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SUMMARY 

This addendum reports the results of an extension to the study carried 

out at Cornell Aeronautical Laboratory for the U. S. Army (Contract 

No.  DA 30-069-AMC-645(R)) to determine the time varying flow in the 

vicinity of a helicopter rotor in hovering or forward flight and having a 

fuselage immersed in the rotor wake.    The purpose of this extension was 

to compare two models representing the fuselage.    The first fuselage model, 

reported in Parts 1 and 2,  was based upon the assumption that the fuselage 

was immersed in a constant and uniform flow; the second model was based 

upon the assumption that the fuselage was immersed in a constant but non- 

uniform flow. 

Comparisons between the two models are presented. 

Also presented is the digital program employed to solve the problem. 

in 



FOREWORD 

The work reported herein, performed between January 1966 and April 1966, 

was accomplished by the Cornell Aeronautical Laboratory, Inc.  (CAL), 

Buffalo,  New York, for the Director of Ballistic Research Laboratories, 

(BRL) Aberdeen Proving Ground,  Maryland,    The research effort was per- 

formed under Contract DA 30-069-AMC-645(R) and was monitored for BRL 

by Mr.  Thomas Coyle as Technical Supervisor.    Dr.  Petei    irimi and 

Mr. Andrew R.   Trenka of CAL conducted the study.    Mr.  Harvey Selib 

developed the digital computer program. 

This document is an addendum to Parts 1 and 2 of the final report under 

the contract.   It describes the modifications made to the theory and the 

digital program to allow the determination of the effects of a fuselage 

immersed in a constant, nonuniform flow.    Part 1 of the final report 

describes the development of the theory,  discusses the results of the 

computation,  and provides a comprehensive discussion of the work per- 

formed under the contract.    Part 2 of the final report describes the formu- 

lation and application of the rotor wake-flow computer program and is of 

use primarily to those who plan to use the digital computing program. 

CAL Report Numbers have been assigned as follows: 

BB-1994-S-1,  THEORETICAL PREDICTION OF THE FLOW 

IN THE WAKE OF A HELICOPTER ROTOR, Part 1  - Develop- 

ment of Theory and Results of Computations 

BB-1994-S-2,  THEORETICAL PREDICTION OF THE FLOW 

IN THE WAKE OF A HELICOPTER ROTOR,  Part 2 - Form- 

ulation and Application of the Rotor Wake Flow Computer 

Programs 

BB-1994-S-3,  THEORETICAL PREDICTION OF THE FLOW 

IN THE WAKE OF A HELICOPTER ROTOR, Addendum - 

Effects Due to a Fuselage in a Constant,  Nonuniform Flow 
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SYMBOLS 

Bm/) coefficients relating velocities induced by element n  and 

its image on element m 

A/4 number of azimuthal stations per revolution 

Ng number of rotor blades 

Nf number of fuselage points 

R rotor radius 

Vf free stream velocity 

V„m)A   V.m    x and 2.  components of the time averaged local velocity 

at m 

VM   & V.^        time and spacial averaged velocities in the x  and ^   directions 

^»t ' ^tt ' *i#     (**#'}) components of velocity induced by   the fuselage 

V* » K   • K      the (x,tf.t) components of velocity induced at a point  m 

by a source of unit strength 

W aircraft weight 

x, y, f rectilinear coordinates with origin in the tip-path plane, 

nondimensionalized by   R 

ar inclination of the tip-path plane to the free stream 

A blade loading parameter; A = 4W/ (7r2VB/?flzR¥) 

As A i)e       direction cosines of the normal to the /»** element with 

respect to the (je>, f. ) axes 

jj. advance ratio; /«. = Vf/flR 

/> air density 

a~n normal component of the normalized source strength per 

unit area of the n**1 element 

<r^n x -component of the normalized source strength per unit 

area of the /»** element 
ix 



crjn ^-component of the normalized source strength per unit 

area of the nih element 

^4 rotor azimuth angle at hih position 

fi rotor ang liar speed 
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1.        INTRODUCTION 

As was described in Part 1 of this report (Reference 1), a model for a 

helicopter fuselage was developed consisting of an array of quadrilateral 

source sheets.    This model formed part of the representation used for 

determining the flow in the wake of a helicopter rotor.    The strengths 

of the individual source sheets were assigned by satisfying the fuselage 

boundary condition resulting from a steady uniform free stream.    The 

magnitude and direction of this free strean. were determined by computing 

an average in space and time of the flow obtained,  in the absence of the 

fuselage representation,  in the region the fuselage would normally occupy. 

Extensive calculations revealed that the fuselage was adequately represented 

in this manner for a wide range of flight conditions,  provided the region of 

interest in the flow was sufficiently removed (on the order of one to two- 

tenths of a rotor radius) from the fuselage.    However,   considerable spacial 

variation of the time average of the flow over the region occupied by the 

fuselage was observed to be present in most cases,  so that the flow was 

not well represented in the immediate vicinity of the fuselage surface. 

This addendum reports the results of work performed subsequent to com- 

pletion of the study reported in References 1 and 2.    The objective of this 

continuation was to develop and evaluate an improved fuselage represen- 

tation which takes account of the nonuniformity of the time average of the 

flow imposed on the fuselage.    The procedures used in implementing the 

improved model are described in Section 2.    The results of the computations 

performed are discussed in Section 3.   A listing of the modified digital pro- 

grams is presented in Appendixes I and II.    Familiarity with the develop- 

ments of References 1 and 2 is assumed in these descriptions and discussions. 



2.      PROCEDURES USED TO ACCOUNT FOR 

NONUNIFORM FLOW OVER THE FUSELAGE 

To account for the nonuniformity of the time-averaged flow over the fuse- 

lage,  it was necessary to make changes both in the main rotor-wake-flow 

program and in the supplemental fuselage program.    The changes were 

coded as alternative procedures; so the original structures of the programs 

were retained.    The program changes will be outlined first,  and their 

significance and implementation will then be discussed. 

Consider first the revisions to the supplemental fuselage program.    The 

supplemental fuselage program which determines the normalized source 

strengths was modified to solve for the source strengths or,  in a specified 

nonuniform flow field.    The set of equations (Equations (20) of Reference 2) 

► i   m = /. 2, ■ • • A/ 

was replaced by the set 

L*mn<Tim   =  -*rm    j 

f 

where 

n- t L -I 

(20a) 

,<mi    m      ,j(m) 
V»      <*    l^ are known % and j components of the time- 

averaged local velocity at the m**> element 

A{     *     Vf        are the direction cosines of the normal to 
the m** element with respect to the ( *. }. ) 
axes. 

ßmn are coefficients relating velocities induced 
by element n  and its image on element m 

Nf is the number of fuselage points. 

All other relationships of the fuselage program are unchanged. 



The main program which computed the position of the wake was modified 

to account for the contribution of a fuselage in a steady nonuniform flow 

as follows.    The equations (Equations (13) of Reference 2) 

(13) 

which define x , y , f  components of the velocity induced by the fuselage 

at a point (*,«/,/), were replaced by the equations 

mm/ 

m*f 

(13a) 

where 

"a» t~ are the time and spacial averaged velocities 
in the x and y directions. 

V    , V    , V.       are the ( % ,  y ,  y ) components of velocity 
m     im     im     intiUced at a point by a source of unit strength 

at the mtf> element (the tilde (-") indicates the 
velocity induced by the image of the element). 

That is, the quantity [ crx  V%   +• or  V. ] is simply replaced by o^ as com- 

puted by solving Equations (20a). 

The modified programs are utilized in the following manner.    First a flight 

condition is chosen, by specifying^, A, ar,  etc.    Then, the main program 

is run with the fuselage representation omitted, until periodicity is estab- 

lished in the wake flow.    The computations are then continued through one 



period (i.e. through NA/Na azimuth positions),  computing the flow at the 

points 

(*m '  «//» , im ) ,   (%„ . - Fm . Jm  ) » m   = t, Z .  •    ' .  Nf  . 

It will be recalled that these are the points and their images with respect 

to the fuselage plane of symmetry at which the fuselage boundary condition 

is satisfied.    Nonuniformity in the flow is taken into account by computing 

a time average of the flow at each of these points,  and then requiring the 

fuselage source strengths to be such as to just cancel the component of 

this average flow which is normal to the element.    Specifically, the quan- 

tities    v£m)   anc*    K(m) °* Equations (20a) are computed according to 

where V% and V.   are components of fluid velocity in the % and  j directions, 

respectively,  as defined by Equations (3) of Reference 2,  and  <f^  denotes 

the   k*h   rotor azimuth position.    Note that the flow at the image point has 

been averaged into   V^ and   Vjm) to account in part for any asymmetry in 

the flow with respect to the x-} plane. 

The values of   v£m) and   vJm* as so computed are supplied as inputs to the 

fuselage program and utilized in Equation (20a).    The right-hand side of 

that equation may be identified as the negative of the component of the time- 

averaged velocity at ( zm , ym  , }„,) which is normal to element m.    The 



I 
I 
1 source strengths <rm are computed by solving Equations (20a) and are then 

made available to the main program where they are used in Equations (13a) 

when computing the flow at a given point. 



3.       RESULTS OF COMPUTATIONS WHICH ACCOUNT FOR 

NONUNIFORM FLOW OVER THE FUSELAGE 

GENERAL REMARKS 

It was reasoned in Reference 1 that the assumption of uniform flow employed 

to determine the strengths of the source sheets representing the fuselage was 

most questionable in the region close to the fuselage when the rotor was in 

the flight range 0. 05 5^10. 10.    In this flight range,  wake vortices are swept 

directly over the region which is occupied by the fuselage.    Thus spacial 

variations in the velocity occur which are much larger than those experienced 

at higher or lower advance ratios.    Since the fuselage influence is substantial 

in this range of advance ratios, these large spacial variations should be 

important in determining the contribution of the fuselage to the net flow. 

