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K-FIX: ACOMPUTER PROGRAM FOR TRANSIENT,
TWO-DIMENSIONAL, TWO-FLUID FLOW

THREED: An Extension of the K-FIX Code for
Three-Dimensional Calculations

by

W. C. Rivard and M. D. Torrey

ABSTRACT

The transient, two-dimensional, two-fluid code K-FIX has been extended
to perform *.ree-dimensional calculations. This capability is achieved by
adding five modification sets of FORTRAN statements to the basic two-
dimensional code. The modifications are listed and described, and a com-
plete listing of the three-dimensional code is provided. Results of an example
problem are provided for verification.

L. INTRODUCTION

Analysis of two-phase flow dynamics in reactor safety applications often requires three.
dimensional calculations. Examples of such applications are blowdowns into the drywell contain-
ment or suppression pool and the asymmetric dynamics in the reactor vessel itself.' Also, three-
dimensional calculations often provide a foundation for the development of lower dimensional
models (see Ref. 1 for example). To obtain a three-dimensional computational capability, we
have extended the transient, two-dimensional, two-fluid code K-FIX* within the framework of
the UPDATE system. FORTRAN statements are added and deleted within the basic two-
dimensional code so that users already familier with K-FIX will not have to learn a new code.

With the three-dimensional code, referred to as K-FIX(3Di, calculations in Cartesian and
cylindrical geometries can be performed. Obstacles built from the computing cells can be
specified within the computing volume. In cylindrical geometry, calculations can be performed in
the full 360° or any angular segment. To enhance the computing efficiency, we implemented a
new cell indexing scheme :hat reduces the time required to determine neighboring cell indexes by
a factor of 5 and the overall computing time by about 15%. To reduce computing time further,
the viscous stress and heat conduction terms are deleted from the momentum and energy equa-
tions. To facilitate implementation of the three-dimensional update, modifications for writing
and plotting of data on film are segregated from the other changes. Section Il describes the five
categories of modifications. (') Changes that relate directly to the field equations. (2) Changes
that relate to input and printed output. (3) Changes that relate to the new indexing procedure.
(4) Changes that relate to removal of viscous and heat conduction terms. (5) Changes that relate
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to writing and plotting of data on film. Detailed modifications for each category are listed in Sec.
III. UPDATE system notations are used where *INSERT, KFIXCC.# means to insert the fol-
lowing statements after statement KFIXCC #; *DELETE, KFIXCC .# means to delete statement
KFIXCC.#; and *BEFORE, KFIXCC.# means to insert the following siatements before state-
ment KFIXCC.#. The KFIXCC statements refer to those in the basic two-dimensional code
listed in Ref. 2. A simple example problem for verification is given in Sec. IV, and a compiete
listing of K-FIX(3D) is given in the Appendix.

1. MODIFICATIONS TO THE BASIC CODE
A. Changes to the Field Equations

Modifications to the basic K-FiX code that relate to changes in ."e field equations are
described first. To conserve space, we frequently reference the equation n the K FIX report
(Ref. 2) rather than repeat them. The two-dimensional K-FIX code ope ates in .he Cartesian
(x,y1 and axisymmetric cylindrical (r,z) coordinate systems. The three-dimensional code adds
the “.-direction to the Cartesian system and the azimuthal (¢)-direction to the cvlindrical
system. Computational cells are dis!inguished along the x- or r-axis by subscript i, along the yv- or
z-axis by subscript j, and along the Z- or ¢-axis by subacript k. The velocity components w, and
wj for the liquid and gas fields in the Z- or ¢-directions are centered on the cell face perpendicular
to the Z- or ¢-directions, similar to the locations of the u and v components (see Fig. 1). There are
no new quantities located at the cell center.

To the right side of the gas continuity equation, Eq. (3.1), 1s added the aximuthal flux term
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Fig 1.
Locations of velocity components for a typical
cell in cvlindrical geometry.




which is evaluated in subroutines MASFG and THGAS. Similarly, to the right side of the iiquid
continuity equation, Eq. ‘3.5), is added

- < N+l n+l >
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which is evaluated in subroutine MASFL. The radial and axial momenturn equations are
modified to account for azimuthal fluxes of radial and axial momentum and centriiugal accelera-
tion by adding the following right-side terms to Egs. (3.9)-(3.12), respectively,
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The momentum flux terms for the gas field are evaluated in subroutines UGMOMF and
VGMOMF, whereas those for the liquid field are evaluated in subroutines ULMOMF and
VLMOMF. The centrifugal acceleration terms are evaluated in subroutine TILDE for both fields.
The azimuthal momentum equations for each phase are evaluated in subroutine VELS as
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The momentum density quantities denoted by a tilde account for momentum convection and
Coriolis effects. The viscous stress effects are omitted from the three-dimensional code, although
they could be included easily if necessary. The tilde momentum densities are calculated in sub-
routine TILDE as
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The momentum flux terms are calculated in two new subrout.. es WOMEOMF and WLMOMF
for the gas and liquid fields, respectively. During the pressure iteration the specific internal
energies are updated for each field in subroutine IGIL to account for the rate effects of mass,
momenium, and energy exchan ;. The relative velocity of the fields, which is needed to evaluate
the frictional heating, is calculated in subroutine VRELS and includes the effect of the azimuthal
velocity component. This is the only modit.cation required in Egs. (3.23) and (3.24). The final
calculation of specific internal energies in subroutine ICONV reuires modifications to Eqgs.(3.33)
and (3.34) to account for the azimuthal flux of energy densities and the azimuthal contribution
to the pressure work term. The heat conduction and viscous wori: terms are deleted from the
three-dimensional version as were the viscous stress terms in the momentum eauations. Terms
added to the right side of Eq. (3.33) are
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Terms added to the right side of Eq. (3.34" are
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The azimuthal energy density {lux terms are evaluated in subroutines SIEGF and S[ELF for the
gas and liquid fields, respectively. The void fraction fluxes for the pressure work terms are
evaluated in subroutine THF.

This completes the changes to the field eqations required to extend the basi ' code to three
dimensions. In Cartesian coordinates the cell dimension ré¢ is identified as 8Z. low across the
axis in cylindrical coordinates is treated as flow around a ~igid tube of radius = ér/2 for radial flux
evaluation of radial momentum. Evaluation of ma: .ad energy flux for flow across the axis is
handied correctly by the basic algorithm. The flow pe.turbation associated with the momentum
flux treatment can be diminished by increasing the radial resolution, that is, by reducing ér.
Figure 2 shows the results of calculations for ér = 1.0 and 0.5 ¢m for a single-phase, incompressi-
ble liquid flow in an axial plane where the fluid enters from the left side with constant velocity
and leaves on the right side. The velocity vectors originate at the cell centers. The innermost ring
of vector~ hows the flow deflection around che axis tube. The next ring of vectors shows a more
parallel flow for ér = 0.5 cm.

To improve the convergence of the pressure iteration, we modified the analytic estimate of
dD/dp, evaluated in subroutine BETAS, to ac~ount for the azimuthal dependence in the con-
tinuity equations. The right side of Eq. (3.21) ircludes the term
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Fig 2

Flow of an incompressible liquid in the r,¢ plane for ér = 1.0 cm (left) and ér = 0.5 cm
(right). The flow enters from the left side and leaves on the right side. Results show tne

diminished effect of the axis tube treatment for flow across the axis as ér is reduced by a fac-
tor of 2.
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and the right side of Eq. (3.22) includes the term
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B. Changes to Input and Output

Input data specifications that are different from those given for the basic two-dimensional code
are described by card. To retain the card numbers referred to in Ref. 2, new cards that follow card
No. N are denoted as Na-z. Replacement cards are denoted by the number of the card being
replaced. Whereas the two-dimensional code nominally requires 20 input data cards, the three-
dimensional code nominally requires 38.

Card No. 1. IB2, JB2, KB2, MTYPE (Format 4112)

IB2 = number of cells in the radial direction, including two fictitious columns at the right
and left boundaries.

JB2 = number of cells in the axial direction, including two fictitious rows a1 the top and
bottom boundaries.

KB2 = number of cells in the azimuthal direction, including two fictitious columns at the
fore and aft boundaries.

MTYPE = indicator for specifying the storage device on which the cell data blocks are to be

essigned; for example, MTYPE = 0 for SCM and MTYPE = 1 for LCM.

Card No. 7. ITC, DR, DZ, DPH (Format 112, 3F12.4)

I[TC = 2 for one-dimensional spherical coordinates.

= 1 for cylindrical coordinates.

= 0 for Cartesian coordinates.
DK = dr(éx), the cell dimension in the radial direction.
DZ = 5z(dy), the cell dimension in the axial direct.on.

DPH = 8¢(¢Z), the cell dimension in the aximuthal direction.
Card No. 8a. (FLOA(M), M = 1,16) (Format 4F1Z.4)

FLOA(M) = azimuthal coordinates of the flow openings along the bottom, left, top, and
right computing mesh boundaries, respectively. Coordinates of the openings
mast be integral multiples of 8¢(3Z). The azimuthal extenzion of each opening
is defined by two coordinates, the first of which is the smaller. For example,
the first opening on the bottom boundary of the computing mesh is described
by its inner and outer radial coordinates, FLO(1) and FLO(2), and its smaller
and larger azimuthal coordinates, FLOA(1) and FLOA(2'. Note that flow
openings are not permitted in azimuthal planes. Specifications of flow open-
ings are prinied with the input data in the following format.

Inflow Openings

Bottom  FLO(1) FLO(2) FLO3) FLO4)
FLOA(1) FLOA(2) FLOA(3) FLOA(4)
Left FLO5) FLO(B) FLO(T) FLO(R)

FLOA(5) FLOA(6) FLOA(7) FLOA(R)

L2
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Outflow Openings

Top FLO®) FLO(10) FLO(11) FLO(12)
FLOA(9) FLOA(10) FLOA(11) FLOA(12)

Right FLO(13) FLO(14) FLO(15) FLO{16)
FLOA(13) FLOA(14) FLOA(15) FLOA(16)

Card No. 9. (NSLiM), M = 1,6) (Format 4112)

NSL(M) = free-slip or no-slip bounaary condition flag for rigid walls around the computing
mesh perimeter. Values of ¢ for free slip or 1 for no slip are assigned to the bot-
tom, left, top, right, fore, and aft boundaries, in that order. The assigned values
are ignored across inflow or outflow openings.

Card No. lla. (OB(M,N), M = , 6) (Format 2F12.4)
OB(5,N) = azimuthal com .nate of the fore side (smaller angle) of the obstacle.
OB(6,N) = azimuthal coordinate of the aft side (larger angle) of the obstacle.
Card No. 11b. GRAV (Format F12.4)
GRAV = gravitational acceleration in the axial z(y)-direction.

Card No. 12. UQ, VO, WO, PO, THO, TEMPO (Format 6F12.4)
This card specifies the uniform initial data used to begin the calculation. Nonuniform initial
values may be specified by modifying the =ubroutine SETUP.
UQ = initial r2dial velocity of the liquid and gas.
VO = initial axial velocity of the liquid and gas.
W@ = initial azimuthal velocity of the liquid and gas.
PO = initial pressure,
THO = initial void fraction.
TEMPQ = initial temperature of the liqgumid and gas.
Card No. 13. UINL, VINL, WINL, PINL, THINL, TEMPINL (Format 6F12.4)
UINL = radial velocity of the liquid and gas entering the left inflow opening along the bot-
tom computing mesh boundary.
VINL = axial velocity of the liquid and gas entering the same opening.
WINL = azimuthal velocity of the liquid and gas entering the same opening.
PINL = pressure of the incoming fluid.
THINL = void fraction.
TEMPINL = temperature of the inflowing liquid and gas.
Card No. 14. UINR, VINR, WINR. PINR, THINR, TEMPINR (Format 6F12.4)
UINR = radial velocity of the liquid and gas entering the right inflow opening along the
bettom computing mesh boundary.
VINR = axial velocity of the liquid and gas entering the same opening.
WINR = azimuthal velocity of the liquid and gas entering the same opening.
PINR = pressure of the incoming fluid.
THIMNR = void fraction.
TEMPINR = temperature of the inflowing liquid and gas.
Card No. 15. UINB, VINB, WINB, PIN2, THINB, TEMPINB (Format 6F12.4)
UINB = radial velocity of the liquid and gas entering the bottom (lower) inflow openirg
along the left computing mesh boundary.
VINB = axial velocity of the liquid and gas entering the same opening.
WINB = azimuthal velocity of the liquid and gas entering the same opening.
PINB = pressure of the incoming fluid.
THINB = void fraction.
TEMPINB = temperature of the inflowing liquid and gas.
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Card No. 16. UINT, VINT, WINT, PINT, THINT, TEMPINT (Format 6F12.4)
UINT = radial velocity of the liquid and gas entering the top (upper) inflow opening along
the left computing mesh boundary.
VINT = axial velocity of the liquid and gas entering the same opening.
WINT = azimuthal velocity of the |’ 'uid and gas entering the same opening.
PINT = pressure of the incoming fluid.
THINT = void fraction.
TEMPINT = temperature of the inflowing liquid and gas.
Card No. 20. IP1, 1IP2, JP1, JP2, KP1, KP2 (Format 6112)
This card defines the three-dimensional region for printing data. When blank, the entire
computing region | = 1,IB2, J =1.JB2,and K =1KB2 is used.
IP1 = starting value of | for printing data.
IP2 = final value of | for printing data.
JP1 = starting value of J for printing data.
JP2 = final value of J for printing data.
KP1 = starting value of K for printing data.
KP. = final value of K for printing data.
Card Nos. 20a-e. [(! “OT(LM), L = 1,12), M = 1,5] (Format 1216)
PLOT(L,M) is the plot control parameter for plots in the (r,z) plane for a constant
azimuthal coordinate specified through the cell index K. LJPLOT(1, M) contains the
desired value of K. If K > 0, velocity vector plots are made for the gas, liquid, and mix-
ture. If K = 0, no plots are made. Five azimuthal planes can be specified. When a con-
tour plot is desired, [JPLOT(L M) = 1; otherwise, LJPLOT(I.,M) = 0. Contour plots can
be obtained for the following quantities.
IJPLOT(2,M) = gas macroscopic density, p,.
(3, M) = liquid macroscopic density, p}.
(4,M) = void fraction, #.
(5,M) = pressure, p.
(6,M) = gas temperature, T,.

(7. M) = liquid temperature, T,
(8, M} = saturation temperature, T,.
(9,M) = gas specific internal energy, I,.

(10,M) = liquid specific internal energy, I,
(11,M) = mass exchange rate. (J, - J.).
(12,M) = momentum exchange rate, K.
Card Nos. 20f-j. [(IKPLOT(LM), L = 1,12), M = 1,5] (Format 12I6)
IKPLOT(L,M) is the plot control parameter for plots in the (r,¢) plane for a consts..t axial
coordinate specified through the cell index J. IKPLOT(1,M) contains the desired value of .J.
If J > 0, velocity vector plots are made for the gas, liquid, and mixture. If J = 0, no plots are
made. Five axial planes can be specified. When a contour plot is desired, IKPLOT(L.M) = 1;
otherwise, IKPLOT (L.,M) = 0. Contour plots in the (r,¢) plane can be obtained for the same
quantities as in the (r,z) plane.
Card Nos. 20k-o. [(JKPLOT(LM), L. = 1,12), M = 1,5] (Format 1216)
JKPLOTL,M) is the plot control parameter for plots in the (z,¢) plane for a constant radial
coordinate specified through the cell index . JKPLOT(1,M) contains the desired value of 1.
If 1 > 0, velocity vector plots are made for the gas, liquid, and mixture. If [ = 0, no plots are
made. Five radial planes can be specified. When a contour plot is desired, JKPLOT(L.M)
= 1; otherwise, JKPLOT(L,M) = 0. Contour plots in the (z,¢) plane can be obtained for the
same quantities as in the (r,z) plane.
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The only modification to the printed data output is to include the azimuthal velocity compo-
nents for the liquid and gas fields.

C. Improved Procedure for Determination of Neighboring Cell Indexes

The basic two-dimensional code solves a set of two-fluid equations with transport effects. The
' complew. finite difference equations given in Ref. 2 for cell (1,j) contain numerous references to
variables in neighboring cells. These references require no special consideration in the solution
algorithm if the neighboring cells are all fluid cells. However, if one of the neighboring cells is an
obstacle cell, no values exist for that cell because none have been computed. Subroutine BDRY
sets values for the tangential veloci.y components based on the free-slip or no-slip specification,
but it does not set values for centered quantities because they cannot be uniquely specified in
many geometries. To obtain values for centered quantities in an obstacle cell, vaiues in an ap-
propriate nearby fluid cell are used. Figure 3 shows the fluid and solid regions around an obstacle
corner cell. Calculation of viscous stress terms in Eq. (3.10) requircs the value of f at points A and
B, and in Eq. (3.9), the value of 8 at point C. To obtain values at these points, vaiues in the sur-
rounding four cells are averaged, and in each case cell i+1,j is involved. The value assigned to
8,.., is different in each case; for point A, .., , ® 6, ;; for point B, .., , = 6, ,.,; and for point C,
f,.., % 8,.,,.,. These assignments are made in subroutine INDEX by setting the value of the in-
dex (i+1,i) to be (i,j), (i,j+1), and (i+1,j+1), respectively.

The logic by which neighboring ceil indexes are assigned values is based on geometric con-
siderations only and, thus, can be done only once at setup time. The basic code does not take ad-
vantage of this fact, but ratner goes through the necessary logic several times each cvele.
Although this is a minor inefficiency for two-dimensional calculations, this is not the case for
three-dimensional calculations. The new procedure developed for use with the THREED update
determines neighboring cell indexes five times faster than is possible with a natural extension of
the basic code logic. This typically results in a 15% decrease in computer time.

The new procedure adds or subtracts increments to a fluid cell index (i,j.k) in a revised sub-
routine INDEX. The increments are computed at setup time in the new subroutine SETIND and
stored in columns in matrix MFL. Subroutine SETIND is the three-dimensional counterpart of

FLUID

ij*l i*1, ]

B C
# # WG Fig. 3.

FLUID A ; oy Fluid and solid regions around an obstacle cor-
"l " ner celi.
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OBSTACLE




the logic in the basic code's subroutine INDEX. The number of columns in MFL is at most equal
to the number i flu'd cells, and the length of the columns (number of rows) is equal to the
number of neighba:ing cells whose indexes we wish to define. For three-dimensional caleulations,
the number of neignneing ceils is 18, Because many cells have neighbors whose indexes ditfer
from (i,),k) by the same in rements, the number of columns in the matrix MFL can be substan-
tially less than the number cf fluid cells. To know which column of increments to use with cell
(i,j.k), the column number & - each cell is stored in matrix LFL. The integers stored in the LFL
and MFL matrices are printe | as part o the standard input data.

D. Deletion of Transport Terms

Deletion of the viscous stress, viscous work, and single-phase heat conduction terms from the
basic code enhances the computational efficiency. For many applications, the effects of these
terms are unimportant and, in fact, increase the computational effort significantly, For problems
in which viscosity and heat conduction are important, this modification, identified as INVIS,
should be smitted. Omission of this modification will restore the two-dimensional viscous and
heat conduction terms, and the appropriate three-dimensional terms can then be added in a
straightforward manner. The modification set INVIS also can be used with the basic code to
simplify two-dimensional calculations, if desired. This modification, which deletes subroutines
HEATCG, HEATCL, IGVS, ILVS, UGVS, ULVS, VGVS, VLVS, VWORKG, and VWORKI,
and all references to them, removes 262 FORTRAN statements, which represent 10% of the basic
code.

E. Madifications to Film Plotting and Printing

Madifications to the basic code’s routines to provide for plotting and printing of the three-
dimensional data on film are noted collectively by the identifier FILM. No detailed discussion of
these modifications is given because they involve only straightforward, but logically complex, ex-
tensions of the two-dimensional routines. Also, thesz routines often are not appropriate for direct
use at installations other than the Los Alamos Scientific Laboratory. If film output capabilities
are n~t desired, this modification set can be omitted. In addition, the input data cards 20a-0 and
their corresponding READ and WRITE statements can be omitted. The READ and WRITE
statements are included in the modification set INOUT and denoted specifically as *DELETE.
KFIXCC .40 and *DELETE, KFIXCC.71.

