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FORTRAN PROGRAMS FOR CALCULATING WIND-TUNNEL
BOUNDARY INTERFERENCE

By Harry H. Heyson
Langley Research Center

SUMMARY

Boundary-interference programs, developed in NASA TR R-302, are 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) in 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.



The programs are given in the appendixes.

COMPUTER PROGRAMS

locating the program of interest:

The following table should aid in

Appendix Model Interference Page
A Small At point 4
B Wing Average 6
C Wing Span distribution 9
D Wing At tail 12
E Jet At wing 16
F Jet Wing distribution 20
G Jet At tail 24
H Rotor Average 28
I Rotor Lateral axis 31
J Rotor Longitudinal axis 34
K Rotor At tail 37
L Tandem rotors Average 41
M Unloaded rotors Average 46
N Unloaded rotors At tail 52
(o) Side-by-side Average 57
rotors

P Side-by-side At tail 64
rotors

Q Subroutine DLTAS 70
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FORTRAN PROGRAM FOR CALCULATING WIND-TUNNEL INTERFERENCE

NEAR A VANISHINGLY SMALL MODEL

] THIS PROGRAM WAS WRITTEN IN CDC FORTRAN, VERSION 2.1, TO RUN ON CDC 6000
SERIES COMPUTERS WITH THE SCOPE 3.0 OPERATING SYSTEM AND LIBRARY TAPE. MINOR
MODIF ICATICNS MAY BE REQUIRED PRIOR TO USE IN OTHER COMPUTERS. THIS PROGRAM
HAS BEEN FOUND TO BE SATISFACTORY ON THE AFOREMENTIONED COMPUTERS WHICH CARRY
THE EQUIVALENT OF APPROXIMATELY 15 DECIMAL DIGITS. COMPUTERS OF LESSER PRE-
CISION MAY REQUIRE MODIFICATICON TO DOUBLE PRECISION IN ORDER TO OBTAIN RESULTS
OF EQUAL ACCURACY.

THIS PROGRAM REQUIRES THE USE OF SUBROUTINE DLTAS WHICH IS GIVEN IN
APPENCIX Q.

THIS IS THE BASIC WIND-TUNNEL INTERFERENCE PROGRAM FOR WHICH THE DERIVA-
TIONS ARE GIVEN IN NASA TR R-124 (REF 2). THE SUCEEDING PROGRAMS ARE ALL
CEVELOPED FROM THIS ONE PROGRAM. [INPUT WILL BE FOUND AT ADDRESS 1 (ONE CARD
PER CASE} IN FORMAT 103. THE REQUIRED INPUT VARIABLES ARE

ZETA SEMIHEIGHT QOF WIND TUNNEL OIVIDED BY HEIGHT OF MODEL ABOVE FLOOR

ETA DISTANCE FROM MODEL TO RIGHT-HAND WALL CIVIDED BY WIND-TUNNEL
SEMIWIDTH

CAMMA WIDTH-HEIGHT RATIO OF WIND TUANNEL

XOVERH LONGITUDINAL POSITION OF POINT AT WHICH INTERFERENCE IS NEEDED.,
NONDIMENSIONALIZED WITH RESPECT TO TUNNEL SEMIHEIGHT

YOVERH LATERAL POSITICN OF POINT AT WHICH INTERFERENCE IS NEEODED,
NONDIMENSIONALIZED WITH RESPECT TO TUNNEL SEMIHEIGHT

20VERH VERTICAL POSITICN OF POINT AT WHICH INTERFERENCE 1S NEEDED,
NONDIMENSIONALIZED WITH RESPECT TO TUNNEL SEMIHEIGHT

PROGRAM WINITUN(INPUT,OUTPUT,TAPES=INPUT,TAPE6=0UTPUT) (a1}
CCMMON ZETA,ETA,GAMMA,XOVERH,YOVERH,ZOVERH,DELTA(28) (a 2)
DIMENSION C(8) {a 3)
DATA (CUI)s1=1481/204930e140.350.+60.970e980.490,/ (A 4)
1 READ (5,103) ZETA.ETA,GAMMA,XOVERH,YOVERH, ZOVERH (A 5)
IF (EOF,5) 999,2 (A 6)
2 WRITE (6,148) GAMMA,ZETA,ETA,XOVERH,YOVERA,Z0OVERH (a 7}
WRITE (6,210) (A 8)
WRITE {(64211) (A 9}
WRITE (6,212} (A 10)
WRITE (6+213) (a1l1)
WRITE (6,214) (A 12}
WRITE (6,215) (a 13)
WRITE (64+216) (a 14)
WRITE (6,217} (A 15)




Appendix A — Concluded

WRITE (6,218)

DO 41 K=1,8

CALL DLTAS (C{(K)}
sextd ARk khkhkkhkk SEE APPENDI X Q FOR SUBROUTINE DLTAS #*xkEkk&kiik ki ki

WRITE (6,149) CIK)

WRITE (6,150} (DELTA{I),1=1,25,4)

WRITE (6,151) (DELTA(I),1=2,26,4)

WRITE (6,152) (DELTA(I) 1=3,27,4)

WRITE (6,153) (DELTA(I},1=4,28,4%)

41 CONTINUE

GO T0 1

103 FORMAT
148 FORMAT

{6F10.3)}
(1H1//35X*INTERFERENCE FACTORS AT A POINT NEAR A VANISHINGL

1Y SMALL MODEL*//35X*GAMMA =%FB8,3,9X*LETA =*F8.3,11X*ETA =%
2F8.3//35X*X/H =¥F8e39s9X¥Y/H =%FB,.3,11X¥2/H =*FB8.3//)

149 FORMAT
150 FORMAT
151 FORMAT
152 FORMAT
153 FORMAT
210 FORMAT
211 FORMAT

t 75X6H CHI =F6.,2/)

{3XSHIW,LITI{F1T.4))

(3XSHIULITIFL1T.4))

{3X5H(WsDIT(F1T.4))

{3XSH{UDITIF17.4)/)

(1X131(1H-1))

(IXIHI11X1HI31X61HCORRECTION FACTORS FOR CORRECTING FROM A

1WIND TUNNEL WHICH IS25X1HI)

212 FORMAT
213 FORMAT

(1XIHILIXIHI117{1H=) 1HI)
(IXIHILIXIHI16X1IHISX6HCLOSEDSXIHT 16XIHI 2X12HCLOSED FLOOR2X]

THI6X4HOPENSXIHT 1 éX1HISX6HCLOSED4XIHT }

214 FORMAT

(1XIHI3XSHDELTA3X1IHISX6HCLOSEDSXIHI 4X9HON BOTTOM3X1HI6X4HOP

1EN6XIHI 6X4HONLY6X1IHISXSHFLOOR6X1IHISXSHCLOSEDSX1 HI3X9HON BOTTOM3IX1H

211}
215 FORMAT

(1XIHI11X1HTI16XIHIO6X4HONLYSX IHI 16X18HT {GRCUND EFFECT) 16X4H

1ONLY6X1HI16X1HI6X4HONLYS XIHT )

216 FORMAT
217 FORMAT
1HI)
218 FORMAT
999 STOP

END

(1X1IHILTIX1IHIB4{1H=-)1HI32( 1H-)1HI)}
(1X1HIL1X1IHI36X11HTO FREE AIR3TXIHIBX16HTC GROUND EFFECTSX1

(1X131{(1H-1/])

(a
(A
(A

(A

16}
17)
18}

19}
20)
21)
22)
23)
24)
25)
26)
27}
28)
29)
D)
31)
32}
33)
34)
35)
36)
37)
381
39)
4C)
41)
42)
43)
44)
45)
46)
47)
48)
49)
50}
51)



APPFENDIX B

FORTRAN PRNGRAM FOR CALCULATING THE AVERAGE wWIND=TUNNEL

INTERFERENCE OQVER A SWCPT WING

THIS PROGRAM WAS WRITTEN IN COC FNARTRAN, VFRSION 2.1, TO RUN ON CNC 5100
SERIES COMPUTERS AITH THE SCOPF 3.0 OPERATING SYSTEM AND LIRRARY TAPE., MINOR
MODIFICATIONS MAY BE REQUIREND PRINR T yYSE IN OTHER COMOYTERS, THIS PRNOGRAM
HAS BEFN FOUND T7 8% SATISFACTORY NN THE AFOREMENTIONED COMPUTERS WHICH CARRY

CTHE EQUIVALENT OF APPROXTMATELY 15 DECIMAL DIGITS. CNMPUTFRS 0OF LESSER PRE-
CISICN MAY REQUIRE MONIFICATION TN OJ7JBLE PRECISTION IN ORDER TJ 3IRTATIN RESULTS
OF EQUAL ACCURACY.

THIS PRAOGRA4 REQUIRES THE USE NF SYUBRAOUTINE DLTAS WHICH IS GIVEN IN
APPENDIX .

INPUT WILL 3% FOUND AT ADDRESS 1 (ONE CARD PER CASF) TN FIRMAT 2917, NOTE
THAT THE REFERENCE NRIGIN IS CHOSEN T BE AT THE APEX (F THE SWEPY LIFTING LINE,
THE FREQU IRED INPUT VARIABLFES ARE

L LOAD INDICATOR, LI=1 FOR JNTFORM LOADING, L=2 FIR ELLIPTIC
LOAD ING
ZETAL SEMIHEIGHT NF TUNNFL DIVINED BY HETGHT AF ORIGIN A3NVE FLOIR
ETAL DISTANCE FROM ORIGIN TO ® [5HT=HAND WALL DIVINED 8Y TUNNEL
SEMIWIDTH

GAMA WIDTH-HEIGHT RATIN OF WIND TUNVEL

ST5MA RATIO NF WING SPAN TO TUNNEL wIDTH

LAMBUA  4ING SWEEP ANGLF, NEG

AL 4 ANGLE NF ATTACK NF WING, O£
PROGRAM W INOTUN{INPUT,IUTPUT ,TAPES=INPUT , TAPE6=0UTPUT) (B 1)
COMHIN ZETA, FT A, GAMMA, XNVFRH, YOVERH, ZNVIRH,DELTA(28) (R 2)
DIMENSTON XDFLTA(28),XLNADIIN) ,XLE(LY),2(8) (8 3)
REAL LAMBNA (8 4)
EATA (CH1) 1198/ 20430, 5404350 .,50,700,30.,97,/ (R 5)
XLE(1)=XLE(17) =0, 43579 (e 6l
XLE(2)=XLE(D)=r,T1427 (R 7)
XLE(3)=XLE(R) =",8563 (R &)
XLE(4)=XLE(7)=",95394 (8 9
XLE(5)=XLE(5)=",99499 (3 1)
0N 833 L1=1,28 (8 11)

N3 XOELTALLL ) =", (8 12)

P1=3.141592£525957g (8 13)
RAD= 11745329251 60 (R 14)

1 READ (5,50%) LI,ZETAL,STAL,GAMMA,SIGMA, LAMSDA, AL PHA (8 15)
IF (EDF,5) 709,47 (8 16)




&7

B8C 8

8C4

803
160

813

312

Appendix B -~ Continued

IF (LI.EQ.l) GO TN 8f4

TALPHA=BHELLIPTIC

SUML=N.N1261N4

DO 83193 M2=1,10C

XLOAD(M2)=XLE(M?)

GO T3 150

[ALPHA=RHUNTFORM

DO 89793 M2=1,19

XLNDAD{M2 )=1 .0

WRITE (64901 ) TALPHA,GAMMA,ETAY,SIGMA,ZETAL, ALPHA,L AMBDA
WRITE (6,212)

WRITE (6,211}

WRITE (6,212)

WRITE (64,213)

WRITE (64214)

WRITE (64215)

WRITE (6,216)

WRITE (6,217)

WRITE (6,218)

CONSTI1=1.

LAMBDA=LAMABDA*RAD

AL PHA=ALPHAXRAC

DO 41 K=1,R

IF (SIGMANE.N.) 6O TN 811

M6=MT=N6=NT=1

XL3AD(1)=1,"

SUML =1,

G TO 812

IF (ETAl.NE.1.) GO TO 813

N6=1

M6 =5

N7=v7=10

CONSTL=2.

GO 10 812

M6=N6=1

MT7=NT7=10

DO 301 M1l=M45,M7

DO 802 N1=N6H,N7

XSTAR={11.-2 ., ¥FLOAT(M1})/ 1",
YSTAR=(2.*FLIAT(NL)=-11.)/1N,
ISTAR={11.-2,%FLOAT(N1))/10,
ETA=ETAl+YSTARXSIGMA

ZETA=ZETAL/ (1 .—ABSUYSTAR)#SIGMAXGAMMAXZETAL*TAN(LAMBDA)*SIN(ALPHA)
1)

XOVERH=S IGMA*GAMMA =T AN(L AMBDA) *COS(ALPHAY*(ABS{XSTAR) ~ABS{ZSTAR))
YOAVERH={FLOAT (ML) -FLOAT{NY) ) *STGMAXGAMMAX(~-,2)
ZOVERH=S IGMA*GAMMAXT AN(LAMBDA) #S IN(ALPHA) *{ABS(ZSTAR)-ABS(XSTAR))
CALL DLTAS (C(K))

(8

17)
18)
19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)
33)
14)
35)
3¢)
37)
38)
39)
40)
41)
42)
43)
44)
45)
46)
47)
48)
49)
50)
51)
52)
53)
54)
551
56}
57)
58)
59)
69)
61)
62)
61)
64)
65)

B R ARk n a ARk EIRERE SEE APPENDIX Q FOR SUBRIUTINE DLTAS #okkkhsghas kahhtonhhhs

305
802
301

8n7

DA 835 Li=1,28

XUELTA(LYL }=XDELTA(LL }4DELTA(LL)*XLNAD(N])
CIONTINUE

CONTINUE

DO 857 L3=1,28
DELTA(L3)=XDELTA(L3 Y 4SUMLXCONST]
WRITE (6,1493) C(K)

WRITE (6,157) {(DELTA{I),1=1,25,4)
WRITE (64,1511 (DELTA(I) y1=2,26,4)
WRITE (6,152) (DELTA(I)},1=3,27,4)
WRITE (6,4153) (DELTA(TI),I=4,23,4)

(8

66)
61
68}
59}
T0)
7T
72)
73)
T4)
75)
76)
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D3 814 L4=1,28

814 XDELTA(L4)=0D.

41 CONTINUE
GO T0 1

14< FORMAT (1X*CHI =%F7.3/)

150 FORMAT (3XSH(W,LI17(F17.4))}

151 FORMAT (3XSHIU,LIT(FLT7.4))

152 FORMAT (3XSH(WyD)T{(F17.4))

153 FORMAT (3X5HIU,D)ITIF17.4)//)

210 FORMAT (1X131(1k-))

211 FORMAT (1XLHI11XIHI31X61HCORRECTINN FACTORS FOR CNRRECTING FROM A
LWIND TUNNEL WHICH IS25X1HI)

212 FORMAT (IXIHILIIXIHTI17(1H-)1HI)

213 FORMAT (1XIHILLIXIHIVI6XTIHISXAHCLOSENSXIHIL6XIHI2ZX12HCLNSED FLIOR2X1
1HI6X4HOPENO6XLIHI16XIHISX6HCLASEDAXLHE)

214 FORMAT (1X1HI3XSHDELTA3IXIHISXSHCLOSEDSXIHI4XIHON BOTTOM3IX1IHIAX4HOP
LENS6XIHIOX4HONLYSXIHISXSHFLOOREX1IHISXAHCLOSEDSX1I4I3X9HAON BOTTOM3X1H
21)

215 FORMAT (1X1HILIXIHI1I6XIHIAX4HONLYOX1IHI16X1 BHI(GROUND EFFECT) 16X4H
LONLY 6X1HT16XIHI6X4HONLYSX1IHI )

216 FORMAT (IX1IHI1IX1HIB84({1H-)1HI32(1H=-)1HI)

217 FORMAT (1X1HIL1X1HI36X11HTO FREE AIR37TXIHIBX16HTO GROUND EFFECT8X1
1HI)

21 € FORMAT (1X131(1H-)/)

900 FORMAT (I1,F9.3,5F1N.3)

901 FORMAT, (1H1///42X*AVERAGE INTERFERENCE IF SWEPT WING OF FINITE SPA
IN*¥//58XA8y% LOADING*//36X¥GAMMA =%F5,3,10X*¥ETA =%F7,3,1NX
2%S IGMA  =%F7,3//36X*¥IETA =%F6.3,1NXEALPHA =%F7,3,10X
3%L AM3DA =%Ff7.3//)

999 sSTap
END

T n, S oy T, T S SN, S S ghm,
TP D P OPFDRPOE®Do®

—~ e -~
P Wo PP

77)
78)
79)
80}
81)
82}
83}
84)
85)
86)
871}
88)
89)
S0}
91)
G2)
93)
94)
95}
96)
97}
38}
99)
110)
101)
102)
103)
104)
105)
126)
107)



APPENDIX C

FORTRAN PROGRAM FOR CALCULATING THE DISTRIBUTION OF
WIND-TUNNEL INTERFERENCE OVER THE

SPAN OF A SWEPT WING

THIS PROGRAM WAS WRITTEN IN CDC FORTRAN, VERSION 2.1, TO RUN ON CDC 520"
SERIES COMPUTERS WITH THE SCOPE 3.0 OPERATING SYSTEM AND LIBRARY TAPE, MINOR
MODIF ICATIONS MAY BE REQUIRED PRIOR TO USE IN OTHER COMPUTERS. THIS PROGRAM
HAS BEEN FOUND TQ BE SATISFACTORY ON THE AFOREMENTIONED COMPUTERS WHICH CARRY
THE EQUIVALENT OF APPRCXIMATELY 15 DECIMAL DIGITS. COMPUTERS OF LESSER PRE-
CISION MAY REQUIRE MODIFICATION TO OCUBLE PRECISION IN ORDER TO OBTAIN RESULTS
OF EQUAL ACCURACY.

THEIS PROGRAM REQUIRES THE USE OF SUBROUTINE DLTAS WHICH IS GIVEN IN
APPENCIX Q.

INPUT WILL BE FOUND AT ADORESS 1 (ONE CARD PER CASE) IN FORMAT 103. NOTE
THAT THE REFERENCE ORIGIN IS CHOSEN TO BE AT THE APEX OF THE SWEPT LIFTING LINE.
THE REQUIRED INPUT VARIABLES ARE

LI LJAD INDICATOR, LI=1 FOR UNIFORM LJADING, L=2 FDR ELLIPTIC
LOADING

ZETAL SEMIHEIGHT OF TUNNEL DIVIDED BY HEIGHT CF ORIGIN ABOVE FLOOR

ET AL DISTANCE FROM ORIGIN TO RIGHT-HAND WALL DIVIDED BY TUNNEL
SEMIWIDTH

GAMMA WIDTH-HEIGHT RATIO OF WIND TUNNEL

SIGMA RATIO OF WING SPAN TO TUNNEL WIDTH

LAMBDA WING SWEEP ANGLE, DEG

ALPHA ANGLE OF ATTACK OF WING, DEG

c EFFECTIVE WAKE SKEW-ANGLE, DEG

IN SYMMETRICAL CASES THIS PROGRAM COMPUTES THE INTERFERENCE DISTRIBUTION
OVER ONE SEMISPAN ONLY. THIS PROGRAM REJECTS CASES OF ZERD SPAN. FOIR SUCH
CASES, THE INTERFERENCE IS UNIFORM AND THE VALUES ARE IDENTICAL TO THOSE PRO-
VIDED BY THE PROGRAM OF APPENDIX B.

PROGRAM WINDTUN{INPUT,OUTPUT ,,TAPES=INPUT,TAPE6=0UTPUT) ' (C 1)
COMMON ZETA,ETA,GAMMA, XOVERH ,YOVERH ,ZUOVERH,DELTA (28) (c 2)
DIMENSION XDELTA(28),XLOAD(10)»XLE(10) (c 3
REAL LAMBDA {C 4)
XLE{1)=XLE(10)=.43576S (€C 5)

XLE{2)=XLE(9)=.T71422 (C 6}




805

814

808

8C6

809
803

813

804

801
800

802

810

10
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XLE(3)=XLE(B)=.86603
XLE(4)=XLE{T)=.95394
XLE{S)=XLE(6)=.99499

CO 805 N2=1,28

XDELTA{N2)=0.
RAD=.0174£32925199

REAC (5,103) LI,ZETAl,ETAL,GAMMA,SIGMA,LAMBDA,ALPHA,C
IF (EOF+5) 999,814

IF {LI.EC.1) GO TO 806
TALPHA=BFELLIPTIC
SUML=.126104

DO 808 M2=1,10
XLOAC(M2)=XLE(M2}

GO TO 803

SuUML=.1

I ALPHA=8HUNIFORM

DG 809 M2=1,10

XL0AD(M2)=1.0
XOVERH=Z0VERH=0.

M1=0

IF (ETAl.EQ.1l.) M1=6

WRITE 169920) GAMMA, ZETALl,TALPHA,ALPHA,SIGMA,ETA1,LAMBDA,C
WRITE (€&4210)

WRITE (6,211)

WRITE (€,212)

WRITE (64,213)

WRITE (64214}

WRITE (64215)

WRITE (64216}

WRITE (64217)

WRITE (64218)

If (SIGMA.NE.O.) GO TO 813
WRITE (64+901)

GO T0 1

ALPHA=ALP RA¥RAD

L AMBD A= AMBDA%*RAD
XSTAR=(11.-2 .*FLOAT(M1))/1).
CC 800 N1=1,10

YSTAR=( 2. *FLOAT(N1)-11.)/11.
ISTAR={11.-2.*FLOATIN1})/102.
ETA=ETAL1+YSTAR¥*SIGMA

ZETA=ZETAL/ (1 .—ABS{YSTAR)}*SIGMAXGAMMAXZE TAL *T AN{LAMBDA)*SIN(ALPHA)
1)
XOVERH=SIGMA*GAMMA*T AN( LAMBDA) *COS(ALPHA)}*{ ABS(XSTAR)}-ABS(ZSTAR))

YCOVERH=(FLOAT(M1)-FLOAT (N1) ) %S IGMAXGAMMA*(~. 2}

ZOVERH=S IGMA*GAMMA*TAN( LAMBDA) *SINUALPHA) *{ABS({ZSTAR)-ABSI{XSTAR))

CALL DLTAS (C)
DO 801 N2=1,28
XDELTA(N2)=XDELTA(N2 ) +DELTA(N2)¥XLOAD(NL )
CONT INUE
DO 802 N2=1,28

CELTA(NZ )=XDELTA(N2 ) #SUML
WRITE (€,149) XSTAR
WRITE (64150) (DELTA(I)I=1,25,4)
WRITE (641511 (DELTA(I),1=2426,4)
WRITE (64152) (DELTA(I),1=3,27,4)
WRITE (64153) (DELTA(I),41=4,28,4)
CO 810 N2=1,28
XDELTAIN2)=0.0
MLl=M1+1

(C 7)
(Cc 8)
(C 9)

(C
(c
(C
(c
(c

10)
11}
12)
13)
14)
15)
16)
17)
18}
19}
20)
21}
22)
23)
24)
25)
26)
27)
28)
29)
37)
21}
32)
33)
34)
35)
36)
37}
38)
39)
40)
41)
42)
43)
44)
45)
46)
47)
48)
49)
5n)
51)
52)
53)

54)
€5}
56}
ST)
58)
59)
60)
61)
62}
63)
64}
65}
66)
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IF (M1.LT.12) GO TO 804
GO 10 1

163 FORMAT (I1,F9.3,6F10.3)

149 FORMAT (10X12HY/SEMISPAN =Fé4.1/)

150 FORMAT (3XS5H(W,L)T{F17.4)}

151 FORMAT (3XS5HIU,LITIF17.4))

152 FORMAT (3XS5H(W,DITIF17.4))

153 FORMAT (3X5H(U.DIT(F17.4)//)

210 FORMAT (1X131(1H-))

211 FORMAT (1X1HI11X1HI31X61HCORRECTION FACTORS FOR CORRECTING FROM A
1WIND TUNNEL WHICH IS25X1HI)

212 FORMAT (1XIHILEXIHIL17(1H-)1HI}

213 FORMAT (1IX1HILLIXIHIL16XLIHISX6HCLOSEDSXIHI1I6X1IHIZ2ZXI2HCLOSED FLOOR2X1
1HI6X4HOPENSXIHI 16X IHI 5X6HCLOSED4AXIHI)

214 FORMAT (LX1HI3XSHDELTA3X1HISX6HCLOSEDSXIHI4X9HON BOTTOM3X1HI6X4HOP
1EN6X1HI6X4HONLY6XLHI S XSHFLOOR6X1IHISX6HCLOSEDSXIHIZX9HON BOTTOM3IX1H
21)

215 FORMAT {IX1HI11XIHI16X1IHIGO6X4HONLY6&EX1IHIL6XL BHI(GRCUND EFFECT) I15X4H
1ONLY6X1HI16X1HI6X4HONLYS X1HI )

216 FORMAT {1XLHI1L1X1HIB4{1lH-)1HI32(1H-)1HI)

217 FORMAT (1X1HIL1XIHI36X11HTO FREE AIR3TXIHIBX16HTO GROUND EFFECT8X1
1HIY

218 FORMAT (1X131{(1H-)/}

900 FORMAT {1HL///38X*INTERFERENCE DISTRIBUTION OVER SWEPYT WING OF FIN
1ITE SPAN®///1S5X*GAMMA =%*F7.3,15X*7ZETA =%F7.3,15X,A8% LOADING*
215X*ALPHA =%F7,3//15X*SIGMA =%FT7,3,15X*ETA =%*F7,3,15X*LAMBDA =%

3F 843915 X*(CHI =%FT7.3//}
901 FORMAT (////40X*SIGMA ECUALS ZERO - UJUSE AVERAGE INTERFERENCE PROGR
1AM%/77)
999 sTOP
END

67}
68)
69}
70)
T1)
72}
73)
74)
75}
76)
17}
78)
79)
80)
81)
82)
83}
84)
85)
86)
87)
88)
89)
90)
91}
92)
93)
9 )
95)
96)
97)

11



APPENDIX D

FORTRAN PRCGRAM FOR CALCULATING THE AVERAGE WIND-TUNNEL
INTERFERENCE OVER A TAIL

BEHIND A SWEPT WING

THIS PROGRAM WAS WRITTEN IN CDC FORTRAN, VERSION 2.1, TO RUN ON CDC 6072
SERIES COMPUTERS WITH THE SCOPE 3.0 OPERATING SYSTEM AND LIBRARY TAPE, MINOR
MODIFICATIONS MAY BE REQUIRED PRIOR TO USE IN DTHER COMPUTERS. THIS PROGRAM
HAS BEEN FOUND TO BE SATISFACTORY ON THE AFOREMENTIONED COMPUTERS WHICH CARRY
THE EQUIVALENT OF APPROXIMATELY 15 DECIMAL DIGITS. COMPUTERS OF LESSER PRE-
CISION MAY REQUIRE MODIFICATICN TO DOUBLE PRECISICON IN ORDER TQ OBTAIN RESULTS
OF EQUAL ACCURACY,

THIS PROGRAM REQUIRES THE USE OF SUBROJOUTINE DLVAS WHICH IS GIVEN IN
APPENLCIX Q.

