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FORTRAN PROGRAMS FOR CALCULATING WIND-TUNNEL 

BOUNDARY INTERFERENCE 

By H a r r y  H. Heyson 
Langley Research Center 

SUMMARY 

Boundary-interference programs, developed in NASA TR R-302, a r e  presented 
without comment. These programs should be utilized only after careful consideration of 
the assumptions and procedures given in that report. 

, 

INTRODUCTION 

Reference 1 develops a systematic computer procedure for  calculating the wind- 
tunnel interference factors for  arbitrary configurations from the interference calcula- 
tions for a vanishingly small model. The method is not limited to any one tunnel con- 
figuration since it is necessary only to substitute a subroutine appropriate to the tunnel 
for that given herein. 

The underlying theory (subroutine DLTAS) i n  the present computer programs is that 
of reference 2. It is directly applicable to models which produce large wake deflections, 
such as V/STOL models. These programs may also be used directly for more conven- 
tional testing at moderate lift coefficients by means of the few simple modifications 
described in reference 1. 

No sample calculations or check cases  are provided herewith. The numerical 
values provided in  reference 1 should be adequate for this purpose. The reader is 
cautioned against using these programs without first carefully considering the assump- 
tions, limitations, and procedures given in reference 1. 



1 COMPUTER PROGRAMS 

The programs are given in the appendixes. The following table should aid in 
locating the program of interest: 
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APPENDIX A ---------- 
I 

FORTRAN PROGRAM FOR CALCULATING WIND-TUNNkL INTERFERENCE 

NEAR A VANISHINGLY SMALL MODEL 

T H I S  PROGRAY WAS k R I T T E N  I N  CDC FORTRAN, VERSION 2 - 1 9  TO RUN ON CDC 6300 
S E R I E S  COMPUTERS W I T H  THE SCOPE 3 . 3  OPERATIYS SYSTEM AND L I B R A R Y  TAPE. MINOR 
M O D I F I C b T I O N S  M A Y  BE HEOUIRED PRIOR TO USE IN OTYER COPPUTERS. T H I S  PROGR4M 
HAS BEEN FOUND TO BE SATISFACTORY ON THE AFOREMENTIDNED COMPUTERS WHICH CARRY 

C I S I O N  M4Y REQUIRE M O D I F I C A T I O N  T O  DOUBLE P R E C I S I O N  I N  ORDER T O  O B T A I N  RESULTS 
THE ECUIVALENT OF APPROXIMATELY 1 5  DECIMAL D I G I T S .  COMPUTERS OF LESSER PRE- 

OF EQUAL ACCURACY. 

T H I S  PROGRAM REQUIRES THE USE OF SUBROUTINE D L T 4 S  WHICH I S  GIVEN I N  
' APPENCIX 0. 

L 

THIS IS THE B A S I C  WIND-TUNNEL INTERFERENCE PROGRAV FOR WHICH THE DERIVA-  
TIONS 4RE GIVEN IN NASA TR R-124  ( R E F  2) .  THE SUCEEDING PROGRAMS ARE ALL 
CEVELOPED FROM T H I S  ONE PROGRAM. INPUT WILL BE FOUND PT ADDRESS 1 (ONE LARD 
PER CASE) I N  FORM41 103. THE RE3UIRED I Y P U T  V A R I A B L E S  ARE 

ZETA SEHIHEIGHT OF WIND TUNNEL D I V I D E D  BY H E I G H T  OF MODEL ABOVE FLOOR 

ET A D ISTANCE FROM MODEL T O  RIGHT-HAND WALL C I V I D E D  BY WIND-TUNNEL 
SEMIWIDTH 

EAMHA HIDTH-hEIGHT R A T I J  OF WIND TllYNEL 

XOVERH L O N G I T U D I N A L  P O S I T I O N  OF POIVT AT WHICH INTERFERENCE I S NEEDED, 
NONOIMENSION4L IZED W I T H  RESPECT T O  TUNNEL SEMIHEIGHT 

YOVERH L 4 T E R 4 L  P O S I T I C N  OF POINT 4T WHICH INTERFERENCE I S  NEEOEO, 
NONDIMENSIONALIZED WITY RESPECT TO TUNNEL SEMIHEIGHT 

ZOVERH V E R T I C 4 L  P O S I T I C N  OF POINT AT WHICH INTERFERENCE I S  NEEDED, 
NONDIMENSION4L IZED WITH RESPECT TO TUVNEL S E H I H E I S H T  

PROGR4M W I N ~ T U N ( I N P U T ~ O U T P J T ~ T A P E 5 ~ I N P U T ~ T A P E 6 ~ O U T P U T )  
CCHMON Z E ~ A I E T A I G A M M A I X O V E R H ~ Y O V E R H I Z O V E R H ~ O E L T A ( ~ ~ )  

O A T A  ( C I  I) 
D IHENS ION C(  8) 

I = l r 8  I /  2 0  . e  30 r 4 O . s  50. r 6 0 . 9  70.9 80. 90./ 
1 READ ( 5 , 1 0 3 1  Z E T A I E T ~ ~ G A M M ~ ~ X O V E R H I Y O V E R H I  ZOVERH 

2 WRITE 1 6 , 1 4 8  ) GAMMA *ZETA ,ETA, XOVERH r Y  O V E R i  s ZOVERH 
I F  ( E O F e 5 )  99992  

WRITE ( 6 , 2 1 0 )  
WRITE ( 6 , 2 1 1  
WRITE ( 6 , 2 1 2 )  
WRITE ( 6 9 2 1 3  1 
WRITE ( 6 , 2 1 4  J 
WRITE 46 ,215)  
WRITE (6,216) 
WRITE ( 6 , 2 1 7 )  



Appendix A - Concluded 

L lRITE ( 6 r 2 1 8 1  ( A  1 6 1  
DO 41 K = l r 8  1 4  1 7 1  
CbLL  DLTAS ( C t K ) )  ( A  1 8 1  

* + * I L I I + * t + * * * * + t * * * *  SEE 4PPENDI X Q FOR SU&ROUTINE DLT4S ****t+************+*** 
WRITE ( 6 9 1 4 9 1  C I K I  [ A  1 9 1  
WRITE ( 6 9 1 5 0 )  ( D E L T 4 f  I 9 I = l  9 2 5 9 4 1  14  2 0 1  
WRITE ( 6 9 1 5 1 1  ( D E L T 4 ( 1 1 * 1 = 2 * 2 6 r 4 )  I A  211  
WRITE ( 6 9 1 5 2 )  ( D E L T A ( I l r I = 3 r 2 7 r 4 )  1 4  2 2 1  
WRITE ( 6 . 1 5 3 1  ( D E L T A (  1 1 9  1 = 4 * 2 8 r 4 1  ( A  231  

41 CONTINUE ( 4  241  
GO TO 1 ( 4  2 5 1  

1 0 3  FORMAT ( 6 F 1 0 0 3 )  ( a  2 6 )  
1 4 8  FORM4T ( l H 1 / / 3 5 X * I N T E R F E R E N C E  F4CTORS 4 T  4 POINT NE4R 4 V 4 N I S H I N G L  ( 4  2 7 1  * 

1 Y  SMALL MODEL*//35X*GAMMA =*F8.3r9X*LETA = * F 8 * 3  9 l l X * E T A  =* [ A  2 8 1  . 
2 F 8 * 3 / / 3 5 X * X / H  = * F 8 * 3 r 9 X * Y / H  = * F 8 * 3 9 1 1 X * Z / H  =*FR . 3 / / 1  1 4  291 

149 FORMAT ( / 5 X 6 H  C H I  =F6 .2 /1  [ A  3n1 
1 5 0  FORMAT ( 3 X 5 H ( W * L  1 7 ( F 1 7 * 4 ) 1  ( 4  311 . 
1 5 1  FORMAT ( 3 X 5 H ( U * L  ) 7 ( F l 7 . 4 ) 1  ( A  3 2 1  ’ 
1 52 FORM A T  ( 3  XS H ( W 9 D 7 ( F 1 7  -4 I I 1 4  3 3 1  
1 5 3  FORMAT ( 3X5H1 UI D ) 7 (  F17.4 I /  I ( 4  3 4 1  
2 1 0  FORMAT I l X 1 3 1 ( 1 H - l )  ( 4  351 
2 1 1  FORM4T ~1X1HI11XlHI31X61HCORRECTION F4CTORS FOR CORRECTING FROM 4 ( 4  361 

1 W  I N D  TUNNEL WH I C H  I S 2 5 X  1 H I  1 ( A  371  
2 1 2  FORM4T 4 1 X l H I l  l X l H  I117( 1H-) 1 H I  1 ( 4  381 
2 1 3  FORMAT ~ 1 X 1 H I 1 1 X 1 H I l 6 X 1 H I 5 X 6 H C L O S E D 5 X 1 Y I  1 6 X l H I  2X12HCLOSED F L O O 9 2 X l  ( A  391  

1H I 6X4HOPENb X 1H I 1 CX 1 H  I 5 x 6  Ht L 0 SED4Xl  H I 1 ( 4  4 C l  
2 1 4  FORMAT ( l X l H I 3 X 5 P D E L T A 3 X l H I  5X6HCLOSED5XlHI4X9HON BOTTOM3XlH16X4HOP ( 4  4 1  I 

1 E N 6 X l H I  6 X 4 H O N L Y 6 X l H I  5X5HFLOOK6XlH15X5HCLOSED5Xl  H I 3X9HON BOTTOM3 X 1  H ( 4 4 2  I 

2 1 5  FORM41 ~ 1 X l H I 1 1 X l H I 1 6 X l H 1 6 X 4 m 3 N L V 6 X L H I  1 6 X 1 8 H I  (GRCUND EFFECT1 I 6 X 4 H  4 4 4 4  I 
10NLY6X 1 H I  1 6 X l H I 6 X 4 K I N L Y 5  X1H I 1 ( A  4 5 1  

2 1 6  FORMAT ~1X1HI11XlHI8411H-llHI32( 1 H - I l H I )  ( 4  461  
2 1 7  FORM41 I l X l H I 1 1 X 1 H I 3 6 X 1 1 H T O  FREE A I R 3 7 X l H I 8 X l 6 H T C  GROUND E F F E C T 8 X l  ( 4  4 7 1  

1 H I  1 ( A  4 8 )  
2 1 8  FORM4T t l X l 3 1 ( l H - l / 1  ( 4  4 9 1  
999 STOP ( 4  501 

END ( A  5 1 )  

21) ( a  4 3 1  

5 



\ T I i I S  P ? i l C , R 4 4  Y F O U I P E 5  T P F  USE ClF S ' J r l ' l O U T I N t  O L T A S  K H I C H  I S  G I V E Y  IY 
APPEND I X ' 3 .  
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Appendix B - Concluded 

D O  814  L4=1 , .?9  ( B  7 7 )  
8 1  4 XDELTP(L4  )=O ( 8  7 8 )  

41  CONTINUE ( e  7 9 )  
GO TO 1 ( B  R C I )  

1 4 5  FORM41 I l X * C H I  = *F7 .3 / )  ( B  8 1 )  
150 FORM41 ( 3 X 5 H ( W , L 1 7 ( F 1 7 . 4 )  J (9 8 2 )  
1 5 1  FORY4T ( 3 X 5 H I U v L ! 7 ( f l 7 . 4 )  1 ( B  8 3 )  
1 5 2  F7RMAT ( 3 X 5 H (  W p D )  7 ( F 1 7 . 4 )  1 ( 6  8 4 )  
1 5 3  FORM41 1 3 X 5 H I U v D ) 7 1 F 1 7 . 4 1 / / )  ( B  8 5 )  
2 1 0  FORM41 ( l X 1 3 1 ( 1 F - ) )  ( R  R 6 )  
ill FOR441  ( 1 X l H I l 1 X l H I 3 l X 6 l H C O ~ R E C T I ~ N  FACTORS FOR C n R R E C r I N G  FROM 4 (E! 8 7 )  

lWIhJ0 TJNNEL WHICH I S Z 5 X l H I  1 ( B  89) 
2 1 2  FORMAT ( 1 X l H I  l l X l H I 1 1 7 ( 1 H - ) l H I )  ( E  8 9 )  

. 2 1  3 FORY4r ( l X l H I l l X l H I l 6 X l H I  5 X 6 H C L O S E 0 5 X l H I  1 6 X l H I 2 X l 2 H C L f l S E D  F L 3 0 R 2 X l  ( B  91)) 
1 H I  6X4HOPEY6 X1H I 1 6 X 1 H I  5X6HCL3SED4X 1 H I  I ( I 3  9 1 )  

2 1 4  FORM41 ( 1 X l H I 3 X 5 H D E L T 4 3 X l H I 5 X S H C L O S E D 5 X l H I 4 X 9 Y O N  S O T l O M 3 X l H I h X 4 H O P  ( B  9 2  I 
l E ~ 6 X 1 H I 6 X 4 H O N L Y 4 X l H I 5 ~ ~ H F L O ~ ~ R 6 X l H I 5 % 6 H C L ~ ~ E D ~ X l i I 3 X 9 H ~ N  ROTTUM3XlH ( R  9 3 1  

\ 2 1 )  ( 8  9 4 )  
2 1 5  FrJRM41 (1XlHI11X1HI16X1HIhX4HUNLY6XlHIl6Xl8HI (GROUND EFFECT)  I 6 X 4 H  ( B  9 5 )  

lONLY b X l H I l 6 X l H  I6X4HONL Y 5 X l H I  I ( 9  9 6 1  
2 1  6 FOKMPT ( 1 X  1 H I  l l X l H I A 4 I  1H-) 1 H I 3 2 (  l H - ) l H I  1 ( 6  9 7 )  
2 1 7  FORM41 ( l X l H I l 1 X l H I 3 6 X 1 1 H T O  FREE A I K 3 7 X L H I 8 X 1 6 H l O  GSOUVD EFFECTRXl  ( R  9 8 )  

1t.11) ( B  9 9 )  
2 1 E  FORM41 ( l X l 3 l ( l H - ) / )  ( 8  190) 
900 FORM41 ( I l , F 9 . 3 , 5 F l n . 3 )  ( 8  101) 
9 0 1  FORYPT. ( l H 1 / / / 4 2 Y * A V E R P G E  INTERFERENCF '3F SWFPT WING OF F I N I T E  S P 4  ( R  1 0 2 )  

l N * / / 5 8 X 4 8 , *  L 0 4 D I N G * / / 3 6 Y * G 4 M Y 4  = * F 6 . 3 v l n X * E T P  =*F7.3,lf'X ( B  1 0 3 1  
2 4 s  I G Y A  = * F 7 . 3 / / 3 h X * Z E l 4  =*F6.3,1OX*4LPH4 =*F7,3,1(JX 15 1Q4) 
34L4MYD4 = * F 7 . 3 / /  I ( R  I n 5 1  

9 9 9  STOP ( B  136)  
E Y  D ( 3  1 0 7 )  

a 



APPEND!X C ---------- 

FORTRAN PROGRAM FOR CALCULATING THE D I S T R I B U T I O N  OF ' 

WIND-TUNNEL INTERFERENCE OVER THE 

SPAN OF A SWEPT WIYG 

T H I S  PROGR4M WAS Y R I T T E N  I N  CDC FORTRAN, VERSION 2.19 TO RUN ON CDC 5 3 0 0  
S E R I E S  COMPUTERS M I T H  THE SCOPE 3.0 OPERATING SYSTEM 4FiD L I B R A R Y  T4PE. MINOR 
M O D I F I t 4 T I O N S  H4Y BE REOUIRED PRIOR TO USE I N  D T i E R  COMPUTERS. T H I S  PROGRAM 
HAS BEEN FOUND TO BE SATISFACTORY ON THE AF3REHENTIONED COMPUTERS WHICH CARRY 

C I S I O N  MAY R E W I R E  M O D I F I C A T I O N  T O  DOUBLE PRECISION I N  ORDER TO O B T A I N  RESULTS 
O F  EOUCIL ACCURACY. 

THE E O U I V 4 L E N T  OF 4PPROXIMATELY 15  D E C I M 4 L  D I G I T S .  COPPUTERS OF LESSER PRE- 

T E I S  PROGR4Y REQUIRES THE USE OF SUBROUTINE D L T A S  WHICH IS G I V E N  I N  
APPENCIX 0 -  , 

I N P U T  WILL BE FOUND 4 T  ADDRESS 1 (ONE C4RD PER C 4 S E )  I N  FORM4T 193 .  NOTE 
T b A T  THE REFERENCE O R I G I N  IS CHOSEN TO BE A T  THE APEX OF THE SWEPT L I F T I N G  L I N E .  
THE REQUIRED I N P U T  V 4 R I 4 B L E S  aRE 

LI L340 I N D I C A T O R *  L I = 1  FOR UNIFORM L 3 4 D I N G v  L = 2  FOR E L L I P T I C  
LOAD I NG 

ZETA1 SEMIHEIGHT OF TUNNEL D I V I D E D  BY H E I G r l T  CF O R I G I N  ABOVE FLfl fJR 

ET A 1  D I S T A N C E  FROM O R I G I N  TO RIGHT-HAND WALL D I V I D E D  B Y  TUNNEL 
SEM I W I DTH 

GbMMA WIDTH-HEIGHT R A T I O  OF WIND TUNNEL 

5 I GMA R A T I O  OF WING SPAN TO TUNNEL WIDTH 

LAMBDA WING SWEEP ANGLE, DEG 

ALPHA AYGLE O F  ATTACK OF WING, DEG 

C E F F E C T I V E  HAKE SKEW-ANGLE, DEG 

I N  SYMMETRICAL CASES T H I S  PROGRAM COMPUTES THE INTERFERENCE D I S T R I B U T I O N  
OVER ONE SEMISPAV ONLY. T H I S  PROGRAM REJECTS CASES OF ZERO SPAN. F 3 R  SUCH 
C A S E S *  THE INTERFERENCE I S  UNIFORM AND THE VALUES ARE I D E N T I C A L  TO THOSE PRO- 
V I D E D  BY THE PROGRAM OF APPENDIX 6. 

PRDGRAM W I N D T U N I  INPUT*OUTPUT *TAPE 5= IVPUT t TA PE6=OCTPUT) I C  1) 
COMMON ZET4*ET4,G4MM4*XOMRr l  rYOVERH ~ Z U V E R H I D E L T ~  ( 2 8 )  I C  2) 
DIMENS I O N  XDELT A (28 1 9 XLO ADl 10 1 9 XLE I 10) It 3 )  
R E 4 L  LAMBDA (C 4) 
X L E I L ) = X L E ( l O  ) = e 4 3 5 7 9  I C  5 )  
XLE 12 )=  XLE (9 ) = . 7 1 4 2 2  (C 6 )  

9 



Appendix C - Continued 

X L E ( 3 ) = X L E ( 8 ) = . 8 6 6 0 3  I C  7 )  
XLE14)=XL E (  7 ) =  . 9 5 3 9 4  ( C  8 1  
X L E l 5 ) =  XLE( 6 ) =  . 9 9 4 9 9  (C 9 )  
CO 8 0 5  N 2 = 1 * 2 8  ( C  1 0 )  

805 XOELT4 I N2 )=O. ( C  11) 
R A D =  .0174L,32 9 2  5 1  9 9  ( C  1 2 )  

1 REAG 5 1  1 0 3 )  L I r Z E T 4 l  PETAL rGbMlr4 P S I G M A P L ~ M R D A *  4LPH4pC ( C  1 3 )  
I F  ( E O F 1 5 1  9 9 9 1 8 1 4  ( C  1 4 )  

8 1 4  I F  (L I .EC.1)  G O  TO 8 0 6  (C 1 5 )  
1 4 L P H 4 = 8 t - € L L I P T I C  ( C  1 6 )  
SUML= . 1 2 6  1 3 4  (C 1 7 1  
00 808 H 2 = 1 1 1 0  IC 1 8 )  

808 XLOAG(MZ)=XLE(MZ 1 ( C  1 9 )  
GO TO 803 ( C  2 6 )  

' 8 0 6  SUML=.l (C 2 1 )  
I ALPHA=BHUN IFORM ( C  2 2 )  
DO 809 H 2 = l r  10 IC 2 3 )  

, 8 0 9  XLOAO(H2)=1.3 (C 2 4 )  
80 3 %OVER H=ZO VE4 H=O (C 2 5 )  

H1=0 ( C  2 6 )  
IF (ET41.EO. l .  1 H 1 = 6  I C  2 7 )  
W R I T  E t 6,930 1 GAHH A c  ZETA 1 1 I ALPHA t ALPHA 9 S I G M  A * ET 4 1  P L 4M8D4 9 C I C  2 8 )  
W R I T E  ( 6 1 2 1 5 )  ( C  2 9 )  

(C 3 1 1  W R I T E  ( 6 , 2 1 1  1 
k R I T E  ( e 1 2 1 2  ) I C  3 1 )  
WRITE ( 6 9 2 1 3 )  ( C  3 2 )  
W R I T E  ( 6 9 2 1 4 )  ( C  3 3 )  
WRITE 1 6 9 2 1 5 )  ( C  3 4 )  
W R I T E  1 6 ~ 2 1 6 )  ( C  3 5 )  
WRITE ( 6 9 2 1 7 )  ( C  3 6 )  
W R I T E  ( 6 9 2 1 8 )  ( C  3 7 )  
I F  (SIGH4.NE.O.) GO T O  8 1 3  16 3 8 )  
W R I T E  ( 6 9 9 0 1  1 ( C  39) 
GO TO 1 (C 4 0 1  

8 1 3  PLPHA=ALPbA*RAD ( C  41) 
L AMBO A=L AHBDMRAD I C  421  

8 0 4  XST4R= ( 11 .-2 .*FLOAT[ H 1 )  1 /ll. ( C  4 3 )  
C O  800 N l = l r l O  ( C  4 4 )  
YST4R=( 2 .  * F L 0 4 T  ( N 1 ) - 1 1  I /17.  ( C  4 5 )  
ZST AR+ I 11 0-2 .*FLOAT I N 1 )  ) / 13  (C 4 6 )  
ET4=ET41*YST4R*SIGM4 ( C  4 7 )  
Z E T A = Z E T A l / ( l . - A B S ( Y S T A R ~ * S I G M 4 * G A M M A * Z F T A l * T A N ~ L 4 ~ 6 ~ A ~ * S I N ~ 4 L P H 4 ~  I C  4 5 )  

1 1  ( C  49) 
XOVERH=SIGM4*GAMM4*1 AN( LAMBDA I *COS ( 4L PH A )  * ( ABS ( C  5 n  1 
Y CVERH=( FLOAT H 1  ) -FLO4T I N 1 )  1 *S IGM4*GPYMA*( -. 2)  (C 5 1 )  
Z O V E R H = S I G ~ b * G 4 M M 4 * T 4 N ~ L A M S D A ~ * S I N ~ 4 L P H 4 ~ ~ ~ A ~ S ~ Z S T A R ~ - A ~ S ~ X S T A ~  1 1  ( C  5 2 )  
CPLL OLTAS 16)  ( C  5 3 )  

*t****tttt***t****+** SEE APPEND1 X Q F O R  SUBROUTI Y E  DLTAS **********9***1***8*+* 
DO 8 0 1  N 2 = l r 2 8  I C  5 4 )  

8 0 1  X O E L T 4 ( N 2 1 = X D E L T 4 ( N 2 1 + D E ~ 7 4 ( N 2 1 * X L 0 4 O ( N l t  (C 5 5 )  
8 0 0  CONTINUE f C  5 6 )  

DO 8 0 2  N 2 z l r 2 8  (C 5 7 )  
8 0 2  CELTA( N2 )=XDELTA( N2 )*SUHL ( C  5 8 )  

WRITE ( 6 , 1 4 9 )  X S T A R  ( C  5 9 )  
WRITE ( 6 r 1 5 0 )  ( D E L T 4 ( I ) r I = 1 * 2 5 r 4 )  ( C  6*) 
ClRITE 1 6 ~ 1 5 1 )  ( O E L T A ( I ) r 1 = 2 , 2 6 ~ 4 1  I C  6 1 )  
W R I T E  (61 1 5 2  1 ( D E L T 4 (  I 1 9  1 = 3 9 2 7 1 4 )  (C 6 2 1  
ClRITE 1 6 , 1 5 3 )  ( D E L T A ( I ) r 1 = 4 ~ 2 8 1 4 )  ( C  631 
CO 810  N 2 = 1 1 2 8  ( C  6 4 )  

8 1 0  XOELTA(N2 1 =O .O f C  6 5 )  
M l = N 1 + 1  ( C  66) 

XSTPR ) - 4 B S (  7ST4R 1 1 

10 



Appendix C - Concluded 

IF ( M l . L T , l Z I  GO T O  8 0 4  
GO TO 1 

1 G 3  FORMAT ( I l r F 9 . 3 r 6 F 1 0 . 3 )  
149 FORMAT ( 1 0 X 1 2 H Y / S E M I S P 4 N  = F 4 . 1 / )  
1 5 0  FORMAT ( ~ X ~ H ( W I L  1 7 1  F 1 7 . 4 )  1 
1 5 1  FORMAT ( 3 X 5 H l U ~ L ) 7 ( F 1 7 . 4 ) )  
1 5 2  FORM4T ( 3 X 5 H ( W s D ) 7 ( F l 7 . 4 ) )  
1 5 3  FORMAT ( 3 X 5 H ( U * D ) 7 ( F 1 7 . 4 ) / / )  
2 1 0  FORMAT ( 1 X 1 3 1 ( 1 H - ) )  
2 1 1  FORMAT ~1X1HIllXlHI31X61HCORRECTIOV F4CTORS FOR CORRECTINS FROY A 

l W I N D  TUNNEL WHICH I S 2 S X l H I )  
2 1 2  FORMAT ( l X l H I l l X 1 H I 1 1 7 (  1 H - I l H I  1 
2 1 3  FORMAT ( l X l H I 1  l X l H I  16XlHISX6HCLOSEDSX 1HI  16X 1 H I  2Xl2HCLOSFD FL(30'12Xl 

1H I 6  X4HOPEN6XlH I 16X 1H I 5X6HCLOSED4Xl  H I ) 
2 14 FORMAT ( 1 X 1 H 13 X 5 t-D E L T  43 X 1 H I  5X 6HCL OS ED 5X 1 H I 4X 9HON BOT TO M3 X 1 H I 6X4HOP 

l E N 6 X l H I  6 X 4 H O N L Y 6 X l H I  5 X 5 H F L O O R 6 X l H I  5X6HCLOSE05Xl  H13X9HON BOTTOM3 X l  H 
2 1 )  

2 1 5  FORM4T (1XlHIllX1HI16X1HI6X4HONLY6XlHI16Xl8HI(GRCUND E F F E C T )  I S X 4 H  
lONLY 6 X l H I  1 6 X L H i 6 X 4 H O N L Y 5  X l H I  1 

2 1 6  FORMAT ( 1 X l H I l l X l H I 8 4 ( 1 H - ~ l H 1 3 2 (  l H - ) l H I )  
2 1 7  FORMAT ( 1 X l H  I l l X l H I  3 6 X l l H T O  FREE A I R  3 7 X l H I  8 x 1  6HTO GROUND EFFECT 8 x 1  

2 1 8  FORMPT l l X 1 3 1 t  l H - ) / )  
900 FORMAT t l H L / / / 3 8 X * I N T E R F E R E N C E  D I S T R I B U T I O N  OVER SWEPT WING OF F I N  

1HI  

1 I T E  SP&N*/ / /15X*G4MM4 = * F 7 . 3 * 1 5 X * Z E T 4  = * F 7 . 3 * 1 5 X * 4 8 *  LOADING* 
215X*ALPHA =+F7.3 / /15X*SIGMA = * F 7 0 3 * 1 5 X * E T A  =*F7.3915X*LAMBDA =* 
3 F 8 * 3 * 1 5 X + C H I  =*F7.3 / /  t 

901 FORMAT ( / / / / 4 0 X * S I G M A  EQUALS ZERO - J S E  AVERAGE INTERFEREVCE PKOGR 
1 b M * / /  / 1 

9 9 9  STOP 
END 
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FORTRAN PRCGR4M FOR CALCUL 411 NG THE PVERIGE HIND-TUNNEL 

INTE3FERENCE OVER A T A I L  

BEHIND A SWEPT WING 

T H I S  PROGRAN WAS k R I T T E N  I N  COC FORTR4Nv VERSION 2.19 TO RUN ON CDC 60'9 
S E R I E S  COMPUTERS W I T H  THE SCOPE 3.3 OPER4TIhJG SYSTEM 4ND L I B R A R Y  TAPE. MINOR 
H O D I F I C L T I O N S  M 4 Y  BE REQUIRED PRIOR TO USE I V  O T I E R  COPPUTERS. T H I S  PROGRAM 
HAS BEEN FOUND TO BE S A T I S F 4 C T O R I  ON THE 4FOREMEQTIONED C3YPUTESS U H I C H  6 4 R R Y  

, THE EOUIV4LENT OF 4PPROXIM4TELY 1 5  DECIMAL D I G I T S .  COMPUTERS OF LESSER PRE- 
. C I S I O h  HAY REQUIRE M O O I F I C 4 T I C N  T O  DOUBLE P R E C I S I O N  I N  ORDER TO O B T A I N  RESULTS 

OF EOU4L 4CCURACY. 

T H I S  PROGRAM REQUIRES THE USE OF SUBR3UTINE DLTAS WHICH IS G I V E N  I N  
APPENCIX Q .  

INPUT WILL BE FOUND 4 1  4CCRESS 1 (TWO CARDS PER CASE)  I N  FORM4T 90'3. NOTE 
T H A T  TbE REFERENCE O R I G I N  I S  CHOSEN TO BE AT THE APEX CF THE SWEPT L I F T I N G  L I N E .  
THE REQUIRED I N P U T  V 4 R I 4 B L E S  FOR THE WING, G I V E N  ON THE F I R S T  C4RDp 4 R E  

L I  L 3 4 0  INDICATORI L I = L  FOR UNIFORM L3ADING.  L=2 FOR E L L I P T I C  
LOAD I NG 

2 ET41 SEMIHEIGHT OF TUNNEL D I V I D E D  BY H E I G H T  OF Q R I G I N  ABOVE FLOOR 

E T  A 1  D ISTANCE FRCM O R I G I N  T O  RIGHT-HAND WALL D I V I D E D  B Y  TUNNEL 
SEMI  WIDTH 

GAPHA WIDTH-I-EIGHT R 4 T I D  OF WIND TdNNEL 

SIGMPW R 4 T I O  OF WING SPAN TO TUN\EL U I D T H  

LAMBDA WING SWEEP ANGLE, DEG 

PLPHA AYGLE OF ATT4CK OF WING9 DES 

THE REOUIREO INPUT V 4 R I 4 B L E S  FOR THE T A I L ,  G I V E N  ON T H E  SECOND C4RD9 4RE 

SIGHAT R A T I O  O F  T A I L  SPAN TO TUNNEL WIDTH 

1L T 4 I L  LENGTH BEHIND U R I G I N  4 T  ZERO ANGLE OF 4TTACKv NOYDIMENSION- 
A L I Z E D  W I T H  RESPECT T O  TUNNEL S E M I b E I G H T  

T L  T 4 I L  LENGTk BEHINO O R I G I N  A T  ZERO ANGLE OF PTTACKI N I Y D I M E N S I O N -  
4 L I Z f D  W I T H  RESPECT T O  TUNNEL SEMIPEIGHT 

PROGR4H WIYDTUN( I N P U T I O U T P U T ~ T ~ P E ~ = I N P U T  pTAPE6=OUTPUT 
CCMMON ZE TA9 ET A rG4MM A *  XOVERHtY OVERH9 ZOVE RH 9 DELTA (28) 

12 
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Appendix D - Continued 

DIMENSION X D E L T 4 ( 2 8 )  rXLOAD( 101 r X L E (  1 0 1  r C ( 8 1  
RE4L LAMBC4 
C 4 T 4  ( C I I I r I = l r 8 1 / 2 0 . r 3 0 . r 4 n . , 5 0 . r h 0 .  r 7 0 e r 8 0 . r 9 0 0 /  
X L E I  l I = X t E ( l O ~ = C . 4 3 5 7 9  
XLE ( 2 ) = X L E I 9 1 = 0 . 7 1 4 2 2  
X L E ( 3 1 = X L E ( 8 1 = 0 . 8 6 6 0 3  

I X L E t 4 1 =XL E I 7 I =  0 9 5 3  94 
XLE 1 5 ) = X L  E t 6 ) = @ * 9 9 4 9 9  
DO 803 L l = l r 2 8  

8 0 3  X C E L T 4 l L l  ) = O .  
R 6 0 = . 0 1 7 4 5 3 2 9 2 5 1 5 9  
P I =3.1415 5 2 6 5 3  5 8 9 7 9  

1 R E 4 0  ( 5 900 1 L I s ZE T A 1  t E T 4 1  q GAMMA r S IGMAW r L4MBDA AL PH 41  
1 S I G M A 1  r T L  r TH 

I F  ( € O F 1 5  1 9 9 9 ~ 4 7  
47 I F  IL I .EQ.1)  GO T O  804 

I ALPHA=8 I-ELL I P T  IC 
SUML-0.032526 

8 0 8  X L D A D l M 2 l = X L E I M 2 )  
DO 8 0 8  M 2 = l r 1 0  

GG T O  4 8  

I ALPHA= 8HUN I FORM 
8 0 4  SUML30.025 

GO 8 0 9  M 2 = 1 1 1 0  
809 X L f l 4 0 ( M 2 ) = 1 * 0  

4 8  WRITE ( 6 931 1 S IGH4W r THr IALPHA rG4MMA r ZET 4 1  S I G H 4  T r  TL. LAMBDA r ALPHA 
l E T A l  

WRITE I 6 r 2 1 0 )  
k R I T E  I 6 r 2 1 1 )  
WRITE ( 6 r 2 1 2 1  
WRITE I 6 9  2 1 3  1 
L R I T E  ( 6 1 2 1 4 )  

1 H R I T E  ( 6 ~ 2 1 5 )  
U R I T E  I t r 2 1 6 )  
WRfTE (6.217) 
WRITE I 6 r 2 1 8 )  

I 

L4HBDA=L4MBDA*R40 
PLPHII= ALP kA*R A G  

XF IS iGMAW.E4 .0 . .aND.S IGHAI .EQ.O. )  GLl T O  850 
00 4 1  K = l r B  

I F  I S I G M 4 W . E O . 0 . . 4 N O . S I G M 4 T . N E . O . l  GO T f l  8 5 5  
I F  I S I G M A W . N E . @ o o A N D o S I G M A T . E ~ . ~ o I  GO T O  860 
M 7=4 
N7= 10 

I CQNST1=1.0 

1 IF (ETA1.NE.l.I GO TO 8 1 2  
M7=2 

GO T O  8 1 2  
C ONST 1= 2.0 

8 5 0  M?=N7=1 
XLOADI1 )=1 .0  
SUML=O. 0 2 5  
CONST 1x40 - 3  
GO T O  8 1 2  

8 5 5  M7=4 
N 7 = 1  

SUML=O .025  
XLOPD(11=1.0 

CONST1=10 -0  
I F  IETAl.NE.1.) GO TO 8 1 2  
M7=2 

( 0  3 1  
I D  4 )  
(0 5 )  
( D  6 )  
( D  7 )  
I D  8 1  
10 9 )  

( 0  l e 1  
( D  1 1 1  
( D  1 2 1  
( D  13 )  
( 0  1 4 1  
( 0  1 5 1  . 
( D  16) , 
I D  1 7 1  
( 0  181 
( D  19) 
I D  2 0 )  
I D  2 1 )  
( D  2 2 )  
( D  2 3 )  
I D  2 4 )  
I D  2 5 1  
( D  2 6 1  
I D  2 7 1  

I O  291  
( D  3 0 )  
( 0  3 1 1  
( D  3 2 )  
I D  331 
( 0  3 4 1  
t D  351 
I O  3 6 )  
I D  3 7 )  
( D  3 8 1  
( D  39)  
( D  4@) 
( D  41) 
iil 421 
I O  4 3 )  
( D  4 4 1  
I D  4 5 1  
( D  4 6 1  
I O  47) 
( 0  481 
( D  4 9 1  

10 5 1 )  
( 0  5 2 )  
I D  5 3 )  
( D  5 4 1  
I D  55) 
( D  5 6 1  
(0 5 7 1  
I D  58) 
I D  5 9 )  
f D  6?) 
I D  61) 
( D  6 2 )  
( D  63)  . 

