€ +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
2.5000€+01
2.5000€ +01
2.5000€+01
2.5000E+01
2.5000€+01
2.5000€+01
2.5000£+01
2.5000€+01
2.5000£+01
2.5000£+01
2.5000€ +01
2.5000€+01
2.5000€+01
2.5000E+01
2.5000E+01
2.5000E+01
2.5000C+01
2.5000E+01
2.5000E+01
2.5000€+01
2.5000€+01
2.5000€+01
2.5000€+01
2.5000€+01
2.6000E+01
2.6000E+01
2.6000£+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
2.6000€+01
2.6000E+01
2.6000E+01

u

v
-9.2157€-05
-2.9200E-05

0.
0.
0.
0.
0.
0.

-7.4257€-05
-9.9008€-05
-9.9008€-05
-9.8007€-05
-9.9008€-05
-9.9008€-05
-9.9008€-05
-9.9008€-05
-4.7184E-05

0.

0.

0.

0.

0.

0.
-7.4257€-05
-9.9008E-0%
-8.9008E-05
-9.9007€-0%
-9.9008E-05
-9.9008£ -05
-9.9008E-05
-9.9008E-05
-4.7184€E-05

0.

0.

0.

0.

0.

0.

SIE
1.0000£+00
1.0000£+00
1.0000E+00
1.0000£+00
1.0000€+00
1.0000€+00
1.0000£+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€+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
0.
1.0000£+00
1.0000€+00
1.0000€+00
1.0000£+00
1.0000£+00
1.0000€+00
1.0000£+00
1.0000£+00
1.0000€+00
1.0000€+00
1.0000€£+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
1.0000£+00
1.0000£+00
1.0000£+00
1.0000£+00
1.0000£+00
1.0000£+00
1.0000E+00
0.
1.0000£+00
1.0000E+00
1.0000€+00
1.0000€E+00
1.0000£+00
1.0000£+00
1.0000€+00
1.0000€E+00
1.0000€E +00
1.0000£+00
1.0000€+00
1.0000£+00
1.0000E +00
1.0000£+00
1.0000£+00

(T3AAAIGB 032272-3)

RHO
1.0000€+00
1.0000€+00
1.0000£+00
1.0000£+00
1.0000€+00
1.0000€E+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000£+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€E+00
1.0000€+00
0.
1.0000€+00
1.0000€E+00
1.0000€E+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€£+00
1.0000£+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€E+00
1.0800£+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000£+00
1.0000£+00
1.0000€E+00
1.0000€+00
0.
1.0000€E+00
1.0000€+00
1.0000€E+00
1.0000€+00
1.0000€+00
1.0000E+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€E+00
1.0000E+00
1.0000€+00
1.0000€E+00
) .0000E +00
1.0000€E+00

110872-1

voL

o}

T= 1.00000£-02 CYCLE= 1

M
7.5000£+00 -1.2418€-05 7.0000£+00
8.5000€+00 -8.9920£-06 ©6.000QE+00

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

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

0.
0.
0.
0.
0-
0.
0.
0.
0.
0.

9.0000€+00
1.0000€+01
1.1000€E+01
1.2000€+01
1.3000£+01
1.4000£+01
1.5000€+81
1.6000€+01
1.7000€+01
1.8000E+01
1.9000€+01
2.0000€+01
2.1000€+01
2.2000E+01
2.3000€+01
2.4000E+01
2.5000E+01
1.2750E+01
2.5000€-01
1.0000€+00
2.0000€E+00
3.0000€E+00
%.0000€+00
5.0000€E +00
6.0000€£+00
7.0000€+00
8.0000€+00
9.0000€+00
1.0000€E+01
1.1000€+01
1.2000£+01
1.3000€E+01
1.4000€+01
1.5000€E+01
1.6000€+01
1.7000£+01
1.8000€+01
1.9000£+01
2.0000€+01
2.1000€E+01
2.2000€+01
2.3000E+01
2.4000€E+01
2.5000E+01
1.2750£+01
2.5000E-01
1.0000€+00
2.0000€£+00
3.0000€+00
%.0000€E+00
5.0000€E+00
6.0000€E+00
7.0000£+00
B8.0000E+00
9.0000€+00
1.0000€+01
1.1000€+01
1.2000€+01
1.3000€+01
1.4000€+01

-7.1054€-13

0.

0.
-7.1054€-13
-7.1054€-13

0.

7.8431€£-02

0.

0.

0.
0.
0.
0.
0.
0.
0.

-7.1054€-13

0.

0.
-7.1054€-13
-7.1054£-13

0.
7.8431E-02
0.

0.
0.

i




A

PARTICLES

T3AAA

PDR= 1.00000E+00 PDZ= 1.00000E+00 PXR= 2.60000E+01 PYB= 0.

18A YAQU1 PARTICLE-FLUID MOMENTUM EXCHANGE TEST.

PYT= 5.20000E+0)
{T3AAALIGB 032272-3) 110872-1

Te 1.00000E+00 CYCLE=

7

57



. 4+

.

LR I A 2 I R K I R R I S R

LK R R IR R I S R R IR R R SR R R IR IR 3

LK I 2 2

LR B B S 2 R I IR R N R AR K T R SRR BEE R IR R I R 4

*

.

LR R A 2 A R R N R R R R R 2 R I R

. o

.

LR 2R 2 R 2R I 4

LK R TR NN N R IR B JER JEE IR IR R IR R 2

LR R N S R R R I I IR R I R K R R IR R IR K B K IR R JER N 4

LR R A S A R T R 4

.

LR R R B B R R R A

L R K R R R I I I R K B R IR R IR IR R B S K R TR IR R R

LR R R IR R A R R 2R R K R IR R R I R K FE R I R 3

LR I B 2R R I I I S IR TR IR R R K R R R

LR N B S AR R I N R R I S I I R TR IR IR IR IR IR IR R 2

LR I I S I I I I B S R R I I R IR IR R K R IR R

LR K B 2R K B I R K IR L I I IR K K K IR R IR IR IR T IR K R

. 4+

LK R JEE SR R R K IR N JEE R I R R K R IR K IR IR R IR 3

LK N N A I I I R R R IR IR I S R R R

LR R K I S K R R R R K IR IR R R SRR JEE R R IEE IR JER IR TR IR R 3

LR R I R R 2 2 R IR R R A

L R R R R SR AR e 4

LR K BE B 2 BE R R R I K B JEE N N R S R IR IR R TR K I 3

'Y"’DQOOOQO"0000000000000

L O I I R e A I B R Y
L A I I R N R A K R R AR
D A A K A s
L R I R R A P I R
L A I I R R A R
D I I A R R R
L I IR B R R P K R R e
L O I I I A O R R R R
L A I I I I AR R R A A
L A A A I I IR R R A I R Y
L A R IR I R R R A R R R
D I I K R I
L A A I IR N R R IR IR IR
L O I A R I R AR AR AR A
A A R I R A R A A AR
L A A I I R N R AR K R R SR R
LRSS IR IR N AR AR YR IR R
L A I I I R A A K I R Y
LR R IR B R R A A R S R Y
* ettt b & ¢+ ¢
e 4 L AR B AR
. - — +
-~ v e
— - v

L

e e e e e e e e e e e - e

LR R K T R IR R R IR R K R R R R K KRR R R K R R R 2

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

LR 3

LK I I A 2 T I JER R SR I R R IR N R KRR TR 2R R N J

LK N I I R I R K R IR R I IR I IR R B R K R I R N 4

LR R R R 2 2 R IR R R I R B I IR SR I R IR IR I IR R 4

L R K I 26 2 R R IR IEE R I I S I IEE IR R IR IR R SR R R IR 2N 3

. 4+ 0

.

L K IR IR IR K B R R R T N L R IR R R I R R I 3

LR K R B 2 EE R R R I R I R IR SR I I R I R I IR R 4

LR R N T 2 R IR I JEE I I R R R K TN JEE IR IR N K R I 2 R

LR K R 2R K R K IR I R R R R I SR K IR IR R IR IR R R

LK I R N I A 2 R I T K K IR I R IR I K K R R R R BN R 4

L 2EE K I IR K K IR R K 2R I K K IR L JEE JEE R R K R BR R 2K 2K IR 2

LR I R 2 2 IR R R I R K R I K IR IR I IR K R 2 R

LR N K R B R IR R I IR K I R S K R R R IR IR IR R IR B R R

LR R K A S 2K B R I 2N I IR JEE R IR JNE N R SRR IR IR IR JEE R IR NN 3

LR R I S R IR R I R K R IR K I R R IR IR R R IR R IR R 2

LR R R R B B R I R IR N L K JEE JEE R R R IR B R IR R R Y 3

VELOCITY VECTORS

VMAX= 2.96442E-01
18A YAQUL PARTICLE-FLUID MOMENTUM EXCHANGE TEST.

7

1)0872-1 T= 1.00000E°00 CYCLE=

I T3AAAL1GB 032272-3)

T3AAA

L3
(2]




1SOPYCNTCS

T3AAA

V)

\

MIN= 9.90697€-01 MAX~ 1.00900€+00 L= 9.90697¢€-01 H= 1.00807€+00 DO~ 1.93073E-03
18A YAQUT PARTICLE-FLUID MOMENTUM EXCHANGE TEST. (T3AAA1G8 032272-3)

110872-1

T= 1.00000£+00 CYCLE=

7

- 59



1SOTHERNMS

T3AAA

60

MINe 9.72363E-01 MAXe ).00004E+00 L- 9.72363c-01 H= 9.98169€-0! 0Q- 2.86729€-03

18A YAQU1 PARTICLE-FLU1D MOMENTUM EXCHANGE TEST.

(T3AAA)GB 032272-3)

110872-1

T= 1.00000E+00 CYCLE~

7



VORTICITY

MINe-7.34092€-02 MAX= 2.22235£-01 L°+-7.34092E-02 H= 1.93570£-01 DQ= 2.96644E-02

TIAAA  18A YAQUI PARTICLE-FLUID MOMENTUM EXCHANGE TEST. (T3AAAICE 032272-3)

110872~

T= |.00000E+00 CYCLE=

7

61



T3AAA

n o
(]

FRAAIRAEBRIBBEBRBER

62

18A YAQUI
X

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

PARTICLE-FLUID M
A

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

u
-2.6115€-03
1.8472€-02
2.9641E-02
1.7077€-02
1.0472€E-02
6.4399€-03
%.0581£-03
2.%859€-03
1.6565€-03
1.0696€E-03
6.6491€-04
4 .2952E-04
2.7631€-04
1.7590€-0%
1.1380€-0%
5.7160€£-05
6.2426E-06
1.2598€-10
-2.0318E-10
0.
1.4377€-05
-2.9517e-04%
-5.9180€-0%
-8.3517e-04%
-1.2579€-03
-1.3142€-03
-2.7082€-03
-6.0943E-04
7.8593E-03
1.2810€-02
9.4904£-03
5.3329€-03

1.3434E-03
8.5737€-0%
5.4414E-04
3.5296€E -0
2.0440E-ON
1.5145€-04%
1.1140€-0%
6.4717€-0%
2.6459€-05
3.3286€-10
1.1725€-10
-2.0318€-10
0.
-3.2053E-06
7.974SE-05
1.3387€-0%
2.138SE-04
3.4453E-04
3.8807€-04%
7.6047€-04
-2.8873E-04%
-4.9988E-04
-7.9370€-04
-9.5067€-0%
-2.9771£-04
-1.9746€-04
-7.7690€ -05
-5.367SE-05

OMENTUM EXCHANGE TEST.

v
-2.7685€-01
-9.1458€-02

2.3379€-02
1.4951€-02
9.8134£-03
6.2071€-03
3.9648€-03
2.5520£-03
1.6012€-03
1.0108€E-03
5. 9648E -04
3.6599€-04
2.0612€E-0%
1.2050€-0%
5.7997¢€-0%
2.8970€-05
6.1064€-06
3.0704€-12
3.8627€-25
-9.5390€ -25
-2.2500€-01
-2.9595€-01
-2-9596E-01
-2.9501€-01
-2.9375€-01
-2.9187€-01
-2.9012€-01
-2.8739€-01
-1.2689€-01
2.7868€-02
1.9209€-02
1.1866€ -02
7.3901€-03
4.6773E-03
2.9204£-03
1.8475€-03
1.1233€-03
7.0730£-0%
4.0366E-0%
2.1652€-04
1. 1444E-04
6.3802€-05
1.3518€-05
5.7808E-11
7.5020€-17
8.2718€E-25
-8.2718€-25
-2.2558€-01
-2.9642£-01
-2.9644E-01
-2.9556€-01
-2.9411€-01
-2.9274€-01
-2.8947€-01
-2.9063¢-01
-1.3271€-01
2.7992€-02
2.0842e-02
1.2485€-02
7.8501£-03
4.8637¢£-03
3.0799E-03

SIE
9.8534€-01
9.9813e-01
9.9983E-01
9.9994E-01
9.98997¢€-01
9.8989€-01
1.0000€+00
1.0000€E +00
1.0000€+00
1.0000€+00
1.0000£+00
1.0000£+00
1.0000€+00
1.0000€+00
1.0000£+00
) .0000E +00
1.0000£+00
1.0000£+00
1.0000£+00
0.
9.768268€-01
9.7236€-01
9.7244E-01
9.7257e-01
9.7276€-01
9.7306€E-01
9.7308E-01
9.8371€£-01
9.9727¢€-01
9.8986E-01
9.9993e-01
9.9997¢€-01
9.9899€-01
1.0000€E+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000£+00
1.0000£+00
1.0000€+00
1.0000€+00
1.0000£+00
1.0000£+00
1.0000£+00
1.0000€+00
1.0000£+00
0.
9.7835€-01
9.7243e-01
9.7252e-01
9.7266€-01
9.7284€-01
9.7315€-01
9.7334£-01
9.8397£-01
9.9737€-01
9.9983e-01
9.9992t-01
9.9997¢-01
9.9999€-01
1.0000€E+00
) .0000€E+00

({T3AAAI1GB 032272-3)

RHO
1.0016€+00
1.0013E+00
1.0009€+00
1.0006€+00
1.0004E+00
1.0003E+00
1.0002€+00
1.0001€+00
1.0001€+00
1.0001€+00
1.0000£+00
1.0000€+00
1.0000€+00
1.0000€E+00
1.0000£+00
1.0000€+00
1.0000€+00
1.0000€E+00
1.0000£+00
3.3769€-33
1.0004€+00
1.0004E+00
1.000%E +00
1.0004£+00
1.0004E+00
1.0004E+00
1.0004E+00
1.0004E +00
1.0003E+00
1.0003E+00
1.0002€+00
1.0001€+00
1.0001E+00
1.0001€+00
1.0000€+00
1.0000€+00
1.0000€ +00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€+00
1.0000€E+00
1.0000€£+00
1.0000€+00
1.0000€+00
1.0000€E+00
3.3769€-33
9.9942¢£-01
9.9941€-01
9.9939%€-01
9.9938€-01
9.9934E-01
9.9931€£-01
9.9921€£-01
9.9930€-01
9.9943E-01
9.9957€-01
9.9976€-01
9.9983€-01
9.9989€-01
9.98992t -01
9.9994€£-01

110872-1
voL o]

7.5000€+00 -7.4401€-03
8.5000E+00 -5.3887¢-03
9.5000€+00 -1.7526E-03
1.0500€+01 -1.2173E-03
1.1500€+01 -8.1243E-04%
1.2500€+01 -5.6867€-04
1.3500€+01 -3.8710€E-0%
1.4500€+01 -2.8930€-0%
1.5500£+01 -2.0397€-0%
1.6500E+01 -1.4646E-0%
1.7500£+01 -9.4129€-05
1.8500€+01 -6.4694E-05
1.9500£+01 -5.8896E-05
2.0500€+01 -%.8841£-05
2.1500€+01 -4.9223E-0%5
2.2500E+01 -4.8468E-05
2.3500£+01 -6.1081E-06
2.4500E+01 -3.2800€-10
2.5500£+01 1.9920£-10
0. 0.
5.0000E-01 -7.4488€-04
1.5000€+00 -7.1263E-0%
2.5000E+00 -7.0650€-0%
3.5000€E+00 -7.1226E-0%
%.5000€+00 -7.2403E-04%
5.5000€+00 -7.5051€-04%
6.5000£+00 -8.7696E-0%
7.5000€+00 -1.8334E-04
B8.5000€+00 4.96862E-0%5
9.5000€+00 -3.1845E-04%
1.0500€+01 -3.0268E-0%
1.1500€E+01 -2.0272E-04%
1.2500€E+01 -1.5791E-0%
1.3500€+01 -1.3187€-04%
1.4500€E+01 -7.9575€-05
1.5500€+01 -7.3828€-0%
1.6500€£+01 -).5073E-05
1.7500€E+01 -4%.71B1€-05
1.8500£+01 5.8972E-05
1.9500€+01 3.6586€-0%
2.0500£+01 -2.5261E-0%5
2.1500£+01 -3.3425€-05
2.2500E+01 -1.9696E-05
2.3500€+01 -1.8321E-10
2.4500€+01 -3.2219€-10
2.5500€+01 1.8920£-10
0. 0.
5.0000€-01 1.1064€-03
1.5000£+00 1.0771€-03
2.5000E+00 1.0944E-03
3.5000€+00 1.-1228E-03
4%.5000E+00 1.2313E-03
5.5000£+00 1.2896£E-03
6.5000E+00 1.7076E-03
7.5000E+00 2.1035€-03
8.5000€+00 1.6484E-03
9.5000E+00 1.2230E-03
1.0500€+01 S5.3746E-04%
1.1500E+01 3.7278E-04
1.2500E+01 2.2960E-04%
1.3500€+01 1.5334E-04
1.4500€+01 1.0783E-04%

M
7.0153E+00
8.0160€E+00
9.0131€+00
1.0009€+01
1.1007€+01
1.200%€+01
1.3004€E+01
1.4003E+01
1.5002€+01
1.6001€+01
1.7001€+01
1.8001€+01
1.9001€+01
2.0000€E+01
2.1000E+01
2.2000€+01
2.3000€+01
2.4000€+01
2.5000€+01
1.2750€+01
2.5021€-01
1.0008E+00
2.0017€+00
3.0026E +00
%.0035E+00
5.0046E+00
6.0058€+00
7.0070€+00
8.0073€+00
9.0063E+00
1.0005E+01
1.1003E+01
1.2002€+01
1-3002€+01
1.4001€+01
1.5001€+01
1.6001€+01
1.7001€+01
1.8000€+01
1.9000£+01
2.0000€ +01
2.1000E+01
2.2000€+01
2.3000€+01
2.4000€+01
2.5000€E+01
1.2750€+01
2.4897¢-01
9.9988¢£-01
1.9998€+00
2.9996E+00
3.9994E+00
%.9992E+00
5.9989€+00
6.9987€+00
7.9988E£+00
8.9991€+00
9.9994E£+00
1.1000€+0)
1.2000€+01
1.3000€+01
1.4000€+01

T= 1.00000£+00 CYCLE= 7

p
1.6220€-01
1.3420€-0)
8.9469€-02
5.6908E-02
3.7087€-02
2.5416E-02
1.7033e-02
1.2253E-02
8.4277€-03
6.3515€-03
4.4433E-03
3.4923€-03
2.2837£-03
1.4581£-03
8.3332E-04
8.2055€-04
1.0341€-0%
4.6107€-09

-2.8891£-09
7.8431E-02
3.5892€-02
3.5199€-02
3.5792€-02
3.5994E-02

3.6000£-02
3.2829€ -02
2.5339€E-02
1.5377€-02
1.0709€-02
7.2363¢-03
5.7312£-03
4.0369€-03
3.5379€-03
2.4859€-03
2.4012£-03
T7.9734E-04
4.97682€-04
6.6580€-0%
5.9972€-04
3.3344E-O4
1.5753€-09
4.6107€-09
-2.8891¢£-09
7.8431€-02
-5.7697€-02
-5.8930E-02
-6.0548E-02
-6.2376E-02
-6.6128€-02
-6.8855€-02
-7.9322€-02
-6.9982€E-02
=5.7M72E-02
-4.25%3€E-02
-2.3870£-02
-1.6534g-02
-).0550€-02
-7.8319€-03
-5.7456€E-03




PARTICLES
PDR= 1.00000E+00 PDZ= 1.00000E+00 PXR= 2.60000E+01 PYB= O. PYT= 5.20000E+01

T3AAA 18A YAQUI PARTICLE-FLUID MOMENTUM EXCHANGE TEST. 1T3AAA1GB 032272-31\ 110872-1 T- 9.00000E+00 C:CLE= 232
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VELOCI1TY VECTORS

VMAX= 2.93061E+00
18A YAQUI PARTICLE-FLUID MOMENTUM EXCHANGE TEST.

232

T= 9.0C000£+00 CYCLE~

110872-)

2272-3)

nZ

(T3AAAIGE

T3AAA

-~
o




150PYCNICS

T3AAA

2%

MIN= 9.72275€-01 MAX= 1.04901E400 L= 9.72275€-0) H= ).04223E+00 DQ= 7.7729BE-03
18A YAQU1 PART)ICLE-FLUID MOMENTUM EXCHANGE TEST.- (T3AAA1GB 032272-3\ 110872-1

T= 9.00000€E+00 CYCLE=

a3e
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1SOTHERMS
MIN+-7.32911€+00 MAX~= 1.22158E+00 L=-7.32911E+00 H- 3.67413E-01 DQ- 8.55170E-01
T3AAA 1BA YAQU1 PARTICLE-FLU)D MOMENTUM EXCHANGE TEST. (T3AAA1GB 032272-3) 110872-1 T= 9.00000E«00 CYCLE- 232
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VORTICITY

T3AAA

MIN=-2,.39303€-02 MAX= 9.72045€-01 L=-2,.39303E-02 H- 8.73348E-01 DQ= 9.96376E-02
18A YAQU! PARTICLE-FLUID MOMENTUM EXCHANGE TEST. |T3AAAICB D32272-31 1.0872-1

T= Q.U0000€+00 CYCLE=

232

67



o7

T
8.
9.

10,

11,

12,

13,

14,

15,

16,

17,

18,

19,

a0,

a1,
ea,
a3,

24,

as,

26,

T3AAA

EEEEER PR R R R R EREERE L By
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18A YAQU1
X

7.0000€+00
8.0000£+00
9.0000€E+00
1.0000€+01
1.1000€+01
1.2000£+01
1.3000€+01
1.4000€+01
1.5000€+01
1.6000€+01
1.7000€+01
1.8000E+01
1.8000€+C,
2.0000&+01
2.1000€+0"
2.2000€+01
2.3000€+01
2.4000€+01
2.5000€+01
2.6000€+01
0.
1.0000€+00
2.0000€+00
3.0000£+00
%.0000£+00
5.0000€ +00
6.0000€E+00
7.0000€+00
68.0000€+00
9.0000€+00
1.0000€+01
1.1000€+01
1.2000£+01
1.3000£+01
1.4000E+01
1.5000£+01
1.6000£+01
1.7000€+01
1.8000£+01
1.8000€+01
2.0000€+01
2.1000€+01
2.2000E+01
2.3000€+01
2.4000€+01
2.5000€+01
2.6000€+01
0.
1.0000£+00
2.0000€+00
3.0000£+00
%.0000€+00
5.0000E+00
6.0000€+00
7.00C0E+00
8.0000€+00
8.0000€ +00
1.0000£+01
1.1000€+01
1.2000€+01
1.3000€+01
1.4000€+01

PARTICLE-FLUID MOMENTUM EXCHANGE TEST.

Y
2.4000€+01
2.4000€E+01
2.4000€E+01
2.4000€E+0!
2.4000€+01
2.4000E+01
2.4000€E+01
2.4000€E +01
2.4000€+01
2.4000€+01
2.4000€E+01
2.4000€E+01
2.4000€£+01
2.4000E+01
2.4000€E+01
2.4000E+01
2.4000€+01
2.4000€E+01
2.4000€E+01
2.4000€+01
2.5000€+01
2.5000€+01
2.5000E+01
2.5000E+01
2.5000€+01
2.5000€+01
2.5000€+01
2.5000€+01
2.5000€£+01
2.5000€+01
2.5000€E+01
2.5000€+01
2.5000€E+01
2.5000€+01
2.5000E+01
2.5000€+01
2.5000€+01
2.5000£+01
2.5000€+01
2.5000€+01
2.5000£+01
2.5000€E+01
2.5000€+01
2.5000€+01
2.5000€+01
2.5000€+01
2.5000€+01
2.6000E+01
2.6000€+01
2.6000E+01
2.6000€£+01
2.6000€+01
2.6000€E+Q1
2.6000€+01
2.6000£+01
2.6000€+01
2.6000€E+01
2.6000£+01
2.6000€+01
2.6000€+01
2.6000E+01
2.6000€+01

u
-5.1537€-01
-5.3391€-01
-5.2592¢€-01
-4.9208€E-01
-4.4172€-01
-3.8481€-01
-3.2845E-01
-2.7653E-01
-2.3053E-01
-1.8096E-01
-1.5721€-01
-1.2864€-01
-1.0426E-01
-8.3382€-02
-6.3270€-02
-4.9414E-02
-3.5348E-02
-2.2633e-02
-1.0954€-02

0.

0.
-8.99.3€-02
-1.7724£-01
-2.6015€-01
-3.3588€-01
-4.0168€E-01
-4.5440£-01
-4.9029€-01
-5.0544E-01
-4.9601€-01
-4.6399€-01
-4.1811€-01
-3.6642€E-01
-3.1508E-01
-2.6731&£-01
-2.2482€-01
-1.8767€-01
-1.5574£-01
-1.2628E-01
-1.0464£-01
-8.4140€E-02
-6.6169€-02
-5.0313e-02
-3.60756-02
-2.3158E-02
-1.1214€-02

0.

