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Co ii.itutle .~t:l E i r" if* I d flow.-). KAOitSU «st'« the JtuWi-rS'u! ttmt !si-
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cuitcri.il field-:, in which tSir »t>3liJ'lclsJ tre:»tt?#sit i.*s irotipted
with an implici t forr:iil.tti»n v>f the c<;ms.io»j:, pcrs i t t i i i i ; <:.slca-
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have both fitipu.'itonic .tiui f;«r stti^uonic tU" ineoa5>r«:ii!ti!!e reBions
in the dnnaiil of in tc rc . i t . Altittrttfili IKF-sWC5ii:iA eU'Velops-am in
a continuing*; pro jec t , the russult^ hetve .ulrK.tiSy proves IJK use-
fulness, even in i t s prt!;;«>t s t a t e . This rcjwirt lncl«ti*;s the
current KACSUJiA flow di;>s;i\)o ;md proitrsss li«li«!f;.

A.

BASIC DESCRIPTION OF THE COHPtTISC >CCTHO»

Introduction

The Implici t Continuous-fluid Kulcrian

mfthod has become well known and widely .iccuptvd

since i t s introduce ion, as i t was the f i ru t tech-

nique to afford a means for numerical solut ion of

multidimensional flows in which the Much nunber

mi^ht range from zero (the inconpressiblc U n i t ) to

grea te r than unity ( the supersonic reg ine) . The

ICE concept has been recast in various foraul . i t ions;
2

for example, in the YAQUI program, ICK was combined

with the Arbitrary Lagrangian-Eulerian (ALE) eccli-

nique, to provide the additional capability of

fully variable zoning .ind rczoning. Other progr-in;;

based on the ICE concept have included effects such

as reactive chemistry, magnotohydrodynamics, and

multiple fluids. This ability to calculate a wide

variety of flows has contributed significantly to

an understanding of atmospheric explosion phenomc-

noloay, laser design theory, platiss-i pJjysict: in the

CTSt program, e.-iny ilova i%\ biological ays i ta i , amS

even .idvante*! 'istr»>t'hyKit;;st eonecptri, to SMKC JUKI -J

few.

UcvclojKsenc «if nuserictl tcchnitjuer: s t i l t h.->:s ,«

!<mK way t« s;o, however, in $)r«vltlin{; tvnn .tn imtStrr-

:itar«llt>f; of Jill the fluid dyn'tnic proccjsftcji ti«;n in-

tercut hi«. One caissun type of flov haa drficii

r«.iilly tiwco.'iisful nuacrtctl smtuliitj;. !t involve::

the presence of bubble:;, tlrwpU't:'.. or i-!".usj:'.s in ;i

fluid, iaplyinp, th.it relat ive raodons nusl l»e con-

siideret!, atu) a coaplns set of fluid variables i:; re-

quired to describe the dynamics with any accuracy.

Examples of such flows are:

• Ordinary snow, rain, or hail f.illins: through

the iiciBosphcre.

# Cnvitation or flashing flow, in which bubbles

of vapor are formed fron the fluid itself.

(Visualize the formation of stcao by boiling.



or Che propagation of a flame front through

a confined explosive such as encased gun-

powder .)

Q Liquid or vapor rising through a bed of

solid grains in a fluidized dust bed.

0 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. A powerful new computing technique,

known as the Implicit, Multifield (IMF) method and

based, once again, on ICE, is now available to help

overcome these limitations and thus significantly

advance the art of modeling multifie.i.d 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 multidimensional, multi-

field flow. Because of the program's Eulerian as-

pects, it can follow completely interpenetrating

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, Che implicit

coupling of the fields allows forces to range from

negligibly 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 possibly 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 permitted meaningful calculations 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 in Ref. 7, which also includes examples

of a variety of test calculations illustrating some

of KACHINA's capabilities. We therefore omit such

aspects here, and concentrate on the solution pro-

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. We label these two fields "vapor" and

"droplets." The vapor field may be considered to be

a gas in bubble form or with dispersed droolets in

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 incoropressibility when the drop-

let field is close-packed.

At present, the coupled fields are represented

on a two-dimensional a>:.isymmetric grid of fixed

Eulerian ccxls through which the fluid moves. Cells

have uniform dimensions <5r and 6z, measured in the

radial (r) and axial (z) directions, respectively,

and they are labeled by indices located at their

centers, with i counted in the r direction and j in

the 7. direction. The mesh of cells is I cells wide

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



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, respectively, pis 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 fraction, 9, defined as the volume per unit

total volume occupied by vapor. Consequently,

(1 - 8) 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,

and

in which the prime signifies the mass per unit total

volume. For the droplets, we use conservative ex-

plicit equations to transport the two densities p

and P.. , and get the value of p.,. simply by sub-
dl dZ

traction when necessary. Then, with the correspond-

ing normal material densities p and p defined,

microscopic incompressibility allows derivation of

an expression for the region's effective 6.

For the vapor, an equation for p , the sum of

the two vapor densities, is required for the implicit

coupling with the momentum equations. After this ad-

vanced-time density and the corresponding advanced-

time velocities have been determined, p , can be ob-
vl

tained by means of a second implicit solution. As

in the case of the droplets, the value of p , is

avai? -ble by subtraction when needed.

Thus, it is seen that the complete arrays of

four densities must be stored and maintained, two

for each field, and that we have chosen these to be
p and p for the droplets, and p , and P for the
dl a vl v

vapor.

The input data used to create the droplet and

vapor fields specify the initial values of P,,» PJJ'

p , p ?, I , and I for all cells of the mesh,

where p . and p _ are the actual microscopic

(partial) densities of the two vapor components.

Using this information, one may place 1 , 1 , , and

p', directly in cell storage, but generation of the
initial fields of p', p',, and p', along with 9, re-

d vl v
quires some preliminary calculation.

A The field of p' is formed simply from the
a

sum of p ^ and p ^ .

Q With the normal material densities p^ and

p, of the droplet field components also

specified in the input data, the initial

void fraction is obtained from the relation-

ship

6 = 1 -

The values of p and p „ are then combined

with 9 to obtain the fields of p' and p':

8p
'vl •

Fig. 2. Location of variables and indices about a
KACHINA cell.

pv = 6(Pvl + Pv 2)



Care must be taken to ensure that the input data are

not specified incorrectly so that 9 < 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, u , u a,
v d

v , and v are initially set to zero throughout the

interior of the mesh.

Because the vapor and droplet fields are bound

by forces that can create conditions ranging from a

complete 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 6t 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 cycle.

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 variables defined at

cell centers, and the second with calculating new

values of the cell-edge momenta. Performance of the

first part is the responsibility of a sweep overall

the interior cells of the mesh, which solves the
c n+1/ > \J n+1/ . \j n+' j j ~j

equations for ( p ^ , ( p ^ ) . , ej, A ^ p.,

K I andI » and
v

I . In our notation, the super-
d

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. Immediately at

the beginning of a cycle, we can calculate the final

values in that cycle of all these quantities, except

the pressure p, as they are not subject to further

modification in Phase 2. The subsidiary quantity

A^ has the dimensions of an internal energy I ; it

appears in Phase 1 to supply the energy term for the

equatlon-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

n+1
d)i - >d)l

and

n+1

6t

7
n/

<ud
j n/U " <u

fit I n / • \i-!j n
Ji [ <VdPdi>i "

j-Hi

where the angular brackets \ / indicate a partial

donor-cell treatment of the convective flux of the

enclosed quantity. The use of the donor-cell dif-

ferencing facilitates automatic mitigation of trun-
o

cation-error effects without requiring an explicit

artificial diffusion. According to our formulation,

the convective flux of soim. cell-centered quantity,

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

where

o\ fir / sign

and a and 3 are input coefficients. For a =0 and
o o v o

8 -\t C will give an autoraatically interpolated

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



6 = 0 and 0 <u < h . With £ = 0, use of a = 0 would
o o o o

give pure space-centered differencing, which is nu-

merically unstable in the absence of a mitigating

diffusive process, whereas use of •). =4 would give

pure donor-cell differencing, which offers the

greatest smoothing. The formulation of £ assumes

that I u I At/(5r<!5 everywhere, ordinarily areason-
max *

able upper limit on 6t for accuracy.

n+1/
The above transport equations for (I'JH ) • an^

jp' j. allow us to rigorously conserve the mass-

es of the two components separately, and with their

values known, 0. is calculated from

n+1/
d/in+V. =

With 0. now available, we can determine the

energy term A.. As an example, assume that we are

using the polytropic gas equation of state, as we,

in fact, do in this version of KACHINA. In this

case, the pressure ordinarily would be given by

- l) 0 I/ v v

in which Y is the ratio of specific heats in the

vapor. This basic form, however, 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 A., a

necessary coefficient for Phase 2 iteration pur-

poses, as

A3.
l

v2

The initializing pressure, p", actually stored in

Phase 1 for a given cell after the first cycle is

some mixture of p and the pressure p 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 f of the local flow Mach number M

to determine the exact proportions of this mixture,

where

f p+(l -f) p
EOS

in which the desired limits are f = l when M---0 and

f = 0 when M->•"». We have found that relating f to

the square of the local Mach number,

1 +10 (-̂-

gives satisfactory results, with M =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-
9

priate for a polytropic gas. 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 PFOq on 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

in which y's and the specific heats, b 's, are

specified separately for each of the two components,

and are provided in the input data. With A? de-

termined, the KACHINA equation-of-state pressure is

then calculated directly as

'EOS 4 nK)i

2 ,,2

lMo/ " c2M

where the square of an appropriate average velocity

for the cell (i,j) is calculated as



and the square of a sufficiently accurate approxima-

tion to the sound speed can be shown to be

IX
+ 1

To allow greater generality, it is desirable to

replace U by (U + p/pl, in which p/p is given by

p/p - np9/p' . A flow starting from rest and

driven by its own internal pressure will have an
2

initial p/p comparable to c , and later will develop
2 2 2

U comparable to c , thus tending to make M always

comparable to unity. This formulation also auto-

matically handles far subsonic flows, as in such
2

cases, p/p values and 0 values will be much smaller
2 2

than c , resulting in a small M and f of order

unity.

The initializing vapor density, pi , for the

cell is also stored at this time. It is based simi-

larly on f,

A

where p 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,

K^, which we calculate as

V is the coefficient of kinematic viscosity for the

vapor, r is the mean linear dimension of a droplet,
P

and ĉ ,, is a drag coefficient. In the present ver-

sion of KACHINA, these three quantities are simply

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

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-

port equation for r . At first, the generalization

will involve the cell quantity r^, and perhaps,

later, an r distribution that can vary with position

and time. Our present constant value for r 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 9^'s appearing in the K^ equation

could be either 8's or n 8's, but our specific

choice of 8 is based on computational requirements

for suddenly incompressible flow. This point will be

clarified in Sec. I.F.

The final quantities calculated in the first

sweep in Phase 1 are tb" specific internal energies
n+l_ , n+1

I and i .
v d

where
v/i

I u - u J H i
v d 2

oz



-(—

Vi-*J..M +^lI 1" 8*)i T« "*«

Time level n is assumed for all quantities in the

right-hand sides of both of the above equations, ex-

ri~!5 [ "v d | i-Sj ( cept for K"! and p-], which are coefficients for the

drag and work terms, respectively, in ' (l )• •

These two quantities are those just obtained, as de-

scribed above. Several new quantities appear in

n (i ) | and ' (lj)±> an<* t n ey require discussion.

FT 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, R. will be a cell variable,

although now it is a constant and no array is stored.

vvi ~ vvi \( ' It is a coefficient that multiplies the local tem-

perature difference, in which the temperature T is

and now given simply by the I=bT relationship, and is

calculated as

n/ \J \ v v/i

( )j." ^ i i f..i u "-.t ' i ̂  ^ 1^ "..

and



\ d^i

Because the four specific heat coefficients that

appear are presently constants, we are relieved of

having to store the two T arrays. The constants k

and k are heat conduction coefficients. E"? repre-
d 1

sents the energy contribution from some optional

heat source, such as chemical or nuclear processes.

The velocities appearing in the drag term in

the (I ). equation are calculated as

and

/v i _ v J\
2 = [I L J-Hs +v J-^.v j - * _ v i-

\ di vi/ "[2 \di di vi vi

When it becomes available, the new I value
v

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

)lv/i

The second major pass through the mesh in Phase

1 is concerned with calculating a set of momentum

fluxes, comprised of the four arrays (p'u \, /p'v Y ,

(p'uA , and / P J V A . These fluxes are defined at
\ d d/ \ a a}
th2 same cell-edge positions as the velocities u ,

v , u,, and v., respectively. While dealing with
v d 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:

6t

!

n/ . 2 \i n/ . 2 \j
< p u r >. - < p u x/i ,
^ v v ' i N v v ' l-t

+ fit

and

+ -j— I < p u v >J.
OZ I X V V V' I'

n / r \i+%
IP V I.
\ v v/x

i~h _ n / iu \j+*s
\^v v v^i+%

^ - Vp'u v
i-^ >• v v

6t n( Fv Z)i
+

5t I n/ . 2 \

^ [ <pdud r>
n/ 1 2

- <pdud r

5t F
dr

6t fn/ ,

7~7 \i+k n/
(PdVd)i = (

, \j
PdVd)i

The donor-cell formulations in the c invective 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:



= (ur)]

where

/uj6t\ , . ,
- T ~ ) + a sign (iW I

and

'i+h

where

? = B.

and

«o sign

In the pv equations:

where

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 strength effects capa-

ble of representing added inertia, nonisotropic drag,

energy dissipation, and elastic-plastic deformation.

In the present KACHINA version, the F and F terms
r z

in the momentum equations represent a simple prelim-

inary approach to including nonisotropic effects.

The..:e terms contribute a dissipationless turning

that tends to constrict motion primarily to the

axial di-ection. The direction of the force is

orthogonal to the velocity, and the strength is pro-

portional to the departure of the velocity from the

axial direction. Thus, if

•* A A
u = iu + jv

and

then

au + bv = 0 ,

and

and

2 V2 2 2,1 2 2\
a + b = e u / l u + v I ,

with magnitude proportional to lul

Therefore,

( 2 2\
u + v ) ,

and

-13 - - b = + eu2/(u2+ v 2) ,

In addition to the convective flux terms, the

]3v 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

/ 2 2\
a = - euv sign (v)/lu + v I ,

and

2 . / w / 2 2\
b = + eu sign (v)/lu + v j



Because v sign (v) is always positive (= Ivl), a is

always directed against u, whereas b works to in-

crease positive v or to decrease ntf.ative v. Our

form for the nonisotropic term in this version of

KACHINA is

F =
e £u £ sign (vp)

v£

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

the term in a droplet equation from that in a vapor

equation. With F = a and F =b, the equations used

are:

vr/i-Ui

\J

lu v sign (v
I v v 6 V v
n/ 2

u v sign
d d

n/
(U i+k

and

d z ) i

Generally, S»(r, z, L) may be prescribed in its r-z

variations, and £„ may decay during the course of a

calculation, representing the loss of integrity of

the confining structure. At present, however, we

simply specify e and e as constants. Note that

if e or c 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.-iuse it includes

the effects 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-
7

fining the pu and pv quantities.

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+1 values of p', p' ,
a dl9, I , and I , along with the values of np , Pvl«

A, p, K, (p\iv), ( p V v ) , (P du d), and (p^).

D. Phase 2 — Implicit Calculations

The Phase 2 calculations start with conversion

of the momenta from Phase 1 back into velocity com-

ponents u , v , u,, and v . These are the tentative

v v d d

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:

^i+

U+'-s _

10



no'j
Mvi4Js

n+1

p .
vi

Vd)i = n .J+--5 fn+1, , x j

where:

?i+*s " (Mdud)i+^+ i 1 '
n+lr

An implicit treatment is now required to help

increase computational stability, in particular to

eliminate the usual Courant-like restriction on high

sound speed, by allowing signals to traverse more

than one cell per time step. This is accomplished

by iterating the quantities p, p 1, tf , v „ uL, and

Vj to obtain new velocities that have been acceler-
d

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. It 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 (n+1) values of p are accumulated

from the tilde values, in which each iteration con-

tributes an increment to p, designated *>;• ip.

The source term for the iteration is labeled

D; it is composed of a 8p'/3t term plus a V • (p u)

term, both of which use the most recently updated

tilde values:

Note that two levels of the total vapor density p

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,

in which

— J+a o [sign /uv)
J
i+!J .

The necessary ptcssurp. change for the cell is

given by

in which U is an under- or overrelaxation coeffi-
P

cient of order unity. Straight relaxation is given

by to = 1 , but, because we are using a relaxation

procedure based on Jacob!'s method, the iteration

will converge only if 0 < u Also,

11



i 1 , (St V d/1-̂ 5 _ __\ v/i+^
i ~* i

3pJ 3pJ

1 I

6z
.... a v y.
d/i \ v/i

- K.

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+1.

3 ii

Sfu,^ , 3/u )* , 1
I d/ i -4 \ v/i-'-ii I

^ (l -

i d/i

i f i

• K :

(o+i.-J-'sj, Ir, U

We have found that i t i s sufficient to calculate .in .irr.iy of ,'< 'r, {or all ctl!;; .jtn! »tt>r<? chir» bt-iorc

ing the iterations and hgld t'icci invariant cttrougliouc the iterations co e«}uinc«! cosjititcr efficiency.

With &\> calculated, the ncKt step la Co uptliicu p anti 7;' ,

) + p

v / i

12



thus allowing direct calculation of the new velocity values:

n e w /?r \ J
{ui)±* " new^ j |**l/p.\J + 6t V nK j

K

where Each iteration consists of two sweeps over the

entire mesh; the first sweep provides p for all

i old/•»•«. \1 • n j old/-. ~ \i cells:, then the second sweep calculates updated
K i a I O u I ji + ot I' i fu ~ u, J.^
l+*s \ v v/i+*S i+. \ v d/i a values of B'. u , u,, v , and v for all cells.

v v d v d
This two-sweep-per-iteration procedure is required

it /op - op ) because the neighboring values of 6p and op

* Jr ~ "l+̂ a ' must be available for die X, V, 3, and t equations.

the iteration procedure is repeated until

.! «+l/ •••! oid/~ \\ - tv,J old/~ - \i

e.... • (o.v^ Kii+u"*1 Ki+»- K"ud)i+»-
v i a I v l I- , I v l T I v l B

+ -— )

2<sr 2«=

is satisfied fur .ill c e l l s , it which t ice the fields

o f p » £ ' » u , u . » v , and v, .ire coetsidered to have
v v d v «!

eteft- ij'^a 4
 r'K-J*3* °^ j '~ ~ U4** tieciire EUc final (o+l) values for tUu cycl«. In the

* v v - 4t»w»e tfcsit, the fiucntiss of ttiu convergence in guv-

crBc4 by Use isijmt tamiisnt c , , «hict> typical ly

izi$i> - ip. I . , i ranges frea 10 " to 10 . The 4 , provides ,i ^otoi'f

U - i i ? fie!tJ !«*» yet. t » b<s e s t a b l i s h e d : i t . low, i s

ftii Stars ifee «iieen«iiast: of 1 / t i e c .

SK-.ni j»r<Jt»t«aai r«n »»s> the CSK 6C»t30 ov J608, which

«• -Sj)J j . , ^ >:4fe*y sbsttlS t« tif JS «is«Sf icaai slijtStii tS5 tlftatilt^*

•is \ If' 5>*»3as a « t t W f a . T!tti<*» sf £ , " JO .

{10
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standards, but if £„ were reduced to 10 , however,
-14

the resulting 10 would border on machine signifi-

cance, and convergence could not be obtained. The

portion of the convergence test above re-

presents the magnitude of the largest initial tilde

velocity times p1 product in the entire mesh, found

upon an examination of all cells that was performed

concurrently with the (3 calculation, back before
P

the iteration began.

In practice, it is wise to specify some maxi-

mum allowable number of iterations per cycle, simply

terminating the iterative process if this number is

ever reached, and considering the current values of
p, p , u , u,, v , and v, to be satisfactory. In¥' v v d v d '

our test runs, this procedure has worked well with a

cutoff of 100 iterations. If the cutoff 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 solution, we have

in computer storage the n+1 values of p', P.., 8,
a d-t

I , I , p', p, u , u., v , and v,, along with A, K,
v d v v d v d

and P .. Because the new velocities are now avail-

able, we can solve for the one remaining unknown

We use a similar Newton-

Raphson iteration scheme again, but this time based

on the Gauss-Seidel method. The first guess for p ..

is simply P'i» and the changes are accumulated from

the relationship

field variable, n + 1p

The denominator in the 0 equation will not vanish

if I u I St/6r < 0.5 and [ v I <St/<5z < 0.5. The
v max v max

source term Q is continually recalculated using the

latest values of p
'vl

6t

<n+1urp\>j

N v Vl ' 1-

The p~' values are iterated until for every

cell, at which time the current p"' values are con-

sidered to have become the p' values. In prac-

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 n+1 u's and v's result solely from the first

iteration and remain unchanged through this second

iteration. The second and third terms in Q. are

written in a manner like that used in the D equation.

For example,

n+1

in which

g fit
o
6r

Here, w is a relaxation coefficient lying in the

range 0 < u < 2 . The term B remains constant
Pthroughout this iteration, and is given by

The solution of the second iteration completes

the calculations associated with Phase 2, the im-

plicit half of the cycle.

fit
n+1/ 4-

26z

n+1/ n+1Mi"i-h



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. A 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

Outflow

Rigid, Outflow,
or Inflow

I

J-i

i-i

Fluid
Side

Outside j
I
u

\-i i \*i
Fig. 4. Quantities involved 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. If the boundary is in-

sulated:

J-* = 0 ,

Fig. 3. Boundary conditions available in KACHINA.

(2) INFLOW (Specified): The inflow boundary

allows vapor, only, to move into the system at a

prescribed rate that, in principle, can vary with

position and time, although in the present KACHINA

it is constant.
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specified '

w3-h
'specified

specified (specified *
nor is there any gradient in the tangential compo-

nent of velocity across the boundary:

(Pv)i " Specified (Pvl + Pv2)specified '

(rv)i = (^specified

(3) OUTFLOW (Continuauive): A continuative

outflow 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 becorue reversed. An example is shown in

the final sample calculation discussed in Ref. 7:

For .ill three types of boundary conditions,

there is no gradient in droplet densities or inter-

nal energies across the boundary:

MS-Mi* •
U v ) S = (Uv)i-Hi '

MS= Mi
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 boundary 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 boundary conditions are initially set in

the problem setup. The exterior values of the ex-

plicit variables are reset in Phase 1 as the neigh-

boring fluid-side n+1 values become available.

During the pressure iteration in Phase 2, the ex-

terior values of p, p', and the wall velocities are

updated continuously to keep them appropriate to the

continuously changing interior values, and p . is

treated similarly in the second iteration.

Note that KACHIKA requires no special pressure

boundary conditions. This is a direct benefit of

the Chorin-Hirt method chosen for the Phase 2

iteration procedure, which also contributes to ef-

ficiency and simplification of the solution process.
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F. Sudden Incompressibllity

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 u,

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 so 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 8 will become small. We test
nH

whether each 9<9 , where the value 9 =0.02 has
t o

been found appropriate, at least for the test prob-

loms we have run. Usually, of course, 0 > 8 ,

and the calculational procedure is the standard one

described in the preceding sections. For those cells

in which 9 < 9 , in principle the only modifica-

tion required would be simply to force the velocity

divergence to vanish by reducing the D equation in

Phase 2 to a V • ud = 0 expression. In KACHINA, we be-

gin by setting 9 = 0 , principally to make such

cells highly visible in the numerical printout. Al-

ternatively, we could leave 9 at its calculated

value, which would be the required procedure if QQ

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-

dure. In Phase 1:

(1) We set

o ,

n J

= K

where A and K are some large numbers, say about

10 times the ordinarily expected magnitudes of

these quantities. The choice of time level n+1 for

the 8's appearing in the standard K equation is dic-

tated by the fact that when a suddenly incompres-

sible region opens up again, the restored condition

6>6 will allow passing of this test and re-

establishment of the standard procedure for the cell.

However, 9 = 0 because of the previous state of the

cell, and use of this old flag as 8 in the K equa-

tion would cause the computer to try a division by

zero.

(2) In the I equations, we eliminate two
v

terms. The drag term is omitted on the assumption

that u and u 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 =u,.

°° v d
In Phase 2:

(4) Those cells with
n+1

9<6 require differ-

ent expressions for both (5 and D:

Mi =-
,.2,2
<5r 6z

26t(fir2 + 6z2)

&z [\ d/i \ d/i J

P<

Note that no consideration of donor-cell formulations

arises in this V • u, form of the B equation.

(5) Neither the intermediate nor final values

of pressure, density p', or velocity in Phase 2 re-

quire changing. As in (3) above, the equations will

automatically provide u = u,, and they arrive

at values that ensure V« u = 0 for those particular
d

cells.
(6) The p'. iteration requires no changes.
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II. THE KACHINA COMPUTING PROGRAM

A. General Structure

KACHINA was written for the CDC-76OO, 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 the 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. Computing efficiency can be

increased substantially by carefully rewriting the

iteration sections iu 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-76OO. 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)
Moin

Overlay

(1,0)
Primary ^
Overlay

Program Kachina

Progrom
Kaset

Program
Kachydr

Small Core Memory.

(2 ,0 )
. Primary

Overlay

Fig. 5. The KACHINA three-program overlay structure.

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 en tape for

restarting purposes and is therefore the natural re-

pository for all the SCM data that must be retained

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 Sees. 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 mesh with its initial cell

quantities, and generating marker particles if ehey

KACHINA Code Structure

COMDECK KOM

|COMDECK E Q V R E A L [

| COMDECK OIMEN

Common Included in Tape
Dump-contains all quantities

~ kept from cycle to cycle •
Appears in all Programs

-Equivalence,real statements.

-Dimension Statements-

Overlay

(0,0)

f I MAIN PROGRAM "KACHINA"|-- Controls (1,0) , (2 ,0) usage

CALL KOM I

CALL EQVREALi

[SUBROUTINE "LOOP"

I CALL KOM

• • Controls Access to
all Cell Data.

(1,0)
Setup

"KASET"!--Col ls Setup:

Data
And Optional Particles.

(2,0)
Hydro

|PR06RAM "KACHYDR"].^Colls Hydro

Particle Mover.I CALL KOM |
| CALL EQVREAL|
I CALL DIMEN I

Fig. 6. The KACHINA overlays, showing the functions
of all sections and the UPDATE nomenclature.
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are specified. SETUP also sets boundary conditions

for the edges of the me^h 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-

lows reuse of the SCM space. Like KASET, KACHYDR is

a two-instruction program: it prints "HYDRO" and

immediately calls subroutine HYDRO. 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 are 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 interest

representing the solution at a given instant: 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 <5t, 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.

If there are none, the job is ended.

To restart a calculation from a cape dump, the

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

(2,0) instead. HYI\0 senses the restart condition

immediately, and the control region reads the infor-

mation from tape into memory and turns control over

to Che point in the calculation cycle that will con-

tinue Che problem from where it left off when the

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 p? simply by "P(I,J),"

but u^.j, cannot b» T ̂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+^.j), or at the top edge

(ijj+'s)" depending on where the quantity is defined

to be by the difference equations. In KACHINA,

"(I,J)" is replaced simply by "(IJ)," as only single

subscripts are used for computer efficiency. In the

KACHINA subscript notation, the letter "P" stands

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

IMJ

IJM = (i,j-l

IPJP =

etc.

Such a notation permits easy reading of programmed

difference equations in the code. Figure 7 shows

the single subscripts used to define ce!l 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

IMJP—»-IMJP UP "-IJP IPJP

IMJM •• MM IJM • - IJM IPJM

I I
l-l i--j i \*\ Ul

Fig. 7. Single-subscript notation 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 (1+1) by (J+l) in size. Because our index-

ing refers to cell centers and right and top edges,

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 (T+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 1 = 2 to IP1. Similarly, DO loops

with limits J = 2 to JP1 and 1 = 2 to IBAR will access

all interior u velocity components, and those with

limits of J = 2 to JBAR and I = 2 to IP1 will access

all interior v velocity components. Boundary veloci-

ties .;.id exterior values of the cell-centered vari-

ables receive special treatment and are 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 will 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

1

1

I JPI
1 JBAR
i
I

I J ! L _ X _ J 1
' I 2 IBAR IPI IP2

Fig. 8. KACHINA indexing scheme for the virtual
mesh of Fig. 1, showing an example with
many fewer cells than ordinarily are used
for a calculation.

as phase transitions, a third field, more realistic

equations of state, chemical and nuclear processes,

and better isotropic force treatments, to name only

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 si few storage words

is aade possible 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»~e word is referenced to

calculate the quantity specified at the top of the

column.

