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A VECTORIZATION OF THE JAMESON-CAUGHEY NYU
TRANSONIC SWEPT-WING COMPUTER PROGRAM FLO-—22-V1
FOR THE STAR-100 COMPUTER

R. E. Smith, J. I. Pitts, and J. J. Lambiotte
Langley Research Center

SUMMARY

The computer program FLO—22 for analyzing inviscid isentropic transonic
flow past 3~D swept—wing configurations has been modified to use vector
operations and run on the STAR—100 computer. The "vectorized version" described
herein is called FLO—22-V1. Vector operations have been incorporated into
Successive Line Over—Relaxation in the transformed horizontal direction. Vector
relational operations and control vectors are used to implement upwind differ—
encing at supersonic points. A high speed of computation and extended grid
domain are characteristics of FLO—=22-V1. The new program is not the optimal
vectorization of Successive Line Over—Relaxation applied to transonic‘flow;
however,‘it proves that vector operations can readily be implemented to increase

the computation rate of the algorithm.
INTRODUCTION

The program FLO-22 has been developed for analyzing inviscid isentropic
transonic flow past 3-D swept—wing configurations (ref. 1, 2, and 3). The
program originators are Prof. Antony Jameson (New York University) and Prof.
Dave Caughey (Cornell University) who déveloped the program under NASA grants

NGR—33-016-167 and NRG—33-016—201 at the Courant Institute of Mathematical

Sciencies of NYU. The program is designed to run on third generation computers



such as the CDC 6600, and CYBER 175. FLO22-V1 is a first attempt to design
F1L.0—22 to run efficiently on the STAR-100 computer at the Langley Research
Center. The objectives have been to decrease the computational run time and
to increase the grid domain.

The STAR—100 is a vector processing computer capable of achieving high
result rates when a high degree of parallelism is present in the computation.
The STAR-100 operates on vectors, most simply thought of as arrays in memory,
as opposed to scalars. When an identical operation is to be performed on
consecutive elements in memory (i.e. ci=ai*bi i=1,2,...N), a vector instruction
is issued to perform the operations. =Zach vector instruction involves a time
renalty, called vector start—up, regardless of the length N of the operation.
As N increases in size, the operation Ttecomes more efficient since the penalty
becomes relatively less important. LrotTher penalty that generally occurs is
the necessity for additional storage Tor <emporary vectors instead of temporery
scalars.

The goal in designing (or vectorizing a STAR program is to induce lon
vector operations wherever possible. The ZTAR-100 at the Langley Research
Center has one half million words of vrimary memory with virtual mémory
architecture. The operating system automatically brings from secondary memory
any plece of data which is referred tc oy the program but does not currently
reside in primary memory. Hence, overlay or buffering procedures often coded
into large data base programs can be 2voided. More detailed information relative
to the STAR-100 computer may be found in references 4 and 5.

The algorithm used in FLO—22 is the Successive Line Over—Relaxation technigue

(SLOR) applied with the Murmen and Cole differencing scheme (ref. 2) to the full



three—dimensional transonic potential equation. There is a coordinate
transformation (ref. 2) from the physical domain to the computational domain
which further complicates the nonlinear partial differential equation, but
simplifies the handling of the boundary conditions. Basic in the numerical
procedure of SLOR is the solution of tridiagonal systems of linear algebraic
equations along lines of the computational grid. In FLO—-22 there is the option
to use lines in the transformed horizontal direction (YSWEEP) or in the
transformed normal direction (XSWEEP). Also FLO-22 has the option for grid
refinement in the solution process. The first step is the computing of a
solution over a coarse grid. Refined solutions are obtained by calling
subroutine REFIN which halves the coarse grid and interpolates the coarse
grid solution for initial guesses for the refined grid. For wing config—
urations typical of transport aircraft, the SLOR is normally applied in

the horizontal direction using subroutire YSWEEP with the input wvariable
SQTRIP=1. It is this routine in which the major revisions have been made to
create FLO—22-V1. The other major revisior is the direct addressing of the
variable G(I,J,K) which contains the potersial at all the grid points for
any given iteration. FLO-22 has heen designed to have four spanwise grid
planes of the potential solution in vrimary memory at one time. After the
correction to the potential on the Kth plane has been performed, the Kth+2
plane is buffered from secondary memory in<c primary memory and the Kth-2
plane is buffered out. Since the STAR-100 has virtual memory, FLO—22-V1

has been designed to address all variables as being in primary memory. This
has required changes in several subroutires but primarily MIXFLO and YSWEEP.

Other changes have been made but do not strongly affect the computational speed.



As stated before, the solution of tridiagonal systems of linear algebraic
equations is the heart of SLOR technique. Typically on the finest grid using
YSWEEP, over five hundred tridiagonal systems containing 192 linear equations
are formed and solved per iteration. The efficient solution of a system of
tridiagonal linear equations is a recursive process and is not in itself
vectorizable. In addition, since the systems arising from the SLOR method
are interdependent, they must be solved one at a time. However, in applying
SLOR to the transformed nonlinear potential equation, the major computational
activity is the forming of the coefficient matrix and the right hand side of
the tridiagonal system. These computations are vectorizable, and if the number
of equations is sufficiently large, the STAR-100 can be efficiently employed.
Since the largest number of equations are created by sweeping in the horizontal
direction, the vectorization of YSWEEP is a logical starting point. In FLO-22-V1
the coefficient matrix and right hand side of the tridiagonal systems are formed
along lines in the transformed horizontal direction using vector operations and
an efficient machine coded scalar tridiagonal solution is performed to obtain
the‘correction to the votentizl. Vector lengths are equal to the number of grid
voints in the horizontal direction.

A particular problem in vectorizing & program for the solution of transonic
potential flow is the necessary test for supersonic points and the subsequent
computation of the upwind differences in the Murman and Cole scheme. Testing
for supersconic points and modifying the computation inline with a vectorized
operation for the subsonic points is impossible.

The problem is overcome at some computational expense by performing the

supersonic computation with vector operations for all points and by using a



control vector to apply the computation only at those points where the flow is
supersonic.

The conversion of FLO-22 is complete and several cases have been run on the
STAR-100 computer and the solution times compared with those obtained on the
CYEER 175. The maximum grid size in FLO-22-V1 has been expanded to 300x32x32 as
compared with 192x2Ux32 in FLO-22. No serious problems have been encountered.

This report describes the major routines where changes have been made to
vectorize FLO-22 to create FL0O-22-V1. Comparison of computational times are
presented. It should be noted that FLO—=22—V1 is not the optimal vectorization of
transonic potential flow calculations using SLOR. There is the possibility of
generating two—dimensional vector operations of parts of the computation in each
spanwise plane as opposed to each line of the plane. This would give rise to

longer vectors and higher efficiency.

VECTORIZATION AND P=RTORMANCE EVALUATION OF SLOR IN FLO—22-V1

The application of SLCR to transonic flow calculations is throughly discussed
in references 1, 2, and 3, and is not presented herein. Instead, the functional
operation of the algorithm i TLC-22 and FLO-22-V1 is contrasted. The general
organization of the progrem is shown in Tigure 1. GSLOR is an iterative process,
and in FLO-22 and FLO-22-V1, each iteration is under the control of the main
program. After iritializatior, “he main program calls subroutire MIXFLO for each
iteratior. TFTor each plare of grid points in the spanwise directior (Figure 2),
MIXFLO exercises the option for relaxation along horizontal lires usiag subroutine
YSWEEP or along vertical lires usirg sutroutine XSWEEP. XSWEEP has not bteen

vectorized in FLO-22-V1 and, therefore, will receive no further discussion. C(Cases
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requiring XSWEEP will not run with vector operations in FLO—22-V1. Subroutine
MIXFLO, in addition to exercising the direction of relaxation, performs the
setup of boundary conditions and in FLO-22 buffers the grid planes of the
potential in and out of primary memory. In FLO-22-V1 the potential at any
grid point is directly addressable.