ID 2 8 1  

( 0  5 0 1  
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Appendix D - Continued 

CGNST1=20 e 3  ( D  6 4 1  
GO TO 8 1 2  ( D  651 

060 M 7 = 1  ( D  6 6 1  
N 7= 10 ( D  6 7 1  
CONST 1=4.0 ( D  6 8 1  
I F  (ETAl.NE.1.) GO TO 8 1 2  ( D  69) 
N7=5 ( D  7 0 1  
CGNSTl=8 -0 ( D  7 1 1  

8 1 2  DC 801  M l = l r M 7  (9 7 2 1  
GO 8 0 2  h l = l r N 7  I D  7 3 1  
XSTAR=(2.*FLOATI hl I-11 ) /13. ( D  74)  
YSTAR=( 11 .-2.*FLOAT ( N l )  / l o .  ( D  7 5 )  
ZSTAR=( 5. -2 .*FLOAT(Ml l  114.  ( D  76) 
ET A= ETA 1 +X STAR * S  I GM4 W ( D  7 7 )  
2 ETA= 2 ETA 1 / ( 1 .-A @ S  (Y ST 4R 1 *S I GM Arl*G4 MM4 *ZE T 4  1 * T  AN (L 4M BOA 1 * S I N( 4 L  PH A ( D 7 8  I 

XCVERH=TL*COS( ALPHA1 +TH*SIN(  ALPHA l-SICMAW*GAHMI* T IN(LAMBD4)  *CnS ( 4 L  0 f l Q )  
1 PHA)*ABS(YST4R 1 ( 0  8 1 1  

YOVERH=ZSTAR*S IGMAT*GAMMA-Y STAR*SIGMAW*GIMMA ( D  8 2 )  
ZOVERH=TH*COS( IY (AL ( 0  8 3 )  

l P H A I * A R S (  YSTAR 1 ( D  8 4 1  
COLL DLTAS ( C ( K ) I  ( D  851 

+ t * * * t * + * * * + * 8 S + t + * * *  SEE APPEND[ X Q FOR SUBR3UTI VE DLTAS t * * * * * * B * + * * * * f * * * * * * *  
DO 805 L l = l r 2 8  ( D  8 6 1  

8 0 5  XDELTA( L 1  )=XDELTh( L 1  l + ( O E L T A ( L l l * X L 0 4 D (  N11 1 ( 0  8 7 1  
802  CONTINUE ( D  88) 
801 CONTINUE ( D  891 

DO 8 0 7  L 3 = 1 * 2 8  ( D  90)  
807 C E L T A ( L ? l = X D E L T A ( L 3 ) * S U M L * C O N S T l  ( D  91)  

WRITE 1 6 r 1 4 9 )  C(K1 I D  9 2 )  
HRITE ( 6 r 1 5 C )  ( O E L T 4 ( I )  r I = l r 2 5 1 4 )  ( D  9 3 1  
WRITE ( 6 9  1 5 1  I ( D E L T A 1  1 ) .  I = 2  9 2 6  9 4 )  ( D  9 4 )  
WRITE (69 1 5 2 )  ( D E L T A (  1 ) 9 1 = 3 * 2 7 9 4 )  ( D  9 5 1  
WRITE (69 1 5 3  1 ( D E L T A (  I I r I = 4 r 2 8 r 4 )  ( D  961 
GO 8 1 4  L 4 = l t 2 8  ( D  9 7 1  

8 1 4  XDELTA(L41=3.  ( D  9 8 1  
41 CONTINUE ( D  9 9 1  

GO TD 1 (0 LOO1 
149 FORMAT (5X5HCH I =F7.3/  1 ( D  1 C 1 )  
1 5 0  FORM4T ( 3 X 5 H l W r L  17( F17.4 1 I ( D  1 Q 2 1  
1 5 1  FORMAT ( 3 X 5 H ( U r L  ) 7 ( F 1 7 . 4 ) )  ( D  103)  

1 5 3  FORMAT ( 3 X 5 H ( U ~ D I 7 ( F l 7 . 4 1 / / 1  ( D  1 0 5 )  
2 1 0  FORMAT ( l X 1 3 1 ( 1 H - l )  ( D  11\61 
2 1 1  FORMAT ~1X1kI1lXLHI31X61HC3RRECTION FACTORS FOR CORRECTING FRnY P ( D  1F7)  

( D  l n 8 )  
2 1 2  FORM4T ~ 1 X l H I 1 1 X 1 H I 1 1 7 ~ 1 H - l l H I  1 ( D  1 '291  
213 FORMAT (1X1HIl1X1HI16XlHI5X6HCLOSE~5XlHI l 6 X l H I  2Xl2HCLOSED F L O D R Z X l  ( D  1 1 c ) )  

lH I6X4HOPENS X1H I 1  6 X  1 H I  5X6kCLOSED4XlH  I 1 ( D  1 1 1 1  
2 1 4  FORMAT IlXlHI3X5HDELTA3X1HI5X6HCLOSED5XlHI4X9HCN BOTTOM3XlH16X4HOP I D  1 1 2 1  

lEN6X 1 H I  6X4HONLY6X lH  I5 X5HFLOOR6XlH I  5X6HCLOS E D 5 X l  H I3 X9HON BOTTOM3 X 1 H ( D 113 1 
2 1  1 ( 0  114) 

2 1 5  FORMAT ~1X1HI11X1HI16XlH16X4HONLY6XlHI16Xl8HI (GRCUND EFFECT1 I 6 X 4 H  ( D  1 1 5  I 
lONLY6X 1 k I 1 6 X L H  I 6  X4HONLY5 XLH I 1 (0 1 1 6 )  

2 1 6  FORMAT 4 1X1HI11X1H184~1~-11HI32( 1 H - 1 1 H I  1 ( D  117) 
2 1 7  FORMAT ( 1 X l H I l 1 X 1 H I 3 6 X 1 1 H T O  FREE A I R 3 7 X l H I 8 X 1 6 H T C  GROUND EFFECTEX1 (0 1 1 8 )  

l H I t  ( D  1 1 9 1  
2 1 8  FORMAT ( l X 1 3 1 (  lH-)/l ( D  1 2 9  
900 FORMAT ( I1 rF9.3 v5F 10.3/3F10.31 (D 1 2 1  
901 FORMAT ( l H 1 / / / 3 9 X * I N T E R f E R E N C E  4 1  T 4 I L  BEHIND SWEPT MING 3F F I N I T E  I D  1 2 7  

1 1 1  ( 0  79)  

1 5 2  FORM4T ( 3X5H( W 9 0 7( F 17.4 ) I ( D  i r 4 )  

1WIND TUNNEL WHICH I S 2 5 X l H I )  

1 SPAN*/ / /13X*SIGMA ( W I N G 1  = * F 7 . 3 * 7 X * T A I L  HEIGHT = * F 7 0 3 9 8 X A 8 r *  L O 4 0  (0 123 
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Appendix D - Concluded 

2ING*7X*GAHWA =*F8 3 .7X*ZET4=*F7 .3 / /10X*S IGM 4 ( T 4 I L I  = * F 7 . 3  9 7 X * T 4 I L  f D  1 2 4  I 
3 LENGTH =*F7.3*8X*LANBDA =*F8*3*7X*ALPYA =*F8 .3r7X*ETA = * F 7 . 3 / / / )  I D  1 2 5 )  

999 STOP ( D  1 2 6 )  
END (0 1271 
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APPENDIX E ---------- 

FORTRAN PROGRAM FOR CALCULATING THE AVERAGE HIND-TUNNEL 

INTERFERENCE OVER 4 SWEPT WING 

CAUSED BY THE PRESENCE OF L I F T I N G  JETS 

T H I S  PROGRAM W A S  WRITTEN I N  CDC FORTRAN, VERSION 2.11 TO RUN ON CDC 5300 
S E R I E S  COMPUTERS W I T H  THE SCOPE 3.0 OPERATING SYSTEM AND L I B R A R Y  TAPE. Y I N O R  
MODIF ICATIONS PAY BE REQUIRED PRIOR TO USE 1’4 OTHER COMPUTERS. T H I S  PROGRAM 
HAS BEEN FOUND T O  BE SATISFACTORY ON THE 4Fn3EHENTIONEO COMPUTERS WHICH CARRY 

‘ C I S I O h  MAY REQUIRE H O D I F I C 4 T I O N  TO DOUBLE P R E C I S I O N  I N  ORDER TO O B T A I N  RESULTS 
THE ECUIVALENT OF 4PPROXIM4TELY 1 5  OECIM4L D I G I T S .  COCPUTERS OF LESSER PRE- 

’ OF EQUbL ACCURACY. 

T H I S  PROGRAM REQUIRES THE USE OF SUBROUTINE DLTAS WHICH IS G I V E N  I N  
APPENCIX P .  

INPUT WILL BE FOUNO AT, 4ND 480VE,  4DDRESS 1 .  NOTE THAT THE REFERENCE 
O R I G I F ;  HAS BEEN CHOSEN AT THE APEX OF THE SHEPT L I F T I N G  L I N E .  ONLY ONE CON- 
F I G U R A T I O N  OF JETS C4N BE TRE4TED PER RUN- ANY NUMBER OF WING C O N F I G U R ~ T I D N S I  
HbY, kOWEVER, B E  TREATED I N  @NE RUN FOR T H I S  ONE JET CGNFIGURATION. THE F I R S T  
V A R I A e L E  REQUIRED ( I N  FORM4T 1 C 3 )  IS 

N J  TOTAL NUMBER OF J E T S  I N  C O N F I G U R I T I O N  

&S MANY AS 1 3  JETS CAN B E  CONSIDERED BY THE PROGRAM A S  L I S T E D  HEREIN.  I F  
YORE JETS 4RE REGUIRED. AS M4NY A S  99 C 4 Y  BE OBTAINED BY S U I T A B L E  INCREASES I N  
X H l .  YH1, Z H l t  lrND XLOAO I N  THE D I H F N S I D Y  STATEMENT. FURTHER INCREASES 
REQUIRE 4LTER4TION OF F O P M l T  103. 

TbE NEXT VARIABLES REQUIRED ARE THE LOCATIONS AND THE R E L A T I V E  STRENGTHS 
OF THE JETS. A S  34NY CARDS M A Y  B E  USED A S  NEEDED, HOWEVER, THE TOT4L NUMBER OF 
SETS OF DATA MUST AGREE WITH NJ. INPUT V A R I 4 B L E S  FOR THE J E T S  ( I N  FORMAT 904) 
aft E 

XH1 X-COORDINITE OF NOZZLE E X I T  4T ZERO ANGLE OF ATTACK, NONOIMEN- 
S I O N A L I Z E O  W I T H  RESPECT T 3  THE TUNNEL SEMIHEIGHT 

Y H l  Y-COORDINATE OF N 3 Z Z L E  E X I T  AT ZERO ANGLE OF ATTACK, YONDIMEN- 
S I O N 4 L I Z E O  WITH RESPECT TO THE TUNhEL SEMIHEIGHT 

ZH 1 Z-COORDINATE @F NOZZLE E X I T  4 T  ZERO ANGLE OF PTT4CKv  VONDIHEN- 
S I O N A L I Z E D  W I T H  RESPECT TO T i E  TUNNEL SEMIHEIGHT 

XLOAO R E L A T I V E  PORTION OF L 0 4 D  CARRIED B Y  J E T  

SUBSEQUENT TO S P E C I F I C A T I O N  OF THE JETS, MODEL CONFIGURATIONS ARE G I V E N  
(ONE C4RD PER CASE) I N  FORM4T 909. THE REQUIRED INPUT V 4 R I A B L E S  ARE 
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Appendix E - Continued 

ZETA1 SEYIHEIGHT OF TUNNEL D I V I D E D  BY HEIGHT CF O R I G I N  ABOVE FL30R 

ET A 1  D I S T 4 N C E  FROM O R I G I Y  T O  RIGHT-H4NJ WALL D I V I D E D  BY TUUNEL 
S EMIW I D T H  

G A M M A  WIDTH-HEIGHT RAT13  O F  WIND T:INNEL 

S I G M A  R 4 T I O  OF WING SPAN TO TUNVEL WIDTH 

L A M 8 0 4  WIYG SWEEP ANGLE9 DEG 

dLPHA ANGLE OF ATTACK OF WING9 DEG 

PROGRAM W INDTUNt  INPUTrOUTPUT rTAPES=INPUT *TAPE6=OUTPUTI ( E  11 
COMMON Z E T 4 r E T A t G A M M A r X G k E R H I Y O V E R H  rZOVERHtDELT4 ( 2 8  I ( E  2 1  
C I M E h S I C N  X O E L T b l 2 8 l r X L O A D 1  l O ~ t X H l ~ l O ~ r Y H l ( 1 ~ ~  rZt’1t l O ) r C (  8) ( E  31 
REAL LAMBDA ( E  4 )  
CATA ( C (  I 1 9  I=l r 8  ) /20. r30.940.  r50 .  r69.973.  t 80. t 90.1 ( E  5 )  
DO 8 0 3  L l = l r 2 8  ( E  6 1  

803 X D E L T A ( L 1  ) = D o  ( E  71 
R no=.o 1 7 4 5 3 2 9 2  5 1  99 ( E  8 1  
I F I R S T = O  ( E  9 )  
READ 1 5 r 1 0 3 1  N J  ( E  1 0 1  
R E 4 0  (5,904 1 ( X H l (  I 1 r Y H l  ( 1 )  r Z H 1 (  I) r X L 3 A D (  I I t I = l 9  NJ I ( E  1 1 1  

1 R E  AD ( 5  9 9 0 3  I Z E T A 1  9 ET A 1  *GAMMA* S I G Y A  cL AHBDA c AL PH A ( E  1 2 1  
IF ( E O F q 5 )  9 9 9 . 4 8  ( E  131  

48 I F  ( IF IRST.NE.01  GO TO 47 ( E  1 4 1  
H R I T E  ( 6 q S 0 3  1 ( X H l (  I *YH1(  I I r Z H l (  I I r X L 0 4 D (  I I r I = l r N J  1 ( E  1 5 1  

47 WRITE (69931 1 G A M M A r Z E T A 1 * L A M B O A r S I G Y 4 r E T A L  *ALPHA ( E  1 6 1  
WRITE ( 6 9 2 1 0  I ( E  17) 
WRtTE ( 6 . 2 1 1  ) ( E  18) 
WRITE ( 6 . 2 1 2  I ( E  19) 
WRITE f 6 9 2 1 3  I ( E  2 0 )  
k R I T E  ( 6 ~ 2 1 4 1  ( E  2 1 )  
WRITE ( 6 r 2 1 5 )  ( E  2 2 1  
WRITE 1 6 r 2 1 6 1  ( E  2 3 1  
H R I T E  ( 6 9 2 1 7  I ( E  2 4 1  
kR1 TE ( 6  r 2 1 8  I ( E  2 5 1  
! f  I P S T = l  i E  2 6 1  
L AM B C  A= LAMBDA*RA 0 ( E  2 7 1  
ALPHA= ALPHA*RAD ( E  2 8 1  
SUML=O ( E  2 9 )  
CO 820 M Z = l * N J  ( E  301 
SUML=SUML +XLOAD( M 2  I ( E  31)  

8 2 0  CONTINUE ( E  3 2 1  
SUML=l. / (  10.*SUMLI ( E  33)  
GO 4 1  K = l r 8  ( E  34) 
I F  (ETA1.NE.l.) GO TO 8 1 3  ( E  3 5 1  
N 3=0 ( E  3 6 1  
D O  8 1 5  M 4 = 1 r N J  ( E  3 7 1  
I F  (YH l (M4) .EPoO.1  GO TO 8 1 7  ( E  381 
DO 8 1 6  M S Z l r N J  ( E  3 9 1  
I F  (M4oEOoM51 GO TO 8 1 6  ( E  4 0 1  

M 5 1 1  GO T O  8 2 1  ( E  4 2 )  
GO TO 8 1 6  ( E  431 

8 2 1  N3=M3+1 ( E  4 4 1  ’ 

8 1 6  CONTINUE ( E  4 5 )  

I F  ( XHL ( H 4  I .EQ.XHl(M51 AND. Z H l ( M 4 1  .EO. Z H l ( M 5 ) .  ANC.YH1 ( M 4 1  E Q e - Y H l t  ( E 4 1 1  
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Appendix E - Continued 

GO TO 815 ' ( E  46) 
8 1 7  M3=M3+1 ( E  47) 
8 1 5  CONTINUE ( E  4 8 )  

I F  (M3.NE.NJ) GO T O  8 1 3  ( E  49) 
I ALPHA=l@H SYMMETRIC ( E  5 0 1  
M6=N6=1 ( E  5 1 1  
M7=5 ( E  5 2 )  
"I=NJ ( E  5 3 )  
CONST 1 = 2  ( E  5 4 )  
I F  (SIGMA.NE.O.1 GO TO 8 1 2  ( E  5 5 )  
H 7 = 1  ( E  5 6 )  
C O N S T l = l C  ( E  5 7 )  
GO TO 8 1 2  ( E  5 8 )  

. 813 H6=N6=1 ( E  5 9 )  
M 7=10 ( E  60) 
N7=NJ ( E  61)  

I ALPHA= 10 HASY M MET R I C ( E  6 3 )  
I F  (SIGMA*NE.O.) GO T O  8 1 2  ( E  64)  
M 7 = 1  ( E  6 5 )  
CONSTl= lO.  ( E  66) 

812 CO 8 0 1  H l = H 6 r H 7  ( E  6 7 )  
D O  802 N l z N 6 i N 7  ( E  68) 
Y S T 4 R = ( l l . - 2 . * F L 0 4 T I M l 1  ) / 1 7 *  ( E  6 9 )  
Z E T A = Z E T I l /  (1 . + Z E T A l * ( Z H l ( N l ) * C O S (  A L P H h l - X H l ( N l ) * S I N (  4LPHA) 1 )  ( E  7cI) 
E 1 4 ~ E T 4 1 ~ ~ ~ 1 ~ / G 4 M M P ~ * Y H l ~ N l ~  1 ( E  71)  
XOVERH=ABSIYSTAR)*SI  GMA*GPYMA*TANI LAMBDA ) * ,OS(  AL PH41-(  X H l (  N 1 1 * t O S (  ( E 72) 

YOVERH=YSTAR*S I GMA*GAMMA-YHl( N 1 1  ( E  741 
Z O V E R ~ = - A @ S I Y S T 4 R ) * S I G M A * G A M M A * T 4 ~ (  LAMBD41*S IN(  4 L P H 4 J - ( Z H l  ( N 1  )*COS ( E  7 5 )  

l ( b L P H A ) ) + ( X H l ( N l  ) * S I N ( P L P H A ) )  ( E  7 6 )  
, CALL OLTAS ( C ( K ) I  ( E  77)  

GO 805 L l = l v 2 8  ( E  7 8 )  
8 0 5  X D E L T A I L l ) = X O E L T A (  L 1  I + D E L T A (  L 1 )  ( E  7 9 )  

I 8C2 CONTINUE (E 89) 
801 CONTINUE ( E  8 1 )  

CO 8 0 7  L 3 ~ 1 . 2 8  ( E  0 2 )  
807 D E L T 4 ( L 3  )=XDELTAIL3) *SUHL*CONSTl  ( E  8 3 1  

WRITE ( 6 , 1 4 9 )  C(K I r  I A L P H A  ( E  8 4 )  
WRITE 1 6 r 1 5 G )  ( D E L T 4 I I ) r I = 1 , 2 5 , 4 )  ( E  8 5 )  
WRITE ( b r 1 5 1 )  ( D E L T 4 ( 1 ) * 1 = 2 , 2 6 r 4 )  ( E  8 6 )  
k R I T E  ( 6, 1 5 2  ) ( D E L T A (  I )  9 I = 3  9 2 7 1 4 )  ( E  8 7 )  
WRITE ( 6 ~ 1 5 3 )  ( D E L T A ( I ) r I = b 9 2 8 r 4 )  ( E  88) 
G O  814  L 4 r l r 2 8  ( E  89) 

814 XCELT4( L4 )=O.  ( E  901 
4 1  CONTINUE ( E  91)  

GO TO 1 ( E  9 2 )  
103 FORMAT ( 1 2 )  ( E  93)  
149 FORM41 ( l X * C H I  = * F 7 * 3 * 6 X 4 1 0 , *  J E T  C O Y F I G U R 4 T I O N * / )  ( E  94)  
1 5 0  FCRM41 ( 3 X 5 H I W q L  1 7 t F 1 7 . 4 ) )  ( E  9 5 )  
1 5 1  FORMAT ( 3 X 5 H ( U * L 1 7 ( F 1 7 . 4 ) )  ( E  96)  
152 FORMAT ( 3 X 5 H ( W w D 1 7 ( F l 7 . 4 ) )  ( E  97) 
1 5 3  FCRMAT ( 3 X 5 H ( U , O 1 7 ( F 1 7 . 4 ) / / )  ( E  9 8 )  
2 1 0  FORMAT ( l X 1 3 1 (  1 H - I )  ( E  99) 
2 1 1  FORMAT ~1X1HIllX1HI3lX6lHCORRECTION FACTORS F O R  CORRECTING FROY A ( E  10n) 

l W I N D  TUNNEL WHICH I S 2 5 X l H I 1  ( E  1Cl) 
. 2 1 2  FORMAT ( 1 X l H I l l X l H I  117( l H - ) l H I  1 ( E  102) 
2 1 3  FORMAT ~1XlHfl1X1HIl6X1HI5X6HCLOSED5XlHIl6XlHI2Xl2HCLOSED F L f l O R 2 X l  ( E  1 0 3 )  

( E  104) 
2 1 4  F OR M4T I 1 X 1H I 3 X 5HOEL T 4 3 X  1 H  I 5 X6HC LOSE 35 X 1  H I k X 9 HON BOT T 0 M 3 X  1 H 1 6 x 4  HOP ( E 1 0 5  

I C O N S T l = l  ( E  6 2 )  

I 

I ( E  7 3 )  1 bLPH4 1 I - ( Z H 1 (  N 1 ) * S  I N ( aL PH4 1 1 

, *$*+********$++****** SEE APPEND1 X Q FOR SUfjROUTI bJE DLTI\S ****8***8***8*****8*** 

I 

1 H  I6X4HOPEN 6 X l H  I1 6X 1 H  I5 X6kCL 0 SED4X 1-1 I 1 
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Appendix E - Concluded 

1 E N6 X 1 H I 6 X  4 HONL Y 6 x 1  H I 5 X5H FC30R6 X 1 H I 5 X 6HCL DS E D5X 1 H I 3  X9HON R O T  TOY 3 X 1 H 
21 ) 

2 1 5  FORMAT (1X1HI11X1H116X1HI6X4HONLY6XlHIl6Xl8HI (GRCUND EFFECT)  I 6 X 4 H  
1 ONLY 6X 1 H I  1 6 x 1  H 16 X4HONLY 5 X1H I 1 

2 16 FOHM4T ( 1 X l H I  1 1 X  1H I84( 1 H- I1 H I 3 2 (  1H- 1 1 H I  ) 
2 1 7  FORMAT t 1 X 1 H I l l X l H I 3 6 X l l t - T D  FREE A I R 3 7 X l H I  8 X l b H T G  GROUND E F F E C T R X l  

1 H I )  
2 1 8  FORMAT ( 1 X 1 3 1 (  l H - ) / )  
900 FORMAT I 6 F 1 0 . 3 1  
901 FORMAT [ l H 1 / / / 3 7 X * 4 V E R A G E  INTERFERENCE DF SEVERAL J E T S  ON A F I V I T E  

1 SWEPT WING*///3CX*GAMMA = * F 7 * 3 r l 6 X * Z E T A  = * F 7 . 3 * 1 5 X * L 4 M B D 4  =* 
2 F 7 . 3 / / 3 0 X * S I G M A  =*F7.3*  16X*ETA =*F7.3,15X*4LPHA =*F7.3/ / )  

l * S T R E N G T H * / / I  2 4 X F 7 . 3 r 1 9 X F 7 . 3 r  19XF7.39 19XF6.3 /  1 
9 0 3  FORMAT ( / / 1 3  lX*RELAT IVE*/25X*XOVERH*ZDX*Y3VEKH*20X*ZOX*ZOVERH*l R X  

I 

904 FORMAT ( 3 F 7  039 F 5  -3 r3F7.3  9F5.39 3F7.3 9 F 5.3 1 
9 9 9  STOP 

1 E N D  

( E  1 C 6 )  
( E  1 n 7 )  
( E  I n 8 1  
( E  1 P 9 1  
( E  11") 
( E  111) 
( E  1 1 2 )  
( E  1 1 3 )  
( E  1 1 4 )  
( E  1 1 5 )  
( E  1 1 6 )  
( E  1 1 7 1  
( E  1 1 8 )  
( E  119) 
( E  1 2 0 )  
( E  1 2 1 1  
( E  1 2 2 )  
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APPENDIX F ---------- 

FORTRAN PROGRAM FOR CALCULATING THE D I S T R I A U T I O N  OF 

WIND-TUNNEL INTERFERENCE OVER ThE 

SP4N OF A SWEPT WIVG 

CAUSED BY T-iE PRESENCE O F  L I F T I N G  J E T S  

T H I S  PROGRAM HAS WRITTEN I N  CDC FORTRAY, V E I S I 3 N  2.19 T O  R J N  ON CDC 6930 
S E R I E S  COMPUTERS WITH THE SCOPE 3.12 OPERATING SYSTEM AND L I B R A R Y  TAPE. MINOR 

. HAS BEEN FOUND TD BE SbTISFACTORV ON THE AFOKEMENTI'lNED COMPUTERS WHICH CARRY 
THE EQUIV4LENT CF 4PPROXIMATELY 1 5  D E C I M 4 L  D I G I T S .  COMPUTERS OF LESSER PRE- 
C I S I O h  MAY REQUIRE M O D I F I C A T I O N  TO DOUBLE P R E C I S I O N  I N  ORDER TO O B T A I N  RESULTS 

. M C D I F I C A T I O N S  MAY BE REQUIRED PRIOR TO USE I N  OTHER COMPUTERS. T H I S  PRIlGRAM 

~ OF EOLPL ACCURACY. 

T H I S  PROGRAM REOUIRES THE USE OF SUBROUTINE DLTAS WHICH I S  G I V E N  I N  
APPENCIX a. 

INPUT WILL BE FOUND 41, AND ABOVE, ADDRESS 1 NOTE THAT T H E  REFERENCE 
O R I G I N  hAS BEEh CHOSEN A T  THE PPEX O F  THE SWEPT L I F T I N G  L I N E .  ONLY ONE CON- 
F I G U R I T I O N  OF JETS CAN B E  TREATED PER RUN. 4NY NUMBER O F  WING CONFIGURATIONSr 
HAY, kOWEVER, B E  TREATED I N  ONE RUN FOR T H I S  ONE J E T  CONFIGURATION. THE F I R S T  
V b R I  AeLE REOUIRED ( I N  FORM41 103)  I S  

N J  TOTAL NUMBER OF J E T S  I N  C3NFIGURATION 

bS MANY AS 10 J E T S  CAN BE CONSIDERED BY THE PROGRAM 4 s  L I S T E D  HEREIN.  I F  
MORE J E T S  ARE REOUIHEDv 4 5  MANY AS 99  CAN BE OBTAINED BY S U I T A B L E  INCREASES I N  
X H l v  Y H l r  Z H l c  AND XLOAD I N  THE DIMENSION STATEME'JT. FURTHER INCREASES 
REQUIRE 4LTERATION OF FORMAT 1C3. 

TPE NEXT V A A I A B L E S  REOUIREO 4RE THE LOCATIONS AND THE R E L A T I V E  STRENGTHS 
OF THE JETS. as  %ANY C A R D S  M A Y  BE USED A S  NEEDED* HOWEVER, THE TOTAL NUMBER OF 
S E T S  OF CATA MUST AGREE W I T H  NJ.  I N P U T  VARIABLES FOR THE J E T S  ( I N  FORMAT 3 0 4 )  
ARE 

XH 1 X-COORDINATE OF NOZZLE E X I T  AT ZERO ANGLE O F  ATTACK* NONDIMEN- 
S I O N A L I Z E D  WITH RESPECT TO THE TUNNEL SEMIHEIGHT 

YHL Y-COORDINATE OF NOZZLE E X I T  AT  ZERO ANGLE OF ATTACK, NONDIMEN- 
S I O N A L I Z E D  WITH RESPECT T O  THE TUNKEL SEMIHEIGHT 

ZH 1 Z-COORDINATE OF N 3 Z Z L E  E X I T  4 1  ZERO ANGLE O F  ATTACK, VONDIMEN- 
S I O N A L I Z E D  W I T H  RESPECT TO TYE TUNNEL S E Y I H E I G H T  

XLCAD R E L A T I V E  PORTION OF LOAD C A R R I E D  BY JET 
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Appendix F - Continued 

SUBSEQUENT T O  S P E C I F I C A T I O N  OF TYE J E T $ ,  MODEL COhFIGUR4TIONS A R E  G I V E N  
(GNE C P R O  PER CASE) I N  FCRM4T 997 .  THE I(EQIJIKE0 INPIJT V 4 K I P D L E S  42E 

Z E T 4 l  S t M I H E I G H T  OF TLNNEL D I V I D E D  BY HEIGHT CF O R I G I N  AHOVF F L 3 0 R  

E T 4 1  D IST4NCE FROM O R I G I N  T C  RIGHT-H4NO WALL D I V I D E D  BY TLJNNEL 
SEP I d I DTH 

CAHMA wI3TH-HEIGHT R 4 T I O  OF WINO TJNNEL 

S I G H 4  R 4 T I 3  O F  WING SP4N TQ TUNNEL N I O T t i  

L 4MBD4 WING SMEEP ANGLE, UEG 

ALPH4 4 N S L t  OF ATT4CK OF W I N G ,  O E G  

C EFFECTIVE rJ4KE SKE h-4NGLE , DEG 

I N  SYMYETR I C 4 L  CASES THIS PROGRAM COMPIJTES T H E  INTFAFERENCE D I S T R I R U T I O N  
OVER G N E  SEMISPAY IINLY. T H I S  PROGR4M REJFGTS C b S E S  I F  Z F 4 0  SP4Y. F 7 K  S\ lCt i  
C A S E S ,  T H t  INTEReEK€NCE IS UNIFORM 4ND THE V4LUFS hHE I O E Y T I C A L  T r l  TIICISE PRO- 
V I D F G  EY THE PPOCKPM O f  4PPENUIX E. 

