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A NUMERICAL METHOD FOR STUDYING THE CIRCULATION
PATTERNS OF A FLUID IN A CAVITY

by

Linda M. Stephani and Thomas D. Butler

ABSTRACT

-NOT1CE-
TWt report was prepared 11 in iccount of work
iponiored by Ihe United S u m Government. Neither
the United sutei nor the United Sutes Energy
Kmucti Mid Development Adminlnnlion. nor iny of
then employed, nor m i or theii contractor!,
lubcontracton, or their employed, rratcci iny
warranty, eipreu or implied, or wumH any legal
BabSity or ruponHliilliy for the accuracy, compleleneo
or UKruInca or any information, appinttr product or
proceu disclosed, 01 repreienti that in iue would not
infringe privately owned rights.

This report describes a numerical method for studying the cir-
culation patterns of a fluid in a cavity. The method incorporates
three circulation-inducing mechanisms: (1) buoyancy induced by
nonuniform initial distribution of heat throughout the fluid, (2)
buoyancy induced by removal of heat from the fluid, and (3) forced
convection induced by withdrawal of heated fluid and return of
cooled fluid. A two-dimensional computer program, CIRCO, based
on the Marker-and-Cell (MAC) technique, is used to study the cir-
culation patterns. This report discusses the code and illustrates its
capabilities by means of examples from studies conducted for the
Pacer project, which investigates the concept of producing elec-
trical power from energy released by thermonuclear explosions in a
salt dome. Efficient engineering for withdrawing energy from tlis
cavity requires an understanding of the circulation patterns of the
heated fluid. CIRCO provides this information in the form of
computer-generated plots.

1. INTRODUCTION

CIRCO is a transient, two-dimensional, Eulerian
fluid dynamics computer program that uses a
modified form of the MAC1'2 solution technique. It is
particularly applicable to study of buoyancy-
induced circulation patterns in incompressible fluid.
The finite difference program solves the full Navier-
Stokes equations coupled with a temperature
transport equation in cylindrical coordinates with
azimuthal symmetry.

In CIRCO, buoyancy circulation of a fluid can be
initiated by:
• Nonuniform deposition of heat energy.
• Removal of heat from the working fluid through a
heat exchanger.
• Forced convection induced by withdrawal of
h«;ted fluid and return of cooled fluid.
Thes-e capabilities make CIRCO a useful research
and engineering tool for a variety of applications, in-
cluding postaccident heat removal studies in nuclear
reactor safety analysis and that reported here, study
of circulation patterns in a spherical cavity tor the
Pacer project.1

Pacer is the name of a project designed to in-
vestigate the feasibility of economically generating
electrical power from energy released by ther-
monuclear explosions. In this concept, a nuclear
device is detonated in an underground cavity filled
with a working fluid such as water or steam. Subse-
quently, the thermal energy from the explosion is ex-
tracted using heat exchangers and converted to elec-
trical energy. The process is repeated periodically as
the excess energy in the cavity is expended, thereby
permitting continuous energy conversion.

To withdraw energy from the cavity efficiently,
one must determine the idea! placement and pum-
ping requirements of the heat exchangers. These can
be determined with CIRCO by studying the circula-
tion patterns of the working fluid using various heat
exchanger configurations.

This report describes the CIRCO program. Includ-
ed are brief descriptions of the technique (Sec. II)
and the code (Sec. Ill), examples illustrating the
code's capabilities (Sec. TV), and a listing of the
program (Appendix).
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II. THE TECHNIQUE

A. Equations

Investigation of the dynamics of a circulating, in-
compressible fluid requires solution of the full fluid
flow and heat transport equations. In cylindrical
coordinates, assuming azimuthal symmetry and
constant fluid densi ty, the momenta and
temperature transport equations are:
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at r 3r 3z

and

DT . 1 3rTu + 3Tv _ 3J
3z \K 3z& J . (3)

and the equation of continuity is
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(4)

In these equations, u and v are the radial and axial
velocities, respectively; p is the normalized pressure:
T. the temperature: i\ the kinematic viscosity coef-
ficient: and K, the heat conduction coefficient.
Buoyancy effects are represented in Eq. (2) using the
Bouasinesq approximation. Here, gz is the gravity
acceleration; /3, the coefficient of thermal expansion:
and T,_an average temperature in each horizontal
layer. T is determined so that across any horizontal
plane no net change of momentum results from
huovancv effects.

K
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cells are rectangular in cross section and of uniform
size with radial and axial dimensions or and ftz,
respectively. Each is characterized by a position in-
dex (i,j) that designates the center of the cell and its
relative position within the mesh. Associated with
each cell are the quantities that specify the local
average fluid properties. The defined locations of the
velocity components, the pressure, and the
temperature in cell (i,j) are shown in Fig. 1. The
velocities are located on cell boundaries, whereas the
pressure and temperature are defined at the center.
The relative position of each quantity within a cell is
denoted by the subscripts.

To begin the calculation, initial values of the
velocity, pressure, and temperature fields are
specified for each cell. These are used to advance the
solution one time step, St. Thereafter, the process is
repeated with the values of the dependent variables
at a given time level, say n. used to obtain the solu-
tion at the new level, n + 1. Thus, the solution
proceeds in time.

The solution procedure through one time cycle is
composed of three separate phases: the in-
termediate time level velocity calculation, the
pressure-velocity iteration, and the temperature
calculation.

where R is the radial extent of the fluid region.
Fig. 1.

Location of the cell variables in a cell (ij).

B. Tfc. Solution Procedure

In CIRCO, the governing differential equations
are approximated by finite difference equations
related to an Culerian mesh of computing cells. The

1. Intermediate Time Level Velocity
Calculation. In this phase, intermediate values of
the velocity components are determined explicitly
using
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in which the tildes denote the intermediate level and
the superscripts denote the time levels for the terms
on the right-hand side.

A variable donor cell difference procedure is used
in the cross-derivative transport terms; an example

In this term, we define

V n _ 1
i+'i.j+'d " 2

and

.j - M )
where

and 0 < a < 0.5. The coefficient 13 \ takes on a value
of 0.5 when a = 0 if so-called "interpolated donor
cell differencing" is_desired: otherwise. #iis zero.

The definition ofT"+ y> in Eq. (6) is given by

T1.' = (7)

where the indicated summation is over all pairs of
cells for which each cell in the pair is a fluid cell.

2. Pressure and Velocity Iteration. The next
phase of the cycle is implicit: in it time level n + 1
values of pressure and velocity are determined.
These are obtained so that the continuity equation is
satisfied consistently with the boundary conditions
for the problem. A complete description of the itera-
tion process is given in Ref. 4. Only'a brief outline is
sketched here to indicate the basic approach.

Generally, the velocities from Eqs. (5) and (6) do
not satisfy the continuity equation. The finite
difference approximation to it is

E F7SF " r i -S

in which the time levels are omitted. Upon sub-
stituting the tilde values into Eq. (8), we find

The desired velocity values are found by iterating
the pressure field until the resulting velocities yield

(9)
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cell. This is done by a point relaxation
in which the pressures and velocities are
simultaneously. At each iteration level, the
is incremented by an amount

p. . + Sp. . . (10)

Vapi

and u: is an overrelaxation factor that has limits 0 <
u; < 2. Once the pressure is found, new velocities are
determined:

6t
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This process is repeated antil Eq. (9) is satisfied to
within a specified amount t, where t is an acceptable
error whose effects on the dynamics are negligible.

3. Temperature Calculation. With the final
values of pressure and velocity determined for the
cycle, the temperature transport equation is solved
explicitly by

in which the terms with coefficient (i + $) on the
right-hand side have been added to overcome the
elfects of unfavorable truncation errors introduced
by the difference approximation.'The value of $ is
an input constant that varies between zero and uni-
ty, with zero corresponding to exact lowest order
truncation error removal, and larger values
sometimes specified to introduce numerical
smoothing. The difference form for the convection
terms is derived using centered differences and the
condition that the divergence of the velocity field
must vanish.

C. Boundary Conditions

A number of different boundary conditions are
permitted in CIRCO. These include conditions on
both the velocity and temperature fields. Four kinds
of velocity boundaries are defined:
• rigid, free-slip.
• rigid, no-slip,
• inflow,
• outflow.
Rigid boundaries are defined to coincide with cell
boundaries, and the normal velocity component on
the boundary vanishes. The tangential component
has a vanishing gradient across a free-slip boundary
and is zero at the wall in the no-slip case (see Fig. 2).
Inflow and outflow boundaries also coincide with cell
boundaries, and the normal velocity components are
specified values on these boundaries. The tangential
component vanishes at inflow and outflow boun-
daries.

Two temperature condition options are available
for rigid boundaries. Either the temperature is kept
constant, or the wall is insulated so that there is no
heat flon* across the boundary. At inflow boundaries,
the temperature is kept constant, whereas the out-
flow boundary is insulated.

'i.j 'i.jT" , - 6t

(12)



Houndnry conditions ipplied tu a rigid
watt: (top) » rigid, free-slip, insulated boun-
dary and (bottom) a rigid, no-slip, constant
temperature boundary.

To facilitate the CIRC'O logic, we surround the in-
terior cells of the computation region with fictitious
cells (see Kig. I). The boundary conditions are
applied hy means of a cell-flagging scheme in which
the computing and fictitious cells are labeled with
appropriate flags to indicate the cell type and the
condition imposed. Thus, associated with the com-
puting mesh is an array of flags with the following
definitions:

FL = 1 (interior fluid cell),
FL = 2 (rigid, free-slip, insulated wall or

symmetry boundary I.
Kl, = :! (rigid, no-slip, insulated wall).
Fl. = 4 (rigid, free-slip, constant temperature

wall).
FL = r> (rigid, no-slip, constant temperature

wall*.

FL = 6 (inflow boundary),
FL = 7 (outflow boundary).
Computations are performed only for each cell

with FL = 1. Some of these fictitious cells may be
within the interior region, when the flow region is not
rectangular in cross section (see Fig. 5). As an exam-
ple, consider the situation shown by Fig. 2 (top) in
which a rigid, free-slip adiabatic boundary is located
on the right boundary of cell (i,j) so that UJ + j/«; - 0.
The flag of cell (i + l,j) is FL i+i,j = 2. The v-
components of velocity are specified so that
Vi + i.j * 1/2 = ^ . j ± i/2, a n d T i + t . j= T y . In F i g . 2

(bottom), the configuration is that of a rigid, no-slip,
constant temperature wall on the right of cell (i,j).
In this case, FLi+i,j= 5, v,+ i,, ± i,-> = -v,,j ± \n,
and Ti»i.j = 2TW-Tj,j, where Tw is the constant
wall temperature. Similar expressions are found for
the other possible combinations.

D. Stability Conditions

The criteria for numerical stability of the finite
difference equations in CIRCO are the usual ones for
the MAC method1 with an additional criterion for
the temperature equation. The time step for a given
cell size is chosen so that:

max | 6t

SJ

. • i/z

Here, the subscript, max. indicates the largest
values of the indicated quantities in the computing
mesh. 1' is given by

r = 2{fir2 + «z2)

CIRCO has an automatic built-in time step con-
trol that has proved useful for application to cavity
circulation problems. The time step is automatically
increased by a factor TFACT. provided
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where VIIlllx is the highest velocity in the computing
mesh. Conversely, the time step is automatically
decreased by a factor (TFACT) ~' . provided

cards and calculating new problem constants. It
such changes are desired, control returns to region
105. where the appropriate quantities are deter-
mined, and then advances to region :UiH>. When no
changes are necessary, control proceeds directly in
region

The quantity. TFACT. is an input number in the
code, and it is typically chosen to equal 2.0.

III. THE CODE

There are two major sections of CIRCf\ tne
setup, or initialization, section and the calculational
section. Figure -\ shows the code layout. In the in-
itialization section, requirements for a particular
problem are defined, including the information
needed t" specify the initial and houndary con-
ditions, and whether the problem is to use informa-
tion stored on magnetic tape or data from cards.
After these quantities are determined, control
transfers to the calculational section where it
remains for the duration of the computation. The
primary1 cell quantities, u. v. p. and T are calculated
by the procedure described in Sec. II. The rest of this
section amplifies on the initialization section and
describes the computing mesh, input data, output
options, and magnetic tape restart capabilities.

A. The Initialization Section

Requirements for the flow problem to he
calculated are specified in the initialization section.
The basic steps and decision points within the cock-
are summarized in Fig. 3. The numbers in elongated
ovals are FORTRAN statement numbers within the
code.

CIRCO begins by reading two input cards, the
tlrst containing the problem identification and the
second including data that determine the initializa-
tion procedure. When a calculation is starting from
initial data, the control proceeds to region 105. where
other data cards are read, problem constants are
computed, and initial quantities for the computing
cells are set. Control is then transferred to the
calculational section, which begins at region 10(K>. If.
however, the problem is to be restarted from data
stored on magnetic tape, the code branches to region
7500. where the tape is read. One can then change
the tape information by reading additional data

B. The Computing Mesh

Figure 1 diagrams the basic CIRCO computing
mesh. Indicated are the fluid region (I X .1 eel Is I and
the fictitious cells (shaded region! surrounding it.
The symmetry axis is one cell in from the left boun-
dary of the mesh. The fluid region coordinate- are in-
dicated on the interior mesh corners where R2 = I X
•>r and ZT = •! x .'>/.. In the tV>. \ cell indexing for
the mesh requires IM = I + '_' and 'M = -I + 2. Thi>
basic mesh of reel angular cross sect ion is specified in
the input data by setting SCN = 0.0 (see Sec. lil-Cl.

To represent a spherical cavity with the
CIRCO computing mesh, the curved boundaries of
the cavity are approximated by straight line
segments coincident with cell boundaries, as Fig. ")
indicates. Here the shaded region represents the
nonfluid portion. This option is specified by setting
SCN = 1.0 in the input data. The cavity radius is
R2. and ZT = 2.0(R2».

Also shown in Fig. "> is an optional spherical
heated portion (see Sec. HI-C) of the fluid whose cir-
cular cross section is .-similarly approximated by
straight line segments coinciding wi»h cell boun-
daries. The region of radial dimension Rl is centered
at height Zl above the cavity bottom. This
represents a region whose temperature differs from
thut of the surrounding fluid in the cavity at iniii;ii
time. When SCN = 0.0. the heated portion is rec-
tangular in cross section with radial dimensions Rl
and it extends a length. ZI/2.0. above and below the
axial location Zl.

The cavity boundary conditions are applied, ac-
cording to the prescriptions of Sec. II-C in two steps.
First, the cells bounding the fluid region on the top.
right, and bottom are flagged appropriately for the
velocity and temperature conditions specified for t he
cavity walls. Further, the cells along the symmetry
axis, the left boundary of the fluid region, are flagged
as rigid, free-slip, insulated boundary cells. Second,
segments of the cavity wall may require different
velocity and temperature conditions to reflect the
presence of inflow and outflow ports or cooling
plates. This alteration is accomplished by using an
optional set of input data which identifies the par-
ticular segment and the appropriate conditions (see
Sec. HI-C).
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The CIRCO mesh showing a fluid region of rec-
tangular cross section.

C. The Input Data

CIRCO's input card deck may consist of three
categories of data. The first defines the source of the
initializing information: the second, the general
prohlem requirements; and the third, the special
problem requirements. In this section we list the
data cards, their FORTRAN format statements, and
the quantities they contain.

Card No. 1 (Format: 10AH).
Columns 2-80 are used for the problem identifica-

tion for prints and plots. To allow for carriage con-
trol, column 1 is left blank. This card is required for
each problem.

Card No. 2 (Format: 3(6x, F12.5)).
This card contains the quantities that determine

the source of the initializing information. It must be
included for each problem.

TDl = the source identifier, where:
0.0 = a magnetic tape.
1.0 = data cards.

TD'2 = the tape dump number.

TTi'A = the flag that determines the procedure
after a tape is processed, where:

0.0 = do not read data cards,
1.0 = read data cards.

_ j

T

i
KRM

Fig. 5.
The mesh approximating a circular cavity. An
optional heated part of the fluid appears in the
bottom half of the mesh.

Card No. .3 (Format: 10A8).
This card contains the same information as Card

1. but it is included only when TDl = 0.0.
Otherwise, it is omitted from the input deck.