Subroutine YSWEEP performs Successive Line Over—Relaxatlon along each
horizontal line of the Kth spanwise plane of the grid (see Figure 2). This
routine has been chosen for vectorization for several reasons. First, FLO-22
is predominately used at LaRC for transport type wings which reguire a
relatively large number of points in the X or horizontal direction, and do not
require the XSWEEP option. Second, even though the subroutine requires the
solution to many dependent sets of tridiagonal eguations, which is basically
scalar in nature, it also performs transformation evaluation, PDE coefficient
evaluation, Tinite difference approximations and applies the solution of the
tridisgonal systems to the potential along each line. Except for the tridiagonal
gelutiorns, all of the computations are vectorizakble. Since the transonic potential
Tlow ecuation is nonlinear and transformed Trom & physical domain to a computa—
zional domain, the vectorizable part of the stcroutine performs the majority of
the ceomputation. When the computation for each line on the Kth plane is complete,
control is returned to MIXFLO. The Murman and Cole difference scheme (ref. 2 and
3 ig implemented in YSWEEP. The scheme changes the difference approximation to
urwing if the flow is supersonic at a grid point. Central difference approxi-
metions are used for subsonic points. Programmatically, the upwind differencing
is esrplied differently in FLO-22 and FLO-22-V1. This will be explained further

at & later point.



In FLO=22, YSWEEP primarily consists of two FORTRAN DO loops. The first
loop performs the evaluation of all variables through the forward substitution
in the tridiagonal solution. The second DO loop performs the backward substi-~
tution for the correction to the potential and adds the correction to the
potential G(I,J,K) along the line. A conditional GO TO sends the control of
the program to the beginning of the first loop to move through each line of the
plane. Other peripheral computations are performed but are not discussed here.
The application of upwind differencing in the Murman and Cole scheme is in the
form of a comparison of the speed of sound and the latest velocity approximation
with a branch to a section of the subroutine for upwind differencing if the flow
is supersonic. This is performed in the first DO loop for each grid point along
the line. Appendix A shows a listing of the scalar or unvectorized YSWEEP.

Appendix B shows a listing of the vectorized YSWEEP found in FLO-22-V1.
Vector FORTRAN instructions and an efficient assembly coded tridiagonal
equation solver replace the two major DO loops found in FLO—=2 and discussed
above. Using vector operations, arrays replace scalar variables. 1In the
unvectorized program all variables for 2 grid point are computed before going
to the next grid point. 1In contrast, a wvariable in the vectorized program is
computed for all grid points before going to the next variable. Storage require—
ments are therefore higher in the vectorized program. In the vectorized YSW=ZP
the computation is not carried through the forward substitution in the solution
of the tridiagonal equations. Instead, the subdiagonal, superdiagonal, and right
hand side arrays are computed with vector TORTRAN instructions and stored. This
is followed by calling a mathematical library subroutine QLTRIDGE (ref. 5)

for the solution of the tridiagonal system. The solution, which is the correction



to the potential at grid points along the line, is added to the potential from
the previous iteration. In FLO—=22 the test for supersonic points and application
of upwind differencing is done within the first major DO loop. This computation
is done for supersonic points only, but this type of testing and branching is
not feasible for vector computation. In FLO-22-V1 a vector relational operator
establishes a control vector based on the comparison of the latest velocity
approximation and speed of sound. The control vector is a bit string with a
"one" stored when the test is true and a "zero" stored when the test is false.
It is done for all points in FLCL2-V1. The control vector is used to decide
whether or not to apply the upwind computation in the tridiagonal system. There
is some loss of efficiency due to the need for extra computations which are not
used, tut it is consideratly faster than reverting to scalar computation. A
cortrol vector is also used to srply the proper direction of the upwind differ—
encing along a horizontal line of the computational domain.

The control in the vectorized YSWEEP is the same as that in the unvectorized
version., In fact, the vectcorization in FLO—=2—V1 follows the logic of the
unvectorized program very closely. FL0O—=22-V1l, however, is not the optimal
vectorization of Successive Lire Cver—Relaxation for transonic flow calculations.
As an example, further efficiency can be implemented in YSWEEP by computing
wits vector operations all those variables which are not updated on a grid plane.
This woulc mean longer vectors are generated and, therefore, high computational
efficiency. There is, nevertheless, a trade off between vector lergth and storage
recuirements.

Several changes have teen made in other routines in FLO—-22 to create

FTLC—<2="1. These changes, for the most part, have minor effect on the



computational speed. These changes have been either for primary memory
addressing of the potential, increased dimensions, or convenience of vector
operations. Except for incore addressing, subroutine REFIN has required the
most attention. The interpolation in this routine, combined with buffering of
planes of the potential in and out of primary memory, has required considerable
modification; however, vector instructions have simplified the problem (see
Appendix C).

In PLO—22 the maximum number of grid points for the finest grid solution
is 192. In FLO-22-V1 this has been expanded to 300. TFurther, the maximum
number of points in the transformed wing normal direction or vertical direction
has been expanded from 24 to 32. This implies that considerably more refined
solutions can be obtained with FLO-22-V1.

The efficiency of FLO—=2-V1 has been observed by running 3-D wing cases
on the STAR-100 computer using -LC—22-V1 and comparing the solutions and solutior
times with the same cases run on the CYBER 175 computer using FLO—22. The wing
configurations that have been used in the case runs are the NACA 651A012 (stream
wise) wing at mach .91 and the ARW-2 wing at mach .8. When the same input was
submitted to both FLO-22 and -IC-22-V1, the output results were the same within
the relative accuracy of the word lerngths of the CYBER and STAR computers. Runs
have also been made for the two wirgs with the expanded grid in FLO—=2c-V1.

Sizing and timing informaticrn for the NACA 651A012 wing at mach .Sl are
presented in table 1. The table shows the program and computer, the number of
grid points in each coordinate dirsction, the total number of grid pocints, the
vector length, the central processor time per grid point, and the ratio of the

central processor time per grid point of FLO—22/FLO—22-V1. For the —vectorized
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program it is observed that the time per grid point in approximately 40% less
when the vector length is 300 as compared to when it is 9. For the scalar
program the time per grid point is the same regardless of the number of grid
points. Another observation from the table is that FLO-22—V1 runs on the
STAR-100 1.9 to 3.1 times faster than FLO—=22 on the CYBER 175 for the same
problem solution. With the dimensions of the potential equal to 300x32x32

FLO-22-V1 requires 464,246 decimal storage locations.

CONCLUDING REMARKS

The computer program (FL0O—22) for determining 3-D transonic flow past
swept-wing has been modified to use vector operations and run on the STAR-100
computer. The first vectorized version is called FLO—22-V1. Most of the
vector operations have been incorporated into the subroutine YSWEEP for the
avplication of Successive Line Over—Relaxation in the transformed horizontal
direction. Vector relational operations and control vectors zre used to
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decreased by a factor 1.8-3.1 as compared to the computational time per grid
point run on the CYBER 175.

