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KACHINA: AN FEELERIAN ODMPUTER FROCEAM

FOR MULTIFIELD FLUID ¥LOWS

by

Anthony A, Azsden and Francic B, Harlow

ATLTRALY

L8

Many fluld flew problewn of jatevest favolve the prezetwe
of bubblex, dreplets, or chunks da 3 fleld.  Beeause of the re-
sulting likelihood Yor relative molicn, zofe than ofe zef ol
fleld variables iz requlred to describe the dysasics,  Uatil
recently, oumerical Teebuigquen for studying uwch {lows bave had
very limited uscfolacss, Thin reporl provents » aew compuliog
program, wamed KACHINA, that signdficantly advances the abilicy
to hatdle msultificld flews. RACHINA uzen The powerful sew Ioe
plicie, Muteificld (IMF) computing =method for handliag different
material fields, fo which the onltifield trestovat §s coupled
with an implicit formslatien of the cquations, persitiing calous
lation of fully interpenetrating flows that at any iaztanl say
have both supelsonic and far subgondc or fnconpressible reglons
la the domain of Ipterest. Althouph IMF-SACHINA develapment iu
a continuing project, the resuleis have alrexdy proved itn use-
fulpess, oven in §is prosest state. i repurt ineludes the
current KACHINA flow disgram and progras st ing.

L. BASIC DESCRIPTION OF THE COMPUTING METHOD

A Introduction

The Implicit Continuous={luid Euierian (ICE}
muchod1 has become well known and widely accepeed
since its introduction, as it was the first toech-
nique to afford a means for numerical solutlen of
multidimensional flows in which the Mach number
might range from zero (the incompressiblie limie) co

greater than unity (the supersonic regime). The

ICE concept has becen recast in varfous formulations;

2
for example, in the YAQUI program,” ICE was zombined

with the Arbitrary Lagrangian-Eulerian (ALE) tech-
nique,3 to provide the additional capability of
fully variabie zoning and rezoning. Other programs
based on the ICE concept have included effects such
as reactive chemiscry,& magnetohydrodynumics.s and
multiple fluids.6 This ability to calculate a wide
variety of flows has contributed significantly to

an understanding of atmospheric explosion phenome~

P T T T e L L Y N AR A

aology, laner desipgn theory, plossa physicos da the
CTR program, cany flews in blolegieal asystems, and
even advanced astrophvaical conceptn, fo fame junt 3
fow,

Bevelopnent of aumerical techiiquen still han a
fong Wiy te go, however, (o providiog can sn aadee=
standing of all the fluld dyoasic procenses that fone
terest Wi, One comson Uype of flow han defied
really succesnsful numerfcal =odeling. It {nvelves
the prosonce of bubbles, droplets, or chusks ia
fluid, implying that relative sotiens must be con-
sidered, and a comples set of feld variables is re-
fuired to describe the dynanies with any accuracy.
Exanmples of such flows are:

@® Ordinary snow, rain, or hail falling through

the atmosphere.

@ Cavitation or flashing flow, in which bubbles

of vapor arc formed from the fluid frsclf.

(Visualize the formation of steam by beoiliag,



or the propagation of a flame front through
a confined explosive such as encased gun-
powder.)

@ Liquid or vapor rising through a bed of
solid grains in a fluidized dust bed.

@ Jet entrainment, in which immiscible or
mutually diffusing liquid droplets are
carried along or mixed with another liquid.

Until recently, numerical techniques for ex-
amining such multifield processes were extremely
limited.
known as the Implicit, Multifield (IMF) method and

A powerful new computing :echnique,7

based, once again, on ICE, is now available to help
overcome these limitations and thus significantly

advance the art of modeling multifield flows, This
report discusses a program named KACHINA, which em-
bodies the IMF methodology. Our treatment is based
upon an implicit formulation of the coupled set of

differential equations for multidimensjonal, mulci-
field flow.

pects, it can follow completely interpenetrating

Because of the program's Eulerian as-

material motions over long periods of time, and be-
cause of the implicit treatment of mass convection
and the equation of state, the flows at any instant
may have both supersonic and far subsonic regions
in the domain of interest. Further, the implicit
coupling of the fields allows forces to range from
negiigibly weak to strong enough to tie the fields
together completely. The program also can pile up
a particulate field into a close-packed region with
a variable boundary position, and pussibly reopen
such a region later.

Development of IMF and KACHINA is an expanding
and continuing project. In its present basic state,
KACHINA is still fairly limited and does not take
into account a number of physical processes that
will be required for future applications. It has,
however, proved its usefulness even at this point,
and has pernitted meaningful cealculations of a va-
riety of one- and two-dimensional two-field flow
situations that could not have been made using pre-
vious techniques. This report includes the current
version of the KACHINA flow diagram and program
listing. The derivation of the technique is fully
described 1n Ref., 7, which also includes examples
of a variety of test calculations illustrating some
of KACHINA's capabilities.

aspects here, and concentrate on the solution pro-

We therefore omit such

cedure and the equations as they appear in KACHINA.
B. The Variables and the Computing Mesh

For simplicity, we presently limit our consider-
ation to two primary material fields, although the
IMF principle is not restricted to these two, but
will be developed further into a three~field model,
including full treatment of phase transitions among
the fields.
"droplets."
a gas 1n bubble form or with dispersed droolets in

We label these two fields 'vapor" and

The vapor field may be considered to be

it, and the droplet field to be a fluid or an ag-
gregate of solid particles. The components of each
field have constituents and properties that can vary
in space and time, but pressure is assumed to be in
local equilibrium between the two fields. The pres-
sure is related directly to the equation of state of
the vapor when the droplet field is disperse, or to
the maintenance of incompressibility when the drop-
let field is close-packed.

At present, the coupled fields are represented
on a two-dimensional arisymmetric grid of fixed
Hulerian cz«ls through which the fluid moves. Cells
have uniform dimensions &r and 6z, measured in the
radial (r) and axial (z) directions, respectively,
and they are labeled by indices located at their
centers, with 1 counted in the r direction and j in
the z direction. The mesh of cells is 1 cells wide

by J cells high, as shown in Fig. 1.
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The KACHINA axisymmetric two-dimensional
computing mesh,

Fig. 1.



Variables may be defined either at cell centers
or at cell edges, in which case they are labeled by
half-integer indices in the finite-difference nota-
tion. The location of the principal KACHINA varia-
bles about a cell (i,j) is illustrated in Fig. 2,
where u and v are velocity components in the radial
and axial directions, respeactively, p1s the density,
and I is the specific internal energy. Each of
these four variables has both vapor and droplet com—
ponents, denoted by the subscripts "v'" and "d," re-
spectively. The pressure, p, has only a single
value in the cell because of the local equilibrium
between the two fields.

The treatment of such a mixture of droplets
and vapor, and the procedure for applying the equa-
tion of state to the vapor, requires a knowledge of
the proportions of vapor and droplets within any
given cell volume. For this purpose, we use the
void fractlon, 9, defined as the volume per unit
total volume occupied by vapor. Consequently,
(1~0) is the volume per unit total volume occupied
by droplets.

In addition, we allow two components within
each field, designating them by subscripts 1 and 2.
One must be able to describe the varying relative

proportions of the two components in a way that en-

sures the separate conservation of each. For either
field,
61 = 62 N
and
L] . L] +
P =P 02 » K
r-—————--— 8r — ————»

. ] '

j+3 v T
j————— u p1,p u 8z

—_———

i-% i iv%

Location of variables and indices about a
KACHINA cell.

Fig. 2.

in which the prime signifies the mass per unit total

For the droplets, we use conservative ex-
.

rlicit equations to transport the two densities Dd

volume.

and p;l, and get the value of p;z simply by sub-

traction when necessary. Then, with the correspond-
ing normal mater.al densities pl and 02 defined,
microscopic incompressibility allows derivation of
an expression for the region's effective 6.

For the vapor, an equation for O;. the sum of
the two vapor densities, is required for the implicit
coupling with the momentum equations. After this ad-
vaaced-time density and the corresponding advanced-
time velocities have been determined, O;l can be ob~
tained by means of a second implicit solution. As
in the case of the droplets, the value of p;z is
avai! ‘ble by subtraction when needed.

Thus, it is seen that the ccumplete arrays of
four densities must be stored and maintained, two
for each field, and that we have chosen these to be
;l and pé for the droplets, and 9;1 and D; for the
vapor.

The input data used to create the droplet and

vapor fields specify the initial values of Dél’ o;z.

o3

» and Id for all cells of the mesh,

Py1® Py2» Iv
where p and p are the actual microscopic
vl v2

(partial) densities of the two vapor components.

Using this information, one may place Iv, Id, and
1’
Ddl t 1
initial fields of pd, pvl

quires some preliminary calculation.
@ The field of o‘; is formed simply from the

directly in cell storage, but generation of the

, and p;, along with 6, ce~

sum of pél and péz.

@ VWith the normal material densities Y and
DZ of the droplet field components also
specified in the input data, the initial
void fraction is obtained from the relation-

ship

A t
_Pa1_ Par

6 =1
L P

@ The values of pvl and °v2 are then combined

with 6 to obtain the fields of p;l and p;:

1]
Pu1 = epvl >



Care must be taken to ensure that the input data are
not specified incorrectly so that 8<0 results.

In the present code, the dynamics are assumed
to arise from pressure gradients from internal heat
sources, or as the result of externally applied
boundary conditions and/or gravitational effects.
Therefore, all four velocity components, uv’ uys

vv, and v, are initially set to zero throughout the

interior :f the mesh.

Because the vapor and droplet fields are Ltound
by forces that can create conditions ranging from a
cumplete tying together to the allowance of freely
independent motion, a drag function, K, is used to
relate the momentum exchange between the fields.

Other ~ell quantities will be introduced in the
discussion of the full calculation cycle, but those
described so far may be considered the principal
KACHINA variables.

Solution of the dynamics evolves through a
sequence of cycles, or time steps, each of duration
St. For each time step, the full coupled set of
equations is solved to get the new values of all the
field variables at a time St later. This solution
uses the results of the previous cycle or the set of
initial conditions, and it is stored so as to allow
the processing to be repeated in the next éycle.

Each cycle in KACHINA is composed of two dis-
tinct phases. The explicit calculations are per-
formed in Phase 1, and all implicit aspects are then
handled in Phase 2.

C. Phase 1— Explicit Calculations

In Phase 1, we have collected all the explicit
calculations for the cycle. There are two major
parts in this phase, the first concerned with cal-
culating new values of scalar vaviables defined at
cell centers, and the second with calculating new
values of the ecll~edge momenta. Performance of the
first part is the responsibility of a sweep over all
the interior cells of the mesh, yhich solves the
equations for n+1(p;)j. n+l(pél);, n+192' Ai. Bg.
Ki, n+llv, and n+lId. In our notation, the super-
script "n” indicates the old value of a quantity at
the beginning of the cycle, and "n+l" indicates the
new value at the end of the cycle. TImmediately at
the beginning of a cycle, we can calculate the final
values in that cycle nf all these quantities, except

the pressure P, as they are not subject to further
modification in Phase 2. The subsidiary quantity

Ai has the dimensions of an internal energy Iv; it
appears in Phase 1 to supply the energy term for the
equation-of-state pressure for the vapor, as will be
described below. It is subscripted and saved for
later use as a necessary coefficient in Phase 2.

The droplet density equations are

)

St n 1 j n ' j
+ r,(Sl‘ { <ud de i‘l’z <u‘1 de ].-"J’i]

1

+

S RO SRRl
and
" ("51)3 = n("él)i

St |In +Ni _n N
+ ﬁ—rilsl‘ [ <ud rpd1>i-'~2 <ud r‘/d1>i+5§]

Crlo
N |

[n<"d ra i - "y °<'11>2P2] ’

where the angular brackecs(i >>indicate a partial
donor-cell treatment of the ronvective flux of the
enclosed quantity. The use of the donor-cell dif-
ferencing facilitates automatic mitigation of trun-
cation-error effects8 without requiring an explicit
artificial diffusion. According to our formulation,
the convective flux of soun cell-centered quantity,

Q;, at cell boundary (i+),j) would be given by

Curadd, = wol,, [(%+E)Qg e -emgﬂl

where

i
u 1
- it - R ]
§ = Bo (—61'_—) + ao sign (ul,_'_!é) »

and o and Bo are input coefficients. For L =0 and
8 =%, £ will give an automatically interpolated

donor-cell form. More commonly, however, we use




B =0 and 0<u <%. With B =0, use of a =0 would
[o] [s] (8] [e]

give pure space-centered differencing, which is nu-
merically unstable in the absence of a mitigating

diffusive process, whereas use of =Y would give
0

pure donor-cell differencing, which offers the
greatest smoothing. The formulation of £ assumes
that 'umax| ot/8r<! everywhere, ordinarily a reason~
able upper limit on 6t for accuracy.
+
The above transport equations for v l(pé)i and

ntly/ v (3 .

(adl)i allow us to rigorously conserve the mass-
es of the two components separately, and with their

n+l,.j .
values known, ]Ug is cvalculated from

I S N ) e o

31 =1 - pl - = 02 .

With n+103 now available, we can determine the
energy term Ag. As an cxample, assume that we are
using the polytropic gas equation of state, as we,
in fact, do in this version of KACHINA. 1In this

case, the pressure ordinarily would be given by
p= (Yv - l) Py Iv ’

in which Yv is the ratio of specific heats in the
vapor. This basie form, liowever, is insensitive to
variations in the proportions of components within
the vapor, and it is unsatisfactory for direct use.
To overcome this deficiency, we first define Ai, a
necessary coefficient for Phase 2 iteration pur-

poses, as

n jin/ v \j i ) n/ r\j ( _ )
i (Iv)i (pvl)ibvl(Yl A (pvz)ibvz Yoot
i ntl . j ns 1 \j n/{ s \j
+

e]'. (pvl)i bvl (pv2)i bv2
in which y's and the specific heats, bv's, are
specified separately for each of the two components,
and are provided in the input data. With Ai de-

termined, the KACHINA equation-of-state pressure is

then calculated directly as

- jngo
Pros = A% (pv)

R IO A O S S T RS PR

The initializing pressure, p, actually stored in
Phase 1 for a given cell after the first cycle is
some mixture of pEOS and the pressure np left over
from the Phase 2 pressure iteration of the previous
cycle. This treatment is required to allow the code
to account for large variations in the flow Mach
number from place to place or as a function of time.
We use a function { of the local flow Mach number M

to determine the exact proportions of this mixture,

where

—~ N
p=f p+tI-Dpc >

in which the desired limits are f=1 when M0 and
f =0 when M+«», We have found that relating f to

the square of the local Mach number,

P S

2
M

1+10 (ﬁ“)
o

gives satisfactory results, with MO =0.5 and the co-
efficient 10 chosen to allow the equation of state
to exert a strong enough influence. The Mach number
is calculated using the standard M=u/c form appro-
priate for a polytropic gas.9 Choosing a squared
Mach number function makes (1 - f) vary inversely in
proportion to the vapor internal energy as that
quantity becomes large, consistent with the depend-
ence of Prpg °M that same variable. The choice also
allows us to avoid taking a square root in the cal-
culation of the sound speed, c. For calculations in
which the sound speed becomes very large, the expo-
nent should be greater than 2.0, in order that the
equation-of-state effects disappear in that limit.

Thus we have

where the square of an appropriate average velocity

for rhe cell (i,j) is calculated as

<
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n
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and the square of a sufficiently accurate approxima-

tion to the sound speed can be shown to be

L

+ [n(v")gu-—z ) n(\'d)i:'l—"ﬁ s n("v)i:-1 ) n("d)i‘-"i] 2 %'4 ’

To allow greater generality, it is desirable to
replace U2 by (Uz-Fp/p), in which p/p is given by
np/ov = np@/p; . A flow starting from rest and
driven by its own internal pressure will have an
initial p/p comparable to cz, and later will develop
U2 comparable to cz, thus tending to make M2 always
comparable to unity. This formulation also auto-
matically handles far subsonic flows, as in such
cases, p/o values and U2 values will be much smaller
than c2, resulting in a small M2 and f of order
unity.

The initializing vapor density, B;, for the
cell is also stored at this time. It is based simi-

larly on f,

~ D
p, = f pro +A-0 5

where ovo may be a specified constant for completely
incompressible flow, or may be allowed to vary in
case of buoyancy effects.

The next consideration is the drag function,

Ki, which we calculate as

n/ t\j ntl.j
3y -md) - _
W - i 1 ’3\’\,*('2?”5)'3\,“3 |],
2(n+19!) 2
i P
where

vv is the coefficient of kinematilc viscosity for the

vapor, rp is the mean linear dimension of a droplet,

and ¢ is a drag coefficient. In the present ver-

DR
sion of KACHINA, these three gquantities are simply

read-in constants. In a future version, r will be

vastly generalized to include droplet growth or de-
crease in size, by such processes as evaporation,

condensation, rupture, and coalescence. This gener-
alization will be accomplished by means of a trans-
At first, the generalization
will involve the cell quantity ri

port equation for rp.

, and perhaps,
later, an rp distribution that can vary with position
and time. Our present constant value for rp is a
useful first approximation, however, and it allows
us to derive information about dependence of the re-
sults on the choice of droplet scale.

In theory, the 83's appearing in the Ki equation

+1
g, but our specific

could be either '8's or
. ntl, .
choice of 9 is based on computational requirements
for suddenly incompressible flow, 7This point will be
clarified in Sec. I.F.
The final quantities calculated in the first

sweep in Phase 1 are the specific internal energies

n+lI and n+lI .
v d

1 .
ridr [<uvIvr 1-% —<;v1v£>g+k]

+6t;

ket -can ]l
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Time level n is assumcd for all quantities in the
right-hand sides of both of the above equations, ex-
cept for Ki and 5;, which are coefficients for the
drag and work terms, respectlvely, 1n n+l(1v)i .
These two quantities are those just obtained, as de~
scribed above. Several new quantities appear in
n+l h] ntl . . . <
(Iv)i and (Id)i, and they require discussion.

Ri is an exchange function that controls the
heat transferred between the two fields per unit
volume per unit time, as a result of surface con-
duction. In general, Rg will be a cell variable,
although now it is a constant and no array is stored.
It is a coefficient that multiplies the local tem-
perature difference, in which the temperature T is
now given simply by the I =DbT relationship, and is

calculated as

. M1 o')J:
n(Tv)i = n/ v \j : vn1 v \]J
(Dvl)i bv1 * (pv2)1 v2

and



n/Td)j - n(Idpé)i ‘

i ns s \J . n/ oy \j
+
(pdl)i 241 (pdz)i a2

Because the four specific heat coefficients that

appear are presently constants, we are relieved of
having to store the two T arrays.
and k, are heat conduction coefficients.

d
sents the energy contribution from some optional

The constants kv

E? repre~
i p
heat source, such as chemical or nuclear processes.

The velocities appearing in the drag term in

+ N
the ™ l(lv)i equation are calculated as

: . . . 2
J ] J J
+ - - 2
(u;..l Ugi-tg T Yyip u ¥ i)]

[+
o
H L
1
=
<
i~ L.
e
N
n
—
N

. 2 . . 2
LI | R b B A &SP b S . SN P2 AN
("di vvi) ) [2 ( Vi T TVer TN :

. s n+
When it becomes available, the new lIv value

is used to adjust the A for use in Phase 2,

Bl M)/
1 1 v/l v/l

Thz second major pass through the mesh in Phase
1 is concerned with calculating a set of momentum
fluxes, comprised of the four arrays D
-(j;—;j , and (odv ; .  These fluxes are deaned at
th2 same cell-edge positions as the veleocities U,

vy Yy and vy respectively. While dealing with

d
momentum, it is convenient simply to replace each
velocity in computer storage by the corresponding
momentum, which will be reconverted to a velocity in

Phase 2. The four equations used are:

~— j
(ovuv;i+%

i

n/ i
(pvuv)i+%

+

St n/ v 2Nj _n/Za 2 b
r,,0r [ <pvuv r>i vauv 1+1]
iHs

n i
+ &t (er)i+%

8t {nys % _ng i+s
* 52 [ <pvuvvv it <pvuvvv>i+1»;. ’

jHs _ n( ' )J’#&

. A
v vji pv v/i

<O‘ vt 1+&l

St |In i+ _
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oﬂm
0
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2

n; 3
+ 6t (Fdr)wﬁ

St fn ' =%
+ Sz [ <pdudvd >i+’/2

n [ j'*“/z
- <pdudvd i+’/2] ’

1

v it -V it
T = o]

* rl [n<"d“d"dr RGN r>
+ 6t n( dz)i+»

J+k
i glt.

e "D+

The donor-cell formulations in the convective flux
terms are analogous to those previously described
for the quantities in the first sweep, but, because
the centerings of the variables involved are dif-
ferent, we include several representative examples.

In the pu equations:
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In the PV equations:

i . iy
Qpuvepdi=uiti e | e+ @i+ om0 eni*,

where
ujifzét jH:
= L2 ) o+ i
£= 6 Sr %o Sign (ui-%) ’
and

i¥s _ j i+l
ui oy L (ui—% + uiy) -

In addition to the convective flux terms, the
PV equations contain terms for including the effect
of gravitational acceleration, with g being constant.

In many KACHINA applications, the flows to be
studied will involve interaction with some confining
and at least partially nonfailing structural ele-

ments, which may not be practical to include in the

computer model in complete detail. Such interactions
may be significantly nonisotropic in orientation. To
properly incorporate their effects will require in-
teraction terms with material strenrgth effects capa-
ble of representing added inertia, nonisotropicdrag,
energy dissipation, and elastic~plastic deformation.
In the present KACHINA version, the Fr and Fz terms
in the momentum equations represent a simple prelim—
inary approach to including nonisotropic effects.
These terms contribute a dissipationless turning
that tends to constrict motion primarily to the
axial direction. The direction of the force is
orthogonal to the velocity, and the strength is pro-
portional to the departurz of the velocity from the

axial direction. Thus, if

-> A A

u = 1iu + jv ,
= A

F =1ia + j ,
then

au + bv

]
<

and
2
a- +b" = ezuzl(u“ + v2) ,

with magnitude proportional to |ul

Therefore,

a =% Euv/(u2+ vz) ,

and

b=7% EUZ/(u2+ Vz) s

or

a = -€cuv sign (v)/(u2+ vz) N
and

b = +E:u2 sign (v)/(u2+ v2) .



Because v sign (v) is always positive {(Zlv ), ais
always directed against u, whereas b works to in-~
crease positive v or to decrease nejative v. Our
form for the nonisotropic term in this version of

KACHINA is

s Epup sign (vgz PN
= ————-Er;——i——— (1v£ Jue) »
up tvy,

where £ =d or v, thereby requiring a different € for

the term in a droplet equation from that in a vapor

equation. With Fr==a and FZ==b, the equations used
ave:
€ nlu v _ sign (V ) i
“(F )j I vy STET Ve )i
vr/i+s n( 2 Z)j ’
u + v M
v v JiHs
. € [u v, sign (Y ) i
ae \J . __d d d d/lits
( dr)i+% ol 2 ‘v Z)j ’
( d d Ji+s

"(F )J:"J/é =+
vz

+ n(u 2 + v 2)q+%
v v /i
and
n 2, j+Hs
VPN, DAL Ol
( dz)i - ny 2 2\ i+s :
) Qld + vd i

Generally, EZ(T’ z, L) may be prescribed in its r-z

variations, and €p may decay during the course of a

calculation, representing the loss of integrity of
the confining structure. At present, however, we
simply specify Ev and Ed as constants. Note that

if €, °f Cd is large, the corresponding term may re-
quire an implicit treatment to ensure that all
motions are constrained to the desired trajectory.

Further, this nonisotropic force cannot be in-
corporated into the drag term, be.ause it includes
the eff{ects of droplets colliding with other drop-
lets that are constrained into axial channels by
material strength, and such collisions are precluded
by our two~field approach.

Ncce that this version of the momentum equations
omits all viscous tarms because they are required
neither for numerical stability (because of our
partial donor-cell convection treatment), nor for
the physical processes that we wish to represent in
this initial version of the code. Their later inclu-
sion will be accomplished entirely by addition of
the appropriate stress terms to those equations de-
fining the Pu and pv quantities.7

This completes the explicit part of the calcu-

lation cycle. In summary, at the end of Phase 1, we

have in computer storage the n+l values of p&, p&l,
ne

a9, Iv, and Id, along with the values of np;, pvl'

~ ¥ 0 T ¥
A, P, K, (Dvuv), (DVVV), (Ddud), and (pdvd).

D. Phase 2— Implicit Calculations

The Phase 2 calculations start with conversion
of the momenta from Phase 1 back into velocity com—
ponents ﬁv, VV, ﬁd, and Vd. These are the tentative
final velocities for the cycle, as symbolized by the
tildes, and they include the first-guess effects of
pressure acceleration and drag, both of which will
be corrected as the tilde velocities converge to
their final values for the cycle. The velocities

are given by the (explicit) expressions:
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An implicit treatment is now required to help

increase computaticnal stability, in particular to
eliminate the usual Courant-like restriction onhigh
sound speed, by allowing signals to traverse more
than one cell per time step. This is accomplished
by iterating the quantities P, D', O, V., O

~}’ 4 qua t P pV’ Uv’ Vv, 1 and

vd to obtair new velocities that have been acceler-

ated with time-advanced pressure gradients. The new
velocities depend on the new pressures and densi-
ties, which, in turn, depend on the velocities;
therefore the technique is implicit. Tt is best
solved by an iterative process to provide the gen-

erality of initial and boundary conditions that

usually are precluded by direct solution techniques.

The final (ntl) values of p are accumulated
from the tilde values, in which each iteration con-
tributes an increment to P, designated by Ip.

The source term for the iteration is labeled
D; it is composed of a Bp;/at term plus a V '(dﬁ)
term, both of which use the most recently updated

tilde values:

-k [(B;>ii -]

RGN

~|~
V V

+ —[ 'y >J 'Y >J_L§] .

vv/i
Note that two levels of the total vapor density D;
must be maintained throughout this iterative process,
as indicated in the first term of D. The donor—cell
formulation .f the second and third terms of D is

calculated in a manner similar to that used in Phase

1. For example,

<Qur g#é=< >1+| [(’E‘*‘E)( )‘*‘('ﬁ E)( )1.,,1]

in which

v S
g )y, 6t
- ( v)i+% . : ~\1
Eo [ ér % [51gn (uv>i+%]
The necessary pressure change for the cell is
given by

6pi ST % (Bpﬁ)i ’

in which wp is an under- or overrelaxation coeffi-
cient of order unity. Straight relaxation is given
by u$ =1, but, because we are using a relaxation
procedure based on Jacobi's method, the iteration

will converge only if O<mp<1. Also,
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in which the partial derivatives are calculated by means of the following equations. Note that the second

and fourth equations are not obtained merely by index changes from the first and third equations.

n+l,j '~ \]
513 (1 _ ntlyd ) Se _ e yr)] et (B)ie
IOV IO Vit iHs) Sr Pali+s 8r ond
dJits _ 'v)i+% -4 i
3 ] ~1] n+l/ 1\]j n i ntl, o\j n,j ’
%3 op; Pyt [ (pd)i+% + o K1+§] + e (pd)i+% Ky
n+l.j o ~ \j
6 t
-..l_‘] 1 - n+le_) (S_ _ n+l (D‘ 3j i-X EO (uv i-ls
3 fa )j a(u )j i°7 i~} &r d Ji-% Sr 24
4! d/i-}s _ 72 5) 4
i j - '3 n+l n.J N Y ’
op] 3y Byiss [ (p )i AL ST M (Dd)i-% Kyt

()

B'j+5 ( n+10j+h) §c _ n+l A.)j+ﬁ
- # P -
a(vd)i+% B(Vv)fH= vi Sz d/i ) znf
- = 4 y R

] j o3+ o+l ¥ . n s T Y F N TN

%p; 3] i [ (od)l + 60 Tk L4 6t (yd), Ky

L PR ‘5 M
B-j-& (1 _ il j-‘) de n+l(ﬁ.)j-h vy °t (‘v)l
-1 ) = “ i

a(vd)i H a(vv)i s vi dz dli 2 ZA{
A D " PSR CO VAT TN DU WY A e

% apy P [ (od)l + 6 KT s (”d)i )

We have found that it is sufflicicnt to calculate an array of 6p'u for all cells and store thed before enter-

ing the iterations and hold them favariant throughout the fterations to sphaace computer officicney.
*

With $p calcusated, the next step s o update p and Ev f

new 1d ~.j P |
(P)i (p)y + dpy .
now . §
(m
new j~e\ J .3 2 A i
(ov)i ® rt @1 pvo * (l fl) Aj *
i
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thus allowing direct calculation of the new velocity

values:

n_j ’

Each iteration consists of two sweeps over the
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entire mesh; the first sweep provides nevrs for all

cellz, then the second sweep calculates updated

values of 3', &, §,, ¥V, and ¥, for all cells.
v' d’ v d

This two-sweep-per-iteration proccdure is required

because the neighboring values of 6Pi+l and 5pi+l

must be available for the R, ¥, $, and ¥ equaticns.

The dteration procedure is repeated until
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standards, but if €, were reduced to 10—10, however,

2
the resulting 10 14

would border on machine signifi-
cance, and convergence could not be obtained. The

[ l portion of the convergence test above re-
presents the magnitude of the largest initial tilde
velocity times p; product in the entire mesh, found
upon an examination of all cells that was performed
concurrently with the Bp calculation, back before
the iteration began.

In practice, it is wise to specify some maxi-
mum allowable number of iteratioms per cycle, simply
terminating the iterative process if this number is
ever reached, and considering the current values of

~1

R h Ev, U, V , and ¥V, to be satisfactory. 1In

our test rung, txis procgdure has worked well with a
cutoff of 100 iterations. If the cutcff is encoun-
tered because the solution is diverging, obviously
the calculation is in serious trouble, but the cut-
off will occasionally terminate an iteration that is
converging properly. In such instances, computer
time is saved by this termination, and the current
pressure, density, and velocity values are accurate
enough that the iteration can be expected to con-
verge more rapidly in the next cycle. Typical runs
encounter this cutoff only very rarely, the usual
number of iterations per cycle seldom exceeding 10.
At the end of this iterative sclution, we have
in computer storage the n+l values of oé, pél, 9,

IV, Id' O;. Py Uy Ugs Vo, and var along with A, K,

n_ . .
aad pvl' Because the new velocities are now avail-~
able, we can solve for the one remaining unknown

fleld variable, n+1p'1

Raphson iteration scheme agaia, but this time based
~t
The first guess for 0,1

We use a similar Newton=-

on the Gauss-Seidel method.
is simply npél. and the changes are accumulated from

the relationship

A HEREN (R

Here, w_ 1s a relaxation coefficient lying in the
range 0<wp< 2.
throughout this iteration, and is given by

The term BD remains constant

The denominator in the BO equation will not vanish

if lu | St/8r < 0.5 and [v | §t/éz < 0.5, The
v max v max

source term Q is continually recalculated using the

latest values of D, @
vl

(Bl - "euli
St

d
+ ?_5; [<n+l v ~\'/l <n+1 v ~\‘/1 i-%]
+ é[ <n+lvva\;l >i+‘f -<n+1 v~\./1 >J-i]

The '5",1 values are iterated until Q=0 for every
cell, at which time the current B'l values are con-—

n+l

0, values. In prac-

sidered to have become the
tice, we have found that Q can be tested against the
same convergence term used for the D test. Although
Q is analogous to D of the first iteration, and many
of the same comments apply equally, one should note

that the nt+l u's and v's result solely from the first
iteration and remain unchanged through this second

3

The second and third terms in Qi are

iteration.
written in a mammer like that used in the D equation.
For example,

/n+1l j
Q0,180 Phs

- n+1(“v)§+‘4 T [(!5+£) (5‘; )1 + (/-g)( vl)i+1] .

in which

B &t .
_ _© n+l i n 1
E—-————Gr [ (uv)i+3§]+ao Sign[ 1*”5]

The solution of the second iteration completes
the calculations associated with Phase 2, the im-

plicit half of the cycle.

i . 1
i

(,"0) E!E_ + -z—r—i'ﬁ [n+1 (ruV)i% _ n+l (ruV) _1_;2 ] . _z_é_; ln+l (Vv)i% n+1 —35,



E. Boundary Conditions

A variety of boundary conditions have been suc-
cessfully tested in the KACHINA code. Figure 3 il-
lustrates the currently available boundary options
for the bottom, right, and top edges of the compu-
ting mesh, as specified by the input data for each
particular problem. In all instances, the left
boundary of the mesh serves as the axis of cylindri-
cal symmetry. Typical configurations we have used
include a box with three rigid free-slip walls, or
the other extreme of three continuative outflow
boundaries, in which the rigid section of the right-
hand wall has been reduced to zero height. A sat of
studies of fluidized dust beds used a specified in~
flow bottom boundary, a rigid right wall, and outflow
along the top. On the right boundary, the transition
point from rigid free slip to outflow, noted in Fig. 3,
can lie at any desired cell boundary from bottom to
top, and it allows the extremes of an all-rigid free-
slip boundary or an all-outflow boundary.

As Fig. 4 shows, the boundary conditions con-~
sidered here are described in relation to the bottom
boundary, the treatment being entirely analogous at
the other boundaries. These conditions are more
easily applied if the computing mesh shown in Fig. 1
is surrounded on all four sides by a belt of ficti-
tious or outside cells. These cells provide con-

venient exterior storage locations for functions of

€

l Rigid or Outflow

T

Outflow

Rigid

Rigid, Outflow,
or Inflow

Fig. 3. Boundary conditions available in KACHINA.
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Fig. 4. Quantities invelved in boundary conditions
at the bottom of the KACHINA mesh.

the neighboring inside cell variables, chosen so

that when they are referenced in the equations the

desired boundary condition is satisfied automatical-

ly without any testing of the boundary type.

(1) RIGID (FREE-SLIP): A rigid free-slip
boundary represents an axis or plane of symmetry, or
a nonadhering surface that exerts no drag upon the
fluid. The normal component of velocity vanishes at
the wall, and there is no gradient in scalar vari-
ables across the boundary. 1If the boundary is in-

sulated:

(2) INFLOW (Specified): The inflow boundary
allows vapor, only, to move into the system at a
prescribed rate that, in principle, cam vary with
position and time, although in the present KACHINA

it is constant.
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(vv)i = Vspecified °’

p' \:.j_l =9 - 9} >
vlji specified | vl/specified

vJ'l_
(pv)i - especified (pvl * pv2)specified ?

= (Iv)specified

(3) OUTFLOW (Continuaiive): A continuative
cutflow boundary allows fluid to leave the system at
its own chosen rate, hopefully with minimal upstream
flow disturbance whether the flow is subsonic or
supersonic., Nothing precludes an outflow boundary
from becoming a continuative inflow boundary (with~
out spec’fication), should the velocity field at the
boundary become reversed. An example is shown in

the final sample calculation discussed in Ref. 7:

For all three types of boundary conditions,
there Is no gradient in droplet densitics or inter-

nil energies across the boundary:

16

o)™ - Cau)t

Gl

nor is there any gradient in the tangential compo-

nent of velocity across the boundary:

(na)ivn = )i

This specification of tangential velocity is re-
quired only for marker particle movement, discussed
in Sec. II.E. Because there is no shear viscosity
in this version of the code, the external tangential
velocities are not otherwise referenced.

The momentum components in Phase 1 have values
at the bourdary that are based on the density and
velocity of vapor or droplets, as appropriate, at
that boundary position, in accordance with the above
treatments.

The becundary conditions are initially set in
the problem setup. The exterior values of the ex-
plicit variatles are reset in Phase 1 as the neigh-
boring fluid-side n+l values become available.

During the pressure iterat.ion in Phase 2, the ex-
terior values of p, 5;. and the wall velocities are
updated continuously to keep them appropriate to the
continuously changing interior values, and p;l is
treated similarly in the second iteration.

Note that KACHINA requires no special pressure
boundary conditions. This iIs a direct bencfit of
the Chorin-Hirt mcthodlo chosen for the Phase 2
ifteration procedure, which also contributes to cf-

ficiency and simplification of the solution process.



F. Sudden Incompressibility

In certain flow situations, the vapor can be
almost completely extruded from some cell or number
of cells. We conclude that the droplets have come
into rigid contact with one another, so that the :d
field has suddenly become essentially incompressible.
An analogous situation is that of a set of billiard
balls on a tabl:, which may be moved about with great

freedom until they are drawn together and racked in-

to the triangle, whereupon they become tightly packed.

The billiard balls may subsequently be separated and
resume their previous freedom of movement; similarly,
the flow that became 30 suddenly incompressible may
open up again at some later time.

Sudden incompressibility must be allowed for
and treated in a special manner in a multifield com-
puting model; otherwise, the calculation will almost
surely break down sooner or later. Fortunately, the
void fraction will forewarn of the situation if it
is carefully monitored on a cell-by-cell basis, as
in such instances 6 will become small. We test
whether each n+16<60, whare the value 60=0.02 has
been found appropriate, at least for the test prob-
l2ms we have run. Usually, of course, n+16 >6°.
and the calculational procedure is the standard one

described in the preceding sections. For those cells

in which n+l

tion required would be simply to force the velocity

0‘<00, in principle the only modifica-

divergence to vanish by reducing the D equation in
Phase 2 to a V '3h==0 expression. In KACHINA, we be-
gin by setting n+lG =0, principally to make such
cells highly visible in the numerical printout. Al-
ternatively, we could leave 0 at its calculated
value, which would be the required procedure if 00
were somewhat larger, as for example in a relatively
porous bed of close-packed granules. In practice,
there are actually several places in each of the two
phases at which we change the computational proce-
In Phase 1:

(1) We set

dure.

n+lei =0 ,
~j o n hj
Py 7 Py

jﬂ
A = A ,

o

where Qn and l(.ao are some large numbers, say about
1010 times the ordinarily expected magnitudes of
these quantities. The choice of time level n+l for
the 8's appearing in the standard X equation is dic-
tated by the fact that when a suddenly incompr:s-
sible region opens up again, the restored conuition
n+l@i>00 will allow passing of this test and re-
establishment of the standard procedure for the cell.
However, To=0 because of the previous state of the
cell, and use of this old flag as M in the K equa-
tion would cause the computer to try a division by
zero.

(2) 1o the "1

The drag term is omitted on the assumption

equations, we eliminate two
terms.

> > R
that u, and uy must be very closely tied together,
and the work term is omitted because no work can be
done on the vapor in such cells.

(3) Neither the momentum equations nor the
initialization of the tilde velocities at the begin-
ning of Phase 2 requires changing, because with

> >
K=K , the initializations force u_Zu,.
@ v o d
In Phase 2:
" . n+l . .
(4) Those ceils with 6‘<60 require differ-

ent expressions for both Bp and T:

2.2 ;
Gkt = oo ey il

R PCH ERCATN

8 (A O I

Note that no consideration of donor-cell formulations
arises in this V -Gd form of the D equation.

(5) Neither the intermediate nor final values
of pressure, density D;. or velocity in Phase 2 re-
As in (3) above, the equations will
automatically provide new:v Enew:d‘ and they arrive

>
at values that ensure Ve ud=0 for those particular

quire changing.

cells.

(6) The p;l iteration requires no changes.
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II. THE KACHINA COMPUTING PROGRAM

A. General Structure

KACHINA wus written for the CDC-7600, to pro-
vide a tool for several specific studies and for
further methodology development. It embodies a num-
ber of features to make efficient use of computer
storage and time, and it follows the better program-
ming concepts, ill-defined but popularly called
"structured programming," that have received so much
attention recently. The basic KACHINA will be ex-
tended in several directions by a number of investi-
gators, and its modular form has already worked suc-
cessfully in other recent computing programs. The
physical arrangement and the top-to-bottom flow in
the coding correspond to cthe logical sequence of the
computing cycle to the greatest degree practicable.
The efficiency loss that results from writing the
entire code in a higher level language rather than
in machine language is hopefully counterbalanced by
increased readability for most users and the simpli-
fication of adapting it in the future for use at
other installations and for computers other than the
CDC-6000/7000 series.

increased substantially by carefully rewriting the

Computing efficiency can be

iteration sections in machine language, which we
strongly recommend to anyone doing a significant
amount of calculation with a FORTRAN program contain-
ing any iterative solutions.

As depicted in Fig. 5, KACHINA is built in an
overlay fashion to minimize the use of Small Core
Memory (SCM), the fast memory on the CDC-7600. The
main overlay (0,0) always resides in SCM, and it con-
tains the main controlling program, KACHINA. Sub-
servient to it are the longer programs in the two
primary overlays, (1,0 and (2,0), which reside on
disk storage. KASET is the setup program, and
KACHYDR performs the two-phase hydrodynamics de-

scribed in Sec. I.

{0,0) Small Core Memory.
Mz;in Progrom Kachina
Overloy
4.0 Progrom Progrom 12,0
Primary o9 o Primary
Overloy Koset Kachydr Overloy
Fig. 5. The KACHINA three-program overlay structure.
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The structure within each of these three programs is
further detailed in Fig. 6, which introduces the
UPDATE notation used in the actual code.

In addition to the main program, KACHINA, the
{0,0) overlay contains the common KSC, which is the
SCM portion of the information written cn tape for
restarting purposes and is therefore the natural re-
pository for all the SCM data that must be vetaiuned
from cycle to cycle. Any subroutines that will be
referenced by the primary overlays should also be
placed in (0,0) to ensure that they are always resi-
dent in SCM and directly accessible by all programs.
At present, LOOP is the only such subroutine; its
function is described in Secs. II.C and II.D.

