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DEVELOPMENT AND APPLICATION OF A METHOD FOR
PREDICTING ROTOR FREE WAKE POSITIONS AND
RESULTING ROTOR BLADE AIR LOADS
VOLUME II - PROGRAM LISTINGS*

By S. Gene Sadler
Rochester Applied Science Associates, Inc.

| 6! ¥

SUMMARY %’1’ i%7 (1«7 K?—wu-ﬁ/z,j-

Computer program listings are presented for two separate pro-
grams, the wake geometry and the blade loads and response programs.
These listings correspond to the calculations discussed in Volume
I.

INTRODUCTION

Four steps are necessary in obtaining blade loads and response
results including the effects of free wake distortions by using
the programs discussed in this report. (1) Preliminary calcula-
tions (or measured data) are used to define rotor system trim
parameters and flight conditions; and definitions of model parame-
ter and program control variables are necessary before program
operation may begin. (2) A wake geometry calculation is then
made to obtain wake-induced velocity influence coefficients for
use in the blade loads calculation. (3) Blade natural frequen-
cies and normal modes are computed for use in calculating blade
response. (Steps 2 and 3 are independent, and their order unim-
portant.) (4): Given the wake program input for use in blade
loads calculations and the frequency program input for use in
blade response calculations, the blade loads and response program
is then used to calculate blade airloads and dynamic response.
Response variables calculated include blade shears, moments, and
angular and linear deflections (and their rates) as computed from
the appropriate normal mode guantities and generalized coordinate
magnitudes.

The blade frequency program listing is not contained in this
report since it was not developed under this contract and is a
proprietary program.

Program input and output is in English units.

N : . :
VOLUME I = MODEI, AND RESULTS is contained in NASA Contractor
Report CR-1911.



INTEGER QUT +WKPTCNTR

INTEGER

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
OIMENSION
DIMENSION
CIMENSIGN
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
CIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
OIMENSION
DIMENSION
DIMENSION
DIMENSION
CIMENSION
DIMENSICN
DIMENSION

T45 s WW
REAL MXYZ, MU MUALT,MUSPK MUCAT yMUSAT yMUDP yMUSDP s LLNTH,LNTH,LOADN,
ILTMP,LSQeMXg MY MZ yMUCDP+ MUSDS s MUCDS ¢ IO MByL Xs KXX

A{05,20)
ALFAL(O2)
ALFA2(02)
ALFAS(02)
ALFAT(02)
A0(02)
ALPHAGL(02)
ALPHAR(02)
AR{02)
AT(S)
ATMP(5)
8{005,16)
BETA{03,2)
BT {5)
BTMP{5)
c(09)
CCLA(O02)
CHORD(02)
DELTAL02)
DIt90)
DIR(2)
DLNTH(O16)
DNTH{005,016)
DsSQ{o1l6)
DTMP(0O16)
GAMMA{05,016)
GAMMAGIL144)
GAMMK(1,016)
INDXG{16)
f0(o02)
KXX{02)
LLNTH(020)
LNTH(05,20)
LOADN{(020)
LsSQ{o20)
LTMP(020)
LX{02)
MB(02)
MUCDP (02)
MUCDS(2)
MUSDP(02)
MUSDS(2)
NPSI(2)
NPTS(60)
PSI(2)



-

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIGN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICON
DIMENSION
DIMENS ION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSIGN
DIMENSION
DIMENSION
CIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

PSIR{02)
R15)
RBAR(016)
RCAP{02,5)
RSMLL (02, 20)
RMGD(5)
RZERO(2)
SGMA1{016,016)
SGMA2 (05,16)
SIGBLI144)
SIGMX{04)
SIGMY{04)
SIGMZ(04)
T(03,03)
TCOR(03,03)
THTAX(02)
THTAY {02)
TR{09)
vVi(cl,01)
VX{05,20)
vLLile)
VY{05,20)
VZ{05,20)
VXX1{01,01)
WKX(01,01)
WKY{0l1l,01)
WKZ(01,01)
X(05,20)
XROT(02)
XS5TMQ(016,016)
Xx(02)
Y{05,20)
YROT{02)
2(05,20)
ZAP(16)
ZR0OT(02)
ZSTOR(800)

COMMCN /ITRG/ ITRGX

COMMON /BETAL/BETA,MBETRNBETC ¢PI+DsUsFyAS,ALPHAL,ALPHA2,RO

COMMON /BETA3/0M,0OMSQ,A0,AR,V,RHO,MU

COMMON /TEST33/ NIB NROTyNWyNBRV1¢XsYsZsA9BsDNTHyLNTH,NAR,NPER,
LISIGT s NWMKy JoyNWML4NIBVyVXyVYVZyNIBRYV

COMMON /TESTS55/ JL+JSIGyNTV4NTVL4M,0PST,CHORD,RSMLL,RCAP,GAMMA,QSZ
COMMON /WAKELl/ VOOMR yNUWKPT VI ¢ WKXyWKY ¢WKZoCOSB3 93SINB3,NASL,
LNIBNA sNWKLST s NWKRWy NWKCL yNLPLoNLP2yNLP3¢NLP4, TWOPI

COMMON /CONT/ NAZNR ¢NANR ¢ JA9yJJyNNeNySIGNyIT sNGJR
COMMON /WK1A/ PSIRsDPSIKsPSIKyDELTARREF,MUCDS,MUSDSy THTAX, THTAY
COMMON /WK1lB/7 XROT,YROT,ZROT,TCOR,ALFAT,ALFAL,ALFA2



COMMON /WK1C/ PSICCLALDIR

COMMON /WK2A/ MSET,GAMMK,INDX.JAC»INDXLySGMAZ,SIGMZ,SGMBL
COMMDN /SUBIC/ RsC,DTWOPI

COMMCN /SUBIE/ NAS

COMMON /CONVGA/ EPSG,NHWKRQ

COMMON 7AL1BDA/ ABK

COMMON /MODCNT/ NTVM,NWSTRE,NWR » NANRM,NIBRVM,NIBM
COMMON /OUTIN/ IN,OUT

COMMON /WKCONT/ NHKPD

COMMON /STEPXA/ WKPT,WW,IOUT,NOTTP1l sKAT,NBC
COMMON /WK4A/ VXX

CCMMON /MODWK1/ GAMMAM{54416)sRMI{1)+AMI05,16),VXM{54,16),
LVYM(54,16) s VIM{54416) s XM{54916),YM{54,16),ZM(54,416)
COMMON /MODWK3/ AFM(4,1001,BFM(4,4)

COMMON /0UTDI/ NNTV,NEXPWK sNSIGRW,NMODR NMODC
COMMON /0UTDII/ NWKCLM

COMMON /WK2GAM/ GAMFAC

COMMON /VLIMIT/ VLIM(5),VMLIM{16)

COMMON /ELNTHS/ ELL(16)

COMMON /WK28/ XA3YA9ZAXByYBZBsXCsYLHZC

COMMON /SUBIB/ KX9LSQ9sDSQyDTMP,LTMP,ATMP ,BTMP
COMMON /S5uUBID/ I,IP1l,1IM1

COMMON /CONVGB/ SGMA1l, INDXG

COMMON /WK2C/ SIGBL

COMMON /CONVGC/ GAMMAG

COMMON /APXLDB/ LOUOADN

CUOMMON /DART1/ SGRATQ

COMMON /VLNTHS/ NALIM,VLL

COMMGON /WKQ/ NUMXYZ

COMMON /ZONTRL/ NIZIS

COMMON /ZSS/ ISTOR

c
c

DATA BLANK/1H /

DATA NWKXsNWKY ¢sNWKZ/3HWKX93HWKY y3HWKZ/
C

907 FORMAT(16X,3F8.8)
906 FORMAT (29X, 15}
16 FORMAT (20A4)

901 FORMAT (19X+2X+8X4E10,.8)

9875 FGCRMAT {1X,8616.7)

8882 FORMAT (1HL y47X,37THFREE ROTOR WAKE GECOMETRY CALCULATIONS///
11H ,26X420A4/
21H +26X420A4/
31H +26X,20A4//
41H ,58X, 16HBLADE PROPERTIES//
SIH +9XsF8.3,30H ADVANCE RATIO, DIMENSIONLESS,
630XsF8.5,27H MAXIMUM CONVERGENCE ERROR/
TIH 49X,F8.3y31H AIR MASS DENSITY, LB-SEC2/FT4,
8 29X,F8.34930H REFERENCE ROTOR LENGTH, FEET/



b ’:\\:\_

21H +9X,F8.3,25H BLADE ROOT RADIUS, FEET,
1 35X+F8.3,35H ROTATIONAL RATE OF ROTOR, RAD/SEC/
61H »9X,FB.3,26H FORWARD VELOCITY, FT/SEC,
5 34X+F8.3+30H SLOPE OF LIFT CURVE, 1/RAD2/
91H ,T77X,F8.34+42H VORTEX CORE RADIUS FACTOR, DIMENSIONLESS//)

8883 FORMATI
11H y6Xs5HROTOR+63X5HRCTOR/
21H »3X, 11HONE TWO,» 57X, 11HONE TwWO0//
31H +F8.3,1X+FB.3,40H AMPLITUDE OF LATERAL CYCLIC PITCH, RAD,
411X3F8.341XyFBe3944H LATERAL SHAFY TILT ANGLE, PGS TO PORT, RAD/
51H +F8.341XyF8.3,45H AMPLITUDE OF LONGITUDINAL CYCLIC PITCH, RAD,
66Xy FBa391XeFB8a3y941H LONG FIRST HARMONIC FLAPPING ANGLE, RAD/
TLH +FB8.341XeFBe3,36H ANGLE OF ATTACK AT BLADE ROOTs RAD+15X+F8.3,
81Xy FB8.3y44H LONG SHAFT TILT ANGLE, POS AFT FR VRT, RAD/
91H +F8.391X,F8.3,25H BLADE CONING ANGLE, RAD+26XsF8.3,
8 1XsF843,40H MASS MOMENT OF INERTIA, FT-LB-SEC2/RAD )

8889 FORMAT (
21H LF8.3,1X,F8.3,36H BLADE INBOARD AIRFOIL RADIUS, FEET,15X,FB8.3,
11Xy ¥8.3y43H OFFSET OF HINGE FM CNTR OF ROTATION, FEET/
91H ,FB.341XysF8.3,24H BLADE MASS, LB-SEC2/FT,27X,F8.3,
31Xy £8.3,28H ROTOR REFERENCE ANGLE, RAD/
41H yF8e3,1XyF8.3924H BLADE TWIST ANGLE, RAD,27X,F8.3,
3 1XyF8.3,184 ROTOR THRUST, LB/
61H +FB843s1XsF8.3,13H CHORDs FEET,
538XyFB8.341X9yFB8.3,31H SHAFT TILT, POSITIVE AFT, RAD/
BlH +FB8.351XsFB.3945H DIRECTION OF ROTOR, PQOS IS COUNTERCLOCKWISE,
T6XsFB8+391X,F8.3429H SPRING STIFFNESS, FY-LB/RAD)

8887 FORMATI
3 1H sF8.,3,1XF8.3y44H EXTRAPOLATED ANGLE OF ATTACK AT SHAFT, RAD,
7T TX4FB8.341XsF843,31H X-AXIS ROTOR COORDINATE, FEET/
1 IH +F8.341XyFB8.3,38H FEET FROM HINGE TO BLADE MASS CENTER,
913X,F8e3,LX9F8.3,31H Y-AXIS ROTOR COORDINATE, FEET/
11H ,F8¢3+41XyFB8.3,44H LATERAL FIRST HARMONIC FLAPPING ANGLE, RAD,
2 TX9FB8e391X9FBa3+31H Z—-AXIS ROTOR COORDINATE, FEET//// )

c

8884 FORMAT{
L1H ,34HCOORDINATE TRANSFORMATION MATRICES,69X,
225HPROGRAM CONTROL CONSTANTS//
31H ,12X,94ROTCOR ONE/
41H ,99X,13,17H AZIMUTHAL STEPS/
S1IH +F7.342(6XyFT7.3)/
61H ¢F7.3,206X4FT.3)466X913,18H BLADES PER ROTOR/
TIH oF7.3,2(6X,FT7.3)/
81H ,99X,13,24H [INPUT CONTROL COANSTANT/
91H ,12X, 9HROTOR TWO/
11H ,99X4134,22H REV OF WAKE RETAINED/
21H 4FT7.342{6X4FT.3)/
31H 9FT7.3,2(6XsF7.3),66X,13,8H ROTORS/
41H (F7.3,2(6X4F7.3)/
51H +99Xe[3424H TRAILED VORTICES/BLADE//)



8885 FORMAT(1H ,5HRCAPS//
11H y10HROTOR ONE 21X39{1XsFTe4elH )31l XyFT7e4)
8886 FORMAT(1H +10HROTOR TWO »1Xe9{1XsFTe491H )o1XyFTe4//)

C

c

c
IN=5
CuUT=6
10UT=7
INTP1=4
NOTTP1=8

INTP2=4
NOTTP2=4

OO0

DO 2 1=1,90
2 DI{T)=BLANK

READ INPUT.

OO0

READ (5,16) NPTS

READ (IN,906) NBCoNWKRQyWW NUWKPT,NTVM,NANRM,NAyNIByNTV,NREV,NROT
READ (IN+906) WKPT,ITRGX

READ (IN,906) NALIM

READ (IN,906) NUMXYZ

READ {IN,901) SGRATO

READ (IN,901) VOOMR,ABK,0M,V,RHO

NTVI=NTV-1

READ (IN,901) (ALFAL(I),ALFA2(I),CHORDII),ALFAS(I),DELTALL),
LTHTAY (L) ,THTAX( 1) +PSIR(1)+sRZERG{ 1)+ DIR{I),I=14NROT)

READ (IN,901) ({RCAP(I,4J)sJ=1sNTV),I=1,NROT),RREF,CLA,EPSG
READ (IN,901) (XROT(I),YROT(I),ZROT(I),I=1,NROT)
NTVMP2=NTV*NROT

READIIN,901) ({AFM({I14J)s J=1+NTVMP2), I=1,NTVM)

READ (INy901) (UBFMI{I,J)sJ=1+NTV1),yI=1,NTVM)

READ (IN,901) VLIM,VMLIM

READ (5,901) GAMFAC

READ {IN,901) ELIM

IF (NUMXYZ.GT.0) READ (INy901) {ZSTOR(I)sI=1,NUMXYZ)

[ITRGX = UPPER LIMIT ON NUMBER OF ITERATIONS FOR GAMMAS
ABR = VORTEX CORE RADIUS CONSTANT
SUBSCRIPT(M) = INCREMENTED NUMBER COF ROTORS

OO0

OEFINE CONSTANTS.



OO0

OCONOOOO

OO0

INDXL=0
PI=3.141593
KAT=0
THOPI=2.%P[
DTWOPI=1./TWOPI
SGRATO=DTHOP I/SGRATO
DPSI=THWOPI/NA
DPSIK=TWOPI/NIB
OMSQ=0M*0OM
MU=V/ (CM*RREF)
MUDP=MUXDPSI

READ ANGLES IN RADIANS OR CONVERT DEGREES TO RADIANS BEFORE
NEXT STEP.

CYy=COS(THTAY (1))
SY=SIN(THTAY(1))
CX=COS{THTAX{1))
SX=SIN{THTAX(1))

COMPUTE COORDINATE TRANSFORMATION MATRIX FOR USE IN LOCATION
OF MTH ROTOR.

TCOR{1l,1)=CY
TCOR(2,1)=SY%*SX
TCOR(3,1)=-SY*CX
TCORI(1,2)=0,
TCOR(2,2)=CX
TCOR(3,2)=5X
TCOR{1,3)=SY
TCOR(243)=-SX*CY
TCOR{3,3)=CY*CX
MBETR=3

COMPUTE TIP PATH ANGLE FROM APPROXIMATE EQUATIONS OF MOTION OF
RIGIDy SPRING-HINGED BLADE.

DO 15 M=1,NROT
RO=RZERO{M)
CHORD(M)=CHORD{M) /RREF
PSI(M)=0,
ALPHAL=ALFALl (M)
ALPHA2=ALFAZ2 (M)
AS=ALFAS(M)

F=CHORD (M)

D=DELTA (M)



(2X2¥e)

QOO0

OO

NBETC=M

NCALB=0

IF (NCALB.EQ.1) CALL BETAS
IF (NCALB.EQ.O)
1READ (5,901) BETA{l,M)}+BETA({2,M)BETA{3,M),AQ0(M},ARIM)
ALFAT{M)=ALFAS(M)-BETA(3,M)
MUSDP(M)=MUDP*SIN{ALFAT{M))
MUCDP {M)=MUDP*COS(ALFAT(M))
MUSDS{M)=MUDP*S IN(ALFASI(M))
MUCDS(M)=MUDP*COSLALFAS{M})

15 CCLA{IM)=.5%CHORD{M)*CLA

SINB3=SIN{(BETA(3,1))
COSB3=COSI{BETA(3,1))

PRINT OUT INPUT AND CONTROL CONSTANTS

WRITE (0OUT,8882)INPTSyMU+EPSGRHO+RREFsROy0OM,V,CLA,ABK

WRITE {(0OUT.8883) ALFA1.THTAY ALFA2,BETA(3+1),BETA{3,2),ALPHAO,

1 THTAX,BETA(1,1),BETA(1,2),10

WRITE (0OUT,8889) RZEROJDELTAMBPSIRJALPHARJLXyCHORDALFASsDIRKXX
WRITE (OUT8887) AQ+XRCT XX YROTBETA{2+1)4BETA(2,2)42IR0OT

WRITE (OUT,8884) NA,TCOR{1,1),TCOR{1,2)sTCOR(1,43),TCOR(2,1},
1 TCOR{2¢2)¢TCOR{2+3) +NIByTCORI34+1)¢TCOR(342),TCORI3¢3},WKPT,
2 NREVyTULaLl) 9TE142)5,T(193)sT{241)»T(2,2),T(2,3),4NRAT,T(3,41},
3 T(3,2)+T{343),NTV
WRITE (DOUT,8885) (RCAP(1,IX)+IX=1,NTV)
IF (NROT.EQ.2)
1WRITE (OUT,B8886) (RCAP(2,IX}4IX=14NTV)
WRITE{6,30)
30 FORMAT(4HOAFM/)
WRITE (OUT+9875){{AFMII+J)+J=1,NTVMP2),1=1,NTVM)
WRITE(6431)
31 FORMAT{4HOBFM/)
WRITE (OUT,9875){(BFMIT4J) yJ=1,NTVL} +I=1,NTVM)
WRITE(6,32)
32 FORMAT(33HOVLIM(NTV),VFMLIM{NTYMXNIB),GAMFALC/)
WRITE (DUT,9875) VLIM,VMLIM,GAMFAC
WRITE(OUT 433 )INALIM,ELIM
33 FORMAT(L12HONALIM ELIM/2X+1I3,616.7)
IF {NUMXYZ.GT.0) WRITE (OUT,9875) (ZSTOR(I),I=1,NUMXYZ)

DIMENSIONALIZATION FACTORS
LOAD RHO¥*OM*OM%*R*%3

R11=RREF*RREF*RREF
OFLOD=RHO*0OMSQ *R11

CONSTANTS USED TO CCNTROL PROGRAM.
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OO0

NJ=NIB*NROT*NTV
NAR=NA*NREV
NGJ=NIB%NTV1
NGJR=NGJ *NROT
NIBV=NIB*NTV
NIBRYV=NIBV*NROT
NIBM=NIB*NTVM
NBRVL =NIBRV+1
NAS=2

NLPL=NROT
NLP2=NIB
NLP3=NTV
NWKPD=0

NPER=1
NR=NTV1I*NROT
NANR=NA%*NR
NIBNA=NA/NILB
NIBRVM=NTVM*NIB*NROT
NWSTRE=2
NWR=NA®NREV
NNTv=20
NEXPHK=5
NSIGRW=16
NWKRW=5
NWKCLM=20
NMODR=54%

NMODC =16
NNROT=2
NNTVM=10
NTVMX=4

COMPUTE LENGTHS FOR USE IN MODIFIED WAKE

N1=NIB®NTVM

KK=0

DO 10 M=1,NROT

CALL MODRM {(NTV,NTVM,RCAP,RMUD,AFM, NNROTyNNTVM;NTVMX, M, NWKRW)
DO 5 JJ=1,NTVM

KK=KK+1
ELL(KK)=RMUOD{JJ )*DP SI/RREF
VLLIKKY=ELIM*ELL(KK)
N3=(M-1)*N1

N2=N1+N3

N3=NTVM+14+¢N3

DO 10 JJ=N3,N2

KK=KK+1
ELL(KK)=ELL{KK-NTVM)
VLLIKK)=ELIM*ELL {KK)
WRITE(6434)



34 FORMAT(12HOVLLINIBRVM)/)
WRITE (QUT,9875) (VLLII) I=1,NIBRVM)

DEFINE BLADE POSITIONS AND CIRCULATIONS FOR WKPT.GE.3, CARD REA
WKPT=2, TAPE READ FOR WKPT=1

s NNl gl

IF {NWKRQ.EQ.0) GO TO 20
NWKCL=1
NWKLST=0
DO 13 I=1,NUWKPT
NWKLST=NWKLST+1
IF (NWKLST.LE.NWKRW) GO TO 14
NWKLST=1
NWKCL =NWKCL +1
14 READ (IN,907) WKX(NWKLSTyNWKCL) ¢ WKY{NWKLSTyNWKCL) ¢WKZ (NWKLST,
LNWKCL)
13 CONTINUE
IF (NWKCL.EQ.l) NWKRW=NWKLST
IF (NWKLST.EQ.NWKRW.OR.NWKCL.EQ.1) GO TG 200
NXX=NWKLST+1
DO 22 T=NXX,NWKRW
WKX( T ,NWKCL)=0.
WKY (14 NWKCL)=0.
22 WKZ{I4NWKCL)=0. \
CALL MPRECT [NWKX,WKXsNWKRH,NWKCL sNWKRWNWKCLM)
CALL MPRECT (NWKY yWKY o NWKRW, NWKCL sNWKRW , NWKCLM)
CALL MPRECT {NWKZoWKZyNWKRWsNWKCL s NWKRH ¢ NWKCLM)
200 DO 18 I=1,NWKRW
DO 18 J=1,NWKCL
VXX{1,J)=0.
18 VI(I,J)=0.
20 NAS1=0
NW=1
11=1

READ FOR STARTING DATA ON TAPE

PERFORM A STEP

OOOOO0

9883 WKPT=3
CALL WK1
sTaoe
END

10



SUBROUTINE WK1

INTEGER OUT 4WKPTCNTR
INTEGER T45,Wh :
REAL MXYZ,MUsMUALT MUSPKsMUCAT ,MUSAT , MUDP,MUSDPy LLNTH,LNTHy LOADN,

LLTMP+LSQsMX MYy MZy MUCDPyMUSDS ¢ MUCDS » IOy MB oL Xy KXX

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENS ION
DIMENSION
DIMENSION
DIMENSIGN
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENS ION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENSTON
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

A105420)
ALFAl11{02)
ALFA2(02)
ALFAS(02)
ALFAT(02)
ALPHAG(02)
ALPHAR({O2)
AG(02)
AR(02)
AT(5)
ATMPLS)
B{005,16)
BETA{03,2)
BT({5)
BTYMP(5)
C{09)
CCLA(O2)
CHORD(02)
DELTA(O2)
DI(90)
DIR(2)
DLNTH(O16)
DNTH(005,016)
DSQ{016)
OTMP(0O16)
GAMMA({05,016)
GAMMAG(144)
GAMMK (1,016)
INDXG(16)
10(02)
KXX{02)
LLNTH(020)
LNTH{Q05,20)
LOADN(020)
LSQ(020)
LTMP{020)
LX{02)
MB{02)
Mucbr(o2)
MUCDS{2)
MUsoPi{o2)
MUSDS(2)
NPSTI(2)
PSI(2)

11
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DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIGN
DIMENSION
DIMENSION
DIMENSION
DIMENSIGN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIGN
CIMENSICN

PSIR{02)
R{5)
RBAR{O16)
RCAP{02+5)
RSMLL(02,20)
RZERO(2)
SGMA1(016,016)
SGMA2{05,416)
SIGBL(144)
SIGMX(04)
SIGMY(04)
SIGMZ(04)
T{03,03)
TCOR(03,03)
THTAX(02)
THTAY{02)
TR(09)
vi{0ol.,01)
VX(05,20)

VY {(05,20)
vZ2(05,20)
WKX{01,01)
WKY{01,01)
WKZ{01,01)
X{05,20)
XROT{(02)
XSIMQ{016,016)
XX{02}
Y(05,20)
YROT{02)
2(05,20)
ZAPL16)
ZROT{(02]
2STOR{800)

CUMMON
COMMON
COMMON
COMMON

/BETA3/0M,0MSQyAD AR,y V.RHO, MU

/WKQ/ NUMXYLZ

/ZCNTRL/ NZS

/TEST33/ NIBNRCTsNWoNBRVLIeX Y5 Z9eA,ByDNTH,LNTHoNAR,NPER,

LISIGT yNWMKy JyNWML 4 NIBV VX, VY,VZ,NIBRYV

COMMON
COMMON

/TESTS55/ JLoeJSIGyNTVyNTVLsM,DPSI,CHORD,RSMLLyRCAP+GAMMA,QS7Z
/WAKEL/ VOOMR yNUWKPT VI s WKX ¢ WKYsWKZ,C0SB3,SINB3,NAS],

INIBNAy NWKLSTyNWKRW) NWKCL ¢yNLP 1, NLP2yNLP3,NLP4,TWOPI

COMMON
COMMOUN
COMMON
COMMON
COMMON

JCONT/ NAsNRyNANRyJA, JI4yNNyNosSIGN,II 4NGJR
/BETAL1/BETAyMBETR yNBETC 4yP1,DyUyF,AS,ALPRAL1,ALPHAZ,RD
JWKLA/ PSIRyDPSIK,,PSIKyDELTA,RREF,MUCDSyMUSDS»THTAX,THTAY
/WKIB/ XROT,YROT,ZROT,TCOR,ALFAT,ALFAL,ALFA2

JWK1C/ PST,.CCLA,DIR



OO0 O

OO0

9876

21

25

27

28

29
30

COMMON /SUBIC/ RyCHyDTHWOPI
CCMMON /APXLDA/ RBAR
COMMON /1ISS5/ ZISTOR

FORMAT (1HO+/8(1lX+sGl4.7))

COMPUTATIONS FOR REFERENCE ROTOR

COMPUTE BLADE POINTS FOR II=1, WAKE POINTS FOR I1=2, FOR EACH
8LADE.

0uT=6

NZS=0

[I=11+1

J=0

DO 28 K=1,NIB

PSIK=(K-1)*DPSIK
WORKL=PSI{(L)+PSIK

SINPK=SIN{(WORK1)

COSPK=C DSt WORK1)
BK=BETA(Ll,1)+BETA(2,1)*SINPK+BETA(3,1)*COSPK
COsSBK=COS(BK)

SINBK=SIN(BK)

DO 28 I=1,NTV

J=J+1

NZS=NZS+1
RSCRP=(RCAP{1,1)}-DELTA(1)})/RREF
RSMAL=DELTA{1)/RREF+RSCRP*COSBK
RSMLL(1l,J)=RSMAL
XCII¢J)=RSMAL*COSPK
Y(I1,J)=RSMAL*SINPK
Z{I1+J)=RSCRP*SINBK

IF (NUMXYZ.GT.0) Z{I1.J)=ZSTOR{NZS]}
IF (II.EQ.1) GO TO 28
X{2+J1=X(24J)+MUCDS (1)
L1243)=2(24J)+MUSDSI(1)

IF (NUMXYZ.G6T.0) Z(2,J)=ZSTORINZS)
CONTINUE

COMPUTATION FOR ADDITIONAL ROTORS

ANGLES MUST BE IN RADIANS, EITHER READ RADIANS OR CONVERTED
FROM DEGREES. T{I,J) IS COORDINATE TRANSFORMATION MATRIX
FOR MTH ROTOR.

IF (NROT.LE.Ll) GO TO 50
DO 39 M=2,NROT
CY=COS(THTAY(M))
CX=COS(THTAX(M))
SY=SIN(THTAY(M))

13
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SX=SIN{THTAX (M)}

Ti{l,1)=CY

T(2.,1)=0.

T(3,1)=SY

T(1l42)=SY%SX

T(2+2)=CX

T(342)==-SX®CY

T{1s3)=—SY¥(CX

T{2,3)=5X

T(3,3)=CY*%CX

D3 39 K=1,NIB
PSIK=PSIR(M)+(K-L)*DPSIK
COSPK=COSIPSI(M}+PSIK)
SINPK=SINIPSI{M)+PSIK)
BK=BETA{L,M)+BETA(2,M)*SINPK+BETA(3,M)%COSPK
COSBK=C03S(8BK)

SINBK=SIN(BK)

D3 39 I=1,NTV

J=J+1

NZS=NZIS+1l
RSCRP={RCAP(M,1)~DELTA(M))/RREF
RSMAL=DELTAIM)/RREF+RSCRP*COSBK
RSMLL (2, J)=RSMAL
C(1l)=RSMAL*COSPK
C{2)=RSMAL*®SINPK
C{3)=RSCRP*SINBK

COMPUTE POSITION OF MTH ROTOR 1IN CODRDINATE SYSTEM OF ROTOR 1L

TR{1}=XROT (M)
TR({2)=YROT{M)
TR{3)=ZROT (M)

DO 32 L=1,3

DO 32 JJ=1.3

32 TRIL)=TR{LI+T{L,JII*CLIJ)

X’(IloJ)=0.

Y(IlsJ)=0.

Z{114J)=0.

COMPUTE BLADE POINTS FOR II=1, WAKE POINTS FOR 1I=2, FOR
EACH BLADE.,

DO 34 L=1,3
X(I1,J)=X{I1,J)+TCORI{1,L}*TRI(L)
Y{II,J)=Y{T1,3)+#TCOR(24L)*TR{L)
ZIT14d)=Z{I1,J)+TCOR{3,L}*TR(L)
IF (NUMXYZ.GT.0) Z{T11,J)=ZSTOR{NZS)
34 CONTINUE
IF (Il.LE.1) GO TO 39
38 X(24J)=X({29J)+MUCDS (M)



Z{2+J)=2(2,J)+MUSDOS (M)
IF (NUMXYZ.GT.0) Z{02,J)=ZSTORINZS)
39 CONTINUE

DEFINE CIRRCULATIONS BY CALCULATION OR READ FROM CARDS, TAPE.

OO0

50 J=0
51 J4J4=0
IF (NUMXYZ.6T.0) WRITE (649876) (Z(I1l4JH)eJH=1,NIBRYV)
DO 60 M=1,NRODT
MUAL T=MU*ALFATI{M)
DO 60 K=1,NIB
PSIK={K-1)*DPSIK+PSIR{M)+PSI(M)
SINPK=SINI{PSIK)
COSPK=COS(PSIK)
BK=BETA{1l,M)+BETA{2,M) *SINPK+BETA{3,M) *COSPK
CASBK=COS(BK)
ALFBR=A0(M} +ALFAL (M) %S INPK +ALFA2( M) *COSPK
MUSPK=MU*SINPK
DO 60 I=1,NTV1
Jd=JJ+1
RSMAL=(DELTA{M)+(RCAP{M,1)-DELTA(M) }*COSBK) /RREF
RBAR{JJ)=RSMAL+.5*(RCAP{ My I+1)-RCAP{M,s1))*COSBK/RREF
ALFBR=ALFBR—-ARIM)*RBAR{JJ)
CAMMA{TITI »JJ)}=CCLA(M)I*{ ALFBR*{RBAR(JJI)+MUSPK*DIR(M))+MUALT)
60 CONTINUE
WRITE (6+49876) {GAMMA(1,4JX) yJX=14sNGJR)

ENTER TYPICAL AZIMUTHAL STEP COMPUTATION

o000

70 IF (11.6T.1) GO TO 72
CALL WK2
CALL CONVG
CALL AL1BD2
CALL APXLD
CALL WK3
CALL STEPX
GO 1O 21
72 11=0
NW=NW+1
WRITE (649875) NW
9875 FORMAT (1HO,T4y4H WK1)
DO 73 M=1,NROT
73 PSI(M)=PSI(M)+DPSI*DIR{M)
60 10 21
END

15
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10
15
20
30

40
45

60

80
85
90

100
105

260
270
130
140
150
160
170
200

210
220
230
250

310

330
340
350
355
360
370

380
390
400

SUBROUTINE MATINV
DIMENSION A{016,016)
DIMENSION B{016,1)
DIMENSION INDEX{16,03)
COMMON /BETA2/A,B,NyM,DETERM
EQUIVALENCE {AMAX, T, SWAP)
INITIALIZATION
DETERM=1.
DO 20 J=1,N
INDEX{J,3)=0.
DO 550 I=1,N
SEARCH FOR PIVOT ELEMENT
AMAX=0.
DO 105 J=1,N
IF (INDEX{J,31-1160,105,60
DO 100 K=1,N
IF (INDEX(K,3)-1) 80,100,715
IF (AMAX-ABS{A(J,K))) 85,100,100
1ROW=J
ICOLUM=K
AMAX=ABS(A(J,K) )
CONT INUE
CONTINUE
INDEX( [COLUM,3)=INDEX{ ICOLUM,3)+1
INDEX(I,1)=IROW
INDEX{1,2)=1COLUM
IF (IROW-ICOLUM) 140,310,140
DETERM=—DETERM
DO 200 L=1,N
SWAP=A(IROW,L)
A{IROWsL)=ACICOLUM,L)
A({ICOLUM,L)=SWAP
IF (M) 310,310,210
DO 250 L=1,M
SWAP=B{IROW L)
B(IROW,L)=B{ICOLUM,L)
8 ICOLUM,L)=SWAP
DIVIDE PIVOT ROW BY PIVOY ELEMENT
PIVOT=A{ICOLUM, ICOLUM)
DETERM=DETERM*P IVOT
A{ICOLUM,ICOLUM)=1.,
DO 350 L=1,N
ALICOLUM,L)=A(ICOLUM,L )/PIVDT
IF (M) 380,380,360
DO 370 L=1,M
B(ICOLUM,L)=B(ICCLUM,L)/PIVOT
REDUCE NON-PIVOT ROWS
DO 550 L1=1,4N
IF {L1-ICOLUM) 400,550,400
T=A{L1,ICOLUM)



=

420
430
450
455
460
500
550
715
740

A{L1,ICOLUM)=0.

DO 450 L=1.N

ALLLL)=A(LL JL)—-ALICOLUM,L )*T
IF (M) 550+550+460

DO 500 L=1+M
BiLl,L)=B(LL,L)-B{ICOLUM,L)*T
CONTINUE

I1D=2

RE TURN

END
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SUBROUTINE MPRECTINIyReLsMsLD,MD)
REAL R{LD,MD)

J1=0

J2=0

JSEC=0

Ji=Jg2+1

J2=J1+7

IF{J2.LE.MIGO TO 2

J2=M

JSEC=JSEC+]

WRITE{693)INI,JSEC

FORMAT (L1HOsA4,1X,6HMATRIX 48Xy THSECTION, I3)
WRITE(644) (1+1=d1,J2)

FORMAT (2X,3HROW,113,7114/)

DO 5 1=1,L
WRITE(646) I, {RIT 4K} yK=J1,yJ2)
FORMAT(I444X+8Fl4.4)
IF(J2.LT.MIGO TO 1

RETURN

END



”/P/
73
./,‘
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SUBROUTINE MODRM (NTV,NTVM,RCAP,RMODAFM,NNROT,NNTVM,NTVMXs MsNWKR)
DIMENSION RCAP{NNROTsNWKR ) oRMOD{NWKR }, AFMINTVMX,NNTVM)

DO 10 LM=14NTVM

RMOB{(LM)=0.