The quantities on Cards 4 through 14 define the
general problem requirements, such as cell dimen-
sions, initial fluid properties, boundary information,
output specifications, and time-related quantities.
These data are necessary if the calculation begins at
a time of zero or if new data are required for
problems restarted from magnetic tape. The floating
point data on Cards 4 through 12 are stored in the
XPUT array; the integer data on Cards 13 and 14 are
stored in the NPUT array.

Card No. 4 (Format: 6x, 12, lOx, 3(6x, F12.5))
NUM = the number of floating point quan-

tities stored in the XPUT array.
DR = fir, the cell dimension in the r direction.
DZ = (5z, the cell dimension in the z direction.
DT = i5t, the initial value of the time incre-

ment.



Card No. 5 (Format: 4(f.x, F12."»)>
Kl = tin- radial dimension of the optional in-

terior heated region (default value = o.oi.
/.! = the center position in the /direction of

the optional interior heated region measured from
the liottom nl the cavity (default value = 0.0).

Zl = the axial length ol the optional interior
healed region (default value = 0.0). With a spherical
cavity (SCN = 1.0). 7.1 = 2R1 produces a spherical
interior heated region. For a nonspherical cavity
(SCN = 0.0). the interior heated region is rec-
tangular in cross section and of extent Rl X Zl.

K'J = tin- radial dimension of the computing
mesh.

Card No. <> (Format: l(!ix, F12.5N
T! = the initial temperature of the optional in-

terior heated region (default value = 0.0).
T.' = 'he initial temperature of the fluid cells.
T\\ i. = the temperature of the rigid boundary.

TWI. i.s >:eri> for an insulated wall and a specified
value lur a constant temperature wall.

TIN = the initial radial component of velocity
lt>r the fluid cells.

Card No. 7 (Format: 4(fix. F12.5))
YIN = the initial /. component of velocity for

the fluid tells.
1MN = the initial pressure in the fluid cells.
CI = K. the heat conduction coefficient.
VK1. = the cavity wall velocity boundary con-

flit ion flag, where:
O.I) = a free-slip boundary.
1.0 = a no-slip boundary.

Card No. 8 (Format: 4(fix. F12.5))
TKM = the cavity wall temperature boundary

condition flag, where:
0.0 = an insulated boundary.
1.0 = a constant temperature boun-

dary.
("PL = the constant temperature plate flag,

where:
0.0 = no plate.
1.0 = at least one plate included (re-

quires the "constant temperature plate data
package." described in Sec. III-C.l).

Pirn = the inflow port flag, where:
0.0 = no port
1.0 = at least one port included (re-

quires the "inflow port data package." descrihed in
Sec. HI-C.2).

PRTO = the outflow port flag, when-:
0.0 = no port.
1.0 = at least one port included (re-

quires the "outflow port data package.'" described in
Sec. lll-C.Ht.

Card No. •» (Format: 4(fix, F12.5))
SCN •- the mesh configuration flag, where:

0.0 = a rectangular mesh.
1.0 = a semicircular mesh.

DM = u\ the overtaxation parameter, usual-
ly l.'i.

NT = i. the kinematic viscosity coefficient.
BETA = '1. the coefficient of thermal expan-

sion.

Card No. 10 (Format: 4(Gx, F12..r»)>

(iZ = g/. the gravity acceleration.
ALPHA = (i. a coefficient in t! donor cell ex-

pressions.
BTA = ^<. a coefficient in the donor cell

expressions.
TFACT = the factor for altering ot (see Sec. II-

D).

Card No. II (Format: 4((}x, FI2.5))
TCN = t. the truncation error factor in the

temperature equation.
CEP = i. the convergence criterion for the

pressure iteration.
VCT PL = the velocity vector plot flag, where:

0.0 = no vector plots.
1.0 = vector plots.

VM = the velocity vector scaling factor for
plots. The scaling constant is VC = (or + ozl/ViYM).

Card No. 12 (Format: 4(fix, F12.5))
CN'PLT = the contour plot flag, where:

0.0 = no contour plots.
1.0 = contour plots.

TFIN = the problem time to finish.
TDMP = the tape dump flag, where:

0.0 = no tape dump.
1.0 = tape dump.

DTCP = the central processor (CPl time in
seconds between tape dumps (default = DTCP >
the time limit requested on job card).

Card No. 13 (Format: 6(6x, 16))
INUM = the number of integer quantities

stored in the NPUT arrav.



IBR = {, the maximum number of interior
fluid cells in the radial direction (= R2/5r).

•IBR = -T, the maximum numher of interior
fluid cells in the axial direction (s.ZT/5z).

NPR = the number of cycles between prints on
paper.

NPL = the number of cycles between plots on
microfilm.

NWR = the number of cycles between writes
on microfilm.

Card No. 14 (Format 6(6x, 16))
LPR = the long print flag, where:

1 = no long prints on paper.
2 = Un.h' prints on paper.

IAVR = the long write flag, where:
1 = no long writes on film.
2 - long writes on film.

The final set of data is optional and varies in con-
tent for different problems. Included in this set are
i.he requirements for special constant temperature,
inflow, and outflow boundary segments. For each
segment, two cl^ta cards are required. The first con-
tains coordinates of the segment. RI.T. ZBT- RKT. and
Z|i> (Fig. K). The second includes the appropriate
values of velocity and temperature. The data re-
quirements for the three boundary types are:

0

A
1

1
i

<

. _

y

B

i

ZTP

T
ZBT

1 •

RLT"
•RRT

Fig. 6.
The spatial dimensions needed for applying
special boundary conditions on the cavity walls
between points A and B. The shaded area in-
dicates the special fictitious cells required in
the calculation. The dotted area includes cells
flagged as special boundary cells but not used.

1. Constant Temperature Walls.
Card No. 1 (Format: fix, 12)

NCP = the number of constant temperature
segments.

Card No. 2 (Format: 4(fix, F12.5))
CPC = the segment coordinates, RI.T. Z»T.

RKT . and ZTI> .
Card No. 3 (Format: 4<fix, F12.5))

TPL = the specified temperature for the seg-
ment .
(This set contains 2-NCP + 1 cards. The remaining
cards are of the same form as Cards 2 and 'A and are
arranged in the same order.)

2. Inflow Boundaries.
Card No. 1 (Format: fix, 12)

NIP = the number of inflow ports.
Card No. 2 (Format: 4(<ix, F12.5))

I PC = the segment coordinates. RI.T. ZBT.
RKT . and Zn-.

Card No. 3 (Format: 4(Kx. F12.5))
I'PI = the radial component of the inflow

velocity.
VPI = the axial component <•'' the inflow

velocity.
TPI = the specified temperature for the seg-

ment .
(Additional inflow segments require cards like Cards
2 and 'A. The complete set of data for inflow ports
contains 2XIP + 1 cards.)

:{. Outflow Boundaries.
Card No. 1 (Format: fix. 12)

NOP = the number of outflow ports.
Card No. 2 (Format: 4(«x, FI2.5))

OPC = the segment coordinates. R|.T. Zui.
RKT . and Z-n>.

Card No. :$ (Format: 4(fix, F12.5))
I'PO = the radial component of outflow

velocity.
VPO = the axial component of outflow

velocity.
(Rach outflow port calls for additional cards like 2
and 'A. The complete set includes 2NOP + 1 cards.)

D. Output Options

CIRCO results are recorded on printer paper and
microfilm. The printer information includes the in-
put data, long lists of values of the cell variables, and
short prints containing the time, cycle number,
number of iterations per cycle, and maximum
velocity in the system. The input data are printed at
the start of the calculation, whereas the long lists
and short prints occur every NPR number of lime
steps.

10



The same information also appears on microfilm
together with contour plots of the primary variables
and velocity vector plots. The numbu- of cycles
between Ions lists on film is given by NWR. and
Nl'l. is the number of cycles between plots. The
short print information appears every cycle.

The code can automatically provide long lists on
paper and film of the initial cell data and those at
evde 1. Each long list contains i. j . FLg. Uj + i.ij.
v;.n i j . pi.j. Di.j. and Ti.j, in that order, for every cell
in the computing mesh. Appropriate headings are
provided for easy identification.

The microfilm plots are optional: velocity vector
plots are provided when VCTPL = 1.0: contour plots
of pressure and temperature, when CNPLT = 1.0.
The velocity plots show the flow direction and
relative magnitude by plotting the scaled velocity at
each cell center. Two types are available, one in-
volving a constant scaling factor that depends on the
input value VM. the other involving scaling that is
determined by the maximum velocity in the system.
In the latter, the vector length is determined so as
not to exceed a celi dimension.

For each contour plot, the matrix of cell values is
scanned to determine the minimum and maximum.
Then, allowing for 21 lines, the contour interval is
determined using the minimum and maximum
limits. The contour lines are formed by joining
points of equal value (interpolated between cell
centers) with line segments. These plots contain the
letters I, and H. which designate the locations of the
minimum and maximum contour values, respective-
ly.

E. Magnetic Tape Restarts

CIKCO can store data on magnetic tape at
selected times during a run to permit restarting the
problem from the stored information. The cell quan-
tities and necessary problem constants are dumped
on tape periodically during normal running of the
code. The dump frequency is controlled by input
quantities. DTCP and TFIN, and the time limit re-
quested on the job card. Dumps are provided at
regular intervals of eiapsed central processor time by
specifying DTCP to he the number of seconds
between dumps. Also, when the calculation reaches
the problem time to finish (t = TFIN). a dump is
automatically taken. If the time limit requested on
the job card is reached before t = TFIN. a dump is
provided shortly before the time limit is exceeded.

To suppress the use of magnetic tape, DTCP and
TFIN must he set to values in excess of those an-
ticipated for computer time and problem time,
respectively. Specifying TDMP = 0.0 in the input

data suppresses the dump just before the computer
time request is exceeded.

Two options are available upon restart from
tape: either the problem is continued using the data
stored ;>n tape, or the input data for the problem re-
quire changes and new data cards must be read (see
Sec. III-C). In the latter ease, provision is made to
change input quantities, but the data for the cell
variables are the information stored on tape.

IV. NUMERICAL EXAMPLES

This section presents the results of three
applications of CIRCO to buoyancy-driven circula-
tion within a rigid spherical cavity. Examples serve
to familiarize the reader with CIRCO's capabilities
and to show graphical code output. They relate
specifically to Pacer project investigations and in-
clude, in order, working fluid circulation initiated:
• From the bouyancy induced by a localized hot
region, which is the result of nonuniform distribu-
tion throughout the working fluid of heat from a
single explosion, .
• From the buoyancy induced by removing heat
from the working fluid through heat exchangers, and
• From forced convection and buoyancy induced by
withdrawing the heated working fluid into heat ex-
changers and returning the cooled fluid to the cavity.

A. Nonuniform Deposition of Heat Energy from
an Explosion

The first example is buoyancy induced by an ex-
plosion in the cavity, in the absence of heat ex-
changers and forced convection. The explosion dis-
tributes heat energy unevenly, but the correspon-
ding deposition of momentum is ignored. To repre-
sent the initial conditions, a heated, 600°K, 50-m-
radius spherical region is located on the axis 75 m
from the bottom of the 200-m-radius spherical cavi-
ty. The initial temperature of the surrounding fluid
is 500° K. As the buoyant fluid rises, clockwise cir-
culation is produced. Gradually the temperature of
the initially heated fluid decreases, the buoyant
fluid hits the top of the cavity, and the circulation
slows.

In this calculation, IBR = 40 and JBR = 80, so
hr — hz = 5m. In this and the examples to follow, the
heat conduction coefficient is constant, K = 1.25
m2/s, and the coefficient of volumetric expansion is
d = 0.002/°K. Initially the fluid is at rest. The
temperature gradient is depicted in the contour plot
of Fig. 7. which shows the relative location of the
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Fig. 7.
The initial temperature contour plot showing
the location of the heated region in the cavity.

, heated region in the cavity. Figure 8 is a composite
that -=hows the state of the fluid at t = 20, 50, and 70
s. These plots show the outline of the cavity region in
the r-z cross section. The top row depicts the velocity
vectors: the middle row, the temperature contours
(isotherms); and the bottom, the pressure contours
(isobars) at the three times.

At t = 20 s, the induced circulation, as indicated
in the velocity vector plot, is clockwise. The max-
imum velocity in the system, vmax, is 16.9 m/s. By
this time, the maximum temperature, Traax, is
577°K. Associated with the vortex center of the cir-
culation is a low-pressure region, whereas a high-
pressure region develops at the top of the heated
region. The heated fluid continues to rise until, by 50
s, it has reached the top of the cavity and expanded
radially to form a torus. A clockwise circulation is
still maintained; however, vmax is 9.5 m/s. T max at
this time is 516CK. The low-pressure region is still
associated with the vortex center of the circulation.
At 70.0 s, the fluid motion has slowed; vmax is 4.6
m/s. The heated fluid continues to follow the cavity
wall. It has cooled to a Tmax of 511°K. The low-

pressure region remains closely associated with the
vortex center.

B. The Presence of a Cooling Plate

The second example is circulation induced by the
presence of a cooling plate off the cavity axis. The
cavity is again 200 m in radius, and the working fluid
is initially at a uniform temperature of 550°K. The
cooling plate is kept at 300°K throughout the
calculation. For this case, 5r = (iz = 10 m.

Table I is the printout of the input data for this
problem showing the additional information needed
to define the cooling plate. This printout appears
both on paper and microfilm.

The cooling plate is a toroidal section of a cap on
the wall in the upper part of the cavity. Starting 130
m from the axis and extending to a radius of 160 m,
it is located 330-360 m above the bottom. Figure 9
shows the isotherm plot at cycle 1 when the fluid im-
mediately around the plate is cooled to .V24°K. The
temperature difference between the wall and the
fluid induces a circulation that at first rotates
generally clockwise in the r-z cross-sectional plane.
Subsequently, the circulation patterns become very
complex showing breakup and coalescence of eddies
within the cavity. This behavior is seen in Fig. 10,
which shows the velocities at 120 s (200 time steps)
and 520 s (1000 time steps). The maximum velocity
at 120 s is 11.1 m/s; that at 520 s is 5.1 m/s. The cir-
culation pattern at the later time shows that the
single large vortex formed initially breaks up into a
series of vortices that continue to interact, causing
further breakup and coalescence.

C. Forced Convection

The final sample calculation is that of coupled
forced convection and buoyancy in which working
fluid is withdrawn from the cavity at 1450 kg/s.
Fluid, cooled to 100°K after passage through a heat
exchanger, is introduced through a one-cell opening
at the top left of the computing mesh. The heated
fluid is withdrawn through an adjacent cell. This
configuration represents inflow and outflow through
coaxial cylindrical pipes.

Unlike the circulation patterns observed in the
cooling plate problem, this calculation shows a
counterclockwise circulation in the r-z plane. The
general pattern formed in the first 5 min of cavity
operation is maintained throughout 12 h of opera-
tion. Furthermore, there is no short-circuiting of the

12



(c)

Fig. 8.
A composite of velocity vector and temperature and pressure contour plots showing the state
of the fluid whose circulation was initiated by an uneven distribution of heat energy in the
cavity: (a) t = 20 s, (b) t = 50 s, and (c) t = 70 s.
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TAI1LE I

CIUCO INl'UT DATA

TDI »1.nO0»)E-»0O TD2= I.0O0O0E+0O TD3 = 0.
DK= 1.00000E+01 DZ = 1.00fi00E+01 DT = 2.00000E+00 Rl = 0. Zl = 0. ZI = 0. R2»2.000tX)E+02
TH«=0. T2»5.50000E+02 TWL = 0. UIN = 0. VIN = 0. P1N = O. CI •= 1.25000E+00

VEL = 0. TEM = 0. CPL= 1.00000E+00 PRTI = 0. PRTO = 0. SCN - 1.000G0E+00 OM = 1.50000E+00
NU - 1.00000E+00 BETA - 2.00000E-03 GZ •= 9.80000E+00 ALPHA - 6.00000E-01 B T A - 0 . TFACT - 2.00000E+00 TCN - 2.50000E-0!

CEP « 5.0U000E-03 VCTPI. - 1.00000E+00 VM - 5.00000E+00 CNPLT - 1.00000E+00 TFIN - 1.00000+06 TDMP - 1.00030E+00 DTCP » 3.00000E+02

I B R - 2OJBR- 4 0 N P R - lONl'L - 25KWR- 2SLPR- 1LWR- 2

NCP - 1NPC = 4
CPC 130.00000 330.00000 160.00000 360.00000
TFL 300.00000



Fig. 9.
The initial isotherm plot showing the location
of the cooling plate on the cavity wall.