I LISTING OF MODIFICATIONS

The FORTRAN statements for the five modification sets follow their identifving titles
THREED, INOUT, INDEX, INVIS, and FILM, respectively. The statements are listed in accord
with standard UPDATE notations for insertions and deletions. Statement numbers referred to as
KFIXCC are as given in the basic K-FIX code.?
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*1DENT THREED

*] ., KFiXxcC.80
KBskBe-2
KB1=xkB2-1
1BeXJB2= B2+ B2

*D.KFIXCC. 159, 161
CALL START(1}
00 300 K=«S KL
[Jd=1J% INCK
DO 300 J=uS. A
I J=1JsINCY
0O 300 (=15, 1L
1J=1s)

*D.KF IXCC. 180
L=(N-]1)*INCN

*B.KF IxCC. 187

[PKP=1J+ |+ 1B2XJB2

LASL Ident'fication No LP-745

IFIFLUTPKP) .GE . 4) WGINSI=RWGINI )
IF(FLUIPKP) .GE . %) WL (N2 =L (N

*0 KF IXCC . 196
L=iIN~-1)*NCN
*| .KFIXCC.202

JPKP= | U+ 182+ | B2XJB2

IFIFLIUPKP) GE . 4) WGIN2)=WGINI)
IFIFLIJPKP) .GE . %) WL (N2 =ML LNL)

¢l KFIXCC.209
WGIPJ) =WG 1Y)
WLOIPD) =WL (1Y)
*| KFIXCC.216
WOLIPU =-WGI 1 U}
WLEIPJ) ==WL (1 )
*| KFIXCC.223
WLITJPI= WLtID)
HWGLIUP) = WGLID)
*] . KFIxCC.230
WOLTJP ) =~WGI1J)
WLOTOP ) =-WL (1)
*| KFIXCC.240
WGUIMJY = WG
WLOIMO) = WLELD
¢ KFIXCC . 247
WO IMI) =-WGL TS
WL OIMU ) ==L ( 1)
*| KF IXCC.256
WGOIUM) = WG
WLOTUM)= WLLIW)
*| KFIXCC.263
WG TUM) =-HG( W)
WLETUM)==WL (T
*] KF IXCC.264
NFLA=FL ( IKP)
NFLAR=FL ( |PKP)

IFINFLALLT.1) NFLA=|

IFINFLAR.LT.1) NFLAR=|
60 TO (22€,20%,215,225,225) NFLA
205 GO "V (225,210,210.225,225) ,NFLAR

c

C TREE SLIP WALL AFT
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THREED
THREED
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THREED
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THREED
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THREED
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THREED
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c THREED 43
210 VGLIKP)=VGIID) THREED Yl
VLOIKPI = L (1) THREED 45
UG IKP ) =yGt 1 J) THREED 46
ULTIKPI=UL L1 ) THREED 4“7
G0 10 22% THREED u8
215 G0 T0 (22%,220,220,225,225) NFLAR THRELD 49
(S THREED 50
c NO SLIP wALL AFT THREED 51
¢ THREED 52
220 VG IKR) ==VG(1J) THREED 53
VLOIKP) ==VL T TJY THREED S4
W CIKP)==UL (1Y) THREED 55
UGT IKP) =~UG( 1J) THREED 56
| 225 NFLF=FL{1KM) THREED 57
1 NFLFR=FL { |IPKM) THREED 58
E IF (NFLF LT.1) NFLFsl THREED 59
‘| IFINFLFR.LT.1) NFLFR=| THREED 60
60 TO(250,230.240 250,250 ,NFLF THREEU ol
230 GO0 T0 1250,235,23%,250,250) ,NFLFR THREED 62
C THREED 63
‘ ¢ FREE SLIP WALL FORE THREED 64
c THREED 65
235 VGIIKM)=VG. 1J* THREED 86
VLT IKM) =VL (1) THREED 67
UGHLIKM) =G L)) THREED 68
i UL € 1ieM) sUL (1 J) THREED 69
1 GO 10 250 THREED 70
! 240 GO TO 1250.245.245,250,250) NFLFR THREED 71
' & THREED 72
| c NO SLIP WALL FORE THREED 72
g c THREED T4
s 245 VG IKM) =-VG (1 J) THREED i)
0 VL CTKM) ==VL (1.0} THREED 7%
‘| UGHIKMI=-UGI [ J) THREED 77
| UL IKM) ==UL (1) THREED 78
| 250 CONT INUE THREED 79
‘| 300 CONT INUE THREED 80
*0,KF IXCC.276.278
CALL START(1) THREED 81
DO 10 K=KS KL THREED 82
1J=1J+ INCK THREED 82
DO 10 J=JS,J THREED 8y
[J=1J+ INCJ THREED 8%
| DO 10 I=1S,IL THREED 86
z 1Jd=lJ+! THREED 87
*D,KFIXCC.2T
DIMENSION CS(7) THREED 8y
*| KF | XCC.28%
AFT=]. THREED 89
FORE=1 . THREED a0
o] L KFIXCC . 288
NFLA=FL [ IKP) THREED g1
IFINFLA.EQ.0) NFLA=] THREED g2
NFLF =F1( 1KM) THREED 93
IF (NFLF .EQ.0) NFLF=] THREED 9y
*0 KF I1XCC . 297
r 8060 TO (13,11,11,13.11) NFLA THREED 95
' 12

521 160
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Il AFT=0.

1360 10 (17,15,15,17,15) ,NFLF

15 FORE=0.

17 IFCTHSF (1J) .EQ.1) GO T0 9
*1,KFIXCC. 301

320 .50 (THITJI o THULJAI YSAF T (THITJI#THILJF 1) SFORE ) *DTORDPHI | ) ##2
*D,KF IXCC . 322,323
18 CSiB) =0,
IFLAFT . LT.0.5) vO TO 20
CSIB)I =] . +CSUIIOITHITJISTHILJA) ) /LRGP | JI+RGP (1 JA) +DT#* (KORAG( 1.1+
| KORAG(IJA)))
20 CSt(71=0,
IFIFORE.LY.0.5%) GO TO @22
CS(T1=l . +CSUIIS(THITI)+THITJF 3 17 (RGP (1 J) ¢RGP ( 1 UF 1+DT* (KDRAG( | J) +
1 KDRAGIIJF 1))
22 RBETA=(].~TH(1J))*RALS+CSI1)YRAGS/ROG( | J)+(DTODZ**21*(CS(21+C513))
| *DTORDR( 1) *DTODR® (CS(4)+C5(5) )+ (DTORDPHI | 1¢42) ¢ (CS(B)+CS(7))
*0 KF IXCC.631
I ~RLFT(IUM) ) +DTORDPHI [ ) * (RLFAT1J)-RLFA(IKM) ) +DT® (ERATE ([ J) -
I CRATELI L))
*D,KFIXCC.B663
I ~RGFT(I1JM) ) +DTORDPHI [ 1¢ (RGFA( [ J)-RGFA( [KM: ) -DY* (ERATE([J) -
1 CRATE(IJ))
*| . KFIXCC. 692
PAX=KB*DPH
PTS=- 50PN
00 150 K=} w82
PTE=PTS+DPH® (K- 1)
*D.KFIXCC.707
FLOT, U, K) =]
IF(IPTE.LT.0.) GO TO 2
IFIPTE.GT.PA>») GD TO %
[ .,KFIXCC.712

SET FLAGS FOR THE FORE FACE (K=])

o0 o

e FLil,J,K)=2
IFINSL(S).EQ.1) FLII,J.K)=3
IF ((KB*DPH.GE .6.283105-0.5°0PH) .AND. I TC.EQ. 1 )FL(],J.K)1=0
G0 TO 150

SET FLAGS FOR THE AFT FACE (K=KB2.

in syl

Y FLUTL, U, K) =2
IF(NSL(6).EQ.1) FL(I,J,K)=3
IFLIKB*DPH.GE .6.283185-0.5°0PH) ,AND. i TC.EQ. }IFLIT.J.K1=0
GO TO 150
*D.KFIXCC.716,720
e lﬁv!E.GY.FLoue).A'O.YYE.LY.FLO(JE'I).Am,PYE.GY.FLOAtJaLAm.
| PTE.LT.FLOA(J2+1)) GO TO 18
IFCYTE.GT.FLO(J2+2) .AND . YTE.LT .FLOIJ2+3) . AND .PTE.GT FLOA(J2+2] .AND
1.PTE.LT.FLOA(J2+3)) GO TO 18
*D.KF IXCC.722
LUl J,K) =2
*D.¥r IXCC.72%
i FLUE,J,K)=3
*J,KF IXCC.726
18 FLIUI,J,K)=5
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THREED
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THREED
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THREED
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THREED
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191
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10%
109
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B L

115
16
117
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e
123
2%
129
126
127
128
129
130
134
132
133
134
135

136
137
138
139
140

41

142
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*0,KF IXCC.731,735
30 IFIYTE.GT .FLOIJS ! AND . YTE LT .FLO( %+ 1  AND PTE . GT FLOA(J%) .AND.
§ PTELT.FLOA(JUN+1)) GO TO B0
IFCYTE .GT FLOUJ4*2) AND.YTE LT .FLOIJM¢3) AND PTE .GT.FLOA I Js+2) .  AND
1.PTE.LT.FLOA(J4+3)) GO TO 60
*D KF IXCC.737
FLUL,J,K)=2
*D,.KFIXCC,739
S0 FL(T,J,K)=3
*D.KF IXCC . %1
B0 FLUI U, K=y
*D.KF I XCC. 746,750
70 IF(XTE.GY.FLO(JZ) AND . XTE.LT.FLOtJ3+11 . AND.PTE.GT .FLOA(J3) .AND
I PTE.LT.FLOA(J3+1)) GO TO 100
IFIXTE.GT . FLOIJZ+2) . AND.XTE LT . FLOCJ3¢3) ANU.PTE .GT . FLOATJ3+2) . AND
L.PTE.LT.FLOAtJ3+3)1 GM TO 100
D, KF 1 XCC . 75¢
FLUI U Ki=g
*0,KF [XCC . T5%
a0 FLII,J.K)1=3
D, KF | XCC . 756
100 FLOT,J K) =4
*D . KFIXCC 761,765
110 IFIXTE.G™ .FLOGJY) ,AND . XTE .LT.FLOtJ1+1) _AND.PTE . GYT .FLOA(J1} AND
| PTE.LT.FLOALJI+1)) GO TO 140
IF(XTE . GT .FLO(JI+2) .AND . XTE LT .FLOtJI*3! AND.PTE .GT.FLOA(J1+2) . AND
1.PTE.LT.FLOAIJ1+3)) GO TO 140
*D . KF IXCC.767
FLUL,J,K)=2
*0.KF I XCC . 769
130 FLIL,J,K)=3
*D,KF IXCC.771
1“0 FLITL,J,K)1=5
*D.KFI1XCC.773
DO 180 K=1|,kBe
IF(FLOIBI ,JB2 . K) .EQ.4.AND.FLIIB2,JB! K .EQ.%) FLLIB2,JB2.K)=4
IF(FLUIB) ,JB2 .K) .EQ.7 . AND.FL(1B2,u81 X)) . EG.7) FL(1B2,J B2 K)=7
160 CONT INUE
0 KF IXCC. T
IFINO.LE.O) GO TO 400
*D.KF IXCC.778, 782
DO 300 L=1,NO
xX1=08(1.0)
x2=08(2,L)
YI=0B(3,L)
Y2=08(%,L)
Z1=08(5,.)
22=0B1(6.L)
PT1S= S5*0PH
DO 290 K=2,KB1
PTE=PTS+DPH*FLOAT (K-2)
*D,KF IXCC.793,796
IF (PTE.LT.Z1) GO TO 290
IF (PTE.GT.Z2) GO TO 290
FLIT,J.K)=2
IFINSO(L).EQ.0) GO TO 290
FLIT,J . K)=3
*D KF [XCC.952,954
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THREED
THREED
THREED
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CALL START ()
DO 100 K=KS KL
IJd=1J+ INCK
00 100 J=J5, 0L
lJ=lJs INCJ
DO 100 1=15,1L
lJ=iJs|
*D.KF | XCC . 968
CStI1)=tDTONZ*(OMTF T-OMTFEI 1) 1+DTORDRI 1 1 * {OMTFR-0OMTFL ) +
| DTORDPHI I*IOMTFA-CMTFF LICH I i%PI1Y)
*D.KF IXCC.971
CSU12)=0T0DZ* (ELFT-ELFBI11)1+DTORDR( 1 ¢ (ELFR-ELFL)+DTORDPHI(])*
I (ELFA-ELFF(ICJN)
L KF IXCC.976
CSUT)=(DTODZ  (THF T-THFBI( 1) 1+DTORDR( | 1o ( THFR-THFL ) +DTORDPHL ] ) ¢
| (THEA-THFFLICJ)I*P(LD)
*D KF [ XCC.979
CS518)=DTODZ2* (EGFT-EGFBI( {1 )1+DTORDR | ) * (EGFR-EGFL 1 +DTORDPH( [ ) ®
| {(EGFA-EGFF(ICJ))
¢ KF [ XCC . 996
EGFF (L ICJ)I=EGF A
ELFFUICJI=ELFA
THFF (ICJI=THF A
OMTFF (ICU)=0OMTF A
*D.KFIXCC.1131,1133
c SET LIMITS OF DO LOOPS
CALL START (1)
DO 102 K=KS KL
IJ=1J+INCK
0O 101 J=JS,JL
[J=1J+INCJY
DO 100 1=1S,1.
la=lJd+i
*D.KFIXCC.1192
1 RLFTUIIM) ) +DTORDPH( I ) * (RLFALIJI-RLFACLIKMI ) -DT* (ERATE ' 1U) ~
1 CRATE(LJN)

*D.KFIXCC.121%

1 RGFT(IJMI I +DTORDPHI | 1 * (RGFACTJ)-RGFALIKMI )+DTS (ERATE( 1 J) -
1 CRATE(IUM)

*| KFIXCC.1234

101 CONTINUE
102 CONT INUE

*| KFIXCC.12%6
IFIWGOIKM) .GE.O.) RGFA(I<™M =WGI KM *RGP( | JF)
IFIAGEIKM) LT . 0. ) RGFAUIKM HWGI MI*RGPI!J)

*| KF IXCC.1263
IFIHGIIJ) .GE.D. ) RGFAIIUI=WG(!J)*RGP ! 1))
IF(WNGITJ).LY.0.) RGFALIJI=WG(1J)*RGP . [JA)

*] KFIXCC. 1275
IF (WL TIKM) GE.O.) RLFACIKM) =L ( IKMI*RLP (1 JF)
TFOWLCTKMYLT.0.) RLFACIKMI=WL [ IKMI*RLP( 1)

*| KFIXCC, 1282
IFUWLCTY) .GE.O.) RLFACID =HLITJI*RLPI( T
IFRLIOID LT .0.) RLFACTIUI=WL(1JI*RLPITJA)

*Q . KFIXCC.1316,1318
CALL START(1!
DO 10 K=KS KL
1J=1J* INCK
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DO 10 J=uS. L
Jd=1J*INCY
DO 10 118, 1L
Ta=]J+1
* | KF 1XCC . 165%
ROPH= | . /0PH
OTOOPH=DT *ROPH
*| . KFIXCC, 1672
OTORDPH! [ ) =0TRDPH/RL | )
DTORBODP (| 1 =DT*RDPHM/RB( | )
*1 . KFIXCC . |1682
OTOROPHL | 1 =D *RDPH
] KFIXCC. 1695
%
DO 80 k=2 x8|
*D.KF IXCC. 1698
IJ=TeiJ-110182+1K~])* 182X B2
*| KF[XCC. 1706
IFGFLOIKP) NE .2 AND . FLUIKP) NC.3) WGITJ1 =Wl ( [ J)%HO
‘D.KFIXCC. 1711
IJ=lstJ=110 182+ (K~ )0 |B2* B2
*| . KFIXCC. 1720
Wil =Wl (1 J)=0.
SLKFDY €172
WO =L 1) =0.
*l.KFIXCC. 1730
1 JA=Js 1B2XIB2
*D KFIXCC. 1737
FJd=l+tJ-1)0 182+ (K- | ) |B2xJ82
¢ KFIXCC. 1 T46
WEOLJ =ML (T J1=D.
*| KFIXCC. 1754
WO =ML 1§ J)=0,
o] KFIXCC. 1757
| JA=1J+ | BEX B2
& KFIXCC. 1762
B0 CONT INUE
0. KFIXCC. 17
KM=1J- |BexJBe
*].KFIXCT. 1792
IFIRGI1J) . GE.0.) EGFA=RGP I JI*SIEGNT 1J)*WGI 1J)
IFIWGTTJ) LT .0.) EGFA=RGP (] JA)SSIEGN! | JA) *WGT 1 J)
* L KFIXCC. 1794
IFGFLOIKM) CNE .| .OR.K.EG.2) U TOD 3
*| KFIXCC. 1799
IFIFLYIKM) .NE.1.OR.K.EQ.2! GO TO 3
*] KFIXCC. 1803
IFIFLIIKM) NE.1 .OR.K.EQ.2) GO TO 3
| KFIXCC. 1808
3 IFIWNGIIKM) .GE.O. 1 EGFF(ICJI=RGP[ I JF 1*STEGNT | JF ) *WG( [KM)
IF(RGUIEMI LY . C.) EGFFiICHI =ROP ([ J)1*STEGN( 1J) *WG ! [KM)
RE TURN
¢ KFIXCC. 1820
IFEML([J) . GE.D.) ELFA=RLP i *SIELNITJI®WLIT D)
IFOWLETY LT.0.) ELFASRLPIJA)ISSIELNCTJAI *WL (1)
¢l .KFIXCC. 1822
IFIFLUIKM) NE.|.OR.K.EQ.2) GO 70 3
] .KFIXCC. 1827
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IF(FLOIKM)  NE

*1 KFIXCC.1831

o] L KFIXCT,

IFLFLOIRM) (NE .
183%

1.0R.K.EQ.2) GO T0 3

1.OR.K.gw ..+ GO 10 3

3 IFLWLCOIKM) .GE. O, ELFFOICI=RLPIJF 1oSIELNTLJIF ) *WL ( 1KM)
IFOWMLCIKMY LT .M ) ELFFUICY) =RLP(TJI*STELNLIJ) "WL ( 1KM)

RETURN

*| ,KFXCC.1838
SUBROUT INE STARTIN)

*CALL
*CALL

10

20
30
“0
50

GCOM|
GComM2
NTRAN=N

GO TO (10,20,30,40) ,NTRAN

I=2.181 J=2
15=2

IL=iBI

JS=2

=l

KS=2

KL=KBI

GO TO S0

CONT INUE

CONT INUE

CONT INUE
INCU=1BI-1L+IS

B! K=2 KBl

INCK= (Bl -JL+JS)* 182

IJ=(KS~11*]1B2X
RE TURN
END

*| KF IXCC. 1894

IFWL LY.
IFtWL T,
IFIWG(TJ) .
IFIWGOIIY .

*| KFIXCC.1898

IFIFLUTKM) ONE .

*D KF [XCC. 190%

IFFLUI M),
IFIFLOIKM) .
RE TURN

*] . KFIXCC. 1908

3

IFIFLEIKM) .
RE TURN

IF (WL TKM)
IFINLLIKM)
IF WG KM
IF KM

*1,KFIXCC.1€ 8

IF(WGI1Y) . GT.0
IF(WGI1J) .LE.O
IFIWNGIKM: .GY.
IF (WG IKMY LE .

