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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 is presented that com-
bines the Implicit Continuous-fluid Eulerian (ICE) and the Arbitrary
Lagranglan-Eulerinc (AIE) methods. An implicit treatment of the pressure
equation similar to that in ICE enables the calculation of flows at all
speeds front 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 F0RTRAN 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 psst 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 meih 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 forma in relation to the grid, and this

set of equations is then solved repeatedly over the

domain to advance the solution through flnltfc inter-

vals of tine, analogous to the frames of a motion

picture.

Given this basic description, however, there

are two fundamentally important considerations be-

yond which the various techniques differ. The first

of these considerations Is the flow-speed regime of

interest, and the second is the interrelationship of

the grid and the fluid. These two points will be

discussed separately and then brought together.

The types of fluid flows that have been most

amenable to calculation are generally those that can

be characterized as either compressible or incom-

pressible. Compressible, or high-speed, flows arc

those in which the fluid speed is comparable to or

faster than the local material sound speed, and rhey

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 bein:j 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

Lagrang*an, 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 shortcoming* 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 flowa at all speeds is the Implicit

Continuous-fluid Eulerian (ICE) technique, in

which the flow aay vary from supersonic to far sub-

sonic. This is enabled by as Implicit treatment of

the pressure calculation. The method Is extremely

versatile and can be used for calculation* 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)
2

method, 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 co^e 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 a* the underlying technique has been
2

discussed in detail elsewhere, this report will
start from that point. First, the finite-difference

equations will be presented as they appear In YAQUI,

then the code itself trill b« dlacussad In detail.



B. The Method Layout and the Computing Mesh

The basic hydrodynamic part of each cycle of

the ICED-ALE method is divided into three distinct

subsections or phases. The first phase is a typi-

cal, explicit Lagrangian calculation. The second

is an iceraticn 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 section, performs all the convective-flux

calculations, which must be included if the mesh is

not purely Lagrangian.

The computing mesh consists of a two-dimen-

sional network of quadrilateral cells, and it will

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 TT 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 i + 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 torolds of revolution about the cylinder.

The variables In an ICED-ALE grid are of two

types: those defined at vertices, and thoae de-

fined at cell center*. The principal variables

are shown in Fig. 2, where coordinates (x and y),

velocities (u and v), and Basse* (H) are defined

at vertices, and tha densities (p), pressures (p),

volume* (V), and energies are defined at the cell

center*. E 1* the speciflc total anergy, and I la

the specific internal energy.

Fig. 1. A typical ICED-ALE mesh in cylindrical co-
ordinates.

Ul.j+1

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 YAQDI code.

In the equations that follow, the superscript

n denote* the baginnlng-of-cycle values. The ad-

vancement of the solution through a tine step, of

duration 6t, provide* value* at the beginning of

the next (n+1) cycle. Intermediate values are typi-

cally labeled with a tilde for the result* of Phase

1, or with a cubacrlpt L for the results of Pk<*e 2.

C. Initial Condition* and Preliminary Calculations

Input Quantities: The input data tupply the Initial



values of x, y, u, and v at the vertices and p and

I for cello.

Preliminary Calculations (each cycle):

(1) The radlun of each vertex is calculated as

r » x in 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. Ill F, "Incompressible Flow Calculations."

(3) Cell volumes are given by

V ATR

where

ATR - i

AEL - |

initially

to which we will later add the various work and dis-

sipation terms.

P. Phase 1 of the Calculation

In this section we carry out a typical fully

explicit Lagranglan 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 rhe contributions of each

atep. Ths appropriate initial values are, for each

vertex,

The subscript notation for vertex quantities has

been simplified to that shown in Fig. 2. It is

used throughout this report aud in the YAQUI code.

(4) With the cell volumes defined, the masses at

cell centers can be computed from

but because most references are to the vertex

masses, it is convenient to replace the cell masses

immediately by vertex masses:

To maintain ecergy conservation throughout the en-

tire calculational cycle, It is necessary to cal-

culate and store 2, the total specific energy per

cell. However, the pressure iteration in Phase 2

require* a net of internal energies, I. One could

get by with only a computer storage matrix of in-

ternal energies, by updating I during the itera-

tion so that the total energy was conserved. Thu

axtra 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

and

v] - nv{ + fit Ay

where A and A are body accelerations or accelera-
te y

tions from other forces applied at the vertices,

and the superscript n denotes the beginning-of-cycle

values.

set equal to the gravity components

In most cases of interest, A and A are

and i

It is also helpful to insert a small, con-

trolled, artificial diffusive acceleration into A

and A at this point. To see the reason for this,

consider the integration area that will be used for

updating the velocity components at vertex H J in

Fig. 3. The region is surrounded by dashed lines

connecting the vertices ( A ) t (J
+ 1), { 1 ) and

[j I that will influence the accelerations at ver-
U //4\
tex H I , but in the equations the acceleration com-

puted from the surface stresses is Independent of

the vertex's location within the integration area.

Although proper rezoning will tend to keep the ver-

tex near th& center of the region, and aid in



j-

i-l

Fig. 3. Momentum-integration areas about cells HI
and (JIJ) s indicated by dashed lines and

dotted lines, respectively.

obtaining the most accurate results, consider the

integration area for the next cell (A,,)t indicated

by tha dotted lines in Fig. 3. This indicates that

values at four different vertices, f4io\, n t , ) ,
/1\ /1-1\ \i+*/ U+l/

\£J, and \i+1), will enter. Although this defini-

tion of an integration area provides flexibility,

there is a definite lack of communication between

neighboring vertices, which can allow slight rela-

tive oscillations to arise in the velocity field.

Introduction of a small restoring acceleration at

each vertex, based upon the local velocity field,

can prevent any vertex from deviating too strongly

from its neighbors and couple the alternate nodes

more strongly. This is done in YAQUI by introduc-

ing a weighted average of the neighboring vertex

velocities. We can write

and

wh°re

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:

and

which show the effective interpolation among neigh-

bors that is added in. Note that for a - 1.0,
nc '

the technique becomes identical to a procedure

that Lax ii.;T -iuced many years ago. To avoid the

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

appropriate to take a - a' /6t» in which case
a' is the actual relaxation time, rather than thenc

number of cycles for relaxation.

Next, the appropriate initial vertex energy

change is calculated as

One might expect to see, instead,

and a is a coefficient that governs the amount of
nc

coupling, and upon which tb'sre is a stringent sta-

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

but this is inappropriate because of the way we

calculate Phase 1. The initial tilde velocities

we have established contain only the body accelera-

tions, and inserting this part into the initial

Q's, before the pressure forces have been calcu-

lated, can cause the Q's, and hence the E's, to

depart steadily from the correct value.

This effect would be manifested, for example,

in a simple hydrostatic equilibrium, in which the

velocities at time n are zero. To maintain equi-

librium, we know that the final tilde velocities

must also equal zero, but the gravitational accel-

erations in the initial tilde velocities would be

repeatedly added into the Q's every cycle. This

condition would not arise if we were to hold off

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 r.he various forces applied

through pressure and viscous stresses over the con- + (r4 + T^) I(u4 + u^) (y^ - y4)

trol volumes surrounding each vertex. The changes

in the Initial u, v, and Q values are computed by + (v^ + v^) (x4 - J

sweeping through the cells and suitably adjusting

the four vertices of each cell. Thus the net re- „ u f, , * , . \ , v
H - |rr «(r. + r ) (u. + u ) (y - y )

suit at each vertex is the cumulative contribution x x ^ v ^ i
from each of four surrounding cells. This tech- , . , . , .

+ (r- + r_) (u» + u,) (y, - y2)
alque of initializing vertices and then accumulating
contributions from the cells Is preferable to sweep- . s . . , .

+ (r4 + r,) (u4 + u,) (y4 - y.)
Ing the vertices themselves, as it Is leas dependent
on boundary conditions and requires calculation of , . . . , .

+ (r. + r.) (u, + u4) (y5 - y4)
auxiliary cell quantities only once per cycle.
Tf-us, the set of energy changes that we obtain at CYL , , * j. •> [, \ /

5— lu. + u, + u- + n.) Kx^ - x_; ty_ -

corner vertices it subsequently assigned to the ad- •• i *

jacent cells in a manner that preserves total ener- . . . .il .

gy while updating the vertex velocities. -U

This second step for each vertex proceeds as .

follows. First, for each ctll, we calculate the nyy " 2V [̂ rl + r2^ 'vl + V2^ ^*1 " X2^

divergence, D - 7*u, and the components of the vis-

cous acres* tensor: 'r2 r3 2 V3 2 ~ X3
II - 2v %r- + XV-u , ir3 «; lv3 It' K 3 V

xx 3x *
il - 2p — + XV-u + ^r4 + rl^ ^V4 + vl' ^X4 ~ X1^J + ^D '

H IT

Here U it. the shear stress, and X - C - _- JJ, where

C Is the coefficient of dilatational viscosity.

The corresponding finite—difference eiuations for

these quantities are:

3) f(u2 (y3 -

(x2 -

C r 2 *

(v2 +

(r3 +

(v3 +

^ 4 +

( v4 +

r3)

v 3 )

r l J

v l }

( y 3 -

[<V^u4)

^]

[<u3
(v3 + v4) (x3 -

(x2 - x4) (y3 -



CYL [W

+ (x2 •-

V [(::1 " X3)(y2 "

(y3 - yx>]}

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 II ,11 , and 11. 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 H 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-f

then

V2 " V2

fit
2M, Vy3 "

- P)(x, -

where p is 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-

weighted fashion to Improve accuracy when contact

surfaces are present. First, calculate the Q con-

tributions without the vork terms:

6t (r + r.)+ r.) f
^- {(U2

" V (X2 "

Q2 - Q2

fit (r3 +

m7~ [xy (X3

5t (r. + r,)+ r2) r

^- {(

W y 4 " y2>] " <v

nyy (X4 " X2>j) •

fit (r + r3)

(U4

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 v?ere omitted from the Q terms: (New Total Energy) - (Old Total Energy)

Next, convert <E> values throughout the mesh to E's

by sweeping all cells. Define the following mass-

weighted ratios for each cell:

M

P12

J
i+3/2

pi+3/2

M + MMi+3/2 + Mi-

j+3/2 n i+k j4% n j+3/2
Mi+3j pi+3j + M i - ^ p

j+3/2 J+S5

„«•««

Although cell-center masses are no longer available,

they can be approximated easily here by averaging

four vertex masses. Finally, we can write

He have observad that this technique of calculating

§ 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

old- .sr\

k

I

where the last sum has been changed from cells to

vertex I, and the coefficient of Q^ is precisely

the mass of vertex t. Energy conservation is en-

sured, because the HfQp 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 5 and

v velocities and calculate new densities, the re-

sult would be a typical, explicit, Lagrangian cal-

culation.

E. Phase 2 of the Calculation

He 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

P L -
 nP

The subscript L identifies those quantities to be

updated during the iteration. (In Phase 3, u^,

vT, and p. will be further changed Co their final



values, n + 1u, n + 1v, and n + 1p.) As the tilde quenti-

tles u, v, and °p need not be saved for any ether

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 Fhase-3 convective flux equa-

tions, thus requiring separate storage for the p,

values.

In addition to the starting values of u,, v, ,

PL> and p,, one must keep the
 nI 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 la i

and j and sake the following calculations for each

cell.

(1) D - k

(Note that this is the sane divergence equation

that appeared in Phase 1, except rhst the veloci-

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

mass equation, we define

<s - i -
b 5t

and

(3) A -

This prescription for A is exact only when the

cells are rectangular, but it is truch siapler and

quicker to calculate than the fully general value.

which acy be preferable when the toning daviates

strongly froa the rectangular, sit errors In A alter

Che rate of convergence.

In the above,

is the square of the adisbatie sound speed, and fir

and &x represent the average 5r and it of Che call:

fir-i

If the aesh is strongly rotated or distorted, *ort

•ophi*tic*t«d fir and Ai expression* •ay be respired.

Hot* ihat the adiabatlc soutMi spwrf should bt

used here, because the Lagranglan representation in

this phrse is accomplishing Che changes in pressure

through simultaneous changes in 0 and I (even

though the latter is not being calculated «t this

point). This is in contrast *o the purely lulsrian

calculation described in previous p»?«rs an IZt

sttthodology, in which the change tA pressure

through the iteration phase results frost ehengas in

density only, the full change in internal energy

being calculated saparatelv and incorporated into

the pressus<t-ch«nje calculatien a* a **paral« seep.

In Chic purely Eulerlan technique, it it tH» i,»g-

thermal sound speed that is accordingly etqu£r*4 in

the Implicit pressure-cileulatioa phase.

(4) With D, S, and A defined, we can calculate the

necessary pressure change for the call,

op » - «AS ,

vhere u is a relaxation factor. Straight relax-

ation la given by u » 1. Aa opclMu* overtaxation

in staey cases is u - 1.5 to 1.7, whereas u > 2 trill

lead to an unstable iteration.

(5) The convergence test is

< e

where p^^ i s a currant (UXISMSJ pressure in the

systaa. If the test fa l ls for any ce l l , • flag la

sat to Indicate that another iteration pas* through

the acsh will be necessary.



(6/ With op calculated, we can update the 0, and
to

», value* for the call.

pt " °r W " * ) ; or et "

(7) Sow we can adjust u, and v value* for the
four vertices of the ctll:

U U

the necaasavy rexonlng change*, i.e., convectiva

and diffusive fluxei.

Assuaw at this point that s field of grid ver-

tex velocities, u . and v_, have been assigned in

•one appropriate fashion with respect te a fixed,

Entlerlen reference fraa*. Thus, for a purely

Ewlerian calculation,

At the other extrewe, a purely Uigrangian calcula-

tion would u«e

uu * IT

U * *L2 * S^ ( 2 / (*1 " V 4(> •

i« ttr-

fit_
2M,

ail calls «ati«fy ch« conv«rj«nc«

Eh* Iteration, u»inj eh« aksv« a«v«n

*ltutt*4. At this foiot, tht suaneit

«r>4 ]̂ L <St»crl(« eh« c«»ult« of aa lap-Heir.

l^granfian calculadon that i* not aubjtct to ch«

Courant cooattion. Out could now amv* coordinat«*

to co«»l»c« tht calculation if no rttoninj vert

a«c««*ary. Rota that p, v»» calculated in tarn* of
a* n 11T

x, not x. The naglact of hlth«r-ord«r tarma
ft4*l

cau*a* p to differ allghtly item t>t, fcut the

ajiBroxiaatles ha» tu>t c*o**i any difficulty. The

0^ ia uaa<i only in th« nraaaurc iteration, vtveree*

in ?haie 3 tt+1p will B« calculated from np by aeam

of cosaervatlva fluxing in the atact efjatlon.

In atawary, at the end of Fhaee 2, ve hav« in

atorafc the n-ti»e valuea of x, y, r, o, V, M, and

I, aa vail aa E and tha iterated valuea of u^, v^,

Pt, aad PL.

T. fhaaa 3 of tha Calculation

Tha final phata of tha ICE&-AWE cycle compute*

In eeoeral, the grid velocitie* awy hu any <«*ig-

nated function*, and aa such tnay art neither

purely Ruler Ian nor purely Ligranglan.

There are two eypai of <|uafit̂ tle» t« •* up-

dated in the retcne: cell <|uanlltle* H (er p) and

E (or I), and vertex fuafttitiaa u and v. Tha p»o-

ceAure 1* to emauta tha call ^uantltle* first,

than change «•
vertex ^uantitlaa. fiually, ft*^l can •• calcuiatad.

Tre rezoning can be acc*e>j»li»hed usiAf either

tht eld W eoardinatas •» tha na» ****», **1y

cfttrdinataa. Tha difference* t^tanti-

tia* that reault (tarn thasa different coordinates

ar« of order it , and they can *e neglected far

*ott purposes. Our procedure ia to asjve tht coor-

dinates before the reaona esJeulatSwi*, m» »u»erl-

c«l ,»*thod» are usually slightly «wra atable when

ti»a-advancad tuantitie* atra used. Tha new coordi-

nate* for all vertlet* art given by

•**«

n-H n .
y • y •

«t

and

r - x for cylindrical coordinate*, or

1.0 far plane coordinate*.

The msa* and eaergy are retoned aft a cell-ky-

call basis. For avary call, wt tdtst first calcu-

late flux coefficient* for each of tha fuur facts,

using tha new coordinate*:



UG2 " UL2>

(VC1 " VL1 * WC2 * WL2>

4e(r • r )

i <UG2

<VG2 - VL2 * VC3 (*2 "

f,

(vC3 " W U * vCi *

• r >
.

- V

<WC4

Kota th«c ch« flux co«fflcitntj ar* xcro In

L*fr«njl«o c«lcul«tioni, aa u_ • u, and v_ • v.,

*ad th»c F« for call (i+»j,j+ij) ia «<;u»l to -FL for

call (i*3/2),i^iit amt tt tot call (i**i,,$+*s} U

iî ttal te -Ft for call (i*»i,j+3/2).

Recall chat ch« eoitntua «nuation» to ih«

i:lUe calculation* alraa4y contain diffusion ccraa,

through a g«ntr«l atra*»-t«nior dtviator, which ara

«i«a4 to rapr«i«ant crua viacoaity or to amur« coai-

jiutational atabtHcy. A (light laaea^illcy raaulca,

hovav«r, if old-ti»t value* ar* u«ed in ehc convec-

tiva flux cini in cha aaaa sad anarsy ratona, al-

though cne stability of Che aait aquation la en-

hitncad ey cha ute of cha partially advanced den-

alcy, 0j_. la saaaral, ic aaama prafarabla co pre-

vent cha Instability ac ica aource, rathtr then co

add a ttp*rac« diffusion procaia. (The cruncadon

arrora re»»on»iVlo for instability ara not really

> « full "diffusion fora" when sore than one dimen-

sion is considered.) Therefore, we will use flux

expressions that can be adjusted toward a partial

donor-cell treatment. It is convenient to eabody

the flux coefficients, FR, FT, FL, and FB, within

expraselona chsc allow various differencing fonts

determined froai input constancs, a and 6Q:

% - % sign FR + 4FR J(*

j. ii * »> •• < i I + 1 if FR > 0where "eign P«," for example, " | _ x lf PR < 0

and the input conatanca allow cheae combinations:

a - 0 and 8 - 0 • centered,o o

a - 1 and 8 Q - 0 <* donor call.

a - 0 and S - 2 •* intarpolatad donor call,o o r

Note, havevar, that a Bust be sufficiently posi-

tive for the sass equation co be scable. As full

donor-call differencing is Coo diffusive for aost

circuaataccea, generally 0 < a < 1.

The new aass and energy for a cell (i+Js,j+1i)

are given by

1? + FR

+ FT

+ FL

+ FB

"i+3/2

j+3/2

( I - C L ) P

and

11



FL [(!-«

Before updating the vertex quantities, we next

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

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

n+l

The new volume and density replace "v and np. The

new vertex masses are then calculated using the frn

equation given in Sec. I C, item (•'>).

To adjust the vertex values of u, and v, for

rezoningiwe set initial values at all vertices, where

n+l

and

n+l

The second sweep adjusts the four corner vertex

values of each cell in a manner analogous to that

in the first two phases. For each cell in turn,

we define several quantities:

F13

F24 2_

4F13al3 - a sign F13 + 6
o "* o

a24 » a sign F24 + 8o

Here, the "sign" has the same meaning as it did in

the mass- and energy-flux expressions given above,

and the a and S are the same quantities as ino o
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) a in ehe momentum equations.

Given the values of F13, F24, ol3, and u24 for a

given cell, the vertex contributions are given by:

n+1

n+l

n+l n+l
U " U

n+l n+l

n+l n+l
v " v

n+l n+lv - v

n+l n+lV ™ v

n+l _ n+l F13
V4 ™ V4 n+L,

(1-O24)

( 1 " « 1 3 > + V

L2

12



Finally, the new velocity field allows us to calcu-

late the new specific internal energies for ail

cells:

wnere the u and v values are the n+1 values Just

calculated,

G. Boundary Conditions

Various boundary treatnents can be used in an

ICED-ALE program, but we discuss here only the

simple case of straight, rectangular reflective

boundaries on all four sides of the aeah. (For

ease of understanding, the version of the code pre-

sented in the following sections in United to this

one case.) The reflective boundaries considered

are free-slip valla, the left boundary becoaing the

axis of symetry 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 Phase-1 tilde velocity calculations,

normal wall velocities must be reset to zero, i.e.,

u • 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 u, and v, component(s) must

be set to zero in boundary cells before proceeding

to the next cell in the iteration.

(3) During the rezonlng 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 u and n v 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-

ary conditions are required in YAQUI. This is a

direct benefit of the Phase-2 Iteration procedure.

It is useful to surround the aesh with a band

of fictitious cells (described In Sec. II B) to

aid in the treatment of the boundary conditions.

Generally, P and E should simply be set forever to

zero In the fictitious cells. This allows calcu-

lation of appropriate zero fluxes at the boundaries

in Phase 3. In many applications, however, It Is

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

pand in the rezone. Then fluid is swept up, and

appropriate ambient values of p and E Bust be main-

tained In the fictitious cells. An exaaple of this

la shown in the sample code version Included In

this report. Here a uniform exterior E is gener-

ated in the setup and la allowed to remain constant

for all time. The rezone calculates appropriate

exterior PL values to maintain ataospheric equilib-

rium. These new exterior p, values subsequently

become the final exterior n + 1p values for the cycle.

Rezoning in discussed further in Sec. Ill B.

II. 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 nua-

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 ox 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, is hopefully counterbalanced by Increased

readability for most users and the simplification

of adapting It for use on computers other than the

CDC-6600/7600 series.
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As depicted In Fig. 4, YAQUI ia built in an

overlay fashion to minimize the uia of sasll core

memory (SCM), which is the "fast" ataory on the

CDC-7600. The aaln overlay, (0,0), vhlch always

resides in SOI, contains the nain controlling pro-

gram, YAQUI. Subservient to it are the programs

in this two priaary overlays, (1,0) and (2,0), which

resldit on disk storage. YASST is the setup pro-

gran, and YAQUI1 perform the three-phase ICED-ALE

calculations.

The structure within each of these three pro-

graas ia further detailed in Fig. S, which shows

the UPDATE notation used in the actual code.

In addition to the aaln program, YAQUI, the

(0,0) overlay contains the subroutines L00P and

FILMC*. L00P handle-* the three-row buffering

scheae that ahuttlea cell data between large core

aeaory (LCM) and the SCM coaaon YSC1. The details

of cell-data storage and the buffering scheae are

given In Sees. II C and 0. FILMC0 (for flla coor-

dinates) compute* the scaling for the aicroflla

plots. Because these two subroutines are required

by both of the priaary overlays, it Is expedient

to place thea in the main overlay. Because they

are thus always resident, the primary overlays can

access then at will. Also in the twin overlay is

che common YSC2, which contains all the SCM data

that aust be maintained froa 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: YLC1 is tha 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 froa initial input

data, the main prograa calls YASET, the (1,0) over-

lay program, from the disk, and surrenders control

to it. This overlay is placed In SCM iaaedlatcly

(0,0)
MAIN
OVERLAY

(1,0)
PRIMARY
OVERLAY

PROGRAM YAQUI

PROGRAM
YASET

PROGRAM
YAQUI 1

(2.0)
PRIMARY
OVERLAY

Fig. 4. The YAQUI 3 prograa overlay atrueture.
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following the (0,0) overlay. YASET itaelf la only

s two-instruction prograa: it prints "YASET CALLED,"

so that the user can monitor his path through the

overlays, and then immediately calls subroutine

YASET1. YASET1 performs the actual setup, and in

turn calls upon PARTGEN, to generate particles If

specified, and MESHMKR, which creates the computing

mesh with its initial cell and vertex quantities.

When the problem setup la coaplete, YASET1 returns

control to the (0,0) aaln overlay prograa.

To calculate after setting up, the aaln prograa

calls YAQUI1, the (2,0) priaary overlay, froa the

disk, and surrenders control to it. Bectuse 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 aaklng efficient use of SCM space.

Like YASET, YAQUI1 is a two-instruction prograa: it

prints "YAQUI2 CALLED," and immediately calls sub-

routine YAQUI2. Should the prograa abort because of

an unexpected error, the user can quickly uncertain

which program he la In, Inasmuch *.a the range of

instruction addresses for both thf (1,0) and (2,0)

overlays is the same.

YAQUI2 is the largest section of code In the

entire computer prograa. It contains the three-

phase ICED-ALE, whose calculatlonal cycles are re-

peated continuously under the direction of the

"Control Region." This region Is strategically

placed inaedlately after the np calculation, at

which point in the cycle all the quantities that

represent the coaplete 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

5t, performs tape dumps and tape restarts, and

senses problem completion or an Impending operating-

systen tine 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: PARTM0V

moves and plots particles, and REZ0NE 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 Eulerlan,

If, however, the flow Is pure Lagranglaa or pure

Eulerlan, these velocities and the new coordinates



YAOUI CODE STRUCTURE

OVERLAY (UPDATE NAME) FUNCTION

(0,0)

COMDECK YSC1

COMDECK YSC 2

COMDECK EQVREAL

COMDECK DtMEN

MAIN PROGRAM

SUBR. "LOOP"

SUBR. "FILMCO"

•"COMMON 2

"EQVREAL"

"DIMEN"

"YAQUI"

1

- * - SCM BUFFER

COMMON INCLUDED IN
— TAPE DUMP - CONTAINS

ALL QUANTITIES KEPT
FROM CYCLE TO CYCLE.

— EQUIVALENCE,REAL STATEMENTS

— DIMENSION STATEMENTS

— CONTROLS (1,0) , (2,0) USAGE

— HANDLES LCM USAGE

• * - SETS UP FILM COORDINATES

FOR INITIAL OR REZONED GRIDS

(1.0)
SETUP

PROGRAM

SUBR.

SUBR.

SUBR.

"YASET l"

"PARTGEN"

"MESHMKR"

"YASET"

\

• * - CALLS YASET

- • - BASIC SETUP

• * - PARTICLE GENERATOR

• * - GRID GENERATOR

(2,0)
HYDRO

PROGRAM

SUBR. "YAQUI 2"

SUBR "PARTMOV"

SUBR. "REZONE"

YAQUI I CALLS YAQUI 2

3-PHASE ICED-ALE
+ CONTROL REGION

PARTICLE MOVER AND PLOTTER

ANY REZONE

Fig. 5. Detailed breakdown of the YAQUI overlays, describing the functions of a l l sections and the UPDATE
nomenclature.

are directly calculated in YAQUI2 in a simple,

straightfoward fashion. The REZ0HE package i s re-

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

creates rezoning logic appropriate to his partic-

ular needs. (In the vercion of YAQUI presented

here, the REZ0NE subroutine i s 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

calls (2,0) directly. The restart condition i s

sensed Immediately by YAQUI2, and the control re-

gion reads in the tape dump, placing the data In

SOf and LCM as required, and turns control over to

the point in the calculational cycle that wil l con-

tinue the problem from where i t 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

coasnon occurrence in Lagranglan computing methods.

In FORTRAN, one can reference x~ simply as "X(I,J),M

but P J ^ Z cannot be referenced by a "half-integer"

index, so che convention has evolved that "P(I,J)"

refers to this pressure. Thus the indices I and J

refer to a quantity lying at the lower left vertex

of a cell, or at the cell center, depending upon

where the quantity is defined. In YAQUI, "(I,J)"

is replaced simply by "(IJ)," as only single sub-

scripts are ueed for computer efficiency. In the

YAQUI subscript notation, the letter "P" stands

for "+," and "M" stands for "-." Thus, we write

" - U.J) ,
IPJ - (1+1,J) ,

IJM - (ij-l) ,

IPJP - (i+l,j+l) ,

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 (1+1) by (J+l) in size. Because our in-

dexing refers to cell centers and lower left ver-

tices, we must allow one extra column of storage

-UP-
•IPJP—

j IMJ.

J-l

•IPJ

IJM

i-l
i+l

IMJ
N

\

V

/
*

IMJM

— . — — •

UP

I

- 4 -*
s
\! r—~~

IJM

f
I-fa

Fig. 6. Single subscript notation for vertex quan-
tities.

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

on the right and one extra row along the top.

YAQUI includes one extra row along, the bottom in

addition, giving a mesh that is (I+l) by (J+2) in

extent. These exterior zones a7.e known as ficti-

tious cells, and having them on three sides helps

in the treatment of expanding mjshes 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 D0 loops in FORTRAN to cover

all vertices would have the limits J « 2 to JP2

and I • 1 to IP1. Similarly, loops to cover all

cell centers would have the limits J • 2 to JP1

and I = 1 to IBAR.

C. The Storage of Cell Data

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

16



(JP2J

J + l (JPi)
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Fig. 8. An actual YAQUI mesh, corresponding to the
conceptual mesh of Fig. 1, showing vertex
notation. Fictitious cells ?re 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. Accordingly, the cell variables are stored

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

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 I by J blocks

for each variable. This scheme is appropriate

when the computing code is designed for smaller

meshes that will always fit in SCM.) In the ver-

sion of YAQUI presented here, the full calcula-

tional cycle, including the optional particles,

requires 35 different cell variables, out 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 thtir storage words for

other quantities. Figure 9 shows the allocation

of the 14 storage words frr a YAQUI ce:il in the

(1,0) and (2,0) overlays. The ordering from left

to right corresponds to the actual order in which

quantities are calculated in the code. A black

dot implies that the quantity currently in the

given storage word is referenced to calculate the

quantity specified at the top of the column. The

open dots in the rezone imply thet x, r, y, and V

may be referenced, depending upon the particular

rezone. Note that the vertex masses, M , and the

cell volumes, V, are stored as reciprocals for in-

creased computer efficiency. Because most refer-

ences to M and V are in denominators of equations,

the time-consuming divide operation is thus avoided

much of the time.

The quantities 26t I—»• + — r ) , known in the

code as DELSM, and 1/c , 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/M^ (the vertex

mass), and u and v are initially stored in vacant

slots. Their "n" values are still required through

the calculation of the momentum equations, after

which the new masses and velocities can be trans-

ferred to their ordinary storage words. This places

them in their proper locations as the "n" values

going into Phase 1 of the next cycle.

The contour quantity (CQ) in the control re-

gion denotes the field of some chosen cell variable

for which a contour plot is drawn on microfilm.

The quantities referred to in the PARTH0V subroutine

are described in Sec. II E.

Charts such as Fig. 9 have proven extremely

useful in initially planning the storage before-a

code is written, but they are equally useful there-

after as an aid in visualizing what quantities are

available at a given point in the calculational

cycle, and where storage vacancies exist.

YLC1, the storage block for cell data on LCM,

contains a single array, AA1, dimensioned at

131000.,.. words in the version of the code presented

here. Because 14 words per cell are used In chi3

version, a maximum of 9357 cells (the product of

1+1 and J+2) are available.

D. The Three-Row Buffering Scheme

Subroutine W$!, 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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8
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, Mo

E, ETIL, ETIL
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Q, 80L
S I E , RCSQ, MP, RMP

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



Generally, L00P maintains three rows of the grid in

SCM at a time: the row being processed and the

rows above and below. All calculations affecting

cell data are actually performed directly on the

current contents of the buffer. Because the cell

data are interleaved in storage, all quantities

pertaining to the three rows of cells are instantly

available. The schematic flow diagram and sample

F0RTRAN double D0-loop in Fig. 10 show how the

buffering takes place.

(1) Before the "D0" statements are entered, a CALL

is made to the START entry of L00P. START reads in

the entire contents of the bottommost three rows of

the grid from LCM to the SCM buffer, placing row

j - 1 in the buffer section designated "row 1/3";

likewise row j » 2 is read into "row 2/3," and row

j - 3 is read into "row 3/3." Rows 1/3, 2/3, and

3/3 are contiguous in SCM, and like their counter-

parts in LCM each contains NQI - KQ * IP1 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 U P 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,

IJ points to the f.w.a. of 2/3, and U P 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.

(?.) The double D0 loops are initiated. Secondary

indices are needed for cells not lying immediately

above or below cell IJ, so IPJ (- i+l,j) and IPJP

(- i+l,j+l), 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 U P . 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 00 loop, which counts columns

within each row, is statement No. 89. Note how

the primary indices, IJ and U P , are first ad-

vanced to the next column in the row. The inner

loop is repeated until the row is completed, at

which time control passes to the "CALL L00P" state-

ment.

(3) The L00P entry immediately writes row IJM back

onto LCM, and depending on the setting of IBUF, goes

l:o statement No. 10, 20, or 30. Because IBUF was

Initially set to 1, control passes to statement No.

13 in our example. Now the indices U P , IJ, and IJM

are reset to point to different SCM rows — U P to

the vacated row 1/3, IJ to 3/3, and IJM to 2/3. IBUF

is reset to 2 to control the next entry to L00Pt and

control passes to statement No. 40 which will read

rou j " A, the new U P row, into SCM row 1/3. Note

thai: no unnecessary shuffling of data in SCM has

taken place: row j-1 was read out and replaced by

row j+1, and the three indices were reset to point to

where the rows j+1, j, and j-1 are located. As de-

picted at the bottom of Fig. 10, the grid rows in

SCM a,:e in their actual logical order only every

third row.

(A) L00P returns to statement No. 94 in the sample

calling program, and rows are processed similarly

until all the rows specified by the J D0-loop have

been processed, at which time control passes to the

"CALL D0NE" statement.

(S) The D0NE 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) hick 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, L00P,

and D0NE at the appropriate points in the D0-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 EQVREAL and

DTMEN, respectively, and redefining NQ in the (0,0)

main program at one place only.
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LOOP»

WRITE ROW IJM — LCM
GO TO (10,20,30) IBUF

io>»

UP =
I J
IJM -
IBUF =

UP =
I J
IJM =
IBUF =

fwa
fwa
fwo
2

fwa
fwo
fwa
3

SCM
SCM
SCM

SCM
SCV"
SCM

'/3
3/^

2 ^

' ^
3/~

GENTRY STARTJ>

READ
READ

UP
I J
I J M
IBUF

INTO
INTO

•
- fwa
- fwa
= fwo
= 1

ROW SCM '/^
ROW SCM 2 /3

SCM 3/3

SCM 2 / 3

SCM '/3

±1READ INTO ROW ( U P )

I

GENTRY

(^RETURN

WSITE ROW IJM—-LCM
GO TO (50,60,70) IBUF

IJM = fwa SCM 2/3

IJM = fwa SCM

IJM = fwa SCM '/3

WRITE ROW IJM - * LCM

SCM BUFFER

ROW 3/3

ROW

INTERLEAVED STORAGE at NQ WDS./CELL

LOOP EXAMPLE !

69

99

CALL START
DO 99 J = 2,JPI
DO 89 1=1 , IBAR

IPJ = XJ+ NQ
IPJP = IJP+ NQ

R = .25 » [R!IPJ) + R(IPJP)+R(IJPhR(lJ)"

I
IJ = IPJ
UP-- IPJP
CALL LOOP
CONTINUE
CALL DONE

IMJ

ROW

ROW

ROW

3 / 3 -

4 3 - *
( ' 3 -

(UP)

(IJ)

(IJM)

J

3

2

1

(IJ)

(IJM)

(UP)

J

3

2

4

(IJM)

(UP)

(IJ)

J

3

5

4

(UP)

(IJ)

(IJM)

J

6

5

4

(IJ)

(IJM)

(UP)

J
6

5

7

(IJM)

(UP)

(IJ)

J
6

8

7

(UP)

(IJ)

(IJM)

J
9

8

7

Fig. 10. YAQUI three-row buffer.
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The SCM buffer is in common YSC1 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 L00P subroutine, not

shown in Fig. 10, allow the user to access any cell

at random easily, and to perform D0 loops with the

J index reversed so as to sweep from top to bottom.