To set up a calculation from initial input data,
the main program calls the (1,0) overlay program
KASET from the disk and surrenders control to it.
This overlay is placed in SCM immediately following
the (0,0) overlay. KASET itself is only a two-in-
struction program; it prints "SETUP" to indicate
that control has reached (1,0), and then immediately
calls subroutine SETUP to perform the actual setup,
creating the computing mesn with its initial cell

quantities, and generating marker particles if chey

KACHINA Code_Structure

COMDECK KOM

Common Included in Tape
Dump -contains ail quontties

Comdecks = kept from cycle to cycle-
Appears in ail Programs
ICOMDECK EQVREALI «— Equivalence,real statements.
COMDECK DIMEN =—Dimension Statements.
Overlay
¢ [MAIN PROGRAM " KACHINA"]= Controts (1,0),(2,0) usage
CALL KOM
Tt
(0,00 LCALL EQVREAL
[susrouTINE “ ooP" | l = Controls Access o
| CALL KOM oll Cell Dota.
¢ [ProcrAM "KASET"] = Calis Setup:
w . Basic Setup-
{1,0) [susrouTINE "sETUP J’Gencrafe; Cell Data
Setup CALL KOM And Optional Porticles.
[ CACL EQVREAL
fome ovEn ] l
[PrROGRAM  "KACHYDR"]=-Calts Hydro:
= o 2-Phase Hydrodynamics
(2.0) [SUBROUTINE "HYDRO™ _]=-"% cantrol Region and
f Particle Mover.
Hydro CALL KOM
CALL EQVREAL
CALL DIMEN
Fig. 6. The KACHINA overlays, showing the functions

of all sections and the UPDATE nomenclature.



are specified. SETUP also sets boundary conditions
for the edges of the mesh and determines parameters
for microfilm plotting. When the problem setup is
completed, SETUP returns control to the (0,0) main
overlay program.

To calculate after setting up, the main program
calls the (2,0) primary overlay KACHYDR from the
disk and surrenders control to it. Because this
overlay is of the same level as (1,0), it covers the
image of (1,0) in SCM, as it is read in to the same
locations following the (0,0) overlay and thus al-
Like KASET, KACHYDR is

it prints "HYDRO" and

lows reuse of the SCM space.
a two-instruction program:
immediately calls subroutine HYDRC. Should the job
abort because of an unexpected error, the printed
message allows the user to ascertain quickly which
program he is in, which might otherwise be difficult
inasmuch as the range of instruction addresses for
both the (1,0) and (2,0) overlays starts at the same
point.

HYDRO is the largest section of code in the
computer program. It contains the two-phase hydro-
dynamics, the calculational cycles of which ére re-
peated continuously under the direction of a '"control
region." This region is strategically placed at the
beginning of the subroutine, at which point in the
cyclic process the quantities of greatest inrerest
representing the solution at a given instanf in pro-
blem time, are available. The control region pro-
vides all microfilm plots and numerical listings of
cell data. It also increments the problem time t by
the current §t, performs tape dumps and tape restarts,
and senses problem completion or an impending opera-
ting system time limit. In the latter two events, it
returns control to the main program, which, in turn,
always searches the input queue for further tasks.
1f there are none, the job is ended.

To restart a calculation from a tape dump, the
main program bypasses the (1,0) overlay and calls
(2,0) instead. HYLRO senses the restart condition
immediately, and the contirol region reads the infor-
mation from tape into memory and turns control over
to the point in the calculation cycle that will con-
tinue the problem from where it left off when the

tspe dump was made.

B. The Indexing Notation

Figures 2 and 4 show that some variables are
defined at cell centers and some at cell edges, as
is typical of a number of Eulerian computing methods.
In FORTRAN, one can represent pi simply by "P(1,J),"
but ui+% cannot b2 1-presented by a "half-integer"
index, so our convention is that "U(I,J)” denotes
this particular velocity. Thus the indices I and J
denote a quantity located at the center of cell
(i,j), at the right edge (i#%s,j), or at the topedge
(i,j+%), depending on where the quantity is defined
to be by the difference equations. In KACHINA,
"(1,J)" is replaced simply by "(IJ)," as only single
subscrints are used for computer efficiency. In the
KACHINA subscript notation, the letter "P" stands

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

T = (i,3)

mJ = (i~-1,3) .,
IM = (i,j-1) ,
IPJP = (i+l,j+1) ,
etc.

Such a notation permits easy reading of programmed
difference equations in the code. Figure 7 shows
the siugle subscripts used to define cell quantities
about a cell (i,j).

As the number of cell edges in either direction

is one greater than the number of cells, it is

I I

IR IMJP—=IMJP WP (N1 IPJP ——
jrd MY W Py
'}
J
i INJ— IMJ ] > |} 1Py —
% ——mum WM IPUM
i=! IMIM — MM = |JM ——— |JM —~— [PJM —
i-1 i-4 i ied iel
Fig. 7. Single-subscript nototion for cell and

cell-edge quantities about cell (i,j).
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apparent that the grid in computer storage must be
at least (T+1) by (J#1) in size.

ing refers to cell centers and right and top edges,

Because our index~

one extra column of storage on the left and one ex-
tra row along the bottom are provided. KACHINA
also includes an extra row of cells across the top
and an extra column up the right, giving a mesh that
is (I+2) by (J+2) in extent. As described in

Sec. I.E, these exterior zones are known as outside
or fictitious cells, and surrounding the mesh with
them helps in treating the boundary conditions.

An example of the actual KACHINA mesh for the
virtual mesh of Fig. 1 is shown in Fig. 8, from
which it is evident that double DO loops in FORTRAN
to sweep all cell centers would have the limits
J=2 to JP1 and I1=2 to IPl. Similarly, DO loops
with limits J=2 to JPl and I =2 to IBAR will access
all interior u velocity components, and those with
limits of J=2 to JBAR and I=2 to IPl will access
all interior v velocity components. Boundary veloci-
ties :2ad exterior values of the cell-centered vari-
ables receive special treatment and atre not normally
included within the limits of the DO loops.

C. Storage of Cell Data

Although the present modest size of the code
certainly doesn't warrant overlay construction, the
basic KACHINA of this report has been built to allow
for considerable expansion in two respects, First,
calculations wiil become more finely resolved, imply-
ing use of several thousand computing cells. Second,
more coding will be added to deal with other physical

phenomena. This coding will include such features

}_ 1Ll
| 2 [IBARIPIIP2
KACHINA indexing scheme for the virtual
mesh of Fig. 1, showing an example with

many fewer cells than ordinarily are used
for a calculation.

Fig. 8.
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as phase transitions, a third field, more realistic
equations of state, chemical and nuclear processes,
and better isotropic force treatments, to name -nly
a few. Both these considerations will greatly in-
crease the demands on SCM space, and it is far better
to allow for such growth in the initial architecture
of a program than to have to add it later in some
fashion that would require substantial rewriting to
retain reasonable efficiency.

In addition to the overlay structure, KACHINA
has several provisions for storage of cell data to
allow efficient use of SCM. SCM requirements are
significantly reduced by our use of only 19 storage
words per cell, although the full calculation cycle
requires 32 variables. Use of s» few storage words
is nade possivle by retaining quantities during a
cycle only as long as they are needed, and then
using their storage words for other quantities.
Figure 9 shows the allocation of the 19 storage words
for a KACHINA cell in the (1,0) and (2,0) overlays.
The ordering from left to right corresponds to the
actual order in which quantities are calculated in
the code. A black dot indicates that the quantity
currently in the given s.or.ge word is referenced to
calculate the quantity specified at the top of the
column.

Note that before the iterations, the ccll edge
quantities 6tK?+, and <St:1(§_+l/2 and‘the cell quantity
(—(upo)i are formed, and that Ai is converted to its
reciprocal. Because all these quantities remain in-
variant in the iterative process, it is expedient to
compute them throughout the mesh beforehand to avoid
needless repetitive calculation within the itevation
itself.

; - . ew
During the pressure iteratiom, p replaces

Old; as soon as there is no further need to keep &p

available in memory. As the iterations are completed,

the field values of D, K, and A are retrieved in case
they are to be listed numerically in an output rou-
tine in the next pass through the control region.

n+l

Also, 5; replaces np; in word 4, becoming pv by

doing so, and similarly B;l replaces np;1 in word 2,
. o+l
becoming Po1°
In the Phase 1 explicit calculations, the con-
vection equations require neighboring values (on all
four sides of the cell) of the variable being solved

for. To maintain the correct time level (n) of these



*9T24> ay3y Butanp saqeTivA poweu Zg Buowe pajEdoT[w 9aw TT9V aad 8paoa 6T 943 aoy 3ugmoys ‘YNIHOVH UT B3I8p TT8° Jo 98eacas ayg

21

‘6 314
4 a! ;-..M 6! Y
13da‘dd ¢ da ot
~ L w m Ma o5t
ATHdnDY‘ LHAadn! Lyahdy * B> ety m“ 1ane 2.“. o P ¢
va'v v/1 Y 9\ as a ¢
aADS ‘A TR ey St A3T : :
AADY AA ard fra v Snsw w .
cnea 'an “ndd "an £\ oY / H
ANBY AN Intd'4n u 1¥seoy ', .
L uady _\.‘,._.,\:w ..u& " IgenTy ) M
4 ¢ h oy g ; .
wxiaf3aingx‘s TIWVN AR 00D RIS ol FaIM K TIWVR .o TS \
. e of I
(Mns) i)
an mad NIl--.\n.* N .m
;v. :& o [ A A e Q
el (T T T T - ] K L
Fiew K7
Yo . . N “ 'Y W &
- - . /
»n.a CTY . ~—1epn u>ﬁb ' ' Y “/ w
s A e - * 1 -ol-o LA (12 2 Sl
ad ,,m.w *-1— "re - An A ~ IS @
A 2 L3 o oot - K= 2 vl
—H'r) 40 on a z g
i A * > 3 2
A n 1\ .Tb . P B ot ole Y IERS £t
0 >0 ‘e - N nhd ¥
0 ~ g e * a0 is e
A | | [2ad ~ il
Je - AT uad| Mdund .
1, N A
_..M- P B3] Mo A mu 0\
o 4y e .y . .Vm . -
. < |-e . - .. <4 K c
& L g . 3 i 30 MO Y
: bAg m_ /N oL aNw [ <+ @
¢ .
& . “ L
o
T . g 7
* ° e ~le o . é
) Wi . +~1-e o *-i-o .m S
* oo o |-oto . - R %
o tTe) o s ‘s
y .m.g. d .m €
) - & & 3
m et . ARE
v —ti-u >ft—o—t-o—i—o PO °
it ] RN TN twon| a0 % 1 7 M N ol B : . - o1t
| sl 19 : o wle aqn S R " - N EYI =3 P i)l e = = .._|| S B it Eenic R Bk SEECS BRECY BRES By s
g7 .74»~ uJ . LH .£ _ Y ~ | 4148 z....z..m - .w»ov Al °n .um 78 e an@ WML ‘P\.@ 1 E_u.soq 3 4 _< 8 % ) EaOu Tl s 4 RH Pv .h@ & “& @ v
AN B O I S I TR B il B B T vfg aeew ond) Jaen’ g Rd| S LS S S S 1 el ) Agt LAy 83
vl oy . EYVTY A w g ~ | ¥ e vl mell A I g2
LT SR (TEVE) SR IR T ks [ 824007 #1% ¥Z 4007 B oa
P2 &cTm=1 J03Te{e) grredm 9 4: 37—l mwno‘.llltTvv.rm.d!N}.. / wlmacowu... i 74 4007 TR Rgf ViVE Lo wugs 20
sravrs b 3tus “ a1 gyor \ acor ¥ goor 1#d007 ™ L3} N e 504G @2i22ds i €1
o e 31203 wenr 129 " "
SN e Ld20DT00 L121T9W] T 357 Hd SWUILYI0IIY) LiI1dXT T FSVHY —=——ms e o oy e . [ 5
wl dNL3s ———————p -
i

VOLvdINID Iu¥’d

L/es/9 oL n ABVHY) 3HVAOLG WNIHOV Y
—%




referenced variables, the new (n+l) values could be
stored in completely separate arrays and later trans-
ferred, just as O; and 0;1 are handled. We have
chosen, instead, to temporarily store aside T;length
vectors of the {(n+l) values, transferring them at

the end of each row to relieve the demands on cell
storage.

It appears that using fewer than 19 words per
cell would complicate the computer logic significant-
1v while providing very little gain, and using more
than 19 would begin to waste space. Our various
storage treatments have been governed by a balance
between these considerations.

The contour quantity {CQ; in the control region
denotes the field of some chosen cell variable for
which a1 contour plot is drawn on microfilm. The
preseat choices are all of the quantities in words 1
through 10, which are automatically plotted in se-
quence by placing the complete field of each auantity
in CQ as its plotting turn occurs. This transfer to
CQ could be avolded by simple indexing through words
I to i0, but intermediate storage in CQ allows values
to be adjusted specifically {or piotting purposes, as
is sometimes necessary.

charets such as Fig. 9 have proven extremely use-
ful in initialiy planning the storage before a code
is written, but they are equally useful thereafter in
visualizing the quantities available at any given
point in the calculation cycle, and the locations of
storage vacancies. The storage layout changes fre-~
quently during the development of the code, and the
version in Fig. 9 is certainly not final for KACHINA.

Reducing the number of storage words per cell,
as discussed above, will help to allow larger meshes
to it in SCM, but eventually SCM space is exhausted.
The next step is to transfer all the cell data to
Large Core Memory (LCM), reading only some part of
the mesh at a vime into an SCM buffer for processing,
and then rewriting it back out to LCM. The optimum
procedure is ~hat which requ’'res the minimum number
of read/write references to LCM, and one could, in-
deed, tailorv the logic for each problem to do this.
The procedure we have chosen, however, simply deals
with three j-rows of cells at a time in SCM process~
ing, without regard to overall mesh dimensions. To
facilitate inclusion of the LCM routine described in

Appendix C, the cell variables are stored "interleaved"

o
(%3
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with all the variables for a given ceil stored
contiguously, followed by all the variables for the
next cell, etc. (Contrast this with the other method
of storing cell variables in individual 1 by J blocks
for each variable. That scheme is competitive only
when the computing code is designed for smaller
meshes that will always fit in SCM.)

In the SCM versiow of this report, the storage
block AASC contains all cell data. At present, it
has a dimension of 26 676 words, allowing any combi-
nation of 1P2 by JP2<1404 cells, at 19 words per
cell. A 25 by 50 logical mesh, requiring an actual
27 by 52 mesh, dictated this particular choice.

With the transfer of cell data to LCM, however, it
is no longer appropriate to retain AASC within the
main SCM common KS5C, because KSC should contain only
the tape restart information. Therefore, AASC is
defined in a separate SCM common that is never
written on tape, and the tape di.mp/restart routines
aremodified to write/read the entire LCM storage
block of complete cel!l data. These and related mat-
ters are discussed in detail in Appendix C.

Next, we must consider how the code actually
accesses cell data.

The single-subscript index notation described
in Sec. Ii.B can remain the same, whether the cell
data are stored in SCM or LCM, because the actual
location of the data is transparent to the primary
overlays. Subroutine LOOP in the (0,0) overlay is
of crucial importance here, as it has complete con-
trol over all references to cell data and relieves
the primary overlays of any direct « ~ncern with cell
data transfers.

In essence, LOOP's responsibility is simply to
have three rows of the mesh. j, j+l, and j-1, avail-
able in SCM for processing, and to have the corres-
ponding indices 1J, IJP, und IJM set properly to the
column i =2 cells to begin the processing of each
row. At the end of each row, LOOP must step up the
one row in j and reset the tiree indices accordingly.

In the SCM version of the program, this process
is trivial because no LCM logic is involved. Sweeps
over the mesh always begin at the lower, left corner
and move across to the right edge, then up by rows
of cells. To begin a typical sweep, the calling
program CALLS the "START" entry in LOOP, which mere-

ly sets 1J to reference the lower left cell (2,2),

£




IJP to reference the cell (2,3) above it, and LJM to
reference the cell (2,1) beleow. Control is then RE-
TURNed to the calling program, which then initiates
an ordinary double DO loop.

Secondary indices are often needed to reference
cells located in columns to the left or right of the
column identified by 1J, IJP, and IJM. These indices
are easily obtained by applying increments or de-
crements of the variable NQ, the number-of-quantities,
that is, the number-of-storage-words-per-cell, to the
three primary indices. 1In this manner, reference can
be made to any neighbor of cell 1J shown in Fig. 7.

Similarly, the calling program can progress
across the row from left to right by adding NQ to
each index, to advance one column at a time. At the
end of the row, the 1 DO loop falls through, leaving
1J, 1JP, and IJM referring to cells in column IP]l.

A CALL is then issued to the “LOOP" entry point in
LOOP, which increments the three indices over two
additional coluwmns by adding (2*NQ) tc each index.
This actually sets the indices back to the left and
up through column 1 of the next row, stopping at
column 2. Control is again RETURNed to the calling
program, and this process is repeated until the en-
tire mesh has been swept, as indicated by the fact
that the outer DO loop on J falls through.

The number of storage words per cell in this
KACHINA version is seen to be NQ =19, as per Fig. 9.
This number may be increased very simply by adding
the new variables to the EQUIVALENCE and DIMENSION
statements in the Comdecks EQVREAL and DIMEN, and re-
defining NQ in the (0,0) main program at one place
only.

D. An Optional Three-Row Buffering Scheme

When placing all the cell data in LCM, the most
significant modification to the code logic is to re-
place subroutine LOOP by an expanded version that
will shuttle the cell data between the large LCM ar-
ray and the small SCM buffer where it is operated on.
These changes are detailed in Appendix C. Generally,
LOOP will keep three complete rows of the mesh in SCM
at any one time: the row being processed and the
rows above and below, again referred to by 1J, 1JP,
and LJM. All calculations affecting cell data are
actually performed directly on the current contents
of the buffer. The merit of interleaving the cell

data now becomes evident, as all quantities pertain-

ing to the three rows of cells are instantly avail-
able. The schematic flow diagram and sample FORTRAN
DO loop in Fig. 10 enlarge on the previous discussion
to show how buffering can be added.

(1) As in the SCM version, the “START" entry
of LOOP is CALLed before ihe double DO lcops are
initiated. But now, START reads in the entire con-~
tents of the bottommost three rows of the mesh from
LCM to the SCM buffer, placing row j=1 in the buffer
section designated "row 1/3;" likewise, row ;=2 is

read into "row 2/3," and row j=3 is read into "row

3/3." Rows 1/3, 2/3, and 3/3 are contiguous in SCM,
and like their counterparts in LCM, each contains
NQI = NQ*IP2 words. With the three rows read in, the
calling program needs to know how to access data in
the buffer. As before, this information is provided
by setting IJM, 1J, and 1JP to point to the first
words of the i=2 column of cells in each row. Thus,
IJM points to an address NQ words into SCM row 1/3,
as do IJ in row 2/3 and 1JP in row 3/3. Note the
indicator IBUF, which is set to 1; it will control
the subsequent reading and writing of individual
rows and the resetting of the three indices. With
the first three rows of cells read in and the basic
indices set, control can be RETURNed to the calling
program.

(2) The double DO loops are initiated, and
processing is performed exactly as previously de-
scribed for the SCM version. 1In the example shown
in Fig. 10, we calculate the average u, and v, at
the center of cell (i,j). The terminal statement of
the inner DO loop, which again counts columns within
each row, is statement Nu. 89. Note how the primary
indices IJ and IJM are advanced to the next column
in the row. The inner loop on I is repeated until
the row is completed, at which time control passes
to the "CALL L@@P" statement.

(3) The L@@P entry immediately writes row IJM
back into LCM, and, depending on the value of IBUF,
goes to statement No. 10, 20, or 30. Because IBUF
was initially set to 1, control passes to statement
No. 10 in our example. Note that now the indices
1JP, 1J, and 1JM are reset to point to different SCM
rows —— IJP to the vacated row 1/3, 1J to J/3, and
IJM to 2/3. 1IBUF is reset to 2 to control the next
entry to LOOP, and control passes to statement No.

40 which will read the new IJP row, row j=4, into
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«ENTRY LOOP)Y SCM BUFFER
WRITE ROW 1M = LCM w 3/3 |
GO TO_{10,20,30) IBUF RO '
ROW 2/3 | |
Go)—[1F = twa scm 173
IJ = fwa SCM 3/3 ROW /3 | )
i fwa SCM 273 INTERLEAVED STORAGE at NQ WDS/CELL
QO)—={10P = twa SCM 2/3
‘ 1) = fwa SCM 1/3 LOOP EXAMPLE:
1M = fwo SCM 3/3
CALL START
IBUF= 3 \ DO 99 J =2,
00 89 I=2,IP|
«ENTRY START) IMJ = 1J- NG
READ INTO ROW SCM i/3 UIY = 0.5 +(UV(1J) +UV(IMY))
READ INTO ROW SCM 2/3 VIJ = 0.5 * (VWI{IJ)+VV(IIM)
Y I =I4+NQ
TP = fwa SCM 3/3 89 || UM = IuM+Na
I = fwa SCM 273 99 || CALL LoOP
IM = fwa SCM 1/3 CALL DONE
IUF= |
(40)—{READ_INTO ROW_(IJP) |+
«ENTRY DONEY
WRITE ROW IJM—= LCM
G0 TO (50,60,70) IBUF
(50)—~{1M_-_fwa_SCM 2/3
(6D)—{1M_= fwa_scm 3/3
GD)—{M = fwa_scMm vs
WRITE_ROW IJM-= LCM
J J J J J J J
ROW 3/3 — (P} 3 | n 3 (o) 3 e 6 | 6 | () & |awy s
ROW 2/3 ~=(1J) 2 | (o) 2 (wP) 5 { () 5 [ (M5 | (WP 8 | 8
ROW /3 —= (@M | | (P 4 aw aflama [am 7 [an 7 Jam 7

Fig. 10. KACHINA three-row buffer.
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SCM row 1/3. Observe that there has been no unneces-

sary shuffling of data in SCM: row j-1 was read out
and replaced by row j+l1, and the three indices were
reset to point to the locations of rows j+l, j, and
j-1. As shown at the bottom of Fig. 10, the grid
rows in SCM are in their actual logical order only
every third row.

(4) LOOP returns to the calling program, ad-
vancing the outer DO-loop index J, and rows are pro-
cessed similarly until all those specified by index
J have been processed. Then control passes to the
"CALL DONE" statement, an entry point that simply RE-
TURNed in the SCM version.

(5) DONE is really only a cleaning-up oper-
ation. Because no further LCM reads are required, it
merely writes the final two rows, j and j+1 (JP1 and
JP2, respectively) back out into LCM. CALL DONE can
be omitted on those loops, such as certain output
routines, that reference but do not alter cell data.

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

Complete information on converting KACHINA to an
LCM version with the three-row buffer routine is pro-
vided in Appendix C, which lists the changes required
to convert the basic SCM version of KACHINA provided
in Appendixes A and B.

The SCM version has been built so that the (1,0)
and (2,0) overlays are completely compatible with
LCM usage and require no modification in the conver-
sion.

Recall that the SCM buffer AASC becomes separat-
ed from the SCM common block KSC. A dimension of
only 581410

columns) will allow any T<100.

words (=3 rows * 1% words per cell * 102
Considering the re-
duction from the present 26 676 words, and also the
great capacity of LCM (on the order of 400Klo words
are available), it becomes evident that very large
problems can be run with the LCM version of KACHINA.
Further, the goal of freeing a considerable amount of
SCM space is achieved.

E. Marker Particles

Marker particles are a purely optional feature
in KACHINA, as they do not influence the flow, but

are simply carried along with it. Microfilm plots of

P B D R R

particle coordinates are often a very useful form of
visual output, as they not only distinguish readily
the regions occupied by the various components, but
also indicate relative proportions of the interpene-
trating components within each region. Marker par-
ticle plots also aid in the location of shock fronts,
rarefaction waves, and regions that have become in-
compressible. These benefits become especially
evident when motion pictures are generated by draw-
ing a plot each calculation cycle. For these
reasons, marker particles are a valuable part of
most KACHINA studies.

Although the markers are moved by fluid veloci-
ties in the usual fashion, which will be described
at the end of this sercion, the concept of our mul-
tifield KACHINA model introduces some novel aspects
of marker creation.

First, it is appropriate io have a separate set

of particles for each field component. This is
necessary to allow accurate particle movement in our
interpenetrating fluid model and to provide the
proper visual distinction between the fields and
their components. Each particle is tagged to indi-
cate the component with which it is associated.
This tag not only specifies whether the particle is
to be moved according to u, and v, velocities or uy
and vd velocities, but also indicates the plotting
symbol chosen to identify the component.

The second novel aspect is the initial particle
distribution. In the typical fluid-dynamics compu-
ter code, the density and spacing of particles is
determined by specifying the total number of parti-
cles per cell in each direction, but in KACHINA we
specify the total number of particles per unit urea,
called NPUA, expressed in cell units. In combina-
tion with the initial void fraction and the densi-
ties in each particular area, NPUA is subdivided intcec
appropriate parts to determine the effective nuuber
of particles per unit area (PNEFF) for each type of
particle. Therefore, a region with a large void
fraction will contain a higher ratio of vapor parti-
cles to droplet particles than will s region with a
smaller void fraction. The larger © is, the smaller
the number of droplet particles dispersed over the
region, and at the limit @ =1, no droplet particles
at all will be generated. The situation reverses as
6-+0, and at © =0, no vapor particles are generated.
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The demsitios play a sisdiar rode in Lho indtial
particle distribution, allewing ¥Yor tie dialinciieg
between the computents theosoelves by conteelling the
number of particles of cach compenetl generatss.
Thus, the particles sirror the progoviions of the
componunts, a useful and desdrable featinre.

Partisle gencratioa over sooe fisdd region Cales
place in KACHINA ascerding to the followiog smethed.
Ke assume o rectangwlar reglon of the soesh, eohouss
passing rome loteger sushoer of collz, where Lhs guws-
ber of ecells kn the radial divecednn is doenatod by
w, and that kn the axial difcction by b, Alge speci-
fied for chis reglon are XPUA and the inisial values

- L] L]
AR TUIY
of two twypes of droplet particles, bul enly ote ef

and v, as we presenily allow the cyeation
vapor.  Ia this case, three passes rather than four
will be made to generate the particles for the regbon,
one pass for each particle Type. The majer stops teo-
peated for cach of these three passes are as folliows,

(1) PXEFF {s cajculated, and iz given by one of
the following cquations, depending on which of the
three passes is being performed.

(a) For droplet component nusber 1,

MR o { NPL L L - i
PNEFF ‘“P““3(”a1/“d) (1-5)

(b) For droplet componeat nunber 2,
TR o (uPl Y Wt P I
PNEFF = (XPUA) {1 (,dll.d)](l 1) 3

(c) For the wvapor, PXREFF = (NPUA) D,

(2) A uniform matrix of particles is to be lajé
down over the region, the toral number to be piven by
the product of XNP particles im the r dirvection times

YNP particles in the z direction.

XNP
YNP

nt
-le

and
(XNP) (YNP) = wh (PNEFF) .

These equations are combined and solved for XNP and

then YNP:

1.
w (PNEFF)* ,

Z

YNP

(XNP) h/w ,
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cloneni Lo e Bofium ledf curtte?y {c) wf Lhe fev-

tangular yepion are given by

(%) This inforaation iz next fed info a dusble
0 loop with limits given by SHP and YEP, This leop
genvrates and stores the array of particles aand ap-
pends to cach x coordlaate some identifviag tay, de-
pending on the number of the pass.

If desired, the variable "@FFSET” oay be changed
from its usual 0.0 te 1.0 to uniformly displace the
entire particle matrix to the upper right by a dis-
tance xslé and ys/&. For the use of OFFSET, refer
te the description of a "part card" in Sec. II.F,

A set of three such passes is performed for
ecach discrete fluid region in the mesh, cach pass
contributing some number of particles, which are ac-
cumulated into the total collection.

An example of the above scheme, with actual
numbers and complete with drawings and chart, is
glven on the page labeled 4 in the Flow Diagram in
Appendix A, wherc the complete rlow for Marker Par-

ticle Generation also appears in detail.
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in the formul.
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without ever caloulating the quadrant of The el in

which the particle & Hes. $Similariy, v, i3 calou-

#

lated using IR aad Jbh:

vy S ALBV(IR, ID) + Alﬁt’(IEHI. AD)

+ 4\]9‘\'(121. Ji-1) + .-'\;,."1"(“{**1. -1y .

The Flow Diapram and FORTRAN listing in Appuadizes
A and B show low the partial areas Al through Aa and
the single subsceript cvquivalents to IR, JR, WD, and
JD are obtained quickly without ever testing the
parcticle's position. Alter ty and Y have boen de-
termined, the particles are moved accordiung to

har bees faw

clea at aw infia
woudd logica

W WY Do

deent mpged.
vi arw 24vficles wnuid Be peqeraled each cyele and
sfoered wn the index BPN whete 1T wan lefi afler the

gatiinle movenevnt. foe Baf. 11 for detalls o

lor rreation of particies 31 3 typicsl iaflew bounmd-

apeciiic

fovmats can provide all The parameters reguired to
sl up o RACHIRA valeuwlation.  The sumbor of cards
wities depending upun the vomplerity of the mesh

e bry.  However, the follesing cards must always

Pt
Card No. B3 IBAR, JBAR, DR, DZ, A0, BO, RMU, uev,

Chgt, RPAR {(Format 214, 8F8.1}, wherce:
!ﬂAHf=T, the nuuber of real (interlor) cones in
the vadial direcnion.
JEAR = I, the nupber of real (interiot) zenes in
the axial direction.
DRl e &r, the cell size in the radial direction.

D7 e Sz, the cell size in the axial directien.
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Fig. 11. Area velocity weighting scheme for u, and v, , with
particle k shown for each of the four quadrants of
the cell, The reference cell is shaded in each
case. The subscripted u and v velocities are those
of either vapor or droplets, depending upon the
type of particle k.
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AO==0Lo constants denoting proportions of

donor-cell

BO==Bo convective fluxing. See Secs. 1.C.

and I.D.

R¢V0==on, specified vapor density for incom-
pressible flow.

NUV==VV, kinematic viscosity coefficient for
the vapor field.

CDR==CDR. the drag coefficient.

RPAR==tp, the mean linear dimension of a drop-
let.

Card No. 2: NAME (Format 8A10), where columns 2-80
are used for problem identification on prints and
all film frames.
Card No. 3: 1IDCOMP (Format 8A10), r*here columns
2-80 are used to identify material components once
at the beginning of the film and printer output.
(On both these cards, column 1 is treated as a car-
riage control, so it should be left blank. Ifi de-
sired, both cards may be left entirely biank, but
they must always appear in the input deck.)
Card No. 4: ¢MP, ¢MR@#, EPS, G, KV, KD, EPV, EPD, R
(Format 9F8.3), where:

oMP =u$ Phase-2 iteration relaxation para-
meters.
¢MR¢==wp See Sec. I.D for description.

EPS==€1, the convergence criterion for both
iterative solutions in Phase 2. (With
reference to Sec. I.D, only €, appeais in
the input, whereas 82 is specified direct-
ly in the coding.)

G=g, gravity felt by both vapor and drop~
lets, acting only in the axial direction,
which may be + or - to pull up or down,
respectively.

KV==kv Heat conduction coefficients for the

vapor and droplet fields.

KD==kd

EPV==Ev Epsilons for the Phase-l1 nonisotropic
force terms,

EPD==ed for vapor and droplet fields, respec-

tively.
R =R, the exchange function that describes
heat transfer between vapor and droplet

fields.

Card No. 7:

Card No. 5: R@#1, R#2, GAM1, GAM2, BVi, BV2, BDI,

BD2 (Format 8F8.3), where:

ROL =0, | The actual microscopic material
densities of the two droplet
R@2 = o, components.
GAMl=‘vl The ratio of specific heats for the
two vapor components,
GAM2 = YZ appearing in Phase-1 A equation and
pressure calculation.
BVl= bv 1
BV2 =bv2 Specific heat constants for vapor
and droplec components,
BD1 = bdl appearing in Phase~l Aand T equa-
tions.
BD2 =b a2

Card No. 6: JRICGID, IB@T, THIN, ROVIN1, R@VIN2,
SIEVIN, VVIN, IT@P (Format 214, 5F8.3, I4), where:
JRIGID = the integral number of cells up the
right boundary that dre to be treated as
rigid free-slip. Any cells above JRIGID
are treated as continuative outflow.
O<JRIGID<JBAR. See Sec. I.E.
IBOT = Boundary condition for the (entire) bot-
tom boundary, =0 for rigid free-slip, =1
for continuative outflow, =2 for speci-

fied inflow, where:

THIN==Bin 3\ Parameters for specified inflow
along bottom boundary when
ROVINL = (pvl)in IB#T = 2; ein’ (pvl)in’ (pv2)in'

and (I ). refer to the
v'in

ROVIN2 = (pvz)in Pcenter of the outside cell, and

(vv)in is defined on the

SIEVIN= (I ). boundary. See Sec. I.E.
v’in

VVIN = (vv)in J
ITPP Boundary condition for the (entire) top
boundary, 0= rigid free-slip, 1= continu-
ative outflow.
T, DT, T20MD, TLIMD, TWFIN, LPR, ISPR,
(COLPUR(N), N=1, 3) (Format SF8.3, 21%, 3F4.1), where:
T==t°, the problem starting time, usually
zero.
DT=6t°, the initial 6t. Except in movie
runs, 8t is chosen automatically after
cycle 10, according to the comndition

st=0.1 min(dr/umax, Gz/vmax), where
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U @ Fas (i u. iy i gl ) and
Voax =max (1w, 1, bv 1), An which all
veloeities over the mesh are considered,

T0MD = 1.0 te force tape dunps overy 20 nin of
centTal prucessor (CP) time for vestari-
ing, ot = 0.0 to bypass this eption.

TLIMD = 1.0 to force a tape dump and RETURN ro the
(0,0) overlay just bfore the CP time limit
specified on the JOB card is reached;
>1.0to force tape dump and RETURN ipse-
diately after eyele 0 output; = 0.0 to Tun
out to a full time limit with e tape dump.

TUFIN = probiem finish time. When this cime
(t @ TWFIN) is reached, coatrol rcturns to
the (0,0) overlay. (Upon RETURN to (0,0)
for either the TLIMD or TWFIN condition,
the (0,0) main program KACHINA searches
the input queue for further tasks.)

LPR ="Long Print" Control, where:

0 =movie option, 1l =cell-data listing on

microfilm ouly, 2= cell-data listing on

both film and printer, 3=cell-data list-

ing on printer only. These options are
described more fully in Sec. II.G.

ISPR = "Short Print" Control, where:

the four-line listing of summations of
mass, momentum, and energy 1s provided
each cycle if ISPR=2, or only on those
cycies that have the "long print" of cell
data if ISPR=1,

COLOUR(N),N = 1,3 These parameters are effective only
for color microfilm processing, and are
intendad for movies of particles, where
COLOUR(.) refers to droplet component
No. 1, COL@UR(2) refers to droplet com-
ponent No. 2, and COLOUR(3) refers to

Seven basic color choices are

0.0=white, 1.0=red, 1.6=

yellow, 2.0=green, 2,6 =cyan, 3.0=

vapor.,

available:

blue, and 3.6 =magenta,
Card No. 8: (DT@(N), N=1, 10) is used in conjunction
with
Card No. 9: (DT@C(N), N=1, 10) (both are Format
10F8.3), where DTGn specifies the problem time out-
put interval for both plots and prints. DT(BCn speci-
fies the time at which the change to DT¢n+l. As an
example, assume that t is in seconds, and that output

is wanted every 1/4 s for the first second, then
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cvery 2sup to B sof problen tise, thea cevery 1/8 s
up o t =10, then cvre infrequently agaln, with out-
put only every l0suntil ¢ =200, Ope would use

o1d (1-10) = 0.25, 2.0, 0.125, :0.0 ,

DEdC (1-10) = 1,0, 8.0, 10.4, 200.0 .
To keep the output time interval fixed throughout a
rim, specify DTO(1) = (dnterval) ond DIUC(1) 2 THFIN,
When as output time is being approached, the avto-
matic dt rouiine (see DT on Card No. 7) will cheose
a special &t for one cycle se that the output occurs
at the precise time desired.

The above nine cards periain to all KACHINA
setups., They have defined a mesh snd provided the
parameters for irs use. What remains to be defined
is the contents of this mesh -- fiuid regions to fill
it in, and associated marker particles if desired.
One "part card” is used to definc each fluid region
and any associated particles. Because the number of
fluid regions can vary with problem geometry, the
number of part cards also varies accordingly. The
present definition of a "part” is limited to a cy-
lindrical annulus, encompassing some rectangular
region of cells, and constrained to follow cell
boundaries. As shown in Fig. 12, four dimensions
are adequate to define each part. A part card con-
tains the following information:

NB, NR, NT, NL, RODPRI1, RGDPRI2, ROV1, ROV2,
SIEVI, SIEDI, NPUA (Format 414, 6F8.3, I4), where:

NB | are four dimensions (see Fig. 12),

¥R | specified in integer numbers of cells to

NT { emphasize that the part is constrained

NL | to follow cell boundaries. Thus, NL and
NB specify how many cells in from the

left and up from the bottom to locate

NR >
%
%NT
- NL 4
[
NB
Fig. 12. Part shape available for fluid regions in

KACHINA, defined by the integral number of
cells over and up to the two corners.



the lower left corner of the region, and
NR and NT similarly locate the upper right
corner, As an example, if a single region
i{s to cover the entire mesh, set NL=NB =0,
NR=T, and NT=J,

RUDPRIL = (‘hl)i Initial values of the variables

RODPRI2 = (pdz)1 necessary to completely specify
RGV1 S all cells in the fluid region, as
R@v2 = 0, described in Sec. I.B. (All
SIEVI = (lv)1 velocities are lnitially set to
SIEDI = (Id)1 zere.)

NPUA = number of particles per unit area, as de-~

scribed in Sec. II.E,
in our test calculations have ranged from
1 to 4,
simply set NPUA=0 for any or all parts.
(Recall also the variable @FFSET appear-

Typical KPUA values

To bypass the particle option,

ing in the particle generator, which may
be used to displace the particle arrays to
the upper right. See Sec. IIL.E.)

The part cards are processed individually, and
the number of fluid regions is unlimited, clear up
to the extreme of one region for each cell, 1If dif-
ferent parts refer to the same zone or zones, the
latest information will override any earlier speci-
fications for the cells, but any particles that have
been created will be retained, suggesting one possi-
ble use for the @FFSET parameter.

The set of part cards terminates with the final
card having NR=0 and the rest of the card unused.
Therefore, at least two part cards must appear in a
KACHINA input deck.

This completes the discussion of the input data
cards. We see that an input deck must consist of at
least 11 cards, but the maximum number is unlimited.
The final card normally placed at the end of the in-
put deck is in reality the first card for the next
problem. The first quantity on Card No. 1 is IBAR,
and it determines the action to be taken by KACHINA.
If IBAR>0, it is valid for use as I, and the setup
is called. The value IBAR =0 indicates a tape re~
start, and IBAR<O indicates that the end of datahas
been reached. Thus, a negative IBAR c rd is the ap-
propriate way to terminate a deck, and hence, the
job.

G. Output — Plots, Prints, and Motion Pictures

The KACHINA output is in the usual two forms,

visual information on 35-mm microfilm or 16-mm

mot fon-picture film and printed information on
microfilm or fanfold paper. Both forms are provided
automatically in cycles 0 and 1, and thereafter at
intervals specified by DT@ and DT@C in the input
data. The microfilm plots are generally the most
immediately useful output, and they are made on the
I1I FR-80 or the S-C 4020 computer output microfilm
devices. As many as 16 plots are provided in the
basic package, four particle plots, velocity vector
plots of both fields, and contour plots of @, p;l,
Q&l’ a;. pé, I,» 1;s P, K, and E.

The particle plots are made by plotting the x
and y coordinates of all particles, and they are
provided automatically when particles are used. Of
the four different particle plots, the first is a
composite plot of all particles in which a different
plotting symbol or color is used for each type of
particle. This is followed by a set of three indi-
vidual particle plots, for each of which KACHINA
sorts through the particles and plots only those
tagged to correspond to the currently specified type.

Whereas particle plots are useful in following
the motions of the compor.,nts of each field, they
cannot convey ccmplete information on the flow de-
talils. Velocity vecter plots are useful because they
show at a glance both the direction of flow and the
relative magnitude of the velocities. They are pro-
vided separately for both the vapor and droplet
fields. Vectors are plotted as if originating at
each cell center, denoted by a "+," and their length
and direction are proportional to the velocity com-
ponents. If (xl, yl)are the coordinates of the
center of cell (i,j), the coordinates of the vector

end points (xz, yz) are given by

i 3
uy +oun
X = xl +<L2_.£_3> DRQU ,

2
and
Vi-ﬂn‘; + VJ:_%
y, = vyt ————— ) orov ,

where u and v refer either to (uy and vv) or (ud and

vd), and DRPU is a scaling coefficient defined as
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DROU = 0.9 6r (VEL _ ) .
max

This coefficient is recalculated for each individual
velocity-vector plot, and it scales the length of a
vector drawn for the largest ful or | vl velocity in
the system at that instant, \'ELmax, to be 9/10ths of
the radial cell dimension ér. This method ensures
that the vectors are always of reasonable length, re-

The plot is omitted

gardless of velocity magnitudes.
—10\
I

if there are no significant velocities (VELmax< 10
in a particular field.

Contour plots are drawn for any cell-centered
quantity stored in CQ, and they are composed of con-
nected vector segments joining points of equal value,
just as the iines on 2@ contour map Join points of
equal elevation. At present, the plots are all lin-
ear in contour increment.

In addition to the various plots described
above, three different types of numerical listed
data are provided.

The "long print" is a complete numerical list=-
ing of the principal field variables over the entire
mesh. Two lines containing the i and j and 16 field

quantities are given for each cell. They appear as

follows. On the first line:

g : . ; .
1, 3,00, (. GO L i) )],

o3 ine: EJ 3 i+
Dis pj - On the second line: Ej, (ud)i+%’ (vd)i .

Gl 3], 1, Al K.

The "short print" is a four-line listing of
sums over the mesh of mass(M), momentum (MPM) in the
r and z directions, internal energy (1E), kinetic
energy (KE), and total energy (E).
first specifying the current problem time and cycle

In addition *o

number, the 4 lines provide 20 summations in the

following order.

6 Z(MwMt)v+d T(voM ) E(Monz)d Z(M@Mz)v+d,
M), I(,), £IE, LIE, EIE , 4
z), (M), EKE, IKE, ZKE_, o>
I 2My, 2R 28y LWL

This short print is provided every cycle if the
input variable ISPR=2, or only on those cycles that

have a long print if ISPR=1. LPR, another variable
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in the input data, has primary control of the des-

tination of both the long and shurt prints, where:

LPR=1 gives prints on microfilm only,

LPR=2 gives prints on microfiim and fanfold
paper,

LPR=3 gives prints on fanfold paper only.