Note that before the iterations, the cell edge

quantities 6tK. ,, and 6tK. 2 and the cell quantity

( \ ' i"""̂  i ^
- ii) |$ I. are formed, and that A. 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 iteration

itself.

During the pressure iteration, p replaces

p* 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.

Also, p>' replaces p' in word 4, becoming p by

doing so, and similarly p' replaces p' in word 2,
t . n+1 t
becoming p .

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
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referenced variables, Che new (n+1) values could be

-stored in completely separate arrays and later trans-

ferred, just as p' and p', are handled. We have

v vl _

chosen, instead, to temporarily store aside I-length

vectors; of the (n+1) 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-

ly while providing very little gain, and using more

than i9 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 i contour plot is drawn on microfilm. The

present .hoices are all of the quantities in words 1

through 10, which are automatically plotted in se-

quence by placing the complete field of each quantity

in CO as its plotting turn occurs. This transfer to

CC? eould be avoided by simple indexing through words

1 to 10, but intermediate storage in CQ allows values

i.' hi .id justed specifically for plotting purposes, as

is s.vnetimes necessary.

Charts such as Fig. 9 have proven extremely use-

Hil in initially 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

stouge 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 tit 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

tin1 mesh at a cime into an SCM buffer for processing,

and then rewriting it back out to LCM. The optimum

procedure is that which requ'res the minimum number

of read/write references to LCM, and one could, in-

deed, tailor 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 regarc1 to overall mesh dimensions. To

facilitate inclusion of the LCM routine described in

Appendix C, the cell variables are stored "interleaved"

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 I 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 versior of this report, the storage

block AASC contains all cell data. At present, it

has a dimension of 26676 words, allowing any combi-

nation of 1P2 by JP2<£l404 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 KSC, 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 dump/restart routines

are modified to write/read the entire LCM storage

block of complete cell 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+1, and j-1, avail-

able in SCM for processing, and to have the corres-

ponding indices IJ, U P , jnd 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 tfcree 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 IJ to reference the lower left cell (2,2),



U P to reference the cell (2,3) above it, and IJM to

reference the cell (2,1) below. 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 co the left or right of the

column identified by IJ, U P , 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. In this manner, reference can

be made to any neighbor of cell IJ 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 I DO loop falls through, leaving

IJ, U P , and IJM referring to cells in column IP1.

A CALL is then issued to the "LOOP1" entry point in

LOOP, which increments the three indices over two

additional columns by adding (2*NQ) to 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.

P. 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 IJ, U P ,

and IJM. 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 rowa 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 i.he double DO loops 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 rov j=l in the buffer

section designated "row 1/3;" likewise, row j=2 is

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

3/3." Rows 1/3, 2/3, and 3/3 are contiguous in SCM,

and like their 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 I.JM, IJ, and U P 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 U P 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. In 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 No. 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 L00P" statement.

(3) The L00P 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

U P , IJ, and IJM are reset to point to different SCM

rows — U P to the vacated row 1/3, IJ to j/3, and

IJM to 2/3. IBUF is reset to 2 to control the next

entry to LOOP, and control passes to statement No.

40 which will read the new U P row, row j=4, into
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GENTRY LOOP»

WRITE ROW IJM -*• LCM
GO TO (10,20.30) IBUF

UP = fwa SCM 1/3
IJ = fwa SCM 3/3
IJM = fwa SCM 2/3
IBUF' 2

UP - fwa SCM 2/3
IJ = fwa SCM 1/3
IJM - fwo SCM 3/3
IBUF = 3

« E N T R Y S T A R T »

R E A D
R E A D

UP
IJ
IJM =
IBUF =

INTO
INTO

= fwo
= fwa
: fwa
= 1

ROW
ROW

SCM
SCM
SCM

SCM
SCM

3/3
2/3
1/3

/ 3
2/3

I READ INTO ROW (UP)

^RETURN

«ENTRY DONE»

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

IJM fwa SCM 2 /3

IJM = fwa SCM 3/3

IJM fwa SCM 1/3

WRITE ROW IJM - »

SCM BUFFER

ROW 3/3

ROW 2/3

ROW 1/3

INTERLEAVED STORAGE af NQ WDS/CELL

LOOP EXAMPLE'

89
99

CALL S T A R T
DO 99 J=2,JPI
DO 89 I = 2,IPI
IMJ =
UIJ =
VIJ =
IJ =
IJM =
C A L L
C A L L

I J - N Q
0 . 5 * ( U V ( I J ) + U V ( I M J ) )
0 . 5 * ( V V ( I J ) * V V ( I J M »
I J + N Q
I J M + N Q
L O O P
DONE

ROW 3 /3

ROW 2/3

ROW !/3

(UP)

(IJ)

(IJM)

J
3

2

1

(IJ)

(IJM)

UJP)

j

3

2

4

(IJM)

(UP)

(IJ)

J
3

5

4

(UP)

(IJ)

(IJM)

J
6

5

4

(IJ)

(IJM)

(UP)

J
6

5

7

(IJM)

{UP)

(IJ)

J
6

8

7

(UP)

(IP)

(IJM)

J
9

8

7

Fig. 10. KACHINA three-row buffer.



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+1, and the three indices were

reset to point to the locations of rows j+1, 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 5814.. „ words (=3 rows * 19 words per cell * 102

columns) will allow any K 1 0 0 . Considering the re-

duction from the present 26 676 words, and also the

great capacity of LCM (on the order of 400K10 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

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 fai.hion, which will be described

at ;.he end of this sercion, the concept of our mul-

tifield KACHINA model introduces some novel aspects

of marker creation.

First, it is appropriate to 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 u.J v v d
and v. velocities, but also indicates the plotting

d

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 area,

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 into

appropriate parts to determine the effective number

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 a region with a

smaller void fraction. The larger 6 is, the smaller

the number of droplet particles dispersed over the

region, and at the limit 9 = 1, no droplet particles

at all will be generated. The situation reverses as

8->-0, and at 6 = 0, no vapor particles are generated.
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The densities piay .1 si.RiI.if r>»lc in ikv initial

part icle dis t r ibut ion, .illtiviaf, f«*r f.it« distinctittit

between the cirapvHtirtlt;; tJuscsrtis!.v«» Sty c«»lr«i Sitvg lUe

number of p a r t i c l e oS" t*acH c««|n>W4tfi£ £*?»££.*$£*:"*.

Thus, the par t i c I v« »irn>r the jirapofi S«»«rs »f ihv

cuniponuntti, a u:<tuful <ms! rf»?::ir.t!»l<' ('t.-.»s«*rf?.

P.-trticlv gent-rai:io<! «v«ft SOSUT fjvtjd region fisfĉ s

place in K*\C!It5!A .isxiirtSinji t« tht Sol loving ssctJuwi.

We asKtiae a r«.-t:E.-»!>f:tilaf" region of the ssish, encixsr

passing «o!r.f integer s«aJ»«r of calls, xii^rr the n«Ci-

bvr of cell>5 in the riidfijl directf«n is d«?««tc(S by

w, and that in the asi:il iSireetioM by U. At«io speci-

fied for this region rirts JiPt'A ;»<;4 tin: itsiilai v.jjucs

of . . . . . ,, and '.', as we nrcsctitlii* ;si!«w the crc^siiwijd i d
of two types •?! droplet par t ic les , htsi only i>:tc «s

v.ipor. In this case, tiu'ee ;«a.>:;:«;s r.tthttr ch.tn S««!"

will be cade to gen^ratu the p.irticiKs f»r the rogl«n,

one pass for each part ic le type. The SMSjs.tr rtl«j>s re-

peated for i-Jcv) of thcsJc three jwswi'y ar« aa follows.

(1) PSKFF is calculated, and is givt'n S»y u«« uj

the following equations, depending un which of the

throe passes is being perforaed.

(a) For droplet component nusst>er 1,

PNEFF•

(b) For droplet component, nuabcr 2,

I'Ni-FF = (SPt'A) j 1 - (;-dlA'j}| (1 - '-') ;

(c) For the vapor, P.VEFK = (MPUA) "3 .

(2) A uniform raatriK of particles is to be l.iic

down over the region, the total number to be given by

the product of XNP particles in the r direction times

YNP particles in the z direction. By this definition.

XNP _ u
YNP " h

and

(XNP) (YNP) S wh (PNEFF) .

These equations are combined and solved for XN? and

then YNP:

XNP = w (PNEFF)"* ,

YNP = (XNP) h/w ,

5»> tjt« pass i'»f ?.}-»B scat ptfl i~ te i'f?*---

.1114 she *hc {it'ss p fa,.

(•'.) This iw'c.j'EsiiSLioit is m;Kl fed

UO loop with H a i l s Riven by AICS' .juil VSi'. Tiii:; lco;>

Reneratea .tnd stores the ;trr;ty of pjirtitltr:; .tnd .ip-

pendM to each s coordinate :u>c;i- identifying t.i};, de-

pending on the nuebvr of the pass.

Xf desired, the variable "WFSET" aay be- changed

from its usual 0.0 to 1.0 to uniformly displace the

entire particle natris to the upper right by «s dis-

tance x /•'« and v IU. For the use of 0PFSET, refer

s ' s

to the description of a "part card" in Sec. II.F.

A set of three such passes is performed for

each discrete fluid region in the mesh, each 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

given on the page labeled U in the Flow Diagram in

Appendix A, where the complete flow for Marker Par-

ticle Generation also appears in detail.
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JD are obtained quickly without ever testing the

particle's position. After u. and v, have been di—
it K

termincd, tho particles arc moved according to
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the radial direction.
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|)jl = fr, the cell ,>;i?.o in the radial direction.

DX ° is, the cell si;:e in the axial direction.
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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.



AO = a constants denoting proportions of

donor-cell

BO =g convective fluxing. See Sees. I.e.

and I.D.

R0VO = f , specified vapor density for incom-

pressible flow.

NUV = v , kinematic viscosity coefficient for

the vapor field.

CDR = C r a, the drag coefficient.UK

RPAR = r , the mean linear dimension of a drop-
P

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: IDC0MP (Format 8A10), "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. If de-

sired, both cards may be left entirely blank, but

they must always appear in the input deck.)

Card No. 4: 0MP, 0MR0, EPS, G, KV, KD, EPV, EPD, R

(Format 9F8.3), where:

Card No. 5: R01, R02, CAH1, CAM2, BV1, BV2, BD1,

BD2 (Format 8F8.3), where:

0MP =10 Phase-2 iteration relaxation para-

meters.

See Sec. I.D for description.

EPS = e., the convergence criterion for both

iterative solutions in Phase 2. (With

reference to Sec. I.D, only e appeals in

the input, whereas e_ 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,

respec tively.

KV =

KD = k,

EPV =

Heat conduction coefficients for the

vapor and droplet fields.

Epsilons for the Phase-1 nonisotropic

force terns,

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

tively.

R = R, the exchange function that describes

heat transfer between vapor and droplet

fields.

R01 = P,

R02 = P2

GAM1= Va

GAM2 » y

BV1 = b

BV2 = b

BDl =

B D 2 ••

v2

dl

The actual microscopic material

densities of the two droplet

components.

The ratio of specific heats for chu

two vapor components,

appearing in Phase-1 A equation and

pressure calculation.

Specific heat constants for vapor

and droplet components,

appearing in Phase-1A and T equa-

tions.

Card No. 6: JRIGID, IB0T, THIN, R0VIN1, R0VIN2,

SIEVIN, W I N , IT0P (Format 214, 5F8.3, 14), where:

JRIGID = the integral number of cells up the

right boundary that are to be treated as

rigid free-slip. Any cells above JRIGID

are treated as continuative outflow.

0 < JRIGID «JBAR. See Sec. I.E.

IB0T = Boundary condition for the (entire) bot-

tom boundary, = 0 for rigid free-slip, =1

for continuative outflow, = 2 for speci-

fied inflow, where:

THIN = 9
in

R0VIN2=(Pv2)

SIEVIN

v 2 ) . n

'Vin
(Vin

Parameters for specified inflow

along bottom boundary when

IB0T=2; 6.n, ( p v l ) . n , ( p v 2 ) . n ,

and (I ) . refer to the
v in

"center of the outside cell, and

(v ) . is defined on the
v in

boundary. See Sec. I.E.

IT0P Boundary condition for the (entire) top

boundary, 0= rigid free-slip, 1 = continu-

ative outflow.

Card No. 7: T, DT, T20MD, TLIMD, TWFIN, LPR, ISPR,

(C0L0UR(N), N = 1, 3) (Format 5F8.3, 214, 3F4.1), where:

T = t , the problem starting time, usually

zero.

DT=fit , the initial 6t. Except in movie

runs, 6t is chosen automatically after

cycle 10, according to the condition

6t = 0.1 min 6z/v m a x), where
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aver the ccsh .ire considered.

T20JH)a1.0 to force tape dunps every ZO sio of

centra! pruccssar <CP) tiae for restart-

ing, or =0.0 to »yj!«iH:; ehi» option-

TLIMD»1.Q to tore.; a tape du«p and RETURN r.o the

(0,0) overlay lust bfore the CP tlssc Hoit

specified on the JSSiS card is reached;

> 1.0 to force tape tlunp and RETURN isne-

diately after cycle 0 output; =0.0 to run

out to a full tine Unit with n-? tape dump.

TUFIS = problem finish titse. When this cine

(tS'TWFIN) is reached, control returns 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.)

L.PR = "Long Print" Control, where:

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

microfilm only, 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 is provided

each cycle if ISPR=2, or only on those

cycles that have the "long print" of cell

data if ISPR = i.

Q}L0UR(N),N = 1,3 These parameters are effective only

for color microfilm processing, and are

intended for movies of particles, where

C«5L0UR(:.) refers to droplet component

No. 1, C0L0UR(2) refers to droplet com-

ponent No. 2, and COLOUR(3) refers to

vapor. Seven basic color choices are

available: 0.0 = white, 1.0 = rcd, 1.6 =

yellow, 2.0» green, 2.6 = cyan, 3.0 =

blue, and 3.6= magenta.

Card No. 8: (DT0(N), N = 1, 10) is used in conjunction

with

Card No. 9: (DT0C(N), N = 1, 10) (both are Format

10F8.3), where DT0 specifies the problem time out-

put interval for both plots and prints. DT0Cn speci-

fies the time at which the change to DT0 ,,, As an
n+i

example, assume that t is in seconds, and that output

is wanted every 1/4 s for the first second, then

every 2 s up to 8 s of ju-obii'n citse, then every 1/8 s

up : o i » 10, then curt; Infrequently n%nln, with out-

put only every 10 suntil t = 200. tint: would use

OT(J (1-10) = 0.25, 2.0, 0.12S, iO.O .

DT(JC (1-10) •> 1.0, 8.0, 10.0, 200.0 .

To kt'L-p the output tine interval fixud throughout •>

ran, specify OT0O) " (Interval) and DT0CU) >TWFIN.

fatten in", output tint' is being approached, the auto-

aatic it routine («ee 0T on Card No. 7) will choose

.1 b'pcci.U *t for one cycle so that the output occurs

at the precise tine desired-

Tlie above nine cards pertain to all KACIIINA

setups. They Stave defined a raesh mid provided the

parameters for irs use. What remains to be defined

is tho contents of this mesh — fluid regions to fill

it in, and associated marker particles if desired.

One "part card" is used to define each fluid region

and any associated particles. Because the number of

fluid regions can vary witU problera 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, R0DPRI1, R0DPRI2, R0V1, R0V2,

SIEVT, SIEDI, NPUA (Format 414, 6F8.3, 14), whe.re:

NB

MR

NT

NL

are four dimensions (see Fig. 12),

specified in integer numbers of cells to

emphasize that the part is constrained

to follow cell boundaries. Thus, NL and

NB specify how many cells in from the

left and up from the bottom to locate

Fig. 12. Part shape available for fluid regions in
KACHINA, defined by the integral number of
cells over and up to the two corners.
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R0BPRII

R0DPRI2

is.)*

vl
R0V2

SIEVI

SIEOI

NPUA

the lower left corner of the region, and

NR and NT similarly locate the upper right

corner. As an example, if a single region

Is to cover the entire mesh, set ML = NB = O,

NR c I, and NT ° J.

Initial values of the variables

necessary to completely specify

all cells in the fluid region, as

described in Sec. I.B. (All

velocities are initially set to

{ I. ). •» zero.)

number of particle:, per unit area, as de-

scribed in Sec. II.E. Typical KPUA values

in our test calculations have ranged from

1 to 4. To bypass the particle option,

simply set NPUA=0 for any or all parts.

(Recall also r.he variable 0FFSET appear-

ing in the particle generator, which may

be used to displace the particle arrays to

the upper right. See Sec. II.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. If 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 0FFSET 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 Y, and the setup

is called. The value IBAR = 0 indicates a tape re-

start, and IBAR<0 indicates that the end of data has

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

motion-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 DT0 and DT{5C in the input

data. The microfilm plots are generally the most

immediately useful output, ant! they are made on the

III 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 h, c' ,

Cldi- V V *»• V p> K> and E-
The particle plots are made by plotting the x

and y coordinates ot 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 components of each field, they

cannot convey complete information on the flow de-

tails. Velocity vector 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 (x , y ) are the coordinates of the

center of cell (i,j), the coordinates of the vector

end points (x,, y») are given by

DR0U

and

DR0U

where u and v refer either to (u and v ) or (u, and
v v d

v ) , and DR0U is a scaling coefficient defined as
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DR0U = 0.9 Sr (VEL ) •
max

This coefficient is recalculated for Pich individual

velocity-vector plot, and it scales the length of a

vector drawn for the largest I ul or I vl velocity in

the system at that instant, VEL , to be 9/10ths of

the radial cell dimension or. This method ensures

that the vectors are always of reasonable length, re-

gardless of velocity magnitudes. The plot is omitted

S.i there are no significant velocities (vEL < 1 0 " 1 0 ^
\ max z

in a particular field.

Contour ploLs 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 lines on s 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:

On the second line: E^,

The "short print" is a four-line listing of

sums over the mesh of mass(M), momentum (M0M) in the

r and z directions, internal energy (IE), kinetic

energy (KE), and total energy (E). In addition to

first specifying the current problem time and cycle

number, the 4 lines provide 20 summations in the

following order.

XQ

EKE

E IE,

ZKE,

ZIE
v+d'

EKE

E<Md>d>l+2

'v+d'

"v+d'

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

in the input data, has primary control of the des-

tination of both the long and short 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, both long and short prints are omitted,

and no alphanumeric writing of any kind appears on

microfilm. LPR = 0 is intended for motion picture

use, and the only microfilm output is the first

(complete) particle plot. For movies, KACHINA by-

passes the automatic ot 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

<5t required at any time during the course of the

problem, usually determined by a preceding run with

normal output, and also to set DT0=6t and DT0C >

TWFIN. For color orocessing, the chosen colors are

specified by C0L0UR(N), N = 1, 3 in the Input data,

as cescribed in Sec. II.F. The code is easily al-

tered to provide some plot other than this particle

plot for the movie or to have a frame shared by

se—*>-al 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 6t.

CP is the current central processor (CP)

clock time.

GRINDS = 6CP/(I~*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 requires 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 of.f at ITERS = 100.

The analogous information from the pre-ITR0

CELLS ceding Phase-2 p' iteration.
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H. Tape Dump and Restart

Tape clumps are staged out as Fileset 6 in the

control region under influence of the quantities

T20MD and/or TLIMD, as described in Sec. IT..F. The

variables dumped are the contents of the SOI common

KSC and also the LCM block, if cell data have been

transferred to LCM storage, as described in Sees.

II.C and II.0 and Appendix 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.

I. The Common Block KSC

The following list provides the names, descrip-

tions, and sources of all quantities in the SCM

C0MM0N/KSC/ in the (0,0) overlay. This common is of

fundamental importance in communication -mong 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 sources 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 is read,

0 = (0,0) Main Program,

L = (0,0) Subroutine L00P,

S = (1,0) Subroutine SETUP,

H = (2,0) Subroutine HYDR0.

Multiple sources indicate that the quantity is recal-

culated.

NAME

AA

AASC

AKINFI

AO

BDT0DR

BDT0DZ

BD1

BD2

BINF

B0UT

BV1

BV1GM11

BV2

BV2CM12

BO

CDR

C0L0UR

Cl

DR

DR02

DRSQ

DT

DT0

DT0C

DT0DR

DT0DZ

DT02

DTP0S

DZ

DESCRIPTION

Dummy word, always the first word in the C0KM0N.

Cell storage, appears in this C0MM0N for SCM version only.

Aco' Km f o r s u d d e n incompressibility. See Sec. I.F.

a , a constant in the convective fluxing. See Sees. I.C and I.D.

B fit/fir.
o

B 6t/6z.

b,,. Specific heat constants for the droplet field.

= 1,0 if bottom boundary has specified inflow; = 0.0 otherwise.

= 1.0 if bottom boundary has continuative outflow; = 0.0 otherwise.

g , a constant in the convective fluxing, used in conjunction with aQ.

C,,,,, drag coefficient appearing in the K equation.
DK

Colors for movie. See Sees. II.F and II.G.

The h/min/s on the wall clock when the job began. Printed with Dl.

6r, the cell si2e in the radial direction.

fir/2.

Sr 2.

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

Problem time interval between outputs (plots and prints).

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

6t/6r.

8t/<5z.

6t/2.

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

Sz, the cell size in the axial direction.

SOURCE

S

1(0)

S

s

s
KS)
s

1(0)

1(0)

KS)
0

1(0)

s
s

KS)
KS)
S.H

S.H

S,H

S,H

KO)
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NAME DESCRIPTION SOURCE

DZ02

DZSQ

Dl

EM10

EM3

EM6

EPS

EPV

EP9

EP1O

EP2O

FIBAR

FIXL

FIXR

FIYB

FIYT

FJBAR

G

GAM1

GAM2

GDT

GGM11

GGM12

GM11

GM12

I

IABRT

IALL

IBAR

IDT0

IJ

IJM

U P

IP1

IP2

ISPR

IXL

IXR

IYB

IYT

J

JBAR

JNM

JP1

JP2

JRIGID

6z/2.

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

10~ 1 0.

10~3.

1 0™

E , convergence criterion for both Phase-2 iterations.

£ and £ , appearing in the F (nonisotropic force) terms.

109.

10 1 0.

1 0 2 0

Floating-point equivalent of I.

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, ±.

V
gSt.

Ratio of specific heats foi

the components of the vaptr field.

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

Abort indicator, set to 1 if the setup encounters a 9 < 0 .

JP2*NQI, the total amount of cell storage required.

I, the number of interior cells in the r direction.

Index for DT0 and DT0C tables.

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

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

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

1+1, index of rightmost column of interior cells.

1+2, 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 C0MM0N because of ENTRY R1R0W in L00P.

J, the nuaber of interior cells in the z direction.

Job name identification assigned by the operating system.

J+l, index of the topmost row of interior cells.

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

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

KS)

s
s
s
s
s

o,s
s

1(0)

s
L

L

L

S

S

s
s
s
s

1(0)

0

s

s

KS)



NAME DESCRIPTION SOURCE

JT0P

JX1

JX2

JX3

J2

J3

KD

KD0DRSQ

KD0DZSQ

KV

KV0DRSQ

KV0DZSQ

LCM

LPR

MUSTPR

MUSTR0

NAME

NCYC

NLC

NPT0T

NQ

NQI

NQI2

NQL

NQ2

NQ2L

NSC

NUMIT

NUMR0

NUMTD

NUV

NUV3

NVAP

0MBAS

0MBSPL

0MP

0MR0

R

RC0NT

RDR

RDRSQ

RDT

RDZ

= JP1 if top is rigid, = JP2 if top is outflow; controls v initialization in Phase 2.

1+NQ, first word address (fwa) of col. 2, row j=l (or 1/3 if LCM), set by L00P as an

index.

J2+NQ, fwa of col. 2, row j=2 (or 2/3 if LCM), set by L00P as an index.

J3+NQ. fwa of col. 2, row j=3 (or 3/3 if LCM), set by L00P as an index.

1+NQI, fwa of col. 1 of row j=2/3, used by L00P, LCM version only.

J2+NQI, fwa of co]. 1 of row j=3/3, used by L00P, LCM version only.

k,, heat conduction coefficient for the droplet field.

kd/6r
2.

kd/6z2.

k , heat conduction coefficient for the vapor field.

k"/6r2.

k /6z2.
v

= 1 if LCM is used for cell stcrage, = 0 if SCM is used for cell storage.

Determines output options on film and printer.

Number of cells failing to converge in pressure iteration.

Number of cells failing to converge in f) iteration.

Problem Identification from columns 2-80 of input card No. 2.

Number of calculation cycles completed.

Number of words to tape dump from LCM i_ell storage, if used.

Total number of particles in the system at a given instant.

Number of quantities, or storage words, per cell.

NQ*IP2, the number of words for one full row of cells.

NQI + NQI, the number of words for twi full rows of cells.

NQ*(1-LCM), used as index adjustment if SCM version.

NQ + NQ, the number of words in two cells, used by L00P, SCM version.

NQL+NQL, used as index adjustment if SCM version.

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

Number of iterations required for Phai:e-2 pressure convergence.

Number of iterations required for Phase-2Ip'jconvergence.

Number of the next tape dump.

V , kinematic viscosity coefficient for the vapor fielH

3*V , appears in K equation in Phase 1.

- 1 If P v l - 0 and P v 2 >0 ,

= 2 if P v l > 0 and Pv2 = 0,

= 3 if P v l and P v 2 > 0 .

- (D 6r26z2/2(6r2 + 5z2) , base of complete 0MBSPL.

0MBAS/<St, stored for (-to 6 )•? when 0-?<8 .
p p x l o

a) , the Phase-2 pressure iteration relaxation coefficient.
p /~i \

u , the Phase-2 fp ,|iteration relaxation coefficient,
p \ vl)
Exchange function for heat transfer between the two fields.

Right boundary table, on index J; = 0.0 where rigid, = 1.0 where outflow.

l/6r.

l/6r2.

1/St.
l/6z.

s
KS)
s
c

L

KS)

H

H

KS)

S,H

S

S,H

0

S

S

s

S,H

H

H

S,H

1(0)

s

s

s

S,H

KS)
KS)
KS)
s
s
s
s

s
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NAME

RDZSQ

SI

RIBAR

RIBJB

RIP

RJBAR

R01

R02

R0VPIN

R0VPIN1

R0VO

RPAR

RPCDR

RPC0F

RSI

RRIP

RR1DR

RR01

RR(i)2

K.'DR

R2D7.

SIIIVIN

Sc,»iO

T

IH! N

THG

If. [MB

Tl/IP

ftfUT

TWFIN

T2OME

V(I)L

V01.R

W I N

XC0NV

XI.

XP

XR

YB

YC0NV

Y!1

YT

7.7.

DESCRIPTION

l/5z2.

Table of r.'s, of length IP2.

Reciprocal of I.

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

Table of r-+1 's, of length IP2.

Reciprocal of J.

p., microscopic material density of droplet component 1.

P9, microscopic material density of droplet component 2.

(p'). = 1. for specified inflow bottom boundary, = THIN*(R0VIN1 + R0VIN2).

(p' ) . _ 1 , for specified inflow bottom boundary, = THIN*R0VIN1.

p , specified vapor density for incompressible flow,

r , the mean linear dimension of a droplet.

r C.,,,, = RPAR*CDR, appears in K equation.
P D K-
3/2r A =1.5/RPAR**2, appears in K equation.

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

Table of 1/r ^ 's, of length IP2.

Table of l/(r.6r)'s, of length IP2.

l/.

l/(26z).

(I )._,» for specified inflow on bottom boundary.

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

"... for specified inflow on bottom boundary.

g , the critical value for sudden incompressibility, usually = 0.02.
o

= 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 V.'s, of length IP2, where V. =2nr.<5r6z.

Table of V.^ 's, of length IP2, where V.+1 ._̂ 6r6z.

(v ) . _ , . the specified velocity at inflow bottom boundary.

Plotting factor, converts x's from problem units to 4020 units.

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

Storage block for x coordinates of marker particles.

= I*4r, the right edge 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*6z, the top edge of the mesh, for plots.

Dummy word, always the final word in the C0MM0N.
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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 (C0M)

device is the S-C 4020, which has a matrix of 1024

by 1024 raster points on the TRT face, as is shown

in Fig. 13. Usefulness of 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 C0M

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 C0M is assigned to

our offline film output is treated as a 4020, the

FR-80 becoming a 402C simulator when used in this

manner. Therefore, the following description of our

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 corner 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 mesh shown in Figs. 1 and 8,

where the origin is at the lower left corner. 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 Jiesh are specified by:

XL = YB = 0.0 ,

XR = T(5r ,

YT = J6z ,

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

thu shaded areas in Fig. 14. (The technique for

generating alphanumeric information in these regions

it discussed below.) The unshaded area that remains

is .'024 points wide by 900 points high, although we

consiier 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 physica1.