(I.)

Fig. 10.
Velocity vector plots of the induced cir-
culations caused by a cooling plate: (a) t = 120
s and (b) t = 520 s.

cooled fluid from the inflow to the outflow ports,
which indicates the likelihood of efficient cavity
cooling.

Figure 11 summarizes the results of this calcula-
tion by showing the velocity vectors and
temperature contours at 1 and 12 h during cavity
operation. The cooled fluid introduced on the cavity
axis accelerates as it flows down the axis to the bot-
tom. The velocity at the inflow port is held constant
at 0.17 m/s. After 1 h of operation, the maximum
velocity in the cavity is 6.8 m/s, and it is still 6.6 m/s
after 12 h of operation. At t = 12 h, the average cavi-
ty temperature is 532°K, down from the initial
550°K. The isotherm plots at the two times are
similar in shape, the maximum cell temperature be-
ing 552°K and the minimum 492°K after 1 h. These
temperatures reduce to 533 and 474°K, respectively,
at 12 h.
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Fig. 11.
A composite of velocity vector and isotherm
plots shoving the effects of adding cooled fluid
and withdrawing heated fluid through inflow
and outflow ports in the cavity walls: (a) t - 1
h and (b) t = 12 h.
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APPENDIX

FORTRAN IV INDEX LISTING OF THE CIRCO PROGRAM

LASL CODE NO. LP-0550

RUN-LCM97 u 75/06/12 11.02.22 T3LMSZZ2C0 PAGE NO. I

PROGHAM CIHCO

l.FSETB)
COMMON/A// 41 (3444) .A2U444) .A3(3444> »A4<34<»4) .A5O444) »A6(3444> tA
17(3444) . A8 ( 344* ),AQ( 3444) ,Ali!(H<!) .XPUT (50) .NPUT (25) .FA(SO) , I A (5°) »
2HD(l70) . / 0 H 7 O ) ,NAMF (10) ,IFRC(21U) «ZZZ
COMMON/SPCL'IN/ CPCI40) , IPC(4<») ,OPC(40) I U P I (10) ,VPI (10) , T P H 10) ,TPL
1(10) »UPU(10) fVPO(lU) .SHC
EQUIVALENCE (AliFL)t(A2.U)•(A3.UT)t(A4.V).(A5»VT)t(A6iP)t(A71T) »(A
lg.K) » (A<J.D) . (AlO.TBAH) , (A5.TN) • (HO.RCC) .(MU(43) .R8C) • (RD(B5) «HRCC)
?»(RD(*2n»WHHC)t(ZH.ZCC)•(ZD(R3)IZ3C)I(IFHC.IrtPC)•(IFRC(43),17RC)t
3(IKRC(125).I/TC)
EQUIVALENCE (Full),HQH),(FA(2)tROPH)»(Fa(3),HORU)t(FA(4).RRR)«(FA1
IS),RHHH).(FA(6)t«NH?). <FA<7)»RT)»(FA<H> trtHT),(FA(9)«BTR)I(FA I1")tH
?UZ) • (F-A( >1),MOZH)«(FA(1?) .RD7O) . (FA (' 3) ,RZZ) . (FA ( U l tRZZH) 1 t i"
3,UZZ<i) t ( F A ( 1 6 ) tZT).(FA(l7) .HZT>« ( F A ( 1 8 ' « H T Z ) . ( F A ( 1 9 ) tPDRZ) t ( A I

4,HDT),^^A(21).UTHDH)t <FA(2?).nTHOZ)•(FA(23>,oraz>•IFA(24)«TIME».(F
5A(25),HTFCT).(FA(?f,).EM6) , (Fft (27) iFC) 1 (FA (

2fl) .F Cl) • (FA(^q) »B) . (FA (
h30) ,UCOM) . (FA(J1 ) iDTEST) < (FA (32) »OM) 1 (FA (33) t «C) • (F« (34) .VELMX.) • (F
?A(35) ,|)AT) t (FA (36) iCLK) . (FA (37> «TO) t (FA (3H) . ICN1)
EQUIVALENCE (IA(U .iNuM) , (TA(?) «N|jM) , (1 A (3) t IBl) , (IA (4) t IM> 1 (I A (5)
1«JB1>» <U<f.> ijrt) . (IA(7> «INL> t (U'fl) iIRR> t CU(4)«I2R1. (IA<10> tI7T> t
?(IA(ll).ICNT).(IA(i?).JCNT),(IA(13).NCrC)«(IA(14)tNPRT).(IA(1S).NP
3LT)t(IA(IA).NWHT)t(IA(l7)»JNM).(IA(18)•IT)t(IA(I9).ITMX)t(IA(?0),N

1 ( U ( 2 2 ) , N I P ) • ( I A ( 2 3 ) , N ! C ) » ( I A ( 2 4 ) , N 0 P ) • ( I A ( 2 S ) . N O
O
EQUIVALFNCE (XfUTd) .(IH) , (XPUT(ii) .07) t (XPUT (3) ,DT) .(XPUT (4) .HI) » (X

H U T C J ) ,Z1) .(XPtlT(h) Ul) t (XPUT (7) .«2) . I XPUT (H) »T1) .(XPUTCJ) iT2) , (XP
?UT(1U).TwL)•(XPUT < A1).UIM).(XPUT(12)»V1N).(XPUT(13),PIN).(XpUTC1*)
J t C D tUPHT(IS).VFL>.(XPUT(16).TEM).(XHUT(lf).CPL).(XPUT(18),PRTI)•
4(XPUI (19).PrtHu ,(XPUI(HO),SCN)»(XPUT(21)»OM).(XPUT(22).NJ)»(XPUT(2
S3) ,BtlA) . (XWUT(?4) ,GZ) . (XPIIT(25) .ALPHA) . (<PUT(2fe) .BTA) .{XPUT (27) fT
f-FACT) ,(XPUT(?R),TCN) .(XPUT (20) ,CEP) . (XPuT (3 J) .VCTPL) . (XPUT (31) .VM)
7, (XPUI ( T ) .CIMPLT) . (XPUT (33) ,TFIN) , (xPUTH4) ,1DMP) . {XPUT (35) ,DTCP>
EQUIVALENCE INPUT(l).IBH),(NPUT(2),JdH).(NPUT(3),NPR),(NPUT(4),NPt
I 1 • {NHi.IT (S) ,NwR) , INPUT (6) .LPH) . (NPUT (7) .L»IR)

TFI.TFO
FL.t-C.FCl

HEAL 1PC.K.NU
O I H F . H S I O N u(3?,h?) , I I T ( 3 ? , ^ ? ) , V ( 3 2 , 6 ? ) ,WT(32,62) ,p{3?,62)

I TN (32,62) .K(32,*.?) ,a(3?,6?l ,THAH(f>?) ,D (32,62)
DIMENSION RCC(J?),HHC(3?),RHCC(3?),RWBC(32),ZCC(62).ZHCI62)
OlME"lbI(.)'J IHPCO?) .I/HCI62) .IZTCI62)

2 FORMA I(6H.I?,lun,3(foX.F12.S)/(4(bX.Fl2.S)))
3 FORMAT
4
5 FORMAT
10 . )
51 FORMAT (• D» =»1PE12.5» l)Z =«E12.5» OT =»E12.5» PI =«E1Z.5» Zl

1 =»El<:.3» II =«F12.5» (?2 =»El2.5/» Tl =«E12.5» T2 =«E12.5» TKL
3 =»E12.5» UIN =»E12.5» VIN =»E12.5« PIN =«ti2.5» cl «»E12.5/» VEU
3 =»E12.5« TEM =»E12.5» CPL =»Fl2.5» PHTta«ei2.S» PHTO=»E12.5* SCN
4=«E12.5» OM 3«Fl?.5/» NU =«E12.5» BETA»»E12.5» G7 »»E12»5«*LPHA
S=»E12.5» 8TA a»E12.5»TFACT3»E12.5» TCN *«El2.b/» CEP ••El2.5»VCTPL
6»»E12.5» VM ••E!2.5«CNPLT*»F12.5» TFINa»El2.5» TDMP«»E12.3» DTCP"

CIRCO
CIRCO
COMM
COMM
COMM
COHH
COMM
COMM
COMM
COMM
COMM
COMM
COM 1
COM>-:
COMM
COM*
COMM
COMM
rOMM

C0MM

COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COM1
COMM
COMM
ClRCO

CIBCO
ClBCO
CIBCO
r.mco
CIBCO
ClBCO
ClRCO
CIRCO
ClRCO
ClRCO
CISCO
CIRCO

2
3
2
3
4

5
b
7
B
9
10
IS
12
13
14
lb
16

17
IB
19
20

21
22
23
24
2b
?b

?7
28
2S»
30
31
3i
33
34

35
3b
37
38
39
40

41
S
b
7
n

10
11
12
13
14
IS
16
17

17



7*>/Qf>f\e 11.02.2? T3LMSZZ2CO PAGE NO. ?

7»E12.b>
52 F°« AT(1*0,• laH =»I5* JRW =»I5» NpR »MS» N PL

1 =*Ib» L*» =«IS)
»»I5» LP«

ClRCO

7
7
7
7
7
7
7
7

16

?1
->7
15
37

4S
S7
71
103
106

117
126

135
UlS
155

1M
173
175
177

»Fl2.5« T**I »F12.5)

=»I5» NPC =»15)
»4(Fl?,5))
»Fl2,5)

=«IS« NIC =»I5)
»4.{Fl?.5)»
»Kl2,5» VPI
=«I5» NOC a»IS)
•4(Fl?,5))

! O «F\2.5» VPO »Fl2.5>
(lnO«4X«»I«t5Xt»J«t«Xt»FL»tllX»«U»tl6X»»V»il6X«»P»»l6X«»D»tl

lbx,»l») "
75 FORMAl<3<3x.I3),5<5X.lHEl2,5)>
76 FORMAT(1NO,« IT «»I5)
flO FOPMAIt* Tul 3»lPEl2.5* TO? =»El2.5» T03 »•£!£.5)
100 FOQMAT(xHl)

C»»«1NITIAH^ATION PHASE OF C1RCO«»»#»
CALL bETOl*LKTU»WNTIM)

53
5$
55
56
57

63

FORMATUHfi,» NCP
FOKMitH • C^C
F0RM«I( • THL
FORMAT (lr(0,» NIP
FORMAl ( • IPC
FORMAT ( • UPI
FORMAl(1HO,« NO
FORMAT t • OPC
FORMAT! • UPO

CALL SECONDITHASE)

TFI=7
Tt)=O.U
TDFali.O
TlMEa-.b
ITsO
NCYC=U
PRIMI 100

C»««StCTIO\ f-0* PHOCtSSING INPUT OATA«»»»»
HEAD I.NAMF

INITIAL INFORMATION SOURCE##»»#

CALL AOV(l)
*HITtt l?. l>NAME
HEAD uAtA KiMlCi
READ 10.Tni . fO2,T03
PRINI Bo,I01«TiJ?.T03
WKITt «l'«.Ha)TLH.TU2»TU3
IF(Tdl.LT.O.OnilOiU) (iO TO 7500

1P5 CONTLKUt
C«»«»«HEAD X*»OT AKKAT unlCH CONTAINS FLOATING POINT OATA»»»»»

HEAD 2tN'JM. (AHjf(fj) ,N=1 .NUM)
PRIM al.(XHgT(N).NsltNUM)
(*PITt(l?.Sl)UPilTlN).N=ltN'"M>

C«»«HEAQ "POT AKXAY «MlCH CONTAINS INTF.6EH OATA«»««»
MEAD J.I'JUH, (NHnT(N) tNal,INUM)

S?.INPUT(N)iNsltlNUH)
2)1NKUTINI,NB1,INUM)

C***SECTIO* FOW CALCULATING CONST*NTS»»»««
TLlM«0.9ft67»TLH«»?7.9t"-09-30,»(l.O-TUMP)«1.0E*10
CALL 6f.TJ(*LKJ8N.JNM|
CALL OAlEllOAT)
CALL CLOCK] (CI.M

ClRCO
rlRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
CIHCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
cinco
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO

2U
21
22
23
?4
25
2b
27
?H
29
3"
31
32
33
34

35
3b
37
3B
3V
4O

41
42
43
44
45
4b
47
48
49
50
51
52
53
54
55
5b
57
58
59
6U
61
62
63
64
65
66
67
68
69

70
71
72
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201
>01
201
?01
201

RUN-LCM97 U

JHl=JHh*l

CIHCO 75/06/12 11,02.2a T3L»IS<£Z2CD P»GE NO, 3

ClHCO

RTFCI=1.VTFACT
C*»»*»0H DtPENHENl CONSTANTS*****

201
201
201
201
234
243
243
?43
?S0
257

RRRH=O.S«KRR
Rf!R2 = i?.0»RRH
HT = IriH*L)H
HRTsl,0/^T
DO 13-J 1 = 1.IM
RCC(1)=(I-1.5)*DH
HHC(1) = t1-1.0)"OH

ISO CONTIMUF.
DO 1S3 I=2tIM
RPCC(I)=1.»/HCC(I)

?57 155 CONTINUF
C*»*»«OZ DtPENUENT CONSTANTS*****

RDZ=l.O/n/

2f.3
263
?f.3
263
?63
277
306
306
306
313
313

313
313
313
313
313
313
313
313

313
350
3S3
353
353
353

DO lb-- J=l

ZBC )
160 CONTWJF.

O
DCON=(?.0»CEH)/(OH»DZJ

C****»DT DtHENOtNT CONSTANTS*****
RDTsl.n/iVT

rCNl=0.5*i>T*ll .0*TCN)

C*****QETE«*INING PLOTTING CONSTANTS*****
DM°Zr
IF(ZT.LT.RT) OMaRT

CIRCO
ClRCO
clRCO
ClRCO
CIRCO
ClRCO
ClRCO
CIRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
CIRCO
CIRCO
ClRCO
CIRCO
ClRCO
CIRCO
CIRCO
ClRCO
ClRCO
ClRCO
ClRCO
CIRCO
ClRCO
ClRCO
ClRCO
CIRCO
CIRCO
ClRCO
CIRCO
ClRCO
ClRCO
cIRCo
ClRCO
ClRCO
CIRCO
CIRCO
CIRCO
CIRCO
ClRCO
CIRCO
CIRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
cinco
CIRCO

cinco

73
7*
7b
76
77
78
Ti
80
Hi
82
B3
84
d5
tin

h'r
8B
89
90
91
92
93
94
9b
9b
97
98
99
100
101
102
103
104
10b
116
107
108
109
110
111
IU
113
114
lib
lib
117
118
119
120
121
122
123
124
125
126
127
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RUN-LCM97 0 CIUCO 75/06/12 11.02,22 T3LMSZZ2CD NO.