0.
-8.5059€-02
-1.6812€-01
-2.4683E-01
-3.1832€-01
-3.8003€-01
-4_2866€-01
-4.6076€E-01
-4.72768€-01
-4.6220€£-01
-4.3233€-01
-3.9067€-01
-3_4426€E-01
-2-9790€-01
-2.5471€-01

v
-7.8591£-01
-5.2959€-01
-2.8341¢€-01
-9.2084E-02

4.0406€E-02
1.2368€-01
1.7186€-01
1.9782€-01
2.1089€-01
2.1669€-01
2.1866E-01
2.18%2€-01
2.1746€-01
2.1595€-01
2.1434E-01
2.1286E-01
2.1155€-01
2.1054€-01
2.0980¢-01
2.0939€-01
-1.4403E+00
-1.4618E+00
-1.4288€+00
-).3528€+00
-1.2374£+00
-1.0853£+00
-9.0021€-01
-6.8854€-01
-4.6219€-01
-2.3217€-01
-8 9856E-02
2.4101€-02
9.7761€-02
1.4255€-01
1.6877£-01
1.8379€-01
1.9236€-01
1.9704€-01
1.9945€-01
2.0050€E-01
2.0077e-01
2.0061€-01
2.0021€-01
1.8977€-01
1.9932€-01
1.8895€-01
1.9868€E-01
-1.2696€E+00
-1.2895€+00
-1.2607£+00
-1.1924€£+00
-1.0883£+00
-9.5134£-0)
-7.8571€-01
-5.9844£-01
-4.0111€-01
-2.2384E-01
-8.6694E-02
1.0791£-02
7.5636E-02
).1698E-01
1.4292€-01

S1E
1.0532£+00
1.0449€E +00
1.0249€+00
1.0145€+00
1.0114£+00
1.0081E+00
1.0057¢+00
1.0040£+00
1.0028E+00
1.0019€+00
1.0014E+00
1.0010£+00
1.0008€+00
1.0006€ +00
1.0005€+00
1.0004E+00
1.0004E+00
1.0004E+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
1.0466€+00
1-0343E+00
1.0189€+00
1.0131E+00
1.0100€+00
1.0070£+00
1.0050€+00
1.0035€+00
1.0024£+00
1.0017€+00
) .0012E+00
1.0009€+00
1.0007€+00
1.0006€+00
1.000S€E +00
1.0004E+00
1.0004E+00
1.0004€+00
1.0003€+00
0.
1.2148€+00
1.0890€+00
1.0877£+00
1.0699€+00
1.0563E+00
1.0478E+00
1.0430E+00
1.0374E+00
1.0259€+00
1.0152€+00
1.0118E+0D
1.0086€ +00
1.0060E+00
1.0042€E+00
1.0029E+00

(T3AAAIGB 032272-31

RHO
9.9707€-01
9.9689€-01
9.9680€E-01
9.9680€-01
9.9688£-01
9.9700€-01
9.9717e-01
9.9735€-01
9.9755€-01
9.9774£-01
9.9794€-01
9.9810€-01
9.9826E-01
9.9838€-01
9.9848E-01
9.9857€-01
9.9862£-01
9.8866€E-01
9.96868€-01

-1.8170£-07
1.0006£+00
1.0001€+00
9.9975€-01
9.9940€£-01
9.9904£-01
9.9869€-01
9.98836€-01
9.9804E-01
9.9779€-01
9.9761€-01
9.9751€-01
9.9747e-01
9.9757€-01
9.9756€-01
9.9766E-01
9.9777€-01
9.9790€-01
9.9803€-01
9.9814E-01
9.9825€-01
9.9836€-01
9.8842¢€-01
9.9848E-01
9.9853€-01
9.9855E-01
9.98%57€-01

-1.0315€-07
1.0013€+00
1.0009€+00
1.0005€+00
1.0002€ +00
9.9984€-01
9.9948E-01
9.9913e-01
9.9880€-01
9.984SE-01
9.9825E -01
9.9808€-01
9.9797€-01
9.9791€-01
9.9790£-01
9.9793t-01

110872-1
voL o]

7.S000E+00 -2.6219€-03
8.5000€+00 -2.5925E-03
9.5000€+00 -2.3834E-03
1.0500€E+01 -2.1566E-03
1.1500€+01 -1.8838£-03
1.2500£+01 -1.6101€-03
1.3500€+01 -1.3199€-03
1.4500€+01 -1.0566E-03
1.5500€+01 -B8.1772€-04%
1.6500€£+01 -6.0852€-04%
1.7S00€E+01 -4.6446E-04
1.8500€+01 -2.8468€-04
1.9500€+01 -1.9709€-04%
2.0500E+01 -6-9868€-05
2.1500E+01 -2.2380E-05
2.2500E+01 3.5902€-0%
2.3500E+01 6.2106E-05
2.4500E+01 7.6929€-05
2.5500£+01 8.7703E-05
0. 0.
5.0000E-01 -3.4404E-03
1.5000€+00 -1.6890€-03
2.5000E+00 -1.7619€-03
3.5000€E+00 -1.8811€-03
4.5000E+00 -2.0103€-03
5.5000E+00 -2.1383£-03
6.5000E+00 -2.2377€-03
7.5000€+00 -2.30768£-03
8.5000E+00 -2.2432£-03
9.5000€+00 -2.)057£-03
1.0500€+01 -1.9039€-03
1.1500£+01 -1.6979€-03
1.2500E+01 -1.4725€-03
1.3500£+01 -1.2443€-03
1.4500£+01 -1.0447€£-03
1.5500£+01 -8.3634E-04
1.6500€+01 -6.9411€-0%
1.7500€E+01 -5.3876E-04%
1.8500E+01 -4.4414E-04
1.9500€+01 -3.2336E-04
2.0500£+01 -2.4078E-04
2.1500E+01 -1.7353E-04
2.2500E+01 -1.2993€-0%
2.3500E+01 -1.0232€-0%
2.4500E+01 -8.9Q65E-05
2.5500€+01 -8.6277€-05
0. 0.
5.0000€-0) -2.8902E-03
) .S00DE+00 -1.4587€-03
2.5000£+00 -1.35278E-03
3.5000£+00 -1.6280£-03
4.5000€E+00 -).7367€-03
5.5000€+00 -1.8330E-03
6.5000E+00 -1.9022£-03
7.5000E+00 -1.9755€-03
8.5000€+00 -1.8973€-03
9.5000€£+00 -1.8032£-03
1.0500€+01 -1.6512€-03
1.1S00€+01 -1.5047€-03
1.2500€E+01 -1.3296E-03
1.3500€E+01 -1.1758E-03
1.45S00E+01 -1.005S6E-03

T= 9.00000E+

6.9759€+00
7.9711€+00
8.9668E+00
9.9633E+00
1.0961€+01
1.1959€+01
1.2959€+01
1.3959€+01
1.4960€E+01
1.5961€+01
1.6962€+01
1.7964€+01
1.8965€+01
1.9967€+01
2.0968€E+01
2.1969€+01
2.2969€+01
2.3969€+01
2.4968€+01
1.2734£+01
2.5002€-01
9.9972£-01
1.9987€+00
2.9970£+00
3.9946E+00
4.99)5£+00
5.9879E+00
6.9838E+00
7.9796€E+00
B8.9754E+00
9.9718£+00
1.0969€+01
). I867E+Q1
1.2965€+01
1.3964E£+01
1.4964E+01
1.5864E+D1
1.6964E+01
1.7965€+01
1.8966€+01
1.9966€E+D)
2.0967€+01
2.1967E+01
2.2967€+01
2.3966E+0)
2.4965€+01
1.2732€+01
2.5024E-01
1.0006€+00
2.0006E+00
2.9998E+00
3.9984€ +00
4.9962€+00
5.9934E+00
6.9900E+00
7.9862€+00
8.9823E£+00
9.9786€E+00
1.0975€+01
1.1973E+01
1.2970€+01
1.3969€+01

00 CYCLE=- 232
M

[
-2.9254€-01
-3.1083£-01
-3.1973£-01 .
-3.2023€-01

-3.)241€-01 <"
-3.0029€-01
-2.8300€-01 o
-2.6499€-01
-2.4477€-01 *
-2.255%€-01
-2.0650€-01
-1.8964€-01
-1.7440E-01 -
-1.6159€-01
-1.5157€-01 o
-1.4326€E-01
-1.3776€E-0!
-1.3387€-01
-1.3237€-01

7.8530€-02

5.9747E-02

) .2195€-02
-2.5003€-02
-6.0391E-02
-9.6Q21€-02
-1.3140€-01
-1.6497€-01
-1.9560E-01
-2.2078€-01
-2.3895£-01
-2.4882£-01
-2.%274€-01
-2.4987E-01 o
-2.4377€-01
-2.3362€-01 .-
-2.2262€-01
-2.0992€e-01 -
-1.9740€-01
-1.8562€-01
-1.7473€-01
-1.6%26E-01
-1.5751€-01
-1.517%€E-01
-1.4723€E-01
-) . 44EBE-01
-1.4348E-01
7.8540E-02
1.2918E-01
8.7659E-02
%5.3658E-02
1.9792€-02
-).5583€-02
-%5.170E-02
-8.7385¢£-02
-1.2048€-01
-1.5130€-01
-1.74768€-01
-1.9242€-01
-2.0309E-01 .
-2.0893€-01 -
-2.0960£-01
-2.0747€-01
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D
PROGRAM <:r¢5 STARTS HERE) 0,0 OVERLAY
S ———

YAQUI

\_

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

|

READ FIRST INPUT DATA CARD

IBAR =1, THE NUMBER OF REAL ZONES IN THE R OR X DiIRGCTION.
JBAR =T, THEe NUMBER OR REAL EZONES IN THE 3 ORY DIRECTION.
IUNF = X uwronm

JUNF -UUNlFOKM}DS’TERMINE REGION OF UNIFORM TONING,
JCEN = JeenTer

DR ® Br, THE CGLL 5126 W R OR X DIRECTION.

D2 = §2, THe CELL S1%& IN 3 QR Y PIRECTION.

[ ¢ % 1.0 |f CYLINDRICALS 0.0 F PLANE

GRDVEL = 0.0 IF EULERIAN; = 1.0 IF LAGRAMCIAN; >1.0 IF REZONE.

AO = oo POR MOMENTUM EQUATIONS

AOM =do FOR MASS (& ENERSY) EQUATIONS.

80 - @a FOR MASS, MOMENTUM, AND ENERGY EQUATIONS

KXL =g, THE © EXPONENT THAT DETERMBKS Tz VISCOSITY FORM.
)

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

seser(__IBAR )=
(3vPass smw;\‘jo—a—J
CZ0)—>| CALL GVERLAY (1,0) = SETUP |
RETURN FROM SETUP

CALL @VERLAY (2,0) JCD-ALE |
RETURN FROM CALC.

[o] JOB CoMPLETED

CALL EMPTY (Scavence Fim Burree)

@ JPB STOPS HERE




T

0,0 SUBROUTINES — SCm/ACM 3-ROw BUFFERING:

LSUBRBUTINE LBdP

REGULAR  [CALL ECWR (MASC(IIMS), IECH,NIND
RoUTINE: 192 JO( JLBUF : S
\
Co—-+{ 13p- 1768 = | 7 s
17 = 18¢3 2
1IM = 17MS - 18C2 1m|¥s
f——— IBUF = 2 17P'f3
o D>—=| 13° = 13PS - 15C2 17hl3s
7= 1 ey
Iom = ITMS = 18C3 = 13
P/—_ IBUF = 3 IT |3
KENTRY START
- ITPS = |
1ECR = 1IECW=0
CALL ECRD(AASC(LTPS), [ECR,NQI,NE)
IECR = [ECR + NQL
1TPS = 18C2
CALL ECRD(AASC{1TPS), TECR, NOTNE)
IECR = LECR + NQI
17P = IJPS = 1S3 17p %
1T = ISC2 1
13M = TIMS = IBUF= 1 [Iom|'5

| CALL ECRD (AASC(1TPS), IECR, NOI, NE)

1ECR = IECR + NOI

CRETURN)

KENTRY DgNE >

CALL ECWR (AASC(1IMS),TECW,NQL, NE)
IECW = IECW + NQL

G® 1o ( ) IBUF:

o>~ 1ams = 1562

r—y

ITMS = 1SC3

O+ 1ImS =1

CBOO-={ cALL ECWR(ARSCTTHS), TECW, N1, NE)|

REVERSED
2-Row
DOWNWARD
ROUTINE

KENTRY L80PDSY /

CALL ECWR (AASC(LTS), IECW, NQL, NE)
IECW = IECW - NQI

Qs T ( YIBUF

IBUF = 2
IT = [SCFI

ITS =1
ITM = ISCF2
IIMS = ISC2 .

LENTRY STARTDS

IIMS = 1SC2
1ECR = Lecw - LTV

CALL ECRD (AASC(ITMS), TECR,NQI,NE)
1ECR = TECR = NQL

!

ITm = 1SCFI
1IImS = IBUF =|
17 = IScF2
138 = ISC2

2

CALL ECRD(AASC(ITMS), IECR, NOT,NE)

1€CR = TECR ~NQL

READ jﬂ-
RowW

INTO SCM
Row /(3.

POINT TO
ith COLUMN
IN jth ROW

RETURN

KENTRY RIRGW 7

IEC = (I~1) % NQI
CALL ECRD(AASC (1), IEC,NQI, NE)

. KENTRY SETIT

| 15= (I-DenQ+(

KENTRY WIRGWY

L-LEC = (T~1) ¢NOL

jth ROW : '
g LCM<CALL ECWR(MSCLY), TEC, NQL NE ) |—(RETDRD

REDUNDANT UNLESS RIROW
ENTRY wAS UNYSED

{END SUBROUTINE LooP /AM

sozf\/

12




L

0,0 SUBROUTINES -

SETUP PLOTS ¢ PARTICLE GRID:

L SUBROUTLINE FILMCBD;

PARTICLE GRID &

PARTICLE PLOT SETUP:

~

fL=0.0 INITIALIZE COMPARAMDS
<B=10° FoR DETERMINATION OF

XR = ¥T= =B GR'D S12E & SWEEP VERTICES:
CALL START

—— —D¢ 9 I=2,I7 }Au. VERTICES
[ -t n9 I=1,1el T
| I XR = AwAX1 [xR , X(13))
| YvB= AMINI{YB,Y (1]
| | YT= AmAX [YT, Y(IT))
|| |
| 5> 13= 1T+ NQ
| CALL LGP
Lz o]  CONTINVE |
- VV=0.9¢XR #RIBAR TVgLaerry VECTOR ScALe
F1YB = 916.0 =B on FiLm FRAME
XD= XR/(YT-YB) = RATIO WiDTH/HEIGHT
Y= 0.0 INITALIRE FOR TEST:
1.1355¢= 1022,
900
RAXIMLZE FIAL= AMAKLI[0.0, (511.~450,# XD)#YY] Enehe M0 o &
PLOT SI2E [ FIXR = (511.+ 450.4XD)s'r¥ + uorz..o(h_Ylf";"”“ °.
oN FLLM FLYT = 1ok ¥ + (916.-1022. /D) # (1.=Y")
FRAME: XCBNV » (FIXR-FINL)/(XR-xXL) ) coNYERSIBN
YCoNV = (FIYT=FIYB)/(YT-YB) J COEFFLCIENTS
IAL= FIXL
IXR = FIXR INTEGER
I¥B - FIYB EQUIVALENTS
IYT = FIYT

I

PHIGHER THAN WiDG 3

B e A4
TAL= 51l = 450-XD/YT
IXR* 511+ 450- XD/YT
I¥T=16 f

PWIDER THAN HIGH:

IAL=0

IXR =1022

1¥T= 916 -1012YT/XD

NPT: 0

4

Ho PARTICLES,

OF SUBROUTINE

D

BYPASS REMAINDER

PXL = 0.0
PYB = YB +PYB
PXR = PDR ¢ FIBP arnelp

PYT =PYB+PDZ¢FIBP YBe+ Ay Je

PXRP = PXR« GPEMIO }JUST OUTSIDE GRID —

COMPUTE DISTANCE FROM Y=0

PYBM = PYB ¢ gMEMIO FOR TESTS IN PARTMOV
PYTP = PYT ¢« OPEMIO

RPDR = |,/PDR \./Ax
RPDZ = \./PDZ /By
RPDRDZ = RPDR«RPDZ |i /Axly

FIPYB = 216.0 YBp ON FiLM BRAME
XD = PXR / (PYT~PYB) = RATIO OF WiDTH TO HEIGHT
YY = 0.0 WITIALIRE FOR TEST

SETUP FOR PARTICLE
PLOT, TO FIT PARTICLE
GRLD, NOT FLUID GRID.

£ WIGHER
XD : 113556/ Tuan wine

7 | wioer THAN WiGH

FIPXL = AMAX1 [0.0, (511.~450. ¢XD) ¢ YY]

FIPAR = (511.+ 450.6%D)e YY + 1022 .7 (1.-YY)
FLPYTa 16.6YY + (916.~1022./AD) » (I.=YY)
PACENV = (FIPXR —FIPXL)/ ( PXR~PXL) }mmoﬂ

PYCONN = (FIPYT- FIPYB)/ (PYT-PYB) ) CO€FFS:
IPXL = FIPKL

IPXR = FIPXR
IPYB = FIPYB
1PYT = FIPYT

INTEGER
EQUIVALENTS

(PpR,PD2, AND PYB
ARE SPECIFIED BY
INPUT AND BY
SUBR. REZONE)

< END SUBRPUTINE FILM(P > /A

MSVE"/

N 8O




€L

Lot o s : . :
1,0 OVERLAY - THE PROBLEM SETUP: 4
PRINT : KT=9 4—uTPuT (PRINT) FILE | LDT® =\ »OUTPUT INDEX
PROGRAM TYASET CALLED' / ASSIGN 110 Tp ®RET / TQUT =T +DTEC) =dsropr £ | NOTEL
7 =2 DTPPS @ DT+ 0.1 CONSTANTS
YASET [l vaseri ] 1 NCYC =NUMTD = O DEPENDENT
] (LOO D WRITE THE ® CDs, READ SO FAR EMIO =107"° w& ses%er
; ONTO FILESET (KT) GMEMIO = 1— 107" N 2,0.
! GPEMIO = L +107"°
(kReT) (=1100k120) ANC. =0.05
BMANC. = |.=ANC

= NO FiLm WRITING C¢LAMU e (14 6)/(LAM+2.¢MU+(0'°)
AOFAC = AOm/[2.0 ¢ (1.+Aon?)]

<L SUBROAUTINE YASETL S
GaM1  =(@mi+|.)eGM)

CAN WRITE FILM

KT=12 o FILM FILE THIRD =1./3

READ IDENTIFICATION CARD ASSIGH 120 T@ WeET _el9e
READ NEXT 6 INPUT-DATA CDS: IUNF = MAx0 (LUNF, 1)

(MU W }wscosm’ COBFFICIENTS June 7 WAXO (JUNF,2)

LAM ) Ml =TBag-1 JUNF@2 = JUNF/2

oM W RELAKATION PARAMETER MG = IBAR-G

EPS € CONVERGENCE CRITERION COMPUTE Jro; = rBars
lqar 9, }GRAvn’Y COMPONENTS ONSTANTS{1p2 = 18ARY2

G 9y (eeree o |IMI0 =JBAR-1D

2’:% }?zr?cm’mé%a SECTION {Imid = TBAR-14

TIFFENZ - 1 = TBAR+|

lGm1 EQUATION OF STATE IIFIORG g.;z = TBARHY

FREZ  VARIABLE ZONING COEFF. pgscgm'ms) JP4 = TBAR+S

Y8 s, Yof j=2 JPAGL =3Pa/2

REZYO Ya, Yor BUBBLE CENTER RIBAR = 1./FLBAT(18AR) BASIC

REUE  WU¢ J6RiD EXPANSION & RIBJB =1./FLEAT(IBAR ¢ TBAR) PARTICLE CALL PARTGEN ] (=1,0 susR.)
LqRERVE V% }mmsmuou VELS. NQIB = NQs 1BAR GENERATOR 4

REBVT Ur ] rFoR REZoNE PMCYL = 1. —CYL RETURN

RE2RON Py = ¢ AT Yo HQI  =Ng e« IPI CLEAR MEMORY,

REZSIE I amgignr RE 3 DEFINE

e 1 Is€2 = NQI+1 xyra, | CALL MESHMKR | =1,0 sugr)

JBP Te I3C3 =1SC2 +8Q1 V,SII

PDR Ac L PARTLE GRID IV =JP1enqQL THROUGHOUT &RIDF RETURN
3spn2 Oy | PARAMETERS ISCFL =1S¢2 -NQ

PYB Y3, ISCF2 =1SCFI+8QI SETUP

G2P 920 NSC = LOCF(22)-LdcF (AA)+1 FIL M [ CALL FILMCE J (0.0 SUBR))

IMOMX  MOMCITTUM EXCHANGE NLC = LoCF[Aa1(TPA»NQL)]-Lacs (i &!L:R;m ATES :

ot 5t LIP2 =3P ~3P2/3 ¢ 3 ' RETURN

T20MD 1= 20'CP TAPE DUMP IKDEX QF LAST 20ME '
4JTL1M1> 1= TIME LIMIT DUme g:aengprgEzf ";:f: W (200 ow mxT PAGE

ITWFIN  TIME WHEN TO FINISH BUFFER RONS. USED

LPR PRINT CONTROL To SET TOP BOUNDARY : h/

UCALBR 1= coLok PLOT VELS. MSVE
5§‘DT¢(I-10) CONTROLS QUTPUT [LIP2 = LTP24NQT -NQ_+1 T2
61pTac (1 -10) INTERVALS

K
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1.0 SUBROUTINES —

THE PROBLEM SETLIP:

KSUBROUTINE YASETL> Conrinvep:

M
1/ Vo
E

CALL START
DY 229 J=2,JPI A
D8 219 I-1, IBAR LL CELL CENTERS
1PT= IT4NQ \
1PIP = 1JP+NQ :
*i=x(1pT) K= X (IPTP) X3 2% (IIP) K4 =X (19
Y1=Y(1PJ) Y2 2Y(IPIP) ¥ 3aY(13P) Y4 :Y(LT)
RI=R(IPD)  R2=R(IPIP)  R3I=R{IIP)  R&=R(T)

ATR= 5o (X1 (Y2-YD +x2 8 (v3-v) + x3s(V1-¥2)] |
ABL=.5¢[X1 ¢ (Y3-Y4)+ X34 (Y4=Y1) + Xhs ng-Ys)]
M(IT) = THIRD ¢ [ATR#(R1+R2+R3)
4 ABLe (R1+R34+R4)] ¢ RB(IT)
RVEL(IT) = RG(IT)/ ML)
E(1T) = SIE(IT)+.125¢
[U(zPT)ss2 +U(IPTA 642 +ULITP)es2 + HIT)es2

+V(IPTIx2 +V (IPTR)se +V(1TP) 52 +V(1T)e02]

17 = 1PT

|

Gl 17P = 1PTP To NEXT CELL IN ROW
CALL LOOP Row COMPLETED, GO UP A ROW
BT |, s cumero

L

T,

CALL STARTD

1/Mv 1=2gP2-11

CALCULATE

x%= 0.0

D3, 359, II=2,IP2
J=Yp4-77
D@ 349 \l1=1, 1P|

IMT = 17~NQ
IMTM = TTM ~NQ

VERTEX MASSES
(N A REVERSED
DB-LG2P AND

IF CELL 'S OUTSIDE MCSH,
USE M=0 IN SUMMATION:

¥ = mIm) |

¥x= X+ m(Ly) |

%X= XK+ M (IMT) |

XX = XX+ M (IMTIM) |

TO NERT CELL ON YHE LEFT

STORE THE 8
RECIPROCALS
OVER M‘; CELL
TR
CEBLL:
TL
cELL
BL
CELL
0 RM(IT) = 4,/xx
IT = IMT
‘ :
ITM = IMTIM
CALL L@OPD

|

AQW COMPLETED, DROP DOWN

;

i

A RowW

CZ55)—>| CENTINUE

T8 0,0 WERLAY

(DONE ENTRY
UMHECESSARY ON
REVERSED LOOP)

& END SUBROUTINE YASETL)
SETUP COMPLETED




L [

1,0 SUBROUTINES -~

PARTICLE GENERATOR :

KSUBROUTINE FPARTGEN >

[ NpT=0

NO. OF PARTICLES
1IN SYSTEm

PREVIBUSLY READ IN:

JBP

PDZ2

1BP 1 No. PARTILE-GRID
CELLS 1N R,2, DIRS,
PDR ] Ax AND Ay oP
PARTICLE GRID
PYB = PHTSICAL DISTANCE
FROM YB - BOTTOM
OF PARTICLE ORID
G3P. =ak FELT BY PARTICRES
TMOMR 13 MOMENTUM EXCHANGE

SEE DRAWING ON P, 3

1F NO PARTICLES USED,

ML EIT 1 RADY
Y DIRECTION AL

< WILL £1T 1N AIAL
S IDIRECTION ALSO

18ps0

TO CALL.NEVI PDR & PD2 IN REZPNE.

THAT WiLL AT W
SCM ROW OF LGH.
NQT , TRUNCATE F
NECESSARY TO A

INPUT VALUES REMAIN /
= VALID

FIBP =1BP
oy Trer } FLOATING-PT. EQUIVALENTS
RIBP =1./FIBP
RIBP = 1./FJIBP
= 18P +|
}ggg_ iipia }Foa D#-LOGP OVER PARTICLE GRID
NQIZ  =NQL#2  °*LENGTH OF TWO ROWS OF CELLS.
1ecP =IPAR =LPCF(AAQ) =BASE R.A.OF LCM PARTICIES
LPB  =NQI/343 =LGK. IN WDS. OF PARTICLE X-Y-M's
IMBME3 =IMOMX ¢ 1000 ¢USED in PARTMEV
|44 =1 & PARTICLE INDEX
MT =0.0 « TOTAL MASS SUM
FREZ: 1.0
7 J RECALAILATE PARTICLE -QRID
PARAMETERS
XMAX =

(FLOAT(LUNF) + FREZ ¢ (1.~ FREZ 4 (I5AR-TUDE))

$REMFR ] ¢ DR

YMAX = REZYO+[FLOAT (JUNFZ)+ FRE R @ (1.-FREDe (SBARJCN-TUNRAL))

#ROMFR] ¢ D2

YMIN = RE2YO- [FLOAT (JUMF@2)+FREZ « (1.~ FRE2e+(TBAR -JUNROD)

#REMFR ] ¢ D2

PDR = XMAX ¢ RIBP
PDZ =(YMAX~YMIN)s RTBP

c 100 )*——D

|/

174

READ A_PARTICLE~REGION CARD:

DZPAR
(4
Yc

XD
y YD
UPAR INITVAL
VPAR
MTE

|DRAG

MASS OF

(DRPAR }PAnTucLe-snc-NG IN © & 2 DIRecTIONS, 1N
TRUE DISTANCE UNITS.

DIMENSIONS TO DEFIME B1THER A CYLINDER

(OR RECTANGLE), OR A SPHERE (OR CIRCLE),

IN TRUE DISTANCE UNITS, AS PER DRAWINGS
BeLow.

VELOCITY COMPOIIZHTS

FOR THESE PARTICLES
PARTICLE = MTE * Tp FOR MARKERS,
DRAG COEFFICIENT FOR THESE PARTICLES.

MTE=0, DRAG 10"]

DRPAR': 0.0

GENERATE PARTICLES
AS SPECIFIED BY

HO MORE PARTILLES
S WRITE FINAL BUFFER

| PRINT CONTENTS OF ABOVE CARD |

NEXT PAGE

{WRITE CARD ON FILM ALSO ]

ABOVE CAED
PREPARE = | BYPASS FiLm WRITE
VELOLITY
componemg's USH  =SHIFT(uPAR, 30).A. TTTT77T7TIB }v&wcmes N FiNAL
AND DRA - 30 BITS ONL
COEFFICIENT VSH = SHIFT(VPAR.30).a. 77771777778 8 ONLY
FOR STORING: | DRAG =DRAG.AND..NGT. 77777777778 }sAvE 1sT 30 BITS ONLY
YT¢p = YC4+ XD INITIALIZE BY ASSUMING
Y8OT = Yc~ XD A SPHERE -

SET To ToPMmOST & BOTIOMMOST EXTENT

1
Continued on Next Pace
XD -i
.
4 Xt = 0.0
i "/ YDz 0.0
CYLINDER PHER,
(OR RECTANGLE) o v (o'z cmcf;)
Y=Y38
h (A

o |

gl
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1,0 SUBROUTINES - PAR

TICLE GENERATOR (Conrs):

<K SUBROUTINE PARTGEN D Conrivuen:

-

£

=00

C210 00—+ XTE = XC + .5« DRPAR

-~

b

{ . \— 2
KP:LPB BUFFER 15 FULL
& LuavE MORE ROOM

TE =XTE + DRPAR “—TO NEXT COLUMN IN ROW

SPHERE
>4 CYLINDER £
' - — Eve XTe & XD
YToP=YD }ReSET To TOPMOST & BOTOMMOST In31Df
- oursiDE TEST REGION
YB@T=YC BXTENT OF CYLINDER > ' IDE TEST 26
YTE =YTE + DZPAR < TO NEXT ROW UP J

NI FORm AONING J‘ FREZ: 1.0 )

>J_A550uz TO 8E BALKGROUND
XTPP =YMmAX }RESET To COVER REGIOM OF BACKGROUND

YBOT=2YMIN A CALL. FOR NON-UNIFORM GR 1D EARLIER
XD 2 AMAX N THIS SUBROUTHIE

1

YTE=YBRT +.5¢ DZPAR = BOTIOMMOST ¥ 1

= LEFTMOST X yt—t
| -

{

PRECEDING
FPAGE

<
S T
INS\DE TEST g:YToP nEG-éN‘;‘EEA’D
EGiON NEXT CARD

CALL ECWR (AASC,IECP,LPB,NE) <©—wWRITE BUFFER -» LCMm
LECP = 1ECP+LPB <—INCREMENT R.A. IN LCM

250
KP = | «— RESET SCm INDER

PARTICLE GENERATION COMPLETE ¢

Q2>

/ D <o.0 \ \/
AND YzS_(SP4ERS, & OUTSIDE) A

1t move uP 1 ROW OF
ATTEMPTS T0 CREMTE prRTICLEs \OTTE-TO) +3Te 207 “V5 amie ('S
OHLY WITHIN RECTANGLE

0. RECTAHGULAR REGION
ENCLYSING HEMISPHERE

INSIDE (CIRCLE QR RECTANGLE )

APAR (¥P) = (XTE.A..N.TT777T77777B).8, USH =X end
YPAR (XP) = (YTE.A..N.TT777777776). g.VSH =y emdv~
Mme = MTE ® (XTE+LTL+BMCYL) {™pf MT6 16 PLANE
MT = T + MC «sz ,w{m“",,ﬁ;s" e v
MPAR(KP) = DRAG +B. (SHIFT(MC,30).A.77717777778) 1
KP =KP+3 }A’DVAH(.E INDEX DRAG anlmg
NPT = NPT +1} )JAND PARTICLE COUNT

P e, Y b

CALL ECWR (AASC, TECP, LPB, NE) 4~ FINAL PARTIAL BUFFER ~LCA

NPS = L@CF [Au(NPTc 3)]~ IPAR+1 < LS4 Wgﬂ‘g‘iggggi

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

LPR-0O HO Fitm wRiTING
>

lwm-\'e ABOVE QUANTITIES ON Film ALS(Q.