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:

Fig. 14. 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.
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-i/S '/////////////.

Fig. 15. The plott ing area when the computing mesh
is higher than i t i s wide, XR<YT.

/ XR \
' \YT-YB/ *

/ XR \
* \YT-YB/ '

FIXL =511 . - 450

FIXR = 511. + 450

FIY3 =916. ,

FIYT = 16.

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. ,

16 ///////////////////////////////////777

IXL=

916

FIYB = 916. ,

FIYT = 916. - 1022. (
XR

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

XC0NV = (FIXR - FIXL)/(XR - XL) ,

and

YC0NV = (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 KACHIVA 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 Sciences and Services Division of the

Los Alamos Scientific Laboratory handles the commu-

nication between the problem program and the C0M de-

vices by producing 4020-format commands. KACHINA

uses a number of these subroutines, which are accessed

by the following FORTRAN calling sequences.

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

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

tangular outline of the computing

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 (1X1, IY1, 1X2, IY2) draws a straight

line vector segment connecting the

4020 point (1X1, IY1) with the 4020

point (1X2, IY2).

Fig. 16. The plotting area when the computing mesh
is wider than it is high, XR>YT.
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CALL C0L0R (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 = i.6 Yellow filter,

c = 2.6 Cyan filter,

c = 3.6 Magenta filter.

The primary colors are obtained by

appropriate filter combinations:

c = 1.0 Red (= yellow + magenta),

c = 2.0 Green (= yellow + cyan),

c = 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-

writer mode, the 4020 frame of Fig. 13 is composed

of 64 lines of 128 characters each. Each character

occupies a rectangular region 8 raster points wide

by 16 high. The first character of a line is treat-

ed as a carriage control, completely analogous to

line printer use.

CALL LINCNT (£) locates the first column of

line •£, where £ ranges from 0 (top

line of the frame) through 1 = 63

(bottom line of frame), and -L = 64

advances the film to the top of the

next frame. After LINCNT locates

the desired starting 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

is 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. KTLM is the time limit

specified on the job card, converted

to CDC 7600 r.lock cycles, where one
_q

clock cycle = 27.5*10 seconds.

CALL DATE1 (Dl) stores the current date in dis-

play code in the location specified

by Dl. The form is eight characters,

MM/DD/YY, where MM is the month, DD

is the day, and YY is the year.

CALL CL0CK1 (Cl) stores the current time of dav

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

numoer of minutes, and SS is the

number of seconds.
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CALL SEC0ND (Tl) stores the elapsed central

processor time for the job In the

location specified by Tl. This

time is expressed as a real number

representing seconds, to the near-

est thousandth of a second.

CALL AFSREL ( ) , or Active Fileset Release, Is

used in two ways In KACHIMA. First,

upon a tape restart, it is called

to release LCM space the the opera-

ting system has devoted to Fileset

7, as soon as that filespt becomes

inactive. Second, it is also called

to initiate output processing of

active filesets 0UT and FILM at each

tape dump, assuming that the dump is

before job completion and is an in-

termediate one.

CALL DATAREL ( ) , or Data Release, is used to

stage a restart dump from the disk

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 Sees. II.J and II.K are inadequate, contact

the Los Alamos Scientific Laboratory Computer Sci-

ences and Services Division.
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^ L j NUCltAR tNiCQY CALL H£C£j

NCrC«NCfC4-l I
/ • ' , „ _ . ~v {««!,T»MT Bt IF

V N01C 4 10 7 (n^s.sr, ,M

Tape Damp--

AUTO

etHL'tt t t '= tlT > . y
NEU ocfa UT+PT) : T?lor ) 1»| D T . T O U T - T
Tirt,icM(.W»Cf TTT1 / " ;

»'/H

^ J Q J ) J PRINT "TAPE OUf.'P (NvlnnO frT

;:.-T-.lr,'P)»Ei-l
PRlt;T. 'Pinti-i;-/, t iv : TX'E t'.if NO.(JTSj
FRl t lT . UUWt. T, NtTC

t'tJE^,

FCINT S VJC'TE ON FlLWM
"\NR"t;bTAP£ — wROMCi PUWP'

CUIAU
f'HSiT



PARTICLE PLOTS 2* VELOCITY VECTOR PLOTS-.

fartict?.s.
CALL APV(I)
CALL csusir.'o.) * - CEOtT TOVMfS

LPR : O y

CALL Lll lCl!f(59)
— V A F M > = . ,

PFUEL t>BCf':. =
' R I U : 3NK,Di,Cl,NM/lE,T,NC.<fc

I
U3 31? MP=lj NPT«T
IXI - F1XL+LWW)*1> I5 -<1 - ]« 1 | £?MV
IT! = F'.tB+tTPIHPJiCl-tBliTtf (;V
L - [nKliP) .A. 3t>] +1

F-t.

T?>4^A-l '. PLT_[!V,IY1,
FUOT I "DON

349 MTTPE'1,3
T K A T S ( T Y P 6 )

(NTYP6JICKAR=
CALL

Movie (n

3 Sepsrste.
Plots_ f ^f-( LPR:0

D4TA KHAR

/43,lt,42
• + •

COIL APV(i)
C»L^ FRAWF-ClX'-.IXf
^•ALL L1NCUT (=,q>
WRITE CII,:I5PPII,I
WR1T£: jMi».Pl,CI,W*Mi,T,

[ L - >;p[NP) . A . 3 3

uqciTY

0*9 ir is iLICWTLY
THAW *
« IN y»«ui, & THE 0.5
15 FOR «L0O-tr-/.«!UGl»ll

Ii t% , K lAW.

WC1TE: VELMX(fJTYPE)

PL-Tflnl,LTI, 16) *-.)<.•<+« G



CONTOUR PLOTS ~ PACE 1 OF Z

I TNM, JI|,C|
N««ET N •"

CALL START
800 J NE«T , To LSMC

(LIMEAR PLOT)

[

CALL
CALL
CALL LLMCMT (59)

WILL. W R I T E : 1,1
1,10

I



CONTOUR PLOTS — PAGE £ OF 2-.
'649

S NO. OF POINTS,

PLyvj W H E N L L = Z I

77-L
= iCoNitl« AcBOii UfT:

IP A tewTOUR CROSSES * U •> SOES.TUE PLOT SOUTH*
SHOULD CDWIECT EITHCE C L - W R 6 i - * T ) 06.
( B - » R & T - » L ) TO CETECMiHt wuiCH CU31C6 IS UJReEW
WOULTI, HOWEVER, atquiRE. F O I 1 3 « I N & TKE PATK or T H E

tCNTO'JE. TBBOU&H MORE THRU THE 4.
Z0SJ5 »T 11 » N i ) , ( in CENtRM., SeroiEH"
^e£ WELL EH-JOM CtSOLVtDIO AVOUJ

PROBLEM.) THE. ROUTINE M R t
t>& C6MPLKATI0M5, AND

(L^fc I R-»T) '
CONTOUR I

(N5{L= NCj IF Sttfl
O IF LCW )

^ •%-^ ALL PLOTS IOHE.
, P 0 CELlPCIWT....



LONG
e UVV» MEV W P R i (MPR B P \ ,
t UP YD S t tD MDPCI KtoPR A K J ' K PORtt»T

TO 1

0 ' •

RVTURUS
MR JILtA, PRINT,

& FIIM-8-PR1UT:
J W P P C W J A I L J J K X ^ I L )

SF = L I N E S F + 3

UTc: 2-uuJ t^L. «Cft?S6: " I , J , Tn,,d.

PCICT: THE c»i.t 18
IN

LIWEOP - 3

BECAUSE "LJ SIAeiS AT ( w i , j = 2),
HOUTlHt MOST S7»tT M (• = 1, j« 1)
(=I3W-tlQ) IN OOCttTO OBTHW
PtOPtR VALUED TO »MCH 1 Si J Of

Tut PO-WOP:

F-T.'

C5t IS A GOOD

8 6 9 T51 K.RP
%TSRT

1 8"?? J-I,3P2
1 = 1, IP!

«US.



SHORT PRINT:

Clear (J0Q>-4 Pd 909 I

AUss Ss:uSj_

9

3V.INTA

CALL START
Dft 929 3*2,3PI

1PJ* 13+ US.
1M7«1J- US.

L

Swl> = SAT
SlWDI

r-iir. M&-»«vki~

ENERGY SUMS:

IE

Ktvr

k.E

E,

£

STIES « R0PV0L *SlEr>(33j
SlrtlEV = 5XNTEV f VTI6V
S1N1E7) = StMTEPt STIES
5XNTE • SIHTE + WIEV+STIED

4VP(13)»«2 + VJ>(IJM)««2]
SKE^^ SKEV+iTKEV
SKED = SK6E +STKEJ)
SK£ = SKE-t-STKEV + STKEP

STEVa STIEV+ STKEV
STEP « STI6D + STKEf

&EV = 5EV + S7EV

IJ/A^ ^
U P « IJPH-H6

CALL L90P Twe t Cftit ()».»«

c ,L«|,7O3 [

( LPR: 2

I
4130, T,Hc,Tr..fcPsums(i.),L«l,io]

CALL
J

wB. 1 = STH

1 ••

1 - -n
* " i i i '

51 2 0 ScffS

ns. «.:

1 ?

IN SPo'.'f.'

31NTEV
SlNTEH

01N1E

wt. n •
1 n=

13'
14 =

i PCINTIN

S M V l

•S.K6V
SKEP

Ct IN T>'5iCEP

l i e '
IS-'

0C5CC:

Smv
S M S

SEV
S6T)
SE

. .Y, &0E^ TO "HO" UPON t6»
VjCggUTy =f ou1PuT,BUT WAY CiFfER II

t,K I", IN "100").

LINE I

CHOICE -
•Do

—

sHOCT PftiKT;
tvser CyctE tISfK

Louc-P«'NrC«\ejOntY

Z7)
(ISPRti)



PHASE 1 -P.1- CALCULATE- ps ,fa , 9, A, p, K

MEW
CYCLE:

MPXlVL* .4-KlVU
HWXlVL* .%-HVU

MM«IVR« . 5 - X

CALL START
X>0 1087 J
•DP tOT?

= .5 -
KIPB" WTODK* l)»l 1 J)+ 5I5N [ HO, U W J)]

^̂ VMM^ • .5 - x i r *
X]I>Tr 8PTUPJ • VP( IJ) t Si&N [«Oj VPf 11)]

HPMPT

UVRR »UV(n)

T H T t = 1.0 - T?0D

( 9 ^ 0 . 0 1 is CONSIDERED
NORMAL-)

R0VPR2 = 1?OVPR(13) -
A(ia) = siev(u).[R0

/ JTHTE* [RB

/THTE

\ NCTC
HO

ROVPRKH

VPRI(IJ;«I

\
< T H

)

[R0PPC

;

1- ROVPR

T(13)-RflPPRlT].

(TEST a c i E > l TO
^ WILL JE. ltllTl»ll?

SETUP ENSURES

RRCiZ

EWSORE 1««T p
J WHEN «ll»«lj H

VEL = . 2
(3AMT6 =

THT£&®» THTE'THTE.
VtL = VEL • P(1T) .THT6* RR

[

- UDRR«[HPMPR» RUWRl (U) + HMllDR*

TH1J • TH (IJ)
RR- i./egVPBCIJ)

u i t 5 2 6 I N K . I F ! B

IS USES, IT MAf • 0 ,

SIEVC

TVC = 51EVC «
.Bvi+[wpR<iJ)-M»pei(n)]rtv:

TV6 -SIEV (IW) «R»v
[W»RCI)RJvW(iW]»FV7J

+ [««fR(13«)-i!»wti(J»j]»j»iJ

+ [W» (UP)-

. VO LOOP CONTINUES ON NCXT PASS—t-



PHASE 1 ~ P.2- CALCLJLATC
 nHlv Anvn"LD:

TDc-SIEPt

TSR =
/ j ( ) )

TST = S K P (UP)< eCTPt; (ijp)/fggppti gjpi.sw + [capfR (IJP)-BHPPM (upj

SMtHi-t i, T H I S
THEB . . 5 1 [ 1 H J 3 + T H ( I P J ) J

= 1.-1-"VS

CFXft-

S1EKE

VEL*

= UVRB •

. - S1EVC •

?T£ = 0.

1-HHR • SIiV
[^•P^lY8»Slt

SRKlTlt(l)*L

vCl3»»J t WMUVS
• sitvClPJ)]

VV (U«)]]

VD(13) • [«P«:t>T» tie-DC + HM

K I T ( (
S1EV(13M)« S1EV(X3)«S1EVTAB(D

> l I 3 i » ) « $ J E P T



pco*^

PHASE 1 -P.3- CALCULATE (pjTv) OR (p^a
PP*£* H *K*^ -- 0 <-7t.f-.fc ••/>„ «.,* ((S-r ) F™

itf 1W\U-SwfT gY 1 WE.
CM 1-4 P/IK., AuT
GOtiC TO ( 3 j n

- DON'T ALTER

IF l~\i IT I'S SIMPLEST TO
i5rj0 R E O I Q ^ B U T C « E VU

TAKE.H 'N '6*° UOOP< (NO~E
CONTiNUfcTwE RT.^PRT. '-
CPT',0^ "whEU T - 1 j St t f t

BYPASS
iT BE
THAT A
NOT AN

\P " S U iS> S£T, IT IS SET TO i£RO,

B

• 5

I f

par

>• tse)

«, = IPI —>•
U3 I CALL

1 • - ^

2

Sli vAlU£t IN T0£S£

LOi/ITibNS *££ StT 8f

CO»£ 1500-1549

Clil9>e-

U P *

ITM - HM + Na

, r f »r u- PORTIONtfj fcmi

RT. B

ECSlOV
I i.i-re era

SC/.1

\C'J ifiAK ;K%-T£fiT> or THE
USUAL 1PI

\AU ROWS DONE. NOW, VO TH£

_̂i_̂  W LOOP—*
v' 155 0 ;



l-p.4— CALCULATE (pvyv) OR (pDvD).

Sy If
LCM W/ 3-eoW
8OFF ECU)'*, 8UT
DOUE W/
VECSION ALSO
FOR

WILL SHIFT By I WP. ON?«i
'PAW, AinOWATtCHUf C»lUll*TlN&

l-r,Mr.;PV(<^g*O|"lB]«UTB*H I

-OBTAIN P . FROM

-AUTO«A1IC«UV CH005ES
tP£> ON 1»J PASS.

«-.1TnM I

S-TFUrf.

- 0-0 ̂ »i v ;U

- R1VTE(I3) j

MM-O.C]

J lill.l

»̂; »vs«o

J>J- vAu/es IN

(550-157?

X1T - T.-V.-.-l-

• BPT"T>C* UTfiC + SICirt 1 AO.UTRC]

-TCP" • 0.0 \ ,
c | . 0 If OUTFLOW



PHASE 1- P.5- COMPLETION OF MOMENTUM CALCULATION,

: SroRe "*'P°> 5eT btK>5 ^ A ' ;

S T O « ?«OM
TlMPORAtY T6

FINAL Aetur: CALL START

Vt |60?I»2,IPI K K iW,

I/A;

JgO^/Vo^Ctc. ^ , Sr^pi^

1
ABOVE KOUVNS sntes

fa's Auv fir's AT
POSITIONS INDICATED

BY 8LAC.K POTS

VALUES

CALL S.TART

BfO 1759 1 = 2 ,
1

, : K.WJIHC ,
STS«S woe 3
ViglAH.es Ai 4

INDICATED — *
fOJSWon AT,>4 '

•

•

•

*

•

•

•

•

• 0 \

• 1

r

i

U-

-#-



PHASE 2-P.I- INITIALIZE IILDE VELOCITIES-.

I ifi

fo» j = 1

llpl

i

*
- • -

*

I '* ALSO BOW j » 7 P Z IP TOP 1& OUTFLOW

1̂  TOP |5 RIGiP. THEH 3TSSP=7P| gf

DO-LOOP -DJJSH'T INCUUPE R0V« J P Z •

TUTS *=

P S = t
(1IM) + TUT: I

DTK =

= t>TK<

RPEH^M * ( RStrTEM * ES + DTKDE )

RPEti2M» (R3VTCM . T S +DTKDE)

& « TO ( Z l - J o , :

MOiT CALCUoATE "Ij|w"

V»Ll'6S, Ai C*H.«,T«RT

INITIALISES ON ROW

n + N

S;T BOTTOM 6:-JN

0 IF Cl' j ip

t -= = 9 . VALUi IF (

IT* LT,N If SPiClf , INFLOW

CALL



PHASE 2.-P.2- CALCULATE A AND CONVERGENCE .*

2/9?
0 . 0

CALL START
V<i 1199 J*2,JPl

Vf 7.219 ! • 1, IP I

IPJ» WtMQ

U'JL.1

' VV(ZTM)

TMT6L "
B!S5L =
PUBEHL
TERMIL
TERWZt

>i
- TUT£C
Rase

• PursnR
= TEeviE.
= T=EM2B

T5RMIL- I

3T-
5«ME i-TABLES AS

IN P14S5J 1 , + I metC
WBLSS •

THT

pvr
T:C

TEC

= 8

>S

i t iS

wig

= 1HTET(I
» C.3-PT;D

= CVPEMT'
a T£qf.'iT[

-TECvlT

)

1)

I)

I)

DTKT (IJM)

SRM15= THTEB i

PTK = -DT<R (J.;

THTEE= . 5 « ! T J

rER it DTBPR

DTK. = IT<T (13)

• •S . [T

• 5
.5
!•• i. /[esvT»(eai>T(i)cT;Tic)tTjTK«RfsrT(i)]

= R?VT*[|.-TMT£T( "
8 T H T E T ( 1 ) « D T 0 1 5 B

PARUL• -

PARVSs -

PARUR

PAR-JT

• IO"" , «Ea WTUIH new
SVNPACOS- ( If « " t » 6 in
10"", MOWEVE11 THE RESULTING
10''* WOOUBr<OT AU«W nsvESisiitt,
»1 IT 15 OH Tut CWt Of M*CH»I> i 'OirflMHtt J



s
PHASE 2-P.3- PRESSURE ITERATION.•

NUMlf
M'-ISUT* I *OFRiLrt»ri«il.1.Sl»ini<l

OPR= PP(IPJ) -P(IPJ)
(DPC-PPR)»DT0T?R

J^v CELL". M'JVT Bl LPBCTEO, H'.N TtlOSS
U r t COlWilKitB, SO T"itE W'.l. CONSST

K£lCHS3t»i't Cti-li — vvutrl 1 FAILS &
V6L0OTT

!.; K M « a VALU=̂  IN ITS

s L1VII3) HIVE - 8 C T » p « * u u e . 6 + S I C I M C ^ I U U R B )
- UV flfAj) f X l V L =BDT5>OP.IUVV-B + StCiH(»O,UVl,B)

+PTK.) + DTK*US]

T = PP(l';P)-P(13f)

THTB = .5»[THT£<:+TH(ITP)]
VVT6 =

= S»T<» (VVT?-VDT£)

5*
USED IN VtlOCVTY UPKATiNla. THIS

ITS6LF FORCES VS TO 1 SO-WdPS.

TO N6X.T CELL
(WOP COHT'O ON

)

THTEC = TH(I3)
SAVE NUMERATOR
OF B FOR PRINT PP( r j j - S S

CPRT(IJ) =BPC = PPC-PC

R0VPRTN • RfflvPRT(13)

"1 TCP R I C i l P IF T O P = 0 . 0 , OR
V OUTFi.W'J IF TOP = 1 , 0



PHASE 2 - P. 4- END -p ITERATION. STORE D, *"*> hi ;

CdlC. I
OMBETA
StEPLACS
BElow.

STORE

ARRAY '

' \Wl
WILL

T> BY

- • ? ;

, «
\y •TO TUt

«* ev

h

1

2

3

C0NWTI3N : TREMWE.MT :

WO ITERATION; StT p^ *5 "> 0

NO ITtRATiONJStT ^1^%'* f <

ITtCATEi STARTING QueSS * OLt> f v j ' s

CAU STAET NDWECATOR WAS SAVEE IN
/ '"J5OO' LOOP. ( I T WOUlJ

' t t WCCE EFRCIEWT TO LEAVE
THE ENTICE CO.UNTIL HEBf,
BUT Pc y joul i NO UWGES $E

AVAILABLE.
9

ITEWT'ON-



PHASE 2 - P. 5 —pl t ITERATION :

w j
CONTB H .

I VfcPoR
CCMPONEHTS-

IT6CAT6

?:

N W A P : T>

MUSTIT = 1

CALL

Da 1789 I* 2.IPI
IMT = 1 J - MSI.
IPJ = IT + MSl.

UVRB - UV(IT)
UVUS » UV (IMT)
VWB - W (IT)
VV86 = NV (I3W)
KlVR. = BDTJl-CR. • UVRS + ^>ICM (AO,LWRB)
XlVL » BT>TOPR *UVU? + SLGt-i (AO,UVLB)

+ RRIPKCD*
(!-!}•[(. 5+'.ML)««'IPRlTU»1)i(..

1 JvvTBi[(.t,+Hvt)« R3VPBT? +(.5 -

[

[ Ra!VPRlT(HA7) = R0VPRTSJ I

7
+BINF » [RaVPIMl -ROVPRTN]

(£??>-

BtSST

-̂ >C I :IPI ) = .Jw»
<

IJP» ITP + WSL

CALL 1.SSZP
CALL D0N)£

NUMK0 = NUMfi? + 1

MUS.TR;i • MOS.TIT

-

C MUST1T-O^V-2
T - C 1 )

[ MUSTIT'O

^WUMR^ : 100 " V

ALU CO

Allow «• 100
IT=BATranS THRU
uESrt'

PRtTdPj ; ^ B.35VPP

;

PRIT[IJP)-C3VPRT

J

\T£ftAT"lf

c£i,US ( f OR PRINT)

T N



PHASE 2~ P. STORE: Kt A, AND n+l 1

CALL START
*1,3Pl
= PTfcR ( I

$ 3089 I - 2.IPI

C
DTVCRSV = DTKR(IJ)
|A(IJ) = / M I J )

= 0 . 0

SAVE COu. i « l V»I_UE FOB. E^TRAfOLaTnM, THEJN.S
SET 6 & 1=1 TO 0 .0 FOR C U L - P R I H T ( ««s, CTXLR SI

1.0MG PRINT. HAVING
RETAINED kCJ IN M L i « l
MAXES EKTRAfOLATlOM
PE.OCE.DUSc P0SSCBL6.

SE.T 6 'S TO ?ERO SO THAT

73 PAKTJCCE Moven-
Crcig /s Sour)



PARTICLE MOVER-.

0 . '

VAI>3fl

ICMUT:

1
0

To L'K

(OP.VD)

APPINQ IW«r TO IT MAWS IT AUTOKATICAUr
USE IUV.VV) OR *U',V») «S CPPCIffiATE

EACH P«KTiCl.E Rt- '̂JifES TH»T 5T9Btti5
J J : tJV.UU, VV. V9 (A". 'H

Hi« WDSX t Ci.t
foe '

I ? • J i l l K.P=I,MPT7>T

FlftST , SST
EXTERIOR. TANCiC'

PARTK.U

egg?— <=•( J -

"uft i \"\ f"0" e'«K "*" 1 CEIL, »S TuJ

' ' |TE"C» SSP' B

CALL pang

SET " J" fOMlOM OF U ,
. IN

APPS0PHIAT6 tows OF
STORAGE.

> O IF Ut

« - - T - - , • - ;

-

grail

_ » -

-

U li) U) L

—i

tvrv
'-» •
-> '
- V - ;

^ :

J IPI JP

+ UK»VTflfR
tTE = YTE. + VK • DT3DZ

*~ 1 NEW PA«*itU

TO CCT1TR51. R j a



APPENDIX B

FORTRAN IV INDEX LISTING OF THE KACHINA PROGRAM

(June 19, 1974 Status)

LASL identification: LP-0335

65



coMon.eo ON
START TIME tS 2.629

VARIABLES ARE OESCSIBEO BY TYPE
FOR ARRAYS TYPE IS PRECEDED 8Y ()

roof rteAN^G OF CODE ASSnCJATEO WITH LINE REFERENCE?
T

3

All
AS
Dt
go
CN
CO
ex
ni
n-i
oc
DI
00
EC
EN
EQ
F
IN
LA
LC
Lfi
LX
MM
PA
PR
PU
RO
RL
SI
SH
SO
5U
TI
TO
WR

VARIABLE APPEARS ON IEFT OF = SIGN
ARG'JMFNT IN SUBROUTINE* FUNCTION OR CALL
ASSIGN STATEMENT
BUFfCR IN
BUFF£t( OUT
NAME <>F LA8ELLE0 COM^ON
VARIA3LE IN COMMON
COMPLEX
DATA STATEMENT
DOUBLE Pftr.CISlDN
DECOUE
OlfiENStON
UO LOOP
ENCODE
ENTRY POINT
EQUIVALENCE
FUNCTION
INTgpEB
LABGE
VARIABLE IN LCM
LOGICAL
LEXT ROUTINE
NAMELTST
PARAMETER
PRINT
PUNCH
READ
PEAL
SMALL JN
SMALL
SMALL OUT
SUBROUTINE
TINY !N
TINY OUT
WRITF



INDEX Pl /00 /75

1
OVERLAY ( K A C H F I u . 0 . 0 )

OVERLAY

INDEX 0J/00/7S PROGKAM KACHINA (INP,OUT,FILM,F-.ET9ZOUT.FSET, 2= F I L M , F S E T 7 , F S F T 8 )

5
A
7
P

0
M
IP
'3
U
IS
lft
17
in
19

20

10

20

30

40
C
10(1

PROGRAM KACHINA (INP.OUT,FILM,FSET9=0UT,FSET12=FILM.FSET7.FSET8)
COMMON /KSR' «A)(1).AAPOWI9O8)
COMMON /KSC/ AAfl).AASc(?66761.AKINFl.A0.anTODR,BnT0DZ,

BCil.BD?.BTfJF,FiOUT.flVl .3V1GMH.RV2.BV3GM12,
Bc.COp.COI.OuFK.D .Cl .nP.riRO2.DRSO.PT.nTO(]0) ,
UTOC(1P) .OTn0K>l)TODZ.0T02.nTPOS.t)Z.D202»
? 7 ? £ D 2 E M l ° E M 3 ' > ! f PD 2 : ° ' E 3 ' > ! f . . E P S . E P V ( ? > , r . P 9 , f . P 1 0 . E P 2 0 .

.FlXL.FIXR,FIYB,FlYT,FJH«R,R.GAMJ.CjAM2,f,0T,
-,^''?'l;M'I'^'2^-r«8",iAl.L.i8^.roTo.[j.

'JBIGIo, . |T0P. . )X l , jx2 , jx3 .J2,J3,K0,KOOnPS0.
D7sQK7KVoUf iS i )V,0UZSQ.LCM,LPH.msTPH,

( ) .NCYC.NLC,NPTf)T,NO.M(lI.NUI?,
Q Q | . , N S C . M J M I T . N U M R O , N I J M T D « N I I V .

NUV3,NVAP.OMaAS.OMHSPL.OMP.OMRO.H.RCOMT(66),RPR,
«[)RS0.P[)T,M|,Z.HnZS0.PK3«),RlB4R,HIBJB.HlPt34|,
BjrtAH.Bfll ,nO?,HOVPTN,00VPINl .ROVO .HPAP.RPCDR.RPCOF.
H R l ( 3 4 ) , H P I P ( 3 / t ) , f i R l D ^ n 4 ) , p p n , l R t , o 2 f B ? O R i f ) 2

Sn:VlN.SOnll,T,THlN.THCi,TLiM0.TOP,T0UT,TWFIN,
T?0MUVC)L(34)VOlR(34

EQUIVALENCE
. v ( 4 0 a o l .YT.ZZ

) ,TH) .1AASC(?! ,?OV P R1) , (AASc(3) .R0D5B1) .
) POVPR , UASC(5>.R00PR> • IAaSc(6 )»S IEV) ,

(AASC(O)iP). (AASC(9)»K!j ,0M f l ETA).
r S C d l l P O V(AAiCdOJ.E.ROurE.DTKSl . i^SCdl l .POVTE

(A6SC112) .IIV.RODW) . 1AASC(13» .UO.ROUD) .
(aASC(!4) .VV,HO''V) , (AASC(is) .VD.ROVD).
(AASC(lft).A.RA)i(AASC(I7).CO.KOVPHT.RODPRT.ROVPR1T).
(AASC(i8) .PP,0PRT), (AASC(i9) .F)

EQUIVALENCF !AAR0K,4),B0VSPL) ' I 1 " " - '
E'UJIVALEMCE ( E P V I 2 I , E P 0 )

CALL eETK004WKQ

CALL 0ATE1 (01)
CALL CL0CK1 (CD
NU = 19

IF (IBAH) 40.3f)«20

CALL OVERLAY (7LKACHFIL,1,p,0)
IK (IABRT.ME.O) GO TO 10
CALL OVEBLAY (7LKACHFIL,2,O.O)
GO TO 10
CALL EMPTY

FOHHAT I2U.8FB.3)
ENO

PAGE 1

KACHINA 2

PAGE 2

KACHINA
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
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KOM
KOM
KOM
KOM

K 0 ̂
FQVRFAL
FOVPEAL
EOVBEAL
EAVPEAL
EOVHEAL
FQVBFAI.

