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ABSTRACT

A numerical fluid-dynamicscomputing technique is presented that com-
bines the Implicit Continuous-fluidEulerian (ICE) and the Arbitrary
Lsgrangisn-Eulerian(ALE)methods. An Implicit treatment of the pressure
equation similar to that in ICE enables the calculationof flows at all
apeeda from aupersonlc to far aubaonic. In addition, the vertices of the
cnmputing 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,aa in the ALE method. Greater
distortions in the fluid motion can be handled than would be allowed by a
purely LsgrangLanmethod, and with more resolution than ia 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 FORTRAN index listing are provided. Rep-
resentativecalculationsillustrate some of the features of YAQUI, and
include both computer-generatedplots and numerical listings.

I. EASIC DESCRIPTION OF THE METROD (ICED-ALE)

A. Introduction

Over the past decade, there has been consider-

able progress in developmentof computer techniques

for solution of multidimensionalproblems in fluid

dynamics. A number of baaic techniqueshave become

well established,and useful and practical applica-

tions are being made to an ever-increasingrange of

problems in many fields. Because of computer stor-

age and timelimitations,numerical methods obvi-

ously cannot afford the luxury of following the

dynamics of each and every molecule of the fluid at

hand, but must, Instead, depend upon following the

dynamics of a finite, discrete set of fluid ele-

ments. Therefore, the region of interest is usu-

ally subdivided Into a finite grid or mesh of com-

puting zones, associatingwith each zone or vertex

the local values of the quantities of interest,

suchas mass,energy,and velocity. The governtng

differentialequationa are approximatedby flnite-

difference forms In relation to the grid, and this

set of equations is then solved repeatedly wer the

domain to advance the solution through finite inter-

vals of time, analogous to the frames of a motfon

picture.

Given this basic description,however, there

are two fundamentallyimportant considerationsbe-

yond which the various techniquesdiffer. The first

of these considerationsis the flow-speed regime of

interest, and the second is the interrelationshipof

the grid and the fluid. These two pointa will be

discussed separatelyand then brought together.

The types of fluid flows that have been most

amenable to calculationare generally those that can

be characterizedas either compressibleor incom-

pressible. Compressible,cm high-speed, flows are

those in which the fluid speed is comparable to or

faster then the local material sound apeed, and they

are therefore governed only by local influences. In

the incompressibleor low-speed regime, however,



fluid speeds are much’less than meterial sound

apeeda, and disturbancesat any point must, for all

practical purposea, be felt instantaneouslythrougk

out the entire domain. Aa a result, the numerical

stability reetrictionafor high-speed flows produce

intolerablysmall time stepa at low flow apeeda.

00 the other hand, low-speedmethods cannot aenae

compreasfbilityeffectsproducedby Increasedflow

speeds,as no equationof stateis used. Unfortu-

nately,many fluid-dynamicsproblemsof interest

do not fallat eitherof thesetwo extremes,and

theyare thereforenot accuratelycalculatedby ei-

therhigh-or low-speedmethods. Examplesare

flows that are initially supersonicbut rapidly be-

come subsonic, or flows that are supersonic in one

region or direction and far subsonic in another.

Consequently,much effort is being placed on devel-

oping techniques to calculate in this intermediate

regime.

The second point concerns the relationshipbe-

tween the fluid and the coordinate gr%d. Tradi-

tionally, there have been two basic viewpoints for

both high- and low-speed flows. The first is

Legrangian, in which the mesh of grid points ia

embedded in the fluid and moves with it. Clear de-

lineation of fluid interfacesand well-resolvedde-

tails of the flow are afforded, but the approach is

limited by ita inability to cope easily with strong

distortions,which so often characterizeflows of

interest. The second baaic 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.

Becauae of tie obvious shortcomingsof purely

high-speed and purely low-speedmethods, coupled

with the shortcomingsof purely Legrangianvs pure-

ly Eulerian approaches, increasing emphasis is

being placed on development of ever more sophisti-

cated hybrid techniques.

Presently, the most successfulmethod for

calculatingflows at all speeds is the Implicit
1Continuous-fluid Eulerien (ICE) technique, in

which the flow may vary from supersonic to far sub-

sonic. This is enabled by an implicit treatment of

the pressure calculation. The method is extremely

versatile and can be used for calculationsin one,

two, or three space dimensions, allowing for arbi-

trary equation of atate.

Simultaneously,techniqueshave been developed

that succeed to a great extent in combining the

best features of both the Lagrangian and Eulerian

approaches. In some methods, Lagrangian particlea

are used to define fluid interfaces or free sur-

faces, or to define the fluid itself, within a

Eulerianmesh. 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 specifiedway to give a

continuousrezoning capability. Greater distortions

in the fluid motion can be handled than would be

allowed by a purely Lagrangianmethod, with more

resolution than is afforded by a purely EulerIan

method.

This report describes a combinationof the ICE

end ALE schemes (ICED-ALE)in a computer program

called YAQUI. It is based on the most recent imp-

rovements available in both the ICE and ALE meth-

ods, together with other improvementsmade poseible

by the marriage of the two schemes.

Although much more work remains to be done in

the development of such hybrid techniques,YAQUI

haa established itself as a versatile tool for

studying flows at all speeds and it has the capa-

bility of continuousrezoning.

The ICE techniquewas originallydeveloped by

F. H. Harlow, and the ALE technique by C. W. Hirt,

who originated the ICED-ALE combinationaa it ia

represented in YAQUI. The code as It standa, how-

ever, represents the efforts of a number of people

who have experimentedwith many alternativesalong

the way, and who have provided valuable contribu-

tions to its development. We are grateful for the

help of our colleaguesF. H. Harlow, T. D. Butler,

H. M. Ruppel, J. U. Brackbill, R. A. Gentry, and

W. E. Pracht of Group T-3, and for that of E. M.

Jones and R. C. Anderson of Group J-10.

Inasmuch as the underlying techniquehas been

discussed in detail elsewhere,z this report will

start from that point. First, the finite-difference

equationswill be presented aa they appear in YAQUI,

then the code itself will be discussed in detail.
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B. The Method Layout and the ComputingMesh

The basic hydrodynamicpart of each cycle of

the ICED-ALEmethod is divided into three distinct

subsectionsor phases. The first phase is a typi-

cal, explicit Lagrangian calculation. The second

is an iteration that providea advanced presaurea

for the momentum equations and advanced compreaaion

for the mass equation. These ensure the stability

of the method with respect to sound-signalpropa-

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 Legrangian.

The computingmesh consists of a two-dimen-

sional network of quadrilateralcells, and it will

handlecalculationsin efthercylindricalor plane

(Cartesian)coordinate. Calculationsin cylin-

dricalcoordinatesare scaledto unit azimuthal

angle,thusallowingthe equationsto be written

without any T factora. The radial coordinate fs

denoted by r or x, and the axial coordinateby z

or y, with the origin located at the lower left

corner of the mesh. The coordinatenames In the

equationa in this report are x and y. The coordi-

nate named r is used to determine the geometry: r

ia always aet equal to x for cylindricalcoordi-

nate, but the expreasionaautomaticallyreduce to

Cartesian expressionsif all r’s are set to unity.

The vertices of the cells are labeled with the in-

dices i and j, which increase in the radial and

axial directions,respectively. Cell centers are

denoted by half-integerindices i + 1/2 and j + 1/2.

The meeh of cells is ? cells wide by ~ cells high.

The mesh illustratedin Fig. 1 ia in cylin-

drical coordinate, where the cells are sections

of toroids of revolutionabout the cylinder.

The variables in an ICED-ALE grid are of two

types: those defined at vertices, and those de-

fined at cell centers. The principal variables

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

velocities (u and v), and masses (M) are defined

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

volumes (V), and energies are defined at the cell

centers. E is the specific total energy, and I ia

the specific internal energy.

z

I
p’+

Fig. 1. A typical ICED-ALEmesh in
ordinatea.

1
cylindricalco-

1,]+1
k

~ B
P,P,V,EJ

i,] \
x,y,u,v, M

Fig. 2. A typical ICED-ALE cell showing the loca-
tiona of tha principal variables. The
numbers are In the shorthandvertex nota-
tion used in the equations that follow and
in the YAQUI code.

In the equations that follow, the superscript

n denotea the beginning-of-cyclevalues. The ad-

vancement of the solution through a time step, of

duration 6t, provides valuea at the beginning of

the next (n+l) cycle. Intermediatevalues are typi-

cally labeled with a tilde for the results of Phase

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

c. Initial Conditions and Preliminary Calculations

Input Quantities: The input data supply the initial

3



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

I for cells.

Preliminary Calculations (each cycle):

(1) The radius of each vertex ia calculated

P and

as

r = x in cylindricalcoordinate, or

r = 1 in plane coordinates.

(2) Cell pressures are calculatedat 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 ia discussed further in

Sec. III F, “IncompressibleFlow Calculations.”

(3) Cell volumes are given by

“::= +
[ 1(r1+r2+ r3)A~+(r1+r3 +r4)ABL,

where

ATI+
[xl (Y2 - Y3) + X2 (Y3 1- Yl) + X3 (Yl - Y2)*

ABL=~
[
xl <Y3 - Y4) + X3 (Y4 1- Yl) + X4 (Yl - Y3)o

The subscript notation for vertex quantitieshas

initially

( 2#s=lj*+* U:+U;+U3
i+% i+%

+Uj+v;+v;

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

sipatlon terms.

D. Phase 1 of the Calculation

In this section we carry out a typical fully

explicit Lagrangian calculation,with no grid mo-

tion, to obtain vertex values of the tilde veloci-

ties, ~ and ;, and the change in total energy per

unit mass,Qo

These three quantities are calculated in sev-

eral steps. The following formulas show how these

values accumulate from the contributionsof each

step. The appropriate initial values are, for each

vertex,

-j _ ‘u: + & Ax ,
‘i

been

used

(4)

cell

~j+-%
ii%

simplified to that shown in Fig. 2. It iS

throughoutthis report and in the YAQUI code.

With the cell volumes defined, the massea at

centers can be computed from

but because most references are to the vertex

messes, It is convenient to replace the cell masses

immediatelyby vertex messes:

To maintain energy conservationthroughout the en-

tire calculationalcycle, it is necessary to cal-

culate and store E, the total specific energy per

cell. However, the pressure iteration in Phase 2

requires a set 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. The

extra calculationrequired to do this, however,

especially

sonable to

maintain a

4

within an iteration,makea it seem rea-

keep E and I separately. Therefore,we

field of E’a throughout the cycle, where

and

<=n++&Ay ,

where Ax and Ay are body accelerationsor accelera-

tions from other forces applied at the vertices,

and the superscriptn denotes the beginning-of-cycle

values. In most cases of interest,Ax and Ay are

set equal to the gravity components

Aj=g and Aj=gz .
‘i r Y1

It is also helpful to insert a small, con-

trolled, artificial diffusive accelerationinto Ax

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

consider the integrationarea that will be used for

updating the velocity componentsat vertex ()
~ in

Fig. 3. The region is surroundedby dashed’l~nes

connecting the vertices
(iQ~ r), (:J and

(!-l) that will influence the accelerationsat ver-
\l /j

()‘-i’ but in the equations the accelerationcom-

puted from the surface stresses is independentof

the vertex’s location within the integrationarea.

Although proper rezoning will tend to keep the ver-

tex near the center of the region, and aid in

--

.-

% .
-.

.
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j)
3

()
~+1 , indicatedby daahed lines an

i

dotted lines, respectively.

obtaining the most accurate results, consider the

integrationares for the next cell
()
~~1 , indicated

by the dotted lines in Fig. 3. Thle indicates that

valuea at four different vertices,
(J,), (x),

(:), and (i;:),‘i” ‘ntero ‘though ‘his ‘defin-
itionof an integrationarea provides flexibility,

there is a definite lack of communicationbetween

neighboringverticee, which can allow slight rela-

tive oscillationsto arise in the velocity field.

Introductionof a small restoring accelerationat

each vertex, based upon the local velocity field,

can prwent any vertex from deviating too strongly

from ita neighbors and couple the alternate nodes

more strongly. This ie done in YAQUI by introduc-

ing s weighted average of the neighboringvertex

velocities. We can write

1A~=gr+— ( jn<u> - nuj
‘i anc&t i )i’

and

1Aj-gz+— ( j‘l<v> - nvj
Y~ anc6t i )i’

where

and aUc is a coefficientthat governs the amount of

coupling, and upon which there ia a stringent ata-

billty requirement,discuaaed in Sec. II F. It is

possible to interpret anc aa the number of cycles

required for the vertex velocity to nearly equal

the average of the neighboringvelocities. The

effect of this formulationbecomes more apparent if

one considers the initial tilde

suit from it:

G:=(l--+JU;+(-+-)

and

velocities that

%:+ &g
r’

‘++ 6tg
z’

re-

which show the effective interpolationamong neigh-

bors that is added in. Note that for anc = 1.0,

the techniquebecomes identical to a procedure

that Lsx introducedmany years ago. To avoid the

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

appropriate to take a = a~c/6t, in which caaenc
a~c la the actual relaxation time, rather than the

number of cycles for relaxation.

Next, the appropriate initial vertex energy

change la calculated as

One might expect to see, instead,

but this ia inappropriatebecause of the way we

calculate Phaae 1. The initial tilde velocities

we have establishedcontain only the body accelera-

tion, and inserting this part into the initial

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

lated, can cauae 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

velocltiea at time n are zero. To maintain equi-

librium, we know that the final tilde velocities

must also equal zero, but the gravitationalaccel-

erations in the initial tilde velocities would be

repeatedly added into the Q’a every cycle. This

conditionwould not arise if we were to hold off

the Q calculationuntil the final, complete tilde

velocities were available. We choose, however, to

5



form the Q’s simultaneouslyin the same next step

that will adjuat for the varioua forces applied

through preesure and viscous streesee over the con-

trol volumes surroundingeach vertex. The changes

in the initial ~, ;, and Q valuee are computed by

sweeping through the cells and suitably adjusting

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

sult at each vertex is the cumulative contribution

from each of four surroundingcells. This tech-

nique of initializingvertices and then accumulating

contributionsfrom the cells 18 preferable to sweep-

ing the vertices themselves,as it is leaa dependent

on boundary conditions and requirea calculation of

auxiliary cell quantities only once per cycle.

Thus, the @et of energy changea that we obtain at

corner vertices is aubeequentlyassigned to the ad-

jacent cells in amenner that preserves total ener-

gy while updating the vertex velocities.

This eecond step for each vertex proceeds ae

follows. Firat, for each cell, we calculate the

divergence,D = V“;, and the component of the vfs-
3

cous stress tensor:

Here v is the shear stress, and A = C - $ p, where

~ is the coefficientof dilatationelviscosity.

The correspondingfinite-differenceequatione for

these quantities are:

[D - ~ {(rl + r2) (UI + U2) (Y2 - Yl)

1
+ (Vl +V2) (X1 - X2)

+ (r2 + r3)
[
(U2 + U3) (Y3 - Y2)

1+ (V2 + V3) (X2 - X3)

+ (r3 + r4)
[

(U3+U6) (Y4-Y3)

1
+ (V3 + V4) (X3 - X4)

+ (r4 + rl)
[
(U4 + Ul) (Yl - Y4)

1}+ (V4 + VI) (X4 - xl) ,

11==*
{
(r2+rl) (U2+U1) (Y2 -yl)

+ (r3 +r2) (U3 + U2) (Y3 - Y2)

+ (r4 + r3) (U4 + U3) (Y4 - Y3)

+ (rl + r4) (UI + u4) (Yl - Y4)

[
-* (U1+U2+U3+U4) (X1-X3) (Y2-Y4)

+ (X2
1}

-x4) (y3-Y1) +~ s

II ‘* [(r1+r2) (V1+V2) (Xl -X2)
YY

+ (r2 + r3) (V2 +“V3) (X2 - X3)

+ (r3 + r4) (V3 +V4) (X3 - X4)

+ (r4 + rl) (V4 1+ VI) (X4 - Xl) + AD ,

.-

.

●

--

.

%Y=%+l++[(u,-) ‘x,-x+
+(Vl +V2) (Y2 - Yl) 1

[
+ (r2 + r3) (u2 +U3) (X2 - X3)

1+ (V2 + V3) (Y3 - Y2)

+ (r3 + r4)
[
(U3 + U4) (X3 - X4)

1+ (V3 + V4) (Y4 - Y3)

+ (r4 + rl)
[
(U4+U1) (X4 -xl)

s

+ (V4 + VI) (Yl - Y4)1
,r

.

[-~ (V1+V2+V3+v4) (x~-x3)(Y2-Y4) <

+ (X2
g

- X4) (Y3 - Y1) s

6
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({ [IIe= CYL * (U1 + U2 + U3 + U4) (xl - X3) (y2 - y4)

+ (X2
1} )

-X4) (Y3-Y1) +~ .

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

coefficientCYL appearing in ~=, II , and % equals

1.0 when used in cylindricalcoordi%es, or 0.0

when used in plane coordinates. Note alao the cy-

clic increase in index valuea in each term.

Next, with the D end IIterms calculated for a

cell, the resulting changes in the G and iiveloci-

ties can be calculatedat the four cell vertices as

follows. Start by defining

[
Pl!H.*rte (xl- X3)(Y2 - Y4)

+ (X2 1- X4)(Y3 - Yl) ,

then

.- + 6t
‘1 = ‘1 { [

- Y*)— $ (r2 +r4) ~m(y4
%

+n
w ‘X2 1 }

- X4) + rl(y2 - y4)p - PTH ,

‘2 - ‘2
{

- +% *(r3
[

+ rl) ~m(yl - y3)

1
+ lIw(x3 - xl)

}
+r2(Y3 - Yl) P - PTH ,

‘3= ‘3 {
- +% *(rA

[
+ r2) ~m (Y2 - Y4)

1 }
+11 (X -X2) +r3(y4-y2)p-pTH ,

xy4

&
u4=~4+2144 {

— * (rl
[

+ r3) I=(y3 - yl)

+ IIv(xl
1 }

- X3) + r4(y1 - y3) p - PTH ,

‘1 “ ‘1
{

- +% $(r2
[+ r4) ~W(Y4 - Y2)

+ (11
YY 1}- P)(X2 - X4) s

‘2 = ‘2 {
- +? *(r3

[
+rl) ~w(yl - y3)

+ (II
YY 1}

- P)(X3 -xl) ,

{ [
- +% + (r4+r2) ~=02‘3 = ‘3 - Y4)

fi
+ (nm - p)(x4 - X2) ,

‘4
.G4+$&

{
~ (rl

[
+ r3) It (y - yl)

4
xy3

+ (II
YY 1}

- P)(xl - X3) ,

where p ia 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

surfacesfare present. First, calculate the Q con-

tributionswithout the work terms:

Q1 =

Q2 =

Q3 =

Q4 =

When

J~=(Y2 - Y4)
[

- (V2+V4) II=(Y2 - Y4)

II
#YY ‘X2 - ‘4) ‘

Q2 +
‘t ‘J2+r’) $3+4%(X3 -xl)

1 [- II=(Y3 - Yl) - (V3 + VI) nw(Y3 - Yl)

-1
- IID(X3 J- %))

6t (r4 +r2)

Q3+ elf,

1-n=(Y4 - Y2) -

1’}-IIJX4 -X2)

& (rl+ r3)

Q4+ aM4

1-n=(Y1 -Y3) -

@4 ‘“d%(x4 ‘X2)

[
(V4+V2) nv(Y4 -Y2)

[
(V1+V3) II=(Y1-Y3)

.

all cells have been so treated, we can dis-

tribute the vertex energy changes, Q, into the

stored cell-center energiee E, to form an <E>,

which is denoted by brackets ~ > to identify that

7



the pressures

Next, convert

were omitted from the Q terms:

‘E~~+*(Q1+Q2+Q3+ Q4) .

<~ values throughout the mesh to ~’a

by sweeping all cells. Define the followingmess-

weighted ratios for each cell:

Although cell-centermasses are no longer available,

they can be approximatedeasily here by averaging

four vertex massea. Finally, we can write

q:. <E>;+& - +

4Mii-%

1+(tl-w2) (X1-X2)

J+(ti2i+3)(X2-X3)

1
+ (;3+34) (X3-X4)

1]
+ (G4*1) (X4-X1)

[+ (r2*3) P23 (~2K3) (Y3-Y2)

[
+ (r3ti4)P34 (~3~4)(Y4-Y3)

[
+ (r4*1) P41 (G4K1)(Y1-Y4)

.

We have observed that this technique of calculating

~ in two steps is useful in enhancing the sharpnesa

of chock fronts as well as contact surfacee.

The E formulationdoes, indeed, conserve total

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

sum over all cells

~%% =2% O1d% +1? (Q,+Q2%%) *
k k k

or

8

(New Total Energy) = (Old Total Energy)

1( )M1+M2+M3+M4+
4 QL ,

.t

where the laat sum has been changed from cells to

vertex L, and the coefficient of QL iS PreciselY

the mass of vertex ~. Energy conservation is en-

sured, because the MLQL cancel in pairs when summed.

‘rhiscompletes the calculationsassociated

with Phase 1 of the ICED-ALE cycle. If, at this

point, one were to move coordinateswtth the G and

; velocities and calculate new densities, the re-

sult would be a typical, explicit, Legrangian cal-

culation.

E. Phase 2 of the Calculation

We now need an tiPlicit treStment to el~fnate

the Courant-likerestriction on high sound speed

that usually is required to ensure computational

stability. fiis is accomplishedby iterating the

tilde quantities from Phase 1 so as to provide an

advanced-timeset of pressures for use in the mo-

mentum equstions. These pressures, in turn, must

reflect the new densities that will be calculated

with the new velocities. In other words, the new

deneities are computed from coordinatesobtained

using accelerationsthat are functions of the new

densities. Such an implicit treatment can, indeed,

prevent instabilitiesat high sound speeds. For a

completely incompressibleflow, for example, the

iteration tends to keep the p of each cell constant

as the sound speed approaches infinity. The im-

plfcit coupling of p and p forces the cell to re-

turn to its initial p value, as p changes force

correspondingpressure changea.

The Implicit Phase-2 calculationproceeds as

follows. First, we initializevelocities, densi-

ties, and pressures, where

‘L=u ‘

‘L=v ‘

PL = ‘P ,

PL = ‘P .

The subscript L identifies those quantities to be

updated during the iteration. (In Phase 3, uL,

VL, and pL will be further changed to their final

.
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n+l n+l 11+1
valuee, us v, and p.) Aa the tilde quanti-

ties ~, ;, and ‘p need not be saved for any other

purpose, one can eimply rename the tilde velocity

arrays and the pressure array without any actuel

storage tranafers. The quantity ‘p, however, ap-

pears again in the Phsse-3 convective flux equa-

tions, thus requiring separate storage for the pL

values.

PL,

for

The

and

In addition to the atartlng values of UL, VL,

and pL, one must keep the ‘I values available

each cell in order to compute cell pressures.

Q valuea are no longer needed after Phme 1.

Second, we aweep the mesh ayetematicallyin i

j and make the following calculationsfor each

cell.

(1) D = ~ {(r1+r2)/(uL1+uL2)(Y2-Yl)

f
+ (vL1+v@ (X1-X2)

[
+ (r2+r3) (UL2*L3) (Y3-Y2)

+ (VL2+-VL3)(X2-X3)
I

I+ (r3+r4) (~+t+&) (Y4-Y3)

I
+ (VL3+VL4)(X3-X4)

+ (r4~l) j(~4+’@ (Y1-Y4)

1}
+ (VL4+VL1)(X4-5) .

(Note that this ia the same divergence equation

that appeared in Phaae 1, except that the veloci-

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

mess equation,we define

(2) s = & (PL-nP)+ PLD ,

and

(3) A=l 1

(

.
—~+D +26t
C2 C$t

Thie prescriptionfor A la exact only when the

cells are rectangular,but it la much simpler and

quicker to calculate than the fully general value,

which may be preferablewhen the zoning deviates

strongly from the rectangular,as errora in A alter

the rate of convergence.

In the above,

=2=*
()ap *

la the square of

and Az represent

the adiabatic sound speed, and Ar

the average 6r and &z of the cell:

Ar=~(x2-x4+q-x3) ,

Az =; (y2 -Y4+Y3-Y1) .

If the mesh is strongly rotated or distorted,more

sophisticatedAr and Az expressionamay be required.

Note that the adiabatic sound speed should be

used here, becauae the Lagrangian representationin

this phaee la accomplishing the chsngea in pressure

through simultaneouschangea in p and I (even

though the latter is not being calculated at this

point). This ie in contrast to the purely EulerIan

calculationdescribed in previous papers on ICE
1

methodology, in which the change of pressure

through the iteration phase results from changes in

density only, the full change in internal energy

being calculated separately and incorporatedinto

the preaaure-changecalculationas a saparate step.

In this purely Eulerian technique, it is the iso-

thermal sound speed that is accordingly required in

the implicit preaaure-calculationphase.

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

necessary pressure change for the cell,

6p = -UAs ,

where u la a relaxation factor. Straight relax-

ation is given by w = 1. Ah optimum overrelaxation

in many casea is IJI= 1.5 to 1.7, whereae w > 2 will

lead tn an unstable iteration.

(5) The convergence test is

QL<c,
P=

where Pmu is a current maximum pressure in the

system. If the test fails for any cell, a flag is

eet to indicate that another iteration pasa through

the meeh till be necessary.

9



(6) With

pL values

PL -

PL -

&p calculated,we

for the cell.

()
P PL,nI , orp=

L

PL+~P .

can update the pL and

PL+~ ,
c

(7)

four

Now we can adjust w and v. values for the
L L

vertices of the cell:

&
‘L1 ‘“Ll+~rl(y2-y4)6p ‘

‘L2”\2+&2(y3-y~)&p s

m
‘L3 ‘“L3+~r3(y4-y2)&p ‘

%4=h4+&4wy3)~p ‘

()

r+r
& 2 4 (x

‘L1 = ‘L1 +7 — 2 4
- X2) tip ,

6t

()

‘3 ‘rl (x
‘L2 ‘vL2+~ — 2 1

- X3) ap ,

()

r+x26t 4
‘L3 ‘vL3+~ — 2

(X2 - X4) ‘5P ,

()

& ‘1 + ‘3
‘L.4= ‘L4 + 2114 2 (X3 - xl) &p .

When all cells satisfy the convergence test,

the Iterstion,using the above aeven steps, is ter-

minated. At this point, the quantitiesUL, VL, pL,

and pL describe the results of an implicit

Lagrangian calculation that is not subject to the

Courant condition. One could now move coordinates

to complete the calculationif no rezoning were

necessary. Note that PL was calculated in terms of
n+ *1+
x, not x. The neglect of higher-order terms

causes n+l
p to differ slightly from pL, but the

aPProxtition has not caused any difficulty. The

PL iO used only in the pressure Iteration,whereaa

in Phase 3 ‘+lp will be calculated from ‘p by m~ns

of conservativefluxing in the mess equation.

In summary, at the end of Phase 2, we have in

storage the n-time values of x, y, r, p, V, M, and

1, aa well as ~ and the iterated values of UL, VL,

pLJ amd ~L”

F. Phase 3 of the Calculation

The final phase of the ICED-ALE cycle computes

10

the necessary rezoning changes, i.e., convective

and diffusive fluxes.

Assume at this point that a field of grid ver-

tex velocities, UG and VG, have been assigned in

some appropriatefashion with respect to a fixed,

Euleri.anreference frame. Thus, for a purely

Eulerian calculation,

‘G=vG=O ‘

.

●✎✎
e-

.-

u-

.

.

. .
At the other extreme, a purely Lagrangian calcula-

tion would use

‘G”’% ‘

‘G=VL “

In general, the grid velocities may be any desig-

nated functfons,and as such they are neither

purely Eulerian nor purely Lagrangian.

There are two types of quantities to be up-

dated in the rezone: cell quantitiesM (or p) and

E (or I), and vertex quantitiesu and v. The pro-

cedure is to compute the cell quantities first,

then change %
ni- n+

cell ‘0
b and compute the
vertex

vertex quantities. Finally, n+lI can be calculated.

The rezoning can be accomplishedusing either
n+l n+l

the old ‘x,ny coordinatesor the new x, y

coordinate. The differences in rezoned quanti-

ties that result from these different coordinates

are of order 6t2, and they can be neglected for

moat purposes. Our procedure is to move the coor-

dinate before the rezone calculations,as numeri-

cal methods are usually slightlymore stable when

time-advancedquantities are used. The new coordi-

nates for all vertices are given by

n+lx=nx+uG6t ,

n+l
y=%+vc6t ,

and

n+l n-i-l
r= x for cylindrical coordinates,or

1.0 for plane coordinates.

The maas and energy are rezoned on a cell-by-

cell basis. For every cell, we must first calcu-

late flux coefficientsfor each of the four faces,

using the new coordinate:

.-

*

.

--.
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.



fSt(rl+ r2)
FR-

8 I
(UG1-UL1+UG2 -UL2) (y* -yl)

1
+ (vGl - VL1 + VG2 - VL2) (xl - X2) s

6t(r2 +r3)
FT =

8 l% -%2+ ‘G, - ~3)(Y3 - y,)

1
+ (VG2 - VL2 +VG3 - VL3) (X2 - X3) s

6t(r3 +r4)
FL =

8 [(UGS- ~S + ‘G, - uL4)(Y4 - Y,)

I
+ (VG3 - VL3 + VC4 - VL4) (X3 - X4) ,

6t(r4 +rl)
FB =

8 [
(UG4 - Uu + UC. - UL1)(Y1 - Y4)

1+ ‘VG4 - ‘L4 + ‘G1 - ‘L1)(X4 - ‘1) .

Note that the flux coefficientsare zero in

Lagrangian calculations,as UC = \ and VG= VL,

and that FR for cell (i+%,j@ 1s equal to -FL for

cell (i+3/2),j~, and FT for cell (i%,j%) is

equal to -FB for cell (i~,j+3/2).

Recall that the momentum equations in the

tilde calculationsalready contain diffusion terms,

through a general etreaa-tensordeviator, which are

used to represent true viscosity or to ensure com-

putational stability. A slight instabilityresults,

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

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

though the stability of the mass equation is en-

hanced by the use of the partially advanced den-

sity, pLo In general, it seems preferable to pre-

vent the instabilityat its source, rather than to

add a separate diffusion process. (The truncation

errors responsiblefor instabilityare not really

in a full “diffusion

sion ia considered.)

expressionsthat can

form” when more than one dimen-

Therefore, we will use flux

be adjusted toward a partial

donor-cell treatment. It is convenient to embody

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

expressions that allow varioua differencingforms

determined from input constants, a. and O.:

~=aosignFR

~ - a. sign FT

‘L
= a. sign FL

‘B
= a. sign FB

where “sign FR,” for

+ VW3)+ 4m f301k;z/2 i+% ‘

+ 4FT Bo/(v:& +v:~) s

+4FL Bo/(v:$+v:g) ,

+ 4FB 130
/(

v~;;+vj+
)i+% ‘

I
+lifm>o

example, =
-lifFRCO ,

and the input constants allow these combinations:

a =OandBo=O * centered,o

a =landOo=O * donor cell,o

a. = Oand @ = 2 * interpolateddonor cell.
o

Note, however, that a. must be sufficientlyposi-

tive2 for the mass equation to be stable. As full

donor-cell differencing is too diffusive for most

circ~stancea, generally O < u < 1,0

The new mess and energy for a cell (ii%,j#s)

are given by

b
n+ j++ -

ii-%
[

‘(PV)~~+FR (l-qpj%+ (l~)pj%
%-% 1‘1+3/2

[ 1v-%+~1%)pLj+3/2+ FT (l-~)PL
i+ j+%

[
j* + (l-L) pLj*+FL (l-~)pL
%* 1-%1

[+FB(l-C&PL 1j*+(lqPLj+ ,
1+% i+%

and

11



d
n+l *

i*-*
I

(%)-::
6tpLj* (r4*2)

F24 = i*
16 [(“C4+L4*G2mL~) (Y2-Y4) . .

. .

Before updating the vertex quantities,we next

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

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

n+l j-l+ ()n+l ~ j+%
Pi*” ~ .

i+%

The new volume and density replace % and ‘p. The

new vertex masses are then calculatedusing the M:

equation given in Sec. I C, item (4).

To adjust the vertex valuea of UL and VL for

rezoning,weset initial values at all vertices,where

n+l j ()%jj
‘i = q-i%i ‘

and

n+l j ()%fjj
‘i=r +.iiv%.

The second sweep adjusts the four corner vertex

valuea of each cell in a manner analogous to that

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

we define several quantities:

6tpLj* (rl+r3)

F13 = i+%
16 I(U.,-%,*.3%3)(Y3-Y1)

+ ‘VG1WL1*G3-VL3 )(X1-X3)] ,

1+ ‘VG4-VL4*G2-VL2)(X4-X2) ‘

CZ13= U. sign F13 + 60 4F13

m

VPL j’

i*

a24 = ciosign F24 + 6
4F24

T

.
0 vpL j

i*

Here, the “sign” haa the same meaning as it did in

the maaa- and energy-flux expressionsgiven above,

end the U. and 130are the same quantities as in

those expressionsor may be chosen independently.

Because a greeter proportion of donor-cell differ-
.

encing is required to stabilize the mess equation

than the momentum equations, it is well to use a -.

different (smaller)cioin the momentum equations.

Given the valuea of F13, F24, u13, and a24 for a
~.

. .

*.
.

given cell, the vertex contributionsare given by:

n+l n+l ●
‘1 “ ‘1 n~!1~L3( 1

l-ci24) + UL1 (ltu24)

n+l n+l
‘2 = ‘2 n;~2~L4( l-a13) + UL2 (1%13]

n+l n+l
‘3= ‘3+ %$ ~L3 (1424) + UL1 (l+a24~

3

*+1 - ni-1 F13
‘4 ‘4 + n+% [

— Uu (1-a13)+ uL2 (l+fl13)l

4

n+l n+l
‘1 = ‘1 n~~ ~L3 ‘1-24) + vL1 (ltct24~

1

n+l . n+l
‘2

-—
‘2 n~~ [VL4 (1+13) + VL2 (ltu13]

2

n+l n+l _
‘3= ‘3+ n~~ [VL3 (1+24) + VL1 (1+X24]

3

n+l . n+l
‘4 ‘4 + ~ ~L4 (1-13) + vL2 (1+d3~

4

s
:

.

.
*-.

s .
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Finally, the new velocity field allows ua to calcu-

late the new specific internal energies for all

cells:

n+llj++l. n+lEj+4- +
ii% ii-%

(U:+u;iu;+u;+v;i+v:+v;),

dhere the u and v values are the n+l values just

calculated.

G. Boundary Conditions

Various boundary treatmentscan be used in an

ICED-ALEprogrem,2 but we discuss here only the

Bimple case of straight, rectangularreflective

boundarieson all four sides of the mesh. (For

ease of understanding,the version of the code pre-

sented in the following sections is limited to this

one case.) The reflectiveboundaries considered

are free-slipwalls, the left boundary becoming the

axis of symmetry for calculationsin cylindrical

coordinates. The criterion for any boundary condi-

tion is that velocities on boundary vertices be set

in a suitable fashion. For free-slipwalls, this

means that normal wall velocities must be kept

zero throughout the calculation. In the three

phases of the calculational.cycle,particular at-

tentionmust thereforebe given to the following:

(1) After the Phase-1 tilde velocity calculation,

normal wall velocitiesmust be reset to zero, i.e.,

fi= O on the left and right boundaries, and ~ = O

on the top and bottom boundaries.

(2) During the pressure iteration inPhsse 2, the

normal wall velocities must be kept zero. There-

fore, the appropriateUL and VL component(s)must

be set to zero in boundary cells before proceeding

to the next cell in the iteration.

(3) During the rezoning of cell quantities,cells

adjacent to boundariesdo 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 ‘+lU and ‘4-lVcalculations,the

normal wall velocitiesmust 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 (exceptthe axis) may be curvilinear;

then the “normal”velocity becomes a function of

both the u and v components,requiringmore care-

ful treatment.

It is important to note that no pressure bound-

ary conditionsare required in YAQUI. This is a

direct benefit of the Phase-2 Iteration procedure.

It is useful to surround the mesh with a band

of fictitiouscells (describedin 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 mesh to ex-

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

appropriateambient values of p and E must be main-

tained in the fictitious cells. An example of this

is shown in the sample code version included in

this report. Here a uniform exterior E is gener-

ated in the setup and is allowed to remain constant

for all time. The rezone calculates appropriate

exterior pL valuee to maintain atmospheric equilib-

rium. These new exterior pL values subsequently

become the final exterior ‘+lP values for the cycle.

Rezoning is discussed further in Sec. III B.

11. 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 waa writ-

ten as a CDC-7600 production code for specific

contractualpurposes. As such, it embodies a num-

ber of features to make efficient use of computer

storage and time. h was anticipated,however,

the same basic code has been developed in several

directionsby a number of investigators,so it was

purposely constructed in a modular form. The phys-

ical arrangement of these modules corresponds to

their logical sequence In the computing cycle to

the greatest degree practicable. The loss of effi-

ciency in certain regions that reaulte from having

the entire code in FORTRAN IV, rather than machine

language, is hopefully counterbalancedby increased

readability for most users and the simplification

of adapting it for use on computers other than the

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

overlay fashion to mfnimize the use of small core

memory (SCM),which is the “faat” memory on the

CDC-7600. The main overlay, (0,0),which always

resides in SCM, contains the main controllingpro-

gram, YAQUI. Subservientto it are the programs

in the two primary overlays, (1,O) and (2,0), which

reside on disk storage. YASET is the setup pro-

gram, and YAQUI1 performs the three-phaseICEU-ALE

calculations.

The structurewithin each of these three pro-

grams is further detailed in Fig. 5, which shows

the UPDATE notation used in the actual code.

In addition to the main program, YAQUI, the

(0,0) overlay contains the subroutineaLOOP and

FILMC@. L@@P handles the three-rowbuffering

scheme that ahuttlea cell data between large core

memory (LC2f)and the SCM common YSC1. The details

of cell-data storage and the buffering scheme are

given in Sees. 11 C and D. FI12fC@(for film coor-

dinates) computes the scaling for the microfiIm

plots. Because these two subroutinesare required

by both of the primary overlays, it is expedient

to place them in the main overlay. Becauae they

are thus always resident, the primary overlays can

access them at will. Also in the main overlay ia

the common YSC2, which contains all the SCM data

that must be maintained from cycle to cycle, and

which is the SCM portion of the informationwritten

on tape for restarting purposes.

Two LCM blocks are initially definad in the

main program: YLC1 is the storage block for cell

data, and YLC2 is the storage block for the option-

al particles, described in Sec. 11 E.

To set up a calculationfrom initial input

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

lay program, from the disk, and surrenders control

to it. This overlay is placed in SCM immediately

(0,0)
MAIN

{1
PROGRAM YAQUI

OVERLAY

(I,0)

{
Pi?:?~M PROGRAM

}

(2,0)
PRIMARY

YAQUI 1
PRIMARY

OVERLAY OVERLAY

Fig. 4. The YAQUI 3 program overlay structure.

following the (0,0) overlay. YASET itself is only

a two-instructionprogram: it prints “YASET CALLED,”

so that the user can monitor his path through the

overlaya, and then immediatelycalls 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 is complete, YASF.TIreturns

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

To calculate after setting up, the main program

calla YAQUI1, the (2,0) primary overlay, from the

disk, and surrenders control to it. Because this

is an overlay of the same level as (1,0), it covers

the image of (1,0) in SCM, being read in also to

the locations immediatelyfollowing the (0,0) over-

lay and thus making efficient use of SCM space.

Like YASET, YAQUI1 is a two-instructionprogram: it

prints “YAQU12 CALLEU,” and immediatelycalls sub-

routine YAQU12. Should the program abort because of

an unexpected error, the user can quickly ascertain

which program he Is in, inasmuch as the range of

instructionaddresses for both the (1,0) and (2,0)

overlays is the same.

YAQU12 Is the largest section of coda in the

entire computer program. It containa the three-

phase ICED-ALE,whose calculationalcycles are re-

peated continuouslyunder the direction of the

“Control Region.” This region is strategically

placed immediatelyafter the ‘p calculation,at

which point in the cycle all the quantities that

represent the complete solution at a given instant

in problem time are available. The control region

provides all microfilm plots and cell data prints.

Also, it updates the problem time, t, by the current

6t, performs tape dumps and tape restarts, and

senses problem completion or an impending operating-

ayatem time limit. In the latter two eventa, it re-

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

searches the input queue for further taska. If

there are none, the job ia ended.

YAQU12 makes use of two subroutines: PART14@

moves and plots particles, and REZ@E calculate

new grid vertex velocities, UG and Vc, and new ver-

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

flow ia neither pure Lagrangian nor pure EulerIan.

If, however, the flow is pure Lagrangian or pure

Eulerian, these velocities and the new coordinate

. .

.“

--
,.

.

. .

s-

●
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. .
YAQUI CODE STRUCTURE

-.

.>
. .

.

. .

--

OVERLAY (UpDATE NAME)
.l

-p== ]J’’co.p,”
lcOMOECK ysc2 II I

~+
COMDECKEQVREAL “EQVR~”

COMDECK DIMEN “DIM~N”
t ,

1 > 1

7 ,
PROGRAM “YASET”

SUBR. “YASET 1“

SUBR. “PARTGEN”

SUBR. “MESHMKR”

I PROGRAM “YAQUI1”]

~

SUBR.’’YAQU12”

SUBR. “PARTMOV”

ISUBR. “REZONE” I

FUNCTION

SCM BUFFER

CO?fMON 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

CALLS YASET

BASIC SETUP

PARTICLE GENERATOR

GRID GENERATOR

CALLS YAQUI 2

- 3-PIiAsE ICED-ALE
+ CONTROL REGION

PARTICLE MOVER AND PLOTTER

ANY REZONE

rig. 5. Detailed breakdown of the YAQUI overlaya, describing the functions of all sections and the UPDATE
nomenclature.

are directly calculated in YAQU12 in a simple, calls (2,0) directly. The restart condition is

straightforwardfaehion. The REZONE package is re- sensed immediatelyby YAQU12, and the control re-

ally a “roll-your-own”section in which the user gion reada in the tape dump, placing the data In

createa rezoning logic appropriate to his partic- SCM and LCM as required, and turns control over to

ular neede. (In the version of YAQUI presented the point in the calculationalcycle

here, the REZ@E subroutine is an example of a poa- tinue the problem from where it left

sible way to follow the rise of debris from an tape dump was made.

atmosphericburst.)

To restart a calculation

the main program bypasses the

from a tape dump,

(1,0) overlay and

that will con-

off when the

15



B. The Indexing Notation

An examinationof Fig. 2 shows some variables

centered at vertices and some at cell centers, a

common occurrence in Lagrangian computingmethods.

In FORTTAN, one can reference ~ eimply as “X(I,J),“

but pL~ cannot be referenced by a “half-integer”

index, so the conventionhas evolved that “P(I,J)”

refers to this pressure. Thus the indices I and J

refer to a quantity lying at the lower left vertex

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

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

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

scripts are used for computer efficiency. In the

YAQUI subscriptnotation, the letter “P” stands

for “+,” and “M” stands for “-.” Thus, we write

IJ = (i,j) ,

IPJ = (i+l,j) ,

IJM = (i,j-1) ,

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

etc.

Such a notation permlta 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 ia

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

Fig. 6. Single subecriptnotation for vertex quan-
tities.

I IJ P 1

j+ 3/.
I

I
I

IMJ—- - — IJ—- - — IPJ
\

]+4
\

\ ,0 :1

,- /‘\
/ \

/ ‘\ I

lMJ~ IJM
].02

. .

*

. .

.- .

.,

i+V2 i +34

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 (7+1) by (7+2) in -.

extent. These exterior zones are known as ficti-

tious cells, and having them on three sides helps c

in the treatment of expandingmeshes and certain

boundary conditions. Note that fictitiouscells

are not used on the left, however. The code waa ●
basically intended for calculationsin cylindrical

coordinates,in which the left boundary is an ax-

is of symmetry. In plane coordinates,it becomee

a rigid free-slipwall, 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

conceptualmesh of Fig. 1 is shown in Fig. 8. Co-

ordinate are not calculated for fictitious cell

verticea.

Obviously, double D@ 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

.-.

.
L
.

.

computing cells. In addition to the basic fluid

dynsmica, space has been left in SCM for the later
a
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Fig. 8. An actual YAQUI mesh, correspondingto the
conceptualmesh of Fig. 1, showing vertex
notation. Fictitious cells are denoted by
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inclusion of code to deal with other physical phe-

nomena, such as megnetohydrodynemics,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 ie that which re-

quires the minimum number of resd/write references

to LCM. Accordingly,the cell variables are stored

in an “interleaved”faehion, in which all the var-

iables for a given cell are stored contiguously,

followed by all the variables for the next cell,

etc. (Contrastthis with the traditionalmethod of

storing cell variablea in Individual~ by ~ 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, but we are

able to get by with using only 14 storage words

per cell. This ia made poseible by retaining quan-

tities during a cycle only as long as they are

needed, and then using their storage worde for

other quantities. Figure 9 shows the allocation

of the 14 storage words for a YAQUI cell In the

(1,0) arid(2,0) overlaya. The ordering from left

to right corresponds to the actual order in which

quantitiesare 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 dota In the rezone imply that x, r, y, and V

may be referenced,depending upon the particular

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

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

creased computer efficiency. Becauae most refer-

ences to Mv and V are in denominatorsof equations,

the time-consumingdivide operation is thus avoided

much of the time.

The quantities 2&t

()

++~
~z2 ‘

known in the
Ar

code as DELSM, and lfcz, known ae RCSQ, are invar-

iant through the Phaae-2 iteration. It is, there-

fore, expedient to compute their values throughout

the mesh beforehand to avoid needless and repetitive

calculationwithin the iteration itself.

In the convective-fluxpart of Phase 3, the

“n+l” valuee of Mc (the cell mass), l/Mv (the vertex

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

slots. Their “n” valuee are still required through

the calculation of the momentum equations, after

which the new masses and velocities can be trans-

ferred to their ordinary storage words. This places

them in their proper locations as the “n” values

going into Phase 1 of the next cycle.

The contour quantity (CQ) in the control re-

gion denotes the field of some chosen cell variable

for which a contour plot is drawn on microfilm.

The quantities referred to in the PARTM@ subroutine

are described in Sec. 11 E.

Charts such as Fig. 9 have proven extremely

useful in initially planning the storage before-a

code ie 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, Ml., dimensioned at

13100%0words in the version of the code presented

here. Because 14 words per cell are used in this

version, a maximum of 9357 cells (the product of

1+1 and J+2) are available.

l). The Three-Row Buffering Scheme

SubroutineLOOP, in the (0,0) main overlay,

ehuttles the cell data between the large LCM array

and a smell buffer in SCM where it ie operated on.
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1 x

2 r

3

4
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G
6 P

7

Code Name

x

R

Y

U, DELSM, UG

V, VG

R@

SIE, RCSQ, MP, RMP

.
SUBROUTINE YAQU12

Number Word

8

9

10

11
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13
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Equivalence

E, <&, i

Ilv

/
‘ifc, I%v, ‘+lV

P, PL, II+lE, ~1~, M
o
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Y

Q, P:

Code Name
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RV@L
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VTIL, VL, PMY, PV
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Fig. 9. The storageof cell data In YAQUI, showinghow the 14 worde per cell are allocated.
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Generally, L@@P maintains three rowa of the grid in

SCM at a time: the row being processed and the

rowa above and below. All calculationsaffecting

cell data are actuslly performed directly on the

current contents of the buffer. Because the cell

data are interleavedin storage, all quantities

pertaining to the three rowa of cells are instantly

available. The schematic flow diagram and sample

FORTRAN double D@-loop in Fig. 10 show how the

buffering takes place.

(1) Before the “D@” statementsare entered, a CALL

is made to the START entry of L@@P. START reads in

the entire contents of the bottommost three rows of

the grid from LCN 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 “row3/3.” Rows 1/3, 2/3, and

3/3 are contiguousin SCN, and like their counter-

part in LCM each contains NQI = NQ * 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 informationis provided by

the setting of the indices IJM, IJ, and IJP to

point to the first words for the i = 1 column of

cells fn 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 IJP points to

the f.w.a. of 3/3. Note the indicator IBUF which

is eet to 1; it will control the subsequentread-

ing and writing of individualrows and the reset-

ting of the three indices. With the first three

rowa of cells read in and the basic indices set,

control is returned to the calling program.

(2) The double DO 100pa are initiated. Secondary

indices are needed for cells not lying immediately

above or below cell IJ, so IPJ (= i+l,j) and IPJF

(= 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 UP. 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 Da loop, which counts COIUUUIS

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

the primary indices, IJ and 1.7P,are first ad-

vanced to the next column in the row. The inner

loop is repeated until the row is completed,

which time control paases to the “CALL L@@P”

ment.

at

state-

(3) The LMP entry immediatelywrites row IJM back

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

to statement No. 10, 20, or 30. Because IBUF was

initially set to 1, control paaaes to statement No.

10 in our example. Now the indices IJP, IJ, and IJM

are reset to point to different SCM rows -- IJP to

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

is reset to 2 to control the next entry to L@@P, and

control passes to statement No. 40 which will read

row j = 4, the new IJP row, into SCN row 1/3. Note

that no unnecessary shuffling of data in SCN has

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

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

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

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

SCN are in their actual logical order only every

third row.

(4) L@@P returns to statement No. 99 in the sample

calling program, and rows are processed similarly

until all the rows specified by the J DO-1OOP have

been processed, at which time control passes to the

“CALL DflNE”statement.

(5) The D@E entry is really only a cleaning-up

operation: because further reading is unnecessary,

it merely writes the final two rowa, j and j+l (JP1

and JP2, respectively)back out onto LCM.

Not indicated in the flow of Fig. 10 is the

incrementingof the relative addresa indices for

reading and writing LCM. These are initially aet

to O, and incrementedby NQI as processing pro-

gresses up the mesh.

Given this three-row buffering subroutine, the

user needs only to include the CALLS to START, L@@P,

and D@NE at the appropriate points In the D@-loops

and to increment by NQ words for each cell within a

row. Other than that, the logic he must know is no

more complex than if the data were entirely in SCM.

The number of storage words per cell in the

YAQUI version presented here is seen to be NQ = 14,

as per Fig. 9. This may be increased very simply

by adding the new variables to the EQUIVALENCE and

DIMENSION statements in the Comdecks EQVREAL and

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

main program at one place only.
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<ENTRY LooP~

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

m

7EE!E!K

<ENTRY START>

“m
IIBUF = I -1

+
READ INTO ROW (IJ P)

J

<ENTRY DoNE}

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

IJM = fwa SCM 2/3 .

IJM = fwa SCM 3/3 ~

IJM = fwa SCM 1/3

v
WRITE ROW IJM --- LCM

SCM BUFFER

‘0w3’3 ~

‘ow ‘~ ~

‘ow “3 ~

INTERLEAVED STORAGE at NQ WDS./CELL

LOOP EXAMPLE :

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

IPJ =IJ+ NQ
IPJP= IJP+ NQ

R = .25* [R (IPJ)+ R(IPJP) +R(IJP)+R(IJ)]

1
IJ = IPJ

89 IJP = IPJP
CALL LOOP

99 CONTINUE
CALL DONE

lPJP

/
IPJ

J J J J J J J

ROW 3/3-- (IJP) 3 (IJ) 3 (IJM) 3 (IJP) 6 (IJ) 6 (IJM) 6 (IJP) 9

ROW 2/3 + (IJ) 2 (IJM) 2 (IJP) 5 (IJ) 5 (IJM) 5 (IJP) 8 (TJ) 8

ROW ‘/3 * (IJM) I (IJP) 4 (IJ) 4 (IJM) 4 (IJP) 7 (IJ) 7 (IJM) 7

. .

. .

.

-.

●

?

.

“

Fig. 10. YAQUI three-rowbuffer.
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The SCM buffer is in common YSC1 which con-

tains a single array, AASC, dimensionedat 424210

words in this YAQUI veraion. Becauae AASC must be

able to hold three complete rowa at once, NQ = 14

means Y G 100.

Other entry points in the L@@P subroutine,not

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

at random easily, and to perform D@ loops with the

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

Exsmplea of this flexible routine are seen in numer-

ous places throughoutYAQUI.

E. The Particle Option

The basic ICED-ALE scheme haa no dependence

upon particlea,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 “markera,”

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 coefficientfor

each particle, in addition to the usual coordinate.

This permits calculationof momentum changes expe-

rienced by the particlea owing to fluid forces,

these changes in turn being subtracted from the

fluid momentum on a cell-by-cellbasia.

For simplicity,we shall first diacuas the

basic particle-movingscheme used in YAQUI, and

then describe the inclusion of the momentum-exchange

feature.

1. The Particle Mover. Our technique for moving

particles in a general, quadrilateralgrid is based

on use of a temporary,uniform rectangularcell

grid superimposedon the YAQUI grid. Given a veloc-

ity field related to a uniform grid, particles are

easily moved by an ordinary interpolatedarea-

weighting scheme. The problem, then, is to define

a velocity field on the superimposedgrid (here-

after called the particle grid) so that it reason-

ably approximatesthe velocity field of the current

YAQUI grid. This is done as follows.

(a) Firat, we define the particle grid by

specifyingita cell-edge lengths, Ax and Ay, and

its overall dimensions PXR and PYT. Because we uae

a vacant part of the YAQUI cell storage to store

particle grid quentitiea,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 maximum for the beat resolution. In most

calculations,the dimensions Ax and Ay are chosen

ao that the particle grid just encompasses the region

covered by the regular rectilinear or curvilinear

grid, although in some cases when particles are used

solely in some specific region, the particle grid may

be placed only over the region of interest.

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

tion of the particle grid, is to sweep the YAQUI ver-

tices ayatematicallyand do the following for each.

● If the vertex lies outside the particle grid, skip

to the next vertex. To be included, the vertex must

have x ~ PXR and PYB 16y G PYT, where PYB is the y

coordinate of the bottom of the particle grid.

● Determine (i,j) of the particle-gridcell that

contains the vertex.

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

cle-grid cell (i,j) x and y momenta (MX and My) and

mass (MO) according to

WY=(47‘mu

(w)(Ay - h)lk Ay ,

(w)(h)/AxAY ,

(Ax - W)(h)/& Ay ,

- w)(Ay - h)/& Ay ,

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

similar expressionswith the acme weighting factors

for My and Mo.

(c) Finally, after momenta and mess havebeen

assignedfromall YAQUIverticesonto the appropri-

ate particle-gridvertices,we calculatethe u and

v velocities of the particle-gridvertices aa

PU = MxFfo and PV-M/M
yo’

which are the velocities to be used in moving the

particlea.

(d) To move a particle, we

which cell (i,j) of the particle

first determine in

grid it Is located.
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Fig. 11. Assigning YAQUI vertex quantities to the
surroundingparticle-gridcell.

It is then moved according to an interpolatedveloc-

ity baaed on the corner velocities of the particle-

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

as shown in Fig. 12, then

I
pu;+l (W)(AY - h) + PUfi (w)(h)

‘P “

+ ~u~+l
i

(Ax -w)(h)

+ PU; (Ax - w)(AY - h)]/Ax Ay ,

n+l n + Istu
‘P “ ‘P P’

and similarly for the Vp velocity and yp coordinate.

2. Particle-FluidMome&um Exchange. In particle-

fluid momentum exchange, the particles do not

I I
j+l —PU,PV wpv~

l— pu,p” ~

Ay

PU.P1

Fig. 12.

I—.x-+
I i+l

Ares weighting the particle p within
particle grid cell.

the

necessarilymove with the fluid velocity. The basic

particle mover is axtended to include reaction with

the surrounding fluid aa follows.

(a) In addition to storing PU and PV for all

particle-gridvertices, we store the quantities AMx

and AMy, which are the x and y momentum changes

caused by fluid forces suffered by the particles

near each vertex. These quantitiesmust therefore

be subtracted from the fluid momentum on a cell-by-

cell basis. In YAQUI, we felt that to within the

accuracy of the particle mover itself, we could

split the word storage used for particle-gridveloc-

ities, combine PU and AMx at one-half word each,

and similarly combine PV and AMy.

(b) The calculationof AMx and My proceeds

as follows. The velocity of each particle ia gov-

erned by the equation of motion

n
u + 6tTl (Ufl + ‘rand) + *tgr

n+l
‘P = 1 + 6th s

P

in which Ufl is the up of the previous equation —

the area-weightedvalue of the particle-gridveloc-

ities at the particle location, Urand ia the veloc-
4

ity contributionfrom turbulent fluctuations, and

~p is a drag coefficient. The x-momentm change

of the particle is

r)AMx ( )=Illp 6t?lp tif~ - ‘+lUP ‘Urand S

P

where mp ia the particle mass. This momentum

change is distributed to the particle-gridvertices

in much the same manner that Ufl was calculated.

l%us, if the particle is in cell (i,j), the corre-

sponding changes at the vertices are given by

. .

&.

. .

9.

-.

. .

.

-.

.-

.

c,

(%)::=(’W:+*EJP ‘

(Ax - w) @ y-h) ~ .
Ax Ay r) ‘P

.“

;.
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A similar distributionis performed for my, where

ux ( )=mp fStnp Vfl - ‘+lVP +Vramd .
‘P

Because AMx and AMy are calculated through a summa-

tion, their values must be initializedat zero each

cycle.

Note that whereas the basic particle mover re-

quired that the particle coordinates (xp, yp) be

stored from cycle to cycle, the momentum exchange

requires in addition up, Vp, mp, and v . In YAQUI,
P

particle-storagewords are split like particle-grid

storage. Thus, the aix quantities per particle are

kept in three words, where x is combined with u
P P’

yp is combined with v , and q is combined with m .

(c) After all p~rticleaphavebeen moved andp

their momentum changes recorded at the particle-

grid vertices, these momentum changes must be in-

serted into the fluid momentum field. This is done

by sweeping the YAQUI vertices in the same manner

as that used to set up the particle-gridvelocities:

Determine in which particle-gridcell (i,j) each

Lagrengianvertex, is located. Because the mass,

Mo, associatedwith each particle-gridvertex is

still in storage, the change in velocity components

of the X.agrangianvertices can be calculated easily.

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

given by

[()~j
()
~j+l

u=u-
if

(W) (Ay - h) + ~ (w)(h)

i+l 0 i+l

()

~ j+l

+~
(& - w)(h)

i

U

&x .I

+~ 1(Ax- w)(Ay -h) /Ax Ay ,

i

and v is givensimilarly,with NX replacedby AM
Y’

Theeeexpressionsconservemomentum.

The YAQUI particle mover has been written with

the momentum-exchangefeature built in. To calcu-

late with true marker particles only, however, we

merely set all m
P
= 0, rl + W, and u

P rand = ‘rand =
O, and bypass all AMx and AMy calculations.

Two-fluid dynamics can be performedwithout

musing particles in a purely Legrangianmanner when

the fluid distortionsare not severe,2 whereas for

incompressibleflows involving large distortions,

two-fluiddynamics can be calculatedby tying the

particle motions strongly to the fluid in which the

particles are embedded. The particle masses are

chosen so as to supplement the density already con-

tributed by the background fluid, the sum of that

density and the particle density being the total

density of the second fluid. (More generally, the

presence of a spatiallyvarying density in the sec-

ond fluid can llkewise be representedby appropri-

ate choice of particle masses.) The messes can be

negative or positive.

In the absence of a free surface, the effects

of gravity are most efficientlyrepresented by sep-

arating the preaaure of the background flu%d into

two parts, the uniform gradient in equilibriumwith

gravity and the departure from this. As a result,

only the departure pressure ia obtained by itera-

tion, ita boundary condition being zero gradient

on the top and bottom walls. The gravitational

accelerationon 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

specificationfor the gravitationalacceleration on

the particles, designated by gzp.

Particle storage in YAQUI is maintained In the

LCM block named YLC2, which contains a single array,

AA2, dimensionedat 13100010 words. Because the

particle data are stored u’eingthree words per par-

ticle, a maximum of 43,666 particlee 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 calculationof the time step, &,

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 p, and the other of which is associated with

the convective fluxes for Eulerian calculations,or

with the prevention of negative volumes for

Legrangian calculations.

The viscous-stressstability conditions are

teated in the Phase-1 calculations in conjunction

with the calculationof the viscosity coefficients

for the stress-tensorterms. As described below,

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

of input quantities akd local flow conditions.

From these conaiderationa,it then calculate a ten-

tative 6t, labeled 6tv, for use in the next cycle

of calculation.

The convective-fluxlimitation can be imposed

during the rezoning of M and E in Phase 3. From an

examinationof the flux coefficientsFR, FT, FL,

and FB, calculated for each cell as defined in Sec.

I F, along with the divergence,D, and Uo, the code

obtaina another competing tentative 6t, labeled

&c.

The ~t actually chosen for the next calcula-

tlonal cycle, then, is the amsller of 6tv and 6tc,

6t =min (6tv, &tc). Subsequently,the initial val-

ues of 6tv and 6tc that go into the next cycle’s

teats differ by some factor, dtfac, which is usually

slightly larger than unity, times the new 6t just

chosen. This permits the 6t to increaae when con-

ditions become more stable. Becauae the 6t ia al-

waya chosen for the next cycle of calculation,it

can be argued that it is alwaya a cycle behind.

Ideally, the c$tchosen should be for uae in the

present cycle, aa it ia based upon present condi-

tions, but this would be more difficult to accom-

plish. The one-cycle lag, however, presenta no

problems, aa the 6t ia alwaya small enough that

significantchangea in the flow field occur only

over a number of cycles of calculation. Accuracy

considerationsalone demand this, in addition to

the requirementsof numerical atability.

There is a great deal of latitude in how the

viscosity coefficientsmay be determined for Phase

1. Governing the use of the input values of A and

u is the input quantity ~, an integer exponent used

in conjunctionwith p:. Three possible forma of

viscosity are allowed, depending upon the defini-

tion of ~:

(1) c = 1 will allow a read-in value of artificial

kinematicviscosity. The input values of A and v

must be chosen with regard to the numerical stabil-

ity requirement for expected flow conditions.
2

(2) ~ = O ia used when the input values of k and

p represent the real, physical coefficientsof vis-

cosity.

(3) E = -1 forces the code to seek its own vlscoa-

ity on the baais of local numerical-etabilitycon-

ditions in the flow. Note that the actual numerical

valuea of the input A and v are immaterialwhen

E 1..-

dividing

The

terme of

given by

and

where

when c =

directly

Only the ratio A/P will be considered for

the total viscosity between A and P.

effective A and P used in the viscous

the equationa are,

effj =kA
()
a

i
input

() j = ‘Vinput‘eff ~

in all three cases,

9

1 or O. Nhen ( = -1, k ia determined

from the numerical-stabilityrequirement

)L+21J >~u2

P 2
6t++u’ 6x2 .

We define

( )@+& +U; &+ ‘u6x)mx,
n

2
where & is a coefficient,u~ ia the square of a

representativevelocity at vertex
()
~ of the cell,

2
‘1 =

U2+V2): ,
(

and U’6X2 is approximatedby the maximum U6X of the

cell ti.meaa factor (l/n),

(u&x)_
U’6X2 - .

n

in which Ar and Az have the

average 6r and &z:

~msx (lUjlArjl~

usual definitions

.
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Ar=~(x2-x4+x1-x3) s

LL

Uae of ~ hsa removed

imsl 6t’a that would

low-densityregions,

times some quantity,

Az=~(yO-y4+y3-yl) .

the restriction for infinitea-

otherwise be required in very

aawhen~-lor-l, l=p

and p = p times come quantity,

.
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so that the conditionwe must satisfy for stability,

(A + 2u) tit <

‘rein

becomes

some quantity

and the dependence

()~6r2 622

2 C$rz+ .522 ‘

()thes ~t ~ ~ &2 822
9

2 6r2 -t 622

upon pmin has been entirely re-

moved. Moreover, for C = 1, k has been converted

to a kinematic form more convenient for artificial

viecosity in problems involving large density vari-

ations.

The AD term appearing in the Km, U , and IIe
YY

equations is calculated ae

as D is applied only in compressiveregions, that

ie,when it is negative.