D KF IXCC. 1946, 1948

CALL START! .
DO 10 XK=KS,KL
1 J= i J* INCK

oo

JB2-1JB2-J e 1B2-(182-1L)

) OMTFA=(] , ~THILD) I%Wi (LD
L) OMYFA=(] ~THUIJA e (T D)
b THFA=THILJ)*WG! 1)
) THFA=THI I JA*WG( 1Y)

1.0R.K.EQ.2) GO 10 3

.1} 60 TO 2

1.0R.K.EQ.2) GO 10 3

.1.0R.K.EQ.2) GO "0 3

) OMIFELICI =1 . =T JF 1) ol ( [KM)
) OMIFFLICO =01, =T LG ) *HL ( [KM)

y THFE LICUY =THITJF 1 oWG L TR
) THFF{IC =THI [ JI*WG( TKM)

L) CS(2)1=CS(2)-DTORDPHI 1 ) *WG( 1 J}

) CS(11=CS(]11-DTORDPHI | 1*W0(1J)*ROP( [JA)
0.1 CSE1)1=CSt11+DTORDPHI | 1 WG [KM) *RGP { 1KM)
0.) CSi2)=CS(21+DTORDPHI [ 1 *WG( [KM)

=

g @
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THREED
THREED

TAREED
THREED
THREED
THREED

THREED

THREED
THREED
THREED

THREED
THREED
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270
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00 10 JeuS, L
IJd=]JsINC
00 10 1=15, 1L
TJd=let
*] KFIXCC. 19%0
CS(11=0.
CSt2)=0,
CS(3)=0.
CSqI=0.
IFLITC.EQ.0) GO 1C 5
CS15)1=0.03125*DT*RRB( | )
CS‘II-CS(SI'(&PIIJ)'&,P(LRH’(H_(lJ)'H(IKHIOD&_(IPJ"H.(]PKNH
1 %23
CS@HCS!SHIRGPHJHRGPHJRI)HNGIIJHWHXHHHWh»."wx“.IPKHH
| sep
CSi1%)=0.129°0T/R( |}
CStlto(u.(lJnuumqlomalxmouulrkPuomLPllJitM.P!lKPHtCS(Sl
I *WLtln
Csm:t(tn!lJ)oUGnmuuGtle)oUG(lmPnuRop«uuRGP(lechSI'ji
1SRG
5 CONTINUE
*B.KFINCC. |95
€ -~DTORBDP([)*tUGFA-UGFF (ICJIT + CSI2)
*1 L KFIXCC, 195%%
UGFF ( 1CJ ) =UGF A
*D,KF [ XCC. 1958
1 voru-monz-won‘voramwmonomrln-cvor»vorrucm»
* ] KF IXCC. 1960
VGFF (ICJ) =VGF A
CALL WGMOMF
MclJ)-o.s-tW(wnmﬂ(IJMHHG'tJi-monomH-mom-uGru-
1 DT(!JZ"WT-»‘G&GHH-DTWH(Ilwaol'h-mrnlwn—cmw
WOF L =WGF R
WOFBI ) =WGF T
WOFF ( 1CJ) =WGF A
*B.KF IXCC. 1964
2 -~DIORBOP(1)*(ULFA-ULFF(ICJ)) + CSI(1])
* | KF IXCC. 1965
ULFF(ICU) =ULF A
*D . KF IXCC ., 1968
1 VLFLD-DYWZ‘(VLFY-VtPBtlHoDTORDPHlI)'(VLFA-VLFV(!CJH
*LKFIXCC.1970
VLFFLICJY=VLFA
CALL WLMOMF
RWLCIJ)I=0.5% (RLP(TJ) *RLP( [ Js ) ) oW © 1 J)~DTORDRI | JSUWLFR-WLFL ) -DTCDZ e
I GWLFT-WLFBIL) ) -DTORDPH 1) - (WLFA-WLFF (ICJ1) ~CS(3)
WLFL=WLFR
WLFBI Y =WLFT
WLFFICU) =WLFA
*D.KF IXCC. 1980, 1982
CALL START(])
DO 20 K=KS KL
IJ=1J% INCK
DO 20 U=uS, UL
id=lUrINCY
’ 00 20 1=]S.IL
1J=lJsi
*D.KF IXCC .200%

THREED
THREED
THREED
THRETD
THREED
THREED
THREED
THREED
THREED
THREED
THREED
THREED
THREELD

THREED
THREED
THREED

THREED
THREED
THREED
THREED
THREED
THREED
THREED

THREED
THREED
THREED

THREED
THREED
THREED
THREED
THREED
THRCED
THREED

THREED
THREED
THREED
THREED
THREED
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343
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345
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DIMENSION CSI6!
*] KFIXCC.2013
CSIS120. .5 (WG | J) WGt P )
IFICSIS)I.GE.D.) UGFA=D S* (RGP I 1J) RGP (1 JR) 1 *UG( ] J1*CS(8)
IFICSIS).LT. 0. ) UGFA=D 5% (RGP [ JA)+RGRPT [ JAT) 1oUGT [KP I *CS51(5)
*| KFIXCC.c01%
IFIFLOIKM) NE.1.OR K EQ.2) GO T0 3
s KF IXCC . 2021
IFCFLUIKM) NE. | OR.K.EQ.23 GO TO 3
*1 . KFIxCC.2006
IFtFLUIKM) NE.| OR.K.EQ.2) GO T0 3
*].KF IXCC.2032
3 CSIBI=0 5% (WGt [KM) WG 1PKM) |
IFICSI6).06.0.1 UGFF (1CJ) =0 .S* (RGP [ JF ) +RGP 1 [ JFR) ) SUGT IKMI *CS16)
IFICS(6).LT.0.1 UGFF LIC)) =0.S* (RGP (1 JI+RGP{ 1 JR) ) SUG( | J) *C5(B)
RE TURN
*D L KF IXCC . 2068
DIMENSION CSt6)
ol .KFIXCC. 20T
CSI8)=0.9% (HLL 1) WL [ 1PJ1
IFICS15) . GE.Q.) ULFA=0 .5 (RLP IJISRLPUIJRI ISUL (1J1 *CS(5)
IFICS1S) . LT.0.) ULFA=G.S*(RLS [JAI*RLPIIJAR 1 oUL { [KP)*CG5(5)
*|.KFIxCC.2079
IFIFLIIKM) NE.1.OR.X.EQ.2) GO + 3
o] KEIXCC.208%
IFEFLCIEM) NE, 1 . OR.K.€EG.2) GO 10 3
ol . KF [XCC.2090
IF(FLOIKM) . NE. | .OR.K.EQ.2) GO TO 3
* |, KF IXCC.2096
3 CSUB) =0, 5% (WL T IWM)*WL { [PKM) )
IFICSIB).GE.0.) ULFFUICUI =0 . S*(RLP( 1 JF 1 sRLP (L UFR) ) UL [ IKM) *CS (61
IFtCSIi6).LY.L.) ULFFUICU) =0 . S* tRLP I TJI*RLP( T JR) ) SUL L 1 U1 $CS1(6)
RE TURN
*D.XFIXCC.2132
DIMENSION CEioy)
SR L_KF Ty :‘.3;.
CALCULATES (12) VELOCITIES ON THE 6 BOUNDARIES OF THE CELL
*D.KFIXCC,2'%2
IFIFLB.EQ.2.0R.FLB.EQ.3.0R.FLB.EQ.5) GO 10 &
* .KFIXCEC.2155%
S FLF=FL(IKM)
IFIFLF EQ.2.0R.FLF .£Q.3) GG TO 2
THETF =0 . 5% (THITJI+THITJUF ) )
DTKF=0.5*07* (KDRAG( | J) +KDRA: 1 JF 1)
DYKEF =DTKF +0. 50T+ (ERATE ({1 £ QRATL 1JF 1)
DIKCF =DTKF +0 . SeDT* ("RATE (1 J) sCRATE( [ JF 1)
PORAL DTORDPHI( 112 (P | 01=P(1JF 1)
RLF=0.5¢(RLP(LJI+RLP 1UF 1)
ROF =0.5* (RGP ( 1 U1 +ROP [ [ JF 1)
CSI211=RIL{ IKMI <( |, ~THETF | *PGRAD
CSI22)=RWG | IKM) ~THE TF *PGRAD
CS(23)=RLF+DTKEF
CEi2%) =] .0/ (RGF *CS(23)+DTKCF *RLF )
WLUIKMI=(CSI21)*(RGF «DTKCF ) +DTKCF *CS(22) 1 9CS (2% )
WG IKM) = (CS(22) *CS(23) +DTKEF *CS(21) 1 4CS12%)
*D.KFIXCC.218%
IF(FLT EQ.2.0R.FLT.EQ.3) GO 10 &
¢ KFIXCC.2198

N
™o

16/

P EIINNeN, R ——— -

THREED

THREED
THREED
THREED

THREED
THREED
THREED

THREED
THREED
THREED
THREED

THREED

THREED
THREED
THREED

THREED
THREED
THREED

THREED
THREED
THREED
THREED

THREED
THREED
THREED

THREED
THREED
THREED
THREED
THREED
THREED
THREFD
THREED
THREED
THREED
THREED
THREED
THREED
THREED
THREED

THREED

357
359

360

370
n
372
373
3
375
376
3
378
379
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ir___,_a_n____?

b FLASFLIIKP)
IFIFLAEQ.2. OR.FLA.EG.3) RETURN
THETA=0 .52 (THI [ JI+THI T JAT)
DTKA=0 . 5*0DT* (KDRAG( | J) +KD=*~ ., ( JA) )
DTKEA=DTKA+0.S*DT* (ERATE ( | JI+ERATE ([JAY)
DIKCA=DTKA+Q . SoDT* (CRATE ([ J)I+CRATE (1 JA) )
PGRAD=DTORDPH( 1 1% (P11 JAI-PLIJ))
RLA=0 . S*RLPII+RLPIIJA))
RGA=0.5* (RGP () *RGP( | JA) )
CSUIT . =RML I 1J1=(1 . ~THE TA) *PGRAD
CSUI8)1=RNGE 1J) - THE TA*PGRAD
CSU1 ) =RLASDTIKEA
CSi201=1.07 1R CS116)+DTKCARL/
WLILUI=IC |7 (RGA-DTKCA)+DTKCA*CS(18)1°CS(20)
WGUIJ)=(CSUIB)*CSI19)+DTKEA*CS(17) L5120
*D . KF IXCC.220%
DIMENSION CS(6)
*] . KFIXCC.2213
CSIS1=0. 5% WO TJIsWn(LIP))

IFICSIS) .6F J.) VOFA=D.5* (RGP ([ JI+RGP(1JT))IoVGI(1J1*CS1S)
IFICSIS) L. .0.) VOFA=0 S+ (ROPI1JA)+RGPIIJTA) I *VG( IKP) *CSi5)

*| ,KFIXCC.2215%

IFIFLUIKM) . NE . | .CR.K.EQ.2) GO 10 3
*| KFIXCC.202)

IFIFLOIKM) NG LOR.K.EG.2) 60 TO 3
* | ,KF IXCC . 2226

IF(FLOIKM) NE.1.OR.K.EQ.2) GO TO 3
*| KFIXCC.22%2

3 CSB=0.5° (WG KM +WG ( JPKM) )

1TICSI6B) .GE £.0 VOFF([<.1=0 5% (RGP ([ JF)+RGP ([ JTF ) ) *VG( IKMI *C5(8)
IFICSIEY LT .0 v VOFF{IC. /20.5% (RGP 1JI+RGPIIJT)I*VGI1J) *CSI6)

RE TURN
*D X7 IXCC . 2272
CIMENSION CSi6)
* | .KFIXCC . 2281
CSS51=0.9% WL 1 JI+HLI 1 JP) )

IFICSI5) . GE.O.) VLFAsQD . S*(RLP(IJISRLILIJTIIOVL 1) *CS(5)
IFICSIS) LT 0.1 VLFA=0 .5 (RLPI[JAI*RLPIIJTA) IoVL(IKP)*CS (5]

*l . kr1XCC.2283
IF(FLIIKM) NE. ! .OR.K.EQ.2) GO TO 3
*1.kFIXCC.2289
IF(FLUIKM) NE. | .OR.K.EQ.2) GO TO 3
*| ,KF1XCC . 2294
IF(FLOIKM NE. | .OR.K.EQ.2) GO TO 3
* 1 .KF1XCC.2300
3 CSUB)=0.5% (Wl ( TKM) +WL ( JPKM)

IF(CSIB) .GE.0.) VLFFIICII=0.5% (RLP (I JF I ¢RLP([JTF 119V ( [KMI*CS(6)
IFICS(B) .LT.0.) VLFF(ICJI=0.S*(RLP({IJI+RLPLIJT) I®VL (1 J)*CSI6)

RE TURN
*D KF IXCC.2472
DIMENSION CS(X)
*0D.KF IXCC.2975
CSI31=0,.5% (WG IV *WGEIKM) <L { 1 J)-Wi ( IKM))
VREL =SQRTICS(11992+(S(2)%22+C513)0¢2)
o' KFIXCC.2478
[ CSi3)= PH] COMONENT OF RELATIVE VELOCITY
¢ .KFIXCC. 2479
SUBROUT INE  WGMOMF

THREED
THREED
THREED
THREED
THREED
THREED
THREED
THREED
THREED
THREED

THREED
THREED
THREED
THREED
THREED
THREED
THREED
THREED
THREED
THREED
THEEED
THREED
THREED
THREED
THRELD
THREED
THREED
THREED
THREED
THREED
THREED
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THREED
THREZD
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THREED
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*CALL
*CALL

*CALL
*CALL

GCOM|

GCoMe

DIMENSION CS16)

CSU11=0.5* (HG{1J) +WG( [KP))

IFICSI1).6E.0.) WOFA=0.5*(RGP{1J)+RGPIIJA) I *WG(1J)1*CS(] )
IFICSU1) LY. 0.) WGFA=0.5* (RGP 1JAA) +RGP( [JA) ) *WG( IKP) *CSI( 1)
CS(2)=0.5% (VG 1J)+VGI [KP))

IFICS(2).GE.0.) WOFT=0.5°(RGP(1J}+RGP([JA) ) *WGI [J)*CS(2)

IFICSI2) ,LT.0.) WOGFT=0.5% (RGP (1JTI+RGP([JTA) ) *WG( [ JP) *CS(2)
CS(31=0.5°1UGIIJ)+UG: IKP) )

IFICS(3),6E.0.) HOFR=0.5°(RGP([J)+RGP{[JA) ) *WG(1J)*CS(3I*RBI1)
IFICSI3).LT.0.) WOFR=0.5* RGP IJR)+RGP [ [JAR) ) *WG IPJ) *CS(3)*RB( 1)
IFIFLUIMJ) .NE.1) GO TO |

IFFLOIJUMI .NE. 1) GO TO 2

IFIFLUIKM) NE.1.OR.K.EQ.2) GO TO 3

RE TURN

CSI4)1=0.5% (UG IMJ) +UG( IMKP )

IFICL(Y) .GE.O. IHGFL=0.5* (RGP ( [JL)+RGP( | JAL ) 1 *WG( IMJI*CS (%I *RB( -1
I Ar56%) 1T 0. )NGFL=0.5* (RGP (1J)+ROP (1 JA) ) *WG(1J)1*CS(4)*RBII-1)
IF(FLUIJM) .NE. 1) GO TO 2

IF(FLCOIKM) NE.1.OR.K.EQ.2) GO TO 3

RE TURN

CSIS)I=C. 5% (VG( | JM) +VGIIMKP ) )

IFICS(5) .GE.0.) WOFBI(])=0.5% (RGP [ JB)+RGP ([ JBA ) WG (1 M) *CS(5)
IFICSIS) .LT.0.) WOGFBI11=0.5* (RGP ([ JA)+RGP(1J) ) *WG(1J)*CS(5)
IF(FLIIKM) .NE . | .OR.K.EQ.2) GO TO 3

RE TURN

CSUBI1=0.5* (WG IKM)+WG( 1 J2)

IFICSL7) .GE.Q.) WGFFUICJ)=0.S*(RGPLIJFI1+RGP( 1J) ) *HG( [KM) *CS(B)
IFICS(6) .LT.0.) WOGFF(ICJ)=0.S*(RGP(IJAI+RGP( 1 J) ) *WG(1J)*CSI(6)
RETURN

END

SUBROUT INE WL MOMF

GCOMI

Geome

DIMENSION CS(B)

CSU11=0. 5 tWLITJI+WLIIKP!)

IFICSI!).GE.D.) WLFA=0 . S*(RLPIIJI*RLPIIJA) )WL (TJI*CSI])
IFICSII).LT.0.) WLFA=C S*(RLPIIJAAISRLP (I A) I*WL ‘' [KP)SCS(])
CSi21=0.5% (VLIIJIsVLUIKP))

IFICS(2).6E.0.) WLFT=0.5*(RLP(1JI+PLP(JA) I*WL I JI*CS(2)
IF(CSI2).LT.0.) WLF1=0 Se(RLPIIJTI+RLP( [ JTA) I *WLITJPICS(2)
CSI31=0.5* (UL (1J)sUL ([KP))

IFICS(3).6E.0.) HLFR=0.S*(RLP(] 1+8_ 2 1JA)I*WLI1JI*CSi 31 *RBI])
IFICSI3Y.LT.0.) WLFR=0.5*(RLP(.JRI+R_ (1 JAR) I WL I [PJI*CS(Z)*RBI(!)
IF(FLOIMJI.NE. 1) GO TO
[FIFLEIUMI NE. 1) GO TO 2
IF(FLUIKM) NE.1.OR.K.EQ.2) 30 TO 2
RE TURN
CSIW)I=0.5% (UL ( IMJI +UL ( IMKP) )
IF(CS(4) .GE.O. IWLFL=0.S*(RLPI1." " *
IFICSIY) LT .0.VHLFL=0.5*(RLP(]
IFIFL{IJM) NE. 1) GO TO 2
IF(FL(IKM) .NE.! OR.X.EQ.2) GO
RETURN
CSi5)=0.5% (VL ([ JM) +VL (JMKP I )
IFICS(5) .GE.0.) WLFBI(! =0 .5 (RLPIIJBI+RLPI I A I oWL L .UM *CS (5}
IFICSIS) .LT.0.) KWLFBI[)=0.5*(RLP(IJAI+RLPI1J} "WLIIJ19CS(5)

LIYSWL ([MJ)*CSIGI*RB( I~
T IS CSINI*RBIT~1)
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THREED
THREED
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IFIFLEIKM! NE.1.OR.K.EQ.2) GO TO 3 THREED
RETURN THREED
3 CSIB1=0.5% (WL ( IKMY sl ( [.J)) THREED
IFICSIB) .GE.0.} WLFF(ICJI=0.5% (RLPIIJFI+RLPI1J) I %Wl ( [KM) *CSI6) THREED
IFLCSIB).LT.0.) WLFFLICH =0.5*(RLPIIJAI+RLPIIJII*WLI 1 J1*CSIB) THREED
RE TURN THREED
END THREED

* IDENT INOUT
*D,KF IXCC .26
READ (10,120)17C.DR,DZ.DPH
*| ,KF1xCC.2?
READ (10,110)(FLOA(M) M=1,16
*D.KFIXCC.28
READ (10,140 (NSL (M) ,M=1 .51
*D,KFIXCC, 32
20 READ (10,150INSO(N) , (DBI(M,N) . M=1.6)
*O.KF1XCC.23
€5 READ (10,1801 GRAV
READ (10,180) UO,vD WO,.PO.THOD, TEMPO
*D.KF IXCC, 34,36
READ (10,1607 UINL,VINC WINL PINL, THINL , TEMPINL .
1 UINR VINR WINR PINR, THINR, TEMPINR,
i UINB,VINB . WINB . PINB, THINB,TEMPINB,
i UINT VINT . WINT PINT, THINT, TEMPINT
*D,KF IXCC .40
READ (10,140) 1P],IP2,JP],JP2 . KPI KPR
IFLIPL EQ.0) IPI=)
IFLIP2.EQ.0) IP2=]B2
IFiJP1.EQ.0) JPI=]
IFLUP2.EC.0) JP2=uB2
IF(KP! .EQ.0) KPI=])
IF (KP2 .E£EQ.0) KP2=KkB2
READ (10,1700 (CIJPLOTLI J),1=1,12),J=1,5)
READ (10,1700 (CIKPLOT(] , ), 1=1,12).J=1.5)
READ (10,1700 ¢ (RPLOT(],J),1=1,12),J=1,5)
*D . KF IXCC .54
WRITE(KTAPE ,220) (7C,1B2,JB2,.KB2.DR,0Z,.0PH
*D,KF IXCC .55
WRITE(KTAPE ,c30) (FLO(M) M=1,4%),(FLOA(M) M=1 %), (FLOIM) M=5,8),
1IFLOAIM) M=5.8), (FLO(M) M=9 12) (FLOAIM) M=9 12),(FLO(M) M=13,16).,
2 (FLOA(M) M=1{3,186)
*D ,KF IXCC .56
WRITE (KTAPE ,240) (NSL (M) ,M=].6)
*D,.KFIXCC.62
40 WRITE(KTAPE ,254) NSO(N),(OB(M,NI M=1.6)
*D.KF [XCC.BY
WRITE (KTAPE ,260) UO,VO,WO,PO, THO, TEMPO
*D KF IXCC.65,67
WRITE(KTAPE ,270) UINL,VINL WINL ,PINL,THINL , TEMPINL ,
I UINR VINR WINR, PINR THINR TEMPNR,
| UINB,VINB, WINB,PINB, THINB, TEMPINB
1 UINT VINT WINT PINT THINT  TEMPINT
*D,.KF IXCC.71
HRITE (KTAPE ,325) IP1,IP2,JP1,JP2 . Ki'\ KP?
WRITE(KTAPE . 315) ((IJPLOTLI,J),1=1,12),J=1,5)
WRITE(KTAPE ,320) ( (IKPLOT (], ), 1=1,12),J71,9)
WRITE(KTAPE ,330) ((JUKPLOT(I ,J),I=1,12),J=1.9)




e e

*D.KF IXCC.100

120 FORMAT( 112,3F12.4)

*D,KF IXCC.103

150 FORMAT (]2 W12 .4/(BF12.4%))

*D.KF IXCC. i0%

180 FORMATI(SF 12.4)

*D . KFIXCC. 111,042

220 FORMAT (SHOGEOMETRY/1H0,.6X.34H1 . COORDINATES (CART=0, CYLIND=1, .,

LEIHSPHERE =2) = |3/ 1HD,.BX,.21H2. MESH SIZE, 182=, 1 3. 14X ,4HJB2=,
213, 18X, 9HKB2= . 137 1H0 ,6X, 1 3H3. CELL SIZE,.5X.3HDR=,I1PE!]l.4,4X,
33IHDZ=, IPEL] 4 494X YHOPH=, IPEL1] .Y}