To determine the soundness of this reasoning,  the analysis of two flight 

configurations reported in Reference 1, which had been based on a constant 

and uniform flow over the fuselage, were repeated taking account of the 

nonuniform flow over the fuselage.    The results of the computations are 

discussed below.    To facilitate comparisons between the two fuselage models, 

the results are presented for the same spacial locations as in Reference 1. 

THE FLOW AT A HIGH ADVANCE RATIO 

The flight configuration at an advance ratio of 0. 220 was selected as typical 

of the high advance ratio flows.    This case was computed using a nonuniform 

flow to determine the fuselage source strengths.    Presented in Figures 1 

through 4 are plots of the spacial distributions of the velocity components 

at various rotor azimuths.    Comparisons are shown between the velocities 

computed using the uniform and nonuniform fuselage flow models. 

As expected, no appreciable difference was obtained in the velocities 

computed at distances greater than 0. 2R from the fuselage.    The largest 

deviations were obtained in the V% and V components in the immediate 



vicinity of the fuselage (see Figure 1).    The computed value of the  V, com- 

ponent using the nonuniform flow model was found to be reduced by approxi- 

mately 10%, while the V  component was increased by approximately 10%. 

The spacial variations in the velocities are still primarily attributable to 

the fuselage and the azimuthal variations remained nearly constant. 

THE FLOW AT A LOW ADVANCE RATIO 

Of the cases investigated in Reference 1, the flow at/*= 0. 0732 was found 

to exhibit a relatively large dependence upon the fuselage (see Figure 46 of 

Reference 1).    It was also found that the spacial variation of the downwash 

in the volume occupied by the fuselage (computed with the fuselage removed 

from the flow) was large (see Figure 55 of Reference 1).    Hence, this case 

was selected to be recomputed using the nonuniform flow model to deter- 

mine the source strengths representing the fuselage.    The results of the 

computations are presented in Figures 5 through 10 along with the corres- 

ponding results for the uniform flow model. 

It was found that all of the velocity components were altered.    The magnitudes 

of the differences and whether the variation was an increase or a decrease 

depended upon the distances from the fuselage and the rotor plane.    The 

velocities computed using the nonuniform flow model differed from the 

velocities computed using the uniform flow model by 8% to 14% in the 

region 0.1R to 0. 2R from the fuselage. 

The general character of the flow was found, however,  to be the same for 

both models. 
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4.      CONCLUSIONS AND RECOMMENDATIONS 

Based on the comparisons made between the results obtained using a fuse- 

lage model for uniform and for nonuniform flow, the following conclusions 

were drawn. 

No differences between the two models were observed in the effects due to 

the fuselage at distances greater than 0. 2R from the fuselage.    This was 

true for both high and low advance ratios. 

At the low advance ratio {JUL = 0. 0732), the nonuniform flow model was 

found to yield axial velocities which were approximately 14% lower at 

0. 1R from the fuselage than the uniform flow model.    At the high advance 

ratio (/u, = 0. 220),  the axial velocity was approximately 10% lower at the 

same locations. 

Except for small changes in magnitudes,  the character of the flow was the 

same for both models. 

The results of this study show that the effects of the nonuniform flow over 

the fuselage are significant only in the immediate vicinity of the fuselage 

(within about 0. 1R).    Otherwise,  the simpler uniform flow model for the 

fuselage is recommended in view of the reduction in digital computation 

time. 

18 
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APPENDIX    I 

OPERATIONAL INFORMATION FOR THE MODIFIED MAIN PROGRAM 

This program is written in FORTRAN IV, with the exception of subroutine 

CLEAR, which is written in MAP.    This routine is used to initialize storages 

to be zero. 
INPUTS 

CARD 1 NB: Number of blades, NB 

NRW: Number of Revolutions of wake per blade, Afc 

NA: Number of azimuth stations, N^ 

NPNCH: Punch option.    If zero,  no cards are 

punched at the end of a run.    If not zero, 

all wake point coordinates and core sizes 

at the final azimuth position are punched 

on cards. 

NOPT: If zero, the initial wake configuration is 

computed.    If not zero,  initial wake 

configuration is read in. 

NTAPE: If not zero,  wake point coordinates and 

velocities are saved on utility Tape 4. 

NPRINT: If NPRINT = 1, coordinates and velocities 

for each wake point are printed; if 

NPRINT = 2,  those for every other point 

are printed; if 3,  every third; etc. 

LNCT: Number of lines desired per page of output. 

NFPT: Number of fuselage points, Nf 

NXPT: Number of points off the wake for which 

velocities are to be calculated. 

NPINT: Output is produced at intervals of NPINT 

steps; i. e., if NPINT = 1, the data for 

each azimuth position is printed. 

20 



CARD 2 NFOPT: 

NOUPT: 

Fuselage Option 

Output Option 

= 0; indicates 

V* 90                       Joo 
= 0 

*0; indicates uniform 

w flow option. 

= 0; no print- out 

*0; print-out and 

punch cards. 

CARD 3 PSIO: 

REV: 

XLAM: 

XMU: 

ALPHAT: 

FACTR: 

RB: 

Initial position of blade 1, ^;„4y   ,  degrees. 

Number of revolutions of rotor for which 

calculations are to be performed, N** 

A 

/* 

ar (degrees) 

Factor applied to  /•   , Kf 

R/b 

CARD 4,   5, GAMB: 

Al: 

A: 

Strengths of blade 1; NA of them. 

Core sizes at Blade  1; (NA of them). 

Initial core sizes; (NRW)(NA)(NB) of them. 

Fuselage Data:   Four cards for each point; (4)(NFPT) cards in all. 
These are punched by the Fuselage Program. 

Card 1 XBAR 
x 

YBAR ZBAR SIGX SIGZ 

Card 2 XII XI2 XI3 XI4 ETA1 ETA2 
it 4* is u 1i It 

21 



Card 3 ETA3 ETA4 Dl D2 D3 D4 

7i 14 cCt dt <*3 d* 

Card 4 XLE XME XNE XLZ        XMZ XNZ 

Coordinates of points off the wake at which velocities are to be computed 

NXPT points in all (up to three sets of coordinates pet card): 

XIPT YIPT ZIPT 

* tf * 

Initial Wake Configuration - Read in only if NOPT is not zero. 

I 
I 

X 

Y 

Z 

(NRW)(NB)(NA) of them. 

(NRW)(NB)(NA) of them. 

(NRW)(NB)(NA) of them. 

A listing of the program is given on the pages which follow. 

22 



S1BFTC  IZUWV       LIST.RfT 
£ CALCULATION(OF   THE   WAKE   VORTICITY   DISTRIBUTION   «='1*   A   nri If.OPTFR  

COMMON   X(340,4~> t V(340,4f* 2(3*0 ,4) .U(34" «*)V Vf'340,41 «w( 140«*l f 
1 GAMAC ^40,'. !,SFG( J4ü,4 > ,<•« 4SI ( 100) , AU I 0 )) , Al 3'.^ t 4 I t P I .« AD, 
2 VMP,XMCL,XM«>L,NR,NPW,NA,NW.N0PrfNT4t»F,Nf">!NTlNnvCt<tP';inl 

3 XMIJ,XLAM, ALPHAT,PINT,P<.fF,X*M.DPSl ,NBl,NWI , XNW«XNR,TPNR, 
4 SAT,CA?,C1,C2,PSI ,TP| ,XI ,T| ,T; , < J ,NPS, Jf»S, IPS, I PS I,XXX,YVY, 
S Z /Z , I ST ,_I NJ0_,J rtGjS IG \, S IG2 , S l_G3 ,G_GG,_0EN, XNU1 . «NU?, XNU1 ♦ I R 11 
6       XMX , XMY, XM /, S~l G4, SI (.«>,>"« , SO ft t S>, SOI ,~SG, nr ",L PS ,S FGI, S F G>, 
1 SUM,LNCT,XIPT(40C!),Y|r»T(4*0) , 7. \ PT (4?0) , VKU^ ) ,VY( 400 ) , 
8        VZI400) ,VXF(400),VYF(4CP),V/r(<»nn),NXPT,NAB,rACTR,RB 

COMMON   /FUSF^   XBAR(10P),YHAR| 100),ZRAR(100),SIGX ( 100),SIGZI 100), 
I XIHIOO) ,X12(100I,X13( 100),XI4(100>,ETA1(10*>),FTA?(IQOJ, 
2 F T A 3 ( IC 0 ) , E T A 4 ( 100),XLE(100),XMF(100) , XN E ( 10 *>)tXL H100), 
3 XXZTlOC),XNZ(lÖO),NFPTfRJ|4),EJ(4)tMjr4);F"MJ~(4»fOlUOO», 
4 02(100),D:Ml0n),D4(l00),VXINF,VYlNF,VZlNF,UF,VF,WF _ 
DIMENSION GAMHI100) 
FQUfVALFNCF(GAM«l,GAMn) 
DIMENSIUN VXJ(200),VZJ(?0C) 

 l_CALt._CLFAR(X,NAB)  
CALL CLEAR(XBAR,WF) 
CALL CLfcAR(VXJ(l),VXJ(2nO)) 
CALL CLFAR(VZJ(1),VZJ(200)) 

_    P? » 3.141502*536 
RAD = .0174532V25 

 TPI * 2.0*PI  
RFAD 1000,NR,NRW,NA,NPNCH,N0PT,NTAPE,NPR1NT,LNCT,NFPT,NXPT,NPINT, 

1 NDVCH _       _  
1000  FORMAT!1216) 

RFAD   10C0,NF0PT,N0UTP __  
CALL   OVDCHK(NUVCH) 

 IF(NTAPE.LT.O)   RFW1ND  4  
RFAD   1001,PS10,REV,XLAM,XMU,ALPHAT,FACTR,RB 

1001   Fl)RMAT(OFB.fc) 
READ   1001,(GAMRIUI,1*1,NA) 
READ   l001,(Aim,I«l,NA) 
NXPT2   »   NXPT/2 
NB1   »  NR  
NW  «   NRW*NA 
NWl   «  NWU    
NAR - NB*NA 

