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SUMMARY

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

out at Cecrnell 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.,
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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. Peter .rimi 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 1l - 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
i€
B,,, coefficients relating velocities induced by element » and
its image on element m
8
"7 number of azimuthal stations per revolution
9 Na number of rotor blades
Ny number of fuselage points
0 R rotor radius
1 Ve free stream velocity
V;'"’d V;"’ %z and 3 components of the time averaged local velocity
2 at m
Lg,. & Vs time and spacial averaged velocities in the x and 3 directions
3
Var « Yy .V" (z,¥,3) components of velocity induced by the fuselage
4 Ve r Y. Ve the (»,4, 3) components of velocity induced at a point m
by a source of unit strength
° w aircraft weight
6 X%, 4, % rectilinear coordinates with origin in the tip-path plane,
nondimensionalized by R
7 ar inclination of the tip-path plane to the free stream
A blade loading parameter; A = 4W/ (7°4, pN*R*)

/\, é ﬂ;m direction cosines of the normal to the m»* element with
(4]

respect to the (», § ) axes
advance ratio; . = V; /2R

y72
y air density
%a

normal component of the normalized source strength per

unit area of the n*” element

wl

area of the n* element
ix

xz-component of the normalized source strength per unit



Yy o~

&4

¥

3 -component of the normalized source strength per unit

area of the n? element
rotor azimuth angle at L position

rotor angilar 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 regionr 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 mode] 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 preseited in Appendixes I and 1I, 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 o}, in a specified

nonuniform flow field, The set of equatiéns (Equations (20) of Reference 2)
Ng

Z B 0;" = -At',,,

n=1

was replaced by the set

Me

5 Bt e, W0, i etz N (20a)
W™ & V’("') are known z and § components of the time-
averaged local velocity at the m* element

Af.. & V‘-m are the direction cosines of the normal to
the m* element with respect to the ( <z, 3)
axes,

8,,, are coefficients relating velocities induced
by element » and its image on element m

Mg 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)
Ne

r 1T 7
v, (x.9.3) =’"Z-’ | T Ve * Tam Vi || Vi, * Vlm
Ng [ ~
Vy,(x,r_./.ﬁ : ; _a.;mvﬁ. & a;m V’“J L Vym B Vy"’- (13)
Ng - ir i
Vl; (x,4.3) = ,,,Z.:r .a;m V’-o il V)u- .V3m g \z"-'

which define r, ¢y , 34 components of the velocity induced by the fuselage

at a point (x , y , 32 ), were replaced by the equations

Np b
\44‘(”'9' 3) = nZ-; Tm (Vlm 4 Vﬂm)
M
Vy,(z,q,;)=Z o (Y, -V, ) | (13a)
ms/)
” ~
v, (%9.3) =£ 5 (Y = %)
mz=7 J
where
Vv, & V’ are the time and spacial averaged velocities
- ® inthe x and 3 directions.
v, ,V, ,V are the (z, y , 3 ) components of velocity

induced at a point by a source of unit strength
at the m*» element (the tilde (~) indicates the
velocity induced by the image of the element),

That is, the quantity [0} V, + %mY% ] is simply replaced by 0y, as com-

puted by solving Equations (20a).

The modified programs are utilized in the following manner, First a flight
condition is chosen, by specifying u, A, @y, 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 N, /N, azimuth positions), computing the flow at the

points

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 K™ and V' of Equations (20a) are computed according to

$
N‘/N‘
tm) _ N’ = — P . - - -
V, = —ZIVA {kZ.; [Vx(ﬁm:ym: Im s '/’b)‘f‘ V, (zm' é/,,.,,;,,.,, ¢’¢)]}

a3 ¥ e )+ v, (% )
Vm = oa7 [V ;m:_m’gm;w + 1, zm'_?m';ﬁ’;‘pk }
3 o |, LV d AR

where |/ and V’ are components of fluid velocity in the » and 3 directions,
respectively, as defined by Equations (3) of Reference 2, and ¢, denotes
the k* rotor azimuth position. Note that the flow at the image point has
been averaged into I/,m and V,(”') to account in part for any asymmetry in

the flow with respect to the x-2 plane,

The values of Vz”"’ and V,’"” 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 (%,, &,, » 3, ) Which is normal to element m. The



et eoes=e e Dems Gews G

va

source strengths o, are computed by solving Equations (20a) and are then
made available to the main program where they are used in Equations (l3a)
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 0.055,.<0.10. 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 FLLOW 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 cbtained in the V, and \é components in the immediate



vicinity of the fuselage (see Figure 1), The computed value of the Y, com-
ponent using the nonuniform flow model was found to be reduced by approxi-

mately 10%, while the ), 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 mOdeISc
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Figure 6 COMPARISON OF THE VARIATION OF VELOCITY COMPONENTS WITH
y FORz = -0.25, 3 = -0.45, .4 = 0.0732 ANDy < 0
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4, CONCLUSIONS AND RECOMMENDATIONS

Based on the comparisons made between the results obtained using a fuse-
lage inodel 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 (u = 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,
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APPENDIX 1

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.

CARD 1

NB:
NRW:
NA:
NPNCH:

NOPT:

NTAPE:

NPRINT:

LNCT:
NFPT:
NXPT:

NPINT:

INPUTS
Number of blades, Ng

Number of Revolutions of wake per blade, N
Number of azimuth stations, N,

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,

If zero, the initial wake configuration is
computed. If not zero, initial wake
configuration is read in,

If not zero, wake point coordinates and
velocities are saved on utility Tape 4.

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.
Number of lines desired per page of output.
Number of fuselage points, Ay

Number of points off the wake for which
velocities are to be calculated,

Output is produced at intervals of NPINT
steps; i, e., if NPINT = 1, the data for

each azimuth position is printed,

20
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CARD 2

CARD 3

CARD 4, 5,

NFOPT:

NOUPT:

PSIO:
REV:

XLAM:
XMU:
ALPHAT:
FACTR:
RB:

GAMB:;
Al:
A

[ = 0; indicates

Vz“./, V,“: 0

+ 0; indicates uniform

Fuselage Option

flow option,
Output Option = 0; no print-out
# 0; print-out and

punch cards,

Initial position of blade 1, ¢,,,s , degrees.
Number of revolutions of rotor for which

calculations are to be performed, Apy

A

m
ar (degrees)

Factor applied to V” » K¢
R/b

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.

Card 1

Card 2

YBAR
]

XI2
2

These are punched by the Fuselage Program.

ZBAR SIGX SIGZ

3 0" 0’,
X113 X14 ETAl ETA2
$s Ty ny ne

21




Card 3 ETA3 ETA4 Dl D2 D3 D4
73 74 d’ dz dy de

Card 4 XLE XME XNE XLZ XMZ XNZ
Aq An ’Jq Ap M %

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

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

XIPT YIPT ZIPT

» Y 4
Initial Wake Configuration - Read in only if NOPT is not zero,

X: (NRW)(NB)(NA) of them.
s & (NRW)(NB)(NA) of them.
Z: (NRW)(NB)(NA) of them.

A listing of the program is given on the pages which follow.
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$I1BFTC 2ZuwWv LEST,REF
C CALCULATION OF THE WAKE VORTICITY DISTRIBUTEON €0 A nr) ICOPTFR

CUMMnN X(ikﬁoG)oY(%éﬂoéi 2(360,«).U(Ja“,6) V(36D,4) W 3060, 4&),
GAMALG0 4 Y 4 SFG{ 34044 )4 aMBT LI100) yALILIN))sA{3GN 4 )P LRAD,
VMP o XMCL o XMSL o NRB G NPW o NA L, IW.NOPT (NTANF, 4Pyt ,NNDVCH,PSTN,
XMUo XLAMy ALPHAT (PINT,PSHIF . XNADPST o+ NBLoNWI, XN, XNA,TPNR,
SATWCAT CL L C24PST TP o X)) s Tl sT2 o XJeNPSHUPS, IPS,IPSTL XXX,YYY,