FLO—22-V1 is not the optimal vectorization of Successive Line Over—
Relaxation applied to transonic flow; however, it demonstrates that vector
operations can readily be implemented to increase the computation rate of

the algorithm.
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SUBROUTINE YSWEE?P )

COMMON G(193,2654)950(1935,35)»E0(131)5»20(131),
IV(193,35),ITE1(35),ITE2(35),
AG(193),A1(193),A2(193)5,A3(193),
BO(26),B1(26),B2(26)»83(26),
2(35)5C1(35)5C2(35),C3(35),
XC(35)sXZ(35)sXZZ(35),YC(35),Y2(35),Y2Z(35),
NXsNYsNZsKTELsKTE2sISYMsKSYMySCAL»SCALZ,
YAWsCYAW»SYAws ALPHA»CA»SASFMACHYNLSNZ2,N3, 10

COMMON/FLO/ STRIP,P1sP2sP3,BETA»FRIIR)JRsKRsDG»IG»JG»KGs NS

COMMON/SHWP/ GK1(193,26)sGK2(193,526),
SX(193)sSZ(193)sSAX(193)sSXZ2(193)+s522(193),
RO(193),R1(193),C(193),D0(193)),
Gl0(26),G20(26),G30(26)5640(26),G1(26)5G2(26)>»
I1sI2sKsLoNOsLXsMXsKYsMYsTLyAADS»QL,Q2,TYAW,S1

Jl = 2

C(Ii-1) = O,

D(Il-1) = 0,

DO 12 1=11,12

RO(I) = 1.

R1¢I) = 1.

GR1(I,1) = G{IslslL)

GKI(IsJ1=1) = G(IsJl-1,L)

J = Jl

I3 = I¢

B = =T1*B1i(J)*Cl(K)

DG 32 1=11,13

AB = =T1l*aA1(1)#%381(J)

AC = TiI*#AM(I)*C1(K)

yp s SC(Is,K) +830(y)

A = 1. =RO(I) +A0CI)*A0(1) +YPXYP

H = RU(I)/A

FH a RO(IL)=*A

P s AD(I)*(44%YP*YP ~—FH)

¢ = YPX(4 ,*AQ(])*A0(]) <=FH)

A = XZ(K)®XZ(K) =YZ(K)*YZ(K)

B s (XZ(K) +XZ(K))*YZI(K)

A2 s =AQ(I)*XZ(K) -YP*YZ(K)

B2 = =AG(I)*YZ(K) +YP®XZ2(K)

C2Z s HEH*(P¥A =Q%3) -AD(I)*XZI{K) ~YP*YZZ{K)

D2 = H¥H*(Q*A +P¥B) =AO(I)*YZZ(K) +YP*xZZ(K)

DG1I = G(I+1lsJdsl) =GtlI=lsdyl)

064 = G(Isd+l,L) -GK1I(I»Jd=-1)

-

DGK

| APPENDIX-A

'

LISTING OF SUBROUTINE YSWEEP IN FLO-22

G(Isdsl+l) =GKI(Isd)
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AU
AV
uxy
¢Q
AA
2
FXX
FYY
Fxy
BvV
]V]
Vv
W
uv
Uw
VwW
AXX
AZ1
AXZ

APPENDIX-A

G(I+lsdsl) =G(Isdsol) =G (lodysL) +G(I-1,JdsL)
+A3(1)#*D61
G(I»J*1lsl) =G(Isdsl) =G(I,sJdsL) +Gl(I»J=1,Ll)
-83(J)*DGJ

GlIsJdsl+l) ~GUlIsdsl) =G{I»JdsL) +G{(IsJsrL-1)
+C3(K)*DGK
G(I+1lyde¢lsl) =G(I=-1lrJ+l,L)
-G{I+lsd=1sL) +GlI~-1sJ=1sl)
Gll+lsrdsl#+)l) ~GlI+)sJsrl~-1l)
~G(I~1sJsl+1l) +G(I-1sdsl=1)
GlIsJ+lrl+)l) ~-Gllrd=1lsL+1)
“G{IsJ+lsL~-1) +G(I,Jd=1sL~-1)
Al(I)*DGI
-B1(J)*DGJ
GX <=SX(I)*GY +CA*AOQO(I) +SA*YP
GY +SA*AG{I) —CA*YP
KC(I)*(CLl(K)*DGK =SZ(I)*GY +SYAW
+CA*XZ(K) +SA%YZ(K) +H¥*(U*AZ +V=xBZ))
U +W*AZ
V  +W*BZ
H*{JU*y +V*V)
QxXy *HEW
DIM(AAU), «2%QQ)
AZ*SX(1) =BZ +FH*SZ(1)
le +H%AZ%*AZ
le +SXCI)®3X(I) +H*AZ*AZ
Sx{I) +H*AZ*RZ
AV <AURSX(I) -FH®sw%x3Z(I)
H¥AU¥ AU
H¥*¥BV*BYV
FH*W* W
H¥AU*BvV
AU*y
BV*4
RI(IN*{FXX*¥AA ~UU)
FH*¥AA —uWW
(RO(I) +PCGCIs) * (AZ*¥AA ~UHA)
—{AXX®S5XX(I)Y +AZZ%SZZ(I) +AXZ*SXZ2 (1)) %5y
+T1®(AA*(CZ*GX +(DZ-SXx(1)*CZ) *GY)* RO(I)
-H*(CA*(AU*AU <—AV*AV) +(SA +5A)*AU*AY
—QXY®(L*AQO(I) +V*YP
+(W +W)I*(AQ(]I)*AZ +YP*BZ)))

“WHF(CA*XZZ(K) +SA*Y/[2(K)) -~wxw*(U*CZ +V¥D2))
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1
1

1

AXT
AYT
AZT
A
AXT
AYT
AZTY
IF (QU.GE.
AXX
AYY
AZ2Z
AXY
AXZ
AYZ
BP
BM
8

R

60 TO 3>
NS

S

iM

MK
AXX
AYY
ALL
AXY
AXZ
AYZ

B XX
BYY
812
BXY
3XZ
3Y12

AQ
DELTAG

DGII
DGJJ

DGKK

APPENDIX-A

ABSLAU*AL(I))

ABS(BV*B1(J))

ABS(FH*W*C1(K))
RO(CI)*BETA®AA/AMAXL(AXTH»AYTH>AZTs(1s =RO(I)))
A*AXT

A¥AYT

A¥AZT
A) 60 TO 33

AXX*A2(1)

(FYY¥AA <~VV)*R2(J)

AZZ*C2(K)

=RI(INV*¥{(FXY*AA +UVI*(AB +4AB)
AXZ*AC

-k0(I)* (HZ*AA +VW) *(BC +BC)

AXX

AXX

-AXX =AXX -=Ql*(AYY +4l7)
AXX*DGII +AYY*DGJJ +AZZ*DGKK
+AXY*DGIJ +AYZ¥UGJIK  +AXZ*DGIK 4R

[ D D B NN BN NN BN NN BER NS NN BN NN BN BN AN B ]

NS  +1

SIGN(1l.s2U)

I =IFIX(S)

IM <=IFIX(S)

Uu*A2(I1)

Vv%B82(J)

Ww*C2(K)

Be*S*UVHAR

Be*S*UW*AC

Be*VW¥BC

(FXX*QQ ~UU)I=*=A2(])

(FYY*QQ ~VV)*B2(J)

{FA*QQ =WwWw)*C2(K)

-(FXY*Qu +UVI*(AB +AB)

(AZ*¥QQ ~=UW)*(AC +aC)

-(HZ*Q0 +Vua)*{(B( +BC)

AA/QQ .

