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Chapter 1V
CONCLUSION
SUMMARY

The results of the Boyack analysis were used to plot performance
maps for the multiple-disk turbine. The Boyack solution is applicable
for the conditions of a three-dimensional, laminar flow, of an incom-
pressible Newtonian fluid, in radially inward flow between parallel,
co-rotating disks. Parabolic and uniform input velocity profiles, with
full admission of the working fluid to the rotor, were assumed. Per-
formance data for the general flow problem required the three
dimensionless input parameters be specified, NRE’ Uo and Vo‘ In this

investigation NRE’ U, and VO were allowed to vary over the ranges of

0]

0.5 < N, < 10.0, 0.01 < UO < 1.0, and 0.8 < Vo < 1.3. The performance

RE
parameters, n, T, and PT, at specified exit radii were plotted indi-
vidually with respect to Reynolds number, NRE,and radial input velocity,
U..
0

The performance maps in Appendix C enable a turbine designer to
determine maximum 1imits of efficiency and performance for a multiple-
disk turbine. Having used the performance curves to determine a
particular area of interest, a designer could then refer to the output

sheets presented in Appendix B to obtain more precise data for calcu-

Tating the turbine operating specifications. The dimensional
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characteristics such as disk spacing, exhaust radjus, and nozzle angle
can then be determined by using a design program similar to the one

presented in Appendix D.
RECOMMENDAT IONS

The constant characteristic values on the performance maps were
hand plotted using the output data from Boyack's analysis. The process
was very time consuming. It is recommended that a digital computer
program be constructed, using the output data on the summary sheets in
punched card form, to make initial plots of UO versus n, T, and PT

with N Vo’ and Ri constant. A "parabolic fit" technique can be used

RE’
to make the plots, since the initial curves are smooth and without
inflections. The results could be graphical or tabular depending on
the peripheral equipment available.

A more sophisticated program could be developed to do the cross
plotting by interpolating a series of initial output curves. The out-
put could be graphical or tabular again depending on the peripheral

equipment available. This approach would result in greater accuracy

and a more efficient method of plotting performance maps.
FURTHER STUDY

Performance curves that are produced for conventional turbines,
as in references [27] and [28], are expressed in terms of specific
diameter versus specific speed, where dimensional parameters such as

pressure head, volume flow rate, speed, and diameter are combined to
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form the specific parameters. Further investigation into the derivation
of similar expressions for the multiple-disk turbine would be benefi-
cial. The output data shown in the performance maps in Appendix C
could be represented by a single set of performance curves rather than
three individual sets.

An additional area for investigation is the region where
Uy > 1.0, and all vO and NRE' With these input parameters the output
data indicates that there is pumping action in the outer periphery of

the rotor. The possibility of a radial inflow pump exists in this

area of operation.
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APPENDIX A

MODIFIED BOYACK PROGRAM



' N N e e iy Ne e e Ne e Ne Ees X2 R e N NoNe Ne Ne Ne e NvNe Ne Ne Ne Ne Ne No No NeNe Ne NoNe Ne e B e NeRo Ne e e e B ke X2 B2 2 X2 X2 By |

54

PROGRAM PUMP  (INPUT,OUTPUT)

PROGRAM PUMP, M CRAWFORD, ARIZONA STATE UNIVERSITY, 1971
PROGRAM UPDATED FOR CDC 6400, SCOPE 3,3

THIS IS A MODIFICATION OF THE TURBINE PROGRAM, YIELDING
MAGNITUDE (NON-DIMENSTIONALIZED BY OUTER RADIUS * OMEGA)

AND DIRECTION (DEGREES FROM A RADIAL LINE) OF VECTOR AVERAGE
VELOCITY AT SELECTED RADIAL STATIONS, BY MEANS OF SUBRNUTINE
VECTOR,

THIS °PROGRAM TREATS THE LAMINAR FLOW OF AN INCOMPRESSIBLE,
NEWTONTIAN FLUID, WITH RADIALLY INWARD OR OUTWARD THROUGH=-
FLOW, BRETWEEN PARALLEL,CO-ROTATING DISKS.

THE SOLUTION METHOD CONTAINS A FINITE-DIFFERENCE SOLUTION SEG-
MENT AND AN INTEGRAL SOLUTION SEGMENT,

INPUT VELOCITY PROFILE SHAPES MAY RBE PARABOLIC,UNIFORM,MATSCH
ASYMPTOTIC, OR ARBITRARY SPECIFIED.

THE F-D SEGMENT IS USED AS A START-UP FOR UNIFNRM INPUT PROFILES,
WITH MATCHUP TO INTEGRAL METHQOD UPON SATISFACTION OF MATCHUP
CRITERIA.

POLYS OF 4,6,8 ORDER MAY BE SPECIFIED FOR INTEGRAL SEGMENT, FOR
HIGHER ORDER PROFILES,REPLACE SUBROUTINE DERV. THE INTEGRAL
SEGMENT ALLOWS ORDER REDUCTION TO &4 OR 6 DURING INTEGRATION.

PARAMETER TYPE NDESCRIPTION COLUMNS

SRR S RIS L X X J LA XA RS R E XSS L E RS E R RN LR REE R RSN KRS S BREBEEN

CARD 1
yORERE
LIMP INT  NUMBER INFO STORAGE POINTS 1-2
CARD 2
[ X B X % ¥ 3
XPNT (1) Fp STORAGE POINTS 4F15.0
CARD 3 (UNIFORM PROFILE CONTROL)
LE R X X R 3
KK1 INT  NO. F-0 STEPS BEFORE MATCHUP TRY 1-5
KK2 INT  INTERMED. PRINT INTERVAL,WITHIN KK1 6-10
KK3 INT  KK3=0 NO PRINT AT KK2 INTERVAL 11-15
KK3=1 PRINT
PCTY Fp MAX PERGT DEV, INTEGRATED F=-D PRO- 16-30
FILE TN POLY CURVE-FIT (U VEL)
PGTY Fp MAX PERGCT DEV,V VEL F=D POINT TO  31-45
POLY CURVE-FIT POINT
NOTE -- IF COMPARISISON TESTS FAIL, F-D SEGMENT CONTINUES
WITH MATCHUP ATTEMPTS AT 10 F-D INTERVALS
CARD &
(X X R XN )

NOPNT INT NOPNT=0 PRINT EVERY XPNT INTERVAL 1-5
NOPNT=1 PRINT ONLY SUMMARY SHEET
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MODE INT MODE=4 6TH ORDER POLY 6-10
MODE=6 6TH ORDER POLY
MODE=8 8TH ORDER POLY

INPRO INT INPRO=1 PARABOLIC INPUT PROFILE 11-15
INPRO=2 UNIFORM INPUT PROFILE
INPRDO=3 MATSCH ASYMPT PROFILE
INPRO=4 ARBITRARY PROFILE

KCMOOE INT KCMODE=0 NO PROFILE ORDER REDUCE 16-20
KGCMQOOE=4 4TH ORDER RECUCE
KCMODE=6 6TH ORDER REDUCTION

XFIT Fe INTERVAL FOR REDUCTION IN POLY 21-35
CARD 5
rerBRN
ua,vo,RE Fe PARAMETERS FOR INPRO=1,2 3F15.0
OR
UO,RE FP PARAMETERS FOR INPRO=3 2F15.0
OR
AUP(I DN FP 7 GCOORD, U COMP, V COMP ARRAY, JF15.0
(MODE/Z2+1) PTS REQD
NOTE -- DATA CARDS 4,5 REPEAT AS NENW DATA, USE ONE BLANK
CARD TN TERMINATE PROGRAM
L 3 ¥ * » % ® ¥ ¥ » » ¥

DIMENSIONS FOR 12TH ORDER VELOCITY PROFILES AND 31 PRINT STATIONS
WITH PROFILE VALUES AT 21 VALUES OF 0.025 SPACING

TO COMPUTE ABOVE 8TH ORDER, SUBROUTINE DERV MUST 8E REPLACED
WITH THE ARBITRARY ORDER PROFILE DERV SUBROUTINE

COMMON QS(13,13),F(13,13),6G(13,13),H(13,13),AC(13),BC(13),
Y(12)yY10(12),Y2(12),Y3(12),YL(12Y,2(12),21¢(12),
22012) yZ3(12)47L(12),YI(12),E(12) 4 XTyXCyXyX1yX2,
X34y Xy DXL 9y OXyOXM,EMIN, EMAX y KONT4LGyMP,MC 4, M1, M2,
M3yM4yMT,NT,RF,UO,V0O,0PDR,P,P1,P2,P3,PL,PG1,PG2,
MODE NOPNT , INPRO,KKONT yMDTIOGyKF yKFF 4y KPNT,SIG,ALPRM,
ATES(6L465) 4y XTES(64),

RSV (31) ,ETASV(31),PTSV(31),PSV(31),TQUESV(31),

DPDRSV (31) yACD(13) 4y ZINF(13),ZVUV(21,13),ZVH(21,13),
INUM(31) ,RINF(L11) ,AUP(7,3),UN(21),VH(21),R]I],
ZW(21) yWAHC21),Q(13413) ,XPNT(31)4RIZ2,ISyLUJNTP,PI,NTH,
VMAG(31) ,VANG(31)

DIMENSION IFIT(7)

EQUIVALENCE (X,R)

READ NUMREP OF PRINT AND/OR NDATA STORAGE STATIONS
READ 7000, LIMP

READ STORAGE STATION ARRAY

READ 7005, (XPNT(I), I=1,LIMP)

READ UNIFORM PROFILE CONTROL DATA

READ 7015, KK1,KK2,KK3,PCTU,PCTYV

READ PRINT CONTROL,PROFILE ORDER,PROFILE SHAPE,REDUCTION ORDER,RED.PT
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DO

205

()

G
210

D

READ 101, NOPNT,MODE, INPRO,KCMODE,XFIT

IF (MODE.EQG.0) CALL EXIT
G0 TO (205,205,210,215), INPRO

PARABNLIC INLET PROFILES
OR
UNIFORM INLET PRNFILES
READ 102, UO,VO,RE
60 10 221

READ MATSCH ASYMPTOTIC PROFILES
READ 103, UO,RE
GO YO 220

+6* READ ARBITRARY PROFILES AS SETS OF Z COORD,U VEL COMP,V VEL
COMP FOR (MODE/2+1) POINTS, INCLUCING TWO BOUNDARY POINTS
AUP(I,1)=Z COORD AUP(I,2)=U COMP AUP(I,3)=V COMP

DOOO

215

2240

IO D

Ny e

READ 104, RE
LIM=MNDE/2+1

READ 105, ((AUP(I,J),y, J=1,3), I=1,LIM)

GCONTINUE

IUNTFM=Q

IF (INPRO,EQe.2) IUNIFM=1
CURVE FIT POINTS

CALL CFIT (IFIT,MODE)

CDC 6400 TIME RECORD
3TIME=SECOND(A)

XTI INITIAL INTEGRATION POINT

XI=XPNY (1)

FINAL CUT-OFF VALUE INDEPENDENT VARIABLE

XC=XPNT (LIMP)
INITIAL PRESSURE
PINL=0.