D0 10 L=1+NTV

=L+NTV%{N-1)

RMOD(LM)=AFM{LMyN)*RCAP{(M, L ) +RMODI(LM)

RETURN

END

19
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SUBROUTINE BETAS

THE INPUTS TO THIS SUBROUTINE ARE COMMON TO OTHER SUBROUTINES

REAL MU¢MU2 4y MU4 ¢4MBDXByMBoMOO oL ¢ MOL1 4 MO2,MBB,K1MIO0K2M10,M11,M12,

1M13,M204M20C4M20DyM115,10,K

DIMENSICN AD(02)

DIMENSION AR{02)

DIMENSION BETA(3,2)

DIMENSION D3(09)

DIMENSION D33{016,016)

DIMENSION XBETA(OLS)

COMMON /BETA1/BETAsMBETRyNBETCyPIyDsRsCyAS, ALPHAL,ALPHA2,RO
MBETR = NUMBER OF BETA RONWS
NBETC = NUMBER OF BETA COLUMNS

COMMON /BETAZ2/D33,XBETAsNyM,DETERM
COMMON.BETA2 CONTAINS THOSE VARIABLES USED BY MATINV

COMMON /BETA3/0M,0MSQ+AQ,ARyV,RHO,MU

EQUIVALENCE (D33(1+1}),D3(1))

BLADE RIGID BODY CALCULATIONS FOR BLADE WAKE AND ESTIMATED LOADS

THE RIGID BODY BLADE FLAPPING MOTIONS ARE GIVEN BY BETA(OMEGA#T),
WHERE BETA(OMEGA*T)=BETA(1)+BETA(2)}*SIN{COMEGA*T)+BETA3*LOS(
OMEGA*T) OR SINCE PSI=0MEGA*T...
BETA(PSI)=BETA(1)+BETA{2)*SINI{PSI)+BETA{3)*SIN{PSI)
PSI=0OMEGA*T=0 AT THE X-AXIS

THE BETA(l), BETA{2), BETA(3) ARE DEFINED BY THE EQUATION WMHERE
THE MATRIX Of COEFFICIENTS POST-MULTIPLIED BY THE BETA COLUMN
VECTOR = THE COLUMN VECTOR(MOOyMO1,M02)

ALPHA BLADE SECTION ANGLE OF ATTACK, RADIANS

AD+AR*R+ALPHAL1*SIN(OMT ) +ALPHA2*COS{ OMT)

ALPHAD = GEOMETRIC ANGLE OF ATTACK AT BLADE ROOT, RADIANS

ALPHAR = TOTAL DECREASE IN ANGLE OF ATTACK TOTAL BLADE TWIST
ANGLE, RADIANS

ALPHAl = AMPLITUDE OF LATERAL CYCLIC PITCH, RADIANS

ALPHA2 = AMPLITUDE OF LONGITUDINAL CYCLIC PITCH, RADIANS

AS = SHAFT TILY, POSITIVE AFT, RADIANS

CHORD, FEET

OFFSET OF HINGE FROM CENTER OF ROTATION, FEETY

0 = MASS MCOMENT OF INERTIA OF BLADE ABOUT THE BLADE HINGE, FT-LB

-SEC2/RAD

SPRING STIFFNESS, FT-LB/RAD

LIFT OR TRUST OF ROTOR

MB = BLADE MASS, LB-SEC2/FT

OMEGA = OM = ROTATIGONAL RATE OF ROTOR, RAD/SEC

R = ROTOR RADIUS, FEET

RHO = AIR MASS DENSITY, LB-SEC2/FT4

RO = BLADE ROQOT RADIUS, FEET

V= FORWARD VELOCITY, FT/SEC

X8 = DISTANCE FROM HINGE TO BLADE MASS CENTER, FEET

C
D
1

K
L

READ (5+1) KyIOyMBy XBy ALPHADALPHAR,L 4R
FORMAT (29X,E10.8)
RX=R=RO



AD(NBETC)=ALPHAO+ALPHAR*RO/RX
AR({NBETC)=ALPHAR/RX
VOM=V*0M
VV=V*V
RORGC=RO*RO
RORORCG=ROR0O* RO
R0O4=ROR0OR0O*RO
RR=R*R
RRR=RR*R
RRRR=RRR*R
AlAS=ALPHAL +AS
MU2=MU*MY
MU4=MU2*MU2
2 PIROCL=PI*RHO*C
R1=PIROCL*{R—-RO)}
R2=PIROCL*{RR-ROR0O) /2.
R3=PIROCL*(RRR-RCRORD}I /3.
R4=PIROCL*{RRRR-RO4) /4.
R5=PIROCL*{RRRR*R-RD4*R0O)/S5.
R2DR1=R2-D*R1
R3DR2=R3-D*R2
R4DR3=R4-D*R3
MBD XB=MB*D* XB
C2=C*.5
CT=L/(PI*RHO*OMSQ*RRRR)
WI= SQRT(CT*CT+MU4)
IF (WI.LT.MU2) STOP
WI=OM*R*({ ,5%SQRT(NWI-MU2))
RX=VV%,5
AL=AC(NBETC)
A2=AR{NBETC)
MOO=R2DRL*RX*A1l +R3DR2%[ VOMRALAS—OM*HI-A2*RX )+R4DR3I*0OMSQ*AL~R5
1*¥0QMSQ*A2
MOL=R2DR1#*{.75%VV*ALPHAL-V*WI+VV*AS) +R3DR2*VOM*¥AL*2 ., +R4DRI*(OMSQ*
LALPHAL-2 .*0OM*A2*V)
MO2=(R2DR1 *VV*.,25+R4DR3*0OMSQ)*ALPHA2
MBB=MBDXB-R3DR2*C2
K1IMLO=K+0OMSQ*(10+MBB)
K2M10=K1M10-0OMSQ*10
M11=R2DR1*VOM*(2
M12=-R3DR2*VOM
M13=—R2DR1*RX
M20=—R4DR3*0OM
RX=M13%,5
RX1=M20*0M
M20C=RX1+RX
M20D=RX1-RX
M115=M11%*.5
033{1,1)=K1M10
D33{2,1)=-M11

21
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D33(3,1)=-M12
D33(1,2)=—M115
D3312,2)=K2M10
D33(3,2)=-M20C
D33(1.+3)=0.
D3342+3)=M20D
D33(3,3)=K2M10
XBETA(1)=MOO
XBETA{2)=MD1
XBETA(3)=M02
N=3

M=1

CALL MATINV

DO 2 I=1,MBETR
BETA{I.NBETC)I=XBETA(I)
RETURN

END



SUBROUT INE WK2

INTEGER OQUT 4WKPT,CNTR

INTEGER T45,HWW

REAL MXYZ,MUsMUALT MUSPKyMUCATyMUSAT s MUDP s MUSDP s LLNTHsLNTH,LDADN,
LLTMPSLSQeMX s MY MZyMUCDP,MUSDSyMUCDS » 10y MB4L Xy KXX

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

DIMENSICN

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTION

A(05,20)
ALFAl102)
ALFA2(02)
ALFAS(02)
ALFAT(02)
ALPHAO({02)
ALPHAR(02)
A0(02)
AR(02)
AT{5)
ATMP(5)
8(005,16)
BETA(03,2)
BT(5)
BTMP(5)
c{09)
CcCLA{O2)
CHORD(02)
DELTA(02)
DI(90)
DIR{2)
DLNTH{O16)
DNTH(005,016)
DSQ(016)
DTMP(O16)
GAMMA(05,016)
GAMMAG(144)
GAMMK(1,016)
INDXG(16)
[0to2)
KXX{02})
LLNTH(020)
LNTH{05,20)
LOADN(020)
LSQt020)
LTMP(020)
LX{02)
MB{02)
MUCDP(02)
MUCDSs (2}
MUSDP(02)
MUSDS(2)
NPSI(2)
PSIt{2)

23
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OIMENSION
DIMENSION
DIMENSION
DIMENS ION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

PSIR(02)
Ri5)
RBAR(016)}
RCAP{02,5)
RSMLL{02,20)
RZERO(2)
SGMA1 (016,016}
SGMA2(05,16)
SIGBL{144)
SIGMX{04)
SIGMY{04)
SIGMZ{04)
T{03,03)
TCOR(03,03)
THTAX{(02]}
THTAY{(02)
TR(09)
vI{01,01)
VX{05,20)
VY{05.+20)
VZ{05,20)
WKX{01,01)
WKY{01l,01)
WKZ(01,01)
X{05,20)
XROT{02)
XSIMQ{016,016)
XX{02)
Y{05,20)
YROT{(02)
2{05,20)
LAP(16)

ZROT (02}

COMMON /BETAL1/BETA,MBETR,NBETC,PI,DyU,F,AS,ALPHALl,ALPHA2Z,R0O

COMMON /BETA3/0M,0MSQ¢A0+ARy V4RHO,MU

COMMON /TEST33/ NIB,NROT+NWyNBRVI¢XyYsZyAsByDNTH,LNTH,NAR,NPER,
LISIGT yNWMKy JyNWML4NIBY VX, VY, VZ,NIBRYV

COMMON /TESTS55/ JL+JSIGyNTVy,NTV1,M,DPSI,CHORD4RSMLL,RCAP,GAMMA,QSZ
COMMON /WAKEL/ VOOMR NUWKPT VI ¢WKX s WKY ¢WKZ,C0583,SINB3,NASY,
INIBNAyNWKLSTyNWKRWy NWKCLoNLP 1y NLP2, NLP3,NLP 4, TWOPI

JCONT/ NAsNR ¢NANRyJASJJyNNyN,SIGN,1I,NGJR

/WK1C/ PSI,CCLA,LDIR

IHK2A/ MSET,GAMMK,INOX s JAC, INDXL,SGMAZ,SIGMZ,SGMBL
/WK2B/7 XA3YA,ZAyXByYB4ZB4XC,yYC,HZC

/SUBIB/ KXoLSQs0S5QeOTMP,LTMP ,ATMP,BTMP

/SUBIC/ R,C,DTHWOPI

/SUBID/ 1,1P1,1IM1

/CONVGB/ SGMAl, INDXG

COMMON
COMMON
COMMON
COMMON
COMMOCN
COMMON
COMMON
COMMON
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COOAOOOOOO0OO0O000OOO00O0 O

OO0

COMMON
COMMON

/WK2C/ SIGBL
/MODWKL/ GAMMAM({54,16),RM(1),AM{05,16),VXM{54,16},

LVYM{544516) s VIMI54516) 9 XM{54416) 4 YM(54,16)3ZM(54416)

COMMON
COMMON
COMMON
COMMON
COMMON

/MODCNT/ NTYVM,NWSTREsNWR, NANRMyNIBRVM,NIBM
/SUBIE/ NAS

JOUTDI/ NNTV.NEXPHWK,NSIGRW,NMODR,NMOUDC
/WK2GAM/ GAMFAC

/DART1/ SGRATO

DATA INXLyINX2¢INX3 3 INX4G,INXS5, INX6EsINXT/
14H Xy 4H Yye4H Zy4H VXy94H VY44H VZ4HSIGA/

9876 FORMAT (1HO,[14/(8(1XyGl4.7)))

81

82
83

NEW

COORDINATES FOR PlJ AND LOAD COMPONENTS OF GAMMA{1l,J) ARE
NOW COMPUTED, WAKE AND SELF-INDUCED VELOCITY COMPONENTS
OF GAMMA(1,J) ARE TO BE COMPUTED

DEFINITION OF VZJ{RBARJ,PSII)

vZs$s

J=0
M=1

IF {NW.

AND SIGMAS ARE ODEFINED AS FOLLOWS. THE EFFECT OF THE WAKE
FROM ONE BLADE IS COMPUTED, ONE ROW OF SHED VORTICES AND
THE TRAILING VORTICES JUST AHEAD OF THEM TAKEN PER TIME.
THE DISTANCES FROM THE PCINT WHERE THE INDUCED VELOCITY IS
COMPUTED AND THE VORTEX ELEMENT IS LOCATED, AND THE
ORIENTATION OF THE VORTICES ARE SUCH THAT ESSENTIALLY
THE SAME FORMULA CAN BE USED TO COMPUTE THE EFFECT OF
BOTH SHED AND TRAILING VORTEX ELEMENTS. XAs XBs XCs ARE
THE X COORDINATES OF THE POINT AT WHICH THE INDUCED
VELOCITY IS COMPUTED, AND THE END POINTS OF THE VORTEX
ELEMENT UNDER CONSIDERATION.

6T.2) 60 TO 83

DO 81 JX=1,NIBRV
A(l,JX)=CHORDI{M)
DO 82 JX=1¢NGJR

B(2,JX)=CHORD{M)

DO 140

M=1,NROT

NPSI{M)=(PSI(M)/DPSI)+.5

T44 TESTS TO SEE IF VAR IS IN RANGE

CALL T44{NPSI(M),NA)

NSET =
DO 140

NR ¥ (NPST(M) )J+#({M—-1) * NTV1
K=1+NIB

25
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91

86

T45 = (K-1)*NA/NIB
MSET = NSET + NR*T45
CALL T44({MSET,NANR)
JKL={K=1)ENTV+(M=-1)*NTV*NIB
DO 140 L=1,NTV1
MSET=MSET+1

J=J+1

INDXGI JI=MSET
JKL=JKL +1

JPl=JKL+1

LPi=L+1

INITIALIZE SIGBL FOR BLADE LOADS
03 84 IND=1,NANR

SIGBL(IND) = 0.0

JAC = 0

A [S THE POINT AT WHICH INDUCED VELOCITIES ARE TO BE COMPUTED.

XA=JS5EIX( Ly JKLY+X{1,J4P 1))

YA=,S5%{Y(lsJKL)I+Y(1,JP1))
ZA=5%{L{1yJKL)+Z{1,4P 1))
vZ{l,J)=0.

JSIG=0

MODWK=0

N1=NIBRV

N2=NTV

KX=MEK XL

DO 138 JA=1,N1l,sN2
JSIGT=1+#{ JA-1)®NTVL/NTV
JAC = JAC +1

COMPUTE R FOR CURRENT BLADE

If (MODWK.EQ.0) GO TO 86
JB=JB+1

IF (JB.GT.NTVM) JB=1
JAC=(JA=1)/NTVM+1
XB=XM(NANRM, JA)
YB=YM(NANRM, JA)
IB=ZM(NANRM, JA)
WORK1=XB~XA

WORK2=YB-YA

WORK3=2B-ZA
RM({1)=SQRT{WORK1*WORK]1+WORKZ*WORKZ2+WORK3*WORK3)
GO TO 137

D0 87 JL=14NTV
JK=JL+JA-1

XB=X(1,yJK)



YB=Y{1,4JK)

IB=Z{ 1, JK)

WORK1=XA-XB

WORK2=YA-YB

WORK3=ZA~-18B

RT=WORKL*WORK1+WORK2*WORK2+WORK3*HWORK3
87 R{JL)=SQRT{RT)

INITIALIZE TEMPORARY STORAGE LOCATIONS.

OO0

88 DO 89 NN=1,NTV
LTMP{NN)=0.
ATMP(NN)=CHORD (M)
DTMP{NN}=0.
89 BTMP{NN)=CHORD(M)
NWMLl=NW-1
137 SGMAZ=0.
INDX = NPSI(M) + (JAC-1)*NA/NIB+1

LOCATE POINTS B AND C.

o000

IF (MCDWK.EQ.0) CALL SUBI
IF {(MODWK.EQ<l) CALL SUBII(NPER, NA,INDXyNRyJAC,NIB,NROT4NTVL,VZ,
1 JA,J,JB)
138 CONTINUE
MODWK=MODWK+1
N1=NIBRVM
N2=1
JB8=0
IF (MODWK.EQel.AND.NAS.GT.NANRM) GO TO 91
IF { NPER.NE.4) GO T0O 139
SXG=SIGBLI{MSET )*SGRATO
SXX=ABS{SXG)
DO 7447 IND=1,NANR
SIGBL(IND)}=SIGBL{IND)*DTHWOP1
SXY=ABS(SIGBL({IND)})
IF ({SXY 0T oSXX)oANDJINDNEJMSET) SIGBLUIND)=SIGBL{IND)/SXY*SXX
7447 CONTINUE
WRITE (4) MSET,{SIGBL{IND),IND=1,NANR)
WRITE (6,9876) MSET,{(SIGBL(IND),»IND=1,NANR)

LNTH(1sJ) AND A(1,J)y DNTH(2+JSIG) AND B(2,JS516G) ARE NOT
COMPUTED UNTIL STATEMENTS 150 THRU 166.

ONTH{1,JSIG) AND B(1,JSIG) ARE NOT YET NEEDED, AS THEY INVOLVE
THE VORTICES AT THE BLADE AND KNOWN LENGTHS BETWEEN THE
R{J)S.

COMPUTE GAMMA, INDUCED WAKE VELOCITY, EXCEPT GAMMA(l,J) AND
LOAD COMPONENTS.

COOOOOOO0

139 WORKX=ABS(VZI(1,4))

27
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PX=GAMFAC

If (WORKX.OGToPX) VI(19J)=VI{1,J}/NORKX*GAMFAC
140 GAMMK(1yJ)=VZ(l+J)*CCLA(M)/THOPI+GAMMA(Ll,J)

CALL MPRECT {INXT7ySGMALsNGJRyNGJRyNSIGRW NS IGRW)

WRITE (649876) NPER» {GAMMK{14JX}2sJX=1+NGJR)

RETURN

END



SUBROUTINE T44 {A,NA)
INTEGER A
IF{A.LT.0.0) GO TO 2
IF(A.GE.NA) GO TO 3
RETURN

A=A + NA

GD 70 1

A=A - NA

GO 70 1

END

29



SUBROUTINE suBl

INTEGER OUT s WKPT,CNTR

INTEGER T454 KN

REAL MXYZy MUy MUAL TyMUSPKMUCAT yMUSAT yMUDP o MUSDPy LLNTHoLNTHy LOADN,
LLTMPLSQsMX g MYy MZ y MUCDPs MUSDS,MUCDS 5 [0y MBoL Xy KXX

30

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIODN
DIMENSION
DIMENSICON
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSIGN
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

A(05,20)
ALFAL{02)
ALFA2(02)
ALFAS(02)
ALFAT(02)
ALPHAO(O02)
ALPHAR(02)
AG{02)
AR{0Q2)
AT(5)
ATMP{5)
8(005,16)
BETA(03,2)
BT(5)
BTMP(5)
{09}
CCLA[02)
CHORD{02)
DELTA(02)
DI{S0)
DIR{(2)
DLNTH{OL®6)
DNTH(005,016)
DSQ{016)
DTMP(016])
GAMMA(05,016)
GAMMAG(144)
INDXG(16)
10(02)
KXX{02)
LGAMMK(1,016)
LLNTH{020)
LNTH{05,20)
LOADN(O20)
L5Q€020)
LTMP{020)
LX{02)
MB(02)
MUCDP{02)
MUCDS{2)
MUSDP(02)
MUSDS (2)
NPST (2}
PSI(2)



DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

PSIR(02)
R(5)
RBAR(0D16)
RCAP(02,5)
RSMLL(02,20])
RZERO{2)
SGMAL(O016,4016)
SGMA21{05,16)
SIGBL{144)
SIGMX{04)
SIGMY(04)
STGMZ(04)
T(03,03)
TCOR{03,03)
THTAX(02)
THTAY{02)
TR(09)
Vi{01,01)
VX{05,20)
VY(05,20)
vZ{(05,20)
WKX(01l,01)
WKY{(0l,01)
WKZ{01,01)
X(05,20)
XROT(02)
XSIMQ(016,016)
XX(02)
¥Y{05,20)
YROT{02)
2(05,20)
ZAP{(16)
ZROT{02)

COMMON /BETAL1/BETA MBETR,NBETC+PY4D9UsFyAS,ALPHALl,ALPHA2,R0O
COMMON /BETA3/0M,0MSQ,yAD,AR¢V,RHOsMU

COMMON /TEST33/ NIBoNROTNWoNBRV1¢XsYeZsAyByDNTH,LNTH,NARyNPER,
LISIGT yNWMKy Jy NWML o NIBVVXe VY 4VZ4NIBRYV

COMMON /TESTS55/ JLsJSIGyNTVyNTV1,4M;DPSIsCHORDyRSMLLyRCAP,GAMMA,QSZ
COMMON /WAKE1/ VOOMRyNUWKPT s VI s WKX 9 WKY yWKZ 9 COSB39ySINB3sNAS],
INTBNAyNWKLST )y NWKRWy NWKCL yNLP Ly NLP2,NLP3,NLP4,THOPI

COMMON /CONT/ NAZNR yNANR ¢ JA9JJ9sNNyNoSIGN,ITsNGJR

COMMON /WKL1C/ PS51,+CCLA,DIR

COMMON /WK2A/ MSET,GAMMK, INDXsJAC, INDXLy SGMAZ ySIGMZ 4SGMBL
COMMON /7WK2B/7 XA3YAsZAsXByYB9ZB4XCoYCHZIC

COMMON /7WK2C/ SIGBL

COMMON /SUBIB/ KX+LSQsDSQeOTMPHLTMPATMP,BTMP

COMMON /SUBIC/ R.C,DTHOPI

COMMON /SUBID/ I+IP1,1IM1

31
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90

COMMON /SUBIE/ NAS
COMMON /CONVGB/ SGMAL, INDXG

DO 135 I=1,NWM1
IP1=1+1
XC=X{(IP1l.JA)
YC=Y{1P1l,JA)
IC=2(1IP1,JA)
XB=X{1,JA)
YB=Y{1,JA)
1B=Z1(1,JA)

NN=1

N=1

SIGN=1.

JJd=JA

JSI6=JSIGT-1

ASSIGN 100 TO NCNTR
WORK1=XA-XC
WORK2=YA-YC
WORK3=ZA-ZC
RT=WORK1*WORK1+WORK2*WORK2+WORK3I*WORK3

COMPUTE SQUARE ROOT OF RT AT THE APPROPRIATE STEP.

IF{NPER.NEs4) GO TO 90

IGN = 0

IF(INDX-T1.GENA) IGN = -1

IF{INDX-1.LT.0) IGN = 1

INDX = INDX + NA ¥ IGN

IF { IGN.NE.O) GD TO 85

INDXL= (INDX-I) * NR + {(JAC-1)/NIB) * (NR/NROT)

RS=SQRT(RT)

OO0

GO TO NCNTRy {1004114,115,117,118)

COMPUTE NV%G, TRAILING VORTEX CONTRIBUTION, OR ETA®H, SHED
VORTEX CONTRIBUTION, L2 OR D2, AND ADD TO PREVIOUS CON-
TRIBUTIONS FROM QUADRILATERAL FOR GAMMA(I,JS5I1G).

100 RPR=RS+R(NN)
DORL={XB-XC) **2+{ YB~YC ) *¥2+{ IB-ZC) ¥%*2
ASSIGN 94 TO 10RGT
WORK1=R (NN)
VTEST=RS*RS+WORKL*WORK1-DAORL
IF (VTEST.GT.0) GO TO 101
WORK2=RS—-WORK1
WORK2=WORK2*WORK2
WORK3=RS+WORK1
WORK3=WORK3*WORK3
VTEST={WORK3~DORL )}*{DORL —-WORKZ2}/{4.*DORL )
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o0

92

93

101

103

95

94
96

102

104

IF {I.NE.,1) O TO 92

WORK1=CHORD(M)

GO T0 93

IF (SIGN.GT.0) WORKL=A(I-1,4J)

IF (SIGN.LT.0) WORK1=B(I LJSIG+1)
WORK1=WORK1*WORK1

IF (VTEST.OLT .WORK1) GO TO 101
HORG=0.

WORKS5=S QR TIDORL ) *WORK1

IF (WORKS5.NE. 0.} HORG=1./WORKS
ASSIGN 95 TO I10RGT

G0 TO 103

WORKS=R(NN) *RS*{RPR*¥RPR—-DORL )
IF{WORKS5.NE.O+) HORG=SIGN*RPR/WORKS
EORNZ={XA-XC)*(YC-YB)-(YA-YC )*{XC—-XB)
EHNGZ=EQRNZ*HORG

GO TO [ORGT, (94,95)

SIGM=1.

JX=JSIG

IF (N.LE.2) JX=JS51G+1
WORK1=GAMMA{I,JX)

WORKZ=EHNGZ*WORK1

IF {ABS(WORK2).GT«ls) EHNGZ=SIGM/WORKL
SGMAZ=EHNGZ+SGMAZ

IF (N-2) 102,104,106

STORE R,y L2, COMPUTE B FOR SHED VORTEX CONTRIBUTION.

R{NN]=RS
LLNTH(NN)=DORL
JId=JdJd+1l

INDXL= INDXL+ 1
XB8=X{1IP1l,Jd)
Y8=Y{1IP1l,JJ)
2B8=Z(1Pl,J4J)
WORK1=XA-XB
WORK2=YA-Y8B
WORK3=7A-Z78
RT=WORK1*WORK1 +WORK2¥*WORK2+WORK3I*WORK3

N=2
GO 10 90

STORE D2, COMPUTE C FOR TRAILED VORTEX CONTRIBUTION.

CU3)=EHNGZ
JSIG=JSIG+1
XC=X{1,44J)

a3
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34

106

107

108

109

112

110

il1

YC=Y{1,JJ)

IC=2¢ 14JJ)

N=3

DLNTH(NN ) =DORL
NN=NN+1

SIGN=1.

GO0 10 100

REDEFINE C.

XC=X8
YC=Y8B
C=18
IF (I-1) 107,107,108

GAMMA(1,J)S ARE UNKNOWN. IF I=1, STORE SIGMA{J,JSIG).
THIS IS SIGMA(1,PSI1,J,JS1G)

SGMAL1(J,JSIG)=SGMAZ*CCLA{M)*DTWOPI
SGMBL = SGMAZ
GO TO 109

GAMMA{1l,J) ARE KNOWN FOR [.GT.l. COMPUTE VZI(l,J}.

VZI14J)=VZ{14J)#(SGMAZ-SIGMZ{INN—-1))*GAMMA{I,JSIG)
IF{ NPER.NE.4) GO TO 109

SGMBL = SGMAZ ~ SIGMZ(NN-1)

SGMAZ2(I,JSIG) = SGMBL

CONVENIENT LOCATION TO COMPUTE SIGMA(J.PSIEIvI14J4)
POSSIBLE ADDED CODING

SIGMZ(NN-1}=C(3)
IF (NPER.NE.4) GO TO 112
SIGBLLINDXL)= SGMBL + SIGBLCINDXL)

IF THE ROW IS NOT CCMPLETED, STORE SGMAZ AND CONTINUE WITH VZ

COMPUTATION.

IF {NN.GT.NTVL) GO TO 111
SGMAZ=-EHNGZ

GO TG 102
COMPUTE NEW VORTEX CORE RADII FOR I.GT.ly, OTHERWISE STORE L2
AND D2.
R{NN)}=RS
SGMAZ=0.

LLNTH(NN}=DORL
IF (KX.GT.l} GO TO 135
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113

114

115

116

117

118

119

120

IF t1.LE.1) 6O TO 122
IM1=1-1
NN=1

N IS REPLACING J FROM STATEMENTS 111-138.

N=JA
JSIG=JSIGT
RT=LLNTH{NN)
RS=SQRT (RT)

STORE L.

LLNTHINN)=RS
RT=LNTH{I-1,N)/RS
RS=SQRT(RT)

COMPUTE TRAILING VORTEX CORE RADII.

ATINN)}=RS*A{I-1,N)
IF (NN.GT.NTV1l) GO TO 119

THERE IS NO B{(NTV) SO DO NOT COMPUTE IT, OTHERWISE COMPUTE B
TRAILING VORTEX CORE RADII.

RT=DLNTH(NN)
RS=SQRT(RT)

RT=DNTH{I +JSIG)I/RS
DLNTH{NN)=RS
RS=SQRT{RT]}
BT{NN)}=RS*B(1 +JSIG)
N=N+1

JSI6=JS16+1

NN=NN+1

GO 70 113

MAKE PERMANENT STORAGE OF L AND D, A AND B.

IM1=1-1

N=JA-1

DO 120 NN=]14NTV
N=N+1
LNTH{IML,N)=LTMP{NN)
LTMPINNI=LLNTHI(NN)
A(T-14N)=ATMP{(NN)
ATMP(NN)=AT{NN)
CONTINUE
JSIG=JSIGT-1

DO 121 NN=1,NTV1
JSI16=J4S1I6+1

35



anOan

36

121

122

124

126

135

139

141

ONTH( I, JSIG)=DTMP (NN}
DTMP{NN)=DLNTH(NN)
BL{I»JSIG)=BTMP(NN)
BTMPINN)=BT{(NN)
CONTINUE

GG TO 135

STORE L**2, D#*%2 FOR I=l, ALL Js FOR DEFINITION OF A AND B
AFTER CIRCULATIONS ARE COMPUTED

JNTV=JA+NTV1

NN=0

DO 124 JJ=JA,JNTYV
NN=NN+1
LSQUJJI=LLNTHINN)
CONTINUE
JSIGI=JSIG-NTVl1+]l
NN=0

DO 126 JJ=JSIGI,JSIG
NN=NN+1
DSQUJJ)=DLNTHINN)
CONTINUE

CONTINUE

IF (KX.GT.l) RETURN
N=JSIGT-1

DO 139 NN=1,NTV1
N=N+1

DNTH{NW,N}=DTMP{NN)
BINWsN)=BTMP{NN)
CONTINUE

N=JA-1

DO 141 NN=1,4NTV

N=N+1
LNTH(NW-1,N)=LTMP(NN)
A(NW—1sN)=ATMP{NN)

IF (NW.EQ.2 .AND.NAS.EQ.1) A{NW,N)=CHORD(M)
CONTINUE

RETURN

END
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86

84

87

SUBROUTINE SUBII (NPER,NAy INDXyNRyJAC,NIByNROT,NTVL,VZ,JA,JyJB)

INTEGER OUT +WKPT,CNTR

INTEGER T45 4HW

REAL MXYZyMUMUALT ¢ MUSPKyMUCAT 4MUSAT s MUDP ¢MUSDPy LLNTHsLNTH, LOADN,
LLTMP,LSQeyMXy MY4MZyMUCDP o MUSDSyMUCDS y I0»MByL Xy KXX

DIMENSION VLL{16)
DIMENSION VZ{05,20)

COMMON /MODCNT/ NTVM,NWSTRE ¢ NWR s NANRMy,NIBRVM,NIBY

COMMON /MODWK1/ GAMMA (54516),R {1)+A (05,16) ,VXM{54,16),
1VYM(S4516) ¢ VIM{544916) X (54,416) Y (54516192 (54,16)
COMMON /MODWK3/ AFM(4,10)+BFM{4,4)

COMMON /VLNTHS/ NALIM,VLL

COMMON /WK2C/ SIGBL{144)

COMMON /WK2B/ XA3YA9ZA9XBsYB,ZB4XCsYC,oZC

EL=VLL{JA)

TWOEL=2 .*EL
RSQ=R(1)*R(1)

NSwW=-1

NWSTM1=NWSTRE-1
I=NANRM-1

I=I+1 '

[Pl=1+1

XC=X(IPl yJA}
YC=Y{IP1,JA)
IC=Z1{1IP1l,JA)
WORK1=XA-XC

WORKZ2=YA-YC

WORK3=ZA-ZC
RT=WORK1*¥WORK1 +WORK2*WORK24+WORK3*WORK3
IF(RT.GT.TWOEL) GO TO 86
IF (RSQ.LT.EL) GO TO 84
If (RT.LT.EL) GO TO 84
NSW=0

GO TO 134

I=I+NALIM

NSW=1

GO TO 134

IF (NSW.LT.1l) GO TO 87
I=1-NALIM

NSW=-1

GO 10O 135

COMPUTE SQUARE ROOT OF RT AT THE APPROPRIATE STEP,
XB=X{ I,4A)
YB=Y{I,JA)
IB=Z{1,JA)

37
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OO0 00

30

100

92
93

101

38

103

95

NSW=-1

NN=1

N=1

SIGN=1l.

JJI=JA

IF(NPER.NE.4) GO TO 90
IGN = 0

IF{INDX-T.GE.NA) IGN = -1

IFCINDX-1.LT.0) IGN = 1
INDX = INDX + NA * IGN
IF { IGNJNE.O) GO TO 85
INDXL= (INDX-1) * NR + ((JAC-1)/NIB) * {NR/NROT)

RS=SQRT{RT)
GO TO 100

COMPUTE NV*G, TRAIL ING VORTEX CONTRIBUTION, OR ETA*H, SHED
VORTEX CONTRIBUTION, L2 OR D2y AND ADD TO PREVIOUS CON-
TRIBUTTONS FROM QUADRILATERAL FOR GAMMA(I,JA).

RPR=RS+R(NN)
DORL=(XB~XC) **¥2+{ YB-YC ) *%2+[ IB-Z2(C) *%2
ASSIGN 94 TO IORGT

WORK1=R{NN)}
VTEST=RS*RS+WORK1*WORK 1-DORL

IF (VTEST.GT.0) GO TO 101
WORK2=RS-WORK1

WORKZ2=WORK2*WORK2

WORK3=RS+WORKI1

WORK3=WORK3*WORK3

VTEST=(WORK3—-DORL )*(DCORL -WORK2)/7{4.*DORL )
IF {(SIGN.GT.0) WORK1=A{NANRM,JJ)
WORK1=WORK1*WORK1

IF (VTEST.GT.WORK1) GO TO 101

HORG=0.

WORKS5=SQRT{DORL ) *WORK1
IF(WORK5.,NE.,O0.) HORG=1./WORKS5

ASSIGN 95 TGO IORGT

60 TO 103

HORG=0.