£30 FORMAT(»0 4. INFLOW OPENINGS*/7*0*12X*A. BOTTOM® [OX, IPYE!L] . 4/
132X, IPSE1 L /200 12X*8, LEFT*I12X, IPYE]].%/32X, 1PYEL] .4/
240 5. OUTFLOW OPENINGS®/*0%12X,%A. TOP*|3X, IPYEL]. %/
332X, IPYE 1L M/ 20" 12X*B. RIGHTSIIX, IPYEL) . 4/32X, IPYELL. % )

240 FORMAT (47HE 6. BOUNDARIES, (FREE-SLIP=0 NO-SLIP=11 / 1HO,

1 14X, 7HBOTTOM=, | 3,9H LEFT=_13 .84 T0P=,13,10H RIGHT= 13,
29H FORE=,|3,8M AFT=_13)

250 FORMAT(27HO 7. OBSTACLES, NC=_ 13

251 FORMAT (29HO 8. GRAVITY, GRAV=,IPE1S.7)

252 FORMAT (1 7HO SLIP, 22X .23~~~ COORD INATES =~ ===~ )

254 FORMAT(1HO,12X,132.6X,IPBE1IW. %)

260 FORMAT(ZIMOINITIAL DATA GAS AND LIQUID/13M0 I. UO=,
HIPELL .4, TH V0=  IPE1] .Y, TH WO= , IPELI . %, TH PO=,

SIPELL . % ,.BH THO= IPEILl.%,7H TO=,IPELl.%)

€70 FORMATUIPHOINFLOW DATA/ 16H0 . BOTTOM (BHO UINL=,

TIPELL . 7H VINL=,IPEI1.9,7H WINL=,I1PEL].%,7TH PINL=,IPEL].%,
28H THINL=,IPELl(.%,104 TEMPINL=,IPE1].%/18M0 UINR=,
ZIPEIT. N, TH VINR= IPE1]. %, 7H WINR=_IPEI]l.4%.7H PINR=,IPEL1] .4,
4BH THINR= IPEL! . %, 10H TEMPINR=_ IPEI].%/14H0 2. LEFT/Bx,
S510M UINB=,IPEI1.4,7TH VINB=,IPE]1]l . %, 7TH WINB=, IPEI] .4,
B7H PINB=,1PEL] . 4. BH THINB=,IPEL]l.%,10H TEMPINB=,IPE]] 4/
T18H0 UINT= IPEI]. %, 7H VINT= IPEI]. %, 7H WINT= 1PEL]l. .4,
B7H PINT=_1PEI1.%.BH THINT=_IPELI.9, 104 TEMPINT= 1PEl]l.%)

280 FORMAT (BHOCONTROL / 35H0 1. DUMP AND RESTART, ITD=,13,

I7H  NTD=,13,9H NSDMP=,[3.94 NFILE=,13,94 NNDMP=,k13)

290 FORMAT ( 3WHO 2. TIME AND CYCLE TSTART=,IPEL].4%,9H TSTOP=,
TIPEL] . %,BM DT=_1PELI . % .9 CYCLE=,IPEIl.%)

300 FORMAT (42HOD 3. PRINTING AND PLOTTING, LPR= 13,74 TPR=,
TIPEL]L %.BH 1°L=,IPELl.4% 94 TPLD=,I1PELI %)

310 FORMATI(SHICASE NO. . 13,134 CP TiME=.FB.1)

315 FORMAT (55MH0 4. CONTOUR PLOT LAGS RGP RLP TH
I46H P 16 TL 1S {¢] IL G K. /77014,
SIYHIJPLOT FOR K =, 12,4X,1116))

320 FORMAT L 14X, IMHIKPLOT FOR U =,12,4X,1116)

325 FORMAT (1MO, | 3X ,20HPRINT LIMITS [1=,13,54 I2=,13,59%4 J1=,13,
154 J2=,13.54 Kl= 13,54 K2=,13)

330 FORMAT (14X, IYHUKPLOT FOR | =,12,4X,1116)

*D.KF IXCC. 1467, 1468

CO 340 K=KP!| KP2
DO 340 J=JuP1 ,JP2
DO 340 1=1P1,IP2
IJ=lstJ-110]B2+(K-1)*1B2XJIB2

INOUT 36
INOUT 37
INOUT 38
INOUT 39
INOUT 40
INOUT 4l
INOUT 42
INOUT 43
INOUT 44
INOUT 45
INOUT 46
INOUT 47
INOUT 48
INOUT 49
INOUT S0
INOUT 51
INQUT 52
INOUT 53
INOUT S4
INOUT 55
INOUT 56
INQUT 57
INOUT 58
INOUT 59
INOUT 60
INOUT 61
INOUT 62
INOUT 63
INCUT B4
INOUT 65
INOUT 66
INOUT 67
INOQUT 68
INOUT 69
INOUT 70
INOUT 71
INOUT 2
INOUT 73
INOUT T4
INOUT 7%
INOUT 76
INOUT £
INOUT .
LNOUT 9
INOUT 80
INQUT 81
INOQUT 82
INOUT 83
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*D.KFIXCC. 1474, 1477
330 WRITE (KTAPE .S20)1,J. K, FLOTJY THEJ) ,UGEE D) ,VGLLJD) STEGITY),

1 RGP 1J) KDRAGI1J) WG(TJ) ,CGLIY ,RLLIY) (i 1) VLTI,
2 SIELUIJY ,RLPULY) . RHEAT (1YY WL(TWY) ,CLLIY) ROGETI Y,
3 ERATE(1J) ,CRATE(1J) ,ASJRF (1 J) , TS11U1,TLCLY) ,TGULD) Feld)

*D,KF IXCC. 1500, 1502
WRITE(S) NWOMP, IB2, JB2 KB
WRITE(S) (P, J.K) TOU],J.K), THET  J,K)  TL(L,J,K) ,UGL: ,J,.K),
TOL (], J.K) VI J.K) VLT, J, K WGET ,J. K WLEL,J.K), I=],1B2),
2 J=|,JB82) K=1 ,KB2)

*D.KF IXCC. 1523
GRINDS=CPTG/ ( 1B*JB*KB)

*D.KFIXCC.1533,157C

S10 FORMAT(4BHO | J K FL ™ UG vG 10X,
1594 SIEG RGP KORAG WG CcG
218X, 4EHROL UL VL SIEL,

354 RLP RHEAT L cL /
$ 19X, 4THROG ERATE CRATE ASURF ,
£5eH TS T 16 P )

*D,KFIXCC.1539
520 FORMAT (iX 413.2X,8(2X,IPELI2.5)/15X,8(2X, IPE12.5)/15X,8(2X,
*0,.KF [XCC. 1558
10 READ 15) NTDMP, I1B2,JB2,KB2
*D.KF IXCC. 1565, 1566
20 READ (8) (1P, J. K}, TG I, K).THIL,J.K) , TLT,J,K1,UG(T . J.K),
IlL(l.J.Kl.VG'.l.J.KI.VLlI.J.K).WGI.J.K).HUl..J.Kl.!-l.IBEI.
I J=1,J82) ,K=] kK82)
*B,KFIXCC. 1687
DO 3% k=) KB
IFILPR.GE .2) WRITE(S,B40) K
IFILPR.EQ.1 .OR.LPR.EQ.3) WRITE(12.640) K
*D KF1XCC . 1689, 1690
IFILPR.GE .2)
IWRITEL 9,650 (FL(] KPR, K) . I=],182)
IF(LPR.EQ.1.0R.LPR.EGQ.3)
IWR . TEL12,650) (FLII KPR ,K) 1=;,182)
30 CONTINUE
*] . KFIXCC. 1892
35 CONTINUE
C
*i . KF|XCC.1763
630 FORMAT ( 1H0 441 3)

640 FORMAT (394 CELL FLAG MAP TL([,J) FOR K=,132 77/}

/

INOUT
INOUT
INOUT
INOUT

INOUT
INOUT
INOUT
INOUT

INOUT

INOUT
INOUT
INOUT
INOUT
INOUT
INOUT

INOUT

INOUT
INOUT
INOUT

INCUT
INOUT
INOUT

INOUT
INOUT
INOUT
INOUT
INOUT

INOUT
INOUT

INOUT
INOUT

100

101
102
103

10%
105
106

107
108
109
110
11

112
113

IRL ]
115




B B

*IDENT INDE X
*| KF{XCC.798
c
< CALCULATE ANC STORE THE CELL [NCREMENTS AND ACCESS INDICES
C
400 CONTINUE
M=
CALL START(1)
DO 475 K=KS KL
TJ=1J¢ INCK
DO 470 J=JS.JL
Td=1J+INCJ
DO 465 1=1S,IL
1J=1J+1
IF(FLCIJY . NE. 1) GO TO 465
C
3 SET CELL I1J INDICES ACCOUNTING FOR OBSTACLES AND CELL BOUNDARIES
CALL SETIND
c
[ STORE THE CELL CENTER INCREMENTS IN THE MFL ARRAY
ML MI=1JTL ~1J
MFLI2.MI=1UBR -1J
MFLII M)=1JTR ~-1J
MFLIYW. MI=|JRR ~1J
MFLIS MI=1JTT ~1J
MFLB MI=[JUAL ~1J
LT M =lFR ~1J
MFLIB.M)=]JAR -1
MFLIS . M)=lJAA -1J
MFLOIO .M =1UTF-1J
MFLOLL MY =1URA- 1Y
L2 =1J1A~1J
MFLOI3 Mi=T L -1J
MFLIIN MI=1UB ~1J
MFLOIS Mi=1UR -1J
MFLUIB M) =[JT ~iJd
MFLIIT.M)=1UA -1
MFLOIB M) =1JF -1J
(™
C COMPARE THIS SET WITH THOCE PREVIOUSLY STORED
IF(M.EQ.1) GO T3 450
LUF=M-]
DO 445 L=1I,LUP
KTEST=0
DO %30 N=1,18
IF(MFLIN,M) NE MFLIN,L)) KTEST=]
430 CONTINUE
IFIKTEST .€EQ.1) GO TO w40
C
C THE SET M MATCHES SET L
LFLITU=L
GO TO 460
440 CONTINUE
445 CONT INUE
Cc
> THE SET M DOES NOT MATCH ANY PREVIOUSLY STORED
450 LFLITJ) =M
MAXM=M

INDEX
INDE X
INDE X
INDE X
I NDE X
INDE X
1 NDE X
INDEX
INDE x
INDEX
INDEX
INDEX
INDE X
INDE X
INDEX
INDE X
INDE X
INDEX
INDE X
INDE X
INDE X
INDE X
INDE X
INDE X
INDE X
INDE X
INDEX
INDE X
INDE X
INDEX
INDE X
INDEX
INDE X
INDE X
INDEX
INDE X
INDEX
INDE X
INDE X
I NDE X
INDE X
INDEX
INDEX
I NDE X
INDE X
INDE X
INDEX
INDE X
INDE X
INDEX
I NDE X
I NDE X
INDE x
I NDE X
INDE X
INDE

O AN & wy -

25



C

26

M=Me |

460 CONT INUE

465 CONT INUE

470 CONT INUE

47% CONTINUE
*D,KF IXCC. 1075, 1115

COMPLETE SET
ICU=letu-11*1B2
1PJ=1J+1

MJ=1 U=

1JP=]J+ 182
luM=1J-182
[KP=]J+ 1BexXJBe
IFIFLUIKP) .EQ.O)
IKM=1J-1BexJB2
IF(FLOIKM) EQ.O)
IMJP=] JP-|
IPJP=]UP+1
IPUM= [ UM+ |
IPKM= [ KM+ |
IMKP= | KP~ |

IPKP= KP4+
JMKM= [ KM- | B2
JMKP= [ KP- B2
JPKM= [ KM+ (32
JPKP= [KP+ 1B
N=LFL(TJ}
IJTL=1JeMFL (N)
[JBR=[ J+MFL(N+1)
[JTR=1U+MFL (N+2)
[JRR=[ J+MFL (N+3)
[JTT=JJoMFL (N+Y%)
LJAL = | J+MFL (N+5)
I JFR=[J+MFL (N+6)
TJAR= [ J+MFL (N+7)
[ JAA=[ J+MFL (N+8)
[JTF = [ J+MFL (N+9)
[JBA= [ J+MFL (N+10)
TITA=TJ+MFLIN+1 1)
IJL=1J*MFLIN+*12)
1UB=1J+MFLIN*13)
| R=1J+MFL (N+14)
1JT=1JeMFL (N+15)
[ JA=1J+MFL (N+16)
[IF=1JeMFLIN+1T)
RE TURN

ENTRY [INDEXA

NEAREST NE | GHBORS
ICu=l+tu-11*1B2
Pusldel
[JP=1Js1B2
IMJ=1J-1
IM=10-1B82
IKP=].J+B2XJUB2
FFLUIKP)Y .EQ.O)
iKM=10-[82XJ82

[KP=KP-KB* | BeXJ B2

IKM= | KM+KB* 82X JUB2

IKP=1KP-KB* |BexJBe

INDE X
INDE X
INDEX
INDE X
I NDE X

INDE X
INDEX
INDE X
!NDE X
INDE X
INDEX
INDE X
I NDE X
INDE X
INDE X
INDE X
INDE X
INDE X
INDEX
INDE X
INDE X
INDE X
INDE X
INDE X
INDE X
INDEX
INDE x
INDEX
INDEX
INDEX
I NDE X
INDE X
INDEX
INDE X
INDE X
INDE X
INDEX
INDE X
I NDE X
INDEX
INDEX
INDE X
INDE X
INDE X
INDE X
INDE X
INDE X
INDEX
INDE X
INDEX
INDE X
INDE X
INDE X
I NDE X
INDE X
I NDE X
INDEX

on
™o

87
58
59
60
61

100
101

102
103
10%
105
106
107
108
108
110
11
e
113

174



IFIFLUIKM EGQ. 0) KM= [KM+KH* |B2XJBS
N=LFLI(; )
TJL= 1 JeMFL (N*12)
1 JB= | JoMFL IN+]3)
LJR=[JeMFL [N+ %)
FIT=1JeMFL (N® |5)
[JA=] J+MFL IN*16)
T =T JeMFL IN+1T)
¢ ,KF IXCC.184%0
SUBROUT INE SETIND
*CALL GCOM]
SCALL GCOM2
C
C CALCULATE INDICES FOR ARRAY QUANITIES
C
IPJ=1J+]
1UP=]J+ 182
MJ=[J-1
[JM=10~1Be
IMJP=] P~ |
IPUP=1JP+!
[PUM=1UM» |
1KM= ] J- 182X JBe
IFIFLIIKM) EG. 01 IKM=|KM+KB* |B2XJB2
IPKM= | KM+ |
IKP= ] Js | BeXJB2
IFIFLUIKP) .EQ.0) [KP=IKP-KB*|B2XJB2
|MKP= [ KP- |
[PKP=[KP+]
JMKM= | KM- [ B2
JMKP= | KP- B2
JPKM= | KM+ | B2
JPKP=KP+ 182
TJL=1MJ
1JB=1JM
1JT=1 P
[JR=1PJ
[ JF = KM
| JA= [ KP
1JTL=1MUP
1JBR=1PUM
| JRR=| Je2
[JTT=1UP+ 182
IJTR= PP
IFI]1.EQ.IB1.AND.J.EQ.UB1) [JTR=!J
[JFR=PKM
[ JAL = [MKP
1 JAR= | PKP
[ JAA= [KF+ | B2XJUB2
IFIFLOIJAA)Y EQ.0) TJUAA=]JAA-KB*BSXJB2
1 JBA=JMKP
[JTF = JPKM
1JTA=JUPKP
IFCCFLOTPYY . OR. (FLUIPW) TJUR=1J
IFCIFLUIMG) . OR. (FLUIMJ). Ta=1J
IFL(FLCLUP) . LORFLOTUP) . 1aT=[.1
IFCFLaIoM . OR.(FLUIJM). 1JB=1o
IFUFLUIKPY OR

s (LTI lJA=1Y




—

28

IFCIFLIIKM) EQ.2) .0OR.IFLIIKM) .FQ.3)) [ JF=1J

IFLIFLOIPUP) NE .2 AND .FLOIPJPI .NE .3y GO TO 110
1JIR=1J
IFCIFLOIPY) NE . 2. AND.FL(TPJ) .NE.3) .AND.
[JTR=[PJ
IFCIFLIIPY) EG.2.0R.FL(IPJ) EQ.3).AND.

120 IFC(FLOIMUPY NE .2.AND.FL(IMJP) .NE.3)) GO TO 140
1JTL=1J
IFOGFLUIMY) NE.2.AND.FLTIMJ)  NE . 3)  AND,

1JTL=MJ

IFUFLUIMG) LEQ.2.0R.FLTEIMJY .EQ. 3) . AND.

M0 IFC(FLUTURR) LEQ.2.0R.FLIIURR) .EQ.3).0R. (] . EQ.IBI))
IFUFLOIJTY) EQ.2.0R.FLILIJTY) EQ.3).0R. (J.EQ.UBI1})
IFCIFLUIPKP) NE .2.AND FL:IPKP) .NE . 3)) GO TO
1 JAR=1J
IFCFLUIPY) NE.2.AND.FLUIPJ) .NE . 3) . AND.

1JAR= Py

IFOiF ((PY) . EQ.2.0R.FLLIPJ) .EQ.3) .AND.

I

150 IFC(FLCIPYM) NE.2. AND.FLIIPKM) .NE.31) GO TO 1860
1JFR=1J

160 IF C(FLOIMKIY) . NE .2 AND.FLTIMKP) .NE.3)) GO TO 180

1
180

190 IF((FLCJIPKM) .NE . 2. AND . FLIJPKM) NE.3)) GO TO 20U

200 IF((FLIJMKP) NE.2.AND.FL(JMKP) .NE . 3)) GO TO 220

(FLOIJP) .EQ.2.0R.FL(IJP) EQ.3))

(FLUIJP) NE.2.AND.FLEIJP! NE. 30}

(FLOIJM) EQ.2.0R.FL(1UM) .EQ.3))

(FLUTJM) NE.2.AND . FLOTJM) NE.3))

(FLUIJP) . EQ.2.OR.FLITIJP) EQ.3))

(FLELJP) NE.2.AND.FLIIJP).NE . 3))

(FLIIKP) EQ.2 . OR.FLIUIKP) .EQ.3))

rLUIKP) NE.2.AND.FL(IKP) NE.3))

1JTR=| P

110 IFCOFLEIPJM) NE.2.AND FL (IPJUM) .NE.31) GO TO 120
1JBR=1J
IFCIFLUIPU) .NE .2 AND.FLUIPJ).NE.3) . AND.

1JBR=|PJ

IFCFLOIPY) EQ.2.0R.FLUIPY) .EQ.3) . AND.

1 JBR=1 UM

1JTL=1JP

[ JAR= | KP

IFLIFLUIPJY UNE.2.AND.FL(IPJ) .NE . 3) .AND.

(FLUIKM EQ.2.0R.FL(IXM) .EQ. 3))
IFOFLUIPY LEQ.2.0R.FLIIPJ) .EQ.3) AnD,
(FLOTKM . NE .2 AND.FLI{IKM) . NE.3))

I JAL=J

LJFR=1PY

1 JFR=1KM

IFLEFLOIM ) CNE.2.AND.FL(IMJ) .NE. 3) .AND.

(FLUIFP) . EQ.2.0R . (IKP) .EQ.31)

[JAL =M

IFOFLUTA)) . EQ.2.0R.FLIIMJI EG.3) . AND.

(FLOIKP) NE.2.AND FLUIKP) . NE 3))
IFIFLL.JAA) EQ.2.0R.FLIIJAA) .EC. )

LJAL = |KP
L JAA=TJA

IFIFLOIKP) EQ.2.0R.FLUIKP) E£Q.3) [JAA=]JA
IFIFLUIKP) EQ.2.0R.FLIIKP) £ 5.2 1 AA=]1JA

IFUIFLIUPKP) NE @ AND .FL(JFWE ) NG 310 GO TO 190

1JTA=1J

IFUFLLTJP) ONE .2 .AND . FL (TJP) _NE . 3) . AND

(FLUIKP) .EQ.2.0R.FLUIKP) .EQ.3))

IJiA=1 P

IFOFLOIJP) EQ.2.0R.FLUTUP) .EQ.3) .AND.

(FL{IKP) . NE .2 AND.FL(IKP) NE. 3))

1JTF=1J

1JTA=|KP

IFCIFLUTUP)  NE .2 AND.FLCLJUP) .NE.3) . AND.

(FLOIKM) EQ.2.0R.FLUIKM) .EQ.3))

1JTF=1UP

IFOFLITOP) EQ.2.0R.FLIIJUP) .EQ.3) .AND.

