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MAIN ROTOR FREE HAKE GEOMETRY EFFECTS ON 

BLADE AIR LOADS AND RESPONSE FOR 

HELICOPTERS IN STEADY MANEWERS 

VOLUME I1 - PROGRAM LISTINGS* 
By S .  Gene Sadler 

Rochester Applied Science Associates, Inc. 

Computer program listings are presented for two separate pro- 
grams, the wake geometry and the blade loads and response programs. 
These programs compute blade loads and response for single rotor 
helicopters in steady maneuver flight conditions. The listings in 
this volume correspond to the calculations discussed in VOLUI4E I. 

INTRODUCTION 

Vortex-blade interactions are an important source of high fre- 
quency, high amplitude aerodynamic loading of helicopter rotors. 
Increasingly more complete models of both the aerodynamics and 
elastomechanics of the helicopter rotor system are being developed. 
The programs listed here include the effects of free wake distor- 
tions, blade flexibilities, nonlinear aerodynamics, and uses an 
iterative solution technique to obtain compatible blade loads and 
response. 

Four steps are necessary in obtaining blade loads and response 
results including the effects of free wake distortions by using the 
programs listed in this report: 

1. Preliminary calculations (or measured data) are used to 
define rotor system performance parameters and flight conditions. 
Definitions of model parameters and program control variables are 
necessary for program operation. 

2. A wake geometry calculation is made to obtain wake-induced 
velocity influence coefficients and initial estimates of bound cir- 
culations for use in the blade loads calculation. Wake geometry 
data is also printed during this calculation. (If uniform inflow 
approximations are desired, this step may he omitted, and the blade 

*VOLUME I - THEORETICAL FORMULATION AND ANALYSIS OF RESULTS is 
contained in NASA CR-2110. 



loads and response calculations per;fo?med without the effects of a 
freely distorting wake.) 

3.  Blade natural Erequencies and narmal modes are computed for 
use in calculating blade response, 
or uncoupled, but must be orthogonal and must have a generalized 
mass of unity. At Least one noma1 mode is required fo r  program 
operation. (Steps 2 and 3 are independent, and their order unimpor- 
tant. 1 

The narmal modes may be coupled 

4 .  Given the wake program input for use in blade loads calcu- 
lations and the natural frequency and normal mode shape input for 
use in blade response calculations, the blade loads and response 
calaulations are then performed by the blade loads and response pro- 
gram. Output of this program includes the wake-induced velocities, 
angles of attack, aerodynamic loads, and blade lineal and angular 
motions, moments and shears as computed from the appropriate normal 
mode quantities and generalized coordinate magnitudes. 

Program input and output is in English units. 

2 



OVERLAY t WKOVL t'! 
PROGRAM GEOW 4 I NP UT, OUT PUT 

C' 1 
BD S I G ,BL)GAM 9 W K GEO 9 T APE5= I N PUT T A P  E6=OUT 

IP 'JT IT  APE4zBDS TGtTAPE8=BDGAM rTAPElO=WKGEOI 
C PROGRAM WAKE GEOMETRY 
C 

C 
DIMENSICIN T M t 9 )  r T V 4 3 )  

COMMON /MUVXYZ/ TM,TV,DECVVDT,RC ,CAPPHI,AQrAZ,YR,ZR*RP,IVAR 
COMMON NR AT f n  t M  A A  9 LRGWKS? LI ML S S t  t S W W  / S  TPS Z /  

C 
CALL GEOM 
CALL WK1 

STOP 
EN 0 

C 

3 



SURRQIJTINE G F R V  
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COMMON / STEPX A/ 

COMMON / S U B ? C /  R t  C t  DTWOPI  
COMMON / S U B I D /  I t  I P l t  I M 1  

COMMON / S T P S  Z I  
COMMON / T E S T 3 3 1  N I G I N R O T ~ N W , N B R V ~ ~ X , Y ~ Z ~ A ~ B ~ D  

LJ KPTt VW t I n U T t  NOTTPL t KAT r NRC 
COMMON /SUR1 R/ K X  T L S Q  tDSQ t O T H P ~ L T H P  t ATMP v BTMP 

COMMON /SURTE/  N A S  
YRAT IO t Y A A t  LRGWKS 9 LT MLSS t LSWW 

1 J S I G T t N W Y K t  J t  N W M l t N T R V t V Y r V Y t  V Z V N I R R V  
COMWON /TESTF;S/ JLr J S I G t N T V  p N T V 1  t M t  D P S I  ,CHORDtRSMLLt  RCAPtGAMMA,QSZ 
COMMON / V L I M T T /  V L I Y l  l l l ~ V M L I M 1 1 6 1  
CnYMON /VLNTHS/  Y A L I Y T V L L  
COMMON / W A K E 1 1  VOONP t MUWKFT t V  J 9 WKY r HKY t W Y Z  tCnSR3 rS I N B  3 t N A S 1  t 

I N 1  3NAt N W K L S T t  NWKRWt N W K C L t N L P 1  tNLP2, N L P 3 t  YLP4 tTWOPI  
COYMPN /WKCPNT/ NWKPD 
COMMON I W K Q /  NUMXYZ 
COMMON / W K 1 6 /  P S I  R v O P S I K t  P S T K t D F L T A  9 R R E F  tMUCDS,YUSDSt  THTAXqTHTAY 
COMMON / W K I R I  X R Q T t  Y R O T t  ZRQT, TCORTALFAT t ALFA1 r A L F A 2  
COMqON / W K l C /  P S I  t C C C A , O I P .  
COMMON /WK2A/  MS€T,GAMMK? I N D X , J A C t I N D X C t  SGMAZq S I G M Z t S G W L  
COYMON / W K 2 8 /  X A t  Y A t  L A ,  X R t Y  R, ZBt  XCt Y C t  Z C  
COMMON /WK?C./ S YGRL 
COMMON /WKZGAM/ GAMFAC 
COMMON /WK4A/  VXX 
COYYON / Z C N T R L /  N Z S  
CPYMON / Z S S /  ZFTOR 

DATA RLANK/lH / 
t 

Q A T A  NWKX tNWKY, NWKZ /3HWKX t3HWKY 13HWKZ/  
C 

3Q F O R M A T { 4 H O A F M / j  
31 FQRMAT(4YQBFM/  1 
32 ~ O R M A T ( 3 3 H r V L l ~ l ( N T V )  ? V P t t l M (  NTVM*:hJIf3) , G A M F A C / )  
3 3  F O R Y A T I 1 2 H O N A L I M  F L I M / 2 Y , I 3 t G 1 6 * 7 )  

35 F O R M A T  (23HPNtJMBER OF SMALL S T E P 5  tI5t?4H S T A R T  S M A L L  S T k P S  AT 9 

3 4  F W W t  1ZHCVl-I-4 N I R R V M ) / t  

1 1 5 )  
907 
906 FORMAT 1 2 9 x 9 1 5 1  

901 F O R M A T  ( 1 9 x , 7 X t 7 X 9 E I 1 . 8 )  

F O R Y A T I  1 6 X  t 3 f 8 .  A 1 

16 FORMAT ( 2 3 A 4 )  

9875 FORMAT I l X , R G l h * 7 )  
8832 FORMAT ( 1 H l  9 4 7 X 9 3 7 H f R F E  R n T O R  WAKE GEOYFTRY C A L C U L A T I O N S / / /  

1 ZH 9 26x9 2/3A4/ 
21H ~ 2 6 X , 2 r l A 4 /  
31H t?6Xt20h4// 
41H t 5 8 X , l h H S L 4 f ” E  P R C I P E Q T I E S / /  
5 1 H  r 9 X t F R * 3 , 7 n H  finU4F?rCEa R A T I O ,  D I Y F f i J S I O P J t E S S t  
630XtF8.5 t27H N A X I M I J M  TONVERGENCE EPRi311/ 
71H t 9 X * F R e 3 t  3 2 W  A T P ,  MASS Q E N S I T Y ,  L B - S E C 7 / F T 4 t  
8 2 9 X v F 8 . 3 ~ 3 n W  R F F F P F N C E  ROTnR LFNGTl-Ir FFET/  

h 
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C 
c 
C 
c 

c 
C 
C 
c 

I N D X L = r I  
”1=3.14159? 
KAT=O 
TWOP f = 2  *P t 
3TWOf’I=1 * /TWOPI  
SGR ATO=DTWOP I /SGR A T 0  
DPSI=TWCPI /NA 
D PS I K=JWclP 1 / N I  R 
r )YSQ=OY*OM 
YU=Y/(OM*RPEF 1 
“r\DP= %J*<’3P s I 

P F ~ D  A N G C f S  IN KADTANS OR C O N V F S T  DEGREFS TO R a O I A N S  BEFORE 
N E X T  S T E P  

CDYPUTE CQORDINATF T R A N S ~ O R M A T I ~ N  YATPIX  FOR U S E  I N  LOCATION 
OF MTH PnTflR. 

COMPUTE T J P  PATH ANGLE FR9fn A P P F T X I V A T E  EQUATIONS OF MOTION OF 
RIGID, SPRING-HINGED PtADE.  

rulREfR=3 

9 0 = R Z E R O 4 M l  
CHORD4 Y )  =CHORD ( M I  /RREF 

ALPHAl=ALFAI  ( M  1 
RLpHA2=ALFAZI M I  
A S = 4 L f A 5 4 Y )  
!==CHORD( Y l 
D = D E L T A ( Y )  
NBETC =M 

00 1 5  N = l r N R @ T  

P S I ( M 1 =I?. 

9 



PRINT ClUT INPUT AND CCINTROL CONSTANTS 

L O  



C 
C 
c 

c 
C 
C 

C 
c 
C 

~ I M E N S I O N A L I  Z A T I f l Y  FACTORS 
LOAD RHO*CIM*OM *R **3 

R l l=RREF*RRFF*RRFF 
D f  LOD=RHQ*OMSQ *sR I ? .  

CONSTANTS USFn TO CONTROL PROGRAM. 

V J = N I  R*NQQT*MTV 
NAR=NA*NREV 
Y G J = Y  i B * N T V 3  
NG JR=W J*NROT 
Y TRV=NIB*NTV 
Y I PRV= R1 I R \I *NRO T 
hJ I R M= N I R*NTVM 
N B R V I  =NIBRV+1 
MAS=? 
N L P  l = N R n  T 
N L P Z = N I  8 
NL P3= NTV 
NWYPD=O 
Y PER= 1 
‘v R=rY T V 1  *PJ R OT 
NANR=NA*NR 
N I R N A = N A / Y I F  
rY WS TR F =2 
N WR=N A*NR F V 
L RGYK S =  1 
N R A T I  O=N 94 /VrS 

CONSTANTS USEP T f l  CONTROL A R R A Y  S I T E S  

N N T V = 4 4  
VEXP‘ESK=5 
NSIGRW=44 
Y W Y R W = l t  
NWYCLY=44 
Y P I D D R = 5 4  
NMODC= 16 
r \ lYROT=l  
N N T V M = l l  
FJTY VY =4 

1 1  
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c 
2 3  r \ lASI-=E!  

M w = 1  

WKPT=3 
SETlJRY 
END 

r r = i  

1 3  
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CJMPIJTF R C A O F  P f I I N T S  F C R  I I = l r  WAKE P O I N T S  FOR I I = 2 1  F O R  EACV 
RLA?F. 

1 5  
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C 
C 
c 

c 
C 
c 
c 

COMPUTE P O S I T I O Y  12F MTH ROTOP 14 CnPROINATE SYSTEM O F  ROTnR 1 

CDlYPllTC BLADE POINTS FOR I I = l r  W A K f  P G f N T S  FOR- I I = 7 ,  FOR 
E A C I I  6LAF)F. 