With the viscous effects included through the

stress tensors, the crucial equation for determining

6tv is the etability condition

,t<[2@;q_L#+_LJ-1,
which roughly states that momentum muet diffuse

less than one cell width per time step. Because

(a + 2p) = $P + ~, the right side of the above ex-

pression is alwaye poeitive. Further, the alter-

nate node coupler in Phase 1 introducesanother

stability condition,which can be shown to alwaya

be

()

ANc s+ c 1 .
nc

Combining these two condition, we obtain

from which 6tv

&tv = tin

P: (1 - ANC) Ar2 AZ2
=

[

s
2 (Aeff)+ 2(ueff)]; (Ar2 + AZ2)

may be reset ae

(15tv, )Quantit#i ,

thue allowing every cell a chance to participate in

the selection.

As mentioned earlier, several criteria in

Phase 3 influence the choice of 6tc. One require-

ment is that material cannot be fluxed more than

one cell width per time step, as the flux approxi-

mations are baaed on the implicit assumption that

exchanges occur only between adjacent cells. There-

fore, 6tc must be based in part upon the quantity

[mu (IFRI,IFTI,]FLI \FBl)/Volume]~ ,

if the flow haa any Eulerian features. In

Lagrangian caees, Dfitcan provide the same measure

that fluxfvolumedoes for Eulerian cases, as both

‘u &t dimensions.expressionshave the appropriate~

Besides monitoring these two quantities, &tc

must take Into account the differencing scheme it-

self. It can be shown that for stabilitywe must

require

yL!J < 2U0
6X—’l+a:

in which U = Ufluid - u
grid’

the donor-cell proportion in

deecribed in Sec. I F. (The

and a. is a measure of

the mass equation, as

right side of the

above condition has Ite maximum when a. = 1.) For

accuracy, we reetrict the limit to only a quarter

of this amount:

oT%2“
o

Combining theee three conditions, then, yields the

crucial quantity

Quantity: =

for determining 6t :c

according to which we reset &tc, if necessary, by

on a cell-to-cellbasis, aa we did to calculate

6t (For computationalpurposes, the denominators
v.

of both the above and the previous “Quantit$’

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

iah.)

111. USING THE YAQUI PROGRAM

A. Mesh Generation

The generation of the initial mesh and fluid

configurationin YAQUI is the responsibilityof the

(1,0) subroutine,MESHMRR. This subroutinemust

provide the starting x, y, r, u, and v values for

all vertices, and P and I values for all zonea.

Data punched on input cards, described fully in Sec.

C below, provide MESHMKR the Informationnecessary

to perform this task for a variety of circumstance.

The first considerationis to define the co-

ordinates for all vertices. The input quantities

~, ~, 6r, and &z (= IBAR, JEAR, DR, and DZ in the

program) are the four fundamentalquantities in

grid generation. They permit creation of a grid of

uniform 6r by 6Z zonea whose origin, vertex (1,2),

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

fifth quantity yB (= YB), the y coordinate of ver-

tex (1,2), allowa the entire mesh to be displaced

upward. This is useful for calculationsinvolving

expandingmeshes. The initial, basic part of

MESSKKR generatea exactly this uniform grid.

The version of MESHMKR presented here further

allows the option of nonuniform zoning. As depict-

ed in Fig. 13, the previously generated grid lines

may be shifted vertically and horizontally,with

zone size increasing continuouslyoutside of some

remaining inner area of uniform zones. The region

of uniform zones occupies Iunifom (= IUNF) by

Unifom (= JUNP) zones, centered at JcenterJ

(- JCEN) zonea up from the j = 2 bottom boundary

line. IUNF and JUNF may range from values of 1 and

2, respectively,implying variable zones through-

out, up to values of IBAR and JBAR, implying uni-

form zonea throughout. The input coefficientFREZ

provides the expansion ratio for the zones lying

outside the IUNF by JUNF region. A relationshipof

the form xi = xi_l + FREZ (xi-l - xi_2) is used to

locate grid lines lying to the right of IUNF, above

JCEN + ~, JUNF
and below JCEN - ~ For accuracy,

FREZ generally should not exceed about 1.1. The

above expreaslonwill retain uniform zoning through-

out if FREz - 1.0. A simple program modification

would allow for different expansion rates in the

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

If variable zoning is employed (FRZZ > 1.0),

user calculationof YB would be inconvenient,so,

instead, the input quantity REZYO, which fa the

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

mines the vertical placement of the mesh. REZYO

refera to the YAQUI vertex (1, JCEN + 2), and

allows YAQUI to calculate the actual value of YB.

Although the variable zoning shown in Fig. 13

for this veraion of MESHMRR is of a simple recti-

linear form, we emphasize that neither the tech-

nique nor the code is by any means limited to this.

MRSHMKR may be modified easily to create any curvi-

linear grid, and, indeed, simple iterative tech-

niques
5
have been used in MRSHMKR to define a vari-

ety of more complex grid shapea for special appli-

cations.

With the basic grid (x, y, and r values) de-

fined, the second considerationis the initial u,

v, P, and I values to define the fluid. Input data

cards are read which define regions containing in-

tegral numbere of zones, and specify the initial
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values of the four variablee assigned to all zones

lying within each region. Use of these data cards

ia fully described in Sec. C below.

This version of M13SHMKRincludes the special

capabilityof setting up atmospheric-explosioncal-

culation. In this case, it createa an entire

background of ambient atmosphere through use of one

of the fluid-regiondata cards. In addition, p and

E values are initializedin the external or ficti-

tious zones, as the grid will later be expended In

the REZONE. MESBMKR then adjusts the uniform p

field of this ambient atmosphere to a state of

gravitationalequilibriumby use of an algorithm

thataccounta for nonuniform zoning.

When combining variable zoning with an equilib-

rium atmosphere, the u.vermust consider zone height

in relation to scale height. It is calculationally

inaccurateto allow a

scale height, and for

change in eign can be

Therefore, it is wise

(Y- uIab

6z<~

zone height to exceed one

zones larger than this, a

introduced into the p field.

to ensure that the condition

9

is satisfied throughout the mesh. In the abwe ex-

preeaion, Iab is the ambient specffic internal

energy. AS coded in this report, Iab (given b

REZSIE) iB a constant, but when atmospheric condi-

tions allow it to increase with increasingaltitude,

larger zones may be employed in the region of in-

creased I*. However, the above conditionmust

still be satisfied.

Upon the ambient background, the spherical

burst may be defined in any manner that the user

wiehes. 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-timedynamics. The cards are arranged in

relation to a set of uniform Eulerian zones, each

data card in the eet specifyinga 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, MESHMRR

creates only the upper right and the mirror-image

lower right quadrants, taking advantage of the

cylindricalsymmetry of the burst. The data are

superimposedover the previously defined ambient

atmosphere, overwritinga part of it that is re-

stricted to lie within the IUNF by JUWT area, whose

uniform zones are identical in size to those of the

one-dimensionalcode. (This restrictionwould 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 aa they are read in. After the entire set of

data cards haa been processed,MESHMKR can transform

the field through appropriate averaging to form a

vertex-centeredvelocity field.

Whatever logic the user chooses to employ in

grid generation,MESBMRR’S work is finished when all

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

fined and appropriatelystored. This information

enablea YASET1 to calculate the initial values of

the remaining basic cell and vertex quantities

@c, V, E, and Mv) in a straightforwardmsnner.

B. Rezoning

lhezonin~,which is grid motion relative to

fluid motion, occurs in any flow that is not purely

Legrangian. Indeed, purely Eulerian flow is a re-

zone flow, and is unique only in that the grid mo-

tion is such as to maintain the grid in a fixed

location. When rezoning occurs, there is a convec-

tive flux of mass, momentum, and energy from one

zone to its neighbors, which must be properly ac-

counted for. For fluxing accuracy, the grid veloc-

ities or the time step must be restricted ao that

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

is assumed in the equations that exchanges take

place only between neighboring zones.

These considerationsare dealt with in Phase

3, in which grid velocities, UG and VG, and from

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

determined. For the extremes of purely Legrangian

and purely Eulerian flows, these grid velocities

may be specified quite simply. In the Legrangian

limit, the grid velocities are identical to the

Lsgrangisn velocities resulting from Phase 2,

UG - UL and Vc = VL. In the Eulerianlimit,the

gridvelocitiesare identicallyzero. In YAQUI,

thesetwo casesare treetedin Phase3 in YAQtJ12

itself. The (2,0)subroutine~ZOWE is calledto
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define the grid velokitlea and the resulting coor-

dinates for any flow that ia neither of these two

extremes. This “roll your own” subroutineallows

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-explosioncalculation.

It is a good example becauae 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 qand-

ing shock,

(2) Themesh muat 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 zon%ng discussed in Sec. III A and

shown in Fig. 13 can provide a good beginning for

this laat aspect.) The following briefly explains

how REZONE meets these three objectives in this

version.

(1) The mesh expansion is controlledby monitoring

the largest absolute ~ or VL fluid velocity (u_)

along a column or (VU ) 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 ~ or VL velocity (Vmax)

in the entire grid:

(Uc)i=l= O for all j,

[ 1
(uG)i=lpl- Vwx (Um=) ~=~-6 % for all j,

[
(vG)j=2- vu (v-)j+]%for all i,

[‘vG)j=JF2“ ‘max 1
(vu) j=j_14 ~ for all i .

(2) The overall upward rise or translationalveloc-

ity (VT) of the mesh can be determinedby tracking

the rising maximum point of some representative

feature of the flow. We have found that the

vorticitywill 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 the, developing a vertically

elongated plateau of the larger values. Upon this

plateau, the maximum point itself may move around

significantlyfrom cycle to cycle. If the grid

translationis tied to such a shifting point, the

result is discontinuousup 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 successfullyis based upon the quantity

Yc =xYk o-@~,which iS su~ed over all -115

k k

except those near the rigid boundaries. Then VT is

calculatedas

[ 1$-iG(y-y )
c cen

‘T
= maximum of O, —

6t 2 ‘

where ycen is the y coordinate about which the fire-

ball should be kept centered, and S2Gis an under-

relaxation factor used to ensure smooth rezoning.

(3) The technique for rezoning the interior grid

lines alao makes use of the center of maximum vor-

ticity, requiring the radial center,

‘c=D5/’k/Dk , as well as the vertical Yc,

k ‘k

to move. The interiorvertices are then made to

satisfy the relations

-~n
ii
i2 ( ‘i+l + ‘xi-l)+ ‘G (xc - ‘x,) ‘or all j’

and

●✌✎
☞✎✎

●✎✍✎✎
✎✎

b

.-

~~ n
;j 2 ( Yj+l+ “,-J+ ‘G (Yc- “j ) ‘orall “
where the coefficient 6G determines how tightly the

vertices are drawn in towards the center of vortic-

ity (Xc,yc),and thereforegoverns the level of

resolution In the fireball torus.

In terms of grid velocities, these results are

obtained by setting

‘G
(uG)i=~(;i-nxi) forallj,

.

.
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and
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‘“G)j (‘z ~j )
- ‘yj +VT for all i.

The minimum zone size is related not only to

the value of %, but also to the value of ~. For

a given I, it is helpful to be able to estimate a—

=an appropriatevalue for BG to achieve some

desired level of resolution. ‘l’herelationshipcan

be shown to be

2f3F5
&rmin ~ s

(1 + !3G+ B@ - (1 + ~G - f3F)7-1

where fir~in is the minimum 6r after relaxation of

the grid, ~ ia the x coordinate of the right bound-

ary after all grid expansion haa taken place, and

.t3F=
(
213G+ 0:)+. The procedure is to obtain aolu-

tiona for various values of 6G, but the final 6
G

choeen as optimum for a given problem will probably

differ slightly from the value auggeated 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 somewhatmore general

than the preceding part. New values of x, y, and r

are calculated for all vertices, using the values

of u
G
and vc, in expressions identical to those in

Phase 3 of YAQU12. 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) SubroutineFIIMC$3is called to adjust all the

film-plot scaling parameters,and finally,

(3) The PL values in the exterior zones are recal-

culated using the new coordinates.

c. The Input Data

Formatted input data cards provide the infor-

mation necessary to specify a problem setup. The

number of cards required varies according to the

problem. However, the following cards must always

appear.

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

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

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

IBAR = ~, the number of real zones in the r

or x direction.

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

y direction.

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

allow one form of variable orthogonal zoning in the

initial grid generation. Refer to Sec. III A and

to Fig. 13.

IX/= dr, the cell size in the r or x direction

in the uniform region.

DZ = &z, the cell size in the z or y direction

in the uniform region.

(Note: The user may wish to completely override

the specificationsof IUNF, JUNF, JCEN, DR, and DZ

in MESHMXR.)

CYL =

GRDVEL =

AO =

AOM =

BO =

I(XI =

Card No. 2:

Card No. 3:

1.0 for cylindrical geometry, or =

0.0 for plane geometry.

“grid velocity,” 0.0 = pure Eulerian,

1.0 = pure Lagrangian, 2.0 = REZ@JE.

a. coefficient in the Phase-3 momen-

tum equations.

a. coefficient in the Phase-3 mess

and energy equations.

60 coefficient in the Phaae-3 mess,

energy, and momentum equations.

~, che exponent of P that determines

the form of viscosity in the problem.

Refer to Sec. 11 F.

w (Format 10A8), where columns 2-80

of this card are used for problem

identificationon 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.

MU, I.AM,@l, EPS, GR, GZ, ASQ, R~N,

GMl (Format 9F8.3), where:

Mu=u

I

input vi5c05ity cOefficienta. Refer

LAM=a
to Sees. I D and II F.

input
QIM = u, the’Phase-2 iteration relaxation

parameter. The value III> 1 provtdes

overrelaxation,whereas (u> 2 is un-

stable. Refer to S,ec.I E.

EPS = E, the Phaae-2 iteration convergence

criterion, typically on the order of

10-5 (specifyingconvergence to with-

in 10-5 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.

Kr, gravity felt by the fluid in the

r or x direction,which may be + or

- to pull rightward or leftward, re-

spectively.

gz, KravitY felt by the fluid in the

z or y direction,which may be + or

- to pull upward or downward, reapec-

tively.

The quantitiesASQ, RflN,and GM.1are applicable to

the stiffened gas equation of state, which appears

in the code version of this report.

ASQ =

I@ =

CMl=

2
a , the zero-temperaturesound speed.

PO, normal material density,

(y-l),where y ia a constant charac-

teristic of the gaa, becoming the

ratio of specific heat at constant

pressure to the specific heat at con-

stant volume, y = Cplcv, if the gas

is truly polytropic.

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

REZRdN, 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. III A.

I
REZUE Available for uae in REZONS to specify

REZVE grid expansion (Ue,Ve)and translation

REZVT (VT) velocities, if these velocities

are constant.

REZRON = the PO of the ambient atmosphere at

altitude REZYO at t = to.

REZSIE = the specific internal energy of the

ambient atmosphere. In the code

listing in this report, REZSIE la a

value that remains constant in space

and time.

Card No. 5: IBP, JBP, PDR, PDZ, PYB, GZP, IM@lX

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

supplles the parameters for the op-

tional particles described in Sec. 11

E.

IBP = ~

/

If no particles are to be
particles

used, set IBP = O. Then

the rest of Card No. 5 ia

JBP = ~
particles

unused, so proceed to

Card No. 6. For particle

PDR

PDZ

PYB

GZP

.

.

.

.

11’@lx =

Card No. 6:

T=

DT =

T20MD =

TLIMD =

.

TWFIN =

usage, IBP and JBP are the ? and ~ of

the particle overlay grid. IBP s lBAR,

and JBP s JBAR.

Ax the (uniform)Ax and Ay of the

Iparticle-gridcells. See Fig. 11.

Ay In variable-zonedmeshes, these

values are calculated automatically

in the setup. Similarly, PDR and

PDZ are recalculatedby REZ@NE. In

both placea, the code version pre-

sented here “stretches”the parti-

cle grid to just cover the farthest

points on the bottom, top, and

right edges of the YAQUI grid.

YB the displacement of the
particlea’

particle-gridlower edge measured rel-

ative to YB. To superimpose exactly,

set PYB = 0.0 and allow the code to

adjuat the particle grid automatically,

as described above.

gz felt by the particles,which may or

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

1.0 for the momentum-exchangeoption,

= 0.0 otherwise.

T, DT, T20MD, TLIMD, TWFIN, LPR, IC@L@R

(Format5F8.3, 214), where:

to, the problem starting time, usually

zero.

6to, the initial &t. The first cycle

is automaticallyrun with 6t = &to/IO,

then the second and third cycles are

run with &t = &t From cycle 4 on,
o“

the 6t is chosen automaticallyas de-

scribed in Sec. 11 F.

1.0 to force tape dumps every 20 min

of central processor (CP) time for

restarting purposes, or = 0.0 to by-

pass this option.

1.0 to force a tape dump and RETURN to

the (0,0) overlay just before reaching

the CP time limit specified on the J@B

card; > 1.0 to force tape dump snd RE-

TURN immediatelyafter cycle O output;

0.0 to run out to a full time limit

with no tape dump.

problem finish time. When this is

reached (t z TWFIN), control will RE-

TUIW to the (0,0) overlay.

,
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(Upon RETURN to (0,0) for either the

TLIMD or TWFIN condition,the (0,0)

main program YAQUI searches the in-

put queue for further tasks.)

LPR = Printing Control, where:

-3

ICgL@R

Card No. 7:

Card No. 8:

0 - movie

microfilm

both film

prints on

described

> 0 plots

option, 1 = zone prints on

only, 2 = zone prints on

and printer, 3 = zone

printer”only. These are

more fully in Sec. III D.

particles in red, and any-

thing elee on film in white, obvi-

ously effective only with color pro-

cessing. IC@L@R c O implies normal

black-and-whiteprocessing.

(DT@(N),N=1,1O) ie used in conjunc-

tionwith

(DT@C(N),N=1,1O)

(both are Format 10F8.3), where

DT@n specifies the problem-the out-

put interval for both plots snd

prints, IY@Cn specifies the time at

which to change to DTan+l. As an ex-

ample, assume that t is in seconds,

and that output is wanted every 1/4

sec for the firet second, then every

1/2 sec up to 4 sec of problem time,

then every 1 sec until t = 10, then

every 2 eec until t = 50, and every

10 aec until t = 200. One would use

DT@ (1-10)= 0.25, 0.5, 1.0, 2.0,

10.0,

DT@C (1-10) = 1.0, 4.0, 10.0, 50.0,

200.0.

To keep the output time intervalfix-

ed throughouta run,specifyDJX3(1)

= (interval)and DT@ (1)> TNFIN.

(Note: When an output time is being

approached,the automatic &t routine

will choose a special &t for one cy-

cle so that the output occurs at the

precise time desired).

The abwe 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 regtons. Because these regions

vary with the problem geometry, the number of cards

in the rest of the input deck vsries 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-regioncard, to be

expected~ if IBP > 0 on Card No.

5. One card of the above format must

be provided for each discrete particle

region in the mesh. In the present

version of PARTGEN, a particle region

WY be one of two shapes -- cylindri-

DRPAR

DZPAR 1

xc

Yc

XD

YD I

cal or spherical (rectangularor 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 spec%fy 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 identicallyzero to en-

able PARTGRN to distinguish ft from a

cylinder. YC specifies the position

of the center, measured up the axis,

and XD specifies the sphere radius.

Note that the y dimensions are de-

fined relative to y = 0, not relative—

to the bottom of the mesh. (This was

allowed so that particles might origi-

nally be placed outside an expanding

mesh, but the user should not try to

move any particle while It ie etill

outside the mesh, as the present logic

in PARTM@I assumes that all particles

lie within the mesh.)

Particle spacing in the r or x and z

or y directions, In problem units.

Particle-region

units, relative

See Fig. 14.

dimensions in problem

to x= O and y = O.
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CYLINDER (OR RECTANGLE)

Fig. 14. Particle-regionshapes available in
are measured from x = O and y = O.

UPARIInitial u and v velocity components for

VPAR the partlclea in this region; will be

0.0 for true marker particles.

MTE Mess per particle = MTE*r Use
particle”

MTE = 0.0 for markers.

DRAG Drag coefficient,n, for these Parti-

cles. Use DRAG =lO1o formarkers.

Particle-regioncards are processed individually,

and the number of particle regions is unllmited.

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

region cards terminateswith the final card having

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

Therefore, the number of particle-regioncards in a

YAQUI deck is either zero, or two or more.

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

clea are used, however, then this card—

follows the DRPAR = 0.0 card: NE, NR,

NT, NL, UI, VI, R@, SIEI (Format414,

4F8.3). This is a fluid-regioncard,

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 dhen-

aiona (NB, NR, NT, NL) are given in

integer numbers of celle to emphasize

that the four corners of the region

must coincide with cell vertices.

Thus, NL and NB epecify how many cells

in from the left and up to the vertex

r
Yc

= 0.0
UNUSED)

I ~y.yEj

-+- —— . . y=o ———–
SPHERE (OR CIRCLE)

PARTGEN. Note that the named dimensions

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

where the lower left comer 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 zonea that will be included in the re-

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

bient background, set NL = NB = O, NR = ~, and

NT-3.

NE

NR

1

numbers of zones (integersonly). Refer
NT

to Fig. 15.
NL

UI = u.] the initial velocity components to
1.

VI = VI
t
be assigned to all vertices in the

fluid region.
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R@I = pl

)

the initial density and specific

SIEI = SIE internal energy to be assigned

to all zones in the fluid region.

Fluid-regioncards, like particle-regioncards, are

processed individually,and the number of fluid re-

gions ia SISO unlimited. The version of MEsRMKR

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 terminateswith the final card having NR = O

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

imum of two flu%d-regioncards must be present in a

YAQUI deck.

To aet up an atmospheric-explosioncalculation,

as described in Sec. III A, the final NR card (fol-

lowing the ambient fluid NR card) has NR = 1000,

instead of NR = O, 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

csrd, and contains I, JJ, R@I, 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 ia relative to the definitionj = 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 eet terminatingwith a card having I = O.

This completes the discussion of the input

data cards. The final card normally placed at the

end of the input deck is in reality the first card

for the next problem. The first quantity on Card

No. 1 is IBAR, and its value determines the action

to be taken by YAQUI. If IBAR > 0, it ia valid for

use as ~, and YASET is called. The value IBAR = O

indicatesa tape restart, and IBAR < 0 indicates

that the end of data has been reached. Thus a neg-

stive IBAR card is the appropriateway to terminate

a deck, and hence, the run.

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

The YAQUI output is in the usual two forma--

visual informationon microfilm or motion-picture

film, and printed informationon microfilm or fan-

fold paper. Both forma are automaticallyprovided

at cycles O and 1, and thereafterat intervals

specified by DT@ and DT@C in the input data. The

microfilm plots are generally the most useful

output, and they are made on the 111 FR-80 or the

S-C 4020 C@M (computeroutput microfilm) devices.

Six plots are provided in the basic code version:

particlea, zones, velocity vectors and contours of

deneity (isopycnics),interml energy (isotherms)

and vorticity.

The particle plots are made by plotting the x
P

and y coordinatesof all particles, and are pro-
P

vialedautomaticallywhen particles are used.

The zone plot is included for all Lagrangian

or REZ@IE runs (GRDVEL> l.). For purely Eulerian

calculations (GROVEL= O.), the zone plot is pro-

vided only at cycle O. The labels of minimum and

maximum ~r and 6Z on the zone plot are really un-

ambiguous only for orthogonal grids. The general

form used in their calculationwas intended to make

the labels meaningful for slightly distorted grids.

The velocity-vectorplot shows the direction

of fluid flow and the relative magnitude of the

velocities. Vectors are plotted originating at

each vertex, denoted by a “+,” and have a length

and direction proportional to the vertex velocity

components. If (Xl,yl) are the coordinates of ver-

tex (i,j), the coordinatesof the vector end point

(X2,Y2) are given by

j (DR@) ,
‘2 ()

.Xl+ u
i

and

Y~ j (DR@U) ,
()

=yl+vi

where DR@ is a scaling coefficientdefined aa

()‘i-IPlDR@J = (O.9) (VELmx) — .
T

This coefficientis recalculatedwhenever a veloc-

ity-vectorplot is drawn, and it scales the length

of a vector drawn for the largest u or v velocity

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

‘he length ‘f ‘he average ‘one (xi=IpI./Y)o‘his
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

crestes plots for any cell-centeredquantity stored

in CQ, and they are composed of connected vector
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aegmenta 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. Logarithmicplots

are more useful for atmospheric studies and are

provided for the iaopycnicsand isotherms,whereas

the vorticity plot is linear.

The printed informationconsists primarily of

a listing of the principal field variables over

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

g= t: 1: ytiti: i, j, ~, ~, u:, +, 1:,

P~* Vis iv vi, and p% for the zone or ita lower

left vertex.

A

and it

T

CYc

DT

GRINDS

two-line short print is provided every cycle,

contains the following 13 quantities;

is the current problem time.

is the current cycle number.

is the current 6t.

= 6CP/(?*~), the elapsed central processor

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

vided by the total number of zonea. The CP

time per cell per cycle is a useful indica-

tor of the code~s computing efficiency.

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

ities near the rigid mesh boundaries, in-

tended primarily for atmosphericcalcula-

tion. Interaction of signala 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 &tv calculated during the

previous cycle, in which

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

that limits ~tv most severely.

DTC is the competing 6tc, and, similarly,

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

that limits 6tc most saverely.

For either 6tv or ~tc, if the printout indicatea

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

next time step, 6tv = fStc= (6t) (&tfac),ia smell

enough to satiafy the stability and accuracy re-

quirements at every point in the mesh.

The short print ia provided on fanfold paper

regardless of the LPR setting, and on microfilm if

LpR=lorLPR=2. LPR primarily controls the

deatinatlonof the full zone prLnts, where:

34

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 = O, no informationis 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 6t constant, and

set DT@ = &t or 26t. The code is eaaily 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 Fileaet 8 in the

control region under influence of the quantities

T20MD and/or TLIMD, as described in Sec. III C. The

quantitiesdumped are the contents of the SCM common

YsC2, the LCM block YLC1, and, if particles are used,

the L(24block YLC2.

A tape restart ia performed by ataging in the

dump tape as Fileset 7. The input deck consists of

an IBAR = O data card, where JBAR = the dump number

on the tape and is used as a check.

F. IncompressibleFlow Calculations

Conceptually,the YAQUI code in this report

should be able to calculate a truly incompressible

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

vaatly greater than the fluid speed. Practically,

however, the code should be slightly modified to

render it suitable for handling such calculation.

The equationswe use are intended for flows contain-

ing compressibilityeffects, and they, indeed, dif-

fer from those we would choose for a fully incom-

pressible flow technique.

In incompressibleflow, variations in I can be

neglected unless buoyancy effects are i.tnportant,

and as P is essentiallya constant for each fluid

element, the mess equation reduces to the require-

ment for vaniahing velocity divergence. Using an

equation of atate is thereforeunnecessary,becauae

the changes in pressure ariae aa a direct consequence

of the dynamics. In YAQUI, however, the equation of

state ia inherent: Phase 2 assumes it through the

appearance of C2, and the equation of state ia used

directly to update pL into the new
n+l

p, to account

for p changes that occurred in the Phase-3 convection

Nevertheless,tbe implicit treatmentl should still

enable YAQUI to handle incompressibleflows. 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 (Lsgrangian)iterativephaae, where we compute

pL from an equation that leaves f5t2errora. The

second ariaea in the convective flux calculation,

which la treated explicitly in Phase 3. l’hiein-

troduces nonzero valuee into the velocfty diver-

gence and, consequently,allows the densities to

change. The third arlaes in the internal energy

calculation,in which the nonvenishingvalues of

V.; introduce fluctuation into the internal energy

field. When the overall level of Internal energy

is high, these fluctuationsare reflected in large
n+l

variations of p, which cannot be efficiently

corrected in the subsequent pressure iteration. As

a solution to the problem, we have bypassed the

equation-of-etatecalculationafter cycle O, and

instead used
n+l

P = PL in incompressibleflowa.

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 requirementao We cannot run with the

limit of E = O in Phase 2, but rather use a value
-5

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

ative errors of that order h PL.

These conaiderationacan be illustratedwith

the stiffened gas equation of state, appearing in

the code version of this report. For this, ‘p is

given by

‘p= Wp - Po)+(y - ~)npn’●

The incompressiblelimlt can be deecribed by a2 + %

‘forcingthe (Y - l)PI part of the equation to be

negligible, or by I + CO. Because true @ cannot be

used on the computer, we might choose, say,

a2 = 101°. Even this less-than-infinitea2 is

large enough to magnify any slight p errora into

appreciablevariation in the p field.

To implement the ‘+lP = pL logic ‘n y*QU=~

the storage requirementsmust be considered. Ex-

SLdnstion of ‘ig. 9 ‘evale ‘tit pLJ ‘n ‘torage

word 11, Is not saved in Phaae 3. The atiplest way

to preaeme PL throughout the cYcle ‘a ‘o create a

15th word of storage and store PL ‘n ‘t after

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

n+l
p can be set from it quite easily. Note that

then one must aet NQ = 15.

The standard Phase-2 treatment is to bypaaa the

updating of the vertices of any cell whose 6P satis-

fies the convergencetest, the argument being that

the slightly Improved accuracy ia generally not

worth the extra computer time required to obtain it.

When using
n+l

p = pL, however, it becomes more appro-

priate to update the vertices of all cells, whether

or not the convergenceteet was satisfied.

G. The C@lMf?NBlock YSC2

The following liet provides the names, descrip-

tions, and aourcea of all quantities in the SCM

C@Q4($NYSC2 in the (0,0) overlay. l%ia C(6MFW)Nis

of fundamentalimportance in communicationbetween

the various overlaya and their subroutines. It con-

tains all the SCM-baaed information that must be

maintained from cycle to cycle, and it is the SCM

portion of the tape-dump data.

The sources in the list are keyed to the fol-

lowing symbols:

I=

o=

L=

F=

s-

P=

2=

R=

Multiple

Supplied as part of the standard input

data. The parenthetical symbol that fol-

lows I specifieswhere this quantity is

read.

(O,0) Main Overlay

(0,0) Subroutine Ld@P

(0~0) SubroutineFIIMC@

(1,0) Subroutine YASET1

(1,0) SubroutinePARTGEN

(2,0) SubroutineYAQU12

(2,0) SubroutineREZ@?E

sources indicate that the quantity la re-

t. calculated.
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NAME

AA

ANc

ASQ

AO

AOFAC

ACM

BO

c@MU

CYL

DR

DT

LYIc

DTFAC

DTGR

DTGZ

DTGZP

E@

DTflC

DT@16

DTg2

DT@4

DT08

DTP@S

DTV

DT8

DZ

EMlo

EPS

FIBP

FIPXL

FIPXR

FIPYB

FIPYT

FIXL

FIXR

FIYB

FIYT

FJBP

FREz

GGKl

GMl

GR

GRDVEL

GZ

GZP

DESCRIPTION

Dummy word, always the first word in the C@MflN.

~c, alternate node-couplercoefficient.

a=, the zero-temperature8ound apeed for the stiffened gaa equation of atate.

ao, determines Phaae-3 momentum differencingform.

aoM/[2k+aoM?l
, used in calculating 6tc.

a , the a used in Phaae-3 M and E calculation.
OM
8., determ~nes Phase-3 differencing form, used with a. and aoM.

(1 + E)/(A + 2v), used in Phase-1 viscosity-coefficientcalculation.

= 1. if cylindricalcoordinate, = O. if plane coordinates.

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

6t, the time step, subject to automatic recalculation.

6tc, competing 6t based on Phase-3 convective flux and divergence considerations.

Initial 6tv and 6tc each cycle are given by 6tv - &tc = (6t) (6tfac).

6t*g .

6t*gro

6t*g:p.

Problem the interval between outputs (plots and printa).

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

dtl16.

6t12.

6tf4.

6t/8.

6t possible for the cycle, but actual &t may be reduced to adjust to output time.

6tv, competing &t based on Phase-1 viscous-stressconsiderations.

~t*8.

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

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

E, convergencecriterion for the Phaae-2 iteration.

Floating-pointequivalent of ?P.

Floating-pointframe coordinate for left edge of particle plot.

Floating-pointframe coordinate for right edge of particle plot.

Floating-pointframe coordinate for bottom edge of particle plot.

Floating-pointframe coordinate for top edge of particle plot.

Floating-po%ntframe coordinate for left edge of regular plots.

Floating-pointframe coordinate for right edge of regular plota.

Floating-pointframe coordinate for bottom edge of regular plots.

Floating-pointframe coordinate for top edge of regular plots.

Floating-pointequivalent of ~ .
P

Zxpansion coefficient for zoning; = 1.0 if uniform throughout.

Y(Y-l), in which Y ia the equation-of-atatespecific heat ratio if the gas is truly

polytropic.

(y-1).

g=, f3ravitYcomponent in the r direction,~.

= O. if pure Eulerian, = 1. if Legrangian,= 2. If REZONE.

gz~ 8ravitY cmponent in the z direction,~.

I?zp,gz felt by the particles. May be equal to GZ.

SOURCE

--

s

1(S)

1(0)

s

1(0)

1(0)

s

1(0)

1(0)

1(s),2

2

2

2

2

2

I(S)

I(s)

2

2

2

2

2

2

2

I(0)

s

I(s)

P

F

F

F

F

F

F

F

F

P

I(S)

s

I(s)

I(S)

I(0)

I(s)

I(S)

. .

x-

. .

.-

-.

1-

b

.

.
.

,- -

.
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NAME

1

IBAR

IBP

IBP1

IC@L@R

IDTO

IJ

IJM

IJP

IJPS

IMf5ME3

IM@Nz

IMl

IM6

IPAR

IPZL

IPXR

IPYB

IPYT

IP1

IP2

ISCF1

ISCF2

ISC2

ISC3

ITv

IUNF

IZL

12S

IYB

ITT

J

JBAR

JBP

JBP2

JCEN

JM1O

JM14

JP1

JP2

JP4

JP4@2

JuNF

JuNF02

KXI

IAM

DESCRIPTION

Index i. In C@MflN because of ENTRY SETIJ in L@@P.

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

?
-e

, the number of particle-gridzones in the r direction.

Ip+l, index of rightmost column of particle-gridvertices.

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

Index for DT@ and DT@C tables.

Index for cell (i,j), initializedby Lo@P.

Index for cell (i,j-1),initializedby LOOP.

Index for cell (i,.j+l),initializedby L@@P.

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

IM@Ei*1000,forces resetting of J in statementNo. 2020 in PARTM@ if IM@lZ = 1.

= 1 if particle-fluidmomentum exchange, = O otherwise.

I-1, index of next-to-lastzone or vertex in column.

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

L@CF(AA2), the addreas 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.

7+1, index of rightmost column Of grid vertices.

?+2, index used in reversed Da loops.

IsC2-NQ, the relative first word address (f.w.a.)of i = ~ + 1 zone in SCM buffer row

1/3.

ISCF1 + NQI, the relative f.w.a. of i = ~ + 1 zone in SCM buffer row 2/3.

NQI+l, 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 ~ + 2 row in UN storage.

%NF ‘
the number of zones with uniform initial &r (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 C@@lflNbecause of ENTRY RIR@W and WIR@W in L@$P.

~, the number of interior fluid zonea in the z direction.

5 the number of particle-gridzones in the z direction.
-P‘
JP+2, index of the topmost row of particle-gridvertices.

Number of zones up to center of uniform-gridregion.

3-10. In ueual large grids, this row is down from the top.

~-14. In usual large grids, this row la down from the top.

~+1, index of topmost row of interior zones.

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

~+f+,index used in reversed D@ 100pa and in LCM clearing.

(~+4)/2,j index at midpoint of full YAQUI grid.

‘UNF‘
the number of zones with uniform initial 6Z (DZ).

‘UNF
/2 uniform zones lie above JCEN, and J~/2 lie below.

~, the p exponent that determines the viscosity form.

A
input

viacoaity coefficient. A real number.

SOURCE

--

1(0)

1(S)

P

1(S)

S,2

L

L

L

L

P

1(s)

s

s

P

F

F

F

F

s

s

s

s

s

s

s

1(o)

1?

F

F

F

--

1(0)

1(s)

P

I(O)

s

s

s

s

s

s

1(0)

s

I(o)

I(s)
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NAME

LJP2

LPB

LPR

MU

NAME

NCYC

NLc

NPs

NPT

NQ

NQI

NQIB

NQ12

NSC

NUMIT

NUMTD

014

@iANc

@MCYL

OMEMlo

OPllllo

PDR

PDZ

Pxc@V

PXL

PXR

PXRP

PYB

PYBM

PYc@V

PYT

PYTP

RDT

REZR@

REZSIE

REZUE

REZVE

REZVT

REZYO

RIBAR

RIBJB

RIBP

RJBP

R@lFR

R~N

RPDR

RPDRDZ

38

DESCRIPTION

First word addrees 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. SCMrow.

Determines output options of film and printer.

‘input
viscosity coefficient. A real number.

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

Number of calculationalcycles completed.

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

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

Total number of particlea generated.

Number of quantities,or storage words, per cell.

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

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

NQI*2, the number of worda in two full rows of zones, for PARTM@J.

Number of worda in thla SCM C@4t$N, for tape dump.

Number of iterationsrequired for Phase-2 convergence.

Number of the next tape dump.

u, the Phaae-2 iteration relaxation parameter.

(l-aNC),used in 6tv calculation.

(1-CYL),used in calculatingr from x.

(l-lO-lO).

(l+lO-lO).

The uniform Ax of the particle grid.

The uniform Ay of the particle grid.

Frame-conversioncoefficient for particle-plotx direction.

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

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

pXR*g)PEMIO,test comparand in particle-gridmapping.

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

PYB*(5MEM.10,teet comparand in particle-gridmapping.

Frame-conversioncoefficientfor particle-ploty direction.

Y coordinateof top edge of particle grid, in problem units.

pyT*q)pEMIO,teat comparand in particle-gridmapping.

l16t.

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

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

Grid-expansionu velocity, available for REZ@E use.

Grid-expansionv velocity, available for REZ@E use.

Grid-translationvelocity, available for REZ@E use.

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

Reciprocal of ~.
--

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

Reciprocal of ~p.

Reciprocal of Jp.

Reciprocal of (1.-FREZ).

PO, normal density for

Reciprocal of &.

Reciprocal of (Ax*Ay).

equation-of-atateuse.

SOURCE

s

P

I(S)

I(s)

I(S)

S,2

s

P

P

o

s

s

P

S,2

2

S,2

I(S)

s

s

s

s

S,P,R

S,P,R

F

F

F

F

S,F,R

F

F

F

F

2

I(s)

I(S)

I(S),R

I(S),R

I(S),R

I(s)

s

s

P

P

s

I(S)

F

F

. .

. .
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-.

-.

-.

-.

s

.
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NAKE

RPDZ

T

THIRD

TLIMD

T@JT

TNFIN

T20MD

w

xc@v

XL

XR

YB

Yc@Nv

YT

Zz

DESCRIPTION

Reciprocal of Ay.

t, the problem time.

1./3.

= 1.0 to force a tape dump & N17JRllbefore time limit.

The next output time for plots/prints.

Time-When-to-Finish: calculationcompletedwhen t > TWIN.

= 1.0 to force tape dumps every 20’ CP time.

Velocity-vectorplot-scalingcoefficient,= 9/10 average 6r.

Frame-conversioncoefficientfor regular plots, x direction.

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

X coordinate of rightmostvertex of the grid, in problem units.

Y coordinateof bottommoatvertex of the grid, in problem units.

Frame-conversioncoefficientfor regular plots, y direction.

Y coordinateof topmost vertex of the grid, in problem units.

Dummy word, always the final word in the C@@N.

SOURCE

F

1(S),2

s

I(S)

S,2

I(s)

I(S)

F

F

F

F

F

F

F

--

Iv. SOME CALCULATIONALEXAMPLES

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 examplea.2

The flexibilityof the Arbitrary Lagrangian-

Eulerian approach is illustratedIn the calculation

of a one-dimensionalshock tube, performed first in

a Legrangian fashion, and then with a full Eulerian

rezone. This example is followed by sequences at

very early times from three calculationsof a low-

altitude explosion, first Lagrengian,next Eulerian,

then with the REZONE subroutine as presented in

this report.

The versatility of the YAQUI particle tech-

nique is illustratedat 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 calculationsin which the particles

govern the fluid dynamics through the momentum-

exchange feature.

Finally, we present listed results from a

particle-fluidmomentum-exchangecalculation,for

those readers who may find a benchmark calculation

useful.

Detailed discussions of various YAQUI calcula-

tions will be presented elsewhere,end no attempt

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

sults.

A. One-DimensionalShock Tube

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

lected from a series of one-dimensionalshock-tube

test cases; although they do not necessarily repre-

sent the best that YAQUI can do for this problem,

they clearly demonstrate that satisfactoryresults

can be obtained in both the Lagrangian and Eulerian

limits. The figures show the profiles (heavy lines)

of velocity, pressure, specific internal energy, and

density from a pure Lagrangian (GRDVEL= 1.0) calcu-

lation and then a pure Eulerian (GRDVEL= 0.0) cal-

culation of a 2:1 density-ratioshock tube, along

with the theoretical solution (lighter lines) to

the problem.
3

The calculationswere 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 = 62 = 1/3, the viscosity coefficientswere

A = 0.002 and p = 0.0, and, in addition, the gas was

polytropicwith y = 5/3. The Eulerlen shock tube

was run with full donor-cell differencing

(ao=aoM=l.O, 130=0.0). At t=O, the diaphragm

separating the two fluid regions was instantaneously

rammed, 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,6t 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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LAGRANGIAN SHOCK-TUBE

0.10–

0.08-

~ 0.06-

~ 0.04—
w
> 0.02–

o
I I t I

0.024

0.022 –

:0.020 —

~ 0.018 –

%0.016 —

0.0 I4 –

0.0 I 2 –

, , I , I I
1

0.2I –
●

0.20 –

0.19 –
\

O.IB

0.17–

0.16-

0.15–
t I I I

0.20

0.18–

Q16–

0.14–
I

0.12

0.10[

Fig. 16.

20 to 30

~.
o

x

One-dimensionalYAQUI Lsgrangian calcula-
tion of a Z:I-density-ratioshock tube.

aec of CDC-7600 time to mn to t = 15.0,

producing plots and prints every unit of time.

B. A Low-AltitudeExplosion

These examples demonstrate three distinct ap-

proached to the treatment of grid motion in a typ-

ical low-altitudeexplosion calculation. The sets

of six plots in each of Figs. 18, 19, 21, 23, and

24 represent the marker particles, computingmesh,

and velocity vectors (top) and isopycnic, isotherm,

and vorticity contour plota (bottom).

Figure 18 ahowa the various plots at time

t = O, immediatelyafter auperpoaing the explosion

density, energy, and velocity data, which were pro-

vided by a one-dimensionalspherical code, onto a
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EULERIAN SHOCK-TUBE
,

0.10–

0.08 –

~ 0.06 -

~ 0.04 –
u
> 0.02 –

o

, , 1 0 , I I

0.024

0.022 –

~ 0.020 –

3HO.0113 –

%0.016 –

0.0 I4 –

0.0 I2 –
(

l“’,’’’,’, ,,’,’1
0.2 I –

0.20 –

0.19 –

L

0.17 –

0.16 -

‘“’5P—————4
0.18

0.16

0.14
F

0.20

\

0.12

0.10 [
L+-+-&J
o 20

x

Fig. 17. One-dimensionalYAQUI Euleri.ancalculation
of a Z:l-density-ratioshock tube.

uniform 26 by 52 cell YAQUI computing grid that al-

ready contained an appropriateambient background.

‘l’hisprocedure was described in Sec. III A. ln the

particle plot, the explosion debris is represented

by a hemisphere of particles, surroundedby 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 aa 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 aeconda of problem time.
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Fig. 18. YAQUI low-altitudeexplosion calculationat t = O. The six plots represent the marker particles,
computingmeeh, and velocity vectors (top) and iaopycnic, isotherm
(bottom).

, and vorticfty contour plots



Figure 19 shows the same six plots at t = 1

sec from a calculationof this problem in which the

interior vertices were allowed to move in a purely

Legrangian fashion (GRDVEL= 1.0). The rigid walls

of the computingmesh 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 baaic 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 reeolutlon ie given

to the shock front, than in the Lagrangian Calcula-

tion. As in the Lagrangian calculation,the walls

are rigid, and the t = 2 and t = 3 aec velocity-

vector plots of Fig. 22 show the same strong wall

reflection aa did Fig. 20.

In reality, the edgea of an atmosphericregion

are not rigid walls, ao to calculate such an atmo-

spheric explosionbeyond the firat two or so aec-

onda, with this degree of resolution,would require

one of several possible alternatives:

(1) Avaatly larger computingmeeh could be used,

but thfa obviously fs not economical in terms of

computer storage and time requirements.

(2) Continuativeoutflow boundarieswould allow

the strong radially expanding shock to leave the

system with a minimum of upstream diaturbsnce,but

the subsequent rise of the explosion debris sucks

material up behind it in the central column, caua-

ing the bottom and right walls of the mesh to be-

come inflow boundaries. Appropriate inflow condi-

tions are difficult to define, suggestingagain a

larger ccmputingmesh to avoid this difficulty.

(3) A third choice, whichwe exploit in YAQUI, is

to allow the entire mesh to expand at a rate that

will keep the reflective boundaries out ahead of

the radial shock while it has significantstrength.

At the eeme time, we vary the sizes

zones to provide high resolution in

gfon and much coaraer resolution in

regions, which still allowa the uae

number of cells.

of the interior

the central re-

the outlying

of the same

Flgurea 23 and 24 ahow such a calculation,

using the REZONE subroutineexactly as provided in

the code version of this report. The problem input

42

ia identical to the preceding cases except that

GRDVEL = 2.0. As the problem proceeds, the mesh

is continuouslyenlarged at a rate that depends

upon the magnitude of the velocities approaching

the boundaries. This expansion leaves a region

without particles around the outer regions of the

meeh, which is already evident by t = 1 sec (Fig.

23). By t = 5 sec (Fig. 24), the initial mesh

radius haa already increased by 50%, allowing the

calculation to run to much later times without

boundary interferencethan 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 ffeld 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 providea

the necessary apecfficationsto properly interpret

the plot.)

Figures 23 and 24 represent only the early

stagea of a calculation that has been made feaefble

through the use of continuousrezoning and mesh ex-

pansion. These techniques,combined with an appro-

priate mesh translationthat followe the debris

rise, allow the dynamics to be followed for several

hundred seconds of problem time. A wide variety of

REZCINEsubroutineshave been used with auccesa,

esch tailored to provide optimum results for a

particular problem.

We generally enhance this approach by combin-

ing it with an initial grid containingvariable

cell sizes, aa described in Sec. III A. Figure 25

shows a setup configurationfor the same problem,

in which the cells are expanded (FREZ = 1.1) beyond

a uniformly zoned 16 by 32 cell central region.

This affords high resolutionwhere required, at the

same time allowing the continuous rezonfng and ex-

pansion to take place much more gradually, as in

this particular caae the initial mesh encompaaaea

a much larger volume.

The CDC-7600 C.Ptime per cell per cycle

(grinds)averagea approximately0.50 msec at two

iterationsper cycle, increasing by about 0.03 to

0.04 msec for each additional iteration required

for convergence in Phase 2. Calculation such aa
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Fig. 19. A Lagrangian calculationat t = 1 sec of the problam setup of Fig. 18.
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Fig. 20. Velocity-vectorplots at t = 2 and t = 3 sec of the problem shown in FiR, 19, showing shock re- .

flection from the boundaries.

this, with 1500- to 1600-cellmeshes, 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-FluidMomentum Exchange

An example of the particle-fluidmomentum-

exchange feature deecribed in Sec. II E 2 is illus-

trated in the particle-dragproblem of Fig. 26.

The first aet of three frames show the initial par-

ticles, velocity vectors, and the (Eulerian)com-

puting grid with cylindricalsymmetry 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, representinga two-

fluid configurationin 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 calculationresult from a

gravitationalforce upon the particles but not

upon the fluid. This causea the sphere of parti-

clea to fall and deform, producing a pronounced

circulationpattern within the fluid.

.44

-.

The evolution of this process ia shown in the
m

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 la

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-fluidmomentum-exchange

teat calculation. They are included aa an aid to the

reader who uses YAQUI, allowing him to set up the

same problem and compare resulta.

The input data are listed in their entirety,

and include all informationnecessary to specify the a
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Fig. 22.
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Velocity-vectorplots at t = 2 sec and t = 3 sec of the problem shown in Fig. 21, showing shock
reflection from the boundaries.

●
Subsequentpages show the

cle and zone plot configurationsat

with a sample frame abstracted from

This includes a row across the mesh

initial parti-

time O, along

the cell print.

halfway up,

cutting through the initial position of the sphere

of particles. This acme freme of print output is

included for cycle 1, to show the initial changes

in the fluid variablea.

For t = 1.0 (cycle 7), we present aix frames.

These include plots of the part~clea, end for the

fluid, the velocity vectors and contours of densi-

ty, specific internal energy, and vortfcity, fol-

lowed by the sample listing. The normal velocftiea

on the symmetry axis are, of course, nonphysical.

They result from the momentum carried by the parti-

clea and distributed to the cell vertices. After

each cycle, these velocities are reset to zero, so

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

sink for momentum, which would be easy to correct

if it became a problem.

Finally, we present the same six frames at

t - 9.0 (cycle 232). Note in the listing that the

circulationpattern IS quite evident in the wake of

the particlea. The u velocities at this height on

the axis are now zero, as the particles are no lon-

ger present here to contributemomentum changes.

The CDC-7600 CP time for this calculationwas

305 aec for 265 calculatlonalcycles (to time

t = 9.54181). After the first 100 cycles, the num-

ber of iterationarequired for convergence In each

cycle stabilized at 4, for which the grinds (CP

time per cell per cycle) averaged about 0.637 maec.

Comparisonwith the grinds for the low-altitudeex-

plosion calculation (0.56msec) indicates that

slightly more time is required for the momentum-

exchenge option.
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Fig. 23. A REZ@E calculation at t = 1 sec of the problem setup of Fig. 18.
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Fig. 24. The REZ@NE calculationof the problem of Figs. 18 and 23 at t = 5 sec.
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● Fig. 25. A YAQUI setup with initial variable zoning for the problem shown in Fig. 18.
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YACUI PART ICLE-FLUIO tlOI’!ENTUtl EXCHANOE TEST . t T3AAAI02 03.?.?7.?-31 110 S72-1

I BAR- 26
JBAR= 52

IIMF- 2s

w- 52

JCEN- 26

oft- 1.0000 OE+OO

02- I .0000 OE*OO

CYL= 1.0000OE*OO

ORDVEL= 0.

AO= 7.50000E-01

AOH- 7.50000E-01

BOW O.

KXI= -1

W= 1.0000OE+OO

LAM- 1.0000OE+OI

on- I .0000 OE+OO

EPS- 1 .0000 OE-Oh

6R= o.

02= 0.

A%- 1.0000OE*OZ

RON- 1.0000OE*OO

GPII - o.
FREZ- I .0000 OE+OO

Ye- 0.

REZYO= 0.
REZUE- o.

REZVE= o.
REZVT= 0.

REzRmJ- 0.

RIZZSIE- O.
[BP= ?6

.mP= 52

PDR= 1. 0000 OE+OO

Poz- I .0000 OE+OO

PYB= 0.

C)ZP=-I .0000 OE+OO

IHotlx= I
T- o.

DT- 1 .0000 Ot-01

T20no= 0.

TLIHD- O.

TWIN- 1.0000OE+OI
LPR- I

ICOLOR= o
OTO(I-101- I.0000OE+OO -O. -0. -0. -0.

-0. -0. -0. -0. -o.

OTOC(1-1OI= I.0000OE*OZ -O. -0. -0. -o.

-o. -0. -0. -0. -0.

LMPAR= 5.0000 OE-01 DZPAR= 5.0000 OE-01 XC- O. YC- 2.60000E+OI XO= 8.0000 OE+OO

ii). o. WAR= 0. WAR- 0. HTE- .?.50000E-01 ORAG= 1. 00 D0OE*OO

h06 PARTICLES OENERATED, Ml TH TOTAL MASS- 3.463752+02

NB= O M?= 2S NT= 52 NL= O U1- O. Vl= o. RO1- 1 .000 DOE+OO SIEI - I .0000 OE+OD

52

. .

. .

.
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PARTICLES
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PIXl= I . OOOOOE*OO PDZ= I .0000 OE*OO PXR= i!.60000E*Ol PYB= 0. PYT= 5.20000E+01

T3AAA IBA YAW I PART ICLE-FLUIO IIOKNTIM EXCHAWE TEST. [ T3AAAI06 033,?7?-31 110872-1 1- 0. CYCLE = O
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ZONES

DRtll N- 1.0000OE*OO DRHAX= I .0000 OE+OO DZHIN- I .0000 OE+OO DZHAX= 1 .0000 OE+OO XR- 2.60000E+OI Y8-
T3AAA lBA YAC!U1 PARTICLE-FLUID flOHENTUH EXCNANGS TEST. IT3AAA IGS 03.?.?7.??-31 1 I 0872-1
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0. YT= 5.20000E*OI
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-/6

. .

-%

.

,.

T3M
lJ
8. 26
9. 26

10, 28
11. 26
12. 26
13. 26
lWO 26
15. 22
16. 22
17. 26
16. 26
19, 26
zoo 22

?1. 26

22. 26

23. 26
2b, 26

25, 26

26. 26
27, 26

1, 27

2, 27

3. 27
4, 27

5, 27

60 27
7, 27

6. 27
9, 27

10, 2-I

II. 27

12, 27

13. 27

IW, 27

15. 27

16, 27
17, 2-I

16. 27
19, 27

20. 27

?1, 27
22, 2-I

23. 27
24. 27

26. 27
26. 27

27. 27

1, 22

2, 26

3, 22
w, 22

5, 26

6, 26

7. 26

e. 22

9. 26

10. 26

1!, 26

12. 22
130 26
I*, 26
15. 22

A I BA YAW 1

x

7.0000E+OO

0.0000E*OO

9.0000E*OO

1 .0000E*OI

1. 1000E*OI

1.2000E+01

1. 3000E+OI

1.QOOOE*O1

1.5000E+OI

1 .6000E*O!

1.7000E+OI

1 .eoooE+ol

1.SOOOE+OI

2.0000E*O1

2. 1000E+OI

2.2000E*01

2.3000E+01

2. $tOOOE+O 1

2.5000E*OI

2.6000E+OI

o.

1.0000E+OO

2.0000E+OO

3.0000E+OO
h . 0000E*OO

5.0000E+OO

6.0000E*OO
7.0000E*OO

6.00002+00

0.0000E+OO

1. 0000E+OI

1. 1000E+OI

1.2000E+OI

1.3000E+01

1.4000E+01

I .5000E*OI
I .6000E*OI

I .7000E*01

1 .6000E+OI

1.9000E+01

2.0000E+O1
2. 1000E+OI

2.2000E+OI

2.3000E+01
2. IIooOE+OI

2.?ioooE*ol

2.6000E+01

o.

I . 0000E+OO

2.0000E+OO

3.0000E*OO
1$.0000E+OO

5.0000E+OO

6.00002+00
7.0000E+OO

E.0000E+OO

9. 0000E+OO

I .0000E*O1

1. 1000E*OI

1 .2000E+OI

1 .3000E+01

I .4000E+OI

PART I CLE-FLU I D MOMENTUM EXCNAME TEST. I T3AAA 102 032272-3 I

r u

2.4000E+OI O.

2. QOOOE*OI 0.

2. bOOOE+OI 0.

2.4000E+01 O.

2.%OOOE*OI o.

2.4000E+OI 0.

2. VOOOE*OI o.

2. QOOOE+OI O.

2.4000E+OI 0.

2.~OOOE+O! O.

2.4000E*OI O.

2. QOOOE+OI O.

2.kOOOE*Ol 0.

2. QOOOE*OI 0.

2. WOOOE*O1 0.

2.hOOOE*Ol O.

2.4000E+OI 0.

2. bOOOE+Ol 0.

2.4000E+OI 0.

2.4000E+OI 0.

2.5000E+OI 0.

2. SOOOE+OI O.

2.5000E+O! 0.

2.5000E+OI 0.

2 .5000E+OI 0.

2.5000E+OI 0.

2.5000E+OI O.

2.60002+01 o.

2.5000E+OI 0.

2.5000E*Ol 0.

2.5000E*OI O.

2.5000E+OI 0.

2.5000E*OI O.

2 .5000E+01 0.

2.5000E+OI 0.

2.5000E+OI O.

2.5000E*OI O.

2.5000E+0 1 0.

2.5000E+OI 0.

2.5000E*01 0.

2.5000E+O! O.
2.5000E*Ot O.

2.5000E+01 O.

2.5000E+OI O.

2.5000E+OI O.

2. SOOOE+OI O.

2.5000E+OI 0.

2.6000E*OI O.
2.6000C+OI O.

2.6000E*OI 0.

2.6000E*OI O.
2.6000E+OI O.

2.6000E+OI O.

2.6000E+OI O.

2.6000E*OI O.

2.6000E+OI O.

2.6000E.01 O.

2.6000E+OI O.

2.6000E*OI O.

2.6000E+OI O.

2.6000E+OI O.

2.6000E+OI O.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.
0.

0.

0.

0.

0.

0.

0.
0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.
0.

0.

0.

0.

0.
0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

v Slt

1. 0000E+OO

i . 0000E+OO

I .0000E*OO

I .0000E+OO

1.0000E*OO

1. 00002+00

1.0000E+OO

I .0000E+OO

I .0000E+OO

1.0000E*OO

I . OOOOC*OO

I .00002 +00

1.0000E+OO

I .0000E+OO

1. OOOOE+OO

1.0000E+OO

1. 0000E*OO

1 .0000E+OO

1 .0000E+OO

o.

1.0000E+OO

1.0000E+OO

I .0000E+OO

I .0000E+OO

1. OOOOE+OO

1. 0000E+OO

1. 0000E+OO

I .00002 +00

1.0000E+OO

1.0000E+OO

I .0000E+OO

1. 0000E+OO

1. 0000E+OO

1. OOOOE*OO
I .0000E+OO

1.0000E+OO
I .0000E+OO

I .0000E+OO

I .0000E+OO

I .0000E+OO

1. OOOOE+OO
I . OOOOE+OO

1. OOOOE+OO

I . OOOOE+OO

1. OOOOE+OO

I . 0000E+OO

o.

I .0000E+OO

I .0000E+OO

I .0000E+OO

1 .0000E+OO

1. OOOOE+OO

1.0000E+OO

1. OOOOE+OO

1. 0000E+OO

1. OOOOE+OO

I . OOOOE+OO

I . 0000E+OO

I . OOOOE+OO

1 .0000E+oO

1 .0000E+OO

1 .0000E+OO

law

1 .0000E*OO

I . OOOOE*OO

I . 0000E+OO

1 .00002 +00

1.0000E+OO

1.0000E*OO

l’i OOOOE.00

I .00002 +00

I .00003 +00

1.0000E*OO

I . OOOOE+OO

1. OOOOE*OO

1 .00002 +00

1.0000E+OO

1. OOOOE+OO

1 .0000E+OO

1.0000E+OO

I . 0000E+OO

1 .0000E*OO

o.
1 .0000E+OO

1 .0000E+OO

I . OOOOE+OO

1. OOOOE+OO

1. OOOOE+OO

1 .00002 +00

1.0000E*OO

I . OOOOE+OO

I . OOOOE+OO

I . OOOOE+OO

1 .0000E+OO

1.0000E+OO

1.0000E+OO

1. OOOOE*OO

1.0000E+OO

I .0000E+OO

1. 0000E+OO

I .0000E+OO

I . 0000E+OO

I . 0000E+OO

1. 0000E+OO
1. 0000E+OO

1. 0000E+OO

1.0000E+OO

1 .0000E+OO

I .0000E+OO

o.

I .0000E+OO

1 .0000E+OO

1 .0000E+OO

I .0000E+OO

1. Ooooc+oo

1 .0000E+OO

I . 0000E+OO

.0000E+OO

. 0000E+OO

. 0000E+OO

. 0000E+OO

. 0000E+OO

. 0000E+OO

.0000E+OO

.0000E+OO

I 10272- I T= O.

va D

7.5000E*O0 0.

8 .5000E+O0 0.
9.5000E+O0 0.

1 .0500E*OI 0.

1.1500E*01 O.

1.2500E*OI O.

1. 3500E+OI O.

I .I$500E+OI 0.

1.5500E+01 O.

I .6500E+OI 0.

1.7500E*OI O.

1.66002+01 o.

1.W300E+OI O.

2. 0500E+OI 0.

2. 1500E+OI O.

2.2600E+OI O.

2.3500E*01 O.

2.4500E*OI 0.

2.5500E*OI 0.

0. 0.
5.0000E-01 O.

1.6000E+O0 0.

2.5000E+O0 0.

3.5000E+O0 0.

9.5000E+o0 0.

5.5000E+O0 0.

6.5000E+O0 0.

7.5000E+O0 0.

0.5oooE*oo o.

9.5000E+O0 0.

1.0500E+OI O.

1.1500E+OI O.

1.2500E+OI 0.

1.3500E+01 O.
I . WiOOE+Ol 0.

I .5500E+OI O.
I .6500E+OI O.

I .7500E+Ot O.
I .6500E+OI O.

1.9500E+OI O.

2.0!500E+OI O.

2.1500E+OI O.

2.2500E+OI O.

2.3500E*OI o.

2. WOOE+OI O.

2.5500E+0 I 0.

0. 0.
5.0000E-01 O.

1 .5000E+O0 0.

2.5000E+O0 O.

3.5000E*O0 o.
4 .5000E+O0 0.

5.5000E+O0 O.

6.5000E.00 O.
7.5000E+O0 O.

8.5000E+O0 O.
9.5000E+O0 O.

1 .0500E+OI O.

I .1500E+01 O.

I .2500E+OI O.

1. 3500E+OI 0.

1 .h500E+01 O.

CYCLE= O

U P

7.0000E+OO O.

B.0000E*OO 0.

9.0000E+OO O.

1.0000E+O1 O.

I.1000E*OI o.

1 .2000E+OI o.

1.3000E*OI O.

1.bOOOE+Ot O.

1 .5000E*OI o.

I .6000E+OI o.

1 .7000E*ol o.

1.8000E*OI O.

1.9oooE+ol o.

.2.0000E*OI O.

2.1000E*Ol O.

2.2000E+OI O.

2.3000E+OI O.

2.9000E+OI O.

.2.5000E+OI O.

I .2750E*OI O.

.?.5000E-01 O.

1.0000E+OO O.

2.0000E+OO O.

3.0000E+OO O.

1$.0000E+OO O.

5.0000E*OO O.

6. OOOOE+OO 0.

7.0000E+OO 0.

8.0000E+OO 0.

9.0000E+OO O.

I .0000E+O 1 0.

I.1000E+OI O.
1 .2000E+OI o.

1.3000E*OI O.

1.I$OOOE+OI O.

1.5000E+01 O.

1 .6000E+OI o.

I .7000E+OI O.

I .8000E+OI O.

I .9000E+OI O.

i?. OOOOE+OI 0.

2.1000E+OI O.

2.2000E+01 0.

2.3000E+OI O.

2.hOOOE*Ol O.

2.5000E+0 I 0.

I .2750E+0 I 0.

2.5000E-01 O.

1 .0000E*OO o.

.?.0000E+OO O.

3.0000E+OO O.
4 .0000E+oo 0.

5.0000E+OO O.

6.0000E+OO O.

7.0000E+OO O.

8.0000E+OO o.

9.0000E+OO O.

I.0000E+OI O.

I.1000E+O1 O.

t ..2000E+OI O.

1.3000E*O! 0.

I .4000E+o I O.