PROGR4M h I N U T U N I  INPLT,OLTPUT r T 4 P E 5 = I N P ( J T , T 4 P E h = C U T P J T )  
CCMMON 
C I M E N S l C h  

ZETA, ET 4 1  G A M M A ,  XOVESH,YOVEHi 9 ZOVERH 9 D E l  T A  ( 2 7  1 
X D t L T A I 2 5 )  r X L 0 4 D (  10) c X t i l (  l P ) , Y t { l  ( 1  - ' ) t Z t ' l  110) 1 0 4 T E I 2 1  

R E A L  L4PBCA 
DO 8 0 3  L l = l r 2 8  

803  X D E L T P ( L 1 ) = 3 .  
R A U = . 0 1 7 4 5 3 2 9 2 5 1 S 9  
I F  IRST=O 
WE4O ( 5 , 1 0 3 )  N J  
R E 4 0  ( 5 r 9 5 4 )  ( X H 1 (  I ) , Y H l ( l ) r Z H l ( I )  r X L 0 4 D I  I ) t l = l  v N J )  

1 RE4D ( 5  r 9 3 3  ) Z € T 4 1 t  E T A 1  ,GAMMA, SIGMA C L  4YRD4 v ALPtl  A f C  
I F  ( E O F 1 5 )  9 9 9 1 4 8  

48 I F  ( I F I R S T . h E . 0 1  GO TO 47 
H R I T E  t t . 9 3 3 1  ( X H i i  II,YHl( I )  , iHl (  i 1 r X i l A D i  i ) , i = l r Y J )  

47 h R I T E  (6,931 I G A M Y 4 , Z E T 4 1 , L A H B D h , S I C Y A ,  E T A ? , A L P H 4 r C  
WRITE (6,213) 
WRLTE 1 6 , 2 1 1 )  
WRITE 1 6 . 2 1 2 )  
h R I T E  ( 6 . 2 1 3  1 
h R I T E  (6,214 1 
h R I T E  ( 6 . 2 1 5 )  
N R I T E  ( - 5 r 2 1 6 )  
h R I T E  ( 6 . 2 1 7 )  
U R I T E  ( 6 . 2 1 8  I 
I F I R S T = l  
L PMBCP=LAMBD4*RAD 
AL PhA=AL PP A *R 4D 
SUML-0. 
C C  820 M Z = l , N J  
SUNL=SUML+XLU4D(M2) 

8 20 CCNT I NU E 

I F  ISIGC4.Nc.C.)  GU T i l  811 

CCLL CAYTIY  I O A T E )  

SUML=l . /SLYL 

WRITE ( 6, SC5 
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Appendix F - Continued 

1 W R I T E  ( 6 , 9 0 6 )  D A T E  ( F  3 6 )  
GO TO 1 ( F  3 7 )  

8 1 1  I F  ( E T A l . N E * l . )  GO T O  8 1 3  ( F  3 8 )  
M3=0 I F  3 9 )  
CO 815 M 4 = l r N J  ( F  4 0 )  1 

I F  (YHl(M4).EQ.O.) GO TO 8 1 7  ( F  41) 
DO 816 M 5 = l r N J  I F  4 2 )  
I F  (M4.EQ.MS) GO T O  8 1 6  ( F  4 3 )  

1 P 5 1 )  GO T O  8 2 1  ( F  4 5 )  
GO TO 8 1 6  ( F  4 6 )  

1 

I F  ( X H l  H 4 )  e E Q o X H l ( M 5 )  04ND. ZH1 I H 4  1 EQ.ZH1 ( Y 5  1 4ND.YH1 (M4  I EQm-Y H l  ( ( F  4 4 )  

8 2 1  M3=M3+1 
8 1 6  CONTINUE 

8 1 7  H3=H3+1  
8 1 5  CONTINUE 

GO TO 8 1 5  

I F  (M3.NE.NJ) GO TO 8 1 3  
I I L P H I = l O H  SYMMETRIC 
MlCHEK=5 
co TO 8 1 2  

8 1 3  M l C H E K = l l  

I F  4 7 )  
t F  4 R )  
I F  4 9 )  
( F  5 0 )  
( F  5 1 )  
( F  521 
( F  5 3 )  
t F  5 4 )  
( F  5 5 )  
I F  5 6 )  

DO 805  L l = l r 2 8  
8C5 XOELTA ( L  1 1  =XDELT4(  L l  )+DE L T 4 (  L 1  )*XLOPD (N 1) 
8 0 2  CONTINUE 

8C7  CELTA(L31=XOELTAIL3) *SUML 
GO 807  L 3 = 1 , 2 8  

W R I T E  ( 6 , 1 4 9 )  Y S T 4 R v I 4 L P H 4  
W R I T E  I 6 9  1 5 3  I ( D E L T A (  I 1  * I = l , 2 5 r 4 )  
Y R I T E  ( 6 , 1 5 1 )  I O E L T h (  I ) r I = 2 r 2 6 1 4 )  
WRITE (69 1 5 2 )  ( D E L T A (  1 )  9 I = 3 r  2 7 ~ 4 )  
W R I T E  ( 6 , 1 5 3 )  ( D E L T 4 t I  l r I = 4 * 2 8 9 4 )  
CO 8 1 4  L 4 = l r 2 8  

8 1 4  X O E L T P I L 4 ) = 9 .  
M 1 = M 1 + 1  

GO TO 1 
1 0 3  FORMAT ( 1 2 1  

I F  IMl .LE.MlCHEK)  GO TO 8 0 1  

1 4 9  FORM4T ( / / l X * Y / S E M I S P I N  =*F4.1 v l O X 4 1 W  JET CONFI GURI\TION*/ 1 
1 5 0  FORMAT ( 3 X 5 H t W v L  17t F 1 7  - 4  1 )  
1 5 1  FORM41 ( 3 X 5 H d U v L  ) 7 ( F 1 7 . 4 ) )  
1 5 2  FORMAT (3XSH(W,D l 7 t F 1 7 . 4 ) )  
1 5 3  FORMAT ( 3 X 5 H ( U * D ) 7 ( F 1 7 . 4 ) )  
210 FORMAT ( l X 1 3 1 ( 1 H - ) )  

. 211 FORMAT ~1X1HI11X1HI31X61HCORRECTION F4CTORS FOR CORRECTING FROM 4 
l W I N O  TUNNEL WHICH I S 2 5 X l H I )  

2 1 2  
2 1 3  FORMIT ( l X l H I l  l X l H I 1 6 X l H I 5 X 6 H C L O S € D 5 X  1 H I  1 6 X l H I  ZX12HCLOSED F L O O R 2 X l  

FORM4 T ( 1 X 1  H I1 1 X  1H I 1 1 7  t 1 H- ) 1 H I  1 

1 ti I6X4HO PEN6X 1 H I 1  O X  1 H 15 X6 kCL 0 SEO4X 1 A  I ) 
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Appendix F - Concluded 

2 1 4  FORM4T (1 XlHI3X5HDELT43XlHI5X6HCLOSE05XlHI4X9HON BOTTOM3XlHI6X4HOP I F  96  1 
1EN6X1HI6X4HONLY6X1HI5X5HFL30R6XlHI5X6HCLOSED5XlHI3X9HON BDTTOM3XlH ( F  9 7 )  
2 1  1 ( F  98) 

215 FORMAT ( 1 X l H  I1 1 X  1 H I  16X LH I 6 X 4 H O N L Y 6 X l H  1 1 6 x 1  8 H I  (GROUND EFFECT 1 I S X 4 H  ( F 9 9 )  
1 CNLY 6 X  1H I 1 6 x 1  H I6 X4HONL Y 5  X1H I I ( F  100) 

2 1 6  FORMAT I l X L H I L l X l H I 8 4 ( 1 H - ~ l H I 3 2 1  l H - ) 1 H I )  I F  1 0 1 )  
2 1 7  FORMAT ( l X l H I l l X l H I 3 6 X l l P T O  FREE 4 I R 3 7 X l H I E X l 6 H T G  GROUND EFFECTEX1 ( F  102) 

1 H I J  ( F  1 0 3 )  
2 1 8  FORMAT I l X 1 3 1 ( 1 + )  1 ( F  l n 4 )  
900 FORM4T ( 7 F 1 0 - 3 )  ( F  1 0 5 )  
901 FORMAT ( l H 1 / / / 3 7 X * D I S T R I B U T I O N  OVER F I N I T E  SWEPT WING CAUSED BY SE IF 1%) 

l V E R A L  JETS* / /30X*GAMH4 = * F 7 * 3 r l b X * Z E T 4  = * F 7 * 3 9 1 5 X * L 4 M R D 4  = * F 7 . 3 / /  ( F  l Q 7 )  
230X*S I G M A  = * F 7 * 3 r l b X * E T A  = * F 7 * 3 r  15X*4LPHA = * F 7 . 3 / / 6 ? X * C H I  =* IF 108)  * 

3 F 7 . 3 / /  ) ( F  1 0 9 1  - 
l * S T K E N C T H * / /  ( 2 4 X F 7  - 3  9 19XF7.3  9 19XF 7.39 19XF6.3 / /  1 1 ( F  111) . 

9 0 3  FORM4T ( 10 lX*R  ELAT I V  E * / 2 5 X *  XOVERH*2 0 X*YO VERH*ZDX*ZOV ERH* l  B X  ( F  1 1 0 1  

9 0 4  FORM4T ( 3 F 7 . 3 . f  5 039 3F7.3 9F5. 393F7.3 9F5.3 1 ( F  1 1 2 )  . 
9C5 FCRMAT ( / / / / 4 0 X * S I G M A  EQUALS ZERO - USE AVERAGE INTERFERENCE PROGR ( F  1 1 3 )  

14M* / /  1 ( F  114) 
999 STOP IF 1 1 5 )  

E NO ( F  1 1 6 )  

23 



FORTRPN PROGR4M FOR C 4 L C U L 4 T I N G  THE 4VER4GE WIND-TLJNNEL 

INTERFERENCE OVER A T 4 I L  

CAUSED BY THE PRESENCE OF L I F T I N G  J E T S  

T H I S  PROGRAM HAS k R I T T E N  I N  CDC FORTRAN* VERSION 2 - 1 9  TO RUN ON CDC 6000 
S E R I E S  COMPUTERS WITH THE SCOPE 3.0 O P E R I T I N G  SYSTEY AND L I B R A R Y  TAPE. MINOR 
MCDIF ICATIGNS CAY BE REQUIRED PRIOR TO USE I N  OTHER COPPUTERS. T H I S  PROGRAM 
HPS BEEN FOUND TO BE SATISF4CTORY ON THE 4FOREHENTIONEC COMPUTERS WHICH t 4 R R Y  
.THE ECUIVAL€NT OF APPROXIMATELY 1 5  DECIMAL D I G I T S .  COMPUTERS OF LESSER PRE- 

O F  EQUbL ACCURACY. 
c I s I a h  M A Y  REQUIRE MODIFICATION TO DCUBLE PRECISION IN ORDER TO OBTAIN RESULTS 

T H I S  PROGRAM REQUIRES THE USE OF SUBROUTINE DLTPS WHICH I S  G I V E N  I N  
PPPENCIX  Q. 

INPUT WILL BE FOUND AT, AND ABOVE, ADDRESS 1. NOTE THAT THE REFERENCE 
O R I G I N  k4S BEEN CHOSEN 4 1  THE 4PEX OF THE SWEPT L I F T I N G  L I N E .  ONLY ONE CON- 
F I G U R A T I O N  OF JETS CAN B E  TREATED PER RUY. 4NY VUMBER OF WING CONFIGURPTIONSI 
MAY, HOUEVER, PE TREATED I N  ONE RUN FOR T H I S  ONE JET CCNFIGUR4TION. THE F I R S T  
J A R I A E L E  REQUIRED ( I N  FORMAT 103) IS 

hJ T J T A L  NUMBER OF J E T S  I N  C 3 N F I G U R A T I O N  

AS MINY 4 5  10 J E T S  C 4 N  BE CONSIDERED BY THE PROGRAM 4 s  L I S T E D  HEREIN.  I F  
MCRE JETS ARE REOUIREDt AS MANY AS 99 CAV BE OBTAINED BY SUITABLE INCREASES I N  
X H l r  Y H l r  L H l r  AN3 XLO4D I N  THE D I M E N S I O N  ST4TEMENT. FURTHER INCRE4SES 
REQUIRE ALTERAT I C N  OF FORMAT 103. 

THE NEXT VARIABLES REQUIRED ARE THE LOC4TIONS 4N0 THE R E L 4 T I V E  STREVGTHS 
OF THE JETS. AS HAVY CARDS MAY 3 E  USED A S  NEEDEDt HOWEVER, THE TOTPL NUMBER OF 
SETS OF DATA MUST AGREE WITH NJ.  INPUT V A R I P B L E S  FOR THE J E T S  ( I N  FORMAT 904) 
ARE 

XH 1 X-COORDCNATE OF N J Z Z L E  E X I T  AT ZERO ANGLE OF ATTACK, VONDIYEN- 
S I O N 4 L I Z E D  U I T H  RESPECT TO THE TUNhEL SEMIHEIGHT 

Y H 1  Y-COORDIN4TE OF N 3 Z Z L E  E X I T  4 T  ZERO 4NGLE OF 4TT4CK. NONDIMEN- 
S I G N A L I Z E D  H I T H  RESPECT TO THE TUNNEL SEMIHEIGHT 

ZH1 2-COORDINITE OF N 3 Z Z L E  E X I T  AT ZERO ANGLE O f  ATTACK* YONDIMEN- 
S I G N A L I Z E D  WITH RESPECT T O  THE TUNhEL SEMIHEIGHT 

XLOAD R E L A T I V E  PORTION OF LOAD C 4 R R I E D  B Y  J E T  

SUBSEQUENT TO S P E C I F I C 4 T I C N  OF THE JETSt  MODEL CONFIGURATIONS ARE G I V E N  
(ONE CARD PER CASE) I N  FORMAT 903. THE REQUIRED I N P U T  V 4 R I 4 R L E S  4RE 
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~~ 

Z E T 4 1  

E T A 1  

G 4 M M 4  

S I  GM4T 

TL 

TI+- 

PLPHA 

Appendix G - Continued 

SEMIHEIGHT OF TUNYEL D I V I D E D  BY H E I G H T  CF O R I G I N  4ROVE FLOOR 

DISTANCE FROM O R I G I N  TO RIGHT-HbND W4LL D I V I D E D  BY TUNNEL 
SEMI W I  DTH 

WIDTH-HEIGHT R A T I O  OF WIND TUNNEL 

R 4 T 1 0  OF T 4 1 L  SPbN TO TUNNEL WIOTH 

T 4 I L  LENGTH BEHIND O R I G I N  4T ZERO 4NGLE O F  4TT4CKr  Nf lNDIMENSION- 
A L I Z E D  WITH RESPECT T 3  TUNNEL SEMIHEIGHT 

T 4 I L  HEIGHT ABOVE O R I G I N  A T  ZERO 4NGLE OF ATTACK* NONDIMENSION- 
A L I Z E D  WITH RESPECT T O  TUNNEL S E N I F E I G H T  

ANGLE OF ATTACK O F  WING9 DEG 

PROGRAM 
COMMON Z E T A I E T A ~ G A M M A ~ X O V E R H I V O V E R ~  9ZOVERHeDELTA ( 2 8 )  
D I M E N S I C N  
C A T A  
DO 803 L l - 1 9 2 8  

W INDTUNt  INPLTpOUTPUT r T 4 P E 5 = I  NPUTtT4 PE6=OlLTPUT 1 

X D E L T A ( 2 8 ) r X L O A O (  10) r X H 1 (  1 0 1  * Y t i l ( l O )  r Z b l (  10) 9 C ( 8 1  
t C ( I ) I=l* 8 1/20 9 30 9 400 9 40. ~ 6 0 . 9  70. r 80.9 90 / 

803 X C E L T A ( L l ) = O .  
P Is30  141  5 S 2 6 5 3  5 8 9 7 9  
R 4 D = . 0 1 7 4 5 3 2 9 2 5 1 9 9  

RE4D ( 5 r 1 0 3 1  N J  
READ ( 5 r 9 0 Q )  I X H l I I I ~ Y H l ( 1 ) ~ Z H l I  I ) r X L O A D ( I  ) r I = l * N J )  

I F  ( E O F v 5 1  9 9 9 9 4 6  

WRITE ( 6 9 9 0 3  1 

WRITE ( 6 9 2 1 2  1 
WRITE ( 6 9 2 1 1  ) 
WRITE ( 6 9 2 1 2 )  
WRITE ( 6 9 2 1 3 )  
WRITE ( 6 . 2 1 4  J 
U R I T E  ( 6 r 2 1 5 i  
WRITE ( 6 ~ 2 1 6 )  
WRITE ( 6 9 2 1 7  1 
k R I T E  ( 6 ~ 2 1 8 )  

I F I R S T = O  

1 R E 4 0  ( 5 9 9 0 0 )  Z E T 4 1 r E T 4 1 r G 4 M F ( A r S I G M 4 T r T L , T H r  4LPH4 

48 I F  ( 1 F I R S T o N E . O )  GO TO 47 
(XHl.(  I l r Y H 1 (  I) r Z H 1 (  I 1 rXLOADI I 1  r I = l r N J )  

47 WRITE 1 6 r 9 0 1 )  G ~ M M A I Z E T A ~ ~ T L I S I G M ~ T ~ E T ~ ~ ~ T H ~ ~ L P H ~  

I F I  RST-1  
L4M004=L4MaD4*R40  
ALP HA= A L P HA *RAD 
SUML =Om 
DC 8 2 0  H 2 = l e N J  
SUHL=SUML+XL040(M2) 

820 CONT I N U E  
SUML=1./14o*SUML) 
DO 41 K = l r 8  
I F  ( E T A l o N E o l . )  GO TO 8 1 3  

DO 8 1 5  M 4 = l r N J  

CO 8 1 6  M5=1,NJ 
I F  ( H 4 o E O o R 5 )  GO TO 816 
I F  

H3=0 

IF ( Y H l I M 4 ) o E Q . 0 . )  GO TO 8 1 7  

l X H 1  ( H 4 )  eEQoXH1 ( M 5  1 PNO. Z H l ( M 4 )  E P e Z H l ( Y 5 )  e4ND.YHl ( M 4 )  E9a-Y H 1 (  
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Appendix G - Continued 

1 P 5 ) )  GO TO 8 2 1  
GO TO 8 1 6  

8 2 1  M3=M3+1 
8 1 6  CONTINUE 

8 1 7  M3=H3+1 
8 1 5  CONTINUE 

GO TO 8 1 5  

I F  (M3.NE.NJ) GO T O  8 1 3  
I ALPHA= 10 H SY MMET R I C 
M6=N6=1 
P7=2 
N7=NJ 
CONSTl=2 
I F  (SIGM4ToNE.O.) G O  TO 8 1 2  
M7=1 

GO T O  8 1 2  

M7=4 
N 7=N J 

I 4LPHP= 10WPSYMMETRIC 

M7=1  

CONSTl=4 

* 8 1 3  M6=N6=1 

CONST1=1- 

I F  (S1GMAT.NE.O.) GO TO 8 1 2  

CON S T  1 = 4  
8 1 2  DO 801  M l = H 6 r M 7  

GO 802 N l z N 6 r N 7  
Y S T A R = (  5.-2 .*FLOAT( M 1 )  1 /4 
Z E T A = Z E T P l /  ~ 1 ~ + Z E T 4 1 * ~ Z H 1 ~ N l ~ * C f l S ~ 4 L P H 4 ~ ~ X H L ( N 1  ) * S I N ( A L P H I ) ) )  
ETA=ETA l - (  ( l . / G A M M A ) * Y H l ( N l )  I 
XOVERH=( TL-XH1 ( N 1 )  ) * C O S (  4 L P H 4 ) +  (TH-ZH1 ( V l )  ) * S I N  ( b L P H 4 )  
YOVERH= 
ZOVERH=( TH-ZH1 I N 1  1 ) * C O S  ( ALPH4) - (  TL- X H l  ( Y 1 )  I * S I N  ( 8LPH4)  
CALL DLTAS I C I K ) )  

Y S T A R * S  I GMAT*GAHMA-YHL ( N 1 )  

* * * * 8 $ $ + * * t * * t * * t L * * *  SEE APPEhDI X Q FOR SUBROUT1 NE DLT4S ********************** 
00 805 L 1 = 1 r 2 8  ( G  7 6 )  

8 0 5  XOELTA ( L 1 )=XDE LTA(  L 1  I + (  DELTA I L  1 )*XLOAD( N 1) 1 ( G  77 )  
8 0 2  CONTINUE I G  7 8 )  
8 0 1  CONTINUE ( G  7 9 )  

GO 807 L 3 1 1 r 2 8  ( G  80) 
807 C E L T A I L 3  I = X D E L T d ( L 3 ) * S U M L * C O K S T l  ( G  8 1 )  

WRITE ( 6 9 1 4 9  1 C( K )  r I  4LPH4 ( G  8 2 1  
W R I T E  ( 6 r 1 5 0 )  ( D E L T b ( I ) r I = L r 2 5 r 4 )  ( G  8 3 )  
W R I T E  ( 6 9 1 5 1  1 ( D E L T A ( I ) r I = 2 r 2 6 r 4 )  ( G  9 4 )  
W R I T E  ( 6 r 1 5 2 )  ( D E L T A (  I 1  I 1 = 3 9 2 7 * 4 )  ( G  8 5 )  
W R I T E  ( 6 1 1 5 3 )  ( D E L T 4 ( I )  r I = 4 * 2 8 r 4 )  ( G  8 6 )  
00 814 L 4 = 1 r 2 8  ( G  871 

8 1 4  X D E L T A ( L 4 ) = @ .  I G  8 8 )  
4 1  CCNTINUE ( G  89) 

1 0 3  FORMAT ( 1 2 )  I G  91) 
1 4 9  FORHeT ( / / l X * C H I  = * F 7 . 3 1 6 X 4 1 0 r *  JET  C O N F I G U R P T I O h * / )  ( G  9 2 )  
150 FORMAT ( 3 X 5 H l k r L ) 7 ( F 1 7 . 4 ) )  ( G  9 3 )  
1 5 1  FORMAT 1 3 X 5 H ( U * L  ) 7 ( F 1 7 . 4 ) )  ( G  941 
1 5 2  FORMAT ( 3 X 5 k t W  r D  ) 7 ( F 1 7 . 4  1 )  ( G  9 5 )  
1 5 3  FCRHAT ( ? X 5 H ( U r C ) 7 ( F 1 7 . 4  1 )  ( G  9 6 )  

, 2 1 0  FORMAT ( 1 X 1 3 1 I  1H-) 1 ( G  9 7 )  
2 1 1  FORMAT (lX1HIllXlHI3lX61HCORRECTI~~ F4CTORS FOR CORRECTING FROM A ( G  9 P )  

1 h I N O  TUNNEL WHICH I S 2 5 X l H I  1 ( G  9 9 )  
2 1 2  FORMAT ( l X L H I 1 1 X  1HI 1 1 7 (  1H- 1 1 H I  ) ( G  1 0 0 )  

‘ 2 1 3  FORM4T ~1X~HI1~XlH~16X1H15X6HCLOS~D5XlHIl6XlHI2Xl2H~LOSED FLOO92X1 ( G  101 1 

GC TO 1 ( G  9 n )  
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Appendix G - Concluded 

1H 1 6 X 4 H O P E N 6 X l H 1 1 6 X l H I  5X6HCL 3SED4X 1H I (G 1 0 2 )  
2 1 6  FORM4T (1XlH13X5HDELT43X1HI5X6HCLOSED5XlHICX9HON BOTTOM3XLHI6X4HOP (G 1 0 3  1 

1 EN6X1 H 16X4HONLY 6 X1H I5 X5 HFL 30R6 X 1H 15X 6HCL OS E 0 5  X 1H I 3  X9H ON BOTTOM 3 X 1H I G 1 04 1 
2 1  b (G 1 0 5 1  

2 1 5  FORMAT ( 1 X l H I l l X l H I  16XlHI6X4HONLY6X1HI16X18HI(GROUND E F F E C T )  I 6 X 4 H  (G 106) 
lONLY 6 X l H  1 1 6 X l H I 6  XGHONL Y5 X l H I  B ( G  1071 

2 16 FORMAT I G  1 0 8 )  
2 1 7  FORMAT I l X l H I l l X 1 H I 3 6 X L l H T O  FREE 4 I R 3 7 X l H I 8 X l b H T O  GROUND E F F E C T B X l  (G 109) 

ll-I I ( G  1 1 0 )  
2 1 8  FORMAT ( l X 1 3 1 (  1 H - )  1 I G  111 
9 0 0  FORM41 ( 7 F 1 3 o 3 )  (G 1 1 2  
901 FORMAT ( l H 1 / / / 3 7 X * A V E R 4 G E  INTERFERENCE A T  F I N I T E  T A I L  CAUSED R V  SE (G 1 1 3  

( 1 x 1  H I1  1 X 1H I 8 4 t  1H- )1H  1 3  2(  1H- 1 1 H I  ) 

l V E R 4 L  J E T S * / / 3 1 X * G 4 H M 4  = * F 7 * 3 r l 9 X * Z E T 4  = * F 7 . 3 r l n X * T A I L  LENGTH/H ( G  114 
2 = * F 6 * 3 / / 3 L X * S I G M A ( T )  = * F 7 . 3 r l O X * E T 4  = * F 7 . 3 r l O X * T A I L  H E I G H T I H  =* ( G  1 1 5  
3F t o  3/  / 5 7  X*4LPH 4 I* F 9  3 / /  1 ( G  116 

9 0 3  FORM AT t 10 1 X *R EL AT I V E */2 5X*XO VERH *23 X*Y 0 VE R H *2 0 X*Z OVE RH * 1 8  X lG 1 1 7  
I * S T R E N G T H * / / ( 2 4 X F 7 . 3 r 1 9 X F 7 . 3 r 1 9 X F 7 . 3 r 1 9 X F 6 . 3 / / )  ) (G 1 1 8  

9 C 4  FORMAT I 3 F 7  3 F 5  03 3 F 7  3 r F 5 0  39 3 F 7 0 3  rF4.3 1 (G 119 
9 9 9  STOP IG 1 2 0  

END (G 121 
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APP€NDIX  H ---------- 

FORTRAN PROGRAM FOR CALCULATING THE AVERAGE WIND-TUNNEL 

INTERFERENCE OVER 4 S I N G L E  ROTCR 

T H I S  PROGR4M W4S WRITTEN I N  CDC FORTRANI VERSION 2.19 TO RUN ON CDC 6 3 7 9  
S E R I E S  COMPUTERS WITH THE SCOPE 3.0 OPERATING SYSTEM AND L I B R A R Y  TAPE. MINOR 
MODIF ICATIONS H4Y BE REQUIRED PRIOR TO USE I N  OTMER COMPUTERS. T H I S  PROGR4M 
HCIS BEEN FOUND T O  BE SATISFACTORY ON THE AFOREMENTIONED COMPUTERS WHICH CARRY 

C I S I O k  MAY REQUIRE M O D I F I C A T I O N  T O  DOUBLE P R E C I S I O N  I N  ORDER T O  O B T A I N  RESULTS 
THE EQUIVALENT OF 4PPROXIH4TELY 1 5  D E C I M 4 L  D I G I T S .  CCFPUTERS OF LESSER PRE- 

UF E w a L  ACCURACY. 

T H I S  PROGRAM REQUIRES THE USE O F  SUBR3UTINE D L T 4 S  WHICH IS G I V E N  I N  . APPENOIX a. 

INPUT WILL BE FOUND 4 T  4DCRESS 1 (ONE C4RD PER C 4 S E I  I N  FORMAT 900. N I T E  
THAT TI'E REFERENCE O R I G I N  IS CHOSEN TO BE AT THE CENTER OF THE ROTOR. TrlE RE- 
QUIRED INPUT V 4 R I 4 B L E S  4RE 

LI L D 4 D  I N D I C A T O R *  L I = l  FOR UNIFORM DISK-LOAD OISTRIBUTTONI  L I = 2  
FOR TR I 4NGUL4R D I SK-LO4D D I S TR I BUT I O N  

ZETA1 SEMIHEIGHT OF TUNVEL D I V I D E D  BY H E I G H T  ff O R I G I N  ABOVE FC30R 

E T A 1  D ISTANCE FROM O R I G I N  T O  RIGHT-HAND WALL D I V I D E D  B Y  TUNNEL 
SEMI  W I D  TH 

GAPMP WIDTH-HEIGHT R A T I O  O f  WINO TUNNEL 

SIGMA R A T I O  OF ROTOR DIAMETER 13 r ' 'NNFI U l n T H  

ALPHA ANGLE OF ATTACK OF ROTOR T I P - P A T H  PLANE9 DEG 

PROGRAM W INDTUN( INPLT9OUTPUT ~ T ~ P E ~ = I N P U T I T ~ P E ~ = O U T P U T I  
COMMON ZETAIETAIGAHMA~ XOVERHIYOVERHIZOVERH*DELTA ( 2 8 1  
DIMENSION X D E L T A ( 2 8 ) r P S I ( 2 O ) r X L O A D ( 2 0 1  r R U N I F ( 2 0 )  r R T R I 4 1 2 0 1  ~ C ( 8 1  
C ATA ( RUN I F  ( I 1 9 I=l 9 20 1 /4*0.298 198*0 6 2  55 9 8* 0.892 1 / 
C ATA (RTR I 4  ( I 1 9 I=1* 2 0  I / 4  W e  4386 98*0.7 296 9 8*0 9262/  
CATA ( C (  I J r  I = l r B  ) / 2 0 . r 3 0 . r 4 0 . r 5 0 . , 5 0 * 9 7 0 * 9 B 0 * 9 9 0 . /  
P I =  3.141 5 92 653 5 8979 
R 4D=0 -0 1 745 3 2 92 5 199 
ca 803 ~ i = i * z a  

8G3 XDELT41Ll )=O.  
P S I ( 1  l = ( P I / 4 . )  
P S I ( 2 ) = 3 . * P S I (  1) 
P S I ( 3 ) = 5 . * P S I 1 1 )  
PSI (41=7 . *PSI  (1) 
P S  I15 l = P S  I ( 13 I =  I P I  / e . )  
P S I 1 6 1 = P S I (  1 4 ) = 3 - * P S I ( 5 )  
P S I 1 7 ) = P S I (  1 5 ) = 5 * * P s  I ( 5 )  
PSI ( 8  I = P S  I (  16 l = 7  **PS I ( 5  1 
P s I ( 9  ) = P S I (  17  )=9.*Ps115 1 
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Appendix H - Continued 

P S I  ( l O I = P S I (  1 8 J = 1 1  . * P S I (  5 )  ( H  2")  
P S I t 1 1  ) = P S I (  1 9 1 = 1 3 . * P S I  (51 I H  2 1 )  
Ps1(121=PsI~201=15.*Ps1~51 ( H  2 2 )  

1 R E40 ( 5 9 9 0 0  J L I  * Z E T A 1  ET41 rG4MM4r S I G M A ,  ALPHA ( H  2 3 1  
S U ML= 3 02 5 ( H  2 4 1  
I F  ( E O F r 5 1  9 9 9 9 4 7  ( H  2 5 1  

47 IF (L I .EC.1 )  GO TO 804 ( H  2 6 1  
I ALPHA=lCkTR IANGULAR 1H 2 7 1  
co a08 M Z = ~ ~ Z D  ( H  281 

808 XLOAD(MZJ=RTRIA(C21  IH 2 9 1  
GO 10 160 ( H  3 0 1  

8 0 4  I b L P H A = l O F  UNIFORM ( H  3 1 1  . 
DO 8C9 M2=192@ ( H  3 2 )  . 

809 XLOAD(M2 l = K U N I F ( H 2 J  ( H  3 3 1  
160 WRI T E  ( 6 9901 S IGM4 r 1 4 L  PH4r ZE 1 A 1  e ET 4 1  rG4MM4 9 ALPH4 ( H  3 4 1  

Y R I T E  ( 6 r 2 1 0 1  ( H  3 5 1  ' 

W R I T E  ( t r 2 1 1 )  ( H  361 ' 
U R I T E  6 9 2 1 2  1 ( H  3 7 1  
WRITE ( 6 9 2 1 3 1  ( H  3 8 1  
WRITE 6 9 2 1 4  1 I H  391 

WRITE ( 6 r 2 1 6 1  ( H  411 
WRITE 6,217 1 t H  421 
WRITE ( 6 9 2 1 8 )  f H  4 3 1  
ALPHA=ALPHA*KAD ( H  4 4 1  
DO 41 K = l r 8  ( H  4 5 1  
M7=N7= 2 0  ( H  46)  
I F  (SIGMA.NE.0.J GO TO 8 1 5  ( H  4 7 1  
H7=N7= 1 ( H  4 8 1  
CONST 1 = 4 0 0  ( H  491 
GO TO 8 1 2  ( H  5 0 1  

8 1 5  I F  IETA l .NE. l . IG0  TO 8 1 3  ( H  5 1 1  
CONSTl=2.  ( H  5 2 1  
GO TO 8 1 2  ( H  5 3 1  

8 1 3  CONST1=1. ( H  5 4 1  
8 1 2  DO 8 0 1  l " l = l r M 7  ( H  5 5 1  

DO 8 0 2  N1=11N7 ( H  5 6 )  
I F  (ET41 .NE. l . l  GO TO 8 1 1  ( H  5 7 1  
I F  ( P S l ( N l I . G T . P I 1  GC TO 832 ( H  5 8 1  

8 1 1  E T I = E T A l - ( X L D 4 D ( N l  ) *S IGMA * S I N ( P S I ( N l l I l  I H  5 9 1  

1 4 1 )  I H  6 1 1  
XCVERH=SIGMA *GAMMA*COS( ALPHAl*~XLO4O(Mll*tOS~PSI~Mll ) - X L O A D ( N l  l + t  ( H  6 2 1  

l O S l  P S I (  N 1 1  I 1 ( H  6 3 1  
YOVERH=S I G M A  *GAMM4* IXLOADt  M 11 *S I N (  PS I I M l  1 I -XL 3 A O ( N l  1 *SI h(( P S I  ( hJ 1 1 1 ( H 6 4 1  

1 1  ( H  6 5 1  
ZOVERH=-SIGHA * G A M H A * S I N ~ A L P H A l * ~ X L O 4 D ~ M l ~ * C O S ~ P S I ~ M l l  l - X L O A D I N l l *  ( H  6 6 )  

I C O S ( P S I ( N 1 1 1 1  I H  6 7 1  
CdLL DLT4S L C ( K ) J  ( H  6 8 1  

*~*~*t******+**+*t*** SEE APPEND1 X Q FOR SUBROUTINE DLTPS . . . . . . . . . . . . . . . . . . . . . .  
GO 8 0 5  L l z l r 2 8  LH 6 9 )  

8 0 5  X O E L T A ~ L 1 ~ = X D E L T A ~ L l ) + D E L T 4 ( L l l  I H  7 0 )  
802 CONTINUE ( H  711 
8 0 1  CONTINUE ( H  7 2 )  

00 807 L 3 = 1 * 2 8  (H 7 3 1  
8 0 7  O E L T A I L 3 J = X O E L T A ( L 3  )*SUML*CONSTl  ( H  7 4 1 .  