(FLOTKMI NE .2 AND FLIUIKM) NE.3))

1JBA=1J

1JTF = KM

IFULFLEIJIM) UNE .2 AND . FL (1JM) . NE . 3) .AND.

(FLIIKP) EQ.2.0R FLIUIKP! .EQ.3)

1JBA=[JM

I NDE X
INDEX
INDE X
INDE X
INDE X
INDE X
INDE X
I NDE X
INDE X
INDE X
I NDE X
I NDE x
INDE X
I NDE X
I NDE X
INDE X
INDE X
INDE X
I NDE X
INDE X
INDE X
INDE X
INDE X
INDE X
I NDE X
INDEX
INDE X
IND* X
ITNDE X
INDE X
INDE X
INDE X
INDE X
INDE x
INDE x
INDE x
I NDE X
INDE X
INDE X
INDE x
INDE X
INDE X
INDE X
INDE X
INDE X
INDE X
INDE X
INDE X
INDE X
INDE X
INDE x
| NDE x
INDE X
I NDE x
INDE X
iNDE X
INDE X
INDE X

169
170
171
172
173
7%
175
176
177
178
179
180
181
18¢
183
184
185
186
187
188
189
190
191
192
193
194%
195
195
197
198
199
200
201
eoe
203
204
205
c06
207
208
€09
210
ell
2i1e
213
2%
215
216
217
218
219
220
221
eee
ees

22%
226







30

*IDENT [NVIS

*D,.KF IXCC .90°7,942

*D,KF [XCC. 964,970

*D.KF IXCC.977,978

*D.KFI1XCC.1037.1068

*D.KFIXCC.1795,179%
RE TURN

*D.KF IXCC, 1800, 1801
RE TURN

*D,KF 1 XCC. 1804, 1808

*D,KF1XCC.'323, 1824
RETURN

*D.KFIXCC. 1828, 1829
RE TURN

*D,KF IXCC . 1832, 1836

*D,KF IXCC.1953

I UGFT-UGrBI]))

*D,.KF | XCC. 1963

I (ULFT-ULF3i1))

*D,KFIXCC.2016,2017
RE TURN

*D,.KF IXCC.2022.202%
RETURN

*D,KF IXCC.2027,2031

*D,KF IXCC.203%,2064

*D.KF I XCC.2080,2081
RETURN

*D,KF IXCC.2086,2087
RETURN

*D.KF IXCC.2091,2n095

*D,KF IXCC.2098,212f

*D.KF IXCC.2216.221°
RETURN

*D,KF IXCC.2222,2223
RETURN

*D . KF IXCC.2227 .2231

*D . KF IXCC.2234,2260

*D.KF I XCC.2284,2285
RETURN

*D.KF IXCC 2290 ,2291
RETURN

*D,KF I XCC.2295,2299

*D,.KF IXCC.2302,2328

*D.KF IXCC.2480,2511

INVIS

INVIS

INVIS

INVIS

INVIS

INVIS

INVIS

INVIS

INVIS

INVIS

INVIS

INVIS

INVIS

INVIS



' S [DENT F LM
*D.KF | XCC . 336

SUBROUT INE CNPLOT (KKK , JSP) FiLM 1
0, KF IXCC. 343
KK =KKK+ | FILM e
*] KFIXCC.382
DANGLE =DPM* (FLOAT (K1 -1.5) FiLM 3
WRITE(12,870) DANGLE FlLM “
¢ KF IXCC. 385
PTE=DFH* (FLOAT(K)~-1.5) FiLM 5
¢ KF [XCC.3287
IF(PTE.LT.FLOA!1) .OR.PTE.GT . FLOA(21) CALL DRVIKFLOU1),.1Y8B, FiLm 6
I KFLO(2),1YB) FiLM 7
s| KF1XCC.389
IF(PTE .LT.FLOA(3) .OR.PTE.GT .FLOA(4)) CALL. DRVIKFLO(3) 1YB, Fium 8
I KFLO(Y%),1YB) FILM g
¢ KFIXCC. 396
IF(PTE.LT.FLOA(S) .OR.PTE .GT.FLOA(B)) CALL DRVIIXL . KFLO(S), FILM {0
1 IXL . KFLO(GS) FILM 1
¢ ] KF1XCC.398
IF(PTE .V T.FLOA(T) .OR.PTE.GT.FLOA(8)) CALL DRVI(IXL ,KFLOLT), FILM 12
1 IXL,KFLO(B)) FILM 13
o] KF [ XCC.405
IF(PTE.LT.FLOAIS) .OR.PTE.GT.FLOAL10)! CALL DRVI(KFLO(S),I1YT, FILM i
I KFLOC10),1YT) FILM 15
' o] KFIXCC.%07
IFIPTE.LT.FLOA(11) .OR.PTE .GT.FLOA(]I2)) LALL DRVIKFLO(11),1YT, FILM 16
1 KFLO(12),1YT) FILM 17
o] KFIXCC . wi4
IF(PTE.LT.FLOA(13).0R.PTE.GT.FLOA(1%)} CALL DRV(IXR,KFLO(13), FILM 18
I IXR.KFLOI1%)) FILM 1¢
*1 KFIXCC.416
IF(PTE.LT.FLOA(1S) .0OR.PTE.T.FLCA(16)) CALL DRV(IXR KFLOLIS), FILM 20
1 IXR.KFLO(16)) FILM 21
*| KF IXCC.428
IF(PTE.LT.O0B(5,N) .OR.PTE.GT.0B(6,N)) GO TO 270 FILM 22
DL KF [XCC . H4Y , 445
IF(FLUL,J,K).NE. 1) GO TO 300 FILM 23
QMN=QMX=CQ(1,J k) FILM 24
D, KF I XCC . 451
IFIFLUT,J,K).GT. | .AND.FL(T, ./ . K).LT . %) GO TO 320 FluLM o5
o0, KF IXCC . 453,454
IF(CQUT,J,K).LT.GMN: QM0 T, J,K) FILM 26
IFICQLY ,J,K).GT.QM ) QMX+2Q1 ] . J,K) FILM 27
*D,KF 1XCC.503,506
[F(FLET,J,K).GT. 1 AND.FLIT,J,K) . LT %) L12=L!3=] FILM L)
IF(FLEI*1,J.K) . GT. 1. AND.FL(I#+] ,J.KJ.LT. %) Li2=L24%=" FILM 29
IF(FLEL,J%1.K).OT. 1. AND.FLUT J*1 ,K).LT . %) L13=( 84y=) FiLM 30
IF(FLOT#],J%1 K) . GT. 1. AND.FLIUT*1, J%1 ,K) . LT . 4) L2Yy=L34=]| FiLM 3
*D KFIXCC.511,514%
IF LCON(M) .LE.CO(],J.K)" KI=0 FILM 32
IF(CON(M) .LE.CQUI+1,J,K}) K2=0 FILM 33
IF (CONIM) .LE.CQt1,J*1 .K) K3=0 FILM 24
IF(CONIM) .LE.CQII#],J*! K)) K4=0 FlLM 35
*D.KF I1XCC.550
YXOIC)=YD+DZ* ( (CONMI=CQUIT) J KIV/(CQUITT, Jel K)=CQUIT) J.KID) FILM %
*D KF [XCC.554
XY (1C) =XD+DR* ( «CON(M)I-CQ(1,JJ1 K11/ (CALI*1,JJ) KIY=-CQ(],JJ1.K))) FliLM 37
31
AR AL
i




*D.KF | XCC.57C,586

R R R R R R R R RS

800 RETURN FILM 38
*| KF IXCC.B01
B70 FORHAT (4OX,2SHAZ IMUTHAL ANGLE (DEPTH) =, IPE12.5) FILM 39
*[ ,KF 1XCC . 602
SUBROUT INE CNPLTIK FiLM 40
*CALL GCOM)
. *CALL GCOM2
' DIMENSION CON(11) ,XY(2), ¥YXI2) FlLM 41
; DIMENSION CS(i0),JX(20),JY120) FiLm w2
| c FILM 43
. c PLOT CONTOURS AT CONSTANT VALUES OF J FiLM e
| C Fliim 45
c FILM 46
| DO 1000 MM=].5 FILM 47
: JEIKPLOT( L ,MM) FILM 48
1" (J.EQ.0) GO TO 1000 FILM 4q
- c F.OT ONLY THOSE SPECIFIED FiLm 50
| c FILM 51
DO 900 L=1,11 FILM 52
IFCIKPLOT ({1sL , MM} .EQ.0) CO TO 200 FILM 53
IFCITC.EQ.0) GO TO 50 FILM Sk
'+ FILM 55
c GENERATE GRID FOR CYLINI (ICA. IKPLOT FlLM 56
' c FILM 57
! IFILPR.LE.O) GO i¢ 10 FILM )
' CaLl ADV(D) FILM 59
- CALL LINCNY(80) FILM 60
WRITE(12,850) JUNM,NAME , TIME .CYCLE FILM 61
‘ 10 CONT INUE FlLM 62
: HE IGHT=DZ* (FLOAT (J) -1 .5} FILM 63
XR=RB( [B1) FILM 64
XL <~XR FiLM 65
YT=xXR FiL™M (&3
Y8=-XR FILM 67
IXL =61 FILM 68
IXR=96 | FILM 52
-, 1YT=3] FiLMm 70
| 1YB=33] FiLM 71
00 19 11=1,181 FILM 72
X1=RB(1[) FILM 73
' CALL CONVRT (X!, IX, XL X, XL, 1XR) Flum T
; JXCH1=]X FiLM %
.; JYCL 1) =481 FlLM 6
| 19 CONTIN FILM 77
| YFIFLE1).EQ.2.0R.FL(1).EQ.3) CALL DRVCJXUIT,JY(1),JX(I81) , JY(IB1)) FILM 78
NANG=DPH/0 . 0B726646 + .5 FILM 79
DPHN=DPH/FLOAT { NANG ) FliLm 80
CS01)=SINIDPHN) FILM 81
CS(21=COS (DPHN) FlLM 82
CSi131=0. FILM 83
| CSiu)=], FILM ay
| DO 2¢ 'K=2 KB FILM 85
| DO 24 N=1 ,NANG FILM 86 |
CS(B)=CS(21*CSIZ)I+CS))*CS(%) Flim 87 |
CSI7)=CSLE1*C31 1-COI119CS(3) FliM 88
, CS12'=CS(6) F 89
[ CSis)=CSItT FiLm 90

R T — NS

e R T O I TP AT BT



aoO00n

DO 22 I1=1,1IB1
CSiBI=RB(I1)
CS(6)-CS13)*CSLB)
CSIT1=CS(4)*CSi8)
CALLL CONVRTICSIT7),IX XL XR, IXL,IXR)
CALL CONVRTI(CSIB) 1Y, YB, YT, 1YB,IYT)
IJ=l1+(J-1)*1B2+(KK-1)*[B2XJB2
iPUslJ+l
IFCLL.EQ IBI.AND.FLtIPJ).LT.%) GO TO 27
IFCFLETY) L EQ.2.0R.FLIIJ).EQ.3).AND.FLUIPJ) .NE.2.AND.FL(IPJ) .NE .3}
I GO T0 27
IF(FLEIJ) .NE.2.AND.FLUIJ).NE.3.AND. (FL(IPJ) .EQ.2.0R.FL(IPJ) .EQ.3))
| GO 10 27
GO 10 21
€7 CALL DRVIJX(II),. 1D ,IX, IY)
21 JXtih=ix
JYtlir=1y
22 CONTINUE
24 CONT INUE
DO 2% 11=2,181
IJ=11¢tJ-1)* B2+ (KK~-1)*[B2xJB2
[KP=1J+B2XJBS
IF(FLUIKP) .EQ O) GO TO 25
IFC(IFLUTIJY .E. . 2.0R.FLIIJ).EQ.3) .AND.FLI{IKP] . NE.2.AND.FL{IKP).NE.3)
1 GO T0 23
JIF(FLETIJ) NE.2 AND.FLITJ).NE.3.AND. (FLIUIKP) .EQ.2.0R.FL{IKP}) .EQ.2)}
1 60 To 23
IF (KK .FQ.KB1.AND. (FL(IKP) .EQ.2.0R.FL(IKP) .EQ.3)1G0 TO 23
GO 10 2%
23 CALL DRVIJXUIT=1) , JYClI=1), Xtil1,JdYCIIN
25 CONT INUE
26 CONTINUE
GO TO 100

GENERATE BACKGROUND FOR CARTESIAN IKPLCTS

50 CONTINUE
1YB8=916
xL=0.
XR=18*0R
YT =KH*OPH
Y8=0
IF(XR.LE.1.13556*YT) GO TC s20
1¥L=0
I¥R=1022
1/ T=9186-YT*1022/XR
GO TO 930
Q20 X=XR*450/YT
IXL=511-X
IXR=5]]+X
I¥YT=16
930 CONTINUE
IF(LPR.LE.O! GO TO 940
CALL ALvil)
Cal. LINCNTIBO)
WRITE(12,850) JUNM NAME ,TIME CYCLE
Q40 CONTINUE
HE IGHT=DZ*(FLOAT(J) -1 .5}

FILM
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FiLM
FILM
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FlLM
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FlLM
FliLM
FiLm
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FlLm
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FlLm
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FiLmM
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FILM
FILM
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100
161

102
103
10%
105
106
107
108
109
110
111

e
13
1%
115
116
117
118
118
120
121

=0
123
124

125
126
127
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129
130
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132
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13%
135
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137
138
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140
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M5

950

955

100

101

102

103

104

105

106

107

D0 960 k=2 .kB2

DO 960 i1=2,182

Td=l+(J-11%18B2+(K~])%]B2XJBR

IMJ=10-1

KM= J- | B2XJB2

IF(K.EQ.2.0R.K.EQ.KB2) GO TO 945

IFIFLOIY) NE.2.AND.FLI1J) .NE.3.AND. (FL(IKM) .EQ.2.0R.FL(IKM) .EQ.3))
1 GO TO 948
IFHFLHJ).EQ.E.M,FLIIJ).EG.B).AND.FL(IKH).NE.?.AND.FL(MMI.M.}’
I GO TO 945

GO 10 950

XX3=DR*FLOAT( -2}

YY3=DPH*FLOAT (K-2)

X4 =xXT+DR

CALL CONVRT (XXZ, IX] XL XR, IXL., IXR)

CALL CONVRT (X4, X2 XL . XR, I1XL ., 1 XR)

CALL CONVRT(YY3, 1Yl YB,YT, 1YB,1YT)

CALL DRYVUIX), 1YL . IxX2,.1¥])

CONT INUE

IFEIFLOIY) .EQ.2.0R.FL(IJ).EQ.3) . AND FL{IMJI .NE.2.AND.FLUIMJ) .NE. 3
1 GO TO 955

IFIFLEIJ) NE.2. AND.FLC1J) NE.3.AND. (FL(IMJ) .EQ.2.0R.FLIMJ).E£Q.31)
1 GO TN 958

IF (1. E.2.AND. (FLUIMJ) .EQ.2.0R.FL(IMJ).EQ.3)) GO TO 956
IF(].EQ.1B2.AND. (FL(1J) .EQ.2.0R.FL(IJ).EQ.3)) GO Ty 955

GO TO 960

XX3=DR*FLOAT([-2)

YY3=DPH*FLOAT (K-2)

YY4=YY3+DPH

CALL CONVRTIXX3, IX] XL, XR,IX' ,I1»R)

CALL CONVRTIYYZ, 1Yl YB, YT, IYd,IvT)

CALL CONVRT(YY4 IY2 . YB, YT, IYP, IYT)

CALL DRV(IXI,IYLl,IX1,1Y2)

CONT INUE

xS=DR/2.

YS=DPpt 2,

QMN=1 .ES"

QMx=~| .E50

DO 200 1=2,181

DO 200 kK=2,KB!

lJ=1+0J-1)*1B2+(K~1)*1BOx. B2

GO TO(101,.102,103,104,105,106.107,138,109,110.1111,L

CQulUr=RGP (11U}
GO TO 190
CatlNI=RLP(IN
GO TO 190
CQuiN=THI 1YV
GO TO 190
CarlJyi=P(1)
GO TO 190
CatIN=TG( 1IN
GO TO 190
CaulP=TLLID
GO TO 190
Catlw=TSCIN
GO 10 190

FiLM
FILM
FILM
FiLM
FlLm
FILM
FILM
FILM
FiLm
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FILM
FiLM
FlILM
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FlLM
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FlLM
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e e e i e

108
109

1i0

200

330

332

335
340
345
350
355

360

370
375

380

%70

480

CQUIJI=SIEGJ)

GO TO 190

CQtlI=SIELLT D)

GO TO 190
CQUIUI=ERATE ( | J)-CRATE L | U}
G0 TO 190

CGQLIJY)=KDRAG! | 1)

GO TO 190

CONT INUE

IF (CQLIY .LT.GMN) QMN=CQ( 1)
IF (CQUlJ).OGT.0MX) QMX=CQ(1J)
CONT INUE

DQ={GMX-0QMN) 7 10

SUM=0MN

CC=0.

MINQ=2

0O 330 N=1,11
CONIN) =SUM+ (N~ 11°DQ

IF (CC.GT.0.) GO TO 330

IF (CONIN).LE.QMN) GO TO 330
cC=1.

MING=N

CONT INUE

IF {LPR.LE.QO) GO TO 480
CONT INUE

CALL LINCNTI(B1)

GO TO (335,340,345, 350, 355, 360, 365, 376,375,380, 385) ,L

WRITE (12.720) MHEIGHT
GO TO 470

WRITE 1(12,72%) HEIGHT
GO TO 470

WRITE (12,730 HEIGHT
GO TDO 470

WRITE (12,735) HEIGHT
GO TO 470

WRITE (12,790) HEIGHT
GO TO 470

WRITE (12,745) HEIGHT
GO TO 470

WRITE (12.750) HEIGHT
GO TO w70

WRITE (12,755) HEIGHT
GO TO 470

WRITE (12,7601 HEIGHT
GO TO 470

WRITE (12,765) HEIGHT
GO 10 470

WRITE (12,770) HEIGHT
CONT INUE

IFILPR.LE.O) GO TO 48O
CALL LINCNT (59

WRITE (12,860)QMX,QMN,CON(10) ,CONIMING) ,DQ

DO 710 k=2 ,KBI
YO=YS+(K~-2)*DPH

DO 700 1-2.1B

IKP=1+ (-] ®1B2+K*B2XJUB2

IFIK.CQ.KBI .AND.FL(IKP) .NE.O) GL TO 700

XD=¥3+(1-2)*0R

FILM
FILM
FILM
FiLM
r LM
FlLM
FiLM
FILM
FlLM
FILM
FILM
FILM
FiLM
FILM
FiLM
FILM
FILM
FILM
FILM
FILM
FiLM
FiLM
FILM
FILM
FILM
FlwM
Film
Film
FILM
FILM
FILM
FILM
FILM
FliLM
FiLM
FiLM
FILM
FILM
FILM
FILM
FILM
FILM
FILM
FIiLM
FlLM
FILM
FILM
FILM
FILM
FILM
FiLM
FILM
FILM
FILM
FILM
FILM
FILM
FILM
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36

6i0

620

630

£40

650
660

665

BYPASSES OBSTACLE FILM
Li12=L13=L2%=L34=0.

KK | =K+

IFIK EQ.KB! .AND.FL!{IKP) .EQ.0) KK|=2

IFIFLOL ,O.K).GT. ) AND.FLCT . K) LT . %) Li2=L13=I
IFCFLOT,J,KKL) . GT. 1 . ANL L], J,KKI) LT . %) Li2=Lew=]
IFLFLET*1l,J.K).GT + AND.FLUI*],J.K) . LT . %) LI13=L34=]
IFEFLUTI*1 ,J,KKI).GY | . AND.FL(T#1,J,KK1).LT.9) L2%=L34=]
DO 680 N=2,10

IF CON.GT .CQ SETS KN=|----|F CON,.LE.CQ SETS KN=0
M=]12-N

K=K 2=K3=nh=|

I¥ (CON(M) . LE.CQUI,J,K)) K1=0

IF (CON(M) . LE.CQI],J.KK11) K2=0

IF (CONIM) LE.CQUl+],J.K)) K3=0

IF (CON(M)._E.CQtI+! J . KKI)) K4=0

IF IK]*K2*K3*K4 .NE.O) GO TO S80

IF ((K]l+K2+K3+KY4) NE. O} GO TO 610

G0 TO 690

FINDS THO INTERSECTION POINTS OF FOUR CELL REGION
IC=0

IF ((K1+K3) NE.I) GO TO 620

IF (L13.£2.1) GO TO 620

oY=0.

KK =K

IC=1C+]

ASSIGN 620 T0 KR!

GO T0 660

IF ((Kl+K2).NE. 1) GO TO 630

IF (L12.EQ.1) GO TO 630

Dx=0.

I11=1

IC=1C+1

ASSIGN 630 TO KR!

