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SUMMARY

As part of a study carried out at Cornell Aeronautical Laboratory for the

U. S. Army (Contract No. DA-30-069-AMC-645(R)), two digital computer

programs were prepared which direct the calculation of the time-varying

flow in the vicinity of a helicopter rotor in forward or hovering flight.

Fuselage interference effects are taken into account. The applicability of

these programs to specific problems and procedures for their use are the

subjects treated here.

First, the assumptions made in constructing the mathematical model and the

relationship of the model to the physical flow are outlined. In this connection,

the assumptions necessary for numerical analysis and the functional structure

of the programs are also given.

Then, the formulations which were coded are presented. Included in the

formulations are the coordinate identifications used and the definitions of

program variables.

Finally, the procedures for implementation of the programs are given. The

relationship of input quantities to aircraft flight parameters, program

accuracy and computer running time are specified. A sample calculation,

including both inputs and outputs, is presented. Program listings and

operational information related to the programs are given in appendices.
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FOREWORD

The work reported herein, performed between September 1964 and September

1965, 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 performed

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

Mr. Thomas Coyle as Technical Supervisor. Dr. Peter Crimi of CAL

conducted the study and received assistance from Mr. Alexander Sowydra

during the development of the mathematical model and Mr. Harvey Selib for

the digital computer programming.

This document is Part 2 of the final report under the contract. It describes

the formulation and application of the rotor.wake flow computer program and

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

Part I of the final report describes the development of the theory, discusses

the results of the computation, and provides a comprehensive discussion

of the work performed under the contract.

CAL Report Numbers have been assigned as follows:

BB-1994-S-l, THEORETICAL PREDICTION OF THE FLOW IN

THE WAKE OF A HELICOPTER ROTOR, Part I - Development

of Theory and Results of Computations

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

THE WAKE OF A HELICOPTER ROTOR, Part 2 - Formulation

and Application of the Rotor Wake Flow Computer Programs
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1. INTRODUCTION

A study was carried out at Cornell Aeronautical Laboratory for the U. S.

Army (Contract No. DA 30-069-AMC-645(R)) with the objective of developing

a theory for the prediction of the flow field in the wake of a helicopter rotor.

As a part of this study, two digital computer programs were prepared which

incorporate the analytical models derived. Given 'the flight conditions and

geometric configuration of the aircraft, the programs direct the computation

of the time-varying flow at arbitrary points in the wake of a translating rotor.

Account is taken of fuselage interference effects.

This report is intended to provide the information which would be of use to

technical personnel who have need of the data which these programs supply.

An outline of the mathematical models used, the major simplifying

assumptions applied and the relationship of the mathematical model to the

physical flow are given so that the user may determine the applicability of the

program to his particular problem. In addition, the equations which were

coded are given and the necessary inputs are listed together with their

relationship to flight conditions and their effect on running time and overall

accuracy. The latter information will allow the user to convey to a computer

programmer sufficient data to implement the programs in the manner

desired.

No attempt has been made here to present rigorous derivations or complete

justifications for the formulations given and assumptions made. The intention

rather is only to provide sufficient information concerning the model so that

its limitations and applicability are made clear. The complete derivation of

the theory which the computer programs implement is reported in Reference 1.

The information necessary for the physical operation of the programs is

given in Appendices I and II. Included there are program restrictions,

usage, data preparation, and coding information.

I
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Z. THE MATHEMATICAL MODEL

DISCUSSION OF THE PHYSICAL FLOW

It is desired to define analytically the flow in the vicinity of a helicopter in

translational or hovering flight out of ground effect. Consideration is limited

to craft having a single rotor with from one to four blades.

There are three primary contributions to the flow at a given point relative to

the aircraft. Specifically, the rotor blades, the wake of the rotor blades, and

the fuselage all affect the air velocity. These three effects are interrelated

in a highly nonlinear manner. The lifting blades induce a flow on their

wake, causing the wake to distort. The distorted wake induces a flow on the

blades, altering their loading, the two combine to affect the flow about the

fuselage, and the fuselage in turn affects the blade loading and wake displace-

ment.

The blades may be regarded as wings of very high aspect ratio in a free

stream which is varying harmonically in time. The wake is generated by the

blades as a thin sheet of vortical fluid. This sheet has been observed to roll

up very rapidly into a pair of vortices (see Reference 2) so that except for the

region a few chord-lengths behind the blade, it appears that each blade has

trailing from it two vortices, one from the vicinity of the tip and one from

the root. Smoke pictures (Reference 2) and the results of an analytical treat-

ment of the wake of a hovering rotor (Reference 3) indicate that the root

vortices are rapidly swept up through the center of the rotor plane and then

dissipated. The root vortices, therefore, contribute very little to the flow.