BXX*¥DGII +B8YY*DGJJ +BZZ*DGKK

+BXY*DGIJ +BYZ*DGJK +BXZ*DGIK

= G(Isdsl) =GUlIM,JsL) ~-GUIMyJdsl) +G(IMMsJIsL)
+A3(1)*DG1

G(Isdsl) =G(Isu=1sL) =G(IsJd=1lsL) +GKi(Isd=2)
-B3(J)*L0J

2 G(Isdsl) =G(Iydsl=1) =G(Isdsl=1) +G6K2(I,»J)
+C3(K)*DGK



APPENDIX-A

DGIJ s G(Isdsl) =G(IMyJ»rl)
=GlIsJd=1sL) <+G(IMyJ=1,lL)

DGIK s G(I,Jsl) =G(Isdrl-1)
-G{IMsJdsl) +G(IMydrlL-1)

DGJK = G(Isdsl) =6G{IsdsrL-1)
~G(IsJd=1sL) +G(IsJ=1»L-1)

GSS = AXX*CGII <+AYY*DGJJ +AZZ*DGKK

+AXY*DGIJ +AYZ*DGJUK +AXZ*DGIK

8 = o5%(AQ ~l.)*(AXX +AXX +AXY +AXZ)
BP = AQ*BXX =(1l. =5)*B

BM s AQ*BXX =(l. +35)%8

B s =AQ*(BXX +BXX +Q2*%(8YY +BZZ))

+{AQ =1.)%{2.%x(AXX +AYY +AZ7) +AXY +AYZ
(AQ =1,)%GSS +AQ*DELTAG 4R

x)
]

35 IF (ABS(R)sLECABS(FR)) GO TO 37
FR s P
IR = ]
JR = J
KR s K
37 R = R =AYT*(GKI1(Is,J=1) =G(Isd=1yL))
~AZT*(GR1(Isd) =G(IsdslL-1))
8 = 3 =AXT =AYT -AZT
B M = 3M  +AXT
3 = 1./(B -sMEC(I=1))
ce s BEpP
32 0(1) = B%x(R =3M*D(I-1))
CG = G
I = 13
DO 42 M=J1,13
Co = D(I) -—-C(I)*CGC
IF (ABS(CG)eLELABS{DG)) GO TG 43
DG = CG
I = I
JG =
KRG s K
43 GK2(Is»J) = GKL{(I,J)
GKY(IsJd) = G(IsJsl)
G(I,JdsLl) s G(Isdsl) =CG
42 1 s I -1
J = J +]
IF (J =KY) 31,551,561
51 IF (I2.6T.ITE2(K)) I3 = ITEZ2(K)

IF (ITEZ2(K)sEQ.HMX) [3 = LX

+AXZ)



52

61

71

73

75

APPENDIX-A

DO 52 I=11,13

LV s IABS(1 =IABS{IV(IsK)))
ROC(I) s AMINO(LV,IABS{IV(I,K)))
R1(I) = LV
GO TO 31
N = NO
I s LX +1
IF (KoeLTeKTEleORKoGT.KTE2) GO TO 71
10 = NX +2 =13
=]J0,13
20 o 1 : 1, =-RO(I) «AQ(I)*AO(I) +SO(I»K)I*SO(I,K)

H
FH
AZ
BZ

= KO(I)/A
= RO(I)*A
s ~AD(ID*XZ(K) =SC(I,K)I*YZ(K)
a =AQ(I)*YZ(K) +SO(IsK)*XZ(K)

HZ = AZ#SX({(1) =~BZ +FH*SZ(I)

FYY 2 1, +SX(I)®SX(I) +H*HI*HI

FXY = SX(I) +H¥AZ*HZ

DGI « G(I+1,KYsL) ~=GU(I-1,KYslL)

DGK s G(I+KYoL#1) —GK2{I+KY)

v = SA*AQ(I) =CA*SO(I,K)

U s AL(I)*DGI +CA*AO(I) +SA*S0(I,K)
-
)

W ClIK)*DGK +SYAW +CA*XZ(K) +SA*YZ(K)
62 G(lyKY+lsLl) = G(IsKY=1,1L)

1 +(V=*(1l, -H*BZ*HZ) “U®FXY =W*HZ)/(FYY®*BL(KY))
I = IC

IF (I0.NELITEL1(K)) GO TO 71

3 5 G(I3,KYsL) ~GLIU,KYyL)

NO = NO +1

EQ(NO) = EO(NC) +P3%x(E =~EO(NC))

N s NG

IF (IeLESIL1l) RETURN

I s I =1

E = (o

IF (IV(IsK)eNEL1) GO TO 77

2 s Z(K) “TYAW*(XC(K) +51%A0(1)*A((I))
IF (ZZ.GE+ZCG(N-1)) €L T3 75

N = N -1

GO TO 73

R s (27 =~LLGIN=1)2/(Z20(N) =Z0({N~11))

E = R¥EQ(N) +(1, -R)I*EO(N-1)

M s NX +2 =]

77

GUlI,KY+1l,L) = G(M,KY=1,L) ~-¢
GIMsKY+1,L) G(IsKY=1sL) +t

GK2{MsKY) & GKL(MsKY)
GK1l{(M,KY) s G{My,KY,L)
GIMyKYs L) = G(isKYsL) +E
60 70 71

END



SUBROUTINE
COMMON

~NOWU SN

COMMIN/FLOY/
COMMUN/SWP/

£ W ro e

APPENDIX-B

LISTING OF SUBROUTINE YSWEEP IN FLO-22-V1

YSWEEP

6(3015,34535)5S0(301,35),E0(131)520(131)»
IV(301,35), ITEL(35)»1ITE2(35),
AO{301)5A1(301)5A2(301)»A3(301)>»
BO(34)sBl(34),B2(34),83(34),
Z2(35)»C1(35),C2(35)5,C3(35),
XC(35)9X2(35),X2Z(35)sYC(35),Y2(35)sY22(35),
NXsNYSNZyKTELSKTEZ2» ISYMsKSYMy»SCALSSCALZS
YAW»CYAW»SYAWSALPHACA»SASFMACHSN1IsN2»N3, 10
STRIPsP1lsP2yP3sBETASFRI IRy JRIKRsDG»IGr»JGsKGyNS
GK1(301l»34)»sGK2(301534)»
SX{301),52(3G1),SXX(301),5X2(301)5522(301)»
RO(301)yR1(3G1)»C(301),D(331),
Gl0(34)»G20(34),G30(34)»643(34)561(34)sG2(34)»
I1,I29KsLaNOsLXsMXpKYsMY» T15AA0,Q15Q2,TYAW»S1

COMMON /NSTAR/ YP(301)»Au(301)»H(301)sFH(301)sAZ(301)»BZ(301),
1CZ2(3Q01)5DZ(3G1),D61(3C1)5,DGJ(301),D6K(301),0L(3CGL)sV(321)5W(301),
2AU{(301)5AV(301)sGQ(301),AA(301)sHZ(301),FXX(301),FYY(301)sFXY(301)
353VI(301),AC(3C1),JU(3C1),VV(301)sWw(301)sUVI301)5ULa(301),VW(301),
AXX(3CLl),AYY(301),AZZ(301)»AXZ(3U1),AXY(301),AYZ(301)sAXT(301)>
SAYT(3Ci)»,AZT(301),»R(301),DGITI(301),0GJJ(301)sDGKK(301)»0DGIJ(301)>
6D0GIK{301)sDGIKL30L),SUBD(301),SUPD(301),DIAG(301),55(301),
70elTAG(301),H0LD1(301),HOLD2(301),HKCLD3(301),HCLD4(321),HILD5(301)
Ey TEMP (3C1) s TEMPL1(301)s TEMP2(301)

v »3AVc(301)sLU(301),ITEMP(201),CG(301),40LL(301)
311(301),812(301)
DeSCRIPTUR DR

sIT

J1
iF

C(ll=1)=C.0
D(Il-1)=0.0

Lvs

RICIL;LV)
1(Il,LVv)a=

s2

(FMACHsGEele) J1=3

12 =11+1

-100

1.0

GK1(Ilsl3LV) = G(Ilslsl;LV)
GXK1(Ilyvl=1;LV)s G(IlyJl=1sl;LV)