GO TO 670

IF ((K2+K%).NE.1) GO TO BM0

I (Lev.EQ.1) GO TO 640

DY=DPH

KK2=KK |

IC=1C+1

ASSIGN 640 TO KR}

GO T0 &

IF ((K3+ ,).NE.)) GO TO 650

'F (L34 .EQ. 1} GJ TO 650

Ox=DR

IT1=]+]

IC=1Ce]

ASSION 650 10 KR!

GO T0 670

GO TO 690

YC=YD+DY

XC=XD+DR* ( (CON(MI-CQI] , U, KK2131/1(CAIT+] ,J KK21-CQI] ,J,KK2)) )
XY 1C)=XC

¥YXt(]Cr=2YC

IFLITC.EQ.0) GO TO 665

XY{IC)=XC*COS(YC)

YXi[CY=XC*SINIYC)

If t1IC.EQ & GO0 iu 680

265




.._1_—_.__.«,__—_-_._—_.‘

670

675

690
700
710
900
1000

720
=38
730
735
40
™NS
750

765
770
850
860

*CALL
*CALL

GO TO KR1
XC=XD+DOX

YC=YD+DPH* : {CON(M)-CQIIT1.,J,. K Z7CCQUITT, J. KK -CQllll,J,K)1)

XYUIC)1=XC

YXUIC)=YC

IFCITC.EQ.M) GO TO 675
XY(1CI=XC*COS(YC)
YXLIC)=XC*SIN(YC)

IF (IC.EQ.2) GO TO 680
GO TO KRI

CONVERTS AND PLOTS CONTOURS FOR FOUR REAL CELLS----K=2

CALL CONVRT (XY(1),IX1 XL ,XR, IxL,IXR)
CALL CONVRT (XY(2),IX2 XL XR,IXL,IXR)
CALL CONVRT (YX(1),1Y1,YB, YT, IYB,IYT)
CALL CONVRT (YXi(2),1v2,YB,¥YT,1YB,IYD
IF (M.EQ.10) CALL PLT (iXl1,iYl.2%)

I® (M.EQ.MINQ) CALL PLT (IX1,1Y1,35)
CALL DRV (1x1,1IYvl,.Ix2,1Y2)

iC=0

GO TO KR1

CONT INUE

CONT INUE

CONT INUE

CONT INUE

CONT INUE

RE TURN

FORMAT (4X ,25HGAS MACROSCOPIC DENSITY

JH0X, THHE IGHT = IPE1Y .

FORMAT (4X ,26HL [QUID MACROSCOPIC DENSITY . 40X, THHE IGHT=_ |PE Y.

FORMAT (4X ,25HVOID FRACTION
FORMAT (4X , 25HPRESSURE
FORMAT (4X  25+-5AS TEMPERATURE

FORMAT (4X,25HL IQUID TEMPERATURE
FORMAT (44X, 2SHSATURATION TEMPERATURE
FORMAT (%X, 25H0AS [INTERNAL ENERGY
FORMAT (%X, 25HL 1QUID INTERNAL ENERGY
FORMAT (4X , 25HMASS EXCHANGE RATE
FORMAT (4X , 2SHMOMENTUM EXCHANGE RATE

FORMAT (4X,A10,2X,10A8,3H T=,1PE12.5,7H
FORMAT (4X YHOMX =, IPEI2.4%,7TH  OQMN= IPEI2.4%,16H
1IPELZ. %, 16H

END

SUBROUT INE CNPL TUK

GCOM1

GeomMe

DIMENSION CONLI1) XYI2) ,¥YX(2)

0O 1000 MM=1.5
I=JKPLOT (1 ,MM)

IF(1.EQ.0) GO TO 1000
PLOT ONMt Y THOSE SPECIFIED

D0 800 L=1.11
IFCRPLOT(1~L ,MM) .EQ. 7)) GO TO 900
GENERATE BACKGROUND GRID FOR JKPLOTS

FRADIUS=DR® (FLOAT(1)-1.5)
DA=RAD I US*DPH

JHO0X , THHE IGHT = I1PE Y.
40X, THHE IGHT=, IPE 1Y,
JH0X, THHE [GHT =, IPE 1Y,
JHOX , THHE IGHT = IPE1Y.
JHOX, THHE IGHT= , IPE 1%,
40X, THHE IGHT =, IPE 1Y,
JHOX , THHE IGHT =, IPE 1Y
,HO0X, THHE [GHT =, IPE | %.
00X, THHE IGHT =, IPE | 4.
CYCLE=,15)

7)
7
p i
7)
7
i
T
7
7
7)
2

MAX .CON.LINE=
MIN.CON.LINE=_IPE]I2. %4, 12H INTERVAL=,IPE12.%)

oM
™~
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FiLMm
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FiLM
FiLmM
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FlLM
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FiLm
FiLM
FILM
FILM
FiLMm
FILM
FILM
FlLm
FiLM
FILM
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FILM
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FIiLM
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v iLM
FILM
FILM
FILM
FIiLM
FIlLM
FILM
FiLM
FILM
FitM
FiLm
FiLm
FiLM
FILM
FILM
FlLmM
FiLM
FlLM™

FlLmM
FILM
FILM
FILM
FluMm
FiLMm
FlLm
FILM
FlLmM
FILM
FILM
FlimM
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e

330
331

332
333
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335
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337
338
339
340
34l

3ve
343
344
345
346
347
348
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353
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355
356
357
358
3539
360
361

362
363
364
365

367
68
269
370
371

37
373
I
375
376
377
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20

30

40

45

S0

55

60
65

IFLITC.EQ.0) DA=DPH

1¥8=9186

XL=0.

XR=KB*DA

YT=08+027

Y8=0.

IFI(XR.LE. ) 13556*YT) GO TO 20

4L=0

IXR=1022

1¥YT=916~-YT*1022/XR

GO TO 30

X=XR*450/ YT

IXL=5]11-X

I XR=511+X

1YT=16

CONT INUE

CALL ADVI])

IF(LPR.LE.O) GO TO %O

CALL LINCNT (80}

WRITEL12,850) JNM NAME , TIME .CYCLE

CONT INUE

DO 6% J=2,J82

DO B0 K=2 ,KBe

IJ=1+(J-1)12182+(K-1)*]|B2xJB2

TuM=1J~-1B2

IKM=1J-182xJB2

IF(FLIIKM) .EQ.0) GO TO S0

IFIK.EQ.2.0R.K.EQ.KB2) GO TO 4%

IF(FLOLJ) .NE.2.AND.FL(IJ) .NE.3.AND. (FL(IKM) .EQ.2.0R.FL(IKM) .EQ.3))
1 GO TO 45

IFCLFLOID) .EC.2.0R." . 1J).EQ.3).ANG.FL IXM) NE.2.AND.FL(IKM) .NE. 3
1 GO Tu 45

GO YO S0

XX3=DA* (FLOAT(K)-2.)

YY3=DZ*(FLOAT(J)-2.)

YYS=YY3+D2Z

CALL CONVRT(XX3,iX! XL, XR,IXL,IXR)

CALL CONVRTIYY3, IYI, YE, YT, IYB,IYT,

CALL CONVRT(YYSY 1Y2,.YB, T,'YB,IYT)

CALL DRVOIXI, 1YL, IX1,1Y2)

CONT INUE

IFLIFLEIY) . EQ.2.0R.FL(IU).EQ.3) WAD.FLUIJM) NE.2 . AND .FLEIJM) .NE.3)
1 GO TO 55

IF(FLOIJ) .NE.2.AND.FL(1J) .NE.3.AND. (FLIIJUM) EQ.2.0R.FL(1JM).EQ.3})
1 GO TO S5
IF(J.EQ.2.AND, (FLLIUM) .EQ.2.0R.FL(IJM) .EQ.3)) GO TO 55
IF{J.EQ.JB2.AND. (FL(1J) .EQ.2.0R.FL(1J).EQ.3)) GO TO 55
G0 YO 60

XX3=DA* (FLOATIK)=2,

XX4=Y¥3+DA

YY3=DZ* (FLOAT(JU)-2.)

CALL CONVRT(XX3,IX1 . XL XR,IXL,IXR)

CALL CONVRT(YY3, I1YI,YB,YT,1YB,IYT)

CALL CONVRT (XX4,: X2 XL ,XR,IXL,IXR)

CALL DRVIIX1, 1YLl . IX2.1Y1)

CONY INUE

CONT INUE

XS=x| +DA/ 2.

TILM
FILM
FlLM
FILM
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FILM
FlLM
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101

102

103

10%

105

106

107

108

109

116

190

200

330

332

335

340

g 8 2

¥S=yg+D2Z/2.
QMN=1 .ES0
QMxX=-1.E%0

DO 200 J=2..8!
DO 200 ¥K=2 .KB1

fdsl+tJ-1)*1B2+1K~1)*|BXJB2

GO TD(101,102,103,10%,105,106,107,108,109,110,111),L

CUtlI=RGP( 1)
GO TO 190
CQLIJI=RLPI( 1)
GO 10 190
CQUlJr=THi U}
GO TO 190
CQLiN=PLIY)
GO T0 190
CALlN =TG11D)
GO TO 190
CQULIN=TLLIU)
GO TO 190
CQtIN=TS(1N
GO TO 190
CGUIUI=SIEGI ] U}
GO 10 190
CQtiv)-uEL TN
GO TO 190

CQUIVI=ERATE L IJ)~CRATE 1 LU

GO TO 190

CQU1J)=KDRAG | )}

GO 10 190
CONT INUE

IF (CQUIJY.LY .QGMN: GMN=CQ(ID))
IF (CQUI1J).GT.QMX) QMX=CQ( 1J)

CONT INUE

DO=(QMX-QMN) /10

SUM=0QMN

CC=0.

MINGQ=2

DO 330 N=1.11
CONIN) =SUM+ (N~ |

IF (CC.GT.0.) GO TO 330
IF (CONIN) .LE.QMN) GO TO 330

CC=1.
MING=N
CONT INUE

IF (LPR.LE.O) GO TO 480

CONT INUE
CALL LINCNT(61)

GO TO 133%,340,345,.350, 355, 360, 555,370,375, 38u, 3851 ,.L

WRITE (12,720}
GO TO 470
WRITE (12,72%)
GO 10 470
WRITE (12,730)
GO TO 470
WRITE (12,735)
GO TO 470
WRITE (12,740)

1*DG

RADIUS

RADIUS

RADIUS

RADILS

RADIUS

LM

» )

.

>

3

o™
5

FiLm
FlILM
FlLM
FiL™
FILM
FILM
FILM
FiLM
FILM
FILM
FILM
FILM
FliuLm
FILM
FiLM
FILM
FiLM
Film
FlILM
FILM
FILM
FlILM
FILM
FiLM
FILM
Fitn
FiLM
FiLMm
FiLM
FliLM
FILM
FiLMm
FiLM
FILM
FILM
FlLM
FltmM
FiLM
FILM
FlLM
FILM
FiLM
FiLmM
F..M
FILM
FiLM

LM
FILM
Fllm
FilM
FiLm
FilM
FlLM
FILM
FILM
FILM
FlLn
Film

437
438
419
44
441
Wae
443
44
e
Y4B
w47
“4g
449
450
4Si

w52
453
454
455
456
457
458
459
wbo
46l

462
463
Y64
465
466
wb7
468
469
470
471

Y72
473
Y749
475
476
w77
478
L]
480
481

482
483
484
485
486
487
488
489
490
491
492
483
494
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(3]

360
365
370
375

380

“70

480

610

630

60 TO 470

HWRITE (12,74%8) RADIUS

GO TO w70

WRITE (12,750) RADIL ©

GO TO %70

WRITE (12,7581 RADIUS

GO TO 470

WRITE (12,7601 RADIUS

GO TO %70

WRITE (12,76%) RADIUS

GO TO %70

WRITE (12,770) RADIUS

CONT [ NUE

CALL LINCNT (59)

WRITE (12,860)0MX,QMN, CONLID) ,CONIMING! DO

DO 710 J=2,.8

YD=YS+ (J-2)1*DZ

DO 700 K=2.rB

XD=XS+(K-2)*DA

BYPASSES OBSTACLE

Li2=L13=L24=L34=0.

IFGFLOT J,K) .GT. 1 .AND.FL(1,J.K).LT. %) Li2=L13=1]
IFIFLOT J.K*1 ), GT. L. AND.FL(L,J,K+1).LT. %) L12=L24=]
IFGFLOT ,J*1 K) .GT. 1. AND.FLCT ,J%! . K) LT %) L13=L34=]
IFOFLCOT . J*] K+l ) .G, 1. AND.FLUT,J*l K*1)0.LT.9) LY=L 3=}
00 690 N=2,10

IF CON.GT.CQ SETS KN=1--~-1F CON.LE.CQ SETS KN=0
M=2-N

Kl =K2=K3=KY=|

IF (CONtM) .LE .CQ(1,J.K)) K1=0

IF (CON(M).LE.CQ() ,J,K*11; K2=0

IF (CON(M) . LE.CQIT,J%1.,K)) K3=0

IF (CON(M) .LE.CQ(],J*1 K+l K4=0

IF (Kl*K2*K3*k4 NE.O) GO TO 6S0

IF (iK1+KS+K3+K4) NE.D) GO TO 610

GG T0 690

FINDS TWO INTERSECTION POINTS OF FOUR CELL REGION
IC=0

IF ((KI+K3)V NE.1) GO TO 620

IF (L13.EQ.1) GO TO 620

Ox=0.

KK =K

IC=|C+1

ASSICGN B20 TO KRI

60 TO 660

IF ((K]+K2) .NE.1) GO TO 630

IF (L12.€EQ.1) GO TO 630

DY=0.

NNIEN]

IC=1C+]

ASSIGN 630 10 KRI

GO TO 670

IF ((KS+K4) NE.1) GO TO 840

IF Le%.EQ.1) GO TO 840

Dx=DA

KK =K+

IC=1C#*1

ASSIGN B40 T KR}
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GO TO 660 FiLM 553
640 IF ((K3+K4) NE.1) GO TO 850 FiLM 554
If (L3%.£Q.1) GO TO 650 FILM 555
DY=0D2Z FILM 556
Jdl=Je FiLM 557
3 IC=1C+1 FILM 558
" ASSIGN 650 TO KRI FILM 569
f GO 10 67C FILM 560
~ 650 GO 'O 6S0 FILM 551
| 660 XY (1C)=XD+DX FILM 562
YXCIC)=YD+DZ*{ (CON(M)-CQU] . J . KK1 )1/ (CQLT,J*1 ,KK1)-CQU],J.KK1))} FlLM 563
If (1C.€Q.2) GO 1O 680 FILM 564
GO TO KR} FILM 565
670 YXUIC)=YD+DY FiLM 566
XY IC)=XD+DA® { (CON(M)-CQ( | ,JJ1 K1) Z(CQL] ,JJ1 K+ 1) =CQi1,JJ1,KI ) FILM 567
IF (1C.EQ.2) GO TO 680 FiLM 568
GO TO KRI FILM 569
(~ CONVERTS AND PLOTS CONTOURS FOR FOUR REAL CELLS----K=2 FILM 570
680 CALL CONVRT (XY(l),Ix) XL, XR,IXL, IXR) FILM 571
CALL CONVRT (XY(2),1X2 XL ,XR, XL, IXR} FILM 57
CALL CONVRT (¥YX(1),1Y1,YB,YT,1YB,1YT) FILM 573
CALL CONVRT (YX{(2’,1Y2,YB.YT,1YB,1YT) FiLM 574
IF (M.EQ.10) CALL PLT tIX1,1¥1.2%) FILM 575
IF (M.EQ.MINQ) CAL . PLT (IX1,1Y1,35) FILmM 576
CALL DRV tIXI,IYl,IxX2,1Y2) FILM 577
1C=0 FILM 578
GO TO KR1 FILM 579
690 CONT INUE FILM 580
700 CONT INUE FILM 581
710 CONTINUE FILM 582
900 CONTINUE FILM 583
1000 CONT INUE FILM S84
RE TURN FILM 585
c FILM 586
720 FORMAT (4X,25HGAS MACROSCOPIC DENSITY 40X, 7THRADIUS=,1PEIY.7) FiLM 587
725 FORMAT (4% ,26ML 1QUID MACROSCOPIC DENSITY, 40X, THRADIUS=, IPEIY.7) FILM 588
', 730 FORMAT (4X,25HVOID FRACTION L40X, THRADIUS=, IPEL4%.T) FILM 589
, 735 FORMAT (4X , 2SHPRE SSURE 40X, THRADIUS=, IPE1Y.T) FlLM 590
- 740 FORMAT (4X,25HGAS TEMPERATURE L40X, THRADIUS=, IPE 14 . 7) FiLm 591
T4S FORMAT (4X,25HL IQUID TEMPERATURE ,40X, THRADIUS=, IPEI4.7) FILmM 592
750 FORMAT (4X ,25HSATURATION TEMPERATURE L40X, THRAD [US=, IPE 1% .7) FILM 533
: 755 FORMAT (4X,25HGAS INTERNAL ENERGY L40X, THRAD IUS=, 1PE 1%.7) FILM S94
760 FORMAT (4X,25HL 1QUID INTERNAL [ ERGY (40X, THRADIUS= 1PE1Y.T) FiLM 595
! 765 FORMAT (4X 2SHMASS EXCHANGE RATE L40X, THRAD LUS=, IPE 1Y, T} FILM 586
' 770 FORMAT (4%, 2SHMOMENTUM EXCHANGE RATE JS0X, THRADIUS=, IPEIS.T) FILM 597
850 FORMAT(4X A10,.2X,17AB,3H T= IPE12.5,7TH CYILE=,15) FiLM 598
' 860 FORMAT (YX ,4HQMX=, IPEI2.4%,7H QMN= IPEIZ . 4,16H MAX CON.LINE=, FILM 539
. 1IPEI2.%,16H MIN.CON.LINE=,1PE12.4,12H  INTERVAL=,IPEI2.4) FILM 6800
' END FiLM 601

*0,KF 1 XCC .634,655
*D.KF IXCC.BOI,906
*D KFIXCC.1307

ODIMENSION VELMX(6) FILM 602
*| KFIXCC.1355

VELMX(5)=0. FILM 604

VELMX(B)=0. FiLM 605

DO 65 K=2.KB! FILM E06

1
3
(
'.
|
} VELMX (4)=0. FiLM 603
|
]
J

521 187 .