The smoke pictures also indicate that the tip vortices are quite stable and

experience very little viscous dissipation, sustaining themselves for

several rotor revolutions.

From the point of view of the fuselage and/or any nonlifting appendages, the

flow appears as the superposition of a steady free stream caused by the

translation of the aircraft and the periodic flow induced by the rotor and its j
wake. The contribution of the fuselage to the flow at any point is essentially

that due to a body of complicated geometry in unsteady potential flow. [
2



THE MODEL FOR THE ROTOR

A wing of high aspect ratio may be mathematically represented, to a very good

approximation, by a line vortex with a spanwise variation of circulation such

as to produce the proper variation of lift in the spanwise direction (see, for

example, Reference 4). Each rotor blade has, therefore, been replaced by

a line vortex with one end located at the position of the rotor hub and the

other at the position of the blade tip. It has been assumed in adopting this

model that the fluid is inviscid and incompressible. This assumption has

also been made in formulating the models for the wake and fuselage.

A rigorous treatment of the blade effects would include the specification of

radial and azimuthal variation of the circulation about these blade vortices

in terms of the blade geometry, the blade motions, and the flow induced by

the wake and fuselage. However, it is known a priori that the circulation

does not vary substantially in the radial direction and that it varies

azimuthally in such a way as to provide nearly a constant lift. Insofar as the

blades affect the flow, then, they may be well represented by varying the

circulation sinusoidally so as to produce nearly a constant lift and by taking

the circulation as constant in the radial direction. This representation of the

rotor has been adopted, with the total lift produced by the vortices made to

equal the weight of the aircraft.

THE MODEL FOR THE WAKE

Since the wake of a rotor has been observed to consisi primarily of vortices

emanating from near the tip of each blade, the wake is represented by

potential vortices, one originating from the tip of each blade vortex, which

terminate at some arbitrary point far downstream. The circulation about a

wake vortex in the physical flow at any given point is simply related to the

L circulation about the blade when it generated that portion of the wake.

Consistent with that relationship, the circulation about the model of a wake

vortex at any point is prescribed to be that which the vortex representing

the blade had when it produced that wake element.
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As a segment of a wake vortex is generated at the tip of a blade vortex when

the blade vortex rotates and translates, a corresponding segment is discarded

at the downstream end of the vortex. In this manner, the program is not

encumbered by a wake of ever increasing size, while the essential structure

of the wake is retained.

It should be noted that the positions of the wake vortices are not known a

priori. The positioning of the wake is a function of the spatial and azimuthal

variations of the flow, which in turn depend on the wake geometry itself.

The location of the wake vortices, in fact, constitutes the primary function of

the program. Once the wake has been located, at a given instant, the flow at

any arbitrary point is completely defined and may be computed in a straight-

forward manner.

An enormous simplification would, of course, result if the wake geometry

were prescribed by using some plausible assumption. This, in fact, has

been done in a number of analyses and useful results obtained. For example,

the time-varying flow in the rotor plane (Reference 5) and an indication of the

spatial distribution of the time-average of the downwash (Reference 6) have

been obtained in this manner. However, this program has as its objective

the accurate prediction of the time-varying flow at arbitrary locations in the

vicinity of the aircraft; wake distortions are a major factor in defining this

flow, and can neither be neglected nor assumed known without introducing

unacceptably large errors.

Also, it should be noted that the wake vortices must be assumed to have a

small but finite core of rotational fluid (which, in fact, a physical vortex must

have) even though the flow external to this core is precisely that due to a

simple potential vortex having an infinite velocity at its center. This

assumption is necessary because, if the wake is to be allowed to convect

under its own influence, then the effect of immediately adjacent wake elements

on a wake vortex must be computed. If a simple potential representation

were used, infinite velocities of convection would then be predicted throughout

the wake. On the other hand, the so called self-induced (i. e., locally induced)

4



fluid velocity acting on a finite-core vortex may be obtained in terms of the

local curvature of the vortex and its core radius. The expressions for this

velocity have been incorporated in the program.

The size of the core of a physical vortex is related to the kinetic energy in

the flow. This relationship may be utilized to provide a ratinal means for

computing the core size of the wake vortices for the model, This was done,

and computations were performed which revealed that core size is relatively

insensitive to flight conditions or blade azimuth and that a value for core

radius of five percent of a rotor radius may be utilized for all flight conditions

without introducing significant errors.

Core size may change significantly due to stretching of wake vortices; the

volume of the rotational core must remain constant in an inviscid flow.

This effect has been taken into account in the formulation.

