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UPDATED INTERIM VERSION OF SPIRALI AS OF 3/9795 THAT INCLUDES
LOCAL PRESSURE JUMPS AT GROOVE-RIDGE INTERFACES. ALTHOUGH THIS
CODE DOES PROVIDE INPUT FOR CARRYOVER EFFECTS IT IS INCOMPLETE IN THAT

IT DOES NOT FULLY IMPLEMENT THEM AS OF YET.
ERRRRRRRRRRARRRRARRERARARRRAERRARRRARAARRRTEARRRRRARRRAARRARRRRRARRRIAR

MAIN PROGRAM FOR COMPUTER CODE SPIRALJ WHICH IS EXTENDS SPIRALI TO
INCLUDE LOCAL PRESSURE JUMPS AT GROOVE-RIDGE DISCONTINUITIES
FL /Gt1024 SPIRALI.FOR
PARAMETER (ND2=201,NDREG=21)
IMPLICIT DOUBLE PRECISION (A-H,0-2)
CHARACTER TITLE*64,PNAME*60, FNAME(3)*60
DIMENSION NRSUB(NDREG),ELFR(NDREG),RHZO(Z)
DIMENSION ALPI(NDREG),BETI(NDREG),DELT(NDREG),DELTI(NDREG)
DIMENSION NSG(NDREG),ENGP(NDREG),ZETG(NDREG)
DIMENSION RG(NDZ,NDREG),ZET(NDREG),ZTG(NDZ,NDREG)
DIMENSION H(NDZ,NDREG),U(NDZ NDREG),V(NDZ,HDREG),P(NDZ,NDREG)
DIMENSION TAU(NDZ,NDREG),CK( ,4),CB(4,4),AM(4,4)
THIS COMMON BLOCK PASSES DATA TO USER DEFINABLE FUNCTION FLMSHP
COMMON/BFSHP/HTAP, HBRL
THIS COMMON BLOCK PASSES TURBULENCE COEFFICIENTS TO
USER DEFINABLE FUNCTIONS FA AND F
COMMON/BFAFB/EMA, ENA, EMB , ENB
DATA RH20/9.35726D-5,1.D3/
INITIALIZE NAMELIST VARIABLES
DATA TlTLE,lFACE,ISIUN,IGROT,NOI,IFLOH/’ ’,5%0/,
+RO,C,EL,RPM,RPMO, RPMD/6*0.D0/,
+PLEG,PRIG,VISC,DENS/4*0.DO/
+F2D, IHOME ,NITH TOLH/O.D0,0,10,1.D-4/
+NITV,TOLV,DUT/ 0,1.0-5,1.D-6/,
+NREG,NRSUB(1),ELFR(1)/i,20,1.DO/,
+ALPI,BETI,DELT ZET/NDREG*O.DO,NDREG*O.DO,NDREG*O.DO,NDREG*O.DO/,
+NSG,ZETG/NDREG‘O,NDREG*O.DO/
NAMEL]ST/INPUTS/TITLE,IFACE,ISIUN,IGROT,NOI,lFLOH,
#RO,C,EL,RPM,RPMO,RPMD,PLEG,PRIG,VISC,DENS,EMA,ENA,EMB,ENB,
+HTAP, HBRL ,F2D, IHOME ,NITH, TOLH,
+NITV, TOLV,DUT,
+NREG. NRSUB, ELFR, ZET,ALPI ,BETI ,DELT,NSG, 2ETG
USE DATA’ STAEMENT BELOW'TO HARD CODE DEFAULT FILENAMES. BLANK VALUES USED
HERE CAUSES MICROSOFT COMPILER TO TAKE NAMES FROM COMMAND LINE OR ISSUE
PROMPTS FOR THEIR INPUT AT RUN TIME.
DATA FNAME/3*! 7/
UNIT 1 1S INPUT FILE, 2 OUTPUT FILE, 3 PLOT FILE
OPEN(1, FILE=FNAME(1), STATUS=/OLD’ ,ERR=9999)
OPEN(Z,FILE=FNAME(2),ERR=9999)
0PEN(3,FILE=FNAHE(3),ERR=9999)
INQUIRE(3, NAME=PNAME)
PI1=4.DO*ATAN(1.D0)
I1CASE=0
INITIALIZE DATA ON COMMON BLOCKS
HTAP=0.D0
HBRL=0.D0
EMA=-0.25D0

1 READ(1, INPUTS,END=999)
ENGP=NSG/4.D0/P1
CLEAN UP FLAGS
IF(IGROT.NE. 1) IGROT=0
1F(IFACE.NE.1) IFACE=0
IFCISIUN.NE.1)ISIUN=0
SET CASE NUMBER AND WRITE CASE NUMBER AND TITLE TO OUTPUT FILE
ICASE=ICASE+1
IFCICASE.GT.1)WRITE(2,*)’ /

WRITE(2, 19) ICASE, TITLE
19  FORMAT(’ ( CASE’, 13,7 ) !,A64/)
C PRINT OUT NAMELIST
CALL INLIST(2,TITLE,IFACE, ISIUN, IGROT,NOI, IFLOW,
+R0,C,EL, RPM, RPMO, RPMD ,PLEG, PRIG, VISC, DENS,
+EMA, ENA,EMB, ENB , HTAP, HBRL
+F2D! THOME ,NITH, TOLH,
+NITV, TOLV,DUT,
+NREG. NRSUB, ELFR, ZET,ALP1,BETI,DELT,NSG,2ETG)
CALL OUTSCRC’STARTING SOLUTION FOR CASE NUMBER',ICASE)
c CHECII(EgPOFRONT FOR ERRORS

1F(RO.LE.0.D0.OR.EL.LE.0.D0.OR.C.LE.0.DO.OR.VISC.LE.0.DO0
+.0R.RPM.LT.-1.D-8)IER=8
IF(NREG.GT.NDREG) IER=10
ELSUM=0.D0
DO 81 K=1,NREG
ELSUM=ELSUM+ELFR(K)
1F(NRSUB(K).GE.NDZ) IER=9
81  CONTINUE
IF(ABSCELSUM-1.D0).GT.1.01)IER=11
IFCIER.NE.0)GO TO 80
C GENERATE R AND Z GRIDS
ELT=EL/2.DO/RO
CALL R2GRIDCIFACE,ELT,NREG,NRSUB,ELFR,RG,ZTG)
C CHECK ONOHOMING IN ON AXIAL LOAD FOR FACE SEAL
ITH=
1F(IHOME .NE.2)CNEW=C
IFCIFACE.EQ.1.AND.(IHOME .EQ.1.0R. IHOME .EQ.2)
+.AND.FZD.GT.1.D-6)ITH=1
C LABEL BELOW IS TOP OF HOMING LOOP, USED WHEN ITH>0
88  C1=CNEW
lF(IEH.GT.O)CALL OUTSCR(’ LOAD ITERATION NO.’,ITH)
E =

R=l
C GET REFERENCE GAGE PRESSURE AND CHECK DIRECTION OF POISEUILLE FLOW
PO=PLEG-PRIG
IDIR=1
IF(P0.LT.0.)IDIR=-1
PO=ABS(P0)
c CALCU%QTEODIMENSIONLESS PRIMARY FILM THICKNESS H, AND TOTAL NO. PTS, MTOT
MTOT=!
DO 7 K=1,NREG
NRT=NRSUB(K)+1
MTOT=MTOT+NRT
DELTI(K)=DELT(K)/C1
ENGP(K)=NSG(K)/4.D0/P1
DO 7 J=1,NRT
C ADD SHAPE AND DIVIDE BY C
X=2TG(J,K)/(2.DO*ELT)
IFCIFACE.EQ. 1)X=X+(ELT-1.00)/(2.DO*ELT)
7 HCJ,K)=1.D0+DELTI(K)*ALPI(K)+FLMSHP(X)/C1
C USE SMALL NUMBER IN PLACE OF O DENSITY
DNS=MAX(1.D-8*RH20( ISIUN+1),DENS)
C CONVERT ANGULAR VELOCITIES TO RAD/SEC
DRC=P1/30.D00
OM=RPM*DRC
OMO=RPMO*DRC
OMD=RPMD*DRC
C CALCULATE VELOCITY AND REYNOLDS NUMBER FOR LAMINAR FLOW
VPL=C1*C1/(12.D0*VISC*EL)
VL=VPL*P0
REL=2.DO*C1*VL*DNS/VISC
REA=REL
RFBR=24.D0
C GET CHARACTERISTIC AXIAL REYNOLDS NUMBER FOR TURBULENT FLOW
IF(REA.GT.1000.DO)THEN

Page 2
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CALL RECAL(REL,REA,FBAR,NITV,DUT, IER)
IF(IER.NE.0)GO TO 99
RFBR=REA*FBAR
ENDIF
VPT=VPL*24.DO/RFBR
C COMPARE AXIAL AND CIRCUMFERENTIAL REYNOLDS NUMBERS TO SELECT RE AND PO
REO=C1*RO*OM*DNS/V1SC
1F(REA.GE.REO)THEN
RE=REA
PIN=1.DO0
ELSE
TMP=PO
PO=RO*OM/2. /VPT
PIN=TMP/PO
RE=REQ

ENDIF
c HAKE"g?qEODECISIONS ON HANDLING AXIAL INERTIA
=

1F(NOI.GE.0.AND.(C1/EL*REA/RFBR.LT..01.0R.NOI.GT.0))NOI1=1
IFCIFLOW*IDIR.EQ.-1.AND.NOI1.EQ.O)THEN

IDIR=-IDIR

PIN=-PIN

ENDIF
REC=RE*2.D0*C1/RO*DENS/DNS
1F(NOI .EQ.2)REC=0.D0
C COMPUTE CHARACTERISTIC VELOCITY AND DIMENSIONLESS PARAMETERS
VO=RE*VISC/(2.DO*DNS*C1)
PAR=VISC*VO*R0/ (4 .DO*C1*C1*P0)
OMT=OM*RO/VO
OMOT=OMO*RO0/VO
OMDT=OMD*RO0/VO
C CALCULATE DIMENSIONLESS LOADING
FZND=FZD/PO/RO**2
C PERFORM SEAL COMPUTATIONS
CALL TSEAL(TOLV,NITV,NOI1,IFACE,IDIR,IGROT,NREG,NRSUB,
+RE,REC, PR, PIN,OMT,OMOT,, OMDT ,DUT , 2ET,ALP1 , BETI, DELTI, ENGP, 2ETG,
+RG.2TG.H, UV, P, TAU,CK,CB,AM, FLO, TOR, W, IAMASS, I TER, IER)
PADD=0.D0
IF(PIN.LT.0.DO)PADD=-PIN
JEND=NRSUB(NREG)+1
W=W+P1*PADD* (RG( JEND , NREG)**2-RG(1, 1)**2)
RE1=RE/DNS*DENS
REAT=RE1*H(1, 1)*ABS(V(1,1))
REA2=RE 1*H( JEND, NREG) *ABS (V( JEND NREG))
REO1=RE1*H(1, 1)%ABS(U(1,1)-RG(1, 1 )*OMT)
REO2=RE1*H( JEND ,NREG)*ABS(UCJEND , NREG)-RG( JEND , NREG )*OMT)
C CHECK TO SEE IF RIGHT INLET BOUNDARY WAS USED
1FCIER.EQ.0.AND.NOI1.EQ.0.AND. I FLOW*FLO.LT.0.)IER=7
C IF HOMING ON LOAD FOR FACE SEAL, CHECK FOR CONVERGENCE OR TROUBLE
IFCITH.GT.0.AND. IER.EQ.0. )THEN
1F(ABS(W-FZND)/FZND.LT.TOLH) THEN
CONTINUE
ELSE IFCITH.EQ.NITH)THEN