*

\
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1 I 0s72- I 1- I . OOOOOE-02 CYCLE-T3AAA IBA YAW I PART lCLE-F_LUIO MCIFSTNTUM EXCHANOE TEST . I T3AAAI 66 032.?7?-31

lJ x Y u v SIE RNo

O, 26 7.0000E*OO .?.4000E+OI

9. 26 8.0000E+OO 2. hOOOE+Ol

10. 26 9.0000E*OO 2.4000E*OI

I I . 26 1.0000E+OI F?.4000E+01

12. 26 1.1000E+OI .2. hOOOE+Ol

13, 26 1.ZOOOE+OI 2. QOOOE+OI

14, 26 1.30002+01 2.kOOOE+Ol

IS, 26 1.hOOOE+O1 Z.hOOOE+Ol

16. 26 1.!!OOOE+O1 2. WOOOE+OI

17. 26 1.6000E*OI 2.4000E+01

1S, 26 1.7000E*OI i?. ~OOOE+OI

19, 26 1.SOOOE+OI .2.4000E*OI

.?0 , 26 1.9000E*OI 2.kOOOE*Ol

.21, 26 Z.0000E*OI .2. hOOOE+Ol

22. 26 2. 1000E+O I 2. WOOOE+OI

.23, 26 2..2 OOOE+OI F2.4000E*OI

.29. 26 2.3000E+OI 2. bOOOE*Ol

25. 26 .2. WOOOE+O! 2. QOOOE+OI

26, 26 2.5000E+OI 2. QOOOE*OI

27, 26 2.6000E+OI .2. VOOOE+O1

1,.?7 o. Z.5000E*OI

2, 27 1.0000E+OO 2.5000E+OI

3, 27 2.0000E+OO 2.5000E+OI

9, .27 3.0000E+OO .2.5000E*OI

5. .27 4.0000E*OO 2.5000E+OI

6, 27 5.0000E*OO 2.5000E+OI

7. 27 6.0000E+OO 2.5000E+01

6, 27 7.0000E*OO 2.5000E+01

9. .27 0. 0000E+OO 2.5000E+01

10, 27 9.0000E*OO 2.5000E+O!
11, 27 1.0000E*O1 2.5000E*OI

12. 27 I.1000E+O1 i2.5000E+Ol

13. 27 1.2000E*OI 2.5000E+OI

110. .27 1.3000E*OI .?.5000E+OI

15. 27 1.4000E+OI 2.!5000E+01

16, 27 1.5000E*OI i?.5000E+01

17, 27 1.6000E*OI 2.!5000E+OI

10. 27 1.7000E*OI 2.5000E+OI

19. 27 1.8000E+01 2.5000E+OI

20, 27 1.9000E+OI 2.!5000C+OI

21. 27 2.0000E+OI 2.5000E+OI

22, 27 2. 1000E+OI 2.5000E*OI

23, 27 2.2000E+01 2.5000E+OI

24, 27 2.3000E+01 2.9000E+OI

25, 27 2.4000E*OI 2.5000E+OI
.26. 27 2.5000E+01 2.500.OE+OI

27. 27 2.6000E+OI 2.5000E*OI

1.2s o. 2.6000E+OI

2, 28 1.0000E+OO 2.6000E+OI

3, 26 2.0000E+OO 2.6000E+OI
4. 26 3.0000E+OO .?.6000E+OI

5. 28 4.0000E*OO 2.6000E+01

6, 26 5.0000E+OO 2.6000E+OI

7, 26 6.0000E+OO 2.6000E+OI

8, 28 7.0000E+OO 2.6000E*OI

9, 26 8.0000E+OO 2.6000E+OI

10, 2S 9.0000E+OO 2.6000E+OI

I I . 20 1 .0000E+O1 2.6000E+OI

12, .?6 I .IOOOE*OI .2.6000E+OI

13, 28 I .2000E+OI 2.6000E+OI

lq. 28 I .3000E*01 2.6000E+OI

15, 26 I .qOOOE+O1 2.6000E*OI

o.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.
0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.
0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

-9.2157E-05

-2.9200E-05

o.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.
0.

0.
0.

0.

0.

0.

0.
-7. w57E-05

-9.900=-05

-9.900=-05

-9.90072-05

-9.900=-05

-9.900=-05

-9.900=-06

-9.90062-05
-4.71 WE-05

o.
0.

0.

0.

0.

0.
0.

0.

0.

0.

0.

0.

0.
0.

0.

0.

0.

0.
-7. 4257E-05

-9.9002E-05

-9.90062-05

-9.9007E-05

-9.90062-05

-9.9008E-05

-9.9008E-05

-9.90062-05

-10.71WE-05

o.

0.

0.

0.

0.

0.

I .0000E*OO

I .0000E+OO

I .0000E*OO

I .0000E+OO

1.0000E+OO

1.0000E+OO

I .0000E*OO

1. 0000E+OO

1. 0000E+OO

1.0000E*OO

1.0000E+OO

1.0000E*OO

1.0000E+OO
I .0000E*OO

1.0000E*OO
I .0000E*OO

I .0000E+OO

1.0000E*OO

1.0000E*OO

o.

1. 0000E+OO
1. 0000E*OO

1. 0000E+OO

1 .0000E*OO

1.0000E*OO

1.0000E*OO

1.0000E*OO

1. 0000E+OO

1. 0000E+OO

1.0000E*OO
I .0000E+OO

1.0000E*OO

1.0000E*OO

1. 0000E*OO

1. 0000E+OO

1. 0000E+OO

1.0000E+OO

1. 0000E*OO

I .0000E+OO

1.0000E*OO

1.0000E+OO

1. 0000E+OO
1.0000E*OO

I .0000E*OO

1.0000E+OO
1. 0000E*OO

o.
1.0000E+OO

I .0000E*OO

I.0000E+OO

1. 0000E+OO

I.0000E+OO

1.0000E+OO

I.0000E+OO

1. 0000E+OO

I . 0000E+OO

1.0000E+OO

I . 0000E+OO

I . 0000E+OO

1. 0000E*OO

1.0000E*OO

1.0000E+OO

I . 0000E+OO

I .0000E+OO

1 .0000E*OO

I .0000E+OO

1.0000E+OO

1.0000E+OO

1 .0000E+OO

1.0000E+OO

1.0000E+OO

1.0000E*OO

1.0000E+OO

1 .0000E+OO

1 .0000E*OO

I .0000E+OO

I .0000E+OO

I .0000E*OO

1 .0000E+OO

1 .0000E*OO

1 .00002 +00

.0000E+OO

. 0000E*OO

. 0000E*OO

. 0000E+OO

. 0000E*OO

. 0000E*OO

. OOOOE+OO

.0000E*OO

.0000E+OO

. 0000E+OO

. 0000E+OO

. 0000E+OO

1.0000E*OO

1 .0000E+OO

1. 0000E+OO

1. 0000E+OO

1. 0000E*OO

1.0000E+OO

1. 0000E*OO

1. 0000E+OO

I . 0000E+OO

1.0000E+OO

1. 0000E+OO

1. 0000E+OO

I .0000E+OO

1 .0000E+OO

o.
1. 0000E+OO

I . 0000E+OO

1.0000E+OO

I . 0000E*OO

I .0000E+OO

1 .0000E+OO

I . 0000E+OO

I . 0000E+OO

I .0000E+OO

I .0000E+OO

1. 0000E+QO

1. 0000E*OO

I .0000E+OO

I .0000E*OO

I . 0000E+OO

va

7.5000E*O0

E.5000E+O0
9.5000E+O0

1. 0500E+OI

1. 1500E+01

1.2500E+OI

1 .3500E*OI

1 .4500E*OI

I .5500E+OI

1.6500E+OI

I .75002 .01

1.6500E+01
I .S?iOOE+O1

2.0500E+OI

2. 1500E*OI

2.2500E+OI

2.3500E+OI

2. Q500E+01

2.5500E+01

o.

5.0000E-01
1 .5000E+O0

2.5000E*O0

3.5000E*O0

4.5000E+O0

5.5000E*O0

6.5000E+O0
7.5000E+O0

0.5000E+O0

9.5000E+O0
1 .0500E+01

1. 1500E*01

I .2500E+OI

1 .3500E+OI

1.V500E+OI

1 .5SOOE+0 I

1.6500E+01

1.7500E+01

1 .65002 +01

1.9500E+OI

2. OSOOE+OI

.?. 1500E+OI

2.2500E+01

2.3500E+01

2. It500E+Ol

2.5500E*OI

o.
5.0000E-01

I .5000E+O0

2.5000E+O0

3.5000E+O0

4.5000E+O0

5.5000E+O0

6.5000E*O0

7.5000E+O0

E.5000E+O0

9.5000E*O0

I .0500E*OI

1. 1500E+OI

1 .)2500E+OI

I .3500E*OI

1 .h500E+01

o
-1.24162-05

-8. 9920E -06
0.

0.

0.

0.

0.

0.
0.

0.

0.

0.

0.

0.

0.
0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.
0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

n
7.0000E*OO O.

e.OOOw, oo o.

9.0000E*OO O.

1.0000E*OI O.

I.1000E+OI O.

1.2000E*OI O.

1.3000E+OI O.

1.VOOOE*OI O.

1.5000E+01 O.

1 .6000E+OI o.

1.7000E*OI O.

1 .6000E*01 o.

1.9000E*OI O.

.-

.-

-.

8-

2.0000E+OI -7. 105qE-13 . .
2.1000E+O1 O.

2.2000E+OI 0.
2.3000E+OI -7. I054E-13

2. QOOOE*OI -7. I054E-13

2.5000E+OI O.
I .i2750E+01 7.6431E-02

2.5000E-01 O.

I .0000E+OO O.

i?.0000E+OO O.

3.0000E*OO O.

v.0000E+OO O.

5.0000E+OO O.

8.0000E+OO O.
7.0000E+OO O. .
8.0000E+OO O.

9.0000E+OO O.
I.0000E+OI O.

I.1000E+OI O. -.
1.2000E+OI O.

1.3000E*OI O.

1.9000E*01 O. ., -

1 .5000E+OI O.
.

I .6000E+OI o.

1.7000E+OI O.

I .8000E+OI O.

1.9000E+OI O.

2.0000E+OI -7. I054F-13 @----
2.1000E+OI O.
2.2000E+OI O.

2.3000E+OI -7. I054E-13

.2.9000E+OI -7. IO!YIE-13

2.5000E+O! O.

I .2750E+OI 7.6~31E-02

2.5000E-01 O.

1.0000E+OO O.

2.0000E*OO O.

3. 0000E+OO 0.

9.0000E+OO O.

5.0000E+OO O.

6.0000E+OO o.

7.0000E*OO O.

E.0000E*OO O.

9.0000E*OO O.

I .0000E+OI o.

I.1000E+O1 O.

1 .2000E*OI O.

1.3000E+OI O.

1 .hOOOE*O1 O.

.

-..
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...... ... ..

. . . . .. . . . .. . . . .. . . . .. . . . .. . . . .. . . . .. . . . .. . . .

. . . . . . . .. . . . . . . .. . . . . . . .. . . . . . . .. . . . . . .. . . . . . .. . . . . . .. . . . . .. . . . . .. . . . .. . . .. . .. .

i.
PART I CLES

PDR- 1 .0000 OE+OO PDZ= 1. 0000 OE+OO PXR- 2.60000E+O! PYB- 0. PYT- 5.,? OOOOE+O1
T3AAA IBA YAOUI PARTICLE-FLUID HCIf4ENTlRi EXCHANGE TEST . ( T3AAA1GB 03?.?7.?-31 11067?-1 T= I .0000 OE+OO CYCLE- 7

\
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.
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. . . . . . . ++..+++++ .. +.+..+. .+
+. *++*... ● ✎☞✎✎✎✎☞✎ ☞☞ ☞✎✎☞✎✎✌

✎☞ ✎☞✎✎✎☞☞ ✎ ✎✎✎☛☞✎✎☞ ✎ ✎✎✎☞☛✎☛☛

✎☞ ☞✎✎☛☛☞☞ ✎ ✎ ✎✎✎☞✎☞✎ ● ☞☞☛✎✎✎✎☛

+.++++.+. +*.**+.+* .. ++++++*
● ✎☞☛☞☛✎☞☛ ☞☞✎☞✎☞☞☞✎ ● ☞☞✎☛☞☛☞☛

● ✎✎✎☞☛✎✎✎ ● ✎✎☞✎☞☞✎☞ ✎☞ ☞✎✎✎☞☞☞

6.*++*+** +.+..+.+. ● ..+.****

. .. +.6..+ .+ ..+.+++ .. +*+++**

● *++***++ ● +*+++.++ .+ .++...+

++ +++++.+ +*****+++ +*+++*.+*
++++ +4+++ +**.+**++ ++++.++++

++*.*+.+* ● *+++*.+* +++*+++*+

++..+++++ +++++++++ +**++++*+
++++++++++ ● ☛☞☛☛☞☛☞☛☞ ☞☞☞☞☛☞☛

+*+*++**+ +++++++++ ++++++++.
+++++++++ +++++++++ +++++***+
● ☞☛☞☛☞☞☛☞ ☞☞☞☞☞✎☞☞☞ ✎☞ ☞☞☞☞☞☞☞

☞☞☞☞☞☞☞☞☞ ☞☞☞☞☞☞☞☞☞ ☞☞☞☞☞☛☛☞☛

6+++ +6+++ ++**+*+++ +++++++++

VELOCITY VECTORS
WAX= 2. %W?f -01

T3AAA 19A YAW 1 PART I CLE-FLU IO HOt4ENTlR4 EXCHANGE TEST. I T3AAA I GE 03.?.?7?-31 I 1OB72- I T= 1 .0000 OE*OO CYCLE- 7

. .

.-

-.

.

. .

..
.

●

?

.-..

.
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-0

--

I SOPYCN ICS

HIN- 9.906972-01 MAX- 1 .00900E*O0 L- 9.90697E-01 H= I .00s07E+O0 D@ I .93073E-03
T3AAA IBA YAW I PARTICLE-FLUID HWENTWI EXCHANGE TEST. t T3AAA!G8 032,?72-31 I I 0072-1 T= I .0000 OE+OO CYCLE= 7

.
*.

.- .
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HIN= 9.72362E-01 MAX= I .0000W+OO L= 9.7.?363E-01 H- 9.981692-01 O@ 2.8672%-03
T3AAA I BA YAOU I PART I CLE -FLU ID ?!OHENTUH IIXCHANG2 TEsT . ( T3AAA I GE 03,?272-3 ) 1 10s7?- I T- 1. 0000 OE+OO CYCLE= 7
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. .

-,

.-

-.

.

.-

vORTICITY
HIN=-7. 3w092E-02 tlAX- .2.2.3?35E-O I L=-7. 3$092E-02 H= 1.93570E-01 DO- 2.966WE-02

T3AAA IBA YAOUI PART ICLE-FLU1O MOIIENTUM EXCHAN6E TEST. IT3AAA1GB 032272-3)
1 10872- I T= I .0000 OE+OO CYCLE= 7

.
1

-. .

.

61



T3AAA 16A YM2U I

IJ x

0. .26 7.0000E+OO

9, 26 8.0000E+OO

10, 26 9.0000E*OO

Il. 26 I.0000E+OI

1.2, 26 I.1000E*O1

130 26 l.i?OOOE+Ol

1~. 26 1.3000E*OI

15, 26 1.4000E+OI

16, 26 1.5000E*OI

17, 26 1 .6000E*OI

18. 26 1.70002+01

19. 26 I. SOOOE+O1

20. 26 1.9000E*OI

ill, 26 2.0000E*OI

22. 26 2.1000E*OI

.?3, 26 2..2OOOE+O1

29, 26 i?.3000E+Ol

25. 26 2.hOOOE+Ol

26. 26 2.5000E+01

27. 26 2.6000E+OI

1.27 0.

2, 27 1.0000E*OO

3, 27 Z.0000E*OO
4. 27 3.0000E+OO

5, 27 4. OOOOE*OO

6, 27 5.0000E+OO
7, 27 6.0000E+OO

E, 27 7.0000E+OO
9, 27 B.0000E+OO

10. 27 9.0000E+OO

I I , 27 1.0000E*OI

12, 27 I.1000E+OI

13, 27 I .2000E+OI

1~. 27 1 .3000E*OI

15. 27 I .~OOOE+O1

16, 27 1.5000E+01

17, 27 I .6000E+OI

18, 27 I .7000E+01

19, 27 1.8000E*OI

20. 27 1.9000E+OI

21, 27 2.0000E+O1

22, 27 2. 1000E+O1

23, 27 2.2000E+OI

2*, 27 2.3000E+OI

25, 27 2.*OOOE+OI

26, 27 2.5000E*01
27, 27 2.6000E+OI

1.28 0.

.2. 28 1.0000E+OO

3, 2S 2.0000E+OO
4, 2S 3.0000E+OO

5. 2S 4.0000E+OO

6, 26 5.0000E+OO
7, 26 6.0000E+OO

S. 26 7.0000E+OO

9, 28 8.0000E+OO

10, 28 9.0000E+OO

11, 28 I .0000E*OI

12. 2S I.1OOOE+OI

13. 2S 1.2000E+OI

I*, 28 I .3000E+OI

15, 28 I .qOOOE+O1

PART ICLE-FLUID FIIMENTUI EXCNANOE TEST. I T3AAA166 032272-3~
Y u v SIE RNo

2.4000E+01 -2.61152-03 -2.766S-01 9.653W-01 1.00162+00

2. VOOOE*OI 1.S4722-02 -9. 1W6E-02 9.96132-01 1 .00132 +00

2.4000E+OI 2.2WIE-02 2.33792-02 9.26632-01 1 .000= +00

2.4000E+01 1.7077E-02 1.W51E-02 9.99WE-01 I .00062 +00

2. VOOOE+O1 1.0+722-02 9. S134E-03 9.6697E-01 1 .000= +00

2.4000E+OI 6.43=-03 6.2071E-03 9.2996C-01 1. 00032+00
2. ItOOOE+Ol 4.0561E-03 3.%WE-03 I . 0000E+OO I .00022 .00

2. QOOOE+OI 2.56592-03 2.5520E-03 1 .0000E+OO 1.000IE+OO

2.9000E+OI I .6565E-03 1.60122-03 1 .0000E*OO 1.000IE+OO

2.hOOOE+Ol 1.06962-03 1.OIOMZ-03 I .0000E+OO 1.000IE+OO

2.4000E+OI 6.6~91E-04 5.26462-04 1.0000E+OO 1.0000E+OO

2.9000E+OI W.2S52E-OW 3.65992-04 1. 0000E+OO 1.0000E+OO

2. hOOOE+Ol 2.7631E-04 2.06122-09 1.0000E+OO 1.0000E+OO

2.hOOOE+Ol 1 .7590E-04 1.2050E-04 1.0000E+OO 1.0000E+OO
2. bOOOE+Ol 1. 1360E-04 5.7297E-OS 1.0000E*OO 1. 0000E+OO

2.9000E*01 5.7160E-05 2.6970E-05 1. 0000E+OO 1.0000E+OO

2.~OOOE+Ol 6.2W6E-06 6. I064E-06 1. OOOOE+OO 1.0000E*OO

2. QOOOE+OI 1.25962-10 3.07042-12 1.0000E+OO 1 .0000E*OO

2.9000E+OI -2.03162-10 3.=272-25 1.0000E+OO i .0000E*OO
2.vOOOE+Ol O. -9. 5390E-25 0. 3.37692-33

2.5000E+01 I .43772-0S -2.2500E-01 9.78262-01 I .000 QE+OO

2.5000E+01 -2.9517E-04 -2.65952-01 9.7??362-01 I .000= +00

2.5000E*OI -S.91SOE-04 -2.25=-01 9.72WE-01 1.000hE+OO

2.5000E+01 -B.3517E-OQ -2.6501E-01 9.7257E-01 1 .0009E+O0

2.5000E+OI -1 .257=-03 -2.9375E-01 9.72762-01 1 .000W*OO

2.5000E+01 -1 .31 WE-03 -2.9187E-01 9.73062-01 I . Ooow+oo

2.5000E+01 -2.70622-03 -2.9012E-01 9.73022-01 I .000+2 +00

2.5000E+01 -6.09432-04 -2.873=-01 9.8371E-01 1 .000K*OO

2.5000E+OI 7.05932-03 -1 .266$EZ-01 9.9727E-01 [ .00032 +00

2.5000E+OI 1 .2810E-02 2.76662-02 9.99662-01 1.0003E+O0

2.5000E+0 I 9.~90QE-03 1.92022-02 9.99932-01 I . 00022+00

2.5000E+01 5.33292-03 1.16662-02 9.9997E-01 I .000 IE+OO

2.5000E+OI 3.39042-03 7.3901E-03 9.9999E-01 1.000IE+OO
.?.5000E*OI 2.09962-03 4.67732-03 1 .0000E+OO I .000 IE+OO

i.5000E+Ol I . 3~3~E-03 2.220W-03

2.5000E+OI 0.5737E-Ob 1.W75E-03

2.5000E+01 S. WIW-04 I . 1233E-03

2.5000E*OI 3.5296E-0~ 7. 0730E-04

2.5000E+OI 2. OWOE-0+ 9.03662-04

2 .5000E*0 I 1 .SIWE-04 2. 1652E-OW

2.5000E+01 I . 1140E-04 1. lWW-04
2.5000E+OI 6.4717E-05 6.3602E-05

2.5000E+OI 2.6$592-05 1.35162-05
2.5000E+01 3.32662-10 5.7E06E-11

2.5000E+OI I .17252 -10 7.5020E-17

2.5000E+OI -2.03162-10 B.2716E-25
2.5000E+OI O. -8.27162-25

2.6000E+OI -3.20532-06 -2.2659S-01

2.6000E+0 1 7.97WE-05 -2.9W2E-01

2.6000E+01 I .3367E-0~ -2. %WE-01
2.6000E+OI 2. 1365E-011 -2.95562-01

2.6000E+Ol 3.4453E-Ow -2.941 IE-01

2.6000E+OI 3. E807E-04 -2.927W-01

2.6000E+OI 7.60 Q7E-OQ -2.8947E-01

2.6000E+01 -2.88732-04 -2.9063E-O 1

2.6000E+OI -4.99862-04 -1 .3271E-01

2.6000E+OI -7.9370E-04 2.79922-02

2.6000E*OI -9.5067E-04 2. 0W2E-02

2.6000E+OI -2.9771E-04 1. 2W5E-02

2.6000E+OI -1 .97~6E-Ok 7. S501E-03

2.6000E+OI -7.7690E-05 h. E637E-03

2.6000E+OI -5.3675E-05 3.07992-03

1 .0000E+OO

1. OOOOE+OO

I .0000E+OO

I .0000E+OO

1.0000E+OO

1 .0000E*OO

1. OOOOE+OO
1 .0000E+OO

1.0000E+OO

1.0000E+OO

1 .00002 +00
I .0000E+OO

o.

9.78352-01

9.72932-01

9.7252E-01
9.72662-01

9.7284E-01

9.7315E-01

9.7334E-01

9.8397E-01

9.9737E-01

9.99832-0!

9.99922-01

9.9997E-01

9.999=-01

1 .0000E+OO

I .0000E+OO

I .0000E+OO

I .0000E+OO

1 .0000E*OO

1. 0000E+OO

1. 0000E+OO

I . 00002+00

I .0000E+OO
1 .0000E+OO

1. 0000E+OO

I .0000E+OO

1 .0000E+OO

I .0000E+OO

3.3762fE-33

9.9W2E-01

9.9WIE-01

9.99392-01

9.99362-01

9.9934E-01

9.9931E-01

9.9921E-01

9.9930E-01

9.99WE-01

9.99S7E-01

9.99762-01

9.9W3E-01

9.99s=-01

9.9993f-ol

9.99WE-01

[ 10872-I 1= I .0000 OE*OO CYCLE= 7
va D n P

7.5000E*O0 -7. WOIE-03 7.0153E*oo 1.~~o~-ol ●
S.5000E+O0 -5.3667E-03

9.5000E+O0 -1 .752EZ-03

1 .0500E+OI -1.21732-03

I . 1500E+OI -8. 12WE-04

I .2500E+OI -5.66672-04
I .3500E+OI -3.871 OE-O9

I .w500E+01 -2.6930E-Ok

1 .5500E+01 -2.0397E-09

1 .6500E+OI -1 .I+6W-010

1.7500E+OI -9.41292-OS

1.6500E+OI -6.469*E-05

1.9500E*OI -5.66962-05

2.0500E+OI -4.6W1E-05

2. 1500E+OI -4.92232-05

2.2500E+OI -4.8%62-05
2.3500E+OI -6. I061E-06

2.4500E*OI -3.2600E-10

2.5500E+01 ! .992OE-10

o. 0.
5. 0000E-01 -7. W66E-Ok

1 .50002 +00 -7. 1263E-04

2.5000E+O0 -7.06SOE-0~

3.5000E+O0 -7. 1226E-014
4.5000E+O0 -7.2qO~-Oq

5.5000E+O0 -7.5051E-Oq

6.5000E+O0 -6.762SE-Oq

7.5000E+O0 -1 .B33W-Oq

8.5000E+O0 q.2662E-05

9. SOOOE+OO -3. 16WZ-Oq

1.0500E+01 -3. 0266E-Oq

I . lSOOE+Ol -2.0272E-Oq

1 .2500E+OI -1 .S791E-Oq

I .3500E+OI -1 .31@7E-Oq

I . q500E*Ol -7.657S2-05

I .5500E*OI -7.36262-05

1 .6500E+OI - I .50732 -05

1 .7500E+OI -4.7161E-05

1 .6500E+01 5.69722-05

I .9500E+OI 3.656W-05

2.0500E+OI -2.5261E-05

2. 1500E*OI -3.5W5E-05

2.2500E+OI -1 .%962 -05

2.3500E+OI -1. W21E-10

2.q500E+Ol -3.22192-10

2.5500E+OI 1.9WOE-10
o. 0.

5.0000E-01 1. 106QE-O3

1.5000E+O0 I .0771E-03

2.5000E*O0 1 .09WE-03
3.5000E+O0 1.12262-03
q.5000E+O0 I .23132 -03

5.5000E+O0 1.2S%E-03

6. SOOOE+OO 1 .7076E-03

7.5000E+O0 2. 1035E-O3

8.5000E+O0 I .6qBW-03

9.5000E+O0 1 .2230E-03

1.0500E+OI 5.37 WE-04

1. 1500E+01 3.7276E-Oq

I .2SOOE+OI 2.2960E-Oh

1 .3500E+OI 1 .533qE-Oq

I .*500E+OI 1. 0783E-04

.—.—..
6.0160E*O0

9.0131E+O0

1. Ooox+ol

1. IO07E+OI

1 .2005E*OI

1.300qE+01

1. 40032+01

I .50022 +01

1.6001E+01

1.700 !E+OI

1 .6001E+OI

1.SOOIE+O1

2.0000E*OI

2. 1000E+OI

2.2000E+OI

2.3000E+OI

2.qOOOE+Ol

2.50002+01

1.2750E+OI

2.5021E-01
1. 00062+00

2.0017E+O0

3.00262+00
q.oo35E+oo

5.00 WE+OO

6.00562+00

7.0070E+O0

6.0073E+O0

9.00632+00

1. 00052+01

I . IO03E*OI

I .20022+OI
I .sonx+n*

I .3420E-01 . .

6.9q6X-02

5.69062-0? .-

3. 7067E-02

2.5q16E-02 . .
I .70332 -02

1.22532-02 :-
6. b277E-03

6.35152-03 . ~

q. W33E-03

3. W.23E-03

2.2637E-03

1. W61E-03 . .

B.3332E-oq

6.2055E-Oq

I .0341E-oq

11.6107E-09

-2.6691E-09
7. Bq31E-02

3.56922-02
3.51992-02

3.57922-02

3. 59WE-02

3.72662-02

3.71922-02

q. 12162-02

3.6000E-02 -
3.2S2%-02

2.533=-02

I .5377E-02

1.07092-02 . .
7.2363E-03
5.731X-OX------ ------- --

l.~OOIE*Ol q.0369E-03

1.5001E+OI 3.53792-03

1.6001E*01 2.46592-03

1.7001E+OI 2.qO12E-03

1.6000E+OI 7.973qE-04

I .9000E+OI q.97622-Oq

2.0000E+OI 6.6580E-04

2. 1000E+OI 5.9972E-Oq

2.2000E*OI 3.33WE-Oq

2.3000E*OI 1. 5753E-09

2.qOOOE+Ol q.8107E-09

2.5000E*OI -2.8 S91E-09

1.2750E+01 7.6q31E-02

2. W97E-01 -5.7697E-02

9.9988E-01 -5.6950E-02

1.99962+00 -6.05WE-02
2.99%2+00 -6.2375E-02

3.99WE+O0 -6.61262-02

4.99922+00 -6.88552-02

5.996$E*O0 -7.9322E-02

6.9967E+O0 -6.99822-02

7 .9W6E+O0 -5.7+t72E-02

8.9991E+O0 -q.2553E-02

9.99WE+O0 -2. 3870E-02

1. 1000E+OI -1 .653~E-02

1.2000E+OI -1 .0550E-02

I .3000E+OI -7.83192-03

1 .qOOOE+O1 -5.74 !562-03

.

.
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! $. “s”””””

PART ICLES
POR= 1. 0000 OE*OO PDZ= 1. 0000 OE+OO PXR= ?.60000E+01 PYB= 0.

PYT- 5.20000E+01

T 3AAA 1BA YAW I PARTICLE -FLuID MoMENTuM EXCHAW TEST. t T3AAA 1Ci6 032272-3 I
1 1oB72- I T- 9.0000 oE+OO C’CLE- 232

.
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+...+++. . . . ..++*+** +. +*++.+
● ☛☛☞☞☛☛✎☛ ☛☛☛✎☛☛☛☛☞ ● ☛☞☛☛☛☞☛☛

☞☞ ✎✎✎☞✎✎✌ ● ✎☞☞☞☛✌☛☞ ✎☛ ✎✎✎☞☞☛✎

✎☛ ☞☛☛✎☞☛☞ ● ☞☛✎☛✎☞✌✎ ✎ ✎ ✎ ✎ ✎ ☞✌✎ ☛

✎ ✎✎☞ ● ☞☛☞☛☞☞☛☛ ☞☛☛☞☞✎☛☛☞ ☞✎ ☛✎☞

✎☛ ☛✎☛✎☛☞✎ ☞✌ ☞✎☞☞✎✎✌ ✎ ✎ ✎✎✎☞✎☞✎

✌✎✎ ✎ ✎✎ ☞☞✌☞☞☞✎ ☞☛☞☛☞☛☛☛☞ ✎☛ ✎☞☛

☞☛☞☞☛☞☞☞☞ ☞☛☛☛☛☛✎☞☞ ● ☞☞✎☛☞☛✎✎

✎ ✎✎✎☛☞☞☛☞ ☞☞☞✎✎✎✎☞☞ ● ☛☞☛☞☞☛☞✎

.*+. ● ☞☛☛☛☞☞☛☞ ✎☞ ☞☛☛☛☞☞☛ ☞☞☛☛☛

☞☛ ☛☛☛☞☞✎☞ ✎☞ ✎☞☞✌☞☞✎ ☞☞ ● ✎☞☞✎✎✌

☞☞☛☞☞☞☞☞☞ ☞☞☞☞✎☞✎☞✎ ☞✌☞✎☞☞✎☞☞

☞☞✎ ☞ ☛☞☛☛☞☛☛☛☞ ☞☞☛☛☞☛☛☛☞ ☞☛☛☛☞

☞☛ ☛☞☛✎☛✎☞ ☞☞✎☞☛☛☛☞✎ ✎ ✎✎✎☞✎☞☞✎

✎☞✎ ✎ ☛✎☛✎☛☞☛☛✎ ● ☞✎☞☞☞☞☞☞ ☛☞☛☞✎

✎☞ ☛☞✎☛☞✎☞ ☞✎ ☞✎☞☞☞✎☞ ✎☞ ☞☞☞☞☞☞☞

☞☛ ✎✎☛✎☛✎☞ ☞ ☞☞☞☞☛☞☞☞☞ ☞☞✎☞☞☞☞☞

tttt *t***+*+ + * + ++**++..* .++
tttttt *~*++* +**++***++** ● ☞☛

▼▼▼▼▼ ▼☛☞☛☛☛☞ ● ☛☛☞☞☛☞☛☞☞☛☞ ● ☞☛

+++++++.++ +++’++++++ +*++*++++

++**+*++* +.++++,,++ ++,++*++*

+++++++++ +++++++++ +*+++++++

vELOC 1TY VECTORS

WAX- 2.93061 E+O0

T 3AAA 1BA YAW [ PARTICLE-FLU i D tlOHENTUll ExCHANGE TEST. ( T3AAA I Ge I?2272-3 ) I I oe72- I T- 9. OCOOOE+OO CYCLE= 232
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1SOPtCN ICS
MIN. 9.722752-01 PIAX- I .04901 E+O0 L- 9.7.? .?75E-01 H- 1 .04223E+o0 D(l= 7.77298E-03

T3AAA IBA YAW1 PARTICLE-FLUID I’IO)4ENTUN EXCHANGE TEST . I T3AAAIGB 032272-3) I 10872-1 T- 9.0000 OE+OO CYCLE= 232
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ISOTNSRtlS

f’ll N=-7.32911E+O0 ?4AX- I .?&!158E+O0 L--7.3i!911E+O0 H= 3.67413E-01 00= 8.55170E-01

T3AAA ISA YAW1 PART ICLE-FLUIO F4014ENTUH EXCHANGE TEST. I T3AAAIGB 032?72-31 I 1oe72- I 1- 9.0000 OE*OO CYCLE- 23.?
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. vORTICITY
Ml N--?. 39303E-02 MAX- 9 .7.? OIt5E-01 L=-?. 39303E-02 Ii- S .733WE-O 1 00- 9 .96!376E-02

T3AAA 19A YAOUI PART ICLE-FLUIO MOMENTUM EXCHANGE TEST. I T3AAAI GE 03.?27?-31 1: 0872- I 1= 9 .lIOOOOE+OO CYCLC= .?32
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13AA

lJ

0. 26
9. 26

10, 26
Il. 26

Ii?. 26

13. 26

1%. 26

150 26
16. 26

17. 26

10, 25

19, 26

20. 26

21. 26

.2.?. 26
23. 26

29, 26

25. 26

26, 26

27. 28

10 27

2, 27

3, 27

4, 21

5. 27

6. 2-I

“7, 27

8, 27

9, 27

10, 27

11, 27

1.2, 27

13, 27

14. 27

15, 27

16. 27

170 27

18. 27

19. 27

20, 27

21, 27

22. 27

23, .?7

.3, 27

25. 27

26, 27

27, 27

1, 28

2. 28

3, 28

4, 28

5, 28
6. 26

7. 28

8; 26
9. 28

[0, 26

11. 28

12, 28

13, 28

l%. 26

15, 28

tA 19A YAOU I
x

7.0000E*OO

S.0000E*OO

9.0000E+OO

1. 0000E*O 1

1. 1000E*OI

I .2000E*OI

I . 3000E*01

1. VOOOE+O I

1.5000E*OI

1 .6000E+01

1.7000E*OI

1.SOOOE+OI

1.9000E+C ,

2.000 oL*Lll

2. 1000E*OI

2.2000E+OI

2.3000E+OI

2. QOOOE+O1

2. SOOOE+OI

2.6000E*OI

o.

1.0000E*OO

2.0000E*OO
3.0000E+OO

v.0000E*OO

5.0000E+OO

6.0000E+OO

7.0000E+OO

8.0000E+OO

9.0000E+OO
I .0000E*O1

1. 1000E+OI

1.2000E*OI

1 .3000E+OI

1. 9000E+OI

1.5000E+O!

1 .6000E+OI

1.7000E*0 1

1.0000E+O1

I .9000E+01

2.0000E+O1

2. 1000E*O1

2.2000E+01
2.3000E+OI

2.9000E+01

2.5000E+01

2.6000E*OI
o.

1. 0000E+OO

2.0000E*OO

3.0000E+OO
Q.0000E*OO

5.0000E+OO

6.0000E+OO
7.00 G@E+OO

8.0000E+OO

9.0000E+OO

I .Ooooc+ol

1. 1000E+OI

I .2300E+01

I . 3300E+OI

I .bOOOE+O1

PART ICLE-FLU 10 HOKNTUl EXCNANOE 11

Y u v

2.4000E*OI -5. 1537E-01 -7.6591E-01

2.hOOOE+OI -5.3391E-01 -5.26592-01

2.4000E+OI -5.25822-01 -2. S341E-01

2. VOOOE+OI -4.92062-01 -9.20 BW-02

i?.9000E*Ol -4.41722-01 4.09062-02

2. QOOOE*OI -3. W91E-01 1.23662-01

2.4000E*OI -3.284=-01 I .71662 -01

2. 4000E*01 -2.7653E-01 1.97622-01

2. bOOOE*Ol -2.30532-01 2. IOWE-01

2.9000E+OI -1.90=-01 2.1669E-01

2. WOOOE+OI -1.5721E-01 2.18662-01

2.9000E+01 -1 .2864E-01 2. 1652S-01

2.hOOOE+OI -1.0 W6Z-01 2.17WE-01

2.4000E+OI -8.33822-02 2.15952-01
2.4000E+01 -6.5270E-02 2. lQ3W-01

2.4000E+OI -q.9k14E-02 2.12862-01

2.4000E+OI -3.53WE-02 2.11552-01

2.4000E+OI -2.26332-02 2. 105WE-01

2.4000E+OI -1.08542-02 2.0960E-01

2.hOOOE*Ol O. 2.09392-01

i?.5000E+Ol O. -! .W032+O0

2.5000E+01 -8.99 .!3E-02 -1 .%162 +00

2.5000E+OI -1 .772QE-01 -1.42662.00

2.5000E*OI -2.60152-01 -1 .35262 +00

2.5000E+OI -3.35662-01 -1 .237hE+O0

2.5000E+OI -~.016=-01 -1 .0653E*O0

2.5000E+OI -~.5WOE-01 -9. 0021E-01

2.5000E+01 -4.90--01 -6.6854E-01

2.5000E+OI -5. OSWE-O i -*.621*-01

2.5000E+OI -4. %OIE-01 -2.5217E-01

2.5000E*OI -4.63--01 -8 98562-02

2.5000E+01 -4.1811E-01 2.~l OIE-02

2.5000E*OI -3.66WE-01 9.7761E-02

2.5000E+OI -3.15062-01 1.42552-01

2.5000E+OI -.2.6731Z-01 1.6877E-01

2.5000E*OI -2.2+822-01 1 .837= -01

2.5000E*OI -1 .8767E-01 I .92362 -01

i?.5000E+Ol -1 .5574E-01 I .970%2 -01

2.5000E*OI -1.26262-01 1 .99WS-01

2.5000E+OI -1. OQ64E-01 2. O050E-O I

2.5000E+OI -8.4140E-02 2.0077E-01

2.5000E*OI -6.616=-02 2.0061E-01
2.5000E+OI -5.03132-02 i?.0021E-01

2.5000E+OI -3.60752-02 ! .8977E-01

2.5000E+OI -2.3156f-02 1.9932E-01
2.5000E*OI -1 .1214E-02 I .98S-01

2.5000E+OI O. I .98682 -01

2.6000E+OI O. -1 ..2696E+O0

2.6000E+OI -S.505=-02 - I .28952 +00

2.6000E+OI -1.66122-01 -1.2607E+O0

2.6000E*01 -2. h6B3E-01 -1. 19?+E*O0

2.6000E+01 -3. 183X-01 -1 .0 ES3E+O0
i?.6000E+Ol -3.6003E-01 -9. 513*E-01

2.6000E*01 -4.2866E-01 -7.6S71E-01

2.6000E+OI -Q.6076E-01

2.6000E+01 -Q.7278E-01

.?.6000E+Ol -4.6220E-01

2.6000E+OI -4.3233E-01

2.6000E+OI -3.9067E-01

2.6000E+OI -3. w26E-01

2.6000E+01 -.?. 9790E-O I

2.6000E*OI -i2.5471E-01

-5.96 WE-01

-4. OIIIE-01

-.2.236W-01

-8. 669*E-02

1.0791E-02
7.5636E-02

1.16992-01

I .4292E-01

:s1 . (T3AAA1 W 032272-31

SIE RNO

I . 05322+00 9.9707E-01

I .0 W9E+O0 9.96=-01

1.02WE+O0 9.%SOE-O I

1.01452+00 9.9660E-01

1.0114E+O0 9.8666E-01

I .0081E*O0 9.97002-01

1.0057E*O0 9.9717E-01

1. 00h0E+OO 9.97352-01
I . 0026E+O0 9.97552-01

1 .0018E+O0 9.9774E-01

1 .00142 +00 9.979W-01

I.00I0E*OO 9. WI OE-01

I .00082 +00 9.96262-01

I .00062 +00 9. W36E-01

I .00052 +00 9.96WE-01
1 .000W+OO 9. W57E-01

I .Ooow.oo 9.96622-01

1 .Ooow+oo 9.96662-01

I .00032 +00 9.9666E-01

o. -1 .0170E-07
I . ISWE+OO 1 .00062 +00

I .03762 +00 I .000 IE+oo

I .0*78E+O0 9.8975E-01

1 .OhOIE+OO 9.9WOE-01

I .037W+O0 9.99042-01

1 .03992 +00 9.96692-01

1 .0W2E+O0 9.98352-01

I .Okw.oo 9.960W-01

I . 03432+00 9.977X-01

I .01692 +00 9.9761E-01

1 .0131E+O0 9.9751E-01

1.OIOOE+OO 9.9747E-01

I .0070E+O0 9.975 YE-01

1. 0050E+O0 9.9756E-01

I .00352 +00 9.97662-01

1. 0029E+O0 9.9777E-01

I .00172 +00 9.9790E-01

I .00122 +00 9.96032-01

1.00092+00 9.961 kE-ol

I .0007E+O0 9.9625E-01

I . 00062+00 9.98352-0[

I . 0005E+O0 9 .96W2E-01

I .00042 +00 9.96WE-01

I . 000~E+OO 9.9 E53E-01

I . 0004E+O0 9.8655E-01

1 .0003E+O0 9.9657E-01

o. -1 .0315E-07
I .21 WE+O0 I .0013E+O0

I . 0690E+O0 1 .00092 +00
1. 0677E+O0 I . 00052+00

I .06992 +00 1 .0002E+O0

1 .05632 +00 9.89WE-01
1. 0*76E+O0 9.88 WE-01

I .0430E+O0 9.9913E-01

. 037*+00

. 025=+00

.01522 +00

.ol16E+oil

.0066E+O0

. 0060E+O0

. 004.22+00

.00292 +00

9.9680E-01

9.9W9E-01

9,9s252-01

9.98062-01

9.9797E-01

9.9791E-01

9.9790E-01

9.9793E-01

I I 0872- I 1- 9.0000 OE+OO CYCLE= 232

VOL D n P

7.5000E*O0 -2.6212S-03 6.97592+00 -2.9254E-01 ●
.5000E+O0 -2.59252-03

.5000E+O0 -2.363W-03

.0500E+OI -2. 1566E-03

. 1500E*OI -1.66382-03

.2500E+OI -1.6101E-03

.3500E+OI -1.31992-03

.*500E+OI -1.05662-03

.5500E+OI -E. 1772E-0~

.6500E*OI -6.0652E-Oq

.7500E+01 -4 .6446E-OW

.8500E+OI -2.9W6E-Ok

—
7.9711E+O0 -3. I083E-01

8.9666f*oo -3.1973E-01 . .

9.%33E+O0 -3.2023E-01

I .O%IE+O1 -3.1241E-01
.-
.

1.12592.01 -3.0029E-01

I .2859f*01 -2.8300C-01 . .

I .3%$E+OI -2.6499E-01

I .b%OE*O1 -2. W77C-01 Y-
1.5961E+Ol -2.25552-01 .-
1 .6%22*OI -2.0650E-01

1.7%4E+OI -1 .6964E-01

1 .8500E*OI -1.97092-04

.2.0500E+01 -6.9S682-05

2. 1500E+01 -2.23802-05

2.2500E+OI 3.59022-05

2.3500E+OI 6.21062-05

2.*500E*OI 7.69292-05

2 .5500E+OI 8.77032-05

0. 0.
5.0000E-01 -3. w04E-03

1 .5000E*O0 -1 .6690E-03

2.5000E+O0 -1.76192-03

3.5000E+O0 -1.661 IE-03

11.5000E+O0 -L?.0103E-03

5.5000E+O0 -2. 13B3E-03
6.5000E*O0 -2.23772-03

7.5000E*O0 -2.3076E-03

8.5000E*O0 -2.2~32E-03

9.5000E+O0 -2. 1057E-03

I . 0500E+01 - I .9039E-03

1. 1500E+OI -1.69792-03

I .2500E+OI -1.47252-03

I .3500E+01 - 1.2W3E-03

I .9500E+OI -1 .0 W7E-03

I .5500E+01 -8. 3634E-04

I .6500E*OI -6.941 IE-04
1 .7500E+OI -5.3876E-04

1 .6500E+OI -4. WIqE-04

I .8500E+OI -3.2336E-Oq

2. 0500E+OI -2. q07W-Oq

2. 1500E+01 -1 .7353E-Oq

2.2500E+OI -1 .2993E-04

2.3500E+OI -1 .0232E-04
2. 14500EoOI -S. 90652-05

2.5500E+OI -E.6277E-05

o. 0.
5.0000E-01 -2.69022-03

1 .5000E*O0 -1. It587E-03

2.5000E+O0 -1 .5278E-03

3 .5000E+O0 -1 .6280E-03

q.5000E+O0 -1 .7367E-03

5.5000E*O0 -1 .8330E-03

6.5000E+O0 -1 .9022E-03

7.5000E+O0 -1.97552-03

8.5000E+O0 -1.89732-03

9.5000E+O0 -1 .6032E-03

I .0500E+OI -1 .6512E-03

I . 1500E*OI -1 .5047E-03

1 ..2500E+01 -1 .3W6E-03

1 .3500E+01 -1.17592-03

1 .4500E+OI -1 .0056E-03

1 .8%52 +01 -1 .7 WOE-01

1.9967E*01 -1.61592-01

2.0968E*OI -1.515712-01

2.l$WE+OI -1.4326E-01

2.29692*OI -1 .3776E-01

2.3%92+01 -1 .3387E-01
2.4968E+01 -1 .3237E-01

I .273~E*01 7.8530E-02

2.5002E-01 5.97~7E-02

8.9972E-01 1 .2195E-02

I .8987E+O0 -2.5003E-02

2.9970E+O0 -6.0391E-02

3.9946E+O0 -9.60? IE-02
4.9915E+O0 -1.3140C-01

5.9879E+O0 -1 .6497E-01

6.9838E*O0 -1 .9560E-01

7.97962+00 -2.20722-01

8.975W+O0 -2.3295E-01

9.9716E+O0 -2. q662E-01

1.0969E*OI -2.527qE-01

1. 1967E+O[ -2. q967E-01

I .2965E+OI -2.4377E-01

1 .3964E+OI -2.3362C-01

1 .WWE+OI -2.2262E-01

1.59WE+OI -2. 0992E-01

1.69wE*OI -1 .9740E-01

1 .7965E+01 -1 .8562E-01

I .6966E+OI -1 .7473E-01

1.99662+01 -1 .6526E-01
2.0967E+01 -1 .5751E-01
2. I%7E+OI -1.5175E-01

2.2967E*01 -1 .It723E-01

2.3966E*OI -1 .w68E-01

.2. W65E+OI -1. qwoE-cll

I .27322 +01 7.6540E-02
2.5024E-01 1.2916E-01
1. 0006E+O0 8.76592-02

2. 0006E*O0 5.36522-02

2.9998E+O0 I .9792E-02
3.998 qE*O0 -1 .5583E-02
~.9962E+O0 -5.1701 E-02

5.993qE+O0 -8.7385E-02

6.9900E+O0 -1 .2048E-01

7.9862E+O0 -1 .5130E-01

8.9823E+O0 -1 .7478E-01

9.9766E+O0 -1 .9.42E-01

1 .09752 +01 -2.0309E-01

I . 1973E+OI -2.0893E-01

1 .2970E*OI -2.09bOE-01

I .39692 .01 -2.0747E-01

.
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1

PROGRAM
W&u{

c
4

REMJ FIRST INPUT DATA CARD t

IBAR = i,l~EwMsse OF REAL 201JES IN THE R OR x lNRGcTION.

WAR -:, THE NUMSSR C+ RCAL ZONES IN THE ● OSY 2NRECTION o

IUNF = 1 UNlmvn
JuNF - JuN, FoRI.A1lJETGUMl?.l& aC&lON OF UNIFORM ?!ONING.

TWN “ TLEWW7

DR - % , THE CGLL SIZE IN R OR X DIRECTION.

m = 6%, TIM CSLL ti%E IN Z OKY >IQECTION.

CYL . 1,0 IS CYLINDRICAL; s0.0 IF PLANC

GRIM ~ -0.0 IF EUL.ERIAN; =1.0 IF LAGR.WCMFJ; >1.0 IF 2E3C+J6.

AO = C(O Porn MOMEN7UM EQJATIoNS

AOM * do FOC MASS [ 6 ENERGY) EQUATIONS.

80 . & FOA MASS, MOMENTUM, AND ENERGY C~ U4?IONS

KKI = ~ , WE ~ tXWE~T WAY l)ETEQMMsw VI$CC611Y fOI?M.

b
ADVmE FILM, AND SET LINE COWER TO Top of=FI?AME. I

4
. <0 .X)8 CJM?I.CIED

\

CALL @vERLA’f (I, oJ = sfsmP
I

R6TIKN FP.OM SH’UF

CALL @VERLA’f (2,0) -ICED.ALE

sll_wN PROM CALC.

e,,...,,’-“> s.

0,0 OVERLAY

CALL SMPTY ( SCAWU,E FILMh:m

c)END ms 5roPs WE

e,.‘/. 1 “-F.”!”,
., 1“o .



e ‘$“ *

0,0 SUBROUTINES – Sckfjfjch 3-ROW BUFFER//V@

@Jf3RfkJ71NE M@>

REGuUR

3-”0” w

CALL EcwR(AAsC(IJtAS), IKW,I@,NE)

UFWA RD
ROIJTliVES

~ENTRY START>

L

ISPS = I
IEc12 = lEcW= O

CALLECRD(AASC(I?PS),lECR,NC/I,NE)
LECR= IEC17+ NQ1
ITPS - ISC2

CALLECRD(AASL(IJPS),IECR,N~l,NE)
IECR = IECR+ N I

~

CALLECRD(AASC(LJPS),LECR,NOI NE)

&RETURN

wCALL Ecw17 (AAM(IJMS),IEG4, t.4QI, NE)

IJMS = lscz

IiJMS = ISC3

7~ lJMS. = 1

CALL EcWR(AASL(IJM5), IECW,~I,NE)

R$VE;;$D

~>n;#D ~@JT~ L~tiP~>

I00e CALL ECWR(AASC(IJS)I IECW,NQI,NE)
LECW = IECW - NQI
G6TG+( )IBuI=:

?
2
3

1’, **?,’ .‘ ● ’

4

ZBUF= 3
i>

I

CALL ECRD(AASC(IJMS), lEcR,NfI,NE

IECR= IECR - NQI

I

<<ENTRY RIR@W>
READ jti

ROW IEC= (T-l)+ N~l

Igjs;: CALL.ECRD(AASC(l),IEC,NQI,NE)

POINT TO

i{h COLUMN
IN j+h ROW

RETURN

LL Ecw~(AASC(l),IEC,NQI,NE)

‘.?ED(AID4AIT UNKS.$ RIUW
FWTL?YWAS UNUSED

<
END .SUBUOUTINELOOP>

>
flslx d

’72
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0,0 SUBROUTINES - SETUP PLOTS ; PARTICLE GRID:

lALL START

— 2)0 129 J= 1,SP2
1

ALL vERTICES
— DO 119 1=1, Ipl

XR : AMAXI [KR, X(13)]

YE= AMIN! [YB, Y(IJI]
YT= AMAXI[YT, Y(IT)I

I
b

d
r Vv= L1.94xR*RIBAe =V6L.CIIW WCIUR %A K

FIYBL91G. O .YB ON P!I.M FUAMC

XD= %R/(YT-YB) = I?AIIOvAoTti/U61GtiT
YY=O. O INITIALIZE WC 16s7:

MAXUAI-SE
a07 slae

01.J FILM

FRAME:

7 ~W80GUTH6N n\GM i

FIP%L = AMA% I[o.o,(511.-450.*XD)*YY]
FIP%R=(511.+ 450.+XD)*~’f+ 1012. f(l.-~’()

~X~~:~ 16.*’f’f+ (91b.-loza./xD) + (I. -w)

. (FIPXQ -FIPXL)/(PXC-PXL) ~c:::~

PYc@t.1’J“ ( FIPYT- FIP+%)/ (PYT-PYEU 1

IP%L = FLP%L 1

IlPKR = F1PX12

}

INTE6E17

IPYB = FIpY~ fQUPhL&~

3

(PDR, Plxl, AND PY3

ARE SPECIFIED BY

INPuT AND BY
SU8R. IZE30NE)

PAfLTICLE GRID &

PARTICLE PLdT SETUP:

#
BYPASS REMAINDER
OG SUBROUTINE

%L = 0.0

>YB = YB + PYB =wPqE V15TANCE FROM Y=O
>xR = PDR* FLBP AA ● Zp
PYl u PYB+PDZ*FTBP tip+ ~y* 7P
pXRP - PXR+ 5PEMI0

}

JUST OUTSiD~ GRID —
PYBM - PYB * OMEMlo FOR TESTS IN PARTMf?JV
P~TP = pYT ● OPEMIO
RPDR = l./pDK I./Ax
RPD% = l./PDZ I./’y
RPDRD2 = RPDR~ RPD= 1, /LIXAY

FIF’Y% = 916. o YBF ON PIL)A PRAFAC

XD = PxfZ/ ( PYT-PYB) = RATIO OF WIDTH TO HEIGHT

Y’t= 0.0 WiT\ALI_EC FOR TEST:
I

sETUP FoR PARTICLE
PLOT, TO FIT PARTICLE

GQ[D, ~ FLUID GRIP.
,+q--il,

v
1.13556: * -f’f ’= 1.0

1

FIAL = AMAY.I[0.0, (511.-45 O,* XIY)*YY] :MNpyocJR”?.o..
FIXRs (511. + 450. kxD)*~+ lozz. *(1,-YY) /

FIYT = 16,11Yf + (916 .-\022. /KD) ● (1, -YY)
~C6NV s (F ZXR - FIXL)/(XR-XL)

1

C0NVER5LIi3N - .HIGUERlUANWIDE; IPYT m FIPYT
,.

YCONV = ( FIYT-FIYB)/(YT-YB) c@EFFLcLENTs SAL=511-450. XU/YT
lKL= FL%L I’XR-51\t45&XD/yf

lXIZ = FIXR INTCGER \ I’lT=l~
t

lYl? - FIYB E(@IALENTS ‘wICSR TUAN HIGH:

LYT “ Flfl IXL=O
IXR = IO-52 <END SUBIC?@TZAJE FzL@)

>

@/

LYTC916 -Io12.@~ ‘ 72

e,,3,”*,*’ 3.
, 0 ,f
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W :‘t’ .@”,% ,*.

%!7
PRINT;

PROGRAM “~ASEl CA LLF.D”

YAs ET CALL ~A5ET 1

END

<<S UBFWTZNE YAs.ETl >

EAD IDENTIFIcATIoN @RD
EAD NEXT 6 INPuT-DATA CDS

1}
GR

1
“ GI?AVIIYCOMPONENTS

63 9*
ASQ C.OEFFIC1&N’15 FOR

Rorl 5Tl FFct-ED GAs

GM I E~LIATION OF STATE

I
FREZ VARIA8LS 10NING COECf.

YB YC. ,YOP j.2

REZYO Y., Y OF %8BL& C5NTER

RE2UE Uc GRID EXpANS,ON u

1~~~TfTUAN5LATION VELS.
Fwl RE ZONE

17E2R@ p. = f AT r.

IREHE IA*AT
f?
7P
At

1

PARTICLE GRID

Sly PA RAMETE!ZS

w,

’32P
MOMCNTUM &XCAANC,E

I% +..

~

DT ii
T20MD I = 20’ CP TAPE DUMP

TLIMD 1= nME LIMIT DUMP

FIN TIME WNGN TO FINIS14

LP t? PRINT CONTROL

COLOR 1= COLOR PLOT
QT@ (I -10)

}

CONTROLS OUTPUT
C2c(l-lo) INTERVALS

.:

i, 0 OVER(LAY - 7X PRoBLEM SE TuP;

KT= 9 -OuTPul (PRINT) FILE I

(g~w:o~ CM =JBA~-l~
= JBAR-14

III-G JPI = TBAR+I
FOR w?. = JBAR+2

uEscelPnYu)JP4 = J6AR+4
TP4@l = JP4 / 2
RIBAR = \./FL0AT (16AR)

R16JB = 1,/FL04T(18ARc J6AR)

NQIB . NQc 18Ar7

@hV2fL = 1, -CYL
N~I =NQ+ IPI

IScz ‘NQ1tl
15c.3 = ISC1+NQI
lTV ‘~pl *NQI
ISCFL = 1SC2-NQ

~&f2 = ISCFl +NQI
= LOCF(?Z)-L6CF(AA)t I

NLC = 1oLF[AAI(TP4*NQI)I-LouW+

]LJP2 = LJP2*NQ1 -NQ + 1

r
ANC =0.05
WIAAtW. I.-AK
C$LAMLIs (It ~)/(L~+2.wu+10-m

AOFAC = AoM/[2J3*(l.+fIo@)]

4

~
CONSIANTS
DSPENDENT
UPON St
Wlu BE sEf
IN 2,0.

2==5
3cEN:0 =J53N=

ifBAa 2
~ WECIFISU

FREZ :1. ~ ROMFR.

l./O.-FREZ)
= VCN’T

tlpflDE

BASIC i 4
‘ARTICLE CALL PART6EN

1 (=[,0SUER.)
IENE~AToRI

RE’lURN

rilhJGH6LJl 6RILX IRETURN

gN’AT-(=O’O’
/

v’”@9E
‘ 72
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u
*

1,0 SUH70UT.?IVES - TUE PROBLEM SETUP ‘ 5

C.ALLSTACT
DO 229 3s2, SPI
96 2t9 I-I,lBAR 1

ALL CELL CENTERS ‘,

1P3=IJ+NQ \
IPJP= IJPtNQ

X1= X(IPJ) XZ-X(IPJP) x3=%(IJP) %+ =X(2S)
yl:Y (IP3) w =Y(IPJP) Y3=Y(IJP) Y4:Y(13)
RI=R(IPJ) kZ*R(lPJP) R3=RIIJP) R+= R(IJ)

ATR= .5*[%I * (Y2-Y3)+x~* (Y3 -y!) * X3’ (Y1-’fzll

A3L= ,54N ~ (’t3-y4)t %34(y4-’fl) + X~~ ~yl-y3)]

M(H) = THIRD* [ATRf(RI+Rz+R3)
+ ABL* (Rl+R3+R4)]* RO(lJ)

RV5L(IJ) = R@(IT)/M(IT)

E(IT) - SIE(IJ)+ .125i
[U(IPT)**2 +U(IP3P)*C2 +U(IJP)S* 2+U(IJ)C*2

+V(LPJ)I~2+v(LpJp)~~2 +v(l~~s’z +’W~’2

IT = IPT
I

-—------- CAL&, 3T4RTD

Im 359 3J=2, SP2
.,J=pP4 -ss

D@ 349 ,11= 1, IPI

CALCLILATG
VERTEX MASSES
IN A 17EvWSED
DO-L05P AND
STORE THE
$?6ClpR0cAL5
*u&:

-’””’”p’’””

a,,,\,”*,’f ‘t

L!%LYW’R
BR

CELL:

Tt?
C6LL:

TL

CELL:

8L
CELL:

( 1 +IPI
AL” XX = M(lWA) 1

&Y+-
I#IPl

XX=X%+ M(IJ)

SA%TP2. )

I

=m”’”’r’”
~:f’z’:’”

(DONE ENTRY
untlE~5SARY W

< E/l@ SU8f?OLJTfMi= YASETI)
UVEFSED LOOP) SETUP COMPLE7ED

e,....,

/

‘,?.’ 1.’.1
,, 1 ●
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1,0 SUBROUTINES - PARTi CLE GENERATOR :

&S LIB ROLITLhIK fAt7TCj EA/ >>

1 “NPT=o I
No. OF PARTICLES

IN SYSThm

1 :i:~

P13EVIfZILlSLY READ IN;

}

LBp NO, PANLLE-GRID -H3F’:0 = RETURN

3BP cEUSIN R,2, DIRS.
IFNO ?-A@TI.LESLISED,

7 16P = o

}
pDR As ANO AY OP

PD2 F7At?TlCLt Gr7!D IS?:1SFI17 ~m~c,-e 300

Pyg =PHYSKALD15TANCE
FROM YB -3 BOTrOM 6 WILLF,’r w AAm~L

OF PARTICLE CYRID
DlR6.CTlmJ

CZ?P. = Q? FELT87 PACTICLCS TSP: JBAR TOO &E

IAvM1 IS UOLIENWM&XCNANGE
& WILL 61T IN AXIAL

‘EE DRAwING ON P. 3 DIRECTION ALSO

(

1

FIBP
FJi3P

:% ]FLoATIN@PT. EQUIVALLMTS

llIBF’ i= 1. FIBP

RJB~ = Ie/FJBP }
TO CALC. NEYJ PDf? & PD2 IN RE2$NE.

IBPI =lBP-tl
J8P2 =JBP+2. }

FOR DiS-LOOP OVER PART(cLE GRID

NQ12 = NQI*2 - LENGTH OF TWO RoW OF CELLS.

IEcP = !.PAR = L$cF(AA2) . BASER,A. OF LCM PARTICIE$

LPB ‘NQI!3 # 3 = LGII. IN wDS. OF PARTICLE X-Y-M’S

1h@E3 = lMOMx * lo@+u5E0 IN QAETAMtJ ::R;:&:e

UP ‘1 + ?#~llcLEINDEX N~r ,TRUNCATG IF

MT =0.0 + TOTAL MASS SUM NEcESSARY TO h

1
4

INFIX ;:~u:5 REMAIN

FUE2: 1.0 m .
\ /

7 RECALCULAA~PA~~~E - qRI D

RMAX= [FLOATIItiNF) + FREI* (I, - FRE244(26Ac-IuIIF))

4R@MFR ] $ DR

rMAX = RE3YO+[FLOAT(wwtwt FREz* (1.-FRE2~c(IBM-JCM-JmI@$
fR@MFR] 4DZ

YMIN = RE2Y0-[FL0AT(JWF62)tFW~ (l.-FL?EW(JEAR ‘JLOW)
f QOMFR] b D?

PDR = XMAX * f?IBP
t’DZ =@Mx-YrAIN) *R~BP /

1
,, ‘.4”, $!’‘e

.
●

2EAD A PARTICLE - REGION CN?.LJ:

[!

DRPAF2 PAUTICLE-SPACNG IN r & z DICECTIONS, IN
DzPAR TRUE D, STANC$ UNITS.

6

H
xc
Yc

DIMENSVJNS TO DEFINE EITHER A CYLlhDER

XD
(OC KECTANGLE) , cu A SPHERE (OR CIRCLE),

YZJ
IN TRUE DISTANCEJ~&~, AS PER DRAWINGS

1
WAR

}

INITIAL vELOCITY COMPO(I: NTS
VPAR FoR THESE PA RTICLO

MTE MASS OF PAKTICL& = MTE + rp

1

FoRMARKEW,

DI?ACI Df7A6 COEFFIUENT FOR TNES6 PAenCLES. MTE‘6, Ut?A6. 0“

J

NEXT PAGENB MORE PfiRTIc Lfs

>4
wRITE FINAL CAJFFeK

‘3SNERAT& pARmCLfS
AS SPECIFIED WY PRI14T CONTLNTS OF ABOVE CARD 1
APoVE 13W (

PREPARE
VELOCITY
COMPONENT%
hND DRAG
COEFFICIENT
FOR STORING :

y. yg —

*
LPR :0 wRITE CARD ON FLLM ALSo

= EYPASS FILM wRITExvsH =5 HM(WAR, 30)~A177777777778 m LUT5 ONLY

DRACI = PRAG AND NQT 7777777777B hV~ 1ST30811S ONLY

56T TO TOp,WOST S solTof@MoS FxTENT

I t
CONTINUED ON NEXT PAGE —

x,@T+ =:0
(OU A’EcTANGc.E) ~ ~=

.SPHEI?C
(oR C/A’CLE)



u
m

1,0 su~aoti mn - PARTf CL!= GEM3?A7_O~ (COW’D):.—— — 7

@UB/i’WTZNE P~I?TGHl> COAJWLJLD:

A
II

> CYLINDER

YT65P=YD

1

RESET TO TOPMOST & i30~O?4MOS?