I. 8 
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C 
c 
C 

STEADY QOCL S 

2 2  



C 
C SYNETRICAL PULL-UPS 
C 

30 READ (5,1901 AAIRP 
W R I T E t 5 r 1 3 ( ’ 3 1  AAIRP 

AA=AA*2e*PI/( ZNA*ClM) 
10Q3 FORMAT12Xt25HSYMMETRICbL PULL-UP A A  = * G L 4 t 4 9 6 H  R P  =,614.41 

RP=RP#RREF 
CALL ~ U Y P I J P ( R A L P H 4 t C A A t A A r R P )  
GO TO 5 

C 
c STEADY C L I M B  OR STFADY FORWARD FLIGHT 
C 

49 R E A D  45,1001 W 
URLTFIbr1004) W 

2004 FORMATf2Y,LQHCLIMR d = T G 1 4 e 4 ?  
V D T = f V * C U S A L S - E I * S i ~ A C S ~  *TWP INA/O#RREF 

CALL S T Y C ~ R ( R W ~ S W I V ~ T I ~ ~ D T )  
W DT = f V*S I N A t  S + W * C 0 S A t  S 1 *T W P 1 hl A / 0 M P.R F F 

5 RETURN 
6 FORMAT 1 3 3 x 9 1 1 )  

EO(J FQRMAT(ZRXTG~I. 7 )  
END 

2 3  



2 4  



2 5  
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2 7  
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SUBROUTINE SMPY 4 ~ T C T N T M T M X )  

DIMENSION A l M X )  

N M=N*M 

C 

c 
00 1 I=lrNM 

RETURN 
END 

1 A(II=A(I)*C 

30 



C 

C 
RW[ 11 =VOT 
R W 1 2 ) = 0 e  
R W 43 l=-WDT 
SWIl)=l* 
SW( 21=0* 
SW # 3 )=O e 

s W I  41 =o. 
s W !  5 1=1 . 
SWthl=O. 
SW(  7)=0. 
SW(8)=n. 
sut SI=]. 
RETURN 
END 

3 1  



StJPKnl lT  I N E  B F T A 5  
c T Y E  I M P U T S  TP T H I S  5 tJPROlJT INF APE CnYMON TO OTHER SIJBROUTINES 

H F A L .  MU,MU2 *M1!4 TMROXR TMR ~Mf?n ,  L 9 M 3 1  T M ? ~  ~ M H B I K ~ M I ~ T K ~ W ~ O T M Z  1 9 M 1 2  t 
l Y I 3 9 M 7 0 9  M2SCV M2"D ,M? 1 5 ~ T ( 3 r  K 

D j W N S I n Y  A C I ( ' l 1 )  
Q I M F N S I O F J  A R l O l )  
Q IIUlFNSIOhl 
D IMEEJSIQN D3109) 
0 IMENS IPN 
DIMENSlON X H E T k ( 0 4 n  1 
C DNMflN 

BFT A4 3 T 1) 

D33 I04? -040 1 

/ B E T A 1  /BETA, MRFTR 9 NRETC 9 p I 9 R , C T  AS * A L P H A  1 T ALPHA29 Ra 
C MBETR = NIJMOFR CF RFTA ROWS 
C NBETC = Rl lMRER CF BFTA CCLUrUINS 

C C!7YYONoRFTA2 C O N T A I M S  THnSE VARTABLES USED R Y  M A T I N V  
COPMON /HETAZ/D33,XRETA , N * Y T D E T E R Y  

COPMIIN / R E T A 3 / 0 M * O K ~ O , ~ n t A R  T V  rRHnif'll1 
EQIJTVALENCE ( 0 3 3 1  IT 1) ,031 1 )  1 

C SLADC R I G T O  BODY CA[.CULA'InYT; Fnc! HC \DE l-! AKF ArlO E S T I M A T E D  LOADS 

C -WHERE B F T A I Q M E G 4 * T  ) = B E T A (  1)+RETA4 2 ) * S I N 1 3 ? i l E G A * T ) + B E T A 3 s C @ S I '  

C B E T A f  P S I  ) = B E T A 4 1  ) + R F T 4 ( 2 ) * S I N 1 P S I  ) + % € T A ( 3 )  * S I N ( P S I  1 

C THE R E T A I L I ,  R E T A ( 2 1 ,  B E T A 4 3 1  APE D E F I N E D  RY THE EQlJATION WHERE 
C T H E  M A T F I X  QF C O E F F I C I E N T 5  P O S T - M U L T I P L I E D  B Y  THE B E T A  COLUMN 
C VECTOR = THE CnI {JMN V E C T n R ( W ? Q r M O l , Y 8 2 !  
C ALPHA = RLAOE S E C T I O N  ANGLE QF ATTACK9 R A O I A Y S  
C = AO+AP*R+Al P H A l * S l N (  f l Y T ) + A L P H A 2 * C O S ( O M T )  
C A L P H A 0  = G E O M E T R I C  ArJGLE OF ATTACK AT BLADF: ROOTI R A D I A N S  
C ALPHAR = TOTAL DECREASE I N  ANGLE OF ATTACK T O T A L  B L A D E  T W I S T  
C ANGLE, R A D I A N S  
C A L P H A 1  = A Y P L l T l J O E  OF CATERAL C Y C L I C  P I T C H ?  R A D I A N S  
C A L P H A 2  = A M P L I T I 1 B F  O f  L O N G I T U D I N A L  C Y C L I C  P I T C H 9  R A D I A N S  
c A S  = SHAFT T I L T 9  P n S I T T V F  AFT, R A D I A Y S  
C C = CHORD9 F E E T  

c T H F  R I G T O  BrtOY B L A D E  F L A P P I N G  M P T I f l Y q  ARF G T V F N  R'I n E T A ( O Y E G A * T ) ,  

C OMEGA*T 1 OR S T NCE PS T=@MEGA*T e 

C PSI=OMFGA*T=O nT THE X - A X I S  

C 0 = O F F S E T  OF H I N G E  FROM CENTER OF ROTATION,  F F E T  
C 10 = MASS MOMENT CF I M R T I A  nF 8 L A D E  AROIJT THE B L A D E  HINGE, FT-LB 
C - S  EC 2 /RAD 

C L = L I F T  OR TRUST OF POTnR 
C K = S P R I N G  S T I F F N E S S ?  F T - L B / R A D  

C M D  = BLADE MASS, L B - S F C Z / F T  
c ?MEGA = OM = R O T A T I n N 4 L  R A T E  05: ROJORT R A D I S E C  
6 R = ROTOR R A D I U S 9  F E E T  
C RHO = A I R  M A S S  DENSITY,  L R - S E C Z I f T 4  
C R O  = BLADE ROflT R A O T U S T  F F E T  
C V =  FORWARD VELOC I TY, FT/SEC 
C X R  = D I S T A N C E  FROM H I W G E  T O  B L A D E  M A S S  CENTER, F E E T  

f 5 , 1 1 R E A D  K 9 I 0 v Y e  9 x B 9 AL PH 9 ACpH AR v L 9 R 
1 FORMAT ( 2 Q X 1 E 1 0 o 8 )  

RX=R-RO 

32 
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c 
c 
C 

37 



SUBROUTINE MODCOX ( N R ~ T T N I B T N T V T N T V M , X I X M I A F Y , N A N V T N R N T , ~ W M T I T  
1 N V M ~ T N A S I  

D IMENSION A F M 4 . 6 ~ 1 1 )  
0 IYENSION 
D I M E N S I O N  XY(NANVqQVN2) 

X (  NANVT NRNT 1 

C 
C M O D I F I E D  W A K E  ELEMENT END POINT P O S I T I O N S  OR V E L O C I T I E S  

GO TO 1 5  

I 

1002 F O R M A T  I 7HOMODCOX,9 (  1 X ~ G 1 1 e 4 1  1 
RETURN 
E N D  
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C 
0 4 T A  I N X L ,  T N X i l t  IPJXJ, T E ' Y 4 9  I N X S T  I k ' X C ,  I ;NX7 /  

14H x ~ 4 k 4  Y 9 4 H  Z 9 4 H  V X T ~ H  V Y T ~ H  VZ,4HSIG4 /  
C 

C 
r. 
C K E N  GOOROINf iTFS Fr)P P l J  AYD LO40 COwPI3NFNTS OF G A V Y A l l r J )  ARE 
c NOW CCIMPCITFE), WAKF AND S E L F - I N R J C E D  V E L O C I T Y  COMPONENT5 
c QF G A M M A 1 1 r J 3  APF T O  R E  COYPlJTED 
C 
c O E F I N I T l Q h l  OF V?Jf F R A R J ,  P S I  I 
C 
C VZS AND S I G V A S  APF O F F T N E D  4 s  F7LLOWS. THE FFFECT OF THE WAKE 
C F R O M  ONE B L 4 D F  I S  COMPUTED, ONE: ROW OF SHEr) VORTICES AND 
C THE T R A I L T W G  V n R T I C E 5  . J M T  AHE4D PF THEM TAKEN PER T I M E .  
C THE D I S T A N C E S  FROM f H F  O O I N T  WHERE THE I N D I ) C E D  V E L O C I T Y  I S  

C r t R T E h l T A T I ~ ~ !  OF THE VnRTTCES 49E SUCH T H A T  F S S E N T I A L C Y  
C THE S A M E  F ~ ~ R Y U L A  CAN RF USFP TCI COMPUTF THE FFFECT O F  

c T H F  X COOPnlNPTES O f  THF PCl lYT  AT WHICH THE I N D U C E D  

9876 FDFYAT ~ ~ H O T I ~ L T ( ~ ~ ~ X T G ~ ~ . ~ ) ) )  

C COMPUTFD AND THE VORTEX ELEMENT IS LOCATEDT AND THE 

C BOTH SHED ANC) T Q A I L ' I N G  V O R T E X  ELEMENTS. X A ?  X B v  X C T  A R E  

C V E L O C I T Y  I S  COMPUTEDT A N D  THE FND P 3 I N T S  OF THE VORTEX 
c E L E M f N T  UNPCR CONSIDERATION,  
C 
c 

J='? 
Y = l  
I F  ( N P E R , E Q , 4 , A N D . ~ R A T T ~ e ~ T * l )  

1 
2 AFMTNEXPWKPNYTV,  NNCIOPT NANRY-NRATIQT NYOOCf 

CALL NODCOR(YPnT t N I  R t N T V  9 NTVwTX, Y T  Z T  X Y t  YM 9 Z M  T 

I F  (NW.GT.2) GO TO 8'3 
00 8 1  J X = ~ T N I R P V  

8 1  LIf l r J X ) = C H O R D f M 1  
00 82 J X = l , N G J R  

8 2  R 4 2 ,J X)=CH@RD 4 M 1 
03 Do 140 M=l,NRQT 

NPS T I  MI=( PS I ( M 1  /f?PS 11 + 0  5 
C 
c T 4 4  T E S T S  Tfl SEE: I F  VFR I S  I N  RArVGF 
C 

C A L L  T 4 4  ( N P S I  f M  1 9 N b )  
N S E T  = NR * I N P S I f N )  ) + I M - l 1  * N T V l  

T 4 5  = t K - l l * N 4 / N I R  
M S F T  = N S E T  + N R e T 4 5  

on 140 Y = ~ , N T B  

C A L L  T 4 4  (MSET T N A N R )  
J K L = t K - l ) * N T V + I  Y - l I * & T V * h j T R  
!3!7 141) L = Z T N T V ~  
MSFT=MSC T + 1  
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C 
C 
C 

84 

C 
C 
C 

C 
C 
C 

J = J + 1  
INDXGt J )  =MSET 
JKL=JKL+ 1 
J P l =  J KL+1  
L P l = C + l  

I N I T I A L I Z E  SIGBL FPR PLADF LOADS 

00 86 IND=l1NANR 
S I G B L t I N D )  = '3-0 
JAC = 0 

A IS THE POINT AT WHICH INCUCED V E L O C I T I E S  ARE T O  BE COMPUTED, 

X , A = . ~ * ( X ( ~ ~ J K L ) + X ( L I J P Z ) )  
Y A = . 5 * I  v l l  r J K L ) + Y (  1 r J P l 1 1  
ZA=.5* (  I LVJKI- ) + Z (  1, J P 1  ) I  
v Z ( 1 ~  J ) = D *  
J S I G = O  
MODWK=O 
N l = N I  SRV 
N%=NTV 
KX=M*K*L 

9 1  90 138 J h = l r h l l r h J Z  
JS IGT=1+I JA-1) *CNTVI /NTV 
JAC = JAC +1 

COMQUTF R FflR ClJRRENT BLADE 

I F  IMODWK.EOi*) GC TO 8 6  
J R= J f3 +I 
IF I J R . G T a N T V Y )  j!3=1 
JAC=( JA-11 / N T V M * l  
X B= XM ( NANRM T J A 1 
YR=YM 4 N A N R M  9 JA) 
L B=ZM I NANR M 9 J A 1 
W O R K L = X R - X A  
WORK2 =YR-Y n 
MOR K3=2R-Z A 
R M (  1 )=SORT4 W O R K l * W n Q K  1 + W O R K  2*WORK2+W3RK3*WORK3 1 
GO TO 137 

J K= JL+ J A - 1 
XR=X( 1 9  J K  1 
Y R = Y (  l r J K  1 
Z B = Z I  1 1Jf0 
W O R K l - X A - X R  
WORK 2=YA-Y B 
WDRK3=ZA-Z R 
9 T= WDP K 1 * W f l  I? K 1 + WP R K 2 9 klfl RK ?+ WO R Y 3  8 WORK 3 

8 6  00 R7 JL=l,NTV 
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999 R E T U R N  
END 
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SUBROUTINE T 4 4  f 4 p N A )  
INTEGER A 

1 I F ( A e L T e Q e 0 )  GO TO 2 
I F ( A e G E e N A )  GO TO 3 
RETURN 

GO TO 1 

GO TO 1 
EN 

2 A = A  + NA 

3 A = A - N A  

47 





C 
c 

c 

O I M E N S I O Y  
O I M F N S T O N  
D I YEN ST O N  
n I M E N S I n N  
D T $4 E N S I 0 N 
43 I MFN S I  ON 
n TYENS I f l N  
D I Y F N S T O Q  
r ) I Y E N S I O N  
D I Y F N S I O h l  
0 IMENSIP"\I 
D I M E N S  I O N  

D I Y F N S I O N  
DIMENSI(3rV 
D I M E N S I O V  
DIMENSION 
0 I V N S I O N  

n r M E W  ON 

49 



J S I G x J S  I G T - 1  
A S S I G N  180 TO NCNTR 
WORKl=X A-XC 
WOR K2=Y A- Y C 
w O R K 3 t  t A - zc 
RT= WQRK1 *WORK 1 + WO RK2*WO RK 2 +WORK 3 *WO R K 3  

C 
C COMPUTE SQUARE RDOT OF R T  AT THE A P P R O P R I A T E  STEP. 
C 

8 5  I G N  = 0 
I F f N P E R o N E . 4 )  GO TO 9 C  

I F ( I N D X - I o G E o N A )  I G N  = -1 
I F ( I N D X - I . L T o 0 )  IGhJ = 1 
I N O X  = I N D X  + N A  * IGN 
IF I I G f V o N E o n )  GO TO 85 
INQXL= ( I N D X - 1 )  * NR + f ( J A C - l I / N I R )  * I N R / N R O T )  