E~O NS N -

XMX o XMY (XM7 g STG&y STGS RR,ySOT L oSF oSO, SGo AN L PSS, SFGT,SFG2,
SUMGLNCT o XIPT(40C) o YIPT (4NN, 21PT(4L2N),VX(6DN) VY (40D),
VZ{40N) JVXF(40G) s VYF(400) 4 V7T (6ND) (NXPT,NAR,FACTRRA
COMMAOIN /FUSF/ XBAR(INC) ,YBAR(LICN) 4 ZRAR(LINO) 4SEGX(LINN),SIGZE100),
XELO100) ¢ XT12(100)oXE3(100)XEG(10N)L,ETAL(INN),ETA2(100),
FTAB(1C0) 4ETAGII0N) (XLE(L100) 4 XMF(10N) 4XNE(L10N) 4 XLZ7(100),

l’lolST IND, IFLG.SI__Gl S“: 05'5306660')&“‘0”‘“”o”‘“l)oxNU3 i,

&S WIN =

XXZ([')C"oXNl(l(‘O'.NTPT RI(G) JEJLG) HILG), EMJ(@)D1(100),
N2(100)4D3(107),D4(100)  VXINF,VYINF,VZINF,UF ,VF WF

DIMENSTON GAMR(100)

FQUIVALENCF(GAMR ], GAMR)

DIMENSTUN VXJ(200),V2J(20C)

CALL. _CLFAR(X,NAB) __

CALL CLEAR({XRAR yWF)

CALL CLEAR(VXJ(1),VXJ(200))

CALL CLFAR(VZJ(1),VZJ(200))

Pl = 3,1415924536

RAD = .0174532925

TPl = 2,0¢P1

T1000 FORMAT(1216)

_ 1001

1

RFAD 1000 ,NR NRW,NA,NPNCH NOPT NTAPE .NPRINT,LNCT,NFPT ,NXPT,NPINT,
NDVCH

RFAD 10C0,NFOPT,NOUTP
CALL DVDCHK (NDVCH)
IF(NTAPE.LT.N) REWIND &
READ 1001,PSIO¢REV,XLAM, XMU,ALPHAT,FACTR,RB
FURMAT(9F8.6)

READ 1001, (GAMAL(T),1=21,NA)
READ 1001, (A1(T)oI=1oNA) _
NXPT2 = NXPT/2

NBL = NA

NW = NRW*NA
NW1l = NWel
NAR = NRSNA
ILIM = NA/NAR
ICOUNT = 0
AVG = ,S®FLOAT(NB)/FLOAT(NA)

. DPST = 2.,0%P1/XNA

XNA = NA

XNW = Nu

. XNB = NA

SAY = SIN(ALPHAT#*RAD)
CAT = COS(ALPHAT*RAD)

Cl = XMU®CAT

€C2 = (XMUSSAT+XLAM)

C3 = XMU®SAT+SQRT(XLAM&XNB/2.0)

XMCL = C1/XLAM e
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TXMSL = XMUSSAT/XLAM

!

VXINE = XMCL

99

VZINF = ~FACTR®(XMSL+SQRT{.5¢XNB/XLAM))
IF (NFOPT.NE.O) GO TO 99
VXINF = 1,0

VZINF = 0.0 _ . . e
TMP = RAsNPSI

TMP1 = SORT(TMPS(TMP+2.C))

FRO = (TMP-TMPL+ALOG(1.04TMP+TMPL))/DPST
READ 1001+ ((A(T4J)oI=1,NW),J=1,NBL)
IF(NFPT.EQ.0) GO TO 100

READ 1003, (XRAR(T)YRAR(T) s 7BARIT)oSTIGX(T)oSIGZ (1) oALNKXTL(T)y
XI201)oXT 301D XTIGUTDoETALUT) sFTA2(T),ETAITILETAGLT),
D}(Jligg}l).n!(l).Dh(l).XlF(l)oXﬂE(l).XNE(liolll(l}'

1003
100

101

‘-ﬂ]N—'

XXZUT) oXNZ(T1) o 1=14NFPT)
FORMAT (6E12.5) o
IFINXPT.FQ.0) GO TO 103

READ 1000, (XIPTUI) YIPTLI) o ZIPT(I)o1=1,NXPT)
DO 102 [=1,NXPT

CALL FUSLGE(XIPTUI) YIPTII) ZZIPTUL) JVXF LI VYFLI)VZFLLD)

102
_-103

CUNTINUF

PSIF = PSI0+360.0%REV
CALL IDOUT

NCT = 0

TPNR = 2.0%P1/XNB

PSI = PSIN®RAD

PSIO = PSI

PSIF = PSIF#RAN+0.05

IF(NOPT,.FQ.0) GO TO 3

READ 1003, ({X{Tsd)sT=1oNWL1),oJ=1,NR)
READ 10034 ((Y(T4Jd)yI=14NWL)oJI=]1oNB)
READ_ 10034 ((7(14J)sI=1sNW1),J=1.NB)
60O YO 7

o _3 on 6 1=1,NWL _ _ o
XI = FLOAT(I-1)*DPS] T
71 = xisCl
T3 = X[*C3 T -
4 DO S J=Ll.NB
XJ) = FLOAT(J-1)%TPNR

X{lod) = COSIPSIOXI=XT)+T]
YileJ) = SINIPSIO#XJ-XI)

) Z{lyd) = =73 S . . Ty
S CONTINUE Tt T T
6 CONTINUE
T NPS = AMNID(PSI0,2.0¢P1)/NPSI+]1.5

_ _IF (NPS.GT.NA) NPS = ]| _

D0 9 J=1,N8B

JPS = MOD(NPS+(NA%®(J-1))/NR+NAB,NA)
IF (JPS.FQ.0) JPS = NA

IPS1_= JPS

1PS = [PS]

DO 8 [I=]1,NW

IPS1 = [PS-1
IFLIPSL.EQ.0) [PS]1 = NA
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os B aniiibile

8_CONTINUF

9
10

11

|

GAMA(1,J) = (GAMB(IPS)+GAMB(IPS1))/2.0

CONT INUF

No 12 J=1,NA1

DO 11 T=1,NW

SEG(Ied) = SURTUIX(T ) =XUTI410 )1 200V Tod)=Y(Te1,J) 008260201400~
70141,4))822)

CONT INUF

12
13

CONTINUE

DN 29 [=1.NW
D0 28 J=1,NH1
XXX = X(1,J)
YYY = Y(1,J)
272 = 2(1,J)

14

UlleJ) = 0,0
V(l'J‘ = 0.0
W(lsJ) = 0.0
N0 25 L=1,NBl
IST = 1

IND = NW

16

15 IST = 1+1

IFLG = 1

IF (L.NE.J) GO TO 16
IND = [-2

IFLG = 2 B e
IF (IND.GT.0) GO TO 16

IND = NW
IFLG = 1 )
IF (IST.GT.NW) GO TO 18
SIG2 = SORTEEXXX-X(ISToL) #8620 (VYYY=Y(IST,L))I6826(227=201ST,L))¢2)
DO 17 IR=1ST,IND

SIGL = S162__

SIG2 = SORT(IXXX=X(IR+1,L))**2¢(YYV=Y(IR¢L,L))*22¢(227~-2(1R¢]1,L))
*%2)

SEGSQ = SEGUIR,L)**2

HMLl = SIGL*#2451G2#%s?2

IF(HML.GT.SEGSQIGN TN 160

HM2 = ,25%((S1GLeS1G2)%%2-SFGSQI*(SEGSQO-(SIGLI-SIG2)**2)/SEGSQ

_.. 160
161
1

IF(HM2.GT.A(IR,L)#¢2)GN TO 160

GGG = GAMA{IR,L)/SFGUIR,L) _ _

G0 TO 161

GGG = GAMAGIR,L)*(SIGLeSIG2)/(SIGI®#SIG28((SIGL+SIG2)#*2-SEGSQ))

XNUL = (YYY=Y(IReL,L))®(ZCIR,L)=Z(TReL,L))=(222-7(TRe1,L))®
(YUIR,L)-Y(IRe1,1))

|

1
17
18

XNU2 = (722=-ZCIR* 1 LIFe(XUIR,LI-X(TReLoL)I=(XXX=X(TReL,L))®
(ZCIR,L)=7(TR*1,4L)) o o o
XNU3 = (XXK=X(IRPel,L))®(Y(IRGLI=Y{IReL,L))I=(VYYY=-Y(IRe1,L))*
(XCIR L) =X(IRe1,L))
UCT,J) ¢XNULSGGG
V(1,J)¢XNU2#GGG
W(T.J)+XNUI*GGG

utl,J)
Vil,eJ)

Wiled)
CONT INUF

GO TO (18,15),1FLG
IF (L.NE.J) GO YO 2>




e

l
1
|

Rl = -1

IF LIaFQ1) IRL =}

XMX = (YOIRD o0 1=YUTRT oL LN Oq2CTRIS 1) TR 2N = (YR 1, L=
YOIREe200 D)7 (TR ED=7CIREC 1 D)