If LPR=0, bcth long and short prints are omitted,
and no alphanumeric writing cf any kind appears on
microfilm. LPR=0 is internded for motion picture
use, and the only microfilm output is the first
(complete) particle plot. For movies, KACHINA by-
passes the automatic 3t that normally would begin
after cycle 10, and the user must be sure to choose
an input 6t that is at least as small as the minimum
8t required at any time during the course of the
problem, usually determined by A preceding rum with
normal output, and also to set DT@= St and DT@C >
TWFIN.
specified by COLOUR(N), N=1, 3in the input data,
The code is easily al-

For color orocessing, the chosen colors are

as cescribed in Sec. IL.F.
tered to provide some plot other than this particle
plot for the movie or to have a frame shared by
sewaral different types of plots.

Finally, a one-line print is provided on fan-
told paper every cycle, regardless of the LPR set-
ting, and also on microfilm if LPR=1 or 2. This

line contains the following nine quantities.

T is the current problem time.

CYC is the current cycle number.

DT is the current 6&t.

cp is the current central processor (CP)

clock time.

GRINDS = 8CP/(1%J), the elapsed CP time for the

cycle just completed, divided by the

total number of cells. The CP time per
cell per cycle is a useful indicator of
the code's computing efficiency.

ITP is the number of iterations requirea for
convergence in the preceding Phase~2
pressure iteration.

CELLS is the number of cells that failed to

converge in the pressure iteration, and

is zero unless the iteration failed to
converge and was cut off at ITERS =100.

ITRG The analogous information from the pre-

CELLS iteration.

Phase~2 3’
ceding Phase~2 pvl



H, Tape Dump and Restart

Tape dumps are staged out as Fileset B in the
control region under influence of the quantities
T20MD and/or TLIMD, as described in Sec. II.F.
variables dumped are the contents of the SCM common

The

KSC and also the LCM block, if cell data have been
transferred to LUM storage, as described in Secs.
I1.C and I1.D and Appeudix C.

A tape restart is performed by staging in the
dump tape as Fileset 7. The input deck consists of
an 1BAR =0 data card, where JBAR = the dump number on
the tape and is used as a check.

L, The Common Block KSC

The following list provides the names, descrip-

tions, and sources of all quantities in the SCM

fundamental importance in communicatior -smong the
various overlays and their subroutines. By design,
it contains all the SCM-based information that must
be maintained from cycle to cycle, as it is the SCM
portion of the tape-dump data.

The scurces in the list are keyed to the follow-
ing symbols.

I = Supplied as part of the standard input data.

The parenthetical symbol that follows I

specifies where this quantity 1s read,

0 = (0,0) Main Program,

L = (0,0) Subroutine L@@P,
S = (1,0) Subroutine SETUP,
H = (2,0) Subroutine HYDR®.

Multiple sources indicate that the quantity is recal-

COMMPN/KSC/ in the (0,0) overlay. This common is of culated.

NAME DESCRIPTION SOURCE
AA Dummy word, always the first word in the CEMMON. -—
AASC Cell storage, appears in this CPMM@N for SCM version ounly. -
AKINFI A_, K for sudden incompressibility. See Sec. I.F. S
AO ao, a constant in the convective fluxing. See Secs. I.C and I.D. 1(0)
BDT@DR Boétlér. S
BDT@DZ BOSt/Gz. S
BD1 by I(s)
BD2 bdZ' Specific heat constants for the droplet field. I(s)
BINF = 1,0 if bottom boundary has specified inflow; = 0.0 otherwise. S
B@UT = 1.0 if bottom boundary has continuative outflow; = 0.0 otherwise. S
BV1 byq- 1(S)
BV1GM11 (bvl)(Yl-l.). S
BV2 b o I1(S)
BV2CM12 (bVZHYZ—l.) . S
BO BO, a constant in the convective fluxing, used in conjunction with o - 1(0)
CDR CDR’ drag coefficient appearing in the K equation. 1(0)
COLGUR Colors for movie. See Secs. II.F and II.G. 1(S)
cl The h/min/s on the wall clock when the job began. Printed with DI1. 0
DR 8r, the cell size in the radial directionm. 1(0)
DR@2 8r/2. s
DRSQ sr2. s
DT St, the time step, subject to automatic recalculation, I1(S),H
DTY Problem time interval between outputs (plots and prints). 1(5)
DT@C Problem time at which to change to next DI® in the set. I(S)
DT@DR dt/ér. S,H
DT@DZ §t/éz. S,H
DTP2 se/2. S,H
DTP@S 8t possible for the cycle, but 8t used may be reduced to adjust to output time. S,H
DZ 8z, the cell size in the axial direction. 1(0)

T Ty i ftaled e, Tde -t



NAME

Dz@2
Dz5Q
D1
EM10
EM3

EPS
EPV
EP9
EP10
EP20
FIBAR
FIXL
FIXR
FIYB
FIYT
FJBAR

GAM1
GAM2
GDT
GGM11
GGM12
GM11
GM12

IABRT
TALL
IBAR
1DTH
IJ

TIM

1JpP
1Pl
1p2
ISPR
IXL
IXR
IYB
IYT

]

JBAR
JINM
JP1l
JP2
JRIGID
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DESCRIPTION

8z/2.

822,

The month/day/year when the job began. Printed with Cl.
10-10.

1073,

1076,

€qs convergence criterion for both Phase-2 iterations.

€ and €42 appearing in the F (nonisotropic force) terms.
10%,

1010,

1020,

Floating-point equivalent of 1.

Floating-point frame coordinate for left edge of plots.
Floating-point frame coordinate for right edge of plots.
Floating-point frame coordinate for bottom edge of plots.
Floating=-point frame coordinate for top edge of plots.
Floating-point equivalent of J.

g, gravity felt by both vapor and droplets, %.

Yl. Ratio of specific heats for

Yo the components of the vapcr field.

glt.

(le} (le - l') *

(YVZ) (YVZ - l') '

(le -1

(YVZ pED I

Index i. In CPMMPN because of ENTRY SETLJ in L@@P.
Abort indicator, set to 1 if the setup encounters a 6<0.
JP2*NQL, the total amount of cell storage required.

T, the number of interior cells in the r direction.
Index for DT@ and DT@C tables.

Index for cell (i,j), initialized by L@@P.

Index for cell (i,j-1), initialized by L@@P.

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

f?l, index of rightmost column of interior cells.

E#z, index of column of exterior cells on the right.
Short print control, described in Sec. II.G.

Integer frame coordinate for left edge of plots.

Integer frame coordinate for right edge of plots.
Integer frame coordinate for bottom edge of plots.
Integer frame coordinate for top edge of plots.

Index j, in COMM@N because of ENTRY RIR@W irn. L@¢@P.

3, the number of interior cells in the z direction.

Job name identification assigned by the operating system.
J+1, index of the topmost row of interior cells.

3+2, index of row of exterior cells along the top.

Number of rigid cells up the right boundary; continuative above this point.

SOURCE

v O »w O wm w

I1(8)
1(S)

(2o I 7 B 7 B 7 T 7 T 7 T )

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

I(S)



NAME DESCRIPTION SOURCE

JT@P = JP1 if top is rigid, = JP2 if top is outflow; controls ¥ jnitialization in Phase 2. S
JX1 1+NQ, first word address (fwa) of col. 2, row j=1 (or 1/3 if LCM), set by L@@P as an S
index.
JX2 J24NQ, fwa of col. 2, row j=2 (or 2/3 if LCM), set by L@@#P as an index. S
JX3 J3+NQ, fwa of col, 2, row j=3 (or 3/3 if LCM), set by L@@P as an index. S
J2 1+NQI, fwa of col. 1 of row j=2/3, used by L@@P, LCM version only. S
J3 J2+NQI, fwa of col, 1 of row j=3/3, used by L@¥P, LCM version only. S
KD kd’ heat conduction coefficient for the droplet field. I(s)

wm

KD@PDRSQ kd/drz.

KD@DZSQ kd/Gzz. s
KV kv, heat conduction coefficient for the vapor field. I(S}
KVPDRSQ kv/arz. $
KV@DZSQ kv/dzz. S
LCM =1 if LCHM is used for cell stcrage, = 0 if SCM is used for cell storage. L
LPR Determines output options on film and printer. I(S)
MUSTPR Number of cells failing to converge in pressure iteration. H
MUSTR@ Number of cells failing to converge in 5;1 iteration. H
NAME Problem identification from columns 2-80 of input card No. 2. 1(S)
NCYC Number of calculation cycles completed. S,H
NLC Number of words to tape dump from LCM cell storage, if used. S
NPT@T Total number of particles in the system at a given instant. S,H
NQ Number of quantities, or storage words, per cell. Q
NQI NQ*IP2, the number of words for one full row of cells. S
NQIZ2 NQI +NQI, the number of words for tw» full rows of cells. S
NQL NQ*(1 - LCM), used as index adjustment if SCM version. 3
NQ2 NQ+NQ, the number of words in two cells, used by L@@P, SCM version. 3
NQ2L NQL +NQL, used as index adjustment if SCM version. S
NsC Number of words in this SCM common, for tape dump. S,H
NUMIT Number of iterations required for Phase-2 pressure convergence.
NUMR® Number of itsrations required for Phase—Z(B;l)convergence.
NUMTD Number of the next tape dump. S,H
NUV Vs kinematic viscosity coefficient for the vapor field I1(0)
NUV3 3*vv, appears in K equation in Phase 1. S
NVAP =1 if pvl=0 and pv2>0, S

= 2 if pvl>0 and pv2=0,

=3 if pvl and pv2>0.
PMBAS - wp6r2622/2(6r24-522), base 9f complgte @MBSPL. S
$MBSPL @MBAS/8t, stored for (-wap)i when Bi'<00. S,H
oMP w_, the Phase-2 pressure iteration relaxation coefficient. I(S)
PMRP w_, the Phase-2 (B;l)iteration relaxation coefficient. 1(s)
R Exchange function for heat transfer between the two fields. I(s)
RC@NT Right boundary table, on index J; = 0.0 where rigid, = 1.0 where outflow. 5
RDR 1/6r. S
RDRSQ 1/6r2. s
RDT 1/8t. S
RDZ 1/8z. S
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NAME

RDZSQ
RI
RIBAR
RIBJB
RIP
RJBAR
ROL
RP2
RAVPIN
ROVPINL
REVO
RPAR
RPCDR
RPC@F
RR1
RRIP
RRIDR
RR@1
RR@2
R2DR
R2IDZ
SIEVIN

SOMO

VVIN
XCONY
XL

Xp

XR

YB
YCONV
Ye

YT

77
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DESCRIPTION

1/522.
Table of r_ 's, of length IP2.
l —_—
Reciprocal of I.
Reciprocal of (E*j), used in control region grind calculation.
Table of ri+%’i’ of length IP2.
Reciprocal of J.
Py microscopic material density of droplet component 1.

P,, microscopic material density of droplet component 2.

(p;)j=1, for specified inflow bottom boundary, = THIN*(R@VIN1 + ROVIN2).

(0;1)j=1' for specified inflow bottom boundary, = THIN*R@VINL.

ot specified vapor density for incompressible flow.
r , the mean linear dimension of a droplet.

rpCDR' = RPAR*CDR, appears in K equation.

3/2rp2 = L.5/RPAR¥*2, appears in K equation.

Table of l/ri's, of length IP2.

Table of l/ri+%'5, of length IP2.

Table of 1/(ri6r)’s, of length IP2,

1/91,

1/»2.

1/(28r).

1/(28z).

(Iv)'=1’ for specified infiow on bottom boundary.

Mg in Mach No. ratio in Phase-1 p initialization, usually = (0.5)2.
t, the problem time.

“j=l' for specified inflow on bottom boundary.

9, the critical value for sudden incompressibility, usually = 0.02.
= 1.0 to force a tape dump and RETURN before time limit.

= 0,0 if top boundary is rigid, or = 1.0 if top is outflow.

The next problem output time for plots/prints.

Time-When-To-Finish: calculation completed when t = TWFIN.

= 1.0 to force tape dumps every 20 min of CP time.

Table of Vi's, of length IP2, where Vi =2ﬂridrdz.

Table of Vi+%'s, of length IP2, where Vi+% = 2nri+%6r6z.

(v.). the specified velocity at inflow bortom bouadary.

=1
Pthiiig factor, converts x's from problem units to 4020 units.
= 0.0, the left edge of the mesk, for plots.

Storage block for x coordinates of marker particles.

= I*ér, the right cdge of the mesh, for plots.

= 0.0, the bottom edge of the mesh, for plots.

Plotting factor, converts y's from problem units to 4020 units.
Storage block for y coordinates of marker particles.

= J*5z, the top edge of the mesh, for plots.

pummy word, always the final word in the C@MM@N.

SOURCE



J. Microfilm Plots — Scaling and Subroutine CALLs

The microfilm plots discussed in Sec. II.G are
generally the most useful form of output from our
fluid dynamics codes, as they often can quickly con-
vey information about a flow process that would be
less readily grasped by examining numerical listings
alone,

Our original Computer Output Microfilm (C@M)
device is the S~C 4020, which has a matrix of 1024
by 1024 raster points on the CRT face, as is shown
in Fig. 13. Usefulness o the 4020 has been in-
creased by addition of a set of three color filters
between the tube face and the camera, individually
movable under control commands. The III FR-80 C@M
device has a resolvable matrix of 10K by 10K points
which allows more accurate plotting, and it is also
a programmable computer in its own right. For our
relatively simple plots, whatever C@M is assigned to
our offline film output is treated as a 4020, the
FR-80 becoming a 4020 simulator when used in this
manner. Therefore, the following description of cur
plot scaling is based on the 020 film frame of Fig.
13.

Note from Fig. 13 that the origin of the x-y
coordinate system lies at the upper left cormer of
the frame and the values of the two integer indices
increase to the right and down. This coordinate

system obviously does not match that of the fluid

(0,0) ———= (1023,0)
(0,1023) (1023,1023)
Fig. 13. The 4020 grid is a reflection of the first

quadrant, and contains a matrix of 1024 by
1024 raster points, with the origin loca-
ted at the upper left corner. x Increases
to the right, and y increases downward.

dynamics computing meshk shown in Figs. 1 and 8,
where the origin is at the lower left corpmer. A
conversion from physical mesh position to a corre-
sponding 4020 frame position is required for all
plotting. In KACHINA, the left, bottom, right, and
top edges of the physical uesh are specified by:

XL = YB = 0.0 ,
XR = 16t ,
YT = Joz ,

and their counterparts in 4020 coordinates are given
by the integers IXL, IYB, IXR, and IYT, calculated
in accordance with the following considerations.
First, we reserve areas across the top and bottom of
the frame for plot identification, problem time,
cycle number, and so forth. These are indicated by
the shaded areas in Fig. 14. (The technique for
generating alphanumeric information in these regions
is discussed below.) The unshaded area that remains
is 1024 points wide by 900 points high, although we
consider the available width to the 1022 points, to
ensure frame separation. Second, within this rec-
tangular region, we maximize the size of the plot
that is drawn, while maintaining its true physical
proportion of height to width. Thus, if the physical
area encompassed by the computing mesh is higher than
it is wide, XR<YT, the resulting plot occupies the
region exemplified by the fine shading in Fig. 15.

The coordinates in this case are given by:

0

'6 LLL 7 Ll

Wi

The area in the center, available for plot-
ting, encompasses 1024 by 900 raster points.
The shaded areas are reserved for labeling,
allowing two lines at the top and six at
the bottom.

Fig. 14,
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fe— 511 ——
s
R

P77 TYTIE>
@“
I>ji%§§§i§i§§jjijji;:(

The plotting area when the computing mesh
is higher than it is wide, XR<YT.

Fig. 15.

FINL = 511. - 450, (—J‘l—) ,

YT -8B
xR
F =
FIXR ﬂ1'+4”'(w-ys)’
FIYS = 916. ,
FIYT = 1l6.

Conversely, if the computing area is wider than it is
high, XR>YT, the plot occupies the region exemplified
by the fine shading in Fig. 16. Here the coordinates

are given by:

FIXL = 0., ,

FIXR = 1022. ,

'6 TSI OIIIIIIINEIIII TN IRNIINIIIINID,

v

1022

I£r1' \§§
1xn_=9\ I\<R=|022
\\m:gie _

/W)

The plotting area when the computing mesh
is wider than it is high, XR>YT.

Fig. 16.
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FIYB = 916. ,

FIYT = 916. - 1022. (Xliilﬁ) .

In either case, the equivalent integers IXL, IXR,
IYB, and IYT are then simply set directly from FIXL,
FIXR, FIYB, and FIYT. The "4020 Setup” in SETUP
calculates these eight quantities, and then calcu~
lates the two conversion factors that will be re-
quired for translating physical mesh coordinates to
4020 frame coordinates. These are given by the

ratios

XCPNV = (FIXR - FIXL)/(XR - XL) ,
and

YCPNV = (FIYT - FIYB)/(YT - YB) .

A physical mesh coordinate is multiplied by the ap-
propriate factor to convert it, and this product is
then added to FIXL or FIYB and the sum is converted
to an integer to locate the position on the 4020
frame of Fig. 13. A conversion subroutine is avail-
able that would handle this task for us, but it is
more efficient for KACHIA to do it, thus avoiding
recalculation of these two ratios whenever a point

is plotted or a vector segment is drawn.

A set of local software subroutines provided by
the Computer t{ciences and Services Division of the
Los Alamos Scientific Laboratory handles the commu-
nication between the problem program and the C¢M de-
KACHINA
uses a number of these subroutines, which are accessed
by the following FPRTRAN calling sequences.

CALL ADV (nf) advances the film by nf frames.

CALL FRAME (IXL, IXR, 1YB, IYT) draws a rec-

tangular outline of the computing

vices by producing 4020-format commands.

mesh. Two horizontal axes are drawn
through IYT and IYB from IXL to IXR,
and two vertical axes are drawn
through IXL and IXR from IYT to IYB.
CALL PLT (IX, IY, ch) plots the 4020 character
identified by ch at 4020 frame co-
ordinates (IX, IY).
CALL DRV (IX1, IY1l, IX2, IY2) draws a straight
line vector segment connecting the
4020 point (IX1, IY1) with the 4020
point (IX2, IY2).



CALL C@L@R (c) controls the filter selection
for color processing; c is a float-
ing-point variable with a value in
the range 0.0 to 4.0. Single-filter

selections are determined as follows:

c = 0.0 No filter (white),

c = L.6 Yellow filter,

)

2.6 Cyan filter,
3.6 Magenta filter.

c

[

c
The primary colors are obtained by
appropriate filter combinations:

1.0 Red (= yellow + magenta),

c =
¢ = 2.0 Green (= yellow + cyan),
¢ = 3.0 Blue (= cyan + magenta).

Several additional subroutines are available
for writing alphanumeric information on the frame.
Whereas some of these write large characters com-
posed of dot patterns, the basic CRT tube has a set
of small alphanumeric characters that can be gen-
erated in the "typewriter" command mode, and it is
this latter form that is used in KACHINA. In type-
writerr mode, the 4020 frame of Fig. 13 is composed
of 64 lines of 128 characters each. Each character
occrpiess a rectangular region 8 raster points wide
by 16 high.

ed as a carriage control, complectely analogous to

The first character of a line is treat-

line printer use.

CALL LINCNT (£) locates the first column of
line £, where £ ranges from 0 (top
line of the frame) through £ =63
(bottom line of frame), and =64
advances the film to the top of the
next frame. After LINCNT locates

the desired storting line position,
ordinary formatted WRITE statements
generate the actual alphanumeric in-
formation. The FORMAT statements
are identical to those appropriate
for a line printer, provided the
128 character per line restriction
is observed. Line advancement is
automatic, as on a line printer, un-
til either line 63 has been written
on, after which the film is auto-
matically advanced to the top of the
next frame, or another CALL LINCNT
1s issued to specify any desired
line (0-63) of the current frame.

CALL EMPTY ensures that if the film buffer
contains any words, they are writ~-
ten on the 4020 tape. EMPTY gen-

erally appears as the final command

to a sequence of 4020 instructions.

Thus no residual commands are left

in the film buffer, where they would

be susceptible to possible loss in
the event of a hardware or system

failure.

K. Miscellaneous System Subroutine CALLs

KACHINA uses a number of other CALLs to access
various local operating system subroutines not di-
rectly related to microfilm usage. These are,
briefly, as follows.

CALL GETQ (key, q) (Get Quantity) is available
for retrieving a variety of job task
parameters from the operating system.
Here, key is the task parameter
identifier, in left~justified display
code, and q is the name of the pro-
blem program location to which the
value of the quantity is returned.

In KACHINA, we use two task para-
meters: KJBN is the job name, com-

posed of 10 symbols, the first 7

symbols from the job card name field,

followed by a one-digit input station

ID and a two-character job sequence

number. KILM is the time limit

specified on the job card, converted
to CDC 7600 clock cycles, where one
clock cycle = 27.5*10-9 seconds,

CALL DATEl (D1) stores the current date in dis-
play code in the location specified
by D1.
MM/DD/YY, where MM is the month, DD
is the day, and YY is the year.

The form is eight characters,

CALL CL@CK1 (Cl) stores the current time of da~
in display code in the location
specified by Cl. The form is eight

characters, HH*MM*SS, where HH is

the hour (00 through 23), MM is the
numper of minutes, and SS is the

number of seconds.
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CALL SEC@ND (T1) stores the elapsed central
processor time for the job in the
location specified by TI. This
time is expressed as a real number
representing seconds, to the near-
est thousandth of a second.

CALL AFSREL (
used in two ways in KACHINA.

it is called

), or Active Fileset Release, is
First,
upan a tape restart,
to release LCM space the the opera-
ting system has devoted to Fileset
7, as soon as that fileset becomes
inactive. Second, it is also called
to initiate output processing of
active filesets PUT and FILM at each
tape dump, assuming that the dump is
before job completion and is an in-
termediate one.
CALL DATAREL (
stage a restart dump from the disk

), or Data Release, is used to
onto a physical tape. Otherwise,
tape dumps would be accumulated on
disk storage during job execution
and not actually staged to tape un-
til job completion, leaving them
vulnerable to loss in event of
hardware or system failure.

If the descriptions of system subroutines pro-

vided in Secs. II.J and II.K are inadequate, contact

the Los Alamos Scientific Laboratory Computer Sci-

ences and Services Division.
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KacHina

PROGRAM KACHINA — 0,0 OVERLAY:

JOB STARTS MERE

CALL GETR (4LeTes,Iem) <—T8name
CALL DATE! { D)
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Yae =4,
20 _3‘ (ONTROL CONYECTNE FLUNNG .
“vo
Tacez 3 ARE REING 37, P\ FOR INCONPRESSIBLE FLOW.
ey VAPOR KINEMATIC VISCOSITY.
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TABRT =0 - RiseT SETuP ABORT Flae

constars it { NUV
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CALL EMPTY (FLUSH Filin BUFFER)
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L tem =0  GenaD
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KK= (J+1) 4 R&L i+2 s SPECIAL
~=-{D@ 297 K=, NQL ST0RAGE | TO

| BE LOMPATIBLE
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g DONE
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<L ENTRY RPAR u>>

13= NQL s (3-0)
SET
_ SINGLE-
TR SUBSCR(PT
PINDEX
(j PoraN),
ENTRY RPARY e
<L 7> LOVPATIBLE
W/ Lem
17 = NQL#(T-1) VERSIOM




€7

1,0

OVERLAY — The Prosiem SETUP:

PROGRAM Par " SETUP" (fmt.10
KASET :

CALL GETUP =

LLsusroumne SeTuP S §

‘cALL LCMFLG

Resvorf Prainter ) & ‘1
10)

SETS LM Flane
80 F S(Mm
51 W LM

Reap Ineur Data Caccs £ 2 Tuey # 9

427 1.D.0a0D — oiAM: = PRIBUENID] RuT.
Ve BT
Ty — 100340
TIEIES MATZRIALS ASTATIATED wiTu
VAPOR |, VAPOR 2, TRZFLETS L, & TChPLETS 20}
2AENT. 42,3689

b bey Jomaric uznrs

BD1,BD2 =b4, 00, 5

#6e BOUNDARY ConDiteant : (agaa5314.§7%.3,04)
JRIGID = My RG'T 26L5 €0 QT.UR T QUTF LW
1837 BOTTaR: =RISID, (= QUTFLaY, 23 (NFLOW
THIM B Yror (HFLOW ALSHG BOTTAN,
HINLL fiy,q b 567 LBPTe2.
SlevIN L (16 192T=0 o2, Taese
WInN J SH D BT WPIT AS REROD-
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#7 > Comtane:  (FuT. 940, 5F3.3,18 364 1)

T »to

DT *Bto

T20MD  t= 20°CP TaPE pyrmp

TLIMD 1z Twi-LmT TaRt Dump

TWFIN Timee Wuzt - To-Fiil Su

LPR movie L PRINT/WRITE CEnTQOL

ISPR ST PRuTh. 12 W/ L', T3 B o

COLBUR(1-3) 1 coLoR mOVIES, Tuzse ARE

(oLaQs OF PROPLETS #), PROPLETS
#7, AND YAPOR, RESP, ——am
QUTPUT TIME CONTRALS:

#8 « DTP(1~10)
#9= DToC(1-10)

TeaaT . 845, 0F3.3)

#4 . tup =Wy E(ELA’ATI‘:H COEFFICILITS
ONRS =Wy )RR PRISSURE L Pr VRRATAY,
EPS ®BE  ATTERETION CONVEOLTILE
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RGKD =k, by €T cehvuenon weres
EPV(1),EPD 7€y ,€] < NON-1S0TRIPIC (OEFFS.
R =R « o2 SIE EQNS.

#5 ¢ aatepar Contytam™st  (SaT.$39, 63.3)
RALRA2Z 0103  (DRoPieT MATI)
GAMLGAMZ =¥, T, (VAPOR MATS.)
'V, BV2

KT=9 (= QUTPUT PILE)
ASSIGN 10 T4 KeeT

)

WRITE THE 9 CARDS rEAD
THUS FAR enTo FILESET (kT)
(FORMATS $10-900)

(yrXe)

CaLORS:
0.6 — wmTE
1.0 = SED
1.6 — YeLLOW
13— qetN
16— LN
3.0 — BLUE
3.6 —~ MAGENTA

P CAN WRITE Fiue

KT=12 (Fitm FILE)
ASSIGN 120 T@ KRET

NCYC  © NPT@Ta NUMTD=0
EMI0 = LE-IO

EMG =1E~b
EM3 =,E-3
EPY  =1,B49

EPIO =1, E+I0

EP2Q0 =, g+10

MP - =Omp W ew,
AKINFI =By 3 & Aw, Tew

THO  =0,02 <8,
Re@t = (. /g

RR@2 =1./Rp2

1P = IBAR+ 1

1P2 = [BARY2Z

hid) = JBAR4-!

TP2 = TBARY2

NQ2L T N+ NE

NQL = NQ=*1P2

NQL2Z = NQL <+ NQL

NQL = NEe(i-LCM)
NQZL = NQL+NQL

IALL = JPlenNQL

Txt = 14+ NQ

J2° = 1+NQL

T2 = T24NQ

I3 = J2+NQL

Tx3 = TI34NQ

FIBAR = fLoaT (IBAR)
FIBAR = FLBAT (IBAR)
RIBAR = I./FLBAR

RIGAR = {./FTBAR

RIBJB = RIBARARIBAR

NSC = LOCF(22)~LOCF (AA) 41
NLe = wc:[w(nu&wcm.)ﬂ
1DTp = PUT NSy
TOUT = T+ DTE(L) eLtoumTt
DTPRS = DT « 5t POSHIBLE

gQEQ

Gmu = GAM) =1, affy=1)
GamiL = GANL Y G * 9=
BVIGMI] = Bvi # GMIJ = by, (5,-0)
GMIZ = GAMZ -1, =(¥-1)
Gam2 = GAM2 e GMI2 = VW, (V1)
BV2GMIZ = Bvz s aMZ = 5,,(;,-.)
QM0 e (+5)es2
RPCAF =1.5/RPARe4Z = 3/7. et
NUVD - D, & NUV =59,
RPCDR = 15¢RPARACDR at
DR <\./DR e
DPRO2 B .SaDR ‘$1/1
RDE = {. /D2 T8
©202 = .5+0%2 *o2 /2
EDRSE = RDAs ROA z1/ et
RDESQ = @DERDR “/$f’
DR =DpReDe 3 Bt
BN =p2eD2 * 57
OMBAS 2,54 pMPeDRSQETRSR [Fe §, 858~
;[vRSQQDisO] L—’“ Qwespey ¢
R2DR TN \/(un
g2D2 T .5 ¢nn? '/(}h)
KVGDRSQ = kv RPRSQ Gt
gL | KVBDZSD =kvaRDESQ - L, /7y
KDADRSD =kD. RDRSQ - f:/c,*
EDGDESQ =KDeRDESQ - §y /527
Tese wust ge | | 2D S5 943 YA
| RECALCULATET IBDT_?D;.Q —UT*;;‘;\DR NIAT
DT =BNe 2 3441y
AUTCAMATIC §
B AuTen TODZ  =DTeRT2 < Geli2
% ROUTINE sm-apz TBhe DT?D’ : ‘s{ &2
T Ter e G oy
b K tiz2.e c"‘lc‘D Nm-.5e
:—5; % Z - RR1(1)s -2.¢nD¢ INT-}
PR, . INDRTA RR1DR(}e RRL() e RD& [ ))22
c RIP(1) 3 RRIP( ()= 0.
Form r——1=-—028129 1=3,1P2
“ L'l l RL{1) = RI(1-+DR v
] fRL{)= \. /RI{L) s
! RRLDR(L) = RAL(L)4RDR '/ (r:ike)
'.rafl_cs' : RIP(1) s RIP(L-1) + DR Y

V3L{1)=veanel(Dn Vi

ng ) Veur( 1) s vc:»l eqreP(r) Vi

-z RRIF(31e 1, /ALE(L)

L¥seiy

;DONE

-] o= 139 3: 2,772
Fora { (ReenTiDeo, (RrD e g - ,,7
Bonnaer | "
onDARY 3 RaTae1o
Y G c,mn. , Km)

© 5]
(f\n'r mnuc 5__ b l D
Dant RESE T 4 3z
: OUTFLE
Bymren @gﬂ B B'nf-tﬂ‘ e K zf
3:,»'»:(: - 5 — ndailiid ’_i l
2 1
13«12 15 2
euw N RS
PAII IO —arres OLq

Sv 1ﬂ -TMN
Rchln} - *rum'.\cumun'mrz.)

Tor Basoaev: A
1+ Os R0 D
“§|=mn o LIT0F= JPi41TAP

TaF = 170
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1,0 OveriAr - The ProBLEm SETUP- CONTINUED:

4020 SETUP:

~=Frow Peevovs Pace,..,

%R = F1IBAR s DR
YT = FIBAR4DZ
A= ¥YB=0.0
Five = 916.0
¥D= %R /(YT-YB)
Y= 0.0

hatie 2t .
PLOT SI7% D2 113556
oN FRAE WiIDER TRAN Mgl >
FIXL = AMAXI[O,, (51 =350 ¥XD)s Y Y] -Fe
FIXR = (51 +450.¢ XD)e YT+ 1022.0(1.-YY)
FIYT = . Y + (916, ~1022./x3) # (1.-¥)
XCBNV = (FINR = F1X L)/ (xe=XL) Jcomeesion
YCANY = (FIXT-FLYB)/(vT-YB)) Factess
Ll = FIRL
}):"\; = i?‘\("; INTEGER EQUIVALENTS
IVY ® FIvT
NQM) = N~}
CLEAR CALL START
Cert D@ 199 3=h~1";2’7_
7P 189 1=\, 1
STORAGE, KF = 13m— N6,
SCM oR LEM: iz kF + NQM{
r- DY 179 K=KF,KL

}
@JAA&;CKK)'-' o, i
¢

1IM= LIM+ MR,
CALL Lgge
4

199 17M= 1M - NQ2L
CALL DonE

BACK UP INDERIF
Scm VERSION,
BY 2 CES

Ze‘,’s ]smwl- SREV2 = 0. ]——————-)

(sum OF FLUID-REGION Py's WDICATES
WHETRER VAPOR 1 /or VAPOR #2 APPEAR.
THIS DETERMINES SUBSEQUENT Pl TREATHENT,)

200 READ A FLUID-REGION CARD; (Fwt. N10)
v
414,678.3,14 | (NP ) Invecer wos. o !‘K-——c‘- et
e 3 eens, DErinInG pov=
NT  f orecsiTe DUGONAL , P PR
Wi CORNERS ie2 4 - = —
OOCRIY e g, 05,00y, | " Ly K
RIPRIZY 6,4 414,02 FoR ALL L =T 1
ROV LCELly i REGION. ” AN
4 RevL [ (no varouTIES W [ L’ I
€EYUR — LEAVE ALL | - p i N
stevt | U8 BVS A J - < f
T 2680 (€159 L00p)) pir
creps) ¥ R0 (& ) -
(NPUA 0. PARTILLES PR UMIT AQER — REFER TO MERT PAGE. e
EXAMPLE OF A TYPICAL
Cak:o )= G R e
2 3 9 C
> ERTEQIDR VALLGS - te FULID REGIIKS, ST

[PRINT cenTEnTs of ABOVE CARD.] rommat 920

WEITE SAML INFO 04 FiLi.|

ATD fygs Py SROV) = SROVI 4 ROV)
INTS :5:2""6 SRV = SRNT + ROV

K)

Don't ALTER  [[NB2 = NB+2
NBUERTeatlL Viney o wewt
AS THEY AT NT\L © NT+1t
ustD ity
PaETLE Geiceamg| [NEZ # NL#2

Tl = |, — R72DPR1LIa REF\ « RATPRI24RRYD

TH] : 0.0 < (A5 ) NIUT BAD — ASORT W/ NESSAGE .
\ kd
1
eare. Oy, fu, RE/PEII= THL & ROV) T™™IT) = THI 0
o) REVPRL = THI«(RM4EV2) ROvPRI(IT) = ROVPRL | fuy
RITPR1 = RODPRII4 FODPRYY RPVPR (13) = RBVPRI !
REVFRIZ = REVPRY = ROVERL)

- RADPRI{1T) * RADPRIN m
Pule 51.‘”"“\’"1"5‘“(‘"“*RWPR[Z-B\'&!M!L R2DPR (17) = RODPRT “

/ [TH]s(RAVPRLIS BV + ROVPRIZeBV2)) #RAVPRL| | STEVW(IT) = S1EVI |1,

Gty Row |~ E:Lt‘,mg;v':s"'w” S1eD{I3) = 9levl (1,

NRY
T et iy v o0, 20030t | P(13) = PNL +
209 13e IJ+NQ 70 NEKT CELL TN €ow
CALL WIRGW - 5TaRE ROW, IF u“'(“u “taLL LooP"

AEQ'D, AS RIROW WilL GET NELT Rw UP.)

C219 <t CONTINUE WEUT, GENERATG PARTICLES OVER TWS

No "CALL DONE" IF SCI-ANLY REGION
VEESION

8 FLUID-RIGOA CARTD
“QUARED. )



sy

1,0 OverLar — MARKER FARTICLE GENERATION:

"219”
CONTHIUED
NE PARTLES ?"&2‘;‘7
> ™ REeGroN
END = FLBAT(NE)
FRQI:\’NDATA ENR = FLOAT(NR)
ENT = FLOAT(NT)
pretaaen | ERT D oAt
WIDTH = FNR—FNL
HElGRT = FNT- FNE
ENPUA = FLEAT (NPUA) .
REDRAT = REDPRII/RODIRL [+ F"/ b
OEFSET = O, @—0R ) \F » 1, CFESET AS Suowu\
———— - — - = 3 TYeEs OF
r DO 299 NTYPE=Y,3 .
ICAL(ULR‘TE ao T8 ( INTYPE: TARTICLES
EFFECTIVE

—————
1 PARTICLE NO:
-—

3
!
1
i
|
!
!
{
I
|
1
!
{
!
]
[
'
I
!
!
!
!
!
I
{
{
|
|
i
f

Mg

240

NGO PARTICLES OF

P P @30 —+[PNEFF = FNPUA + REDRAT « (1, =1aD)]

2
S (G D~ [PNEFF = FNPUAS(1-RODRAT)£(1,-THI)]

YRR PNEFF = FNPUATHL]
[}

KNP 3 WIDTHaQSQRT{PHEFF)
YNP = HELGHT e XNP/WIDTH
NPK = XNP 4.5 + EMIO }ND OF PARTICLLES W EALM

PRECTION SVER THE REGINN,
NPY = YNP +.5 + EMI0 GOUND UP TO NEAREST mTLGER

€ QEQRT 15 A FaLY ‘Y’—‘

TuIS TYee

{NPX&NPY) 1 O

¥
15rat = WINTH /FLORT (HeR)

KIAT = WMATS! [TYpe )

oVios 442
12.36

45

12

] /a5 <. 71121
KieFNL + (SPACe[.64.25upFFseT] (S8 Toro 5,4 .10
Qrrser Terer
YSPAC = HELG HT/FLaAT (neY) ?lm.\ PED, ' ALY Sha=.1m
Y1z PNB+ YSPACR[ 5. 25epprseT] [ (O rG et L s

48 DROPEY, 1B DINFE 42, 2B VAPIR] Lania,

PARTICLE GENERATOR
DEALS W CELL AREA

B USES NB-R-T-L

AS AN EXAMPLE ,
tONSIDER THE REGItN
ILLUSTRATED.

AREA = 50 CELLS.

P ~1000 PAETICLES
TESIRED N REGION,
TREN SPECIFT NPUA

.
N3

KNCWN Xg= moo,——.,_,

‘-— 45 Pnk'nczfs—-i

104z 5%, y=5xh0 _5_:_)=|°°°
Al

£x*z10000, x* £ 2040
¥z 44727245 y: ir..uu-’l‘l-

=20 (PARTIUEY N Aee) 250 / 4542122 950" pq.-kdu
|-
b
x ( m) 1 ol t MAY WISW Ty [EFSET ONE SET
mu'r y . wipac OF PARTICLES . GENERALLY
FV 0 | eensoacsd THIS 19 UNNETESSARY | Ag
o NG '
y = RLAEIHT t\ PNEFF'S GENERALLY DISFER,
. . i \/ AND SEPACATE PLTS ARE
“w ﬂ“-‘ﬂ‘l-mu-mﬁl 1 WARDE -
WDTH (DFFSET= KSPRC ,vsn:)
1, AREASWITTH ¢ HPUA L . 4
1 HEIGHT -
o vy MIPTHE REGHTy Wi THIHAUA =
y T WIDTRYNPUA
REGlown wNO.
_Tvee of PARTICLES: || 1A 1B 2 3 & n
ﬂm?s .l
o1 (FFm f(.-o)unm ¥ 0 [ 1.4 | 2.4 | o0.04 .
Whx — 0 o (A /5 £+0.99
NPY e — .4 O 0 ! 15,
PROPS #2; {:ID
ZROFS W is 3
PNLRE = (1 i) )u-mvuA 39 (3% | © ° 0
Npx ————-f 20N | 7% o [} 4 @c0.4 [Be0.A | 48001
NPY e e - e &0 0 [} [
Yaroe - @ @
G LIRS Ml Sl BN Le {39
[ R, BV £ 8 5 ———
uer L ) 3 @D
[\ L} 1 16

- .-=lDP 285 JTs| NPY (REnte Pacrrcey covper , Tos 1B =VAPOR #]
r XTE=Rt Tilor PaecicAvee T | P9CVAPRA2
) P Y 7-79 I",pr TDENTIFIER CACCIZD BY K.

1 i WPTPT = WPTET 41 a—NPTET WAS INITIALLY 2ERO.
'l 1 YP(HPTPD) = (XTE.A..N,2B).P. KMAT

Lo P (NeTYT) =T

| | 1

| @) o] K1 RTE+ wPAC |

| i |

'L T =Y1 _+YSPAC Rear hemr

§ DAL 3 kDS of PReTLigS
CONTINUE

200 ) paRT Catp

NN

(a) (»)

(s; 167 DROPS #1 ParTICLES
{(b) 360 DRePS®2 PaeTitigs
() 403 varde Pagtiess
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1,0 QveriLay — Comprerion oF SeTup: @

(BoO>—>] CALL sTRaT

a8 339 3-2,IP!
Do 289 1=2,1°)

30 2 TT-Ne . \ sweson
g = . & R LDCR QUTFLOY He s Q.
— £RET = ) T e sv?cb.nev WFloe, NS LS4 THlr, R3VPTH, ASUPL, STEVIN WIN sar.
: = = OTR{IT) + BINFe ' TuIN ~ThiiI)
235 1= TIM T (18 ' )
KRET = 2 RVPRLI(IN) = R2VPRI(13) + BINF » [RQVPLINI-RAVPR((1T)]
ROVPR (11) = QOVPR(1J) + BINF« [Q2vPIN - Revmzm)]‘
SIEV(IN) = SIEV{(IT) + BINFe [SIEVIM- SIEV(LY))
: EL) M=1geng wWiln) = BINF o WIN
: KRIT =3
: J: UP\‘—W—'»-_A»—*:@)_—aImIJP
KRET= 4

| TH{1n) = TH(IT)
@_" ROVPRI(1N) = RBVPRI(1T)
ROVPR (1N) = RAVPR(IT) . .
S1ev(In) = S1ev(17) i

L] L]

G o . 1.
RIDPRLLIN) » aDeRY(17) 1 \fle&r Ut e, "5 saT 18 seecienn mrmwl
RODPR (IN) = eppr (19

SIED(IN) < SLEP{IT)

L] L] L]
Exverior VA, )55 o8

(sRavi= Gatvl =0 }

G cT vy
ston T 3 saov1on) ® Te( ) ke 8. pv 0003105, 10,10
WUAPSY 1y,
o0l 20 b
(o \TERATION, 5T @} 's 30) pog ] 15
NP 2 e T 320 )
R0 & im0 e 70 ) : 5
(w0 TERATION, 70y g+ Y ) SRAvZ
RVAPE D (B¢ o ]
?'l ] evl >0 * - rmyy
PRINT ¢ (NPTOT) PARTICLES GEMIRATED,
(eeare, sTagt vij o L { J

§ fvi's) = ETURND T (0,0) OVERLAY,

SETUP 15 COMPLETED

>
lwme SAME L\HE ON FiLm a.50.