Examples of this flexible routine ere 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 xn 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. This is done as follows.

(a) First, we define the particle grid by

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. We generally, however, run

at this taaximum for the best resolution. In note

calculetions, the dimensions Ax and Ay are chosen

so that the parcicle grid just encoapasses t.ie region

covered by the regular rectilinear or curvilinear

grid, although in some cates when particle* are used

solely in some specific region, the particle grid aay

be placed only over the region of interest.

(b) The second step, after definition and loca-

tion of the particle grid, la 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 vsrtex. To be included, the vertex auar.

have x < PXR and PYB < y < PYT, where PYB is the y

coordinate of the bottom of the particle grid.

• Determine (l,j) of the particle-grid cell that

contain* the vertex.

• Assign to each of the four corners of the parti-

cle-grid cell (i,J) x and y

mass (M ) according to

inta (M and H ) and

+ BU (w)(Ay - h)/Ax Ay ,

» V + 1 - (M V + 1

Vi+1 V Vi+1
+ mu (w)(h)/Ax Ay ,

(Hx)i+1" ("xV*1 + mu (Ax "w)(h)/Ax Ay

Ml-Ml+ mu (Ax - w)(Ay - h)/Ax Ay ,

where w and h are defined as shown in Fig. 11. Use

similar expressions with the same weighting factors

for M and M .

(c) 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 - and PV - M /M
y °

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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1*1

Fig. 11. Assigning YAQUI vertex quantities to the
aurroundlng partlcle-grld cell.

It la than Moved according to an Interpolated veloc-

ity baaed on the corner velocities of the particle-

grid cell. If the particle llea at positlona (w,h)

aa ahown ic e.g. 12, then

^+1 (w)(Ay - h) + Pu{*J

uJ+1 (Ax - w)(h)

U^ (Ax - w)(Ay - h)j/Ax Ay ,

and similarly fot the v velocity and y coordinate.

2. Particle-Fluid Momentum Exchange. In particle-

fluid monentua exchange, the particles do not

PU.PV- - PU.PV-

h

i PU.PV PU,PV-

& » •

itl

Fig. 12. Area weighting the particle p within the
particle grid cell.

necessarily aove with the fluid velocity. Th« basic

partlcla mower 1* extended to Include reaction with

the surrounding fluid aa follows.

(a) In addition to storing ?V and PV for all

partlcle-grld vertices, we store the quantities AH

and AH , which are the x and y aoaentua changes

caused by fluid forces suffered by the particles

near each vertex. These quantities »u»t therefore

be subtracted froa the fluid aoaentus on a cell-by-

cell baaia. 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, coablne Ft) and flM at one-half word each,

and slailarly combine FV and AH .

(b) The calculation of AMx and AM proceeda

aa follows. The velocity of each particle Is gov-

erned by the equation of motion

n+1 \ * St% <"fl * Urand) * gt«r
up " 1 + «tn

in which u.. la the u of the previous equation —

Che area-weighted value of the pertlcle-grld veloc-

ities at the particle locatlc:., u . la the veloc-

ity contribution fruu turbulent fluctuations, and

n Is a drag coefficient. The x-aooentua change

of the particle Is

n+l
"rand)

where m is the particle maas. This momentum

change ia distributed to the particle-grid vertices

in much the same manner that u_, was calculated.

Thus, if the particle is in cell (!,]), the corre-

sponding changes at the vertices Are given by

(AM y> - (AM y> + w <A? • h> / s r \ ,

AM (AM J + 1

Ay

(AM ) ^ + 1 - (AM ) i

1 - (AM \* +

Ax Ay

- w) (Ay - h)

22



A similar distribution is performed for AM , where

n+1 v + v .p rand I

Becauars flM and AM are calculated through a summa-

tion, their values nust be initialized at zero each

cycle.

Note that whereas the basic particle mover re-

quired that the particle coordinates (x , y ) be
P P

stored fron cycle to cycle, the momentum exchange
requires in addition u , v , o , and n . In YAQUI,

P P P P
particle-storage words are split like particle-grid
storage. Thus, the six quantities per particle are

kept in three words, where x is combined vlth u ,
P P

y is combined with v , and n is cosblned with a .
P P ? P

(c) After all particles have beep aoved and

their momentum changes recorded at the particle-

grid vertices, these momentum changes oust be in-

serted into the fluid aomcntua field. This is done

by sweeping the YAQUI vertices in the sane manner

as that used to set up the particle-grid velocities:

Determine in which particle-grid cell (i,j) each

Ltg-angian vertex, is located. Because the mass,

H , associated with each particle-grid vertex is

still in storage, the change in velocity components

of the Lagranglan vertices can be calculated easily.

The adjusted velocity component, u, of Fig, 11 is

given by

u -u - H M ^ J <W> Wy -
1+1

AM

1 (fix - w)(h)

'i

+ Irr-i) (Ax - u)(<sy - h) /Ax Ay ,

and v i3 given similarly, with AM replaced by AM .
x y

These expressions conserve momentum.

The YAQUI particle mover has been written with

the momentum-exchange feature built in. To calcu-

late with tru«_ marker particles only, however, we
merely set all m - 0, T| •* •», and u • v «p p rand rana
0, and bypass all AM^ and AM calculations.

Two-fluid dynamics can be performed without

usiug particles In a purely Lagrangian manner when

the fluid distortions are not severe,2 whereas for

incompressible flows involving large distortions,

two-fluid dynamics can be calculated by tying the

particle motions strongly to the fluid In which the

particles are embedded. The particle masses are

chosen so as to supplement the density already con-

tributed by the background fluid, the sun of that

density 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 efficiently represented by sep-

arating the pressure of the background fluid into

two parts, the uniform gradient in equilibrium with

gravity and the departure from this. As a result,

only the departure pressure is obtained by itera-

tion, its boundary condition being zero gradient

on the top and bottom walls. The gravitational

acceleration on the particles (i.e., on the differ-

ence between the densities of the fluids) then re-

mains as the only exterior force field. To allow

for this, one must accordingly supply a separate

specification for the gravitational acceleration on

the particles, designated by gz .

Particle storage in YAQUI is maintained in the

LCM block named YLC2, which contains a single array,

AA2, dimensioned at 131000.. words. Because the

particle data are stored using three words per par-

ticle, a maximum of 43,666 particles may be used in

the version of the code presented here.

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

The automatic calculation of the time step, fit,

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 M, and the other of which is associated with

the convective fluxes for Eulerlan calculations, or

with the prevention of negative volumes for

Lagrangian calculations.

The viscous-stress stability conditions are

tested in the Phase-1 calculations in conjunction

with the calculation of the viscosity coefficients

for the stress-tensor terms. As described below,

the code creates effective values of X and v on a
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cell-by-cell basis, as determined by a combination

of input quantities and local flow conditions.

From these considerations, it then calculates a ten-

tative 6t, labeled 6t , 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 a , the code

obtains another competing tentative 6t, labeled

6te.

The ft actually chosen for the next calcula-

tlonal cycle, then, is the smaller of fit and 6tc,

fit - min (<Stv, 6t c). Subsequently, the initial val-

ues of fit and fit that go into the next cycle's

tests differ by some factor, fit, , which is usually

slightly larger than unity, times the new fit just

chosen. This permits the fit to increase when con-

ditions become more stable. Because the fit is al-

ways chosen for the next cycle of calculation, it

can be argued that it is always a cycle behind.

Ideally, the fit 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 fit is 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 X and

V: is the input quantity £, an integer exponent used

in conjunction with p.. Three possible forms of

viscosity are allowed, depending upon the defini-

tion of §:

(1) ? « 1 will allow a read-in value of artificial

kinematic viscosity. The input values of X and y

must be chosen with regard to the numerical stabil-
2

ity requirements for expected flow conditions.

(2) £ » 0 is used when the input values of X and

U represent the real, physical coefficients of vis-

cosity.

(3) 5 - -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

values of the input X and V are immaterial when

£ - -1. Only the ratio X/y will be considered for

dividing the total viscosity between X and p.

The effective X and V used in the viscous

terms of the equations are, in all three cases,

given by

kX
input

and

where

H)
when 5 " 1 or 0. When £ • -1, k is determined

(iirectly ' rom the numerical-stability requirement

X + 2u 1 2 . , 1 , . 2
— > 2 u fit + y u1 fix .

We define

P (1 1- e) A 2.J^6x)max\
. + 2p \2 ul 6t H n / '

where e is a coefficient, u., is Che square of a

representative velocity at vertex (1) of the cell,

u 2 - (u2

2
and u'fix is approximated by the maximum ufix of the

cell times a factor (1/n),

(ufix).* 2u'fix -SSi-imaxn n

in which Ar and Az have the usual definitions of

average fir and fiz:

Ar - j (x2 -

2 <y2 - y 4 + y3 -

Use of £ has removed the restriction for infinites-

imal fit's that would otherwise be required in very

low-density regions, as when g - l o r - 1 , X » p

times some quantity, and P - P times some quantity,
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so chat the condition we must satisfy for stability,

(X f 2u) fit < 1 /fir2
 Sz

2
 \

pmin 2 l f i r 2
 + fiz2/ '

becomes

/ 2 2 \
some quantity times 6t < -z I — 5 5-) •

2 \<5rZ + Sz2/

and the dependence upon p . has been entirely re-
mln

moved. Moreover, for £ « 1, A. has been converted

to a kinematic form more convenient for artificial

viscosity in problems involving large density vari-

ations.

The AD term appearing in the II , IT , and U.

equations is calculated as

Mi
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

fit is the stability condition

6t

which roughly states that momentum must diffuse

less than one cell width per time step. Because

(X + 2u) » -j U + C» the right aide of the above ex-

pression is always positive. Further, the alter-

nate node coupler in Phase 1 introduces another

stability condition, which can be shown to always

be

ANC 1 = < 1

Combining these two conditions, we obtain

Quantity^
(1 - ANC) Ar2 Az 2

2iae££) ] (iJ + A*2)

from which fit may be reset as
v 3

6ty - min \6tv, Quantity^ ) ,

thus allowing every cell a chance to participate in

the selection.

As mentioned earlier, several criteria in

Phase 3 influence the choice of 6t . 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, <5t must be based in part upon the quantity

max (|FR[,|FT|,|Ft| |FB|)/volume||

if the flow has any Eulerlan features. In

Lagrangian cases, Dfit can provide the same measure

that flux/volume does for Eulerian cases, as both

expressions have the appropriate -rr fit dimensions.

Besides monitoring these two quantities, fit

must take into account the differencing scheme it-

self. It can be shown that for stability we must

require

Ufit

in which U » u,, ., - u .., and a is a measure of
fluid grid o

the donor-cell proportion in the mass equation, as

described in Sec. I F. (The right side of the

above condition has its maximum when a " 1 . ) For
o

accuracy, we restrict the limit to only a quarter

of this amount:

Combining these three conditions, then, yields the

crucial quantity for determining fit :

Quantity^

according to which we reset fit , if necessary, by

5tc - min (fit,, Quantity^) ,

on a cell-to-cell basis, as we did to calculate

fit . (For computational purposes, the denominators

of both the above and the previous "Quantity^"

expressions should contain an added constant (on
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the order of 10

ish.)

-10.) t6 ensure that they do not van-

III. USING TcT. 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 oust

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

1, I, fir, and &z (- IBAR, JBAR, DR, and DZ in the

program) are the four fundamental quantities in

grid generation. They permit creation of a grid of

uniform fir by <5z zones whose origin, vertex (1,2),

lies at coordinates (0.0, 0.0). The addition of a

fifth quantity yo (» 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 deplet-

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 I B i f o m (• IUNF) by

Uniform (" JUNF) ZonC8' centered ttt Center

(« JCEN) zones up from the j m 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 (x±_1 - x i - 2) is used to

locate grid lines lying to the right of IUNF, above

JCEN + =^Y-, and below JCEN - :i^2£-. 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.

JCEN* 7

•- IUNF• 5-»

IBAR • 10-

JUNF-6

JBAR • 13

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

If variable zoning is employed (FREZ > 1.0),

user calculation of YB would be inconvenient, so,

instead, the input quantity REZYO, which is the

y coordinate of the center of expansion, y , deter-

mines the vertical placement of the mesh. REZYO

refers to the YAQUI vertex (1, JCEB + 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-

niques 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 syiecify the initial
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values of the four variables assigned to all zones

lying within each region. Use of these data cards

is fully described in Sec. C below.

This version of MESHMKR includes the special

capability of setting up atmospheric-explosion cal-

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 thie 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

<5z <
(y - amb

Is,

is satisfied throughout the mesh. In the above ex-

pression, I . is the ambient specific internal

energy. As coded in this report, I , (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 rpherical

burst may be defined in any manner that the user

wishes. We usually employ a special set of data

cards to define the upper right quadrant of the

burst. These cards are provided by a one-dimension-

al spherical code whose purpose is to calculate the

early-tine 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

i and J cell Indices and the associated p, I, v,

and u values. With a j index specified in YAQUI

to correspond to the center of the burst, MESHMKR

creates only the upper right and the mirror-image

lower right quadrants, taking advantage of the

cylindrical symmetry of che 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, MESHMKR1 a work, is finished when all

initial x, y, r, u, v, p, and I values have been de-

fined and appropriately stored. This information

enables YASET1 to calculate the initial values of

the remaining basic cell and vertex quantities

(M , V, E, and M ) 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 rezonJng occurs, there Is a convec-

tive flux of mass, momentum, and energy from one

zone to its neighbors, which must be properly ac-

counted for. For fluxing accuracy, the grid veloc-

ities or the time step must be restricted so that

fluid is fluxed less than one cell per cycle, as it

is assumed in the equations that exchanges take

place only between neighboring zones.

These considerations are dealt with in Phase

3, in which grid velocities, u Q and v.,, and from

them the resulting new x, y, and r coordinates, are

determined. For the extremes of purely Lagrangian

and purely Eulerian flows, these grid velocities

may be specified quite simply. In the Lagrangian

limit, the grid velocities are identical to the

Lagrangian velocities resulting from Phase 2,

up » uT and v_ - vT. In the Eulerian limit, the
G L G L

grid velocities are identically zero. In YAQUI,

these two cases are treated in Phase 3 in YAQUI2

itself. The (2,0) subroutine REZONE is called to
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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 regions, for computer effi-

ciency.

(The variable zoning discussed in Sec. Ill 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 vT fluid velocity (u )
Li JL* H 1 3 X

along a column or (v ) 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 uT or vT velocity (V )

in the entire grid:

(»G>i-l " °
 for a11 3'

- [V

<Vj-2 "

<V;J-JP2 " [V

for

for all i,

for

(2) The overall upward rise or translatioiial veloc-

ity (v_) of the mesh can be determined by Cracking

the rising maximum point of some representative

feature of the flow. We have found that the

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 f,rld

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

<<V, which is summed over all cells

except those near the rigid boundaries. Then vT is

calculated as

maximum of
(yc " ycen:

where y ^ is the y coordinate about which the fire-

ball should be kept centered, and £!„ 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,

xc = 2 J *k " k / S Wk* aS Wel1 aS the vertlcal vc»
k ' k

to move. The interior vertices are then made to

satisfy the relations

for

and

-l) + BG (Xc " \

where the coefficient gg determines how tightly the

vertices are drawn in towards the center of vortic-

ity (x ,y ), and therefore governs the level of

resolution in the fireball torus.

In terms of grid velocities, these results are

obtained by setting

T (xi " V
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and

6? ft -\ ,111.

The minimum zone size is related not only to

the value of 6g, but also to the value of I. For

a given I, it is -elpful to be able to estimate a_

priori an appropriate value for 3G to achieve some

desired level of resolution. The relationship can

be shown to be

<5r
26F*R

min

where Sr
min

(1 + 6G + Bpi
1"1 - (1 + BG - Sj,)

1'1

is the minimum 6"r after relaxation of

the grid, Xj, is the x coordinate of the right bound-

ary after all grid expansion has taken place, and

6p = (25G + SQ)'. The procedure is to obtain solu-

tions for various values of £„, but the final &n

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 u_ and v,,, 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 FI1MC0 is called to adjust all the

film-plot scaling parameters, and finally,

(3) The PL values in the exterior zcnes 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, IUEF, JUNF, JCEN, DR, DZ,

CYL, GRDVEL, AO, AOM, BO, KXI (Format

514, 7F8.3, 14),, where:

IBAR -• I, the number of real zones in the r

or x direction.

JBAR = J, the number of real zones in the z or

y direction.

IHNF, JUNF, JCEN, and FREZ (see Card No. 4 below)

allow one form of variable orthogonal zoning in the

initial grid generation. Refer to Sac. Ill A and

to Fig. 13.

DR = fir, the cell size in the r or x direction

in the uniform region.

DZ = 6z, 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 •= REZ0NE.

AO

AOM

a coefficient in the Phase-3 momen-o
turn equations.

BO

I'JCI

Card No. 2:

= a coefficient in the Phase-3 masso

and energy equations.

= 0 coefficient in the Phase-3 mass,

energy, and momentum equations.

= £, 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

is treated as a carriage control. If

desired, the card may be entirely

blank, but it must always be included.

Card No. Z: MU, LAM, 0M, EPS, GR, GZ, ASQ, R0N,

GM1 (Format 9F8.3), where:

MU = U_,
input Viscosity coefficients. Refer

,. to Sees. I D and II F.
" " * AinPut

0M = to, the Phase-2 iteration relaxation

parameter. The value (o > 1 provides

overrelaxation, whereas co > 2 is un-

stable. Refer to S.ec. I E.

EPS - e, the Phase-2 iteration convergence

criterion, typically on the order of

10 (specifying convergence to with-

in 10 of the maximum pressure in

the system at a given instant), but

e may be greater or smaller depending
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GR

GZ

upon the problem. Refer to Sec. I E.

gr, gravity felt by the fluid in the

r or x direction, which may be + or

- to pull rightward or leftward, re-

spectively.

gz,, gravity felt by the fluid in the

z or y direction, which may be + or

- to pull upward or downward, respec-

tively.

The quantities ASQ, R0N, and GMl are applicable to

the stiffened gas equation of state, which appears

in the code version of this report.

a , Che zero-temperature sound speed.ASQ

R0N

GMl

" p , normal material density,

cp/cv, if the gas

(y-1), where y is a constant charac-

teristic of the gas, becoming the

ratio of specific heat at constant

pressure to the specific heat at con-

stant volume, y

is truly polytropic.

Card No. 4: FREZ, YB, REZYO, REZUE, REZVE, REZVT,

REZR0N, REZSIE (Format 8F8.3), where:

FREZ, YB, and REZYO are parameters relating to the

zoning and grid location in the initial grid gener-

ation. Refer to Sec. Ill A.

REZUE Available for use in REZONE to specify

REZVE grid expansion (u ,v ) and translation

REZVT (vT) velocities, if these velocities

are constant.

REZRON • the p of the ambient atmosphere at

altitude REZYO at t - t .
o

• the specific internal energy of the

ambient atmospheie. In the code

listing in this report, REZSIE is a

value that remains constant in space

and time.

IBP, JP,?, PDR, PDZ, PYB, GZP, IM0MX

(Format 214, 4F8.3, 14). This card

supplies the parameters for the op-

tional particles described in Sec. II

E.

If no particles are to be

used, set IBP - 0. Then

the rest of Card No. 5 is

unused, so proceed to

REZSIE

Card No. 5:

IBP

JBP

particles

particles
Card No. 6. For particle

usage, IBP and JBP are the I and J of

the particle overlay grid. IBP < 1BAR,

and JBP < JBAR.

PDR = Ax tha (uniform) Ax and Ay of the

particle-grid cells. See Fig. 11.

PDZ » Ay In variable-zoned meshes, these

values are calculated automatically

in the setup. Similarly, PDR and

PDZ are recalculated by REZ0NE. In

both places, the code varsion pre-

sented here "stretches" the parti-

cle grid to just cover the farthest

points on the bottom, top, and

right edges of the YAQUI grid.

PYB - YB t l , s. the displacement of the

particle-grid lower edge measured rel-

ative to YB. To superimpose exactly,

set PYB - 0.0 and allow the code to

adjust the particle grid automatically,

as described above.

GZP - g felt by the particles, which may or

may not be equal to GZ (see Card No. 3).

IM0MX - 1.0 for the momentum-exchange option,

- 0.0 otherwise.

Card No. 6: T, DT, T20MD, TLIMD, TWFIN, LPR, IC0L0R

(Format 5F8.3, 214), where:

T « t , the problem starting time, usually

DT fit , the initial St. The first cycle

5to/10,is automatically run with <5t

then the second and third cycles are

run with <St - (5t . From cycle 4 on,

che <5t is chosen automatically as de-

scribed iu Sec. II F.

T20MD » 1.0 to force tape dumps every 20 min

of central processor (CP) tiiie for

restarting purposes, or - 0.0 to by-

pass this option.

FLDtD - 1.0 to force a tape dump and RETURN to

the (0,0) overlay just before reaching

tne CP time limit specified on the J0B

card; > 1.0 to force tape dump and RE-

TURN immediately after cycle 0 output;

- 0.0 to run out to a full time limit

with no tape dump.

TWFIN » problem finish time. When this is

reached (t > TWFIN), control will RE-

TURN to the (0,0) overlay.
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(Upon RETURN to (0,0) for either the

TLIMD or TWIN condition, the (0,0)

main program YAQUI searches the in-

put qu«ue 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. Ill D.

IC0L0R > 0 plots particles in red, and any-

thing else on film in white, obvi-

ously effective only with color pro-

cessing. IC0L0R < 0 implies normal

black-and-white processing.

Card So. 7: (DT0(N), N-1,10) is used in conjunc-

tion with

Card No. 8: (DT0C(N), N-1,10)

(both are Format 10F8.3), where

DT0 specifies the problem-time out-

put interval for both jii.ots and

prints. DT0C specifipa c'.e time at

which to change to DT0 . As an ex-
n+1

simple, 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

DT0 (1-10) » 0.25, 0.5, 1.0, 2.0,

10.0,

CT0C (1-10) - 1.0, 4.0, 10.0, 50.0,

200.0.

To keep the output time interval fix-

ed throughout a. run, specify DT0 (1)

- (interval) and DT0C (1) > TWFIN.

(Note: When an output time is being

approached, the automatic £t routine

will choose a special 6t 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, YC, XD, YD, UPAR,

VPAR, MTE, DRAG (Format 10F8.3).

This is a particle-region card, to be

expected only if IBP > 0 en 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 no 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 PARTM0V assumes that all particles

lie within the mesh.)

Particle spacing In the r or x and z

or y directions, in problem units.
DRPAR

DZPAR

XC

YC

XD

YD

Particle-region dimensions In problem

units, relative to x - 0 and y » 0.

See Fig. 14.

31



' • — y - i o

1— u = n - '

YD a 0.0
(XC UNUSED)

= YB-

y = 0

CYLINDER (OR RECTANGLE)

y=0
SPHERE (OR CIRCLE)

Fig. 14. Particle-region shapes available in I'ARTGEN. Note that the named dimensions
are measured from x ™ 0 and y = 0.

UPAR

VPAR

MTE

DRAG

Initial u and v velocity components for

the particles in this region; will be

0.0 for true marker particles.

Mass per particle - MTE*r a r t i c l • "se

MTE - 0.0 for markers.

Drag coefficient, n, for these parti-

cles. Use DRAG - ]0 1 0 for markers.

Particle-region cards are processed individually,

and the number of particle regions is unlimited.

If particles are usetl 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 ox more.

Card No. 9; if no particles are used. If parti-

cles are used, however, then this card

follows the DRPAR - 0.0 card: KB, MR,

HT, NL, UI, VI, RJJl, SIEI (Format kU,

4F8.3). This is a fluid-region card,

one card of this format being provided

for each discrete fluid region in the

mesh. The allowed fluid region covers

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 corners 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

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 corner 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-

gion. To use a single fluid region as an entire am-

bient background, set N L « N B = 0 , N R » I , a-ri

NT « J,

NB

NR

NT

NL

UI

VI

numbers of zones (integers only). Refer

to Fig. 15.

the initial velocity components to

La assigned to all vertices in the

fluid region.
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R0I = PT \ the Initial density and specific

SIEI = 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-

gions is also unlimited. The version of MESHMKR

presented in the code listing in this report ex-

pects that at least one fluid region will be de-

fined by this type of card. The set of fluid-region

cards terminates with the final card having NR = 0

and the rest of the card unused. Therefore, a min-

imum of two fluid-region cards must be present in a

YAQUI deck.

To set up an atmospheric-explosion calculation,

as described in Sec. Ill 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,

NT = 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, R0I, SIEI, VI, and UI

(format 215, 4(4X,E11.5)), one card per Eulerian

zone. The j index is called JJ here to emphasize

that it is relative to the definition j » 1 at the

burst point on the data cards. VI is the v veloc-

ity centered on the top edge of the Eulerian zone,

and UI is the u velocity centered along the right

edge. These cards are read and processed individu-

ally, the set terminating xrtth 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.

P. Output—Plots, Prints, and Motion Pictures

The YAQUI output is in the usual two forms—

visual information on microfilm or motion-picture

film, and printed information on microfilm or fan-

fold paper. Both forms are automatically provided

at cycles 0 and 1, and thereafter at intervals

specified by DT0 and DT0C in the input data. The

jiicrofilm plots are generally the most useful

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

S-C 4020 C0M (computer output microfilm) devices.

Six plots are provided in the basic code version:

particles, zones, velocity vectors and contours of

density (isopyctiics), internal energy (Isotherms)

and vorticity.

The particle plots are made by plotting the x

and y coordinates of all particles, and are pro-

vided automatically when particles are used.

The zone plot is included for all Lagrangian

or REZ0NE runs (GRDVEL > 1.). For purely Eulerian

calculations (GRDVEL = 0 . ) , the zone plot is pro-

vided only at cycle 0. The labels of minimum and

maximum 6r and 6z 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 (Xjiy,) are the coordinates of ver-

tex (i,j), the coordinates of the vector end point

(x2,y2) are given by

X, - x, + L\\ (DR0U) ,

and

(DR0U)

where DR0U is a scaling coefficient defined as

DR0U - (0.9) (VELmax)
/xi-IPl\

This coefficient is recalculated whenever a veloc-

ity-vector plot is drawn, and it scales the length

of a vector drawn for the largest u or v velocity

in the system at that instant (VEL ) to be 9/10ths

the length of the average zone (xi,Tpi/^/" 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 tt 2 principal field variables over

the entire grid. One line is printed for each zone,

giving the 12 quantities i, j, x^, jrj, u^, v^, 1^,
1 1 1 1 1 1 1 1 1 1

Pi* V i ' Di* v 1 a n d pi f o t t!le 2 o n e o r i t s l o w e r

left vertex.

A two-line short print is provided every cycle,

and it contains the following 13 quantities:

T is the current problem time.

CYC is the current cycle number.

DT is the current St.

GRINDS - 6CP/(I*J), the elapsed central processor

(CP) time for the cycle just finished, di-

vided by the total number of zones. The CP

time per cell per cycle is a useful indica-

tor of the code's computing efficiency.

CIRC, or circulation, is a measure of fluid veloc-

ities near the rigid asesh 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 is the number of iterations in the preceding

Phase 2.

CPTIME is the current CP clock time.

DTV is the competing 6t calculated during the

previous cycle, in which

IDTV and JDTV are the 1 and j indices of the zone

that limits fit most severely.

DTC is the competing St^, and, similarly,

IDTC and JDTC are the i and j indices of the zone

that limits 6t most severely.

For either 6t^ or St , if the printout indicates

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

next time step, 6ty - 6tc - (St) ($t f a c). 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, where:

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 ia printed on microfilm.

This case is intended for motion picture use, and

the only microfilm output is a particle plot. For

movies, the user should hold the fit constant, and

set DT0 - fit or 25c. 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. Ill C. The

quantities dumped are the contents of the SCM common

YSC2, the LCM block YLC1, and, if particles are used,

the LCM block YLC2.

A tape restart is performed by staging In the

dump tape as Fileset 7. The input deck consists of

an IBAR - 0 data card, where JBAR - the dump number

on the tape and is used as a check.

F. Incompressible Flow Calculations

Conceptually, the YAQUI code in this report

should be able to calculate a truly incompressible

flow, defined as a flow in which the sound speed is

vastly greater than the fluid speed. Practically,

however, the code should be slightly modified to

render it suitable for handling such calculations.

The equations we use are intended for flows contain-

ing conpressibility effects, and they, indeed, dif-

fer from those we would choose for a fully incom-

pressible flow technique.

In incompressible flow, variations in I can be

neglected unless buoyancy effects are important,

and as p is essentially a constant for each fluid

element, the mass equation reduce*, 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, hovever, the equation of

state is inherent: Phase 2 assumes it through the
2

appearance of c , and the equation of state is used

directly to update p. into the new p, to account
Li

for p changes that occurred in the Phase-3 convection.

Nevertheless, the Implicit treatment should still

enable YAQUI to handle incompressible flows. In

practice, we see this to be true for Mach numbers
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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

p. from an equation that leaves 6t 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'u 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 p, which cannot be efficiently

corrected in the subsequent pressure iteration. As

a solution to the problem, we have bypassed the

equation-of-atate calculation after cycle 0, and

instead used n p - p, in incompressible flows.

Yet another choice would be to iterate Phase 2 to

much greater accuracy, which would not be very eco-

nomical, especially in view of the vastly increased

computer time requirements. We cannot run with the

limit of e - 0 in Phase 2, but rather use a value

more on the order of, say, 10~ , which leaves rel-

ative errors of that order :ln p. .

These considerations can be illustrated with

the stiffened gas equation of state, appearing in

the code version of this report. For this, np is

given by

" p - a 2("»- 0 - l)npnl

The incompressible limit can be described by a •*• <

forcing the (Y - 1)PI part of the equation to be

negligible, or by I + °°. Because true M cannot be

used on the computer, we might choose, say,

a 2 - 10 1 0. Even this less-than-lnfinite a2 is

large enough to magnify any slight p errors into

appreciable variations in the p field.

To implement the " + 1p = P t logic in YAQUI,

the storage requirements must be considered. Ex-

amination of Fig. 9 reveals that pL> in storage

word 11, is not saved in Phase 3. The simplest way

to preserve p, throughout the cycle is to create a

15th word of storage and store p^ in it after

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

p can be set from it quite easily. Note that

then one must set NQ « 15.

The standard Phase-2 treatment is to bypass the

updating of the vertices of any cell whos? 6p 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 * p = p , however, it becomes more appro-

priate to update the vertices of all cells, whether

or not the convergence test was satisfied.

G. The C0MM0N Block YSC2

The following list provides the names, descrip-

tions, and sources of ail quantities in the SCM

C0MM0N YSC2 in the (0,0) overlay. This C0MM0N 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 is the SCM

portion of the tape-dump data.

The sources in the list are keyed to the fol-

lowing symbols:

1 « Supplied as part of the standard input

data. The parenthetical symbol that fol-

lows I specifies where this quantity is

read.

0 « (0,0) Main Overlay

L « (0,0) Subroutine L00P

F - (0,0) Subroutine FILMC0

S - (1,0) Subroutine YASET1

P - (1,0) Subroutine PARTGEN

2 » (2,0) Subroutine YAQUI2

R - (2,0) Subroutine REZ0NE

Multiple sources indicate that the quantity is re-

calculated.
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NAME DESCRIPTION SOURCE

AA

ANC

ASQ

AO

AOFAC

AOM

BO

C0LAMU

CYX

DR

DT

DTC

DTFAC

DTGR

DTGZ

DTGZP

DT0

DT0C

DT016

DT02

DT04

DT08

DTP0S

DTV

DT8

DZ

EM10

EPS

FIBP

FIPXL

FIPXR

FIPYB

FIPYT

FIXL

FIXR

FIYB

FIYT

FJBP

FREZ

GGM1

GM1

GR

GRDVEL

GZ

GZP

Dummy word, always the first word in the C0MM0N.

a™, alternate node-coupler coefficient.

a2, the zero-temperature sound speed for the stiffened gas equation of state.

a y determines Phase-3 momentum differencing form.

a „ /12 11 + oc 2J I, used in calculating 6t .

a , the a used in Phase-3 M and E calculation.
oM o
6 , determines Phase-3 differencing form, used with a and a „.
o o oM

(1 + e)/(X + 2u), used in Phase-1 viscosity-coefficient calculation.

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

<5r, the cell size in the radial direction if uniformly zoned,

ft, the time step, subject to automatic recalculation.

fit^, competing ft based on Phase-3 convective flux and divergence considerations.

6tInitial 6t and 6t each cycle are given by &t (6t) («t £ a c).

6t*gz

Problem time interval between outputs (plots and prints).

Problem time at which to change to next DT0 in the set.

6t/16.

6t/2.

6t/8.

fit possible for the cycle, but actual fit may be reduced to adjust to output time.

fit , competing fit based on Phase-1 viscous-stress considerations.

6t*8.

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

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

e, convergence criterion for the Phase-2 iteration.

Floating-point equivalent of I .

Floating-point frame coordinate for left edg\ 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 J .

Expansion coefficient for zoning; - .1.0 if uniform throughout.

•yCY-1), in which y is the equation-of-state specific heat ratio if the gas is truly

polytropic.

(Y-D.

g , gravity component in the r direction, +.

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

g , gravity component in the z direction, +.

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

S

KS)
1(0)

s
1(0)

1(0)

s
1(0)

1(0)

2

2

2

2

2

2

2
K0)
S
KS)
p

F

F

F

F

F

F

F

F

P

KS)
s

KS)
KS)
1(0)

KS)
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NAME

I

IBAR

IBP

IBP1

IC0L0R

IDT0

IJ

IJM

U P

UPS

IM0ME3

IM0MX

IM1

IM6

IPAR

IPXL

IPXR

IPYB

IPYT

IP1

IP2

ISCF1

ISCF2

ISC2

ISC3

ITV

IUNF

IXL

IXR

IYB

IYT

J

JBAR

JBP

JBP2

JCEN

JM10

JM14

JP1

JP2

JP4

JP402

JUNF

JJNF02

KXI

LAM

DESCRIPTION

Index i. In C0MM0N because of ENTRY SETIJ in L00P.

I, the number of interior fluid zones in the r direction.

I , the number of particle-grid zones in the r direction.

I +1, index of rightmost column of particle-grid vertices.

= 1 for color movie, = 0 for black and white processing.

Index for DT0 and DT0C tables.

Index for cell (i,j), initialized by L00P.

Index for cell (i,j-l), initialized by L00P.

Index for cell (i,j+l), initialized by L00P.

Index for cell (i,j+l), saved for later reference to cell (l,j+l).

IM0MX*1OOO, forces resetting of J in statement No. 2020 in PAKTM0V if M0MX = 1.