99 R S=SQRT ( RT 1 
C 

GO TO NCNTR? ~ 1 @ ~ r 1 1 4 r l 1 5 , 1 1 7 ~ 1 1 8 )  
c 
C COMPUTE NV*G, T R A I l T N G  V@RTEX C O N T R I B U J I O N I  OR ETA*Hr  SHED 
C VORTEX C O N T R I R ~ ~ T I O N T  C2 OR 0 2 1  4ND A00 TO P R E V I O U S  CON- 
C T R I R U T I O N S  F R O M  Q U A D R I L A T E R A L  FOR G A q M A f  T T J S I G ) .  
r, 

ZOO RPR=RS+R ( N N )  
n Q R L = ( Y R - X C ) * ~ Z + ( Y R - Y C ~ * * ~ + ~  L R - F C  )*e2 
4 S S I G N  94 TO I n R G T  
WORK l=R t N N 1 
V T E 5 T=R S * R S+ MOR K 1 *MOR K 1 -Dn R L 

WORK2=RS-WORK1 
WORK2=WnRK2*WOR K 2  
WORK3=RS+WQRKl 
WORK3 =klORK3*WOR K 3  

If ( I * N E . L )  G't TCI 92 
W ORKl=CHOR D1 M 1 
G O  TO 93 

I f  ( V T E S T o G T . 0 )  GO TC) 101 

VTFST=(WORK3-DOSL l*(CIC?riL -WClRK21/ [4 .*DOSl  

92 I F I S I G N  .GToC'l W l f  RK ].=PI I- 1 9  JJ 1 
TF ( S 1 G N o C T . n )  WDRKl=R(I 9 JS I G + 1 )  

9 3  WOSKL=WORKI *:WORK1 
IF (VTEST.GT.hJ0QKl )  GO TI1 101 
HORG=Oo 
W O R K S = S Q R T ( D O R l I ~ W O R K l  

AS5TGN 95 TO I O R G T  
1 F(WORK5 oNF.9 1 HOQG=I . /WORK5 

GO Tn 103 
101 HOKG=O. 

WORK 5=R I NN 1 *P S* ( R PR *!? PR-DIIR I. 1 
IF( WORK5 .N€.". 1 HO2G=SIGN*PPR/WORKS 
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103 EORNZ= ( X A- XC 1 *( YC-Y E3 ) - 4  YA-Y C 1 *( XC-XI3 1 
EHNGZ=EORNZ*HORG 
GO TU IORGT,  (94 ,951  

95 SI(GM=lo  
I F  (EHNG2.Lf.O. 1 SJGM=-1= 
J X = J S I G  
IF ( N e L E . 2 1  J X = J S I G + l  
WORKl=GAMMAf I ,JX)  
WORK2=EHNGZ*WORKl 
I F 4 ABS ( WORK2 1 . GT I . 1 E HNGZ=S TGM/WORKl 

94 SGYAZ=EHNGZ+SGMAZ 
96 I F  (N-2)  1 0 2 ~ 1 0 4 ~ 1 n 6  

C 
c STORE R, C2, COMPUTE R FOR SHED VORTEX C O N T R I B U T I O N =  
C 

102 R ( N N ) = R S  
C C N T H I N N )  =DORL 
JJ=JJ+l 
?NDXC= I N O X L +  1 
X B = X I  I P 1 , J J I  
Y R = Y I I P ~ T J J )  
Z'3=2( I P 1  T J J l  
WORYl=YA-XR 
WORK2=YA-YB 
WORK3=ZA-Z6 
~T=WfIRKl*WORKl.+WORK2*WORK2+W9f?K3*WORK3 
N=2 

GQ TO 90 
S 1 GN=-1* 

C 
r, STORE 132, COYPUTF C FOP T R P I L E O  VORTFX CONTRJRUTION. 
C 

l n 4  C(3)=EHNGZ 
J S I G =  J S I G ~  1 
XC=XI :  1, JJ 1 
Y c = Y (  f v J J )  
Z C = Z I  I r J J )  
N=3 
D C N T H I N N  ) = D O R L  
NN=NN+l 

G O  TO 1CQ 
q ? G N = l =  

c 
C RFDEFINf?  c .  
c 

106 X C = X R  
YC=YB 
ZC-ZR 
I F  t 1 - 1 1  1Q7r l O 7 9 1 C S  

C 

5 1  



C 
C 
C 

1.07 

C 
C 
c 

1 6 8  

C 
c 
C 
C 

1 P9 

C 
C 
C 
C 

112 
11c 

c 
C 
C 
C 

111 

C 
C 
C 

113 

C 
C 
C 

114 

SGMAL 4 J y  J S  IG ) = S G N  A Z ‘ X C L A I  W )  *DTW@PI 
S G W L  = S G M P Z  
GO TO 109 

GAMMA( 1 ,J) A R E  KFJCIWN FOR T ,GT .l. COVPUTE V Z 4 l , J I .  

I F  THE POW IS NQT CDMPLETED, STORE S G Y A 7  AND CONTINUE WITH V Z  
COMPIJTATION. 

IF I Y N . G T s N T V l 1  G O  Tf l  111  
SGMAZ=-EHNGZ 
G O  TO 1 0 2  

C n M P l l T E  NFW VCPTEX CCIRF k A O I 1  FOR I.GT.1, OTHERWISE STORE L;! 
AVP 02. 

R (hlNl=KS 

L L N T H  4 N N I  =DQRL 
SGMAZ=O. 

IF I K X o G T o L 1  GO Trt 1 3 5  
IF I I * L E o l l  GO TO 122 
I M l = I - 1  
NN= 1 

N IS R E P L A C I N G  J FFDM STATEM€NTS 111-138. 

N=JA 
J SIG= JSZ GT 
R T = L L N T H (  N N  1 
R S = S O R T { R T I  

STORE L, 

L L N T H I N N )  = R S  
RT=LNTH(  1-1 , N ) / R S  

5 2  
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1 2 4  CONTINUE 
J S I G I = J S  I G - N T V l + l  
NN=O 
00 1 2 6  J J ~ J S I G I T J S I G  
NN=NN+ 1 
DSQl J J)=DCNTH(N4l 

1 2 6  CONTINUE 
135 CONTINUE 

I f  4KXoGTo 1) RETURN 
N Z J S I G T - 1  

N = N + l  
DO 139 N N = l * N T V l  

DNTH(NH9N I=DTMP(NN)  
S { NH 9 hl)=8 TMPl MN ) 

1 3 9  CONTINUE 
hl=JA-1 

N = N + l  
Do '141 NN=lVNTV 

C N T H ( N W - l T N I = l T M P ( N N )  
A ( NW- 1 9 N 1 =ATMP 4 NW ! 
I F  INWoEQ.2oAND.MAS.EQ. I )  A(NW,N)=CHDKDIM) 

141 COFJTINUE 
RfTURN 
END 
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SUBROUTINE SUB1 1 4 MPER9NA,INOX,NR9 JAC,NIBgNROT,NTVl9VZ,  J A 9 J  JBv 
1 NWSTRE) 

C 
XNTEGER OUT,WKPT,CNTR 
I N T E G E R  T 4 5  9 IJW 
R E A L  MXY Z 9 MU 9 HUALT 9 MUSPK ,MUCAT ,MUSAT ~ M l l  DP 9 MUS DP 9 L L N T  bit LNTH, LOAON, 

l L T f l P ~ l S Q , ~ X , M Y ~ M Z , M U C D P ~ M U S ~ S , M U C ~ S ~ I O , M ~ ~ L X ~ K X X  
c 

D I M E N S I O N  V Z 4 0 5 9 4 4 )  
C 

COMHON / S T P S L /  
GOMMUN /rclODCNT/ 
COMMON / M O D d K l /  GAMMA .I 54,161 r R  4 1) t A  4 059161 9 V X M I  5 4 9 1 6 )  9 

COMMi3N /STPDUK/ X (  108) ,Y4 108) rZ( 108) 
COMMON / M Q D W K 3 /  A F M ( 4 , l l ) r b F M ( 4 , 1 0 )  
CnMMON / V L N T H S /  N A L I M q V L L f 4 0 1  
COHM\lN /irlK2t3/ X A t  Y A ,  ZA, X B ,  Y B t Z B t  XC 7 Y C t Z C  

NROL DwNAAt CR GW KS 9 L I M L S S ,  LSWW 
NTVM 9 N X  STRE 9 NdR ,NANRM, N IBRVM, N I  BV 

1 VYM( 54 916) 9 VZM( 549  16) r X M (  549 16 I , Y M {  5 4 9  16) 9 Z M 4 5 4 9 1 6  1 

CCIMMON / W K 2 C / S i G B t ( 3 6 0 1  
C 

E L = V L L (  J A I  
TMOE L=2 * E L  
K S Q = R (  l l * R (  1) 
NSW=-1 
Nh S T M 1 = N W S T R E - 1. 
I=NANKM- 1 
N K A T I O = L  

J Z =  I 
I f  ( N P E R  o N E o 4 )  GO T O  7 1  
I F ( I o L 1 o L R G W K S )  GO T O  7 1  
NRATIQ=NRECD 
J Z = t  I-LRGWKS ) I N K A T  Id+LRGdKS 

70 I = I + 1  

71 I P l = I + L  
I F I i U R A T I O ~ b T o l )  GO TO 72 
X C = X M (  I P I  v J A  1 
YC=YY(IPl,JA) 
Z C = L M ( I P l , J A )  
Gti  TO 73 

72 X C = X ( I P l J  
Y C = Y f  I Y 1 )  
zc=z( r p i  1 

73 WORKl=XA-XC 
HURKZ=Y A-Y C 
WORK3=ZA-ZG 
R T= b4 0 KK 1 8 W 0 KK 1 + W 3 K K 2 * W3 R X 2 + hi0 R I( 3 * NO R K 3 
I F ( R T * S T . T d O E L 1  GO TU 85 
I F  ( R S Q s L J e E L )  GO T i l  84 
I F  ( R T o L T o E L I  GO TO 84 
MSh=O 
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85 

C 

C 
C 
C 
C 
c 

90 

86 

84 

C 
C 

87 

88  

89 

100 

92 

f.,U T U  13% 
I =I +PIAL f W 

GO TO 134  

I = I  -N A L  1 M 
GrJ T O  1 3 5  
Y S W = - l  

NSW=L 

I F  [ N S W * I T , 1 1  GO TU 87 

COMPUTE SQUAME Ki lUT OF 2T AT THE A P P R O P R I A T E  STEP. 
I F 1 N K A T Z O ~ G T * l )  GO TU 88 
X B=XM 4 I 9 J A 1 
YB=YYII V J A I  
ZR=Zi.1( 1 9  J A  1 
613 T O  89 
XB=X( I )  
YR=Y4 I )  

N Sb!.=-l 
NN= i 
N= 1 
S l G N = l .  
J J = J A  

I G N  = 0 

z e = z m  

I F ( N P E R o N E e 4 )  t U  TO 90 

E F I I P I D X - I o G k o N u )  1GN = -1 
I F 4 I N D X - I o L T * O )  I t N  = 1 
I N O X  = I N D X  + NA * IGR 

I N D X L =  ( I N D X - I )  * NR + I ( J A C - L ) / N I B )  * Iq\ IR/NKOJJ 
IF 4 IGILeNE.01 GU TO 8 5  

R S=SQRT I R J 1 
60 T O  LOO 

CUMPClTE NV*GI T R A I L I N G  VORTEX C O N T R I G U T I O N ~  OR ETA+Hp SHED 
VORTEX CONTRIBUTION,  L 2  OK 02r Ah30 AdU TO PREVIOUS CON- 
T K I t J U T i O N S  FROM d U A O R I t A T E R A L  FOR GAMMA(1,JA).  