INPUT WILL BE FOUND AT ACCRESS 1 (TWO CARDS PER CASE) IN FORMAT 900, NOTE
THAY THE REFERENCE ORIGIN IS CHOSEN TO BE AT THE APEX CF THE SWEPT LIFTING LINE,
THE REQUIRED INPUT VARIABLES FOR THE WING, GIVEN ON THE FIRST CARD, ARE

LI LIOAD INDICATOR, LI=1 FOR UNIFORM LIJADING, L=2 FOR ELLIPTIC
LOADING

ZETAL SEMIHEIGHT OF TUNNEL DIVIDED BY HEIGHT OF NDRIGIN ABOVE FLODR

ETAL OISTANCE FRCM ORIGIN TO RIGHT-HAND WALL DIVIDED BY TUNNEL
SEMIWIDTH

GAMMA WIDTH-FEIGHT RATIO OF WIND TUNNEL

SIGMAW RATIO OF WING SPAN TO TUNNEL WIDTH
LAMBDA WING SWEEP ANGLE, DEG

ALPHA ANGLE OF ATTACK OF WING, DEG

THE REQUIRED INPUT VARIABLES FOR THE TAIL, GIVEN CN THE SECOND CARD, ARE

SIGMAT RATIO OF TAIL SPAN TO TUNNEL WIDTH

TL TAIL LENGTH BEHIND ORIGIN AT ZERQO ANGLE OF ATTACK, NONDIMENS ION-
ALTIZED WITH RESPECT TO TUNNEL SEMIHEIGHT

TL TAIL LENGTF BEHIND ORIGIN AT ZERO ANGLE OF ATTACK, NINDIMENSION-
ALIZED WITH RESPECT YO TUNNEL SEMIFEIGHT

PROGRAM WINDTUN{ INPUT,QUTPUT ,TAPES=INPUT ,TAPE6=DUTPUT) (b 1)
CCMMON ZETA,ETA,GAMMA, XOVERH,YOVERH, ZOVERH,DELTA (28) (D 2}

12




Appendix D — Continued

DIMENSION XDELTA(28),XLOAD(10),XLE(10),C(8)
REAL LAMBCA
CATA (ClI)yI=1481/2009304+4043500+600970.480.+90./
XLE(L)=XLE{10)=0.43579
XLE(2)=XLE(9)=0,71422
XLE(3)=XLE(B)=0.86603
XLE{4)=XLE(T)=0.85394
XLE(5)=XLE(6)=0.99499
0O 803 L1=1,28

803 XCELTA(L1)})=0.
RAD=.0174532925169
PI=3,1415¢5265358979

1 READ (5,800) LI,ZETA1,ETAl,GAMMA,SIGMAW,LAMBDA, ALPHA,

1 SIGMAT,TL+TH
IF (EOF,5) 999,47

47 IF (LI.EQ.1) GO TO 804
TALPHA=8FELLIPTIC
SUML=0.031526
0O 808 M2=1,10

808 XLOAD(M2}=XLE(M2)
GC TO 48

804 SUML=0.025
I ALPHA=8HUNIFORM
CO 809 M2=1,10

809 XLOAD(M2)=1.0

48 WRITE (64901) SIGMAW,TH, IALPHA,GAMMA, ZETALl,SIGMAT,TL,LAMBDA,ALPHA,

1ETAL

WRITE (6,210}

WRITE (6,211)

WRITE (64212}

WRITE (6,213)

WRITE (€,214)

WRITE (6,215)

WRITE (€,216)

WRITE {6,4217)

WRITE (6,218)

LAMBDA=LAMBDA*RAD

ALPHA=ALPEA*RAD

DO 41 K=1,8

IF (SIGMANGEQeD++ANDSICMAT4EQ.0e) GU TO 850
IF (SIGMAW.EQ.O0..AND.SIGMAT.NE.O.) GO 7O 855
IF {SIGMAWNE.C+ AND.SIGMAT.EQ.0.) GO TO 860

M1=4

N7=10

CONST1=1.0

IF (ETAl.NE.1.) GO TO 812
M7=2

CONST1=2.0

G0 10 812

850 M7=NT7=1
XLoAC(12=1.0
SUML=0.025
CONST1=40.0
GO 710 812

855 M7=4
N7=1
XL0oAB(1)=1.0
SUML=0,.025
CONST1=10.0
IF (ETAl.NE.l.)} GO TO 812
MT7=2

19)
20)
21)
22)
23)
24)
25)
26)
27)
28)
29}
3n)
)
32)
33)
34)
35)
36)
37)
38)
39}
40)
41)
42)
43)
44)
45)
46)
47)
48)
49)
50n)
51)
52}
53)
54)
551}
56}
5T)
58)
59)
60}
61}
62)
63}

13




Appendix D — Continued

CONST1=20.9

GO TO 812
860 M7=]
NT=10
CONST1=4.0
IF (ETAl.NE.1.) GO TO 812
N7=5
CONST1=8.0

812 DC 801 M1=1,M7

CO 802 N1=1,N7

XSTAR={2.%FLOAT(NL)-11.)/10.

YSTAR=(11.-2.*%FLOAT{N1))/10.

ISTAR=(5.-2 .*FLOAT(ML) )/ 4,

ETA=ETA1#XSTAR*S IGMAW

ZETA=ZETAL/(1.~ABS{YSTAR)}*S IGMAW*GAMMAXZETAL*T AN (L AMBDA)®*SIN(AL PHA
1))

XCVERH=TL*COS(ALPHA) +THXSIN(ALPHA)-SIGMAW*GAMMA* TAN(L AMBDA) *COS (AL
1PHA) *ABS{YSTAR)

YOVERH=ISTAR*S IGMAT#*GAMMA-YSTAR*SIGMAW*GAMMA

ZOVERH=TH*COS{ALPHA) -TL®SIN(ALPHA)+SIGMAWKGAMMAXTAN(LAMBDA) *S IN (AL
1PHA}*ABS(YSTAR)

caLL DLTAS ({C(K))

(D

64)
651
66)
67}
681}
69)
)
1)
72)
731
74)
75)
76)
77)
78)
79)
80)
81)
82)
83)
84)
85)

AtesESERcRRRELRkRkkx SEE APPENDIX @ FOR SUBRIUTINE DLTAS ok stk dkok ok ok ko

DO 805 L1=1,28
805 XDELTA{LL }=XDELTA(LL}+(DELTA{LL)*XLOAD(NL1))
802 CONTINUE
801 CONTINUE
DG 807 1L3=1,28

807 CELTA(L3)=XDELTA(L3)*SUML*CONST!
WRITE (64149) C(K)
WRITE (6,15C) (DELTYA(I),I=1,25,4)
WRITE (6,151) (DELTA(I),1=2,26,4)
WRITE (6,152) (DELTA(I)},1=3,27,4)
WRITE (64153) (DELTAUI),1=4+28,4)
CO 814 L4=1,28

8l4 XDELTA(L4)=D.

41 CCONTINUE
GO 101

149 FORMAT (5XS5HCHI =F7.3/7)

150 FORMAT (3XSH(W+L)T(F17.4))

151 FORMAT (3XSH{U,L}¥T(F1T.4))

152 FORMAT (3XSH{W.DIT(F17.4))

153 FORMAT (3X5H{UDI7(F1T7.41)//)

210 FORMAT (1X131{(1H-)}

211 FORMAT (1X1RI11X1HI31X61HCORRECTION FACTORS FOR CORRECTING FROM A
1WIND TUNNEL WHICH IS25X1HI)

212 FORMAT {(LXLIHI11X1IHI1YT7(1H-)1HI)

213 FORMAT (IX1HILIX1HI16X1HISX6HCLOSEDSXIHI16X1IHIZ2X12HCLOSED FLODR2X1
IHI6X4HOPENSXIHI16X1HISX6KCLOSEDAXIHT )

214 FORMAT (1X1HI3XSHDELTA3X1IHISX6HCLOSEDSX1HI4X9HON BOTTOM3X1HI6X4HOP
1EN6X1HI6X4HONLYEXLHIS XSHFLOOR6 XIHISX6HCLOSEDSX1HI3X9HON BOTTOM3X1H
21)

215 FORMAT (1X1HI11X1IHI16X1HI6GX4HONLYSX1HIL6X18HI (GRCUND EFFECT) 16X4H
1ONLY6X1HI16X1HI6X4HONLYS X1IHT)

216 FORMAT (1X1HI11XIHIB4(1H-)1HI32(1H-)1HI)

217 FORMAT (1XIHI11X1HI36X11HTD FREE AIR37XIHI8X16HYC GROUND EFFECTBX1
1HI}

" 218 FORMAT (1X131(1H-)/)

14

900 FORMAT (I11+F9.3,5F10.3/73F10.3)
301 FORMAT (1H1///39X*INTERFERENCE AT TAIL BEHIND SWEPT WING OF FINITE
1 SPAN®///10X*SIGMA (WING) =*F7.3,7X*TAIL HEIGHT =%F7.3,8XA8,*% LOAD

(D

86}
87)
88)
89)
90)
91}
92)
93)
94)
95)
96)
97)
38)
99}
100)
1C1)
102)
103)
114)
105}
106)
107)
1n8)
109)
119}
111)
112)
113)
114)
115)
116)
117)
118)
119)
120}
121)
122)
123)



999

Appendix D — Concluded

2ING*TX®GAMMA =%*F8,3,TX*ZETA=%F7.3//10X*SIGMA (TAIL) =%F7,3,7X*TAIL
3 LENGTH =%F7,3,8X*LAMBDA =%*F8.3, TX*ALPHA =¢F8,3, ITXXETA =*FT.3///)
sSToP

END

(D 124)
{D 125)
(D 126)
(0 127

15



APPENDIX £

FORTRAN PROGRAM FOR CALCULATING THE AVERAGE WIND-TUNNEL
INTERFERENCE OVER A SWEPT WING

CAUSED BY THE PRESENCE OF LIFTING JETS

THIS PROGRAM WAS WRITTEN IN CDC FORTRAN, VERSION 2.1, TO RUN ON CDC 6100
SERIES COMPUTERS WITH THE SCCPE 3.0 OPERATING SYSTEM AND LIBRARY TAPE. MINOR
MODIF ICATIONS MAY BE REQUIRED PRIOR TO USE IN OTHER COMPUTERS. THIS PROGRAM
HAS BEEN FOUNO TO BE SATISFACTORY ON THE AFOREMENTIONED COMPUTERS WHICH CARRY
THE EQUIVALENT OF APPROXIMATELY 15 DECIMAL DIGITS. COMPUTERS OF LESSER PRE-
"CI1S IGN MAY REQUIRE MODIFICATION TO DOUBLE PRECISION IN ORDER TO OBTAIN RESULTS
" OF EQUAL ACCURACY.

THIS PROGRAM REQUIRES THE USE OF SUBROUTINE DLTAS WHICH IS GIVEN IN
APPENCIX Q.

INPUT WILL BE FOUND AT, AND ABOVE, ADDRESS 1. NOTE THAT THE REFERENCE
ORIGIN HAS BEEN CHDOSEN AT THE APEX OF THE SWEPT LIFTING LINE. ONLY ONE CON-
FIGURATION OF JETS CAN BE TREATED PER RUN. ANY NUMBER OF WING CONFIGURAT IDNS,
MAY, HOWEVER, BE TREATED IN ONE RUN FOR THIS ONE JET CCNFIGURATION., THE FIRST
VARIABLE REQUIRED (IN FORMAT 1€3) IS

NJ TOYAL NUMBER OF JETS IN CONFIGURATION

#S MANY AS 10 JETS CAN BE CONSIDERED BY THE PROGRAM AS LISTED HEREIN. IF
MORE JETS ARE REQUIRED, AS MANY AS 99 CAN BE OBTAINED BY SUITABLE INCREASES IN
XHle YH1l, ZHl, AND XLOAD IN THE OIMENSION STATEMENT. FURTHER INCREASES
REQUIRE ALTERATION OF FORMAT 103.

THE NEXT VARIABLES REQUIRED ARE THE LOCATIONS AND THE RELATIVE STRENGTHS
OF THE JETS. AS MANY CARDS MAY BE USED AS NEEDED, HOWEVER, THE TOTAL NUMBER OF
SETS OF DATA MUST AGREE WITH NJ. [INPUT VARIABLES FOR THE JETS (IN FORMAT 904)
ARE

XH1 X-COORDINATE OF NDZZLE EXIT AT ZERO ANGLE OF ATTACK, NONDIMEN-
SIONALIZED WITH RESPECT TO THE TUNNEL SEMIHEIGHT

YH1 Y-COORDINATE OF NDZILE EXIT AT 2ERO ANGLE Of ATTACK, NONDIMEN-
SIONALIZED WITH RESPECT TO THE TUNNMEL SEMIHEIGHT

IH1 Z-COORDINATE OF NOZZLE EXIT AT ZERO ANGLE OF ATTACK, NONDIMEN-
SIONALIZED WITH RESPECY TO THE TUNNEL SEMIHEIGHT

XLOAD RELATIVE PORTION OF LOAD CARRIED BY JET

SURSEQUENT TO SPECIFICATION OF THE JETS, MODEL CONFIGURATIONS ARE GIVEN
(ONE CARD PER CASE) IN FORMAT 9097. THE REQUIRED INPUT VARIABLES ARE

16




Appendix E — Continued

ZETAL SEMIHEIGHT OF TUNNEL DIVIDED BY HEIGHT CF ORIGIN ABOVE FL3JOR
ETAL DISTANCE FROM ORIGIN TO RIGHT-HAND wWALL OIVIDED BY TUNNEL
SEMIWIDTH
CAMMA WIDTH-HEIGHT RATIJ OF WIND TUNNEL
SIGMA RATIO OF WING SPAN TO TUNNEL WIDTH
L AMBDA WING SWEEP ANGLEs DEG
AL PHA ANGLE OF ATTACK OF WING, DEG
PROGRAM WINDTUN(INPUT,0UTPUT,TAPES=INPUT,TAPE6=0UTPUT) (€
COMMON ZETA,ETA,CGAMMA, XCVERH,YOVERH ¢ ZOVERH, DELTA {28) (E
CIMENSICN XDELTA(28),XLOAD{10), XH1U100,YHI(1") ,ZH1{10),C(8) (E
REAL LAMBDA (E
CATA (C(I1)y1=1981/2009306440¢950¢+60.+470.+804.,»90./ (t
DO 803 L1=1,28 (E
803 XDELTA(L1)=0. (E
RAD=.0174532925199 (E
IFIRST=0 (€
READ t5,103) NJ (E
READ (5,904) (XHLUI),YHL{I) ZH1I(I)XLIOAD(I},1=1,4NJ) (E
1 READ (5,90)) ZETAL,ETA1,GAMMA,SIGMA,L AMBDA, ALPHA (E
IF (EOF,5) 999,48 (E
48 IF (IFIRST.NE.CQ) GO TO 47 (E
WRITE (6,4S03) (XHL{I), YHLUI),ZH1(T),XLOADK(I}I=1yNJ) (E
47 WRITE (6+4901) GAMMA,ZETALl,LAMBDA,SIGMA,ETAL,ALPHA (E
WRITE (6,210) (E
WRITE (6,211) (E
WRITE (6,212) (E
WRITE (6,213) (E
WRITE (6,214) (E
WRITE (6,215} (€
WRITE (6,216) (E
WRITE (€,217) (E
WRITE (6+218) {(E
IFIRST=1 {E
L AMBCA=LAMBDA*RAD (E
ALPHA=ALPHA*RAD (€
SUML=0. (E
CO 820 M2=1,NJ (E
SUML=SUML +XLDAD(M2) (E
820 CONTINUE (E
SUML=1./{10.*SUML) (€
CO 41 K=1,8 (E
IF (ETAl.NE.1.) GO TO 813 (E
M3=0 (E
DO 815 M4=1,NJ (E
IF (YHL1({M4).EQ.C.) GO TO 817 (E
DO 816 M5=1,NJ (E
IF {M4.EQ.M5) GO TO 816 (€
IF (XH1{(M4) . EQ.XHL1{M5).AND.ZHL{M4) . EQeZHL1(M5) . ANC.YH1(M4) EQ.-YHIL (E
1MS5)) GO 1O 821 (E
GO 70 81¢ (E
821 M3=M3+1 (E
816 CONTINUE (E

45)
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GG 70
817 M3=M3+

Appendix E — Continued

815
1

815 CONTINUE

IF (M3.NE.NJ) GO TO 813
IALPHA=1CH SYMMETRIC
M6=Né6=1
MT=5
NT=NJ
CONST1=2.
IF (SIGMA.NE.O.) GO TO 812
MT7=1
CONST1=1C.
GO T0 812
813 Mé6=N6=1
MT7=10
N7=NJ
CONST1=1.

T ALPHA=10HASYMMETRIC
IF (SIGMA.NE.O.) GO TO 812

M7=1
CCONST1
812 CO 801
DO 802
YSTAR=

ZETA=ZETALl/

ETA=ET

XOVERH=ABS(YSTAR)*SIGMA*GAMMA*TAN(LAMBDA}*COS{ALPHA)~(XHI{NL)*COS(

1ALPHA)

=10.

M1=M6,M7

N1=N6 N7
{11.-2.%FLOAT(ML)) /1),

Al-{(1./GAMMA) *YHL (N1))

J-(ZHL (N1 )*SIN{ALPHA))

YOVERH=YSTAR*S [ GMAXGAMMA-YH1(N1)}

ZOVERF=—ABS(YSTAR) *SIGMA*GAMMA*TAN{ LAMBDA}*SIN(ALPHA) - (ZHL (N1 )}*COS

1 ( ALPHA

YI+{XHLUNL }*SINUALPHA))

CALL DLTAS ({C(K}) =
EEERE AR ARRSERRIRAkREE SEE APPENDIX Q FOR SUBROUTINE DLTAS #kskokaiskdor fok dok b ok ok

CGC 805

L1=1,28

805 XDELTA(L1)=XDELTA(LL)+DELTA(LL}
8C2 CONTINUE

801 CONTIN

UE

CO 807 L3=1,28
807 DELTA{L3)=XDELTA(L3)*SUML*CONST1

WRITE
WRITE
WRITE
WRITE
WRITE
£C 814
814 XGCELTA

(65,149) C(K),IALPHA

(6,15C) (DELTA{I),I=1,25,4)
(64151) (DELTA(I)1=2426,4)
(64152) (DELTA(I)},1=3,27,4)
(6+153) (DELTAL(I)1=%,28,4)
L4=1,28

{L4)=0.

41 CONTINUE

GO 10
103 FORMAT
149 FORMAT
150 FCRMAT
151 FORMAT
152 FORMAY
153 FCORMAT
210 FORMAT
211 FORMAT

1
{123

(1X*CHI =*F7.3,6XA10,% JET CONFIGURATION%/}

(3XS5H{W,LIT(F17.4))
(3X5H(U+LITI{F17.4))
(3XSHIWDIT(FLT.4)}
(3XSH(UYDIT(F1T.4)/7)
(1X131{1H-))

(1X1HI11X1IHI31X61HCORRECTION FACTORS FOR CORRECTING FROM A

IWIND TUNNEL WHICH IS25X1HI)
<212 FORMAT

213 FORMAT

(IXIHILIXIHI 17U 1H-) 1HI)

(1X1HILIX1IHI16XIHISX6HCLOSEDSXIHI16X1HI2X12HCLOSED FLOOR2X1
1HI6X4HOPENGXLHIL16X1IHISX6FCLOSEDS4X 14T )
214 FORMAT (1 XIHI3XSHOELTA3X1HISX6HCLOSEDS XLHI4*X9HON BOTTOM3X1HI6X4HOP

(1 .4ZETAL*(ZHL{(NL1)*COS{ ALPHA)=XHL{NL)*SINUALPHA) )}

(E

46)
47)
48}
49)
50)
51)
52)
53)
54)
55)
561}
57}
58)
59}
60)
61}
62}
63)
64)
65)
66}
67)
68)
69)
™)
71}
72)
73}
74)
75)
76)
77)

78)
79}
89)
81)
B2}
83)
84)
85)
86)
87)
88}
89)
90)
91)
92)
93}
94)
a5}
96)
97)
98}
99)
1G0)
101}
102)
103)
104)
105)




Appendix E -~ Concluded ’ .

1EN6XIHIO6X4HONLYOXLHISXSHFLIOREXIHISXOHCLOSEDSXIHI3 X9HON BOTTOM3X1H
21}

215 FORMAT (1X1HI11IX1HI16X1HIGXGHONLYEXLIHI16X18HI(GRCUND EFFECT) 16X4H
1ONLYH6X1HIL16X1HI6 X4HONL Y5 X1HT)

216 FORMAT (1X1HILIXIHIB84(1H-)LHI32(1H-)1HI)

217 FORMAT (1X1HI11X1HI36X11HTO FREE AIR37X1IHI8BX16HTCO GROUND EFFECTS8X1
161D

218 FORMAT {(1X131(1H=)/}

300 FORMAT {¢éF10.3)

901 FORMAT (1H1///3TX*AVERAGE INTERFERENCE DF SEVERAL JETS ON A FINITE
1 SWEPT WING®///3CX*¥GAMMA =%FT7,3,16X*2ETA =%F7,3, 15X*_AMBDA =%
ZFTe3//30X*SIGMA =*FT7.3,16X*ETA =*%F7,3,15X*ALPHA =%FT7.3//)

903 FORMAT (//1DIX*RELATIVE*/25X*X0OVERH*20X*YOVERH*2 CX*ZOVERH*18X
1L*STRENGTH*//124XFT743419XFTe3,19XF7.3,19XF6.3/))

904 FORMAT (3FT7e39F5e3+3FTe39F5.343FTe34F5,3)

999 sT1opP

END
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APPENDIX F
FORTRAN PROGRAM FOR CALCULATING THE DISTRIBUTION OF
WIND-TUNNEL INTERFERENCE OVER ThE
SPAN OF A SWEPT WING

CAUSED BY THE PRESENCE OF LIFTING JETS

THIS PROGRAM WAS WRITTEN IN CDC FORTRAN, VERSION 2.1, TO RJN ON CDC 6700
SERIES COMPUTERS WITH THE SCOPE 3.0 OPERATING SYSTEM AND LIBRARY TAPE. MINOR
.MCDIFICATIONS MAY BE REQUIRED PRIOR TO USE IN OTHER COMPUTERS. THIS PROGRAM

. HAS BEEN FOUND TO BE SATISFACTORY ON THE AFOREMENTIONED COMPUTERS WHICH CARRY

THE EQUIVALENT CF APPROXIMATELY 15 DECIMAL DIGITS. COMPUTERS OF LESSER PRE~
CISION MAY REQUIRE MODIFICATION TO DOUBLE PRECISION IN ORDER TO OBTAIN RESULTS
" OF EQLAL ACCURACY.

THIS PROGRAM REQUIRES THE USE OF SUBROUTINE DLTAS WHICH IS GIVEN IN
APPENCIX Q.

INPUT WILL BE FOUND AT, AND ABOVE, ADDRESS 1. NOTE THAT THE REFERENCE
ORIGIN HAS BEEN CHOSEN AT THE APEX OF THE SWEPT LIFTING LINE. ONLY ONE CON-
FIGURATION OF JETS CAN BE TREATED PER RUN. ANY NUMBER OF WING CONFIGURAT IONS,
MAY, FOWEVER, BE TREATED IN ONE RUN FOR THIS ONE JET CONFIGURATION. THE FIRST
VART ABLE REQUIRED (IN FORMAT 103) IS

NJ TOTAL NUMBER OF JETS IN CONFIGURATION

AS MANY AS 10 JETS CAN BE CONSIDERED BY THE PROGRAM AS LISTED HEREIN. IF
MORE JETS ARE REQUIRED, AS MANY AS 99 CAN BE NBTAINED BY SUITABLE INCREASES IN
XHly YHl, ZHLl, AND XLOAD IN THE DIMENSION STATEMENT. FURTHER INCREASES
REQUIRE ALTERATION OF FORMAT 103,

THE NEXT VARIABLES REQUIRED ARE THE LOCATIONS AND THE RELATIVE STRENGTHS
OF THE JETS. AS MANY CARDS MAY BE USED AS NEEDED, HOWEVER, THE TOTAL NUMBER OF
SETS OF [ATA MUST AGREE WITH NJ. [INPUT VARIABLES FOR THE JETS (IN FORMAT 304}
ARE

XH1 X-COORDINATE OF NOZZLE EXIT AT ZERO ANGLE OF ATTACK, NONDIMEN-
SIONALIZED WITH RESPECT TO THE TUNNEL SEMIHEIGHT

YH1 Y-COORDINATE OF NOZZLE EXIT AT ZERO ANGLE OF ATTACK, NONDIMEN-
SIONALIZED WITH RESPECT TO THE TUNNEL SEMIHEIGHT

ZH1 Z-COORDINATE OF NJIZZLE EXIT AT ZERO ANGLE OF ATTACK, NONDIMEN-
SIONALIZED WITH RESPECT TO THE TUNNEL SEMIHEIGHT

XLCAD RELATIVE PORTIGN OF LOAD CARRIED BY JET

20




(CNE

CASES

803

48

47

820

Appendix F — Continued

SUBSEQUENT TO SPECIFICATION OF THE JETS, MODEL CONFIGURATIONS ARE GIVEN

C

z

E

¢

S

L

)

C

8RO PER CASE) IN FORMAT 907, THE REQUIRED INPUT VARIABLES ARE
ETAL SEMIHEIGHT OF TUNNEL DIVIDED BY HEIGHT CF ORIGIN ABOVE FLIOR
TAL DISTANCE FROM ORIGIN TC RIGHT-HAND WALL DIVIDED BY TUNNEL
SEMIWIDTH
AMMA WIDTH-HEIGHT RATIO OF WIND TiNNEL
IGMA RATIO OF WING SPAN TO TUNNEL WIDTH
AMBDA WING SWEEP ANGLE, DEG
LPHA ANGLE OF ATTACK OF WINGs DEG
EFFECTIVE WAKE SKEW-ANGLE, DEG

IN SYMMETRICAL CASES THIS PRUOGRAM COMPUTES THE INTFRFERENCE DISTRIBUTION
OVER CGNE SEMISPAN ONLY. THIS PROGRAM REJECTS CASES 3F ZFRO SPAN. FIR SUCH

THE INTERFERENCE IS UNIFORM AND THE VALUES ARE IDENTICAL TN THQOSE PRO-
VIDED EY THE PROCRAM OF APPENDIX E.

PROGRAM WINDTUN{ INPUT,OLTPUT JTAPES=INPYT,TAPEG=CUTPUT)
CCMMON ZETA,ET A, GAMMA, XOVERH, YOVERA 4 ZOVERH , DEL TA (23)
CIMENSICN XDELTA(28) 4XLOAD( 10} 4 XHLI 1), ¥YH1 (1 7), ZHL (10) 4DATE(2)
REAL LAMBCA

DC 803 L1=1,28

XDELTA(L1)=0,

RAD=.0174532925169

IFIRST=0

READ (5,103) NJ

READ (5,904) (XHLUI)oYHL(E) 4ZHL(T) 4XLOADLE), T=1,NJ)
READ (5,90)) ZETAL,ETAL,GAMMA, SIGMA,LAMBDA,ALPHA,C
IF (EOF,5) 999,48

[F (IFIRST.NE.O) GO TO 47

WRITE (€4633) (XHLOI),YHLUT) oZHLCT ) oXiDAD{I) p1=14N4)
WRITE (6,501) GAMMA,ZETAL,LAMBDA,SIGMA, ETAL,ALPHA,C
WRITE (6,210)

WRITE (6,211)

WRITE 16,212)

WRITE (6,213)

WRITE (6,214)

WRITE (6,215)

WRITE (6,216)

WRITE (€,217)

WRITE {6,218)

IFIRST=1

L AMBLA=L AMBDA*RAD

ALPHA=ALPHA%RAD

SUML=0.

CC 820 M2=1,NJ

SUML=SUML 4 XLOAD (M2)

CONT INUE

SUML=1./SUML

IF (SIGMALNE.C.) GO TO 811

WRITE (6,5C5)

CALL CAYTIM (DATE)

2n)
21)
22)
23)
24)
25)
26}
27
28)
29)
3n)

31) .

32)
33)
34)

35) -
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.

WRITE (6,906) DATE

GO 10 1

IF (ETAl.NE.l.} GO TO 813

M3=0

CO 815 M4=1,NJ

IF {YH1{M4).EQ.0.) GO TO 817

DO 816 M5=1,NJ

IF (M4.EQ.M5) GO TO 816

IF (XHL(M&) .EQeXHL(MS5) cANDWZHL (M4 ). EQ.ZHL(M5) AND.YHL(MA)  EQ.-Y HL(
1M5)) GO TO 821

GO 10 81e

M3=M3+1

CONT INUE

GO T0 815

M3=M3+1

CONTINUE

IF (M3.NE.NJ) GO TO 813

TALPHA=10H SYMMETRIC

M1CHEK=5

€O Ta 812

M1CHEK=11

T ALPHA=10HASYMMETRIC

M1=0

DO 802 N1=1,NJ

YSTAR=(11.-2.%FLOAT(M1})}/10.

ZETA=ZETAL/ (1l.+4ZETAL*(ZHLIN1)*COS(ALPHA)-XHL{NL }*SIN({ALPHA)})
ETA=ETAL1-{{1./GAMMA)*YHL1(N1))

XOVERH=ABS{YSTAR) #SIGMA*GAMMA*XTANI{LAMBDA ) *COS( AL PHA) - ( XHL(N1)%*COS(
1ALPHA) }-{ZHL (N1 ) #SIN{ALPHA))

YOVERH=YSTAR*SIGMA*CAMMA-YH1(N1)

ZOVERH=-ABS({YSTAR) *SIGMAXGAMMA*TAN({ LAMBDA) *SIN(ALPHA) - (ZH1 (N1 )%COS
TCALPHAY ) ¢ (XHLONL )*SIN(ALPHA))

CALL DLTAS (C)

(F

36)
37
38}
39)
40)
41)
42)
43}
44)
45)
46}
47)
48)
49 )
50)
51)
52)
53)
54)
55)
56)
57)
58)
59)
60)
61)
62)
63)
64)
65)
66)
67)
68)
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8C5
802

8c7

814

103
149
150
161
152
153
210
211

212
213

DO 805 L1=1,28
XDELTA(LL)=XDELTA(LL)+DELTA{L]L }*XLOAD(N1)
CONTINUE

CO 807 L3=1,28

CELTA(L3)=XDELTAIL3)*SUML

WRITE (64149) YSTAR,TALPHA

WRITE (64150) (DELTA(I)oI=1,25+4)

WRITE (6,151) (DELTA(I},1=2426,4)

WRITE (64152) (DELTA(I),1=3427,4)

WRITE (6,153) (DELTA(I),1=4,28,4)

CO Bl4 Lé&4=1,28

XDELTA{L4)=D.