SIG=+1,

IF (XPNY(2) LT XPNT(1)) SIG=-1.
XHWS=XT

NT=MODE

NTSV=MODE

NTP=NT+1

NTH=NT/Z2

KCMODD=KTMNODE

I1S=0

PI=3.14159?765

* L 4 ¥ L ¥ ¥ ¥

DIOGNNSTIC FLAGS

MDIOG=0 PRINT EVERY DOUBLE OR HALVE OF STEP SIZE

MDTI0G=1 NO PRINT
MDIOG=1

MP=( PRINT EVERY INTEGRATION STEP



OO [ B Ry B ] [}

(= S ep]

[ B Ie]

380

382

333

184

MP=1 NO PRINT
MP=1

KPMAX, PRINT INTERVAL FOR PROFILES,DIOGNOSTIC
KPNT=0 PRINT PROFILES EVERY KPMAX STEPS
KPNT=KPMAX+1 NO PRINT

KPMAX=200

KPNT=KPMAX+1

KKONTM, MAXIMUM NO INTEGRATION STEPS
KKONTM=30000

KPRDRV=0 PRINT DERIVATIVES BEFORE PROFILES
KPRORV=1 NO PRINT
KPRDRV=1

» 3 » . » » » » . »

PROFILE GENERATION POINTS, MUST BE 11 OR 21
Lu=11

LUM=LU-1

DELZ=0.5/7/FLOAT(LUM)

IWLLY =043

N0 380 I=2,LU

ZH(D)=ZW(I-1) +DEL Z

CONYINUE

DO 382 1=1,NTP

ZINF(I)=0.0

CONTINUE

DO 383 I=3,NTP,2

IARG=1-2

ZINF(I)=,001%*TARG

CONTINVUE

DO 384 TI=1,LU

IHSQ=ZHC(I) *ZW (1)

ZVUV(I,l,zic

VWL, 1) =ZNW(I)

DO 384 J=3F4NTP,2
IVUV(T,,J)=ZVUV (I, J=2) *ZHSQ

IVR{T 4 ) =ZVWLT,JU=-2)*7HSQ

CONTINUE

DO 3 I=1,NTP,2

no 3 J=1,NTP,2
FULIsJ)=1.0/7((T4J=-1)%2,0%*(1¢J~-1))
AS(Ty I =TP (I+J=-1) *(I+U+1)*2,0%*%(I+J+1)
G(I,J)=(4., 0% *(I+J+1)+12.0%(J~1))/QS(1,J)
HOTI, )= (L. 0*I*(TI+J+1)-12,0*1)/7QS(I,J)
CONTINUE

LC=0

KKONT=0

I0UTR=(

OXI=1.E-8¥%SIG

INFL=0

ICONT=0

INFLT=0

ILIM=Q

/7



KONT=1
399 e=0
MT=0
M1=0
M2=0
M3=0
M&t=0
MCO0=0
KF=0
KFF=0
£FF=1.0E11
DXM=SIG *0.0025
DXVER=4,E-12
FMAX=1. 0E-04
EMIN=EMAX/100000.0
Xx=XI
DX=DXI
P=PTINL
NDBTAIN ORIGINAL VALUES OF DEPENDENT VARIABLES
DO & I=1,NTP
AC(I)=0.,0
RC(I)=0.0
ACD(IY=0.0
CONTINUE
IF (INPRO.NE.2) GO TO 8
UVPRz=UO*VO
UuuvvV=uUG*uUO*y0+UO*VO*VO
RI1=59,*UVPR*0,025/3,
RI2=593,*UUUVW=*0,025/3.
IF (SIG.GT40s) PINL=-RI2/UO
P=PINL
IS=1
XWS=XPNT (?2)
INUM(1)Y =]
PSV(1)=PINL
RSV(1)=XI
ETASV(L)=12,
PTSV(1)=RI2/UQ0+PINL

8 CONTINUE
KER=(Q
CALL INPUT(KER,AUP,RyIFIT ,RE,UN0,VO,M0ODE,INPRO,SIG,4P,LU,
1 KK1,KK2,KK3,PCTU,PCTV)

IF (KER.EN.2) GO TO SO
IF (KER.EN.3) GO Tn St
DO 6 I=1,NTH
J=1%2-1
K=NTH+I
YI(I)=AC ()
YI(K)=BC(J)
& CONTINUE

DO 16 I=1,NT
Y(I)=YI(T)
E(I)-’-Oo

16 CONTINUE



IF (INPRO.EQe2.0R,ILIM,NE.O) GO TO 888
INITIAL TORQUE AND DYNAMIC PRESSURE
Q11=0 o0
RIZ'—'-D.D
po 18 I=1,4,NTP,2
no 18 J=1,NTP,2
R11:911+AC(I!'BC(J)/((I*J‘i)'Z.O"(I+J*1))
no 18 K=1,NTP,2
RIZzRIZ*(AC(I)’AC(J)'AC(K)+AC(I)*BC(J)'BC(K))/((I*J*K-Z)*
12,0%*(T+J+K=2))
18 CONTINUE
488 CONTINUE
GALL DERYV
CALL PRNT(1)
KPAR=1
IF (INPRO,EQ.2) KPAR=Q
CALL PROFTL (KPAR, XWS)
20 CALL MOVE
KKONT=KKONT+1
IF (KKONT,.GT.KKONTM) GO TO 55
KPNT=KPNT+1
IF (MT) 22,21,22
24 KONT=KONT+1
IF(KONT=4) 22422423
22 GALL RKGI
DO 24 I=1,NT
E(I)=0,0
24 CONTINUE
IF (MDIONG,ENQ. Q) CALL PRNT(2)
GO0 TO 26
23 CALL ADMI
IF (72(1)Y~-EF) 25,25,410
25 IF (MP.EN.0) CALL PRNT(2)
IF (ARS(DOX).LT.DXTER) GO TO 32
EXAMINE () PROFILE FOR INFLECTION
UINFL=0.0
DO 26 I=F,NTP,2
UINFL=UINFL#(I-1)*AC(I)*ZINF(I)
26 GCONTINUE
IF (SIG *®UINFL)Y 27,27,°28
27 TF (INFL.EQ.0) GO TO 29
INFL=0
ICONT=TICNONT+4
RINF (ICONT)=R
G0 Tn 29
28 IF (INFL.EQ.i) GO TO 29
INFLT=1
ICONT=ICONT+1
RINF (ICONT) =R
INFL=1
29 CONTINUE
CALL ITRO (MCO)
IF(MCO.EN.1) GO TO 601
TF({ARS({X~XNWNS)-ABS(0.99*0X)) GE.D04) GO TO 602
hlL KPAR=1



go Y0 603
602 IF (KPNT . NE.KPMAX) GO T0 599
KPNT=0
CONTINUE
IF (KPRDRV,.EQ.1) GO TO 604
CALL PRNT(2)
golt CALL PROFIL (KPAR, XHS)
599 CONTINUE
IF (MCO.NE.0) GO TO 30
IF (KGMODE.EQ.0) GO TO 20
Do=(X=XFIT)*SIG
IF (DD.LT.0,) GO TO 20
FHECK ATTEMPY TO REDUCE PROFILE THAT IS INFLECTED
IF ((SIG*UINFL).GT.0.) GO TO 6O
REDUCED PROFILE FIY
KCMODE=6, 6TH ORDER, KCMODE=4, &TH ORDER
KCMM=KCMODE/2-1
60 TO (700,710), KCMM
SWITCH TN 4LTH OROER
700 MODE=&L
CALL CFIT (IFIT,MODE)
ILIM=3
GO 10 720
C SWITCH T0O 6TH ORDER
710 MODE=6
CALL CFIT (IFIT,MODE)
ILIMN=G
720 CALL PROFIL (0,XWS)
[S=1IS-1
XFIVTSV=XFIT
KCMODE=90
INPRO=4
NT=MOOE
NTP=NT+1
NTH=NT/2
DXxI=1.E-8*SIG
PINL=P
XI=X
D0 737 I=1,ILIM
J=IFIT(I)

AUP(I,1)=2ZW(J)
AUP(I,2)=UWWJ)
AUP(I,3)=VH(J)

730 CONTINUE
0 TO 390

603

f

32 IOUTR=1
10 CONTINUE

€ PRINT SUMMARY

(¥$¢¢ COC 6400 TVTIME RECORD
EYIME=SECOND(A)
DFLT=FETIME-RTIME

C38¢¢ CDC 6400 DATE RECORD



WHEN=QATE (D)
IF (SIG.GT.0.) PRINT 900
IF (SIG.LT.0.) PRINT 902
IF (IOUTR.EQs1) PRINT Q25,R
IF (IUNIFM.,EQ.1) INPRODO=2
IF (INPRO.EQ.2) PRINT 919
IF (INPROJNE.2) PRINT 9290
GO Y0 (930,935,940,943), INPROQ
930 PRINY 932, NTSV
GO TO 945
g35 PRINT 937, NTSV
IF (KCMOND.EQ.0) GO TO 945
PRINT 938, KCMODD,XFITSV
GO TO 945
gLl PRINT 942, NTSV
GO TO 945
943 PRINT 339, NTSYV
PRINT 9590
PRINT 352, ((AUP(I J), J=1,3), I=1,LIM)
PRINT 953
945 PRINT 921,U0, VO,RE
PRINY 9g22
Do 35 I1=1,1IS
PRINT 923, RSV(I),ETASV(I),PTSV(I),PSV(I),DPDORSV(I),TQUESY(I),
1 INUM(I) ,VMAG(I) 4, VANG(T)
35 CONTINUE
IF (INFLT) 36,364,437
36 PRINT 963
GO TO 38
37 PRINT 9810
PRINT 965, RINF(I)
J=1+1
IF (J.GYT.ICONT) GO 7O 39
PRINT 96H6,RINF (J)
39 CONTINUE
PRINT 9819
38 GONTINUE
PRINT 970,0ELT,WHEN
PRINT 975 ,KKONT
IF (MP,EN.0.0R.MDIOG.EQ.Q0) CALL PRNT(3)
GO T0 1
40 IF{(MP.EQ.0) GO TN 452
IF (MDIOG.NE. Q) GO TO 45
452 IF (LT+#NT-58) 450,450,451
451 CALL PRNT (W)
450 PRINTY 2090
CALL PRNT(2)
PRINT 202
LC=LC+4
45 CONTINUE
IF (KONT.GT.6) GO TO 58
OxI=DxI72.0
GO TO 2
50 PRINT 203