= 1 if particle-fluid momentum exchange, = 0 otherwise.

1-1, index of next-to-last zone or vertex in column.

1-6, in usual large grids, this column is in somewhat from the right.

L0CF(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.

1+1, index of rightmost column of grid vertices.

1+2, index used in reversed D0 loops.

ISC2-NQ, the relative first word address (f.w.a.) of i • I + 1 zone in SCM buffer row

1/3.

ISCF1 + KQI, the relative f.w.a. of 1 •» I + 1 zone in SCM buffer row 2/3.

NQI+1, the relative f.w.a. of i - 1 zone in SCM buffer row 2/3.

ISC2+NQI, the relative f.w.a. of i = 1 zone in SCM buffer row 3/3.

JP1*NQI, the relative f.w.a. of the J + 2 row in LCM storage.

L ™ , the number of zones with uniform initial 6r (DR).

Integer frame coordinate for left edge of regular plots.

Integer frame coordinate for right edge of regular plots.

Integer frame coordinate for bottom edge of regular plots.

Integer frame coordinate for top edge of regular plots.

Index j. In C0MM0N because of ENTRY R1R0W and W1R0W in L00P.

J, the number of interior fluid zones in the z direction.

J , the number of particle-grid zones in the z direction.

J +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 is down from the top.

J-14. In usual large grids, this row is down from the top.

J+l, index of topmost row of interior zones.

J+2, index of topmost row of grid vertices.

J+i, index used in reversed D0 loops and in LCM clearing.

(J-i-4)/2, j index at midpoint of full YAQUI grid.

J,,jrp > the number of zones with uniform initial <5z (DZ).

JT__/2 uniform zones lie above JCEN, and J m / 2 lie below.
UNF UNF'
C, the p exponent that determines the viscosity form.

A viscosity coefficient. A real number.

SOURCE

KO)
KS)
P

KS)

S,2

L

L

L

L

P

KS)
s
s
p

F

F

F

F

S

s
s

s
s
s
s
KO)
F

F

F

F

KO)

KS)

P

1(0)

s
s
s
s
s
s

1(0)

s
1(0)
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NAME

LJP2

LPB

LPR

MU

NAME

NCYC

NLC

NPS

NPT

NQ

NQI

NQIB

NQI2

NSC

NUMIT

NUMTD

0M

0MANC

0MCYL

(9MEM10

0PEM1O

PDR

PDZ

PXC0NV

PXL

PXR

PXRP

PYB

PYBM

PYC0NV

PYT

PYTP

RDT

RE2R0N

REZSIE

REZUE

REZVE

REZVT

REZYO

RIBAR

RIBJB

RIBP

RJBP

R0MFR

R0N

RPDR

RPDRDZ

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. SCM row.

Determines output options of film and printer.

p. viscosity coefficient. A real number,
input '

The problem identification from input card No. 2, up to 79 characters.

Number of calculational cycles completed.

Number of words of LCM block AA1 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*IP1, the number of words for a full row of zones.

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

NQI*2, the number of words in two full rows of zones, for PARTM0V.

Number of words in this SCM C0MM0N, for tape dump.

Number of iterations required for Phase-2 convergence.

Number of the next tape dump.

10, the Phase-2 iteration relaxation parameter.

(l-aN_), used in 6t calculation.

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

(1-10-10).

(1+10"10).

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*0PEM1O, test comparand in particle-grid mapping.

Y coordinate of bottom edge of particle grid, in problem units.

PYB*0MEM1O, 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*0PEM1O, test comparand in particle-grid mapping.

l/6t.

p of the ambient atmosphere at altitude REZYO at t - t .
o o

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

Grid-expansion u velocity, available for REZ0NE use.

Grid-expansion v velocity, available for REZ0NE use.

Grid-translation velocity, available for REZ0NE use.

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

Reciprocal of I.

Reciprocal of I*J, used in control region grind calculation.

Reciprocal of I .

Reciprocal of J .

Reciprocal of (l.-FREZ).

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

Reciprocal of Ax.

Reciprocal of (Ax*Ay).

SOURCE

S

P

KS)
KS)

S,2

S

P

P

0

s
s
p

S,2

2

S.2

KS)
s

s

s

s

S.P.R

S.P.R

F

F

F

F
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F

F

F

F

2
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s

s

p

p

s
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F

F
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NAME DESCRIPTION

RPDZ Reciprocal of Ay.

T t, the problem time.

THIRD 1./3.

TLIMD = 1.0 to force a tape dump & RETURN before time limit.

T0UT The next output time for plots/prints.

TWFIN Time-When-to-Finish: calculation completed when t > TWFIN.

T20MD = 1.0 to force tape dumps every 20' CP time.

W Velocity-vector plot-scaling coefficient, = 9/10 average <5r.

XC0NV Frame-conversion coefficient for regular plots, x direction.

XL X coordinate of leftmost vertex of the grid, in problem units.

XR X coordinate of rightmost vertex of the grid, in problem units.

YB Y coordinate of bottommost vertex of the grid, in problem units.

YC0NV Frame-conversion coefficient for regular plots, y direction.

YT Y coordinate of topmost vertex of the grid, in problem units.

ZZ Dummy word, always the final word in the C0MM0N.

SOURCE

F

KS),2

S

S,2

KS)

KS)

F

F

F

F

F

F

F

IV. SOME CALCULATIONAL EXAMPLES

Here we present results from several YAQUI

calculations. Emphasis is on the method's versa-

tility in handling a given problem, rather than on

presenting a wide variety of different examples.

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 is 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

is made here to describe a variety of late-time re-

sults.

A. One-Dimensional Shock Tube

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

lected from a series of one-dimensional shock-tube

test cases; although they do not necessarily repre-

sent the best that YAQUI can do for this problem,

they clearly demonstrate that satisfactory results

can be obtained in both the Lagrangian and Euleriac

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
3

the problem.

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 - 6z - 1/3, the viscosity coefficients were

X •= 0.002 and u - 0.0, and, in addition, the gas was

polytropic with y « 5/3. The Eulerian shock tube

was run with full donor-cell differencing

(a - a - 1.0, g o-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, fit 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:l-density-ratio shock cube.

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

producing plots and prints every unit of time.

B. A Low-Altitude Explosion

These examples demonstrate three distinct ap-

proaches to the treatment of grid motion in a typ-

ical low-altitude explosion calculation. The sets

of 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 vorticlty contour plots (bottom).

Figure 18 shows :he various plots at time

t « 0, immediately afser 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 i'AQUI Eulerian calculation
of a 2:1-density-ratio shock tube.

uniform 26 by 52 cell YAQUI computing grid that al-

ready contained in appropriate ambient background.

This procedure was described in Sec. Ill 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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computing mesh, and velocity vectors (top) and isopycnic, isotherm, and vorticity contour plots
(bottom).



Figure 19 shows -the same six plots at: t - 1

sec from a calculation of this problem in which the

interior vertices were allowed to move in a purely

Lagrangian fashion (GRDVEL - 1.0). The rigid walls

of the computing mesh are held fixed, causing the

strong radially expanding shock to reflect back in-

to the central region shortly after t » 2 sec.

This effect is visible in Fig. 20, which shows the

appearance of the velocity vectors at t » 2 and

t - 3 sec.

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 Lagrar^ian calculation, the walls

are rigid, and the t - 2 and t » 3 sec velocity-

vector plots of Fig. 22 show the same strong wall

reflection as did Fig. 20.

In reality, the edges of an atmospheric region

•re not rigid walls, so to calculate such an atmo-

spheric explosion beyond the first twti 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,

buc this obviously Is not economical in terns of

computer storage and tine requirements.

(2) Condnuaclva outflow boundaries would allow

the- strong radially expanding shock to leave the

•7»t*s vtch a ainlaun of upstream disturbance, but

ch* »><»eetiuant rise of Che explosion debris sucka

j»«*iir!j«l u;< bahtnd 1c In cha central column, caus-

ing :>.» bnitom «ru1 right wall* of Che aesh to be-

"'*« Inflow S^-andurl««. Appropriate Inflow condl-

:l,-m «re Ufflcule 5a daftne, •unseating (gain a

• •fan; -s-flrptittng asah tc rmld this difficulty.

{.*} * ;ftU.,t tttotc*. »h",t(i «• esplote in YAQUt, is

so ell(*v tfi« entire aash Co ospand a: a rats that

• ill «••£> ch» rof l«c; tii boundaries out « heart of

en* iradtat •tocin *Ml« te ''** significant strength.

As sftn **•• ttm. ve vary thm sizes of eh* Interior

!.-.«•» so provide high resolution In the central r«-

glcn «*i'. tu:!i cn«n«r resolution In tha outlying

r»(jiof(». »hlch *ctU allows th* u«a of the aaae

nt»b«f ot cali*.

Figure* 23 and 24 show such a calculation,

using the RCZ0N2 subroutine exactly as provided in

the code version of this report. The problem Input

is Identical to the preceding cases e :ept that

GRDVEL " 2 . 0 . As the problem proceeds, the mesh

is continuously enlarged at a race that depends

upon the magnitude of the velocities approaching

the boundaries. This expansion leaves a region

without particles around the outer regions of the

mesh, which is already evident by t • 1 sec (Fig.

23). By t - 5 see (Fig. 24), the initial mesh

radius has already increased by 50%, allowing the

calculation to run to much later times without

boundary Interference than do either the Lagrangian

or pure Eulerian approaches. Note in Fig. 24 that

the velocities near the rigid walls are negligible,

and that the vorticity field has become well estab-

lished.

Because the computer is programmed to draw

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. Ill A. Figure 25

•hows a setup configuration for the same problem,

In which the cells are expanded (FREZ - 1.1) beyond

a unlforaly zoned 16 by 32 cell central region.

Thla affords high resolution where required, at the

saae time allowing the continuous rezoning and ex-

pansion to take place much more gradually, as in

this particular case the initial mesh encompasses

a auch larger volume.

The CDC-76OO 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 ?. Calculations such as
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Fig. 19. A Lagranglan calculation at t - 1 sec of the problea setup of Fig. 18.



Fig. 20. Velocity-vector plots at t » 2 and t
flection from the boundaries.

3 sec of the problem shown in Fig. 19, showing shock re-

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 (Eulerlan) 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.

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 ai an aid to the

reader who uses YAQUI, allowing him to set up the

same problem and compare results.

The input data sve listed in their entirety,

and include all information necessary to specify the
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Fig. 21. An Eulerian calculation at t - 1 sec of the problem setup of Fig. 18.
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Fig. 22. Velocity-vector plots at t • 2 sec and t
reflection from the boundaries.

3 sec of the problem shown In Fig. 21, showing shock

problem. Subsequent pages show the initial parti-

cle and zone plot configurations at time 0, 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 arc reset to zero, so

no buildup can occur. This will, however, act as a

sink for momentum, which wouJ.d 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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YAOUI PARTICLE-FLUID MOMENTUM EXCHANGE TEST. (T3AAA1GS 032272-31 110872-1
I BAR- 36
JBAR- 52
IUNF- 26
JUNF- 52
JCEN- 26
OR- l.O00O0E»00
DZ> I.JOOOOE'OO

CYL" I.OOOOOE'OO
GROVEL- 0.

AO- 7.50000E-0I
AOM- 7.50000E-0I
BO- 0.
KXt- -I
MU- I.OOOOOE'OO

LAM* 1. ObHOOE+OI
OM- I.OOOOOE'OO

EPS- I.OOOOOE-04

GR- n.
OZ- 0.

ASQ- 1 .uCCC?lt'O2
RON- 1.00000£>00
OMI- 0.

FREZ- I.OOOOOE'OO
YB- 0.

REZYO- 0.
REZUE- 0.
flEZVE- 0.
REZVT- 0.

REZRON- 0.
REZS1E- 0.

IBP- 26
JW»- 52
POR- I.OOOOOE'OO
PD2- I.OOOOOE'OO
PYB- 0.
GZP— I.OOOOOE'OO

IMOMX- I
T- 0.

OT- I.OOOOOE-01

TL1M0- 0.
THFIN- l.OOOOOE'OI
LPR- I

ICOLOR- 0
DT011-101- I.OOOOOE'OO -0. -0.

-0. -0. -0.
DT0CI1-10)- I.OOOOOE'O2 -0. -0.

-0. -0. -0.
DRPAR- 5.00000E-01 DZPAR- 5.00000E-OI XC- 0.
Til- 0. UPAR- 0. VPAR- 0.

106 PARTICLES GENERATED. WITH TOTAL MASS- :
NB- 0 NR- 26 NT> 32 NL- 0 Ul- 0.

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

TV

0.

YC
MTE-

*

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

• 2.60000t'0l
2.50000E-0I

ROI- 1

XD- 8.
DRAG- 1

OOOOOE'OO
.OOOOOE'OO

.POOOOE'OO SIEI-
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PARTICLES
POR- I.O000OE*00 POZ- I.OOQOO£->00 PXR- 2.60000E*OI PYB- 0. PYT- 5.2OOCOE*OI

T3AAA IBA YAQOI PARTICLE-FLUID MOMENTUM EXCHANGE TEST. (T3AAAI06 032272-31 110872-1 T- 0. CYCLE"
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IB33C-0I
800X-SI
e8SSt>0S
6076t-0t
72iaC-0l
•JWC-OI
323X-0I
9087C-OI
**2*OOI
9790C-0I
5*71001

- 1

-2

-8
H

1
I

1

2
2
2

2

2
2
2
2
2
2
2
2

-1
-1

-1
-1

-1
-1

-9

-6
- H

-2
-9
2
9

1.

1.
1.
1.

1.

1.

2 .

2 .
2 .

2 .
I .

1 .

1 .
! .

- I .

- 1 .

- I .
- I .

• 1
- 9 .
- 7 .

V

'.899IC-3I
i.295X-0i
'.93HIC-0I
I.208HO02
.0*06002
.236K-0I
.7IG6E-0I
.97B2C-0I
.loasc-oi
.1699001
. I86K-0I
•IB92E-0I
.I7H6C-0I
.tS95r.-OI
.IH3HE-01
.I29SC-0I
.II99C-0I
.I05HC-0S
.096X-OI
.09S9E-01
.HHOX'OO
.H6I8O00
.*2*aooo
.3921000
.237*000
.easx'oo
.0021001
.983*001
.62I9C-0I
.92I7C-0I
HSK-02
H10IE-02
778IC-02
H2S9C-0I
6B7TE-0I
8379C-0I
U3K-0I
970*1-01
«V«9C-OI
0030OCI
0(177001
09BIO0I
00211-01
W77E-0I
«93K-0t
9899C-0I
9869C-0!
269*000
2«ax«oo
2*07000
192*000
oaax«90
SIIHC-OI
eSTil-O!

-S.89HHO0I
- H .

-2 .

-a.
i.
7 .

1 .

t .

OlitC-OI
2S9Ht-OI
689*002
079IC-02
5936C-02
I699C-0I
*292C-0t

1

1

1
1

1
1

1
1
1

1

1

1
I

1

1
1
I

1

1

0
1
I

1

1
1

1
I

1
I

I

1

1

1
I

1

1.
1.
1,
I

1.
1.

1.

1,
1 .

1.

1.

0 .
1 .
1 .

1.

1 .

1 .

1 .
1 .

1 .
1 .

1 .
1 .

t .

1 .
1.
I .

. iT3AAAICS
SIC

.0532000

.0HH9O00

.02H9O0D

.01*9000

.011*000

.ooasoeo

.0057000

.00*0000

.0028000

.0019000

.001*000

.0010000

.0009000

.0006000

.0009000

.000*000

.000*000

.000*000

.OOOX'OO

. I8H6O00

.QS79O00

.0H79O00

.OHOIOOO

.0375000

.0399000

.0*32000

.0H68O00

.03*X«00

.0189000

.0)31000

.0100000

.0070000

.0054000

.0033000

.002*000

.0017000

.0012000

.0009000
0007V-0'/
.oooaoro
ooosooo

.000*000
000*000
000*000
OOOX'OO

21*9000
0890000
0877000
0*88)009.
O96X«eO
0H78O08
0*30000
037>iOQa
02S9O00
0IS2O00
otiaooo
000*000
OOfOOOO
00*2000
0029009

9

9

9

9

9

9
9
9

9
9

9

e
9

9

9

9

9

9

-1

1
•

9.

9

9

9.

9.

9.
9.

9.

9.

9 .

9.
9 .

9 .
9 .

9 .

9 .
8 .

9 .

9 .

9 .

9 .

9 .

9 .

9 .
- 1 .

1 .

1 .

1 .

032272-31
RMO

.9707E-0I

.9689001

.r«aoe-oi

.9M0O0I
• 9S8K-0I
.9700C-0I
.9717001
.9735001
.9735001
.977*001
.C79*>C-OI
.9810001
9826E-0I

.983U-0I

. 99*.X-5I

.98S7E-0I

.9862E-0I

.9866001

.98*3001

.aiTOC-07

.0006C*C0

.OOOIC'OO

.9973001

.99H<K-QI

.990HC-0I
9SSK-QI
983SC-0I
CMHC-QI
B77K-0I
978IC-0I
97SIC-0I
97*71-01
973YO0I
97S6C-0I
9786C-0I
8777r.-OI
97901.'-01
tajji-oi
98!*E-OI
992SC-0I
983SC-0I
98*21-0!
98**C-OI
99SX-0I
99S5C-0I
98371-01
03151-07
OOIJOOO
oooaoao
OOOSf'OO

I.C002O00
9.
S.
9 .

9 .

9 .

9.
9.
9 .

9 .

9 .

9 .

998HC-0I

BSn<C-01

99IX-0I
99MC-0I

*e*x-oi
9825C-0I
S608C-OI
97971-01
979IC-0I
9790C-OI
979X-0I

7

8
9
1

1

1
1

1

1

1
1
1

I

a
a
2

a
2

2

0

s
1

2

3

5

6
7.

9,

9.

1.

1.
1.

1.
1.

1 .
1.

1.

1.

1 .
2 .

2 .
2 .

2 .

2 .

2 .

0.

9 .

1.
2 .

3.
* .

3 .

8 .
7 .

a.
9.
i .
i .

•.
t .
i.

110872-1
VOL

.5000000

.9000000

.soaoooo

.0300001

. I900O0I

.290 0 0 0 1

.3500001

.SSOOE'OI

.3900001

.69CI0O0I

.79CI0O0I

.89CI0OCI

.95(10001

.0300001

.15(10001

.25!l0O31

.Z9tlOOOI

.*9flOOOI

.9SCICO0I

.OOOOC-OI

.50(10000

.90QUO00

.5000000

.5000000

.9(100000

.5000000

,3000000
• 500X-00
.500.0000

03CI0O0I

ISCIOOOI

.29(10001

33(16001

H300O0I

93!) COO 1

69I3OC*O1

7300O0I

asfloc'Oi
99(10001
CfttlOOOl

I«IX>OI
2900001
350X-0I
S300OCI
550X-0I

OOOOt-OI
SOOtK'OO

SOOM'OO

90ow*9o
KSiW'OO
ti56f*»00
9000O00
SOOtK'OO
M6IJO00
9000C>SS
050X-01
CJOOt-01
2SOOC>OI
«OO€'OI

*sooooi

- 2

- 2
- 2

-2
-1
-1

-1

-1

- 9
-6
- *

- 2

-1

-6
- 2

3

6
7

9

0

-3
-1
-1
-1

-2
- 2
- 2

-2
-2

- 2 ,
- 1 .

- 1 .

- 1 ,

- 1 .

- 1 .

- 9 .

- 6 .

- 9 .
- H .

- 3 .
- 2 .

- 1 .

- 1 .

- 1 .

-«.

-a.
0.

- 2 .
- 1 .
- ( .

•X.
- 1 .

- 1 .
1.

- t .
- 1 .

- 1 .

- 1 .

- I .
- t .

- 1 .

. 1 .

T- 9.00000E-00 CYCLO
0

.6219003

.9929C-0S
.393*003
.1966003
.S83K-03
.8 1IC-03
JI99E-03

.0566003

. 1773O0*

.0 *5200*

.6HH6C-0*

.9 *6900*

.97.1900*

.986K-09

.23*0£-0S

.9902005

.210*009

.682K-09

.770X-09

.HSOHE-03

.6890C-03

.7BIK-03

.aanc-03

.0I0X-03

. S38X-03

.237K-0S

.3078C-03

.2*32003

.I057C-03
9039E-0J

.697K-Q3
S'<*3£-03
2**X-03
,0**7t-0*
3*3*C-0H
»s|It-OS
387K-0*
SSI HE-OS

21NC-0*
H078C-0*
733X-0*
299X-0*
0232C-0*
MC9C-09
*277t-0S

8902C-03
*387O03
32781-03
6JS0C-03
7js?i-aj
8330C-03
9O22C-03
9799C-03
S97X-03
80SK-03
(9t2C-03
90V7C-03
329K-03
1749C-CS
OOMC-03

6
7

8
9

1
1

1
1

1
1

1

1

1
1

2

2
2

2

2
1

2
9
1

2
3
*
5,
6
7,

8.

9.

1.

1 ,
1.
1.

1.
1,

1.

1.
1.
1.

2.
2.
2.
2.
2.
1 .

2.
t .

2.
2.
3.
H .

9 .
6 .

7.

8.
9.
1 .
1 ,

1.
t .

n
.9799000
.9711000
.9668000
.S633O00
.0961001
.1959001
.2959001
.3999001
.*98OC*OI
.99*1001
.89B2O0I
.798*001
.89*5001
.99*7001
.09*9001
.19*8001
.296K«OI
.3969001
.*9**O0l
.273*001
.5002001
.997M-0I
.99S7O0C
.9970000
.99*6000
.99)9000
.9*79000
.9938000
,979*000
.975*000
.9711000
096X.01
19*7001

.29*3001
396HC'01
H9SHO0I
99SHO0I
691*001
79*5001
89B6ODI
996*001
09*7001
I967O0I
29*7001
3M6O0I
H965OQI
27J2f«0i
302*4.-01
000«>00
8SSSOG0

999K'0C

9*8*C»00

99*2C«00
tMHE'OO

990QO00

*a*2t*oo
9*2X>00
979«C>00
0979C-0)
I97X'OI
297K>0l
398K-0I

- 2

-3

- 3

-3

- 3
-3

- 2

- 2

-2

-c

- 2

-1
-1

-1

-1

"1

-1

-1

-1

7

5
>

-2
-s
- 9
-1

-1

-1

-2
-2
-2.
• 2
-2
-2
-2,
-2.
-2.
- 1 .
- 1 .
- 1 .
- 1 .
- 1 .
- 1 .

- i .
- 1 .
- 1 .

7.

1 .
6 .

5.
1.

- 1 .
-5.
- 9 .

- 1 .

- 1 .

- t .

- 1 .

- 2 .

- 2 .
- 2 .

- 2 .

232
P

.925HE-8I

.10831-01

.I97SC-01

.2023C-0I

.12HIE-0I

.QG29O0I

.8300C-01

.6*99001

.HS77O0I

.2S55C-0I

.0650C-0I

.89S*C-OI

.7HH3E-0I

.6t59C-OI

.5I37E-0I

.H326C-0I

.3776t-0l

.33S7C-0I

.3237E-0I

.893X-02

.67H7E-02

.2I99C-02

.9oox-oa

.03911-02

.60JIC-02

.llHOt-01

.•H97E-0I

.996W-0I

.207K-0I

.3893C-0I

.*882C-OI

.S27HC-0I
,*987t-OI
,HS77e-9l
3362C-0I

.2262001
0992C-0I
97S0C-0I
9562C-0I
7S7X-0I
692K-0I
979 It-01
SI79C-0I
*72X-OI
**6K-OI
*3*9O0!
83HK-02
291K-81
7S3SC-0'
MSSC-02
9792C-02
959X-02
I70IC-02
73*3t-02
201K-9I
5I30C-0I
7*7K-OI
92*21-01
03BK-0I
089X-0I
O9kO{-OI
07*7t-0t



APPENDIX A

"LOW DIAGRAM FOR THE YAQUI PROGRAM
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0,0 SUBROUTINES - SETUP PLOTS c PARTICLE GRID: 3

^SUBROUTINE

< L = O . O

XK , _YB
) IM1T1

FOR

INITIALISE COUlPARAUoS

FOR TJEleeMlNATlOM OF

S H E & 5WSEP VERTICES;

r r

MX1MUC

»M F I L M

FRAME:

CALL START

D0 119

XR =

YB-

YT-

J=1,7PZ
I* 1, IPI

iMAXI [XR ,

AMINl[YB

AMAXI [YT,

)

XU

YC
YC

ALL VERTICES

7)]
IJ>1

IJ)1

17= 1J+NQ
CALL L00F

vv- o.9*xf
FIYB • 9IS.0
ici>= KR/CYT-YB)

*fY» O.O

^VsLoctry V&CTOA SCAI.C

= Y 8 ON FltM F4AMC

» RATIO WIDTH/HEI&HT

9oo

FIXl £ , ( J 5
Fixe> (5u.++5o.»xi>)»Yr
F i r r . I4..YV + (9it.-u>-u./*i>)

aNV« (F IXR-F IXUVUE-XL) "I CBNVERStW
YC0HV- (FIYT-FIYB)/CYT-YB) J CBEFFtCtENTS
U L » F1XL ^

UR " FIXR. I INT66ER.
IY5 • FIYB I Ê OIVALEMTS

IYT =• FIYT J

PARTICLE GRID &
PARTICLE PLOT SETUP:

" ^ XPT.Oj- NO PARTICLE5J V C ^

s f PASS REMAIWPE
OF SUBROUTINE

PXL - 0 .0

PYB - YB + PVB
PAR = PDR. FIBP
pVT = FYS + PDS*FJBP
PXR.P - PXR« 0PEM1O

PVS/M « PYB * QfA &M 10
PYTP - PYT« 0PEMIO
RPCR = 1,/PDR.

RPPS * 1./PD2

RPPRT71- RPPR»RPD2

FIPY6 = 9(6 .0

XD = Px-R,/ C PYT'PYB'

Y Y = O.O

COMPUTE DISTANCE FRO/A Y = 0
A^ • f p ^

TSp + A^t Tp

1 JUST OUTSltiJ 6 R l D

f FOR TESTS IM PAETM2>V

J'•/A*.

[. /&-*•&}

YBr ^w F it_iA P R A M C

» R A T I O OF W I D T H TO HEIGHT

\M1T1ALI2E POR.TEST:

5ETUP FOR PARTICLF 1-

UltiHER THAH WlDt :

[ o . O , ( S U . - 4 - J O . * ^ D ]

FIPK.R- ( 5 I I . + 4.5O.»HP)«YY + 1071.«(i.-YY)

FIP^T* lfc.*YY-c (9i6.-ior^./xD) « (i.-YY)

PAC0NV = CFIPX.R - F I P X L ) / ( P X C - P X L ) )t«w«si«rt

PYC«NV« CFXPYT- FIPYB)/ (PYT-PVB) J c»eF fs-

IP^L. = FIPUL

IPK.R • FIPJlR. INTEGER

JPY3 = FIPYS EOUIVALEUR

IPYT - FIPYT

WIPER. THAW
f

IXR s 101.2.
1VT= 9 I & - I

SUBROUTINE

E, PP3, BNT> PYB

AR6 SPECIFIED BV

INPUT ANP BY

SUBR.

YT-

PYT-

PY8



I, 0 OVERLAY - THE PROBLEM SETUP: 4-

PROGRAM

YASET

<g.SUBR(JUTlNE YASET 1

REAP

REAP

ML)
UAM

aw
EPS

COEFFICIENTS

IDENTIFICATION CARD

Ne*T 6 INPUT-DATA CPS:

P

10 ftfcLAUKTlON PARAMETER

e cONV6cn^ta CRITERIA

' ' | SRAU\TY COMPOHEMTS

1 COEFFICIENTS FOR
VSTICFCHiD &AS

OF- STATE.

4R

»S0.

FRE1 VARIABLE tOrllNOl COEFF.

YB Y » , Y o f i'X

RE2Y6 Y . , Y w 80B8W. CENTER.

Us 1 CRiP

RE*V/T (TT 1 FOR

(?£18«it4 I . • ( « Yo

R2S U

Jp
16P

T20MP I = 2o'tP TAPS-OUMP
UII *• TlWlE LIMIT POMP

ffWFIN TIME WHEN TO f IMISH
LPR PRir4T CONTROL

UC0L0R I» C01OR P(.OT
{ i \ CONTROLS OuTPirr

O) J INT6BVALS

9 " - 8 W U 1 (PRINT) FH.E

ASSIGN no T0 KR£T

WRITE THE 9 CDS. B6fit> SO FAR-

COMPUTE
CfiNSTAOTS

REFEtTi

S6CTZBM

FOR

KSCSIFTOUS)

I/Vll

IMfc
IPl
IP2
JMIO
IMI4-
IP l
JPZ
JP4-
TP401
RIBAR

RI6JB
NqiB

N ^

ISf 2.
ISC3
1TV
rscpi
ISCFZ
NSC
NLC

U P 2

= iBAe-i

= IBAR+I
«IBAR+2
= J8AR-IO
= JBAR-14-

= TBAR-VI
=IBAR+2
- TBAR+4
= JP4-/2
= l./FL»AT(I8AR.)
= l./FL!)AT(IBAR*TBAe.)
= NQ.» IBAR

= N?> I P l
= NCJI+ 1

- ISC1 + NQI

= TPl «NQI
* ISC^. — NO
a 1SCFI +NQI
= L4CFC?^'-L«icF(^AHl
= L4CF[AAt(TP4«ttQ )̂]-LgcFl»*!)+|
" JP1 - JPZ/3 * 3

INDEX OF LAST 1ONE fl
IN ROW 3 P 2 , WHEW I* /
ONE OF THE 3 SCW V, L 7 P ~ : 0

BUFFER. RMS. USED ~
TO SET TOP BOUNPARr 5*
VELS.

-MQ. -H

IDT5S
T«)UT

DT
NCYC

e.Mio

0PEMIO

ANC

0MANC

A.0FAC

S&MI
TH1RP
IUNF
3UMF

JUNF02

= 1 » OUTPUT INOSX

= T + OT0CO 'lsrOjreoT-t
=»DTP«)5 » VI* d. 1
= NUMTD « O

-IO-"*

= 1 + (0"°

= 0.05
= I.-ANC

* A0«/U.Q«7|Z+#M«M]

s=(<5/vUtl )<CMI

-I./3. '
= MAXO (lUflF, 1)

• NlAX0(TlJHF,2)

" TUMF/Z

H 0 T 6 :

C0NSTA1JT5
BSP6NDENT
UPON S t
VVIU BS SET
|H 1 ,0 .

C£N ,
TBAR/Z

EC? : I.

toN'T
DIVIDE

RSMFR-

I.Al.-FRES)

BASIC .
PARTICLE CALL PAB.T&EN

CLEAR MEMORY^
OEFlME

= 1,0 SU8R.)

RETURN

C A L L

THRO0SH4UT

SETUP .
FILW
PLOT I
COOKDIHATESi

CALL FILMC0

(=1,0

' (=0,0 SU6R.)

RETURN

*S

'72



i/Vc

E
'OL

1.0 SUBROUTINES - THE PROBLEM SETUP: 5

^SUBROUTINE YASETl^ CONTINUED:

CALL STAET
V<b 7.79

? l | I-l ' lBAR } A L L MtL C£NTERS

IPJP

M*IC(IPJ) M.-XUPJP) X3-X(IJt>)
fl*Y(IP3) tl'YfrPJP) Y3»Y(IJP)
Rl'R(XPJ) Rl'R'JPJP) RJ-R(IIP!

-Y3) + x^»-(V3-Yi) t « • CYl-Yl)

M(IT) =

R0)Cn;/M(IJ)

+U(IPTP)»»2 +U[IJP)»*2 +U(I3)«Z

+V(I7P)«2 ]

13 = IPJ

UP * IPJP
CALL LU0P

I
CBNTINDE
CALL

r

TO NEXT CELL IN ROW

BOW COMPLETED, GO UP A ROW

ALL BOWS COMPLETED

CALCJLAT&
VECTEH MASSES

P3-L33P ANI3
STOR£ THE

OVER.

CALL

P0

^TARTU

359 ^J=
J= TP4
3+9 11 =

TL.JPi

1, IPI
1= IPZ-II

IMT »
IM^M =

w-Nq
= lvM-NO
).O

HOW COMPLETED, IROP DOWN
A ROW

(•DONE ENTRY
ER OM

LOOP)

SUBROUTINE YASZTl!
SETUP COMPLETED



1.0 SUBROUTINES - PARTICLE GENERATOR. ••_

4iSUBR0UTLN£ p'/IRl"yEN' >>

6

PgEViaUSLV REAP

I B P \ No. PAtaiUE-i

JBP J CELLS ..: R,3,

PDP, 1 Ax A N O

|>D2 J P.-RTiei l

P Y 8 = PHYSICAL

FROM YB -» BOTTOM

Of

61P- » S t

)=*OI«EmUM

AY of

S6£ DRAWlHd OM P, 3

WILL f IT IM At'AL.
OIRECTIOM ALSO

FI3P
FTBP
RIBP

RIBP
IBPl
JBP2

} FLOATlHG-PT.

1./FTBP

> FOR C0-L««P OVER "ARTICLE SRlB

" LEN6TH OF TWO ROWS OF CELLS-

LPB^ =NQl/3*3

MT
I

0.0

.Of1CM
. IN WDS. OF PARTICLE < -Y -» ' s

TMAT WILL FIT XA
SCM ROW OF IGM.
NOI .TKOHCATE IF

• > " - »(LY TO A
C"F3 » W

USES IN PA£TM0<7

PARTICLE INDEX

TOTAL MASS SLWV

INPUT VALUED R£MA|M
V < L I P

YMW •

PPR =

RE?Y

RE2Y

XMAX

[FWATClUh

»R«MFR]

O+[fl8AT(JiJ)

«BIBP

'I
F) -1

*BR.

ftl)-

3P

RECALCULATE

«£?•(!.-

PARTICLE-^RID

REl"(3fAR-JCEH-jTOF?2J)

REAH A PARTICLE -REQIQM O R U ;

PRPAE
DZPAR

XC

YC

XD

YJ>

UPAR

VPAR

f PAETICLt-SPAOUft IN r S 1 DlRECTlONl, IN
) T6U6 pi iTAHCC UNIT5.

I 3>MENS|ONS TO BEFIMfc CITHER A CTLINPtE

f (ot etcTAw&i.e), <»• A SPHERE (OR CIRCLS) ,

IH TRUE DISTANCE, UNITS, AS PER. ERAWINSS

J BELOvJ-
^
L INITIAL VSL'jClTr COf.'Pon-MTS

J fOB. THESE PAETlCLii

MASS OF PARTiCLf = MTE < rp 1 FOR HARKSRS,

DBAH COtfflClEtlT FORTMESS PARTlCLtS. J*"E"(J,TOAIi« lo

aSHERATE PARTICLES

AS SPECIFIED BY

ABOVE CAID

J-T

I NO WORE PARTICLES

WSIfC- PlMAL BOfFE«.