WRITE ( 6 9 1 4 9 1  C I K l  ( H  7 5 1  
WRITE 1 6 r 1 5 0 1  ( D E L T A I I I r I = l r 2 5 ~ 4 1  t H  7 6 )  
WR I T  E I 6 9 1 5 1  1 I DE L T 4  ( I 1 r I = 2  9 26 9 4  1 I H  771 
Y R I T E  (6 ,152  J ( D E L T A (  I 1 9  1 = 3 r 2 7 9 4 1  ( H  7 8 1 '  
WRITE ( 6 9  1 5 3  1 ( D E L T A (  1 )  9 I = 4 r 2 8  94)  ( H  791 

W R I T E  1 6 r 2 1 5 J  ( H  4131 

Z E T A ~ 1 ~ / ~ ~ 1 ~ / Z E T A 1 I ~ ~ X L O A D o * S I G M b  * S I N ( A L P H 4 1 * C O S ( P S I ( N l  I ) * G A C M  I H  601 

~ 
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Appendix H - Concluded 

GO 814 L 4 = 1 1 2 8  
8 1 4  XDELTAI 1 4  )=De  
41 CONTINUE 

GC TO 1 
1 4 9  FORM41 ( / / l X * C H I  =* F7 .3 /1  
1 5 0  FORMAT 1 3 X 5 H ( W * L ) 7 ( F l 7 . 4 1 )  
1 5 1  FORMAT ( 3 X 5 H ( U ~ L ) 7 ( F 1 7 . 4 ) 1  
1 5 2  FORMAT ( 3 X 5 H (  W10)7 I F 1 7  -4 1 1  
1 5 3  FORMAT I 3 X 5 H (  U t D  ) 7 (  F 1 7  -4 1 )  
2 1 0  FORMAT I l X 1 3 1 1 1 H - ) )  
2 1 1  FORMAT ~ 1 X 1 H I l 1 X 1 H 1 3 1 X 6 1 H C O R R E C T I O N  F4CTORS FOR CORRECTING FROY A 

LWIND TUNNEL WHICH I S 2 5 K l H I )  
2 1 2  FORMAT ~ 1 X l H I l 1 X 1 H I l 1 7 ~ 1 H - ~ l H ~ ~  
2 13 FORMAT ( l X l H  I1 1 X  1HI  1 6 X l H  I5X6HC LOSEDSXLHI 16X 1HI 2 X  IZYCLOSED FLOOR2X1 

1l-1 I6X4HO PEN6 X l H  I 1  6X 1H I 5  X6kCLOSED4X 14 I 1 
2 1 4  FORMPT ( l X l H I 3 X 5 P D E L T 4 3 X L H I  5X6HCLOSEDSXlH14X9HON E O T T O Y 3 X l H I 6 X 4 H O P  

1EN6X1 H I 6 X 4 H O N L Y 6 X l H  I5X5HFLOOR6 X XHI 5X6HCL OSFDSXlH I 3  X 9 H O N  BOTTOM3 X1H 
2 1 )  

2 1 5  FORMAT ~lXlHI11X1HI16XlHI6X4HONLY6XlHIl6XlEHI~GRCU~D EFFECT)  I 6 X 4 H  
1 0 N L Y 6 X l H I  1 6 X l H I O X 4 H O N L Y 5  X l H  I )  

2 1 6  FORMAT ( l X l H I l l X L H I 8 4 (  l H - ) l H I 3 2 ( .  l H - ) l H I  ) 
2 1 7  FORMAT ( 1  XLH 11 l X l H 1 3 6 X l l V T 0  FREE 4 I R 3 7 K l H I  8 X l 6 H T C  GROUND E F F E C T B X l  

l h  I I 
2 1 8  FORM41 ( l X l 3 1 ( 1 H - )  1 

9 0 1  FORMAT I l H 1 / / / / 4 0 X * A V E R A G E  INTERFERENCE OVER F I N I T E  SPAN ROT’JR*/ /  
9 0 0  FORMAT ( I l ~ F 9 . 3 , 6 F 1 0 . 3 )  

140X*SIGM4 = * F 6 . 3 r l Z X 4 1 0 1 *  L 0 4 D I N G * / / 4 0 X * Z E T 4  = * F 6 * 3 r  1 9 X * E T 4  =+F6. 
23//40X*GAMHA = * F 6 . 3 ~  18X*ALPHA = * F 5 . 1 / / )  

9 9 9  STOP 
E NO 

I 
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APPENDIX I ---------- 

FORTRAN PROGRAM FOR CALCULATING THE D I S T R I B U T I O N  OF 

WINO-TUNYEL INTERFERENCE 3VER TPE 

LATERAL A X I S  OF A SINGLE ROTOR 

T H I S  PROGRAM WAS WRITTEN I N  CDC FORTRAN, VERSION 2.11 TO RUN ON CDC 6'30c) 
S E R I E S  COMPUTERS WITH THE SCOPE 3 .0  OPERATING SYSTEM AND L IBRARY TAPE. Y IVOR 
M O D I F I C A T I C N S  CAY BE REQUIRED PRIOR TO USE I N  OTHER COMPUTERS. T H I S  PROGRAM 
H4S BEEN FOUND TO BE S4TISF4CTORY ON THE 4FflREMENTIONEO COMPUTERS WHICH CARRY 

C I S I O N  M4Y REGUIRE M O D I F I C 4 T I O N  TO DOUBLE PRECISION I N  ORDER TO O B T A I N  RESULTS 
THE EQUIVALENT OF APPROXIMATELY 15 DECIMAL D IGITS.  COMPUTERS OF LESSER PRE- 

OF EQUPL ACCURACY. 

T H I S  PROGRAM REQUIRES THE USE OF SUBROUTINE D L T 4 S  WHICH IS GIVEN I N  
APPENCIX 0 .  ? 

INPUT WILL BE FOUNO 4T ADDRESS 1 (OVE CPRD PER CASE) I N  FORM4T 103. NOTE 
THdT THE REFERENCE O R I G I N  IS CHOSEN TO BE A T  THE CENTER OF THE ROTOR. THF RE- 
QUIREC INPUT V4RIABLES ARE 

L I  L 3 4 D  INDICATORI L I = 1  FOR UNIFORM DISK-LOAD D I S T R I B U T I O N *  L I = 2  
FOR TRIPNGULAR DISK-LOAD D I S T R I B U T I O N  

ZETA1 SEMIHEIGHT OF TUNVEL D I V I D E D  BY HEIGHT CF O R I G I N  ABOVE FLOOR 

ET A 1  D ISTANCE FROM O R I G I N  TO RIGHT-HAND WALL D I V I D E D  BY TUNNEL 
SEMIW I DTH 

G PMMA WIDTH-HEIGHT R A T I O  OF WIND TUNNEL 

S IGMA R A T I O  OF ROTOR DI4METER TO TUNNEL WIDTH 

PLPHA AYGLE OF ATTACK OF ROTOR T IP-PPTH PLANE, 3EG 

C EFFECTIVE WAKE SKEW-ANGLE, DEG 

I N  SYMMETRICAL CASES T H I S  PROGRAM COMPUTES THE INTERFERENCE O I S T R I B U T I U N  
OVER CNE S E H I S P 4 N  ONLY. T H I S  PROGR4H REJECTS C4SES OF ZERO SP4N. FOR SUCH 
CASES, THE INTERFERENCE IS UNIFORM AND THE VALUES ARE I D E N T I C A L  TO THOSE PRO- 
V IDEC B Y  THE PROCR4M OF APPENDIX H. 

PROGRAM 
COMMON 
CIMENSION X D E L T 4 ( 2 B ) * P S I ( 2 3 )  ,XLOAD(20J ,RUNIF120)  r R T R I A ( 2 0 )  
CATA (RUN I F (  1) v I = l  v 2 0  ) /4*0.2961,8*9.6255 I 8*0 .8921 /  
D 4 T 4  IRTRI4(I)~I=lr20)/4*0.43861B*~~7296~8*~.9262/ 
P 1 = 3 * 1 4 1 5 9 2 6 5 3 5 8 9 7 9  
R 4D=D 0 0  1 7 4 5 3 2 9 2  5 1  99 

WINDTUNI INPUTvOUTPUT r T A P E 5 = I  NPUT rT4PE6=OUTPUT) 
ZETA, ET A vG4MMA,XOVE%H vYOVERH* ZOVERHI DEL T 4  ( 2 8  1 

P S I  ( 1 ) = ( P 1 / 4 . )  
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Appendix1 - Continued 

PS I ( 2  )=3 .*PS I (  1 1 ( I  9 )  
P S I ( 3 ) = 5 . * P S I ( l  1 I 1  1 0 1  
P S 1 ( 4 1 = 7 . * P S I ( l 1  ( I  1 1 1  
P S 1 ( 5 ) = P S I ( 1 3 ) = ( P I / 8 . 1  ( I  1 2 )  
P S I  ( 6 )  =PS I( 14 1=3 .*PS I ( 5 1 ( I  1 3 1  
PSI(7)=PS1(15)=5.*PSI(5~ ( I  1 4 1  
P S I  18 ) = P S I (  1 6  1=7 . * P S I  ( 5  1 ( 1  1 5 )  
P S I  ( 9 ) = P S  I ( 1 7  ) = 9  . *PSI  (5 1 ( I  1 6 )  
P S I  (10) = P S I  ( 18 1 = 1 1  .*PSI I 5  1 ( I  17) 
P S I ( l l ) = P S I (  191=13.*PSI ( 5 )  ( I  1 8 1  
P S I ( 1 2  I = P S I I 2 0  )=15.*PSI ( 5 1  ( I  1 9 1  
SUML=.O 5 ( I  2 ” )  
DO 805 N 2 = l r 2 8  ( I  2 1 )  . 6 0 5  XDELT4(N21=0. ( I  2 2 1  

1 R EA0 ( 5 9 103 ) L I s  ZETA1 ETA1 *GAMMA rS I G H 4  9 ALPHA, C ( 1  2 3 )  
I F  ( E O F r 5 )  9 9 9 r 7 0 C  ( I  2 4 )  

. 700 IF (L I .Ea.1)  GO TO 806 ( I  251 
* IALPHA=lOHTRIANGULAR ( I  2 6 1  

CO 808 M Z = l r 2 D  ( 1  2 7 )  
8C8 X L O 4 D ( M 2 l = R T R I A ( P 2  I (I 281  

GO T O  7 0 2  11 29)  
806 I ALPH4=lOP UNIFORM ( 1  39) 

DO 809 H 2 = l r 2 0  (I 3 1 1  
809 X L O A D l M 2 ) = R U N I F ( H 2 )  ( I  3 2 )  
702 IF (ET4l.NE. l . )  GO TO 813 ( I  3 1 1  

MlCHEK=6 ( 1  3 4 1  
GO TO 47 (I 3 5 )  

8 1 3  M lCHEK= 12 ( I  3 6 )  
47 WRITE [ 6 , 9 0 0 1  S I G M 4 r I 4 L W 4 r Z E T 4 1  ~ E T ~ L I G ~ M M ~ ~ ~ L P I - ~ P C  ( I  3 7 )  

YRITE ( 6 ~ 2 1 0 1  ( 1  3 8 1  
WRITE ( 6 ~ 2 1 1  1 ( I 3 9 1  
WRITE ( 6 r 2 1 2  1 ( I  4 0 )  
WRITE 1 6 , 2 1 3 1  ( I  41)  
WRITE ( 6 r 2 1 4 )  ( I  4 2 1  
Y R I T E  ( 6 9 2 1 5 1  (I 4 3 )  
WRITE (6,216) ( I  44)  
WRITE ( 6 , 2 1 7 )  ( I  45) 
k R I T E  ( 6 , 2 1 8 )  ( I  461 
I F  (SIGMA.NF.O.1 GO TO 803 ( I  47) 
YRITE t 6r 903) ( I  4 8 )  
GO T O  1 ( I  49) 

803 dLPH4=ALPHP*R40 ( I  501 
Ml=O I 1  51)  

604 Y S T A R = 1 ~ 2 - 0 ~ 2 * F L 0 4 T ( M l l  ( I  5 2 )  
CO 800 N l = l r 2 0  I I 5 3 1  
E T A = E T A l - ( X L O A D ( N l  ) * S I G P d  * S I N ( P S I ( N l )  1 1 ( I  5 4 1  
ZETA=l./( t 1 . / Z E T A 1  I - (  XLOADl N 1  ) * S I G H 4  ( I 55 ) 

1 P )  I ( I  561 
X O V E R H = - S I G M 4 * G 4 M M 4 * C O S ( 4 L P H A ) *  X L D 4 D ( N 1 1 * C O S ( P S I ( N 1 1 ~  ( I  5 7 )  
YOVERH=SIGMA *GAMMA* (YSTAK-(XLOADI N l I * S I N ( P S I  ( N 1 )  1 1 1  ( I  58) 
ZOVERH= SIGH4 *G4HM4*SIN(4LPHA)*  XLOADt N 1  ) * C O S ( P S I  ( N 1 )  ) ( I  59)  
CPLL O L T A S  ( C )  ( I  601 

* * * * * * * *4** * * * *4** * * *  SEE 4PPENDI X Q FOR SUBROUT1 NE OL 1 4 s  ******e**** *********** 
CO 801 N 2 = l r 2 8  ( I  6 1 1  

8 C l  XDELT4t N 2  1 =XDE L T 4 (  N2 )+DE L T 4  I N2 1 ( 1  6 2 )  
800 CONTINUE ( I  63)  

DO 8C2 N Z = l r 2 8  ( I  6 4 )  
802 DELTAIN2 )=XDELTA(NZ )*SUML I 1  65)  

WRITE ( C v 1 4 9 1  YST4R ( I  6 6 1  
WRITE ( 6 r 1 5 3 )  ( D E L T A ( I l r I = l r 2 5 * 4 1  ( I  67)  

4 k R I T E  ( 6 ~ 1 5 1 )  ( D E L T A (  I 1 * I = 2  926 941 ( I  6 8 1  

* S I N (  ALPHA1 *COS I P S I  (’41 1 l*GAMM 
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Appendix I - Concluded 

WRITE ( 6 9 1 5 2 1  ( D E L T A (  I 1 9  I = 3 9 2 7 9 4 1  
WRITE ( 6 r 1 5 3 )  ( D E L T A ( I ) r 1 = 4 ~ 2 8 r 4 )  
DO 810 N 2 = 1 * 2 8  

810 XDELTA1NZI=OoO 
CI: l = M 1 + 1  
I F  (Ml .LE.MlCHEK1 GO TO 834 
GO TO 1 

1 0 3  FORMAT( I l r F 9 e 3 r 5 F l 9 . 3 )  
149 FORMAT ( / / l O X * Y / R  = * F 4 . 1 / )  
1 5 0  FORMAT ( 3 X 5 H I W 9 L  1 7 ( F 1 7 - 4  I 1  
1 5 1  FORMAT ( 3 X 5 H t U r L  1 7 ( F 1 7 e 4 ) )  
1 5 2  FORMAT ( ~ X ~ H ( W I D J ~ ( F ~ ~ ~ ~ I )  
1 5 3  FORMAT ( ~ X ~ H ( U I D ) ~ ( F ~ ~ . ~ ) I  
210 FORMAT ( 1 X 1 3 1 (  1H- 1 I 
211 FCRMAT ~lXlHIlfXlHI31X61HCORRECTION F K T O R S  FOR CORRECTING FROM A 

212 FORMAT ~ l X l ~ I l l X l H 1 1 1 7 ~ 1 H - ) 1 H I  I 
2 1 3  FORMAT 1 l X l H l l  l X l H I  1 6 X l H  15X6HCLOSEDSX1HI l 6 X l H I  2X 1ZHCLOSED FLOOR2X1 

LH 1 6 X 4 H O P E N 6 X l H I  1 6 X  l H I 5 X 6 H C L 3 S E D 4 X l H  I I 
2 1 4  FORMAT ( l X l H I 3 X S H D E L T 4 3 X l H I  5X6HCLOSED5XlHI4X9HON BOTTOM3XlHI6X4HOP 

lEN6XLH16X4HONLY6X1HI5X5HFLOOR6XlHI5 X6HCLOSEDSX 1H 13X 9HON BOTTOM3 X1H 
21 I 

215 FORMAT (1X1HIllX1HIl6X1HI6X4HONLY6X. L H I  1 6 X l R H I I  GRCUND EFFECT1 I 5 X 4 H  
lONLY 6X 1 b I 1 6  X1H I 6 X4HGNL Y 5 X1H I I 

2 1 6  FORMAT ~1XlHIllX1HI84~1H-l1HI32( 1H- 1 1 H I I  
2 1 7  FORMAT ~ l X l H I 1 1 X l H I 3 6 X l l H T O  FREE A I R 3 7 X l H I 8 X l b H T C  GROUND EFFECTAX1 

2 1 8  FORMAT ( l X 1 3 1 ( 1 H - ) I  
900 FORMAT ( l H 1 / / / / 3 1 X * I N T E R F E R E N C E  D I S T R I B U T I O N  O V E R  LATERAL A X I S  OF 

l W I N D  TUNNEL WHICH I S 2 5 X l H I  1 

1r11 

1F I N I T E  SPAN ROTOR*// 
240X*S I G H 4  
33/ /40X*GAHHA = * F 6 * 3 r  19X*ALPPA = * F 7 . 3 / / 5 6 X * t H I  = * F 8 . 3 / / )  

=*F6.3 9 1 5 x 4 1 0 9  * L JAD I NG */ / 4 3 w Z E T A  =* F6 3 9 Zl .X*ET A = * F 7  

9 0 3  FORMAT ( / / / 4 0 X 5 4 H S I G M A  EQUALS ZERO --- USE AVERAGE INTERFERENCE P 
lRCGRAM I 

9 9 9  STOP 
END 

( I  6 9 )  
( I  7 0 )  
( I  711 
( I  7 2 )  
( I  7 3 1  
( 1  741 
( I  7 5 )  
( 1  7 6 1  
( I  7 7 )  
( 1  7 8 1  
( I  7 9 1  
( I  801 
( I  81) . 
( I  8 2 )  . 
( I  8 3 )  
( I  8 4 1  
( I  8 5 1  * 

( I  8 6 )  * 
I 1  8 7 1  
( I  88) 
( I  R 9 )  
( I  9QI  
( 1  9 1 )  
( I  9 2 )  
( I  9 3 )  
( I  941 
I 1  9 5 )  
I 1  9 6 1  
( 1  9 7 )  
( I  9 8 )  
( I  9 9 1  

( I  1m) 
I 1  1011 
( I  102) 
( I  1 V 3 1  
I 1  104) 

. 
* 
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APPENDIX J ---------- 

F C R I R A N  PROGRAM FOR CALCULATING THE D I S T R I B U T I O N  OF 

WIND-TUNNEL INTERFERENCE JVER TI-E 

LONGITUDINAL A X I S  OF A S I N S L E  ROTOR 

T H I S  PROGRAW WAS k R I T T E N  I N  CDC FORTRAN, V E P S I O N  2 - 1 9  TO RUN ON CDC 5330 
S E R I E S  COMPUTERS W I T H  THE SCOPE 3.0 OPERATING SYSTEM AND L I B R A R Y  TAPE. M lNOR 
MCDIF ICATIONS MAY BE REQUIRED PRIOR TO USE I N  OT4€R COMPUTERS, T H I S  PROGRAM 
H I S  BEEN FOUND T9 BE SATISFACTCRY ON THE AFOREMENTIONED COMPUTERS WHICH CARRY 

C I S I O h  MAY REQUIRE M O D I F I C 4 T I O N  TO DOUBLE P R E C I S I O N  I N  ORDER TO O B T A I N  RESULTS 
THE EQUIVALENT OF APPROXIMATELY 1 5  D E C I P A L  D I G I T S .  COMPUTERS O F  LESSER PRE- 

CF EQUAL ACCURACY. 

T B I S  PROGRAY REQUIRES THE USE OF SUBRJUTINE OLTAS WHICH I S  G I V E N  I N  
,APPENDIX 0 .  

INPUT WILL BE FOUND A T  ADDRESS 1 (ONE C A R D  P E R  C A S E )  IN FORMAT i n 3 ,  N O T E  
THAT T k E  REFERENCE O R I G I N  I S  CHIJSEN TO BE A T  THE CENTER OF THE RnTflR. THE RE- 
QUIREC INPUT V L R I A B L E S  ARE 

L I  LOAD INDICATOR, L I = 1  FOR UNIFORM DISK-LOAD D I S T R I B U T I O N ,  L I = 2  
FUR TRI4NGL'LAR DISK-LOAD D I S T R I R U T I O N  

ZETA1 SEMIHEIGHT CF TUNNEL C I V I D E D  RY HEIGHT CF O R I G I N  ABOVE FL3OR 

E T A 1  D ISTANCE FRCH O R I G I N  TO RIGHT-HAND W4LL D I V I D E D  BY TUVNEL 
S E M I H I O T H  

GbMMA WIDTH-FEIGHT R A T I O  OF WIND TUNNEL 

S 1 GM4 R A T I O  OF ROTOR DIAMETER T 3  TUYNEL WIDTH 

4LPH4 ANZLE OF OTT4CK OF ROTOR TIP-PATH P L 4 N E v  DEG 

C EFFECT I V E  W4KE SKE W-4NGLE. OEG 

INPUT WILL BE FOUND AT ADDRESS 1 (DYE CARD PER CASE)  I N  FORMAT 103 .  NOTE 
THAT THE REFERENCE O R I G I N  IS CHOSEN TO BE AT THE CENTER OF THE ROTOR. THE RE- 
QUIRED INPUT VARIABLES ARE 

L I  LOAD I N D I C A T O R S  L I = l  FOR UNIFORM DISK-LOAD D I S T R I B U T I O N S  L I = 2  
FOR TRIANGULAR DISK-LOAD D I S T R I B U T I O N  

ZE TAL S E q I H E I G H T  O f  TUNNEL D I V I D E D  BY HEIGHT CF O R I G I N  ABOVE FLOOR 

ET 4 1  D ISTANCE FROM O R I G I N  TO RIGHT-HAND WALL D I V I D E D  BY TUNNEL 
SEP I H  I OTH 

GAMMA WIDTH-HEIGHT R A T I O  OF H I N D  TUNNEL 
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Appendix J - Continued 

S I G M A  R 4 T I O  OF ROTOR DIAMETER TO TUNNEL WIDTH 

PLPHA ANGLE O F  4TTACK OF ROTCR TIP-P4TH PL4NE9 OEG 

C E F F E C T I V E  WAKE SKEW-ANGLE, DEG 

T b I S  PROGRAM REJECTS CASES 3F ZERO SPAN. F 3 R  SUCY C4SESv THE INTERFERENCE 
I S  UNIFORM 4NC THE V4LUES 4RE I D E N T I C 4 L  TO THOSE PROVIDED B Y  THE PROGRAM OF 
APPENCIX H o  

805 
1 

700 

80 8 

80 6 

809 
47 

803 

PROGR4M 
COMMON Z E T A * E T A r C A M M A * X O V E R H * Y O V E R t i  rZ3VERH9DELTA 1281 
DIHENS I O N  
C 4 T A  

W INDTUN( INPL~TIOL TPUT vT4PE5=INPUT rT4PE6=OUTPUT 1 

XDEL T 4  ( 2 8  1 * P S I  1 2 3  1 9XL04D(  20) ,RUN1 F ( 2 0 1  r R T R I  4 1 2 3  1 
(RUN I F (  I 1 9  I=l r 20 1/4+0.298 1 r 8 * 3 *  62559 8* 0.8921/ 

D4TA (R TR 141 1 )  9 1=1 9 20)  /4*004386 98*3.7296,8* 0.9262/ 
P I = 3 0 1 4 1 5 9 2 6 5 3 5 8 9 7 9  
R A b 0  00 1 745 3 2  92 5 199 
P S I ( I ) = ( P  1 / 4 0 ]  
P S I ( 2  1=3 + P S I (  1 1 
P s I ( 3  ) = 5 . + P s I (  1 1 
P S I  ( 4 ) = 7 0 * P S I (  1) 
P S I  ( 5 ) = P S I  ( 13 J = (  P 1 / 8 .  J 
PS I ( 6  )=PS I I 14  ) = 3  .*PSI ( 5 )  
P S I  ( 7 J =P S I I 15 )=5  o*PS I 5 1 
P S I  (8 l = P S  I I 16 1=7 ,+PS I 1  5 1 
P S I l 9 1 = P S I ~  171=9.*PSI  1 5 1  
P S I  I10  J=PS I (  1 8  1 ~ 1 1  * * P S I  ( 5 )  
P S I  ~ 1 1 1 = P s 1 ( 1 9 1 = 1 3 * * P s 1 ( 5 1  
P S I  ( 12 J=PS I ( 20 i =  15 .*PSI ( 5 1  
DO 805 N Z = l r 2 8  
XOEL TA N 2  J=O 
R E A 0  
I F  ( E O F 9 5 )  9999700 
SUML= 05 
C O N S T I 1  

5 9 103 1 L I v ZETA 1 9 E T A 1  9 GACMA 9 S I GMP 9 ALPH 4 v C 

I F  I L I o E C . 1 1  GO TO 806 
1ALPH4-10HTR14NGUL4R 

XLOAD(M2 J=RTRIA(M2 1 
GO TO 47 
I O L P H A = l O H  UNIFORM 

X L O A D l M 2 ) = R U N I F 1 P 2  1 

G O  808 M 2 ~ 1 9 2 0  

DO 809 H 2 = l r 2 0  

WRITE ( 69900 1 
W R l T E  1 6 ~ 2 1 3 1  
WRITE 1 6 9 2 1 1  1 
WRITE ( 6 9 2 1 2 1  
WRITE I 6 9 2 1 3  1 
WRITE ( 6 9 2 1 4  
WRITE I 6 9 2 1 5 1  
WRITE 1 6 . 2 1 6 1  
WRITE ( 6 9 2 1 7 )  
& R I T E  1 6 r 2 1 8 1  

WRITE 1 6 r S 0 3 1  

S IGH4 r I A L P H 4 r  Z E T 4 1  p E T 4 1  ,GAMY4 9 ALPFA9 C 

I F  (SIGMA.NE.0.) GO TO 803 

GC TO 1 
4LPH4=4LPH4*R40 
r l = O  

( J  1 1  
( J  21 , 

( J  3 )  
( J  4 1  
( J  5 1  . 
( J  61 
( J  7 )  
( J  8 )  
I J  91 

( J  I n 1  
( J  1 1 1  
( J  1 2 )  
( J  1 3 )  
I J  14) 
( J  1 5 )  
( J  161 
I J 1 7 1  
I J  1 R l  
( J  19) 
I J  20 )  
( J  21)  
( J  2 2 1  
( J  2 3 1  
( J  2 4 )  
1J 2 5 1  
I J  2 5 )  
( J  2 7 )  
( J  281 
1 J  2 9 1  
I J  3 0 1  
( J  3 1 1  
( J  3 2 1  
( J  3 3 1  
I J  3 4 1  
( J  3 5 )  
( J  3 6 )  
I J  3 7 1  
( J  3 8 )  
( J  3 9 )  
( J  40)  
( J  41) 
( J  4 2 1  
( J  4 3 1  
( J  4 4 1  
I J  4 5 )  
( J  4 6 1  
I J  4 7 1  
( J  48Ik 
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Appendix J - Concluded 

804 Y S T ~ R L R = .  2 *FL  3 4 T (  M1)-1.2 ( J  4 9 )  
GO 800 N 1 = 1 1 2 0  I J  501 
I F  I E T A l . N E * l * )  GO T O  8 1 3  ( J  5 1 )  
CONSTx2 ( J  5 2 )  
I F  ( P S I ( N l ) . G T . P I )  GO TO 830 ( J  5 3 )  

8 1 3  E T A = E T 4 1 - ( X L O 4 D ( N l  ) * S I G M A  * S I N I P S I ( N l ) ) )  ( J  5 4 )  

1 4 ) )  I J  5 6 )  
XOVERH=SIGMA *GAMMA*COS( P L P H A ) * ( Y S T  A R - (  X L O A D ( N 1 )  * c O S I P S I  ( V 1 ) ) )  1 ( J  5 7 )  
YOVERH=-SIGH4 * G A M P 4 * X L 0 4 D ( N l l  * S I N ( P S I ( N 1 )  1 ( J  5 8 1  
ZGVERH=-SIGMA * G A H M A * S I N I A L P H A ) * ( Y S T A R - I  X L I A D ( N 1  ) * C O S ( P S I  ( N 1 ) )  1 1  ( J  5 9 )  
CALL D L T 4 S  (C) ( J  6 0 )  

*++++$*8*+$*$+l t**+**  SEE APPEND1 X Q FOR SUBROUT1 NE DLTAS . . . . . . . . . . . . . . . . . . . . . .  
DO 8 0 1  N 2 = l r 2 8  ( J  6 1 )  

801 XDELTAI N2 )=XDELTA(  N2 )+DELTA(  N2 1 ( J  6 2 )  
8 0 0  CONTINUE ( J  6 3 )  

CO 802 N 2 = l r 2 8  ( J  6 4 )  
’ 8 0 2  OELTAI N2 ) = X D E L T A ( N 2  )*SUML*CONST ( J  6 5 )  

W R I T E  ( 6 9 1 6 9 1  Y S T A R  I J  6 6 )  
W R I T E  ( 6 9 1 5 0 )  ( D E L T A ( I ) * I = 1 * 2 5 , 4 )  ( J  6 7 )  
W R I T E  ( 6 ~ 1 5 1 )  ( D E L T A ( 1  ) r I = 2 1 2 6 9 4 )  ( J  6 8 )  
W R I T E  ( 6 , 1 5 2 1  ( U E L T A ( I ) * I = 3 * 2 7 * 4 1  ( J  6 9 )  
W R I T E  ( 6 1 1 5 3 )  ( D E L T A ( 1 )  9 1 = 4 9 2 8 9 4 )  ( J  7 Q )  
CC 810 N Z = l r 2 8  ( J  7 1 )  

810 XDELT4( N2 ) = D e 0  ( J  7 2 )  
M l = M l + l  ( J  7 3 )  
I F  ( H 1 . L E - 1 2 )  GO T O  8 0 4  ( J  7 4 )  
G O  TO 1 ( J  7 5 1  

1 0 3  FORM4TI I l r F 9 . 3 9 5 F l C . 3 )  ( J  7 6 )  
1 4 9  FORMAT ( / / l O X * X / R  = * f 4 *  l / )  I J  7 7 )  
1 5 0  FORMPT ( 3 X 5 H L H v L  ) 7 ( F 1 7 * 4 ) )  ( J  7 8 )  
1 5 1  FORMAT ( 3 X 5 H ( U * L  ) 7 ( F 1 7 * 4 ) )  ( J  7 9 )  
1 5 2  FORMAT ( 3 X5H( W 9D ) 7 (  F17.4 1 1  ( J  80) 
1 5 3  FORMAT ( 3 X 5 V ( U r 0 ) 7 ( F 1 7 . 4 ) )  ( J  8 1 )  
210 FCRMAT ( l X 1 3 1 ( 1 H - )  1 ( J  82) 
2 1 1  FORMAT ~1XlHI11X1HI31X61HCORRECTION F4CTORS FOR CORRECTING FROM A I J 8 3 )  

l W I N D  TUNNEL WHICH I S 2 5 X l H I )  ( J  84) 
2 1 2  FORMAT ( l X 1 h I 1 1 X 1 H I 1 1 7 ( 1 H - ) l H I  ) ( J  8 5 )  
2 1 3  FORMAT ( 1 X 1 H I 1 1 X 1 H I 1 6 X l H I 5 X 6 H C L O S E D 5 X l H I  1 6 X l H I 2 X l Z H C L O S E D  F L O O R 2 X l  [ J -36) 

1H I6X4HOPEN6 X1H I1 6 X l H I  5X6HCL 3SED4X 1H I ) ( J  87) 
2 1 4  FORMAT ~ 1 X 1 H I 3 X 5 ~ D E L T A 3 X 1 H I 5 X 6 H C L O S E D 5 X l H I 4 X 9 H O N  BOTTOH3XlHI6X4HOP ( J  88) 

1E N 6 X l H I  6X4HONLY6XlH I 5X 5 H f L O O R 6 X l  H I5 X6HCLOSEDSX 1H 13X9HOY BOTTOM3 X1H ( J 89 1 
2 1  1 ( J  9Q) 

2 1 5  FORHPT (1XlHIl1X1HI16X1HI6X4HONLY6XlHIl6Xl8HI~GRCUND E F F E C T )  I S X 4 H  ( J  9 2 )  
1GNLV6X1 HI l b X l H I 6 X 4 H O N L Y 5  X l H I  1 ( J  9 2 )  

2 1 6  FORM4T I 1 X L H I l l X 1 H I @ 4 (  l H - ) l H I 3 2 (  l H - ) l H I )  ( J  9 3 )  
2 1 7  FORMPT ~ l X l H I 1 1 X l H I 3 6 X 1 1 H T O  FREE A I R 3 7 X l H I B X l 6 H T C  GROUND EFFECTBXL ( J 9 4 )  

1 H I  b ( J  9 5 1  
2 1 8  FORMAT ( l X 1 3 1 ( 1 H - ) )  ( J  96) 
9 0 0  FORMAT ( 1 H 1 / / / / 2 8 X * I N T E R F E R E N C E  D I S T R I B U T I O N  OVER LONGITUDINAL A X 1  ( J 9 7 )  

1 s  OF F I N I T E  SPAN R O T O R * / /  ( J  9 8 )  

?//40X*G4MMA = * F 6 . 3 * 1 9 X * A L P H A  = * F 7 * 3 / / 5 6 X * C H I  = * F 8 . 3 / / )  ( J  l o o )  
9 0 3  FORMAT ( / / / 4 1 X 5 4 H S I G M A  EQUALS ZERO --- USE 4VERAGE INTERFERENCE P ( J  1 Q 1 )  

1RCGR4M 1 ( J  1 0 2 )  
9 9 9  S T O P  ( J  1 0 3 )  

END ( J  1 0 4 )  

ZETA=l.  / ( ( 1  * / Z E T  A 1  1- t  XLOAD( N 1 )  * S I G V 4  * S I  N I  4LPHP 1 *COS( P S I  ( N l  1 1 *G AMH ( J 55  1 

24OX*SIGMA = + F 6 . 3 ~ 1 5 X A l O * *  L 3 A D I N G * / / 4 3 X + Z E T 4  = * F 7 * 3 1 2 3 X * € T A  =*F5.3 ( J  9 9 )  
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FORTRAN PROGRAM FOR CALCULATING THE AVER4GE WIND-TUNNEL 

INTERFERENCE OVER 4 1 4 1 1  

BEHIND A SINGLE ROTOR 

T H I S  PROGRllM WAS Y R I T T E N  I N  CDC FORTRAN9 V E R S I 3 N  2 - 1 9  T O  R J N  ON CDC 6000 
S E R I E S  COMPUTERS H I T H  THE SCOPE 3 . 0  OPER4TING SYSTEM 4NO L I B R 4 R Y  TPPE. MINOR 
M O D I F I C A T I O N S  H4Y BE REOUIRED PRIOR TO USE I N  OTHER COVPUTERS. T H I S  PROGRAM 
HAS BEEN FOUND TO BE SATISFACTORY ON THE AFOREMEVTIaNEC COMPUTERS WHICH C4RRY 

C I S I O N  MAY REQUIRE M O D I F I C A T I G h  T O  OOURLE P R E C I S I O N  I N  ORDER TO O B T 4 I N  RESULTS 
THE EQUIVALENT OF APPROXIMATELY 1 5  D E C I H 4 L  D I G I T S .  COMPUTERS OF LESSER PRE- 

O F  EQU4L 4CCUR4CY. 