  IL1M ■ NA/NB _        
1 COUNT « 0 
AVG » .5»FL0AT(NBI/FLOATINAI  
XNA « NA 

   DPS! » 2.0*P1/XNA 
XNW * NW 
XNB » NB 
SAT « SIN(ALPMAT*RAD) 

 CAT « rOS(ALPMAT*RAD)  
Cl ■ XMU*CAT 
C2 * (XMU*SAT*XLAMI 
C3 «   XMU*SAT*S0RT(XLAM*XNB/2.OI 
XMCL   «   Cl/XLAM 
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XHSL   *   XMU*SAT/XLAM 
VXINF   »   XMCL  
VZINF   *   -FACTH*CXMSL*SQBT(.S*XN3/XLAMn 
IF   CNFOPT.NE.OI   GO   TO  99 
VX1NF   >   1.0 
VZINF * 0.0 

99 TMP » Krt*OPSI 
 TMP1 « SORT1TMP»(TMP»2.0H  

FRO   «   ITMP-TMPUALOG« 1.0*TMPfTMPl||/nPSI 
READ   1001ttfMIvJltt-ltNW)fJ»ltMUl) 
IFINFPT.EU.O)   GO   TO   100 
READ   1003« (XRAP.i I I,YRARffI«7BARII I«SIGX( I I»SIG^ f II«RLNK,XI1( I 11_ 

1 XI2t I}txniII«Xl4lllvETAltll(FTA?UI«ETA9tlltErR4l lit 
2 011 l±, 02 ( I l.rnt!) .DM! > ,XLf ( M tXME( 1) ,XNE( IUXLZII I« 
3                        xVni)TxNZ(II»!«ltNFPT) 

1003   F0RMATI6E12.5I         
100 IFtNXPT.FO.O)   GO   TO   103 

REAO   1001, IXfPU t),YIPT< 11, MPTtll, l»t ,NXPTI   
101 OR   102     I-ltNXPT 
 CALl   FUSLGF(XIPT(n.YlPTl 1) tZIPT( IKVXF(l),VYf( l)tVZF(m  

102 CONTINUE 
103 PSIF » pSI0*360.0*REV 

CALL IOOUT 
NCT « 0 
TPNR - ?.0*PI/XNB 

 PSI » PSIO^RAO   
PSIO « PSI 
PSIF • PS1F*RA0*0.05 
IFINOPT.FQ.OI GO TO 3 
REAO 1003tI(X(I«JI«l*ltNWll«J*l,Nni 
REAO 1003, H Yd, Jl,l«l,NWl), J=1»NB) 
REAO 1003 t II/J I tJ), I = l»NWl> ,J = 1«NB> 
GO TO 7 
00 6  1=1,NW1 
XI   *   FL0ATCI-1I*0PSI 
Tl   «   XI*C1 
T3  «   XI*C3 
00   5     J»ltNB  
XJ   «   FLOATU-ll'TPNB 
XdtJl   »  COS(PSIO*XJ-XI)*TI 
YCItJI   «   SIN|PSI0*XJ-XI1 
2(1,J»   »  -T3 

5 CONTINUE 
6 CONTINUE  

NPS   «  AMOO(PSI0f2.0*PI»/0PSI*l.5 
IF   (NPS.GT.NA)   NPS   *   1 _ 
on 9    J«1VNB 
JPS   *   M00INPS*INA«(J-11I/NB*NAB,NA1 
IF   (JPS.FO.O)   JPS   »   NA 
IPS1   «  JPS  
on 8     1*1,NW 
IPS  •   IPS1 
IPSl  »   IPS-l 
IFdPSl.EQ.O)   IPSl   «  NA 
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fcÄ 

GAMAU.J) * (GAMBIIPSI♦GAMQI IPSlII/2.0 
CONTINUF  

9 CONTINUr 
10 DO 12  J-ltNRl 

DO 11  I'l.NW 
SEG< ItJI * SURTUXU,J)-XIIH,J» »' * /*> C Yt I , JI-YI I M, JM*»2<HZ< I * Jl^; 

1 MI«-1,JI)**2I 
11 CONTINUF   
12 CONTINUF 
13 DO 29  1*1,NW 

00 28 J=l,NHl 
XXX = X(IfJl 
YYY « Yd, J) 
 111   = Z< l,JI 

U(I,J) * 0.0 
Vt I, Jl « 0.0  
W( 1,JI = 0.0 

14 00 25  LM,NB1  
1ST * 1 
 I ND_=__NW  

IFLG * 1 
IF (L.NE.JI GO TO 16        
INO * 1-2 
IFLG =2 _   
IF ( IND.GT.OI GO TO 16 

15 I ST_ =_I ♦ I  
INO = NW 
IFLG «1 
IF (IST.GT.NW) GO TO 18 

16 SIG2 « SQKT((XXX-X(!ST,LI)**2*«YYY-Y||$T,l))**2_MZZ7-2mT,LII**2! 
DO 17 1R= 1ST,IND 
 SIGl = SIG2  

SIG2 « SORT I(XXX-X(IR +1,LI)**2MYYV-YIIR*l,LII•*?*{Ltl-lI IR*l,l I I 
I       **2I 
SFGSO = SEG(IR,L)**2 
HMl = SIGl**2»SIG2**2 
IFIHM1.GT.SEGS0IG0  TO   160 

 HM2   »   .25♦ltSIGl»SIG21»*2-SFGS0l»ISEGSQ-(SICl-SIG2l*»2l/SEGSQ 
IF(HM2.GT.A(IR,LI**2IGO  TO   160 
GGG  *  GAMAUR,LI/SFGUR,LI 
GO  TO   161 

160 GGG   «  GAMAUR,L>*tSlül*SIG?>/ISlGl*SIG?*miGUSIG2l**?-SFGS0»l 
161 XNUl   «   IYYY-YUR»l,Lll*miR,L)-ZftR*l,LH-IZZZ-7UR»l,LII* 

1 C_V (1R,LI-YI|R*1,LII  
XNU2  *   (/ZZ-HIR»1,L)>*<X(IR,L)-XttR*l,L)l-(XXX-XUR*l,L)>* 

I I 7 C |R,LI-ZMRH.l II 
XNU3   »   (XXX-X(IR*l,Llt*(YIIR,ll-YtIR*l.Ln-IYYY-Yt!R*l,LM* 

I IXf |R|LI-VI!R»1fLII   _.   
U(I,JI   *   UlI,JI*XNIIl*GGG 
 VI I,J)   «   VII,Jl»XNU2»GGG 

Ml I«Jl   =   WII,JI»XNU3*GGG 
17 CONTINUF 

GO  TO  118,151,IFLG 
18 IF   (L.NE.JI   GO   TO  2> 
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|Rl   *   1-1 
IF   U.FQ.11   IRl   =   1    __   __ __ 
XMX   *    f VI IK 1,1 |-V|IR|«t«l.»1*1 Ml »I» • .1 I-/I |Q|»?t'l. I I "(VI I*l»ltM- 

l VI |l» | »^t I l)*i/lIHt,l 1-/(1 Hit |,l M 
XMY = m IHi,u-/i i«i»iti)>*< *i iKmti)-xitHU2ti n-mmiMfLi- 

l      /URU?»IU*(XURl,ll-XURl*Wll) 
XMZ * t XI 1RI,U-X< lKl*l.m*(V(!KlM,U-VUKU2,in-miRi»i,u- 

i_   xi IKU?,I ))»mi«ia >-Y(IRIM,HI  
SIG4 = SFGl IR1 ♦ I , L I 
SIG3 « SFG(IHltL» 
SIG5 * SQRTKXI 1RI*2,L)-X| l« 1,111**?♦<Y<IRl*2.1l-YIIR1,LI I**2* 

I       171 IKU?,U-ZIIR1,LI 1**21 
OEN * (SIG3*SIG*-SIG5I*(SIG3*SIG**SIG5I*($IG4*S!G5-SIG3I*(SIG3* 

I      SIG5-SIG4» 
IF (OFN.FQ.O.O) GO TO 25 
IFIDEN.IT.0.0»WRITE I ft,100211,J,SIG3,SIG4»SIG5 

1002 FORMATI2X43HDEN0MINAT0R NEGATIVE FOR R COMPUTATION  I *I3,3X3HJ 
I       I3,3X6HSIG3 *F16.8,3X6HSIG4 »F16.8,3X6HSIG5 = E16.8J^ 
RR = SIG3*SIG4*SIG5/SQRTIABS(DENI) 
SOU = SQRTH2.0*RR-SIG3I*(2.P*RR*SIG3I) 
IF ISIG3**2.LE.SIG***2*SIG5**2) GO TO 19 
SF * <2.0*KR*SQIII/SIG3    _ 
GO TO 20 

19 SF   =   I2.0*KR-S0III/SIG3 
IF(SF.EO.O.O)   SF   =   l.OF-20 

20 SOI   =   SQRTI(2.0*RR-S1G4I»(2.0*RR»SIC4II 
IF   ISIG4**2.LE.SIG3**?*SIG5**2>   GO   TO  21 
SO   =   I2.P*RH*SQI)/SIG4 
GO   TO   22 

21 SO  =   I2.^*RR-SQI)/SIG4 
IFISG.FO.O.OI   SG   =   l.OF-20 

22 IF   I I.EO.ll   GO   TO   23 
RF   =   IGAMAI?R1, J)*IAI OGI8.0*SFMI IRI,J)|*.25I*G*MAII,JI*(ALOGI8.0* 

I SG/AH,JH*.?«J| )/K.0*RR*SURT(XMX**2*XMY**2*XM7**2) I 
GO   TO   24 

23 RF   =   IGAMAI l,J|*l&LO',|8.0*SF/A| I,J1 »♦.251I/U.0*RR*SQRTIXMX**2» 
1 XMY**2*XMZ**2)I 

24 UIUJI   =   UH,J1*XMX*HF  
V( I,JI   =   V(l,J)*XMM*BF 
WII,J)   =   WlI,J»fXM7*BF 

25 CONTINUE 
SIG1   *   S0RTIXXX**2*YYY**2*ZZ7**2) 

26 00   27     L=l,N^ 
 Lf»S   =   MP0INPS»(NA»IL-1) >/N8»NA8,NA) 