1ER=5
ELSE IF(CK(1,1).LT.1.D-20)THEN
1ER=6

ELSE
CNEW=(1.D0-(FZND-W)/CK(1,1))*C1
IF(CNEW/C1.LT.1.D-8)THEN
1ER=6
ELSE
ITH=1TH+1
GO TO 88
ENDIF
ENDIF
ENDIF
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C WRITE OUTPUT
NOI2=NOI1
IF(NOI1.EQ.1.AND.REC.LT.1.D-4)NOI2=2
80 CALL DIMOUT(2,NOI2,I1FACE, ISIUN, IER, ITER,
+W, FLO, TOR, CK, CB, AM,
+RO,EL C1,VISC,DENS ;PLEG, PRIG, VO, PO, IAMASS ,RPM,RPMO, RPMD,
+REA1,REA, REOT,REO2)
IF(1ER.NE.0)GO TO 99
C IF NON-NUL PLOT FILE DUMP NO. POINTS, FILM, VELOCITY AND PRESSURE DATA
1F(PNAME .EQ. ' NUL’ .OR.PNAME .EQ. 'nul’)GO TO 99
WRITE(3, *)MTOT
ROM2=OM*R0/2.D0
DO 20 K=1,NREG
NRT=NRSUB(K)+1
20 WRITE(3,21)CZTGCI,K),HCI,K)*C1-ALPI(K)*DELT(K),
+U(1,K)*V0,V(1,K)*VO, (P(1,K)+PADD)*PO, I=1,NRT)
21 FORMAT(OP,F10.4,1P,4E13.5)
+UCT,K)*VO,V(1,K3*v0, (PC1,K)+PADD)*PO,RGCT,K)*ROM2, 1=1,NRT)
FORMAT(OP. F104,1P,5E13.5)
IFCIER.NE.O)CALL EMSG(IER)
WRITE(2,*)!
GO 10 1
CLOSE(1)
CLOSE(2)
CLOSE(3)
sTOP
END

(21 2]
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SUBROUTINE_EMSG(IER) SUBROUTINE OUTSCR(MSG,NUM)
CHARACTER*78 MSG(11) C SENDS STATUS MESSAGES TO THE STANDARD OUTPUT UNIT
C SENDS ERROR MESSAGES TO STD. OUTPUT. C CALLED BY MAIN, TSEAL
C CALLED BY MAIN PROGRAM CHARACTER*(*)MSG CNUM*6,MSG1*78
DATA MSG/ WRITE(CNUM ’(I6)’)NUM
+/INITIAL VELOCITY COMPUTATION DIVERGED’, Do 5 11=1,
+/PRIMARY FLOW COMPUTATION DIVERGED’, I=11
+/MATRIX INVERSION ERROR ENCOUNTERED IN SECOND ORDER SOLUTION’, IF(CNUM(I:I).GT.’ ’) GO TO 6
+/SPIRAL GROOVE LOCAL FLOW COMPUTATION DIVERGED’, 5 CONTINUE
+/FACE SEAL AXIAL LOAD ITERATION DIVERGED’, 6 CONTINUE
+/NEGATIVE STIFFNESS OR FILM THICKNESS IN AXIAL LOAD ITERATION’, L=LEN(MSG)
+/WRONG INLET BOUNDARY WAS USED WITH TRANVERSE INERTIA lNLCUDED’ MSG1=MSG
+/ILLEGAL LENGTH, CLEARANCE, VISCOSITY, PRESSURE OR SPEED ENCOUNTER C CONCATINATE NON O NUMBER TO STRING
+ED’, IF(NUM.EQ.O)THEN
+/MAXIMUM NUMBER OF ALLOWABLE GRID POINTS EXCEEDED’, LT=L
+/MAXIMUM NUMBER OF ALLOWABLE REGIONS EXCEEDED’, ELSE
+/SUM OF LENGTH FRACTIONS ARE NOT EQUAL TO 1/ LT=L+8-1
+/ MSG1(L+1:LT)=’ ’//CNUM(1:6)
WRITE(*,*)MSG(IER) ENDIF
RETURN WRITE(*,*)MSG1(1:LT)
END RETURN

END
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SUBROUTINE DIMOUT(IFILE,NOI, IFACE, ISIUN, IER, ITER,
+W,QIN,TOR,CK,CB,
+DOR,DOL,DOC, DOMU, DENS, DDPL ,DDPR, VO, PO, IAMASS, RPM, RPMO, RPMD,,
+REAT, REA2, REO1,REO2)
C SENDS OUTPUT TO UNIT IFILE
C CALLED BY MAIN
IMPLICIT DOUBLE PRECISION (A-H,0
CHARACTER STRK(4,2)*7,STRKOC4, é)*r STRB(4,2)*7,
+STRAC4, 2)*7, KUNIT (4,2, 2)*10,BUNIT(4,2,2)*10 AUNIT(4 2 2)*10
CHARACTER IN(2)*6,LB(2)%*6, 135(2)*13; PSI(Z)*7 IHP(2)*
+XIN(2)*12, vnn<z>*12 ZIN(2)*12, ILBC(2)*10, ps1£(2>*14 9515(2)*12
CHARACTER 'NOISTR(3)*30
DIMENSION CK(4,4),CB(4,4) AMC4, &), SCONC4) XCON4)
DATA NOISTR/’ /,/. TRANSVERSE INERTIA NEGLECTED’,
+1, INERTIA NEGLECTED’/
DATA STRK/’Kx’, Ky’ ,'Kphi’ 'Kpsr' Kz!, 'KEh1' ,'Kpsi’,! !/
DATA STRKO/’KOX', 'xby' 7KOphi’, 'Kbpsi’, 1K0z' 'KOphl' 'KOpsi’, ! !/
DATA STRB/’Bx’, 'By’,'Bphl' ’Bpsl’ 'Bz’,’Bph 1’ 'B 0
DATA STRA/’Ax’,’Ay’,’Aphi’,’Apsi’,’Az’ 'Aphl' 'Apsl' 11y
DATA KUNIT/’LB?, /LB’ *IN-LB,/IN-LB,’(B’,’IN-LB’ ' IN-LB’,’ ',
+INI INI IN ml IN ml INI IN ml IN ml l I/
DATA BUNIT/’LB SEC’,’LB- SEC’ ’IN LB SEC’,’IN-LB-SEC’,’LB-SEC’,
+/IN-LB-SEC’,’IN-LB- SEC' rs,
+N-SEC’ , 'N-SEC’ , 'N-m-SEC’ , 'N-m-SEC’ , 'N-SEC’,
+/N- m'SEC' ’N- m-SEC’ 'y
DATA AUNIT/’LB-SEC2/,’LB-SEC2’,’IN-LB-SEC2’, IN-LB-SEC2’,
+/.B-SEC2/,’IN-LB- SECé’ 7IN-LB- SECZ' 1,
+/N-SEC2’ 'N SEC2’,’N- m-SECZ’ IN- m'SECZ' 'N-SEC2/,
+IN-m-SEC2’, 'N-m-SEC2!,/ /

DATA X!N,YIN,ZIN/’ x CIN)/,?  x (m)’,’ y (IN),' 'y (m)/,
+ 2 (IN)'," 2z (m)'/

DATA IN,LB/’ (IN)!,’ (m)’,’ (LB)',’ (N)'/

DATA ILBC/’ (IN- L), ’,’ (N-m),’

DATA 13S,PSI/’ (lN*‘3/SEC)’ ! (m**3/SEC)’,’ (PSI)',’ (Pa)'/

DATA PSIS/’
DATA PS14/'

(PSI-SEC),’,’
(LB- SEC/IN‘)' '
zA}A IHP/?  (HP)',' (WATT)!/

IFCISIUN.EQ.1)K=2
IF(IFACE.EQ.1)GO TO 1000
IF(IER.EQ.O)THEN
FCON=PO*DDR*DDR
QCON=VO*DDC*DDR
TCON=DDR/VO
HP=TOR*FCON*DDC*RPM*1.586662957D-5
1F(K.EQ.2)HP=HP*6600
SCON(1)=FCON
SCON(2)=FCON
SCON(3)=FCON*DDR
SCON(4)=FCON*DDR
XCON(1)=DDC
XCON(2)=DDC
XCON(3)=DDC/DDR
XCON(4)=DDC/DDR
ENDIF
NFP=4
WRITECIFILE,60)NOISTR(NOI+1)
60 FORMAT (/' CYLINDRICAL SEAL’,A30/)
WRITECIFILE,61)DDL,2.DO*DDR, DDC INCK)
61 FORMAT(' LENGTH DIAMETER CLEARANCE =/ 1P,E12.4,',' ,E12.4,',’,
+E12.4,A6/)
URITE(IFILE 62)RPM,RPMO, RPMD
62 FORMAT(’ ROTOR SHIRL AND DIST. SPEEDS =’,1P,E12.4,
+/,1 E12.4,',' E12 4," (RPM)’/)
HRITE(IF]LE 63)DDPL DDPR,PSI(K)
63 FORMAT(’ PRESSURE AT START END AXIAL BOUNDARIES =’,1P,E12.4,’,’,

(Pa-SEC),’/
(Kg/m3)'/

0471471995
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64

40

48

50

45

100
101

+E12.4,A7/)
WRITEC IFILE, 64)DDMU, PSISCK) ,DENS, PSI4(K)
FORMAT(/ VISCOSITY =',1P,E12.4,A%2,
+/ DENSITY =/ ,E12.4,A14/)
WRITECIFILE,40) IER, ITER
IFCIER.NE.O)RETURN
FORMAT(’ ERROR CODE =',13,’, ITERATIONS IN PRIMARY FLOW =',13)
WRITECIFILE,48)QIN*aCON, 13S(K) , TOR*FCON*DDC, ILBC(K),
+HP, 1HP(K),REA1,REO1, REO2
FORMAT(/7' FLOW' =/ 1P,E12.4,A13//
+/ TORQUE =/, 1P,E13.4/A10,1" FILM POWER LOSS =’ (E12.4, A8//
+1 AXIAL REYNOLDS NUMBER =/, 1PE12.4,/
+é1gng. REYNOLDS NUMBERS FOR ROTOR AT SEAL ENDS ='.1P, 512 4,1,
+ .
WRITECIFILE,50)
FORMAT (/"
+)/

)

ASSIGN 45 TO KF

WRITE(TFILE, KF)XINCK), YINCK)

FORMAT(/’ DisP. ' 2A12,

+/ phi (RAD) 7.’ psi (RAD) ’,’

ASSIGN 47 TO KF

DO 100 I=1,NFP
IFCIAMASS.EQ. 1) THEN

WRITECIFILE,KF)STRK(I, IFACE+1),
+ LK, J)*SCONCT)/XCONCJ), J=1,NFP)  KUNIT(I, IFACE+1,K)

HRITE(IFILE KF)STRK(I,IFACE+1),
+ ENEA?(! J)*SCON(I)/XCON(J) J=1, NFP) KUNIT(I,IFACE+1,K)
1
CONTINUE
DO 101 I=1,NFP
HRITE(IFILE KF)STRB(I,IFACE+1),(CB(I, J)*TCON*SCON(1)/XCON(J),
+J=1,NFP), BUNIT(I IFACE+1 K)
po 102 1=1,NFP
lF(IAHASS EQ.1)TH
WRITECIFILE, KF)STRA(I‘IFACE+1)
+ (AM(l J)'SCON(I)*TCON *Z/XCON(J) J=1,NFP) ,AUNIT(I, IFACE+1,K)

HRITE(IFILE KF)STRKO(I, IFACE+1),
+ EN(?E(! J)*SCON(I)/XCON(J) J=1, NFP) KUNIT(I, IFACE+1,K)
CONTIN
FORMAT(1X,A7,1P,4E12.4,3X,A10)
RETURN

DYNAMIC COEFFICIENTS ( FORCE UNIT / DISP. UNIT

FORCE UNIT /)

1000 IFCIER.EQ.O)THEN

860

1
+1P,E12.4,',

FCON=PO*DDR*DDR
QCON=VO*DDC*DDR
TCON=DDR/VO
HP=TOR*FCON*DDC*RPM*1.586662957D-5
1F(K.EQ.2)HP=HP*6600
SCON(1)=FCON
SCON(2)=FCON*DDR
SCON(3)=FCON*DDR
XCON(1)=DDC
XCON(2)=DDC/DDR
XCON(3)=DDC/DDR
ENDIF