RPK=RS+R 4 N N 1  
D O K L - ( X B - X C ) + ~ Z + ( Y R - Y C ) * * 2 + 4  Z B - Z C ) * * Z  
A S S I G N  94 TU IORGT 
WOKKl=R i NM) 
VTE S T = R S * R S + W O K K l ~ W O K K l - D U K t  

MORK2=KS-WORK1 
WORK2=JURKZ*WOKK2 
WORK3=RS+WORKl 
WORK3=WORK3* WORK3 

I F  ( V T E S T o G T o O l  GO T O  LO1 

VTEST=(WORKS-DORL ) * ( D O R L  - W O R K 2 ) / (  4 o * i ) O K L  J 
i f  4 S 1GNaGT.O 1 k n R K l = A I (  NANRM, J J 1 



93 WURKl=b4ORKl*dORKl  
I F  (UTEST.GT.dDKK1I  Gf, T O  131 
HORG=O. 
WURK5=S C9T 1 DQRL I*‘r lClRKl 

ASSiGIV 9 5  TLi I U R G T  
GO TO 103 

WORK5=RtNN l * R S * ( R P R * R P R - D # d L ~  
IF4 KIRKS.NE.O.) HORG=SIGN*KPR/WORKS 

EHNGZ=EORNZ*HORG 

IF 4 WCJRK5, YE 0. J HUXG=1 0 /ulCXKS 

101 HOKG=O* 

103 E O S N Z = ( X A - X C ) ~ ( Y C - Y B ~ - ~ Y A - ~ C J ~ ( X C - X B 1  

GO T O  I Q R S T ,  ( 9 4 T 9 5 )  
95 S I G M = l *  

I F  (EHNGZ.LT.Oo1 S I G M = - l .  
LDKKL=GAMMAI JL,JA)  
k OK K 2 = E Htu GZ -i% d o  K K  1 
IF (ABS(WORKZl.GT.1.)  EHNGL=SIGF’/WO&Kl 

94  SGMAL=EHhlGL 
102 R t N N I = % S  

C 
c G A M Y A ( 1 , J ) S  A R E  UNKNOWN. I F  I=l, S T O d E  SIGMAIJTJSIG)* 
C T H I S  I S  S I G M A (  l ~ P S I I v J , J S I b )  
C 
c 
c t A M M A I 1 , J )  A R E  Kr\lOWN FOR 1,bTol. C O M P U T E  V i ! ( l T J ) e  
C 

103 U Z t  l , J f = U Z [  l , J ) + ( S G M A Z  )*GAMMA( JZvJA)  
I F [  NPERsNF.4) G!J T O  111 
SGFlBL = SGMAZ 

C 
C Ci3NVENIENT LOCAT ION TO COMPUTE S I G M A (  J p P S I  1, I , J J )  
C 

DU 107 J Q = l ; N T V L  
MOD 1 NX= I MOX L + J Q 

107 S I 6 6  L I MODI NX 1 =-SGMt3L*E FM I JE 9 JU +S I G B L  4 MOD I NX 1 
C 
c 
C COWPUTAT1 UN 
c 

I F  THE ROW I S  NOT COMPLETfUr STORE SGMAZ AND C O N T I N U E  WITH VZ 

111 R ( N N ) = R S  
134 RSQ=RT 
135 I F  ( I o L T I N A N R N )  b0 TO 140 

I F  ( 1 m L T e N W S T M l l  GO T G  70 
140 RETURN 

END 
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O V E R L A Y  ~ W K O V L ~ ~ T ~ )  
P R O G R A Y  C O N V G  

c 
I N T E G E R  O U T ~ W K P T V C N T R  
I N T E G E R  T 4 5  9 W W  
REAL MXY Z MU1 WkJALT 9 MUSpK t MUCAT tFnUSAT T MUDP 9 MUSDP t t L N T  HI L N T  HI  LOADN 9 

l C T M P t  LSQt M X t M Y t  W Z 9 Y U C ~ P t M U S ~ S  9MUCOS t 109M6 T L X I K X X  
C 

0 I M E N S I Q N  A (  05 944 1 
D I M E N S I O N  ALF A 1  ( 0 11 
D I M E N S I O N  ALFA24011  
D I M E N S I O N  A L F A S I  CI11 
DIMENS I O Y  ALFATtQ 11 
D I M E N S I O N  A L P H A Q ( P 1 1  
D I M E N S I O N  A L P H A R ( O 1 )  
D I M E N S I O N  A O I O l )  
O I Y E N S I Q N  A R # r ) l )  
D I M E N S I O N  R I C 1 0 5 t 4 0 )  
D I M E N S I O N  B E T A ( O ~ T ~ )  
D IMENSION C G L A I C l l I  
D I Y E N S I O N  CXORDIO1)  
D I " I N S I 0 N  DELTA (0 1) 
D I M E N S I I 1 N  OIR4 11 
D I M E N S I O N  D N T H ( ~ ~ l t 0 4 ~ )  
D I r v l E N S l O N  G a M M A ( f I 5 ~ 0 4 0 )  

D I Y E N S I C f N  G A M M K ( 1 9 0 4 0 1  
D I M E N S I L ? N  G A Y M A G 4 3 4 9 1  

D I MEN S IllN I NO XG I 4 c\ 1 
D I M E N S I O N  104?l  1 
D 1YENSInP-J  KXX(  0 1  1 
D I Y E N S I O N  L N T H ( 0 5 r 4 4 1  
D I M E N S I O N  LXl@ll 
D I M E N S L O N  M R I I ) l I  
D I Y E N S I O N  M U C D S ( 1 )  
r ) I M E Y S I O N  M U S D S ( 1  
D I M E N S I O N  M P S I  4 1) 
D I Y E N S I O h j  P S I t 1 1  
01 M E N S I O N  PSI R 131 1 
0 I M E N S  I ON RC Apt n19 11 1 

D I M E N S I f l N  R Z E R @ (  1) 

31 YENS1 ON S I G P L  (369 I 
DJMENSION SIGMZI 1 0 1  

r) I Y E N S  I ON RSMLL 4 O I T 44 I 

DIMENS I O N  SGMA]. 0447044 3 

D I M E N S  I O N  VI ( 0 1  90 1 ) 
D I M E N S I O N  V X t 0 5 9 4 4 )  
D I M E N S I O N  V Y t n 5 t 4 4 )  
D I Y F N S T O N  V Z ( " 5 . 4 4 1  
DIMENSION WKX101901)  
D I WENS I O N  klKY IO f t @l 1 
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D IMENSION HKZ ( O l r  01 1 
OIYFNSION X 1 0 5 ~ 4 4 )  
DIMENSION XROT(O1) 
0 I MENSION 
OIYENSION X X I O l )  
DIMENSION Y ( 0 5 ~ 4 4 )  
DIMENSION YROT(O1) 
DIMENSION 2 1 0 5 ~ 4 4 )  
DIMENSION ZAP(4CIl 
OIYENSION Z R O T ( O 1  J 

X S I  MQ IO401 040 1 

C 
C 
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0 VERL AY 

INTEGER OUTIWKPTTCNTR 
INTEGER 7 4 5  t h ' M  
R F A L  M X Y  7_ 

( WKRVL t 5 9 r? 1 
PROGRAM AL 1RE2 

#U 9 MUAL f 9 M1 I SPK 9 MUCA T T M  U S A  f T MVD P 9 W J  S DP T L L N T H  , l. NT HI LOA ON t 
1L TMPT LSQT MX T " f Y 9  q z  9 Muc f??pT qus Ds 9MUCDS 9 f g ~ Y 8  9 L X  9 K x x  

C 
D IMENS TnN A I  0 5r 44 1 
OTMENSTOM ALFA1 I O 1 1  
D IMEAJSInN A L F A 2 4  "1) 
D I M E N S i O N  A L F A S ( Q l 3  
D f  MENSTON ALFAT l P l )  
D I M E N S I O N  A L P H A O I C I !  
D I Y E N S  I O N  ALPHAR ( n l 1  
D I M E N S I O N  A O t t j l )  
D I V E N S I O h l  A R t O l )  
D I Y F Y S T O N  A T M P 4 1 1 )  
D I MENS1 O Y  
D f  MENSTON 

B I  005 9 4 8 )  
BETA( 93 9 1 I 

D I M F N S I O N  R T M P I l l f  
D I M E N S i O N  C C L 4 1 0 1 )  
D I M E N S I O N  C H D R D I O L 1  
0 IMEMSION DELTA f f\ 11 
D I M E N S I O N  D I R I 1 )  

D I M E N S I O N  DSQfQ4O) 
DIMENS I O Y  D T M P l  Q4Q 1 

D I M E N S I O N  I O l Q l )  
D I M € N S I O N  KXX(nl1 

D I M E N S I D N  LSQ! 0 4 4  3 
9IMEhlSIC)N CTMP(C1441 
D I M E N S I O N  LX(r311 
D I M E N S I O N  M R l O l l  
D I V E N S X O Y  M U C D S l l I  
O I M E N S I O N  MUSOSI  11 
D I M E N S I O N  N P S I t  1)  
D I q E N S I O N  P S I 4 1 1  
Q I M E N S I O N  PSIR(CIX 1 

D I M E N S I O N  l 3 N T H ( Q 1 1 ~ 0 4 Q l  

DI MENSIOnl G A M V A ( 0 5 9 P 4 0 )  

DIMENSIOY L N T H ( " 5 9 4 4 )  

D I M E N S I O N  R C b P t Q 1 9 1 1 )  
D I Y E N S I O N  P SMLL! n 1944 1 
OIb lENSION R L F P O (  1)  
D 1 Y F N S I O N  THTAX (0 11 
D I MEN S I O N  THTAY C 1) 
DIMENS I O N  V I  ( 01  r O  11 
D I M E N S I O N  VX(c I5  9 4 4 )  
D I M E N S I O N  V Y I  05 t 441 
DIMENSTON V Z 1 3 5 r 4 4 )  
D I M E N S I O N  b J K X l O l 9  01 1 

/ 
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156 A ( l * J J l = R S * A B K  

158 IF (haN-MTV) 1 6 0 ~ 1 5 9 ~ 1 6 2  
GO TO 151  

159 NN=O 

160 J S I G = J S I G + l  

RS=SQRT 4 RT 1 
GO TO 156 

J J = O  
163 JJ=JJ+l 

RT=DSQ( J J 1 
RS=SQRT I RT 1 
ONTHI Z * J J ) = R S  

GO TO 154 

RT=ARS(GA~M4(1,JSIG1-~A~MA[l,JSIG-1) 3 

162 A (  l r J J J = R S * A B K  

R T = A B S ( G A M M A I  1, JJ  I - G A V Y A 1 2 7  JJ 1 1  

S I Z , J J I = R S * A R K  
I F  ( J J o C T o N G J S )  GO TO 163 

RS-SQRT ( R T  1 

R F TIJRhl 
END 
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C 
C 
C 

COMPUTE WAKE FLRWS 

V O Y A = N I R / (  V D I I M R * N A )  

D @  1 8 7  IX=l,MWKRW 
DO 1 8 7  J Y = l * N k ! K C L  

57 
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C 
C 
C 
C 
c 
C 
C 
C 
c 
C 
C 
C 
c 

C 
C 
C 

20 1 

2 1  1 

COMMON / O V T 3 S /  IROW J A K M t  K t  L 
COMMON / O V T 3 F /  J P A S S  

COYPUTE INDUCFD V E L O C I T I E S  AT  ALL VORTEX ELEMFNT END P O I N T S ?  
AND I N C L U D I N G  B L A D E  VORTEX P O I N T S .  I N C L U D E  SELF- INDUCED 
E F F E C T S  DUF T O  B L A D E  AND N E I G H B O R I N G  V O R T I C E S  l B A S E D  ON 
APPROXIMATE CURVATURE FROM AN ARC DETERMINED FROM 3-POINT 
C I RCULAR ARC CURVE F I T T  I N G o  

I N I T I A L I Z E  CONTROL CONSTANTS FOR WAKE INDUCED V E L O C I T Y  
C A L C l J L A T I  UNS s 

N l = N L P l  
r\ i2=NLP2 
N 3 = N L P 3  
N 4 = N L  P 4  
N 5 = 2  
N6= 1 
IF (NPERaEQ,4 )  N 5 = 1  
D O  600 Z 2 = 1 q N 5  
I F  ( N A S . L € . N A N R N . A N D . Z Z . E ~ . Z ~  GO TO 600 
J J = O  
J=O 

I F  (NPEReEQ.4 )  GO T O  2 C 1  
I F  f L 2 o E R a 1 )  GO TO 201 
N 3=NTVY 
N4=NWSTRE- 1 
I F  I N W S T R E e L T a N W R I  N4=NWSTRE 
Nb=NAr\ lRM+l 
!3@ 509 M = l , N I  
DO 500 K = l * N 2  
J A K M = ( K - l ) ~ N T V + I + N T V ~ N ~ R ~ ~ ~ - l ~  
D o  5 0 0  t = l , N 3  

DO 500 I I = N 6 , N 4  
I F  ( Z 7 o E Q e 2 )  GO T O  212 

J=J+1 

IF (NPER.EQ.4) GO T f l  211 
X A = X ( I I q J l  
YA=Y(II?J) 
Z A = Z l  1 1 7  J 1 
G O  TO 2 7 0  

J AYM= 0 
IF ( I I a G T e N W K L S T a A N n e  J e E O o N W K C t l  R E T U R Y  

XA=WKX( I I  q J )  



YA=WYY(  I r  , JI 
Z A = H K Z I I I , J I  
GO TO 220 

212 X A = X Y [ I I r J )  
YA=YM!II,J) 
Z A = Z M (  111 J f 
VXM ( I I 1 J 1 =O o 

V Y M ( I I T J ~ = C ' ~  
V Z M (  I I J 1 = O o  
G O  TO 221  

C 
C POINT A IS POINT AT WHICH V E L O C I T I E S  ARE T O  R E  COMPUTED* 
c 

229 V X ( I I T J ~ = O O  
V Y ( I 1  , J ) = O o  
V L (  II,JI=O. 

C I N I T I A L I Z E  V E L O C I T Y  COMPONENTS, I N O I C E S I  ETC. 
2 2 1  J S I G - O  

IROW=NPER 
J P A S S = J  
CALL T3AB 
IF I N A S o G T , N A M R Y I  CALL T 3 A S P ( U X t V Y * V Z l  
I F  (22 .FrJo l )  CALL A O V X Y L  ( V X (  I I * J l , V Y (  I T  9 J ) r V Z f  1 I v J ) T T W O P I )  
If { Z 2 o E Q  0 2) CALL A D V X Y L l  VXM( I I t Jf  I V Y M ( I . 1  t J 1 ,  V Z N (  I I 9 J I  vTWOPT l 

509 CONTIhJUE 
600 CONTINUF 

RETIJRN 
E N D  
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S URRrt  UT I NE A D V X Y  1. t V X  7 VY 9 V Z 9 Th't?!' I 1 
V X - V Y I T W D P I  
V Y = V Y / T W g P I  
vz=vz  /TWQP I 
W O R K l = A B 5  VX 1 
w O R K 2  =ABS 4 V Y  1 
W T ) R K 3 = A R S I  v z 1  
W D R K 4 = A Y A Y l ( W n R Y l , W D R K ? ? ~ ~ ~ K ~ ~  
IF l Y O R K 4 o L E o o 1  I PET!JPN 
V X = ( V X I W O R K 4 )  *..I. 
V Y = I V Y / W O P K 4 ) * . 1  
V Z = I V Z / W O R K 4 ) * .  1 
P E T l l R N  
E NO 