IFILPS.FQ.O)   LPS   =   NA 
IF!I.EO.l.ANO.L.FQ.JIGO   TO   260 
PSIBK   =   FLUATILPS-1J*DPSI 
SINPSI   =   SINIPSIPKI 
COSPSI   =  COS(PSIBK) 
RMH2   =   IXXX-COSPSI l**2MYYY-SINPSI )**2*ZZZ**2 
IF   IRMH2*SIGl**2.GT.1.0)   GO   TO   258 
RMH   *   S0RTIRMH2» 
H2   =   .25*((SIGl*RMH»**?-l.01*11.0-(SlGl-RMM|**2l 
IF   (H2*RB**2.GT.l.O)   GO   TO   258 
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I 
I 
I 
I 

HH * SQRTIH2» 
XHT * XXX*ICOSPSI**?»MNPS 1**2/1HH*RBM-YYY*S1NPSI*C0SPSI*( 1.0/ 

I      (MH*RR»-1.0» 
YHT » YYYMSINr»SI**2»COSPSI**2/JHH*RBn-XXX*SINPS!*COSPSI*ll.'V 

1      |HH*RB)-I.n| 
7HT a Z/7/(HH*KH) 
XNUl * -YHT*7(1,LU7HT*Y< 1,L) 

 XNU2 ■ -ZHT*X<I,L)*XHT*7( I,L>  
XNU 3" ■- XHT * Y( 1 , L lVVHT» XI 1 , L )" 
SIG2 * SQKT((XHT-X(lvm**2HYHT-YUtU)**2+(ZHWU*LM**2) 
GO TO 259 

«     258 XNUl - -YYY*7(l,LJ*ZZ7*Y(l,L) 
XNU2 « -ZZZ*XUvL)*XXX*7(l,U 
 XNU3 -   -XXX*YtlfL)»YYY»Xtl.L) 

SIG2 *   SQKTf fXXX-Xfl,DI**2*f YYY-Vf lvl))**2HZZZ-ZMtlt >**2I 
259 GGG = GAMR(LPS)*<SIGUSIG2)/(SIGl*SIG2*(ISIGl*SIG2)**2-l.OJI 

1)1 liJI = ll(I»J)*XNlll*r.Or. 
VII, •! - Vt I ,.»> »\\l»."*».».». 
MI.JI - nil♦Jl»vNm*M,i, 
r»n Trt 27 

260  Wll,J>   =   WlltJ»-GAMBILPS»*FRB 
27  CONTINUE 

CALL   FUSLGE(X(ffJlfY(ItJltZ(IfJltUFtVFfWFI 
U( It Jl   =   UUt J)*XMCL*UF 
V(ItJ» * V(I,J)»VF 

 WlI, J) * WIIfJ)-XMSL+WF  
28 CONTINUE 
29 CONTINUF 

IFINTAPE.EQ.OI GO TO 30 
WRlTEI4IPSltXMU»XLAM,ALPHAT,NP.NRW.NA.NW 
WRITE (4) f f XI It JI»Y(I. JI,Z( ItJ) tUlIt JltVCItJItHf ItJUGAMAt I«J), 

I AI1*J)tI-ltNWl)«J=ltNBl)  
30 IFINCT.NE.OJGO TO 31 

IF(NXPT.EQ.O) GO TO 3C2 
CALL VLCTY 
IF INOUTP.E0.0) GO TO 300 
IF IICOUNT.GE.ILIM) GO TO 302 

300 00 301  I*ltNXPT2  
J = 2*T-1 " 
vxjin = vxjm*AVG*ivxu)*vx(j*n» 
VZJll) = VZJ(I)*AVG*IVZU)*VZ(J*1») 

301 CONTINUF _  
ICOUNT = ICOUNTM 

302 CALL OUTPUT   
31 NCT = NCTH 

IFiNCT.GF.NPINTJNCT = 0 
PSI ' PSI+DPSI 
NPS = NPS+l 
IF INPS.GT.NA) NPS = 1 
IFIPSI.LE.PSIF» GO TO 32 
IFINTAPE.NE.O) END FILE A 
1FINPNCH.EQ.0I GO TO 320 _ ^  
PUNCH 1004 

1004 FORMATI74HZZ    HELICOPTER WAKE V0RT1CITY CALCULATIONS  -  HARVFY 
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ISf-lin 11   ) 
_PtlNCH_ 1001 ,J_I Al I , J_lt_l«_ltNWliJ«|tHRI 

PUNCH   l003tUX( I*J|VT*1»NU1I tJ«l*NBI 
PUNCH 1^01, ((Y( l,J),l = l,NWU.J*l,NRI 
PUNCH 1^0*, <(Z(I,J)tI = l,NWH,J = l,NBI 

3?o ir (Nuuip.tü.oi cn TO i 
PUNCH 1005 

1005 FORMAT ( <^CH******************************** ************************ 
l ****V*****Y***Y*zzUli 11) 
PUNCH 1006,(VXJ(II.V/JCII«f*1*NXPTI _   

1006 F0RMAT(6F12.5» 
WRITFI6,10071 ILlMtIVXJIIItVZJfIlfI*ltNXPT2l   

1007 FORMAT(IHl,39X39HVEL0CITY AVFRAGES FOR OTHER POINTS OVFR 13, 
 L _    9H AZIHUTHS//54X2HHVX,20X2HVZ/tF59.5,F22.5) I  

GO "rn l 
32 00 35  J=1,NB1       

TXl = X(1,J) 
TVl « Y(1,J) 
TZ1 * Z(1,JI 
00 33 1=2,NW1 
TX2 = TXl 
TY2 = YY1 
TZ2 = TZ1 
TXl = XU.J) 
TY1 = Y fI,J1 
T71 = Z(I,J) 
XfI,J» = TX2*XLAM*IJlI-|,J)*0P<;f 
Y(I,J) = TY?*Xl_AM*V( I-l,J)*DPSI 
Z(I,J) = TZ2*XLAMftwn-l,J)»0PSI 

33 CONTINUF 
XJ a FLOAT(J-l)*TPNfl 

 X(l,J)_=COS(PSl + XJ)  
Y(l,J) * SINIPSI+XJ) 
7(1,Jl = 0.0 

35 CONTTNUF 
00 38  JM,Nßl 
JPS = MQD(NPS*(NA*(J-1))/NB*NAB,NA) 
 IF(JPS.FQ.O) JPS » NA  

JPS1 = JPS-I 
[F(JPSl.EO.DJPSl = NA 
SEG1 = SFG<1.JI 
GAH1 * GAMAU.J) 
TA1 * A(l.J) 

36 00 37  1=2,NW  
GAM2 = GAM1 
GAMl = GAMA(I,J) _   _   
GA*A(l,J) = GAM2 
SFG2 = SFG1 
SEG1 = SEG(I,J) 
SFGC 1,J)   *   SQRTHXH,J>-XH»l,JM**2»<Y(l,J)-V(|»l,jn**2»IZt [, J) 

l ~" ~ Z(I*1,J)1**2) 
TA2   *   TAl ____   
TAl   =   AU.J1 
Al It J )   ■   TA;'*S0RTJSEG2/SFGI I,J|» 
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37 CONTINUE 
 SEGI lj J »   *  SOR THXJJ, J>-x< 2 f j |) »»?♦ < y( 11JI-YC ?t J !!♦»?♦( H ItJ)- 

I 7(2,.1)1♦♦2") 
AC 1 • J I   =   AII.IPS» 
r.AHA(l,J)   »   (GAMB<JPS»»GAMRUPSlH/2.0 

38 CONTINUE 
GO rn 13 
END 
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SIBFTC ZZIOT   LIST,REF 
£ WAKF VORTICITY CALCULATION PROGRAM - SUBROUTINE IQOUT  

SUBROUTINE IOÖuf 
COMMON X(340,4),Y(34Of*l,7( 340,4 »,U(3'»0,4», V( 340,4 >,W( 3*0,4), 

1 GAMA(340,4),SF(;(3<»0,*),GAMBIMOO) ,A1 1100 ) ,A( 340 »4 ) ,PI t RAO, 
2 VMP,XMCL,XMSL,NB,NRW.NA,NW,NnPT,NTAPF,NPRINT,NDvr.H,PSIO, 
3 XMU,XLAM,ALPHAT,PTNT,PSrF,XNA,OPSI,N«U,NWl,XNW,XNR,TPNR, 
4 SAT,CAT,C1,C2,PSI,TPI,X fjJJ ,T2,XJ ,NPS.JPS,IPS,IPS I ,_X X X , VVV ,_ 
5 7ZZ,IST.INO,IFLG,SIGl,Sir,2,SrG3,GGG,OEN,XNUl,XNU2,XNin,IRl, 
6 XMX,XMY,XMZ,SlG*,StG«»»kK»SQIl,SF,SQI,Sr,,BF,LPS,SEGl,SFG2, 
7 SUM,LNCT,XlPT(400),YTPT<*00),ZIPT(400),VX(40O),VY(400>, 
8 VZ(40Q),VXF(*0P),VYF(400),VZF(400),NXPT,NAB,FACTR,RB 
COMMON /riJSF/ XRAT '  •.YPAR(100)»ZBAR(100),STGXl100|t$JGZ1100) , 

I  XI If 1001 »XI'    ).xl3I100),XI4(100),ETAH10O),ETA7t IQO),  
2 FTA3ll00),ETA*U00),XLril00),XME(l00»,XNFUO0),XLZU0O», 
3 XX7U00>,XN7.(lOO),NFPT,RJ(*),EJ(*»,HJ(*),FMJ(4»,OlU00>, 
4 n2(10O),03(l00»,D4(l00»,VXINF,VYINF,V7INF,IIF,VF,WF 

I WRITE(A,1000)NB,NRW,NA,NFPT,PS10,PSIF,XLAM,XMU,AI.PHAT,RB,FAr.TR 
1000 FORMATI»Hl,49X33HHFLIC0PTFR WAKE VORTICITY PROGRAM /M5X31HNUMBFR 
 10F BLAOES __ »Til /45X31HNUMBFR OF REVOLUTIONS OF WAKF « 