WORKS5=R{NN}*RS*{RPR*RPR-DORL)}
IF{WORK5.NE.0.) HORG=S IGN*RPR/WORKS
EORNZ=(XA-XC)*({YC-YB)-(YA-YC)*(XC-XB)
EHNGZ=EGRNZ*HOROG

GO TO IORGT, (94,495)

SIGM=1,

IF (EHNGZ.LT.04) SIGM=-1.
WORK1=GAMMA(1,JA)

WORKZ2=EHNGZ*WORK1

IF (ABS{WORK2).GT«1.) EHNGZ=SIGM/WORK1



94 SGMAZ=EHNGZ
102 R{NN)=RS

c
C GAMMA(1l,J)S ARE UNKNOWN. IF I=1, STORE SIGMA(J,J516).
c THIS IS SIGMA(l+PS11¢J+JSIG)
c
c
c GAMMA(1,J) ARE KNOWN FOR I[.GTe.l. COMPUTE VI(1l.J4).
C
108 VZI{LleJ)=VZ(1,J)+(SGMAZ J*GAMMA(I »JA)
IF{ NPER.NE.4) GO TO 111
SGMBL = SGMAZ
C
c CONVENIENT LOCATION TO COMPUTE SIGMA{J,PSILIsI,JJ)
Cc

DO 107 JZ=1,NTV1
MODINX=INDXL+JZ
107 SIGBL(MODINX)=—SGMBL*BFM(JB,JZ)+SIGBLIMODINX)

IF THE ROW IS NOT COMPLETEDs STORE SGMAZ AND CONTINUE WITH VZ
COMPUTATION.

s NaEaNyl

111 R{NN)=RS
134 RSQ=RT
135 IF (1.LT.NANRM) GO TO 140
IF {(I.LT.NWSTM1) GO TO 70
140 RETURN
END
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SUBROUTINE CONVG

INTEGER QUT s WKPTLCNTR

INTEGER T45 4WW

REAL MXYZyMUyMUALT y MUSPKsMUCAT ¢ MUSAT yMUDP yMUSDP » LLNTHoLNTH, LOADN,
ILTMPLSQsMX oMY 9 MZ g MUCDP o MUSDSs MUCDS s IO+ MB o L X9 KXX

40

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIGON
DIMENSIGN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENS ION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENS ION
DIMENSIGN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIGON
DIMENSION
DIMENSION
DIMENSION
DIMENSION

A{05,20)
ALFA1(02)
ALFA2(02)
ALFAS(02)
ALFAT{(02)
ALPHAQO(02)
ALPHAR(02)
AO0L02)
AR{02)

AT (5)
ATMP(5)
B{005,16)
BETA{03,2)
BT(5)
BTMP(5)
c{09)
CCLALO02)
CHORD(02)
DELTA{02])
DI(90)
DIR{2)
DUNTH{O16)

DNTH(005,016)

DSQ(016)
DTMP(O16)

GAMMA(05,016)

GAMMAG( 144)
GAMMK(1,016)
INDXG{16)
10{02)
KXX{02)
LLNTH(020)
LNTH(05,20)
LOADN{020)
LSQ(020)
LTMP(020)
LX(02)
MB(02)
MUCDP(02)
MUCDS(2)
MUsobP{02)
MUSDS{2)
NPSI{2)



DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

. DIMENSION

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIGCN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

PSI1(2)
PSIR(02)
R{S)
RBAR(O016)
RCAP{02,5)
RSMLL{02,20)
RZERO{(2)
SGMA1{016,016)
SGMA2(05416)
SIGBLI144)
SIGMX(04)
SIGMY{04)
SIGMZ(04)
T{03,03)
TCOR{03,03)
THTAX{02)
THTAY(02)
TR{09)
vIi{(01,01)
vX{05,20)

VY (05,20}
vVZ{05,20)
WKX{01,01)
WKY{01,01)
WKZ{01,01)
X(05,20)
XROT{02)
XSIMQ(016,016)
XX(02)
Y(05,20)
YROT (02}
2(05,20)
ZAP(16)
IROT(02)

COMMON /ITRG/ ITRGX

COMMON /BETAL1/BETAMBETR,NBETC,PI D,UyF4ASyALPHALl,ALPHA2Z,R0
COMMON /BETA2/ XSIMQsZAPy NGJJyM1,DETERM

COMMON /BETA3/0M,0MSQy ADs ARy V+RHO MU

COMMON /TEST33/ NIByNROTyNWsNBRV1 ¢XyY9ZsAsByDNTH,LNTHsNAR,NPER,
LJSIGT yNWMKy Jo NWMLgNIBV oV Xe VY VI, NIBRY

COMMON /TESTS55/ JL9JSIGyNTVyNTV1,M,DPSI+CHORD,RSMLL yRCAP ¢yGAMMA,QSZ
COMMON /WAKE1/ VOOMR ¢yNUWKPT VI ¢y WKX 9 WKY sWKZ,C0SB34SINB3,NASL,
INIBNA sNWKLST ¢y NWKRWy NWKCL ¢y NLPLsNLP2y,NLP3,NLP4,TWOPI

COMMON /CONT/ NASNR¢NANRyJA» JIJyNNyNySIGNsTT4NGJR

COMMON /CONVGA/ EPSG+NWKRQ

COMMON /CONVGB/ SGMA1l,INDXG

COMMON /CONVGC/ GAMMAG

COMMON /7WK2A/ MSET, GAMMK, INDXyJACe INDXL 9y SGMAZ » STGMZ 4 SGMBL
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950
951

142

144

145

146

148

152

153

147

COMMON /WK2C/ SIGBL

COMMON /OUTIN/ IN,OUT

COMMON /SUBIE/ NAS

COMMON /STEPXA/ WKPT WW,IOUT,NOTTP1 »KAT,NBC

FORMAT {1H0,/8(1X,G14.7))
FORMAT (13H ITG DIVERGES215,2E14.7)
FORMAT (IS5,E12.4+31H GAMMAS HAVE CONVERGED MSET= ,110+71

COMPUTE NEW GAMMA{1,J) USING ITERATION SCHEME ON AN EQ OF THE
FORM G=GL+GV+C*SUMU{SIG*G))
NG6GJJ=NGJR
N=1
M1=0
ITR=0
GDI=0.
6=0.
ITR=ITR+1
DO 145 J=1,NGJR
GDIF=GAMMA(1,J)
XK=0.
DO 144 K=1,JS516
XK=SGMA1( JyK)*GAMMA{ 14K) +XK
GAMMA(1,J)=(GAMMK(1l,yJ) +XK—-SGMAL{J»J)*GAMMA( 1,J))/(1.-SGMAL(J4,J))
GDI={GDIF-GAMMA(1,J)} )**2+GDI
G=6+GAMMA({L,J)**2
GTEST=GDIL /6
IF (GTEST.LE.EPSG) GO TO 150

IF GAMMAS CONVERGE, CONTINUE, OTHERWISE ITERATE AGAIN UNLESS
ITR EXCEEDS UPPERLIMIT.

IF {ITR.LT.ITRGX) GO TO 142
WRITE (0UT»,950) 1TR,ITRGXsGTEST,EPSG
IF (M1.EQ.1) STQOP

DO 152 J=14+NGJR

DO 152 K=1,JSIG
XSIMQUJ¢K)==SGMAL (J4K)

DO 153 J=1,NGJR
ZAP(J)=GAMMK(1,J)
XSIMQUJ+JI=1+XSIMQ{J»J)
ITR=0

Ml=1

CALL MATINY

DO 147 J=1,NGJR
GAMMA(1,J)=ZAP(J)

GO TO 142



C
c

GAMMAS HAVE CONVERGED

150 WRITE (OUT,951) ITR, GTESTMSET
WRITE (6,9876) XKy {{(GAMMA(IXsJX}IX=19N) »JIX=1,NGJIR)

IF (NPER.EQ.4) GO TO 157
RETURN
157 DO 164 J=1,NGJR
M=INDXG{J)
164 GAMMAG{M)=GAMMA(1,J)
IF (NAS.EQ.WW+{NA/NIB)-1) WRITE (NOTTP1l) (GAMMAG(J),J=1,NANR)

IF {NAS .EQ. WW+{NA/NIB)~1) WRITE {6,9876) (GAMMAG{J)jsJd=1,NANR)
RETURN

END
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SUBROUTINE AL18BD2
INTEGER OUT,WKPT,CNTR

INTEGER T45 ¢ Wi .
REAL MXYZ MU, MUALT y MUSPKyMUCAT sMUSAT s MUDP,MUSDP o LLNTH,LNTH,LOADN,

1ILTMPyLSQs MXy MY 4 MZ sMUCDPy MUSDSe MUCDS » ID9 MB oL X9 KXX

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIOCN
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
OIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

A{05+20)
ALFAl{02)
ALFA2{02)
ALFAS(02)
ALFAT(02)
ALPHAD{02)
ALPHAR(02)
AQ(02)
AR{(02)

AT (5)
ATMP(5)
B(005,416)
BETA(03,2)
BT(5)
BTMP(5)
C(09)
CCLALO2)
CHORD{02])
DELTA{02)
DI(90)
DIR{2)
DLNTH(O16)

DNTH{005,016)

DSQ(016)
DTMP(O16)

DIMENSION GAMMA{05,016)
DIMENSION GAMMAG(144)
DIMENSION GAMMK(1,016)

44

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIGN
DIMENSION
DIMENSION

INDXG(16)
10(02)
KXX{02)
LLNTH(020)
LNTH(05,20)
LOADN{020)
LsQto20)
LTMP{020)
LX(02)
MB(02)
MUCDP (02)
MUCDS1{2)
MusprP(02)
MUSDS (2)
NPSIt2)
PS1(2)



OO0

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENS ION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
CIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIGN
DIMENSION

PSIR{02)
R(S)
RBAR(016)
RCAP(02,5)
RSMLL(02,20)
RZERO(2)
SGMAL{016,016)
SGMA2(05+16)
SIGBL(144)
SIGMX(04)
SIGMY (04)
SIGMZ(04)
T(03,03)
TCOR(03,03)
THTAX(02)
THTAY(02)
TR{09)
VI(01,01)
VX{05420)
VY{05,20)
VZ(05,20)
WKX(01,401)
WKY(01,01)
WKZ{01,01)
X( 05420)
XROT(02)
XSIMQ(O16,016)
XX{02)
¥(05,20)
YROT(02)
2(05,20)
ZAP(16)
ZROT(02)

COMMON /BETA1/BETA MBETR,NBETC,P1,D,U,FsAS,ALPHAL,ALPHAZ,RO
COMMON /BETA3/0M,0MS5QsAD¢AR ¢ VsRHOyMU
COMMON /TEST33/ NIBNROTNWyNBRV1 XY eZsAyBeONTH)LNTHsNARJNPER,

LUSIGT ¢NWMKy J s NWML s NIBV 9V Xy VY 9VZ,NIBRYV

COMMON /TESTS55/ JLsJSIGyNTVyNTV1gM,DPSIsCHORDsRSMLLRCAPsGAMMA,QSZ
COMMON /WAKEL1/ VOOMR NUWKPT¢VI ¢WKX,WKY,WKZ,COSB3,SINB3,NAS],
INIBNA yNWKLST ¢ NWKRW s NWKCL yNLP Ly NLP2yNLP3yNLP4, TWOPI

COMMON /CONT/ NAyNR gyNANR s JA9JJsNNeN.S IGNs EIoNGJR

COMMON /ZAL1BDA/ ABK
COMMON /SUBIB/ KXsLSQeDSQsDTMP,LTMP ,ATMP 4BTMP

PERFORM FLOW PERIODICITY CHECK.
LIMIT (GO TO 446).

IF NOT PERIODIC CHECK TIME
IF PERIODIC CHOOSE ONE OR MORE OF (A)

COMPUTE SIGS FOR BLADE LOADS ON BASIS OF SMALLER

SPACING,

(B} COMPUTE FLOW FIELDy NOT AT VORTEX END
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OO0

OO0

46

151

154

155

156

158
159

160

162

163

POINTS, AND {C) OTHER.

COMPUTE A{ly4)y B(2sJ)y L(1eJ)s AND DI(2,J)

JJd=0

JSiG=0

NN=0

JJ=Jdd+l

RT=LSQ(JJ)

RS=SQRT{(RT)
LNTH(14JJ)=RS

NN=NN+1 :

IF (NN.GT.l1l) GO TO 158
JSIG=JS51G+1

RT=ABS (GAMMA(1,J516))
IF (JJJ.LT.NIBRV) GO TO 155
RS=SQRT{RT)

GO TO 162

RS=SQRT{RT)

VORTEX CORE RADIUS IS CONSTANT TIMES CIRCULATION**,5

A(l4JJ)=RS*ABK

GO TO 151

IF (NN-NTV) 160,1594162
NN=0

GO T0O 154

JSIG=JSIG+1
RT=ABS{GAMMA(1,JSIG)—-GAMMA(]1,J51G~1))
RS=SQRT(RT)

60 TO 156

A{1l,JJ)=RS*ABK

JJ=0

Jd=JdJd+1

RT=DSQ(JJ)

RS=SQRT{RT)

ONTH(24JJ)=RS
RT=ABS{GAMMA(1,JJ)-GAMMA(244J))
RS=SQRT(RT)
B€(2,JJ)=RS*ABK

IF (JJ.LT.NGJR) GO TO 163
RETURN

END



SUBROUTINE APXLD
INTEGER OUT ¢ WKPTL,CNTR
INTEGER T45,WW

REAL MXYZ MU MUALT yMUSPKoMUCAT s MUSAT 4MUDP yMUSDPy LLNTHoLNTH, LOADN,
LLTMP,LSQeMX s MY MZ o MUCDP s MUSDSoMUCDS 9109 MB oL Xo KXX

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIGN
DIMENSION
DIMENSION
DIMENSICN

DIMENSION

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

A{05,20)
ALFA1{02)
ALFA2{02)
ALFAS(02)
ALFAT(02)
ALPHAOL02)
ALPHAR(02)
AG(02)
AR{02)
AT(5)
ATMP(5)
8{005,16)
BETA(03,2)
BT{5)
BTMP(S)
cto9)
CCLALO02)
CHORD(02)
DELTA(02)
DI(90)
DIR(2)
DLNTH{O16)
DNTH{005,016)
DSQ(016)
DTMP(016)
GAMMA{05,016)
GAMMAG(144)
GAMMK(1,016)
INDXG(16)
[10(02)
KXX{02) |
LLNTHI{020)
ENTH(05420)
LOADN(020)
L5Q€t020)
LTMP{O20}
LX(02)
MB{02)
MUCDP(02)
MUCDS {2)
MUSDP(02)
MUSDS(2)
NPSI(2)
PsSiI(2)
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DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIGN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENS ION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

PSIR{02)
R(5)
RBAR(016)
RCAP{02,5)
RSMLL (02,20)
RZERO{(2)
SGMA1(016,016)
SGMA2{05,16)
SIGBL(144)
SIGMX{04)
SIGMY (04)
SIGMZ(04)
7T(03,03)
TCOR(03,03)
THTAX{02)
THTAY (02)
TR{09)
vIi(01l,01)
VX{05,20)
VY{(05,20)
V21{05,20)
WKX{(01,01)
WKY(01,01)
WKZ(01,01)
X{05,20)
XROT(02)
XSIMQ(016,016)
XX(02)
Y{05,20)
YROT{02)
2{05,20)
ZAP(16)
IROT(02)

OO0

COMMON /BETA3/0M,0MSQ+AQ¢AR,V,RHO,MY

COMMON /TEST33/ NIBsNROT+NWsNBRV1sX,YyZsAyBsDNTH,LNTHsNARSNPER,
LISIGT yNAMKy Jy NWMLyNIBV2VXeVY9VZyNIBRV

COMMON /TESTS55/ JL+JSIGeNTVyNTV1,M,DPST,CHORDRSMLL,RCAP,GAMMA,QS.
COMMON /APXLDA/ RBAR

COMMON /APXLDB/ LOADN

COMMON /WK1A/ PSIR,DPSIKPSTK,DELTA,RREF yMUCDS,MUSDS  THTAX, THTAY
COMMON /WKL1C/ PSILCCLA,DIR

DEFINE APPROXIMATE BLADE LOADS
NONDIMENS IONAL FORM={RHO*U*GAMMA) / (RHO*OM*ON*R*R*R)

170 DO 180 M=1,NROT
DO 180 K=1,NIB
PSIK=PSTR{M)+{K-1)*DPSIK



OO0 0

180

MUSPK=MU*SIN{PST (M) +PSIK)

JJ=0

DO 180 J=1.NTV1

Ju=JdJ+l
LOADN(JJI={RBAR{ JJ) +MUSPK*DIR{ M) ) *GAMMAL1,J44)
CONTINUE

LOADN IS NON-DIMENSIONAL -

LOADD{ JJ)=LOADN( JJ )} *DFLOD

WRITE EITHER LOADN OR LOADD AFTER COMPUTATION, BUT DO NOT USE
BOTH. LOADN{(JJ) AND VZi{J) COULD BE EQUIVALENCED.

RETURN
END
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SUBROUT INE WK3
INTEGER OUT yWKPTCNTR

INTEGER T45, WW
REAL MXYZysMUs MUALTy MUSPK yMUCAT ; MUSAT , MUDP yMUSDP s LLNTHoLNTH,LOADN,
LLTMP sLSQyMXy MYy MZ 3 MUCDP yMUSDSyMUCDS s 109 MB oL X ¢ KXX

50

DIMENSION
DIMENSION
DIMENSION
DIMENSIGN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIGN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENS IDON
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENSICGN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN

A{05,20)
ALFAl1(02)
ALFAZ2{02)
ALFAS{02)
ALFAT(02)
ALPHAGI(02)
ALPHAR(0Q2)
AD{(02)
AR(02)
AT(5)
ATMP(5)
B{005,16)
BETA(03,2)
8T (5)
BTMPI(S5)
€C109)
CeLA(o21
CHORD{(02)
DELTA{02)
DI{(90)
DIR(2)
DLNTH(OLl6)
DNTH{005,016)
DSQ(O16)
DTMP(O16)
GAMMA(05,016)
GAMMAG{ 144)
GAMMK(1,016)
INDXG{16)
10(02)
KXX(02)
LLNTH{(020)
LNTH{05,20)
LOADN(O020])
LSQ(020)
LTMP{020)
LX{02)
MB8L02)
MUCDP(02)
MUCDS(2)
MUSDP(02)
MUSDS(2)
NPSI(2)
PSI(2)



ﬁ

DIMENSION
DIMENSIGN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIGON
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENS ION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIUN
DIMENSION
DIMENSION
OIMENSION
OIMENSION
DIMENSION

PSIR{02)
R{5)
RBAR{(016)
RCAP(02,5)
RSMLL{02,20)
RZERD(2)
SGMAL1{016,016)
SGMA2{05,16)
SIGBL(144)
SIGMX{04)
SIGMY(04)
SIGMZ{04)
T(03,03)
TCOR(03,03)
THTAX{02)
THTAY(02)
TR{09)
vi(01,01)
VX{05,20)
VXX{1l,1)
VY{05,20)
VZ{05,20)
WKX{01,01}
WKY{01,01)
WKZ(01,01)
X{05,20)
XROT(02)
XSIMQ(016,016)
XX{02)
Y{(05,20)
YROT(02)
2105,20)
ZAP(16)
ZROT(02)

COMMON
COMMON
COMMON

/BETA1/BETAyMBETRNBETC,PI1,04UsFyAS,ALPHALl, ALPHA2,RO
/BETA3/0M,0MSQ,ADyARy VsRHO, MU
/TEST33/ NIByNROTyNWeNBRV1 94X sY oZ9AsBDNTH,LNTH,NAR,NPER,

1JSIGT s NWMKy Jo NWML oNIBVsVXy VY 4VZNIBRV

COMMON
COMMON

/TEST55/ JL»JSIGINTVyNTV1eMeDPSITyCHORD9RSMLL +RCAP 4GAMMA,QSZ
/WAKEL1/ VOOMR yNUWKPT VI yWKX ¢ WKY,WKZ,COSB3,SINB3,NAS],

INIBNA sNWKLST s NWKRWy NWKCL yNLP 1y NLP24s NLP3,NLP4, TWOPI

COMMON
COMMGON
COMMON
COMMON
COMMON
COMMOCN
COMMON

/CONT/ NAsNR¢NANRyJAs JJyNNoNySIGN s I14NGJR

JCONVGA/ EPSGsNNWKRQ

/WKCONT/ NWKPD

/STEPXA/ WKPT,WHy IDUT 4NOTTP1 4KAT 4 NBC

IWK4GA/ VXX

70UTDI/ NNTV NEXPWKyNSIGRW,NMODR,NMOOC

/MODNKL1/ GAMMAM{54,16),RM{1),AM{05,16),VXM{54,16),
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52

192

186
191

187
190

188

189

LVYM{54,16) sVIM(54416)9XM(54916)¢YM{54,16),ZM{54416)
COMMON /MODCNT/ NTVM,NWSTRE s NWR ¢y NANRM,NIBRVM,NIBM
COMMON /0UTDII/ NWKCLM

DATA INXLsINX24INX39INX%sINXSeINX6+INXT/
L4H Xy 4H YyaH Zy4H VXs4H VY4H VZI,4HSIGA/
DATA NWKX ¢NWKY s NWKZ/3HWKX ¢ 3HWKY ¢ 3HWKZ/

LOADN{JJ) COULD BE LODADD(JJ)

IF (NWKRQ.EQ.1.AND.NPER.EQ.4) GO TO 192

60 TO 189

NLP1=1

NLP2=1

NLP3=NWKCL

NLP4=NWKRW

CALL T3A

DO 186 JX=1,NWKCL

DO 186 IX=1,NWKRHW

IF (IXeGT NWKLST.ANDJX.EQ.NWKCL)} GO TO 191
VXXCI Xy IXI==VZIIXsJdX)*COSB3+VX{IX,JX)%SINB3
VI{IXsdX)=VXXEIXpJX)#VITIXydX)

CONTINUE

CALL MPRECT (NWKY VXX yNWKRWyNWKCL ¢yNWKRNW 9 NWKCLM)
NAS1=NAS1+1

IF (NAS1.LT.NIBNA)} GO 70O 188

COMPUTE WAKE FLOWS

VONA=NIB/(VOOMR¥*NA)

DO 187 JX=1,NWKCL

DO 187 1IX=1,NWKRNW

IF (IXeGT.NWKLST.AND.JX.EQ.NWKCL) GO TO 190
VI(IXydX)=VONARVI(IXsJX)

CONTINUE

CALL MPRECT (NWKXyVIyNWKRWy NWKCL JNWKRWy NWKCLM)
KAT=1

NLP1=NROT

NLP2=NIB

NLP3=NTV

SET WAKE AZIMUTHAL INDEX LIMIT

NLP4=NHW

NPER=1

CALL T3A

NPER=NWKPD

IF (NWKPD.NE.4) GO TO 377



377

CALL
CALL
CALL
CALL
CALL
CALL
caLL
CALL
CALL
CALL
CALL
CALL

MPRECT
MPRECT
MPRECT
MPRECT
MPRECT
MPRECT
MPRECT
MPRECT
MPRECT
MPRECT
MPRECT
MPRECT

CONTINUE
RETURN

END

({INX49VXeNWy NIBRVy NEXPWKyNNTV)

(INX5 VY sNW s NIBRVNEXPWK NNTV)
{INX64VZoNWyNIBRVyNEXPHK s NNTYV) -
{INXL  +XsNWoNIBRV yNEXPWKNNTV)
{INX2 2YyNWsNIBRVyNEXPWK,NNTV)
(INX3 s ZsNWsNIBRVNEXPUKNNTV)
{INX4 oVXMy NHSTREyNIBRVM, NMODR , NMODC)
(INXSyVYMy NWSTRE yNIBRVM NMODR 4 NMODC)
(INX6 4VIMy NWSTRE,NIBRVM4NMOOR y NMODC)
(INXL o XMy NWSTRE s NIBRVM,NMODR yNMCDC)
(INX24YMsNWSTRE s NIBRVMy NMODR s NMODC)
{INX3¢4ZMyNKSTRE ¢ NIBRVM, NMODR ¢ NMCDC)
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SUBROUTINE
INTEGER Z2

T3A

INTEGER QUT+WKPT,CNTR

DIMENSICN
DIMENSION
DIMENSIGN
DIMENSION
DIMENSION
DIMENSION
DIMENS ION
DIMENSION
DIMENSION
DIMENSION

DIMENSION

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
CIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIOCN
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
OIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
OIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSION

A{05,20)
ALFA1(02)
ALFAZ21{02)
ALFAS(02)
ALFAT(02)
AD{02)
AR(02)

AT{(S5)
ATMP(5)
B{005,16)
BETA(03,2)
BT (5)
BTMP(5}
c(09)
CCLA(O02)
CHORD{(02)
DELTA{O02)
DLNTH(016)
DNTH{005,016)
05Q(0161}
DTMP(O16)
GAMMA(05,016)
GAMMK(1,016}
LLNTH{020)}
LNTH(05,20)
LOADNI(020)
LSQ{020)
LTMP{020)
MUCDP{02)
MUCDS{(2)
MUSDP(02)
MUSDS{2)
PSIR(02)
R(S)

RBAR{ 016}
RCAP{02,5)
RSMLL(02,20}
SGMA1{(016,016)
SIGMX(04)
SIGMY{04)
SIGMZ(04)
T(03,03)
TCOR{03,03)
THTAX(02)

REAL MXYZ,MU,MUALT,MUSPK,MUCAT,MUSAT ,MUDP yMUSDPoLLNTHoLNTH, LOADN,
LLTMP,LSQyMX ¢ MYy MZ, MUCDP,MUSDS,MUCDS
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DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICON
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

THTAY{02}
TR{09)
vVIi{01,01)
VX{05,20)
VY {(05,20)
VZ{05.20)
WKX(01,01)
WKY (Ol ,01)
WKZ{01,01)
X{05,20)
XROT{02)
Y{05, 201}
YROT(02)
Z(05,20)
ZROT(02)

COMMON /TEST33/ NIB,NROT NWsNBRV1sX3YsZsAyByDNTH,LNTH,NAR,NPER,
1JSIGT JNWMKy Jo NWML o, NIBVoVXy VY oVZ4NIBRYV

COMMON /TESTS55/ JL»JSIGyNTVyNTV1,M,DPST sCHORDsRSMLLyRCAPGAMMA,QSZ
COMMON /WAKELl/ VOOMR yNUWKPT VI s WKXy WKY,WKZ,COSB3,SINB3,NASL,
INIBNAJNWKLST s NWKRWo NWKCL yNLP 1o NLP2+ NLP3,NLP4, TWOPI

COMMON /MODCNT/ NTVM NWSTRE s NWRy NANRMyNIBRVM,NIBM

COMMON /MODWKL/ GAMMAM{54,16)+RM(1),AM(05,16),VXM(54+16]),
1VYM{S54416) ¢y VIM(54416) s XM(54+16) yYM(544+16) 3ZM(54,16)

COMMON /SUBIE/ NAS

COMMON /WK2B/ XAsYAgZAsXBeYBeZB9XCyYC,ZC

COMMON /70VT3A/ 22,11

COMMON /70VT38/ IROW,JAKM.KslL

COMMON /0OVT3F/ JPASS

COMPUTE INDUCED VELOCITIES AT ALL VORTEX ELEMENT END POINTS,
AND INCLUDING BLADE VORTEX POINTS. INCLUDE SELF-INDUCED
EFFECTS DUE TO BLADE AND NEIGHBORING VORTICES (BASED ON
APPROXIMATE CURVATURE FROM AN ARC DETERMINED FROM 3-POINT
CIRCULAR ARC CURVE FITTING.

INITIALIZE CONTROL CONSTANTS FOR WAKE INDUCED VELOCITY
CALCULATIONS.

NL=NLPL

N2=NLP2

N3=NLP3

N4=NLP4

N5=2

N6=1

IF (NPER.EQ.4) N5=1
DO 600 Z2=1.N5
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IF (NAS.LE.NANRM.AND.22.EQ.2) GO TO 600
200 JJ=0
J=0

J AND K HAVE REDEFINED FOR K>2

If (NPER.EQ.4) GO TO 201
IF (22.EQ.1) GO TO 201
N3=NTVM
N4=NWSTRE-1
IF {(NWSTRE.LT.NWR) N4=NMSTRE
N6=NANRM+1

201 DO 500 M=1l4Nl
DO 500 K=14N2
JAKM=(K-1)&NTV+14+NTVENIB*(M~1)
DO 500 L=1,N3
J=d+1
D3 500 II=N6,N4%
IF (Z2.EQ.2) GO TO 212
IF {NPER.EQ.4) GO TO 211
XA=X({I14J)
YA=Y{1I ,J)
ZA=Z111,+J)
GO T4 220

211 IF {IT1.GT.NWKLST.AND.J.EQ.NWKCL) RETURN
JAKM=0
XA=WKX{11¢J1?
YA=WKY{IL+J)
ZA=WKZI{1I,J)
GO T0 220

212 XA=XM{II,J)
YA=YM(II,J)
ZA=IM{I1,J)
VXM{TI44)=0.
VYM(II,J)=0.
VIM{TII,J)=0.
GO 10O 221

POINT A 1S POINT AT WHICH VELOCITIES ARE TO BE COMPUTED.

220 VX(I14J)=0.
VY{II,+J)=0.
VZI(11,J})=0.
INITIALIZE VELOCITY COMPOUNENTS, INDICES, ETC.
221 JS1G=0
IROW=NPER
JPASS=J
CALL T3aA8B
IF (NAS.GT.NANRM) CALL T3ASP(VX,sVY,VZ)
IF (Z2.EQ.1) CALL ADVXYZ (VX{II9J)+VY{IT¢J)oVZIIITsJ),TWOPI)



IF (Z2.EQ+2) CALL ADVXYZU(VXM(II9J)sVYMIIL,J)sVZIMIIE,J);TWOPI)

500 CONTINUE

600 CONTINUE
RETURN
END
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SUBROUTINE ADVXYZ(VXsVYsVZ,THOPI)
VX=VX/THOPI

VY=VY/TWOPI

VZ=VZ/TWOPI

WORKL=ABS{VX)

WORK2=ABS(VY)

WORK3=ABS5{VZ)
WORK4=AMAX1(WORKL,WDRK2,WORK3)
IF (WORK4.LE..1) RETURN
VX=I(VX/WORK4)*.1
VY={VY/WORK4}*,1
VI=(VZ/WORK4) *,1

RETURN

END



- —-:3-§.g

SUBROUTINE T3AB

INTEGER 22

INTEGER OUTWKPT,CNTR

REAL MXYZ oMU sMUALT» MUSPKyMUCAT yMUSAT s MUDP sMUSDP o LLNTH,LNTH,LOADN,
LLTMPyLSQy MXy MY 4MZ 4MUCDP» MUSDSyMUCDSS

DIMENSION A{05,20)
DIMENSIGN ALFAl(02)
DIMENSION ALFA2(02)
DIMENSION ALFAS{(02)
DIMENSION ALFAT(02)
DIMENSION AG{(02)
DIMENSION AR(02)
DIMENSION AT(5)
DIMENSION ATMP(S)
DIMENSION B(005,416)
DIMENSION BETA{03,2)
DIMENSION BT(5)
DIMENSION BTMP(5)
DIMENSION C(09)
DIMENSION CCLA(O2)
DIMENSION CHORD{(02)
DIMENSION DELTA(O02)
DIMENSION DULNTH(OL16)
DIMENSION DNTH(005,016)
DIMENSION DSQ{o16)
DIMENSION DTMPLO16)
DIMENSION GAMMA(05,016)
DIMENSION GAMMK{1,016)
DIMENSION LLNTH(020)}
DIMENSION LNTH(05,20)
DIMENSION LOADN{020)
DIMENSION LSQ{020)
DIMENSION LTMP{020)
DIMENSION MUCDP{02)
DIMENSION MUCDS(2)
DIMENSION MUSDP{02)
DIMENSION MUSDS(2)
DIMENSION PSIR(02)
DIMENSIDN R{5)
DIMENSION RBAR(O16)}
DIMENSION RCAP(02,45)
DIMENSION RSMLL (02,20}
DIMENSION SGMA1(016,016)
DIMENSION SIGMX(04)
DIMENSION SIGMY{04)
DIMENSION SIGMZ(04)
DIMENSION T(03,03)
DIMENSION TCOR(03,03)
DIMENSION THTAX(0Z2)
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60

212
213

DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION

THTAY{02)
TR(09)
vIi{o1,01)
VX{05,20)
VY(05.,20)
VZ{05,20)
WKX(01,01)
WKY{(01,01)
WKZ(01,01)
X{05,20)
XROT(02)
Y{(05,20)
YROT(02)
2{05,20)
ZROT (02)

COMMON /TEST33/ NIB+NROT NWoNBRV1sXeYsZyAsByDNTHLNTH,NAR,NPER,

LISIGT oNWMKe Jy NWMLyNIBV oVXyVY4VZyNIBRYV

COMMON /TEST55/ JL9JSIGyNTV,NTV14M,DPSI,CHORDyRSMLLyRCAP,GAMMA,QS52Z
COMMON /WAKELl/ VOOMR NUWKPT,VI s WKXyWKY,WKZ,C0583,SINB3,NASL,

INIBNA ¢NWKLST o NWKRWy NWKCL yNLP 1o NLP29 NLP3,NLP4, THOPI
COMMON /MODWK1/ GAMMAM(S54416)yRM{1) sAM{05,16) 4VXM{54+16),
LVYM{54,16) yVIM{54,16) 9 XMI54,16)9YM{54416),ZM(54,16)
COMMON /WK2B/ XAsYA,ZAyXByYB9yZB+XCaVC,2C

COMMON /VLIMIT/ VLIM(5),VMLIM(16)

COMMON /0VT3A/ 12,11

COMMON /0VT3B/ I[ROW,JAKM,K,L

QSX=0.

QsSy=0.

QS Z=0.

DO 400

QAX=0.

QY=0.

QZ=0.

JL=JA

JSIGT=1+{{JA-1)%NTV1)/NTYV

IRCA CONTROLS BRANCHING TO SPECIAL COMUTATIONS REQUIRED FOR

SELF-INDUCED VELDOCITY CALCULATIONS, AND AVOIDANCE OF
CALCULATIONS BY STANDARD EQUATIDONS. IROW=1l, POINT A IS ON
CURRENT ROWs SELF-INDUCED VELOCITIES ARE LINEAR, IROW=2,
POINT A IS ON NEXT ROW, IROW=3, POINT A IS NOTVT ON CURRENT
BLADES WAKE, BUT HAS NOT BEEN ACCOUNTED FOR, IROW=4,
POINT A HAS BEEN ACCOUNTED FOR, NO FURTHER CHECKS NEED BE
MADE UNTIL POINT A IS REDEFINED.