62

Go TO0 1
0 Y0 1

55 MDIOGTzMDTOG
MOI0G=0
CALL PRNT(3)
MDIOG=MDIOGY
60 7O 1

60 PRINT 985
KCHMNDE=D
G0 TO 20

102 FORMAT (3F15,0)

103 FORMAT (2F15,0)

106 FORMAT (F15.0)

y 05 FORMAT (3F15,0) |

200 FORMAT (35H INITIAL INCREMENT UNSATISFAGCTORY/10X15HERRNR RANGE W
1AS)

202 FORMAT (2X21HHALVING THE INGREMENT/)

203 FORMAT (1H1,43HSINGULAR MATRIX ENCOUNTERED, JOB TERMINATED)

204 FORMAT (1H1,5X,54HMATCH=-UP UNSUCCESSFUL IN 200 F-D STEPS, JOB TERM
1INATED)

agf FORMAT (1H1,5X,13HPUMP ANALYSIS/)

902 FORMAT (1H1,5X,16HTURBINE ANALYSIS/)

919 FORMAT(5X,8H SUMMARY,/5X,43H INCOMPRESSIBLE FLOW BETWEEN ROTATING
1DISKS,/5%X,234 BOYACK INTEGRAL METHOD,29H MATCHED TO BOYD “-D START
1=-ur/n)

320 FORMAT(5X,8H SUMMARY,/S5X,43H INCOMPRESSIBLE FLOW BETWEEN R0TATING
10ISKS,/5X, 234 BOYACK INTEGRAL METHOD,/)

921 FOR"AT(/,BX,SH UD =4FB.4y5%X,5H VO :,FSQI’,SX’SH RE =9F80“,,/)

922 FORMAT(O9X,1HR 46Xy IHETA 10X ,2HPT, 12Xy 1HP, 10X, 4HDPDR,11X,1HT,

1 18X y5HKKONT 49Xy 4HVMAG,9X ,4HVANG /)

32X FORMAT(EX )FSe3y1X  FBolsdXy3F12.691X,F12.6,1X,F12.6,1X,F12,.6,15%,18,
1 SXyF8.4y5XyF7.,2)

325 FORMAT(//,10X,34HMINIMUM ALLOWABLE STEP SIZE AT R =,F10.5,//)

932 FORMAT (5X,12,17HTH ORDER SOLUTION,S5X,24HPARABOLIC INLEY PROFILES/
1)

337 FORMAT (5X,I2,17HTH ORDER SOLUTION,5X,22HUNIFORM INLET PROFILES/)

338 FORMAT (/6Xs21HPROFILE REDUGCTION TO I1,15HTH ORDER AT R =F6,3/)

333 FORMAT (5X,I2,147HTH ORDER SOLUTION,S5X,18HARBITRARY PROFILES/)

342 FORMAT (5X,I2,17HTH ORDER SOLUTION,5X,17HMATSCH ASYMPTOTIC/)

950 FORMAT (/,32X431HZ 310X y1HU910X41HV/)

352 FORMAT (28X4F8.64F11.6,F11.6)

353 FORMAT (1X,4/)

9650 FORMAT (//5Xy23HNO U PROFILE INFLECTION/)

965 FORMAT (AX,24HU PROFILE INFLECTS AT R=F9,6)

366 FORMAT (AX,26HU PROFILE UNINFLECTS AT R=F9,6)

970 FORMAT (6X,19HTIME IN EXECUTION =F8.2,2X,7HSECONDS,5X, 8HCOC 6400,
1 5X,A107)

975 FORMAT (HAX,19HINTFGRATION STEPS =15)

980 FORMAT (/7))

985 FORMAT (1H41,5X,66HPROFILFE REDUCTION REQUIRED USING INFLECTED PROFI
1LE, NO REDUCTION )

7000 FORMAT (12)

7005 FORMAT (4F15,0)



7015 FORMAT (315,2F15.0)
END



SUBROUTINE PROFIL (KPAR,XNWS)

COMMON QS(13,13),F(13,13),6(13,13),H(13,13),AC(13),BC(13),
Y(12),Y1(12),Y2(12),Y3(12),Y4L(12),2(12),21C12),
22(12) yZ3(12) 5yZ6(12)5YT(12) yE(12) 4 XTyXC9yXyX1yX2,
X3)x‘0,DXI,DX,DX",E"IN’EHAX,KONT,LC,HP,MC,Mi’"Z’
"3,M‘O,"T,NT,RE,UO,VO,DPDRQP,P11P2,P3,p‘0,p61’p629
MODE,NOPNT, INPRO,KKONT 4MDIOGyKF ,KFF ,KPNT,SIGyALPRM,
ATES(64,65) yXTES(64),

RSV (31) ,ETASV(31),PTSV(31),PSV(31),TQUESV(31),
UPDRSV(31) yACD(13) , ZINF(13),ZVUV(21,13),ZVH(21,13),
INUM(31) ,RINF(11) ,AUP(7,3),UW(21),VW(21),RT1,
ZW(21) yWW(21),Q(13,13) ,XPNT(31) 4RI24yIS,LUyNTP,PI,NTH,
VMAG(31),VANG(31D)

EQUIVALENCE (X,R)

RI3=0.0

IF (SI6G .GE.0.) RIZ=0.0

00 610 I=1,NTP,2

B0 610 J=1,4NTP,2
RIZ=RII+AC(I) *BC(J)*F(I,))
IF (SIG .LT.0.) GO 7O 610
DO 6065 K-‘-i,NTp,Z
TJUK=T+J+K=-2
RIZ=RI2Z2+(AC(I)*AC(J) *AC(K)+AC(I)*BC(J) *BC(K))I/7((IuK)*
1 2.0%*TUK)

N O NI NFTWN =

h05 CONTINUE
610 CONTINUE

620

TORN=-4 ,0*PI* (RI1-RI3I*R*R)
PTOTL=RI2/UO

IF (SIG .GE.0.) PTOTL=PTOTL*R
PTOTL=PTOTL4P
ETA=-TORQ/ (2, *PI*UO*PTOTL)
IF (SIG .GF.0.) ETA=-1,./ETA
STORE PERFORMANCE PARAMETERS
IF (KPAR.NE.1) GO VO 620
KPAR=z )

IS=1S+1

NEXT X PRINT SYATION
ISS=IS+1

XNS=XPNT (ISS)

INUM(TIS)=KKONT

PSV(IS) =P

OPDRSV(IS) =DPDR

RSV(IS) =R

ETASV(IS)=ETA

PTSV(IS) =PTOTL
TQUESV(IS)=TORQ

CALL VECTOR(VELMAG,VELANG)
VMAG(IS)=VELMAG

VANG(IS) =VELANG

CONTINUE

IF (NOPNT.EQ.1) RETURN

IF (SIG.GT.0.) PRINT 900

IF (SIG.LT.0.) PRINT 902
PRINT 901

GO TO (830,835,840,845), INPRO



830
835
B840

AL
850

505

506

510

515

518
521

525

PRINT 932,NT

G0 TO 850

PRINT 937,NT

GO TO 850

PRINT 942 ,NT

GO TN 850

PRINT 939,NT

CONTINUE

PRINT 909, UO,RyVO,DX,RE,KKONT

PRINT 910, OPDR,P,PTOTL,ETA,TORQ

PRINT 904

SuUM=g,

DO 505 I=3,NTP,?2

TARG=TI-3

SUM=SUM+ (FLOAT(I-1)*FLOAT(I=-2)*AC(I))/(2**IARG)
SUM=SUM/RE+R
COMPT=ABS((SUM-DPDR)/DPDR) *100.,

00 506 J=1,NTH

K=2%J-1

ACD(KY=Z ()

CONTINUE

IF (NT,EQ.4) ACD(S)==16.%(Z2(1)+Z2(2)V/4,)
IF INT.EN.6) ACD(7)==64.%(Z2(1)+2(2)/L,42(3)/16.)
IF (NT.EQ.8) ACD(9)=-2564%(Z(1)+2(2)/4e4Z(3)/16.+2(4)/BL,)
IF (NT.GT.8)ACDINTP)=ALPRM

DO 510 I=1,NTP,?2

00 510 J=1,NTP,2
FIM=FLOAT(JU=-1)/FLOAT(T)
Q(I,J)=AC(II*ACD(J)-FJIMPAC(J)*(AC(I)/R+ACO(I))=BC(I)*BC(J)/R
CONTINUE

CSuUM=0.0

00 515 I=1,NTP,2

DO 515 J=1,NTP,?2
CSUM=CSUM+FLOAT(I)®*Q(I,J)/7QS(I, )
CONTINUE

CSUM==12,%U0/ (R*RE) =24 ¢ *CSUM

COMPTC=ABS ((CSUM=-DPDR) /0PDR) *100,

UW (1) =AC (1)

VW (1)=8BG (1)

WW(iY=0.,17

DO 521 I=2,LU

UWC(IY)=0.0

VR(T)=0,1

WW{I)=0,1]

D0 518 J4=1 ,NTP,Z
UWCI)=UW(IY+AC () *ZVUVI(I,J)
VR(I)=YNW(TI)+B8C(J) *ZVUVI(I, )

FJd=J

WH L) =WHW(I)-(AC(J) /R+ ACO(JI)*ZVH (I, J) /FJ
CONTINUE

CONTINUE

D0 525 I=1,LU

PRINT 905, ZW(I),UW(I),VN(I) WH(I)
CONTINUE

PRINT 906



N0 530 I=1,NTP,2
K=I-1
PRINT 907, KyAC(I),BC(T)
530 CONTINUE
PRINT 915
PRINT 911, COMPT,COMPTC
IF (MP.EQ.0.0R.MDI0G.EQ. 0} CALL PRNT(4)

RETURN
g00 FORMAT (1H1,5X,13HPUMP ANALYSIS/)
901 FORMAT{18X,32H REGULAR INTEGRAL SOLUTION ,//7,14X,43HFULL ADMI

1SSION, INCOMPRESSIBLE LAMINAR FLOW)

gg2 FORMAT (1H1,5X,16HTURBINE ANALYSIS/)

g0t FORMAT(13X,1HZ,11X,1HU,13X,1HV,13Xy1HH,/)

905 FORMAT(L10X yFHe3,34XsF10eH,4XyFLl0e644XyF10.6)

g06 FORMAT(///,15%X,35HU AND V POLYNOMIAL COEFFICIENTS ARE,//,16X,1HI,
19X UHACIY y 12Xy 4HB(I) 4/ 315X, 3H** 2, 7X,6H 3888 1(X,6H***¥¥",//)

907 FORMAT(15X,I2,4XyE12.5,5X,E12.5)

g9 FORMAT(///,16X,5HUO =,F7.3,11X,6HR =9E1265971BXy5HVN  =,F7.3,
111X,6HOR =yE12¢59/716X4,5HRE = 4F7.3411X,6HSTEP =,T112)

g10 FORMAT(//,26X ,6HDOPDR =,F10.5,7/26X,6HP =yF10.5,/726X,46HPT =
1F1005,”26X,6HETA =F10.5,/26X,6HT =,F1005y/)

911 FORMAT ( /,15X,12HC/L-TO~WALL=FB8.2,2X,7THPC DIFF,/,15X,12HC/L-TO=-FL
10W=FB8,242X,7HPC DIFF)

g15 FORMAT (/,15X,31HPRESSURE DERIVATIVE COMPARISONS/)