300 D-5{PRINT: * PARTICLE GRID TOO LARGE FOR SCM LAYOUT *

<END SUBROUTINE PARTGEN >

B 70 YASETY,
WHICH wiLL
NEXT CALL
MES HMKR

. d
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1 O SUBROUTINES ~ MESH & FLUID GENERATOR:

KSUBROUTINE MESHMKR

NQIM = NQI -
CALL START

K= LTM+NQLM

D& 119 J=1,IP4

DB 109 I2IIM,K

= #WDS./ROW -1

= ALL ROWS +
€INDEX LAST WD,
IN ROV ITM
* & DO ENTIRE ROW

AASC(1)= 0.0

<-SET 70 2ERO

CALL L@pP
!
CONTINUE
CALL DOMNE
g
£X= 0.0
YY= YB 4—YB IS INPUT
%ﬁ%”‘. CALL START
=22 | pg 229 J=2,TIP2 } ALL
,X \] 1/3 DP U9 I=1,IPL JVERTICES
9 ‘/9 X(IT7)= Xx
; Y(13) =YY
MAY BE SRR CYL 4 )
RE-DONE R(13)=4xe guen
BELOW) XX = XX+ DR
19=IT+NQ
XX+ 0.0 ROW FINISHED, RESET,
YY=YY+DZ | T0 DO NEXT Row
CALL La@p uP
29 CONTINUE
CALL DENE
(TRULY UNIFORM MESH
MUST BYPASS THE =
REMAINDER OF *2.00° ABOVE LooP
REGION T0 AVOID VALID
2ERO DWIDE) > {RE-DO VERTICES
NON- TCEN=JCEN+L  =InDEx Tcentenr
———gN‘FORM JT@P=JCEN+ JUNFG2  |mwoices
OMNG: | TRgTaTCEN - JUNFBL D
(ReFer to | 1= FLOAT [ JunF@2)+ D2) OF
Fiq.13) UNIFCRM
CENTRAL REG ION

ALL
VERTICES

| CALL START

/ DR 249 T=2,IP2
g 239 I=1,1P1

IMT = 1T-NQ

> ] 1N NON-yNIFORM
Y REGION ON RIGHT

IN UNIFORM
X REGION

X(13) =X(IMT)
+FREZ ¢ [X(IMT)-X (INT-NQ )]

R(IT) = xX{IT)scYL+EMCYL
JIDT = 1ABS(T-TTEP)
JDB - IABS (J-TBGT)

S

™ LOWER NON-UNIFORM
REGION

Y(13)= Re2YO - TT -~ 08
D¢ FREZ4RBMFR#(1.-FREZVVY)

(RE2Y0 IS GRID
CENTER OF
EXPANSION)

Y(1J) = REZYO + T+
DR¢FREZRFMFR ¢ (1,-FREZ

JOT)

[rB=van

4— SAVE NEW Yg

]

17=1J7+NQ
CALL LOBP <—T0 mexT ROW UP

@49 >={cenTINGE

|/

CALL DBME  a-- ALL Rows DONE

BASIC FLUID GENERATHR s

READ A FLUID-REGION CARD:

;
NB ) inrecer nos. NR *
NR | or CELLS

NT | DeFitiNG 0PPIITE

T

DIAGONAL CORIZRS+

E}: - v A 4T
INTIAL & ,v, 8 ‘

VI 101 For Al Y a2

ROI [ycatices or (sEE Aso

SIEL) ceLs iNREGIOM FI§.15)

REGIONS HAVE
BEEN CREATED

SPECIAL ATMES-
PHERIC SETUP

x>

NEXT PAGE
—

> OF ABOVE CARD
ON FiLM ALSO.

WRITE CONTENTS

= § NO FiLm WRIMNG {

NB2=NB+2

NRI = NR+ | |COMPUTE INDICES TO MATCH

NLi =NL+! )] T'S £ 1'S N YAQUL GRiD.

EWER RONS OF CELLS

NT2 =NT+2 [ THIS REGION TO APPEOPRIATE

D& 329 J=NB2,NT2 {:# VERTICES, BUT

CALL RIRGW ?%w Ton sem
D@ 319 I =NLL,NRI [ F YERTICES, BuT {
ER C . .
CALL SET1T “GET 2one OF CELS M

4

[uEuE ]

J>2 aND J& TPy )-YES

I NO <3 )

2NT2 oR I = HO o JRB(17)=RQI
V" g ZYfS— I=hRu SIE(I9)eSleL
G199 D+[CONTINUE < To NEXT CEIL I Row

CALL WIRGW <« RoW DONE-WRITE IT

3
l GL9D-[CONTINUE <« Do ALL ROWS sPeC.) /AM
SUBROUTINE CONTINUED...

spen”

12
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L O SUBROUTINES - MESH £ FLUID GENERATOR (Conrs);

KSUBROUTINE MESHMKR Cowrmuen:

Jrom p.8 2: SUPERIMPOSE BURST OVER AMBIENT BACKGROUND:
\
Gop>~ $x= aMi % gea(sxa) -(;‘-'/)I....m 505 READ BURST DATA CARD ¢ 3. FinAuLy £
3 Y3 0.5 ABS(G2) =~ /2 1,33,R8I,SIEL, VI, U] - DINALLY | AVERAGE U, AND V, VALUES
L———&’éﬁ:&:ﬁm‘ %Au. STA:T[ ( ]IE Rerge 1o Secs. M-A E IC-C) APPROPRIATELY £ STORE IN U £ V¢
EXPONERTIAL | ye2 = . se[¥(1TPM V(L] S T ' '
ATMOSPHERE ; R®SAV = REZRON # EXP CALL START
- GEO(RE'EYO-YTCI)/XX) DO 2up PASS D@ 549 J=2,TBAR Emﬁ\,
A FNUM = [YUIIP-Y(IT)]¢ YY 2§ YALID DATA CD. Do 339 I=1,1M1 fyeemices
e = |FDEN - FNUM & FREZ UPPER T=TT+NT = +—]-Rrerer To IP3=17+8Q
At ey, |RBT1 = ROSAV 4 (KXt FNUR) QURDRANT: | chl g180 Peiow IPIP= 137 1N
\ REZYO, (XX-FDEN) CALL SET1
THE €= 0 BURST D® 459 1=1,1P1 p& Rows =1 y RE(1J3)= ROL
CENTER) RO(L7) = RgSAY (RT=L, o % SIE(1T) = SIEL v on Axis
2o Rows_ S(Q\(JI)JM) % ROT | ¥somom RIGHT UL (I3)=ur Gk, !
= bk Ju 13)= (ITM)= = :
FiRST: I3=17+NQ Tkezsie cart wigow UUPTP) =.5¢ (UL (1) +UL(LTP)] | u & v
: ;JU(IPJP)=05‘[VL(IJ)+VL(IPJ)] AVERAGING
= 1PT
GED+ 1IM= 1ImIng QUABRANT: T — )
CALL u)esP: -T2 DouE-wort. CALL SETIT G3D{1TP ¢ 1PTP
DO 479 T=3,7P QA
D0 ALL INTERIOR. RE(17) =Re1 | CALL LOBP  a~row Dong
Rows 1 THis | F DEN= [YUIP-Y(1)evy SIE (I3) = S1EX
LOOP, INCLUDING FNUM:L*(l:')'*(‘I{(M)‘J:’\"J:) A MIRROR MAGE UL (I = UL 54 CENTINUE
THE OUTSIDE RESAVE RPSAV ¢ LXX=FNUM) OF UPPER QUAD- 1 CALL 5
CELLS: ? PIAY < X Foen) RANT, Nove ;;:S-L_L, WiRgw Pt \. LL DONE oaii poue
Dg 469 1=|,1F1 THAT V MUST i 1 0 YASET1
. ¢(19n= o e B storep one | CALL RIRGW P LEND SUBROUTINE MESHIKR >
E(IT)=REZSIE CELL LOWER ~» CALL SETIJ »
\ VL(Id)=—vr [J] &7
~ CALL WiR L3 I 13 EULERIAN VELOUITIES:  MESHMKR [st MASS
Q69 D+{1T7= 17 + N ow_| Il sursrimpoSED ] * ,m‘Z;L v:’.. u
CALL LOGP ~~Dpo THRY TP b /j » oV vy .
_ ] \__READ NEXT CARD al vaQur 6D Wy v
@79 CONTINGE ’ 26x52 ~¥- : c}}
FINALLY, FNUM = FNUM» FREZ 1 { 3 Wi
Do Row 7P2: |FDEN = FDEN FREZ ;i!_ b AN UV AveersinG
ROTPZ= RasAve (XX -Fuum) H il \ € REP ! % OvER mesH
13
% 489 1=|,1::+FDEN) i ;‘J; AXIS {\1/ e
RG(IT) = ROTP2Z ’ | WIS examere Viv
E(1D) = RezSiE 81| | BURST D4TA nl ¥r=28"(on ¢ v
i é ’ l CARDS ;‘7 CD.READ @ *300°) vy R
489+ 17 = 171 "y wf 1672l oap 5 s ‘v n/
" ‘
\ CALL DONE  awerite minaw rows } /1 l “I I l I /‘{ Y MSPE
TI3¢56T83RABR)RER "2
24




FPROGRAM -
YAQUI 1 JcacL Y?QUIZ_J

64

PRINT:
"YAQUI2 CALLED'

CALL SECOND (TBASE )

Ti = TBASE

CALL GETQ (4LKIBN, TNM)
CALL H4020

CALL GETQ (4LKTLM, 1)
TLIM = 11

DTYSAV = DTCSAV = 0.0

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

LSUBRBUTINE YAQUIZ D>

GET CENTRAL PROCESSOR TIME
TO DATE, PUTIN TI ALSO
GET JOB DAYFILE NAME
EXTRA JOB HEADER ON FiL
GET JOB-CD. TIME LIMIT
FLOAT 1T

NITIALIZE Sty € St

SAVED FOR PRINT OF
' CAUSING CELL
1BAR:0 Jrupe —=C3170D

RESTART

> { COMING FROM SETUP

TLIM = TLIM® 27.5E-9 —40.
+ (1.=TLIMD)# 1. E4 10

notes:e) 2754107 is FACTOR To convEeT

J6B-CD. TME Lim!T FRom 7600 cLOCK
CTCLES SACK TO CP SECONDS, AS
PER “CRESTALK" 4, 2/10[70, p.6,
ITEM 53.

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

¢) TLIMD (INPUT) = 1.0 TO UTWLIZE
THE DUMP FEATURE; = 0.0 FOR MO
TIME LIMIT DUMP USAGE (1.€., WHEN
DEBUG RUN 1S To BE RUN To FULL
TimE LIMIT WITK NO TAPE DUMP.)

/—-.—' (100 D—+{CALL START
CIRC = 0.0 «miTiauze uttumt\on

CALCULATE

CIRCULATION
AROUNMD THE
BOUNDARIES

y

NOTE — FOR FULLY]

TO CONTROL REGION @ Cont'd on NexT Face —

DO 199 I=2,J7 } ctits
D@ 189 1=1,IBAR] (cenTErs)
I[PT = IT + NQ,
IPTP = 1JP+NO

11 ) =faresarerosefvanvizalx(130)-v(13)1]
>

mc-cmc -0.5¢[V(13)+¥ (17P) Je[ ¥ (1TP)-Y ( mjl
% —

J:3 = _.lCIRC = CIRC - 0,54 [U(LT+UPT) ]« [x(1PT)-%(1T) ] |
7

| CIRC= CIRC +0.5¢{u(13)+ 01PN s (x(1PT) - (19 ]}

STIFFENED GAS
EQUATION OF STATES

“1:=a‘((:-?,)+((-l)91

SIET = AMAXI [S1E(1J),0,] <DON'TUSE A NEGATVE I
P(13)= ASQ« [RE(31T)- RAN] + GMIsRF(1T)¢ SIET

A—(asq: 0 )
7 | INCOMPRESSIBLE RUN— USE P, FROM PREVIOUS PHASE 2.
Tp(13)= ASQe[RPL(1T)-REN] + GMIRA(1T)¢ SIET |

= SET HYDROSTAT(C PRESSURE NITIALLY

[e(z7) = -R(bﬁG;Zd[YT-YB-jFL?)AT(:r)—I.S)tD%]j = —9325

180 IJC = IPJP GO TO NEXT CELL |

13 = 1PT J
CALL LOEP

CONTINUE
CALL DONE

/AMSPE/

‘2
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2,0 SUBROUTINES — 3-PHASE ICED-ALE (Conry): 7/

KSUBROUTINE YAQUIZY Conrmuyen:

cGT
lQONT/?OL ReaIon T ;@Ur = TOUT + DTS (IDTA) ————=a[NCYC = NCYC £ |
COMPUTE NEXT OUTPUT TIME) |
(200> T@D =12 4 SAVE PREVIOUS CP TIME KEEP TRALK |
R P s . L pp—
%K = (T2-TOLD)#RIBIB <« 6RWND (ALC. v A0 L DTgC(10Tp) =

1N SAME ¢
K. aainds = [SCP/NLEI SET 7§ @0 T NEXT SET DT-DTPBS = DT # 10,
13 _ Urestorz Bt; 1T was (o, StJFor
NO Fim TeuT = DT¢C(IDT¢) sy e.fm: ‘W Y;‘ g'r °)

WRITIIG +« DT (IDTA+1)

SHORT WRLTE O FILM | T, NCTC, DT, XX, CIRC, IDTY = LDT@+ ¢ AUTOMATIC B& :
PRINT DTV, IDTV, IDTV, FROM CYCLE 3 Meve 2 3
' NUMLT, T2 DT, LDTe ,IDTC o >
! PLOTS DTpessigLe :
o CALL EMPTY o FLUSH FILM BUFFER EVIRY CYCLE ENTERS |DT= DTPPS= AMINY (DTV.DTO)|
PRINT Twe SAVE 13 QUANTITIES OM PAPER I Sty Ste

CALCULATION | DTFAC = 1,26 (TYPicALLY)

ACTUAL DT [pTveDTe = DT+ DTEAC
PRINT KAy BE

CHECK OUTPUT QUTPUT TIME

2>

(T+emio): TaUT

TIME SMALLER
£ N0 QUTPUT THIS Rg%gu
FORCE OUTPUT ON TYCLE | epom pRT
CYCLES 0 ¢ 1, Neve € 1 14 2&”#%5% 24
OR IF PREVIOUS YES i ouTPUT Tihg, DT = ToUT-T
]
PHASE 2 REQUIRED / IF NECESSARY:
500 ITERATIONS ¢ e _ L
RO -
AUTOMATIC 20' ‘ FINALLY, T =T+DT
DUMP: (T2-T1) 21200, 2:‘:”; c'i;etm RDT ='./DT
Y65 FhICiet T@E2 =.5¢DT
- AND 320 T1=T  €BASE TR FOR tGXT 207 FOR THE Drg2. =.
=G200 ME FOR tXT 20° | FoR T DTg4  =.2500T
0 ' DTPs = 125¢DT
AUTOMATIC. @m lzg-"1—-—“7” * DTGI6 = .06250DT
[
TIMe LimeT s "m(:? 1 T8 =DT=8.
pume. N 2P f - e __ JaFR0M DUMP DTGR =DTIGR
—— e ot e et e et = - St it Pl ot bt o et | vu“pg‘ DTGZ ='DT'G2
ASSIGN L PaD

: END THE PROBLEWA ’ (Reree 10
PROBLEM FINISH JUPON RETURM i
TIME: ° £ |conTinve FROM DUMP Sec, XX-F ‘
(340D z CRETURN) FOR AUTODT (4

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

OR JO0B END ) OF THE ICED-ALE CYCLE

/AMSPEM
'72
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2,0 SUBROUTINES —

3-PHASE ICED-ALE (Conrd):

KSUBROUTINE YAQUIZD Comrmuen:

| 74PE DUMP
ON KRET)

B50-o{pRINT : *TAPE DUIP (WUMTDIAT T- (1), evewes (Nere) |

(eNTERED

[WRITE SAne WFoREATION ON FILM.

i
“IWRLTE(8) (AA(N),N=1,NSC) < Scr commdr)
{NRITE(8) (AAL(N}, N=1,NLL) «Lem coMpON

NPT 10
>
[WRITE (8) (AAZ(N), N=),NP5) «PARTICLES]

NO PARTICLES 1N Lem

1N CASE OF CRASH;
OPERATOR WiLL
SUFSEQUENTLY
MOUNT NEV) TAPE 8.

CALL DATAREL (5LFJZT8) « RELZTASE DUMP
CALL AFSREL (3L6UT) } FROM Disk-2 TAPE

FLUSH OUTPUT &
CALL AFSREL (4LFILm)JFHUDE QUTPUT

NUMTD = NUMTD +1  <«incREMENT DUMP #

v

[TAPE RESTART]

G7o+{ REWIND 7
JTD a IBAR
INSC = LACF (22 - LBCF(AA) 1

READ(7) (AA(N),N=1,TNSL) +-scm common

«BE SURE TAFPE IS POSITIONED
<~ DumP #

-

NSC = LENGTH OF SCM COMINN'YSCL, = LBCF (221~ LOCF (AA) +¢

NOTES:
) NLC

3 LEMGTH OF LLM CELL STORAGE, = LOCF (AA1(TP4 #NQL)-LOCF (A1}
NPS = LENGTH OF LCM PARTICLE SToRA2 LGICF (AA2 (NPT« 3)) - IPAR 4
[N 7

LWA. - Fwa, +1
THESE 3 PARAME TERS ARE STORED IN THE 3cM COMMON YSC2,
NSC % NLC ARE CALCULATED IN YASETL IN STATEMENT # 120
NPS IS CALCULATED AT THE END DF PARTGEM IN STATEMENT # 290.
USE OF JTP4A IN NLC ENSURES THAT CAREFULLY-CLEARED LCMm
wiLL BE USED, To AYO1D TROUBLE ON RESTART.
NPT IS THE TOTAL NQO. OF PARTICLES IN THE SYSTEM.

TTD: NUNTD

WROMG TAPE

[READ (7} (AAZ(M) N=1, NPS) < PARTICLES |

CALL AFSREL (5LFSET7) < RELEAST FILESET
NUMTD = NUMTD+1 <« MUST NCREMENT DUMP #
TLIM=TLIM*27.5E-9 -40. +(1.-TLIND)r 0™

PRINT:"RESTARTING FROM TAPE DUMP NO. (I TD)]

V4

MUST CALCULATE

& LENGTH OF SCM
COMMON, &S NSC
ISN*T 1N SCm UNTIL
THIS COMMON IS
REZAD IN.

«SEE P.10 OF FLOW
DIAGRAIA .

PRINT: NAse, T, NCYC

CONTINDE RUN

-FROM WHERE 1T

LEFT OFF, IN CONTROL
REGION

LPR: O
>

NO FILM wRITING

WRITE ON FILM THE SAIAC 2 LIMES OF
INFOREATION AS PRINTED APAWE.

220

«/

PRINT AND
WRITE OM FiLA
CALL AFSRZL (SLFSET]) <RELEASE FiLeseT

{"wnonq TAPE = WRING DLUP"

0

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

LSUBROUTINE YAQUIZD Cowrmuen:

LPR-
ENTERED LONG PRIN TJ FILMLONLY Fiem ? PRINT PRINTSONLY

R 440 INITIALLY 458 INIMALLY
ON KRET: e KREF | 20 sormeoor | 426 Duomiiooe L // g

PRINT
o LPR:O )} e > L0
RVPL(IT) 2 0. ) e paveoe KRP ///// 440 INFTIALLY
> & Attow caL PRANT /) 460 DURING 1L00P

# | o.x.To Dimioe

2 SSIGN 440 TP KRF -
mimmtror 1[ASS1cn 440 T KRP [PV = 1. /Rva(xam) |
o | Lo 460 T8 EC7 : : ) i)
£ FILR- - JRINT . %= %(IPTM)  x2= R(1P]) 3=X(17) X4 = %(1IM ————— = \
Q;Ecu:‘z*r GO T8 LPR Yi=x(IPIM)  YZ2=Y(1PJI r37Y(13) Y4 = Y(IIM) CALCULATIONS Mooy
AT RIGHT. L Funonee 420 RIZR(1PTM)  R2Z=R(IPJ)  R3=ZR(17) R4 = R(ITM) OF M, V.D \
Z_ s 410 ti=u(regm) U2 U(IPT) w3 =U(1T) w4 = U(IIM) {ont weipe: |}
3 o oS VIZV(IPTM) V22 V(IPT) V3 =V(I3) V4 = V(1IM) T A |mvD ||
D3 254 rveL (17m o{(R+R2)e [(U1+ U2 ) En-*n)f (vu+v1)~EXI-X2;} DEPENDENT Au 3 1
SIGN & +(R2+R3)e[(U24U3) # (¥3-Y2)4 (V24¥3) ¢ (x2-%3 ON LOCATION !
?F‘;:mh o ggsx(c:n 422 I% i‘ésp +(23+a4)vE(u3+u4)~(Y4-*3)+ (V3 +V4) ¢ (x3-x4)] WGRD: L~ -
4 (RA4R1)sL(uh+U1) & (T1-Y4)+ (V4 +V1) & (x4-‘l~l)]3 Txl $ NONE OF THE 3

s (3720 CALL LINCNT (64)

oNLY CALL ADV (1) e@ T8 JLPR: | - L o@meD

- e @52 0(  wew pace oF PRINTS 2§
A0 TGN e T8 KRP 3 prrosr @C 458 DolLINESP =0 < UNE COUNTER
MOTE 2 éALL START . RESTORE PRINTZR To NEW PAGE
- Do 489 Tz, TP2 L AL CEUS PRINT 1 INM, NAME,T, NCYC
Thessn | D6 479 1= 1'.191} (cEnTES) G5ZO-[WRLTE: L, T, X(1TM),Y(1TM),U(LTM) PRINT CoL. WEADER: 'L T X Yo."tTd
ROW 2, IPTM = ITM+NQ }vemzcss V(1JMm),PRSLE, R:’(Nm),
ROUTINE IPT « IT+NQ J1é2 PRY,D,PRM, P (1IM) . -
MUST PRINT D=PRM=PRV 2PRIIE= O o ' OUMT = IP&J TO NE w ijOW
RO 19 . LINESF= LINESF+ | € £4NT near o
To GET PROPER \4 7 IIM= IPIM
VALUES : = CALL L@@gP < TONEXT ROW UP
IKIP MY, D
caLd. {
NEW FILM_FRAME : @8+ cenTINUE ]
4 LIMESF = O o LINE COUNTER I
# ¢o.x. To DWIDE WRITE : TNM, NM.‘E.'T'NCYC. g:#‘ﬁt{%::&“
r PRM = 1. /em{17M) J WRITE COL. HEADER: T T X Y.. ¢TC. AS LW DNCHANGED
; PRINT: 1,¥,%(1Im),Y(13m)u(1Im)]
" ves e )34 Y(LIM, CZI>{ CALL EMPTY o FLUSH FILK BUFFER
L=1P & T=TP2 Jor oie V(L3M),PRS1E ,RG( 1TM),
"o § gn,vuv PRV, D, PRM, P(ITM) /
| PRSIE & SILE (IIM)
( LINESP = LINESP +| « o tucs
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2,0 SUBROUTINES — 3-PHASE ICED- ALE (Cowr):

&SUBROUTINE YAQUIZY Conrimven:

ZONE FlLoT

2LOT
PARTICLES;

uALL ADY (1) ;‘_AFDWW{CE mwre

DETERMINE
MASIMUM  —

DRMIN = DZMIN = |0%°
DRMAX = DZMAX = VMAX = 0.
CALL. START
DO 549 J=2,TP }
D3 539 1=1,1BAR
IPT = IT+ N
IPTP = 1JP 4+ N

vmax= Anast s, Jua|, vl

ALL
CELLS

VELOLITY

FOR VELOCITY
VECTOR SCALE
(P3-L00P WiLL
OMIT VELOCITIES

- iy ]
GRDVELL10™" § NOYC > 0)SEom Teus

ZONES AFTER t-0
NOT BOTH TRUE IF PURE BULERIAN

ONRIGHT ¢ ToP
BOUNDARIES.)

DETERMINE
MiNtwuMm ¢
RAYAUM

ZONE S126S
FOR 2ONE
PLOT I.D.

%1 e X(IPT) e Y (1IPT)
X2+ X (1PJP) Yo Y (1P3P)
X3 X(ITP) Y3= Y (I13P)
X462 % (17) Y4 = (13)

K142 SQRT [ (- % 41>+ (Yi-Y4) %]
XY23 <SQRT [(¥2-x3)* + (Y2-Y3)* ]
DRMIN= ARINI(DRAIN, XY14,XY23)
DRMAX = AMAXL (DRIAY, KYt4, XY23)
A2 =9QRT [(x2=x* 4+ (Y2-Y1)* ]
KY34 = SQRrT[(x3-x4)2 +(Y¥3 -Y4)*]
DIMLN= AMINI (DZMIN,XT21, X134,
DEMAR= ANAXI (DZMAX, XY21, XY 34)

( CONVERT
AL &4

VERTEX

POSITIONS
TO 4020
COORDS :

(SEE BELOW)
%

1A = FIXL + (X1-RL) & XCONV
Il = FIYB + (Y1-YB) ¢« YCANY
IX2 = FIXL + (X2-%Xb) ¢ XC@NV
IY2 3 FIYB + (Y2-Y3)¢ Yeony
IX3 = FIXL + (X3-XL)e Xcgmy
Iv3 = FIYB + (Y3-Y8)e Yepnv
IX4 = FIXL + (X4-XU)s XCPNV
IY4 = FITB + (Y4-YB)se YCONV

DRAW
VECTORS
AS REQD:

CALL DRy (Ix1,IYl,Ix2,1Y2)
CALL DRV (1x2,1Y2,Ix3,1Y3)

7= 1PJ ) ]

539

13p = 1PIP
CALL LgaP

&~ T0 NSXT RowW UP

v
GAD+ conTInge ]

PLOT & ComPLETED

NOTC70 & GRDVELS 107

NOT BOTH TRUE ¢= FINISH ZONE PLOT

WOT DOI
0tE A

CALL LINCMT(59) <« ToWRITE ID BEWY

WRITE DRMIN, DRIAX, DZMIN, DZMAX,
AR, Y8 YT

WRLTE : JNM NAME, T,NCYC

3'-1
|
-

1
—s
- 1

T
JI"—‘YI

o==d

To NEXT (0L, 'N ROW

NG
0T

/4

VELOCITY VECTOR PLO

7]

VMAX :107"°
Do VW 2LOT

SKIP PLOT, GO ON T THE
CONTOUR PLOTS ~—

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

Dy 599 J=2,7P2
DY 589 1=1, 1P)
IXl w FIXL + [X(1T)-XL]#%eAnY
IYl = FIYB + [Y(13)-YB] « Ycpny

VERTeX ¢

END POINT
OF VECTOR:

“— VECTOR SCALING

ALL VERTICES

N2 = FIXL+ [R(13)+U(IT)4DRAU-XL]AXCANY
1¥2 = FIYB 4 [Y(IN+V(IT)s DROV-YB]sTeoNy

VECTOR Wi

<

TH IY2< | WouLp

BE OMITTED; SET IYL-»1
AND INTERPOLATE FOR IX2:

1Y2 =

[i(z = IXt + (IX2-IKi) e (m-n)/(m-—zn)]

!