EQVOFAL
EOVREAL
FOVPF.AL

EOVREftL

FOVRFAL
KACHINA
KATHINA
KACHlNA
KAfHtNA
KACHINA
KACHINA
KATMINA
KACHINA
KAfwINA
KATHINA
KACHtNA
KACHINA
KACHINA
KACHTNA
KACHINA

3
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

21

3
4
5

7
8
9
10
11
12
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20



PHGGflAM KACHJNA

S.'IMGLY
A
AA
AAl

ODTODZ

-R
OR
O 3
-R
-S
-R
-R
-R
-R
-H
-B

RD2
BINF
OOUT
8V1
8V1GM1J -B
BV.3 .B
BV2GM1? -R
CLOCK I -
COLOUR O R
CO -*

•R
-R
-R
-R
~R
-R
O P
OR
.»

OPRT

nRSQ
DT
DTKP

0T0
OTCc
DTOOR

3CO
SCO
3CO
3CO
3CO
3CO
3CO
3C0
3CO
3CO
3CO
3C0
3CO
ifiSU
3CO
4E<3
9SU
4E(3
3CO
3CO
3C0

3CO
3CO
3C0

VAMIAOLES
OTOD2
0TO2
OTPOS
0Z02
nrsa
E
EMPTY

PAGE

EPO
EPS
EC 10

EP9
F
FIBAH
^ I X L
FIXH
f IY8
FIYT
F.JtJAR
FOHMAT

FSET7

FSET9

- R
-I)
-e
- R
- H
- R

- «
-R
-R
- R
• R
-R
-R
-R
- H
~H
-ft
-R
-R
- t t
- R

-R
• R
-R
- R

G
bAM;

3CO
3CO
3CO
3CO CiuT
3CO G E T Q

3r.n
3CO
3CO
t>ZQ
JCO
3C0
3C0
3C0
4E0
3C0
3CO
3CO
3CO
3CO
3C0

JOF

us

-P 3C1)
-P 3CO
-R 3CO jx
•R 3C0 JX

BSU j 2

-R SCO J3
-R 3CO

J T D P

"Ml 2

I ALL

IJ
1JM
IJt»
INP
IPl

IXH
IYO
IYT
J

MJLTIPLY-REFFPCNCEO VAHIABLES

ur, JP2
UR JKIGIO

3CO
3CC)
3CO
3C0
3CO
3CO
3CO
1AG
3CO
3C0
3CO
3C0
3C0
3C0
3CO
3C0
3C0
3CO
3CO

- I

KSC
LCM - I
LpR - I
MUSTPR - I
MUSTRO - I
NAMr | ) I
NC.Yc
NLC
Mt'TflT
NO I
NQlj
N Q L

•JO?
MO2l
MbC

NUMRO
WMTD
NVAP

-t
-I
-I
-I
-I
-I
-I
"I
-I
-I
-I
-I
-I

SCO
3CO
3CO
3C0
3CO
3C0
1SU
2CN
3CN
3CO
3CO
3CO
3CO
3CO
SCO
3CO
3C0
3CO
3C0
3CO
3C0
3C0
3C0
3C0
SCO
3CO
3CO

OX6AS
OM6ETA
OMBSPL
OMp
OMRO
P
PP
R
RA
KCONJ
RCR
RORSO
ROT
POZ
ROZSQ
READ
REAL
RI
R1BAR
RIBJR
PIP
RJBAR
ROOPR
RniiPST
ROOPRl
ROUO
ROUTE

-H
-R
-R
-H
-R
»R
-R
-R
-R
O R
•R
• R
-R
-R
-R

O R
• R
-R
O R
-R
• R
-R
-R
• R
-R

»»-•

3CO
4EO
3Cn
3CO
3CO
4E0
4E0
3CO
4EO
3CO
3CO
3CO
3CO
3CO

7F
3C0
ICO
3C0
3C0
3CO
4EQ
4E<1
4EQ
4EQ
4E0

ROIIV -R
30V0 -R
ROVPIN -R
ROVPIN1 »R
RnvPR .R
ROVPRT -R
ROVPHl -R
ROVPRJT -R
ROVSPL -R
ROVTE -R
HOl/V -B
RD) -R
RO?
RPCOR
RPCOF

-R
-«
.P

R"l O R
RRIOR O R
RRIP O R
RRP1 .«
RRO?
R?OR
R?UZ
S1ED
SIEV

-R
• R
• R
• R
-R

SIEVIN -R
SOMO
T

*FQ
4E0
3CO
3CO
4E0
4EO
4EO
/. r A

5EO
4£0
*EO
SCO
3ro
3CO
3CO
3ro
3CO
3CO
3C0
3CO
SCO
3CO
4F.0
4E0

TH
THTM
THO
TLI«O
TOP
TOUT
TWFIN

T?5*^O
i)t)
UV
vr>
VOl
VOLR

vv
win
xcow
XL
XP
XR
Yfi
YCO»JV
YP
YT

zz

-R
• R
• R
-R
• R
• R
-R
• R
•R
«R
•R
OR
OR
-R
•R
-S)
-R
O R
-R
-R
-R
O R
-R
•R

-R
-R

3CO
3C0
3C0

3CO
ICO
3d
SCO
3C0
SCO
3C0

SCO
SCO
*EO
SCO
3C0
SCO
3C0
3cn
SCO
3C1
3CO
3CO
3C0

••-••»»*««*4w«-»»«»«»4

10 -
20 -
10 -
40 -

109 •
AARO* ( )H

OH

12"

14

AO
80
COH
COMMON
Cl
OR
nz
ni
FPV

• R
• R
- H
m

-R
>R
-R
-R

OR

FILM
IABRT
IR/.R

JfJN
KO
KDOCRSO - 8
K0'J02SO -R

-R
-1
-I
-I
-I
-R

SCO
3CO
4E0
3C0
3C0
3CO
zr
3CO
3CO
3C.0
3CO
3C0
4F
1AG
3CO
3CO
3C0
3C0
3CO
ICO
SCO

16
15*
17»
19*
20«
5EO
4E(3
•tEO
12WO

ie

•Eu 4EQ 4E0 4EQ 4.E0 4EQ 4EQ 4E0 4E0 4EQ 4E0 4E0 4E0

3F
IO*G

SF
1AG

13 =
1?RD
12HD
BA'i
7HL
7HL
7HL

6F

14



INDEX 01/00/75 PROGRAM KACMINA (lNP.0uT,FILH,FSeT9=0UT,FSET12=FlLM,FSET7,FSET8) PAGE
KIJ
KV
KVCDRSO
KVODZSO
NO
MJV
MJV3
OUT
OVERLAY
ROVO
RPAR

• R
-H
~R
• R
-I
-R
-R
-R
.
-R
-R

*EO
3CO
3CO
3C0
3CO
3CO
3CO
1A6

1SSU
3CO
3CO

7HL
7RL
7RL
7RL
11 =
7RL
7RL
1AG

17SU
12RO
12RD

I2RD



ai/oo/75

i
2
3

4
•3
6
7
a
9
10
U
'2
12
14
IS
16
17
18
1<J
20
2]
2?
23
24
?5
?ft
27
?8
29
30
31
3?
33
34
35
36
3-

299

SUBROUTINE LOOP

SUBROUTINE LOOP

COMMON /KS8 ' AAlI I i .AAR0WI988)
COMMON
1
2
2
3
3
4
5
6
7
8
9
1
1
2
3
4
5
6

AAll) ,AASC(26f.76! ......... ,,,.„,„„,„„..»„„,„„<.,
H0NBD2.8INF.eOUT.BV1 .8V1GM11 .8V2.8V2GM12,
bOtCDR.COLOUR(3).Cl.OR.0R02.ORSO.0T.DTO(101.
OTOC(iO) .DTOOR.DTOI)Z,DTO2,0TPOS.OZ.DZ02»

E e 6 » e S t e P V ( 2 ) , E 9 . E P l 0 , E P 2 0 t
. I l . •>rIXH,FlYB.FlYT,F'JBAR,G,GAMl,GAM2»GDT«

GGMll .GtMi2,Gvl l ,GM12, I ,TA8RT,!ALL»lRARiIDT0»IJ»
l J M t I j P . i P i l p 2 i S P R i X X R Tj i i l p 2 i S P R i X | _ . i X R « I Y f l M Y T » J ' J S A R » J
JP2<JRlf i ID , jT( )P.JX, , jX2. jX3.J2.J3.KD.KD0DRSQ,
KDODZso.KVKVoURSQKVOUZOLCMLPRMTPRs V . o U . K V O U Z s O . L C M . L P R t M U S T P R .
M U S T H O . N A M E ( S ) . N C Y C . N L C . N P T O T . N O . S O I , N « I 2 ,
N0L.NQ2ttJQ2LiN5C.NUmTfNUMRD.NUMTD.NUVt
NUV3,NVAP,()MHAS,0MfjSPt..0MP»nMR0.fl.HC0NT<66) .RDR.
RoKSrjRDTRDZHDZSQRj (3*) .RIRAR.RIRJB.rtIP ( 34) .

R 0 « N l R V t l R P

UP = UP
IJ * IJ • N<32
U M = IJM » NQ2
RETURN
ENTRY START
U P = JX3
U = JX2
IJM = JA1
REIUHN
ENTRY DOME
RETURN
ENTPY M1H0W
JJ = (J-ll»N(lI * I
KETURN
ENTRY SETIj
IJ a JJ « (I-I)eNO

.0.02.OVPlN,R0«pi ftco,RP
«RI(3i4J iRRIP(3<») .R((I0R(34) tRROl .KR02.R20R.B2DZ.
S I E V I N . S O M O . T . T H I N . T H O . T L I M O . T O P . T O U T . T W F I N ,
T20MD.VOL(34),V0LR(34)»VVIN,XCONV,XU.XP(4000!
Ve.YCoNV.yp(4000).YT,ZZ

NQ2

RETUWIJ
ENTRY WlROW
RETURN
ENTRY LCHFLG
LCM = 0
RETURN'
ENTRY RJJpj
KK 3 (J»l)»fj(3I
00 299 KB\,tvf»I
AAf>0 S

ENTUY RPARu
IJ
RETURM
ENTRY RPARV
IJ = NQI«(j-JI
RETURN
EMO

KACHINA
K0N
KOM
K0M
KOM
KOM
KOM
KOM
KOM
K0«
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KACHTNA
KACHINA
KACHINA
KACHTNA
KACHtNA
KACHINA
KACHINA
KACHINA
KACHINA
KACHTNA
KATHINA
KACHTNA
KACHINA
KACHINA
KACHINA
KACHINA
KACHINA
KACHINA
KACHINA
KACHTNA
KACHINA
KACHINA
KACHINA
KACHINA
KACHINA
KACHINA
KACHTNA
KACHINA
KACHINA
KACHINA
KACHTNA
KACHINA
KACHINA
K&CHINA

21
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
\7
Ifl
19
20
?!
23
?4
25
?A
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
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REFERENCED VARIABLES

SUBROUTINE LOOP
PARE

AA
AAl
AKINFI
AO
BOTOOR
BOTODZ
RDl
BD3
BINF
BOUT
8V1
8V15M1

Bva
BV2GM1
80
cnRCOLOUR
Cl
CONE
OR
DRO?
ORSCi
DT

• - • - • . . . .

1

)R
)R
-R

-n
-R
-R
-R
• R
-R
-R
-R
-R
-R

2 -R
-R
-R
O R
• R

• R
-R
-R
-R

*• + •*

SCO
2CO
3CO
3CO
SCO
3CO
3CO
3C0
SCO
.ICO
3CO
3CO

3CO
3CO
3CO
3CO
3cn
3CO

13EN
3CO
3CO
3CO
3CO

tlTO
DTOC
DTOUR
OTOOZ
OTO2
DTPOS
DZ
0Z02

nzso
01
EHIO
EM3EH6
FPS
£PV
EPIO
EP20
EP9
FIOAR
FIXL
FIXR
FIYB
FIYT

OR
OR
-R
-R
-R
-R

-n
-R
-«
-R
-R
-R-R
-H
O R
-R
-R
-R
• R
-R
-R
-R
-R

HULTTPLY-REFEREhiCEO VARIABLES
29<J •

AAROW O R
AASC ()R
COMMON
ENTRY
I
IJ
IJM
UP
J
JJ
JX1
JX2
JX3
K
KK
LCM
NO
NQI
N02
RETURN

-I
m T

-

•

-I
-I
-I
-I
-I

28D0
2C0
3CO
2F
BF
3CO
SCO
3C0
3C0
SCO

16 =
3CO
3CO
3CO

2800
?7 =
3CO
SCO
3CO
3C0
7F

29.
29 =
29
3F

13F
19
5 =
fc =
4 =
16
19
11
10
9

29
29
Z«-
19
16
A
12F

15F

5
6
4
27

29

27
5
HP

3C0
3CO
3CO
3CO
SCO
3CO
3CO
3C0
3C0
3C0
3CO
3CO
3C0
3CO
3C0
3C0
3CO
3C0
3C0
3C0
3CO
3C0
3CO

18?

I6r
ll =
O S

32

£800
g
17F

FJIAR
G
GAMj
GAM2
GOT
GGMj]
GGMi?
GHij
GMlj
1#HRT
IALL
IBAR
IDTo
IP1
IP2
ISPpt
I XL
IXR
IYB
IYT
JBAfi
JNM
JPl

21F

19E

35

32

20F

• 
i
l
l

?
R
}
?
\
\
?

t

:
r

• 
i
 
•
 
i
 i

23F

32 =

35

2?F

3CO
3CO
SCO
3CO
3CO
SCO
3C0
SCO
3C0
3C0
3CO
3C0
SCO
3C0
3C0
3C0
3CO
3C0
3C0
3CO
3C0
3CO
3CO

•

26F

35 =

25F

JP2
JRIGID
JTOP
J2
J3
KO
KOODRSQ
K D O D Z S Q
KSB
KSC
KV
KVnnoSn
r\ » \ * ̂ j H *j \TJ

KVODZSQ
LCMFLG
LOOP
1 Do
MUSTPR
MUSTRO

N AMg
NCYC
NLC
NPTOT
NQI2

31F

I
l

l
l

l
l

l
l

l
l

l
l

I

-I

-I
-I
-I- 

i
 
•
 i
 t

• » •

3CO
3C0
3C0
SCO
3C0
3C0
3C0
3C0
?CN
3CN
3C0

3CO
?3EN
1SU

3CO
3CO
3C0
3C0
3C0
3C0
SCO
3CO

• * • * • * - !

34F

NOL
N02L
NSC
NUMIT
NUMRO
NUMTO
NUV
NUV3
NVAP
OMBAS
OMBSPL

OyP
OHRO
R
RCONT
ROR
RORSQ
ROT
RDZ
ROZSO
RI
RIBAR
RIBJB

33F 36F

m

•

-f
'(
• l <

-R
-R
O R
•R
-R
-R
-R
-R
Oft
• R
-«

3C0
SCO
3C0
3C0
3C0
SCO
3C0
SCO
3C0
SCO
3C0

SCO
3CO
SCO
SCO
SCO
3C0
3CO
3CO
3CO
3CO
SCO
3CO

• ••-

RIJP2
PIP
. IBAR
RL -MN
ROVI MJ
ROvn
ROl
ROE
RPAR
RPARU
RPARV

RPCDR
RCCOF
Rfil
R«IDR
RRIP
RHfil
RRO?
R1R0N
R20R
«2DZ
SETIJ
SIEVIN

O R
• R
-R
-R
-R
-R
• R
-R

• R
-R
OR
OR
OR
-R
-R

-R
-R

-R

26EN
3 CO
3C0
3C0
SCO
3CO
3C0
3C0
3CO

31EN
34EN
SCO
3CO
3C0
3C0
3C0
3C0
3C0
15EN
SCO
3CO
18EN
3C0

«-•-«.•

S0u0
START
T
THTN
THo
TLTMD
TOP
TOUT
THFIN
T20HD
VOL
VOLR
W I N
W1R0W
XCONV
XL
XP
XR
YP
YCONV
YP
YT
Z7

-R

•a
-R
-R
-R
-R
-R
-R
• R
O R
OR
•R

•R
• R
O R
-R
-R
-R
<IR
-R
-R

3CO
SEN
SCO
3C0
3CO
3CO
3CO
3C0
3C0
SCO
3CO
3CO
3C0

21EN
3CO
3CO
SCO
3C0
3C0
3C0
3C0
3C0
SCO

4«>
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1

OVERLAY <KACMFtLfl,O>

OVERLAY (KACHFlLtl.O)

PAGE 7

KASF.T

INDEX 01/09/75

1
2
3
4 10
5

PROGRAM KASET PAGE

PROGRAM KASET
PRINT 10
CALL SETUP
FORMAT
END

KASCT
KASET
KASET
KASET
KASET

3
*
5
6
7

INOEX 01/00/75

SINGLY REFERENCED VARIABLES
FORMAT - 4F KASET

PROGRAM KASET

1SU PRIMT - 2F

PA6E

SETUP 3SU

10 - 2PR
VARIABLES



INDEX 01/00/75

1
2
3

9
IP
11
1?
13
14
IS
16
17
>8
19
20

23
24
?S
26
27

100

- ,.v»UOTODR, „„„,
•HD2,DINF,8OUT.RV1.BV1GMU.SV2.BV2GM12,

BO.COR,COLOUR (3),Cl.DR.PR02.ORS0.DT.HTOd "•
DTOC<!0).oTor>R,DT0DZ.DTOE.DTPQS.nZ,nZ02,

SUjjkOUTlNE: SETUP

SUBROUTINE SETUP

COMMOM /KSg/ AAl (H .AAP0W(9«fl)
COMMON /KSC/ AAU).AASC(266?6).AKTNFI.

2
2
3
3
4
5
6
7
8
9
1
1
2
3
4
s

PAGE 10

I , F I X L , f I X R , ( l Y e , F I y T , F j B A R , G , G & M , > G A M ? > ( D T i

GGMll .Gr,M,2,GMll , f iM12, I , i / iBRT, IAUL. IBAR,IDT0.!J.
I J M t I j P . I P l , I P 2 , I S P n . ! X L . I X R , I Y B . I Y T , J « J B A R , J N M , J P l ,
JP2«JRK.ID.JTOH.JX1,JX2,JX3.J2,J3,KD.KUODP.SQ,
Kl)0U7so.KV,KVOI)f(SQ,KV00ZsQtLCM,LPRtMUSTPR,
MUSTKo.NfiMF. (R) .NCVC.NLC.NPT0T.NO.NOI,NQI2,
N0L.NQ2,Nr32| M S C N U M I T N H O N T D

,RDR»

j , q O V p j N l .fiOW0,RPtR,npci)R,RP
») , R P I P < 3 4 ) .HR!0R(3/.) .Rr<01 .RH02.R2DR.R2OZ.

S IEVIH .SOMO.T ,THIN ,THC,T L IMD,TOP.TOUT,ThF IN ,
TZOMDVni. (34) , VOL R (34) ,VUIN,XCONV,XL,XP(400 0) ,XR,

. Y P ( 4 O 0 ) . Y T Z ZYB,YC0NV.YP(4O0) .YT.ZZ
< A A S C ( 1 ) , T H ) . ( A A S C ( 2 ) , R 0 V P R 1 ) , ( A A S C ( 3 ) . R 0 0 P H 1 ) .

(AA|C(«).PpVPR),(AASCI5>.RODPRJ.IAAScifil.SIEV),
(AASCI7) iSlED) . (AA5CI8) iP) . (AAScO) •KIJ.OMSEIA) •
(AASC(IO),e,ROUTE.DTKRi,JAASClll)•HOVTE.OTKT),
' A ASC(l21,uV,R0UV) , iAASC(n) .UD.R0i )D) ,
(AftSC(j») ,VV,ROV7). (AASC(]5) .V0.P.OV0) ,
(AASCI jC).A»P»)»(»ASCtl71 ,CQ.ROVPRT,ROOPRT,P.OVPR1T),
(AASC( IH) .PP ,OPRT) , (AASC(10) ,F )
< A A K 0 W ( 4 > . R 0 V S P L >

OIMENSION TriU).R0VPHl(l).RO0PHl(,).P0VPR(l).«0OPP('),SIEV<l),
s ' " ( J | * P | 1 » « K I J ( l > t O M P F T A ( n E n ) tH0UTE(l),0TKH(l),

i ) R o u ( i v v i 'BOVTf:(1).DTKT(i),iJV(i),Rouvii),uo(i),Roun(iuvv(i
D O V)'<' );V0(l).ROVO(l].A(li,RA(l),CG(n»RoVPRT(l),

^ ^ ! ! ; > : " 1 V P R 1 T I U < P P I 1 ) P R T ( 1 " F ( 1 )DIMENSION ^ S ^ ! ! ;
DATA pi / 3.14]5 92653 5B979 32384
DIMENSION IDC0MP(fH,KMATS(4>
DA1A KMATS /0B,lB.ae.3B/
CALL LCMFLG
READ 8I9, MAME
RESO 810, IOCOMP

READ f)20. OMP.OMkO.EPS.d.KV.KD.EPVIl) .FPD.R
READ R30, POl,RO?,0AHl,OAM2,B«ltev2,BDi.«)02

til' j H I 5 t ° : I 9 ° I T r H I N R O V l N l R O V 2 SHI, ^ i N ^
READ B4S, |D>TOC(N).N =
KT = 9
ASST6N 110 TO KRET
WRITE (KT.810) NAME
WRITE (KT,8IO) IDC

I 8 ! iRtJ(i*R'DR'D^'*0,a0,ROV0,NUV.CO
T.B6H) OMKo0MRo,EPS.G,KV,KD,EPV(l),EPO,R

KASET
Koy
K0M
KHW
KOM
K0M
KOM
KOM
KOH
KOM
KOM
KOM
KOM
KOM
KOV
KOM
KOM
KOM
KOM
KOM
KOM
EOVPEAL
EOVRFAL
EOVREAL
EOVREAL
EQVRFAL
EOVREAL
EOVREAL
EOVREAL
EQVPFAL
EOVRFAL
EOvnrAL
DIMEN
OIMFN
OIMFN
DIMFN
DIMFM
DIMFN
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KA5ET
KASET
KASET
KASET
KASET

8
2
3
4
5
6
7
8
9
10
11
12
13
1*
15
16
17
18
19

ao
21
2
3
4
5
6
7
8
<3
10
11
12
2
3
4

5
6
7
12
13
14
IS
16
17
19
19
20
21
22
23
24
25
26
27
28
29



INDEX 01/00/75

?s
it
30
31
it
33
34
35
3ft
37
3P
39
40
•;i
«2
•3
44
45
46
47
4ft
49
^0
51
52
S3
54
55
56
S7
SB
S9
60
6!
62
63
64
65
66
67
b8
69
70
M
72
73
74
75
76
77
7B
79
80
ei
82
03

SETUP

WHITE IKTt970) R01,B02,l5AMl .G4M2,BV1,BV2.BD1.BD2

WRITE (KT.e75) JRlGlD.ieoT,THIN,ROVI>Ji.ROVTN2.SIEVlN»VVlNtITOP
«RI'fE (KT.660) T»DT«T20MD«TUIMDtTWFIN,tPR«ISPHt (CO|.OUR<N> .N = l»3

tKT.990) (OTo(N),N=l,10)
g (KT.gOO) (OTQC(N)«N=l»tO)

GO TO KRF.T

\\i> IF <LPR.EQ.Ol GO T0 12<)
KT s 12
ASSIGN 120 TO KRET
tiO TO 100

13'. IP1 = IBAR • 1
2
1
2

NO
IP2
NQI

11

IP2
JP1 = J8AR
.JP2 = JSA«
HQ2 = NO »
NQI = NO »
N')I2 s NQI
NOL = NQo('
NQ2U = NQL
IALL = JP2
JXl = 1 •

NQL

1
J2
J2
J3

NO
NOI
NO
MU1
NO

JX2
J3
JX3
FI6AR L O T d S A R )
FJ8AR = FLOAT(jSAR|
RIBAR = 1. / FjBAR
RJBAH = 1. / FjBAR
PIBJB = RlBAR o RJBAR
NSC = LOCF(ZZ) - LOCFUA)
NLC = LOCFIAAl(JP2*NQI)) -
IDTO = 1
TOUT = T • DTO(l)
DTPOS = OT
NCYC = NPTOT * NUMTD = 0
EIM0 = l.E-10
EMft = l.E-A
EMI = l.E-3
E>'9 = I.E*9
EP10 = l,E»10
EP20 = l.£»20
OMP •> -OMP
AKINFJ = EP10
THO = 0.02
HHOl = 1, / ROl
HRC12 = 1. / R02
GM11 s GAMl - 1.
GGM11 s 6AM1 « GMll
BV1GMU c BV1 » UM,1
GM12 = GAM2 - 1.
GGM12 =
B2

* 1
4. I

SQMO = (,5l<>»2
RPCOF s 1.5/RPAR«»2
NUV3 = 3. • muy

KASET
KASET
KfiSET
KfiS^T
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KAS^T
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
K6SET
KASET
KASET
KASET
KASET
KASFT
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KA5FT
KASET
KASET
KASET
KASET
KASET

30
31
32
33
34
35
36
37
3R
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
5«
S9
60
61
62
63
64
6S
66
67
68
69
70
71
7?
73
74
75
76
77
78
79
SO
Bl
82
83
84
35



01/00/75

34
ft5
86
H7

HSJ
fiq

90
91
92
93
94
95
96
97
96
99
ICO
101
10?
103
104
105
106
107
lOfl
10Q
1 10
111
II?
113
114

116
1 17
118
119
120
121
l?Z
I ?3
124
125
1?6
'27

130
H!
13?
131

136
137
13B
139

U'9

139

SUBROUTINE SETUP

«PCO« = .25 « RPAR o CDR

ROR = 1. / OR
0RO2 = ,5 « CR
RDZ = 1. / OZ
DZO2 = .5 » OZ
RDRSQ = flOR « RU"
ROZSQ = ROZ • RUZ
ORSQ = OR e DR
DZSQ a OZ « OZ
OMBAS = .5»0HP»DRSQ«0ZSQ / (DRSQ*DZSQi
R20R = ,S o ROR
H2DZ = .5 o RDZ
KVODRSQ = KV « RDRSQ
KVODZSQ cuV • ROZSQ
KDODRSO = KO * RDRsO
KDOQZSQ a KO • RDZsO
RUT = 1. / DT
0TO2 = .5 • OT
OTODR = DT « RDR
80T0DR = BO • DTOOR
OTOOZ = DT • RoZ
BOTOOZ = BO * OTOO^
GOT = G • QT
OMBSPL = OKBAS • R0T
<JCON = 2.«PI o 0R«O(!
RI(l) = -.5 . nR
RBI(1) = -2. « «OR
RRIOR(l) = RRI(l) . ROR
»IP!1) s RRIPIp = 0.
00 129 Io2,lP2
RIM) = RKI-1) • DR
R*lIII = 1. / Rl<Ii
RRIDR(I) :ffi||l) . RnR

HIP(I) s RiP(I-l) • OR
VOL(I) = VC0N»RI(I)
VOLR(I) a vCON«RIPil)
RHIP(I) = 1. /
00 139 J=2,JP2
RCONT(J) r 0.
IF (J.GE.JRIGI0*2) RCOMT(J) = 1.
CONTINUE
BOUT = B I N F - 0 .