NFP=3
WRITECIFILE,860)NOISTR(NOI+1)
FORMAT (/' FACE SEAL’,A30/)
WRITECIFILE,861)2.D0*(DDR-DDL),2.DO*DDR,DDC, INCK)
FORMAT :o, 00, NOMINAL FILM THICKNESS =/,
E12.4,'," E12.4,A6/)
WwRITECIFILE, é2>kpn RPMO, RPMD
WRITECIFILE,863)DDPL,DDPR, PSI (K)
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863 FORMAT(’ INSIDE, OUTSIDE PRESSURE =/,1P,E12.4,',’,
+E12.4,A7/)
HRITE(IFILE 64)DDMU, PSIS(K),DENS,PSI4(K)
WRITECIFILE,40)IER, iTER
IFCIER.NE. O)RETURN
WRITECIFILE, 144 )W*FCON, LB(K)
144 FORMAT(/’ AXIAL LOAD TO BALANCE FACE SEAL =',1P,E12.4,A6)
WRITECIFILE,848)QIN*QCON, 13S(K), TOR*FCON*DDC ILBC(K),
+HP, IHP(K), REA1 REA2,REO1,REO2
848 FORMAT(/’ FLOW =/ 1P E12. 4,A3//
+/ TORQUE =/,1P, E1é 4 A10,’ FILM POWER LOSS =’,E12.4,A8//
+! RADIAL REYNOLDS NUMBER ‘AT ID, =/ 1P E1é 4,',"' E12 4
+é;2C£§C. REYNOLDS NUMBERS FOR ROTOR AT 1D, OD = 1P E12.L, U
+
WRITECIFILE,50)
ASSIGN 145 TO KF
WRITECIFILE,KF)ZINCK)
145 FORMAT(/' pisp. ! (A12,
+/ phi (RAD) ’,/ pSI (RAD) r,' FORCE UNIT /)
ASSIGN 147 TO KF
DO 500 I=1,NFP
1FCIAMASS .EQ. 1) THEN
WRITECIFILE,KF)STRK(I,1FACE+1),
+ (CK(I, J)*SCON(I)/XCON(J) J=1, NFP) KUNIT(I, IFACE+1,K)

ELSE
WRITECIFILE,KF)STRK(I, IFACE+1),
+ ené?n(l ,J)*SCONC1)/XCONCJ), J=1,NFP), KUNITCI, IFACE+1,K)
F
500 CONTINUE
D0 501 I=1,NFP
501 WRITECIFILE,KF)STRB(I,IFACE+1),(CBCI,J)*TCON*SCONCI)/XCONCJ),
+J=1,NFP), BUNIT(! IFACE+1,K)
Do 502 1=1,NFP
IFCIAMASS .EQ. 1) THEN
WRITECIFILE,KF)STRACI IFACE+1),
+ (AM(I J)*SCONCI)*TCON**2/XCON(J),J=1,NFP), AUNIT(I, IFACE+1,K)

HRITE(IF!LE KF)STRKO(CI, IFACE+1)
+ ENéCK(l J)*SCON(I)/XCON(J) J=1 NFP) KUNIT(I, IFACE+1,K)
IF
502 CONTINUE
147 FORMAT(1X,A7,1P,3E12.4,3X,A10)

SUBROUTINE INLISTCIFILE,TITLE,IFACE,ISIUN,IGROT,NOI, IFLOW,
+R0O,C,EL,RPM,RPMO,RPMD, PLEG PRIG VISC DENS,
+EMA ENA EMB,ENB, HTAP HBRL
+FZD, IHOME NITH TOLH
+NITV TOLV DuT,
+NREG NRSUB ELFR 2ET,ALPI,BETI,DELT,NSG,ZETG)
C THIS ROUTINE PRINTS OUT' THE NAMELIST IN A (EGIBLE MANNER
C CALLED BY MAIN PROGRAM
C WRITES TO UNIT NO. IFILE
IMPLICIT DOUBLE PRECISION (A-H,0-Z)
PARAMETER (NDZ=201,NDREG=21)
CHARACTER FORM*80, TITLE*64 NTC*2
DIMENSION NRSUB(NDREG) ELFR(NDREG) ZET(NDREG)
DIMENSION ALPI(NDREG), BETI(NDREG) DELT(NDREG)
DIMENSION NSG(NDREG), ZETG(NDREG)
NT=LEN(TITLE)
DO 80 I=1,NT
IT=NT+1-1
IFCTITLECIT:IT).GT.’ /)GO TO 81
80 CONTINUE
81 WRITE(NTC,’(I2)/)IT
VRITE(IFILE *)I&INPUTS/
FORM=" (4X,A8,2X,A1,A’//NTC//! ,A1)!
HRITE(IFILE FORM)’T[TLE =/, i ,TITLE, /11!
WRITECIFILE,1)/IFACE =’ IFACE 1iSIUN =/ , ISIUN
WRITE(IFILE,1)’ IGROT =/, . 1GROT, /NOI =/ NOI, IFLOW =’ IFLOW
WRITE(CIFILE,2)’RO =/ RO TEL =’,EL,'C =/,C
WRITECIFILE,2)’RPM =/ RPM,'RPMO =/ RPMO,’/RPMD =/ ,RPMD
WRITECIFILE,2)’PLEG =’,PLEG,’PRIG =’,PRIG,’FZD =/ ,F2D
WRITE(IFILE,2)’VISC =',VISC,'DENS =/ ,DENS
WRITE(IFILE,2)/EMA =/ EMA,'ENA =/ ,ENA
WRITECIFILE,2)’EMB =/ ,EMB, 'ENB =/ ,ENB
WRITECIFILE,2)’HTAP =/ HTAP,’HBRL ",HBRL
WRITECIFILE,2)/TOLH  =/,TOLH,’TOLV  =/,TOLV,’DUT =/,DUT
WRITECIFILE, V3)/THOME =’ , THOME, 'NITH =/ NITH INITV =/ ,NITV
NREGS=MIN(NREG 5)
WRITECIFILE 4)’NREG =/ NREG, 'NRSUB =',(NRSUB(I),I=1,NREG§)
IF(NREG.GT. 5)HRITE(IFILE 6)(NRSUB(I) 1=6,NREG)

WRITECIFILE,5)/ELFR =/, (ELFR(1),1=1,NREG5)
IF(NREG.GT.5OWRITECIFILE . 7)(ELFRC1), 126, NREG)
WRITECIFILE,5)/2ET =/ (zer<1>,x=i NREG5)
1F(NREG.GT.5)WRITECIFILE,7)(ZET(1),126,NREG)
WRITECIFILE,5)/ALPI =/ (ALPI(1),{=1,NREGS)
1F(NREG.GT.5)WRITECIFILE, 7)CALPI(1), 1=6,NREG)
WRITECIFILE,5)/BETI =/, (BETI(1),1=1,NREG5)
1F(NREG.GT.5)WRITECIFILE, 7><asrxci>,1 =6, NREG)
WRITECIFILE,5)/DELT =/, (DELT(I),1=1,NREGS)
IFCNREG.GT.5)WRITECIFILE, 7)(DELT(1), 126, NREG)
WRITECIFILE,B)'NSG =/, (NSG(I),1=1,NREGS)
IF(NREG.GT.5)WRITECIFILE,9) (NSG(1), 1=6,NREG)
WRITECIFILE,5)/2ETG =/, (ZETG(1), =1, NREG5)
1FCNREG. GT.5)WRITECIFILE, 7)(2515(1) 126, NREG)
FORMAT (4X, A8, 13,730,A8, 13, T55,A8, 13)

FORMAT (4X.A8. 1P E12.4,730, A8 512 A 155 A8,E12.4)
FORMAT (4X_ A8, 13,730, A8, 14,755 ,A8, 14)

FORMAT (4X . A8, 13,730, A8 514)

FORMAT (4X, A8 1p '5E15.4

FORMAT (37X, 5
FORMAT (12X, 19 5512 4)
FORMAT (4X, A8, 514)
FORMAT(12X,514)
WRITECIFILE,*)? /!
RETURN

END

VRNOVIHUWN -
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SUBROUTINE TSEAL(TOLV,NITV,NOI,IFACE,IDIR, IGROT1,NREG,NRSUB,
+RE,REC,P1R,PIN,0MT,0M6T,OMDT,DUT,ZET,ALP,BET,DELT,ENGP,ZETG,
+RG,2TG,H,U,V,P,TAU,CK,CB,AM, FLO, TOR, W, IAMASS, ITER, IER)

TURBULENT SEAL COMPUTATION SUBROUTINE
CALLED BY MAIN

CALLS VISOLV,TORQ, FORCE,KBCAL

FLAG DEFINITIONS:

NOI = 1 NEGLECT AXIAL CONVECTIVE INERTIAL TERMS
IFACE = 1 FACE SEAL
0 CYLINDRICAL SEAL
IDIR = 1 AXIAL FLOW IS KNOWN POSITIVE
-1 AXIAL FLOW IS KNOWN NEGATIVE
IGROT = 1 GROOVES ROTATE
0 GROOVES STATIONARY
-1 NO GROOVES (SET BY THIS SUB AND PASSED TO SUPPORTING SUBS)
IAMASS= 1 CK, CB, AND AM ARE STIFFNESS, DAMPING AND MASS AT 0 FREQUENCY

0 CK'AND AM ARE DAMPING AND STIFFNESS AT DISTURBANCE FREQUENCY

IAMASS AND IER (ERROR CODE ) ARE OUTPUT

IMPLICIT DOUBLE PRECISION (A-H,0-2)

PARAMETER (NDZ=201,NDREG=21)

DIMENSION NRSUB(NDREG),RG(NDZ,NDREG),ZET(NDREG),2TG(NDZ,NDREG)

DIMENSION ENGP(NDREG),iETG(NDREG)

DIMENSION ALP(NDREG),BET(NDREG),SBET(NDREG),CBET(NDREG),

+DELT(NDREG) , IGROT(NDREG) ,UHG(NDZ,,NDREG) , VHG(NDZ ,NDREG)

DIMENSION H(NDZ,NDREG),U(NDZ,NDREG),V(NDZ, NDREG),P(NDZ,NDREG)

gagfzsng TAU(NDZ,NDREG),CK(4,4),CB(4,4) ,AM(4,4),

+ ’

1ER=0
PI=4.DO*ATAN(1.D0)
ADJUST FLAG AND GET SIN AND COS FOR SPIRAL GROOVE REGION
DO 5 K=1,NREG
IF(ALP(K).LT.1.D-8.0R.ABS(1.D0-ALP(K)).LT.1.D-8.0R.
+ ABS(BET(K)).LT.1.D-8)THEN
IGROT=-1 SIGNIFIES NO GROOVES
IGggT(K)=-1

EL
1GROT(K)=1GROT1
SBET(K)=SIN(BET(K)*P1/180.D0)
CBET (K)=COS(BET(K)*P1/180.00)
ENDIF
5  CONTINUE
HOME IN ON INITIAL VELOCITY AND GET VELOCITY AND PRESSURE DISTRIBUTIONS

VI=ABS(PIN)

VI=MAX(VI, 1.D-3)

CALL OUTSCR(’ ~ FIRST ORDER SOLUTION’,0)

CALL VISOLV(TOLV,NITV,VI,NOI,1FACE, IDIR,NREG,NRSUB,
+RE,REC,P1R,PIN,OMT,OMOT,BUT, 2ET,
+1GROT, ALP, SBET,CBET,DELT,ENGP, ZETG, UHG, VHG,
+RG, 276, H,0,V,P, ITER, IER)

IFCIERNE. O)RETURN

CALCULATE DIMENSIONLESS SHEAR STRESS AND FLOW AND TORQUE PARAMETERS

FLO=RG(1,1)*H(1,1)*V(1,1)*2.D0*P1 -

CALL TORQ(NOI, IFACE,IDIR,RE,REC,P1R,OMT,NREG, NRSUB,
+1GROT, ALP, SBET, CBET ,DELT, ENGP, URG, VHG,
+RG,2TG,H,0,V, TAU, TOR)

CALCULATE LOAD'UNDER' FACE SEAL
IF(1FACE.EQ.1)CALL FORCE(NREG,NRSUB,RG,2TG,P,H)
CALCULATE O FREQUENCY STIFFNESS, CK, AND DAMPING

CALL OUTSCRC’  SECOND ORDER SOLUTION’,0)