CALL DRY (IX1, 1Y), 1X2,1Y2)
CALL PLT (IX),IY1,16)

IJ+ NG <~ TONEXT (LN Rw
CALL LBPP < TO NEXT ROW LIP

GITCONTINUE 155 Catt Done
CALL LINCNT(S?) A~T0 WRITE 1D
WRITE ¢ VMAX BELOW
WRITE : TNM, NAME, T NCYC

~+—DRAW VECTOR

—DRAW A °+°
AT VERTEX TO
DeNoOTE VECTOR
ORIGIN.

NOTE: VEL.VECTOR
PLOT 1S NOT QUT-
UNED, As BY A
“CALL FRAME", AS
FRAMING 0BSCURES
VECTORS ON EDGES
OF LAGRANGIAN
PLOTS .

ta
\/
TO CONTOUR PLoTS ———t O NEXT PAGE—>

FORMED N (XCONY = (IxR -IXL)/(XR-XL)
FILMCB: | veany = (IYT-1YB) /(YT-Y5)

MSDE"/

'T72
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2,0 SUBROUTINES — 3-PHASE ICED-ALE (Covrd):
<<$ UBROUTINE YAQLUL 2>> Conrmuen :

/5

lC ONTOUR PLOTS —Fce ﬂ INITIALIZE LIMITS 2 SEARCH FOR

MINIMUM 3: MAXIMUM FIELD VALUES:

G000

o I=1 & T=1 )T—=C390D Iy = 1PY KO0 QMN = 10°
N0, GEARED TO AT LEAST TONEXT COL.WN ROW QMX - - QmN
' RG0S | a9~ IIp = IPTP CALL START
[L=0  =—ruor counTeR, Znpex| wioTH CALL LB@P -7 NEXT ROW D M9 T=2,IP1 )AL
L‘ Lt1 J Dp 709 1=1,IBAR | CELLS
GO TS (  L: (G55 D CONTINUE <o ALL ROWS QMN = AMINI [R(1T), QMN]
L >&20Dp CALL DENE QMX = AmAX1 [ (17),qMX ]
Fam—— L \ i
w n G091 1T= 1T+ N]_ 4 To NEXT COL.
(490 Dot - : O‘au. DONE® REQUIRED, AS LOBP = To NEXT Row
420 _/DONE - CALL SMPTY £ GO TO KRET cQ(IT is STOREQ‘D BACK (KTO CALL LOP
Lem.
SKIP “CALL DONE "
CALL START IDO~{CONTINUE o= DO ALL ROWS | A5 REFERENCING
= ALL ¥} ONLY
1 DB 639 I=2,IM },mmg —
?5 D® 629 1=),1BAR ] 2onNeS Lx)( = QM%/(QMNHO ) l
{
PUT INTO & F Ua | DEPENDENT
e, LCQULT) = RB(1T4L~1) FEBIE L] |on srogasE _ TRY TO FIT A
&‘}Aﬁﬁ"m Les P Sk EQUINMLENTNG SELD, LINEAR PLOT
.-’I of IT = IT4NQ 4 T0 NEXT COL.N Row 24 INSTEAD . -
CALL LOGP o TONEXT ROW UP SETUPA |K = 10./ALAGLO (XX) (SEE NEXT PAGE)
LOGARITHMIL [y = k41
CONTINUE  «—Do ALL ROWS \/ PLOT : % (1o /X%
CALL DONE A DQ = 104 %% (1. /Xx)

F:A LL START

K = ALGGLO (QMN)
YA = 10, %& (K= 1)

A v K =1 a— INITIALIZE INDEX
DD 659 T=2,JP1 ALL CE
(98 D@ 649 =1, IBAR } L €L CanTeRs — !
1P s 1T 4+NQ X = XX * DQ i
oRTIG TES 1PJP = IJP+ NQ SINCE .18 P 1,47
PUT 70 % ® X(1PT  x2ax(1PTP) x3=x$1JP) X4= X (13) WOR T LDOP HERE
CQ_‘ Y2 Y (1P9) Y'L‘Y(IP\TP) Y3 = {IIP) Y4-Y(13') BY MISTAKE.

Ui= O(IPT)  u2=U(IPIP) U32U(ITP) wug-u(17)

Vie v(IPT)  vz=v(1PJpP) V3=V(IJP) v4=y(17)

R1 = 125 ¢RVEL(1T)e

[r(1P)+ R(1PTP)+RUITPI+R(IT] GENERATE
CRUIT) = R1 & [(UL+U4)e (i - X4 )+ (V1+V4) {X1-Y4) TABLE

‘ B

U2+U) £ (x2- X1) + (v e (02-T1)
U34U7) ¢ (X3 -X2)+ (¥34V2)e(Y3-Y2)
+(UAU3) % (x4-X3)+ (VA+Y3)m (Y4-13)]

' . ie [

OF CONTOUR
VALUES |

WDEXED ON

£ COUNTED BY K :

XK = XX #DQ l
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2,0 SUBROUTINES — 3-PHASE ICED-ALE (Conr);

LSUBROUTINE YAQUIZD Conrmuen :

(CONTOUR PLOTS ~Fase 2|

G35+ XX = QMY — QMmN |

LINEAR PLOT —

SET UP CON
TABLE :

PRECEDING
AGE

|xx
TRUE
10
BKP PLOT~
INSUFFICIENT
FIELD VARIATION

107> s amaxt ( Jaux ] Joun

FALSE

DR = 0.1 ¢ (%% +0.001) - 0.001 ENSURES
r---|D@ 739 K=1,11 CON(1) > QMX
\
CON(KY = QuN+[FLRAT(K-1)] + DQ
KR=1l 4—RESET COUNTER/INDEX
CALL ADV(1)
CALL LINCNT(59)
G To( L
; =500 ¢
3 @I
T 70w

(550 *156PYCNICS® —» FRAME 1D

CT60>+{" ISBTHERMS " —> FRAME 1D

G70={"VeRTICITY" rFRAME ID_ |

WRITE : QMN,QMx*, CaN(1),
AN K=-1), DR
WRITE: JNM, NAME, T NCYC

/6

CALL START
D@ 899 J=2,IBAR a~[Te1 Rows, ACTUALLY
( o> CALL LpaP “—=1S0 PROPER 3 ROWS
1P e / DA 889 I=1,IMI OF X-Y COORDS wiLp
APPEARANCE \ IPT = 1T+ NS 7 P’E‘I'I?RicoMA?I%'fOOKD'
L
fﬁ:ff{.f::l II:-K;Z: R i_<14- ,qufﬂé = JTM+ NeL -1 COLOMNS, ACTUALLY
s ! <—|inDrcaTes ce
: : DO 879 KkK=1,k COORDS . NOT YET |
13mge b-l- 20 Ki=k2=K3=k4=0 ‘1 CALCULaTED
’ 1 NDEX K HAS COUNT
[ ‘ : < OF NO. DF VALUES
r o CQUITM) ; CPN(KK)) Kil=| N “CN° TABLE
>
Fa=ra CRULPTM) s Nk —S—o 2= |
M ]
oL -- >
START” 4 £
sers 3 [1IF \ QLT : CoN (ki) e K3z |
i W0 >k
| . "1 1
1 YIN: \
| P AL S CQUIPT) : AN (kK))—E Kd= ]
]
v Forerore £0, e Pg
WMEDIATELY, + 1 1 1V, ALL' 4 Ao CONTOUR DOES NOT PASS THROUGH,
a4 [aF § e CB79) TRY NEAT CONTOUR VALUE
LeoP” T 1 FSUM=0,
AND 1o -4 1&3 ALL 4
OBTAIN: - -4 =o. G
| \ \ [ COORDS ALREADY CALCULATED FOR %00 ”Err_ prE
Ry S 34 - A PREVIOUS CON VALUE
e , 2 IJB Y MLC.;OORDS OF 4 cfLL CENTERS
=IIM  YseruproR CELLS 4 € 2
2D ) - vsor |IVA = 1T !
"CALL W‘/ r ((:ﬁg 9 D@ 799 IT=),2 } COORDS. OF ALL & CELL
LGSF" 4 hif __]l VERTICES | D@ 789 1I1=1,2 j CENTERS IN QUADRANT
o ™ ARE IN SCM, IPIB = ITB+NQ
START OF -4 i
T‘Zﬁn o ] BY.VétzTus IPJA = LTA+NQ
Row _,i.t_La SOFQP"ALL N=N+I o-STORE =2~ 3- &
GIVESS ABOVE..) XC¢(N)=.‘lsi[X(IP:TB)+X(IPJA)oX(IJA)'rX(IJB)]
YCBN) =254 [Y(IPTB)+ T(IPJA)+ T (ITAMY(ITB]]
IJ3A=1PJA )
§ > To NeXT (OL. N SAME ROW
178 = IPJB ]
8 =1J
TS RESET uP To ROW CONTAINING MSVE'\/
ﬁ§§ )—°| LIA=13P Jcaus 3 .; 4 12
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2.0 SUBROUTINES — 3-PHASE ICED-ALE (Cowro):

17

LSUBROUTINE YAQUIZ Conrmuen

[CONTOUR FPLOTS —Piae 3]

840 tL=LL+1 CALL START
R 7 _ cau(«g-cg(m)] Do 949 J=2,3P1 VAL
LL=0 = SIS ne- OESOpTS: | KK = [CQun)-c.Q YD) COMPLETE | D@ 939 1=1, IBAR
> AXE THE PLOT IPT = 1LI+NQ
, LX1(LL) = FIxL+ {xeg(1c)+ BY IPTP = 137 + NG
[XCO(IC?J-XC"(ICI)]'XL}* RCANY OUTUINING [IX| = FLXL + [X(1PT)=XL Jexcony
. 1r1 (Le) = FLYB+ {Yea(1c )+ XX o THE  |y1 = FIYB+ LY (1PT)l-yB ] éYeony
= JCONTOUR ACROSS LEFT: [Y(_¢(1u)_*c¢(lc.)].YB}*Y(.@N MESH 2 I1y9 = FIxe + [X(ZPTPI-XL] ¢ XCONV
fClwl 4~ COORDS OF at. IS 1 FIRST (GENERAL |IY2 = FIYB + [Y(1PTP)-YB] sYCONY
ic2=3 ceees £ T 3t o THO CURVI-  I1X3 = FIXL + [X (13P)- XL ]a XCONY
}CELL (=G| 2f w44 4 © Pomfsl— LINEAR |13 = FIYR + (Y (13P) ~YB] * Ycany
—— Twe 2 ionse  “more ROUTNE) 1Ty 4 = FIXL + [X(1T) = XL]# XCONY
[catL DRY (IR, LY, IX2,172)] IY4 = F1YB + [ Y(1T) - YB] 4 yeony
LABEL ALONG > CALL DRY (I%3,1Y3,1¥4,1Y4) |
5 CONTOUR ACROSS BOTTOMS Lowesr
-1 é
1C1 e\ 4~ COORDS OF BL + CALL PLT (IXV,1Y1,35)
I Iom soee § BR “1° ) | Hgmesr | ' i CALLDRY (14, T4, [XLIVY) |
%g‘;. = 1PTM }“LL(‘-S) G 1 2 YALUED 7
ASSIGN 820 T4 KRi I B ALONG
o =] RiGHTs CALL DRY (IX1,I¥1,I%2, IY7)]
ponts [[cALL PLT (1xi,1Y1,24) |
‘
- /
[LtL=0 4 RESET INDEX P CALL DRY (Ix2, T2, 1K3,I'3)
) | conTour achoss miGHT: (see
112 R 4514 = NOTE
1e2= & 4 cooRDs oF T2 o1 JUST COMEETED, BELOW ) [13 -1, 73 J
g;.‘ i?"{rM }csu (CIRIECTRT! ) e ol i ik © ©0 § (o WEXT caLL iy Row
= * L py
ASSIGN 830 T¢ KR1 CONTINUE (KK) — s £} e = 1pP3P )
IIM= IPTM FOR THIS (4§) CALL LO@P T0 NEXT Row
17 = 1PT v
U § TO NEXT CELL IN ROW mﬁNTINUE ]
K3+K4 2 | LTP = 1JP+Na. Jzere nor muse) | 7 L o0k FoR MORE
°C DONE *
= [t aceoss e o, er IS DONE L (CALL LopP IS IN 780) / A-Q:FEQLE’;KN;ML\, (610 D conToUR PLOTS
1c1=3 4—Co0RDS OF TL o @220 CONTINUE FLoT DONE —
1c1-4 sore b TR 1t NOTE: \F A CONTOUR VALUE CROSSES ALL 4 SDES, PATH OF THE CONTOUR THROUGH MORE THAN
IT1=17 }cm (it (o1, 341) Ll THE PLOT ROUTINE SHOULD CONWECT EITHER THE 4 20NES USED.(GENERALLY, GRADIENTS //
172-1P7 \ 1) (L=B AND R—*T) OR (B-»R AND T—=L).  ARE WELL FHOUGH SPREAD OUT To AVOID THIS MsDE
ASSIGN B79 Td kR To DETERMING WHICH CHONE 15 CORRECT PROBLEM .J THE ABOVE ROUTIRE AYOIDS THE 72

WOULD . HOWEVER,, REQUIRE FOLLOWING THE

MORE COMPLICATED LOGIL , AND SIMPLY (ONNECTS
{L—~B AND R—=T) TO CLOSE CONTOUR LINES.
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LSUBROUTINE YAQUIZY Cowrmuen:

Inmauize Verrex Vawues of G, T, Q

2.0 SUBROUTINES — 3-PHASE ICED-ALE (Conra):

ot

Rearon CALL START
)

Couple
Alternate

Nodes ¢

[ vt =AncagDT

COUPLING
4= COEFFICIENT

!

DY 1099 J=’).,JP?_} AL
DP 1089 1=1,IPI [V

ECTICES

|

i

IMT = IT-NQ

IPT = 1T+ NQ

IPIP = 1P+ N
KX=YY¥=1,0
K= =Vi=0.0

U= U(IMT)

f # Jui=W+0(IIM)
2 V12 yi4v (1TM)

FHASE-1 CALCULATION - P 1

KX £ YY ARE SET To
2ERO ON BOUMDARIES.

X! COUNTS EXTERIOR
VERTICES .
W £ VI ARE SUMMATIONS
OF WNTERIOR NEIGHBOR
VELOCITIES.

I-1 -
Q025 =kl = X1 + 1.0
Y¥= 0.0
( X # [DI=wi+u(TPI)
Jo30 >~ _1:1P Vi=Vi+Y (IPT)
T+ ¢
Cozo-{ K1 = X1 +1.0
\ X = 0.0

J+

Ut=Ut +u(I3IP)
V1 =Vi+V (17P)

(T )"

1045 K= RE+1.0
YY=0.0
"Ixis — 10 DENOMINATOR 1S
(4.0-X1) 4 — % EXTERIOR VERTICES|

AX = GR+ Yis[U#X1 —u(17)]

AY = G2+ Yo [Viex1 -v(13)]
um_ém = (U -tDT*AX%#XX
VTLL +YY
QUIT) = DT # [AX« U(IT) + AY4 v (2T)}

!

1J = IFT )
1IP = 1PJP

} >To NEﬂNV'fgszx
[l

ITM = 1IM+NQ )

CALL LooP

13) = [V (IJ) +DTaAY

6©<%Q‘e @

]
70 NexT ROWUP
)

CBNTINUE
CALL DINE
Puase 1

_ R
CONT'D OM __. €710Q> i
NEXT PAGE 1109

4T
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2,0 SUBROUTINES — 3-PHASE ICED- ALE (Cowrs):

79

LS UBROUTINE YAQUIZD> Conmmuen:

Ths 20 LOOP SWEEPS CELL LENTERS ¢
\NV\AN\NVVV\NWVV“MAM/\MAAM/W\/V\MMMVV
UPDATES THE 4 YERTICES OF EACH CELL ~~~—
SAAAAANAAAAAANNAMAVAAAANM, WAANMAN A/

CALL START
DB 1299 U=2,3P1 }ALL CELL CENTERS
PP 1199 1=1,1BAR
IPT = IT+NQ
IPTP = LTP4 NQ
XK1= X(IPT)  x2=x(1PIP) X3=%(1IP)  X4=X(1J)
Y=Y (IPT)  y2e=y(1PTP)  Y3=Y(1IP) Y4 =¥(IT)
R1=R éxm Rz=&$lPJP) R3=R(1JP) R&= R(ml
Ul =u(IP3) w2=u(1PIP) 33U (IIP) U4 aL(1]
Vi=V(IPT) v2=V(IPTP)  v3=Y(1JP) V4=V(1J)
1
X2 =%1-X2Z RiL= RItR2 VI2 = V1+V2
FORM X73=X1-X3  R23= R1+R3 V23= v2tv3
COMBINATIONS | x34=x3-%4 R34=R3+RA V34=y34v4
THAT APPEAR [X41=%4-X1  R413 R&+RI V4| = y4+\1
REPENTEDLY... |X1A=X1-X&  yoi3- o (piap3) V24=y24V4
K31=X3-% 0 HRod=.5¢(R24RE) Y13 = Vi4y3
Y21=Y2-YI U2 = Ui+ U2 DTg2M1=DTP2 « RM(1PT)
Y315Y3-Y2  U23=U2+U3  DTp2M2=DTh2« RM(IPTP)
Y43=Y4-Y3 U34=03+Us  DTpam3=DIp2+« Ru(13P)
Yi4=Yi-YA U412 U4+U1  DTg2a4= D@2+ & (IT)
Y24=Y2-YA U24= U2 +U4
Y31*v3-Y1 uI3 - Ul+y3  XY=X%244Y31- X3lxv24
D =256 RVGUIT) # [RI26 (U 6721 4V124%12)
]D) +R234 (023 #Y32+V23ex23)
+R346(U34¢ Y4B +Y34 0 X34)
TRALs (UALSYI4 + Va1 #X 41)]
XX o5 (X2=%X4 +%1-X3) 3 e
Y= 56 (revh 4Y3-11) }Avr_ucs Sr B2 OF CELL

COMPUTE EFFECTIVE

¢ _/
A § }1 FOR CELL:

A 7 Jwaen 81000, k=(p})?
(Merrli= k Ameur [ Ax = RB(1T) #x kX1 }___/

(pere= ke praeur

{eYL=1.0 IF CYLINDRICAL, A
20.0 IF PLANE COORDS.)

VPHASE~1 CALCULATION - Fise 2

WHEN E = ~1, BASE K UPON THE NUMERICAL STABILITY

REQUIREMENTS .

VELIT = U4#x2 + VA %2

VELMK = 0.7 » Amara{ JUs %], {vae Y1)

AK = RB(1T) + COLAMUI¥ (DTP24VELLT + VELMX )

:

LAMD = AMIN| (D,0.) s AK#«LAM
MU@G2 = 5% AK¢ MU

MUB4 = +S5eMUG2

KX KX# XX

YY=YYeYY

St WAS REDUCED TO FIT AN OUTPUT TIME. LUSE THE
St THAT WAS POSSIBLZ,TO CA ATE K ¢

o] A= RO(IT) 4 CALAMU » (-5 DTFASHVELLT TVELMX)

DQ--[ RB(1J) s BMANCHRReYY ]

2.4 A (LAME 2, ¢ MU )% (XX+Y YY)+ EMIO

DTV = AMINI {DTV) .54 DQ)

SAVE INDICES OF UMITING
CELL FOR NEXT SHORT PRINT,

... ALONG WITH THZ MINIMUM
Sty .

PIXX = MUGBZ# RYSL (IT)s [RIZ# U12 # Y21 + R234 2B 4¥32
+RI4+ 34443 + RAL+ U4 wvYi4
—¢53CrLs (UIZ+UB4) £ XY ] + LAMD
PIYY =MUG2 ¢ RyDL (IT)s [R12sVIZex12 +R238V235x%23
+R346Y346X34 + R4l ¢ V41X A1 ] +LAMD
PIXY = HUOA4 » RYBL (13) ¢ [R125 (Uexi2+Vi26Y21) +R230 (U234 X234V234Y32)
+ R34 % (U34 eX344V344Y43) + R41 & (UAl« XAL +VAL ¢ V14)

- GeCYLE(VIZ4Y34) e 0Y ]
} Mstf\/
72

PITH = 125 4 &Y «CYLe{MUP&4RVOL(LT)¢ (U2 +U34) ¢ XY ]+ LAND
{ CoNTvuED On NEXT PacE —v
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2,0 SUBROUTINES ~

3-PHASE ICED- ALE (Conrd):

LSUBROUTINE YAQUIZS> Contimven:

Urpating the Veetices «
MMAAMWAAAMAAMAAMAMNANN WAANN

XX = HR24 ¢ (PIXY s X24 —PIXK#Y24)
XY = ¥24.# P(1J)
UTIL(IPY) =UTIL(IPT) + DTE2MI¢ (XX +R1#YY-PLTH)
UTIL(ITP) = UTIL(ITP) ~ DTG2M3 4 (XX +RIeYY+PITH)
XR= HR1D ¢ (PIKY # X3| — PIXX s T3)
YY= Y31 # P(1J)
UTIL(IPIP) = UTIL (IPTP)+ DTA2M 2 (X¥+R2 6YY-PITH)
UTILCZTY =UTIL (1T) ~DTB2MA ¢ (XX+R46(Y+PLTH
PYYMP = PINY=P(1T)
XX = HRZ&# (PYYMP # %24 - PIXY 6Y24)
VTIL(IPT) = YTIL(IPT) + DTG2ML# XX
VTIL(ITP) = VTIL (1TP) —DT22M3 ¢ XX
XX = HRI3 ¢ ( PYYMP¢ X1 ~PIXY ¢ ¥31)
VTLL(IPTP)= VTIL(IPIP) + DTG 2M2L ¢ XX
NTIL(IT) = NTIL(IT) - DTOIMA ey
K= 056 HR2AS [U24¢ (x24 # PIXY ~ Y24 4 PIXX )
~V24+ (Y24 £ PIXY = X2 4 $PIYY)]
QUPT) =Q(IPT) + DTEIMI ¥ XX
Q(ITP) = Q (1IP) - DTA2MD £XRA
AX= 56 URIB# [UI3 8 (X314 PIRY ~ Y314 PIXX)
— VI3 (Y314 PIXY —R314PIYY)]
QIPTP) = QUIPTP) + DTOIML XX
QUIT) = QULI) - DTAIM& #XX

1J=1PT

9
@99~ 1JP = IP7P

¢ Row COMPLETED

=R

<R

Q

TO NEXT CELL IN RO
> T0 Vlﬂ?_“gtﬁ

e 533
G D

I
*Tor_no1B [y ~2,

ET
%SNDARY UTIL(IT) = UTIL(1TP) = UTIL(ITP-NQIB) j
VERTICES: =UTIL(IT-NQLB) = 0.0
RESET V'S ON BOTTOM: - o
r--~[Pg 1m0 T3= 1502, ISCF, Ne [+ 5 e o A N
! SCM BUFFER ROV/ 2/3 J
@1~ VTIL(1T)=0.0 ]

SINCE BUCCESAIVE CELLS WITHIN A Row DO NOT
REQUIRE THEIR NEIGHBORS' NEW TILDE YELOCITIES,
(T 1S REASONABLE T RESET BOUNDARIES WHEN A ROW IS COMPLETED.

NOTE

20

PHASE-1_CALCULATION - Foe 3|

PRE-PHASE 2
INITIALIZATION

LOOP ¢

28t ik

r~-[De 1230 13P=1IPS,LIP2, Ny | <
\

QB VTIL(IIP) = 0.0

]

ROW DONE ¢ BNDRY. [ conds.

SET A5 REQ°D

.—al(ﬂ!) CALL LAGP }
§ DDOALL ROWS
@3~ coNTINUE ]
CALL D@NE
v

(BOQ+{CALL START

DO 1399 JT=2,7P1

1PT = IT4+NQ
1PJP = ITP+NQ

} CELL
D@ 1389 1=1,1BAR | CENTERS

LTPL ,FORMED IN SETUP,
TELLS WHICH OF THE 3
SCM ROWS THE JP2Tw
ROW WILL BE M.
ST T T L vERTEX
Lo (SR ()

il o

7 !
ALSO, TIPS (=1TPg,yc ), WHILH 1§
THE PROPERTY OF SUBR. LooP,
15 PUTIN ¥SC2Z FOR USE HERE.
IT CAN BE USED HERE AS LONG
AS IT ISN'T ALTERED.

= 3
<]E> ETIL(IT)= E(IT)+.25

RBL(I3) = RB(17)
Ce

1/¢*

]

RCSQ LT = 1. /§ASQ + GGmiw amax 1 [S1E(17),0,0]}
XX = [X(1PTP) = X (LT)+ X (1PT)=K (17P) 4 ¢ 2
YY=[Y(1PIP) =Y (13)+Y(ITP) Y (1PT) Jus2

[RUPS)+RUPIPIQ(1TP)+Q(IT) ]

) DELSM (13)= pT8 i["___““’
2z KXYy
1J3=1P7
8 L3P = IPIP
(ALL L@PP
CANTINGE
CALL DBNE

L

o £ CALCULATION —2 (1500)

INCE SIE,X,Y DON'T CHANGE DURMG
TERATION, 1T 1S EXPEDIENT TO
CALCULATE THESE 2 CELL VARIASLES
BEFOREHAMD, TO AVOID (ONTINUAL

RECALCULATION DURMNG ITERATION.

Nexr PAGE ——e-

/AMSDE/
72
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2.0 SUBROUTINES - 3-PHASE ICED - AL E (Cont'd):

27

LuBrouTINE TAQUIZ)> Conrmued :

\PHASE-1 _CALCULATION - Bced]

~ ~
e
CALCULATE JE FROM <]E>

CALL START GBEO+] P12 = (MR4 PC + MC « PR),/(MR+MC)
DG 1599 F=2,TP1 T AL CELL P23 = (MT & PC+MC 2 PT),/ (MT +MC)
D¢ 1589 T=1,IBAR | jENTERS P34 = (ML #PC + MC¥PLE) /(ML +MC)
i“—}’ = IT-NR P4l =(MBePC + MC4PB) /(MB4mC)
PT = IT+NX =
I o |ETIL(II) = ETIL(1T)- DT84 /e
: E {Ra s P2s (Unev214 Ve 02)
TT XS R SR (IRT RS X(L3e XAN(T) +R13 #P23 4 (U234 Y324 V23 ¢ X23)
YIS (ey) Y2UYURIR) 3erin v v(n +R34 1P344 (US44Y43 + V34X 34)
Rl = (IPT) R2=R(IFIM R3=R(ITAH R4=R{IM +RA1s PALe (UdLeYid + VA -M.l)}
K12z X1=-X2 Y2|=\r2-Y Ri2= R{+R2
%23=%2-%X3 Y32 SY3-Y2 R23=R2+R3 13 =1PJ
X34 ax3-%¢ Y433 Y4-\3 R34 =R3+R4 Ivp = 1PJP
R41=R4-X1\ Y42 Y, -v4 R41s RA+R)
Ul 2 UTIL{IPY) ViEVTIL(IPT)
vz - uru%ww) V2?yTIL (1PTP) ."@ o ITM= LIM+ NG
U3 = UTIL (1TP Y3 yTLL (139 CALL LO3P
Us=uTIL (1) 142 VyTIL (17)
U, = ui+y2 A2 2 VI4VLY
b7 = Urvos ettt EEID- T
U34 -u3+04 V34=y34ve LAtk 2
Ual=U4+U1 V4l zys aVi
) (2000 To PHASE 2, NEXT PAGE—»
éc_(r:u.ar.’\’ ::L MR= ML = MT = mBe me = RS (13),/Rv3L(17)]| |INTIALIZE NEIGKBOR
£ O VALY ' PR=PLE= pT=PB=PC = P(LT) VALUES = 1§ VALUESees | 2 NOTE'PLE’; THE, NAIT *PL'
oN 4 SIDES: Mo VL = oy 1S A MESH VARIABLE.
oL

) MR, ML, MT , MB € MC ARE

[wr= RA(1PT)/RVAL(1PT) | ) DECLAGED REAL.

pR= P (1PT)
o

= - ... BUT W'T3007, L = "p WAS MITIALIRED, PRESERVING ".
Gooo—* 2 ';tg iﬁé(lxh\:;)/avm(mx) ﬁiiﬁa’s”‘“"“m“ AL30 REQUIRID FOR PHASE 2 ARE : ‘;EIZER To
= — 1 NEIGNB;! sy Wes W ) BUT- THESE ARE IN SAME uL=UuTIL < 9=
. srscm' Voo T STORAGE WIRDS, THUS NO . STORAGE
Q520 T 1 gP1 ) Sey NI RECINI/RVAL(LIP) BN 'V fororace Trancrer 15 |3 YL 2VTIL [ ariacATion
.l PT= P(13P) 11\-‘"'? RQQUIQE'D- PLE P

7:2 Y [MB=RI(ITM)/RVIL(ITM) I 4
M v 1LeB= P (IIM) /

[THEREFIRE , WE BAVS INLTIALIZED
UL UL P, Po (saving " p). (TuE
NAMES T, T, Q ARE No LONGER MEEDED.)