XMY = (Z70TR14L)=7CTRIST LIS INCIRIL JLY=X{TR162,01))=(70IR1¢1,L)-
LOTRLO24 ) VE(XUIRL LI=X(IRL¢L,L))

XMZ = (XCIRLoL)=X(TRLe1ob DI ®(YIIRILoL)=YUIRL#2,L))-(XUIRL*1,L)-
L XUIRLe2,0 )% (Y (IR L)=-Y(IR1¢I,L))

SIGG = SFGUIRL¢1,L)

S1G3 = SEG(IRL,L) _ o

SIG5 = SORT((X(IRL#2,L)=-X{IR1,L))**2¢(Y{IRL142,L)=-Y(IR1,L))*s2¢

(7UIR1#2,L)=2(IR14L))*%2)

1
1

NEN = (SIGI+SIGG=SIGS)I*(SIGI+SIGL+SIGS)*(SIGL+SIGS-SIGI)&(SIGI+
SI165-51G4)

“IF (NDFN.FQR.0.M) GO 1O 25
IFIDEN TODIWRITE(641002)14JeSIG39SIG49SIGS

1002 FORMAT({2X43HDENOMINATOR NEGATIVE FOR R COMPUTATION [ =[3,3X3HJ =

19

20

1

13,3X6HSIG3 =F16.843IX6HSIGS =F16.893X6HSICS ’El6 8 )
RR = SIG3*SIG4*SIGS/SQRT(ABS(DEN)) .
SQI1 = SQRT((2.0%RR-SIG3)*(2.0*RR+SIG3))
IF (SIG3%*2 LE.SIGL**2¢SIGS*%2) GO TO 19 .
SF = (2.,0%RR+SQI1)/SIG3 _
60 0 20
SF = (2.0%RR=-SQI1)/S51G3
IFISF.EQe0.0) SF = 1.0NF-20
SQI = SORT((2.0%RR-SIG4I*(2.1%RR¢S[G4))

21

22

1

IF (SIG4*%2.LE.SIGI**2+SIG5¢%2) GO TO 21

S6 = (2.C%RReSQII/SIGG

G0 TO 22

$G = (2.0%*RR=-SQT)/SIGs

IF{SG.FU.0.00 SG = 1.0E-20

IF_(1.£0.1)_GO TO 23

AF = (GAMAUTRI, JV*(ALOG(B.0#SF/ATTRL J) 1+, 251¢GAMA( [, J1#(ALOG(B.0*
SG/ALTJ11e.2500/ 06, NERRESQRTIXMXS €24 XMYEE24XUT $%2) )

GO TN 26 R

23 AF = (GAMA(T,J)*(ALOG(B.O%SF/ALL,J))4.25))/ (4, OFRRESQRT(XMXE%2s

1

XMY*&2¢ XMZ%%2) )

24 l_]_(_l v_J) = _U»[_l__oJ)’b“X‘HF

Viled) = VIIJ)eXMVERF

Wlled)l = WileJ)eXM7*BF o
25 CONTINUE

26

SIGL = SOQRTIXXX&®2eYYVE®%2¢]77%%2)

N0 27 L=1.N8

LPS = MODINPS+(NA%(L~-1))/NReNAB,NA)
IFILPS.FQ.0) LPS = NA

IF(1.EQ.l.ANN.L.FN.JIGO TO 260

PSIBK = FLOAT(LPS-1)%DPS]|

SINPSI SIN(PSIRK)

cosest COS(PSIBK)

RMH2 = (XXX-COSPSII*#2¢(YYY-SINPST)*%2¢227%%?
IF (RMH2¢STIG1*%2.GT.1.0) GN 10 258

ARMH = SQRT(RMH2) o

H2 = 25¢((SIGLle¢RMH)%%2<-1,0)1%(]l.0=-(SIGl-RMH)&%2)
IF (H2*RB*%2,GT,.1.0) GN TO 258
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HH = SQRT(H2)
XHT = XXX®(COSPSI¢#2¢SINPS[*¢2/(HH*RB) )~YYYESINPSI4COSPSI*(1.0/

i (HHeRR)=1,0)

YHT = YYY®(S[NPSI##24COSPST#2/(RHERR) ) -XXXSSINPSISCNSPSI®(1.0/

1 (+HHERB) -1 . N)
THT = 2777 (HueRR)
XNUYL = =YHT®7(1,L)e7HTEY(],L)
__XNU2_= ~ZHT&X(14L)¢XHT=7(1,L)

XNU3 ’°XHT‘Y([0L'*YHY‘X(|0L'
SIG2 = SORTUUXHT=X{1 0 ))en2e{YHT=Y(Ll,L))*82+(2HT=2(1,L))8¢2)
GO 10 259 T

258 XNU1 ~YYY®7 (1, L) e2272Y(],L)

28 CONTINUE

XNU2 = ~ZZZ®X(1,L)eXXX*7(1,L)
XNU3_= =XXXSY(1,L)+YYY®X(1,L)
S162 = SORTUAXXX=X(1 LV 1€« 24(YYV-Y (Lo L) 19¢2¢(Z22=-20T1,L0)¢%2)

259 GGG = GAMR(LPS)*(SIGL+SIG2)/(SIGL¢SIG2¢((SIG1+S1G2)*+2-1,0))
UETsJd) = T4 J) +XNUL*GGE ' -
Vb, o = Vet e N e
Wiled) = WEled) e ANUIRLGG
6D T 27

T 260 WllyJ) = W(I,J)-GAMB(LPS)*FRB
27 CONTINUE
CALL FUSLGE(X(T oJ)oYUT9J) 21 4J)UFVF,WF)
UlTsJ) = ULl J)¢XMCL*UF
VilesJ) = V(1 ,J)*VF
WllsJ) = WlTyJ)=XMSL4WF

29 CONTINUF
IF(NTAPEL.EQ.0) GO TO 30
WRITE(G)IPST s XMUZ XLAMALPHAT NRyNRWyNA ¢NW
WRITELG) (UXUT )oY T o) oZUlod)oUllod)oVIIoJ)oWlT,J)9GAMA(],J),
1 All4J)yI=14yNWL1),J=1,NB1)

30 IFINCT.NE.OIGO TO 31

IF(NXPT.EQ.0) GO TO 3C2

CALL vLCTy

IF (NOUTP.EQ.0) GO TO 300

IF (ICOUNT.GE.ILIM) GO TO 302

300 DO 301 [=1,NXPT2

J = 2¢[-1
VXSET) = VXI(T)#AVGE(VXIJIevXiJel))
VZIUT) = VZJLT)ISAVGRIVZ(J)I+VILJI+L))
301 CONTINUF _
ICOUNT = [COUNT+1
__ 302 CALL DUTPyT

T 31 NCT = NCT+l
IF(NCT.GF.NPINTINCT = O
PST = PSI+DPSI
NPS = NPS+1
IF (NPS.GT.NA) NPS = 1
IF(PSI.LE.PSIF) GO YO 32

IF(NTAPE.NE.O) END FILE &
[FINPNCH.EQ.0) GO TO 320
PUNCH 1004

1004 FORMAT(74H2Z  HELICOPTER WAKE VORTICITY CALCULATIONS - HARVFY

= o N e B - ErE - - S e &N -—

27
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LSELIR i1
_PUNCH_I00T g LUALL+J) o I=14NW) o d=1,N9)
PUNCH 100300 (X{T4J)eIzloNWL)eJ=1,NB)
PUNCH 1703, ((Y(T9J)sI=14NWL)eJ=1,NR)
PUNCH 1003, ({7281 4J)el=14NWL)oJ=1,NB)
320 IF (NUUTIPLEY.O) GO TN ]
PUNCH 1005
! OOZ_FI)RMAY_( -qc'.'i.‘.‘.'_._‘_’...‘t.*i‘_‘.tttt“..ttttttt 1 T332 3333333233323 281 % 3
ek bebsbeeeen22222121)
PUNCH 1006, (VXJIT)VZ7ILT)ol=]),NXPT)
1006 FORMAT(6F12.5)
WRITE(6,1007) TLIMyIVXJILTID) oVZILT) o 1=14NXPT2) e .
1007 FORMAT( 1H1,39X39HVELOCITY AVERAGES FOR OTHER POINTS OVER [3,
o 9H AZIMUTHS//54X2HHV X 20X2HVZ/(F59,5¢F22.5))
60 0 1
32 D0 35 J=1,NAL__
TXL = X{l,J)
TYl = Y{1,J)
TZ) = Z2(1,J)
N0 33 1=2,NWl