Y?4iiT =YC 6XTENT OP C.YLIUD EU

I
1

lr~ : )
.

UN IFOfUA _AON,NG FUEZ: l.0

[

> AS9.INE TO Ss ~’KGt~”D

YTVJP=YM&K
YBO~=YMIN 1RESET 10 cOVER REGION OF BACffiaOUrfD

K CALC. FOR NON-UN\ F9R#. GRi9 EARLIER
x~ =xMA~ IN TH15 SUEN70UT~tJE

!
YTC=~B@7 + .54 ViWA12 = BOTIOMAWST -f

I
J

d
%TE= XC + .5* DRPAR s LEFTMC5T x

k

CzzD

J- /

MOWUP 1 RONOF
A17EMF’TS10 CRMTE PASTKLES PARTICLES
CDJLY w ITHIN RLCTANGLE

ENCJ-9SlNG HEMISPHERE

XPAR(KP) = (xIE.A..?J.7777777777 B). LJ.LIsH =-A*rdu

YPAR (KP) = (YTC.A.. U.7777777777S3). 0.VSH =~m-llr

it” - {= MTEs [Kt E. CYLt OMCYLj ‘P= ’16 lF ‘LANE
‘ Mica r, IF CYL,

MT =MT+MC * CUM 17TAL MASS

I MPA12(KW = DRAG .0.(5 HIFT(MC,30).A.7777777777B) q I
=KP+3

:Pw J
ADVhNCE I NDEx DRAG admf

=NPT+I ANDPARTICLECOUNT ‘L

Kp : LPB
7

BUFFER6 FULL

XTE = XTE + DI?PAR -_TO NEXT COLUMN IN ROW

I

[f-—+———

PRECEDING

~
PAGE

YTE : YTOP -6 &r 100
lNS ,DC TG5T

UEGION REGIoN - READ
NExT cARD

250 CALL ECWR (AASC, IEcP, LPB, NE) -=-wfzm surmz *UM

- LEc.1’ = IECP+LPB ~ lNCRChKNT R. A IN LSAR

KP-I * RESCT SC#A INUCX

I

L-JPARTICLEGENERATIONcOMPLETC:

20 CALL EcvWI ( AASC, IEcP, LPB, NE) -$!NAL PAR71ALSofrfe+uk

NPS = LOCF [AA2(NpTa 3)]- IPAR + I --~~~~ ~:~:~
~~INT No. OF PARTKLESGENEQATEI)[NPT),& TOfAL MASS(tAT)

WRITG A80VE QUANTITIES ON FILAI ALSO,

NEXT ChLL

PRINT: * PARTIcLE G~ M&S iiMKR

<6JD SUBROUTINE PAI?TGEN>

!! ,* m.’,.”,
* I @

.
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.,?.,’ ,,. #* 0’ ●, ‘. .

~ 0 =$UBROU7.IVES - A4(!3H ~ FL MD GE(IVERA7DR :
— 8

NMSRQ I~QLM=‘QI ‘1 =‘“”’./’”” ‘Ii
CLEARING

gE-
09

k L
3 AASC(I) = 0.0 ~s.E7 ?0ZERO

CALL LO@P
I

4
200~ x~= 0.0

UNIFORM
~y= YB ~Y6 15 INPUT

ZONIM5:
c ALL START

D6 229 T= 2 ,JP2

}

ffLL
~, ~,~

‘;(::~~ 1, lpi vEQTIcEs

(M&T K
Y(IJ)=YY

RE-DONE
R(IJ)=XK*LYL+13MCYL

BELOW ) %X=!U+DR

1
2190 IJ= KF+NQ

fx=cho

}

ROWFINKHED, RESET
‘f~=y’f+~ TO DO NEXT RoW

CALL L5GIP UP

C6NTINUE
CALL ‘D@5NL

.

— CALL STAUT
DO 249 T=2, JPz

1
ALL

D@ 239 I- I,IPI VERTICES

IMJ . IJ-NQ

I

REGION ON RIGHT

X(IJ) ‘X(lMT)

tFRE?r[x(IMT)-x( IMT-NQ)]

4
R(IT) = X( IS) SCYL+QMLYL
7DT - IABS(T-3T6P)
JDB =IABS(J-J$S6T)

&
/

AW3VE J: JEk3-r

< N LCWJERGN$N-ONIFORh

Y(IJI = RE2Y0 -TJ-

’02$ FRE2, R@MFR*(l.-FRE?JD8)

d (~~;$E~s :$ID
<

J :TTOP ExPANSION)

> IN uPER NoN-uNIFORM
REGIoN

Y(IJ) = RE2Y0 +TiJt

DZ6 FRE2i RcJf@, (L-FREZJDT)

BASIC FLUID GENERAT5R :

- READ A FLUID-REGION aRD:

lE

N8 INTEGER NOS.

1

Ne —:

NR

0’ CELL’. N,=p-[
NT DEFiWNG oPP.51TE
NL DAGONAL COCN.SS-

LII

1,

INITIAL u. ,v, NE .

[iI
?, I FOR ALL

VERTICES OR
slE1 CELLS IN REGION

(S:;J;Z

Y

(
>0 8EEN CREATED

c
NEXT PAGFPIKcuc SSTIJP _

PRINT L5NTCt!TSOF AB3vE CMD

W RITE CON~NTS

M FILM ALSO.
=

NT52= NB+2
NRI =NFZ+ I

1

COMPUTE INDICES TO AIATCH

NT2 = NT+2 TH 15 REGIoN TO APR?OPRIATE

NLl =NL+I S’S ~ I’S IN YAQUL GRID.

D5 329 J. NB2, NT2 {=# VERTICES, BUT 1
CALL RIR@w

FEWERRONSop cLL~, *
& ROw T e SCM 8/3,

DO 319 I =NLI, NRI {=* VEQTKES, 6uT 1
CALL sriTz7 FEWERCO LS. OF CELLS. \

~GET ZONE
1

u

‘v

~ SUBROUrlNE CCWTfNfJED~,.

u



10 SUBROUTINES . MESH + FLDID GENERA TOt? (@17 b):

@UBROtiTIAIE ME.SHMKR> C.WW,.
~mm~.8

xx= GMIIIRE3!SIE 9(WI,*.,,W c

(-G?* (RE?Yo-YTc2)/y.x)
FNUM* [Y(IJW-Y(IT)]+YY

(L?E’2R0N . FDEN- FNUM6FREi
AMOISNT ~, AT Q,$J[ = RDSAV, (Kx+FNufA)

ALTITUDE l?E?Yo, [W- FDEN)
THE += O BURST

1

DO 459 I= I,IPI UOROrASJ=f
CENTER) 12@J(IT) = R@’SJA’l ~~~~~[hi

330 ROWS t?@[I~M) = R071 i%M RIGNT
J-=1 c1 3=2 E(IJ)= E(IJM)=REZSIE

FIRST% IJ=IJ+NQ

CALL LdOP :J=l,l DWE-ISCW
m 479 ir=3,7P[ UP

S70ALLlN~RIOR FDEN=[Y(ISF7-Y(13)J+YYROtVSIN THIS

LOOP, INCLUDING FNUM=CY(IJ)-Y(IJM)J+YY

TNE 0UTSID5 R9SfiV= R@SAV. t~X-FNuM)
CELLS: (K<+ FoSN)

9$469 I= I,IPI
R@(ITJ = I?$SAV

L E(IT)=RE2SIE

CALL L0G5P -DO TNRU TPI

FINALLY)

DO RoW TP2 :

0
CONTINUE

CALL DONE -WRtTG II,MAL_

e,,.“& . .. 1.. \,

2: SUPERIMPOSE BURST OVER AMEICNT BACKGROUND~

‘~

3. FINALLY, AVERAGE u, AND V, VALUES

APPROPRIATELY & STORE IN L1 ~ v :

LOWER
C/L!ADRAt4Tz

P

\

~ MI’RCORIMA6L
OFUPPERQUAD.
RANT.NOTL
TYATv MUST
BE STORED ONE

CELL LOWER+

(
v J

I :0 = ALL UK. READ C.ALL S.TART

}

D@ 549 $=2,3BAQ gKQu~
> VALID DNA CD. WJ5391=I, IMI BOUNDARY

~-TJ+ NT- I
‘fERTIcES

REFERTO 1P3= lLrtN’Q
CALL RIROW 13;;w;G IPJP= ITP+NQ
CALL SETIJ

A
RO(IJ)=RC31

SIE (17)= SIE1
UL (IT)= LI1
VL(13)=VI

CALI- W1RG5W

T= J-2+JJ+I
cALL RiR@W
aLL SETJ13

R@(I~)=R@I
SIE (13)= SIEI
UL(H) = UL

~LL WIR@W
J= J-l It

~LL RiRc$w
CALL sE_rIJ

,t

W.-(1J)=-V1 ,
OLL wiRftw ●

\ READ NEXT CARD /

/

4

c1:1

#{

LI(IPJP)=.5+[UL(IT)+ UL(ITP)]

V(IPTP)=.5*[vL( IJ)t VL(IP~]
IJ = IPJ

t
53D 1~ z IPSP

CALL Lfd@f’ .S-~OV’JDOMG

54~C@NTINUE
*

9

V ON AXIS

U{v

AVERA61NG

WI 4
Y*
33

I
SLAPERAUPOXD

,, OAJ $

ss-

1



e’
,; ,.,,.? ,1. ?,

*

fJRINT:

PROGRAM “YA U12 CALLED*

yAQUI i CALL YA L)I 2

0END

.@im0u7-zNE YAQU12>

CALL SECGND(TWSE )
T( = TI?JASE
CALL ~ET~[ 4LK33N , 3NM)

CALL H+010
CALL GETQ (4 LKTLM, H)

,TLIM = Il.
DTV5AV = DICSAV = 0.0

e’ ‘
.,* ,.

2, 0 OVER[ AY - 3-PHASL5 ICED-AK:

GET CENleAL PROCESSOR TME
m UATC , puT IN TI ALso

Gel JOO DAY!=(LS NAME

EXTRA JOB HCADER ON FIUA

GET JOB-CD. TME LIMIT
FLOAT IT
INITIALIZE & “ ~ $tc
SAVED FOR PRINT OF

tiUSING MLl_

,’ ,’, ,
,, u, t 0’

10

CALCULATE
LIRCl)LAT@~
AROUND TK
BOUNDARWS:

i

( 1:1 IRC= C1llC+0.56[v(IT)+V(lJP)],[Y(L3Q)-Y(IJ)]I

>~ 1
r

L:lM( RC=C1t?C-0.5b[ti(IJ)+ V(1JP)3C[Y(tJP) -’f(IJ)

CIRC=CMC- f3.5c[LI(lJ)+LKIPJ)]~[x(lPJ)-x(lJ) ]

6

( CIRC=CIRCt 045c[u(IJ)tu(IW)] CLX(Ip3)-i(U)j

h #J i

r’ SLET = r4Mr+Xf [sZE(IJ), O.] 4-DON87 USEA NEGAnVE 1 STIFFENED *
EQUA?\ON of STATC $

P(Iq. A~f [R$(IJ)-c@Nl + GMln R!l(fT)*SLET
I *~=a’(p-p,)+(t-1)~1

~ > JNCOMPRESSIBLSRUN- uSE ?. FROM PCLEVIWS PHASE 2.
“

I
P(LT)= ASQ*[IVL(13)-R6N] t GMIs Rti(IJ)~ 9LET 1

b

SETUP FOR
oPTIO@AL
TIME-LIMIT TLIM=TLIM* 27.5 E-9 ’40.
TAPE DLIMP:

+ (L-TLIMD)* 1. E+\O b
NOIES:a) 27.5*10-’\SFACTOR ?0 CONgEllr

— 70E3-CV. TIMC LIMIT FROM 76OO CLoct
cYCLES 8ACK TO CP SECONDS, AS SET HYDROSTATIC PRESSURE INITIALLY

PER ,lCW?jSTALK” 4, 11/10/70, p. G,
*, WE BYPASS

-R@ N#~~d[YT-YB -(FL@ AT(T) -l.5)*D?]
ITEM 53. 1
b)SUBTRACT40” TO ENSUI?ECOVER\Nb

UPDATE, COMPILATION,AND SET-LIP GO70 NEXTULL 1

TIME uSAGE.
C)TLIMD (lNPUT) = 1.0 To UTILIWS

TIIE DUMP FEATuRE; = 0,t3 FoR & CALL Lri313P I
TIM& IJM(T IXJMP USAGE (i. e., wHEN

DEBUG RUN !s TO BE RUN TO FULL

TIME UA41T WITH No TAPE DUMP.)
1 1

&TO cONTROL REGION OCI GM D Od IVEAT PAGE —

J

@#
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0’ ‘‘? ’.-’ ,,, #3 e’”., ‘
.

,

2,0 SL/Bt70UTItiES – .?I-PHASE LCED-A~E (cOt,T’D):

<SUBROUTINE YAW2> co.,,. . . . .

PRINT: “TAPEDUIM’(IJLJMTO)ATT.(T), CYcLE=(flcyc)’

b
.

LPF7:0

[1 >J
wRITE SALI! IN FOR13A113N ON FILM.

1
d

WRITE(8) (AA(N) , N= 1,NSC ) ‘+ sctA co~ifA$l

IWR1TE(8) (AA1 [N), N=l ,NLC) +LCM tOMh\ON
,
b

.
NO PARTICLESIN LCM

NPT>~
)

h >J
WRITE (8) (AA2(N), N= 1, NPS) +PARTICLCS

=“’’’”CALL DATAE7EL (5LFXT8 ) @ RLL:ASSDJMP

CALL AFSREL (4 LFILM) ‘Luj[ju~~~E~ &
NUMTD = NUMTD + I +INCRLMEFIT=UA,P #

NOTE5 :
—.

&KRET

SC = LENGTH OF SCM com.IfIN “Ysc2, = L@LF (-+z ) - LdCF (AA) + I

LC = LEN6?tI OF LCM CELL STORAGL, = LG4LF(,4AI(TP4*N2Z))-LTKF (4AI)+ I

PS = LENGTH OF LChf PARTIcLE %wA4E,= LGSCF(AA2(NPT43)) - IPAR + I

T

~
., ...,

mE5E 3 PARAMETERS ARE 9Tof7ED IN WE 9CM cOMMoti yscz,

N9C I NLC ARC CALCULATED IN YAS!7 1 IN STATEMENT # 120
NPS IS CALCULATED AT THE END OF PARTGEN IN 5TATSMENT #290.

LK& OF JP4 {N t4LL ENSURES TNAT CAREFULLY-CLEARED LOA
WILL BE USED j To AVOID TRoUBLE ON RESTART.

&PT lS THE TOTAL No. OF PARTICLES IN THE SYSTEM.

12

REWIND 7 - SE WAS TAPE IS PSSI TICNCD

JTD = S3AR & DUMP~
UN.SC= L@CF(+~>-L@CF(AA)+ I

MUST~LCULATE
~ LENGTHOFSCM

Q===E+i:iNN”
READ(7) (AA(N) ,N=I TN’X ) +SCM COMMaN

= cOQRiCT DUMP. GET REMAINDCROF IT

READ(7) (AA1(N), N= I, NLC) -LCMCIItAWN[

4.
T W PAR71CLCS uSED

NPT:il

h >~
REA’D (?) (AA2(!1), N=l, NPS) +PARTICLES

J
CALL AFSREL (5 LF.SET7) ~ R~LE*5 FILESET

FJLIMTD = NUMTD+ I + MUST INCREMENT DUMP *

TLZAj=TLltA*Z? .5 E-9 -40. +( L-TLIMD)6k2’0 +5EED~A:Q~jAF:ow

PRINT:’’RESTART1NG FROM TAPE DUh\P NO. (Jj-Dj
PRINT: Nmc, T, NLYC

i

CONTINOERUN
FRCMWIIERE IT
LEFT oFF, IN CONTROL

LPR:O =NO FILM wRITING

>[ T:”
r

wRITE ON FILM THE SAIAL 2 LIN!S OF

~NFCXl:ATIOl I AS PRINTED A90V= .

PRINT AN9
WRIT E ON FILLl P

WRON~ TAPE - WR3t\$ Dti~AP”

CALL AFSt?ZL ($ LFSET7) *RELEASE FILE$LT
1

&RETURN

,. , .,.



2,0 JUBROUT1/WS – 3-PHASE ICED-ALE @b??: 13

&S Ui3ROLITINr x4QL112> 6.,1. .. . .

E.ERED ti
ON KRET : 5KIP

~

> 1ALLOWCLLLPRINT

INITIALING

[

=

ASSIGN 440 Td KRF
RENRNS foR ASSIGti b40 76 KRP
FILM, ~RINT, ASSIGN 460 TO KRFp
~ ~1~. w~RINT @ 1$ ) LPR :
3ss CNART
AT RIGNT .

1 flLM CNLV

2“
420

3iW.l L
410

458

A9S1GN A58 10 KRF
W5LGt4 456 T@ KRFP

1

FILM CALL LINCNT (64)
ONLY% CALL ADV (1)

440 KRF = KRFP
- AS.91GN 46070 KRF

w CALL START

9NLE 13
}

D@ 489 T= 1,TP2 ALLCELLS
STARTSIN @ 479 I.= I ,2P I (c--~-~
RoWZ,

}
IPJM = IJM+ti6L V~RT~~S

fEO~!NE IPJ = IJ+NQ ,
ANJST PRINT
ROW ~ D= PRM=PRV =PR9LE = O,

TO GET PROPEU
VALUES! J

>

U*E F&<M(~~M) ‘~”)
# {0.&. TODIVIDC

I PRM = \./RM(l7M) I

0,’ ,-i,’-. II. b.

1 1
FILM ONLY FILM ~ PRINT PRlAIT30~LY

KR F :2 %W50P 2: Ww&P ~////

KRP

/
440 INITIALLY
46o GuR\t46 LOOP

h J
KI= X( IPJM) x2= % (IPJ) x4 = X(IJMI
YI =Y(lPJM) Yl= Y(IPJ] :: :FJ Y4 ‘ Y(LJM)
RI= R(IP3M) R7.= R(lPT)
~l=Ll(IPJMl U2= Ll(IpJ)

K4 c ~IJM)
L13=U(IJ)

~~” V(IPJ]
U4 = u(IJrA)

VI= V(IFJM) V3 =V(IJ) V4=V(IJM)

D= .25* RVoL(IJ/A)S{(Rl+ R2)~[(Ul+UZ)’ (YZ-Yl)+ (Vl+V_2). (~1-X2)]
+( R2+R3)c[(uI+U3) + (Y3-Y2)+ (W+V3) t (X2-x3)1

+ [
+( R3+R4P (u3t@) * (Y4-Y3)+ (Y3+V4)+ (X3-X4)1

(R4+RI)* (U4+til) *(yl-y4)+(~4+Vl) 4( X4- Xl)l]

b

-T===lWRITE: 1,3, *(lJ~A),y(lJM), u(L7M)

NEWFILMFRAfAc: >4 I
LLNESF = O * LINE COUNTER
wRITE : TNM . NAME ,T. NcYC

LWRITE COL. HE&ER: “i ? x Y..,” ETc.

@
. .

.,
1’

CAUULATKX49
OF M,V, D
FOR LONG
PRINT ARE
UEPENDENT
ONLDcATk3t4
IN GRID :

+

J=JF2,
--—-- 1= IPI I

11 ““’

-1
\NsIIJS: I

wV, D iAu 3

“--t--~
S=1 : NONE M TNE 3

NEWPAGEOFPRINTs > f
- LINESP=O @ uNE cOUNTER

i?E5ToRE pRIt4T:R TO NEW PAGE
PRINT z 7NM, NANi E,T, NCYC

PRINT COL. HEADER: ‘ I T X Y,..’cTq

=’0”
m

4
LONTINUE I

PRINTCOMPLCW. i
OMIT. cALLDONS”

LPR :2A5 LCAlUNCNAUGCD
.$

CALL EMPTY +FLULNFIIAI BUFFER

2

@DE

’72

1 J,.*,.\. ,
,, s ●
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2,0 5uBf?OUTINES – 3-PHASE IcED-ALE ~hd:

~s@~oBTINE YA@f@ cON,,N.,.,

\CO~~OuR PLOTS –fiGE 1]
INLTIALI%E LLMITS + SEARCHW
MINIMUM ~ MAUIMUM FLELD VALUES:

15

NO

I 1-= O 0- PLOT CWN?ER, INDEX W1Dl%

IT = LPJ i-l I
1 }}lb NEXT CDL.IN k3\

LJP = IPJP

IIALL Lf3@P -m NEXT ROW

i
QMN = 10’
Q$A%.- QtAN I

b
L= L+l

GO TO ( )L: 1
1

1

3

(2
/

“CALI- DOti E” REQUIRGD, AS
+(L3) \S STORED BACK INTO

LC.M .

I CALL L@@P ~ TONEXTRod 1KRET

d
W@ “CALL DoNE”

4-110 ALL ROWS AS REFERYENUN$
1c ALL START

?
,1

DO 639 S=2,3Fl

}

ALL
\wlERlOt

DO 629 7.= 1, lBAR 20NES

i
WT INTO

-’ID NEST COL.N EM

CALL L06P AT13N6KT ROW UP

“ -. .—

X% = QM%/(QMN+lO-’O) 1

)
SET UP A
LL?@mllw

Pu3T : w4
U5N71NLIE -DO ALL ROWS

CALL DONE I

CALL 5TAeT

o
DB 659 S=2,3PI

}
ALL f-tu LLNTERS

DO 649 I=1, IBAf4
1
ICALCULATE

VOR71Clll~, *I =
PUl INTO

CQ:
y! *
Lll =
VI ●

IPJ: Zs+ta
IPJP = IJPt NQ
X(IPJ) Xz. K(IPJP)
Y (IPJI YZ=Y(IPJP)
L1(lPS) U2=U(IPJP)
V(IPJ) vZ=v(IpJp)

(X3=i IJP) X4=K(U)
Y3” Y Im Y4.Y(X’JI
U3=U(IJP) U+.u(la
‘f3= V (IJP)V4 = ~(IJ)

I RI = .125* RV13L(IJ)*

L
[R(IpJ)t c(IP7Pl+R(lJp)+ R(IJ)l

cq[IJl = RI ● [( UI+U4)4 (%1-%4)+ (vl+v4)tiY1-Y4)
u2+Ul) ~(xz Xl) + (ntV0c(Y2-Yl)

+(U4+U3)*(X4:X3)+ (V4+Y31*(Y4-Y3)I

a,,.\,”*. .,, \,
I ‘83.’..’,

!, & ● ,



a’”...

2,0 SUBf?OLITIAJE.S– 3 -PfiJASEICED-ALE (CONTID):

@UBROff7YNE x4Qu12~ C.NWU.=:

\COb/ TOilQ PL 07S –PAGE z

~ )(% = QMX -QMN735 J
LINEAR PLOT— PRCCED!N6

SET UP CON p!

TA5LE :

FAL%c FIELD VARIATION
v

DQa 0.(t(XX+O.001) -0.001 EN5L4R

f--–-[D@739 K=l)ll
I I

C5N(!1)>’QM!

i
C@N(K) =QMN+[FLOAT(K-1)] *W I

[K=ll 4--RESET CWNTE<INDEX

~’
“ISG5PYCNICS’ -o FRAME ID

“1Sf3THERhf9 “ A FRAME ~~

e “~Of?T I CITY “ - FRAME ID
1

~ WRITE : QM~, QMX, CON(l),

~N( K-1), Da

WRITE : JNM , NAME, T , NCYC /

“ CALL
START“
SETS

UP:-?

I

I
I
L—

II

i—l

i IF FRouUCT
r-r-r-rl

MsDIATELY, 1 I I l-_,
#O, TNEN

c?dJ-

M

ALL 4 AU
4 ITP

.-i
=1.

L@P” ~ IT IF SUM-O,
AND -4 THEN ALL 4

STAIN :+2 1~ ARE-o.

I L :L-:l-_;

❑34

; 12

2ND ~ rn-p~-~-rn

CF,LL

l!?!l!l

-J

Lo@J” 4 1
3JN

--l
,TARTOF -4

2ND -J
RON 1,1

~\vES:~ !_LL-L-o-~

8 ‘A- i’,:,”

● ’

:ALL START
DO 899 J=2 ,3’13AK 6 ~-l ROWS,ACTUALLY

~ CALL LOOP ~ 50 PROPER3 ROVI$
D6 889 1=1, IMl

?

OFx-Y cooRDS W,L~

IPJ = Iir+ N&
BEIN SCM FoR COORD.
INTER POLAT 10N

IPSM . ITM+ NSL
N-O

1- I COWS, ACWALLY

D@ 879 KIC=I , k
+ !N~cNKS CELL CENTER
- COORDS . NOT YET

K\= Kz. K3=K4=0
LI

1

CALCULATED

INDEX K HAS COuNT.-

1
OF NO. OF VALUES

Kl=l IN ‘!C@NaTABLE

>P /

v

\* K2*K3c K4#o ~6S / CONTOIJRDOESNOTPASSTNROLkjH,
Q!3 ~ TRYNEXT CONTOURVALUE

VER7CES=

(Hi OF lTA = IJ
D5 799 77=1,2 CooRDS. oF ALL 4. CELL

D@ 789 11= 1,2 C6NTEQ.s IN QUADUANT
AREii SCM, IPJ13 = IJB~ NQ
BY W.TUE
OF“CALL

IPJA = LJA-t NQ

LOOP”
N=N+I ASTORE I-2-3-4.

~~o~~ ,] %C@(N)= .254 [x(IPJB)+x(IPJA) +x(IJA)+%(IJB)]

YcO(w=.2SL [Y(IPJB)+Y(IPSA) +YII~A)+Y(IJB)]

IJA = IPTA
i L\ . . .. .. . . . . . . . . . . . . .
P I-f IU~kXlWL.IN MMF. KOW

m IJ13 = IPJB <)
IITB = IT 11

i RESET UP TO ROW CONTAINING

~17A = lTP .-/

~fl PAGE
—



Z, O SUBROUTLMS - 3-PRAY ICED -ALE (totm$:

]CON ~offf? ~~ o~s ‘AGE 31
LL - LL+I

[

CO N(tK) -CQ(ZJI)
xx = +( IJ2)-CQ (LJI) 1CWNTS NO. OF WINTSj

LL= O 6 PLOTs WHENLL=Z

+
v

KI+K2:I

= CONTOU17KWSEormm:

Icl . I

“H

rl
*COORDS OF EL

lC-L.2
ITI o IJM
172 = IPJM }CKLLi~;~)~~l,i) 1;

--K” I /

$
b

. CCIN1OUAAC- RIGHT:

ICI= 2 *COORDS OF B12
Icz= 4-

E3,

r7

IW-IPJWI
1~2 = IPU }Csuiij-:.,ltl, ‘J:

ASSIGN 83o W KR I

u

K3+K4 : I +

.
‘“TwR ‘Cress ~,: 3 4

Icl - 3 -CDDADS OF?L
IcI- 4

m,

r

1319 IT
Iul - I-PT

]G’,(i,;;:;+;;l) ‘J

ASSIGN 079 Td KR I

@,* ,
.

“B . . et b.. .

0 THIS IS FIRST

. HAVE2 PoWS NEED i
Dahw .6CTOR MORE

CALL mR’f (IXl,lYl, Ixl, Ly2)[

LA8EL

1 ~:$;

KK:I

L~Esr =~L

C.ALL PLT (1X1 ,IYI,35)

HIkT
VALUfD
Ml&R KK: K-l

OR =Alrl
P&r+TS CALL PLT (I X1,1 YI,24)

ROVA15 u@c ~ (CALL LIMP IS IN 700) ,

~ CALL START
DO 949 J=2,,JPI

)

t..LL

:OMPLHE DO 939 I= I , IBAR CELLS
TNE PLnT lPJ = ITt NC/

IPJP u 13P -t N~

IU:NIN6 1%1 = FT. *L+ Lx(l?J)-~L]*XC~
TUE lYI = FIY3 + L’f (IPJ)-YB] *YCONV

MESH : 1X2 = FI~L + [x( IPJP)-XL] cXC@NV
GENERAL Iy?. = FIY3 + CY(IPJP)-YB] *YCONV
clJl?vl- 1X3 = FIXL + [K (lJP)-XL] h XCdNV

L~EAR 1Y3 = FIY15 + [Y (IJP) -YB] * YC@NV
RCUTINE) 1x4 = plxL + Lx(LJ) -xL]&f.~6NV

1Y4 = FIY3 + LY(IS) -YB]*YcONV

4
ALOW
LEFT I (

1:1

#

ALON6
llolrohl:

ALON6
RIGuT :

+

ALONCI
ToP :

J:JPI hLL DRV ( Ix2,T.y2,1%3,1y3~

#~

I IT = lPT 11 1

4 }} TO UEST CGLL IN ROPA

ITP = lPTP

CALL l-~~~ TO N6XT R&#

A

-I CO?JTINUE /
mr 90NE -

~NOT~ : IF A CONTOURVALUECROSSESALL 4 SIDGS,
>

PATNOFTUE CONTOURTHGUSGHMORETNAN
— lM6 Pm RouTINESHOULDCONNECTEITNEF? W 4 ZONESUSED. (GENERALLY, GRADKNTS

(L-B AND R-T) OU (B--R AND T--L). Ai?E WELL EIEoUG!4SPREAD OVT TO AVOID TNIS
TO DETERAUNE WmCN cNmcE IS CORR6LT PROBLEM. ) TNE AWE munNE MISS TNE
wOULD>HOWEVKR, REWIRE FoLUWANXI THE MORE cOMPLICATED L061C, AND SIMPLY CMNEC’K ~

(L-B AND R+T) TO CLOSECCxwoUR!JNES. J

e,.,,“ *I’ts,’ -l.,, 8 0
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2,0 SUBROUTINES - 3- (%+& ~cE~- /#E (ii%VT’V):