CALL KBCAL(NOI,IFACE, IDIR,NREG,NRSUB,
+RE, REC,P1R,OMT,0.D0, DUT, 2T,
+1GROT, ALP, SBET , CBET , DELT,ENGP, ZETG, UHG, VHG,
+RG, 216, H,0,V, €K, CB, [ER)

1FCIER-NE. O)RETURN

1F(ABS(OMDT).GT.1.D-8)THEN

IF NON O VALUE OF DISTURBANCE FREQ. AM AND CB WILL CONTAIN STIFFNESS AND

C DAMPING AT DISTURBANCE FREQ.
1AMASS=0

CALL KBCAL(NOI, IFACE, IDIR,NREG,NRSUB,
RE,REC,P1R,OMT ,OMDT,DUT, ZET,

1GROT , ALP, $BET | CBET ,DELT , ENGP, ZETG, UHG, VHG,
RG,276,H,0,V,AM,CB, [ER)

IFCIERNE.O)RETURN

ELSE
c OTHERH}SE AM ?[LL CONTAIN MASS MATRIX AND CB WILL BE O FREQ DAMPING
AMASS=

CALL KBCAL(NOI,IFACE,IDIR,NREG,NRSUB,
RE,REC,P1R,OMT,1.D0,0UT, ZET,

1GROT, ALP, SBET, CBET,DELT, ENGP, ZETG, UHG, VHG,
RG,2T6,H,0,V,AM, TMP, IER)

IFCIER-NE.O)RETURN

DO 8 1=1,4-1FACE

DO 8 J=1,4-1FACE

AM(T, J)=CK(1,J)-AMCI, J)

+ + +

+ + +



09€2TZ-€00c—dI/VSVN

04/14/1995 13:06 Filename: SPIRALI.FOR

Page 13

FUNCTION FLMSHP(X)

C THIS IS THE USER DEFINED FILM SHAPE FUNCTION

C X IS THE DISTANCE FROM THE CENTER OF THE SEAL DIVIDED BY THE SEALING

C LENGTH , L . -.5 <= X <= .5

C FOR A SHAFT SEAL X = S/(2*L/D) (S IS ZTG IN CODE)

C FOR A FACE SEAL X=(S+L/D-1)/(2*L/D)

C FLMSHP IS THE SHAPE OF THE FILM (DIMENSIONAL)
IMPLICIT DOUBLE PRECISION (A-H,0-2)
COMMON/BFSHP/HTAP, HBRL
FLMSHP=-HTAP*X+HBRL*(1.D0-(2.D0*X)**2)

RETURN
END

04/14/1995 13:06 Filename: SPIRALI.FOR

Page
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FUNCTION FA(RE, H)
C USER DEFINABLE FRICTION FACTOR FOR MOVING SURFACE
C CALLED BY RECAL,TORQ,PHIPSI
C COMMON BLOCK PASSED FROM MAIN PROGRAM
IMPLICIT DOUBLE PRECISION (A-H,0-2)
COMMON/BFAFB/EMA,ENA,EMB,ENB
FA=MAX (24 .DO/RE , ENA*RE**EMA)
CHIS 20; USED NOW BUT MAY BE IN FUTURE FOR TREATING ROUGHNESS
H1=
RETURN
END
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FUNCTION FB(RE,H)

C USER DEFINABLE FRICTION FACTOR FOR STATIONARY SURFACE

C CALLED BY RECAL,TORQ,PHIPSI

C COMMON BLOCK PASSED FROM MAIN PROGRAM
IMPLICIT DOUBLE PRECISION (A-H,0-2)
COMMON/BFAFB/EMA ,ENA ,EMB,ENB
FB=MAX (24 .DO/RE , ENB*RE**EMB)

CH ISHqOL USED NOW BUT MAY BE IN FUTURE FOR TREATING ROUGHNESS
RETURN
END

FUNCTION DELTP(RE,V,H,HSTEP,ZET)
C USER DEFINABLE FUNCTION FOR COMPUTING LOSS COEFFICIENTS
C PRESSURE CHANGE (DOWNSREAM -UPSTREAM) DUE TO SUDDEN CHANGE IN CROSS SECTION
C HSTEP = STEP HEIGHT (H_UPSTREAM-H_DOWNSTREAM)
C CALLED BY UVPCAL
IMPLICIT DOUBLE PRECISION (A-H,0-Z)
IF(ABS(HSTEP).LT.1.D-8)THEN
DELTP=0.D0
GO TO 99
ELSE IF(HSTEP.LT.0.DO)THEN
C COMPUTE LOSS COEFFICIENT FOR EXPANSION
ZET;=(1.DO-H/(H+HSTEP))**Z

ELS
C USE INPUT LOSS COEFFICIENT FOR CONTRACTION (ZET) OR COMPUTE IT FROM RE

RE1=RE*H*ABS(V)
ZET1=2ET

ENDIF

DELTP=-(1.D0+2ET1)

IF(HSTEP.LT.1.D8)DELTP=DELTP+(H/(H+HSTEP))**2

DELTP=DELTP*V*V

99 RETURN
END
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FUNCTION DIRFCN(RE,REC,P1R,OMT,VCON, IFACE, ID
C CALCULATES PRIMARY FLOW DERIVATIVES FOR'TAN VEL.
C OR PRESSURE P (ID=2)
C CALLED BY UVPCAL
C CALLS PHIPSI
IMPLICIT DOUBLE PRECISION (A-H,0-2)
V=VCON/R/H
CALL PHIPSI(IFACE, RE,REC,OMT,R,H,U,V,PHI,PSI)
IF(ID.EQ.1)DIRFCN=-PHI/REC/V
IF(ID.EQ.2)DIRFCN=-P1R*(PSI+REC*V*DV)
EE;URN
N

SUBROUTINE RZGRID(IFACE,ELT,NREG,NRSUB,ELFR,RG,ZTG)
GENERATES R (RZ) AND Z (2TG) GRIDS
TO LOCATE STARTING POINT FROM Z ORIGIN ADD INSIDE RADIUS
FOR FACE SEAL (IFACE=1), SUBTRACT L/D FOR SHAFT SEAL
R = 2 FOR FACE SEAL AND'R=1 FOR SHAFT SEAL
IMPLICIT DOUBLE PRECISION (A-H,0-2)
PARAMETER (NDZ=201,NDREG=21)
DIMENSION NRSUB(NDREG),RG(NDZ,NDREG),ZTG(NDZ,NDREG) ,ELFR(NDREG)
IFCIFACE.NE. 1)1 FACE=0
ZT6(1,1)=-ELT
RG(1,1)=1.00
IF(IFACE EQ.1)TH
216(1,1)=1.D0- SNDORELT
RG(1 i)-zrs<1 1)
ENDIF
DO 102 KK=1,NREG
IF(KK.GT. ) THEN
2T6(1,KK)=ZTGCNRS*+1,KK-1)
ENRG(1 ,KK)=RG(NRS+1,KK-1)

NRS=NRSUB(KK)
DZF=2.DO*ELFR(KK)*ELT/NRS
DO 102 JJ=1,NRS
ZTG(JJ+1, KK)-ZTG(JJ KK)+DZF
RG(JJ+1, KK)=1.
IFCIFACE.EQ. 1)RG(JJ+1 KK)=2TG(JJ+1,KK)
102 CONTINUE
RETURN
END
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SUBROUTINE VISOLV(TOLV,NITV, VI,NOI, IFACE, IDIR,NREG, NRSUB,
+RE,REC,P1R,PIN,OMT,OMOT ,DUT, ZET,
+1GROT, ALP, SBET . CBET,DELT, ENGP, ZETG,UHG, VHG,
+RG,ZTG,H,U,V,P. ITER, IER)
C SOLVES FOR'INLET VELOCITY VI USING NEWTONS METHOD
C ON INPUT VI IS INITIAL GUESS. 1ER=2 IF NOT CONVERGED.
C CALLED BY TSEAL
C CALLS UVPCAL
IMPLICIT DOUBLE PRECISION (A-H,0-2)
PARAMETER (NDZ=201,NDREG=21)
DIMENSION NRSUB(NDREG),RG(NDZ,NDREG),ZET(NDREG),ZTG(NDZ,NDREG)
DIMENSION H(NDZ,NDREG).U(NDZ,NDREG),V(NDZ,NDREG) ,P(NDZNDREG)
DIMENSION ALP(NDREG),SBET(NDREG),CBET(NDREG),DELT(NDREG),
+1GROT (NDREG) , UHG(NDZ , NDREG) , VHG(NDZ, NDREG)
DIMENSION ENGP(NDREG),ZETGCNDREG)
DO 5 J=1,NITV
ITER=J'
CALL UVPCAL(VI+DUT,NOI, IFACE, IDIR,NREG,NRSUB,
RE,REC,P1R,PIN,OMT,OMOT,DUT, 2ET,
1GROT, 0, ALP, SBET ,CBET, DELT, ENGP, ZETG, UHG, VHG,
RG,ZTG,H,U,V,P,F2, IER)
cALL UVPCAL(VI NOf, IFACE IDIR, NREG, NRSUB,
RE,REC,P1R,PIN,OMT.OMOT,BUT, 2ET,
1GROT, 1,ALP, SBET CBET DELT ENGP| ZETG, UHG, VHG,
RG,2T6,H,U,V,P,F1, IER
DVEF1*DUT/(F8-F1)"
VI=VI-DV
VI1=ABS(VI)+TOLV
1F(ABS(DV)/VI1.LT.TOLV)GO TO 6
5  CONTINUE
IF(NITV.GT.1)IER=2
6 CALL UVPCAL(VI,NOI, IFACE, IDIR NREG, NRSUB,
+RE,REC,P1R,PIN,OMT ,OMOT ,0UT, 2
+1GROT, 1 ALP SBET, CBET, DELT, ENGP ZETG, UHG, VHG,
+RG,ZTG,H,U,V,P,F1, IER)
RETURN
END

+ + +

+ + +

SUBROUTINE UVPCAL(VI,NOI, IFACE, IDIR,NREG,NRSUB,
+RE,REC,P1R,PIN,OMT, OMOT bu T, ET
+lGROT IUHG ALP SBET CBET DELT ENGP ZETG,UHG, VHG,
+RG, ZTG H,u,v,P, PEXIT IER )
C GENERATES PRESSURE P) AND VELOCITIES (U,V) BASED ON INITIAL VALUE OF
C Vv (VI)
C CALLED BY VISOLV
C CALLS UVPIN WHEN REC>0 OR UVPNOI WHEN REC = 0
IMPLICIT DOUBLE PRECISION (A-H,0-2)
PARAMETER (NDZ=201,NDREG=21)
DIMENSION NRSUB(NDREG) RG(NDZ,NDREG), 2ET(NDREG) ,2TG(NDZ,NDREG)
DIMENSION H(NDZ,NDREG),U(NDZ, NDREG) V(NDZ NDREG) P(NDZ, NDREG)
DIMENSION ALP(NDREG) SBET(NDREG) CBET(NDREG) DELT(NDREG),
+IGROT(NDREG) ,UHG(NDZ ,NDREG), VHG(NDZ NDREG)
DIMENSION ENGP(NDREG) ZETG(NDREG)
IF(NOI.EQ.1)THEN
CALL UVPNOI(VI,IFACE,IDIR,NREG,NRSUB,
RE,REC,P1R,PIN, OMT DU
IGROT IUHG ALP SBET CBET DELT,ENGP,ZETG,UHG, VHG,
EG éTG ,H,U,V, P PEXIT lER)
LS

CALL UVPIN(VI, IFACE, ID!R NREG NRSUB

+ + +

+ RE,REC,PIR, PIN OMT, OMOT
+ IGROT IUHG ALP SBET CBET DELT ENGP ZETG,UHG, VHG,
+ RG, ZTG H, U v, P PEXlT lER)