TX2 = X1

TY2 = Yvi i

T22 = 121 o
TX1 = X{14J) e o
TYl = Y(1,J) )
T71 = 2(149)

X(1sJ) = TX2¢XLAM®U([=1,J)20PS]

Y(led) = TY2¢XLAMSV(I-1,0)%DPST . e i
Z(14J) = T22¢XLAMEW(I[=1,J)%NPSI

33 CONTINUF
XJ = FLUAT(J=1)*TPNA

X{1sJ)_= COSIPSI+XJ)
Y(1,J) = SIN(PST+XJ)
201,J) = 0.0

35 CONTINUF

00 38 J=1,NB}1 ) o .
JPS = MODINPS+INA®{J-1))/NR+NAB,NA)
IF{JPS.FQ.0) JPS = NA
JPS]1 = JpPS~i
IF(JPS1.ENQ.0)JPS]L = NA
SEGL = SFG(1,J)

GAM]1 = GAMAL(l,J)

TAl = All,J)

36 00 37 1=2,NW

GAM2 = (GAM]

GAM]1 = GAMALlLl,J)
GAMALT,J) = GAM2

SEG2 = SEGI

SEGLl = SEG(1,J)

SEGIT o)) = SQRYTIUIXUT g J)=X(T¢1gJ))ee24(Y([oJ)=-Y(I0),,0))e82¢(2([,))-
1 2{l1¢l4J))%%2) -
TA2 = TAL

TAl = AllLl I

All,Jd) = TAP*SQRT{SEG2/SEGIT,4,J))
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37 CONTINUE |
_SEG(1yd) = SORT((X(1,J)=-X(2,J))682+(Y(1,J)=-Y(2,J))¢%24(2(1,J)~

1 7(2,.0))¢¢2)
All.d) = AL(IPS)
GAMA(14J) = (GAMB{JUPS)*+GAMAR(JPS1))/2.0

38 CONTINUE
G® @ 13
END

29




SIBFTC ZZIDT  LIST,.REF
(4 WAKF VORTICITY CALCULATION PROGRAM - SUBRAYTINE [nOUY

SUBRNAUTINE 1DDUT
COMMON X(340,4),Y1340,4),71340,4),U(340,4),V(3%0:4)W(30N,4),
GAMA({340,4) 4SFG(34N,4) GAMBL(100),Al (1N0)4,A(34C44)P],RAN,
VMP, XMCL ¢ XMSL ¢ NR o NRW o NAJNW NPT NTAPF JNPRINT ,NDVCH,,PS IO,
XMU o XLAMoALPHAT PINT(PSIF XNASDPST N1, NWL,XNW, XN, TPNR,
SAT,CAT,CLloC2,PSToTPI XTIy i, TZ.XJQNPQ.JP‘.lPSolPQIoXXX YYY,

T2LISTLIND, [FLG,SIGLsSIG2.STIG3+GGGINEN, XNUT ¢ XNU2, XN, TR,
XMX o XMY ¢ XMZ o STG&4 s SIGS 9 RReSATL ¢ SFoSQIeSHBFGLPSySEGLSFG2,
SUM.LNCY.XIPTIGOO).YlPYlQOO)ollPT(%OO).VX(QOﬂ).VY(#OO).
VZ(4DN) VXF(400) VYFI&O0) VIFIAND) NXPT4NAR,FACTR,RB
COMMON /FUSF/ XRA2!' ' .YPAR{107)ZRAR(L0C) «SIGXIINN),SIGZI100),
XT10100) X0l . ),x03(100),X14(100),ETAL(LON),ETA2(10ON),

D = O N[ W N -

ETA3(100),ETA4(100)  XLE(T100) ¢ XME(L100) 4 XNECLINO) ,XLZ (10N ),
XXZ2(100) ¢XN2(100) NFPT,RJI(4)EJL&)HI(4)FMI(4),DL1(100),
N2(100),03(100),04(1N0) VXINFJVYINFVZINF UUFVF,WF

1 WRITE(6,1000INBNRWoNAJNFPTPSTO4PSTFXLAMyXMU, ALLPHAT,RByFACTR

L W Nl

1000 FORMAT( 1H1,49X33HHELICOPTIR WAKE VORTICITY PROGRAM //45X31HNUMRER

1OF BLADES =111 /45X31HNUMBER OF REVOLUTIONS OF WAKF =

2 111 745X31HNUMBER OF AZIMUTH STATIONS =T 11745X31HNUMRER OF FUS
i XELAGE POINTS =[11/745X23HPST (INITIAL) o=

3 F11.3,84 DEGREES /45X23HPSI (FINAL) =2Fll.3,

4 B8H DEGREES /45X23HLAMADA N 2F12.5 /45%X23HMU

5 =£12.5 /45X23HALPHAT =Fl1.3,8H NEGREES /

6 _45X23HR/B zF11.3/45X23HVZ INFINITY FACTO

TR =Fll.3)

2 OPS = 360.0/FLOAT(NA)
PS = 0.0
WRITE(6,41001)

1001 FORMAT(/730X3HPSI,15X22H STRENGTH OF BLADE 1 »14X20HCORE SIZE AT

1BLADE 1 )

30N 4 1=1.NA
WRITF(641002)PSoGAMBLIT), AL(T)
71002 FORMAT(F35.3,E30.54E35.5)
~ PS = PS¢DPS
4 CONTINUE
RETURN

END

- . P —_— e . -
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SIBFTC 270UTP | IST.RFF
E____ WAKF VORTICITY CALCULATIUN PROGRAW - SUBROUTINF DU‘”UT o o
SURROUT'N( outTePuY
COMMON X(347,4), V(akn,k’o’(‘kﬁ.ﬁ’o"(“OQQ'QV(janQ'QW(140.4).
GAMA( 3IAN,4), 950(14“04’0(&"“[([0”'051(IOO’ Al34D,4),PL4RAD,
VMP, XMCL o XMSL 4 NA, tRwW, NA, VWQNUP‘QN‘APFQNPQ|NV NDVCI,PSTO,
XMU o XLAMoALPHATY ,PINT,PSITFXNA, nePS1.NAl, NHl.XNw.XNB.TPNB.
__SAT,CAT,C1,02,PS1, TP, X1, Tl.TZ.tJ.NPﬂoJPS'IPS.IPSI.XXX.YVYo
ll’olST lND'lFLGQS|Gl ‘lGquYG3 CGG.DEN.KNUI.KNUZ.KNU! lRl'
XMX s XMY ¢ XMZ 4 S1G4, SIGS ¢ RR,SQLLoSF,SQAT ¢SG+RF 4L PSySEGL,SFG2,y
SUMLLNCT, XlPT(cnn).YlPY(éOO)ollPT(QOO).V!(bﬂOloVY(bOOIo
VZ(4ND) JVXF(400),VYF(400),VLZF(400) ¢NXPT,NAB,FACTR,RB
1 ILINE = O
PS[Q_:MgSl/RAD
DPSID = DPSI/RAD
2 D0 5 J=1,yNR1
IFCL) INFLEQeD) WRITE(H,1000INR,NA,NRW,XLAM,XMU, ALPHAT NDPSIN,PSID
1000 FORMAT(1H1,46X3BHHELICOPTER WAKE VORTICITY DISTRIBUTION //13X
15HND. OF BLANES = [2,23X25HN0D. OF AZIMUTH STATIONS = 13,

|
!

D~ J‘_&u-N"'

1
2 21X21HNO. OF RFV, OF WAKE = 12 /9XBHLAMBDA aE12.5,15X4HMY =
3 E12.5,12X9HALPHA T = F7.3,5H DFG, LIXLIHDELTA PSI = F7.3,
4 SH DEG. //SSXSHPSI = FB.3,8H DEGREES ) o
3 WRITE(6,1002)J
_1002 FORMAT( /S59X12HBLADE NUMBER 12 / )
& WRITE(6,1003) (1o X0T0d) oY UEad) 214D oULT o) VITod)oWIT,d),

1 GAMA(1,J) oAl 4J)o1=1,NWL,NPRINT)
1003 FORMAT( 4XSHSTAT. o 10XIHX, 14XIHY, 14XTHZ s 14X2HVX, 13X2HVY, 13X2HVZ,
1 LOXBHSTRENGTH, 6XAHCORE SIZ2E /(18,E1B.5,7E15.5) ) .