(400 )-o| PRINT 940, “neeamuz TheTa o nm" 0 {0,0) OvzaLAY,
LABRT = 1 o—FLAG S3TUP ABORT T 0,0 SETUP 15 ABORTED.




StarT or 2,0 Overray — ConTrOL REGION:

. PROGRAM [PRINT “HYDRG" e SR T ‘-
, KACHYDR |CALL HYDRO® ’ N—l '%[‘___age Dump:

X USE THE LPR = o {co s:sv\z)st ¥ NT “TAPE ‘D\)r.-P(Num‘.r'D) AT ] £t 4006
: <<5U5ROUTlNE HY'DFZO>>: e paseiBLE 7= (m, cvene = ner)

NLYC § 10
ot AFTEQ LY. 10

Yés

(p1Pfs DT, W
SETUP)

. HO 9
: P Tue CALL SECBND (TBASE) VELMK (1) £ YELMX (7= EMIO
To-parie T\=TBA§E( ) A_(lﬂ]’o CALL START 7 ALl RO0S oF 'Sy >
CALL GETR (4LKTLM, J1 D@ 149 J=1,7P "‘(F‘-Q“"’-ES JESTING Row
i—f,&;:zﬁr TLIM=§ ! %t : DY 139 12, 1Pt ITM, AS LOOP STARTS ON 312 l\‘»RFE SENE INFE. On F|LMv—I

. Ut veLme(y) = Amaxi [vtw\t(-)iluv(lm\,\uv(xm{]
. i R . ‘_‘:_"L_-: 04 | vELmn {202 Amay [veLmig), [t (1am], e (s3mi] Conten b
-IBA‘: S TAPE RELTEE ’

o WRLTE (8] [AR(NI,Na T, 50T |

; conviat STcc oy ee v C3a>- 13n= 13n+ N Lem Lem et o OO RTINTS)
Te0o Lotk |7y sTLIr e 20560 - 40, ChLL LaGP ' i i
CP SEIONTS 4 (1L=-TLIeT s EPO DTPHS = 0, (e AmIN: [DR/\;Lf,‘\':‘),;g/ngm@]J Disk~+TaPt  |CALL DATAREL (S| FSETAE)
OFTIONAL CHEMICAL OR Fiued fues E‘Rtt :F‘ES'SEELL (2LOUT)
| MUCLEAR EHERGY eaLL wERE, NURTD = NUMT%L:;LM)
Smaer Naw | RETURL % W/ "ZT ARRRY,

7 e g MLNTZENE (2uS. SEETI00 | aepece B4 <8 AT
NERT OUTFLT
100 TeLD=TZ TRE, 1F KILESSARY Q 3
CALL SECBND (T2 - = T o Tape Eestart:
AL, — . - = + -» T
GEE;?/Z et EXK— (12-TOLDISRIBTS Q-Dg =1,/DT N
= gePiderncy DIP2 = .5aDT =%th .—o@ REWIND 7
" = DTPDR <« DT« RDR =ht/or JTD = IBAR
PRINT (Rw/FITE, F LPR > 0) BDTODR = BO«DTEDR =%t /5r INSC=L8CF(22)~LOCE (AR}
TN, DT, T2 X R0 TT, 00 T0R NawRE muSTRE DTPDR = DT« RT? bt {2 READ (7) [Aa(N},Ne1, INSC)
Vb Ny BDTODZ = Boa DIgDE - petlbe
a % G i ta XA LY XA aDY . QDT " qbt To PHASE 1
o ?;"i; 2% BT wr 3% EMBLTL = a
5 ES % % 3 LYY ] FABAS S EDT v p 8:0, @
CALL EMPTY - ’ga‘* )
ATSIEN 120 TO KE ST wser cetonnt g

@Qltrg'! KEER TRACK BF YARABLL OvTPUT Tie:

: . 2 T = CenPyTe LEXT Y -
IS?QE’E“ (Toewi0) i TT 2RI 210 ’-’rTQ’UT= TCUT+DTE(IDTE) Iach_u'ﬁé CAL. ATSCEL (GLFSETT)

£, HE OUTPLT THIS €Y, #‘J.‘ - NUMTD 4 4 0
: - Litv=Toire2].5E-9 —40.
( weve 1y I (T+21'0) 3 DTRL{IDTH) + 1. -TURD)  EPIO
N seveseT % @0 7o nex SET PRINT PisTae1; i PRy TAPE TLve NO. (37|t 4010

I rr—— pa L AL N 420
Sueet Per 2 TEUT= DI (IDTR)HTTA( LTS 44) TRINT: MAVE, T, MOXC '
Every Cveie ? yes__.. 1077 = 1T TE+1 .,
_________ 'rn et "R‘N;TS “PR:IO u: wEITTG
————— A FeRA AT AT~ — = ’ > Y (onmkve

19 - (2 T2 . FRom
AutamATiC L R CSTARL Y f LINES AS FEY D awe T Ty
20108 DUP?  \_T2OMDPEM (@0 '5y ) — e

EMIO (252 o weer DUMPR CONTINGE

/
havree e sone

7 (ZBO —=|PRINT & WRITE ON Fim: Fert.

AUTOMATIC f .

e Q3D @ A??&::?O DUMPL END TWR'EG TAPE — WRoNG DURPT | 403
DumP ? e R F - = Chit RFSFEL (6. F85TT) RELEASE

FIESET

FIN S

ConMitiuk THE PROBLEM

0
> D
70 {0,0) CLRLAY FOR FLRTHER TASKS OR J0B END.

END TUE PRIGLEM
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FARTICLE

FLors

> VELociTy VEcToR FlLoTs:

Go)————o(R5177:0 )2

T O PARTICLES (N S75Tim

E’artiC(‘.’.S: fNFe=9 .-.é:\v_o MovE FRANES |
2.

/v@

It 71 of

Co«;fos‘zte

cALL ADV(Y @— ADVANCE SRAL

CALL C@LAR‘A) &= RETLT TOWWITE

CALL FRAME GxL, IR, IvT,IYB) T
t

e L
yd

CALL LIHCET(59)
WRLTE "ORUTICLES-— afpRz e, ey

FUEL DRLFS= 4, [RANDRCPS= T Aokp
WRITZ @ INM, DL, NBAE, T, Mee 4058

1
=08 219 NP=1, NPTRT
Tt = FIxLt [P DR- KL ] weamy
IYi® FLYB+{YPNP D2 -YE]e YR 1Y
L= Ixeltp) AL 3B) 41

1
i
1
i

i
@I ofCAL PUT (W0, 1 TcuRs (1)) )

D 329 We=1, NETRT
L= xP(NP) LA, 3B

L KmAT

It f 1L+ [Xrinplape~xi Jexcany
I¥t= fIyp £ [10Ch 02 —v5 e vegny
CALL PLT {IX4, 1Yy, [CHAR)

)

S| CONTINUE 1

349 CPNTINUE

-==FLAT(}) Do
NFR = NERL 4| a.cr.omrvig (Ravcs

L__.‘.'LS___

DATA [CHARS

fe3 16,42/
PLoT LvoNe o+ e
|
; 320 D3 349 NTYPE=1,3
LT KMAT = KMATS (NTYpe) DATA KMATS
Movie (iec=0) | 1ckar = 1cuARS (NTvoE) /0B,18,2,38/
22 catL coLsr (CaLpur(ng voey]
3 Separate
Plots
(LPR>0)
CaLL ADV{Y) LATA 1DPP
SaLL FRAME (IXL,IXR,IYT, 11 B) /1% n{e*Fe pRgmETSY),
CALL LINCHT (54) 16H (67UD DRIPIETSS),
WRITE [ll,:DPP(\,N'\'YFE)] 161 (34 YAPOR s)/
WRITE : Tnm: D101, NAME,T, NCTC. )

1E MOVIE, DRAW

& CY.0 CONFIGURATION
{(MerL+ LPE =Q) AN2 NERZ IOD" 100 TIMSS,
T

@ VELRKE()= VELMX(Y= 0.0
CALL START

TQ 419 J=2,3p1
V_sg_gy D 409 1=2,1P!

VEchp:

IPIOTS s

<—DIMENSLEN
VELwY (2)

1L aasa[veud, oo, twaal]
e Ly AMAXI[‘QC_LN\('L),,‘U'DU]‘)L‘UD(;I)H

& IJ=I+ NQ

CALL LO@P

VELMX[NTYPE): Emio
¥

DREUT DREZ/VELIx (NTTPE)
L= NTYPE — |

CALL ADV (1)

CALL FRAME(IXL,IXR,1YT I1YB)
CALL LINCNT(5])

werTe 12, owy (1, nTree)]

WRITE: VELMX (NTYPE)  Fwt. 4060
VOSTE L TN DO NamE, 00 Soy

CaLy STaART
DI 439 J=2,TF)
T [FLEAT(T) 1. 6] e DR

1YY wFIYB{(-TB)e YIHY
DY 429 1=2,1P

Xie RL(1)

X2 K+ LU0 gt Y +uv (1) ey

Y220 N ITA 4 L) 1w foompy

Ixt wELSL+ (X1 -XUYexepy

IXZ = FIXL(R2~%L)exCHRY
I¥Y2 o FIYB+(Y2-YB) e YA
CALLPRV(IX], IYE,I%2,1Y2)
CELL PLT(IX,IY1,16) «dt_rmuG"
'I_JW’IJM‘(-NQ wiha vy

. NS ¥
/A?.‘?\—e-i IJ=IJ+N9 I

)

(o) G Trio )2

TO VAPOR-VELOCITY PLOT 13¢,
THIN DROPLET-VELOUITY PLOT.

- 0.9+D0
DRy = 0-5(———‘,““ )’
wuere 09 Br 15 SLIGwTLY LERS
THAN A TYPICAL CELL DIMENSION,
a3 N vsQUL, & TuE 0.5 coere,
15 FOR VELOCITY~AVERAGHG M
Lk Y2, BEWOW.

4

DATA ww/un(.'vuoa,"'-),
\bH(c'DQOPuTs,G)/

4060 S2RMAT {1+, 6K AMARLMUM ELOLITY 20
e, s)

@329 chn 109p 2
,4 CANTINUE —

Te Conrour Piots —
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CONTOUR Fiots — pace 1 o 2+

449" TEAR = ves
Do Lo
e O s LI P

(Y0 ADD "E” P07
LDQ} 799 L=1,9 l SIMPLY CHANGE
70 U0 Lo, 10)

L Pur
4 — Tugra
1 —— RYvPELI =L e
3 —-copexz) LEMIZL=] (woEx)
4 —— COVPR.
——R¥pre R —
2 <3EV QM = EPZD ‘».lu;_;u
7 _‘5P!E‘D Qux = —EPLo W™
§ —- |y = TE
g —— K17 Jz —
(49——E) f ——e
: CALL START
T — Dt £ 9 J=2,7e
rod T — | mresivnm
P CRVER cF
EQUIVALErICES (17)= Yut "
fzz’ricmnss e (134Lm)
QUANRTTY
| SELECTED

lonn= At fonn, ce (19 )
| FND Mikmum 0
| AND MAIMUM
VALUES W FIELD.
i < ¢ VAUD 7o USE

! Qvix: AMARL [Q,Ax,cq(n)]
[___g__

3 Kao =10 rrcauy

i 3 17= 13+401A
b @G ail Lgad |
NEEDS “CALL DONE ' IF LLMA
. ¥ K oust
K; Lot
CEPLACE ANY =

K VAWES v/ o
XAt CMK+ '05‘(QMi“ MNY
MO, SLIGHTLY D G » CALY, STARY Q

- ~@ 17 = 134wg
Le - @S CALL LdaP
CALL ﬂﬂt)le

/MTWNTE (4c80): QN omK, | 8
CON(1),CoN(IC1), Dy

WRITE (4050) ¢ INM, Dy, ey,
NAME, T, NCYe

CALL START

D@ 789 I-2,3BAQ
Yi{1)eYi(2) e Due [‘LMT(T)"&]
Yi(3)=Yi{tl= (14D

DRIT79 1=2,1BAR
X)) =x1(3) =DRelFigar(1)-1.5]
xi{2) =1 {4) & Xi{1) 4 DR

( LINEAR PLOT)

E%._

1PT = IT4Ng
s . 1PTP= 1TP 4N
13 | 1030 DR I+ |, 1c
Ki= K1zE3*e k4=
F13 | 167

SKIF PLOT =
INSUFFICLENT FIELD vACATYN

ADDING 107'° ENSURES con{M)dQmx,

BUT 107215 ALSO SMALL ENOUGQH

TO HAVE NEGLIGPBLE EFFECT oW
VEQY UNIFORIA

FISLDS.
D= 0.1 ¢ (%XKX+ EMIO) [qu o

F——~-| Dp 649 I1e=1,1)
i

|
Gl g (1e) s qui + FLENT(IE-1) +Dg)]

¢ peopueT #0,

I i <
’l B (13 ):len(1x)

>

THEM ALL FOUR
I pene ARE € (.
! If sum=0, ConToug DOES NoT
(1"-:” RESLT caunten/inven | THEN ALL FOUR PASS THRY
3 Ate =0. wo TRY NExT
catL ADV(Y) ConTour VALUE

CALL FRAME (IKL, IxR,1YT,IYE)
CALL LLNCNT (59)

g WRITE(12, 1DCAN{, L)

WILL WRITE © bl m—e
(@14 cuars) 16 s

5,2

weEre: [0 7]
1,0

1t

w1y wb. 2

DInEuLIry  ImesN(2,10)

DATA Ipegr b1 (x *NOID'FRACTNS), 161 (¢ RUB-v'pR., 1 )
Yol (¢ *RHQ-D PR, 1 ¢, I4H (44 RUA-VAPRR S ),
14H (¢ "REP-DEGPCL), |4 H (4P51E~VAPGR ),
14K (4 2 OLE - DRAPSH), 13H (¢4 PRESSURE &)
13K (" DRAG ()], 15K (ENERGYA(E)e)/

14 CHARY T e
Q2270 eB----
L 3 %)

wD,} wo.2



0%

649"

e e 1
Cont'y =0 COUNTS NO. OF POINTS,
L PLOTS waEN LL=2 |

Ass1gN O T¢ wer

Contor Across LEET:
=T
1c7-3 Yaoeos or BLETL |
131« I3

172+ 1P (ELL("])—"(‘-S") -

\<|+\<1.\

l=|

ICZ 2 } Coorvs. of BL & BR H 1

L= 1T 7 Cew i (i)
132:1P7
Asslcu 720 TE ke

K2t K41y

0=
1e7-4 }Coo&vs oF BR& TR
174 = 1PJ

ASSitm T3C TR kel

; K3tias| £

= ;Contour Ackoss Toe:

Qamoua Across BoTvom:

= « Conteor AcRess RIGHT,
e

172 - lﬂpzhu(w 1) > liee, g+ HE

=3 ]

13t =350
I§2=1P30
ASSIGN 169 T4 ke

3
IC'1=4-JC°°M oF TL & TR 1 r

7I(m( W) it jar)

L

Conrour Alors — PAGE 2 oF 2+ @

L7400 LL= LL+d

xx= [ CEIR)—co1Tn)
LEQUITID - CUL3Y)

IKE(LL) = FIXU + fXi(1en + xxe [x\(liz)-x\(xcl)]—-n}- KCPNY

IO =FLYBH {¥i(zc0 s nre [Yn(zcz)-'num)]—%e} Sfepnv

& Tuis 15 1stor 2 PonTS—
vz ) (KR weed 1 more

BAVE BoTh PomTs- Deaw Vecter

AL PRY (TR I, IK7,1Y2)

- <>‘CALL PL;(—‘L—XI\ _I.T(- ,35)
2

= _--a"clxu. PRI IYE, 24)}

——H
Cise_ernx \T—J

IF A (CNTOUR CROSSES ALL 4 S1DES, THE PLOT ROUTINE
LA SHOULD (OMMECT EATHER (L >R & 2—»T) ok
. 193- -———— (B-*R & T—»L) To Dt TTERMINE wiiCH LHOICE 1% CORRECT

JusT connecTep LefT

WOULD, HOWEVER ) REQUIRE FOLLOWING THE PATH oF THE
& Bomom ¢ CENTOUR THROUGH MORE THAN THE 4
Do Al IC VALUES TONES AT WAND, (IN GENTRAL, GRADIENT
e CINTINUE (1K) _\ feR THIS (4,4) ARE WELL Byt RESILYED T0 AVOID

THIS PROBLEM.) THE ROUTINE WERE
ANOTDS (OMPLICATIONS , AND SIMPLY
R QOMIELTS (L—B & R =+T) To Cungg

. (ONTOUR LINES.
v TO BEXT CELL IN ROW UNES

GT~+{1ae-1070 7

CALL LOOP a~TonexT Row up

i

13= N'-HlQ IF SUm VERSION —
HosT SPACE 1 EXTRA CELL AT END
OF ROW., AS D@- 16" ENDS AT
TBAR RATHER THAN USUAL 1Py (NQL= NQ i sem
By 13e = IJPHJC{L, ! NQL= O IF Lem )

T0 NExT ConTouR PLOT

@I~ contme f

- o ALL PLOTS DONE,
(LBOD  MnexT, Do CELL PRINT,..

-

3 Done.




a4

Ir

1<

Lone PrinT:

1 7 8 UV VW SIEV RGVPRI RMWPR D P
E UD D SIED RIDPR| GOPR A K }2' UKE FORMAT

BOO )—ASSIGN B30 T8 kef

e - sar T ]
INITIALZE RETURMS  [ASSIGN 837 T3 kRef L ,'DPQT(L),P(L)}

|
E(L),UD(L),vD(L). SIED (L), Emt. 4090
FOR EILM, PRINT,  |od T8 ( OLPR: REDPRI (L), RODPRIL), AlL), KIT (1)
<4 (59 15 a GoOD

& ﬁu_m-a'gkmh 3 ms/cm ~ {LINESF = LINESF +3
tomeak and FoR

2 _Euw _..,. 3gp LINE 15 BLANK)
LINESF : 59
5 EiTugr 208 3

: B““—
anL oY (.; EEs /e )
(Bin > pS1GN B8N TR KRF l\\m'\'=' e ;DY CH,BAEE, T uexe (T k50
Fim + PRONT : ASSIGN B"IO RIS lwpnc 2ume oL HADER: (T, T, Tk, |Fur 6100
@—c‘??u LIn rn'r['u
Eium onLT ! L AL ADV(1)

PcmT NEW Fiist FRAME:
PL‘.lt!T Tue Same 18 QuanTities LISTED | Fur, %090
N B % "B50" ABIVE
LINESP » LINESP 4 3

)
3 Lmes; CELL
(3va Linl 15 BLANK)

a— (56 15 o GoOD
CCMPARAND AT
2 L\Nf.s/CELL)

BECAUSE "LT" STARTS AT (ie2,§=2),
ROUTINE MUST START AT {iz],i=1)

¢ {3 :
(= 131-#Q) N ORDEQ TO OBTAIN hEw PAGE OF PRINT

PROPER VALUES TO MATCH 1 & J O 880 KeoTore PrinTER TU NEW PaGE
THE DO-100P 3 R il fur. 6110
Peont: JNE, DY, C1,NabE,T, N1 Fat, 4¢5-.
(Ban -t KRE = KREP PerT: Tbwe el wepped: 1 F 16" oh  [fer. 4100
= ASSIGH 889 T wRP
caLt STaRT BELALSE Du-ltep GLES FEoaA
DB 899 J=1,3P2 (1= L2} CATLIC Tusn LEUAL
| pp88Y 1=1,1P2 (L= 1PV), THE “CaLL LESPT SPRCES
ADD THIT §TATINEN —Qj- T TEONEST CO0L I Cow. 2 CEus Tou FaR F SLMVERSON
1 §TATINEN" T e e =~ v
To BYPASS PRINT - 1“_&‘-‘_ j_}fz‘j = D RELERTLE L] (NGZL = 24N 1F Sem
8F EXTEROR CEUS. CRLL LOFP o text Quw P =0 Fum)

L= I.UM--N'Q~
‘ G Te ( ILPR: l
[\ Fim ej_j)—aD Jf'- Ir!r' - NQ2L
Py OMIT "CALL 'BONE"
__GJ&__@ BS LCM 1S
3 pr
p———L-t—a UNCHANGED

NEXT, DD f PLNT e emetimt 900 >

»



49

SHORT FPrRINT: @

AN

Clear Qoo P¢_909 1=1,30 ]

B ' STIev = RBVVDL #SIEV(1IT)
X 7 . Enerey Sums: STIED = RPDVAL * SIED(IY)
; s ' — - 1t SINTEV = SINTEV + STIEV
i Qo3>+ sPrumzni=o. | 16, SINTED = SINTED 4+ STIED
Jome e SINTE = SINTE + STIEV +STIED
CALL START STKEV= ROVVAL® 254 [V(1T)es 2 + WV(1MT) 452
D% 929 322,30 W32 + W (17Kes2]
: pt 919 122 10 ': Jw2 +
§ 1PT= 1T+0Q far. STRED = REDVILY 254 [UD(1T) 042 + UD(IMTjae 2
: VLD 2ahbar,
: INT=17-N8 VBRI e2rbitar HVD(1T)e2 4 VD(13m)e2 ]
- - abalMT Kev SKEV = SKEV+STKEV
: Mass Suus: REVVAL = ROVER(1T)eVAL(Y) KEQ SKED = SKED +STKED
i s, RATVAL = RADPR(13)s VOL(L) KE SKE = SKE + STKEV+STKED
8 Sth= sTus DL -Tu (1D} evpr(D STEV = STIEV + STKEY
L Smy = SMY + RMWVAL STED = STIED + STKED
b Moy | SMYI=Smu + VOL(L) 4 REVPRI(1T) Ev SEV = SEV4 STEY
i | SMV1=SMyL +van.(1)-[n¢vm(x3)-amm(u)] E4 SED = SED +STED
: 3 SE = SE + STEY 4 STED
: Mg SHD = SMD+ RIDVAL T
. My ' SMD) =SmEi+ NOL(1) ¢ REDERY (1T) Iigﬂg = ITMENQ
: MJ, |, SMDL=SmD2 + VAL(1)e [REDPR(I)-ReDPRILT] ZlIP4NQ
! i @19 >+ 17 = 1P9
Ronen Sunis: [ omere= smouR+ 72 i i Lo
. e e . , CALL Loge " heracer-am Tive T (yoLe Mo ARE THE SAME 43
: : LHeVELRT)e {LV (13)0[RDVPR\IJ)*QG\VPR(IP:@ @'°L e Precorms,s Puase-2 PRwt, of Cegy-Pamet.
; r-dir. Mowenhum ~uplI3)e [ﬁﬂr?ﬂ(lJ)fﬁﬁ‘PPﬁ(lPJ)]} (10 "¢aL Dpve” Re'p) 4 N
(Crerin =—>[urrte (n, a0 TH0Yc, stsums(u)i=1,29) |
; %ﬂm—-.‘a-m(l)-w(lw[mec(n)mm(m)] (RINTE s At -1 —r
« ARRAY HAWE )
; RODTEM=. 56 ViL{ LevD(13)e [RBDPRITT)+ ko0 PRALSF)) >
I { Ii (ier:2 y-Z—wlPRINT 2130, T, NOTC, [SPSUMS(L),Le1,20
-do Memtlow wope | SMOWRY = SMAMZV 4 RPVTEM ” l ) ) { (L=t j.]
:; iv‘-v.qmr.“..,,j,." SMSMED = SMAMED + ROTTEM
; 20w ewcche W1 | SMIMZ T SMINZ + ROVTEM 4 REDYEM L_cau ewerr y

v
@ NORAALLY, GOES T “126° uPoN CoMPLETION

NN AN AN AN AN AN SN A AL AN 5E OUTPUT , BUT MAY DIFFER 1F DEBUGGING.

ASSIGN 15 AN M1007).
Crozeng 6 Tuese 20 Surs w SPSUMS , Awowis PRINTING M DSICED ORDER: {
wp. 1= STH wp, &:SeVY wp. 1] s SMV 2 wo. {6 = Smy
2¢ oM T:owDl 12¢ SMT 2 17 : SmD
3z omomzy SroInTRY 132 Srev Besey Cwoite —-
4= smom2Y 7 :SINTED 14 - SKED 19 « 58D Do Suoet PamT:
: 53 5MIMZ 30= SINTE 15° SkE 10" SE —— gverr Cyere (ISPR=YQ)
¢ v - v ’ N ~ - — Lowg-Pasr Creres Opy {15PR=1)
: LINE L wNE 2 unt 3 wne 4




ar

€S

BeaiN

PHASE 1 —p.1-

CALL START
New  Qeoo) Do 1089 12,70
Dp 1079 1=72,1PI

CYCLE:

1PT= 134 NQ

IMJ = 13-NQ
3

KIvL = BITEDRe LV{InT ) 4 S1GN] AC ,\Mlﬂ)]
WPRLIVL & 541Vl
HMRIVL 2 .6 = AIVL

X1vR< BYTDR ¢ uv (13} + SIGN{AD, U¥(1T)]
HPRIVR & .54 XIVR
HMRIVR # ,§ = RIVR

X1v8s BDTPDZ e W{LIm)+ SIGHLAD, WIS M]]
HPRIVEB ® G 4+XIND
HIXIVE® L5 -AIVE

LlvTs BOTGDZ e vv (13}« S10n]A0, wu:n]
HPRIVT & .SenivT
HMRIVT ¥ .5 - xINT

X1DL ® BDTADRAUD(IMT® ¢ SIGH[AY,UP(IMN)]
WPRIDL = 5 4X1DL
HRLDL = .5 = RIDL

x1pR® BOTEDR S UD(13)4 S1aN (A0, un(3 ]
KPRIDR ® 'S4 RIDR
HARIDR 7 .5 = X1DR

X1DB= BRI ¢ VI IIM)+ SIGNTA0,¥D(13)]
WILIDE ® .5 4XIDB
HWALDR = .5 ~-X1DB

X1DT= BDTADZ » VD 1]) + SIGN (A0, W(]’)]
HPRIDT = .5+ NDT
HWMRIDY » 6= XIDT

Cereer Tirns o0

nh o 0 ¥
}ie-xl,CALc‘ o, Pp,," B ne

UVRR =UV(1T) eRIP(1)  (eTlian
UVRL = LV(IMT)sRIP(I-D  (uvr)i-h
UDRR= ULT(17) ¢ R1P(T) (sde)unh

UDRL = UD(IMT) e RIP(I-)  (ugr)iy,
THIT « TH (1) "8
RR=1./e#vee(1T)

CALCULATE Py 305, 6, A, B, K @

THIE = 1.0 — RODPRL: +RROL — [REDPRT(1T)-RADPRIT |¥RRO2

(8% 0.01 15 conspereD
NORMAL.)

(TEST CYCLE »1 TO ENSURE THAT @
S WL BE IUTIALITED WHER COMEIG Foom SETUP.

SETUP ENSURES B O) N
RBVPR2 = ROVPR(1J) — R@VPRL(1T)

A(13) = SIEV(13)+[RAVPRY (13)s Bvicmn + RoVPRZ ¢BY2GMIZ)
/ {14t ¢ [ROVPRL(ID4 BVL + roveRZeBV2]]

THTE & THO
AND
NCYC 9

]
VEL =.25e [uv(1T)er2 ¥ UV(LMT) e o2 +VV(IT)esZ 4 W (1TM )0 2]
) GAMTE = GGMIleROVPRL(ID)¢RR + GGMiZe [ 1.~RAVPRL(1T)sRR]
INITIAL P GIROM = GAMTE « SIEV(1J) ¢ RBVPR (1T) +SQMO
tnp ol ) THT2oQ= THTES THTE
ik:\;:’:‘%w VEL = VEL + P(17) e THTE# RR
poncton | RMog = {VEL ® THTESQe [RevPR(17)+ RoDPR (13)] /a1romre 2
(F) OP LotAL J
MACH NO.

LIN (u)—-mm(u)mmmu)v{uvﬂL-[ HPXIDL ¢ REDPRI¥))+ HMXLDLS RGD"R(N)]

- UDRP\'[ HPRIDR. 4 gq;n?g(l]) 4 HMXLOR 'RWDPR(IPJ)]}
+DT¢DZe gw(m\) v{uvu DB + RADPR(130} 4+ WML IDE » mnvﬂ(u)]

- V(13 M WPKLDT « ReDPR(13 T HMR1IDT &Rmcm(uv)ﬂ

RIDPRIT= RODPRL {14 DTEDR2RRI(LI {unnu[m 1DL « RODPR1{1NT) + WANIDLS RADPR] m)]

- UDRR ¢« [HPXIDR « REDPRY (LT) -+ HARIDRe NDFRL(IPJ)]S
+ mvuivv(wm' [uvxlva- RODPRY(138)+ 4w K1DB »RADPRL (1T)]

= VP(13)+ [1px1DTe RODPRI (13)+ WiKLDTe RADOR1 (13¢)]}

FUIT) » 1./ (1. 4108 RMSQ)
P(1T) = FUIT)ep(1T) + [1.~FII) e A(LT) s ROVPR(IT)

-~ "
VECvEL=.5 |Q5gtTiLuv(1:l)-uD(u)+Uv(m’.!)-ur(ll»\:n]uz
+ VW(LT) = VDULIH+ W(LTM)=VD (13m)] 42}

THTERM = (1.-TuTE)/ THTESQ
/ KLT(13)= BT CBF « ROVPR(13)» TTERMNUN3+ RPCRMVELYEL)
Ust BD K IFER Gorod TWTE = 0.0 /
: AL13) R 1T(1T) = AnnfL
Sudcen

15 USED, IT mMAY =0,
i (LEAVES "p e B)
Thtlomgnrss .\,.\‘.{H_‘ o3

Y TH,, CAUTING
AKINFL TYPALLY ¢ 10°
coLEeT Terns FOR ™M1

A LER" DWDE M
THTIRM

SIeve = SIEV(1T)

SlEDC= S1ED(1T)

TNC=SIEVE  4RVPR{IT) flogvper (17) o
1+ [REVPR (17)-RevPrI (1) aBv2,

TVL=STEV(IND)eRaVPR(1¥T)/ {ROVRI (1M3) 1 By + [mvm(xm-aavm((lm uvz?
TVR=S1EV (1PT) ¢ RAVR (IPT) / [RoveR ] (107) ¢EVI + [RavPR (17T)-RtvPR (1P} BV2]

TVB =SIEV (13#) 4RovER (1T#)/ [Ravrer (13M)e By) + [RvPR (13M)-caveei ()]s sv2 §
TYT eS1ev (177) PRIVFR (1TP)/ [RAVPR1(1IP)e Byt + [REVIR {13P)-ROVPRI{IITHs w2}

DO LOOP CONTINUES ON NEXT PAGE —-2



L

CauTiive
(AT

Teewi:

wﬂ&

(& srOM
NEUTEDIGS)

Fuase | -~ p.2 — CaLcutate "1,

ny! .
AND 1

TRounorsy LoNprinug. ..

TDC=S1EDC

ererec(13)  /ltanert(13) 4 8014 [avpr (13)-ReDeR1(13)) «BD2
TDL = S1ED (1K T)aROTPR (1T )/ {RADPRY(IMT)s BDL4 [ RODPR(1M3)-REDPRIINT)] BD
TOR = SIED (13 e ReDFR (1PT) Siganpny (1PT)6BDL +[REDOR (1PT)- R2DPRL(IPT)smp2 ]
TDB FSIED {1IM) « RFTFR (131)/ {RaDPR1 (1M BDL+ [RPPPR (1Tm)- RaDPRL (13m)]s8D2]
TDT =$1£D (j7F) %@w {130)/{ gapres (130)+ 871 + [R2DFR (137)- Repees (130} 8Y2}

Tus e

‘ THRB «

50 [ Tuig e (eIl
PaTurp= 1, - Toe
5 [In

TMTuR® = 1. - T8
THBY ».5¢ [ Te1T 4 Ta(15M)

1B
17 + (1))

CFAR =

[Cevs = UvrL
UVRR

CFLT » yw(Il)

]3&\5 Pie = 0,

< IHPRIVL 9 SIEV/INT) + HWMKIVL » SIEVC
& _PILVR » S1EVL
CFXB = YW{ITm ¢ [FPRIVB o STEV(LIM 4+ WMXIVB ¢ SIEVC]

o fuerinT s s1n
SLEDEL = SIEVC # §RRITR(L) [RIF(D)sLV(1T) —RB1p(1-1) euv (1MT)]
+Rrrze]

+ uralVR » S1ev(1F3)]

+ WXV = S1EV (13F)]

wiil) - w (13m)]

A

A
THTES TH,

VEL = KIT(1T) ¢ §§.5¢ Lun (1) + up (2w 9) -0/ 13) ~uv(1nT)]] 8¢ 2

+§.54 (v (1D vD 1 130)- W (1T}~ yw(13m)]i se2 |

PTE = P17V e RR+TRRIDR(L)¢ { R1PIT)s [THRBOUVIIT) + emTHRBUD(13)]

—RIPLLen) el THLB4 UV(TNT) + QRTALD & LD UMY}
+RDZE& [ Tu1Ba V(1) + OMTHTE ¢ VD(1T)

- T=3Revy{1Tw) - OMTHBE « VI (1IW)]

[SIEVTE "= S1EvC + DTALRRITE(1)# (CFRU-CFAR) 4 RDZ ¢ (CFXB —CFRT)

+ar-’.{z-(1m—-rvc) + VEL

FRET(LI VI TEIN o] TR RIP(1) 6 [TyR~TYL) - THLB 4 RIP(I-Pe (Tyc~TuL)]
+KVBTRER e [THTB o (TVT-TVE )-TuB B« (TVC-TVB)]}-PTE + SIEDEL

" 5T AQ
A(I9): AKINFL )soe] A(17) = ALT)4 SIEVTE /su_vcH iAol I

+

CFyL =
CFrR =
CFYY =
CFYT =

S1EPTe

l

UDRL  § [ wPAIDL & SIED(IFY) + RexIDL» 51EDC]

UDRe s [HFRITR o SIEDC

+ HMxDRe SIED (17T)]

vo(13#) & {uPRI DB+ S1ED(1IM) + HvxIDB+S1EDC]

ND(13) ¢ [ weXIDT e £1EDC
S1EDEL = SIEDL ¢ {Qu'. R{L1s [uD (1104 R1P(L) - UD (103 ) RLP(1-1)]
4+RTRe VD (10D

+ umKIDTeS1eD(1TP)]

=Vo(1Im

=S15DCA TTa LRRIDR(IIF (Lo kL -crrn) + ROB R (cExB = CPXT)
+1. /07300 IT) ¢ JRe(TVL-TDL) 4 BOID)

+RR12 s KDODREQ IENTHRE » £1P(1) ¢ (TDR-TDL) = BHTHLB ¥ RIP{1-) s (TDCL<TDL)]
+ KPBD2SCa[emTuTE
+91EDELY

« (TDT—TDL) —~OMTHBS

—

. (Tvc—-rvs)]}l__/

-

Set Ael

ST Row Be nw,

Long Taeits

Pur CURRLL" £oiN
wTo TadiES

S Sea—
@I~ +{ Tar= Lamenn

Set i1
WHEN ROW 1S
COmPLETED

Set j=7e2
FLUSH TATLES

1

FoR CELL- CENTEREY
VARWMBLES,

TH (IM7) = THTE
RODPR1(1hT) = REDPRAT
P (1mI) = P(1T)

KIT(IMT) = K13 (1T}
SIEV(IMT) = SIEVTE
SIEDPUIMTI=SIEDTE

TH{ITIm) = TuTE+
BINF & (THIN-THTE)

RIDPRI(1TM) = RODPPRLT

P(13m) = P(1T)

K13 (1Im) = k13(1D

SIEV(ITM) = SIENTE+

BINF ¢ {SIEVIN-STEVTE
Slen(ia, = STepTe )

Th{13M) = TUTAS(3) o’
RZDPRL(LIM)* peDITAB(1)

SI1EV (1TM) = SIEVTAB(L)
SIED (13M) = SIEDTAB(L)
k)

THTAB(L) = TUTE
RemiTAB(1) = REDPRIT
SIEVTAB(1) € SIENTE
IS1EDTAB (1) =SIEDTE

ll":: 197

170 = 13P4nQ

TH(IT) =TUTE
RODPRL (13} = REDPRLT
f(17) = PLIT-NG)
K13{13) 2 R1T (17-8&}
S1EV(17) ® S1EVTE
S1ED(13) * SIEDTE

5
CALL LQ@P (nogansTARY)
DB 1099 1=7,1f\
Tu(1361=Th(13): TRTAB(L)
REDPR: {1314) =0oDPRI(17)= RADLTAB(L)
P13 ¢ {1Im}
K17 (13) = R1T{1TW

S1Ev{1IMl« S1EV(1T)#SIEVTAB(T)
[funmm:&m(u): SIEDTAB(1)

13= 134 0Q

@—"r 1M= 13mane ]
ConPiztis Da-losP CALL DENE

To MomENTA CALC.
= /500 ReGioN



From

FHASE 1-P.3 — CArcuLate (570

OR(PD—TD:

e fnlkRiR =0 7o Cale 0 (0) Fis7)

(500

RIENTRY POINT
FRTA "1600°

(( :r uv);i-/,
IF KREQa1,
ok :

(04w d)n

IF KREQe 2

139

SEE MOTE
AT C1uT

: . =, 1A = KREQ + 1T
~\_LBAR: | 92> | [jen: geee + 19
»9
CALL START
Dp 1549 J=2,77
op 1539 1=2 SIBAR

1PTA + 1TA4NG
IMTA = TJA=NQ
1PIPA = JIPAL NG
IPTMA = TTRA NG

1ImA = KREQ T 1IM

N 2wd PRASS, AUTOMATICAWY

WILL SHIET 8Y | wD.
GURL Yo (J7Ty demwe.

{NOTE - DON'T ALTER
17,136,130 )

uv (17a)
.5« Lurp +UV(IATN]
LR = .5« [URB +W(1PTA)]

ueg
uc

=

cAULD = 5[ RevPRIIIREVPR (1n30) s WW(IMTR)
POURD =« 5% (RAPR(IE) +RAVPR(IFIL)] ¢ URB
QEuRZB = 5e [ RIVPR(1PIA-+ ROVFR(IPINQI]E W (1FTR)

vTRE = .selvv(izn+uv(1pIm!