9332 FORMAT (5X,I2,17KRTH ORDER SOLUTION,5X,2uHPARABOLIC INLEYT PROFILES/
1)

337 FORMAT (5X,I2,17HTH ORDER SOLUTION,5X,22HUNIFORM INLET PROIFILES/)

342 FORMAT (5X,12,17HTH ORDER SOLUTION,S5X,17HMATSCH ASYMPTOTIC/)

939 FORMAT (5X,I2,17HTH ORDER SOLUTION,5X,18HARBITRARY PROFILES/)
END



[ I

DO

300

50

19¢

110

o/

SUBROUTINE INPUT(KER,AUP,R,IFIT ,RE,U0,V0,MODE,INPRO,SIG,P,LU,
1 KK1,KK2,KK3,PCTU,PCTV)

THIS ROUTINE COMPUTES THE INPUT U,V VELOCITY PROFILES

COMMON FILL(B89),A(64,65),X(64),0UM(212),2ZVUV(21,13)
DIMENSION AUP(7,3),AC(13),BC(13),ZT(21),UT(21),VT (21)
DIMENSION Z2(7),74(7) 4,26(7)428(7),710(7),212(7) ,Z14(7)
DIMENSION R(7,7),IFIT(7),VC(21)

EQUIVALENCE (FILL(677),AC(1)), (FILL(63990),BC(1))
EQUIVALENCE (DUM(156) ,PDRIV)

NTP=MODE+1

LIM=MODE/2+1

LIMPL=LIM+1

GO TO (1,2,3,4), INPRO

PARABOLIC VELOCITY PROFILES
UMAX=1.,5*U0

VMAX=1,5%*VO

AC (1) =UMAX

AC(3)=<-4,*UMAX

BC (1) =VMAX

BC(3)=-4,%VMAX

RETURN

UNIFORM PROFILES
CONTINUE

KER=(

Ki=KK1

K2=KK2

GALL TESLA (UOyWVO,REySIGyKER,ZT,UT,VT,P,UA4R4K1,K2,KK3,PORIV)
IF (KER,GE.2) RETURN
UTEMP=UO

DO 100 I=1,LIM
J=IFIT(I)
AUP({T,13¥=2T())
AUP(I,2)=UTWJ)
AUP(I,3)=VT W))
CONTINUE

nn 113 I=1,LTM
A(I,LIMP1) =AUP (]I, 2)
77=4UP (I,41)
27SN=72172*72

I(T,1)=1.

A(I,i):lo

00 110 J=2,LIM
JM1=0-1
I(T,I=8(T,IM1)*27S1
Q(I,J):B(I,J’
GCONTINUE

GO YO0 400

MATSCH 3RN APPROX ASYMPTQOTIC PROFILES
NELTAZ=0.5/FLOAT(LIM=-1)
DO 210 J=1,LIM



[

210

310

4Loo

FJ=J

ZZ =DELTAZ*(FJ=-1,)

RE2=RE*RE

RE3I=RE*RE*RE

UR=UO/R

U2R=(UO*UOD)/({R*R*R)

UIR=(UO*UO*UO) /7 (R*RF*R*R*R)

ULR=(UO*UO®UO*UQD) 7 (R*R*R¥R¥R*R¥R)

22(3)=721%27

24UV =220(J01%22(D)

I6(J)=Z4L(JY¥*22(N

I8 (N =24(J)*24L (D)

7100 =Z260J)* 24 ))

212(4)=260J)Y*26(J)

214 J)=Z8(J)*26(J)

T1==12.%022(J) *,5-.125)*UR

T2==RE*MU2R*(1,2%7Z6(J) =1,5%24(J)+93,%72(J)/7280.,-3./7224.)
T3==RE2*UR*(~26(J) /15.4.25%24L(J)~39,%72(J)/560.+19./6720,)
TLU=REI*U2R*(=-Z10(J)/90.43.%78(J)/564-23.%26(J)V/24L40.+5,%2L(J)/6b4L,
1 =-29793,%22¢(J)/71774080.44361,/77096320.,)
TE=RE2*UIR*(~4B,%Z10(J)/175.+9,%28(I)/14,~-171.%*26(J)/350.

1 499,%Z4(J)/560.-2217.%22(J)/862L40.+5301,/68993200.)
TE=REI*ULR*(=162.%Z14(J)/15925.,4129.,%712(J)/73850.~409.%210(J)/
1 9800,+893.%728(0)/39200.~-879,%26(J)/156800.,+99,*24L(J)/125440,)
T7=RE3*ULR*(-876231.%22(J) /12556554000.,496151./502261760012.)
UASYM=T14+T24T34T4+T5+T64+77

VASYM= R~-(RETUR*(Z4L(J)=1.5%22(J)#(5./716.)1))=(RE2*UR* ((3,*28B(N/
1 706)=01%Z26(J)+(33.%24L(J)/560.)=-(3.,%22(J)/722ke)+(19.717929.)))
2 +(REIYUIR*((L,*212(J)/7385.)-(4,*710(J)/105.,)+(12.%78(J)/245,)~
3 (57.%26(J)/72100.)+(3%2L(J)/740LB,)~-(3127.7206976004.)))
A(JyLTMP1) =UASYNM

AUP(J,3)=VASYM

N0 210 I=1,LIM

K=I*2-2

B(J,I)=22%*K

A(J,I)'—'B(J’I)

CONTINUE

GO TO 400

ARBITRARY VELOCITY PPOFILES OR AC(I) AND BC(I) ON AUP(I,J) DATA
IF (AUP(1,1).GT.0.5) GO TO 500
NN 310 I=1,LIM

77=AUP(I,1)
ACI,LIMP1)=AUP(T,2)

77SQ=22%12

(I,1)=1.

ACI,1)=1,

DO 319 J=2,LIM

JM1=J-1

B(I,J)=B(I,JM1)*275Q
ACI,J)=B(I,J)

CONTINUE

CALL GAUSSN (A,X,64,65,LIM,KER)
IF (KER,EQ.2) RETURN

CARDS



410

u20

430

440

500

510

500

610

620

DO 410 I=1,LIM
K=1I%2-1

AC(K) =X ()

CONTINUE

DO 420 I=1,LIM
ACI,LIMP1)=AUP(],3)
DO 420 J=1,LIM
A(IyJ)-’-B(I »J)
CONTINUE

CALL GAUSSN (A, Xy64,465,LIMyKER)
IF (KER.EQ+2) RETURN
DO &30 I=1,LIM
K=1I%*2-1

8 (KY=X{(I)

CONTINUE

COMPUTE UO BY INTEGRATION OF U PROFILE

vo=0.

DO L&4G I=1,LIM

K=1%*2-1

FK=2%*%K

FKK=FK¥K

UO=UO+AG (K) /F KK

CONTINUE

Uo=Uo*2,*R
IF(INPRO.EQ.2) GO TO 600
RETURN

un=_,

DO 510 I=1,LIM

K=2%*I-1

AC(K)=AUP(I,2)
BC(K)=AUP(I,3)

FK=2%¥%K

FKK=FK®*K

UO=UD+AGC(K) /F KK

CONTINUE

Uuag=uo*2,*R

RETURN

CONTINUE

N0 610 I=1,LU

VvC(IYy=0,

00 610 J=1,NTP,2
VEC(I)=VC (I)+BC (JY *ZVUV (I, J)
CONTINUE

MAR=1

IF (LU.EQ.11) MAR=2

J=0

Kv=0

DO 620 I=1,19,MAR

J=Jd+1

VOUM=ABS ((VC(J)-VT(I))/VT(I)) *100.
IF (VOUM,GT.,PCTV) KV=KV+1i
CONTINUE

KU=0

UDIF=ABS((UO-UA) /U0 )*100.



IF (UDIF.GT.PCTU) Ku=1

IF (KK3+EQ.1) PRINT 630, (I,AG(I),I,BC(I), I=1,NTP,2)
630 FORMAT (5X,3HAC(,12,2H)=E18,11,5X,3HBC(,12,2H)=E18.11)

IF (KU.EQ.0.AND.KV.EQ.0) RETURN

K1=K1+10

KER=3

IF (K1 «GT.200) RETURN

K2=10

KER==-1

UO=UTEMP

G0 TO 50

END

1 J



fae )

65

51

52

SUBROUTINE TESLA (UO,VO,RE,SIG,KER,Z,UyV,P,UA,R,KK1,KK2,KK3,PDRIV)

GOMMON FILL(889),A(64,65),X(64)

DIMENSION U(21), V(21), W(21), DU(21), OVI(21),

DIMENSION S(21),2(21)

KCMAX=KK1

IF (KK2.,LE.0.0R.KK2.GT.KKL1) KK2=KK1
KCCMX=KK?2
KPRNT=KK3

IF (KER,EN.-1) GO T0 350
FJW=21.

JH=21

DZ = .SI(FJH-lQ)
JWHML = JW-U4
JWM3 = JW-3
JHM2 = JIU-2
JHML = JUW-=-1
JHPL1 = JW+1
JHP2 = JW*?2
JHPZ = JW+3
JH2ME = 2% JW-6
JN2NS = 2% Ju-5
JH2ML = 2% JW=-4
JHZM3 = 2% W-3
JW?2 = 2%UN
JHZ2PL1 = 2%JW+1
JH2P2 = 2% W42
JHN2P3 = 2*JW+3
JH3IME = I*YW=-6
JHW3IME = 3*JW-5
JW3IML = 3*JgW-4
JHIM3 = 3*¥ =3
JHT42 = T*¥H-?2
JH3IML = 3¥JW-1
JW3 = 3I*JHW
JH3IPL = 3% JWe1
JW3IP2 = 3¥JWs2
JHMID2=JWM1/2
R = 1,

UNIFORM VELOCITY PROFILES AT R=1
DO 65 J=1,JUW

uea = un
V(J) = vo
WeJy = 0.
CONTINUE
UJdw) = 0.
VIJW) = R

INTEGRAL (USQ+VSQ) AT R=1, Z=0 TO Z=.5
DO 52 JU=1, UW

S = (UNRUWIY) + (VD *Wi))
CONTINUE

X0 = g,

DO 56 J=1, JAWMIDZ2

JJ = 2%y

JJJ = Jutl

XPT =2 (44*S(JJUY¥)Y + (2.*S(JJIM)

DR (21)



DO

XP = XP+XPT
56 CONTINUE
XP = (XP+S(1)-S(JW)) * DZ 7/ 3.