T ILINE = ILINF ¢ NWLI/MAXO(NPRINT,1)+3
 IF (ILINE.GE.LNCT) ILINF = 0
5 CONTINUE

IFINXPT.FQ.0) GO TO 6
IFCILINECEQ.OIWRITE(H6,100CINB ¢NA,NRW o XLAMy XMUy ALPHAT,DPSID,PSID

WRITE(6, 10040 (XTIPTCINYIPTOL) o ZIPTCL) oVXIT) o VYLT)oVZUT)oI=1,NXPT)
1004 FORMAT( /53X26HVELOCITIES AT OTHER POINTS //19XLHX,14X1HY, 14X1HZ,
1 L4X2HVX ¢y 13X2HVY, 13X2HVZ /(E26.5,5E15.5 0 ) = ___

6 RETURN
END

31




$IBFTC Z2FSLG LIST,REF
QA; WAKE VORTICITY CALCULATION P@QQRAM - ipBROUYlNE FUSLGE

SUBROUTINE FUSLGE(XDsYDy7DsUSDoVFDWFN)

COMMON /F1ISE/ XRAR(10N),YBAR(100),704R(100),SIGX(100),SIG2Z(100),
1 XI10L00) ¢XT201200)4X¥I3(1NI)oX14(100),ETAL(LO),FTA2(100),
2 EYA3(100)ETAGILON) ¢y XLE(100) 4XME(109) XNECLNO) oXLZ(100),
3 XMZUL100) o XNZ(L100) JNFPT,RJI(4)4EJ(4)HI(4) EMI(4),NLLL00),
4 D2(100),N3(100),04(1C0),VXINF,VYINF,VZINF,UF,VF,WF

DIMENSION XIK(100,4),ETAK(10044),DDJ(1004%)
 EQUIVALENCE (XIKoXI1), (ETAK,ETAL) 0(DDJsDL) ___
1 SUMy = n,0
SUMV = N, 0
SUMW = 0,0
IFI(NFPT.EQ.0) GO TN 13

2 00 12 J=L4NFPT
NFLG = | .
XLX = XME(J)ISXNZ(J)=XM7 (J) *XNE(J)
XMX = XNE(JV®XLZ(J)=XN7 (J)*XLF (J)
XNX = XLE(JI®XMZ(J)=XLZ(J)*XME(J)
X8 = XD-XRBAR(J)

——

Y8 = YD-YBAR(J)
78 = 2D-2RAR(J) L
DS = (XI3(J)=XT1(J))*®24(ETAI(JI-ETAL(J))®e2
D6 = (XI4(J)-XI2(J)) 22+ (ETAG(J)-ETA2(J)) **2
D7 = AMAX)(DS5,D6)
3 X[ = XLX®XBeXMX®YB+XNX®2R

FTA = XLE(J)*XB+XME(J)*YB+XNE(J)*78
ZETA = XULZ(J)*XReXMZ(JI*YReXNZ(J)*7R
RO = X[##2+ETA®$24+2ETA®S2
TJ = RO/DT
IF(TJ.LT.6.0) GO TO S
& SJ = Se(XI3(J)=XTL(J)I®(ETA2(JI-ETA4(J))/(RO*SQRT(RN))

VX[ = SJ*XlI
VETA = SJ*ETA
VZETA = SJ*ZETA
GO TN 90
S DO 6 I[=1,4
RI(I) = SARTIIXI-XIK(Jol))*24(ETA-ETAK(Jy1))*%242ETAS¢2)

EJUL) = ZETA®%24(XI-XIK(Jo1))*%2
CHIGT) = (ETA-FTAK(J I I#(XI-XIK(JoT))
11 = [}

IF(1.FQ.4) 11 =1 _

TRM1 = XTK(JeI1)=XIK(JWI)
lF__(_T_BAlQEQ.OOO’ TRML = 1.0€-6

EMJ(T) = (ETAK(JyT1)-ETAK(J,1))/TRM]
6 CONTINUE

vX! = 0.0

VETA = 0.0

V7ETA = 0.0
700 9 1I=1,4

11 = 1+1

CIF(1.EQ.%) 11 = 1 - N o
TRML = (RJCTIRICTLI=DDI(Io TN I/ IRICIISRICTLI ¢DDIC I, TN

_ TRML = ALOG(TRM1)



a———

——

10_VVVX = VVX

hﬁi.lﬁﬂ.'ii‘l

TRMZ2 = (ETAK(J,T1)I-ETAK{Jo1)D/00I(J0 1)
_TRM3 = (XIK(J,1)=-XIK{Js11))/D0J(Js])

TVXL = VXT+TRM2&TRMY
VETA = VETA¢TRM3&TRM]
8 IF(7ETAL.FQ.N.0) GO TN 9
TRM4 = ATANC(EMILTI®EJ(TI=HI(T)D/(ZETASRI(T)))
TEMS = ATANCIEMICTI®EQ(TLI=HI(TIL) )/ (2ETA®RILTILI)
_VIFTA = VIETA+TRM4-TRMS

9 CONTINUF
90 vvx XULX®VXT#XLE(L)S®VFTA®XLZ (J)*VIETA
VVY = XMX®VXT¢XME(J)SVETACXMZ(J)*VZETA
VVZ = XNX®VXI+XNE(J)*VETA+XNZ(J)*VIETA

GO TO (10,11} 4NFLG

VVVY = Vvy
Vil = vV
Y8 = ~YD-YBAR(J)
NFLG = 2
6N 70 3

11 TRM = SIGX{J)*VXINF+SIGZ(J)¢VZINF

SUMU = SUMU+TRM* (VVVX+VVX)
SUMV = SUMV4+TRM® (VVVY-VVY)
SUMW = SUMW4TRM®(VVVZeVVZ) ™~
12 CONTINUF
13 UFD = SUMU
VED = SUMV

WFD = SUMW
RETURN

END
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$SIBFTC ZZVLCT LIST,RFF
c WAKE VORTICITY CALCULATION PROGRAM - SURROUTINF VLCTY

SUBROUTINE viCTY
COMMON X(\kﬁ.kl.V(34ﬁ.4)ol(3‘ﬁ'6,00(34&.4,QV(34094'9H(340")'
GAMA(34N,4)SFG(340,4),GAMBL(10N),A1(100)0A(34",4),P1,RAD,
VMP.XMCLvX"SLoNR.NRNQNAONH.NUPT.NYAPFoNpﬂlNTQNDVfH'PSlnv.
XMU'XLA"'ALPHAIOP|~YOPS|F'XNA'DPS|'qu'Nwl'xNHOXNB"pNB'
Sé[yﬁAT'Cl'C?'PSIQTPIQXIoquT?oXJoNPSOJPSQlPSolpglvx‘vavv'

227,1SToIND,IFLG,SIGL,S1G2+S1G3+GGGoDEN, XNUL,XNU2 4 XNU3, IRT,
XMX o XMY o XM2 4 STG4oSIGS s RRySQI1¢SFoSO1¢SGoBF4LPS,SEGLySEG2,
SUMJLNCT ¢ XIPT(400) 4 YIPT(400), ZIPT(400) ,VX(400),VY(40D),
VZ(400) 4VXF(400),VYF(400),VZF(400) NXPT,NAB,FACTR,RB
1 DO 7 1=1,NXPY
VX(l) = 0.0
VY(T) = 0.0
vZtI) = .0
2 00 5 J=1,NRl
SIG2 = SQRT((XIPT(TI)=X(1,J))8e2¢({VIPTLI)=Y{1oJ))0024(2[PT(I)-
1 1(1,J))8%2)
—3 00 & K=1,NW
SIG1 = S1G2
_ SIG2 = SQRT((XIPT(I)=X(K$1,J))e®24(VIPTII)=Y(KS1,J))O®2¢(ZIPTII)=_
1 7(Kel,J))ee2)
SFGSO = SEG(K,J)ee?
HML = SIGle%2+S1G2882
IF(HM1.GT.SFGSQIGN TN 30
HM2 = ,258((STGL+SIG2)*#2-SEGSQ)*(SEGSO-(SIGI~S1G2)**2)/SEGSQ
IF(HM2.GT.A(K,J)#¢2)G0 TO 30
GGG = GAMA(K,J)/SFG(KyJ)
60 TO 31 _ _
30 GGG = GAMA(K,J)®(STG1¢SIG2)/(SIGI®*SIG2¢((SIGL+S1G2)s#2-SEGSQ))
31 XNUL = (YIPT(I)=Y(KoJ)I*(Z(KyJI=2(Ke10oJ))~(2IPT(I)=2(KsJ))}®
1 (Y(KeJ)=Y(Ket1loJ))
XNU2 = (Z2IPT(1)=2UKed))®(X(KyJ)I=X(KELoJ))=UXIPT(I)=X(KeJ))®
1 (Z(Kod)=2(Ke14J))
XNU3 = (XIPT(T)=X(KeJ)I®(YIKyJ)=-YIKEL o) I=(YIPTLI)=Y(KsJ))®
1 (X(KoJ)=X(K¢1od))
VX(I) = VXIT)eXNU18GGG
VY(IL) = VYLT)+XNUZ®GOGL
VZ(I) = VZ(1)+XNUSGGG
4 CONTINUE
5 CONTINUF - .
SIGL = SQRTIXIPTII)®*2+YIPT(1)#€2421PT(1)882)
DO_6_ L=1,NB
LPS = MOD(NPS+(NAS(L~-1))/NR+NAR,NA)
IF(LPS.EQ.N) LPS = NA -
XNUL = =YIPT(I)SZ(LoL)¢2IPT(I)®Y(L,L)
XNU2 = =71PT(I)eX(1,l DexIPT(I)e7(1,L)
XNU3 = =XIPT(T1)8Y(1,L)eYIPT(T)oX(1,L)
S162 = SORTU(XIPT(I)=X{1,L)V8%2¢(VIPT(I)-Y(l,L))®82+(2IPT(I)~
1 Z(1,L1)1%82)
DEN = SIGI*SIG2#((SIGL+SIG2)*82-1.0)
IF{DEN.EQ.0.0) DEN = ,001
GGG = GAMBLILPS)®(SIG1+S1G2)/DEN