IFUUF.GT.O.O) 60 TO
371
371
371

375
376
if>3
405
405
405
405
405

413
414
423
433
443

4S2
4f.l
461

4A3
471
47]
471
471
471

••04
507
511
S12
516
520

5?7
532
5*2
542
542
5*5

NPLT=iMf»L
NWRT-NWM

C***SECTIOn port DETERMINING CELL FLAGS AND INITIAL CELL QUANTITIES*****
DO 2^0 jsl.JM
DO 250 Isl«IM

V(ItJ)sO.O
P(I«J)30.0
TdtJlsQ.n
KdiJIsO.O

250 CONTINUE
C*****FLA(i(iIMG SCHEME*****
C FL=1 FLUID CELL
C FL=? FHEESLIP-INSULATEO
C FL=J MOSLIP-INSULATED
C FL=4 FREESLIP-CONSTANT TEMPEHATJRE
C FL=b NOSLIP-CONSTANT TEMPERATURE
C FL=6 INFLOW POHT
C FL=7 OUTFLOn PORT

FC=O
IF(VtL.F^.O.O>ANO.TEM.EO.O.O)
IF(VtL.tQ.l.Q.ftNn.TEM.EQ.O.O)
IF(VtL.HJ.O.QtANO.TEM.EQ.l.O)
IF(VEL.EO.l.O.ANO.TEM.EQ.l.O) FC=5

C»**»«DETEHMINING FLAGS FOR LEFT FICTITIOUS CELLS*****
DO 260 J=liJM
FLtl»J)=2

260 CONTINUE
C*«*»«oHTEHMlNlNG FLAGS AND TEMPERATURES FOR BOTTOM AND TOP ROWS OF FICT
C CELLi>»*»»»

00 2/0 1=1.1M
FL(I»1»=FC

CIRCO
ClRCO
rlRCO
ClRCO
CIRCO
CIRCO
CIRCO
ClRCO

ClRCO
ClRCO
ClRCO
fIRCO
rlRCO
CIRCO
ClRCO

ClRCO
ClRCO
ClRCO
CIRCO
CIRCO
ClRCO
CIRCO
CIRCO
CIRCO
CIRCO
ClRCO
CIHCO

rlRCO
ClRCO
ClRCO
CIRCO
rlRCO

T(IiJM)=TwL
?70 CONTINUF

C****»DETErtMlMN<> FLAGS AND CELL QUANTITIES FOrt FLUID AND aOUNOARY CELLS

00 JIK J=2,JH1
ZC=ZC*D/
IF(ZC.G1./T) GO TO 301
RC=-0.5«OH
UO JO" l=2tIM

IF(Ri(J.LF»HTEST) GO TO 290
00 2HU II=I.IM
FL«IItJ)aFC
T(IIfJ)cr>«L

?flO CONTINUE
GO Tu 300

ClRCO
rlRCO
CIRCO
CISCO
rlRCO
CIRCO
CIRCO
ClRCO
CIRCO
CIRCO
ClRCO
CIRCO
ClRCO
CIRCO
ClRCO
CIRCO
CIRCO
ClRCO
CIRCO
CIRCO

128
129
130
131
132
133
134
13b
136
137
138
139
140
141
142
143
14<»
14b
146
1*7
148
149
150
151
152
153
154
155
156
157
1SH
159
161
161
162
163
164
16b
166
167
168
169
170
171
172
173
174
17b
176
177
176
179
lBO
181
182

20



RUN-LCM97 J CMCQ 75/06/12 11.02,22 T3LMSZZ2CD P«GE NO, 6

550 290 KL<ItJ)=l ClRCO 183
550 P(I«J)=PI<M ClRCO 184

550 KIiJ)*!ii ClRCO 1H5
554 300 CONTINUE rlRCO 186
561 301 CONTINUt ClRCO 187

C****«SETT1NG SPECIAL INTERIOR TEMPERATURES***** ClRCO 188
5*1 «TESr=«l*»2 ClRCO 189
561 ZC=-0.5*OZ ClRCO 19"
565 DO 3 U J=2,jdl ClRCO 191
566 ZC=ZC*D4 ClRCO l92
5*6 2TESIi=^l-0.5»*1 ClRCO 193
566 ZTESI2sil*0.b«^I ClRCO 19*
574 IF(ZC.GT.miTi2) GO TO 312 ClRCO 195
600 IF(ZC.LT./TEST1) (,0 TO 311 d«C0 196
(,02 RC=-U.5«nw ClRCO 197
604 UO -31" I»2,IH1 ClRCO 198
f,05 HC=RC*OH ClRCO 199
605 RS3=Sl-N*(i:C-^l)»*2 ClRCO 200
605 HSO=HSQ*RC**2 ClRCO 201
ftl3 IF(Ri>J.LE.RTfcST) T(I.J)«Tl ClRCO 202
6?? 110 CONTINUE ClRCO 2"3
*?S 311 CONTlNUt ClRCO 204
*»30 312 CONTINUE TIRCO 205

C»»«»«SETTlNG NOM-aOUNOAHY KLUlO CELL VEL0CIT1IES***** ClRCO 206
630 DO 32b Ja?,JHl ClRCO 207
612 DO 3^0 I=?,IH1 ClRCO 208
633 IF(FtdiJ) .NE.l) BO TU 325 ClRCO 209
637 IF(FL(I*l*J).EU.l) U(IiJ)alUN TlRCO 210
644 IF(FL(ItJ*l).EU.l) V(ItJ)3VIN ClRCO 211
653 3?C CONTlNUr ClRCO 212
656 325 CONTINUE ClRCO 213
661 FCl=a ClRCO 214
66? IF(VtL.tJ.O.O) FCl=i ClRCO 215
664 IFtC^L.EQ.O.O) RO TO 455 ClRCO 21b

C*««*«SETT1N« Fl&Gi AND TtMHERATURES FOR SPECIAL CONSTANT TEMPEHATURE CE ClRCO 217
665 HEAD 4«NCP.NPC ClRCO 218
675 PHINT HS.^CPtNPC ClRCO 219
705 nHITLl1?.S3)NCP«NPC ClRCO 220
71^ UO 4S^ Nsl.NCP ClRCO 22J
717 M=4*(N-1>»1 ClRCO 222
717 Ml=M*l ClRCO 2?3
717 M2oM»^ ClRCO 224
717 M3="*J ClRCO 225
725 HEAD i>i (C^C(NN) ,NNsM,M3) ClRCO 226
735 PHINT 54.(CPC(NN)tNNsM,M3) ClRCO 227
745 WHlTtl\?.54) (CfC(NN) .NN»»4.H3) ClRCO 228
755 READ 3,TPL(N) ClRCO 229
764 PRIM 55.TPL<N> ClRCO 230
773 *RITt(12«55)TPL(N) Cl«CO 231
1002 RCUC^CtM) ClRCO 232
100? ZC1»C»»C<M1) .ClRCO 233
1002 HC2«CPC1M?) ClRCO 234
1002 ZC2«Cf»CIM3) ClRCO 235
1002 ZCa-l.S*0l ClRCO 236
1016 DO 45" J-l.JM ClRCO 237

21
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in?o

1025
1026
1032

1056
1062
1072
1072

1073
1103
1113

1)0 43 • I= ? » I M

tfC=HC*OH
i r tFLd.JJ .EU.l) GO TO *50
IF(RC.LT.RCl.0K.«C.hT.HC2) GO TO 450
IF(ZC.LT.ZCl.0K.ZC.GT.ZC2) GO TO 450
FLU»J)=FCl
T(I.J)=TPL(N)

450 COMTINUF
455 CONTINUE

IMPKU.F.;1.0.0> r'O TO 555
C»»««H»SETTING FLAGS, I

READ 4 , N T P , M C
PRINT S(

AND VELOCITIES FOR INFLOW CELLS»«»«»

00

M3

11*3

11*3

1215
1232

1?32
1232
1232
1246

12*0
12*4

12*2
1273
1306
1306
1311
1317
1317
1317
1323
>3?4
1333
1333
1336
1343
134*
13<53
1353

Nsl .hi*1

- 1 ) * 1

500

510

=M«3
. UPC(NN) ,NN=M,M3)

PRINI 5 ' , (IPCtmN),NN=M,M3)
WRITt( l?.57>IIPCINN),NNsM,M3)
HEAD 3 .UP I (N ) .VP I (N ) .TP I (N )
PRIM 5 8 . J P I ( N ) . V P I ( N ) , T P I ( N )
«IMITb(l?.5R)UPI (N) .VPI (N) .TPI (N)

ZCl=lPCtMl)

ZC=-l.5«'1/
QO 55.- J=1.JM
zc=zc*oz
HC=-0.5«OJ
00 b?~ 1=?,IM
RC=*»C*UX
IFtFul, 1) .EQ.l) 60 TO 550
IFCRC.Lr.WCl.OK.RC.OT.HC?) G 0 T° 5 5 0
IF(ZC.LI./Cl.0rt.ZC.GT.ZC2) GO TO 550

T<I.J)=TPI(N)
IF(FL(I-l.J).NE.t) GO TO 500
U(I-1.J)=UPI(N)
V(I.J-1)2VPI(N)
V(I.J)=VPI(N)
GO TO 550
IF(FL(I.J-l).NE.l) GO TO 510
V(I.J-1)=VPKN)
U1I»J)«UPI(N)
IFd.OT.i?) U ( I - I . J ) B U P K M )
GO TO 5bO
IF(FHI.J»1) .NE.H GO TO 550
V<ItJ)«VPI(M)
U(I«J)«UP'(N)

ClRCO
CIRCO
ClRCO
ClPCO
ClRCO
CIRCO
CIRCO
CIRCO
rlRCO
CIRCO
CIRCO

ClRCO
CIRCO
ClRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
rlRCO
ClRCO
CIRCO
ClRCO
CIRCO
ClRCO
riRCo
CIRCO
riRCo
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
ClRCO
CIRCO
CIRCO
rlRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
ClRCO
CIRCO

cifico
ClRCO
ClRCO
ci«co
ClRCO
ClRCO
CIRCO

23a
239
240
24 1
242
243
244
245
246
247
24K
249
25U
251
252
253
254
255
25b
257
25B
259
26 U
2b 1
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
28U
281
282
283
284
285
286
287
286
289
290
291
292
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1356
1161

1373

CINCO 75/06/12

>J(I-1,J)=UPI (N)

U,02,22

550
555 CONTINUt

IF(Pnro.F.H.U.OI <5U TO 655
C»»»«»bETTlNG FLAGS AND VELOCITIES FOR OUTFLOW CELLS

1374 REAP 4,N0PtN0C
1404 PfllNI 6l.N0P.N0C
U U W«ITtll2,hl)NOH,
14?4 DO 6S" Nsl.NOP
14?6 M = *«(N- ' )*1
U?h Ml=M*l

14?6
1414
1444
1454
14<i4

U76
1510
1522
15??
15??
15??

1536
1540
1540
1544
1545
1546
1552
1563
1574
1577
1605
16^5
1605
1611
161?
162!
16?1
16?4
1611
1632
1641
1641
1644
1651
1661

1661
1661
1661
1661
1661

600

610

650
655

M3=M*3
HEAD b.(OPC(NN),NN=M,M3)
PRINI 6*,IOPC(NN
rfRITt ( 1^.62) tnPC

),NN=M,M3)
(NN) ,NlM>M,M3)

RF./ID a.UPniN) .VPO(N)
PHI'.I 63,uP0 (N) ,
rfRTTt: (12,h3)UPU(
KCl=UPC (H)
ZC1=OPC(MI)
RC2=UPC(M?)
iC?=UPC(M3)

00 6b- j=l,JM
ZC=ZC*O^
RC=-u.5«nw
DO 6bu 1=2,IM
HC=HC*DH
IFtFLlI.J),EU.l)
IF(RL.LI.WCl.Ot<.
IFtZC.Ll.^Cl.Ort.
FL(I.J)=7
IF(FLtl-l.J).ME.
Utl-1,J)=UPOIN)
VtI.J-l)=«PO(N)
V(I«J)sVP()(N)
50 Tu 650

IF(FL(I,J-1),NE.
VtI.J-l)=VPO(N)
UtltJ)=UPO(N)
I K C I . b T . ? ) UtI-1
GO TU 6bO
IF(FL(I,J*1).NE.
V(I,J)=VP0(N)
U(I.J)=UP0(N)
IFd.uT.?) UtI-1
CONTINUE
CONTINUE

C»»»DETERMINING FHAME
ICNT=1
JCNT»1
IRPC(l)xIHL
IZRC<l)s[2R
IZTC(l)=tZT

VPO(N)
N)fVPOtN)

60 TO 650
RC.Gt.KC2> GO TO 650
/C.OT.ZC?) GO TO 650

I) SO TO 600

1) 60 TO 610

,J)=UH0(N)

1) GO TO 650

•J)BUPO(N)

CONSTANTS FOR PuOTTlNG»»»»«

T3LMS£Z2CO P«GE NO,

ClRCO
rIRCO
CIRCO
ClRCO
ClRCO
ClRCO
CIRCO
cIRCO
ClRCO
ClRCO
ClRCO
CIRCO
CIRCO
CIRCO
ClRCO
ClRCO
CIRCO
ClRCO
CIRCO
ClRCO
ClRCO
ClRCO
ClRCO
CIRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
CIRCO
cIRCO
ClRCO
CIRCO
CIRCO
cIRCO
CIRCO
ClRCO
ClRCO
CIRCO
CIRCO
CIRCO
ClRCO
CIRCO
CIRCO
ClRCO
ClRCO
ClRCO
ClRCO
CIRCO
CIRCO
CIRCO
ClRCO
ClRCO
ClRCO
ClRCO

7

293
294
295
296
297
29H
299
300
301
302
303
304
305
306
307
Jdd
309
310
311
312
313
314
31b
316
317
318
31*
320
321
322
323
324
325
32b
327
32b
329
330
331
332
333
334
335
336
337
33B
339
340
341
342
343
344
345
346
347
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167(1

167S
1675
1711
1713
I7l6
171*
17U

1716
17*3

17M

17*4
17=17
17*7
17*7

17«.7
1771

1773
I77(S
?003

?010
?0|l
?314

?0?7

?n44
?044
3044

?OftO

UN-LCM97 o CIHCO 75/0A/12 11.02.22 T3Ll>

J=?
1)0 660 I=2»IH1
IF<FLU'.i> . EQ.D GO TO 660
ICNT = ICNT"*1

RpC=(I-2.)*0R
1HPC( ICNT)=IKL*RPC*HHT»( ISR-IRL) •E*I6

65<> J=J*1
IF(FL(I»1> .NE.l) GO TO 659
JCNT=JCNT*l
ZPC=(J-2.I*OZ
IZHC(JCNT)=IZ«*7PC*HZT*(IZT-IZB)*EM6

ZPC=^T»^PC
IZTCUCNT)=IZH*ZPC*RZT*(IZT-IZ8)*EM6

6ft0 CONTINUE
1CNT=ICNT*1

JRPCIICNT)=IHR
; * * * C A L C JLal ICN4L •'HASE OF CIRCO*****
lOOO CONTINUE
^•ttOtlPRrtlNlNS MAAIMUM VELOCITY IN SYSTEM*****

VELMx=0«"
DO H-0 J=2.JH1
UO 1100 I=?.Ihl
UCH = «»rtS HI (I • J) )

VCM = AH!>( ̂  (I . J) )
VMX=UCM

IF(VC"1.(ir.VMX) VMXsVCM
IF(VtLMX.HT.VMX) GO TO 1100
V E L M A S V / M X
IMX=1
JMX = J

1100 CONTl *Ufc
aTESl=OCnN«vtLMX*l.OE-09

C»*«t)t IEHM1NING MEAT CONDUCTION COEFFICIENT,K***»*
DO 1200 .I=1,JM
UO 1200 1=1,IM

MI,J)=Cl
IT (FLIT. 1) .FQ.6) K(I»J)=0.0

1200 CC'NTl«l^
[•••»0>-TE"*M1''J! N1' TriAwo»o»»

DO 1J20 J=?.JH><
5JM=0.0
HSUM= .0
Dt) liOH 1=2.Irtl
IF(FHI.J) .Nt.l) GO TO 1310
IF(FL(I.J*1).Nt.t) GO 10 1310
TEMl=u.3»(T(I.J)*T(I,J*l))
SUM=bUM*RCC(I)»TEMl

RSU«=HSUM*HCC(I)
1300 CONTliMUE
1310 TBAR(J)=SUM/HSJM
13?0 CONTINUE

C**»SETTING TANGENTIAL *FLOCITY BOUNDARY CONDTTIONS—FREESLIP

1 = 1

DO lbOO J«=1.JB1

4SZZ2CD PAGE NO.