PREPARE
VELOCITY
COMPONENTS
AMD PRAS
COEFFICIENT
fCS. S T O R l U d :

USH

VSH

WRITE C'iRO ON C U M _ )

OCITIES IH FIHAL.

BITS 0«LY

=DRA6.AND..H«T. nimnm JSAVI 1ST 30 BITS OMLY

TT0P = YC + XP
YP8T1BPI



1 0 SUBROUTINES - PARTICLE GENERATOR (Court)i 7

P/lRT<iCN^> CONTINUED:

> 1 CTt-lMOER

YB0T '

R 6 S I T TO TOPMOST & 3 0 T T O W

i « T £ N T OP CYUWDEB.

> | ASSUME TO BE

X.P

RESET To C.WEB. R6&1OH OF BACKGROUND
AS C M C . FOR. NOM-UHtF'MUH 6 R O EAB1.I6.R-

OBR.0UTIHE

o
ENO.1SINC

NO: 1 INSIB6 (ClRClC Og RE;cT*M6LE)

=(«TE,A. .N.7777777777B) . f l .0SH

MC = HATE • ( H T E « C Y L + 9 » C Y L ; • j ' r ' ' ' ; * T
E

c "r ^

MT = WT + Me <— GUW nTAL WASS

MPAR(K.P) =PRACi . 0 . (SHfT(Mt,30).A.1177777777S) •

KP =KP+3 IAPVAHCE INDEX

NPT = NPT + I JANO PABTICLE COUNT

ATHMPTS TO CREATE PARTKX6S
OML.Y W I T H I N RE.CTAUGLE
•

*0>H YTt =YT6 + T72PAR.

CALL ECwR. (AASC,IECP, l PB,N6) «»—WKITE BUFFER - •

X £ t P = I E C P + LPB **— INCCCMCMT R. A . IN LCM

fcp . i » - REStr s c * l̂ lt>c^

PARTICLE dENERATiOH COWPLETE*.

CALL ECWR (AASC, IECP, L P B , N E ) * • FI«»L P

N P S = L8CF [AA2(NPT. 3 ) ] - IPAR+ I - ^ ^ ^ T ^

PRINT MO Of PARt l tuS 6EMERATEP (NPT), & TOTAL MASS (MTj

C i p R : o )—= •

|W«1T6 AgOVE QUANTITIES OM FILM ALSO.

JPRIMT: ' PARTICLE GRID TOO LARGE FOE SC»A LAYOUT"

RETURJ9
TO YAS£T1,
WHICH WiLL
NEXT CHI-
MES HMKR

£W> SUBROUTINE P/WTGEN)>



/ O SUBROUTINES - MJSH_i_FLUJD GENERATOR

•^SUBROUTINE

s

CALL START

»ALLR0V/£

K*ITM+N<JlM *INDE* LASTIlJ
TV* IrtQ TnTTAA U1 1W

| T 0 DO N£CT ROW

CALL L30P J U P

(TRULY UNIFORM MtSH
MUST BYPASS THE
fttMAItTOEft OF- "7.00*
REGION TO AVOID ,

NON-

UN! I FORf

(REFER

RE-D0 VERTICES

3CW -

T J = FL?ftT C JU OF
'UNIFORM

CENTRAL REGION

\

CALL START
PCS 24-9 iT=2,JP2 "I ALL
D0 239 I - I , IPl JVEETI

IM7 = IJ-NQ.

CCiNTlNLie

CALL D0M£ A- AUL ROWS

B A S I C F L U I D GEMERATBR ••

REAP A FLUID- 'REGION CARD!

PHERIC S'.TUP NE*rP#-e

j PBIMT MMT;HT; OF AE-IVE CAPD

T
( LPR'-O ~~}^-°

VJCITE CONTENTS
OF

NTENTS
CAR.I)

ON FILM ALSO.

= 5 NOFILMV.'RITING

nNB2= N& + Z

NU = N L + I
329

<" .LL R1R(3V>

COMPUTE INDICES TO MATCH
THIS REGlOM TO ArpeopR!AT6

C0NTIMUE <-TO NEHTCEIL IN ROWC0NTIMUE T C
CALL W1R0W •*-UOWP0N£-weiT£ IT

SUBROUTINE CONTINUED...



/, O SUBROUTINES - MESH d FLUID GENERATOR (CONT'P);

Jrv

J:'RE5£T TO

MESHMK& CONTINUED,

2: SUPERIMPOSE BURST OVER AMB<£MT BAC*:6EOUH"D;

ATMOSPHERE i

AMBIENT p0 AT

ALTITUDE EE4YO

TME-t = O BURST

CENTER)

VO ROWS

F I R S T ;

DO ALL INTERIOR.
ROWS IN TmS
LOOP, INCLUDE
THE OUTSIPE

CELLS 1

• W 2 I ,

CALL START J^ f -

YJC2 = .5»lY(IJP)+Y(IJ)]-S: •

* EKP

FPEN- FNUWi* FR£2

UX-FP6N)

P0 4^9 1= Ij 1

J_
IJM= I JWtHQ.

CALL LS2P ••-

PCS 4.-79 «T=3,7P|

FDEN= )

R 0SAV= R0SAV «

0 4.69 I« l j IP l

R0{IT)= R0SAV

CAUL -DO TH8U TPI

CONTINUE

FNUW • FNUIA*

FDEN = F1>£N«

RSSAV*

13

CALL

AMP VL VALUES
REAP "BURST PATA CARP 1

7 - T J + N T - l
CALLR1R0W
CALL SET 17

» f/ilBCOR IMAGE
OFUfPER QUAD-
RANT. NOTE
T»AT V MUST
BE STORED ONE
CELL LOWER-».

CALL W1E55W

7=7-1

CALL R1RCW

SUPERIMPOSED
OH

YAQUI 6RID

5Z

BURST VATA

CARPS 1
y\ I I I I

it,-CELL RADIUS

TO YASETl

Y
-V-j-v

uesm<e 1st mi
HTO Ut,VL;

4>
UV

U1

OVER WESH

V
CH

AXIS;

V

y
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2,0 SUBROUTINES - 3-PHASE ICED-ALE J3

^SUBROUTINE YAQUltfr CONTINUE*-.

f

FILM, PRINT, I

I FIU*-i,-JRlt>T

SEE MAR-

AT KI4HT.

ASSIGN 440 T(S KRF
ASSIGN 440 T|& KR?
ASSIGN 4S0 T0 KRFP

)LPR:

FILM C i
f PRlfoT:

f PRV = )./gvgu(UM)

KKF

1

440 INITIALLY
4G0 VURIUG LOOP

LFR: 1
? I S 1

f / i* l t PRINT PRINT ONLY

458 INITIALLY [/////A
•54, rUBiM', LOOP \ / / / / / \

•40 INITIALLY
4 6 0 t«JR\N6 LOOP 1

CflLL U N O a (fe4)
C-AU. At)V ( i )

CALCULATK1NS

OF M , V , D

FOR LONCJ

PRINT ARE

DEPENDENT

ON LOCATIOlO

IN GRlD :

: NONC &( TUf 3

NOTE:

SINCE. I J
STAKTS I N
Row 2. ,
ROUTINE
MOST PRINT
sow w w
TO GET PROPER

VALUES ••

ASSIGN 460
CA.L.L START

v<b 489 jr
Vt 4-79 1

IPIW. =
IPJ -

•D«PR^A

T 0 KRP

= 1, IPI J
IITIIA-+HQ.
1T + NSJ.

-PB.V.PR

ALL CELLS

(MNTEKS)

lVERTICES

J 1 42

sie* o.

\

ujwE PIM.O.VSI;

1 PRfA -

> o(l-XP

|(17M) :

V. /RW

i
wo o

) PRSIE a S1E

A = J
Jycir *y,i>

^w J

;.TO PIVIOC

|(IWO 1

r« TP2. \ J S S _ .' g r t < Jwir «6
î .v CAU

UW) t-

WRITE: l,T,X(UM),Yaj'M)1U(UM)J

V(ITO)/PRS1E< R0(W»
PRV,P,PRM,P(IW)

LINESF=UIHESF+ I

MEW FILM FRAME:

LIMESF = 0 * - LIME COUNTER

WRITE". TNM,NAME,T,NCYC

' t T c .

NEW PA6E OF PRINT I * J

LINESP =

RtVTORE PRlMTiR. TO NEW PA&E

PRINT I jNM,NAME,T,NtYc
' COL.wCAPER: ' I TXY.,.'tTc

CALL LOOP

HtxT COL. IN ROW

« - TO NtXT ROW UP

PRINT COMPLETE.
0«\T -CALL W H S "
AS LC« UNCHAN6CD

CALL EMPTY «- FLUSH FILM BUfFEP.



2,0 SUBROUTINES - 3-PHASE ICED-ALE

^SUBROUTINE YAQUtT^ CONTINUED-.

14

ZONE PLOT\ VELOCITY VECTOR PLOT]

(300^

Pt.nT
PT

06TERMIHE
MAXIMUM 6
VELOCITY
FOR VELOCITY
VECTOR SCALE
(JGHOOPWILL
OMIT VELOCITIES
ON KI6HT c TOP
BOUNDARIES.)

TJtTERWNE

PRMUI • B1MIM = 10*°
flRMAX = DZMAX « VMAX. » 0 .

CALL. START
OT> 54-9 7 = 1 , JP1 I ALL
P2i 539 J > l , I B A R j e e u S

IPT= 13+ M .̂
1PTP' = l?P-tH6>
AMAKI [v*IAX, |u (W) j |

CONVERT
ALL 4
V6CTEX
POS1T10HS
TO 4Q1O
COORPS:
(SEE SE1AM)

DRAW
VECTORS

tXI = FKL
IYl • FIYB

m • FUL
1Y2 = FIYB
1X3 = F1HL

IY3 « FIYB
1X4 • F1XL
I Y 4 - FIYB

+
+

+
+

+

( X I - X L ) » xcgiwv

(YI-YE) • YC8NV
tXl-XL? t KC0NV

tv l -Y3 )» YC.3HV

(,X3-XL)« KCfflW

(Y3-YB)» YC?HV

(X4-XL/i XC0NV

(YA-YB)» YC*f JV

Y(IPJ)
Yl» Y(IPJP)
Y3-V(ITP)

ICALL PBV (1X4, IY4.IXI.IYI) j L

X
1CALL TJRV I , IV! , 1X7 ,
I CALL DRV ( IX7 , IY2 , IX"3 . IY3)

I.-I

17' IPJ

|

MAXIMUM
50NE S12ES
FOR. 10ME
PLOT I . D .

[Xl -X4)*+(Yl -Y4) x ]
XY23 -SQET [(X1-X3)1 + (Y2-Y3)1- 3
DRMIN = AhlHKPKMlHjXYMj Vxtt)

= AMAW (PRMAX, XYl 4, XY13)
[ ^ x ]

IJP= IPJP
CALL L6flP

4 !J>TO NCXT COL. IH ROW

Q£2>art-gNTtMu£
T

-TONS»T»O/< UP

PLOT j J : o M ! h e T ^ ^ ^ ^

( N C Y Q O t &RPV£L<IQ-") - i 3 : : ^ : ! T -

WOT 1QTH TKJt y-CIMISU lout ftOT

^

CALL LtNtHT C69)

WRITE I

•""> Vltm IS BEWd

WRITS : JNM, NAWE,T, HLYC

ENBPOWT

OFVtCTOC:

W / V » A X *—VttTO* aCALlUG

CALL AUV(i )
C»LL START

V0 599 J * ! , ! ? ^ I AH. VERTICES

D0 589 1*1 ,IPI J
IXI - FIXL + [X(I3)-XL]<«.W/

IYl = F1YS+ LYC13)-YB]«YCJ)MV

= FIXL +

SECTOR WITH If I < 1 WOULD
6E 0M1TTEO; S S T I Y 1 - . I
AND iNTeRPOLATE FOR tXZ

IXZ
1Y1

+ (in-I«.l)«(IYl-l)/(IYI-lY-2j

CAU- DRV (1XI.IYI , ! * ' ,IYZ)
CALL PLT(IX1,IYI,I&)

- I>C«W VECTO*.

m— OCAW A " • *
AT VBETIX TO

smoTE mere*

CALL
•«-TOwnox.««ow
* - TO NfctT HJyl UP

J_
cauriMUE
CALL L INCNT(S9 ) - ^ i

WRITE : V«\A%

W R I T E :

KiTt a
Btl-0W

HSfTE: Vtl .VECTOR.
PLOT IS NOT OUT-
LlNH) , AS « T A
"CALL FC»rj£*, AS
FCAAllllb OSSWEH
VKTOtS OH = U & U
O
PLOTS

FOKIREB IM / XC0NV -
FILMtf: • tIYT-IY»)/(YT-YB)



2,0 SUBROUTINES - 3-PHASE ICED-ALE (Cw>): 15

^U&ROUTINE

L I M I T S f SEARCH FOR

MINIMUM C MJU'.MUM FIELP VALUES-.
[CONTOUR PLOTS -PAG£2\

UP * IPTP
CALL LftgP •»-TONt»TgOW

^-PH>T COUNTER, IWPEX

C0NTIMU5 . - « > »u- so-J

CALL TWINE

*•• *<O W£«T COL.

CALL L $ 9 P * • To «E«T «0W- C.M.L SMPTT t 00 TO

CALL START

1O.»*

K - AL«l(alO

»» I «-ronu»Li« mr>e»CALL

6*9 1 = 1, I BAB. J

IPJP • IJP+NC). StHCt E^ I* 7 I, IT
OM'T LOOP HC
«T MISTAKE

(
Y2«Y(IPJP) TS'YllJP)

Ui-U(IPJ> L'i=U(IPIP) US-UCUf)
Vi-V(IPJ) V2=V(IPJP)

VALUES ,

WPEKEO 0»l



2.O SUBROUTINES - 3-PHASE ICED-ALE (CONT>»): 16

^SUBROUTINE

\\CONTOUR PLOTS -

CALL AT>V(|)

CALL

UBP:

mm* "PN
••

i
i

K4-
- T

\
1

. - 1

CALL START
D* B99 J'Z.JBAB. * -

^». CALL L0BP —

00 8B9 I - 1, 1M1 o .

IP3 • IJ+NS. 1

IPJM » 1TM+NSL C

W " O « _

D« 679 <«•1 , fc ^

5-1 BOvli.

K IN 5CM FOR

I - 1 CBuWNi, ACTUALLY

mWCtTSS C6LL ttMTEB.

UIORbS. NOT YE1

C*LCUt*Ttt>

IMDEX fc HA5 COUNT

Of HO. Of VALUES

IN -CaM'TABLE

"IS0PYCNICS"-» FRAME J.D

WRITE: 3NM, NAME, T , NCY£

"C»U-
SIAKT"
StTS »

UP5-»t

IJP

id

V r-r . .

iimEWATeiY, i i i i
CALL

START Of

S0IE&5

I

-n
--i

.J
i i

(

ALL 9
VERTICS 5

ARE IN SCM/

BY VIRTUE

Of'CULL

UOT"
ABOVE.)

= 1,1 J

IPTB = IJB+ »«4

IP3A



SUBROUTINES - 3-PHASE JCED-ALE (CONVD):

CONTOUR PLOTS -PA<S£3
CALL

V®
STARF

939

IPJP .

IY! *

IY2 =

IY3»

w «

FIYB

FIYB
PIXL
FIYB
F1XL

1= I ,'lBAft J " L L S

U P + NS.

+ t1r(IP3)-Y8]«YC6NV

ttY(IP3P)-YB]«YO8NV
+ Cx (IIP)-XLJ»XC«MV
+ tY (IIP) -TP) • YCOW

,IY3,I<4,IY4-) I

. . „ *. COUNTS NO. OF POINTS 1
L L * t> " PLOTS WHEN LL-7.

J
1 CONTOUR ACROSS LCf Ti

AS5I6N 610 Tri KRI

= X CONTOUR ACROSS BOTTOM!

^-COORDS OF B L

. . . .t Be

CDNTOUC
DUES

OR
POINTS

1 CONTOUR ACROSS R K . H T :

COORDS Of
. . . , t TR JUST COIIHECTtP

LEf T ft BOTTOM. TO N6XT CELL I N ROW

TO NEXT CELL IN ROW

IF A CONTOUR VALOE CROSSES ALL + S I D 6 S ,

T«E PLOT ROUTiME SHOULD CONNECT EITHER

(

TO PETERMlNE WHICH CHOICE ft CORRECT

W0ULT5, MOWEVCt, REQUIRE FOLLOWIMd THE

PATH OF THE CONTOUR THB006H MORE THAN

THE * •JOMES UJED.(GENERALLY, 6RADIEMTS

AEE WELL ENOUGH SPREAD OJTTO AVOIPTHIS

PR06LEW . ) T H E ABO\)E ROOTLUT AVOIDS THE

WORE COMPLICATED LO6IC , AND SIMPLY CONNECTS

( L - » B TOD R - » T ) T O CLOSE CONTOUR L W E S .



8,O SUBROUTINES - 3-PHASE ICED- A[_E 18

^SUBROUTINE YAQyi2j> CONTINUED:

INITIALISE VERTEX ¥\IUES OF u, LT, Q :

PHASE-1 CALCULATION -PACE 1

Couple
Jternate
Nodes

Qg>p(j"^z ~yAy\=

u

XI =
 l i 0

X
 (4 .0-

AX = SR + '

AY = <VJ +

UTIL(IJ) =

VT1LU3) -
QCIJ) =i>T

1 DENOMINATOR

ri • [ui*

YI»[VI*

tU(IT)

4 - # EUTcRlft

XI -U(IJ ) ]

XI -V(13)]

+ DT*AX]

IS
R KCTItK

IPO"

I U P '
>TONE>rr VEKTW

IN ROW

CMIUMP

_L
CC6MTINUE

CALL P5WE

TO NEXT Ravi UP

P«»5 e 1
CONT't) 0« .

1
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2 O SUBROUTINES - 3-PHASE ICED- ALE

PHASE-1 CALCULATION -PAGE3

THfc

XX HR.I3 ( P U

YY" Y 3 l * P(1J)

lPJP)"UTI(
(U) =UTIL(IJ) -

PYYMP =

(PIXY»X24 - P P 0 U Y 2 4 )

r » Y 2 4 « P(lV

UTIHIPJ) =UTIL(IPJ) -*-t>T02MI»\MlTKi» i I - r u n /

UTIL(ITP) 'UTlL(ITP) - D T 0 2 / W 3 ' ( M T R 3 « Y Y + P I T H )

L ( n ) V L ( K

- . 5 • HRZ4-' [U24-« (X14- * P l X Y - f 2 4 « P i t t )
( I X Y 4 Y )

- V I 3 «

)

XX.

U P =• IPJP

TO NE«,T CELL IN COW

I I

RESET
BOUNDARY
VERTICES:

ROW COMFLETE'P «-^ir-

UTILUJ) » UTILCI7P)' J-
" 7 RESET V'5 ON BOTTOM:

V'S ON BOTTOM AKH
3=2 WHICH 15 ALWAYS IN
SCM BUFFER ROV/ 1 / 3

NOTE: 5'NC-E 50CCEW.WE CELL'S V<ITHIH A ROW DO NOT
REQUIRE THElE ,<l?ir,H60CS' NSW TILDE VELOCITIES,
IT IS R.EASOMASLE T> RESET 80UHPARIE5 WHEd A COW IS CO«PLET£I>.

LTP2. , FoCMETI IN SETUP,
TEtL5 WHICH OF THE 3
SCM ROWS THE 7P2TH
ROW WILL BE IW.

~ r ~ l r - T , VERTEX
I 1 i<\ LJP2

CiiS^"
PRE-PHASE 2

1NITIAL1?ATIOM
LOOP :

CALL START

H±-J
ALSO, UPS ( « I J P S M 1 ) , WHICH IS
THE PeoPEETY Of SOSR. LOOP,
IS PUTIN YSC.1 FOB USE HERE.
IT C»H BE USHD HEBC AS L0N&
AS IT ISN'T ALTERED.

IJP=IPJP
CALL L00P

C0NTINOE

CALL N

TO
51WCE SIE,X ,y COM'T
ITE.C/\TION, IT IS
>LCULAT£ THESE 2

, TO AVOIP COHTINUAU
U DURIN6 TERATO

TO E CALHULATCOM- Ntxr P A O E —



2. o SUBROUTINES - 3-PHASE I. 21

CALCULATE E FROM

COLLECT M t

£ "f VALUES

oN 4

CALL STAR"1"

US) 1599 7-l^Pl "I ALL CEIL

VQ 1^8^ 1*1 , I SAP. J
T.IAJ *= I7-W*.

IP7

4
Yl = YVIFJ) ^ " " M

Rl * R( l p T I ft^= R

X34*<3-*4- Yl
X4ltrK.4-<l Y

Ul * UTLL(IPJ)

LJ2 = UTI 1.(1 PIP'

U3= UTlL(IJPI
U*= UT1L ( IT)

UV1 -- U!*lJ^
U2J =Ultu3
U34 ̂ UJ+04-
U4I-S U4±U 1

IPTP) "3=^(UP) X4«<(17)")
IP3P1 Y3=YfI3P5 Y+=Y(I3')
IPJP) d j = C ( l j n R4 = E(IJ)

3=Y4-V3 RJ4- = R3 + P-4
4 = Y. • Y4 R4I = R4 + R 1

VI* VTli_(lP3)

\IZ- VTlL (IPJP'
V3= VTXL (UP'
'+- VT3 t- (13)
i i -= vi + va

V^3 » V7+V3
V 34-- V3-f\/4-
V4I j vi-iVi

MR= 1 INITIAL HC KJ£l&n?.il.

[VALUES • i j VALVE 1 .

E

Pl^ ( )/( )

P23 * (MT » PC •+ MC « PT)/((HT +MC)

p34 = (ML* PC + MC*PLE)/(;.M_tWC)

P4I = (M3» PC /

E " f U ( I J ) -

+ E4 I . P4l« (U1UYI4 + V i l

HZZ
1
ITP ' IPTP

IJA1-
CALL

CONTINUE

Cft'-'-

1 TO P H » S E 2 , NEKT

.\ NOTE'PV_E' : TXE N^^•l 'P^'

MT,M8 t MC

E-D RSAL.

m"l3oO',

u , . ; 1

THER&FIB

I J A M E S t i

»L «"p WAS IPIiTlA(,l?SU (

JiO :S FOR P»AS6 ?. MZ6 :

BUT - THEVL AC? IN SAME

STOR^C.t "TRMVlf tR IS
REQU.BED.

L , P U (SAVINC. " ( J J C T H E

, V-, Q ARE NO lOMdSR NEET>

•j\ UL-UTII.

\l PL ̂  P

REFER TO

FI6 9
'STORAGE

*LLXATI3N

/

1



2,0 SUBROUTINES ~ 3-PHASE ICED- ALE (O»TD)I 22

NEW
\TERATIOH
STARTS
HERE!

CALL STACT

QJi 1o^ j = 2,TPi
©0 208? I=l,IBAft

IPJP-" IJP+HC2.

-COUNTS # ITERATIONS
• \ I F HMitKjfO ntR»TS (FORCE isr TIME)
"O IF ALL CELLS O.K.

|WU5TIT=I FLAG INDICATES
FAILURE I

(ALTERflATlVClY , WE WAY
CHOOit TO ALV/AfS A2-IJ
•p t , U t AMD lfu VALUES

ADJUST

C00RHMAT5S:

Y24= Y2-Y4
Y3I =Y3-Yl

T 4 2 3 )tX
t>Tg7M4-« XX

(!I
(UP)
'IT)

1,f

iaARTL:5.S
0 f T H I 5 T S S T . )

NOTE AB1VE. THAT C»LCUlATliM
OF RA AtlT) ROL IS SPEEDED
UP SY HA'/lhf, PCSyiOJSLV
Ol.CUt.ATEt> UCSQ ( t>ELSM,
A5TMEY^RE INVARIANT IN

PHASE 2 .

,V6RTtt WAS'otS AM STOEtf
AS REciPEocAt; , SAVitlo
(UlNSTAMT PlViOinr, HEQ6.

PHASE: Z : ITERATION

V,

U,
UL(IPJ) -UI + OTBZWI
UL(IPJP) =
UL(UP)

I
R4»Y3i

wmuss:6M CEVIRSES x OR Y
U'FrERCMcSS AS REQUIRE T>.
NOTE %f ALtEnDY wuiTlPlllj
INTO TMt DT01MI-A T£C."J.

Y , VL'S ON TOP C

BOTTOM BO')ll!>ARI»S MULT I t

W'Tmil THC LOOP AS THJ

N;<T Ci'.L WI'.L rtPt'l?> OH TMlS

i ' l l 'S VALUE FOR ITS T>-

"••£ Ut's . " I . ' I E V ' P . ,M*Y 35

LEFT U M T I L "Mt tM

((
AS THE SWMfARr VERTJX Uu ' i

BE Ei'SKlUCEP A1AIM

UNTIL THE N£*T f :rt UP.rt UP. ->

OH BOUtlpAPY VKTICES
OF Wit):

I I 1i A\ 1111 ii in

v/
C0HTINL)£ A-pi ALL R9VIS

CALL X3UNE

Ni;«lT « NUM1T+ I — .TtpVaicH

" " '1 ~ :

VAlUs '• 3 • « • l222-> PHASE i

[MUSTIT --IT

STOf iTt

/OPTIONAl.-\

A153

\

/
A15 SS

\ TUOT-T/
PR1MT -



-PHASE I

CALCULATE "n+l" VALUES OF % , y , r , M i t l E , v .

.\ = z.a
,". r».O OR 1.0

CALL START
D O 3O>"5
TJ0 3 0 0 9 I = I , IP I

U<5(IJ) = U U l T ) e L
V=|(IJ) « V L ( I J ) » 6 R P V £ L

C.M.U START
TJ3 3119 J = 2 , T P Z \ A , VEPT1CCS

D 0 3109 1= I , I P I J A U VERT1CES

)

IPT » IJ+ NÔ
IPJP - UP t HQ

I UL
fCLLLi

R> - *.(I?3)

ULI " UL(IP3)

ULi -ULfuP)
UL4»L)L( IJ )

VL3 * VLil3P)

Rll = Rl + Rl
R33- R^+K3

K i t = C4 + KI

UDt a 'JCj(IPJ)-ULI
UD^* U^J.IPjt'J-Ut'l

VDI =• Vf,(tPJ! - V L I

V"3= ^ i ! ^ " ) -VL3

U7.3 ~ ULT + 'J L >
U34- = JLJ + UL4
Li* 1 = UL4**'JL'

His
Xl'i - X I -K2

V I M

Y43-

Y3l =
VI2 «

</J4-
V4l

YI-Yl

YI-Y;

YJ-YI

NOTES'. 6RPVJL » 0 . 0 FOR P.l"~ EUL , 1.0 FOR PORE
i . o POR s i t j n e • 6 y s . in -Snno" A3vy£ GIV; i \ is . . :r
VALU6S fOR EITHER 0.0 OR 1.0. UL « VL ALREADY - 0 .0
ON BOUMtlARlSS, SO US t V5 WILL ALi") »£ 0.0 THiKJ .

VERTCy. LOOP (3110) IS SEPARATE FROM 3 0 0 LOOP TO ALLOW TOR PlSSiBLS RilnMI X,YZ

$

11



2 o SUBROUTINES - 3-PHASE ICET>~ALE (CoNj^h 24

SUBROUTINE PHASE-3 CAL CULA77ON - PAGE Z

(VWWIW»VWVW«\

n+1 + FR «-U!.-AR)
+ FT(U« t(l.-AT(O)»ML«JJ + i
+ FL * ' l ( l . - AL) *RaL(U)+(I- + AU
+ FB » [(|.-AB>

1-1 :

J-2:

AL -AOM * S l&M( l -< l ,Fu )+B0»7 . *F l_»RV3L ( I J ' )

CALL U00P •*- To NtXT ROW UP

IMPORTANT NOTE ON FLUX T£CM5:

WITH THIS RI&ID-WALLVOlirl OF -TAftUI. FL.TB.AL . * A^ WILL AUTOMATIC ALLY B6
CALCULATSB AS 0 (iNDiSD- FT.rK.AT, I AB «<LL ALS3 9£ 3 CTI RI6O S »J'l5ARICS).
ALTHOUGH PL.AL.F?., '. » a I J U l t i n P i f HAVE fcUll S5.T TiBifTLY TO 0.0 IN

USi SY FUTURE VSEil'Wli OF YAClOl THAT HAVt BE£M 5UITABLV
MOClFlEO TO ALLOW FOC. 'BOUNPARy FUO^ES.
NOTE IH PACT'C W.AR THAT WITH N.I FICTITIOUS CiLLS 0»l THE Ltf T , Tut USE OF
M i l HOM1ERO AL W\LL GESULTlN SRB.CHEOUSLT REFCK.SMCIH<̂  D AMD E
VALUES F B 1 M W . RIOMT -JifE OF THE MESH-

THE flUALTERMIN A 9 ( 8 A L ) l S OF THE POPA\:

•72.



2.0 SUBROUTINES - 3-PHASE I£ED^ALE_

SUBROUTINE YAQUI2^> CONTINUED-.

25

PH4SE-3 CALCULATION- PAGE3

n+1

CALCULATE
VERTC* MASSES
IN A REVERSEP

CALCULATE "n+l" VALUES OF M V , U , I T

1
CALL STARTP

1)0 3399 33=2,CJP2.

3 = JP4 - JJ
V<b 3389 11 = 1, IPI

1= IP2-II
IM3 " IJ-NQ,

\r CELL IS OUTSIDE WESH,
USE !A=O IN SUMMATION:

STORE THE
RECIPROCALS
OVER " • 1 *A C :

"7

ROv« COMPLETED, DROP DOVIH

A ROW

INITIAL HE

VERTICES:

n+l

CELL CENTERS t

UPDATES T«E 4 1 '
VEETICES Of

CELL:

CALL

UP(I

VPU

CALL

CALL

START
3499 3--L

34B9I=I ,

" 2 1 ALL
IPI j MESmtES

MP(IJ)/RM(IJ)

I)=V(X.* VL(I3)

i

_J
CALL START

IPCT= IJ+»

- IMITIAL "* 'V Cil

" M , DiREtTL

UL t »L ( StT ON

Y =
Rl-
Utl=

V61

Y(IPJ)

UuClPJ)

= VL(IPJ)

X? =

R l -

VL2.

R (IPTP)

= VL(IP.TP)

YJ'V(IJP)

R4
UL

U(q
VL

) ve,

-R(U)

4"VL(13)
4-'V<i(IJ)



2,0 SUBROUTINES - 3- PHASE ICED - ALE (CONTP)-.

ntl
U

n+i

RESET

BOUNDARY

VERTICES:

SUBROUTINE YAQIJ12^> CONTINUED-

COMPLETE CALCULATIOMOF^'UI.V- CALCULATE n * ' l :

1 /vwwwwvwvwvwvvvwwuwvwwvvwv

PHASE-3 CALCULATION- RAGE

FMl = F34-
3

AU3' A0*SI6N(I . ,
l

0PAL13 « I. + AU3
= I.-AL13
* I.+AL7.4-

UP(IJP)

A= ULA-

UP (IPT) - FMI • XX

UP(IJ)

VP(ITP)

VL4*

- VP(IPJ/"-

(
-VP(I3)

13=1PJ

T
IJP = IPJP

NEUT CELL IN ROW

ROW
SEC

UP(I JP)
PA6E
zo

(set NOTES ort
P.20) _

= jg£SEi '" i f ' i AtflNGToP:

I3P » I3PS, L3P2,r
r v ( i 3 i
ROWPOHE t BNPBT. j C0NP5. SET AS REQ'P

C A L L

VA S7O9 I ' I , I P I J VERTICES

J RESET "•"J'S ON BOTTOM'.

1
5CM.^/3 CflHTAlMS J-Z VALUE S

\

NOTE : AS IN PHASE 1 , SUC'.F£6lV£ CELLS WiTmN A RoW PONOT
RESUJICE THElfc NElCiUBORV NEW VELOCITIES}
H E M , BOUNWRIE^ IRE NOT RtSCT UNTIL. ROW

COMPLETION.

NOW THAT "

HAS BEEN MOVED,

1 5T0RA6E IS tilt

S0CAU0LA7E "* ' !

n+1.

CALL 5TART
= 2,3P| 1 ALL

1 - 1, IBARJtELLS
I P J - IJ+NS.

* I3P + NO

SUBROUTINE YAQUL2J?>



2, 0 SUBROUTINES — PARTICLE 27

^SUBROUTINE PARTMtfV^

1ST PASS . . . .

EVERY CYCLE,

REStT TO 1CRO AS
ACINEXT -SWEEP THROUGH

W\ESH WILL ACCUMULATE
2>UMS.

CALL START

V<£ 1019 J = 1 j 3 ' P Z l A u-
V0 1009 1 = 1 , IPl J v

PMX.fIT) =

IO49 J T = i , 7

WT£ = PPC-W

1039 I I ' l ,a

• K.X«WTE« HT£

-W)= BL,TL
COE.FF .

^ *lO/«f NTUM t

" I CONTRIBUTIONS TO THE

PMO (K1J) +X.I

WT£ = W -i-w IS BP.TP. COLff.
»J VERTICES INVOLVED.

VERTICES.

, INTO

ROW 1/5,

i/3 & 3/3

1099

IEC- q
CALL tCRD (AASC,IEC,Nqi,NE)

" INITIALISE

TJ0 1069 I - I , IP I <*-

„_ WRITE THE 7 PARTICLI-6EIPCALL ECWR.(*ASC(lOCZ),IEC,;;C)n,M£)
SACK OUT ONTO LCM

HOME, TO MEXT ROW UP If) YAOOI MESH

<J TO HE»T CELL It-I TA0»3T

ALL VERTICES VIITHlM ROV)

> To RlhHT OF PARTICLE

PACTICLC

VECTI *

ALL PAttTICU •Wti'U VERTICES.
THAT PACT.GffD S1ACTS l » tow

IN LClA .)

BELOW PARTICLE GRID
IF OUTSIDE,

CEClPd^CAL TO AVOID

N "1500" LATER OH> ABOVE PARTICLE

''ftRTlCLE GRID

ZONE TO WHICH

YAQJ I VERTEX

; S ABE rf

=PWX(IIJ«RP«AO

CAM'T ASSUME PABTICLE
^ NOW IN AASCCil

t> R1V/ IS
SO K£AB;
AVOID US»6E Of LCM ROW </3 I
PON'T USE ( M - I ) * « Q I , T O
AVOID LEAV1NC1 GARBAGE IN
FICTITIOUS CEILS.
INTJICES Of BOTH ROMS.
KI3 POlKTS TO CELL

M SOA Z/3)

ADTJR.OP

READ IT t HOW y

ABOVE INTO /

W » y . (U) -FL(8AT(KI-I)»FPR

H • [Y(IT)-P-fBl-FL<5ATta--l)»PD2 CBNTINUE

CAUL PflNE

CALCULATE

AREA WEIGHTS

COEFF.

KK.M l l iT l f />TtS THAT ATJPITIONAL

SWEEPS WILL BE KEOUlR£T>.(UNStT
PART. GClp VERTirCS WILL ATECT
MOTION.). ^.Efe N £ * T PA&E e»

REPLACE P M * t P«VY (SAWE STORACit VtVi.)