72 



7 3  



COMMON /TEST5S/  J L ?  JS I G t N T V ? N T V I ? M ?  D P S I  ?CHORDtRSYLLIRCAPiGAMMAIQSZ 
C OMMBN  WAKE^ VnOMR t NUWKPT t V  I r WKX 9 WKY t W  KZ 

COMMON /MODDJKl/ GANMAM( 5 4 1 1 6 )  r R M t  1 1 9  A N ( 0 5 , 1 6 ) q V X M (  549 1 6 1  t 

COMMON /WK2B/ X A ? Y 4 ?  Z A P  X B r Y B ? Z R ? X C ? Y C ? Z C  
COMMON / V C I M I T /  V C T M ( l l I , V M L I M f 1 6 )  
COMMON / O V T 3 A /  22.11 

COS837 S I N  B 3 1 M A S L t  
1N IBNAsNWKLST I NWKRW, NWKCLtNLP1 ?NLP2? NLP3r NLP4rfWOPI 

1 V Y M t  5 4 7 1 6 )  t V Z M l 5 4  16) V X M t  54,161 r Y M I  541 16) ?LM( 549 16 1 

CDMMON / O v f 3 B /  IROWIJAKM?K?L 

Q S X = O .  
QSY=C * 
Q S t = O  0 

DO 400 J A = l ? N I R R V ? N T V  
QX=D.  
QY=O. 
0 Z=O. 
JL=JA 
J S I G T = l + I  ( J A - l I * N T V l I / f ’ J T V  

C 

c I RUW 
r, 
f, 

C 
C 
C 
c 
c 

CONTROLS BRANCHING TO S P E C I A L  COMUTATIONS R E Q U I R E D  FOR 
SELF-IMDIJCED V F L O C I T Y  C A C C U L A T I O N S t  AND AVOIDANCF OF 
C4LCULATICINS BY STANOARD E Q U A T I O N S ,  I R n W = l ?  POINT A IS ON 
CIjRRFNT RDW? SELF-INDUC’D V E L O C I T I E S  ARE L I N E A R ?  IROW=Zq 
Pr3iMT A I S  CN NEXT ROW, I R O W = 3 +  POINT A fS NOT ON ClJRRENT 
BLAOES W A K F I  RLlT HAS NOT B E E N  A C C W N T E D  F O R ?  I R O W = 4 1  
P O I N T  A H A S  BFEN ACCOUNTED FOR,  NO FURTHER CHECKS NEED B E  
MADE U N T I L  P O I N T  A I5 R E D E F I N E D .  

I F  IIRQW.GT.~I G e  TP 213 
212  T R 9 W = 2  
213 C O N T I N U E  

DC) 390 T = l , h f W M l  
J Sf G= J S  i G T  
SGMAX=O. 
S GMAY=T? 
S G A Z  =Q 
NN=O 
J L = J A  

c ‘IF POINT A T S  NPT fF4 CURRENT R U D E 5  WAKE DO STANDARD 

c V E L O C I T Y  CPMPUTAT T O N S .  
c C A L C l l t A T I O N r  OTHEPWIZE T E S T  FOR N E C E S S I T Y  OF S E L F - I N D U C E D  

C T = l ?  STAPT ON NEW EctbDFS WAKF 
2 1 4  I F  ( 1 . G T . L )  GO TO 2 9 0  

c CHECK T O  5EF I F  PFJNT A IS CIN CVRREnfT  B L A D E S  WAKF 

r, I I = I = 1  A U T O M A T I C A L L Y  R E O C i I R E S  S P E C I A L 1  Z E D  S E L F - I  NOUCED V E L O C I T Y  
c 

315 I F  4 JA-J4KW ?18r 21 6971 9 

C A L C Clt A f I OY S . 
215 I F  ( I 1 , L E o l )  GD TO 2 2 2  
217 IKOW=2 

G O  TO 273 
2 1 5  1~053=3 
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GO TO 270 

GO TO 270 
219 I R O W = 4  

C II=I=l, AND A ARE ON CURRENT BLADES WAKE 
c COMPUTE R I J C I S  FOR F U T U R E  U S E  

C 
C COMPUTE A D O I T  I O N A L  S E L F -  INDtJCED QSZ COMPDNENT DUE TO B L A D E  OR 
C COMPUTF SHED VORTEX COYPONENT A T  F N D  OF WAKE, 
C S T A T E M E E T S  TO RE ADDED 
C 

222 JL=J 

C 4 L L  T E S T S  
00 224 J X z l r N T V  

224 R ( J X ) = A R S ( R C A P ~ M , C ) - R C A P ( M ,  J X l t  
IF (NW.SE,2) GO TO 2 h P  

C COMPUTE S E L F - I N D U C E D  VECOf, I T Y  FROM T R A I L I N G  VORTEX O N L Y  CON- 
C TR B t l T  I ON. 

XB=X( 2, JL 1 
Y B = Y [ ~ T J ~ )  
ZB=Z{  2 9 J C )  
J S IG= J S I  G T + J - J A - 1  
TF I J S I G , F Q * J S l G T - l  1 J S T G = J S I G + l  
xc=x(  3 r J L t  
YC=Y(  3,JL 1 
ZC=Z13rJL) 
TP l=I+1 
S I G N = l *  
G O  TO 2 3 1  

C II=NW AND A ARE ON CUQP.FNT B L A D E S  WAKE 
229 I P l = I - 1  

I F  I I P l e E Q e O )  G'3 TO 3 2 1  
X C = X I  TP1,JL)  
YC=Y[  IP1 T J L 1  
Z C = Z I I P l , J L )  
S IGN=-1  0 

Y X = (  Y A-YR 1 * ( Z 8- ZC 1- ( YP-YC 1 * 4 Z A-Z B 1 
rYv=( Z A-ZR 1 *i XR-XT I - {  Z P-7C 1 * I X A - X B )  
M Z= 4 X A-X 5 1 *( Y R-YC 1- XB-XC 1 * ( Y  A-WR) 
R T=MX*MX+MY*MY+ Ml*P7 
I F  ( R T e F Q m C e )  R T = 1 *  
R S = S Q R T 1 R T l  
MXYZ=RS 
DELSQ-  1 XA-XC I **Z+ 4 YA-YC, 1 * * 2 + (  Z4-ZC 1 * * 2  
~ ~ O R K l = L N T H ( I , J L ) + L N T H ( I P l , J C ~  

W O R K z z L N T H f  I t  JL I * L N T H (  I ,JL) 
Wf lRK3=CNTHI  I P 1 ,  JI_)*LNTH 4 I P l  r J L )  
W DRKZ=WOK K 2+ WOR K3-0 E L Sn 
W r3a K2= WOR K 2 W V  R K 2 
RT=4.*WORKl-!dDPK2 

23 1 

WORKl=WORKl *WORKl  
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r F  ~RT.LE.Q. )  ~n TP 347 
R T = D E L S Q / R  f 
RS=SQRT I R T  ) 
R S C R D = 2 . * L N f Y ( I T J L ) * L ~ T H ( 1 P l ,  J L l * R S  
R T z L N T H I  I T  J L  tsLNTW1: I* JL 1 
RT=RSCRP*RSCPP-KT 
IF 4QT.LE.P.) G r j  TO 247 
R S = S Q R T l R T )  
W O P K l = L N T H (  I , J L ) * l N T H 4 I ~ J L l  
W 0 RK 2 = L M T H { I P 1 9. J 1 1 *L N TH t I P I 9 J L 1 

c CHOOSE DFF?NITTnW nF F S M d L  ACC51QtfING TO L4 T t J ) * * 2 o G E o D F L S Q  
C +L f 1 P 1 ,  J **Z 

I F  I W O R K l - D ELSQ-WDRKZoGTo~) G O  TO 2 3 8  
F S Y A L = f  RSCRP-RS ) / L I \ ITH(  I TJL 1 2 3 6  
50 Tr) 240 

2 3 8  F $ Y A L = I R S C R P + R S ) / L N T H (  I V J L  1 
240 RT=4.*FSnlAL*’FrSCRP/A( J T J L I  

C CHnOSE AND U5E P R O P E R  C I R C U L A T I O N  VAL IJE  
I F 4 JL-J A 1 2 4 3 9  2441 242 

247 IF I J L - J h - N T V l )  2 4 6 ~ 2 4 5 7 2 4 3  
2 4 3  STOP 
2 44 f S C R P=G A M M  b ( I 1 J S I G 1 * ( AC. OG I R. f ) * 2 5 1 1 I 2 *R S C R P *V  X Y Z J 

GO TO 248 

G O  TO 248 
245 FSCRP=-GAMMA(  I t  J S I G ) * ( b t O ~ ( R f ) + . 2 5 ) / [ ~ o ~ R S ~ R P + H X Y Z I  

246 F S C R P = (  G A M M A (  I , J S  TG+1 I - G A p q  A {  IT J S I G )  ) * I A L O G 4 R T  ) b e 2 5  1 / {  2 m*RSCRP* 
I Y X Y Z )  

247 FSCRP=O. 
2 4 8  FSCRP=FSCRP*S I G N  

QSX=MX*F SCRP 
Q SY=YY*F S C R P 
QSZ=MZ*FSCRP 

GO TO 248 

249 I F  1 I I .GE.NW)  GO TD 322 

2 5 3  CrlNT INUF 
260 9?3 262 N Y = l * P l T V l  

C I N I T I A L I Z E  S I G M S  
S T G M Y ( N X 1 = 9 ,  
STGMY(NX1 =O. 

2 6 2  SIGMZINXl=Q, 
I R O W = 1  

C A V O I D  C n M P U T A T I n N  E H N G Z  AT JL=J 
IF I J L . E Q m J A I  GO TU 265 
J S I  G= JST G T 
J C = J A  
GO TO 36Q 
R t 1 )=LNTY ( 1 7 JLI 
N N = 1  
I Pl=I i 1  

GO TO 357 

265 
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S IGMZ INN 1 =EORNZ/WORKl *HORG*VL I M (  NN) 
G O  TO 286 

287 SIGMXINN) =EORNX*HORG 
S I GMY ( NN = EORNY *HORG 
S IGYZ ( NN 1 =EORNZ*HORG 

If (NN.LT.NTV1) G@ TO 275 
286 R I N N + l l = R S  

C CONTIYUf  COMPUTING BLADE CONTRIRUTIONS U N T I L  BLADE IS COMPLETED 
C THEN GO TO NEXT POW. 

278 JL=JA 
I F  I I R O W - 2 )  3 m r 2 a o r 3 m  

C DO SPECIAL CALCULATIONS ONLY I F  POINT A I S  ON CURRENT BLAOES 
C WAKE. 

2 8 9  I F ( J A - J A K N l  2 8 1 , 2 8 2 1 3 5 9  
281 IRTJ)\IJ=3 

G O  TO 360 
C IF POINT A I S  NOT OM OR JUST DOWN THE WAKE FROM B OR Ct DO 
c S T A hl D AR D G AL CIJ L A T Z ON 

282 IF III-1-11 3 5 0 , 2 a 3 ~ 3 6 0  
C IF POINT A IS NOT REHIN9 P n I N T  JL t  DO STANDARD CALCULATION. 

283 I F  IJLoh1E.J) GO Tn 360 
f. COMPUTE SELF-INDUCED V E L O C I T I E S  FOR IeGT.1  
C COMPUTE SELF-INDUCED Q S  FOR TRAILTNG VORTICES 

284 J K = O  
N = J L  
X R = X [  I T  JL 1 
Y R = Y I  I t  JL 1 
Z B = Z (  I r J L l  
I F  [ I I o G E o N W )  Grj Tn 229 
LTMPt l I = L M T H (  IT JL) 
L T M P l 2 ) = L N T H [  I 1 9  JL )  

XC=X( I P 1 9 J L I  
Y C = Y (  ? P I T  JL)  
I C = Z I  I P19 JL 1 
I P l = I + l  
ATMP4 1 ) = 4 {  IT JL 1 

2 85 rJI X= ( Y B-YA 1 * ( 7.4- ZC 1- Y A-YC 1 * I Z 8-2 A 1 
Y Y = 4 Z R - Z b l * f  X A - X C  1 - 4  Z A - I C  1 * ( X R - Y A  1 

K T = M Y * Y X + Y Y * U Y +  FjlZ+MZ 

R S=SQRT ( R T  1 
MXYZ=RS 
D E t S Q =  I X H - X C ) * * 2 + I Y R - Y C  )**2 +( ZR-ZCI + * 2  
HORK3= 

I p i = r + z  

41 Z = ( X R - X A  1 * t Y b - Y C  I - (  XP-XC ) * ( W R - Y A ]  

IF IRToEQeQ.) R T = l .  

(4 . * (LTF !P{ l  )*LTMP( 21 1**2-(Ffh?P( I l e * Z + C T ~ P ( 2 l * ~ 2 - D E L S ~ ~ * *  
1 2 )  

I F  ( b ? O R K 3 o L E . n )  WORK3=5.4€-70 
ST=DEL5Q/WORK3 
RS=SORT(RT) 



RSCRP=2,*LTMPt  I1 * L T M P 1 2 ) * R S  
289 RT=RSCRP**2-LTMP(  1)**2 

J K =  JK+1 

R S = S Q R T ( R T )  
I f  (Rf.LToC).)  RT=C.  