IF {IROW.GT.3) GO TO 213

IROW=2

CONTINUE

DO 390 I=1,NHWM1

JSIG=JSIGT

JA=1 s NIBRV,NTV
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214

215

216
217

218

219

222

224

229

SGMAX=0.
SGMAY=0.
SGMAZ=0.
NN=0
JL=JA
IF POINT A IS NOT ON CURRENT BLADES WAKE DO STANDARD
CALCULATION, OTHERWIZE TEST FOR NECESSITY OF SELF-INDUCED
VELOCITY COMPUTATIONS. :
I=1, START ON NEW BLADES HWAKE
IF {(1.6T.1) GO TO 280
CHECK TO SEE IF POINT A IS ON CURRENT BLADES WAKE
IF {JA-JAKM) 218,216,219
[I=1=1 AUTOMATICALLY REQUIRES SPECIALIZED SELF-INDUCED VELOCITY

CALCULATIONS.
IF (Il.LE.1) GO TO 222
IROW=2
G0 TO 270
IROW=3
60 TO 270
IRCOW=4
GO 710 270
II=I=1y, AND A ARE ON CURRENT BLADES WAKE
COMPUTE R(JL)S FOR FUTURE USE
JL=J
COMPUTE ADDITIONAL SELF-INDUCED QSZ COMPONENT DUE TO BLADE OR
COMPUTE SHED VORTEX COMPONENT AT €END OF WAKE.
STATEMENTS 7O BE AODDED
CALL TESTS

D0 224 JX=1,NTV
R(JX)=ABSIRCAPIM,L)-RCAP(M,JX))
IF (NW.LE.2) GO TO 260
COMPUTE SELF-INDUCED VELOCITY FROM TRAILING VORTEX ONLY CON-
TRIBUTION.
XB=X(2,JL}
YB=Y{2,JL)
2B=72(2,JL)
JSIG=JSIGT+J~JA-1
IF (JSIG.EQ.JSIGT-1) JSIG=JSIG+1
XC=X{(3,JL)
YC=Y(3,JL)
2C=72(3,JL)
IPl=1+1
SIGN=1.
GO 70 231
II=NW AND A ARE ON CURRENT BLADES WAKE
IPl=I-~1
IF (IP1.EQ.0) 60 10O 321
XC=X(IP1l,J4L)
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231

236
238
240

242
243
244

245
246
247

248
249

YC=Y{1P1l,JL)
ZC=2(1IP1,JL)
SIGN=-1.
MX=(YA-YB)*{ZB-ZC)-{YB-YC)*{ ZA-78B)
MY=({ZA-IB8)*( XB-XC)-{2ZB-ZC)*{ XA-XB)
MZ={XA-XB)*{YB-YC)-(XB-XC)*(YA-YB)
RT=MXEMX+MYEMY +MZ%M2
IF ‘RTQEQ.O., RT=1.
RS=SQRT(RT)
MXYZ=RS
DELSQ={XA-XC)*%k2+(YA-YC) *%2+(ZA-2C ) %%2
WORKL=LNTH{ I sJL)*LNTH{ IP1,JL)
WORK1=WORK1*WORKL
WORK2=LNTH{ T JLI*LNTH(I,JL)
WORK3=LNTH(IP1,JL)*LNTH{IPl,JL)
WORK2=WORK2+WORK3-DELSQ
WORK2 =WORK2*WORK2
RT=4,.*WORK1-WORK2
IF (RT.LE.O0.) GO TO 247
RT=DELSQ/RT
RS=SQRT{RT)
RSCRP=2. ¥LNTH{ Iy JL)*LNTHUIP14JL)*RS
RT=LNTH{I JL)*LNTH{I,JL)
RT=RSCRP*RSCRP-RT
IF {RT.LE.O0.) GO TO 247
RS=SQRT{RT)
WORK1=LNTH( I JL)*LNTH( I,JL)
WORK2=LNTH{IPL»JL)*LNTH{IPLl,JL)

CHOOSE DEFINITION OF FSMAL ACCORDING TO L(1,J)*%*2_GE.DELSQ

+L{IPlyJ)*%2

IF (WORK1-DELSQ-WORK2.GT.0) GO TO 238
FSMAL={RSCRP-RS) /LNTH(I,J4L)
60 TO 240
FSMAL=(RSCRP+RS)/LNTH{I,JL)
RT=4,*%FSMAL*RSCRP/A(I,JL)

CHOOSE AND USE PROPER CIRCULATION VALUE
IF (JL=JA) 243,244,242
IF (JL=JA-NTV1) 246,245,243
STOP
FSCRP=GAMMA(I,JSIG)*(ALOGI(RT )} +.25)/(2.%¥RSCRP*MXYZ)
GO TO 248
FSCRP=-GAMMA{ 1 ,JSIG)*(ALOG(RT)+,25)/{2.¥RSCRP%RMXYZ)
GO TO 248
FSCRP=(GAMMA( I, JSIG+1)-GAMMA(I ,JSIG) V*(ALOGI(RT)I+.25)/(2.%RSCRPx

1MXYZ)

GO TO 248

FSCRP=0.
FSCRP=FSCRP*SIGN

IF (11.GE.NW) 6D TO 322
QSX=MX*FSCRP



263
260

262

265

270

272

215

QSY=MY%FSCRP
QSZ=MZ*FSCRP
CONTINUE
DO 262 NX=1,NTV1
INITIALIZE SIGMS
SIGMXINX)=0a
STIGMY(NX)=0.
SIGMZ{NX)=0.
IROW=1
AVOID COMPUTATION EHNGZ AT JL=J
IF (JL.EQ.JAY GO TO 265
JSIG=JSIOT
JL=JA
G0 TO 360
R{1)I=LNTH(1,J4L)
NN=1
IP1=1+1
GO TO 357
JL=JA
NN=0
XB=X{1+JA)
YB=Y{1,JA)
1B=Z(1,JA)
RT=({XB=XA)*%2+{YB~YA)%*¥2+({ZB~-ZA)**2
RS=SQRT(RT)
R{1)=RS
JL=JL+1
NN=NN+1
NX=JSIGT+NN—-1
XC=XB
YC=YB
1C=18
XB=X{1l,J4L)
YB=Y{1lsJL)
28=Z(1,J4L)
RT=(XB=XA)*¥2+( YB-YA)**2+({ZB-ZA) *%2
RS5=SQRT{RT)
RPR=RS+R{NN)
DORL={XB~=XC) *¥2+{V¥B~-YC ) *¥2+(ZB-2C ) *%*2
WORK1=R (NN}
VTEST=RS*RS+WORK1*WORK1-DORL
IF (VTEST.GT.0) GO TO 276
WORK2=RS—-WORK1 ’
WORK2=WORK2 *WORK2
WORK3=R S+WORK1
WORK3=WORK3*WORK3

VTEST=(WORK3-DORL )*{DCRL ~WORK2)/{4.*DORL )

WORK 1=CHORD{ M)
WORK1=WORK1*WORK1
IF (VTEST.GT.WORK1) GO TO 276
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6

276

217

288

287

286

278

280
281

282

283

284

%4

HORKS=SQRT{DORL )*WORK1
IF{WORKS5.NE.O.) HORG=1./WORKS
G0 T0O 217
HORG=0. |
WORKS5=R (NN} *RS* {RPR*RPR~-DORL ) \
IF{WORK5.NE.O.) HORG=RPR/HWORKS
EORNX=( XA-XC)*{YC-YB)-(YA-YC)*({XC-XB)
EOQORNY={ZA-2C)*{XC~-XB}-(XA-XC)*{2C~28B)
EORNZ=(YA-YC)*{ZC—-28)—{ZA-ZC)*{YC-YB)
WORK1=GAMMA{1,NX)
WORK2=ABS{ EORNX*WORK1*HORG)
WORK3=ABS{EOQORNY*WORK1*HORG)
WORK4=ABS(EORNZ*WORK1#*HORG)
WORK1=AMAXL { WORK2 s WORK3 , WORK%)
IF (WORK1.LE.VLIM{NN)) GO TO 287
SIGMX (NN)=EORNX/WORK1*HORG*VLIM(NN}
SIGMY {NN)=EORNY/WORK1*HORG®XVLIM{NN)
SIGMZ(NN)I=EORNZ/WORK1*HORG*VLIM{NN)
GO TO 286
SIGMX{NN)=EORNX*HORG
SIGMY {NN)=EOQORNY*HORG
SIGMZ{NN)=EORNZ*HORG
RINN+1)=RS
IF (NN.LT.NTV1l) GO TO 275
CONTINUE COMPUTING BLADE CONTRIBUTIONS UNTIL BLADE IS COMPLETEB
THEN GO TO NEXT ROW.
JL=JA
IF (IROW-2) 350,280,360
D0 SPECIAL CALCULATIONS ONLY IF POINT A IS ON CURRENT BLADES
WAKE.
IF(JA-JAKM) 281,282,359
IROW=3
GO TO 360
IF POINT A IS NOT ON OR JUST DOWN THE WAKE FROM B OR C, DO
STANDARD CALCULATION.
IF (1I-1-1) 350,283,360
IF POINT A IS NOT BEHIND POINT Jt, DO STANDARD CALCULATION.
IF (JL.NE.J) GO TO 360
COMPUTE SELF-INDUCED VELOCITIES FOR 1.GT.l1l
COMPUTE SELF-INDUCED QS FOR TRAILING VORTICES
JK=0
N=JL
XB=X{1I,JL)
YB=Y(1,JL)
IB=1{1,JL)
IF (I1I.GE.NW) 60 TO 229
LTMPL1)=LNTH{I,JL)
LTMP{2)=LNTH(IT,JL)
IP1=1+2

|
|
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285

289

292

294
296

2917
298
300

302

- 304

307
308

XC=X(IPl,JL)

yC=Y{1P1l,JL)

IC=Z{1IP1,JL)

IP1l=1+1

ATMP{1)=All,JL)
MX={YB-YA) *{ ZA-ZC)-{YA-YC)*(IB~-ZA)
MY={(ZIB-ZA)*(XA-XC)-{ZA-ZC)*{ XB-XA)
MZI=(XB-XA) *{YA-YC)—(XA-XC)*{YB-YA)
RT=MX*MX+MYEMY +MZ *MZ

IF (RT.EQ.0.) RT=1l.

RS5=SQRT(RT)

MXY2=RS

DELSQ={XB-XC)**2+{YB-YC)*¥2+(ZB-12() *¥2

WORK3= (4. LTMPL L} ¥LTMP{2) ) *¥%2-{LTMP{ 1 )} *¥24+LTMP(2)**2-DELSQ) **
12)

IF (WORK3.LE.O) WORK3=5.4E-70
RT=DELSQ/WORK3
RS=SQRT(RT}
RSCRP=2.%LTMP(1)*LTMP(2)*RS
RT=RSCRP*¥.2-L TMP (1) %%2
JK=JK+1
IF (RT.LT.0.) RT=0.
RS=SQRT(RT)
COMPUTE FSMAL DEPENDING ON L{1)%%2 ,GE.DELSQIL(2)*%2,
IF (LTMPLL)*%2-DELSQ-LTMP({2)*%2.GT,.0) GO TO 294
FSMAL=(RSCRP-RS)/LTMP( 1)
GO TO 296
FSMAL=(RSCRP+RS)/LTMP( 1)
RT=4,#FSMAL*RSCRP/ATMP(1)
COMPUTE TRAILED (JK=1,2) OF SHED {JK=3,4) CONTRIBUTION TO
SELF~INDUCED VELOCITY.
GO TO (2974310+3464348), JK
IF (JL-JA.LE.O) GO TO 300
IF (JL-JA-NTV1) 304,302,343
IF (RT.EQ.0.) GO TO 307
FSCRP=GAMMA(I,JSIG)*{ALOGIRT )+,25)
GO TO 308
IF {RT.EQ.D.) GO TO 307
FSCRP=-GAMMA(I,JS16)*(ALOGIRT)+,25)
GO 70 308
IF {(RT.EQ.D.) GO TO 307
FSCRP=(GAMMA(I,JSIG#1)~-GAMMA(]+JSIG))*(ALOGIRT)+.25)
GO TO 308
COMPUTE CONTRIBUTION FROM NEXT TRAILED VORTEX ELEMENT.
FSCRP=0.
ATMP(1)=A(T11,JL)
LTMP(3)=LTMP(1)
LTMPL1)I=LTMP(2])
LTMP(2)=LTMP(3)
GO TQ 289
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310 IF (JL.LE.JA) GO TO 316
314 IF (JL-JA-NTV1) 320,318,343
316 IF (RT.EQ.0.) GO TO 322
FSCRP=(FSCRP+GAMMA( L1, JSIG)*{ALOG(RT)#+.25) )/{ 2.*¥RSCRP*MXYZ)
GO TO 322
318 IF (RT.EQ.0.) GO TO 322
FSCRP=ILFSCRP-GAMMA(IIJSIG)*(ALOG(RT)+.25))/{2.*%RSCRP*MXYZ)
GO TO 322
320 IF (RT.EQ.0.) LO TO 322
FSCRP=(FSCRP+{GAMMA(II,JSIG+1)-GAMMAILILI JSIG) ) *(ALOGIRT)I+.25))/¢(
12.*RSCRP*MXYZ)
DEFINE TRAILED VORTEX SELF-INDUCED VELOCITY COMPONENT.
CHECK SIGN OfF FSCRP
322 QSX=MX*FSCRP
QSY=MY*FSCRP
QSZ=MZ*FSCRP
321 IF (JL-JA) 323,323,340
COMPUTE NG WITH CNLY ONE VORTEX INCLUDED, JSIG
COMPUTE FIRST CONTRIBUTION FROM SHED VORTICITY,
323 JLMl=JL
NN=1
JL=JdL+]
JSIGL=JS1G+1
JLP1=JL+1
JK=0
RT=1.

© 324 ATMPIL)= BLII,J451I6G)
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XB8=X(1I,JL)
YB=Y{(I1,J4L)
8=7{11,J4L}
XC=X(11,4LP1)
YC=Y(I1,JLP1)
2C=2(11,J4LP1)
LTMP(L)=DNTH(II,JSIG)
LTMPL2)=DNTH(II,JS51IGl)

325 MX=({YA-YB)*{ZB-ZC)-{YB-YC)*({ZA~ZB) ) *RT
MY=({ZA-1B)*(XB-XC)—{ZB-ZC)}*(XA-XB) ) *RT
MZ={{XA-XB) * (YB-YC)—(XB-XC)*{YA-YB) ) *RT
RT=MXEMX+MYRMY+MZE*MZ
IF (RT.EQ.0.) RT=1.

RS=SQRT{RT)
326 MXYZI=RS
DELSQ=( XA-XC)*%2+{YA-YC)*%2+{Z2A~2C ) **2
RT= (4. %{(LTHP{ 1) *LTMP(2) ) %2~ (LTMP( 1) *%24LTMP(2) *%2-
1DELSQ)I*%*2)

IF {(RT.LE.O) GO TO 337
RT=DEL SQ/RT

RS=SQRT(RT)
RSCRP=2.XLTMP(1)*LTMP{(2)*RS
RT=RSCRP**2-_ TMP( 1) *%2



IF (RT.LE.O.) GO TO 337
RS=SQRT(RT)
IF (LTMP(1)*%2—-DELSQ-LTMP{2)**2,GT.0) GO TO 334

332 FSMAL=(RSCRP-RS)/LTMP(1)

_ GO .TO 336

334 FSMAL=(RSCRP+RS)/LTMP(2)

336 RT=4.%FSMAL*RSCRP/ATMP(1)

IF (I1.GE.NW) GO TO 338
FSMAL= GAHHA(II'JSIG)—GAHNA(IvJSIG)
G0 TO 339

338 FSHALS‘GAMHA(IvJSIG)

339 IF {RT.LE.O0.) GO TO 337
FSCRP=FSMAL*{ALOG(RT)#+.25)/7(2.*%RSCRPEMXYZ)
QASX=QSX+MX*FSCRP
QSY=QSY+MY*FSCRP
QSZ=QSZ+MZ*FSCRP

337 IF (JL.EQ.JA+1) GO TO 343
JL=JL+1

340 IF {(JL-JA-NTV1.LT.0) GO TO 344

341 JL=JA#NTVI-1
JLPl=JL-~-1
RT=-1,

JK=JK+1
NN=NTV1
JSIG1l=JS1G-1
GO TO (324¢343,324,343), JK
CHECK ON VALIDITY OF THIS TRANSFER WHEN JL=JA+NTV1

343 [ROW=1
QX=0X+QSX
QY=QY+QSY
QZ=QZ+Q5SZ
IF (N.LE.JA) GO TO 342

COMPUTE INDUCED VELGCITY FROM PREVIOUS TRAILING AND SHED VORTEX
345 RINN)=DNTH(II,JS1G~-1)
QX=QX+{ SGMAX—STIGMX{ NN) ) *GAMMA( 1,JSIG~1)
QY=QY+ (SGMAY-SIGMY{NN) ) %GAMMA(1,JSIG-1)
QZ=QZ+{SGMAZ—-SIGMZI(NN) )*GAMMA(1,JS516—-1)
SIGMX{NN)=0.
SIGMY{(NN)=0.
SIGMZINN)=0.
IF (NN.GE.NTV1) GO TO 3420
C(11=0.
C(3§=0.
3420 XB=X{(I1I,J4L)
YB=Y{11,J4L)
ZB=Z24114,JL)
SGMAY=0,
SGMAZ=0.
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342

3444

344

346

3451
347

3471

348

3491
349

3492

68

NN=NN+1
RS=DNTH(11,JSI16)
IPl=1+1

IF
IF

(N-JA-NTV1.LT.0) GO TO 379
(N-JA-NTV1.EQ.0) GO TO 380

WRITE (643444)
FORMAT (9H0342 HALT)
sToOP

COMPUTE SELF-INDUCED VELOCITY FOR POINT BETWEEN SHED VORTICES

JLPl=JL+]
XC=X(11,JLP1)

YC=
1C=

Y{I14JLP1)
Z{11,JLP1)

LTMP{2)=DNTH{I1+JS106+1)
JLP1=JL~-1

XB=
Y=
18=

X(UI1,JLP1)
Y{1I,JLP1)
Z{11,JLPY)

ATMP{1)=B(I1,JS106)
LTMP(1)=DNTH(II1,JSIG)

JK=

60
iF

2
TO 285
{II.GE.NW) GO TO 3451

FSMAL=GAMMA{II,J4SIG)-GAMMA(]1,J51G)

60

T0 347

FSMAL=—GAMMA(I,JS51G)
FSCRP=0.

IF

{RT.LE.0.) GD TO 3471

FSCRP=FSMAL*{ALOG(RT)+.25)
LTMPL3)=LTMP(1)
LTMP{L1)=LTMP(2)
LTMP(2)=LTMP(3)
JSIG=JSIGH]L
ATMP(1)=B(II,JSIG)

GO
IF

TO 289
(I1.GE.NW)} GC TO 3491

FSMAL=GAMMA{II,JSIG)-GAMMA({I,JSIG)

60

TO 349

FSMAL=-GAMMA(1,JSIG)
FSCRP=0.

IF

(RT.LE.O0.) GO TO 3492

FSCRP={FSCRP+FSMAL*(ALOG(RT )+.25))/ (2 .*RSCRP*MXYZ)
QSX=MX*xFSCRP+QSX
QSY=MY*FSCRP+QSY
QSZ=MZ*FSCRP+QSZ

JL=

JL+1

RINN+#2)=ONTH{TI,JSIG)

GO

COMPUTE COMPONENT OF INDUCED VELOCITY FROM PREVIOUS TRAILING
VORTEX
TO 343



2N eNg

c

350
351

354

355

356

357

359

360

CALAULATE USUAL INDUCED VELOCITY COMPONENTS UNLESS JL=J,

I11=1

AVOIDS RECALCULATION OF TRAILED VORTEX SELF-INDUCED VELDCITY

COMPONENT.
IF (JL.NE.J) GO TO 360
SIGMX{1)=0.
SIGMY(1)=0.
SIGMZ({1)=0.
R{1}=LNTH{I,JL)
IP1=1+1 '
NN=1
60 TO 357
XB=X{1IPleJL)
YB=Y(IP1l,JL)
28=Z{1P1l,J4L)

RT=(XA-XB)*%2+(YA-YB)*#2+({ ZA-ZB)*%2

DORL=DNTHUIP1,JSIG)**2
N=4
SIGN=-1.
GO TO 365

RETURNS TO 370
SIGMX{NN)=EHNGX
SIGMY (NN)=EHNGY
SIGMZ{NN)=EHNGZ
QX—QX+SGHAX*GAMHA(IoJSIG)
QY=QY+SGMAY*GAMMA(I , JSIG)
QZ=QZ+SGMAZ*GAMMA(L,JSIG])
XK=35.
NN=NN+1
IF (NN.EQ.NTV) GO TO 390
JSIG=JSIG+1
SIGMX{NN)=0.
SIGMY{NN)}=0.
SIGMZ{NN)=0.
DORL=DNTH{IP1,JSIG) *%2
XC=X{IP1,JL)
YC=Y{IP1l,JL)
ZC=201P1,J4L)
R{NN)=LNTH(I,JL}
JL=JL+1
X8=X{1P1l,JL)
¥B=Y(IP1l,JL)
ZB=Z(IPl,JL)}

RT={XA-XB)**2+{ YA-YB)*¥2+(ZA-7ZB) *¥2

N=2
1ROW=4
SIGN=1.
GO TO 365
IROW=4

BEGIN STANDARD TYPE ROW INDUCED VELOCITY CALCULATION.

SGMAX=0.
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OGO O

SGMAY=0.
SGMAZ=0.
JL=JA
XB=X{I,4L)
JSIG=JSIGT
YB=Y{1,JL)
28=Z(1,JL)
IPi=1+1
XC=X{IPl,JL)
YC=Y{IP1l,JL)
2C=Z(1P1,J4L}
NN=1
RT=(XA-XC)I®*2+(YA-YC ) *%2+( ZA-1C ) **2
DORL=LNTH(I JL)%*2
N=1
SIGN=1.
365 RS=SQRT(RT)
IF (CNTR.EQ.2) GO TC 372
370 RPR=RS+R({NN)
TEST FOR END OF VORTEX ELEMENT (POINT A) INSIDE CURRENT VORTEX
ELEMENT CORE. DEFINE HORG DIFFERENTLY ONLY IF A IS INSIDE
CORE OF B-C ELEMENT.
WORK1=R{NN)
VTIEST=RS*RS+WORK1*WORK1-DORL
IF (VTEST.GT.0) GO TO 371
WORK3=RS+WORK1
WORK3=WORK3*WORK3
WORK2=RS-WORK1.
WARK 2=WORK2%WORK 2
VTEST={WORK3-DORL )*{DORL -WORK2})/(4.*DORL }
If {SIGN.EQ.O) STOP
WORK1=CHORD{M)
WORK1 =WORK1 *WORK1
IF (VTEST.GT.WORK1) 6O TO 371
HORG=0.
WORKS=SQRT{DORL ) *WORK1
IF(WORKS5.NE«0.) HORG=1./HORKS
GO 10 317
371 HORG=0.
WORKS=R{NN)*RS*(RPR*RPR-DORL)
IF{WORK5 . NE«0.) HORG=S IGN*RPR/WORKS
377 EORNZ=(XA-XC)*(YC-YB)~(YA-YC)*{XC-XB)
EORNY=(ZA-2C)*(XC-XB)-{(XA-XC)*(2C-Z8B)
EORNX={YA-YC)*(ZIC~-ZB)~-(ZA-ZC)*{Y(C-YB)
EHNGX=EORNX*HORG
EHNGY=EQRNY*HORG
EHNGZ=EQRNZ*HORG
381 WORK1=GAMMA{1l,JS1G)
WORK2=ABS (EHNGX*WORKL1)
WORK3=ABS{EHNGY*WORK1)
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383

385
372

373
374

375
376

378

379

380

382

384

WORK4=ABS(EHNGZ*HWORK1 )
WORK1=AMAXL{ WORK2,WORK3,WORK%)
IF (WORK1.LE.VLIMINN)) GO TO 383
EHNGX=EHNGX/WORK1*VLIM(NN)
EHNGY=EHNGY /7HORK1*VLIMINN)
EHNGZ=EHNGZ/WORK1*VLIM{NN)
SGMAX=SGMAX+EHNGX
SGMAY=SGMAY+EHNGY
SGMAZ=SGMAZ+EHNGZ
GO TO (372,3784380,4355), N
RINN)=RS
JL=JL+1
IF {IROW.GT.2) GO TO 376
IF (1I-1-1) 374,375,376
IF {JL.EQ.J) GO TO 354
GO TO 376
IF (JUL.EQ.J) GO TO 284
IP1=1+1
XB=X(1P1l,JL)
YB=Y(IPl,JL)
IB=Z(1P1l,J4L)
RT=(XA-XB)*%2+{YA-YB)*324+( ZA-1DB ) *%2
DORL=DNTH{IPLl 4 JSIG) *%2
N=2
SrG‘N‘-‘l -
GO TO 365
RETURN TO 370
C(1)=EHNGX
C(2)=EHNGY
C(3)=EHNGZ
XC=X{1I,JL)
YC=Y(1,JL)
2C=Z(1,JL)
N=3
DORL=ULNTH(I s JL)*%*2
SIGN=1. *
NN=NN+1
60 TO 370
NX=NN-1
QAX=QX+{ SGMAX—-STIGMX{NX) ) *GAMMA(1,JS1G)
QY=QY+{SGMAY~-SIGMY(NX) )*GAMMA( I,JSI1G)
Q2=QZ+{SGMAZ—-SIGMZ(NX) Y*GAMMA{I,JSIG)
SIGMXINX)=C(1) '
SIGMY(NX)=C{2)
SIGMZ{(NX)=C (3}
IF (NN.EQ.NTV})} 60 TO 390
CHECK NN INCREMENTING IN SPECIAL AREAS
SGMAX=-EHNGX
SGMAY=-EHNGY
SGMAZ=—EHNGZ

Tl
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390

393

394
395

392

400

JSIG=JSIG+]
XC=X8
YC=YB

ZC=28

GO TO 372
R{NN)}=RS

ADD CURRENT BLADES WAKE EFFECTS TO

IF {Z2.£EQ.2) GO TO 394
VX{TIT4Jd)=VX{I1,J)¢QX
VYLLII 2J)=VY(11.3)4QY
VZ{I1,J)=VZiI1+J)¢QZ
60 TO 395 :
VXMUTII »J)=VXMIII9Jd)+QX
VYM{II+J)=VYM(I1,J)+QY
VIM(ITJ)=VIML{TII,4J)+Q2
DO 352 NN=1,NTV1
SIGMX{NN}=0.
SIGMY(NN)=0.
SIGMZ{NN)=0.

Ctl)=0.

clt2)=C.

C(3)=0.

CONTINUE

RETURN

END

INDUCED VELOCITY AT A.



SUBROUT INE TESTS

REAL LBIGsLSMAL LBSLS,LBSLSQ
DIMENSION C{02)

DIMENSION GAMMA{005,016)
DIMENSION LSMAL(OS)
DIMENSION RCAP{02,05)
CIMENSIGN RSMAL(02,20}
COMMON /TESTS5S5/ JLsJSIGeNTV4NTVL oM DPSI9CoRSMAL yRCAP, GAMMA,QSZ
GAMSUM=0.

C3=3.%C (M)

€345Q=C3/4.
C34SQ0=C345Q*C3454Q
RIDPSI=RSMALIM,JLI*DPSI
RJIPSSQ=RJIDPSI*RJIDPSI1
TERM1=+1./RJDPSI

DO 1 I=1,NTV1
LSMAL{I)=ABS(RCAP(M,I+1)-RCAPI(M,I))
JX=JL

IF (JUX.LE.NTV) GO TO 7
JX=JX~-NTV

60 70 6

JJ=0

NN=JSIG#NTV1-1

DO 5 [=JSIGeNN

Ji=JJ+l

IF (JJ.LT.JdX) GO TO 2

KX=JX

N=JJ

GO0 TO 3

KX=JdJ

N=JX-1

LBIG=0.

DO 4 K=KXs¢N
LBIG=LSMAL(K)+LBIG
LBSLS=LBIG-LSMAL{JJ)
LBSLSC=LBSLS*LBSLS
C3L142=C3/1{4.*LBIG)
C3L142=C3L142%C3L 142
RJOPLI=RJDPSI/LBIG
RJDPLI=RJDPLI*RJIDPLI]
GAMSUM=GAMMA(1,1)*ALGG(
21 1. +SQRT{1.+RJDPLLI})/
3{1.+SQRT(1.+#C3L142)))=*
4(({LBSLS+SQRT(LBSLSQ+C345Q))/
S(LBSLS+SQRT{(LBSLSQ+RJIPSSQ)) ) )I+GAMSUM
TERM1=TERM] *GAMSUM
CSZ=QSZ+TERM1

RETURN

END
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SUBROUTINE T3ASPIVX.VY,VZ)
INTEGER 22
REAL MXYZyMU,MUALT,MUSPKsMUCAT yMUSAT » MUDP 4MUSDPy LLNTH4LNTH,LOADN,

LLTMP+LSQsMX e MYy MZy MUCDP,MUSDS,MUCDS

DIMENSION VLLI(16)

DIMENSION VX{05,020)
DIMENSION VY(05,020)
DIMENSION VZ{05,020)

COMMON /MODCNT/ NTVMNWSTRE.NWR ¢ NMANRM,NIBRVM,NIBM

COMMON /MODWK1/ GAMMA (5441604,R {1})+A {05916} ,VXM{54,16),
LVYM(54416) ¢ VIMI54516) X (549161 9Y (54316192 (54,16)
COMMON /WK2B/ XAsYA,ZA,XBsYB9sZByXC,VC,ZC

CCMMCON /VLIMIT/ VLIM(5),VMLIM{16)

COMMON /ZELNTHS/ ELL(16)

COMMON /0VT3A/ 22,11

COMMON /0VT3F/ J

COMMON /VLNTHS/ NALIM,VLL

COMPUTE INDUCED VELOCITIES AT ALL VORTEX ELEMENT END POINTS,
AND INCLUDING BLADE VORTEX POUINTS. INCLUDE SELF-INDUCED
EFFECTS DUE TO BLADE AND NEIGHBORING VORTICES (BASED ON
APPROXIMATE CURVATURE FROM AN ARC DETERMINED FROM 3-POINT
CIRCULAR ARC CURVE FITTING.

INITIALIZE CONTROL CONSTANTS FOR WAKE INDUCED VELOCITY
CALCULATICNS .

IF {Z12.EQ.2) NSHI1=1
NN=1

NWSTM1=NWSTRE-1

BO 400 JA=1,NIBRVM
EEL=VLL{JA)
TWOEL=EEL+EEL

NSwW=-1

EL=ELL{JA)
NANRX=NANRM

JL=JA

JSIG=JA

QX=Ce

QY=0.

QZ=0.

WORK1=XA-X{ NANRM,JL)
WORK2=YA-Y{NANRM,JL )
WORK3=ZA-Z{NANRM, JL)
RSQ=WORK1*WORK1+WORK2*WORK2+WORK3*WORK3
R{13)=SQRT(RSQ)



(aNaXp]

10

362

364

363

365
3170

IF (R{1).NE.O) GO TO 5

NANRX=NANRM+1

IF (NANRX.GT.NWSTM1) GO TO 400
WORK1=XA-X{NANRX,JL }

WORK2=YA-Y{NANRX,JL}

WORK3=ZA-Z(NANRXyJL)
R{1)=SQRT(WORK1*WORK1+WORK2*WORK2+WORK3I*WORK3)
I=NANRX-1

XB=X{NANRX,JL )

YB=Y{NANRX4JL)

IB=Z{NANRX,JL}

I=1+1

IF (NKSTRE«GTeIlANDI.EQ.IIAND.JAL.EQ.J) GO TO 390

BEGIN STANDARD TYPE ROW INDUCED VELOCITY CALCULATION.

IP1=1+1

XC=X{ IP1l,JL)

YC=Y{IP1l,JL)

2C=Z2{1P1,JL}

NRETN=0

IF (11 eEQelORII-1.EQel).AND.JA.EQ.J.AND.Z2.EQ.2)
1 CALL SELFIN (I1,11,4JA2QXsQY»QZsNRETN)

IF (NRETN.EQ.1) GO TO 390

WORK1=XA-XC

WORK2=YA-YC

WORK3=2A-1C

RT=WORK1*WJORK1+WORKZ2*WORK2+WORK3*WORK3
IF(RT.GT.TWOEL) GO TO 362

IF {RSQ.LT.EEL) GO TO 364

IF (RTL.LT.EEL) 6G TO 364

NSK=0

GO TO 389

NSh=1

I=I+NALIM

G0 TC 389

If INSW.LT.1l) GO TO 363

I=I-NALIM

NSW=—1

GO T0O 390

WORK1=XB-XC

WORK2=YB-Y(

WORK3=28-1C

DORL=WORKL*WORK1+WORK2*#WORK2 +WORK3*WORK3

NSW=-2

RS=SQRT{(RT)

RPR=RS+R(NN)

TEST FOR END OF VORTEX ELEMENT (POINT A) INSIDE CURRENT VORTEX
ELEMENT CORE. DEFINE HORG DIFFERENTLY ONLY IF A IS INSIDE
CORE OF B-C ELEMENT.
WORK1=R{NN}
VIEST=RS*RS+WORKL*WORK1~-DORL
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71

3an

76

381

383

372

389
390

391

IF (VTEST.GT.0) GO TO 371

WORK3=R S+WORK1

WORK3=MORK3*WORK3

KORKZ2=RS-WORK1

WORK2=WORK2%* HORK2

VTEST={WORK3—DORL )*(DORL -WORK2)/{4.*DORL )
WORK1=A(NANRM,JA)

WORK1=WORK1*WORK1

IF (VTEST.GT.WORK1) GO TO 371

HORG=0.

WORKS5=S QRT{DORL ) *WORK]
IF(WORK5.NE.O+) HORG=1./WORKS

GO 10 377

HORG=0.

WORKS5=R {NN)*RS¥ {RPR*RPR-DORL)
IF{WAORKS .NE«O<) HORG=RPR/WORKS
ECRNZ={( XA-XCI*(YC-YB)—-(YA-YC)*(XC-XB)
EORNY={ZA-ZC)*( XC-XB)—(XA~-XC}*{ZC~-Z18)
ECRNX={YA-YC)*{ ZC~ZEB)-(ZA-ZC)*(YC-YB)
EHNG X=EORNX*HORG

EHNGY=EORNY*HORG

ERNGZ=EQRNZ*HORG

KORK1=GAMMA(I,JSIG)
WORK2=ABS ( EHNGX*WORK1)
WORK3=ABS(EHNGY*WORK1)
WORK4=ABS{EHNGZ *W0ORK1)

WORK1=AMAX]1 {WORK2+sWORK3,WORK4)

IF (WORKl.LE-.VMLIM{JSIG)) GO TO 383
EHNGX=EHNGX/WORK1*VML IM{JSIG)
EHNGY=EHNGY/WORKL*VMLIM(JSIOG)
EHUHNGZ=EHNGZ/WORK1*VMLIM( JSIG)
WORKI=EL/SQRT{DORL)

SGMAX=EHNGX*WORK1

SGMAY=EHNGY *WORK1

SGMAZ=EHNGZ*WORK1

RINN}=RS

X8=XC

YB=YC

1B=1C

QX=QX+{ SGMAX )XGAMMA(I,JSIG)
QY=QY+{SGMAY YRGAMMA(1,JS16)
QZ=QZ+(5GMAZ )*GAMMA(TI,JSIG)
RSG=RT

IF (I1.LT.NANRX) GO TO 391

IF (I.LT.NWSTM]1) GO 7O 10

IF (22.€Q.2) GO TO 393
VX{TI19Jd)=VX(II,J)4QX
VY{TI,d)=vY(11,4)4QY
VZI(ILJ)=VZ{I11,J04QZ

GO TC 400



393 VXMUIIJ)=VXM{IIsJ)+QX
VYM{IL,Jd)=VYR{II,4}+QY
VIMIIL,J)=VIM{II,J)+QZ

400 CONTINUE
RETURN
END
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SUBROUTINE SELFIN (I+119JAsQX9eQV3QZyNRETN])

COMMON /MODCNT/ NTVM NWSTRE ¢ NWR  NANRMoNIBRVH¥,NIBM
CCMMON /MODWKL/ GAMMA (54,16)sR {1)AM{05916) 4VXM(54,16),
LVYM{54416) yVIMI54+16) s XM{54916)3YM(545186)92ZM(54,416)
NRETN=1

A=AN{NANRM, JA)

11=11

IF (NWSTREL.EQ.II) I1=11-1

IMl=11-1

IPl=11+1

XA=XM{I1l,JA)

YA=YM(I1l,JA)

ZA=IM{I1,JA)

XB=XM(IM1l,JA)

YB=YM({IML,JA)

IB=ZM{IM1,JA)

XC=XMLIP1l,yJA)

YC=YM(IP1,JA)

LC=IM{1IP1l,JA)

CALL POINTA (JA,13AsJA0SXsQSYsQSZsTI s XAy YAQZAoXBoeVYB9ZBoXCoeYCoZC,y
1 GAMMA}

CX=CX+QSX

QY=QY+QSY

£2=Q2+4Q5S2

RETURN

END



285

289

292

294
296

300

306
307

SUBROUTINE POINTA (JLelsAeJdSIGeQSXsQSYsQSZyIT+XAsYA,ZAsXBeYBs2B,
1 XCyYCsZC,GAMMA) :
REAL LTMPU{3) 4yMXa MY, NZ,NXYZ

DIMENSION GAMMA(S54,16)

COMMON /MODCNT/ NTVMyNWNSTRE s NWR s NANRM,NIBRVM,NIBM
IX=11

JK=0

N=JL

WORK1=XA-XB

WORK2=YA-YB

WORK3=ZA~1B
LTMPI1)=SQRT{WORKL*WORKL +WORK2*WORK 2+WORK3*HWORK3)
WORK 1=XA-XC

WORK2=YA-Y(C

WORK3=ZA~2C

LTMP(2)=SQRT{ WORK1*WORK1+WORK2*WORK2+WORK3*WORK3)
ATMP =A

MX={YB-YA)*({ZA-ZC)-{YA-YC)I*{ZIB—-ZA)

MNY={Z2B—ZA)®{ XA-XC)}—-{ZA-2CH*({ XB~XA)
MZ=({XB-XA)®*(YA-YC)-(XA-XC)*({YB-YA)
RTI=MXEMX+MYEMY+MZ M2

IF (RT.EQ.0.) RT=1.

RS=SQRT(RT)

MXYZ=RS

DELSQ=IXB-XC)¥*2+(YB~YC)**24+(ZB~1C) **2

WORK3= (4. ¥(LTMP(LI*LTMP(2) ) *%2-(LTMP{L)*224LTMP{2) %$%2-DELSQ) **
12)

IF (WORK3.LE.O) WORK3=5.4E~70
RT=DEL SQ/WORK3
R3=SQRT (RT)
RSCRP=2.*LTMP(1)*LTMP(2)*RS
IF {I1.EQ.NWSTRE) GO TO 306
RT=RSCRP*#2—-LTMP( 1) **2
JK=JK+1
IF (RT.LT.0.) RT=0.
RS=SQRT{RT)
COMPUTE FSMAL DEPENDING ON L{1)}%%2 ,GE.DELSQIL(2)*%2,
IF (LTMPL{1)**2-DELSQ-LTMP(2)#*%2.6T.0) GO TO 294
FSMAL={RSCRP-RS}/LTMP(1)
GO TO 296
FSMAL={RSCRP+RS)/LTMP( 1)
RT=4.%F SMAL*RSCRP/ATMP .
COMPUTE TRAILED (JK=1,2) CONTRIBUTION TO

SELF-INDUCED VELOCITY.
GO TO (300+316) 44K
1F (RT.EQ.0.) GO TO 307
FSCRP=GAMMA(I+JSIG)*(ALOG(RT )+.25)
GO TO 308
IX=11-1
FSCRP=0.
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308

316

322

LTNP(3)=LTMP(1)

LTMP{1)=LTMP(2)

LTNP(2)=LTMP(3)

GG TO 289

IF (RT.EQ.0.) GO TO 322

FSCRP={ FSCRP+GAMMA(IXsJSIG)*(ALOGI{RT)+.25))/(2.*RSCRP*MXYZ)
DEFINE TRAILED VORTEX SELF-INDUCED VELOCITY COMPONENT.