THE MODEL FOR THE FUSELAGE

The fuselage is represented as though it were immersed in a uniform free

stream of constant magnitude and direction. The assumed free stream

consists of two components, one being the negative of the velocity of translation

of the aircraft, and the other being a time and spatial average of the down-

wash induced by the rotor -.nd its wake. The latter component may be computed

by temporarily omitting the fuselage representation from the program and

evaluating the desired averages where the fuselage is located.

At high forward speed, the time and spacial variations of the stream

experienced by the fuselage are small, and so may be neglected without

causing large errors. At low forward speed the flow over the fuselage does

vary substantially, but the total effect of the fuselage is then small in

comparison with wake and rotor-induced effects, ar.d so the error is again

not appreciable.

Since, in general, the geometry of a helicopter fuselage cannot be adequately

described analytically, neither can the flow about the fuselage be represented

in simple closed form. However, assuming that the fluid is both incompressible

l5
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and inviscid, which it very nearly is, the potential flow about a nonlifting body

may always be represented by replacing the body by a surface distribution

of potential sources having spacially varying strength (see Reference 7).

This representation has been used to compute the effect of the fuselage on

the flow.

ASSUMPTIONS FOR NUMERICAL ANALYSIS

The models of the rotor blades, the wake, and the fuselage described above

may, at least in general terms, be formulated as continuous functions of time

and spacial coordinates. A digital computer cannot, of course, continuously

integrate continuous functions. Therefore, step-wise and interpolative

approximations have been made.

A rectangular integration scheme is used in performing integrations in time.

That is, when integrating velocity to compute displacement, the velocity is

assumed to remain constant over an interval of time corresponding to a small

finite change in the azimuth position of the blades.

Spacial integrations over the wake vortices are performed by assuming that

these vortices are made up of small rectilinear vortex segments whose

circulation is constant from one end point to the next. The position of the

wake is then defined by the locations of the end points of these segments.

Consistent with the approximation made in the time integration, the initial

length of each wake segment is the length of the arc swept out by the blade

tip over the interval used for time integration. Self-induced effects at a given

wake point are computed by taking, as the local curvature, the reciprocal of

the radius of the circle passing through the wake point in question and the two

wake points adjacent to it.

The surface of the fuselage has been replaced by a set of plane quadrilateral

source sheets. The source strength per unit area for a given sheet is

assumed to be uniform over the sheet. The determination of these strengths

may be separated from the actual computation of the flow, and is accomplished

6



with a separate computer program. The output of the latter program then

forms part of the input to the main program.

FUNCTIONAL STRUCTURE OF THE PROGRAMS

The Main Program

The program modeling the rotor, the wake and the fuselage has been con-

structed to form a numerical analogue to the physical flow. Given an initial

wake geometry and aircraft flight conditions, it proceeds to integrate in'time,

convecting the wake according to the analytical prescriptions described above.

The process will continue through as many rotor revolutions as desired. It

has been found that generally a periodic flow is eventually established after

which, of course, no further information can be obtained by continuing the

computations. A criterion has been found for choosing a number of rotor

revolutions sufficient for the establishment of a periodic flow. This criterion

is given in the discussion of program implementation.

As the computations proceed, the wake configuration, as well as fluid

velocities at any points desired, at a given instant (i. e., azimuth position)

are stored on tape. This information is relinquished as output upon

completion of computations.

The flow of information as computations proceed is represented schematically

in Figure 1.

The Supplemental Fuselage Program

As noted previously, the function of the supplemental fuselage program is to

determine the strengths of the source sheets representing the fuselage. The

procedure used is based on the method reported in Reference 8. The program

is given the locations of the quadrilaterals representing the fuselage surface.

It is then required that the combined effe' cs of the free stream and the sum

of source-induced velocities be such that the fluid velocity normal to each

element be zero. This requirement provides a set of linear algebraic

7
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equations with the source strengths as unknowns. The fuselage program

computes the coefficients for this set of equations and then solves them, using

I a simple iterative procedure. The strengths and related geometric parameters

are the outputs, which are then used as inputs to the main program.

L
i

I

I'
I
I
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3. FORMULATIONS FOR THE MAIN PROGRAM

In the following sections, the equations are given which were coded for the

main program. All distances have been nondimensionalized by rotor radius

R and velocities by rotor tip speed fiR, where xiis the angular velocity of

the rotor.

COORDINATE IDENTIFICATIONS AND NOMENCLATURE

Rotor and Rotor Wake

A coordinate system fixed in the tip-path-plane of the rotor is used. The

model for a two-bladed rotor and its wake is shown in Figure 2. As noted

on the figure, a free stream of dimensionless magnitude /is directed at an

angle ar to the tip-path-plane and parallel to the 6-j plane. The azimuth

position V of the rotor is defined to be the angle between blade vortex 1 and

the z-axis, as shown (blade numbers increase in a counterclockwise direction

when the rotor is viewed from above). The points P- are the wake reference

points; the first subscript, i , increases successively proceeding down the

wake vortex for a given blade, and the second subscript, j , denotes the

number of the blade which generated that wake vortex. Each wake segment

is associated with that end point having the lower first subscript. For

example, the element between points Pzz and P3 is denoted as element (2, Z).