M1=Ml+1

IF (M1.LE.MICHEK} GO 1O 801

GO T0 1

FORMAT (12)

FORMAT (//1X*Y/SEMISPAN =*%F4.1,10XA10% JET CONFIGURATION®/)
FORMAT (3XSHIW,LIT(F17.4))

FORMAT (3 XSH(U.LIT(F17.4))

FORMAT (3XS5H(W,D)7T{F17.4))

FORMAT (3XSH{U+D)T(F17.4))

FORMAT (1X131(1H-))

FORMAT (1X1HI11XIHI31X61HCORRECTION FACTORS FOR CORRECTING FROM A

1WIND TUNNEL WHICH IS25X1HI}

FORMAT {(1XIHILIXIHILIL17(1H-)1HI)
FORMAT (1X1HIL11XIHIL6XLIHISX6HCLOSEDSXIHI16X1IHI2X12HCLOSED FLODR2XL
1HI6X4HOPENG6XTHI1 éX1HISX6FCLOSED4X1AT)

(F

69}
T0)
71)
72)
73)
T4)
75)
76)
77)
78)
79)
80
a1}
82}
83)
84)
85}
86}
87)
88}
89)
)
91}
92)
93)
9% )
95)




Appendix F ~ Concluded

.

214 FORMAT (1 X1HI3 XSHDEL TA3X1IHISX6HCLOSEDSX1HI4XIHON BOTTOM3X1HI6GX4 HOP
1EN6X1HIOXGHONLYSEXIHISXSHFLIOR6X1HISXO6HCLOSEDSXIHI3X9HON BOTTOM3X1H
)

215 FORMAT (LX1HI1IXIHI16XIHIGX4HONLYOX1IHI16X18HI(GRGOUND EFFECT) I5X4H
1ICNLY6X1IHIL6X1IHI6X4HONLYSX1HI )

216 FORMAT {(1X1HILIX1HIB4(1H-)}1HI32(1H-)1HD)

217 FORMAT (1X1HI11X1HI36X11KTO FREE ATR37X1HI8X16HTC GROUND EFFECTBX1
1HI)

218 FORMAT (1X131l{1k-}))

900 FORMAT (7F10.3)

901 FORMAT (1H1///37X*DISTRIBUTION OVER FINITE SWEPT WING CAUSED By SE
IVERAL JETS*®//30X#GAMMA =*F7 ,3,16X*ZETA =%F 7,3, 15Xk AMBDA =%FT.3//
230X*S IGMA =*FT7.3,16X*ETA =%F7,3,15X*ALPHA =%F7.,3//60X%(LHI =%
3F7.3//7)

903 FORMAT (101X*RELATIVE*/25X*¥XOVERH#*20X*YOVERH*2DX*I0OVERH*18X
I*STRENGTH*/ /(24 XFT43+419XFTe3,419XFTe3419XF6.3//)}

904 FORMAT (3FT7.34F5.3+43F7.39F5.3+3FT7.3,F5.3)

9C5 FCRMAT (//7//40X*S1GMA EQUALS ZERD - USE AVERAGE INTERFERENCE PROGR
1aM%*//)
999 STOP
END

(F 96)
(F 97)
(F 98)
(F 99}

100)
101)
102)
103)
104)
105}
106)
1¢71)
108)
109)
110)
111}
112)
113)
114)
115)
116)
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APPENDIX G

- — - —

FORT#AN PROGRAM FOR CALCULATING THE AVERAGE WIND-TUNNEL
INTERFERENCE OVER A TAIL

CAUSED BY THE PRESENCE OF LIFTING JETS

THIS PROGRAM WAS WRITTEN IN CDC FORTRAN, VERSION 2.1, TOD RUN ON CDC 6000
SERIES COMPUTERS WITH THE SCOPE 3.0 OPERATING SYSTEM AND LIBRARY TAPE. MINOR
MCOIF ICATICNS MAY BE REQUIRED PRIOR TO USE IN OTHER COMPUTERS. THIS PROGRAM
HAS BEEN FOUND TQ BE SATISFACTORY ON THE AFOREMENTIONEC COMPUTERS WHICH CARRY
THE EQUIVALENT OF APPROXIMATELY 15 DECIMAL DIGITS. COMPUTERS OF LESSER PRE-

_CISION MAY REQUIRE MODIFICATION TO DCUBLE PRECISION IN ORDER TO OBTAIN RESULTS
OF EQUAL ACCURACY,

. THIS PROGRAM REQUIRES THE USE OF SUBROUTINE DLTAS WHICH IS GIVEN IN
APPENCIX Q.

INPUT WILL BE FOUND AT, AND ABOVE, ADDRESS 1. NOTE THAT THE REFERENCE
ORIGIN HAS BEEN CHOSEN AT THE APEX OF THE SWEPT LIFTING LINE. ONLY ONE CDN-
FIGURAT ION OF JETS CAN BE TREATED PER RUN. ANY NUMBER OF WING CONFIGURATIONS,
MAY, HOWEVER, BE TREATED IN ONE RUN FOR THIS ONE JET CCNFIGURATION. THE FIRST
VARI AELE REQUIRED (IN FORMAT 103) IS

NS TOTAL NUMBER OF JETS IN CONFIGURATION

4S MANY AS 10 JETS CAN BE CONSIDERED BY THE PROGRAM AS LISTED HEREIN. 1IF
MCRE JETS ARE REQUIRED, AS MANY AS 99 CAN BE OBTAINED BY SUITABLE INCREASES IN
XHly YHl, ZHl, AND XLOAD IN THE DIMENSION STATEMENT. FURTHER INCREASES
REQUIRE ALTERAT ICN OF FORMAT 103,

THE NEXT VARIABLES REQUIRED ARE THE LOCATIONS AND THE RELATIVE STRENGTHS
OF THE JETS. AS MANY CARDS MAY 3E USED AS NEEDED, HOWEVER, THE TOTAL NUMBER OF
SETS COF DATA MUST AGREE WITH NJ. INPUT VARIABLES FOR THE JETS (IN FORMAT 904)
ARE

XH1 X~COORDINATE OF NJZZLE EXIT AT ZERO ANGLE OF ATTACK, NONDIMEN-
SIONALIZED WITH RESPECT TO THE TUNMEL SEMIHEIGHT

YH1 Y-COORDINATE OF NOZZLE EXIT AT ZERO ANGLE OF ATTACK, NONDIMEN-
SICNALIZED WITH RESPECT TO THE TUNNEL SEMIHEIGHT

IH1 I-COORDINATE OF NJIZZLE EXIT AT ZERDO ANGLE OF ATTACK, NONDIMEN-
SICNALIZED WITH RESPECT TO THE TUNNEL SEMIHEIGHT

XLOAD RELATIVE PORTION OF LOAD CARRIED BY JET

SUBSEQUENT TO SPECIFICATICN OF THE JETS, MODEL CONFIGURATIONS ARE GIVEN
{ONE CARD PER CASE) IN FORMAT 90). THE REQUIRED INPUT VARIABLES ARE

24




803

48

47

820
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.

ZETAL SEMIHEIGHT OF TUNNEL DIVIDED BY HEIGHT CF ORIGIN ABOVE FLOOR
ETAL DISTANCE FRCM DRIGIN TO RIGHT-HAND WALL DIVIDED BY TUNNEL
SEMIWIDTH
CAMMA WIDTH-HEIGHTY RATIO OF WIND TUNNEL
SIGMAT RATIO OF TAIL SPAN TO TUNNEL WIDTH
TL TAIL LENGTH BEHIND ORIGIN AT ZERO ANGLE OF ATTACK, NONDIMENS IO
ALIZED WITH RESPECT TO TUNNEL SEMIHEIGHT
TH TAIL HEIGHT ABOVE ORIGIN AT ZERQ ANGLE OF ATTACK, NONDIMENSION
ALIZED WITH RESPECT TO TUNNEL SEMIKEIGHT
ALPHA ANGLE OF ATTACK OF WING, DEG
PROGRAM WINDTUN(INPUT,OUTPUT ,TAPES=INPUT,TAPESL=0UTPUT) (6
COMMON ZETA,ETA,GAMMA, XOVERH ,YOVERH yZOVERH,DELTA 128} (G
DIMENSICN XDELTA(28),XLOAD{10)4XH1(10),YHL(10),2ZF1(10),C(8) (G
CATA (C{I)yI=1+81/20e93009%0e3504+60497Cey80.+90./ (6
DO 803 L1=1,28 {6
XCELTA(L1)=0. (G
PI=3.,1415%265358979 (G
RAD=,0174532925199 (6
IFIRST=0 (G
READ (5,103) NJ (G
READ (5,904) (XHLUIDoYHLI(I) yZHL{ U)o XLOAD(T),I=1,NJ) (G
READ (5,900) ZETA1,ETA],GAMMA,SIGMAT,TL,TH,ALPHA (G
IF (EQF,45) 999,48 (G
IF (IFIRST.NE.O) GO TO &7 {6
WRITE (6,903) (XHLUI),YHLUI)},ZHLI(I),XLOAD(I),I=1,NJ) (G
WRITE {(64901) GAMMA,ZETALl,TL,SIGMAT,ETALl,TH,ALPHA (6
WRITE (6,21)) (G
WRITE (6,211} (G
WRITE (6,212} (G
WRITE (6,213) (G
WRITE (6+214) {6
WRITE (6,215} (G
WRITE (6,216) (G
WRITE (6,217) (G
WRITE (6,218) {G
IFIRST=1 {G
LAMBDA=LAMBDAXRAD (G
ALPHA=ALPHA*RAD (G
SUML=0. (G
DC 820 M2=1,NJ e
SUML=SUML +XLOAD(M2) (G
CONT INUE (G
SUML=1e/(4.¥SUML) (G
LO 41 K=1,8 (G
IF (ETAl.NE.l.) GO TO 813 (G
M3=0 (G
0O 815 M4=1,NJ (G
IF {YHL(M4).EQ.C.) GO TO 817 (G
CO 816 M5=1,NJ (G
IF (M4.EQ.M5) GO TO 816 (G

IF {(XHL(M4) . EQeXHL{MS5) ANDeZHL1(M4) EQ.ZHL(M5)ANDsYH1(M4) . EQ.-YHIL (G

N—-

41)
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814
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151
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Appendix G — Continued

1¥#5)) GO TO 821

GO T0 816

M3=M3+
CONTIN
GO TO
M3=M3+

1
UE
Bl5S
1

CONT INUE

IF (M3
TALPHA
M6=Nb6=
MT=2
N7=NJ
CONST1
IF (S1
M7=1
CONST1
GO T0
M6=N6=
M7=4
N7=NJ
CONSTL

«NE.NJ) GO TO 813

=10H SYMMETRIC

1

=2

GMAT.NE.O.) GO TQ 812

=44

812
1

=1l.

I ALPHA=10HASYMMETRIC

IF (S1
MT7=1

CONST1
DO 801
Co 802
YSTAR=

ZETA=ZETAL/ (1. .+ZETAL*(ZHL(NL)*COSCALPHA)=XHL(NI)*SIN{ALPHA)})}

GMAT.NE.C.) GO TO 812

=4,

M1=M6 M7
N1=N6N7
{5.-2.%FLOAT{M1) )} /4.

ETA=ETAL1-((1./GAMMA) *YH1(N1))

XOVERH={TL-XHL (N1} ) *COS(ALPHA} +(TH-ZHLINL) } XSIN{ ALPHA)
YSTAR*SIGMAT #GAMMA-YH1 (N1}
ZOVERH={TH-ZH1 {N1) }*COS(ALPHA)~{TL-XHLINL})*SIN{ALPHA)

YOVERH=

CALL DLTAS (C(K))
S FE S ERRAK R R RERRkR SEE APPEANDIX Q FOR SUBROUTINE DLTAS %k dskkdokdok dok doidkk gk koodod

DO 805

XDELTA(LI)=XDELTA(LL)+(DELTA(L1)}*XLOAD(N1))

Ll=1,28

CONTINUE
CONTINUE

Co 807

L3=1,28

CELTA(L 3)=XDELTA(L3)*SUML*CONST1

WRITE
WRITE
WRITE
WRITE
WRITE
0O 814
XDELTA

(6+149) C(K),IALPHA

(64150) (DELYA(L),1=1,25,4)
(64151 ) (DELTA(L),I=2,26,4)
(6+152) (DELTA(I),1=3,27,4)
(64153) (DELTA(I) 41=4,28,4)
L4=1,28

{L4)=0.

CCONTINUE

GC TO
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FGRMAT
FORMAT
FORMAT

1
(12)

(//1X*¥CHI =*F7.3,6XA10,% JET CONFIGURATIOMN/)

(3XSHIW,L)T(F17.4))
(3XSHIUWLIT(F17.4))
(3X5H(W,DIT(F1T.4))
(2XSHIULLIT(F1T7.4))
(1X131(1H-))

(1X1HI11X1HI31X61HCORRECTION FACTORS FOR CORRECTING FROM A
I1WIND TUNNEL WHICH IS25X1HI)

212 FORMAT (1XIHIL1IXIHILI17(1H-)1HI)
213 FORMAT (1X1HI11X1HI16X1HISX6HCLOSEDSX1HI16X1HI2X12HCLOSED FLOOR2X1 (G 101)

26

42)
43)
44)
45)
46)
47)
48)
49)
50)
51)
52)
53)
54)
55)
56)
57)
58)
59 )
6n)
61)
62)
63)
64)
65)
66)
67)
68)
69)
m)
71)
72)
73)
74)
75)

761
77)
781}
79)
80)
81)
82)
83)
84)
85)
86)
87)
88)
89)
90 )
91)
92)
93)
94 )
95)
96 )
97)
98)
99)

(G 100) .



Appendix G - Concluded

1IHI6X4HOPEN6XIHIL6X1IHISX6HCL ISED4XIHT)

214 FORMAT (1 XIHI3XSHDELTA3X1HISX6HCLOSEDSX1HI4X9HON BOTTOM3X1HI6X4HOP
1EN6X1IHIOX4HONLYSXIHISXSHFLOOR6 X IHISXOHCLOSEDSXIHI3ZX9HON BOTTOM3X1H
21)

215 FORMAT (1XIHILIXIHI16X1IHI6GX4HONLY6X1HI16X1BHI(GROUND EFFECT) 16X4H
1IONLY6X1HTI16XLHI 6 X4HONL YS X1IHTI )

216 FORMAT (IXIHILIXIHIBA4(1IH-)IIHIZ2{ 1H-)1HI)

217 FORMAT (1X1HI11X1HI36X11HTO FREE ATIR3IXLIHIBX16HTO GROUND EFFECT8X1
10

218 FORMAT (1X131(1H-))

900 FCRMAT (7F1J.3)

901 FORMAT (1H1///37X*AVERAGE INTERFERENCE AT FINITE TAIL CAUSED BY SE
LVERAL JETS*//31X*GAMMA =kFT434312X%LETA =%F7,3,10X*TAIL LENGTH/H
2 =%F6.3//3LX*SIGMA(T) =*FT7,3,10X*ETA =%F7.3,10X*TAIL HEIGHT/H =%
2F €43/ /57 X*ALPHA =%F9.3//)

903 FORMAT (1lO01X*RELATIVE#*/25X*XOVERH*2IX*YOVERH*20X*ZOVERH*18X
1*STRENGTH®*// (24 XFTe3 9 19XFT.3,419XF7.3,19XF6.37/))

904 FORMAT (3F7.34F5.3943F7e34F5.3,3F7.3,F5.3)

999 sT10pP
END

102)
103)
104)
105}
106)
107)
108)
109)
110}
111)
112)
113)
114)
115)
116)
117)
1181}
119}
120)
121)
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>

FORTRAN PRCGRAM FOR CALCULATING THE AVERAGE WIND~TUNNEL

INTERFERENCE OVER A SINGLE ROTCR

THIS PROGRAM WAS WRITTEN IN CDC FORTRAN, VERSION 2.1, TO RUN ON CDC 6220
SERIES COMPUTERS WITH THE SCOPE 3.0 OPERATING SYSTEM AND LIBRARY TAPE. MINOR
MODIF ICATIONS MAY BE REQUIRED PRIOR TO USE IN OTHER COMPUTERS. THIS PROGRAM
HAS BEEN FOUND TO BE SATISFACTORY ON THE AFOREMENTIONED COMPUTERS WHICH CARRY
THE EQUIVALENT OF APPROXIMATELY 15 DECIMAL DIGITS. CCFMPUTERS OF LESSER PRE-
CISION MAY REQUIRE MODIFICATION TO DOUBLE PRECISION IN ORDER TO OBTAIN RESULTS
OF EQUAL ACCURACY.

. THIS PROGRAM REQUIRES THE USE OF SUBRJUTINE DLTAS WHICH IS GIVEN IN
. APPENCIX Q.

INPUT WILL BE FOUND AT ADCRESS 1 (ONE CARD PER CASE) IN FORMAT 900, NITE
THAT THE REFERENCE OURIGIN IS CHOSEN TO BE AT THE CENTER OF THE ROTOR. THE RE-
QUIRED INPUT VARIABLES ARE

LI LOAD INCICATOR, LI=1 FOR UNIFORM DISK-LOAD DISTRIBUTION, LI=2
FOR TRIANGULAR DISK-LOAD DISTRIBUTION
ZETAL SEMIHEIGHT OF TUNVEL DIVIDED BY HEIGHT CF ORIGIN ABOVE FLOOR
ETAL DISTANCE FROM ORIGIN TO RIGHT-HAND WALL DIVIDED BY TUNNEL
SEMIWIDTH

GAMMA WIDTH-HEIGHT RATIO OF WIND TUNNEL

SIGMA RATIO OF ROTOR OIAMETER TD T''WNF1I WIDTH

ALPHA ANGLE OF ATTACK OF ROTOR TIP-PATH PLANE, DEG

PROGRAM W INDTUN( INPLY,OUTPUT ,TAPES=INPUT ,TAPES=0UTPUT) (H

COMMON ZETA,ETA,GAMMA, XOVERH,YOVERH ZOVERH,DELTA (28) (H

DIMENSICN XDELTA(28)4PSI(20),XLOAD(20),RUNIF(20),RTRIA(20),C(8) (H

CATA (RUNIF(I1),1=1,20)/4%0.,2981,8%0,6255,8%¥0.8921/ (H 4)

CATA (RTRIALI)4I=1,20)/4%0.4386,8%0.7296,8%0,9262/ (H

CATA (C{1)s1=1+481/204+430e940¢95040950¢+704580.,90./ (H 6}

PI1=3.14159265358979 ‘ (H

RAD=0,0174532925199 (H

GG 803 L1=1,28 (H
8C3 XDELTA(L1)=0, (H 10)

PSI(1)=(PI/4.) (H 11)

PSI(2)=3.%PSI{1) (H 12}

PSI(3)=5.%PSI{1) (H 13)

PSI{4)=T7.%PSI (1) (H 14)

PSI(5)=PST{13)=(PI/8.) {H 15)

PSI{6)=PSI(14)=3.*%PSI(5) (H 16}

PSIIT)I=PSI{15)=5.#PSI(5) (H 17}

PSI(8)=PSI(16)=T7.*PSI(5) (H 18)

PSI(9)=PSI(17)=9.*%PSI(5) (H 19)

28
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PSI{10)=PSI(18)=11.*PSI(5)
PSI(11}=PSI(19)=13.%PSI (5}
PSI(12)}=PS1(20)=15.%PSI(5)
READ (5,900) LI,ZETA1,ETAL,GAMMA,SIGMA, ALPHA
SUML=.0025

IF (EOF,5) 999,41

IF (L1.EC.1) GO TO 804
TALPHA=1CFTR IANGULAR

CO 808 M2=1,20
XLOAD(M2)=RTRIA{(M2)

GO TO 160

1ALPHA=10F UNIFORM

DC 8C9 M2=1,20

XLOAD{M2 )=RUNIF (M2)

WRITE (6,901) SIGMA,IALPHA,ZETAL,ETA1,GAMMA,ALPHA
WRITE {6,210)

WRITE (€,211)

WRITE (€6+212)

WRITE (6+213)

WRITE (6+214)

WRITE {6,215}

WRITE (6,216)

WRITE (6,217)

WRITE (6,218}
ALPHA=ALPHA*RAD

DO 41 K=1,8

M7=N7=20

IF (SIGMA.NE.O.) GO TO 815
M7=NT=1

CONST1=400.

G0 TO 812

IfF (ETAl.NE.1.,)GO TO 813
CONST1=2,

GG 70O 812

CONST1=1.

DO 801 Ml=1,M7

DO 802 N1=1,N7

IF (ETA]l .NE.1.) GO TO 811
IF (PSI(N1).GT.PI) GG TO 822
ETA=ETAL-(XLOADIN1 )*SIGMA *SIN(PSI(NL1)))

ZETA=1./{(1+/ZETAL)-(XLOAD{NL}I*SIGMA *SIN(ALPHA)*COS(PSI(NY))*GAMM

14))

XCVERH=SIGMA *GAMMA*COS{ALPHA)*(XLOAD(ML)*COS(PSI{M1))-XLOAD(NL )*C

10S(PSI{N1)))

YOVERH=SIGMA *GAMMA* {XLOADIML) *SIN(PSI{ML))-XLIADINL)*SIN(PSI(N1))

1)

ZOVERH==-SIGMA *GAMMA*S IN{ALPHA) *{XLOAD(M1)*COSIPSI(ML1))-XLOAD(N1)*

1COS(PSI(N1))}
CALL DLTAS (C(K)}

27)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)
33)
34)
35)
36)
37)
38)
39)
40)
41)
42)
43)
44)
45)
46)
47)
48)
49)
50)
51)
52)
53)
54)
55)
56)
57)
58)
59)
60)
61)
62)
63)
64)
65)
66)
67)
68)

FhRAdRRkRkRARKRRRRE SEE APPENDI X Q FOR SUBROUTINE DLTAS #kkedsddts kdhhhekkhs

805
802
801

807

CO 805 L1=1,28
XDELTA(LL)=XDELTA{LY )+DELTA(LY)
CONTINUE

CONTINUE

DO 807 L3=1,28
CELTA{L3)=XDELTA{L3 }*SUML*CONST1
WRITE (64149) CIK)

WRITE (64150) (DELTAUI),1=1,25,4)
WRITE (64151) (DELTALI),1=2,26,44)
WRITE (64152) (DELTA(1),1=3427,4)
WRITE (64153) (DELTALL),1=4,28,4)

69)
70)
71)
12)
73)
T4)
75}
76}
77)

78) *

79)
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»

CO 814 L4=1,28

814 XDELTA(L4)=0.

41 CONTINUE
GG 10 1

149 FORMAT (//1X*CHI =% F7.3/)

150 FORMAT (3XS5H(W,L)T(F1T7.4))

151 FORMAT (3XSH(U,LITIF1T7.4))

152 FORMAT (3XS5H(W,D)T(F17.4))

153 FORMAT (3X5H({UsDIT(F1T.41))

210 FORMAT (1X131(1H-))

211 FORMAT {1X1HI11X1HI31X61HCORRECTION FACTORS FOR CORRECTING FROM A
1WIND TUNNEL WHICH IS25X1HI}

212 FORMAT (1X1HIL1XIHIL17{(lH-)1HI)

213 FORMAT (1X1HI11X1HI16XIHISX6HCLOSEDSX1IHI16X1HIZ2ZX12HCLOSED FLOOR2X1
1HIOX4HOPENOXLHI1 6X1IHISX6FCLOSEDSX 14T)

214 FORMAT (1XLHI3XSHDELTA3XIHISX6HCLOSEDSXLHI4X9HON BOTTOM3XIHI6X4HOP
LEN6XIHI6X4HONLYOX1IHISXSHFLOOR6XIHISX6HCL OSEOSXIHI3X9HON BOTTOM3X1H
21}

215 FORMAT (1X1HIL1XIHI16XIHI6X4HONLYEXIHI1I6X1IBHI(GRCUND EFFECT) I6X4H
IONLY6XTIHIL16XIHTEX4HONLYS X1IHI )

216 FORMAT (1X1HILI1X1HI84U1H-)1HI32{1H-)1HI)

217 FORMAT (IXIHILIIXIHI36X1I1HTD FREE AIRBTXIHIBX16HTC GROUND EFFECT8XI
1H1)

218 FORMAT (1X131(1H-))

900 FORMAT (I14F9.3,£6F10.3)

9C1 FORMAT [1H1////40X*AVERAGE INTERFERENCE OVER FINITE SPAN ROTOR%//
140X*SIGMA =*F6.3,12XA10,%* LOADING*//40X*ZETA =%F6,3,19X%ETA =%F6,
23/740X%GAMMA =%F 6,3, 18X*ALPHA =%*F5,1//)

999 sT0P
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APPENDIX 1

FORTRAN PROGRAM FOR CALCULATING THE DISTRIBUTION OF
WIND-TUNNEL INTERFERENCE JVER THE

LATERAL AXIS OF A SINGLE ROTOR

THIS PROGRAM WAS WRITTEN IN CDC FORTRAN, VERSION 2.1, TO RUN ON CDC 6000
SERIES COMPUTERS WITH THE SCOPE 3.0 OPERATING SYSTEM AND LIBRARY TAPE. MINOR
MOOIF ICATICNS MAY BE REQUIRED PRIOR TO USE IN OTHER COMPUTERS. THIS PROGRAM
HAS BEEN FOUND TO BE SATISFACTORY ON THE AFOREMENTIONED COMPUTERS WHICH CARRY
THE EQUIVALENT OF APPRCXIMATELY 15 DECIMAL DIGITS. COMPUTERS DF LESSER PRE~
CISION MAY REQUIRE MODIFICATION TO DOUBLE PRECISION IN ORDER TO DOBTAIN RESULTS
OF EQUAL ACCURACY.

THIS PROGRAM REQUIRES THE USE OF SUBROUTINE OLTAS WHICH IS GIVEN IN
APPENCIX Q.

INPUT WILL BE FOUND AT ADDRESS 1 (ONE CARD PER CASE) IN FORMAT 103, NOTE
THAT THE REFERENCE ORIGIN IS CHOSEN YO BE AT THE CENTER OF THE ROTOR., THE RE-
QUIREC INPUT VARIABLES ARE

LI LOAD INDICATOR, LI=1 FOR UNIFORM DISK-LCAD DISTRIBUTION, LI=2
FOR TRIANGULAR DISK-LOAD DISTRIBUTION

ZETAL SEMIHEIGHT OF TUNNEL DIVIDED By HEIGHT CF ORIGIN ABOVE FLOOR

ETAL DISTANCE FRCM ORIGIN TO RIGHT-HAND WALL DIVIDED BY TUNNEL
SEMIWIDTH

G AMMA WIDTH-HEIGHT RATIO OF WIND TUNNEL

SIGMA RATIO OF ROTOR OIAMETER TO TUNNEL WIDTH

ALPHA ANGLE OF ATTACK OF ROTOR TIP-PATH PLANE, DEG

C EFFECTIVE WAKE SKEW-ANGLE, DEG

IN SYMMETRICAL CASES THIS PROGRAM COMPUTES THE INTERFERENCE DISTRIBUTIUN
OVER CNE SEMISPAN ONLY. THIS PROGRAM REJECTS CASES OF ZERO SPAN. FOR SUCH
CASES,s THE INTERFERENCE IS UNIFORM AND THE VALUES ARE IDENTICAL TGO THOSE PRO-
VIDEC BY THE PROGRAM OF APPENDIX H.

PROGRAM WINDTUNU INPUT,OUTPUT yTAPES=INPUT,TAPE6=0UTPUT)
COMMON ZETA,ETA,GAMMA,XOVERH,YOVERH, ZOVERH,DELTA (28}
CIMENSION XDELTA(28),PSI(20),XLOAD(20)RUNIF(20) RTRIA(20)
CATA (RUNIF(I1),1=1,20)/4%0,2981,8%0,6255,8%0.8921/

DATA (RTRIA(I1},1=1+,20)/4%0.4386,8%0.7296,8%0.9262/
PI=3.14159265358979

RAaD=0.0174532925199

PSI(1)=(P1/4.)