5390

» N

]
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Reaion NUMIT =0 a—COUNTS # ITERATIONS
MUSTIT = | - =c‘> -: :t{nclgl% |;r55ATE (Foree {st Tive)
- - 1 o 1o
PLMAX = 107" — FOR CANVERGENCE TEST
Goo>+{ cALL sTART et
NEw D5 3009 1=1,18A0
Do 2 =
T ’

it 1PJ - IT4 NG

HERE: 1PIP = IéJP‘f NQ
Ki=X(IPT)  X2:=x(IPTP) ¥3=X(1JP) X4=X(1J)
Yi=Y(IPD) Y2=Y(IPIP y3=Y(ITP) va4=Y(IT)
RI=R(IPT) R2=R(1PIP) R3=R(IIF) Ri=g(IT)

NOTE UlaUL(IPT) U2-UL(IPTP U3 UL OTP  pd=yll13)

UL,V Vi=VL(IPT) V2:VYL(IPIP) V3:=VL({IIP) V4 =VL(IV)

USAGE:

PLMAX |5 ALWAYS
POSITNE . SAVE
A DNIDE BY
TRANSPOSING?

P

ADJUST
COORDINATES:

2.0 SUBROUTINES -

3-PHASE ICED— ALE (Conr):

<<S UBROUTINE YAQ[_/[ 2>> ConTimues :

D=.25¢ RVBL(LI)» {(Ri+ R2)e [(UI+UDe(Y2Y1)1 (Vitv2 )¢ (x1-¥2)]
+(R2+R3)s[(U24U3)4(Y3-12)+ (¥ 2+¥3 ) (x2-x3)]
+(R3+RA) [(U3+04)0 (Y4=Y3)+{¥3+ V&) o(x3-X4)]
+(RA+RDE[(U4 401 » (Y1-Y4) 4{¥4+V1) & (x4 -X .)3}

S = RDT+ [ROL(LTI-RB(LT)] +RGL(LT) 6D

RA = RCSQ (1) ¢ (RDT+ D) + DELSM(LT) 4{33:1»3295

DP - —~@M#+5/RA

ROL(13) = ROL(IT) + RCSQUIT)«DP

PLMAX = AMAX1 [ PLmax, IPL(z)l]

EQ 1 SAVIKG
ONE #.)

DPI

£ CELL HAS CONVERGED

\

€+ P;u.m_x/

> & MUST iTERATE

[mosTIT=1

FLAG INDICATES
& FAILURE _I

PL(LI) =PL(1T)+DP
Y24=Y2-Y4

Y31 =¥3-Y1

XR13= .5 /R14+R3) ¢ (xi-X3)
AR24 =.5 ¢ (R24R4) e (X2-%4)
X =DIG2L+DP

DTI2M1 = XX % RM(1PT)
DTB2M2 = XX s KM (1PTP)
DTO2M3 = XX «RM (ITP)

CALTERMATIVELY , ONE MAY
CHOOSE T ALWAYS ADSUST
Poy Ul AND U VALUES
RZGARDLESS OF OUTCOME
OF THIS TEST.)

NOTE ABOVE THAT CALCULATIOM

OF RA AND RAL IS SPEDED

UP BY HAVIIIG PREVIOUSLY

CALCULATED RCSQ ¢ DELSM,

AS THEY ARE |NVARIANT IN
PHASE 2.

| VERTEX MASSES ARE STORED
AS RECGIPROCALS , SAVING

CONSTANT D1VIDING HERE.

\h <

\PHASE 2 : ITERATION|

22

UL (IPT) = Ui+ DTOIMI~R1e Y24
UL(IPIP) = U2+ DTOIM24R2 %Y 3|
W UL(JP) =U3— DTaIH3 ¢ R3¢ Y24

L UL (IJ) =U4-DTpam4« R4 cy3,

MINUS SIGN REVERSES X OR Y
DIFFERENCES AS REQUIRED.,

LEAYE vL=0.0

NOTE §¢ ALREADY mLTIPLIED
INTO THE DTO2M-4 TERMS.

UNFORTUNATELY, V'S ON ToP ¢

VLIIPT) = vi = DT32M1 #xR2 4
VL (13} = VA-DToamé- s xR13

B0TTOM BOUNDARIES MUST BE °
RESEY WiTHiM THE LOOP AS THE

o
LEAVE VL=0.0

NEXT CELL WILL DEPEND ON THIS
CELL'S VALUE FOR ITS D.

THE UL’S, MOVIEVER , MAY BE
LEFT UNTIL THE END OF THE

VL(IPTP) = V2 + DT@2M2 5 XRI3
VL(IJP) = V34 DT@2M3 e xR24

ROW,(AS 1N PHASES 1 ¢ 3)
AS THE BOUNDARY VERTE X U, 's
WON'T BE REFERENCED AGAIN

TO NEXT

UNTIL THE NEXT Row uP,)

TO NEXT CELL IN Row,

RESET U's ON BOGBHIDARY VERTICES

)
GoBD-{ITP = 1P5P

o OF . o
| AT T T

)
{UL(I) = UL(13P)= UL(ITP-NQTB)=

UL(1T-NQIB)=0.0 |

[CALL LagP « T NEXT ROW UP

CONTINUE
CALL DONE
NUMLIT = NUMIT 4| »

4-D0 ALL ROWS

COUNT
1TERATIONS

MUSTIT:O =

G0 TO

>

ALL VALUES 0.%.

2000 pijase 3
—

(MUSTIT =0

TTERATE MESH NUMIT : 500

72

DTé2M4 « XX o RMIIT)

Y | STOP \TERATING
OPTIONAL- LPR=2 o FORCE PRINTS (N PAPER ] Spg/\/
/ ALS0 SET )™ |PRINT “ITerATion Lt EXCEETED - RON MAY ABORT M




Z6

2.0 SUBROUTINES - 3-PHASE ICED—ALE (Conr'd)s 23

&SUBRIUTINE YAQUIZ ) Contmuen:

|\PHASE-3 CALCULATION - Pace 1]

CaLcutate "n+1" vaLues of XY, T, MC,IE‘,,\L,,@
AW VWWYWAAAA S VWA

N

REG 10N (3000 —(GROVEL:1.99 }2222:0 K1 =A(1P3) RK=X(IPTP) ¥3=X(13P) XA=K{IS] (3730>IFr = DTP8 RI2e [(UDI+UD2)e Y21
- / Y1 sY(IPT)  Y2=Y(IPIP)  Y3=Y(13P) Y4=Y(IJ)] 4 + (VD14VD2) 4 %12}
<g 770010 R1=R(IPT) R2ER(IPIP) R3=R(1JR) RE=R(L) AR = AOM+SIGN (1.0, FR)
CALL START ULl = UL{IPT)  UDL =UG(1PT)-ULI  N2=X1-X2
D¢ 3019 722,372 {uveerices QL2=UL{1PTP) UD27UG(IPIP-UL2  X23=X2-X3 +B0# 4.0 FR/(VOLR+VPLL)
Do 3009 1=1,1P1 uL3=UL(1TM uD3= UG (1TP) -uz X34=x3-X4 FT(1)=DT#R4R23+ [(UDI#UD3)*Y32
u V ‘328%’ : l\}\L(II;: G("i’DVVEL ULA=UL(IT)  UDATUG(IT) -ULd  x41exa-xy + (VD24vD3)# X23)
Ga Vg lEU.J GRDVEL VLI =VL(IPD  yD1=VG(IPM —yLy  Y2i=Y2-¥1 AT(L)=A0M ¢S1GN[1.0, FT(1)]
T-T54n VLU= VL(IPSP) yD2= va(IPgP) -VLy,  Y32-Y3-Y2 +BO#4, ¢ FT(E)/(VALT +VALC)
CaLL LoBP L3 = VL(IIP)  yo3= yG(15P) -¥L3  T43=v4-¥3 ]
. VA= VLGT yparve ) -wd TEIYCTS
i c_aNTIN;JEE 1 ﬁ%‘:;:z; Unsuuﬂﬁ_z VI2 ayLi 4V XX=AMAXI[|FB|,|FR|IlFT(I)|’lFL|]
CALL. D3N 23 = u23=UL1+UL3 V23=vL+vL3 _
T 134‘ =R3+R4 34 =UL3+ULA V34=VL3+VL4 8ﬁ DTc=ARIM I{ oTC,
Q100 >+{ CALL START RE1=RA+RI UL1=udsucl ALIMATELLN C DTPGS+ AOFAC
MOVE VERTICES: | D2 319 732,3P2 1, veences { '”}
DA 3109 1=1,1P1 }m ¢ D=.25¢ RUGLUIT ¢ [RIZ 6 (Urne Y214 VI2 6 x12) [xxerype{19)eDTPESeDIrI0""]
n+i X(13) = R(IT) + UG (IT)eDT +R234 (UL36132+V234X23)
%, | r(a)= YU +va(1s)er +R34% (U34 Y4343 4ex34) # [orc=1
VA R(13)= X (I7)e CYL + 8MLIYL +RA1x (UM 114 +VE 1 ex41)) m‘f DTCSA: DTY IDTCx T
500>+ 17 17+ Ve, VOLR= Y4LT =vgLC = I /RViL(LT) PRINT:
CALL L3P J b . DTCSAV = DTC
) COLECT VOUME (" 1 : TBAR ){VALR= 1. /RVQL(1PT)
GugD->[ cenTINUE TERMS FOR . (ur3)] :
CALL DAME AR, AT(1).... NEXT, CALCULATE Mc C E
VOLT = 1. /RvgL (I3 P)] ConTmued o9 NEXT Face—+
Gi50D)~| CALL REPNE
¢ COLLECT FLUX —_
200 )->1 CALL START COEFAICIENTS ¢ Sﬂggﬁ:
DO 3209 T=2,JP1 AL !
n+i F.! DB 3259 1- 1 »13AR [ (2Ll BoTSTar T
Me Bo | e - za-ne crbligSobre
1PJP = 13P + HQ _/
NOTESY GRDVEL = 0.0 FOR PURS SULERIAN , 1« D FOR PURE LAGRANGIAM .
2.0 FOR REZOME. £QS. mi *3000° ABIVE GIVE CIRRTZT / Mgn:l*-
VALUES FOR EITHER 0.0 OR 1.0. UL & VL ALREADY = 0.0 ZaT(D) 72
ON BOUNDARIES, 50 UG £ Y6 WiLL ALSY BE 0.0 THERE. AB= —AT(
XiT,R VERTER L0OP (3190 1S SEPARATS FROM 3000 LOOP TO ALLOW FOR PSSIBLE REZONZ USE.
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2,0 SUBRIUTINES = 3-PHASE ICED ~ ALE (Conr's): 24
SUBROUTIN: > Contimyzo: [
LSUBROUTINE YAQUIZY Cown PHASE=3 CALCULATION ~ Ace 2]
1
Mc ' E ' —\7 ' P
ANVAAAMVAAN
[
MP(LT) = RA(IT)svoLC o(3300)—>{ CALL START
+FR  #[(I.-AR) &ROL(1T)+ (L+AR) & RéL (1P3)) D@ 3319 T=2,IP1  JALL CELL )
n+l M NI e e g e g il D® 3309 I=1,1BAR JCENTERS | (U] ICLUBE I pREvus )
C +FL ¢{(L-AL) #RAL(1I)+ (L.+AL) #RpL(IMI)] n+l RA(1T) = mP(1T) «RVEL(ID | o ’
+FB s [(L~AB) ¢RAL(IT)+ (1. +AD) eRSL(IIN)] E(IT) =erP(1D) - MOVE €
ROE = mur)/- EuL(x{:r)
EP(IT) = L/MP(IT)#§RIEevELL
n+i +FR  ¢[(1.-AR) ¢ROE+ (1.+AR) $R®(1PT)4ETIL (1PT)] , o[Re (LI =R A (o) | SET BTEROR
[E +FT(L)4 [ (1. — AT(L)) € RAE + (4. +AT (1)) PB(ITP)¢ETIL(1TP)] ~ — gss
+FL #[(1.-AL) ORGE+(L+AL) #RE(IMT)ETIL(IMT)] ' ] iﬁi‘;‘gkwi{l-
+FB  ¢](1.-AB) #RIE 4 (1.+AB) sRE(ITM)« ETIL(IJM)]} = R(1TP) = ReL (1TP) | EITHER Br: 0.0
T <] OR WILL HAVE
- BEEN SET To
]'H-l ATR = .5 ¢ (X26 Y31 —Xie¢Y32- X34 v21) 1:1BAR o RE(1T+NQ) = REL (”"“Q)I APPROPRIATE
l ABL= < .56 (A1 4143 +%36 Y14 +X40T31) z ~ VALUES N
it 3.0 I3 SUBR. REZONE
L = .
Voi [|RV&0 [Ark.(m;maa)+Am.(m+n3+k4)] 1gm= 1amene
1IP=1TP+NQ
L 1 {7 TO NEAT CELL W ROW
13= 13 ) m =17+Ne )
I1Jp= IPYP CALL LO@P  o-NEXTRw
> T0 NEXT CELL IN ROW RN
a (::§ D> CANTINUE  a—ALL ROWY
1IM= 1IN ] CALL DONE | Contmued on Wexr AaGe
CALL LG@P Jiz«mum ROW UP /My cAce.)
CONTINUE 4~D0 ALL ROWS j IMPORTANT NOTE ON FLUX TERMS :
CALL DANE WITH THIS RIGID-WALL VERSION OF YAQULe FLeFBiAL. & AB wilL AUTOMATICALLY BE
CALCULATED AS 0 (INDESD: FT,FR, AT, & AR wilL ALSO BE 0 ON RIG'D SOUNDARIES).
ALTROUGH BLIAL,FB. L AD -10ULD SIMPLY HAVE BCEBH SET DIRECTLY T6 0.0 IN
3280 % "3290", THE SULL GEMERAL EXPRESSIONS ARE INCLUDED HERE FOR
FL=DT@84R34[(UD3+UDA)AY43+ (VD3+VDA)rx34]) ;%;S.Fme gsz'\s\’ il‘JTéJoQE {2&3‘3“2 opg\*acx;)sl ‘:’NAT |4A‘|4r_ ;zem Su-TA‘EBL\ro
=1: IFAED TO ALLO [\N INRY ELUXES.
I=1: AL =AM+ SIGM(|‘O'FL)+BO*1"FL” RV’JL(I‘T) NOTE IN PART:CULAR THAT WiTH NO FICTiTioUS CBLLS ON THE LEFT, THE USE OF
ANY NONZERO AL WILL RESULT IN SRRONEOUSLY REFERENCING Q AND E
VALUES FRNAM THE RIGHT S10E OF THE MESH.
FB = DTG8s R41r [(UDA+UD ) eY144(VD4+VD 1)« < 41] v EI\/
U=2: AB=AOM # SIGN(1:0,FB)+B0x 2. ¥ FRRVAL(IT) > THE FINAL TERM N AB(RBAL) 1S OF THE FORME us?
. 40 .
AFB gug Bgyrmggr 9 AFB ')'ZFB*RV'DLg '72_

VerV,  GRADIERT) 7 2y,
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2.0 SUBROUTINES - 3-PHASE ICED= ALE (Cont'n): 25
<<9UBROU7‘Z/VE Y/JQ_U[2>> CanTINuED: IPHASE—3 CALCULATION - face 3]
. 1
CaLCULATE "n+L” yarues oF My, U, V"
WAWAWAMWMAWAMAWMAAMANMNAMWWWNANVMMAWWAWW
)\
CALL STARTD (3400 -t CALL START
PP 3399 IT=12,JIP2 DO 3499 T-21,TP2 ] AL
{ T= Je4 —37 Tnmiauize D® 3489 I=1,1P1 | VERTICES
— Dp 3389 I1=1, IP1 VerTices: VT
n+l 1= 1P2-11 K= RMP(13)7 RM (13) "-‘*T/TM— = My
MV INg = IJ-NQ n+l UP(13) = xx # UL(1T) ol THe ey
CALCULATE IMTM = 1IM~NQ U,V VP (13) =xx ¢ VL (1T) o~ NITIAL ™V REPLACES
VERTEX MA-SSES *%=0.0 { "My DIRECTLY, 2ERGES WitL
IN A REVERSED IF CELL 1S OUTSIDE MESH (348> a IT+N AUTOMATICALLY BE PROPAGATED
DB-LAGP AND USE M>0 IN SUMMATION? e gu_l L@os THRDUGH UL € YL ¢ SET ON
STORE THE BOUNDARIES AS REQUIRED.
RECIPROCALS  BR Xx= mp(1JM) | o
OVER ™M 1  CELLS CONTINUE
CALL DRNE
ZND LOOP SWEEPS  [GALL START ;
L KAz XxHMPAT) | | ‘ceu cenTers Do 3699 7=2,3P1 | AL
' DB 3599 I=1,IBAR| Sk
UPDATES THE 4’ 1P7- IJ+N'0\ CEMTERS
VEET‘EEiSf EACH IPTP= ITP+iIQ
T ) !
= XX+MP
CELL: XA= KX+M (IMM %= ) (IPT)  X2=X (IPJP; X3<X(ITP) Xk =X(IT)
Yi=Y(IPY) Y=Y (1FJP v3:=Y(IP)  v4=Y(13)
Ri=R(1PT)  RLR(IPIP)  p3aR(I7P)  R4=R(LJ)
8 1 uLts UL (1PT) U'—"L’U'-G((II‘;JJ";) uL3= UL(I:IP)) UL4=UL(1T)
HL y = ugl=UG(IPY)  UG27U BG22UG(IIP) LG UG(IT)
ceLL J‘A;& [t e he(1w3m) ] YLI=VL(IRT) VL2 =VL(IPIP)  y 3 .yi(1TP) vLd=VL(1D)
Valo V6 (1PT)  v&G2.=VG(IPTP) 63 =VG(LIP) Va4-VG (17)
FALSG 3
RMP(13)=4. /%% X = DTB1G ¥ RPL(1T)
IV = 1MJ TO NEXT CGLL ON THE LEFT yLI3 - BL1+uL3 LL24 - UL+ ULS
)| VLI3 3 VL 4vL3 VL24 =yL2 VLA
@_., ITM = IMTM F13= XX ¢ (R1+R3) [(UGI+U<13-UL13)-(Y3-Y1)
CALL LGGPD + (VG1+VG3 -VL13) ¢ (x1-x3)]
T ROW CoMiL:;&ID.DRO" DowN F24= %%k (RL+R4)e[(UGL +U(:(--UL’IA)5(Y7.-Y4)] ] /
+ (Y624VGq4 -VL24) « (X4-%2. P
@ conmine | J (CRTRELRRD) B s
éCoumusn ow NExT Fase —
* .




2.0 SUBROUTINES = 3-PHASE ICED~ALE (Contp): 26

COMPLETE caLcurTion oF ™', v, CALCULATE ™' L :
MAMAMAMAAMAMAA | AMAMAMAAAAAMAMAAMAAAAAAANY

d

S6

FMi= F24 £ RMP(1PT) SCB00)2| CALL START
FM2=F13 ¥ RMP(IPTP) Do 3899 T=2,3P1 L
FM3=F24# RMP (17P) P.20 ‘ D@ 3889 1-1.IBARJCELS
Fi4s F13 4 RMP (m/ —--| P8 3630 IJP -IJPS,LIP2.NQ | IPT =« IT+NQ
XX =Bo# 4. ¢RVGL(IT)/RAL(IT) ! IPIP= ITP +NQL
ALI3= AO# SIGN (1., F13)+ XX ¢ F13 VP (1IP) = 0.0
AL24=A0# SIGN (1., F24)+ XX ¢ F24 ROW DONE ¢ BNDRY: § CONDS. SET AS REQ'D SIE(T) = E(17) =125
GPALI3 = 1. +AUIB Geid—| caLL LaoP ) : n+{ I
OMALIZ = |,—ALI3 T 56 A Rows ][ [LEeT)ee2 +u(1PIP)ee2
¢PAL’24= 1. +AL24 @ CONTINUE JJ +U(1TP)ss2 +U(LT)e02
PmAL24 =1 —AL24 CALL DGNE 4V (IPT)ex2 + V(IPTP)sx2
{ AX= ULZ4OMAL24 + ULI# OPAL24 T Y (1TP) e 02 +V (£T)002]
n+ UP(1PT) = UP (IPT) — FMi ¢ %x G CALL STABT I ME nas ARERDY
u UP(1TP) <UP(1IP) + FM3 s XX 1> DB 3719 3=1.?I?7-} ALL [ 19P= 1PTP ] 8een storen 1o
)(ﬁ:Pl(_\LA- thng} +U)L2¢¢PAL|3 D% 3709 1=1,1P1 ] VERTICES 'E Locamons
IPJP) < UP(IPIP) - FM2 exX 10
uP(mP)=UP((Im) + FM4 +xX ’ﬁ/‘\ovcl TR G881 17 = 1PT @ 3300
XX=VL3 4 GMAL24 +VLI ¢ BPAL2A U Ty 10530 = Ve CaLL 1490
n+l VP(IPT)+ VP (1PJ) - FM1exx TONORMAL | gt (17) < & puh
Vv VP (130) = VP (ITP) + FM3¢ XX sTeace LR M i } CONTINUE
Xh= VLA« GMALIZ +VL2 v gPALI3 WORDS e CALL DPNE
‘x//g((mp)jvp(mu?)— FN2 5 %X 13= I34NQ "‘tQVf/M l;f M.__%Evfeog g0 To Pressure
e I;JI) =VP(IJ) +FM4six CALL LO@P XS "*'u! s Y COMPLETE wc;e)
- W T0 NEXT CELL WRoW ! STORAGE WORD. Move
G55+ 1IP= IPIP 5 | o @D AL D Phenicies: -
2 " ’ * | cALL parTmoV
RESET § ROW COMPLETED ?ffw NOW THAT ™' L/ l
Bounpary  [UP(13)=UP(13P) e UP(1TP-NQLB)| ZAckm HAS BEEN MOVED,
VERTICES: =UP(13-NQLB) = 0.0 20 1 STORAGE 1S FREE,
S0 CALCULATE "*'1
> N
g2
= § RESET ™'('s ON BoTIOM:
& END SUBROUTINE YAQUIZ>

r--=|D8 3610 13=ISC2,15CF2, Ng |
i § SCM.2/3 CONTAINS Tn2 VALUES )
G| VP(13) = 0.0 -
NOTE : AS IN PHASE 1, SUCCESRIVE CELLS WITHIN A Row Do NOT
REQUIRE THEIR NEIGHBORS' NEW VELOCITIES 3

HENCE, BOUNDARIES ARE NOT RESET UNTIL Row
COMPLETION.

/AMng/
Tz
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2.0 SUBROUTINES — PARTICLE MOVER 27

LSUBROLITINE FARTMA >

CALL START 157 Pass 1D 1049 JI=1,2
D \ =2,JP ALL
Dg ||go?7 Tim TRt weemees | eveevevae, / WTE = PDR-W o (A¢-v)=BL,T
! RESET Yo 2ERO AS D@ 1039 1L1=4,2
PMX(II)’PMY(]-J)’PMO(IJ) -'0.0 NEXT SWEEP THROUGH K = XX ¢WTES HTE E A
MESH WILL ACCUMULATE PMR(KLIT) = PMX (KIT) + X2 U(IT) | o Ms MOMENTUM € MASS
oD TF T SUMS. b 1) = MY (K1) 4% e v (13)| oM CONTRIBUTIONS To The
1J=17+MQ Y (K (k13 ( Y4 PARTICLE-GR D
CALL LOGIP PMO (K1J)= PMO (K1) +xI a—M
®| VERTICES INVOLVED.
1 WTE =W 4~w 15 BR, TR COEFF.
ol CANTINUE !
CALL DpuIE KIJ = KIJ+ NG <—To BR A2 TR
2np Pa WTE = H «—ROW DONE , [H IS TL,TR COEFF.
D 53... 6
P 1099 J=2,3P2 <T] ALL ROWS 0F VERTICES ... KIT = KIJP @ “TL TR NcRTices
IEC= (T-1)¢nQT o] jTH ROW,RGAD INTO CALL ECWR(AASC(ISC’L),IEC.NQI‘L,NE) -~ gm.Te THE 2 PARTICLE-GRID
CALL ECRD (AASC,IEC,NQI, NE) [SCM RoW /3, LEAVES NG CET Ry AT, e BACK QUT ONTO LeM
SCM USAGE: I7=1 e NTiALIZE | ROWS 2/3 & 33 FOR GO 17= 134 NG 9
PARTICLE GR1D (BELOW) ¥ FoW DONE L To WEXT Row UP 1N YAQUI MESH
3/3Z PTG D¢ 1089 I=1,1F1 a— [ALL VERTICES WITHIN ROW CQSNTINUE
2/3[ GRWD 5 oAGTCLE 6 4 ALL _YAQUL ROWS HAVE NOV/ BEEN READ
To RIGHT OF PARTICLE 6RY A Giooy CALL START
/s Fanao ! : AR et woicaon | SWEEP PARTICLE GRID € SET
To NEXT ROW UP Koo 1199 3=2, J%PZ Veetex Vewocimies...
£ BeLow PAETICLE GRID Dp 189 I=1,18P1 ~— ALL PARTICLE -GRID VERTICES (RECALL
IF OUTSIDE, RPMO = PMO(]’_J) THAT PART,.GEID STARTS IN ROW T2
TRY NEXT ROW N LT
> ABOVE PARTICLE GRID i P':Z(Ph‘)g a-M o AS REGIPROCAL TO AVOID
A L g DIIDE 1N 2500 LATER oM.
ALL DONE =|./RPMO YIDE 1N " 2500
INSIDE OR QpY
S:JT:?:);CSSF onaTIeLE GEID [ ke=1 ] a-—— KX=1 INDICATES THAT ADDITIONAL
20Ne To wwic | K1= X(13) *RPDR+EPEMIO 3 3:‘:~repzeﬁgb:§1$cs%u'§lgﬁ ﬁ‘é??g
¥aQUI VERTeX | K3 = [Y(13)-PYB]#RPD2 + BPeMID PU(LT) = PMX(1J)+RPMO MOTION ), SCE NEXT PAGE —en
VAALgsES ARE &CAN T ASSUME PRRTCLE GE1D S0 15 PV (13) = PY(17)#RPMO J"|"REPLACE PHX ¢ PAY (SAME STORAGE WDS.)
1GHED THE ONE HOW N A scgq READ:

. C=Kk AVOI’D USAGE OF Lcra Row Y3 ¢
ADDR. OF Rovt KT# JEC = KT ¢ NQI BT e (KT 1) 4 8OT -0

Foors ‘; Row/ e ECQD(MSCOSC?‘) 1ec, NQL’A NE) AVOID LEAVING GARBAGE IN

a—ELIMINATE NORMAL MOTioN ON
AXIS, ( NOTE : THIS CAN CAUSE
A MONENTUM LOSS IN MOMENTUM-
EXCHANGE PROBLEMS.)