VBRC = .5«(vv(1m)+w](zmm)]

VRE = .5&[vTReHVERC

RPUTP = .5e [awm(mmmwa(wm)].uvum)

RELTM = .5 [RoveR{1Ire) + RAVPR(1PIA) e UV (1700

_ ELGH'LEP\.'(WEQ*‘),VRE':-JREWRE}
FR= TGRS eez + VRESSZ +10°"]

tAvmp 20D witd
£20, watH ML
VELS. ARE ©

=

@

@

ane
e

P, / (5‘: [dd
v touw

W F
3

E%e

=/

TAKEN IN 1600 LOOP . (NCTE
CONTMUATIVE RT. BDRY. 1%

IF T=1, VT 1S SIMPLEST TO BYPASS
1550 REGION, BUT CARE MusT BE

THATA
NOT AN

P Tion whEn T4, Beesus evEN

HE TS U 1 SET, IT 15 SET To 2ERO,

=

o BECAUSE:
Drensio €ev(a)
guivaLencg [epv(v), epp]
AT WLl AcTomaTicALLy
USE EPD oN 2wd PASS

X1C = BOTEDRe UC + SIGN[Ao,uc]
KIR = BDTEDReUR + SIGN[A0,UR]
Y1BR = BDTEDZ ¢VBRC + S1GN [Ao,varzc]
X1TR = BDTEDZ 4 VIRC + S1GN [AD,VTRC]

RPUTE(1T) = RPURE + FR#DT +

RRIP(1)4DTEDR Eucc lu(l)*i[.s»f XIC]+ROULE + [-5-XIC]'R¢URB}
— _UeeRi(pe{[5+ ¥1 RIsRGURB* [.5-xIR)¢ mum,}
+ 01902 ¢ veres {[. 5+ K1BRJ# RAUTM + [ 5~X18R] ROURB]
~VTRCe{[.5raTR]e rpucB+[.5-XITR]s muzp}j

17 « [74Ng,

/ 17P=17f 4 Ny
]
(5391 I1TM = 1IM+8Q |

DONE Tofy T memm

SeT

TP L

2 4
DU VALUES IN THESE
LOCATIONS ARE SET 8T

COPE 1500~ 1549
(s=1 vALugs » 6.0)

Te rEXT U= POSTION IN Row

RT. BOUNDARY ~—~—
¢.0 1FRISID, 1O IF CONT.
———A—

[ad CALL Loor

U, s —e |ROUTE(IT) = RPUTE (1T~NQ ) RCANT(T)

a—Ta teer R U

]
17= 31T+ 0NQL
13P=1TP+NQL

adl)
(B> -{1or = {aianar )
i ]

|/

[_caLL pave |

JF SCM VERSION ——
st Seace L€ cew
Twdp] THE 2 CELLS THAT
sALL LOBR PROVIDES,
45 TNE "1TD3-12P ENDS
cre FEAR NSTEAD OF TuE

USUAL 1P

ArL Rows ponE. Now, Do THE

-

(1550

pr Loop—>



96

Frase 1 -pP.4— CALcuLaTE P,v,) orR (p,vp):

—
553 ChL CTAFT 138 = KREQ 4 LT wiLL SHIET BY | wD, ON 2wd
- PA = KRZC +1T° T LY CALCULATING 9
v Dp 1579 T=2,T8aR llgml; e P%s_:_,.au OMATICALLY CALCU
i T PTa *LTh 00 “ - "
4 —cAu. RITPL INJA = 13A - NQ ;
5 / 1PT6A ©13PA WG i ‘;‘fi?,,‘
MIPA = 13PA—1 ’
Purce ImaCEor | D@ 1969 1=72,1°1 Ingearl ulpar  afpav
; foW j42 INTO —/"r";’“@?L'P’—
i Arkow , For VTB = VV(I3A) o @] @@
4 USEM RWT2B Yy, | ye  a .54 [VTB 4w (1TMAY] @y et
g (MECESS ARy IF VT = .5¢ (V1B + vy (13P8)] g
Lim w/ 3oy REVBB = .58 [RAVPR (TIN) 4 REVPR (1TmA))s vy {13MA) ik
._a’ BUFFECING , BUT RATE = .54 [REVPR(ITA)A RBVPR(IUPA)]
& DONE W/ S RIVTE = RETRVTE w1 @
¢ VELSION ALSD QAVT2R =L fedr 0l rRgySPL[(1-0) ena 14 kREQ]Fr W (13FR)|  o—oBTAN P FROM QOVSPL (v AagOw) tl e o
FOR CnbamBiuty) | UTLC =+ 56UV {InIFA . ov(InTa)] 5 lal
4 GTRE = +5e TUV{1IPR) + wy (1381} N
UTR = .5elutiteuTec]
f ROVIM = .56 eovef eIt eRver Invsea Yoy {1m34) s )N
peVIP = 5eLRrPR (1P18) R 2FR (TETPA oyy (1PTA) sletelels
¢ ven ! , .
£z = +{§'ﬂ” -EPV{KREOH) V5] cuTBes2 = AUTOMATILALLY CHOBSES 37 VALUES 1N THESE
: I_UT'BA-“L +NTZes2 + 107"°) EPD ON 2ud PASS. fau‘rm/s PRE ST 8Y
3 / ceDE 15501579
» Cvcm 20 wHEN
£:0, AS VELS, ARE Q- /'
: f1c = BDTADZ &VC s16u" A0, Ve ]
% XIT = B7ims 2 avT + sian [ A0,vT]

TR R e I T e TS
f)r v/, XITR = BDTIDR & UTRL + S1GN RO, UTRC i [RIVTE(1TR)= RoVE + BEUT « [RevTE(13) -ROVE]
FREERTL, | pgNTE(1T) = RAVTB + RETBAGUT + F2¢DT

(A9

— mu(l)mwmz-cum (I o{[i54axTi)erpving [o-xiTLlerpvin)
(.DA VJ); ~UTRS # RIC(I) v §[54XITR]eRAVTSS [_5-xm]-a‘}vz?fj et <
¢ " e TP X

P KEEQe 2 +TTRDT ¢ ich[.y SN CN BRI Y v I3= IT4NG
¢ ~vTe{l5¢ r:T}-:¢v-rfs+[.5—szJ:eavTZE}jr/ LIF=13F 0%
{ ToM=1IMtue ~10" = 0.0 1F RIGID,
5 ¢ ©1.0 1F QUTFLOW
BATOM Y ROVTE(Tgmy s 157 CALL LE@P
‘ IS RO . 0.0 {Asvi(1ImA) 0.0] CALL DONE

comaas || =eomnn [T T1T]

INFLOW = | = PUspeerricp
PYTS ALSD wires, A W(LIMA) 3 VD = O

ConTinuen ON NEXT PAGE —




S TN

Prase 1-p.5— Comprerion of Momentunt CALCULATION, .@
*1579" Cant'd: STORE HIHIUD' » SET St//(’s & ﬁV’ N

STorRE FROM F
TemporARY TO ] CALL STAR
F"xA: Acoar: TALL START AuTomaTicaiy Moves /— DB 1769 J=22,37 -'
- | (G s 6% % 11
D4 1609 T=2.7% vt e 6«!. 1PT= LT +00
Da 1609 I=2,1A N StK‘ IMT=17-NQ wt
: (Fay & 7172 : '.:h RADPR (13)2 RADPRT(1T) a—sTorE "'y
H 1 To1, 500wy —= AR - > LKk DTER(1J) = DTA2 « [ KITUN+ k1T(1PT)]
; smsss.'v&eoufi 1BAR: 1 ROUV{1T+KRER) = ROUTE(1D) l/Ai gngé)za) =v;m- [ RIT D +RIT(17P)]
: N by - 7 At A = 1./ A(13)
: #335‘9::%;_&“ e; BEVPRTLIT) = F{LT)e TIeravo + [1.~F(13)] ¢ P(LT) # RA(LT)
O oM RT. 8DRY -
g:m“ oaarts RAW (1714 KREQ) = RAVTE(LTM) RN RIDPR (1Y) = RPDPR(1T)
FaREVER S 13= 1340 1 1:5 = DTKR (IMT} = T2 [KITIT4KLI(INT)]
T g N : v ROUPRT (1MT) = ROVPR (IMT )
L 1Im=1Tm+080 | olele 7
: !

CALL LoaP ] - = RODPR (1Tm) = BADPR(LT)
) ®"G 2 X “““*T?TKT( | &1 vrn-[uu (17 4KII(13M)]
: > RQVPRT (IJM) = RAVPR (1TM)

S
sroqe  r———| PP 1629 1=2,1PI FF]‘_’Q - b_____'
PT oN ! ROW(1TMYKREQ) Iél*’l Ezwmum-eevmm J

QVERT (1PJ) = RgvPR (LPT)
Tor 8327 | =¢(ivTE(IJM) ( VPR,
1629 I3z 104ty a‘Pl .=' RODPR (17F) = RBDPR(13) J
CALL DENE < A RPVPRT (13P) = RBVPR (1TP)
- KREQ = KREQ+ i r—
B Gp Te( YREEQ - 1740 13- 1FT

ITP=13P+n0

1 k HOMENTA CALC, 1S TONE —

2 TEMPIRARY ARRAYS NOVI f-'ﬁEED

|
FOR CELL-EDGE SEK'S .o Q159 H IIM= LJta 4010 ‘]
R

f B: 7T, & IT §5) cALL LPoP L e
‘? How, Eacc. D“'p & F’v‘-p \ CALL DENE Now, INNALIZE par ITERATION ——tn
: * LI -1+
' b T A BOVE ROJTINE STORES Asoe routwE [T T 1o [ +
. pu's AnD s AT STores Wese 3 .
= ¢ POSITIONS INDICATED VARIABLES AS vle|efe]e v
“T*T* er auack DoTs [NDICATED —> } ot
\ - o1 (EXTERIOR VALVES (f‘mok k;.',/, Tie|ele]o < AN
i o ‘:'l ‘D Joh NO P o
fa (T=1) fa(1>1) e naT e£q'D) R f'J %*Kn/l o K J‘Fh
wn
-



8%

Prase 2 —p.] - InTiauze TiLpr VELociTiES ; O
iaras T _1n 2 (v % %
FROM "1T63" [TaiL START 5 on b LeaLL sTreT o 1 INCLUDE R J=1 1N INITIALIZATION,
P 2099 J22,70¢ Uiam® / KREQ=1 amgo jo! Ylaia % ALSO Qow j» TPZ IE_TOP 15 oyTFLOW
D¢ 2089 1=2,IP1 | HEME. DB 2199 J=2,TTOP SN (rep=TF2).
1PT = IT+NQ TRELOH 8 8 4 DO 2:39 12, 1P LTS o] Lo s RIGD, THEN JTAP- IR &
s WILL ADVUST. Plafagy DO-LOGP DOESH'T INCLUDE Row JPZ.
¢ - g
: %X » DTELR ¢ [ P(1T) - P(IPT)] XX = DTADZ « "P{ITM) - P (13)] MUST CALCUCATE “L3m"
i THTE » .5¢ [ TH{LT)+ TH{1PT)] THTZ = . 5o DT (1TM) + Te{1T)] VALUES, AS ALl START
; B8 * RAUD (1T)+ (1. ~THTE) #xx DS TRAVD(ITIM) 4 1. ~TuTe)s INITIALIZES ON ROW
cow ReuY (ITN+  THTE exx €S = qovy (1IM) +  THTE ¢ xx (=2
: REVTEM = .5 s|R2VPR[1T) + RBUPR (19T )] ROVTEM = .54 [RPVPR(ITM) + ROVPR(17)]
: ggpTEm =.5¢{R20PR (13) + REDPR [1PT)] RADTEM = .5+ [RADPR (1TM) + REDPR (17]]
DT = DTER (1T) DTK = DTKT(IIM)
DTKBC = DTK ¢ (BS+CS) DTKDE = DTK & (DS +ES)
RDENPM = /[0 Tene{RIDTEN 4 DTE)+ DT R3DTEM] RD&HM =1,/ [RavTens (RopTem + DTK)+ DTk R3DTEN)
uv(N))- RDENIM  (RODTEMRCS + DTKBL) W{LTM) = RDEHPM+ (RODTEM # ES + DTKDE)
UD(13) = RDENDM » (RIVTEM ¢« BS + DTKEC) VD(ITP) = RDEtBM s (RIVTEZM # DS + DTKDE)
] G Te ( 2130,2140) KREQ :
Goss>-={ 13 1P3 l
: J 2130 D VW (ITM) = BRUT « V(LT + WWIN | ] scr sotrom ssonvaer s
2099 CALL LD2P P VD{1IM) = BRUTe VD (IT0) r=0 iF Q15D
L&AU- DIME | i T "= EQ. VALUT IF QUTFLOW
Ve Sy IF SPRGIF, INFLOW
2146 17=17 +M& “
[T ]
: 2139 ITM=1TM 4+ NG
. KREQ =7 4—COR QOWS {32 Tuey = TP2
1
, @99~ caLL Lo
i CALL DONE

NExT, cate. Bp —=
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2199 Conmmuen

EQUWALENCE To st
SAME i-TABLES AS
THTAB, CVTAB, 2 CTMS
W PUASE L+ 2wkl
TABLES .

2240

I+

PHASE 2 = P.2 = Caccuate B anp Converaence : @

CENY =0.0
CALL START = R’Aa’ -
D® 2299 Tx2,3P) e g |
D¢ 2249 12 2,]PI = v (14T)
IMJ = 13-pQ Wt

wWT=yv(1h)
1PT = 134ng VWB= wW{ITM)

~DTK = DTKR [IMT)

> THTEL = 5[ TH(1T)+ TH(1T)]

TMTEL = ThTeR
R2DL = RIDR
PUDENL = PLUTENR
TERMIL = TERMR
TERMZL = TZEM2ZR

TERMIL = TUTEL ¢ DTADR

ROVL = .Sa[Rever(1T}+R3ver(InT)]
RPDLE .5.[239?:;13H2wva(m:)]
PUDENL= 1. Slesvie{Ror: s pTe)epTRerayy)
TERMIL = 234L e (1, - TWTSL) ¢ DTODR

DT = pTRT (I1TM)

~

THIEB = THTET({1)
eep8  ? R3I0TL)
PYDEND 2 PYTEMTI L)
TERMB 2 TeeiT{I)

TER#2% = Teeng1(l) TERMIB= THTES ¢ PTEDR

THTEB =. 5[ To (17)+ TH(1IM)]

RovB = .5+ [RevPR (17)+ gvpr (1Tm)]
RADB = .5« [RODPR(I])+RIDPR(LTM)]
PVDENB = |./;¢:-45- R2UB4 UTK) + DTReRITE]
TERMIB 3 payBe (1. ~THTEB) e DTRDZ

R | I

PTK = DTKR (1T)

THTER = .5¢{ Tu (13) + TH(1PT)]

REVE = . 5w JR2ZVPR(TI)+ MVPR(IPE)}

RETR = .54 [R2DPR(1IV+RADPR {1P])

PUTENR = |. /T ogves (Rr TR+ DTE)+ DTR#RIDR)
TERMIR = RZyR« (1, ~TUTER ) ¢« DTEDR

TERMIR = TuTER & DTODR

DT = DTeT (LI)

THTET(I) = .5 [Ta(13) + TH(13P)}]

R8T = .54 [RAVPR(1D) +RBVPR (17P))

REPT(1) = .5+« [RAPPR(1T) +RADPR (170)]
PYDENT(L) = L. /[&:WT-(M'DT(I)HETK)rpTKc RmDT(I)]
TERMIT(Z)w RpvT#[1 - THTET(1)]« DToDZ
TERM2T(L)= TuTET(1)$DTODZ

-~

INCOMPRESSIB 2 ?

TH{IJ):TH,
>

WIAMAL

PARUL * = {TeRmIL - RaDLe[ TernaL uvLek2A]] ¢PuDENL
PARVE= — {TepmiB—RaoCe[tenmB+wBer2a]ls PyTenid
PARUR = 4 {TeRme -RIDR ToRmyg VR +R28]] ¢ PUDENR

PARYT = + {TER»A!T(I)-R’I'JT(I)‘[_‘TERM‘LT(I)-WTOQZA]}

# PYDINT(1)

!

RBETA = RA(1J)¢pDT +
RDR*RQIU)-DTWQ-[Rlvu)ﬂuremQIP(I—\).THTEL]

+RDZe{DTapZ » [WTET(1) 4 TT23]

QMBETA(IT) = QBMP/Rg,-iTA

+ RIP(1)4DTKR(13) ¢ PASLR - RIP(L-)soMer(Ia)iparuL}

TDTRT(:I)ePARYT ~ DTKT(13p)* PARYBY
a '(“’P (31,): (w,«- —uip i SETUR)

@q{cusm(m = gNBSPL » REDPR(LT) "_wég[ﬂ] !

25t (srese)| 4

e INCOMPRESSIBLE —

(Zzio s cenv = AMMILC@NV, {Rwr« [FBS(UvR) + ABS (wvL)]

CONV + 8202 4[ABS (wT)+ 485 (v | Jraperan]
&) () ()
13=1PJ
[IJP’IJP*‘NQ KIB1p |6 |
K{C{e | |«
.’“"@ ITm = ITM+ N] K @ @ 3 ®
I T A RSARAE
(3299 ) CALL Lo2P 1) (<)
CALL DBNE p NAW (N iNTERIDR
Lowerere Conveacerice CRiterign: CeLLs ~

\F €GPS 210" %, TUEN Tue LanT witu
2ERO VELBCITIES (5 10~ %e13"%
10", WELL WITUAL ACLURRCY l R —
STANDACDS. (IF rnER € wige  |CENY 2 EPSe{CINV4EM)) |
107'%, HOWEVER , THE RESULTING

107!4 WouLD HOT ALLOW CONVERSZNCE

wote ! (5 NIT REQ'D For
EXTER QR CRULS, §

AS THE K jj's TueRE

Next, Tye Jteation [00ps—m

A 1T 13 0N THE EDGE OF MACHINE $'GHIFICANLE )

HIT STeRsp N i=i,

ACE NEEDED N 3000~
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FHASE 2 - pP. B~ PRESSURE [TERATION:

THRB = .5¢ [THTEC + Tu(1PT)]

PTKDU = DT+ (UVTE-UDTE)
RQVRBG =:5¢ (RBVPRTE + RV eeT(1p7)]

_____,Feom NUMLT w0  #OF TIFATING gigusty 2 03psfiteRatan, & P
"2299": ng\’ﬂ's | #OF FALING LS wmﬂ AGRAY, A5 B ! & Spl? - DPR= PP (IPT) — P(IPT)
ARE NEEDED. ... <5 { DPDT2UR = (DPC~DPR)*DTPDR
o0 CALL QTART A CELLY T BR LPDATED, TN THOSE THAT
L 03 2699 T+2,T01 WAYE CONVIRGED, SC TUIFE wilk CONSISTENCY > UVTE = W 1T}
5NEEP 1_ DO2489 1v72,1P! BETWEEN NEIGHSHRiYy LELLS — WHEM | FAILS & ubTe =uPW)
oW B {:‘;‘:S'Nﬁ. 1 PASSES, THE VELOCTY ON THE COMMAN BOUNTARY Tk = DTER (1Y)
P e il REQURES NE CELL VAWIES IN 1T ALt L) 2 ) DTK = T
1 71} TH(13): THo
INCONPRUIBLE | - ,9 A7
.y

~

D

( DonoR-CRLL
FORMULATION] | =

(Ydeo (Tes
FORMULATON] =

~

PN‘W

‘{.v; —.-:g;-qsgsnuvx_eg T LG (AC,UVLB)
: KINT = 2PZENTE + 5106 (A0, NTE)
VTR 2 W (13) | yijyg = BoT00Z* WeE + 515 E.o,wam
VyBB = VY (13m) ROyPRTE = RAVPET(1Y)

DTLL = RDTe [ROUPRTC ~ RYPR(1T)]

UWRB= LVL13) S RIVE = BUTATRCUURE + S1GN(AD,UVRE)
uvLd s JV(XM‘S)]

+RRIDR(L)eJUNRBRIP(L) ¢ [(H4x1vRIROVPRTE +(.5~K1VR)eRaVPRT(1PY)]
~ UVLB# n:w(z-»);[(.s+u\n.)-aawa'r(m:r)+(.5-mv,\. REVPRTC 3?
+rozs{TBs [l SrrINT)eHPRTC + (.5-XIVT)s ROVPRT (179)

— B Bs[(5+x1¥B)eR3RT{ITN * (5-XIVB)eREVPRTC Bt

DTIL= RRIDR(D)e (UD{LINRLA(LI-UD (e e@1P(L-0] reveelynin ~vo(17m] |

——

2 - COUHTS WO, OF S
'DTIL‘ 3 CONY ROT S MUSTLT= MUSTIT +1 '\'M:‘: :An? TallEcTeil;".
LONIERGED
£ deomeraep < o

MUST STORE NIW P'S SEPARATELY,
BECAUSE OLD 'S ARE REFGRENCED,
% NEw AT (AR R (40 ARE
USED IN VELOCITY UPDATING., THIS
IN ITSELF FORCES US To 2 DO-i00PS,

[Pe(13) = P(13)+ DTILsOMBETA (1D)]
%TQ HERY CELL "M ReW

13=1°7
IIM = 1In+ne
%

17Pe 13P 407 |

@ o CALL LaaP
CALL D2NE

Swier 2

— UPDATE
VELALIMIZS

Pew=FPor [Reorac = rppPe (17)

SANE HURERAR | PC = @(1T)
OF D FOR PRINT

(see “2600")

35 oD
T new

§ T MR @ser (P

Il

§m ROWS TOME

LPOATE TILDE YELOLIMZS. ..

{Ws ARzADY 20
§ 9N &FT gory)

VCALL START
P 2599 T=2,7P!

P(Im3) e PPC
RBYPRT(IMT)= REVPRTN

Do 2589 1=72,IP1
1PT= 13 +MS
M7= LI-NQ

THTEC = TH(ID)

REPAT(T) =1 1F eanTe
*9, if £1G1D

D PRESSVRE
PPC= P(1T)= PP(IT) « 5.
DPRT{1T)2DPC = PPL~PC
REVPRT @ = RPVPRT(1T)
REVPRTN = ROVPRT(1I)=

P(1PT) = PPC /

ROYPET(1PT)= RBYPRTN
UV(IT) = UV(IMT)RegnT(T}
urin = uD(IM])QRC@NT(J)

F(1Y)s TH{IT)eRAVO
+0.-F13)sppcera(lT)

250

(L00P CONT'D ON
HERT PAGE)—v

ROVRBY = .5 ¢ [RIVPRIN ¥ RAVPRT (1PT) +DPReRA(IPTY]
ROPRD *.5¢!RODPRC * eeDPR (1P

RS = RPVRBPLLYTE 4+ DTKDU + DPDTODRsTURE

Us < RPDRE «UDTE = DTRDU «+ PPDT2DR # (1.~ THRB)
RDeNGM=1./ [ RAVRBN & (RODRBATTL) + DTK ¢ RODRE]
UV (17) = RUENDM & [ RS # (RITRB + DTK) + DTK 4US)

i UD(13) = RPENGM « [US #(ROVRBN + DTK) + DTK# RS}

DFY = PP(L%P) ~ P(1TF)

DPDT@DZ = (DPC-TP T)+DTRDR

THTB = -5 [THTECH TH(1TP)]

VYTE = W (1)

VDTE = yD(1T)

DTK = DTRT(IT)

DTIRDV = DT e (VVTE -VDTE)

RAVTBYE = .5¢ [ RAVPRTE + ROVPRT (17P)]

RV TBN 5+ [LBUPRTN + RIERT (1) + 2eTRA(136)]
REDTB = «H¢[ RADORC + RODPR (1T¢)]

59= RINTBG+WTE + DTKDV + DPDTEDZ &« THTH
VS = RADIB «\yDTE = DIKDN + DPUTEr2 ¢ {L.~TuTB)
RUENGM = 1. / { RAVTBN #( RORPTB+DTK)+DTR e @D T B]
VN(1J) = RDENDM ¢ [ S ¢ (RADTB +DTK) + TTK ¢ VS )
VD(I1T) = RDEuP e [ VS € [RWTENFDTR) + TTReSS]

1

ai
Vi

P(L§%) = PPC

RAVPRT! 1Tt} = RIVPRTN 4
BINFs (ROVPLN-RAVPRTN)

WW(ITM) = BEUT#W(LD) + WIN

VD{I3M) =BOUT«vD{IT)

2580

v‘s(ti,‘zr:j:j:t:y
P(1Ir}=pPPC e
RAVPRT(ITP)= RAVPRTN
W{IT}=vV(ITM) s TaP TeP RIGID IF TaP =2 0,Q, 6R
VD(IT) = VD(IIM) e TP QuTRLOW IF TOP =1.0
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Puase 2 —r. 4- Eno 7 ITERATION. STore D, ™'p), awp j), :

@)

1I3=1f7

ITm= ITM+ R

l
GED—-{1wP=1Trang |

K‘

caLL LOBP
2
39177 Call pane
Count NOMIT = NOMIT
11zRATIONG r L 1
it | MUSTPR = MUSTIT |
CELLS, AND
PRINT WIMIT
AT BEGIHNING MUSTIT: O ALl YALVES O.K.

CALL. D MERE, AS
OMBETA wilL BE
REPLACED BY (m(@p
BELOW,

sTore "'y o FRee

ARRAY FOR '(7",‘.

OF NEXT CYC\E. >
[ musTiT=0 |
b
NUMLT: 100 ) 5ror peccoure
ITERATION
< 4ITERATE
2400
NYAP: Il CONDITION: TREATWENT ¢

1 fv.=0& Q>0 NO ITERATION; SET Q:ﬁ >0
2 P20 8 Fmb | wo iTerATON; SET (J',l’n ?:
3 Qui?0 & 0y, 50 | 17ceats; STARTING GUEsS & oLD e:,’,

D

! e\z

CALL START
Dp 2699 J=2, 7P
Dg 2683 1=72,1P1

NUMERATOR WAS SAVED IN
“3500° Loof, (IT wouLD
Bt MeRE EFFICIENT T0 LEAVE

IMT = 17-Ng TF:,ETENTIRE EQ.UNTIL WERE,
BC viowmd HO LONGER BT
IPT = 1T+NQ ¥ B o vt

o—GpeDeomaera

o e peT(13) /omBETA(1T) %
DPRT(13) ¢ ¢ Do tp/emBeTa =(PPL-PO/PMBETA

RBVPR (1T) = ROVPRT(1])

GO T6 YNVAP: SAVED
L (2616 >—={RovPRAT(13)=0.0
amqu 1T(17) = ROVPR(LY)

3

RVERLIT(1T) = RpveRL(1T)

PMBETA (1T)=0MRD/
{eDT+ e2DR«RRL(1)e L RIS(LI UV (IT)=RIP( 1Yo Uv{IMT)

{ 1: i}_" REVPR (1M3) = REVPR{LY) |

Emvmn’. (1m3) = RG\SPEIT(N)
vy

@@ Ti1 -

680

+ @202 3 Wi~ w (13ef1]

T

REVPR{13m)= RIVPR{IT)+ BINF n[awm-mm(u)]
RIVPRIT(LTM) = RGPRIT(LT)

> +BINFe [ ROVPLNI-RAVPRIT(IT)]

s

LIl = JRever(1r3) = REVER{1T)

— RGVPRLT (1PT) « REVPRIT(LT)

< J

. TP = ROVPR(ITP) = RAVPR (1J)

J: TP ROVPRIT (176) = RevPRIT(LY)
< 7
13=1F3

17P= 1IP 4+ NQ

IT_JMI*N& _

CALL LORP

CALL D@NE F——=To ‘5"1 ITERATION —




79

PHASE 2 — 2.5 — B, |TERATION: @

ciffi’o NUMR® = MUSTRE =0 | fngw noares
; BYPASS ITERATIANE =
2 VaPOR — Foats lst
; g Lwsurer R
. caLL START <1P1 = = Y
,: ?.'7?0 D# 2799 T=2,TF (———————@—JR&NPM\'(IPJ) RIVE TN]
; Do 2789 [=2,1Ipt < j
i IMT = 17 - N
H IPT = 1T +NQ .
“i WRB = UV(1IT) J: Jb—"—v[navprzn(wﬂ-nzwam [
: UVLB = UV (IMT) < )
! VVTB = W (17) -
- VVBE = Yy (ITW IT=1f3
; XIVR = BDTATR #UVRB + SlaM (A0,UVRE) 13Ma 130 +4g
: ALVL = BDTUDR «LYLB + SLGH (AD,UVLE)
. XLVT = BDTODZ 4 YVTB + SLaM (A0, WTES) 4
XLVB = BDTIDZ # YWWBS+ SLEM (A0, VVBE @ED—{13P = 17p + N ]
R@VPRTE = RBVPRIT(IT) J
Q = RDT« [ RBVPRTE - REVPRL{IT)] 799 CALL L2BP
+RRIDR(I)+ fUVRBS A1P(1) # [ (-5¢XL1VR) RAVARTS + (.5 -XIVR)¥RIVPRLT(1PT)] CALL DONE
—UVLB @ RIP(1-1)s[(. S+ Tl RITPRIT{IRT} (.5 =1V ) RAVERTS 1 \;
*RDEAJWTB4[(L SHAIVT) s RIVPRTD (-5 ~XIVT)*RGVPRIT(1TF)) X
..Wgs.[(.5+x1vg)«navpm(x:m)+(.5-x1_v5).R;Vpgmu NUMRP = NUMRD + | coudT # \TERATING
HUSTRY = MUSTIT SAVE # CELLS (FOR PRINT)
S >
: . NV ”—"—',__—_'] MUST ITERATE MISH AGaN. w zeG
‘: oy o hUSTIT = MUSTIT *1 MhusT STERRTE s A Avs CONVERGED
: Y s Jox 1y FAILNG TO CONVERGE.
X v [ROVPRTN = RAVPRIT(IT) = RpVPRTA-PHBETAIT)eR | @ . Rsset
H 1} PVL )u- = (QV,)ou'w(g(Q CONTER
: SeT - NUMRS : = _cureef =t
ExTerior  ( I: -ﬁ————-hvaam(m:r) = RPVPRTN [ * = 3000,
i ?: ‘st 5 J S avow € 100
) : 1TZRATINS THRU
: o MESH -
T:2 S| REVPRIT (13m) = RAVPRTN /d
+BINF » [REVPINI ~ROVPRTN]
! 2




PSS FIRT P R St SIS

jot

£9

FPrase 2~ p 6 — Store K, A, ano

n+i

/v'r :

DTKREV = DIRR {1T-uQ)
E{1T-NQ}=0.0

pA 3089 1=2,1IP!
103 = 1T +NQ

CALL START
D@ 3099 T= 2,761

A SANE €Ok i®l VALUE FOR EXTRAPOLATIAN, THEN g
o SET & & (=21 TO 0.0 FOR CELL-PRINT (Hag DTRR STENED HIRE)

IMT= IT—NQ
[]

KIT (13) = 2. <RDTDTRRSV ~KIT (1F7)
DTKR3V = DTRR(IT)

A(IDY = 1. /RA(1ID)

E(ID = 0.0

10

8]
REVPRLL L) = RAVPRIT{IT) -

RETRIEVE Ki & A For
LOMG PRINT. HAVING
RETAINED K! N oL, (=}
MAKES ERTRAPOLATION
PROCEDURE POSHIBLE .

SET E's TO 2ERD S0 THAT

OTKR'S STORED THERE
WON'T BE INTERPRETED AS
E's (UNTIL & QALC. \$ ADDED>

( 1:2 ~——{RevPrL{InT) = RoveR1(1T) |

J:2 ).-E_., ROVPRL (LTM) = e?vem(m +

5 BINE «[rovpin] - REVPRL 1T

_/

=
1:1P1 )2 RovPRL(1PT) = RAVPRL(:T) |
< D

—

SR SR
C T:TPL - "——e{ROVPRL(ITP) = ROVPRL(IT)]
<

—
17=1PJ

137 = 1IP+NQ

1
GBD—_LM= 1ImrNa_ |
%

CALL LoOP
CALL DanME

o= To ParTICLE MOVER ——0mn

(Hvrpro Cyeie is Done )



%9

FarticLe Mover:

“3089° .
Continued NPT'“ ° ) Pnc'mms Q@ g

B: ::nu Nu\'

CaLL S‘TAET

D3 M99 J=2,IP2
e 89 1=1,1P2

‘}muwc /Y. & TP

FIRsT, S6T
ERTERIOR TANGENTIAL 1
VELOCATIES FoR :
PARTICLE

AREA-WEIGHTING...

W({ITM-HQ) = vy (1IN)
ND(1dM=EM = YD '1J1)
/

UV{ITM=-NQY = UV (1T-NO)
UD(IJM=NQY = L"’(IJ*‘\Q)

J

W {LImy = Wl TM=hD)

VD (13M) = yD “130-HQ)
J

UV (13- NQ) s UV (1T0=NQ)

UD{13-NO)= U (JJN~n0!
4

Gud—=T" 17ms 130+NQ

|

1
@"’r 1T<13+00
CALL g 23¢°

IF SLM VERSION,
MUsT Bk up 1 cm. A Tue
T3-00P 15 Tuea Gu 1P2, L

| T9M = LIn-NQL |
i

THECALL LB3P7(ones BALK
PEINTING T6 CoLum (=3,

J

@-;L 3= 17-NaL  }
CALL D2NE
S S A
Ld U + 1
NQL s NG \F sem e~ @Y Uy .
{ R : O \F LCM} . f'V V‘,
Jet :-v.‘r\ /l.f;'.:
- ' N
R~ £R
N .ﬂ'u‘ ¥
oo b ny
“¥- vt 'V'l
S L
T
Imm

Second,
Mave THe
Pasmenes

SET “J* fortion of 17,
%P LCM READ 1N 2
APPRCPRIATE ROWS OF
CelL STORAGE .

New

CoorowaTes :

XPN =0

D7 3239 kP=1,NPTAT

KTE = xP(&P

YTE = 3P (u

KMAT =0

KFLG = XP(KP).4.3%

J
(ke

%DLI 3Te | ’

TR -
5% uD,¥D

>{2. '!
VAEAR ~
PAYAL)

I =xmeq47.

HPX e FLAAT (1) =), =XTE

HRYX = b= MPX
=YTE+1.8

HPY = FLOAT(T) ~.5-YT¢

[HMY = 1.~ HPY
[

J2 LT+ NQe(L-)
130 = lJ*un e

o—Hiv Inpzx l Canmrcg
FIR PasKiD PARTICLES

@)

PacTiese Fuae ! Soosmange | Aon To Usz
1$4 _“'- )| Reetomp| KT | Ve
0,1 22508 1 (up,vD)
1,3 VAPaR -] (v, W) I

ADDING KRAT T0 1T MAKES |7 AUTOKATICAUY
USE  (uV,w) 2R \U3,yp) as FPPEAPEIATE

FOR EACH PARTICLE.
ARRAMNGEMNENT 1 X

RECH
uv,up,

Pu. L pu, pv caLe.),

#I'JAAT|

UK = ¥PL« HMY'JVUJP -re
+ HMX e MY s UVILITP)
+ HPX 4 HPY & LV (JT-N0)
T HMX e KPYS UV (IT)

r; - kTE415

HPX=FLQAT(L) —.5-XTE
BMY, =L = HP%
J myTe+z,
HPY =FLAAT(T) =L -YTE
HMY 21— WPy

l

CALL.
RPARY

3 13*‘“&'(1 ¢4 KMAT I
13 -NQT

VK = HER e uiaY e VV(ZJ)
+ HMR e HRY £VY L IT4NR)
+ HPK # HPYSVV (ITM)

UM RPY VY (ITM4ER)
)

ATL = XTE + UK DTODR
YTE = YTE + VK ¢«DTEDZ

Has Paetere

RES THAT smnm:
WD (a e

LeFT Svomem
P XTE £ Q.
: ou .
XTE 3 FIRAR
/
WY Destesr
it
YTz €0, \
® e
YTE 2 FJBAR
SA"IE TT'. NO
KPN= KPN 4|
xP (kPN) 2 (KTE, AN, 3B)
B KFLG
YP(KPH) =vTE

[1PToT= kPN |

To Corrra,
@ BIGN NE

~Ew PARTIZLE
SounT

LACTL TR
2N NEXT Creye
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FORTRAN IV INDEX LISTING OF THE KACHINA PRIOGRAM
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L R L e R e e R A L T L L LT T T Y ST PY T 92 TETYY YT T YL T Y Y P e e ey

THOEX COMPILED OM 06/11/74
INOFX START TIME IS 24629 SECONDS

96'0900Gb.'ﬂ‘oo.Qﬂ.ﬂﬂiﬂ"ﬁﬂéﬂhﬂddQOﬁo\':06@005006ﬁcﬂdoﬂﬂﬂaooﬂﬁﬂﬂﬁéﬁﬁooéﬂ“D“DGDQOD\‘)“GODODQD006@900#@00\000“000}0.9#0.605...;.

VART1ABLES ARE DESCRIBED AY TYPE
FOR ARRAYS TYPE 1S PRECEOLD AY ()

COonE HEANING OF COBE ASSQCIATEY wlTH LINE REFERENCES
» STATEMENMT NUMBER DEF INED
N VARIABLE APPEAHS ON LEFT OF = SIGN

AG ARGUMFNT IN SUYROUTINE FUNgTION OR CALL
%3 ASSIGN STATEMENT
Bl BUFfER N

B0 BUFFER QUT

¢N NANE OF LABELLED COMMON
co VARIABLE IN COMMON
X COPPLEX

na DATA STATEMENT

e ] DOUBLE PRECISION
ale VECOLE

01 OIMENSTON

Do vo Loop

EC ENCODE

N ENTRY POINT

EQ COUIVALENCE

[3 FUNCTION

IN INTEGER

La LARGE

LC VARIABLE IN LCM
LG LOGICAL

Lx LEXT ROUTINE

MM HAKELIST

pa PARAMETER

PR PRINT

Py PUNCH

RD KEAD

1L REAL

-3 SHALL IN

SM SHALL

S0 smaLL ouf

Sy SURROUTINE

11 TINY IN

10 YiNY OUT

vwR WRITE



L9

INDEX 01/00/75

INDEX a1/00/75

2
3

OVERLAY (KACHFIL+0+0)

OVERLAY (KACHFIL#0,0}

PROGRAM KACHINA (INPvOUToFILM‘FSET9=0UToF5ETI2=FILMnFSET7vFSFTB)

10

20
30
40
100

C NP W e O = O Wl BN

LN U VR

PROGRAM KACHINA (INP-UUT.F]LM-FSE79=0UT'FSETlZ:FILM-FSET7qFSET8)

COMMON /KSB/ AA)(1)+AAROW(988)

COMMON /KSe/ AA(l).AASc(?6676).AK:NFI;Ao.enToDu.BDTouz.
ﬁulcsnz.avur.nouT.RVI.avyeull.nvz.nveenlz-
Bc-CDﬁ;COLOUR(])-C]vDRvﬁQOZoDQSQODT'nTO(IO)q
UTOC(10) v DTODRIDTONZ s 0T024PTPOSIDZ D202
Dzsu.o1.Enlb.sn3.snﬁ'cPS.EPV(?).EP9.EDIO.EPEO-
FIB:R.FIXL.rlxﬂ.rIYB.FIYv.FJuAR.G.GAMI'GAMZ.GDT.
ugnli.nﬁny?.anl1.Gnle.x.rneDT.IALLoxeuR-IOTO.IJ.
IJ"vIJP-IPI'IPZvISPRoIXL.IXD-IYB-IYT-J.JRAN.JNM.JPI.
P2y JRIGIOITOP s X1 9 JX2y JXF e I2 9 I3 1KD o KDONRS Dy
KDOD?SQvKV'KVOURSQ.KVDUZSQ'LCM'LPR'MUSTPH'
FUSIHo.NAuE(H)yNCVC-NLCnNDTOT-NG'VHI-NQI?'
th-NQZ.NQEL.nSc.NUMrT.Nuuno.MUMTDaNuvc
NUVB-NVAP.OMHAS'UMHSPLcOMD.OMNO.R.RC0NT166)'nnq.
RDRSQ.HDT.RUZ.RDZSQ.DI(34|'ﬁlﬂaﬂ.ulBJB-HxP(3¢).
RJBAH.nnl.nnz.uovpvn.ROVwal.nnvo.HPAQ.RDcoR.RPcoF.
HRI(34).RRID(34)oRRIDR(B&)nDinqRROEvDZDR'QEDln
S]EVIN.SQHU.T.Tan.THo-TLIMD.TOP.TOUT.THFIN.
IZOHD.VOL(34).vnln(aa)-VV:N.XCONV.KL.XP(anoo).xn.
YBeTCOMVaYB (4000) 2¥T 422

EQUIVALENCE (AASCU1) aTH) S LAASC (2} +RQOVPR1) ¢ (AASC(3) JRODPH] ) o
(AAbc(a)oPOVPR)vanSch)-QODPR).(AASC(e):sxev)-
(AASC(1)'SIEn)n(AASC(Q)'P).(AASC(9)'K|J00MBETA)0
(AASC(!O)'E‘DOUfEQDTKR)o(AASC(‘l)oROVTEoDTKT)v
(AASC (12 91V 4ROUVY ¢ {AASC 113) yUDsROUD) &

(BASC)4) oYV ROV (AASC(15) +VDeROVD)
(AASC(]b)-n,nA)1IAASC(17)cCQvROV°RT'RODPRTpROVPRlT)'
(AASC(]B)QquDP“T)v(AASC(19)'F)

EQUIVALENCF (AAROW (41 4R0V5SPL)

EUUIVALEMCE (EPV (2 4EPD)

REAL KD|KDODQSQcKDQDlSn'KlJ.KV.KVODRSQ.KVODZSQ'NUVoNUV3

CALL GETO (4LRJBN» NM;

CALL DATE] (D))

CALL CLOCKY (C1}

HG = 19

READ 100 THAR,JBARDR,00Z920+B0«ROVD NtV s CDR9RPAR

143RT = ¢

IF (18AR) 4043n+20

CALL OVERLAY (TLRACHFIL 414040

IF (1ABRT.ME.0) GU TO 10

CALL OVERLAY (TLKACHFIL 32400}

Gy To 10

CALL. EMPTY

FORMAT (21448Fg,3)
END

PAGE 1

KACHINA

PAGE 2

KACHINA
KOM
KOM
KOM
KOM
KOM
KOM
KM
KOM
KOM
KOM
KoM
Ko™
KNy
KOM
KON
KOM
LGLY
KOM
KM
KQv
EQVRFAL
EQAVPEAL
EQVREAL
ENVRE AL
EQAVREAL
FQVRF Al
EGVaFaL
EQVREAL
ENVREAL
EQVRFAL
FAVRFAL
KACHINA
KACHINA
KACHINA
KACHINA
KACHINA
KACHINA
KarHInNg
KACHINA
KACHINA
KACHINA
KACHTINA
KACHINA
KaCHINA
KACHINA
KACHINA

N=O V@V NFrWN W

—
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ICEX  al/D0/75 PROGRAM KACHTNA (lnPo0uT'FILN.FSET9=OUT.FSET|2=FILM-F5£r7'FSErB! pPaGe 3
SINGLY KEFERENCED VARIABLES
A R 4€Q DTODZ R 3c0 G -R 3co JTop -1 3Cn  0oMBAS -8 3CO  ROUY “R  4FO ™ “R  4€0
A ('R 3C0 Q102 =R 3c0  GAMy =R 3C0  Jxj -1 3CO  OMBETA =R 4EQ  ROVD “R  4EO  THIN -R  3ica
Aal 3 2Co0 DIPOS  -R 360 LAMp =R 3C0  Uxp =1 3CO OMBSPL <R 3C0  ROVPIN <R 3C0  Tuj -k 3ca
AKINFI =R 300 0Z02 =R 3c0 GuUT “R  3C0  Jx3 =1 3c0 owmp =R 3CO  ROVPIN] R3¢0  TLIMD R 3¢n
BDTGOR <R 3CO  nZSE ~H  3c0  GETQ - asu )2 -] 3C0  OMRO =R 3C0 ROVPR &R ga  TgP -R  3c0
BD0Topz =R 3CO € =R 4g0  GOMy1  -r 30 )3 -1 30 = SR 4EQ@  ROVPRT <R 4gm  rvour ~R 3£
901 ~& 300 EMPTY <« 14qu GGMy1d  «R  3C0  KACWINA = 1Sy PP =R 4EMN ROVPRY <R 4gq TWFIN <R 3¢0
: BD2 ~R  3Cn  EM}O ~R 3co GMyy ~f  3Cu kS8 - 2CN R ~R 3C0 ROVPRIT «R  4£n T20M0 <R 3CO
: BINF =R 3CO0  EM] =R 3¢0 GM)p -R 300 KSc - 3CN  RA =R 4E6  ROVSPL <R  S£Q  uyp =R 40
; 8ouT -R  3CO  gMe «R  3¢0 1 ~1 3C0  (Cu -l €0 RCONT ()R 3C0  ROVYE <R 4gn uv R 4EQ
: Bv1 =R 3C0  €PD =R 6gQ 1AL, -1 3c0 LPR -l 3¢ RGR R 3C0  ROVV =R &4ED yn R 4EN
: BViGMI1 ~R  3CO  gPpS -R  3en 1T -1 3C0 MUSTPR =] 3C0 RORSQ =R 3¢0 RO} =R 30 vm [ 2 S T
‘ BY2 =R 3CO0  EP}D =R 3¢0 iJ =1  3C0 MUSTRO =1 3Co  ROT *R 3¢n  ROR =R 360 ynLR YR 3c0
i BY2GM12 ~R 3CD  EP20 =R 3c0 1M -1 30 Naug 01  3¢0 RpZ =R 2€0 RPCDR <R 3¢c0 vy =R 4ED
: CLocwy - 1pSD EP9 <R 3¢c0 1ap -1 3C0 NGCye -1 3CO0  ROZSQ =R €0 RPCOF <R  3¢n VVIN R aco
: COLOUBR 1R 3Co F -R 4ED INP -1 186 NLC -1 3co READ - izF RiF1 (1R 3en XCONV - 360
ca R LERQ FIBAR  oR 30 1P| =1 3CO0  NPTAT =1  3C0 HEAL - 7F RRIDR 1R 3c0  x -R 3D
pategy - 9SS FIxXL =R 3c0  1P2 -1 3c0 NQT -1 3co Rt (OOR  3C0  RAagp OR  3¢0  xp (OR 30
OPART -R  4LEQ FIXH -R  3c0 ISPR =1 3C0 NOI2 -1 3C0  RIBAR <R 3Cq  ARO) =R 3C6  xm -R  3n
CROp -Q 3cu [ BR4:] -R 3c0 TaL -1 3co NQL -1 3aco RIRJR =R 3ICO RRO2 -R 3c0 YR -R 3¢0
' : NRSQ =R 3C0  FIVY =R 3c0  IxR =1  3c0 NOp =1  3C0 RIP R 3CH  R20R =R 300  veonv  -R  3¢n
E DT ~R 3CO  FJ9AR <R 3¢Q IvB 1 IO NuPy ES 3C0 RJUKAR  ~R  3C0  R207 =R 3co  yp R3¢0
DTKa ~R  4E0  FORMAT -  a0f 1YY =] 3C0 NS¢ -1 3CO0  RODPR  «R &g S)ED “R  WED  yY R3¢0
DTXT “R ARG FSET(2 <R (a6 J ~1 3C0  NUMTT W} 3CO0  ROLPRT <R 4FQ  SIEV =R 4g0 27 -R 3¢9
D10 R 3€0  FSETT <R 1AG  JP} “1 3C0  NUuRn =1 30 RODPR] =R 4@  SIZVIN =R 3¢0
pTCe (IR 3Co FSETB R 1aG JP2 -t co

HUuTp -1 co ROUD =R 4EQ SamMo “R 3co
DTUDR =R 3Co FSET9 -R 146 JRIGID 1 3¢o NVap -1 3C0  ROUTE -R 4EQ T «R 3co

dmtrtataintatotnintorotatabasatatbus .o.;-t-o-o.o.o-o-o-o.o-ooo—o-o-o-o-o.’-o-o-o-o-o-o-o-’-ioo.ouoooyo.oo’.