Js
[3=

Ji
12



31

APPENDIX-B

LVs I3-]11 +1
YP(l;LV)eSOCI1,K3LV) + BO(J)
SAVE(1;LV)=1.0-RO(I1;LV)
TEMP2(1;LVI®YP(13LV)* YP(1;LV)
TEMPLL;LV)= AO(I1l;LV)* AO(IL;LV)
AJ(l;LV) = SAVE(1;LV)+ TEMP(1;LV)+ TEMP2(13LV)
H{1;LV) sROUIL;LVI/AJLL;LV)
FHO1;LV)=RO(IL1;LVI*AJ(1;LV)
TEMPLUL1;LV)I=AC(IIL;LV)I* (4.0%TEMPZ2(L;LVI-FH(1;LV))
TEMPZ2(13LVImsYP(L;LVI*(4 .0*TEMP(L1;LVI=FH(1;LV))

Az XZ(K)*XZ(K)=YZ(K)*YZ(K)

B= (XZ(KI+XZI(K))I* YI(K)
AZ(13LV)s <AQ(ILl;LV)I*XZ(K) =YP(1;LV)I*YZ(K)
BZ(1liilV)s «AO(IL1ILVI*YZ(K) +YP(13LVI*XZ(K)
TEMP(13LV)s H(1;LV)* H(1;LV)
CZ(1;LV)= TEMP(LI;LV)*®(TEMPL(Ll;LV)*A ~TEMP2(1;LV)*B)

1 =AGCIL;LVI*XZZ(K) =YP(Ll;5LV)I*YZZ(K)
DZ(l;LV)= TEMP(Ll;LV)I*(TEMP2(1;LV)I*A +TEMPL1(1l;LV)*B)
1 =~AO(IL;LV)I*YZZ(K) +YP(Ll;LV)*¥X2ZZ(K)

DGI(Ll;LV)sG(Il+1lsJdsl3LlV) = G(Ii=1sJsL;LV)
DGJUE1;;LV)eG(IlsJd+lsbsly) = GKL(IL,J=1;LV)
DGK(L;LV)=G(Ilsdsl+lLV) = GKI(IlsJd3LV)

TEMPYL(L;LV)= AL(ILl;LV) * DGIC(1;LV)

TEMP2{i;LV)= =Bl(J) * DGJ(1;LV)

UCl3LV)= TEMPLUILSLV)=SX(I1;LV)I*TEMPZ(Ll;LV)I+CA*AO(IL;LV)

1 +SA * YP(l;LV)

V(1;LV)s TEMP2(1;LVI+SA *A0(I1l;LVI=CA* YP(1l;LV)

WEl;LVv)e ROCII;LVI*{CIA(K)I*DGK(L;LV)I=SZUIL;LVI*TEMP2(L;LV)I+SYAR
1 +CARXZ(K)+SA*YZ(KI+H(1;LVI*IUCLLVI*AZ(L;LV)+V(Y;LV)
2 *Bz(13LV)))

AUCLLV)®s U(L1;LV)+A(l;;LVI®AZ(L5LV)

AVIL;LV)= V(l;LV)I+eW(l;LV)I*BZ(1;LV)
TEMPCL;LV)=h(13LV)*(UCL;LVI*®UCL;LV) +V(L;LVI*¥V(L;LV))
QQ(i3LV)= TEMP(L;LV) +W(l;LV)*w(Li;LV)

HCLDI(1;LV) = .2 * QC(1;LV)

AA(L;LV)s VDIMCAAOSHOLOL(L1;LVI;AA(CLI;LV))

HZ(1l3LV)s AZ(L13LV)®SX(Il;LV) = BZ(Ll;LVI+FH(L;LVI*SZ(IL;LV)
FXXCl;LV)®s 1404 H(Ll3LV) *AZ(1;Lv)*AZ(L;LV)

FYYCL3LV)® 140+ SX(IL;LV)I®SXCIL ;LVI+HCL;LV)I*HZOL;LV)I*HZ(1;LV)
FXY(L30LV)® SXCI1;LV) +H(1;LV)*AZ(L1;LV)*HZ(1;LV)

BVI13LV)s AV(YI3LV)I=AUCLILV)I*SXCIL;LVI=FHOL;LV)I*W(Ll;LVI*SZ(I1;LV)
UUCL3LV)= HU1;LV)® AUCL;LVI* AUCL;LV)

VVI1;Lv)s Hl;LV)#* Bv(l;LV)* BV(Ll;LV)

wwl(l;Lv)s Fr(l;Lv) * w(l;LV)*® w(l;LV)

UVIi;LV)=s HEL1;LV)* AUCL;LV) * BV(i;LV)

Uwll;LVv)s AULL;LVI* wil;LV)

VW{l3LV)s BVI1;LV)* Wil;LV) _
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AXX(L1;LV)=RL(IL;LVI®(FXX(13LVI®AACLSLVI=UULL;LV))
AZZ(1;LV)IeFH(1LVI*AA(LI;LV)I=-WN(1;LY) .
AXZ(I;LV)'(ZoO* RO(IliLV))*(AZ(liLV)*AA(l;LV)—UH(I,LY))
HOLDL(1;LV)==TEMP2(1;LVI*(AXX{1;LVI*SXXUIL;LVI+AZZI1;LY)

1 *SZZUI1l;LV)+AXZ(1;LVI*SXZ(I1;LV)) .
HOLDZ(13LV)-(AA(I;LG)*(CZ(l;LV)*TEMPl(liLV)*(DZ(l;LV)-SX(Il,LV)
1 *CZ(1;LV))*TEMP2(1;LV))) * RO(IL;LV)

HOLD3(1;LV)= CAXCAU(L;LVI*AUCLILVI=AVIL;LVI*AV(1;LV))+(SA+SA)*
AUCL;LVI*AVI1;LV)

IHOLDﬁ(l;LV)' TEMP (L3LV)*®(UCL;LVI*ACIII;LVI+VII;LVI*YP(15LV)+2.0%
1 w(l;Lv)*(Ao(Il;LV)*AZ(I;LV)+YP‘1iLV’*BZ‘15LV’){
HOLDS(1;LV)s=WW(l;LV)*(CA*XZZ(KI+SA¥YZ2Z(K))=W(1;LVI*W(1;LV)*
1 (UC15LV)I*CZ(1;LVI+V(1;LV)I*DZ(1;LV)) .