42

*0.KF IXCC. 1358, 1366
[J=lsty-1)0]B2+(K-1)*]82XIB2
IFIFLOTY) .EQ.2.0R.FLI1J!).£Q.3) GO TO 65
VELMX (1) =AMAX 1 (VELMX (1) ,ABS(UG(1J1) ,ABS(VGI(]1J)))
VELMX(2)=AMAX ] (VELMX(2) ,ABSIUL(1J)) ,ABSIVL([J) )}
VELHX‘!)-AHAXINELHX(S),ASS(UG!XJH.ABSlHGHJx1)
VELMX (%) =AMAX] IVELMX (%) ABSIUL (1J!) ,ABS(WLI1J) )]
VELMX (S)=AMAX 1 (VELMX(S) ,ABSIVG(1J)) ,ABS(WG(1.J)})
VELMX (6 ) =AMAX ] (VELMX (6] ,ABSIVL (1J1) ,ABSIHL (1J) 1)
*D.KF IXCC. 1368
DO 145 M=)1.5
K=]JPLOT(] M)
IFIK.EQ.0) GO TO 145
DO 1845 L=1,2
*D.KFIXCC.1372
*D.KFIXCC.137%,1378
CALL VPLOT(O,L . XX1,YY], XX2,YY2)
*D.KFIXCC.138°
IJ=1+(J 1)°]B2+iK-])*|B2XxJBR
IF(FLtIJ) NE.1) GO TO 140
*D,KF1XCC. 1385, 1388
IMJ=1J-1
IUM=1J-182
GO TO (110,120),L
110 XX2=XX1+0.5* (UG IMJ)+UG( 1 J) ) *DROY
YY2=YY1+0.5*(VG( [ JM) +VG( | J) ) *DROU
*D.KF (XCC.1390,:39!
120 XXS=XX1+0.5% (UL { IMJ) +UL ( [J) ) *DROU
YY2=YY1+0.5* (VL(IJM)#VL ( 1J)) *DRCU
*D.KFIXCC. 1392, 1394
*] KFIXCC.1397
c DO VECTOR 1K AND JK PLOTS
CALL VECIKJUK(VELMX)
*D.KF IXCC. 1405
*D.KFIXCC.1410,1411
DO 290 M=1.5
K=]1JPLOT (1 M)
IFIK.EQ.0) GO TO 290
DO 290 L=1,11
IF(IJPLOT(1+L M) .EQ.0) GO TO 290
*] KFIXCC.1413
Id=l+(J-1)*1B2+(K~1)*|BexJBS
*D.KFIXCC.1%15
170 CQL1Y)=RGP( )
*D, . KFIXCC.1%17
172 CQUIJI=RLPLIJ)
*D.KFIXCC.I%419
7% COrlul= THUID)
*D.KFIXCC. 1421
176 CaQtlui= PilW
*D.XFIXCC. 1423
178 CQuIU)= TGLIY)
*D.KF IXCC. 1425
180 CQiluy= TL(IW
*D,KF IXCC. 1427
182 CQtlJr+ TSLIWM
*D.KFIXCC. 1429

FILM
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18% CO{1N=SIEGI I
*D.KF [XCC. 1431
186 CQIIJ)=SIEL(1Y)
*0D,.KF IXCC.1%33
188 CQ: . JI=ERATE L[ J)-CRATE (I
*D L KFIXCC, 1435
180 CQ(JJ)=KDRAGI(1J)
*O.KF IXCC. 19440, 1442
¢l KFIXCC. 14?7

C

o DO CONTOUR PLOT FOR INDICATED IK AND JK SURFACES
CALL CNPLTIK
CALL CNPLTUK

C

c END OF CONTOUR PLOT SECTION

C

*D.KF IXCC. 1581 , 1625
*D.KF IXCC.1839,1872
*BEFORE kKF [XCC.2129
SUBROUT INE VEC IKJK ( VELMX)
*CALL GCOMI
*CALL GCoMe
DIMENSION VELMX(5),CS110)
C
IF(ITC.EQ.0» GO TO 150
c GENERATE POLAR IKPLOT
CSt1)=SIN(DPH)
C512)=COS(DPH)
CS(3)=SIN(~.5*DPH)
CS(4)=COS(~ S*DPH)
D0 149 M=) .5
J=[KPLOT(1 M)
IF(J.EQ.0) GO TO 149
D0 148 L=],2
IFIVELMX(L+2) LT, 1. E-10) GO TO 149
DROU=0R/VELMX (L +2)
OROU=0 . %45*DROU
CALL ADVI(1)
CALL VPLTBGD (] ,L, XX, ,YY] XX2,YY2)
CS151=CS'3)
CSIB)=CSiY)
DO 148 K=¢2 ,KBi
CSIT1=CS(2)*CS(S)+CSt1)+CSiB)
CSI(B1=CS(2)*CS(B)-CS(1)1*CS(8)
CSi51=Cs(M)
CSip1=CSi8)
DO 148 [=2,1BI
[J=l+0J~-11*]B2+(K~])*[B2XJB2
IF(FLITJI.NE. 1) GO TO 148

IMJ=1J~1
IxM=[J-182XJ82
CS19r=R( 1

XX1=CS(9)*CS(B!)
YY1=CS(9)°C5(5)
GO TOt142,. 144 L

142 UBAR=(UG(IMJ) +UGI1J)) *DROU
WBAR= (WG [XM) +WG( [ J) ) *DROU
XX2=XX 1 +UBAR*CS(6) -WBAR*CS(5)
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144

146
148
149

150

153
154

156
158

159

YY2=YY | +UBARCS(5) sWBARCCS(6B)

GO TO 1ve

UBAR= (ULt IMJ) UL € 1J))*DROU

WBAR= (WL ( [KM) sl ( 1J))*DROU
¥X2=XX1+UBARCS(6) -WBARCS(5)
YY2=YY1+UBAR*CSI(5) +WBAR*CS (6)
CALL VPLTBGD (%, L XX}, ,YY) XX2,YY2)
CONT INUE

CONT INUE

GO TO 159

GENERATE CARTESIAN [KPLOT

CONT INUE

DO 158 M=1.5

JEIKPLOT ] M)

IF1J.£GQ.0) GO TO 158

00 158 L=1,2
IF(VELMX(L+2).LT. 1 . E-10) GO TO 158
DROU=0. 4S*AMINI (DR ,DPH) / VELMX (L+2)
CALL ADV(D)

CALL VPLTBGD(2,L XX1,YY] XX2,VY2!
DO 156 K=2,.KBI

DO 156 I=2,18!

IJd=1+(J-1)1218P+ 'K-1)*IB2xJBS
IF(FL(IJ) ,NE. 1) GO TO 156
XX1=(1-1.5)*DR

YYI=(K-1.95)°0DPH

My=1J-1

iKM=1J-BexJBe

GO TO 11%2,153),L

XX2=XX) + (UG IMJ) +UG( 1J) ) *DROU
YY2=YY |+ (WG [ MI+WG(TJ) ) *DROU

GC TO 154

XX2=XX 1+ (UL IMJ)+UL 1 [J)) *DROU
YY2=YY 1+ (WL ( [KM) +WL ( 1 J)) *DROU
CALL VPLTBGDI(%,L . XX1,YY1 XX2,YY2)
CONT INUE

CONT INUE

GENERATE JKPLOTS

CONT INUE

DO 650 M=1.5

I=JKPLOT (1 M)

IFL1.£EQ.0) GO TO 650
RADIUS=(FLOAT({)~1.51*DR
IF(ITC.EQ.0) RADIUS=1.

DO 650 L=1,2
IF(VELMX(L*%) . LT.1.E~10) GO 0 &4
DROU= . 45*DZ/VELMA (L +4)

CALL ADVI1)

CALL VPLTBGD(3,L ,XX1.,YY1,XX2,YY2)
DO 640 J=2,J81

DO 640 K=2 KBI

[ J=lstJ-1)%1B2«(K~-1)*|B2XJBS
IFIFLITY) .NE. 1) GO TO 640
XX1«(FLOAT(K)=1.5)*DPH*RADIUS
YYI=(FLOAT(J)=1|.5)*D2
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TJM=]U-182
KM= [ J- 1B2xJB2
GO TO (625,630),L
625 XX2=¥X1+ (WO IKM) +WG( 1 J}) *DROU
YY2=YY |« (VG M) +VG( [ J) ) *DROYU
GO T0 635
630 XX2=XX 1+ Wt KM+l (1)) *DROU
YY2eYY I+ (VL (I[JM)oVL (1 J} ) *DROU
635 CALL VPLTBGD(Y,L XX1,YY1,XX2,YY2)
B40 CONTINUE
650 CONTINUE
RE TURN
END
*D.KF IXCC.2329
SUBROUT INE VPLOT (KKK L XX1,YY] XX2,YY2)
*| . KFIXCC.2337
DIMENSION Jx(20) ,JY(20) ,C5(8)
*D,KFIXCC.2338
KK =KK+ |
*D KF IXCC.2339
GO TO (10,100,290 kK
*D.KF IXCC.2377,2378
DANGLE =DPH* ‘FLOAT (K ) -1 .5)
WRITE(12,3107 JUNM NAME ,TIME .CYCLE
WRITE(12,300) TYPE (L), DANGLE
*D,KF IXCC.2380
GO TO (280,115,280,280,280,280) ,KK
¢l ,KFIXCC.2381
PTE=DPH®* (FLOAT(K)~1.5)
*| KFIXCC.2383
IFIPTE.LT.FLPAACL) .OR.PTE.GT.FLOA(2)) CALL DRVIKFLO(1),1Y8. .k 18
1 1vg)
*] .KFIXCC.2385
IFIPTE.LT.FLOA(3) .OR.PTE.GT .FLOA{Ww)) CALL DRVIKFLO(3) ,1YB, KFLO(4) ,
1 1YB)
*| KFIXCC.2392
IF(PTE.LT.FLOA(S) .OR.PTE.GT.FLOA(B)) CALL URVIIXL KFLO1S) , IXL,
| KFLO(6)
¢ KFIXCC. 2394
IF(PTE.LT.FLOA(7) .OR.PTE .GT.FLOA(B!)) CALL DRV(IXL,.KFLOCT), IXL,
| KFLOI(B)}
] KFIXCC.240)
IF(PTE.LT.FLOA(S) .OR.PTE.GT.FLOA(IG)) CALL DRVI(KFLO(9],1YT,
1 KFLO(10),1YT)
*[ KFIXCC.2403
IF(PTE.LT.FLOAI11).0R.PTE.GT.FLOA(12)) CALL DRVIKFIO(11), 17T,
I KFLOt122,1YT)
| KFIxCC.2410
IF(FTE .LT.FLOA(13).0R.PTE GT.FLOA" '4)) CALL DRV(IXR KFLO(13},
I IXR,KFLOTIY))
sl . KFIXCC.2912
IF(PTE.LT.FLOA(15) OR.PTE.GT.FLOA(16)) CALL DRV(IXR.KFLO(1%),
i IXR . KFLOtLIGY)
¢ KFIXCC.2uey
IF(PTE.LT.OBIS . N) .OR.PTE.GT.0BIB,N)) GN TO 270
*D,.KF IXCC.24€0
840 CINTINUE
*D,KF [XCC.2463, 2464
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129 AZIMUTHAL ANGLE (DEPTH) =, 1PE12.5)

3i0

1. KF IXCC . 29F°

SCALL
SCALL

600

620

640

645

650

FORMAT X 25 VELOCITY VECTOR PLOT FOR .AID,
FORMAT (X A10,2%, 10A8 3K T=, IPF . 5,74 CYCLE=, %!

SUBROL INE VPL 1800 (KKK L, XXT,YY! XX2,YY2!
GCOMY

oCoMe

DIMENSION CSO10),TYPE(3) ,UXi20) ., JYL20)
DATA TYFE / 3HGAS, SHLIGUID, THMIXTURE /
GO TO (850,900,600, 1C00) ,KKK

CONT ITIUE

1v8=916

XL =0.

DIST=DR*«FLOAT(])-1.5)

RADIUS=D15T

IF(1TC.EQ.0) RADIUS=I .

XR=KB*DPH*RADIUS

YT=J8*02

YB&-0.

IF <. LE.1.13556*YT) GO 10 620

IXL=0

IXR=)022

1¥T=816-YT* 022/ XR

GO T0 630

X=XR*450/YT

IXL=S1]-X

IXR=51] +X

IYT=16

CONT i NUE

CALL AwvI(])

IFILPR.LE .0 GO 70 640

CALL LINCNTIE D)

MRITE(12,310) JNM NAME ,TIME .CYCLE
ARITEL12,325) TYPE(L) ,DIST

CONT INUE

D0 665 J=2,J82

DO 660 K=2 KB2
Td=1+(J=-1)1*B2+iK-1)*[B2xJB:

idM=1J~182

KM= | J- [BeXJB8e

IF(FLCIKM) .EQ.0) GO TO 65(
IF'4.£EQ.2.0R.K.EQ KB2) GO ) 645
IF(FLUTIJ) NE.2 AND.FL(TJ). &£ .3 . AND. (FLIIKM) .EQ.2.0R.FLIIKM) .EQ.3))
I GO TO 64%

IFOFLETY) .EQ.2.0R.FL(TJ) .EQ.3) . AND.FLUIKM) .NE.2 . AND.FL(IKM) .NE, 3}
1 GO TO B85S

GO TQ 8650

XX3=DPH*RADIUS* (FLOATIK)-2.)

YY3=DZ*(FLOATiU)-2.}

YY4=YY3eD2Z

CALL CONVRT(XX3,IX! XL XR, IXL,IXR)

CALL CONVRT(YY3, 1! ‘BT, IVB,IYT)

CALL CONVRT(YYW (Y2, YB.YT.IYB.IYT)

CALL DRVUIXI, 1YL, IX1,1Ye)

CONT INUE
IFLIFLO19).EQ.2.0R.FLI1J) . EQ.3) . AND.FL{TJM) .NE.2.AND.FLIIJM) .NE.3)
| GO TO 655
IFIFLOIJ) .NE. .2 AND.FLUTJI NE.3 AND. (FLUIJUM) .EQ.2.0R.FL(IUM) .EQ.3)1)

FiLM
FiLM
FliLm
FlLm
FiLm
Flitm
FlLM
FiLM
FILM
FiLm
FiLM
FiLM
FILM
FILM
FILM
FILM
FiLM
FILM
FILM
FiLm
Fitm
FiLm
FILM
FILM
FiLM
FILM
FiLm
FiLM
FILM
LM
FILM
FILM
FILM
FILM
FILM
FiLM
FlLM
FiLm
FILH
FILM
FiLM
FILM
FILM
FILM
FiLm
FiLM
FiLm
FILM

797
798
799
800
801
802
803
804
805
806
807
808
BOS
Si10
811
812
813
8l
815
8186
817
818




|7—-....—...—~..—..--....—-—._.--w——— I R T R R ORI

1 GO 10 655
IF1J.EQ.2.AND. (FL1(JM) .EQ.2.0R.FL(IJM! EQ.31) GO TO 655
IF(J.EQ. JB2.AND. (FLt1J) EQ.2.0R.FL(1JJ.EQ.3)) GO TO 655
GO 10 860
655 XXI=DPH*RAVIUS* (FLOAT(KI-2.)
YY3=DZe (FLOAY(J1-2.]
KX =X X T+DPHORAD I US
CALL CONVRT(XX3,1X1 XL XR,IXL,IXR}
CALL CONVRT(YY3 1Yi, YB, YT, I¥YB,IYT)
CALL CONVRT (XX4,IX2 XL XR, IXL, IXR)
| CALL DRVIIX!, 1Y), 1X2,1Y¥1)
660 CONTINUE
655 CONT INUE
RE TURN

850 CONTINUE
IFILPR.LE.0) GO TC 860
CALL LINCNT(80)
HE [GHT=DZ* (FLOATLU}-1.5)
WRITE(12,310) JNM NAME,TIME,C.CLE
WRITE(12,320) TYPE(L) HEIGHT

4
|
=
‘ c GENERATE GRID FOR CYLINDR CAL IKPLOT
C
860 CONTINUE
XR=RB(1B1)
XL=~XR
YT=xR
. YB=-XR
l iXL=61
' I XR=861
| 1YT=3]
" 1Y8=931
| DO 19 I1=1,181
' X1 RB(ID)
CALL CONVRT(XI,IX,XL,XR,IXL, IXR)
| JXCT D =1X
JYill)=481
19 CONTINUE
IF(FL(1).EQ.2.0R.FL(1).EQ-3) CALL DRVIJX{1),JY(1) JX(IBL1},JY(1B1))
NANG=DPH/0 .08726646 + .5
DPHN=DPH/FLOAT (NANG)
CS(11=SINIDPHN)
CS(2)=COS(DPHN)
CSi3)=0.
' CSiYI=].
' DO 26 KKk=2 KBl
L DO 24 N=|,NANG
h CS(B)=CS(2)*CS(3)+CS(1)*°CS4)
| CS(7)=CS(2)*CS(4%)-CS(1)*CS(3)
CS(3)1=CS(6)
CSiw)=CS(M
DC 22 11=1,181
CsSi@=RBLII1)
CSi(6)=CS(31+CS18)
' CSi71=CS(4)°CS(8)
CALL CONVRT(CS(7), IX . XL . XR, XL, IXR)
CALL CONVRTICS(B),1Y.YB.YT.IYB,IYT)
IJ=l1+(J-1)*1B2+ (KK-1)*[B2X. 82
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IPU=1Je)
IFtI . EQ.IBI.AND.FLEIPJ).LT . %) GO 10 27
IFCIFLITD) EC.2.0R.FLITY) .EQ.3) .AND.FL(IPJ) .NE.2 AND.FL LIPJ) . NE.3)
1 GO TO 27
IFLFLOIJ) NE. 2. AND.FLETJ) . NE. 3. AND. (FLCIPY) EQ.2.0R.FL(LIPJ) .EQ.3))
1 GO 10 &7
GO 10 21
27 CALL DRVIJXCIT) . JYtil, 1%, 1v)
el JXilli=|x
JY(Ili=]y
22 CONT INUE
2% CONT INUE
oN 2% 1i=2, .81
Id=lletJ-11%|82+(KK-1)*|B2XJIB2
IKP=]Js |B2XUB2
IF(FLUIKP) .EQ.0) GO TD 25
IFCIFLOLY) EQ.2.0R.FLIIY) .EQ 3) AND FLIIKP) NE.2.AND.FL(IKP) .NE.3)
1 GO 10 23
IFIFLITJ) . NE S.AND.FL:1J) . NE.3.AND. (FLUIKP) EQ.2.0R.FL(IKP) .EQ.3))
| GO 10 23
IF(KK.EQ. K81 .AND. (FLUIKP) .£Q.2.0R.FLIIKP) .EQ.3)160 T0 23
G0 10 2%
€3 CALL DRVIIX(Li=1) , JYCLI=12, JXCTT) . JY (D))
25 CONT INUE
26 CONTINUE
RE TURN

GENERATE BACKGROUND "OR CARTESIAN [KPLOTS

900 CONT INUE
1YB=916
XL=0
XR=[B*0OR
YT=KB*DPH
Y8=0
IFIXR.LE.|1.13556°YT) GO 19 820
IXtL=0
I XR=|02¢2
1YT=916-YT* L22/XR
60 TO 930
90 X=XR*WS0/YT
IXL=5]|~X
IXR=5]1+X
IYT=16
G930 CONTINUE
IFILPR.LE . O) GO 10 94D
CALL ADV(1)
HE IGHT=DZ*(+ LOAT(JI~1.5)
CALL L INCNTIBD)
WRITE(I12,.310) JNM.NAME  TIME .CYCLE
WRITE(12,.320) TYPE(L) ,MEIGMT
940 CONT INUE
D0 960 =2 kB2
DO S&0 1=2,182
[d=lstJ=-11%18B2+(K-119!7"%xJBS
IMu=]J=-1
KM= J- 182X J82
IFIK.EQ.2.0R . K.EQ.KB2) G0 TO Guxy
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IFIFLELIJ) NE.2 AND FLUTJ) .NE 3 AND. (FLOIKM) EG.2.0R.FLI KM EG. 31
' GO TO NS
IFLFLUIY)Y EGU.2.0R.FLITJY.EQ.3) AND.FL M) NE.2 . AND .FLTIkM) . NE 3}
1 GO TO 9N
GO TO 9%0
NS XXI=DR*FLOAT(]-2)
YY3=OPH*FLOAT (K-2
KXW XX 3+DR
CALL CONVRTIXXF, IX) % %K. IXL,IXR)
CALL CONVRT (XXW, 1428 XL, 2R, XL, 1 XR)
CALL CONVRT(YYZ, 1Y) YB.¥T,1YB,I1YT:
CALL DRVIIX], 1Y) sx2.1¥1)

950 CONT INUE
IFLFLETY) (EQ.2.0R FLITJ) EQ.3) AND.FLIIMJ) . NE AND FLUIMJ) NE. 3
| GO TO 955
IF(FLUIY) NE. 2. AND.FLULIJ) .NE 3 .AND. (FLUIMJ) EG.2.0F.FL: M) .EQ.3))
I GO T0 955

IFl . EQ.2.AND. (FLUIMY) .EQ.2 . UR.FLUIMJ) EQ 317 GO TD 995
IF(].EQ.IB2.AND . (FL«IJ) .EQ.2.0R.FLIIJ).EQ.2): GO 7D 955
GO T0 960
955 XXI«DR*FLOAT([-2)
YYZ=DPHOFLOAT (K-2)
YY9=YY3eDPH
CALL CONVRT (XX3,IX] XL, XR,IXL,IXR)
CALL CONVRTIYYZ, IY1,YB, YT, I1YB,IYT)
CALL CONVRT(YYY, I1Y2.YB. YT, I¥YB,IYT)
CALL DRVUIX] 1YL, IX1, 1Y2)
960 CONT INUE
RE TURN

DRAW VECTORS
1000 CONTINUF
CALL CONVRT (XX, IX], XL ,XR, IXL, IXR)
CALL CONVRT (XX2, X2, XL ,XR, IXL, IXR)
CALL CONVRT(YY!, IYI . YB. YT, 1YB,.IYT)
CALL CONVRT(YYZ,iY2,YB,YT,I¥B.1iYT)
CALL DRVIIXI, IY1,IX2, 1¥Y2)
RE TURN
310 FORMAT (WX A1D,.2X,10AB .3 T= IPEI2.5,7H CYCLE=, 1%
320 FORMAT (4X,25H VELOCITY VECTOR PLOT FOR ,A10.!13M HE IGHT =
11PELI2.S)
32% FORMAT (4X . 26M VELOCITY VECTOR ' LOT FOR LAI1D0,13M RADIUS = |
g2,
END
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IV. EXAMPLE PROBLEM

We have provided an example problem that focuses on azimuthal flow to verify that the three-
dimensional modification set has been correctly included in the basic K-FIX code. The problem
involves the single-phase flow in the annulus between iwo cylinders when the inner cvlinder
moves periodically perpendicular to its axis, as shown in Fig. 4. The added mass of the inner
cylinder can be detegmined from its prescribed motion and the numerically calculated pressure
field acting on it. The calculated result is then compared with the known analytic solution.* The
inner cylinder's radius, a, is equai to 1.0 m and its motion is given by x(t) = 0.1(h-a) sin(2nt),
where the outer radius, b, is 1.1 m. The circumference is resolved by 40 cells in the azimuthal
direction and the gap width and cylinder height each are resolved by 1 cell. The force per unit
length (force/length) acting on the inner cylinder in the direction of its motion is determined by
the surrounding fluid pressure p(”,2 k) as

k=41
2. ,
F(e) = =2 ¥ p5(3,2,k) cos [(k=1.5) 2m/40] ,
0 -

where the summation is over the 40 azimuthal cells. The sinusoidal behavior of F(t) is plotted in
Fig. 5. The adc  mass per unit length (mass/length) of the inner cylinder is determined from the
ratio of the max.mum force/length (F = 1.309 MPa-cm) to the maximum acceleration (¥ = 39.48

B e
10 b=
'g 05 -
g
2
£ o | 1 A
g 05 10 L5 20
o I Time (s)
¢
S .05
Ny =
15
Fig. 5.
Fig. 4. History of the force/length acting on the inner
Geometry for the calculation of the added mass cylinder produced by the surrounding fluid
of the inner oscillating cylinder. pressure
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em-s "), which yields 331.6 kg/cm. This value is 10.55 times the mass/length of the fluid dis-
placed by the inner cylinder. For comparison, the analytic solution gives a value of 10.52 for this
factor, which differs from the calculated result by 0.28%. The calculation requires about 85 s of
CDC 7600 time.