T H I S  PROGRAM REQUIRES T k E  USE OF SUBROUTINE D L T 4 S  WHICH IS G I V E N  I N  
4 P P E N D I X  0. 

INPUT WILL 8E FOUND AT ACDRESS 1 (THO CARDS PER C 4 S E )  I N  FDRM4T 909. NOTE 
THAT THE REFERENCE O R I G I N  I S  CHOSEN TO BE A T  THE CENTER OF THE ROTOR. THE RE- 
CUIREC I N P U T  VARIABLES FOR THE ROTOR9 ON THE F I R S T  C4RC9 ARE 

L I  L 3 4 0  I N O I C 4 T O R p  L I = 1  FOR UNIFORM D I S K - L G 4 0  D I S T R I B U T I O N ,  L i z 2  
FOR T R I 4 N G U L 4 R  D I S K - L O 4 0  D I S T R I B U T  IOY 

Z E T 4 1  SEMIHEIGHT OF TUNNEL C I V I D E D  BY H E I G H T  CF O R I G I N  4BOVE FLOOR 

E T 4 1  D I S T 4 N C E  F R O M  O R I G I N  TO RIGHT-H4ND H 4 L L  O I V I D E O  BY TUNNEL 
SEMI W I  GTH 

C4HM4 WIDTH-HEIGHT R A T I O  OF WIND TUNNEL 

S I  GMAR R 4 T I O  O F  ROTOR DI4METER T3 TUNNEL W I D T H  

A L P H I 1  4NGLE OF 4TT4CK OF ROTOR T I P - P 4 T H  PLANE9 DEG 

THE REQUIRED INPUT V P R I A B L E S  FOR THE TAIL ,  ON THE SECOND CARD9 4RE 

S I GM4T R A T I O  OF T 4 I L  SPPV TO TUNNEL WIDTH 

TL T 4 I L  LENGTH BEHIND O R I G I N  4 T  ZERO 4NGLE OF 4TT4CKv NONDIHENSION- 
A L I Z E D  W I T H  RESPECT TO ROTOR R 4 D I U S  

TH T A I L  HEIGHT ABOVE O R I G I N  4 T  ZERO ANGLE OF ATTACK9 NDNDIMENSION- 
A L I Z E O  W I T H  RESPECT T O  ROTOR R A D I U S  

CLPHII2 ANGLE OF ATTACK OF BODY CARRYING 1 4 1 L 1  OEG 

T H I S  PROGR4M REJECTS C4SES OF ZERO SP44. S I N C E  T b E  EQUbTIONS ARE FORMED 1 IN TERCS OF ROTOR RADIUS,  SUCH CASES REPRESENT I U P U T  ERPORS. THE PROGRAY OF 
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Appendix K - Continued 

APPENCIX 0 CbN BE USED FOR SUCH C4SES S I N C E  THE REPRESENT4TION OF THE 
SYSTEMS ARE I D E N T I C A L  WHEN THE SPAN IS VANISHINGLY SMALL. 

PROGRAM WINDTUN4 I N P U T , O L ~ T P U T I T A P E ~ ~ I N P U T , T A P E ~ ~ O U T P U T  
COMMON 
OIMENS I C N  
C4T4  ( C (  I ) .  1=1181/2C.r3C.r40.  r59. 960. r70.*80.r90./ 
CAT4 ( RUN I F  ( I 298 1,8*0.62 55 9 8* 0.892 1/ 
0 4 T 4  ( R T R I 4 t I I  rI=1~20)/4*0.4366rA*3.7296r8*0.9262/ 
R AD=O -0 1745 32 9 2 51  99 
P I = 3 . 1 4 1 5 9 2 6 5 3 5 E 5 7 9  
P S I ( 1  I = L P I / 6 . )  
P S I ( Z I = 3 . * P S I (  1 )  
P S I  (3)=5.*PS I (  1 I 
PSI (41=7 . *PSI (  1) 
PSI ( 5 ) = P S  I (  1 3  )= P I  /E.) 
P S I  ( 6 )  =PSI( 14 )=3.*PS I (  5 )  
P S I 1 7 ) = P S I  f 15)=5.*Ps Its) 
PS 118 I=PS I 1  1 6  1=7 .*PS I (5 I 
P S I  ( 9 ) = P S  I (  17)=9 . *PSI  ( 5 )  
P S I I l O ) = P S I ( 1 8  ) = l l . + P S I (  5 )  
P S I ( l l ) = P S I (  19 )=13 . *Ps1(5 )  
P S  I (  12 1 = P S I  ( 20 )=15. * P S I  ( 5 )  
00 803 L1=1.28 

ZETL,ET4,GLMH4, XCVERHIYOVERHI ZOVERH, DELTA (25 1 
X D E L T A ( 2 8 ) r P S I  ( 2 3 )  , X L O A D l 2 0 1  ( R U N I F (  2 G )  v R T R I A ( 2 n 1  *C( A )  

, I =l, 20 ) /4*0 

803 XDELTA(L1  )=a. 

1 ALPHA2 

47 SUML=0.0125 

1 R E 4 0  ( 5 9 9 C C )  L I ~ Z E T A l ~ E f A l , G A H H L ~ S I G M A R , L L P H 4 1 ~ S I G M 4 T r T L r T H r  

I F  ( E O F . 5 )  999.47 

I F  (LI.EO.1) GO TO 804 
I 4 L P H 4 =  l O H T R I  LNGUL 4R 
00 808 M 2 = l r 2 0  

808 X L 0 4 D ( M Z ) = R T R I 4 ( C 2 1  

804 IbLPH4=1OHUNIFORM 

8 C 9  XLOADt M2 )=RUN I F M2 1 

GO TO 48 

EO 8 0 9  M 2 = l r 2 0  

48 WRITE (6,901 1 IALPHA. ZETA1 rSIGMAR, T L v A L P H 4 1  , E T A l v S I G M I T * T H ,  
1 bLPHAZrGAHM4 

WRITE ( 6 r 2 1 3 )  
WRITE (6 ,211  1 
k R I T E  (6,212 I 
k P I T E  16.213 1 
WRITE (6,214) 
WRITE (6,215 1 
WRITE ( C r 2 1 6 )  
WRITE ( 6 ~ 2 1 7 )  
b R I T E  (6 ,2181  
I f  (SIGMAR.YE.0.) GO TO 800 
WRITE (6,101 1 
GO TO 1 

4LPH2=4LPH42*R 4 0  
800 A L P H l  = b L P h A l * R A D  

CO 41 K = l r 8  
I F  ISIGM4T.NE.O.) GO TO e l l  
N6=M6= M7= 1 
N7=20 
CONST1=4. 
GO TO 8 1 2  

811 I F  (ETAl.NE.1.1 GO TO 8 1 3  
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Appendix K - Continued 

8 1 1  I F  ( E T A l o N E o l o I  GO T O  8 1 3  ( K  5 8 )  
N6=!46=1 ( Y  5 9 )  
P7=2 ( K  69) 
N 7 = 2 0  ( K  61) 
CONST1=2 . I K  6 2 )  
GO T O  8 1 2  ( K  6 3 )  

8 1 3  H 6 = N 6 = 1  I K  64)  
n 7=4  1 K  6 5 )  
N 7 = 2 0  1K 6 6 )  
CONST 1= 1 ( K  6 7 )  

8 1 2  GO 8 0 1  M l= i ' 46 rM7 ( K  6 8 )  
DO 8 0 2  N l z N 6 r N 7  ( K  6 9 )  
E T A = E T A l - ( X L 3 A D ( N l  ) * S I G M A R * S I N ( P S I (  N l l  ) I  ( K  7 0 )  
ZETA=l . /  I ( 1 ./ ZET A 1  ) -XLOAD(N l  )*SIGM4R*G4MMA*S I N  ( 4 L P H l )  * C O S (  P S I  ( N  1 ) 1 K 71 1 

1)  ( Y  7 2 )  
XOVERH=SIGHAR*GACMA*I ( T L * C J S ( A L P H Z I  1 + ( l H * S I N ( A L P H Z I  I - ( X L O A D ( N I ) * C O  ( K  71) 

l S ( A L P H 1  )*C35( PS I f N l  1 )  1 1 ( K  74) 
X M l = F L O A T I M l )  I K  7 5 )  
Y O V E R H = S I G Y A R * G A M M 4 * ( - ( ( 2 . * X M 1 - 5 . 1 / 4 .  ) * ( S I G M A T / S I G Y 4 R ) - I X L 0 4 D ( ~ l  ) *  ( K  7 6 )  

l S I N ( P S I ( N 1 )  J ) 1  ( K  7 7 )  
ZOVERH=SIGMhR*G4MYA*( (TH*COS ( 4 L P H 2 )  1 - ( T L  *S I N( AL PI42 1 ) + (  XL04D(  Y 1  1 *SI I K 7 8 )  

l N ( A L P H 1  ) * C O S ( P S I ( N 1 1 1 ) )  ( K  7 9 1  
CALL DLTAS ( C ( K ) I  ( K  80) 

* * S ~ * t * t * * t * + t * 4 * * * * *  SEE APPENDIX Q FOR SIJBROUTIYE OLTAS *********48*********** 

C C  8 0 5  L l = l r 2 8  I K  81) 
8 0 5  X D E L T A ( L 1  ) = X D E L T A ( L l  ) + D E L T A ( L L )  ( K  82) 
8 0 2  CONTINUE ( K  83) 
ea1 CONTINUE ( K  8 4 )  

DO 8 0 7  L 3 = l r 2 8  ( K  8 5 )  
8 0 7  C E L T A ( L 3  )=XDELT4(L3)*SUML*CONSTl ( K  86) 

WRITE 1 6 9 1 4 9 )  C ( K )  ( K  8 7 )  
Y R I T E  ( b e  1 5 0  1 I D E L T A t I  ) r I = l r 2 5 r 4 1  ( K  8 8 )  
WRITE ( 6 ~ 1 5 1 1  ( D E L T A ( I ) r I = 2 r 2 6 , 4 )  I K  8 9 )  
WRITE 16rL521 ( O E L T 4 (  I I s  I = 3  t 27.4 I ( K  9 0 1  
H R I T E  ( 6 9 1 5 3 )  ( O E L T A ( 1 )  r I = 4 r 2 8 1 4 )  1 K  9 1 )  
GO 8 1 4  L 4 ~ 1 . 2 8  I K  9 2 )  

8 1 4  XDELTAt L 4 ) = 0 .  ( K  9 3 )  
4 1  CONT INUE ( K  9 4 )  

GO TO 1 I K  9 5 )  
1 C l  FORMAT ( / / 4 3 X * S I G M A ( R O T O R I  EQUALS ZERO --- USE 8 4 S I C  PROGRAM*) ( K  9 6 1  
1 4 9  FORMAT ( / / 5 X * C H I  = * F 5 . 2 / )  ( K  9 7 )  
150 FORMAT ( 3 X S H ( W * L  1 7 t F 1 7 . 4 ) )  ( K  9 8 )  
151 FORMAT ( 3 X 5 H ( U r L  ) 7 ( F 1 7 0 4 ) 1  ( K  99) 
1 5 2  FORMAT ( 3  X5H( W 0 ) 7 (  F 17.4 1 )  I K  1Fn) 
1 5 3  FORMAT ( 3X5H(U e D ) 7 (  F17.4 ) 1 ( K  101) 
2 1 0  FORMAT ( l X 1 3 1 ( 1 H - )  I ( K  1 0 2 )  
2 1 1  FORMAT l l X l H I l l X  l H I 3 1 X 6 1 k C D R R E C T I O N  FACTORS FOR CORRECTING FROM A I K  1 0 3 )  

1 W  IND TUNNEL WHICH I S 2 5 X l H I b  1K 104) 
2 1 2  FORMAT l l X l H I 1 l X l H 1 1 1 7 ~ 1 b - ~ 1 "  1 (K 10s)  
2 1 3  FORMAT ~1XlHILlX1HI16X1HI5X6HCLOSED5X1HI l S X l H I 2 X 1 2 H C L O S E D  FLOORZX1 (K 1 0 6 )  

1H 16X4HOPEN6XlH I1 6 X l H I  5 X C K L O S E D 4 X l H  1 )  ( K  1 0 7 )  
2 1 4  FORMAT ~ l X l H I 3 X 5 H O E L T 4 3 X 1 H I  5X6HCLOSE35XLHI4X9HON BOTTOM3XIHI6Y4HOP ( K  1 0 R  1 

l E N 6 X l H I  6 X 4 H 3 N L Y 6 X l H I  5X5bFLOOR6XlH 15X6HCLOSED5X 1H I 3 X 9 H O N  BOTTOM3 X1H ( K  1 C 9 )  
2 1  (K 1 1 0 )  

2 1 5  FORMAT E F F E C T )  I 6 X 4 H  ( K  111) 
lONL Y 6 X 1  H 1 1 6 x 1  H I 6  X4HONLYS X l H  I IK 1 1 2 )  

2 1 6  FORMAT ~ 1 X 1 H I l 1 X 1 H I 8 4 ~ 1 k - ~ 1 H I 3 2 ~ l H - ) l H ~ )  ( K  1 1 3 )  
2 1 7  FORMAT ( l X l H [ 1 1 X L H I 3 6 X 1 1 P T O  FREE 4 I R 3 7 X l H 1 8 X 1 6 H T C  GROUND EFFECTBXI  ( K  114)  

lP1) ( K  1 1 5 )  
2 1 8  FGRMAT ( l X l ? l ( l H - ) )  ( K  116) 
900 FORMAT ( I l r F 9 o 3 p 4 F l O o 3 / 4 F l O .  3 )  ( K  117) 
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Appendix K - Concluded 

901 FORMAT ( lk1 / / / 38X*AVER4GE INTERFERENCE OVER T 4 I L  BEHIND F I N I T E - S P A  ( K  118) 
900 FORH4T ( I  l s F 9 . 3 r 4 F 1 0 * 3 / 4 F l 0 . 3 )  (K  119) 
901 FORMAT ( lH1 / / /38X*PVERAGE INTERFERENCE OVER T 4 I L  B E H I N D  F I N I T E - S P A  ( K  1 2 0 )  

1N HOTOR*//56X410 e *  L 0 4 D I  NG* / / lSX*ZET4  =* F6.3,9X*SIGM4(ROTOR 1 =* ( K  1 2 1 )  
2 F 6 * 3 , 9 X * T A I L  LENGTWR =*F6.3*9X*ALPHAIR3TORJ =*F7 .3 / /15X*ETA =*  ( K  1 2 2 1  
? F 6 * 3 r 9 X * S I G M b ( T A I L  1 = * F 6 . 3 , 9 X * T 4 I L  HEIGHT/R =*FC.3.9X*4LPH4(RODY) I K  1 2 3 )  
4 =*F7,3//58X*GAHM4 = * F 7 . 3 / /  1 I K  1 2 4 )  

999 STOP ( K  1 2 5 1  
END (K 1261 

40 



FORTRAN PROGRAM FOR CALCULATING THE AVERAGE WIND-TUNNEL 

INTERFERENCE OVER TANDEM ROTORS 

T H I S  PROGR4M W4S WRITTEN I N  CDC FORTR4N1 VERSION 2.1, T O  R J N  ON CDC 60n0 
S E R I E S  COMPUTERS d I T H  THE SCOPE 3 . 0  OPERATING SYSTEM AND L I B R A R Y  TAD€. MINOR 
M O D I F I C 4 T I O N S  M4Y BE REOUIRED PRIOR T O  U S E  I N  OTHER COMPUTERS. T H I S  PROGRAM 
HAS BEEN FOUND TO BE SATISFACTORY ON THE AFOREMEVTIJNEO COMPUTERS YHICH CARRY 
THE EOUIVPLENT OF 4PPROXIM4TELY 1 5  D E C I M 4 L  D IGITS.  CCHPUTERS O F  LESSER PRE- 
C I S I O N  MAY REQUIRE M O D I F I C A T I O N  T O  DOUBLE PRECIS ION I N  CRDER TO O B T A I N  RESULTS 
OF EOU4L ACCUR4CY. 

T H I S  PROGRAI1 REOUIRES THE USE OF SUBROUTINE DLTAS WHICH I S  G I V E N  I N  
APPENDIX 0. 

I N P U T  WILL BE FOUND AT PDCRESS 1 ( T W O  C4RDS PER CASE)  I N  FORMAT 900. NOTE 
TPAT T I - €  REFERENCE O R I G I N  I S  CHOSEN TO BE AT THE CENTER 3F THE FRONT ROTOR. THE 
DIQMETERS 4 N O  L O 4 0  D I S T R I B U T I C N S  OF THE TWO ROTORS ARE ASSUMED TO B E  1DENTICAL.  
THE REQUIRED INPUT VARIABLES FCR THE FRONT ROTOR* O Y  TbE F I R S T  CARD,, ARE 

L I  LOAD I N D I C A T O R *  L I = 1  FOR UNIFORM DISK-LC4D D I S T R I B U T I O N ,  L I=2 
FOR TRIANGULAR DISK-LOAD D I S T R I B U T I O N  

Z E T A 1  SEMIHEIGHT OF TUNNEL D I V I D E D  BY HEIGHT CF O R I G I N  ABOVE FL3OR 

ET 4 1  D ISTPNCE FROM O R I G I N  TO RIGHT-HAND WALL D I V I D E D  BY TUNNEL 
S E C I  W I D T H  

GAMMA WIDTH-HEIGHT R l l T I O  OF WIND TiJNNEL 

S IGMA R A T I O  O F  ROTOR DI4METER TJ TUNYEL WIOTH 

BETA S IDE-SL I P  4NGLE s DEG 

PL PHAF ANGLE OF ATTACK OF T I P - P 4 T H  PL4NE OF FRCNT ROTOR, DEG 

4LPHAB 4NGLE OF 4TTACK O F  BODY CARRYING REAR ROTORS DEG 

THE REQUIRED INPUT VARIABLES FOR THE REAR RJTOR, CN THE SECOND CARD, ARE 

LRR DIST4NCE OF REAR ROTOR REHIND O R I G I N  PT 4LPH4B = 0, NONDIHENSION- 
A L I Z E D  WITH RESPECT TO ROTOR R A D I U S  

bRR FEIGHT OF REAR ROTOR ABOVE O R I G I N  A T  A L M A B  = 0 1  NONDIHENSION- 
A L I Z E D  M I T P  RESPECT TO ROTOR R 4 D I U S  

PLPHAR 4NGLE OF ATTACK OF T IP-PATH PL4NE OF RELR ROTORI DEG 

T H I S  PROGRAM COMPUTES INDEPENDENTLY THE INTERFERENCE A T  EPCH ROTOR DUE T O  
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Appendix L - Continued 

I T S  OkN PRESENCE AND THE INTERFERENCE A T  EACH ROTOR DUE T O  T H F  PRESEVCF 3 F  THF 
OTHER ROTOR. I N  THE L I M I T *  kHEN S I G P 4  IS ZERO* THE TWO ROTORS 4RE C O I N C I D E N T *  
ALL FCUR INTERFERENCES ARE I D E N T I C A L r  AND ONLY ONE SET OF INTERFERENCES IS C A L -  
CULATED. 

PROGRAM 
COMHON 
OIHENS I O N  

W INDTUN( INPUTrOUTPUT rTAPES=INPUT rTAPE6=OUTPUTl  
ZETA*  E T  A * G A M M A *  XO CEaH rYOVERH ~ZOVERHIDELTA (281 

XDEL T A  ( 2 8  1 r PS I ( 23 1 *XL04D(  2 0 1  *RUN1 F (  20 ) r R T R 1  A (  2 0  1 r C ( 8  1 
RE4L LRR 
D4T4  
CATA 

( RUN IF ( I J r 1-1 20) / 4 + 0 . 2 9 8 1 r  8 *Oe6255  r 8*0.892 1/ 
( R T R I A (  I I *  It1 r 2 O J / 4 * 0 . 4 3 8 6 ~ 8 * Q .  7 2 9 6 r  8 *0 .9262 /  

D A T A  c ( I 1, ~=i 8 ) I  20. 30.  *40. * 50. . *70. 80. * 90 .I 
P I = 3 . 1 4 1 5 9 2 6 5 3 5  e 9 7 9  
R40=0.0 1 7 4 5 3 2 9 2 5 1 9 9  
CO 8 0 3  L l s l r 2 8  

P S I ( 1  ) = ( P I / 4 . 1  
P S I ( 2 1 = 3 . * P S 1 ( 1  I 
P S I ( 3 1 = 5 . * P S I ( l  I 
P S I ( 4 ) = 7 . * P S I ( l I  
P S I ( 5 1 = P S  1 ( 1 3 ) = ( P 1 / 8 .  
P S 1 ( 6 ) = P S  I( 1 4 k 3  . *PS I f 5  1 
P S I  ( 7  1 =PS I ( 1 5  )=5.*PS I 5 
P S I (  8 I =  P S  I ( 16 )=7 .*PS I t 5 )  
P S I  (91=P S I( 1 7  )=9 * P S I  ( 5  ) 
P S I  1101 = P S I  ( 1 8  )=11 .+PSI  ( 5 1 
P S I ~ 1 1 l = P S I l 1 9 ~ = 1 3 ~ * P S I ~ 5 1  
PSI(12)=PSI(20 1=15.*Ps I  ( 5 1  

803 XDELTAt L 1  I=O. 

1 READ ( 5 r 9 0 0 1  L I r Z E T A l r E T 4 l r G 4 H C 4 r S I G M 4 r B E T 4 r 4 L P H I F ,  4LPH4Bp 
1 LRR 9 HRR AL PH 4R 

I F  ( E O F r 5 )  9 9 9 r 4 7  
47 PILPF=ALPHAF 

A AL PR= ALPH AR 

bBETA=BET A 
4LPH4F=4LPHPF*R40 
ALPHAR= ALPHAR*RAO 
ALPH48=4LPH4B*RAO 
B ET A=B E T A  *RAD 

a 4 ~  PB=ALPWB 

URITE (6r1001 
SUML= e 0 0 2 5  
I F  (LI.EC.11 GO TO 8 0 4  
14LPH4= 1 OHTR I ANGUL 4R 
00 808 H 2 = 1 * 2 0  

808 XLO4D(HZ)=RTRI  4 ( M 2 1  
GO T O  1 6 0  

804 14LPH4=1OHUNIFORC 

809 XLOAD(M2 l=RUNIF(H2  1 
160 NROT=4 

DO 809 H 2 = 1 9 2 0  

I F  (SIGMA.EQ.0.) NROT=l  
DO 42 I R T R = l r N R O T  
WRITE ( C r  7 0 1  1 
GO TO ( 6 0 1 r 6 0 2 ~ 6 0 3 r 6 0 4 1 r  I R T R  

601 I F  ISIGMA.EQ.O.1 WRITE ( 6 1 7 0 7 1  
I F  (SIGH4.EQ.O.) GO TO 610 

GO TO 610 

CO TO 610 

WRITE ( 6 r 7 0 2 )  

602 WRITE ( 6 r 7 3 3 )  

42 

I L  1 1  
I L  2 1  
I L  3 1  
( L  4 1  
I L  5) 
( L  6 )  
tL 71 
( L  8 1  
( L  9 )  

( L  I n )  
I L  1 1 1  
( L  1 2 1  
I L  1 3 1  
I L  1 4 1  
( L  1 5 1  
I L  1 6 )  
( L  1 7 )  
( L  1 8 1  
( L  1 9 1  
( L  29)  
( L  2 1 1  
( L  2 2 )  
( L  2 3 )  
( L  2 4 1  
I L  2 5 1  
1 L  2 6 1  
( L  2 7 1  
( L  28) 
( L  2 9 )  
( L  3 P l  
I L  3 1 1  
( L  3 2 1  
( L  3 3 )  
( L  3 4 1  
I L  351 
( L  3 6 )  
(L  3 7 1  
( L  381  
( L  3 9 )  
( L  4 0 1  
I L  411 
( L  4 2 1  
( L  4 3 1  
( L  4 4 1  
( L  4 5 )  
( L  46) 
I L  47)  
( L  4 8 1  
( L  4 9 1  
( L  5 0 )  
( L  5 1 1  
( L  5 2 1  
I L  5 3 )  
( L  5 4 1  
( L  5 5 1  



Appendix L - Continued 

603 WRITE ( 6 9 7 0 4 )  

604 WRITE ( 6 9 7 0 5 )  
6 10 WRI TE ( 6 r 7 0 6  ) 

k R I T E  ( 6 r 2 1 9 )  
WRITE ( 6 ~ 2 1 1 )  
WRITE ( 6 , 2 1 2  
W R I T E  ( 6 r 2 1 3 )  
WRITE 1 6 9 2 1 4 )  
WRITE ( 6 9 2 1 5 )  
WRITE ( 6 ~ 2 1 6  1 
k R I T E  (6,217)  
WRITE t 6 r 2 1 8 1  
00 41 K = l 1 8  

GO TO 610 

IALPH4rGACCA r SIGMA9 LRRr  44LPFr 4 4 L  PB, ZET41, E T 4 1  r 
1 HRRe4ALPRt  ABET4  

H 7=N7= 20 

M7=N7=1 

GO TO 812 

IF (SIGHAoNE.Oo) GO TO 8 1 5  

C O N S T l = 4 0 0  

815 I F  ( E T A l o N E o l . o O R o A B E T A . N E o @ . )  GO TO 8 1 3  
CON ST 1 = 2  
GO TO 812 

8 13 C O N S T l = l  
812 CO 801 M l = L e M 7  

00 802 N11 l rN7  
I F  ( E T 4 1 o N E . l . o O R o 4 B E T 4 . N E . O . ~  GO TO 811 
I F  I P S I l N 1 ) o G T o P I )  GO TO 8'32 

811  GO TO ( 6 2 1 r 6 2 2 r 6 2 3 r 6 2 4 ) r  I R T R  
021 E T 4 = E T A 1 - X L O A D ~ N 1 ~ * S I G M A * ~ S I N ~ P S I ~ ~ l ~ ~ * C O S ~ B E T 4 ~ +  

1 

1 * S I N f d L P H 4 F )  I 

1 
2 

1 
2 

1 X L O A D ( N L ) * t O S ( P S I ( N l ) ) )  

COS ( P S  I (  N l  ) )*COS( ALPI-AF) * S  I N  ( R E T 4 )  ) 
Z ETA-ZET b l /  I1 .O-XLObC[ N 1 )  *S I GM A*G4YHA*ZET4 l *COS I PSI ( N 1 )  1 

XOVERH=S IGMA*GAMHA*( XLOAC ( H l I * I C D S  ( P S  I (  M l )  ) * C O S (  ALPHAF ) * C 3 S  ( B E T A )  
- S I N ( P S I  ( M 1 1  I * S I N ( B E T A )  ) - X L 0 4 D ( N l  ) * ( C O S ( P S I (  h l  I ) *COS(4LPH4F I 
*COSIBET A I - S  I N t P S  I ( N 1 ) )  * S I N ( B E T A I  1 ) 

( M l  1 )*COS( ALPHAF ) * S I N  (BETA I -  XLJAD[ N 1 )  * [ S I N  ( P S I  I N 1  1 )  * 
COS ( BE TA 1-CO S (  P S I ( N 1 )  I *COS I 4L  PH4F I * S  I N  ( BET 4 )  I 1 

YOVERH=S IGHA*GAMMA*(XLOAD(M 1) * ( S I N (  PS I (  M1)) *COS( R E T 4 ) + C O S ( P S I  

Z O V E R H = - S I G M A * G A M M 4 * S I N (  A L P i i A F ) * I X i O P D (  H l ) * C O S ( P S I  (Hill- 

GO TO 630 
E 2 2  ET4=ETb l -XLOAD(  N l ) * S  IGMA*(S I N (  P S I  ( N 1 1  )*COS(BET 4 )  +COS( P S I ( N 1 1  I *  

1 
2 H R R * S I N I A L P H A B ) )  

1 S I N ( 4 L P H A R ) t L R R * S I N l A L P H A B ) - H R R * C O S ( 4 L P H 4 8 )  I )  

1 
2 
3 ( L R R * C O S ( A L P H A B I + H R R * S I N I A L P H A B ) J )  

1 C O S ~ P S I ~ M l ) ~ * C O S ~ A L P ~ 4 F ~ * S I N ~ ~ E T A ) ) - X L O A D ~ N l ~ * ~ S I N ~ P S I ~ N l I ~  
2 *COS(BETAJ+COS(PSI  I N 1 1  I ~ C O S ( 4 L P H A R ) * S I N ( B E T 4 ) )  - S I N ( B E T 4 ) *  
3 (LRR*COS(ALPH4B)+HRR*S!N(ALPHAB) 1 )  

1 
2 HRR*COS ( A t  PHAB I 

COS [ AL PH4R J * S I N  ( BET A 1 - S  I GHP*S I N ( R E  TA 1 * ( L R R*CO S ( 4LPH AB 1 + 

Z E T 4 = Z E T 4 1 /  I loO-SIGMA*GAMH~*ZET4l*~XLOAD~Nl ) * C O S ( P S I ( N l I  ) *  

XOVERH= S IGM4*G4MM4*( XLOAD( M l  * (COS I P S I  H11 1 *COS I ALPH4F 1 *COS 
RETA AI-S I N  (PS I ( M 1 )  ) * S I N  [ B E T A )  ) - X L D 4 3 ( N l ) * ( C O S I  P S I  ( N 1  I ) *  

C O S  ( A L P H d R ) * C O S I B E T 4 ) - S I N (  P S I (  N 1 )  ) * S I N  ( B E T 4 1  )-COS ( BET4  I *  

YOVERH=SIGM4*G4HW4*( X L C 4 C ( M l ) * ( S I N ( P S I  (HI I * C O S ( B E T A I +  

Z O V E R H = - S 1 G ~ 4 * G A M H P * I X L O A O (  H l ) * C O S I  P S I ( M l ) ) * S I  N( 4LPHAF) -  
XLOAC (N1)  *CO S (  PS I ( N 1 1 1 * S I N  [ 4LPH4R) -LRR* S I N ( 4LPH AB 1 + 

GO T O  630 
623 E T A = E T A l - X L I A D  ( N 1 )  * S  IGHd*(S I N  I P S I  t N 1 )  1 *COS( BETA)  +COS(  P S I  ( N  1 1 1 