~SUBf7WZVE ~A~12>[0.WED: PNA3E–I CAL[W mlo~ - ziGE2/

~HK ~UD LOOP SWtEPS CELLCENTU&

UPDATESTHE ~ VERT[CESM EACH CELL ~
~~~ w~N WHEN$= -1, BASE k UPGN THE NUMERICAL ‘3TA~lLlTY

REQUl12EMENTS.

- CALL START’

}

~ I-299 J=2,SPI
VELL3 = U4$*2 -t v4**2

90 \ 199 I =1, L8A12 ‘LL CELL‘ENTERS
VELMX= 007 ●AMA%I( lU4*Xx\,lV4*YY\) I

IPJP = lTP+ NSL
KI=X(2PJ) .XZ=K(IPJP) )!3= X(IJP) X4= X(IJ)
yI = Y(IPJI y2=Y (IPJP) Y3* Y (IJp)

[1

Y4 =Y(IJ)
RI = R If’J_) RZ=K lPJP) f73=R(lJP) R4=R(IJ
UI =U Ifzn Uz=u IPJP)
VI =V (IP3)

U3 = u (IJP) 1
V2.=V (IPJP) V3 =Y (IJP) :!: w)

4
X12=X1-X2 Rll= RI+RZ V12=VI+V2

x23=X2.-X3 R13= Rlt R3 VZ3= YL+V3FORM
CLWIIIATION$ x34= x3_x4 f734.c3+f?& V34= V3+V4
THAT APPEAR X41=X4-%1 R&l = k4+R1 W = y4+lJl
REPEAVDLY...x~~=x2-X4

X31= X3-XI
HR13= .5, (RI+R3) V24= v2+W
HR14= ,Ij A(R2+R4) ‘f~3= W+V3

D
xx -.54 (X2-X4+X1-X3)
Yy. .5* (n-Y+ +Y3-Yl) ~

AVEC.AGE~r ~ ~1 OF-LL

4

7
114.0 LAMD= AMINI (D,O.) &AK* LAM I

m

P

Stv

~

St WAS RCDUCEP TO FIT AN OUTPUT TIM:, USE TME

AK= RVI(IT)iC$LAMU * (.5 tDTFflS*VELIJ;tV ELMX)

a

PIXX =MU02* .W25L(1J)* [RIZ ●LI12*Y2 I t R23*U23 4y32

i- R34+u34*Y43 +R41*lJ4[ 4,y[4
-,5* CYL*(U12+U34)*XY] + LAMD

PWf =MUd2* RVtlL(~J)* [f!12+V12tX12 + C23 *V23$X23
+R34sv34$x34 + R41 ●v41*x41J+LAMD

PIXY =ML)04 * RVC3L(IJ)* [R12* (U12*X12+V12*Y21 )+ R23f(U23$x13+V23 cY32)
+ R34* (U34 ●X34tV34CY43)+ R41f (U41*%41+V41●Y14)
-,st CYL$(V12+Y34)*XY]

m,,,4, ” ●.. .,, L.

I r,.,, I ‘Ir,’ l.’.
,, ~ ●



● ’”,1 ,/’
o . .I, $’ e ..’. .

2,0 SUE3ROuTl#ES - 3-PHASE ICED - ALE ~CONTD):

@3tW71NE %4Q4z2> COmwzx

UPDATIN+ THE VELTtCES:
—L—

XX= HR24~ (pIxy*X24 -PIKX*Y24)
W = 7244 P(tJl

UTIL(LPJ) =UTIL(IP.1) + DT02MI+(xx+171# YY-PLTH)
UTIL (ITP)= LJTIL(lTP) - DT62M3. (xx+ R31YY+PITN)

%X= HR13* (PIiY*X31- PIx.X.Y31)
w= Y31 * P(IJ)

UT IL(IPJP) = UTIL (I PJP)+m@zMl* (Kx+ I?2 fYY-PITII)
LITIL(IT) = UTIL [17) -DT62M4* (XX+ R4W+PITII)

PYYhP = PIYY-P( IT)
XX= HR24* (PYYMP+X24-PIKY ●Y24)

VTIL(IPJ) = VTIL(IPJ) +DT62MI+KX
VTIL(ITP) = VTIL(IJP) -DT@2h\3~ XX

%X= HR13 * ( f7YMP4X31 -PI%Y4y31)
VTIL(IPJP)= VTIL(IPTP)+ DT52M2*%X
vTIL(IJ) = VTIL(IT) -DT02M4 FXX

%X-.5* HR24~ [U24*(X24* PLXY-Y24*PIV,X)
-v24* (Y24 ●PIXY-X24 :pIyy)]

Q(IPJ) = .q(IPJ) + DT02MI, xx
Q(lTP)- Q (IJP)- DT!32M3*XX

Xi=.5+HR13Z fU13*(x314 PIXY-Y3i6PIXX)

.. —-
b }10 NEY3 CELL IN RoW

IJP = IPJP JJ I
A$P-”Q%3 #>$

I 1 I I I
y;]

RESET b Row COMPLETED -- tp.~q~~ S

EOUNDARY UTLL(IJ)= UTIL(IJP)=UTIL(lTP-N~IB)

VERTICES’. =LITIL(IJ-NQI.W = 0.0
L

NoTE : ~NtE 3UCC5S3VE CELLS WITHIN A ROW DO NOT
17SQUIRE THEN? NElGh00f5’ NEWTILDE VELOCITIES,

IT IS REASCN6LE Tb RL$ET t?JIjNDARIE S WHEN A Row w COMPLETE3.

b

VTIL(IJP)=O. O 1 I

-~

ROWDoNE t 8NDRY. COND5, SET AS RSQ’D

LTPZ , FORMED IN SETUP>

TELLS WHICH OF THE 3
SCM ROWS TKE 7P1w
ROW WILL BE IN.

-;-: -;-+::~’x

+-H--:
t’--’ALSO,M= =IJP5AV6),WHICH IS

t)l~ f+?ofE~Y oF ~“6R, ~~~,
IS PJT IN YSCZ FOR USE HERE.
1? CAN BE USED HM AS LONCI
AS U ISN’T ALTERED.

<E?
$

ET IL(I.J)= E(IS)+ .25. [Q(IPJ)+Q(IpJp)+ Q(ITP)+Q(Ij-)]

r

~OL(lT)= R@(IT)

RCSQ(IT)s 1./{ASQ+G6Ml+AMAXI[sIE(13),0,0]]

1/:’ xx= [x( IPTP)-%(IJ)t i(IPJ)-x(IJP)]4f2

)~~~(;t ‘All

YY=[Y(IPJP)-Y (IJ)+Y(IJP) -y(IpJ)]4.2

[1
~ DELSM(LJ)= DT@,4 =

fx4Y7 h

LJP = IPSP

I

~AMGL DUU,I&

:
C.ALL L@@P

IIW?ATION , IT IS EtPEDIENT TO

LcULATE THESE 2 CELL VM71A’3LES

i EFORENMID8 TO AVOID CONTINUAL

C@NTINtiE RECALCULATIONDURING ITERATION.

CALL DONE
?., 1

TO E CAICULAT!OM --D <75 oo-) Nsxr PAGE —.-

9

/
td~;:

,,. .



Gim

((SUBROUTINE YAQ@> CONTMJED:

CALL STAFT I

w71 = y~IFJ) Yl” Y (IPJP) Y3=Y(jJP) y4 =Y Iw
RI = R(IPTJ R2= K(lPJ13 R3. R(IJi3 R4=K IJ

ill= XI-X2 %’21 -YI-YI R\z=Rl+R2
X23=X2-X3 y3z =Y3-YZ R23= Rl+e3

X34. X3-Y.+ Y43 = Y4-Y3 R3&=R3+R4
X41= X4-<1 y14= Y. -Y4 R41s R4+RI

$.
UI . UTLL lPJ) vi= vTIL(lpJ)

LI1 : UTLL IP7p~ v~’vTIL(Ip~p)
U3-UTIL(IJPI #3= vTLL (17P)
L14. uTLL ([3) l+” VTII-(13)
u\7. = UI?U2 . 12= VI+V2
U13 . LI-L+U3 va~ = V2+V3
U34 .u3+04- ;~; V3:V:
U41-U4LUI V&

COLLELT M,

=“5’’””

AR= ML = MT= MB= MC= R5(LJ) W~L(IT)
~ ‘~ VALUEs

ON4SIOS%:

--

@D--( 1:1
ML= R@(IM3)/RV@L(IM3)

PLE = P(IMT>

... 3 I_I-r
RESETNEIGHBOR
TERMS IF TUE

NEIGH3’IR CELL

ii

P12 = (MR~ pC + M~*pR)/(MR+ML)
p23 = (IAT x Pc+ ML * PT)/(tAT+MC)

P34 = (ML *PC +MC*PLE)/(hIL+Mc)
p41 =( MBf Pc +MC* PB) /[ MB+ ML)

ET IL(IJ)= ETIL(IT)-DT54/AK*

{R12+PI’2*(”12$Y21 +V12.. XI2J
+R13 *P23 b (U23,Y32+V13t x23)

I +R34* P34~ (U34,Y43t v34*x34)
+R41~P41. (U41*Y14+V41 *X41)]

Es=l

--ma
1

@O~-J TO PHASE 2, NHT P6KIE4

-h
) NOTE’ PLE’; TH=. N~tJZ ‘f’L’

15 A MESH VARIb?LE.

I) Au?,ML, MT, M3 {MC ARE
D~cLA12W WAL .

*-
IAL. L(

} 1) I

rLu, 2-
~- TwE5E ARE IN SAME UL=UTIL

lrL. t
STORAGE w>17i)S,T’MUs No STORA6E

SICIRAGE TRANSFCL IS
. VL svT[L

ALLOCATION

?.=n’p RS~!RED. PL=P

1 b,’ f’,,, ~ ●



2,0 SU19ROLJTIbIES - 3- PHASE ICE2) - ALE (Cwrb):

<<SuBRWTZNE YAQ@2>> CONTINUE>: ~PHASE 2 : ITERA 770/v/

REGION * NUMIT = O d-COJNTS # ITEAATBNS

MIJsTIT ‘ I = 1 IF HAVINCITO ITERATE ( FORCE 1ST+

Pb’IA% = 10-’0
‘O IF ALL CELLS 0. K.

--- FOR c4NVFRGENCE T6ST

C ALL sTART c1
\

NEW
Dfi 2099 T=2, TPI

ITERATION
3302007 I= I ,lBAP-

STASITS IPJ - LJ+N&

HERE: IPJP = IJP+N~

NOTE
uL , ~L {
USA6E:

D
s

g’)

f’L

,=

KI=X(IPJ) X2= x( IPJP) X3= K(IJP) X4=%(13)

YI =Y(IpJ) Y2=Y(IPJP) y3:y(IJP)
RI =R(IPJ) RZ=R (IPJP) R3=R(IJF)
ul Y UL(II’J) U2. uL(IPTP) U3 ,~(12Y)
Vl=VL LF’.T) VZ:VL IPJp) V3=VL(IJP) V4-=VL’(lJ)

r
D= .256RV5L(IJ)${(Rt+ RI)* [(UI+L12).(Y2-YI)T(Vltvl)t (11-! 1)]

+ (R2+!?3)~~uz+u3)~(Y3-YZ)+(Yl+V3)~(Xl-K3)]
+( R3+R4)*[(u3+U4) *( Y4-Y3)+(Y3tV4), (x3-K4)]

t(R4+Rl)*[(U4+U l)dY1-Y4)+(v4+Vl) t(x4-%1)]]

S = RDT * [RQL(lJ)-R$(IJ)~+ QOL(IJ)*D
RA = RCSQ(IJ) * (RDT+ D) t DE LSM(IT) <~:D#oE
DP - -r3M*S/EA

EQ$ SAYING
ROL(IJ) = ROL(IT) -t RCSQ(IJ)*DP ONE i6. )

PLMA~E AIAA%l[pLMAX, IPL(l J)!]

PLwAX IS ALW4YS
PoSITIY6 . 5AVC

g CKLI. HAs CONVERGED

A DIVIDE BY (ALTERNAT\vsLY, ONE MAY

‘R’N’”’’”=?%=I!I
PL

ADJUST
COORDINATES:

Cti 00SE TO ALWAYS A3&JST

~, j I-L. AND UL VALUES
RSGARDL:SS OF OUTCOME
OF T!i6 TEST. )

NOTE ABCJWTNAT CALCULATION

OF RA AND RGL IS SP-ADED
up gy HAVlllG PCSVIOLISLY
CALCULATED R~ ; DELSM,

AS TH~H~R; l~ARIANT IN

—

L
8k24 ‘.5 b(K2+R4), [xt-xA,)
XX= VT624DP
DTt12Ml = xx # RAl(IPJ) , V ERTEx MASSG S ARE STORED

DT62k12 = <X . CM (11=’TP) AS RECIPROCAL, SAVING

DT02M3 = X)L ●CM (IJP) CONSTANT?JIWD!N6 HERE.

DT62M4 = %x ~ R!A (IT]

,,, :’. io’. ‘ ● ’

22

/ - UL(IPJ) ‘Ul+DT02Ml*Rlti Y24

~=

UL(IPJPl = u2+ DT62M2 ● R2*y3 I
UL (IJP) = u3- DT32M3 + R3. Y14. MINUSSIGNREVERSE$x oR y
UL(IJ) = U4-DTP2M46 R4LY31 DIFFERENCESAS QE~UIRED,

d
- NoTE S? ALREADY f,U,LTIPLIED

.

)

I tiTO THL DTOIM+4 TERMS.

J:2 r-l
74 u

&
VL(IpJ) = VI -DT32hl I +xR24

UNFORTUNP.TELY,UL’S ONToP i
BOTTOMBOUNDARIESMuST BE ‘

VL (1S) = V4-DT@2M4-4 xC. (3 RESET m TNE LOOP AS THE
&l cELL WILL DEPEND ON TM

. CELL’S VALUE FOR ITS D.

u

THE UL’S , MoWEVSR, MAY BE
/ LEFT UNTIL THE END OFTHE

VL(IPTP) = V2 + DT@2M2, XR13
ROW,(ASIN PHASES1 ~ 3)
ASTHE BOUNDARYVERTEX u~s

VL(IJP) = V3+ 13T02M3 * XP.24 WON’TBE REFERzNCD AGAIN
TONEV.T UNTIL THE NEXT ROWUP,
CELL:

11 I
1

d b’TONEfl CELLId Rod. RsSET LI~SN&S30::DARY VERTICES

--

4 ‘m II’ --l

UL(IJ) = UL(13P)= UL(ITP-NQIB)= UL(IJ-Nf@)=O,O
A

/

v
CALL LOCJP --TO NExT ROVAUP

4

1

209~ CQhJTINLIE &DO A L.L RCIWS

CALL DONE
NuMLT = NUMIT Y I -- ,%II;;IONS

>

MUSTIT = o 1

4
L / .

ITERATE MEW‘—~NuMIT: 500 I

A )1
>/!JSTOP lTERAmUG I

OPTIONAL- LPR. =2 A FORCEPR!lTS CNPAPER

1}

,,,,/
A\s&;j; + PRINT “ITERATo?\LIL\lT L’xCLET&D - RLJN MAY Aw”

’72.

w
1-



w
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2,0 SUBROUTINES - 3 -PHASE ICED-ALE (Cofd:

< J .’.. o.oo@.1.0

CALL START

1
D@ 30!9 ~S2jJp2 M~VE~lLES
DO 3009 I= I,IP1

~q ,Vq
IJG(IJ) = UL(IT)4 GRDVEL
WJ(IJ) = VL[IJ)4 GRDVCL

IT= 1S+ NQ
CALL LOSP

b
L@NTINUE
C.ALL D$NC

1
4

CALL START

MOVE VERTICES : Da 3119 T=~ /Jp2 ALL VERTICES
D@ 3109 1=1 ,IP1 }

( -[ CALL 17E%ifNE

(1 =X(IPJ) XZ=X(IPJP) x3= X(IJP) K4=x(~
fl =Y(IP7) YZ=Y(IpWl Y3. Y(13_P) Y4=Y(IJ
<1 = R(IPJ) R2=R(IPW P.3=K(IJP) 174=R(LJ)

\
JLI = UL IP3)
LJL2= UL IPJP)
lJL3=uL(2Jn
UL4=LW(IJ)
V,l = VL@~
vL~ = VL(IPJP)
~ = VL(IT@
VL$= VL(Z3)

R12 = RI+ RI
Rz3 = Rz+R3
I?3L=K3+R4
R41 = C4+RI

UDI=U4(IPJ)-ULI X12=X1-X2
UD2= l%(lpJpMJL-2 X23=X2-X3
UD3‘LkLITp)-UL3 X34=K3-%4
uD4=U6~13) -UL4, ~l=X4-%1

VDI = ‘IG(~p~ ‘VL1 Y21 = Y2-YI

VD2= I& (IP$P) -VL~ Y32”Y3 -y2

H-w.;:) :;;; ?::2::;
Y31=Y3-YI

U12=LILI+UL2 v12 ‘VLI t VL2
U23= UL1+UL3 V23=’4L2+VL3
U34 =UL3 +UL4 ‘J34=VL3+VL4
U&l . UL4+ULI V41-VL4+VLI

u= .25+Rv@L(IT)~[fu2c (LII-Lf Y21+v12cx12)
+RZ~*(Ul~#Y32+VlJC~23)

+R34*(U34 e743+V34*%34)
t17416(u41 6Y14+V416X41)]

VGILR=V$I.T=V$LC = I, /lVJL(IJ)

k
CC4.LECTV’fUIAE I : IBAR Vf3Lfl= I. /RvOL(IfJJ) ]
TERMS FOR h /

AR, AT(I). o,. ‘0”
3:JPI

. L+

coEFnc’’NTs’Gi7’”
COLLECTFLUX

“’WR,.6RATTq_-/,
~\ GRDVGL = 0.0 FOR ?uQs EULE121AN,

2.0 FoR C320ME . EQS. IN ‘3000 ,A3YAE GIV: C3RC:?T
VALUES FoR EITHER 0.0 OR 1.0. UL : VL ALREADY = 0.0

-=-F?(1)

ON 00UMDAftlGS, SO UG f VG wlLL ALSfI SE 0.0 T14ER; .
~B= -AT(I)

%,Y,12 VERTE* LOOP (3190) 6 SEPAI?ATZ FROM 30C0 LCOP TO ALLow WR P95S1BE RE?oN2 USZ.

e,.,.,’

Stc

INFO
FOR
PRINT:

AR . AOMSSIq~(\.0, FR)

+mh 4,*F@vO@+W.~)
FT(Z)=DT08iR23h[(uD2+uD3)*y32

+ (VD2.WD3)*x23]
AT(I)=AOM4SIC,NLI.0,F?(I)]

+Bo*4,4FT[J)/(v@LT +v7Lc)

~
XX= AMAXI[lFBl,lF~l,lFT( I)l)lFLl]

I

t
NEXT, CALCULATE I’Ac { g

COAITINUfD O.V NEXT PA GE--

.
.1 ,fi,” l’.

1 ~ ● t
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11+1
AAc

n-tl
IE

a“ ..’.

2,0 SUBROUTINES - 3- P/iASE ICED -ALE (coAITb):

~P%/ASE-l CAL CUf A770N - fiGE 2 \<3UBROUT2VE m4..2> GWW..:

W(N) = RI?KIJ)*VOLC
+ FR *[(L-AR) *R’J’L(IS)+ I.+ AR) tW$L (IPJ)]

[+ FT(Z)$ C(1. -AT(l)) *EaL(I~ + L+ AT(L)) *R$L(IJf’)1
+ FL $’~(l, -AL) ?ROL(IJ)+ ([. +AL) * W@@]
+FB 6 ~(L-AB) 4RfiL(!J)+ (l. +AB) 4 RfiL(lJ@]

ROE = FL6(IJ)~ ETIL(IT)

EP(IJ) = \./M?(w{R9E*v’a Lc
+ FR * [(L-AR) #ROE+ (I, +AR) 4R@(I?T) 6ETIL(IPJ)]
Y FT(Z)&[(L-AT(Z))C RL?JE+ (L+AT(I))J f@(IJP)4ETIL(IJf9]

*[(L -AL) *ROE + (l. +AL) ~R@(IMT)? E11L(IM3)]
~ & 4L(I.-AB) *R$E + (1-+AB) ~K’!3(IJM14ETIL(IJfl)]\

‘+*I=i==lATR M .5*( X?-~Y31 -XI QY32-X3*Y21)
AS3L=-.54 (xl 4Y43+X36Y14 +x4~Y31)

ATR*(Rl+R2tR3) t ABL* (R1-tR3t R4)

IJP” IPJF’ II J1}}m NEXT CELL IN ROW
11

IW= lTM+N(L ),)
CALL L(LWP ~lONEXT ROWUp

b
(@tJTItWE A-DO ALL ROWS

CALL ~~~lE
I

FL= DT08# R3 4,[(LlD3+UD4)*~ 43+(VD3+v~4)f X34_j

1=1: AL *AOM * 51 GAI(l.O>FL)+Bo* 2.+ FLx RV5L(IJ) 3230
~1

24

-@i7D” CALI- START
D2J 3319 J--2, JPI

1D@3M91= 1> IBA17 ~~~$~~ %?A’2%%E’?:/%Eis)
n+l

f

R@(IJ) = MP(lJ) * QV9L(l~ —

E(IJ) = EP(I?) -MOVE E

X:1 = R0(HM)=L!6L(IJM)

eel

SET E’tTERIoP.

>
..lf!,:

E~E~,oR ~~L

J;Jpl = R@(17P)=R@L(ITp)
VALUESWILL
EITHER BE 0.0

4 ORWILL HAVE

I : lBAR =
WEN SET TO

R$(liJ+NQ)=ROL(IJ+ NQ) AppQopCIATE

4 VALUES IN
S L16R.RE?WJE

@m- =EaFl
Z.JM=IJh\+tQ
LJP= IJfJ+~Q

TO NSXT LELL Iti RoW

lJ = IT* NQ-
C.ALL LOOP d-w7bl

IMPORTANT NOTE ON FLLIX TERMS:

wITH THISR161D-WALLVCRSlOFlOFYA&Lll! FL,FBBALskAB wILL AUTOMATICALLY‘BE
CALCULATEDA5 O (IND%SD; FT, rR, AT, W AR WILL ALSO 8E o CM R161D s>JND/IRIE$].
AL1HOU6U W, Ai, FB. % A3 COULD SIMPLY HAIK %ZEII SET DIRECTLY 700.0 IN

“3280’ ?i “329o”, THE FULL GSNERAL EKPRESSIOM5 ARs INCLUDED HERE FoR
P3SSiRLE uS: BY FIJTuRE VZCSIONS OF YACl~l THAT NAVL BEEN SUITABLY
MODIF}GD 70 ALLOW FOK BOUNDARY FLUKES.

NOTE IN PACT’ LULAR THAT WITH NO FAcTITIoUS CELLS ON THE LEFT, THE usE OF
ANY No N%ERo AL W\LL RESLILT IN ERRONEOUSLY REFECENCINq (2 AND E

~\

VAWES FF?3M THE RIGHT 510E Of THE WIESH.
F~. DTG48#R41& [(UD4+UDI) .Y14+(VZMVDI). <41]

J=2: A8=A0M+ s16N(I,0,F3)+30*2.+FB. RV6L(IT) 7HE FINAL TF.RM \N Ae( SAL) IS OF THE FORM:
240 4FB (N08ctkmAKf ~4FIS zF~+~~&

Vs+ve 5!?A3KNT) -@$



2,0 SUBI?OUTIIVES - 3-PHASE ICED - A.LE kONT’D):
—.

@ uBRou771VE YAQ4J(12> CONTINUED: ~PHA3E-3 cALCULATION- fi6iE3 /

1
CALcULATF ‘n+ln VALUES OF ~v, u, v

[ALL STARID
D@ 3399 TJ= 2,Jp2

3= JP4 -Jr
170 3389 11=1, IPI

I= IP2-11

UdS = IJ-N~
IM.~- ; ;JM- NQ

-LcULATL
VERT3X MASSES

-0

IN A REVERSED
DO- Lfk2U AND
STORE TNE
RECIPROCALS =
OVER -’MC: CELL%

TR
CELL :

TL
CELL!

SL
CELL:

FM.% J /

%X= K!(+htP(lMT) 1

/
FALS6

RMP(IJ)= 4. /w
IT= IMJ TO NEXTCGLLONlME ~

4

IJM = IMJ?A
CALL LdRSPD ROW COM~L&, DROP ~

b

CONTINLIE
I

/

e,.,Y. ” .. . *’ %.
I

n+i
Ll,v

.!

25

* INITIAL “*W O.EPLACE S

WM. DIREcTLY. ?EU@ES Wlu

IT= IT+NQ AuToMATICALLY8E @PA6ATED

CALL L60f
nlROUGNUL ~ ~L q SET ON

J EaUNDARIGSAS RGQUIR~D .

& LOOPSWEEf’S

cELL CENTERS \

UPDATES THE 4
vE2TIcES OF EACH

cELL :
+

xl= %(IPJ) x2 =x (IPJP) X3= %(IJI’)
Y2’Y(If’JP)

K+ “ K(IT)
yJ. Y(lPJ)

Rl= R (IPTPI
y3.Y(IJP) Y4 = Y(IJ)

RI. R(l~) R3= R(IJP) -
ULI= UL(LPJ) ‘L2”UL (lpJn LIL3= UL(lJp) fi~4=R~t~!J)
U~lmU~(IP~ UG2”u6(IPJp~ LIG3=uG(IJP) U~4=UG(IJ)
VLI=VL(IPJ) vL2”vuIf’Jp) VL3 .vu131’) VL4=VL(13)
VG1OVG(IPT) VG2’VG (IpJp) VG3=V6(IJP) VG4ZVG (13)

et. ... .

%X= DT@16 * R@L(IJ)
UL13 - IJLI+ UL3 lJL7-4-lJL-L+~L4
VL13 = VL1 +VL3 VL24*VL2+VL~

F13= xxa (R1+R3)* [(IkI+UG3-UL13) *(y3-Yi)
+ (VGI+VG3-VL13) + (xl-x3)]

lF24=xx+(fv2+R4) ~[(u61+w4-uL24) +( Y2-Y4)
t ( V62+VC14 -VL24) ~ (X4-xa)]

1 1

1 Sr.” 1.’.
,, ~ ●
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2, 0 SUBROUTIIVES — PARTICLE MOVER 27

@ffBROLJTINE_ ?dR777&>

(XLL57ART_

)

tST PAss.,. .
D@! 1019 3=2,3P2 ALL

D31009 1=1, IPl UERTICE9 EVERY CYCLE,
RS5ET TO 3ER0 A5

F’Mx (LJ) =PMY(H)=pAIO(lJj :t~ NEKT SWEEP THROLJ6H

4
mE314 WILL ACCLIMULATE

IT= IT+I.1~
SLIMS..

CALL L@@P

i

I@tiTINuk

CALL Dpi14E

SCM USKE:

}

3/3 ~ PflRTICIE

q3 ~ 6’”

‘/3 @’Q”’

=3
2NDPAS....

D~ 1099 J= 2, 3P2 e ALL ROW5 OF vERTICES .,

IEC? (iY-l)*Fl~Z
_ jTH RoW, READ INTO

CALL ECRD (AASC, IEC,NQI, @ SCM Row I/3, LEAV~S

lJ= \ -IN,TIAL,ZE RoNs 1/3 & 313 FO~
PA RTICLC GRID [BE~w)

D@ 10091=1 , lPI 4 ALL VERTICES WITHIN ROW

d

X(13) : PKRP
> To RIGHT OF PAmICLE 6RID

<l TO NEXT ROW UP H
-’l

IF CXITSIDE,
TRY NEXT RoW

~

GET INDIcES (W < INSIDE ORQM ‘-
PART ICLC GCID

‘AQT’CLK ‘Rm Kl= X(IJ)MM TO WHICII
# R PD~+ @PEMIO

YAQUI V[R.TEX KV = [~(IJ)-pYB]* RPD2+6PEMI0
fALU:S ARE

AS51GNED P

ADDt?. OF RWI I(T+ lEC = IcJ* NQI AVOID USAGE OF LCM ~OVJ ~3 :

RSAD IT ~ RO@
n’T USE (K3-IJANQI,7

CALL EcRD(AASC(ISC2), IEL, NqL2,NE)
A% LEAVI*G GARBAGE IN

Al?OVE INTO KIT= (KI-1)4 NSU+ ISLZ
SCM 2/3 $ *

}— -

FICTI?IOIJ5 -LLS.

K13P = KIJ+NQL
INDICCS OF BOTH RowS.

b
KIJ POINTS TO CELL

(W sw 213]

w = %(ZJ) ‘FLOAT(KL-l) cPDR

tl - [Y( IT)- PYBI- FL6AT(KJ-1)* pD~ .
tiLCULATE

AREA WE16HTS xx--’RPDRDiL/R?i (IT) ~m/(AxAy)

HTE = PD2 - H &(Ay-k)=BL, E3R /

COEFF.

/ ~ 1049 JJ=I,2
W’fE = PDR-w A-(Ax-w)=BL.TL

- IAX
- M>
6-tAt

hKIfAENTUM ~ MASS
CONTRIBUTIONS TO THE

4 PARTICLE- GL?ID

VEILTICES INVOLVED.

v

KLJ= KIT+ N& +70 13KOC? TR

*RoN DoNC , H IS TL, TR COEFF.
A

4 .lL, TR vCRTICC~

CALL ECWR(AAM(12L1), IEC, NQ12, NE) _ wR~TE THE 2 PARTICL~-@ ID

‘ ‘0 ‘6’7 ““ ‘N W’%
f70ws BACK WT ONTO LLt4

I 08~ IT= IT*NQ
+ co N DoNE, To N ExT ROW UP IN YbQuI MESH

4A LL YbQ “[ ROWS HAVE NOW 8!+CN Rmb

CALL WART
~K=o a-.,-r lNDlc&’rolL $mP W?TICLG G17m ; SET

m I 199 T=2, JBP2
13@Jl189 I= I, ZT3PI k - ALL PARTICLE .GRID VERTICES .(RECALL‘ECTEX ‘EUC’T’’’””””

THAT PART, GI?ID STARTS IN ROW J-?.
IN LO’. )

~MO AS RECIPROCAL TO AVOID

DIVIDE IN’’25f2o” LATER oIJ.,.. .. .. ._-A

e,* ●.:, *.14
“1

I e. *,., .8 W,***’.
,, 1 ● 8



2,0 SUBROUTINES - PAR TICLE K’0K!3? (CONT ‘d:

<SUBROUTINE PAPZWfZW>-@W 2

4

ITESTL = lTESTL - I (

/ \ ‘E5TL : I )

> + SSAQCH LEFT

[IL. IL-NQ 6GE7 CELL 1
A

I q%wL=xwL+\,o a-lNLREwE WT.

PUL= PLJ(l L)

PVL=PV (IL)
d

LTE%TR = ITES.TR + I 1

( i
XWIZ= XWQ+; . O A-INLQEASE WT

PUR= PU (IR)
P~R=Pv(IR)

2hJD SWEEP

IS VEUTICAL:
[

Da \309 T.=i,T.E?I J

. . ..,, ,. >lERTE &

)NSV
Ioulll
JELS.
?ERO,
VERT!C..- .-. . . . .

%& %#) JTESTB = JTESTT = s
Pu33=PvB=PUT= PVT= 0.0 I

F=CALL ECKD(AASC(lS’.l), IECB,NQI,N~)

%vJB = XWB+I .0 A-IWRE6SE W1.
.~=

6
LINEAR

$;x.$ii

<

FO@ NoN*ERo MASSES AT IJ-I ~ N+ 1,

WEIGAITIN~
WEIGHTING WOLJLP0S. ‘/1 L + ,1> K
FOR NON+ES?O MAsSES AT 17-1 \ N+Z,

EXAMPLE: IsT-l sw IJ* 1 ws IGHTIN6 WOULD BE 2/3 L + 1/3 IZ

28

PIJB= PLJ(IB)

PV13 = P~(IB) 1
t

iI_TE5TT = iTTESTTt I 1

1FfiCALL EU7D(AASC(ISC2) , LECT,NQI,NE)

1=1340 PuT= PU(IT)

PVT = PV [11)

, A
m = lJ+N& d-70 NEF.7CELLIN to

1

1=1397 CALL ELWR(AASC, lEC, NQI, NE) .3-WRITE RE-wO17KED

ALL ROWS DOflE ] ON VER’flCAL 5ETTEK
mw.

F?!E!cTPU(lJ)= PU(IJ). AND. CNOT.77777777773
PV(IS] z PV [IJJ AND,,N$l .11777777778

+F MOMF.NTUM
TRANSFER PRoBLEM,
CLEAR RT. HALF OF
FINAL Pu, PV SO THAT
MWAENTUM 03~!?l -
8uTIONS UN BE
SUMMED INTO THEM
DURING PARTICLE

MoWAEN~.

w
u

. ,,.



w
co

2,0 SUBROUTINES – PARTICLE MOVER (CONT ‘D):
Z9

< WOROUTIAtE R4F7wfdv>> - I%F.7

~

lELP = I PAR -- RU. ADU!7.of kT LCM PM?TIuE

~CALL ECKD (Msc , Kcp, LPB,NE)

!Iw%T%%‘“=‘ -PARTICLE NIPEXIN SCM ‘/3 I

4

1020 XTE = XPAR(KP)

1

DoN’T 3cWHER DE LETN.IG
Q

NEXT- yTE . YPNZ (W) UPAR, VPAR, OIZ MTE F$33M

DRAG . hIWw (KP) RT. SIDES OF THESE W~S.
PART!CLL : I = XTE # RPDR + ~EMIO

~ ~ . (YTE - PYB)*cPD? + C4PEMI0

1~3 ARE

~V~;~;;;$ J<l W T>JBP OL L< I QR 171BP

cONTAINING NoNL@SUE

PARTICLE
PAGE)

Eml.e:%::s:E@

J@L2S = Tt IM$MES ~~ “

IEC= S* NQL b~.ti.~. OF ?ART.-GRIDROdlN i.~

UsAll 2 ROM -0 CALL ECRD(AASC(ISC2) ,IEC, NQ12, NE)
INTO Scm b

IT= (1- I)*NQ+ ISC2

IF’J = IT+ N& }
THESE 2 A!2cIN SCA473

TNE 4 VERTICES
OF PAV.T.-GRID CELL: ;~p ~l#J;\~L @SE 2 ARE IN SCM 3/3.

FIND l%SITION OF 4
PARTIcLE wITHIN w = %TE
PARIICLE.GRIIS

-FL$3AT (1- I) IsPDR

CELL I,J :
U =(y~- PYB)- FI.GSAT(LS. I)*PD2

PDQMVJ - PIJR-W *AX-W
?sZM”H = PDZ - H

6ET N4TERpuLA7ED
VELOCITl&S @,VK)

;;:::q]i: :bli

FOR MOVING
PARTIcLE%

~: PARTICLS5ARE
SWZED 8Y ACTUAL
PMYSIUL imaTIoN ,
AND AK NOT NO?.-
SWUIGD 3.Y DR,-
A5TNLY mEN ARE
IN PURG EULERIAN

CODS3.

LIKs”~pU(Ifl ●Xl + PU(IPJj4XZ +PU(IJP)~X3

+PU(IPJP) ix4] *RPDRD2

~K” ~PV(IJ)C Xl + PV(IPJ)C X2 + F’V(IJP) .X3

+PV (IPJP) 6%4] ~ RPDRDZ

IJPAR= SHLFT(%TE,30) V6UITVZS TO LGPT

VPAR = SHIFT (yTE130) }
SLYE FoR USA6G

UPAR- [UPAR tDTDRAq f (UK+ URAND)+DTGR] f RDTDRq
~)

ticulhTS! NEW

VPAR= [VPAR + DTDRAG* (vK+VllAND)+DT6%P16 RDIDRG PARTICLE VWOUW

\

—

● ● ●
‘t, . . , 1$ t,

.
1

. :E2’EL15H ~ SHIFT (UpA17,30). AWJ.1177777777S
l/SH - 5141FT (V-R,3’3). AND.77777?7777~
KPAR [UP)= (%TE . AND..NOT.7177777777B) . 6R . LEA+
YPAR(W) = (YTE . AND.. N7Tr.T177777777B) .OR.VSH

\
v

8YPAS+ =
z NO MbMfUIUM TRANSFER CALCULATEMOMSNTUM lRAtlSFER:

Y

MTE = SHIFT ( DRAG, 30)

:;r~:~” RPDRD2 ●DTDm%

KK=O

na 2149 TT=I,2
‘M 2139 II= 1,-2

KK - KK+-I

,
~PARTICLE MASS TO LEST SIDE

FoR USAGE

% h6+qj(AXfJj)
\lNIT,AL,lE F-OR DO-LOOP....

XI”= x!(KK)t H
- xl CONTAINS “wh’ FAC_TOtS

PUL= PU(KIJ)
PVL -PV(KIJ)

],E;;;::;:G::%!I:PV

KK= [SHIFT (pUL)30)l+XI*(UK-UPAR+ URAND)

YY= [5uIFT (pvL)30)]+xl ● (vK-VPAR+VRAND)

PU(KIJ)= (PUL. AND.. N?ST.7777777777B)
,QN7. [SHIFT (XK,30).AND.777777777723)

PV(KIV. ( PVL. AND,. N OT. 77?7777777B)
f3R, [5 HIFT(YY,30). AND.7777777777B)

N=: RFsETTINo tOLD

IN “IO1O” FORCLS NEW
READ ON EvERY PARTICLE
IF IMOMX.1 (IMOME3 *
IMoMX ● 1000), A5 MOMEN?A
ARECONTINUALLY 8ElN6
AuDEO INTO THE RIGNT
SIDES OF PIJ, W

, cONT171SUT3 TO

tA3MENTUtA SUMS

RECOM81NE WITN
‘ill! W ~ STORE

‘ TNEM.

6

KIT =K?.iT+54CL 1 4-To Bc. OR TR

i
KIiJ - ITP e TO TL OR TR

CALL ECWf2(AASC(1SC2), IEC, NQ12,NE ) G D3NK : STORE MozJIFiED PU, PV

i BACk Tb LC#A ..—

I NPMT = NPMT+ I 4-TO NEST PARTICLE j COUNT PARTICLES

\ <
#JXE REMAIN IN WFFSV.

{W: L.P13)

%4 AU MOVED IN THIS SUFFER

@LL ECWR (AA9C, lECPj Lf’B, NE )
ECP - LEcF + LPS &AINANCL IEEL. ADD.

LOAD

1 *“V”,
!, 1 ●



0“ ‘‘i’, -’ 1,.’FI 9’
,

‘v ‘.

2,0 SUBROUTINES - PAR T1 CLE MOVER ((’OiVT’d:

<<S UBROU7-ME PAR ZZ4C5V> -/7fGE 4

XPAR ( KP) = -\03 .3-SET V.p 70

AN UNMA LISTIL VALUC 70 IND \ C4TE
PARTKLE 1$ OUTS!DE: MAINLY M EMT
FOR ?ME PARTICLE “~LOT.

COMPLETE PARTICLE MOVEMENT 13Y WRITING FINAL
BLOCK ( MAY BE PARTIALLY FuLL) BACK ONTO LCM ;—.

CALL EcWR(AASC, LECP, LPB, NE) 1

MOMENTUM ~RAWER BACK ONTO YAWL GRID:

#

I(8MOMENTUM>1 TRAN3FER

,13FMpART.:D-READ jTH ROW

INTO SCtA ’13

LEAVING 213 ~

,,,y,,kb!wr-bREAP PART. 6R{D CALL E(.17D(AASC(Ik2),IE LP,NQIl,NE)
INTO 5CMZ/3 t

RoW ABiVE (IN 3/3).
*

\

17HEU
TRuE

,
!, ‘I*’.*.,’ ‘ e

@VTRy Piwmo+
l%miw

w. X(17) -F@AT(KI-i)$ PDK

H= [Y(13)-PYL3.J-f L9AT(K@ PIJ2
HTE = PDil - H A-tN-,W (Ay-h)

D@ 2549 JT= 1,2

WTE = PDR-w ~BL,TL (Ax-w)

PLoTTER !

“-

CALL FRAME TWICE e OUTLINE REGIoN

$
.

LPR: O )
74

CALL LINLNT (59) 4-59 LINES DOV4N

wRITE: PDR, wz, PxR, pYB, pyT,
JNM, NAME ,T, NCYC

lECP = IPAIZ ~ REL.APDR. IST KM PfIRTKLE

30

D@ 2539 11=1,2

--~~$G’”’-

XX= RPPRiJ2fWl&dlTE* PMO(KIT)
U(IJ)= u(IJ)-xxf g = CALL ECRD(AA5C. jIECP,LPB, NE)

~sHIFT(PU(KIJ),30)]

IHTE=H ~TL,TR (h)
I

NOTE ON PMO USAGE (sEE ApOVS RI(,HT): 7
PMO=O IF VERTEX WAS NEVER SET IN !,IOOO* LOOP, EVEN
IF PU, PV WERE SET FROM NEIGHBoRS IN “1200” S “1300,’
MOMENTUM TRANSFER CALCULATION (AN BE IMPER FEcT
TM &REFoRE , IF THERE IS MUCH DISPARITY IN S12E 9dWEEN
YAQUL 6R1D a PARTICLE GRID. HOWEIAER, REaONINC IS m

NOT so COMMONLY USED IN MOMENTUM TR&FER PROBLEMS
AS IT IS IN PROBLEMS IN WHICH TNE PAUTICLES ARE EMPLOYED
SOLELY AS MARKERS.

IKP=I

=

mo CCORDS, IXI = FIPXL+ ~XPAR(KP)-PXLl+ PKC@NV
IYI = FIPYB+ [YpAR(Kp)-PYB]~ PYc$NV

t
3050qNPfT= NPPT+I

1 KP= KP+3 I
b

4
WJFFEa

IECP = lECP-t Lf’B

~wD SUBROUTINE PARTMOV>



1-
0
0

2,0 SUBROUTINES - R.(5ZOIV15 31

SEARCH FOR

MAAO.WM

IULI OR l~Ll ‘

IN FROf.f THE

80LN.JDAR I ES ,

TO CJ3NTROL

IAESH EXPANSION:

RE20M$ = o. Is * RDT ~~G / $t , UNDER-RELAiATKJN FAC.TCiI
~E213TA s 0.002 ~fJ , DE? EcMINES HOW TICaHTLY

XX=- I.E+6 VER?IC65 WILL BE DRAWN

CALL 5TART
TOG 6THEfZ .

=

~CR= FCT= FCO.xxX .X@A5UAl=YIZMSLlM

AVEL=AM~I[{UL(13) l~k(IJ)l]

Q

( = +FcR =AMAXI[FcR,,4vEL)[

v

FCT= AMAX I (FCT, AVEL)

+

“

IJ=IJ+N&
CALL L641JP

i

I 04 CONTINUE
- FcR= *uT (fcR* ixx)

FcT= 5QRT (FCT ● xxx )

%ARC,N foR

Fc13 = 5qRT ( FcIS* %x%)

CALL START

MAXISIUM

&

D@ 1069 T=2, JPI

VORTICITYI,

To CONTROL
T : iJP4$2

k4ESH1RAN5LAToI:

es,i,’-+ tl.s,

1 I

xl= K(IPJ) X2 = %( IPJP)~ X4= x[Kr)

Yi = ‘f(IpJ) Y?. =Y(IPJp) Y3 =Y(lJP)
UI = UL (IPT) LIZ= UL(I?J?) U3 =UL(HP)

Y+ =Y(13)
U4=UL(IJ)

VI= VL(IPJ) V2=VL(IPTP) V3 ‘VL(IJp) v4-=vL(IJ)

A
RI = 0. 125fRVOL(IJ)* [R(IpT)t R(IpJPjT2(IJf)+ R(IJ)]

YY= RI*[(UI+U4)* (Xl-X4) + (VI+ V4)*(YI-Y4)

+(uztul)* (’xl-xl) +’ (V1+VI)*(Y2-YI)

+(U3+U2)* (x3-X2)+ (V3+V2)4(Y3-Y2)

+(U4+U3)*(X4-X3) + (V4+V3) .(y4 -y3)]

4
>

r
YY’:o. o

(, < VORTICITY OF INTEREST IS THE ALGEW7AIC MINIMUM

YY=YY*YY (AND NEGATIVE )

L AHY TRUE — OMK RE61cNS NEARTML /

50UNDARIES.

b
13P - IPJP
CALL LOk7P 1

@D+
CALCULATE

rRANSIATION

Vf LOCITY

*
@NTINLIE -$-SKIP “CALL DONE’ AS, REF.ONLY

XC= K@ ASUM/@MSUM

-K = Y12MsLJM/OIAsuM {Z:;::g:

REiAvT= AMAXl~O,O, [RE2f4Mqif.54 (yc-ycEN)]~
—

1

(v-,) CONTINUED ONvNtW PAGE-P

O

,. “
,

)’ @r/
“72



< SUBROUTINE REZONE>

.

2,0 SUBF?OUT.A.4ES - REZONE (CONT’D):

- PAGE Z

CALL START
D@ 1099 J=2,Tp2 ‘ALL W~LES

~AR=.s~~Y(lJP)tY( lJti)j

+ RE2BTA* [~c-Y(IJ)]
VGITE = ~;?_#$$T* iYBAR-’f(I3)J

I
4

SPECIFY
VELOCITIES (

OF 7
BOTTOM

; TOP

S)0 1089 L= I, IPI aALLiEF!TICES

I

CALCULhTE

=

X3AR=.5*[K;PJ)+ X( IJ-NQ)]

%; ARRAY +RE2BTA* ~X~ -X (IT)]

WlllLE j =2.: U6TE(I)=R~?@N~f KBAR-X(IJ)]

5PEwY L:l = LKTE = 0.0
VLLOCIIIES

oF >

b
IJ = IPJ
CALL L6@P

i
C@NT INIJE
CALL D$NL

CALL.

hA’AIMuM

EXTENT
OF

GRID
Iti

ALL 3

)IRECllON

4

c J:2
>

<

<1
d v

IT = ~~ t N% -DO ENTIRE RoW

CALL LG3d P --GO UPA ROW

pDR= XIPI * RiBP

PD2 = (YJP2-Yz)* RiJWP I
PYB= 0.0 SET UP FoR PLoTS,
CALL FIL~C@ {NE14 6R1DS,TXFINLD. /

4? ‘*’’. :,’ ●
,

3.2

% ~, IN ~XTER13R hNES (USING THE

a LALL START

r’y’ = 16d /(6MI II RE2SIE) I

!!E!i!7[Y(IJPl+Y(IPJP) +kJ)+Y(IPJ)]

v

( R@L(IPJ) = REIRtiN r EXP

{ti4-Y(IPJ)-Y(IfJP)] , Y’f ],

i
R L(IJP) = RE?R5N . EXP

[Y4-Y(ITP)-Y(1?JP) ]*YY3

J
lJP= IJP-t NQ

(PARTICLE GRV7 TMUS 3UsT covERs ‘“-

YAQUI GRID THRoUGHCLITTHE RUN.

TNIS 15 THE SIMPLEST TREATMENT,

EsP. WHEN THE CENTER. OF Resolution

IS MOVINfj OUT RADIALLY.)

. -Q ,%4

<&D SUBROUTIME REZONE} -

t



APPENDIX B

FORTRAN IV INDSX LISTING OF THE YAQUI PROGRAM
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.



IWEX ol{iz/73 OVERLAY lyAQUFIL, OsOl
OVERLAY IYAWFIL$O, O)

0’ .!’
.

2
3
4

5

6
7
8
9 10

10
11
12
13 20
14 30
15
16 40

c
17 100
]R 110
19

VROUii A14 YhOUItlNV, UU1, FILM, P> ET9=OU1, F3L1 lZ=r. LU?FStl I,r>EIBl
LC14 /YLC1/ AAlli3i Oool /YLC2/ AA2I131OOOI

cnM”oN /YSCll AAs~(4242)
CnMMON /V5C%/ AA(1 ) ,ANC~ASO*AO *AOFAC8AOM* 80* CnLAMU*CyL*

DR, DT, OTC* DTFAC, DTGR, OTGZ*nTGZP, DTO(l O), OTOCtl Ol*
; 0TO16v D702, 0T04*OTOfl *OTPOSOOTV *078*OZ~EM 10, EPS*FIBP#
3 FIPXL, FIPXR*FIPVfl ?FIpYTOFIXL, FIXRWFIYfl, FIyT?FJBPO
b FREZ, GGMIOGMl, GR?GROvEL!GZOGZP, I, IRAR*:8P* IBP1*ICOLOR0
5 IO TO$lJ*IJN* IJPOIJPS$IMOME30 IMOMX. IM1O?M6.
6 IPAR, IPXL, IPXR, IPYB, IPYT, IPl, IP2, ISCFl. ISCF2, ISC2, ISC3;
7 ITVOIUNF* IXL, IXR*lyB~IyT *J OJRARWJflp QJBp2SJCEN$JMl OO
R JM14, JP1 ,JP2, JP4, JP402, JUNF, JUNFn2, KXI ,LAM, LJp2, LPi3,
9 LPR, WJONAME (I O), NC YC*NLC, NPS, NPT, NQONOI ,NQIR, N012, NSC,
1 NUMIT*NUMTO *nM, OMANC~OMCYL, OMEMl O.npEM: O*pnR*poZ-pXCONV*
z PXL, PXR, PXRP, PY8#PYRMSPVCONV, PVTOPYTPOROT *REZRONORFZSIE$
3 REZUE, REZVE, REZVTOREZy O, RI HA R* RI HJRORIRP*RJHP OROMFRC
4 RoN, RPoR, RPoRD7*RPoz *T* THIRo, TLIMo, Tou T, TwFIN?T2oMo,
5 vV, XCONV, XI., XR, Y8, YCONV, YT, ZZ

EQUIVALENCE lAASC(l), X* XpARl*(AASC 12)o R,yPARl 01 AASC(3), YOMPAR),
1 (AASC(4) $U, UGSOEL5Ml o(AASC(5) *Vo VGl*l AASCl6)?ROl!
2 (AAsC(7) 9SIEVMPVRMP, RCSQ), (AAsC(8! ,E, ETILI,
3 (AAsc(91 *RvoL)9(AAsc llo)o M* RM*vP)* fAAwlll)*P. PL*EPo
4 UP$PMO), (AASC(l 2) SUTILo ULOCO?PMX? PU), (A ASCl131, V7ILt
5 VL*PMY, PV), (AASC114)*O$ROLI

REAL LAM, LAMO, M, MB, MC, ML OMP, MPAR, MR, MT, MTE, Mti 0MU02, Mu06
NO = 14
PRINT 100
RFAO I 10, IBAR, JBA,R,lUNf* JUNF, KEN, OR, OZ, CYL*9ROVEL, AO, AOM, BO, KXI
CALL AnV (3)
CALL l. INCNT (64)
IF (IBAI?) 40,3002b
CALL OvERLAY (7 LYAQuFIL,1,0?OI
CALL OVERLAY (7 LYAQuFIL,2,0,01
00 TO 10
CALL EMPTY

FnRMAT (lHi)
FnRMAT ls16,7F8.3~!41
ENO

PAGE 1 .
YAQU1 00002

PAGE 2 . .
YAIYJ1 00003
YAQU1 00004
COMMON2 00002
COMMON2 00003
COMMON2 00004
COMMON2 00005
COMMON2 00006
COMMON2 00007
COMMON2 00008
COMMON? 00069
COMMON? OOOj O
COMMON2 00011
COMMON2 000~2
COMMON2 00013
COMMON2 00014
COMMON? oOo~5
COMMON? 00016
COMMON2 oooi7
EQVREAL oo,oq2
E12vREAL 00003
EOVREAL 00004
EQVREAL 00005
EQVREAL 00rJj6
EovREAL 00007
EQvREAL 00008
YAOUI 00007
YA@J1 0000B
YAoU2 00009
YAllU1 00010
YAcWI ooo~l
YAflU1 00012
YA13UI ooo~3
YAoUI ooo~4
YAQU1 00915
YAoUI 00016
YAoUI 00017
YAoUI 00018
YAoUI 000i9
YAoU1 00020

,!

‘9
.

a ,c8’, ~,’



1-
0
.s INDEX 01/12/73 PROGRAM YAW I l! NP, OUT, FILM, FSET9=OUT, FSET12=FTL14, FSET7, FSET8)

SINGLY REFEREiJi5k0- VARIABLES
AA
AA]
AA.?
AOV
ANC
ASO
AOFAC
COLAMU
co
nFLsM
nl
DTC
nTFAC

nTGZP
nTo
nToC
nTn16
nTn7
nTni
f)Tnn
nlpns
nTv
nra
E
FMPTV
FM III
FP

OR
(IR
I)R
.

-R
-R
-R
-R
-R
-R
-R
-R
-R
-R
-R

l;:
OR
-R
-R
-Q
-R
-R
-R
-R
-R

-R
-R

4C0
2LC
?LC

10SU
4C0
4C0
4C0
4C0
5E0
%Eo
4cn
kcn
4C0
4C0

4cn
4cn
4C0
4cn
4cfv
4cn
4C0
4cn
4cn
4crl
4cn
51zo

16SU
4C0
5E0

EPS -R 4C0
EOUIVAL - 5F
ETIL ‘B 5EQ
FIRP -R 4C0
FIPXL -R &co
FIPx R -R 4C0
FIPYIS -R 4C0
FIPYT -R 4C0
FIXL -R 4C0
FTXR -R 4C0
FIYR -R 4C0
FIYT -R 4C0
FJ13P -R &co
FUEZ -R 4C0
FsET12 -R 1 AG
FSF.T7 -R 1 AG
FSETB -R IAG
FsET9 -R IAG
(3GM1 -R 4C0
GUI -R 4(?0
GR -u 4(70
62 -R 4C0
GZP -R &co
r -r 4 C(Y
113P -1 4C0
II?PI -1 4cn
Icnl.oQ -1 4C0
InTO -I 4C0
lJ -I 4C0

lJM
I JP
IJPS
1140ME3
lMoMx
lMI
1M6
INP
IPAR
IPXL
lPxR
IPYB
IPVT
1P]
1P2
ISCFl
ISCF%
7SC2
1SC3
ITv
1XL
Ixl?
1Y9
lYT
J
JISP
J!3P2

-I
-I
-I
-1
-1
-1
-I
-I
-1
-1
-1
-I
-I
-I
-I
-1
-I
-I
-1
-1
-1
-I
-I
-1
-1
-I
-I

4C0
4C0
4C0
4C0
4C0
4C0
4ccl
lAG
&co
6C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C13
4C0
4(W
4C0
4C0
4cn
4C0

JP1 -I 4C0 NUMTO
JP2 -I 4C0 OH
JP4 -I
JP402 -I

JUNF02 -I
LAMO -R
LcM .

LINCNT -
LJP2 -I
LPB -I
LPR -1
W3 -R
MC -R
ML -R
MR -R
MT -R
MTE -R
MUOZ -R
MU04 -R
NAME Ill
NCYC -I
UC -1
NPS -1
NPT -r
NoT -1
NOIR -I
NO12 -I

4C0
4C0
4C0
6RL

2F
llW

4C0
4cn
4C0
6RL
6RL
6RL
6RL
6RL
6RL
6RL
6RL
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4cn

OMANC
OMCYL
OMEM1O
OPEM1O
P
POR
Poz
PL
PMX
PMY
PMO
PRINT
Pu
Pv
PXCONV
PXL
PxR
PXRP
PYB
PYRM
PYCONV
PYT
PvTP
o
R

-I
-R
-R
-R
-R
-R
-Q
-R
-R
-R
-R
-R
-R
.
-R
-R
-R
-R
-R
-R
-R
-R
-R
-R
-R
-R
-R

JMi O -I 4cn NSC -I 4C0 RcSO -R
JM14 -1 4C0 NUMIT -1 4crJ RoT .!?

PAGE 3

4C0 REAO
4C0 REAL
4C0 REZRON
4C0 REZSIE
*CO REZUE
4C0 REZVE
5E0 REZVT
4C0 REZYO
4C0 RI BAR
5Efa RIRJB
5EQ RIRP
5EQ RJRP
5E0 RM
8F RuP
5EQ RO
5E0 RoL
4C0 RO14FR
4C0 RoN
4C0 RPOR
4C0 RPoROZ
4C0 RPOZ
4C0 RVOL
4C0 SIE
4C0 7
4C0 THIRO
5E0 TLIMO
5E0 TOUT

. 9F

. 6F
-R 4C0
-R 4C0
-w 4C0
-R 4C0
-R 4C0
-R 4C0
-R 4C0
-R 4C0
-R 4C0
-R 4C0
-R SEO
-R SEO
-R 5E0
-R 5E0
-R 4C0
-R 4C0
-R 4C0
-R 4C0
-R 4C0
-R 5E0
-R 5E0
-R 4C0
-R 4C0
-R 4C0
-R 4C0

5E0 Th’FIN -R 4C0
4C0 T20M0 -R 4C0

u -R 5E0
UG -R 5E0
UL -R 5E0
UP -R 5E0
UTIL -R 5E0
v -R 5E0
VG -R 5F0
VL -R 5F0
VP -R 5E0
VTIL -R 5F0
Vv -R 4C0
x -R 5E0
XCONV -R 4C0
XL -R 4C0
XPAR -R 5E0
XR -R 4C0
Y -R 5E0
YAOUI - 1 W
VB 4C0
YCONV :: 4C0
YLC1 - 2cN
YLC2 - 2cN
VPAR -R 5E0
Yscl - 3cN
YSC2 - 4cN
YT -R 4C0
22 -R 4C0
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MULTTPLY-REFERF. NCEO VARIABLFS

10 -
20 -
70 -
40 -

100 -
110 -

AASC (IR
AO -R
AOM -R
Ro -R
COMMON -
CYL -R
nR -R

nz -R
FILM -R
GRnVEL :!
lBAR
lUNF -I
JBAR -r
JCEN -I
JUNF ‘I
Kxl -I
1-AM -R
M -R
MP -R
MPAR -R

17
17
17

UPR
9R17
3C0
4C0
4C0
4C0
3F
4C0
4cn
4C0
1 AG
4C0
4C0
4cn
4C0
4C0
4C0
&co
&co
5E0
5F13
5E0

15
13*
140
16e
1?-
18+

5F0
9R0
9R0
9Rn
4F
9R0
9R13
qRn
1 AG
9Rn
9RD
9Rn
9Rn
9Q0
9R0
9nn
6RL
6RL
6RL
6RL

5E0 5E0 5E0 5E0 5E0 5E0 5E0 5E0 5E0 5EQ 5E0 5E0 5E0

12

lNnE~R 011~f~73 PROGRAM YAOUI lINp SOUT, FILM SFSET9-+UT! FSET12=FILN JFSET7SFSET8J
MU 6RL.

PAGE 4

NO -1 &co 7=
OUT -R 1AG 1 AG
OVERLAV - 13SU 145U
+-*-* -*-* -*-* -.-. -+-* -.-.-.-..*-.-.-*-*-+-*-*-*-*-*-*-*-*-*-.-*-*-*-. *.-. -*-. -*-* -.-. -.-. -.-* -.-. -.-... -,-. -.-. -.-* -.-. -.-* -*-*-*-
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INnEX 01{12/73

i
3

4
5
6
7
e
9

::
1?
13
14
15
16

::
19
20
21
22
23
24
25
26
?7
28
29
30
31
32
33
34
35
36
37
38
39
40
41
62
43
44

10

20

30

40

50

60

70
80

100

● ’$!’
, *

SUBROUTINE LOOP
SUBROUTINE LOOP
COMMON /VSC1/ AASC(4242)
COMMON /YSC2/ AA(I ) ,ANC, ASO, AO, AOFAC, AOM, RO, COLAMU, CYL,

1 DR$n T, OTC, OTFAC, OTGR, OTIjZ, DTGZP, OTO{l OI ,OTOCtl OI,
2 bTO16, 0T02, 0T06, OTOR, DTPOS, OTV, OTfl, OZ, EMl O, EPS, FIBP,
3 FIPXL, FIPXR, FIPYR, FIPYT, FIXL, FIXR, FIYB, FIYT, FJ8P,
6 FRFZ?GGM1, GM1!GR!GROVEL, GZ, GZPS I! IHAR$!RP* IHP1, lCOLOR,
5 IOTO*IJ, IJM,lJP, IJPSOIHOME3,1 MOMX.IMI !:M6,
6 lPAR*IpxL? lPxR, IPYR. IPYT, IPl. IPz, IscFl, ISCF2,1SC2,1Sc3,
7 ITVOIUNF. IX LtIXR$IYR, IYTOJOJRAR .JRP, JBP2, JCEN, JMl O,
8 JM14$Jpl .JP2, JP4, JP40Z, JIINF, JUNF02, KXI ,LAM, LJP2, LPR,
9 LPR, MU, NAMFIIO), NCYC, NLC, NPS, NPT, N(4, M21 ,NOIB, NO I?, NSC,
1 NUMIT. NIJMTn, nM, OMANC, OMcYL, O#EMl o,nPEMl o, PnR, POz, PxcoNv,

PXl., PXR, PXRP, PYB, PYRt4, PYcONV, PYT, PYTP, RnT, REZRON, RF ZSIE,
: RF7LlECREZVF, REZVT, REZYO, RI BAR, RI RJS, RI Bp, RJRp, ROMFR,
4 RON ORPOR, RPDRf_JzSRPDZ, T, THIRD, TLIMD, TOUT, TWFINs T20t4fl,
5 VV. XCONV, XL. XR, YB, YCONV, YT. ZZ

CALL ECilR fAASC(IjMS) ,TcCW, NO1, NE]
IECU = lECW ● No I
Gn TO lln,20,30) lfiuF
IJP = tJPS = 1
IJ = 1SC3
rJM = IJM5 = 15c2
ItlUF c z
Go TO 40
IJP = I~PS = ISC2
lJ=l
IJM = IJMS = 1sc3
IRUF = 3
Grl TO 40
ENTRY START
IJPS = 1
IECR = iEcw = o
CALL ECRO IAASCIIJPS) ,IECR, NOI, NE)
IECR = IECR ● NoI
IJPS = ISC2

CALL ECRO (AASC(IJPSI ,IECR, NQI, NE)
IECR = !ECR + NO I
lJP = IJPS = ISC3
!J = 1SC2
IJM = IJMS = IRUF = 1
CALL ECRO {AASCIIJPS) ,IECR, NOI, NE)
IECR s IECR + NO I
RETURN
ENTRY floNE
C4LL ECMR IAASC(IJM$ ), IECW, N91, NE I
IECW = IECW ● NO1
GO TO 150,60070) 18uF
IJM$ E ISC2
Go To 80
lJMS s ISC3
GO TO (lo
IJMS s 1
CALL FCWR IAASCIIJMS) ,IECW, NO I, NE)
RETURN
ENTRY LOOP(I
CALI- F.cwR ~AASCIIJS) oIECW. NO I. NE)
IECW = IECW - Not

PAGE 5
YAoUI 00021
COMMON2 00002
COt4MON2 00003
COMMON2 00004
COMHONY 00005
COMMON? 00006
COMMON? 00007
COMMON? Ooone
COMMONZ 00009
COMMON2 00010
COMMON? 00011
COMMON2 00012
CO14MON2 00013
COMMON? ooo~~
CO+4MON2 00015
cOMMON2 00016
Cowmw oooi7
YAoU1
YA(WI
YAIYUI
iAOUI
VAOUI
VA(IUI

‘YAW I
YAOUI

YAnUI
YAfjUl
YA12UI
VA(jUI
YAW I
YAISJI
YAoUI
YAOUI
YAfJU1
YAoUI
YAQU1
YA(lJI
VAWI
VAQU1
VA(NJI
YArsJ1
VANJI
YA(yUI

YArJU1
YAou I
VAQUI
YAoUI
VA(JUI
YAoUI
YAQUI
VAISJI
VAflUI
YA(IUI
YAoIJf
YAIMJ1
YA(3U1
vAfAUI
YAQUI

000?3
000?4
000?5
00026
00027
000?8
noo79
00030
00031
00032
oon33
oon34
00035
00036
00037
noo38
00039
00040
00041
00042
00043
00044
00045
00046
oon47
00046
00049
000s0
00051
00052
00053
000=$4
00055
00056
00057
Ooflqil
00059
00060
00061
00062
00063



46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

:;
66
67
68
69
70
71
72
73
74

;:
77
78

110

120

130

140
150

SUBROUTINE LOOP
GO TO I11o,12OO14OI IBUF
18UF = z
IJ = lSCF1
IJS = 1
lJM = 15cF2
IJMS s ISCZ
Gn to 130
ENTRY STARTO
lJMS c ISC2
IECR = iECh’ = ITV
CALL ECRD lAASCIIJMS~ ,IECR, NOI, NEI
IECR = IECR - NO I
IJM = IsCFI
IJMS s I13UF = 1
IJ = ISCF2
IJS = ISC2
IF IIECR. LTOO) GO TO 150
CALL ECRD lAASCIIJMS~ ,IECR?NOI, NE)
IECR = !ECR - NOI
RETURN
IBUF = 3

● ✌✎✌‘v , !. ‘8 \

GO TO 100
ENTRY RI Row
IEC = IJ-1) ● NOI

CALL ECRD (AASC(ll ~iECo NO I, NE)
RETURN

ENTRY SETIJ
IJ = II-1) ● NO ● 1
RETURN
ENTRY WI ROW
IEC = lJ-l)ONOI
C~LL ECWR (AASCII I, IEC, NOI, NE I
RETURN
END

PAGE
Yt’QIJI
YAoUI
YAOUI
VAOUI
YAQUI
YAoU1
YAQUI
YAQU1
YAoUI
YAoU1
YAQUT
YAoU,
YA(jU1
YAQUI
YAoU1
YA(3u I
YAOUI
YAoU1
YAoUI
YAoUI
VAOUI
YAoUI
YAQUI
YANJI
YAOUI
YAcju I
YAGUI
YAGUI
YAOUI
YAQUI
YAoUI
YAoU1
YAoUI
YMUI

● ✎✌ ✎✎✎

6.
00064
00065
00066
00067
00068
00069
00070
00071
000?2
000?3
00074
00075
000?6
00077
00078
00079
Ooot)o
00081
00082
000F13
00084
00085
00086
00087
00088
000R9
00090
00091
00092
00093
00094
000%
00096
00097
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iNnEx 01/12/73
51NGLv REFERENCED VARIABLES

SUfSROUTINE LOOP PAGE 7

3C0 PYCONV
3C0 PV7
3C0 PYTP
3C0 unr
3C0 REZRON
3C0 REZSIE
3C0 REZUE
3C0 REZVE
3C0 RFZVT
.3C0 REZYO
3C0 RI BAR
3C0 RIRJB
3C0 RIBP
3C0 RJBP
3C0 ROMFR
3C0 RON
3C0 RPOR

GZ
GZP
10AR
lFIP

-R
-R
-I
-I
.1

:;
-I
-I
-1
-I
-I
-1
-1
-1
-I
-1
-I
-I

:;
-I

3cf)
3C0
3C0
3cn
3C0
3C0
3C0
3C0
3C0
3ctl
3C0
3C0
3C0
3C0
3C0
3C0

3C0

IYT
JflAP

STARTO
T
THIRO
TLIMO
TOU7
TIIFIN
72oMO
Vv
wIROW
XCONV
XL
XR
Ve
YCONV
Yscl
YSC2
VT

:R
-R
-R
-R
-R
-R
-R
.

-R
-R
-R
-R
-R
.
.
-R

52sU
3C0
3C0
3(!0
3C0
3C0
3C0
3C0

74SU
3C0
3C0
3C0
3C0
3C0
2cN
3cN
3C0

Ah. I)R
ANC -R
AS(A -R
AO -R
AOFAC -R
A04 -R
po -R
cOLjIMU -R

CYL -R
nONF -
OR -R
nl -R
nlc -R
t)TfAC -R
nTGR -R
nTGZ -R
nrri7p -R
010 IIR
f)To~ OR
nTO]6 -R
DTO? -R
OTOb -R

3C0
3C0
3C0
3C0
3(IO
3cn
3C0
3cn
3C0

31SU
3C0
3C0
3crY
3cfl
3cn
3cn
3cn
3cn
3(YI
3cn
3C0
3C0

O?nn
oTPns
OTV
OT8
02
EM1O
EPS
FIBP
FIPxL
FIPXR
FIPYFI
FIPYT
flXL
F!XR
FIYB
FIYT
F,IRP
FREZ
GGMI
G41
GR
GROVEL

-R
-R
-R
-R
-R
-R
-R
-R
-R
-R
-Q
-R
-R
-R
-R
-R
-R
-1?
-R
-Q
-R
-Q

3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
.mn
3C0

-1
-I
-I
-I
-I
-1
-I
-I
-I
-I
-I
-I
-I
-I
-I
-I
.

3C0
3C0
3crl
3C0
3C0
3C0
3cn
3C0
3C0
3C0
3C0
3C0
3cn

NcYC
NLC
NPS
NP7
NoIB
N(AI2
NSC
NuMIT
NUMTO
OM
OMANC

-I
-I
-1
-1
-1
-1
-1

:;
-R
-R
-R
-R
-R
-R
-R
-R

-R
-R
-R
-R
-R
-R
-R
-R
-R
-R
.R
-R
-R
-1?
-R
-R
-R

3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0

JRP
JRP2
JCEN
Jf410
JM14
JP1
JP2

IBP1
ICnLOR
1010
IMnME3
xMnMN
IMI
xl%
IPAR
IPXL
IPxR
I Pyl?
lPYT
IPj
I P?
IUNF

JP4
JP402
JUNF
JUNFOi!

3C0
3C0
3C0
3C0

OMCYL
OMEMIb
OPEMIO
POR
PDZ
PXCONV

Kx1
LAM
LJP2
LOOP

3C0
3cn
3C0
1 Su

3C0
3C0
3C0
3C0

3C0
3C0
3C0
3C0
3C0

3C0 LOOPO - 42SU PxL -R 3C0 RPOROZ -R
3C0

ico
LP13 -1 3C0 PxR -R 3C0

3C0
RPOZ -R 3C0

LPR -1 3C0 PXRP -R 3C0 RIROU - 67SU
3C0 Mu -I 3cn PYO -R 3C0 SETIJ -
3C0

71SU
NAME fll 3C0 PYBM -R 3C0 START - 17SU

22 -R 3C0

lxl-
lXR
1 Yil
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To -
20 -
30 -
40 -
Sfl -
~o -
Tfl-
-~o -
~Qn -
110 -
!?0 -
!30 -
140 -
150 -

AASC I)R
COMWIN -
ECRO -
ECWR -
FNTRY -
1 -I
TBuF ‘I
IEc :;
IEcR

IECW -I
TJ -1
lJM -I
!JMS -I
1JP -I
IJPS -I
1 JS -1
TSCFi ‘I
1SCF2 -I

6
6

1:
34
34
36
36
43.
45
45
51
45
61

?Co
?F

21)W
4SU

17F
3C0
6

68=
19=

63
4AG
3C0
3C0
4AG
3C0
3C0

63AG
3C0
3C0

7i
124
z5&

16 28b
35+
37.
39b

38 40*

66
46!
s??
61?

64?
~5a

4AG 20AG
3F

23SU 28SU
32SU 40SU
31F 42F
72
10= 1s=
69AG 75=
20AG 21=

5. 5
e= 13=
9= 14=
9. IAS
7. 12=
7* 12=

485 60=
47 57
49 59

23A0

5SSU
43SU
52F

27=
76AG
21

19=
76.

27=
27=
25.
18=

22
25

28A0

20AG
?s
70F

28AG 32AG 40A13

74F

66=

24

33
72=

37.

Z3AG

43AG

5R=

28AG

40AG

39.

2s=

53

S5AG

28AG

5SAG

65=

29=

43AG

40AG

28AG

60

62AG

29

62AG

29

44=

50=

69AG

32AG

69AG

S*=

44

53.

76Ao

33

76AG

55AG S69

54.

5SAG 58=

PAGE 8

40AG k3A0

6>SU
76SU
67F

69sU

71F

34 4s

23AG 24. 56 61 62AG 63s

62A0

33.
59.
57.
3ss

22=

*Sc21NOE~1 01/4W~73
9 12

ISC3 -1 3C0 8 14
ITV -I 3C0 54
J -I 3C0 68 75

SUBhOUT\#E LOOP.
26 50
37

3iAG 40AG 43AG

2i 23AG 2+
76Ao
73F 77F

NE -I 4AG 20AG 23AG
N9 -1 3C0 7?
NO I -I 3C0 4AG s

63 68 69AG
RETURN - 30F 41F 64F

bi 5SAG 56 62A6
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0
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2
3

6

5
6

7
F!
9

10
11
12
13
14
15
16
17
10
19
20
21
22
23
?4
25
?6
27
?8
29
30
31
32
33
36
35

Sll13rJOUTINF FXI MCO. . . ..- ..-. ---
SUBROUTINE FILMCO
COMMON /YSC1/ AASi{4262}
COMMON /YSC2/ AA(1 I ,ANCVAS12, AO, AOFACVAOMV 15C~COLAMU*CYL*

OR, OT, DTC, nTFAC, OTOR, OTGZ, OTGZP, nTOtl Ol ,OTOCIIO)S

; 0Tnj6, DT02, DT04. 0T08, OTPOS, OTV, DT8, OZ, EMl O, EPs*Fl6Pe

3 FIPXL9Fl PXRf FIPYB, FIPYT, FIXL, FI XRf FIYB, FIYTOFJBPO
4 FREZ. GGMl?GMl SGR, GROVEL, Gz, GZP. I, IRAR?18P$ IBPl, ICOLOR?
5 IOTnt IJ*IJM* IJP, IJPS~IMnNE3. IMOMX$IP’1?1M69
6 IPAR,l PXL,l PXR, IPYq, IPYToi Pl ,IP2,1SrF1 .ISCF2,1SC2$ISC3.
7 ITVO!UNF* IX L, IXROIYRS IYT, J, JRAPOJRp. JHp??JCEN*JMl OO
8 Jt414, JPl, JP2, JP4, JP402, JllNFo JUNF02, KXI ,LAM, LJp2*LpRs
‘? LPR. MU$NAME liO), NCYC. NLC, NPS, NPTo NO, NO1 ONOIB, NO12SNSc0

1 NUMIT$NUMln, nM, OMANC*OMCYL, OVEMl O$nFEMl O!pnRspoZ!p XCONVs
2 PxL, PXROPXRP, PY80PYRM?PYCONV tpy TspYYp$ROT $nEZRoN~REzs IE$
3 REz(JE, REzvE, RE7v TsQEzYo, ~IBARo RI BJRt RInP, QJRPo RoMFR0
& RON, RPoRe RfJORnZ, RPDZ~T, TH$RO, TLTMO, 70 UT OTWF1N?T20MO$

.5 VV, XCONVe XL* XR. YR-vCONVv YT, zZ
EQUIVALENCE lAASC(l lo X. XpARl!(AASC (2)$ R.yPAR) slAASC(31Qv!MpAR),

1 (AA SC 14)*U. UG. OELSMls lAASC151 .V~VG)91h ASCl6)*ROl*
2 (AAsc(71, slE*MP, RMP, RcSOl, lAASC181VEVETILl*

3 [AAsc{91, RvoLl, lAAscllol eM, RM, !' P19[AAsc llll*P*pL*EP*
A llP, Pt4nl. lAASCI121, UTIL, ULOCOOPPX* PUlo(AASC 1131 SVTIL?

s VL, PM; ?PVI, (A ASCI141,0SROL)
REAL LAM, LA MO$M, MR, MC, ML, qP, MPAR, MR, MT, MTE, MU, MU02. MUO4
OIMENSION X(l I, XPARII), RI1)!YPAR(II. Y(l l* MPAR(ll ou(llo UGlil S

nEL5M(l l~Vfl}. VGlll, Rfill)Ss IEl l)*MpI~l.RMptllQRcsQtl)~
: EI1), ET TLI1!o RVOLI1)OM{II*RM (I Io!’PII ), PIIIs PLII), EP(I)s
3 uPtl), UT ILll I, ULlll, CO(ll, PMXl 1). PUI1)*VTIL II I, VLI1),
+ PMY(I), PV1l),O1l), ROL(11!PM17 [1)

XL = 0,0
YB = 1 .E*20
XI? u YT = -YIS
C8LL START
00 129 J=2, Jp2
Do llq l= I,IP1
XR = AMAX1( XR, XI IJ))
YR = AMIN I(YIS!Y(IJ))
YT = AMAX1(YT?Y(IJ))

119 1,) = IJ ● NO
CALL LOOP

129 CnNTINUE
VV = O.q*XR@RIISAR
FIYFS = 916.0
Xo = XR/l YT-YR)
YY = 0.0
IF IXD. LE. I.135S61 ~Y=l.
FIXL = AMA Xl{0.,15110 -450. -x01*Yy1
FIXQ = 1511 .*4500 ~X~)OYY ● 1022, *110-YY1
flYT = 1’6. *YY ● (916, -1022 ./xo)*{l. -YYI
XCONV s [F IXR-FIXLI /(xR-XLl
YCONV = [F IYT-FIYRI ZIYT-YR)
IxL = FIXL
IXR = FIXR
lvB = FIYR
ivi = FiYT
IF INPT. Eo, OI RETURN
PxL = o,o
Pv13 = YR ● PYtl

● ✌✌8,’ ,’ . 8’.
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PAGE 9
YAoUI 00090
COMMON2 00002
COMMON2 00003
COMMON2 00004
COMMON2 0000S
COMMCN2 00006
COMMON2 00007
COMMCN2 00008
COMMONZ oOno9
COMMON2 00010
COMMON2 000~1
COMMON? oOo~2
COMMON? 00013
COMUON2 000~4
COMMON2 000~5
COMMON2 000~6
C0MMON2 00017
E12VREAL 0000?
EOVREAE 00003
E12vREAL 00004
EOVREAL 00005
EOVREAL 00006
EQVRF_AL 00007
EOVREAL 00008
OIMEN 00002
DIMEN 00003
DIMEN 00004
15:MEN
OIMEh
YAoUI
YAoU1
yAoUI
YAoUI
YAoUI
YAoU1
YAou I
YAiau I
YAfAU1
YAoUI
YAoU1
YAoU1
YA13U?
VAOUT

YAou1
YAoUI
YAoU1
YAoUr
YAoU1
YAoUI
YAoUI
YAou I
YAISJ1
YAIYJI
YAoU1
YAoUI
YAou I
YAiUI
YAoUI

00005
00006
00102
00103
00104
00105
00106
ooln7
ool Oa
ooln9
00110
ool~l
ool~2
001!3
001]4
00115
00116
ool~?
ool~a
00119
001?0
00121
00122
001?3
00124
001?5
001?6
00127
001?8
001?9
00130

1 m“.’,.’, lo *
,!



37
38
39
40
41
62
43
44
4s
46
47
48
49
50
51
52
53
54
55
56
57
58

SUBROUTINE FIL14c0
PxR = PORiFI13P
PYT = PYE ~ POZ@FJBP
PxRP = PXRQOPEM1O
PYRM = PYRAoMEMIo