TERML = 2, * XP
TERMZ2 = =2, * (U(JWM2) = 4., * U(JWML) + 3,
OPDR = TERM1 + TERM2
PDRIV=0PNR
200 CONTINUE
EYA = 0,
T = 0.
205 DO 210 J=1,JW
FJ = J

Z(J) = (FJ=-1.,) * D2
210 CONTINUE

TORQUE, UV PRODUCT, R=1
INTEGRAL UV AT R=1, 7=0 T0 Z=.5
250 X0 = 0.
00 255 J=1, JHM1D2
JJ = 2%y
JJJ = JJ+1
XOT = (L*U(JI)*VLII) +(2.,¥UJIY) *VJIIN))

X0 = X0 + x0TV
255 CONTINUE

* UUW))

X0 = (XO+(U(1)*V(1)) = (UCGJUNW)*VIJIW))) * DZ2/3.

DYNAMIC PRESSURE, R=1

INTEGRAL (USQ+VSQ)*U AT R=1, Z=D0 TO Z=.5

DO 260 J=1, JW

S = (UL RUCD) ) +(VIII *N(I))) *UY)
260 CONTINUE

xXp = q,

DO 265 J=1,JWM1iD2

JJ = 2%y

JIJd = JJ+1

XPT = (L.*S(JJ))+(2.*S(JIM))

XP = XP+XPT
265 CONTINUE

XP = (XP+S(1) - S(JH))*DZ/3.
PT = P + (XP/7UOQ)
81 = RE®*DZ*D2
8D1=1./81
BD2=2./81

B2 = 2.%02
320=1./R2
NDR=1.E-H6*SIG
KCC=0

KC = 0

GO T0O 1000

350 R = R + DR
RDR=1./DR+1,./R
DPORP = DPOR
DO 365 M=1, JW3P1
D0 360 N=1, JNW3IP2
A(M,N) = 0,

360 CONTINUE

365 CONTINUE

/I



DO 370 ™
A(MyM+1)

1, JuWM?
(U(M+1)/DR) + BD2
A(M,M) = (W{M+1) 782) - 801
A(M,M¢2) (W(M+1)/82) - BD1
MPJUWP1=M+JHWPL
A(M,MDPJHPL) = =2, * VY(M+1) / R
MJW2P1=M+JW2P1
A(M,MJH2PL ) = (U(M*2)/8B2) - (U(M)Y/B2)
A(M,JW3PL) = 1.,
A(MyJHIP2) = (VIM+1)*VIM+L1)/RI=-(W(M+1)*U(M+2)/782)+(W(M+1)*U(M) /B2)
1 +(UMN+2Y+UM))/BL) - ((2.%U(M#+1)) /BY1)
370 CONTINUE
DO 380 M = JUWM1, JWZML
MMJUWM3I=M-JWM3
A(M MMJIWM3) = VIMMUWM3) /R

(1 I I TR}

A(MyMe3) = (UCMMJWM3) /DR) + (U(MMJWM3Z)/R) ¢ 802
A(M,M+2) = =(W(MMJUWM3)/B2) - 8D1
A(M,M+L) = (WIMMJWM3)/R2) - BD1

MMJUNML=M=J WML

MM JWM2=M-JHM2

MPJUWP3I=M+JWP3

A(M MPIWNPT) = (VIMMJIWMNGL) -~ V(MMJWM2)) /B2

A(MyJW3IP2) = (=(U(MMUNWMI) *V(MMIWMI)) /R) = (W (MMIWMI) *(V (MMJAWML)

1 =VIMMJWM2))/7B2) + (VIMMIWME) 7B1) = (2, %V (MMJWM3) /781) ¢+ (V(MMJIWM2) /B1)
380 CONTINUE

DO 390 M=JW2M3, JW3IME

MJIWZM5=M=- JH2M5

A(M,MJUW2Z2M5 ) = RDR

A{M,M+6)=8B2D

A(M,M+4) =-B20

MJHZMBE=M=-JIW2Mb

MJIHWZMLY=M-JW2ML

A(M,JUN3P2) = (=U(MUWZMS ) /R) = ((H(MIW2MB ) =W (MUNZML ))/82)
390 CONTINUE

ACJWIMS, JW) = 1,

A(JNB"“,J“Z) = 1.

ACIWNIML, JH3IP2) = R-=V(JW)

ACINIMI,UWY) = 4,

A(JIWIM2,1) = -3,
ACJIWIM2,2) = &4,
A(JH3M2,3) = =1,

A(IWIM2,JW3P2) = 3,*U(L)-4.*U(2)4+U(3)

A(JWIML , JWPL) = -3
ACJIW3IML, UJWP2) = 4,
ACJWIML, JWP3) = -1,

ACIWNIML,UR3P2) = 3.*VI1)=4.*V(2)+V (D)
A(JWI,JW2P1) = 1,

A(IWI,UW3IP2) = -W(1)
ACJIWIPL,JW3IM2) = 1.
ACIWIPL,JW3IML) = -4,

ACJINWIPL, JW3P2) Ge"HIJWML) =W (UWM2)
CALL GAUSSN (A, X, JW3P1, JUW3P2, JUW3P1, KER)
IF (KER.EQ.2) RETURN
335 00 400 J=1,JUW
DUCY) = XN



JPIH=I+IMNW

JPJUW2=J+IN2

pDV(J) = X(JPIW)

DH(J) = X(JPJW2)

pPOR = X (JW3P1)
400 CONTINUE

N0 G197 J=1,JW

uitdy = utJ) ¢ DUt

VJ) = VJ) + OVLd)

W(J) = WUJ) + DW(D)
410 CONTINUE

U(JH) = 0.

VIJH) = R

W(JW) = 0.

CALCULATE PRESSURE

500 P = P + (DPDRP4+DPDR) * ,5 * DR*SIG
KCC=KCC+1
KC=KC+1
IF (KN.GT.101) GO TO 520
FKC=KC
DR=(1.E~6+9.99E-8*FKC*FKC)*SIG
GO T0 530

520 DR=,001*SIG

530 CONTINUE
IF (KC.GE.KCMAX) GO TO 600

599 IF (KCC.NE.KCCMX) GO T0 350
KCC=0

600 XTI = 0.
IF (SIG.GT.0.) XP=0Q,
DO 610 J=1, JWM1D2

Jd = 2%
JJJd = Juet
TORQUE, R

XIT = (4.%UGJJ)*VJJ)) + (2.,%UCJJJ) *VIIN))
XI = XI+XIY
IF (SIG.LT.0.) GO TO 610
DYNAMIC PRESSURE, R
XPT=4,* (U(JI) *UIIIPUGID) VI AV U FUUU) ) 2.2 (UDJJ) LU (JJU)Y *
1 UGJJI) +V(JJI) BV OUJI) *U(JII))
XP=XP+XPT
610 CONTINUE
XI = (XI+(U(1)*V(1)) - (UGIR)I®V(JHW))) * DZ/3.
IF (SIG.LT.0,) GO TO 611
XP=(XP+ UCDI*U(L)I*UL)I+V DIV D) *UL) =UCIN) PUCIW) *U(JHW) -
1 VUURHI®V(URWI*U(UN) I *DZ/3,
611 CONTINUE
PT=P+XP®R/U0N
IF (SIG.LT.04) PT=P+XP/UDQ

RSQ = R*R

T = =(X0-(RSQ*XI)) * 12.566370606
WI = 6.283185307 * T * UO
ETA=WI/T

IF (SIG.GT.0..AND.R.EQ.1,) ETA=Q,
IF (SIG.LT.0.) ETA==-T/NWI
IF (KPRNT.EQ.1) GO TO 1001



1000
1001
1005
1010
1020
1021
106U
1041
1043
1945
1050
1055
1060

1070
1085

1300

1080
1090

GO TO 1DAS

IfF (KPRNT.FQ.0) GO TO 350
PRINT 1

FORMAT (1H1)

PRINT 1005

FORMAT (50H FLOW BETWEEN ROTATING DISKS, INCOMPRESSIBLE FLUID,/)

PRINT 10190

FORMAT (34H BOYD ANALYSIS, PROGRAMMED BY RICE,/)
PRINT 1021

FORMAT (26H UNIFORM VELOCITY PROFILES,/)

ORINT {1041, U0, VO, RE

FORMAT (1X, LHUO =FB,4y5Xy4HVO =FB.l4,5Xy LHRE =F8.l4,/)
PRINT 1043, R , DR ,L,KC

FORMAT (4H R =F12.8,10X,4HDR =F12.8,9X,3HKC=IS/)
PRINT 1045, DOPOR, P, PT

FORMAT (7H DPDR =F15.635Xy3HP =F15.8,5X,4HPT =F15,8,7)
PRINT 1050, T, ETA

FORMAT (4H T =F15.8,10X,5HETA =F10.5,7/7)

PRINT 1055

FORMAT (3X42H Zy14X,2H Uy17Xy2H V417X ,1HH,/)

DO 1070 J=1,JW

PRINT 1060, Z(J), ULJ), VI, WD)

FORMAT (F6,3,3(4X,F15.8))

CONTINUE

CONTINUE

COMPUTE CONTINUITY

UA=00

DO 1300 J=1,10

JJ=J*?2

JJJ=JJd+1

UBA=4,*ULJU)+2, %0 (JJJ)

UA=UA+UAA

CONTINUE

UA=(UA+U(1Y-U(21)) *2,*R*(,025/3,

COMPR=( (UA-UO) /UD) *100.,

IF (KPRNT.EQ.0) GO TO 10930

PPINT 1080 ,UA,COMPR

FORMAT (6X,15HF=D CONTINUITY=F10.6,5X,5HDIFF=FH.3,3IH PC)
IF (KC,NE,KCMAX) GO TO 350

RETURN

END

/5
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SUBRNUTINE CFIYT (IFIT,MODE)

CURVE FIT POINTS CORRESPONTING TO ORDER OF FIT
DIMENSION TFIT(7)

NOTE THIS SUB MUST HAVE 11 OR 21 PT FIY ADDED
KDIR=MODE/2-1

GO Y0(&4,6,8,10,12), KODIR

4TH ORDER INTEGRAL REDUCTION (11 PT)
IFIT(1) =1

IFIT(2)=7

IFIT(3Y =11

RETURN

6TH ORDER INTEGRAL REDUCTION (11 PT)
IFIT(1)=1

IFITU2) =5

IFIT(3)=8

IFIT(4) =11

RETURN

8TH ORDER F-D MATCH=-UP (21 PT)
IFIT(1)=1

IFIT(2)=6

IFIT(3)=11

IFIT(WLY=16

IFIT(5)=21

RETURN

CONTINUE

RETURN

CONTINUE

RETURN

END

A
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SUBROUTINE GAUSSN (A, X,NNyMM,N,KER)
DIMENSION A (NN,MM) , X (NN)
A IS AN N BY N+1 MATRIX OF COEFFICIENTS FOR A SET OF N
SIMULTANEOQOUS LINEAR ALGEBRAIC EQUATIONS. THE CONSTANTS ARE
STOREN IN FOLUMN N+1. X IS THE N DIMENSIONAL ANSWER VECTOR
THIS SUBROUTINE HAS VARIABLE DIMENSIONS (NN AND MM)
A IS DIMENSIONED A(NN,MM) AND X IS DIMENSIONED X (NN)
NPHM=N+1
EP=1.E-27
10 DO 34 L=1,N
KP=0
Z=0.0
00 12 K=L s N
TF(Z-ABS(A(K,L)))11,12,12
11 Z=ABS(A(K,L))
KP=K
12 GCONTINUE
IF(L-KP)12,20,20
13 DO 14 JU=L,NPM
Z=8(L, )
A(L,J)=8(KP, J)
14 A(KP,J)=7
20 IF(ABS(A(L,L))=-EP)S50,50,30
30 IF(L-N)31,40,440
31 LPi=L+1
DO 34 K=LPi,N
IF(A(K,L)Y)32,34,32
32 RATION=A(K,L)/7A(L,L)
DO 33 JU=LP1,NPM
I3 A(K,J)=A(KyJ)=RATIN*A(L,J)
34 CONTINUE
40 DO 43 I=1,N
II=N+t-1T
S=0.0
41 TIP1=I1+1
DO 42 K=IIP1i,4N
42 S=S¢A(IT,KI*X(K)
3 X(ID)=(A(II,NPM)=-S)/A(II,ID)
KER=1
GO TO0 75
50 KER=?2
75 CONTINUE
RETURN
END
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SUBROUTINE ITRO (K)