Table 1 lists the statements that specify the state equations, the modifications that permit
nonuniform radial zoning, and the expressions used to caleulate the inner evlinder motion and
force/length F, The input data in Table Il include the cell flag map (FL array), the cell index map
(LFL array), and the index increments aray (MFL), Table Il shows the initial data at
cycle 1, and Table IV shows the solution after the first time step. The solution obtained at 2 < is
given in Table V.

TABLE]

CODE MODIFICATIONS FOR EXAMPLE PROBLEM

*IDENT ADDMAS
*].KFIXCC.B17

C ALDMAS !
c ADDITIONS TO SUDROUTINE CONVERT ADDMAS e
C ADOMAS 3
DIMENSIUN Cl (4 ADUMAS “
Cliyi=Pol ) ADDMAS o
Cli21=161{J) ADDMAS &
CliB=THI 1) ADDOMAS 1
Clig)=TL. 1) ADDMAS 2]
ROGII V) =1.0 ADUMAS 9
RGPLIJI=ROGT [ J1oC ] (3) ADDMAS 10
RLUIDI=1 . D ADDMAS i1
RLPUIJI=RL(1JI®(] . <CI(3) ADDMAS 12
CGtia=1.0 ADDMAS 13
SIEGtI =1 .0 ADDMAS 1%
CLilUI =% . 2E6 ADDMAS 15
SIELtTID=CLITJNI*Cl W) ADDMAS 16
*| KFIXCC.672
C ADOMAS 17
C ADGITIONS 1O SUBROUTINE EOSG TO SPECIFY THE STEAM EQUATION OF ADOMAS 18
(& ETATE AUOMAS 19
c ADDMAS 20
CotiN=1.0 ADDMAS 2!
1601 =TLiIN ADOMAS ae
ROG(IJI=] .0 ADDMAS 23
* |, KF I XCC . 682
Cc ADDMAS oy
c ADDITIONS TO SUBROUTINE EOSL TO SPECIFY THE WATER EQUATION OF ADDMAS &5
C STATE ADDOMAS b
c ADOMAS 27
CLUIJ)=% 266 ADDMAS e
TL 1J)=TEMPO ADDMAS 29
RLiIMN=1.0 ADDMAS 30
RALS=0. ADDMAS 31
51
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TABLE 1 (cont)

] KFIXCC, 1244
C
= ADDITION TO SUBROUTINE KDRAGS TO SPECIFY INTERFACIAL FRICTION
C
KDRAG(1J)=1 .0EID
*] . KF IXCC. 1550

ADDITION TO SUBROUTINE RMEATS TO SPECIFY THE INTERFACIAL HEAT
TRANSFER RATE

oo oO0n

RHEAT (1) =] .DE20
*] . KFIXCC.1578

C

(= ADDITIONS TO SUBROUTINE SAT TO SPECIFY Tk SATURATION
¢ TEMPERATURE AND LATENT HEAT

C

1SilJ1=1.0
LHEAT(IU)=1.0
*| ,KF IxCC. 1668

IF(1.EQ.IBIR(.BI)=RB(IB) + 5.0
IFLI.EQ.IB1)RBIIBI1I=R(IBI) + 5.0
IF(1.EQ.IB2)R1IB2)=RB(IBI) + 5.0
IF(]1.EQ.1B2)RB(1B2)1=R(IB2) + 5.0

*8 . KFIXCC. 1673
IF(1.GE.IB1) DTORDRI | 1=DTORDR(11*0R/ 10.
IFt1.EQ. 181 DTORBOR!11=DTORBORI [ 1°DR/10.
*| KF IX.C.1979
C
C ADDITION TO TILDE FOR PRESCRIBED FLUXES
&
Fl=0.
XSUBC=SIN(B.CB31853* (TIME+DT))
XDOT=6.2831853°C0SI16.2821853(T|ME+DT 1)
DO 15 K=2 KBI
1J=3 + 182 +» tK-])*lBexuBe
CALL INDEXA
COSANG=COSI (K~] .5) *DPH)
Fl=F1+P{1J1*°RB(2) *DPH*COSANG
UL (IMJ) =XDOT *COSANG
UGLIMJI=UL (1M
WL IMU) =-XDOT*SINI(K-1.0) *DPH)
WOITMY ) =HL (1M
CALL MASFL
15 CONTINUE
IFILPR.GT. 1) PRINT {001,.CYCLE,TIME F1,XDOT,XSUBC
1001 FORMAY! [10,I1PYEIB.T)
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TABLE 11 (cont)

ML AN f ¥ 'S F e ¢
Lt ¥ ‘ i AN N R (= 3 F 3 ¥ £
0 ¥ A ST & i » L
£ FOR K
, S
P N K
- kK
K
L 1%
B 1 I
¥ FOR
[ KE -
¥ FOR )
L O
wE I FOR P
WP I FOR
g FOR C
Wi FOR
CELL FLAG MAP FL(I,J,K)
K=] 0 0 0 N
0 0 0 0
0 ) 0 0
K=2 through 41 2 2 2 2
2 2 l 2
2 2 2 2
K=42 0 ) 0 0
0 0 0 0
0 ) 0 0
CELL INDEX MAP LFL(I,J,K)
K=2 0 0 0 0
0 0 1 0
0 0 0 0
K=3 througn 39 0 0 0 0
0 0 2 0
0 0 0 0
=40 0 0 0 0
4] 0 3 0
0 0 0 0
K=41 ) 0 0 0
U 0 4 0
0 0 0 0
5S4
{ ) 4 ay
‘ ‘\ L o




TABLE 11 (cont)

INDEX INCREMENTS ARRAY MFL(M,LFL(I,J,K))

1JTL 0 0 0 0
LJBR 0 0 0 0
IJTR 0 0 0 0
1JRR 0 0 0 0
WJTT 0 0 0 0
1JAL 12 12 2 ~468
LJFR 468 -12 -12 -12
[JAR 12 12 12 -468
LJAA 24 24 -456 =456
LITF 468 -12 -12 -12
1JBA 12 12 12 =468
[JTA 12 12 12 -468
LJL 0 0 0 0
1JB 0 0 0 0
LJR 0 0 0 0
LJT 0 0 0 0
1JA 2 12 12 ~468
LJF 468 -1 -12 -12
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TABLE HI (cont)
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TABLE 111 (cont)
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TABLE IV

SOLUTION DATA AT CYCLE 0

TivE- -0I0P00CC  DTe
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ROL ' 8

ROG ERATE
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TABLF IV (cont)
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APPENDIX

LISTING OF THREE-DIMENSIONAL CODE

A listing of the three-dimensional version of the K-FIX code, KFIX(3D), is provided. The
progra.n PREP that prepares the COMMON storage block is listed first, followed by its output
generated for the example problem. This PREP program differs from that listed in Ref. 2 because
of the additional data arrays it must generate. The code KFIX(3D) consists of the basic K-FIX
code listed in Ref. 2, the five modification sets listed in Sec. 111, and certain changes identified as
PERM* to correct errors in the basic code.

PROGRAM FNLP ( INP,OUT FSET7 FSETB, FSETI=0UT PREP3D
WRITE 17,100 PREP 3D
WRITE (7.20) PREP3D
WRITE (7,260} PREP3D
WRITE (7.270) PREPID
WRITE (7,280) PREPZD
WRITE (7.230) PREP3D
WRITE (7,300! PREP3D
WRITE (7,310) PREPID
WRITE (7,320) PREP3D
WRITE 7,330) PREFP3D
WRITE (7,340) PREP3D
WRITE (7,350) PREP3D
WRITE 1(7,380) PREP 3D
WRITE 17,3700 PREP3D
WRITE (7,380) PREP3D
WRITE (7,330) PREP30
WRITE (7,400 PREP3D
WRITE (7.%100 PREPZD
WRITE (7.420) PREP3D
HWRITE (7,%30) PREP3D
WRITE (7,440 PREPID
WRITE (7.4%0) PREP3D
WRITE (7,.460) PREPID
WRITE (7.,470) PREP3D
READ 30, I82,J82.KBc MTYPE PREPID
LENA=18*|B2*JB2*KB2 PREP3D
LENB= 18 82*uB2*KB2 PREP3D
LENC=|6* |B2*JBe *KB2 PREFP 3D
LENE=10*1B2*JB2+18* |82 PREP 2D
MAX=MAXQ( 182, J82) PREP3ID
LEND=2*MAX PREP3D
WRITE (7,400 PREP3D
IF (MTYPE .EQ.0) WRITE '7,1100 PREP3D
IF (MTYPE EQ.1) WRITE (7,120} PREPID
WRITE (77,1800 ((18B2,J82 .KB2) ,1=1, PREFP3D
WRITE (7,170t (1B2,JB2.KB2) . |=1, PREP IO
IF (MTYPE .£EQ.0) WRITE (7,110) PREFID
IF IMTYPE EQ.!1) WRITE (7,130) PREPID
WRITE (7.1B0)((1B2,JB2 . KB2!,1=1,9) PREF3D
WRITE (7,190 1(1B2,JB2.KkB2) ,1=1.9) PREFPID
IF (MTYPE .EQ.0) WRITE (7,110 PREP3D
IF (MTYPE .EQ.1) WRITE (7,140) PREP3D




HWRITE (7,200)((1B2,J82 . KB2),1=1,9) PREP D Wi

P ISR

WRITE (7,210)(t182,J82.KkB2),1=1.,7) PREP 3D wh

IF IMTYPE.EQ.0) WRITE 17,1101 PREF 3D 46

3 IF (MTYPE . EQ.1) WRITE (7,150 PREP 2D w7
{ WRITE (7,2200¢(182.J82),1%1,9) PREP3D w8
- WRITE 7,2300% 4w ,JB2), 151,10, ((1B2), =] .8) PREP ) 49
WRITE (7.2400¢(1B21 . 1=1,.111 PREPID 50

WRITE (7,110 PREP 3D 51

WRITE (7.250) (IMAX],1=1,2} PREFID 52

WRITE (7,50} PREP D %3

. WRITE (7,80 PREP ) i

: WRITE (7,70)182,U82 K82 ,LENA,LENB,LENC ,LEND , LENE PREP30D 55
i WRITE (7,80) PREP 3D 56

. NVAR =45 PRE P30 57

| IFL=9 PREP3D 58

| k INCN= 182 JB2 *KB2 PREPID 54

' WRITE (7,90)INVAR, IFL . INCN PREP 3D 60
' IF (MTYPE.€Q.1) WRITE (7.100) PREP 30 61

! END FILE 7 PREP 20 (%)

5 REWIND 7 PREP 3D 63
- CALL COPY (SLFSET?,5LFSETHI PRE P30 £

: END FILE 8 PREP3D 65
- REWING 8 PREF 3D 66
: ST0P PREP3D 67
' ¢ PREPED 66
10 FORMAT (22H*PURDECK GCOMI ,BCOME ) PREP3D 69

' 20 FORMAT (20M*BEFORE .KF I1XCC . 1 ) PREPID 70
30 FORMAT (4112} PREP3D 71

. 40 FORMAT (1SH*COMDECK ,GCOM2 1 PREF3D 72
50 FORMAT ([ INTEGER CYCLE ,FL,THSF ») PREP3D 73

60 FORMAT (» REAL KAPG,KAPL KDRAG,LEF T LHEAT ,MUG,MUI . PREP3D 7%

70 FORMAT {13M*] KFIXCC.13 7+ DATA 182,82 .KB2,LENA,LENB.LENC,LE PREP 3D 7%

: IND,LENE /*[8¢ #]5¢ o]Se /0 1418 %169 s 18% «[Bs o[ 709} PREP3D 76
. B0 FORMAT (12M*] KFIXCC.18/v 00 2 K=1 LENAS/» 2 ABETAIK)=0,*/ PREP 2D 7
. DO 3 K=, ,LENB®/* 3 RGFRIK)=(. %/ DO % Ke|,LENC ¢ PREPID 78

. % SIEGIK)=0, e/* DO 5 K=1 ,LENE */» S EGFFIKI=0, *] PREP3D 79

: 90 FORMAT (14H*1 ,KFIXCC.158 /¢ DATA NVAR,IFL,INCN /¢, (%, % *[3,+ PREPID 80
1,216,079%) PREPID #1

' 100 FORMAT (14H®] KF IXCC.179 7o IF(N.LE.18) GO TO Iy /e If 1 PREPZD B2
. IN.LE.36) GO TO 12 */26M L=(N=-37}%[NCN s SIEGIN2+L PREP 3D 83
2)=SIEGINI*L) */¢ GO TO 15 */26H 12 L=(N-19) % NCN i. PREP 3D Ak

3 RGFRIN2+ J=RGFRINI+L) */» GO TO 15 */% |4 CONTINUE */i% PREP3D a5

i WHY D KF [XCC.19% /» IFIN.LE. 1B} GO TQ 24 e/ IFIN.LE.36) G PREP3D 6
- 50 TO 22 */26H L=tN-37) % [NCN . SIEGIN2L 1 =SIEGIN + PREP 3D 87
| BLI %/ GO TO 25 */26H 22 L=(N~19Q)*INCN . RGFR (N PREP 3D 88
T2+L ) =RGFRINI4L) */ GO TO 25 */* 24 CONTINUE *) PREP 0 89

f 110 FORMAT (e COMMON® ) PREP3D a0
(20 FORMAT (» LCM / CELLDI /%) PREP 3D 91

130 FORMAT (+ LCM / CELLD2 7%) PREF 3D a2

! 140 FORMAT (+ LCHM 7 CEIuD3 /%) PREP2D az
: 150 FORMAT (o LCM 7 CE .LDN /%) PREP3D Q4
| 160 FORMAT i 1¢,° ABETA(®[3¢ o[3e s[3s) » o ASURF(®|3e v[3e o|3%s) PREP 3D g5
' 1,9, C6 (139 0[3% s1,0) o /s 12, CL (*]3% 30 o[3e) o & PREP3D 95
2 CONV (*)3% o[3e ¢15e) o » CQ (®[3%, 03 s[3e) o /¢ 1*,* CRA PREP 3D 97

i BTE(*13%, %130 9|3¢) o o ERATE(S]3% o320 »[30} o o FL  (8]3» *[Zs, s PREP 30 98
! YiZe) o ) PREP3D 95
| 170 FORMAT (+ 19,9 KAPG (*]3% ®[3s e]3e) & o KAPL (#]3s 5|30 e[3s; PREPID 160
: 1,9, KDRAG(*[3® »|3e <[3¢) & ;o 1,0 LFL (®]3% 3% ¢[3e) o o PREFP 3D 101
, 2 LHEAT(®[3% o13% e[3e) o ¢ MUG (®]3e o]3s (30} s /o 1s,» MUL PREP3D 102
- 3 (*13%,0[3% 2[30) 0,0 p (S138 o[30 s[30), % o RGFA (*]3e s]3s PREP 3D 103
; Wi3e) ¢ ) PREP3D 1 0%
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180 FORMAT (* [, HGFR (®|3% o[3s +|%0; o & BGFT (#]3s ¢]|3e o][30)
[.o.oﬂgp (®]30 5[30 530 & /9 tr.® v PN (o]30 o|3e o[Zs) & »
2 RHEAT(®]30 ,o[3s s[3e) & s R (#]3e o130 o[3e) & ;o 1o,* RLF
BA (%3 |30 2130y 0.0 RLFR (S]3% |30 *[3%) ¢, » RLFT (]3¢ ,%3%,*
Ni38) 95

130 FORMAT (¢ (o, ¢ RLP (0130 03 S 30 5.0 RLPN (*]13.5] 3= 5]3¥%)
1.2, ROG (*[3% %13% o][32) 8 /o e % RUG (*13e 035 23] 0.0
2RUL (o135 o[30 o]30) 0. RYG (*]3e *|3s o]3w) » /¢ j*, ¢ RVL
1 (9]3s *]|3e s[3e) & @ RWG (#]3e o] 3s o]30) o o 2L (®]30 0|30 @
Wils) &)

200 FORMAT (» 1#,9 SIEG (¥ [3% o3¢ a130) o & SIEON(*]3P , ¢[3e «]30)
1.*,* SIEL (e]30 #[3e o|Re) o /o o & SIFINI®[3s #|T0 o[Fe) o »
2 TG  (*13e e[3s w|3e) o 0 TH (o][30 o[3e o[35) o /» 1e,e THN
3 (2] w[3s o)Ts) & o THSF (*[3e 0|30 #[3s) o » T (o]3s ¢]30 »
wiZe) o)

210 FORMAT (+# (¢, 1S (#]3% o|3e o3e) & o UG (o]0, o][3e s[3e)
b,o.* UL (®]3e w30 »[Ze) o ;& 1*,* VO (®]3s o]3e ¢]3s) & »
e VL (0130'0|31‘0|30|.o.0m (n]}o‘olso'oljt).o'/' 1o, WL
2 (*jZe o[3qs o320 o )

220 FORMAT (- Jo, 8 EGFF (w[uwe siye) o » ELFF (ofue s[ye) o o OMTFF
1io]Qe eslye) o /o jo,» THFF (o4 s]4e ) o o UGFF (o]ge o]4e) o
e®* ULFF t(s]ye sjye) » ;0 [o.% VOFF telye eojyer o o VLFF (*]4e, *
BIwe) o, % WOFF (o]4s ol4e) * )

230 FORMAT (+ 10,0 WLFF (o]4e elye) o o DA (#]15%) ;¢ ,¢ DTORBD
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260 FORMAT (15SH*COMDECK ,GCOM1
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280 FORMAT (* 1*,* BUBRAD, v, ¥ CYCLE, v DG a0 DL
1 . s DPM, ¢ ¢ DR, LI 1.+ OT, *.* DTODA
2 *,* DTOOR, *,* DTODZ, ¥ 7, P s b

290 FORMAT (* je,s D2, e, OF, e, * EOFA, "¢ EGFL,
1 L [Grn. LI CGFY‘ LA ‘o'. ELF‘. c.o ELFL.
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340 FORMAT i 1,7 POP, o 0 [PKM, e . IPxP,
1 .. P2, e, IS, . I® je,s ITC,
e *.%Jd ., s B, *,* U8, ., JB2,
350 FORMAT (» s, A. .0 JNN, v, & JPNM,
1 "L UMKM, "L UMKP, . /e 1e,% U8,
e LN N = PRI, e, s B, LI
360 FORMAT t» 1¢.* KB2, L S .9 K5,
1 . s KPP, s+ PR, LW e ® MAXM,
2P, ., WILE, .2 NIT, *.* NO, ¢, * NSOMP
370 FORMAT (» COMMON / PARAMZ /*)
280 FORMAT (» 1, NID, *.* NWHOMP, . % OMTFA,
‘i I, o0 OMIFR, %+ OMTFT, . 1*,* PING,
' 2 * . * PINR, *.% PINT, UL LT g
| 390 FORMAT (* (e, PR, * P3, *,* RAGS,
I *,* ROA, *.* RDA2, .}
w00 FORMAT (e 1*,* ROR, *.* ROR2, % RO,
| *.% SECREQ, *.* TARGET, o, /e 1o, TEMPINT,
2 *.* TEMPINB, ©*.* TEMPINL, *.% TEMPINR, *,* TEMPC,
Y10 FORMAT 1 1o, » Yy."A' .o THFL, v THFR,
1 L THIW, L 'Hl'l, LA jo, o YH]m'
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420 FORMAT (o I*.* TPLD, ¢ .+ TPR, . ISTOP,
1 L WL. . UGFR, L je, . UGF'[.
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| * . VGFA, » & YOFL ™ b 20, % VOGFR,
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1 s 8 VO, .. VRfL. LW . & ! ‘,}'A.
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1 07, DTODA, DTCOR,
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