Each element (i,j) is assigned a dimensionless core radius Qy and

strength /' . For convenience in computation, the latter quantity has been L

normalized by the average circulation about the blade vortices.

10
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Fuselage

The model of the fuselage is referred to the same coordinate system as is that

of the rotor and its wake. The surface representing the fuselage is shown
schematically in Figure 3, with a few representative source-sheet elements

outlined.

__ .
, I

\m+2 I

M + 2

: "M + II

FUSELAGE i
ELEMENT m' '

Figure 3 SCHEMATIC REPRESENTATION OF FUSELAGE MODEL

II
I

12



The fuselage is assumed to be subjected to a uniform free stream with

6- component / cos arrand .- component Z,. -,a sinar, where w2 is a time and

spacial average of rotor and wake-induced velocities acting on the fuselage

in the j-direction. The fuselage has been assumed to be symmetric about

I the z-plane, so that only half of the fuselage need be considered. The source

elements are numbered consecutively from m= 1 to rm= Np , where A,; is the

I number of fuselage elements representing (half of) the fuselage. Each fuselage

element has its vertices numbered (from one to four) in clockwise fashion

when viewed from the exterior of the fuselage.

Associated with each fuselage element m are the normalized source strengths

a-- and a- The total source strength of element m is thus
Xrn )'M /ZCOS a r a- + ( -A4zsin CeT ai m

The quantities C,,, and CC are computed by the supplemental fuselage program,
as described in Formulations For The Supplementary Fuselage Program.

Certain other quantities are also obtained from the supplemental fuselage

program and used as inputs to the main program. These quantities define

the position and orientation of the elements. Their definitions are given in

Formulations For The Supplementary Fuselage Program.

EQUATIONS FOR COMPUTING DISPLACEMENTS AND VELOCITIES

General Equations

Let dq, ,, and ,,) denote the dimensionless components

I of fluid velocity at point (%oq. 3)for the rotor at azimuth position p . Then if

(zi y f j) denote the coordinates of vortex end point Pi'j , the wake

I displacement is given by

1
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Y

gzJ(g+ iLA/) = W .,j(VJ) "u' ,m.i,, qi-f,j. , ik V)A i/

;d(g+~t i ) = J'if,j (Ct) + L/( &I-fx .7 , '*i-, 1.,j' ,' AJ ~P (1)

for i =23, ••" A/l #1

and j=f, 2," A18 .

The integers Ng and AIWdenote, respectively, the number of blades and the

number of wake elements per blade included in the calculation, and Ai is the J
incremental change in blade azimuth position:

IVA

where /A is an integer, being the numbe- of azimuth stations into which the

rotor plane is divided, and AlR is the number of revolutions of wake per blade
taken into account.

The wake and blade reference points not determined through equations (1),

namely PJ and P, , are simply located according to

=Io ( )

01

for J /,2, .. , A 8 .

The fluid velocity components at a point N,%))needed in Equations (1) and in

the definition of the flow at an arbitrary point, may be broken down as
follows:

14



v , = (Z( V. , ( V, +z . (X, e,) (3)

where A is an input parameter which relates directly to the thrust on the

rotor (see Procedure For Implementation Of The Programs),i., , and V,,

are the contributions of the wake and blade vortices and c , VY and Vc,. are the

I contributions of the fuselage source sheets.

I The strengths and core sizes of the wake elements for azimuth position

t, #e, are assigned ln terms of inputs and their values at azimuth position fP

Specifically, the strengths are given by

l ! (4)

F%(N/ -L () =[K44- r.(* PJi /2* *,N dv
Iwhere J is the strength of blade element j . The strdngth of blade element 1

at each azimuth is specified as an input, while

,,, : .3 .- ,8 (5)

I and, of course,

+ 2 =r

j The core sizes are assigned according to
N[ +'64 ( ) 'I INII ~~~ ~ 1- (iao = (¢ } "P .4.6(t )

i -2, A/..,w
for

j 1 5,2,..-, N 8 .
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where L,. is the length of wake element (i,j:

The value for zj('), = 1, 2, . N..,/A , are assigned as inputs.