PYTP = PYTAOPEM1O
RPOR = l./PnR
RPOZ = 1./Pl)Z
RPoROZ = RPOR*RPO?
FTPY13 s 916,0
xi) = PXR/ (PYT=PY131
YY = 0.0
lF lXn. LE.l.135561 Yf=l.
FIPXL = AM~Xl (o,, (511 .-450. *Xn)oVYl
FIPKR = (511. *450. *xDI*YY ● 1oZ2. *(1. -YYI
FIPYT = 16. OYY ● (916. -l 022. /xO) 011. -YY)
PXCCINV = (F IPXR-Ft PXL)/(PXR-PXL)
PYcONV u (F IPYT-FIPYB )/l PYT-PYRl
IPXL = FIPXi -
IPXR = FIPXR
IPYfl . FIPYB
IPYT = FIPYT
RETURN
ENO

PAGE
YAOU1
YAoU I
YA@J1
YAoUI
YA6U1
YAoUI
YAQUI
YAoUI
YAoU1
YAoUI
YAoUI
YAoUI
YA@JI
YAIYU!
YAOUI
YAoUI
yAfAUI
YAIYUI
YAoUI
YAoU1
YAfIul
YAoUI
YAoU1

00152
00153

.
4 ‘% ’,:,’ ● ’

10
00131
00132
00133
00134
0013s
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
00146
00147
00148
00149
001=,0
00151



AMIN1 -
ANC -R
ASO -R
AO -R
AOFAC -R
AOM -P
Ro -R
cOL~MIJ -R
CYL -R
171MENSI -
(Ml -R
nl -R
nTc
nTFAC %
nTGR -R
OTGZ -R
nTG7P -R

i4su
3C0
3C0
3C0
3C0
3cn
3cn
3C0
3C0
6F
3cfl
3C0
3cn
3cn
3cn
3C0
3cn

OTOC OR
01016 -R
OT02 -Q
QT04 -R
0TOt7 -R
OTPnS -R
OTV -R
018 -R
02 -R
EM1O -R
EPS
EOUIVAL IR
FTLMCO -
FREZ -Q
GGM1 -R
GuI -R
GR -R

SUBROUTINE FIL14c0

~oVEL

62P
IBAR
IBP

I SCF2
I SC2
ISC3

COMMON -
CQ (IR
nELSM
E
EP
FTIL
FI17P
FIPXL
FIPXR
FIPYEl
FIPYT
FIXL
FIXR
FIYII
FIYT
FJ13P
1
!J
lPxL
TPXR
1PY8
TP~T
1P]
IXL
lXR
I Ya
IYl

J
JP2
LAM
M
MP
MPAR

(IR
(IR
IIR
OR

-R
-R
-R
-R
-l?
-R
-R
-R
-R
-R
-I
-I
-I
-I
-I
-1
-I
-1
-1
-I
-I
-1
-1
-R

(IR
(IR
IIR

3E0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
6F
lSU
3C0
3C0
3C0
3C0

lBP1
I COLOR
IOTO
I JM
I JP
I JPS
IMOME3
IMoMx
IM1
IM13
IPAR
IPz
lScFi

PA02 11

-R
-R
-R
-I
-I
-1
-1
-1
-I
-I
-1
-1
-I
-I

:;
-I
-I

3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3(XI
3C0
3cn

-I 3C0
. 17SU

-I 3C0
-I 3C0
-R SRL
-R SRL
-R 5RI.
-R 5RL

NQ12
NSC
NUMIT
NuMTO
OM
OMANC
OMCYL
RoT

-R 5RL
-R SRL
-R 5RL

5RI.
(;; 3C0
-1 3C0
-I 3C0
-I 3C0
-1 3C0
-1 3C0 -

+-*-* -*-+ -+-* -*-* -+-. -+-6 -+-+ -+-6-*- +-+-+ -+-* -*-. -*-*-*-*-6-e-e-e-+-+-e-+-+-+-*-*-e-*-b-4-e-b-b-e -4-* -*-* -*-+ -+-+ -6-+ -6-* -*-*-+-*-
MuLTIPLY-REFEIIENcEI’J VAR!ABLES

119 - 1200 168

129 - lino 18*
AASC OR
AMAXi -

4EQ
24SIJ

51
51
52
52
27
27
28
28

14

6D1
601
601

ITV
lUNF
JBAR
JRP
JRP2
JCEN
JM1o
JM14
JP1
JP4
JP4n2
JUNF
JUNF02
KxI
LAMO

-1
-1
-I
-I
“1
-I
-1
-I
-I
-1
“1

::
-I
-I
-1
“I
-R

3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3cn
3C0
3C0
3C0
3C0
3C0
3cn
3C0
SRL

LJP2
LOOP
LPB
LPR
MB
UC
ML
MR
MT
MTE
MU02
MUO4
NAME
NCYC
NLC
NPS
NO I
NoIB

3C0
3C0

10SU
3C0
3C0

2C0
13SU

2F
4E0
4F0
6EQ
4E0
4EQ
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3cfl
3C0
.3Co
3C0
.3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
4EII
bEO
4E0

4E0
15SU

3F
6n 1
6n 1
6nI
6nI
6nI

36
48a
49=
44.
50=
26.
25s
?0=
26=
37
1?00
13
53=
54s
55m
S6=
12no
29=
30=
31=
32=
1100
1100

SRL
5J?L
5RL
5RL

REAL
REZRON
REZSIE
REZUE
REZVE
REZVT
REZYO
RIRJB
RIBP
RJBP

.!
=1
-I
-r
-R
-R
-R
-R
.
-R
-R
-P
-R
-R
-R
-R
-R
-R

3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
SF
3C0
3C0
3C0
3C0
3C0
3C0
3C0

ROMFR
RON
START

;HIRO
TLIMO
TOUT
TUFIN
T20M0
Yscl
YSC2
22

-R
-R
.

-R
-R
-R
-R
-R
-R
.
.

-R

3C0
3C0

4EQ 4E0 4E0 4E9 4EQ 4EQ 4E0 4EQ 4E0 ‘4E0 4E0 4E0
4flsu

3C0
3C0
3C0
3C0
2cN
3cN
3C0

S3
54
55
56
?9
30
31
32

15 16= 16

s ‘P,’*”,,, ~ ●
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o

‘ #“ 1’
, {, $“

No”- -1
(S4EMI~ -R
0PEM16 -R
P (IR
Poll -R
Poz -R

PL OR
PMX {JR
PMY tl$!
PMO (IR
Pu OR
Pv OR
PXCONV ‘R
PXL -R
PXR ●R
PXRP -R
PY8 -R
PYqM -R
PYcoNV OR
PYT -R
PYTp -R

o IIR
R OR
RCSO (IR
RETURN -
RII)AR -R
RN I)R
RMP I)R
RO OR
ROL OR
RPnp -R
RPOROZ -R
RPI)Z -R
RVOL OR
sIF (IR
u OR
UG flR
UL OR
UP OR
UTIL (IR
v OR
VG OR
VL IIR
VP (IR
vTIL (IR
Vv -R
x (IR
xCONV -R
Xo -R
XL -R
XPAR IIR
XR -R
Y OR
yO -R
YCONV -R
YPAR [JR

“u INOE:R 01 l\~(73
5RL

NPt -1 3C0 33
3C0
3C0 :;
3C0 38
4EQ 601
3C0 36
3C0 37
4.s0 601
4E0 60 I
4E0 601
4E0 6nI
4E0 601
4E0 6!)1
3C0 51=
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
4EQ
4E12
4EQ

33F
3C13
&Eo
4E0
4E0
4E0
3C0
3C0
3C0
4go
4E0
4E0
4EII
4EQ
4F.O
4E0
4E0
6E0
4E0
4EIY
4E0
3C0
4E0
3C0

21=
3C0
4E0
3C0
6E0
3C0
3C0
4E0

34=
36=
38=
35=
39.
52=
379
40=

6n I
hn 1
60 I

57F
19

60 I
60 I

6D I
60 I

41=
43s
42.

601
601
601
601
601
60 I
601
60 I
60 I
60 I
6fl I
6n I

19s
fm I

z7=

23
7s

601
9=
6nI

&

61TI

SUBROUTINE FILMCO

40

41
42

51
38 4s 5i

35 3? 39 45 52

40 45 52

43

43

13

24 25 26 45= 47 48 49 50
27

13= 13 19 21 27
14 15

9 14= 14 21 28 35

* ‘A’‘, ●.’ ,’
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“T INnE:R ol/\:g73 S#ROUT;[E FILMCO PAGE 13
9= 15=

Vv -R 2?= 23. 26 :: 25 26 26 46= 47= 48 49 49 50 50

.-. -.-.. +-. -.-. -.., -.-. -.-. -.-. -.-. -.-e -.-. -.-. -.-. -.-* -.-*" .-. -.-*" +-. -.- b-*-4 -.-. -.-. -b-+ -e-. -&-+ -e-6 -e. "-*-* -+-* -4-" -+-" -6-*-b"

INDEX 01(12/73 OVERLAY IYAGUFIL ! 1001
OVERLAV (YAOUFIL?l, O)

INOEx 01(12/73 PROGRAM YAS2T
PROGRAM YASET

2 PRINT 10
3 CALL YASETi
4 10 FoRMAT{o YASET CALLEO*I
5 ENO

PAM 14
YAsET 00002

PAGE
YAsE1
YAsET
YAsET
YAsET
VASET

1s
00003
ooon4
00005
00006
00007

INOEx 01/i2/73 PRO13RAM YASE7 PAGE 16
SINGLY REFERENCEII VARIARLES

PRINT - 2F YASET - 1 Su YASET1 - 3SU
.-. -.-0 -e-* -+-+ -.-e -.- b-. -.-. -.-. -.-. -4-* -.-e -e-+ -6-e -+-* -*-. -e-. -+"e-*-4-b -b-+ -b-+ -e-+ -"-+ -b-4 -+-e -*-* -4. b-4-e -4- b-e-" -e-* -e-*-6-

PNJLTXPLY-REFERENCEO VARIARLES
10 - 2PR 4;

,-4-*-*-+- ?-+-6 -+-6 -e-e -.-. -.-. -.-, -.-6 -.-. -*.6 -6-0 -*-. -+-+ -+-. -+-. -+-. -.-@ -.- W-+-. -+-` -"-. -6-. -e-4 -.-. -... -+-, -+-+. +-". +-"- b-+-+-

● %,”1, t. t’.
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INDEX 01(12/73

5

8
9

;;
12
13

;:
16
17
18

19
20
21
22
23
24
?5
26
77
28
29
30
31
32
33
34

100

110

120

e ‘,
,,

,

SUBROUTINE VASET1
ME VAsE71
1/ AAl(i3ioool /YLc2/ AA2I131OOO)

‘ AASC(4242)
‘ AA(1I .ANC. ASOOAO. AOFAC, AOM#RO. COLAMU, CYL,

SUEROUTIk
LCM /YLC1
COMMON /Yscl/
COMMON /YsC2/ . .

1 DR, nT?DTC$OTFAC;OTGR, O; G2s OTGZPi 07tiii Oi;OTOCil0i,
2 0tO16, nT02, DT04, 0T08, OIPOS, 07V, 0T8, OZ, EMl O, EPS*Fl BPo
3 FIPXL?FIPXR OF IPYRo FIPyTOFIXL *F IXROFIYBCF IyT$FJep O
4 FREZ, GGM1. GMl!6R. GROVEL .Gz. GZPO!. IRAR~IflP$IBPl$ ICOLOR,
5 IOTOs IJo IJMo IJP, IJPS. IMOME30 IMOMxOIMl, lM60
b IPAR, IPXL, IPXR, IPYR, IPYTOIP1, IP2, IsCF101SCF2, ISC2, ISC3,
7 ITv. IuNF?IxL* IxR!IYB* IYT9J*JRAR* JBP$JBP2$JcEN* JMlo*
8 JM14, JPl, JP2, JP4, JP402, JUNFOJUNF02, KXI, LAM, LJP2, LPRO
9 LPR. MU, NAME llO). NCYC, NLC. NPS, NPT. NU. NQI, N91B. NO I2)NSC!

1 NUMIT. NUMln. OMqOMANC. OVCYL. OMEMl O. OPEMl O. POR. pOZ#PXCONV,
2 PXL, PXR. PXRP. PY9. PYBM, PVCONV. PYT$PYTP, RDT?REZRON, REZS!EO

3 REzuE9REzvE ?RE7vT0REzYn, RI BAR? R1RJ80 RI BP* RJRP*RoMFR9
4 RON, RPDR)RPOROZ, RPnZ, T, THIRO, TLIMO, ?OUT,7HFINo T2OMO,

5 VVO XCoNV, Xl. $ xRo YR s YCONV, YT, ZZ
EQUIVALENCE (AASC1ll?X, XPARI!(AASC 12), R, YPAR) 0( AAsC13), Y, MPARI,

1 (AASC(4), U, UG!OELSMI*(AASC 15) ,V*VQ)* IAASC(6)*ROI*
2 {AAsc171, s! E, MP, RMP. RcSOI, {AAsc181, E? ET IL),

PAGE 17
YA5ET 0000B
YAsET 000Q9
COMMON2 00002
COMMON2 00003
COMMON2 00004
COMMON2 00005
COMMON2 00006
C0MMON2 00007
COMMON2 0000B
COMMON2 ooofi9
C0MMON2 00010
COMMON2 000~1
COMMON2 00012
COMMON2 00013
c0MMON2 OOOj4
COMMON2 ooo~5
COMMON2 000~6
c0MM0N2 00017
EQVREAL 00002

:
3
4

REAn 500,
READ 510,
READ 515,
RFAII 520?
READ S30?
RFAO 540,
READ S60V
KT=9

i (AA SC;91. RVOLI. tAAsC{l O)$M. RM. VP)s (AAsC(ll J. P. PL$EP?
UP, PHi), lAASCl12) 2UTIL, UL, CO CPllX, PUlsl AASCl13), VTILO

: VL, PMY, PV), (AASC114)1Q*I?OL)
REAL LAM, LAMO, M, Mfl, MC, ML, MP, MPAR, HR, MTo MTE, MU, MU02, MuO4
DIMENSION Xll), XPAR(118R (l)t YPAR(l~?Y(l\ ,MPARf I)ou{IIo UG{llo OZMEN - ‘

DELSMI1) $V(l), VGI1), ROIII$SIEI1 )sMPI1), RMPI1)o RCSOI1)? 1)1 MEN

Elllo ET IL[llt RvOLll J, Mlll?RMll) ,VPlll!p lll?pL(l)OEp(lls oIMEN
UP II)$UTIL [ll?UL[ 1~, COlllt PMX I1)s PUI1)$VTIL II) SVLIII* OIMEN
PMY(l), PVtll, 0111, ROLll)OPMOll)
NAME
MU OLAM, OM, EPSOGR, GZ, ASO, RON, GM1
FREZ, YfS, REZYO, REZUE, REZVE, REZVT, REZRONSREZsIE
ILIP?JRP. pnR, POz, PVB. GZP, IMOMX
T,OT, T20Mn, TLIMO, fWFIN, LPQ, ICOLOR
IOTOIN), N=1S1OI
IDTOCIN) ON=1O1OI

AV31GN 110 TD
WRITE (KT,500)
WRITE (K T,550)

1
WPITE(K1, S5CI)
WRITE(KTOS6S)
WR1TE(KT*570)
wPl TE[KT,51301
WR!TE{KT,5QO)
wl?ITE(KT,61311)
Gn Tn KRET
IF ILPR. Fo.0)

KRET
NAME
IRAR$JRAR? IUNF?JUNF, JCEN. OR? OZ)CYL*QROVEL*
Ao, AOM!RO, KXI
MU, LAM? OM, EPS. GR, GZOASO, RONOGM1
FREZ. YB. REZYO, REZUE. REZVE. REZV7, REZRON, REZSIE
XBP. JRPo POR. POZ. PYB, GZP. IMOMX
T$DT. T20MfA? 7LIMl). TUFIN. LPRo ICOLOR
IDTo(N). N=l*IO)
(OTnC(N), N=lsl Ol

GOTO 120
KT = 12
ASSIGN 120 70 KRE7
GO TO 100
IM1 ~ IRAR - 1
Iu6 = lBAR-6
IP1 = IRAR ● 1
I P2 = IRAR ● 2
JMlo = JI3AR-10

EOVREAL 00003
EOVPEAL 00004
EQVREAL 00005
EQVREAL 000~6
EQVREAL 000Q7
EOVREAL 0000B

01 I.JEN
YAsE1
YAsE7
YA5ET
YAsET
Y4sET
YAsET
YAsE1
YAsET
YAsET
YAsET
YAsET
YAsE7
Y45E1
YA5E1
YAsE7
YAsET
YAsET
YAsET
YAsE7
YAsE1
YAsE1
yAsEl
YAsE?
YA5ET
YAsET
YASET
YAsET
YAsET

00002
00003
00004
00005
000Q6
ooo~3
00014
00015
000~6
ooo~l
ooo~n
000)9
00020
00021
00022
00023
000?4
00075
00026
00027
00028
000?9
00030
00031
00032
00033
00034
00035
00036
00037
00038
00039
00040



INDEX 0:bJ2/73

36
37
3A
39

:;
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

70
71
72
73
74
75
76
77
78
79

:;
R2
83
84
85
86
87
i+ll

::
91
92

200

SUBROUTINE YAsET1
$:4 = JRAR - 14

=JRAU*l
JP2 = JflAR ● 2
JP4 = JRAR ● 4
JP402 = JP4 / 2
RI BAR = 1./f LOATlif3ARl
RIRJB = 1./FLOAT(IBAR*JBAR1
No III = NO ● I!IAR
OMCYL = 1.-CYL
NO I = N(3 ● IP1
ISC2 = NQ1 ● 1
I’+C3 = ISC2 ● NOT
lTV = JP1 ● NO I
IsCFl = ISC2 - NQ
IsCF2 = ISCF1 ● No I
NSC = LOCFIZZ) - LOCF IAA)
NLC = LOCFIAA1 (JP4~NOIl I
LJP2 B JP2 - JP2/3 i 3
IF ILJP2. FO.0) LJP2 = 3
LJP2 8 LJP2*NOI ‘NO .1
Inlo = 1
ToUT = T ● DTO(l I
01 = I)TPOS = OT*O.1

●i
- LnCFIAAll

NcYC r NUM1O = O
EM1o = 1oE-10
OMEM1O = 1.-EM1O
OPEN1O o I.*EM1O
ANC = 0,05
oMANC x 1,-ANC

COLANU = (lo 001.671/lLAM*MU* MU* FMIO)
AoFAC = Af)M/12.0* 11. *AOM@*21 )
G(W1 = (GMl*l. )WUIl-
THIRO = 10/3.
I uNF = MAXOIIUNF!i)
JUNF 8 MAXOIJUNF!2)
JuNFO? = JUNF/2 -
IF [JCENOEO, O) JCEN = JtSAR/2

IF IFREZ. NE. I. I RoMFR = l.tll. -FREZ)
CALL PAR7GEN
cACC MES14MKR
CALL FILNCO
CALL START
00 22~ J=2, JP1
Ill 21’4 I= I, IBAR
IPJ = IJ ● NO
IPJP c IJP ● N9
Xl = X(l PJ)
Y1 = YIIPJ)
R1 = RI IPJ)
X2 = X( IPJP)
Y2 = Y(IPJP)
R2 = RI IPJP)
X3 = X(l JP)
Y3 = Y(IJPI
R3 = R(IJP)
X4 = X(IJI
Y4 = YfIJl
R4 = R(IJI

0, , .
‘t , ,0 \ 1!

I

●1

e ,,.
f’

PA(3E
YAsET
YAsET
YAsFT
YA5E7
yAsEl
YAsE1
YAsET
YAsET
YAsE1
YAsET
YAsET
YAsET
YAsE1
YAsEl

YAsET
YAsE1
YASET
YASE1
YAsET
YASET
YAsE1

YAsET

YA5ET
YAsE1
YAsE7
YAsE1
YAsET
YASET
YAsEI
YAsE7
YAsE1
YASET
YASFT
YAsEl
YAsET

YAsET
YAsE1
YAsE1
YA5ET
YAsEl
YAsEl
YAsE1
YAsE1
YAsE1
YA<E1
YAsE1
YASE1
YAsEI
YAsE1
YAsEI
YAsET
YAsET
YAsE1
YAsET
YAsE1
YAsET

18. .
00041
00042
00043
00044
0004s
00046
00047
0004B
00049
00050
00051
00052
00053
00054
00055
00056
00057
00058
00059
00060
00061
00062
00063
00064
00065
00066
00067
0006S
00069
00070
00071
00072
00073
00074
000?5
00q76
00017
oon?8
00079
00080
00i1Rl
000R2
00083
OOOR4
0008s
000)76
00087
000RB
00089
Oooqo
00091
00092
00093
00094
00095
00096
00097
00098

,. ,’,+1
,, 1’ e .
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SUBROUTINE YASET1 PAGE
ATR = ,50(x 1*( Y2-Y3)*X2* IY3-Y1).X3*IYI-Y21 I YASE1
ABL = .50(x l@l Y3-v41*X3* lY4-Y1)*X4e(Yl-Y31 ! Y4sE1

95
96
97

98
99

ioo
101
102
1,03
1C4
105
106
107
1o11
109
110
111
]12
113
114
115
116
117
1]8
119
120

i21
i22
i23
124
125
]26
1.27

i28

i29

130

i31

132
! 33
134

219

229

300

340

349

359

c
Soo
510
’515
520
530
540
550

S60

565

570

580

590
600

M(fJl = THIRO*t ATR*(Rl*R2*R3 ). ABL~l Rl.R3*RA) )DRO(2J) YAsET
RvOLIIJI 5 ROIIJ)/M(IJ) YASE1

Et7J) = SIEIIJ) *0125 *IUIIPJ) *02* UIIPJP) **2* UlIJP)~~2*Ut IJ)4:2 YAsEI
i ●V(IPJI**2* V(IPJPI**2+V (I JP)**2*VIIJ)**2) YAsE1

YAsE1
vAsE7

lJ = lDJ
IJP = IPJP
CALL LOOP
CONTINUE
ChLL nONE
CALL sTARTO
00 359 JJ=2, JP2
J= JP4-JJ
on 34q it81,xPl
I < IP2 - II

If4J = IJ - NQ
IMJM = IJM -NO
xx = 0.0
IF (1. NE. fPl .ANO.
IF 11. NE. IP1 ●AND.
IF [1. NE.1 .ANO,
IF 11. NEo1 .ANO,
RMl!Jj = 4./XX
IJ = IMJ
IJM = IMJM
CALL Lnf3Pn
CONTINIJE
RETURN

FnRMAT II OAR)
FnRMAT(9F8.31
FoRMAT 18 F8.3)
FnRMATl?Ib,4F8 .3,14)
FMPAT15F!4.3*214)
FoRMAT[1oF8.3)

J.NE,2 ) xx = MfIJM)
J. NE, JP2) XX = XX. MIIJ)
Jo NEo JP2) XX = xX* MI IMJl
JONE02 ) XX = XX* MI IMJM)

~AsEl
YAsET
YA%E1
YASET
VASEI
YASET
YASET
YAsET
YAsE1
YAsET
YAsE1
YA$E1
YASE1
YAsE1
YA$K1
YAsE1
YAsE1
YAsE7
YAsllT
YAsET
YAsET
YAsE7
YA5E1
YAsET
YAsET
VASET
YAsET
YAsET

FORHATf3XQ TBAR=*14/3X6JBAR= 014/3XGIUNF.*14 /3 XOJUNF=~I4/3X6JCENS*I4 YA5E7

l/5 X* 0n=01PE12.5/5x00 Z=* E12.5/4X*CvL=*E 12.5, ~ GROVFLS~E12 .S/SXOAO=* YASET
2E12.5/4X*AOM=eE 12.5/5 X.*80 .* El?.5/4X*KXI=*l?) YAsET

FnRMAT !5XoMU=*l PE12.5/4X*LAM=* E12. S/5 X*OM=*E12.5/4X~ EPS=*E12. S/5X* YAsE7
iGP.*E12.5/5X*G7 =* Fl~05/4x*As0=@El 2.5/4 XQRON=*FIZ o5/4X*GMl=*El?.5) YAsET

FnRMAT13X@FREZ= *l PE12.5/5XeYfl=eF 12. !5/* REZVO=*K12.5/o RFZUE=~ YAsET

1 F12.5/* REZVE=*E12.5/* REZvT=8E12.5/. RLZRON=oE12.’3/* REZSIE=~ YASET

? E12.5) YAsET

FnRMAT 14X*IBP=*l 4/4 X* JR?=* 16/4XePDR=*j PE12.5/4XoPnZ=* El2.5/4X.PVR. yAsEl
IoE12. s/6 XPGZP=*Ei205/2X@ IMOMx=*12) YASET

FnRNAT 16 X* T=*lPEi?. S/5 XOOT=*E12,5/* T20un.eE12,5/* TLIMi3=6E12.5/ YAsET
10 7wF, IN= fIF12,5/4x0LpR= @12/0 !c0LnRe*f2) YAsET

FnRMAT10 DTO1l-liI) X*511 PF12.5,2X) /12 X,5( E12.5,2X) ) YAsET

FoRMAT(4 OTOC1l-lnl =~Sll PE120502Xl /12 X. SlE12.5.2X) 1 YASE7

ENO YAsET

1 ‘% ’,9’.’ ●
.

19
00099
00100
00101
00102
00103
OO1O*
00105
00106
00107
00108
Ooloq
oolio
oolil
ooli2
00113
001]4
00115
00116
Ooli?
00!!8
00119
001?0
001?1
00122
001?3
00124
001?5
00126
001?7
00128
00129
00130
00131
00132
00133
00134
00135
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
00146
00147
00148
00149
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INnEX 01/1? /73
SINGLY REFERENCED VARIAflLES

?00 - ~~b I)T04 -R
300 - 103. DTOR -R
340 - 1150 OTV -R

AA? (IR ?LC 0T8 -R
DIMFNSI - 7F EOUIVAL -
I) ONE - llizsu FIBP -R
OTC -R 4cn FILMCO -
OTFAC -R &co FIPXL -R
DTGQ -R bcn FIPxR -R
n7Gz -R 4cfl FIPYB -R
OTGZP -R 4cn FIPv7 -R

4C0
4C0
4C0
4C0
SF
4C0

75SU
&co
bCO
4C0
4C0

pAGE 20

MT -R 6RL PYEM -R 4C0
MTE -R 6RL PYCONV -R 4C0
MUn2 -R 6RL PYT -R 4C0
MUO4 -R 6RI. PYTP -R 4C0
NPS -1 4C0 ROT -R 4C0
NPT -I 4C0 REAL - 6f
NQ12 -I 4C0 RETURN - 120F
NUM17 -1 4C0 RIRP -R 4C0
PARTGEN . 73SU RJBP -R 4C0
PXCONV -R 4C0 RPDR -Q 4C0
PXL -R 4C0 RPOROZ -R 4C0

DT0i6 -R 4C0 FixL -Q 4C0 PXR -R 4C0 RPDZ -R 4C0
nTo? -R 4C0 FIXR -R 4C0 PxRP -R 4C0 STAR7 - 76SU

6-*-& -*-* -6-6 -.- O-*-. -.-. -b-6 -.-, -6-+ -b-. -.-. -.-. -.-. -.-. -,-, -.-6 -.-. -.-. -.-. -~-. -.-. -.-. -,-" -.-. -"-" -.-" -.-, -,-. -.-. -,-, -b-------
MuLTIPLY-REFERENCEO VARIABLES

100 - \7a 29
iln -
l~o -
219 -
.??9 -
349 -
359 -
500 -
Sln -
qis -
5?0 -
<afl -
540 -
550 -
560 -
F@ -
570 -
‘iRo -
590 -
600 -

bA OR
AASC (IR
AA I I)R
AOL -R

ANC -R

ASO -R

ASSIGN -
ATR -R

AO -R

AOFAC -R
AOM -R
PO -R

COLAMII -R
COMMON -
co (IR
CYL -R

~LSM I)R
-R

OT -R

otn IIR

IITOC OR
oTPOS ‘R

16AS
i?6
7800
7700

lo6nn
i 04nn

8RII
9R0

10RD
llRn
1 ;RO
13Rt3
18vIR
19WR
20!JIR
21i4R
2?WR
23WR
26uR

6C0
3C0
i?LC

94=
4C0
4C0

i6F
93=

4C0
4C0
6C0
4C0
4C0
3F
5E0
4C0
5E0
4C0
4C0
4C0
4C0

Z(ji
28AS
990

101{
117?
11’9*

171AR
122?
1230
1?40
1 ?5~

14RD
lz7i

128.
l?q.
130.
131*
I 3?*
1330

50
5E0

51
95
h?=

qRD
?8F
qs
lI?IAR
65.
18wR
18uR
64.

4F
7n 1

I13wR
7n I

18wR
l?Rn
13RD
14R0

4C0 57=

30*

121*

126*

5E0
51

63
19WI

6S

43

2211R
23wR
24UR

SUBROUTINE YAsET1

FIYB -R 4C0 IYB -1 4C0
FIYT -R 4,Co IvT -1 4C0
FJRP -R 4cn JRP2 4C0
IDPl -I 4C04C0, LAMO ~i 6Rl-
IJPS -I LcM . 2F
IMOME3 -! 4C0 LonP - 100SU
IPAR -I 4f.xY LnoPo - 118SU
IPxL -I 4cn LPn -I 4C0
IPXR -1 4C0 M8 -R 6RL
IPYB -I 4C0 Mc -R 6RL
IPYT -1 4C0 ME5HMKR - 74SU
1 xL -1 4c0 ML -R 6RL
I XQ -1 4c0 MR -R 6RL

5EQ 5Ela 5E0 5EQ 5EQ 5Ea 5EQ 5E0 5EQ SEO 5E0 5EQ

65

57= S7
56

S7ARTo ZR 103sU
Vv 4C0
XCONV -R +Co
XL -R 4C0
XR 4C0
YAsET1 :R 1 Su
YCONV -R 4C0
YLC1 - 2cN
YLC2 - 2cN
Yscl - 3cN
VSC2 - 4cN
Yt -R 4C0

e,,.
1’

8 ‘P,’ ~”,
!, 1 ● .
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SUBROUTINE YAsET1 PAGE 21

E I)R sEa 7n 1 97.
Emio -R 4C0 59. 60 61 66

72

66

1::

92

89

9i

1!;

112
36

10400
105

7iJ

20WR

66
548

EP [IR 5EIY 70 I
EPS -R 4cll 9RD 19UR
ETIL
FLoAl
FRFZ
GGM1

(IR
.

-R
-R
-R
-R
-R
-R
-R
-I
-I
-I

5E0
40SU

4C0
4C0
4C0
4C0
4C0
4C0
4cll
4C0
4C0
4C0

701
415U
10Rll 20UQ
66.

9RD 19UR
9R0 19UR

18WR
9RD 19U,Q

lIRO 21wR
7ano 107=
18WR 30
IIRO 21WR

72

66

lli
31

9i

117=
88

/33
86

106DO

48

1:;
35

71=

7700
52
51

69

19wQ

19WR
53=
51SU

GMl
GR
GROVEL
I-lz
GZP

113
33

95

97

97
97

112

113
37

112

~BAR
113P

114
40 41 42 7800

ICOLOR ‘I 4C0 12R0 22uR
10TO
11
lJ

1 JM
I JP
TMJ
TMJM
IMOMX
TM1
In/l
1 PJ
lPJP
lP1
1P?
ISCFI
ISCF2
Tsc?
ISC3
TTV
TUNF

~RAR
JBP
JCFN
JJ.
JM~O
JM14
JP1
JP?
JP &
JP40?
JUNF
JUNFOiI

-I
-I
-I

-I
-I
-1
-I
-I
-I
-I
-I
-I
-I
-I
-1
-1
-I
-I
-I
-I
-I
-1
-1
-I
-I
-1
-1
-I
-1
-1
-I
-1
-I

&co
106DO

&co

55=

90 95 96 96 96 97 97 9? 97 98= 108 112

97 99=

115
4C0
&co

108=
109=

4C0
4C0
4C0

79=
80.

4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
&co
4C0
&co

10400
4C0
4C0
4C0
4C0
4C0
4C0
6C0
4C0

116=
109

80
113
114

lIPO
30=
3]=
81
84
32.
33=
48.
49.
45.
46=
47=
18WR
77no
] 8wR

ill
87

116
117

21wR

82
R5
44

107
49

98
99

46

6FI=
105=

34
2i WR
71

i14
38 41 71

113

105
34=
35.
36.
37=
38,

39=

47
52
39

18WR
70.

69=

KRFT -I 16AS 25 28AS
KT -I 15= 17uR 18WR
KXT -I *CO 18uR
LAM -R 4C0 6RL 9R0
1.JP2 -I 4C0 52= S3
I.OCF - 50SU Sosu 51SU

21WR 22WR 23WR 24WR 27=

54



i IIR
MAXO -
4P [)R
MPAR (IR
Mu -R
N -I
NAME 01
NCYC ‘I
NLC -I
No -1
NO 1 -I
NQIFI -I
NSC -1
NUMTn -1
(IM -R
oMANc -R
nNcYL -R
(3M~Mlo -R
oPEM1 n -R
P OR
PDR -R
PD7 -R
PL (IR
PMX OR
PMY’ OR
Pun I)R
Pu (IR
Pv (IR
PYR -R
o t)R
Ii I)R
RCWY OR
K.EAn -
REz RnN -R
RE7S1E -R
RE711F -R
RE7VE -~
PE7VT -R
RE7Y0 -R
R1n AR -R
QIRJ14 ‘R
RM I)R
R14P IIR
RO [IR
lXIL OR
ROMFR ‘R
RON -II

RVnL (IR

RI -R

R2 -R

.Q3 -R

R? -R
sIE I)R

T -R
Tti II?n -R
TLIMn -R
TOUT -R

=lt?a
6RSU

5E0
5E0
4 co

13R0
4C0
4C0
4C0
4C0
6C0
+Co
4C0
4 co
4C0
4C0
&co
4C0
4C0
5E0
&co
.6C0
sEQ
5EIY
5EQ
5E0
5E0
5E0
4C0
<Eo
5F0
5E0
RF
4C0
4C0
4cn
&co
&co
4C0
4 co
&co
560
5Ea
5E0
5E0
4C0
4C0
5Ea

83.
86=
89=
97=

5E0
4C0
4C0
4C0
4C0

6RL
69SU

6RL
6RL
6RL

13R0
8RD

58k
51=
42
44.
42.
50.
58.

9RD
63=
43=
60=
61=

70 I
I)RD
]Inrl

7n1
7171
7n I
7nl
7nx
7nI

llUD
.7n I
7n x
7nI

1::17
loQn
loan
lnnt3
10RO
10RO
40=
41s

7111
701
7nx
7n1

72=
9Rrl
7nx

95
95
95
95

7n1
12RLI
67=
l?RD
56=

● ✌ ✌9, ’s. II 4.
,

22UQ
7DI

7f)r

701
9RII

14Qn
17*Q

44
45

19WR

21UR
21h’R

21WQ

133

II)F
21)WQ
?oUR
i?oWQ
20WR
znwn
?oWR

115=

95

19un
96=
95

95

97
22WR
95
22WQ

26
95=

19WR
14R0

48
46

86

IIF

96

56

SUBROUTINE YAsET1

96 111 112 113 114

64 64
23uR 23wR 24WR 2414R

54 79 8fi Ion 109
47 49 51 54

89 92

1?F 13F 14F

ot,..

PAGE 22
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,Hrl~NOE~R 01/12/73
4C0 12R0

T20Mfl -R &co 12Q12
u (IR 5EQ 701
UG OR 5Erl 701
UL (IR 5E0 701
UP IIR 5EQ 7111
UTIL (IR 5437 7nl
v OR 5EQ 71)1
VG (IR SE() 7nI
VL OR 5E0 70!
VP OR 5E0 7nI
vTIL I)R 5E0 7nI
MRITE - 17F \i!F
x“
xP&R
xx
xl
x2
x3
x4
v
Yll
YPAR
Y1
V2
V3
V4
72

(IR
(In

-R
-R
-R
-R
-R

(IR
-R

(IR
-R
-R
-R
-R
-R

5E0
sca

110=
81=
86=
87=
90=

5FQ
4C0

5E0
82=
135=
RR.
91=

4C0

70 I
701

ill=
93
93
93
96

701
10RO

701
93
93
q3
94
50

22WQ
22WR
97

97

19F
81

112=
94

q4

82
213wQ

93
q3
q3
94

q7

qr

20F
84

112

85

94

q4

SUBROUTINE YAsET1

97

9?

21F
87

113=

88

9;

94

97

97

22F
qo

113

91

23F

ilb=

. -O-.-+-+-*-*-. -.-, -+-+ -+---------- -.-* -* DO.-.-*---- -+-6- .-(

,4
1 +* “ ● ,“‘ 0“

PAQE 23

24F

114 115

)-*-*-*-O.,*-*-*- ● -*-*-*-*-*-*-*-*-* -*-. -*-*-+-*-*-* -*-*.*-*-+-*-*-*-*- ● -



xmx olfi2/73

2
3
A

5

6
7

8
9

10
11
12
13
14
15

:;
Ill
19
20
21
22
23
24

25

26

27
28
29
30
31
32

SUBROUTINE PARTGEN
SU13ROUT1NE PARTGEN
LCM /YLC1/ AA1 113i OOO) /YLc2/ AA21i310001
COMMON /YSC1/ AASC(42421
COMMON /ySC2/ AA (1) ,ANCVASQ*AO, AOFAC*AOMV tSOVCOLAMU*CYLS

1 OR. DT#DTC~nTFAC 80 TGR.OTGZ*DTGZP ~nT12i10) vOTOC(10) v
2 oToi6. DTo2. 0T04. oToR. DTPoS. DTv. DTfl. nZ*EMl O. EPs*FIBP*

5
4
5
6
7
8
9
1
?

FIPXL; FIPii, FIPVfl, FIPyT, FIXLOFIXRo FIYB, FIYT, FJBP.
FRFZ, GGMl, GMl OGRSGROVEL, GZ, GZP, IO IRARo IBPOIRPl!ICOLOR$
IDTO, IJ$IJM! lJP, IJPS.1MOME3. IMOMX. I’M1OIM6O
IPAR, IPXL. IPXR. IPYB, IPYT. IPl. IP2. ISCFl.1SCF2. ISC2sl SC3.
ITV, IUNF, IXL, IXR, IYROIYT, J, JBAR, JBPO~P2$JCEN*JMlo O
JM14, JPl, JP2, JP4, JP&02, JuNF*JuNFn2, ':x I, LAM* LJp2, LPR9
LPR, M[J, NAMC(i Olt NCYC, NLC, NPS, NPT. NQl NQI, NQZR, NO 12, NSC*
NUMl T. NU14T0, OM. OMANC$OMCYL oOMEMl O~OpEMl O$pnR!poZ~p XCONV*
PXL. PXRSPXRP. PYB, PYBMOPYCONV SPY TSpYTp*ROT oREZRoN?REZs IES

i REiUE, REZVF, REZVT. REZYO, RI RAR, RI RJRo RI Rp?RJHP!ROMFR,
6 RON. RPDR. RPORDZ, RPOZ, T. THIRD STLIMD, i0uT*1WFIN0720MO?

PAGE 26
YAsET 00150
YAsET 00151
CO14MON2 00002
COMMON2 00003
COMMON2 0ooo4
COMMON2 0000S
COMMON2 00006
COMMON2 00007
COMMON2 00~08
COMMON2 000~9
CDMMON2 000~0
COMMON2 000~1
COMMON2 000~2
COMMON2 ooo~3
COMMON2 00014
COMMON2 000i5
C0MMON2 00016
COMMON? 000i75 vV, XCONV; XI. *XR, YROYCONV, YT, ZZ ‘-

‘EQUIVALENCE IAASC1l) !X, XPAR), (AASC(2), R, YP4R) 01 AAsC[3), Y, MPARI, EQVREAL 00002

1 lAA5C14), ~l!UGonELS!~ )*1 AASC151 .v?vGl* (A ASC16), QOl! EQVREAL 00003

2 (AASC17) SSIECMP, RMP, RCSQ), (A ASC18)OE$ET1LI0 EQVRf:AL 00004

3 fAAscf9) 9RvoL), lAAscll o19u, RM, vP)9(AAsc fll)*p*PL*EP* EOVREAL 00005

4 UP, PM Ii), lAASC112),lJTIL OUL, CO OP:4Xt PUl SIAASC1131, VTIL$ EQvREAL 00006

5 VL, PMY, PVI, (AA SC(14)*O*ROLI EQVREAL 00007
REAL LAM. LAMO*M. MR. MC. ML. MP. MPAR*MR. MTv MTE. MU. MU02. MUO4 EQvREAL 0000B
OIMENSION x(llo XPARtl) $Rll)SYPAR[ll SY n), MpARll) tUll)?UGlilf OIMEN oo0n2

nELSNll) oVll)SVG ll)SRfIlll*SIE!ll oMplll!RMP lllo RCSOlll~ OIMEN

; Ell)o ET ILlll, RVOLllls M(ll, RM ll)o VPll)t Pll)*pLlll, Ep[l), oIMEN
3 UP(l), UT! L(l) $ULlll. C12(ll DPMx lllo PU(l)~VTIL lll?VLlll, OIMEN
4 PMYII), PV(I1, 011), ROLI1), PMO [1) OIMEN

NPT = O YAsET

IF II RP, EO.01 RETuRN
IF II$3P. GT. IBAR .oR. JfSP. GT. JRAR! GO TO 360
FIBP = IBP
FJfIP = JRP
QIBp = l./FIflp
RJRP = 1,/FJRP
IRP1 = IRP*l
JRP2 = JfIP*2
NfA12 = NO1O2
IFCP = lPAR = LOcF1AA21
LPB = NIYI/3 ●3
IMOME3 = IMOMX~1000
KP=l
MT = (1,
lF IFREZ, FO.1OO) (30 TO 100
XMAX = [FLOAT IIUNFI

1 GROMFR) ●OR
‘YMAX x REZYO ● IFLOATIJUNF02)

1 ●ROMFR) ●07.
YMTN = REZYO - fFLOA7fJUNF02)

1 ●ROMFRI ●DZ
PnR = XMAX*RIIIP

YAsET
YAsET
YAsET
YAsFT
YA!jE7
YAs!Z7
YAsE7
YAsET
YAsET
YAsET
YAsET
YAsET
YAsET
YA<ET
YA;ET

● FRIZZ61 1 .-F REZ60 II BAR -IUNF 1 ) YA$IIT
YAsET

● FPE2*11. -FqEZ** (JfSAR-JCEN-JUNFO2) I YA5ET
YAsET

. FREz* I I ,-FREZ** !JcEN -JUNF02) ) YAsET
YAsET
YASET

Poz =~IYMAx-YMINI*RJ8p YAsET

100 REAn QOO* ~PARso7pAR *xc@yc*xOv Yo~upAR#vpA79M7 Ev0QAQ YAsET

IF 10i?PAR. LE. O.) GOTo 290 YAsEt
PRINT 910. nRPAR#OZPAR* Xc* YC*XO. YO*UPARs VPAR, MTE#nPAG YAsET

IF ILPR. GT.01 wRITEI12*91O) ORPAR, OZPAR, XC. YC. XO. YD, UPAR, VPAR, YASET

● ’,‘?””t’ c’ .

00003
00004
00005
00006
00155
00156
00157
00158
00159
Oolflo
00161
00162
00163
00164
00165
00166
00167
00168
00169
00170
001?1
00172
00173
00174
0017s
00176
00177
ool?a
00179
Ooll!o
00181
00182

1 1~ ,’ ● ‘.,, !0 .
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INDEX 01/12/73

33
34
35
36
37
3FI
39
40
41
42
43
46
45
46
47
48
49
50
!51
5?
53
54
55
56
57
5fl
59
60
61
6?
63
64
65
66
67
68
69
70
71

72
73

74
75
76

200
210
220

230

240

?50

29o

300

c
900
910

920
990

1
USH =
VSH s
DRAG =
YTOP =
Wiol =

SUBROUTINE PARTGEN PAGE
HTE, ORAO YAsET

SHIFT tUPAR~301 ,AND,7777777777B YAsET
SH1FTIVPAQ,30) .AND.7777777777B

ORAG. AND.. NO?.77777777?7IS
YAsET
YA<ET

YC*XO
Yc-xo

IF (YD. LT. EM1O) GO TO 200
Y’TOP 8 yn

YA;i T
YA<E7

YROT = Yc
IF [FREZ. EO.1OO) GO 10 200
YTOP = YMAX
Y1301 = YMIN
xn = XMAX
Y7E = Y80T..5*I)ZPAR
XTE = XC..5*ORPAR
IF IYD. LE. o. .ANO. IYTE-vCl**2*XTE* 02. GT. XO@421 GO TO 240
XPAR(KP) = [X TE. ANO. .NoT. 7777777777U) .OR. USH
YPARIKP) = (YtE. ANO. .NOT. 77777777778) ,OR, VSH
MC = MTE@ fXTEoCYL.OMCYL)
MT= MT *MC
MPAR(KP) = ORAG .oR. ISH1F71MC,301 ,ANO.7777777777R)
KP c KP*3
NPT = NPT*I
IF IKP. GT. LP81 GO TO 250
XTE = XTE. nRPAR
IF (XTE. LE. XD) GO To 220
YTE = YTE.1).?PAR

IF (YTE. LE. YTOP) GO TO 210
Gfl TO 100
CALL ECIAR(AASC OIECPOLPBONE)
IECP = IEcP.LPR
KP=l
Gn TO 230
CALL ECUR (AA5c. IECP, LPB, NE)
NPS = LOCF (AA2(NPT*3) ) - I PAR ● 1
PRINT 920. NPTo MT
IF (LPR. G7.0) WRITE 112,9201 NPT, MT
RETUQN
PQINT 990
RETURN

FORMA T(1OF8.3)
FORMAT (* ORPAR=. IPE12.5* 0ZPAR=*E12,50 .xc=e E12,5* YCSOE12.5

10 XD=*E12.5/0 yn=oE1205i UpAR=0E12, S0 jPAR=OE1205~ MTE=0E)20s
2. ORAG=*F1205)

FORMAT [4x16* PARTICLES GENERATEI)* WITH TOT4L MASS=*1PE1205)
FoRMAT ta PARTICLE GRIO TOO LARGE FOR” SCM L4YOUT. *)
ENO

YA;eT
YASE7
YASET
YAsET
YAsET
YAsET
YAsET
YAsET
YAsE7
VASET
YAsET
YASE7
YASET
YAsET
YAsET
VASE?
YAsFT
YAsET
YAsET
YASET
YAsET
VASE?
YAsET
YAsET
YAsET
VA SET
YASET
YASE7
YAsET
YASET
VA SET
YAsE7
YAsE7
YAsE7
YA5E7
YAsET
YAsET
YAsEY
YA5E?

1 ‘ k’‘, ?.’ ,’

●
.

25
00183
00184
00185
001116
001R7
00188
001R9
00190
00191
00192
00193
00194
0019s
00196
00197
00198
00199
00200
00201
00202
00203
00204
00205
00206
00267
00208
00209
oo2~o
00211
00212
002i3
00214
oo2i5
002i6
002~7
00210
oo2i9
00220
00221
002?2
002?3
002?4
002z5
002z6
00227
00228
00229
00230



SUBROUTINE PAR7GEN PAGC 26lNnEx 01/12/73
SINGLY REFEIAENCEO VARIARLES

AA I)R 4cn 0T04 -U
AA I OR
ANC -R
ASO -R
AO -R
AOFAC -R
AOM -R
Ro -R
COLAMU -R
nlMENSI -
nr -R
nlc -R
nTFAC -R
nTGR -R
nTGz -R
n76zp
nlo I;;
nrn~ I)R
nTOl 6 -R
I)T02 -R

2LC DT08 -R
4C0 OTPOS -R
6C0 OTV -R
4C0 018 -R
4C0 EPS
4C0 EIYUIVAL ~R
4cn FIPXL -P
&co FIPxR -R
7F FIPYB -R
4cn FIPYT -R
4cll FIXL -R
4cn FIXR -Q
4C0 FIVFI -R
4cn FIYT -R
4C0 GGM1 -R
4cn GM1 -R
4cn GR -R

4C0 GROVEL -Q
4C0 GZ -R

4C0
4C0
4C0
4C0
4C0
4C0
5F
4C0
4C0
4C0
&co
4C0
&co
4C0
4C0
4C0
4C0
4C0
4C0
4C0

OZP
1
lCOLOR
IoTO
IJ
lJM
1JP
IJPS
IMi
I M6
IPxL
IPxR
IPv13
IPYT
1P;
1P?
ISCFi
ISCF2
1SC2
ISC3

-R
-I
-1
-1
-I
-1
-1
-1
-I
-1
-I
-1
-1
-I
-I
-I
-I
-I
-I
-I

4C0
4C0
4C0
4cn
4C0
4C0
4C0.
4C0
4C0
4C0
4C0
4cn
4C0
4C0
4( X-I
4C0
4C0
4C0
4C0
4C0

I Tv
lXL
lxR
1 YR
lYT
J
JM1O
JN16
JP 1
JP2
JP4
JP41_12
JUNF
KXI
LAMn
LcM
LJP2

Mfl
ML
w?

-1
-I
.,

-:
-1
-1
-1
-I
. .

-:
-I
-1
-1
-1
. .R

-I
-R
-R
-R

4C0
4C0
4crl
4C0
4Cn
4C0
4C0
4cn
4C0
4cfl
4C0
4C0
4C0
4C0
6RL
ZF
4C0
6RL
6RL
6RL

MU02 -R 6RL
MU04 -R 6RL
NAME 01 4C0
NCYC -T 4C0
NLC -1 4C0
NQ -1 4C0
N121B -I 4C0
NSC -I 4C0
NUMIi -1 4C0
NllMTn -I 4C0
OM -R 4C0
OMANC -R 4C0
0MEM15 -R 4C0
OPEMI o -R 4C0
PA RT(3EN - lSU
pXCONV -R 4C0
PXL -R 4C0
PXR -R 4C0
PxRP -R 4C0
PYR -R 4C0

PYBM
PYCONV
PYT
PYTP
RDT
READ
REAL
REZRON
REZSIE
REZUE
REZVE
REZVT
RI13AR
RIRJB
RoN
RPOR
RPIIROZ
RPOZ
T
THIRO

-n
-R
-R
-R
-R
.
.
-R
-R
-R
-R
-R
-R
-R
-R
-1?
-R
-R
-R
-a

4C0
4C0
4C0
4C0
4C0

29F
6F
AC(3
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0

TLIMD
TOUT
THFIN
T20M0
Vv
XCONV
XL
XR
YB
YCONV
YLC1
YLC2
Yscl
YSC2
YT
Zz

-R
-R
-R
-R
-R
-R
-R
-R
-R
-R
.
.
.
.

-R
-R

4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
4C0
2cN
ZCN
3cN
4cN
4C0
4C0
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MULTI PLY-REFERENCEO VA RI A13LES
inn -
?00 -
zln -

220 -
?-jn -

?60 -
?50 -
?qo -
300 -
Qno -
9~n -
Q?o -
9Q0 -

AASC IIR
AA? (IR
COMMON -
co (IR
cYL -R
OELSM OR
DR -R

nRAG -R
nRPAR -R
nz -R

nZPAR -R
F (IR
FCUR -
FMlo -R
EP I)R
FTIL (IR
FIRP -R
FJnP -R
FLoAT -
FRFZ -R
I13AR ‘I
TBP -I

23
3FI
46;
47*
56.

47
55
3n
in
29RD
31PR
67PR
70PR

3C0
2LC
3F
5E17
4C0
5EQ
4C0

29RO
29R0

4C0
2qR0

5EQ
61$U

4C0
5E0
5EIl
4C0
6C0

24SU
4C0
&co
4C0

290
41
59
57
64
50;
6)?
65*
7n+
72*
32uR
68WR
759

SEO
lB

4F
701

50
701

i?4
31PR

30
?5
31PR

70 I
65sU
38

7D I
7n 1

11=
12=
2SSU
?3
10

60
450

73*
74*

5E0 5E0
66

3ZWR 35=
31PR 32WR
26
32NR 45

13
14
26SU
24 24
24

9 10 li

e, .,*,. tl d.
,?

,

5E0

35
46

58

25

15

SEO SEO 5EQ 5E0 SEO SE(Y 5E0 5EQ 5EQ 5EQ 61AG 65A0

52
56
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lNnE~l 01/12/73
18P1 bco
IECP ‘I
IunME3 -I
lMOMX :;
fPAR

IUNF ‘I
JBAR -I
JBP -1
JBP? -I
JCFN ‘1
JUNFO; ‘1
I(P -I
LAM
LoC~
LPR
Lf’R
M
MC
WP
*PAR
MT
MTE
Mu
NE
NPS
NPT
NOt
NQ12
nMcvL
P
PDR
Poz
PL
PMX
PMY
P140
PRIN1
Pu
Pv
n
R
l?csa

-R
.

-I
-1

(IR
-R

IIR
OR

-R
-R
-R
-I
-I
-I
-I
-I
-N

(IR
-R
-n

OR
(IR
OR
(IR

.

;;;

(IR
OR
(IR

RETURN -
REZYO -R
RInP ‘R
RJRP -R
RM IIR
RMP (IR
Ro OR
ROL [IR
ROMFR -R
RVOL (IR
sHIFT -

SIE (IR

u OR

UG (IR
UL [JR
IJP (IR

18=
4C0
kco
4C0
4C0
4C0
&co
4C0
4C0
6C0

21=
4C0

lflsu
4C0
4C0
5EQ
6RI.
5E0
5EQ
6RL
6RL

bCO
61AG

4C0
4C0
~co
4C0
4C0
5E0
&co
4C0
5E0
5EQ
SE(Y
=lEn

31F
5ca
5EIA
5Ell
5EfJ
5E0
9F
4C0
4C0
&co
5EQ
%EQ
5E0
5CQ
4C0
5EQ

33SU
5E0
5EQ
%o
5EQ
5E0

] 5=
61AG
20=
20
lB=
24
10
10
16=
25
25
48

6RL
66SU
19*
32

6RL
50=

6RL
6RL

?2.
29Rn

6RL
65AG
66.

I 7=
17=
50

701
27=
213,

701
7n I
7nI
7nI

67F
7n I
71)1
71) I
7n x
7nl

69F
25
13=
14,

701
7nr
7n!
701

24
701

34SU
7111
7nx
7nl
701
7nl

628

66
26
25
12

26
25
69

55
68

701
51

701
701

51=
31PQ

S6=

19

70F

71F
26
27
2B

25

52SU

SUBROUTINE PARTGEN

62 6<AG

lb

26 26
52 53=

61AG 6?

52

52=
51 6;PR
32klR 56

54 66

26

53 S5 63=

65AG

6BWR

67PR 68WR
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31PR

UsH -R 33= 48
UTIL (IR 5F0
v (IR SEQ
VG (IR 5EQ
VL t)R 5EQ
VP I)R 5E0
vP4R -R 29RIY
Vsu -R 34=
vTIL I)R 5E0
wRITE - 3%F
x OR 5E0
xc -R ?9Rn
XD -R ?9RD
XMAX -R 24=
XPAR I)R 5F0
xTE -R 46=
v (IR 5E0
Y130T -R 37=
Vc -R 29QD
Yo -R iwuo
YMAX -R 25=
YMTN -R 26=
VPAR (IR 5E12
YTF -R 45=
vTnP -R 36=

7nI
70 I
701
701
7n 1

31PR
49

71)1
6S.F

7nI
31PR
31PR
27

7nI
47

701
40=
31PR
31PR
28
28

7nr
47
39=

32wR

32wq

32WR
32wQ
44
.488
413

43=
32wR
32WR
42
63
69=

:;.
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33

46
36 37 46. 47 57

50 56. 56 57

45
36 37 40 47
38 39 47

58= 5R 59
60
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INDEX 01<i2/73

2
3

4

5
6

7
8
9

10
11
12
13
I*

15
16
17
18
19
20
21
22
23
26
25
26
27
?8
29
30
31
32
33
34
35

109

119

200

219

229

SUBROUTINE MEsHMKR
SUBROUTINE MESHMKR
COMMON /YSC1/ AASC(4242)
COMMON /Ysc2/ Ah I 1 ) ,bNc*Aso*Ao, AoFAc*&oM980 *coLAMu*cvL,

1 DRt13T*oTC, TITFACt OTGR.DTGZs OTGZP, DTOll O) .DToc~lo),
2 0TO16, 0T02, 0T04, 0T98, OTPOS, DTV, DT8, nZ, EMl O, EPS, FIBP,
3 FIPXLSF IPXR, FIPYBOF IPYT, FIXL, FIXR, FIYB, FIYT, FJ6P,
4 FREZ. GGM1. GMI, GR. GRDVEL, GZ. GZPO I. IRAR$l BPo IBPl$ICOLOR?
5 IOTO*IJ* IJM91JP! IJPS!I)!OME39 1MOMX!IM1?IM6*
6 IPAR, IPXL, IPXR, IPYR, IPVTOIP1 ,IP2,1sCF1,1 SCF2,1SC2,1SC3,
7 ITVt IuNF, IXL. IxR*IVR? IYT. J. JRAP. JBP. JflP20 JCEN, Jql O.
8 JM14, JPl, JP2, JP4, JP402, JLINF, JUNF02, KXI, LAM OLJP2, LpR,
9 LPR. MU* NAMF(IOI, NCYC, NLC. NPS. NPT, NQ. NO I ,NOIII, NQ12, NSC,

NU141T, NUMTn, OM, OMANC. OMCti, OMEMl O, OPEMl O, PnR, pOZ, PXCONV,
: PXL. PXR. PXRP, PYR. PYRMs DYCONV. PYT. PY iP*Rn T. REzRON, REZSIE.
3 nEZUE!REZVE $RFZVTQ REZYO. RI RAR, R18JR?RIRP .RJBP!ROMFR.
4 RON, RpOR, RPnRnZ, RPnZ. T, TM IRD, TLIMD,70Ur oTWFIN~T?OMO,
5 VVo XCONV. XL$XR$YQt YCONV. VT. ZZ

EoI)l VALENCE [AASC1l), X, XP4R). (AASC121, R, YPAR) ,IAAsC13), Y, MPARI,
(AA SC(41vlls UG. OELSM)v fAASCf51 aV*V61. lAASCl6l@ROl~

; iAASC(71, SIE#MP, RMP, RCSO1. lAASC(8), E, ETIL),
3 lAASC[9), RVOLI. (AASC[l Ol#M. RM. "JPl. lAASC(lllv P. PL@EP.
4 UP. PM 01, (AA SC{121. \JTIL. UL. COs Pt~Xo PUl$l AASC[131. VT IL*
5 VL, PMY, PVI, (AASC(14), Q, RCIL)

REAL LAM, LAMo, M, Flq, Mc, ML, MP. MPAR*MR, MTs MTE. Mu, Muo20 Muo4
OIMENSION xll)?XPAR (l), Rlll. YPAR(l). Vfl l, MPARlll, ulll, UGli),

1 nELSM(l )SV1ll, V611)o RO(ll, SIE( l), MP(l)!QMP (l)t RCSQ(i)o
2 EIII*ETTL (l)! RVOL.(l). M(l I.RM( 11. VP(I), P(l I$PL[l), EPII)$
3 UP I1)$UTIL (I)! UL(l). CO(l I,PMX Ii), PU(II. VT IL(l I, VL (l),
6 PMY(l), pv(l), Olll. ROLfl). PMO 11)

NQIM m NOI-1
CALL START
nO 11’4 J=l, JP4
K = IJM . NfJx M
00 IOq I= IJM, K
AASCI1) = O.
CALL i.00P
CnNTINUE
CALL DnNE
xx a 0.0
YY = YR
CALL START
on 22Q J..2, JP2
On 219 1=1, IP1
XIIJ) = XX
YfIJ) = YV
RIIJI = XXOcyL.oMcyL

XX= XX *OR
IJ=l J*NIJ
xx = 0,
YY. YY*DZ
CALL LOOP
C(lNTINUF
CALI. -OOiE
IF IFREZ, EO.1.0) GO TO 300
JCEN = JCEN ● 2
JTOP = JCEN ● JUNF02
JROT = JCEN - JUNF02
TJ = FLOAT IJUNF02) * 02

PAGE 29
YAsET 00231
c0MMON2 00002
COMMON2 00003
COMMON2 00004
COMMON2 00005
COMMON2 00006
COMMON? 00007
COMMON2 0000B
COMMON? 00009
COMMON2 000LO
COMMON? ooo~ 1
COMMON2 00012
COMMON? 000~3
COMMON2 000~4
COMMON2 00015
COMMON2 000~6
COMMON2 00017
EOVREAL 00002
EOV!+EAL 00003
E(AVQEAL 00004
EOVREAL 00005
EOVREAL 00006
ECJVREAL 00007
EQVREAL 00008
lJIMEN 00002
DIMEN 00003
OIMEN 00004
OIMEN 000n5
OIMEN 00006
YAsET 00235
YAsET 00236
YASET 00237
YAsET 00238
YAsET 00239
YAsET 00240
YAsET 00241
YASET 00242
YAsET
YAsET
YAsET
YAsET
YAsET
YAsET
YAsET
YAsEY
YAsET
YASET
YAsET
YAsET
YAsFT
YAsET
YAsET
YAsET
YAsET
YAsET
YASET
YAsET
YAsET

00243
00244
00245
00246
00247
00248
00249
00250
00251
00252
00253
00254
00255
00256
00257
0025JJ
00259
00260
00261
00262
00263
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INDEX 0~~12/73

37
38
39
40
41
42
43
46
45
46
47
48
49
50
51
5?
53
56
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
76
75
76
77
78
79
80
~1
82
83
lib
85
86
87
813
89
90
91
Q2
93

239

249

300

319

329

400

459

SUBROUTINE MEsHMKR
CALL START
00 24’7 J=2, JP2
no 23q I= I,IPI
IMJ = IJ - NO
IF 11. GT. ILJNF*l) XIIJ) = X( IMJ) ● FREZ*(X (i MJ1-XIIMJ-NO)l
RIIJ) = XI IJ)*CYL ● OMCYL
JOT = lARS IJ-JTOP)
JnB = IAR.51J-JROTI
IF IJ. LTo JROT) Y(IJ) = REZYO - TJ - OZ~FREZ*[l .-f REZ~*JOB)~ROMFR
IF lJ. GT. JTOpl Y( IJI = REZYO . TJ ● OZL$FREZ*(l .-FREz~OJOT) ~ROMFR
IF IJ. EO. ?) YB = Y{IJI
IJ=IJ*NQ
CALL LOOP
CONTINUE
CALL DONE
RFAD 1000. NB. NR, NT, NL$UI. VI, ROI, SIEI

IF INQ. EO.01 RETURN
IF (NR. ECJ.10001 GO TO 400
PRINT 101o. NII. NR. NT, NL!LJI. VI. ROI!SIE1
IF lLpR, GT.01 WRITE (12,1 OIO) N13, NR?NT, NLo UIOVI$ROIOSIEI
NR2. NB*2
NRI=NP*l
NT2=NT*2
NL1=NL*l
I)n 329 J= NB2, NT2
CALL RI ROW
00 31q l= NL1, NR1
CALL sETIJ
IF (1. GT. I .ANOO i. LT. Ipll UIIJ)=UI
IF IJ. GT. F. .AND. JO LT. JP21 V(IJ)=VI
IF (J. Eo. NT2 .OR. I. En. NRl) GO TO 319
tin fIJ) =“Ro I
SIEIIJI = SIEI
C(INT INUE
CALL UIROW
CfINTINUF
GO TO 300
XX = 6N1.nEZSIE
YY = .5* ARSIGZ)
CALL START
Y.JC2 = ,5*[Y(1JP)*y11J))
RnSAV = RFZRON*EXP I-GZ* lRE2Y0-YJc21/XXl
FNIJM = IY(IJP)-YIIJ))*YY
Ff7fN x FNuf4*FREz
RnJl = ROSAV* lx X~FNUMl / IXX-FI)ENI
nn 45CI I= Iolpl
Rn(l J) c RoSAV
Rn[l JMl = ROJ1
EIIJI = E(lJM) = REZs IE
IJ=IJ. NO
IJM = IJM . NO

ciLL L60P
ml 47’s J=3, JP1
FDEN = IYIIJP)-Y(IJ))*YY
FNUN = lYIIJ1-YIIJM)l~YY
RnsAv = RtlsAV* lXX-FNUM)/ IXX*FOENI
G(-I 46Q 1=1, rpl
RI) IIJ) = ROSAV

e. .,.
1’

PAGE
YAsE1
YAsET
YAsET
YAsEt
YASE7
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
yAsE7
YAsET
YAsET
YASET
YAsET
YAsET
VASET

yAsET
YAqET
VASET
YAsET
YAsET
YAsET
YAsCT
YAsET
YA5F.T
YASET
YAsET
YAsEt
YA5ET
YASET
YAsET
YAsET
YAsET
YASET
YAsET
YAsET
YAsET

30
00264
00265
00266
00267
00268
00269
00270
00271
00272
00273
002y4
002?5
00276
00277
00278
00279
00280
00281
00282
002R3
00284
00285
00286
00287
00288
00289
00290
00291
00292
00293
00294
oo2q5
00296
002Q7
0029R
00299
00300
00301
003h2
00303
00304
00305
00306
oo3n7
00308
00309
00310
oo3il
oo3i2
oo3~3
00314
003!5
00316
oo3~7
00318
oo3i9
003?0
00321
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95
96
97
98
99

100
101
I nz
103
lnb
105
ln6
107
108
I n9
110
111
112
113
)14
115
116
117
118
119
1?0
121
122
1?3
124
)25
!26
127
128
)29
!30
131
132
i33
134
! 35
136
!37
138
139
]40
141
142

143
144

i45
i46

669

479

489

500

52o

539

549

c
1000

SUBROUTINE NEsIiMKR
EIIJ) = RE2SIE
IJ=IJ *NO
CALL LOOP
CONTINUE
FNUM = FNUM*FREZ
FnEN = FOENOFREZ
RoJP2 = ROSAV*f XX-FNUM)/ IXX*FOEN)
00 48q 1=1,1 P1
RO(l JI = ROJP2
EIIJ) = REZSIE
IJ=l J*NO
CALL nONE
REAO 10200 IoJJ?ROI, S! EISVI!U1
IF 11. EO.0) GO TO 520
J = JJ ● NT-1
CALL RI ROW
CALL SEIIJ
RoIIJ) = ROI
SIEIIJ) = SIEI
ULIIJI = UI
VL(l J) = VI
CALL wI Row
J = J-2*JJ.1
CALL RIROU
CALL SETIJ
Rn(IJ) . ROI
STEIIJI = sIEI
UL(l JI = U!
CALL uIROW
J . J-1

CALL RI ROW
CAii SETIJ
VLIIJI = .-V!
CALL WI ROW
Gil TO 500
CALL STiRT
I-II-I S49 J=2, J8AR
I-Jn 53q l= I,IM1
IPJ = IJ. NO
IPJP = lJP. NO
IF IIo EO.11 V(IJP) =, VLIIJ)
UIIPJPI = .5* IULIIJI*IILIIJPII
V(TPJPI = .5*( VL(IJ)*VLIIPJ)I
IJ = IPJ
lJP = IPJP
ChLL LOOP
CONTINUE
CALL 00NE
RETURN

FnRMAT(41404F8.3)
1010 .FOAWATIO NL3E*13. NK=*13* NI=*13* NL=013* u1=~lpE12056 vi=*

1 E12.5* RoI=QE12.5* SIEI=’0E12.5)

1020 FnRMAT(215.414X, Eil.5))
END

PAGE
VASET
YAsET
YAsET
YAsET
YAsET
YAsET
YAsET
YAsET
YAsET
YAsET
YAsET
YAsET
YAsET
YAsET
YAsCT
YAsET
YAsET
YAsET
VASET
YAsET
YAsET
YASET
YAsET
YAsET
YAsET
YAsET
YAsET
YAsET
YASE7
YAsET
YA$ET
YAsET
YAsET
YAstT
YAsET
YAsET
YAsET
YAsET
YAsET
YAsET
YASET
YA~T
YAsET
YAsET
VASET
YASET
Y4SET
YAsEY
YAsET
YASE7
YAsET
YAsET
YASEY
YAsE-
YAsF’”

a ‘ v’ “; 6’ .“

*

,
.

31
003>2
003?3
oo3~4
00325
003?6
00327
00378
00329
00330
00331
00332
00333
00334
0033s
00336
00337
00338
00339
00340
00341
00342
00343
00344
003$s
00346
00347
00348
00369
00350
00351
00352
00353
00354
00355
00356
00357
00358
003s9
00360
00361
00362
00363
00364
0036s
00366
00367
00368
00369
003?0
00371
00372
00373
00374
00375
00376



SUBROUTINE MEsHMKR pAGC 32IN17EX o!/i2/73
SINGLV REFERENcEO V4RIARLES

?00 - 16*
AA (IR 3C(7
ARS - 7isu
ANC -R 3cn
4s0 -R 3C0
.ln -R 3C0
AOFAC -R 3cn
AOM -R 3C0
Uo -R 3C0
COLAWJ -R 3C0
fll MENSI - 6F
01 -R 3C0
I)TC -R 3cn
nTFAC -R 3C0
nTGR -R 3cn
nTGz -R 3C0
I)TGZP 3C0
nln {;! 3cn
nTot OR 3C0
nrnih -R 3C0
nlf)? -R 3cn

0i04 -Q 3C0
0T08 -Q 3C0
OTPOS -R 3C0
OTV -R 3C0
018 -R 3C0
EMlo -R 3C0
EPS -R 3C0
EoUIVAL - 4F
ExP - 77SU
FIRP -R 3C0
FIPxL -R 3C0
FIPxR -R 3C0
FIPVR -R 3C0
FIPYT -R 3C0
FIXL -R 3C0
FIXR -R .3Co
FIYR -R 3C0
FIYT -I? 3C0
FJ13P -R 3C0
FLflAT - 355U
GGM1 -Q 3C0

GR
GRoVEL
GZP
lBAR
!BP
IBP1
i COLOR
10TO
IJPS
IMoME3
IMMX
1M6
IPt, R
IPXL
IPXR
IPyB
IPYT
IP2
lScFi
I SCFZ
ISC2

-R
-R
-R
-1
-I
-I
-1
-1
-1
-1
-1
-I
-I
-I
-1
-1
-1
-I
-I

::

3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3CI-J
3C0
3C0
3C0
3C0
3C0
3cn
3C0
3C0
3C0
3C0
3C0
3C0

ISC3 -I
lTV -I
IxL .. I

lxR
1YR ::
IYT -I
JIIP -1
J8P2 -I
JM1O -1
JM14 -1
JP41-V? -1
JUNF
KxI :;
LAMll -R
LJP2 .1
LPB -1
M -R
MC -R
MESHMKR -
ML -R
MQ -R

3cll
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
5RL
3C0
3C0
5RL
SRL
1 Su
5RL
5RL

MT
MTE
MU02
MU04
NAME
NCYC
NLC
NPS
NPT
N121B
NrA12
NSC
NUM I T
NUMTIY
OM
OMANC
OMEMliJ ..R
OPEMIO -R
P13R -R
Poz -R
PRINT -

-R
-R
-R

f;!
-I
-I
-1

:;
-1

::
-1
-R
-R

5RI. PxcONV
5RI. PXL
5Rl- PXR
5RL PxRP
3C0 PYfI
3C0 PYBM
3C0 PYCONV
3C0 PYT
3C0 PYTP
3C0 ROT
3C0 REAL
3C0 REZUE
3C0 REZVE
3C0 REZVT
3C0 RIt3AR
3C0 RIRJB
3C0 RII?P
3C0 RJBP
3C0 RON
3C0 RPOR

54F RPOROZ

-P
-R
-Q
-R
-R
-R
-R
-R
-R
-R
.
-1?
-1?
-R
-R
-R
-Q
-R
-1?
-R
-a

3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
5F
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0

RPOZ.
T
THIRO
TL1140
TOUT
TWFIN
T20M0
Vv
tiRITE
XCONV
XL
XR
YCONV
Yscl
YSC2
YT
Zz

-R 3C0
-R 3C0
-R 3C0
-R 3C0
-R 3c0
-R 3c0
-R 3C0
-R 3C0
. 55F
-R 3C0
-R 3C0

3C0
:: 3C0
. 2cN
. 3cN
-R 3C0
-R 3C0

. - . - *-O-*-O--- . - . - . - +-------- -+- . . . .-.-*---- -+ - +- . -. -.-,-... -. - .-. -.-+----- . - .- . -+ -.-.-.-+- . .. +- . - .-. -+----- .-, -.-,-.-+-,-. ---------

MULTTPLY-QEFERENCEO VARIAFJLES
IQ9 -
llQ -
?~~ -
?Zq -
?3Q -
.?4Q -
3~o -
glq -

32q -
400 -
459 -
.+f$q -

479 -
&RQ -

500 -

520 -
539 -
549 -

1000 -
1010 -
1020 -

AASC IIR
COMMnN -
co I)R
cYL -R
I’)ELSM (IR
OONt? -
nR -R

nz -R

E (IR
EP OR

FTIL OR
FOEN ‘N
FNUM -R

I\no
9no

2000
lQOO
3Rno
3700
31
6200
60D0
53
81D0
9?00
RROO

Iolnn
106*
107
13100
1301-10

51RII
5iPR

106$70
2C0
?F
4E0
3C0
iEo

15SU
3C0
3C0
4EQ
&EO
4E0

79=
78=

120

14e
25.
29.
47*
4Q*
516

66
710
73*
869
9S0
976

104*
128
lZQ*
138*
1400
143-

5SWR
145*

6F0

I% I
23

6D1
30SU
24
27

6nl
601
6nl

ao
79

72
690

0,, .>”.; t # .

144*

4E0 4EQ 4E0

41

sosu 105su 14i Su

35 44 4s
86. 84= 94.

B9= 91 99=
BO 90= 91

4ECI

103=

99
98.

4E0

ioo
98

4EQ 4EQ 4E0 4E0 4E0 4E0 4E0 4E0 12=

100

e,,,,’
I

.
1 “At””.,, ,1 ,

*
.



ah
1,

● *

79

64

40

1;;

1%

45

95

98

64

41

1::

99
PAGF 33

9200 IoIC)O

65 46
95.

1:: 136

~RFzlNnE:R 01/~~~73
31 60

~mi -R 3ctl 73
6Z -R 3C0
1 -I 3C0
IARS - 42SU
!J -I 3C0

SUBROUTINE MEstlMKR.
44

2000

23
78

113
83
89
60

138
6b

3700

33

65

35

8?SU

56

59

40

54PR

58

41=

44

3800

25=

1::
84

133

8100

42

34

96SU

47

55WR

109

45 45

74
1100
43SU
21
68

77
12 66 8100 fo6R0 107 13100 13440 6200

25 39
85=

1;: 120
86=

]34 1::

479 67 65
-9s 102 1:; 1068
137=

22
76

112
1100
78
40

67
104

3C0
3C0

39=
3C0

132=
133=

3C0
3C0
3C0

123=
3C0

34=

3C0
43=
42=

106R0

111
10
76
40

13100
136

IJM ‘I
1 JP -I
JMJ ‘z
~Ml -I
IPJ -I
IPJP -I
IPI -1
IUNF -I
J -I

JIIAR -!
JBOT -I
JCEN -I
Jell -I