THIS ROUTINE CHECKS THE CURRENT VALUE OF X WITH THE SPECIFIED
CUT-0FF VALUE OF X

COMMON QS(13,13),F(13,13),6(13,13),H(13,13),AC(13),BC(13),
Y(12),Y1(12),¥2012),Y3012) 9 YU (12),2(12)421(12),
22(12) y23(12) 92‘0(12)'71(12) 95(12) ,XI,XC,X,X1,X29
X3yXtyDXTyOXyDXMy EMIN, EMAX ,KONTHLC, MP,MC, M1,M2,
H3,M‘#,"T,NT’RE’UO,VO,DPDR,p,pl,P27p3,p‘bypsivp529
MODE,NOPNT, INPRO, KKONT yMOIOG,KF yKFFyKPNT,SIG,ALPRM

EQUIVALENCE (X,R)

IF (SIG *(X4DX=XC)) 2,1,1

IF (ML) 4,5,4

K=0

RETURN

DX=XC=X

KONT =1

Mi=1

GO YO 3

K=1

GO T0 3

END
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SUBROUTINE MOVE

THIS ROUTINE RE-STNRES THE VARIABLES OF PREVINUS STEPS BEFORE
PROCEDING TO CALCULATIONS FOR THE NEXT STEP

COMMON QS(13,13),F(13,13),6(13,13),H(13,13),AC(13),BC(1]),

YOL12),Y1(12),¥Y2(12) ,¥3C12) 4, ¥Y4(12),2(12),21(12),
Z2(12) 9Z3012) yZ4012) 3 YT (12) yE(12) y XTI XG4 X9 X19X2,
X3,Xl¢, DXI, DX’DXH' EHIN,E"AX QKONT’LC’MP,MC,Mi’“Z’
M3,M4,MT,NT,RE,UO,VO,DPDR, p,pl,PZ,p3,Plo,p61’P629
MODE ,NOPNT , INPRO, KKONT yMDIO0G,KF yKFF , KPNT,SIG,ALPRM

EQUIVALENGE (X,R)

pPL=PZ

pP3=p2

p2=921

PL=P

PG2=PG1

PG1=DPOR

X=X3

x3=X2

X2=X1

X1=X

DO 1 I=1,NT
Y (I)=Y¥3(I)
Y3I(n=ya2((I
Y2(I)Y=y1(1)
Yi(D =y (D
Z4(T)=23¢1I)
Z3(1Y=22(1)
12(1)=21(¢I)
Z1(IY=2(1)
CONTINUE
RETURN

END
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SUBROUTINE PRNT (K)

THIS ROUTINE PROVINES PRINTED OUTPUT FOR EAGH INTEGRATION STEP
WHEN THE TNPUT VARIABLE MP=0, THIS PRINTOUT MAY BE CONSIDERED
LARGELY DIAGNOSTIC IN NATURE AS IT DOES NOTVT INCLUDE U, Vs, H OR
TURRINE PERFORMANCE INFORMATION

COMMON QS(13,13),F(13,13)96(13,13),H(13,13),AC(13),BC(13),
Y(12),Y1(12),Y20(12),Y3(12),YL(12),2012),21(12),
22(12) 923(12)5y24(12),YI(12),E(12),XIyXCyXyX1yX2,
X3,Xk,DXI’DX,DXH,EHIN,ENAX,KONT'LC,HP,MC,NI,MZ,
M3,M4,yMT,NT,RE,U0,V0,DPDR,P,P1,P2,P3,P4,PG1,PG2,
MODE,NOPNT, INPROy KKONT yMDIOGyKF yKFF,KPNT,SIG,ALPRM
EQUIVALENCE (X,4R)
LF=1
IF (MT.NE.DO) LF=2
IF(K=3) 50,3,80
IF(K‘l’ 2,1,2
K=1 PRPINT INITIAL VALUES, HEADINGS
IF(MTY 10,10,11
PRINT 200
PRINT 206
PRINT 201,XI,DXI,0DXM,XC,EMIN,EMAX
DO 6 I=1’NT
PRINT 208, TI,Y(I),I,7(T)
CONTINUE
PRINT 209
LC=11+NT
GO 70 60
PRINT 202
PRINY 286
PRINT 206
GO 1O 12
K=2 PRINT TINTEGRATYION STEP
IF(LC#+NT-58) 20,20,70
GO TO (71,72),LF
PRINT 200
PRINT 209
LC=6
GO 10 20
PRINT 202
LC=6
PRINT 209
PRINT 203, X,DX,P,DP0R,KKONT
00 & I=1,NT
PRINT 20S5,I,Y(I),I,Z2(1),I,E(])
CONTINUE
PRINT 206
LC=LC+24NT
GO TO 60
K=3 PPINT FINAL CUTOFF INTEGRATION STEP
IF(LC#NT-58)30,30,73
60 TO (r4,75),LF
PRINT 2090
GO YO 30



75 PRINT 202
IF (MDIOG.NE.D) GO TO 59
PRINT 204, XC :
D0 5 I=1,NT
PRINT 210,1,Y(ID),I,2(1)

5 CONTINUE

PRINT 207
59 CONTINUE
60 RETURN

K=4 INDEX PAGE, PRINT HEADINGS
a0 GO TO (81,82),LF
g1 PRINT 200
PRINT 209
LC=6
GO YO 60
g2 PRINT 202
PRINT 209
LC=6
50 TN 60
200 FNARMAT (56H1 RUNGE-KUTTA-GILL 7/ ADAMS-MOULTON INTEGRATION ROUTIN
18)
201 FORMAT (20H INITTIAL CONDITIONS/16X1HX,17XSHDEL X,12X9HMAX DEL X,
113Xy5HOUT Xy12X,9HMIN ERROR, 10Xy, 9HMAX ERROR/S5X,6E19,7)
202 FORMAT (4OH1 RUNGE-KUTTA-GILL INTEGRATION ROUTINE)
203 FORMAT (2E18,10,10X4E15.749y5X,E15,7,10X,6HKKONT=1I5)
204 FORMAT (/34H FINAL RESULT AT A CUT-0OFF X OF,E15,7)
205 FORMAT (10X,2HY(’121‘+H) = ,Eis.?,“XSHDERV(’IZ,“H) = ,515.7,14)(,
206 FORMATY (1H )
207 FORMAT (1H1/1H41)
208 FORPMAT (9X,y3HYI(yI12,4H) = LE15,7,3X,6HDERVI(,I2,4H) = ,E15.7)
209 FORMAT (/12X19HINTEGRATION RESULTS/11X,1HX,13X,5H0EL X,23X,1HP,
1 19X,4LHDPDR/20X,4HY(I),
223X, 7THDERV(I) , 23X, 8BHERRORI(I) /)
210 FORMAT (10Xy2HY(,12,4H) = ,E15.7,4uX5HOERV(,I2,4H) = ,E15.7)
211 FORMAT(1HL)
END
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SUBROUTINE RKGI

THIS ROUTINE USES THE RUNGE-KUTTA-GILL (R-K-G) METHOD OF
INTEGRATION TO DETERMINE THE STARTING POINTS REQUIRED FOR
USE WITH THE A-M METHOD

COMMON QS(13,13),F(13,13),6(13,13),H(13,13),AC("“3),BC(13),
Y(12)5Y1(12),Y2012),Y3012),Y4(12),2(12),21(12),
Z2(12) y23(12)526(12)53YI(12),E(12),XI,XCyX9X1,X2,
X3,Xk,DXI,DX.DXH,ENIN,EHAX,KONT,LC,HP,HC,HI,HZ’
M3yML4yMT,NT,RE,UO,VO0,0PDR,P,P1,P2,P3,P4,PG1,PG2,
MODEyNOPNT , INPRO, KKONT 4y MDIOG) KF4KFFyKPNT,SIG,ALPRM

EQUIVALENCE (X,R)

DIMENSION AA(24)

D1=SART (0.5000)

D2=SQRT (2.0000)

03=3.0*01

C1i=1.0-D1

£2=2.0-02

£3=2.0-03

C4=1.0+01

C5=2.0+0D2

£6=2.0+403

00 10 I=1,NT

AACT)=2(T)

CONTINUE

DO 1 I=1,NT

Y{I)=Y(I)+DX*Z(1I) /2.0

CONTINUE

X=X1+0X/2.0

CALL DERV

DO 2 I=1,NT

YOI)=Y(I)+C1*OX*¥(Z2(])-AA(]))

AA(I)=C2%7Z2(1)-C3*AA(D)

CONTINUE

CALL DERYV

DO 3 I=1,4NT

Y(I)=Y(I) +CL*DX*(Z(I)-ADA(I))

AA(T)=CS5*7 (1) -C6*AA(])

CONTINUE

X=X1+0X

CALL DERV

00 & I=1,NT

Y(I)=Y(I)+DX*Z(1)/6.,0-DX*AA(1)/3.0

CONTINUE

CALL DERV

P=P1+SIG *DPDR*DX

RETURN

END
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SUBROUTINE ADMI

THIS ROUTINE UTILIZES THE ADAMS~-MOULTON (A-M) PREDICTOR-
CORRECTOR METHOD OF INTEGRATION OVER A FIXED INCREMENT OF THE
INDEPENDENT VARIABLE IN ORDER TO EVALUATE THE DEPENDENT
VARTABLES Y(I) AT THE VALUE OF THE INDEPENDENT VARIABLE X+DX

COMMON QS(13,13),F(13,13),6(13,13),H(13,13),AC(13),BC(13),
Y(12),Y1(12),Y2(12),Y3(12),YL(12),2(12),21(12),
22(12) 323(12),24(12),YI(12),E(12) 9 XTI 4XCyXyX1yX2,
X3y Xy DXIyOXyOXM,EMIN,EMAX ,KONT,LC,MP,MCy M1, M2,
M3IyML,MT,NT,RE,UO0,V0,DPDR,P,P1,P2,P3,P4L,PG1,PG2,
MODE,NOPNT , INPRO,KKONT yMDIOG,KF KFF,KPNT,SIG,ALPRM