ABOVE INTO

scm als £ 3 KIT = (KI-1)¢NQ +1Sc2 FICTITIOUS CELLS.
4 3¢ KIUP KIU‘*’NQI } a——1 NDICES OF BOTH ROWS. 17 = 13+NQ
K13 POINTS TO CELL
(™ sem 2/3) CALL LOgP

CALCULATE W o= [x (13)) ]"FLOAT((KI ;)-Pm J
AREA WEIGHTS | B = [Y(IT)-PYB]- FLeaT (k7-1)s PDZ Q99| CeNTINUE —

X% = ppPDRDZ/RM (LT) a—m/(AxA_y) j CALL DONE —=C200) MSDEI‘/

HTE = PD2~H a—(Ay-h)=BL,BR To Ns’;;r“ 72

COEFF.
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2.0 SUBROUTINES — PARTICLE MOVER (Cont 'D):

KSUBROUTINE FARTMBY Y -/7ce 2

Qoo

Reear

UNSET YERTICES

IN OVERLAY
GRID o

UNSET
>4 VERTILES \
CALL. START
DY 1299 J‘Z,ETBPZ}ALLP.G
D@ 1289 1=1, I BPI ) VERTIH

>
VERTEX O.K.

115 tow BASE- POINT-)

WEIGNTS —»

ITeSTL = ITESTR=L
PUL.= PVL = PUR = PYR = 0.0
XWL = xWR = 1.0

INDIKES —o

Iu=1R=1J

P
G210 ITeSTL=ITESTL - |

) £
AT LEFT BoRY. \LTESTL L
7 § SEARCH LEFT
[1L<IL-Ne o~ GET eclL |

PUL = PU(LL)
PYL =PV (IL)

|

ITEDTR = ITESTR +¢ ]
3 3 4
ITESTR: I8P oy aonyy.
SO SEARCH RIGHT
[1R=IR+NQ <—GET CELL]

PHO(IR) 2 0.0

XWR = XWR +1.0 «—INCREASE wT)

ATZ50><{DEN= 1.0/ (xWL + XWR)
WTL= XWRsDEN | INVERSE
WTR = XWL ¢ DEN [ WEIGHTING
PU(1T) = PUL #WTL +PUR= WTR
PV(IF) = PVLSWTL + PYR#WTR
[
128 10= 1T+ NQ
CALL LO®P
3
CONTINUE J
CALL DONE
2\ Sweep
15 VerTieaL:
2257, 92,7802
=2 (T-1)*NQI
oa #n‘ii"é’ { tL‘-gL_L )Eckb(Aasc,u-_c , NQI ,NE )
DG 1389 _1=1,1BP1

PMmo(13)>0.0
PL(IT) # 0.0
OoR

PV(13) # 0-9
NONE TRUE o VERTEX PERRAPS UNSET
JTESTB = JTESTT=J
PUB=PYB =PUT=PVT =0.0
AWB = XWT=1.0 amE I
IB= 17 » 1T+NQT stm 13
IECB = 1LECT = LEC

VERTEX 15 EITHER
UNSET W LATERAL
ROUTIHE ABOVE,OR
VELS. ARE TRULY
ZERD, BUT ATTEMPT
VERTICAL SET.
(7 15 coLumn
BASE-POINT)

YERTEX O.K,

o

{0
3

[TTESTB = JTESTB =1 ]

TESTB L2
READ NEXT no;ll AT BoTom BDRY

BELOW =¥ SCM 2 §StARCN BELOW
\_° JECH = LECB-NQI
CALL ECRD(MASE(1572), 1ECB,NQL, NE)

Pmo(18): 0.0-<57

PUR = PU (IR) \/
PYR = PV (IR) =7
AWB = XWB+1.0  e—cReAsE W, |
2 q e 2 9
LINEAR D i 3 & FOR NONZERO MASSES AT 10-1 ¢ 13+1,
F ¢ 1 B OE 2 WEIGHTING WOULD BE Y3 o of3 R
WEIGHTING S r + For NONZERO MASSES AT IT-i | 1J+1,
EXAMPLE : el s 132 WE1GHTING WOULD BE /3L +/3 o

PUB = PU(IB) J
PVB = PV(18)

¥

= TTESTT = JTESTT+1 )

READ NEXT Row
ABOVE ~? SEM 2y
Lo J1eeT = 12cT 4N

CALL ECRD(AASC(ISCY), 1 ECT NQZL,NE)

KWTE XWT41.0_ a—INREASE WT, ]

(340> PUT = PU(LT)
PVT = PV (IT)

)
DEN 21,0 /(AWT+RWB)
WTB= XWT ¢+ DEN ’k INVERSE
WTT=XWB+DEN WEIGHTING
PU(1T) = PUBSWTB + PUTeWTT

PV(IT) = PVBIWTB + PVTawWTT

13 = TT+MQ o~ ToNEXT CELL W Row

28

L

, LIEC,N NE a—wRITE RE-WORKED
CBI~{CALL ECWR(AASC, TEC,NQL,NE) | & o

ALL ROWS DOHE|ON VERTICAL SETTER

CALL START
DO 1499 J=2,T73P)
Do 1489 1= ,1BPI
PU(13)= PU(LT)-ANDWNGT. 77711777778
PY(13)= PY(1J) ANDWNGT 1TTTTTTT7B

%
17= 1T+ N ‘
CALL LOgP

CENTINUE
CALL DONE

|
pd

naw
{;\nVE !
PARTICLES

(NEXT PAGE) —»

=IF MOMENTUM
TRANSFER PROBLEM,
CLEAR RT. WALF OF
FINAL PU,PV SO THAT
MOMENTUM CONTRI—
BUTIONS (AN BE
SUMMED INTO THEM
DURING PARTICLE
MOVEMENT.
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2.0 SUBROUTINES — FPARTICLE MOVER (Conr'2):

LSUBROUTINE PARTMBV) - P 3

1ECP = IPAR « REL.ADDR.OF isT LCM PARTHLE
NPMT=0 4—COUNTS PARTICLES MOVED
JeLp=0 4—WILL TEST 0 SEE |F READ REQ'D.
¢ LPB * MULTIPLE OF 3wDS.
CALL ECED (AASC ,IECP,LPB,NE) lo————
READ PARTICLES LKP =1 2-PARTICIE MDEX M Sem Y3
NTO SCM U3y
(F020>>{ XTE = KPAR(KP) | DON'T BOTHER DELETMG [~
NEXT YTe = YPAR (KP) } UPAR,VPAR,NR MTE FROM!
— DRAG = MPAR (KP) RT. SIDES OF THESE WDS.
PARTICLE:  11'= yTE RPDR + BPEMIO
T = (YTE- PYB)4LPDZ +BPEMID
1§37 ARE

PARTICLE -GR D
IKDICES OF CELL

1
NY,
(el Ty78P 0 1<1 o I>IB
™ G

—

Move Particies N Recation o Oviriay GriD —~—

XTE = XTE + DT ¢ UPAR
YTE = YTE + DT « VPAR

UPAR=[UPAR +DTDRAG ¢ (UK+URAND)+DTGR] #RDTDRG
VPAR= [VPAR + DTDRAG#(VK+YRAND)+DTG2P]¢ RDTDRG

USH = SHIFT (UPAR,30). AND.TT77777777 8
VSH = SHIFT (VPAR,30), AND. 7777777778
XPAR (KP) = (XTE . AND. NGT. 7777777777 B) . BR-USH
YPAR(KP) = (YTE. ANDw. NAT. 77777777778) .8R.VSH

29

CALCULATE NEW
PARTICLE YELOCITY

eV T0 RT.SIDE

}mvs PARTICLE
}o;f %t Y, RESP

STORE AWAY

}comamr-_ ¢

BYPASS—— =

( NO MOMENTUM TRANSFER
MTE = SHLFT ( DRAG,30)

IMGMX 3 O
>

ChULATE MomenTuM TRAMSFER:

NOTE + RESETTING JOLD

H = MTE » RPDRD2  DTDRAG
KI1J=1J
KK=0

4~PARTICLE MASS TO LEFT SIDE
FOR (SAGE

M St/(akay)

INIT{ALIZE FOR DO-LOOP....

IN *2020° FORCES NEW
READ ON EVERY PARTICLE
IF JMEMX =l (IMOMES =
1MPAX » 10Q0), AS MOMENTA
ARE CONTINUALLY BEING

CONTAIING HOHEG TRUE DB 2149 JT=1,2 OVER QUADRANT OF 4
PARTICLE AMME, = . D? 2139 I1<1,2 PAETICLE.GRID YERTICES | ADDED INTo THE RiGwT
ALREADY 1N SCM DIEFERENT - Q/Ok Kk = KE+) SIDED OF PU, PV
NO NEED TO READ o § MUST READ IN\MOM. TRANSFER . Ko X KK) # M x1 coNTAMS "wh” FAcTORS /
= XI(KK) # AS SET IN ~203D"

PUL= PU(KLT)
PVL = PV (K1T) }GET PARTKLE GRID PU, PV

%K= [SHIFT (PUL,30)] + X1#(UK- UPAR +URAND)
Yy=USHIFT (PVL,30)] +Ri # (VK~VPAR +VRAND)
PU(K1J) = (PUL.AND..NBT,77777777778)

JOR . (SHIFT (XX,30).AND. 77777777778 )
PY(K1T) = (PVL .ANMD, . NOT. 77717777777 B)

.PR. (SHIFT(YY,30), AND.7777177777B)

JOLD = T+ IMGE 3 <—SEE NOTE AT FAR RIGHT —t—o
IEC= JANQL &—4f.w.a. OF PART.: GRIDROW IN LCMN
%v 2 s'onws - |CALL ECRD(AASC(13€2),1EC,NQI2,NE)

\ S|

CONTRIBUTE TO
MOMENTUM SUMS

s 5';/5 =03 13’; (li-u)a N + ISC2
IPT = IJ+N&
THE A VERTICES
Z JITP = 17+ NRI
oF PARTSGRID CELLY 1o L BT ey }THESE 2 ARE N SCM 33,

RECOMBINE WITH
PU{ PV T STORE
" Them.

THESE 2 ARE IN suA"/S

FIND POSITION OF

PARTICLE WITHIN  [w = XTE —FLBAT (1-1)¢ PDR. @139 k1T = K1T +NQ | a~T0BROR TR
PAETICLG-C:.ND H=(YTE=~PYB) - FLEAT (T-1)#PDZ
Cetb LI Podmw = PoEIW Ay 7149 >k 13 = 13° o To TL OR TR
D2M D2~ Ay—h
P H=PDR~H o—ay 4 CALL ECWR(AASC(1SC2),1EC,NQI2,NE) | a— DONE : STORE MOTHRIED PU, PV

%1 = PDRMW ¢ PDZMH BACK To Lem.

Lw
X2= We ppami § AREA B !
GET INTERPOLATED | 43 3 pprmw ¢ o | WeHTS L, YZ150 -={NPMT = NPMT +1 | 4—To MEXT PARTICLE; COUNT PARTICLES
vswcurui‘z(ux.W) X4 = We " MOVED.
OR MOvI
PARTLE S U= [PU(LT) eXt + PU(IPT)4X2 +PU(ITP)1X3 NPMT : NPT —= ~(Z190 D ALL. HAVE BEEN MOVED, G0 WRITE
+PU(IPTP) sX4] # RPDRDZ ST o e 8¢ MOED LAST BLOCK TO LLM —e——b>

Vs [PY(1T)ex1 + PV(1PT)¢X2, + PY(ITP) e X3

+PY(IPTP) s X4] ¢ RPDRDZ
UPAR = SHLFT(XTE,30) JvELSITIES TO LEFT
VPAR = SHIFT (YTE,3D) } SIDE FOR USAGE
DT. = DT #DRAG)  4—DRAG WAS SET
RDTDRG = 1.0/ (1,04 DTDRAG)

DRAG ABoYE . /
URAND = VRAND<= 0,0 a—NoRANDOM YELS. FORNOW

HOTE : PARTICLES ARE
STORED 8Y ACTUAL
PRYSICAL PosATION
AND ARE NOT NOR=
MALIZED 8Y DR!DD
AS THEY OFTEN ARE
N PURE EULERIAN
CoDes.

[kP=kP+3

k <— INCREMENT BUFFER INDEX
< KPILPB
ke REMAIN th BAFFER ML MOVED IN TH1S BUFFER LOAD ,‘/
> /AMSDE
1
72

\ IC.ALL ECWR (AASC, IECP;LPB NE)
JECP = I1ECP +LPB o—ADVAMCE REL. ADD,
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2,0 SUBROUTINES — PARTICLE MOVER (Cont'd):

30

LBUBROUTINE PARTM BV -Fiae 4

KPAR(KP)= =103 &—SET %p To

AN UNREAL1STIC VALUE TO INDICATE
PARTICLE 1% OUTSIDE ; MAINLY MEAMT
FOR THE PARTICLE PLOT.

COMPLETE PARTICLE MOVEMENT BY WRITING FINAL
BLOCUK ( MAY BE PARTIALLY FULL) BACK ONTO LCM

@190-+{CALL ECWR (AASC

READ jTH ROW
INTO scm 3,
LEAVNG 23 &
33 FoR PART.GROD

\F oUTSIDE , TRY
NEXT RON ¢

:
KL € KT ARE
INDICES OF PART.GRY
CELL TO WHICH
YAQUI VERTEX
YALUES AR ASSIONED

READ PART. GRID
INTO SCM 3

3. K23 15 WNDEX
OF CELL; KITP S

LECP, LPB,NE) |

DO 2999 T=2,TP2 4-AL ROWSOF
TEC= (J-1)¢ NQL VERTICE
CALL ECRD(AASC,IEC,NQL,NE )
1= | 4~ ITIALIRE

DY 2589 1=l,IP1 g-ALL VERTICES

NEITHER [TRUE

13) > PYTP ) oCRETRD)

ALL DONG
D NO-¥ 1IKSI1DE OR ON PART.GRID
KI= %(13) %RPDR+ PPEMIO
KT = [Y(13)~PYBJe RPDZ +BPEMIO
IECP = KT # NQL

(xam>exep o Y(IJ)<PY8M}"\WER

KIT = (KI~1)sNQ + 1SC2
K1JP = K1g+NRL

Row ABOVE (1N 3[3).
NOTE 011 PMO_USAGE (SEE ABOVC mc.um/

PMO=0 |F VERTEX WAS NEVER SET IN *1000" LOOP, BYEN
IF PU,PY WERE SET FROM NEIGHBORS IN *1200°® "1300."

MOMENTUM TRAMSFER CALCULATION (AN BE IMPERFECT

THEREFORE , IF THERE IS mUCH DISPARITY IN SIZE BetweEn
YAQUL GRID % PARTICLE GRiD. HOWEVER, RE2ONING 1S

NO MOMENTUM
TRARSFER

CALL ECRD(MSL(15C2),1ECP,NQT2,NE) j

LENTRY FARPLOT

PaRTICLE

PLOTTER s
WWWMMAVA

AAAAAV N

VVWAAN

YWWAWY W

Momentum Travnseer Back OnTo Yagur Griv:
VWAWWMAMAAAAMNMVVANVWWWA AAAA

C\TRUE

K—Vw= x(1T)
HTE = PD2-H  +=BLER (Ay-h)

~FLOAT(KI-1)s PDR
H = [Y(13)- PYB]-FLOAT(KTA)e PDZ

D@ 2549 JJ=1,2
WTE = PDR~W «—BLTL (Ax-w)
D¢ 2539 1I1=1;2 ——ri
AX= RPDRDZ ¢WTESHTESPMO(KIT)
U(LJ) = U(LT)~ XX«
{sHIFT (PU(XIT),30)]
V(17 = v(1T) - XX+
[SHIFT(PV(KID),30)]
WTE=W +—BR, TR (w)

CALL ADV(1) 2—NEW FiLvm FRAME
CALL FRAME TWICE < OUTLINE REGION
SURROUNDING (1PxL,IPXR, IPYT, 1PYB)

>4
CALL LINCMT (59) <—59 LINES DOWN
WRLTE: PDR, PDZ, PXR PYB PYT,
JNM . RAME, T, NCYC

BLACK £ WHITE
OR (OLOR?
SEE NoTe [NPPT =0  ~—-CoUNTS PARTICLES PLOTTED |
g
¥ CALL ECRD (AASC ,LELP,LPB,NE)

)

KP=1

@D k1T =KIT+Na, ¢ BT RG]

I

HTE=H  4—TL,TR (k) |

KIT=KITP «—To TL,TR |

| QuADRANT DosE

I7= [T+ NQ .._T&S&TCELL ™ l

l
&@’ICALL ECWR (AASC,I=C,NQL,NE) |

STORE YAQUL
oW = LW AT
£ 60 uP A ROW R

NOT SO COMMONLY USED IN MOMENTUM TRANSFER PROBLEMS
AS IT IS {N PROBLEMS IN WHICH THE PARTICLES ARE EMPLOYED
SOLELY AS MARKERS.

24
IXi = F1PXL + [XPAR(KP)-PxL]¢Px(oNY
1y1 = FIPYB + [ YPAR(KP)- PYB]s PYCENY
CALL PLT (Ix1,1Y1,42)

}
Go5D->{NPPT= NPPT 41

CONVERT
PARTICLE TO
40720 COORDS,
+ PLOT:

]

< ¢ MORE To BE PLOTYED

[kP=kP+3

ALL PLOTTED N
/ BUFFER. ADVANCE
REL, LM READ ADDR.

< END SUBROUTINE PARTMOV >
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2.0 SUBROUTINES — REZONE 31

LusrouTInE REZO/VE>>

REZPMG = O.15¢ RDT 4 Lb [GE , UNDER-RELAATION FACTOR X1=X(1PJ) X2 =X(1PJP} X3 =X(IJP)} X4=X(1J)
REZBTA = 0.002 ~p, le_ennc'g-ges HowET\D(zHTLY YI=Y(IPT) Y2 =Y(1PIP) Y3=Y(IIP)  Y&=¥(1J)
Ai=~1,E46 o RAWN Ul=UL(1PT) U2 =UL(IPJP) L3 =UL(1JP) U4 =UL(17)
SEARCH FOR CALL START VizyL (IPJ) V2=VL(1PTP) V3=VL(IJP) V4avL(1J)
MaxiMum FCR=FCT= FCB=XXX =XBMSUM = YBMSUM &
Jud o= v D6 1049 T=2,7P2 ~@MSUM=0.D Rl = 0,125 ¢ RVBL(13) # [R(IPT)+R(IPTP +R(1TP)+R(1T)]
IN FROM THE Dp 1039 1=1,1IP1 Yy = R1#[(Ui4U4) ¢ (x1=%4) + (Vi+V4)# (Y1-Y4)
$ouuu}>§l?. AveL = amaxi fluc (il izl +(U2+UL) % (K2-X1) + (V2+VI)» (Y2-T1)
uoesu exP‘iNEmN- XHh= AMAR) (KX, AVEL) +(U3+U2)s (X3-%X2) 4 (V3+V2) #(Y3-Y2)
: ] _ +(U8+u3) ¢ (X4-X3) + (VA+V3) 4 (y4-Y3)]
—S|FCR = AMax1 (FCR,AVEL)]
#] g
J:TM4 J—=—o{FCT= AmaX1 (FCT, AVEL)] g VORTICITY OF INTEREST S THE ALGEBRAIC MINIMUM
p — Y= YTevY (AND NEGATWE)
d XPMSUM B XBMSUM + YYv X4 o— Sxuw
; = FCB= AMAY | (FCB, AVEL YOMSUM = Y@MSum+ YY $Y4 —Nuw
J:9 % 1(FCB, AVEL) Y
# 4 BMOUM = BMSUM + Y — 5w
3
7= LT+N& 17 = 1¢7 ]
CALL LgaP
1 139 = 1p3P
CANTINUE CALL LU@P l
FCR = SQRT (FCR« XXX)
FCT= SQRT (FCT w xxX) CONTINUE 2—SKiP “CALL DONE” AS. REF, ONLY
¢ FCB = SQRT (FCB#xxx) %C = XBMSUM/BMSUM xc= LW /Fw
EARCH FOR  [CALL START CALCULATE | vye = Ygmsum/gmsum Y= Dyw/hw
rh‘/}:;ITA:\Culrﬂ Dp 1069 3=2,J°1 Transumion | RE2VT= Amaxi {00, [Re2pmGs.5¢ (*rc-*rceu)]}
To conTroL " - SAVE HT. OF MESH CENTER, Vewary
MESH TRANSLATio S # Jrag2 LYCEN=Y(LT) ;:;l:"fs’l’r::i;&:; (VT) ConTinueED on NEXT FAGE ~—+
Yy

BURST CENTER. —>

D@ 1059 1=1,IBAR
IPT = 1T+ N&
IPTP = IJP + N&

(310 & 7>TM0 02 I>IMG}MUE_J

Y TRUE — 1T REGH
BOUNDARIES. /A MSDE’\/

¢
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2,0 SUBROUTINES — REZONE (Cont'd):

<<SUB/\’OUTZNE /?520/\/5>> - a6e 2

32

U,V
w2 o3 Toaw start (300D CALL START
DG 1099 J=2,JP2 < ALL VERTICES XIP1 = *ger7.=o.o }.N.mmg
CALCULATE | YBAR=,5¢[Y(1TPH Y(ITM)] Yﬁ”%; 722 3¢
3. - 12 =
% vw;_“::fgg;&{iﬁ;‘1:(’33)] ) D6 99 121 104 Ja veencs Ser P, w ExTeRine Bonts (sua Tue
+RE2VT T+ X(13) = % (1) + UG(13)4DT NEW COORTIMATES) ;
Y(13) = Y(IT) + VG(1T)«DT MAMAMAAMAMAWVAA
X,Mr R(1J) = X(13) % CYL + @MCTL
e:LEo(('.:F:s CALL \STAIR}
T YY = G2l /(GM| ¢ REZSIE
OF ~Y2=Annt [y (13), 727 |} (9(6 1399 J=2, 7€ }ALL c):u_
BoTTOM CALC. DY 1389 1= 1 ,IBAR | CENTERS
€ ToP MAXCHLIA 1PJ = 1T 4+ NQ
BOUNDARIES ; EXBENT YTP2= AmAX [ Y(1T),YTP2]| 1PIP = 1IP + NQ
— GRID < Y4 > REZYO + 0.25#
DO 1089 L=1,IP1 <AL VERTICES N (1134 Y UPTPI 4 (13)+(IPT)]
1Py = IT+NR] A;LE;ONS : ~XIP1= AMAX1[X(1T) K1P1]]
prll .
. < +|ROL(1T1)= REZREN % EXP
“\ 1279+ 17 = 1T + N|_ D0 ENTIRE Row {v4 ¥ULT)~¥(1PTI]o Y}
=4 CALL LOBGP  o—aouPA ROW .
CALCULATE XBAR = ,5¢[x(1P3)+ X (1T- NQ )] o{ REL (IPT) = REZRAN ¥ EXP
R, ARRAY +REZBTA« [¥C - x(17)] 2890 COMTINUE  <—1D0 ALL ROWS . {id- v(Pa)-vuegp] e vy }
miLe j=2: UaTe(1)=Re2PMGH] xBAR-X(17)] CALL D@le
. > RAL(I1TP) = RE2RAN ¢ EXP
. Derme New Paenicie GRuD! &u-wur’)-ﬂl?&?)lwy}
VELOCITIES PDR = XIP1 ¥ RlB)P
OF PD2 = (YJP2-Y2)%RJIBP -
i Py® = 0.0 SET Up FOR PLOTS, i;g\; ;;g‘::&
¢ RlGHT CALL FILMC(A {NEN GRDS, DEFINED.
BOUNDARIES : RETURN
Qo8B+ UG(1T) = UGTE(L (PARTICLE GRID THUS JUST COVERS 1389 I3 = IPT
VZ((I.Z)') = VE:T E( ! YAQUL GRID THROUGHOUT THE RUN. CALL LO@P
T THIS IS THE SIMPLEST TREATMENT,
o8] 17= 1P7 ESP. WHEN THE CENTER OF RESOLUTION v
CALL LOBQP IS MOVING OUT RADIALLY.) @ gL:Ig;SE l/
Y DEV
Q09+ cpNTINUE /AMsvz
CALL DONE

K END SUBROUTINE REZONE )
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FORTRAN IV INDEX LISTING OF THE YAQUI PROGRAM




£07

INDEX ol{

INDEX 01

S WN =N

12/73

OVERLAY {YAQUFTIL+0s0)
)

OVERLAY{YAQUFIL 040

i2r73 PRUGRAM YAQUI (INP9OUT (F ILMyFSETI=QUT+FSETI22F ILMyFSETT9FSETS)

20
30

A0

100
110

NP WN = O DN WN -

NS WN -

PROGRAM YAQUT{INP,OUT»F1LMyFSETO20UTsFSET122F ILMyFSETTHFSETS)
LGM /ZYLC1/  AAL1(13]1000) /YLC2/ AA2(131000)
COMMON /YSC1/ AASC(4242)
COMMON /YS5C2/ AALY) 4ANC1ASQeAQyAOFACYAOMyBO9COLAMUSCYL,

DReNTHOTCINTFACHIDTGRIDTGZINTGZPoNTN{10)9DTOCL10)
DT016+0T02,DT04yDTOB«DTPOSyDTVeNTBDZIEMI0,EPSHFIBP,
FIPXLsFIPXRyFIPYRyFIPYT4FIXLoFIXRoFIYR,FIYTyFJIBP,
FREZyGGM19GM] »GRyGRDOVEL yGZ+GZPe 1+ IRARy (BP»18P1+ ICOLORY
I0TO» TJs TUMy TUP ¢ IUPSe IMOME3 s IMOMXy TM1 s "M6y

IPARy IPXLyIPXRyIPYBy IPYT,IP1,1P2+1SCF1.1SCF2,1SC2+1SC3,
ITVeIUNF o IXL o IXRoIYR9IYTyJeJRARyURP 4 JBP2y JCENIIMIO,
JMlvaPlvJPZqJkaJp502vJUNFvJUNFOZvKXIcLAH,LJPZ,LPB;
LPRyMUINAME {10) ¢y NCYCHNLCyNPSyNPTyNQ9NQ T yNGIR9NAT2yNSCr
NUMIToNUMTO»0OMyOMANC s OMCYL y DMEML 04 OPEM 04 PORyPDZ ¢ PXCONYY
PXLyPXRyPXRP 4PYBsPYBMyPYCONVIPYT«PYTPyADTsREZRONWREZSIE
REZUEWREZVEIREZVTIREZYOsRIRARYRIBJRIRIAP s RUBP s ROMF R
RONyRPDRyRPOROZ¢RPDZs Ty THIRDy TLIMDy TOUT s TWF IN» T20MD»
VVsXCONVy Xi_s XRy YBoYCONV,YT,22

EQUIVALENCE {AASC({1) 9XsXPAR) » {AASC{2) 4R YPAR) o tAASC(3) Y sMPAR)

{AASC (4) sUsUGOELSM) » {AASC(S) »VsV6) s LAASCLE) sRO) »
{AASC(T)»SIEMPyRMPyRCSQ) » LAASC{B) 4EVETIL),y

{AASC(9) sRVOL) » LAASC{10) sMeRMyVP) » (AASCLL]) 4P oPLIEP)
UP4PMQ) » (AASCE12) yUTTLSULSCQsPMXsPUY » {AASC{13) 9 VTIL,
VLePMYsPV) » (AASC{14)9QoROL)

REAL LAMyLAMDM, MB;MC,MLvMPvMPARvMRvMTvMTEvMUvMUUZvMU06

PRINT 100

READ 110y 18ARyJBAR, TUNFy JUNF  JCENsDR.DZsCYL»BROVEL A0, AOM,B0,KXT
CALL ADV {3)