Effect of Rotor and Wake

The velocity components induced by the blade and wake vortex elements may
be represented by the following relations. Define j, c and by

(8)

where

(hj)(2i - %~j) - (zij) (;i ,Lj

= + ' z-j + f

I
Then, if point (,qj)does not lie on a vortex (i. e., is not a wake reference

poi:t), wake-induced and blade-induced velocity components are given by J

i:O j r

" (Z' z E
i~w "V8

io 1 = I

161



If the point in question is a wake reference point, say P , then

Nw N"s

k(zrs , Yrs, 5 I= Irs=rss

t Nj *l3

i=0
it r-/,r

and similarly for V and V The functions .o and , account for

self-induced effects. If e>/,these functions are given by

(11)

where

M% ( ,-,,s-',.s)(-rs -r,s) (Yr ,- r,))( r--,.s -,,)

~ ~ ~ _r Or ( .. r+,) -I., -(s- .)(Zr.,.s - .)

SLrl,.s t. rs Er
z (/L[<.L,., 5 L&,],

- L/r s -/s rs -

zr s is as defined previously,

(p+ )+ (. q)2Yr+ f, + ( r-1s )z1
1s)

17



,L rL < L
{L 2 2 1+ 4 L~ 1

-r-Is ,r- r

__L 2 2 L L.Z.,

£~~- 1r-, 5  ,L, 3  drs *

L r, Lrs 2 r-rs s

If r = 1, self-induced effects must be modified to properly account for the

proximity of the blade vortex. In this case,

i;3s is~~s --Z Y25YZ

=59 fSY- 5fJ ,,( 'q~ 2  ),~ 0  (Z

15s fffS. f5 ) 0-2, Y22)

where f is the strength of blade element S and is the ratio of rotor radius

to blade semichord. By the notation

~szzsy~se~J) rsO0

is meant the value for . (% 2 5 , 2 s)which is obtained if zero is substituted

for the value of P 2 5

Effect of Fuselage

The following quantities, which are dfined in The Formulations For The

Supplementary Fuselage Program, are supplied as inputs from the

supplemental fuselage program:

18



for m=f 2r..,Nl and k 1,2, 3,.

The fuselage contributions to the fluid velocity at a point (%,q.3)are given by
Al1c

(13)

V ,,, =2 [< , v<+ <im .01L'v,, - n, 1

where /'O$

A1,

V= -(-qin < r "+--)Kf

2-~~~~ 122J-V.+ i" V

and Kf is a correction factor, supplied as an input parameter, whose

evaluation is discussed in Procedure For Implementation Of The Programs.

The quantities Vz V and V are computed in the following manner. Using

matrix notation,

V

(14)

Vm ;) 74qr 7-';n VC.

where ,,. and "If. are given in terms of input quantities:

19



Att.

The quantities V and V are obtained in the following manner. First,
df. and d6' are computed:

dVm= 4 k- q ,,)Z

=1' 4rr) 4 - 7zn)
z 2 

and dTzis set equal to the larger of 01;. or d6,. Then im,7, and4,, are

obtained from

I rz is computed from

2 2

Also, t is obtained according to

2

17f?

if 1 2 >.)6 , an approximate method is used to compute V?,Vand V. if

t,,: 6 the exact method is used (the accuracy of the approximate method is
discussed in Reference 8). L
Approximate Method 2

Vrr

20 1k



v mr7 M
5m 

-

r,

5r" Cm

rr

(17)

where -

Exact Method (z < 6)

The following additional quantities are computed if the exact method is used

(note: if a vertex subscript k = 5 is called for in any of the following equations

this is understood to mean that k = 1 is to be used):

zz

= lnit( " m),
hIkm %nrn km)(4;m 4Skm)

mk'1km

all for k = 1, 2, 3, 4. Then

Ikn, -' - ,

v" [km +. rk+ 1,. -C_ km

/ 44
tkm + Lrkm +rI,+c,, ckm

f'4 [s undekrn hk o i[nkbek.ee-hkanjJ

where the arctangent is understood to lie between -~and

21J



The computation of V V£, and v iS identical to that of V V andV' J m'
respectively, except that instead of evaluating tne various functions at the

point (z, the point(z,-y,5)is used. That is,

"XM (, =()

j

I
I
I
I

I
I
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4. FORMULATIONS FOR THE SUPPLEMENTARY FUSELAGE PROGRAM

L PRELIMINARY REMARKS

The formulations given below generally correspond to those reported in

Reference 8, but adapted to the problem treated here. Referring now to the

coordinate system of the section on Coordinate Identifications And Nomenclature

above, it is assumed that the fuselage is symmetric with respect to the 6-.

plane and that the free stream is parallel to that plane.

I As a first step, that half of the fuselage for which q is positive is approximated

by a mesh of quadrilateral elements. Those portions of the surface having

I large curvature must, of course, be divided into smaller elements than are

adequate elsewhere. The elements are numbered sequentially, beginning

with some convenient element, say at the nose.