QSX=MX*FSCRP '

QSY=MY*FSCRP

QSZ=MZ*FSCRP

RETURN

END



SUBROUTINE STEPX -
INTEGER CUT»WKPT,CNTR
INTEGER T45,44NW

REAL MXYZ MU MUALT sMUSPK¢MUCAT s MUSAT s MUDP ¢MUSDP » LLNTH,LNTH,LOADN,

1LTMPyLSQsMX g MY g MZ yMUCDP y MUSDSs MUCDS s 109 MB oL X KXX

O IMENSION
DIMENSIGN
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
CIMENSICN
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSICN
DIMENSION
DIMENSICN
DIMENSION
ODIMENSION
CIMENSION
DIMENSION
CIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSICON
DIMENSICN
DIMENSION
CIMENSICN
DIMENSION
CIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSIOCN
DIMENSION
DIMENSION
DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSICON
OIMENSICON
DIMENSION

AL05.20)
ALFAL(02)
ALFA2(02)
ALFAS(02)
ALFAT(02)
ALPHAG(02)
ALPHAR(02)
AGL02)
AR(02)

AT (5)
ATMP{ 5)
B(005,16)
BETA(03,2)
BT{(5)
BTMP(5)
C(09)
CCLA(02)
CHORD(02)
DELTA{02)
DI(90)
DIR(2Y)
DLNTH(016)
DNTH(005,016)
DSQ(016)
DTMP(016)
GAMMA(05,016)
GAMMAG(144)
GAMMK (1,016)
INDXG(16)
10(02)
KXX(02)
LLNTH(020)
LNTH(05,20)
LOADN(020)
LSQ(020)
LTMP(020)
LX(02)
MB{02)
MUCDP{02}
MUCDS(2)
MUSDP (02}
MUSDS (2)
NPSI(2)
PSI(2)
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DIMENSION
DIMENSICN
DIMENSIGN
CIMENSION
DIMENSICN
CIMENSION
DIMENSION
DIMENSION
CIMENSION
DIMENSICN
DIMENSION
CIMENSION
DIMENSION
DIMENSICN
DIMENSICN
DIMENSION
DIMENSICN
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSICON
DIMENSIGN
DIMENSION
DIMENSICN
DIMENSION
CIMENSION
CIMENSIGN
DIMENSION
DIMENSION
DIMENSION
DIMENSICGN

COMMON /BETAL1/BETA MBETR yNBETC+PI yD+sUsF+AS,ALPHALl,ALPHAZ2,RO

PSIR(02)
R{5)
RBAR{016)
RCAP{02+5)
RSMLLLOZ2,20)
RZERD{2)
SGMAL1{0164016)
SGMA2(05,16)
SIGBL{144)
SIGMX(04)
SIGMY{04)
SIGMZ(04)
T(03,03)
TCOR{03,03)
THTAX{02)
THTAY102)
TR(09}
vI{0l,01)
VX{05,20)
VY(05,20)
VZ(05.20)
WKX{01,01)
WKY{(01,01)
WKZ(01,01)
X{05,20)
XROT(02)
XSIMQ(016,016)
Xx{02)
Y(05,20)
YROT{02)
2105,20)
ZAP{16)
ZROT{(02)

COMMON
COMMON

/BETA3/0M,0MSQy A0y ARy Ve RHGyMU
/TEST33/7 NIB NROT o NWsNBRV1 3XeYeZsAyBeDNTHLNTHyNAR¢NPER,

LISIGT oNWMKy JgNWML o NIBV4VXyVYVZyNIBRY

COMMON
COMMON

/TESTS55/ JLsJSIGeNTVyNTVLsMyDPST+CHORDeRSMLL ¢ RCAPyGAMMA,QSZ
/WAKEL1/ VOOMR yNUWKPT o VI ¢ WKX 9y WKY ¢WKZ,C0SB3,SINB3,NASL,

INIBNASNWKLST yNWKRWy NWKCL yNLPLoNLP2,NLP3yNLP4,TWOPI

CGMMCN
COMMON
COMMGN
CGMMON
COMMON
COMNCN
COMMON
CCMMON

/CONT/ NAsNRsNANRyJA9JJIsNNsNsSTIGN TI4NGJIR

/SUBIE/ NAS

/WK1C/ PSIsCCLALDIR

/WK1A/ PSIRyDPSIKePSIKeDELTAsRREF¢MUCDS s MUSDS »THTAX, THTAY
/WKCONT/ NWKPD

/STEPXA/ WKPT WWy IOUT 4NOTTP1,KAT,NBC

/MODCNT/ NTVMyNWSTRE ¢ NWR s NANRMoNIBRVYM,NIBM

/MODWK1/ GAMMAM(54416)sRM{1),AMI05,16) VXM{54,16),



QOOO

Cc
c
C

416

418

419
%20

LVYM{54,516) s VIMUS54916) ¢ XM(54416) ¢YM(54,416) 4ZM{54,16)
CCMMON /MODWK3/ AFM{4,10)BFM(4,54)

COMMON /0UTDI/ NNTV.NEXPWKNSIGRHW,NMODRyNMODC
COMMON /0UTDII/ NWKCLM

COMMON /CONVGC/ GAMMAG

COMMON /WK2C/ SIGBL

COMMON /MK4A/ VXX

COMPUTE NEW VORTEX ELEMENT END POINT LOCATIONS

IF {NK.LT.NANRM) NW=NW+l

IF (NWSTRE.LT.NWR) NWSTRE=NKWSTRE+1
NWSTML=NWSTRE-1

NWM1=NnW—-1

KV M2=NMODC

£0 420 M=l,NROTY

MUCAT=MUCDS{M)

MUSAT=MUSDS (M)

DO 420 I=1,NWM1

K=NHW-1

L=NW—-1+1

J={M-1)%NIBV

DO 418 JJ=1.NIBV

J=J+1

X{L o d)=X{KeJ)+VX{Ks JIXDPSI+MUCAT
Y{LyJ)I=Y{KeJ)+VY{KsJ)%DPSI

ZUL 9 J)=2{K2J)+VIUIKs J)*OCPSI+MUSAT
IF {1.EQ+1.0R.M.GT.1) GO TO 420
DO 419 N=1,NGJR

GAMMA(L ¢+N)=GAMMA(K,N)

CONTINUE

TRANSPORT MODIFIED WAKE

IF (NAS.LT.NANRM) GO TO 560

CALL MODCOX (NROT oNIB+NTVeNTVMy Ay AMyAFMy NEXPHK9oNNTVoNMODR ¢ NANRM,

1 NVM24NAS)

CALL MCDCOR (NROTyNIByNTVyNTVMyVXe VY4 VZyVXMyVYMyVIMyAFM,

2 NWKRWoNWKCLMoNMODR yNANRMyNVM2)
DO 550 M=1,NROT
MUCAT=MUCDS( M)
MUSAT=MUSDS{M)
NWSTMF=NWSTRE-NANRM
DO 550 I=1,NWSTMF
K=NWSTRE-I
L=K+1
J=(M-1)*NIBM
DO 510 JJ=1,NIBM
J=J+1
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XML J)=XMIKoJ)+VXMIK,J) *DPSI+NUCAT
YM{L2J)=YM{KsJ)+VYM(KsJ)*DPS1
510 ZMIL s J)=ZMIKeJ)+VIM{K, J)*DPSI+MUSAT
IF (1.EQ.1.0R.M.GT.1) GO TO 550
DO 520 N=1,NIBRVM
520 GAMMAM{L yN)=GAMMAM{K,N)
550 CONTINUE
CALL GMS (NANRM,NROT,NIB, NTVMoBFHgGAHHA-GAMNAM,NTVl'NEXPHK'
1 NSIGRW,NMODR,NMODC)
560 DO 441 M=1,NROT
441 PST(M)=PSI(M)+DPSI*DIR (M)
NAS=NAS ¢+1
IF (NAS.GE.NANRM)
1CALL MODCORINROT sNIBINTV NTVMyXsY9Z ¢ XMeYMsZM,AFMyNEXPHKNNTV,
1 NMODRyNANRMy,NVM2)
IF (NAS.EQ.NANRM+1)
1CALL MODCOR(NRODToNIByNTV NTVMyX9YsZ s XMyaYMZMAFM, NEXPWK ,NNTV
1 NMODRyNANRM-1,.NVMZ)
WRITE {6+3) NAS,NW,NWSTRE
3 FCGRMAT {30HOTHE NUMBER OF WAKE POSITIONS ,315)
IF (NAS.GE.WW) NWKPD=4
IF {(NWKPD.EQ.4) NPER=4
II=0

902 FORMAT (213/(8F10.7))

OUTPUT BRANCH CONTRCL

START NEW COMPUTATION WITH NO OUTPUT IF NBC.EQ.L

GO TO (440+4425444), NBC
442 WRITE (NOTTPL) XY oZsGAMMA,VI14SIGBLGAMMAG,PST, I1sNAS o NWyNWML1,
1 NPERNASL1yNWKPDsULNTHsDNTH A yB o VXoVY s VZ VXX,
2 VXFaVYMVIMpXMeYMyZMy GAMMAM,RM, AM,NWSTRE
REWIND NOTTP1
IF {KAT.EQ.l) STOP
IF (NAS.GE.WW+NIBNA) STOP
RETURN
444 WRITE{TIOUT2902) NWoNIBRVyUUIX{T19Jd) s Y(I93)43Z(19d)eI=1lyNH)ed=1,
INIBRV),PSI
WRITE{IOUT ¢902) NWsNGJRy {1 {GAMMA{I9J) sI=14NW)yJ=1yNGJR)
440 RETURN
END



SUBROUTINE GMS (I oNROTNIByNTVM,BFM,GAMMAGAMMAM yNTVML 4NANR¢NGJR,
1 NMODR,NMODC) '
DIMENSION BFM{4,4)

DIMENSION GAMMA{5,416)

DIMENSICN GAMMAM(NMODR ,NMODC )

IM2=1-1 '

IM1=1

DO 10 M=1,NROT

MM1=M-~1

NIBMM1=NIB*MMl

DO 10 K=1,NIB

KM1=K-1

KNIBM=KML+NIBMM1

NTVMK=NTVM*KNIBM

NTVK=NTVMLE*KNIBM

DO 10 LM=1,NTVM

JM=LM+NTVMK

CAMMAM(IM],JM)=0.

D0 10 L=1,NTVM1

J=L+NTVK

GAMMAM( IML g JM)=—BFM{LM,L)®GAMMALIM2,J)
1 +GAMMAM(IML JJM)

10 CONTINUE
RETURN
END
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-SUBROUTINE MODCOR {NROT yNIBoNTV NTVM X oY o Z s XMe¥YMyZM, AFMy NANVoNBNT,

1NWWM,y 1 NVM2)

DIMENSICN AFM{4,10)
DIMENSION X{NANV,NBNT)
DIMENSICN XM{NWM,NVM2)
DIMENSIGN Y{NANV,NBNT)
CIMENSION YM(NWM,NVM2)
DIMENSICN Z(NANV,NBNT)
DIMENSIGN ZM(NWM,NVYM2)

MODIFIED WAKE ELEMENT END POINT POSITIONS OR VELOCITIES

D0 10 M=1,NROT

DO 10 K=1eNIB '

DO 10 LM=1,NTVM

JM=L MENTVME(K-1¢NIB*(M~-1))
XM{]1,JM)=0.

YM{1,JM)=0.

IM{I4JdM}=0.

DO 10 L=1.NTV
JELENTY*{K-1+NIB*{M-1})
N=L+NTV*{M-1)

XMUL 9 JM)=AFMILMINI*X{L I+ XM(],JM)
YMUIyJMI=AFMILMyNIRY(I,J)eYMLII,IM)
IMUT 9 JMI=AFMILMoNI*Z(T 9 J)+ZM{I,IM)
CONTINUE

RETURN

END



SUBROUTINE MODCOX (NROToNIBosNTV o NTVMeXeXMaAFMoNANY oNBNT oNWM, 1,
1 NVMZ2,NAS) ;

DIMENSICN AFM(4,10)

DIMENSION X{NANV,NBNT)

CIMENSION XMUNANV,NVM2)

MODIFIED WAKE ELEMENT END POINT POSITICNS OR VELOCITIES

OOn

DO 20 M=1.NROT
BO 20 K=1,NiB
DO 20 LM=1,NTVM
JM=LM+NTYM* (K-1+NIB*(M-1))
IF (NAS.EQ.I.AND.LM.LT.NTVM) GO TO 15
IF (LM.LT.NTVM) 60 TO 20
XM{1,JM)=0.
GO0 70 16

15 READ (54100} XM{I,JM)}

100 FORMAT (29Xe¢El4.7)
GO 10 20

16 DO 10 L=1,NTV
J=LENTV*{K-1+NIB*(M-1))
N=L+NTV#{M-1)
XML 9 JM)=AFMILMaNI®EX{1-19Jd)+XM(TeJdM)

10 CONTINUE ‘

20 CONTINUE
WRITE(6+1002) NASe{XM(I4J)¢J=1,8)

1002 FORMAT (7HOMODCOX99(1X3Gll.4))

RETURN
END
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Machine Capability

The Wake Geometry Program has been run on the
University of Rochester's IBM 360/65 under MVT Release
18, General Computer Corporation's CDC 6600 under Scope
3.2, and NASA-Langley's CDC 6600 under Scope 3.2. The
program is standard FORTRAN IV and is also WATFIV
compatible.



Recommended CDC 6600 Overlay Statements:
Mainline:
OVERLAY (WKOVL, 0,0) _
PROGRAM GEOM(INPUT, OUTPUT, BDSIG, BDGAM, TAPES=INPUT,
TAPE6=QUTPUT, TAPE4=BDSIG, TAPE8=BDGAM)
Subroutine WKl:

" CALL OVERLAY (5LWKOVL, 3,0,6HRECALL) replaces CALL WK2
CALL OVERLAY (5LWKOVL,4,0,6HRECALL) replaces CALL CONVG
CALL OVERLAY (5LWKOVL,5,0,6HRECALL) replaces CALL AL1BD2
CALL OVERLAY (5LWKOVL,6,0,6HRECALL) replaces CALL APXLD
CALL OVERLAY (5LWKOVL,7,0,6HRECALL) replaces CALL WK3
CALIL OVERLAY (5LWROVL, 8,0, 6HRECALL) replaces CALL STEPX

Subroutine WK2:

OVERLAY (WKOVL, 3,0)
PROGRAM WK2

Subroutine CONVG:

OVERLAY (WKOVL, 4,0)
PROGRAM CONVG

Subroutine ALIBD2:

OVERLAY (WKOVL,5,0)
PROGRAM AL1BD2

Subroutine APXLD:

OVERALY (WKOVL,6,0)
PROGRAM .APXLD

Subroutine WK3:

OVERLAY (WKOVL,7,0)
PROGRAM WK3

Subroutine STEPX:

OVERLAY (WKOVL, 10,0)
PROGRAM STEPX
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MAIN PROGRAM BLD3¢4

DIMENSIGN
CIMENSION
DIMENSION
DIMENSION
CIMENSION
DIMENSION
DIMENSION
DIMENSIGON
CIMENSION
CIMENSION
DIMENSICN
DIMENSICN
DIMENSIGN
DIMENSION
DIMENSION
DIMENSION
CIMENSION
DIMENSION
DIMENSICN
DIMENSION

VX{20+19) ¢WX(20,19)

CSIX{114)CSIA(114),CSIB{114)

DUMBD4(2122) ,00MBD4(2122)

SIGKJA(6,6)

SIGKJBL6,6)

SINEBJ(20)

SINEJ(18)

SAVE{144) +WBR(08,18),EL{08,18)

HDOT(08+18) ¢ PHI{08+18)THET(068,18) .

ELNTA{20) »yELNTB(20),EMAA{20),EMAB{20) +EIXA(20),EIXBI20)
E1ZA{20),EIZB(20)

RBL(08) yRBLA(4),RBLB(4)
XINA{20),XINBL{20)+DPHA(20),0PHBI20) sEIYAL(20),EIYB(20)
UNKWN(144)9SV3(144)

EPA(20) ,EPB(2C)DLA(20),0LB{20),ZAA({20),2AB(20)
WDOT(4418) yWPHI(4+18) 4 WTHET{4,18)

FORCX(08418) FORCZ{08,18) EMOME(08,18),YINA(20),YINB(20)
WFX{4,18) yWFZ{4,18)sWEMC(4,18),BD1{(15),8BD2(15)
BI(OB),BET(08)

VDOT(20+19) »XD0OT{20,19)PHIDT{20,19),51IDT{20,19)},

1 C5IDT{C6,419)

CIMENSICN

1 ASIA(2046),
2 AMYA(2046)4AVZA(20,6)+CSIDTALL1,18)

DIMENSICN

OMEGA(06)+SICA(O6)9AVAL20+6)+ANA(20,+6) ¢ APHIAL20,461),
ATHEA {20+6)+ATAL120+6) sAMZA(20+6) 4AVYA{20,61),

OMEGB(06) ySIGB(06) sAVBL20+46) +ANB(2046) 4 APHIB(20,6),

1 ASIB{20+6) ,ATHEB(20+6),ATB(20+6),AMZB(20,6)+AVYB(20,6),
2 AMYB(20+6)+AVZB(204+6)CSIDTE{1,+18)

DIMENSION

DUMSDA(1634) ,0UMSDB(1634%)

EQUIVALENCE (BD1{1),2Y),(BD1{(2),THETA), (BD1(3),XRO0OA),(BD1(4)},AKA)
1,(BD1{5)+ACA},{BO1{6),BCA) ,(BDL{T),ISECA),(BDL1(8),NRPTA),

2 (BD1(9),CTA),(BDL1(10),ALPTA)»(BD1(11),EMTA),{BD1{12),AKIA),
3 (BD1(13),0MSQA)+(BDL{14)4+RA)

EQUIVALENCE (BB2{1),2Q2,(BD2(2),THETB),{(BD2(3),XR00B),
1(BD2(4) +AKB) »(BD2(5) 4ACB) , (BD2{6),8CB) (BD2{T ), ISECB),
2(BD2{8)+NRPTB)+(BD2(9) CTB)(802{10) 4ALPTB) ,(BD2(11) 4EMTB),
3 (BD2(12),AKIB),(BD2(13),0M5QB),(BD2(141},+RB)

EQUIVALENCE (DUMBD4{1)+ELNTA{1)),(DUMBD4{21),EMAALL}) {DUMBD4(4L),
1EIXA(1)),{DUMBD4(61),RBLA(L1) ), {DUMBD4(T0),XINA{L}),(DUMBD4{90),DPH
2A(1))+(0DUMBD4{110),EIYA{1))»(DUMBD4(130),EPA{L1)),{DUMBD4{150),0DLA{
31)),(C0UMBD4(170),2AA(1)),{DUMBD4{190),YINA(1))},{DUMBD4(210),0MEGA(
41)) +{0UMBD4(69) yPSIRA) ,

4 {DUMBD4(230)+SIGA(1)),{DUMBD4L250) 4AVAL1)),{DUMBD4(430),ANWA(1))
L '

5(DUMBDB4(610) yAPHIA(1)) +(DUMBD4(790),ASTIA{(1)), (DUMBD4{ 970),ATHEA{1
6)),(DUMBD4{1150),ATA(L1)) ,{DUMBD4(1330),AMZA{1)),{DUMBD4{1510),AVYA
T(13),(DUMBD4(16S0), AMYA(1)), (DUMBD4{1870),AVZA(1)),1DUMBD4(2050),8B



8D1(1) ), (DUMBD4(2065) :RWKA) o { DUMBD4{2066) yCSALA) y (DUMBD4(2067) yNMA)
8»

9{DUMBD4(2068)+CSIDTALL,1)) -

2384

EQUIVALENCE {DUMBD4{2086),sSIGKJA(L,1)),({DUMBD4(2122),DAMPCA)

EQUIVALENCE (DOMBD41(1).,ELNTB{(1)),{DOMBD4(21),EMAB(1)]},(DOMBD4(4]),
LEIXB(1)).,(DOMBD4(61.),RBLB{1) ), (DOMBD4(T0)XINB{(1)),(DOMBD4{90),DPH
2B{1)),(00MBD4(110),ELIYB(1)),{DOMBD4(130),EPB{1)),{(DOMBD4(150},DLB{
31)),(LOMBD4{170)sZAB{1)),{DOMBD41190),YINBI(1)),{DOMBD4(210) ,0OMEGB{ .
41))+(COMBD4(69),PSIRB) »

4 (DOMBD4(230) +SIGB(1))»(DOMBD4(250) 4AVB(1)) 4 {DOMBD4(430), AWB(1))
Se

S5{DOMBD4(610) y APHIB(1)) »(DOMBD4 (790),ASIB(1)), (DOMBD4( 9T70),ATHEBI( 1
61),(DOMBD4(1150) ,ATB(1)) ,{DOMBD4(1330) ,AMZB{1)) ,(DOMBD4(1510),AVYB
7{(1)),(D0MBD4 (1690), AMYB{(1) ), (DOMBD4{1870),AVZB(1)),({D0OMBD4({2050),8
8D2(1)),{DOMBD4(2065) yRUKB) { DOMBD412066) CSALB) » {DOMBD& (2067 )y NMB )
8y

S{DCMBD412068),CSIDTB(1,1))

_EQUIVALENCE (DOMBD4 (2086),SIGKJB(141)),{DOMBD4(2122) ,DAMPCB}

EQUIVALENCE (DUMSDA(L),vDOT(1l,1))

COMMON/ SAD3/CSIX

COMMON /PUNCH/ NPCH

COMMON /CIR/PI»TWOPI,LDIS

COMMON /A1/ NBLsNBsNR¢NW NCVINR2,MAXMO,NITLsNIT2,NIT3

1 +CPOMG,IT3

COMMON /IO/ZIN,NOUT(IT7,IT8

COMMON /B3/ DSI«IJsKTEST,AMSNA9AMSNB,EMTAL,EMTBLl,ALLL+ALL2,ROAIR,
L RAL,RBL1,ERRSV

COMMON /SHEAR1/ NASHER

COMMON/BLD4X1/0DUMBD4

COMMON /BLD4X2/ WOOT yWPHI+WTHET ¢WFX o WFZoWEMO4NMAS ¢NMODE, NAPSON,
1 NR1l1

COMMCN /BLD4X3/ AMUsNA,sNR1L

COMMON /BLD3X1/ ALPT1,ALPT2 yCT1,CT2 yNRNTNA,NRNT sUNKWN,SV3sRBLy
1L FORCZ,EMUME HDOT+PHI» THET»BI +BETySAVE WBRLEL,FORCX

COMMGN /SAD2/ VDOT.XDOT,PHIDY.SIDT,CSIDT

COMMON /GARY2/ XINPT,FINPT

COMMON /SGSLS/ SIGLM,WBRLM

COMMGCN /SAD6/ VXaHWX

COMPMGN/ PRNT/NPRNT

ISW=2

ISH=1
00 2384 1=1,2095
DUMBD4({11=0.
00MBO4(1)=0-
DO 2344 I=l,11l4
CSIA(I)=0.
CSIB(I)=0.
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2344 CSIX{1)=0.
DO 2389 1I=1,1634
bDuMSDB(1)=0.
2389 DUMSDA(1)=0.
IN=5
NOUT=6
1T7=8
ITe=7
READ{ IN,899)
READ(IN,s300) NBLsNBsNRyNAyNWoNMA,NMB,KTEST4NCV,NROT
READ(IN2300) NIT1sNIT24NIT34MAXMO
READ (INy900) NPCH¢NPRNT
REAC(IN,901)AMU,ALLL,ALL2,ATIME
REAG{IN,901) CPOMG,ROAIR
READ (IN,901) XINPT,FINPT
REACUIN+901) SIGLM,WBRLM
NR1=NR/2
IF {(NBL.EQ.1) NRI=NR
NR2=NRL1+1
NRNT=NR
NAPSON=NA+1
NR11=NR1+1
NRNTNA=NRNT#NA
NACVTC=NA/2¢1
NROT=NBL
NMAS=NMA
NMODE=MAXMOD
NASHER=NAOVTQ
NC=NR

WRITEINOUT,899)

WRITE{NOUT,9212)

WRITE{NDUT+920) NBL+NB, NR ¢NAs NWyCPCMGyROAIR, AMU
WRITE(NOUT,924)ALLL,ALLZ

IF (FINPT LT eeDeO0RFINPTLGTL1l.0) FINPT=,5

WRITE(NOUT9216) SIGLM,WBRLM

9216 FORMAT{39X,31HLIMIT ON OFF-DIAGOUNAL SIGMAS = yFTe49/»

1 35X¢s35HLIMIT CN WAKE~-INDUCED VELOCITIES = 3FT.44//)
WRITE{NOLT,9211)

PI=3.1415926
THWCPI=2.*P1
DSI=TWOPI/NA
NRP1=NR +1
NAPLl=NA+1
NWPLl=NW+1
IJ=NA*NR
IT3=1
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73217

OOOOO

€C1329
7326

I1=1
I2=NR1

CALL INPUT{(BI,BET+ISECAsNRPTAJELNTALEIXASsEIYA,XINA,YINA,
1 EMAADPHA+EPADLAsZAAJALPTACTA,EMTA,CMSQAAKIA,THETA, XROOA,
2 AKA,RAZACA,BCA,ATA,AMZAAVYA,AMYA,AVZA,AVAARA,APHT A,
3 ASIA,ATHEA,SIGA,OMEGA)RBLIEIZARWKA, 114 1{2,NMA,PSIRA,DIRA,
1 NAJNRLyNRNT,NMAS,NMODE+NC ¢+DAMPCA,SIGKJA)

DO 71326 1=1,NMAS
O 7327 K=1,3
APHIA(I,K)=0.
AVA(1+4)=0.

LCO 7329 K=5,6
APHIA(1,K)}=0.
CONTINUE

CALL OUTPUT(THETAXROOA AKA2¢ACA(BCAJRACTAy ALPTALEMTAAKIA,

1 OMSQA,BIBET,ELNTASEMAALEIXA,EIZA,XINA,YINA,DPHA,EPA,DLA,

2 ZAA,OMEGA»SIGA,AVA,AWA, APHIA,ASTA,ATHEA,ATA,AMIA\AVYA;AMYA,AVZA,
3 RBLyEIYAJRWKASTI1912+NMASPSIRACIRA,NRLyNMAS,NMODE.NC,DAMPCA,

4 SIGKJA)

IF(NBL—2)921449213,9213
WRITE(NOUT.9215)

I1=NR2

I12=NR

CALL INPUT(BI+BET,ISECByNRPTBJELNTB,EIXB,EIYB,XINB,YINB,

1 EMAB,DPHB,EPB,DLB,ZAB,ALPTB,CTB,EMTB,OMSQB +AKIB, THETB, XRO0B,

2 AKBsRB.ACB,BCBsATB,AMZB,AVYB, AMYB,AVZByAVE,AWB, APHIB,ASIB,ATHEB
3 +SIGByOMEGB ¢RBLIEIZByRWKB9I1le12,NMB,PSIRB,DIRB,

1 NAsSNR1,NRNT yNMAS s NMODE,NC,DAMPCB,SI6KJIB)

DO 7330 I=1,NMAS
DO 7331 K=1,3
APHIBILI+K)=0.
AVB{1+44)=0.

DO 7333 K=5,6
APHIBI1+K)=0.
CONTINUE

CALL OUTPUTITHETB +XR0O0OB AKB9ACB,BCB4RB,CTB,ALPTB,EMTB,AKIB,

1 OMSQB+Bl +BETsELNTBEMAB,EIXB,EIZBy XINB,YINB,DPHB,EPB,DLB,

2 ZAB4OMEGB,SIGB,AVBsAWB,APHIB,ASIB,ATHEB,ATB,AMZB,AVYB,AMYB,AVZIB,
3 RBLsEIYByRWKB;I19I2sNMB,PSIRB,DIRByNRL;NMAS,NMODE ¢NC,DAMPCB,

4 SIGKJB)
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c
9214
c

38
c
c
c

40
2001
c
c

50
o

144

55

59
c
143
c
c

100

c
c

94

RECALCULATE SOME INPUT VALUES

CONTINUE

CNVRT=P1/180.0

CALL CONVI(CNVRT THETA,ACAyBCA,ALPTAOPHA4NMA,NMAS )
WBARA=WBARI{AMU, ALPTA,CTA)

AMSNA=AMU*SIN(ALPTA)

CSALA=COS{ALPTA)

AMCSA=AMU*CSALA

AMSNB=0.

IFf (NBL.NE.2) GO TO 38

CALL CONV(CNVRT,THETB,ACB,BCB,ALPTB,DPHB,NMB,NMAS)

WBARB=WBAR{AMU,ALPTB,CT8B)
AMSNB=AMU*SIN(ALPTB)
CSALB=COS(ALPTS)
AMCSB=AMU*CSALB
IX1=NR¥*NBL

COMPUTE DISTANCES L SUB 1 J ACCORDING TOU FORMULA PAGE I11-3
CSI=-LSI*DIRA+PSIRA

DO 40 J=1sNA

CSI=CSI+DSI*DIRA+PSIRA

SINEJUJ)=SINICS T

CONTINUE

RBL{I) IS PETERS RBAR SUB T AND RWK(M,1) IS PETERS R SUB M

BO 50 I=14NR1

BET{I)=BET(I)}*CNVRT

CO 50 J=1,NA
EL(IsJ)=DSI*(RBL{I}+AMCSA*SINEJ(J)*DIRA)

IF{NBL-1) 1434143,144

CSI=-DSI*DIRB+PSIRB

DO 55 J=1.NA

CSI=CSI+DSI*DIRB

SINEBJ(JI=SINI(CSI)

DO 59 I[=NR2,NR

BETL{I)=BET{I)*CNVRT

£0 59 J=1sNA
EL{I+J)=DSI*{RBL{IL)+AMCSB*SINEBJ{JI*DIRB)

CONTINUE

INITIALIZE COLUMN VECTOR OF UNKNOWNS FOR OVERALL ITERATION
DO 100 J=1,1J

SAVE{ J)=0.

ENTER OVERALL ITERATIVE SCHEME



gy

2 X2 X3

84

8

20
200

21

22

85

200

2000

CALL AERODYNAMIC PORTICN (BLD III)
KTEST = O BYPASSES READ OF SIGMA AND MU

NNR1=NR1

CALL START (WBARAAMUsALPTA+BCAJACA,AKIA,THETA,DSI,CSIA,
1 BI,BET+RBLyOMSQAs1o,NNR1sAVAINMA,1) ,CSIDTA,RA,PSIRA,DIRA,
1 HECT 4PHI o THET ¢ NAJNRNT) ' )

EMTAI=EMTA

RAL=RA

IF CNLY CNE ROTOR IS USED 60 TO 83

IF(NBL~1)83,83,84

KNR=NR

NNR2=NR2

CALL START {(WBARBAMU,ALPTB+BCBsACBs AKIB, THETB,DSI,CS1B,

1 BI+BET+RBL,OMSQBsNNR2yNNR,AVB(NMB,11},,CSIDTBsRB,PSIRB,DIRB,
1 HDOT yPHI»THET»NAyNRNT)

EMTB1=EMTB

RB1=RB

CT2=C1B

ALPT2=ALPTB

3 CONTINUE

ZY=RA

ZQ=RA

WRITE(6,20)

FORMAT 6HOHDOT ,//)

WRITE{64200)({HDOT (19J)9d=14NA),I=14NR)
FORMAT(LO0(1XsEL2.5)4/)
WRITE(6,21)

FORMATI 6HOPHT /7))
WRITE(69200) ((PHI (I4J)sJ=14NA),JI=1,NR]

HRITE(64+22)

FORMAT( 6HOTHET ,//)
WRITE(69200) {(THET (I+J) ¢J=1¢NA) 4I=14NR)

CONTINUE

CT1=CTA

ALPT1=ALPTA

GO TG (2004,2000),1ISW

4 CALL BLD3

GO 10 2003

CONTINUE

ISw=1

READ{2)HDOT
READC{21)PHI

READ(2) THET
READ{2)FORCZ
READ({2)FORCX

READ{ 2)EMOME
READI(2)SAVE
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REAC(2)EL
READ(2)RBL
READ(2)8BI
READ{2)BET
REAC(2)IT3
READ(2)5V3
READ(2)ERRSY
READ (2 )UNKWN
2003 CONTINUE
WRITE (6,79941)
7994 FORMAT (6HOFORCZ//)
WRITE (65200) ({FORCZ(IyJ) ¢J=15NA) sI=1,NR)
WRITE (6,7995)
7995 FORMAT (6HOFORCX//)
WRITE (65200) ((FORCX{EsJ) sJ=1yNA)sI=1,NR)
. WRITE (6,7996) |
7996 FORMAT (6HOEMOME//)
WRITE 16,200) {((EMOME{1,J),J=14NA)sI=1,NR}
c
C ASSIGN CORRECT FORCES FOR INPUT TG BLD4
c
DO 93 I=1,NR1
DO 93 J=1,NA
WEX{1,J)=FORCX(14J)
WFZ(1,J)=FORCZ(1,J)
WEMO{ I, J) =EMOME (1 4J)
93 CONTINUE
DO 931 I=1,NRL
931  RBLALI)=RBL{I)
c
C ENTER BLD4 WITH PARAMETERS FOR FIRST ROTOR
DO 2345 I=1,114
2345 CSIX(I)=CSIA(])
c
CALL BLD4
c
C ASSIGN CALCULATED VALUES FROM BLD4 TO CCRRECT ARRAYS
00 2346 I=1,114
2346 CSIALI)=CSIX(I)
DO 94 I=1,NR1
DO 94 J=1,NA
HDOT {1+ J)=WDOT( 15 J)
PHI(I ,J)=WPHI(I,J)
THET{I,J)=WTHET(1,J)
94  CONTINUE
C IF ONLY ONE ROTOR IS USED GO TC 85
IF {NBL-1) 9411,9411,86€
c
C ASSIGN CORRECT FORCES FOR INPUT TO BLD4
86 DO 95 1=NR2,NR
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0O 95 J=1,NA
L=1-NR1
WFX(L 2 JI=FORCX(14J)
WFZ{LJ)=FORCZ(1,J)
WEMO(Ly J)I=EMGME(1,J)
95 CONTINUE
DO 951 I=NR2,NR
L=1-NR1
951 RBLB{L)=RBLII)
C .
C ENTER BLD4 WITH PARAMETERS FOR SECCND ROTGR
00 2347 I=1,114
2347 CSIX(I)=CSIB(I)
DO 2387 I=1,1634%
TEMPX=DUMSDA(I)
DUMSDA{ I )=DUMSDBI(I)
2387 DUMSDB(I)=TEMPX
DO 2386 1=1,2095
TEMPX=DUMBD4 (1)
DUMBD4( I )=D0OMBD4( 1)
2386 DOMBD4 (1)=TEMPX
CALL BLD4%
C
C ASSIGN CALCULATED VALUES FRCOM BLD4 TO CORRECT ARRAYS
DO 2385 1=1,2095
TEMPX=DOMBD4(1)
DOMBD4 (I )=DUMBD4 (1)
2385 DUMBD4(I)=TEMPX
00 2388 I=1,1634
TEMPX=DUMSDA{I)
CUMSDA{ I )=DUMSDB( 1)
2388 DUMSDBILI)=TEMPX
DC 2348 I=1,114
2348 CSIB{I)=CSIX(I)
11=0
DO S41 1=NR2.NR
I1=11+1
D0 941 J=1,NA
HDOT(I,J)=WDOT(I1,J)
PHI(I,0)=WPHI(I1,J)
THET(I 3 J)=WTHET(IlydJ)
941 CONTINUE
9411 CONTINUE
IF (IT3.EQ.1000) STQP
GO TO 85
899 FCRMAT(80H
1 )
900 FORMAT (1615)
901 FORMAT (8F10.0)