D g O N[ W N
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)
RAD,

8,
(sYYY,
1o IR,
629

-

VYUI) = VY (1) ¢XNU2*GGG

N "W

VXLT) = VXUT)+XNUL*GGE

VZ7(1) = VZ(I)+XNU3*GGG
CONTINUE

VXLT) = VX(T)eXMCL+VXFLT)
VY(I) = VY(I)eVYF(I)
VZII) = VZIT)=-XMSL+VZF(1)
CONT [NUE

RETURN
FND
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APPENDIX 11

OPERATIONAL INFORMATION FOR THE MODIFIED SUPPLEMENTAL
FUSELAGE PROGRAM

This program is written completely in FORTRAN 1V,

INPUTS
CARD 1 NPTS: Number of fuselage elements N,
NPRNT: Number of 5‘-] coefficients to be printed;
i,e., NPRNT = (NPTS) (NPTS).
NIT: Maximum number of iterations to be

allowed in solving the equations ( in case
of divergence of the iterations),
NOPT: {# 0; indicates nonuniform flow option.
=0; indicates uniform flow option.
NDVCH: Not used,

CARD 2, 3, ..., (2)(NPTS) + 1 Xoto Yoo 3195 %20 Y290 F21-

Xgg. Y319 331 5 Xy Yug. Jo1-

Xeg Yr2> ¥r2 5 %22.922+%22- e€tc.

A listing of the program is given on the pages which follow,
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$SIBFTC ZIHFPF LIST,RFF
C CALCULATIUN OF POTENTIAL FILOW AANUT A HFLICAPTER FUSFI AGF
COMMON XI(100).l2(1“0).13110").(4(104l.v1(l"").vzllnﬁp.thl"O).
Y4(10N) 200100 )422010N0),7301N7) 424(17)) 4 XRAR(1NND),YRAR(1N))
o’BAR(lOﬂ’.AMTX".“’oxpT(Q).VDT(%’0797(6).X|l(l?ﬂ’.!lZ(lﬁq,
XII(LON) oy XTACI0C) JE VAL II00) 4 FTA2LINN)ZETAILLINN) (FTAL(LON),
JETAL(L100) 4 ZETA2(1CN) 47FTABLI0N) 42ETALLLNN) XLYX(LIND),
XMXLL00) o XNXCIFC)ZYLF(1ND) o XMF(LCO) o XNFLINO) o XLZ2ELONDy
XMZ0100) o XNZCL10N) RTD(G)4ETI(4),HIJLSL),D1(100),D2(1ND),
DICLON) 4DG(LON) RILCOL102) 4»SIGXILON) ZSTIG7LL10D) JNPTSGNDVCH,
EPS s ANy BMyON s AX s BX 4 GX o AE yBE ¢ GEgCX9CECLsDSoeN64NT 3 SIWNFLGY
FMLoEM2 o FMIEML XPP YPP L, ZFPoYRPP ¢XTTJL,ETATLU,7ETATJ,ROLR1
COMMON XTIRIJoFTARTJG7ETRIJoTIJoTRIJ VX' oVETAV7ETA,TMP],TMP2,TMP],
| — TMPL s TMP s VX g VYo VZ AT JsARTJoNL ¢ N2 o NPRNT (MPRNT NIT
DIMENSION X(10044)sY(100,46)3Z(100+4)¢XIK(100:4) FTAK(100,44),
1 TETAK(100,4)
EQUIVALFENCE (X oX1)o(YoVI)g(74Z1)o(XIRKyXTIY)o(ETAKZETAL) (2ZETAK,
1 LETAL)
DIMENSTION VXM(100),VZM(100)
1 CALL _CLEAR(X1,NIT)
READ 10N0,NPTS, NPRINT,NIT,NOPT,NOVCH,EPS
L 1000 FORMAT(S5164F6,.1)
READ 10010 (X(T9Jd) oV (TJ)el(T1od)ed=1,4), I=1,NPTS)
1001 FARMAT(6F12.5)
IF (NOPT.NE.N) READ 10CLo(VXM(T)oVIMIT) o I=1,NPTS)
CALL DVDCHK (NDVCH)
2 DD 18 [=14NPTS
AN = (YA D) =Y20IN) & (Z23(1)=2101))=(24(1)=22(1))&(Y3(L)=YI(1))
AN = (24(D)=72(1) )& (X3(L)=XL(T )V =(XG(1)=X2(1)DE(ZIL1)=71(1))
GN = (Xe(I)=X20TN)(YA(T)=-YLI(TI))=(YOQ(TI)=Y2(1))&(XI(T)=X1(1))
XRAR(T) = (XL(U)ex2(T)exA(T)eXL(1))/4,.0
YBAR(T) = (Y1(L)ev2(l)eYI(1)eYa(I))/a,D
TRAR(T) = (21(1)+7201)¢723(1)¢24(1))/6.0
3 IF(ANJNE.O.0) GO TO 8§
IF(RAN.NE.N.?) GO TO 8
IF(GN.NF.0.0) GO TO 6 ) . o
4 WRITE(691002) 13 (X(Tod) oY (Ted)e2(l1od)ed=loeb)
1002 FORMAT(&4O0H BAD SET OF POINTS FOR QUADRILATERAL NO., I15/6413F9,4,5X%))
Gh vn 1
6 NN T J=l,4
XPT(J) = X([4J)=- -XBAR(1)
YPT(J) = Y(1,J)=-YRAR(I)
IPT(J) = N0
7 _CONTINUF
60 7D 14
8 AMTX(1,1) = AN
AMTX(1,2) = AN
AMTX(1,3) = GN
AMTX(2,1) = BN
AMTX(2,2) = ~-AN
AMTX(2,3) = 0.9
IF(AN.NF.0.0) GO TO 11
9 AMTX(3,1) = 0.0
AMTX(3,2) = GN

O BVdOIN P W N -




4

12

13
_ 14

AMTX(3,3) = -BN

DN 1o

J‘lv“

TAMTX(194) = ANS®YBAR(I)+¢GN®ZRAR(T)
AMTX(246) = UNEX(],J)

AYTX(3,64) = GNEY([,J)-ANE7(1,4J)
CALL SIMSOL (AMTX,3,3)

XPT(J)
yereJ)
IPT L)

AMTX(194)=-XBARL(I)
AMTX(2,6)-YRAR(T)

AMTX(3,4)-2BAR(T)

10 CONTINUF

GO 10 14

11 aAMTX(3,1)

GN

AMTX(3,2) = 0.0

_AMTX(343)

pn 13

=AN

FEIOYY

AMTX(1,4) = ANSXBAR(I)+BN*YRAR({I)+GN*2BARIT)
AMTX(2.4) = ANEX(TJ)I-ANSY{1,J)

AMTX(344) = GNOX(1,J)-AN®Z(14J)

CALL SIMSOL(AMTX,3,3)

XPT(J)
YPT(J)
PTLy)

= AMTX(1,464)-XBAR{T)