2 111 /45X31HNUMBER OF AZIMUTH STATIONS    =I 11/45X31HNUMRFR OF PUS 
XELAGE POINTS     *I11/4SX23HPSI (INITIAL) 
3 FU.3,BH OEGREES 745X23HPSI (FINAL) «Fll.3, 
4 8H DEGREES M5X23HLAMBDA =F12.5 M5X23HMU 
5 =F12.5 /45X23HALPHAT »Fll.3v8H DEGREES / 
6 45X23HR/B «Fl 1.3/45X23HVZ INFINITY FACTO 
7R    »Fll.3» 

2 OPS * 360.0/FL0AT(NA) 
PS » 0.0 
WRITE(6,1001) 

1001 FORMAT(//30X3HPSI,15X22H 
1RLA0E I )     

STRENGTH OF"BLAOE I ,14X20HC0RE SIZE AT 

3 00 4  1=1,NA 
WRITF(6,1002IPS,GAMB1(I»,A1(I) 

1002 F0RMAT(F35.3,E30.5,E35.5) 
PS » PS*DPS 

4 CONTINUE 
RETURN   
ENO 
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IIBFTC Z7PUTP  I IST.RFF 
C  WAKF VORTICITY CALCULATION PROGRAM - SUHRnjJT INF OUTPUT         

SURROUTINF OUTPUT 
COMMON X(34"tO tYM«nf«lf;n*Of *| ,11(140 t4)tVl1*ftt*lt Wl 140, 4), 

1 GAMA( V,0,4),SEG( 140,4l,0AMHl( I CO I , AI ( 100 » , Af 14 "»,4 I ,P t ,R ADi 
2 VMP.XMCI. ,XMSL,NR,NRW,NA,NW,N()PT,NTAPF,NPRINT,NOVCH,PSIO, 
* XMI|,XLAM,ALPHA!,PINT,PSFF,XNA,OPSI ,NBl,NWl,XNW.XNB.TPNB, 

 4             _ SAT, C AT, CJ ,C_2, PS I, TP I, XI , T I, T2, XJ,NPS,JPS, (PS, I PS 1, XXX ,Wr, 
5 ZZZ.IST ,"lN0,iTLirrsr>.lVSir;2VsTG3,GGG,OEN,XNUl,XNÜ2,XNUl,IRl, 
6 XMX,XMY,XMZ,SIG4,SIGS,RR,SQlltSFtS0liSG,PF»lPS,SFGl,SFG?, 
7 SUM,LNCT,XIPT(4OO)fviPT(400l,ZIPT(400J,VXf400l,VY(400), 
8 VZ!400),VXFI40P),VYF<400»,VZFI400I.NXPTfNAB,FACTRfRB 

1 (LINE = 0 
PSIO = PSI/RAO 
DPSID » OPSI/RAO 

2 DO 5 J»l,NBl 
IFIIIINF.EQ.O)   WRITEI6,1000INP,NA,NRW,XLAM,XMU,ALPHAT,OPSIO,PSIO 

iOOO   FORMATf IH1 »46X18HHELICOPTER   WAKE   VORTICITY  DISTRIBUTION   //11X 
I 15HNI1.   OF   BLADES   =   I2,21X25HNO.   OF   AZIMUTH  STATIONS   *   II, 
2 21X21HN0.   OF   RfV.   OF   WAKE   *   12   /9X8HLAMBDA   *E17.5,15X4HHU 
3 Ef2.5,l2X9HALPHA   T   =   F7.1,5H   DFG.   1UIIH0ELTA   PSI   =   F7.3, 
4 5H  DEG.   //55X5HPSI   =  F8.3.8H DEGREFS   > 

3 WRITF(6,1002)J 
J002  FORMATI   /59X12HBLA0E   NUMBFR   12   /   ) 

4 WRITE!AtL003)(ItXfI,J),YI1,J),ZI1,J»,U<I,J),VI I,Jl,W(I,J), 
1 GAMA!l,J),A(|,J>,Igl,NWl,NPRINTI  

1003 FORMAT! 4X5HSTAT.,10X1HX,14XIHY, 14X1HZ,14X2HVX,13X2HVY,11X2HVZ. 
i       10X8HSTRENGTH, 6XPHC0RE SIZE / (I 8,E18.5,JE15.5 I I 
ILINE = ILINF ♦ NWl/MAX0(NPRINT,l)O 
IF (ILINE.GE.LNCTI ILIjNF »0 

5 CONTINUE 
IF(NXPT.FO.O) GO TO b  
IF!ILINE.EO.O)WRITE(6,1000)NB,NA,NKW,XLAM,XMU,ALPHAT,DPSIO,PSID 
WRITE (6,1004M X IPTI I », YIPTIU, 7IPT III, VX III, VY! 11, VZU). I* I. NXPT) 

1004 FORMATI /53X76HVFL0CITIES AT OTHER POINTS //19XIHX,14XIHY,14X1HZ, 
1       14X2HVX,13X2HVY,11X2HVZ /(E26.5.,5FJ5._5 IJ  

6 RETURN 
END  
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tIBFTC ZZFSLG LIST,RfrF 
C     WAKE V0RT1CITV CAICULATION PROGRAM - SUBROUTINE FUSLGE  

SUBROUTINE FUSLGEI XD.YD, 70,0*0^0, WFO) 
COMMON /FUSE/ XRAR(100),YBAQ(100),7HAR(100),SIGX(100),SIGZ<1001, 

1 X!l( 100) t XI 7(1001 t*n< 100) ,X|4{100)»ETAHIOO),ETA2(100), 
2 ETA3<100),ETA4(iOO),X|.F(lO0),XMEU00l,XNEU00l,Xl.Z(100), 

I 
I 
I 

3       XMZ(100),XN7U00l,NrPT,RJ(4),EJ(4),HJ(4l,EMJ(4),0lU00l, I 
__4 0? ( 100),03(100),04(100),VXINF,VVINFtVZINF,UF,VF,WF  | 

DIMENSION XIKt 100,4) »ETAKUOO,4),DOJ( 100,4) 
EQUIVALENCE (XIK,XIII,<ETAK.ETA1),(DDJ.Ol>  f 

1 su*u «0.0 I 
SUMV * 0.0 _ _ I 
SUMW * 0.0 
IF(NFPT.EQ.O) GO TO 13  I 

2 00 12 J«1,NFPT I 
NFLG »I _ ' 
XLX « XMEIJ)'XN7(J)-XM7tJ)*XNE(J» 
XMX « XNEIJ)*X17U)-XN7U)*XLFU>                        _ | 
XNX * XLE(J)*XMZ(J)-XLZ(J)*XMF(J| ] 
XB » XD-XBARIJ)       
YB « YO-YBAR(J) 
7B * ZO-ZRABCJ) 
05 » (X13(JI-XIltJ))**?+(ETA3(J|-ETAl(JM**2 
06 ■ (XI4IJ»-XI2U))**2*(ETA4(J»-ETA2U)I**2 
D7 * AMAX\lD5,06) 

3 XI « XLX*XB+XMX*VB»XNX*ZB  
FTA « XLEIJ)*XR*XME(J)*YB*XNE(JI*7B 
ZFTA « XtZ(J)*XB*XMZU)*YR*XN7U)*7B 
RO x XI**2*ETA**2+ZETA**2 
TJ * RO/07 
IFITJ.LT.6.0) GO TO 5 
S J _=__*_">*l_X I_3J J)-XlHJ))*(ETA2(J)-ETA4Un/fR0»SQRT<ROM 
"VXI *   SJ*XI 
VETA » SJ*FTA 
V7ETA * SJ*ZETA 
GO TO 90 
DO 6  1*1,4 
RJ(1) « St)RT((XI-XIKIJ,N)»*2»ISTA-ETAK|J,m»»2»ZETA»»2) 
EJ(I) * ZETA**?*lXI-X|KU,I))*»2 
MJU) » IETA-FTAKU,I)»*(XI-XIKU,nL 
II » 1*1 
IFU.FQ.4) 11 = 1 
TRM1 * XIK(J,m-XIK(J,I) 
IFITRM1.FQ.0.0) TRM1 * 1.0E-6  
EMJII) * (ETAKIJ,I1I-ETAKIJ,I))/TRMI 
CONTINUE 
VXI « 0.0 
VETA » 0.0 
V7ETA « 0.0 
00 9  1=1.4  
II » 1*1 
IFI1.E0.4) II * 1 
TRM1 » (RJf I)*RJ(tl)-ODJ(J,m/(RJ< II*RJ< ll)*DDJ(J,m 
TRM1 * AL0GITRM1I 
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if 

I 
I 

TRM2   «   (FTAKU, IU-ETAK(J, IM/DI)JUtl) 
    T<<M3  *   (XlK(Jt I )-XIK(J,I i))/nnj(j,i >  

VXI   »   VXI*TRM2*TRM1 
VFTA   =   VFTA*TRM3*TRMl 

8 !P(/FTA.F0.O.0>   GO   TO  9 
TRM4   *   ATANUEMJ(I)*fcJ( I )-H J U )> / (7FTA*R J( I Ml 
THMS   =   ATANMeMJ(!)*trJIIll-HJ(Ill)/l7ETA*RJ(llin 
V7FTA   =   VZFTA»TKM<»-TRMS  

9 ClTNTINUF 
90 VVX = XIX*VXI*XLE<JI*VFTA*X17CJ)*V7FTA 

VVV = XMX*VXl*XME(J)*VETA*XMZU)*VZETA 
VVZ * XNX*VXI*XNE(J)*VETA*XNZ(J»*V7ETA 
GO   TO   (10tLl>«NFLG 

JKM/VVX   *_ VVX  
VVVY * VVY 
VVV7 » VVZ 
YB = -YD-YBARJJI 
NFLG » 2 
GO TO 3 

11 TRM » SIGXtJ)»VXINF»S1GZ(J)»VZ1NF  
SUHU » SÜMU*TRM*(VVVX"*VVX) 
SUMV * SUMV*TRM*<VVVY-VVY) 
SUMW » SUMW*TRM*(VVVZ*VVZI 