CALL LINCNT (64) _

IF tI1RAR) 40930420

CALL OVERLAY (TLYAQUFIL»140+0)

CALL NVERLAY (TLYAQUFIL#2+0+0)

6o T0 19

CALL EMPTY

FORMAT (1H1) o
FORMAT (S5T4s7F8,3,14)

PAGE
YAQUT

PAGE
vanul
YAQUT
COMMON2
COMMON2
COMMON2
COMMON2
COMMON2
COMMON2
COMMON2
COMMON?
COMMON?
COMMON2
COMMON2
COMMON2
COMMON2
COMMON?
COMMON2
COMMON2
EQVREAL
EQVREAL
EQVREAL
EQVREAL
EQVREAL
EQVREAL
EQVREAL
YaQUI
Yanul
YAqUT
Yanul
Yanul
Yanul
YaQUI
YAQUI
YAQUI
YaQul
YAQUI
Yaqul
YaauUl
YaQUI

O
o
o
N

0

2

00003
00004
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00002
00003
00004
00005
00006
00007
00008
00007
00008
00009
00010
00011
00072
00013
00014
00015
00016
00017
00018
00019
00020



20T

TNDEX  01/12/73 PROGRAM YAQUI{INPsOUT,FILMyFSETIROUTIFSET123FTLMIFSET7FSETE) PAGE 3

SINGLY REFERENCED VARIABLES

AA ()R 4Ch  EPS =R 4CO0  TJM =1 4c0 JP1 =] 4C0 NUMTD I 4CO  READ - 9F u =R SgQ
AAL )R 2LC  EQUIVAL - 5F 1Jp -1 4CO JP2 ] 4CO OM =R 4CD REAL - 6F u6 =R  SgQ
AA2 OR 2LC  ETTL =R SEQ  1JPS =1 4CO JPA =1 4CD  OMANC <R 4CO REZRON =R 4CO UL =R SgQ
ADV - 108U FIBP -R 4C0 IMOME3 =1 4CO JP4N2 =1  4CO OMCYL <R 4CO0 REZSIE =R 4CO UP =R SEQ
ANC =R 4CD  FTPXL =R  4CO0 IMOMX =1  4CO0 JUNFN2 <1  4CO OMEMI0 <R 4CO REZUE =R 4CO UTIL =R SgQ
ASQ =R 4C0 FTPXR =R  4CO IM) =] 4C0 LAMD =R 6RL  OPEMIO0 -R 4CO REZVE =R 4CO V =R SgQ
AOFAC -R 400 FTPYR =R 4C0 M6 -1 4co LCM - 2F P -R SEQ REZVT =R 4CO VG =R SFQ
COLAMU -R  4Cn  FIPYT =R 4CO0 INP -1 1A6  LINCNT - 11SU PDR =R 4C0 RFZY0 =R 4CO0 VL =R SFQ
ca -R  SEQ  FTXL -R 4C0  IPaR =1 4c0 LJUP2 -1 4CO PDZ <R 4CO RIBAR =R 4CO VP =R SgQ
NELSM =R SEAN  FTXR -R  4c0  1PxL =] 4chD  LP8 -1 aCD  PL R SEQ RIAJB =R 4CO  VTIL =R SFQ
01 -R 4C0 FTYR -R  4CO 1PXR -1 460 LPR -1 4Co PMX =R SEQ  RIRP R &CO v -R  4CO
nTC =R 4CD  F1YT -R  4CO 1Py8 -1 4C0 M8 R 6RL  PMY R S5EQ  RJRP =R 4CO X R  SgQ
NTFAC =R 4ChD  FJBP =R ac0  TPYT =1 4CDH  MC =R 6RL  PMO -R  SEQ RM =R &EQ XCONV =R  4cO
NTRR =R 4Cn FREZ =R 4CO0 1P1 -1 4cn ML =R 6RL PRINT - 8F RMP =R SEQ XL =R 4co
nT62 =R 4C0  FSFET12 'R 1AG 1P2 =1 4c0 MR =R 6RL PU =R SEQ RO =R 5EQ  XPAR =R SgQ
NTGZP -R  4CH  FSET7 =R 1AG 1ScF1 =1  4c0 M7 =R 6RL PV =R SEQ ROL =R SEQ XR =R 4c0
nTo ()R 4CO  FSET8 -R  1AG ISCF2 =1  4CH  MTE =R 6RL PXCONV -R &4CO ROMFR =R 4CO Y =R SgQ
pTOC ()R 4Ch FSET9 =R 1AGR TSc2 =1 4cH MUO2 =R 6RL  PxL =R 4CO  RON =R 4CO  YAQUI - 18V
nTn16 =R 4C0 GGM] =R 4CO 7Sc3 -1 acn MUNS -R 6RL PXR <R 4C0  RPHR =R 4C0 Y8 R  4CO0
nTn2 -R  4COh  GM] =R 400 ITV =1 4C0 NAME ()T 4CO PXRP -R 4CO RPORDZ =R 4CO YCONV =R  4CO
nNTNa =R 4Ch  GR -R 400 IXL «1  4CO  NCYC -1 4C0 PvY8 =R 4CO  RPOZ =R 4CO YLCI - 2CN
nTnA =R 4CO 62 *R  4CO  IXR -1 4CH  NLC -1 4Ch  PYRM =R 4C0  RVOL =R SEQ  YLC2 - 2¢N
NnTPNS =R 4CHD  GZP =R 4CHh  1Y8 =1 4c0  NPS -1 4Ch  PYCONV <R 4CO SIE =R 5EQ YPAR =R SgQ
DTV -R 4C0 I -t 40 TYT -1 4cn NPT -1 4Cn PYT «R 4Co T =R 4Co Y¥5C1 - 3¢N
nT8 -R  aC0  IRP 1 4Cc0 J =1 4cDh  NQT -1 4CO0  PYTP -R  4CO THIRD <R 4CO  YSC2 - ACN
€ -R  SFEQ  IRP} -1 4Ch  JBP =1 4ch  NQIA -1 4Cp @ -R  SEQ TLIMD =R 4CO YT =R 4C0
FMPTY -  16SU ICOLOR =T  4C0  JRP2 =1 4cn  NQI2 -1 4CO R =R SEQ  TOUT =R &CO 2Z =R 4c0
FM10 =R 4con InTo -1 4C0 JM10 -1 4cn NSC -1 4Co RCSQ <R SEQ TWFIN =R 4C0

FP =R SEQ@ IJ =1  4CO0  JUM14 I 400  NUMIT =] «CD  ROT =R 4C0  T20MD <R  4CO

P L L T T P L L L T Ly T N Y Y T L T LR T PY ey S Ll X L TR T TR PE P R PR T IR R T 2

MULTIPLY=RFFERENCFD VARTARLFS

10 = 9e 15
20 12 13+
0 - 12 140
40 - 12 16¢
100 = APR  17e
110 = 9RO 1R«
AASC R 3con SEN SEQ SEQ sSEQ SEQ SEQ SEQ SEQ SEQ SEN SEQ SEQ SEQ SEQ
A0 =R 4CO 9RD
AOM =R 4C0 9RD
RO =R 4Co RN
COMMON = aF 4F
cYL =R 4CO 9RO
nR =R 4C0 9RO
nZ =R 4co 9R0

FILM =R 1AG 1A6
GROVEL -R 4Co 9RD
18AR -1 4CO 9RO 12
TUNF -1 4CO 9RD
JBAR -1 4CO0 9R0D
JCEN -1 4C0 9R0
JUNF -1 4Cco 9RO

KX1 -1 4Co 9RO
LAM =R 4Co 6RL
M =R SFQ 6RL
P =R 5FQ 6RL

MPAR =R 5E0 6RL

u xNhEXR 01/1%673 PROGRAM YAQUT { INPsQUTFILMsFSETI=NUTIFSETI2=FILM FSET7,FSETS) PAGE 4
M - & 6RL.

NG -1 4C0 T=

ouT -R 1AG 1A6

OVERLAY = 135U 14U

4044ttt _tat-tat-t-smtasntat-satutatodetototei-tutotatalei-talmiat t-tatot-t tot tosatesntasatatotata)TiTITIososnsTtasTtotosnte




S0T

INDEX

01{12/73

2
3

20

30

40

-1
60

70
80

SUBROUTINE LOoP

SUBROUTINE LOOP

COMMON /YSC1/ AASCla242)

COMMON /YSC2/ AAL1) yANCrASQeAQyAOFACIAOMIBO9COLAMUSCYL y
DRyNT»0TCyOTFACIDTGRIDTGZINTGZPsDTN(10)4DTOC(10)
NT01690T02,0T0490TO8NTPNSYDTVIDTRIDZIEMIOEPSIFIBP,
FIPXLsFIPXRyFIPYRsFIPYToFIXLIFIXRIFIYB.FTYTHFJIBP,
FRFZyGGM19GM1 9GRyGROVEL »GZ9»GZPy» 19 IHAR» 1RPy IBP 1y ICOLORY
IDTO IJe IUM TUP e TJUPS s IMOMES IMOMX « TM) » TM6Ey
IPARy IPXL o IPXRy IPYRy IPYT,IP14IP2,ISCF1,1SCF2,1SC241SC3,
ITVoIUNF IXL 4 IXRe1YReIYT  J,JRARCJBP yJBP2 4 JCENYJMI0,
JM]"JP]0JP2,JP6,JPQ°2,JUNFvJUNFOZ’KXIcLAMcLJPZ’LPR,
LPRoMUINAMFE {10) sNCYCoNLCyNPSINPT oN{IsNQ1 9 NOTB4NRT29NSCo
NUMIToNUMTN My DMANC s OMCYL o OMEM] 0+ OPEMY 04 PORPOZ 4 PXCONV,
PXLyPXR¢PXRPPYByPYBMPYCONVIPYTPYTPyRNTyREZRONHRF.ZSTE,
RFZ\VEWREZVEWREZVTREZYO9sRI1BARYRIRJRIRIBP 4RJRP s ROMF R,
RON+RPORyRPDRNZyRPNZy Ty THIRDy TLIMD y TOUT o TWFINs T20M0
VVyXCONV o XL 9 XRy Y8y YCONV, YT 422

CALL ECWR (AASC(IJUMS) y TECWINQTI«NE)

IECW = T1ECW + NQI

GO TO (10420930) IRUF

IJP = TUPS = 1

NEWN—~ OO S WN -

Iy = ISC3

TJM = TJMS = ISC2
I8UF = 2

GO TO 40

1JP = IUPS = 1Sc2
1J =1

TUM = TUMS = 1SC3
IRUF = 3

Gn TO 40

ENTRY START

1JPS 2 ]

IECR = TECW =3 0
CALL ECRD (AASC{IJUPS)IECRyNQI,NE)
TECR = IECR + NQI
1JPS = 18¢2

CALL ECRD {AASC{IJUPS)»IECRyNQTI,NE)
IECR = IECR + NOI

1P = 1JPS = 1SC3

1J = 18¢C2

IUM = IJUMS a IBUF = |

CALL FCRD {AASC{IUPS),IECRINQTINE)
IFCR = 1ECR + NQI

RETURN

ENTRY 0OONE

CALL ECWR (AASC{IUMS) 4 IECWINQTWNE)
IECW = 1ECW ¢ NQI

GO TO {S0.60970) IBUF

1UMS = 1SC2

Gn T0 RO

IJMS = ISC3

GO TO RO

1UMS = )

CALL FCWR (AASC{IJUMS) s IECWINQTWNE)
RETURN

ENTRY LDOPO

CALL FCWR (AASC{IJS)»IECWINQI,NE)
TIECW = IECW = NQI

PAGE
YAQUI
COMMON2
COMMON2
COMMON2
COMMON2
COMMON2
COMMON?2
COMMON?
COMMON?
COMMON2
COMMON?
COMMON2
COMMON2
COMMON2
COMMON2
COMMON?
COMMON?
YAQUI
YAQUT
Yaoul
YAQUT
Yanul
YAQUI
YAQUT
YAQUT
YAQUT
Yanul
Yanut
YAQUIT
YAQUT
YaqUT
YAnUT
YAqUT
YAQUT
YAnUT
YaQUI
Yanul
YAQUT
YaqQul
YaQul
YAnUT
Yanul
YaQUl
Yanul
YAQUT
Yanul
YanUI
YAQUT
YAQUT
YAQUT
YAQUT
YAQUT
YAQUT
Yanul
YanUI
Yanul
YAQUT
YAQUI

5
00021
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
00013
00014
00015
00016
00017
00073
00024
00025
00026
00027
0007R
00029
00030
00031
00032
00033
00034
00035
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048
00049
00050
00051
00052
00053
00056
00055
00056
00057
00058
00059
00060
00061
00062
00063
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INDEX  01/12/73
45

46
A7

110

120

140
150

SYBROUTINE LOoP
GD TO (11041209140) I8BUF
18UF = 2
1J = ISCF1
1JS = 1
IUM = 1SCF2
IJMS = 1SC2
Gn TO 130
ENTRY STARTD
TJMS = 1S8C2
IECR = JECW = ITV
CALL FCRD ({AASC{IJUMS) »IECRyNQI4NE)
1ECR = IECR = NQI
IuM = ISCF1
IJMS = TRUF = 1
1J = ISCF2
1JS = 1sc2
IF (IFCR,LT.0) GO Tp 150
CALL ECRD (AASC(IJUMS)IECRINQIINE)
TECR = TECR = NQI
RETURN
I8UF = 3
GD TO 100
ENTRY RI1ROW
IFC = (J=1) ® NQT ]
CALL ECRN (AASC|1)»IECINQIWNE)
RETURN
ENTRY SETIJ
IJ = {1=]1) & NG + 1
RETURN
ENTRY W1ROW
IEC = (JU=1)eNQI
CALL ECWR (AASC{1)»IECINQIWNE)
RETURN
END

PAGE
YeQuUI
YAQUI
Yarul
YanUl
YAQUI
YaQuI
YaQUI
Yaoul
YAQUI
YAQUI
YAQUT
YAQU,
YanUT
YaQul
YAQUT
YAQUI
YAQUI
YAQUI
YAQUI
YAQUI
YAQUI
YAQUT
YanuUl
Yanul
YAQUT
YAQUI
YAQUT
YAQUT
YAQUI
YAQUT
YAQUI
YAQUI
YAQUT
YAQUI

6 .

00064
00065
00066
00067
00068
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
00080
00081
000R2
000R3
000R4
00085
000R6
00087
00088
000R9
00090
00091
00092
00093
00064
00095
00096
00097




L01

INDEX 01/12/73 SUBROUTINE LOOP PAGE 7
SINGLY REFERENCED VARTABLES
Y} )R 3¢0  DINA “R  3¢0 62 -R  3¢n IYT =1 3C0 NcYC =1 3C0 PYCONV =R 3C0 STARTD - sasu
ANC =R 3C0 DTPDS =R 3C0 GZP =R 3C0 JBAR =1 3C0 NLC -1 3C0 PYT =R 3€0 T =R 3¢0
ASQ =R 3C0 DTV =R 3C0 1BaR =1  3¢0 JRP =1  3C0  NPS -1  3C0 PYTP =R 3C0 THIRD =R  3¢O0
A0 _ =R 3C0 DTE -R  3¢0 I8P =1 3¢n  JsP2 =1 3C0 NPT -1 3C0 RDT *R  3C0 TLIMD <R  3¢O0
AOFAC =R 3Ch D2 =R 3¢0 18PI =1  3c0 JCEN -1  3C0 NeIB <1 3C0 REZRON =R 3C0  TOUT -R  3¢0
AOM =R 3CD  EM10 =R 3c0 ICOLOR =1  3CO0 JMIO -1 3C0 N@I2 <1 3C0 REZSIE =R 3C0 TWFIN <R  3CO
80 _ =R 3Ch  €EPS =R 3¢0 107D =1 3¢n  JMla -1 3C0  NSC <1 3C0 REZUE =R 3C0 T20MD <R  3CO
COLAMU =R 3ch Fr8p =R 3C0 IMDME3 -1  3¢0 JP1 =1 3C0 NUMIT I 3C0 REZVE =R 3C0 W =R 3c0
cYL =R 3Ch FIPXL =R 3C0 IMoMx I  3c0 JP2 <1 3C0 NUMTp <1 3C0 RFZVT =R 3CO WIROW = T74SU
NONE - 31SU  FIPXR <R 3C0 IM] -1  3¢n Jps -1 3C0 OM -R  3C0 REZY0 =R 3CO0 XCONV <R  3¢0
DR =R 3C0 FIPYB <R 3C0 IMs <1 3c0 JPap2 1 3CO OMANC <R 3C0 RIBAR R 3C0 XL =R 3¢0
nT =R 3¢D FIPYT =R 3C0 1IPAR eI 3c0 JUNF =1 3C0 OMCYL <R 3CO RIRJE =R 30 XR -R  3¢0
nTC =R 3¢h  FTXL =R 3C0 IPxL =1 3¢0 JUNFO2 -1 3Ch OMEM1O) -R 3CO RIBP =R 3¢0 V8 =R 3¢0
NTFAC =R 3Ch  FIXR =R 3c0 IPxR -1 3c0  Kxl -1 3C0 OPEMIO0 R 3CO0 RysP =R 3C0 YCONV <R 3¢O
NTGR “R 3¢0D F1Ya =R 3¢0 1IPyR =1 3¢0 LaM <1 3Co  PDR -R 3C0 ROMFR =R 3C0  YSCl - 2¢N
nT62 =R 3¢D  FIYT =R 3cn  IPYT -1 3¢n  LyP2 =1 3c0 PnZ <R 3CO RON =R 3C0 vSc2 - 3¢N
nTGZP =R 3CO  F,BP =R 3C0 IP] -1  3co Loop - 1SU  PXCONV =R 3CO0 RPDR =R 3€0 YT «R  3cO0
nTn_ R 3¢D  FREZ =R 3c0 IP2 =1 3c0 LNOPD = 425U PxL =R 3C0 RPDRDZ ~-R 3CO0 22 =R 3c0
nTOC IR 3CO  G6GM] =R 360  IUNF =1 3¢n Lp8 -1 3C0 PxR =R 3ACO RPNDZ =R 3CO
nT0)6 =R 3CD  GMl =R 3¢0 IXL -1  3c0 LPR «I 3C0 PXRP <R 3C0 RIROW = 67SU
nTn? =R 3C0 GR =R 3C0 IXR -1 3co0 MU -] 3Can PY8 -R  3C0 SETIJ - TiSU
DTO04 =R 3CO GRDVEL =R 3C0 1IY8 eI 3c0 NaME )1 3CO PY8M -R  3C0 START = 178U

PP ) tateto —tatat-tat-tatetatotmiat-taotatatTiat- 1T )aitciatrsntat-totalri-)—tasTtatoiatntnta)alatasrtolatatntatTiatasmtnt-tdlarotare

MULT]PLY~REFERENCED VARTIARLES

10 = 6 Te
20 - 6 120
30 - 6 25 .
an = 11 16 28+
50 = 34 354
60 = 34 37+
70 34 39
_RO - 36 38 40
190 = 4% 66
110 - 45 460
120 = 45 57¢
130 = 51 61e
14n = 45 64®
150 = 61 65 .
AASC (IR ?Co 4AG 20AG 23A6 28A6 32AG 40AG 43AG SSAG 62AG 69AG  T6AG
COMMDN = ?F 3F _
€CRD - 208U 23U 28SU  S5SU 625U  69SU
ECWR - 4SU  32SU  40SU  43SU  T7eSU
FNTRY = 17F 3)F 42F 52F 67F 71F TaF
1 -1 3o 72
18UF -1 6 10= 15= 27= 34 45 6= SR= 65=
1eC =] 68= 69AG 7532 T6A6
TECR -1  19= 2046 21= 21 23AG 24 24 2846  29= 29 Sex SSAG  S6= 56 61 62A6  63x
63
1ECW -1 446 S= 5 19= 32436 33= 33 40AG  A43AG 44z 'Y 54
TJ -l 3C0 83 13= ?6= aT= 59= 723
TJIM -1 3C0 92 14c 27= 4g= 57=
1JMS -l AAG 9= 142 271= 3246 35a 37= 39= 40AG  SO= 53= S5AG 8= 6240
TJP o1 30 7= 12= 25= R
1JPS -1 3co T= 12z 18= 20A6 22= 23A6  25= 2RAG
1JS _ =1 4346 4B= 603
TSCF1 =1 3C0 47 57
1SCF2 =1 3C0 49 59
INDEX  01/12/73 SUBROUTINE LOOP _ PAGE 8
18¢c2 -1 3¢0 9 12 22 26 35 50 53 60
1Sc3 -1 3c0 8 14 2% 37
TTV -1 3C0 54
J -1 3C0 68 75 R
NE -1 4AG 20AG 23AG 28AG 32AG 40AG 43AG SS5A6 62A6 69AG  T6AG
NG -1 3¢0  7? R _ .
NaT -1 3c0 4AG 5 2046 21 23A6 24 2846 29 32A6 33 40AG  43AG 44 SSAG 56 6246
63 68 6946 15 76AG

RETURN = 30F 41F 64F T0F 73F 77F



80T

INOEX 01

WA =N

-1

2/73

119
129

NPWN—=ODNCU & WN

e WN -

> WN -

SIBROUTINE FILMCO

SUBROUTINE FILMCO

COMMON /YSC1/ AASC(4242) .

COMMON /YSC2/ AA{1)9ANCyASNsAQyAOFACYAOMIRCHCOLAMUNICYLY
DReNT+DTCHNTFAC.OTBR,DYGZrDTGZP»NT0110) 4DTOCL10)
NTN1690T02,0704,0TNBsDTPOSsDTVIOTR,DZyEMI04EPSyF 18Py
FIPXLyFTPXRyFIPYB FIPYToFIXLFIXRyFIYB,FIYTyFJIBP,
FREZyGGM1 yGM] +GRyGROVEL +GZ4GZP» 1+ IRARYIBP ¢ 18P 19 1COLORY
10T TJy TUMI TIP ¢ 1JPSe IMOMES s IMOMX s IF1 9 TM6
1PARIPXLyIPXRyIPYR, IPYT,IP1»IP2+ISCF1 4 ISCF2,1SC2y1SC3y
1TV IUNF 3 IXL s IXRoIYRy 1YT yJyJRBARyJBPJBP24JCENYJM1O,
JM149JP1 3 JP2,y JP4 s JP402, JUNF s JUNFN2,KXToLAM,LJP2,LPRy
LPR(MUSNAME (10) sNCYCoNLCyNPSyNPToNi1sNQTyNQTIB,NQT2.NSCs
NUMITsNUMT s 0My OMANCy OMCYL « DMEM] 09 0FEML 04 PORPOZy PXCONY,
PXLsPXRsPXRPyPYRePYRMyPYCONVPYTPYTPyROTIREZRONYREZSIES
REZVUEsREZVF4yREZVT4REZY0,RIBARRIRJA RIAP yRIRP yROMF R
RONyRPDRyRPNORNZyRPNZ 1T, THIRO s TLTMO 4 TOUT s TWF IN1 T20MD
VV e XCONV e XL »XRs YRy YCONV,YT422

EQUIVALENCE (AASC{1)9XsXPAR) » {AASC{2) 9RyYPAR) y LAASC(3) 4 YsMPAR)

LAASC{4) »UsUG,DELSM) » {AASCISI oVsVG) » tAASC(6) 9RO) »
{AASC{T) »STEsMPyRMPyRCSQ) » LAASC{B) »EVETIL)
{AASC(9) yRVOL) ¢ {AASCE10) «MyRMoVP) o LAASCL11) 9Py PLIEPY
UPyPMQ) o LAASC112) JUTILsULoCOsPMX9PUY » (AASCL13) 9 VTILY
VLsPMY sPV) o {AASC{14)9QsROL)
REAL LAMgLAMD s MyMA9MC oML 1 P+ MPARIMR ¢ MT g MTE » MU MUO24MUDS
ODIMENSION X{1) 9 XPAR(1)sR{1)»YPARIL) »Y (1) sMPAR(1) sU{1)2UGI])
OFELSM{1) sV (1) oVGL1) JRO{L) 4SIELL) +MP{1) «RMP{1) 4RCSQ(1)
EL1)9ETIL (1) oRVOL (1) oMI1) o RMIL) o VP L1) oP (1) oPLLLY $EP (1)
UPEL) o UTIL L1 sULEY) 1COL1) oPMX{L) oPULL) o VTILLL) aVL L)
_ PMYL1)ePV(1)9Q{))sROLEL) »PMNLD)

XL 2 040

YR = 1,E+20

XR & YT = -YB

CALL START

DD 129 Js2,JP2

no 119 1=1,1P1

XR = AMAX] {XReX{1J))

YR = AMINI(YBsY{IJ))

YT = AMAXI(YTHY (1))

1J = 1J ¢« NQ

CALL LOOP

CONTINUE

VV = 0,99XRORIBAR

F1Y8 = 914,0

X0 3 XR/{YT=YB)

Yy = 040

IF (XD4LE+1413556) YY=1l.

FIXL = AMAX1{04s(5114=450,8XD)oyY)

FIXR = {511.+4504#XN)0YY ¢ 1022,%{1¢=YY)

FIYT 2 1648YY ¢ {916,21022./XD)*%{14=YY)

XCONV = (FTXR=FIXL)/{XR=AL)

YCONV = (FIYT=FIYR)/{YT=YR)

1L = FIXL

1XR = FIXR

1Y8 = FIYR

IYT = FIYT

IF (NPT,EN,0) RETURN

PXL = 040 .