- - o~ —
I e
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Appendix I — Continued

»

PSI(2)=3,%PSI(1) (1 9)
PSI(3)=5.#PSI(1) (1 10)
PSI(4)=T.*PSI(1) (1 11)
PSI(5)=PSI(13)=(P1/8.) (1 12)
PSI(6)=PSI(14)=3.%PSI(5) (1 13)
PSI(7)=PSI(15)=5,%PST(5) (1 14)
PSI(8)=PSI(16)=T #PST(5) (1 15)
PSI(9)=PSI(17)=9.#PSI(5) (1 16)
PSI(10)=PSI(18)=11 #*PSI(5) (117
PSI(11)=PSI(19)=13.%PSI(5) (1 18)
PSI(12)=PSI(20)=15.%PSI(5) (1 19)
SUML=.05 (1 2n

D0 805 N2=1,28 (1 21)

805 XDELTA(N2)=0. (1 223
1 READ (5,103) LI,ZETAL,ETAL,GAMMA ,SIGMA,ALPHA,C (1 23)
1F (EOF,5) 999,700 (1 24)

700 IF (LI.EC.1) GO TO 806 (1 25)
1ALPHA= LOHTR IANGUL AR (1 26}

CO 808 M2=1,20 (1 27)

8C8 XLOAD(M2)=RTRIA(MZ) (1 28)
GO 10 702 {1 29)

806 [ALPHA=10F  UNIFORM (1 39)
DO 809 M2=1,20 (1 31)

809 XLOAD(M2)=RUNIF (M2} (1 32)
702 IF (ETAl.NE.l.) GO TO 813 (1 33)
M1CHEK=6 (1 34)

GO TO 47 (1 35)

813 MICHEK=12 (1 36)
47 WRITE (6450C) SIGMA,IALPHA,ZETAL,ETAL,GAMMA,ALPHA,C (1 37)
WRITE (6,210 (1 38)
WRITE (6,211) (1 39)
WRITE (6,212) (1 40)
WRITE (6,213) (1 41)
WRITE (6,214) (1 42)
WRITE (6,215} (1 43)
WRITE (6,216) (1 44)
WRITE (6,217) (1 45)
WRITE (6,218) (1 46)

IF (SIGMA.NF.0.) GO TO 803 (1 47)
WRITE (6,903) (1 48)

GO T0 1 (1 49)

803 ALPHA=ALPHA*RAD (1 57)
M1=0 (1 s1

804 YSTAR=1.2-0.2%FLOAT(M1) (1 52)
O 800 N1=1,20 (1 53)
ETA=ETA1-(XLOAD(NL )%SIGMA *#SIN(PST(N1))) (1 54)
ZETA=14/((1./ZETAL)-(XLOADINL)*SIGMA *SIN(ALPHA)*COS(PSI(NL)I*GAMM (1 55)
180) (1 56)
XOVERH= -SIGMA®GAMMA®COS(ALPHA)# XLOAD(N1)#COS(PSI(N1)) (1 57)
YOVERH=SIGMA *GAMMA* (YSTAR-(XLOADINL)*SIN(PSI{N1)))) {1 58)
ZOVERH= SIGMA *GAMMA*SIN(ALPHA)* XLOAD(N1)*COS(PSI(N1)) (1 59)
CALL DLTAS (C) (1 60)
EERXXLRIERER RS RERAEEE SEE APPENDIX Q FOR SUBROUTINE DL TAS fekdofokdkok dokok ok ok d sk ok & ko
CO 801 N2=1,28 (1 61)

8C1 XDELTA(N2)=XDELTA{N2}+DELTA(N2) (1 62)
800 CONTINUE (1 63)
‘ DO 8C2 N2=1,28 (1 64)
802 DELTA(NZ )=XDELTA (N2 ) *SUML (1 65)
WRITE (€,149) YSTAR (1 66)
WRITE (6,150) (DELTA(I)1=1,25,4) (1 67y

) WRITE (6,151} (DELTA(I)s1=2,26,4) (1 68)
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Appendix I — Concluded .

WRITE (6,152) (DELTA(I),1=3,27,4)
WRITE {6,153) (DELTAUI)s1=4,28,4)
DO 810 NZ=1,28

810 XDELTA{N2)=0.0
M1=M1+1
IF (M1.LE.MICHEK) GO TO 894
GO T0 1

103 FORMAT(I1,F9.3,5F10.3)

149 FORMAT (//10X*Y/R =%*F4,.1/)

150 FORMAT (3XS5H(W,L)T(Fl7.4))

151 FORMAT (3X5H{U,LIT(F1T7.4))

152 FORMAT (3XS5H(W,D)IT(F17.4))

153 FORMAT (3XSHIU,DIT(F1T7.4))

210 FORMAT (1X131(1H-))

211 FCORMAT (1X1HI11X1HI31X61HCORRECTION FACTORS FOR CORRECTING FROM A
1IWIND TUNNEL WHICH I[S25X1HI)}

212 FORMAT (IX1FILIXIHILLT7C1lH-)1HI}

213 FORMAT (1X1HI11X1IHI16X1IHISX6HCLOSEDSXIHII6XLHI2X12HCLOSED FLOOR2XY
1HI6X4HOPENO6XIHI1 6XIHIS X6 HCLOSED4AX1H )

214 FORMAT (1X1HI3XSHDELTA3X1IHISX6HCLOSEDSX1HI4X9HON BOATTOM3X1HI6X4AHOP
1EN6XIHI6X4HONLYEXIHISXSHFLOORSX1IHIS X6HCLOSEDSX1HI3X 9HON BOTTOM3 X1H
21)

215 FORMAT (IXIHI1IXLIHILO6XLHI6X4HONLYSX1IHI16X18HI{GRCUND EFFECT) ISX4H
1ONLY6X1KI16X1HI6X4HONL YS XIHT )

216 FORMAT (IXIHILIXQIHIB4(LIH-)1HI32( 1H-)1HI)

217 FORMAT (1X1HI11X1HI36XL1HTO FREE AIR3TXIHIBX16HTC GROUND EFFECTAXL
1HI)

218 FORMAT (1X131(1H-))

900 FORMAY (1HL///7/31X*INTERFERENCE DISTRIBUTION OVER LATERAL AXIS OF
1IFINITE SPAN ROTOR*//
240X *SIGMA =%F6,3,15XA10,% LIADING*//4DX*ZETA =%F6,3,21X*ETA =*F7,
23//40X*GAMMA =%F643 4 19X*ALP KA =%FT7.3//56X%CHl =*FB8.3//)

903 FORMAT ( ///40X54HSIGMA EQUALS ZERO --- USE AVERAGE INTERFERENCE P
1RCGRAM)
999 sTop
END
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APPENDIX J

FCRIRAN PROGRAM FOR CALCULATING THE DISTRIBUTION OF
WIND~TUNNEL INTERFERENCE JVER TFE

LONGITUDINAL AXIS OF A SINGLE ROTOR

THIS PROCRAM WAS WRITTEN IN CDC FORTRAN, VERSION 2.1, TO RUN ON CDC 5000
SERIES COMPUTERS WITH THE SCOPE 3.0 OPERATING SYSTEM AND LIBRARY TAPE. MINOR
MCDIFICAT IONS MAY BE REQUIRED PRIOR TO USE IN OTHER COMPUTERS. THIS PROGRAM
HAS BEEN FOUND YO BE SATISFACTCRY ON THE AFOREMENTIONED COMPUTERS WHICH CARRY
THE EQUIVALENT OF APPROXIMATELY 15 DECIMAL DIGITS. COMPUTERS OF LESSER PRE-
CISION MAY REQUIRE MODIFICATION TO DOUBLE PRECISION IN ORDER TO DOBTAIN RESULTS
CF EQUAL ACCURACY.

. THIS PROGRAM REQUIRES THE USE QOF SUBRIUTINE DLTAS WHICH IS GIVEN IN
<APPENDIX Q.

INPUT WILL BE FOUND AT ADDRESS 1 (ONE CARD PER CASE) IN FORMAT 103, NOTE
THAT THE REFERENCE ORIGIN IS CHOSEN TO BE AT THE CENTER 0OF THE RDTOR. THE RE-
QUIREC INPUT VARIABLES ARE

LI L3AD INDICATOR, LI=1 FOR UNIFORM DISK-LOAD DISTRIBUTION, LI=2
FOR TRIANGULAR DISK-LOAD DISTRIBUTION

ZETAL SEMIHEIGHT CF TUNNEL CIVIDED BY HEIGHT CF ORIGIN ABOVE FLJDR

ETAL DISTANCE FRCM ORIGIN TO RIGHT-HAND WALL DIVIDED BY TUNNEL
SEMIWIDTH

GAMMA WIDTH-HEIGHT RATIO OF WIND TUNNEL

SIGMA RATIO OF ROTOR DIAMETER TD TUNNEL WIDTH

AL PHA ANGLE OF ATTACK OF ROTOR TIP-PATH PLANE, DEG

C EFFECT IVE WAKE SKEW-ANGLE, DEG

INPUT wILL BE FOUND AT ADDRESS 1 {ONE CARD PER CASE) IN FORMAT 103. NOTE
THAT THE REFERENCE ORIGIN IS CHOSEN TO BE AT THE CENTER OF THE ROTOR. THE RE-
QUIRED INPUT VARIABLES ARE

LI LOAD INDICATOR, LI=1 FOR UNIFORM DISK-LOAD DISTRIBUTION, LI=2
FOR TRIANGULAR DISK-LOAD DISTRIBUTION

LETAL SEMIHEIGHT OF TUNNEL DIVIDED BY HEIGHT CF ORIGIN ABQVE FLOOR

ETAl DISTANCE FRCOM ORIGIN TO RIGHT-HAND WALL DIVIDED BY TUNNEL
SENMIWIDTH

CAMMA WIDTH-HEIGHT RATIO OF WIND TUNNEL
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Appendix J — Continued

SIGMA RATIO OF ROTOR DIAMETER TO TUNNEL WIDTH
ALPHA ANGLE OF ATTACK OF ROTCR TIP-PATH PLANE, DEG
C EFFECTIVE WAKE SKEW-ANGLE, DEG

THIS PROGRAM REJECTS CASES 3F ZERDO SPAN. FIR SUCH CASES, THE INTERFERENCE
IS UNIFORM ANC THE VALUES ARE IDENTICAL TO THOSE PROVIDED BY THE PROGRAM OF
APPENCIX H.

PROGRAM WINDTUN({ INPUT,OLTPUT ,TAPES=INPUT,TAPE6=0UTPUT) tsy 1)
COMMON ZETALEVA,CAMMA, XOVERH, YOVERH » ZOVERH,DELTA (28) ty 2)
DIMENSION XDELTA(28),PSI{20) ,XLOAD(20),RUNIF(20}),RTRIA{2D) (J 3)
CATA (RUNIF(I),1=1,20)/4%0,2981,8%).6255,8%0.8921/ {J &)
DATA (RTRIA(I)y1=142C)/4%0.4386+8%D,7296,8%0.9262/ (3 5)
PI=3.14159265358979 (J 6)
RAD=0.0174532925199 (4 71
PSI(1)¥=(PI/4.) (J 8}
PSI(2)=3.%¥PSI(1) (J 9}
PSI(3)=5.%PSI{1)} (J 1D}
PSI(4)=T7.%PSI(1) (4 11}
PSI{5)=PSI(13)={(P1/8.)} (4 12)
PSI(6)=PSI(14)=3.,*PSI(5) (J 13)
PSI(T)I=PSI{L5)=5.,#PSI(5) (J 14)
PSI(8)=PSI{16)=T.#PSI{5) {4 15}
PSI(9)=PSI(17)=9.%PSI{5) (J 161}
PSI(10)=PSI(18)=11.*PSI{5) (4 17)
PSI(11)=PSI(19)=13.*PSI(5) (J 18)
PST(121=PSI(20)=15.%#PSI (5} (3 19)

DO 805 N2=1,28 tJ 20}

805 XDELTA(N2)=0. (4 21}
1 READ (5,103) LIJZETAL,ETALl,GAMMA,SIGMA, ALPHA,C (J 22}
IF (EOF,5) 999,700 (2 23)

700 SUML=.05 (3 24)
CONST=1. (4 251}

IF {LI.EC.1) GO TO 806 (4 26)
1ALPHA=10HTRIANGULAR td 27)

CC 808 M2=1,20 (J 28)

808 XLOAD(M2)=RTRIA(M2) (J 29)
GO 7O 47 tJ 30}

806 IALPHA=10H UNIFORM (J 31)
00 809 M2=1,20 (J 32)

809 XLOAD(M2)=RUNIF(¥2) (J 33}
47 WRITE (6,900) SIGMA,IALPHA,ZETAl,ETALl,GAMMA,ALPFA,C (J 34)
WRITE (6,21)) (4 35)
WRITE (€&,211) {Jg 36)
WRITE (6,212} J 37
WRITE (6,213) (J 38)
WRITE (6,214} tJ 39)
WRITE (6&,215) (3 40)
WRITE (6,216) (J 41}
WRITE (6,217) (J 42)
WRITE (6,218) (J 43)

IF (SIGMA.NE.C.) GO TO 803 (J 44)
WRITE (6,503} (J 45)

GC 7o 1 (J 46)

803 ALPHA=A|LPHA*RAD {J 47)
¥1=0 (J 48)



Appendix J — Concluded

804 YSTAR=.2%FLIAT(M]1)-1.2
£0 800 N1=1,20
IF (ETAl1.NE.1.) GO TO 813
CONST=2.
IF (PSI(N1).GT.PI) GO TO 820
813 ETA=ETAl-(XLOAD(NI }*SIGMA *SIN(PSI(NL1)})
ZETA=1e/((1e/ZETAL }-{XLOADINL)*SIGMA *SIN{ALPHA)Y#COS(PSI(NL))*GAMM
14))
XOVERH=S IGMA *GAMMA*COS ( ALPHA) *(YST AR~ ( XLOAD(N1) *#COS(PSI(N1})})
YOVERH==SIGMA *GAMMA*XLOAD(NL) *SIN(PSTI(N1))
IOVERH=-SIGMA *GAMMA*S IN{ALPHAI*{YSTAR-{XLIJADIN1)*COS(PSI(NL})))
CALL DLTAS (C) '

-~ P g o o . o -~
[ S S SR o SN Wy Sy Sy S < .
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49)
50)
51)
52)
$3)
54 )
55}
56)
57}
58)
59)
60)

FAARARERRRL SR A2 RRkRX SEE APPENDIX Q FOR SUBROUTINE DLTAS *kxsdktihks kkihkkks

DO 801 N2=1,28
801 XDELTA{N2)=XDELTA(NZ2)+DELTA{N2)
800 CONTINUE
CO 802 N2=1,28
802 DELTA(N2)=XDELTA(IN2 }*SUML*CONST
WRITE (64149) YSTAR
WRITE (6,150) (DELTA(I),I=1,25,4)
WRITE (6+151) (DELTA(T),1=2,26,4)
WRITE (6,4152) (DELTA(TI},1=3,27,4)
WRITE (6,153) (DELTA(I),1=4,28,4)
CC 810 N2=1,28
810 XDELTA(N2)=0.0
M1=NM1+1
IF (M1.LE.12) GO TOD 804
GO T0 1

103 FORMAT(I11,F9.3,5F1C.3)

149 FORMAT (//10X*X/R =%F4,1/)

150 FORMAT (3XS5HIW,L)IT{FL1T.4))

151 FORMAT (3XS5H{U,L)T(F17.4))

152 FORMAT (3X5H{W,D)T(F1T.4))

153 FORMAT (3XSH{UsDIT(FlT7.4))

210 FCRMAT (1X131(1H-))

211 FORMAT {1X1HIL1X1HI31X61HCORRECTION FACTORS FOR CORRECTING FROM A
IWIND TUNNEL WHICH IS25X1HI)

212 FORMAT (1X1HI11IXIHI11T7(1H-)1HI)

213 FORMAT (1X1HI11XIHI16X1IHISX6HCLOSEDSXIHI 16X1IHIZ2X12HCLOSED FLOOR2X]
IHIOX4HOPENG6 XIHIY 6X1IHISX6HCLISED4XIHT )

214 FORMAT ({1X1HI3XSHDELTA3XIHISX6HCLOSEDSX1IHI4X9HON BOTTOM3X1HI6X4HOP
1EN6XIHI 6 X4HONLY6X1HI SXSHFLOORO6X1HI5 X6HCLOSEDSXLIHI3X9HON BOTTOM3 X1H
21)

215 FORMAT (IXLHILIX1IHIL16X1HI6X4HONLY6X1IHIL6X1IBHI(GRCUND EFFECT) I5X4H
1CNLY6X1 HI16X1HI6X4HONLYS5 X1HT )

216 FORMAT (1XIHILLIX1HI84(1H-)1HI32(1H~-}1HI)

217 FORMAT (1IX1HI11X1HI36XL1HTO FREE AIR3TX1HIBXL6HTC GROUND EFFECTS8X1
1HT)

218 FORMAT (1X131(1H-))

900 FORMAT (1H1////28X*INTERFERENCE DISTRIBUTION OVER LONGITUDINAL AXI
1S OF FINITE SPAN ROTOR®*//
240X*SIGMA =%F6.3,15XA 0% LIADING*//4IX®ZETA =%F 7.3 ,23X*ETA =%F5.3
2//740X%GAMMA =%F6.3,19X*ALPHA =%*FT.3//56X*CHI =*F8.3//)

903 FORMAT ( ///741XS4HSIGMA EQUALS ZERO ~-~- USE AVERAGE INTERFERENCE P
1RCGRAM)
999 sTOP
END
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APPENDIX K

FORTRAN PROGRAM FOR CALCULATING THE AVERAGE WIND-TUNNEL
INTERFERENCE OVER A TAIL

BEHIND A SINGLE ROTOR

THIS PROGRAM WAS WRITTEN IN CDC FORTRAN, VERSION 2.1, TO RUN ON CDC 6000
SERIES COMPUTERS WITH THE SCOPE 3.0 OPERATING SYSTEM AND LIBRARY TAPE. MINOR
MODIF ICATIONS MAY BE REQUIRED FRIOR TO USE IN OTHER COMPUTERS. THIS PROGRAM
HAS BEEN FOUND TO BE SATISFACTORY ON THE AFDREMENTIONEC COMPUTERS WHICH CARRY
THE ECUIVALENT OF APPRCXIMATELY 15 DECIMAL DIGITS. CCMPUTERS OF LESSER PRE-
CISION MAY REQUIRE MODIFICATICN TO DOUBLE PRECISION IN ORDER TO OBTAIN RESULTS
OF EQUAL ACCURACY.

THIS PROGRAM REQUIRES THE USE OF SUBROUTINE DLTAS WHICH IS GIVEN IN
APPENDIX Q.

INPUT WILL BE FOUND AT ACDRESS 1 (TWO CARDS PER CASE) IN FORMAY 900. NOTE
THAY THE REFERENCE ORIGIN IS CHOSEN TO BE AT THE CENTER OF THE ROTOR. THE RE~
CUIREL INPUT VARIABLES FOR THE ROTOR, ON THE FIRST CARC, ARE

LI LOAD INDICATYOR, LI=1 FOR UNIFORM DISK-LOAD DISTRIBUTION, LI=2
FOR TRIANGULAR DISK-L0OAD DISTRIBUT ION

ZETAL SEMIHEIGHT OF TUNNEL CIVIDED BY HEIGHT CF ORIGIN ABOVE FLOOR

ETALl DISTANCE FRCOM ORIGIN TO RIGHT-HAND WALL ODIVIDED BY TUNNEL
SEMIWICTH

CAMMA WIDTH-HEIGHT RATIO OF WIND TUNNEL

SIGMAR RATIO OF ROTOR DIAMETER TD TUNNEL WIDTH

ALPHAL ANGLE OF ATTACK OF ROTOR TIP-PATH PLANE, DEG

THE REQUIRED INPUT VARIABLES FOR THE TAIL, ON THE SECOND CARD, ARE

SIGMAT RATIO OF TAIL SPAN TO TUNNEL WIDTH

T TAIL LENGTH BEHIND ORIGIN AT ZERO ANGLE OF ATTACK, NONDIMENS ION-
ALIZED WITH RESPECT TO ROTOR RADIUS

TH TAIL HEIGHT ABOVE ORIGIN AY ZERO ANGLE CF ATTACK, NONDIMENSION-
ALIZED WITH RESPECT TO ROTOR RADIUS

fLPHA2 ANGLE OF ATTACK OF BODY CARRYING TAIL, DEG

THIS PROGRAM REJECTS CASES OF 2ZERO SPAN, SINCE THE EQUATIONS ARE FORMED
IN TERMS OF ROTOR RADIUS, SUCH CASES REPRESENT INPUT ERRORS. THE PROGRAM OF
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Appendix K — Continued

APPENCIX D CAN BE USED FOR SUCH CASES SINCE THE REPRESENTATION OF THE LIFTING
SYSTEMS ARE IDENT ICAL WHEN THE SPAN IS VANISHINGLY SMALL.

PROGRAM WINDTUN{ INPUT,OUTPUT,TAPES=INPUT,TAPES=0UTPUT) (K 1)
COMMON ZETA,ETA,GAMMA, XCVERH, YOVERH, ZOVERH,DELTA {283} (K 2)
OIMENSICN XDELTA(28)4PSI{20),XLOAD(20),RUNIF(2G) 4RTRIA{20) ,C(8) (K 3)
CATA (C(I)eI=1,481/2Cey3Ces%0e¢50e 4600 ¢T0¢4804490.7 (K &)
CATA (RUNIF(I)41=1,20)/4%0.2981,8%0.6255,8¢0.8921/ tK 5)
DATA (RTRIA(I},I=1,20)74%0.4386,8%).7296,8%0.9262/ (K 6)
RAD=0,0174532925199 (K 7)
PI=3.1415926535€6579 (K 8)
PSI(1I={PI/%.) (K 9)
PSI(2)=3.%PSI(1) (K 10)
PSI(3)=5,#PSI(1) (K 11)
PSI(4)=T.%PSI(1) (K 12)
PSI(5)=PSI(13)=(P1/8.) (K 13)
PSI(6)=PST(14)=3.%PSI(5) (K 14)
PSI(T)=PSI{15)=5.%PSI(5) (X 15)
PSI(8)=PSI(161=7 *PSL(5) (K 16}
PSI(9)=PSI{17)=9.%#PSI(5) (K 17)
PSI(L0)=PSI(18)=11.%PSI(5) {K 18)
PSI(11)=PSI(19)=13.%PSI(S5) (K 19)
PSI(12)=PSI(20)=15.%PSI(5) (K 20

DO 803 L1=1,28 (K 21)

803 XDELTA(L1)=0. (K 22)
1 READ (5,9CC) LI,ZETAL,ETAL,GAMMA,SIGMAR,ALPHAL, SIGMAT, TL 4 TH, (K 23)

1 ALPHA2 (K 24)

IF (EOF,5) 999,47 (K 25)

47 SUML=0.0125 (K 26)
IF (LI.EQ.1) GO TO B804 (K 27)
TALPHA= 10HTR I ANGUL AR (K 28)

DO 808 M2=1,20 (K 29)

808 XLOAD(M2)=RTRIA(N2) (K 30)
60 TO 48 (x 31)

804 ITALPHA=1O0HUNIFORM (K 32)
CO 809 M2=1,20 (K 33)

809 XLOAD(M2)=RUNIF(M2) (K 34)
48 WRITE (6,901) IALPHA,ZETAL,SIGMAR, TL,ALPHAL,ETA1,SIGMAT,TH, (K 35)
1 ALPHA2,GAMMA (K 36)
WRITE {6,21)) (K 37)
WRITE (6,211) (K 38)
WRITE (6,212) (K 39)
WRITE (6,213) (K 40)
WRITE (6,214) (K 41)
WRITE (6,215) (K 42)
WRITE (€,216) (K 43)
WRITE (6,217) (K 44)
WRITE (6,218) (K 45)

IFf (SIGMAR.NE.O.) GO TO 800 {K 46)
WRITE (6,101) (K 47)

60 70 1 (K 48)

800 ALPH1 =ALPHAL*RAD (K 49)
ALPH2=ALPHA2*RAD (K 59)

CO 41 K=1,8 (K 51)

IF (SIGMAT.NE.O.) GO TO 811 (K 52)
N6=M6=MT=1 (K 53)
NT=20 (K 54)
CONST1=4. {K 55)
6O TO 812 (K 56)
811 IF (ETAL.NE.l.) GO TO 813 (K 57)
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811 IF (ETAl.NE.l1.) GO TO 813
N6=M6=1
M7=2
N7=20
CONST1=2.
GO TO 812
813 M6=N6=1
MT7=4
N7=20
CONST1=1
812 0O 801 M1=Mb6,M7
0O 802 N1=Nb6,N7
ETA=ETAL-(XLIAD(NL)*SIGMARXSIN{PSI(NL1})}
ZETA=14/({1</ZETAL )-XLOADINL ) #SIGMARXGAMMA*®SIN(ALPH1)*COS{PST(N1})
1)
XOVERH=S IGMAR*¥GAMMAX ( (TL*CIS(ALPH2) ) +(THASINIALPH2) )= (XLDAD(N1) *CO
1SCALPHL)I*COS{PSIINLYII))
XM1=FLOAT(M1)
YOVERH=S IGMAR¥GAMMAX (- ({2, %XM1-5.)/ 4« )*(SIGMAT/SIGMAR)-(XLDAD(N]1)*
ISIN(PSIINL)))
ZOVERH=SIGMAR¥GAMMAX{ (TH*COS(ALPH2) ) -(TLASINU{ALPH2) ) +{ XLOAD(N1) *S1
INCALPHL )*COS(PSII(NL)I))}
CALL OLTAS (CtK})

CC 805 L1=1,28
805 XDELTA(LI )=XDELTA(LY)}+DELTA(LL])
802 CONTINUE
801 CONTINUE
DO 807 L3=1,28

807 CELTA(L2)=XDELTA{L3)*SUML*CONST1
WRITE (6,149) C{(K)
WRITE (6,150) (DELTALI),I=1,25,4)
WRITE (6,151 ) (DELTALI),1=2,26,%)
WRITE (6,152) (DELTA(L),1I=3,27,4}
WRITE (6,153) (DELTA(I) 1=4,+28,4)
CO 814 L4=1,28

814 XDELTA(L4)=0.

41 CONTINUE
GO 10 1

101 FORMAT (//40X*SIGMA(ROTOR) EQUALS ZERQ --~ USE BASIC PROGRAME)

149 FORMAT (//S5X*CHI =*F5.2/)

150 FORMAT (3XSHIW,L)T(F17.4))

151 FORMAT (3XSH{UL)T(F17.4))

152 FORMAT (3XSH(W+D)IT(FLlT7.4))

153 FORMAT (3XSHIUD)ITIF1T7.4))

210 FORMAT (1X131(1H-1}1}

211 FORMAT (1XIHILIX1IHI31X61HCORRECTION FACTORS FOR CORRECTING FROM A
IWIND TUNNEL WHICH IS25X1HI}

212 FORMAT (IXIHILIXIHI117{1hk-}1HI)

213 FORMAT {(1XIHI11X1HI16X1HISX6HCLOSEDSXIHI 16X1HI2X12HCLOSED FLOOR2X1
1HI6X4HOPENSOXIHI16X1HISXEFCLOSED4XIHIT)

214 FORMAT (IX1IHI3XSHDELTA3XIHISXO6HCLOSEDSXLHI4XIHON BNTTOM3X1HI6X4 HOP
1EN6X1HI6X4HINLYSOX1IHISXSHFLOORGOXIHISX6HCLOSEDSX1HI3XOHON BOTTOM3 X1H
211}

215 FORMAT (1X1HI11X1HI16X1HI6X4HONLY6EX1HI16X18HI(GRCUND EFFECT) I6X4H
1ONLY6XIHIL6X1IHIO6 X4HONLYS XIH]T )

216 FORMAT (1X1HI11X1H184{1+-)1HI32(1H-)1HI)

217 FORMAT (1XIHIYLXIHI36X11HTO FREE AIR3TXLHIBXL6HTC GROUND EFFECTBX1
1HI)

218 FCRMAT (1X121(1H-})

900 FORMAT (11,F9.3,4F10.3/4F10.3)

(K

(K
(K
(K

58}
59)
60)
61}
62)
63)
64)
65}
66)
6T
68)
69}
m}
1)
72}
73)
74)
75)
76)
T7)
78)
791
80)

et dhndndhikiexs SEE APPENDI X Q FOR SUBROUTINE DLTAS ok sdodkkgdoiohok ook ko ok ok k

81)
82}
83)
84)
85)
B6}
87)
88)
89)
30}
91)
92}
93)
94}
95)
96}
97}
98)
99)
10n)
101)
102}
103)
104)
1n5)
1C6)
107)
108)
1€9)
110)
111}
112}
113)
114)
115}
116}

117)

39



Appendix K — Concluded

901 FORMAT (1KELl///38BX*AVERAGE INTERFERENCE OVER TAIL BEHIND FINITE-SPA (K 118}

900 FORMAT (114F9.3,4F10.3/4F10.3) (K 119)
901 FORMAT (1H1///38X*AVERAGE INTERFERENCE OVER TAIL BEHIND FINITE-SPA (K 120)
IN ROTOR*//56XA10,% LOADING*//15X*ZETA =%F6.3,9X*SIGMA(RQOTQOR) =% (K 121}

2F6.3¢9X*¥TAIL LENGTH/R =#*F6,3, 9X*¥ALPHA(RITOR) =%F7,3//15X%ETA =% (K 122)
AF6.3y IXXSIGMA(TAIL) =%*F6.,3,9X*TAIL HEIGHT/R =%F£.3,9X*ALPHA(BODY) (K 123)

4 =%FT7,3//758X%GAMMA =%*F7.3//) (K 124)
999 sTOP (K 125)
END (K 126)
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APPENDIX L

FORTRAN PROGRAM FOR CALCULATING THE AVERAGE WIND-TUNNEL

INTERFERENCE OVER TANDEM ROTORS

THIS PROGRAM WAS WRITTEN IN CDC FORTRAN, VERSION 2.1, TO RJUN ON CDC 60N0
SERIES COMPUTERS WITH THE SCOPE 3.0 OPERATING SYSTEM AND LIBRARY TAPE, MINOR
MODIF ICATIONS MAY BE REQUIRED PRIOR TO USE IN OTHER COMPUTERS. THIS PROGRAM
HAS BEEN FOUND TO BE SATISFACTORY ON THE AFOREMENTIONED COMPUTERS WHICH CARRY
THE EQUIVALENT OF APPROXIMATELY 15 DECIMAL DIGITS., CCMPUTERS OF LESSER PRE~
CISION MAY REQUIRE MODIFICATION TO DOUBLE PRECISICN IN ORDER TO OBTAIN RESULTS
OF EQUAL ACCuRACY.