CIRCO

CIRCO

CIRCO
CIRCO
CIRCO
CIRCO
ClRCO

ClRCO
ClRCO

ClRCO
ClRCO
clRco
CIRCO

ClRCO
CIRCO
riRCO
ClRCO

ClRCO
CIRCO
ClRCO
CIRCO
ClRCO
ClRCO
Cl°CO
riRCO
CIRCO
CIRCO
ClRCO
riRCO
CIRCO
ClMCO
CIRCO
riRCO
CIRCO
CIRCO

ClRCO
riRCO

riRCO
riRCO
CIRCO
riRCO
rlHCO
CIRCO
ClRCO
ClRCO
CIRCO
CIRCO
CIRCO
ClRCO
ClRCO
CIRCO

OR NOSLIP* ClRCO
ClRCO
CIRCO
CIRCO

a ;

348

349

350
351
352 '
353
354

355
356
357
35H

359
360 ;

3&1
362
363
364
365
366
367
36H

369
370
371
372
373
374
375
376
377
378
379
3H0
381
3H2
3H3
J84
3B5
386
3H7
3H8
3H9
390
391
392
393
394
395
396
397
39H
399
400
401
402

24



RUN-LCM97 0 CIRCQ 7S>/-Q6/12 U.02,2? T3LMS*Z2CU PAGE NO,

?06f>
2073
2107

2131 1400
1500

VllltJ)»-V(lI-ltJ)

2146
2147

?206
2217
2222
2?22
22?4
??26
2230
?231

22S7
?2fi2
226*.
22*7
?277
2315
?3?2
?3?2
?3?7
233?
2336
7336
23*6
2364
2371

2376
2401
24 03

2404
24?0
2426

24 ?6
2432
2434
2435
2470
2475

V(I«J)aV(I«ltJ>
IF(FLtII,JI.GE.6.0R.FL(II«J»II.6E,6) GO TO 1500
IF(FL(UtJ>.tQ.3.0H.FL(IItJ).EQ.5) 60 TO 1*00
IFtFLUI-ltJ> .E0
GO TO 1500
IF(FUtll-l.J),EU
CONTINUE
J=l
JJ=J*1
00 20U0 Maj.2
00 ldOO !=?.IH1
IF (FLII.J) .GE.6.0R.FL(I*UJ) .GE.6) GO TO 1800
IF(FL(ItJ).FU.3.CR.FL(I».l).EQ.5) GO TO 1700
IF(FLCI»JJ) ,E(J.l ! UtI«J>3U(It JJ>
GO TO I B O O

1700 IF(FL< I.JJJ.EO.l ) UUtJ)=-lMT fJJ>
lgOO CONTIMUE

J=JM
JJ=J-1

2000 CONTINUE
DO 30U0 J=2.JB1
DO 3U00 1=2,iHl
1F(FL(I,J) .EU.l.OH.FLd* J) .GE.6) GO TO 3000
IF(FL(liJ) .FtJ.J.OH.FLd* J) .E0.5) GO TO 2400
IF(FL(I*UJ) .«£.*) GO TO 230"
IF<FLUtJ-"D.NL.l) (,0 TO 2200
UlliJIiUI!,J-1)
GO TO 2J00

2?00 IF (FLIIiJMI .EU.l ) U(I«J)=IMIiJ«l)
2300 IF(FL(I.J*l).Gt.»i.0M.FL(ItJ*l).EQ.1.0H.FLd-ltJ).NE.l) GO To 3000

GO TO 3000

lF(FLd»l«JJ.G£.*) RO TO 2600
IF (FLd.J-l).Nt.l ) GO TO 2500
U d ,J)=-IKI.J-1)
GO TO 2601
IF(FL(I.J*1) .EJ.D U(l»J)=-Ud»J*l)
IF<FU<I.J*l>.G£.6.0R.FL(I,J*i>.EQ.1.0H.FLd-l.J).NE.l! GO To 3000
V(I«J)=-tf(I-1,J)
CONTINUE

OllTHUT»»»«»
TO 3099
GO TO 3110

PRINI 70,TIME«NCYC.IT.VELMX
GO Tu (3110«30qq)• LP»

3099 CONTINUE
70 FORMAT<5X,»T1M£ »»1PE12.5.5X,»NCYC = » I 5 , 5 X . » I 1 «»I5.5Xt»VELMX »»El

12.5)
PRINf 74
JO 3100 J=1»JM
DO 3100 1=1.IM
PRINI 75 t l f J t F L ( I t J ) f U ( I , J ) , V ( I t J) t P d f J)

3100 CONTINUE
3110 CONTINUE

2400

2500
2600

3000
r«n»«SfcCTIGi\t FO«

IF(NCYC.LK.l) GO
IF(NCYC.NE.lMPRf)

CIRCO
ClRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO

ciaco
riRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
rlRCO
riRCO

rlRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
r.lRCo

rmco
cinco
CIRCO
CIRCO
CIRCO
CIRCO
riRCC
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO
CIRCO

403
404
405
406
407

4oa
409
410
411
412
413
414
415
416
417
418
4l9
420
421
422
423
424
425
426
427
4?8
429
430
431
432
433
434
435
436
437
43»
439
440
441
442
443
4*4
44S
446
447
448
449
450
451
452
453
454
455
«56
457

25



75/06/le NO. IO

?475
C * * * S K C T I O I M FU* PLOTlfc'O OUTPUT*****

IF(NCYC.UE.l) liO TO 3115
I F ( N C Y C . N E . N P L I ) 60 TO 3120

45B

2503
3115 CONTINUE

IF(VCTPL.NE.O.Q) CALL VCTPLT
IF(CNPLT.NE.O.O) CALL CONTUR

2507 3l?0 CONTINUE
C«**SeCTIO* FOP WNITTE*' OUTPUT*****

SSn? »IRITtn2.70)TTMEtNCYC«lTiVELM>C
?S?3 IF(NCYC.LE.l) (iO TO 3125
?526 IF(NCYC.NE.NrfRT) GO TO 3130

?537
GO TO (3\30.3125>i

3125 CONTINUE
CALL LINCNT(l)
wRITttlif,70)TIMEtNCYC.IT,VELMX

256* I
?iS17 31?6 CONTINUE

3130 CONTINUE

DO 31>-6 j s l . J M
DO 31i?6 1 = 1 . IM
W H I T t l l ? . 7 5 ) I . J . F L ( I . J ) . U ( I . J ) i t f ( I . J ) . P ( I » J ) . D ( I . J ) » T ( I . J )
CONTINUE

C***TEST FUrt DECREASING DT TO MAINTAIN S T A B I L I T Y * * * * *
I F ( T M r S T . L T . O . ^0) GO TO 31S0
OT=RIFCT»OT
t)THZ=?.0»UT/<Ort*l)Z>

2f>31

?663

2673

C**«TEST F J K INCREASING UT WHEN VELOCITIES ARE SMALL*****
J150 IFfTMTST.iiT.n.lS) 60 TO 3160

IF(NCYC.LT.5O) GO TO 3160
TMTSI=UACT*UT
IFITMTST.GT.0.2S) GO TO 3160
UT = TFAC1«(JT
DTRZ=2.0«l)T/(0<<*f)Z)
KDT=I.O/r)T
DTRDH=DT»HDR

2673
2673
?673

BTZ=atA*i)TROZ

2721 3160 CONTINUE
C»»«SECTION po^ TAPE DUMPS*****

27?1 ASSIuN 349Q TO KTD
?7?2 IF(T1ME*FM6.LT.TFIN) GO TO 3300
27?f> ASSIGN flOOO TO KTD
?7?7 GO TO 7000

CIRCO
CIRCO
CIRCO
ClRCO
CIRCO
ClRCO
CIRCO
CIRCO
ClRCO
ClRCO
CIRCO
CIRCO
f.lRCO
ClRCO
ClRCO
ClRCO
ClRCO
CIRCO
rlRCO
CIRCO
rlRco
CIRCO
CIRCO
ClRCO
ClRCO
CIRCO
CIRCO
CIRCO
ClRCO
CIRCO
CIRCO
CIRCO
ClRCO
ClRCO
ClRCO
CIRCO
CIRCO
CIRCO
ClRCO
ClRCO
PIRCO
PIRCO
rlRCO
CIRCO
ClRCO
CIRCO
ClRCO
CIRCO
CIRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO

4b9
46°
461
462
463
464
46b
466
467
468
469
470
471
472
473
474
47b
476
477
478
479
480
4U1
4H<J
483
4H4
4K5
4U6
4«7
488
4aS>
490
491
492
493
494
49b
49b
497
498

500
501
602
503
504
505
50b
507
508
509
510
511
513

26
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?7?7
2731

2736
?736
27*2
2742
2743

3300 CALL btCOMP(TCYC)
IF ( UCYOTHA5E) .LT.TLlM) 60 TO 3310
ASSIliN ri"00 TO KTO
GO TO 7000

3310 IF ( (ICYC-TRAbF.1) .LT.DTCP) GO TO 3499
TBAStl=Tcrc
60 TO 7000

3499 CONTINUE

2743

?747
?750
2751

NCYC=NCYO1
C***SFCTION FOH CALCULATING IMr RMEDI ATE VELOCITIES*****

DO Sb'-S'J J=?«JRl
UO 3B<*S 1=2,mi
.IF<FL(I..U .NE.l) GO TO 3699
IF(FL(1*1.J).NE.l) 60 TO 3500

c»#«»«CALCULftHON OF U VFLOCITIES*****
2762
2762
2762

27f.2
27ft2
?7fi2

1= • . 5 * ( \ M I » 1 , J ) » V ( I « J > )
E P S = A L P H A » S I I } N ( 1 .O.TEMl ) *HTZ*TEMl
UCONI=TfMl»( ( F . P S * n . 5 ) * U ( I t J ) - ( E P S - 0 . 5 ) * U ( I t J * l |

* l , J - l ) * \ M I t J -1 ) )

( E P S * 0 . b ) « U { I i . l - 1 ) - ( E P S - 0 . 5 ) * U ( I t J )
UC*

3061
3061

, J * l ) - ? . O « i J ( I , J ) * U ( I « J - 1 ) )
U 0 I F 2 a H H W / * ( ( W ( I * l , J I - V ( t » . i l ) - ( ( / ( 1 * 1 • J - l ) - V ( I , J - l l ) I
UT ( I i J )= i l ( I , J ) -0T» tUC0Nl * ' . IC0N?*UPRE5-NU»(UDIF l -UDlF« ! ) )

3500 I F ( F L ( I t . l * l ) . N b a l ) GO TO 3fi<JB
C*«**»CALCULATION OF V VEl OC1TIES»»»»*

r E M l = O . S « ( u ( I i J » l ) » l l ( l » J M

3"f.l
•}"«.!
3061
3061
3061

3061

3061
3061

3161
3164
3167
3170
3171
3175
3203

3213

VCONH=RHC(I)*TEMl*(
TF.'1l= •.?»(U(I-1,J*1) tUCI-UJ) )
EPS=rtLPMA«SIGN(1.0,TE"l)*HTH»TEMl
VCONL=«HC(I-U»TEMl«( (F.PS*0 . = ) •« 11-1 » J) - (EPS-0 .5) *V (11 J) 1
VCON l=RDH»HMCC 11) • (VCONR-VCONL>

( I, J»l)-P( I, J) )
Vll IF l=R(i-vZ»RKCC(!)*iaHC(T>*<U(ItJ*l>-U<ItJ> ) -URC (1-1) • (U (1-11 J* 1)
1-IKI-' . J) ) )

tJ>-V<ItJ> )-SBC(I-l)*(V(ItJ)-

vaOUY=(u.s»(T(I,J*Ii*T(I, J))-T8AH(J) )
VT(ItJ)=v/(I,J)-l)T«(VCONl*VCON2»VPRES*NU*(tfOIFl-VDIF2)»BETA*GZ*
ltfBOUY)

3<j«»« CONTINUE
3699 CONTINUE

DO 37bO J=2»JH1
UO 374Q 1=2,IBl
IF(FLd.j) .NE.D GO TO 3750
IF(FL(I*ltJ).Ei4.1) U (I , J) =UT {I» J)
IF(FL(I,J*1).EU.l) V(I,J)=VT<I«J>

c»»«pPESSUHt-VELOClTY ITERATION SECTION*****
374q CONTINUE

ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClHCO
ClRCO
ClRCO
ClRCO
riRco
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
cIRCO

ClRCO
CIRCO
ClRCO
ClHCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
CIRCO
ClRCO
CIRCO
CIRCO
ClRCO
CIRCO
CIRCO
ClRCO
CIRCO
ClRCO
ClRCO
ClRCO
CIRCO
ClRCO
ClRCO
ClRCO
ClRCO

CIRCO
ClRCO
cIRCO
CIRCO

513
514
515
516
517

519
520
521
522
523
524
525
526
527
528

530
531

533
534
53b
536
53 7
5JH
539
54 0
541
542
543
544
545
546
54 7
54B

5^0
551
5b2
5S3
554
555
556
557
5SH
559
560
561
562
563
564
565
566
567
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HUM-Ll.*''* -•

37S0

CHCO 75/06/12 U.o2.?2

3??3
3??3

4000 CONTIMUF

3Z?7
3?3S

3?».7

331?

331S
31?0
33?1

33?7

33??

3336
3336
3336
33*4

1403
3410
1412

1414
34 15
3421

3475

3440
3443
3443
3443
3447

3455
3455
34«?5
3470

DO
00

J3? .JM1

lF (FLt l»« tJ» . fU .S>
I F ( F L « I . j»n.e«J.<i
IF(FL«I-l.J».Ew.l)
iFirni.j-l).Ea.U

IF(AnU.L*T*itlEST) 60 IP

IF
IF
60

pa
PH
00
U0

(Ti .£<;.!
(I 1.SI.l
III^L.f•
TU S03'

INI 7*,!
INI 74
4f<*H .)!

[TM*> GO
IT«*> GO
>.1> oO
»

IT

= 1 .J"
s 11 l w

TO
TO
TO

4799
7 7«<>

4U00

t U ( I . J ) . V ( I t J l . P ( l . J » « O t I t J >

IF !T
5000

. D 50 TO 4000

CALCULATINR tEMt»F«ATU«ES»»»

DO Stun !=?,mi
1F(FL! £, j ) . N t . l ) GO TO SO<»<»
1F(FL(I-1.J) .N£.1) 00 TO 5?00

»
TE'ilsl ( I . J ) - T t l - t . J )
TT»NL=!litt-1t.l>««?)»Tf.Ml

GO Tu
S200 CONTINUE

TLFTaT 11. J)«U (I-l. j) »H9C (I-H
TTRNLsO.n
TCONt«0.0

5300 I F l F L t l M t J I . N E . U (iO TO 5350
TR6TsT(I«ltJ>*U(tiJ>*RHC(I)
TEHl>T ( I * I f J ) - r i I t J I
TTRNH«(UtI«J)»»2)»TfcMl
TCONH«HBC(I)»0.S«lK(I»l,J)»K(ItJ)}«TEHl
GO TU 5500

Cl«CCt

0 t , ! H
I F ( F L ( I . J ) . M t . l l 60 TO * S « ft«C»?
u(i»J»= l<f"*»HMCc«n#iBHC«I>»u«iij»-asCtl«>»*utl»»»J»»»»W*»wil»j»»

rl°co
rl«*C0

fl'tO
rIBCO
TlBCO

fMCO
rl»»Cn
rtrtca
Cl«CO

»»•

Pl»CO

ft SCO

c«»co

riaca

rlPCO
riaco

ClPCO

riocn
rl«co
CIRCO
CIRCO
rIBCO

ClACO

CtRCO
ClRCO

6dl

60*

611

6U
61*
6IS
616
617

619

622

28



NO. 13

3S8*

w ?

1 % * *

35
1*8*

3 M *
3 * 1 *

• t . j t .u« .» . r>" . * t t l«J»J i .&» . *» CO 10

T taunt i« 11 . J I • • » ! •u.wl
«!:«u*« 11 • i • J I • te«ii

MOO
11*J»l»•»11»J-\ I

st»«t * J «
.H* t* i i * j i • * 11» J « I i » *v r * i

*0 if

If.*» 1 •*• • * • « * • I »JI •» I f • -i*J I »

t j

fsi

- f H.JJ

,«i« |« 11 * J»l I •*«t» J»» *» f.*\

HI.JJ»

00

rtBCO 634

6*0
6*1
* * *

*»*»

6 %

1«i*0
36*3
3M.1
36*3
16*6
t«i*6

•»»*?

V > 7
3710
3711
3T15
37*1
3 * M
37?6

S71fS CJ*!»J'<!.ii|
?t1P«i U.Jt»¥(l.J!