= AMTX(2,4)-YBAR(T)
= AMTX(3,6)-7BAR(]I)

CONTINUF
AX = XPT{3)=-XPT(1)
AX = YPT(3)-YPT(])

AF
RE
GE
cx
CE
_cz
TxLx(n
XMX(T)

GX_= [pT{2)-7PT(1)

ANEG X=8 X% Giv
GN®AX-GX*AN
AN®BX-AX*BN
1.07SORT(AX®®2+BXER24GX%%2)
1.0/SORT(AF*%2+4BE**24GE*+2)
1e0/SART(ANSE2+BNE®24GNE¢2)

= CX#AX
CX*BX
CX*GX
CE*AE
CE*BF
_CFeGE

16

17
18
19

on 17

- CZ*AN

Jzly4

XIKETod) = XLXCTISXPT(JI4XMX(T)®YPT{J)4XNXII)®7PT(J)
ETAK(T,J) = XLE(T)®XPTV(J)+XMF(T)®YPT(J)+XNE(L)*IPT{J)

TETAK(T,J) = XLZ(T)®XPT IV 4XMZ(TIRYPTI ) ¢XNZ(T)*7PT(J)

CIONT INUE
CONT INUE

nn 31
D1(J)
n2¢J)

J=1,NPTS
SORTIIXTI2(JII=XTL(J))**2e(ETA2(J)-ETAL(J))*%2)
SORT(IXTI3Z(JII=-XI2(J) )22+ (FTAI(J)-FTA2(J))se?)

03(J)

SORTIIXI&(II-XI2(IVI® 2 (ETAL(JI-ETAS(J) ) **2)

D4(J) = SQRTEIXTI(JI=XT&(J))**24(ETALII)-ETAG(J))*&2)
D5 = (XI3(J)-XIL(J))&224(FTAI(JI-ETAL(J) ) *s)
D6 = (X14(J)-XI2(J))**2¢ (ETAG(J)I-ETA2(J)) 082
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N7 = AMAXL(DS5,06)
S = JH*IXTICII-XTLIEJ)I*®IFTA2(JI=FTA4L(J))

TRM = X12(J)-=-X11(J)

_ IF(TRM.EQ.0.0)TRM = 1.0F-5
EML = (FTA2(J)-ETAT(J))/TRM
TRM = X13{J)~-X12(J)
IF{TRMFQ.0.0)TRM = 1 ,0F~-6
EM2 = (ETA3(J)-ETA2(J))/TRM

TRM = X16(J)-X13(J)

N IF{TRM.EQ.0.0)TRM = 1.0F-6 e
EM3 = (ETAGLJI-ETAI(J))/TRM
TRM = XT1(J)-X14(J) _
IF(TRM.EQ.C.0)TRM = ]1,0E-6
EM4 = (FTAL(J)-ETAG(J))/TRM

20 DD 30 [I=1,4NPTS
NFLG = 1
XPP = XRAR(I)-=-XRAR(J)
_yep YBAR(U)-YBAR(J)
pp IBAR([)-ZBAR(J)
YRPP = -YBAR(I)-YRAR(J)

XTIJ = XUX(J)I*XPP+XMX(J)*YPP+XNX(J) #27PP
ETATJ = XLE(J)®XPP4XME (J)EYPPeXNE(J) *7PP

T7ETALIJ = XLZ(J)RXPPXMZ(J)&YPP+XNZ(J)®7PP
COXIRIJ = XUX(J)®XPP#XMX(J)RYRPP+XNY(J) *#2PP

T UETAKIJ = XLE(J)®XPP+XME(J)®YRPP+XNF (J)*7PP
ZETRIJ = XLZGJi+XDPavMI (J)XYRPP+XNZ(J) *7PP

Rl = XIRTJ**2+4ETARIJ*#2+7FTR] j*%?
RO = XITJS®2+ETATJ*®2+ZETATI*%2
TIJ = RO/DT

~ TRIJ = RL/DT

21 IF(1.NE.J) GO TO 22
VXl = 0.0

VETA = 0.0
 VZETA = 6.2831853072
GO TN 27
22 1F(TIJ.GT.6.0) GO TN 26
23 00 26 K=l,4
RIJIK) = SORT(IXITJI=XIK(JoK)) €2+ (FTALJ-ETAK( oK) )##2¢7ETAlJ0%2)

ETJ(K) = ZETATJ**24(XT1J=-XTK(JoK))* %2
HIJK) = (ETATJ-ETAK{JK)I*(XTIJ-XIK(JyK]))
24 CONTINUE
TMPL = ALODGUIRTJ(DI4RIF(2)=-NLINIZIRIJILI4RII(2)4DLCINNI/DLLY)
TMP2 = ALOGU(RIJ(2)I4RIJ(3)=-N2(I)I/(RII(L2)+RTI(3)+D2(I)i)/D2(J)
TMP3 = ALOG(I(RIJ(3)I+RTJ(4)-D3(J))I/(21J(3)+RTJ(4)+N3(J)))/D3(J)

TMP4 = ALNGU(RIJ(AI+RTI(LI=-D4G(J))I/(RTIJ(LI+RTIJI(L1I+DNG(J)))/DGLLY
VXT = (ETAL(J)-ETA(J))I*TMPL4(ETA2{J)-FTA3(J))I*TMP2+(ETA3(J)-

1 ETAG(J))*TMPI+(ETA4L(J)-ETAL(J))*TMPS

VX1 = -vXI

VETA = (XTL(J)=XT2(2))*TMPL#(XT20J)=-XT3(J))*TMP2+(XTI3(J)-XT4(J))%
1 TMP3I+(XT14(J)=XT1(J))*TMPS

IFIZETATJ.NE.0.0) GO TO 25
VZETA = 0.0
G0 TD 27

25 VZETA = ATANC(EMISETJ(L)=HIJ(1))/(ZETALI*RTI(1)))-ATANC(EML*ETI(2)
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“HIJU2))ZU7FTATISRIJI2)) ) SATANLIFM2SELJ(?2)-HIJ(2))/(7€TALY
SRIJE2) ) I-ATAN((FM2¢ETJ(3)-HTIJ(3))/(7FTALISRTIY(3) ))e

(€ VS RN

26

ATANCIEMISETJ () -RIJ(3) )/ (ZETATS*RTJTUINII-ATAN((EMISETJ( &)
“HIJUG) ) /(7ETATISRIJ(4)))+ATANL(FMGOETI(4)=HIJ(4))/(ZETALY
SRIJ(6)))-ATANI (EMGSE D) I=-HTII(1))/(ZETALISRII(L)))

GO TO 27

TMP = SJ/(RO*SQRT(RO))

VXI = XI1JeTMP

—=ma o a e i e cm———— > e ———

27

VETA = ETAIJ¥TMP
VIETA = ZETATJ$TMP . .
VX = XLX(J)SVXT+XLF({J)SVETASXL? (J)SVIETA
VY = XMX(J)#VXI+XME(JISVETASXMZ(J)SVZETA
VZ = XNX(J)SVXI+XNE(JISVETASXNZ(J) $VZETA
GO_TD (28429),NFLG

28

ATY = XLZUTI®VXeXMZITI®VY+XNZ (T1#V2
NFLG = 2

XI1J = XIRIJ
ETAIJ = ETARIJ
ZETALJ = 2ETRIJ
RO = R]

29

30
3]

T1J = TRIJ
GO TO 22
ARTJ = XLZUT)eVX=XMZ(TY#VY+XNT(1)*VZ
BllyJ) = AIJSARIJ
CONT INUF .

CONT INUE

32

320

33

34

1003
1
35

Nl = NPTS+1

N2 = NPTS+2 .