12 CONTINUE     _      
13 UFO * SUMU 

VFO = SUMV    
WFO * SUMW 
RETURN 
END 
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t.« 

IIBFTC Z/VLCT   IIST.RFF 
C        WAK E VOR T IC IT Y C ALCUIATION PROGRAM - SUBROUTINE VLCTV  

SUBROUTINE VLCTV 
COMMON   xn4(\4),Y(34n,4|,ZI340t4),U(34P,4),VI34C,4KWl340t4), 

1 GAMAI34Of4),SFGI340,4),GAMBK100),Al(100>»AI 34?»4),PI,RAD, 
2 VMP,XMCL,XM$l,NR,NRW,NA,NW»NOPTfNTAPF»NPRINT,NDVrH,P$int 

3 XMU,XLAMtAtPHAT,PINT,PSIF,XNAfnPSI,N«U,NWl,XNW,XNB,TPNB, 
4 SAT,CAT.Cl.C2,PSItTPI,XI,Tl,T?,XJ.NPStJPS,IPS,IPSl,XXX,VYY, 
5 ZZZYfST,INO,tFir,,SIGl,SIG2.SIG3,GGG,DEN,XNUl,XNU?,XNU3,IRl, 
6 XMX,XHY,XMZ.SIG4,StG5.RR,SQll,S_F,S0l»SG»BF,LPS,SFGl,SEG_2»_ 
7 SUMflNCT,XlPTl400l,YIPTI400»,ZIPTI400),VXI400l,VYI400l, 
8 VZ I 400I»VXF <400» ,VYF(4001, VZFJ400) tNXPJ»NAB,FACTR.RB  

I   00  7     I«l,NXPT 
 vxm  « 0.0   

wm « o.o 
VZU)   «  0.0 

2 00   5     J»l»NRl 
siG2 « $QRTnxiPTin-xn»jn»*2»(YiPTm«Y<itJt)»»2»(ziPni>- 

i zu.jn**2) 
3 00  4 K»ltNW  

SIGl  «   SIG2 
siG2 - $QRTnxiPTm-xiK*i,jn**2»iYipTm-viK»i»jn»*2»mPTm- 

1                  MK*l,J))*»2l 
SFGSO  *   SFGIK,J»**7 
HMl   «   SIG1**2*SIG2**2 
IFIHH1.GT.SFGSQ1GO   TO   30  
HM2   «   .2«5*JISIG1*SIG2)**2-SFGSQ>*ISEGSQ-ISIG1-SIG2I*»2)/SEGSQ 
IFIHM2.GT.AIK,J)**2)G0  TO   30 
GGG  *  GAMA(K,J)/SFG(K,J) 
GO  TO  31 

30  GGG   *  GAMAtK,J)*(SIGUS!G2)/(SIGl*StG2*(ISrGl+SIG2i**2-SFGSQI) 
_3JLJ< NU 1   -   IYIPT_< IJ-_Y<Ktjn»(Z(K,J)-ZIK»l,jn-<Z!PTm-Z(K,JH» 

I <YtK».J)-Y(K*l,J») 
XNU2   «   (Z!PTm-2(KvJM*fX(Kt J)-X(KMf JII-mPTUI-XfK.JII* 

1 IZ(K,JJ-ZIK*1,J»» 
XNU3 « (XlPTIT)-XIK,J))*IYIK,JI-YlKf1, J) l-lYIPTM l-YIK, J) I* 

1       (X(K(J)-XIK«-lf Jl) 
 VXU) = VXI !»*XMU1*GGG  

VYU) * VYin*XNU2»ö^l.. 
V2(II * VZIII»XNU3*GGG 

4 CONTINUE 
5 CONTINUF 

SIGl « SQRTIXIPTm**2*YlPTm**2*ZIPTlII**2) 
DO 6  1=1.NB  
LPS * MOI)(NPS*(NA*tL-l))/NR*NAB,NA) 
IF(LPS.EO.O) IPS » NA _ 
XNUl * -YIPTin*Ztl,L)*ZIPT(I)*YIl,L) 
XNU2 * -nPT(I)*XIl,l )*XlPT(r )*M1,L) 
XNU3 * -XlPTtn*Yll,L»*YIPTm*Xll,L) 
SIG2 « SORT! IXlPTIII«XlUlH**7»IYlPTm-YIl,Hl»»2»IZIPTU>- 

1       Z(1.L1)«*2} 
DEN » SIG1*SIG2*USIG1*SIG2)**2-1.0» _   
IFIOEN.EO.O.Ot OEN « .001 
GGG « GAMBHLPSI*tSIGl*SIG2J/DEN 
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VX( t ) * VX< U«-XNUl*GGG 
VV< I I « VV( l)*XNU2*GGG 

' VMI) « VZU)*XNU3*GGG 
UD» 6 CONTINUE 
[n» VXU) » VX( |)*XMCL + VXF(I» 
<B» VVJI) « VV(I)»VVFfI) 
bllll VZU) * VZ(I)-XMSL*VZF(f) 
»»IRl» 7 CONTINUE  
JG2t RETURN 
>t FNO 

CI»- 
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APPENDIX II 

OPERATIONAL INFORMATION FOR THE MODIFIED SUPPLEMENTAL 

FUSELAGE PROGRAM 

This program is written completely in FORTRAN IV. 

CARD 1 NPTS: 

NPRNT: 

NIT: 

NOPT: 

NDVCH: 

INPUTS 

Number of fuselage elements   Np 

Number of B--    coefficients to be printed; 

i.e. NPRNT = (NPTS) (NPTS). 

Maximum number of iterations to be 

allowed in solving the equations ( in case 

of divergence of the iterations). 

!t0\ indicates nonuniform flow option. 

= 0; indicates uniform flow option. 

Not used. 

CARD 2,  3      (2)(NPTS) + 1   »fl, *„. ffl ;»„.„„. f„. 

A listing of the program is given on the pages which follow. 
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SIBFTC   ZZHFPF     IIST,RFF 
C CALCULATION   HF   POTENTUt    n.UW   AW1UT   A   HFIJCOPTFR   RISFI AOf- 

COMMON   Xl( 1001 »X2I lO0)\ÖTlÖO),<V(T007,Y~l(V~?) ,Y?( |mi,V?l l"Olf 
1 Y4(100),71(10").Z21 10"),73(10?),Z4(l"0) ,XBAP( 1 r>0 I, YRAO ( 111) 
2 , 7BAR( 100), AMT X( *,4) ,XPr(4),YPT(4l.7PT(4),XIl<r)0),Xi;?(nO) 
3 ,XI3( 100) ,Xl4(inr) ,F. ,A1 MOO) ,F*A?( lOn>,FTA3( mi ,FTA4( 10"), 
4 7ETAK lOO),7.FTA2(irr>) f;rTA3( 100) ,7ETA<»( l"n),Xl_X( l"0), 
5 XMX (100) , XNXM rP )_jjf If ( 1*0) ,XMF<1CP),XNFM "0).Xl 2 (100),  
6 XM7(i0O)VxN/(10"n).PIJ(4r,FIJ(*l,H!J(4),nÜ 100),D2( ion), 
7 D3(lPO),D4J100).BJ100.102)tSIGX(lO"l,SIG7U09),NPTStNDVCM, 
8 EPS,AN,BN,GN,AX.HX,GX,AF,BF,GE«CX,r.E,CZ,D5,nft,n7,SJ,NFLG, 
9 FMI,EM2,FM3,EM4,XPP,YPP,ZFP,YRPP,XIIJ,ETAU,?FTAU,R0,R1 

COMMON   X IR I J, FT AR I J, 7F. TR I J, T f J,TR I J,VX' ,VETA, V7ETA, TMPl, TMP?,TMP3, 
 I TMP4,T MP,VX,VY,VZ,AIJ,ARIJ,N1,N/,NPRNT,MPRNT,NTT  

DIMENSION X(100,4),Y(100,4),Z(100,4),XIK(100,4IfFTAK(100,4), 
I 7ETAK(100,4) 

EQUIVALENCE   ( X , XI) , (Y, Y*L) , ( 7 , Zl) , ( X I K ,X 11 ), ( ETAK.ETA 11, ( ZFTAK, 
I ZFTA1J 

DIMENSION  VXM(100),VZM(100I 
1   CALL   CLEAR C XI,NIT)  

READ   1000,NPTStNPRINT,NIT,N0PT,N0VCH,EPS 
JOOO   F0RMAT{5I6,F6.1) _ 

READ   1001,((X(1,J),Y(I,J),Z(!, JI,J=1,4),1« l,NPTSI 
1001 FORMAT(6F12.5) 

IF   (NOPT.NE.O)   READ   1001,<VXM(I),VZM(I),I«I,NPTS) 
CALL   DVOCHK(NDVCH)  

2  DO   18     IM,NPTS 
AN« (Y41 l)-Y2H))««I73m-Zim)-(Z4( I)-Z2<1)I*IY3(I)-Yl( ()) 
RN = (Z4( I)-7?lI))*(X3«I)-Xl(IH-(X4( I )-X2( I)) ♦( Z3( I)-/l(I)) 
GN * (X4UJ-X21 l))*(Y3( l)-YUI))-(Y4(I)-Y2(IH*(X3m-Xl(I)l 
XPAR(I)   =   (XUI )*X2( l)*X3«l)*X4(I D/4.0 
YBAR(I)   =   (Y1(I )+V?m*Y3(I)»Y4(I))/4.0  

7BAR(|)   *   (Zl( I)*72U)*73< I)*Z4(I) 1/4.0 
_3   IF(AN.NE.O.O)   GO   TO   8 

IHBN.NE.O.O)   GO   TO   8 
IP(GN.NF.O.O)   GO  TO 6 

4   WRlTF(6.l002)I,(X(I,J),Y(I,J),Z(t,J),J»l,4) 
1002 F0RMAT(40H BAD SET OF POINTS FOR QUADRILATERAL NO. 15/413F9.4,5X)) 

GO TO I 
6 00 7  J«l,4 _   

XPT(J) * X(I,J>-XBAR(tl 
YPT( J)   »   YUtJI-YBARU) 
7PT(J)   *   0.0 

7 CONTINUF          
GO TO 14 

8 AMTXIltll * AN 
AMTX(1,2I * RN 
AMTX(1,3) » GN 
AMTX(2,l) « BN 
AMTX(2.2I « -AN 
AMTX(2,3) » 0.0 
IF(AN.NF.O.O) GO TO 11 

9 AMTX(3,1) « 0.0 
AMTX(3,2) « GN 
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AMTX(3t3»   »   -RN 
DO   10     J=l,4 
A«TX(l,4|   =   RN*YBA«(l)*0N*ZRAP(N 
A«TX(?,4|   *   dN*X( I«JJ 
A*TX(3,4)   *   GN*YII.J)-BN*7II,J» 
CALL   SIMSOL   (AMTX,3t3) 
XPT(J)   =   AMTX(l«4)-XBAR<M 

 YPT(J)   =   AMTXl2t»)-VRARm        _ 
ZPTUIf".   AM"TXT3.'4J-2RAR(!) 