Consider the m t4quadrilateral element (rn = 1. Z, ';Np); its four vertices are

numbered clockwise when viewing the element from the exterior of the

fuselage, the selection of vertex I being arbitrary. The coordinates of these

vertices, denoted (%,YA . for K= 1, 2, 3, 4, are supplied as inputs to

the program.

L EQUATIONS FOR COMPUTATION

LThe major portion of the program is directed to obtaining two sets of linear

algebraic equations having the normalized source strengths as unknowns.5 These two sets of equations may be written in the form

Z ,-7- A C0 (20)

VI
n:

Z3,1- I
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The program then solves these equations by a standard iterative technique

(convergence is rapid because the matrix of the coefficients B, nis very

nearly diagonal) to obtain the q-. and a- 's.

The coefficients and inhomogeneous terms of Equations (20) are computed as

follows. First, let

8")/ Amn + iA (21)

Anh and Ap"n relate directly to the velocities induced by element n and its

image, respectively, on element m.

Computation of A,,

First, the quantities

= n Y2t, )x,-i7 (~;t~Z, (-n~n

=I~ qx., -x, ) yq~ in) (y4,7 )(3r 1 (2

kn 4ZP

kk= [

are computed. These quantities are then used to compute I

~~4',,~~ 7,2%/.e (,,, AN)- k-,Y AjA,(j,. r, ?N,,N(kl

a, ,,A,,, AV An n 6V ;'V (-

for Ig = 1, 2, 3, and 4. These transformed coordinates are then utilized to
compute the direction cosines , a
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Z31, - ,]

f" Y1n - Y-,

. ,, - ,- ,, - J (24)

Then A.,( and 1,, are computed according to

[cM N .2 2  [i-s1 2 ] (2 5)t / <"  a' * 4- 'V,:" 13,v,"

~ and the direction cosines obtained from Equations (24) and (25) are used in

the computation of /, q 7,L,7 and In

',, -;),A4 Z6

Then, the following transformed coordinates are computed:

-) + 7 , (27b)[ ~ A 1 1/ 4  ~n1

'7Ar~ 1 ~ A/"7 ~'1F

A Next, the quantities

2(28) -
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are obtained, and d, is defined to be the larger of ci,, or d6l,• Then

4,2 2 4-4-29)
rnm J7

and the quantity

(30)
7n,

are computed. If t; > 6 , an approximate method is used. If -< 6o themn1" -n
exact formulation is applied. In either case, the quantities V V\and V.
are computed, which in turn are used to evaluate

whereupon

Computation of /m,%/ by Approximate Method ({A > 6 )

In this case,

- 1n . r -P (33)

where

Computation of V4,' 1,,' K,. by Exact Method (4,,, 6

The following additional quantities are first computed (note: in the following

equations, if a vertex subscript A = 5 is called for, this is understood to
mean that k = is to be used):
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dA, : .,=7k ' t  - kn)

r~~m,, [(.,,,,, - Ck,-+(,~ ~ -'7n

ekkn Z + C

h n('7mn ?kl,)(' rnn - jn)

Mkn Zkn

all for k = 1, 2, 3, and 4.

ThenV , - + ' ° / 1, o n -- l- o-k
'L IL rhmn, + r(.7. -d, +Aj

V 'L (- 9k+ ri, + rk+1,.A7 (34)

where the arctangent is defined for the interval - to

Computation of A

The computation of Ah, is carried out in the same manner as that of A ,
with two exceptions. First, the 9 coordinate of element /n is replaced by its
negative; specifically, (.,,j) are replaced by , ) in the
computation of ., ,and 7. Second, the formula for Am is altered

slightly so that

27
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my' (35)

I

where the bars over V, etc., indicate that they were obtained using-y.7 in

place of .

L

It should be noted that certain indeterminacies are encountered in the

formulas for Am,, (but not A,,) when m = n . The computation of A.,? is,

therefore, omitted, and the proper limiting value for that quantity of Z7r

is specified.

6

4,

L
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5. PROCEDURES FOR IMPLEMENTATION OF THE PROGRAMS

I THE MAIN PROGRAM

Assignment of Input Parameters

I There are a number of input parameters, certain of which relate directly

to aircraft flight conditions, and others which must be chosen on the basis

of past experience and best judgement. Each of the input parameters is

discussed individually below. A sample collection of these parameters is

j then given for a representative aircraft and flight condition.

I. Advance Ratio /b

Given the aircraft forward speed Vc in feet per second, rotor radius R in feet

and rotor angular speed n- in radians per second,A- is calculated according
to

VIC (36)

2. Number of Blades N

The program has the facility to handle rotors with up to four blades.

3. Loading Parameter A

This parameter is given by

A = (37)

where .n,i and A/q are as defined in 1 and 2, p is the air density in slugs per

I cubic foot, and W is the total weight of the aircraft, in pcunds.