NORMAL WOTIOM ON

: THIS CAN CAUSE

A W>f*ENTUW\ LOSS IN lAOMENTliW-

E S C H A H G I E PROBLEMS- )

P/tGf



2 O SUBROUTLMhS - PARTICLE MOVER (CONT'D): 28

SUBROUTINE

REPAIR

UNSET VERTICES

IN OVERLAY

I I I ROW BASE

WTL- XWH«OEN \ iN

WTR,- X\NL.«t)EN J

JTTESTT =7TEGTT+Ic
P V ( l j ) « PVL« WTL + PVR «WTR.

, tf8P21

1, I B P ) JVERTICES

RE»P NEXT COW

ABOVE - » 5 C « ' / j

1.6.CT = I £ C T + NSJX

CALL

ITESTu = ITESTR

PLJL. - PVL = PUR,= PVR,= O.O

#NL = XWR. = t.O
SWEEP

IS VERTICAL •.

P O T -

PVT= PV (IT)CALL ECRU(AASC,IEC ,

SERO, BUT ATTEMPT I
VIETicAL SET- i 7 N

ISCOLUMU 3-TE 5 T B =£TTESTT=n-

-XVML+I JO a-lMUttftiE VJT. RUE AVtRTEH PERHAPS UNSET

PUL=PU(.1L)
PVL - PV PUT-PVT = 0.0

ALL ROWS T>OI]&|ON VERTICAL. SETTER,

CALL START

Vfi lt»"? I = I

= PU ( I D . hW>..whT.mrrnmrni
PV (13) - PV ( I J|L AND ..M«T .T71TJ177778

RtAD NEXT ROW
BELOW ~ ^ V

C0NTIMUE.

CALL O0NE.

(NEXT F / V & E ; — » •

- —IF WOTA-NTUW
TRAM&FE.R PROBLEM,

CLEAR RT. f(ALF OF

Fil lAL PU.PV SO THAT

HTUM CONTRI -

AN B E

> INTO THEM

i PARTtCLE

MOVEMENT.

LINEAR

WEIIjHTINC;

EXAMPLE:

Ei AT 1?- ' .
WOULP BE '/J L

FOR NONieco MASSES AT 17-1 i, U - t l ,
\\NtlGHTIN& WOUuC BE 7/3 L +73 K.



2,0 SUBROUTINES ~ PARTICLE MOVER (CONT'D):

M O V E PARTICLES IN RELATION TO OVERLAY (GRID ^ > -

>AA/\A^^^^AAAVvw\AAA/\^*A**vvW^\vvvv\^AVA^v\A^vvvv\\W/vvw^/'^^//

1 E C P = I P A R . •a-REl.ADOB.Of 1ST LCM PMnitLE

(JPMT « O ---COUNTS PARTICLES MOVEO

J0LV- O -»-«IILLTtSTTOSEE IFREAt> RECJ'D.

(goT5>^>rcALU s e e s ( A A S C , l e c p , L P B . M E )

SilO PARTICLES) I KP = I -a-PARTiac IHPEX in SCM Hi

IWTO 5C.M '73? "5

f LPB-MULTIPLE OF 3 WDS.

PARTICLE:

XTE = K P A R ( K P ) "I DON'T BOTHER BELETlMb

Y"TE = Y P A R ( K P ) f UPAR,VPAB,ORMTE FROM

D P . A < - , = / W P A R C K P > ) RT. VEES OF TH6SE WBS

I = XTE »CP3JR.

nn»w iw sew

NO NEED TO READ
1 MUST REAP I N ^ M O M . TRANSf EB .

CALL ECRD(ftASC.(lSC1) , I 6 C ,

FINU FttsmON OF
PARl laE W\THlM
PARTlCLIT-aRlP
CE.LL l,J :

SET \OTERPOLKTEt>

VELOCITIES (UK.VH)

F E mOVMC

PARTICLE"

MOTE : PARTCI.es ARE.

PHYSICAL PORTION,

AND ARE NOT NOe-

IMUUD W t>«.rvb

AS THEY OFTEN ARE

IH PURS EULERlArt

CODES.

W= *TE -FL-PAT ( I - I ) K P P R .

>E —W -o-Ax-v

PPZMH = PC3-H o—A 3 - l

XI = PDRMW* PCSMH '

X3 H

AREA

]
PV(IPJ)«A2

3
UPAR.=

VPAR = SHIFT (YTE.,30) )

1 VELOCITIES TO LEFT

A— ERA6WASSET

= I . o / (1 .0 •+ TJTBRACi) * 8 0 V 6 •

URANB = V R A N P = O . 0 a-HORmiawVEU.

UPAR=[UPAR

VPW?5 [vPAR. +DTDRWb»C'JK+VRM)T»)i'DTG«.pii(R'PTT)R^

XTE * XTE + T>T f UPAR.

YT6 - YTE + X>T < VPAR.

USH = SHIFT (UPAR,30).ANO.-I777777777 J.

VSH -SHIFT (VPAR,3O).ANP,1777777777B

KPAR(KP) = Cî TE . ANP..Mi}T.~n77777777B) .«R. USH

= (YTE. AMP.. H7iT. 77777777778).0R. VSH

] CALCULATE NEW
VELOCITY

/HOVt PARTICLE

U t V TO RT. SI

O F ' y . t f ,

f MORE AWAf

CALCULATE

MTe

H =

<i:

D

= SHIFT (DRAG,

0 2149 3 J ; | , i

^ 1139 I I * 1,1

YY= [SHIFT (PVL

PU(KIJ)c(PUL.

.?>e. (SHi

,3°) "-PABTICLE MASS To UEFT SICE

J IMl f lAL I tS FOR. EO-LOOP.. . .

lOVER O'lATJEAMT OF 4
J P A E T I c i f - C R l H VERTICES

M COMTAlUS " W ^ " FACTORS
AS SET IN " 1 0 3 0 "

ytJET PARTICLE GRlH PL), PV

, 30)] •+X W (VK-VPAR.+VRAMD)

AND.. M2T. 7177777777 B)

FT(XK.,3C>).AWD.n777777777B)

4

NOTE •. RESETTING JOLD

IN ? 0 7 0 ' FORCED NEW

READ ON EV'U-r PARTICLE

IF JMUMX^I ( IW!WE3«

IMBMX » I0OO), AS MOMENT*

ARE CONTINUALLY BEIM6

AHDEt> INTO T H E R I G H T

SlDEl OF PL),PV

"I CONTSI6UTS TO

(MOMENTUM SUMS

RKOMBlME W»Trt

PU £ PV £ STORE

THEM.

To BC0R.TR

To T L OR T R

TONE: STORE M077IFIEP PL), PV

BACK T 6 LC*A.

KXcT= I I P

CALL £CVJR(AA5CCISC2),IEC,N^I7,NE )

TO MEKT PARTICLE; COUNT PARTIC.LC5
WOV6T3-

NPMT = NPMT+ I

*LL HAVE SEEM MOVED,

LAST BLOCfc TO LJCM

INCREMENT BUFFER INDEX

MORE REMAIN Ih BUFFER
4 AU. MOVEP I N THIS BUFFER LOAD

CALL EOflR, (AASt , 1 K P

XECP * 1ECP •» LPS_»-AOTAHCE_REL. APB.



2,0 SUBROUTINES - PARTICLE MOVER CCONT'D): 30

X,pAR(KP)= - \ 0 3 O-SET Up TO

AN UNREALISTIC VAIU6 TO INDICATE

PARTICLE \"a OUTSIDE ; MAINLY MEAnT

FOE. Trt£ PARTICLE H O T .

PARPLOT^

PART1CU

PLOTTER!

COMPLETE PARTICLE MOVEMENT BY WRITIU& FINAL
BLOCK (MAY BE PARTIALLY FULL) BACK. ONTO LCW.

CALL A P V O ) -»—NEW F I U I FRAME

CALL FRAME TWICE : OUTLINE REGION

MOMENTUM, TRANSFER BACK ONTO 1ft(MjL

CALL UNCUT (59) - - 5 9 LINES POWN

WRITE: PBR,PBZ,Pi<fi,PY»,PYT,

iT , NCYC

-FL0AT(KI-!)»PBR.
= 1PAR. •*- BEL WPR. 1ST LCM PARTICLE |

BLACK CWWTE ^ T T . O )_^ S E T T oPLOT

OR COLOR" V ^ ^ ?' — ' 1 IN RED
DCS 2^99 7 = 2 , 3 P2

RE.AD j T H ROW

INTO SCM ' / 3 ,

LEAVlMCi V » i

3/ j FOR PART.&Rrp

CALL

ItT=. I

1 5 8 ? I = I , I P I

cnui-rrs PARTICLES PLOTTED

U(IJ)=U(IJ)-XX» CALL EC.RD(AAS(L,I£CP,LPB,N6)

[SHIFT CPV(KI3),30)J

CONVERT

PARTICLE TO

IYI =

CALL PLT(IKI,XYI,42)

IECP ^

CALL ECRD(«ASCUsn),IECP,N$Il,Nt)

: LPB ) / - A I L PLOTTED IN
— ' / BUfFEC. AHVAMtt

__?_REL.STORE YA^OJ.
ROW - » LCW

ALL ROWSBOKE !H
YA^UIGRIB. I IECP = I£CP-t-LPE

SUBROUTINE

CfcLl. TO VIHItH

YApUI VECTEX

VALUES Ki A5SI6HSP

REAP PART. GRID

INTO SCW- /3 E

3/3 . K U ISINTlEX

Of CELL; M J P G

ROW

NOTE Ot) PWO USAGE (SEE APOVE RIGHT)

P*O=O IF VERTEX WAS NEVER SET IN "1000" LOOP, EVEN
IF P u . p v WERE SET FROM NEIGHBORS IN "\7<SO'S "1300,"
KOIAENTUM T.RRM$f ER CALCULATION CAN BE IMPERFECT
TH E:RE F0R61 IF THERE IS MUCH DISPARITY IN S H E BETWEEN
YAQ01 S R I D & PACTICL6 CiRlT). HOWEVER, R&SOMIN& IS
NOT SO COM*IONLY USED IN MOMENTUM TRANSFER PROBLEMS
AS IT IS IN PROBLEMS. IN WHICH THE PARTICLES ACE
SOLELY AS MARKERS.



2,0 SUBROUTINES - REDONE 31

SUBROUTINE:

«U."RCH FOR

/VlAKIMU"

|U,| OK K J
IN FROM THE

"TO CONTROL

MESH H P ANSlOW

REZpMfj = O . I 5 « R D T +-O-fJU . UWER-RELWIION FACTOR

RE2BTA = O.OOT. **"&. PETtSMirJES HOW TIGHTLY
AX- -I.E+fe
CALL START

VERTICES WILL BE TOAWr-1

1)0 io*9 O^ IJSPT.

P0IO39 1 = 1, IP I

AVEL'

O.0

,AVEL)

SEARCH FOR.

MAXIMUM

t
TO CONTROL

C J :£THl4- ")—=—P-JFCT-AMAXI(FCT,AVE7T|

aMOE
S W (FCR< XXX;

FCT» StjRT (FCT*XXX)
Fcp - sqRT ( F C B « xxx.)

CALL START

J :
SUVE HT. OF MESH CENTSU,

l 10 BE

^ 59 ,
IPT * I J + NSt.

IJP + NG).

5/WE AS THE PESIB6T5
BURST CEWTER . —*•

(
V/L(IPTP'

Rl = O.ia5«RV?L(IJ;»[R(IPJ)tR(IPJP)TR(IJP)+R(IJ)]

(V4-4V5)

VORTICITT OF INTSr-EST IS THE A L G E W A I C

NEGATIVE)

Ofc1

CALCULATE

TRANSLATION

VCUitlTY

CONTINUED ON NE*T PACE

V TR06 — OMIT Mtftg
SOlMSAIIIES.

'72



2. 0 SUBROUTINES - REDONE (CONT'D):

REZONE^> -PAC* 2

CALCULATE

SPECIFY

VELOCITIES

OF

BOTTOM

t TOP

BOUNDARIES:

CALL START

D<8 1099 iT=2,JP2 — ALL

Cj-i -FCB|

(a

DCS

i

:JP2

4
IO8<5

)

1 =

j+r

s

I P I

<VTE = FCT |

* - * i .L VERTICES

CALCULATE

X ; ARRAY

UrtlU i

n+i

CALU START

XIPl

17.8? 2 , 2

«LC.

MAXIMUM

EXTENT
OF

IN

ALL 3

DIRECTIONS
( l : IPi

IJ = IT

CALL \-1\1iP

•—DO SNTiet ROW

CfflMTIML'-E
CALL T>rtl9

-DO ALL ROWS .

DEFINE NEW PARTICLE

PPR= XIPI *

PPB => (YJP2

P Y B = o .o , s t T u f . f 0 ( , P t o T S |

CALL F U M C 0 -j_MEW 6RIW.TEF1MEJ
UPON
SITU6N

C GRIP THUS 3UCT COVERS

YAQUI tRiP THROUGHOUT TOE RUN.

THIS I t THE SIMPLEST TREAT/HENTj

ESP. WHEN THE CENTER OF RESOLUTION

IS MOVlNq OUT RADIALLY.)

u (M EXTtRHP. 21HE.S (USINC, THE
^^AA^^^^A^Vvv^vVVVVWv^A^^^A/vs^v^^^

NEV̂  COORTiMATES) ;

CAlL START

YY- |G2| A G M I

D0 1399 J=2,3Pl

1389 I - | , IBAR

IPJ = 13 + MC)

1PJP = 13P+ NQ

Y4 « REZYO + 0.25*

R!)LCIJM)= RE?R«N * EXP
{[r4-Y(IJJ-Y(IPJ)]

CALL

C8NTT1NUE

CALL B0NE

CgETURN.

SUBROUTINE
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01/12/73 OvERLAYIYAQUFlL.O.OI
OVERLAYCYAOUFIL.0.0)

PAGE 1 .
YAQUI 00002

INOEX 01/12/73 PROGRAM YAQUI (INP.OUT,FILM,FSET9=OUT»FSET12=FILM.FSET7.FSETB)
1 PROGRAM YAQUI(INP,OUT.FILK.FSET9=OUT.FSET12=F;LM,FSET7.FSET8)
2 LCM /YLC1/ AAlli3l000) /YLC2/ AA2(131000)
3 COMMON /YSC1/ AASCU242)
4 COMMON /YSC2/ AAUl.ANC.ASQ.AO.AOFAC.AOM.BO.COLAMU.CYL.

! OR.DT.D~ snTFAC.OTGR.OTGZiMGZP.nTOUOl.DTOCHO).
2 OT016,CM2fDT04.0TO".DTPOS.DTV,OT8.DZ.EM10.EP$,FI8P,
3 FIPXL.FIPXR.FIPYB.FIPYT.FIXL.F1XR.FIYB.FIYT.FJBP,
4 FRF.Z.GGM1.GM1,GR.GRPVELIGZ.GZP.I»IP.AR.:BP.1BP1.1COLOR.
5 IDTOotJ.JJM)IJP,IJPS.lMOME3.IMOM)(,IMl.'M6.
6 IPAR.tPXL«iPXR,IPYB»IPYT,lPl.IP2»ISCFl.ISCF2)ISC2«ISC3«
7 ITV.IUNF«IXL,!XR.IYR,IYT,J.J~AI».JBP,JBP2.JCEN.JM10,
B JHl*,J5>l,JP2,JP4,JP4O2,JUNF.JUNFnZ,KXI.LAM,LjP2<LPB.
9 LPR.MU.NAMF. ( JO) .NCYC.NLCNPS.NPT.NQ.NQ'i .NQIB,NO12,NSC.
1 NUMIT.NUMTn.OM.OHANC.OMCYL.OMEMlOinPEMlO.PnR.POZ.PXCONV,
2 PXL.PXR.PXRP.PYB.PYRM.PYCOHV.PYT.PYTP.nDT.REZRON.RCZSIE,
3 REZUF..REZVE.REZVT.REZY0,RlRAR.RIBJR,RlBP.RJBP,ROMFR,
4 P . O N , B P O R , B P O R D Z . R P D Z . T , T H I R D . T L I M D . T O U T , T W F I N . T Z 0 M 0 .

5 VV.XCONV.Xl .XR.YB.YCONV.YT.ZZ
5 EQUIVALENCE (AASC(l),X.XPAR).(AASCI?).R.YPAR).(AASC(3)IY.MPAR),

1 (AASC(4),U.UG>DELSM).IAASCI5).V.VG),(AASC(6)»RO>.
2 (AASC(7V .SIF.MP!D..pvRCS5J , ,-»S5CiS> «t .ETIL) ,
3 (AASCt9!,RVOL)oIAASC<101 .M.RM,VP).(AASC(111.P.PL.EPt
4 UPtPMo)l(AASC(12),UTlLiUL,C0<PHX.PU).IAASC113).VTtL>
5 VL.PMY.PV).(AASC(14).0.R0L)
REAL L A M , L A M O « M , M B , M C , M L . M P . M P A R , M H , M T » M T E . M U , M U 0 2 . M U 0 4
NQ e 14
POINT 100
READ 110. !BAR,JBAR.IUNF.JUNF,JCEN.r>R»OZ»CYL<<5BDVEL.A0sA0M,B0,KXI
CALL ADV (3)
CALL LINCNT (64)
IF (IBAR) 40,30.26
CALL OVERLAY I7LYA0UFIL.1.0.0)
CALL OVERLAY (7LYAQUFIL.2.0.0)
GO TO 10
CALL EMPTY

6
7
S
9

10
11
12
13
14

\s
16
17
is
19

10

20
30

40
C
100
110

FORMAT
FORMAT
END

tlm>
(SI4.'F8.3,I4)

PAGE
Y40U1
YAQUI
COMMON?
COMMONS
COMMONS
C0MM0N2
C0MM0N2
C0MM0N2
COMMONS
COMMON?
COMMON?
COMMONS
COMMON?
COMMON?
COMMONS
COMHON?
COMMON?
COMMON?
EOVHEAL
EQVREAL
EOVBEAL
EQVREAL
EOVREAL
EOVREAL
EQVREAL
YAOU1
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAQUI
YAOUI
YAOUI
YAQUI
YAOUI
YAQUI

2 .
00003
00004
00002
00003
00004
00005
00O0A
00007
00OOB
00009

oooio
00011
00012
00013
000)4
00015
00016
00017
00,002
00003
00004
00005
00006
OOOOT

oopoa
00007
00008
00009
00010
00011
00012
00013
00014
000J5
00016
00017
00018
00019
00020



INDEX 01/12/73
SINGLY REFERENCED
AA O R
AA1 O R
AA? O R
AOV
ANC -R
ASO -R
AOFAC -R
COLAMU -R
CO -R
nffLSM m,p

DT -R
nTC -R
nTFAC -R
M c p -B
DTGZ -R
DTfiZP -R
MO OR
(1T0C O R
DTO]^ ™R
DTn? -R
r>Tni -9
tlTOR -R
nTpnS -R
DTV -R
M B -R
E -R
FMPTY
FMin -P
FP -R

4C0
2LC
?LC
10SU
4C0
4C0
4C0
4 CO
SEO
"iSO
4C0
4C0
4CO
4C0
4C0
4CO
4CO
4CO
4C0
4C0
4CO
4CO
4C0
4C0
4CO
SEO
16SU
4C0
SEO

PROGRAM
VARIABLES
EPS
EQUIVAL
F.TtL
FIBP
FIPXL
FIPXR
FtPYR
FIPYT
FIXL
FTXR
FIYR
FIYT
FJRP
FHEZ
FSET12
FSET7
F5ET8
FSET9
RfiMl
GM1
GR
GZ
G2P
I
IP.P
IRP1
ICOI.OR
inTo
IJ

YAQUKINP,OUT,FILM,FSET9«0UT,FSET12«FILM.FSET7,FSET8)

-R
*
• R
•B
-a
-R
-B
-a
• B
-R
-R
-H
• B
-R
-R
-R
-a
-R
-R
• R
-R
•R
-R
-I
-1
-T
-!
-I
-I

MULTIPLY-RFFERENCFD VARIABLES
in -
20 -

40 -
100 -
110 -

AASC O R
AO -R
a CM -R
BO -R
COMMON -
CYL »R
OR -R

nz -R
FILM *»R
GROVEL -H
TBAR -I
IUNF -I
JBAR -I
JCEN -I
OUNF -I
KXI -I
(.AM -R
M -R
HP -R
MPAR -R

9»
I?
\7

I?
RPR
9R0
SCO
4C0
4C0
4C0
3F
4C0
4C0
4CO
1AG
4C0
4C0
4CO
4C0
4CO
4C0
4CO
4C0
5E0
CFQ
SEO

15

!*'
16*
\7o
1H*
5FO
9BD
9RD
9RD
4F
9RD
9HO
9RD
UG
9RD

5EO

9R0 12
9RD
9R0
9BD
9R0
9HO
ARL
6RL
6BL
6RL

4CO
SF
SEQ
4C0
4C0
4C0
4CO
4C0
4C0
4CO
4C0
4C0
'.CO
4C0
1AG
1AG
1AG
lAfi
4CO
4C0
4CO
4CO
4C0
4C0
4CO
4C0
4C0
4C0
4C0

seo

1JM
UP
UPS
IMOME3
IMOMX
IMl
IM6
INP
IPAR
IPXL
IPXR
1PYB
IPYT
IP1
IP?
ISCFl
ISCF2
ISC2
ISC3
I TV
I XL
IXR
1YB
IYT
J
JBP
JRP2
JM'lO
JM14

SEO

•

-

m

m

m

••

m

-

•

m

m

••

•

4C0
4C0
*CO
4CO
4C0
4C0
4r.o
lAG
4C0
4C0
4CO
4C0
4C0
4CO
4C0
*CO
4C0
4C0
4C0
4C0
4CO
4C0
4C0
4cO
4C0
4C0
4Cf
4CO

"I 4CO

SEO

JP1
JPZ
Jp*
JP4O2
JUNFO2
LAMD
LCM
LINCNT
LJP?
LP8
LPR
MB
MC
ML
MR
MT
MTE
MU02
MUOA
NAME
NCYC
NLC
NPS
NPT
NO I
NQIR
NO12
NSC
NUM1T

5EQ 5EQ

m

-
*
•

4C0
4C0

t 4CO
4CO

1 4C0
* 6RL

lisu4C0
4CO
4C0

•R 6RL
-R 6RL
* 6RL

-R 6RL
-R 6RL
-R 6RL
-R 6RL
-R 6RL
O ! 4CO

[ 4C0
4C0

[ 4CO
4C0
4C0
4CO

[ 4C0
4CO

[ 4Cn

5EQ

NUMTO
OM
OMANC
OMCYL
0MEM10
0PEM10
P
PDR
POZ
PL
PMX
PMY
PM0
PRINT
PU
PV
PXCONV
PXL
PXR
PXRP
PYB
PYHM
PYCONV
PYT
PYTP
0
P.
RCSO
RDT

SEO

-I
-R
•R
-R
-R
-R
«B
-R
-H
-R
-R
-R
-R
.
•R
-R
-R
-R
-R
-R
-R
-P.
-R
-R
-R
-R
-R
•R
-R

5EO

PACE

4C0
4C0
4C0
4C0
4C0
4C0
SEO
4C0
4CO
seo5EQ
5E0
SEO
8F
SE1
5EQ
4CO
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
5E0
SEQ
5EQ
4C0

5E0

3

READ
REAL
REZRON
REZSIE
REZUE
REZVE
REZVT
RFZYO
R1BAR
RIRJB
RTBP
RJBP
RM
RMP
RO
ROL
ROMFR
RON
RPQR
RPDRDZ
RPDZ
RVOL
SIE
T
THIRD
TLIMD
TOUT
TWFIN
T20MD

?EO

m

-R
-R
*D
•R
•R
• R
-R
-9
-B
»R
• P
•R
-B
-R
-R
-R
-R
-R
-R
-R
•R
-R
• R
-R
•R
-R
-R

5E0

9F
6F
4CO
ACO
ftCO
4C0
4C0
4C0
4CO
4C0
»CO
4C0
SEO
SEO
SEQ
SEQ
4C0
4C0
4C0
4CO
4 CO
5E0
SEO
4C0
4C0
4C0
4C0
4C0
4C0

SEQ

U
UG
UL
UP
UTIL
V
VG
VL
VP
VTIL
VV
X
XCONV
XL
XPAR
XR
Y
YAOUI
YB
YCONV
YLC1
YLC?
YPAR
YSC1
YSC?
YT
ZZ

• R
-R
-R
-R
.R
-R
-R
• R
-R
-R
-K
-R
-R
-R
• R
-R
-R
•
• R
-R
w

«

-R

m

-R
-R

5EO
SEO
5EC

SEO
SEQ
5FQ
5FQ
SEQ
5FQ
4C0
SEO
4CO
4C0
SEQ

5EQ
lsu
4C0
4CO
2CN
2CN
SEQ
3CN
4CN
4CO
4C0

INDEX 01/12/73 PROGRAM YAQUI(INP,OUT,FILM,FSET9=0UTiFSETl?=FlLM,FSET7,FSET8)
MU -R 4C0 6RL-
NQ -I 4CO 7=
OUT -R 1AG 1AG
OVERLAY - 13SU 14SU

PAGE



INDEX 01/12/73

2
3

SUBROUTINE LOOP
SUBROUTINE LOOP
COMMON /YSC1/ AASCU242)
COMMON /YSC2/ AA<1>tANCtASO.AOtAOFACiAOM.BOtCOLAMUtCYLt
1 DRtOTtOTCtOTFACtDTGRtDTGZtOTGZPtOTOUO) «OTOC(10) .
2 nTO16»r>TO2,DTO4.DTO8.DTP0S.DTV.OTB.DZiEM10tEPS.FIBP,
3 FIPXLtFIPXRtFlPYB.FIPYTiFIXL.FIXR.FIYB.FIYT.FJ8p,
4 FRFZtGGMl.GMI.fiOtGRDYELtGZ.uZP.lt IRAKtIBPtIBPltlCOLOR,

5 IDTOtIJtIJMtUP.IJPStlM0ME3t!MnMX.IMl,TM6t
6 tPAR.IPXLiIPXR.lPYR,IPYT,IPl.tf>StISCF1.1SCF2,ISC2.ISC3,
7 ITVtIUNFtIXL,IXRilYBtlYT,J,JBAOtJBPtJBP2,JCENtJMlO,
8 JMU.JPl.JPZ,JP4.JP402,JUNFtJUNF02,KXI,LAM,LjPZ.LPRt
9 uPRtMUiNAMp(IO) tNCYCiNLC.NPS.NPTtN(]tNQI,NOI8,N0l?.NSCt
1 NUMIT|NUMTDtOM,OMANCiOMCYL,OMEMlO.OPEM10.PnR,POZ,PxCONV%
2 PXLtPXRtPXnP.PYSiPYBMtPYCO-'V.PYTtPYTPtRnTtRFZRON.RF.ZSIEt
3 RF.ZUEtREZVF.,OEZVTtREZYo.RlBAR.RIBJBtRI8P.RJBPtROMFR.
4 BON.BPOB.BpORDZ,BPnZ.T,THlRD,TLIM0,TOUT.TWFINtT20Mn,
5 VV.XCONVtXLtXRtYBtYCONv.YT.ZZ

4
S
6
7

e
9
10
\ \
12
13
14
IS
16
17
IB
19
20
21
22
23
24
25
26
27
2B
29
30
31
32
33
34
35
36
37
3B
39
40
41
42
43
44

10

20

30

40

50

60

70
80

100

CALL '
IECW
GO TO
UP =
U =
IBUF
GO TO
UP a
U s

UM a
muF
GO TO
ENTRY
UPS
IECR
CALL
IECR
UPS
CALL
IECR
UP
U a
UM »
CALL
IECR

ECWR <4ASC(IJMS)ilEC«.NQI,NE)
a IECW • NOI
On.20t30> IRUF
UPS = 1
ISC3
UMS = ISC2

= Z
40
U P S a ISC2
\
IJMS = ISC3

= 3
40
START

= 1
= IECW a 0
ECRD (AASC(IjPS)tIECR«NQl
a 1ECR • NOI
a ISC2
ECRO (SASCUjPS) IIECR.NQI
a 1ECR • »IOI
a U P S a ISC3
tSC2
U M S a IBUF a 1

ECRD (AASCUjPSItlECRtNQl
a IECR • NQI

RETURN
ENTRY
CALL
1ECW
GO TO
UMS
60 TO
UMS
GO TO
UMS
CALL

DONE
ECWR (AASC(IJMS)tIECWtNOl
a IECW • NOI
(50t60t70> IBUF

a 1SC2

so
a ISC3
| 80
a 1
FCWR (AASCUJMS) tIECWtNOl

RETURN
ENTRY
CALL
1ECW

LOOPn

.NE)

tNE)

.NE)

iNE)

tNE)

FCWR (AASC(IjS)tlECW.NOItNE)
a 1ECW - NOI

PAGE
YAOUI
COMMONS
COMMONS
COMMONS
COMMON?
COMMON?
COMMON?
COMMON?
COMMONS
COMMON?
COMMON?
COMMON?
COMMONS
COMMON?
COMMONS
COMMON?
COMMON?
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAt)UI
YAOUI
YAnUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAQUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAQUI
YAOUI
YAQUt
YAoUt
YAOUI
YAnllt
YAOUI
YAOUI
YAfJUI
YAOUI
YAOUt
YAOUI

s00021
00002
00003
00094
00005
00006
00007
0O0OB
00009
00010
00011
00012
00013
00014
00015
001)16
00017
00OP3
000?4
000?5
000?6
00027
000?B
000?9
00030
00(131
00032
00(513
00(1.14
00035
00036
00037
0003B
00039
00040
00041
00042
00043
00044
00045
00046
00047
0004S
00049
00050
00051
00052
00053
00054
00055
00056
00057
0005B
00059
00060
00061
OOO&Z
00063



INDEX 01/12/73
45
46
47
48
49
SO
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
7?
73
74
75
76
77
7fl

no

120

130

140
150

GO TO
IBUF
U <=
US »
IJM =
UMS
On TO
ENTRY
UMS
IECR
CALL
IFXR
U M »
UMS
IJ =
US =

SUBROUTINE LOOP
(110.120.140) IBUF

• 2
TSCF1
1
ISCF2

» ISC2
130
STARTO

= ISC2
= IECW a ITV
ECRD (AASCiljMS)tlECRiNSliNE)
= IECR - NOI
ISCF1

= IRUF « 1
ISCF2
ISC2

IF (IF.CR.LT.O) GO TO ISO
CALL
IECR

ECRD lAASCtlJMSl.IECRoNQIiNE)
= IECR - NQI

RETURN
IBUF
SO TO
ENTRY
IF.C =
CALL

' 3
100
R1ROW
(J-l) • NQI

ECRD (AASCU)»iEC»NQl.NE)
RETURN
ENTRY
IJ =

SETU
U-l) • NQ • 1

RFTURN
ENTRY
IEC =
CALL

1 W1R0W
: (J-1)*NOI
ECWR <AASC(1)«IEC»NQ1.NE)

RFTURN
END

PASE
Y<OUI
YAQUI
YAr-UI
YAOUI
YAOUI
YAQUI

YAOUI
YiOUI
YAOUI
YAOUI
YAflUt
YAflUi
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAQUI
YAOUI

6
00064
00065
00066
00067
0006S
00069
00070
00071
00072
00073
00074
00075
00076
00077
00078
00079
O00B0
O0OR1
000S2
000R3
00084
00085
00086
00087
000R8
00089
00090
00091
00092
00093
00094
00095
00096
00097
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7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
?4
25
26
27
28
29
30
31
32
33
34
35

01/12/73 SUBROUTINE FILMCO
1 SUBROUTINE FILMCO
2 COMMON /YSC1/ AASCU242)
3 COMMON /YSC2/ AA(1).ANC«ASO.Ao.AOFAC«AOK«BC>COLAMU.CYLi

1 DR.DT.DTC.nTFAC.DTGR.DTGZ.OTGZP.DTO'lO) .DTOC(IO) <
2 OTOJ6«0T02,DT04.0TOR,OTP0S,0TV,0T8.DZ.EM10.F.PS.FIBP,
3 FIPXL.FIPXD.FlPYB.FlPYT.FlXL.FlXR.FIYB.FIYT.FJBp,
4 FPEZ.flGMl.GMltGR.GRDVEL.GZ.GZP.I.IRAR.lBP.IBPl.ICOLOR.
5 T0TO,lJ,!JM.IJP,lJPS.IM0ME3,lM0MX.m.tM6.
6 IPAR.IPXL.IPxHiIPYq.IPYT.IPl.IP2.ISfFl.ISCF2.ISC2.ISC3,
7 irv,IUNF,IxL,IXR,lYR.lYT.J,JRAP.JBP.JRP7.JCF.N.JM10,
B J M 1 4 , J P 1 , J P 2 , J P 4 , J P 4 0 Z , J I J N F . J U N F 0 2 , K X I , L A M , L J P 2 . L P R .