9212 FORMATI(3(/),48Xs37THDYNAMIC RESPOANSE OF HELICCPTER BLADES,5(/))
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920 FORMAT{1H +51X.18HNUMBER OF ROTORS= ,I3,/,
52Xy 18HNUMBER OF BLADES= 913,/
40X +30HNUMBER OF RACIAL LCAD POINTS= 403479
39Xy 31HNUMBER OF AZIMUTHAL PUSITIONS= 5134/,
4TXy 23HNUMBER OF WAKE POINTS= 4134/,
41X928H ROTATIONAL SPEED CAP OMEGA= ,F9.498H RAD/SEC /7,
53X9 1THAIR DENSITY RHO= ¢F8.5¢/»
52X+ 18HADVANCE RATIC MU= ,F17.3)
924 FORMAT(22Xs3THCONVERGEACE ON TWO INNER ITERATIONS =E8.1/
1 37Xy32HCONVERGENCE ON OUTER ITERATION =EB8.1,21(/))
9211 FORMAT({1HO»48X¢29HBLADE PROPERTIES- FIRST BLADE, 3(/))
9215 FORMAT(1HO,48Xs30HBLADE PRUPERTIES— SECOND BLADE.3(/))
END

O O W
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|

(2X2X2X2X2)

10

15

16
21

SUBROUTINE INPUT(BI ¢BET¢ISEC/NRPTELNTHeEIXsEIYeXINRsYINRJEMAS,
1 DPHIZEPSyDLZ9ZA9ALPHT sCTEMTsOMSQeAKI »sTHETO s XROOT yAKLsR¢AC#BC,y
2 AT AMZ AVY o AMY 3 AVZ oAV AW ¢APHI s AS1¢ ATHET »S16s OMEGA,RBLEIZ,

3 RWKyI1lsI2/NMePSIRsDIRyNA9NRLoNRNT ¢NMAS yNMODE ¢NC» DAMPC,S IGKJ)

INPUT READS IN BLADE PROPERTIES

DIMENSICON RBL(8B)
DIMENSION SIGKJ(6,6)
DIMENSICN BI(8)+BET{(8) +ELNTHI20)EIX{20),E1Y(20)+XINR{20}YINR{20}
13EMAS(20) sDPHI(20) sEPS{20) 4DLZ(20),2AL20) yOMEGALG6)4EI12(20),S51IGl6) .
OIMENSION AMY(20,56) 3AV{2046) sAH{20+6) yAPHI(2046) sASI(2046) ATHET(2
L0s6) e AT(2046)4ANZ12046) e AVY{2046)4AVZ(20,6)

COMMON /CIR/PI o TWOPI (DIS

COMMON /Al/ NBLyNByNR o NWsNCVINR2,MAXMOSNITL1,NIT2,NIT3

1 »CPCMG,IT3

COMMON /I0/INsNOUT,1T7,178

REAC(IN,901) ALPHT,CT,EMT,OMSQ, AKIsRKWK

READ (IN,901) DAMPC

REAC(IN2901) THETOs XROOT sAKL yRyACBC4PSIRLDIR

REAC{IN,901) (BI(1I),I=11,12)

REACIIN,901) (BET{I),I=11,12)

DO 16 I=1,NM

READ (IN+900) ISEC,NRPT

BLADE PROPERTIES REPEATED AUTOMATICALLY IF NRPT=1

IF(NRPT) 15,10,15

READ{IN,902) ELNTHUI)sEIX{I) +EIYUIDyEIZLT)4XINR{I)HYINRI{I}, -
1 EMAS(I)OPHICI)yEPSII)DLZ(T),ZA(I)

GO TG 16

IMl1=1-1

EIX{I)=EIX(IMI1)
EIY(I)=EIY{IML)
EIZ{I)=EIZ(IM1)
YINR(I)=YINRCIML)
ELNTH(I)=ELNTH{IM1)
EMAS( [)=EMAS(IML1)
XINR(I)=XEINR(IML)
EPS(1)=EPSIIML)
DLZ(T)=DLZ( IM1)
DPHI(I)=DPHI(IML)
ZALI)=ZA(IM1)
CONTINUE _
READ({IN,901) (SIG(K) 4K=1,MAXNO)
DO 22 K=1,MAXMO
READ(5,588)OMEGA(K)
DO 22 [=1,NM
THIS READ SHOULD BE REPLACED WITH A IT8 UNFORMATED READ
REAG(59588)AVIT oK) g AW I4K) sAPHI (I 4K} sAST(IoK)oATHET{T+K),
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22

23

24

589

58

8

900
901
902

100

1 AT{I oK) 2AMZLI oK) sAVY(ToK)IoAMY (I 2K} AVZ(]I4K)
AWCI oK) =—AW( 1K)

AVY{ I 4K }=—AVY{I+K)

CCNTINUE

DO 24 K=1,MAXMO

TWK=2 .,*0OMEGA{K)
TDA=DAMPC*APHI(1,K}

00 23 J=1,MAXMO
SIGKJ(KyJ)=TDAXAPHI(1,J)
CONTINUE

TSIG=SIGI(K)
SIGIK)=TSIG+SIGKJ(K K) /THK
SIGKJ(K ¢ K)==THK*TSIG
CONTINUE

REPLACE THIS READ WITH IT7
READ{5,589) {RBLITI),I=11,12)
FGRMAT{10F8.0)
FORMAT(5(6l2.733X)y/+¢5G15.7)
RETURN

FORMAT {1615}

FORMAT (BFL0.7)
FORMAT(10E8.7)

END



OCOOOO

SUBROUTINE OUTPUTU(THETO ¢ XROOT¢AKL yAC yBCyRoCToALPHTLEMT,
1AKI,0OMSQsBI yBETyELNTHyEMAS,EIX,ETIZ s XINR,YINRDPHI,

2 EPSeDLLIZAyUOMEGAsSIG oAV AN APHI 9 AST o ATHET AT AMZ sAVY 4AMY,AVZ,
3 RBLSJEIY)RWKyI1912yNMyPSIRsDIRyNR19yNMAS sNMODE ¢NCyDAMPC,SIGKJ)

PRINTS OUT BLADE PROPERTIES

DIMENSION RBL(8B)

DIMENSION S1IGKJ(646)

DIMENSION BI{8),BET(8), ELNTH‘ZO.,EIX(ZO.'EIY(ZO),X[NR(ZO’nYINR(20,
Lo EMAS{20)+DPHI(20),EPS(20) +DLZL20)4yZA{20) sOMEGA{6),EL1Z2{20),51G(6)
DIMENSICON AMY(2046) s AV(2096) sAN{2096)9APHI(20¢6) 3AST{20,6)+ATHET(2
1056) s AT(20+6) sAMZ{20+6)3AVY{20+6)4AVZ(20,46)

COMMON /I0/7INSNOUT,IT7,1T78 .

COMMON /Al/ NBL2NBsNRgsNWoNCV NR2sMAXMOyNITLI,NIT2,NIT3

1l sCPUOMG,IT3

WRITE(NOUT,9221) THETO +XROOT yAKLsAC 4BCoRyNMPSIR,DIR

WRITE (NOUT 49303 CToALPHT (EMT,AKI OMSQyRWK¢ DAMPC
WRITEINOUT,932)(BItI),I=1I1,12)

WRITE(NOUT 9333(BET(I),1=11,12)

WRITE(NOUT,922)

WRITE(NOUT s 925) (I +ELNTEC(I) JEIX{T)SEIYLI)ZEIZ(TI) 4 XINRLII)YINR(])
1 EMAS(I ) DPHIU(I)LEPS(I);DLZ(1),ZA(1)}s]I=1eNM}

WRITE (NOUT,927)

DO 5 K=1,MAXMO

WRITE (NOUT,929) (SIGKJ(KyJ) ¢J=1,MAXMC)

CONTINUE

WRITE(NQUT,935)

DO 27 K=1,MAXMO

WRITEINOUT 4936) KyOMEGALK) sSIGIK) o{IsAVLI 4K) JAM(I K) APHI(I K},
1 AST (I oK) JATHET (I 9K) s I=1y NM)

27 CONTINUE

2711

940
9361
9351

935

925
922

WRITE{NQUT,9351)
DO 2711 K=1,MAXMO
WRITE(NOUT 39361 ) (I sAT(I4K)3AMZL(T 4K) 9AVY (1K) 4AMY(I,K),

1 AVZ(IvK)91=11NH)

CONTINUE

WRITEINOUT,»940) (RBL{T),1I=11,12)

RETURN

FORMAT (2(7)+56X,17THBLADE POINT RADIII(bEZO.S))
FORMAT{(13X,1495€20.7)

FORMATI(5(/) 913X s8H SECTIONg 10X ¢ LHT 9 19Xy 2HMZ ¢ 17Xy 3H-VY 318 X9 2HMY,

1 18Xs2HVZ)

FORMAT {1H1 59Xy 12HNORMAL MODES/13X¢THSECTION 10X91HV919Xs1HH,

118X 3HPHI 318 X9 2HSI+16Xs5HTHETA)

FORMAT (1Xy1393XsFT7e493X910E11.4)
FORMATI(3(/ ) +5TXe16HBLADE PROPERTIES//1X23H T44X6HLENGTH,6X,

1 BHEIXs8Xe3HEIY 8Xs3HEIZ 98X 92HIX 909X 22HIY 99X 9 4HMASS» TX9e 9HDELTA PHI

101



930 FORMAT{

2
3
4

92X THEPSILON,4 X y8HDELTA LZ94X92HZA/9Xy 4HFEET» TX93( 6HLB~FT2+45X)»
3(THLB=~SEC294X) y THDEGREES 94Xy 3{ 4HFEET 4 TX) 4/

42X 43 {4HFEET s TX)21/))
46X923HTHRUST COEFFICIENT CT

1=F9.5/43X426HSHAFT AXIS ANGLE ALPHA S =F7.24+8H DEGREES/
249X 420HTIP MACH NUMBER MT =F9.4/64X¢5HK I =F7.3/54X, 15HOMEGA SQUAR

3ED =FB8.43/¢50Xy19HBLADE PCOINT RADIUS=¢F9.54/,

4

49X s 20HDAMPING COEFFICENT=,F9.5)

933 FORMAT (/30X,30HBLADE TWIST ANGLES IN DEGREES 3F10.5/(60X+3F10.5))

9221

NoOowmMbh W -

FORMATI{LH ¢36X+33HNOMINAL PITCH ANGLE, THETA ZERDO = +F8.3,

8H DEGREES /9y 39Xy30HOFFSET OF FLAP HINGE, X ROOT = 4F9.4y

S5H FEET o7

40X,29H4 LAG DAMPING COEFFICIENT KL = 4F9.2,15H FT LBS/RAD/SEC /94
41X428HCYCLIC PITCH AMPLITUDES AC = +FT7.3+8H DEGREES 4/

65X¢4HBC = 4F7.3y8H DEGREESy /o

53Xs 16HROTOR RADIUS R = 3F7.3,5H FEET,/,

4TX323HNUMBER OF MASS POINTS= 4134/

345X, 24HROTOR REFERENCE ANGLE = +FT7.3, B8H DEGREES/

4

42X 927THROTOR ROTATIGON DIRECTION = »F3.0/)

932 FORMAT (/41Xy19HSEMI CHORD LENGTHS 3F10.5/{60X,3F10.51)}
936 FORMAT (29X 4HMODE 134X FHFREQUENCY »F10.6912H RADIANS/SEC,5X,

2

15HDAMPING SIGMA =F10.6/(13Xy1455E20.7))

927 FORMAT {/10X:1THSIGKJ(K,J) NMATRIX/)
929 FORMAT {2X,15F8.4)
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30

1 .

SUBROUTINE CONV(CNVRT s THETOsAC ¢BCoALPHT (DPHI o NMo NMAS) .

DIMENSION DPHI(20)

COMMON /AL/ NBLyNByNRsNWoNCVsNR2oMAXMO,NIT1 NIT2,NIT3
+CPOMG,IT3

THETO=THETO®CNVRT

AC=AC*CNVRT

BC=BC#*CNVRT

ALPHT=ALPHT®CNVRT

DO 30 I=1,NM

DPHI{ 1)=DPHI(1)*CNVRT

RETURN

END
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FUNCTION WBAR(AMU,ALPHT,CT)
c WBAR RETURNS EITHER WBARA OR NBARB FOR USE IN SUBROUTINE START
AMUCS=AMU*COS ( ALPHT)
AMC S2=AMUC S®AMUCS
SQT=SQRT{AMCS2*AMCS2+CT#CT)
WBAR=SQRT{.5%(SQT-AMCS2))
RETURN
END
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100
20
200

SUBROUTINE START (WBARXsAMUJALPHT BC yAC+AKI 4THETO,DSI,LCSI,
1 BI+BET sRBLsOMSQyL e MyAVCSIDTsRyPSIRyDIRsHDOT#PHI, THEToNASNRNT)
DIMENSICN BI(08)+BET(0B),RBLL{OS8)

DIMENSICN HDOT(08,18)oPHI(0B8,18),THET{08,18),C5IDT{1,18)
DIMENSIGN CSI(6.,19)

COMMON /A1/ NBLNByNRsNWNCVINR2Z2MAXMO,NITLNIT2,NIT3
1l +CPOMGLLIT3

START SETS INITIAL VALUES FOR HDCT, PHI, THET

CONT INUE

CONTINUE

FNA=NA

HOLD=WBARX+AMU*ALPHT

AMUSRQ=AMUXAMU

AO={ o 25% (1 .+AMUSQ) *THETO+AMUSAC/ 3, - .25%AMU*BC*BI ({L)-HOLD/3.+
1 BET(M )*(.2+AMUSQ/6.) )*%AK1
Al=((.25+.125¥AMUSQ)*BC+AC*¥BI{L)/3.)*AKI

BCIR= (2. *AMUXTHETO/3.4{ .25+ 375 AMUSQ) *AC—-BC*BI(L)/3,-+ 5S*¥AMUXHOLD+
1 S5®AMUXBET(M )} )*AKI

C0=,25*AKI

Cl=AMU%AKI/3.

DO=0MSQ-BI(LI*AKI/3.

Dl=—-.5«AMU*BI {L ) *AKI]

D2=.25%*AMUSQ*AKI
ETA1={(D0-1.)*(BCIR*DO-D1*A0)—-(AI*DO-CL*AQ) *(,5%D2-CO) )}/
1 ((CO-1.)%{DO*(DO0~1.)—.5*D1*%D1)~{.5%D2-CO)%(D0*{.5%D2+C0)
2 —«.5%C1%C1l))

CSI1=(AI-C1*A0/D0-{ .5%D2+CO~-D1*C1/{(2.*D0) I*ETALI/(DO~1.)
CS10={A0—-.5*D]1*ETAL1)/DO

WRITE (6,200} ETA1,CSI1

00 100 I=L,M

SI=-DSI*DIR+PSIR

DO 100 J=1NA

SI=SI+DSI*DIR

SN=SIN{(SI)

CS=COS{SI)
HDOT(I,J)=RBLAID)®{CSTL1*SN-ETAL*CS)+.5*BI (LI *{ (AC-CSI1)*CS
2 ~(BC+ETAL)I®SN)—-AMUSCS#(CSIO+CST1*CS+ETAL*SN)
THET{I+J)=THETO+AC*SN+BC*CS

PHI(1,J)=CSIO+CSI1*CS+ETAL1%*SN

IF (1.EQe1eOReIEQ.NR2) CSIDT(1lyJ)=CPOMG*R*(CSI1*SN-ETAL1*CS)/AY
IF (1.EQeleORcIEQ.NR2) CSI{19J)==R%PHI{IJ)/AV
HDOT{1I,5J)=0.

PHI(I yJ)=0.

CSI(1,4)=0.

CSIDT(1,4)=0.

CONT INUE

WRITE (6,20)

FORMAT( - O6HOHDOT ,//7)

WRITEL(6,200){{HDOT (19J) 2J=1oNA) ,I=L,M)
FORMAT(LO0(1X4EL2.5),7)
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21

22

23

9876

106

WRITE{(6,421)

FORMAT( 6HOPHI 2771
WRITE165200){(PHT {(1I,J)+J=1NA)sI=L,¥M)
WRITE(6+22)

FORMAT{ 6HOTHET +/77)
WRITELG6+5200)((THET {14J) 9J=1sNA)yI=L M)
WRITE(6423)

FORMAT (8HOCSIDT//)

WRITE (649876) {(CSIDT(1lsJ)eJ=1yNA)
FORMAT (1HO,6E15.7)

RETURN

END



il =

==

1000
1010

own &

100

200
240
270

210

215

SUBROUT INE HARMN (NMyNA,DSIFeMTYP,NMASNROW,NCOL)
DIMENSICON A(20,10)yB(20510)s F(INROW,NCOL)

WRITE{64900)
NCNT=0

NAP1l=NA+1
NAG2=NAZ2
N5=NAQ2/5
N5T10={NAO2%*10) /5
IF{NS5%*10-N5T10) 1000,1010,1000
N5=N5+1

CONTINUE

ANA=NA

T=2.7ANA

GO TO {192939%95,06) 4MTVYP
WRITE(6,901)

GO T4 6
WRITE{6,902)

<0 T0O 6
WRITE{(6,903)

GO TO 6
WRITE(6,904)

GO0 TO o6
WRITE{(6,905) .
CONTINUE

CO 240 L=1+NM

DO 200 N=1,NAG2

AlLsN) =0
B{L«N) = O
M=N-1

DO 100 K=1,NA
AKDSI={(K-1)}*M*DS1
C=COS(AKDSI)

S = SINCAKDSI)
A(L:N)=ALL,N)+C*F(LsK)
BILIN)=B(LN)+S*F{L +K)
CONTINUE

BILsN) = T*B(LsN)
ALLN) T*A(LsN)
A{L,s1) «5%A(Ls1)

CONTINUE

NG2=0

NGRP=0

WRITE(65,906) (NeN=L1,5)
WRITE{6+4908)
NGRP=NGRP+#1

NG1=NG2+1

NG2=5*NGRP+1

IF (NGRP—N5) 22042159300
NG2=NAQO2
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220
250
255

260

265
300

80

85
€6

920

900
301
902
903
904
905
906
907

908

909

910

911

108

IFINGRP-1) 250:250,260

DO 255 I=1.NM

WRITEL69910) I,A(Is1)e (ALLN)sBITIoN)yN=2,NG2)
GO T0 210

NX1=NG1l-1

NX2=NG2-1

IF (NGl.EQ.NG2) GO TC 300
WRITE(6,907) (NyN=NX1,NX2)

WRITE(6,909)

CO 265 I=1.NM

WRITE(6,911) T2 {A(IsN)9BII4N)yN=NGL,NG2)
GO 10 210 .
CONT INUE

IF (NCNT.GT.0) RETURN
DO 86 I=1,NM

DO 86 N=1,NAO2
U=A(I,N)

V=B(I N}

G=SQRT{U*U+V*V)

AR(J=0 -
IF( G .EQ.0.)GO TO 85
ARG=ATAN2{V,VU)
B(I,N)=ARG
AlI«N)=G
WRITE (6,920)

FORMAT (1H ,//77+51X+29HHARMONIC ANALYSIS, POLAR FORM)
NCNT=NCNT+1

IF {NCNT.LT.2) GG TO 270
FORMAT(1H +s3(/) 957X 1 THHARMONIC ANALYSIS)
FORMAT(31/) +60Xs11HLEFT TORQUE)
FORMAT(3(/)+59Xs13HLEFT Z MOMENT)
FORMAT{3(/)+59X¢13HLEFT Y SHEAR )
FORMAT{(31(/)¢59X¢13HLEFT Y MOMENT)
FORMATI(3(/) +59X+13HLEFT Z SHEAR )
FORMAT(2(/) +8X+5HN = 043X95{9Xs3HN =12,8X))}
FORMAT (2(/) +8X+5(17TXe3HN =121}
FORMATI(SH I +5X91HA+S5(11Xe1HA,10X,1HB))
FORMAT{SH 1 +6X35(11Xs1HA410X,1HB)?)
FORMAT(I3,Ell.49y5(1Xy2E11l.4))
FORMAT(I3,11Xs5{1Xs2E11.4))

RETURN

END
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SUBROUTINE BLD3

THIRD PROGRAM IN BLADE LOADS SEQUENCE
SOLUTION OF EQUATIONS BY ITERATICN

DIMENSION USAVE(144),C0(08,18)+C01(08,18),SIGMA( 144}
DIMENSION UNKWN{144),SV3(144),RBL{08),FORCX{08,18),FORCZ{08,18),

-1 EMOME(08,18),HDOT(08,18),PHI{08,18),THET(08,18),B1(08),

971
3396
3398
3397
3399
370
373

3333
372

2 BET(08) sSAVE(144)+WBR{08,18),EL(08,18)

COMMON /CIR/PITHOPILDIS

COMMON /10/INSNOUT.IT7,1T78 )

COMMON /Al/ NBLoNBoNRsNWNCVsNR2sMAXMO,NITLI,NIT2,NIT3

1 +CPOMG,LIT3

COMMON /B3/ DSI s1J+KTESToAMSNAJAMSNBLEMTALLEMTBLl ALLL1ALL2,ROAIR,
1 RAl,RB1,ERRSYV

COMMON /BLAD3/ CMPDoAMNA2 sAMNB2:1T20N2DS+IT1,CMPAR

CCMMON /8LD4X3/7 AMUNA,NR1

COMMON /BLD3X1/ ALPTA,ALPTBsCTA,CTBsNRNTNAJNRNT yUNKWN,SV3,RBL,

1 FORCZyEMOMEHDOT ¢yPHI s THET ¢yBIL +BET sSAVE JWBRGELFORCX

NANR=NA¥NR
NRNA=NRE¥NA
CONTINUE
IF(IT3-1)3398,3398,3399
DD 3397 I=1,NANR
SVY3(1)=0.0
CONT INUE
IF{KTEST) 373,373,372
DO 3333 M=1,NRNA
SIGMA{M)=0.
CONTINUE
CONTINUE
IF(KTEST)1,1,2
REWIND IT7
REWIND IT8
CONTINUE

DEFINE NECESSARY CONSTANTS
CNOTP=1, /THOPI

FNA=NA

PI02=PI*.5

ON2DS=0.5/DS1
AMNA2=AMSNA®AMSNA*¥DSI*DS1
AMNB2=AMSNB*AMSNB*DSI*DS1
IT1=0

1T2=1

IF{IT3~131404+40+50
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40 [F{IT2-1)41441,50
41 IF(KTEST)42442+43
43 READ (IT8) (UNKWNIK) ¢K=1,4NANR})
DO 57 K=1,.NA
M=({K—-1)*NR
DO 57 J=1,NR
I=M+J
57 UNKWN{I)=UNKWANC(I)/BI{J)
GO TO 50 '
42 DO 44 1=1,1J
44 UNKWN{I}=.01
50 CALL GAMAS (AMUJALPTA,ALPTBsCTA,CTByNRNTNA) NRNTyNAJNR1,
1 USAVEUNKWN,COyCO1 ySIGMAySV3,RBL,FORCX,FORCZ,EMOME, HOOT ,PHI,
2 THET+BIBET+SAVEWBRJEL)
CMPD=0.0 ’
CMPAR=0.0
C CHECK FOR CONVERGENCE ON OVERALL ITERATION
D3 302 INDEX=l.1J
CMPAR=CMPAR+{UNKWN{INDEX)—-SVI(INDEX) ) *%2
CMPC=CMPD+(UNKWN{INDEX } ) %%2
302 SV3({INDEX)=UNKWN{ INDEX)
EPLCON=SQRTI{CMPAR/CMPD)}
IF (IT3-3) 3028,3026,3021
C CUTOFF ON OVERALL ITERATION FOR SEVERE DIVERGENCE
3021 IF{EPLON—ERRSV)3026,3026,303
3026 ERRKRSV=EPLON
3028 MWRITE(NOUT,940)IT3,EPLCN
IF{EPLON-ALL2)303,303,310
303 1T3=1C00
WRITE{NOUT,940) 173, EPLON
310 CONTINUE
IT3=1T73+1
IF {IT3.GT.NIT3) 1IT3=1000
IF {IT3.EQ.1000) CALL HARMN (NR,NAyDOSI+WBRy6,0,8,18)
CALL BLD3B {AMU»ALPTA,ALPTBsCTA,CTBsNRNTNAJNRNTsNAyNR1,
1 USAVE,UNKWN,COyCO1,SIGMA,SY3,RBLyFORCX,FORCZ,EMOME,HDOTPHI
2 THET Bl BET,SAVEsWBRyEL,INDEX)
RETURN
940 FORMATI(2(/)+30Xs5HIT3 =915930Xy THERROR =4E15.77)
END
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50

55

60
62
65

3137

3138

3139

SUBROUTINE GAMAS (AMUALPTASALPTB,CTA,CTByNRNTNANRNT4NA¢NR1,
1 USAVE2UNKWNCOCO1 2 SIGMA¢SV34RBL FORCXsFORCZ (EMOME,HOOT 4 PHI,
2 THET 4Bl 4BETsSAVEWBRyEL)

DIMENSION USAVE{(144),C0(08,18),C01(08,18)»SIGMA{144)

DIMENSION UNKWN{144),SV3(144)4RBL{0O8B)+FORCX(08,18),FORCZ(08,18),
1EMOME(08418)+HDOT(08418) 4PHI{08418) +THET(08418),81(08),
2BET(08),SAVE(144)+WBR(08,+18),EL(08,18)

COMMON /CIR/PI,THOPI 4DIS

COMMON /10/INsNOUT,1IT7,178

COMMON /Al/ NBL ¢NB39NR¢NH sNCV ¢NR2yMAXMOyNIT1,NIT2,NIT3

1 ,CPOMG,IT3

CCMMON /B83/ DSIoIJyKTEST9AMSNA)AMSNB,EMTAL,EMTB1,ALLL,ALL2,ROAIR,
1 RAL1+RB1+ERRSY

COMMON /BLAD3/ CMPD,AMNA2,AMNB2,1T2,0N2DS,1T1,CMPAR

COMMON /SGSLS/ SIGLM,WBRLM

COMMON/PRNT/NPRNT

DO LOOPS TO COMPUTE CERTAIN COEFFICIENTS AS FUNCTIONS OF RADIAL
POSITION AND AZIMUTH WHICH APPEAR IN EXPRESSIONS FOR UNKNOWNS,
PAGE III-5.

NR1=NR2-1

NANR=NA*NR

NANB=NA/NB

00 100 JJ=14+NANB

PO 100 MROT=1,NBL

DO 100 K=1.NB
J=(JJ+{K-1)*NANB)

JMl=Jd-1

JP1l=J+1

IF(JML) 55,55,60

JM1=NA

GO TO 65

IF(JP1-NA) 65,65,62

Jrl=1

DO 100 IM=1,NRl
I=1F+IMROT~1)*NR1

IF (I-NR1)3137,3137,3138
AMUSN=AMSNA

AMSN2=AMNA2

ENT=EMT Al .
UUBAR=WBAR{AMU,ALPTA,CTA)
GO TO 3139

AMUSN=AMSNB

AMSN2=AMNB2

EMT=ENMTB1
UUBAR=WBAR(AMU,ALPTB,CTB)
CONTINUE

IF(KTEST) 63,63, 64
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64 READ (IT7) MSET,(SIGMA(M)4M=1,NANR)
SABS=ABS(SIGMA(MSET))
SABS=SABS*SIGLM
D0 20 M=1,NANR
IF(M.EQ.MSET) GO TO 20
SABSM=ABS{SIGMA(M))
IF{SABSM.LT.SABS) GO TO 20
SIGMA(MI=SIGMA(M)*S IGLM/SABSHM
20 CONTINUE
63 CONT INUE
INDEX=(J=1 ) *NR+]
73 INJM1=(JM1~1)#NR+I
WBR(I,J)=0.
¢ RECOMPUTE DOWNWASH VALUES ACCORDING TO PAGE IlI-4, IF IT2=l.
DO 75 M=1,NR
DG 75 N=1,NA
IND={N-1} %NR+M
75 WBRII1,J)=WBR{I,J)~BI{M)*SIGMA{ IND)*UNKWN{IND)
WABS=ABS(WBR(I,J})
IF(WABS.LT.WBRLM) GG TG 76
WBR( T4 J1=WBR (I,J)*WBRLM/WABS
76 CONTINUE
c COMPUTE U ACCORDING TO PAGE II1-3 AND V ACCORDING TO PAGE II1-4
80 U=EL{1,J)/DSI
" V=HDOT{ L+J)~AMUSN-WBR(1,J)
SQTUV=SQRT (U*U+V*V)
ARG=0.
IF{SQTUV.EQ.0.)G0 TO 85
ARG=ATAN2{V, U}
85 APHIJ=BET{I)+THET({I,J)+ARG
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c SUBROUTINE SERIES COMPUTES VALUES OF CLIFT=LIFT COEFFICIENT,
c ASLOP=LIFT CURVE SLOPE, CMOME=MOMENT COEFFICIENT, CDRAG=DRAG
Cc COEFFICIENT
CALL SERIES (19Jsl+EMTUsVeAPHIJSCLIFT,ASLOPyCMOME,CDRAG)
UAPVC=U*ASLOP+V*CLIFT
CO(1,J)=UAPVC/SQTUV
COL(I2J)=CLIFT*SQTUV+CO(T9J)*WBR(I4J)
c
c INITIAL GAMMA VALUES ACCORDING TO FORMULA PAGE IT1I-9
" PETERS GAMMAS ARE UNKWN{INDEX) IN THIS PROGRAM
c
c SKIP FOLLOWING WHEN 1T3=1 AND USE INPUT FROM BLADE GEO

95 IF(17T3-1)100,100,951
951 IF{IT2-1) 97,97,100
97 INDEX=(J-1)}*%*NR+1
UNKWN{INDEX)=SQTUV*CLIFT+PI*BI(1)}*((THET(1,JP1)-THET(I,JM1})
1 *0ON2DS+PHI(15J))
100 CONTINUE
IF{NPRNT.LT.1) GO TO 1000
WRITE{699999) L {WBRLIsJ)sJ=1yNA)+»I=1,NR)
9999 FORMAT(/1HO+3HWBR/{76G14.6))
1000 CONTINUE
IF{(KTEST) 1104110,102
102 REWIND 177
IF (I1T3.EQel1eANDIT2.EQe1.ANDKTEST.GT.0) RETURN

ENTER ITERATION SCHEME ON GAMMAS

OO0

110 ITL=ITl+1
IFCIT1I-NIT1) 115,115,36€C
115 CSI=-DsI

UPDATE VALUES OF GAMMAS ACCORDING TO EQ 3 PAGE III-5 IN THE
FORM SHUWN ON PAGE III-5A

DO 300 JJ=1.NANB

DO 300 MROT=1.NBL

DO 300 K=l,NB

J=(JJ+(K-1)*NANB)

DO 300 IM=1,sNR1

I=IM+ (MROT-1)*NR1

OO0

INDEX={J—1)%¥NR+]

IF(KTEST) 106+4106,107
107 CONTINUE

READ (IT7) MSET(SIGMA(LM),LM=1,NANR)
SABS=ABS(SIGMA{MSET))

SABS=SABS*SIGLM

DO 21 M=1,NANR

IF(M.EQ.MSET) GO TO 21

SABSM=ABS{SIGMA(M))
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21
106
120

125

145
146
150

155
160
165
170
200
300

113

304

350

zX sy

360

379

114

JIF{SABSM,.LT.SABS) GO TO 21

SIGMA(MY=SIGMAIM)*SIGLM/SABSM

CONTINUE

CONTINUE

DENGM=1 .~-BI{I1}*{(CO(1,JI*SIGMA{INDEX))

IF (ABS(DENCM)-1.E-06) 120,120,125

HWRITE{NOUT4979)

63 TO 300

USAVE{ INDEX )=UNKWN{ INDEX)

SUM1=0.

DO 150 LM=1,NR

CO 146 LN=1,NA

IND={LN-1)*NR+LM

IFCIND-INDEX) 1454146,145

SUM1=-BTI(LM)*SIGMA( IND ) ¥UNKWN{ IND)+SUM1

CONTINUE

CONTINUE

JMl=J-1

IF{JM1) 155,155,160

JMI=NA

INJM1=(JML1—-1 )*NR+1

JPl=J+1

IF(JP1-NA) 200,200,170

JP1=1

UNKWNCOINDEX)= COL{I J)+PI*BI{I)*{{THET(IJP1)~THET{I,JM1))*0ON2DS
+PHI{I+,3))-COL1I,J)*SUM]L

UNKWN{INDEX ) =UNKWN{ INDEX)/7DENCM

CONTINUE

END UPDATE OF GAMMAS

IFIKTEST) 304,304,113

REWIND IT7

CHECK FCR CONVERGENCE GON INNERMOST ITERATION

CMPAR=0,

CMPD=0,

DO 350 INDEX=1,1J

CMPD=CMPD+[ UNKWN{INDEX) ) ¥*2

CMPAR=CMPAR+{UNKKN{INDEX)~USAVE{INDEX) ) *%2

EPLON=SQRT(CMPAR/CMPD)

WRITE{NOUT,942) IT1,EPLON

IF{EPLON-ALLL1) 360,360,110

CHECK FOR CONVERGENCE GN SECOND LEVEL ITERATION
IT1=C

CMPAR=0.

00 379 INDEX=1,1J

CMPAR=CMPAR+ {UNKWN{INDEX)~SAVE{INDEX) )*¥%2
EPLON=SQRT{CMPAR/CMPD)

WRITE(NOUT+941) 1T2,EPLON

IF(EPLON~ALLL1) 500,500,380




380 IF(IT2-NIT2}) 390+3S0,500
390 IT2=1T72+1
DO 400 INDEX=1l.1J
400 SAVE( INDEX)=UNKWN(INDEX)
GO TO 50
500 CONTINUE
RETURN
979 FORMAT (//52X+16HDIVISION BY ZERO//:
941 FORMAT(2(/)+30X+s5SHIT2 =915230Xs THERROR =4E15.7/)
942 FORMAT(2(/)1930X+5HIT1 =915430Xs THERROR =,E15.7/)
END
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9872

3121

3127

3128

3129

SUBROUTINE BLD3B (AMUJALPTALALPTB.CTACTBNRNTNASNRNTsNAJNRL »
) § USAVE'UNK“N’CO!COIQSIGHA!SV3!RBL’FURCXQFORCZ'EHOHE’HDOT'PHlO
2 THET Bl BET,SAVE +WBRyEL »INDEX)

DIMENSION USAVE(144),C0(08,18),C01(08+18),SIGMA(144) .

DIMENSION UNKWN{144)sSV3{144),RBL{OB)FORCX(08,18) FORCZ(08,18),
1EMOME(08+18) yHDOT(08+18) yPHI(08,18) »THET(08,18),B1(08),
2BET({08)¢ySAVE(144) +WBR{(C8,18) +EL(08,18)

COMMON /CIR/PI,THOP1,DIS

COMMON /IO/IN,NOUT:IT?)ITB

COMMON /Al/ NBL!NB,NR’NHQNCVQNRZQHAXH01NIT1!NITZQNIT3

1 CPOMG,IT3

COMMON /B3/7 DSI«1J:KTESTsAMSNAJAMSNBEMTAL,EMTBL1,ALLL,ALLZ,ROAIR,
1 RA1,RB1l4ERRSY

COMMON /BLAD3/ CMPDAMNA2,AMNB2,1T2,0N2DS,1IT1,CMPAR

CCGMPUTATION FOR BLADE LOADS

WRITE (6,9872) (UNKWN{ INDEX) s INDEX=1,1J)
FORMAT (TH GAMMAS//(10612.4))
IF{1T3-1000)3121+896,3121

DO 825 I=14NR

IF (I-NR1)3127,3127,3128
AMUSN=AMSNA

AMSN2=AMNA2

ENT=EMTAl

G0 7O 3129

AMUSN=AMSNB

AMSN2=AMNB2

EMT=EMTB1

CONTINUE

BO2DS=0N2DS*BI(I)

- TPIB2=6.*PI¥*B0O2DS*BILI)

5351

116

545
600

605

DO 700 JC=1,NA
J=JC

JMI=JC-1

IF(JM1) 5351,5351,545

JM1=NA

INDEX=(JC~1)*NR+I

INJMI=(JIML-L)®NR+I

U=EL{I,JC)/DSI
V=HDOT(I,JC)-AMUSN~®RBR(1,+J4C)
SQTUV=SQRT{U*U+V*V)

ARG=0.