ENDIF

RETURN

END
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SUBROUTINE UVPNOI(VI,IFACE,IDIR,NREG,NRSUB,
+RE,REC,P1R,PIN,OMT,DUT,
+IGROT IUHG ALP SBET CBET DELT,ENGP,ZETG,UHG, VHG,
+RG, ZTG H,U,V,P, PEXIT IER)
C GENERATES PRESSURE' (P) AND VELOCITIES (U,V) BASED ON INITIAL VALUE OF
C V (VI) WITHOUT INERTIA EFFECTS
C CALLED UVPCAL
C CALLS DIRFCN,USOLV (NO GROOVES) OR PHIPSG (FOR SPIRAL GROOVES)
IMPLICIT DOUBLE PRECISION (A-H,0-2)
PARAMETER (NDZ=201,NDREG=21)
C COMMON BLOCK USED LOCALLY IN THIS ROUTINE
COMMON/BGRLCL/UHL(NDZ ,NDREG) , VHL (NDZ ,NDREG)
DIMENSION NRSUB(NDREG) RG(NDZ NDREG),2TG(NDZ,NDREG)
DIMENSION H(NDZ,NDREG),U(NDZ, NDREG) V(NDZ NDREG) P(NDZ ,NDREG)
DIMENSION ALP(NDREG) SBET(NDREG) CBéT(NDREG) DELT(NDREG),
+IGROT(NDREG) ,UHG(NDZ ,NDREG), VHG(NDZ NDREG)
DIMENSION ENGP(NDREG) ZETG(NDREG)
C SET UPTS¥ARTING CONDITIONS AND LOOPING PARAMETERS FOR PRIMARY FLOW SOLUTION
KST=
KEN=NREG
IFCIDIR.EQ.-1)THEN
KST=NREG
KEN=1
ENDIF
DO 30 K=KST,KEN,IDIR
JsT=1
JEN=NRSUB(K)
IFCIDIR.EQ.-1)THEN
JST=JEN+1
JEN=2
ENDIF
IF(K.EQ.KST)THEN
VCON=VI*RG(JST,KST)*H(JST,KST)*IDIR -
V(JST,KST)=VI*IDIR
P(JST,KST)=PIN
ELSE

V(JST,K)=VCON/RG(JST,K)/H(JST,K)
P(JST,K)=P(J1,K1)
ENDIF
IF(IGROT(K).EQ.-1)THEN
CALL USOLV(RE,OMT,RG(JST,K),H(JST,K),U(JST,K),
+ V(JST K),DuT, IUHG 1ER)

CALL PHIPSG(1, IFACE, IUHG, RE,REC,OMT,RG(JST,K) ,H(JST,K),
UCJST, KD, V(JsT,K),UALCJST, K3, VAL (JST,K),
ALP(K), SBET(K) | CBET (K, DELT(K) , ENGP(K) , ZETG(K),
+  IGROT(K),PHI,PSI, IER)
ENDIF
%F(IER .NE.O)RETURN
K
DO 30 J=JST,JEN,IDIR
J1=4+IDIR
RB=.5D0%(RG(J1,K)+RG(J,K))
HB=.5D0*CH(J1,K)+H(d,K))
DX=2TG(J1,K)-2TG(J,K)
V(J1,K)=VCON/RGCJ1, K)/H(J1 K)
1FC1GROT(K) .EQ. - 1)THEN
CALL USOLV(RE,OMT,RG(J1,K),H(J1,K),UCJ1,K),VCI1,K),
+ DUT, IUKG, IER)
1FCIER.NE.O)RETURN
PCJ1,K)=P(J,K)+DX*DIRFCN(RE ,REC,P1R,OMT VCON, IFACE, 2,
+ ) RB, HB, .5D0% (UCJ1,K)+UCJ /K)),0.00)
ELS
VB=VCON/RB/HB
CALL PHIPSG(1,1FACE, IUHG,RE,REC,OMT,RG(J1,K),H(J1,K),
+ Ucdt,K), Va1, K), URLEIT, K, VALt k),
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+ ALP(K), SBET(K), CBET(K),DELT(K),ENGP(K), 2ETG(K),
+ 1GROT(K) ,PHI , PSI,
IFCIER.NE.0)RETURN
CALL PHIPSG(O, IFACE, IUHG,RE,REC,OMT,RB,HB,
5p0*(U(J1,K)+UCJ,K)), VB, UGS, K), VAG(I,K),
ALP(K), SBET (K),, CBET(K),DELT(K) , ENGP(K) , ZETG(K),
1GROT(K), PHI ,PSI, IER)
PCJ1,K)=P(J,K)-DX*PIR*PSI
IF(1ER.NE.O)RETURN
ENDIF
30 CONTINUE
PEXIT=P(J1,K1)
RETURN
END

+ + +
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SUBROUTINE USOLV(RE,OMT,R,H,U,V,DUT, ILAST, IER)
IMPLICIT DOUBLE PRECISION (A-H,0-2)
C SOLVES FOR EQUILIBRIUM TANGENTIAL VELOCITY WHEN THERE ARE NO GROOVES
C CALLED BY UVPNOI
C CALLS PHIPSI
1F(ABS(OMT).LT.DUT)THEN
U=0.D0
RETURN
ENDIF
DU=DUT*OMT
TOL=100.DO*ABS(DU)
1F(ILAST.EQ.0)U=.5D0*OMT
Do 5 1=1,30
CALL PHIPSICO,RE,0.D0,OMT,R,H,U,V,PHI,PSI)
CALL PHIPSI(O,RE,0.DO,OMT,R, H,U+DU,V,0PHI,PSI)
DLT=PHI*DU/(DPHI-PHI)
UsU-DLT
IF(ABS(DLT).LT.TOL)GO TO 6
5  CONTINUE
1ER=2
6 RETURN
END

0471471995 13:06 Filename: SPIRALI.FOR

SUBROUTINE UVPIN(VI,IFACE,IDIR,NREG,NRSUB,
+RE, REC, P1R,PIN, OMT ,OMOT ,DUT, ZET,
+1GROT, TUHG, ALP, SBET,CBET,DELT,ENGP, ZETG, UHG, VHG,
+RG,2TG,H,U,V,P,PEXIT, IER)
C GENERATES PRESSURE' (P) AND VELOCITIES (U,V) BASED ON INITIAL VALUE OF
C V (VI) WHEN INERTIA IS PRESENT
C CALLED BY UVPCAL
C CALLS DIRFCN,DELTP,PHIPSG (FOR SPIRAL GROOVES)
IMPLICIT DOUBLE PRECISION (A-H,0-2)
PARAMETER (NDZ=201,NDREG=21)
C COMMON BLOCK USED LOCALLY IN THIS ROUTINE
COMMON/BGRLCL/UHL (NDZ, NDREG) , VHL (NDZ, NDREG)
DIMENSION NRSUB(NDREG),RG(NDZ,NDREG),ZET(NDREG),2TG(NDZ, NDREG)
DIMENSION H(NDZ,NDREG),U(NDZ,NDREG),V(NDZ,NDREG),P(NDZ,NDREG)
DIMENSION ALP(NDREG),SBET(NDREG),CBET(NDREG),DELT(NDREG),
+IGROT(NDREG) ,UHG(NDZ, NDREG) , VHG(NDZ, NDREG)
DIMENSION ENGP(NDREG),ZETG(NDREG)
C SET ggTsIARTING CONDITIONS AND LOOPING PARAMETERS FOR PRIMARY FLOW SOLUTION
=

KEN=NREG
RV20=.5D0*REC*P1R
IFCIDIR.EQ.-1)THEN
KST=NREG
KEN=1
ENDIF
DO 30 K=KST,KEN,IDIR
JST=
JEN=NRSUB(K)
IFCIDIR.EQ.-1)THEN
JST=JEN+1
JEN=2
ENDIF
IF(K.EQ.KST)THEN
VCON=VI*RG(JST,KST)*H(JST,KST)*IDIR
V(JST,KST)=VI*IDIR
U(JST,KST)=OMOT*RG(JST,KST)
P(JST,KST)=PIN+
+ RVZg*DELTP(RE,V(JST,KST),H(JST,KST),1.D10,ZET(KST))
ELS
V(JST,K)=VCON/RG(JST,K)/H(JST,K)
U(JST,K)=U(J1,K1)
P(JST,K)=P(J1,K1)+
+ £ RYZO*DELTP(RE,V(JST,K),H(JST,K),H(J1,K1)-H(JST,K),ZET(K))
NDIF
K1=K
DO 30 J=JST,JEN,IDIR
J1=J+IDIR
RB=.5D0*(RG(J1,K)+RG(J,K))
HB=.5D0*(H(J1,K)+H(J,K))
DX=2TG(J1,K)-2TG(J,K)
V(J1,K)=VCON/RG(J1,K)/H(J1,K)
IFCIGROT(K).EQ.-1)THEN
U1=DIRFCN(RE,REC,P1R,OMT,VCON, IFACE, 1,

+ RB, HB,U(J.K),0.D0)
DU1=(DIRFCN(RE, REC,P1R, OMT,VCON, IFACE, 1,
+ RB, HB,U(J, K)+DUT,0.D0)-U1)/DUT

UCJ1,K)=UCJ, K)+DX*U1/(1.D0- . 5D0*DX*DU1)
PCJ1.K)=P(J.K)+DX*DIRFCN(RE ,REC,P1R,OMT,VCON, IFACE, 2,
+ RB, HB, .5D0*(UCJ1,K)HUCJ,KD), (V(J1,K)-V(J,K))/DX)

ELSE

VB=VCON/RB/HB

CALL PHIPSG(O, IFACE, IUHG,RE,REC,OMT,RB,HB,
u(J,K),VB,UHL(J,K),VHL(J,K),
ALP(K),SBET(K),CBET(K),DELT(K),ENGP(K),ZETG(K),
IGROT(K),PHI,PSI, IER)

IFCIER.NE.O)RETURN

+ + +
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++ o+

U1=-PHI/REC/V(J,K)

CALL PHIPSG(O, IFACE -1,RE,REC,OMT,RB,HB,

U(J,K)+DUT,VB,UHL(J, K) VHL(J K)

ALP(K) SBET(K) CBET(K) DELT(K) ENGP(K) ZETG(K),
IGROT(K) PHI, PSI IER)

1F(1ER.NE.O)RETURN

DU1=(-PHI/REC/VB-U1)/DUT

U(J1,K)=U(J,K)+DX*U1/(1.D0-.5D0*DX*DU1)

CALL PHIPSG(O 1FACE, IUHG,RE ,REC,OMT,RB, HB,
.5D0*(UCJ1, K)+U(J K)) VB, UHG(J K) VHG(J,K),

ALP(K), SBET(K) CBET(K) DELT(K) ENGP(K) ZETG(K),
IGROT(K) PHI, PSl IER)

P(J1, K)-P(J K)- DX*P1R*(PSI+REC*VB*(V(J1 K)-V(J,K))/DX)
IFCIER.NE. 0)RETURN

ENDIF
30 CONTINUE

PEXIT=

PCJ1,K1)

RETURN

END
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SUBROUTINE RECAL(REL,RE,FBAR,NITV,TOLV, IER)
USES NEWTON ITERATION TO GET CHARACTERISTIC REYNOLDS NUMBER FOR TURBULENT
POISEUILLE FLOW WITH UNIFORM CLEARANCE
REL = LAMINAR REYNOLDS NUMBER (INPUT)
RE = REYNOLDS NUMBER
IER = ERROR CODE, O IF OK
CALLS FA,FB
CALLED BY MAIN PROGRAM
IMPLICIT DOUBLE PRECISION (A-H,0-Z)
1ER=0
RE=REL
DRE=1.D-6*RE
DOIS } =1,NITV
FBAR=(FA(RE, 1.D0)+FB(RE, 1.00))/2.D0
DFBAR'((FA(RE+DRE 1. DO)+FB(RE+DRE 1.00))/2.D0-FBAR)/DRE
DELT=(RE*RE*FBAR- -54. DO*REL)/(RE*RE*DFBAR+2 DO*RE*FBAR)
RE=RE-DELT
IF(ABS(DELT/RE).LT.TOLV)GO TO 6
CONTINUE
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SUBROUTINE FORCE(NREG, NRSUB,RG,2TG,P,W)