IF (IBOT.EO.D BOUT t ,.
IF (ieOT.EQ.2) BINF = !.
H0VPIM1 u THIN » RoVINj
MOVPIN = THIN • (ROVINI»ROVIN2)
TOP = ITOP
JTOP = JP1 « ITOP
XR * FI8AR • OR
YT s FJ8AH • DZ
XL » YR = 0.
FIY8 = 916.
XO - XR / (YT-YB)
YY = 0.
IF (XD.UE.1.13556) YY = i.
FIXL = AHAxl(O.«(5il.-45o.»XD)»YY)

PAGE
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KASET
KASF.T
KASET
KASET
KASET
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KASET
KASET
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KASTT
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KASET
KASET
KASET
KASET
XASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASFT
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET

86
R7
88
89
90
91
92
93
9*
95
96
97
98
99
100
101
10^
103
1 0 ,

105
106
107
lOfl
1 t>9
110
111
112
113
IU
115
116
117
118
119
120
121
122
123
124
1?5
126
127
1?R
1?9
130
Ul
132
133
134
1J5
136
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138
139
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1*0
14\
142
1*3
144
14S
14ft
147
14B
149
150
15!
IS?
•53
154
155
156
157
lSb
159
1*0

179
189

199

200

T O
164

Iftf,

9
170
1 71
17?
173
174
175
17ft
177

SUBROUTINE SETUP

(51J.*'»50.«xD)*1''Y • 1022.M1.-YY)
' r lU = Jfe.oYY . (9 i6 . - i022 . /XD)«( l . -W)
HCONV = (F1XR-FIXU / (XR.XU)
fCONV = (FJYT-FIYB) / (YT-Y6)
IXL = FIXL

13

i
IYB = FlYB
IYT = flYT
NQrtl = N(J . 1
CALL START
CO 199 JaltJPZ
DO 189 1=1.IP2
KF = IJM - NQ
KL = Kf « ^OMl
OO 179 K»KF«KU
AASC(K) a 0
U M = IjH
CALL LOOP
IJM = IJM
CALL DONE
•SHOV]

NO

- NQ2L

I F ^ N R ! E 0 . 0 ^ 6 o ' T o ' 3 0 0 R O D P R n i R O O P R I ? l R O V 1 * R O V 2 ' S l E V I f S l E D 1 ' N P U A

IF'HTPR2?T n? '^ ; " T t ^* R T R n * R 0 D P R l 2 ' K 0 V l l R 0 V 2 ' < ; i E : V t ' S IEDI .NPUA
IF (LPR.GT.O) WRITE (12.92OJ NB,NR,NT,NL.ROOPR!l.ROOPRI2,

SRQVl « SH0V1 <- ««..« R"V1.ROV2.SIEVI.SIEDI.NPUA
SRQV2 = SRQV2

2
1
1
2

I .

l
R0\/2

NS^
NR1 s NR
NT1 s NT
NL2 = NL
THI

If (THI.LT.O.) GO TO 4oO
ROVPRJ] a THt » Rovl
ROVPRI = THI • (RO«l*RoV?)
HODPRI = RoOPRll • PODPDI2
R0VPRI2 = ROVPHt - ROVpRll
PNJ = SIeVlMR0VPRjieBUlt.nl

1 'B
179
l8o
181
182
^S3
184
185
1f>6
Ifl7
168
Ifi9
19C

19]
192
193

209

219

DO 219 J=NB2»NT1
CALL fllROw
DO 209 IaNL2«NRl
CALL SETIJ
TH(IJ) = THI
HOVPRl(tJ) = floVPRii
ROVPRIIj) x ROVPRI
MOUPHKIJI s RoOPftrl
RODPR(IJ) r ROOPRI
SIEV(IJ) a SIEVl
SIEO(IJ) a SIEDI
PIIJ) = PNJ
IJ = U » NO
CALL WIROW
CONTINUE
IF (NPUA.EO.O) GO TO 2f)0

R0VPRl2»BV2GMl2)
R ° V ^ V . ROVPRI
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KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
* A S E T

KASET
KASCT
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
KASFT
KASFT
KASET
KASFT
KASET
KASET
KASET
KASET
KASfT
KASET
KASET

142
143
U 4
US
U6
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
1'J2
163
164
165
166
167
168
169
170
171
t72
173
174
17S
176
177
178
179
1 80
181
182
183
184
IBS
1B6
187
188
169
190
191
152
193
194
195
V96
197
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194
195
196
197
198
199
200
201
202
203
204
205
206
207
20fl
299
210
211
2>2
213
214
215
21ft
217
218
219
220
221
222
223
234
225
226
227
226
229
230
231
232
233
234
235
236
237
238
239
2«0
2*1
2*2
2*3
244
2«5

2*7
248
249

SUgHOUTINE SETUP

FNB = FLOAT 1*B)
FNR B FLOAT INR)
FNT = FLOAT (NTi
rUL s FLOAT !'«L>
KIDTH a FfsR • FNL
HEIGHT = FNT - FWB
FNPU4 = FLOAT (NPUA)
SODRAT 3 RoOPRll / RODPRI
OFFSET =. 0.
1)0 299 NTYPE=l,3
GO TO (230.232,234, NTY-'-'E

230 PNEFF a FNPU4 • RODRAT*(1,-THI)

GO TO 240
232 PNEFF = FNPUA « (1,-RODRAT)*(l.-THI1

GO TO 240
234 PNEFF = FNpUA • THt
240 XNP n W l D T S

YNP * M E I C H T » X N P / W I O T H
NPX s X N P » . 5 * E M 1 0

NPY = YNP«.5»EMl0
IF (NPX*NPY.E«.O) 60 TO 299
XSPAC = WIDTH / FLOAT(NPX)
XI = FNL • P . a F
YSPAC a HEIGHT / F|.OAT(NPY)
Yl = FNB • YSPAC*(.5*.25»0FFSET>
KMAT = KM4TSINTYPE)
00 289 Jal.NPY
XTE m XI
DO 279 1=1,NPX
NPTOT B NPTOT • 1
XP(NPTOT) > (XTE.A..N.38) .0. KMAT
YP(NPTOT) i Yl

279 XTE a XT£ • XSpAC
289 Yl a Yl • YSPAC
299 CONTINUE

GO TO 200
300 CALL START

00 399 J»2,JP1
UO 389 1=2,IPl
IF (I.EQ.2) GO TO 330

310 IF (J.EQ.2) GO TO 335
315 IF (t.EQ.IP!) GO To 3*0
320 IF (J.E0.JP1) GO To 345

GO TO 380
330 IN - U • NQ

KRET a 1
GO TO 350

335 IN = IJM
KRET • 2
TH(IN) = T H ( I J ) • BINF»(THIN-TH(IJ) )
ROVPRKIN) a HnVPR!<IJ) • BINF* (ROVPINl-ROVPRl ( I J ) )
HOVPR(lN) a ROVPR(JJ) « BINF«(ROVPIN-ROVPR<IJ!)
SIFV(IN) a SIEV( IJ) • B I N F « ( S I E V I N . S I E V ( I J ) )
Vl/(IN) a BINF»VVIN
GO TO 360

34o !N i 1J • NO

PARE 14

KASET
KASET
KASCT
KASET
KASET
KASET
KASFT
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KA3ET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASFT
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASEf
KASET
KASET
KA5ET
KASET
KASET
KA5ET
KASET
KASET
KASET
KASFT
KASFT

198
199
200
201
202
203
204
205
206
207
20S
209
?10
211
212
213
214
?15
216
217
218
219
220
221
222
223
274
2ZS
226
227
2?q
229
230
231
232
233
234
335
236
?37
233
239
240
?<a
242
?43
244
245
?46
?47
?43
249
250
251
252
253
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25}

254
2S5
JSft
257

260

26?
2*4
2*5
26*
267
268
260
?70
271
27?
273
?74
275

?76
277
?7a
279
280
261
282

?84

286

?87
268

293

345

3b()

360

380

3B<>
199

KRF.T = 3
GO TO 350
IN = U P
KM£T = 4

TH(IJ)
l UN) =

15

(U)

(IJ)

Qil
SUV UN)
H0DPR1 ( I ( J
SO0PRIIN) OI
Slf.O(IN) s S f E O d J )
GO TO ( 3 l 0 » 3 1 5 i 3 2 0 . 3 8 0 )
IJP = U P « NO
IJM = IJM • NO
IJ = IJ • NO
CflLU LOOP
CALL OONC
NVAP : 1
IF (SROVj.GT.O
IF (SMOyi.GT.O
PK1NT 9 J O . NP
IF ILPfi.GT.O)
RETURN
PRINT 9*o» THl
IA8RT = |
RE1USN

4, SROV?.EO.O.) NWAP
fl. SM0V2.C-T.0.) NVAP

( I? .93O) NPTOT

<8A\0)
FOBH&T 19F8.3)
F C R TCRf.T (8F8-3)
FORMAT ( 2 U « 5 F 8 « 3 . I 4 )
FfJMAT ( 5 F 6 . 3 » 2 l * « 3 F * . l )

(10FB.3)

C
eio
820
830
835
840
84S
BSD

B6o FORMAT
15X«KV=

870 FORMAT
1E1

875 FORMAT

». I)

0 = t E12.5/
COLOUR ( j. 3) =

Bfifl FORMAT
l/o Twf

890

9?° z::i j:«;:sfi*sJ5:7'?:;i4;*:5:*-;';»-:s««:s:s";j

920 FCHMAT (« NB = «I3» NR = «T3» NT = .tio K,I..T^. ROnPRtl =

in «::! !is;^?!5^5 ™*™^*™' COMPLETED..,
END
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KASET
KASET
KASET
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KASET
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KASET
KASET
KASET
KASET
KASET
KASFT
KASET
KASET
KASET
KASET
KASFT
KASET
KASET
KASET
KASET
KASFT
KASET
KASET
KASET
KASET
KA<;ET
KASET
KASCT
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASET
KASFT
KASET
KASET
KASET
KASET
KASET
KASET
KASET

254
?SS
?.b6
?57
?58
259
260
?6I
?52
?h3
264
265
266
?67
368
269
270
271
272
?73
274
275
?76
277
278
279
2R0
ffll
282
2B3
2R4
2HS
2H6
?B7
28fl
2H9
290
291
292
?93
294
295
296
297
?9B
299
300
301
302
303
30*
305
306
307



SINGLY
fll'AXJ
C\
t>\

100
110
120
1?9
139
179
]P9
199
2C0
209
219

232
334
2*0
279

299
3(>9
310
315
3?0
330
315
340
34<5
3S0
3*0
3S0
2*0
390
440
eio

eio
S.'S
840
R«5
8S0
660
P70
fi7S
8X0
890
900
910
9?0

940

X OI/O0/7S

aE^eHFWCED
- 130SJ
-R 3C0
-R 3C0

Y-flPFEhtNCE

• ?3A5
34

113D0
- IjtOO

15400
1S1U0
11-01)0
161*
16000
17800

- 204
* 204

204
• iOfi

I »0300

- ?3««
• ?35*

73A*
• ?33
- ?34
• 235

236
240
248

- ?1 /
• ?3?[>0

231!>O

17?
14"l»

1 ?.".|)
l»i"O
11PI)

• 2C''
• 2&HP
• 2Tr"

2XWR
?9i>r

• ?oxa
- 31 we

• 3?'«H
U 1 !>!>

• IMW

27 3PH
on 4ro

JNM
KSli

KSC

37
34*
36&S

120*
l?4»
155*
156*
ise*
193
190*
)*?•

207«
209*
20P
22fi«

214
?30*
2*1
261
261
?3tf •
?4I<*
^49*
2bP»
251
?5U»
201
26<*
?65*
273*
K-XO

?7M«
27"*
PflC*

tlhO
28^*
283*
?(!<••
28^*
Zbh*
SOT*
2AH*
299*
164UH

2 ^ * "
801

.ES
-!
•
-

38*

229

210*

228*

25**

262*

2«wR

2B!»

?9l»*

29! •

SCO
2C*
3CN

SUQROUr!«.'£ SETUP

UCMfiG • 13SU
MUSTPR •! 3CO
MusTno -i sco

I 2H.

NUMTT

OSORT

p«r,p

-t SCO R£»L
-t 3CO R1H0*
- 210SII

7F
179SU
1OJSU

SETUt'
191SU



INDFI

AA
AARfl.
AtOf.

*A1

• 3 # 1(11

AO
anTQOR
BDTOUZ
801
R02
«|NF
RCU?

OVl
nviGMn
BV2
ev^GMu
60
CC3
roioua
CCHMOM

ca
CUT*
01HENS1
noHr
OPOT

OR
cao?
OPS'}
OT
OTKR
DTKT
OTO
OTOC
OTOOR

oronz
orozOTPQS
OZ
ozo?
07SO

cE*10
EM3
tub
EPO

resEPV
EPlft
rp2e
EP9
fQUIVAl
r
FIB*fl
FI*L

OR
on
Ott

O R
.tt

.R

.R

-a
•M
•R
.R
•R
-rt
•K
-R

1 -R
.R
•«
Oft

OR

i ^

w

OR
•R
.t)
-H
•R
OR
OR
OR
OR
.R
• R
-«
-H
•R
-R
-H
OR
-H
-k
-9
•R
-R
OR
.R
-R
-«

OR
•R
•R

05/00/75

3CC
ZCO
3CO
*£0
?CO
3CO

23*
SCO
3f<1
SCO
SCO
3C0
SCO
SCO
3C0
ICO
3C0
3C0
3CO
3=0
3CO
?r
4CQ
ior
sr

159S"
• E'J
3C0
H"
3CO
3CO
4T0
*CO
3CO
3CO
SCO
SCO
SCO
SCO
SCO
•»ro
3CO
4CQ
SCO
3C0
SCO
6EQ
3CO
3C0
SCO
3C0
3C0
*r
4E0
SCO
3C0

SB
5fO
<.f.a
«E0

S9
71 =

36>"
26hR
103=
105=
HRO
w«n

12S=
125*
17RO
77a
I7RD

no*
26»»
26w»
19<".O
3f
noi
\£F
9F

266SU
601
26»R
fte>=
9»*
19RC
yoi
ftot

2OHO

nm102>
10» =
id 1 x
62'
26MH
8flt
92«
8Ot

6««
66 =
65'
IbRl)
lt«n
6E'»

68'
69'
67a
5F
6i)l
S3»
139*

4£Q
»E0

S9

2RMR
?0«R

127*
126*
?8UR
1»7
2vun
J77
103
64
i0"R

1 IF

MS

93
30WR

31MR
32WR

103
10S

87

<3

212

27UR
27wR
I6RU
71

6F

142

SU(jHOUTlNE SETUP
P»SE IT

•CQ 4EQ *EQ 4EQ 4CU 4F9 *EO

2*3

10S
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SETUP

FUR
FIYB
FIYT
FjBta
FLOAT
FKQ
FNL
FNPU*

run
FNT
FORMAT
G
GAM]
GA*2
GOT
6G»11
GGMI2

emi
fi»»2
HEIGHT
I

IA6RT
I ALL
IBAR
IBOT
10C0HP
IOTO
14

IJM
TJP
IN
1*1
tP2
ISPH
I TCP

mixn
IV9
IYT
j
J8«B
JP1
• A sJ°e
JRIGID
JTOP
JM
JX2
JX3
J2
J3
K
KO
KOODRSO
K09O2SO

•R 3CO
-P SCO

•S 3fO

•a sec
53SU

•R l«&a
W K7=

-R 290=
-R 195"
-R 19ft*

•

2T6F
» 3CO
R 3CO

-R 3CO
•R SCB
•a sco
-a sco
-a sco
-» 3CO
-R 199*

-
-
•
II
-

-

m

-

I SCO
mono

1 3C1
I .ICO
1 3CO
I tflRO
t 1IDI
I SCO
I SCO

245
I ICO
I 3CO
1 ir38 =
J SCO
! SCO
I SCO
I IBRD
J SCO
1 ICO
I 3CO
I 3CO
I SCO
1 3CO
I 3CO
I 3C11

1 3CO
1 3CO
1 3CO
1 3CO
t SCO
1 3CO
I 3CO
1 I«i4no

R SCO
R 3CO
R 3CO

140*
13S*
l*l«
54 a
SiSU
199
198
205
19B
199
J77F
!»«0
17H0
I7K0

tOA«
Ihm
T«*
TS«
7<»«
211
U?oo
$2700
974*
47a
24ttf>
29MR
)S«0
60*
IB?
24*
IS?
252
841*
38*
39a
19H0
29MR
144*
US.
146*
U7C
121P0
ZhUU

*e»
41»
16B0

131 =
4«>
SO*
52.
49*
S|a
1SS
7«L
7RL
7HL

1*2
1*3
1*3
56
19*SU
?lfi
t • *J

216
21)7

2W
27JB
JOwfl
26W»

76
79

21?
11*
23200

38
1S6
?5WR

183
2*6
156a
2»>2«
2*3
23200
43
30MR
130

122
40
131
47
29>'R

SO
52

16R0
98*
V9«

145
1*6
1*7
133
19550

209

279F
196
75
7*

77
SO

IS*
231

39
127

104
2*9
156
2*2
244
235
IS 100

13]

123
*|
23100
SO
12S

51

1V6$U

Z /

1
79

US
235

185
25*
1S8.

?*5

15100

123
5*
236
12100

98

197SU 200SU

. 81F 282F

«15 U 6

(86 1««7
2SS 256
»5B 241

246 2*7

ISCOO 17800

ISCUO

90

2lSSU Z'r.'M

263F 2fl4F

116 11T

IBM 1R9
25» 258
?6H» 263

J*9« 2S2a

22000 23100

285

in

190
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234
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260
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04 oR (=01

MCONT
SUB
ppaSQ
sot
RGI
RO/SO
a£4D

Rl

BJP
RjlJlR

R0')l**91
Ponpxii
ROOfH12
HOOPRT
ROOPRl

ao'.O
B3U'c
ROW
ROVj}
OOVINI
RSlVIM?
P0VPIN
ROVPINJ
povpa
ROVFRI
covpflfi

1} R
-0
.A
•R
•R
.R
-

Oft
-a
•R
O R

-s
()R
-ft
-0

-a
OR
O R
-R
'10

O R
OR
:ia
-fl
-0
•R

: -R
O R
-R

1 -«
ROVPRfg -«
ROVPRT
SOVPRt
80VM»»1
ROVS»L
BOVTE
BQV/
ROVO
80 VI
f-OVJ
HOI
R02
BP4R
CPCOB
PPCOF
RR1
RRIDR
RR1P
S»Ot
RRQ2
R20R
R?nZ
S1ED
SIEOI

OR
O R
roR
O R
O R
O R
-fl
• R

-a
-R
-R
• H
•R
•R
OR
t;R
UQ
•R
-R
•R
•A
OR
-R

3C0
3C0
SCO
3C0
3C0
3C0

3C0
3C0
3C0
3C0
3C0

175*
I6IR0
16IP0
4fO

*eo

«co
4tQ
4fcO
18PD
ie"o
3C0
3C0
4EQ

174'
173 =
176 =
*£Q

ten
4£Q
4C*9
3C0

|A|PO
3C0
SCO
3C0
3C0
3C0
SCO
3C0
3C0
3C0
l'O
3C0
3C0
4E0

16IP0

122*
85*
84*

100>
H7*

57*

m»56*
61)1

I63PR
163P'4

MOJ
(.01

20%
P01
HO!
401
fil)I

29»B
?9*H
129*
12d-

UOI
176
176
177
HOI
ont
40!
SO |
801
HOI

163PW
16JPR
1 'Hf
|7RD
J6*H

0* w
«̂ «
1203
III'

7.1a

74 a

•>'.»

95s

GDI
163PR

123*
49
96
107
90
<J7
I6F

57

117*
S.7
!R6i
201

|64«R

idS*

128
|£9
2*5
?^i
18*.
177
177
177

103*

164KR
?6wR
2RWR
ti2

lit

120*
171
171

IBS*
164 MR

VR

95
4g

11*

117

259*

\7\
i7j

12<)

2*5*
164
177

2**«

165
166
73
74
84

115*

260"
tan

94

95

IBr

115

119

259

175
175

i!58

2*5

183

244

173
174

lib

260

102

104

1<»F

US

120

2*5

2*4

5 74

lie

20F

201

256

255
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255



sir.v
SIEV]
S1EW1N
SOMO
SROV!

saova
STtaT
T
TH
THl
THIN
TMO
TLI"O
TOP
TOUT
TUFlN
xifo
U0

uv
VCON

vo
VOL
VOIS
VV
WIN

• tflTE
XCONV
XO
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YCO'W
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FX C
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UP
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v 1 R
•'R
»fi
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• W
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•P.
• R
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-R
•R
.9
-H
• R

*EQ
I6!'<»
3C0
3C0

160 =
It 0 =
U9SU
3C0
4£Q

171 =

SCO
3C0
3CO
3CO
3CO
3CO
4EQ
4E0

U8=
*ro
3Cf>
3CO
4EQ
3C0

198 =
24F
3CO

136 =
3C0

210 s

3C0
3cn

?]S=
??1 =

3Cfl
3C0

2] l e

3C0
217 =
SCO

137=
210s

3CO

1

81) 1

163PR
ld^O
61 =
165 =
16fri
230SO
19R0
e!>i

172
lawn
7Z«
19H0
130*
61 c
IVRD

601
$01

U S
HP!

118*
119 =

80!
I8R0

210
25F

142*
13B
13**

224"
1 32s
31*
224
221
134«
1*3*
?13
i2»*
?in
133*
138*

se

1*7 =
164Uf)
£9**R

16S
166

3^MR
182-
173
29MR

30^R

30^^
30WP.

1)9

247*
29MR
311
26F

139
14^
2'iZ

136
226
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136

227
136
139
2^7*

246s
177
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17*
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2*7
?15
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1*2
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INDEX 01/90/75

1

OVERLAY (KACHF1L.2.0)

OVERLAY {KiCHFjt»Z,o>

PACE 22

KACHYDR 2

INDEX 61/00/75

>
2
3
4
S

10

PflOGRAM KACHVOR

PPCGRAM KACHYOR
PRINT 10
C»U. HYDRO
FORMAT (• MYORO'l

* • U

KACHVO« 3
K»rHYDR *

KACHYOR

01/CO/7S

StHG[.Y
FO«MAT -

VARtABLES
*F

PROGRAM K«CMYO«

3S«J KACHYDR - JSU

p45g

JF

HJLTIPLY-REFEBENCEO
10 - ?PR *•



01/00/75
PARE 25

g
lo

11

13
U

MYoao
COMMON /KSg/ A4I(1),JtpOW(98R)

/K5.C/ AA(1) .AASCI26676) . AK JNF I .ftO .BOTOOR.HDTODZ,
HDl .eC2.8lMF .BOUT .RV1 .RV1GH11 .6VJ.9V2r.Ml 2,
Be.CO«.COLO'JR(3) .Cl,0R,nRn2.0HSn.0T.0TO(10).
OTOC (Jo) •DT00R.0TODZ.DT02.0TP0S.DZ.D7f>2.

JP2»JR16lD»jToP.JKl.JX2,jx3,j2,j3,KD.KD00RSQ,
KOODZ5Q.KV.KVODHS" - - - - - -
MUSTRo.fJAM£(8) »NC

MjV3.NVAP,0MBAS.O«eSP|.»0MP»0MrtO.R.RcONT(66> 'RPR'
ROMSQ.RDT.RDZ.HOZSO.R1(34).R1HAR.RI8JS.RIP134),

EOUIVALENCF

RRt(34i.RRlP!34).RR1PRI3A).RRO1.RRO2.R2DR.R2DZ.
SIEV 1 N . M M D , T , T H 1 N , T H 6 . T L I M D . T O P , T O U T , T « I F I N ,
"20MO.ViiU(34) ,VOLK(3<.) .VVTN.XCONV.XL.XPU000) »XR

1.YT.2Z

l A S C I x l . T H J K A A S C I Z l . R O V p R D . l A A S C O l . R O O P R n .
IAASC U ) .WnVPR) , IAASC(5' tPODPR) . (AASC 16) tS IFV) ,
(AASC l 7 ' , S T E O ) , ( A A S C ( 8 ) . P ) , ( A A S C ( 9 ) t X I J . O M H F T A ) •
< AASC I !<?>«£ .ROUTE tOTKR) , { « A S C ( 1 1 > ' W O V T
(AASCl!?) .UV.RO'JV) , (AASC(l^) .UO.ROUO) ,
' ^ ' ^ C ' l V R V' C ' j i l ' V V . R o V v i . f f l d S C C i S I . V O . R O V D ) ,
(AASC ( i f , ) , » , R 4 ) , (AASC (17) .CO.ROVPRT.RODPHT.ROVPRIT) ,
< « « i C ( i H ) , p P 0 P R T ) ( A A S C ( l F I

? O n Z S ! 0 Q « K V 0 ( > " J t N U V « N U V 3
TMd ) .t«UvPPl | i ) .ROOPH1 l l ) . R O v P R , l ) .RODPR (1) . S I F V (1 ) .

. p , l , , K I J , l ) . 0 M H E T A ( ! , . E ( 1 ) , R 0 U T r ( l ) , D T K R ( l ) .
i o T K T ( i ) u w ( i i R n u v i ) u n t i > R O i i

T H T « 3 1 3 * » . P 0 0 l T A H < 3 4 ) . S ! E V T » B O * I . S I E 0 T A B ( 3 4 ) .
T ^ T ^ T ' ' ' I : " 0 7 ' ' ' p v n f : f ) T ' > « T 1 .TEBM2T (34)

0N(

EQUIVALENCE (IHTAB. IX I, , ( THTAB (?). 1.x?, , (THTA8 (?) , I vl) .
(THTAH,4).TY?) , (THT»H(5) .X|»«(THTAR(<)) ,Y1) ,
(TMTA«(!3).CON).(THTAB.TMTFT).(ROOlTAR,ROOT!.