THIS PROCGRAM REQUIRES THE USE OF SUBROUTINE DLTAS WHICH IS GIVEN IN
APPENDIX Q.

INPUT WILL BE FOUND AT ADCRESS 1 (TWO CARDS PER CASE) IN FORMAT 9(n. NOTE
THAT THE REFERENCE ORIGIN IS CHOSEN TO BE AT THE CENTER OF THE FRONT ROTOR. THE
DIAMETERS ANO LOAD DISTRIBUTICNS OF THE TWO ROTORS ARE ASSUMED TO BE IDENTICAL.
THE RECUIRED INPUT VARIABLES FCR THE FRONT ROTOR, ON THE FIRST CARD, ARE

LI LOAD INDICATOR, LI=1 FOR UNIFORM DISK-LCAD DISTRIBUTION, LI=2
FOR TRIANGULAR DISK-LOAD DISTRIBUT ION

1ETAL SEMIHEIGHT OF TUNNEL DIVIDED BY HEIGHT CF ORIGIN ABOVE FLOOR

ETAL DISTANCE FROM ORIGIN TO RIGHT-HAND WALL DIVIDED BY TUNNEL
SENIWIDTH

CAMMA WIDTH-HEIGHT RATIO OF WIND TINNEL

SIGMA RATIO OF ROTOR CIAMETER T) TUNNEL WIDTH

BETA SIDE-SLIP ANGLE, DEG

ALPHAF ANGLE OF ATTACK OF TIP-PATH PLANE OF FRONT RDYOR, DEG

ALPHAB ANGLE OF ATTACK OF BODY CARRYING REAR ROTOR, DEG

THE REQUIRED INPUT VARIABLES FOR THE REAR RJITOR, CN THE SECUND CARD, ARE

LRR DISTANCE CF REAR ROTOR BEHIND ORIGIN AT ALPHAB = 0, NONDIMENS ION-
ALIZED WITH RESPECT TO ROTOR RADIUS

ERR FEIGHT OF REAR ROTOR ABOVE ORIGIN AT ALPHAB = Oy NONDIMENSION-
ALIZED WITH RESPECT TO ROTOR RADIUS
¢LPHAR ANGLE OF ATTACK OF TIP-PATH PLANE OF RE2R ROTOR, DEG

THIS PROGRAM COMPUTES INDEPENDENTLY THE INTERFERENCE AT EACH ROTOR DUE TO
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ITS OwN PRESENCE AND THE INTERFERENCE AT EACH ROTDR DUE TO THE PRESENCE DF THF

OTHER ROTOR.

IN THE LIMIT, WHEN SIGMA IS ZERQO, THE TWO ROTORS ARE COINCIDENT,

ALL FCUR INTERFERENCES ARE IDENTICAL, AND ONLY ONE SET OF INTERFERENCES IS CAL-
CULATED.

42

803

PRUGRAM W INDTUN( INPUT,OUTPUTY ,TAPES=INPUT ,TAPE6=0UTPUT)
COMMON ZETALETA,GAMMA, XOVERH,YOVERH ,ZOVERH,DELTA(28)
DIMENSTION XDELTA(28),PSI(29),XL0OAD(20) ,RUNIF(2C) »RTRIA{2D),C(8)
REAL LRR

DATA (RUNIF(L)»1=1,20)/4%0.2981+8%0.6255,8%¥0.8921/
CATA (RTRIA(I),1=1,20)/4%0.4386,8%0.,72356,8%0.9262/
CATA (C{I)y1=1+8)/2009304v406+50¢+560¢+70¢+80.4904/
PI=3.141592€5358979

RAD=0.0174532925199

CO 803 L1=1,28

XDELTA(L1)=0.

PSI(1)=(P1/4.)

PSIt2)=3.*PSI(1)

PSI(3)=5.%PSI{1)

PSI(4)=T.*PSI(]1)

PSI(5)=PSI(13)=(PI/8B,)

PSI{6)=PSTI{14)=3.*%PSI(5}

PSI{TI=PSI{15)=5.%PS[{5)

PSI{B)=PSI{16)=T.#PSI(5)

PSI(I)=PSI(17)=9.%PSI(5)

PSI(10)=PST{18)=11.*%PSI(5)
PSI(11)=PSI(19)=13.*%PSI(5)
PSI(12)=PS1{20)=15.*PSI (5}

1 READ {5,900} L1,2ETALl,EYALl,GAMMA,SIGMA,BETA,ALPHAF, ALPHAB,

47

808
804

809
160

601

602

1

LRRyHRRyALPHAR
IF (EOF+5) 999,47
A M PF=ALPHAF
AALPR=ALPHAR
AALPB=ALPFAB
ABETA=BETA
ALPHAF=ALPHAF*RAD
ALPHAR=ALPHAR*RAD
ALPHAB=ALPHAB*RAD
BETA=BETA#RAD
WRITE (6,100}
SUML=,0025
IF (L1.EC.1) GO VO 804
IALPHA=10HTRIANGUL AR
DO 808 M2=1,20
XLOAD{M2)=RTRIA(M2)
GO 10 160
1ALPHA=10HUNIFORM
DO 809 M2=1,20
XLOAD{M2)=RUNIF(M2)
NROT=4
IF (SIGMA.EQ.0.) NROT=1
DO 42 IRTR=1,NRQOT
WRITE (€,701)
GO 10 (601,602+603,604), IRTR
IF (SIGMA.EQ.O0.) WRITE (&,70T7)
IF (SIGMA.EQ.0.}) GO 70O 610
WRITE (6,702}
GO 10 610
WRITE (6,703)
GO T0 610

1}

2)

3)

4)

5}

6)

T

8)

9}
1N}
11}
12}
13)
14)
15}
16)
17)
18)
19)
20)
21}
22}
23)
24)
25)
26)
27}
28)
29}
30)
31}
32)
33)
34)
35)
36}
37)
38)
39)
40)
41)
42}
43)
44)
45}
46)
47)
48)
49)
5¢)
51}
52)
53)
54)
55)
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603 WRITE (64704)
GD YO 610
604 WRITE (6,705)
610 WRITE (€,706) IALPHA,GAMMA,SIGMA,LRR,AALPF, AALPB,ZETAL1,ETAL,
1 HRR,AALPR, ABETA
WRITE (64212}
WRITE (6,211)
WRITE (6,212)
WRITE (6,213)
WRITE (6,214)
WRITE (64215)
WRITE (64216}
WRITE (€,217)
WRITE {6,218)
00 41 K=1,8
MT=NT7=20
IF (SIGMA.NE.O.} GD TO 815
M7=NT=1
CONST1=400.
GO TO 812
815 IF (ETAl NE.l..OR.ABETA.NE.C.) GO TD 813
CONST1=2,
GO TO 812
813 CONST1=1.,
812 CO 801 Ml=1.+M7
DO 802 N1=1,NT7
IF (ETA1 .NE.l..0OR.ABETA.NE.D.) GO TO 811
IF (PSI(N1).GT.PI) GO TO 802
B8l1l GO TO (6214622,6234624), IRTR
€621 ETA=ETALl-XLOAD(N1)#SIGMA*(SIN(PSI{N1))*COS(BETA})+
1 COS{PSIINL ))*COS(ALPHAF)}*SIN(BETA))
ZETA=ZETAL/ (1 .0-XLOACINL)*SIGMA*GAMMAXZETAL1*COS{PSI{N1))
1 *SIN{ALPHAF))
XOVERH=S IGMA*GAMMA*{ XLOAC(M1)*{COS(PST(ML))I*COS{ALPHAF)*CIS(BETA)
1 =SIN(PSI(M1))*SIN(BETA})-XLOAD{NL)*{COS(PSI{NL ))*COS { ALPHAF)
2 *COS(BETA)-SINI(PST{NL)}*SIN(BETA)}) '
YOVERH=SIGMA*GAMMA*{ XLOAD(ML) *{SIN(PST(M1))*COS(BETA)+COS{PSI
1 (ML) )*COS{ALPHAF)#SIN(BETA) )~ XLIADINL) *{SIN(PSI(N1)})*%
2 COS(BETA)-COS{PSI{NL })*=COS{ALPHAF) *SIN(BETA)))
ZOVERH==S IGMA®GAMMA*SIN{ALPHAF)I*( XLOAD(ML)*COS{PSI (ML)}~
1 XLOADINL)I*COS({PSI(NLI D))
GO TO 630
€22 ETA=ETAL-XLOAD(N1)*SIGMA*({SIN(PSI(N1})*COS{BETA)+COS(PSI(NL1))*
1 COS(ALPHAR )I*SIN(BETA))-SIGMA*SIN(BETA)* (LRR*¥*COS(ALPHAB) +
2 HRR*SIN( ALPHAB) )
ZETA=ZETAL/({1.0~-SIGMA%GAMMA*ZETAL*(XLOADINL)I*COS(PSTI(NL))*

1 SINCALPHAR) +LRR*S IN{ ALPHAB ) ~HRR*COS(ALPHAB) ) }
XOVERH=S IGMA*GAMMA*( XLOAD(M1)* (COS{PSI{M1))*COS{ALPHAF)*COS
1 {BETA)-SIN{PSI(ML))*SINI(BETA) )=XLDADINL)I*(COS(PSI(N1))}*

2 COS{ALPHAR)I*COSIBETA)-SIN(PSI{NL))*SIN{BETA) )-COS (BETA)*
3 (LRR*COS(ALPHAB) +HRR*SIN(ALPHAB)})
YOVERH=SIGMA*GAMMA X ( XLCAC(ML)*(SIN(PSI(M1))*COS(BETA)+
1 COS(PSI(ML))*COS{ALPHAF)*SIN(BETA) )-XLOADINLI*(SIN(PSI(N1))
2 *COS(BETA)+COS(PSI(NL))*COS(ALPHAR)*SIN(BETA))~SIN{BETA)%*
3 {LRR*¥COS{ALPHAB ) +HRR*¥SIN{ALPHAB)) )
ZOVERH==SIGMAXGAMMA*® (XLOAD( M1) *COS{PSTI (M1)) %SI N( ALPHAF) -
1 XLOACINL )*COS(PSIUINL))*SIN{ALPHAR) ~LRR*SIN(ALPHAB) +
2 HRR*COS{ ALPHAB))
GO TO 630
623 ETA=ETALl-XLIADI(NL)*SIGMAX({SIN(PSI{N1))*COS{BETA)+COS{PSI(NL))
1 *COSUALPHAR ) *SIN(BETA) ) -SIGMAXSIN(BETA) ¥{ LRR*COS({ALPHAB)

56}
57)
58)
59)
60}
61}
62)
63)
64)
651
66}
67}
68)
69)
70)
71}
72)
73)
T74)
75)
16)
17)
78)
79)
89)
81}
82)
83)
84)
85}
86}
871}
88}
89)
90)
91}
92)
93)
94 )
95)
96)
97}
98)
99)
100}
191)
102)
103)
104)
105}
106)
107)
108)
109}
110}
111}
112)
113}
114}
115}

116)
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2 +HRR*SIN{ALPFAB)) (L 117)
ZETA=ZETAL/(1.0-SIGMA*GAMMAXZETAL*(XLOAD(NL ) *COS (PST{(N1))%SIN (Lt 118)

1 (ALPFAR)+LRR#*SIN(ALPHAB) -HRR*CIS (ALPHAB))) (L 119)
XOVERH=SIGMA*GAMMA*( XLOAD( M1} *(COS(PSI(M1))*COS{ ALPHAR)*CDS (L 120)

1 (BETA)-SIN(PSI{M1))*SIN(BETA)})I-XLOAD(NL)*(COSIPSI(NL))* (L 121}

2 COS (ALPHAR ) *COS{BETA)-SIN(PSI(N1})I*SIN(BETA)}) (L 122)
YOVERH=SIGMA®GAMMAX { XLOAD(ML ) *(SIN(PST(M1))*COS(BETA)+COS (L 123)

1 (PST(ML))*COSCALPHAR)I®SIN(BETA) )-XLOAD(N1) ={ SIN(PSI(NL)}) (L 124}

2 *COS(BETA) +CCS{PSI{NL)}) *COS(ALPHARI*SIN(BETA))) (L 125)
ICVERH=-SIGMA*CAMMA*SIN(ALPHARI* (XLOAD(M1) *¥COS(PSI(M]1))- (L 126)

1 XLOAD(NL)I*COS(PSI(NL}}) (L 127)

GO TO 630 tL 128)

624 ETA=ETAL1-XLOAD{N1)*SIGMA*X(SIN(PSI(NL))}*COSIBETA)4COS(PSI(NL))* (L 129)
1 COS(ALPHAF }*SIN(BETA)} (L 130)
2ETA=ZETAL/{1.0-XLOAC(N] }*SIGMA*GAMMAXZETAL*COS(PST(NL1))* (L 131)

1 SIN(ALPHAF )} (L 132)
XOVERH=SIGMA*GAMMA*{ XLOAD(ML)*{COS(PSI{M1))*COS{ALPHAR)*CDS (L 133}

1 (BETA)-SIN{PSI(ML1))*SIN(BETA))+COS(BETAI*(LRR*¥COS(ALPHAB) (L 134)

2 +HRR*SIN(ALPHAB) ) -XLOAD(NL)I®(COS{PSI{NL))I*COS(ALPHAF)* (L 135)

3 COS(BETAI-SIN(PSI{(NL)I*SINI(BETA)}) (L 136)
YOVERH=SIGMA*GAMMAX (XLOADI(ML)*(SIN(PSI(M1))*COS(BETA)+COS(PSI (L 137)

1 (ML) )*COS{ALPHAR)I*SIN(BETA) )+SIN(BETA)*(LRR¥*COS (ALPHAB) + (L 138)

2 HRR*S IN(ALPHAB) }=-XLCADINL)} *(SIN(PSI(N1))*COS(BETA) + (L 139)

3 COS(PSII(N1))*=COS(ALPHAF)*SIN(BETA))) (L 142)
IOVERH=-SIGMA*GAMMA* {XLOAD{M1) *COS(PSI(ML))*SIN{ALPHAR) + (L 141)

1 LRR*SIN(ALPHAB) ~HRR*COS{ ALPHAB) -XLOADINL ) *COS(PSI(N1))=* (L 142)

2 SIN(ALPHAF)) (L 143)
6320 CaLL DLTAS (C{K}) (L 144)
2Rk ER R 2R uR ek ns SEE APPENDIX Q FOR SUBROUTINE DLTAS #kkokokgkdrkkd ok ok kokokk kkk
DG 805 Ll=1,28 (L 145)

805 XODELTA(LL)=XDELTA(L1)+DELTA(L]) (L 146}
802 CONTINUE (L 147)
B01 CONTINUE (L 148)
00 807 L3=1,28 (L 149)

BCT7 CELTA(L 3)=XDELTA(L3)*SUML*CONST1 (L 150)
CO 500 LiL=1,28 (L 151)

500 DELTA(LLI=DELTA(LL )*PI*(SIGMA%*%2)*GAMMA/ 4,0 (L 152)
WRITE (6,149) C{K) {L 153)
WRITE (€+15GC) (DELTA(L) +1=1,25,4) (L 154}
WRITE (6,151} (DELTA(I),I=2426,4) (L 15%5)
WRITE (6,152) (DELTA(T),1=3,27,4) (L 156)
WRITE (6+153) (DELTA(I)s1=64+28:4) (L 157)

D0 814 L4=1,28 (L 158)

814 XDELTA(L4)=D. (L 159)
41 CONTINUE (L 169)
42 CONTINUE (L 161)
GO 701 (L 162)

100 FORMAT (LH1///7777/7/59X%START NEW CASE*) (L 163)
149 FORMAT (LX*CHI =% F7.3/) (L 164)
150 FORMAT (3XSH(W,L)T(F17.4)) (L 165)
151 FORMAT (3XS5HIULITIF17.4)) (L 166)
152 FORMAT (3X5H{(W,D)7(FLlT7.4)) L 167}
153 FORMAT {3X5H{(U,DIT(F17.4)//) (L 168)
210 FORMAT (1X131(1H-)) (L 169)
211 FORMAT (1X1HI11XIHI31X61HCORRECTION FACTORS FOR CORRECTING FROM A (L 170)
IWIND TUNNEL WHICE IS25X1HI) (L 171)
212 FORMAT (1IX1HILIXIHILL7(1H-)1HI) (L 172}
213 FORMAT (1X1HIL1XIHI16X1HISX6HCLOSEDSX1IHI16X1IHI2X12HCLOSED FLOOR2X1 (L 173)
IHI6X4HOPENSXIHT 16X IHISXE6HCLOSED4 X1 H1) . 174}
214 FORMAT (1XIHI3XSHDELTA3XIHISX6HCLOSEDSXIHI4XOHON BOTTOM3X1HIG6X4HOP (L 175)
1EN6X1HI 6X4HONLY6XLHISXSHFLOOR6X1HISX6HCLOSEDSXTHI3XIHON BOTTOM3X1H (L 176)
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999

21)
215 FORMAT
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(1X1HI1T1X1HI16X1HIOX4HONLYSXLHIL6XIBHI{GRCUND EFFECT) 16X4H

1ONLY6X1HIL6XIHI6 X4 HONLYS X1HT )

216 FORMAT
217 FORMAY
1HI)
218 FCRMAT
701 FORMAY

1RS*/)
702 FORMAT
703 FORMAT
704 FORMAT
705 FORMAT
T06 FORMAT

110X*L(RR) /R =*F6.3,10X*ALPHA(FR)
2FB8.3//6X%ZETA
310X*ALPHA(RR) =*FB.3,14X*BETA

TO7 FORMAT

1RCNT ROTOR,
2 ON THE REAR ROTQOR,
3 ALL IDENTICAL,

900 FORMAY
sToP
END

(1XIHI1IX1HI84(1H~)1HI32( 1H~)1HI)
(1XIHIL1X1HI36X11HTO FREE ATR37X1HIBX16HTC GROUND EFFECT8X1

(1X131(1H-)/)
{1H1//41X*AVERAGE WIND~-TUNNEL INTERFERENCE OVER TANDEM ROTO

(49X¥EFFECT OF FRCNT ROTOR ON FRONT ROTOR#*//)

(49X*EFFECT OF REAR ROTOR CN FRONT ROTOR%//)

(48X*EFFECT OF REAR ROTOR ON REAR ROTOR=#*/ /)

(49X*EFFECT OF FRCNT ROTOR ON REAR ROTOR*//)

(58XA10* LOADING*//6X*GAMMA =*F7,3,10X*SICMA =%Ff6.3,

=*F8.3, 10X*ALPHA(BODY) =x

=*F 6.3, 1L0X*H(RR} /R =*F6.3,
=%xF843/7)

THE EFFECTS OF THE FRCNT ROTOR ON THE F
THE REAR ROTOR*/26X#0N THE FRONT ROTCR, THE REAR ROTOR
AND THE FRONT ROTOR ON THE*/39X*REAR ROTOR ARE
ANC ARE CGIVEN AS FOLLOWS,*//)
{114F9.3,6F10.3/3F10.3)

=*FT.3,10X*ETA

{26X*FOR SIGMA = C,

177)
178)
1791}
180)
1811}
182)
183)
184)
1851}
186}
187}
188)
189}
190)
191)
192}
193)
194)
195}
196}
197}
198)
199)
200)
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APPENDIX M

FORTRAN PROGRAM FOR CALCULATING THE AVERAGE WIND-TJUNNEL

INTERFERENCE OVER UNLOADED-ROTOR CONFICURATIONS

THIS PROGRAM WAS WRITTEN IN CDC FORTRAN, VERSION 2.1, TO RUN ON COC 6700
SERIES COMPUTERS WITH THE SCOPE 3.0 OPERATING SYSTEM AND LIBRARY TAPE. MINOR
MODIFICATIONS MAY BE REQUIRED PRIOR TO USE IN OTHER COMPUTERS. THIS PROGRAM
HAS BEEN FOUNC TQ BE SATISFACTCRY ON THE AFOREMENTIONEC COMPUTERS WHICH CARRY
THE EQUIVALENT OF APPROXIMATELY 15 DECIMAL DIGITS. COMPUTERS OF LESSER PRE-
CISICN MAY REQUIRE MODIFICATION TO DOUBLE PRECISICN IN ORDER TO OBTAIN RESULTS
OF EQUAL ACCURACY.

THIS PROGRAM REQUIRES THE USE OF SUBROUTINE DLTAS WHICH IS GIVEN IN
APPENDIX Q.

INPUT WILL BE FOUND AT ADDRESS 1 (TWO CARDS PER CASE) IN FORMAT 900. NOTE
THAT THE REFERENCE ORIGIN IS CHOSEN TO BE AT THE CENTER OF THE ROTOR. THE RE-
QUIRED INPUT VARIABLES FOR THE ROTOR, ON THE FIRST CARD, ARE

LIR ROTOR DISK-LOAD-DISTRIBUTION INDIZATOR, LIR=1 FOR UNIFORM LJAD-
INGy LIR=2 FOR TRIANGULAR LOADING

ZETAL SEMIHEIGHT OF TUNNEL DIVIDED BY HEIGHT CF ORIGIN ABOVE FLOOR

ETAL DISTANCE FROM ORIGIN TGO RIGHT-HAND WALL DIVIDED BY TUNNEL
SEMIWIDTH

GAMMA WIOTH-HEIGHT RATIO OF WIND TUNNEL

SIGMAR RATIO OF ROTOR DIAMETER TO TUNNEL WIDTH

ALPHAR ANGLE OF ATTACK OF ROTOR TIP~PATH PLANE, DEG
THE REQUIRED INPUT VARIABLES FOR THE WING, GIVEN ON THE SECOND CARD, ARE
LIW WING SPAN~LOAD-DISTRIBUTION INDICATOR, LIW=1 FOR UNIFORM LOADING,

LIw=2 FOR ELLIPTIC LOADING

LW CISTANCE OF WING APEX BEHIND ORIGIN, NONDIMENSIONALIZED WITH RE-
SPECY TO ROTIR RADIUS

HH DISTANCE OF WING APEX ABOVE ORIGIN, NONDIMENSIONALIZED WITH RE-
SPECT TO ROTOR RADIUS

SIGMAW RAT IO OF WING SPAN TO TUNNEL WIDTH
LAMBDA WING SWEEP ANGLE, DEG

ALPHAB ANGLE OF ATTACK OF BODY CARRYING WING AND TAIL, DEG
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IN TERMS OF ROTDR RADIUS,

DUE TO THEIR OWN PRESENCE, AS wELL AS THE INTERFERENCE ON EACH DUE TO THE

1

Appendix M — Continued

HIS PROGRAM REJECTS CASES OF ZERO SPAN. SINCE THE EQUATIONS ARE FORMED

SUCH CASES REPRESENT INPUT ERRORS.

THIS PROGRAM COMPUTES INDEPENDENTLY THE INTERFERENCE ON THE WING AND ROTOR

ENCE OF THE OTHER.