C COMPUTES DIMENSIONLESS LOAD, W, FROM PRIMARY PRESSURE DISTRIBUTION

C ONLY MEANINGFUL FOR FACE SEAL

C CALLED BY TSEAL
IMPLICIT DOUBLE PRECISION (A-H,0-2)
PARAMETER (NDZ=201,NDREG=21)
algeggxon NRSUB(NDREG) , RG(NDZ,NDREG) , ZTG(NDZ,NDREG) , P(NDZ, NDREG)
DO 5 K=1,NREG
NRS=NRSUB(K)
DO 5 J=1,NRS
J1=4+1

5 W+ (P K)*P(J1, K)I*(RBCS, KI+RG(IT, KD)*(2TG(IT,K)-2TGCJ,K))/4.DO

W=wW*8,DO*ATAN(1.00)
RETURN
END
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SUBROUTINE TORQ(NOI, IFACE, IDIR,RE,REC,P1R,OMT,NREG, NRSUB,
+1GROT, ALP, SBET, CBET, DELT, ENGP, UHG , VHG,
+RG, 276, H,U,V, TAU, TOR)
CALCULATES SHEAR' STRESS ON MOVING SURFACE AND TORQUE INTEGRAL
SHEAR STRESSES AT ARE AT HALF GRID POINTS
CALLED BY TSEAL
CALLS FA AND FB
IMPLICIT DOUBLE PRECISION (A-H,0-2)
PARAMETER (NDZ=201,NDREG=21)
DIMENSION NRSUB(NDREG),RG(NDZ,NDREG),ZTG(NDZ,NDREG) , TAUCNDZ,NDREG)
DIMENSION H(NDZ,NDREG),U(NDZ,NDREG),V(NDZ,NDREG)
DIMENSION ALP(NDREG),DELT(NDREG),SBET(NDREG),CBET(NDREG),
+1GROT (NDREG) , UHG(NDZ, NDREG) , VHG(NDZ , NDREG)
DIMENSION ENGP(NDREG)
C REDUCE COUETTE PART OF SHEAR STRESS BY 3 FOR LAMINAR FLOW
C OR BY 1.2 AS SUGGESTED BY HIRS FOR TURBULENT FLOW
DATA DLAM,DHIRS/3.D0,1.2D0/
veoN=v(1, 1)*Ra(1, 1)*H(1,1)

TOR=0.D0
C NEED ;? ?ET INTEGRATION DIRECTION TO PROPERLY GET UHG AND VHG AT HALF GRID
KST=
KEN=NREG
IFCIDIR.EQ.-1)THEN
KST=NREG
KEN=1
ENDIF
DO 4 K?KST,KEN,IDXR

JST=
JEN=NRSUB(K)
IFCIDIR.EQ. -1)THEN
JST=JEN+1
JEN=2
ENDIF
DO & J=JST,JEN,IDIR
J1=J+IDIR
HBAR=.5D0*(H(J,K)+H(J1,K))
UBAR=.5D0*(U(J,K)+U(J1,K))
RBAR=.5D0*(RG(J, K)+RG(JI1,K))
VBAR=VCON/RBAR/HBAR
DPCOR=0.D0
IFCIGROT(K) .EQ.~1)THEN
RA=RE*HBAR*SQRT { (UBAR-RBAR*OMT )**2+VBAR**2)
RAFA=RA*FA(RA, HBAR)

C REDUCE SHEAR STRESS BY FACTOR OF 3 FOR LAMINAR FLOW
DLM=DHIRS
1F(ABS(RAFA-24.D0).LT.1.D-10)DLM=DLAM
gtU(J,K)=P1R*RAFA*(UBAR-RBAR*OMT)/HBAR/DLM

SE

HR=HBAR-ALP(K)*DELT (K)
HG=HR+DELT(K)
UHR=(UBAR*HBAR-UHG(J, K)*ALP(K))/(1.D0-ALP(K))
VHR=(VBAR*HBAR-VHGCJ ,K)*ALP(K))/(1.D0-ALP(K))
RAG=RE*SQRT ( (UHG(J, K) -RBAR*OMT*HG)**2+VHG(J,K)**2)
RAR=RE*SQRT ( (UHR-RBAR*OMT*HR ) **2+VHR**2)
RAFAG=RAG*FA(RAG, HG)
RAFAR=RAR*FACRAR, HR) _
RBG=RE*SQRT (UHG(J ,K)**2+VHG(J K)**2)
RBR=RE*SQRT (UHR**2+VHR**2)
RBFBG=RBG*FB(RBG, HG)
RBFBR=RBR*FB(RBR, HR)
TAUGA=RAFAG* (UHG(J, K) -RBAR*OMT*HG) /HG**2
TAUGB=-RBFBG*UHG(J, K)/HG**2
TAURA=RAFAR* (UHR-RBAR*OMT*HR ) /HR**2
TAURB=-RBFBR*UHR/HR**2

C SET COUETTE REDUCTION FACTOR
DLM=DHIRS

o000
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éF(ABS(RAFAR-24.DO).LT.1.D-10.0R.ABS(RAFAG-24.DO).LT.1.D-10)
+ LM=DLAM
C ATTEMPT TO SPLIT OFF COUETTE AND POISEUILLE PORTIONS OF SHEAR STRESS
TAURC=( TAURA+TAURB)/2.D0/DLM
TAUGC=( TAUGA+TAUGB)/2.00/DLM
TAURP=( TAURA-TAURB)/2.D0
TAUGP=( TAUGA-TAUGB)/2.D0
C IF GROOVES ROTATE CORRECT FOR FORCES AT GROOVE EDGES
IFCIGROT(K).EQ.1)THEN
TAUGP=TAUGP*(1.D00-2.DO*DELT(K)/HG)
C GET EFFECTS OF LOCAL INERTIA DROP, DPCOR
QN=HBAR* (UBAR- RBAR*OHT)*SBET(K)
IF(NOI.NE.1)QN=QN-HBAR*VBAR*CBET (K)
DPCOR=REC*ENGP(K)/RBAR*DELTP(RE,QN/HG,HG, -DELT(K),0.D0)*
+ SIGN(1.D0,SBET(K)*QN)

IF(NOI.NE.1)THEN
TICOR=(U(J1,K)-U(J,K))/(2TG(J1,K)-2TG(J,K))
IFCIFACE.EQ.1)TICOR=TICOR+UBAR/RBAR
TAUGP=TAUGP-DELT(K)*REC*VBAR*TICOR

ENDIF

ENDIF
TAUCJ,K)=P1R* (ALP(K)*(TAUGC+TAUGP)+
+ (1.D0-ALP(K))*(TAURP+TAURC)+DPCOR)

ENDIF
TOR=TOR+TAU(J,K)*RBAR**2*(2TG(J1,K)-2TG(J,K))*IDIR
4 CONTINUE
C MULTIPLY BY 2 PI AND CHANGE SIGN SO THAT TORQUE IS + WHEN 1T OPPOSES MOTION
TOR=-TOR*8.DO*ATAN(1.D0)
RETURN
END

SUBROUTINE PHIPSG(NOI, IFACE, IUHG,RE,REC,OMT,R,H,U,V,UHG, VHG,

+ALP,S,C,DELT,ENGP, ZETG IGROT PHI, PSI 1ER)

C GENERATES GLOBAL ' TURBULENCE FUNCTIONS FOR SPIRAL GROOVES

C CALLED BY UVPNOI,UVPIN,DSOLV
C CALLS PHIPSQ, MATINV
IMPLICIT DOUBLE PRECISION (A- H,0-2)

DIMENSION Q(4),B(4), INDEX(4,3), A(4 4),D(4,4),EC4)

DATA A/16*0.D0 /
DQ=1.D-6
HR=H-ALP*DELT
HG=HR+DELT
UH=U*H

H

1F(IUHG.EQ.0)THEN

IF(NOI .EQ. 1)UH=.5DO*H*R*OMT

Q(1)=UH

Q(2)=VH

ELSE

Q(1)=UHG

Q(2)=VHG
ENDIF
Q(3)=(UH-Q(1)*ALP) /(1.
Q(4)=(VH- 0(2)*ALP)/(
D0 30 L=1,3

CALL PHIPSQ(RE,OMT

CALL PHIPSQCRE,OM

CALL PHIPSQCRE,OM

T' 0(2) 3(1) B(Z))
T,
CALL PHIPSQ(RE,OM;,
T,

),
)+DQ
),o(é>+oo
(3),0(4),8¢3),B(4))
CALL PHIPSQ(RE,OM
CALL PHIPSQ(RE,OM
DO 8 K1=1,2
K=2*(K1- 1)
Do 8 I=1,2
DO 7 J4=1,2
7 ACIHK, J+K)=(ACT+K, J+K) -BC1+K))/DQ
acx;x)-;a§1+ )
8 BCI+K)=B(I+K)+ACI+K, J+K)*Q(J+K)
E(13-c*a(1>+s*a<z> C*B(3)-5*B(4)
DO
9 3(1 J; c4A<1 J)+S*A(2, J)-C*A(3, ) -S*A(4, )
(2,1)=8
D(2.2)=-C
D(2.3)=-§
D(2,4)=C
E(2)=R*0MT*DELT*S*IGROT
IF(NOI.EQ.1)THEN
ESB%BALP*B(1)+(1 .DO-ALP)*B(3)
D
10 D(3,J)=ALP*A(1,J)+(1.D0-ALP)*A(3,J)
IFCIFACE.EQ. 1) THEN
COR=REC*VH/R/H**2
D(3,1)=D(3,1)-ALP*COR
i o(s '3)=D(3.3)-(1.D0-ALP)*COR
NDI
ELSE
D(3,1)=ALP
(3, 2)-0 DO
D(3,3)=1.D0-ALP
D(3,4)=0.D0
E(3)=UN

2 0 X0 0 20 0

00000

D(4 4)=1 -DO-ALP

2), A1 1),A2,
A(1, 2) A2,

a(3)+0Q,Q(4),A(3,3),Ac4,
Q(3),a¢4)+DQ,AC3.4).AC4,
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E(4)=VH SUBROUTINE PHIPSQ(RE,OMT,R,H,QT,QS,PHI,PSI)

CALL MATINV(D,E,DETER,4,1,ID,4, INDEX) C GENERATES TURBULENCE FUNCTIONS PHI PSI BASED ON FLOW RATHER THAN VELOCITY

IF(ID.NE.1)GO TO 99 C EXCLUDES CENTRIFUGAL AND CORIOLIS TERMS FOR FACE SEAL

ICNV=0 C CALLS PHIPSI

EMX=-1.D20 C CALLED BY PHIPSG

Do 11 1=1,4 IMPLICIT DOUBLE PRECISION (A-H,0-Z)

EMX'MAX(EMX ABS(E(I)-Q(I))) CALL PHIPSI(O,RE,0.DO,OMT,R,H,QT/H,QS/H,PHI,PSI)

11 Q(I)=E(I RETURN

IF(EMX.LT.1.D'4)GO T0 31 END
30 CONTINUE

GO TO 99

31 CALL PHIPSQ(RE,OMT, R HG,Q( ),Q(2),PHIG,PSIG)
CALL PHIPSQ(RE,OMT,R,HR,Q(3),Q(4),PHIR,PSIR)
1F(NOI.EQ. 1)U=CALP*a(1)+(1.D0-ALPI*a(3))/H
IFCIUHG.NE.-1)THEN

UHG=Q(1)
VHG=Q(2)

ENDIF
ERR=C*PHIG+S*PSIG-C*PHIR-S*PSIR
IF(ERR.GT.1.D-4)IER=4
PHI=ALP*PHIG+(1.D0-ALP)*PHIR
PSI=ALP*PS1G+(1.D0-ALP)*PSIR

C ADD EFFECTS OF LOCAL INERTIA DROP

C  NORMAL FLOW
QN=H*(U-R*OMT*I1GROT )*S
1F(NOI.NE. 1)QN=QN-H*V*C

c CONTRACTION LOSS COEFF, ZETG
PDRP=DELTP(RE ON/HG HG HR-HG,0. DO)+DELTP(RE QN/HR,HR, HG-HR,ZETG)
PHI=PHI- SIGN(1 Do,S +QN J*REC*ENGP/R*PDR
PSI=PSI+SIGN(1.D0, C*QN)*REC*ENGP/R*PDRP*ABS(C/S)
IFCIFACE.NE. 1)RETU
IF(NOI.NE.1)PHI=PHI+REC*U*V/R
PSI=PS1-REC*U*U/R
RETURN