10 CONUNUF 
on TO 14 

11 A*TX(3,1)   *  ON 
A*TXI3,2)   =   0.0 
AMTXI3.3)   =   -AN 

12   OH   n     J=lt4 
AMTXIlt*»   ■   AN*XBAR(I »*BN*YBARf I)*GN*ZBAR(n 
AMTXI2.4)   =   BN*Xf!.J)-AN*YH»J) 
AMTX(3,A|   «  GN*X(I, J)-AN*ZU.J)   
TAIL   SIMSOL(AMTX,3,3> 
XPT(J)   =   AMTX(l,4)-XBARm  
YPT(J)   =   AMTX(2,4)-YBARU) 
ZPT(J)   =   -MTX(3,«>-7BARU) 

13  CONTINUF 
U   AX   »   XPT(3)-XPT(1) 

BX   e   YPT(3)-YPT(1) 
 GX_=_ZH T ( ?) -7 PT (JJ  

ÄF   =   BN*GX-BX*Gi\ 
BE   *   GN*AX-GX*AN 
GE   =   AN*BX-AX*BN 
CX  «   1.0/S0RT(AX**2*BX**2+GX**2J 
CE   =   1.0/SQRT(AF**2+BE**2*GE**2) 
CZ   =   1.0/SQRT(AN*»2*BN*«2+GN**2) 
XLX( I» =   CX*AX 
XMX( i) = r.x*ax 
XNX(i\ =   CX*GX 
XLE(I) =   CE*AE 
XME<I) =   CE*BF 
XNE<I) =   CF*GE 
XLZ( I)   =   CZ*AN 
XMZ(I)   =   CZ*BN 
XNZlI)   =   CZ*GN 

16 DO   17     J=l,4 
XIKU.J)   «   XLXm*XPT(J)*XMX(l)*YPT< J)*XNXI1)*7PTIJI 
 ETAMI,J)   »   XLE(1)*XPT(J)*XHFm*YPT<J)»XNF(1)*ZPT(J1 

7FTAK~(l,J|   «   XLZ(!)*XPT( J)+XMZ(I)*YPT?J»*XNZ(I)*/PT(J1 
17 CONTINUE 
18 CONTINUE 
19 HO   31     J*l.NPTS 

Dl(J>   =   SORT((X12(J)-XIlUI)**2*IFTA?|Jl-ETAl(jn**2l 
02<J>   =   S0RTUXI3(J>-Xl2(jn**?*<PTA3IJ)-ETA2CJ)»**2) 
D3IJI   «   S0RT((Xl4(J>~XI3(jn**?HETA4(J)-ETA3(J))**2) 
DMJ)   *   SQRT((XIttJ)-XI4(J))**2HETAl(JI-ETA4(JM**2) 
05 =   IXI3(JI-XI1U)I**2*(FTA3IJ>-FTA1IJM**? 
06 *   (XI4(J)-X!2(J))**2HETA4(J)-ETA2tJ>)**2 
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07   *   AMAX1(D5,06) 
S J  «__. 5 * C X I'M J)-xmj))*(FTA2( Jl-FTAMJM 
TRM   *   Xl2(J)-X!lfJ) 
IFITRM.F0.0.0ITRM   =   l.OF-A 
EMI   =   (FTA2(J)-ETA1(jn/TPM 
TRM   «   XI3(J)-Xt?(JI 
IF1TRM.FQ.0.0)TRM   =   l.PF-fc 
FM2   »   (FTA3(J)-ETA2CJ>>/TRM 
TRM * xuut-xncji 
IF(TRM.F0.0.0>TRM   *   1.0F-6 
EM3   =   <ETA4(J)-FTA3I.in/TRM 
TRM   »   XIUJJ-XK(J) 
IF(TRM.EQ.O.O)TRM   =   l.OE-6 
EM*   *   <FTAHJ)-ETA4(jn/TRM 

20  DO   30     I=ltNPTS 
NFLG  *   1 
XPO , XBARH)-X«AR(J» 
YPP = YBARM)-YBAR< J) 
7PP = ZBARU)-ZBAR(J) 
YRPP   x   -YBARl I J-YRAFUJ) 
XI IJ   *   Xl.X< J)*XPP*XMX( J)*YPPfXNX( J)*ZPP 
ETAIJ   *   XLEf J)*XPP + XMFU)*YPP*X^F(JI*7PP 
7ETAIJ   *   XLZ(J)*XPP»XM7U)*YPP*XNZU)*7PP 
XIRIJ   =   XLX(J)*XPP*XMX(J)*YRPP*XNX(J)*ZPP 
EIAKIJ   =   XLF(J)*XPPfXMF(J)*YPPP*XNFIJ)*/PP 
ZFTRIJ   *   XLZ( j)vXP"»v»<MJ)*YRPP»XNZ(J)»ZPP 
Rl   =   XIRIJ**2*ETARIJ**2*7FT«I.|**7 
RO  *   Xnj**2+ETAIJ**2*ZETAIJ**2 
TU   =  RO/07 
TRIJ = R1/D7 

21 IFU.NE.J) GO TO 22 
 VXI = 0.0  

VETA = 0.0 
VZFTA   =   6.2B31853072 
GO  TO   27 

22 IF(TU.GT.6.0)   GO  TO 26 
23 DO  24     K*l,4 

RIJ1K)   *   SQRTt(XllJ-X[K(J,Kn**2»tFTAI J-ETAM i,lcn«*2»7ETAI J**2> 
EIJIKI   *   ZETAIJ**2*(XIIJ-XIK(J,K))**2 
HIJ(K)   *   fETAlJ-ETAK<JtKl)*(XIIJ-XIKU»K)) 

2V CONTINUE 
TMP1 « AL0G((RIJ(H+RIJ(2)-0l(JI)/(RIJ(l)*RIJ(2»*DK jm/DK J) 
TMP? * ALOGI(RIJ(2)*RIJ(3)-02(JI)/(RIJ< 2 ) + R I J< 3 1*02 ( J )il 7D2U ) 
TMP3 » ALOGnRIJ(3)»RU(4)-D3(J))/< :IJ(3)»R1 J(4)»D3(J) ))/D3(J) 
TMP4 * AL0G((RIJ(4I*K!JU 1-041 Jl)/(RIJ<4>*Rl"jl U*04( J )1 »/D4IJ » 
VXI » (ETAUJ»-ETA2(J)I*TMPU(FTA2( JI-FTA3I JM*TMP2*< ETA3C J )- 

1 ETA4(J>)*TMP3*IETAA(J|-ETAl(Jn*TMP4 
VXI   «  -VXI 
VETA   =   (XIKJ)-Xl2(j))*TMPl*IXl2IJ»-XI3Cjn*TMP2*IXI3U»-XI4Ijn* 

1 TMP3»(XI4(J)-XH(J» 1*TMP4  
IFI7ETAIJ.NE.0.0) GO TO 2b 
VZETA « 0.0 
GO TO 27 

25   VZETA  «   ATANf<EMl*Etjm-HlJ(IH/<7FTA!J*R!J(im-ATANHEMl*E!JI2l 
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I                    -HUmi/|7FTA|J«KlJI2m*AI*NUFM?*EUm-H|jmi/t/ETAIJ 
_2 *R | J f 2)) I - ATAN (| FM2_*EJ J (_3 > -H1J (3 H/J ' *JLA U_*J? UilUlf:  

3 " ATANI (FM3*E !J( 3 l-H I j*l 3M / (7ETAIj*R I J|3 11»-ATANI I EM3*E I Jl 41 
4 -HlJ(4))/I7ETAIJ*RIJ(4H>*ATANC<F*4*FtJI4|-HIJI4ll/(ZFTAlJ 
5 *RlJ|4)n-ATAN((EM4*F.rjlH-H!J(in/UF7A!J*HlJtlll) 
GO TO 27 _        _  

26 TMP s SJ/IRO«SQRT(RO)) 
 VX1 * XI IJ*TMP  

VFTA * ETAljVtMP 
V7ETA » ZFTAIJ*TMP           

27 VX = XLX(J)*VXI*XLF(J)*VETA+XL7(J)*V7ETA 
VY » XMXU)*VXI*XME(J)*VETA*XMZ(J>*V2ETA  
VZ « XNX(J)*VXI»XNE(J)*VETA*XNZIJ)*VZETA 
GO TO t2B,2Q)tNFLG 

28 AIJ x XLZUJ*VX*XHZm*VV*XNZJI»*VZ 
NFLG « 2        
X IIJ » XIR1J 
ETAIJ « FTARIJ     
ZETAIJ = ZETRIJ 
RO * Rl   
TfJ « TRIJ 
GO TO 2? 