803

1 READ (5,.,90C)

47

808
804
809
806

851

1

1

PROGRAM WINDTUN{ INPUT,»OUTPUT ,TAPES=INPUT, TAPE6=DLTPUT)
COMMON ZETA,ETA, GAMMA,XOVERH,YOVERH,ZOVERH,DELTA(28)
CIMENSION XDELTA(28),PS1{20),RLOAD{20),RUNIF(20) ,RTRIA{20),

XLE{10),XLOAD(20),C(8)
REAL LAMBDA,LW
CATA (RUNIF(I),I1=1,2C)/4%0,2981 ,8%0.6255,8%¥0.8921/
CATA (RTRIAUI)+1=1,20)74%0.4386,8%0.7296,8%0,9262/
DATA (CU1)yI=148)1/20e030C49400950:1606:70¢980.990.7/
PI=3.14159265358979
RAD=0.017453292£199
DO 803 L1=1,28
XDELTA({LL1)=D.
PSIt1)=(P1/4.)
PSIt2)=3,#PS5I(1)
PSI{3)=5.*PSI{1)
PSI(41=T.*PSI(1)}
PSI(5)=PSI(13)=(P1/B.)
PSIt6)=PSI(14)=3,*%PSI(5])
PSI{7)=PST(15)}=5.%PS1(5)
PSI(8)=PSI{16)=7.%PSI(5)
PSI(9)=PSI(17)=9.%PSI(5)
PSI(10)=PSI(18)=11.%PSI(5)
PSI(11)=PSI{19)=13.*PSI(5)
PSI(12)=PSI{20)=15.%PSI{5)
XLETL)=XLE(10)=0.435179
XLE(2)=XLE(9) =0.T71422
XLE(3)=XLE(B8) =(C.86603
XLE(4)=XLE{7) =C.953¢%4
XLE(S)=XLE(6) =0.99499

SIGMAW,LAMBDA, ALPHAB
IF (EOF,5) 999,47
AALPR=ALPHAR
AALPB=ALPHAB
ALAM=L AMBDA
LAMBDA=LAMBDA*RAL
ALPHAR=ALPHAR*RAD
fLPHAB=ALPHAB*RAD
WRITE (6,10C)
IFf (LIR.EQ.1) GO TO 804
TALPHA=10HTRIANGUL AR
DO 808 M2=1,20
RLOAD(M2)=RTRIA(¥2)
GO TO 806
TALPHA=10HUNIFORM
0O 809 M2=1,20
RLOADIM2)=RTRIA{M2)
IF (LIW.EQ.1) GO TO 852
IBETA=8+ELLIPTIC
DO 851 M2=1,10
XLDAD(M3)=XLE{M3)

LIR,ZETAL,ETAL,GAMMA,SIGMAR,ALPHAR LIW,LW,HH,

PRE

S-

51)
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GO 70 850
852 IBETA=8 FUNIFORM
DO 853 M3=1,10
853 XLOAD{M3)=1.0

Appendix M - Continued

850 IF (SIGMAR.NE.O.) GO TO 855

WRITE (6,701}
WRITE (6,706) TALPHA,IB
1 HW,AALPB ,GAMMA,ALAM
WRITE (6,+210)
WRITE (€,2111%
WRITE (6,212)
WRITE (6,213}
WRITE (6+21%)
WRITE (6,215)
WRITE (64216}
WRITE (64217)
WRITE (€,218)
WRITE (6,707)
GO 70 1
855 DO 42 IELEM=1,4
WRITE (6,701)
GO TO (601+602+603,604)
601 WRITE (6,702)
GC TO 61C
602 WRITE (64703)
GC 10 610
603 WRITE (647341
GO TO 61¢C
604 WRITE (6,705)

ETA,SIGMAR,ZETAl, LW, AALPR,SIGMAW,ETAL,

+ [ELEM

610 WRITE (6,706) TALPHA,IBETA,SIGMAR,ZETAl,LW, AALPR ,SIGMAW,ETAL,

1 HiW s 8ALPB,GAMMA, ALAM
WRITE {€,210)

WRITE (6,211)

WRITE (6,212)

WRITE (64213}

WRITE (6421%)

WRITE (64215)

WRITE (6,216)

WRITE (¢&,217)

WRITE (6,218)

£a 41 K=1,8

M7=NT7=20

GO TO (611,612,613,614)

RCTOR ON RJITOR
611 SUML=0.0025
IF (ETAl.EQ.1.) SUML=C
GO TO 812
WING ON ROTOR

612 SUML=0,0063C52

v IELEM

.005

If (SIGMAW.EQ.C.) GO TO 615
IF (LIW.EQ.1) SUML=0.005

NT7=10

IF (ETAl1.NE.1.) GO TO 812

SUML=0.012€104

IF (LIW.EQ.1) SUML=0C.0
N7=5

GO 10 812

10

52)
53)
54)
55)
56)
57)
58)
591}
60}
61}
62)
63)
64)
65)
66)
67)
68)
69)
79)
1)
72)
73)
74)
75)
76)
17)
78)
79)
80}
81)
82}
83}
84)
85)
86}
87)
88}
89)
90)
91}
92)
93)
94)
95)
961}
97)
98}
99)
100}
171}
102)
103}
104)
105)
106)
107)
108}
109)
1)
111}
112}



Appendix M — Continued

615 SUML=0.05 M 113)
NT7=1 (M 114)
XL0AD(1}=1.2 M 115)
1F (ETAl.EQ.1.} SUML=0.10 (M 116}
GO YO 812 M 117)

c (M 118)
c WING OGN WING (M 119)
c - (M 120}

613 SUML=0.0126104 (M 121)
IF {(SIGMAW.EQ.0.) GO TO 616 (M 122)
IF (LIW.EQ.1) SUML=0.010 (M 123)
M7=10 M 124)
N7=10 (M 125}
IF (ETAl.NE.l.) GO TO 812 (M 126)
SUML=0,.0252208 (M 127)
IF {(LIW.EQ.1) SUML=0.020 (M 128)
N7=5 (M 129)
GC 70 812 (M 130)

616 SUML=1. (M 131}
XLOAD(1)=1.0 (M 132)
M7=NT=1 (M 133)
GO 70 812 (M 134)

C (M 135}
c ROTOR ON WING (M 136)
c M 137)

614 SUML=0.0050 {M 138)
IF (ETAl.EQ.l.} SUML=C.O0l0 (M 139)
MT7=10 (M 14D)
IF (SIGMAW.NE.O.) GO TC 812 (M 141)
MT=1 (M 142)
SUML=0.05 (M 143)
IF (ETALLEQ.1.) SUML=0.10 (M 144)

812 CO 801 M1=1,M7 (M 145)
DC 802 N1=1,N7 (M 146)
XSTAR={11.-2.%FLOAT{M1))}/10. (M 147)
YSTAR=(11.-2.%FLOAT(N1))/10. (M 148}

811 GC TO {621,622+623+624)s IELEM (M 149)

c (M 150}
c ROTOR ON ROTOR {M 151)
c (M 152)

621 IF (ETALl.NE.l.) GO TO 625 (M 153)
IF (PSI(N1).GT.PI) GO 7O 8C2 (M 154)

625 EVTA=ETAL-RLOAD(N1)*SIGMAR®SIN(PSI{NL}) (M 155)
ZEYA=ZETAL/(1.0-RLOACINL)*STGMAR*GAMMA*ZETAL1*COS(PSI(NL)) (M 156)

1 *SIN(ALPHARY)) (M 157)
XCVERH=SIGMAR*GAMMA*COS(ALPHAR )Y *{RLOAD{M1)*COS(P SI{M1)) (M 158)

1 —RLOACINL)*COS(PSI(N1))) (M 159}
YOVERH=SIGMAR*GAMMA®{RLOAD(M1)*SIN(PSI(ML))-RLIADINLI*SINIPSI{NL)} (M 16D)

1 ) (M 161)
ZOVERH=~S IGMAR*GAMMA*SIN (AL PHAR ) *(RLOAD( ML} *COS(PST(M1)) (M 162)

1 <RLOACIN1)I*COSI{PSI(N1IY)) (M 163)
XLOAD(N1)=1.0 (M 164)

GO TO 630 (M 165)

c (M 166}
c WING ON ROTOR (M 167)
c (M 168}

622 IF {ETAl .NE.l.+OR.SIGMAW.NE.N.) GI TD 627 - (M 169)
IF (PSI(M1).GT.PI) GO TO 802 (M 170)

627 ETA=ETAl-YSTAR*SIGMANW (M 171)
ZETA=ZETAL/(1.0-SIGMAR*GAMMA*ZETA1*(ABS(YSTAR)*( SIGMAW/SIGMAR) M 172}

1 *TAN(LAMBOA }#SIN{ALPHAB) +LW*SIN(ALPHAB) ~HW*COS(ALPHAB) )} (M 173)
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Appendix M - Continued

XCVERH= SIGMAR*GAMMA® (RLOAD( ML) *COSTALPHAR)*COS(PST{ML))

1 -ABSIYSTAR)*{SIGMAW/SIGMAR I *TANILAMBDA) *COS({ ALPHAB)

2 ~LW*COS{ALPHAB )-HW*SIN{ ALPHAB))

YCVERH=SIGMAR*GANMAX (RLOAD(ML)*SIN(PSI{M]1))-YSTARX{ SIGMA W/
1 SIGMAR)}

ZOVERH=~S IGMAR *GAMMA*( RLOAD (M1 ) *SIN (ALPHAR) #COS(PSI(M1)}

1 ~ABS{YSTAR)* (S IGMAW/SIGMAR }*TAN(LAMBDA) *SIN{ ALPHAB)
2 ~LW*S INCALPHAB ) +HW*COS{ ALPHAB))
GC 10 630

WING ON WING

623 ETA=ETAL1-SIGMAW*YSTAR
ZETA=ZETAL/(1.0-SIGMAR*GAMMA*ZETAL*(ABSIYSTAR)}*( SIGMAW/SIGMAR])

1 *TAN(LAMBDA)*SIN{ALPHA3 ) +LW*SIN(ALPHAB) -HW*COS(ALPHAB)) )
XOVERH=S I GMAW*GAMMA®T AN (L AMBDA)*COS ( ALPHAB } *{ABS (XSTAR)
1 ~ABS(YSTAR))

YOVERH=0 +2*SIGMAW*GAMMA®(FLOATINL)-FLJIAT(M1))

ZOVERH=~S IGMAWXGAMMA*TAN(LAMBDA) *SIN(ALPHAB ) * (ABS(XSTAR)
1 -ABS(YSTAR})

GG TO 630

ROGTOR ON WING

624 1F (ETAl1.NE.l.) GO TO 626
IF (PSI(N1).GT.PI) GO TO 802
626 ETA=ETAL-RLIAD(NL)*SIGMAR*SIN{PSI{(NL))
ZETA=ZETALl/{1.0-RLOAC(NL)*SIGMAR*GAMMA*XZETAL*COS(PSI(NL))
1 *SIN{ALPHAR))
XOVERH=SIGMAR*GAMM A% [ABS (XSTAR I *{SIGMAW/SIGMAR) *TAN (L AMBDA) *
1 COS{ALPHAB ) +LW*COS({ALPHAB) +HW*S IN{ALPHAB) -RL CAD(N1 }*
2 COS{ALPHAR)I*COS(PSI{NL1}))

YOVERH=SIGMAR*GAMMA® (X STAR* (SIGMAW/SIGMAR)-RLOAD (NL)*SIN(PSI{N1) )}

ZOVERH==S IGMAR *GAMMA #( AB S(XSTAR)*(SIGMAW/SIGMAR) *TAN{L AMBDA) *
1 SIN(ALPHAB }+LW*S IN{ALPHAB)-HW*COS{ALPHAB)-RLOAD(N1}*
2 SIN(ALPHAR)*COS(PSI{NL)))
XLOAC(N1)=1.0
€30 CALL OLTAS (C(K))

174)
175}
176)
177)
178)
1799
1802)
181)
182)
183)
184)
185}
186)
187)
188)
189)
180)
191)
192}
193)
194}
195)
196}
197}
198)
199)
2¢NY)
201)
202)
203}
204)
205)
206)
207)
208)
209)
210)
211)
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DC 8C5 L1=1,28
805 XDELTA{LL)=XDELTA(LL)}+DELTA(LL)I*XLOAD(N1)
802 CONTINUE
801 CCNTINUE
DO 807 L3=1,28
8CT DELTA(L 2)=XDELTA(L3)*SUML
WRITE (64149) C{K)
WRITE (6+150) (DELTA(I)I=1,25,4)
WRITE (6,151) (DELTA(I)+1I=2,26,4)
WRITE (64152) (DELTA(I),1=3427,4)
WRITE (65153) (DELTA(I}»1=4,28,4)
DC 814 L4=1,28
814 XDELTA{L4)=0.
41 CONTINUE
42 CONTINUE
GO T0 1
100 FORMAT (LHL1////7777/7/59X%START NEW CASE*)
149 FORMAT {1X%*CHI =* F7.3/)
150 FORMAT (3XSH(W,L)IT(F17.4))
151 FORMAT {3XS5H{U,L)T{(F17.4))
152 FORMAT (3XSH{W:D)T(F17.4})
153 FORMAT (3XS5H{UWDIT(F17.4)//)

(M

212)
213)
214)
215)
216)
217)
218)
219)
220)
221)
222)
223)
224)
225)
226}
227}
228)
229)
230)
231}
232)
233)




Appendix M — Concluded

210 FORMAT (1X131{(1H-)}

211 FORMAT (1X1HI11X1HI31X61HCORRECTION FACTORS FOR CORRECTING FROM A
1WIND TUNNEL WHICH IS25X1HI)

212 FORMAT (IXIHIILIX1HIL17(lH-)1HI)}

213 FORMAT (1X1HIL1X1HI16XIHISX6HCULOSEDSXIHI 16X1HI2X12HCLOSED FLODR2X1
1HI6X4HOPEN6XIHTI 16X IHISX6HCLOSED4AXIHT )

214 FORMAT {(1X1HI3XSHDELTA3X1IHISX6HCLOSEDSX1HI4X9HON BOTTOM3X1HI6X4HOP
1EN6X1HI6 X4HONLYOXIHISXSHFLOOR6 XIHISX6HCLOSEDSX1IHI3X9HON BOTTOM3 X1H
21}

215 FORMAT (1X1HILIXIHILO6XIHI6X4HONLY6XIHI16X18HI(GRCUND EFFECT) [5X4H
1ONLY6XLHI16X1HI6X4HONLYSX1HI)

216 FORMAT (1XIHIL11X1HIB4(1H-)1HI32(1H-}1HI)

217 FORMAY {1X1HIL1X1HI36X11HTO FREE AIR37XIHIBX16HTO GROUND EFFECT8X1
1HI)

218 FORMAT (1X131(1H-)/)

701 FORMAT (1HL//42X*AVERAGE INTERFERENCE OVER AN UNLOADED ROTOR MODEL
1%/) :

702 FORMAT (S54X*EFFECT OF RCTOR ON ROTOR*//)

703 FORMAT (S5SX*EFFECT OF WING ON ROTOR*//)

704 FCORMAT (S55X*EFFECT OF WING ON WING*//}

705 FORMAT (5SX*EFFECT OF ROTOR ON WING*//)

706 FORMAT (34X,A10*% ROTOR LOADING*19X,A8% WING LOACING*//
119X*SIGMA(ROTOR) =*F 6,3 10X*ZETA =%F6.3,10X*LW/R =*F6+3,13X
2¥ALPHA(ROTOR) =*FT7.3//19X¥SIGMA(NWING) =%F6.3,10X*ETA =%F6.3,
310X*HW/R =%F6.3,10X*ALPHA(BODY) =%*F7.3//39X*GAMNA =%F§,3,
42T7X*LAMBDA =%FT7.3//)

TO07 FORMAT {(40X*SIGMA{ROTOR) EQUALS ZERO, THIS PROGRAM IS NOT SUITABLE
1 FOR USE WITH SUCH CASES.*//)}

900 FORMAT (11,F9.3,4F10.3/11,F9.3,4F10.3)

969 syop
END

234)
235)
236)
237}
238}
239)
240)
241)
242)
243)
244)
245)
246}
247)
248)
249)
250)
251)
252}
253)
254)
255)
256)
257
258)
259}
260)
261}
262)
263)
264)
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APPENDIX N

- - -

FORTRAN PROGRAM FOR CALCULATING THE AVERAGE WIND-TUNNEL
INTERFERENCE OVER A TAIL

BEHIND AN UNLOADED-ROTOR CONFIGURATION

THIS PROGRAM WAS WRITTEN IN CDC FORTRAN, VERSION 2.1, TO RUN ON CDC 6009
SERIES COMPUTERS WITH THE SCOPE 3.0 OPERATING SYSTEM AND LIBRARY TAPE. MINOR
MODIF ICATIONS MAY BE REQUIRED PRIOR TO USE IN OTHER COMPUTERS. THIS PROGRAM
HAS BEEN FOUND TO BE SATISFACTORY ON THE AFOREMENTIONED COMPUTERS WHICH CARRY
THE EQUIVALENT OF APPROXIMATELY 15 DECIMAL DIGITS. COMPUTERS OF LESSER PRE-
CISION MAY REQUIRE MODIFICATICN TO DCUBLE PRECISICN IN CRDER TO OBTAIN RESULTS
OF EQUAL ACCURACY.

THIS PROGRAM REQUIRES THE USE OF SUBROUTINE DLTAS WHICH IS GIVEN IN
APPENCIX Q.

INPUT WILL BE FOUND AT ADDRESS 1 (THREE CARDS PER CASE) IN FORMAT 9G0. NGTE
THAT THE REFERENCE ORIGIN IS CHOSEN TGO BE AT THE CENTER OF THE ROTOR. THE RE-
QUIREL INPUT VARIABLES FOR THE ROTOR, ON THE FIRST CARD, ARE

LIR ROTOR DISK~LOAD-DISTRIBUTION INDICATOR, LIR=1 FOR UNIFORM LOAD-
ING, LIR=2 FOR TRIANGULAR LOADING

ZETAL SEMIHEIGHT CF TUNNEL DIVIDED BY HEIGHT CF ORIGIN ABOVE FLOOR

ETAL OISTANCE FRCOM ORIGIN TO RIGHT-HAND WALL DIVIDED B8Y TUNNEL
SEMIWIOTH

CGAMMA WIDTH-HEIGHT RATIO OF WIND TUNNEL

SIGMAR RATIO OF ROTOR DIAMETER TO TUNNEL WIDTH

ALPHAR ANGLE OF ATTACK OF ROTOR TIP-PATH PLANE, DEG
THE REQUIRED INPUT VARIABLES FOR THE WING, GIVEN ON THE SECOND CARD, ARE
LIw WING SPAN-LOAD-CISTRIBUTION INDICATOR, LIW=1 FOR UNIFORM LOADING,

LIw=2 FOR ELLIPTIC LDJADING

(] DISTANCE OF WING APEX BEHIND ORIGIN, NONDIMENSIONALIZED WITH RE-
SPECT TO RCTDR RADIUS

kW DISTANCE OF WING APEX ABOVE ORIGIN, NONDIMENSIONALIZED WITH RE~
SPECT TO ROTOR RADIUS

SIGMAW RATIO OF WING SPAN TO TUNNEL WIDTH

LAMBDA WING SWEEP ANGLE, DEG
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Appendix N — Continued

ALPHAB ANGLE OF ATTACK OF BODY CARRYING WING AND TAIL, DEG

THE REQUIRED INPUT VARTABLES FOR THE TAIL,

S IGMAT RATIO OF TAIL SPAN TO

ON THE THIRD CARD, ARE

TUNNEL WIDTH

TL TAIL LENGTH BEHIND ORIGIN AT ZERO ANGLE OF ATTACK, NONDIMENSION-
ALIZED WITH RESPECT TO ROTOR RADIUS ’

TH TAIL HEIGHT ABOVE ORIGIN AT ZERO ANGLE OF ATTACK, NOND IMENSION
ALIZED WITH RESPECY TO ROTOR RADIUS

THIS PROGRAM REJECTS CASES OF ZERO SPAN.

SINCE THE EQUATIONS ARE FIRMED

IN TERMS OF ROTOR RADIUS, SUCH CASES REPRESENT INPUT ERRIRS.

THE PRESENCE OF B80TH THE WING AND THE ROTOR,

803

1

47

THIS PROGRAM COMPUTES INDEPENDENTLY THE INTERFERENCE AT THE TAIL CUE 710

PROGRAM WINDTUN(INPUT,OUTPUT ,TAPES=INPUT,TAPE6=0LTPUT) (N
COMMON ZETA,ETA,GAMMA, XCVERH ,YOVERH  ZOVERH, DELTA (28) (N
DIMENSICN XDELTA(28),PSI(20),RLOAD(20),RUNIF(20) ,RTRIA(20), (N

1 XLE{10), XLOAD(20) ,C(8) (N
REAL LAMBDA,LW (N
DATA (RUNIF(I),1=1,20)/4%0.2981,8%0.6255,8%0.8921/ (N
DATA {RTRIA(I),1=1,20)/4%0.4386,8%0,7296,8%0.9262/ (N
DATA (C{I)y1=1,8)/200930.+400,50,:600,70.,804¢,90./ (N
P1=3.14159265358979 (N
RAD=0.0174532925199 (N
Lo 803 L1=1,28 (N
XCELTA(L1)=0. (N
PSI{LI=(PI/4.) (N
PSI(2)=3.%PSI(1) (N
PSI(3)=5.%PSI(1) (N
PSI{4)=7,4PSI(1) (N
PSI{5)=PSI(13)=(P1/8.) (N
PSI(6)=PSI(14)=3.%PSI{5) (N
PSI(7)=PSI(15)=5.#PSI(5) (N
PSI(B)=PSI(16)=T.#PSI(5) (N
PSI(9)=PSI(17)=9.%PSI{(5) (N
PSI(10)=PSI{18)=11.%PSI(5) (N
PSI(11)=PSI(19)=13,%PSI(5) (N
PSI(12)=PSI(20)=15.%PSI(5) (N
XLE(1)=XLE(10)=0.43579 (N
XLE(2)=XLE(9) =0.71422 (N
XLE(3 )=XLE(8) =0.86603 (N
XLE{4)=XLE(T) =0.95394 (N
XLE{5)=XLE(6) =0.99499 (N
READ (5,900) LIR,ZETAL,ETAL,GAMMA,SIGMAR,ALPHAR \LIWsL WoHW, (N

1  SIGMAW,LAMBDA,ALPHAB,SIGMAT,TL,TH (N
IF (EQF,5) 999,47 (N
AALPR=ALPHAR (N
AALPB=ALPHAB (N
ALAM=L AMBDA (N
L AMBDA=LAMBDA%RAD (N
ALPHAR= AL PHAR®RAD (N

37)
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Appendix N — Continued

ALPHAB=ALPHAB#RAD (N 38)
WRITE (6,100) (N 39)

IF (LIR.EQ.1) GO TO 804 (N 40)
TALPHA=10HTRIANGUL AR (N 41)

CC 808 M2=1,20 (N 42}

808 RLOAD{M2)=RTRIA(M2) (N 43)
GC TO 806 (N 44)

804 I ALPHA=10HUNIFORN (N 45)
DO 809 M2=1,20 (N 46)

809 RLOAD(M2)=RTRIA(M2) (N 47)
806 IF (LIW.EQ.1) GO TO 852 (N 48)
IBETA=8FELLIPTIC (N 49)

CO 851 M3=1,10 (N 50)

851 XLOADI{M3)=XLE(M3) (N 51)
GO TO 85C (N 52)

852 IBETA=8HKUN IFORM (N 53)
DO 853 M3=1,10 (N 54)

853 XLOAD(M3)=1.0 (N 55)
850 IF (SIGMAR.NE.O.) GO TQ 855 (N 56)
WRITE (6,721) (N 57)
WRITE (6,706) IALPHA,IBETA,SIGMAR,ZETAL,LW,AALPR,SIGMAW,ETAL, (N 58)

1 HW,AALPB,SIGMAT,TL,TH,GAMMA,ALAM (N 59)
WRITE (6,210) (N 60)
WRITE (6,211) (N 61)
WRITE (64212) (N 62)
WRITE (6,213) (N 63)
WRITE (642141 (N 64)
WRITE (6,215) (N 65)
WREITE (6,216) (N 66)
WRITE (6,217) (N 67)
WRITE (6,218) (N 68)
WRITE (6,707) (N 69)

GO TO 1 (N 70)

855 CO 42 IELEM=1,2 (N 71)
WRITE {6,701} (N 72)

G0 TO (601,602), IELEM (N 73)

601 WRITE (6,702) (N 74)
GC TO 61¢ (N 75)

602 WRITE (6,703) (N 76)
610 WRITE (6,706) IALPHA,IBETA,SIGMAR,ZETAL,LW,AALPR,SIGMAW,ETAL, (N 77)
1 HW, AALPB,SIGMAT,TL ,TH,GAMMA,ALAM (N 78)
WRITE (6,210) (N 79)
WRITE {64211) (N 80)
WRITE (65212) (N 81)
WRITE (6,213) (N 82)
WRITE (6,214) (N 83)
WRITE (6,215) (N 84)
WRITE (6,216) (N 85)
WRITE (6,217) (N 86)
WRITE (6,218) (N 87)

DO 41 K=1,8 (N 88)
N7=20 (N 89)
MT=4 (N 97)

GO TO (€11,613), I1ELEM (N 1)

c (N 92)
C EFFECT OF ROTOR (N 93)
c (N 94)
611 SUML=0.0125 (N 95)
IF (ETAl.EQ.1.) SUML=0,025 (N 96)

IF (SIGMAT.NE.O.) GO TO 812 (N 97}
SUML=C.C50 (N 98)
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Appendix N — Continued

IF (ETA1.EQ.1.) SUML=C.120
M7=1
GO TO 812

EFFECT OF WING

613 SUML=0.031526
IF {SIGMAW.EQ.O. .OR.SIGMAT.EQ.%.) GO TO 616
IF (LIWLEQ.l) SUML=0.025
MT7=4
N7=10
IF {ETAL.NE.1l.) GO TO 812
SUML=0.063052
IFf (LIW.EQ.1) SUML=0.050
N7=5
GO T0 812
616 IF (SIGMAW.EQ.0..AND.SIGMAT.NE.O.) GO TO 612
IF (SIGMAW.NE.O..AND.SIGMAT.EQ.0.) GJ TO 614

SUML=1.0

XLOAD(1)=1.0

M7=NT7=1

G0 7O 812
612 SUML=0.25

M7=¢4

NT=1

XLOAD(1)=1.0
IF (ETALl.NE.1.) GO TO 812
M71=2
SUML=0.50
60 TO 812

614 SUML=0.126104
N7=10
M7=1
IF (ETAl .NE.1.) GO TO 812
SUML=0,.25208
IF (LINCEQ.1) SUML=0.200
N7=5

812 DO 801 Ml=1,M7
CO 802 N1=1,N7
XSTAR=({11,-2.%#FLOATI{M1)})/10.
YSTAR={11.-2.%FLOAT(N1))/10.
GO TO (621,622)y IELEM

EFFECY OF ROTOR

621 ETA=ETALl-RLIAD(NL)*SIGMAR#SIN(PSI(NL1))

ZETA=ZETAL/(1.0-RLOAD(NY)*SIGMARX®GAMMA*ZETAL *COS(PSI(N1))*

1 SIN{ALPHAR)})

XOVERH=S IGMAR*GAMMA® (TL*COS (ALPHAB )} +TH#SIN( ALPHAB)-RLOADI(N]1 )} *
1 COSUALPHAR)*COS(PSI{N1)))

YOV ERH=S IGMAR*GANMA*{ N ,25%(5.0-2.3%¥FLIATIML) }*{ SIGMAT/SIGMAR) -
1 RLOADIN1L)*SINI{PSIINL1)))

ZO0VERH=S IGMAR*GAMMA*{ TH*COS ( ALPHAB ) ~TL*SINUALPHAB) +RLOAD*

1 SIN{ALPHAR I*COS(PSI(NL)))

XLOAD{N1)=1.0

GO TO 630

EFFECT OF WING

622 2ETA=ZETAL1/(1.0-SIGMAR#GAMMA®*ZETAL*(ABS(YSTAR)*{SIGMAW/SIGMAR)

(N 99)

109)
101)
102)
103)
104)
105)
106)
107)
108)
109)
110)
111)
112)
113)
114)
115)
116)
117)
118)
119}
120)
121)
122)
123)
124)
125)
126)
127
128)
129)
130}
131)
132)
133)
134)
135}
136)
137)
138)
139)
140)
141)
142)
143)
144)
145)
146)

147)

148)
149)
150)
151)
152)
153)
154)
155}
1561}
157)
158)
159)
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Appendi> "N — Concluded

1 *TAN(LAMBDA)*SIN{(ALPHAB)+LW SIN(ALPHAB) -HW*CGS{ALPHAB)))
ETA=ETAl1-YSTAR*SIGMAW
XOVERH=SIGMAR®GAMMAX { {TL~-LW ) *COS (ALPHAB) +{TH-HW)} *SIN(ALPHAB) -

1 ABS{YSTAR)*(SIGMAK/SIGMAR)*TAN(LAMBDA}*COS (ALPHAB))
YOVERH=GAMMA*( 0,25%(5.,0-2.)%FLOAT (M1} }*STIGUAT-YSTAR*SIGMAN)
ZOVERH==-SIGMAR*GAMMA*( { TL-LW) *SIN(ALPHAB) +{ TH-HW )*COS( ALPHAB) -

1 ABS(YSTAR) *(SIGMAW/SIGMAR) *TAN(LAMBDA) *S IN (ALPHAB))

630 CALL DLTAS (C(K))

160)
161)
1621}
163)
164)
165)
1661}
167)

kI ARRERRERKKERRERX SEE APPENDIX Q FOR SUBROUTINE DLTAS i sogokkkokadk ko ki koo dok

DO 805 L1=1,28

805 XDELTA(LL)=XDELTA{LL)+DELTA(LL)*XLOAD(NL)

802 CONTINUE '

801 CONTINUE

DO 807 L3=1,28
807 DELTA{L3)=XDELTA{L3)#SUML
WRITE (6+149) C(K)
WRITE (6+15C) (DELTA(I},1=1,25,4)
WRITE (64151) (DELTA(I)+1=2426,4)
WRITE (6,152} (DELTA(I).1=3,27,4)
WRITE (6,153) (DELTA(I),1=4,28,4)
DC 814 L4=1,28
814 XDELYA(L4)=0.
41 CONTINUE
42 CONTINUE
60 TO 1

100 FORMAT (Y1H1///77/777/59X%*START NEW CASE¥*)

149 FORMAT (1X*CHI =% F7.3/)

150 FORMAT (3XSH{W,L)}7(F17.4))

151 FORMAT (3XSHI{ULLIT({F1T7.4))

152 FORMAT (3XSH(W,D)T(F17.4))

153 FORMAT (3XS5H{UD)T(F17.4)//)

210 FORMAT (1X131(1#-))

211 FORMAT (I1X1HIL1XIHI31X6LHCORRECTION FACTORS FOR CORRECTING FROM A
IWIND TUNNEL WHICH IS25X1HI)

212 FORMAT (IX1HILIXIHIILT7(1#-)1HI)

213 FORMAT (IXLHILIXLHIL6X1HISX6HCLOSEDSXIHI16X1HI2X12HCLOSED FLOOR2X1
1FI6X4HOPENEXIHI16X1HIS X6 KCLOSED4XIHT )

214 FCORMAT ({1X1HI3XSFDELTA3X1IHISX6HCLOSEDSX1HI4X9HON BOTTOM3X1HI6X4HOP
1ENOX1HI6X4HONL Y6 XLHISXSHFLOOR6XIHISX6HCLOSEDSXIHI3X9HAON BOTTOM3IX1H
21)

215 FORMAT (1XLHILIXIHI1EX1HI6X4HONLYSXIHI16X18HI{GRCUND EFFECT) 16X4H
LONLY6X1HIL6X1HI6 X4HONLY SX1HI )

216 FORMAT (1XLIHIL1XIHIB4{1H-)L1HI32(1H-)1HI)

217 FORMAT (1X1HI11X1HI36X11KTO FREE AIR37XLIHISX16HTO GROUND EFFECT8X1
1HI)

218 FORMAT (1X131(1H-)/)

701 FORMAT (LH1//35X#AVERAGE INTERFERENCE OVER A TAIL BEHIND AN UNLOAD
1ED ROTOR MODEL*//) ' "

702 FORMAT (55X*EFFECT OF RCTCR CN TAIL*//)

703 FORMAT (SSX®EFFECT OF WING ON TAIL%*//)

706 FORMAT (34X,A410% ROTOR LOADING*19X,A8% WING LOADING*//
119X*SIGMA(ROTOR) =#F6.3,10X*ZETA =*%F6.3, 1OX®LW/R =%xF6.3,10X
2%ALPHA(ROTOR) =%F7.3//19X*SIGMA{WING) =#%F5,3,10X*¥ETA =%F6.3,
210X*HW/R =%F6.3, 10X« ALPHA{BOOY) =*F7.3//19X*SIGMAITAIL) =%
4F6.3,21X%TL/R =%F6.3,30X¥TH/R =*F6,.3//39X*GAMMA =%F6,.3,27X
S#LAMBDA =%F7,3//)

TO7 FORMAT (40X*SIGMA(ROTOR) EQUALS ZERO, THIS PROGRAM IS NOT SUITABLE
1 FOR USE WITH SUCH CASES .*//)

900 FORMAT (I1,F9.3,4F10.3/11,F9.3,4F10.3/3F10.3)
999 STOP
END
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168}
169)
177)
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172)
173)
174)
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178)
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184}
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190)
191)
192)
193}
194}
195)
196)
197)
198)
199)
200)
201)
202)
203)
204}
205)
206)
207)
208}
209)
210)
211)
212)
213}
214)
215)
216)
217}
218)
219}




APPENDIX O

FORTRAN PRCGRAM FOR CALCULATING THE AVERAGE WIND-TUNNEL

INTERFERENCE OVER SIDE-BY-SIDE ROTIR CONFIGURATIDNS

THIS PROGRAM WAS WRITTEN IN CDC FORTRAN, VERSION 2.1, TO RUN ON CDC 5000
SERIES COMPUTERS WITH THE SCOPE 3.0 OPERATING SYSTEM AND LIBRARY TAPE., MINOR
MODIF ICATIONS MAY BE REQUIRED PRIOR TO USE IN OTHER COMPUTERS. THIS PROGRAM
HAS BEEN FOUND TO BE SATISFACTCRY ON THE AFOREMENTIONED COMPUTERS WHICH CARRY
THE EQUIVALENT OF APPROXIMATELY 15 DECIMAL DIGITS. COMPUTERS OF LESSER PRE-
CISION MAY REQUIRE MOOIFICATION TO DOUBLE PRECISION IN ORDER TO OBTAIN RESULTS
OF EQUAL ACCURACY.