9 LPR»MU.NAMF(jO>,NCYC.NLC.NPS.NPT.NUiNQl,NQIR,Nai2.NSC»
1 NUMIT.NUMTn.nM.OMANC.OMCYL.OMEMlO.Of'EMlO.PnR.PDZ.PXCONV.
2 PXL.PXR.PXRP.PYR.PYRM.PYCONV.PYT.PYTP.ROT.RF.ZRON.RF.ZSIE,
3 REZUE.REZVF.RE7VT.REZY0.RIBAR.RIBJB.RIP.P. P. JBP.ROMFR,
• RON.RPDR,RPORnz.RPnZ«T,THlRD.TLlMO.TOUT.TWFIN.T20MO.
.5 VV.XCONV,X|_.XR.YB.YCONV.YT.ZZ

4 EQUIVALENCE |AASC(1).X.XP4R).(AASC(2).R.YPAR),(AASC(3),Y.MPAR),
1 <AASC<M»U.UG,tlF.LSM).tAASCl5).V.VG).(AASC!6).RO)•
2 (AASC{7).SIE.MP.RHP.RCSO).(AASCI8).E.ETILI•
3 (AASC(9|,RV0U. (AASCdOWH.RM.VP) . 1 AASC til) .P.PL.EP.
4 UP.PHo).(AASC(12).UTlL.UL.CO.PMX.PU).(AASC(13).VTIL.
5 VL.PMY.PV), C<ASC(14).Q.ROUI

5 REAL L*M,LAMDfM,MR.MCiML»MP.MPAR«MR.MT.MTE>MU,MU0?.MU04
6 DIMENSION X(1).XPAR(1).R(1).YPAR(1),Y(1) ,MPAR(l),u(U.UG(h.

1 P E L S M I I ) .V (II .VG(l) ,Rft(l) .STFIl) .MP(1) ,RMp (1) ,RCSQ (1) •
2 E(1).ETIL(1).RVOL(1).MH),RM(1),VP(1).P(1).PL(1).EP(1).
3 UP 11) .UTlLII).UL(l) ,CO(1) .PMX(l) -PUd) .VTIL(l).VLIl) «
4 PMY(l).PV(l),0(l).ROL(l).PM0(l!
XL = 0,6
YB = 1.E*20
XH = YT = -YB
CALL START
DO 129 J=2.JP2
DO 119 1=1.IP1
XR = AMAX1(XRtX(IJ))
YB = AM1N1(YB,Y(IJ)|
YT = AMAX1(YT,Y(IJ))

119 !,) = IJ » NQ
CALL LOOP

1S9 CONTINUE
W = 0.9OXP.1RIBAR
FIYB = 916.0
XD a XR/IYT-YB)
YY » 0.0
IF (XD.LE.1.13556)
FTXL = AMAXK0..(fi
F1XR =
FTYT
XCONV
YCONV
I XL
IXR
IYB
IYT

YY»1.
fl.-450.»XD)»YY)

(511.»*50.«Xn)oYY • 1022.*(1.-YY)
16.iYY • (916.-1022./XD)*(1,-YY)
(FIXR-f1XL>/IXR-XL>
(FIYT-FIYB)/(YT-YR)

PXL
PYB

FIXL
FIXR
FIYB
FIY7

IF (NPT.EQ.O) RETURN
0.0
YB • PYB

PAGE
YAQOI
COMMON2
C0MM0N2
C0MM0N2
C0MM0N2
COMHCN2
C0MMON2
COMMCN2
"0MMCN2
C0MM0N2
C.IMMCN2
CtmrN?
COMMON?
C0MMCN2
C0MM0N2
COMMON?
COMMON2
EQVREAL
EOVREAL
EQVREAL
fQVREAL
EQVREAL
EQVRE.AL
EQvREAL
01 MEN
OIMEN
DIMEN
DIMEN

DIMEN
YAOUI
YAOUT
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAQUI
YAOUI
YAOUI
YAOUI
YAOU!
YAOUI
YA!JUI
YAOUI
YAQU1
YAOUI
YAOUI
YACllI!
YAOUI
YAOUI
YAOUI
YAOU!
YAQUI
YAOUI
YAOUI
YAOUI
YAOUl

9
00098
00002
00003
00004
00005
00006
00007
00008
00009

ooojo
00011
00012
00013
0001*
00015
00016
00017
0000?
00003
00004
00005
00006
0000?
00008
00002
00003
00004
00005
00006
00102
00103
00104
001(15
00106
OOlliT
00108
00109

ooiio
ooi ii
00)12
00113
00114
00115
001J6
00117
00118
00119
OOlfO
00121
00122
001?3
00124
00125
00126
00127
001?8
001?9
00130



INHEX 01/12/73
36
37
3«
39
40
41
42
43
4*
45
46
47
48
49
50
51
52
S3
54
55
S6
•57
58

SUBROUTINE FlLMCO
PXR • PORoFIBP
PYT * PYB » PDZ»FjBP
PXRP • PXR»OPEM10
PYBM a PYROOMEM10
PYTP s PYT»OPEM10
RPOR = l./pnR
RPDZ = l./POZ
P.PDRD2 » RPDRORP07
FIPYB « 916,0
XD = PXR/IPYT-PYB)
YY = 0.0
IF (Xfl.LE. 1.13556) Y Y » 1 .
FIPXL = AMAX1(O.I(5ll..450.»Xn)«YY>
FIPKR n Ciil,*450t*XO)»VV • lO22.i(1.-YY)
FIPYT * 16,«YY » (9i6.-1022,/xr>) •d.-VVI
PXCONV s (FIPXR-FtPXL)/(PXR-PXL)
PYCONV = (FIPYT-FlPYB)/(PYT-PYB)
1PXI. = FIPXL
IPXR = FIPXH
IPYS = FIPYB
IPYT = FtPYT
RFTURN
END

PAGE
YAOUI
VAOUI
YAlJUI
YAOUI
YAOUI
YAOUI
YAQUI
YAOUI
YAQUI
YAQUI
YAOUI
YAQUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI
YAOUI

10
00131
00132
00133
00134
00115
00136
00137
0013B
00139
00140
00141
00142
00143
00144
00145
00146
00U7
00148
00149
00150
001M
001*2
00153
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INDEX 01/12/73
YT -R 3C0 9»
YY -R 2?s 23» 2*

SUBROUTINE FlLMCO
15 21 28
25 25 26 26 46» »8 49 49

PAGE 13

SO SO

INOEK 01/12/73 OvERLAY(YAOUFlLiliO)
OVERLAY(YAOUFILtltO)

PAGE 14
YASET 00002

INDEX 01/12/73
1
2
3
4 10
s

PROGRAM YASET
PRINT 10
CALL VASET1
FORMAT(i VASET
END

PROGRAM YASET

CALLED*)

PAGE IS
YASET 00003
VASET 00004
YASET
YASET
YASET

00005
00006
00007

PRINT YASET 1SU

PROGRAM YASET

YASET1 - 3SU

PAGE 16
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INDEX 01/12/73
93
94
"55
96
97

98
99
100
101
in?
103
104
105
106
107
ion
109
no
in
112

in
114
'5117

lift
119
120

122

124
125
}26
127

128

129

130

131

132
133
134

219

229

300

SUBROUTINE YASETl
ATR » .5«<Xl«(Y2-Y3)»X2»(Y3-Yj)»X3»(Yi-Y2>)
AflL • .5°(X1»(Y3-Y4)*X3»(Y4-Y1)»X4»(Y1-Y3)!
MllJ) « THlR0»IATp»(Rl*R2.R3).ABLi(Rl*R3»R4))iR0(IJ)
RVOLdJ) « RO<IJI/M(IJ1
EIIJI • SIE(IJ)*.iiiS#<U(lPJ)»e2»U(IPJP)»»2«U(IJP)i«8»U(IJ)»»8
1 »V(IPJ> »«2»VIIPJPI»»2«V(IJP)i«2»V(IJ)••21
U • !PJ
1JP * IPJP
CALL LOOP
CONTINUE
CALL "ONE
CALL STARTO
DO 359 JJ=2,JP2
J * JP4 - JJ
DO 349 11=1,IP1
t = IP2 - II
IMJ * IJ - NO
IMJH = 1JM -NO
XX = 0.0
IF (t.NE.TPl .AN0. J.NE.2 ) XX * H(IJM)
IF (l.NE.IPl .AND. J.NE.JP2) XX a XX«M(!J)
IF II.NE.l .AND* J.NE.JP2) XX = XX*M(IMJ1

PAGE
Y*SET
YASE1
YASET
YASET

340

349

359

C
500
510
515
520
530
540
550

560

565

570

5*0

590
600

IF tl.NE.l .AND.
RM(IJ) = 4./XX
IJ >= TMJ
U K x IMJM
CALL I.OOPO
CONTINUE
RETURN

J.NE.2 ) XX 3 XX*H(IMJM)

YASET
YASE1
YASFT
YASET
YASET
YASFT
YASET
YASET
YASET

YASET
YASET
YASET
YASE1
YASET
YASET
YJStM
YASET

FnRMAT(9FB.3)
FORMAT(8FS.3)
F0RMAT(2I4,4Ffi.3«I4)
FnSWAT(5Ffl.3.JI4)
FORMATU0FS.3)
F0RMAT(3X»IBAR3«l4/3X»JBARs»U/3X»IUNFo»I4/3X»JUNF»»14/3X»JCENa»I4

l/SX»DR=olPE12,5/5x»0Z=»E12,5/4X»CYL»»E12.5/» GRDVF.L**ElZ.5/5X»A0«
2E12.5/4X»A0M=»ElS.5/5x<sB0=»El?.5/4X»KJI=»ir)
F0HMAT(5X»MU=»lPEl2.5/4X»LAM=iF.I2.5/SX«nM=»El2.5/4XiEPSs«E12.5/5X«
iGB=*El2,5/5X»G?=»F12.5/4X<1AS0=»E12.5/4X«RON=«F12.5/4X»GMl»»El?f5>
FORMAT l3X*FREZ=»lPEi2.5/5X»YFi5eF12.5/i RF.ZYOs^ElS.S/* RFZUE=»
1 F12.5/* REZV£=»E12.5/» REZvT«°E12.5/» RtZPON=«E12.5/» REZS!E=»
2 F.12.5)
FORMAT (4X»IBP="I4/4x<'jBP=»I4/4X»P0P-=''iPEl2.5/4X»PDZ=»E12.5/4X«pi(B»
l«E12.5/4Xi(5ZPs»E12.5/2X»IM0MXa»l2)
FORMAT(6X»T=*lPEl?.S/5X»0T=»El2,5/» T20Mn^«E12,5/» TLIW>«»E12.5/
1» TWFIN=«E12.5/4X»LPR=*I2/* ICOLOR«»12)
FOHMATti nTOU-10>»«5llPF.)2.5,2X)/12>:,5(F.12.5,2X))
FORMAT(i 0TOC(l-l0)»»5(lPE12.5.2X)/12X.5(E12.5.ZX))
END

YASE1
YASF.T
YASET
YASF.T
YASET
YASFT
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASF.T
YASET
YASET
YASET
YASET
YASE1
YASET

19
00099
00160
001 pi
00102
00103
00104
00105
00106
00107
0010S
00109
00110
00111
00112
00113
00114
00115
00116
00117
OOli'B
00119
00120
00121
00122
001?3
00124
001?5
00126
00127
001->8
00129
00130
00111
00132
00133
00134
00135
00136
00137
0013S
00139
00140
00141
00142
00143
00144
00145
00146
00147
00^48
00149



INDEX 01/12/73
SINGLY REFERENCEO

200 -

100 •
3*0 -

«A? O R
DlMFNSl -
nONE
DTC -R
DTFAC -R
OTGR -R
DTGZ -R
OT67.P -P.
[UOIA -R

tiTO? -P

76*
103*
115"
?LC
7F

102SU
4CO
4C0
4C0
*CO
ten
4C0

*co

VARIABLES
0T04 -R
DTOfl -R
DTV -P
DT8 -R

EOUIVAL -
FIBP -R
FILMCd -

FIPXL -R
F1PXR -R
FIPYB -R
F1PVT -B

FIXL -R
FIXR -R

MULTIPLY-REFERENCED VARIABLES
100 -
110 -

120 -

?\<> -
??9 -

349 -
3S<» -
500 -
S10 -

5i"S -
S?0 -
sin -

540 -

550 -
5A0 '

56= -

57C -
5R0 -
590 -

ftOO -
AA OR
AASC OR
AA1 OR
ABL -R
ANC -R
AS(1 -R

ASSIGN -
ATfi -R

A0 -R

AOFAC -R
A0M -R
PO -R
COLAMII -R

COMMON -

CO O R
CYL -R
nELSM <IR
DR -R
OT -R
nTO O R
OTOC O R
OTPOS -R

17*
16AS
26
7000
7700

lOhOO

10400

RRU
9P0
10RO
11R0
1?RO

nun
lflWR

19WR
20WR

21 MR
2?WR
23WR
24WR

tco
SCO
RLC

94=
4C0
*CO
16F
93=
4C0
• CO
4C0

«co
*co
3F
5E0
4C0
5F.0
4CO
*C0
4 CO
4C0
4C0

29
26*
28AS 30*
99«

101"
117i
119»
17WR 121*

122«
l?3i
l?4i
l?5i
14HD 126<>

127i
1ZB«
1?9«
130*
131*
13?»
I33«
50
5E0 5E0

51 51
95
6?= 63
9R0 19WR

28F
95
1BWR
65:
18WR 65
1BWR
64°
4F
7nt

1BMR 43
7f)I
18WR
1?RD 22MR
13RD 23WR
!4RD 24WR
57»

4C0
4C0
4 CO
4CO
5F
4CO

75SU
4C0
4C0
4C0
4C0
4C0
4CO

SEQ

65

5T»
56

SUBROUTINE

FIYB
FIYT
FJRP
IBPl
UPS
IM0MF.3 •
IPAR
1PXL
IPXR
IPY8
IPYl
I XL
IXR

SEO

57

•R
•R

•R
•I
•I
• I
•1
• I

>I
• I
-I
•I
•I

YASET!

4CO
4C0
4C0
4C0
4CO
*CO
4C0
4C0
4C0
4C0
4CO
4C0
4C0

IYB
IYT
JBP2
LAMO
LC«
LOOP
LOOPO
LPB
MR
MC
M^SHMKH

ML
MR

5E0 SEQ SEQ

-I
-I
-1
-R
*
•

-1
-R
-R
•
-R
-R

4C0
4C0
tco
6RL
2F

100SU
118SU

4CO
6RL
6RL

74 SU

6RL
6RL

5EQ

NT
HTE
MUO2
MU04

NPS
NPT
NQI2
NUMJT
PARTGEN
PXCONV
PXL
PXR
PXRP

-a
•R
-R
-R
-I
-I
-I
-I
m
•fl
-R
-R
-B

5EQ 5EQ

PAGE

6RL
6RL
6RL
6RL
4C0
4C0
4C0
4C0

73SU
4C0
4C0
4C0
4C0

SEQ

20

PYBM
PYCONV
PYT
PYTP
RDT
REAL
RETURN
RIBP
RJBP
RPOR
RPORDZ
RPDZ
START

SEQ

•R
-ft
-R
•R
-R
*
-
-P.
•R
-0
•P
•R
-

5EQ

•CO
4C0
4C0
4CO
4C0
6F
20F
4C0
4C0
4CO
4C0
4CO

76SU

SEQ

STARTO
VV
XCONV
XL
XR
YASET1
YCONV
YLC1
YLC2
YSC1
YSCZ
YT

-R
• R
•R
-R

-R
«

•
m

-R

103SU
*CO
»C0
4C0
4C0
1SU
4C0
&CN
ZCN
3CN
4CN
4C0
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INDEX 01/12/73
TWFIN

U
UG
UL
UP
UTIL
V
VG
VL
>/P
VTIL
WRITE
X
XPAR
XX
XI
X2
X3
X4
Y
YB
YPAR
Yl
Y2
Y3
Y4
7Z

-R
-R
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
-
OR
OR
• R

•R
-R
-R
-R
OR
-R
OR
• R

-R
-R
-R
-R

4C0
4C0
5E0
5E0
5E0
5E<3
•3E0

•ttQ
5E0
5E0
5EU
5E0
17F
SEJ
5EQ

lin=
81 =
84 =
87=
9(1=
•5F0
4C0
5E0
82=
85=
Hfts
91 =
4C0

12RD
12BD
7(11
701
7DI
7nl
7nl
7nl
701
7DI
701
701
1BF
701
701

in*
93
93
93
94
701

10R0
7DI

93
93
93
94
50

22WR
22WR
97

97

19F
81

112"
94

94

82
20WR

93
93
93
94

97

97

20F
84

112

85

94

94

SUBROUTINE YASETl PASE 23

97

97

37

113=

88

94

94

97

97

22F
90

113

23F-

114*

24F

114 115
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INDEX 01/12/73

33
34
35
36
37
3B
39
40
*1
42
43
44
45
4*
47
48
49
50
•51
5?
53
54
55
56
57
SB
S9
60
61
62
63
64
65
66
67
68
69
70
71

72
73

74
75
76

200
210
220

230

240

250

290

300

C
900
910

920
990

SUBROUTINE PARTGZN
1 MTE.ORAG
USH « SHIFT(UPAB.30).AND.7777777777*
VSH a SHIFT(VP*R,3C).AND.7777777777B
DRAG » DRAG.AND..NOT.7777777777B
YTOP » YC'XO
YBOT « YC-XD
IF (YO.LT.EM10) Go TO 200
YTOP •= YD
VROT = YC
IF (FREZ.F.Q.1.01 fiO TO 200
YTOP o YMAX
YBOT n YMJN
Xn = XMAX
YTE • YB0T«.5»nZPAR
XTE * XC«.5*BRPAR
IF (Ytl.LE.O. .AND. (YTE-YC)••?*XTE»<>2.GT.XD»»2) GO TO 240
XPAR(KP) s (XTE.AND. .NOT. 7777777777R) .OR. USH
YPAR(KP) = (YTE.AND. .NOT. 7777777777BI .OR, VSH
MC = H T E » ( X T E » C Y L » O M C Y L )
MT = MT • MC
MPAR(KP) = ORAG .OR. (SHIFT IMC.30),6NO,777^7777778)
KP = KP»3
NPT = NPTn
IF (KP.GT.LPB) GO TO 2S0
XTE = XTE*nRPAR
IF (XTE.LE.XO) GO To 220
YTE = YTE'OZPAR
IF (YTE.I.E.YTOP) GO TO 210
GO TO 100
CALL ECWF AASC.IECP.LPB.NE)
IECP = IECP'UPB
KP = \
GO TO 230
CALL ECWR (AASC.IECP.LPB.NE)
NPS = UOCF(AA21NPT»3)) - IPAR • 1
PRINT 920. NPT.MT
IF (LPR.GT.O) WRITE(12.92O) NPT.MT
RETURN
PRINT 990
RETURN

0ZPAR=»E12.5» X C = B E 1 2 . 5 « YC=»E12.5
UPAR="E12.5» VPAR=«E12.5» MTE=»E12

F0RMAT(lf!F8.3)
FORMAT (• .ifPAR««iPE12.5*
1» XD=»E12.5/» Ytl=iE12.5
2" DRAfia«Fi2.5)
FnRMAT(4X16« PARTICLES GENERATED^ WITH TOTAL MASS="lPE12,e)
FORMAT(i PARTICLE GRID TOO LARGE FOR SCM LAYOUT.*)
END

PA6E
YAs£T
YAsET
YAsET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YAsET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASFT
YASET
YASET
YASET
YASET
YASET

5 YASET
YASET
YASET
YASEr

YASET

25
001S3
00184
OOlflS
001B6
OOlBT
0018B
001B9
00190
00191
00192
0O193
00194
00195
00196
00197
00198
00199
00200
00201
00202
00203
00204
00205
00206
00207
002O8
00209
00210
00211
00212
00213
00214
00215
002J6
00217
00218
00219
002?0
00221
002?2
O02?3
002?4
002?5
002J6
0022T
002?8
00229
00230



INflEX 01/12/73
SINGLY REFERENCED
AA OR
AA1 OR
ANC -R
A SO -R
«0 -R

AOFAC -R
AOM -R

RO -R
COLA"U -R
DIMENSI -
f)T -R
flTC -R

(1TFAC -R
OTHR -R
OTGZ -R
DTGZP -R
DTO OR
DTnr O R
nroT'i »H
DTP? -R

4C0
2LC
4 CO
4C(1
4CO
4C0
4CO
4CO
4C0
7F
4C0
4C0
4C(1

4C0
4C0

4cn
4C0
4Cn
4CO
4CO

VARIABLES
OTO4
DTOB
DTPOS
DTV
0T8
EPS

•R
• R
-R
-R
• R
-U

EOUIVAL -
FIPXL
FIPXR
FIPYB
FIPYT
FtXL
FIXR
FIYR
FIYT
GGMl

GMI
SR

• R
• R
• R
-R
-P
-R
-H
• R

-R
• R
-R

GRDVEL -R
OZ -R

MULTIPLY-REFERENCED VARIABLES
10(1 -
?no »
?1 n -
320 "

S:
?9C "
300 -
100 -
910 -
97(1 «

990 •
AASC O R
AA? OR
COMMON

CO O R
CYL -R
CELSM O R
DR -R
DRAG -R
ORPAR -R
nz -R
1ZPAR -R
F ()R
FCWR
FM10 -R

EP OR
FTIL O R
FlnP -R
FJRP -R
FLOAT
FRFZ -R
IBsR -I
IBP -1

23
3fl
46«
*7»
56»

47
SS

3n
lo
29RD
31PR
67P«

70PR
3C0
2LC
3F
SEO
4C0
5E0
4C0

29RD
29R0

4C0
29RQ

5EO
61 SU
4C0
5EQ
5F.Q
4C0
4C0

24SU
4C0
4CO
4C0

?9«
41
59
57
64

65#
7flt*
72tt
32WR
68wR
75«
5EQ
18
4F
701

50
701

Z4
31 PR

30
?5
3tPR
7DI

6S5U
38
7DI
7DI

11 =
12=
25SU
?3
10
9

60
45.

73*
74*

5EQ
66

32WR
31PR
26
32WR

13
14
26SU
24
24
10

4C0
4C0
4C0
4C0
4C0
4C0
5F
4C0
4C0
4C0
<*co
4C0
4CO
4C0
4C0
4C0
4C0
4C0
*C0
4 CO

5E0

35=
32WR

45

24

11

SUBROUTINE PARTGEN

GZP
I
ICOLOR
I D T O

IJ
IJM
UP
U P S
\H\
IMA
IPXL
IPXft
IPYB
IPYT
IP]
IP?
ISrfl
I Sc^2
ISC2
ISc3

5EO

35
*>(,

58

25

15

-R 4C0
-
-
m

-

•>

< •

m

•

•

-

-

••

4CO
4C0
4C0
4CO
4 CO

4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4CO
4C0
4C0

-I 4C0

-
4C0
4C0

ITV
IXL
IXR
IYR
IYT
J
JM10
JMI4

JP1
JP2
JP4
JP4O?

JUNF
KXI
LAMO
LCM
L JP2
MB
ML
MR

5EQ SEQ 5EQ

52
56

25 26 26

-
-

-
-
-

• •

4C0
4C0
4C0
4C0
4Cn
4C0
4CO
4C0
4C0
4C0
4C0
4C0
4CO
4CO

• R 6RL
if
4C0

-R 6RL
-R 6RL
-R 6RL

5E0

• l

MUO2
MU04
NAME
NCYC
NLC
NQ
NBIB
NSC
NUMIT
NIIMTO
OM
OMANc
OMEM)0
OPEM10
PARTSF.N

PXCONV
PXL
PXH
PXHP

PYR

-R
•R
MI
-T
m j
-I
-I
• I
-I
-I
-R
-R
-C
-R
•
-R
-R
-R
-R
-R

SEQ SEO

PAG!

6RL
6HL
4C0
4C0
4C0
4C0
4C0
4C0
4CO
4C0
4CO
4C0
4C0
4CO
1SJ
4CO
4C0
4C0
4CO
4C0

SEO

: 26

PYBH
PYCONV
PYT
PYTP
RDT
READ
REAL
REZRON
REZSIE
REZUE
REZVE
REZVT
RIBAR
RIRJ9
RON
RPDR
RPOROZ
RPDZ
T
THIRD

SEO

-R
• R
•R
-R
-R
m

m

• R

•R
-R
-P
-R
-R
-R
• R
•»R
-R
-R
-R
"R

5E0

4C0
•CO
•CO
4C0
4C0

fcF
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0

5EQ

TLIMD
TOUT
TXFIN
T20MO
VV
XCONV
XL
XR
YB
YCONV
YLCS
YLC2
YSC1
YSC2
YT
ZZ

61A6

-n
-R
-R
-R
-R
• R
• R
«-R
-f
• R
•

„
-R
• R

•CO
•CO
•CO
•CO
4C0
*CO
4C0
4CO
4C0
4C0
2CN
2CN
3CN
4CN
4C0
4C0

65A6
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tNOEX 01/12/73
36
37
3*
39
40
41
42
43
44
45
46
47
48
49
50
51
5?
53
54
55
56
S7
SA
S9
60
61
62
63
64
65
66
67
6s
69
70
71
72
73
74
75
76
77
7M
79
114
A)
R?
43
*4
HS
r,h
*7
nil
H9
90
91
op
93

239

?49

300

319

329

400

459

SUBROUTINE MESHHKR
CALL START
DO 249 J.2.JP2
no 239 I»1,IP1
IMJ • |j - NO
IF (I.(.T.IIJNF'l) IDJI • XIJMj) . FREZ*(Xi;MJ).k(IHJ>NO)l
RlIJ) • X(»J)»CYL • OMCYL
jnT • IABSIJ-JTOP)
JPB m IAPS<J-JROT|
IF (J.LT.JROT) YIU) « REZYO - TJ - OZ»FPEZ»U ,-FREZ«JDB) •ROHFR
IF (J.GT.JTOP) YllJ) » REZYO . TJ • DZ»FRE^»11.~FBEZ"JOT)»ROMFR
IF IJ.E0.7) Yf) • YdJI
U • U • NO
CALL LOOP
CONTINUE
CALL OONE
OFAO 1000. NB.NR.NT.NL.UI.VI.BOItSIEI
IF <NO.F0.0l RETUsN
IF INB.EO.1000) 0(1 TO 400
POINT loin. NHtWB.NT.M.Ul.VI.ROl.SlE!
IF (LPR.GT.O) «niTE(l?.10101 NB.W»NT.NI.,Ut,VI,RO!.SIEI
Nl«? « NH . 2
NU1 • NP • 1
NT2 • NT • 2
Nl 1 • NL • '
On 329 J.N82.NT2
CALL OIROH
00 310 I>NUtNB]
CALL SF.TJJ
IF (I.OT.l ,ANO. I.LT.IPlI UiJJI'UI
IF IJ.GT.2 .AW. J.LT.JP?! V(tJI«Vt
IF (J.EQ.NT2 .OR. I.EQ.NRll Go TO 319
BnilJ) • 301
SlE(lJ) • SIEI
CONTINUE
CALL Ml00"
CONTINUF
GO TO 300
xi * ft*(]«0E?S!£
YY « .5«ABSIGZI
CALL START
YJC? * ,*»• (Y( IJPI ftYdJI J
RnSAV it aF?pnN*EXP(-a;:*<flEZY0>YjC2)/xi)
FmJM • IY(IJfl-Y|IJ»l»YY
Fn£N s FNtlM'FREZ
R0J1 » Rn<iAV«(XX*FNUIO/tXX-Fr>ENl
no 459 I«!.IP1
BnllJl • BdSAV
Anitjxt • BOJI
EtlJl « CftJHI • aCZSIE
Ij • IJ • 10
IjM • IJM . NO
CALL LOW
On ,79 j»l,JPl
Fn£N • 1V1IJP)*Y(IJ))*YV
FNUH • IV(|JI>VMJMH*VT
•nSAV a RflSAV*tIX>FNUHI/<XX»Fr>EN)
On 4*9 i>|,|P|
Bniui • BOSAV

PACE
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET

YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASFT
YASET
YAS£T
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YAsET
YASET
YASET
YASET
YASET
YASFT
YASET
YASFT
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET
YASET

30
00264
00265
00266
00267
00268
00269
00270
00271
00272
00273
00274
00275
00276
00277
00278
00279
002AO
002A1
002R2
002A3
002A4
002A5
002R6
00287
00283
002(19
00290
00291
00292
00293
00294
00295
00296
00297
0029R
00299
00300
00301
00302
00303
00304
00305
00306
00307
00308
00309
00310
00311
003)2
003J3
00314
06315
003)6
00317
003J8
00319
00370
00321
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in

ft*

ui a a
• - fa. fa.
(fl O • •
*s* Z X Z
Ul 3 UJ
a • o. zc

C falU, fa.
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a a —

• rv.
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INOFX ei/is/n
SINGLY REFERENCED

?00
AA
ABS
ANC
AS<5
A"
AOFAC
AOM
BO
COLAyU
niMFNSl
OT
DTr
OTF4C
DTGR
OTG J
nTczp

nTo
nTor
nTnjfc
OTO?

*
OR

-a
•R
'R
-R
• R
-ft
-f
m

-R
-R
-R
-R
•R
-R
O R
O R
-R
-R

16*
SCO

74SU
ICO
3CO
SCO
3CO
3CO
SCO
3CO
AF
3CO
3CO
SCO
icn
3CO
SCO
3CO
KO
3CO
3C<1

VARIABLES
DTO»
OTOB
DTPOS
OTV
DT8
EM10
EPS
EQU1VAL
FXP
FIBP
FIPXL
FIPXR
FIPYB
FIPYT
FI XL
FTXH
FIYB
FtYT
FjBP
FLOAT
GRM|

»Q
• R
-0
• R
-R
• R
• R
•
•
-R
-0
• R
• R
-0
• R
»R
-R
oti

•R
••
-0

3C0
SCO
.ICO
SCO
3C0
3C0
3C0
4F

77SU
3C0
3C0
SCO
3C0
3C0
3C0
3C0
3C0
SCO
3C0

35SU
3C0

SUBROUTINE

GR -R
GMOVEL -R
GZP -R
S9AR
IBP
IBP1
ICOLOR -
IOTO

UPS .
IM0ME3 -
IMOMX ••
IMA
IPAR
IPxL -
IPXH
IPYB
IPYT
IP2 *
ISC^l -
ISCF?
isr*

MESHMKR

3C0
SCO
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
SCO
SCO
3C0

ISC3
ITV
IXL
IXR
IYB
IYT
JRP
JRP?
JM10
JM14
JP4O?
JUNF
KXI
LAMn
LJPZ
LPB
MR
MC
MFSHMKR
ML
MR

•

-

-

-

•

-

_

3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
SCO
3C0

1 5RL
3C0
3Cfi

-R 5RL
-R 5RL

1SU
-R 5RL
-B 5RL

MT
MTE
MU02
MU04
NAME
NCYC
NLC
N?S
NPT
N019
N0I2
NSC
NUM1T
NUMTD
OM
OMANC
OMEM10
OPEMIO
PDR
POZ
PRINT

PAGE 32

-R 5RL
-R 5RL
-R 5RL
-R SRL
I)I 3C0
-I 3C0

•
3C0
3C0
3C0
SCO
3C0
3C0
3C0
3C0

-R 3C0
-R 3C0
-R 3C0
-R 3C0
-R 3C0
-R 3C0
- 54F

PXCONV
PXL
PXR
PXRP
PYB
PYBM
PYCONV
PYT
PVTP
ROT
REAL
REZUE
RtZWE
REZVT
RlBAR
RIBJB
RIBP
RJBP
RON
RPOR
RPOROZ

-P
•R
•R
•R
-R
-R
-0
• R
• R
• R
«
• R
-R
t>(9

-R
-R
• R
-B
-R
-R
•Q

sco
3C0
SCO
SCO
3C0
3C0
3C0
3C0
3C0
3C0
5F
3C0
3C0
3C0
3C0
3C0
SCO.
3C0
SCO
3C0
3C0

RPOZ
T
THIRD
TUMD
TOUT
TWFIN
TJOMD

WRITE
XCONV
XL
XR
YCONV
YSC1
Y5C2
YT
71

• R
•R
-R
-R
• R
-!)
.R
m

.R
• R
-R
• R

_
-R
• R

SCO
3C0
3C0
SCO
3C0
3C0
SCO
SCO

55F
3C0
3C0
3C0
SCO
2CN
3CN
3C0
3C0

MULTTPLY-REFERENCEO VARIABLES
lq"J - lino 1?«
H i - <jno 14«
P\1 - 2(100 25»

300 -

•)7"> -

400 -
459 -

479 -
4R« -
son -

549 -
lono -
loin -
lo?o -

AASC O R
COMMON "
CO O R
CYL
(1ELSM
OONF

3SD0 47«
3730 49«
31 51«
6200 66

72
69»

53 73*
8]00 B6»
9?D0 95.
flnno 97*

loinn 104.
106* 12B
107 129.
13100 138«
13(100 140«
51Rf,
S4PR

143«
S5uR

106Rn 14S«
2C0 4FQ

1*4»

-R
OR

OR

E
EP
FTIL
FOEN
FNUM

•R
-R
OR
OR
OR
-H
-R

?F
4EQ
SCO
4E0
15SU
3C0
3C0
4EQ
4E0
4EQ

79=

3F
601

23
601

30SU
24
27
in I
6DI
6ni

80
79

4E0

41

4E0 4E0 4E0 4E0 4E0 4EQ 4EQ 4E0 4EQ 4E0 4EQ 12>

SOSU 105SU l«tSU

35

B9<
80

4S
94> 103-

96=
99=
91

99
98.