IF (SQTUV.EQ.0.) GO TO 605
ARG=ATAN2{V,U)
APHIJ=BET(I)+THET{I¢JC)+ARG
RECOMPUTE COEFFICIENTS FROM SERIES SUBROUTINE




700

702
705

707
710

800
825

896

CALL SERIES (IeJde2+EMTyUsVsAPHIJsCLIFT s ASLOP,CMOME,CDRAG) -

COMPUTE CAP I FUNCTIONS GIVEN ON PAGE I1[-8
CO(1,4C)= 2.#BO2DS*CMOME*SQTUV

COMPUTE BLADE LOADS ACCORDING TO PAGE III-7
EMOME (14JC )=2.*CMOME*SQTUV*SQTUV

FORCZ (19JC)={U*CLIFT+V*CDRAG)*SQTUV

FORCX (T +JC)=(~VKCLIFT+U*CDRAG) *SQTUV
CONTINUE

CORRECT BLADE LOADS FOR J+1 AND J-1 TERMS
DO 800 J=1,NA

JM1=J-1

JPl=J+1

IF(JM1) 702,702,705

JML=NA

GO TO 710

IF{J-NA) 710,707,707

JPl=1

INDEX=(J-1)*NR+1

INJM1=(JM1~-1)*NR+1I

INJP1=(JPL-1)¥NR+I
FORCZ{1¢4J)=FORCZ{I,J)+B0O2DS* (UNKWN{INJP1)-UNKWNCINJIML))
FORCZ(19J)=FORCZ(I,J)4CO(I,JP1)~COLI,JM1)

EMOME(T ¢ J)=ENOME(14J)~-.25%BO2DS* (UNKWNC INJP1)-UNKWNL{INJML))

EMOME(I 4 JI=EMOME( I+ J)-TPIB2%¥,25%0ON2DS*{THET(I+JP1)-2.*%THET{(1,44J)

1 +THET{I4JML))-TPIB2/16.%(PHI(I+JPL1}-PHI(IyJM1)})

CONTINUE
CONTINUE
CALL BLD3C (AMU,ALPTA,ALPTBsCTA,CTBs NRNTNAy NRNToNAsNR1,

1 USAVEsUNKWNyCOsCOLsSIGMA9SYV34RBLFORCXyFORCZ 4EMOMEyHDOT 9PHI »

2 THET,BI+BET ySAVE,WBRs ELy INDEX)
RETURN
CALL BLD3C (AMU,ALPTA+ALPTBCTACTB+NRNTNANRNTsNAJNRL,

1 USAVE,UNKWN¢CO,CO14SIGMAsSV3sRBLy FORCXy FORCZ,EMOME, HDOTPHI,

2 THETBIJBET¢SAVEWBRJEL +INDEX)
RETURN
END
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SUBROUTINE BLD3C {AMUsALPTAsALPTB,CTA,CTB,NRNTNAsNRNT4NA,NRL
1 USAVE,UNKWN,CO,C01,SIGMA,SV3,RBLyFORCXsFORCZEMOME,HDOT,PHI,
2 THET+BI,BET»SAVE+WBRsEL,INDEX)

DIMENSION USAVE(144) ,C0(08,18),C01(08+18),SIGMA(144)

DIMENSION UNKWN{144),SV3(144),RBL(08)FORCX{08,18),FORCZ(08,18),
1EMOME{(08,18) ,HDOT(08,18),PHI(08,18)+yTHET(08,18),81(08),
2BET(08) +SAVE(144) +HBR{ 08,4182 ,EL(08,18)

COMMON /CIR/PI+TWOPILDIS

COMMON /IO/Z/INSNOUT.ITT7,.1T78

COMMON /ZA17 NBLsNByNRyNW yNCVINR2yMAXMOSNITL,NIT2,NIT3

1 ,CPOMG,IT3

COMMON /837 DSIsIJ+KTEST AMSNA,AMSNB,EMTA1,EMTBL,ALLL1,ALL2,ROAIR,
1 RA1,RB1lyERRSYV

COMMON /BLAD3/ CMPDsAMNA2,AMNB2,1T2,0N2DS ,IT1,CMPAR
COMMON/PRNT/NPRNT

c MODIFY LOADS FOR RESPONSE COMPUTATION ACCORDING TO PAGE Iv-8
ENTRY BLD3C1
IF(NPRNT.LT.2) GO TO 9
896 WRITE(NGOUT,980)
00 850 J=1+NA
I=1
WRITE{NOUT 38961)1 53 FORCZ{1¢J) +FORCX{L+J} sEMOME(LyJ}
8961 FORMAT(28X+215,3E20.7)
850 WRITE{NOUT,981) (I oFORCZ{IsJ) sFORCX(I9J)oEMOMELTI,J)s I=24NR)
981 FORMAT (28X, 15,5X¢3E20.7)
9 CONTINUE
IF(1IT3.EQ.1000) GO 7O 891
CPSQ=CPOMG*CPOMG
871 R=RAl
873 FAC =ROAIR#¥CPSQ*R®R*R
DO 87 M=1,NR
FACTR=FAC *BI{M)
00 87 N=1sNA
TGARY=THET(M,N)+BET (M)
EMOME (MaN) ={EMOME{M ¢ N} = 5% (FORCZIMs N} *COS(TGARY }+
1 FORCX{M,N)*SIN{TGARY)})*FACTR*=R*BI{M)
FORCZ{M,N)=FORCZ(M,N)I*FACTR
FORCX{MsN)=FORCXIM,N)}*FACTR
87 CONTINUE

60 TG 890
c
C FORMATS
980 FORMAT(1HL1///56X:14HLOADS ON BLADE//32Xy91HI94Xe 1HJs 10X, THFORCE Z
)| 113X, THFORCE X+13X,6HMOMENT/)

983 FORMAT(1H1 955X, 20HFORCE IN Z DIRECTION )
9384 FORMAT(1H1+55X,20HFORCE IN X DIRECTION }
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985

890
891

895

FORMAT(1H1 457X+ L6HTORS IONAL MOMENT }

IF{IT3-1000) 895,891,891

WRITE(NOUT,983)

NAGVTO=NA/2+1

NROW=38

NCGL=18

CALL HARMN(NRyNA9DSI yFCRCZy6 +NMASsNRCHoNCOL)
WRITE(NOUT,984)

CALL HARMN(NRyNA+sDSIFCRCX 6 +NMAS,NROWsNCOL )
WRITE(NOUT,985)

CALL HARMN(NRyNAyDSI,EMOME+6+NMASsNROW4NCOL)
RETURN

END
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SUBROUTINE SERIES{IsJsNCODEJEMTyUsVAPHIJ+CLIFT,ASLOP+CMOME+CDRAG)

C
COMMON /CIR/PITHWOPI +DIS
COMMON /Al/ NBLgNBsNRyNWoNCV NR2sMAXMOJNITLNIT2,NIT3
1 ,CPOMG,IT3
COMMON /710/7INsNOUT,IT7,178
Cc
C

120



OOOONOOO

180

97
181

182
183

184
185

187
189

191
193

SUBROUTINE TO COMPUTE CLIFT=LIFT COEFFICIENT
ASLOP=LIFT CURVE SLOPE

CMOME=MOMENT COEFFICIENT

CORAG=DRAG COEFFICIENT

FORMULAS TAKEN FROM CURVE F1TS BY P.C.

INSERT HERE ANY COMPUTATIONS TO OBTAIN FyGy AND H COEFFICIENTS

F=1.
G=1le.
H=1l.

CLIFT=0.
ASLOP=0.
CMOME=0.
CDRAG=0.,

NEG=1

EMIJ=EMT*ABS (U)
SQT=SQRT{l.—EMIJXEMIJ)
Cl=1.-EMIJ
€2=.22689%(C1

1IF(APHIJ) 181,182,182
APHIJ=-APHIJ
NEG=~1%NEG

IF{APHIJ-3.1415926) 1849184,183

APHIJ=APHIJY-3.1415926%2,
GO TC 97

IF(APHIJ-C2) 185,187,187
ASLOP=5,7296/5QT
CLIFT=ASLOP*APHIJ

CORAG=.006+.13131*%APHIJ*APHIJ

CMOME=1.4324¥APHIJ/5QT
G0 T0 250

IF{APHIJ-+34906) 189,1S1,191

CLIFT=429269%C1+{1.3%EKIJ-.59)%APHIJ
CMCME=CLIFT/{SQT*(.48868+.90756*ENIJ))

C2=(e12217+.22689%EMIJ 1¥SQT
CLIFT=CLIFT/C2
ASLOP={1.3%EMIJ-.59)

60 70 210

IFLAPHIJ-2.7402) 193,195,195

S=SIN(APHIJ)

S2=SIN(2.*APHL J)
S3=SIN(3.*¥APHI1J)
S4=SIN(4.*APHIJ)

CLIFT=(.080373%5+1.04308%52-,011059%53+.023127%#54)/5QT
CMCME={—+02827%5+.14022%52-.,00622%53+,01012%54) /5QT

C=CCS{APHIJ)
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1$5
197

199
200
210
250
255

2640
c
300

122

C2=C0S{2.*APHIJ)

C3=COS{3.*¥APHIJ}

C4=C0S{4.*APHIJ)

ASLOP=(.080373%(+2,08616%(C2-,033177*C3+.092508%C4)/SQT

CDRAG={1.1233~,029894%C-1.00603%C2+,003115*%C3~-,091487%C4)/5QT

GG TO 250

IF(APHIJ=-3.0020) 197,199,199

CLIFT=-{.4704+.10313%APHIJ}/SQT

ASLOP=—-4.10313/SQ7

CMOME=—(.4786+.,02578%APHIJ)/SQAT

GO TO 210

IF{APHIJ~-3.1415926) 2004200,260

CLIFT={-17.550+5.5864%APHIJ) /SQT

ASLOP=5.5864/5QT

CMOME={-12.5109+#3.9824#%APHI1J}/SQT

CORAG={1.41233-.029894%COS{APHI J)—-1.00603*COS(2.*%APHIJ)
+.003115%COS(3.%2PHIJ }-«09148T73+COS{4.*APHIJ) I /SQT

IFINEG) 2554255,260

CLIFT=-CLIFT

CMOME=—CMOME

APHI J=—APHIJ

CONTINUE

CONTINUE
RETURN
END




SUBROUTINE BLD4

DIMENSION CSIX{06419)

DIMENSION DXMBD4(2122)

DIMENSION SIGKJ(6,46}

DIMENSION ELNTH(20),EMAS{(20)+EIX(20),EIZ(20),RBLLO9),
1 XINR{20) +DPHI(20),EIY(20) 4EPS{20)+DLZ{20)+2ZA(20),
2 YINR(20),0MEGA(20),S1G(20),8D(15)

DIMENSION AV{20,06) AW (204063 ,APHI(20,06),AS1(20,06),
1 ATHET(20+906),AT{20,06)9AMZ(20406),AVY(20,06),

2 AMY(20+06) 4yAVZ{20+06) sHDOT(04+18),PHI(04,18),

3 THET(04+18)4FX(04918) +FZ(04+18)9EMO(0%4+18)

DIMENSION VDOT(ZO;I9):HDOT(20019)pPHIDT(20o19ln
1 SIDT(20+19),CSIDT(6419)

DIMENSICGN FV(20919) sFW (20419 )9 EMOME(20419),

1 CSI(6919),CS2DT(6419)+CH{12420),CCPL19),
2 SSP{191),CCPS{20),SCPS{20),SUMA(20) ,H{20) +X(20),
3 RADIS(20)9PHIV(20419)+S1(20,19),XCSIDT(1,18},
4 THETA{20+19)

DIMENSION CSPH(20) »CAPKI(203,CC{19),SC(19},
1 EX{19)9EXMT(19),SN(O5)+sSMLAZI{20) s SMLAX(20)
2 SMLAM{20))ALAM{19)+SFZ(19)sSFX{19)+SFM(19),
3 FORC(19)

DIMENSION JM{4) 2 JMPL1 (43, HOT{4) +APH(4),ATH(4])

EQUIVALENCE (DXMBD4{1),ELNTH{1))IDXMBD4U21),ENASIL)} )} {DXMBD4{41),
1EIX (1)) (DXMBD4(61),RBL {1)),(DXMBD4{T70)XINR{1)}}, (DXMBD4(90),DPH
2141) ) (DXMBD4(110)EIY (1)) {DXMBD4{130),EPS{1)),{DXMBD4{150) DL Z{(
31)),(DXNMBD4(170)9sZA (1)) (DXMBD&4{190);YINR{1)),{DXMBD4{210) »OMEGA(
41)) 2 (DXMBD4L 69) +PSIR }»

4 {DXMBD4{230)+SIG {1)),(DXKBD4{250) AV (1)),({DXMBD41430),AH (1))
Sy

S{DXMBD4{610) APHI (1)) s(DXMBD4{790) »ASI (1}),{(DXMBD4( 9701 ATHET(1
6)) {DXMBD4{1150) 4AT (1)) ,(DXMBD4(1330),AMZ €13),{DXMBD4(1510),AVY
T(1) ) (DXMBD4{1690) 2 AMY (1)), (DXMBD4(18T70),AVZ {1)),{DXMBD4(2050),.8
8D (1)),{DXMBD4L12065) yRWK } y{ DXMBD4L2066) sCSAL )y (DXMBD4(206T) +NM )
8»

9(DXMBD4(2068) ,XCSIDT(1,1))

EQUIVALENCE (DXMBD4{2086)+sSIGKJI141}) +lDXMBD4(2122) +DAMPC])

COMMON/ SAD3/CSIX

COMMON /PUNCH/ NPCH

COMMON /GCORDL1/ THETO»CPSQsDT9AC+BC+AKL,DT02,RyONOCP,CSALT
COMMON /CONL1/ ENR.PI029XROOTsRAByNMP1NRP1 sNAPL

COMMON /Al/ NBLsNByNRyNWoNCVsNR2,MAXMO,NIT1,NIT2,NIT3

123




oo 0o oo

19

2941

124

10

1 »CPOMG,L,IT3

COMMON /10/INeNOUT,IT7,1IT78

COMMON /B3/7 DSI1¢IJsKTESToAMSNAANSNBEMTALl EMTBL1,ALL1ALL2,ROAIR,
1 RA1sRB1l4ERRSY

COMMON /7BLD4X1/ DXMBD4

COMMON /BLD4X2/7 HOOT sPHIJTHEToFXoFZ +ENMO JNMAS ¢NMODE, NAPSONyNRL1
COMMON /BLD4X3/ AMUsNA,NR1

COMMON /SAD1/ FV.FW,EMOMNE,CSI¢CS20T4CH,

1CCP ¢SSP yCCPS+SCPSsSUMAJH ¢ X RADIS+PHIV ST sTHETACSPHyCAPHI 4CC ¢SCHEX
29EXMT o SNy SMLAZs SMLAX 9 SMLAMy ALAMy SFZ 9 SFXy SFMaFORC 9 JM9 JNP1osHDT +APH,
3ATH

COMMON /SVSNR/Z SNR

COMMON /GARY/ NGOTO

COMMON /SAD2/ VDOT+WDOT4PHIDT,,SIDT,,CSIDT

BLADE DYNAMICS PRGGRAM
COMMON /CIR/PI+THOPILDIS

NPAGE=1

SAVE NR AND SET NEW NR FOR BLADE RESPONSE SUBPROGRAM
CONT INUE

NAPLI=NA+1L

DO 19 JA=1,NAP1

DO 19 K=1,MAXMO
CSI{KsJA)=CSIX{KsJA)
SNR=NR

NR=NR1

NRP1=NR+1

DEFINE CONSTANTS
R=80{1)

RAB=BD{(14)
THETO=BD{ 2}

XROOT=BDB(3)
AKL=BD({ 4}

AC=BD{(5)

BC=BD(6)

ISEC=BD{(T)
NRPT1=8BDI(8)

CT=8D{9)
ALPHT=8D(10)
EMT=8D{(11)
AKI=BD{12)

OMSQ=BD{13)
INITIALIZE DYNAMIC EFFECTS TO ZERO IF IN FIRST OVERALL ITERATION
IF{IT3-1000) 2941+2940+2940
IFUIT3-2)104+10+20

DG 15 JA=1,NAPlL

DO 12 I=1,NM
VDOT{I,JA)=0.
WDOT(I,3A)=0.



12

14
15

21
20

31

35
40

45

PHIDT(I,JA)=0.

SIDT(1,JA)=0.

DO 14 K=2,MAXMO

CSIDT(KyJA)=0.

CONTINUE

DO 21 JA=1lsNA
CSIDT(1+JA)=XCSIDT(1,JA)

NMP 1=NM+1

FNA=NA

ENR=NR

ONOCP=1./{CPOMG*R)
CAPT=TWOPI/CPOMG

DT=CAPT/NA

DT02=DT*.5

PI102=.5%P1

CSALT=CSAL

CPSQ=CPOMG*C POMG

SFX{1)=0.

SF2(1)=0.

SFM{1)=0.

CAPHI{1)=THETO#DPHIE(1)

CSPH( 1)=COS{DPHI(1)}
CCPS{1)=COS{CAPHI(1))
SCPS{LI=SIN(CAPHI(L])})
H{1)=DLZ{1)%*COS{THETOQ)
RADIS(1}=XROOT+ELNTH(L)

COMPUTE TABLES OF COSINES AND OFFSET DISVANCES EXACTLY THE SAME AS
IN THE NATURAL FREQUENCY PROGRAM
DO 40 I=2,NM '
IMI=I~-1

CUMULATIVE PHI ANGLE ALONG BLAODE
CAPHI(I)=CAPHIUIML)+DPEI(I}
CCPSUI)=COSECAPHI(I))
SCPSEIN=SINACAPHI(I))
CSPH(I)=COS{(CAPHI(I)-THETO})
TOTAL DISTANCE TO RIGHT SIDE OF SECTION FROM CENTER OF ROTATION
RADIS(I)=XROOT+ELNTH(I)

AVERAGE MASS USED IN COMPUTATION
SUMA (IMLI=S&{EMASC{INLI®EMAS(TR)
H{I)=H{L)

D0 35 J=1l.0IM1
H{I)=H{I)+DLZ(J+1¥*CCPS(J)
RADIS(I)=RADIS(I)+ELNTR(J)
CONTINUE

CONTINUE

SINE AND COSINE OF OMEGA * ¥

DO 45 JA=1,NAP1
OMT=CPOMGL*{JA—-1.)*DT+PSIR
CCP{JA)I=COS(GMT)
SSP(JAI=SIN(OMT)
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2940

2881

50

126

SUMA {NM)=.5%EMAS{NM)
NGOTG=1

CALL CONVL

CALL GCOORD

CALL RSPNS

60O TO 2881

NGOTO=2

CALL RSPNS

CALL SHEAR

IF {(NPCH.EQ.1) CALL RSPZZ
CONTINUE

DO 50 J=1.NAPL

DO 50 K=1,MAXMO
CSIX(KysJ)=CSTI{KyJ)
RETURN

END



SUBROUTINE CONVL
REAL XX(06)pFXX(O6l,FZZ(O&):EHOO(O&)

DIMENSION HDUT(O4.18)sPHI(O#.lB).THET(04slﬂlaFX(DﬁvIS)'FZ(OQqIB)i
1EM0{ 04y 18)

DIMENSION E12(20)

DIMENSION VDUT(ZO:lQ),HDDT(20-19)'PHlDF(20,19).SIDT(20'19):CSIDT
1{06+19)

DIMENSION FVlZO’IQDqFHlZO'19)1EHOME(20g191.651(06,191,CSZDT(Ob,lQl
1.CH(12’20)'CCP(19),SSP(19)'CCPS(ZO)’SCPS(ZO)oSUNA{ZO!yH(ZOI:X(ZOlr
2RADIS(20);PHIV(20’19)1SI(20:19)¢XCSIDT(1918},THETA(20119)

DIMENSIGN CSPH(ZO)cCAPHl(ZO)'CC(19)oSCl19)'EX(19!'EXHT(191,5N(05lg
15MLAZ(ZO),SHLAX(20)¢SHLAH120),ALAM(19),SFZ(LQ),SFX(19),SFH(191,FOR
2C€(19)

DIMENSION JH(O#)sJMPl(O#)qHDT(OQ),APH(O4),ATH(04)

DIMENSICN pxMap4(2122}

DIMENSION SIGKJ(6+6)

DIMENSION ELNTH(ZO)gEMASlZO)gEIX(ZO)p RBL(O4) »
1 XINRlZO)gDPHI(ZO)pEIY(ZO)uEPSlZO).DLZ(ZD).ZA(ZO)a

2 YINR(ZOI.OMEGA(ZO).SIGlZO).BDl15’

DIMENSICN AV£20,06)gAH(Z0.0b)'APHI(20,06),AS!(Z0.0&I'
1 ATHET(ZO.06I,AT(20.06):AHZ‘20'06’1AVY(20¢06);
2 AHY(ZO:OélyAVZ(ZOoOé)

EQUIVALENCE (DXﬂBD4(1).ELNTH(1)),(DXHBDQ(ZI),EHAS(!)lg(DXHBDQ(41)v
1EIX il)):(DXHBDé(éllgRBL (1)),(DXHBD4(70}pXINR(l)ly(DXHBD4(90)tDPH
21(1)),(0XMBD4(1101'EIY ll)’:lDXHBD#(lBO)’EPS(lllleXMBD&(lBO),DLZ(
311),(0XHBD§(170).ZA 11)).iDXHBDkl190).YINR(I)),(DXHBD4(210)gOHEGAl
41)),(DXMBD4(693,PSIR | )

4 { DXMBD4{ 230) 4 SIG (1)).1nxn304(zsoa.Av (1)).(DXMBDG(4301.AH ity

S5

5‘DXMBC4(6103’APHI (13)'(UXHBD4(790)1A51 (1’3'(DXHBU4( 970),ATHETL 1
6))1(DXHBD4(11501:AT (I’l'(QXMBD4(1330’tAHZ (1)”(OXHBD4(1510,’AVY

7(1’),(DXHBD4(1690)’AHY (1’):(DXHBD4(1870)aAVZ ‘1"9(0XHBD4(2050)'8
a0 (1))9(DXM304(2065)1RHK ,v‘DXHBD4(2066‘ocSAL )1(DXHBU4(2067’9N“ }

8y
9(DXMBD4(2068!,XCSIDT(1'1))
EQUIVALENCE (DXHBD4(2086)9SIGKJ(1'13l,(DXHBD4(21221’DAHPCI-

COMMGN /BLD4X1/ DXMBD4-

COMMON /AL/ NBL,NB;NR,NHQNCV;NRZ,HAXMOvNITI,NITZpNIT3

1 ,CPOMG,IT3

COMMON /IOIIN,NUUT:IT?:ITS

COMMON /83/ DSIgIJgKTESTyAHSNApAMSNB1EHTA1'EHTBlgALnghLLZ'ROAIRc
1 RAl,RBLsERRSV :
COMMON /CONL1/ ENR,P1021XRUGTvRABpNHP1'NRPl,NAPl
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COMMON /BLD4X2/7 HDOT ¢PHITHET4FX FZ4EMO o NMAS ¢ NMODEs NAPSONyNRL1
COMNGON /BLD4X3/7 AMUNARNRIL

COMMON /SADL/ FV,FW,EMOME,CSI,CS2DT,CH)

1CCP sSSP +CCPS s SCPSySUMAsH o X RADIS PRIV ST oTHETAL,CSPHyCAPHIZCCoSCo EX
2 EXMTySNeSMLAZ s SMLAX ¢ SHLAMgALANy SFZ 4 SFXsSFMoFORC 9 JMy JMP1,HDT ¢ APH,
3ATH

COMMON /SAD2/ VDOTHDOT,,PHIDT,SIDT,CSIDY

COMMON/Z PRNT/ NPRNT

COMPUTE LAMBDAS {ARGUEMENTS OF COSINE}
COMPUTE FOURIER COEFFICIENTS AT EASH AZIMUTH

OOO0O0

R=BD{1)
IR=1
DO 90 I=1.NH
IM1=1-1
X{1)=AR00T+,5*ELNTHII?
IF (IMl1) 88,88,83

83 DO 85 J=1,1IM1

85 XCI)=X{I})+ELNTH{J)
X{NM+1)=RAB

COMPUTE LAMBDA

OO0

IF (X(I).6T.RWK) GO TO 90
88 IF (X{1).GT.RWK) GO TO 90
SFZ(1)=0.
SFX(I)=0.
SFM(1)=0.
IR=1
90 CONTINUE
3122 CONTINUE

SMALL A COEFFICIENTS

OO0

/RX=R
XX{ 1)=RHUK*RX
D8 S5 JA=1,NR1
JAPLIX=JA+1
95 XX{JAPLX)}=RBL{JAI*RX
NR1P2=NR1+#2
DG 200 JA=1.NA
DO 11 JX=1,NR1
JG=JX+1
FXXUJG)=FX{JXsJA)
FZZ(JG)=FZ(JIXyJA)
EMOO{JG)I=EMO(JX,JA)
11 CONTINUE
FXX{1)=0.0

128



OO0

amnd

aOo

150
200

210

100

211

222

213

214

98175

F2211)=0.0

EMO0{1)=0.0

FXX{NR1P2)=00

FZZ(NRLP2)=0-

EMOOE{NRIP2)=00.

XX{NR1P2}=RAB

NZ=hMel

CALL ALINT (XsXX’FXX'SFX'NZ.NRlPZ)
CALL ALINT ﬂXgXXoFZZ,SFZ:NloNRlPZ)
CALL ALINT (XqXXgEMOOsSFMqNZ:NRlPZ)

LOACS READY FOR RESPONSE CALCULATION

DO 150 I=1¢NM
FV(I;JAJ=—SFZ(I)*CCPS(Il’SFX(I)*SCPS(II
FH(IgJA)=SFZ(I)*SCPS£II—SFX(I)*CCPSQI)
EMOME(IoJA)=SFH(Ib+ZA(I)*FV(I;JA)
CONTINUE

CONTINUE

MAKE FIRST AND LAST ELEMENTS THE SAME

DO 210 I=1,NM
FVEI,NAPL)=FV{Is1)
FR(IsNAPL)=FW{I,1)
EMUME([sNAP1)=EHUME(Ial)

SIDTﬂIgNAP1)=SIDT(I,1)

CONTINUE

1F{ 1T3.EQ.1000) GO 70 100

IF(NPRNT.LT.2) RETURN

CONTINUE

WRITE (6,5211)

FORMAT (3HOFV//)

WRITE(6,9875) (f FV(IsJX!gJX=1vNAPliv1=1vNM!
WRITE (6,212}

FORMAT {(3HOFW//)

WRITE1649875) it FH(IsJXD,JX=1cNAPIl:I=1vNM)
WRITE {6+213)
FORMAT (6HOEMOME//)
WRITE{6,9875)

WRITE (6,214}
FORMAT {SHOSIDT//)
WRITE(6,3875)

((EMOME(I1JX)oJX=19NAP1)¢I=11NM)

( SIDT(I:JX)QJX=1'NAP1)9l=11NHI
END CONVERSION OF AERODYNAMIC LOADS
RETURN

FORMAT ( (1H »10612.4))
END :

o e e T .
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SUBROUTINE ALINT {XsRyFoFRoNMyNL}
DIMENSION XINM)RINL)yFENL )9 FRINMY
NMMl=NM~-1
DO 2 I=1.NM
2 FR{I)=0.0
I=1
L=1
4 XIPl=X{1I+1)
RL=R(L) ’
IF(XIPl .GT. RL) GO 70 5
I=1+1
GO 710 4
7 IF{I +GE. NMM1) RETURN
I1=1+1 '
XI=X(1)
XIP1=X{I+1)
IF(XIPl .LT. RLPl) GO TQ 10O
FRUI)I=FREL)+ S*(FL+FL+BS*{ XTI +RLPI-RL-RL})*(RLPL1-XI)
8 L=L+1l
5 LP1l=L+]
IF{LPl .GT. NL) RETURN
FLPil=F(LP1)
FL=F(L)
RLP1=R{LP1)
RL=R{L)
IF{XIPl .LT7. RLPl} GC TO 9
FRUI)=FRII}+.5%(FLPL+FL)*(RLP1-RL)
G4 10 8
9 BS={FLPLI-FL)}/{RLP1-RL)
FRUII)=FRII}+.5%(FL+FL #B8S*{XIPL1-RL)}*(XIP1-RL)
60 170 7
10 FRUIJ=FRUI)+.S*{(FL+FL+BS*( XIXIPI-RL-RL))I*(XIP1-XI)
60 10 7
END
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SUBROUTINE GCOGRD

DIMENSION HDOT(04,18) sPHI(04918)THET(0418)4FX{04+18)sFZ{04,18),
1EMO{04,18)

DIMENSICN EIZ420)

DIMENSION VOOT{205,19)4WDOT{20419),PHIDT{20919),SIDT{20,19),CSIDT
1(06419)

DIMENSION FV(20+19) +FW(20+19),EMCME(20,419),CS1{06,19),CS2DT(06419)
1,CH{12420)+sCCP{19)4SSP(19),CCPS{20),SCPS{20),SUMAS{20),H(20),

1 X(20),
2RADIS(20) 4 PHIV(20,19)5SI{20+19)+XCSIOT{1,183+THETA{20,19)
DIMENSION CSPHI20)sCAPRI(20),CC{19)9SC{19) +EX{19) yEXMT{19) +SNIO5),
LSMLAZ(20) sSMLAX(20) 9 SMLAM{20) s ALAM(19)+sSFZ(19)SFX(19)ySFM{19}),FOR
2C(19)

DIMENSIGN JM(04),JMPL{04)yHDT(04) s APH{04) ATH( 04}

DIMENSION DXMBD4{2122)

DIMENSICN SIGKJ(6,6)

DIMENSION ELNTH(20) sEMAS(20),EIX{20), RBL(04]),
1 XINR(20),DPHIL20),EIY120),EPS{20)+DLZ(20)},ZA120),

2 YINR{20),0MEGA{20)+516{20),BD(15)

DIMENSION AV{20,06),AW(20:,06),APHI(20,06)9AS1{20,06),
1 ATHET{(20,06)5AT{20+06),AMZ820,06)+AVY{20,06),
2 AMY{20,06),AVZ{20,06)

EQUIVALENCE (DXMBD4{1) yELNTH(1}),(DXMBD4{21),EMAS{1)),(DXMBD4(41),
1EIX (1) )+(DXMBD4(6L) RBL {1)),{0XMBD4{T0)»XINR{L}),{DXMBDA{I0),DPH
21(1)) s(DXMBD4(1L10)ELY (1)3s (DXMBD4(130),EPSI{1)),(DXMBD4(150)DLZ{
31)) o DXMBD4(170)s2ZA (1)) 4(DXMBD4(190) ,YINR(1)),{DXMBD4{210),O0MEGA(
41) ), (DXMBD4L69),PSIR )},

4 (DXMBD4(230)+SIG (1)) (DXMBD4(250)4AV (1)1, {DXMBD4{430) AN (1))
59

S{DXMBL4{610) 4APHI (1)) s{DXMBD4U{790) sASTI {1))}{DXMBD4{ 970),ATHET(1
6)) +(DXMBD4(1150) AT (1)) 4(DXMBD4(1330),AMZ (1)), (DXMBD4( 1510} AVY
Ti1)}, (DXMBD4{1690),AMY {1)),{DXMBD4{1870),AVZ {1)),{DXMBD4(20501},8
8D (1)) (DXMBD4({2065)4RWK )2 (CXMBD4{2066)+CSAL },(DXMBD4{2067) sNM}
9{DXMBD4(2068) » XCSIDT{1,+1))

EQUIVALENGE (DXMBD4{(2086):SIGKJ(1+1)) +(DXNBD4(2122),DAMPC)

COMNON /BLD4X1/ DXMBD4

COMMCN /GCORDL/ THETO,CPSQsDT,AC,BC,AKLyDTO24RyONOCP4CSALT
COMMON /CONL1/ ENR,PIO2,XROOCT,RAB,NMP1,NRP1,NAP1

COMMON /Al/ NBLyNByNRsNWyNCV,NR2sMAXMO,NIT14NIT2,NIT3

1 +CPCMG,IT3

COMMON /I0/INyNOUT,IT7,178

COMMGN /837 DSIsI1JsKTEST,AMSNA; AMSNB,EMTAL,EMTB1,ALL1,ALL2,ROAIR,
1 RA1+RB1,+ERRSYV

COMMON /BLD4X2/ HDOTsPHISTHETFX+FZ,EMO, NMAS, NMODE,NAPSGNsNR11
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COMMON /BLDA4X3/ AMU,NAONR1

COMMON /SAD1/ FV3FW,EMONE.CS1,CS2DT+CH,

1 CCP4SSP,CCPS,SCPSySUMASyHeX sRADIS,PHIVo STy THETA,CSPHoCAPHICCySCo
1 EXy
2 EXMT ¢SNoSMLAZ,SMLAX; SMLAMy ALANSFZySFXoSFHsFORC o JMp JHPL,HDT ¢ APH,
3ATH

COMMON /5AD2/ VDOTsWDOT,PHIDT,SIDT,CSIDT

COMMON /GARY2/ XINPTFINPT

COMMON/PRNT/NPRNT

CERTAIN COEFFICIENTS FC COMPUTATION CF TOTAL GENERALIZED FORCES
AND MOMENTS

OO0

SNTHC=SIN{THETO)
DO 360 I=1+NM
Cl=SUMAS(I)*CPSQ*{H(I}+EPS(II*CLPS(I))
CH{1,1)=GL1*SCPSI(T)
CHI2: I)=SUMASIT)I*{EPSII)+HIT)*CSPH{I)/CCPSLI))
CH{3,[}=—2.%SUMAS (1) *CPOMG*EPS(I)
CH{4, 1 1=6G1%*CCPS{I)
CH{55 I1}=-SUMAS(I}*H{I)*SINICAPHI{I)-THETO) /CCPSILI)
CH{G6, [}=CH{3,[}*CCPS(I)
CH{3: L¥=CH{3,1)*¥S5CPSILI)
CH(T7,1)=—CPSQ*SCPSII)*XINR{I)FCCPSIII-SCPSII)ZEPSL{I)*(]
CHU8I)=—XINR(IL)-EPS(I)%:CH(Z2,1)
Ch(9y I1=2.*CPOMG*SCPSL{ I} *( XINR( ID+SUMAS{IY*EPSII)=EPS{I})
CH{10,1)=SUMAS(I)*CPSQ¥EPS(I)*RADIS{I)
CH{12,[)==2.*%CPOMOGX{ XINR{I }+ SUMAS{TI®EPSLI}EPS(I))
CH{LL,[)=CH{12,1)*SCPS{I)-2.CPOMG*SUHASI(I)=EPS{I)*H{TI*SNTHO
1 /CCPS(I)
300 CONTINUE
IF(NPRNT.LT.2) GO TO 9
WRITE (6,301)
301 FORMAT {3HOCH//)
WRITE (649875} ({CH(IXsI)sIX=1o11)oI=1,NH)
9 CONTINUE
C COMPUTE SUPERPOSITION INTEGRALS IN EACH KTH MODE
DO 550 K=1,MAXMO
SIGOM=SIG{K)*OMEGA(K)
OMK2=CMEGA (K ) *OMEGA(K)
CMBR=CMEGA(K}*SQRT(L.—-SIGIK)ESTIG(K))
CHT=0MBR*DT
IFENPRNT.LTL2) GO TO 10
WRITE(6+46001L) KeSIG(K) +GHMEGA(K] 0T
6001 FORMAT(1HO,4HK = ,13,5X,8BHSIG = 9G10.3+2Xy8HOMEGA = ,G10.342X,
1 8HDT = +1610.3)
10 CONTINUE
SIKDT=SIN{OMT)
CSKDT=COS(OMT)
OMT2=CMT*0OMT
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303

3017

308

310

318
320

330
350
355
360

361

370

OMT3=CMT2*%0OMT

IF{OMT-.05) 303,307,307

CMT4=CMT2*0MT2

OMT6=CGMT4*0MT2

ALPHA,BETA, GAMMA COEFFICIENTS FOR FILONS RULE OF INTEGRAION .

SEE APPENDIX OF BOOK GN INTEGRAL TRANSFORMS BY TRANTER

FILA=0MT3/22.5~-{0OMT4*0MT) /157. 5+{0OMT6*0MT) /2362 .5

FILB=.6666666666666T+0MT2/7.5-0MT4/26.25+0MT6/283.5

FiLG=1.3333333333333-0MT2/7.5+0MT4/210.~0MT6/11340.