DATA KHATS
DATA IOPP

(f*OOT,sPSUuS) . («ODT( I) .STM) . (KOf)T(?) .SMOMR) ,
<rtOUTt3).SMOMZV).(ROOT(4).SMOMZO).(ROOT(5).SMOMZ),
(N00r(6),SMVl),(RO0T(7).SMDl!.(ROOT(8).SlNTEV).
(ROUT(,).SINTEO).(ROOT(10).SINTF),(ROOT(11).SHV2),
"OUT(12),SMP2>,(MOOT(13).SKEV).(ROOT(]4).SKFD)V
(«OUT()S).SKE),(ROOT(16).SMV),(ROOT(17).SMQ);
(ROCJT (18) .SEV) , (ROOTI19) ,SEO) » (ROOT (20) .SF)
/88.1H.2B.3B/

DHOPLETS. 1»

KACHYOR
KOM
KO"
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
KOM
EOVRFAL
FOVPEAL
EOVCEAL
EOvnEAl
EOVPF.AL
FOVRF.AL
EQVPEAL
FOV»FAU
EOVREAL
EOVPEAL
EQVPEAL
fJIMFN
OIMFN
DIMEN
OIMEN
DIMfTN
DJMfN
KArwvnRr% A K. ̂ ™ u •*

KACHYDR
KACHYDS
K/SCHYOW
KACHYDR
KACHYOR
KACHYOR
KACHYOR
KACHY0H
KACHYnS
KATHY'DR
KACHYOR
KACHYDR
KACHYD*)
KACHYOR
KACHYOR
KACHYOR
KACHYDR

8
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
2
3
4
5
6
7
8
9
10
11
12
2
3
4
5
6
7

1Z
13
14
15
16
17
18
19
?0
?\
22
23
24
25
26
27
28
29



INDEX 31/C9/75

IS
16
17

IB
19
?0
21

?3
?l>
?5

2h
?7
?fl
?9
30

3)
32
33
3*
3S
36
37
3fi
39
*0

SURPOUTIME MYCHO

1/

4 4
• 5
*^
47
*H
49
50
51
5?
5?
5*
S5
5ft
57
5a
5<J
60
61
6?
61

100

c

130

139
149

ISO

1 16H(

OAIA JCHAHS /t6»63,42/
DAT* TOtfV / 14
DATA IOCO* /I6h'# VOIO F R A C T N » ) I
1 lfci(« RHO-D PR.»I")t

16H<» BHC-0 I E )
SIE-DROPS«).
ORAG IK)*1

<I

DROPLETS.")/
1fcH(» Rhu-v PR.,1«)
16H(» RHO-V PHJME*)
14rt(* S1E-VAP0R0) I
13H(» PRESSURE*),

»EP1V

2
3 14
* I3H(
UA'A T0L0«T2 /O.»0./
CALL SECONO (T04SE)
Tl i TBASE
CALL GtTO (4LKTLM.JJ)
TLIM = II
IF (IBAR.eo.O) SO TO ?70
TLIM = TLlw*2T.5E-9 » *0. •
CONTINUE

CAI.C. OPTIONAL 6 AHRAY HEREt = CHEMICAL OR NUCLEAR
TOLD = T?
CALL SECOND (T21
XX * lT2-T0Le))e«IHjH
PRINT «120, T.NCrC,0T»T2.XX»NUMiT.«USTPR.NHMR0,MUSTR0
IF (LPR.GT.OI W*UTr O3t4l20) T ,NCVC.cT«T2»XX.NUMIT.MUSTPR»NUM«0i

1 MUST SO
CALL iMPTY
ASSIGN l?0 TO KROUT
IF IT.EMIO.OE.TOUI) GO TO 210
IF (HCYC.i.E-!> ^0 TO 300
IF (ISPR.eo.?) GO TO 9-)0
IF (T?-Tl.GE.!200. .A. T?0MD.GT.EM10) GO TO 220
IF (T?-TOAse.GE.TLTM) fiO To 230
IF lt.liE,)»HN| HETORN
NC'C = liC.IC * 1

IF (LPR.EO.O .0. NCYC.LE.1O> 60 TO 15o
VCLHX(j) = VELxM2i B fHio
CALL STAPT
UO 149 J=1»JP|
DO 139 1=2,1P1
VEL««(1) a AMAXl (VELMX(1) .ABSlUVIIJMn .ABS(UDdJM) ) )
VELMXI2) = AHAXI (VfLMX(2) • ABS (\/V ( ! JM) ) ,A8S(VD(IJM) ) )
IJ« = IJM . NO
CALL LOOP
DTP05 « 0<l
OT s DTPOS
IF (T»[)T.GT.TOUT) DT = TOUT - T
T = T • OT
ROT • 1, / OT
Din? = .5 • OT
OTOOR = Ot • "OP

BO »
Z c 01 • H0Z

H0TOO7 » 8o • DTO0Z
GOT a G • Or

OMBS
L O B

GO TO 1000
TOUT = TOUT • DfOliDTO)
IF (T.EMIO.I.T.OTOCIIOTO) ) GO TO 300

KACHYDH
KACHYDR
KAChYOR
KACHYOR
KACHYOI^
KtCHYDR
KACHYDR
KACHYOR
KACHYDR
KATHYDR
K«CHY0R
KACHYDR
KAfKYDS
KACHYOR
KACHYDR
KACHYDO
KACHYOR
KACHYDR
KAfHYOR
KBCHYOH
KtCHYDR
KAfHYO^
KACHYO"
KACHYC1R
KACHYDR
KACHYDR
KACHYDR
K4CHYDR
KACHYOR
KACHYRR
KACHYOH
KACKYOR
KACHYDK'
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KATHY0R
•^ACHYflR
KACHYOR
KACHYUR
KArnYOfl
KACHYDM
K6CHYDS
KACHYOR
KACHYDH
KAfHYDR
KACHYOR
KACHYDR
KACHYOR
KACHYDW
KACMYOR
KACHYDB
KACHYDH
KACHYDR

30
31
32
33
3*
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
5S
56
57
58
59
60
dl
62
63
64
65
66
67
6B
69
70
71
72
73
74
75
76
77
7fl
79
80
fil
B2
83
84
85
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64

ft 7
68
69
70
71
7?
73
74
75
76
77
78
79

fro
81
62
83
84
85
86
67
ee
69
90
91
9?
93
94
95
96
97
<JR
99
IOC
101
102
103
104
105
I Of,
107
10R
109
HO
111
1)2
" 3

iu
i>5
116
117
IIP
Tt9

220

230
250

27o

280

290
300

310

319
320

TOUT = OTOedOTO) « OTOtTOTO • 1)

IOTO = IOTO • 1
GO TO 300
Tl = T2
ASSIGN 130 TO KrtET
GO TO 250
ASSIGN 290 TO KHET
PRINT 4000t NUHTD.T.NCYC
If (LPR.GT.O) WUITr (12.4000) NUHTO.T.NCYC
WRITE (8) (AA(N)»Nal,N5C)
IF (LCM.E0.1) wRITelS) (AA1 IN) tN=) N
CALL OATAR.EL (5LFSJ:T8)
CALL AFSREL (3L0UT)
CALL AFSREL (4LF1LM)
NUHTo = N U H T O * 1
GO TO KRET
REWIND 7
JTO a JBAR
JNSC = LOCF(ZZ) - LOCF(AA) * I

<1.-TLIMD)«EPIO

IF iLCM.Eq.l) REAO(7) (AAJ(N)iN«lfNLC)
IF (JTO.NE.NUMTO) CO TO ?8o
CALL AFSREL ;5LFSET7)
NUMTO " NUMTO • l
TL1M = TLlM<127.5e-9 - 40 .
PRINT 4010 . JTD
PRINT 4020 , NAMEtT.fJCYj;
IF (LPR.EU.O) GO To U o
WRITE U 2 . 4 0 1 0 ) J T 0

WRITE (12 .4*2" ) NAnE.T.HCYC
GO TO 1 3 0
PRINT 4030
CALL AFSREL (5LFSET.71
RETURN
iF (MPTOT.EO.O) GO TO 400
NFR a o
CALL ADV (J)
CALL COLOR (0.)
CALL FRAME (IXL'IXR.IYT.IYB!
IF (LPR.E'5.0) GO To 320
CALL LIMCNT (59)
WRITE (12,4040)
WRITE (12.4050) JNM.OI.CI.NAME.T.NCYC
00 319 NP=1.NPTOT
IXI n FlXL » lXPINp)»Df!-XL)»XCONV
IY1 a FIYB • (YPiNp)»D2-YB)°YCONV
L c (XP(«P).A,38) * 1
CALL PLT (TA1«IYJ,tCHAPS(L))
DO 349 NTYPF.l,3
KHAT a KMATS(NTYPE)
ICHAP, = tCH^Hb(NTYpE)
CALL COLOS (COLOUR(NTYPEJ)
IF (LPH.Ea.O) GO T 0 330
CALL ADv (1)
CALL FHAME (1XL.IXR,IYT.IYB)
CALL LINCNT (59)

KACHYDR
KACHYOB
KACHYOR
KATHVDR
KACHYDR
KACHYDO
KACHYDR
KACHYOFt
KACHYDR
KACHYDR
KACHYCR
KACHYOR
KACHYD"
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYOR
KACHYOR
KACHYOR
KACHYDR
KACHYOR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYOR
KACHYDR
KACHYOR
KACHYOR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR

86
87
88
P9
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
no
111
112
113
114
115
116
117
118
119
120
1?1
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
UO
141
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l
121
122
123
124
125
126
127
12R
129
130
>3J
13?
133
134
135
136
137
13«
139
140
1*!
142
143
144
1*5
146
147
148
149

1*0
151
!5?
153
1?4
155
15ft
157
15F
)5Q
160
1*1
16?
163
J64
165
)66
167
168
J69
J 70
17)
172
173
]74
175

409
419

SUfcHOUTINE HYDNO

WHITE H2tIOPP|ltNTYPE)l
WRITE (12.4050) JNM.Dl.Cl.NAMEtT.

330 00 339 NPrj.NPTOT
L = XPtNP).A.3e
IF (L.NE.KMAT) GO TO 339
1X1 = FIXL • <XP(Np>«DR-XU»XCCNV
IYl = FIY8 * (YP(Np)«DZ-YB)«YCONV
CALL PLT HXltlVJtlCHAB)

339 CONTINUE
349 CONTINUE

UFn 3 NFR » 1

IF UvCYC«LPR.EO,0 .A, NFp.LT.100) GO Tfl 310
IF (LPR.EW.O) GO To KPOUT

400 VELHX(l) = VELMX(2| = Q,
CALL START
DO 419 Js2,JPl
00 409 1=2,IPl

V E L M X ( l ) = A H A X K V E L H X ( l ) t A B S ( U V I I J ) ) . A B S ( V V d J ) 1 )
VELMXC2) = AMAXKVELMXI2) • A B S ( U O d J ) ) , A 6 S ( V 0 I I J ) ) )
IJ = IJ » NQ
CALL LOOP
00 449 NTYpEM.2
IF (VELMX(NTYPE).LT.EM10) GO TO 449

OROU = OR02 / VELMx(NTYPE)
L = NTYPf . 1
CALL ADi/ (;)
CALL FRAHE <IXLI1XR,IYTJTYB)
CALL LlNCNT 159)
WRITE (12«T0VV(l»NTYP£))
WRiTE (12»4060) VELMX(NTYPE)
WRITE <12.4050) JNM.Dl,Cl.NAME,T,NCYC
CALL STABT
DO 439 J=2,JP1
Yl = (F|.0AT(J)-1.5( • p2
IYl = FIYB • (Yl-YBl'YCONV
DO 429 1=2,IPl
XI * RI(D

XI • (UV<IJ-NQ*L)*UV(IJ»L))«OROU
Yl • /VVIIJM »L)•VV(IJ*L))»DROU

= FIXL » (XI-XL)'XCONV
FIXL • (X2-XL)»XCONV
FIYB • (Y2-YB)»YC0NV

CALL DRV (1X1.IY1,IX2,IY2)
CALL PLT (IX1,1Y1M6)
IJM = IJM . NQ

429 IJ = IJ « NO
43V CALL LOOP
449 CONTINUE

IF (IBAR.EQ.l .0. JBAR.E0.1) GO TO BflO
00 799 L=l,9
LMl = L - 1
QHN = EP20
QHX = -EP2o
CALL START
DO 619 J=2.JP1
00 609 1=2,IPl

PAGE ?e

X2
Y2
IX)
1X2
IY2

KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDH
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KiCHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYtlR
KAfHYDR
KACHYDR
KACMYDR
KACHYDR
KACHYPR
KACHYDR
KACHYDR
KACHYOR
KACHYOR
KACHYOR
KACHYDR
KACHYDR

142
U3
144
145
146
147
146
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
1R0
1R1
182
183

IB*
185
186
187
IBS
189
190
191
192
193
194
19S
196
197
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176
j77

178
179
]8p
IS 1
162
183
18*
185
166
]87
188
]89
I'O

193
194
]95
]96
) '7
H8
199
200
2CM
20?
203
204
205
206
207
208
209
210
211
212
213
?i 4

215

?17
218
219
220

2?.'£
c?3
224
225
225
227
2.28
229
230
231

609
619

629
639

640

649

710

SUtjROUTINE HYOKO

CQ(IJ) = TH(IJ*LH1)
QMN = AMJN1(QMN.COlIJ)1
IF (CQ(IJ).LT.EP9) OMX = AMAXl(QMX,CQ(IJi!
IJ = IJ • MQ
CALL LOOP
IF (LM1.NE.8) GO To 64o
XX = OHX • . 0 5 O ( 0 M X » Q M > J )

CALL START
DO 639 J32.JP1
DO 629 1=2,IPl
IF (CQ(IJ).GE.EP9) CO(lJ) a Q«X = XX
IJ i IJ t NO
CALL LOOP
CALL DONE
XX 3 QMX - GMN
IF (XX.LT.EM1O) GO TO 799

no 649 IC = 1«H
CON(IC) = OMN • FLOAT(IC-1)°DQ
IC = 11
CALL ADV (J)
CALL FRAME (!XL»IXR,IYTtIYB>
CALL LINCNT (59)
WRITE C12ilOC0N(i«L>>
WRITE 112.4080) (JMN,OMX,CON(1) .CON(IC-l) «DO
WRITE (12,4050) JN*,D1,C1,NAME,T.NCYC
CALL -TART
DO 7B9 Js2.J9AR
Yl(l) = Yl(2) = DZ«(FLOAT(J>=1,5>
Yl (3) => Yl (41 = Yl (1 ) * Dl
DO ';79 W . I S d R
Xl(l) s Xl(3) = DH«(FL0AT(I)-1.5)
XI(2) = XI(4) = XI(1) • OR
IPJ x Ij » NQ
IPJP = U P • NO
DO 769 IK B 1»IC
Kl 3 K2 = K3 = K4 a 0
IF (CQIIJ).LE.CON(iK)) Kl a 1
IF (CO(IPJ|,LE.CON(IK)j K2 = 1
IF ICQ(IJP).UE.CONIIK)) K3 = 1
IF (CO(IPJp).LE.CON(IK)) K4 = I
IF (K1»KJ«K3«K4.NE.O .0. Kl»K2»K3*K4.EO.O) GO
LL = 0
IF (Kl*K3.NE.l) GO TO 710
ICl a 1
IC2 = 3
IJl = iJ
IJ2 » U P
ASSIGN 710 TO KR1
GO TO 740
IF (Kl*K2.NE.l) 60 TO 720
ICl = 1
IC2 a 2
IJl = IJ
IJ? = IPJ
ASSIGN 720 TO kRl

TO 769
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KACHYOR
KACHYDR
KACHYDH
KtC.HYOR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KSCHYOR
KACHYDR
KACHYOR
KACHYf)!?
KACHYDS
KACHYDR
KACHYOR
KACHYOH
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KfiCHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDt.
KACHYDR
KACHYDR

198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
22S
229
230
231
232
233
23*
235
236
237
233
239
2*0
241
242
243
244
24<5
246
247
248
249
250
251
252
353
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232
233
234
235
236
237
238
239
2*0
2+1
2*2
2*3
£44
245
246
247
248
24<J
250
251
25?
253
254
255
256
257
258
259
260
26)
?62
263
264
265
266
267
268
269
2^0
271
272
273
274
275
276
277
27B
279

2o
281
23?
2S3
284
285

SUBROUTINE HYDRO

GO TO 740
720 If (K2*K4.NF,1) CO TO 730

IC1 a 2
IC2 a 4
IJ1 a IPJ
IJ2 = IPjP
ASSIGN 730 TO KR1
GO TO 740

730 If <K3*K4.«JE.J) GO TO 769
IC1 * 3
IC2 = 4
IJ] = U P
IJ2 a IPJP
ASSIGN 764 TO KH1

740 LL i LL « 1
XX * (COfJ(IK)-CQ(IjD) / <CQ<IJ2)-CQ(!J1>>
IXl(LL) * FIXL • (xlUCl)*XX«(Xl (IC2)-X1<IC1))-XL)«XCONV
IYllLLl n FIY8 » (YltIcll*XX«(Yl(IC2)-Y1(ICt))-YB)»YCONV
IF (LL.LT.2) GO TO KR1
CALL OR* (IXliIYltI.X2.lY2l
IF (IK.EQMl CALL PLT (lXi,IY],35)
IF (IK.EQ.IC-1) CALL PLT UXi.lYl.24)
LL = 0
IF (U2.EQ.IPJ) GO TO 720

769 CONTINUE
IJ = IPJ

779 IJP s IPJP
CALL LOOP
IJ = IJ • NQL

789 IJP « IJP • NOL
799 CONTINUE
800 ASSIGN (340 TO KRF

KRP a KRF
ASSIGN 889 TO KRFP
GO TO (830.820.8B0) LPR

820 ASSIGN 880 70 KRF
ASSIGN 870 TO KHFP

83o CALL LINCNT (64)
CALL AOV d )
GO TO 860

84g KRF = KRFP
ASSIGN 869 TO KttP
CALL START
00 899 J»1.JP2
DO 889 1=1,IP2
L • IJM . NO
GO TO (850«850«870) LPR

850 WRITE (12.4090) I . j, TH (L) .UV (L ) .VV (I.) ,SIEV (L! .HOVPRl (L) .ROVPR (L> .
1 OPRTIL).P(L) «E(L).UO(L) »VD<L) •SIEO(L).RODPRKU).
2 ROoPR(L) ,A(L) iKUiLI
LIMESF = LINESF • 3
IF <LINESF.LT.59) 60 TO KRF

860 CALL ADV (j)
LINESF a 0
WRITE (12.4050) JNM.OI.CI.NAME.T.NCYC
WRITE (12,4>OO)
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KACHYOR
KACHYOR
KACHYOf
KACHYDR
K6CHYDR
KACHYDW
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDtf
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYPR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KftCHYDa
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KATHYDR
KACHY11R
KACHYOR
KAfWYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYOH
KACHYDK
KACHYDR
KACHYPR
KACHYOR
KACHYDR

254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
264
285
296
2B7
288
289
290
291
292
293
294
295
796
297
298
299
300
301
302
303
3P4
305
306
307
308
309
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287

288
289
290
291
292
293
294
2^5
296
?97
298
2<)9
300
301
10?
303
304
305
306
?0 7

308
309
310
311
312
313
3H

315
316
317
318
319
320
321
3?2
323
324
325

326

327
328
329
330
331
332
333
334
335
336

870

880

889

899
<>0i
909

CO TO KRF
FHINT 4090,
1

I«J,TH(L) ,UV(L) ,VV(L) ,StE"(L) tROVPRKL) tROVPR(L) t
OPRT(L)iP<l>iE<L>iUD<UtV"D(L>»SIED(L)rRODPRl IU»

2 RO[>PR<1> tA<L) »K!J(L>
LINESP = LINESP • 3
IF (LINESP.LT.54) GO TO KRP
PRINT 4110
LINESP = 0
PRINT 4050, JNM,D1,CI,NAM£,TINCYC
PRINT 4100
GO TO KRP
IJM = JJM • NO
CALL LOOP
IJM a IJM . N02L
DO 969 Ial,20
SPSUMS(t) a 0.
C«LL START
DO 929 JrZ.JPl
DO 919 1=2,IPl
IPJ = IJ •• NQ
IMJ = IJ - NQ

HOVVOL = RoVPft(IJ)iVOI-<t)
ROUVOL a RODPR|IJ)»VOL(I>

STH = STH • Il.-TH(IJ))»VOLUI
HOVVUL
• VOL(I)»ROVPR1(IJ)
• V0L(T)»(ROVPR(IJ)-R0VPRi(IJ)I
ROOVOL

VOLIrl'RODFR}IIJ)
VOL(j)»(RODPR(IJ)-RODPRl(IJ))
• .S'VOLRID^IUVIU) o(RovPRIIJ) «ROVPR(IPJ) )

• UO(U)'>IRODPR(IJ1<WODPR<IPJI ) I
5«VOL(I)«VV(TJ) » (R0VPR(IJ)«ROVPR(rjP))
'-"OL(I)*VO(IJ> • <RODPR(IJ(*RODPR(IJP>)

ROVTEM

T
SMV = SMV t
SMV1 a SHV1
SMV2 a SMVj
SMO - SMD •
SHD1 a SMOj
SMD2 e SMUz
SMOMR = SNOM

ROVTEM
ROOTEH s ,5

SMOMZV a SMOM2V
SMOMZD a S M O M Z O E
SMOHZ = SMOMZ • ROVTEM * R.OOTEM

STIEV r ROVVOL»SIEV(IJ)
STIEO = R0OVOL»SIEO(IJ)

TER S T £E r v V
SINTEO i STNTED • STIED
SINTE = SlkiTE • STJEV • STIEO

STKEV = ROVV0L».25»(UV(IJ)««?*UV(JMJ)*«?
1 •VV(IJ)»«2«VV(jjM)o«?)

STKED o R0D\/0L«.25«(U0(IJ)> «2*U0(TMJ)<>«2
1 •VO(IJ)»«2*VO(IJM)»»2)
SK£V s SKEV • STKEV
SKFO = SKED • STKED
SKE a SKE « STKEV » STKED

STEV • 5TIF.V • STK^V
STEO = STIEO • STKED

SEV = SEV « STEV
SED a SEO • ST£D
SE = 5E • STEV • S T E D
IJM s IJM . NQ
U P a IJP . NQ

PAGE

K/ICHYD1?
KACHYDR
KACHYOH
KACHYDR
KACHYDR
KACHYDS
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KAChYDR
KACHYDR
KACHYDR
KACHYDR
KAfHYDR
KACHYDR
KACHYOR
KACHYOR
KACHYDR
KACHYUR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYOR
KACHYOR
KACHYOR
KACHYDR
KACHYOH
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYOR

31

310
311
312
313
3U
315
316
317
318
319
320
321
322
323
32*
325
326
3?7
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
34S
346
347
346
349
350
351
352
353
354
35S
356
357
356
359
360
361
362
363
364
365

V
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337
338
339
3*0
3*1
3*?
3*3
344
345
346
347
34<*
349

3*0
35i
352
353
354
355
356
357
35a
359
360
3*1
362
3*3
364
365
366
367
368
369
370
371
37?
373
374
375
376
377
378

379

3B0
381
382
383

SUBROUTINE HYDRO

91° IJ = IPJ
929 CALL LOOP

IF (LPR.GT.O) WRITE (12«413O> T.NCYCt(SPSUMSILI»L=l«20)
IF <LPR.GE.2I PRINT 4130. T.NCYC.(SPSUMSIUi«L=1«20>
CALL EMPTY
GO TO KROUT

1000 CALL START
DO 1089 J=2.JPl
DO 1079 1=2.IP1
IPJ
IMJ

SIGNlAO.UV(IMj)>

PAGE 32

I J » NQ
I J - N<}

BDlOOR<»UV(lHJ)
•S • XIVL
•5 - * IVL

BOToDR«UV(Ij)
.5 • XlVR
.5 - XlVR

BDIODZ'VVtljM)
.5 * XIV8
.5 « XIVS

BOT002«VV(Ij)
.5 • XIVT
•5 - XIVT

8OToDR«uD(lMJ)
.5 * XIOL
•5 - XIDL

SIGN(AO,VV(IJM)>

• SIGN(AO,VV(U) )

• SIGN{A0tUO(lMjll

XIVL
MPXIVL
HMXIVL

MPXIVR =-•="- — " * SIGN(AO.UV<IJ, ,
HMXIVR
X!VB
HPMVB
HM)U'V8
XIVT
HPXIVT
HMXIVT
XIOL
HPXlDL
HMXIDL
XIOR 3
HPXIOR
HMXIDR
XIOB
HPXIDB
HMXIOB
XIOT
HPXIDT
HMXIDT
UVRR
UVRL
UDRR
UORL

THIJ » TH(jj)
RR » 1. / ROVPRdJ)
ROOPRT(IJ) = ROOPR(IJ)
1 •OToOR'RRI (11 . ((jDRLo (HPXlOLoMODPR < HJ> •HMXIDL'RODPR (IJ)

UI
.5 • XIOR
.5 - XlOR

80ToDZ«VD<IjH)
.5 • KlDH
.5 • XIOB

BDTODZ»VD(lj)
.5 • XIOT
.5 - XIDT

UV(IJ) "RlPd)
UV1IMJ)»RIP(I-1)
UD(TJ) <>RIPtT,)
U 0 ( J ) R I

SIGN(AO.UOIIJ) )

SIGN(AO,VD(IJM»»

* SIGN(AO.VOdJ) )

ROOPRIT

n, *-, U O P H i r > R K O D P R < I J > •HMXIORROUPRIIPJ
t07QOZ*<VOUJM).(HPXIOB»ROOPR(IJM)»HMXinB«ROl)PR(2J) ,

BOOPRICIJ1,0'1"" # ( H P X I D T I I H''DPR(IJ) .HMXIDLRODPR<iJP.n

L D I J )
*HMXinR«RODPRKIPJ)

O l ( I J )
H P X IOTROOPRi ( IJ ) •HMXIDT»RODPRKIJP)

J T U T ' , ° D 1 " " W ° 1 • IW00PRT(IJ)iR00PRn)«RR02
DO 'T«TE.LT.THO .A. NCYC.GT.l) GO TO 1010
ROVPR2 • ROVPRUJI • RoVPRKIJ)
A ( I J ) a S I e y ( I J ) « ( B 0 V P R l ( I j ) . H v i G M l l • R0VPR2-BV2GM12)

/ <THTE»(ROVPPKIJ>«BVJ • R0VPR2»BV2>)

KACHYDR
KACHYDR
KACHYDR
KACHYDH
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYOR
K4CHVDR
KACHYOR
KACHYOR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYOR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYOR
K4CHYDR
KACHYDR
KACHYDR
KACHYDH
KAC-4YQR
KACHYOR
KACHYO*
KACHYOR
KACHYDR

) K4CHYDR
1) KACHYDR
) KACHYDR
)) KACHYDR

KACHYOR
) KACHYDR
)) KACHYOR
) KACHYDR
II KACHYOR

KACHYDR
KACHYDR
KAfHYDR
KACHYOR
KACHYDR

366
367
368
369
370
371
372
373
374
375
376
377
378
379
3H0
3B1
392
383
384
385
3R6
3B7
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
*15
416
417
418
419
4?0
421



INDFX 01/00/75

384

aes
38fr
387
388
38?
390
391

394
305
396
397
3<)B
399
400

40!

40?

403

404

401

406

407

403

4O9

410
411
412
413
414
415
416
417
4lfl
4)9
420
421
422

423
424
425

SUBROUTINE

VEL = . 2 5 » ( U V ( I J ) » o 2 » U V ( I M J ) » i . 2 . V V ( i J ) « « J > V V ( I J M ) » « 2 )
GAMTE = GGMl l i >ROVPRKI j )< t R R . G G M ) 2 * ( ? . - n 0 V P R l ( I J ) » R R )
OIROM » GAMTE«SIEV(IJ)BROVPR(IJ)« S(3MO
THTESO = THTE • THTE
VEL = V£L • PllJ'*THTE»RP
RM5U = <VELoTMTES0-(R0VPR(tJ)*R0DPR( tj)|/GIR0MI • • ?
F ( I J ) s i , / ( I . » 1 6 , O R M S Q )

PUJ) = F ( I J ) » P ( | J , • ( l . - F ( I J ) ) . A ( I j | » H O V P R ( I . I )
VE'-VEL = .S'OSQRFduVd J ) - U O ( I J ) . . U V ( I M J ) . U D ( I H J ) ) « « 2

1 • 1 W ( I J ) . V D ( I J ) * V V ( I J M ) - V O ( I J M ) ) » » 2 )
THTERM = ( I . - T H T E ) / THTESQ

•ROVPRl(Ij) )»BV2)

(1MJ))#8V2)

1OIO THTE 3 o.
A(U) 3 KlJdJ)

1020 SIEVC = SlEV(IJ)
S1E0C = SIEDIIJ)
TVC s SIEVC "ROVPRIU)
1 / (ROVpHldJ) »BV1 •

TVl. s SIEV(IMJ)»«O|/PR(IMJ)
1 / (ROVPRI(iMJ)«@vi •
TVH x SlEV(IPJ)»ROvPR(iPj)

SvB -. SwT^Zlli\\%l * ««0VPR«,pJ,.R0«PRl«IPJ,l.9v2,
' m - Slv\*WXli*\\%l ' <R"^'^"'-«^«1<IJM.».BV2,
Soc = s i e Q r " 0 * " ^ ^ ^ ' ! ^ 1 * (*0VP*(iJp>-R0VPR»<ijP>>.BV2.