4. Tip-Path-Plane Angle ceT, in D-grees

I In the absence of measured data, the value for this angle may be estimated

by the formula
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S= (3 " ) Co/J , degrees (38)

where C,, is the drag coefficient of the fuselage, defined by

C2 PF 2pVf R
where Dr is fuselage drag.

5. Number of Azimuth Stations per Revolution, AA.

Since running time increases rapidly with increasing A/A (approximately

as A ), a careful choice for this number must be made. It has been found

that for a two-bladed rotor sufficient accuracy may be obtained with NA = 12.

It is difficult to define time variations of fluid velocities if A/A is less than this

number (for A/8 = 2), and running time becomes excessive if it is made larger.

6. Number of Revolutions of Wake per Blade, AR.

The total number of wake elements included is proportional to AIR, so running

time is also sensitive to this number. Generally, the higher the advance

ratio, the smaller the value of iR needed, provided interest in the flow is not

directed to the far wake. For example, A/, = 2 is sufficient for#u= .25 and

/V{ = 4 suffices forpu= . 15, to satisfactorily reproduce the flow directly

beneath the rotor plane.

7. The Strength of Blade Element I as a Function of Azimuth

The normalized strength of blade element I at each azimuth station must be

specified. In the absence of measured data, the formula

/'SI(/) = / - 2'..in/' (39)

provides a suitable appi ximation.
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8. The Core Size of Each Wake Element, av , at the

Start of the Program

Each wake element (ij) for i= 1, 2, ... , N/VA andj = 1, 2, ... , a must be

assigned a core size in order to start the program. It has been found, by

estimating the core sizes of wake vortices for numerous flight conditions,

that

i = 1, 2, A, NA (40)O-f: =f,2, A N8

can be utilized for any normal operating condition of the rotor. The

variations in core size from this value with changes in advance ratio and

loading were found to be negligible in their effect on the flow.

9. The Core Size of the Wake Element Attached to Blade 1,

a,1 , as a Function of Azimuth

For the same reasons as noted in item (8) above, it is sufficient to let

at f (0) = . 05(41)

10. The Initial Value for the Azimuth Position of Blade 1,

Yini+ ' in Degrees, and the Number of Rotor

Revolutions to be run, NRY .

The value for is , of course, arbitrary, and is generally made zero.

If a case is being investigated for which a periodic flow may be obtained

(which generally occurs for/a greater than about . 08), it is desirable to

make NRV large enough to allow periodicity to be established. It has been

found that, for a two-bladed rotor, a periodic flow is usually obtained after

about A/l revolutions of the rotor. That is, if

A'R : :/V,?(42)

a periodic flow will be established.
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11. Initial Wake Configuration

The option has been provided whereby the initial wake geometry; i. e., the

coordinates of the wake reference points P-1, i /,.;AN4ij:IZ."' 5 ;may be

specified as inputs or may be computed as part of the program. The computed

configuration is a skewed helix with skew and pitch dependent onu. and A•

The option for specifying the geometry as input allows the program to be

continued from a previously computed geometry. Thus, if additional

information is desired after a run has been completed, the program may be

restarted at the point where periodicity has been established rather than from

a skew-helical configuration.

12. Coordinates of Points at Which Flow is to be Determined

The , gand coordinates of those points at which fluid velocity components

are desired should be specified. The maximum number of points which can

be handled is 300.

13. Correction Factor Kp

The value for the i-component of the free stream experienced by the fuselage,

which is needed to assign the strengths of the fuselage source elements, may

be estimated, using momentum considerations, to be

- sln Xr + YR

It has been found, though, that the average downwash experienced by the

fuselage may, in some cases, differ considerably from this value. Therefore,

a correction factor Kf has been applied to make the downwash used correspond

to the correct value. The following procedure may be used to obtain the

value of KF.

First, the main program is run, with the fuselage representation omitted,

until a periodic flow is established. The fluid velocity is computed during

this run at several points (it has been found that 25 points are sufficient

for a UH-lB fuselage) within the volume which the fuselage occupies. A

simple average over one period of the value of V;,as given on the output sheet,
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is then computed for each point, and the spacial average of these is in turn

computed. Denote this combined spacial and time average of V by V}.

Then K is simply given by

K = - (43)

(ZLs~rl aT )
14. Fuselage Parameters

All the parameters necessary for inclusion in the main program to represent

the fuselage are obtained directly from the supplemental fuselage program.

The latter program has been coded to punch the cards needed directly.

SAMPLE PROBLEM

For illustrative purposes, consider a UH-IB helicopter operating at a forward

speed of 60 knots and a rotor speed of 300 rpm. The total weight of the

aircraft is 5675 pounds, the drag coefficient of the fuselage, Co. , is . 014, the

rotor radius is 22 feet and the blade semichord is 10. 5 inches. A

programmer would then need, in addition to the appropriate outputs from the

supplemental fuselage program, the information listed below.