GO TO 308

FILA=(OMT2+CMT*SIKDT*CSKDT-2.*S IKDT*SIKDT )/0MT3

FILB=2,%{OMT*{1.+CSKDT*CSKDT}-2.*SIKDT*CSKDT}/0OMT3

FILG=4.#{SIKDT-OMT*CSKDT }/0MT3

ADT=FILA*DT

BOT=FILB*DT

GOT=F ILG*DT

DO 310 JA=1,NAPl

T=(JA-1.)%DT

FORC{JA}=0.

OMT=0MBR*T

CCLJA)=COSIOMT)

SC(JAI=SIN(OMT)

EXMT{ JA) =EXP{—SIGOM*T)

DO 360 JA=1,NA

THC1=CPOMG* {AC*¥CCP(JA}-BCXSSP(JA) I}

THC 2=—CPSQ* (AC*SSP{JA)}+BCXCCPI JA))

COMPUTE TOTAL GENERALIZED FORCES, PAGE 1V-3,IV-4

DO 35C I=L.NM

QV=CHIl,I)+CH{24I)%*THC2+CH{3 I} *SIDT{I,JA}+FVII,JA)

QW=CHI{4,I)#+CH{5, 1}*THC2+4CH(6, 1) %SIDT(I,JAY+FHII,JA)

QPHI=CH(T7,I)+CH(8+I)*THC2+CH(9,1)*SIDT(I,JA)+EMOME(I,JA)

QSI=CH(10y I)+CH{11, I)*THC1+CH{ 12, I)¥PHIDT(I yJA)-CHI(3,1)}*
VDOT{I+JA)-CH{6,1)*WDOTLI,JA)

IF(I-2) 330,320,330

GLl=AKL/ELNTH{2)*SIDT(1,J4A)

QV=QV+S5CPS(2)%G1l

Qr=QK+CCPS{2) %G1

CENERALIZED FORCE ACTING IN EACH NORMALIZED MODE

FORC{JA)=FORC(JA) +QV¥AV(I,KI+QW*AW( T oK) +QPHI*APHI(1,K)+

QSI*ASI{(1,4K)

CONTINUE

DO 355 KJ=1,MAXMO ,

FORC({JAI=FORCLJA)~SICK J{K,KII*CSIDT(KJIyJA)

CONTINUE

FORCI{NAP1)=FORC(1)

WRITE(64361)

FORMAT (5HOFQRC//)

WRITE(649875) (FORC{JA) y JA=1,4NA)

DO 370 JA=1,NAP1

EX{JA)=(1./EXMT{JA) }*FORC{ JA)
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Je0=1
c COMPUTE SUPERPOSITION INTEGRALS AT EACH AZIMUTH POSITION
C INTEGRALS ON PAGE IV-6

£CO 5C0 JAA=1,NAPL
CSITMP=CSI{K+JAA)
CSITXP=CSIDTIK,JAA)

380 JAAN=JAA-1
T=(JAA-1.)*DT
60 TO (400+410+42044301),J460

400 CSI(KysJAA)=0.
CSICT(KyJAA)=0.
J60=2
GO 70O 5C0

410 SAVE=DTG2%*EX(2)
CSINT=SAVE*CC{2)+DTG2*FQARC (1)
SNINT=SAVE*SC{2)
JG0=3
GO YC 450

420 JG0=4

4201 CSINT=EX{JAAY*(ADT%SC{JAA)+.5%BDT*#CC(JAA))+FORCI1)*BDT*,5
SNINT=EX{JAA)¥(—ADT*CC (JAA}+.5%BDT*SC{JAA) ) +FORC{1)*ADT

421 JAGC=1
LO 425 JA=2,JAAN
GO TO (422,423),JAGO

422 SAVE=GDT*EX{(JA)
CSINT=CSINT+CC(JA)*SAVE
SNINT=SNINT+SC(JA}*SAVE
JAGC=2
GO TC 425

423 SAVE=BOUT*EX(JA)
CSINT=CSINT+CC{JA)*SAVE
SNINT=SNINT+SC{JA)*SAVE
JAGO=1

425 CONTINUE
SAVEC=CSINT
SAVES=SNINT
GO TC 450

430 CSINT=DTOU2*{CCIJAA)*EX{JAA)+CCLIAA-1)*EXTJAA-1))+SAVEC
SNINT=DTO2% (SC{JAA) ¥EX{JAAI+SCLJAA-1I*EX{JAA~-1) ) +SAVES
JGG=3

450 CSIUtK,JAA)=EXMT{JAA)*{SC{JAA)*CSINT-CCLJAA)*SNINT)
CSIDT{KyJAA)=EXMT(JAA)*{CC{JAA}*CSINT+SC(JAA)XSNINT)
CSIIK,JAA)=CSI{K,JAA)/OMBR
IF(JAA-NAPL) 45T74455,455

455 SKINT=EXMT(JAA)*{SC{JAA)*CSINT-CC{JAA)}*SNINT)
CKINT=EXMT{JAA)*{CC{JAA)I*CSINT+SC{JAAI=SNINT)
CK=1l.-EXMT{JAA)*CC(JAA)
SK=EXMT{JAA)*SC{JAA)
S={SK#SK+CK*CK)
SL=({SK*CKINT+CK*SKINT)/S
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OO

«XxXzixl

457
500

520

540
550

551

552

553

98175

S2={CK*CKINT-SK*SKINT)}/S

CONTINUE

CONTINUE

COMPUTE QUANTITIES ZETA (CSI) AND ZETA DOT (CSI DOT) FROM
SUPERPOSITION INTEGRALS

COMPUTATION OF ZETA,ZETA-DOT, SEE PAGE IV-6

DO 520 JAA=1,NAP1

CSI{KyJAAY=CSI{KoJAAI+EXNTL{JAA)* (CCLJIAA)*SL1+SCLJAA)*S2)/0MBR

CSIDT(K ¢ JAA)=-SIGOM*CS I{Ky JAA)+EXMT{JAA)*{CC{JAA)*S2~-SC(JAA) *S]1) .

+CSIDT(K,JAA)

CS2DT{K s JAA)=FORC{JAA)—OMK2%CST (K9 JAA )~2.%STGOMKCSIDT(Ky JAA)
IF (K.NE.l) 60 TO 550

DO 540 JAA=1,NAP1

CSI{K,JAA)=(CST{KsJAA) *FINPTHCSTTMP*{ 1.~FINPT))
CSIDT(KJAA)=(CSIDT (K9 JAA)XFINPT+CSITXP¥*{ 1o~F INPT))

CONT INUE

IF{NPRNT.LT.2) RETURN

WRITE (6,551)

FORMAT {4HOCSI//)

WRITE (659875) (( CSI{KyJAA)sK=1,MAXMO),JAA=1,NAPL)
WRITE (6,552)

FORMAT {6HOCSIDT//)

WRITE(6,9875) {{CSIDTU{KsJAA) 3K=1,MAXMO) s JAA=1,NAP1)
WRITE (6,553)

FORMAT (6HOCS2DT//)

WRITE(6,9875) ({CS2DT{KyJAA) sK=1,MAXMO) yJAA=1,NAPL)
RETURN

FORMAT{ (1H 406G12.4))

END
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SUBROUTINE RSPNS

DIMENSION VX{20919) sWX(20+19)

DIMENSION HDOT(04418) +PHI{04+18)sTHET{04918)¢FX(04,18),FZ{04418),
1EM0{04,18)

DIMENSION EIZ(20)

DIMENSION VDOT(20,19) +WDOT(20919),PHIDT(20+193+4SIDT(20,419},CSIDT
1{064+19)

DINENSION FV(20419)sFW(20+19),EMOME(20,19)4CSI{06,19),CS2DT{ 064159
14CH{12420) +CCPI19),SSP{19),CCPS{20) 4SCPS120),SUMA(20),H(20),X{20]
2RADIS(20),PHIV(204919)+S1{20419),XCSIDT{1,18)yTHETA(20,19)

DIMENSION CSPH{20}) ,CAPHI(20),CC(19),SCU1S)4EX{19)4EXMT(19)+SN(0O5])
1SMLAZ{20), SMLAX{20) + SMLAM{20) s ALAM{19),SFZ{19)+5FX{13),SFM{19),FC
2C{19)

DIMENSION JM{04),JMP1104)HDT{04)APH(04)yATH(04)

DIMENSION DXMBD4(2122)

DIMENSION SIGKJ(646)

DIMENSION ELNTH{20),EMAS{20),E1IX{20), RBLEO4),
1 XINR(20),DPHI(20}),EIY{20),EPS(20},DLZ(20)42ZAL20)},

2 YINR{20),0MEGA(20) ,SIG{20).8D(15)

DIMENSICON AV{20+06) yAW{20,06),APHI(20,06),AS1(20406)
1 ATHET{20+06)+AT{20506),AMZ{20406) sAVY{20+061},
2 AMY{(20,06),AVZ2(20,06)

EQUIVALENCE (DXMBD4{1)+ELNTH(1)),(DXMBD4(21)+EMAS(1)),(DXMBD4(4] ]
1EIX (1)),{DXMBD4{61),RBL (1) )y {DXMBD4{T70) sXINR(L)),(DXMBD4(90),DF
2I{(1)) +{DXMBD4{L10)},EIY {1))+{DXMBD4(130),EPS{(1)}),{DXMBD4(150),DL2
31))s(DXMBD4{ 170)9ZA {1)) o(DXMBD4(190) +YINR{1))+{DXMBD4(210) »OMEG!
41)),{DXMBD4{69)4PSIR 1},

4 {DXMBD4(230) +SIG (1)) +{DXMBD4(250) AV (1))} ,({DXMBD4(4303,AW (1]
59

S{DXMBD4{610) sAPHI (1)),{DXMBD4{790),ASI (1)), {DXMBD4( 970),ATHETI
6)),(DXMBD4(1150) AT (1)) ,{DXMBD4{(1330),AMZ (1)),{DXMBD4{1510),AVY
7L1)),{DXMBD4{1690),AMY (1)),({DXMBD4{1870),AVZ {1}),{DXMBD4{2050)
80 (11)),(DXMBD4{2065)+RKK )} o {DXMBD4(2066),CSAL ) (DXMBD4{2067),NM
8y

9{DXMBD4(2068),XCSIDT{1,41)}

EQUIVALENCE (DXMBD4{20861)+SI1IGKJ{1,1))+(DXMBD4{2122},DAMPC)

COMMON /BLD4X1/ DXMBD4

COMMON /GCORD1/ THETOsCPSQeDTsACyBCAKL,DTO2,RyONOCPCSALT
COMMON /CONL1/ ENR,PID2,XR0O0T,RAB,NMP1,NRP1,NAPL

COMMON /A1/ NBLyNByNRyNHsNCVoNRZ yMAXMC,NIT2 NIT2,NIT3

1 ,CPGMG,IT3

COMMON /IO/IN,NOUT,IT7,178

COMMON /B3/ DSI,IJsKTEST AMSNAAMSNB ;EMTAL,EMTBLy ALL1,ALL2,ROAIR,
1 RALsRB1,ERRSV




COMMON /BLD4X2/7 HDOT yPHI ¢ THETe FXsFZ9EMOsNMAS,NMODE s NAPSONsNR11

- COMMON /7BLD4X3/ AMUsNAJNR1

COMMON /SADL/ FV+FH+EMCME CSI»CS20T,CH,

LCCP ¢SSP oCCPSySCPSsSUMAsH X sRADISsPHIV ST o THETA CSPHCAPHI yCC+SCHEX
29EXMT ySNySMLAZ 3 SMLAX ySMLAMyALAM, SFZ, SFXySFMyFORC» JMs JMPL,HD T yAPH,
3ATH '

COMMCN /SVSNR/ SNR

COMMON /GARY/ NGOTO

COMMON /S5AD6/ VXWX

COMMON /SAD2/ VDOT, WDOT ,PHIDT+SIDTHCSIDT
COMMON/PRNT/NPRNT

COMPUTE RESPCONSES FROM MODE SHAPES AND ZETAS
CO 575 JA=1.,NAP1l
DO 575 I=1,NM
VX{I,JA)=0.
WX { I1:,JA=0.
voaT(I,JA)=0.
WDOT(I+JA)=0.
PHIV(1,JA)=0.
PHIDT{I,JA)=0.
SI{1,4A)=0.
SIDT(1I,JA)=0.

575 THETA(l,JA)=0.
RESPONSE VARIABLES OF INTEREST, PAGE 1V-7
DO 580 JA=1,NAP1
DO 580 I=1yNM
CO 580 K=1,MAXMO
VX{IsJA)=VX(I9JA)+AVII KIXCSTLIK,JA)
WXCL o JA)=WX( 1o JA) +ANMIL »K)*CSI(K,yJA)
VDOT(I1+,JA)=VDOT{I,JA)+AV{I K)*CSIDT(KyJA)
WDOT(I,JA)=HWDOT(I4JA)+AWII K)*CSIDT(KsJA)
PHIVI I, JA)=PHIV{I sJA)+APHI(I yK)I*CSI{K,yJA)
PHIDT (I »JA)=PHIDT(I,JA)+APHI(I,K)*CSIDT(K,JA)}
SI(I9JA)=SI(L,JA)+AST(I,K)*CSI(K,JA)
SIDTUI,JA)=SIDT{ 1,JAY+ASTI(I,K)*CSIDT(K,JA)}
THETA(I s JA)=THETA(I yJA)+ATHET(I+,K)*CST(KyJA)

580 CONTINUE
IF{IT3.EQ.1000) GO TO S
IF(NPRNT.LT.2) 6O TO 3

9 CONTINUE

NAP1=NA
WRITE (699988) ({VX(I9JA)eJA=1sNAPL),I=1,NM)
WRITE (629989) {{WX{IsJA)eJA=1sNAPL),I=1,NM)

9988 FORMAT {(/1HO,3HVX //(8El4.6))

9989 FORMAT (/1HO3HWX //(BEl4.6))
WRITE(6:9990)({ VDOT{(14JA) sJA=14NAPL) »I1=1,NM)
WRITE(6+9991)(( WDOT(14JA) s JA=1yNAPL),1=1,NM)
WRITE(65,9992)({ PHIVII »JA) »JA=1,NAP1) ,I=1,NM)
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WRITEL16,9993) {{(PHIDT{(I+JA)4JA=1:NAPL)sI=1,NM)
WRITE(6+9994)1({ SI{I 9JA) s JA=14NAP1) 5 I=1,NM)
WRITE(6+99995)({ SIDT{I4JA)yJA=1,NAP1),I=1,NM)
WRITE(65+9996) L (THETA(I 9JA) 9y JA=1 NAPL) sI=1,NM)
GO TC {3,4)yNGOTO

9990 FORMAT(/1HO,SHVDOT //17G14.6))

9991 FORMAT{/1HO,5HWDOT //{7G14.6))

9992 FORMAT{/1HO,5HPHIV //(7G14.6))

9993 FORMAT(/1HOSHPHIDT//(1Gl4.6))

9994 FORMAT(/1HO,5HSI /7/1{7G1l4.6))

9995 FORMAT(/1EOS5HSIDT //(7G1l4.61))

9966 FORMAT{(/1HO,SHTHETA//{7G14.6))

(e XgN eyl

CONVERT RESPONSE TO FORM FUR LOADS COMPUTATIONS
3 DO 610 I=1,NM
610 X{I)=RADIS(1)
MJ=1
DO 625 I=14NR
RRBL=R*RBL{1)
M=MJ
DO 620 J=MyNM
MJ=J ,
IF (X{(J).LT.RRBL) GO TQ 620
K=J
IF (K.EQ.1) K=K+l
JM{T)=K-1
JMPLITI)=K
GO TO 625
620 CONTINUE
JM{I)=NM-1
JMPLLUI)=NM
625 CONTINUE
DO 700 JA=14NA
THETC=AC*SSP(JA)+BC*CCP(JA)
THC1=CPOMG* (AC*CCP(JA)-BC*SSPLJA))
DO 650 M=1,NR
RRBL=R*RBL (M)
IF(JM(M)) 630,650,630
630 I=JMIM)
I1P1=JMP1{M)
FCTR=(RRBL=-X(I})/Z({XLIPLI=-X{IND)
00 640 II=1,2
THT=THETO+THETC+PHIV(I,JA)
PH=-THETA{I « JAY*CCPS(I)-SI(14JANESCPS(1)
HD=CNOCP*{VDOT( I, JAI*CCPSCT)-WDOT(IyJA)*SCPS{I)+ZA{I)*PHIDTE(I,JA)}-
LCCPS{I) +{ZA(I)-HIT) )*(THCL+CPOMG*PH) ) ~AMU*CSALT*CCP(JA)*PH
GO YO {(637,645),11
637 HOT(M)=HD*(1.-FCTR)
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640
645

ATH{M)=THT*{ 1.—FCTR)
APH(M)=PH¥(]1 +~FCTR)
I=1P1

CONTINUE
HDT{(M)=HDT(M)+FCTR*HD
APH(M)=APHIM)+FCTR*PH

- ATHI{M)=ATH{M) +FCTR*THT

650

660
700

10
24
29
22

23

28

2935

938

150
900

CONTINUE

00 660 M=1,NR

HOOT (My JA)=HDT (M)

PHI (M, JA)=APH{M)

THET (MyJA)=ATHIM)

CONTINUE

IF(IT3.6Q.1000} GO 1O 10

IFINPRNT.LT.2) GO TO 4

CONTINUE

WRITE(64+24)

FORMAT (5HOHDQT//) .
WRITE{6+29){ (HDOT (14409 J=1:NAJ,I=1+NR)
FORMAT(L10{1XsEL12.5) /)

WRITE(6,22)

FORMAT (4HOPHI//)

WRITE(6,29)U{PHI (14J)yJ=14NA)+1I=14NR)
WRITE(6.+23)

FORMAT (6HOTHETA//)

WRITE(6,29) {L{THETA(I,J)4J=14NA},I=1,NR)
WRITE (6428)

FORMAT {SHOTHET//)

WRITE (6929) ((THETU(IyJ3sJd=14NA},1=1,NR)

FORMAT (2(/) +55X+10HCSI VALUES)
WRITE(NOUT,2935)

WRITE(NOQUT938) ({ I19JJsCSI(IL4JJd) »I11=14MAXMOD,JJ=14NA)

FORMAT(6(213,F10.5))
IF{1IT3-1000)890,750,4750
CONTINUE
FORMAT(1X+5E20.7)

NAQVTG=20

NRNRA=19

WRITE(6,8993)

CALL HARMN(NM,NAPLyDSIVDOT +6 +NMAS,NAOVTO+NRNRA)
WRITE{6,8994)

CALL HARMN{NM¢NAPLl,DSI WDOT +6sNMAS, NAOVTO,NRNRA)
WRITE(6,8995) ’
CALL HARMNI(NM,NAP1,DSI,PHIV +6+NMAS,NAQVTO,NRNRA)
WRITE(6,8996)

CALL HARMN(NM,NAPLl,DSI 4PHIDT ¢6+NMAS,NACVTOs NRNRA)
WRITE(6,48997)

CALL HARMN{NM,NAP1,DSI1,S1 216 s NMAS , NACYTO »NRNRA)
WRITE{6,8998)
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CALL HARMN{NMyNAP1¢DSI +SIDT ,6yNMAS,NACVTO,NRNRA)

WRITE(6+8999)

CALL HARMNINM,NAPl,DSI+THETA 6 sNMAS,NACVTG,NRNRA)
WRITE{6,8991)

CALL HARMN(NMyNAPlysDS1I,VX 969 NMAS, NAOVTO ¢ NRNRA)
KRITE(6,8992) '

CALL HARMNINM,NAPLsDSIHX 263 NMAS s NAOVTO o NRNRA )
FORMAT( /5TX92LHFLATWISE DISPLACEMENT)
FOCRMATU/5TX 4 22HCHORDWISE DISPLACEMENT)
FCRMATU(/5TX s 1THFLATWISE VELOCITY)
FORMAT{ /57X, 18HCHORDWISE VELGCITY)
FORMATI(/57X926HTORSIONAL DEFLECTION ANGLE)
FORMAT{/57TXy33HTORSICNAL DEFLECTION ANGULAR RATE)
FORMAT( /57X 23HCHORDWI SE BENDING—SLOPE)

FORMAT (/57X y36HCHOROWISE BENDING-SLOPE ANGULAR RATE)
FORMAT( /57Xy 35HFLATWISE BENDING-SLOPE ANGULAR RATE)}

NAP1=NA+1
NR=SNR
RETURN
END



SUBROUTINE SHEAR

DIMENSI ON HDOT{(4+918)4PHI{4918), THET(4,418)+sFX(4918)+,FZ(4+18),
1EMO(4,18)

DIMENSION EIZ2120)

DIMENSIGN VDOT(20+419)yWD0T{20+19)4,PHIDT(20419)4SIDT{20,19),CSIDT
1{6,19)

DIMENSICN FV120,19) +FW{20419),EMOME(20419) +CS5I(6,19) 4CS52DT{6,19)
LsCH{12,20),CCP{19),SSPI{19),CCPS{20},SCPS5{20),SUMA{20),H{20)+X(20},
2RADIS{20) yPHIV(20919)9S1(20919) +XCSIDT{1,418),THETA(20,19)

DIMENSION CSPH{(20),CAPHI{20),CC{19),SC{19),EX{19),EXMT(19),5N(05),
L1SMLAZ(20) » SMLAX(20) o SMLAM{20 )9 ALAM{19)ySFZU19),SFX(19)¢SFM{19),FOR
2C(19)

DIMENSICN JM(4),JMP1(4)sHDT(4)yAPH(4),ATH(4)

DIMENSION DXMBD4{2122)

AyELNTH(20),EMAS{20) yEIX({20)+RBL{4),
LXINR{20) 4DPHI(20)yEIY(20),EPS{20),DLZ(20),ZA(20),
2 YINR{20),0MEGA{20) ,SIG{20),8D(15)

DIMENSION AV(204+6)3AN(20+6)APHI{120+6) 4AST{20:6),

1 ATHET(20:6)2AT{20¢6)+AMZ{20+6)+AVY (20461},
2 AMY(20,6)sAVZ1(20,46)

EQUIVALENCE (DXMBD4(1)+ELNTH(1)),{DXMBD4{21),EMAS(1))+(DXMBD4(41),
1EIX(1)) (DXMBD4(61)+RBLIL) ) »(DXMBD4(T70)+XINR{1)),{DXMBD4{90),0DPH
21(12),(DXMBD4¢110)+EIY{(1)),{DXMBD4{130) EPS{1)),(DXMBD4{150),DLZ(
3L))+{DXMBD4(170)5ZA{1) ) (DXMBD4(190), YINR), {DXMBD4(210) + OMEGAL
41)),{DXMBD4{69)4+PSIR),
4{DXMBD4(230)+SIG(1)),{DXMBD4(250)AV) ,(DXMBD4{430) AN},
S{DXMBD4(610) ¢ APHI )y (DXMBD4(T90) 9 ASI(1)), (DXMBD4(910),ATHET
6)y{CXMBD4(1150) yAT) ({DXFBD4{1330)4+AMZ),{LXMBD4(1510)4AVY
7),(DXMBD4(1690)+AMY ), (CXMBD4(1870),AVZ),(DXMBD4(2050),8B
8D) + (DXMBD4( 2065) s RWK) » (DXMBD4 (2066 )+ CSAL) o {DXMBD4{2067)¢NM),
9{DXMBD4{2068) 4 XCSIDT)

COMMCN /BLD4X1/ DXMBD4

COMMCN /GCORD1/ THETO.CPSQsDToACsBCAKLsDTO2,ReONOCPCSALT

COMMON /CONL1/ ENR,PI0O2,XRO0OT,RAB,NMPL1,NRP1 NAPL

COMMON /B3/ DSIe1JyKTEST,AMSNA, AMSNB,EMTAL,EMTBLl,ALLL1+ALL2,R0OAIR,
1 RA1,RBL1,ERRSYV

COMMON /BLD4X2/ HDOT oPHI yTHET s FXoFZyEMO,NMAS,NMODE s NAPSON,NR11
CCMMCN /7BLD4X3/ AMU,NAsNR1

COMMON /SAD1/ FV,FH.EMCMECSI,CS2DT+CH,
1CCPSSPRCCPSySCPSySUMA Hy XoRADISyPHIV ST yTHETAJCSPHCAPHI ,CC +SCLEX
2+EXMT 3 SNy SMLAZ, SMLAX s SNLAMy ALAM,SFZ9SFX9SFMeFORC s JM, JMPL,HDT APH,
3ATH

COMMON /SVSNR/ SNR

COMMON /GARY/ NGOTO

COMMON /SAD2/7 VDOT WDOT,PHIDT,SIDT,CSIDT

DIMENSION CT(20+19),CM2(20419),CMY{(20519),CVZ(20,19),CVY(20,19)
EQUIVALENCE (CT(1l41)sFVIilel)),(CMZ(1,1),FHLL1,1)),8CMY(1,1),EMOMEL]
191))s(CVZI1,y1)VDOT(1,1)),4CVY{1,1),WDOT(1,1))
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COMMON /A1/ NBL ¢NBsNRyNWeNCV,NR2,MAXMO,NIT1 ,NIT2,NIT3

1 +CPONG,IT3

COMMON /IO/INNOUT . IT7,.,1IT8

COMMON /SHEAR1/ NAOVTO

NRNRNA=NR*NA

DO 200 JA=1,NAP1

DO 200 I=1,NM

DT=C.

DMY=0 -

DMZ=0+«

pvY=0.

DVZI=0.

DO 100 K=1,MAXMO

CSIX=CSI(KyJA)

DT=DT#+AT(I,K)*CSIX

DMZ=DMZ+AMZ{I+K)*CSIX

DMY=DMY+AMY{ I ,K)*CSIX

DVZ=DVZ+AVZ{I,KI*CSIX

DVY=DVY+AVY(I +K)*CSIX
100 CONTINUE

CT{I4J4A)=DT

CMZ(I,JA)=DMZ

CMY{1,JA)=DNY

CVZIiT1,JAY=DVZ

CVYLIJAN=DVY
200 CONTINUE

NSAVE=NA

NAOVTO=20

NRNRNA=19

CALL HARMN {NMy,NAODST+CT414NMAS,NACOVTGoNRNRNA)

WRITE (6,900}
900 FORMAT (/77 :56X,19HRADIAL VS AZIMUTHAL)

WRITE {6+901) ((CT{Ie¢Jd)eJ=1eNA),I=1,NM)
901 FORMAT {(///71(8El4.61}))}

CALL HARMN (NMyNADSIsCMZy2 ¢ NMASsNACVTO, NRNRNA)

WRITE (6,900])

WRITE (65,901) ((CMZ{19J)sJd=1sNA),I=1,NM)

CALL HARMN (NM,NA,DSI,CMY»4,NMAS,NAOVTO,NRNRNA)

WRITE (64+900)

WRITE {6+901) ((CNY{IsJ)sJd=1sNA)eI=1,NM)

CALL HARMN (NMyNA+DSIsCVZ5.NMAS,NAGCYTO, NRNRNA)

WRITE (6,900)

WRITE (65,901) ({CVZ(14d)sJ=14NA),I=1,NM)

CALL HARMN (NM,NADSI,CVYs3,NMAS,NAOVTO,NRNRNA)

WRITE (6,900}

WRITE (65901) ((CVY(IsJ) sJd=1NA)I=1NM}.

NA=NSAVE

RETURN

END

142



SUBRGUTINE RSPZZ

DIMENSION RCAP(S5)

DIMENSICN ZWK{5,18)

DIMENSICON VX{20919) sWX(20,19)

DIMENSION HDOT(04,18),PHI(04y18),THET(04y18),FX(04,18),FZ(04,18),
1EMO{C4,18)

ODIMENSION E1Z{20)

DIMENSION VDDT(20,19’:HDOT(ZO’19).PHIDT(20919)QSIDT(20119i’CSIDT
1{06,+19)

DIMENSION FV{(204+19) +FW{20,19)EMOME(20,19) 4CSI(06,19) ,C52DT{06,19)
LeCHU12,20)yCCPU19},SSPI19)4CCPS(20),SCPS(20),SUMAL20),H(20)4X{20),
2RADIS(20) yPHIVI20+19)9S1(20,19),XCSIDTL1418),THETA(20,19)

DIMENSICON CSPH{20) sCAPHI{20) +CCU19)¢SCUL19)EXLL19),EXMT(19),SN(OS5),
LSMLAZ(20) s SMLAX(20) s SMLAMI{20),ALAM(19),SFZ(19)sSFX{19),SFM(19),FOR
2C(19)

DIMENSION KM{05) +KMP1(05)

DIMENSION JM{04) ¢ JMPL{04)+HDT{(04) ¢ APH(O04) ,ATH(O4)

DIMENSICN DXMBD4(2122)

DIMENSION ELNTH(20) sEMAS(20),EIX(20), RBL{O%),
1 XINR{20),0PHI{20),EIY(20),EPS(20),0LZ(20),ZA(20),
2 YINR(20)+0OMEGA(20),516(20),8D(15)

DIMENSION AVI20,06)yAWL20406)9APHI(20,06) +AS1{20406),
1 ATHET(20+06),AT(20,06),AMZ(20,06)5,AVY(20,06)},
2 AMY(20+06)+AVZ(20,06)

EQUIVALENCE (DXMBD4(1) ELNTH{1)),(DXMBD4(21),EMAS{(1)),(DXMBD4&(41),
1EIX (13}),{DXMBD4{61)+RBL (1)) (DXMBD4{(TO) s XINR{L1)) ,(DXMBD4{90),DPH
2I{13)+(DXMBD4{110),EIY (1)) (DXMBD4(130)EPS(1)),1DXMBD4(150),DLZ{
31)) +(DXMBD4(170)9ZA (1)) ,(DXMBD4(190),YINR(1)),(DXMBD42(210),0MEGA(
41)),(DXMBD4{69)4PSIR ),

4 (DXMBD4{(230)+SIG (1)) (DXMBD4(250)4AV (1)) (DXMBD4(430),ANH (1))
S

S(DXMBD4(610) APHI (1)) 4{DXMBD4(790)+ASI {1}),(DXMBD4( 9T70),ATHET(1
6)) ,{DXMBD4(1150) AT (1)) +{DXMBD4(1330),AMZ (1)), (DXMBD4(1510),AVY

7{1))+(DXMBD4{1690),AMY (1)) ,(0OXMBD4L{1870),AVZ (1)),(DXMBD4(2050),8
80 (1)) ,({DXMBD4(2065)sRHK )9 (DXMBD4{2066),CSAL ) ,{DXMBD4(206T7) 4NM )
89

9{DXMBD4(2068) 4+ XCSIDT(1,1))

COMMON /BLD4X1/ DXMBD4

COMMON /GCORD1/ THETO,(PSQyDT4AC,BCsAKL9DTO2,R,ONOCPCSALT
COMMON /CONL1/ ENR,PI024+XROOT+RAB,NMP1 4NRPL ,NAPL

COMMON /7ALl/ NBL yNBsNRyNW sNCVsNR2 ,MAXMO,NITL,NIT2,NIT3

1 +CPCMG,IT3

COMMON /ZIOZINNOUT,IT7,IT8

COMMON /B3/ DSI¢IJ,KTEST,AMSNA,AMSNB,EMTA1l,EMTBl,ALLL,ALL2yROAIR,
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990

610

620

£25

630

637

1 RA1,RB1yERRSY

COMMON /BLD4X2/ HDOT4PHIsTHET FX4FZ4EMOyNMASyNMODE s NAPSON4NRL1

COMMON /BLD4X3/ AMUsNA,NR1
COMMON /SAD1/ FVsFW,EMOME.CSI,CS2DTCH,»

LCCP sSSP CCPSeSCPSsSUMAsHe X2 RADIS ¢PHIV ST THETARCSPH,CAPHI +CC¢SC4EX
29EXMT g SNy SMLAZ ¢ SMLAX 9 SMLAMJALAMySFZySFX2SFMFORC 9 JMy JMPL s HDT 4 APH,

3ATH

COMMON /SVSNR/ SNR

COMMON /GARY/ NGOTO

CUMMON /SAD2/ VOOT.WOOToPHIDT.SIDTLCSIDT
COMMON /SAD6/ VXaWX

CCMPUTE Z S FOR CASE 12 WAKE AND LOADS RUNS
REAC(5+9990) (RCAP{I) 4sI=14+NRP1)
FORMAT {8F10.92

DO 61C I=1,NM
X(1)=XROOT

DO 610 J=1,I
X(I)=X{I)+ELNTH(J)
MJ=1

DO 625 I=1,NRP1
RRBL=RCAP(I)

M=MJ

DQ 620 J=M,NM

MJ=J

IF (X{J).LT.RRBL) GO TC 620
K=J

IF (K.EQ.1l) K=K+l

KM{ I)=K-1

KMPL(I)=K

GO TO 625

CONT INUE

KM{I)=NM-1

KMPL(I)=NM

CONT INUE

0O 760 JA=1,NA

DO 650 M=1,NRP1
RRBL=RCAP (M)
IF(KM(M)) 630,650,630
I=KM (M)

IP1=KMPL (M)}
FCTR={RRBL~X(I1) )}/ (X (IP1)-X{1))
DO 640 II=1,2
FD=-VX(1,JA)

GO TO (637,645) 411
HOT(M)=HD*( 1 .~FCTR)



P
J—_ -

640
645
650

660
700

24

29
30

I=1IP1

CONTINUE

HDT(M)=HDT(M}+FCTR¥*HD

CONTINUE

D0 660 M=1,NRP1

ZWK(M o JA)=HDT{M)/R

CONTINUE

WRITE(6,24)

FORMAT{ SHOZRWK +/7)

WRITE(3429){{ ZWK (I4J)sI=14NRP1)¢J=1,NA)
WRITE(6:30)(( ZWK (15309 I=19NRP1)}eJ=1,NA)
FORMAT{ 29X+F10.7)

FORMAT (1Xs8E16.7)

CONTINUE

RETURN

END

145



146

Machine Compatibility

The Blade Loads Program has been run on the
University of Rochester's IBM 360/65 under MVT Release
18, General Computer Corporation's CDC 6600 under Scope
3.2, and NASA-Langley's CDC 6600 under Scope 3.2, The
program is standard FORTRAN IV and is also WATFIV
compatible.
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Recommended CDC 6600 Overlay Statements:
Mainline:

OVERLAY (BLADES, 0,0)

PROGRAM BLD34 (INPUT, OUTPUT, BDSTRT, BDGAM,
TAPE2=BDSTRT, TAPE5=INPUT, TAPE6=OUTPUT,
TAPE7=BDGAM, TAPE8=BDSIG, TAPE3=RUNCH)

2004 CALL OVERLAY (6LBLADES,1,0,6HRECALL) replaces

2004 CALL BLD3

CALL OVERLAY (6LBLADES, 2,0, 6HRECALL)replaces

CALL BLD4
Subroutine BLD3:

OVERALY (BLADES,1,0)
PROGRAM BLD3

Subroutine BLD4:

OVERLAY (BLADES, 2,0)

PROGRAM BLD4

CALL OVERLAY (6LBLADES, 2,1, 6HRECALL)
CALL OVERLAY (6LBLADES,2,2,6HRECALL)
CALL OVERLAY (6LBLADES, 2,3,6HRECALL)
CALL OVERLAY (6LBLADES, 2,4, 6HRECALL)

replaces
replaces
replaces
replaces

BDSIG, PUNCH,

CALL CONVL
CALL GCOORD
CALL RSPNS
CALL SHEAR

IF(NPCH.EQ.l) CALL OVERLAY (6HBLADES, 2,5, 6HRECALL)

replaces IF(NPCH.EQ.1)CALL RSPZZ
Subroutine CONVL:

OVERLAY (BLADES,2,1)
PROGRAM CONVL

Subroutine GCOORD:

OVERLAY (BLADES, 2,2)
PROGRAM GCOORD

Subroutine RSPNS:

OVERLAY (BLADES, 2, 3)
PROGRAM RSPNS

Subroutine SHEAR:

OVERLAY (BLADES, 2,4)
PROGRAM SHEAR

Subroutine RSPZZ

OVERLAY (BLADES, 2,5)
~PROGRAM RSPZZ

NASA-Lasgley, 1971 — 1 CR~1912
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