'TDL = s ^ o n ^ i o o P R d ^ ! * I H 0 D P « ( ^ -RODPP^IJ, , .B O a ,

'TOR 3 S I E O M P K ^ U P S ! * I H M«'W'-»»»niN J l i .B r a ,
'TDB 3 SJEDMSS^PPI^S! * (R00P("'P^-^RniPj...8D2,
Vor c / (fi°OPRlllJM>«BDl * (H00PRdjM).R0DPRl(lJM))»802)TOT = SlEOl IJPl'ROjjPRdJp)
1 / («00PRl([jP)«8Dl •
THLB = .5 • (THIJ . TH(IMJ))
OMTHLB = 1. - ThLB
THRB s ,5 o (THIJ • TH(IPJ))
OHTHRB - 1. - THRB
THBB 3 ,5 . (THIJ . TH(UM))
OMTH88 a l. . THBB
THTB 3 ,5 » (THIJ • TH(IjP))
OMTHTB a 1. - THTB

(IJP))«BU2)

MxivLSIEVC)
»HMXiVR»SIEV(IPJ))

HMXVB»SIEVC)
CFXR s UVRR
CFXB = VVI7.JM)
CFXT 3 VV(TJ) • (HpxIVT«SI£Vc" •HMxi'}T»siIv( IJP) )

., -»<RR!OR(I)»(BIP(I)»uV(tJ)-RIP(I-l)«UVilMJ))

VEL 3 PTE 3 0. * R ° Z " V V ( I J ) " VVdJMIJ)

IF (THTE.LT.THo) Go TO 1030
V£L a KlJdJl « ((.5«(llD(tJ)*U0(lMJ).UVdJ)-UV(IMJ)))»»2
OTC ai, a *I.5»(VD(IJ)*VD(IJM>-VV(IJ)-VV(IJM)))»»2)
PTE . P(tJ)ORH»(RR!DR(I)«IHIP(I)»(THRB»UVIIJ) «OMTHRB»UDIIJ)

PACE
KACHYOR
KtCHYOR
K4CHYDR
KACHYUR
KACHYDR
KACHVOR
KACHYOR
KACHYUR
KACHYOR
KACHYOR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYOR
KACHYUR
KACHYDR
KACHYOR
KACHYOR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYOR
KACHYOR
KACHYDR
KAfHYOR
KACHYDR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACWYOW
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYOR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHVDR

33

422
423
424
425
426
427
428
4?9
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
44B
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477



01/00/75 SUBROUTINE HYDRO

-RIP<I-l)«(THLB«UV(IMJ)*OMTHLr-LlD(IHJ))
*RUZ»(THTe»VV(IJ) •OMTHTBoVO(IJ)

427

428
429
430
431
432
433

434

435
436
437
438
430
440
44)
442
443
444
445
446
447
44ft
449
450
451
452
453
454
455
456
457
458
459
460
461
462
46?
464
465
466
467
466
469
470
• 71
472

1030

CFXL
CFXR
CFXB a
CFxT =
SIlfOPL

1040

2
3

IEVTE = STE „. „,.
•RRO(R»(TDC-TVC)»VEL

2 •RRni)«KVODHsa»(THRB»RIP(I)»(TyR-TVC)-THlH<>RIP(l.l)o(TVC-TVL)>
ir , . , , *K V O 0 2 s? ( MT^B»(Tn-TVC)-THB9»(TV C-TVB))) . PTE • SIEDELI
IF {AUjl.wE.AKlNFp A(1J) = A(IJ)«SIEVTE/S!EVC t U

CFXL = UDftL ° IHf>XIDL»SIfD(IMj).HMXTOL1'SIFDC)
UDRR o (HpXIDR»SlEDr • H M X T D R ° S I F D ( I P J ) )
V0(IJM)» (HpXIDBoSlEDUJM)*HMXiDB°StF.0C)
VD(IJ) o (HpxIDT'SlEDC •HHXiDT»SIED(IJP))
= STE0C»(RRiDR( I )o (UD( lJ )«R IP ( i > - L i 0 ( iMJ |ORlp ( l . i ) ,

•RDZ»(VU(IJ) -VD(IJM) ) .
= SlEDC.DT«,MRIoR(I)«(CFXL-CFXR).RDZ»(CFXB-CFXT)

1 *nn c ' I . 'RODPRI IJ ) • (RO(TVC-T0C)*E(IJ) • R R K I ) o
2 KOOOHS0«(0hThRB»RiP(Ii»(ToH-T0C>-0MTHL8»RIP(I-ll«(TDC-TDL))
3.K0ODZSQO(OMTHTB.(TOT.TDC.-OMTHB80(TDC.TOB))> • SIEOELI

IF ( I . G T . 2 ) GO TO 1040
TH(IMJ) s THTE
RODPRl(IHJ) i RODPRlT
P(IMJ) = p ( I J )
KIJ( IMJ) z K U ( I J )
S l t V ( I M j ) « SIEVTE
SIEOUMJ) s SlEOTE
IF (J.GT.2) GO TO jo5O
TH(I jM) a THTE. • 8lNF«
R00PR1(IJM) a RODPRlT
P( IJH) : P ( I J )

• BINF»(SIEVIN.SIEVTE)
KIJ( IJM) s K U f l J I
S iev( IJH) s SIEVTE
SIEO(IJM) > SlEDTE
GO TO 1060

1050 T H U J M ) a THTA6U)
RODPRMUM) a RODlTABU)
SIEV(IJM) , SlEVTAB<I)
SIED(IJM) : SlEOTAB(I)

1060 THTAB(I) a THTE
RODITAB(I) a HOOPH]T
SIEVTAB(I) a SlEVTE
5IEOTAB1I) a SIEDTF

IJ a IPj
U P a U P • MQ

1079 IJ« = U M * NQ
TH(IJ) a THTE
H0DPR1(IJ) c RODPRlT
P(IJ) = P(IJ-^o)
K1JITJ) a KlJIU-Nfl)
SIF.V(IJ) a blEVTE
SIEO(IJ) a SIEDTE

1099 CALL LOOP
UO 1099 I I J . I P i
TH(IJM) . Trt<U> = THTAB(I)
HOOPRKIjM) . ROUPRKIj) - ROOlTABtll
P ( U ) a p( j jH)
KIJ( IJ) 3 KIJUJM)

PAGE

KACHYOR
KACHYDR.
KACHYDR
KACHYUH
KACHYDR
KACHYDR
KACHYDR
KACHVDR
KACHYDR
KACHYI.:a
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYnR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACMYDB.
KACHYDR
KACHYDR
KACHYOR
KACHYDP
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDS
KACHYOR
KACHYDR
KACHYDR
KACHfOH
KACHYOW
KACHYDR
KACHYOR
KACHYDR
KACHYOR
KACHYOR

34

478
479
480
481
492
4S3
4B4
485
4B6
487
498
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
514
515
516
517
518
519
520
521
522
523
524
525
526
5?7
528
529
530
531
S32
533
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473 SIEV(IJH) 3 S t E V ( I j ) a SIEVTAB(I)

* 7 * SI?O(JJMI = SIEOUJI o steoT«a<n
475 !J = tJ • NQ
476 1099 !J« = IJM . NO
4 77 CALL nONg
473 KHEO * 0
»7? 1500 IP ltSAB.EQ.li GO TO I5S0
480 CALL START
481 00 1549 J=2.JPl
4f»? 00 1539 Isj.IB.R
483 1JA 3 KBEQ • Ij
48a JjP» a KHEO • U P
485 IJpiA a KR£o • 1JH
486 )PJA a IJA • NQ
487 JMjA a JjA - NO
488 1PJPA s IJDft • NQ
4tJ9 IPJUA • JJMt • NO
490 i m a UV(Ij4)
4'» UC a .5*{Oa0«UV(lMj«M
495 un » ,S«M;RB.UV(!PJA>>

* " tt°"<-S • .5«(»0vf»<;JAl •«0vPO(lMJ«n-uw
*9S SOUS29 a .5»<B«.WP9(IP.i« R B

496 VTRC « ,5*(«V(JJAl.VVIj. v.,,
*'T VH«C » ^'(VVIU'i*, ,VV(JPJHA! )
498 V«3 a .S*(VTRC«V(IHC)

SOC ROUj,, a .5.l«0vP«.!JMfi1.RaV(P9(IPj^|,.u«.;jm,

KACMYDS
KACMYOB
KACHYOR
KACMY01
KACM'flR
KACHYOR
K4CHV0P.
K4CHYUH
K4CHY0P
KACHYOB
K4CMV0R
If Al"adVft8)
KACHY0»

KACMYOB
K«CHYO»
KACH'OH

K&OY01*

K*C«Ya3
K aYffclWf*l£3n#C,H f tin
K*C"Y8a
«*c«Yea
K*C»Y8SJ

**CMYO9
«*c«Yoa
KtCXY^H

534
535
536
537
538
539
540
541
542
543
544
c «&
545
54654 7
548
549
550
S51
55?
653
SS4
US

5>7
&SS559
SfcO
ft- 1

5*3
564

50? XJC • BOTQOI'UC • SICN(4a.UC»
503 XIR • BOTOO«»UR . V • —
504
SOS
S O A fiouTtcijj . aousa . rn*OT . " "« l"o' ( *s«>

K*fM»8» 5*7
t t J D t o B i u C a

2 -ua.oj i l
3 DT
4 -vToc»ii.«..«iim»B0i.H8»i«s-sjrai»aeujPi} **e«*ea s?t

507 IJ • IJ » NO «»CM»0» 57?
50S IJP e IjP « «O K*C«f88 5?3
589 1039 IJM • IJH • hi «*CMY8a S»*

511 CALL LOOP «*CM*e*» 5:*J

511 lj" • IJP • NBL «*SM*B»* 57S

51* 1549 IJ:* • |J» . N O L «*e»*6a 579
515 CALL !)Q»iE «*C»»»{>a 559
Sift 1S50 CALL ST««1 K S € « * 8 8 ^*l
517 Eg 1579 J»gtjaA« «i£«*5S %n
5l() CALL «!JP2 K/SfuTft* 5*3
519 UO \tb<* *»>•!•» Mfi»8» 5S4
5?0 tJA * KRCa • Ij «*€«•»?:* %*"»
5;I IJPA s Kf)£g • |JP KiCw*i'» 506
5?? |J»A s KB£0 • JJ»1 K*C»»3*<» 5®^
52* 1HJA • IJA - ho K A C » Y 6 » 5S9



w m vn in u> ui ui vn ui m in in ui mmm uiunn u>i/< IXUIUI uiutut(»tn</i <A<JI uiui«Autui(»tfii/>u>utuiuiU(UiuiuititvRiti

O IX* * * O ^ ^ &

:"•—cor>cj;n-«uar>—— B—oonnri^ — - . —XIJJ— "nomninccoatsccox
v -i -»«S 2 T> OO » O X! > C O O »C-<_ O 1 O O a> » » «_ t. U 1 O O ̂  O<~ • • • • —H O O -• -« —O O O O -»O -• S tJ
- » » 3 L L f < ^ r x < r r * »-«- i - i t ) << « ̂  — - . n < < » » r « « — « a><_ i_
»• •« n v •• -»r-^or- <— r- • < « — — r-r-r- •-.->(»— o x s r » ~— n n « < i o > a xi ̂
c ~ ~ 3 a a - - 4 * 4 o n —» • ~*«s>^ us u'f t- A M ait i n -*ui9 tu «»«>
•••••««««• uio^uf wo M I M T M M B o o i / i o r «••••»!•• m»«*av • nusn M • •
• — — CCC »»*XZ'(,Z OL. (39 »2OI .L O«_" -* M l S S P D * V>>

o o * « c « m o o n — - D » C O < * » •
« ^ -. - , < c t C L ) | < c t t i « - s c

i . . t u r . « - t £ i » i . r, - . . n —— c c u<
c c rtn n — — is •> vast •»"•«.<• c
Or- • • «.xfl T X «••«.•• f* 4. *> S O

ei:

e
o

o o e> o

V. ! ."I 2 : ft
£ < 4 '< ^ <«



37

577
570
5T0
500
581
582
583
584
58S
Sflfc
567
588

50
5" I
*v2
593
59*

597
59ft
594
f.00

*05

607

COB

6
#>>
6'2
613

6U
615
61ft
617
fclB
619

6?0

621

6?2

6?3

6

6?6

6'7

626

629
63f>
631
632

1710

1720

1730

17*"

1759
1769

2089

2099

: FllJ)«TM(IJ)»aOV0

IF H . G T . 2 ) GO TO j 7 1 O
ROPPB(IHJ) = 900PR(IJ!
OTHR(Ittj) a 0'02*ll<TJ(!J) *K5J(IMJ>)
RQvPOTUMJI a ROVPfiltMJI
IF (j.or.2) oo ro 1729
RODPR(IJM) = RoOPR(IJl
OTKT(IJM) E 0102»inIJ(tJl*KlJlIJM)>

ROVPUT(IJM) * ROVPH(lJM)
IF (I.LT.lPl) GO To 173"
ROOPRUPJ) s fiODPH(JJ)
ROuPRTtJPJ) 3 ROVPRUPj)
IF (J.4.T.JP!) SO TQ 1740
R00PPUjP> « «OOPR(tJ)
R0vP«T(IJP) a R0l/PR(IJP)
IJ = IPJ
UP = U P • na
I J H s I J H • NO
CALL LOOP
CALL OOME
CALL START
00 2099 J=?.JHi
DO 2089 I=2«1P1
IPJ 1 I J • NO
XX s O'ODR»<P<IJ>-plIPJ>>
THTE = ,5«(TH(IJ)»TM(IPJ))
BS = HOUO(TJ) » tl.-THTE)»XX
CS = rtOUV(TJ) • TMT£»XX
ROvTEM 3 .5»(R0VPK(IJ).floVpR(lPj)1
flODTgM = .5»iH0UP><(IJ)»R00Prtllf>J))
OTK s OTKRMJl

l l , - F < t J ) ) » P ( I J ) » R A ( I J )

D K g i
ROEKOM = 1 . / (Rl}VTEMeiRoOTen-»PTK)»t)TK»RO&TEMI
UV(IJ) = «OENOM°(HoDTEM«cS.OTKaC)
UD(IJ) 3 RDEN0M*(H0VTEM*BS»OTK3C)
IJ = IPJ
CALL LOOP
CAUL OONC
CALL STAHT
KREU = 1
00 2199 J = 2 . J T Q P
00 2189 l = J . I P l
XX 3 OTOOZoCPUJMI.PUJM
THTF « .5 e (TH( IJM)*TH( IJ ) )
DS « ROVD(IJM) • ( J . - T H T E ) » X X
ES = BOW (JJM) • THTE»XX

T R

2130

PTK 3 OTKT(IJM)
DTKDE = OTK»«DS»ESI
RDENOM = 1 . / (ROVTF.MoiRODTEM^OTKltDTK'̂ OUTEM)

VO(IJM) t RDEMOM»<ROVTE*»DS*DTKOE>
GO To (2l3o>2l4U) KREQ
VVIIJM) % eCUT»VV(jJM) • W I N
VOUJM) a gOOlei/OtjJM)

KACMVOR

KACMYOP
KACHYDR

KACHY1W

KATHYOR
KACHYDR
KACHYOR

KACHYOR
KACHYDR

KACHYDR
KACHYIJR
KACHYDK

KACHYLJR
KACHYDR
KACHYOR
KACHYDH
KACHYDR
KACHYOR

KACHYOR
KACHYDR

KACHYDR
KAChYDR
KACHYOR
KACHYDR
KACHYOR

KACMYDR
KACHYOR
KACHYDR

KACHYOR
KACHYDR

KACHYPH
KACHtDft

KACHYDR

KACHYDR
KACHYDR
KttCHYDR
KACHYDR

KACHYDR
KACHYDC!

KACHYDR
KACHYOW
KACHYOR
KACHYDR

KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR

KACHYOR
KACHYDH

KACHYDR
KACHYDR
KACHYDR
KACHYOR

646

6*7

648

V30
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665

666
667

668
669

670
671
672
673
674

675
676

677
S78
679

6B0
681
682
683
684
696
6H6
687
6H8
689
690

691
692

693
694

695

696

697
698
699
700
701
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633
63*
635
636
637
638
639
6*0
6*1
6*2
6*3
644
645
6*6
6*7
64a
649
650
6M
6b?
653
654
655
6=>6
657
658
659
660
661
66?
663
664
6*5
666
667
666
669

SUBROUTINE HYDRO

3140
?189

2199

2210

2220

67?
673
674
675
676
677
678
679
680
681
68?
6f3
604
685
6B6
687
6*8

2230

2240

u i u « MO
IJM s IJM » N'J
KREQ = 2
CALL LOOP
CALL DONf
CONV = 0.
CALL START
00 2?99 J=2,JPl
DO 2289 1=2.IP!
IMJ = IJ - NO
IPJ = IJ • NO

UVR a UV(Ij)
UVL = UV(IMJ)
VVT a VV(IJ)
VVB = VV(IjM)
IF (I.EQ.2) SO TO 2210
THJEL = THTER
RODL = R0OR
PUOENL = HUDENR
TCRM1L = TfRHlR
TERH2L =•. TERH2R
00 TO 2220
DTK = OTKRltHJ)
THTEL = .5»ITH|IJ)»Tri(THJ)l
RÔ L = .&a(R0VpRIIj! • ROVPH(IMJ))
ROf>L = .5»(RQ0PR(Ij) • RQDPRUMJ))
PUOENL = 1. / (ROVt»(R0DL*0TK>*0TK»R0DL>
TERM1L = WO^L'd.-THTEL^DTOOH
TERM2L a THTEL«DTOOR
IF (J.EQ.2) 00 TO 2230
TH7E8 = THTeTIp
ROOM B ROOT(l)
PVDENB = PvDEHT(I)
TERH10 s TERHIT(I)
TERM2B a T E « M 2 T U )
GO TO 22*0
OTK = DTKTlIJ")
THlEB = .5«lTH(U) »1H(IJM) )
H0V8 = .5<>(R0VpR(Ij) • HOVPR(IJMl)
•• .5<>(R0D|5R(I j ) » ROOPR(IJM))

s i . / ( R O V B « ( R O D B » O T K ) » D T K » R 0 0 8 !

H008

TERM2S 3 THTEU«UTOOZ
DTK s OTKRllJ)
THTER = .S*(TH(IJ>,TH(TPJ>)
ROVR = . 5 » ( R 0 V P R ( I j ) . R 0 y / p H ( I P j ) ,
RODR = . 5 » ( R 0 0 P R ( I j ) . R 0 0 P H ( l P j ) l
t'UDENR = | . / (ROI/R.IRODP'O'KI^OTK'HOOS)
TERM1R 3 RoV«*(l.-THTeR)«OTOOR
TERM2R = THTER^OTOOR
OTK z OTKT(JJ)
THlET( I ) • .5" (TH(JJ)»TH( IJP>)
ROVT s ,5* (ROVPR(I j )«R 0VPR(lJP))
ROoriD 3 .5«(ROOP«(IJ).ROCPRIIJP))
PVDFfJT(l) a 1 , / (ROVT<KR0DT(n.nTKUDTK»R00T<I>>

PAGE

KATHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHVOR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYOH
KACHYDH
KACHYTM)
KACHYUR
KACHYDR
KACHYDR
KACH-DR
KACHYDH
KACHYDR
KACHYDH
KACHYDH
KACHYOP
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYO-*
KACHYDR
KACHYDR
KACHYDR

38

702
703
704
705
706
707
708
709
710
711
712
713
714
7)5
716
717
718
719
720
721
722
723
724
725
726
7?7
7?8
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
75S
756
757



1.HPFX 01/00/73

669

690

692

695
696

697
698
699
700

701
70?

70S
706
70 7
708
709
719
711
712
713
71*
715
71h
717
71H
719
720
72!
72?
723
72*

725
726

727
72S
729
730
731
732
733
734
735
736

2250
2270

22H9
22V9

2*00

2*50

2470

2*69
2*99

SUBROUTINE HYDRO

HOvT»(i,-TMTET(l))»0T0DZ
TERMJTI1) = Th7ETIj)*0T0nZ
!F (tM(tJl.LT.TrtO) GO TO 22S0
PAOUL = - (1E&M1L -RODL •(TgRMJL

R - (TERM19 -BOOH «<TERM2a
T

PAfiF

>OPUDENL

,... ,, -..„„• , j. - . n,r.-.e. u i » n ' - « a i I « P V U E N T (il

RA(UI»RDT«R0R»RRItI)#(OT0DR»!'»Ip(t)»TMTER»RIP(I-l)»THTeL)
•RIP(T>*OTKR(IJ)»PARUR-R!P(1-1)»DTKR(IMJ)«PARUL>

2 *ROZ»(OTODZ*(THTET(I)^THTEBI»0TKT(IJ)'PARVT-orKT(1JH)*PARVB>
OMBETA(IJ) o OMP / RBETA
CO TO 2270
OHBETAiU) * OMBSPI • RODPR1IJ)
CONV = AMAXl (CONV, |R2OR<>(ABS(UVq)«AaS(UVL))
1 »R2OZ*(ABS(VVT)*ABS(VVB) ))*R0VPR(U)>
U « IPJ
U P 3 U P • NQ
IJH 3 U H . NU
CALL LOOP
CALL DONE
CONV = EPS»(CONV»EM61
NUHIT = 0
w m i T = i
CALl START
00 2499 J=2.JPJ
00 2489 1=2.1*1
IMJ = JJ - N3
IPJ s IJ • MO
if (TH(IJ).LT.THO) 60 TO 2*50
UVR8 = UV(fJ)
UVLB « UV(tMJ)
vvra = vvitJi
VV88 a VV<f-JM'
XIVR s BOToDq"UVHB • SlfiNlaO.UVRB)

SlfiN(AOtUWLS)
SlGN(AOtVVTB)*IVT = BDToOZ'WTB

ROVPRTC . _,.
OTIL » R0T»(R0vPHT^-ROVPR(!J)) •

1 •(UVRgoRIPIl) • ( l.s«xiVR)*ROVPRTc' »| R-x IVR1 *Hn\jfat t I D I I i

3 • ROZ •IVVTB.K.S.XIVTI^OVPSTC • ( .5-X1VT) «ROVPRT ( I JP)
SO TO 2470 • V V B e # "- 5 * X l V e ' # R l V - P "<! -> H >* ' .5 -XIVB)»R0VPRTC J|

DTIL a RniOR( l ) # lUO(U)»RlP! I ) -uO( IMj |«RIP( I . l ) )
1 •«DZ»(V0(U) -VOIIJHl )

IF (ABSl0TtLl.6T.C0NV) MUSTIT « MUSTlT • I
PPtUl = P l IJ l • DTR»OMBETA(IJ|
IJ = IPJ
U « • IJM . NO
UP • UP « rjQ
CALL LOOP
CALL DONE
CALL START
00 2599 J2J.JP)
00 2589 I . s . I P i

KACHYDR
KACHYOR
KACMYOR
KACHYOR
KACHYOR
KACHYOR
KACMYDR
KACWYDR
KACHYOR
KACHYOR
KACHYOR
KACKYOR
KACHYDR
KACHYOR
KACHYOR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACMYDR
KACHYO1?
KACHYOH
KACHYOH
KACHVUR
KACHYOR
KACHYOR
KACHYDR
KACHVDR
KACMYDR
KACHYOR
KACHYOM
KACHYOR
KACHYOH
KACHYOR
KACtlYOR
KACHYDR
KACHYDR
KACHYDR
KACHYOH
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYOR
KACHYOR
KACHYDR
KACHYOP
KACHYOR
KACHYOR
KACHYOR
KACHYOR
KACHYDR
KACHYOR
KACHYOR
KAfHYDR
KACHYOR

75B
759
760
76J
762
763
764
765
766
767
768
769
770
771
772
773
77*
775
776
777
778
779
7B0
781
782
783
76*
785
786
767
788
789
790
791
792
793
79*
795
796
797
798
799
800
801
802
803
804
BOS
806
807
608
809
810
811
812
813
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73?
730
739
740
7*1
74 2
7*3
744
7*5
7<>6
7*7
748
749
750
751
752
751
7b4
7S6
7S6
757
758
759
7*0
761
762
763
764
765
766
767
768
769
770
771
77?

7 7-1
77ft
77<5
776
777
778
779
7*0
761
782
763
7B4
785
7B6
787
788
789
790
791
79?

2520

2530

254 0

IPJ = !J • N'J
IHJ = IJ - NQ
R00PRC
THtEC = THMJI
PC = P(IJ)
PPC = P'U) " PPdj)
OPRT(IJ) = OPC = PpC - PC
R0VPF1TO a ROVPRTllj)
HQVPRTN = ROVPRKIj)

2 GO TO
j

IF (I.GT.2) GO TO ES20
H(IMJ) s PPC
O

F (IJ) »TH (IJ) • (1 .-FU J> > •PPC#RA<I J)

2560

IF (1.EQ.IP1) 00 T 0 2530
DPR a PP(IPJ) - P(JPJ)
OPOTODR c (OPC-DPR)«DTOOR
THR8 = .S'ITHTEOTHIIPJM
OVTf = OV(IJ)
UUTE = UO(IJ)
DTK r DTKR(IJ)
OTKOU = D T K « ( U V T £ - U O T E )
ROVRBO = . 5 » ( R 0 V P R T O * R 0 V P R T ( I P J ) )
ROVRBN = .5o(R0VPRTN*H0VPRT<IPj)*DPR»RA<IPJ>)
ROD«B = .5°tPnOPRc •ROOPR UPJ>>
fiS = R07RB0*«JVTE • DTKOU • OP0TOOR»THRB
US a RO0P8 oilOTE - OTKDU • OPUTODR* (1 f-THRB)
HDENOM a 1. / (ROVRBN»(ROORB»DTK)«OTK»PODRB)
UV(IJ) a RDSNOM»(RS«<PODRB •OTK)*DTK«US)
UD(IJ) a RDENOM»('Jse<ROVRflN»OTK)*DTKoRS)
GO TO 2540
P(IPJ) a PpC
ROVPRT(IPJ) a ROVPRTN
UVtlJ) a UvUHJ) • RCONT(J)
UDdJ) a »JD (IMJ) • RCOwT(J)
IF (J.EU.Jpl) GO T0 2549
OPT s PP(IjP) - P(IJP)
OPDTOOZ » <DPC-OPT)»0T00Z
THTB •= . 5 » ( T H T E C * T H ( U P ) )
VVTE = VV(IJ)
VOTE a VDIT-JI
DTK 3 DTKT(IJ)
DTKOV = DTK»(VVT£-VDTf.)
H0VT90 = .5»(H0VPRTO»»OVPRT(I.JP) )

ROVTgN a .5»(R()VPRTN»R0VPRT(IJP) •DPTORA(IJP) )
ROOTB a .5o(BoOPHc *H00PR (IJP))
SS = ROVTBO°VVTE » DTKQV • DPDTODZ»THTB
VS a ROOTS "VOTE - OTKDV • DPOTOOZ*<1.-THTB)
HOCNOM = 1 . / (H0VTBN»(RODT8»0TK)*0TK«RO0Te)
VV(IJ) = RDENJM O (S>S»(R00TB •DTK) *DTK<>VS)
VO(IJ) a RDE^OM S(VS<>(«(1"
IF (J.GT.J) GO TO ?5B0
P(IJM) = PPC
HOVPST(IJM) a ROVPRTN <
VV(IJH) e gOUT«VV(iJ) «
VD(IJM) a Bt>UT»VO(Tj)
GO TO 2580
P(IJP> a PPC

BINF*(H0VPIN»R0VPRTN)
W I N

KACHYDP
KACHYdR
KACHYOR
KACHYOR
KACHYDR
KACMYOR
KACHYOR
XACHYDR
KACHYDrt
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOH
KACHYOt^
KACHYOR
KACHYOR
KACHYOR
KACHYOR
KACHYDR
KACHYOR
KACHYDR
KACHYOW
KACHYDR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYOR
KACHYDR
KACHYOR
KACHYDP
KACHYDR
KACHYDR
KACHYOR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYDR

814
815
ei6
817
818
819
S20
R?l
8?2
623
824
fl?5
BJ6
827
828
829
833
831
832
833
834
835
836
837
838
839
840
841
842
B43
844
845
846
847
848
849
S50
851
852
fl53
854
855
856
857
858
859
R60
861
862
863
864
865
S66
867
868
869



01/00/7S SUBROUTINE HYDRO

793 ROVPRT(IJP) s ROVPHTN
794 VV( IJ ) a VV1IJM)»TOP
795 VO(IJ) = VDdJM)»T0P
796 2580 IJ = IPJ
797 IJM = IJU , NO
793 2589 U P = U P * NQ
7S.9 2599 CALL LOOP
800 CALL DONE
801 NUMIT = N U M I T • 1
802 MUSTPR a MuSTIT
<?°3 IF (MUSTIT.EC.0) Go TO 2600
8C4 MUSTIT a 0
8"5 IF (NuMlT.LT.l001 GO TO 2400
806 2600 CALL START
807 DO 2699 J=2,JP1
8p8 00 2689 1=2,IP1
8"9 IMJ r I J . HQ
810 IPJ s IJ • NO
811 DfRT(U) s DPRTIIJ) / OMBETA(IJ)
8)2 HOVPRUj) - ROVPRTiIJ)
8|3 GO TO (2610>2620t2610) NVAP
814 2610 ROVPfflTIIJ) = 0.
815 an TO ?640
Blh 2620 ncvPRlT(U) = RUVPR(IJ)
837 GO TO 2640
8)8 2630 ROVPRIT(U)
819 OMBFTA(IJ) =

PAGE 41

0MR0 /

62C
621
822
823
824
825
826
827
6?8
829
930
«3l
83?
833
834
815
83A
837
83fl
839
84 C.
841
842
343
844
845
846

( I N
= >«O«p»jT(lJl

II.LT.IP]> GO To 267C
R (I

I j ROVpt)lT(IJ)
IF IJ.LT.JP)) GO To 2680
ROVPR(IJP)

2640 IF (I.GT.2)
KOVPftdMJ) a
HOVPRJTlIM I)

2650 IF (J.GT.2)
R O V P R ( U M ) =

2660 IF

2670

2680 IJ E IPJ
lJp a U P * NQ

2689 IJM s IJM . NQ
2699 CALL LOOP

CALL DOKE
NUMRO = MU5TR0 3
IF (NVAP.UT.3) GO
MUSTIT a 1

2700 CALL START
DO 2799 J ^ . J P l
00 2769 I = 2 . I P l
IMJ = U - NQ
IPJ = IJ • NO
UVR8 = UV(U>
UVLH = IJW(TMJ)

GO To
RO'PR(IJ)
= ROVpRlT(IJ)
GO T

0 I
BlNF«(ROVPINl-ROVPfilT(IJ) )

TO 3000

KACHYOR
KACHVDR
KACHYDR
KACHYOW
KACHYDH
KACHYDR
KACHYOR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYOR

KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACWYOR
KACHYDR
KACHyOp
KATHYDH
KACHYDR
KACHYOR
KACHYOR
KACHYDR
KACHYOU
KACHYOR
KACHYOR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYOR
KACHYOH
KACHYDR
KACHYOR
KACHYOR
KACHYtlR
KACHYDR
KACHYOB
KACHYOR
KACHYDR
KACHVOR
KACHYOS
KACHYOR
KACHYDR
KACHYDR

870
871
872
873
874
875
876
877
878
879
830
881
8B2
883
884
885
8B6
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
90B
909
910
91!
912
913
914
915
916
9)7
918
919
920
«<21
922
923
924
925



INDFX 0V0O/7S

6*7

e«e
64 9
950
851
85?
353
854

655
656
857
65S
959
860

863
864
665
8<fc
867
86S
869
8*0

8
873
874
875
876
877
87?
8 79
8HQ
BH1

B84

887
868
S89
690
891
69?
893
894
805
696
897
89A

rtYDPO

l/VTB s VViJJ)
VV6B = VVIJJM!
XIvR =
XIVL =
x i v r s
MV» = __ . . . . . . .
HOtfPRTO = RO'VPRH (JJ)
Q a RDT»(HOVPRTO-HoVPHl (J J) ...