Jol -I
JJ -I
JP I -1
JP? -I
.IP4 -I
JTOP -X
JUNFO~ -I
K -1
LAM -R
LOOP -
LPR -1
M IIR
MP OR

137
ii5 136

2ono 3800
40

900

9200 iOIDO

43 44 8800 108= 116= 1161900
130130

46 60D0 65 65 66
123
13000

43 44
3232=

44
45

108
8800
1900

9no

116
3C0
3C0
3C0

33=
3C0

10=
3C0

13SU
3C0
4E0
4E0
4E0

3700

42
33

45
34

IIDO
5R1.

i?asu
S5

5RL
5PL
5RL
5RL

54PR
6@ln
54PR

139SU48SU

6D 1
651
601MPAR i)R

Mu -R
Nfl -1
Nl?z -1
NL -I
tiL 1 -1
No -1
NO 1 -I
Nol M =1
NR -I
NRI -I
NT -I
NT? -I
OMcYL =R
P (IR
PL flR
PMx OR
PMY IIR
PM13 (IR
Pu OR
Pv {)R
o (IR
R I)R

3C0
51RD 55WR
56=
SIRD
59=

.3Co
3C0

5;~D
57=
5tR0
S8=

3C0
4EQ
4E0
4EQ
4EIY
4EQ
4Et2
4EQ
4 E“o
4E0

55WR
6200
25

7
132 i3339 85 06

57

104

10
52
6i?no
54PR

S3
66
5SWR
66
41

60D0
23

601
601
601
6(31
60 I
6nI
6nI
6DI
6nI 23=



INDEX
Rcso (IR
READ -
RETURN -
REZRON -R
RE7S1E -R
REZYO -R
PM (IR
RMP OR
Ro OR
ROI -R
ROJP; -R
ROJ1 -R
ROL OR
ROWFR -R
I?OSAV -R
RVOL OR
RI POW -

ol/~:g73 CO*

51F 106F
5?F 142F

3C0 77
3C0 73

SUBROUTINE MESHMKR PAGE 34

84 94
45 77

103
3C0 44
4EQ 6n1
4E0 60 I
4E0 fm x

51P0 54PR
Ion= 102

ioz= Iji= 119=
119

ioO

izb

izi

67= 82=
551AR 67

83=
106R0

93=
111

R(l= 83
4EQ 601

45
82 9i=

i17SU 124SU
118SU 1?5SU

68= 112=
55WR 6fl
36SU 75SU
45
64= 135=

55WR 64
113= 121=

3C0 64”
77= 80 9i 93

4E0 601
fJlsu 109SU

sETIJ

$lE
SIEI
START

.
(IR

-R
.

-R
IIR
OR

-R
OR
(IR
OR
(IR
OR

-R

OR
OR
OR

.

OR
(IR

-R
OR

-R

(;:
-R

63SU
4EQ

lln5U
601

54PR
1 esu
44

601
6nI

54PR
6n I
61) I
601
601
6n I

54PR
6n I
6nI
601

115SU
6nI
$n 1

21
fm I

17

lzil=
106Rn
12QSU

11251R0
flsu

35=
4F0
4E13

51Rn
4Ef2
4En
4EQ
4m
4EIY

51Rn
4EfJ
4E0
6EQ

70$U
4EQ
4Ea

16=

4E13
3C0

76=
4EQ

17=

TJ
u
UG
III
(IL
UP
uTIL
v
VG

10IIRO
135

113
135

136=

106Rn
134

65= 134=

55WR 65
114= 126s

114

136
126
136

VI
VL
VP

vTIL
WlR(IW l:::U 127SU

40s

23 24=
22= 44=
46=

40 41

73= 77 80 80 91 91 100 ioo
76 76 78 78 89 89 90 90

40

26=
46

x
xPAR
xx

Y
YB
YJC?
YPAR
YY

24
45=

i7
6n I

22 748 78 89 90
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-. -.-. -.-. -.-. -.-. -.-. -.-,-,-,- .-. -+.....-.-...+-. -+-. -.-. - . ...-0---- ..-+ -.-.-.-.-+-+-+ ... -*-. -*-* . ...*.

27= 27

w, ..,.“t 1’ do
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lNnEx 01{12/73 OvERLAY 1YAOUf1L,2,01
OVERLAY IYAWFU.*2*0)

INOEx 01{12/73 PROGRAM Y@JIl
PROGRAM YAQUI 1

i PRINT )0

3 CN.L VAOU12
4 10 FoRMAT (i YAQUt2 CALLEo6 ~

5 ENO

Y%% 3$0043
r&oull 00004
YAou I1 00005
YA@J1l 00006
YAoUII 00007

tl I
I t*’ ‘, “ .“9’

INOEX 01/;2/73 PROGRAM YAOUIi PAGE 37

SINGLY REFERENCED VARIABLES
PRINT - 2F YAQUI1 - 1 Su YAO(JT2 - 3SU

,-. -.-. - *-. -.-. - .-. -.-. -,-. -.-. -,.. -6-. -+-. -"-"-." ,-. -.-...-.-,-,”.- ,-. -,-. -.-.., -.-. -.-... -*-. -.."6-*-. -,-* -*-* -*-* -*-* -+-* -*-*-*-

MULTJPLy-REFERENCEO VARIABLES
10 - 2PR 6.

.-. -. -+- .-. -+-. - .-. -+-. -.-. -.-.-b- *-+-+ -*-* -.-* -.-. -*-+ -.-* -.-. -.-. -"-* -*-* -+-" -*-+ -*-. -*. "-*-* -*.. *-"-* -*-+ -*- b-4-* -*-" -+-* -*-"-*-

I-J
LA
l-a



INDEX 01{12/73

i
3
4

5

6
7

R

9

10
11
12
13
14
15
16
17
18
19
20
21
2?
23
26
25
26
27
28
29
30
31
32
33

Subroutine YAou12
SUBROUTINE YAQU12
LCM /YLC1/ AAlli31000) /YLc2/ AA2(131OOOI
COMMON /YSC1/ AASC14242)
CfW4MON /YSC2/ AA(I) .ANCi ASC!. AO. AOFAC. AOM.RO. COLAMU, CYL.

DR. DT, OTC, nTFAC, OTGR, 0TG7, DTGZP, OTOll O), OTOC(l O),
; 0Tn16~OT02, DT04, 0T08, DTPOS, OTV, 0T8, OZ, EWl O, EPS*F1BP,
3 FIPXLTF IPXR!FIPYB .FIPYT, FI xL, FIxRo FIYfl, FIYTo FJtlP,
4 FREZ, GGM1$GM1. GR, GQOVEL, GZ. GZP. I. IRAR$l RP. IBPI! ICOLOR.
s IOTOo IJ?IJMs IJp!IJPS!IMOME3. IMoMx*IM~Or M6.
6 IPAR, IPXL, IPXR, IPY13,1PYT, IP1 ,IP?s Isc?101SCF2,1 SC2~ISC3,
7 ITV, IUNF?IXLt IXRt IYR. IYT, J. JRAQ, JBPo JBP2, JcENs JMI0,
1! JM16, JP1, JP2, JP4, JP402, JUNF, JUNF02, KXI, LAM, LJp2OLPR,
9 LPR, MU, NAMFli O), NCYC, NLC,NPS, NPT, NO, N91 ,N01f4, N012, NSC?

NUMIT$NUMTn *OM, OMANC, OMCYL, OMEMl O, OPiMl O, PnR, POZ, PXCONv,
; PXL. PXRs PXRP. PY8, PYBW*PYCONV, PVT, pYT?SROT, REZRON*REZSIEq
3 REZ~lEf REZVF!QEZV7 OREZYO. RI RAR. RlRJR.71RP .RJBP!ROMFR.
4 R~, RP~, RPOROZ, RPDZ, T, THIRO, TLIMD, TOUT, TWFIN, T2OMn,
5 VV, XCONV, XLt XR, YB, YCONV, YT, ZZ

EoUIVALENCE (A ASC1l), X, XPARI, IAASC[2), R. YPAR) ,( AA SC[31, YOMPARI0
1 (AAsC141 $U, uG,OELSM) OIAASc 15), v, VGIOf AASC(6) .RO).
2 (AASC(71, SIE, MP, RHP, RCSOI, (AASC [8) ,Ev ETILI,
3 lAASC~9) tRVOL). (AASCflO) .M. QM, V?). lAASCllll VP. PL, EP.
4 UP, PM 01, IAASCI1%), UT IL, UL, CO, PMKOPU) tlfl ASC113), VT IL,
5 VL, PMY!PV), (AASC114), QOQOL)

REAL LAM. LAMO, M. MR. MC, ML, MP. MPAR. MR. MT, MTE. MU. MU02, MUO4
llIMEN510N XI I). XPARIII !RIII. YPAR(l IOY I1)o MPARII) .uI1)$UG(I).

PAGE 38 . .
YAnUIl 0000B
YAw!] 00609
COUMON2 oooIj2
CO14MON2 00003
c0MM0N2 00094
COMMON2 0000s
COMMON2 00006
COMMON? 00007
COMMOF12 000913
c0MMOl12 00009
COMMON2 00010
CO14140N2 ooo~l
COMMONZ 00012
coMMot12 ooo~3
C0MMOl12 00014
CoMMor{z oooj5
COMMON2 000!6
COVMON2 00017
EOVREAL 00002
EOVREAL 00003
EOVREAL 00004
EOVREAL 00005
EOVREAL 00006
EOVREAL 00007
EQVREAL 00008
131MEN 00002

0ELS1411)* Vii), VG1ll, ROII), SIE [l),,4P [l), QMPll), RcSOli), DIMEN 00003
: EIII, ET IL(l I, RVOLIII. MI II, RH 11). V?[llt Pll)s PLll), EPIl)o OIMEN 00004
3 UP(l), UT IL Ii), ULIII, CO(l I,PMX (l)!~Ul llOVTILlll*VL(l)O OIMEN

4 PMYtll?PV [l IoO(l It ROLIl). PMO[l) OIMEN
DIMENSION AT I1oo), FTIIoo), IX1I1IOIX2I 1), IY1ll), IY2111, XCO(4)$YCO(4 YAIYu I1

1 ), CON I1OO) YAOUI1

ENJIVALENCE (AT. Ixl)~l AT(2) oIx?l$(AT(3)0 IY1l,lAT 14), IY2). (AT(5). YAoUI1

1 XCOI!IAT 19)* YCOI, (FT*CON) YAOUI1

COMMON /YSC3/ JNM YAoUI1

CALL $ECONn ITBASE) YAflUIl

T1-= TBASE
CALL GETIY (4 LKJISN, JNM)
CALL H4020
CALL fiETO 14 LKTLM.11)
TLIM = II
OTVSAV = nlCSAV = 0.0
IF (I PAR. Eo.01 GO TO 370

----
YArJu Il
YAou1!.
YA(w I1
YAoUII
YAWII
YAoUI1
YAOUI!

TLIH = TLIM*27.5E..9 - 40. . li. -TLIMO)~l. E*l O
100 CALL sTART

YAQUII
YAoU11

CIRC = 0, YAoUI1

On 19Q JE?, JP1 YA@J1l

On 189 I=191RAR YAoUIl

IPJ = IJ ● NQ YAIYU1l

e, ‘ ,, ,
. ,. , ,, 1*

1

IPJP =-; JP ● NO
IF 11. Ea.l ) CIRc = CIRC ● 0.5el V(IJ)*Vl IJp)l~l Y(IJP)-YIIJ)l
IF 11. Eo. IM1 I CIRC = CIRC - 0.5°1V[IJl *Vl IJp)l*l YlIJPl-YIIJ))
IF IJ. Eo.3 ) CIQC = CIRC - 0.5°1Ul IJ). UII?J)l* lXIIPJ)-XIIJ)l
IF (J. Ef3. JflARl CIRC = CIRC ● 0.5*l U1lJ)*Ul IeJ))*(X (IPJ)-Xf IJl)
SIET = AMAx II SIEIIJ)!O. )
PIIJ) = ASOol ROIIJ1-RnN) . GM1*RO(IJI*SIET
IF IA W2.LT.l. E*6) Gn TO 180-----
Pfx.j)= ASO*l ROL(IJ) -iON) ● GMl*ROIIJl~SIET

e, ●,,
1’

YAiuil
YAfAu Il
YAfIUII
YAfKI1l
YAoUI1
YAIIu1l
YArjUIl
YAoUI1
YAISJI1

00005
000q6
00013
oooj4
ooo\5
000~6
ooo~7
000~B
00019
00070
00021
00022
000?3
00024
00025
000?6
000?7
00028
00029
00030
00031
00032
00033
00034
00035
00036
00037
0003B
00039
00040



INDEX 01/12/73
34
35
36
37
38
39
40
41
42
43

44
45

46
47
48

::
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
60
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

180
189

199

200

210

220

290

300

310

320

330

340
350

IF fNCVC, EO.0)
IJP = IPJP
IJ = !PJ

0
1,

‘>
‘

SUBROUTINE YAw12.
PIIJ1 = -RoN*Gzo IYT-YB- IFLoAT(J)-l.5)~DZ)

CALL LOOP
CnNTINUE
cALL I) ONE
inii = 77
CALL $ECONn (12)
xx = fT2-ToLol~RIFIJsl
IF (LPR. GT.0) WRITE (12,4000) TsNCYCOOTS XX, CIRC, OTVOIOTVOJOTVO

1 NuMIT, T2, DTc, IfJTc, JllTc
CAL(. EMPTY
PRINT 6000. TeNCVCv DTv XX, CIRCSDTVelDTV vJnTV*

1 NUwlT, T2, DTC,lnTC, JDTC

IF IT* EM1O .GE. ToUT) 130 TO 290
IF INcyc. LE.l .OR. NUK!IT. GT06991 GO m 300
IF (T% T1. GE.1200, .AN(). T20M0. GT. EM1O) GO 10 320
IF IT?-TBASE. GE. TLIMI GO TO 330
IF IT. GEo TWFINI GO TO 340
NcYC . NCYC ● 1
IF lNCvC. EO.2) OT = OTPOS = OT*1O.
IF INCYC. GE.31 OT = DTPOS = AMINlf OTV, OTCI
I)TFAC = 1.25
OTV = OTC = DT*DTFAC
IF (T.07. GT. TOUT) oi = TOUT-T
T’=T*nT
RnT = l./OT
D T02 = .5*I)T
DT04 = .?5enT
DTO13 = .125~0T
DTO16 = .n625*OT
OTfl = OT*~.
DTGR . !_lT~GR
OTGZ E DT*~Z
OTGZP = l_IT*GZP
G() 10 1000
7nuT = TOUT ● OTOIIDTO)
TF IT* EM1o .LT, OTOC( InTO)) GO TO 300
ToUT = 07nCl Il)TO) + nTolln70.1)
lnro = InTo ● 1

ASSIGN 310 TO KRET
Gn TO 500
ASSIGN 210 TO KRET
GO TO 400
TI = T2
AsSIGN 220 TO KRET
GO TO 35o
ASSIGN 34o TO KRET
Gfl TO 350
RETuRN
PRINT 4010. NUMTD, T, NCYC

IF ILPR. GT.01 WRITE l12,40101 NUMTOOT?NCYC
WRITE lfl) (AAINIo N=lo NSC)
WRITE(8) lAAl(Nl, N=lo NLC)
IF (NPT. GT.01 WRITE(R) (AA21N)$N=1?NPS)
CALL nATARFL 15LFsETf!)
CALL AFSREL 13 LOuT)
CALL AFSREL (4 LFILM)

PAGE
VAQUI1
YAcJU1l
YAOUI1
YAou II
YAnu Il
YA13UII
YAoUII
YAoUI 1
YAOUII
YArAu Il
YAoUI1
YAOUI~
VAOUI1
YAQUI1
yAnU1l
YAoUI1
YAOUI1
YAQUI1

YAfAUIl
YA(AUII
YAoIJI1

YAoUI1
YAQUI 1
YAOUII
vAiuii

YAoUI1
yA(lJIl
YAoUI1

YAQUI1
YAoU1l
YA@JI 1
yAoUIl
YAfAUIl
YAoUI1

YAoUI1
YAoUI 1
YAoUII
YA(yJll
YANJI1
YAoUI 1
YAOUII

yAoUIl
YArlJ1l
YAfauIl
YAoU1l
YAou1l
YAoUII
YA(2u I 1
YAoIJI\
YA@JI~
YAoUI\
YAou1~
YAOUI1
YAoUI1
YAnUIl
YAOUI1

YAwJI.1
YAISJI1.
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00041
00042
00043
00044
00045
0o046
00047
00048
00049
00050
00051
00052
00053
00054
00055
00056
00057
00050
00059
00060
00061
OOilh2
00063
00064
00065
00066
00067
00068
ooa~9
00070
00071
000?2
00073
00076
oooi5
00076
00077
00078
00079
00080
00081
00082
000R3
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000R5
00086
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00089
00090
00091
00092
00093
00094
00095
00096
00097
00096
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91
92
93
w
95
96
97
98
Q9

100
101
10?
103
106
105
106
107
1o11
109
110
111
112
113
!14
115
116
117
118
11’9
120
1?1
122
123
1.24
125
~?6
127
f28
1?9
130
~,31
132
133
1.34
135
136
137
138
139
1,40
141
142
143
144
i45
146
i47

370

380

400

410

420

440

SUBROUTINE YAfAU12
NUMTO = NUMTO ● 1
GO TO I(RET
QEw!Nn 7
JTO = JBAR
JN$C = LOCFIZZ) -. LoCF(AAI *1
PFAO17) (AA(N), N=l?JNSC)
IF IJTO. NF. NUMTO) .Go TO 380
REAn17) IAA1(N), N=l, NLC)
IF INPT. GT.01 REAO(7) (AA2(NI .N=lo NpS1
CALL AFsRFL (5 LFSCT71
NuMTO = NUMTO ● 1-
TLIM = TL1M*27.5E-9 - 40. ● ll. -TLIMOl&l. E*l O
PQINT 4020, JTO
PRINT 6030, NAME, To NCYC

IF ILPRo EO, O) GO TO 220
WRITE (12,4020) JTo
WPITEI12,6030) NAME, T, NCYC
GO TO 220
PRINT 4040
WQ1TE(!2,4040)
C4LL AFSREL 15LFSET?)
RETURN
lF (LpR. EO.01 GO TO KRET
ASSIGN 44o TO KRF
ASSIGN 440 TO KRP
AsSIGN 460 TO KRFP
Gn TO (420,410 v&58) LPR
ASSIGN 458 TO KRF
AsSIGN 456 TO KRFP
CALL LINCNT [64)
CALL ADV (1)
Gn TO 454
KRF = KRFP
AsSIGN 460 TO KRP
CALL START
nil .489 J=l ,JP2
00 679 I=], IP1
IPJM = IJM ● No
IPJ s IJ ● NQ
o . PRM = PRV = PRSIE = O.
IF IJ. EO.1) GO TO 4S0
IF IRHIIJM}. NE. O.) PRM=l./R~(1JMl
IF 11. EO.l P1 .OR. J. EO. Jp2) GO TO 450
PRSIE = SIEIIJM)
IF IRVOL(IJHI ●NE. h.) PRV=lo/RVOLIIJM)
Xl = X(l PJMI
Yi = v(ipM)
RI = RI IPJM)
Ul = II(IPJM)
VI = VI IPJMI
X? = xIIPJ)
Y2 = VI IPJI
R2 = R(IPJ)
U2 = UIIPJ)
V2 = V(IPJ)
X3 = x(IJ)
Y3 E YIIJI
P3 = RITJI

● ✚✌✎“? .\ “ r, o I ,
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PAGE
YAoU1l

YAoUII
YAoUII
YAOUII
YAoU1l
YAQUII
YA(lUIl
YAfxJIl
YAoUI1
YA@JIl
YAoUII
YAQIJI I
YAOUII
YArju Il
YAoUI1
YAOUI 1
YAoUI1
YAoUI 1
YAou I1
YAoUI1
YArjUI I
YAIIUI I
YAOUI I
YAoU11
yAoUI 1
YAoUII
Y41au Il

Y4U11
YAou II
YA13UII
YA@J!l
YAoUI 1
YAQUI1
YAOUI1
YAoIJI1
YAOUI1
YAOUII
YAGu I I

YA@JI 1
YAQUI 1
YAf/UI I
YAoUII
YAouI1
YAoUII
YAoUII
YAoUI 1
YAoUII
yAoU1l
YAoUI 1

YA(xII I
YAOUI1
YAOUI 1
YAoUI1

yAou1l
YAoIII 1
YAOUI1
YAOUI 1

yAQU1 1

40
00099
00100
00101
00102
00103
00104
0010s
00106
ooln7
00108
001Q9
00110
ool~l
001]2
ool~3
ool~4
ool~s
00116
ool~7
001!0
00119
00120
00121
00)22
00173
001?4
001?5
001?6
00127
001?8
001?9
00130
00131
00132
00133
00134
0013s
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
001i6
00147
00148
00149
00150
00151
00152
00153
00154
0015s
00156
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156
157

j5s
] 59
160
161
162
i63
i64

i65
166
i67
j68
169
170
171
~72
173
] 74
] 75
176
177
178
179
i80
ji4]
j 82
~R3
]1)4
] 85
]86
187
!!38
189
]00
191
] 92
193
194
i95
196
i97
iwl
199
200

73

450
452

454

456

458

460
479

489

490

500

SUBROUTINE YAoU12
U3 = II(IJ)
V3 = VIIJ)
X4 = XI IJM)
Y4 = Y(IJM)
R& = R(IJMI

e’ “
,,

●.

U4 = u(ijMi
V4 = Vl~JM)
D = 025*RVOLl IJM)~(lRl*R21 -llUl+U21 61V2-Yl l+(Vl*V2)+l Xl-x2))

●(R2*R3) ~llu2*U3) 0( V3-Y2)* (V2*V31 *(X2-X31)
h ●(R3*R4) ~((u3*u4)*(v4-Y3) ●(V3*V4)? (X3-X4))
3 ●{R6*R1) Q((U4+U11*{Y1-Y41 *( V4*VI )*(X4-X1)))

6n 10 (452,452,4561 LPR
WR17E(12,4070) I! J*x(l JM). Y(IJM)t UIIJM)s V (I JMI, PRs IE$ROIIJMIOPRV?

1 00 PRM, P(IJM)
L!NESF s LINESF ● 1
IF (L INESFOL1.621 GO TO KRF
LINESF E O
WQITF( 12.4080) JNM. NAHE!T, NCYC
WRITE (12,4060)
60 To KRF
PRINT 4070, I* J,x(IJMI !Y(IJM) *U(IJM), V(IJM) .PRSIE$ROI IJM)t PRV,

1 OOPRMOP(IJM)
LINESp = LINEsP ● 1
IF (L INESP. LT.571 GO TO KRP
LINESP . 0
PRINT 4050
PRINT 4080, JNMo NAMEo T.NCVC
PR1N7 4060
Go TO KRP
IJ . lPJ
IJM = IPJM
CALL LOOP
CnNTINUE
IF (LpR. GT.2) GO 10 KRET
CALL EMPTY
Gn TO KUET
IF INPT. GT.01 CALL PARPLOT
IF ILPR. EO.0) GO TO 490
lF IGRDVEL. GTOEM1O .ORO NCyC. EO.01 CALL AI)VIII
DDMIN = llZMIN = l,E.20
01V4AX = nZMAX = VMAX = O.
CALL STAUT
no 54Q J=2, JPI
On 53Q 1=1 ,I13AR
IPJ = IJ ● NO
ipjp =-i JP . No
VMAX = AMAX1 lVMAXSABS Iull J)l, ARSIV(IJ)l)
IF INCYC. RT. O .ANo. GRDVEL. LT. EM1O) GO TO 530
Xl = XI IPJ)
x? a X(l PJP1
X3 = X!l JP)
X4 = X(IJ)
Y] = YIIPJ)
Y? = V(IPJP)
V3 = VI IJP)
Y4 s Y(l J\
XV14 = so RT ((xl-x41062 ● (Y1-Y4)o~2)
XV23 = SORT( 1X2-X 3)**2 ● IY2-Y3) ●*2)

PAOE
YAI)UII
YAQUI 1
YAoU1l
YAoUI 1
YAMJI 1
YAfiUl\
YA6U11
YAfNJI I
YAoUIi
YAqU1l
YAIsJI1
YAouI1
YAoUI1
YAoUI1
YAoUI1
YAQuX1
YAoUI1
YArNJIi
YAou1l
YAQIJIl
YAf)UI!
YAoUIl
YAOUI1
YAQUII
YAOUII
YAf)UI i
YAo(I1 1
YAnu Il
YAoUI1
YAoUI 1
YAoUI~
YAfJUI I
YAraUI 1
YANJI 1
yAnU1l
YA(lUSl
YAnU11
YA(ju Il
YAfAUI1
YAou Il
YAouI}
YAOUI I

YA17J11
YAOUI I
YA@JI 1
YAOUI1
YAoUI I
YAfNJ1l
YAI)UI 1
YAIYUI 1
YAoIJI1
YAou I1
YAo(JI 1
YAoUI1
YAOUI I
YAfMJIl
YAou I 1

YA@JIl

41
00157
00158
00159
00160
00161
00}62
00163
00164
00165
00166
00167
00168
00169
00170
00171
00172
00173
00174
00175
00176
00177
00178
00179
Ooleo
00IR1
00182
00183
00184
00185
001f16
00}!37
00180
oo1119
00190
00191
00192
00193
00194
oolq5
00196
00197
00198
00199
00200
00201
00202
00203
00204
00205
00206
00207
00208
002n9
002]0
00211
oo2i2
002~3
00214
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?02
203
204
205
206
207
?08
209
210
211
?12
213
214
215
216
217
?18
219
220
221
222
2?3
224
?25
226
227
228
229
230
231
232
233
236
235
236
?37
?38
?39
?+0
i?41
?42
243
244
?45
266
?67
748
?49
250

251
?52
253
254
255
?56
?57
259

530
539

549

550

580

589

599

600

610

62o

629

639

DRMIN =
DRMAX =
XY21 =
XY34 =
DZMIN =
DZMAX
1X1 =
XVI =
1X2 =
IV2 =
1x3 =
1V3 =
1x4 =

SUBROUTINE YAOU12
AMIN1 (oRMTN, XY14$XY23)
AMA X1( ORMAX, XY14$XY23)
SORT( (X2-X1).*2 ● (yz-yil*.z)
SORT I 1X3-X4) **2 ● (Y3-Y6).*2)
AMIN1(oZMI N, XV21$XY341
AMAXI IOZMAXQXY21 ,xY34)

~lXL
FIVR
FIXL
FIVR
FIXL
FTYII
FIXL

●

✎

✎

✎

✎

✎

✎

Ix1-xL)*xCONV
(Y1-VB)OVCONV
(X2-XL) OXcONv
(YZ-YB) ●VCONV
(x3-xL) ●XCONV
(Y3-YB)*vcoNv
(X4-XL )OXCONV

IV4 = FiY~ ● (v4-v8; ●YCONV
IF 11. Eflol) CALL nRv 11 X3* IY3,1X4,1Y41
IF (J. EO.2) CALL ORV II X4,1 Y4,1X1,1Y1)
CALL nRV (I X1,1 Y1,1X2,1Y2)
CALL nRV II X2* IY2,1X3,1V3)
IJ = lPJ
IJP = IPJP
CALL LOOP
CnNTINUE
IF INCYC. GT. O .ANoo GROVEL .LT. EM1O) GO TO 550
CALL LINCN1159)
WQITEIIZ.4140) ORMIN. DRMAX.0ZM1N90ZMAX .XR. YBVVT
WRITE (1 Z,6080) JNMo NAME, ToNCYC
IF IVMAX. LT. EM1O) Go TO 600
nQDU = VV/V14AX
CALL hnVll )
CALL START
DO-599 J=2, JP2
I’)n 58q I= I,IP1
lx] = FIXL . (X II J)-XLI*XCONV
IY1 = FIVR ● (Y II J)-YRl*yCONV
1x2 . FIXL . (x( IJ). U(IJI*IVROU-XL )* XCONV
Iv2 = FIYR . (Y II J). VI IJ)*OROU-V6).YCONV

If II Y20GF01) GO 10.580
1X2 = 1X1 ● (Ix2-Ixl )*( Ivl-11/flvl-IY21
IY2 * 1
CALL ORV IIxl!IYl, Ix201v2)
CALL pLT (1 X101 Y1S16I

e >,” *,1’ b’

(’1

IJ=IJ *NO
CALL LOOP
CONTINUE
CALL LINCNT159)
WR1TEIIZ,41501 VMAX
WI?ITEII?,40801 JNM, NAME fl, NCyC
IF (IRAR. EQ. I ●0R. J8AR. EIIoll GO 70 490
L=O
L = L*1
Gn TO 1620,620,640 #4901L
CALL START
DO 639 J=?, JP1
On 629 1=1 .IRAR
CO IIJ) = RO(IJ*L-i)
IJ=TJ *NO
CALL LOOP
CnNTINUE

0° *c,.
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vAc$II1
VA12UI 1
VAIXI1l

VMUI1
YAnll Il
VA4UI 1
YA@JIl
VAOUI1
VAOu Il
YAou I1
YAoU11
VA13U11
VAOu Il
YAoUI 1
VA(WI 1
VAOUI1
YAOUII
YA13U11
YA(YJI1
VA(NJI 1
VAOUI1
VAOUI 1
VAOU11
yAr3UIl
VAfNJIl
YAOUI1
YA(yu Il
YA@JIl
YAQUI 1
VAOUI 1
VAOUI 1
VAraUI 1
YAIxJ1l
VArNJIl
YAQUI 1
YAOUI1
VAfAUI I
YAoUI1
YAOUI1
VAOUI 1
VAOUI 1
VAOUI 1
YAOUI1
vAOUI1
VAfWII 1
VAOUI1
yAIXJIl

42
002~5
00216
002~7
oo2~8
00219
00220
00221
00222
00223
002i?4
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002;8
002?9
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00231
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?62
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?74
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276
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!NfJEx g&~i2/73 SUBROUTINE YAau12
CALL 00NE

260 GO TO 700
CALL START
D(I 659 J=?, JP1

640

649

659

700

709

719

72o

730

DO 64~ I=1,18AR
IPJ = IJ ● NO
IPJP = IJP . NQ
Xl = X(l PJI
Y] = Y(IPJ)
U1 = II IIPJ)
VI = vIIPJ)
X2 = X( IPJP)
Y2 = YIIPJP)
U? = UIIPJP)
V? = VI IPJP)
X3 = X( IJP)
Y3 = V(IJP)
U3 = I)(IJP)
V3 = VI IJP)
X4 = XIIJI
V4 = Y(IJ)

. .
V4 E V(IJI
RI E .125* RVOLIIJ) O(R(1PJ)OR(IPJP) oR(l JP). RI
CO(IJI = R1*(IU1*(14) *( X1-X41 *I VI*V4) O(Y1-Y4)

2
3

●(U2*U1) a(X2-X1)*l V2*Vl I*(Y2-YIJ
●IU3*112) *( X3- X2)* IV3*V2)*(Y3-Y?I

4 ●lU4*U3) ~(X4-X3) *l V4*V31*(Y4-Y3)
IJ = lPJ
xjp = IPJP
CALL LOOP
CONTINUE
cALL I) ONE
QMN = 1.E.6
OMX = -OMN
CALL START
DO 71q J= P,JP1
00 70Q 1=1, IFJAR
QMN = AMIN~ (CQIIJI ,13MN)
OMX = AMAX1 (CQIIJ), QMX)
IJ=IJ *NO
CALL LOOP
CONTINUE
XX = OMX/(OMN*EMlo)
IF (XX. LE. ?.01 GO 10 735
K = 10. /ALcIGl OlXX)
XX = K:l
D() = in.0011./XX)
K = ALOG191QMN)
XX = lo, *4 IK-1)
K=l
xx = XXOO12
IF (XX. LT. OMN) 00 TO 720
CnN(K) E XX
IF IXX. GT. GMXI GO TO 740
K . K.1
xx . XXOCUJ
GO TO 73o
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YAoUI 1
YA(JUI1
YAQUII

YAoUII
YAfJUIl
YAOUII
YAnU1l
YArJU11
YAoUI 1
VA(AUI1
YAOUI 1
VAQUI1
YAn(JIl
VAOUI1
YAIYUI 1
YAoUI1
YArJUIl
YAQUI1
YAou I1
YA12U11
YAoUI 1

YAoUI1
YAIYUI1
YAOUI1
YAoUI1
YAfJUIl
VAOUI1
YA@J1l
YAt2UI 1
VAOu I 1
YAQUI 1
YAoUI1
VAfJUIl
YAoUI 1
VAOUI1

vAou Il
YAoUI1
YA(AUI1
YAoUI1
YAoLJI1
YAoUI1
YAoUIl
YA@JIl
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002?3
00274
002~5
00276
00277
oo2i8
00279
002R0
00281
0028?
00283
00284
00285
00286
00287
00288
ooi?R9
00290
00.?91
00292
oo2q3
00294
00295
00296
oo2q7
00298
00299
00300
00301
00302
00303
oo3(i4
oo3n5
00306
00307
00308
003Q9
003!0
00311
oo3i2
oo3i3
oo3i4
003]5
003]6
00317
003i8
00319
00370
003?1
00372
003?3
00374
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003?6
00327
00328
00329
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315
316
317
318
319
320
321
322
323
324
325
3?6
327
328
3213

330
331
332
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335
336
337
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340
>61
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343
344
345
346
347
348
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351
352
353
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355
356
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358
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36o
361
362
363
764
365
366
367
368
369
370
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739

740

750

760

770

7R9

799
800

810

SUBROUTINE YAflJ12
XX = 12MX-OMN

IF (ARSIXX) .L101.E-3*AMAX1 IA8SI13MX) ,ARSIQMN))) GO TO 610
I-X2 = .I*IXX*.001)
00 739 K=l .11. .
CtiN(K) = 014N.(FLOAT(K-ll)~13Q
K=ll
CALL AIJV(I)
CALL LINCNT (59)
GO 10 1750,760,770)L
URITE 112,4090)
GO TO 78o
!4RITE(1?,41OO)
Gn TO 7R0
WRIT EI)2;4I1O)
nRITEI12,41201 QMN!oMx. CONll). CON IK-llonO
W91TEI12,4080) JNM~NAME.7QNCYC
CALL START
OfI 89Q J=?, JBAR
CALL LOOP
00 889 I=ls IMI
IPJ = lJ ● NO
IPJM = IJM ● NO
N=O
Orl 870 KK=l, K
KI=K2=K3=K4=0
IF ICQ(IJM1 .LE. CON IKK)) Kl=l
IF (CO(IPJM) .LE. CON IKKI) 1(2=1
IF (CfJ(IJ) .LE. CON(KK)) K3=1
IF (CO II P.,JI .LE. CON(KK)) K4=1
IF IK1*K2*K3*K4 .NE~ O .ORO Ki. K2*K3*K4 .EOO O) GO TO 879
IF IN. OT, O) GO TO 800
IJfl = IJM
IJA = IJ
00 790 JJ.1 ,2
on 789 11=1$2
IPJU = lJR.N12
IPJA = lJA*NO
N = N*1
XC(JIN) = .?5*(X( IPJFI)*X(IPJAI
YCOINI = .2 S~l YlIPJR)*Y(IPJA)
IJA = IpJA
IJFl = IPJR
lJB = IJ
IJA = IJP
LL=O
IF IK1*K3. NE.11 00 TO miO
Icl = 1
IC2 = 3
IJl = IJM
IJ2 = IJ
AsSIGN R1O TO KR1
GO TO 840
IF IK1*K2. NE.1) GO TO 820
Icl = 1
1C2 = 2
IJ1 = IJM
IJ2 = IPJM
AsSTGN 82o TO KRI

●X( IJAI
.Y(IJA)

●X(l JRII
●Y(IJB))
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939
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.

SUFSROUTINE YAou12
GO 70 i440
IF (K2+K40NE.11 G(I TO !330
Icl = 2
IC2 = 4
IJ1 = IPJM
IJ2 = IPJ
ASSIGN 83o TO KR1
Gfl TO 840
~:ll~3:K4. NE.11 60 TO 879

1C2 = 4
IJl = lJ
IJ2 = IPJ
AsSIGN 879 TO KR1
LL = LL*l
XX = (CON(KK1-CQ (t Ji))/(CO lIJ2)-cOll Ji) I
IXI ILL I = FIxL ● (XCO(ICl l* XXO(XCO lIC2)-XC0 II Cl)l-XL10XCONV
IYI(LL) = FIY8 ● (YCO(IC1) *XX OIYCOIIC21-YC61 ICI II-YB)*YCONV
IF (LL. L7.2) GO TO KRI
CALL nRV (l Xlt IY1.1X2SIY2)
IF (KK. EO.11 CALL PLT lIXl*IYl J351
IF IKK. EO. K-11 CALL PLT lIXlo IYl*24)
LL=O
IF (I J2, EO. IPJMI GO TO 820
CONTINUE
IJM = XPJM
ij s lPJ -
1.IP = IJp. NQ
CI%4T1NUE
CALL START
Dfl 94Q J=?, JP1
DO 939 I= I, IRAR
IPJ = IJ . NO
IPJP = IJP ● NO
1x1 = FtXL . (x( IPJ1 -XL IO XCONV
IY1 = FIYR . IYIIPJ) -Yfl)OYCoNV
1x2 = FIXL . (x(lPJP).xL)oxCONv
!Y2 = FIY13 . IY(IPJPI-YEI*YCONV
1x3 = FIXL ● (X( IJP) -XL)* XCONV
7V3 = FIYB ● (Y(IJP) .yB)OYcONv
IX4 = FIXL ● [X(IJ) -XL)* xCoNV
1y4 E FIvR ● (Y IIJI -YFI)*YCONV
IF 11. EQ.1) CALL ORV (I X3* IY301x401y41
IF (J, E0,2) CALL ORV II X4! IY4$IXI, IY1)

IF 11. EO. IBAR) CALL ORV 11 X1! IYI*IX2?IY2)
lF IJ. EO. JPII CALL ORV (I X2 SIY201X3,1Y3)
!J = IPJ
IJP = IPJP
CALL LOOP
CnNTINllE
Gn 70 610
CALL START
YI s ANC*ROT

00 lo~~ J=?9JP2
On 10R9 l=ls IP1
IMJ = lJ-NO
IPJ = IJ*NO
IPJP a IJP. NO

PAGE
YAou II
YACYJI 1
YAoUI1
Y40U11
YAoUI 1
YAoUI1
YAou11
VA(SJ11
YAoUI 1
YAQUI1
YAoUI 1
YAQUI 1
YAoUI 1
YAIYUI 1
Y40UI 1
YA(AUI 1
YACJUX1
YAI)U11
YAOUI 1
YAoU11
YAoUI I
YAoUI 1
YAoUIl
YAQUI I
YA@J11
YAoUI 1
YAoUI1
YAIYUI 1
YAoUI 1
YAQU1l
YAfjUll
YAOU11
YAOUXI
YAdJI 1
yA(aUI)
YA@JI I
YAoUI1
YAOUII
YAQUI I
YAfiUI I
YAoUIl
yAflUI 1
YAoUI 1

YAoUII
YAIYUI 1
YAoUI I
YAoUI 1
YAIYUI I
YAr2UI 1
YAOUII
YAoUI1
YAoUIl
YAOUII

45
oo3n9
00390
00391
00392
00393
00394
00395
00396
00397
00398
00399
00400
00401
oo4q2
00403
00404
00405
00406
00407
00408
00409
oo4io
oo4i I
oo4i2
oo4j3
00414
00415
004:6
oobi7

oo4~8
00419
00420
00421
oo4’&?
004?3
00424
004?5
00476
004?7
00428
004$9
00430
00431
00432
00433
00434
00435
004?6
00437
00438
00439
00440
00441
00442
00443
0044+
00445
00446



INDEX

437
438
439
440
441
442
443
444
+45
446
447
468
649
450
451
45?
453
454
455
456
657
45a
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
4R1
482
683
4!?4
485
4R6
487

loi5

1020

1025

1030

1035

1!340

1045

1050

1089

1099

1100

ol/i2/73
430
431
432
433
434
435
436

. ..- .,.-. ..-
SUMRUUTINE lAIJUI<

xx=vv=i.
Xl=ul=vl=o.
IF (1. EO.1 ) GO TO ln15
UI = IJ(IMJ)
VI = vIIMJI
GO TO 1020
xl = 1.0
xx = 000
IF IJ. EO.2 I GO TO 1025
U1 = IJ1*UI!JMI
VI = VI* VI IJMI
Gn TO 1030
xl = XI*l, O
Yv = 0,0
IF (1. ECI. IP1) GO TO 1035
UI = U1*U(IPJ)
vi = vl. vIIPJI
GO TO 1040
xl = xl ● 1.0
xx = 0.0
IF IJ. EQ. JP2) GO TO 1045
U1 = UI*U(l JP)
V1 = VI* V(IJPI
GO TO 1050
xl = xl~l. o
YY = 0,0
xl = lo/140 -xll
AX = GR ●Yl*(Ul OXj-U(IJ))
AY = 62 ●Y1*IV1*XI-V(IJ))
u71L(IJI = lU(IJ). DTOAx)*xx
VT IL IIJ) = IV II J)+ OT*AY1*YY
fJ(IJ) = DT*l AX* U(l J)* Ay*VIIJll
IJ = IpJ
IJP = IPJP
IJM = IJM. NO
CALL LOOp
CON71NUE
CALL DONE
CALL START
on 12q9 J=2*JP1
00 llq9 I=1,18AR
IPJ = IJ ● NQ
IPJP = IJP ● NO
Xl = X( IPJI
Y1 = YIIPJ)
RI = I?(IPJ)
U1 = II IIPJ)
VI = VI IPJ)
X2 = X( IPJPI
YZ = Y(IPJP)
RZ = RI IPJP)
U? = II IIPJPI
V? = VI IPJP)
X3 = X( IJPI
Y3 s YIIJP)
R3 = RI IJP)
U3 = u(IJP)
V3 = VI IJPI

0,:, ●, c., 8’ , ba ,

PAGE
YAoUI 1
YAQUI1
YAOUI1
YAoU1l
VAOUI1
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YAoUI1
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YAoUII
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YAoUI1
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YAoUII
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YAoUI1
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YAIYUI1
YAoUI1
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YAoUI1
YA(2U11
YAoUII
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YAoUI1
YAQUI1
YA(IUI1
YAoUI1
YAoU1l
YAoUII
YA13U11
YAoUII
YAoU1l
YAfjUIl
YAOIJII
YAoUIl
YAoUI~
YAoUI 1
YA@JIl
YAoUI1
YAOUII
YAOUI1
YAoUI~
YAoUII
YAou Il
YAoUI1
YAOUII
YAnu Il

YAoUII
YArJll Il
YAQUI1
YAau I~

46 .
00467
00448
00449
00450
00451
00452
00453
00454
00455
00456
00457
004s8
00459
00460
00461
00462
00463
00464
00465
00466
00467
00468
oo4h9
00470
00471
004?2
00473
00474
00475
00476
00477
004?8
00479
00400
004U1
004R2
00483
00484
004145
00486
00407
00488
O04R9
00490
00491
oo4q2
oo4q3
oo4q4
00495
O04q6
oo4q7
oo4q8
00499
00500
00501
00502
00503
00504
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INDEX l&12/73 SUBROUTINE YA@J12
X4 = xIIJ)

489 Y4 = Y(l J)
490
491
492
493
494
495
496
.407
408
499
Sf?o
sol
582
503
504
505
506
507
508
509
510
511
512
513
514

515
516
517
518
519
520
521
522
523
5?4
575
526
527
528

529
530
531
53?
533
534
535
536
537
538
539
540
541
54?

543

R4 = R(IJ)
U4 = II(IJI
V4 = 4’(!J)
xt2 = xl-x2
X23 = x2-x3
x34 = x3-x4
X41 = X4-X1
X24 = X2-X4
X31 = x3-xl
Y21 = Y2-Y1
Y32 = Y3-Y2
Y43 = Yb.Y3
Y14 = Y1-V4
Y24 = Y2-V4
Y31 = Y3-Y1
R12 = R1o I?2
R23 = R2*R3
R34 = R3*R4
R41 = R4. U1
MQ13 = .5?[R1*R3)
HR24 = .5* IR2*R4!
U12 = U1*U2
U23 = U2*U3
U34 = U3*U4
U41 = U4*U1
U74 = U20U4
U13 = UI+U3
VIZ = V1*V2
V23 = V2e V3
V34 = V3. V4
V41 = V4*V1
V24 = V2*V4
V13 = VI*V3
DT02M1 = IIT02*RM(IPJI
13Tn2M2 = nTo2*RM(IPJP)

0T02M3 = DT02*RMi IJP)

a,,,
\’

, .

DT02M4 = 0T02*RM(i J)
XY = x24*v31-X31*Y2~
O = .25* RVOL( IJ)~ lR12~lu124Y2i .v120x121 +R23* (U23~Y32*V23*X23)

1 ●R34*lu34*Y43* v34@x341*R41 *(u41*Y14* v41*x41))
‘XX = .5~(X2-X4*Xl-X31

YY = ,5m(v2-y4. y3-yi)

IF IKXI. LT.01 GO TO 1130
AK = Rn(IJ)**KXI
GO TO li40

1130 VELIJ = u4i*2 ● V4B162
VELMX = 007 * AMAxl IAFIsl U4@XXI ,A6St V4*YY) )
AU = RO ( IJI ●COLAMU@ (OT02*VELIJ ● VELMX)

1140 LAM(I = AMINllo*O. ) ~At(*LAM
Mk102 = ,50 AK*MU
MUTJ4 = , 5bMuo2

xx = Xx:xx
YY = YYOYY
IF (KXI. LT. O .ANOO OT. LT. OTpoSl

1 AK = RO ( IJ I ●COLA!4U* ( ,5* OTPOS*VELIJ . vEL14X1
no . ROIIJl*OMANCOXX* YY/f2. * AKe(LA~*?o*MUl ●lxx.* Yy)*EMlo)

PAGE
Y4QU11
YAOUII
yAou Il
YAoUI1
YAfau1l
YAouII

YAQU1l
YAoUI1
YAI?u I1
YAoUI1
YAoUIl
YAQUII
YAfUJI 1
YAOUI1
YAoUI1
YAoUI1
YA~UIl
YAoUI1
YAOUII
VAOUII
YAIIUI1
YAoIJI1
YAQUI1
YArju Il
YAOUI1

YAoUII
YAOIJI1
YAou1l
yAoUI 1
VAOIJI1
YAoUI1
YA(SJ1l
YAoUI1
YAoIII1
YAoUI1
YAIXII1
YAou II
YAoUI1
YAOUI1
YAoUI1
YAIYu1l
YAaU1l
YAoU1l
YAoU1l
YAOUII
YA(xJII
YAw I1
YAMII1
YA(W1l
YAouII
YAou II
YA(2u11
YArAUIl
YAo~Il
YANJI1
YA13U11
YAIxIII
YANJI\

47
00505
00506
00507
00508
oo5j9
00510
oosil
005~2
oo5i3
005i4
oo5is
oo5i6
00517
oo5~e
00519
00570
005?1
005?2
005.?3
00524
00525
005?6
005?7
0052F!
00529
00530
00531
00532
00533
00534
00535
00536
00537
00538
00539
00540
00541
00542
00543
00544
00545
00546
00547
00548
00549
00550
00551
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00555
00S56
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SU13ROUT1NE YAoUIZ
07V = AMIN f(13TV, ,5 °1VJl
IF (OTVSAV. NE*OTV) IOTV u I
IF (OTVSAV. NE OOTV) JOTV = J

%7
568

549

550

551
552
553
554
555
556
557
558
559
560
561
562
563
5.64
565
566
567
568
569
5717

571
572
573
574
575
576
577
578
579
5U0
sRI
5H2
5R3
584
585
586
5R7
5118
5flQ
590
591
592
593
S94
5Q5
596
597

1199

1210
1220

1230
1240
1299

1300

OTVSAV = I)TV
PIXX = MU020RVOLI IJI ●(R12w126Y21. R23*u23*Y32

1 .R340U34MY43 .R41*U410Yi4 -.5* CYL@ ll112*U34)i XYl ● LAMO
PIYY = HUO?*RVOL (T J) 01R12.V120X 12. R23*V23*X23

1 ●R34*V34~X34 *l141*V41 .X411 ● LAMO
PIXV . MU(14*RVOL (I J)*l R12e(Ul?*X12* Vl?@Y21 )* R73*(u23*X23*V23 *V32)

1 .R34.1U34* x34* V34. V431*R410( U41° X41* V41*V14~
2 -.5* CYL*IV12*V341*XYI

P1lH = .25 AXY*CyL* fMU04*RVOLll J)M1 lU12*U341exYl ● LAMol
XX = MR240 (P IXY*X24-PIXXOY241
YY = Y26*P(1J)
UT IL IIPJ) = UT IL(IPJ) .0 T02MI*IXX. Rl~YY-PITH)
UT IL(l J~) = UT IL(IJP) -O T02H30(XX. R30YY*PITHl
xx = HR13~l PIxY*x31-PIxx*Y311
YY E Y31*PIIJ)
UT IL IIPJP) = UT IL(IPJP) .0 T02M20(XX*R2MYV-PI THI
UT IL IIJ) = UT IL IIJ) -13T02M4*IXx. R4*Yy. PITH I
PYYMP = PIYY-P(IJ)
XX = HU24* (PYYMP*x24-PI XY*Y24)
VT IL IIPJ) = VT IL(IPJ) ●OTO2M1OXX
VT IL IIJP) = VT IL(IJP) -OT02M3*Xx
xx = MR13*IPYYNP*X31 -P IXYOY311
VT IL(l PJP) = VT IL(1PJP)*0T02M?0Xx
VT II. ITJ) = VT IL(IJ1 -O T02M40XX
XX = .5* N4??4* 11124* Ix246P1XY-Y?4*P IX X)-V24C IY24*PIx Y-X24 *PIYY) )
OIIPJ) = QIIPJI .0 T02M1*x X
O(IJP) = OIIJP). -O TI12M3*XX
XX = .5 0HR13*l U13*l X31*PIXY-y31*p IXX)-V13* (Y310PIXy-x31 0p1Yyl )
O(IPJP) = 0( IPJP)*OT02M2*XX
3(IJi = oIIJ) -OT02M4*XX
1.1 = ?P-1
i~p = I~JP
UT IL(l J) = UT IL IIJPI = UT IL II JP-NOIRI = UT IL II J-NOIBI = O,
IF IJ. NE,21 GO TO 1220
Dn 1210 IJ=ISC2. ISCF2. NO
VT IL(IJ) = O.. .
IF lJ. NE, JPi) GO TO 1240
00 1230 IJP=IJPSt LJP20N0
VT IL IIJPI = O.
CALL LOOP
CDNTIWIE
CALL DONE
CALL START
00 1399 J=i!t JPl
00 13RQ I= I, I13AR
IPJ = IJ ● N(A
IPJP . IJP ● NO
ET IL IIJi-= EIIJ)*.25° lQl IpJ)*O( IpJp10011Jp) ●QIIJI)
RflL(IJl E ROIIJ)
RcSOIIJ) = l./ fASO*GGMl OAMAXll SIEfl Jl *O.))
xx = [Xll PJP)-XI IJl*XIIpJl-XIIJP] 1*~2
YY = iY[i PjP1-YI I~)+Yil Jpl-yl!PJ) ~a*2
DEL SMIIJ) = OTflOIXX.YY) /l XX~yY)
IJ = IPJ

138Q IJP = IPJP

e, e

?,

,1 S

PAGE 48
YAoUI1 00563
YAou I1 00564
YAOUII 00565
yA6uxi 00566
YAoUII 00567
YAoUI1 005f18
YAoUI1 00569
YAIIU!I 00570
YA(NIII 00571
YAou1 1 00572.. ... . . . —---
YAOUI I
YAoUI 1
YAQUI I
YAflUl 1

YMUI1
YAou I I
YAoU11
YAOUI1
YAnu Il
YAOUI1
YAou I1
YAQUII
YAoIJ1l
YAoUI1

YAnu Il
YA13U11
VAOUI1
YAOUII
YAoUI1
YAoUI1
YAou I1
YAOUI1
YAoUI1
YA@JI 1
YAIsJI1
YAOUI1
YAfju I 1
YAou I1

YAnu Il
YAcAuII
YAOUII
YAOUI1
YAoUI1

YMUI1
YAou I1
YArau1l
YAoUI 1
YAryJI 1
YAou I1
YAc/UIl
YAOUI1
YAOUI1
YAoUI1

YA(aUI 1
YAQIII 1
YA(NI11
YAfxJIl
YMUI1

00573
00574
00575
00576
00577
00578
00579
005R0
005R1
00582
005R3
00584
00585
00586
005R7
005RB
oo5f!9
00590
00591
0059?
00593
00594
00595
00596
005Q7
00598
00599
00600
00601
00602
00603
006n4
00605
oo61j6
00607
00608
00609
006~0
006~1
006~2
00613
006!+
006~5
00b~6
006~7
oo6~8
00619
00620
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INOEX ;:;12/73

599
600
601
602
603
604
605
606
607
608
609
61o
611
612
613
6\4
615
616
617
618
619
620
621
62?
623
624
6?5
626
627
628
629
630
631
632
633
634
635
636
637
638
639
6(, Q
641
642
643
644
645
646
647
6+8
649
65o
651
652
653
654
655

1399

1500

15io

m!’ ,

>“
, .

SUBROUTINE YA@J12
CALL LOOP
CONTINUE
CALL DONE
CALL START
DO 1599 J.20JP1
00 15t19 l=le IRAR
IMJ = IJ-Nti
IPJ = IJ*NO
IPJP = IJP*NII
Xl = x( IPJ)
YI = Y(IPJ)
R1 = RI IPJ)
X2 = XI IPJP)
Y2 = Y(IPJP)
R? = I?II PJPI
X3 = X( IJPI
Y3 = Y(IJPI
R3 E Q(IJP)
X4 = x(IJ)
Y4 = YIIJ)
R4 = R(IJ)
X12 * X1-X2
X73 = X2-X3
X34 s X3-X4
X41 = X4-X1
Y21 = y2-yi
Y32 = Y3-Y?
Y43 * Y4-Y3
Y14 n YI-Y4
R12 = RI*R?
R?3 = R2*R3
R34 s R3*R4
R41 = R4*RI
U1 = UT IL(l PJ)
U2 = UT IL(TPJP)
IJ3 = (I TILIIJP)
U4 = IJTIL(l J)
VI = vTIL(IPJ)
V? = VT ILi IpJpl
V3 = vTTL(IJP)
V4 = vTIL(l J)
U12 = U1+IJ2

U?3 = U2*U3
U36 c u3*l14
U41 = U4. U1
V12 = V1*V2
W3 = V2*V3
V34 = V3*V4
V41 = V4*VI
MR=ML= MT= MR n MC = RO(IJ)/RVnLl!J)
PR = PLE = PT . PR i PC = P(IJ)
IF (1. Eo.l FIAR) GO TO 1S10
W? = l?o(IPJ)/RVOLIIPJ)
PP = P(IPJI

IF (1. FO. I ) GO TO 1S20
ML = RO(IMJ1/HVOL(IMJ)
PI.E = P(IMJ)

1520 IF IJ. Fo. JP1 ) GO TO 1530

,
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YAoUI1
YA(ju Il

YAou1l
YAou II

YA@JI 1
YAou Il
YA~LIIl
YAOUI 1
YAIYIJI 1
VAOUII
YAQUII
YAoUI 1
YANJI1
YAQIJI 1
YAoIJ1l
YAQu I 1
YAoUI I
YAQuI1
YAOIII)
YAnUIl
YAoU]I
YAoUI1

yArAUI 1
YAoUI1
YAcJUI1
YAou I1
YArjlJIl
YArjurl
YAOUI1
YAo(J11
YAfIUIl
YAoU11
YAoUI 1
YAoU11
YAflUI 1
YAou I1
YA13uI 1
YAnUf 1
YAQu I 1
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YAoUI1
YAfAUIl

49
00621
00622
006?3
006?4
006?5
00676
006?7
006;8
00629
00630
00631
00632
00633
00634
00635
00636
00637
00638
00639
00640
00641
006i2
00643
00644
00645
00646
0064?
00648
00669
00650
00651
00652
00653
00654
00655
00656
00657
00650
00659
00660
00661
00662
00663
00664
00665
00666
00667
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00669
00670
006?1
00672
00673
00674
00675
00676
006~7
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555

657
658
659
660
661
662
663
666
665

666
667
668
669
670
671
672
673
674
675
676
677
678
679
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683
684
685
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687
688
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6q0
691
692
6Q3
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700
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705
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INDEX 01<12/73 Subroutine YAou12
MT = ROIIJP1/RVOL(IJP)
PT = p(IJP)

1530 IF (J. Eo.2 ) GO TO 1S60
M8 = ROIIJM)/RVOLIIJ14)
PR = PIIJM)

1540 p12 = lMR~PC. MC* PR)/(MR.MC)
P?3 = (MTOPC*MC*PT) /( MT* MC)

P34 = l#LoPC*MCOPLE )/ IML*MCI
P41 = (MB* Pc*Mc*PR)/(MB*Mc)
ET IL IIJI = ET IL(IJ)-0T04/t4C* (R12~P12@l U12*Y21. V12+X12)

1 ●R23”P23* IU23UY32. V23*XZ3)
2 .R3$*P34* (u34*Y43*V34+X34 )
3 ●R41~P41* lU41*V14*V414X41))

IJ = lpJ
IJP = IPJP

1589 IJM = IJH.NO
CALL LOOP

1599 CONTINUE
CALL nONE

2000 NUMIT = O
MuSTIT = 1
PI MAX = EMf O

2010 CALL START
on 7oQ9 J=20JP1
no 2oRq I=1,113AR
IPJ = IJ ● NO
IPJP x IJP 6 NO
Xl = X(l PJ)
Y1 = Y(IPJ)
RI = R(IPJ)
U1 = 111.IIPJ)
VI = VLIIPJI
X2 = X( IPJPI
Y? = Y(IPJP)
R? = RI IPJPI
U7. = UL(IPJP)
V? = VLIIPJP)
X3 = X( IJP)
~3 = YIIJPI
R3 ■ RI IJPI
U3 = (IL(IJP)
V3 = VL. (IJP)
X4 = XIIJ)
Y4 = Y(IJ)
Rfi = R(IJ)
U4 = IIL(IJ)
V4 = vLIIJ)
II = .25* RvoL(IJ)*( IR1*RZI. I (ui*U21* (Y2-Yll *( Vl*V21*(xl-X2)\

.lR2*R31~l (U7*U3) *l V3-Y2)- (V2*V3) *(X2-X31)
: ●(R3*R*l *llu3*u41* (Y4-Y3) Alv3*v41~ (x3-x4))
3 .fR4*Rl )~l(u4*ul )*111 -v4). (v6*vl)~ (x4-xl)))
‘S = Rl)Ti(ROLI IJ)-RO(IJ) l* ROLIIJ)~O

RA = RCSOIIJ) *I ROT* OI*DELSMIIJ)
OP = -OM*S/RA
ROLIIJ) = ROL(IJI ● RcSO(l JI-OP
PLFIAX = AMAX1 lPLMAX, ABSlpLIIJl))
IF IARSIOP) .LEo EPs*PLMAx) GO TO 2080
MUSTIT = 1

e,* ●%,f 9,
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006ql
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006q9
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00703
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709
710
711
712
?13
714
715
716
717
?18
719
72o
721
7?2
723
7?6
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765

2060

?080
2089

2099

3000

3009

3019

3100

3109

3119

3150
3200

SUBROUTINE YAQU12
PLIIJI u PLIIJ)*OP
Y24 = Y2-Y4
Y31 = Y3-V1
XR13= ,5~(R1.R3)~(Xi-x3)
xR24= ,5~!RZ*R4)*(X2-X4)
XX = 0T020nP
OTO?M1 = XXORM(IPJ)
0T02W = xX* RM(IPJPI
0T02M3 = XX*RM( IJP)
0TfJ2M4 = XX* RM(IJ)
UL(IPJ! s Ul+lJTO?Mi~RloY24
ULI IPJPI = U2*OTOZM2*R2SY31
UL(IJP) = U3-0TO?M3*R3*Y24
UL(IJ) = u4-l)To7t44*R4*Y31
IF IJ. EO.2) GO 10-2060
VL(TPJ) = v1-l)T02Ml~xR24
VL(IJ) = V4-0TOZM4*XR13
IF IJ. Eo. JPII GO TO 2080
VL IIPJP) = V2+OT02M?*XR13
VL(IJP) = V3*OT02M3=’XR24
IJ = lpJ
IJP = !PJP
UL(l J) = UL(IJP)
CALL LOOP
CONTINUE
CALL fldNE
NuMIT = NUMIT*l
IF (MIISTITOEQ.01
MIJST17 s o

= UL(l Jp-Nf21R) = ULIIJ-NO18) ■ O,

130 TO 3000

IF- INUMIT:LT.500) Go To 2010
LPR = 2
PRINT 6130
IF IGQDVELOGT.1O99) GO TO 3150
CALL START
00 3olfJ J=2, JP2
00 3009 I=l!IPI
UGIIJ) = UL(IJI *GROVEL
VGIIJI = VLf IJ)*GROVEL
IJ=IJ*NQ
CALL LOOP
CnNTINUE
CALL IIONE
CALL START
on 3119 J=2, JP2
00 3109 I= IoIPI
X(IJI = XI IJ)*UGIIJ)~OT
YIIJ) = Y(IJ)*VQl!Jl*nT
RIIJ) = xli J)* CYL*Ot4CYL
rJ. IJ. NO
CALL LOOP
CONTINUE
CALL I) ONE
GO TO 3200
CALL QEZONE
CALL START
lNl 3269 J=2, JP1
00 3259 I=i, IEAR

IMJ = IJ-Nfl
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00747
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00749
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767
768
769
770
771
772
773
774
775
776
777
778
779
7U0
7R1
782
783
784
785
7R6
787
788
789
790
7’+1
792
793
796
795
796
797
798
799
800
801
802
R03
804
805
806
no?
Roll
R09
810
Rll
812
813
R14
AJ15
816
R]?

818
R19
820
R21
R22

xl
VI
RI
x,?
r2
R?
X3
~3
R3
X4
Y4
!?6

SUBROUTINE YAau12
IPJ = IJ*NQ
IPJP x IJP*NQ
= X( IPJ)
= YI!PJ)
= I?lipji
= XI IPJP)
m YIIPJP)
s RI IPJP)
= XI IJPI
= VI IJP)
= I? IIJP)
s x(IJ)
= Y(IJ)

PAGE 52
YAOLJI1 007Q5
YA13U11 00796
YAou II 00797
YAoU1l
YAw I1
YAISJ1l
VAOUI 1
YAfAll Il
VA(2UT1
YAou1 1
YAoUI1
YAouj 1
YAOUI1

00798
00799
ooeno
00861
ooRi12
00803
00(?04
00805
00R06
00807

= R(IJI YAoUI1 001J08

UL1 u IJLIIPJ) YAQu I1 00869

VL1 = VL(TPJI
uL2 = UL(IpJPl
VL2 = VL(l PJP)
U(.3 = UL(IJP)
VL3 = VL(l JP)
UL4 = IJL(l JI
VL4 = VL(l J)
UO1 = UG(IPJI - uLi
vnl = VG(IPJ) - vLI
un2 = UGIIPJp) - uL2
Vn2 = VG(IPJP) - vL2
UI)3 = UG(IJP) - IIL3
Vn3 = VG(l JP) - vL3
Un4 = UG(IJI - uL4
Vn4 = VGIIJ) - vL4
X12 = X1-X2
X23 = X2-X3
x34 = x3-x4
X41 = X4-X1
Y21 = Y2-Y1
Y32 = Y3-Y2
Y43 = Y4-Y3
Y14 = YI-Y4
Y31 a Y3-y~
RI? = RI. R2
R?3 = R2*R3
R3b = R3. I?4
R41 = I?4. RI
(JI2 = UL1*UL2
U?3 = UL2*UL3

e, .~,<,1”. s
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U74 = UL3*UL4
U41 = UL40UL1
V12 = VLI. VL2
V23 = VL2.VL3
V34 = VL3. VL4
V41 = VL4*VL1
n = ,25dWOLlI J)*l Ri2*fU12*Y2i* V12~X121 *R23*(u23@Y32*V23 ~X23)

1 ●R34. (U34*Y43*V34* X341 *R41*(U41*Y 14* V41*X411)
VnLR = VOLT = VOLC = l./RVOLl1Jl
IF (1. NE. IRAI?) VOLR = l./RVOLl IPJ)
IF (J. NE. JPl ) VOiT = 10/RVOLIIJpl
IF 11. Eo.11 GO TO 3280
FL = -FR

YArAU1l
YAOUI1
YAou I1
YAou II
YAQUI1
YA(lUIl
YAOUII
YAou I 1

Yf!oull
YAoUI1
YAQUI1
YAOUI1
YAfw Il
YAOUI I
YAoUI1
vAfXJ1l
VAfJUIl
YArAU1l
YAOUI 1
YAnu I~
YAOUI1

YAfNJll
YAOUI1
YAnu1l
YAo(J1l

YA(xIII
YA(w I1
YAIw I1
YAoU11
YAlwrl
vAfxJrl
YAQUI1
YAoIIT1
YAou] 1
yArwl 1
YAou] 1
YAou1l

yAnUl 1
Yfuaurl
YAOUT 1
YArau71

ywrl
YAnul 1

00810
00R]l
00812
oo8~3
008~4
OOR~5
00816
00t3i7
00nj’R
00819
008?0
00821
00822
00823
008?4
008?5
00R?6
001327
00858
008>9
00830
00831
00832
00833
00834
00835
00836
00837
008317
00839
00840
00841
00842
00843
00844
00R45
00846
00847
00R4B
00849
00850
oofl~l
00852
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024
825
826
827
828
829
830
831
832
833
834
R35
836

.s37
838

R39
840
841
R42
043
844
845
R46
847
R48
R49
R50
851
R52
RS3
1354
855
R56
R57
858
R59
860
U61
U(!i?
863
R64
R65
866
867
U613
R69
870
U?l
872

323o

32+0

3259

3269

3280

329o

3300

3309

3319

—

SUBROUTINE YAOU12
AL = -AR
IF IJo EO.2) GO TO 329o
Fl? = -FT (T)
Ai z -A+iij
FQ = DToR*R12*f (uDl*uD21*Yz l*lv Dl*vn2) 0x12)
A* = AowS113N(I. ,FR ) .U044, *FQ /[ VObR*VOLC)
Fill) = DT080R23*.I Iu02. uD310Y32. (vDz+vD3)*Yz31
AT(1I = AOW*SIGNI I., FT(I)I*B0.4, *FT ill/l VfJ1,T* VOLC)
XX s 4MAXll Af3S(Ff5), ABS(FRl, AHSl FT (I)), ABS(FL)I
OTC = AMIN1 (OTC, DTPOS*AOFAC/ (XXQRVOLllJl *DTPOS~A8S lOl*EMlti))
IF 107CSAV. NE*D7C) IIITC = I
IF IOTCSAVONE*OTC) JOTC = J
DTCSAV = OTC
MP(IJ) = ROIIJ)OV~Lc

● FR Q((l o-AR) ~ROL(l JI*(l, +AR) ●ROLIIPJ))

; ●FT(I)*( li. -A T(Il)OROL (T J)*(I. +A7(II)*ROL(IJP) )

3 ●FL ●((I.-AL) *ROL(IJI.ll. +AL) ●RoLIIMJ) )

4 ●FR ●[(I.-AR) ●ROLIXJ)*(l. +AB) ●ROL(IJM))
RnE = ROIIJ)*ETILi IJ)

Epl IJ) =+;;/MPf IJI e IROEOVOLC
1 ●([1.-AR) oROE*I1. OAR) ●RO(IPJ)OETILIIPJ))

2 ●FT(I)~( (i. -A T(I) l*ROEO (1. +AT(Il) *ROIIJP)i ETIL (I JP))

3 ●FL ●({1.-AL) *R OE+[l. *AL I ●RO(IMJ)OETIL(I NJ))
6 ●Ffl ●(1). -AB) ●ROf*(l, *AR) *i? O(IJM)OETIL(IJM)))

ATR = ,5*(x2 *Y31-xl&Y32-X3* V21)
ARL =-.5* lxl*Y43+x3iY l4+X4=’V3] )
RvOL(IJI = 3./( ATR*(Rl *R2*R31 *ARL*(Rl. R3*R4) )
IJ = lPJ
IJP = IPJP
IJM = IJM . NO
CALL LO?m
CrJNTl F4UE
CALL DONE
On TO 3300
FL = DTOS*R34~(, IIJ03*UD4PY$3. IVD3. V04)*X341
AL = AoM*SIGN II., FL)* BO*2. *F L* RVOLI IJ)

GO TO 3230
F8 = 0T08°R41~I IuOA.UDI I* Y]4. (VD4*V01)*X411
AL? = AoM*SIGN (I., FB)+B0.2. OFHORVOLI IJ)

GO TO 3?40
CALL START
DO 3319 J=?, JPI
no 33o9 I=lo IBAR
RO(IJ) = MP(IJ)*RvOL(IJI
EIIJ) = EP(IJ)

IF (J. Eo.2 ) RO”IIJMI = ROL(IJM)
IF IJ. EO. JP1 ) ROIIJPI = ROL(i JP)
IF (1. EO. IRARI RO(IJ. NO I s ROLI!J. NOI
IJM = IJM. N13
IJP . IJp. NO
IJ = lJ * No
CALL LOOP
CONTINUE
CbLL nONE
CALL 5TARTn
DO 3399 JJ=2
J = JP4-JJ
DO 3389 11=1

JP2

IP1
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932
933
Q34
935
936
937
938
939
940
941
942
943
946
945
946
947
Q68
949
950
951
952
953
956
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
Q71
972
973
974
975
976
977
9?8
979
9R0
9HI
982
983
984
985
986

987

INf3EX 01/12/73 SUFiROUTINE YAw12
931 VL13 = VL1*VL3

UL24 = UL2+UL4
VL24 = VL2+VL4
F13 = XXOIR1.R3)*( luG1. UG3-ULi3) .lV3-fl )*1 VGl. VQ3-VL131.lxl-X3)l
F24 = XX* (R2. R4)*( IuG2. UG4-UL24)*IY2-Y41 ● (VG20VG4-VL24)* (X4-X21 )