1 *COS( 4LPHAR 1 * S I N  ( B E T 4  1 1 -SI GHA*S I N  [ BETA I *(  L R R t C f l S  ( ALPHAB) 
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Appendix L - Continued 

2 +HRR*SIN IALP l -AB11  

1 

1 
2 

1 ( P S I ( M 1  ) l * C O S ( A L P H A R l * S I N ( B E T 4 ~  ) - X L 3 4 D ( N 1 1 * (  S I N ( P S I ( N 1 ) l  
2 

1 X L 0 4 D ( ~ l l * C O S ~ P S I ( N l ) ) I  

ZET4=ZET41 /1  l oO-S IGM4*G4MM4*ZETP l * (  X L 0 4 D ( N l  )*COS ( P S I  ( N 1 1  I*S I N  
( 4LPl-AR 1 +LRR*S I N  

dLPH4R ) * C O S  
I BETA I-S I N  ( P S I  ( M 1 I  ) *SIV I BETA)  1 - X L 3 4 D (  N l  1 * (CO S(P SI ( N 1 )  1 * 
COS (ALPHAR ) *COS(BETA ) - S I N (  P S I ( Y 1 1  ) * S  I N (  B E T 4 )  1 )  

ALPHAR) -HRR*C3S I 4LPHAB J 1 1 
XOVERH= SIG,HA*GIMHP*( XLO 4C( M 1  I * (  COS (PS  I 1 M 1  1 1 * C O S  

YCVERH= S I  GYP*G4MM4* ( XLOAD( M l  1 *( S I N (  P S I  [ 4 1  1 I * C O S  ( BETA ) +COS 

* C O S (  BET4 1 +CGS I P S I  ( N 1 )  1 * C O S (  4LPH4R 1 *SI V ( B E T  4 1 1  b 
Z C V E R H z - S I G M A * G A M M A * S I N (  ALPHARI*(XLOADIMl)*COS(PSI(Ml~ I -  

GO TO 6 3 0  
624 E T4=ET4 l - X L O 4 0 (  N 1 1  * S I G P 4 * (  S I N (  P S I  ( N 1  I 1 *COS I BET 4 1 *COS PS I ( N 1  I 1 * 

1 COSIALPHAF l * S I N ( R E T A ) )  

1 

1 
2 
3 

1 ( H 1  l ) * C O S (  4 L P H 4 R ) * S I N t B E T A )  )+SIN(BET4l*(LRR*COS~ALPH4B)+ 
2 HRR*S I N (  4LPHAB 1 l -XLCAD(  N 1 1  * ( S I 9  ( P S I (  N 1  1 1 *COS (BET41  + 
3 COS P S I  ( N 1 

1 L R R * S I N ( 4 L P H 4 B l - H R R * C O S ( 4 L P H 4 B ~ - X L D 4 D ~ N l  I * C O S ( P S I ( N l  l l *  
2 S I N I A L P H A F )  1 

630 CbLL DLTAS ( C ( K ) )  

ZfTA=ZETAl/(loO-XLOAC(Nl l * S I G M A * G A M M 4 * Z E T 4 1 * C O S (  P S I ( N 1  ) I *  
S I N  ( ALPHAF 1 1 

( BET4 I - S I N  ( P S I  ( M 1 1 )  *SIN (BETA 1 I +COS(BETA 1 *( LRR*COS( ALPH4B) 
+HRR*SIN(  4 L P H 4 B I  )-XLOAD( N l  l * ( C D S  ( P S I  ( N 1 )  )*COS( ALPHAF 1 * 
COS (BET4) -S  I N (  PS I (  N 1 )  ) * S I N ( B E T 4  1 )  1 

YOVERH= S I  GMA*GAHH4*( XLOAO(M 1 ) * ( S I N (  P S I  ( M l  1 1 *COS( BETP) +COS( P S I  

XOVERH= S IGMA*GAMMA*( X L O A O (  M l  *( COS ( PS I I H 1  1 1 *COS ( ALPHIRI *CDS 

1 *COS ( 4LP H4F I * S I N  ( BE T 4 ) ) 1 
ZOVERH=-SIGMA*GACMA*(XLOAD(MlI*COS~PSI~Ml ) ) * S I N (  ALPHARI + 

( L  117) 
( L  1 1 8 )  
I L  1 1 9 1  
( L  1 2 0 1  
( L  1 2 1 1  
( L  1 2 2 1  
( L  1 2 3 1  
I L  1 2 4 1  
( L  1 2 5 1  
( L  1 2 6 )  
( L  1 2 7 1  
( L  1 2 8 1  
( L  1 2 9 )  
( L  1 3 0 1  
(L 1 3 1 1  
( L  1 3 2 1  
( L  1 3 3 1  
I L  1 3 4 1  
( L  1 3 5 1  
( L  1 3 6 )  
( L  1 3 7 1  
( L  1 3 8 )  
( L  1 3 9 1  
( L  1 4 ? 1  
( L  141) 
( L  1 4 2 1  
(L  1 4 3 1  
( L  144 )  

*t***$*******+*8***** SEE APPEND1 X Q FOR SlJBROUTI NE DLTAS *************8***+**** 
00 805 L 1 = 1 r 2 8  ( L  1 4 5 1  

8 0 5  XOELT4( L 1  l = X D E L T A ( L l  )+DELTP(  L1)  ( L  146) 
8 0 2  CONTINUE ( L  1 4 7 1  
8 0 1  CONTINUE (L 1 4 8 )  

00 807 L 3 = 1 9 2 8  ( L  149) 
8C7 CELT4 tL  3 l = X D E L T 4 (  13 I *SUHL*CONSTl ( L  1 5 0 )  

GO 500 L L = 1 * 2 8  ( L  1 5 1 )  
5 0 0  DELTA( LL  I = D E L T & ( L L  ) * P I  *( SIGM4**2  1 *G4HY4/4.0 I L  1 5 2 )  

WRITE ( 6 , 1 4 9 1  C I K )  ( L  1 5 3 )  
WRITE ( t r l 5 G )  ( D E L T 4 ( I l e I = l r 2 5 * 4 1  ( L  1 5 4 1  
WRITE ( 6 9 1 5 1 )  ( O E L T 4 ( I I r I = 2 r 2 6 r 4 1  I L  1 5 5 )  
WRITE ( 6 9 1 5 2  I ( D E L T A ( I I  r I = 3 9 2 7 9 4 )  ( L  1 5 6 )  
WRITE ( 6 9 1 5 3 1  ( D E L T A ( I I r I = 4 r 2 8 r 4 1  I L  1 5 7 1  
00 8 1 4  L 4 = 1 * 2 8  ( L  1 5 8 )  

814 XDELTA( L4 J=O. ( L  1 5 9 1  
41  CONTINUE ( L  169) 
4 2  CONTINUE I L  161)  

GO TO 1 ( L  1 6 2 )  
100 FORM41 ( l H 1 / / / / / / / / / 5 9 X * S T 4 R T  NEW C 4 S E * l  ( L  1 6 3 )  
149 FORMAT ( l X * C H I  = *  F 7 . 3 / 1  ( L  164)  
150 FORM41 ( 3 X 5 H ( k r L ) 7 ( F 1 7 . 4 1 1  I L  1 6 5 1  
1 5 1  FORMAT ( 3 X 5 H ~ U 9 L 1 7 1 F 1 7 o 4 1 )  ( L  166) 

(L 1671 
1 5 3  FORMAT ( 3 X 5 1 4 ( U 9 0 ) 7 (  F17.4  I / /  1 I L  168) 
2 1 0  FORMAT ( 1 X l 3 1 ( 1 H - ) l  ( L  1 6 9 1  
2 1 1  FORMAT ( 1 X l ~ I l l X l H I 3 1 X 6 l H C 3 R R E C T [ O N  FACTORS FOR CORRECTING FROM A (L  1701 

lWIND TUNNEL WHICI- I S 2 5 X l H I  1 (L 171) 
2 1 2  FORMAT ( l X l H I l l X l H I 1 1 7 (  1 H - I l H t  1 I L  1 7 2 1  
213 FORN4T ( lXlHI11XlHIl6XlH15X6HCLOS~~5X~HI 16X1HI2X12HCLOSED FLOOR2X1 (L  1 7 3 1  

l H I 6 X 4 H O P E N 6 X l H I  16X lH I5X6PCLOSED4X1- I I  (L 174) 
2 1 4  FORMAT ( l X l H I 3 X 5 h D E L T A 3 X ] H I 5 X 6 H C L O S E ~ 5 X l H I 4 X 9 H O N  BOTTON3XlH I6X4HOP ( L  1 7 5 1  

1 E N 6 X ~ H ~ 6 X 4 H O N L Y 6 X l H I 5 X $ H F L O O R 6 X ~ H ~ 5 X 6 H C L O S E D 5 X 1 H I 3 X 9 H O N  BOTTOM3XlH ( L  1 7 6 1  

152 FORMAT ( ~ X ~ H ( W I D I ~ ( F  1 7 - 4 1 )  
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2 1  1 (L 177) 
215  FORMAT ( lXlHI1lX1H116X1HI6X4HONLY6XlHIl6Xl8HI~GRCUND EFFECT)  IbX4H ( L  178)  

l O N L Y 6 X  1 H I  l 6 X l H  I 6 X 4 H O N L Y 5  X1H I ) ( L  179) 
216 FORMAT ~ l X l H I l l X l H I ~ 4 ~ 1 H - ~ l H I 3 2 ~  l H - ) l H I )  ( L  160) 
217 FORMAT ( l X 1 H I l l X l H I 3 6 X l l H T O  FREE A I R 3 7 X l H I B X 1 6 H T C  GROUND E f F E C T B X l  ( L  181 1 

l H I l  ( L  1 8 2 )  
218  FCRW4T I l X 1 3 l I l H - ) / )  (L 183 )  
701 FORMAT ( l H 1 / / 4 1 X * A V E R A G E  WIND-TUNNEL IYTERFERENCE OVER T4NDEM ROTO ( L  184)  

1R S*/ ( L  1 8 5 )  
702 FORMAT (49X*EFFECT O F  FRCNT ROTOR O N  FRONT ROTOR*//) ( L  1 8 6 )  
703 FORMdT (49X*EFFECT OF R E I R  ROTOR ON FRONT ROTOR*//) ( L  1 8 7 )  
704 FORMAT (48X*EFFECT OF REAR ROTOR ON 2EAR ROTOR*//) ( L  1 8 8 1  
705 FORMAT (49X*EFFECT O f  FRCNT ROTOR ON RE4R ROTOR*//) (L  189)  
706 FORMAT ( 5 8 X A 1 0 *  LOADING*//6X*GAHHA =*F7.3r lOX*SIGMA =*F6.3* (L 190) 

11OX*L ( RR 1 /R =*F6 03 s 10X*ALPH 4 (F R 1 =*f  6-39  10X*ALPH 4( BODY 1 =* I L  191) 
2 F 8.3//4 X*Z ETA =*F7 e 3  10 X*E TA =*F 6.39 LOX*  H( RR 1 /R =*F6.3 9 ( L  192) 
31 OX*ALPHA ( RR 1 =*Fa -3 * 14X*BET A =*F 8 . 3 /  / )  (L  193)  

707 FORMAT (26X*FOR SIGMA = 01 THE EFFECTS OF THE FRCNT ROTOR ON T H E  F ( L  194) 
l R G N T  ROTOR* THE REAR ROTOR*/26X*ON THE FRONT ROT@R* THE REAR ROTOR (L  195)  
2 ON THE RE4R ROTOR* 4ND THE FRONT ROTOR ON THE*/39X*REAR ROTOR ARE I L  196)  
3 ALL I O E N T I C A L s  ANC ARE G I V E N  AS FOLLOWSt* / / )  ( L  197) 

900 FORM4T ( I1 rF9-39  6F 10.3/3F10. 3 )  (L  198)  
999 STOP (L  199) 

E NO ( L  200)  
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APPENDIX M ---------- 

FORTRAN PROGRAM FOR CALCULATING THE AVERAGE WIND-TJNNEL 

INTERFEREhCE OVER UNL04DEO-ROTOR CONFI  CUR41 I O N S  

T H I S  PROGRAM W4S WRITTEN I N  CDC FORTR4Ns VERSION 2.1, T O  RUN ON CDC 6300 
S E R I E S  COMPUTERS W I T H  THE SCOPE 3.0 OPERATING SYSTEM AND L I B R A R Y  TAPE. MINOR 
MODIF ICATIONS MAY BE REQUIRED PRIOR TO USE I Y  OTHER COPPIJTERS. T H I S  PROGR4M 
HAS BEEN FDUNG TO B E  SATISFACTCRY ON THE 4FOREMENTIONEC COMPUTERS WHICH CARRY 

C I S I O N  MAY REQUI i iE  M O D I F I C A T I O N  TO DOUBLE P R E C I S I O N  I N  ORDER TO O B T A I N  RESULTS 
THE ECUIVALENT OF APPROXIMATELY 1 5  DECIMAL D I G I T S .  COMPUTERS OF LESSER PRE- 

OF EQUPL ACCURACY. 

T H I S  PROGRAM REOUIRES THE USE OF SUBROUTINE DLTAS WHICH I S  GIVEV I N  
APPENDIX Q. 

I N P U T  U I L L  B E  FOUND AT AOORESS 1 (TWO C4RDS PER C I S € )  I N  FORM41 903. NOTE 
T k A T  T k E  REFERENCE O R I G I N  I S  CHOSEN TO BE AT THE CENTER OF THE ROTOR. THE RE- 
OUIRED INPUT V A R I A B L E S  FOR THE ROTOR, ON THE F I R S T  CARD, 4RE 

L I R  ROTOR DISK-LOAD-DISTRIBUTION I N D I ~ A T O R I  L I R X l  FOR UNIFORM L 3 A D -  
ING, L I R = 2  FOR TRIANGULA2 LOADING 

Z ETA1 SEMIHEIGHT OF TUNYEL D I V I D E D  B Y  H E I G H T  CF O R I G I N  ABOVE FLOOR 

ETA1 D ISTANCE FROM O R I G I N  TO RIGHT-HAND WALL D I V I D E D  BY TUYNEL 
S E M I  WIDTH 

G4MM4 WIDTH-HEIGHT R 4 1 I O  OF M I N D  TUNNEL 

SIGMAR R A T I O  OF ROTOR DIAMETER TO TUNNEL WIDTH 

ALPHAR ANGLE OF ATTACK O F  ROTOR T IP-PATH PLANE, DEG 

TFE REOUIRED I N P U T  V 4 R I A B L E S  FOR THE WING, G I V E N  ON THE SECUND CARD, ARE 

LIW WING SPAN-LOAD-DISTRIBUTIDN INDICATORI LIW=1 FOR UNIFORM L O A D I N G S  
L I C = 2  FOR E L L I P T I C  LO4DING 

LW DISTANCE O F  WING APEX B E H I N D  O R I G I N ,  N O h D I M E N S I O N 4 L I Z E O  WITH RE- 
SPECT TO ROT32 R A D I U S  

HW DISTANCE OF WING APEX ABOVE O R I G I N ,  NONGIHENSIONALIZED WITH RE- 
SPECT TO ROTOR RADIUS 

S I G M A W  R A T I O  O F  WING SPAN TO TUNNEL WIDTH 

LAMBDA WING SWEEP ANGLE, DEG 

4LPhA8 ANGLE O F  ATTACK OF BODY CARRYING WING AND T A I L ,  DEG 
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Appendix M - Continued 

T H I S  PROGRAM REJECTS CASES OF ZERO SPAN. SIYCE TPE EQUATIONS A R E  FORMED 
I N  TERMS OF ROTO& RADIUS. SUCH CASES REPRESENT INPUT ERRORS. 

T H I S  PROGRAY COMPUTES INOEPENOENTLY THE INTERFEREhCE ON THE WING AND ROTOR 
DUE TO THEIR OWN PRESENCE* 4 5  k E L L  45 THE INTERFERENCE ON E4CH DUE 
ENCE OF THE OTHER. 

TO THE PRES- 

PROGRAM 
COMMON 
CIMENSION XDELTA(281rPSI(20lrRLOAD(20~ v R U N I F ( 2 0 )  * R T R I A ( Z O )  

W I N D T U N t  INPUT *OUTPUT r T A P E 5 - I  NPUT VTA PE6=OLTPUT) 
Z ETA9 ETA, G A M M A *  XOVERH rYOVERHr ZOVERHi DELTA (2 8 ) 

1 X L E ( l @ J r X L 0 4 0 ( 2 0 ) r C ( 8 )  
REAL LAMBDAS LW 
C4T4 (RUN I F (  I I * I S 1  2 C )  /4*O. 2 9 8 1  r8*O 0 6255 r 8 *  0.892 1/ 
E4TA I RTR 1 A l l )  r I = l r 2 0 ) / 4 * 0 0 4 3 8 6 r 8 * 0 *  729698+0 .926  2 /  
O A T 4  ( C (  I ) *  I ~ 1 ~ 8 ) / 2 0 o r 3 0 . ~ 4 0 ~ ~ 5 0 0 ~ 6 ~ ~ ~ 7 ~ 0 ~ 8 0 ~ ~ 9 ~ ~ /  
P 1 ~ 3 .  1 4 1  5 9 2 6 5 3 5 8 9 7 9  
RAD=Oo01745 3 2 9 2 5 1 9 9  
00 803 L l z l r 2 8  

P S I  Ill=( P1/4.) 
P S 1 1 2 ) = 3 0 * P S I ( l )  
P S I  I 3 J=5 o*PS I( 1 ) 
P S I  ( 4  )=7  . *P s I ( 1 ) 
P S I  ( 5 I = P S I  4 1 3 ) = (  P I  /a. 1 
PS I t 6 ) =PS I ( 14 )=3. *PS I (5  1 
P S I  1 7 )  = P S I  1 1 5 ) = 5  . *PSI  I 5  1 
P S I (  8 ) = P S I (  16 )=7.*PS I f  5 )  
P S I  (9) I P S  I( 1 7 ) = 9 . * P S I  ( 5 )  
P S I ( l O J = P S I I  1 8 ) = 1 1 . * P S I (  5 )  
P S I ( 1 1  ) = P S I  l 1 9 ) = 1 3 . * P S I ( 5 )  
P S I  ( 1 2  1 =P s I ( 2 0  ) =15 . * P S I  5 1 
XLE f 1 ) =XL E I 10 ) =O 0 4 3 5  7 9 
XLE ( 2 ) = X L  E ( 9 ) = 0 * 7 1 4 2 2  

8 0 3  X O E L T A ( L l ) = O *  

X L E ( 3  ) = X L  E( 8 J = C  - 8 6 6 0 3  
X L E ( 4 ) = X L E ( 7 )  =C.95354 
X L E I 5  ) = X L E 1 6  1 ~0.99499 

1 R FAD 4 5 9 <jCC ) L IR ZE TAL 9 ET A 1 *G 4MM ht  S I G Y P  R 9 A L PH4R t L  I W t L W tH  H t 
1 SI GM 4W L AM BOA AL PHAB 

I F  ( E O F t 5 )  9 9 9 9 4 7  
47 AALPR=ALPHAR 

PALP B=(LLPbAB 
4L4M=L 4MB04 
LAMBDA=LAMBOA*RAC 
ALPH4R=4LPHAR*R4D 
PL PH AB= AL PH AB*R A0 
WRITE ( 6 9  1 O C  1 
I F  (L IR.EQ.1)  GO TO 8 0 4  

00 808 M 2 = 1 * 2 0  
IALPHA= lOHTRIANGULbR 

808 R L O A D t M 2 ) = R T R I A (  P 2 )  
GO TO 806 

804 I ALPWA= 1OHUNIFORM 
DO 809 M 2 = l r 2 0  

809 R L O A D I M 2 ) = R T R I A ( M 2 )  
806 I F  ILIW.EO.11 GO TO 8 5 2  

I BET A= 8t-E L L  I PT IC 
DO 8 5 1  H 3 = l r 1 0  

8 5 1  XLOAO(M3)=XLE(M3J  
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GO TO 850 
852 I BET4=8 kUN IFORM 

DO 853 M 3 = l r 1 0  
8 5 3  XLf l4D(M3 ) = l o 0  
R50 I F  ISIGHARoNE.O.1 GO T O  8 5 5  

WRITE t 69 7 0 1  i 
W R I T E  I 6 9 7 8 6  

W R I T E  1 6 ~ 2 1 3 1  
k R I T E  ( 6 9 2 1 1  1 
W R I T E  ( 6 , 2 1 2 )  
W R I T E  ( 6 . 2 1 3  1 
&RITE ( 6 9 2 1 4 )  
W R I T E  1 6 ~ 2 1 5 1  
W R I T E  ( 6 1 2 1 6 )  
W R I T E  ( 6 9 2 1 7  1 
WRITE ( 6 , 2 1 8 )  
W R I T E  ( 6 9 7 0 7  1 
GO TO 1 

855 DO 42 I E L E H = L , 4  
WRITE 1 6 9 7 0 1 1  
GO TO ( 6 0 1 r 6 0 2 ~ 6 0 3 r 6 0 4 1 r  I E L E H  

6 0 1  W R I T E  ( 6 , 7 0 2 )  

6 0 2  W R I T E  1 6 ~ 7 0 3 )  

6 0 3  WRITE ( 6 ~ 7 3 4 )  

6 0 4  URITE ( 6 , 7 0 5 1  
6 1 0  WRITE 1 6 ~ 7 3 6 )  I 4 L P H 4 r I B E T 4 ~ S I G Y A R ~ Z E l 4 l ~ L ~ ~  A4LPR rSIGM4W9ET419 

IALPHA,  I BETAvSIGMAR 9ZET41,  LW 9 A4LPR *SI GMAWIETA 1 9  

1 H W W ~ ~ L P S * G ~ M ~ ’ ~ ~ ~ L ~ M  

GC TO 6 1 C  

GC TO 610 

GO TO 61@ 

1 HW , 4 4 L P B .  G4MC4 t 4LAH 
WRITE 1 6 9 2 1 0 )  
WRITE ( 6 9 2 1 1 1  
W R I T E  ( 6 9 2 1 2  1 
k R I T E  ( 6 9 2 1 3 )  
WRITE ( 6 ~ 2 1 4 1  
W R I T E  ( 6 ~ 2 1 5 )  
NRITE 1 6 ,  2 1 6  1 
W R I T E  l t . 2 1 7 )  
W R I T E  ( 6 9 2 1 8 1  
CO 4 1  K = l r 8  

GO TO 1 6 1 1 r 6 1 2 r 6 1 3 r 6 1 4 l r  I E L E H  
P7=N7= 20 

C 
C RCTOR ON R 3 T O R  
C 

6 11 SUML=O o0025 
I F  (ETA l .EQ. l . 1  SUHL=G.005 
GO TO 8 1 2  

C 
C WING ON ROTOR 
C 

6 1 2  SUML=@.0063C52 
I F  (SIGMAW-EQ.0.) GO TO 6 1 5  
IF ( L ~ W . E Q . ~ I  SUML=O.OCS 
N7=10 
I F  (ET41.NE. l . l  G O  TO 8 1 2  
SUML=O 00  1 2 6  104 
I F  lL IW.EO.1)  SUML=Fo010 
N 7 = 5  
GO TO 8 1 2  

I M  5 2 )  
( M  5 3 1  
( H  54) 
( M  5 5 )  
I M  5 6 1  
( M  5 7 1  
I M  5 8 1  
( 4  591 
( M  6 3 )  
I M  6 1 1  
( H  6 2 )  
( M  6 3 )  
( M  6 4 1  
( H  6 5 1  
I M  6 6 1  
If4 6 7 1  
I M  681  
( M  6 9 )  
( M  79) 
( M  7 1 )  
( M  721 
I H  731 
( M  7 4 )  
( M  75)  
I M  76) 
( Y  771 
( M  781 
I M  7 9 )  
( M  81) 
I M  8 1 )  
( M  821 
( M  831  
( M  8 4 1  
I M  8 5 )  
( H  8 6 )  
I M  871 
I M  8 8 )  
I M  89) 
( M  90) 
I M  9 1 )  
( M  9 2 1  
I H  93)  
( M  9 4 )  
I H  9 5 )  
( M  9 6 )  
( Y  971 
( M  9 8 )  
I M  9 9 1  

( M  10n) 
( M  l o l l  
( M  1021  
( M  1 0 3 1  
( H  104) 
I M  l r 1 5 1  
fM 1%) 
( M  1 n 7 )  
( M  108) 
( M  109) 
(M l l*I 
I M  111) 
( M  1 1 2 1  
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Appendix M - Continued 

615 SUML=O.05 ( M  113)  
N7= 1 ( M  1 1 4 )  
XLOAD(1 l = 1 . 3  ( M  1 1 5 )  
I F  ( E T A 1  o E Q . 1  ) SUML=Oo 10 ( M  116)  
GO TO 8 1 2  ( M  1171 

t ( H  118) 
C WING ON WIYG ( M  119) 
C ( H  1 2 0 )  
613 S U f l L = O o 0 l 2 6 1 0 4  ( M  121)  

IF (SIGHAYoEQoO.1 GO TO 616 ( Y  1 2 2 )  
I F  I L I W o E O . 1 )  SUML=Oo010 ( M  1 2 3 )  
M7=10 ('4 124)  
N 7 = 1 0  ( M  1 2 5 )  
I F  ( E T 4 1 . N E o l o )  GO TO 812 ( M  1 2 6 )  
SUML=O .0252208 I M  127) 
IF ( L I H o E Q . 1 )  SUWLt0.020 ( H  1 2 8 1  
N7= 5 ( M  1 2 9 )  
GC TO 812 ( M  130) 

616 SUMLSLo ( H  1 3 1 1  
X L O A D ( l ) = l o O  I M  1 3 2 1  
H7=N7=1 ( Y  133)  
GO T O  812 ( H  1 3 4 )  

t I M  1 3 5 )  
C POTOR ON WING ( M  136) 
C ( 4  137)  

I M  138)  
I F  ( E T A l o E Q o l o )  SUML=OoOLO ( M  1 3 9 1  
H7=10 ( M  14Q)  
I F  (SIGMAWoNEoOo) GO TO 812 ( M  141)  
M l =  1 ( M  1 4 2 )  
SUMLzO 05 ( M  143)  
I F  (ET41oE4.1.) SUHL=OolO ( M  1 4 4 1  

812 GO 801 M l = l r M 7  ( Y  1 4 5 )  
DO 802 N l z l i N 7  ( M  146)  
XSTAR=( 11 0-2 .*FLOAT I H 1) J / 10. ( M  1 4 7 )  
YST4R=( 11 .-2o*FLO41( N1) 1 / 1 3 o  ( H  1 4 8 )  

811  GG TO ( 6 2 1 r 6 2 2 9 6 2 3 r 6 2 4 ) r  I E L E M  (M  149) 
t I M  1 5 C )  
C ROTOR ON ROTOR ! #  1 5 1 )  
C ( Y  1 5 2 )  

6 2 1  I F  ( E T A l - N E . 1 o )  GO TO 625 ( M  1 5 3 1  
I F  ( P S I ( N 1 l . G T o P I )  GO TO 802 ( M  154)  

625 E T 4 = E T 4 1 - R L 0 4 D I N 1 1 * S I G M ~ R * S I N ( P S I ( N 1 ) )  ( M  1 5 5 1  
Z ET AXZ ET A 1 / I 1 .O-RLO AC (N 1 1 * S  I GH AR*GAMMA*Z ETA 1 *LO S (P SI I N 1 ) 1 I M  1 5 6 )  

1 * S I N (  4LPHAR) I ( M  1 5 7 1  
XCVERW SIGMAR*GAMMA*COS( ALPHAR I * (  RLOAD(M1 ) * C O S (  P SI ( M 1  ) 1 ( M  1 5 8 )  

1 - R L O A C ( N 1 1 * C O S ( P S I ( N I ) ) )  ( H  159)  
Y0VERI-k S IGMAR*GAMMA*IRLOAD( M l )  * S I N  PSI ( M  1 ) I -RL3AO( N1 ) * S I N  ( P SI (11 j ) I M 160 

1 1 ( M  161) 
ZOVEHH=-SIGM4R*G4MM4*SIN (4LPHAR)*(RLOAD( M 1  ) * C O S (  P S I  (HI 1 )  ( M  1 6 2 )  

1 -RLOIIC( N 1 1  *COS ( P S I  (N 1 ) 1 ( H  163)  
XLO4D( N11=1.0 ( H  1 6 4 )  
CO TO 630 ( M  1 6 5 )  

C ( M  166) 
C WING ON ROTOR ( M  167) 
t ( M  1 6 8 )  

6 2 2  I F  l E T 4 1 o N E o l . o O R . S I G M 4 W . N E . O .  1 G3 TO 6 2 7  ( M  169) 
I F  I P S I ( N 1 ) e G T . P I )  GO TO 8 0 2  ( M  1701 

627 E 1 &=ET A 1- Y ST 4R * S  IG M4 W ( M  1 7 1 )  
Z E T A z Z  E T A l /  ( 1 - 0 - S  IGMAR*GAMMP*ZETA L* ( ABS(YS1AR I * (  SIGMA W / S I G M A R  ( H  1 7 2 )  

I M  173)  

614 SUML=O 00050 

1 *T AN( LPMBD 4 I * S  I N  ( ALPHAB) +L W*S IN ( 4LPHAB 1 -HW*COS( 4LPHAB) 1 1 
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Appendix M - Continued 

- I  

X G V E R H = S I G Y 4 R * G A M H 4 * ( R L O A D (  MlI*COS~ALPH4R)*COS(PSI( M1 1 1  (M 1741 
1 -AB S ( Y STAR 1 9: I S  I GWAW/ S I GMAR )*TAN I L AMBD4 1 *CO S ( 6cP HA6 I ( M  175)  
2 -LW*COS(4LPH48 l- l-W*SIN( 4LPH4B) 1 ( M  1761  

YCVERH=SIGHAR*GANMA* (RLOAf l (  M 1) * S I N  ( P S I  ( M 1 1 )  -Y STAR*[ SIGNAH/ I M  1771 
1 S I G H A R ) )  ( M  1 7 8 )  

Z O V E R H = - S I G Y 4 R * G A M M A * ( R L O A D I M l l * S I ’ 4 ( A L P H 4 R ~ * C O S (  P S I ( M 1  1 )  I M  1 7 9 1  
1 ( M  180)  
2 -LW*SINlALPHA8l+HW*COS(4LPH48))  ( M  1 8 1 1  

GO TO 630 ( M  1 8 2 )  
C ( Y  1 8 3 1  
C WING O N  WING ( H  184)  
C ( H  1 8 5 )  

623 ETA=ETAl-S IGMAW*YSTAR ( M  186) 
Z ETA=,? ETA 1/ ( 1 .O- S I GH AR *G AMMA*ZET A 1* ( ABS I YST AR ) * ( M  1 8 7 )  

1 ( M  1881  
XOVERH=SIGMAH*GAMMA*TAN (LAYRDA )*COS ( ALPHAB 1 * f  A B S  (XSTAR 1 ( M  189)  

1 - 4 B S t Y S T 4 R  J I ( M  19n) 
YGVERH=O . 2 * S I G M A W * G A M M A * ( F L t l A T ( N l ~ - F L 3 A T ( M l l  1 ( M  191) 
Z O V E R H = - S I G M A W * G 4 M H A * T A N o * S I N ~  4LPH4B ) * ( A B S ( X S T 4 R )  I H  1 9 2 )  

1 -ABS(YSTAR 1 ) I H  1 9 3 )  
GC TO 630 ( M  194) 

C ( H  1951  
( M  196) C ROTOR ON WING 

C (M 197) 
624 I F  (ET41oNE.l.)  GO TO 626 I H  1 9 8 )  

I F  ( P S I ( N l ) . G T . P I I  GO T O  8 0 2  ( M  199) 
6 2 6  CTA=ET41-RL3AD(N1)*SIGMAR*SIN~PSI~Nl)) ( M  2C.r)) 

Z ETA=Z ET A 1  / ( 1 .O-RLOAC( N1 )*SI GM AR*GPHMA*Z E T 4  1 * C O S  ( P S I  ( N 1 ) 1 ( M  2 0 1 )  
1 * S I N ( 4 L P H A R l  I (M 2 0 2 1  

XCVERHtS IGMAR*GAMM A* [ ABS (XST AR 18 ( S I GM4W/ S I S Y A R  1 *TAN ( L  AYBD4 1 * ( H  2 C 3 )  
1 CDS14LPH4B 1 + L W * C O S ~ 4 L P H 4 8 l + H W * S I N ( 4 L P H 4 8 1 - R L G 4 D ( N 1 ) *  ( M  2 C 4 )  
2 COSIALPHARl*COS(PSI1Nl))J ( M  2n51 

Y O V E R H ~ S I G M A R * G A M M A * ~ X S T A R * ~ S I G ~ 4 W / S I G M 4 R l - R L O 4 O ~ N l l ~ S I N  ( P S I ( N 1  1 1  ( M  2 0 6 )  
ZOV ER H= -S IGM AR *GAMMA *( AB S (  X STAR I * ( S I GMAW/ S I GMAR b *TAN I L AM BD A 1 * ( H  2 0 7 )  

-ABS ( Y STAR I * ( S  IGMAW/ SIGM4R I * T  AN (L  AMBDA) *SIN ( 4L P H4B 1 

S IGMAW / SI GM 4R ) 
* T  4N [ L 4MRD A ) *SI N I ALPHA3 I +LW* SI N ( AL PH4H I -HII*C OS ( ALPH48  1 1 

1 I M  Z C B )  
2 SIN(4LPHAR)*COS(PSI(Nl)) ) ( M  2n91 

SI N ( AL P H  AB ) +L W*S I N  ( ALPH AB 1 -HW *C OS ( AL PH A8 1 -RL 0 PO( N 1 I * 
X L O A G ( N l I = l o O  ( M  2 1 0 1  