THIS PROGRAM REQUIRES THE USE OF SUBROUTINE OLTAS WHICH IS GIVEN IN
APPENCIX Q.

INPUT WILL 3E FOUND AT ACCRESS 1 {(THREE CARDS PER CASE) IN FORMAT 937. NOTE
THAT THE REFERENCE ORIGIN IS CHOSEN AT THE POINT MIDWAY BETWEEN THE TWO ROTORS.
THE REQUIRED INPUT VARIABLES FOR THE ROTORS, GIVEN ON THE FIRST CARD, ARE

LIR ROTOR DISK-LOAD-DISTRIBUTION INDICATIR,y LIR=1 FOR UNIFORM LOAD-~
ING, LIR=2 FOR TRIANGULAR LOADING

1ETAL SEMIHEIGHT OF TUNNEL DIVIDED 8Y HEIGHT CF ORIGIN ABOVE FLNDOR

ETAL DISTANCE FRCM ORIGIN TO RIGHT-HAND WALL DIVIDED BY TUNNEL
SEMIWIDTH

GAMMA WIDTH-HEIGHT RATIO OF WIND TUNNEL

S IGMAR RATIO OF ROTOR CIAMETER TO TUNNEL WIDTH
SR DISTANCE BETWEEN ROTCR CENTERS DIVIDED BY ROTOR DIAMETER

ELPHAR ANGLE OF ATTACK OF TIpP-PATH PLANE OF ROTORS, DEG
THE REQUIRED INPUT VARIABLES FCR THE WING, GIVEN ON THE SECOND CARD. ARE
LIW WING SPAN-LOAD-DISTRIBUTION INDICATOR, LIW=1 FOR UNIFORM LOADING,

LIW=2 FOR ELLIPTIC LOADING

LwW DISTANCE OF WING APEX BEHIND ORIGIN, NONDIMENSIONALIZED WITH RE-
SPECT TO ROTOR RADIUS

HW DISTANCE OF WING APEX ABOVE ORIGIN, NONDIMENSIONALIZED WITH RE~-
SPECT TO ROTOR RADIUS

StIGMAW RATIO OF WING SPAN TO TUNNEL WIDTH

LAMBDA WING SWEEP ANGLE, DEG
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Appendix O — Continued

ALPHAR ANGLE OF ATTACK OF B0DY CARRYING WING AND TAIL, D36

THIS PROGRAM REJECTS CASES OF ZERN SPAN. SINCE THE FQUATIONS ARFE FQORMED
IN TERMS JF ROTOR RADIUSy SUCH CASES REPRESENT INPUT SRRORS, THIS PROGRAM ALSC
METERMINES AN REJECTS CASES IN WHICH TOTAL ROTOR SPAN EXCEEDS THE TIUNNEL WINTH,

THIS PROGRAM COMPUTES INDEPENDENTLY THE INTERFERENCE AT EACH 0OF THE THREE
ELEMENTS DUE TO ITS OWN PRESENCE, AS WELL AS THE INTERFERENCE ON EACH NYE TQ TrHE
PRES ENCE 3F THE OTHER TWO FLEMENTS. IN SYMMETRICAL CASES, THE EFFECTS ON, AMND
CAUSED BY, EACH OF THE ROTORS IS IDENTICAL. CONSEQUENTLY, ONLY THE INTERFERENCES
RELATEND TO UNE OF THE ROTORS IS CALCULATED,

NOTE THAT THIS PROGRAM IS ALSO SUITA3LE FOR TWIN-PROPELLER TILT-WING MOD-
ELSy TILT-ROTOR MODELS, FAN-IN-WING MNDELS, AND OTHER SIMILAR TYPES. JUDICIOUS
CHOICE OF INPUT VARTIARLES WILL SATISFY THE REQUIREMENTS (OF THESE, AND MANY
CTHER MODELS.

PRIGRAM WINDTUNLINPUT,OUTPUT,TAPES=INPUT,TAPES6=0UTPUT) (0 1)
CIMMON ZETA,ETA,GAMMA,XOVERY ,YIVERH,ZOVERH,DELTA(28) (g 2)
DIMENSIUN XDSLTA(28),PSI(27),RLOAD(27) ,RUNTF(2N) ,RTRIA(20), (C )
1 XLE(1n) 4XLOAD(20),C(3) (0 &)
REAL LAMBOA, LW (Cc 5}
DATA (RUNIF(T),1=1,20)/4% 2981 ,8%0.6255,8%7,8921/ (0 6}
DATA (RTRIACI) 41=1,20)74%0 4386, B%0, 7296, 8%(.9262/ (c 7
DATA (CUI)oE=148)/20¢330, 4340, 45743604 1 7Dey 80,490,/ {C 8)
P1=3,14159265358979 {0 9)
RAD=0.72174532925199 (n10)
D0 393 L1=1,28 {0 11)
803 XDELTA(LY) =", (n 12)
PSI(L)=(PI/%.) {0 13)
PSI(2)1=3.%PSTI(1) (0 14)
PSI(3)=5.%PSI(1) (N 15)
PSI{4)=T7.%PSI(1) {0 16)
PSI(5)=PSI(13)=(P1/8.) (n17)
PSIL 6)=PSI(14)=3,%PSI(5) (N 18)
PSI(T71=PSIL15 )=5,%PST(5) (0 19)
PSI{3)=PST{16)=T.%PSI(5) (0 20)
PSI{9)=PSII17)=0.*%PSI(5) {to 21)
PSI(17)=PSI(18)=11.%PSE(5) {0 22)
PSI(11)=PSI(19)=13.%PSI{(5) (N 23)
PSI(12)=PSI(20)1=15 %PST{5) (0 26)
XLE{L)=XLE( 1N )=0,4357G {n 25)
XLE(2)1=XLE({9) =n,T1422 {n 26)
XLE(3)=XLE(B) =7.86673 (027
XLE(4)=XLE(T7) =0.95394 (0 28)
XLE(S)=XLF (6) =M,99499 (0 29)
1 READ (5,977) LIR,ZETAL,ETAL,GAMMA,STGMAR, SRy ALPHAR, LIW,LWyHW, (0 30)
1 SIGMAWLAMRLC A, ALPHABR (D 31)
IF (EOQF,5) 969,47 (0 32)
47 AALPR=ALPHAR {0 33)
AALP3=ALPHAR (N 34)
ALAM=L AMBDA {0 35)
LAMBDA=L AMBCA%RAD (0 36)
ALPHAR=ALPHAR%RAD (0 37)
ALPHAB=ALPHAR*RAD (0 38)
WRITE (6,1720) {n 39)
If (LIRL.EQ.1) GO TN 8n4 {0 40)
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Appendix O -~ Continued

TALPHA=1JHTRTIANGUL AR

D0 8498 M2=1,20

818 RLOADIM2)=RTRIA(M2)

G TN

806

R4 [ALPHA=12HUNIFORM

DO 819

M2=1,20n

8NG RLOADIM2 I=RUNIF (M2}
806 IF (LI4LEQ.L)
[BETA=8HELLIPTIC

NAg 851

M3=!.1 1(‘

G0 TN /%2

851 XLOAD(M3)=XLF(M3)

GO 19D

B52 IBETA=8HUNIFIRM
D3 853

350

M3=1 vl

853 XLDADIM3)=1."
85C AIDTH=SIGMAR%( 1,7+ SR)
IF (WIDTH.LT4leeANDLSIGMARNEL.D.) 60O TO 855

WRITE
ARITE

(6,791
(6,711)

TALPHA, IBETA,SIGMAR,ZETAL, LW, AALPR, SIGMAW,ETAL,

1 HA o AALPA,GAMMA, SR, ALAM

WRITE
WRITE
ARITE
WRITE
WRITE
WRITE
WRITE
WRITE
WRITE

(6,217)
(6,211 )
(Ay212)
(6,213)
(6,214)
(6,215)
(6,215)
(6,217)
(6,218)

IF (SIGMAR JEQ."s) WRITE (6,712)
IF (WIDTH.GE.le) WRITE (6,717)

G TO
855 D0 42

50C WRITE

IF (ETAl.EQ.1.)

GO TO
6N1 WRITE
GO 10
6Tz WRITE
GO 10
692 WRITE
GO 10
604 WRITE
GO TO
605 WRITE
GO TO
60 & WRITE
GO TN
607 WRITE
GO 10
A8 WRITE
GO TO
A0S WRITE
GO 10
S01 WRITE
GO 19
532 WRITE
GO 10
572 WRITE
6O 19

1

IFLEM=1,5
IF (ETALLEQels) GO TO (6NN, 600,600,42,42,42,600,607,42), IELEM

(6, 731)

GO TO (SN 1,4502:503,42442+424677,504,42) 4 [ELEM

(60 1yA7 21803, €N 4, ANS5,E0A,6%T,678,679), TELEM

(6,732)
610
(6, 703)
510
(A, 704)
611
(6,7n5)
519
(5'7"-’5‘
610
(Hhe797)
61¢C
(6,7)8)
610
(5,793)
61N
(6y710)
610
{6,713)
519
(54714)
610
(6,715}
610

(0 41)
(0 &62)
(N 43)
(0 44)
(0 45)
{0 46)
(04T
(0 48)
(0 49)
(0 5¢)
(0 51)
{0 52)
(0 53)
(D 54)
{0 55)
(Q s56)
{(c 57
{0 58)
(n 59)
(0 60)
(0 A1)
(N 62)
(0 63)
(0 64)
(0 65)
(0 66)
(0 67)
(0 48%)
(C 69)
(g 70)
(o 71}
(0 72)
(0 73)
(0 74)
(0 75)
(a 76)
(0 77)
{3 78)
(0 79)
(0 8n)
(0 31)
(0 82)
{0 83)
(0 84)
(0 8%5)
(0 a¢)
(n 387)
(0 88)
(0 89)
(0 90)
{0 91)
(0 92)
(0 93)
(0 94)
{0 95)
(N 95}
{0 97)
(0 38)
(0 99)
(n 170)
(3 171)
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504 WRITE (64710

610

OO0

OO0

€15

OO0

617

R12

60

1

WRITE (6,711) TALPHA,IBETA,SIGMAR,ZFETAL,LW,8ALPR,SIGMAW,ETAL,

Hidy AAL PB4y GAMMA, SR L ALAM
WRITE (64217)
WRITE (6,211)
WRITE (6,212)
WRITE (64213)
WRITE (4y214)
WRITE (649215}
WRITE (64216}
WRITE (64217)
WRITE (6,218%)
DI 41 K=1,2
M7=NT=20

GO TO (6119611 4612,611,€11,4£12,A13,€14,614),

ROTIR IN RITAR

SUML=2.7325
GO 10 812

WING ON RAOTOR

SUML=0.,7C62182

IF (SIGMAA .EQY.N.} GO TO 615
IF (LIAEILL)  SUML=N.NNS
N7=19

GO TO 812

SUML=n."5

XLOAD(1)=1.)

NT7=L

GO 1) 812

WING ON WING

SUAL=D.7126174

[F (SIGMAA.EQ.N.) GN TN 516
IF {(LIW.EQ.1) SUML=C.N1"
M7 =19

N7=1"7

IF (ETAL1.NEL1L) 60 TD 312
SUML=Y.N252208

IF (LIWGEQ.1) SuMpL=n,020
NT=5

GO TO 312

SUML=1.

XLUAD(L)=1."

M7=N7=1

GO T3 812

ROTNOR ON WING

SUML=0,"259

M7=19

IF (SIGMANNE ML) GO TO 812
M7=1

SUML=DY .95

30 831 M1l=1,M7

D3 8792 N1=1,N7

XSTAR=(11,=2 %FLOAT(M1)}) /10,
YSTAR={11.-?.*FLOAT(N1))/ 10,

TELEM

1n2)
103)
104)
175)
176)
177)
178)
109)
110}
111}
1129
113)
114)
115)
116)
117)
118)
119}
120)
121)
122)
123)
124)
125)
126)
127)
128)
129)
130)
1311
132)
133)
134)
135)
136)
137)
1318)
139)
140)
141)
142)
143)
144)
145)
146)
147)
148)
149)
150)
151)
152}
153)
154)
155)
156)
157)
158)
159)
160)
161)
162)
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Appendix O - Continued

BL1 G TO (621462241623 46249625462564627,528,4629), TELEM
RIGHT ROTIR IN RIGHT ROTOR

621 ETA=ETALI-RLNAD(NL)}*SIGMARXSIN{PSI{NL))-SR*SIGMAR
YOVERH=SIGMARXGAMMAX (RLOADIML) #S IN(PST(ML))=RLIADINL) *SIN(PSI
1 (N1)))
G0 TO 631

LEFT ROTOR ON RIGHT ROTOR

622 ETA=ETAL-RLOADINL )%SIGMARXSIN(PSTI(NL) ) +SR%SIGMAR
YOIVERH=S IGMARXGAMMAX (RLOAD(M]L) %S IN(PST(M1))-RLIAD{NL)XSIN(PST
1 (N1))+2.9%R)
GO TO 631

LEFT ROTOR IN LEFT ROTNR

624 ETA=ETAL-RLIAD(NL)*STIGMARXSIN(PSI(NL))+SR*SIGMAR
YIVERH=SIGMARXGAMMAX (RLOAD(ML) *SIN(PSTIY1) )-RLIAD(INL)XSIN(PSI
1 (N1)))
G3 TO 631

RIGHT RNTOR ON LEFT RNTOR

€2% ETA=ETAL1-RLUAG(NLI )%SIGMAR®SIN{PSI(M]1})-SR®xSTGMAR
YOVERH=STSYARACAMMAX{ RLDANIMU) *SINIPST (1)) ~RLIAD(NLYI®SIN(PST
1 {(N11)=-2.9%SR)
631 ZETA=7ETA1/(1."-RLOADINYI)*SIGMARXGAMMAXZETAL*COS(PST(NL))*
1 SINCALPHAR))
XJIVERH=STGUAR *GAMMAXCOS{ALPHAR) % (RLIAD(MI)I*COS(PST(ML))-
1 RLIADINY Y *COS(PST(N1}Y)
INOVERH==SIGMARAGAMMAXSIN (AL PHAR V& (RLOAD( ML) *COS{PST (ML) )~
1 RLIADINY ) %COS{PSI(NL1)})
XLOAD(NL)}=1.D
GO TO 549

WING ON RIGHT RATOR

€23 YOVERH=SI3MARXCAMMAX(RLDAD{MLI) $SIN(PST(M] ) )+ SR-YSTAR%
1 {SIGMAW/SIGMAR))
GO TN 632

AING ON LEFT ROTOR

62€ YNOVERH=SIGMAR *GAMMAX{RLOAD(M1) *SIN(PST(M]1))-SR-YSTAR*
1 (SIGMAA/SIGMAR))
£32 ETA=ETAL-YSTARXSIGMAW
ZETA=ZETAL /(1 «C-SIGMARKGAMMAXZET AL*( ABS{YSTAR)*{ SIGMAW/SIGMAR )=

1 TANCLAMBDA VXS INCALPHAR) +LW*STN(ALPHAB ) —~HW*COS L ALPHAR) )}
ZIVERH==SIGMAP *G AMMAX (RLOAD( ML) %S IN{ALPHAR) *COS(PST(M1))-

1 ABSUYSTARI*(SIGMAK/SIGMAR) *TAN{LAMBNDA}.SIN(ALPHAB) ~
2 LAXSIN (ALPHAB ) +HW*COS (AL PHAB )

XOVERH=STIGNMAR #GAMMAR(RL OAD (ML) *COS (AL PHAR) *CNS(P ST (M1) )=

1 ABS(YSTAR ) #(SIGMAW/SIGMAR) *TAN(LAMBDA) *COSTALPHAB) -
2 LW*COS (ALPHAR)~HW*S IN{ALPHABY )

G TN 640

WINS ON WINS

627 ETA=ETAlI-YSTAR*SIGMAW

163)
164)
1651}
166)
167)
l68)
169)
170)
171)
172)
172)
174)
175)
176)
177)
178}
179)
180)
181)
182)
183)
184)
185}
186}
187)
188)
189)
190)
191}
192)
193)
194)
195)
1961}
197)
198)
199)
27 )
2°1)
2(2)
2n3)
2N4)
205)
27 6)
227)
278)
279)
210)

211)

212)
2113)
214)
215}
21¢6)
217)
218)
219)
220)
221)
222)
223)
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ZETA=ZETAL/{ 1 o r=SIGMARKGAMMA%Z ETALX(YSTARX{STGMAN/SIGMAR) * (N 224)

1 TANC(LAMBNA ) *S IN(ALPHAR) +LW*SIN{ALPHAB ) -HW*COS({ ALPHAB) )) {n 225)
XOVERH=SIGMAAXGAMMAXT AN(L AMBDA)*CNS{ALPHAB ) %*(ABS{XSTAR) - (0 226)

1 ABS{YSTAR )} (9 227)
YOVERH=L ¢ 2%STHMAWKGAMMARX(FLOAT(NL) -FLOAT(M1) ) {0 228)
ZOVERH=~STIGUAWRGAMMAXT AN (L AMBDAY*SIN(ALPHAR) *{ABS(XSTAR)~ (g 229

1 ABS{YSTARY)) (0 23n)

GO TN 640 {0 231)

o ‘ (0 232)
C RIGHT RGTIR ON WING (0 233)
o (D 234)
628 ETA=ETAL-RLOAD#SICMAR%®SIN(PST{N1))=-SR*S IGMAR (0 235)
YOVERH=STGMAR®GAMMAX( XSTAR%(SIGMAN/STGMAR I =RLOADINL)I=SIN(PSI (0 236)

1 {N1))=-SR) (o 237)

GO TO 5133 (0 238)

o {0 239)
C LEFT ROTOR IN WING (0 24r)
C (0 241)
629 ETA=ETAL=RLIAN*S ICMARXS IN{PST(NL) ) +SR*S{GUAR (3 242)
YOVERH= STGMARKGAMMA%R (XSTAR% (ST GMAW/SIGMAR I=RLOAD (N1) %S IN(PSI (0 243)

1 {NL))+5R) {0 244)

€33 ZETA=ZETAL/(1.0=-SIGMAR®GAMMARXZ ETAL *LDAD (NL ) %STN( AL PHAR) (0 245)

1 CAIS(PSIINLY )Y (0 246)
XOVERH=SIGAARXGAMMAX( ABS{XSTAR)* (ST GMAW/SIGMAR ) *TAN (L AMBDA) % (N 247)

1 COSUALPHAB) +LWACNS{ALPHAB ) + HWXSTN{ALPYABR) -RLIADINL) * (0 248)

2 COSUALPHAR I*CCS(PST(NL))) (N 249)
ZIVERH=~SIGMAP AGAMMA% (ABS(XSTAR )% ( STGMAWN/STGMAR) *TAN(LAMBDA) % (3 250)

1 SIN(ALPHAS ) +L WS INTALPHAB) =HW*C)SALPHAB)—RLIADIN1 ) * (N 251}

2 SINUTALOHAR ) ACOS{PSI(N1))) (0 252)
XLJAD(NYI)=1.7 (0 253)

64" CALL DLTAS (C(K)) (N 254)
A fddeh pk kg kkkkhkk CEE APPENDI X QA FNR SUBRIYTINE DLTAS kddkkkdefoklrdok ki ekhkhkdk
DN 3ns L1=1,78 {0 25%)

R0€ XOFLTA(LL)=XNELTA{LL)+NELTA(L 1) AXLDADINL) (0 256)
802 CONTINUE {1 257
801 CONTINUE (0 258)
D0 807 L3=1,2R (0 259)

ANT7 DELTA(L2)=XDELTA{L2)*SUML (0 260)
WRITE (6,149) C(K) (0 261)

WRITE (6,150) (DCALTA(I),1=1,25,4) (N 262)

WRITE (6,151) (DELTA(I) 1=2,26,4) (0 263)

WRITE (6,152) (DELTA(I),1=3,77,4) {3 264)

WRITE (5,153) (NELTA{I),[=4,28,4} {0 265)

N9 814 L4=1,29 {0 266)

a1 4 XDELTA(LSG) =N, (N 267)
41 CONTINUE (0 268)

42 CONTINUE (0 269)

GO TO 1 (0 270}

100 FORMAT (1HL///77/7777/759X*START NEW CASE %) (Q 271)
14S FORMAT {1X%CHI =% F7,3/) (1 272)
15¢ FORMAT (3XS5H{W,LIT(F1745)) (0 273)
151 FORMAT (3XSHI{ULLIT(F1T.4)) {0 274)
157 FORMAT (3XSH{W,D)T(F17.4)) {0 2751
153 FNRMAT (3XSHIU.DIT(FLT.4)//) (N 276)
2117 FARMAT {1X131(1H-)) (o 2717
211 FORMAT {(IXLHI1LX1HI31 X61HCORRECTINN FACTIRS FOR CORRECTING FROM A (0D 278)
IWIND TUNNEL WAHICH IS25X1HI) {0 279}

212 FORMAT (LIXLHILIXIHIL17(1H=-)1HT) (0 280)
213 FORVMAT {IXIHITIXIHILAXIHISX6HCLNSENSXIHIT6X1IHI2X12HCLOSED FLOOR?XT (N 281)
IHE 6X4HOPENSYIHI 14X IHI 5XEHCLNSENG XTI HT ) (0 282)

214 FORMAT (IX1HI3XSHDELTARXIHISXSHCLNSEDSXIHI4XSHON BCTTOM3X14I6X4HAP (O 283)
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LENAXLIHIEXS HONL YOXTHISY SHFLONRAXLIHISXSHCLISEDSX14I3X9HON BOTTOM3X1IH (0 284)

21) {0 ?285)

215 FORMAT (LIX1HITIXIHI1IOXIHIG6XAHONLYSXIHTITI6X1ISHTI(GRAUND EFFECT) 16XaH (0O 286)
LONLYSOXIHI 16X IHT 6XAHONLYSX1HT) (n 287)

21 € FORMAT (1X1HITIXIHIRG(1H=)}1IHIZ2{ 1H-)1HT) (0 238)
217 FORMAT (1XIHIVIXIHI3AXVIHTO FREE ATRITXIHIAX16HTO GRIUND EFFECTIXL (0 289)
LHI) {0 290)

218 FORMAT (1X131(1H-)/) (g 291)
7C1 FORMAT (1H1//35X*AVERAGE INTERFERENCE OVER SIDE-BY-SIDE AND/OR TIL (Q 292)
17T-RITOR MODELS*/) (N 293)

T2 FORMAT (48X*EFFECT OF RIGHT ROTOR ON RIGHT ROTOR%//) (N 2394)
TC3 FORMAT (48X*EFFECT OF LEFY RCTOR ON RIGAT ROTAR%//) (0 235)
T04 FORMAT (S1X*EFFECT OF WING ON RIGHT ROTOR%//) (0 29¢)
79¢ FORMAT (49X*EFFECT OF LEFT ROTOR ON LEFT ROTOR*//) {0 297)
TC6 FORMAT (48X*EFFECT OF RIGHT ROTOR ON LEFT RNTNR%//) (0 298)
TGT FORMAT (82X*EFFECT OF WING ON LEFT ROTOR%//) (0 299)
7C8 FORMAT (S5X*CEFFECT OF WING ON WING%//) (0 3c0n)
779 FORMAT (51 X*¥EFFECT OF RIGHT ROTOR ON WING*//) (0 331)
T1C FORMAT (S2X*EFFECT OF LEFT ROTOR CN WING%//) (0 322)
711 FORMAT (34X,A10% ROTOR  LOADING*19X,AR% WING LIADING*// (0 3r3)

‘ LI9X*SIGMA(RITOR) =%F6.2 ,1NX*ZFTA =%F6.3,10X¥LW/R =%Fh,3,10X {0 374)
[ 2HALPHA(ROTIR) =%FT,3//710X*SIGMA{AING) =%F6.3,1"X*ETA  =%F6,.3, (3 225)
! BIOXRHW/R =*F 6,3y 1OX*ALPHA(BANY ) =%*F7,3//109X*:GAMMA =%F5,3, (0 386)
G2BXESR/R =¥F5.3y2TX*LAMBDA =%FT7 .37/} (0 3°7)

712 FORMAT (40X*SIGMA{RNTOR) EQUALS Z&5RD, THIS PRAOGRAM IS NOT SUITARLE (0 278)

1 FOR USE WITH SUCH CASES.*//) (n 329)

713 FORMAT (55X*¥EFFECT OF ETITHER ROTOR ON ITSELF%X//) (0 310)
714 FORMAT (47 X*EFFECY OF OTHER ROTOR ON EITHER ROTYIR%//) (0 311}
715 FOIRMAT (SIX*EFFECT OF WING ON EITHER ROTOR%X//) (0 312)
TLé FORMAT (SIXXEFFECT 0OF EITHER RNTOR ON WING*//) (3 313)
717 FORMAT {(40X%*ROTOR SYSTEM IS TOO WIDE FNR THE WIND TUNNEL%//) (N 214)
Q00 FORMAT (11,F9.3,5F10,3/11,F3.3,4F1C.3) (n 215)
999 STap (9 316)

END (3 317)




APPENDIX P

FORTRAN PROGRAM FOR CALCULATING THE AVERAGE WIND-TUNNEL
INTERFERENCE OVER A TaAIlL

BEHIND A SIDE-BY-SIDE ROTOR CONFIGURATION

THIS PROGRAM WAS WRITTEN IN COC FORTRAN, VERSION 2.1, TO RJUN ON COC 6000
SERIES COMPUTERS WITH THE SCOPE 3.0 OPERATING SYSTEM AND LIBRARY TAPE. MINOR
MCDIF ICATIONS MAY BE REQUIRED PRIOR TGO USE IN OTHER CCMPUTERS. THIS PROGRAM
HAS BEEN FOUND YO BE SATISFACTORY ON THE AFOREMENTIONED COMPUTERS WHICH CARRY
THE ECUIVALENT OF APPRCXIMATELY 15 DECIMAL DIGITS. COMPUTERS OF LESSER PRE-
CISION MAY REQUIRE MODIFICATION TO DOUBLE PRECISION IN DORDER TO OBTAIN RESULTS
OF EQUAL ACCURACY.

THIS PROGRAM REQUIRES THE USE OF SUBROUTINE DLTAS WHICH IS GIVEN IN
APPENCIX Q.