N0 33 [=1,NPTS

IF (NOPT.NE.D) GO TO 320

ARET4NL) = =XLZLT)

__A(I4N2)_= =XNZLI1)

GN YO 33

BULLNLD = =XLZ(T)OVXMUTI-XNZLT)SVIMIT)

BLI4N2) = B(I,N1)

CONT INUE

IF (NPRNT.FQ.0) GO TO 38

MPRINT = MINOINPRNT,NPTS)

DN 37 1(=1,MPRINT,8

18 = MINO(I+7,MPRINT)

WRITE(641003)1,18,MPRINT

FNRMAT ( 1H1,44X42HPOTENTTAL FLOW ABOUT A HELICOPTER FUSELAGE //SNX
L1IHRTJ FOR J =13,2H =13,9H , I = 1=-13/)

NO_36  J=1.MPRINT

. 1004
36
37
38

WRITF (64 1004)(BUJ K)o K=T,18)
FORMAT(BE1645)

CONT INUE

CONT INUE

CALL SIMEQ

CALL_OuTPUT

GN 10 1

END
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$IBFTC ZISMEQ LIST,REF
C CALCULATION (OF POTENTIAL FLOW ABOUT_A HELICAPTER FUSFLAGE - SIMFQ

SUBROUTINE SIMEQ

COMMON X1(100) ¢X2(100)4X3(1N0) X+ 1CN),YL(100),Y2010N),Y3(100),
Y4(100),21010N),72(1N00),23(100),740170)+XBAR(10D),YBAR(1D))
o IBAR(100) yAMTX(344) o XPT(4),YPT(4) ,ZPT(4)yXEL(100),XT12(130)
o XI3(100) JXI4(L00)ETALILO0) ,FTA2(10N),ETA3(10N),ETAL(LON),
ZFTAL(100),2ETA2(100) 42ETAI(100),2ETASL(100),XLX(1N0),
XMXCL00) o XNXCL00) ¢ XLE(100) ¢ XME(LO0) 4 XNEL100) XL Z(100),

) XMZ(100) o XNZ(100)RIJ(4)ETI(4),HII(4),DL(10ON),N2(100),@®
D3(100)4D4(100),B(1N0,102),SIGX(LI0N),SIGZ(L0") 4NPTS,NDVCH,
EPS'ANQBN'GNQAXQBX'GXQAE_'BE’GE'CX'CE’CZ'DS'D6'D7'SJ'NFLG'_
EML,yEM2yFM34EMLy XPP,YPP,ZPP,YRPPXITJ,ETATIJ,ZFTALJ,R0OyR]

COMMON XIRITJJETARIJZZETRIEJyTIJZTRIJ,VXI VFTA,VZETA,TMP]1,TMP2,TMP3,
1 TMP4 o TMP s VX g VYo VZ gATJoART JoNL1 ¢ N2y NPRNTy MPRNT (NIT
DIMENSION X{100,4),Y(10004) +2(10C%) 4XIK(100,4) 4ETAK( 100,40,
1 ZETAK(100,4)
EQUIVALENCE (XoX1)o(Yo¥1)o(ZoZ1) o (XIK/XI1)o(ETAK ETAL) ) (ZETAK, _
1 1ETAL)
DIMENSION U1(100),U2(100)
1 JS = Nl
EPS1 = 100.0%EPS
2 IT =0
300 6 1I=13NPTS
VI(T) = 0,0
4 DO S J=1,NPTS
TERM = =B(I,J)/B(I,1)
IF(1.EQ.J) TERM = 0.0
UL(E) = ULIT)+TERM*UL(J)
5 COMTINUE o
UILE) = ULt +B(T,JS)1/8(1,1)
6 CONTINUF
7 DO 10 [I=1,NPTS
. IF(U2(I).NE.O.O)GO TO B
TMP = ABS(U2(I)-ULLED))
GO TN 9
8 Tme = aBSC(U2(T)=ULLINI/V2(L))
9 [F(TMP.GT.k¥S) G2 TN 1§
10 CONTINUE
| IF(JS.EQ.N2) GO TO 13
11 DD 12 [I=]1,NPTS
} SIGX(I) = UlLll)
12 CONTINUE
JS = N2
G0 10 2
13 DO 14 [I=1,NPTS
SIGZ(T1) = UlL(l)
14 CONTINUE
RETURN
15 I7T = [Te¢l
IF (IT.GE.NIT) GO TO 18
16 DO 17 1I=1,NPTS
vuatn) = vy
17 CONTINUE

O DN N> WN -
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60 10 3

18 IF(JS.FQ.N2) GO TN 19

WRITF(6,1000) EPSL,NIT

1000 FORMAT (SX4B8HEQUATIONS FOR SIGMA X DID NOY CONVERGF TO WITHIN F7.4
1 +12H PER CENT IN 16411H TTERATIONS )
6O 10 11

19 WRITE(6,1001) EPS14NIT
1001 FORMAT( SX48HEQUATIONS FOR SIGMA Z OIND NAGT CONVERGF TO WITHIN F7.4

1 912H PERCENT [N [6,11H ITERATIONS )
¢Ghto 13 e —
END
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scn Nl

$IBFTC 720UT  LIST,RFFH

c

SURROUTINF OUTPHT

COMMON XI(ION) ¢X2(100)¢X3(100)1.X4(100),YLIION), Y2010 ),Y3(100),
YAU100) 4210100),22(107) 73(130),74(170)XRAR{ 10D ), YBARI1D))
2 IBARCL00)I g AMTX(394) ¢ XPT(4)¥YPT(46)2PTI4) XTLL1ON),XTI2(]D0)
oXT3(1N0) oXT4(100),FTALILCO) o TTAZLION)JETAI(ION) FTALLTON),
JETALU100),ZETA2(10N),2FTAI(1N0) ,7FTAG(10O0),XLX(170),

XMZE1D0) o XNZC100) yRIJUA) 4 ETI(4) 4y HIN(4),DLL10NM),N20100),

EpsoAN0BNoGNoAXOBX'Gx'ﬂEQBE_QGEoCxQCEOCIQDSODﬁ00705J0NFLGO
EM]L ,FM2,EMI EML,XPP,YPP,7PP,YRPP XTITJyETAIJLZETAIJyRN,HR]
COMMON XIRIJyETARIJ,LFTRIJZTIJ,TRTJ, VXT,VETA, V?FTAOTHPI TMP2, TMP Y,

O O NS WN -

CALCULATION OF POTENTIAL FLOW AROUT A HFLICOPTER FUSFLAGE - OUTPUT

XMX(1000) 4 XNX (100, XLE(100), xME(looy.xNF(100’.xL1(100).' T

03(100)004(IOO).B(IOOo)02)9SlGX(100)oS!GZ(lOQ)oNPTS.NDVCH.'”

1 TP, TNP VX VY, VT s ATJs ARTI NT,NZ,NPRNT, MPRNT, NTT
DIMENSION X(100,4)sY(10044)+2{10044) XIK(10044),ETAK(100,4),

1 ZETAK(100,4)

EQUIVALENCE (XoX1) o (Y,Y1) o (ZoZ1) s (XIKyXT1) ¢ (ETAKETAL) o (ZETAK,
1 ZETA)

DIMENSION T1(100)

1 PUNCH 1000,NPTS

5 CONTINUF

1000 FORMAT(32HZ7 HELICOPTER FUSELAGE PROGRAM [6422H POINTS - HARVEY
1SELIBy12X2HZZ )

=1 o
12 =2
13 = 3
14 = 4

200 3 [=1,NPTS .
PUNCH 1001, XBAR(I) YBARIT),ZRAR(T) ,SIGX(T)ySIGZ(T),7ERN, 1,11
PUNCH 1001oXT1(T)oXT2(T) oXI3( 1) XT14 (1) ETALII)ETA2(TI), 0,12
PUNCH 1CCL,ETAI(T) 4ETAG(1),D1(1),02(1),03(1),D4(1),1,13

_PUNCH 10N ) XLELT) o XME(T) oXNELT5oXLZUT) o XMZET) 4 XNZ(T) 41,414

1001 FURMAT(6E12.54 16912}
3 CONTINUE
NPAGE = NPTS/S0
IF(NPAGE*SO.LT.NPTSINPAGE = NPAGE+L
6 DN § 1=1,NPAGE
11 - 50%([=1)+1

12 = MINO(T1433,NPTS)
WRITE(AZIN02)(SIGX{JI)»STIGZ(J) o XLZ(J) o XMZII) o XNZ(J)wJI=11,12)
1002 FORMAT(1H1,44X42HPOTENTIAL FLOW ABOUT A HFLICOPTER FUSELAGF /718X
1 THSIGMA Xy ISXTHSIGMA Z,12X11HLAMBDA 7€TA, 14XTHMU ZETA,15X
2 THNU ZFTA / (F2T7.544F22.5) )

D S

PUNCH 1003
1003 FORMAT( AOHSASE SR RRAREARRREERERRE RS SRR SRR ERREREREEREER AR 0E

| ¥R ERRECEESEERARRSEEERE)
6 DN 7 [=14NPTS
TI(I)=-YRAR(T)

7_CONTINUE
PUNCH 100%qs (XBAR(T) s VBAR( 11, ZRAR(T ) g XBAR(T ) o TI( 1) 3 ZRAR(T ],
1 1=1,NPTS)

1004 FORMAT(9F8.3)
RETHRN
END
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