C COMPUTE F S M A L  D E P E N D I N G  ON L f I ) * *Z*GE.DELSQ l L (  2 1**2o 
I F  [ L T M P I  1 ) * * 2 - D E L S Q - L T M P ( 2 ) * * 2 o G ~ o ~ ~  GO TO 294 

292 F S M A L = l  RSCRP-RS I /  L T M P  (1 1 
GO TO 296 

294 F S M A L = 4 R S C R P + R S l / L T Y P O  
295  R T = 4 . * F S M A L * R ~ C R P / A T Y P (  L I  

C COMPUTE T R A I L E D  f JK=1,2) O f  SHED ( J K z 3 9 4 )  C O N T R I B U T I O N  TO 
C S E L F - I N D U C E D  VELCC TTY. 

G O  TO 4 29?13 '1O,3469348)  9 JK 

298  IF ( J L - J A - N T V l )  3 0 4 9 3 0 2 9 3 4 3  
297 I f  ( J L - J A m L E . 0 )  GO TO 300 

300 If 4RT.EQ.Oo) GO TO 307 
F S C R P = G A M M A (  I g J S IG) *l A t O G l R  T I  + m  25 1 
G r l  TO 3 C 8  

302 IF l R T . E Q . O o )  GO Tn 3 0 7  
FSCRP=-GAMPAIT , J S  IG)*tALOGIRT )+.25) 
G O  TO 308 

304 IF ~ R T . E Q . O . )  GO Tn 307 
F S C R P = ( G A Y M A I  I q J S  I G + l  ) -GAMMA(  T , J S I G )  ) * I A L O G l R T ) + o 2 5 )  
G O  TO 3C8 

C COMPIJTE C O N T R I B U T I O N  FROM NEXT T R A I L E D  V ~ R T E X  ELEMENT.  
397 FSCRP=Tr. 
308 4 T M P { L ) = A I T I , J t )  

L W P (  31=LTMP( 1 )  
LTMPI. 1) = L T M P 1 2 )  
C T M P f  Z ) = C T M D (  3 )  
GO TO 789 

327 I F  ( J L o L E o J A )  G O  TO 316 
314 IF I J L - J A - N T V 1 1  3 2 9 , 9 1 l ? , 3 4 3  
316 I F  (RT.FO.C'o)  GO Tr? 3 2 7  

F SCRp=I F S C R P + G A M M A I  I i 9 J S  I G 1 *( AC.OGIR T I + .  25 1 I /  t 2 o * R S C R P * M X Y Z  t 
en TD 322 

318 I F  I R T . E : Q * O m I  G O  TO 372 
FSCPP=( F S C Q P - G A M P A I  I I r J  S I G  1 *! A1.5GI  ST)+,2Cj 1 I /  2,*RSCRP*MXYZ) 
GCl TO 322 

FSCRP=I FSCPP+[  GAPMA I f I 9 JS I G + l  I -GAMMA 1 I I 9 35 IG 1 14 I h L n G  ( RT) + 

c D E F I N E  T R A I L E D  VORTEX S E L F - I N O U C F D  V E L O C I T Y  COMPONFNT. 
C CHECK S Y G N  O F  FSCRP 

32Q I F  ( R T . E Q m O o 1  G Q  TO 322 
25  1 1 / I 

1 2  .*RSCRP*MXYZ 1 

322 QSX=YX*FSCRP 
Q SU=MY*FSCRP 
Q S Z = Y Z * F S C  PP 

3 2 1  I f  ( J L - 3 4 )  3 2 3 9 ? 7 3 9 3 4 p ~  
C COMPUTE N G  W I T H  O N L Y  O N E  V f l R J F Y  I N C i . i J D E : i l ~  J S f G  
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340 I F  ( J L - J A - P ! T V l . L T a O 1  G O  T f l  344 
341 J L = J A + N T V 1 - 1  

J L P l Z J L - 1  

J K = J K + l  
N W = N T V l  
J S I G l = J S I G - l  

R T z - 1  

GO TO I 3 2 4 7 3 4 3 7  324,343) 9 J K  
C CHECK ON V A L I D I T Y  OF T H I S  T R A N S F E R  WHEN J L = J A + N T V l  

343 r R i m = i  
Q X = Q X + Q S X  
QY=OY+QSV 
Q Z = O Z + Q S Z  
I F  I N o L F o J A )  GO T O  342 

C C r l M P U T E  INDIJCF!) V E L D C I T Y  F R O M  P R E V I O U S  T R A I L I N G  A N I )  SHED V O R T E X  
345 S I Y N ) = D N T H ( f I * J S I G - I  1 

Q X = Q X + ( S G M A X - S T G Y X (  NJN) 1 *GAMMA t I *  J S I G - 1 )  
QY=QY+(  S G M A Y - S I G M Y t  N N ) )  *GAMWAI. f 9 J S I G - 1 )  
O Z = Q Z + (  S GM A Z - S  I G M  Z f NW 1 f *GAY MA ( I T  J SI G -  11 
s I G M Y  f NN f =o* 
S I G M Y ( N N I = O .  
S T G M I ( Q N ) = O .  
I F  (QN.GE.hTV11  G O  TO 34213 
C I l ) = O o  
C 12 )=n. 
C ( 3 1 = r ? .  

34313 XB=Xt 11, J L  1 
Y B = Y (  I I v J t  1 
Z R = Z I  I I 9 J L )  
S GMAX=O 
%MAY=O. 

N N = M N + l  

I P 1 = f  +1 
I F  ( N - J A - N T Y l o L T o C )  GO T O  373 
I F  4 N - J A - N T V l . E Q * O )  G C  T O  3813 
W R I T E  ( 6 9  34441 

SGYAL=Q.  

342 IIS=DWTH( 1 I 9 ' J S I G )  

3 4 4 4  F O R M 4 T  49H0342 HALT) 
STOP 

344 J L P l = J L + l  
C COMPUTE S E L F - I N D U C E D  V E L O C I T Y  FOR. P O I N T  R E T H E E N  SHED V O R T I C E S  

XC=XI 1 I 7 J L P l l  
Y C = Y f  I I v J L P 1 )  
Z C = Z (  I T  7 J L P l l  
LTMPt 2) =DNTH( I I *  J S I C +  1 f 
J L Pi= JL- 1 

Y B = Y ( I I T J L P ~ I  
Z8=2I 1 1 7  J C P i  1 

x B = x ( I I 7 J L p 1 )  

81 



ATMP( 1 l = B I  1 1 9  JS I G  1 
L T M P ( l ) = D N T H (  I I ?  J S I G )  
JK=2 
GO TO 2 8 5  

346 I F  I I I o G E e N W I  GO TO 3 4 5 1  
FSMAL=GA#MAI  11,  J S  !GI-GAMMA4 I ?  JSIG) 
GO TO 347 

3451 F SMAL=-GAMMA( 1, JS IG) 
347 f S C R P = I ) o  

I F  tRT.LE.0.) GO TO 3471 
F S C R P = F S M A t * ( A L O G I R T ) + , 2 5 1  

3 4 7 1  LTYP( 3 J = L T M P I  1)  
tTMP( l ) = L T M P 4 2 )  
LTMPI 2 ) = L T M P ( 3 1  
J S I G = J S T G + l  

GO T 3  289 
A T Y P l 1 1  = E l  I I ? JS IG 1 

348 IF ( I 1 o G E . N ~ )  GQ TO 3491 
f S Y A L = G A M M A I I T t J S I G ) - G A ~ ~ A ~  J ,  J S I G )  
GO TO 349 

3491 FSMAL=-GAMMAIf,JSIGI 
349 FSCRP=Oo 

IF ( R T . t € , O , )  GO T n  3492 
F SCRP=IFSCRP+FSMAL*( 4 L D G (  RT I +  .25 1 11 4 2 . W  S C R P s M X Y Z  1 

3 4 9 2  Q SX=M X*FSCQP+QSX 
Q S Y = N Y * f  sc RP+QSY 
OSZ=MZ*F SCRP+QSZ 
. J L = J L + l  
R ( NN+2 )=DhJTHI f I T J  SIG 1 

c COMPUTF COMPONENT OF INDUCED VFLCCITY FROM P R F V T O U S  T R A I L I N G  
C Vn P. T E X 

G O  TO 343 
G C A L A ~ J L A T E  ~JSIJAL I N D U C E D  V F L O C I  TY C O ~ P O N E N T S  UNLESS JL=Jt r I = T  
C AVOTDS PFCALC(1LATIf lN OF T R A I L E D  VORTEX SELF-INDUCED VELOCITY 
C COMPONFNT. 

3 5 0  If (JL.NE.J) GO TO 360 
3 5 1  S I G Y Y  (1) =o. 

SIGMY! l ) = F ,  
SIG~Z4Il=P. 
3. ( 1 t =CN TH ( ! v J L 1 
1 P l = I  t L 
V Y = l  
G O  TO 357  

3 5 4  X R = X t  I P t r J L )  
Y R = Y I J P l , J L )  
Z R = Z 1  J L )  
R T = I X A - X 3 ) * * 2 + (  YA-YS)  **?+l Z A - Z R ) * * 2  
D Q R t = @ N T H I  IP1 ,JSIG)**Z 
N = 4  
S IGN=-1 
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GO TO 365 
C RETURNS TO 370 

355 S I G M X ( N N I = E H N G X  
S I GMY NN 1 = EHNGY 
S I G M Z ( N N l = F H N G Z  
Q X = Q X + S G Y A X + G A M M A ( I r J S I G ~  
QY=QY+SGYAY+GAMYA( Iv  J S I G I  
QZ=QZ+SGMAZsGAMMA(IpJSIG) 
XK=35 ,  
NN=NN+l 

3 5 5  J S I G = J S I G + l  
I F  (NNsEQeWTV) GO TO 390 

S IGMX (NV) =O. 
S I G M Y t N N I  =O* 
SIGML{NN)=O, 

357 QORL=DNTH(  I P l r J S I G 1 * $ 2  
XC=X( I P l q J L )  
Y C = Y l  I P l r J L )  
Z C = Z (  I P l r  J L )  
R (NN) = L N T H t  f q JL 1 

X B = X (  I P l r  J L )  
Y B = Y I  I P l r  Jl. 1 
Z R = Z (  I P l q  J C I  
RT=t  X A - X 3 ) * * 2 + 1  YA-YR 1 **2+l Z A - Z R ) * * 2  
N=2 
I R Q M = 4  
S I G N = l *  
GO TO 3 6 5  

JL=JL+I 

359 I R O W = 4  

360 (;GWAX=I?, 
5 GYAY =9. 

J L = J A  

J S I G =  JS I G T  

c BEGIV STANDARD T Y P F  ROW I N D U C E D  V E L O C I T Y  C A L C U L A T I O N ,  

S GMA Z =r) 

XR=X(  19JL) 

Y B = Y (  I r J L )  
Z8=7( TrJL) 
f P l = I + l  
XC=X( I P 1  T J C  1 

Z C = Z (  I P 1 , J L )  
MN=2 
R T=(  XA-XC 1 * *2+1 Y4-YC 1 ** 2+ 4 Z A - Z C )  **2 

h d = l  
S I G N = l .  

x = Y t  r p i  JL)  

~ O R L = C N T H I  1 T J C ) * * 2  

3 6 5  R S = S Q K T I R T  I 
C IF ( C q T R s E Q . 2 )  GC? TO 372 
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370 K P R = K S + R I N N )  
C T E S T  FOQ END OF VORTEX ELEMENT ( P O I Y T  A )  i N S I D E  CURRENT VORTEX 
C ELEMENT C O R F .  DEFISJE WRG D I F F E R E N T L Y  O N L Y  I F  A I S  1NSIDE 
c CO4F OF 8-C ELEMFNT, 

W D R K l  =R t NN 1 
VTEST=RS*QS+WORK l * W O R K l - D 0 R L  

WORK7=RS+WDRKl  
WOQK3-WORK3sWRRK3 

WORKZ=WOP K 2*WORK 2 

IF t V T E S T e G T e 3 )  GO T O  371 

WO RKZ=R S- WORK 1 

V T E S T = ( W 7 R K 3 - n n R L  I * (  E'OPL -tJ(3RK2 I / (  4.*DORL 1 
IF f S I G N o E Q o C 1  STnP 
W O R K l = C H O R D { M I  
Y O R K ~ = W ~ R K ~ * W ~ ~ K ~  
IF (VTEST.GT.WORK11 GG TO 371 

WORK5=SQR T (  D O R L ) * W Q R K l  

G O  TO 377 

WDRKS=R 1 VN ) *R S*  ( R PR*RPR-DnR L 1  
If I W 1 3 R K 5 .  rYF.0.) HflRG=SIGN*RPR/WCIRKS 

3 7 7  E O R N Z z f  X A - X C j * (  YC-YE3 I - (  YA-YC) * t X C - X B  1 
EORNY= I Z A - Z C  1 *( XC-XI3 1 - 4  X A - X C  1 * {  ZC-Z  R 1 
F O R N X = I  YA-YC)  * I ZC-Z R )  - 4  Z A - Z C 1  * (YC-Y  E3 1 
E HNGX =E OR NX*HnRG 
EHYGY=EORNY*HORG 
EHNGZ=EORYZ*HORG 

NORK2=ABS I EHNGX*WORK11 
WT)RK3=ARS( EHNGY*WORKZ f 
UQRK4=ARS(  E H N G Z * W O R K l I  

H OR G=3 e 

I F( f J 3 R K 5  NE oC, 0 f H O R G E l e  /MOR K 5  

371 HORC=O. 

381 WORKL=GAYHA(fqJSIG) 

W O R K l = A M 4 X l t W O R K 2  rWI)PK3 q W Q R K 4 )  
I F  I W O R K 1 o L E o V L I M I N N ) )  GO T O  353 
E MNGX = E HM G X /  WOR K 1  *V L I M( NN 1 
EHNGY=FHh!GY/WORKl W L I  MI YN t 
EHNGZ=EHNGZ/WORKl *VL  I Mq FUN 1 

383 SGMAX=SGMAY+FHMGX 
SGMAY=SGMAY+EHNGY 
S GM AZ = S GM A Z +E HN GZ 

3 8 5  G O  TO { 3 7 2 r 3 7 a r 3 8 w 5 w t  N 
372 R l N N ) = R S  

JL= JL+1 
I F  (IRDW.GT,?) G Q  TO 376 

373 I F  t r  1-1-1) 3 7 4 , 3 7 5 * 3 7 6  
374 IF I J L o E Q o J 1  GO T O  3 5 4  

GO TO 376 
375 I F  I J L . F Q o J 1  GO TO 284 
376 I P 1 = T + 1  

a4  
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392 SIGNZ(NNI=Qo 
Cfl)=O. 
C ( 2 1 = 0 *  
C 1 3 ) = 0 .  