1 HOLD4(1;LV))+ HOLDS5(1;LV))

AXT(L;LV)s AUCLLV)I*AL(ILSLV)

AXT(l;LV)=s VABSCAXT(1;LV)I;AXT(Ll;LV))

AYT(l;LV)s BV(13LV)I* B81(J)

AYTCL;LV)=s VABSC(AYTU(1;LV);AYT(1;LV))

AZT(Ll;LV)= FACL;LV)* W(l;LV) * CL(K)

AZT(1;LV)= VABS(AZT(Ll;LV);AZT(1;5LV))

H3LO1(1;LV)es AYT(1;LV)

BIT(L;LV)= AXTULl;LV)eGECHOLDI(L;LV)

HOLDL(15LV)= GBVCTRULGAXT(15LVIpBILUL1;LV);ADLDICI;LV))
BILT(Ll;LV)® AZT(1;LV)eGESSAVE(L;LV)

SAVE(L;LV)= QoVCTRL(AZT (1;LV),BIL(1;LV);SAVE(L;LV))

611 (L;LV)sHULDI(1;5LV) «GEWSAVE(L;LV)

SAVE(L;LV)= Q6VCTRL(HILDLI(1;LV)»BIL(L;LV);SAVE(L;LV))
HOLOL(1;LV)®s ROCIL;LVI*BETA* AA(L1;LV)/SAVE(L;LV)

AXT(l5LV)= AXT(13LV)* HOLD1(1;LV)

AYTUL;LV)=s AYT(L;LV)* nlLD1(1;3LV)

AZTCOL;LV)=s AZT(Ll;Lv)* HOLOL/1;LV)

SAVeElL;LV)= G(ILlsdsl;LV) + GIIlsusl;LV)
DGII(L;LV)I®mGEI1+1sdsl;LV) =SAVE(L;LV) +6(Il=1,usl;LVI+A3(IL1;LV)
1 *C6IC1;LV)
DGuvll;LV)=GUTILlsd+1sL;LVI=SAVE(LI;LVI+G(TIl,u=1sL;LVI=B3(J)

1 *LGJ(l;LV)
DOKK(1;LV)=G(ILlsJdp L+l LVI=SAVE(L;LVI+G(I1,JdsLl=1;LV)+C3(K)
1 *C6GK(1;LV)

DGIVIL LV)I®G(I1+1sJ+1sL LV)I=GlIl=lsJtlsL;LVI=G(Ilel,J=1,L;LV)
1 +6(I1=-1,J=1,L;L V)
DGIKUL;LV)®G(Il+1odsl41;LVI=G(I1+1sdobl=03LVI=G(Il=1,JyL+1;LV)
1 +6(Il=1sJsbL=15LV)

DOJUKUL;LV) =G (I1loJ+lsl+l3LV)I=GUIlsu=1sL+1;LV)=G(I1sJd+isl=15LV)
1 +G(Il,J=1sL-1;LV)
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AXX(1;LV)s AXX(1;LV) * A2UI1;LV)
AYY(I;LV)- (FYY(L1;LVI*AA(L;LV)I=VV(135LV))*B2(J)
AZZ(13LV)s AZZ(1l;LV)* C2(K)

TEMPL(1l;LV)= Al(IliLV)*Bl(J)*;—Tl)

TEMP2(1;LV)= AL(IL;LV)*CL(K)I*TIL
AXY(liLV;-—Rl(IliLV);(FXY(liLV)*AA(liLV)*UV(liLV))*Z.O*TENPI(ISLV)
AXZ(1;LV)s AXZ(l;LV)* TEMP2(1;3LV)

CUNST = =T1 * B81(J) * C1l(K)

AYZ(1l3LV)s= “ROCIL;LVI*(HZ(LLV)I*AALL;LVI+VW(1;5LV))I*2.0*CONST

SUPD(1;LV)=s AXX{1l;LV)

SUBD(1;LV)s AXX(1;LV)

DIAG(I;LV)t-Z.O*A;X(l;LV) -Q1*(AYY(1;LV)+AZZ(1;LV))
BI2(1l;LVie QQUl;LVILTAALL;LY)

NNS = Q8SCNT(BIZ2(1;3LV))
TEMP(l;LV)= AXX(13;LVI*DGII(1;LV) +AYY(1;LVI*DGJJ(L3LVI+AZZ(L;LV)*

1 DGKR(13LV)+AXY (1;LVI*DGIJ(L;LVI+AYZ(L;LVI*DGJIKIL;LV) +
2 AXZ(1;LV)I*DGIK(L;LV) + RUL;LV)
R(1;LV) = QBVCTRLITEMP(1;LV),»BI2(1;LVI;R(15LV))
BIL(15LV)s QQ(L;LV)eGEAA(L;LV)
NS = QBSCNT(BI1(13LV)) +NS
SC1;LV)IeVSIGN(La05UC1;LVIG;SIL;LV))
AXX{13LV) = QUCL3LVI® A2(I1;LV)

AYY(1l;LV) = VV(l;LV)I*B2(J)
AZZ(13;LV) = Whll;LV)* C2(K)
AXY(LliLV) = 8e*SCL;LVI¥UVILI;LVI*TEMPL(L;LV)
AXZ(I3LV) = Bo*S(L;LV)*UN(L;LV)®TEMP2(1;LV)

AYZ(1l;LV) ® Ee*35(1;LVI*VW(L;LV)*CONST
HOLODL(15LV)s(FXXOL3LVI*QQUL;LV)-UU(L;LV)) *A2(I1;LV)
AQLD2CL5LVI=CFYYCL LV *QQIL;LV)I=VVI1;LV)) *£2(J)
HOLD3 (L LVI=(FHIL;LV)I*QQIL;LV)=WW(l;LV))*C2(K)
HOLDG(L3LV)e=(FXY(1;LV)I*QQ(1;LVI+4UVIL;LV))* 2,0%#TEMPL(1;LV)
HOLDS(15LV)®(AZ(L;LV)I*QQULl;LVI=UW(L1;LV))I*2,C*¥TENMP2(L;LV)
TEFMPULI LV)® =(HZ(L;LV)I*QC(1;LV)+Vu(l;LV))* 2,0%CONST
TEMPl(l;LV)= 1.0
TEMPLIL;LV)® QBVCTRLIQUIL;LVISBIL(1;LVIZTEMPLI(L;LV))
ACGCLLV) = AACL;LV)/TEMPLI(LI;LV)
DELTAG(LI;LV)=HILDY(1;LVI*DGIT(L;LV)+HOLD2(1;LVI*DGIJ(L;LV)
1 +HOLD3(1;LVI*DGKK(1;LV)I+ HOLOG(L;LV)*DGIJ(L;3LV)
2 +HOLDS(1;LVI*DGIK{L;LVI+ TEMPIL;LVI*DGJIK(L;LV)
BIZ2(1;5;LV)=S(1;LV)eNE«(1a0)
TEFPL(1;LV) & G(Il-1sJsL;LV)
TEFMPLLLSLV) = QSVCTRL(O(IL41sJsL;LVIsBI2(L3LV)ITEMPL(L;LV))
TEMP2(UL;LV) = G(Ii=2sJsLl;LV) )
TEFPZ2(15LV) = QoVCTRL(GUIL+425JsL;;LV)IoBI2(15LV);TEMP2IL;LV))
SAVE(L;LV)= G(Ilsdsl;LV) = TENRPL(L;LV)
TEMP(l;LV)= SAVE(L;LV) - TEMPL(13LV)+TEMP2(1;LV)+A3(I1;LV)
1 *DoI(l;iV)
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DGII(1;LV)= QBVCTRLUI(TEMP(1;LV),BIL(1;LV);DGIT(1;LV))
TEMPI(1;LV)= G(Il=1,J=1sL;LV)

TEMPL(1;LV)= Q8VCTRLI(G(IL141sJ=1sLl;LV)sBI2(L;LVISTEMPLLL;LV))
TEMP(1;LV) =SAVE(L;LVI+TEMPL(1;LVI= G(Il,J=~1,sL;LV)
DGIJ(1;LV) =QBVCTRL(TEMP(1;LV)»BIL{ILVISDGIJ(I5LV))
TEMPL(1;LVI)= G(Il=1yJsl-1;LV)