1 •(UVRB^RJPU) •» l.5«X|WP.)»R0VPRT0
2 -UVLB»RlP I I -n» l ( . 5 .X !«L>
3 • RDl •(V>/tB»( I.5»XIVT)»1'O\/PRTO
4 -VVBS<>( CS.XIVBl'Wt'VPRlTt j j r . , . 1 , 3 -

IF UBS(Q).GT.COMV; MUST IT = MUSTjT • J
HOvPRTN 3 ROVPRlTltj; s ROVPRTO - OMBrTA(lJ!*Q
IF ( t .EQ.2) ROv/PRlTltHJ) s HOVPRTN
IF (J.EQ.21 R ' J V P R I T I I J * ' ) = fiOWPRTN ,
IF I I . E Q . I P l ) ROVPR)T(lPj) = ROVPRTN
IF (J.EO.JP1) ROVPRlTlIJO) s KOVPRTN
IJ = IPJ
IJM s IJM • ttd

2789 UP = IjP • NQ
2799 CALL LOOP

CALL DONE
NUHRO = N>JMRO • 1
MUSTRO = MUSTIT
IF IMUStjT.EO.O' GO TO 3(>00
MUSTIT a 0
IF (NilMRO.LT.loO) 00 TO 2700

3000 CALL STAIH
DO 3099 J=2.JPl
OTKHSV » O T X R I U - N Q )
E(IJ-NQ) s 0.
00 3009 1=2.IP1
IPJ = IJ • NQ
IMJ = IJ - NO
KIJ(IJ) o 3,»H0T»OTKRSV - KjJ(IMJ)
OTuHSV s DTKR(IJ)
AIIJ) = 1. / RAilJ)
E(IJ) = 0.
ROVPRlijj) = RoVPRjT(IJ)
IF (1.10.2) ROVPRl(lMJ) .-= HOVPRl(IJ)
IF (J.E0.2) RUVPwi (MM) = ROVPRKIJ,
IF (I.EO.IP)) ROVPRHIPJ) = ROVPRMlJ)
!F (J.EO.JPJ) ROWPRMIJP) s ROVPRKIJ)
IJ = IPJ
IJP = IJP » NQ

3089 IJM = IJM . NU
3099 CALL LOOP

CALL DONE
IF (NPTOT.EQ.O) 60 TO
CALL START
1)0 3199 J = 5.JP?
00 3109 1=2
IF (I.GT.2)
VV(UM-NO)
VO(UM-NO) = VD(IJM)

• ( ,5-XIVR) «>KOVPR) T ( IPJ) )
< 5 X I V '< . 5 X I V L ) ! 0 V P R T 0 1

»(.5«XIVT)»R0VPSlT(IJP) i
( 5 X I V B ) » » P T

R I N F « I R O V P I N J - R O V P R T N )

BINF»(ROVPINl-ROVPRl(1J) ,

100

?
.IP2

GO TO 3 H 0

PAC-t •

KACHYOH

KACwYyR
KACHYOR
KACHYOH
KATWYOW
KACHYOR
KACHYOR
KACHYOR
KACHYOR
KACHYOH
KACHYOR
KACHYOR
KACHYI1R
KACHYDR
KACHV.'JR
KACHYOR
KACHYOR
KSCHYOFJ
KACHYIiR
KACHYUR
K A C M Y O H

KACHYDR
KACHYPR
KACHYPR

KACHYDR
K/ICHYPR
KACHYOR
KACHYOR
KACHYOR
KACHYOR
KACHYUR
KACHYOR
KACHYOR
KACHYDR
KACHYOH
KACHYPR
KACHYOR
KACHYOR
KACHYHR
KACHYDH
KACHYDR
KACHYUR
KSCHYOR
KACHYOR
KflCHYtlR
KACHYOR
KACHYUR
KACHYOR
KACHYOR
KACHYOR
KACHYOR
KACHYDR
KACHYPM
KACHYOR
KACHYDH

.2
9?6

t?7
9?n
9?9
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949

9i>0
951
952
9S3
954
955
956
957
9S8
959
960
961
962
963
964
965
966
967
963
<)69
970
971
972
973
974
975
976
977
97ft
979
980



IHDEX 01/00/75

899 3110
90C
901
902 3120
90?
904
905 3130
906
907
90B 3140
909 3169
91 n
91)
9)3 3199
913
914
915
9'6
917
9'6
919
920
921
922
923
924
925
926
927
928
929
930

931
93?
933
934
935
936
937
93B
9?9
9*0

941
942
9*3
944
945
946
94 7
9*8 3299
949
950

SUBROUTINE HYDRO

IF (J.GT.2) GO 10 3120
UV<JJM-NO) = UV(IJ.NO)
UD(JJM-NO) = UplIJ.Nl))
IF (I.LI.IP2) GO T0 3130
VV(IJH) s V\/(IJM-M0)
VD(IJK) a VD(IJM-NQ)
IF (J.LT.JP2) GO T0 3 H 0
UV(IJ-NQ) r UV(IJM.NQ)
W UD(IJM.NQ)

NQ
NQ

43

I Q )
WHIJ-NG)
IJM = IJM
IJ = IJ
CALL LO0°
IJH = IJM . NQL
IJ = IJ - NQU
CflLL OONE
KPH = 0
DO 3299 KPsliNPTOT

- xTr

•5 "

1 < KMAT

951
C
4000

YTE 3 YP(KP)
KMAT = 0
KFLG = XP(KP).A.3B
IF (KFLG.LE.D KMAT
i = XTE • 2.
HPX s FLOAT 11)
HMX x 1. • HPX
J = YTE * 1-5
HPY a FLOATU)
(-.MY s i , - HPV
CALL RPARU
IJ = IJ » NU«(1-1)
U P = IJ • NOI
UK = HPX«HMY»UV(IJp-NO> • HMX»HMY«UV(TJP)
1 *HPXonpY»UV(IJ.NQ) » HMX«HpY«UV(tJ>
I = XTE . 1.5
HPX 3 FLOATU) - .? - XTE
HMX s i , - HPX
J s YTE » 2.
HPY = FLOATU)
HMY s i , - HPY
CALL RPARV
IJ = IJ • NQo(l-l) • 1
U'.i = IJ - NOI
VK = H P X « H M Y » V V ( U I *

1 »HPX«HPY<>VV(IJH)
XTE a ^TE • UK«OTODR

YTE = YTE * VK»OTOoZ
IF (XTE.LE.O. .0. XTE.GE.FIBAR) GO TO 3299
IF (YTE.tE.O. .0. YTe.GE.FjBAM) GO TO 3299
KPN s KPN • 1
XP(KPM) o (XTE.A..N.3B) .0. KFLG
YP<KPN) a YTE
CONTINUE
NPTOT s KPm
GO TO 100

FORMAT (OO TAPE 0uM^°t3» AT Tso)PE12.5* CYCLE"I5)

I. - VTE

KMAT

HMXeHPY»VV(IJM«NQ)

KACHYDR
KACHYUR
KACHYDR
KACHYOR
KACHYDR

KACHYDR
KAfHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
K&CHYDR
KACHYDR
KACHYDR
KACKYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOH
KACHYflR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYU1?
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYOR
KACHVDR
KACHYOR
KACHYDW
KACHYDR
KACHYDR

982
983
9£4
965
986
987
96R
9B9
C9C
991
992
993
994
995
996
997
498
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1-01 3
1014
1015
1016
1017
1018
1019
1020
1521
1022
1023
1024
1C25
1P26
1027
102S
1029
1030
1031
1032
1033
1034
1035
1036
1037



INDEX 01/00/75

952
953
9S4
955
956
957
958

959
960

'•010
4020
4030
4040
4050
4060
406O

4090
4100

E HYDRO

FORMAT (»0 RESTARTING FROM TD»I3>
FORMAT (3X.8A1011 T = <MPE12,5» CYClE=»!5>
FORMAT («0 WRONG T/iPF - WRONG rjUMP.°>
F0*tMU (2OX<>PARTICLES VAPORr., DRoPSl=»« DR0P52=S0.6)
FORMAT (5*MO»215XA8> .5X8Al0/40X» T=»lPEi2.5* CYC|.E=«I4!
FORMAT (1H»»16X«MA1!IMUM VfLOClTY = »lPEl2.5)
FORMAT I12X" MiN=«ifEl?.5° MAX=oEJ2.5« L=*E12.5" H E » E 1 J . 5 » OQ=«
1 E12.5)
F

PAGE 44

961
962

963

964

E 2 . 5 )
FOB»-̂ T ( J ( l X I 3 ) « 3 X . 8 ( 2 X t l P F : 1 2 . 5 ) / H X , e ( 2 X . l P e : i 2 . 5 ) / )
FORMAT (o T J»l0X»TH»12x»UV«J2x»VVellX»SlEV10X«ROVPRl»8X»ROVPR

l*10X»0»13x»P«/ l7X»E<t l3x*UU<>12)(l>V0»ilX»STEDo10X«R00PRl<>8X»R00PR
2»IOX«A»13X«K«)

FORMAT (1H1)
FORMAT (o T=«1PE)2.5» CYC=»I5» 0T=»E\2,5» CP=«E12.5* GRINDS"*
E12.5* ITP = <>I3o. CELLS=»I4« ITR0=*I3« CELLS = »I4)

38.XKED = £lS.8i5X.KE=«El5
48.5X»EU=*E15.8.6x»E=«El5.8)

ENO

KACHYDR
KACHYOR
KACHYHR
KACHYDR
KACHYOR
KACHYOR
KACHY0R
KACHYDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHYDR
KACHfDR
KACHYOR
KACHYDR
KACHYDR
KACHYDR
KACHYOR

1038
1039
1040
1041
10*2
1(143
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1059
1059
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SINGLY
C15B

REFEPENCED
-R 3C0

HATAREL - 75SU
DRSO
DZO?
OZSQ
EK3

-» 3CO
-R 3CO
-R 3C0
-R 3CO

VARIAHL
£PD
FIXK
FI Yl
GAM1
6AM2
GETS

ES
-R

-R
-n
-R
-R
•

MULTIPLY-REFFRENCEU VARIABLES
100
120
130
139
149
150
210
220
230
250
270
280
2t>0
300
310
310
320
330
339
349
400
409
419
420
439
449
6P9
619
629
639
640
649
710
720
730
740
769
779
7fi?
799
800
820
830
840
855
860
870

25*
32AS

- 38*
44P0
4300
40
33
36
37
69
23
85
70AS
34

100*
10700
103
116
)??DO
112D0
98
13600
135DO
15500
15200
14100
1750O
17400
18500
18400

• )(U
19300

- 219
226

- 233
- ??5

21100
2060(1
203DO
16900
168
266
266
263AS
278

•- 271
- 268A3

892
36*
68AS
47*
46"
50*
62*
67*
70*
71*
80*
93*
97SU
63
131
111*
112*
122*
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S - 3 C 2 * C ̂  *-,fĉ  ^ | # ^ ̂ | ^ j |^| ^JJJ 3 1 3C O 'vD C 3 3 C QT 0 T QC C3

K | I t I I I «#« I • • • t | | | | .-. _ | J — _ | till | |

i* in v*

a. a—rv -» -»-»"> "_ -»n "> - * ruo.-i0f«-'«i«B*-«-«fW «rtn*- ruco ooj-> *f«o

112



U0Z1 01/00/75

-I
-I

KRiO

KfiET
KRF
KSFP
KROUT
KRP
KHl
KV
KVOORSQ -R
KVOOZSO -fl
Kl -I
X? -I
K3 -1
M -I
L -I

LCH -I
L1NCNT -

-!
-I
-I

U
LH1
LOCF
LOOP

LPR - I
MUSTIT - I
M'JSTPR . 1
MUSTHO . ]
U - I

NCVC

NFR
NLC
HP
WTOT

MM

-1

- I
- I
- I

NSC
flTYPE
NUMJT
NU«HO _l
NUMTO -J
NUV . B

91500 916
9)4= 945=
47B= 483
6r.U 635=
ABAS 7CAS

264

32AS

3CO
3CO
3CO

212=

110=

287PP
3CO

13?
373AS
23 IAS

7RU
7KU
7RL

213=
214=
23?> =
216=
111A0

917 019
945 946
44* 48=.

79
267AS 272=
272
342
289 294
2384S 24SAS

427
427
iM7 217
217 2 l 7
217 217
217 217

124

237PI»
74

2SB= 28B
?lfl= 246=
17.1= 176
B?r.u
48SU 140SU

SCO 3o
Dfls 727=
3C0
3C0

3C0 90PM
SCO

74 WR

3CO
107D0

ICO
SCO

347

V06
3CC
3CO
SCO
3CO

11200
3CO
3CO
3CO
JCO

0
74 tm

l oo
Ob
47

4S<>
525
6*3
H62

268
297

526
7u2
flf3
9.>7
9J9
261

U 3

267PR
B4
147SU
2Hl
219
246

166SU
864SU
40 72

727 BC?
30WR flO2=

34
340PR 38)
J30 13i

1C9 ]lo
10700
139 157

461
531
703
871
907

51?

7|PR
7ft|.

114
3O'«R 707 =
30WR 837=
72WR 7B«

SUBROUTINE HYCRo

947 P49
501 520 521 522 533

281 286

250

219 ?26
226 ?33
219 ?4(i
233 24(1
144 3 j57

PAGE 52

539 557 558 563 566= 566 616=

1S7 1<?8 158
279*R
287PR

269SU

249 254>

188SIJ 259SU 296SU 338SU 467SU
910SU
9» 103 U 6 131 132

803 B04= 839= flSs= B55

867a
83RD B3RD 84RD B4RD
121WR i5nWR 201WR 2S4WR 292PR
39» 39 40 ?i PR 72WR

169H0 170 199MR 277= 279WR 2 7 9 W R

279WR 279WR 279WR p8?PR 287pR i87PR
?87PH 2B7PR 339WR 339WR 340PR 340PR

51ISO 5S2SU 56ISU 59SSU 6J3SU 636SU 7OiSU 73?SU

266
867

278
868

339
869=

12200 123 125
892 91S00 949=
164 i6S 1V9
464 475 47fi
549 S5c 53l
7)2 713 71«
874 R76 877
908 9P9 92s

187
486
559
731
888
930

513 514 9 U 912

120WR ]4lD0 H2
801v 801 RQ5
866s R66 87o
78 85 87=

J43

87

209
487
560
737
B89
930

144

90PR 93WR

210 277
488 489
564 571
73B 797
897 898
938 940

148WR 149WH

340

121hR 131

295
405
572
79H
900
9*0

303
507
593
R09
900

304
508
594
810
901

335
50?
600
833
901

510 523
633 634
P34 843
953 904



INDEX eJ/00/75 T HYDRO
PAGE S3

NUV3

KVAP
OMBiS
CMBETs

O M S S P L

OMP
OMrtn

O M T M S S

OMTHLS
O M T H P O

OMTHTB
p

PARUL
PARUR

paflvs
P4RVT

PC
PLT
PP
PPC
PRINT

PTE
PUOENL

PUOEMR
PVOENB
PVOENT

Q
QMN
OHX
R
RA

RBETA
RCOMT
RDENOH

ROR
ROT

RDZ

READ

RETURN

RI
RI8J6
RIP

RHSO

R003

ROOL
RODPft

"ODP^C
ROOPA7
HOOPS]

ROOPRlT

-H

-I
.1?

11"
-R

-R
-H
.R
• R

• R

-R

O R

-H
-R

-R
-R

-R
«
O R

•R

-R
-S
•R
-P

O R

-R
-R

-R
-R
OR
-R
OR
-R

-R
-R
• R

•
O R
-R.

OR

.R
-R
-R
OR

-R
OR
OR

-R

3CO

3CO
3CO

4 EG
3Cu

3CO
3CO

4 15=

4U =
413 =
417 =

4Eg

601
692=
694 =
693=
695=
741 =
111SU

4E0
742=
29F

423 =
652=

652
666=
1001

854 =
171 =
172 =

3CO
4F.0

696*
3CO

609=

3CO
3CO

3CO

83F
38F
3CO
3C0
3CO

696
389:

665s

651*
4E0

378
563=
687

739a
4FQ

4Ec
406
379=

7RL

813
60
601

60 =
697
OlV
426
426
426
426

801
601
69ft-

69<i
69 6
696
74 3
127SU

8DI
743
7lF

426=
660=
6flJ =

67» =

HEU
855
17/ =
173 =
427

SDI
697
510
610

55
53 =
57
84F

97SU
156
28

372
69 6

39o
673=

659=
801

37B
5fl3
699

759
801
801

406
3«O

394

838

697 =

t>99

434
434

434
4 34
279WR
619

163SU
728 =

745
89r

-.27
6<»?
694

693
666
856
177
178
434

576=

7ft»
611

69 b

69
422

506

373
696

674

660
279WR
389
587=
739

780
378 =
279wft
407
380

699=

237PH

619

2S2SU

742
747

96F

688 =

1H2

182

577

769

627 =

69 6

426

506

374
69 6

674

660
?87Pfl
405
SS7
759

3»o
287t>H
407

437

7?8

3B8

728

253 SU
750

766
9SF

695

19u
182

644

628

724
427

375
724

693
69?
306
405
5<*0»
'80

573
312
408
444

6)1

391 =

741

771

787
287F

194
186=

696

629

819
433

422
724

313
406
590

313
408
455

819=

39]
742 =

792
29(|F

200WR

190

745

762a

£>54
434

42?

726

314
406
606

379
409
46?

856

4Z6
747=

292F

?0OWR

753

763

878
696

*26
726

3)4
407
606

379
4 6<3

43R=
750

Z93F

779

764

724

426

819

316
407
624

379
437 =

438

766=

340F

880

783s

726

427
819

316

40t)

6?«

379

444 =

445=
771

784

H54

4?7
054

378
408
659

379
45) =

445
787=

785

»33
854

37B

409

659

379

462 =

463 =
792 =

433

178

409

673

370

470 =

463

434

378
434
673

379
470 =

471 =

434

378
573=
680

379

•71

544

378
579=
680

405

577

544

378
579
687

405



INDE* 0l/O0/*5

BOOR

RGDRB

coot
-R

POOTB -P
RCDTr> -'-
fiODVOL -M

l
MOTR -P

«oun i> R
ROUJM -f>
iiOUjP -S
«00!.a -<<
R0li='.l -R
«OUR28 -R
ROUTE OR
BO'JV ( IR

-R
. 0

ROVIN - R
BOW IP - R

-H

BOVPlNv «R
BCWPR {) B

ROVPBT I)R

SOVPRTC -H
ROVPRTN -R
ROVPRTO •"
OOVpRj O R

SOVPBjTOB

R0VPR2 .9
ROVR -R

ROVRBO -B
ROVSPL OR
ROVT .R
ROVTB .R
SOVTBN -R
ROVTBO -R
BOVTE OR
BOVTEH .R
RflVTJB -R
ROW OR
ROVVOi. -R
ROVO .R
RPCOH -R
RPCOF -R

10CI
12E0

780 =
316=
306 =
1301

531 =

4 0CJS

<.EQ
546=
533 =

*E0
537=
536=
65ft-

3C0
3CP
4EQ

400
5no
6n5
P?4=

*EQ
767 =
723 =
7*5=
744 =

4F0
403

854
38?=
*79=
75.8=
757 =

5E0
68*,=
532=
779 =
778=

4EQ
315=

4EQ
305=
3C0
3CO
3C0

76 i
IIEQ
12CQ

7rt2
313
31 •

n-:o
532

801
SO-,
506
506
506
50*

SO!
80!

547
54'.

81) I
544
544
660
546
825

81)1

401
M)0
623
824

801
778
724
74«
757
403

901
85*
383
681
762
760

9OJ
6H8
544
783
781

81)1
317
544

8DI
308
577
39<i
394

762 76z
1?£Q 12f(j
1TE0 I2e(5

781 7i33
319 606=
32! lit
451 455=
644
603

V'IJUOUTINE HYDRO

694
761

12E0 665

609 £09 610

47«

667 = 680

627

12E0 12EQ
SUB 69b

1.EEQ 12EH t?t« 12EQ 13E9 1?EQ

f.27 (S2B

506 506

506= 51o=
557= 604
5«7 672=

306

510

67*

506

557

675

7«H

4
401
530
623
824
577=
7/9
7i4
75P
77H
P.TfHU
404
814 =
85b=
363
682
764

533
689
5«4
785

319

55H=
320
745

HP.t
Hit,
287WR
402
536
65ft
827=
S8l =
7B$ =
724
7fcT
853=
287PH
4Q4
81ft*

544

547 =
605 =

3

325

305
402
531
668
827
585-
793,
7?4
779
854
309
618
818^
868E

544

54 7
6P9

622

310
403
S3)
672
Q3o =
588=
812
724
76H
854
->io
054
82?=
859=

S44

540 =

314
403
533
67?
830
591 =

7HH
H54
382
862 =
822
860 =

3)4
4Q4
537
679

7?3

793
R54
383
883=
825 =

315
404
537
679

724

856E
854
383
BR3
fi?'i

315
493
53B
606

724

«57
856
3B5
BH4 =
B?5

377
493
538
6B6

724

R58

385
RR4
8?8 =

3H?
494
54ft

700

724

«58

400
804
828

186
494
=.R1

724

744

859

400
8R5 =
831 =

389
495
585
812=

745=

860

401
885
831

391
495
58R
816

748.

401
88 6 B
853

394
499
591
821

7ET

40?
086
«54

400
499
605
621

758

402

623 =
558
627

563
629



©
•»

a

GO
C

'o

o

<?

m

o

CO

50

CO

n

CO

* *

w

w
rvj

A;
•4

o in

co «n

P) CO

S tn

-xi *o in
4 mo

in IT

>* ro (D

o

X

u
- - - - w
*•• cvj ^ **i T * n co A I J /J >© > • o

w
C
C S 3 ( T i t
m it in <n o_ to t
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SCTUp
SETUp
SETUp
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HYDRO
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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 (2,0) 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

two 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 common KSB. Thus, the beginning of the

storage definition card set reads as follows.

LCM/KLCl/AAl(131000)

C0MM0N/KSB/AASC(5814).AAR0WQ938)

C0MM0N/RSC/AA(1),AKINFI,AO,BDT0D.">,BDT0DZ,

(etc.)

The dimension of 5814 words for AASC allows any

I"S100 with NQ = 19 words per cell. 1 is limited only

by available LCM.

(2) Cell Data Handling. The entire instruction

part of SUBR0UTINE L00P is replaced by the following

version.

CALL ECWR (AASC(JW),IECW,NQI,NE)

IECW = IECW + KQI

G0 T0 (10, 20, 30) IBUF

10 JR = 1

JW = J2

U P = JX1

U =• JX3

IJM = JX2

IBUF « 2

G0 T0 40

20 0R = J2

JU = J3

U P = JX2

IJ - JX1

IJM - JX3

IBUF = 3

G0 T0 40

ENTRY START

CALL ECRD (AASC,0,NQI2,NE)

IECR = NQI2

IECW = 0

30 JR = J3

JW = IBUF = 1

U P = JX3

IJ = JX2

IJM = JX1

40 CALL ECRD (AASC(JR) ,IECR,NQI,NE)

IECR = IECR+ NQI

RETURN

ENTRY D0NE

CALL ECWR (AASC(JW),IECW,NQI,NE)

IECW =IECW + NQI

G0 T0 (50, 60, 70) IBUF

50 JW=J2

G0 T0 80

60 JW = J3

&$ T0 80

70 JW = 1

80 CALL ECWR (AASC(JW),IECW,NQI,NE)

RETURN

ENTRY R1R0W

IEC «= (J - 1) * NQI

CALL ECRD (AASC,IEC,NQI,NE)

RETURN

ENTRY SETIJ

IJ= (1-1) *NQ + 1

RETURN

ENTRY W1R0W
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CALL ECWR (AASC,IEC,NQI,NE)

RETURN

ENTRY LCMFLG

LCM=*1

KETUKN

ENTRY RIJP2

CALL ECRD (AAR0W,IECR,NQI,NE)

RETURN

ENTRY RPARU

IEC = (J - 1) * NQI

IJ = O

G0 70 300

EOTSW

IEC= (J-2) *NQI

IJ = NQI

300 CALL ECRD (AASC,IEC,NQI2,NE)

RETURN

END

The SETUP and HYDR0 subroutines contain several

peculiarities that are specially treated to make

them compatible with either SCM or LCM usage. The

required modifications daserve some explanation.

(1) The routine that initially sets all re-

quired cell-storage to zeros (D0 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 L00P

advances the three row indices IJ, IJP, and IJM over

two columns of cells (i «IP2 and i = 1), the assump-

tion being that the I D0 loops normally encompass all

interior cells in the row (i = 2 through i ~ IP1).

Several D0 loops in the code, however, have I D0

loops with a lesser oi greater range of columns, re-

quiring some increment or decrement of these indices

upon RETURN from L00P, to keep the indexing properly

phased.

In the LCM version, though, such adjustments are

unnecessary, as here L00P invariably sets IJ, IJP,

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 D0 loops

to be fully general with no required testing of

whether SCM or LCM is being used.

In the present version, I D0 loops so treated

are those with terminal statement numbers of 189 in

SETUP, and 779, 889, 1539, and 3189 in HYDR0. Re-

member that a similar treatment may be required if

new code is constructed that has I D0 loops with

ranges other than the usual i = 2 through i = IF1.

(3) In the calculation of (p v);T^ in region
—1— i+3/21550 in HYDR0, reference is made to (p v ) ^ to

obtain a donor cell term for the equation. Because
j+2

this reference, in turn, involves the use of p^ ,

which is not available in the three rows that have

been read from LCM, cell data from row j + 2 must be

read in separately. This ts the responsibility of.

ENTRY RIJP2 in L00P. In the LCM version, it simply

reads in row j + 2 , wfcose address is specified by the

current setting of the LCM read index, to the one-

row buffer AAR0W. The statement in region 1550 that

calculates (p'v)j (named R0VT2B) then references

the density (p')| + 2 (R0VSPL) from this one-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

oi tow i + 2 in MiB$W. Remember that the same tech-

nique and buffer are available to any code addition

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 version, entries

RPARU and RPARV in L00P obtain the two appropriate

rows from LCM, and initialize that part of index IJ

that is 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

whether the velocities were obtained from LCM or SCM.

(5) In the Tape Dump and Tape Restart (Regions

250 and 270, respectively, in the HYDR0 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

1 = 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 13% at 11 iterations 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 block 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.

<T. US GOVERNMENT PHINTING OFFICE 1974-677-l76'28

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 L00P en-

tirely and replacing all CALLS to its ENTRY points

by copies of the instructions that the SCM version of

L00P 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 ?J0B card (we add the field

"LC = 400000") and on the $LDG0 card (we add the

field "LC = 1000000B"). Failure to request LCM will

cause an immediate LCM Block Range Error and task

abortion.

Note in proof: A "CALL D0NE" should be added

permanently, immediately following statement No. 619

in HYDR0. (Without this CALL, the LCM version will

reference erroneous values in row j = JP1 when con-

structing contour plots.)

KT:859(270)
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