MILTIPLY~REFERENCED VAKIARLES

.0.0-0-0-0-0..-’-..0-&-’

10 = 12¢ 14 ie
20 = 14 15
30 - 14 170
40 - 14 10e

100 « 12RD 2o
2AROY ()R 2c0 SEQ

AASC (iR 3Co0 4ED AF 4EQ 4EQ 4EQ 4EQ 4EQ 4EQ 4€0Q 4EQ

EQ 4EQ 4EQ &EQ 4EQ AEN
“EQ “EQ 4ER

AQ «R 3C6  12RD
B0 +R 3CO 12RO
, con -R €O 12kD
: COMMON o 2F 3F
€1 «R 3CO0 1046
. OR ~R cn 1290
! 02 -R 3Cn  123)
m R 3¢0 946
FPV 0R 3co ~EQ
EQUIVAL = 4F SF 6F

FILM =R 1AG 146
TABRY -1 aco 13= 16
18R -1 0o 12RD 14
JBLR -] 3¢0 12K

JNN =1 3Co HBAY
: KD -R 3co TRU
: KDOCRSN «R 3co TR,

KDJD250 =R 3C0 TRL




A AAEATNR M S A g L e S #BI TR e e e

ww i

69

INDEX

K1J =R
KV -8R
KVGDRSO <R
KVODZSG R
NG =1
NUV -R
NUVY «R
ouTt -R
OVERLAY =

ROVO -R
RPAR -R

01/00/75

4EQ
3Co
3C0
3C0
3Co0
3co
3co
1AG6
155U
3co

PROGRAM KACHINA (lNP.OuT.F1LM.FSGTQ:OUY.FseTlZ:FILM.Fng7.p5578,

TRL
TRL
7RL
7RL

I2RD

PAGE

4
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INDEX 01700775 SUBRCUTINE LOOP PAGE 5

1 SUBROUTINE L0UP KACHINA 21

2 COMMNN /KSB/ ABL L1y yAARDW (988) KoM 2

3 COMMON /KSE/ AALL) ,AASC(256676) sAKINFT,A04BPTODRIEBNTODZ KOM 3

1 BO1/BDZBINF s BOUTIBY1 4BV IGMET 4BV248Y2GM12, KOM IS

2 BOYCORVCOLOUR(3) «C14NRIDRO2SDRSADT4DTO(10) s KoM S

2 DIOC10) 4 pTODRIDTONZADTO24NTPOSDZeD202y KOM [

3 Dzsa.ol.Eulo.ewosmmgPs.EPV(e).EPQ.EPIO.EPeo' KoM 7

3 FIBAR,F 1% sFIXHYFIVYBOFIYTFIRAR«G1GAM] s GAM2 4GDT o KoM 8

4 GGMI1.GGM1246GM11+GM1I24 14 1ABRTTALL 9 IRARSIDTO ]y KoM 9

5 lJM'IJP'IPIOIPE-ISPR-IXL-IXR'IYH'!YT'J'JBAR'JNM'JPlv KOM 10

[ JPZIJRTIGIDYUTOP Y IR s UX20UX30J29J31KDWKDODRSQ, KoM 11

7 KDOLZSO WKV o KVODURSQ 4 KVODZSALEM s LPR4MUSTPR KoM 12

: a8 MUSTHO.NAME(B)-NCYCvNLCoNDTDT'NO'NOI’NQIZ' KOM 13

; 9 NOL s NQZ2 W HQZL +NSCYNUMT T s NUMRO 4 NUMTD s NUY o KQOM 14

£ 1 NUV3sNVAR , (MBAS s OMBSPL s OHP ¢ IMRO ¢ RWRCONT (66) s DRy KOM 15

: 1 RORSOLROTRDZyRDZSAIRT (34) sRIAARIRIRIBIRTP (34) KOM 16

A 2 RJhAR.POl.ROZ.HOVPw.ROVPxN\.R(\VG-RPAR-RDCDR.RPCOh KOM 17

E 3 RRl(34).RR!P(34)vRRIOR(L&).RROI.RQO?.RZDR.R?DZ' KQOM 18

] 4 SIEVXN.SQMO.T.TH!N.THO.TLwo.mp.rour.Twr:N. KoM 19

5 TZOMD.VOL(:M),VOLR(34)pvleqXCONVoXL.XPMOOO;.XRn KOM 20

z : 6 YEeYCONVeYF(4000) 9¥T,22 KOM 21

‘ 4 IJP = IJP o NG2 KACHINA 23

T 5 = 1J + ne2 KACHINA 24

6 1JM 3 TUM o NGz KACHINA 25

7 RE TURN KACHINA 26

: a ENTRY START KACGHINA 27

5 1JP = JX3 KACHINA 28

‘ 19 1J = Jux2 KACHINA 29

: i1 1JM = gy KACHINA 30

: 12 RE TURN KACHINA 31

: 12 ENTRY DOME KACHTNA 32

E 14 RETURN KACHINA 33

i 19 ENTRY R1ROW KACHYNA 34

: 18 JU = (Jel1enal e | KACHINA 35

17 KE TURN KACHINA 36

i 18 ENTRY SETIY KACHINA 37

: 16 IJ = JJ ¢ (lel}®NQ KACHINA 38

i 26 RETULN KACHINA 39

i 21 ENTRY W1ROW KACHINA 40

s 22 RETUAN KACHINA 4]

i 23 ENTRY LCMFLG KAGCHINA 42

( 24 tCm = o KACHINA 43

E i 25 RETURN™ KACHINA 46

: 26 ENTRY RIJPp KACHINA 45

27 KK 3 (Je1}anQl KACHINA 46

: i 28 00 299 Komy,nOl KACHINA 67

: P 29 299  AAROW(K) 3 AASCIKK.K) KACHINA 48

; § 30 RETURN KACHTNA 49

: AN ENTRY RPARy KACHINA 50

5 37 1J = NQI®(ye]) KACHINA 51

p 33 RETURN KACHINA 52

, < 34 ENTRY RPARV KACHTNA 53

. I 3s IJ = NQfe(y=)) KACHINA 54

o H 26 RETURN KACHINA 55
| 3 END

KACHTINA 96



INDEX  a1/00/7S SUBROUTINE LOOP

PAGE 6
SINSLY REFERENCED VARIABLES
; AA (R 3CO 0To OR 3¢ FJuBar =R aco JP2 -1 3C0  NQL =1 3co RIuP2 e  26FN Sauy =R 30
5 Aal (R 2¢O 0ToC (R 3c0 6 =R 3CO0  JRIGID =) 3C0 NQ2L =1 3C0 RIP (IR 3C0 START 8EN
{ AKINFT =R 3CD  OTOLR =R 3c0  GAMy -2 300 JTop -1 3C0 NSC -1 3€0 . BAR <R  3¢0 1 -2 3c0
H Ap -R 3C0 DTODZ <R  3cO0  GaMp =R 3C0 J2 -1 30 NUMIT  «1  3c0 RU "IN <R  3¢0 THTN =R 3C0
Y BDTODR =R 3CO0  0T02 =R 3c0  GDT “R ACO  J3 -1 3C0  NUMRG =1 3c0 ROV, N} =R 3¢Q THP R 3r0
! BDTODZ =R 3¢0  DTPOS -R 3c0 GGMy =R 3co KD -1 3C0  NUMTD -1 3co ROV =R 3c0o TLIMD =R 3¢0
' RD1 =R 3¢0 bp? -ft  3¢h  GGMpz =R 3C0  KDOPRSA =1  3C0  NUV =1 3C0 RO} =R 30 ToP -R  3¢0
: 8D2 -R  3C0 D202 -R  3¢0  GM1, =R 3C0 KDnpzSQ -1 3C0  NUV3 =I 3c0 RO2 =R 3c0  Taur =R 3c0
b BINF -R acn nZs9 =R 3co GM1p =R 3C0 KS§ - 2CN NVAP -1 3Co RPAR -R 3¢n TWFIN =R 3¢0
3 BouTt =R 3C0 0} =R 3¢0 1ABRY =1 3C0 KkSc - 3CN OMBAS  -R  3C0 RPARU =  31EN T20MD «R  3cO
I Bv1 -R 300 EM10 =R 3co TALL -1 3Co KV ~1 3co OMBSPL =R aco RPARV - 34EN VoL OR 3co
- BViGMIT =R 3cn EM3 «R 3co 18ap -1 aco KVOpRSQ =1 3Co oMpP <R ico RPCDR -R 3co VOLR 1Y) 3c0
B BV2 =R 3CH  EME -] 3¢0 IDTp =1 3C0  xVopzSQ -1 3CO QMRO =R 30 RPCOF =R 3¢H  yVIN =R 3¢0
; BV2GM12 =R 3C0  EPS R3¢0 I™m -1 3CO0  LCMFLG - 23EN R =R 3€0 RR] (YR 3c0 WIROW =  2]&N
H 80 =R 3C0 gPV OR  3c0 1P2 -1 3€0  (oop - 1SU RCONT ()R 3¢0 RRIDR ()R  3C0 XCONV R 3co
? CPhR -R o EP10 -R 3c0 ISPR -1 3ro LPR -1 3co ROR =R aco RRIP (IR 3cn XL -R acn
: COLOUR (IR 3CN  EP2D =R 3¢c0 IXL =1 3C0 MUSTPR =] 3C0O RORSQ® =R 3C0  RRO) «R  3¢0 xp (IR 3co
. cl <R 3C0  EP9 =R 3¢0 IXe -1 3C0  MUSTRO =1 3¢n  ROT *R 360 RRO? “R  3¢0 xR =R 3cn
) CONE - 13EN FIRaRr -R 3¢0 184:} -1 3Co0 NaMg o1 3co RDZ =R 3Cco R1KOW - 1SEN YR =R 3cn
: DR <R 3C0  FIXL «R  3c0 YT - 3C0 Neve -1 3C0  RDZSQ =R 3CO0  R20R =R 3¢0 vconv  -R  3cCO0
. DRO? ~R  3C0  FIXR R3¢0 JBaR “I 3c0  NLE -1 3co  R1 (R 3c0 R2DZ “R  3c0 vp (IR 3c0
: ORSG =R 3COH  FIYB “R  3c0 JUNM I 3C0 NPTOT -1 3C0 RIBAR <R 31C0 SETIJ = 18EN YT -R  13c0
DT =R 3C0  FIYT =R 3c0 4P} =1  3C0  NQI3 ~I 3C0 RIBJB =R 3c0 SIEVIN =R 13co 27 R3¢0
0-0-0—0-.-6—|-|~b-o-.-o-o-o-.-o.o.o-o-o-o

-0-0-0.0-0-0-.-0-0-0-‘.0.0-0-.-0.0-0.0-6-0-0.0-‘-.

MULTIDPLY=-REFERENCED VARIARLES
299 - 2800 2990
AAROW ()R 2Co 293
AASC ()R 3Co 29

-.-.-...-.-.-.....-.-.-“.....-‘.‘.‘...

CONMON - 2F 3F
ENTRY - BF 13F 15F 18F 21F 23F 26F 31F 34F
T el 3C0 19
1J -1 3C0 5z s 19= 19¢ 32c 3g=
UM -1 3¢0 6z 6 =
1JP -1 3co 4z 4 os
J -1 0 16 44 32 35
. JJ -1 16= 19
y : Jx1 -1 I NS B |
i : Jx2 -l 3¢0 10
= JX3 -1 3C0 9
‘. X -1 2800 29 29
KK -1  27= 29
LCM -1 30 24s
NG -1 3€0 19
f NGQ1 -1 ICO0 1e 27 28D0 32 35
¥ NG2 -1 3C0 4 5 6
RETURN = 13 12F 14F 17F 20F 27F 25F 30F 33F 36F

L
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INDEX 01/00/7S OVERLAY (KACHFIL1,0)

PAGE 7
1 OVERLAY {KaCHFILsl,0) KASET 2
‘ INDEX  01/00/75 PRQGRAM KASET PAGE 8
! 1 PROGRAM KASET KASET 3
‘ 2 PRINT 10 KASEY 4
; 3 CALL SETUP KASEY 5
) 4 10 FORMAT {1R1@ SgTUPe) KASETY 6
- 5 END KASET 7
-
INDEX 01/00/75 PROGRAM KASEY PAGE 9

SINGLY REFERENCED YARJABLES

FORMAT ~ 4F KASET - 15U PRINT - 2F SETUP - asv

0..-0-0-0-¢-.-‘-0-.-{-0-0-040.0-v-o..-000.0-0.0-0-0-0-0.0-0.0-5-0-0-0-0-0.0-0-0.0-0-0.0-‘-’-0-0-0-c.0-0-.~0-0~.-0-0.0.0.0.0-.-0-0-
MULTIPLY=REFERLNCED VARIABLES

; 10 - 2PR (2

o-o-o-o-o-‘.0.'-o-o-o-o-o-o-0.0-..o.o-0-0-0..-o..-.-o-o-o-o.0.0-0-o-o-o-o-o-o.o-o-o-o-o-o-o-o- todidudadvitniviuiatntntadotvitadntose
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SUBHOUTINE SEYUP

SUBROUTINE SETUP
COMMON /KSB/ AALl1Y«AAROW (GRA)
COMMON /KSe/ ARL13 rASCL26676) s AKINFTLADWBOTODRIRDTODZ,

BDT+BD2yBINFABOUTRVIBVIGMIY 4BVE+BV2GM12,
BO1CORICOLOUR(3)4C14DRIDROZsDRSODTINTO(I0)
DTOC{10)+DTONRIDITODZNTOZDTPISDZyNZOZ
D2SQspliEMLOEMIVEMEEPS . EPV(2) yEPILEPLDEP2D,
FIBAR FIXUWFIXFoFIYBoFIYTFUBARYGyGAM] s GAM2 +GDT s
GGMll.GGM\Z.GMII-Gula.I.:ABRT'IALLoIBARoIDTOoIJ,
IJM-IJPoIPl.IPZ.ISDR.IXL.1xnoIVB-IYT.JvJBARoJNM,JPI.
JPZ-JRIGID'JToPoJXIoJX?oJX3vJ2'J3’KDvKDDORSQo
xuoquu»Kv.Kvonnso.KVODZsQ-LcMoLPP.MUSTPRo
MUSTROVNAUE (R) sNCYCaN_CoNPTOT sNQsNGT oNOI2y
NoL.NQZ.NQZL9N5c.MquT'NUMRO.NUMTDcNUVo
NUV3'NVﬁP'OHHASOOMBSPL'DMP’OMQO'R'RCONT(GG)'RDR'
RDRSO.PDTnﬂDZ.RDZSQ.RI(35)vRIBAR.RIBJBoRIP(34)c
RJBAR.ROI.RO?.ROVPXN.QOVP]N\pQDVOvRPARoﬂPCUR'RPCOFv
RRI(3A)oRDID(34)oRR!DB(34)pRROI'HPOZ.R?DQ.RZDZ-
S[EVIN.SQMD.T.THINqTHGpTLIMD.TOPoTOUT.THFIN.
Izono,an(an).VOLP(aa)'VVxN.xcouv'xL.xP(4000).xRo
YRIYCONVvP (4000),vT, 722

EQUIVALECHNCE (AASC(]"TH)'(AASC(Z)oQOVpR1)0(AASC(3)oRODPHl)o

(AASC(A)oPoVﬂR)o(nASC(S)-RODPR)o(AAscfﬁ)lSIEV)v
(AASC(7)oSIED)'(AASC(a)vP).(ﬂASC(Q)oKIJoOHBETA)'
(AASC(]O).E.nouTE-DTKnxo:aascclll'ROVYe»DTKT)'
(AASC(XZIvUV.ROUV)o(AASC(l\)-UD-ROUD).
(iASC()67|VV'ROVV)O(AASC(IS)OVDOQOVD)'
(AASC(;G)-A.PA)o(AASC(17).cQ.ROVPRT.RoDPRT.RoVPRIT)-
(AASC(;H)opv.npRT)o(AASC(lg).F)

EQUIVALENCF (AAROW (4) JROVSPL)
EQUIVALENCE (EPV(2y 4 EPD)

REAL

KD-KDODRSGoKnonZSQ,KIJ-KV.KVODRGQ.KVCDZSQ.NUV.Nuva

VIMENSION TH(l)vRGVPRI(I)'RODPRI(])'PoVPR(l)'HODPD(l)oSiEV(l)'

SIED(I)vp(l).KIJ(l)oOHRFTA(])»E(I)oHOUTE(l).DTKR(!)o
DOVTEll).DTKT(l)-UV(\):ROUV(])'UD(I).ROUD(])vVV(l)'
DOVV(l)va(l)eROVD(l)-Atl)cRA(!)sCG(l).RoVPRT(l).
RODERT (141 4ROVPRIT (1) PR (1) opPRT (1) 4F (1)

DIMENSION ROVSPL (1)

DATL PT ;7 3.1415 92653 58979 32384 62¢ /
DINENSION TDCOMP (Ry «KMATS (4)

DATA
CALL
READ
READ
READ
READ
AEAD
READ
HEAD
READ
KT =

KMATS /08,18+28,38/

LCHFLG

8194 MAME

810y 10COMP

A204 OMPYOMHOLEPS(GeKVIKDIEPV 1) JEPD R

A30, AC1,R02yaM1,6aM248Y14BV24BD] 1AD2

a3S, JRIGIOI90T THIN,ROVINIZROVIN2 ySTEVINGVVINs [ TOR
840, T-DT.TZOMD.TLIMD.THFIN.LDRoxSPR-(cOLOUR(N)'~=l.3>
845y (DTO (N)4N=1,1p)

845y (DTOCINYN=1,10)

9

ASSTGN 110 Y0 KRET
WRIYTE (KTsg10) NAMg

WRITE
WRITE
WRITE

(KTeg10) IDCOMP
{(KT+g50) 184R.JBARVDRIDZsA0+BO 4 ROVO s NUV s COR,RPAR
(KTyREN) OMP,OMROYEPSYGoXVeKDIEPY (1) yEPD SR

PAGE 10

KASET
KOw

KOM

KNwm

KoM

KOM

KOM

KOM

KoM

KOM

KOM

KOM

KoM

KOM

KOM

KOM

KOM

KOM

KOM

KoM

KoM
EQVREAL
EQVRF AL
EQVREAL
EQVREAL
EQVRF AL
EQVREAL
EQVREAL
EQVREAL
EQVAFAL
EQVRFAL
EQVRFAL
DIVEN
DIMFN
DIMFN
DIMEN
DIMFN
DIMFN
KASET
KASET
KASET
KASET
KASET
KASEY
KASET
KASET
KaSgT
KASEY
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET

VOOV & WiV @

10

—
NOUVLPWNN—~O OB NIV SWN

et e el pb ook gt Pt
CDNCU P W

N RO& NN Y OO
NIV P WN—O

N
0 T
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INDEX 61700775 SURROUTINE SETUP PRGE

28 WRITE {(KT+870) RDI‘RDZ,GAM].GAMZ.BV!.BVZ-BchBDZ KASET

29 WRITE (KTeg75) JRIGID-IBOT.TnlN.anlNI.Rolez.leV1N'VVIN‘IToP KRSET

30 WRITE (KTsggd) T‘ny.TZOMnoTLIMD.TwFIN.LPRv!SPR.(coLDUR(N)-N=1.3) KASEY

k)] HWRITE (KT+g90) (DT (N) 4N=1,10} KASET

32 WRITE (KT9903) (DTQc(MysN=1410) KASET

33 GO TO KRgTY KASET

34 11n IF (LPR£G.0) 6O Tg 12¢ KASET

35 KT = 12 KASETY

36 ASSIGN 120 TO KRET KASET

37 GO TO lop KAGET

3R 124 1Pl = IBAR ¢ KASET

39 1P2 = IBAR « 2 KASET

4n JPY = JBaR + 1 KASET

: a1 JP2 = JBAR ¢ 2 KASET

{ 4z NQ2 2 NG « NQ KASETY

i a3 NQI = NQ ® P2 KASET

) 64 N2 = NOT + NQT KASET

45 NOL = NQo(-LCwm) KASET

46 NQ2L = NQL + NQlL KASET

47 IALL = JP2 o NQI KASET

48 JX1 = 1 ¢ NO KASET

¢ 49 JZ2 = 1 + Nul KASET

‘ S JX2 3 02 « NQ KASET

3] JI = J2 « NGt KASET

52 JX3 = U3 « NG KASET

53 FIBAR = FLOAT((8ARy KASET

S4 FUBAR = FLOAT(JBARy KaSET

11 RiBAR = 1, / F1BAR KASET

56 RJBAR = 1, / FJBAR KASET

s7 R1BJB = RIBAR e RygaR KASET

SR NSC = LOCF (2Z) = LOCF(AA) & 1 ) KaSET

59 HLC = LOCF(AA] (JP2aNQLY) = LOCF(ARY) 4 1 KASET

60 170 = 1 KASET

61 TOUT =T « DTO(Y)) KASET

62 DTPOS = pT KASET

63 NCYC = NPTOT = NUMID = 0 KASET

64 EM10 = 1.E-10 KASET

b5 EM& 2 1,E-5 KASET

(1) EMI = 1.E-3 KASET

67 EPS = J,Eeq KASEY

e8 EP10 = 1.E410 KASET

69 EP20 = 1.E+20 KASET

70 OMP & =QMP KASET

7 AKINF] = EP1Q KASET

72 THO = 0,02 KASET

73 RRO) = 14 » ROy KASEY

74 RRO2 = 1, , RO2 KASEY

% GMIl = gaMml =~ 1, KASET

; 76 GGMI1 = Gam) @ GM1} KASET

i 77 BVIGMI1 & BV1 » GMy1 KASET

. 78 GM12 = GAMZ = |, KASET

: ! 7% GGH12 3 GaM2 ® GMiz KASET

; . 80 BVEGMIZ = gv2 o 6M]2 KASET

. 81 SQMD = (,Sy°w? KASET

! 82 RPCOF = 1,5/RPaRw#42 KASET
83 NUVI = 3, @ NUy

KASET
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INDEX

01/00/75

a4

85

86

H7

63

RQ

99

S

G2

93

94

1)

96

97

98

99
1¢0
101
102
103
104
1058
106
107
108
100
110
11
112
113
114
115
116
117
118
119
120
121
122
123
124
12¢
126
27
128
179
13¢
131
132
133
13
135
136
137
138
139

139

SUBROUTINE SETUP

RPCOR = ,25 & RPAR & CnR
ROR = 1. 7 pR
ORO2 = ,5 o CR
ADZ = 1, 7 p2
0702 = ,5 « DZ

RDRSQ = RDR & RLH
RDZSQ = RDz e RLZ
DRSQ OR & DR

DZs0 ; D2 e p2Z i
OMBAS = ,580MPeDRSQeD26Q / (DRSQ+DZSQ)
R2DR & ROUR

RegbZ

L]

«5 © RDZ

KVODRSG = v 9% RDRgQ
KVODZSQ = kV ¢ RDZsQ
KDODARSQ = kD ¢ RDRgQ
KDODZSQ 3 kD ¢ RDZsq
RNT = 1, 7 DT

DT02 = 5 8 DT

OTODR = pT & RpR

BDTODR = Bg # DTODR
DTOGZ = nT o RpZ

B0TODZ = By « DTOD,

GbT = G o pY

GHRSPL = 0MBAS © RpT
VCON = 2,ep] © DRepy
RI{1) = «.5 & pR

RRI(]1) 3 =2, @ RDR'
ARIOR(1) = RRI(!) & RDR
RIP(]1) = RRIP(}} = 0.
D0 129 le2,I1P2

RI(I) 3 RI(I«1) + sLa
RRI(TY = 1, 7/ RIL],
RRIDR(YIY = RRI([} = RDOR
RIP(I) = RIP(I=1) 4 DR
VOL (1) = VCON®RI(Iy
VOLR (1) = yCONaRIP (1}
RRIP(T) = 1, 7/ RIP(I}
D0 139 JU=2,up2

RCONT(J) = p.

IF (U GELJIRIGID*2) RCONT(J) = 1,
CONT INUE

B0UT = gINF = g

IF (IBOT,EQ.1) BOUY = le
IF (180T.€Q.2) BINF = 1,
HOVPTHNY a THIN @ ROVINY
ROVPIN = THIN @ (ROVINL*ROVINZ)
TOP = ITQP

JTOP = Up] + [TOP

XR = FIBAR © DR

YT = FJUBAR © pZ

AL = YR = ¢.

F1Y8 = 916,
X0 = XR / (YT=YB)
YY = 0,

IF (XDeLE+).13556) YY 5 1,
FIXL =.AMXx](o.v(Sll.-ASD.OXD)'YY)

PAGE

KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASETY
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASETY
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET

12

86

Lk

88

a9

90

91

92

93

94

95

96

97

98

99
100
101
102
103
10,
105
166
107
108
109
110
111
112
113
14
115
116
17
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
133
136
137
138
139
140
141
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INDEX

01/00/7S

1640
141

142
143
Va4
145
146
147
148
149
15¢
151

152
153
154
155
156
157
158
159
1&0n
16)

162
153
164

165
166
157
168
169
17¢
17
172
V73
174
175
176
177

178
179
190
181
1R2
183
184
185
1846
187
188
1F9
196
19]
192
193

179
189

199

200

209
219

SUBROUTINE SETUP

FIXR (5114495029%XD)2YY & 1022.%(le=vY)
FIT 2 1649YY o (9160=1022,/X0) (] mYv)
XCONV = (FIXR=FIXL) / (XReXL)
TCONV = (FIYT=FIYBy / (YT=YB)

IXL = FIXL
IXR = FIxXR
1Y8 = F1vB
IYT = FIYT
NGML = NQ « 1}
CALL START

60 199 Jz1.JP2

Lo 189 1=1,102

KF = IJM = NQ

KL = KF » nNOMI

U0 179 KaKkgoKL

AASCIK) o Q.

IJM =2 TgM o N

CALL LOOP

IJM = TUM o NO2L

CALL DONE

SROVY = $RQV2 3 o,

REaD 910 HB-NRvNT.NL.RODPRI];RODFRX?-ROV]'ROVZQSIEV!’SIED!yNPUA
IF (NRWER.Q) GO TO 300

PRINT 920 NB‘NRONTtNL.RODPRI)oRODPRIz.HOV\|ROV2‘SlEVl'SIED!'NPUA

IF (LPR.GT,.0) WwRITE (124920) NB,NRyNT,NL+RODPR1} yRODPRI2,
1

ROVIsROV2,SIEVIWSIEDT oNPUA
SROVY = SRov1 « Rovy

SROVZ2 = SRQVZ ¢ ROv2

NB2 = NB o 2
NR] = NR |
NTE = NT +
NL2 = NL o 2 3
THI = 1. - RODPRI1SRRO} - RODPRI20RRO3

L]
IF {THILLT,0.) GO 1O 49d
ROVPRI1 = TH! o ROV
ROVPRT = T © (ROVI+RQV2)
RODPRT = ROOPRIL « popPRT2
ROVPRI2 = ROVPRI « ROVPRI1]
PNI = SIEVI®(ROVPRI1®BV16.171 o ROVPRI24BV2GM12}

/ (THIS (ROVPRI1aBV]  « ROVPRIp4BVZ2)) # ROVPRI
D0 219 J=NBg2eNT]
CALL RlRow
DO 207 Tang2eNRY
CALL SETIY
TH{IJ} = TWl
HOVPR1(14) = AQVPRY)
ROVPR(1J) a2 ROVPR]
RAUPRI(14) = RoDPRYY
RODPRI(IJY = RODPHY
SIEVIIY) = SIEV]
SIED(IJY = SIED]
PLIJ) = PNT
I =10 ¢ NG
CALL WIROW
CUMTINUE

IF (NPUALEN.D) GO v 2pp
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194
195
196
197
192
199
Q¢
2¢]
202
263
204
208
206
207
Z0R
209
2lo
FAB
212
213
214
215
216
217
218
219
220
221
222
223
226
225
226
227
228
229
239
20
232
233
234
23S
236
237
238
239
249
241
2%2
243
244
245
246
247
248
249

230

236
240

279
289
299

300

31e
315
320

330

335

349

SUgROUTINE SETUP
FNB = FLOAT (NB)
FNR = FLOAT (NR)
FNT = FLOAT (NTS
FHL = FLOAT twp)
WIDTH = Fig = FNL
HETIGHT = FNT = FHB
FNPULA = FLOAT (NPUA)
RODRAT = RODPRI1 7/ RODPRI
OFFSET = o,
DO 299 NTYPE=21,3
GO TO 1230.2324234) NTYE
PNEFF = FNPUA ® RUpRAT®(1,-THI)
GO TO 240
PNEFF = FNPUA © (1 ,«RODRATI®(].«THII)
GO TO 240
PNEFF = FNPUA & THe
XNP = WIDTHOQSQRT(PNEFF)
YNP % HEIGHT®XNP/WIDTH
NPX 3 XNPe SeEMI0
NPY = YNPe S5+EM]0
IF (NPXONPY.ED.N! 6O TO 295
XSPAC = WIDTH 7 FLOAT (NPX)
X1 3 FNL » XSPACY( S+ ,2990FFSET)
YSPAC = HEIGHT 7/ FLOAT (NPY)
Y1l = FNB * YSPAC®(,5¢,2580FFSET)
KMAT = KMATS(NTYPE)
00 289 J=1,.NPY
XT¢ = xl
00 279 [=al.NPX
NPTOT = NRTOT « )
XP(NPTOT) = (XTEeA,,Ne3B) ,0. KMAT
YP(NPTOTY = YI
XTE = ATE + XSPAC
Y1l 2 Y1 « YSPAC
CONTINUE
GO TO 210
CALL START
DO 399 J=22,.JP1
DO 382 1=2,Irl
IF (1.EQ.2) GO TO 330
IF (J.EQ.2) GO TO 335
IF (1,6Q.1P1) 60 To 34p
IF (J.EReJPl) GO To 345
GO TO 380
IN = IJ « NQ
KRET = |
GO TO 359
IN = TJM
KRET = 2
THIINY = TH(IJ) ¢ BINFS(THIN=TH(IJ))
ROVPRI(INY = ROVPRI(IJ) + RINF®(ROVPIN]1-ROVPRI(IU))
HOVPR(INY = ROVPR(1J} « BINF®(RQVPINROVPR(TJ))
SIEVIINY = SIEVIIJY ¢ BINFO(SIEVINSSIgV(Id))
VVIINY = BINFRYVIN
GO TO 360
IN 2 1J ¢ NQ
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INDEX

81/0%/75

250
253
252
253
254
255
256
257
258
259
260
2%5])
262
263
2864
265
266
267
248
259
270
211
212
213
274
215

276
217
273
219
280
281
282

283
284
285
286
287
268

289
290

29N
292
293

345

ELY]

360

339

389
399

400

219
82e
8J¢
835
B4p
845
850

B6o
870
87%
8Rp
899
900

N9
920

930
940

SUGROUTINE SETUP

KRET = 3

GO 10 35¢

IN = 1Jp

KRET = &

THUINY) & TW(ld)

ROVPRI{IN) = ROVPR) (1)

RQVPR{IN} 3 ROVPR{7))

SIEVIINY = SIEVILY)

HODPR] (IN) = ROUPHWy (1J)

RODPR(IN) = RODFR{14)

SIFO(IN) = STED(Iyy

GO TO (310+3154320.3801 KRET

1JP =2 10P + NO

TdM = g™ o NQ

IJ 2 1J o NG

CALL LoOP

CALL DONE

NVAP =

IF (SROV).GT.0, oA, SROV2.EQ.D.) NVAP = 2
IF (SROV1,.gT.0, A, SROV2.GTe0.) NVAP = 3
PHINT 9304 NPTOT

IF 1LPR.GT,0) WRITE (12,930) NPTOT
RETURN

PRINT 949, TH]

[ABRT = |

RETURN

FORMAT {(gAyg)

FORMAT (9Fg.3)

FGRMAT (8Fg.3)

FORMAT (214+S5Fge3ats)

FOIMAT (SFE.3e2040aFb,1)

FORMAY (19fB,3)

FORMAT (3;.lnAn:O[‘/Jx.JRAR='lb/Sl'DR:°lPEl2;5/5X°DZ='E)2-5/5X‘AO=
)og|2.5/sx-ao=°£l2.5/3xoaovo=°Elz.s/éxunuv=°512.5/4x-conzoslz.S/Bx-
2RPAR=eE )} 2,5)

FORMAT {4Xo0MP=PLPEN2,5/3X0MRN=0E12,5/4X9FPS=0F)2,5/6X0960F 2,5/
]SX'KV:'EI2.5/51’“0:‘5lZ-SIGI.EDV=°EI2.5i°‘“EPD=°EI?.5/6X0R=o[|2‘5)

FORMAT (4X6R0J=®1PE12.5/4X0H0R=0F12.5,3X0GAMIEOE] 2,5/ INSGANDSS
lEl£.5/6P°8Vl=“£l2.536x08V2=°€iE.SIAXDBDI='E12.5/61ﬁ602=°E1?.5)

FORMAT (@ JRIGID=®14/3XeIROT=®L6/IXSTHINSSIPE12.5/0 ROVIN)=8E12,5/
1% ROVIN2zogl2.57¢ SIEVINZ®E12.5/3IX0Vy N=8E|2,5/3X0]TOPo]4)

FORMAT (6X8T321PE12,5/5KeDTS9€12,5/° T2oMD=tE)2,5/% TLIMD=®E12,.5
170 YHFEn:n*12.5/ev-LPR=~l4/3l°[SPa:oyalo COLOVR{}=3) e
2 310PFIa1e,. 1) N

FORMAT (» DTO(1=1p:=85(1PE12,542X) /12Ke5(E12.502%} )

FORMAT (e DTAC(1=101=585 (1PFL2,5,2X) /12X 45 (F12,542X) )

FORMAT (414¢6F8a3:14)

FGRMAT (8 NBSe]3® NRze(le NTze130 ppze]3e RODPRI1=%1PE} 2.5
[RODPAT2=0E12,58 RQV1=eE)2, 5o ROV2=9£12,5/36X#SIEVI2eE12,504X 085 F
2v2zeg12,50 NPUAzer4)

FORMAT (110® PaRTICLES GENERATED, SETUP COMPLETED,®)

FORMAT (10X*NEGAYIVE THETA42%1FE12,5)

END
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SAOV2 <R lens  l6ks 166 268 269
STaaT < 14950 2305V
T R 30  19RD  3aNR 0}
™ (3R AEQ ehl 182e 2433 243 243 25463 254
Thi -f 171= 172 113 174 177 182 205 207 209 273PR
THiN -R 3C0  18RD 29¥R 128 129 243
THO -R 3€0  T2s
TLIMD  -R 3C0  19HD  3I0WR
Top -8 3C0  130s

TOUut R acn 6l¢
TWFIN  «R 30 19KD  30WR
T2orD -R 3co »vRD 3GwR

ud R +FQ 801
[ (e AEQ aot
VCON - 1¢B= 118 1)9
vo 1R afn 8nl
voL R acn llsz
vOL8 [§1] 3cn 11%=
vy (IR AEGQ 8Uy 247s

VVIN -R 3Co 18R 294R 247
wio¥+ <] 1983 210 211 218
wRITE - 24f 25F {13 27F eBF 29F 30F

3nf 32F  164F  2MIF
RCONV -f 3Co  1e2x

X0 R 1362 138 139 tep 161
Xy -R 30 13es3 12
XNP -H 2102 F4%) 2i2
xP (1R 3Co 2262
xR «R cn 132= i36 142
} $57- 1 «F 215z 218 226
ATE R 223z 224 226= 226
x) R 2162 221
A -’ 3CH 1 34= 136 143
YCOond - L0 1633
Mo =R 211t 213
Ye GUR 3C0  p2sa
2 YSPAC -A 217z 218 227
2 AA 1 -R 3C0 1323 134 143
Yy =R 137= 138= 139 140 160 141 141
t Yl =R 218 225 221= 227
F14 R aco 58
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INDEX ©01/30/75 OVERLAY (KACHFIL 4240} PAGE 22

1 OVERLAY {KaCHFIL3s2,0) KAGHYDR 2
INDEX 01/00/7S PROGRAM KACHYDR PaGE 23

1 PRCGRAM KACHYDR KACHYDR 3

2 PRINT 30 KaCHYDR [

k] CALL. KYDRO KACHYNR 3

4 10 FORMAT (e WYDRD®) KACHYDR 6

13 END KACHYOR 7
INGEX  01/00/7% PROGRAM KALHYDA PAGE 28

SINGLY REFERENCED VARIABLES
FORMAT =« oF HYDRO - 3SU  KACHYDR = 1SU  PRINT oF
Q.!'0-.-o-...-.-...—o..-0.0.0.0-0-0-....0-0-0.0.0-0.0.0-..0-0-...-0-6-0-‘-0-0-6-0.0‘0.5-.-’0.0-0.0-.-0.0-0."0.;0.0.0.0-0-0-0-0-0.0.
HULTIPLY=-REFERENCED VARIABLES
10 = PR o

0.0.0-0-0-0-0-0-0-0-0-0-"0-'-0-0-.-0-0-G-Oob-o-..0.0-0-0.0-0.0-0-ouooo-0-0-0-0-0-0-..0-0.;-0-0-0-0-0-0-0-0.0-0-0-0.....0-0-0-.-.-
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INDEX

01760775

!
2
3

@~y U

n

12

13
14

SUBRNUT INE
COMMON /xS
CUMMON /KS

e CUPLWN== OO~ NS Wi N

EQUIVALENC

~oOU e Wiy

EQUIVALENE
EQUIVALENC
REaL wnyKD
DIMENSION

W N -

DIMENSION
DIvENSION

o L N

EQUIVALENC

W N

oW e W N~

DATA xMATS
DATA 10PP

SUBROUTINE HYDRQ

HYDR0

87 B4l(1)ALPOW(GBR)

€/ A&11),AASC(26676) s AKINF1,A0BNTODRYBDTO0Z,
ao!.ecz.exni.gour.av1.nv:snll.sv?.avzsulz.
BO'CDQ|CULOUR(3)-ClQDR-DRHZ'OHSO»UTQDYO(IO)l
DTOCHT0) +PTODRIDTODZWDTNS.DTPNSIDZDZN2s
Dzsospl.Enlo-EMB'Ena-EPs.EPV(z)-EP9-Eblucepzn-
FIUAR.F1XLJF!XR'FlYBoFXYT-FJRADOG'GA”"Gﬂ"?cGDT'
Gﬁnll.Gﬁnlz.snll'enlz.l.1ae?TleLLoIRAQ-IDYO-IJ-
lJHolJP-IDI-IPZ-ISPRolXL.rXRvlYB-IVT-J‘JBARvJNMoJPIc
JpZaJnlslg.JYoP.Jxl.JxZ-JX3.J2.J3.KD.K000RSQo
KNUDZSQsKY sk VODRSOKVOUZSGILCHLPRyMUSTPR,
MUSTRO ¢ NAME (8) sNCYCoNLCoNPTOT +NOSNQT o NC T2,
NGL o NQ2oNQRL +NSC e NUMT T o NUMRO W NUMTD ¢ NV »
NUY3eNVAP OMBAS e 04BSPL s0MP » OMRORRCONT (661 sRDRY
RDRSQ.ROT4ADZ+ROZ50RT (34) vRIBARYRIBIVRIP (34) o
RJBAR.HOI.ROZ.ROVP}N.ROVP]NI'ROVOvRPAPoRDcDR'RPCOF.
RRX(]A;aRQIP(B“)oRR!nR(3A).RROI.RPOZ.RZDQ-REDZ-
SIEVIN.SQMD.T.TNIN.THG.TL]MD.YOP.TOUT.TUFIN.
TZO“D.V“L(BQ)oVOLN(Bh)oVVINcXCBHV-XL'XPIQOOO)oXR-
YByYCONY o YP (4000 o¥T4227

£ (AASC(119TH) o (ABSC(2) yROGYPR1) o CAASC (31 4RODPHL) »
!AASC¢4)oHnVDR)n(AASC(S:'RGDPR)-lAASClb)rSIEV)v
(RASC (7' ySTEN) + (AASC(8) +P) 5 (AASC(9) + K1 J9OMBFTA) o
tAASCl:@).EoROUTE-DTKD)c(AASc(tl).RovTE.DTKT)'
(AASCI1?)'UV.ROUV)'(AASC(lﬂ)|UDoRQUD)o
(Aﬂscfjbl'VVOROVV"(AASC(1§)|VUQPOVOIU
(AASC(}&).Aonn)o(nnsc(17).cQ.ROVPRT.RODPRT.ROVPRIT)o
(AASC(lu).pP.oonTi'(AASC(19).Fl

F {AAROW (4! +ROVSPL)

E (EB¥ 12y EPp)

NDRSQIRDENZSAIKT v KY o XVODRS R, KVONZSQAsNUY 4 NUVS

Tn(l)ckuvpnl(i).nonvnlll).novpn(l).Roopn(l).SIFV(!)-

SlFU(l)'p(l).KIJ(l)|OHHETA(1)oE(‘)vROUYE(l)vDTKR(l)v

90V1E(1)'DTKT(‘)nUVll)'ROUVll)oUD(‘)OROUD(I)'VV(‘)v

DOVV(1)-vo(l)'ROVD(l)'A(I)oRA(‘)ch(‘)'RoVPRT(l)v

RUDFRT (1) JROVPRIT(1)4PP (1) ynRRT (1) 4F (1)

ROVSPL (1) .