TEMPL(l ;LV)e QBVCTRL(G(I1+1sJol~1;5LV)»BIZ2(1;LVIGTENPLILISLVY)
TEMP(1;LV)= SAVE(L;LV)I=G(IlsJdsl=15LVI+ TEMPL(1;LV)
DGIK(1;LV)s QBVCTRL(TEMP(L1;LVI,BIL(1;LVI;DGIKI(L;LV))
DGJJ(L3LV)m G(ILlsdsl;LV)=2,0%GC(I1sd=1sL;LV)I+GKLI(I1sJ-25LV)

1 -83(J) *DGJ(1;LV)

DGKK(1;LV)® G(ILlsJdsl;LV)I~2,0%G(I1lsJsl=~1;LVI4GK2(I1sJ;LV)

1 +C3(K) *DGK(1;LV)
DuJdK(13LV)m G(IL,Jdsl3LV)=G(IlsJdsbl=1;LV) =G(I1lsJd=1si;LV)
1 + G(Il,d=1,L=1;5LV)

TEMP(1;LV)= AXX(1;LV)*DGII(L;LV) +AYY(1;LV)*DGJJ(1;LV)
1 +AZZ(L1;LVI*DGKK(LI;LV)I+AXY(1;LV)I*DGIJ(1;5LV)
2 $AYZ(1;LVI*DGIKR(LISLVI+AXZ(L;LVI*DGIK(15LV)
TEMPL(1;LV)=s AQ(l;LV)I-1.C
TEMP2(1;LV)e= AXY(Ll;LV) +AXZ(1;LV)
SAVE(L;LV)®s (S5*TEMPL(1;LVI*(2.,0%AXX(1;LVI+TEMPZ(1;5LV))
HOLD&@(1:3LV)s AQ(LILVI*HOLODL1(LLV)
AULD(15LV) = HOLD4(13LV) =(le0=-S(L1;LV))I*SAVE(1l;LV)
SUPDUL5LV)I=QBVCTRLIHULO(ILV)»BI2(1;LV);SUPD(L;LV))
AILOGLSLV) s HOLU(l;LV) =(leO0+S(Ll;LV)I*SAVELL;LV)
SUBD(L;LV)=QB8VCTRL(HULD(L;LV)sBIL(L5LV);SUBDILI;LV))
ROLD(L5LV) ==AQ(Ll;LV)*(2.,C*H0LD1(1;LV)+Q2%x(HOLD2(1;LV)+HOLE3
1 (15LVv)))  +TEMPL(L;LVI*(2,0%(AXX(L1 LVI+AYY(L;LVI+AZZ(1;5LV))
2 +TEMP2(L;LV) +AYZ(15LV))
DIAG(Ll;LV)=QBVCTRL(HOLC(1;LV)»BIL(1;5LV)I;DIAG(L;LV))
HOLD(1;LV)®s TEMPLAL;LV)*TEMP(L;LV)I+AQ(LI;LV)I*DELTAG(L;LV)+
1 R{1j5LV)
REL5;LV)I®QBVCTRL(AJLD(LISLV)SBILCLLVISROL5LV))
A>SIGN LCRHRU1ILV)
CALL VEMAX(X'04',0,0Rs05ICUUNTSGCUNST)
IF (ABS(CONST)WLEABS(FR)) GG TO 37
FR s CONST
IR = ICOUNT+I1
JR = J
KR s K
CONTINUE
REIGLV)=R(LLVI=AYT (LI ;LVI®(GKI(Ilrd=15LV)=GlI1pJ=1sl;LV))
1 =AZT(1;LV) * (GRICI1sJLV)-=GIIlousl=1;LV))
DIAGUL;LV)=UIAGIL;LV)I=AXT(L;LV)=AYT(Ll;LV)=AZT(1;LV)
SUBD(1;LVv)=sSUBD(L1;LV)+AXT(1;LV)
I0OPT=(
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CALL Q4TRILGE(LV,SUBD,DIAGs»SUPD»CsDs» IOPT,R)
CGUI1;LVImR(13LV)
ASSIGN OR,CG(IL;LV)
CALL Q&MAX(X?04',0,DRs 0y ICOUNT,0,CONST)?
IF (ABS(CONST)«LELABS(DG)) GO TO 43
DG s=CONST
IG = ICOUNT+I1
J6 = J
KG = K
GK2(IlsJ3LV) s GKL(Ilr»Jj;LV)
GK1(IlsJsLV) sG(Ilsdsl;LV)
G(IlsdsLl3LV) = G(IlsJdslsiV) ~CG(IL5LV)
JeJd+l
IF (J=KY) 31,511,061
IF (I2.6TITE2(K)) 1I3sITEC(K)
Ltvs  I3-I1 +1
ITEMP(Ll;LV)=s VIABSCIV(Il,K;LVIGITEMP(L;LV))
LUCL;LVv) = 1 =-ITEMP(15LV)
cJ(l;LV)s VIABS(LU(LI;LVI;;LULL;LV))
3T1(15LV) = LUCL;LV)SLTSITEMP(LLYV)
ITEMP(1;LV)es QBVCTRL(LUCLSLV)»BIL(LI;LVIGITENRP(LSLV) )
RQ{IlsLv) s ITEMP(L;LV)
R1ICIL5LV) s LUCL;LV)
G3 T4 31
N = NO
I s LX +1
IF (KeLToKTE1eOR«KsGTLKTEZ) GO TGO 71
I0 sNX + 2~ 13
Ly = 13-10 +1
SAVE(L;LV)=1e0 =RO(CIO;LVI+ACIIOG;LV)I*AOLIO;LV)I+SC(IOsKLVY)
1 * S0(10,K5LV)
BLl;LV) = RGELC;LVI/SAVEL(L;LV)
FrOl;LV) = RPO(IO;LV)*SAVE(L;LV)
A2 L3V I==AG(IO;LV)* XZ(K)=SO(IO»K;LVI*YZ(K)
S3Z(1;LV)=s=AC(CI0;LV)* YZ(K)+SO(IOsK;LVI®XZ(K)
HZ(l3LV)® AZ(L;LV) * SXOIO;LV)I=BZ(1l;LV)4FHII3LVI®SZ(I05LV)
TEFP(1;LV)e® H{Ll;LV)*® HZ(Ll;LV)
FYY(L5LV) = 140 +SXCIOSLV)I®SXCIO;LV)®HZ(IsLVIXTEMP(L;LY)
FXY(L5LV) = SXOIO;LVI+ AZ(13LV)* TEMP(1;LV)
SGI(L;LV) = GUIJd+LlsKY,)L;3LV)I=GUIO=1sKYsL;LV)
Cor(lsLV) o GUIDsKY,L41l;LV)I=GKZ{IOsKY;LV)
VIl13LV) = SA*AD(IO;LV) —CA* SCG(IOsK;LV)
GEl5LV) =AY(IO;LV)I*®DGI(L;LV)I*CA®AO(IO;LV)I+SAXSO(IC,AsLV)
Kll;LV) =CLIK)I*DGK{1;5;LV) +SYAw +CA*XZ(K)} +SA*YZ(K)
GUIOsRY+1sLl LV)a GUIOIKY=2oL ;LVI+(VIL;LVI*{1eG-EZ(L;LVI*TEMP(L1;LV)
1 J=UCL;LVI*FXY(L3LVI-W(LI3LVI*RZ(L;LV) I/ (FYY(L1;LVI*BL(KY))