FEQUIVALENCE (X,4R)

DIMENSION YY(24)

IF(KF) 50,51,50

IF(XFF)52,53,52

KF=0

KFF=0

GO 70O 51

KFF=1

CONTINUE

OBTAIN TENATIVE VALUE OF NEXT POINYT VIA ADAMS-MOULTON INTEGRATION
CHECK ERROR FOR POSSIBLE CHANGE IN STEP=-SIZE

X=X1+0X

MM=(

D1=0X/24 .0

00 6 I=1,NT

YCI)=YL(I)+D1*(55.0%Z1(I)=59,.,0%Z2(1)+37.,0*Z3(1)-9,0%Z4 (1))

YY(I =Y (1)

CONTINUE

CALL DERV

DO 6 I=1,4NT

YOI =YL (I)+D1*(9.0%Z(I)+19,0%Z4(I)=5,0%Z2(T)+23(1))

CONTINUE

CALL DERYV

PRESSURE CALC FOR EACH REGULAR A-M STEP

QA=X2F(XLEXL-X*X) + X1 ¥ (XOX=X2¥X2) + X ¥ (X2¥X2=-X1*X1)

IF(QQ.EQ. 000) Qq=100E'16

S1=(PG2¥ (X=-X1)+PG1*(X2-X)+DPDR*(X1-X2))7QQ

S2=(DPDR~-PGL) /7 {X=X1)-S1*(X+X1)

S3=PG2-S1*X2¥X2-S2%X2

P=P14+SIG *(SI*(X=-X1)+S2/2.*(X*X=-X1*X1)+S1/3.*(X*X*X-X1*X1¥*X1))
00 7 I=1,NT

E(I)=ABS (D2*(Y(I)-YY(I)))

IF(EMAX=-E(I)) 4S5,1,1

MM=MM+1

GO YO 7

M3=M3+1

CONTINUE

IF(MM) L6,46,3

_ ;_AF_("3“NT’ 10'292

ODUBLE INTEGRATION STEP



21
22
23

231
230

233

232

25

26

31
351
350
353
451

452
453

352

32
33
35

IF (MC) 10,21,10
IF (SIG *(X+L.*DX-XC)) 22,22,10
IF (SIGC *(DX+DX~-DXM)) 23,23,10
CONTINUE
IF(LC+NT=-58) 230,230,231
CALL PRNT(4)
IF (MP.EQ.0) GO TO 233
IF (MDIOG.NE.O) GO T0O 232
PRINT 201
CALL PRNT(2)
PRINT 204
LC=LC+2
CONTINUE
DX=DX+DX
X1=X
= 24
PG1=DPDR
DO 25 I=1,NT
Z3(T)=Z4(1)
Z1(D)=2(D
YL(IY=Y(I)
CONTINUE
KKONT=KXONT+1
CALL RKGT
DO 26 I=1,NT
E(IVY=0.0
CONTINUE
IF (MDIOG.EQ.0) CALL PRNT(2)
Mi1=1
GO TO 13 )
HALVE INTEGRATYION STEP
IF (M2) 30,40,30
CONTINUE
M2=1
IF(LC#NT~-58) 350, 350, 351
CALL PRNT (W) ‘
IF (MP.EQ.0) GO TO 353
IF (MDIOG.NE.O) GO YO 352
KFFPLi=KFF+1
GO TO (451,452), KFFP1
PRINT 2g2
GO _TO 453
PRINT 206
CONTINUE
GCALL PRNT(2)
PRINT 204
LC=LC+2
CONTINUE
IF (M1) 34,32,34
IF (SIG *(Xx+DX+DX-XC)) 33,33,10
IF (KFF) 36,435,136
Dx=Dx/2.0
DO 42 I=1,NT
Y{=vy1(1D)
2¢{DY=21(DH



42 GCONTINUE
KKONT=KKONT+1
CALL RKGI
E(1)=0,0
38 CONTINUE ,
IF (MDIOG.EQ.0) CALL PRNT(2)
KONT=?2
KF=1
KFF=0
GO T0 13
34 X1=X2
P1=P2
M1=0
DO 39 I=1,NT
Yi(I)=Y2(I)
Z1(1)=22 (1)
39 CONTINUE
GO TO 35
10 M?2=1
IF(M1) 11,13,11
11 M1=0
13 M3=0
RETURN
36 KFF=0
X1=X4
Pi=PY4
DO 41 I=1,NT
Y(I)=Y4(I)
Y1(I)=Y&(T)
Z(IY=Z4(1)
21(1)=261{1)
41 CONTINUE
GO TN 3%
Lo Z2(1)=1.E12
GO TO 13 , )
201 FORMAT (S51H ‘DOUBLING THE INTERVAL, ERROR ARRAY AS FOLLOWS)
202 FORMAT (50H HALVING THE INTERVAL, ERROR ARRAY AS FOLLOWS)
203 FORMAT (8X,6HERROR(,I2,5H) = ,E€15.9)
204 FORMAT (1H )
205 FORMAT(1H1)
206 FORMAT (53H RE-HALVING THE INTERVAL, ERROR ARRAY AS FOLLOWS)
END
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SUBROUTINE DERYV

THIS ROUTINE EVALUATES THE DERIVATIVE VALUES AT EACH INCREMENT
OF THE INDEPENDENT VARIABLE

COMMON QS (13,13),F(13,13),6(13,13),H(13,13),AC(13),B8C(13),
YO(12),Y1(12),Y2042) ,¥3(12),Y4u(12),2(¢12),21(12),
220121 423012) 424 (12) 3 YI (120 4EC12) 4 XTI, XC Xy X1y X2,
X3y XUy DXTyDXyDXMyEMINGEMAX yKONT 4LC o MP, MC,y M1, M2,
M3, M4, MT,NT,RE,U0,V0,DPOR,P,P1,P2,P3,P4,PG1,PG2,
MODE ,NOPNT , INPROy KKONT yMDI0G,KF ,KFF 4 KPNT,SIG

EQUIVALENCE (X,R)

T1121.0/2.0

T12=1.0/(3.0*8.0)

T13=1.0/(5.0%32.0)

T14=1.0/(7.0%128,0)

T15=1.07(9.0%512,0)

BETAL=-U0/ (2, 0*R*R)

MODD=MODE/ 2-1

GO TO (100,200,300), MOOD

N £ W

THIS SECTION IS FOR FORTH ORDER POLYNOMIALS FOR U AND V

100 CONTINUE
IF (KONT.EQ.1) GO TO 12Q
AC(1)=Y(1)
AC(3)=Y(2)
AC(5)==-16,0*Y(1)-4.,0%Y(2)
BC(1)=Y(3)
8C(3)=Y (&)
BC(5)=16.0%(R-Y(3))~4,.0%Y (&)
120 CONTINUE
BETA3=0.0
BETA4=0,.,9
DO 140 I=1,5,2
DO 1&0 J=1,5%,2
BETAI=BETA3+H(I,J) *BC(I) *BC(UY=-G(I,J)*AC(I)*AC(N)
BETAL=BETAL+F (I,J)*AC(I)*BC(J)
140 CONTINUE
BETA2==Y (1) *Y(3)/R+2,0%Y (L) /RE
BRETA3I=BETA3I/R+6.,0*UO/ (R*RE)+(1.0%*Y(2)+AC(5)/2.0) /RE
RETAL==2,0/R*BETAL4(1,0%Y (4) +BC(5)/2.0)/RE
T24=Y(1)
TIL=Y (L) *(G(1,y1)+H(1,1))4Y(2)*(G(1,3)+H(3,1))+AC(5)I*(G(1,5)+H(5,1)
1)
TI2=Y (1) *(G(3y1)+H(1,3)) +Y(2)*(G(343) +H(3,3))+AC(S)I*(G(345)+H(5,3)
1
T33=Y (1) *(G(5,1)4H{1,5))4+Y(2) *(G(5,3) +H{3,5)) +AC(5)* (G (5,5) +H(5,5)
1)
TORI1=F (1 ,1)*Y(3)+F (1,3)*¥Y (L) +F(1,5)*BC(5)
TL2=F (Jy1)*Y () +F (3,3)*Y (L) +F (3,5)*BC(5)
TLU3=F(S,1)*Y(3)+F (5,3)*Y(4)+F (5,5)*BC(5)
TLbz=F(1,1)*Y(1)+F (3,1)*Y(2)+F(5,1)*AC(S)
TWS=F (1,3)*Y(1)+F(3,3V*Y(2)+F (5,3)*AC(5)
TW6=F(1,5)*Y(1)+F (3,5)*Y(2)+F (5,5) *AC(5)



O

7(1)=(BETAL1*(T32-4,0*T33)=-BETA3I*(T12-4.0*T13))/((T11-16.0*T13)
1% (T32-4,0%T33)-(T12-6.0%*T13)*(T31-16.0*T33))
Z(2)=(BETA1-(T11-16.0*T13)*2(1))/(T12-4.0%*T13)

Z(3)=BETA2/T24
2(a)=((BETAL=16.0%T46) = (Thi-16.02T43)¥Z2(1)=(TL2=-4,0%TL3)*Z(2)
1-(Th4-16,0%T6)I*Z(3)) 7 (TLS~4,0%TLE)

DPDOR=Y(3)*%2/R+2,0*Y(2) /RE=-Y(1)*Z (1)

RETURN

THIS SECTION IS FOR SIXTH ORDER POLYNOMIALS FOR U AND V

200 CONTINUE

220

240

IF (KNNT.EQ.1) GO TO 220

AC(1)=Y (1)

AC(3)=Y(2)

AC(S)=Y(3)

AC(7)==64L,0*Y(1)=-16.,0%Y(2)~4,0%Y(3)

BC(1)=Y (W)

BC(3)=Y(5)

BC(51=Y(6)

BC(7)=6L,0*(R=-Y(4))=-16,0*Y(5) =L ,0%Y(6)

CONTINUE

BETA5=0.0

RETA6=0.0

DO 240 I=1,7,2

DO 2430 J=1,792

BETAS=BETAS+H (1,J)*BC(I)*BC(JI-G(I,J)*AC(I)*AC(J)
BRETA6=BETAG+F (1,J) *AC (1) *8C(J)

CONTINUE
BETAS=BETAS/R+6.,0*U0/ (R*RE) +(AC(3) +AC(5)/2.,043.0%AC(7)/16.0)/RE
BETAB==-2,0%BETAB/R+(BC(3)#BC(5)/2,0+3,0%*BC(7)/16.0)/RE
RETA2=(=Y(1)*Y(4)/R+2.,0*Y(5)/RE) /Y (1)
BETA3Z=12,0*Y(3)/RE+2.0/R*(Y(1)*Y(2)+Y(W)*Y(5))
BETAL=12,0*Y(B)/RE+ (Y (1) *Y(5) =Y (2)*Y(4)) /R