S-*00 C0*jTjt4uR
T»J( 1 * JI *T 11 • JI -OT* IR4CC«H *M0R«* IT06I»t|.FT 1 •AUZH* t TTOP-TRTHI -fCNl*

t JSSK* i T14MH.TI-4NL1 •« !?• 1 TT«*|T-TT»H311 • IflHCC (11 •0RD*|TCONM-TCONL' •<
?£!•< U.0M-IC0N*! 1 >

S99A CONTINUE
5999 CO^riNUC

00 6010 J'ZtJHl
00 6300 t«2*lHl
I F ( f L H . J I . N e . i l 60 TO 6010
T<!tJt«TN(],J>

6000 CONTINUE
6010 CONTINUE

GO TO 1000

fl«C6
Cisco
Cl»CO
riaco
CI»CO

* PIBCO
i ClHCO

ci«eo.
ei»co
Cisco
eisco
CISCO
Cisco
eisco
CISCO
ctsco
Cisco

661
662
663
6 6 *
6hS
6 6 6
66 7
6 6 »
664
670
671
672
673
67*
67S
676
477

29



CIHCO 75/06/12 11.OS.22 T3LMSZZ2C0 PAGE NO, 14

1T?A

37"»?
17*3
17*2

37Mi

»(t1|

40*3

4077
4 l « l

?000 TpaTu.J.O
FO* THANSFFHRING INFORMATION TO A TAPE»»«»»

d U'lTcTFO.Il iAl.ZZZ)
7010 IF(UNlt.TFO) 7Oln,7011t7l0O
7»U iiurrts o - i i i i F o . i i (CPC.SPC)
701? IFIUNiT.TFO» 7012,7020.7100

?»INI 7n"«i),T0.ItMF
7010 F03MAI (f^

«mTt I l?.7030»
GO Ty «1n

7|P0 •«»ttlU.Tin]I
fHt'Jl Tlnl

7t01 FOrtMfti t j«n ,« F.o
(JO til fllift'i

7500 C'J'JTlMtJl
C»»*SECTIO« c;i

0UMP»)

SENSEO ON BUFFER OPERATION*)

FH0M A TAPE TO CIRCO««»»»

7513

t
73ll,7i>I?.7lOO
i l l (C^CSPC)
7>n,75?O,7lO0

) T,j.Tl«E
PHtNt 7Hli,Tu.n«t

7S3O F04i«t ilx(>,%K,»ri> «»Fl?.S.SXt»TIME ••Fl?.5 t5Xt« PICK-UP TAPE*)
r » F « l »

411?
* 111
4l!7

4l?l
4l?3

*1?7
4135
4l*l
*U3
*!*4
*177
4204
4205

IFCTu3.Gt.0.')» GO TO 105
C*UL i>Elfil*L«J:»NtJN*)
CAUL :jAIF. 1 (DAT)
CAtU CLOCKKCL^)
TL!MaQ.9Mf7*Tim»27.9F.-0<)-30.*(1.0-TDMP)*1.0E*10
00 To 34<1«

7ft00 wf* ITt ( I ? . 7 6 0 1 )

7i>01 FO«MaiUMn,» TO NUMBFH INCOHRECT*)
77Q9 CO^THuF

99 FO*rtAT ll-ir»,« NUMHEH OF ITERATIONS EXCEEDS MAXIMUM*)
PHtN! 76.IT
PRINT 74
UO 7800 J«ltJM
DO 7o00 I«ltlH
PRINt 7«».ItJtFL(I.Jl.Ull.J)«VtItJ>,PCItJ),0(I.JI,T<I,J)

7HO0 CONTINUE
8000 CONTINUE

END

ClRCO
ClRCO
ClRCO
ClRCO
eiRco
ClRCO

ClRCO
ClRCO
rlRCO

ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
rlRCO
C.IRCO

ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
CIRCO
ClRCO
CISCO
ClRCO
ClRCO
ClRCO
ClRCO
CIRCO
rlRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO
ClRCO

ClRCO
ClRCO
ClRCO

67U
679
68°
68 1
&B2
683
68*
685
6Bb
68?
68tt
6H9
690
691
692
693
69*
695
696
697
698
69*
700
701
7"2
7<»i
7<14
70b
706
707
788
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725

30



ST IT
]
5
53
57

76
10r»
310
32'j

51.)
610
660
1310
jsno

3110
31 30
3310
3699

52D0
5500
5750
6010
7012
71U1
7512
7530
9030

BLOCK
AZ

VA^IA

AB")
A2
A6
b
BTl
CPC
OAF
DR
DTtfOR
EM6
FC1
IA
IFHC
IN'H
IRH

J
JJ

NOit
/t

rt

ft

it

it

it

it

it

it

it

ft

ft

it

it
,,

it

it
^

ft

ft

ft

it

it
^

ft

ft

it

ft

RU|\|-LCM<I7 0

LOCATIOM
4221
4236
4335
4 3S5
4400

10 7

6b7
)3<t5
1633
1744
2055
2217
2336
2475
?6?4
?7J6
3164
33?1
3440
3526
36)4
37?3
3752
4505
402b
4513
4203

NAMES AND LENGTHS
it

*q
ftR
ftR

itR

ftR

ftR

ftR

ftR
ftp

|»I
.tl

ft!

ftl
ftl

.M

76106

ASSIGNMENTS*
LOCATION

45S3
6514C01

415H4C01
74715C01
74702C01

0C02
74723C01
7454bC01
747(l5Cfll
74712C01
74714C01
74743C01
75563C01
74743C01
74752C01
74753C01
4562
4563

CIWCG

STMT NOft
•?

10
54
5B
70
fli
?V0
311
450
550
650
1000
1400
??00
2600
3115
3150
3499
3749
4599
5300
5550
5775
7000
70?0
7500
7S)3
7IS0O

SPCLON

NAME

ALPHA
A3
A7
HETA
CEP
CPL
DCON
OT
OTHDZ
EPS
FL
IHR
II
I PC
IT
IZBC
JHR
JM

ft

it

ft

it

ft

ft

it

it

rt

it

rt

ft

it

ft

ft

it

ft

it

it

ft

it

ft

r»
it

ft

ft

ft

it

ft

1*

r»H
itH
ftH

r>H
rtR

ftR

ftR

r>R
ftp

ftR

(•I
<t\

: «

ftr

fti

75/06/12

LOCATION
4223
4241
4341
4361
4461
4424
546
626
1063
1364
1652
1752
2131
2267
2346
2503
2657
2743
3213
33?*
3447
3544
3640
3726
375b
401?
4034
4H2

?65

LOCATION

74576001
1535UC01
S0?70C01
74574CUI
74602C01
74566C01
74716C01
74S50C01
74706C01
4555

0C01
74630C01
4557

50C02
74764C01
75f.35C01
74631C01
74750^01

11.02.??

STMT
3
51
t>5
61
74
99
J00
312
455
555
655
1100
1500
<!300
JOOO
J120
3160
3500
3750
4799
5350
5575
5900
7010
7030
7510
7520
7601

NAME

Aj

A4
AR
dTA
CLK
CI
DM
UTCP
UTHZ
FA
bZ
1H1
IM
1WL
ITFL
IZT
JB1
JHX

T3I.MS/Z2C0

NO*
it

it

•t

rt

it

it

ft

it

ft

ft

ft

tt

>t

it

*

*

it

•t

i*

ft

ft

it

ft

it

it

tt

it

it

it

«P
•tR

ftP

itW

*R
ftR

*P
it"

*R
*H
»H
i*I

*I
i*I
it I
ftl

ftl

*1

LOCATION
4230
4244
4345
4370
4405
4535
555
631
1073
1374
166?
1776
2141
2277
2371
2507
2721
3051
3216
3336
3*70
3570
3646
3737
4477
4012
4040
4531

LOCATION

ncoi
2413T01
•>7054Cf>l
74577CO1
74T?4C01
745A3CO1
747J0C01
74610COJ
74707C01
74661C0I
74575C01
74745C01
74746C01
74751C01
4561

74754C01
747»7Ct)l
4564

PAGE NO, 15

STMT
6

52
56
(-2
75
100
301
320
500
600
659
1200
1700
?400
3099
312i
3300
369H
4000
5000
5375
5700
5999
7011
7100
7511
75?b
7799

NAME

M O
AS
A9
PTH
CNPLI
1)

np
pTEal
0?
FC
1
ICNT
IHX
THPC
ITMR

izrcJCNT
JNH

NOit

it

it

i»

it
ft

it

ft

it

ft

it

it

it

ft

ft

ft

1*

it

it

•t

it

*

•t

itH

itH

*H
ftH

itH

itH

i*H

(»H
*\
1*1
i»I
••I
i«I
i»l
*l
i»l
••I

LOCATION

4233
4324
4351
4374
441b
4432
562
654

1325
1613
1 712
202?
2206
232?
2426
253'
2727
3161
3223
3412
3517
3576
3704
3743
4001
402!
4043
412?

LOCATIOM

744?*C0l
3272UCO1
65640C0I
74671C01
7»hu£>cni
6564OC01
*S5*
74717C0S
7*5*7C0I
7*713C0l
4556
74755C01
*560
75563C01
74765C01
75757C01
74756C01
74763CCJ



IV

M
N
NIC
N0r>
HP'I
NJ
OM
PRTI
HCC
UQ><
HOT
MPC
HRWH

US J*
W^T
HI
SU«
T8A5F1
TC'WH
ic*c
101
IF U
IF)
T^TST
TR iT
TTr^MR

UC')NT

HO IF?
UPr^ES

vc
VC'lNl
VOIF?

VP'<E5

zc
zo

h

*R
*I
*I
'•I
*[
-•I
r»R
*R
i*H

*R
*R
i*R

•»R
*R
••R
*P
*P
*R
*R
*P
*P
*R
*R
*1
*R
••H
*R
*R
i*R
*R
*R
i*R

r»R
r»R
*R
*R
*R
*H
*R

S70u«4e01

45h6
4572
74771C01
74772C01
74632C01
74573C01
74S72C01
74567C01
7t>0r'5C01
74661CP1
/47(!4C01
46U0
74hh5C01
4 602
74701C01
745^1001
46l)4

4610
4614
461b
46^1
46?3
46^6
46?7
4633

745b6C0l
4637
4643
4644
747?1CO1

46*il
4654
74604C01
46S6
4657

75277CO1

4663

EXTERNAL ASSIGNMENT*
GETO

VCTPLT
IOCHEK

r»R
i»R
>»R
"I

START OF _

u unco

KTD
Ml
NAME
NIP
NPC
NPUT
NUM
OPC
PH10
HC1
RDPH

HO?
RHHC
RHP?

KT
d7.l
R?
T
TMlM
TCONl
TO
TO?
TFACT
TIME
TN
TTOP
TTRNI
U
UCON1
11 IN
UT
VCM
VCON?
VFL
VMX
VT

zee
ZTtSI?

SECOND
0ATF.1
CONTUR
BUFFS I

CONSTANTS

4205

-I
r»I

(•I
>*I
-I
-I
-•I
r»R
(•W
(•M
>*H
*N
r»H
i*R

r»W
*R
*R
*R
r.H

*R
*N
i*M

*R
r«R
*H
*R
*R
*R
r»R
*P
*H
r»W

ftp
«p

»n

*p

*H

*R
*R
»H
*R

7S/06/12

456%
4567
75551C01
74770C01
747f,7C01
74760C01
74744C01

J 20CO?
74570C01
4576
74662C01
74672C01
75??3C<)1
74666C01
74667C01
7467SC01
74554C01
5U?7()Cul
4607
4611

747?bC01
4617

74600C01
74710C01
327P0C01
4630
4634
6S64C01
464 0

74560C01
15350CUI
4646
4652
74564C01
465b

32720C01
75?77C01
74553C01
4664

TEMPOHARIES

4544

LPH
M?
NCP
Nti
NPL
NPliT
NWR
P
KHC
HC?
HDHO
KO/H
HHCC
HR1
«TEST

bCH
JHAR
'CN
1 CONH
I OK
IU3
IF I
ILFT
IP!
ITHNh

(ML

UCON2
UP I
V
YCONL

WCIPL

VP]
»PUT
£C\
LPC
Lll

OUTPTC
CLOCK i
U]NCNT
END

T3L

• I
•I
»I

»I

i*l
*H
•P.
MM
•R
*R
•R
«R
«P
*H
»R
• M
*«
• R
*M
• R
-1
»P
»H
•*R
• R
•R
• R
•R
»R

»H
•tU

*H
<*N
»H

*R

•R
*R
*I

tNDIRECTS
4<9<t1

7463«»rni
4570
74766CD1
4S73

74b10T01
74634C0)
4150*C01
75077COI
4577
74663C0I
74673COI
/SlSl^ol
74b7nC01
4603
74676roi
74571CO1
744?4Col
7460lCnl
461?
461*.
4b?0
462?
*6?4
214rn?

4631
74557C0J
4635
4641
J 70C0?

£413*CO 1
4647
74603C01
74722C01

20?C0?
74546C01
4660
4662
761C5C01

P*6C NO. i6

I.MH

"3

were
NOC
hPLl
r«T|M

NUH1
PIN
PC
PD
POM/
P()2M
HUM
USD
PTFCT
<*7L£
SPC
TBASh
1 CM 1
KOMI
Tt)HH

IEH
TF|»tf

TLl«
tPL
TTHNL
TJ
JCONB
"OIF I
UP0
VROUY
VCONH

VDIF 1
V|N
VPO
7RC
7C2
?7
7)

INPUfC
*CGUtH
0IIFFEO
OflNTMy

*\
*\
»1
1*1
•*!
+\
*\

*»»
•M
«H
••H
1***

»M
<*H
»K
i»H
i»H

*h
*u
*M
r»H
*M
#H
OM
«H
*»*

*K
*H
«M
l»*

*M
#M
•R
t»R

*"

-I
i»R

uNusrn coMPtLEH
t>3000

7463OC01
4571

T4 75/C1
747TJC0I
74 76 > CO J
45T4

74"f6^C0l
7456PC01
4S7S
7!>0?i>C01
T4703C01
7467iCl)l
746<i*C01
4601
74 M l COl
7467/CXI
Z6«C0?

4AQb
747<?t>Cnl
4613

7460/COJ
7456bC0l
74fiOnl.O)
46i?'»
Za6CO?

4632
7*/5biCCJ

4616
464?
240C0?

464%
46S0
46H 3
7456JCOI

252C0?
7542 ICOJ
4661
7»?0UC0l
745S2C01

SPACt



Tb/04/12 Utfl2,22 T3L«S4Z2CO "AGE NO, )

rtf WCTH(.T VCTPLT 2
I ,A3(3«.O4) ,AMJ* *«> ,ASn* *< , l ,A6(3**«I»A COMM 2

I ••M0(H2lfXPU| (SU)«NPOT(25t*rA(Snt *!*(<>fl) t C'JMM 3
2Ht)(l fd» »'i>( i rOl .fiAMf 110) tIFMC(21Ul «<£/2 COKH *

l cflMHUN./!>fr.L'J*«' c^ci fc ' iJ t i 'cu iOj .uPcuU) »i»>i(i')) , y p n i o i t r f * t ( i o i , r p L C O M I b

I £<l»I«Lfc'iCf. ( A i . f L ) t IA2»I )J «U3tUT) . lA*«V)» UStVT) t CAfttPJ t (»7iT| tfA COM* 7
I . I A S . T H ) . iRr , ,ucci , (MO(<. j | ,«nc» ,(HO(flS) iWCC) con>4 B

l(?UiR3)tZ-)C)<UFMC«HPC) . I KwC 1*3) ,17SCI » COMM <*
rOMt 1"

••.Cf ( M j l l . H D x l t(FA(?) .HOBi) • IF A (3) tKti»U> • (F A (*) iHHR).(FA( CUHM II
rt-r>) , IF s ( M . « - - ? > • IF A 17) »»1 ) »(FA(H> »rt>4T) . ( F A ( 9 ) . H T R l , ( F A (1 Ol «B COMM 12

• l t A ( l t i t , / T ; . i f i ( l 7 ) , H ? T ) , ( F A ( l ( J ) , r t T Z ) , ( F A ( l < ) ) tftUMZ) f iFA I ?(• I C J M M I *
i i f a (211 »oT3(inl « ( f A ( ? ? l ff>Tr(02) » IPA(23> » 0 l * * / ) • (FA ( 2 * ) «T]MF.) • I F ruMH I S
i - U C . T I » ( r s ( ? M «EM6I » ( f « < 2 f ) » f ' C ' » l » A ( < ? B ) » F C l l » ( F A ( ? l l « H ) . ( f A ( (;UMM 16

I ,OATI , ( F t l i n l ,CL« I t t rA«37> f Tn» • (FA j3n) »TCfi l ) f*UH^ I d

i « J i t • M M 7 ) » I « L ) t < ! « ( « ) f i r i X l t l l A l y ) » I / b » , ( l A l l O 1 . f I ? T l , rOMM 20
( JA{ 13} «i»CTC) • M A l 1 * | , NPRT) , | i A {l<i) fWP rOMH 21
< 1 » ( j A ( l l i l « i r j f ( I « ( ) Q ) ( I T M X l I ( 1 A ( ? 1 ) , N CUH>4 22

1 I A I P I ) «N»>C> t M A ( ? 2 l tUTf 1 , < I A ( ? 3 ) .N IC) » 11A(?*) »NOP) • UA<?5) »NO W * 2i
COMM 2 *

r ( l I »uw>, I I W I T I ; ; ) o Z ) » H H U T O ) »()Tt, IXPUT( *> i * u • ix COMM 25
• / » ) « (XPJT (h) t / I ) • ( X P U T ( 7 | »H?I • (XPur (K) »T1) , (XPliT (91 »T2) « (XP CUHM 2l>