71

73

75

17

APPENDIX-B

I = IO
IF (IOCNEJITEL(K)) GD TO 71
E = G(I3,KY,L)=G(IOsKY,L)
NO s NO+1
EQO(NO) = EOCINQ) +P3%(E ~EG(NO))
N = NO
IF(IleliEeell) RETURN
I = [~]1
€E = 0.
IFC IV(IsK)eNELL1) GO TO 77
I27 s Z(K) = TYAWR(XC(K) +S1*A0(1)*A0(I))
IF (1271.GE+«Z20(N-1)) GO TO 75
N s N-1
GO TJ 73
CONST (2722 =2ZC(N=1))/(20(N)=Z0(N-1)}
E = CONST * EQ(N) +(1.,0~CONST)I* EQ(N-=1)
M = NX +2 -1
G(IsKY+lsl)= G(MsKY=1sLl) -E
GiMyKY+1sLl)s G{IsKY=1pL) +E
GKe{MsKY) = GK1(M,KY)
GK1{MsKY) = G(MgKYsl)
GIMsKYs L) s G(IsKYsl) +E
GO Ty 71
chND
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APPENDIX-C

LISTING OF SUBROUTINE REFIN IN FLO-22-V1

SUBROUTINE REFIN ]
COMMON 6(301+34,35)»50(301,35),E0(131),20(131),

IVI301,35),ITEL(35)»1ITEZ(35),
AC(30G1)»A1(301),A2(301),A3(301),
BO(34)»B1(34)s82(34)583(34),
2(35),C1(35),C2(35),C3(35),
XC(35)sX2(35),XZZ(35)sYC(35)5Y2(35)5Y2Z(35),
NXsNYsNZsKTEL1sKTEZ2s» ISYMsKSYM,SCAL»SCALZS
YAWsCYAWsSYAWS ALPHA»CAy SAsFMACHI NS N2H)N3, IC
MX = NX +1
KY s NY +1
MY = NY +2
M2 « NI +3
MXG s NX/2 +1
MYC = NY/2 +2
MZO = NZ/2 +2
IvL=s 301 * MY
K = ]
KK =K
IF (KSYMJEQ.C) GU TO 11
MZ0 = NZ/2 +3
K s 2
KKsK
oo 53 KaeKKsMZT
J = NY/2 +1
Ju s KY
I s X0
11 = MX
G(IIr,JddsrK) = G(lsdsK)
i = ] -1
Il = ]I =2
IF (1.6T.C) GG TL 31
J s J -1
JdJd s g =2

IF (JeGTevw) GO TO 21
DO 42 JslrKYs2
DU 42 [=29NXsc
G(IsJdsK) = 45%(G(I+1,JsK) +6(I=1sJdsK))
D3 52 I=1,MXx
D0 54 Js2sNYs?2
GCIsJdroK) = 5%(G(IsutlsK) +G(IsJd=1yK))
G(I,MYsK) = O,
CONTINUE
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IF (KSYMJ.NE.O) GO 70 111
MIN = MZO
MZST = NZ+1
60 1O 112
111 MZM = MZ0
MZIST = MZ
112 GU1ly1oMIST;IVL) = G(1ls1sMIM;IVL)
IF (MZST.EQ.1l) GO TO 113

MZST= M2ST -1
G{lsodlyMIST;IVL) = o5 % (G{1ls1,MIMFIVL) + G(1ls1loMIM=1;1IVL))

MIM = MIM =1

MZST = MZST - 1

GO TO 112
113 CONTINUE

TYAw

Si

NO

EC(NO)

K

KK aK
IF (XSYMeNE.O) KK = K¢}
JC 251 Ks=sKKoMZ

SYAW/CYAW
e 5*5CAL
KTEL -1
Go

2

N = NG

I = MX0O +1}

IF (KelLTeKTELleOReKSGToKTERZ) 60 TO 231
Ii = ITEL(X)

ic = [TEZ{X)

ODG 212 1=11,512

0S1 s SO(I+isk) ~=S0UULI-1,K)

O3k s SO(IsK+1) =SC{Isx-1)

SX = AL(I)*DSI

52 s Cl(K)=*Jy35K

DGI 2 G(I+1sKYsK) —G(I=1sKYsK)
DGk 2 GUIsKY ) K+1l)=G(IsKYyK~=1)

R = aMINC(LlsIV(IsKI)

A » 1e0 =K + AJ{I)*AQ(I) +SU(IsK)*S5J(I,K)
H = K/A

F4 = R*A

AL = =AQ(CI)*XZ(K) = SO(l,Kk)I*YZ(K)

BT = =AQ(I)*YZ(K) + SCUI,KI*¥XZ(K)

R = Al %SX =37 +4FH *S7

FYY 3 1,0 +SX*SX +H¥ril*AZ

FXY = Sx 4 H¥AZ#*HZ

: = AL(I)*DG] +CA®AC(I) +S5A*SO(]I,K)
W s C1(K)*®DGK +SYAW +CA *XI(K) +SA*YZ(K)
v = SA®XAD(I) == CA*SO(]I,K)
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212 GUI,KY#+1p,K) s G(I,KY=1,K)

221

231

241
251
ebl

+(V¥(1e0 —H*BZ*HZ)~U*FXY-W*HZ)/(FYY*BLl(KY))
NJ = NO +1

EO(NO) s G(I2yKYsK) =GlI1sKYsK)

N s NO

I = J1

IF (KeNEKTE2+sOKeYAweslLESDos) 6O TO 231

I s ] +1

M = NX +2 =1

NO s NO +1

EQ(NQ) = G{MyKYsK) =G(Is»KY,K)

IF (I.LTeMX0) GO TO 221

I s 11

I « I -1

£ s (U,

IF (IV(IsK)eNEel) GC TO 237

iz s Z(K) ~TYAW*(XC(K) +S1*A0(I)*A0(I))
IF (ZZ.GE«ZO(N=1)) GO TO 235

N = N -1

G0 70 233

R = (22 =ZU(N=1))/(ZO0(N) <=10(N-1))
E s R¥EO(N) +(le <=R)I*EC(N-1)

M a NX +2 =1

G(IsKY+1lsK) s G(MpyXY=1,yK) -t

GIMsKY+1pK) = G(IsKY=1,K) +E

IF (IV(IsK)eNEe~1)} GO TO 241

G(IyKYsK) ® JORG(IsRY )K=1)+,25%(G(I)KYyK41)}+G(MoKYsK+1})
IF (IV(IIK’I).LT-I)

1G(IsKYsK) & JOFG{IsKY K+1l)+o25%(G(IsKYsK=1)460(MyKYsK~1))

G(MyKY,yK) G(IsKYsK)

GUIsKY=1,K) s 5% (G(I,KY,K) +5(I,KY=2,5K))
G MpKY=1sK) = +5*%{G(MsKYsK) +G(MaKY=25K)})
1F (I.GTe2) GO TGO 231

CONTINUE
EGINU+1) = O,
RETURN

END



. CPU Time Per
No. Grid Points . . STAR Ratio of CY 175
Grid Point Vector CPU Time to STAR
X Y 7 |Total CcY 175 STAR Length CPU Time
! 5
9% 8 16 | 12280(1.4x10 7.5%10 96 1.87
~L )
192 |16 32 | 98304 |1.4x10 5.X10 192 2.8
150 8 16 | 19200 1.LL><10‘1‘* 6.5><1o'5 150 2.1
300 | 16 32 | 153600 1.ux10‘l‘* u.5><10"5 300 3.1

Total Time = (Time per grid pt.) x (No. of grid pts.) X (No. of iterations)

*This case has not been run on the CYBER computer because of storage and
total time limitations, however,CPU time per grid point is the same as
that for smaller cases.

Table 1 (NACA 651_1\012 wing |
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