PYB YR + PY8
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7
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. SUBROUTINE FILMCO
PXR = PDREFIBP
PYT = PY8 o« POZ#F 8P
PXRP 2 PXROOPEM10

PYAM = PYRSOMEM10
PYTP 3 PYTOOPEM10
RPOR = 1,/PNR
RPDZ = 14/P0Z

RPDRDZ = RPOR®RPD?Z

FIPYB = 91640 }

XD = PXR/{PYTePYR)

YY = 040

IF (XNeLE.14135561 vy=1, )

FIPXL 3 AMAX11049{511,=450,%X0)eYY)

FIPXR 8 (511.¢450,%XD)®YY ¢ 1022.%{]s=YY)
FIPYT = 1649YY ¢ {916,=10224/XD) 6{1s=YY)
PXCONV 2 {FIPXR-FIPXL)/ (PXR=PXL)

PYCONV = (FIPYT=FIPY8)/(PYT«PYR)

IPXL = FIPXL

IPXR = FIPXR

IPYB = FTPY8

1PYT = FIPYT

RF.TURN

END
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T
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AR (1R  3¢o  DTO ()R
AMTNl = 1a4SU  DTOC (IR
ANC =R 3CO DTO16 =R
ASQ =R 3CO DTO02 =R
A0 =R 3CO DT0& R
AOFAC =R 3C0 DTO8 <R
AQM =R 3Ch DTPNS R
RO _ =R 3¢h DTV R
COLAMJ =R 3ch DOT8 <R
cyL =R 3C0 Dz R
DIMENST - 6F EM10 =R
PR =R 3CO  EPS <R
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129 = 1100 1Re
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PELSM  OIR 4FQ 6n1
E )R 4EQ 6n1
€P )R 4EN 6n1
FTIL  OR 4EQ 601
FIRP =R 3C0 36
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INDEX  01/12/73 OVERLAY {YAQUFIL,s140) PAGE 14
1 OVERLAY {YAQUF IL»1,0) YASET 00002
INDEX 01/12/73 PROGRAM YASET PAGE 15
1 PROGRAM YASET YASET 00003
2 PRINT 10 _ YASET 00004
3 CALL YASETI YASET 00005
4 10 FORMAT(# YASET CALLED®) YASET 00006
5 ENO YASET 00007

INDEX_ 01/12/73 PROGRAM YASET PAGE 16
SINGLY REFERENCED VARIABLES
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INDEX 01/12/73 SUBROUTINE YASETI PAGE 17
1 SUBROUTINE YASET1_ YASET 00008
2 LCM /YLCl/  AAL(T3§000) /YLC2/ AA2(131000) YASET 00009
3 COMMON /YSC1/ AASC(4242) COMMON2 00002
4 COMMON /YSC2/ AA(1) yANCoASQyAQyAOFACHAOMsBUsCOLAMUSICYL COMMON2 00003

COMMON2 00004
COMMON2 00095
COMMON2 00006
COMMON2 00007
COMMON2 00008
COMMON2 00009
COMMON2 00010
COMMON2 00011
COMMON2 00012
COMMON2 00013
COMMON2 00014
COMMDN2 00015
COMMON2 00016
COMMON2 00017
E€QVREAL 00002

DRyDTHDTCHDTFACSDTGRIDTGZ9OTGZP»OTN:10)9DTNCL10),
NT01690T02,DT04sNT0840TPOSsDTVDTB4NZIEMI0LEPSIFIBP,
FIPXLsFIPXRsFIPYRIFIPYToFIXLoFIXRyFIVYByFIYTyFJIBP,
FREZyGGM1 yGM]1 1 GRyGRDVEL yGZ9GZPy 14 IBARyIAP» IBP1 9 ICOLORY
IOTO» IJs TUMI TUP 91 JPSy IMOME3 9 IMOMX 9 TM1 9 TM6y

IPARYIPXLy IPXRy IPYRy IPYT»IP191P29 ISCF1,ISCF2,1SC2y ISC3y
ITVeIUNF IXLyIXRyI1Y8sI1¥TsJy JRARyJBP . JBP2y JCENIJIMIO,

JMY 69 JP 1y UP2yJP4 s JPA02, JUNF ¢ JUNFN2yKXT9LAMsLUP2yLPRy
LPRyMUsNAME {10) yNCYCoNLCoNPSINPToNGNQIsNQIHyNQI29NSCo
NUMIToNUMT 9 DMy OMANC » OMCYL s DMEM10 9 OPEML 09 PDRPDZ4PXCONV,
PXL9PXRIPXRP4PYR,PYBMIPYCONVPYToPYTPIRDTIREZRONWREZSIE,
REZUE+yREZVESREZVTIREZY04RIBARyRIRJRYRIBPyRJRP 9 ROMF Ry
RONsRPNDRyRPORDZyRPNZ s Ty THIRD s TLIMD » TOUT« TWFIN9» T20MD»

VV e XCONV XL » XRy Yo YCONV, YT 22

-] EQUIVALENCE (AASC{1)9sXsXPAR) » {AASC{2)»ReYPAR) » tAASC{3) 9 YeMPAR),

NIPWN = ODONPINS>WN =

err

1 (AASC14) »UsUGSDELSM) » {AASC{S) yVsVGB) » 1AASCL6) »RN) » E€QVREAL 00003

2 (AASC{T)9SIEsMPyRMPyRCSQ) 4 (AASC{B) JEVETIL) EQVREAL 00004

3 (AASC(9) yRVOL) » LAASCLTIO) yMyRMyVP) 9 LAASC (1124 PyPLIEPY EQVREAL 00095

4 UPyPM0) 4 LAASC(12) yUTIL W UL, CQePIXsPU) » ({AASCL13)sVTILy  EQVREAL 00006

5 VLePMYsPV) 9 {AASC{14)9QeROL) EQVREAL 00007
6 REAL LAMyLAMDyMyMByMCyML »MP yMPARIMR ¢ MT y MTE ¢ MU MUO 2y MUOS £QVREAL 00008
7 DIMENSION X{1)sXPAR({1)9R{1)9YPARL1) oY (1) o MPAR(I)»UL1)9UGLT )y DIMEN 00002

1 DELSM{L)sVi1)oVGL1) 4RO 9STELL) 9MP (1) sRMP (1) yRCSQA(1)y  DIMEN 00003

2 ELLIPETTLLLIIRVOL{1) o ML) oRME1) »VPL1)sP (1) 9PL 1) 9EP(1)s DIMEN 00004

3 UPEL) UTIL L) yUL L) 3CALLY 1PMXEL) 9 PULL) s VTILLL) VL L)y DIMEN 00005

. _ PMY(1)sPV{1)eQt1)sROL{1) 4 PMOL]) DIMEN 00006
8 READ 5009 NAME YASET 00013
9 READ S10s MUsLAMyOMyEPSyGRyGZHASQyRON,GM] YAGET 00014
10 READ 515s FREZs»YByREZYOyRF.ZUE,REZVEWREZVTyREZRONIREZSIE YASET 00015
11 RFAD 520y 1BPsJRP,PNRWPDZ,PYBGZPy IMOMX YASET 00016
12 READ 530« TyDToT20MNs TLIMDs TWFINsLPRyICOLDR YASET 00017
13 RFAD 5409 (DTD{N)4N=1410) YASET 00018
14 READ 5409 (NTOC{N)sN=1410) YASET 00019
15 KT = 9 : YASET 00020
16 ASSTGN 110 T0 KRET YASET 00021
17 100 WRITE(KT»500) NAME YASET 00022
18 WRITE(KT»550) IRARsJBARs TUNF » JUNFy JCEN» OR»DZ+CYL»GROVEL » YASET 00023

1 AOyAOMIBOYKXT YASET 00024
19 WPITE(KT»560) MUy AMIOMyEPSIGRyGZyASQy RONyGM] YASET 00025
20 WRITE(KT+565) FREZyYByREZYO9REZIE,)REZVE+REZVTyREZRONIREZSTE YASET 00026
21 WRITE(KT9570) 18P, JAPyPDRyPDZPYBIGZPy IMOMX YASET 00027
22 WPITE(KT»SB0) ToDTsT20MDe TLIMN, TNFINsLPR ICOLOR YASET  0002R
23 WRITE({KT»590) (DTNIN)sN=1,10) YASET 00029
24 WRITE(KT»600) (DTNCIN) 9N=110) YASET 00030
?s G0 TO KRET YAGET 00031
26 110 IF (LPR.FQ,0) GOTNn 120 YASET 00032
?7 KT = 12 YASET 00033
28 ASSTGN 120 TO KRET YASET 00034
29 60 TO 100 YASET 00035
30 120 IM1 = IRAR = 1 YASEY 00036
31 IM6 = 18AR=6 YASET 00037
32 1Pl = IRAR ¢ ] YASET 00038
33 1P2 = IRAR ¢ 2 YASET 00039
34 JM10 = JRAR=10 YASET 00040
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39
40
41
42
43
L)
45
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47
48
49
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51
52
53
5S4
58
56
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lfuaéourr~: YASET]

JM14 3 JRAR =

JP1 = JRAR ¢ |

JP2 = UBAR + 2

JPA = JRAR v 4

JPa02 = JPs / 2.

RIBAR = 1,/FLOAT(TBAR)

RIBJS = 1,/FLOAT{TBAR®JBAR)
NQIB = NQ ® IBAR

OMCYL = 1,=CYL

NOT = NQ » IP1

1SC2 = NAT + 1

16C3 = ISC2 ¢ NOT

1TV = JP1 ® Nol

ISCF1 = ISC2 = NQ

ISCF2 = ISCF1 + NQI _
NSC = LOGF(22) = LOCF{AA) o]
NLC = LOCF{AAL(JPASNGQI)) = LNCF{AAL) el

LJP2 = JP2 = JP2/3 & 3

IF {LJP2,FN.0) LJP2 = 3

LJP2 = LJP29NQT =NQ +1]

1070 = 1

TOUT = T « DTO(])

DT = NTPOS = DT*0,1

NCYC = NUMTD = 0

EM10 2 1,E=10

DMEMIO0 = 1,-EM10

OPEMIO = 1,+EMI0

ANC 3 0,05

OMANC = ],=ANC

COLAMU = {1.091667)/{LAMIMUCMU+FM]10)
AOFAC = ANM/{2,0%(]1,+A0M®#2))
GGM1 = (GM1el,)eGM]

THIRO & 14/3. _ -
IUNF = MAXO(TUNF,1)

JUNF = MAXO{JUNF»2)

JUNFN? = JUNF/2

IF {JCEN,FQ.0) JCEN = JRAR/2

IF (FREZJNEsle) ROMFR = 14/1(1,=FREZ)
CALL PARTGEN

CALL MESHMKR

CALL FILMCO

CALL START

no 229 J=2,JP1

0N 219 131,184R

1PJ = 1J « NQ

1PJP = 1JP » NG

X1 = X{IPY)
Yy = Y{IPU)
Rl = R{IPJ)
X2 = x{1PJP)
Y2 = Y{I1PJP)
R2 = R{IPJP)
X3 = X{IJP)
¥3 = Y{1JP)
R3 = R{IUP)
X4 = X{1J1
Y4 = Y1)
Re = R{IJ)
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SUBROUTINE YASET]

ATR = 458 (X]1#(Y2=y3)+X20(Y3=Y])eX3#({Y]=Y2))

ABL = oS8(X19{Y3=y4) +X3®(Ye=Y])sXAO(Y]aY3))

M{IJ) = THIRD®*{ATR®(R1+R2+R3) +ABL#®(R1+R3+R4)) ERO(TJ)

RVOL{TJ) = ROCTJ)/M(TJ)

CELTJ) 3 STELTJ) ¢, 1258 (UL1PJ) #a24U {1PJP) 0#24ULTIP) #82¢U(]J) 842
i SVIIPJ) 0824V IIPIP) 0824V (T JP) 4020V (1J) #82)
1J = TPJ

1P = IPJP

CALL LOOP

CONTINUE

CALL DONE

CALL STARTD

D0 359 JJz2sJP2

J = JPh = JJ

D0 349 ITx=]yIP)

1=1pr2«11

IMJ = 1J = NG

IMJM = TJM -NGQ

XX = 040

IF (IJNELJIPT +AND, JeNEs2 J XX = M{IJUM)

IF 1T,NELIP1 oAND, JeNE.JP2) XX = XXeM{IJ)
IF (1,NE,] «AND, JoNE,JP2) XX = XXeM({IMJ)
IF {I.NEo1 «AND, JeNE92 ) XX 3 XReM{IMJIM)

RM{TIJ) = 4,/XX
1J = 1MJ

IUM = IMUM
CaLL L.DOPO
CONT INUE
RETURN

FORMAT | 10AR)

FORMAT(9FR,3)

FORMAT |BFR,3)

FORMAT(21444FB3s14)

FORMAT{SFR,3+214)

FORMAT {10F843)

FORMAT {3X0TBAR3#14/3X6JBAR=#14/3X0 TUNFa® T4/ 3Xe JUNF2#14/3X6JCENT® T4
1/5%eDR= °1PF12.5/5x°oz-~z12.5/4x»CVL='E12.5,' GRDVEL=%€12,5/5X6A0=#
2€12.5/4X%A0M=2E12,5/5X#R0=eE12,5/4X0KX]=0T")

_FORMAT{SXOMUI®1RE)2,5/4X0 AM=8F12,5/5%00M=0E12 ,5/4X#EPS=#E12,5/5X®
iGrz=eg12, 5/5x°67-‘Flzo5/6X¢ASO-°Elzo5/6x°RﬁN ®F12.5/4X0GM]=%¢12,5)

FORMAT {3X0FREZ=%1pE12,5/5X0YR=0F12,5/% REZY0=#£12,5/% RF2UEas
1 F12,5/% REZVE=%£12.5/% REZVT=9E12.,5/% REZAON=E12+5/% REZSTE=®
2 £12.5) -

FORMAT14X®1BP=214/4X9 JRP3014/4XePNR=]1PEL12.5/4X0PNZ=2E12,5/4XePYBS
19E12,5/74XpGZP=%E12+5/2X0IMOMX3#12) .

FORUAT |6X0Ta®1PEL2.5/5X0DT=0E12,5/% T20MN=9E12,5/% TLIMN=#E12,5/
10 TWFIN= °F12o5/6x'LPR-'IZ/' ICOLAR=#T2)

FnRMATI¢ nTO{1- lo)-'S(lPFlZoSvZX)/l?X,S(EIZoS,ZX))

FORMAT(® DTOC{1=10)a®S{1PEL124592X) /12X9S{E12542X)1

ENO

PAGE
YASET
YASET
YASET
YASET
YASEY
YASET
YASET
YASET
YASET
YASET
YASFET
YASET
YASET
YASET
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YASET
YASET
YASET
YASET
YASFT
YASET
YASET
YASET
YASFT
YASET
YASF.1
YASET
YASET
YASET
YASF.1
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
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YASET
YASET
YASET
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YASET
YASET

19
00099
00100
00193
00102
00103
00104
00105
00106
00107
0010R
001
001
001
001
001
001
001
001
001
001)
001
00120
00121
00122
00123
00124
00125
00126
00127
00128
00129
00130
001131
00132
00133
00134
00135
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
00146
00147
00148
00149
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INDE
SINGLY
200 -
300 -
340 -
aA2 OR
NIMFNST =
NONE =
oTC *R
DTFAC =R
NDTGR =R
0162 =R
NTGZP =R
nTal6 =R
nTn? =R

768
103»
115#

4C0
4C0
4Co
4Co
AC0

X_ 01/12/73
REFERENCED VARIABLES

NT04 =R
0TOR R
otV R
oT8 =R
EQUIVAL -

F18p =R
FTLMCO =

FTPXL -R
FIPXR «R
FTPYB =R
FIPYT =R
F1XL -R
FIXR R

4C0
4CO0
4C0
4Co
SF
4CO
758U
4C0
4C0
4c0
4co
4C0
4Cco

SUBROUTINE YASET]

FIvB
FIvT
FJRP
19p1
1JpS
TMOME3
IPAR
1PxL
IPXR
1Py8
IPyT
XL
1XR

=R
=R
=R
-1
-1
-1
-1
-1
-1
-1
-1
-1
-1

4c0
4CO
ACOD
4C0

ACO-

4CO
4Co
4ch
4C0
4co
4c0
4co
4c0

1v8
vy
JRP2
LAMO
LCM
Loop
LNOP
LPR
MR
MC
MESH
ML
MR

o}

MKR

-1
o1
-1
=R
~1
-R
=R
=R
-R

4CO
4Co
ACo
6RL
2F
100SU
118SU
ACO
6RL
6RL
74SU
6RL
6RL

MT -R
MTE -R
MUD2 R
MUO -R
NPS -1
NPT -1
NOI2 el
NUMIT o1
PARTGEN =

PXCONV  -R
PXL -R
PXR R
PXRP R

PAGE 20
6RL  PYBM
6RL PYCONV
6RL  PYT
6RL  PYTP
4CO  ROT
4C0 REAL
4CO  RETURN
4C0  RIAP

73SU RJBP
4CO  RPOR
4CO0  RPDRDZ
4C0 RPDZ
4CO START

=R
=R
=R
=R
=R
=R
=R
=R
=R
=R

4CO
4C0
4C0
4CO
4CO
6F
120F
4C0
4C0
4C0
4C0
4CO0
T6SU

STARTD
v

=R
=R
=R

=R

103sU
ACO
ac0
Ac0
ACO
1sU
LYol0]
2CN
2CN
3CcN
4CN
4c0

PPt tE I tasmtmy bttt )—tut—tmtetatatotnttatnt-tusctol-tat-t-tot-totetotetosatostototosotattatatntasnsntasator It tatosai

MULTIPLY-REFERENCED VARIABLES

100 =
110
120
219
279
349
359
500
5)0
515
520
530
540
550
560
565
570
5R0
590
600 =

ASQ =R

ATR =R
A0 =R
AOFAC =R
AOM =R
RO =R
coLamy  -R
COMMON -

ca ()R
cYL =R
PELSM (IR
PR =R
oT =R
nTo IR
nTOC IR
nTpos =R

170
16AS
26
7800
7700

10600

10400

RRD
9RND
10RD
11RN
17R0
13R0
18WR
19WR
20NWR
21WR
22WR
23WR
24WR
4Co
3cn
2Le
94=
4Co
4CO
16F
93=
aco
4Ch
4C0
4C0
4CO
3F
SEQ
4C0
SEQ
4C0
4C0
4Co
4C0
4C0

26%
28AS
996
101¢
117¢
119+
17wR
1220
123+
1240
125e
14R0
127
128
129
130
131e
132
1330
50
SEQ
S1
95
62=
9RD
28F
95
1RAWR
65=
18wR
18wR
64z
oF
701
1RwWR
m™m1
18wR
12R0
13RO
14R0
ST=

30

121%

126%

SEQ
51

63
19WR

65

43

22%R
23WR
24WR

SEQ

65

57=
56

sEn

57

SEQ

SEQ

SEQ

SEQ

SEQ

SEQ

SEQ

SEQ

SEQ

SEQ
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INDEX  01/12/73
nZ =R 4CO
€ )R SEQ
FM10 =R 4CoO
|24 R SEN
EPS =R aCcn
ETIL. R SEO
FLOAT = 40SU
FRFZ =R 4Co
GGM1 =R 4C0
GM] -R 4Co
GR . =R 4C0
GRDVFL =R 4Cco
62 =R 4C0
6Zp =R 4CD
1 -1 4C0
184AR -1 ACO
18p -1 4CO
ICOLOR =I 4C0
1070 -1 4c0
11 =1 10600
1J -1 4C0
115
TJM -1 4co
1JP -1 4CO
™Y =1 10R=
TMJM =1 109=
TMOMX -1 4CO
™1 -1 4C0
M6 -1 4Cco
TPJ -1 79=
1PJP -1 BO=
TP) -1 4c0
P2 -l 4Co
ISCF1 -1 4C0
ISCF2 -1 4CO
18¢? -1 4C0
1SC3 -1 4Co
TV -1 acn
TUNF -1 4COo
J -1 4COo
JRAR -1 4C0
JBP -1 4C0
JCEN -1 4C0
JJ_ -1 10400
JM10 - 4CO0
JM14 -1 4C0
JP) -1 4C0
JP2? -1 4C0
JPs -1 4C0
JPsnp =T 4Co
JUNF =1 4Cco
JUNFO? =1 4C0
KRFT =1 1648
KT -1 15=
KX1 -1 4CO0
LAM =R 4C0
LoP2 -1 4co
1.0cF - S0SuU

1RWR
m™m1
S9=
mI
9R0
1
418U
10RD
t6u
9RO
9RO
18WR
9RD
11R0
7800
18wWR
11RO
12RD
§5=
107
79
1163
109
1]
113
114
11RD
30=
31=
81
R4
32=2
33a
4R=
49=
45=
46=
47=
18WR
7700
18%R
11RD
1AWR
105
4=
35=
36=
37=
3R=
39=
1RwR
70=
25
17wR
18WR
6RL
52=
50SsU

97=
60

19WR

20WR

19WR
19WR

19w8
_21WR
i07=

21WR
22WR

90
111
87
116

117
2]1WR

82
RS
44
107
49

46

6Rc
105=

34

21wWR
7

47
52
39
69=

28AS
18%R

9RD

518U

61

T2
66

9i

I17=
88

A3
R6
10600

4B

68
1
35

71=

7700
s2
51

69

19WR

19%R
53=
518U

SUBROUTINE YASET]

64

66

112 113 114

32 33 40 41
92 95 9 96
89 97 97 99=
97 97 98

97 97 99

111 112

112 113 11s
36 37 38 41

10400 112 113
108

20WR 21WR  22WR  23wWR

64
S4n -1

PAGE 21
42 7800
9% 96 97 97 97 97
7
24WR 27=

98=
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INDEX
LPR -1
M (IR
MAXO -
MP (IR
MPAR {IR
MU =R
N -1
NAME 01
NCYC -1
NLC -1
NQ -1
NQT -1
NQ1R -1
NSC -1
NUMTO -1
sL] *R
NMANC =R
nMNCYL =R
NMEM1p =R
nPEM) gy =R
P IR
PDR R
P07 =R
pPL R
PMX {IR
pMY IR
PMa {IR
pU {IR
PV IR
PYR =R
¢] R
R R
RCSQ {IR
READ -
REZRON =R
RE?SIE -R
RE7VF -R
REZVF. =R
REZVT  -R
REZY0 =R
RIRAR =R
R1AJUR =R
RM {IR
RMP {)R
RO )R
ROL {IR
ROMFR =R
RON =R
RVOL {IR
R1 =R
R2 -R
A3 =R
R% -R
SIE {IR
T =R
THIRD =R
TLTMO =R
TOUT -R

01/12/73
4Co 1

5F.Q
6RSU
SEN
SEQ
%0
13R0
4C0
4C0
4C0
4Co
4C0
460
4Co
4CO
4CO
4Co
4co
ACO
ACD
SEQ
4CO0
4C0
5€Q
SER
SEQ
SEQ
5F.0
SEQ
4Co
]FQ
SFQ
SEN
RF
4Co
4C0
ACD
4CO
4C0
4C0
4C0
4Co
SFQ
5FQ
SEQ
SEQ
4CO0
4Co
SEQ
R3=
R6=
89=
92=
5£Q
ACO
4COo
4CO
4CO

2RD
6RL
69SU
6RL
6RL
6RL
13RD

58%
Sl=
42

443
42=
50=

9RD
63=
43=
60=
61z
701
1)RD
11R0
701
01
701
1
7n1
701
1)R0
0l
701
701
9F
10RD
10R0D
10RD
10R0
10RD
10RD
40=
41s
1
701
I
1
72=
9RD
701
95
95
95
95
701
12RD
672
12RD
S56=

22WR
701

701
701
QRN
14RD
174R

L)
L3

19WR

21WR
21WR

21WR
R3
10F
20WR
P0WR
20WR
204R

2000
20WR

115=
95
19WR
962
95
95

97
22WR

22WR

26
95=

) 9WR
14RD

4R
46

86

11F

96

56
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96 11 112 113 114

64 64

23WR 23WR 244R 24WR

5S4 79 L] 10R 109
47 49 51 54

a9 92

12F 13F 14F
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. b . o7 ' .,
. INDEX 01/12/73
TWFIN =R ACO 12RD
T20Mn =R 4C0  I2RD
u (1R 5EN ml
uG (IR SEQ 701
uL (R SF.Q 701
up R SER 701
UTIL R SEN mI1
v R SEQ 701
VG R 5€Q mI
vL R SEN 701
vP R SEN 707
VTIL R SEQ 71
WRTTE - 17F 1RF
X R 5£Q 01
XPAR OR _SEQ@ _ 7nl
XX =R 1l0= 111=
x1 =R Rl= 93
x2 =R 84= 93
X3 R 872 93
x4 «R 9= 9

Y (IR 5FQ 701
1{:] =R 4co 10RD
YPaR IR SEQ 701
Yl =R 82= 93
v2 -R  8%= 93
Y3 =R  BR= 93
Yé =R 91= 94
7Z =R 4CO0 S0
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22%R

7 97
97 97
19F 20F
81 L.TY
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82 85
20WR

93 94
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93 94
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21F
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22F 23F 24F
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TNOEX  01/12/73 SUBROUTINE PARTGEN PAGE 24 .
1 SURROUTINE PARTGEN _ _ YASET 00150
2 LCM /YLCl/  AA1{131000) /YLC2/ AA2{131000) YASET 00151
3 COMMON /YSC1/ AASC(4242) COMMON2 00002
4 COMMON /YSC2/ AAL]) 4ANC1ASQeAQy AOFACIAOMIBO9COLAMUSWCYLY COMMON2 00003

1 ORyDTsDTCINTFACINTGRIOTGZr0TGZPHNTNi10) 4DTOCI10) COMMON2 00004

2 0T01640T02,0T044DTOBIDTPOSIDTVeNTRIDZIEMIOVEPSHIF 18P, COMMON2 00005

3 F1PXLoFIPXRF IPYRFIPYT FIXLoFIXRIFIYBWFIYToFJIBP, COMMON2 00006

4 FRFZyGGM1 9GM1 »GReGROVEL «GZ9GZPe 1+ IRARY IBP» IBP1yICOLORY COMMNON2 00007

S 10T0s IJeTIM TJP» TIPS s IMOME3 s TMOMX » TM1 9 IM6 s COMMONZ 00008

6 IPARy IPXL s IPXRy IPYB IPYT,1P141P241SLF1,TSCF2,ISC241SC3y COMMONZ 00009

7 ITVoTUNF o IXLy IXRoIYRe1YT JyJBARJBP» JBP2y JCENYJMIO, COMMON2 00010

8 JM140JP19JP2yJP4,JP4NZ, JUNFvJUNFOZ."XI.LAM,LJPZ.LPB. COMMON2 00011

9 LPR.MUvNAME(lOIsNCVCvNLC-NPSvNPToNQ-NOIoNOIB NGI2sNSCo COMMON2 00012

1 NUMTToNUHTO »DMeOMANC s OMCYL s OMEM] 09 DPEMT 03 PORyPDZ «PXCONV,y COMMON2 000}3

2 PXLyPXRyPXRPyPYRyPYBMIPYCONVyPYT(PYTPyROTIREZRONSREZSIE, COMMON2 00014

3 REZUEsREZVEWREZVTIREZY0 «RIRAReRIRJRy RIAP yRUHP s ROMF Ry COMMON2 00015

4 RON+RPORyRPORNZ yRPOZs Ty THIRDy TLIMD  /OUT» TWFIN» T20MDy COMMON2 00016

5 VVy XCONVy X1, » XRyYBe YCONV YTy 22 COMMON2 00017

5 EQUIVALENCE (AASC(1) »XsXPAR) o {AASC{2) «ReYPAR) » {AASC(3) s YsMPAR) EQVRFAL 00002

1 {AASC{4) sllsUGDELSHU) » tAASC(5) «VeVG) » LAASCL6) »RO) » EQVREAL 00003

2 LAASC{7) «STE1MP9RMPyRCSO)  {AASC(8) yE2ETIL), EQVREAL 00004

3 {AASC{9) yRVOL) » LAASCL10) sMyRMyVP) 5 {AASC(11)4P.PLIEPy  EQVREAL 00005

4 UP»PMN) o CAASC{12) o UTILoUL#CQoPAX9PUI » {AASC(13)9VTILy  EQVREAL 00006

s VLyPMYsPV) 5 {AASC(14) 9N9ROL) EQVREAL 00007

6 RFAL LAM.LAMDvaMnvMCvMLvMPoMPARvMRoMT.MTEoMU.MUO?-MUOb EQVREAL 00008

7 DIMENSTON X(1) 9XPAR{1)9R{1)9YPARI1) oY (1) sMPAR(1) UL1) sUGLT) » DIMEN 00002

1 PELSM{1) sV {1)oVG(1) 4ROL1)«STELL) sMPL1) sRMP (1) 4RCSQIL) sy  DIMEN 00003

2 EL1)9ETILIT) oRVOL {1)oME1) sRMI1) (VP {11 9P (1) oPLLL)WEP(1)» OIMEN 00004

3 UPLL) sUTTLE1)2UL (1) 4COLL) oPMX LT 19PULL) oVTIL L) oVL LY DIMEN 00005

4 _ PMYL1) 9PV (1) sGQ(1)»ROL{1)sPMO(]) DIMEN 00006

8 NPT 3 0 YASET 00155

9 IF {IRP,EQ,0) RETURN YASET  001S6

10 IF (IRP,GT.1BAR .0R, JAP.GT4JRAR) GO TN 360 YASET 00157
11 FIAP = 18P YASET 00158
12 FJBP = _IAP YASFT 00159
13 RIRP = 1./FIRP YASET 00140
14 RJRP = 1,/FJRP YASFT 00161
15 IRP1 = 1RP+] YASET 00162
16 JRP2 = JBPe2 YASET 00163
17 NQI2 = NQT#2 YASET 00164
18 IFCP = IPAR = LOCF{aA2) YASET 00145
19 LP8 = NQI/3 *3 | YASET 00166
20 IMOME3 = 1MOMX®#1000 YASET 00167
21 KP = 1 YASET 00168
22 MT = 0, . YASET 00169
23 IF {FREZ.FQ.140) GO TO 100 ) L. YASET 00170
24 XMAX = (FLOAT {TUNF) + FREZ®{],~FREZ®*{Ig8AR =IUNF )) YASET 00171
1 #ROMFR) *DR YASET 00172

25 YMAX = REZYO ¢ (FLOAT(JUNFO02} » FREZ®{]1.-FREZ#s {JRAR=JCEN=JUNF02)) YASET 00173
1 SROM