FM I = F24*RMP(IPJ)

3599

FM2 = F13wMP(IPJPI
FM3 = F24*RMp(IJP)
FM4 = F13w4P(IJ)
xx c l\rJ*4. oRvoLf IJ)/RoLf IJ)
AL13 = AO*SIGN Ii., F13)*XX*F13
AL24 = AO*SIGN I1. ,F24)*XX*F24
0PAL13 = 1.*AL13
0PAL26 = 1.+AL24
0MAL13 = 1.-AL13
flMAL24 . I .-AL24
XX = UL3.0MAL24. UL1OOPAL24
UP(l PJ) = UP IIPJ) - FMl~XX
UP(IJpl = uP(IJP) ● FM3*XX
XX = IIL4*OMAL13. UL200PAL13
Upl IPJp) = UP II PJP)- FM2-XX
UP(l JI = UP(IJI + FM4*XX
XX = VL3WMAL24+VL 1* OPAL24
VP IIPJI = vP(IPJ) - FM1*XX
VP IIJP) = VP IIJP) + FM3*XX
XX . VL4.0MAL13*VL2* OPAL13
VP(IPJP) = VP(IPJP)- FM2*XX
VP IIJ) = vP(IJ) ● FM4*XX
IJ = lPJ
IJP = !PJP”
UP IIJ) = UP(IJP) c uPIIJP-NOISI = UP(IJ-NQIB) s O.
IF (J. NE.2) GO TO 3620
DO 3610 IJ=ISC2t ISCF2. NfI

3610 VP(IJI = 0.
362o IF (J. NE. JP1) (30 TO 3640

00 3630 IJP=IJPSt LJP2. NQ
363o Vpl IJp) = 0.
364o CALL LOOP

3699 CONTINUE
CALL nONE

3700 C&LL START
!-JO 3719 J=2, JP2
on 37n9 l=l.l P1
U(IJ) = UP(!J)
V(IJ) = vP(IJI
Rt4(~J) n RMPIIJ)

3709 IJ = IJ ● No
CALL LOOP

37i’2 CONTINIIE
CtILL nONE

3Ro0 CALL 51 ART
Dn 3899 J=2, JPI
00 3B$79 1=1, IBAR
IPJ = lJ*NQ
IPJP . IJP.NII

SIEIIJ1 = EIIJ)-. i250(Ul IPJla*2*Ul IPJpls02. UlIJPl ●*2* UIIJ)O02
1 +vIIPJ) 062+ V(IPJP)O02+V (I JP)@*2+V(1J)*~21

IJP = IPJP
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00981
O09R2
009B3
oo9n4
00985
00986
00987
00988
009R9
00990
00991
00992
00993
00994
00995
00996
00907
0099B
00999
01000
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01006
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989
990
991
992
993

994

995
996
997
998
999

1000

1001
1002
1003
1004
1005
1006

Ion?
100R

1009
1010

3889

389Q

c
4000

4010
4020
4030
4040
4050
4060

SUBROUTINE YAOU12
IJ c IPJ

C4LL LOOP
CONTINUE
CALL OONE
IF lNpT. GT.01 CALL PARTMOV
Go TO 100

FORMAT(O TU*l PE12.5i CYC=*154 0T=0E12.50 6RINOS=SE12.50 C11?C=4
1 EI?.5* nTV=-E12.56 IO TV, JOTV=~130, *13/5 AX*17ERS=Q14* cP.0

1 E12. W, 0TC=*E12.5~ IOTCQJDTC=O 13*$ O13)
FoRt4AT(o0 TAPE DIJMP*130 AT Tc@lpE1205* CYCLE* 15)
FoRMAT I*O RESTARTING FROM TOi13\
FnRMAT13X, iOA130 T=01PEl~C50 cYcLE=*15)

FnRMAT (OO wRONG TAPE - WRONG nUMP, *)
FoRMAT (I HI I
FoRMAT (. 1 J07X6XGll X* Y*ll XO(l*ll XOv@l OX*s IE*9XORHOO9XavOLOiOX

1 ●0*11 XOM*ll X* P@)
4070 ‘FoRMAT (1 X,13* $*13,1611 X,1 PE11.4) I

40R0 FORMA T(5X, A1OS1OAR* T=a IpElz50 CYCL[=O15)

4090 FnRHAT 1. TSOPyCNICS61
AIOIJ FnRHAll~ ISOTHERMS*)
4110 FoRMAT(* VORTICITY*I
4120 FflRMAT( 12x* MI Ns@IPE12.5* MAX:* F12.5* L=* E)2.5~ IW$E12.5* DO=:

1 F12, =II
4130 FflR4ATlA0 1TERA710N LIMIT EXCEEDED - RUN MAY ABORT.:)
4140 FORMAT(& zoNESO/* ORMIN.S*IPE12.5* DRMAX=*E12.5* 0ZMIN=OE12.5

I o nZMAx=*E12,5* xR=*E12.5* YR=.E12.5~ YT=*E12.5)
4150 FoRMATI* VELOCITY VECTORS* /18 X* VMAX=*l PE12.51

END
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INnEx 01/i2/73
SINGLV REFERENCED vA:;$~~ES

.200 - 400 -R
~loo - 468* FIPYT -R
1300 - 585* FIXR -R
1s00 - 6nl* FIYT -R
2000 - 6728
3100 - 750*
3400 - 886*
3700 - 971.
3f100 - 9810

I) ATAREL - 87SU
(-)R -R 4cn
FIRP -R 4cn
FIPXL -R 4C0
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L
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664
667
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956
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31=
664
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555
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<56
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705
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393SU

33=

663
5517
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561
570
708=

706

103F
164PR
164PR
164PR
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142
6’92
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287=
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939
255
838

704

5&R
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4R5
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81W

591
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550= 55? 567
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-R 4C0 43wR 45PRT
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-R 792=
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-R 16R=
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68
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935
934
935
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204SU

230su 252SU 261su 291SU
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?8
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R12
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639
548
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693
911
904=
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948
554
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55n
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640=
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283

29
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283
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817

512
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558

439=
71R
809.

512

S13
811=
514

69

153
481

912

721z

952=
559=
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565=
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213

i57klR 164PR 536
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694s

645
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157F

145
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2B3
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829
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839
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84o
852
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236
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769.
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S29
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800
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283
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680=
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530

S30
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610m
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22

63un
316
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155
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6Q0.
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6q5.
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701
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5q4
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567=
877=
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436.
619
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494
93+

495
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558
713=
89o
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551

191=
457
839
550
192=
700
550
561
193=
700
564
550
194=
700
550

26
275
594
916
210
389
212

460

195=
626
550
196=
700
550
553
197=
700
557

3B9
559
714
891
95*
55i

199
458
84o
619=
200
712
62o=
567
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711
576
621=
19q
712
622-

27
27q
60fI
923
212
3Bq
214
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199
68;=
626=
200
709
623=
561
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564
626=
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7oq
625=

430s
561=
715
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473.
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665
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771=
665
567
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774.
570
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214
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535
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700
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772=
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567
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562
716
934
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934
796=
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796
797=
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797
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614
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!554
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-R 497a
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621
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-R 495=
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(1R 5EQ
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(IR 5E0
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-R 141=
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456
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549
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700
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696

4Q9
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?oR
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34
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686=
528
527
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801=
214
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5b 1
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595
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817
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-R 4C0 94
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:
3

4

5
6

7
8

1:
11
12
13
14
15
16
17
18
19
20
?1
?2
23
24
25
26
27
?17

29
30
31

%
34
35

SUBROUTINE PARTMOV
COMMON /YSCll AASC14242)
COMON /VSC2/ AA(1I ,ANC@ASOVAO, AOFACVAOM@ Rl~COLAMLJ*CyLV

1 OR, nT, OIC, nTFAC,ll TGR, fJTGZ$OTGZP,l)TIJ llO) ,OTOC(1OI o
2 0TO16, 0T02, OTOk, OTOfl, OTPOS, OTV, DT8, 02, EMl O. EPS, F1BP,
3 FIPXL, FIPXR, FIPVB, FIPYT, FIXL, FI xR, FIYB, FIYTo FJBP,
4 FREZ, QGM1$GM1, GR. GROVEL, GZ. G7P. 1. IfJ@, 113P, If? Pls ICOLOR!
5 10 Tn~IJs IJMt IJPc IJpS,1@ME3. IMOMXOI; ~l!IM6*
6 IPAR, IPXL, IPXR, IPYR, IPYT, IP1 ,IP2,1sCF1 .! SCF2. ISC2,1SC30
7 ITvoruNFs IxL, IxRo IYP91YTs J, JRAR, JRP. J8P20JcEN*JMlo,
8 JM]4, JPl, JP2, JP6. JP4n2, JllNF, JUNFn2, KXI, LAM, LJp2, LPR,
q LPR, MU, NAMF(IO), NCYC, NLC, NPS, NPT, NO, NO1 ,NOIB, N0120NSCC

NUMIT$NUMTn $OM, WANC. OMCYL. OMEMl O? OPEMl O~pnR$pOZ$PXCONV$
; PXL, PXR, PXRP, PY8, PY8M, PYcOtiV, PYT, PY:P!ROT!REZRON, REZSIE,

3 REZIJE, REZVFOREZVT $REZYO, RI BARomllJ8 ,RIRP, RJRP!RnMFR,
4 RON, RPnR, RPOROZ. RPnZ, T, THIRD, TLIMt), yOUT. TWFIN$T20Mn?
5 VV, XCnNV, XLo XR, YB, YCONV, YT, ZZ

EQUIVALENCE (AASCll )? X! XpAR1. (A ASC121s R?yPARl olAASC(31SYOMpAR)$
1 (A ASC14)?lIo UG, DEL SM)sl AASC{51 .'Jo VG). lAASC(6)QRO)!
2 (AA SC(7) OSIE*MP, ~MP, RCSQl, [A AS2(8), E. E71L),
3 lAASC(9) .RVOLl, [AA SC(l Ol. M. RM. 'IP). lAASC(ll). P. PL#EP*
4 UP, PMi). lAASC(12) .UTIL, UL, CQ, PMX$PUl, [A ASC(13), VTl L,
5 VL, PMV, PV), (A ASC1141, ti, ROLl

REAL LAMq LAMO. MSMR. MC, ML, WP. MPAR. MR. MT, MTE, MU. MU02. MUO4
nIMENSION X(l) .X PA R(II. RI1)?YPARI1). Y (ll$MPAR (ll$u(l)o UGll)!

nELS411) ?V(l), VGll), ROll). SIE ll)!Mp( l)* RMPll)s RCSO(l)o
; E1l)o ETIL(l) oHVOL(1)OM111!Q141 1), ”/Plllo Pll)?pLll)o EP(l10
3 ~lP(l), UT IL(l) .ULIll. COll). PMX 111. PUll)OVTIL (l). VLlllo
6 PMYlllo PV(l), O(l), ROL(l)t PMO (1)

OIMENSION Xl(4)
E(JUTVALENCE IX I[2)’)X2), (X1(31,X31,(X114) ,X*)

cOMNON /YSC3/ JNM
CALL START
on 1019 J=2, JP2
no 1009 I=], xpl
PMX(IJ) = PMYIIJ) = PMO(IJl ● 0,0

1009 IJ = lJ*NO
CALL LOOP

1019 CnNTINUE
CALL nONE
nn 1oQ9 J=2. JP2
IEC = IJ-l I*NOI
CALL ECRO IAASCSIEC, NO IONEI
IJ=l
nn 10FI9 1=1, IP1

IF IX II JI. (3T.PXRP .nR. YIIJ). LT.pYBMl GfI Tn 1099
IF (y[IJ1. GT. PYTPI GO TO 1100
KI = X(l J) ●RPI)R . OpFMIO
K.1 = {Y(r J)-PYR)*nPnZ + OPEM1O..-.
I~C = KJ*N131
CALL ECRn lAA5C(1SC? )01 Ec*No120K)
KIJ E (K I- II* NO* ISC?
KIJP . KIJ*NQI
w= xIIJ) -FLOAT IKI-I 1●pnR
H = lYIIJ)-PWl -FLOAT IKJ-ll*pnZ
xx = uPnRnZ/RM(IJ)
JiTE = mz-~
ml 1049 JJ=I02

PAGE 68 .
YAr3UIl 01056
COMMON2 00002
CO14MON2 00003
COMM(JN2 00004
c0MMl%A2 00005
COMMIlN2 000i16
COMUON2 00007
COM140N2 00006
COMUON2 00009
COMN[)N2 000!0
COMMON2 000~1
COMMI)N2 00012
COMMIJN2 oooi3
COMMI)N7. 00014
COMMON2 00015
COMMON2 000~6
COMMON2 00017
EQVRCAL 00002
EOVRKAL 00003
EOVIWAL 00004
EQVREAL 00005
EOVREAL 00006
EOVRCAL oonn7
EOVREAL OOon R
OIMFN 00002
olMEN 00003
OIME!J 00004
OIMEN 00005
OIMEN 00006
YAIYu I1 01060
yAraU1l 01061
YAoUII 010,$2
YAou I1 01063
YAOUI1 01064
YAou Il 01065
YAoLJI1 o1066
YAnu1l 01067
YAou I1 01068

YAOUil 01069
YA(Yu1l 01070
YAnull O1O7I
YArAu Il 011J72
YAou I1 01073
YAoU1l 01074
YAfWIl 01075
YAraUIl 01076
YAoUI1 O1O77
YAfju Tl o1o78
YAfaUI 1 01079

YAoUI 1 O1OR2
yAnUll 010R3
YAouI 1 O1OR4
YArju Il o10R5
YA@Jll O1OR6
YAOUI1 O1OR7
YAOUI1 O1OFI8

9 ,?- .;’. ‘.
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INDEX 0J{12/73

37
38
39
40
41
62
63
4.4
45
46
47
41!
69
50
51
52
53
54
55
56
57
50
59
60
61
62
63
66
65
66
67
68
69
70
71
72
73
74
75
76
77
7a
79
80
81

%
84
85
86
87
88
89
90
91
92
93

io39

1o49

1089
1099
1100

1189

1199

1200

12io

1220

1230

1240

1250

1289

SU#ROU71NE PARTMOV
WTE R PDR-w
DO 1039.11=1$2
X1 = XX. WTEL$HTE
PMXIKIJ) c PMXIKIJ) .X IOU(IJ)
PMY(KIJI x PMY(KIJJ +x1oV(IJ)
PM OIKIJI = PMO(KIJ) ●xl
WTE = W
KIJ = KIJ*NQ
HTE = H
KIJ = KIJP
CALL ECWR (AASCIISC2), IEC, NQ12, NE)
XJ = IJ+NO
Cf)NTINUE
CfiLL START
KK=O
I-In 1199 JE?OJBP2
DO 1189 1=1, IBP1
RPMO = PMo(l J)
IF (RPMo. NE. O.1 PMO(IJ) s RPMo z l./RPMO
IF (RPMoo FQ.00) KK s 1
PIJ(IJ) = PMX(IJ)*RPMO
PVIIJI = PMYIIJIORPMO
IF 11. Ef).1) PUIIJ) = O.
IJEIJ. NQ
CALL LflOP
CONTINUE
CALL 00NE
IF (KK. EO.01 GO To i400
CALL START
00 1?99 J. Z, JBP2
Do 1289 I=ls IEP1
IF lpMO(IJlo GTOO. I 00 TO 1289
ITESTL = ITESTR = I
PUL = PvL = PUR = PvR = O.
XdL = XWR = 1,
IL=IR=rJ

ITESTL = ITESTL-1
IF lITESTL. LT,l) GO TO 1230
IL = IL-NO
IF {PMo(IL). GT. o. I GO TO 1220
XWL = XWL ● 1.
GO TO 1210
PIIL = PU(lLI
PvL = PV(ILI
ITESTR = ITESTR+l
IF (I TEs7R. GT. IBPi) GO TO 1250
114 x IR. N(3
iF IPMO(IP). OT.0,1 (30 TO 1260
XWR = XWR + 1.
Go TO 1?30
PUR = PU(IR)
PVQ = Pv(IR)
DEN = l./! XNL*XWR)
WTL = XWROnEN
WTR = XWL~TJEN
PU IIJ) = PUL*!4TL + PUR~NTR
PV( IJ) = PVL@WTL + PVR*WTR
IJ = IJ*No

PAGE
YAou I1
YAoUI1
YAQUI1
YAoUI1
YAou I 1
YAoUI1
yAQUIl
YAoUI1
YAr)u I 1
YAnUIl
YAQUI1
YAOUI1
YAfNJl 1
YAoUI1
YAoUI 1
YAoul~
YAQU] I
YAQUI 1
Yllnull
YAnu J 1

yAQu Il
YAoUI1
YAoUII
VAOLJ] 1
VAOIJ] 1
YAGu1 1
YAoUI 1
YAoUI1
YAou I1
YAoUI 1
VAOUI 1
YAOUI1
YAOUI1
YAoUI1
YAou I 1
YA(lUl 1
yAnUl 1
vAoUl 1
YAfJu I 1
YA(aUl 1
YAouI1
VAOUl 1
YA@JIl
YAo(JI1
VAOU1 1
YAQu J1
YAoUI 1
VAOUI 1
VAQUI1
vArS.JIl
YAoUT1
YAoLJI 1
vAnUIl
YAr)Ul 1
VAOU1 1
vAr2url
vA~LJrl
YAQ~J11

69
O1OR9
O1OQO
01091
01092
01093
01094
01095
01096
O1OQ7
01098
01099
01100
011 Q1
olln2
olln3
01104
01105
01106
01107
01108
01109
01110
01111
olli2
olIi3
oll~4
o11~5
011~6
011!.7
011 IB
01119
01120
01121
01172
011?3
011?4
01125
011?6
011?7
011?8
01129
01130
01131
01132
01133
01134
01135
01136
01137
011%
01139
01140
01141
01142
01143
01144
01145
01146
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INOEx Q1/i2/73
!52
153
j54
155
156
157
158
I 59
ibo
161
I b2
163
~b4
!b5
lb6
167
1 b8
169
]70
171
]72
173
174
175
llb
I 77
!78
179
i no
181
! 82
183
1 R4
! 85
186
187
188
IR9
i90
191
192
J 93
\ 94
195
\q6
]97

i98

i99
200
201
202
?03
?04
?05
?06
207

2030

s- e.,
%’

* 4

SUBROUTINE PARTMOV PAGE 71
IF I.J. LT.1 .OR. J. GT. J13P .OR. I. LT’01 .ORO X06 T.IBP) GO TO 2186 YA(XI}l 01205
IF (J. EO. JOLOI GO TO 2030 YAoUI 1 01.2116

JoLO i ~ . IMOME3 YAQUI1 01207

ICC = J* NO! YAoUI1 01208

CALL ECRO IAA5C(1SC2) ,IECONG12, NE) YAoUI1 012(j9

IJ = [1-1) *NQ*ISC2 YA(2UII 01210
lPJ * IJ*NO
IJP s IJ.NIJI
iPJP . iPJ ● !401
w = XTE - FLOAT II- II OPOR
H = (VTE-PYBI - FLOAT (J-1) .POZ
PnRMW = PDR-W
Pnzun . poz-H
Xl = PORMW~Pl)zMH
X2 = MOPO.ZMH

X3 s PORMWO n
X4 =
UK = (PUl~:)*XIH* Pu(IPJ)~x2 . PU11JP)+X3 ● PUl IPJP)ax4) + RpDROZ
VK = (Pv{IJ)*X1 ● Pv(IPJ). X2 + PV(IJP)*X3 ● Pv(IPJP)~X41 ● RPI)ROZ
UPAR * SHf FT(XTE?30]
VPAR = sHIFT(YTE$30)
I) TDRA6 = f) T*ORAG
RnT13RG = 1./(1 .* OTORA13)
URANO = VRAND = 0.0
UPAR = (UP AI? ● DTnRA(3. {UK+ URANOl ● OTGR) ● ROTORG
VPAR = (VPAR ● DTI)RAG *( VK*VRAN13) + OTGZP) ● ROTORI3
XTE ● XTE ● DT*UPAR
YTE a YTE . DTGVPAR
USH = SHIF7 (UPAR,301 .ANO.77777777778
VSH = SHIFT (VPAR.30) ,ANO.777777777713
XPAR(KPI a (XTE. ANO. .NOT. 77777777778} ,OR. USH
YPARIKP) = IYTEo AND. .NOT. 777777777713) ,(?R. VSH
IF [IMOMX. EQ.01 Gn TO 2150
M7E = S~IFTf DRAG~30)
H . MTEeRPnROZ*OTORAQ
KIJ = IJ
KK=O
00 214q JJ=1*2
on 2139 1[=1,2
KK = I(K.1
Xl E Xl (KK)~H
PuL = Pu(KIJ)
PVL = Pv(KIJI
XX = lSHIFTl PUL,3i) )* Xl*l UK-UPAR*URAN171
YY x (SHIFT (PVL,301 )*xIQIVK-VPAR*VRANO!

pU(KIJ) = [PUL. AND.. NOT*77777777778I ,nR.
i (SHIFT (XX! 301 .ANOe7777777777f3)

pVIKIJl = (PVL, ANO.. NOT.7777777777R) .OR.
1 (sHl FT(YYt30) .AN0,77777777770’

2139 KIJ = KIJ*NO-..
Z14CI Kij = Ii

CALL ECWR IAASC(ISC2) 01 EC 0N012, ME I
2150 NPMT = NPMT*I

IF lNPMT, EIY. NpTl GO TO 2190
UP = UP*3
IF (KP. LT. LPS~ GO 70 2020
CALL ECWR (AASC* IECP, LP13!NEI
IECP = IEcP*LpB

YAOU1l
YAoUI1
YA($U1l
YArAUIl
YAQUI1
YAflUIl
YA(VJI1
YANJI 1
YAoUI1
YAfaUIl
YAoUII
YAOU1l
YAoUI1
YAoU1l
YAnUIl
YAoUI1
YAoUI1
YAoU1l
YA12U11
YAoUI 1
YAIYUI1
YAfaUIl
YAoUI1
YAoUI1
YA(3U11
VAOUII
YAOUI 1

YAoUI 1
YAoUI1
VAIYUI1
VAOUI1
YAoU11
YAoUI1
YAoUI1
YAfiu Il
VAOU1l
YAoUI1
YAQUI1
VAOUI1
YAOUI1

YAoUI1
YAr3UIl
YAflUf I
YAoU11
YAOUII
YAoUI 1
YAoUI1
YANJ1l
YAoUI 1
YA(xJ11
YAnUIl
YAoUI1

olz~l
01212
012~3
01214
012~5
01216
012i7
o12~8
Olzlq
01220
01221
01222
oli??3
0122+
01225
01226
012?7
012?8
01229
01230
o12ji
01232
01233
0123+
01235
01236
01237
01238
01239
01240
01241
01242
01243
0124+
012$5
01246
01247
01248
012<9
01250
01251
01252
01253
01254
01255
0121=16
01257
01258
01259
01?60
01261
01262



1-
m
m

210
211
?)2
?13
?14
?15
216
?17
?18
?19
2?0
?21
722
?23
?24
?25
?26
227
72fl
?29
?30
?31
?32
?33
234
?35
236
?37
?38
?39
?40
?41
?42
?43
244
?45
246
?47
248
2+9
250
?51
252
253
?54
?55
256
?57
2513
259
760
?61
262
?63
264

?65

2180

2190
2500

2539

2549
2589
2599

3000

3010

3020

3050

SUBROUTINE PARTMOV
GO TO 2010
XPAR II(P) = -1. E*3
Gn TO 2150
CALL ECwR lAASCSIECP, Lp80NEl
IF (I MOMX. EO.0) RETIJRN
on 25~9 Ju2. JP2
IEC = lJ-l)ONOI
;~L~ :CRD lAASCo IECtNOI !NE)

Dri 25i9 1=1, IP1
IF IX(IJ). GT. PXRP 00R. YIIJI. LT. PYBM) GO TO 2599
IF IY(IJI .GT.PYTP) RETURN
KI H XIIJ) ●I?PDR + OPEM1O
KJ = (Y(IJ1-PYRIGRPfJZ . OPEM1O
IFCP * KJONO!
CALL FCRD IAASC(ISC?I *I EC9SNQ120NE)
I(IJ = IK1-I)ONO*ISC2
KTJP = KIJ*NOI
w= x(IJ) - FLOAT (K I-l) OPDR
H = (v(IJ)-PYB) - FLOAT (KJ-ll*pnz
HTE = PDZ-H
on 254q JJ.192
WTE = POR-W
Dn 2539 11=102
XX E RPfJRnZ*HTE*HTEOPMO IKIJI
U(l J) = U(l J) -X X~(5H1FT lPU(Kl J)t30) )
VIIJ) = ‘4(IJ) -X X.( SHIFT IPV(KIJI* 301)
WTE = W
KIJ = KIJ*NQ
HTE =H
I(1J = KIJP
IJ = TJ. NO
CALL ECWR (AASCO IEC. NOISNEI
RETURN
ENTRY PARPLOT
CALL Anv(ll
CALL FRAME (IpXLOIpXRO IPyTOIpYBl
CALL FRAME II PXL, IPXR. IPYT, IPY8)
IF lLpR. EO.01 GO TO 3000
CALL LINCNT (59)
WPITE02,30901 POROPOZS PXR!PYRo PyT
WRITE (12.3095) JNM. NAMEt T? NCVC
IECP = IPAR
IF (ICOLOR, GT.01 CALL cOLOR(1)
IF (l COLOR .GT.0) cALL COLOR(1I
NPPT = O
CALL ECRO [AASCOIFcP~LpBDNEl
KP=I”

IF IXPAR(KP). LTOO. I GO TO 3050
1x1 = FIPXL ● [xPARIKP1-pxL) ~PxcONV
TY1 = FIPvFi ● IYPAR(KPI -PYFI)*PYCONV
CALL PL~ IIxl JIyl,4i)
NPPT . NPPT ● 1
IF (NPPT. Fo. NPT) (?0 TO 3060
I(P = KP43
I!= (KPOLT, LPB) GO TO 3020

IECP = IECP+LPB
Gn TO 3010

PAGE 72
YAoUI1 01263
YAoIII1 01264
YAc4J11 01265
YAoUI1 01266
yAou I 1 01267
YAQu11 01268
YAoU1l 01269
YAou I1 01270
YAnuIl 01271
VAOUI1 01272
YAoUI1 012T3
YA(yu Il 01274
YAou I1 01275
YAoIJI1 01276
YAoIJI1 012?7
YA(yUIl 01278
YAou I1 01279
YAOUI1 :;;::
YAoIJI1
YAou I1 O12Ji2
YAoUI1 01283
YAoUI1 01284
YAoUI1 01285
YAr3uIl O12t?6
YAoUI 1 01%87
YAOUI1 0128JJ
YAou I1 01289
YAoIJI1 01290
YAou I1 012Q1
YAnu Il 01292
YAr2u Il 01293
YAQUI1 01294
YAou Il 01295
YAoUI1 O12q6
YAQUI1 o12’q7
YAoUI1 01298
YAoUII 01299
YAoUII 01300
YAQu I1 o13nl
YAQUI1 01302
YAoUI1 01303
YAoUI1 01304
yAoU1l 01305
YAoUII 01306
YAoU1l 01307
YAoIJI1 f3:3~:
YAoUI1

YAouI1 01310
YAou]I 013~1
YAou I1 013]2
VAOUI1 o13~3

yAoUIl 013~4
YAOUI1 013]5
yAoUIl 013].6
YAoU1l 01317
YAoIJI1 013j8

YAOUI1 01319
YAoUI1 013?0

INfJEx 133{12/73
3061j

267
c

268 3090

?69 3095
?70
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SUtlROUTINE PAR7MGV
IF IICOLOR. GT.0) cALL COLOR(O1
RETURN

FoRMAT (6 PART ICLE5e/ll X*pOR=eiPE12,5* PnZ=CE12.5* PXR=~E1205
1 ● PYR=DE12.50 PYT=*E12.5)

FORMAT 15 X, A10,10AFIe T=*1PE12.5* Cycle=. T51

ENO

—



fNnEX 0!/12/73
SjNGLY REFERENCED VARIABLES

jzoo - 630 DTtlc
1300 -

I)R 3C0
?7.a DT016 -1? 3C0

2500 - 212~ DT02 -R 3C0
AA I)R 3c(l DT04 -R 3C0
ADV - 243SU DT08 -R 3C0
ANC -R 3cn DTPOS -P 3C0
ASQ -R 3(xl OTV -R 3C0
AO -R 3cn 0T8 -R 3C0
AOFAC -R 3C0 07 -R 3C0
AOW -R 3cn EM1O -R 3C0
I!n -R 3C0 ENTRY - 24?F
COLAMU -R 3C0 EPS -R 3C0
cVL -R 3cn FIBP -R 3C0
nR -R 3C0 FIPx R -R 3C0
DTC -R 3C0 FIPYT -R 3C0
OTFAC -R 3cn FIXL -R 3C0
OTGZ -R 3crl FIXR -R 3C0
f)TrJ (IR 3crl FIYR -R 3C0

SUBROUTINE

FIiT -R
FJRP -R
FREZ -R
GGM1 -R
GMi -R

GR -R
GRnVEL -R
GZ -R
62P -n
IRAR -I
10TO -I
lJM -I
IJPS -I
lM1 -I
I M6 -1
1P; -I
IscFi -I
ISCFZ -I

PARTMOV

3C0 1SC3
3C0 I TV
3C0 1UNF
3C0 lxL
3C0 IxR
3CI-J lYR
3cn IVT
3cn JI+AR
3cn JCL2N
3cn JMIO
3C0 JM14
3cn JPI
3crl JP4
3cn JP4n2
3cn JUNF
3cll JUNF02
3C0 KxI
3C0 LA141)

::

::
,.I
-1
-I
-I
-I
-1
. .

-;
-1
-1

::
1

-R

3C0
3cn
3C0
3C0
3C0
3C0
3cn
3C(T
3C0
3C0
3C0
3cn
3cn
3C0
3C0
3C0
3C0
5RL

LINCNT
LJP2
MR
UC
ML
MR
MT
Mun2
MLJ(24
NLC
NPS
N131R
NSC
NuMIT
NUMTO
on
OMANC
OMCYI.

8 ‘& ’=:@’.” ●
.

.

PAGc 74

- 247SU OMEM1O -R 3C0
-I 3C0 PARPLOT - 24?SU
-R 5RL PARTMOV - 1 Su
-R sRL PLT - 2S9SU
-R 5RI. ROT -R 3C0
-R 5RL REAL - 5F
-R 5RI. REZRON -R 3C0
-R 5RL REZSIE -R 3C0
-R 5RL REZUE -R 3C0
-I 3C0 RFZVE -R 3C0

3C0 REZVT -R 3C0
:: 3C0 REZYO -R 3C0
-1 3C0 RIRAR -R 3cn
-1 3C0 RIHJB -R 3C0
-1 3C0 RIllP -R 3C0
-R 3C0 RJFJP -Q 3C0
-R 3C0 RoMFR -R 3C0
-R 3C0 RON -R 3C0

THIRO
TLIMO
TOUT
TWFIN
T20M0
Vv
XCONV
XL
XR
Yli
YCONV
Yscl
YSC2
YSC3
YT
22

-R
-R
-R
-R
-R
-R
-R
-R
-R
-R
-R
.
.
.

-R
-R

360
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OELSM (IR
DEN -R
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4EQ
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INDEX 01<12/73 SUBROUTINE REzONE
SUEROUTINE REZONE

2
3

6

5
6

7
8

1:
11
12
13
1+
15
16
17
18
19
20
21
22
?3
?+
25
26
27
?8
29
30
31
32
33
34
35

COMMON /YSC1/ AASC(4242)
COMMON /Ysc2/ AA(i) .ANC, ASQ, AO, AOFAC, AOM. RO. COLAMU, CYLO

i DR, nT, OTC* OTFAC, DTGRa OTGZ~l)TGZP eDTOll Ol ,DToC(1OI !
2 0TO16~QT02, UT04, 0T080DTPOS, 0TVVDT8,9ZV EMl O, EPS, FI8P,
3 FIPXL~FIPXR !FIPV8!FIPYT .FIXL. FIXR. FIYS. FIYT, FJRPt
4 FREz, GGM!9GMl eGR*GRDvEL, Gz*GzP91,1R4Rv 18 P*r RP1f1coLoRl
5 IDTn$IJ? IJM*IJP1lJpS *I MOME3! IMOMXOIM1C1M6$
6 IPAR,lPXLt IPXR, IPY13,1PYT, Ipl sID20 IsCF101SCF2, ISC2?1SC3,
7 IT V! IUNFo IXL, IXRIIYR) IYT. J. JR AQ. JRP. JBP2t JCEN!JMl O.
8 JM14, JPl, JP2~, JP4, JP402, JUNF, JUNFn2, i(XI, LAM, LJp2, LpR,
9 LPR, MU JNAME(IOI, NCYCONLC, NPS, NPT, NI))NOI ,NOIFI, NO120NSC0
1 NUMTT, NUMTn, nM, OMAVC, OMCYL, flMEMIO,ODEM 10, POR, pOZ, PXCONV,
2 PXL, PXRt PXRP, PYBIPYRti OPYCONV$PVT, PYTP$RDT!REZRON OREZSIES
3 REZUE$REZVE $REZVT, REZYO, RI BAMORIflJH, RI RP, RJBP, ROMFR,
4 RON, RPDR, RPDRDZ, RPDZ, T, THIRD, TLIMD, rOUT?TWFINOT20MD?
5 vV. XCONV!xL. XR. VBTYCONV, YT. ZZ

EQUIVALENCE lAASC(l) sXt XPAR)O(AASC (21. R. VPtR) 01 AAsc(3)o Y. MPAR).
(AASC[41 SU, UG, DEL SM)*(AASC( 5), VSVGl*l AASCl6)VRO)*

: (AASCi7) 051 E? MPt RMP. RCSOlsl AA’5C18). E, ETILlo
3 (AA$Ci9), RVOLl. [AAScll Ol. M. RM, VPl, (A ASC[lll. P, PL, EP,
6 UPt PHi). (AA SCl12)f UT IL. ULo CQ. P,! X? PUl 0(AASCl1310 VT IL!
5 vL, PMy, Pv), [AAsc[14)*o*RoL)

REAL LAM, LAMOVM, MR. MC, ML. MP. MPAR. MH. MT, MTE. MU. MU02. MUO4
OIMENSION x(l), XPAR(ll, Rll), YPAR(l) *v{ ll#MpAR ll)v Ull)*UGll)*

I DELSM1l) !V111!V611 ), ROII)SSIE ll)s Mpll)o RMP(llc RCSOll10
2 E(l I. ET TLIII!RVOL Ii), MI1), QMIII cVPll), PIl)!PLll IoEPIll,
3 UP(l) oUTIL(l) sUL(l), COll)!PMX (l It PUlllovTIL ll)$VLl l)!
4 PMYI1), PVI1), 011), ROL(l I,PMO (1)

OIMENSION UGTE(IOO)
REZOMG = O. 15* ROT
REZBT4 = 0.002
xx = -1. E*6
CALL START-
FcR = FcT = FCB = XXX . xOMSUM = YOMSUM = OMSUM = O.
00 1049 J=2$JP2
Do 1039 I= 1$ IPI
AVEL = AMA X1( ABS(UL( IJIISARSIVL(IJ! ))
XXX = AMAX1 IX XX* AVEL)
IF 11. EO. IM6 ) FCi i AMAXI IFCR, AVEL)
IF IJ. Eo. JM14) FCT a AMAXI IFC1, AVEL)
IF (J. EO.9 ) FCB o AMAXI lFCr+, AVEL)

103q IJ = TJ . N(Z
CiLL LOOP

104q CnNTINUE
FcR = SORT (FCR*XXX)
FcT = SORT IFCT*XXX1
Fc13 = SORT [FCBOXXX)
CALL START
00 106q J=2c JPI
IF IJ. EO. JP402) vCEN = YIIJI
Dn 1059 1=1, IBAR
xPJ = IJ. NO
IPJP = IJP.NO
IF (J. LT, Io. OR. J. R7. JMIO. OR.l. GT.1H6J GO TQ 105S
Xl = x( IPJ)
YI = VI IPJ)

PAGE 79
YAOUI1 013,%
C0MM0N2 00002
CDM140N2 OOOi13
COMMON2 00004
C0MM0N2 00005
COMMON2 00006
COMMON2 00007
COMMON2 000Q8
CONMON2 00009
COMMON2 00010
CO~MON2 000~1
COt.IMON2 00012
COMUON2 000~3
COMMON2 00014
COMMON? 00015
COMMON2 000~6
COMMON2 00017
EWJREAL 00002
EOVREAL 00003
Ei3VREAL 00004
EOVREAL 000135
EQVREAL ooo Q6
EQVI?EAL 00007
EQVREAL 00008
DIUEN oooq2
DIMEN 00003
DIMEN 00004
DIMEN 00005
DIMEN
VAOUI1
Y41-iu Il
YAou I1
YAoUI1
vAoUIl
VAOUI1
VAqUIl
YAOUI1
yA(aUIl
VA(3UI 1
VAOUI1
VAI)UI1
YAfAu Il
YAOUI1
yAou Il
VAQUI1
VAOIJII
YAOUI1

yAnU1l
YAoU1]
YAoUI1
VAOUI1
vAISJIl
Y41YU11

00006
01332
01333
01334
01335
01336
01337
01338
01339
01340
01341
01342
01343
01344
01345
013i6
01347
0134B
o134q
01350
013s1
01352
013s3
013s4
o 13s5

yArAUIl 013%6
YAOUIl 01357
YAtyu Il o13~R
YAQUI1 01359

IJI c IIL{IPJI yAnu1l 01360



INDEX 01/i2/73
36
37
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40
41
42
43
64
45
46
47
48
69
50

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
76
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

1055
1059

io69

10I3O

1089

1099

1200

v] *
X2 s

Yz =
U7 *
V2 s
x3 z

Y3 =
U3 =
V3 =
x4 s
Y4 s
U4 =
V4 =
RI s
Yv =

1
2
3

@

, .;”
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5U5RUUTINE RLZONC

VLIIPJI
XI IPJP)
Y(IPJPI
UL [ IPJPI
vL(IPJPI
X( IJP)
YIIJP)
uL(IJP)
VLIIJPI
x{IJ)
YIIJI
uL(XJ1
VL(IJI
.1250 RVOLl IJ)*~Rl!pJl *Rl TPJpl*Rl !Jpl*Rl IJ11
Rl=((ul*U4 )*1 X1- X4)* lVl*V4)01vl-V*)

●(U2*U11* (X2- X11+ IV2*V1 )* IY2-YII
●IU3*U2) 4( X3- X2)* (V3*V21*(V3-Y2)
●lU~*U3) oiX4-X3)*[V6*V3 )* IY~-v311

IF IYV. OTOOOI GO TO 1055
YY z VY.YY
XOMSUM = xOMSUM ●

VOMSUM = VOMSUM +
OMSUM = OMSUM ●

IJ = lPJ
IJP = IPJP
CALL LOOP
CONTINUE
XC = XOMSUM/OMSUM

YV. X4
Vyeyb
Yv

Vi s YOM SUM/OMSUM
REZVT = AMAXI (0,, (REzoMQ~.5* (Yc-vcENl ) )
CALL START
l-xl 1099 J=20JP2
V13AR = .50[Y(IJP) *Yi IJM))*REzHTAO1 YC-ylf J) I
VGTE = REZOMG*(YBAR-Y( IJ) I ●REaVT
IF IJ. EO.2 ) VGTE s -FCB ~
IF IJ. EO. JP2) VGTE = FCT ~
no 1089 I= IOIpl
IPJ = IJo NQ
IF (J. GT.2) GO TO ib80
X13AR = .50(x (I PJ). X( IJ-NO) )* RE@TA*(XC-X(IJll
UGTEII) = REZOMG* (XRAR-XIIJ))
IF (1. Ef).1). UGTE s 0,0
IF (Io Eo. IP1) UGTE(I) = FCR
UG(!J) E UGTE(l)
VG(IJ) s vGTE
IJ c TPJ
CALL LOOP
CONTINUE
CALL DONE
CALL START
XIP1 = YJP2 = 0.
Y? s l, E*20
00 1289 J=20JP2
DO 1279 I= I,IPI
XIIJ) = x(l J)* UG(IJ)*DT
y(!Jl = YIIJI*VG(IJ)*DT
R(IJ) = XI IJ}*CYL*OMCYL
IF (J. EO.21 y2 s AP41N1(YIIJ19Y2)

PAGE
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YAoU1l
YAoUI1
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YAOUI1
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YAQUI1
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YAoUI1
YAnUIl
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00
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01362
01363
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01367
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01372
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01374
01375
01376
01377
01378
01379
01380
013FII
01382
01383
01384
013R5
01386
01387
01388
oi3!19
013’90
01391
01392
o13q3
01394
01395
013q6
o13q7
01398
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01400
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92
93 1279
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96
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113 1389
114
115 1399
116
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SIIBROUTINE REZONE
IF IJ. EOOJP2) YJP.z c AMAX1(V(IJIOVJP2)
IF 11. EOOIPII XIP1 = AMAXIIX(IJI, XIPII
IJ = TJ*N9
CALL LOOP
CflNTINUE
tALL-nOiE
PnR x Xl PliRI13P

pfIZ = !~JE2-~2)~RJBP
PYB = 0,0
CALL FILMCO
CALL START
YY a A8s(Gz) /( GMliREzs IEl
f)n 13QQ JS2, JPI
00 13Rq 1=1, IflAR
IPJ . !J + NO
IPJP = IJP ● NO
V4 = llEZ% . 0,256 (Yl IJPl+Yl IPJPl*V(IJl+Yl IPJ) )
IF IJ. EO. ? 1 ROL(!JM) = REZRON~EXP( IV4-YIIJ) -yl IPJ1 )OYY)
IF 11. EO. IRARI ROL(IPJI = REZRON*EXPI lY4-YIIpJl-VIIPJP) I*YYI
IF IJ. EO. JP1 ) ROLIIJPI = REZQON*EXP II Y4-Y(IJP)-YIIPJP) )OYYI
IJM = IJM ● NO
I.IP = IJP ● NQ
1~ = !PJ
CALL LOOP
CONTINUE
CALL nONE
RETURN
ENO

PAGE
YAOU1l
YA(2U11
YAQUI1
YAoUI1
YAou I1
YAoUI1
YA(2u11
YAQUI 1
YAnu Il
YAoUI1
YAfIUIl
YAoUI1
YAfYUIl
YAou I1
YAfAUIl
YArIUI 1
YAou I)
VAOull
YAou I 1
YAOIJI1
YAouI1
YAOUI1

YAQUI1
YAoUI1
VA(IUI1
YAoUI1
YAoUII
YAou I1

81 -
01419
014?0
01421
014,?2
014?3
01424
014?5
016$6
01477
014?8
014?9
01430
01431
01432
01433
01434
01435
01436
01437
01438
01439
01440
01441
014&2
01443
01444
01445
01446

I P,*;* -.* e ●
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INnEX 01/i2/73
SING~Y REFERENCED VARIABLES

1200 - 82* DT08
iA (IR 3C0 OTPOS
AMINI -
ANC -R
ASO -R
AO -R
AOFiC -R
AOM -R
Bo -R
COLAMU -R
nR -R
OTC -Q
nTFiC -R
I)TGR -R
nTGz -R
13TGZP
nro I 7:
nro~ OR
DTO16 -Q
nlo? -R
nln4 -R

90SIJ
3cn
3C0
3C0
3C0
3C0
3cn
3C0
3C0
3C0
3cn
3C0
3C0
3C0
3cfz
3C0
3C0
3cn
3C0

nrv
018
Oz
~Mlo

EPS
EQUIVAL
FIBP
FILMCO
FIPxL
FIPxR
F1pYf3
FIPv T
FiXL
FIXR
FIYR
FIYT
F JUP
FREZ
GGM1

-R 3C0
-R 3C0
-R 3C0
-R 3C0
-R 3C0
-Q 3C0
-R 3C0
. 4F
-R 3C0
- ioosu
-R 3C0
-R 3C0
-R 3C0
-R 3C0
-R 3C0
-R 3C0
-R 3C0
-Q 3C0
-R 3C0
-R 3C0
-Q 3C0

SUBROUTINE RCZONE

QR
GRoVEL
GZP
I BP
18P I
lCC)LOR
IDTO
IJPS
IMOME3
lMoMx
lM1
IPAR
IPxL
1PxR
IPV8
IPv T
i P?
ISCFj
ISCFZ
1SC2
1SC3

-R
-R
-R
-I
-I
-I
-1
-I
-1
-I

::
-I
-1
-I
-I
-I
-1
-I
-I
-I

3cn
3C(I
3C0
3C0
3C0
3C0
3C0
3cn
3C0
3C0
3C0
3C(T
3C(I
3C0
3ccl
3C0
3C0
3C0
3C0
3c(l
3C0

ITV
I UNF
lXL
IXR
1Yll
lYT
JBAQ
J13P
JFIP2
JCEN
JP4
JUNF
JUNF02
I(XI
~&Mll
LJP2
LPB
LPR
MR
MC
ML

-1
-1
-:
-1
-r
-I
-1
-i

“I
-7

-I

-1
-i

-i
.!7

-t

-1

@l
.H

-R
-n

3C0
3C0
3C0
3C0
3C0
3Cn
3C0
3C0
3C0
3C0
3C0
3C0
3cn
3C0
5RL

3C0
3C0
3C0
5RL
5RL
5R(.

MR
MT
MTE
nuo2
MUO4
NAME

NCYC
NLC
NPS
NPT
N(II
NOIB
N012

NSC
NUM I T
NUMTn
OM

-R
-R
-R
-R
-R

Ill
-I
-1
-1
-I
-1
-I
-!
-1
-I
-I
-n

OMANC -i
OWM1O -R
OPEM1O -Q

PAGE 82

5RL

5RL
5RL
5RL
5RL
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0
3C0

pxL
PxR
PxRP
PY13M
PYCONV
DYT
PYTP
REAL
RETURN
REZONE
RiZUE
REZVE
RI BAR
R1tlJR
RtiMFR
RON
RPnR
QPOROZ
RPOZ
T
THIRD

-R 3C0
-R 3C0
-Q 3C0
-R 3C0
.-R 3C0
-R 3C0
-R 3C0
. 5F
- 117F
. 1 Su
-n 3C0
-1? 3C0
-l? 3C0
-R 3C0
-R 3C0
-R 3C0
-R 3C0
-R 3C0
-R 3C0
.0 3C0
-’R 3C0

TLIMO
TOUT
TWFIN
T20M0
Vv
XCONV
XL
XR
xx
YB
YCONV
Ysc 1
Yscz
YT
Zz

-R 3C0
-R 3C0
-R 3C0
-R 3C0
-R 3C0
-R 3C0
-R 3C.O
-R 3C0
-R 10.

3C0
:: 3C0
. 2cN
. 3cN
-R 3C0
-R 3C0

● ✍✎✍✎ ✍☛✍☛ ✍☞✍☞ ✍☛✍☛✍✎✍☛✍ ☞✍ b -+-. -*-. -*-.. +-*-* -+-* -.-. -*-+ -*-+ -*-* -.-+--- ,-+-. -,-. -.- .-6-, -,--- ● -*- b-, -*-. -* -.-. -.-. -,. *-. -*-*. *-,-*.
MuLTIPI.Y-REFERENCEO VARIABLES

ln39 - ]4no zoo

104Q - 1300 22.

]0%5 - 32 51 56,

1069 - 2qoo 57;

106’? - 27no 59+
Il)llo - 71 76-
108Q - 69D0 78+
ln?9 - 64D0 flo*

1?79 - B6011 93+.

12R9 - 85D0 959
13B’9 - io4no 1 13A
13QQ - lo3no IIS*

AASC (IR 2C0 4EQ 4E0 4EQ 4EQ 4130 4EQ 4EQ 4E0 4EQ 4Er3 bEo 4E0 bEO 4E0
ABS - ;::; Issu iozsu
AUAXi - 16SU j;su 113SU lQSU 62SU 9)SU 92SU
AVEL -R 15= 16 18 19
COMMON - 2F 3F
co OR 4EQ 60 I
cYl- .R 3C0 89
nELSM (IR 6E0 6n 1
nIiENsr - 6F 7F
noNE - 8}SU 96SU 116SU
OT -R 3Cfl 87 8B
E OR 4E0 60 I
FP OR 4En 6nI
FTIL OR 6E0 60 I
Fxp - I08SU I09SU l;:SU
FCR -R 1%= ].?= 25s 25 67
FCR -R 12= 17* 17 ?3= 23 75
FCT -R ;2= 18= 18 24. 24 68
GM) -R 3C0 102
GZ -R 3C0 102
I -I 3C0 1400 17 2900 32 6900 73 T4 75 75 76 86EI0 92 io400 109
fSIAR -1 3C0 2900 10400 109



iNnE:l 01/12/73
IJ 3C0 15 15 21ja

SUBROUT;}E REzONE
20 30

78= 87
1:: 113=
111

43 +4 49

45
87

57=

70=
106=

32

105

46 47 48
87 88 88

65 106 107

78 165=
1:$ 109 110

6400 67 68

PAOE4983
49 56. 65 66 70

88 89 89 90 91 9Z72
93=

3C0
3C0
3C0

3Q=
31=

3C0
3C0

110
3C0

72
93 1::

108
41
32
34
38
6900
18

1 H
111=

42
I JM ‘I
IJP -1
~M6 -I
lPJ
rPJP ::
lP1 -I
J -I

JMio -1
JM~4 -I
Jp~ -I
JP2 -I
Jp402 -I
LAM -R
LOOP -
M (IR
MP I)R
PPAR (IR
MU -R
NQ -I
0t4CYL -R
I’)MSUM -R
P (IR
POR -R
Poz -R
PL (IR
PMX OR
PMY OR
Pnfl OR
Pu (IR
Pv OR
PYB -R
(2 OR
R OR
RCSO (IR
ROT -R
REZRTA -R
RE70MG -R
REZRON -R
REZSIE -R
REZV7 -R
1?EZ% -R
RIRP -R
RJRP -R
RM (IR
RMP (1R
RO (IR
ROL OR
RVOL (IR
R1 -R

SII! OR
50RT -
5TAR7 -
u OR
U(3 IIR

65
31
17
33
37
1400
1300

110 110 i12= 112

107 108 io9 i 09 113

71 8500 90 91 10300 108

35 36 49 S6
40 49 s?
8600 92
2700 28 32

39
75
19

32
10
2700
1300
28

3C0
3C0
3C0
3C0
3C0

21SU
4EQ
4EQ
4EQ

110
68

94SU

10300
64no 8500 91

114SU
5PL

58SU
5RL
5RL
5RL
5RL

20
89
55=

70SU
601
601
6n1

30

55

3cn
3C0 76 72 93

6i

106 111 i1231

60
.3C0
12=

4E0
3C0

60
97.

3C0
4EQ

98s
60 I
601
6nl
61_11
601
6n1

99X
601
6nI
601
8

65

4EQ
4EII
4E0
4s0
4E0
3C0
4EQ
*EQ
4EQ
3C0
9.

8=
3C0
3C0
3C0

49 69 49 49 R9=

72
66

109

66

1::
102

62.
107

97
3C0
3C0
3C0
4E0
4EQ
4EQ

98
6nI
6nI
601
6nI
60 I

so
6ml

24sU
26SU

6(II
6D1

nip

loisu

4E0
4E0

49=
4EQ

23SU
llSU

4EQ
4EQ

108=
49

109=

25SU
63SU

76*

R25U

117



lj4
v
VG
;~TE

VP
vTIL
V1
V2
V3
V4

-R
OR
(IR
-R

(IR
I)R

(IR
-R
-R
-R
-R

INn:;R 01/):;73
UQ7E 738
UL I)R 6E0 601
UP {JR 4Ea 60 I
UTIL (IR 4EQ 601
U1 -R 35= 5(I
U2 -R 39= 50
U3 -R 43= 50

50
60 I
6D1

67=
601

x IIR
X8AR -R
xc -R

XIP1 -R
XOMSUM -R
XPAR OR
xxx -R
xl -R
x2 -R
x3 -R
X4 -R
Y (IR

YBAR -R
Yc -R
YCEN -R
YJPZ -R
YOMSUM -R
vpAR OR
YY -R
VI -R

Y2 -R
V3 -R
Y4 -R

4i=
4EQ
4E0

66=
4EQ
4EQ
6EQ

36=
40=
44=
48.

4EtY
72=
60=
83=
1 2=

4EQ
1 2=
33.
37=
41=

45=
6E0

107
65=
61=
28=
83=
1?=

~EQ
50=
34=
38=
42=
46=

6DI
601

50
50
50
50

6DI
73
72
92,
53s

6111
16=
50
50
50

749
15

50
50
50
50

77.
68=
15

50

%
50
33

z:

::
50

50 ::
601 .28

io7 108
66
62 65
62
91* 9]
54. 54

60 I
51 52.

50 50
50 50
50
50 %

75.
3s

8B
77
36

37

97
60

23

53

1;:

98
61

52

84s

54

SU6R0UTINE REzONE
7(.

3:

46

bi

24

3a
109

52

1 07=

‘+- ‘*: u“ -“ ●
.

t
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43 47

44 48

45 72 72 72 73 87= .97 89 92

2s

46 65 65 65 66 88. 88
1::

90 91

ilo 110
107 107

53 54 55 102= 10B i69 110

90 98

108 io9 lio
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INOEx ol/i2/73 MASTER INoEX

L,ST OF ALL VARIA13LES oEFINEO IN INPUT
C MEANS VARIAfALE WAS DEFINEO IN COMMON IN THAT ROUTINE
O MEANS VARIABLE WAS DEFINED IN OTHER DECLARATIONS
NON-RLANK NuMERIc I s NUMBER OF NON-OEctARATORV ReferenCeS
S PRECEOING MEANS SUBROUTINE (program. FUNCTION) NAME

L pRECEDING MEANS COMMON (LCMI NAME
F PRECEOING MEANS FORTRAN KEYwORO
● PRECEOING MEANS VARIABLE IS OECLAREO! NoT USEO ANYWHERE

PAGE 85

vARIABLE
AA
AASi
AA 1
AA?
AR

ROUTINE TYPE ROUTINE TYPE ROUTINE TYPE ROUTINE TYPE ROUTINE TYPE ROUTINE TYPE RnUTINE TiPE ROUTINE TYPE ROUTINE TYPE
YAalJI c LoOP FILMCO C yASETl lc PARTGEN C MESHMKR C YAW12 3C PARTMOV C REZONE C
YAOUI CO LOOP 11: FILUCO
YAOUI o

CO YASE!7]
YASET1 2fl

CD PARTGEN 2C0 MESHMKR lCO YAOU12
PARTGEN O YAOU12 20

YAOU I YAIYUI.Z 20
YAW12
YASET1
MESHMKR
YAOU1
YAOU12
YAOU12
VAnU12
YAOU12
vAOU12
YAOU12
FILMCO
FILMCO
YAOU1
YAOU12
VAOU1
YASET1
YAOU12
VA5ET1
REZONE

‘CD PARTMOV 16C0 REZONE co

c

c

c
c
c
c

c

2,

Ic

c

o
6
2
1
1
4
6

$

:
4
1

c
6

2C
60
2
s
3
3
lC

1:

YASET1 n PARTGEN

REZONE
PARTNOV

REZONE
REZONE
FILMCO

FILMCO

FILMCO
F1L14C0
FILMCO
FILMCO

FIL#CO

FILMCO

YAsETi
FILMCO

YASETi

PARTGEN
t4ESHMKR

FILMCO

20

3
1

8
1

c

c

c
c
c
c

c

2

0
c

D

1
5

c

YAau T2 2
YAW12 14
YAOU12 4

ARL
S AEIS
S AOV
S AFSREL

AK
AL

S ALOO1O
ALi3
AL24

S AMAxl
S AMIN1

ANC

YAOU12
YAW12
LOOP

LonP
YAOU12

YAOU12

LOOP
LOOP
LOOP

10
7

c

14C

2

c
c
c
c

c

2

0
c

o

1
1

3C

YASETI

YASET1

YASET1
YASET1
YASET1
YASET1

YASETI

YASETI

PARTGEN
YASET1

PARTGEN

MESHW(R
YAOU12

YASET1

2C

2C

ic
lC
3C
lC

IC

2

2:

0

1:

lC

PARTGEN C

PARTGEN C

MESHMKR C

MESHMKR c

YAOU12

VA(2UI2

YAOU12
YAOU12
YAOU12
YAOU12

YAOU12

YAOU12

PA17TMOV
YAOU12

PARTMOV

REZONE

YAW12

lC

4C

2C
lC
4C
5C

2C

3

D
4C

D

2

c

PARTNOV

PARTMOV

PARTMOV
PARTNOV
PARTMOv
PARTMOV

PARTNOV

PARTPOV

REZONE
PARTMOV

REZONE

PARTMOV

c

c

c
c
c
c

c

3

0
c

o

c

REZONE

REZONE

REZONE
REZONE
REZONE
REZONE

REZONE

REZONE

REZONE

REZONE

AR
ASO

F ASSIGN
AT
ATR
AVEL
AX
AY

YAOU12
YAQU12
YAOUI
YAOU1
YAOUI
YAOU I
YAW12 11

AO
AOFAC
AOM

PARTGEN C
PARTGEN C
PARTGEN C
PARTGEN C

MESHt4KR C
ME SHMKR C
MESHMKR C
MEsHMKR CRO

CIR~
CfJLAMU

S COLOR
F COMMON

CON

)C LOOP

LOOP

LnoP

FILMCO
LnoP

PARTGEN C MESHMKR C

MESHMKR 2

YAOUI ‘-C
PARTMOV 3
YAOI)I 2
YAW12 90
YAW I o
YAOIII lC
YAW12 11
YAOU12 1
YAW I o
PARTMOV 6
FILMCO 1

PARTGEN 2

MESHMKR D
PARrGEN lC

YAIYJI? 110
MESHMKR 2C

co
CYl-
0

S nATAREL
PELSM YAOU12 20FII.14C0

VASET1
YASET1

14ESHMKR O
OEN

F nIMENSI YAOU12 2
PARIHOV 4

PARTNoV 2
REZONE 3S DONE

nP
no
nR
nRAG
ORMAX

LOOP 1
YAOU12 5
YAOU12 8
YAOUI lC
PARTGEN 6
YAOU12 4

LOOP
PARTUOV

PARTGEN lC MESHMKR 1 C

e *
,a$ “ “
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MASTER INOEX PAGE 86

Iou YA12UL-
PARTGEN
YAau?2

DRPiR
s ORv

1)7
OTC
OTCSAV
OTORAQ
DTFAC
07GR
ntoz
IzTGzP
nlo
070i
01016
0T02
D702M1
nTo?M2
0TO?M3

LOOP
LOOP

LoOP
LoOP
LOOP
LOOP
LoOP
LoOP
LoOP
LoOP

LOOP
LOOP
LOOP
LOOP

LOOP
LOOP

FILMCO

c
c

c
c
c
c
c

:
c

c
c
c
c

c
c

o

FILMCO
FILMCO

FILMCO
FILMCO
FILMCO
FILMCO
FILMCO
FILMCO
FILMCO
FILMCO

FILMCO
FILMCO
FILMCO
FILMCO

FILMCO
FILMCO

YAsETi

PARTMoV

FILMCO

YAsE7i
FILMCO
YASETJ
YASEtl

FILMCO

REZONE
FILMCO
FILMCO
FILMCO
FILMCO
FILMCO
FILMCO
FILMCO
FILMCO
FILMCO

2

:
E
:
c
c

c
c

:

c
c

10

6

c

D

lC
o

lc

1
3C

%
3C
3C
3C
3C
3C
lC

;::::!
YASET1
YASE?I
yASE71
yASEtl
YASET1
YASET1
YASE71
YAsET1

YASET1
YASET1
YASET1
YASETI

YASET1
YAsET1

PARTOEN

YAsEll

PARTQEN
YASE1l
PARTGEN
PARTGEt4

YASET1

YASETI
YASETI
YASET1
YASETI
yASETl
YASETI
YASET1
YASET1
YASETI

4C”
c

c
c

:

%
c
c

:
IC

c

c
lC

o

4C

D
2C
1

0

c

c

:

:
c
c
c
c

PAR7GEN
PAR lGEN

PARIGEN
PA RT(3EN
PARTGEN
PARTGEN
PA RIGEN
PARTGEN
PARIGEN
PARTGEN

PARTGEN
PARTGEN
PAR1 GEN
PARTGEN

MES14MKR
MESHMKR

MEsHMKR
MEStfX4KR
MF51iMKR
MESHMKR

MFSHMKR
MFSHMKR
MEsHMKR
ME.5HMI(R

MESHMKR
MESHMKR
MESHMKR
ME SHMKR

VAOU12 24C
YA13U12 9C

PARTMOV
PARTMOV

PARTMOV
PA RTMOV
PARTMoV
PARIMOV
PARTMOV
PARTMOV
PARTMov
PARTMOV

PARTMOV
PARTMOV
PARTNoV
PARTMOV

PART!40V
PARTMOV

REZONE

PARTMOV.

REZONE
PARIMoV
REZONE
REZONE

PARTNoV

PARIMOV
PARTMOV
PARTMov
PARTMoV
PARTMOV
PARTMov
PARTUOV
PARTMOV
PARIMov

3;

c
1:

lC
c

:
c

c
c
c
c

c
c

o

c

o

lC
o

c

Ic

1:
c
c
c
c
c
c

REZONE
REZONE

REZONE
REZONE
REZONE
REZONE
REZONE
REZONE
REZONE
REZONE

REZONE
REZONE
REZONE
REZONE

REZONE
REZONE

REZONE

REZONE

REZONE

REZONE
REZONE
REZONE
REZONE
REZONE
REZONE
REZONE
REZONE
REZONE

PA RT’MOV 5
YAQUI c VAQU12 2C

YAQU12 lC
YAOU12
YAOUIZ ;:
YAQU12
YAOIJ12 ::
YAQU12 2C

YAQUf
YAQUI
YAQUI
YAOUI
YAQIJ1
YAQUI
YAOU!
YAQU12
YAOU12
YAOU12

c
c
c
c
c
c

7C
7

:
c

YAQU12 7C

I) T02M4
0T04
0708
I)TPoS

YAOU12
YACJU1 YAQU12 2C

YAQlJ12 Sc
YAQUX2 6C
YAOU12 9C

YAOU1
YA13UI

OTV
OTVSAV
078
nz

YA9UI
VAOU12
YAOU1
Y.AQU1

PARTGEN c
PARTGEN ZC

MESHMKR C
MEsHMKR 4c

YAQU12 2C
YAQU12 lC

OZMAX
nzMIN
OZPAR

s :Cl?n
S ITCIIR
s :$:Y

F ENTRY
EP
EPS.

F EOUIVAL
ETIL

s EXP
FR
FCR
FcR
FC7
FOEN
FIfSP
FILM

S FILMCO
FIPXL
FIPxR
FIPv13
FIPYT

YAQUi2
YAIYU12
PARTGEN
YAOUI
LOOP
LOOP
YAOU I
YAOU1

:

6°
5
1

7C
o

MESHMKR 40 YAOU12 30 PARTMOV o
P,itiTMfJv 10
PARTGEN 2
YAQU12 2
LOOP c
PA RIMoV 1
FILMCO O

c

YAOU12 ilcPAR70EN IC

MESHMKR O
PARTGEN C
MESHMKR I
MESHKIKR O

MESM14KR C

YAoU12 20
MESHMKR C
YAOU12 2
YAOU12 80

LOOP
YAOIJI PARtMOV O
YAOIJ1
YAOU1
YAf4UI
AIESH41KR

c
1

1°
7

LOOP
FILMCO
FILMCO
REZONE

LOOP

YASET1
LOOP
LnOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP
LOOP

YAOU12 lC
PARIMOV 2
PARTMOV O

1
0

3

c

1
c
c
c

:
c
c
c
c

YAfAU12
REZONE
REZONE
REZONE
MESHMKR
YAOU1
YAQUI
FILMCO
YAflUl
YAOUI
YAOU I
YAOUI
YAOU 1
YAQU 1
YAOUI
YAOUt
YAOU1

6

:
7

c
2

PARIGEN ZC MEsHMKR c YAOU12 C

PARTGEN C
PARTGEN C
PARIGEN C
PARIGEN C
PARTGEN C
PARTGEN C
PARTGEN C
PARTGEN C
PARTGEN 2C

NESHMKR
MEsHMKR
MESHHKR
ME$MMUR
ME5HMKR
MESHMKR
MESHMKR
MES4MKR
KIEsHMKR

YAOU12
YAOU12 ;
YAOU12 C
YAOU12 C
YAOU12 IlcFIXL

FIXR YAOU12 C
YAOU12 ilc
YAOU12 C
YAOU12 C

FIYFI
FIYT
FJBP
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s r:oiT
FM 1
FM2
FM3
FM*
FNUM
FR

S FRAME
FRE2
FSET12
FSET7
FSET8
FSET9
FT
F13
F24

S GETQ
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