THTAZ (341 vRODITAR(34) s STEVTAB (341 9 STEDTAR(4) ¢

TH!ET()).unnrxli.Pvn[nr(y).75HM|T(!).T£9H2T(34)-

1x)(l)olx?¢l).1v1(l).1Y2<l)°xl(a).vl(a).CON(ll).

sPsuuSlzo).xuhTS(b)cIDPP¢2.3)'xcHARS(S).vELuxle)-

TOVY (2024 4 1DCON(E v 10)

€ (7h7AB.!X|l'(VHTAB(2)QIX?1-(THYABl?)lel)o
(THTAH(A)QIV?)'(YHIAH(S)'x])'(TNTAﬁ(Q)oYl)'
(YNTAa(as).CON)-(thne.vurrr).(ROO]TAR.ROOTJ.
(SxEv?AH'PvnENY)'(SIEuTAa.TEHMlT)

EQuIVALENCE (ROUT'SPSUMS)'(QOHT(I)qSYM)Q(HDOT(?IoSMOMR)'

(ROUT(3) +SMOMZY) + (RADT (41 . SMOMZDY + (RADT (S) ¢ SMOMZ ) ¢
(HOOT (6) ¢SMV1) 4 (RODT(7)9SMD1 ¢ (RDOT(B) ¢ SINTEVS »
(“OUT(Q)vSINYED)'(FODT(IO‘vSINTE)o(RODT(ll)oSMVZ)O
(unuT(lz).qmnz).lHnoT(13).sKEv).(DODT(yal.SKED).
(NOUT()S)oSKE).(RODT(|6)'SMV)o(RODT(IT)'S"D)o
(nourtzs).sEV).(Roortla).szn).(RODT(20)-55)
/0Bv1H,28428/

216H (% DROPLETS 1%)416H (e DAOPLETSy 2e),

PAGE 25

KACHYDR
KM

KO

KOw

KoM

Ko™

KOM

KOM

KOM

KOm

KOM

KOM

KoM

xnw

KOM

KOm

KOM

KoM

KM

KOu

Kow
EQVRFAL
FQVREAL
EQVREAL
EQVREAL
EQVRE AL
FQVRF AL
EQYREAL
EQVREAL
EQVREAL
EQVREAL
EQVREAL
GIMEN
DIMEN
DIMEN
DIMEN
DIMEN
DIMEN
KACHYDR
KACHYDR
KACHYDOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYUR
KACHYDR
KACHYNR
KarHYDR
KACHYDR
KACWYDR
KaCHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYOR
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INDEX

91/90/175

15
16
17

139
149

149

210

& WA e

lIF (LPR,GT,0)

SUBROUYINE HYDHO

jeHi® yapPOR )/
DATA ICHARS /16v63,42/
DATA IDvy /1av(o vAPOR, ©) 9 14H(® NROPLETSe0)/

DATA IDCONM /lgni® vOIn FRACTNG), 1EHI® RRU=V pR,y10),
161(® RHNWD PRev]d), 164 (8 ArNay pRIME®),
16H(® QHCLD PRIMES) 14n{® STE«VAPORO) s
14H{® SIF.PROPS®) 13H(® PRESSURE®),
131(® pDRAG (K)®)e 1S% (¢ ENERGY (E)e)/

DATA TOLDsT2 70,09,/
CALL SECOND (TBASE,
Ty = TBASE
CALL GETO (4LKTLMe1])
TLiv = 11
IF (1BAR,EQ.N) GO Y0 279
TLIM = T [Me27,5E=g « 40, o {le=TLIMDYSERPYy
CONTINUE
CALC. OPTIONAL E ARRAY HEREs = CHEWICAL OR NUCLEAR ENERGY,
TOLD = T2
CALL SECAnn (T12)
XX £ (T2=-TOLD) eRIB JR
PRINT 4120, TONCYC 0T 312, XX oNUMT T, MUSTPR 11 IMRO (MUS YRO
WRITE (12441200 ToNCYCopTaT29XXeNUMIT o MUSTPR yNUMRG y

MUSTRO
CALL emMPTY

ASSIGN 120 YO KROUY

IF (TeEM19,6E.TOUTY Gn To 210

IF (NCYCLLE+1) GO 10 3g0

IF 11SPR,EQ.2) GO YO 940

IF (T2T1.G6E,.%200, ofe T20MULGTLEMID) GO TO 220
1F (T2-TDASE.GE.TLIM) 6O TO 230

IF (T,GE,YwFIN} RETURN

HCYC s KEYE o )

IF (LPR.EQ.9 0 NCYCJLE.1p) GU T 150

VELMXiy) = VELMA(2y = gMI0

CaLL STARY

DN 149 J=1,4P0

00 139 1z2,1pl

VELMX (1) a AHAXI(VELMl(la-ABS:UV({JH)).AHS(UD(IJM)))

VELMX(2) = ‘Nﬂxl(VELMX(Z)-ABS(VV(!JM)).ABS(VD(IJM)))
TJM = Ty o NQ

CALL LOOop

CTPOS = D) *AMINT (DR/VELMX (1) 40Z/VELMX (2))
DT = DTPOS

IF (TeDT.GT.TOUT) pT = TOUT = T
Tz71 enpnT1

RNY o 1, 7 DT

0102 = .5 » NI

OTGDR = oT & RpP

B0T0NDR 3 Bp » 10D

DTODZ = DT s RpZ

HOTO0Z = 8y = pTOY?

6NT = G & gr

NMBSAL = QuBAS & R~

GO Y0 1e60

TQUT = TQUY « BTO({1DYOD)

IF (T+EM10,L.T.0TOCI10TM)}) GO TO 300

PALE

KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KLACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
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KACHYDR
KACRYDR
KACHYDR
KACHYDR
KACHYDR
KACKYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACKYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KArnyYQDR
KaCHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYNR
KACHYDR
KaCHYQOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
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R Tpospra

88

INDEX

01703775

64
65
6¢
3
68
69
70
n
T?
73
74
5
76
17
78
79
&q
et
82
83
85
83
B6
87
-1-4
89
S0
91
92
93
S4
95
96
97
LT
9%
100
101
102
103
104
105
106
107
108
109
110
(BB
112
113
114
115
116
117
118
119

220

230
250

270

28¢

290
300

No

319
329

SUBROUTINE HYDRO

TOUT = OTOC(10T0) & DTO(IDTO ¢ 1)
1070 = IDTo « )

GO TO 300

TL = T2

ASSIGN 130 TO KRET

G0 T0 25p

ASSIGH 290 TO KRET

PRINT 4000, NUMTDs7oNCYC

1F (LPR,GT,0) wilTe (1294000) NUMTDsT,NCYC
WRITE (B) (BA(N) +Nal¥NSCH

IF (LCM.EQ.1) WRITE(B) (AA1IN)eN=)NLC)
CALL DATAREL (5LFSET8)

CALL AFSREL (3LOUTH

CALL AFSREL (4LFILM)

NUMTD = RUMID - )

GO TO KRET

REWIND 7

JTD = JBAR

JNSC = LOCF{22) = LOCF(Aa) + )
READITY (Aa(N) oN=1,INSE)

IF (LCM,EQ,1Y READ(7) (AAT(N) sNu1yNLC)
IF (JTOLNE NUMTL) 60 TO 289

CALL AFSREL {(SLFSETT)

NUMTH 2 NUMTD o 1

TLIM = TLIM®27,.5E=9 = 40, + (1.=TLIMDI®EP1Q
PRINT 4G10, JTD

PRINT 4020, NAMEsT,NCYC

IF (LPRLEQ,0) 6O Tp 130

WRITE (124+4010) JTp

WRITE (1204020) NAMEoToNRCYC

GO To 13n

PRINT 4030

CALL AFSREL (SLFSEY?)

RETURMN

[F (PTOTLEVLD) GO TO 400

NFR = ¢

CALL ADV (1)

CALL COLOR t0e)

CALL FRAME (IXLeIXRolIYTo1YR}

IF (LPR,gQ,0) 6O To 320

CaLL LINCHT (S59)

MRITE (42+4040)

WRITE (1204050) JNMWDY CYsNAMESTHNGYC
00 319 NPs)sNPTOT

IX} = FIXL + (XPINp)ODR=XL}*XCONV
1YY 3 FIYE « (YR{NP)SDI-YB)@YCONY
L s (XP(HP),A,38) & 1

CALL PLT (1X191Y]sICHARS (L))

00 349 NTYPFal,3

KMAT 3 KMATS(NTYPE)

ICHAR = 1CHARS (NTYPE)

CALL COLOR (COLOURINTYPE))

IF (LPR.EQ,D) GO To 330

CALL ADy (1!

CALL FRAME (IXLeIXRelYT21YR)

CALL LINCNT (59)
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KACRYDR

27

109
110
111
112
113
114
115
116
17
118
119
120
121
122
123
124
125
126
127
128
129
130
i3l
132
133
134
135
136
137
138
139
140
141



68

INDEX

01/00/7%

120
121
122
123
124
125
126
127
128
129
130
13)
132
133
134
138
136
137
138
139
140
143
142
143
144
145
146
147
148
149
150

152
153
154
155
156
157
15F
159
160
16]
162
163
165
165
166
167
168
1469
170
17
172
173
174
175

330

339
349

400

409
419

429
439
449

SURROUTINE HYDRO

WRITE (12+IDPP (1oNTYPE) )

WRITE (1244059) UNM4D1,C1oNAME ST, NEYC

DO 339 NP=yNPTOT

L = XP{NP) A, 38

IF (LJNE,KMAT) GO 1O 339

IX1 = FIXL o (XP (NP} ODR=XL) ©XCONV

1Yl = FIYB + (YP(NpP)®DZeYB)©YCONY

CALL PLT (1X191Y141CHAR)

CONTINUE

CONTINUE

NFR 2 NFR + 1

IF {LCYCOLPR.EG.O Ay NFR.LT4100) GO TO 310
IF (LPRWEQ,0) GO T KRAUT

VELMX (1) = VELMX(2) = g,

CALL START

DO 419 J=z2,JP1

00 4097 [=2,1P]

VELMX (1) = AMAXY(VELMX (1) v ABS(UV(T1J)) JABS(VV(1IJ)))

VELMX (2] AMAXT (VELMX (2) 9 ABS (UD (T1J)) ,ABS(VDI1Y}))
IJ = 1J « NQ
CALL LOOP

00 449 NTYPEs),2

IF (VELMXINTYPE) oLT,EM10) GO TO 449
DROU = DROZ / VELMX INTYPE)

L 3 NTYPE - 1

CALL ADV (p)

CALL FRAHME (TALYIXRsIYTa1YR)

CALL LINCNTY i59)

WRITE (12+7DVV{leNTYPE))

WRITE (12+4060) VELMX (NTYPE)

WRITE (12140502 JMMeD1,C1oNAME,T,NCYC
CALL START

00 439 Js2,0P1

Y1 & (FLGAT(J)=]le5y @ nZ

IY]1 = FIYB o (Yl=Yg)eycOnY

DO 429 1s2,1P1%

X1l ¥ RI{D)

X2 = X1 o (UVITJ=NQeL)sUV(TJeL))=pROU
Y2 = Y1 & (UVIIJUM  oLyavV(TJeL))#pROY
IX1 = FIXL o (X1eX{)excOny

IX2 3 FIXL (X2=XL)excONV

1Y2 3 FIYB « (v2-Yp)ovcony

CALL DRV (IX10IY1014241Y2)

CALL PLT (1X191Y1yy6)

Tuv = 1un o NG

1J = 1J « nQ

CALL LOOP

CONTINUE

[F (IBAR,EQ.1 .0« UBAR,EQ.1) GO To 80¢
DO 799 L=1,9

LMl = L« 1
GMN = EP2¢
aMX = =gp2g
CALL START

00 619 U=2,uP}
00 609 1=2,1pR1
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153
154
155
156
157
158
159
160
161
162
163
164
165
186
167
168
169
170
171
172
173
174
175
176
177
178
179
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181
182
183
184
185
186
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188
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191
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197
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INDEX

01/00/75

176
177
178
179
180
18}
182
183
184
185
166
187
188
189
180
191
182
193
194
195
196
197
198
19%
200
20
202
203
204
205
206
207
208
209
210
211
212
213
2le
215
216

609
619

629

639

649

719

SUPROUTINE HYDRO

CQIIJY) = THITJeLM]y

QMN = AMINY (GMNeCQ(TJ)Y

IF (CQUIJI,LT.EP9) QMX = AMAX] (QMX,CQ(TJ)}
1J = 1J ¢ NG

CALL LOOP

1F (LM1.NE,B) GO To 649

XX = QMX ¢ 050 {QMx«QMN)

CALL START

D0 639 J=2,.P1

DO 629 I=2,!P1

IF (CQ(IJ) .GECEPY) CQ(TJ) = QMX = XX
IJ = 1J « NQ

CALL LOOP

CaLL DONE

XX 3 QMX « QMN

IF (XX+LT-EM10) GO TO 79y

DR = L19{Kx«EM10Y

DD 649 IC=)1.11

CON{IC) = OMN o FLOATIIC=1)¥DQ

1€ = 11

CALL aDv ()

CALL FHRAME (1RLvIXRsIYTyIYB)

CALL LINCNY (59)

WRITE t12«70COMNtTL)Y)

WRITE (12+4089) QMN,QMXsCON(1)sCON(IC.1)9DQ
WRITE (12¢4050) JNMyD1,C) s NAME, TyNCYC
cAaLL ITART

DO 789 J=2,JBAR

Y1t1) = ¥1(2) = DZ&#(FLOAT(J)=1,5)
Y1(3) = Y14y = YI¢1) o DZ

00 179 1=2,1BAR

X1{(1) = X1(3) =3 DRe(FLOAT(1)el,5)
X1t2) = X1(4) = Al(l) « DR

1Py = 1J v nQ

IPJRP = IJP « NQ

DO 769 IK = 19¢]C

Kl 2 K2 n k3 = K& =2 @

IF (CQAUIJ) LECCUN(IK)) K1 =2 )

IF (COUIPJ),LE,CON¢IKY) K2 = 1
IF (calluP)i.E,CONCIRY) K3 1
IF (CR(IPJP) ,LE+CON(IK)) K4 = 1)

1F (K1PK2°KkI9K4eNE, 0 oNe K1*K24KIeK4,EQ.0) GO YO 749
L =0

IF {X1¢K3,NEL1) GO TO 710

IC1 = 1

IC2 = 3

1Jl & WJ

1J2 = IypP

ASSIGN 710 7O KRl

GO TO 740

IF (K1eK2.NE,1) GO YO 720

I1C)] = 1

1c2 2

141 1J

lye IPJ

ASSIGN 720 TO KkR1

"o u
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232 GO TO 740 KACHYDR 254
233 720 IF (K2+K4W.NEL)1) GO TO 730 KACHYDR 25%
23 1IC1 = 2 KACHYDH 256
23% €2 = 4 KACHYDR 257
236 1J1 2 1PJ KACHYDR 258
- 237 1J2 a 1IPyP KACKYDR 259
. 238 ASSIGN 730 TO KR} KACHYDR 2649
239 GO YO 740 KACHYDR 261
240 130 IF (K3eX4.NEQl) GO TO 769 KACHYDR 262
241 ICl = 3 KACHYDR 263
242 1C2 = & KACKYDR 264
243 1J1 = IJP KACHYDR 285
244 1J2 a IPYFP KACHYDR 266
245 ASSIGN 769 T KR1 KACHYDR 287
246 740 LL = LL ¢ KACHYDR 268
K 267 AR 3 (CONCTKI=CQITIYLY)Y /7 (CQITU2)=CAlTS1Y) KACHYDR 269
B . 248 IXT(LL) = FIXL ¢ (XI(ICL)eXXO(XV(IC2)X{ICY))=XL)®XCONV KAEHYDR 210
- i 249 IYLULY 2 FIYB o (¥itIclyexXs(Y1(1€2).¥1(ICL))=YB) #YCONY KACHYDR 27}
250 IF (LLeLT,2) GO TO KR1 KACHYDR 2712
251 CALL DRV (IX1e1Y1leIX2s1Y2) KACHYDR 273
252 IF (IKeEQej) CALL PLY (IX),41IY1,35) KACHYDR 274
253 IF (IMeEQayC=)) CALL PLY (IX1eIY1424) KACHYDR 275
254 LL = 0 KACHYDR 276
255 IF {1J2.EQ,IPJY GO TO 720 KACHYDR 217
256 769  CONTINUE KACHYDR 278
257 1J = IPJ KACHYDR 2719
258 779 1P = IPYP KACHYDR 280
259 CALL LOoP KACHVDR 281
i 260 IJ = 1J « NQL KACHYDR 282
& 261 789 IJP = TP + NOL KACHYDR 283
; 262 799  CONTINUE KACHYOR 284
. 263 800 ASSIGH B&4p TO KRF KACHYDR 285
s 264 KR? = KRF KACHYDR 286
: 265 ASSIGN 889 TO KRFP KACHYDR  28R7
o 266 GO TN 1830.820+880) LPR KACHYDR 288
. 267 820  ASSIGN 880 10 KRF KACHYDR 289
i 268 ASSIGN 870 10 KRFP KACHYDR 280
269 839 CALL LINCNT (64) KACHYDR 291
A 270 CALL ADV (1) XACHYDR 292
£ 2N GO YO 860 KACHYDR 293
272 840 KRF = KRFP KACHYDR 294
273 ASSIGN 889 TO KRP KAZHYOR 295
9 274 CALL START KACHYOR 296
i 215 00 899 J=zl.JP2 KACHYDR 297
276 DO 889 1al,lpe KACHYDR 298
277 L s tJM « NQ KACHYDR 259
278 GO TO (B50+850+870) LPR KACHYDR 300
279 850 WRITE 12460903 Tw)eThiL)sUVIL) VYV L) ,SIEVIL) vROVPRL(L) +ROVPA(LY Yy KACHYDR 301
1 DPRTILYsP (L) sE(L) s UD(LY»VDIL) v SIED (L) »RODPRI (L) » KACHYDR 302
2 RODPR(LY +A (LY o KT J (L) KACHYDR 303
269 LINESF = LINESF + 1 KACHYDR 04
281 IF (LINESF,LT«59) GO0 T0O KRF KACHYDR 305
282 860  CALL ADV (}) KACHYDR 306
253 LINESF 3 0 KACHYDR 307
284 WRITE (12+4050) JNMeD),C)aNAMETeNCYC KACHYDR 308

2485 WRITE (1244300

KACHYDR 309
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SUBROUTINE HYDRO

GO TQ KRF

FRINT 4099, Lo s THIL) »UVILY oYV (L) STEV(L) sRIVPRL (L) sROVPRIL) ¢
1 OPRTIL) sP UL} 1E(L) sUDLL) oVDIL) »SIED (L) yRODPRI (L) »
2 RODPRA(L) oA (L) oKT (L)

LINESP = LINESP ¢ 3

IF (LINESP,LY+54) 40 To KRP

PRINT 4110

LINESP = ¢

PRINT 4050, JNMsD1,CleMAME 4T NCYC

PRINT 4100

GO TQ KRP

1M = UM & NG

CALL LooP

IJM s TyM o NO2L

D0 969 Iai,20

SPSUMSI(I) a 0.

CALL START

00 929 J=2,JP1

00 919 1=2,1pP1

1P = 14 -+ NG

IMJ a2 1y = NQ

ROVVOL = ROVPR(1JIavOL (1)
ROLVOL = RODPA(TJYBVOL (1)

STH 2 STH « {1,=THrddyyavopr (]

SMV = SMV &+ ROVVOL

SMV1 = SMVY ¢ VOL{1}2ROVPR] (1J)

SMV2 a SMvp + VOL (1) 2 (ROVPR(TJ}<ROVPRy (1J})

SMD = S5MD + RGOVOL

SHD) a SMDJ & VOL{1)8RoDERY (1)

SHMD2 = SMuZ VOL (1)@ (RODPR(1J) «RODPR] (1J})

SMOMR = SMOMR o «S#VOLR (1) #{UVITI) ® (ROVPR(TJ) ¢ROVPRIIP ) )

1 *UDLTJ) 2 (RODPR{TJ) *RODPR(IPUI )
ROVTEM = (S8VOL(I)6VV(TJ} % (ROVPR(IJI+ROVPR(IJPI)
RODTEM = ,59VOL (118VD(TJ) » {RODPR(1J) «RODPR(TIUP))

SMOMZV 5 SMOMZV + GQOVTEM

SMOMZD a SwOM2D ¢ RODTEM

SMOMZ = SMOM2 ¢ ROVTEM « ROOTEM

STIEV = ROVVOL&SIEV (1)
STIED = RODVOLWSIEN(TJ)

SINTEV = SINTEV + STIEY

SINTED = SINTED « gTIED

SINTE = SINTE + STYEV . STIED

STKEV = RUVVDLo,zsu(UV(!J)°°ZoUV(!MJ)“°2
SVVIIJ) €€24yV (T M) 202}
STKED = RODVOL#,250(UD(1J)s @24 4D (M) @02
*VO(IJ)eB2eyD (J M) B02)
SKEV = SKEV & STKEy
SKED = SKEp + STRED
SKE = SKE « STKEV « STKED
STEV = STIEV + STKpv
STED = STIED « STKED
SEV = SEV & STEV
SED 3 SEQ « STED
SE = SE ¢ STEV ¢ StED
1uM = TUM o NG
IJP = 1P o NQ
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SUBROUTINE HYDRO

IJ = 1PJ
CALL LooOP

IF (LPR,GT,Q) WRITE (12441300 ToNCYCo(SPSUMS(L)vL=1v20)
1F (LPR,GE.2) PRINT 4130, ToNCYCy (SPSUMS L, sL=)+20)
CALL EMPTY

GO TO KRoUT
CALL STamt

00 1089 J=a..Py
D0 1079 1=2,1F1
IPJ = 1J « NQ
IMND = I = NQ
XIVL = BDTQDR®UVI(IMU) o SIGN(AOsUV (IMy))
HPXIVL = ,5 & xlvL

HMXIVL = .5 « yIvL

XIVR = ppTHDRAUVIIy) o SIGN(AGsUV(IU) )
HPXIVR = ,5 ¢ xIVR

HMXIVR s ,5 « xIVR

Xiv@ a BDTODZo*VV I M) o SIGN(A0 WV (IJm))
HE:IVB 3 .5 o« X1Vg

HMXIVE s .5 « xIVvB

XIVT = 80TobZeVVII ) o SIGN(AOvVV(IJ) )
HRXIVY a .5 o xIVTY

HMXIVT 3 .5 =« XIVT

XIDL = BDTODR*yUD(IMJY) o SIGN(ag.uD(IMy))
HPAIDL 3 o5 ¢ XIDL
HMXIDL 3 .5 « xIDL
XIOR 3 gpTODR*UD(Iy)
HPXIDR 2 .5 ¢ XIOR
HMXIDR a .5 = XIDR
X108 = @nToDZeVD(I M) o SIGN(A0,VD (Ium))
HPXIDB a .5 + xIDH

HMXIDB 3 .5 « xl0B

X1DT = BDTODZ*VD(L14) & SIGN(ADJVO(IJ) )
HEXIDT = .5 ¢ XIOT

HMXIDT s ,5 « XIDT

UVRR = UvI(1J) eRIP(])

I3

SIGN(A0.UD(1Uy )

UVRL = yv{IMJIeRIP(I=])
UDRR a Up(tJ) oRIP(I)
UDRL = UD(IMJ)@RIP(Je1)

THIJ = TH(ID)
RR = 1. 7/ ROVPR(IYy
RODPRT (14) = RODPR([J)
ODTODR“RRI(1)'(UDRLG(HPXIDLORODPR(i*J)'HMXIDL'RODPREIJ) )
=UDRR®e (HPXINROHODPR(TJ) ¢HMXIDREROUPR(TIPJ)))
¢D1ODZ'cv0(lJM)D(HPXXDBoRoopR(IJM)oHMxxnaonouPR(IJ) )
=VD(1J) S (HPXIDTORNPPRIIJ) *HMXIPT*RODPR (TJP)})
RODPRIT & ROOPRI(] )
ooroon-nnx(l)a(uogL-(HeroLonoopqitIMJ)oHMXIDL°RooPR1(IJ) )
=UORR® (HPXINRSRNDPR] (1J) #HMXIDR®ROPPRI (IPJ)))
+0TIDZ* (VD (1M) @ (HPXT10B2RODPR] ( [UM) sHMX 1DA*RODPR] (1J) )
SVO(TJ) @ (HPXIDTORODPR] (1) +KMXIDT®RODERY (1JP)) )
THTE 2 1, < RODPRITORRPL = (RODFRT (1J) =RINDPRI T) *RRO2
IF {THTE.LT.THO .4, NCYC,GT.1) GO 10 1010
ROVPR2 = RQVPR(IJ) « RpVPR1(1J)
A(lY) = SIEV(IUI9(ROVPRT (14) ¢RVIGMIT o ROVPR2%BV26M12)
1 / {THTE®(ROVPRY (14} 9RY] o ROVPR2*AV2))

S W -

& W=
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1010
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SUBHOUTINE HYDRQ

VEL = .25 @ (UV Ty 222, UV (TMU) #82.YV (1) 2826 VV (1 JM) 902}
GAMTE = GGMI1®ROVPRI(IJ)@RR o GGM12% (] ,~ROVPR] (1J) #RR)
GIRDM = GﬁMTE°SIEV(lJ’“ROVPR(IJ)“SQMo
THTESR = THIE o THYE
VEL = VEL « P{[J)®THTE®RR
RMSQ = tVELﬁTﬂTESQn(ROVPR(!J)*RODPR([Jl)/GIROM) #02
FUIJ) = 1o 7 (1e%)5,*RMSQ)
PLLY) = Flrurep(lyy » (le=F LIJ) ) oA (1) #ROVPRIT.))
VELVEL = .5005qu((UV(}J)-UO(rJy.UV(IMJ).uo(ruJ))ooa

S VLT «VDIIY) s WV (TIM) «VD (TIM) ) #82)
THTERM = (1.-THTE) 7/ TWTESQ

KIJ([J} a2 RPCOFOROVPR(tJ)oTHTERMo(NuvaoRPcDRuVECVEL)
GO Yo 1020

THTE = g,
A{LJ) = KIJ(1D) = AKINFI
SIEVC = SIEVI(IY)

SIEDC = SIEDIIW
TVC = Sleve CROVPR(TJ)

/ (ROVPRI(1J) oBV1 ¢ (ROVPR{TJ) =ROVPRI(1J;} 1#BV2)
TVl = SIEV(IMJ]I PROVPRITMI)

1 / (ROVPR) (1MJ)#BY1 + (HOVPR{TpM,))=ROVPR] (IMJ))eBV2)
TVR = SIEV(1PJ)®ROVPR(]PY)

1 / {ROVPRI(1PJIaBYY » (HOVPRITPJ)~ROVAR] (1P ) ) 8V2)
TVB = SIEVTJM) ®ROYPR (] JM)

1 / (ROVPRI {1 MY8BV] « (ROVPR({JM)=ROVPR] (T M) ) ®RV2)
TVT = SIEVITJPR) #*ROYPRITJP)

1 / (ROVPRY(JUPIoBV] e (ROVPR(IJP}«ROVPR] (I JP) } #BV2)
¥0C = Slgoe SROPPR(1J)

1 / {RODPRI(1J) oBD1 ¢ (RODPRITY) =RODPRY(1J) 14302}
TOL = SIED(14J) ®HORPR [ TM)

1 / (RODPR] (1MJ)eBD] + (ROOPR( TMJ}=RODPR] (1My) ) 28D2)
TOR = SIED (1Y) *ROQPR (1P )

1 /7 (FODPR1(1PJ)aBD] # (RODPR([pJ)=RODPR] (1P J) ) #8BN2)
T0B = SIED(1.JM) ®ROPPR (TIM)

1 /7 (RODPRI (1JM) eBD1 + (RODPR{ M} «RODPRY (1 M} ) #802)

70T = SlED(lJP)“RODPR(IJD)

1 7/ (ROOPRL({JP)egp] (HODPR (1 4P} =RODPR] (1P} 1eBU2)
THLB = 5 o (THIJ & TH(IMJ))

OMTHLB = 1, = THLB

THRE = ,§ & (THIJ o TH(IPJ))

OMTHRB = 1, = THRA

THBB = ,5 & (THIJ & TH{IJM))

OMTHBB = 1, - THBRB

THTO = ,5 & (THlJ . TH{TP) )

OMTHIB = 1, = THTR

CFXL = yvRy © (HPXIVL @STIEV(IMJ) e HMATVLESTEVC)

CFXR = YVRR © (HPXIVROSIEVC ¢HMX [VROSTEVIIPU))

CFxB = yviruM)e thxIV3°sIEV(lJM)oHMXrVﬂ"S!EVC)

CFXT = VV(Ty) ® (HoXIVTeS{EVC SHMX JYTaSIEVIIJUP))
lSIEDEL = SIEVCO(RRIDR(I)O(RIP(I)’UV(IJ)-RIF(I-I)“UV(IMJ))

*ROZe( VU T )~ UAASSLIDE!
VEL = PTE = 0.
IF (THTELLT.THO) Go TO 1930

VEL = KlJ(1J) ¢ (OS2 UD(TII *UDCTMY) wpV (TJY=UV (IMJ) ) ) 882
1 SLS®IVDITY SVD (TUM) =YV (TJI =WV (TJM)) ) w82)

PTE = P(IJ)“RR°(9RIDR(I)'(RIP(I)'(THRBQUVIIJ) «OMTHRBeUD (1)

)
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1030

1040

loSo

1060

1079

1089

SUBROUTINE HYDRO

—

~RIP{I=1)0{THLEeUV (IMJ) «OMTHLE~UD (IMJ)))
*RDZ® (THTgeVV(TJ) «OMTHTBaVD(1J)

=THYBoVY (1UM) ~OMTHBBaYD (T JM) ) )

SIEVTE = SIEVC+DTo(RRIDR(1) % (CFXL~CFXR) +RDZ® {CFXB=CFXT)

1 *RR2 (Ra (TDC~TVC) +VEL

2 ORRI(I)GKVODRSQ’(YHRBORIP(I)“(TVR-TVC)-THLH“RIP(I-I)O(TVC-TVL))

3 +KVOD2SQ® LTHTBo (TVT-TVC) =THER& (TVC=TVB))) = PTE + SIEDEL)

IF {(A(TJ) W NELAKINFY) Aqll) = A(IJ)OSTEVTE/STEVT

wr

CFXL = UDRL © (HPXI0L #*STED (IMJ) e HMX DL ESIFDC)
CFXR = UDRR e (HPXIDR®SIEDC +HMXIDRASIFD(1IPY))
CFXB = VO(TUM) @ {HPXIDBOSIED (1JM) «HMX I DBSTEDC)
CFAT = vp(1J) © (HpXIDT#SIEDC «HMXIDT#STIED(TIUP) )

SIEDFL = STEDCS (RRIDR(1) ® (UD (TN ORIP(11=UD (M SRIP(1=1))
1 “RNZe (VDI ~VD(1JM)

SIEDTE = SIENC+DTo (RRIQR (1) # (CFXLCFXR) +RDZ® (CFXB=CFXT)
1 1, /RODPR{TJ) & (RO(TYC=TPCI4E(IJ) ¢ RRI(I}®
2 KDODRSQO(OMTHQB°R39(I)'(TDR-TDC)-OMTHL8°RXP(I-l)“(TDC-TDL))
30KDODZSQ°(0MTHTB°(TDT-TDC)-OMTHBBO(TDC-TDB))) + SIEDEL)

IF (1.67,2) GO TO 1040

TH{IMJ) = THTE

RODPR] (IMJy = RODPR)T

PLIMY) =PI

KIJEIMY) = KIJ(ID

SIEV(IMy) = SIEVTE

SIEO(IMY) = SIEDTE

IF (J.67.,21 GO TO j050

THITJM) & THTE + BINF4 (THIN=THYE)

RODPR1 (I1JMy = RODPRIT

PLIUM)Y 3 P(TY)

KIJIIJM) = K1J{ld)

SIEVIIJMY z SIEVTE « BINF#(SIEVINSIEYTE)

SIEO(IJUM) = SIEDTE

GO T0 1040

TH{T M) = THTAG(I)

RODPRI (T M) = ROD1YAB (Y)Y

SIEV(IJMY 2 SIEVTAg(I])

SIED(1JUM) = S1ELTAB(])

THTAB{I) = TWTE

RODITAB(]) = ROLPR)T

SIEVTAB(]}) = SIEVTe

SIEOTAB(I) = SIEDTe

1J = 1Py

TP = 1JP « NOQ

1M = IUM , NQ

THIID) 3 TWTE

RODPR] (1J) = RODPRyT

PIJ) = P(lI=nQ)

K1JUTD) & K]J(IJ=Ng)

SIEV(1J) = SIEVTE

SIED(IJ) = SIEQTE

CALL LooP

00 1099 Iz2.1P)

THIIJOM) & TH(LJ) = THTAB(I)

RODPRY (TuM) = ROUPRY (14} = RODITAB(IY

P(IJ) = p(ygM)

KIJ(IY) 3 KIJ(TJM)
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478
479
480
481
482
483
4B4
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
S07
508
509
510
511
512
513
516
515
516
S17
518
519
520
521
522
523
524
525
526
527
528
529
530
531
$32
533
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473
474
475
475
ar7
473
'
480
(Y21
4R
483
484
48%
4Bs
48?7
4808
489
4$9
4%t
492
453
49
495
49%
49?7
498
499
500
503
502
503
S04
505
504

507
508
509
519
51t
si2
S1y
S5is

5is
517
sla
$19
520
57)
52?7
52)
6524

1099

1520

1549
1550

SUBHOUTINE HYNRN

SIEVIIOM) = SIEVUI ) 2 SIEVTARLY)

SIZ0(luM) = SIEDUI ) = SIEDTABtD)

1lJ=21J N3

Td = UM o N2

CALL NONE

KREQ = ¢

IF {IBAR.EQ.1i GO 10 155¢%

CALL STARY

D0 15649 Jz2.J7)

DG 1539 [=2+1BaAR

1JA 3 KREQ ¢ 1

JJPA = KREQ o 1UP

1JHA 3 KREQ o TJM

1PUA 2 148 » g

IMJA » 1A -« M

1PJPA © 1upa ¢ NG

1P MA = JJue + NO

ulB s yvil ey

UC 3 SO {URBeUYIIM 8))

UR = 58 LURBeUV TR 3A))

ROULB & ,Se(RUvPRIy M) SROVPR{Tuyg) ) sy ([M I8}

HOURE » «SOLHUVPI LT JRI SROVAR i 1P 481 ) *upp

ROUR2p = oSO (RQVPR ([P.181 «AOVPA ([P JaeNg) ) UV ([P UA)

VIRC & S (vviliadavv (P ga))

VHRC 9 S®(yV(]JMayeVV{IDUHAY)

VR3 a »Se(UTRCeVERE)

Rouye = .S-tHOV“ﬂ(:JPAy-nnvﬁﬂtzonn))an:xJaat

AQuJn = + 38 LAOVPH Ly JHE) «ROVPR TP M) ) oyV . | Juat

F3 2 « (SIGNIEPVIRKEQe)) ,vAD) *uR@eyRyy ¢ {URBYS2 VAR ®e2eEMI )
XIC » BOTCOHSUC * §16N{ApeUC!

KIR 2 BOTODASUR o 51GM(Ag.UR)

R1BR = ADTAD2SVART o SPGMLAYevVARC)

KITR 2 BOTADROVIAC & SYGN:ag.uvas:

ROVUTE (1J) = ADURS . FRDTY o

1 BRIP(T)eDICDRO (yCeaL [t ,ban]l) *LN Be (L S-R1CY edOyny;
2 TUASRT 1101181 1.5:312) e0BUADe .S 5R) «anuR2A)
3 oDlOQZ-uvanc-(:.5-:|eu).aou4u.t.s-s:ga)-asuaal
3 ~VIOCO L1 Sl YH) #OLURD= [ S=11 TH) A0UIP) )
16 9 1J e 9
1P = 1P & HO
fJdi s 1M o KQ
AJUTE (1J) = ROUTE(1-Ka) sRCCNT (43
CaLl Lao0p

1J 3 1J o yuL

1P & 14P o NG

1o = g4m o wQ
CaLL noup
CALL STant
G 1579 Jy32.484R
CavLy 21492
DO 15569 123419y

1Ja » RRES o« 1y

1JPa ¢ vAE) » Jup

1JrA & mpgg o tum

1933 3 33 » np

InJa & 133 « &g

PaGE

KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KICHYIR
XACHYDR
KACHYDR
KACHTDH
farvhsl
X2ruena
LY 2T
KaCrvya
RalmyIR
KAl RYIR
RACHYLR
KACHYDH
LYY 121
MACHYRA
LYY LRt
RALUYDR
NaCuvipa
L1441
LET4) 2105
Racurhn
ReCuvyhn
LT S48 g3
HALwWYOR
LEta) £ )
Riguedid
KACHYOR
3T ke¥GR
RACuvay
RATWTAR
X T4 L 4]
nACHYGA
EACHTLEH
EALHYLR
Eagurhiid
Karuv0h
MEILHYER
HacuvYa
KACuYER
Raluvhn
LE1E B
KACLYDH
RALuYHD
naLnv(i

3%

534
538
536
s37
538
539
F1Y)
561
Se2
543
See
LT1Y
546
Sa7
548
5¢%
5%0
551
552
%33
€54
555

Soe
Y



L6

INDEX

ol s00/7%

525
€24
527
528
29
S0
sN
£32
533
$3
535
53
$27
s738
539
$40
S
542
543
544

Se5

557
558
31
séo
5h1)
562
S6)
564
5AS
566
567
568
569
870
[ YA
8§72
573
5746
57S
574

1560

1549
1579

1609
1619

1629

1700

SUpoOCUTINE NYDRO

1PJPy 8 s = uy

HJP) & 1p2 « g

VI8 = wvil,8)

VE 2 S*pyrBavvilinal)

VT s ,SeivrBavyiligmss))

ROVEI & _SetROYPNEL AT dNVSALETIMAY ) 2yy i ] KAl

A0TH = ,ge

IROYDREL JL «QAVPR I IPA) S

AGvTS = aote ¢ via

HOVTIZ2H = oS IRGVER 11 ID4) sROVSPL ( (1ol on0elonRER) ) o YVilJPa)
UTLE o S uvitaidp) suu(ins))

uta o ,ge

UYitUPAy sV T Ja)?