99 I1ER=4

RETURN
END
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SUBROUTINE PHIPSI(IFACE,RE,REC,OMT,R,H,U,V,PHI,PSI)
C GENERATES TURBULENCE FUNCTIONS' PHI,PSI
C INCLUDES CENTRIFUGAL AND CORIOLIS TERMS FOR FACE SEAL
C CALLS FA,FB
C CALLED BY DIRFCN,DSOLV,PHIPSQ

IMPLICIT DOUBLE PRECISION (A-H,0-2)

RA=RE*H*SQRT ( (U-R*OMT ) **2+V*V)

RB=RE*H*SQRT (U*U+V*V)

CK2=RA*FA(RA, H)

CK1=CK2+RB*FB(RB, H)

PHI=(CK1*U-CK2*R*OMT ) /H**2

PSI=CK1*V/H**2

IF(IFACE.NE.1)RETURN

PHI=PHI+REC*U*V/R

PSI=PSI-REC*U*U/R

04/14/1995 13:06 Filename: SPIRALI.FOR
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SUBROUTINE DSOLV(NOI, IFACE,RE,REC1,P1R,OMT,OMDT,DUT,
ALP, SBET, CBET,DELT,ENGP, ZETG, 1GROT,
R1,21,H1,U1,vi,UHG,VHG,R,Z,H,U,V,Y,FOI ,EMI, IER)

TES Y(I,L,N) TO NEXT 2 POSITION

RATES MATRICES FOR DISURBANCE EQUATIONS AT ONE VALUE OF Z

URBANCE EQUATIONS ARE IN FORM (DY/DZ) = [AI(Y} + (B}
E 1=1,2,3 CORRESPONDS TO P,V,U DISTURBANCES
2,3 CORRESPONDS TO COMPLIMENTARY SOLUTION,TILT

EXP(I*OMDT*T) RESP.

IS FOR AXIAL DISTURBANCE APPLIED TO FACE SEAL FOR WHICH CASE

L=1,2 CORRESPONDS TO COMP. SOL. AND AXIAL DISP RESP.
S PHIPSI,PHIPSG,ESET,CMATIN

ED BY KBCAL .

IMPLICIT DOUBLE PRECISION (A-H,0-Z)

‘RADIAL DISP RESP. WHEN N<3
2.3 CORRESPONDS TO EXP(I*(THETA+OMDT*T)),EXP(I*(THETA-OMDT*T)),

LT

RETURN COMPLEX*16 A(3,3),B(3,3),T1(3),01(3),UR,DETER,Y(3,3,3),
END +FO1(3,3),EMI(3,3),TMP, DF I
DIMENSION E(3),DE(3),LABEL(3,3)
DATA TI,01/¢0.00,1.08),(0.00,1.00),(0.00,0.00),
+ €0.00'1.00),¢0.00, -1.003, ¢0.08,1.003/
REC=REC1
IF(NOI .EQ. 1)REC=0.D0
UB=.5D0*(U+U1)
HB=.5DO*(H+H1)
RB=.5D0*(R+R1)
VB=V*R*H/RB/HB
2B=.5D0*(2+21)
Dz=2-21
Dz2=.5D0*D2
DU=(U-U1)/DZ
DV=(V-V1)/DZ
DRH=CRB*(H-H1)+HB*(R-R1))/DZ
REP=P1R*REC
C CALCULATE TURBULENT FUNCTIONS AND THEIR DERIVATIVES
1FCIGROT.EQ.-1)THEN
CALL PHIPSICIFACE,RE,REC,OMT,RB,HB,UB,VB,PHI,PSI)
CALL PHIPSI(lFACE,RE,REC,OMT,RB,HB+DUT,UB,VB,PHIH,PSIH)
CALL PHIPSICIFACE,RE,REC,OMT,RB,HB,UB+DUT,VB,PHIU,PSIU)
CALE PHIPSI(IFACE,RE,REC,OHT,RB,HB,UB,VB+DUT,PHIV,PSIV)
ELS
UHGB=UHG
VHGB=VHG
CALL PHIPSG(O,IFACE,1,RE,REC,OMT,RB,HB,UB,VB,UHGB, VHGB,
+ ALP,SBET,CBET,DELT,ENGP, ZETG, IGROT,PHI,PSI, IER)
1F(IER.NE.O)RETURN
CALL PHIPSG(O, IFACE,-1,RE,REC,OMTRB,HB+DUT,UB,VB,UHGB, VHGB,
+ ALP,SBET,CBET,DELT,ENGP,2ETG, IGROT,PHIH,PSIH, IER)
1F(1ER.NE.O)RETURN
CALL PHIPSG(O, IFACE,-1,RE,REC,OMTRB, HB,UB+DUT, VB, UHGB, VHGB,
+ ALP,SBET,CBET,DELT,ENGP,2ETG, IGROT,PHIU,PSIU, IER)
IFCIER.NE.O)RETURN
CALL PHIPSG(O, IFACE,-1,RE,REC,OMT,RB,HB,UB, VB+DUT, UHGB, VHGB,
+ ALP,SBET,CBET,DELT,ENGP,ZETG, IGROT,PHIV,PSIV, IER)
1F(TER.NE.O)RETURN
ENDIF
PHIH=CPHIH-PHI )/DUT
PSIH=(PSIH-PSI )/DUT
PHIU=CPHIU-PHI )/DUT
PSIU=(PSIU-PSI)/DUT
PHIV=(PHIV-PH1)/DUT
PSIV=(PSIV-PSI)/DUT
1FCIFACE.EQ. 1.AND.NOI .EQ. 1)PSIU=PSIU-REC1/RB*2.DO*UB
NMAX=2+1 FACE
LMAX=3- I FACE
DO 5 N=1,NMAX
C SET DISPLACEMENT AMPLITUDES
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CALL ESET(zZB,N,E,DE)

UR=OMDT*OI (N)+UB/RB*T1(N)

A(1,1)=(0.D0,0.D0)

A(1,2)=(REC*(DV- -VB/RB/HB*DRH)+PSIV+UR*REC1)*P1R

A1, 3)‘P1R*PSIU TI(N)*REP*VB/RB

AC2,1)=(0.D0,0.D

uzmwmmmmwnmaom>

AC2.3)=TI(N)/RB

AC3.1)=TI(N)/RB/PIR

A(3 2)=DCMPLX(DU*REC+PHIV,0.D0)

3,3)=(PHIU+UR*REC1)
C L=1 ISDCOMPLEMENTARY SOLUTION
07
7 (1, 1)= (6 00,0.00)
L=2, LMAX
TMP-(VB*(RB*DE(L)+1FACE*E(L))+RB*E(L)*(DV+UR))/RB/HB
SE; L)'P1R*PSIH*E(L) -REP*VB*TMP
B(3, L)'DCMPLX(E(L)*PH]H 0.D0)
[-) CONTINUE
C IF AXIAL CRADIAL) INERTIA IS INCLUDED DIVIDE U EQUATION BY COEFF OF DU/DS
IF(NOI .NE. 1)THEN

NEO=3

DO 2
20 A(3éJ)-A(3 J)/REC/VB
21 B(3, L)-B(3 L)/REC/VB

ELSE

NEQ=2

DO 23 1=1,2

ACT$)=h(1 ,3)/A(3,3)
0 24 L=1,LMAX

2% B(IéL)-B(IéL) ACI,3)*B(3,L)

23 A(I J)=A(l, 3)-AC1,3)*AC3,0)

END
C REPLACE (g% HIIH (B) [AICY)
Do 22 I=1, NEQ
DO 22 J=1,NEQ
22 B(I,L)=B(I, L)- ACL,*Y(W,L,N)
C REPLACE [A] WITH [114D2/2* [A]
DO 8 I=1,NEQ
Do 8 J=1, "NEQ
A(l, J)=DZ2*A (1,d)
1F¢1.EQ. DAL, H=1. DO+A(I,J)
8 CONT INUE
C SOLVE EQUATIONS FOR ALL LMAX RIGHT HAND SIDE VECTORS IN ONE SHOT -
CALL CMATIN(A,B,DETER,NEQ,LMAX,ID,3,LABEL)
IF(ID.NE.1)THEN
1ER=3
RETURN

ENDIF
C CALCULATE NEW (Y}
DO 9 L=1,LMAX
Do 10 i= 1,NEQ
10 Y(I,L, N)-Y(I L,N)+DZ*B(I, L)
C UPDATE FORCE AND MOMENT INTEGRALS
DFI=(Y(1,L,N)-DZ2*B(1,L))*RB*ABS(DZ)
FOI(L,N)= FOI(L N)+DFI
IF(N. it. 3)EMI(L N)=EMI(L,N)+ZB*DF1
9 CONT INUE
5 CONTINUE
RETURN
END
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SUBROUTINE ESET(Z,N,E,DE)
TS DISPLACEMENT/TILT AMPLITUDE, E AND SLOPE DE
1,2,3 CORRESPONDS TO COMPLIMENTARY SOLUTION, TILT,RADIAL DISP RESP. WHEN N<3
1, 2 CORRESPONDS TO COMP. SOL. AND AXIAL DISP RESP. WHEN N=3
IMPLICIT DOUBLE PRECISION (A-H,0-2)
DIMENSION E(3), DE(3) EO(3), DEO(3)
DATé 50*050/0 .00, 1.00,1.00,0.00,0.00,0.D0/
DO L=

5 E(L)=EO
IF(N EQ. 3)RETURN
E(2)=2
DE(2)=1.D0
RETURN
END

C SE
ClL=
ClL=
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SUBROUTINE KBCAL(NOI, IFACE IDIR,NREG,NRSUB,
+RE,REC,P1R,OMT,OMDT1,DUT, ZET,
+1GROT,ALP, SBET, CBET,DELT, ENGP, ZETG, UHG, VHG,
+RG,2TG,H,0,V,CK,CB, IER)
SETS UP BOUNDARY'AND CONTINUITY CONDITIONS, SOLVES SECONDARY FLOW PROBLEM
CN?VCALCULATES STIFFNESS AND DAMPING COEFFICIENTS.
1)
CALLED BY TSEAL
CALLS DELTP, ESET AND DSOLV
IMPLICIT DOUBLE PRECISION (A-H,0-2)
PARAMETER (NDZ=201,NDREG=21)
COMPLEX*16 Y(3,3,3),F0I(3,3),EMI(3,3)
DIMENSION ALP(NDREG),SBET(NDREG),CBET(NDREG),DELT(NDREG),
+1GROT (NDREG) , UHG(NDZ , NDREG) , VHG(NDZ, NDREG)
DIMENSION NRSUB(NDREG),RG(NDZ,NDREG),ZET(NDREG),2ZTG(NDZ,NDREG)
DIMENSION H(NDZ,NDREG).U(NDZ,NDREG),V(NDZ,NDREG)
DIMENSION ENGP(NDREG),ZETG(NDREG)
DIMENSION E(3),DE(3),Y20(3),CK(4,4),CB(4,4)
INITIAL DISURBANCES IN INLET VELOCITY (V) FOR COMP AND PARTICULAR SOLUTIONS
DATA Y20/1.D0,0.D0,0.D0/
RV20=.5DO*REC*PIR '
OMDT=OMDT1
AVOID INDETERMINACY FOR O FREQYENCY DISTURBANCE
IFCABS(OMDT).LT.1.D-4)OMDT=1.D-4
SET UP SIART]NG CONDITIONS AND LOOPING PARAMETERS FOR SECONDARY FLOW SOLUTION
KST=
KEN=NREG
IFCIDIR.EQ.-1)THEN
KST=NREG
KEN=1
ENDIF
NMAX=2+1FACE
LMAX=3-1FACE
DO 30 K=KST,KEN, IDIR
JsT=1
JEN=NRSUB(K)
IFCIDIR.EQ.-1)THEN
JST=JEN+1
JEN=2
ENDIF
HJMP=1.D10
IF(K.NE.KST)HIMP=H(J1,K1)-H(JST,K)
GET DERIVATIVES FOR FLOW LOSS AT JUMP
IF(NOI.NE.1)THEN
CHI=DELTP(RE,V(JST,K), H(JST,K) ,HIMP, ZET(K))
- CHIH=(DELTP(RE, V(JST,K), H(JST,K)+DUT , HIMP , ZET(K))-CHI)/DUT
i CH;V-(DELTP(RE ' V(JST,K)+DUT, HCJST,K) , HJMP, ZET(K))-CHI ) /DUT
NDI
DO 5 N=1,NMAX
SET DISPLACEMENT AMPLITUDES
CALL ESET(ZTG(JST,K),N,E,DE)
DO 5 L=1,LMAX
I1F(K.EQ.KST)THEN
SET UP INITIAL OR CONTINUITY CONDITIONS AT START OF EACH REGION
{Y) ARE DISTURBANCES IN PRESSURE, AXIAL VELOCITY AND TANGENTIAL VELOCITY
Y(1,L,N)=¢0.00,0.D0)
Y(2. L N)=DCMPLX(Y20(L),0.D0)
Y(3, L N)=(0.00,0.00)
FOI(L.N)=(0.00,0.00)
EEI(L 'N)=(0.00,0.D0)
SE