100
9ft 100
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01/12/73 OVERLAY(YAOUFiL.2,0) PAGE 3S
1 OVERLAY(YAQUFIL.2.0) YAOUIl 00002

INDEX 01/12/73
1
2
3
* 10
5

PROGRAM YAOUIl
PROGRAM YAQUM
PRINT 10
CALL YAOUI?
FORMAT(• YAOUI2 CALLED")
F.HO

PAGE 36 . .
YAQU11 00003
YAOUIl 0000*
YAOUIl 00005
Y A O U U 00006
Y A Q U I I 00007

INDEX 01/12/73 PROORAM YAOUll PAGF 37
SIN6LY REFERENCED VARIABLES
PRINT - ZF YAQUn - 1SU YA0UJ2 - 3SU

MULTIPLY-REFERENCED VARIABLES
10 - 2PR 4*



INDEX 01/12/73 SUBROUTINE YAQUI2 PAGE 38
1 SUBROUTINE YAOU1.J YAQUI1 00008
2 LCM /YLC1/ AAld'3i000) /YLC2/ AA2I1310C0) YAnUIl 00009
3 COMMON /YSC1/ AASC(4242) C0MM0N2 00002
« COMMON /YSC2/ AA(l>,ANC*ASQ.AO.A0FAC«A0M.B0.COLAMU,CYL. COMMON2 00003

1 D*.DT.DTC.r>TFAC.0TGfl.OTG7»OTGZP.nTnn0l tOTOCUO) . COMMONS 0000*
2 OTO16.DTO2,DTO4.DTO8.DTPnS,DTV,DT8.DZ)EM10.EPS,FIRP, C0MM0M2 00005
3 FIPXL«nPXR.FlPY9.FIPYT.FlXL«FIXR.FIYB,FIYT«FJBP, COMMON? 00006
4 F R E Z . G G M 1 I G M 1 , G R . G R D V E L » G Z . G Z P . I , 1 R A > > « I B P . I H P 1 . I C O L O R . COMMON? 00007
5 1DT0.IJ.IJM.IJP.IJPS.IMOME3.IM0MX.IM1.IM6. COMMON? 0000"
6 IPAR,IPXL.lPXR.IPYn.IPYT,IPl.IP?.ISCri,ISCF2.ISC2.T.SC3. COMMON? 00009
7 ITV.IUNF.IXL.IXR.lYR.lYT.J.JBAR.JBP.JBP2.JCEN,JM10, C0MM0N2 00010
3 JM]4.JPl,JP2,JP4.JP402,JUNF.JUNF02.KXI.LAM,LjP2.LPB, COMMON2 OOOJl
9 LPRiMU.NAM(r(iO).NCYCiNLCiNPS.NPT.NO.NQl.NQTHiNOI2,NSCi C0MM0N2 00012
1 NUMIT.NUMTniOM,OMANC.0MCYL..OMEM10.OPcM10.PnR,PDZiPXCONV» COMMON2 00013
2 PX|_«PXR,PXRP,PYB.PYBM,PYCONV,PYT,PYT,'tROT.REZ«ON,RFZSIE. COMMON? 0001*
3 REZUE»REZVF.RE7VT.REZYo.RtBAR.RIRJB.'HRP»RjBP.ROMFR, COMMON? 00015
4 RON, HPDR.RPORDZ.RPOZ.T, THIRD. TLIMO.TOUT.TWFIN.T20Mn. C0MM0N2 00016
5 VV.XCONV,X| .XR.YB.YCONV.YT.ZZ C0MM0N2 00017

5 EQUIVALENCE <AASC(1).X.XPAR).(AASC(2).R.YPAR).(AASC(3).Y.HPAR). EQvREAL 00002
1 (AASC(4).U«US.0ELSM).(AASC(5),V.VG).(AASCI6).HO). EQVREAL 00003
Z ( A A S C ( 7 ) . S I E . M P , R M P , R C S O ) , ( A A S C > 8 ) , E , E T I L ) . EQVREAL 00004
3 (AASC(9) .RVOL) . (AASCdO) .M.RM.V) . (AASC<11! .P,PL«EP. EQVREAL 00005
4 UP,PM6),(AASC(1H) ,UTIL»UL.CQ.PM'<,PU) . («ASC(13) ,VTIL« EQVREAL 00006
5 VL.PMY.PV).IAASC(14).U.90L> E Q V B E A L 00007

6 REAL LAM.LAM0iM,Mn.MC.MLtMP.MF-.R.MR<MT.MTE.MU.MU02.MU0* EOVREAL 00008
7 DIMENSION X d ) .XPAR(l).Rd) .YPASd) ,Y(1) iMPARU > tU(l> .UGd) . O I M E N 00002

1 DELSMd) ,vd) .VGdl .ROd) .SIE(l) .•'P<D >RMPd) .RCSQ(i)» DIMEN 00003
2 E d ) iET;'.(l).RVOLd) iKIl) sRM(l) ,V?d) .Pll).PL(l) .EP(1)» D I K E N 00004
3 UP(1) .UTlLd) .UL<D.COd).PMX(I) I'UIII .VTIL d ) .VI. O ) . OlMEI.' 00005
4 PMYd) .PV(1) «Q(1) .ROLIl) »PM0(ll niMEN 00006

B DIMENSION AT(IOO) .FTdOO) .1X1 (l)«IX2ll) .IY1 (1) .IY2d).XC0(4) .YCO(* YAQUI1 00013
1 I.CONdOO) YAQUI1 00014

9 EQUIVALENCE tAT.1X1)•(AT(2!.1X2)i(AT(3).1Yl),(AT(4).IY?),(AT(5)• YAQUI1 00015
1 XC0),(AT(9),YC0),(FT.C0N) YAflUIl 000J6

10 COMMON /YSC3/ JNM YAQUI1 00017
11 CALL SECOND (TBASE) YAQUI1 00018
12 Tl = TBASE ViQUIl 0001*
13 CALL fifCTO (4LKJBN.JNM) YAnUI! 00070
14 CALL H4020 YAQUI1 00021
15 CALL OETQ (4LKTLM.ID YAOUD 00022
16 TLIM = II YAijuU 000?3
17 DTVSAV = DTCSAV = 0.0 YAOUI1 00024
18 IF (1RAR.EO.O) 60 Tn 370 _ YAQUI1 00025
19 TLIM = TLIM»27.5E-9 - 40. • <l.-TLIMD)M>E«10 YAOUI1 000?6
20 100 CALL START YAOUI1 000?7
21 CIRC = 0. YAQUI1 0002B
Z7. OO 19Q J=?,JP1 YAOUI1 00029
23 On 189 1*1,IBAR YAQUI1 00030
24 IPJ » IJ » NQ YAOUI1 00031
25 IPJP = \JP * NQ YAQU1I 00032
26 IF II.EQ.l ) CIRC •= CIRC • O.S«(V( IJ)*V( IJP) ) • (YIT JP)-Y(IJ) ) YAOUI1 00033
27 IF (S.EQ.IM1 i CIRC » CIRC - 0.5*(V(IJ)»V(IJP)1»1Y(IJP1-Y(IJ)) YAQUU 00034
28 IF (J.E0.3 ) CIRC a CIRC - 0.5"!U(IJ)»U(I?J))•(X(IPJ)-X(IJ)) YAOUI1 00035
29 IF (J.EQ.JBAR) CIRC * CIRC • 0.5* (U (IJ) «U (I°J) ) • lit! IPJ) -X (IJ) ) YAQUI1 00036
30 SIET = AMAX1(SIE(iJ).O.) YAQUI1 00O37
31 P(IJ) = ASQOIROIIJl-RDN) « GMl»RO(IJ)»SIET YAOUI1 00038
32 IF (ASO.LT.1.E»6) GO TO 180 YAQUI1 00039
33 P(IJ) = ASO»(ROL(IJ)-RON) • GMl*ROdJ)»SIET YAQUI1 000*0
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INDEX 01/12/73
1*8
1*9
150
151
152
153
15*
155

156
157

158
159
160
161
162
163
164

165
166
I67

168
169
J70
171
172
}73
174
175
176
177
178
179
180
JB1
182
\B3
1B4
185
186
187
188
189
190

1*1
192
193
19*
195
196
197
198
199
200

450
452

454

456

458

460
479

489

490

500

J N M . N A M E . T . N C Y C

SUBROUTINE YA0UI2
U3 « UIIJI
V3 • V(IJ)
X4 • X(IJM)
Y4 « Y(IJM)
R4 • RIIJMI
U4 • IM1JMI
V4 « V(JJM)
D « ,25«RVOL<IJM)i<(R1«R2)»((U1»U2>•(Y2-Y1)•(V1«V2>•(X1-X2)>

1 •(R2»R3)»((U2»U3)»(Y3-Y2)»(V2»V3)»(X2-X3))
2 •(R3»R4)»((U3«U4)«(Y4-Y3)»(V3'»V4)»(X3-X4) )
3 •(R4«R1)»((U4»U1)»(Y1-Y4)«(V4»V1)»(X4-X1I))
GO TO (452.452.456) LPR
WRITE(12«4070) I.J.X<IJM),Y(IJM)«U(IJM),V(IJM),PRSIE<RO(IJM),PRV.
1 OiPRMiP(IJM)
LINESF a LINESF • 1
IF (LtNESF.LT.62) GO TO KRF
LINESF a 0
WRITE(12.4080) JNMtNAMEtT.NCYC
WR1TEI12.40601
GO TO KHF
PRINT 4070t I.J.XIIJM).Y<IJM)«U<IJM),V<IJM),PRSTE«RO(IJM>.PRV.

1 O.PRMiPUJM)
LTNESP a LINESP • 1
IF (LINESP.LT.57) GO TO KRP
LINESP = 0
PRINT 4050
PRINT 4080.
PRINT 4060
GO TO KRP
IJ • IPJ
IJM » IPJH
CALL LOOP
CUNTINUE
IF (LPR«GT,2> GO TO KRET
CALL EMPTY
GO TO KRET
IF INPT.GT.O) CALL PARPLOT
IF (LPM.EO.0I GO TO 490
IF (GBOVEL.GT.EM16 .OR. NCYC.EO.O) CALL ADV (1)
OPMIN = W H I N = l .E *20
DHMAX = DZMAX = VMAX = 0.
CALL START
00 549 J=2.JP1
00 "539 I=1,IHAR
IPJ a IJ • NO
IPJP = IJP • NO
VHAX = AMAX1 (VMAX(ARS(U(IJ))<AnS(V(IJ)))
IF (NCYC.GT.O .ANn. GRBVEL.LT.EMl0) GO TO 530
XI * X(IPJ)
X? = X(IP.)P)
XI = X(IJP)
X4 = X(IJ)
Yl • YdPJi
Y2 a Y(IPJP)
V3 » Y(IJP)
Y4 » YI1J)
XY14 = SORT((X1-X4)»»2 • (Yl-Y4)»»2)
XY23 a SORTUX2 X3)«»2 • IY2-Y3)»»2)

PAGE
YA0UI1
YAOUIl
YAOUIl
YAiJUIl
VAlJim
YAOUH
YAfJUIl
YAOUI1
YAOUIl
YAOUI1
YAOUII
YAOUI1
YAOUIl
YAOUI1
YAOUI1
YAOUI1
YAOUI1
YAOUI1
YiOUIl
YAOUI1
YAOUI1
YAOUI1
YAOUI1
YAOUI1
YAOUI1
YAOUI1
YAOUI1
YAIJUH
YAOUH
YAOUU
YAOUI1
YAOUI1
YAOUI1
YAOUIl
YAOUH
YAOUIt
YAOUI1
YAQUIl

YAfjUl 1
YAOUI1
YAOUI1
YAOUI1
YAOUI1
YAnllll
YAQUI1
YAQUI1
YAnUIl
YAOUI1
YAOUI1
YAOUI1
YAOUI1
YAQUIl
YAOIJI1
YAIJUI1
YAOUI1
YAOUI1
YAOUI1
YAflUM

41
00157
001S8
00159
00160
00161
00162
00163
00164
00165
00166
00167
P0168
00169
00170
00171
00172
00173
00174
00175
00176
00177
00178
00179
00180
00181
00182
00183
00184
00185
00186
00187
00188
00189
00190
00191
00192
00193
00194
00195
00196
00197
00198
00199
00200
00201
00202
00203
00204
00205
00206
00207
00208
00209
00210
00211
00212
00213
00214



INDEX 01/12/73
201
t'1
2C3
204
205
206
207
208
209
210
211
212
213
214
2!5
216
217
21 B
219
220
221
222
223
224
225
2?6
227
22B
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
264
255
256
257
258

530
539

549

550

5B0

589

599

600

610

620

629

639

SUBROUTINE YAQU1Z
ORMIN • AMIN1(DRMIN,XY14.XY23)
DRMAX = AMAX1(DRMaX,XYl»iXY23)
XY21 = S0RTMX2-xl)««2 • (Y2-Yi)»l>2>
XY34 » S0RTMX3-X4)<t<>2 . (Y3-Y4)°»2)
RZMIN = AMIN1 (DZMIN,XY21iXY.14)
OZMAX « AMAX1(DZMAX,XY21,XY34)
1X1 = FIXL
IY1 = FIYB
1X2 = FIXL <
IY2 FIYB
1X3 = FIXL
IY3 = FIYB
1X4 = FIXL
IY4 = FIYB

(X1-XL>»XCONV
(Y1-YB)«YCONV
(X2-XL)»XC0NV
(Y2-YB)»YC0NV

> (X3-XL)«XCONV
> (YS-YSlOYCONV
> (X4-XL)»XC0NV
> (Y4-Y8)»YC0NV

IF (I.EO.l) CALL ORV (IX3,IY3,IX4,IY4)
IF (J.E0.2) CALL ORV (1X4,1Y4,1xl,IY1)
CALL nRV (IX1»IY1,IX2,IY2)
CALL 1RV (IX2,IYZ,IX3,IY3!
IJ = 1PJ
U P = IPJP
CALL LOOP
CONTINUE
IF (NCYC.GT.O .AND. GRDVEL.LT.EMlO) GO TO 550
CALL LINCNTI59)
WRITE 112,4140) ORMIN«DRMAX.DZM1N«L-ZMAX,XRIYB,YT
WRITE(12,40B0) JNM.NAME.T.NCYC
IF (VMAX.LT.EM10) Go TO 600
riROU B VV/VMAX
CALL ADV(l)
CALL START
DO 599 J=2,JP2
DO 589 1=1,IP1
1X1 = FIXL • (Xiljl-XLI'XCONV
IY1 = FIYR <• (Y(lj)-YR)»YCONV
1X2 = FIXL • (X(IJ)«U(IJ)oDROU-XL)»XCONV
IY2 = FIYR • (Y(IJ)»V(IJ>tl0ROU-YB)«YCONV
IF (IY2.GF.1) GO TO 580
1X2 = 1X1 • (IX2-lXi)«(IYI-l)/(IYl-IY2)
IY2 = 1
CALL HRV (IXliIYl,Ix2,IY2)
CALL PLT (IX1,IY1,1A)
IJ = IJ • NQ
CALL LOOP
CONTINUE
CALL LINCNTI59)
WRITE(12i4150) VMAX
WRITE<12.40B0) JNM.NAME.T.NCYc
IF (IRAR.EO.l .OR. JBAR.EO.U GO TO 490
L = 0
L = L«l
GO TO (620.620>640i490)L
CALL START
DO 639 J=2iJPl
DO 629 I=1,IRAR
CO(IJ) a RO(IJ»L-i)
tj = IJ • NQ
CALL LOOP
CONTINUE

PAGE
YAOUU
YAOUH
YAOUIl
YAnUIl
YAOUI1
YAQU11
YAQUI1
YAO'JU
YAOUIl
YAOUI1
YAOUI1
YAOUI1
YAQUI1
YAOUI1
YAOUI1
YAOUI1
YAOUI1
YAOUI1
YAfJ'JIl
YAOUH
YAOUH
YAnlJIl
YAOUI1
YAOUI1
YAnUH
YAOUI1
YAnUIl
YAOUU
YAIJUU
YAOUI1
YAOUI1
YAOU11
YAtlUIl
YAOUI1
YAOUI1
YAOUI1
YAOUI1
YAOUH
YA0UH
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INOE» 01/12/73
408
489
490
491
492
493
A94
495
496
497
498
499
5P0
501
502
Sl>3
504
505
506
507
50«
509
510
511
512
S13
514
515
516
5iT
51B
519
520
521
522
523
524
575
526
527
52B

5R9
530
531
532
533
534
53S
536
537
53ft
539
540
541
542

5*3

X4
Y4
R4
U4
V4
X12
X23
X34
X41
XJ>4
X31
Y?l
Y32
y*3
Yt4
Y2*
Y3l
R12
R23
P34
P41
HD13
MR24
U12
U?3
IJ34
Uil
U?4
U13
vi2
V23

V4l
VJ4
V13
DTO?M|

X(IJ)
YIIJ)
RIIJ)
HI1JI
VMJ1
X1-X2
X2-X3
X3-X*
X4-X1
X2-X4
X3-«l
Y2-Y1
Y3-Y2
Y4-Y3
Y1-V4
Y2-Y4
Y3-Y1
B).fi?
R2»R3
R3«R4
R4*R1
,5»(R1»R3)
,5«><R2«R4)

»1«U?
U2»U3
U3»tl4
U4*U1
U2>U4
U1«U3

SUBROUTINE

V3*V4
V4*V1
V2«V4
V1«V3

nTO2«RM(iPj)
OTO2M2 • DTO2»RH(IPJP)
0TO2M3 = nT02«RM(IJP)
0T02M4 5 nT02»RH(TJ)
XY • X?4»Y31-X31»Y24
0 » .?5«RV0L(IJ)«(Rl2»(U12«Y2i«Vl2»X12).R23«(U23»Y32»V23«X23)
1 •R34»(U34»Y43.V34«X34)«R41»(U41»Y14»V41«X41))
XX > ,5*(«2"X4»X1-X3>
YY » ,5i(Y2-Y4»Y3->i)
IF iXXI.LT.O) GO TO 1130
AK • nf)(lJ)««KXI
GO TO 1140

1130 VELIJ » U4«»2 • V««»2
VELMX • 0.7 • AMAX1CABS<U4»XX|,»BS<V4«YY>)
AX • RO(IJ)«C0LAMu»(DT02»VELlJ • VELMX)

1140 LAHR s AHINllDtO.) *AK«LAM
MI1OJ « ,5«AK«MU
MU04 r. 5«MU02
XX • XX«XX
yy x yyiyy
IF (KXI.LT.O .AND, DT.LT.OTPOS)

1 AK i R0( I J ) > C 0 L & M I I * ( . 5 * 0 T P 0 S * V E L I J • VELMX)
tllj « »0(JJ)»0MANCiXX«YY/(2.« AK»(LAM»2.«MU) • (XX*YY) «EMlO)
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00522
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00524
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00576
00577
0052R
00579
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INDEX 01. 12/73
544
S45
546
547

S4S

549

550

SUBROUTINE YA0UI2
orv • AWINI (OTVi t5»no)
IF (OTVe.AV.NE.OTV) JOTV « I
IF (OTVSAV.NE.OTV) JOTV * J
DTVSAV m OTV

551
•V.52
5!>3
55*
S'JS
556
557
55B
55"»
560
561
562
563
«64
565
566
567
f>6R
569
570
571
57?
573
574
575
576
STT
578
579
SBO
5X1
5H2
5B3
5R4
5R5
5B6
5B7
5«B
5RQ
590
591
59?
593
594
5«5
596
597

1199

1310
1220

1230
1240
1299

1300

1 •R3ft»U34»Y43»R41»U4]»Yi4 -.5»CYL° C(I12*U3*> »XY) • LAND
PIYY • MUO?«RV0L(TJ)#(R12«V12»X13.H23oV?3«X23

1 •R3ft**V34*X34*R4l»V41»X41) • LAMD
PIXY « MUO4«RVOL(IJ)»(R12»(U1?»X1P»V1?»Y21|.R?3°(U23*X23»V23«Y3.

1 «P34O|U34»X34*V34<>Y4'J) «R4 1« (IJ41«X41«\/41«Y14
2 -.5"CYL<MVl2»V34>oXY)

PITH = .25»XY»CYL<"(MIJO4«RVOLIIJII>(<U12»U34)»XY) • LAND)
XR i HR24»(PIXY»X24.PIXX«Y241
YY • Y24OPIU)
UTILUPJ) = UTIL(IPJ) •0TO2:-ll»(XX»Rl»YY-PITM)
I'TILUJP) = UTH.IIJP) -DT02H3»(XX»R3oYY«PITH)
X,« = HD13o|PIXY»X31-PIXX«Y31)
YV • Y3l«P(IJ)
UTILIIPJP) = UTIL(IPJP)»OT02M2I>(XX»R2»YY-PITH)
UTILITJ) = UTIL(IJ) -0T02M4«(XX*O4«YY»PITH)
PYYHP = PIYY-P(IJ)
XX » HH24«(PYYHP«>X24-PIXY«Y24|
VTH(IPJ) = VTILlIPJ) •DT02M1OXX
VTILIIJPI = VTIL<IjPl -0TO2M3«XX

VTILUPJPI = VTtL(IPJP)»0T02M?«XX
VTILUJ) = VTlLl IJ) -DT02M4»XX
X» = , 6 » H R ? 4 » ( I I 2 4 I I ( X 2 4 ' > P I X Y - Y ? 4 » P 1 X X ) » V 2 4 O ( Y 2 4 « P I X Y - X 2 4 « P 1 Y Y ) )

Q(IPJ) = OIIPJ) •DTO2M1»XX
O(IJP) = OIIJP) -OTO?M3»XX
XX = .5«HR13»(U13«(x31«PIXY-Y31oPIXX)-V13»(Y3l»PIXY-X31«PIYY))
3IIPJP) = OIIPJP).DTO?H2<>XX
K I J ) » O I U ) -OT02M4»XX
U = TPJ
UP » IPJP
UTILITJ) = UTIL( I jP) • UTILUJP-NOIB) « UTIL11J-NO1B) » 0.
IF (J.NE.2) GO TO 1220
0(1 -?1O IJ=1SC2,1SCF2.NO
VTIL(IJ) =• 0.
IF (J.NE.JP1) GO TO 1240
no 1230 I J P = I J P S « L J P 2 » N Q

VTILUJP) = 0.
CALL LOOP
CONTINUF
CALL nONE
CALL 5TAHT
DO 1399 J=Z.JPI
DO 13»9 I=1.IRAR
IPJ = IJ • NO
IPJP • UP • NO
ETILUJ) = E(U)* .25»(O( IPJ)»O( IPJP)*Q(UP1»Q(U»)
ROLIU) = ROIIJ)
RC5OIIJ) = l . /(ASO»GGMl«AMAM(SlE(U)f0.))
XX a I X l I P J P I - X l T j U X d P J l - X d J P ) ) 1 " ?
YY i <Y(IPJP)-Y(IJ)«Y(UP>-Y<IPJ> )»»2
OC).r.M(U) » DTB»IXX«YY)/(XX«YY)

1389 \~<V • IPJP
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INDEX 01/12/73
656
657
65S
659
660
661
662
663
664
665

666
667
66B
669
670
671
672
673
674
675
676
677
678
6T9
f 30
681
68?
683
6B4
685
f.86
6B7
688
689
690
691
692
693
694
695
696
697
698
699
700

701
702
703
70*
705
706
707

MT •
PT a

1530 IF (J
MR c
PR 3

15*0 P12 »
P23 *
P34 *
P4l »

SUBROUTINE YAQUI2
RO(IJP)/RV0L(UP)
P(UP)
.E0.2 > GO To 1540
RO(IJM)/RVOL(IJM)
P(IJH)
(MR»PC»MC»PR)/(MR»MC)
(MT»PC*MC»PT)/(HT»MC)
(ML«PC»MC«PLE!/(HL«MC)
(^QopC«MCtfPn)/(MR*MC)

ETIL(U) = ETIL(IJ)-DT04/MC«(R12»P12»(U12»Y2nvl2iXl2)
1
2
3
IJ •
U P *

1S89 IJM a
CALL

•R23»P23»(U23o'r32«V23iX23)
•R34«P34»(U34«V43»V34»X3*1
• R41»P41»(U41o>'14*V41iX4l) )

TPJ
IP.JP
UM*NQ

LOOP
!599 CONTINUE

CALL
2000 NUMtT

PONE
i 0

MUSTIT = !
P| MAX

2010 CALL
= EH10
START

00 2099 J=2.JP1
no 2089 I=1,!BAR
IPJ =
IPJP
XI =
Yl =
Rl =
Ul =
VI =
X2 =
Y? =
R2 a
U?. a
V? =
X3 a
Y3 =
R.I •
U3 x
V3 a
X4 =
Y4 «
P.4 s
U4 =
V4 -
15 a .
1
2
3

IJ < NO
- UP • NQ
X(IPJ)
Y(IPJ)
R(IPJ>
'IL(IPJ)
VL(IPJ)
X(IPJP)
YIIPJP!
H(IPJP)
UL(IPJP)
VL(IPJP)
XI U P )
YIIJP)
"(UP)
UL(UP)
VL(IJP)
XUJ)
Y(U1
R(U)
IIL(U)
VL(U)
25»RVOL(U)»((Rl»R2l«((Ui:.u2)»!Y2.Yl)*(Vl«V2)»(Xl-X2))

+ (R2*R3)^((U?+u3)v(Y3"Y2)*i(V2*V3)tt(X2aX3))
+ (R3*R4)°( (U3«U*1 ft (Y4«*YS) A (V34V4) ** (X3«X4> >
• (R4*R1)»((U4»UU»(Y)-Y4)*(V4*V1)»(X4-X1)))

S » RnTe(ROL(IJ)-RO(IJ))*ROL<IJ>OD
RA «s
BP »

RCSO(IJ>«(ROT»DI»OELSM(I.j)
-OM»S/r!A

ROL(IJ) = ROL(IJ) * RCSQ(U)»0P
PLMAX • AMAX1(PLM«X,ABS(PL(IJ))I
IF (ABSlDP).LE.EPS^PLMAX) GO TO 2080
MUSTIT = 1
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INOEX 01/12/73
823 AL
82* 3230 IF
825 FB
826 AR
827 32*0 FO
828 AR
829 FTd)
830
831
832

81*
835
836

SUBROUTINE YAQUI2
-AR
.EO^a) GO TO 3290
-FTd)
-AT(T)

a DT08«R12«((UDl»UD2)»Y21«(VDl«vn2)«X12)
AOM<>SlGN(i.,FR )»B0i4,«FR / < Vfli.R»VOLC)
DT08<>R23*( (U02»UD3)«Y32»(V02»V03)«t23l

i

837
838

RnE »
EP(IJ)

839
8*0
8*1

843
844 3259
845
8*6 3269
847
R48
849 3280
850
851
852 3290
853
854
855 3300
856
857
858
859
860
861
862
863
864
R65 3309
866
867 3319
868
869
870
871
87?

AT(I) - AOM»S!GN<i,,FT(I) )»80«4,«FTd)/(VO'.T*VOLC>
XX = 4MAX1(ABS1FB).ABS(FR),AHS(FT(I)),ABS(FL)'
OTC = AMIN1(OTCiDTPpS»AOFAC/(XXoRVOL(IJ)«nTPOS»ABS(0)»EMl6))
IF (DTCSAV.NE.DTC) IDTC * I
IF IDTCSAV.NE^OTC) JOTC = J
DTCSAV = OTC
MP(tJ) = ROdJMVOl.C

«FR *((j.-AR) •ROL(IJ)«(1,»AR) O R O L ( T P J ) )
•FT(I)»((i.-AT(I))«ROL(IJ)«!l.»AT(I))oROL(IJP))
»FL '((l.-AL) •ROL(1J)«(1.»AL) oROLlIMJ))
»FR »((i,-AB) «ROL(IJ)»(1.»AB) •R0L1IJM))

RO(!J)11ETIL(IJ)
a l./MP(IJ)»(ROE»VOLC
«FR "((l.-AR) OROF.»(1,«AR> »RO( IPJ) »FTIL (IPJ) )
•FT(I)»((i.-AT(I))«R0F.»(l.cAT(I))'>RO(IJP)»ETIL(IJP))
*FL "((J.-AL) •ROE*(1.»AL) •RO(IMJ)iETILdMj))
»FB •(()• -AH) »RnF»(l.«AB) Or)0 (IJM) «ETIL (IJM) ) )

ATR = .S«!X2«Y31-Xl»Y32-X3»Y2l)
ARL »-.S«(Xl<>Y43*x3oY14»X4»Y31 )
RVOL(IJ) = 3./(ATH<>(Rl«R2«R3) •ARL»(R1«R3»R*) )
IJ « IPJ
U P * IPJP
IJM = IJM » NO
CALL LOJ"
CONTINUE
CALL DONE
G(l TO 3300
FL = DTn8«R3*»(<lj03»U04)«Y*3«(VD3»V04)»X3*)
AL = .*0M»SIGN(1.,FL)«B0»2.»FLt>SVOL(IJ)

GO TO 3230
FR = 0T08oR*l»((llD4»U0l)«Y)4»(VD»»VDl)«'(*l)
AB = 4nM»SIGN(i.,FB)*B0«2.«FH<'RVOL(lJ)

GO TO 3?40
CALL START
On 3319 J=?.JP1
On 3309 I=1.IBAR
RO(IJ) = HP(IJ)«RvOL(IJ)
f(TJ) = EP(TJ)
IF (J.EQ.Z ) RO(IJM) • ROLilJM)
IF IJ.tO.JPl ) RO(UP) » ROL1IJP)
IF (I.EI5.IBAR) RO(IJ«NQ) = H0L(!J»NO)
IJM » IJM»NQ
U P = UP'NO
U « !J • NO
CULL LOOP
CONTINUE
CALL nONE
CALL STARTn
On 3319 JJ=2.JPZ
J = JP4-JJ
DO 3389 11=1.IP1

PAGE
YAOUI1
YA0UI1
YArjUI)
YAnUIl
YAOUIl
YAOUI1
YAOUI1
YAOUU
YA0UI1
YAQUtl
YAOUI1
YAOUI1
YAOUI1
YAOUI1
YAQUI1
YA0UJ1
YAOUU
YAOUI1
YA1UI1
YAWI1
YAOUI1
YAOIIIl
YAOUI1
YAfJUIl
YAOUI1
YA0UT1
YAnutl
YAlJUIl
YAOUI1
YAc.UIl
YAQUI1
YAOU11
YAOUI1
YAOUI1
YAOUI1
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YAOUI1
YAOUI1
Y60U11
YAOUU
YAQUI1
YAOUI1
YAOUI1
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YAlJUIl
YAOUI1
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YA0UT1
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YAOUIl
YAOUI1
YA0IJI1
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YA0DI1
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YAoUH

53
00853
00854
00855
00856
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00858
00859
00860
00861
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00863
0086*
00865
00866
00867
00868
00869
00R70
00871
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00875
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00877
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01/12/71
931
932
933
93*
935
93ft
937
938
939
9*0
9*1
942
9*3
94*
9*5
946
9*7

9*9
950
911
912
953
OS*
955
95*
957
9SD
959
960
961

963

96*

966
967
96*
969
970
O7)
972

974
975
«76
977
47*
979

M l

VU13
UL2*
VL2*
F13
F?4
FM1

FM4.
>X •
»L13

3V99

3*10
3620

3830
3«.«0

3709

J7iO

3*00

SUHdOUTINE YA0UI2

«( (llGl.UG3-Uli3l«(Y3-U>MVG].VG3-VLl3>«m-X3> )

VL1»VL3
UL2«UL*

F?*»0HP(IPJ|
F13*RHP(!PJP)
F?«»BHP(IJP)
F13»OHP(1J)

l<O**.*«VOL(IJ)/POI.tlJ>
r

0P»L11

1.-AL13

it m ui.3«n"»t?«»ULl«0P4LH*
UP(IPJ) » UPIIPJI - FM1»I*
UPIIJPI • UPI1JP) • FH3MX

I
UP(IPJP) s UP(|PJP|. FH2*<«
IJPItJI • 'JPIIJI • FH4«II
( I o VL3*nM*L2*>VLl*OP*l.2*

VPIIPJI • vPitPj; - F»I*II
VP(1JO|

VPitJI • VPIUI
tJ - tpj
UP • IPJP

• F«4«««

If U.it.ZI 00 T5 3AS0
on into iJ-tsce.iserj.NO
VPIlJl • 0.
!•• IJ.'lE.JPJl 00 TO 3140
DO J»10 |J»»

o.

0,

Bn J7I1 J.J.JP?

nn a m i I . I . I » I I
I.M1J)
viui
H-IIJI • SuPlU)
!,i • 1J . NO
em,
C«tt.
C»U.

On }•*« |»i , t»»l»

PAGE
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0 0 9 * |
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r> »-• •• t - o» P- *

dttttOC

3330Hr3

m fn n o

— — t i i

a
O: ocafftcx z

>

z z

<n
?

1

i-

z z

t t

z z

»- c
•- »-

z z

• 1 1

«-"(V!
_J _i
< <

oc a

i

z<

157



cc a
fcC U l

o o

Oj CD in i*>
P~ OJ K O
in rr •* IT

-c rg« in o
cc a ir *

in •£> o o o © <* r - r
•— p4. -c m m •* in OJC
r- mcc cc i r o - m CCM

— in OJ *
r- — aif-
m m OJ r-

I- <G IV. cr j j cr cc o* r- r>»- r-
• f-r»in n - * m o — •-* -^
- ff tn co to in co in w •o co

n 7
~ •* a: tvm
r--~ IM ec r»

rmec ^ ecmec^-mec *
^ ̂ i r̂  o ^ in o 1̂ c m ©
ffticc p- tr- co tn o> cc m co

a a in ru o
IT m f. OJ P-

ir cc -» ec \f

in c •— cc p-
(t o ir ^ in © in

in cc ir c %c ir «c

in o> CD cc P

rucc ^ ec ^ in

t*. ec h- -M o ec <:
•ClT<£ « N O O
o in in m in r- t-

a a a
b.113

•— rv. r̂  r̂  f-
•o o in m tn
c

iO c a- •» o*
tn OJ OJ - * *

n n

-* OJ IV ̂ ^ «o

© c

II n n II

— cc co cc m a- ^-coojccin-*o*in

cc n ro f̂  f
— cc eccc

^ ^ ̂ ^ ̂ ^ f̂
—cc^-cc i r« -c : i r

C I I U - V C C C C C II

ip»-ccp-^-fv:^p-p-^»ccp-oj^-'? i--coin © x in»oeo

r-cc co cc^-p-if. —cciTi
C3 3 C? C O

i I I UJ II if tr UJ UJ UJ n u. II I I II i
* & ip- cr *j ^^ in LP IP cc in c* ̂  o* *

oo ooo
i L i U L i U t J u

- ir. ̂  4 IT P

1 1 1

•-« _J ̂ - O. X t- LJ
>_l_J X x > > <l Z * -
U<I< » - X X > - U. 'I»~X>-O -̂ I IT, >
raa tcu-HMHjjjjuittctairirHD
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INDEX 01/12/73
1
2
3

lFAR>IPXLtIpXBiIPYB.IPYTtIPltIP2>IS':Fl.lSCF?.lSCZt
IfVtIUNFiI«L.IXH.lYfttlYT,J.JflAll.JHP.jnP?.JCFN.JM10,
JH14tJPliJP21JP4.JP*n2,JllNFiJUNFn2,KXl.LAM,UjP2,l.PR
LP"»MU.NAMFllO)(NCYC»"lLCiNPS.NPT.NUiNUI.HOin.NOI?.N
NUMITiNUHTn»OM,O'<ANC»0MCYLtOMF.H10>'1-'EH10.PnP,P0Zil»XCONV)

PXL^PXR.PXRP.PYBtPYHMiPYCONV.PYT.PyP.ROTtOFZROM.REZSIE,

SUBROUTINE PARTMOV
SUBROUTINE PARTMOV
COMMON /YSC1/ AASCU242)
COMMON /YSC2/ 4AI1'.»NC.*Sn.A0i»OF«C.*OM.R-l.Cf>L«>'U.CTL.

1 OR.nTfOTCinTFAC.nTGR.OTr.Z.OTGZP.nTOtlOJ.OTnCClO).
2 OTOl6.0T02.0T04.0TnHiOTPOS,OTV,OTB,OZiF.M|O.EPS.FIBP.
3 FIPXLiFIPXRiFIPYB.FIPYTtFIXL,FI5l'.FIYB.F|YT.FJ8P.
4 FRE:TiGGMl.GMltGR.Gnr)VEL.GZ.fi7P.I.lR.4l).,IBP.IBPl.:COLORi
5 IdTn. tJ . IJH. IJPt lJPS. lHOMESi lMOM »T'11>IM6>
6
7
S
9

* EQUIVALENCE (AASCIll tXtXPAR) • I A A S C I ? ) . R . Y P A R ) . (AASCti) .Y.MPAR),
1 IAASC(4) i lWUG.nELSMI ,UASC15I .J .Vf i ) . (AUSClM.nni •
2 ( A A S C ( 7 ) . S T E . M P . K M P , R C S ' 1 > . IAAS. I8I . E t F T I L ) .
3 <AASC(9),nVOL> • (AASCOO) .u.RM.'iP) , (AASClUl tP.PLiF.P.
4 DP.PMn) . (AASCH2) .UT!L>UltC«»P' |X.PU> t (AASC(13).VTTL.
5 VL.PMYtPV) • (AASCM4) tO<ROL)

5 REAL L««iLAMn,H,MB,MC,Ml.,MP. PiO,HH.MT,MTE.HU.WUO?,MUO»
6 DIMENSION X t ) ) t X P « R ( 1 1 < R t l ) i ' ' P » P t l ) < V ( l ) iM l>AR( l l iU ( l l>UG( l l .