?uT(iui.i«i ) , (xpur (in «OIN) 1 (xpurd?i H V I N U ( X ^ U T I I S ) »PJN> . I X P U T I I * ) ronx 27
3»Cl)«!»t-iT(lS) ,VFL) • (XPHTI16) , TEMI , (APUTIt') tCPL) f IXPUT |1B) iPPT!) t rOMM 20

SJ) ,hL lai « ( *yuT (?<•) ,G/) , (XI'ilT(?b) «Ai.P^d) • (XPUT(26> »HTA) » !XPUT l'7> »T C''MM 30
fcFACT) , U P iTl2H),tCN)t(XP'IT(2«>l,C£P) , (XPOf (30) • VCTPD , (XVUT (311 ,VH) rOMM 31
?,(XPut (3->) tCuPLTI i (XPU1 (33> .TFIN) » (XPuT<3«» t lUMP? , (KPUTOS) ,DTC«») COM»1 32

1 E'WI''«t.t*i<".E (Nf'ul (1 ) «IHH) , (KPUT12) «JhHJ » iHPill (3) «NPB) t (IJ»UT|*) ,NPL COMM 33
I ) . (Nf'uT im ,rj«m , INPUT (t>) ,LPf>), INPMTI D ,L*HI rOMM 3*

1 INTFUL^I tFJ.TFU COM"4 3S
IfiTEufcH PL.^C.^C' rOMI 36
riEAL l^Ci^tNO TOMM 37

b?)»V(32.62)tVT(32,62) ,P(3?.62j ,T(3?,fc?) , rUMM 38
S?) ,TilAK(b?) ,0(32,62) COrti 3<»
• RRCC132) »RHHC(32) ,^CC(62) tZHC(62) COM«I *«

IZTC(62) rOM«l *1
1 FORMAT ( l r in , iax«l ' )AB, lx«AlO.2( lXtAR) ) tfCT-°LT *
2 FO»H«ni«ft , lHX.» VELOCITY VE*-TOHS •lbX.»TIME a«lPE12.5t lXt»CVfLF = VCTPLT 5

1*15) " VCTPLT 6
3 FORMAT(inn,lftXt* CONSTANT SCALING FACTOR •15*»»U HOPtZONTAL V VEBT WCTPLT 7

1ICAL») VCTPLT B
4 FOPMaT(lHO.lHXt* VAH1AHLE SCALING FACTOR 'SXt-VELMX •• lPE12.5tSX>« VCTPLT <i

1U HOKI^ONTAL V VERTICAL*) VCTPLT 10
C*«»SUBHOUIINF_ FOH PLOTTING VELOCITY VECTOHS»«»»«» VCTPLT U

1 NPLOlay VCT"LT 12
2 110 CONTINUE VCTPLT 13
2 NPLOIsNPLOT*l VCTPLT 1*

* CALL AOV(1> * VCTPLT 16
5 ICNM*lCNr-l VCTPLT 17



7H/0A/12 11.02,2? NO, ?

?t
?4
?5
11

41

Tl
TS

111
111
11*
i??

1??

171
1T4
ITT

?04

24?
?44

?5«>

150

00 1«JO L 1*!O\1
CALL awwt l r t^c iu l .UhClL! t I»PCtL»l ! , I^r iC(L) I
CALL urfviI*»»C<L»»IZTea>.lRPCIL»M»UIC<L>>

160

1)0 lot' Ls
CALL UWvdHJClLtl) ,U>4C(L> •IflPC(L»>) U C L )
CALL UH«(!^C(L»l l t I i?TC(L)» IHPCIL»l>tUTC(L»»»»
C
CALL i i * v l I W C l l i . l Z H C ( l > . I B P C d l f l / T C l l ) )
CALL »WVUHPCUCNt).UHCUCNTJilHPCtlCNTJtI2TCUCNT»)
CALL J.tNC'«T(SHJ
60 Tu (1 4",?VG)«NPLI'T

» MI.UTTINO COHSTftMT SCALED V E L O C I T * V£CTOHS«»»»#

(l?,'?|TlMr.,NCYC

(l?»l)«A»»e,JNH,DA?,CLK
DO 2 1 - js^.JMl

I F C F l . l I . . I ) . N E . l l GO TO ? 1 0

?00
210

CALL

11?.

IF(VtLHA.r.T.O.U) GO 10 110
(iO TO 3!»'l

F«P PtUTTlNb VAtflARLE SCALED VELOCITf VECTORS*****

,CL«

DO 3 l
UO 300 I»2,!rtl
I F ( F L ( I . J ) . N t . l ) GO TO 313
UVECsMCC ( I ) •tfSC»0.5» (U{ I » J> »U C1-11J))
VVECslCCU)*V<>C*0.5*<VC!tJ)*V(I tJ- l )>

3?2
325
330
333
333
334

100

.no
350

CALL OHV(IR,WfIU.IV)
CONTINUE
CONTINUF
CONTINUE
HETIMN
END

</CTPi.T

VCTPLf

to

20

VCTPLT
VCT'LT
VCTPLT
VCTPLT
»CTPLT
VCTPLT
VCT>>LT
wCTPLT
vCTPLT
uCTPLT
vcT'i.r

VCT'LT
VCTPLT

vc T^LT
VCTPL T

VCTPLT

VCTST

37
38
?v
30
31
J2
33
j*

3b
36
37

34

*"

43
44

4 7
4H

bl

VCTPLT
VCTPLT
VCTPLT
VCTPLT
VCTPLT
VCTPLT
vCTPLT
VCTPLT
VCTPLT
VCTPLT
VCTPLT
VCTPLT
VCTPLT
VCTPLT
VCTPLT
VCTPLT

53
54
5b
56
57
5B
59
60
61
b2
63
64
65
66
ttl
68

34



75/06/12 I I ,O i ! . * * T3L*S«?CI1 P«OE NO. 3

4?7

STATEMENT ASSJi.NMENIS
ST:4T NO* LOCATION
1 <* 337
110 * 3
310 «• 331

BLOCK NAMES ANH LENGTHS
AZ * 7M06

VA4TABLF
NA tF

ALPHA
A3
A7
HEU
CE°
CPL
OCON
DTCP
DTHZ
FC
I
IC1M
IN'JM
IRPC
IU
IZ*C
JB.J
JM
LP><
NCVC
NOP
SPLT
NJ
OM
H9TI
HO
KOWZ
KDZG
KRUH
HTFCT

HZZ2
T
TD
TFI
TN
Tl
UPI
V
VELMX
VPO
XPJT

*

*P
r»R
*R
*R
*W
*R
r*R
r»R
r*R
*I
*1
-•I
••I
"I
-»!
-•I
•I
*1
*1
"I
*I
*I
*R
*R
>*H
*R
*R
r*H
*R
*R
*H
-•R
r*H
t»I
i»H
r»R
i*R
*R
-•R
r»R
*R

ASSIGNMENTS
LOCATION

74576C01
1S3S0C01
sn?7ocni
745/4C01
746H2Cni
745».6C01
74716C01
74610C01
747C.7C01
747I3C01
410
411

74743C01
7^5^3001

413
7S63SC01
74631C01
747S0C01
74635C01
747S7C01
74772CD1
747^lCni
74573C01
745/£C01
74567C01
7S0?5C01
7470 3C01
74674C01
74665C01
74711C01
746T7C01
B()27l)C01
747^5C01

4?2
327?0C01
74555C01

170C02
24134C01
74722C01

252C02
74546C01

STMT NO* LOCATION
? * 344
190 * 62
350 * 334

SPCLON

NAME

A1
At
AH
HTA
CLK
Cl
OM
OTEST
0/
FC1
IA
ICNT
IPC
IHR
IV
I/T

JNM
LWR
NIC
NPC
NPH
NIIM
OPC
PHTO
RDM
HOT
HHHC
RRR2
«ZT
HI
TBAH
TOMP
TFIN
TPI
T2
UPO

vc
VIN
VSC
ZHC

•*

r*K
*H
r»R
*R
r»M
*R
*H
*I
rM
i*\

r»H
*I
*I
r»I
r»I
-•I
f»l

"I
*I
r*I
r*I
rfR
r»H
r»H
(•»
r»H
i»K

r«H
r»R
r»R
i»W

(•H
i»R
i*R
r*R
r»R
*R
f*R
r»R

LOCATION

0C01
?4134C01
57054C01
74577C01
74724C01
74563C01
74720C01
74717C01
74547C01
74714C01
74743C01
747^6001

50CO?
74752C01

414
74754C0J
74747C01
74 763C01
7463bC01
74771C01
74767C01
74632C01
74744C01

120C02
74570C01
74661C01
74704C01
75223C01
74f>ftbC01
74701C01
74551C01
74424C01
74607C01
74A06C0)

214C02
74556C01

240C02
74721C01
74561C01
425

75421C01

STMT NO" LOCATION
3 » 35*
210 * ZOO

NAME

A10
AS
AV
HTH

0
OR
OTMDR

FL
IRR

1FHC
IK
IT
IZ
UTC
JCNM

NAME
NIP
NPl.
NPHT
NMR

«BC
rtf)HH

HOZ
HRCC
HRT

»zzKg
TCN
TEM
IFO
TPL
U
UT
VCTPL
VM
VT
zee

0

*H
*R
<*R
i»B

*R
••R
*P

*j

*I
*I
*1
*!
*I
*I
<*I
«P

»I
*I
ol
*I
*I
*P
*R
f*R

*R
r»R
i*R

i*R
i*R
r»R
i*R

i*I
»R
*R
i«R
<*R
i»R
*R
>*R

LOCATION

74424C01
32720C01
6S64DC01
f.4b71C01

6S640CO)
74S4b(!0!
T470SC01

t*t f \ c C O i

Qf 0 1
74630C01
75563f0l

412
74764C01

4]5
757«i7'*Hl
417

•57054C01
7*i551C0l
74770C01
74631C01
74 760T01
74634C01
415O4CO1
75077C01
74667C01
74672C01
7515K0I
74b70r.01
74675C01

74554C01
7460ICnl
7456^C(11
423
226C02

6564C01
15350C01
746o3Cnl
74604C01
32720C01
75277C01

STMT NO* LOCATION
* * 36*
?90 * 20b

NAME LOCATION

t»K

*6
H
f*Ji
CPC
DAT
nT
[ITMO/
f A

r,z
IBJ
IM
1RL
ITM*
1ZH
J
jCNl
I
NCf
HOC
NPLUT
NPUT
NWKT
U N
NCC
R0HU
P.DZM
RRM

»2/H
SCN
TCNI
TFACT

TIME
THL
UIN
UVEC
VEL
VPI
wee
zo

• H
»H
&'•<

i»H

«H
i»H

>»K
#R

!*]
*1
I»I
*I
•*!
>*I
f> j

-I
.•I
*I
<*1
"I
i«I
«K
<»H
f»R
»H

^

i*H
»H
*W
i»R
i»R
i»R
i*R
*H
*H

* iS0*CPl
TATliCOl
7470?Cni

CCO?
7*72JC01
74Sal)CO1
TftTObCOl
7466JC01
7*«.7SCO1
7*745Cnl
7474bf.nl
747S1C01
74766C01
74753C01

*!«>
7*7ShC01
420

74 7>jbC01
74773C01
421

74A3UC01
747bifC01
74Sb-?C0l
7502SC01
74663C01
7 4 67 3C 03
74664C01

7467bC0l

74S71C01
7472ftCDl
7460UC01
74710C01
74S57C01
74S60C01

424
74564C01
202C02
426

75P77C01



RUN-LCM97 0 VCTPLT 7b/0<S/j2 11.02.22 T3LMS2Z2C0 PACE NO. *

ZI *R 74553C01 ZT -»P 7470UC01 i\ *R 7455ZC01

EXTERNAL ASSIGNMENTS
ADV *R ORV *R LINCNT i»I 4C00EH i»R
OUTPTC *R
START OF - CONSTANTS TEMPOHARIES INDIRECTS - UNUSED COMPILER SPACE

336 401 *07 67600



RUN-LCM97 0 75/06/12 U.02,22 T3LMSZZ2C0 PAGE NO, I

1
1
1
1

1
1
1

1
2
2

12
U
22
22
?7
?7
31
37

SUBROUTINE CON Tun
COMMON/Hi / A l ( 3 4 4 4 ) « A 2 ( 3 4 4 4 ) « A3 ( 3 4 4 * 1 . A 4 O 4 4 4 ) , A 5 ( 3 4 4 4 > ( A 6 ( 3 4 4 4 ) »A

1 7 ( 3 4 * 4 > , A H ( 3 4 4 « H t A9 ( 3 4 4 4 1 . A l ^ S * ) . X P U T ( 5 0 ) , N P U T ( 2 5 ) , F A ( b O ) , J A ( 5 0 ) ,
? H 0 < l M » ) , Z i M l 7 0 > .NAME ( 1 U ) . I F R C ( 2 1 0 ) , Z Z Z

C O M H O N / S P C L U N / C P C ( 4 0 ) f I P C ( 4 0 ) . O P C ( 4 0 ) , l J P I < 1 0 > , V P I ( 1 Q ) » T P I U < M »TP(_
1 ( 1 0 ) , U P O ( 1 0 ) , V P ( H l u > i S P C

E Q U I V A L E N C E ( A l . F L ) t ! A 2 « I I > » ( A 3 i U T ) . ( A 4 t t / 1 • ( A 5 . V T I • ( 4 6 . P ) t ( A 7 » T > • (A
l 8 i K ) t ( A 9 . 0 ) « ( A I O . T R A R ) . ( A 5 . T N ) • ( R O . R C C ) . < « U ( 4 J ) . R B C 1 « ( H D ( 8 5 ) » H R C C )
? , { R D ( i ? 7 ) . R R r i C ) . < Z U « ? C C ) . ( Z D ( 8 3 ) » Z 3 C l i ( I F H C . I H P C 1 « ( I F R C ( 4 3 ) , I Z R C ) t

. I Z T C )
( F A ( 1 ) »HOH> « (FA ( 2 ) . R D R H ) • (FA ( 3 ) .RUHQ) . ( F A ( 4 ) f R H R ) . ( F A (

1 5 ) » R H H H ) . ( F A ( 6 ) . « K » 2 ) i ( F A ( T ) i f i t ) i ( F » ( 8 ) i R P T ) * ( F A ( 9 ) . 8 T R ) t ( F A ( 1 0 ) » R
?UZ) t ( F A ( U ) , H D Z M > , ( M ( 1 2 ) t R D Z Q l , (FA ( 1 3 ) , R Z Z ) t < F A ( H ) , R Z Z H ) I (KA ( ' 5 )
i . R Z Z H ) « ( F A ( l 6 ) t Z T ) « ( F A ( l 7 ) . H Z T ) t ( F A ( 1 « ) . d I Z ) . ( F A ( I 9 ) . R D R Z ) » ( F A ( ? ° )
4 , R O T ) , ( f A ( ? l ) t U T H 0 f i ) . ( F A ( 2 ? f , n T H D Z ) . (FA | 2 3 ) , D I R Z ) • ( F A ( 2 4 ) t T l M F . ) , (F
5 > A ( 2 5 l , « ( F C T ) « ( F A ( ? 6 ) t E M 6 ) t ( F A ( 2 7 ) , F C > » ( F A ( 2 8 ) i F C D . (FA ( 2 9 ) i B ) . ( F A (
h 3 0 ) . O C O M > . ( F A ( 3 1 ) . O T F S T ) » ( F A ( 3 2 ) « D M ) » ( F A ( 3 3 ) » V C ) » ( F A ( 3 4 ) » V E L M X ) • ( F
7 A ( 3 5 ) ( D A T ) • ( F A ( 3 6 > «CLK) 1 ( F 4 O 7 ) « T D ) t ( F A ( 3 H ) , T C N l )

E Q U I V « L t N C F ( I A { 1 ) , I N U M ) . ( T A ( 2 ) « N U M ) • ( I A ( 3 ) 1 1 6 \ \ , ( I A ( 4 ) t I M ) , ( I A ( 5 )
l « J R l > 1 ( U l f , ) »JM) , ( I A ( 7 > « I R l . ) 1 ( I A ( B ) t I R H ) » ( I A (<y) . I Z r t ) . i I A ( 1 0 ) » I Z T ) .