Y(2,L,N)=V(JST,K)*HIMP/H(JST ,K)/H(J1,KT)*ECL)+
+ HWT, K1)/H(JST K)*Y(Z L,N)
ENDIF
IF(NOI.NE.1)Y(1,L,N)=Y(1,L,N)+RV20*(~-CHIH*ECL)+CHIV*Y(2,L,N))
5 CONTINUE

Page 37
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K1=K
C STEP ruaousu REGION
0 30 J=JST, JEN, IDIR
PO estIoIR’
CALL DSOLV(NOI, IFACE,RE,REC,P1R,OMT,OMDT,DUT,
ALPCK), SBET(K) . CBET(K), DELT(K), ENGP(K) , ZETG(K),, IGROT(K),
RGCJ K, 2TGCJ,K), H(d,K),UCJ, KD VCd,K), UHGCI, KD, VHG(J,K),
racJi, K3, 21631, K), HEd1,K), 0041, K0, v(d1,K6),
Y, FOIEMI, IER)
1FCIER.NE . O)RETURN
30 CONTINUE
c COMBINE‘SOMP1AND PARTICULAR SOL. TO SATISFY P=0 AT DOWNSTREAM BOUNDARY
DO 40 N=
DO 40 L=2, LMAX
FOICL,N)=-Y(1,L,N)/Y(1,1,N)*FOI(1,N)+FOI(L,N)
40 EMICLIN)=-Y(1,L, u)/v<1 17N)*EMIC1,N)+EMICL,N)
P1=4.50*ATANCT.DO
P12=P1/2.D0
IFCIFACE.EQ.1)THEN
c EXTRACT STIFFNESS AND DAMPING COEFFICIENTS FOR FACE SEAL
c INITIALIZE STIFFNESS AND DAMPING MATRICES
0 41 1=1,4-1FACE
no 41 J=1,4-1FACE
k(1 J)-O DO
41 CB(I1,J)=
C AXIAL FORCE J0E ro AXIAL DISPLACEMENT
CK(1,1)=2.DO*PI*DREAL(FOI(2,3))
cB(1, 1>=2 DO*PI*DIMAG(FOI(Z 3))/0MDT
C MOMENTS DUE TO T
CK(3, 3)'P12*DREAL(EMI(2 1)+EM1(2,2))
CK(2,2)=CK(3,3)
CB(3.3)= PIZ*DIMAG(EMI(Z 1)-EMI(2,2))/OMDT
CB(2,2)=CB(3,3)
CK(2.3)=PI2*DIMAGCEMI (2, 1)+EMI(2,2))
CK(3,2)=-CK(2,3)
CB(2.3)= -PIZ*DREAL(EMI(Z 1)-EMI(2,2))/OMDT
ca(3 2)=-CB(2,3

c EXTRACT STIFFNESS AND DAMPING COEFFICIENTS FOR CYLINDRICAL SEAL
C MOMENTS DUE TO TILT
CK(4, 4)'P12*DREAL(EM1(2 1)+EMI(2,2))
CK(3,3)=CK(4,4)
CBC4 & )=P12*DIMAGCEMI (2, 1)-EMI(2,2))/OMDT
CB(3, 3)=CB(4 4)
CK(3,4)=P12*DIMAGCEMI (2, 1)+EMI(2,2))
CK(4,3)=-CK(3,4) :
CB(3,4)= -PIZ*DREAL(EM!(Z 1)-EMI(2,2))/0MDT
CB(4,3)=-CB(3,4)
C MOMENTS DUE TO DISPLACEME
CK(4 1)'P12*DREAL(EMI(3 1)+EMI(3,2))
CK(3,2)=-CK(4,1)
CB(4, 1)=PI2*DIMAGCEMI(3,1)-EMI(3,2))/OMDT
CB(3,2)=-CB(4,1)
CK(3, 1)=PIZ*DIMAG(EMI(3 1)+EMI(3,2))
CK(4,2)=CK(3
CB(3, 1)--P12‘DREAL(EMI(3 1)-EM1(3,2))/OMDT
CB(4, 2)=cs(3,1)
C FORCES DUE'TO TILT
cK(1, 4)-P12*DREAL(FOI(2 1)+F01(2,2))
CK(2,3)=-CK(1,4)
CB(1, 4)'P12*DIMAG(FOI(2 1)-FOI(2,2))/OMDT
CB(2,3)=-CB(1,4)
CK(2, 4)'-PIZ*DIMAG(FOI(2 1)+F01(2,2))
CK(1,3)=CK(2,4)
CB(2, 4)-P12*DREAL(FOI(Z 1)-F01(2,2))/0MDT
CB(1.3)=CB(2,4)

++++
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C FORCES DUE TO DISPLACEMENT

CK(1, 1)-P12*DREAL(FOI(3 1)+F01(3,2))
CK(Z 2)=CK(1,1)
CB(1, 1=l PlZ*DIMAG(FOI(3 1)-FOI(3,2))/OMDT
CB(Z 2)=CB(1 n 1)
CK(2,1)=-P12*DIMAG(FOI(3,1)+FOI(3,2))
CK(1,2)=-CK(2,1)
CB(Z 1)= PlZ*DREAL(FOI(3 1)-FOI(3,2))/0MDT
CB(1,2)=-CB(2,1)

ENDIF

RETURN

END
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SUBROUTINE CMATIN(A,B,DETER,N1,M1,ID,N2, INDEX)

C COMPEX MATRIX INVERTER
C CALLED BY COLPC

10
20

60
80
85
100
105
110

130
140

200

210

250
310

IMPLICIT COMPLEX*16(A-H,0-2)

DOUBLE PRECISION AMAX

DIMENSION A(N2,N2),B(N2,1),INDEX(N2,3)
EQg%VALENCE (IROW, JROW). (ICOLU,JCOLU), (AMAX, T, SWAP)
N=N1

DETER =(1.D0,0.D0)

DO 20 J=1,N

INDEX(J,3) = 0

DO 550 i=1,N

AMAX=0.0D0

Do 105 J=1,N

1FCINDEX(J,3)-1) 60, 105, 60

DO 100 K=1.N

LFCINDEX(K,3) '3)-1) 80, 100,

IF ¢ AMAX -ABS (A(J, x))) 85 100, 100
IROW=J

I1COLU=K

AMAX =ABS (A(J,K))

CONTINUE

CONTINUE

IF(AMAX)110,715,110

INDEX(ICOLU, 3) = INDEX(ICOLU,3) +1
INDEX(I, 1)=1ROW

INDEX(1,2)=1COLU

IF (IROW-1COLU) 140, 310, 140
DETER=-DETER

DO 200 L=1,N

SWAP=A(IROW,L)

ACIROW,L)=A(ICOLU,L)

A(ICOLU L)=SWAP

1F(M) 310 310 210

D0 250 L=1,

SHAP=B(IROU L)

B(IROH,L)=B(ICOLU,L)

BCI1COLU, L)=SWAP

PIVOT  =A(ICOLU,I1COLU)
1F(PIVOT.EQ.(0.D0,0.00))60 TO 715
DETER=DETER*PIVOT

A(ICOLU ICOLU) ¢1.00,0.D0)

DO 350 L

ACICOLU L)-A(ICOLU L)/PIVOT

1F(M) 380 360

DO 370 L=1,

B(1COLU, L)-B(ICOLU L)/PIVOT

DO 550 L1=1,N

1F(L1-1COLU) 400, 550, 400

T=A(L1, 1COLU)

ACL1Y, lCOLU)=(0 p0,0.00)

IF(T-EQ. (0. oo 0.00))60 TO 550

DO 450 L=1,N

ACL1, L)=ACL1 L)-A(ICOLU L)*T
1F(M) 550, 550,
DO 500 L=1,M
B(L1, L)-B(L1 L)-BCICOLU, L)*T
CONTINU

Do 710 1=1,n

L=N+1-1

IF CINDEX(L,1)-INDEX(L,2)) 630, 710, 630
JROW=INDEX(L,1)
JCOLU=INDEX(L ,2)

po 705 K=1,N

SWAP=A(K, JROW)
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705
710

740
715

ACK, JROW)=A(K, JCOLU)
ACK, JCOLU)=SWAP

CONT INUE

CONT INUE

D =1

RETURN

1D =2
DETER=(0.D0,0.D0)
RETURN

END

SUBROUT INE MATlNV(A,B,DEEER,N1,M1,ID,N2,1NDEX)

C REAL MATRIX INVERSION ROUTIN
C CALLED BY HOME COLP

10
20

60

80 IF

85

100
105
110

130
140

200

210

250
310

IMPLICIT DOUBLE PRECISION (A-H,0-2)
DIMENSION A(N2,N2),B(N2,1), INDEX(N2,3)
EQU%VALENCE (IROW, JROW), (1COLU,JCOLU), (AMAX, T, SWAP)
M=M
N=N1
DETER = 1.D
D0 20 J=1,N
INDEX(J,3)
DO 550 1=1
AMAX=0.D0
DO 105 J=1,N
XF(INDEX(J '3)-1) 60, 105, 60
DO 100 K=1,N
IFCINDEX(K, 3) 1) 80, 100, 715

F ( AMAX -ABS (ACJ,K))) 85, 100, 100

0

IROW=J

1COLU=K

AMAX = ABS (A(J,K))

CONTINUE

CONTINUE

IF(AMAX)110,715,110

INDEX(ICOLU,3) = INDEX(ICOLU,3) +1

INDEX(I, 1)=1ROW

INDEX(1I,2)=ICOLU

IF (IROW-ICOLU) 140, 310, 140

DETER=-DETER

DO 200 L=1,N

SWAP=A(IROW,L)

ACIROW,L)=ACICOLU,L)

A(ICOLU L)=SWAP

1F(M) 310, 310, 210

D0 250 L=1, M

SHAP=B(!ROH L)

BCIROW, L)=8(ICOLU L

B(ICOLU L)=SWAP

PIVOT =A(ICOLU, ICOLU)

IF(PIVOT.EQ.O. DO)GO T0 715

DETER=DETER*PIVOT

ACICOLU, 1COLU)=1.D0

DO 350 L=1,N

ACICOLU L)—A(ICOLU

1F(M) 3éo 360

DO 370 L

B(ICOLY, L)-B(ICOLU L)/PIVOT

DO 550 L1=1,N

1F(L1-1COLU) 400, 550, 400
=A(L1, 1COLU)

A(L1, 160LU)=0.D0

IF(T)430 550 430

DO 450 L

ACLT, L)'A(L1 L)- A(ICOLU L)*T

IF(M) 550, 550,

DO 500 L=1,M

B(L1 L)-B(L1 L)-B(ICOLU, L)*T

CONT

DO 710 1 1N

L=N+1-1

IF (INDEX(L,1)-INDEX(L,2)) 630, 710, 630

JROW=INDEX(L,1)

JCOLU=INDEX(L,2)

DO 705 K=1,

SWAP=A(K, J OoW)

A(K, JROH)=A(K JCOLU)

L)/PIVOT
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A(K, JCOLU)=SWAP
705 CONTINUE
710 CONTINUE

10 =1
740 RETURN
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