630 C 4 L L  D L T A S  I C ( ) O l  ( M  2111 
*****+*+**8*++*8***** SEE APPEND1 X Q FOR SUBROUTI’4E OLTAS *8*****************8** 

805 X O E L T A l L l  l=XOELTA(Ll)+DELT4(Ll~*XLO4D~Nll ( M  213) 
802 CONTINUE ( M  2141 
801 CGNTINUE ( Y  2 1 5 )  

DO 807 L 3 = l r 2 8  ( M  2161 
8 C 7  DELT4IL31=XDELTA(L3) *SUHL ( M  2 1 7 1  

WRITE ( 6 r 1 4 9 )  C ( K 1  ( M  2181 
WRITE ( 6 r 1 5 0 1  ( D E L T A ( 1 )  11=112514) ( H  2 1 9 1  
WRITE ( 6 1 1 5 1 )  ( D E L T A ( I ) r I = 2 r 2 6 r 4 )  ( M  220)  
WRITE ( 6 , 1 5 2 )  ( D E L T A ( 1 ) r  1=3r27141 ( M  2211 
WRITE ( 6 , 1 5 3 )  I D E L T 4 ( I ) r I = 4 , 2 8 r 4 )  ( M  2 2 2 )  
DO 8 1 4  L 4 = l r 2 8  ( M  2 2 3 )  

814 XDELTA(L41=0. ( M  2 2 4 )  
4 1  CONTINUE ( M  2 2 5 1  
4 2  CONTINUE (M 2261  

GO TO 1 (M 2 2 7 )  
100 FORMAT ( 1 H 1 / / / / / / / / / 5 9 X * S T 4 R T  NEW CASE*) ( H  2 2 8 )  
149 FORM41 f l X * C H [  =* F7.3/) (M 2 2 9 )  
150 FORMAT ( 3 X 5 H ( W r L  )7 (F1704)  1 ( M  230)  
1 5 1  FORM4T ( 3 X 5 H ( U v L  )7(F17.41) LM 2 3 1 )  
1 5 2  FORMAT (3X5HIW r D  17( F17.4) ( M  2 3 2 1  
1 53 FORM4 T (M 2 3 3 1  

DC 8 C 5  L l z l r 2 8  ( H  2 1 2 )  

3 X 5H ( U v 0 17 ( F 17 4 1 / / 1 



Appendix M - Concluded 

210 FORMAT I l X 1 3 1 t  1H- )  ) 
211 FORM4T I1XlHIllXlH13lX61HCORRECT 

212 FORMAT ~ 1 X l H I l l X l H I l 1 7 ~ 1 H - ~ l H I  I 
1U IND TUNNEL WHICH I S 2 5 X l H I  

ON F4CTORS FOR CORRECT 
IH 2 3 4 )  

NG FROM 4 (H 2 3 5 1  
I M  2 3 6 1  
( M  2 3 7 )  

2 1 3  FORMAT ( 1 x 1  H I1 LX 1 H I  1 6 X l H  I5X6HC LOSED5X 1HI  16X 1 H I  2 X12 HC LOSED F LOOR2 X 1  ( M  2 3 8  I 
lhI6X4HOPEN6XlHI16XlHI5X6PCLOSED4XlHI 1 ( M  2 3 9 )  

2 1 4  FORM4T ( lX lH I3X5HDELT43XlH I5X6HCLDSED5X1HI4X9HON BOTTOM3XlHI6X4HOP ( 4  2 4 0  
1 E N 6 X l  HI6 X4HONLY6K 1H I 5X 5HFLOOR6 X 1H I5X6HCLOS E D 5 X l H  I 3  X9HON BOTTOM3 X1H I M 2 4 1  I 
2 1 1  ( 4  2 4 2 )  

2 1 5  FORMAT (lX1HI11X1HI16XlHI6X4HONLY6XlHI 16X18HI IGRCUND EFFECT1 I 5 X 4 H  I N  2 4 3 1  
1 0 N L Y 6 X l  H I  1 6 X l H I  6 X 4 H O N L Y 5 X l H I  1 ( M  2 4 4 1  

2 16 FORMAT t 1 X1H 11 1 X l H  I 8 4 (  1H- 11H I 3 2 (  1H- 1 1 H I  1 IM 2 4 5 1  
2 1 7  FORMAT ~ 1 X 1 h I l 1 X l H I 3 6 X 1 1 H T O  FREE A I R 3 7 X l H I B X l b H T O  GROUND E F F E C T 8 X l  I M  2 4 6 1  

1 H I  1 I M  2 4 7 1  
2 1 8  FORMAT ( l X 1 3 1 ( L H - ) / )  It4 2 4 8 )  
7 0 1  FORMAT ( l H 1 / / 4 2 X * 4 V E R 4 G E  INTERFEREVCE OVER 4N I JN l04DED ROTOR MODEL ( M  2 4 9  I 

1*/ ) I M  2 5 0 )  
7 0 2  FORMAT ( 5 4 X * E F F E C T  OF RCTOR ON R O T O R * / / )  I M  2 5 1 )  
703 FORMAT (55X*EFFECT OF W I G  ON ROTOR*/ / ]  ( M  2 5 2 1  
7 0 4  FORMAT ( 5 5 X * E F F E C T  O F  H I N G  ON W I N G * / / )  ( M  2 5 3 1  
7 0 5  FORM4T ( 5 5 X * E F F E C T  OF ROTOR ON W I N G * / / )  I M  2 5 4 )  
7 0 6  FORMAT ( 3 4 X * A 1 0 *  ROTOR LOADING*19X,AB* W I U G  L O A D I N G * / /  I M  2 5 5 1  

11 9X*S I G M 4  ( ROTOR 1 =*F 6.3 lOX*ZE 1 4  x t F 6 . 3  9 1 O X  *LW / R =*F6 3 9 1 3 X  ( M  2 5 6 )  
2*ALPHA(ROTORl  = * F 7 * 3 / / 1 9 X * S I G M A I  W I V C I  = * F 6 * 3 r l O X * E T A  = * F 6 . 3 *  I M  2 5 7 )  
3 lOX*HW/R =*F6.3 t 10X*ALPHA( BODY 1 =*F7.3 / /39X*G4HC4 =*F6.3 v ( M  2 5 8 1  
427X*LAMBDA = * F 7 . 3 / / )  ( M  2 5 9 )  

1 FOR USE WITH SUCH CQSES.* / / )  ( M  7 6 1 )  
900 FORMAT I I 1  e F9.3 9 4F10.3 /  I 1 r F 9  3 9 4F 1 0  3)  I M  2 6 2 1  

999 STOP ( M  2 6 3 )  
END I M  2 6 4 )  

7 0 7  FORMAT (40X*SIGM4(ROTOR) EOU4LS ZERO, THIS PROGRAM IS NOT S U I T A B L E  ( M  2601 
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APPENDIX N ---------- 

I LAMBDA WING SWEEP .ANGLE* DEG 

FORTRAN PROGRAM FOR CALCULATING THE 4VER4GE HIND-TUNNEL 

IKTERFERENCE OVER 4 T 4 1 L  

BEHLND 4 h  UNLOADED-ROTOR CONFIGURATION 

T H I S  PROGRAM WAS k R I T T E N  I N  CDC FORTR4Ne VERSION 2 . 1 9  T O  RUN ON CDC 6309 
S E R I E S  COMPUTERS H I T H  THE SCOPE 3.0 OPERATING SYSTEM AND L I B R A R Y  T4PE. MINOR 
M O D I F I C b T I O N S  MAY B E  REQUIRED PRIOR TO USE I N  OTHER COPPIJTERS. T H I S  PROGRAM 
H4S BEEN FOUND TO RE SATISF4CTORY ON THE 4FDREMEVTIONED COMPUTERS WHICH CARRY 

C I S I O l u  M A Y  R E Q b I K E  M O D I F I C 4 T I C N  TO DOUBLE P R E C I S I O N  I N  CRUER TO 0 8 T A I N  RESULTS 
THE EQUIVALENT OF APPROXIMATELY 15  DECIMAL D I G I T S .  COMPUTERS OF LESSER PRE- 

OF EQUAL ACCURACY. 

T I - I S  PROGFAH REQUIRES TVE USE OF SUBROUTINE D L T A S  WHICH IS G I V E N  I N  
4PPENCIX 0. 

INPUT WILL BE FOUND A T  ADORESS 1 (THREE CARDS PER C 4 S E )  I N  FORMAT 930. NOTE 
Tt-AT THE REFERENCE O R I G I N  IS CHOSEN TO BE AT THE CENTER OF THE ROTOR. THE RE- 
QUIREC INPUT VARIABLES FOR THE ROTOR* ON THE F I R S T  CARD* ARE 

L I R  ROTOR DISK-LOAD-DISTRIBUTION I N D I C A T O R *  L I R - 1  FOR UNIFORM L 0 4 D -  
INGI L I R = 2  FOR TRIANSULAR L O A D I N G  

Z ET41  SEMIHEIGHT CF TUNNEL O I V I D E D  BY HEIGHT OF O R I G I N  ABOVE FLOOR 

E T 4 1  DISTANCE FROM O R I G I N  TO RIGHT-H4ND W4LL D I V I D E D  BY TUNNEL 
SEMIWIDTH 

CAWM4 WIDTH-HEIGHT R A T I O  OF WIND TUNNEL 

SIGMAR R A T I O  OF ROTOR DIAMETER TO TUNNEL WIDTH 

4LPH4R 4NGLE OF 4TT4CK OF ROTOR T I P - P I T H  PLANE, DEG 

THE REOUIRED INPUT V A R I A B L E S  FOR THE WING* G I V E N  ON THE SECOND CAR09 ARE 

L I k  WING SPAN-LOAD-DISTRIBUTION I N D I C A  TORI L I  W = l  FOR UNIFORM L 0 4 D I N G s  
LIW=2 FOR E L L I P T I C  L 3 4 D I N G  

LW DISTANCE OF WING 4PEX B E H I N D  O R I G I N ,  N O N D I M E N S I O Y 4 L I Z E D  W I T H  RE- 
SPECT TO ROTOR R I D I U S  

t - W  DISTANCE OF WING APEX ABOVE O R I G I N ,  N O N D I H E N S I O N A L I L E D  W I T H  RE- 
SPECT TO ROTOR R I D I U S  

SIGMAW R A T I O  OF WING SPAN TO TUNNEL WIDTH 
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Appendix N - Continued 

ALPH4B ANGLE OF ATTACK OF BODY CARRYING WING AND T A I L 9  DEG 

THE REQUIRE0 I N P U T  V 4 R I 4 B L E S  FOR THE T 4 I L p  ON THE T H I R D  CARD? AXE 

S I GMAT R 4 T I O  OF T A I L  SPAN TO TUNNEL WIDTH 

TL T 4 I L  LENGTH BEHIND ORIGCN 4 7  ZERO ANGLE OF ATTACK( YONDIMENSION- 
A L I Z E D  U I T H  RESPECT T O  ROTOR R A D I U S  

TH T A I L  HEIGHT ABOVE O R I G I N  AT ZERO ANGLE O F  4TT4CKr  NON3IMENSION- 
4 L I Z E D  WITH RESPECT T O  ROTOR R A D I U S  

T H I S  PROGRAY REJECTS U S E S  OF ZERO SPAN. S I N C E  THE EOUATIONS ARE FJRMED 
I N  TERPS OF ROTOR RADIUSI SUCH C4SES REPRESENT I N P U T  ERR3RS. 

T H I S  PROGR4M COMPUTES INDEPENDENTLY T4E INTERFERENCE A T  THE T 4 I L  DUE TO 
THE PRESENCE OF BOTH THE WING AND THE ROTOR. 

P ROGRAM 
COMMON Z E T A ~ E T ~ ~ G ~ M H ~ , X G V E R H ~ Y O V E R H W Z O V E R H W D E L T A  ( 2 8 )  
D I H E N S I C N  

R E A L  LAHBDArLW 
0 4 T 4  
DATA 
OAT4 
P 1 = 3 * 1 4 1 5 9 2 6 5 3 5 8 9 7 9  
R AD=O .a 1 7 4 5 3 2  9 2 5 1  99 

W INDTUN ( I N P  UT rOUTPU7 r T  4PE5= I NPUT T 4  PE6=OLTPUT) 

XDEL TA ( 2 8  1 rPS I t 2 9  1 rRLOAD( 2 0 )  r RUN1 F (  20) rR TR I A (  201 t 
X L E l l O t r  XLOAD( 20 )  rC( 8) 1 

I R U N I F  f I )  q I = l r 2 0 ) / 4 * 0 . 2 9 8 1 ~  8*0.6255 r 8 * 0 * 8 9 2  'I/ 
R T  R I A (  I 1 r I=l r 2 0 )  / 4 * 0 * 4 3 8 6 r  8*0 729618*0 .  9262/ 

(C[ 1 )  r 111 I 61/20. ,300 940. 9 SO. 9 6 0 . ~ 7 0 .  180.  r 9 0  e /  

co a 0 3  ~i=ia 
803 X C E L T A l L l 1 = O o  

PS It1 ) =  ( P v 4 . j  
P S I  121=3.*PS I (  11 
P S I ( 3 ) = 5 . * P S I ( 1 )  
p c  r :4 ;=: .*"r  I # * I 

J L  r a ~ n a t  

P S I  (6 )=PS I (  14 )=3 .*PS I { 5 
P S I  ( 7 1 =PS I (  1 5  1=5 . *PSI  ( 5 )  
P S I ( 8 ) = P S I ( 1 6  ) = 7 o * P S I ( 5 )  
PSI ( 9  ) = P S I  L 1 7  )=9.*PS 14 5) 
PSI(101=PSI118)=11.*PSI(5~ 
P S I ( l l ) = P S I (  1 9 ) = 1 3 o * P S I ( S )  
P s I I 1 2  )=PS I ( 2 0  ) = 1 5  . * P S I  ( 5 1 
XLE(  1 ) = X L E l l O ) = 6 . 4 3 5 7 9  
X L E ( 2  1 = X L E ( 9  1 =O -71422 

PSI ( 5 1  =PSI ( i 3 ) = (  PI /e. 

I 

X L E ( 3  I = X L E (  8) =O.86603 
X L E ( 4 ) = X L  E( 7 )  =0 .95394  

I 
XLE( 5 J t X L E  ( 6 )  ~0.99499 

1 READ 4 5 r 900 1 L I R e  ZETA1 r ET4 l r  GAMMA, S IGMAR w AL PHAR IL I WrL W (HW 9 

1 S I G f l 4 W r L 4 M B D b r  4 L P H 4 B r S I G H 4 T r T L  r T H  
I F  ( E O F r 5 )  999947 

4 7  AILPR=ALPVAR 
A OL PB= 4LP H4B 
A L AM=L AH B D A 
L AMBDA=LAMBDA*R40 
PL PH AR= AL PH AR*R A 0 
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Appendix N - Continued 

ALPH4B= 4 L  PH 4 8  *R 4 0  
WRITE (69100)  
I F  (L IRoEO.1 )  GO TO 804 
IALPHA=lOHTR IANGULAR 
CC 808 M2=1920 

808 RLO4D(MZ)=RTKI  4 ( M 2  1 
GC TO 806 

804 I ALPHA= lOHUN I f  ORM 

809 R L O A D ( M 2 ) = R T R I A ( H 2 1  
DO 809 M 2 = 1 9 2 0  

806 IF (L IMm€O. l )  GO TO 852 
I BETA=8 k E L L  I PT IC 

851  XLOAOIM3 1 = X L  E l  M3 1 
GO TO 85C 

852 18ETA=BkUN I f O R H  
00 8 5 3  H 3 = 1 * 1 0  

00 851 M 3 = l r l O  

853 XL04O( M 3  ) = l e @  

850 I F  1SIGNARoNEoO.I GO TO 8 5 5  
WRITE (697 .311  
WRITE I 6 9  736) I A L P H A e I B E T A 9  SIGMARIZETAZ g L W 9  A A L P R I S I G M ~ W I E T A ~ ~  

WRITE ( b e 2 1 3 1  
WRITE ( 6 9 2 1 1  1 
WRITE ( 6 . 2 1 2  1 
WRITE 469213) 
WRITE (6.214)  
WRITE 1 6 9 2 1 5 )  
WRPTE ( 6 9 2 1 6 )  
WRITE ( 6 - 2 1 7 )  
WRITE ( 6 ~ 2 1 8 1  
WRITE (61707) 

1 HW 9 44LPR r S  I G H 4 T r  T L  9 THtG4MM4r 4L4M 

GO TO 1 
855 CO 4 2  I E L E H = L * Z  

WRITE ( 6 9 7 3 1  1 
GO TO 1 6 0 1 . 6 0 2 ) r  IELEt ’  

601 W R I l E  1 6 9 7 3 2 1  

602 WRITE (69703  ) 
610 WRITE I 6 9  736 1 I A L P H A v I B E T 4 v S  IGMARI Z E T 4 1  rLWr A4LPR rSIGMAW 9 E T 4 1  9 

GC TO 61C 

1 HH 9 AALPB 9 S I GMA T’ v T L  r T H 9 GAYM4 v A L 4  M 
WRITE (6,213 1 
WRITE 1 6 ~ 2 1 1 1  
WRITE ( 6 9 2 1 2  1 
MRITE t 6.2131 
WRITE ( 6 r 2 1 4 1  
Y R I T E  ( 6 9 2 1 5 )  
WRITE (be216 I 
WRITE ( 6 r Z 1 7 1  
WRITE ( 6 9 2 1 8 1  
00 4 1  K = l * 8  
N7=20 
M7=4 
GO TO I t l l r 6 1 3 ) r  I E L E M  

I C 
C EFFECT O f  ROTOR 
C 

611 SUHL=0.0125 
I f  (ET41-EQ.1 1 SUNL=O.C25 
IF 1SIGHAToNEoO.J GO TO 812  
SUNL=C .C50 
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Appendix N - Continued 

I F  ( E T A l . E Q . 1 o )  SUML=C.193 
H7= 1 
GO T O  8 1 2  

C 
C EFFECT OF WING 
C 

6 1 3  SUML=O 0 3 1 5 2  6 
I F  (SIGH4W.EQ.O. .ORoSIGMAT.EQo<.) GO TO 6 1 6  
I F  (L IU.EO.11 SUML=O.QZS 
M7=4 
N 7 = 1 0  
I F  ( E T 4 1 o N E o l . I  GO TO 8 1 2  
SUML =O 0 6 30 5 2  
I F  tL IW.EO.1)  SUML=Oo050 
N7=5 
GO TO 8 1 2  

6 1 6  I F  (SIGMAY.EQoO..AND.SIGM4ToNE.O. I GO TO 6 1 2  
I F  (SIGHAWoNE.0. oANDoSIGM4ToEQ.Oo 1 G3 T O  6 1 4  
SUML=l  0 
XLOADt 1 ) = 1 * 3  
M7=N7=1 
GO TO 8 1 2  

H7=4 
N7=1  

6 1 2  SUML=Oo25 

XL04D(  1 )=1 e 0  
I F  lETAl.NE.1.) GO T O  8 1 2  
M 7=2 

GO TO 8 1 2  
SUMLxO - 5 0  

6 1 4  SUML=O.126104 
I F  ( L  IWoEO.1) SUHL=O.lCO 
N7=1O 
C7=1 
I F  ( E T 4 1 o N E o l . J  GO TO 8 1 2  
SUML=O 2 5 2 3 8  
I f  (L IWoEQ.1 1 SUML=0.200 
N7= 5 

8 1 2  DO 801 H1=1,M7 
CG 802 N I z l r N 7  
XSTARZ ( 11 0-2 .*FLOAT( H 1 )  1 /13 .  
YSTPR=I  11 0-2 . *FLOAT( N 1 )  ) /13 
GO T O  ( 6 2 1 ~ 6 2 2 ) ~  I E L E M  

C 
C EFFECT OF ROTOR 
C 

6 2 1  E T A = E T I l - R L I A D ( N l  ) * S I G H A R * S I N ( P S I  ( N l I  1 
Z E T A = Z E T A l / (  1 .O-RLOAD(N11*S IGMAR*GAYHA*ZETPl*COS(PSI ( N 1 )  ) *  

XOVERH=SIGHAR*GdMMA*~TL*COS(  ALPHA6 ) + T H * S I N (  A L P H A B ) - R L O A D ( V 1 ) *  
1 S I N (  ALPH4R 1 )  

1 COS(ALPH4R)*COS(PSI(N1))) 

1 R L O A D ( N l ) * S I N ( P S  I ( N 1  1 ) )  

1 S I N ( A L P H A R ) * C O S I P S I ( N l ) ) )  

YOV ERH=S IGMAR*GACM4*(O . 2 5 * (  5.0-2.J*FL34T M 1 )  I * (  S I G Y 4 T / S I  G Y A R  1 -  

ZOVERH=S IGM4R*G4HMA*~TH*COS(ALPH46~-TL*SIN( ALPH4B) +RLLlAD* 

X L 0 4 D ( N 1 ) = 1 . 0  
GO TO 6 3 0  

C 
C EFFECT OF WING 
L 

6 2 2  Z E T A = Z E T A l / (  1 . O - S I G M 4 R * G A M M A * Z E T r \ l + f  A B S ( Y S l A R ) * (  SIGMAW/SISMAR) 
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Appendi, "N - Concluded 

1 *TAN( LAMB04 1 * S I N  I ALPh48 ) +LW S I N  14L  PH4B 1 -HW*COSl4LPH4B 1 1 1 I N  160) 
ET 4= ET 4 1- Y ST 4R * S I GM A W I N  1611 
XOVERHzS I G M A R * G A M M A * l  I TL-LW *COS ( ALPHABI +I TH-HW 1 *S I N 1  4LPH4B 1 - ( N  1 6 2 )  

1 4854  Y S T 4 R ) * l  S I G M 4 k / S I G M 4 R ) * T 4 N (  L4MBD4)*COS (ALPH4B)  1 I N  1 6 3 1  
YOVERH=G4MM4*( 0.25 *( 5 -0-2 .  ) * F L  0 4 1  I Mil) * S  I G Y  41-Y ST4R*S IGY4W I I N  1 6 4 1  
ZOVERH=-SIGMAR*GPMMA*l I T L - L H l * S I N ( 4 L P H 4 B I + l  TH-HW )*COS(  4 L P H A B l -  ( N  1 6 5 1  

1 4 8 S l  V S T 4 R l * l  S I G H 4 W / S I G M 4 R ) * T 4 N l  LAMBD4) * S  I N  ( 4 L P H 4 B l l  I N  1 6 6 1  
6 3 0  CALL O L l A S  I C ( K I 1  I N  1 6 7 )  

+$+*********+**4*8*4* SEE APPEND1 X 0 FOR SUBROUT1 NE DLT4S . . . . . . . . . . . . . . . . . . . . . .  
DO 805 L l - 1 9 2 8  I N  1 6 8 1  

8 0 5  XDELTAILL l = X D E L T A l  L 1  I + D E C T A I L l  l * X L O 4 D l  N 1 )  I N  1 6 9 1  
8 0 2  CONTINUE I N  1 7 9 1  
8 0 1  CONTINUE I N  1 7 1 1  

DO 8 0 7  L 3 = 1 r 2 8  ( N  1 7 2 )  
8 0 7  DELTA(L3  ) = X D E L T A I L 3  )*SUML I N  1 7 3 1  

WRITE ( 6 r 1 4 9 1  C I K I  I N  1 7 4 )  
W R I T E  ( 6 r 1 5 C )  ( D E L T A ( I l r I = l r 2 5 r 4 )  ( N  1 7 5 1  
WRITE ( 6 r 1 5 1 )  l D E L T A l I ) r I = 2 r 2 6 r 4 )  I N  1 7 6 )  
W R I T E  ( 6 . 1 5 2  I ( D E L 1 4 t  1 )  r I = 3  r 27 941 ( N  1 7 7 1  
WRITE 1 6 ~ 1 5 3 )  (DELTA1 1 1 9  I = 4 r 2 8 r 4 )  ( N  1 7 8 1  
DO 8 1 4  L 4 = 1 r 2 8  I N  1 7 9 1  

8 1 4  XOELTAt L 4  1 = O o  I N  1 8 0 1  
4 1  CONTINUE I N  1 8 1 )  
42 CONTINUE I N  1 8 2 1  

GO TO 1 I N  1 8 3 1  
100 FORM4T I l H l / / / / / / / / / 5 9 X * S T A R T  NEW C A S E * )  I N  1 8 4 1  
149 FORMAT l l X * C H I  =*  F 7 . 3 / )  I N  1 8 5 )  
1 5 0  FORM4T 13X5Ht  W L 17(  F17.4 I )  I Y  1 8 6 1  
1 5 1  FORMbT 1 3 X 5 H I U v L  171F17.4 I )  ( N  1 8 1 )  
1 5 2  FORMAT ( ~ X ~ H ( W I D ) ~ ( F ~ ~ . ~ I )  I N  1 8 8 )  

I N  1 8 9 1  
2 1 0  FORMAT ( l X 1 3 1 1 1 I - - ) )  (N 19cI) 
2 1 1  FORMAT 1 1 X l H I 1 1 X l H 1 3 1 X 6 1 H C 3 R R E C T I O Y  FACTORS FOR CORRECTING FROM 4 ( N  191 

l k I N O  TUNNEL WHICH I S 2 5 X l h I  I I N  1 9 2 )  
212  FORM4T I 1 X l H I 1 1 X l H I l l 7 l 1 k - L l H I  I I N  1 9 3 1  
2 1 3  FORMAT 1 1 X 1 H I 1 ~ X 1 H I 1 6 X 1 H I 5 X 6 H C L O S E D 5 X l H I  1 6 X l H I 2 X l Z H C L O S E D  FLOOK2X1 ( N  1 9 4 1  

ll' I b X 4 H O P E N t X l H  I l 6 X l H  15 X6 hCLOSED4XlH I 1 I N  1 9 5 1  
2 1 4  FCRMAT I l X l H I 3 X 5 k D E L T A 3 X  1 H I  5XbHCLOSED5XlHI4X9HON BOTTOM3XlHI6X4HOP 1 N 1 9 6 )  

1 E N 6 X l H I  6X4HDNL Y 6 X l H  1 5 X 5 H F L 3 0 R 6 X l H  15X6HCLOSED5XlH I3X9HON BOTTOM3X 1H I N  1 9 7 )  
2 1  1 I N  1 9 8 1  

2 1 5  FORMAT l 1 X l H I 1 1 X l H I l ~ X 1 H I 6 X 4 H O N L Y 6 X l H I l 6 X l f 3 H I  IGPCUND EFFECT1 I b X 4 H  I N  1 9 9 )  
L O N L Y 6 X l H I 1 6 X l H I 6 X 4 H O N L Y 5 X l H I ~  I N  2 0 0 1  

2 1 6  FORMAT 1 1 X l H I 1 1 X 1 H 1 8 4 ~ 1 H - ) 1 H I 3 2 ~  1 H - I  1 H I l  I N  2 0 1 )  
2 1 7  FORM41 ~ l X l H I 1 1 X 1 H I 3 6 X l l ~ l D  FREE 4 I R 3 7 X l H I 8 X l b H T O  GROUND E F F E C T B X l  I N  2 0 2 )  

1 H I )  ( N  2 0 3 1  
2 1 8  FORM4T ( l X 1 3 1 ( 1 H - I / )  I N  2 0 4 1  
701 FORMAT ( l H 1 / / 3 5 X * A V E R A G E  INTERFERENCE OVER A T A I L  BEHIND AN UNLOAD I N  2 0 5 1  

1ED ROTOR MODEL* / / )  ( N  2 0 6 1  
7 0 2  FORMAT (55X*EFFECT OF RCTOR CN T 4 I L * / / )  I N  2 0 7 )  
7 0 3  FORMAT (55X*EFFECT OF WING ON T A I L * / / )  ( N  2 0 8 1  
7 0 6  FORM4T ( 3 4 X r 4 1 0 *  ROTOR L 0 4 D I N G * l 9 X , A E *  WING L O A D I N G * / /  I N  2 0 9 1  

119X*SIGMAIROTOR) =*F6.3r  10X*ZETA = * F 6 . 3 r  10X*LW/R = * F 6 . 3 r l O X  ( N  2 1 0 1  
2*4LPH4lROTORI  = * F 7 o 3 / / 1 9 X * S I G M A I W I N G )  = * F 5 . 3 r l O X * E T 4  =*F6.3r  I N  2 1 1 1  
11OX*HW/R =*F6.3r  l O X * & P H A I B O D Y  1 = * F 7 . 3 / / 1 9 X * S I G M A l  T A I L 1  =* I N  2 1 2 1  
4 F 6 . 3 r 2 1 X * T L / R  z t F 6 . 3  9 30X*TH /R  =*F6.3 / /39X*G4MH4 =*F6 - 3  r 27X I N  2 1 3 )  
5*LbMBD4 =*F7.3 / /  1 I N  2 1 4 )  

I N  2 1 6 1  
9 0 0  FORMAT I I L r F 9 . 3 r 4 F 1 0 . 3 / 1  l p F 9 . 3 ~ 4 F 1 0 . 3 / 3 F 1 0 . 3 )  ( N  2 1 7 )  

9 9 9  STOP I N  2 1 8 )  
END ( N  2 1 9 1  

1 5 3  FORMAT ( 3 X 5 H ( U r O  ) 7 1 F 1 7 . 4 1 / / )  

7 0 7  FORMAT (4OX*SIGMA(ROTORI  EQUALS ZERO* T H I S  PROGRbM IS NOT S U I T P B L E  I N  2 1 5 1  
1 FOR USE WITH SUCH CASES.* / / )  
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FORTRAN PRCGRPM FOR CALCULATING THE AVER4GE WIND-TUNNEL 

INTERFERENCE OVER SIDE-BY-S I D E  ROT3R CONFIGUR4TIONS 

T H I S  P R O M A *  WAS WRITTEN I N  CDC FORTRANv VERSION 2.1, TO RUN ON CDC 5303 
S E R I E S  COMPUTERS W I T H  THE SCOPE 3.0 OPERATING SYSTEM AND L I B R A R Y  TAPE. MINOR 
M O D I F I C I T I O N S  M 4 Y  BE REQUIRED PRIOR TO USE I N  OTHER COVPUTERS. T H I S  PROGR4M 
HAS BEEN FOUNO TO BE SATISFACTCRY ON THE AFOREMENTIONED COMPUTERS WHICH CARRY 

C I S I O N  MAY REQUIRE M O D I F I C A T I O N  T O  DOUBLE P R E C I S I O N  I N  ORDER TO O B T A I N  RESULTS 
T k E  E Q U I V 4 L E N T  OF 4PPROXIH4TELY 1 5  D E C I C 4 L  D I G I T S .  COPPUTERS O F  LESSER PRE- 

OF E a u a L  ~ C C U R A C Y .  

T H I S  PROGRAM REQUIRES THE USE OF SUBROUTINE OLTAS WHCCH IS G I V E N  I N  
4PPENGIX Q. 

INPUT WILL 3 E  FOUND 4 T  ACCRESS 1 (THREE C4RDS PER C4SE)  I N  FORM4T 93’). NOT€ 
THAT THE REFERENCE O R I G I N  I $  CHOSEN AT THE POINT MIDWAV BETWEEN THE TWO ROTORS. 
THE REQUIRED INPUT V 4 R I 4 B L E S  FOR THE ROT3RSv G I V E N  ON THE F I R S T  CARD, ARE 

L I R  ROTOR D I S K - L O 4 D - D I S T R I B U T I O N  I N D I C 4 T 3 t  9 L I R = 1  FOR UNIFORM L 3 4 0 -  
INGI L I R = 2  FOR TR14NGULAR L O A D I N G  

ZETA1 SEMIHEIGHT OF TUNNEL D I V I D E D  BY HEIGHT CF O R I G I N  ABOVE FLOOR 

E T A 1  DISTANCE FRCM O R I G I N  TO RIGHT-HAND WALL D I V I D E D  BY TUNNEL 
SEC I W I D  TH 

GBMNA WIDTH-HEIGHT R A T I O  OF WIND TUNNEL 

S IGNAR R 4 T I O  OF ROTOR CIhMETER TO TUNNEL WIDTH 

SR DISTANCE BETWEEN ROTOR CENTERS D I V I D E 0  BY ROTOR DIAMETER 

k L  PHAR ANGLE OF ATTACK OF TIP-PATH PLANE OF ROTORS, DEG 

THE REOUIRED INPUT V A R I A B L E S  FCR THE WING9 GIVEN O N  THE SECOND CARD, 4RE 

LIW WING S P I N - L O I D - D I  S T R I  BUT I O N  INDIC4TOR 9 11 W = l  FOR UNIFORM L 0 4 D  I N G t  
LIW=2 FOR E L L I P T I C  LOADING 

L U  DISTANCE OF U I N G  APEX B E H I N D  ORIGIN,  NONDIMENSIONALIZED WITH RE- 
SPECT TO ROTOR R 4 O I U S  

HW DISTANCE OF WING APEX ABOVE O R I G I N 9  NONDIYENSIONALIZED k I T H  RE- 
SPECT TO ROTOR R 4 D I U S  

SIGHAW R 4 T I O  OF WING SP4N TO TUNVEL WIDTH 

L bMBOA WING SWEEP ANGLE9 DEG 
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Appendix 0 - Continued 

T l i I S  PUI1GR4Y R F J F C T S  C45ES O F  ZFRrl  FD4N. S I N C E  THE FQU4TIONS 44F: FCRMEO 
I Y  T C K M S  J F  ROTO& 9 A D I U 5 ,  SUCH C A S F S  SEPSESENT I Y P U T  FKRORS. T H I S  PKOGQ4Y 4 L S C  
I t T F P Y I V E S  4U0 I E J E C T S  C 4 S E S  I Y  k l i l L 4  TOTAL ROTOR SPAN EXCEEDS THE T ~ J Y Y E L  ~ J I D T H .  

r Y I S  PRUGP4U CCIMPUTFS INOEPEYDFYTLY THE INTERFEREYCE 4 1  E 4 C l l  OF THE rHREE 
E L E M E N T S  3 U E  T(1 I T S  OWN PRFSEYCF, 4 5  WELL 4 5  T H E  INTERFERENCE CIN E4CI4 WJE T U  T P E  
PRFSENCE 3 F  T H E  OTHER TWO F L f q E N T S .  IY SYYMETQICPL C4SESv THE EFFECT5 Oh,  4hr) 
C4USED RYc  E4Ct1 OF THE R O T O R S  I S  I D E N T I C P L .  CQNSEQLJEYTLY, ONLY THE INTERFERENCES 
R E L 4 T k D  T O  IJNE 7 F  T H F  RPT'lRS I 5  C4LCULATE).  