400 C O N T I N U E  
RETURN 
END 



SUBROUTINE TESTS 
REAL LR I G 9 LSMAC ,lRSL S 9 LRSL SQ 
DIMENSION C ( O 1 )  

O I N E N S l Q N  t S M A L [ l l l  
D IYENSION GAMMA( 005 9 0 4 0 )  

DY MENSION R C b P ( Q l r l l 1  
D 1 MFRlSlON 
COMMON 
G A M S U M 4  
c 3=3 0 *C 4 M 
C34SG?=C3/4* 
C 34SQ=C34 S Q W 3 4  SQ 
RJDPST=RSMAL1 Y t  J L  )SOP S I  
R JPSS Q=RJ D P S I  +R JDP5 I 
TERMl=+l .  I R J D P S I  
DO 1 I = ~ T N T V ~  

1 t SMAL 4 I 1 = A B S  ( RC AP 4 M, I *1) -RC AP M I 1 1 
J X=JL 

J XzJX-NaTV 
GO TO 6 

Nr\l=JS I G + W T V l - l  

J J = J J + l  

KY=JX 
N = J J  
G O  TO 3 

2 K X = J J  
Y= J X - 1 

RSMAL 4 0 1 t44 I 
/TEST55 /  Jt , JS IG,N TV TNTV 1 9  Y, D P S i  9 C t RSMAL 9 R C A P  1 GAMMA, QSZ 

6 I F  4JXSLEoNTVI GO TO 7 

7 JJ=O 

I30 5 T=JSIG*NN 

I F  ( J J . L T . J X I  GI3 TO 2 

3 LRIG=C. 
Dq 4 K=KXpN 

4 LqIG=tSMALIK)+LRTG 
LRStS=Lt? T G - t  SMAL4 JJ 1 
tSSL5Q=LRSLS*LRSt  s 
r, 7L 142=c3 / 4 4 0 *L % i GI 

R J D P L I = R J D P S I / L R I G  
RJDPLI=QJDPLT*RJPPLI  

C ~ L I ~ ~ = C ~ L  r42*c?t 1 4 2  

5 GAMSUM=GAYMA( 1 9 1 1  *ALOG( 
2 ( ( 1 * + S Q R T ~ l o + R J D P t T ) ) /  
31 l o + S Q R T I  10+C3LT42)  1 ) *  
41 ILRSCS+SQRT(LBSL S Q + C 3 4 S Q )  1 / 
5 (  LRSLS+SQRTILBSLSQ+RJPSSQ)  i I ) + G L \ M S U M  
T E R M 1  = T E R M  l * G A M  SUM 
QS L = Q S Z  +T ERM 1 
RFTtJRN 
END 
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c 

C 

C 
c 
c 
C 
C 
c 
C 
c 
c 
C 
C 

CDHPlJTE INOIJCEO V F L n C I T T E S  A T  4 L L  VORTEX ELEMENT END POINTS, 
AND I W C L U D I N G  R L A n F  VnRTEX POINTS.  I N C L U D E  SELF- i&DUCED 
EFFFCTS DUF T O  BLADE AND NEIGHBORING VfV?TICES ( B A S E D  ON 
APPRRXIMATF CURVATURE FROM AN A R C  D E T E P N I N E n  FROM 3 - P O I N T  
C I R C U L A R  ARC CURVE F I T T I N G .  

T N I T I  AL I Z F  CONTPOL COYSTANTS FOR WAKE INDUCED V E L O C I T Y  
C A L C  U L h  f I O h  S. 

I F  ( Z 2 o E Q . 2 )  NSWl=l 
hJN= 1 
NWSTMl=NWSTRE-l  
EEL-VLL4  J A I  
TWO EL =EE L + EF t 
N S W - 1  
E L = E L L (  J A )  
NANR X=NAMR M 
JL=JA 
J S I G = J A  
8 X=O. 
QY=TI, 
Q Z = l r *  
WORKl=XA-XIMANRM, JL) 
WnRKZ=YA-V(NANRMq JL 1 
WORK3=ZA-Z 4NANP.M- JL 1 
9 SQ=WORKf*WORKl+b!ORK2*WORKZ+k4ORK3*k4@RK3 
R (  11=SQRTI[ R S Q  1 

N ANRX=NANR M+1 
IF ( R ( L I e N E * O I  GO TO 5 
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I F  (NANRX.GT.NWSTM11 GO TO 460 
WORKl=XA-X 4 NANRX? JL 1 
tJORK2=YA-Y ~ K P N R X I  JL 1 
WURY3=ZA-Z.INANRX, J L f  
H ( 1 )=SOP. T t  WQRKl  *wOPK1 +WDRK2*WORK 2+!dORK 3 W 3 K K 3  1 

5 I Z N A N R X - 1  
X R = X I N A N R X T J L I  
YB=Y 4 NANQX * JL I 
Z R = Z I  N A N R X T  JL I  

TF INWSTRF.GT.IT.AND. I .EQ.TI.AND.JA.~B.JI  GO TQ 391) 
i o  i = r + i  

c BEGTN STANDARD T Y P E  ROW IVCClJCED V E L O C I T Y  CAI -C I ILAT  ION. 
r P L = I  + i  
XC=X(  TPL,  JL) 
YC=YI  J P 1 , J L )  
Z C = Z ?  1 P 1 1  J L I  
hl R F TN = 9 
IF 1 {  J I  E0.T et7R.I f - l o F O 0  f 1. AND. J A o f Q o J . A N Q o E 2 o F Q * 2 1  

1 C A L L  S E L F I N  3 : 1 r ? T r J A r Q X r 9 Y r Q Z , N S F T N )  
IF ( N R E T Y . E Q . 1 3  GT] Tr? 390 
W Ort K 1=XA-  XC 
MrIRKZ-Y A-Y C 
WORK3=ZA-ZC 
RT=WORK I *Wt lRK l+WDRK 2*WJDRK2+ W O R K 3 * W ( l R K 3  
I F ( R T . G T o T W O E L 1  G O  T O  3 6 2  
IF ( R S Q e L T e F E L I  GO TO 364 
I F  I K T . L T . E F L 1  GO T O  3 6 4  
NSW=’! 
G O  TO 389 

362 N S W = l  
I = I + N A L  I M 
GO TO 389 

I = I - Y A L I M  . 

Y SM=- 1. 
GO TO 390 

363 WOSKL=XB-XC 
WORK2=YO-YC 
WnRK3=ZR-ZC 
r)r3RI_=WORK l*W(lRK 1+ WORKZ+WDRK 2+WORK3*WORK3 
NStJ=-2 

365 R S - S Q R T ( R T 1  
370 RPR=RS+R f \IN 1 

364 IF I N S N o L T o l )  GD TO 363 

C TEST FOR FND O F  VORTEX E L F M F N T  { P O I N T  A I  l N S J O E  C U R R E N T  VORTEX 

C COQE OF €3-C ELEMENT. 
c ELEYENT C O R E .  DEFINF HORG DIFFERENTLY ONLY r F  A I S  I N S I D E  

WC)RKZ=RI P I N )  
VTEST=RS*R S+WORKl  *WnRKl-DOR L 
I F  I V T E S T o G T e O )  GO T O  371 
UORK3=RS+WORKl  

89 



WORK3=WOR K3eWQRK3 
WORKZ=RS-WORYI 
WQRK2=WORK2*WORK2 

WORKl=AI  NANRM? J A )  
WORK1 =WORKl*WORKl 

VTEST=(WORK3-O@RC )* IDfJRL - W O R K 2 ) / ( 4 o * O O R C  8 

I F  I V T E S T o G T * W U K K l )  GO TO 371 
HORG=O* 
W D R K 5 = S Q R T l n O R L ) * W f J R K 1  

GO TO 377 

W O R K S = R ( N N t * R S * 1 R P R ~ R P R - D D R C I  

I F { WORKS NE o n  rn 1 HORG= 1 /NOR K 5  

371 HORG=O* 

I F 4 W ORK5 N F 0 1 H QR C;= PP R/ W 0 RK 5 
377 E O R Y Z = ( X A - X C ) * ( Y C - Y R ~ - 1 Y ~ - Y C ) * [ ~ C - X B ~  

E O R N Y = ( Z A - Z C ) * ( X C - X R I - ~  X A - X C I * (  ZC-ZBI 
E ORNX= ( Y 4-Yf  1 * 4 ZC -ZR 1 - 4  Z A-ZC 1 *1 YC-Y 8 f 
E HNGX-EDRN X*HORG 
E HN GY = E !2 R N Y *HOR G 
EHNGZ=EnRNZ*HORG 

WORK2=ABS I EHNGX*WORKl )  
WORK3=AFISt E H N G Y * W U R K l I  
WORK4=ABS1 F H N G Z * W Q R K l )  

381  WORKl=GAMMA( IT J S  IG) 

~ ~ ~ K ~ = A Y A X ~ ~ W ~ R K ~ T W O R K ~ ~ ~ ~ ~ K ~ !  
IF 4 W O R K l . L F o V Y L I M I J S I ~ ) )  GO TO 383 
EHNGX=EHNGX/WORK1*VP[VYCfMIJSTG~ 
EHNGY=EHNGY /WORK1 *VMC I M (  JS 1 G )  
E H N G Z = E H N G Z / W O Q K I  *VYL I Y {  J S I G )  

SGMAX =EHNG X*WOR K 1 
SGMAY=FHNGY*WORK 1 
SGMAZ=EHNG Z*W@RKl 

372 R ( N N ) = R S  
XB=XC 
Y 0=YC 
Z R = Z C  
QX=QX+( SGMAX l * G A M M 4 1  I r J S I G )  
QY=QY+(SGPAV ) + G A Y M A 4  I q J S T G )  
Q Z = Q Z + ( S G M A Z  ) * G A M M A I I , J S X G )  

383 W O S K l = F L / S Q P T I O O R L )  

3 8 9  RSQ=RT 
390 IF ( I o L T * N A M R X )  GO TO 3 9 1  

IF I I o L T * N W S T M l )  GO TO 10 
391 IF ( Z ; ? * E Q o 2 )  GO T O  393 

VX4 f f  r J I = V X ( ? I q J I + Q X  
V Y (  I I 9 J)  = V Y I  i f  9 J ) + Q Y  
v 7  4 1 I ) = V Z  1 IT J 1 +9Z 
G I 1  TO 4Ci9 

393 V X M ( ~ I T J ) = V ~ ~ ( I I T J ) + Q X  
V Y q f  I T 9 J ) = V Y M (  i I t J) +Qv 



V Z M (  11,  J l = V Z M (  I I *  J)+QZ 
400 CONTINUE 

RETlJSN 
END 
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C 

C 
c 

S U B R O U T I  N E  POTWTA ( JL T T ,A T J S  IG? Q S X t  QSY r Q S  Z T  I I 9 X A T  V A *  24, X 8  ,Y F I ~ Z R T  
1 XC,VC,LCqC&MMA 1 

R E A L  L T M P t  3 M X  p M Y T  M Z  9MXYZ 
0 IMENSION 
COPYON frulnDI;NT/ 
i X = Y I  
JK=n 
N- J C 
WORKl=XA-YB 
WORK2=YA- YR 
W’3RK3=ZA-Z E 
L T Y P (  1 ) = S Q R T ( M n R K Z * W ~ R K l + ~ ~ ~ ~ ? * W ~ ~ K 2 + ~ f l R K 3 * W O R ~ 3  
WORKl=XA-XC 
WDRK2=Y A-YC 
WORK3=ZA-ZC 
L T M P {  2 1 = S Q R  T(  WORK l*MflPK l+WORK2*WQRK2 +WClRK3*WDR K 3  1 
A T Y P  = A  

2 8 5  Y X = t  YR-YAI * (  Z A - I C  I - (  Y A-YC I *  ( Z R - Z A )  
Y V = ( Z R - Z A ) * ( X A - X C ) - I Z P - Z C  ) * ( X R - X A )  
Y Z = ( X B - X A ) * ( Y A - Y C  ) - [ X A - X C  l * ( V R - Y A )  
P T=MX*MX+MY*MY+MZ*VZ 

R S=SQRTt  R T )  
Y XYZ=R S 

GAMMA 4 5 4 ,  16 1 
N T V V  9 NW STRF: TNWR 9 NANRMINIBRYM ,NI  f lM  

I F  (RToEQ*P*l R T = I s  

D € L  SO= i X R-XC 1 **2 + 4 Y R-YC 1 **? +f Z B-ZC 1 * * 2 
WT)RK3= ( I + . * (  1 T w  P f  1 1 *t+MPP( 2 )  ) * *2 - I  L T M P i  11 * * ? + L T M P I  2 1 * *2 -DELSQ I** 
12 1 

I F  (WORK3 o C f o O  1 WCPK3=5 .4€ -70  
R T=DE L SO / WPRK3 
R S = S Q R T f  R T  1 
R S C R P = Z o * L T M P ( Z  ) * L T M P 1 2 ) * R S  
IF ( I I o E Q s W W S T R E 1  GO TO 306 

259 RT=RSCRP**2 -LTMP(  1) **2 
JK=JK+1  

R S=SQRT( R i  1 

I F ( L T M P (  1 ) * *2 -DELSQ-LTMP ( 2  ) * * 2 , G T s 0  1 GO T O  294 

Gn TO 296 

If ( q T o L T o O o 1  f?T=Oo 

COYPUTE FSMAL DFf’FPlDIMG OM I-( 1 ) * * 2 e G F * D E L S Q I L (  2)  **20 

292 F S M A L = # K S C R P - R S  ) / L T M P ( ~ )  

294 F S M A t = ( R S C R P + R S  ) / L T M P ~ ~  1 
296 R T = 4 o * F S Y A L * R S C R P / A T M P  

COMPUTE T R A T L E D  4 JK=112) CONTR I BtJT ION T O  
SELF- I N D U C E D  V El I fC I TY. 