29 ARIJ * XLZm*VX-XMZm*VY*XNZm*VZ 
Btl.J» » AIJ+ARIJ   

30 CONTINUF . 
31 CONTINUE  

NI « NPTSM 
N2 « NPTS*2 

32 DO 33  I*l,NPTS 
IF INOPT.NE.O) GO TO 320 
R( I.NIJ » -XLZd » 
«U I, N2) » -XNZ( IJ  
GO TO 33 

320 B(1,N1) = -XLZ( I»*VXM(M-XNZ(I)*VZM(n 
BU.N2) * R(ItNl) 

33 CONTINUE                          _ 
IFINPRNT.FQ.n» GO TO 38 
_MPRJ NT_ = MINOINPRNT,NPTSI  

34 DO 37  I«1,MPRINT,8 
IB * MINOII*7»MPRINTI _ 
WRITEI6.1003)1,I8,MPR1NT 

1003 FORMAT!1H1,44X42HP0TFNTIAL   FLOW  ABOUT   A_HJLJCOPTER _FUSELAGE   //50X 
I 11HRIJ   FOR   J   »13.2H  -13,9H   ,   f »   1-13/1 

_    35   00   36. JM,HPR!NT  
WRITF(6tl004HB(JtK),K*I,I8) 

1004 F0RMATIRE16.5) _____  
36 CONTINUE 
37 CONTINUE __    _  
38 CALL SIMEO 
  CALL OUTPUT  

GO TO 1 
ENO 
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IIBFTC ZZSMEQ LIST.REF 
C    CALCULATION OF POTENTIAL FLOW ABOUT A HFUCOPTER FUSFLAGE - S1MFQ 
^ SUBROUTINE SIMEO 
  COMMON„X1IIOO),X2<100),X3I100),X.: ICO) ,Yl (100) t Y2C100 ), Y3( 100 I, 

1       V4( 1001 tZK 100) v 721 100),Zl(inO)v/4(100) tXBARIlOaifVRARdOO) 
  2     _ ,ZBARU00),AMTX<3.4) ,XPTI4),YPT(4),7PTI',),XIU 100),XT2I 100) 

"3       ,Xl3llO0),XI4U0OI,ETAlIlO0),FTA?llO0),FTA3(100 ) ,FTA4I100), 
4 Z_FTA1(100),ZFTA2(100) ,7FTA31100),ZFTA»t100),XLXt 100),  
5 XMXI10P),XNXU00),XLE<100) , XME 1100 ) .XNEIIOO) , Xt.Z I 100), 

  6 XMZUOO) ,XN7.I100).RIJI4),EIJ(4),HIJ(<>),DU I00)f0?ll00),* 
7      031 100).041100),BII0pf102),SIGXI100),SIGZ(10*I,NPTS,NDVCH, 

   8      EPS,AN,BN,GN,AX,BX,GX,AE,BE,GF,CX.CE,CZ,D5,D6,07,SJ,NFLG._ 
9      EMl,EM2,FM3,EM4,XPP,YPP,ZPP,YRPP,Xll.l,ETAIJ,ZFTAIJ,R0fRl 
 COMMON XIRIJ,ETARIJ.7ETRIJ,TIJtTRIJ,VXI,VFTA,VZETA,THPltTMP2.TMP3, 

I       TMP4,TMP,VX,VY,V7,AIJ,ARIJ,NI,N2,NPRNT,MPRNT,N1T 
DIMENSION XUOO,4),YC100,4),Z<iqpf41,XIKIlOO,4) »FTAKl 100,4).   

1 ZETAKI100.4) 
EQUIVALENCE ( X ,X1) , IY, Yl) , ( Z .Zilj, ( XJJK, X I U , j ETAK.ETAl),J ZETAK, 

I           ZETAi) 
 01 ME NS ION U1I10P),U2I100)  

1 JS * Nlv 
EPSl * 100.0*EPS 

2 IT * 0 
3 DO A  I-l.NPTS 

Ulf I) " o.o 
4 00 5  J*1,NPTS 

TERM = -BlI,J)/BI1,1) 
IFlt.EQ.J) TERM = 0.0 
UlUI   *   U1IIH-TERM*UUJ) 
CONTINUE 
UK I I = Ul(I)+R( ItJS)/B(Itl I 
CONTINUE       

7 DO 10  I=l,NPTS 
IFIU2I M.NE.O.OIGO TO 8 
TMP = AHSCU2C 11-UH I I I 
GO TO 9 

8 TMK *   «BSIIU2I D-UK I))/U2(I) ) 
9 IFITMP.GT.hHSi GO TQ ! •»  

10 CONTINUE 
IFIJS.EQ.N2) GO TO 13 

11 00 12  I*l,NPTS 
SIGXI I) » Ulli) 

12 CONTINUE 
JS =   N2  
GO TO 2 

13 00 14  I*l,NPTS 
SIG/I I) » Ulli) 

14 CONTINUE 
RETURN 

15 IT « IT»!  
IF IIT.GE.NIT) GO TO 18 

16 00 17  I*1,NPTS 
U2II) * Ultt) 

17 CONTINUE 
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GO TO 3 
_18 |F(JS.FO.N2J GO TO 1<)      _  

WRITF(6,1000) EPSI,NIT 
1000 FORMAT (5X48HEQUATI0NS FOR SIGMA X 010 NOT CONVERGF TO WITHIN F7.* 

I       »1?H PER CFNT IN IfStllH ITERATIONS ) 
GO TO U 

19 WRITE(6,1001) EPS1.NIT 
1001 FORMAT! 5X48HEQUATI0NS FOR SIGMA I  010 NOT CONVERGF TO WITHIN F7.4 

I       tl2H PERCENT IN I6.11H ITERATIONS I 
GO TO 13    _ 
END 
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"3 

$!BFTC   7Z0UT       1.IST.RFF 
C  CALCULATION   ')F   PflTFNT|AL 

" SUBROUTINE 
COMMON 

FLOW ABOUT A HFLICOPTFR FUS^IAGF - OUTPUT 
OUTP»IT 

xiMcni tx?i LOONx3iiofl}t«*f ion) tviimiitv?! io"»t,Y3f laott 
1 V4(100),71< 100),7211^'    »Ml30lf74<l"»0),XBARI IPPItVRARimi 
2 ,7BAR( 10P),AMTXI3.4) ,XPJ (4) • Y«»T|4) , ZPTI4) ,X11 < IPO I , XT?( 100) 
3 ,xrm00),Xl4U00ltFTAl(lC0)trTA?t |Oni,ETAM in*|,FTA4( 100), 

_4 7 F T A H 10 OJLt ZFTAPIlQft) tZFTAit IPO) ,/FTAM l0m,XLXt HO), _ 
5 XMX(T00V,XNX(ir0»,XLF( lOOItXMEIlCCI tXNEUOOItXL/dOOl't  
6 XM7m0),XN7<l00),RIJ<4),EIJ(4),HlJ(4),DlU0'>>,D2(100), 
7 03UOO),D4UOO|,BUOO,IP2),SIGX(100) ,STGZ(100) .NPTS.NDVCH, 
8 EPS,AN,BN,GN.AX,BX,GX,AE,BE,GE,CX,CE,CZ,05,D6,D7,SJ,NFLG, 
9 EMI,FM2,EM3,EM4,XPP,YPP,7PP,YRPP,X»|J,ETAIJ,ZETAIJ,R0,RI 

COMMON   XIRIJ,ETAR1J,ZFTRIJ,TIJ,TR|J,VX|,VFTA,V7ETA,TMP1,TMP2,TMP3, 
I       TMP4,TMP,VX,VY,V7,AIJ,ARIJ,NI,N2,NPRNT,MPRNT,N1T 
DIMENSION Xll00,4),Yll00,4),7tl00,4),XlKn00,4),ETAKI 100,4), 

I ZETAKI100,4) 
EQUIVALENCE (X,XI),IY,Y1),IZ,Zl),IXIK,X11),IETAK,ETAl), I ZETAK, 

1            ZETAl) 
DIMENSION T1I100)   

I PUNCH 1000,NPTS 
1000 FORMAT! 32HZ7   HELICOPTER FJJSELAGE_PROGRAM I6,22H JOINTS - HARVEY 

1SELIB,12X2HZZ > 
I 
2 
3 

II 
12 

 13     __  _        
14 = 4 

2 00 3  1=1,NPTS 
PUNCH l"Ol, XBARI U tYBARII ),ZRAR( I» , S IGX( I I , SIGZ ( M,7FR0,I,I1 
PUNCH lOOltXilll),X12(1 I,XI31 I),XI4(I),ETA1(I),ETA2( I), I , I 2 
PUNCH irci,ETA3fI),FTA4(I),Dl(n,02(l),D3U),04m,l,I3 

_ PUNC H 1PO I, XL F_( l),XME(I),XNE( !i,XLZ(I),XM7(1),XNZ(I),1, 14  
1001 >URMA'TI6E 12.5, I~6, 12) 

3 CONTINUE 
NPAGE = NPTS/50 
IF(NPAGE*50.LT.NPTS)NPAGE » NPAGEM 

4 00 5  I=1,NPAGE 
  11_ - _50*< l-JJ±l  

~I2 ■" NINO I I 1*49, NPTS) 
WRITE(6.100?)(SIGX(J»,SIGZ(J),XLZJJ),XMZlJ),XNZ(J),J=ll,I2) 

1002 FORMAT!1H1»44X42HP0TENTIAL FLOW ABOUT A HFLICOPTER FUSELAGE /718X 
1 7HSIGMA X.15X7HSIGMA I,12XUHLAMBDA ZETA, 14X7HMU ZFTA,15X 
2 7HNU ZFTA / IF27.5.4E22.5) ) 

 5 CONTINUF       
PUNCH 1003 

1003 FORMAT!ROM******************************************************** 
1************************| 

6 00 7  1=1,NPTS 
T1U)=-YBARII) 

7 CONTINUE  
PUNCH 1004,(XRAR(I),YBARII),ZBAR(|),XBAR(I),TKI),ZBAR(II, 

I 1*1,NPTS) 
1004 F0RMATI9F8.3) 

RETURN 
END 
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