V O T E  T H 4 T  T Y I S  o R O G R 4 M  I S  4 L S ( I  5 I J I T i J L E  F O X  TWIN-P90PFLLER T I L T - W I Y G  MOD- 
ELS,  TILT-ROTOR ' 4 7 1 l E L S ~  F A Y - 1 % - W I N G  Yf73ELSv AND OTHFR SI Y I L 4 R  TYPE5. J U D I C I n U 5  
C H O I C E  O F  IVPUT V A R I 4 R L F S  WILL S 4 T I S F Y  THE !IE'JUIREMEVTS I1F THESE,  4ND M4NY 
C T H E P  NOOELS. 
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Appendix 0 - Concluded 
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FORTRAN PROGRAM FOR CALCULATING THE AVERAGE WIND-TUNNEL 

IhTERFERENCE OVER A T A I L  

BEH I N 0  A SIDE-BY-SIDE RCITOR CONFIGURATION 

THIS  PRDGR4M W4S k R I T T E N  I N  CDC FORTRAN, VERSION 2.11 TO R J N  ON CDC 6000 
S E R I E S  COMPUTERS W I T H  THE SCOPE 3.0  OPERATING SYSTEM AND L I B R A R Y  TAPE. MINOR 
H C D I F I C I T I O N S  MAY B E  REQUIRED PRIOR TO USE I N  OTHER CCPPUTERS. T H I S  PROGR4M 
HAS BEEN FOUND TO BE SATISFACTORY ON THE AFOREMENTIONED COMPUTERS WHICH CARRY 
THE ECUIVALENT OF APPRCXIMATELY 15  D E C I Y 4 L  D I G I T S .  COMPUTERS OF LESSER PRE- 
C I S I O N  MAY REQUIRE H O O I F I C A T I O N  T O  DOUBLE P R E C I S I O N  I N  ORDER T O  O B T 4 I N  RESULTS 
OF EQUAL ACCURACY. 

THIS  PROGRAM REQUIRES THE USE OF SUBROUTINE D L T 4 S  WHICH IS GIVEN I N  
APPENCIX Q- 

INPUT M I L L  BE FOUND AT ADDRESS 1 (THREE CARDS PER CASE)  I N  FORMAT 909. NOTE 
l H 4 T  THE REFERENCE O R I G I N  I S  CHOSEN 4 T  THE P O I N T  MIDWAY BETWEEN THE TWO ROTORS. 
TPE REQUIRED INPUT V A R I A B L E S  FOR THE ROT3RSe G I V E N  ON THE F I R S T  CARD, ARE 

LIR ROTOR D I S K - L O A D - D I S T R I B U T I O N  INDICATOR,  L I R = l  FOR UNIFORM LD4D-  
ING, L I R = 2  FOR TRIANPJULAR L O A D I N G  

ZETA1 SEMIHEIGHT GF TUNNEL D I V I D E D  BY HEIGHT CF O R I G I N  ABOVE FLOOR 

E T 4 1  O I S T 4 N C E  FRCM C P I G I N  T O  RIGHT-H4ND W4LL D I V I D E D  BY TUNNEL 
SEMIWICTH 

GAMMA WIDTH-HEIGHT R A T I O  OF WIND TUNNEL 

SIGMAR R 4 T I O  OF ROTOR DIAMETER TO TUNNEL WIDTH 

SR D I S T I N C E  BETWEEN ROTOR CENTERS D I V I D E D  BY ROTOR DIAYETER 

4LPH4R 4NGLE OF 4TT4CK O F  T I P - P I T H  PLANE OF ROTORS* DEG 

T k E  REOUIRED INPUT V A R I A B L E S  FOR THE WING1 G I V E N  ON THE SECOND CARD, ARE 

1 I W  WING SPAN-LOQD-DISTRIBUT I O N  INDICATOR,  L I H = 1  FOR UNIFORPI L 0 4 0 1 N G t  
LIW=2 FOR E L L I P T I C  L 3 A D I N G  

LW D I S T 4 N C E  O F  WING 4PEX B E H I N D  O R I G I N ,  N O N D I M E N S I O N A L I Z E D  W I T H  R E -  
SPECT TO ROT3R R A D I U S  

BW DISTANCE O F  WING APEX ABOVE O R I G I N ,  N O N D I H E N S I O N 4 L I Z E O  W I T H  RE- 
SPECT TO ROTOR R A D I U S  

2 IGH4H R A T I O  OF WING SP4N TO TUNVEL W I D T H  
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Appendix P - Continued 

LN4BDA WING SWEEP ANGLE9 DEG 

PLPHAB ANGLE OF ATTACK OF BODY CARRYING WING AND T A I L 9  DEG 

I 

THE REQUIRED I N P L T  V4R14BLES FOR THE T 4 I L 9  O N  THE T H I R D  C4RD9 ARE 

S I GMAT R A T I O  O F  T A I L  SPAY TO TUNNEL WIDTH 

T L  T 4 I L  LENGTF BEHIND O R I G I N  A T  ZERO ANGLE OF A T T A C K 9  NONDIHENSION- 
A L I Z E D  W I T H  RESPECT TO ROTOR R A D I U S  

TH T A I L  F E I G h T  ABCVE O R I G I N  AT ZERO AVGLE OF ATTACK9 NONDIHENSION-  
A L I Z E D  WITH RESPECT T O  ROTOR RADIUS 

T H I S  PROGRAM COMPUTES INDEPENDENTLY THE INTERFERENCE AT THE T A I L  CAJSED 
BY THE PRESENCE 3 F  THE THREE L I F T I N G  ELEMENTS. I N  SYMMETRICIL  C4SESv THE EFFECT 
OF THE TWO ROTORS IS I O E N T I C A L o  CONSEQUENTLY, OYLY THE INTERFERENCE CAUSED BY 
C k E  PGTOR IS CPLCULATED. 

T H I S  PROGRAM REJECTS CASES OF ZERO SPAN. S I N C E  THE EQUATIONS 4 R E  F3RMED 
I N  TERMS O F  ROTOR RADIUS, SUCH CASES REPRESENT I N P U T  ERRORS. T H I S  PROGRAM ALSO 
DETERMINES AND REJECTS CASES I N  WHICH TOTAL ROTOR SPAN EXCEEDS THE TUNNEL WIDTH. 

NOTE THAT T H I S  PROGRIM I S  ALSO SUITABLE FOR TWIN-PROPELLER T I L T - W I N G  MOD- 
E L S *  TILT-ROTOR MODELS9 FAN-IN-WING MODELS9 AND 3THER S I Y I L A R  TYPES. J U D I C I O U S  
CPOICE OF I N P U T  V A R I A B L E S  YILL S 4 T I S F Y  THE REQUIREMENTS OF THESE, 4ND M4NY 
GTHER MODELS. 

PROGRAM YINOTUN(  INPUfpOUTPUT rTAPE5=INPUTrTAPEb=OUTPUT) 
COMMON ZETA~ETAIGAMMAIXOVERH ~YOVERHIZOVERHIDELTA ( 2 8 )  
D I M E N S I O N  X D E L T A ( 2 8 ) r P S I I 2 0 ) , R L O A D ( 2 0 )  r R U N I F ( 2 0 )  r R T R I A ( 2 0 )  9 

1 X L E 1 1 0 )  r X L 0 4 D t 2 C )  t C (  8) 
REAL LAMBDAvLW 
C A T A  (RUN IF(  I ) 9 1 ~ 1 9 2  0 ) /4+0.298 1 98*0.6255 9 8* 3.8921 / 
D A T A  ( R T R I A t I )  r I = l * 2 0 ) / 4 + 0 . 4 3 8 t r  8*O.729698*0.9262/ 
C A T A  ( C  ( I ) 9 1-1 9 8 1/20 930 r 4 0 . 9 5 0 0 r 6 0  ~70.9 80.9 90 e /  

P I = 3  141  5 9265358979 
A A D = O - O 1 7 4 5 3 2 9 2 5  199 
DO 803 L l t l r 2 8  

P S I  ( 1 1 = ( P I  /4.) 
PS 1(2  )=3 .*PS I (  1 1 
P S I  ( 3 ) = 5 . * P S I t  1) 
P S I ( 4 ) = 7 . * P S I ( l )  
P S I ( 5 ) = P S  1 ( 1 3 ) = ( P 1 / 8 . )  
PSI(6)=PSI(14)=3.*PSI(5) 
PSI ( 7  ) = P S I (  15  )=5 .*PS I15 1 
P S I ( 8 )=P S I ( 1 6 ) = 7  * P S I  ( 5 ) 
P S I ( 9 ) = P S I ( 1 7  )=9 . * P S I I S )  
P S I ( l O ~ = P S 1 ( 1 8 ~ = 1 1 . * P S I  ( 5 )  
P S I  ( 11 =PS I ( 19 )=13 . * P S I  ( 5 ) 
P S I  (12 ) = P S I  ( 2 0 ) = 1 5 . * P S I (  51 
X L E (  1 ) = X L E ( 1 0 ) = 0 . 4 3 5 7 9  
X L E  ( 2  ) = X L  E l  9 1 
XLE ( 3 ) =XL E { 8 ) 

803 Y D E L T A l L l 1 = 3 .  

=O ,71422 
=O 8660 3 
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Appendix P - Continued 

X L E ( 4 ) = X L E (  7 )  = G o 9 5 3 9 4  
XLE ( 5 1  =XL E (  6 )  =O 099499 

L IR I  ZET419  E T A  19G4MY49 S IGMAR, SR 9 ALPHAR 9L I W t LW ~ H W I  1 R E 4 D  ( 5 9 903 
1 SIGM AH 9 LAMBDA9 AL PHAB 9 SI GM4T. TL 9 TH 
I F  ( E O F 9 5 )  999947 

47 AALPR=CLPHAR 
4 b L P B = 4 L P h 4 8  
A L 4M=L AM EC A 
L 4MB04=14 MBD 4* R 4 D 
ALPHAR= ALPHAR*RAD 
PLPHAB=4LPH48*R40 
W R I T E  ( 6 r l 3 0 )  
I F  ( L I R a E Q - 1 )  GO TO 804 

00 808 M2= l r20  
I 4L PHA= 10 PTR I4NGULAR 

808 RLOPD(M2 I = R T R I A (  M2 1 

804 14LPH4=1OHUNIFORM 

8 C 9  RLOPO(H2J =RUNIF(  P 2  1 

GO TO 8 0 6  

00 809 H 2 = l r 2 0  

8 C 6  I F  ( L I W . E Q = l I  GO TO 8 5 2  
I B E T A = 8 k E L L I P T I C  
CO 8 5 1  M 3 = 1 * 1 0  

8 5 1  XLOAD1H3 ) = X L E ( M 3 )  

852 I @ETA=8KUNIFORH 

853 XLO4O(M3 1=1  .O 

CO TO 850 

CO 8 5 3  H 3 = l r 1 0  

8 5 0  WIDTH=SIGHAR*(I.O+SR) 
I F  ( W I O T H . L T . l 0 . 4 N D . S I G M 4 R . N E ~ ~ . )  GO T O  855 
WRITE ( 6 9 7 0 1  1 
k R I T E  ( 6 9  736 I I 4 L P H 4 9  I B E T 4 9 S  IGM4R9ZET41 9 L W 9  4 4 L P R  (SIGMAW 9 ET419  

1 HW 9 AALPBv S I GH4T 9 TL 9 THI SR *GAMMA 9 ALAM 
WRITE ( 6 r 2 1 0 I  
WRITE ( 6 9 2 1 1  1 
WRITE ( 6 9 2 1 2  1 
WRITE ( 6 9 2 1 3  I 
Y R I T E  1 6 9 2 1 4 )  
WRITE ( 6 9 2 1 5 )  
WRITE ( 6 9 2 1 6 1  
WRITE ( 6 9 2 1 7 )  
WRITE 1 6 , 2 1 8 )  
I F  (SIGH4R.EQ.O.) WRITE (69707)  
I F  (WICTH.GE.1o) WRITE ( 6 9 7 C 8 )  
GO TO 1 

855 CO 4 2  I E L E Y = l r 3  

600 WRITE ( 6 r 7 0 1 1  
IF l E T A l * E O .  l o )  GO TO ( 6 0 0 9 4 2 9 6 0 0 )  t I E L E Y  

IF (ETAloEO.1,) GO TO I6049429603)  p I E L E M  
GO TO ( 6 C l r 6 0 2 r 6 0 3 ) r  I E L E M  

601 WRITE 1 6 9 7 3 2  ) 
GO TO 610 

602 Y R I T E  (6,703 1 
GO TO 610 

6C3  WRITE t6r704) 
GO TO 610  

604 WRITE (6 ,735 )  
610 WRITE 16,706) I A L P H A I I B E T A ~ S I G M A R ~ Z E T ~ ~ ~ L W ~ A A L P R , S I G M A W ~ E T A ~ ~  

1 H W * ~ ~ L P ~ * S I G M ~ T I T L  ~ T H ~ S R I G ~ N M ~ ~ ~ L ~ M  
WRITE (69210 1 
W R I T E  ( 6 1 2 1 1 1  
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Appendix P - Continued 

6 1 5  I F  (SIGMA~.EQ.~..AND.SIG~Al.NE.O.) GO TO 6 1 3  
I F  ( S I G M A r J . N E . C . . A N D . S I G M A T . E ~ . O . )  GO TO 6 1 6  
S U Y L = l  0 0 
XLOADt 1 I = l . 3  
P 7 = N 7 = 1  
G O  T O  8 1 2  

6 1 3  SUML=0,25 
P 7 = 4  
N 7 = 1  
X L O 4 C ( 1 ) = 1 . 0  
I F  I E T I l . N E . 1 . )  GO T O  8 1 2  
SUHL=C .50 
M 7 = 2  
GO TO 8 1 2  

6 1 6  SUML=C. l261C4 
I F  ( L  I W  aE0.1 1 SUML=O.lOQ 
h 7 = 1 O  
M7=1  
I F  iETAl .NE.1. )  GO T O  8 1 2  

I F  ( L I w l . € O . l )  SUML=O.2OC 
, SUML=C. 2 5 2 3 8  

N 7 = 5  

DO 8 0 2  N l = l , N 7  

Y ST AR= ( 11 - 2  .* FL O P T  ( N 1 )  1 / 1 3  

8 1 2  GO 8 0 1  M l = l , M 7  

XSTAR=I  l 1 . - 2 . * F L O P T ( M l ) ) / l ~ .  

EO I 6 2 2 r 6 2 3 r 6 2 1 ) 1  I E L E Y  
C 
C EFFECT OF RIGHT ROTOR 
C 

6 2 2  ETA=ETPl-RL04D(NlI*SIGMAR*SIN(PSI ( N 1 )  ) - S R * S  I G v 4 S  
Y OVERH=-S I G Y A R  W 4MMA*( 0.25* ( 2, n*FL:14 1 ( Y  1 I - 5  PI ( SI ",AT/ S ISMAq 

1 + K L O A D ( V l ) * S I ~ ( P S I l h l ) ) + S ~ )  
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Appendix P - Continued 

GO T O  6 2 5  
C 
C EFFECT OF LEFT R C T O R  
C 

6 2 3  ETA=ETA1-RLOAD~N1~*SIGM4R*SIN~PSI(N1ll+SR*SIGMAR 
YOVERHz-S I GMAR*GAMMA *( 0 0  25* (  2oO*FL3AT ( M  11-5.  0 1 * ( SI GMAT/ SI GM AR 1 

1 + R L O A D I N l  ) * S  I N  P S I  (N 1 1  1 -SR 1 
GO TO 6 2 5  

C 
C EFFECT OF UING 
C 

6 2 1  Y S T 4 R = (  1 1 . 0 - 2 . 0 * F L 0 4 T ( N l  11 /10oO 
ET4=ETAl-YSTAR*S I GMAW 
Z ET A=Z ETA 1 / ( 1 .0- S I GM AR*G PHM A * Z  ET A 1* ( ABS ( Y S 1 4R 1 * ( S I  GH4W / SI GM 4R 1 

*TAN ( L  4M6D4 1 * S  IN( ALPHA6 1 +LH*SI  N ( AL PHA6 1 -HW*COS( ALPHA6 1 1 1 
XOVERH=SIGHAR*GA~H4*(  (TL-LW 1 *COS ( ALPH46 1 +( TH-HW 1 * S I N (  4LPH4B 1 

1 

1 - P B S ( Y S T 4 R I * ~ S I G M 4 W / S I G M A R ~ * T A N ( L A M 6 D A l * C O S ~  4 L P H 4 6 l l  
Y OVE RH= G AH14 A* ( 0 2 5  * ( 5 0- 2 00 *FL 0 A T  ( Y 1 1 1 *S  I GM AT- Y S T A R *  S I GM A W 1 
ZOVERH~-SIGM4R*GAMM4~~~TL-LWl*SIN~4LPHA61-~TH-HWl*COS~4LPHA6l 

GO TO 630 
1 - A B S ( Y S l A R l * I S I G M A W / S I G M A R l * T A N ( L A M B D A l * S I N ( A L P H A 6 ) ~  

6 2  5 Z ETA=Z E T A l /  ( 1 oO-RLOAD(  N 1  )*SI GM AR*GAMH4*ZETAl *Cas (P SI ( N1  1 1 * 
1 S I N (  PCPHAR 1 1 

1 R L O A D ~ N 1 ~ * C O S ~ b L P H A R ~ * C O S ~ P S I ~ N l l l ~  
XOVERHt S I G M  AR*G 4MM 4* ( T L * C O S  ( AL PHA6 I +TH*S I N  ( ALPHA61 - 
ZOVERH=SIGH4R*G4~M4*~TH*COS( A L P H 4 6 l - T L * S  I N (  4 L P H A B I + R L 0 4 D ( Y l l  

1 *S I N t AL PH A R 1 *COS ( PS I ( N l  1 I 1 
XLOAD( N l J = l  e 0  

6 3 0  CbLL OLT4S ( C ( K 1 )  
*+*******$*+t****$*** SEE APPEND1 X Q FOR SUBROUTlh(E DLT4S . . . . . . . . . . . . . . . . . . . . . .  

DO 805 L l z l r 2 8  ( P  179) 
8 0 5  X D E L T A ( L l l = X D E L T A ( L l  l + D E L T A ( L l  l * X L O A D ( Y l l  ( P  1 8 n I  
6 0 2  CONTINUE ( P  1811 
8 0 1  CONTINUE ( P  1 8 2 )  

DO 8 0 7  L 3 = l r 2 8  ( P  1 8 3 )  
8 0 7  G E L T A I L 3  ) = X D E L T A ( L 3 ) * S U M L  ( P  1 8 4 )  

WRITE ( 6 9 1 4 9 1  C ( K )  I P  1 8 5 1  
& R I T E  1 6 . 1 5 3 1  ( D E L T 4 ( 1 ) * 1 = 1 ~ 2 5 ~ 4 )  IP 1 8 6 )  
WRITE (69 1 5 1  1 ( D E L T 4 t  I 1 P 1 ~ 2 9  269 4 1 ( P  1 8 7 1  
k R I T E  ( 6 ~ 1 5 2  J I D E L T A ( 1  I r I = 3 r 2 7 r 4 I  ( P  1 8 8 1  
NRITE ( 6 ~ 1 5 3 1  ( D E L T A ( I l r I = 4 ~ 2 8 r 4 1  (P 1 8 9 )  
DO 814 L 4 = l r 2 R  ( P  1 9 0 1  

6 1 4  XDELTAf L 4  l = O o  ( P  191) 
4 1  CONTINUE ( P  1 9 2 )  
42 CONTINUE I P  1 9 3 1  

GO TO 1 I P  1 9 4 1  
100 FORMAT ( 1 ~ 1 / / / / / / / / / 5 9 X * S T A R T  NEW CASE*)  I P  1 9 5 1  
149 FORMAT ( 1 X * C H I  =*  F 7 . 3 / 1  ( P  1 9 6 1  
1 5 0  FORMAT ( 3 X 5 H ( W v L l 7 ( F 1 7 . 4 ) 1  ( P  1 9 7 1  
1 5 1  FORMAT ( 3 X 5 H ( U * L  17(  F17.4 I )  (P  1 9 8 )  
1 5 2  FORM41 I 3 X 5 H  ( W P 0 1  7(  F 1 7  - 4  1 1 I P  1991 
1 5 3  FORMAT I 3 X 5 H  ( U  P 0 I 7  ( F17.4 I / /  1 [ P  2 Q 0 1  
2 1 0  FORMAT ( 1 X 1 3 1 ( 1 H - l )  ( P  2 0 1 1  
2 1 1  FORMAT (1X1HIllXlHI31X61HC3RRECTION FACTORS FOR CORRECTING FROM A ( P  2 0 2 1  

lWINO TUNNEL WHICH I S 2 5 X l H I  1 ( P  2 0 3 1  
2 1 2  FORM41 ~ 1 X 1 H I 1 1 X 1 H I 1 1 7 ~ l h - l l H I  (P  2 n 4 1  
2 1 3  FORMAT ( 1 X l H I l l X l H I  1 6 X l H I 5 X 6 H C L O S E D 5 X l H I  1 6 X l H I 2 X 1 2 H C L O S E D  FLOOR2X1 ( P  -2 f l 5 )  

1H 16X4HOPEN6XlH I 1  t X l H  I5 X6HCL 0 SE D 4 X l H  I J ( P  2 0 6 )  
2 1 4  FORMAT ~ 1 X l H I 3 X 5 H D E L T 4 3 X l H I 5 X 6 H C L O S E D S X 1 ” O N  BOTTOM3XlHI6X4HOP ( P  2 0 7 1  

1EN6X1HI6%4HONLY6XlHI5X5HFLOOR6XlHI5X6HCLOSED5XlHI3X9HON 6OTTOM3XlH I P  2 0 8 1  
2 1 )  ( P  2 0 9 )  

( P  1 5 0 1  
( P  1 5 1 1  
( P  1 5 2 1  
( P  1 5 3 )  
( P  1 5 4 1  
( P  1 5 5 )  
( P  1 5 6 1  
( P  1 5 7 1  
( P  1 5 8 1  
( P  1 5 9 )  
I P  1 6 0 1  
( P  1611 
I P  1 6 2 )  
f P  1 6 3 )  
( P  1641 
( P  1 6 5 1  
( P  1 6 6 )  
( P  1 6 7 1  
( P  1 6 8 1  
[ P  1 6 9 1  
( P  1 7 0 1  
I P  171) 
( P  1 7 2 )  
( P  1 7 3 1  
( P  1741 
( P  1 7 5 1  
( P  1 7 6 1  
( P  1771 
( P  1 7 8 )  
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Appendix P - Concluded 

2 1 5  FORMAT ( 1 X l H I l l X 1 H I  1 6 X l H 1 6 X 4 H O N L Y 6 X l H I  16X18H l  (GRGUND EFFECT1 I 6 X 4 H  ( P  2 1 0 )  
I P  2 1 1 1  

2 1 6  FGRMAT ~ l X l ~ I l l X l H 1 8 4 ~ 1 H - ) l H I 3 2 (  L H - I  1H1)  ( P  2 1 2 1  
2 1 7  FORMAT ( l X 1 H I l 1 X l H 1 3 6 X l l H T O  FREE 4 I R 3 7 X l H I B X l b H T C  GROlJND EFFECTEX1 ( P  2 1 3 )  

1h I )  ( P  2 1 4 )  
2 1 8  FORMIT 1 X 1 3 1 (  1 H - I  / I  ( P  2 1 5 )  
701 FORMAT t l H 1 / / 2 8 X * 4 V E R A G E  INTERFERENCE OVER A T A I L  B E H I N D  SIDE-BY-S I P  2 1 6 )  

l I D E  AND/OR T I L T  ROTOR MODELS*/ )  (P 2 1 7 )  
7 0 2  FORMAT (55X*EFFECT O f  RIGHT ROTOR*/ / )  ( P  2 1 8 1  
7 0 3  FORMAT (56X*EFFECT O F  LEFT ROTOR*/ / )  ( P  2 1 9 1  
704 FORM4T (59X*EFFECT OF W I N G * / / )  I P  220) 
7 0 5  FORMAT ( 5 5 X * E f F E C T  OF E I T H E R  ROTOR*/ / )  ( P  2 2 1 )  
706 FORM4T 1 3 4 X r 4 1 0 *  ROTOR L 0 4 D I N G * 1 9 X v 4 8 *  HING L 0 4 0 I N G * / /  ( P  2 2 2 )  

10NLY6X 1 H I  16X 1H I6X4HONL Y 5  X1H I 1 

1 1 9 X * S I G M A (  ROTOR 1 =*F6.3r  10X*ZETA =*F6.3 10X*LW/R =*F6.3 r 1 O X  ( P  2 2 3 )  
2*ALPHA( ROTOR) =*F7.3 / /19X*SIGMA(  WING1 =4F6.3r 10X*ETA =*F6.3r  ( P  2 2 4 1  

4 1 0 X * T L / R  =*F6.3r  10X*TH/R =*F6.39 1 0 X * S R / R  =*F 7 3 / / 3 9 X  ( P  2 2 6 )  
S*G4MMA = * F 6 0 3 * 2 9 X * L A M B D A  = * F 7 . 3 / / 1  (P 2 2 7 1  

1 FOR USE k I T H  SUCH C 4 S E S . * / / l  ( P  2 2 9 )  
7 0 8  FORMAT ( 4 O X * R O T O R  SYSTEM I S  TOO WI3E FOR WIND T U N N E L * / / )  I P  2 3 0 )  
900 FORMAT t I1 F9.3 5 F 1 0  03 /I 1 rF9.3  r 4 F  19 3 1  3F 10.31 ( P  2 3 1 )  

9 9 9  STOP ( P  2 3 2 1  
END ( P  2 3 3 )  

310X*HW/R = * F 6 . 3 r l @ X * A L P H b ( B O O Y )  = * F 7 . 3 / / 1 9 X * S I G H A ( T A I L I  =*F6.39 f P  2 2 5 )  

707 FORMAT (40X*SIGMb(ROTOR) EOUALS ZERO9 THIS PRDGRM IS NOT S U I T A B L E  ( P  2 2 8 1  
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4PPENDIX  Q ---------- 

SUBROUT I N €  DLT4S 

T h I S  SUBRCUTINE WAS WRITTEN I N  CDC FORTRAN, VERSION 2.1, T O  RUN ON CDC 6000 
S E R I E S  COMPUTERS WITH THE SCOPE 3 . 0  OPER4TING S Y S T E M  4 N 0  L I B R 4 R Y  TAPE. MINOR 
MODIF ICPTICNS M A Y  BE REQUIRED PRIOR T O  USE I N  OTHER COPPUTERS. T H I S  SUBROUTINE 
H p S  BEEN FOUND T O  BE SATISF ICTORY ON THE 4FOREHENTIONED COMPUTERS WHICH C4RRY 
THE EQUIVALENT OF APPROXIMITELY 1 5  DECIMAL D I G I T S .  COMPUTERS OF LESSER PRE- 
C I S I O N  HAV REQUIRE M O D I F I C 4 T I O N  T O  DOUBLE P R E C I S I O N  I N  ORDER T O  O B T 4 I N  RESULTS 
OF EQU4L ACCURACY. 

T H I S  SUBROUTINE I S  REQUIRED BY THE PR3GRAMS OF A L L  PRECEEDING 4PPFNDICES. 

SUBROUT [NE DLTAS ( ANGL 1 
COMMON 
DIMENSION V ( 3 1 9 1  r A D E L ( 2 8 )  

CC=COSI ANGL*0 .0174532925199)  
Z 6=ZET4*ZOVERH+l 

2 ETA 9 E T 4  ,GhMHA* XOVERH, YOVERH t ZDVERH D E L T 4  ( 2 8  1 

SC=SIN(  4NGL*0 .0174532925199)  

Z 8=-2 6 
2 7 ~ 2 8 -  1. 
DO 8 J l = l r 2 8  

8 CELTb( J1  )=Go 
CO 10 H=lr7 
DO 10 N = l r ?  
I F  IN.EO.4.AND.M.EQ.41 GO T O  10 
00 11 J l=1 ,3  
DO 11 J 2 z l r 9  

DO 12 J1=1,28 

AM=M-4 
b N = N - 4  
X=ZE f A* XOVERH 
Y = Z E T A * ( Y O V E R H - 2 . * A M * G 4 M M A * (  l . -ETAI*(  l.-(-l. ) * * H I  1 
Z=ZETA*(ZOVER+4.*ANt 
4=SQRT( X*X+Y*Y+Z*Z) 
E=A+Z*CC-X*SC 
v ( i r i  ) = (  ( x * x t r * y  1 / ( ~ * 4 * 4 * 4 )  ) - ( ( z t ~ * c c ) / ~  ~ * 4 1 1 * * 2  
V 1 2 r l  l = - ( X * Z  I /  1. B*A*A*Al-(Z+A*CC ) *I X-A*SC ) / [  B*B*A*Al  
V ~ 3 r l l = ~ ~ Y * Y t Z * Z I / ~ ~ * 4 * 4 * 4 1  l - ~ ~ X - 4 * S C ~ / ~ B * 4 I 1 * + 2  
z=-2-2. 
&=SORT( X*X+Y*Y+Z*Z I 
B=4 +z *cc- x *sc 
V l l r 3 ) =  (X*X+Y*Y I / [  B*4*A *4l I - (  (Z+A*CC I / (  884  1 I * * 2  
V I  2 13 1 =- ( X*Z I / ( B*4* 4*4  I - Z + I K  C 1 * ( X- A*SC I / 
V ( 3 r 3  )=I (Y*Y+Z*Z l /  (B*A*A*Al  )-I IX-A*SC l / l B * A l  ) **2 
I F  f4NGL.EP.90.01 GO TC 13  
X=X-tSC/CC) 
2-2-1. 
$=SORT f X*X+Y * Y + Z  *Z I 
8=A+Z*CC-X*SC 
V (1 12 I =  ( ( X*X+Y *Y ) /  
V (  2 r 2 1 =-( X*Z I / I B*A*A*A)-( Z+A*CC 1 *( X-A*SC 1 / (  B * B * 4 * 4 l  

11 V (  J l ,  J2 1=0. 

12 ADEL( J1 ) = O .  

B*B* 4*A ) 

B * A * A * A )  I - (  ( 2 + 4 * t C  1 / ( R*A ) I **2 

(Q 11 
(0 2 )  
( 0  3 )  
(0 4 1  
(Q 5 1  
(0 6) 
( 0  7 )  
(0 8 1  
IQ 91  

( Q  10)  
( Q  1 1 1  
( Q  121 
( 0  131 
( Q  14)  
IO 1 5 )  
(0 16)  
( Q  171 
(0 181 
(0 19)  
IQ  203 
(4 21) 
[ Q  2 2 1  
I Q  231 
(0 241 
(0 251 
( 0  26) 
( Q  271 
I O  281 
(0 29)  
(0 39) 
( Q  311 
t Q  321 
(0 331 
( 0  34) 
(0 351 
10 361 
( Q  3 7 )  
I Q  38)  
( Q  391 
( Q  401 
I O  41) 
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Appendix Q - Continued 

16 G E L T A ( 1 3 ) = - V ( l 9 6 l - V  
O E L T 4 ( 1 4 l = - V ( 2 r 6 t + V  
CELTAf 1 5  I = - V  ( 2  r 6 1-V 
O E L T 4 (  1 6 ) = - V ( 3 r 6 l + V  
D E L T A ( l 7 ) = - V ( 1 * 6 ) + V  
DELTA( 1 8 ) = D E L T A ( l S I  
D E L T A (  19 ) = D E L T A (  14) 
D E L T A ( 2 0 ) = - V ( 3 * 6 l - V  
DO 17 J l = l r 4  

3.7) + V ( 3 * 8 1  
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Appendix Q - Concluded 

I ?  CELTA(  J 1  I-OELTAI J1 )+DELTAIJ  1 + 1 2 )  

18 OELTA( J 1  )=DELTA( J l ) + O E L T A ( J l + 8 )  
DO 18 J 1 ~ 5 . 1 2  

dHT=-2 * G A M M A *  Z E TA *ZE T 4 /  3.14 1 5 9  265 3 589 79 
CO 19 J l = l r 2 8  

19 CELT4( 31 ) = A H T * O E L T A (  J l l  
RETURN 
END 
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I Q  1 0 3 )  
I Q  104) 
I Q  1 0 5 )  
(Q 106)  
(Q 1 0 7 )  
I Q  108) 

t Q  1101 
(Q l a 9 1  
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