GO TO ( 3 0 Q , 3 1 6 ) r J K  
300 I f  (RT.EQ.0.)  G f l  TD 307 

FSCRP=GAYMAI  I ,  J S  !GI * 4  L I - O G I R T )  + a  25 1 
GO TO 3 0 8  

306 I X = I  1-1 
307 FSCRP=Oo 

9 3  



308 L T M P ( 3 l = C T M P [ 1 )  
LTMP( 1 I = t T M P ( 2 1  
LTMP( 2 ) = L T M P (  31 
GO TO 289 

315 I F  1 R T o E Q e O e l  GO T O  322 
F SCRP=( F S C P P + G A M M A I  I X ,J S i  G 1 *( ALOG[ RT ) + e  2 5  1 I / ( 2  o * R S C R P * M X Y Z  1 

C D E F I N E  T R A I L E D  VQRTFX SELF-INOUCED V E L O C I T Y  C O M P B N E N T e  
322 Q S X = M X * f  SCRP 

Q SY=MY*FS CRP 
Q S Z = M Z * F  S C U P  
R E T U R N  
END 

94 
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C 
C 

C 
C 
C 

C 
c 
C 

COMPCJTE MEW VORTEX ELFPEMT END P O I N T  LOCATIONS 

IF (NW.LT*NANRM) Nln=MW+I 
IF 1NWSTRE*L f *NWR 1 NWSTRE=NWSTRE+l 
NWSJMl=NWSTRE-1 
NNM 1=NW- 1 
NVN2=NYODC 
r F I NAS GE ,LSWW I LRGW KS=CRGWK S+ F 
I F  ( N A S * N E - L S W k i I  GQ T O  416 

TNIT FOR SMALL STEPS 

F R A T I U = F L O A T f N R A T I O I  
DPS I =DPS I / F R A T  IO 
N A=NA A 
NANR=NA*NR 

96 



400 1 

40072 

4093 

40Q4 
400 5 

5 
c 
c 
C 

416 

415 

419 
42Q 

c 
C 
C 

T i i A N S P n R T  Ft.)tl_ M E S H  

TRAYSPOQT M O D l F f E D  WAKE 

I F  fNAS.CT.NANRM3 GO TO 560 
C A L L  MODCOX (NROT t N I B t N T V t N T V V t  A T  A4 T AFMI NEXPWKvNNTViNMOOR TNANRMI 

CALL MOOCOR ( N R O T , M I R ~ N T V ~ N T V M I V X ~  V Y t V Z  T V X M ~ V Y M ~ V Z M T  A F M t  NEXPWKV 
1 NVIUIZtNAS) 

2 N W K f  CM t NYOOR t Nb NRM I NVM2 1 
DO 550 M=l ,NROT 
I f  t I V A R  e E Q e 5 )  T V (  1 l = M U C D S t  MI 
IF ( IVAR.EQ.5 )  T V ( 3 I = P U S D S I M )  
N W STMF=NWSTR E-N ANRM 
DO 550 I = l T N W S T M F  

97 
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3 FORMAT (30HOTHF NUMBER OF WAKE P O S I T I O N S  9 3 1 5 )  
902 FORMAT (213/(8F10*711 

E NO 

99 



Machine Compatibility 

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 3.0. The program is standard FORTRAN IV and 
is also WATFIV compatible. 

The Wake Geometry Program has been run on the University of 

Recommended CDC 6600 Overlay Structure 

The recommended CDC 6600 overlay structure is that contained 
in this listing. For execution on an IBM 360/65 the overlay 
statements may be replaced by subroutines by the following types 
of statements: 

PROGRAM XXX by SUBROUTINE XXX 

and 

CALL OVERLAY (5LSKOVL,N,M,GHRECALL) by CALL XXX 

where XXX is the appropriate subprogram or subroutine name. 

100 



C 

101 
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2 3 8 4  

5000 

2 344 

C 
2 3 8 9  

2 390 

2 3 9 1  

9 9 3 4  
C 

C 
f: 
C 

G 
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C 
C 
C 

9 2 1 4  

c 

R E C A L C U L A T E  SOME I I J P U T  VALUES 

C N V K T = P I / 1 8 0 0 0  
LA LL C G  K V  ( C N  VKT T H E  T A ,  A C A  T rJC A ,  A L P  T A  i) P H A  , NM A, r\lM A S  1 

W C L  I i4 i3= b,'C L 1 M B/ f C POHb *K A 1 
A L F  3 TN=A LFU T V / C  PCMG 
P H f D T M = P H I D T M / C P O M G  
A L F R d = C O S  ( A L F K Y * C U V R T I  
F G F = - F G F f c 3 L o  2 
A M S N A = A M U * S  I N (  A L P T A )  
C S A L A = C O S (  ALPTA)  
A MC S A  =A M [I* C S 4 L A 

hEiARA=Wt!AR4 A M U 9 A L P T A p C T A I  

AMSNH=O o 

L O 5  



IF (hBL.NE.2)  tO TO 38 
C A L L  
H E A R  8=WBAF, ( A MU 9 ALP T O  ,C TB 1 

C3NV(CNVKT * T H E 1  8 ,  ACE3 r R C B t  A L P r a * D P H B * N M B t N M A S  I 

PMSNR=AMU*S I N [  A L P T H  
C S 4 L B = C C S I  ALPTEIl 
AMCSR=4W*CSALB 

C 
C C1IMPUTE D I S T A N C E S  1 S U B  I J A C C O R O I J ~ G  T O  FDRrUIULA PAGE 1 1 1 - 3  
C 

38 IX l=NR*NHL 
C SI =-OS I *O I R A+ PS f R A 
S1. lALS=SIN(ACPTA)  
DO 40  J=L,NA 
C S I = C S I + D S I  W I K A  
S I N E J  J l = S  I N (  C S  1)  
CUSARY ( J )  =CC;S1 C S  I )  

40 SqC S I A 4 J 1 = S I 24 E J 1 J 1 * S I N A L S 
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S il b R U (1 T I NE I N P LJ T ( B I 9 S F T I S E C t Nd P T t E L NT ti 9 E I X 1 E I Y t X I N R t Y I N R t E MA S 9 

1 
2 A T ~ A M Z ~ A V Y , A M Y ~ A V Z ~ A V ~ A ~ ~ A P ~ ~ ~ A S I , A ~ ~ € T t S ~ G , O M E G A , ~ ~ L t E X Z t  
3 

D P I i  I 9 EPS 9 DL Z, Z A t  ALPHT C T  CMT ,dMSQt A K I  9 THE TCi, XROOT 94KL 9 RIAC t 8 C  

KWK, I 1  9 I2 t NPiti'SId t U I R  NA 9 NRl,NRNT,NMAS 9 (LMODE ,NC ,DANPC S I G K J )  

IPiPUT R E A Q S  I N  BLAOE P R U t ' E R T C E S  

C 

C 

c 

C 

111 



112 



113 





115 
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C 
20 F O R M A T (  6HOHDOT , / /  1 
20Q F O K M A T ( 1 O t  l X , E 1 2 * 5 )  v / i  
21 F O R M A T (  OHCPHI , / / j  
22 F O R M A T (  6 H O T H E T  * / I  J 
23 FORMAT I b H ! l C S I I ' ) T / / )  
4,876 FOKrYAT ( 1 H 0 , 6 E 1 5 * 7 )  

E NU 

1 1 8  



1 1 9  



120 



G 

3 3% 
3 3 '9$ 
3 3 9'7 
370 

373 
3333- 

332 
2 

C 
C 
c 

EO 

C 
c 
c 

40 

T E S T  ON O U T t R  A N D  M I D O L E  Z T E R A T I O N  

121 
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31  3h  

3 1 3 9  

C 
c 
C 

C 
C 
C 

C 
c 
C 
C 
C 

c 

7.0 
6 3  
7 3  

75 

80  

8 1  

S c l B R i j ? I T I N E  SEK !ES C C M P U T E S  VACtJES OF C L  I t T = L I F T  COEFFICIENT 9 

A S L O P = L I F T  C U R V E  SLOPE,  CNiJME=vlOMENT C O E F F l C  I E N T ,  CURAG=C)RAG 
CUE FF I C  I f  l\JT 
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2 1  
106 

120 

125 

145 
146 

150 

1 5 5  
150 
l h 5  

170 
200 

1 2 6  



1 2 7  
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5,351 
5 4 5  

60 0 

6 0 5  

C. 
c 
C 

C 

c 
C 
C 

C 
c 
C 

300  

7co 

C 
C 
c 

702 

705 
7c7 
7 10 

COIII’UTE B l A 3 E  t l l A i , 5  A C C O R D I N G  T O  PAGE 1Ii-7 

C i l r i K E C T  f3lADk LOAUS FOR J+1 A N 5  J-1 IEKMS 

129 



130 
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1 3 2  



C 

133 



1 3 4  



135 



136 
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SUBtlCIUT I N E  BC04 
C 

C 
C 

5 4 V t  i J k  ANU S E T  N t r ;  I\IR FdR 3LAI)E &(ESPdIuSE SU&?ROGRAM 

138 



C 
C 

D E t  I N E  CCIIVSTANTS 

1 3 9  



C 
C 
c 
C 

C 
c 
C 

G 
c 
C 

C 
e 
G 

31 

35 
40 

c 
C 
c 

45  

2 940 

140 
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C 

c 

C 
c 

c 

1 4 2  
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C 
C 

2 1 1  
212 
2 13 
214 

9875 
1 1 1 7  

144 





145 



147 



148 



3 14 
316 

35d 

3 5 5  

3h0 

3 70 

C 
c 
c 
C 

3 7 1  

COYPUTE SUPERPOSITION I N T E G R A L S  AT EACH AZIMUTH PCSIrlON 
I N T E G R A L S  13N PAGE I V - 6  

sc 1 1  1 =o.o 

149 



c 
c 
c 
c 

C O M P U T A T I O N  OF REDUCED I N T E G K A L  P A R T S  OF SUPPOSITION 
I N T € G R A L S  AT E A C H  A Z I M U T H  POS I T  ION F3R OVEKDAMPED CASE 

150 



151 



152 



153 



i54 



155 





157 





C 

& 
C 

c 
C 
c 
C 
C 

I. 59 
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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 CDC 6600 
under Scope 3.0. The program is standard FORTRAN IV and is also 
WATFIV compatible. 

Recommended CDC 6600 Overlay Statements 
Mainline: 

OVERLAY (BLADE S , 0,O ) 
PROGRAM BLD34(INPUT, OUTPUT, BDSTRT, BDGAM, BDSIG, PUNCH, 

TAPE2=BDSTRT, TAPES=INPUT, TAPEG=OUTPUT, TAPE7=BDGAM, 
TAPE8=BDSIGf TAPE3=PUNCH) 

2004 CALL BLD3 

to CALL BLD4 

2004 CALL OVERLAY(~LBLADES,I,O,GHRECALL)I replaces 

CALL OVERLAY(GLBLADES,2,0,6HECALL) replaces the two calls 

Subroutine BLD3: 
OVERLAY (BLADES, 1,O) : PROGRAM BLD? 

Subroutine BLD4: 
OVERLAY (BLADES, 2,O) : PROGRAM BLD4 
CALL OVERLAY(6LBLADES,2,1,6HFUXALL) replaces CALL CONVL 
CALL OVERLAY(6LBLADES12,2,6HRECALL) replaces CALL GCOORD 
CALL OVERLAY(GLBLADES,2,3,6HRECALL) replaces two CALL RSPNS 
CALL OVERLAY(GLBLADES,2,4,6HECALL) replaces CALL SHEAR 
IF (NPCH. EQ. 1) CALL OVERLAY (6HBLADES, 2,5 6HRECALL) 

replaces IF(NPCH.EQ. 1)CALL RSPZZ 
Subroutine CONVL: 

OVERLAY (BLADES, 2,l) : 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 
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