UTB » SeiyuTLe«uTRe)
ROVIM = «SeIROVPRIINJA sGOURR TN IOA) 1 eyV { 1HIA)

ROVIP = .8

# tROVER 12921 = ROVIR (1PIPA) ) ewV (P24}

FZ ® o (SIGHIEPYIRREQs)) VIBISYTHOny WUIB*e2.yTHe e 0)

A1C a BDYCNZeVC » §IGn40.9C)
ALY » BOYODZOVY « $1GNAH, VT
AL & GDTQLATYILE o 53651AD4UTLE)
AlTR = aptoLAasytee « SIGHIAdUTRE)

HOVIZ (Ll
1
e
b
.
1F 14,67,2

ANve = ,ge
Poustg ttum

s ROVTH . HOTBeGHT o FRent .

nu_.~..o-oun."c~rn.nuo__n_.....m.._<rv.noc_z...m.-_-r..mocuw_

SUTACORIN LI S, 50 TR)eANVTIge L, G- 1TH) ORAVIP))
*OTODZH VLo L. SexpC) »aNVANs (L G-XIC) RDVTA)
“VIv({,6eK17) SROVIGe(,G-KIT} sHOVIZAN)
) GO 10 %80

(SOVPRIT JA) eBOVPINY ® vy (] Jug)
* RovE o« BOTE(ROVIE (1) ~2pva)

1F §11.€0,08A8) ROVTE(IP) » ROVIE(I ) eTOD
14 2 14 « N0

1P = typ
IJM 2z |
CALL LOGP
CaLL 00ng
CALL STaav

o NO
¢ NO

00 1619 J=z3,4P

00 1609 122.10)

IF (1BAR,GT.1) HOUV(T1JeKREG) = ACUTE( )
ROVViliMeraEQ) = AQVTE (oM

102 1y o n0

1M u Ty o ug

CALL L0OP

DY 1629 122,18

ROVY (1JMenREQ) a RYVTE (1uM)
1M = Lup o K

CALL DONFE

KREQ 2 MAEQ o
GO YO t1S00+1700) KREG

CALL Stapt

00 1769 yap.uP)
DO 1759 122.1P)

IP) @ 19 »
1H) a8 1y -

NO
NO

HUDPR(1 )y = ADpPAT (1))

DIKK(1Yy = OTUS (XY JU1) eI JLIPUY)
OTeT(1y) s e—cwo.anu.wg..x~g.~gu..
RALLYY o ), 7 atlyy

Sage

LETL0 4
L&Y Thd1]
L¥Tqlhd it
RACWYLR
LEYAR Ak
LETIR B
HACMYLR
Kalmv0l
LEYS fiE]
RACWYDA
KagwmYDR
RALHYAR
KACHYSE
KACHVIR
WACYIM
Kafwriia
vacuvia
RACKHYDQ
RacHviR
magmyhe
RaCsysa
KACHYDH
BArMYNR
XACHYRR
RACHYDR
RACHYAR
KacuvnQ
YT 1Y
KACNTYOS
MACHY IR
KACHYUR
KACHYDR
KACHYER
RACuvith
Earmvi
KACHYOH
KACHYDA
L Y41 2]
RACHYNR
KACHYOR
KACMYDHA
KaCuYDR
RACHYDQ
KACKYON
RACHYDR
MACHYLR
KACHYDR
KACHY IR
HACHYDH
KACHYUR
KACHYDR
KACHYDR
KACHTOR
KACHMYDR
KACHYDR
KACHMYOR

-]

390
531
532
533
594
495
$98
EX24
Sqe
899
600
551
£02
63)
604
40%
406
407
4498
LTI
010
o1l
612
(3]
b1e
815
616
617
[31.]
a19
a2n
621
&2
.23
&76
11
826
627
428
429
630
611
532
633
43¢
635
436
437
530
A39
680
[19]
642
&%)
Y1)
845
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577
578
579
580
€01
582
583
584
585
ELTY
587
583
589
599
591
642
593
594
595
596
597
&Sh
599
«00
«01
602
603
604
(1))
6006
607
¢08
409
610
(3]
612
613
614
615
)&
617
6lf
AL ]
620
621
622
623
626
625
626
6”7
628
629
$3n
63N
632

1740

1720

1739

1740

1759
1769

2089
2099

2130

SURROUTINE nYDRQ

ROVPRT (1) = FIlJ)eTR{TJII®ROND o 1),=F 1100 18P (TJ)&RALT S

IfF 11.6T7,2) GO TO 1719

RODPR{1MJ) = RODPR(IJ}

DTRRIIMY) = DVOZRANRTILTI eRIILINYYY
ROVPRT (MU = ROVPR(IMUI

1IF (J.6T,2) G0 1O 729

ROOPR (1uM) = RQDPR(I.LN

DIKY (IJM) £ DTO2® i1t eKIJIIUM))
ROVPRT LT UMY 3 ROVPRITIW)

IF (T.L7,IPl) GU To 1730
RODPR{IPJ) = RODPR 1)

ROUPRT (1P ) = ROVPRLIINY)

iIF (JLT,4p1) 6O Tp 1740
RODPRIISP) = RODPR{ID

ROVPRT{IUPY 3 ROVPR{IJP)

1IJ = 1Py

1JP = 149 « WO

fdn = 1M + NQ

caLy Lo0P

caLt UORE

CALL START

0C 2099 Jz2+J8y

DO 208Y 1:2+1P)

1P) 3 1J » NG

XX = DIQDRe(PULIN =pLIPY))

THTE = 5% (IHtIJ ern(Iprdy)

BS = ROUD(TJ) & 1),=~THTE}®RA

CS = ROUVITY) ¢ THYE®XX

ROVTEH 3 .5® (ROVPR(1J) +ROVPR(IPJ))
RODTEM = .52{ROUPR(TJ) +RODPR(TIP Y)Y
0Tx = DTKR{TY

DYxBC = DIxe(pSeCHy

ROENQM = 1, 7/ (ROVTEM® (RODTEM+DTK) ¢ UTkeRODTEM)
UVII1) = RDENUM® (RODTEMOCSDTKAC)
UDILJY = RDENOM®(ROVTEMeRSeDTKRAC)
14 5 1PJ

CaLL LOoP

CALLL OOKE

CALL STARY

KREQ = }

D0 2199 J=2.JTQP

DO 2189 1=2.1P1

KK = 0TQ0Ze(P(tlJMIaPLTU)Y

THIE 5 (52 (THIJJM) 4 TH(1J))

DS = ROVO(TJIM) + () ,=THIE)#XX

ES = ROVVI[JM) o THTE®XX

ROVTEM = 5o (RNVPR(]JIM) +RGVPR(1J))
RODTEM = 52 {RODPR{1.JM) +RODPR(T. Y
DTX = DYKT (1JM)

DIKDE = DYK®(DSeES)

RODENOM = L, 7 (RUVTFM® (RODTEM+DTK) +DTeRODTEM)
VY (IJM) = ROENO4S (RODTEMEES+OTKDE)
VOLTJM) = RDENOMS (ROVTIEHMeDS+DTRDE
60 To (213p+2140) kREQ

VVIT M) = gCUTeVV(1JM) + VVIN
VOLTJMY 2 gOhulfevD (YM)

PaGE

KACHYDR
KACHYOR
KACHYDR
wArY DL
HACKYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYLR
KACHYDR
KLCHYUR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KLCHYDR
KACHYNR
KACHYDR
KACHYDR
RACHYDR
KACHYNR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KALHYDR
KACHYDR
KACHYDR
KACHYDR
KacHYDR
KACHYDR
KACHYDR
KACHYD®
KACHYDR
KACKYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACWYDR
KACHYDR
KLCHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
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666
(Y%
548
649
650
651
652
653
654
655
656
657
658
659
660
661
662
643
b5s
665
666
667
658
669
670
671
672
673
674
675
676
617
6718
679
680
68l

682
683
684
695
686
687
6R8
689
690
691

692
593
694
69%
696
697
698
699
700
701
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61/00/75

633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
65?7
653
654
655
656
657
658
659
€60
661
662
663
664
665
665
667
668
669
670
[3A)
672
6713
674
675
676
677
678
679
680
681
682
6H]
684
68%
686
687
688

2140
2189

2199

2210

2220

2230

2240

SUBROUTINE HYDRQ

10 =2 1TJ & w0
IdM = TUM o NG
KREG = 2

CALL LOup

CALL DONE

CONV = ¢,

CALL START

00 2299 Jz2,4P)
DO 2289 1=241P!
IHU = 1J = NQ

IPJ = 1) + NQ
RZA £ SeRA(1Y)
UVR = LUV(I
UvL = uv({Imgn
VVT 3 vy
VVvB = vy (I gm)

IF (1.EQ.2) GO TO 2210

THTEL = THTER

RODL = ROOR

PUDENL = PypENR

TERMIL 3 TpRuip

TERM2L = TERMZR

G2 10 2220

OTR = OTKR(IMJ)

THTEL = (5o (TH(IJ) aTHITMYY)

ROVL = 52 (ROVPRIT Y + ROVPRITHY))
RODL = 59 (RGOPRI1 ) « RODPR(IMJ))
PUDENL = |, / (RovLo(RouLooTK)ooTKORODL)
TERMIL = ROVL®(1,-THTE)oDTODR
TERM2L = THTELeDTOpR

IF (J,EG,2y GO TO 223p

THIEB = THTET(])

RODH = ROOT(1)

PVDENB = PVDENT(I}

TERMIB = TERMIT(I)

TERM2B = TERM2TI(D)

GO0 TQ 2240

DTK = DTKT(1Jvy

THTER = ,S58tTH(1J) TH{TIM))

ROVB = 450 (ROVPRIIJ) » ROVPR(TJIM))
HODB 2,50 (RQUPRI(I,) « RODPR (T UMYy
PVDENB = 1, /7 (ROVgo (RODB+DTK) «DTK®ROPPS
TEAMIE = ROVB® (l.«THTER) e0TUDZ
TERM23 3 THTEBeDTOpZ

DTX = DTKR(1J}

THTER = «SOLTH(TIN LTHTPYY)

ROVR = 450 (ROVAR (1 4) +ROVPR (1P U))
RODR = .58 (RODPR(1 ) ¢RODPR(IPJ))
PUDENR = |, / (ROVRe (RODReDTK) +pTKEROAS)
TERMIR = ROVR¥ (1,=THTER) SDTNDR
TERM2R = TWTEReDTOpRR

0Tk = DTIKT (1)

THTET (1) = 58 (TH(TJ) ¢ TH(TUP})

ROVT = «S®*(ROVRR (] )y ¢RQVER (1UP))
RODT(T) = 5% (RODPA(IJ) +ROGPRITIIP))

PVOFNT(1) = le 7 {ROVT4(RODTLI)oDTK) ¢pTK®RODT (1))
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KACHYDOR
KACHYDR
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KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYNR
KACKYDR
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KACHYUR
KACHYDOR
KACHYDR
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KACHYDR
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KACKYCR
KALHYDR
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KACHYDR
KACHYDR
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KACHYDR
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To07
708
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[AN]
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T14
735
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Tz0
721
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723
T24
725
126
727
728
729
730
731
132
733
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&89
690
691
692
693
694
695
696

697
698
699
700

702
702
70>
7c4
705
706
707
r08
709
70
711
712
713
T14
718
716
717
71R
719
720
721
722
723
724

725
726

727
72R
729
730
™
732
733
734
738
736

2250
2270

2219
2299

2400

2450
2470

2489
2499

SUBHOUT INE HYDRO

TERMIT(I) = ROVT® (], =THTET(1))eDTODZ
TERM2T (1) = THTET (1) *DTONZ

IF (THUIJ) ,LTeTHO) GO YO 2250

PARU = « (TEAMIL =RnODL ® (TERMPL SUV| ®R2A4) ) 0PUDENL
PARVE * « (TFRuUIH -RNDR #(TERM2A *VVAGR2,} ) epVDENS
PARUR 3 ¢ (1ERUIR ~HODRA ®{TERM2R  «~UVROR2A) ) *PUDENR
PARVT 3 o (IERM!Tl1)-RODT(I)O(TERMZT(V!-VVT'PZL))GPVDENT(I)

RIETA = RA(IJ)ORD’.RDRGQRI(])'(DTODRO(DI°(I)'THTEDoRIP(I-IIOTHTEL)

1 *RIP(TI®DTKR(1J) *PARUR=RIP ([«]) 8nTKR (IMJ) *PARYL )
2 onuz-(orooz-(yuvcr(x)eTHTEa)oDTKr(IJ)OPARVT-nTKYtIJM)GPAﬂVB)
OMBETA(IJ) = OMP / RBETA

GO0 TO 227¢

OMBETAIIJ) = OMBSPL ® RopPR(1J)

COnNV = AMAX] (CONV» tR2DRS (ARS (UVR) « 4BS (UVL) )

1 «R2DZ® (ABS(VVT)«ABS(VVB) ) ) *ROVPR (1J)

J = 1PY

1JP 3 1P + NQ

TJ% a3 TUM o NG

CALL LoOuOP

CALL DONE

CONV = EPSa(CONVeENG)
HUMIT = ¢

HUSTITY 3 )

CALL START

D0 2499 J=2.4P)

D0 2489 1=3.1P

IMJ 5 1J « nND

IPJ = 14 ¢ NOQ

iF (TH(IJ) ,LT.THO) GO TO 2450

UVRB = yviry

UVLB = UV(TND)

VVIB = vv(th

VVBB = yv(ruM)

AIVR = BUTQODA®YVRE SIGN (A0 +UVRB)
AIVL = aDTOLReYVLE « SIAN(AOsUVLE)
X(vT =

RDTpD2evvVTIB o SIGN(AQ.VVTB)

AlvB = BDToD2%VVEB SIGM (A0 VVBB)
ROVPRTC = ROVPRT (] )

DYIL = ROTe (HOVPRTE-ROVPR(TI)) o RRIDR(I)

1 ®(UVRBeRIP(]) ®((.5+XIVR) ®RQVPRT¢ ¢ (.5=XIVR)®RQVPRT (1PJ))
2 -UVLB’RID(I—llot(.5-x1vL)°PovpnT(qu).z.s-xva)ouovpnrc ¥
3 * RUZ ®{VVTBa((.5exXIVT)®HOVPRTE ¢+ (o5=XIVT) ®ROVPRT (1JUP) }
4 -vVBBo((.SollVE)'R0¥PRT(IJH)Q(.S-XIVB)'ROVPRTC )
GO To 247p
DTIL = RRIOR(I)®(UD(TJ)*RIP (1) =YD (IMJ) ®RIP(T=1))
1 *RDZ®* (vpily) ~VD(TJMy )

IF (ABSIDTIL)«GT+CONV) MUSTIT = MUSTEIT o )

PP(1J) = P(1J) o DTIL®OMBETA (1Y)
19 = 1PY

IJm 8 TUM & NQ
IJP = 1JP o+ NG
CALL 1.,00pP
CALL DONE
CALL START
00 2599 J=2.4P)
00 2589 1s2.1IP)
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164
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PAGE 40

737 IP4 a 1J & N KACHYDR 814

738 IMJ = [y =« NQ KACHYDR a1s

) 739 RODPRC = ROOPR{I) KACHYDR  Bl6

- 740 THTEC = TH(1J) KACHYDR 817

z 74l PC = P(1D) KACHYDR :18%:}

b 742 PPC = pltyy = PP(L g KACMYDR 819

B 743 OPRTILY) = DPC = Pp¢ = Pp KACHYDR 820

5 744 ROVPRTO a RQVPRT (1)) KACHYDR  a2]

3 746 ROVPRTN 5 ROVPRTI(1)) = FIIJI®THIT))*ROVD « (Ye=F (1)) ®PPCORA(LY) KACHYDR 822

H 746 IF (1.67,2) GO TH 2520 KACHYDR 823

2 747 PLIM)Y = PpC KACHYDR 824

& 748 ROVPRT ([My) = ROVPRTN KACHYDR 825

z - 749 2520 IF (1,EQ,IP)) GO To 2530 KACHYDR A26

£ 750 DPR 3 Pp(IpJ) -~ P(IPJ) KACHYDR 827

2 751 DPDTODR = (DPC-UPR)sDTOOR KACHYDR az28

: 752 THRB = (S8 (THTEC*THIIPY)) KACHYDR 829

753 UVTE = yviTd) KACHYDR 830

7% VITE = un(1n KACHYDR  83)

; 75% DTk = DTKR (TN KACHYDR 832

M 756 OTKDU = PTke(UVTE-ypTE) KACHYDR 833

) 757 ROVRBO = .50 (ROVPRTNRQVPRT (1PJ)) KACHYDR 8364

758 ROVRBN = =509 (RNVPRINCHOVPRT (1P ) +pPRORA (TP U} ) KACHYDR 835

759 RODRB = .5°(RNDPRE «RODPR (IPJ)) KACHYDR 836

760 RS = ROVRBOOUVTE + DTKDU « DPDTODReTHRA KACHYDR 837

761 US a2 RNORH “UDTE = DTKQU o DPUTVODR® (] ,=THRB) KACHYDR 838

762 ROENQOM =2 1, / (ROYRBH® (RODRB4DTK) « DTKoRODRB) KACHYDR 839

7¢3 UVLIJ) 3 RDENOU® (Rgw (RNDRA +DTK) +DTKeyS) KACHYDR 840

764 upiry) s RDENUM® (1Jg0 (ROVRANSDTK) +DTKoRS) KACHYDR B4l

765 GO TO 2540 KACHYDR 842

766 2530 P(IPY) = PpC KACHYDR 843

767 ROVPRT(IPJ) 3 ROVPRTN KACHYDR 844

768 UVET) = UvilMg) * RCONT () KACHYDR R4S

769 UDALT ) 3 UptIMY) = BCONT(J) KACHYDR 846

770 2540 IF (J.EV.JP}) GO Tg 2540 KACHYDR 847

7 OPT = PP(IJP) - P(1IP) KACHYDR 848

172 DPDTODZ > (DPCeUPT)*DTpD7 KACHYDR RuY

A TATIB = o580 (THTEC+TH(1JUP)) KACHYDR 850

776 VVIE & Vy (1)) KACHYDR 851

77% VDTE = vD(TW KACHYDR 852

776 DIK = DTKI (1. KACHYDR a53

777 UTKDV 3 DTk (VVTE-ypTE) KACKYDR 854

778 ROVTE0 = .58 (ROVPRT(SROVPRT (1.P)) KACHYDR 8ss

779 ROvVTEN = +S*(ROVPRYN#RQVPRT (1JP) «pPTORA (1 UP) ) KACHYDR as6

780 ROGTE 3 ,56(RODPRe «RODPR (1JP)) KACHYDR 857

) 761 S5 = ROVTBO®VVTE + DTKDV o DPDTODZeTHYR KACHYDR  AS8

- ) 782 VS = ROUTB oVDTE « pIKDV DPOTODZ#*(]1,-THTS) KACHYDR 859

- : 763 RDENOM = 1, / (ROVTBN® (RODTB#DTK) +DTKaRODTA) KACHYDR R0

; : 184 VVII ) = RDENJM® (S5o (RODTB «DTK) epTKeyS) KACHYDR 861

; 785 vo(1y) a3 RDENUM® (V50 (ROVTBNSDTK) +pTKegS) KACHYDR 862

- : 786 IF 1J,6T,2) 60 T0O 2580 KACHYOR 863

; 787 P(1JM) = ppC KACHYDR 864

E 788 ROVPRT (1 )M) @ ROVPRTIN o BINF® (ROVPINeROVPRTN) KACHYOR  86S

3 789 VVIIUM) & gOUT=VV(T.H) o VVIN KACHYDR  B66

: 790 VD(IJM) = gouTevo(1l) KACHYDR 867

E 791 GO To 25a0 KACHYDR  B6B
' 792 2560 P{1JP) 3 Ppe

KACHYDR 869

10T
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017007175

792
794
79%
796
797
73943
749
800
801
802
ao03
84
B80S
806
807
8la
gho
8lo
8l1
8l2
8]3
8la
8§15
gl6
817
818
819

820
821
822
823
824
B25
826
827
g28
229
830
R31
832
833
834
815
836
837
B3R
819
84
841
Be2
R&3
Bes
84t
846

2580

2589
2599

2600

2610
2620
2630

2640

2650

20660

2670

2680

2689
2699

2700

SUBROUTINE HYDRN

ROVPRT (1 4P) = ROVPRTN
YWIIY) a3 wildw) eTop

VDIIJ) 3 vp(lJM)eTopP

1J = 1PJ

IJM = TUM o NQ

TuP = 1JP « NQ

CALL LOOP

CALL DONE

NUMIT = NUMIT «

MUSTPR a mMySTIT

IF (MUSTIT,EQ.D) Go TO 2600
HUSTIT = ¢

1F (NUMIT,LT,100) GO

cALL Starj 007 60 TO 2400
D9 2699 J=2,4P1

D0 2689 1=241P1

IMJ = 1J « NQ

IPS = 1J » tO

DPRT{1J) = DPRTI(1Jy / OMBETA(IJ)
ROVPR(1J) = ROVPRT (1J)

GO TO (26105262012630) NVAP
ROVPRITI(IY) = 0.

(A1 Ko 2640

RCVPRIT(1U) a RUVPR{IY)

GO TO 2649

ROVPR]IT(]IJ) = ROVPR] (1))

lOHBE?A(;J) 3 OUMRO ,

tRCT<R20ReRRT (118 (RIp (1) oy (1d)-r1p (1.}
+p2D ° - (I-Yyepyvilnmg
IF (1,6T,2) 60 ;Ezagsn i Wisi: Wizlall,
HOVPR(IMJ) = ROVPR(IN)
ROVPRIT(IM)) = ROVPRIT (1)
;gvég.?T.Z) 60 1o 2660
{1Jm) = ROVPR(1J) +BINF® (ROVPIN=-ROVPR (1))

ROVPRIT(1JM) = ROVEMNT(IJ) ¢ BINFo .

IF 11.LT.1p)) GO Tg 2670 INF@ (ROVPINI=ROVPRIT (1))
ROVPR(IPJ) = ROVPR (1))
ROVPRIT(IPy) 3 ROVPRIT (14)

IF (J.LT,JP1) GO TA 26R0
ROVPR(IJP) = RQVPR(.n
ROVPRIT(IUpP! = RUVPRIY (1)

IJ e 1PY

[JP a 1uP « NQ

1M s 1y & NQ
CALL Lovp
CALL DOANE
?UMRO = MUSTRO = ¢

F INVAP,.LY.3: GO ¢

MUSTIT = | 0 3000
CaLL STanT

DO 2799 J=p.uPy

00 2789 1=2.1P)

IMJ) = 1J « NQ

IPJ = 1J « NQ

UVR8 = uviry
UVLE = yv(imyp
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667
848
€49
aso
851
852
353
854

855
856
857
858
859
8én
861
e&2
863
Bb4
665
8t6
867
gea
869
870
871
872
873
87&
875
876
ar7
g7R
879
8H0
881
gRr2
€83
B84
885
ars
887
885
489
899
891
B892
893
094
895
896
897
89a

2789
2799

3000

3089
3099

1
2
3
4

SUBROUTINE n
VIB = vv(iy)
VVeB = yvijuMm)
XIVR = BDTOOROUYAE « SIGN(AD
X1VL = ADTODROUVLE » S1GMIAD
XIVI = BDTODZeVVIB o STGaN(AO

XIvd = g0T0D2°vvBA « S16N(AD

YORO

cLIVRR)Y
sUVLBY
2VVTH)
'VVERS

ROVPRTO = ROYPRIT(1J)
Q 3 RDT® (RQVPRTO=KHQVPR] (1J)) o RRINDA(T)
©(UVRBERIP (1) @ (,5.X]VR)OROVPRTO ¢ («5=XIVR) OHOVPRIT(1P,))
SUVLBORIP(I-119 ¢ (,8eXIVL)OROVPRYT(TMJ) ¢ (,5=XTVL ) *ROVPRTO N
¢ RDZ & (Vulde ( SexXIVT)aROVPRTO ¢ LSoXIVT) SROVPRIT(1JF)
=VVBBO ({,54XTVBISROVPRI T M) ¢ { ,S=XIVR) SROVPRTO B
IF 1ABS(Q),GT.CONV; MUSYET =

MUSTIT » )

HOVPRTN 3 ROVPRIT(1J) = ROVPRTO - OMSc?A(1J)eQ

IF tl.eQ.2) ROVPRIT (IMY) =
IF (J.EQ,2; ROVPRIT(1JM) =
IF (1.€0,1P1) ROVRRIT(IFY) =
IF (J.EQ,JP1) ROVPRIT(TJIS) =
14 = [P}

T = 1um 4 nOQ

0P = 14p o NO

CaLL LoOP

CALL DONE

NUMRD = NUMRO + )

HUSTRO 3 MysSTIT

UF (MUSTIT EQug) GO TO 3000
MUSTIT a3 @

IF (NUMROLLT.1p0) 60 To 2700
CALL STaRT

D0 3099 J=2.JP)

LYKRSY a DTYKR(1Jehg)
E{1J=N2) = D,

00 3089 1=2+1P)

IPY 2 1J ¢ NQ

IMJ =2 1J - MO

KIJITY) = 2,eHNTO0TKASY « K1
DTRHRSY = DTKR(IY

Alld) = 1. 7 RATLY)

E(Io = 0.

ROVPR1 (1)) = ROVPRyTLTY)

IF (1.,£G.2) ROVMRI(IMJy =
IF (J,EQ,2) ROVPRY (IMy =
IF (1.5G.11)) ROVPRY(IP)) =
IF (JeEQ.0p1) ROVPRI (1P} =
iJ e 1Py

IJP = 1Jp & NG

1dM = UM« NU

CaLL LOOP

CALL DONE

IF (NPTOT,.£Q.0) GO TO 100
CALL STARTY

DO 3199 U=3.0P2

00 3189 I=2.1P2

IF (1.67.2) GO TO 3119
VVIIJM=NO) = VV{lJu)
VO(IJUM=NG) = VD(IJmM)

ROVPRTN

HKOVPRTN 4 BINF®{ROVPIN]=ROVPRTN}

ROVPRTN
KOVPRTN

J(1J)

ROVPRY (] Jy
ROVPRY (14
ROVARY (1 4y
ROVPRY (14

. B]NFO(ROVPIN]-ROVPRI(IJ))

PAGT

KACHYDR
KACHYDR
KACHYDR
HEACHYDIR
KACHYDR
KACHYDIR
KACHYDR
KAZHYDR
KACHYDR
KACHYDR
KACHYNR
KACKYDR
KACHYDR
KACKYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
HACHYDR
KACHYDR
KACHYDR
KACHYDR
KaCHYNR
KACHYDR
XACHYDR
KACHYDR
KA&CHYDR
KACHYNR
KACHYNDR
KACHYDR
KACHYDR
KACHYDR
KAFHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KAaCHYDR
KACHYDR
KaCnyDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR

&2

926
37
6za
979
930
931
932
933
934
935
936
937
938
93¢
940

962
943
944
945
946
947
948
949
950
951
952
953
954
955
955
957
958
939
260
961
9862
963
LI
965
966
967
963
969
910
971
972
973
974
97%
976
a1
978
979
980
oal
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INDEX

01/00/75

899

S0¢
501
902
903
904
905
Q06
907
90R
909
%10
91)
912
913
914
915
9le
917
[-31:]
919
920
921
922
922
924
92
926
927
$28
929
%39

931
932
933
934
93%
936
237
938
929
940

g4l
942
943
944
945
94k
[-T%4
948
949
950

9§51

319

3120

3130

3140
3189

3199

3299

4000

1

1

SU5ROUTINE HYDRD

IF (J.6T.2y 60 TO 3129
UV (T JM=NDY = Uy {T1JuNG)
UD(TUM=NQ) = UDI(TJonNi)
IF (T.LT.IP2) GO Tg 3130
VVITUM) = WV (T M=Ng)
VDUIJM) =2 yD (1 M=Ng)

IF (J,LT,uP2} GO To 3140
UVITJ=NQ) = UV (IJMNQ)
UD(TJ=NQ) = UD(IJMNG)
IJM = TJM « NQ

id = IJ ¢ NG

CALL LOO®

IdM = 1UM « NGQL

1 = 1J « noL

CALL UONE

KPn = ¢

DO 3299 KP=z1+NPTOT
XTE 3 XP(rp)

YTE = YP(KP)

KMAT = ¢

KFLG = XP(kP).A,3B
IF (KFLG,LE.]) Kmay
i =2 XTE +» 2.

HPX = FLOAT!]) = 1, = XTF
HMX = 1, « HRX

J 2 YTE & (.5

HPY = FLOAT(J) = s = YTE
MY = 1, « HPY

CALL RPaARUY

Il & IJ ¢ NRE(I=1) ¢ ] ¢
142 = [y « NQL

L]
—

UK = HPXOHMYOUV (1JpeNQ) & WMXSHMYSUV (7UP)
sHPXOHPYSUV T JNG) « HMX®HPY&UV (1)

I = XTE » 1.5

HPX 3 FLOATII) = . = XTE
HMX = 1, = HPX

< 3 YTE 2,

HRY 3 FLOAT(U) = |, » YT
HMY = 1, « HPY

CALL RPARV

Id 2 1J & NQO(I=1) & ] o KMAT

1om = 1y « NQI

VK = HPXoHuMYovy(lJy o HMXeHMY®YV (T Jenn)
sHPXSRPYOVY (T Ju) « HMX#HPYBVY (1 UMeNG)

XTE 3 XTE + uKeDTOpR
YTE = YTE « VKeDTOpZ

IF (XTELLE,0. .0« XTE.GE.FIBAR) GO TO 3269
IF (YTELLE,0. o0s YTELGE,FJBAR) GO To 3299

KPN = KPN o 1

XPUKPN) 8 (XTEsAswpNedB) 20, KFLG

YP(KPN} » YTE
CONT INUE

NPTOT = KPwn

GO T0 lag

FORMAT (00 TYAPE DymPep3e AT T=0lpEl2.5¢ CYGLE®IS)
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PAGE 44
952 4000 FORMAT (o9 RESTARYING FROM TD#13) KACHYDR 1038
) 953 4020 FORMAT (3X,8Alpe T=#1PEY12,58 CYCLE=815) KACHYDR 1p39
B 954 6030 FORMAT (o0 WRONG TAPF o WRQNG DUMP,®) KACHYDR 1040
956 4040 FORMAT (20x°PARTICLES=== VAPOR=z,s DROPSizss DROPS2=50,.%) KACHYDR 1041
956 4050 FORMAT {5xA10+2(5XAB) +5XBAYD/60x® T=21PEV2,50 CYCLE=a14) KACHYDR 19042
957 4060 FORMAT (1Hes16XEMAYIMUM VELOCITY=e1PE)2,.5) KACHYDR 1043
958 4080 FORMAT

(12X® MIN=931PE12,50 MAN=8E72.50 L=*E12.5% He?El2.5% DQze KACHYOR

1064

1 gl12.5) KACHYDR 1048

: 959 4090 FORMAT (201XT3)93%,8(2X01PE12.5) 711X (2Xs 1PE12,.5) /) KACHYDR 1046
: 960 4100 FORMAT (o 1

JﬂlovaH°1ExﬁuvcizxoVVollxosxsvc]OXGROVPRIOBXOROVPR

KACHYDR 1047

: 1e10x4pelIxops/ 17X2E8 13X8UDS12XeVDe]1XeSTEDS10X2RADPR] 8BXERODER KACHYOR 10648
. 2ol0XoA®l3Xcke) KACHYDR 1049
: 961 4110 FORMAT (1H]) KACHYDR 1050
962 412¢ FORMAT (@ T=°1pE12 5% CYC=0]5¢ pT=0E]3, 50 CP=8F12,5% GRINDSa# KACHYDR 1051

1E12.5% 1TP=®13ey CELLS=®146 [TRQ=213%, CELLS=?14) KACHYDR 1052

963 4130 FORMAT (/° Ta®)PEl2,58, CYC=%140 HWAS THE FOLLOWING SUMMATIONS,,,%/ KACHYDR 1053
1

gXeTH=01PE 16,88 MOMR=0E15,86 MOMEVSSE1S,A% MOMZD=*E]S, KACHYDR 1054
1B+ MOMZzeE1S,.8/¢ MV1zeElS,ge MD1=PEES .64 XOIEVS®EL5,R44X8T KACHYDR 1055
CED=*E15.8+5%01g=0E15.8/0 MV2 eF15,g0 MDZ=®E15.Bc4X#KEV=9E1S, KACHYDR 1nS6
38yhX°KE0=‘ElS-BOSXlKE=°E15.BISX°MV=”ETS.805X°MD='ElS.Bvbh°EV='E1S. KACHYDBR 1957
4845XPED=0E1S,8,46X2e9E15,8) KACHYDR 1058
964 END KACHYDR 1059

SOt
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SINGLY REFEPENCED VARJABLES

ClR R 3¢ EPD =R 6EQ GM1y -R 3co JxX1 -1 cn KSC - 20N REAL - TF Qo2 R 3cH
NATAREL = 755U FIXH -R 3eo GMlz -R 3Co JX2 -1 3Co0  NGBIZ -l 3¢0 REWIND = 8¢0F RPAR «R o
BRSO ~f ace (234) =R 3¢0  HYDRO = 158U JX3 -1 3co NQZ2 -1 3ro RIBAR =R 3co RPARU « 9278U
pZo2 -R 3CO GaMl -R 3¢0 1aBRrY -1 3C0 42 -1 3co QSORY - 392SU R1JP2 - 518%U RPARV v 33754
023G ~R 3C0 GAMZ -R 3¢0 1ALy -1 3C0 J3 -1 3Co RDRSO -R 3co RJBAR -f 3¢o xR =R 3¢o
ENJ «R 3co GETQ - 2lsu JRIGID =! 3¢co KS8 - 2CN

RDZSQ =R 3C0 RO1 =R 3C0 YT “R  3¢0
S radcsmsmtotuirtrratntuimtabatoivictntotototmintointvtatntntvimtntntotatPinintnbotmtotutntotntatotatotrintmtniotatutocatniatotase

MULTIPLY=-REFFRENCEL VARIABLES
100 - 25+ 892 959

120 - 3245 360
130 - 3g* 68as 91 9%
139 « 44D0 G1e
149 - 4300  48®
150 - 40 500
210 - 33 62*
220 - 35 6710
230 - a7 700
250 - 69 718
270 - 23 8p¢
- 280 - 85 959
¥ 290 = 7048 975U
i 300 - kD) 63 66 9asy
¥ 310 = loge 131
310 = 10700 1)ie
320 = 103 132e
330 = 116 122¢
339 « 12200 124 128%
: 349 -« 11200 129%
: 400 ~ 98 1330
i 409 « 13600 139#
B 419 « 13500 140¢
: 429 - 15500 1659
i 635 « 15200 166%
? 669 = 14100 142 167w
; 609 « 17500 179e
619 « 17400 180+
629 = 18500 187e
i 63% = 18400  188e
i 640 « 181 19¢%
3 649 = 19300 194e
T10 = 219 224A5 224
720 = 226 23145 2734 35§
i 730 - 233 238AS 240¢
b 740 = 225 232 239 2646w
z 769 = 21100 217 240 24585 2564
D 779 = 20600  25g%
i 783 « 20300 261
i 799 - 16900 191 2620
i 800 ~ 168 263e
it 820 « 266 267+
E 830 « 266 2694
g B4D « 263AS 272
i 859 -~ 278 278 279
7 860"« 271 2829
Z 870 » 26883 278 2H7e




N

R AT R M P

01

INDEX

88p
8Aa9
899
s0e
909
519
929
1000
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1099
1500
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1729
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1740
1759
1769
2089
2G99
2130
2140
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2219
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22710
2289
2299
2400
2450
24170
2489
2499
23520
2330
2360
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01/00/75

266
Z65AS
27500
35
29R00
200
30100
el
381
395
424
435
442
449
34800
34400
$6R00
4790
44200
48100
419
545
51900
51700
555D0
55500
56200
Se7
578
582
Sye
589
57400
56900
59900
59800
630
630
61800
©1700
649
655
é63
669
691
693
64100
64000
709¢
714
175
71100
71000
146
749
765
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P6TAS  29(0e
273AS 27600 295
297e
2989
299¢
337
33ge
3430
396
398w
4270
4420
450
45490
460w
4679
476
867
509e
Sl4w
Slew
54p.
551
552
560¢
S61e
SH4e
668
Sgae
S86s
5394
592+
5949
595
612%
6l3e
LXK
633¢
63re
6364
6560
663e
67pe
677
696
70Ce
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APPENDIX C

MODIFICATIONS FOR LCM STORAGE OF CELL DATA

The basic SCM version of KACHINA shown in Ap-
pendixes A and B has been purposely designed so that
both the (1,0) and (2,Q0) overlays are completely
compatible with LCM usage and require no modifica-
tions in conversion to LCM storage of cell data.
This limits the necessary changes to the following
twc places in the (0,0) overlay.

(1) Storage Definition. An LCM cell-storage
block is defined, and the SCM buffer AASC is short-
ened and moved out of the main common KSC into the
scratchpad commen KSB. Thus, the beginning of the

storage definition card set reads as follows.
LCM/KLC1/AA1(131000)
COMMPN/KSB/AASC(5814) ,AARDW(1938)
COMMAN/KSC/AA(1) ,AKINFI ,AC, BDTODR,BDTADZ,

{etc.)

The dimension of 5814 words for AASC allows any
T<100 with NQ =19 words per cell. J is limited only
by available LCM.

(2) Cell Data Handling.

part of SUBRPUTINE LPPP is replaced by the following

The entire instruction

version.
CALL ECWR (AASC(JW), IECW,NQIL,NE)
IECW = IECW + NQL
Go T9 (10, 20, 30) IBUF
10 JR=1
Ju=J2
LIP = JX1
13 =3X3
LM =JX2
IBUF = 2
GO Td 40
20 JR=J2
Ju =33
1JP = JX2
1J = JX1

LM = X3

132

30

40

50

60

70

80

IBUF = 3
G@ T@ 40

ENTRY START

CALL ECRD (AASC,0,NQL2,NE)

IECR = NQI2

IECW =0

JR=J3

JW=IBUF=1

1JP = JX3

1J = JX2

I = JX1

CALL ECRD (AASC(JR),IECR,NQI,NE)
IECR = IECR + NQI

RETURN

ENTRY DONE

CALL ECWR (AASC(JW),IECW,NQI,NE)
IECW = IECW + NQI

G@ T@ (50, 60, 70) IBUF

JW=J2

Go 9 80

W=133

) 19 80

w=1

CALL ECWR (AASC(JW),IECW,NQIL,NE)
RETURN

ENTRY RLRGW

IEC= (J-1) *NQI

CALL ECRD (AASC,IEC,NQI,NE)
RETURN

ENTRY SETIJ

L=(I-1)*NQ+1

RETURN

ENTRY WIRGW



CALL ECWR (AASC,IEC,NQI,NE)
RETURN
ENTRY LCMFLG
LeM=1
RETURN
ENTRY RIJP2
CALL ECRD (AARQW, IECR,NQI,NE)
RETURN
ENTRY RPARU
IEC = (J - 1) *NQI
J=0
G T4 300
ENTRY ABARY
IEC = (J - 2) * NQI
1J = NQI
300 CALL ECRD (AASC,IEC,NQI2,NE)
RETURN
END

The SETUP and HYDR@ subroutines contain several
peculiarities that are specially treated to make
them compatible with either SCM or LCM usage. The
required modifications drserve some explanation.

(1) The routine that initially sets all re-
quired cell-storage to zeros (D@ loops 189 and 199
in SETUP) is designed to handle either SCM or LCM
cell storage automatically without testing.

(2) Note that the SCM version of ENTRY L@@P
advances the three row indices I1J, IJP, and IJM over
two columns of cells (1 =1IP2 and i=1), the assump-
tion being that the I D@ loops normally encompass all
interior cells in the row (i =2 through 1 =1IP1).
Several D@ loops in the code, however, have I D@
loops with a lesser o1 greater range of columns, re-
quiring some increment or decrement of these indices
upon RETURN from L@@P, to keep the indexing properly
phased.

In the LCM version, though, such adjustments are
unnecessary, as here LGP invariably sets 1J, LIP,
and IJM to point to column i=2 cells, This distinc-
tion between the versions is handled automatically

because the values of the increments or decrements

used (NQL and NQ2L) are set to zero in SETUP in the
LCM version. Again, this allows affected D@ loops
to be fully general with no required testing of
whether SCM or LCM is being used.

In the present versicn, I D@ loops so treated
are those with terminal statement numbers of 189 in
SETUP, and 779, 889, 1539, and 3189 in HYDR@. Re-
member that a similar treatment may be required if
new code 1s constructed that has I D@ loops with
ranges other than the usual i=2 through i=TFl.

(3) In the calculation of (BT;)i+& in region
1550 in HYDR®, reference is made to (ET;)i+3/2 to

obtain a donor cell term for the equation. Because

j+2
i
which is not available in the three rows that have

this reference, in turn, involves the use of p

been read from LCM, cell data from row j +2 must be
This is the responsibility of
In the LCM version, it simply

read in separately.

ENTRY RIJP2 in L@@P.
reads in row j +2, whose address is specified by the
current setting of the LCM read index, to the one-
row buffer AARPW. The statement in region 1550 that
calculates (p'v):lr-a/Z (named RPVT2B) then references
the density (p')i+2 (ROVSPL) from this ome-row buffer.
The problem of referencing quantities in rows
beyond j+1 and j -1 obviously doesn't exist in the
pure SCM version, but for compatibility between the
two versions, we use ENTRY RIJP2 to place an image
of ryow j+2 in AAROW.
nique and buffer are available to amy code addition

Remenber that the same tech-

requiring data lying beyond rows j+1 or j-1.

(4) In the particle movement, the area-weight-
ing scheme requires u or v velocities from two adja-~
cent rows of cells. In the LCM versicn, entries
RPARU and RPARV in L@@P obtain the two appropriate
rows from LCM, and initialize that part of index IJ
that 1s a function of J.

In the SCM version, these two ENTRY points per-
form only this latter task, and, again, the procedure
is such that the particle mover is not concerned with
whother the velocities were obtained from LCM or SCM.

(5) In the Tape Dump and Tape Restart (Regions
250 and 270, respectively, in the HYDR® Control
Region), tests that determine whether LCM data are in-
volved in the dump information are included, so the
user need not be concerned with this aspect.

From the above, it can be seen that the philoso-
phy of the LCM package has been to achieve a user-
oriented conversion at the expense of some computer
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efficiency. The additional CP time required for LCM
storage of cell data is not an unreasonable increase
over the SCM version. For a sample calculation with
T=20 and J =45, the LCM version grind time was
about 16% greater than that of the SCM version when
running at three iterations per cycle. This per-
centage decreases as the number of iterations in-
creases, becoming less than 137 at 11 iteratijons per
cycle, for example,

In the present version of KACHINA, there is
provision in SCM for storing the coordinates of up
to 4000 particles. If necessary, particle storage
could be effectively doubled by storing coordinates
at a half word each, and/or particle storage could
also be moved to LCM.

With storage bleock AASC dimensioned at 26 676
words, as discussed in Sec. II.C, approximately 3500
words of SCM remain available for code expansion.

In the LCM conversion described here, this number in-
creases to nearly 20 000 words, and at the same time
the available number of cells increases from 1250 to

nearly 10 000.
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The SCM KACHINA user who can be sure that his
memory requirements are so small that he will never
require the LCM compatibility feature can definitely
reduce grind time by eliminating SUBROUTINE L@¢P en-
tirely and replacing all CALLS to its ENTRY points
by copies of the instructions that the SCM version of
L@PP performs. In addition, the special considera-
tions of the five items discussed above can be com-
pletely eliminated with very little code modification.

One final note concerning LCM usage: be sure to
request LCM on both the $JPB card (we add the field
"LC = 400000") and on the $LDG® card (we add the
field "LC = 1000000B").

cause an immediate LCM Block Range Error and task

Failure to request LCM will

abortion.

Note in proof: A "CALL D@NE" should be added
permanently, immediately following statement No. 619
in HYDR®. (Without this CALL, the LCM version will
reference erroneous values in row j =JP1 when con-

structing contour plots.)