U C N T ) « ( I A ( 1 2 ) , J C N T ) « ( I A ( 1 3 ) « N C Y C ) » ( I A l ] 4 ) i N P R T ) , ( I A ( 1 S ) . N P
( l h | .NWr(T ) 1 ( 1 A ( 1 7 ) < JNM) t ( I A ( 1 B ) « I T ) « ( l A l l c j ) , I T M A ) i U A < ? 0 ) i N

4 C P 1 t ( 1 A ( ? 1 ) . N P C ) . ( I A ( 2 2 ) , N I P ) , ( I A ( 2 3 ) . N I C ) I ( I A ( 2 4 ) , N O P ) , ( U ( H 5 ) . N O

O
EQUUALKNCF (XPur(l)»DH),(XPUT(2).DZ)»(XPUT(3),OT),(XPUT(4),H1)•(X

IPUTCJ) ,l\ ) . IXPJT (6) »ZI) . (XPUT (7) »R?) t (XPUT(tt) .Tl )« (XPUT (9) iT?) • U P
auT(lU) ,I^L) . (XPuT(ll).ulf-l). (XPUT (12) tV IN). (XPUT (13) .PIN) ,(XPUT(14)
3.C11 « (XPUT(15> .VFU). <XtJUT!16) .TEM) • (XPUTll M .CPU 1 (XPUTllB) ,PRTT) .
4(XPUI (10) .PH1O) . (XPUT (20) ,SCN) . (XPJT(2D »0M) • (XPUT(?2) »NU) 1 (XPUT (2
S3).BtlAl,(xPUT(24),GZ>.(XPUT(25).ALPHA).(XPUr(26)»BTA)»(XPUT(271»T
f-FACT) . (HPUT (2R) .TCN) . (XPUT(29) ,CEP) . (XPUT(30) fVCTPD . (XPUT(31) .VM)
7, (XPUI(32).CNPLT1• (XPUT(33)»TFIN). (XPUT(34).TUMP).(XPUT(35).0TCP1
EQUIVALENCE (NPUT(l).IHR).(NPUT(2),JBR)•[NPUTI3),NPP).(NPUT{4)«NPL
1).(NHUf(S),NwR),(NPUTI6).LPH).(NPUTI7)
INTEUtH TFI.1F0
INTEfatW FL.r-CI-Cl
REAL I

U(3? .62 ) ,UT(3? .6?) ,V (3Z»6?) ,VT(32»62) ,P (3? ,62 ) fT (32 .6?) f
UN(32 ,42 ) .K (32 ,62 ) ,FL (32 ,62 ) .T r iAB(62 ) ,0 (32 ,62 )

WCC(J2),RBC(32) ,RRCC(3Z) ,Rr<BC(32> ,ZCC(62) .ZRC162)
I«PC(32) .IZHCI62) .IZTC(*>?)
CO (32,62) , CON (21) ,R (4) ,Z (4) ,HP (?) ,ZP (2)

FOH PLOTTING TEMPER*TUHE AND PRESSURE CONTOURS*****C«»»SUbROUIINt
NPL0I=0

ISO CONTINUE

?00

?10

230

GO TO (200.230,750).NPLOT
DO 210 J=1,JM
DO 210 1 = 1,IM
CQ(I.J)=P(I,J)
CONTINUE
GO To 250
00 240 Jsl.JM
DO 240 Ial.IM
CQ(I.J1=T(I,J)

CONTUR
COMM
COMM
COMM
rOMM
COMM
rOMrt
COMH
C0M*1
COMM
rOMM
COMM
COMM
COMM
COMM
COMM
COMM
rOMM
COMM
COMM
COMM
COMM
COMM
COMM
rOMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
COMM
rOMM
rOMM
COMM
CUMM
rONTUH
CONTUR
CONTIJH
CONTUrt
CONTUH
rONTUR
CONTUH
CONTUH
fONTUH
CONTUH
CONTUH
CONTUR
CONTUR
CONTUH

2
Z
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
la
19
20
21
22
23
24
25
2b
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
4
5
6
7
8
9
10
11
12
13
14
15
16
17

37
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37
44
44
44
47
50

7?
74
77
1*5
ins
m
113
113
116

1*7

n?
133
137
144
147

1*7
177
?00

340 CONTINUE
2*0 CO^TINUF

CQ*1N=1 .OF*10
CQMX=-l.nl;*10
UO 3Us J=?,JB1
00 300 I=?,lbl
IF(Fl.H.J).NE.l) GO TO 305
CQMN=AMlNl(CQ(l»J).CQMN)
CQMX=5flMAXl(CU(IiJ)

300 CONTINUE
305 C0NT1NUF

CONTUH
C0NTUH

D u . C
IF(DCu.LF.°.00OOl) GO TO 600
DO 3 U 11=1.21
CON(U)=COMN*(1I-1)«DCU

110 CONTHUF
C»»«**SECTiUN FOU

CALL AOV(l)
ICNMaICMT-1
JCIHS.JCNT-1
00 i?-W L = 1 .
CALL

DRAWING FHAME»»»*«

320

330

.IZHC(L) .IRPC(L»1! ilZUCCL) )
CALL UHt«UHPC(L) iIZTCIL) t IRPC <L»U • IZTC <L> >
cO'lTlr.ut
UO 3J0 L=1.JCNM
CALL l)rtv(IHPCCL*U iI2HC(U»IRPC(l.*l> »IZ"C(L»U)
CALL Lihu(IRt>C(L*I> . IZTC(DfIRPC(L*l ) i IZTC(L*H)
CO-lTiNUfc
CALL UHw(IKHCtl) , I / t«Ct l ) iIRPC(l) • IZTC(D)
CALL UH«(IHPC(ICNT),UHC(JCNT).IRPClICNT).IZTC1JCNT))
CALL LlNC»IT<5H>
(id TO Ci^n,3bO) ,NPL0T
wRITttli'.iniME.NCYC
bO Til t,u<
WPITfcU2i')TlHt,NCYC

?37
2*1
244
246

2*. I
2ft2
266

3=>0

3*0
400

HHITt (1?.3)C>WMM.CQMXIUCQ
•iRITt ll?,<.)NAMt

V F0RMA1 tl- iO,l8A,« ISOHAHS »15X.»TIME
2 FORMul(H:1,1HX,» IS0THEH^S»15Xt«
3 FOHMAldnn.lHXt* CQMN =»1PE12.5»
fc FORMAMlHn.lHXfinAH)

C»»«*»SECT1UN FOH DFTF-HMIMING CONTOUR VALUES««»«##

00 5h» J=?tJH»
Z<l)=i(2)=iTCCiJ)
Z(3)=lU)=ZCC(J»l>
00 54" I=2 t IBH
R(1)=H(3)=HCCU>
Ht2)iH(4i=RCC(l»l)
IF (FL ( I * l i JJ .NE . l .OW.FL( I * l t J * l ) .NE . l ) GO TO
DO 53? ITxl .21
KK=22-II
Kl=K<!=K33K4=0
IFtCUll.J).LE.CON(KK))K1»1
IF(Cu(I*ltJ).Lt.CON(KK))K2nl

=«1PE12.5» 1 Xi»CYCLE »»I5>
s»lPE12.5tlXt«CYCLr

CQMX =«E12j5» DCO ••E12.5)

550

CONTUH
CONTUR
CONTUH
CONTUH
CONTUH
CONTUf?
rONTUH

rONTUH
rONTUH
rONTUH
r.ONTUK
TUNTUH
C0NTU4

rONTUH

CONTU*

rONTUR
rONTUH

CONTUH
CONTIJR

CONTUH
CONTUH
CONTUH
CONTUH
rONTUH
rONTUH
rONTUH
rONTUH
rONTUH

CONTUH
rONTUH

rONTUH
CONTUR
CONTUH
CONTUH
CONTUR
CONTUH
CONTUH

C
CONTUR
CONTUR

18
19
20
21
2H
23

26
27
2«
2V
30
31
32
33
34
35
36
37
3B
39

42
43
4*
4b
46
47
4H
49
50
51
52
53
54
55
56
57
58
59
bO
6l
62
63
64
65
66
67
68
69
70
71
72
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301
306
313
3?5
3?5
330

330
332
334
334

337
340
343
343
343
343
347
3S?
353
353
356
356
360
3*2
362
364
365
366
371
371
371
371
375
400
411

411
411
411

IF(CU(I.J*1).Lfc.CONIKKI)K3»1
IF(C«(1*1.J*1) ,LE.C O N IKKI IK4»1
IF<K1*K2»K3*K4.NE.O.OH.K1*K2*K3*K4.EU.O) GO TO 530
NP=0
IF(Kl*K3.NE.l) GO TO 450
Ll = l
1.2=3
I1 = I<!=I
Jl=J
J2=J*1
ASSIGN 4<jO TO I\HT
GO TU 500

450 IF(Kl«K2,NE. l ) 60 TO 460
L l - 1
L2=2
11=1
12=1*1
J1=J2=J
ASSIGN 460 TO KRT
GO TU 500

460 IF(KZ.K4.NE.1> 60 TO 470

L2=4
Il=t2a!*l
Jl=J
J2=J»1
ASSIGN 470 TO KHT
GO TO 50 0

470 IF(K3*K4.NE.1> 60 TO 530
Ll=3
L2=4
11=1
12=1*1
J1=J2=J*1
AS'ilOM 330 TO KHT

500 NP=MW*1
C»»«»«SECT1OM fOH URAWTN& CONTOUR l.INtS»»»»«

XM= (CON t K^)-CO (II 0 1 ) ) / t C(J (12» J2)-CQ (111 Jl) )
l=»<(Ll)*X*l«!H(L2)-rt(Ll) )

413
433
433
413
4A7
472
477
504
506
511
514
514
515
515

!E.?> 60 TO KHT
IKlsle:3.«(RP{l)>»IIHR-123)»HRT*EM6
IZ1=*00.»<ZP«1))»<IZT-900)«RZT*EM6
IH2=123.*{RP(2I|«(IHR-123>»RRT*EH6
IZ2=900.*(ZP(2))»(IZT-V00)»HZT»EM6
CALL U«W(IHl.IZltIH2«IZ2)
IF(KK.EQ.l) CALL PLTHHI,IZl,35)
IFJKrt.E0.21) CALL PLT(IRl.IZi

f24)
530 cONTINUt
540 CONTINUE
550 CONTINUE
600 CONTINUE

GO TO 150
750 CONTINUE

RETUHN

CONTUR
rONTU

H

CONTUH
CONTUH
CONTUH
CONTUH
CONTUH
rONTun
CQNTU«
CONTUH
CONTUH
CONTUH
CONTUH
CONTUH
CONTUH
CONTUH
CONTUR
CONTUH
CONTUH
CONTUH
CONTUH
CONTUH
CONTUH
CONTUH
CONTUH
CONTUH
CONTUH
CUNTIJH
CONTUH
CONTUH
CONTUR
CONTUH
C0NTIJ3
CONTUH
CONTUH
C0NTU«
CONTUH
CONTIIH
CONTiJH
CONTUH
rONTUH
CONTUH
CONTUH
CONTl/H
CONTUH
CONTUH
CONTUH
CONTUH
CONTUH
CONTUR
CONTUH
CONTUft
CONTUR
CONTUH
C.ONTUH

73
74
75
76
77
78
79
80
SI
82
83
B4
ab
86
87
SB
69
90
91
92
93
94
95
V6
97
48
99
100
101
102
103
104
105
106
107
10H
10*
110
111
lit
113
114
115
lib
117
ua
11V
120
121
122
123
124
125
126
12 T

39
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SUBPROGRAM LFNbTH - CONTOH

ST»TE"FNT ASSIGNMENTS
STH NO1* LOCATION
1 * 5?7
150 * 3
30T <* t>7
• 53 » 340

STMT NO* LOCATION
2 * 536
200 <• 13
350 i» 167
460 i» 383
550 i» 511

STMT NOi* LOCATION
3 <• 545
230 i» 30
360 & 200
470 * 36*
600 <• 5l*

STMT NOr> LOCATION
4 <• 554
250 * *5
400 t> 210
500 * *01
750 i» 515

8 HL>'CK
1 AZ

NAMES AND LENfaTrtS
*

VA-UABLE
NA IE

AL»HA

A3
A7
bETA
CEf
CPC
coix
UC<>N
UT

FA
GZ
IB1
II
IRL
IR2
IZ-iC
iza

j*t

*2
LP-?
NAME
NIP
NPC

NO 1
OPC
PRTO
no
RDrtZ

RRrt

*

-»R
i»R
*R
r»R
f*R
*R
(•R
*R

r»H
*R
*«
*I
-I

1*1

*I
*I

*I
*H
*T

j j

*I
*I
*I
*I

*R

*R
*R
r»R

7(S106

ASSIGNMENTS
LOCA1ION

74576C01
l«>3bQCnl
50270C01
74574C01
746O2C01

0C02
4515
74716C01
74550CO)
74706C01

74575C01
74745CQ1
<t5/"l

74751C01

7S6 35C01

74631C01

S7054C01
4537
746;tbCOl
7S5S1C01
7477UCO1
747ft7C01
74S32C01
74744C01

120C02
74570C01
750?5C01
74703C01
74674C01
74664C01

SPCLGN

NAME

Al
A4
AH
BTA
CLK

Cl
OCO
nrcp
OTM7
FC
I
ICNM
IM
I«PC
IT
IZT

n
JH]JNM
KK
«~i
LWR
NCP
NOC
N^L
NPRT
NWR
P
R
ROR
ROT
RP
RRRH

*

o

*H
r*R
i*H
r»H
>*R
r»K
r»H
>*R
i«R
t»R

r*I
t»I
rf]
r>!
•*!
r*I

-•I

*I
1*1
1*1

<*I
-•I
ol
*I
1*1
rt I
*H
>*R
i*R
i»R

r*R
i»R

?65

LOCATION

0CO1
24134C01
57054C01
74577C01
747?4C01
74566C01
74563C01
451b
74f>10C01
7470'COl
74713CQ1
4517
45?U
7474f>COl
7S563C01
74764C01
74754C01

74 74rCOl
74763C01
4534
4540

74f>36C01
7476bC0l
74773C01
74633C01
74760C01
74634C01
41504C01
4547
74661C01
74704C01
4553
74665C01

NAME

A10
A5
A9
MTH
CNHLT
CO
D
OM
UTEST

uzFC1
U
ICNT
lNUM
1RH
ITMX
1ZTC
1?
JCNM
Jl
HUT
l\4

LI
Ncrc
NOP
NPLOT
NPUT
NKKT
PIN
KBC
RDRH
HOZ
«RBC
NRR?

i*R
i*9

*R
*R
rfR
i«P
i*R

i*R
i»H

i*I
r*I
>»I
rtl
••I
r*I
r*I

*I
*I
r»I
<*1
(•I
r»I
>*I
1*1
1*1

i«R

r»R
*R
*R
i*R
i*R

LOCATlorj

74424C0!
327?0C0l
65640C01
74671C01
74605C01

614
65640C01
74720C0)
74717C01
74547CO1
74714C01
74743C01
74755C01
74743C01
74752C01
74765C01
75757CO1
45?7
4531
4532
4535
4541
4b43
7475'COl
74772C01
4546
74630C01
74762C01
74562C01
75077C0)
74662C01
74672C01
75223C01
74666C01

NAME

AH
A6
B
BTZ
CON
COMN
DAT
PR
DTHDrt
FM6
FL
1HR
IFHC
I PC
IR1
IZB
IZ1
J
JCNt

JH
Kl
L
L2
NIC
NP
NPLT
NU
OM
PRTI
RCC
RORiJ
RDZH
RRCC
RRT

i*

i»H
(•H

r»H
i*W

r»R
I»H
i»H

r»H
r»H
i»I

r»I
i»l
i»H

1*1

•̂1
f»I
••I

i*l
i*l

••I
f»I
>*I
t»I
i»I
i»H
t*H
(•R
i»H
i»R
t»R
i»R

(•R

LOCATION

6564C01
*1604C0l
74715Cnl
747(JcC0l
567
4514

74723C01
7454bC01
74705C01
74712C01

0C01
7463UC01
75563C01

50C02
4522

74753CD1
4524
4530

74756C01
4533
^536
4542
4544

74771C01
4545

74761C01
74573C01
74572C0J
74567C01
75025C01
74663C01
74673C01
75151C01
7*670C0l