INPUT MILL BE FOUND AT ADDRESS 1 (THREE CARDS PER CASE) IN FORMAT 900, NOTE
THAT THE REFERENCE ORIGIN IS CHOSEN AT THE POINT MIOWAY BETWEEN THE TWO ROTORS.
THE REQUIRED INPUT VARIABLES FOR THE ROTIRS, GIVEN ON THE FIRST CARD, ARE

LIR ROTOR DISK-LOAD-DISTRIBUTION INDICATOR, LIR=1 FOR UNIFORM LOAD-
INGy LIR=2 FOR TRIANGULAR LOADING

Z€7A1 SEMIHEIGHT CF TUNNEL DIVIDED BY HEIGHT CF ORIGIN ABOVE FLOOR

ETAL DISTANCE FRCM CRIGIN TO RIGHT-HAND WALL DIVIDED BY TUNNEL
SEMIWICTH

CAMMA WIDTH-HEIGHT RATIO OF WIND TUNNEL

SIGMAR RATIO OF ROTOR DIAMETER TO TUNNEL WIDTH
SR DISTANCE BETWEEN ROTOR CENTERS DIVIDED BY ROTOR DIAMETER

ALPHAR ANGLE OF ATTACK OF TIP-PATH PLANE OF ROTORS, DEG
THE REQUIRED INPUT VARIABLES FOR THE WING, GIVEN ON THE SECOND CARD, ARE
LIW WING SPAN-LOAD-DISTRIBUTION INDICATOR, LIW=1 FOR UNIFORM LOADING,

LIw=2 FOR ELLIPTIC LOJ3ADING

Lw DISTANCE OF WING APEX BEHIND ORIGIN, NONDIMENSIONALIZED WITH RE-
SPECT TO ROTIR RADIUS

HW DISTANCE OF WING APEX ABOVE ORIGIN, NONDIMENSIONALIZED WITH RE-
SPECT TO RCTOR RADIUS

SIGMAW RATIO OF WING SPAN TO TUNNEL WIDTH
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Appendix P — Continued

LAMBDA WING SWEEP ANGLE, DEG

ALPHAB ANGLE OF ATTACK OF BODY CARRYING WING AND TAIL, DEG
THE REQUIRED INPUT VARIABLES FOR THE TAIL, ON THE THIRD CARD, ARE

S TGMAT RATIO OF TAIL SPAN TO TUNNEL WIDTH

TL TAIL LENGTH BEHIND ORIGIN AT ZERD ANGLE OF ATTACK, NONDIMENSION-
ALIZED WITH RESPECT TO ROTOR RADIUS

TH TAIL KEIGHT ABCVE ORIGIN AT ZERO ANGLE OF ATTACK, NOND IMENSION-
ALJIZED WITH RESPECY TO ROTOR RADIUS

THIS PROGRAM COMPUTES INDEPENDENTLY THE INTERFERENCE AT THE TAIL CAUSED
BY THE PRESENCE OF THE THREE LIFTING ELEMENTS. IN SYMMETRICAL CASES, THE EFFECT
OF THE TWO ROTORS IS ICENTICAL. COGNSEQUENTLY, ONLY THE INTERFERENCE CAUSED 8Y
CNE RCTOR IS CALCULATED.

THIS PROGRAM REJECTS CASES OF ZERD SPAN. SINCE THE EQUATIONS ARE FJIRMED
IN TERMS OF ROTOR RADIUS, SUCH CASES REPRESENT INPUT ERRORS. THIS PROGRAM ALSO
DETERMINES AND REJECTS CASES IN WHICH TOTAL ROTOR SPAN EXCEEDS THE TUNNEL WIDTH,

NOTE THAT THIS PROGRAM IS ALSO SUITABLE FOR TWIN-PROPELLER TILT-WING MOD-
ELSy TILT-ROTOR MODELS, FAN-IN-WING MODELS, AND JTHER SIMILAR TYPES. JUDICIOUS
CHOICE OF INPUT VARIABLES WILL SATISFY THE REQUIREMENTS OF THESE, AND MANY
CTHER MODELS.

PROGRAM WINDTUN(INPUT,OUTPUT ,TAPES=INPUT, TAPE6=0UTPUT) (P 1)
COMMON ZETA,ETA,GAMMA,XOVERH ,YOVERH,ZOVERH, DELTA (28) {p 2)
DIMENSION XDELTA(28),PSI(20),RLOAD(20) ,RUNIF{20),RTRIA{20), (P 3)

1 XLE{10},XL0OAD(20),C(8) P 4)
REAL LAMBDA,LW te s)
CATA (RUNIFUI),1=1,20)/4%0.2981,8%0,6255,8¢0.8921/ (P 6)
DAYA (RTRIA{I),1=1,20)/4%0,4386€,8%0.7296,8%0.9262/ P 7)
CATA (CUI)y01=1+83/20093006+4049500 9609706980490,/ (P 8)
PI1=3.14159265358979 (P 9)
RAD=0.0174532925199 (P 10)
DO 803 L1=1,28 {p 11)

803 XDELTA(L1)=). (P 12)
PSI(1)=(PI/4.) (P 13)
PSI(2)=3.%pPSI(1) (P 14)
PSI(3)=5.%PSI(1) (P 15)
PSI(4)=7.%PSI(1) (P 16)
PSI(5)=PSI{13)=(P1/8.) (p 17
PSI(6)=PSI(14)=3.2PSI{5) tp 181
PSI(7)=PSI{15)=5.%*PSI{5) (P 19)
PSII8)=PSI(16)=T7.*PSI(5) (P 20)
PSI{9)=PSI(17)=9 .#PSI(5) tp 21)
PSI(10)=PSI(18)=11.%PSI(5} (e 22)
PSI(11)=PSI(19)=13.#PSI(5) tp 23)
PSI{12)=PSI(20)=15.%PSI(5) {p 24)
XLE(L)=XLE(10)=0.43579 (P 25)
XLE(2)=XLE(9) =0.T71422 (P 26)
XLE(3)=XLE{B8) =0.86603 tp 27)
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XLE(4)=XLE(T) =C.95394
XLE(S5)=XLE{6) =0.99499

1 READ (5,900) LIR,ZETA1,ETA1,GAMMA,SIGMARy SRy ALPHAR L TW LW HW,

47

808
804
8C9
8C6
851
852

853
850

855

600

601
602
603

604
610

66
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1

SIGMAW, LAMBDA, ALPHABySIGMAT ,TL,TH

IF (EOF+5) 999,47

AALPR=ALPHAR

AM_PB=ALPHAB

ALAM=L AMECA

LAMBOA=LAMBD A%RAD

ALPHAR=ALPHAR*RAD

ALPHAB=ALPHAB*RAD

WRITE {6,1201

If (LIR.EQ.1) GO TO 804

TALPHA=10FTR IANGULAR

DO 808 M2=1,20

RLOAD(MZ }=RTRIA(MZ)

GO TO 806

TAL PHA=10HUNIF ORM

DO 809 M2=1,20

RLOAD(M2) =RUNIF(N2}

IF (LIW.EQ.1) GO TO 852

IBETA=8FELLIPTIC

CO 851 M3=1,10

XLOAD{M3 J=XLE(M3)

€0 YO 85¢C

IBETA=8KUNIFORM

CO 853 M3=1,10

XLOAD(M3)=1.0

WIDTH=SIGMAR*{1.0+SR}

IF (WIDTH.LT.l..AND.SIGMAR.NE.O.) GO TO 855

WRITE (6,701}

WRITE (64736) IALPHA,IBETA,SIGMAR,ZETAl,LW,AALPR,SIGMAW,ETAL,
HW o AALPB,SIGMAY, TLsTHySRyGAMMA, ALAM

WRITE {6,210}

WRITE (6,211)

WRITE (642121}

WRITE (6,213)

WRITE (64214}

WRITE (6,215)

WRITE (€,216)

WRITE (64217}

WRITE (6,218)

IF (SIGMAR.EQe.O.) HWRITE (6,707}

IF (WICTH.GE.ls) WRITE (6,7C8)

GO 70 1

LO 42 IELEM=1,3

IF [ETA1,.,EQ.1.) GO TO {600,42,600}), I1ELEM

WRITE (6,701)

IF (ETAl1.EQ.1.) GO TO (604,42,603), IELEM

GO TO (6C1,602+,603), TELEM

WRITE (6,702)

GC T0 610

WRITE (6,703)

GO T0 610

WRITE (64704}

GO TO 610

WRITE (64+705)

WRITE (6+706) IALPHA,IBETA,SIGMAR,ZETAl,LW,AALPR,SIGMAW,ETAL,
HWs AALP3y SIGMAT o TL 4+ THySR yGAMMA, ALAM

WRITE {6,210}

WRITE {6,211)

28}
29)
30)
31}
32)
33)
34)
35)
36}
37)
38)
39)
40)
41}
42)
43)
44}
45)
46)
47)
48)
49)
50)
S1)
52)
53)
54)
551
56)
57)
58}
591
60)
611}
62)
63}
64)
65)
66)
67)
68}
69)
70}
71}
T2)
73)
74)
75)
76)
77}
78)
79)
80)
81}
82)
83)
84)
85)
86)
87)
88)




On O

[aNaNel

aNalgl

611

612

615

613

812

622

1
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WRITE (6,212)
WRITE (€,213)
WRITE {6,4214)
WRITE (64215)
WRITE (€,216€)
WRITE (6,217)
WRITE (€,218)
LCO 41 K=1,8
NT7=2C

MT=4

GC TO (6114€11,612), IELEM

EFFECT CF ROTUR

SUML=0.C125
GO 70 812

EFFECT OF WING

SUML=0.031526

IF {SIGMAW.EQ.N..0R.SIGMAT,. EQ.N.) GO TN 615
IF (LIW.EQ.1) SUML=0.C25

N7=10

If (ETAl1.NEJl.) GO TO 812

SUML=0.01261C4

IF (LIWLEQ.1) SUML=0,06C

NT=5

GU T0O 812

IF (SIGMAW.EQ.D . ANDSIGMAT NELC.)} GO TO 613
IF (SIGMAWLNE.C . ANDSIGMAT.EQ.0.) GO TN 616
SuUML=1.0

XLOAD(1)=1.2

M7=NT=1

GO T0 812

SUML=0.2E

FMT=4

N7=1

XLOAC(1)=1.0

{F (ETAL.NEL1.) GO TO 812

SuUML=C.50
M7=2
GO 70 3812

SUML=C.1261C4

IF (LIW.EQ.1) SUML=C.10QC
N7=10

MT7=1

If {ETAl.NE.1.) GO TO 812
SUML=C. 25208

IF (LIW.EQ.1) SuML=0.20C
NT7=5

CO 801 M1l=1,M7

DO 802 N1=1,N7
XSTAR={114-2 . #FLOAT(ML)} /1D,
YSTAR={11.-2.*%FLOAT(NL))/1D.
€N TO 1€22,623,621), TELEM

EFFECT OF RIGHT ROTOR

ETA=ETAL-RLOAD(NLI)*SIGMARXSIN(PSI {N1)}=SR*S [GMAR

YOVERH==SIGMAR *G AMMA* (0, 25% ( 2, C*FLOAT(M1)-5,C)* [ SIGMAT/SIGMAR)

+RLOAD(NL I *SINTPSI(NL)) +SR)

89)
9r )

g91)

S2)
93)
Q4)

o5)
96)

37)
98)
9G )
1r7)
101)
102)
173)
1'\/,)
1n5)
106)
1"
178)
119)
117M)
111)
112}
113)
114)
115)
116)
117)
118)
119])
127)
121)
122)
123)
124)
125)
126)
127}
128)
129)
132)
131)
132)
133)
134}
135)
136)
137)
138)
139)
147)
141)
142)
143)
144)
145)
145)
147)
148)
149}
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GO TO 625
EFFECT OF LEFT RCTOR

623 ETA=ETAL-RLOAD(N1)*SIGMAR®SIN(PSI(N1))+SR*SIGMAR
YOVERH=-S IGMAR*GAMMA *¥{ 0, 25%( 2. 0*F| 3AT{M1)~5.0)}*( SIGMAT/SIGMAR}
1 +RLOADINL)I*SIN{(PSI(N1))-SR)
GO TO 625

EFFECT OF WING

621 YSTAR={11.0-2.0*%FLOAT(N1))/10.0
ETA=ETAl-YSTAR*SIGMAW
ZETA=2ETAL/(1.0-SIGMAR*G AMMA®ZETA1*(ABS(YSTAR) *{ SIGMAW/SIGMAR)
1 *TAN(LAMBDA ) *S IN(ALPHAB ) +LW*SIN {ALPHAB) ~HW*C CS{ALPHAB) ))
XOVERH=SIGMAR*GAMMAX{ {TL—-LW ) *COS(ALPHAB) +( TH-HW) *SIN(ALPHAB)
1 ~ABS(YSTAR ) *{SIGMAW/SIGMAR I *TAN(LAMBDA) *COS ( ALPHAB) )
YCVERH=GAMMA*(0.25%(5.0-2,0*%FLOAT{M1) ) *SIGMAT-YSTARXSIGMAW)
ZOVERH=-SIGMAR*GAMMA# ({TL-LWI*SIN(ALPHAB )~ (TH-HW)*COS (ALPHAB)
1 ~ABS(YSTAR ) *{SIGMAW/SIGMAR ) *TAN(LAMBDA) *SIN(ALPHAB) )
GO TO 620

625 ZETA=ZETA1/(1.0-RLOAD(NLI*SIGMAR*GAMMA*ZETALI*COS{PSI(N1))*
1 SIN(ALPHAR))
XOVERH=SIGMAR*GAMM A% (TL*COS(ALPHAB) +TH*SIN( ALPHAB) -
1 RLOAD (N1 }*COS{ALPHAR)*COS{PSI(N1)))
Z0VERH=SIGMAR®GAMMA*{ TH*COS ( ALPHAB) ~TL*S IN( ALPHAB) +RLOAD (N1}
1 *SIN{ALPHAR)I*COS (PST(NL)))
XLOAD(NL)=1.0

630 CALL DLTAS (C(K)}

1501}
151)
152}
153)
154}
155}
156)
157)
158)
159)
160)
161)
162)
163)
164)
165)
166)
167)
168)
169)
170)
171)
172)
173)
174)
175)
176}
177)
178)

ERREERERERRE AR RRNRKR SEE APPENDIX Q FOR SUBROUTINE DLTAS *&dkkkskiiin kdkkkkiokkk

00 805 L1l=1,28
805 XDELTA{LLI)=XDELTA(LL}+DELTA(LL}*XLDAD(NI1}
802 CONTINUE
801 CONTINUE
DO 807 L3=1,28
8C7 CELTA(L3)=XDELTA(L3)*SUML
WRITE (65149) C{K]}
WRITE (6,150) {DELTA(I),1=1,25,4)
WRITE (6+151) (DELTA(I},1=2,26,4)
WRITE (6,152) (DELTA(I) 1=3,27,+4)
WRITE (6,153) (DELTA(I),1=4,28+4)
DO 8l4 L4=1.28
814 XDELTA(L4)=0.
41 CONTINUE
42 CONTINUE
GO TO 1
100 FORMAT (L¥L//////77759X*START NEW CASE¥*)
149 FORMAT (LX*CHI =% F7.3/)
150 FORMAT (3XSHIW,L)IT{F17.4))
151 FORMAT (3XSH{UWL)ITIF17.4))}
152 FORMAT (3XSH(W,D)7(Fl7.4))
153 FORMAT (2X5H{U,DITI(F1T7.4)/7/)
210 FORMAT (1X131(1H-))}

211 FORMAT (1X1HIL11X1IHI31X61HCORRECTION FACTORS FOR CORRECTING FROM A

1WIND TUNNEL WHICH IS25X1HI)
212 FORMAT (IXIHILIXIHIL1T7({1H-)1HI)}

213 FORMAT [1X1HILIXIHI16X1HISX6HCLOSEDSXIHI16XIHI2X12HCLOSED FLODR2X1

1HI6X4HOPENG6XIHTY éX1HIS X6 HCLOSED4X1HI )

214 FORMAT (1X1HI3XSHDELTA2X1IHISX6HCLOSEDSXIHI4X9HON BOTTOM3X1HI6X4HOP
1EN6XIHI&6X4HONLYSX1HISXSHFLOOR6XIHISX6HCLOSEDSXIHI3X9HON BOTTOM3X1H

21)

68

(P

179)
180)
181)
182)
183}
184)
185}
186)
187)
188)
189}
190)
191}
192)
193)
194)
195)
196)
197)
198)
199}
200)
201)
202)
203)
2064)
205)
206)
20T
208)
209)



215 FORMAT (IX1HI11X1HI16X1HI6X4HONLYSX1IHI16X18HI {GRCUND EFFECT) 16X4H
1ONLY6X1HI16XIHIOX4HONLYS X1HT )

Appendix P — Concluded

216 FCGRMAT (1X1+IL1XIHIBA(1H-)IHI32(1H-)1HD)

217 FORMAT (1XIHI11X1HI36X11HTO FREE AIR37XIHIBX16HTC GROUND EFFECT 8X1
1HI)

218 FORMAT (1Xx131{1H-)/)

701 FORMAT (1H1//28X*AVERAGE INTERFERENCE OVER A TAIL BEHIND SIDE-BY-S
1IDE AND/CR TILT ROTOR

102
703
704
705
706

707

FORMAY
FORMAT
FORMAT
FORMAT
FORMAT

FORMAT

(S5X*EFFECT OF
(S6X*EFFECT OF
(59X*EFFECY OF
[SS5X*EFFECT OF
(34X,410% ROTOR

(40X*SIGMA(ROTO

MODEL S*/}
RIGHT ROTOR*//)
LEFT ROTOR*//)
WING*//}
EITHER ROTOR=*//)
LOADING*19X,A8#% WING LOADING*//

119X*SIGMA{ROTOR) =%F6,3, 10X*¥ZETA =%F64.3,10X*LW/R =%F6.3,10X
2%ALPHA(ROTOR) =%*FT7.37/
310X*HW/R =%F6.3, 10X*ALPHA{BOOY)
410X*¥TL/R =%F6.3+10X*TH
SXGAMMA =%F65,3, 29X*LAMBDA =%FT7,.3//}
R) EQUALS ZERO, THIS PROGRAM IS NOT SUITABLE

1 FOR USE WITH SUCH CASES.*//)
708 FORMAT (40X#ROTOR SYSTEM IS TOO WIDE FOR WIND TUNNEL*//)

19X*SIGMA{WING) =*F6.3,10X*ETA

/R =%F643,10X*SR/R

900 FORMAT {(I11,F9.3,5F10.3/11,F9.3,44F10.37/3F10.3)

959

STOP
END

=%FT7,3/7/19X*SIGMA(TAIL)
=%FT7.3//39X

(p

210)
211)
212}
213)
214)
215)
216)
217)
218)
219)
220)
221)
222)
223)
224}
225)
226}
227)
228)
229}
230)
231)
232)
233}
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APPENDIX Q

SUBROUTINE OLTAS

THIS SUBRCUTINE WAS WRITTEN IN CDC FORTRAN, VERSION 2.1, TO RUN ON CDC 6010C
SERIES COMPUTERS WITH THE SCOPE 3.0 OPERATING SYSTEM AND LIBRARY TAPE. MINOR
MODIF ICATIGNS MAY BE REQUIRED PRIOR TO USE IN OTHER COMPUTERS. THIS SUBROUTINE
HAS BEEN FOUND TQ BE SATISFACTORY ON THE AFUREMENTIONED COMPUTERS WHICH CARRY
THE EQUIVALENT OF APPROXIMATELY 15 DECIMAL DIGITS. COMPUTERS OF LESSER PRE-
CISION MAY REQUIRE MODIFICATICN TO DCUBLE PRECISION IN ORDER TO OBTAIN RESULTS
OF EQUAL ACCURACY.

THIS SUBRGUTINE IS REQUIRED BY THE PROGRAMS OF ALL PRECEEDING APPENDICES.

SUBROUT INE DLTAS (ANGL) (e 1
COMMON Z ETA,ETA,GAMMA, XOVERH» YOVERH »ZOVERH , DELTA(28) (Q 2)
DIMENSIGN V(3,9),ADEL(28) (Q 3)
SC=SIN(ANGL*0.0174532525199) (Q 4)
CC=COS(ANGL*0.0174532925199) (Q 5}
Z6=1ETA*ZOVERH+1. (Q 6)
18=-16 (e 7
17=18-1. (Q 8)
DO 8 J1=1,28 (Q 9
8 CELTA(J1)=C. (Q 10)
€O 10 M=1,7 (Q 11)
DO 10 N=1,7 (Q 12}
If (NEQ.4.AND.M.EQ.4) GO TO 10 (0 13)
0O 11 J1=1,3 (Q 14)
DC 11 J42=1,9 (Q 15}
11 viJl,42)=0C. (Q 16)
DO 12 J1=1,28 (Q 17}
12 ADEL(J1)=0. (Q 18}
AM=M-4 (Q 19)
AN=N-4 (Q 20)
X=LETA*XOVERH (@ 21}
Y=2ETA®(YOVERH-2 s *AM¥GAMMA+GAMMA® (1. -ETA)*(1.-{-1.)%%M)} (Q 22)
Z=1ETA®(ZOVERH~4 .*AN) (Q 23)
A=SQRT{ X*X+Y*Y+Z%7) (0 24)
B=A+Z *CC-X*SC (Q 25)
VIL 1) =(OXRXeYRY )/ {B*A*A*A) ) - ((Z+A%CC)/ (B*A) ) %42 (Q 26)
V(21 )==(X*Z)/ [B*¥A*AXA )~ (Z+ASCC) *{ X-A*S5C)/(B*B*A*A) (Q 27}
V(3L 1=({YRY4Z%Z )/ {B*ARAFA) ) ({X-A%SC )/ (B*A) ) **2 {Q 28)
I1=-1-2. (Q 29)
A=SQRT{X®X+Y*Y+7%7) (Q 30}
B=A+Z*CC-X*SC (Q 31)
VILy3)=((XkX+YRY )/ (BHAXARA) )—((Z+A%CC)/ (B¥A) ) %*2 (Q 32}
V(2,3 )=2={X%Z)/ (B&A*A%A)~(Z+ARCC ) ¥ (X~A%SC)/ (BEB*A*A )} (Q 33)
VI3,3)=01Y®Y4+Z%Z )/ {B*A*A¥A) ) -1 (X-A%SC)/(B*A) ) %%2 (Q 34)
IF {ANGL.EQ.90.0) GO TC 13 (Q 35)
X=X-{SC/CC) 1Q 36)
1=~1~1. (Q 37)
A=SQRT{XXX+Y XY +Z #7) (Q 38)
B=A+Z*CC~-X&S(C (Q 39)
VILe2 )= (EXEX+YRY J/(B*AXAXA) )= ({Z+A%CC )/ (B¥A) ) &%2 (Q 40)
V(2:2)=2-{X*¥2)/(BFA*ARA) ~ {2+ A*%CC ) *( X-A%SC )/ (B*B*A*A) (Q 41)
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Appendix Q — Continued

V(3,2)=ULYRY4Z%Z)/(B*A*A*A) )= ((X-A%ST )/ (B*A))**2
B=A-X

VILeS)=U{XEX+Y XY )/ (BFARAXA) )-( 2/ {B*A) ) %%
VI2,5)1=2/1A%A%A)

VI3,5)=X/(A¥A*A)

1=-1

B=A+Z¥CC-X%5C

Vilead={ EXRXEYRY )/ {BRARARA) ) -((Z+A%CC )/ (BFA) ) %%
VI(2:4)==(X*Z)/ (B¥A*AXA)-(Z+A%CCI*(X~AXSC )/ {B*B*A*A)
V3,4 )=((YRY+Z%Z )/ {B¥AXA*A) )-((X-A%*SC)/{B%A)) %%2
ADELIL1)I=VI1,1)-VI(142)-VI1,3)4V(1,4)
ADEL(2)=V(2,1)-V(2,2)4V(2,3)-V(2,4)
ADEL{3)=VI{241)-VI(2+,2)-V(2,3)+V{2,4)42.%V(2,5)
ADEL(4)=V(3s11-V(342)+V(3,3)-V{3,4)+2.%V(3,5)
ADEL{S5)={(~1.) %k (M+N))*ADEL(1}
ACELI6)=l1~1.,)**{M+N})*ADEL(2)
ACEL(T7)=((~1.)*%(M+N) ) *ACEL (3}
ADEL(B)={(-1.)*%{M+N) ) *ADEL (4)

ACEL{9)= {(~1)*MIx(VI1,1)-V(1,2)4V{1s3)-V(1,4)42.%V(1,5))
ACEL(10)=0{~1.)%3M)¥(V(2,1)-V(2,2)-V{2,)3)#V(2,4)42.%V(2,5)}}

ADEL(LL)=t{~1. p*®M)X(V(2,1)-V{2,2)+V(2,3)-V(2,4))
ADEL(L12)={{-1. )#*MI*={V(3,1)-V(3,2)}-V(3,3)4V(3,4))
00 14 Jl=1,12

DELTACJ1)=DELTA(JL1)+ADEL(JL)

CONTINUE

DO 15 J1=1,8

DELTA(J1+420)=DELTA(J]1)

X=LETA*XCVERH

Y=ZETA*¥YOVERH

=17

A=SQRT(X¥X+YXY+7%Z)

BE=A+Z*CC-X*SC

VAL 7)=0{XEX+Y %Y )/ (BHAXARA) }~( (Z+AXCT )/ (B*A) ) %%2
VI247)==({X*¥Z)/(B*A*A*A) - (Z+ARCCI*( X-AXSC ) /(B *B*A*A)
VI3:7)=({YRY+Z2%7 )/ (B*A*ARA) ) -{ [ X-A%SC)/{ B*A) ) %%2
IF (ANGL.EQ.30.0} GO TO 16

X=X-(5C/CC)

1=16

A=SQRT(X*X+YRY+2%7)

B=A+Z*CC-X*5C

VL6 )= LUXEX4Y %Y )/ (B*A%®A®A) )= {{Z+A%CC )/ {B*A) ) **2
VE2,6)==1X%2) /(B*A*A*A) -~ (Z+A%CCI1R(X-A*SC )/ (BXB*A%A)
VI3.6)1=(YRY +Z%Z )/ (BHA*AXA) )= ({X-AXSC I/ (B*A)) *%2
B=A-X

VILs9 )= X*X+Y*Y )/ (B*AXAXA) )= ( 2/ (B*A) ) *x%2
V(2,9)=77(A%A%A)

Vi3,9)=X/{A%A%4)

1=18

B=A+Z*CC~-X%*SC
V(148)=0{XEX+YRY )/ (B*A%ARA) )= ((Z+AXCC)/{ B*A) ) %22
V(248)==~(X*¥Z)/(B*AXAXA) - (Z+ A%CC) *(X-A%SC )}/ (B*B *A*A)
VI3,8)=((YRY+2%7 )/ (B *AM) )=((X—A*XSC)/ (B¥*A) ) %*2
CELTA(13)=-Vv(1,6)-V{1,7)+v(1,8)
DELTA(14)=~-V(2,6)+V(2,7)-V{2,8)
CELTAL15)=-V12,6)-V{2,T7T)+V12,8)+2.%V{2,93)
DELTA(16)==V{3,6)+V(3,7)}-V(3,8)+2,.%V(3,9)
DELTACLT)=-V(1,6)4V(1,T)=-V(1,8)+2.%*V(1,9)
DELTA(18)=DELTA(15)

DELTA(19)=DELTA(14)
DELTA(20)==-V(3,6)-V(3,7)4V(3,8)

DO 17 Jl=1+4

(Q 42)
(Q@ 43)
(Q 44)
(Q 45)
(Q 46)
Q 47)
(Q 48)
(Q 49)
(Q 50)
(Q 51)
{Q 52)
(Q 53)
(Q 54)
{Q 55%5)
(Q 561}
(Q 57)
(Q 58)
(Q 59)
(Q 60)
(Q 61)
(Q 62)
(Q 63)
(Q 64)
(Q 65)
(Q 66)
(Q 67)
(Q 68)
(Q 69)
(Q 70}
(Q 71)
(Q 721
(Q 73)
(Q 74)
(Q 75)
(Q 76)
(Q 71
(Q 78)
(Q 79)
{Q 80)
(Q 81)
{(Q 82)
{0 83)
(Q 84)
{(Q 85)
(Q 86)
(Q 87)
(Q 88)
(Q 89)
(Q 90)
(Q 91)
(Q 92}
(Q 93)
(Q 94)
(Q 95)
{Q 9¢6)
(Q 97T}
(Q 98)
(Q 99)
(Q 100}
(Q 101}
(Q 102)

1
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Appendix Q@ — Concluded

CELTA(JL )=DELTA{JL)I+DELTA(J]1+12)

DC 18 J1=5,12

CELTA(J1 )=DELTA(JL)+DELTA(J1+8)

AMT=-2 s *GAMMA*ZETA*ZETA/3.14159265358979
CO 19 J1=1,28

CELTA(J1 )=AMT*DELTA(J])

RETURN

END
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