1 OELSMIl) >V(1) t V i ; i l ) . R n ( l l , S I E ( 1 ) .HP( l ) iBMP( l i ,RcSO( l ) t
2 E l l ) l E T I L ( l ) iHVOLU) i H l l l . P H I l ] i . 'P t l ) . P ( l I . P L I l l .EP(1 I t
3 IIP(1) l U T l L t l ) l U L n i . C O m . P M I M l l PUI1I i V T I L U I • V L I l l -
4 P H Y ( l ) f P V ( l ) . O i l y i R O L I l ) t P U D ( l )

7 DIMENSION X I ( 4 )
B EQUIVALENCE ( XI (2) tx2) , I SI (3), X3I . ( xl 14) .!«.)
9 COMMON /YSC3/ JNC

10 CALL START
11 00 1019 J=2iJP2
12 00 1009 1 = 1 iIPl
13 PMXIIJI = PMY(IJ) « P H O I U ) « 0.0
14 1009 IJ • IJ«NQ
15 CALL LOOP
16 1019 CONTINUE
17 CALL DONE
lfi no 1099 J=2.JP2
19 1EC = IJ-1)»NOI
20 CALL F.CRD (AASC. IECNOI .NE)
?1 IJ - 1
22 nn 10H9 JultlPl
23 IF (XlIJ).GT.PXRP ,nR. Y(IJ).LT.PYBM) GO T1 1(>99
24 IF (YIIJI.GT.PYTPl GO TO 1100
25 KI « X(IJ) »RPnR • OPfMlo
26 KJ = (Y(IJ)-PYR)»pPnZ • OPE"10
27 IFC « KJ'MOI
2« CALL FCRO ( A A S C ( ! S C ? ) , I E C I N O I J , N E )
29 KIJ o (KI-1)»NO.ISC?
30 KIJP s K!J>NOI
31 W = X(IJ) -Fi.OAT(KI-l)»PnR
32 H » (Y(IJ).r>YB).FLOAT(KJ-l)«PnZ
33 xx « RPnpnz/RMitJi
34 HTE * POZ-H
35 00 1049 JJ«1.2

PAGC 6S
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INDEX 0.1/12/73
152

154

156
i.ST
158
159
160
111
162
163

165
166
167
168
169
170

172
173
174
175
176
>77
178
179
]H0
1B1
182
fB3
1B4
185
]B6
1B7
188
JB9
190
191
192
193
194
195

197

198

2030

199
200
201
202

704
705
706
207

2139
2149

2150

PUlIJP)*X3
PVMJP)»x3

SUBROUTINE PARTHOV
IF (J.LT.l .OR. J.GT.JRP .OR. I.LT.1
IF (J.EO.JOLD) GO TO 2030
JOLO • J • IMOHE3
IEC • J»N01
CALL ECRO (AASC(ISC?>.IEC.N0l2.NE>
1J • (I-1)»NQ«ISCJ
IPJ • IJ«NQ
!JP • IJ«NOI
IPJP • IPJ • NO!
W * XTE - FLOAT(I-1)«POR
H » (YTE-PYB) - F L O A T ( J - 1 ) « P D Z
POAMW « POR-W
PnZHH • PP7-H
XI • PORMwiPDZMH
X? • ¥«P0ZMH
X3 • PDRMW? H
X4 • Wi H
UK r (PU(IJ)*X1 • PU(IPJ)*X2
VK • (PV(IJ)»X1 » Py(IPJ)»X2
UPAR • SHIFTIXTEO6)
VPAR « SHIFT(YTEt30)
OTDRAfi • 0T*ORAQ
ROTORG • l./(l.«OT0RAG)
URAND ' VRANO • 0.0
UPAR ' IUPAR • DTnRAG<MUK«URAND) • O"GB]
VPAR > (VPAR • DTnflAG<(VK«VRANn; * OTGZP)
XTE • XTE • OT'UPAR
YTE » YTE • DT«VpAR
USH » SHIFT (UPARt30).AND.77777T777"''!
VSH • SHIFT(VPARi30).AN0.7777777777R
XPAOIKP) • (XTE.ANO. , N 0 T V 7777777777R) .

YPAR(KP) » (YTE.ANO. .NOT. 7777777777B)
IF IIMOHX.EO.O) GO TO 2150
MTE « SHIFT (ORAGOO)
H « MTE«RPnROZ»OTO"AG
KIJ • IJ
KK • 0
DO 2'.49 JJ*1«2
On 2139 11=1.2
KK r KK«1
XI • X](KK)*H
PUL » PU(KIJ)
PVL • PVIKIJ)
XX n (SHIFT(PULt30))*Xl*(UK'>UPAR«URANO)
VY < (SHIFT (PVLO6>)»X1MVK-»PAR»VRAND>
PU(KIJ) « (PUL.AN0..NOT.7777777777B),OR.

] ISHIFT(XXi30)-AND.7777777777«)
PV(KIJ) = (PVL.AN0..NOT.7777777777B) ,.-R.
1 ISHIFT(YY.30).ANO.7777777777P'
KIJ > KIJ.NQ
KIJ = U P
CALL FCWR (AASC(ISC?),IEC,NQI?,HE)
NPHT » NPMTM
!F (NPMT.EO.NPT) 60 Tn Jlgo
KP > KP*3
IF (KP.LT.LPS) GO TO 2020
CALL ECWR (AASCilFCP<LPR.NE)
IECP • lECP'LPB

OR. LOT.IBP) 00 TO 2186
PAGE
YA0U11
YAOUU
YA0UI1
YAQU11
YAOU11
YAfjUIl
YAQU11
YAQU11
YAWII
YAQUI1

PU(IPJP)»X4)
PV(IPJP)»X4)

RDTORG
• ROTDRG

OP. USH
OR. VSH

RPDRDZ
RPnRDZ

YAOUI1
YAOUI1
YAQUIl
YA0III1

YAQIJll
YAOUI1
YAOUIl
YAOUI1
YAnUIl
YAOUll
YAlJUIl
YAOUll
YA0U2J
YAOUll
YAQUI1
YAOUll
YAQUIl
YAOUll
YAQUI1
YAOUll
YAQUI1
YAOUll
YAOUll
YAQUI1
YAOUll
YAOUll
YAOUll
YA0UM
YAOUll
YAOUll
YAIJUI1
YAQUIl
YAOUll
YAOUll
YAOUll
YAOUll
YAOUll

YAOUll
YAOUll
YAOUll
YAQUI!
YAOUll
YAOUII
YAOUll
YAQIII1

71
0120$
01206
01207
01208
012A9
01210
01211
01212
01213
012\4
01215
01216
012)7
OlZi'8
01219
01220
01221
01222
01273
01224
01275
01276
01227
01278
01229
01230
01231
01232
01233
01234
01235
01236
01237
C123«
01239
01240
01241
01242
01243
01244
01245
01246
01247
01248
01249
01250
01251
01252
01253
01254
01255
012S6
01257
012SB
01259
017A0
01261
012A2



INDEX 01/12/73
208
209
210
211
212
213
21*
215
216
217
218
219
220
221
222
223
224
?25
226
227
22B
229
230
231
232
233
234
235
236
237
23B
239
240
?41
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
?60
261
262
2.M
264
265

2180

219-1
2500

2539

2549
2589
2599

3000

3010

3020

3050

INDEX 01/12/73
266
267

268

269
270

3060

3090

3095

SUBROUTINE PARTMOV
GO TO 2010
XPAB(KP) = -l.E*3
GO TO 2150
CALL ECWR (AASC.IECP.LPB.NE)
IF ( I M O M X O E O . O ) KFTIJRN
DO 2519 Jo2,JP2
1EC * (J-l)ONQI
CALL ECRD (AASC»ll-C,NOI,NE)
IJ « 1
DO 25A9 I»l.IPl
IF (XIIJ).GT.PXRP .OR. Y(IJ).LT.PYBM) 00 TO 8599
IF (Y(IJ).GT.PYTP) RETURN
KI c X(IJ) "RPDR • OPEHlO
KJ = (Y(U)»PYR)»RPnZ • OPEMlo
IFCP s KJOWJI
CALL FCRO (AASC(ISC?),IECP,NOI2,NE)
KTJ « (K!-l)«N0«ISC2
KIJP • KIJ.NOI
W » X(1J) - FLOAT(Kl-l)ipoR
H = (Y(IJ)-PYB) - FLOAT(Kj-l)ipnZ
HTE • PDZ-H
On 2549 JJ=1,2
WTE * PDR-W
On 2519 II>=1.2
XX •• RPnRnZ<1WTE*HTEiPMO(KTJ)
U(IJ) = U(!J) •XX*(SHIFT(PU(KU),30))
V(IJ) * V(1J) -XX«(SHIFT(PV(KlJ).3O))
WTE = W
KTJ = KTJ.NQ
HTE « H
KTJ = M J P
IJ » TJ»NO
CALL ECWR (AASClECNQItNE)
RETURN
ENTRY PARPLOT
CALL Anvil)
CALL FRAME (IPXL»lPXR.IPYT,IPYB)
CALL FRAME (IPXL«IPXR,IPYT.1PYB)
IF (LPR.EQ.O) GO TO 3000
CALL LINCNTI59)
WRITE(12,3090) PORiPDZ.PXR.PYB.pYT
WRITE (12,3095) J N M , N A M E , T , N C Y C
IECP o IPAR
IF (ICOLOR.GT.O) CALL COLOR(l)
IF (ICOLOR.GT.O) CALL COLOR(l)
NPPT = 0
CALL ECRD (AASCIECP.LPB.NE)
KP = 1
IF (XPARIKPl.LT.O.) GO 70 3050
1X1 = FJPXU » (XPAR(KP)-PXL)»PXCONV
IVI = FIPYR • ( Y P A R ( K P ) - P Y B ) » P Y C O N V
CALL PLT (IXlfIYl,4?)
NPPT a NPPT • I
IF (NPPT.EO.NPT) GO TO 3060
KP c KPO
IF (KP.LT.LPB) GO To 3020
IECP • lECP'LPB
GO TO 3010

SUBROUTINE PARTMOV
IF (ICOLOR.GT.O) CALL COLOR(O)
RETURN

FORMAT!* PARTICLES»/llX»P0R«»iPEl?.5« PnZ»'E12,
1 o PYR=»E12.5» PYT»»E12.5)
FORMAT(5X,A10«10A8» T»»1PE12,5# CYCLE**!1!)
ENO

PXR»*E12.5

PAGE
YAOUII
YAOHIl
VAQIJI1
YAOUII
YAOUI1
YAOIlIi
YAOUII
YAOUU
YAOUII
YAOUII
YAOUII
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YAOUII
YA0IJI1
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PAGE
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01263
0126*
01265
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012R1
012R2
01283
0128*
01285
012R6
01287
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01290
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01293
0129*
01295
01296
01297
01298
01299
01300
01301
01302
01303
01304
01305
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01307
01308
01309
013(0
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013)4
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01317
01318
01319
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01321
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SINGLY REFERENCED

1200

Tsoo
2500

AA
ADV
ANC
A SO
10
AOFAC
SOW
RO
C0L4MU

CVL
nR
flTc
DTF4C
DTGZ

DTO

63°

- 212°
OR SCO

- 243SU
-R 3C0
-R 3Cri
-R 3C0
-H 3C0
-R 3C0
-R 3C0
-R 3C0
-R 3cn
-R 3C0
-R 3C0

-R sen
-R 3C0
O R 3C0

VARIABLES
OTOC
DT016
DTOZ
DT04
DTOB
DTPOS

OTV
DT8
D?
EMlo
ENTRY
EPS
FIBP
FIPXR
FIPYT
FtXL
F1XR
FIYR

OR
»P
• R

-R
-<i
-R
-R
-R

•a
• R
-
-R
-R
-R
-R
-R

*n
°R

MULTIPLY-REFERENCED VARIABLES

1009 -
1 01 Q -
1039 -
1049 -
1089 -
1099 -
lion -
11R9 -
1199 -
l?10 -
l??0 -
1230 -
1?4H -
1?SO -

1?R9 -
129" -
13'
1". -
1330 -
1340 -
I 3*0 -
13B9 -
1399 -
HOO -
14R9 -

1499 -
2000 -
2010 -
E0?0 -
?030 -
2139 -
2149 -
2150 -
21R0 -
I'.QO •
2^3P -
2549 -

1200
lino
37D0
35D0
2200
1HD0
24
5?DC
51D0
7?o
7S
73
83
81
6600
65D0
!0R°
IS?
109
121
118
10100
97D0
63
136D0
13SD0
133
14S">
147°
153
190DO
189D0
1R4
152
303
23100
22900

14»

16°
43°

45°
47°
23
49°
59°

61°
T7

78°
B0°
B6»
8B»
67
95°

114
115°
117°
124°
126°

102
132°
133»
139°
14i«
143°
208
205
157°
199°

200«
202«
209°
211«
236°
238°

48<>

85

93*

123

131°

210

3C0
3C0
3C0
3C0
SCO
SCO
3C0
3C0
SCO
SCO

24?F
3C0
3C0
3C0
3C0
3C0
SCO
3C0

SUBROUTINE

FIYT
FJHP
FREZ
GGMl

GMJ
GR
GROVEL
GZ
GZP
IRAR
IDTO

UM
UPS
IH,
I«6
IP?
ISCFI
I'';F2

-R
-R

-R
-«
-R
-H

-R
-R
-H
_
••

_

-

-I
-I

PAP.TM0V

3C0
3C0
3C0
3C0
3C0
SCO
3C0
3C0
SCO
3C0

SCO
SCO
3CO
SCO
SCO
3CO
3CO
3C0

ISC3
ITV
IUNF
IXL
IXR
IYB
IYT
JRAR
JCEN
JHlO
JM14
JP»
JP4
JP402
JUNF
JUNFOZ -
KXI

SCO
[ 3C0

3C0
SCO
3C0
3C0

I 3CO
SCO

3CO
3C0
3C0
3CO
3CO
3CO
SCO
3C0
SCO

LAMR -R SRL

LINCNT
I.JP2
MR
MC

ML
Mf»

MT
MUO2

MU04
NLC
NPS
NOIB
NSC
NUMIT
NUMTD
O«

OMANC
OMCYL

m

'

PAGE T*

247SU
3CO

-R 5RL
-R 5RL
-R 5RL
-R 5RL
-R 5RL
-R 5RL
-R 5RL

m

3CO
3CO
3CO
SCO
SCO
3CO

-R 3C0
-R 3CO
-R 3C0

OMEM10

PARPLOt
PARTMOV
PLT
RDT
REAL
REZRON
REZSIE
REZUE
RFZVE
REZVT
REZYO
RIRAR
RIBJB
RIHP
RJBP
ROHFR
RON

•R

m

m

-R
•

-R
• R
»B
• R
-R
-R
• R
-R
•R
•R
• R
• R

3C0
2*?SU

1SU
259SU

3C0
•5F
3C0
SCO
3C0
SCO
SCO
3CO
SCO
3C0
SCO
3CO
SCO
3C0

THIRD
TLIMO
TOUT
TWFIN
T20MD
VV
XCONV
XL
XR
Yd
YCONV

YSC1
YSC2
YSC3
YT
ZZ

•R
• R
• R
•R
• R
• R
-R
-R
• R
-R
-R
m

m

m

• R
-R

3C0
SCO
3CO
3CO
3CO
3C0
3CO
SCO
SCO
3CO
3CO
2CN
3CN
VCN
SCO
3CO
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IN1EX
PU

PUR
PUL
PUP
PUT
PV

PVR
PVt
PVR
PVT
PKCONV
PXL
PXR
PXRP
PVR
PYHW
PVCONV
PYT
PVTP
0
R
acso
RDTORf?
RETURN
RM
RHP
00
POL
ppnR
pPnRnz
RPnz
RPMO
PVOL
SHIFT
SIE
START
T
U
UG
UK
UL
IIP
UPAR
nRswn
USH
"ML
V
VG
VK
VI
VP
VP»R
VRANI)
VSH
VTlL

w

OR

-R
•R
-R
•R
OR

-R
-R
-R
-rt
•R
-R
•R
>R
•R
-R
-R
-R
-R
OR
OR
OR
-R
m

OR
OR
OR
OR
-R
-R
-H
• R
OH
•
OR
•m

•R
OR
OR
•R
OR
OR
-R
•H
-R
OR
OR
OR
•R
OR
OR
•R
• A
-H
OR
-0

01/12/73
4E0

193
1041
69«
69»

10*.
4£0

19fU
104.
69=
69'

3C0
3C0
3C0
3C0
3C0
SCO
3C0
3C0
3C0
4E0
4EO
4E<5

174 =
81?F

4EIJ
4E<]
4ED
4E0
3C0
SCO
3C0

53=
4£<?

1T1SU
4E0
10SU
3CO
4EQ
4EQ

169:
4EQ
4E0

17l«
175=
1BO =

4E<->
4E0
4EQ

170 =
4F0
4E0

17?»
17<i=
mi>
4EQ
3|»

601
197»
115.
78.
B6«

124a
6DI

234
116=
79 =
87=

12S=
257
ZS7
?4BuR
23
76
23

24HuR
?4
6DI
6n!
601

176
219F

6(11
6nl
6(11
6(11

25
33
?6
S4
601

172SU
6(11
49S0
249WR

601
601

176
601
6ni

176a
176
182
601
601
601

177
601
601

177.
177
lBI

601
36

56>
233
129
91
91
129
57.

130
92
92
130

?lft
3?
21B

219

177
24SF
33

150
169
151
54.

1B0SU

64SU

39

195

176
195

40

196

177
196

4?

58*

193c

79

194°

151

267F

2? 6
170
271
54

1P1SU

134SU

233a

17B

2341

179

SUBROUTINE
7B

19?

87

196

162

186

55

mssu

233

186

234

181

16?

86

197

92»

198

221

232

56

195SU

195

196

166

PARTMOV
91 =

227

57

196SU

102

116

246

197

IIS

125

124
PAGE 77

129= 137" 137 169

!30» 138"= 133 170 170

169

170

169

170

169

194

« 230 235



IN
WRITE

WTF
WTL
WTR
WTT
X
xPAR
XTF
XWR
XWL
XKR
XWT

xx
xl
x2
x3
X*
Y
YPAR
YTE
YY

nEX
-R
-R
-R
-R
-R

t) R
OR
-R
• H
-R
• R
-R
-R
() R
-H
• H
• R
OR
OR
-R
•R

01/12/73
24RF
127«
36=
R9>
90 =

138 =
4E0
4E0

147 =
105=
70 =
70 =
105=
33=
7DI
HCO
8EQ
8EQ
4E0
4E0

148=
196=

249F
1?9
38
91
91
129

6(11
6ni

150
113=
76 =
B4«
12? =
38
8E0

166=
167=
1 68=
6DI
6DI

151
198

130
42»
92
92
130
23
147
161
113
76
84
122
195»

REfl
169
169
)69
23
148
162

230 =

25
18?*
171
126
HP
88
1?6
197
REO

170
170
170
2*
183=
172

SUBROUTINE >

232

31
209"
17R=

128
90
89
127
23?»
3fl=

26
25B
179=

235«

218
256
178

233
39

32

179

>ARTM

220
257
18?

234
40

218

1.83

PAC: 78

2?6

41 165. 169 170 192« 192 195 196
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10
11
12
13
14
15
16
17
IS
19
20
21
7.2
?3
74
25
2b
27
?B
29
30
31
32
33
34
35

5-JDEX 01/12/73 SUBROUTINE REZONE
1 SUBROUTINE REZONE
2 COMMON /YSC1/ AASC(4242)
3 COMMON /YSC2/ AA(i),ANC.ASO.Ao,AOFAC.AOM«Bo.COLAMU.CYLi

1 DR.DT.DTC.OTFAC.OTGR.DTGZIOTGZP.OTOUO) .OTOC(IO) .
2 OTO16,OTO2,DTO4.0TO8.D7POS.DTV,DTB,DZ»EMlO,EPS,FIflP,
3 F1PXL.FIPXR.FIPYB.FIPYT.FIXL.FIXR.FIYB.FIYT.FJR1>,
4 FREZ »GGM1,GM1,GR. GROVEL. GZ.G^P. I. I RAR.I8P. IBP11 1C0L0FI.
5 I D T O . I J , : J M . I J P , I J P S . I M O M E 3 . ! M 0 M X . I M 1 . I M 6 .
6 IPAR.IPXL.lPXR.IPYR.IPYT.IPl,IP2.ISCFl,lSCF2.ISCa.ISC3,
7 ITV.IUNF,IXL,IXR.IYB.IYT,J.JRAR,JRP,J8P2.JCEN.JM1O,
B J M 1 4 . J P 1 . J P 2 , J P 4 , J P 4 0 2 , J U N F . J U N F O 2 , ; ( X 1 , L A M , L J P 2 . L P B .
9 LPR.MU.NAME(iO)«NCYC.NLC.NPS.NPT.NO.NOI.NOIH.NOI?.NSC.
1 NUMIT.NUMTn.OM,OMANC.OMCYL.OMEM10«"P£MtO.POR.PDZ.PxeONV»
2 PXL.PXR.PXRP.PYC.PYBM.PYCOMV.PYT.PyfP.RDT.PEZRON.ReZSIc.
3 REZUE.REZVF.REZVT.REZYO.PIBAH.RIRJH.RIRP.HJRP.ROMFR,
4 RON.RPDR.RpOROZ.RPnZ.T.THlBD.TLIMD, fOUT. TWh"IN. T20MD.
5 V V . X C O N V . X L . X R . Y B . Y C O N V . Y T . Z Z

» EQUIVALENCE (AASC(l) .X,XPAR).(AASC(2) . R . Y P W ,(AASC(3) .YsHPARu
1 (AASC(4) .ll.UG.DELSM) • (AASCI5) .V.VGI . (ASSCI6) .RO) .
2 (AASC(7).SIE.MP,RMP,RCS0),(AASC(8).E.ETIL).
3 1AASC(9).HVOL).(AASCIIO).M.RM.VP).(AASC(11).P.PL.EP.
4 UP,PK,i),(AASCll2),UTIL.UL.C0,P.1X.PU). (AASC (13) .VTIL.
5 VC.PMY.PV),(AASC(U).O,BOL)

5 REAL LAM,LAM0.M,MR,MC,ML.MP,MPftR,MH.MT.MTEiMU.MU02.MU04
6 DIMENSION X (11 .XPAR( 11 .R( 1 I , YPrtRl 1) . Y< 1) ,MPA!?( 1 ) ,u 11) »UG (1 ) .

1 DELSM(1).V(1, ,VG (1) ,RO(1) .SIE(I) .MP(l) .RMPUl .RCSClll).
2 E(1).ETTL(1).HVOLI1)»M(1),RM|1),VP(1)»P(1),PL{1).EP(1)i
3 OP(l).UTtL(l).UL(l).COIl).PMX(l).PUll)tVTIL(l)«VL(1).
4 Phi'I.i tPV(l)iQll) .ROL(l).PMOIl)

7 DIMENSION UGTE(IOO)
S RFZOMG e 0.15«ROT
9 REZBTA " 0,002

XX • -l.E«6
CALL START
FCR • FCT i FCB • XXX a XOMSUM S> YOMSUM T O^SUM n 0,
DO 1049 J=2,JP2
00 1039 1=1,IP!
AVEL = AMAX1IA8S(UL(IJ>).ABS1VL|IJ)>)
XXX s AMAX1 (XXX.AVEL)
IF (I.E0.IM6 ) FCR •. AMAX1 (FCR.AVEL)

AMAXl(FCT.AVEL)
AMAX1(FCR.AVEL)

FCT
FCR

IF (J.E0.JM14)
IF IJ.F.0,9 )

1039 IJ « TJ • NO
CALL COOP

1049 CONTINUE
FCR » SOHT(FCROXXX)
FCT = S(JRT(FCT»XXX)
FCR « SORT(FCB«XXX)
"ALL START
DO 1069 Jo?,JPl
IF (J.E0.JP402) YCEN • Y(IJ)
On 1059 I=1,IBAR
IPJ = IJ«NO
IPJP = IJP*NQ
IF (J.LT.10.OR.J.BT.JM10.OR.I.GT.1M6) GO TO 1055
X1 • X(IPJ)
Yl . Y(IPJ)
Ul « ULltPJI

PAGE 79
YA0UI1 01328
COMMONS 00002
C0MM0N2 00003
COMMONS 00004
COMMON2 00005
COMMONS 00006
COMMONS 00007
C0MMON2 'JO008
COMMON2 00009
COMMON? 000S0
C0MM0N2 00011
COMMON? 00012
COMMON? 00013
C0MM0N2 00014
COMMON?; 00015
C0MM0N2 00016
C0HM0N2 00017
EQVREAL 00002
EOVREAL 00003
EOVREAL 00004
E O V R E A L 00005
EQVREAL 00006
FOVREAL 00007

00008
00002
00003
00004
00005
00006
01332
01333
01334
01335
01336
01337
01336
01339
01340
01341
01342
01343
01344
01345
01346
01347
01348
01349
01350
01351
01352
01353
01354
01355
01356
01357
0)358
01359
01360

DIMEN
DIMEN
DIMEN
DlHF.N
DIMEN
YAOUII
YAQUI1
YAQUI1
YAOUH
YAI3UI1
YAOUII
YA0UI1
YAOUH
YAOUI1
YAOUII
YAOUU
YAOUII
YAoUIl

YAOUI1
YAOUI1
YAOUIl
YAQUIl
YAOUI1
YAOUI1
YAnUIl
YAOUI1
YAOUII
YAOUI1
YAOUII
YAOUII
YA/JUU
YAOUII
YAOUI1
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INDEX 01/12/73 SUBROUTINE REZONE PAGE 81
91 IF (J.EU.JPZ) YJP2 • AMAX1(Y(IJ)«YJP2> YAQUI1 014J9
92 IF (I.EO.IP1) XIPl > AMAXllXdJIiXtPl) YAOUM 01*20
93 1279 IJ » IJ.NQ Y A Q U M 01*21
94 CALL LOOP YAOUtl 01422
95 1289 CONTINUE YAflUU 0H?3
96 CALL DONE YAOUI1 0142*
97 PDR « XIP1«R!BP YA0UI1 0U?S
9R POZ • (YJP2-Y2)«RjBp YAQUII 0l4?6
99 PYB • 6.0 Y4OUI1 O14?7
100 CALL FILMCO YAQUIl 0U?8
JO1 CALL START YAflUIl 01429
102 YY » ARS(GZ)/(GM1»REZSIE) YAOUI1 01430
103 Dfl 1399 J=2,JP1 YAOUI1 01431
104 DO 13S9 I=1,1BAR YAOUI1 01432
105 IPJ . IJ • NQ YAOUI1 01433
106 IPJP » U P • NO VAlJUIl 01434
107 Y4 • RF.ZY0 • 0.25i (Y(IJP) «Y( IPJP) »Y (IJ) »Y (IPJ) ) YAOUI1 01435
108 IF (J.E0.2 ) ROL(IJM) » REZRON'EXPI(Y4-Y(IJ) -Y(IPJ) )»YY> YAorll 01436
109 IF (l.EO.IBAR) ROL(lPJ) » REZRON»EXPUY4-Y (IPJ)-Y(IPJP) ) »YY) YAQUI1 01437
110 IF (J.F.Q.JP1 ) ROL(IJP) • REZRON<»EXP((Y4-Y(1JP)-Y(IPJP))»YY) YAOIIll 01*38
111 IJM - IJM • NQ YAOUI1 014-?9
112 U P * U P • NQ YAOUI1 01440
113 1389 U • 1PJ YAQUT1 01441
114 CALL LOOP YAOUI1 01442
115 1399 CONTINUE YAQUI1 01443
116 CALL DONE YAOUI1 01444
117 RETURN YAQUI1 0144S
IIS END YAOUIl 01446
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INOEX 01/12/73 MASTER INDEX PAGE as
LiST OF ALL VARIABLES DEFINED IN INPUT
C MEANS VARIABLE WAS DEFINED IN COMMON IN THAT ROUTINE
0 MEANS VARIABLE WAS DEFINED IN OTHER DECLARATIONS
NON.RLANK NUMERIC IS NUMBER OF NON-DECLARATORY REFERENCES
S PRECEOlNfi MEANS SUBROUTINE(PROGRAM.FUNCTION) NAME
L PRECEDING MEANS COMMON(LCM) NAME
f PRECEPlNB MEANS FORTRAN KEYWORD
* PRECEDING MEANS VARIABLE IS DECLAREO. NOT USED ANYWHERE

VARIABLE
AA
AASC
AA1
AA?
»R
ABL

S ABS
S ADV
S AFSREL

AK
AL

S ALO616
AL13
AL24

S AMAXl

ANC
Af<
ISO

F ASSIGN
AT
ATR
AVEL
AX
AY
AO
AOFAC
AOM
BO
CIRC
COLAMU

S COLOR
F COMMON

CON
CO
CYL
n

S DATAREL
PELSM
DEN

r M H E N S I
S DONE
nP
no
nR
DRAG
DRMAX

ROUTINE TYPE
YAQUI C
YAOUI CD
YAQUI D
YAOUI
YAQUI2
YASET1
MESHMKR
YAQUI
YA0IJI2
YAQUI2
YA0UI2
YAQUI?
YA0UI2
YAQUI2
F1LMCO
FILMCO
YAQUT
YA0UI2
YAQUI
YASET1
YA0UI2
YASETl
REZONE
YAQUI2

YAOIJI
YAQUI
YAOUI
YAOUI
YAOUIZ 11
YAQUI C
PARTMOV 3
YAQUI 2
YAOUI2 90
YAOUI D
YAQIil
YAQUI2 11
YAQUI2 1
YAOUI C
PARTMOV 6
FILMCO 1
LOOP
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NT2
NUMJT
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OHCYL
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P

S PARPLOT
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PDR
PORMN
POZ
POZHH
PtTH
PIXX
PIKV
PIYY
PL
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PLMfcX

S PLT
PHX
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PARTHOV
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INDEX
V23
V2*
V3
V34
V*
V41
w

F WRITE
WTB
tITE
WTL
WTR
WTT

S MiROH
X
XBAR
XC
XCO
XCONV
XO
X1P1
XL
XMAX
X0M3UM
XPAR
XR
XR13
XR24
XTE
XWB
XWL
XWR
XWT
xr.
xxx
XY
XYlj
XY21
XY23
XY34
XI
X12
X2
X23
X24
X3
X31
X3A
X*

x*i
Y

S YAOU1
S YAQUI1
S YA0UI2
S YASET
S YASET1

YB
YBAR

01/12/73
YAOU12 8
YAQUI2 2
YA0UI2 IT
YAQUIE t
YAOUI2 19
YAOUI2 8
PARTMOV 10
YASET1 8
PARTMOV 3
PARTMOV 6
PARTMOV
PARTMOV
PARTMOV 3
tOOP 1
YAQUI 0
REZONE 2
PARTOEN 4
YAQUI2
YAQUI (
FILMCO 10
REZONE *
YAQUI {
PARTGEN 3
REZONE 4
YAQUI I
YAQUI I
YAQUI2 3
YAQ"!2 3
PARTGEN T
PARTMOV 5
PARTMOV 5
PARTMOV 5
PARTMOV 5
YASETl
REZONE
YAQU12
YAOUI2
YAQUI2
YAQUI?
YAQUI2
YASETl
YAQUI2
YASETl
YAQUI2
YA0UI2
YASETl
YAQUI2
YAQUI2
YASETl
YAQUI2
YAQUI
YAQUI
YAOUI1
YAQUI1
YASET
YASET
YAQUI
REZONE

MASTER INDEX PAGE 94

REZONE 3

REZONE 3

PART8EN 2 MESHMKR 1 YAQUI2 20 PARTMOV 2

MESr,r 4

F1LMC0 ID YASETl 4D PART6EN D HESHMKR 60 YAQUI2 5S0 PARTMOV 60 P^ZONE 120

REZONE 2

LOOP C F1LMC0 1C YAStTl C PARTGEN C MESHHKR C YAQUI2 TlC PARTMOV C «EZONE C

PARTGEN 8
LOOP C FILMCO 2C YASETl PARTGEN MESHMKR YAQUI2 IlC PARTMOV C SEZONE

FILMCO D YASETl D PART6EN ID MESHMKR D YAQUI2 D PARTMOV SD REZONE D
LOOP C FILMCO 6C YASEfl C PABTGEN C MESHMKR C YAQUI2 1C PARTMOV C REZONE

PARTMOV 7

MESHMKR 14 YAQUI2 91 PARTMOV 7 REZONE

YAQUI2 41 PARTMOV 11D REZONE 3

YAQUI? 28 PARTMOV 30 REZONE 3

YAQUI2 29 PARTMOV 3D REZONE 3

YAQUI2 28 PARTMOV 3D REZONE 4

FILMCO 20 YASETl 40 PART6EN 0 MESHMKR 120 YAQUI2 S40 PARTMOV 8D REZONE 23D

YAQUI2 1

YASETl 1
LOOP C FILMCO 7C YASETl 2C PARTGEN C MESHMKR 2C YA0UI2 13C PARTMOV C REZONE



INDEX
YBOT
YC
YCCN
YCO
YCONV
YD
YJC2
YJP?

L YLCJ
L YLC?

YMAX
YMIN
YOMSUM
YPAR

L YSC1
L YSC?
L YSC3

YT
YTE
YTOP
YY
Yl
Y14
Y2
Y21
Y24
Y3
Y31
Y32
Y4
Y43
ZZ

4
7
2
4D
C

01/12/73
PARTGEN
PARTGEN
REZONE
YAQUI2
YAQUI
PARTGEN 6
MESHMKR 2
REZONE 4

YAOIII 1
PARVGEN 3
PARTGEN 3
REZONE 4
YAQUI D
YAQUI 1
YAQUI 1
YAQUI2 1
YAOUI C
PARTGEN 6
PARTGEN 4
FILMCO 14
YASETl S
YAQUI2 10
YASETl 3
YAQUI2 10
YAQUI2 10
YASETl 5
YA0UI2 13
YA0UI2 10
YASE'i 3
YA0UI2 10
YAQUI C
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REZONE 3

LOOP C FILMCO K YASETl C PARTGEN C McSHMKR C YA0UI2 11C PARTMOV c REZONE C

YASETl
YASETl

FILMCO
LOOP
LOOP

1 PARTGEN 1
1 PARTGEN 1

PARTMOV 1
LOOP C
PARTMOV T

MESHMKR 8
YACUI2 31

YAQUIS 27

YASETl
FILMCO
FILMCO

YAQUI2 20
REZONE 3

REZONE

YAQUI2 20 REZONE 3

YAQUI2 27 KEZONE 8

YAQUI2 1
YAQUI2 1

PARTGEN 10
YASETl 1
YASETl 1

FILMCf) 5C YASETl

MESHMKR D
PARTGEN 1
PARTGEN 1

PARTGEN C

PARTMOV 2 REZONE 12

YAQUI2 D
MESHMKR 1
MESHMKR 1

MESHMKR C

PARTMOV 3D
YAQU12
YAQUI2

REZONE D
PARTMOV 1
PARTMOV 1

YAQUI2 2C PARTMOV

REZONE 1
REZONE 1

REZONE

LOOP FILMCO C YASETl 1C PARTGEN C MESHMKR C YAQUI2 1C PARTMOV C REZONE

INDEX 01/12/73

ROUTINES INDEXED
ROUTINE PAGE ROUTINE PAGE

MASTER INDEX

ROUTINE PAGE ROUTINE PAGE ROUTINE PAGE

FILMCO 9
LOOP 5
MASTER INDEX

MESHMKR
PARTGEN
8S

29
24

PARTMOV
REZONE

68
79

YAQUI
YAQUI1

2
36

YAQUI2
YASET

38
15

ROUTINE PAGE

YASETl 17

PAGE 96

ROUTINE PAGE ROUTINE PAGE ROUTINE PAGE

INDEX 01/12/73 MASTER INDEX PAGE 97

••••••••••••••••••.•••so....»••«£»[) OF COMPUTATION*
2183 CAROS PROCESSED
2835 MAXIMUM BUFFER U^ED BY ANY ROUTINE
2048 TOTAL ECS REQUIRED BY INDEX
7.454 SECONDS OF CP TIME USED