T25=1.0

T31i==-Y(2)

T32=Y(1) ,

TH1==2,0*Y(5)

TLS=Y(2)

Tue=Y (1)

TS1=Y (1) *(G(L,y1)+H(1,1))+Y(2) *(G(1,3)+H(3,1))+Y(3)*(G(1,5)4H(S,1))
1+AC(T)I*(G(1,7)+H(T7,1))

T52=Y(1)*(G(3,1)+H(1,3))+Y(2) *(G(3,3)+H(3,3))+Y (3 *(G(3,5)+H(5,3))
1+AC(7)*(G(3,7) +H(7,3)) '

TS3=Y (1)1 *(G(5,1)+H(1,5))4Y(2)*(G(5,3)+H(3,5))+Y(3)*(G(5,5)+H(5,5))
1¢AC(7)*(G(5,7)Y+H(T7,5))

TSG=Y (1) *(G(T 1) +H(1,7))+Y(2) *(G(T,3)+H(3,7))+Y(3)*(G(7,5)+H(5,7))
1+AC(7)* (G(T7,7)+H(7,7))

TO1=F(L,1) *Y(L)+F (1,3)*Y(S5)+F (1,5)*Y(6)4F (1,7)*8C(7)

TE2=F (33 1) *Y(L)#F (3,3)1%Y (5)+F(3,5)%Y(6)+F(3,7) *BC(7)
TE3=F(S5,1)*Y(R)+F (5,3)*Y(S5)+F (5,5)*Y(6)+F (5,7) *BC(7)

TOL=F(741) *Y(L)+F (7, 3)*Y(5)+F(7,5) *Y(B)+F (7,7) *BC(7)

TES=F(L,1) *Y(1)+F (3,1)*Y(2)+F (S5,1)*Y(3)4F (7,1) *AC(7)

TOEE=F (L9 3)*Y(1)+F (3,3)*Y(2)+F (5,3)*Y(3V+F (7,3)*AC(7)

TE7=F(1,5) *Y{1)+F (3,5)*Y(2)+F(5,5)*Y(3)+F (7,5) *AC(7)

THEB=F (1,7)*Y (L) +F (3,7 V2Y(2)4F (5,7)*Y(3)+F (7,7) *AC(7)



(e ]

300

320

340

GAM1=T11-64.0%T14

GAM2=T12-16.0°T14

GAM3=T13-4.,0%T14

ALPH1=TS1-64, 0*T54

ALPH2=T52-16.0%T54

ALPH3=T53-4,0% TSk
FT1=BETA1*ALPH3-BETA5*GAM3
FT2=GAM2*ALPH3~ALPH2*GAM3
FT3=GAM1®ALPH3-ALPH1*GAM3
Z(1)=(FTL*T32-FT2*BETA3) /(FT3*T32-FT2*T31)
2(2)=(BETAZ-T31*Z(1))/T32
Z(3)=(BETA1-GAM1*Z (1) ~GAM2*Z (2)) /GAM3

7(&)=RETA2/T25

Z(S)=(BETAL-TL1*Z (1) -TLS*Z(WL))/TLD

Z(6)=((BETAG-66.0%T768 )-(T61-6Le0"THLI*Z(1)~-(T62-16.0%TELY*Z(2)-
1(T63-L,0%T64) *Z2(3)~-(T65-64,0%T68)*Z(4)~(T66~-16.0%T68)*2(5))/
2(T67-4,0"768)

DPOR==Y (1) *Z(1)4Y(L)**2/R42,0%Y(2)/RE

RETURN

THIS SECTION IS FOR EIGHTH ORDER POLYNOMIALS FOR U AND V

CONTINUE

IF (KONT.EQ.1) GO TO 3290

AC(1Y=Y (1)

AC(3)=Y(2)

AC(5)=Y (D)

AC(7)=Y (&)

AC(9)==256.%AC(1) -64,*AC(3)=16.*AC(5)-&.*AC(7)

BC(1)=Y(5)

BC(3)=Y(6)

BC(5)=Y(7)

BC(7) =Y (8)

BC(9)=256,0%(R-Y(5)) AL, 0%Y(H)=16,0%Y(?) -4, 0%Y(8)

CONTINUE

BETA8=0,0

DO 340 I=1,9,2

D0 340 J=1,9,2
BETA7=BETA7+H (I,J) *BC(I)*BC(J)=G(TI,J)*AC(I)*AC(I)
BETAB8=BETAS+F (I,J) *AC(I) *BC(J)

CONTINUE

BETA2=~Y(1)*Y(5)/R+2,0%Y(6)/RE
BETA3=12.0*Y(3)/RE+2,0/R*(Y(1)*Y(2)4Y(5)*Y(6))
BETAL=12.0%*Y(7)/RE+(Y(1)®*Y(6)=-Y(2)*Y(5)) /R
BETAS=2,0%Y(S5)*Y(7)/R+2,/3.*Y(2)*%2/R+Y(H6)**2/R+4,0*Y (1)*Y(3) /R
1+430.0*Y(4) /RE
BETA6==Y(3)*Y(5)/R-Y(2)*Y(6)/(3.0*RI+3.0*Y(1)*Y(7)/R+30.,0%Y(8)/RE
RETA7=BETA7/R+6.,0*U0/ (R*RE)+(AC(3)+AC(5)/2.0+3.0*AC(7)/16,0+
1AC(9)716,0) /RE
BETAB==2,0*BETAB/R+(BC(3)+BC(5)/2.,0¢3.0%*8C(7)/16.,0+BC(3)/16.) /RE
T26=Y(1)

T31==-Y(2)

T32=Y(1)

TLW1==2.,0%*Y(6)
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T46=Y(2)

Te?7=Y(1)

151==3,0*Y(3)

152=Y(2)73.0

T53=Y(1)

THL1==L.0*Y(7)

T62=-2.73.%Y(6)

T66=Y(3)

T6T=Y(2)

T68=Y (1)

T7L=Y (1) *(G(L, 1) +H(L1,1))+Y(2)*(G(1,3)+H(3,1))+Y(3)*(G(1,5)+H(5,1))
14ACI7I*(GL,7)+H(7,1))+AC() *(G(1,9)+H(I9,1))

T72=Y(1)*(G(3,1)4H(1,3))4Y(2) (G 3,3 +H(3,3))+Y(3)*(G(3,5)+H(5,3))
14AC(7V* (G(3,7Y+H{7,3))+4AC(I *(G(I,3)+4H(I,3))

T73=Y(L)*(G(S,1)+H(1,5))+Y(2)*(G(5,3)+H(3,5))+Y(I)*(G(5,5)+H(5,5))
1+ACIZI*(G(S5,7)+H{7,5))+AC(9) *(G(5,9) +H(9,5))

T743Y (L) *(G(7 4 1) +H (L, 7)) 4Y(2) P (G(7,3)+H(3, 7)) +Y (I *(G(745)+H(5,7))
1¢ACITI* (G (T ,7) +HIT, 7)) +AC(I) * (G (7,9)+H(I,7))

T7S=Y(1)*(G(,1)+H(1,9))+Y(2)*(G(9,3)+H(3I,3))I+Y(I)*(G(9,5)+4H(5,3))
1+AC(7)*(G(9,7)+H(7,9))+AC( *(G(9,9) +H(I,9))

TBL=Y(S)*F(1,1)+7(6)SF (1L,3)+Y(7)*F(1,5)+Y(B)*F(1,7)+BC(9)*F(1,9)

TB2=Y(S)I*F (3, 1)+ (BI*F (I ,3)+Y(7I*F(3,5)+Y(B)*F (3,7)+BC(9)*F(3,9)

TB3I=Y(5)*F(5,1)+Y(B)*F(S5,3)+Y(7)*F(5,5)+Y(8) *F(5,7)+BC(9)*F(5,9)

TBU=Y(S)¥F (7, 1) +Y(6) *F(7,3)+Y(7) *F(7,5)4Y(8) *F(7,7)+BC(9) *F(7,9)

TB5=Y(S5)*F (G, 1) +7(6)*F(9,3)+Y(7)*F(9,5)+Y(8)*F(9,7)+BC(9)*F(9,9)

TBOE=Y (1) *F (15 1)+ (2)*F(3,1)+Y(3)*F(5,1)+Y(L)*F(7,1)+AC(9)*F(9,1)

TOT=Y (1) *F (1, 34V (2)*F (3,3 4+Y(3)PF(5,31+Y (L) *F(7,3)+AC(9)*F(3,3)

TBB=Y(L1)*F (1,5)+Y(2)*F(3,5)4Y(3)*F(5,5)+Y(4)*F (7,5)+AC(39)*F(9,5)

TBO=Y (1) *F (1, 7)Y (2)*F(3,7)+Y(3)*F(S5,7)+Y(4)*F(7,7)+AC(9)*F(9,7)

T810=Y(1)*F (1, +Y(2)*F(3,9) +Y(3)*F(5,9)+Y (L) *F(7,9) +AC(9I) *F (9,9)

ALPHA1=T11-256,0%T15

ALPHA2=T12~64,0*T15

ALPHA3=T13-16.,0*T15

ALPHAL=T14~4,0*T15

GAM1=T71-256.0*T75

GAM2=T72-64.0%*T75

GAM3=T73-16.0*T75

GAMLz=T74-4,0%T7S

RHO1=ALPHA1*GAML-ALPHAL®GAM]

RHO2=ALPHA2*GAMU=ALPHAL*GAM2

RHO3=ALPHA3*GAMY=~ALPHAL®*GAM3
- EP1=RHO1%T53-RHO3*T51

EP2=RHO2*T53-RHO3*T52

Z(1)=(((BETAL*GAML-ALPHAL®BETAT7) *T53-RHO3*BETAS) *T32-EP2¥BETA3) /
1{EP{*T32-EP2¥T31)

Z(2)=(BETA3-T31*2(1)) /732

Z(3)=(BETAS5=-T541%7(1)-T52%2(2))/T53

Z(4)=(BETAL1-ALPHAL1*Z(1)-ALPHA2%Z(2)-ALPHA3*Z(3)) /ALPHAL

2(5)=RETA2/T26 ' ’

7(6)=(BETAL-TL1%2 (1) -TLE®Z(5))/TL7

Z(7)=(RETAG-TH1*Z (1) -T62%2(2)~THH6*2(5)~-T67*2(6))/T6HA

2(8)=((BETAB=-256,0*T810)-(T81-256,0%T85)%2(1)~(T82-64,0 *T85)%2(2)
1-(T83~16.0%T85)*Z2 (3)~(TBLU=-4,0*TB5)*Z2(L4)=(T86=-256,0%T810)*2(5)
2-(TB7-64.,0 *T810)*Z(6)~(T88-16,0%T810)%2(7))/(T89~4,0%T7810)

DPOR=Y(S)**¥2/R+2.0*Y(2)/RE-Y(1)*Z(1)



RETURN
END

g