Number of blades Ns = 2

Number of Revolutions of Wake ti4 = 4

Number of Azimuth Stations NA% = 12

A= .00209

= . 1465

r = 2. 62 degrees

V$0 correction factor Kf = .2600

-= 25.1b

Number of fuselage elements A/4= 96

initial = 0

AIR = 4. 5
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-- deg 81

AZ I ?UTH t a,( )I

0 1.0 .05

30 .8535

60 .746

90 .707

1ZO .746

150 .8535 j

180 1.0

Z10 1. 1465 I
240 1. Z54

Z70 1.293

300 1. Z54

330 1. 1465 J_

Velocities are to be computed at:

-1 .3 -. 4

.5 .3 -. 4

0 .3 -. 4

.5 .3 -. 4

1.0 .3 -. 4
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Selected pages from the output for this case are shown on the following pages.

The first of these, listing the parameters, is self-explanatory. On the next

pages, the station number, running from I to 49, refers to the first (i)

subscript of the wake reference points, and, of course, the blade number is

the second subscript (J). All velocity components printed out, i. e. , those

at the wake reference points and those at other points, are the quantities defined

by Equations (3). Thus, the actual velocity components at the points in

question, in dimensional form, would be obtained by multiplying the print-

out variable by (A) (RR).

THE SUPPLEMENTAL FUSELAGE PROGRAM

Operation of the supplemental fuselage program requires specification of

the number NV of fuselage elements to be considered and the coordinates of

the four vertices of each of these elements. As noted previously, the size
of these elements must be varied, depending on local curvature and the

accuracy of the flow representation desired. Computing time or the main

program increases rapidly with Nf, so as large an elemenL siz,. as possible,

compatible with accuracy requirements, should be selected.

As an example, the inputs used for computing the source strengths needed

to represent an idealized UH-lB fuselage are tabulated on the pages which

follow. The element sizes chosen for this case appear to provide a

reasonable compromise in meeting running time and accuracy requirements.

Note that the vertices are numbered in the clockwise sense with the element

viewed from outside the fuselage.
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TABULATION OF SURFACE-ELEMENT VERTEX
COORDINATES FOR A UH-IB FUSELAGE

[EmENT No. X* I -n m X , 2m  JZm -Z3f Y3,n ,3n '¢m m l

I -.519 .019 -.425 -.519 .013 -. 378 -.519 0 -.376 -.519 0 -. 1425

2 -.519 .042 -.422 -.519 .032 -.382 -.519 .013 -.378 -.519 .019 -. 25

3 -.519 .049 -.414 -.519 .049 -.403 -.519 .032 -.382 -.519 .042 -.422 I
4 -.498 0 -.452 -.498 .038 -.448 -.519 .019 -.425 -.519 0 -.425

5 -.498 .038 --.448 -.498 .076 -.1137 -.519 .042 -.4122 -.519 .019 -.425

6 -.498 .076 -.4,37 -.498 .091 -.422 -.519 .0419 -.414 -.519 .042 -.422

7 -.1198 .091 -.422 -.498 .097 -.399 -.519 .0119 -.403 -.519 .0119 -.141

8 -.498 .097 -.399 -.498 .057 -.363 -.519 .032 -.382 -.519 .049 -.103

9 -.498 .057 -.363 -.498 .025 -.351 -.519 .013 -.378 -.519 .032 -.382

10 -.498 .025 -.351 -.498 0 -:346 -.519 0 -.376 -.519 .013 -.378 1
II -.445 0 -.469 -.445 .051 -.463 -.498 .038 -.44.8 -.498 0 -.452

12 -.445 .051 -.463 -.4145 .106 -. 1148 -.498 .076 -.437 -.498 .038 -.448

13 -. 145 .106 -.448 -. 145 .129 -.427 -.198 .091 -.422 -.498 .076 -.1137

14 -.445 .12E. -.427 -.4145 .133 -.397 -.498 .097 -.399 -.498 .091 -.422

15 -.445 .133 -.397 -.445 .083 -.3110 -.498 .057 -.363 -.498 .097 -.399

16 -.445 .083 -.340 -.445 .036 -.325 -.498 .025 -.351 -.498 .057 -.363

17 -.445 .036 -.325 -.445 0 -.323 -.498 0 -.316 -.498 .025 -.351

18 -,405 0 -.471 -.405 .051 -.167 -.445 .051 -.463 -.445 0 -.469

19 -.4.05 .051 -.467 -.405 .110 -.1152 -. 45 .106 -.448 -.445 .051 -.463

20 -.405 .110 -.4152 -.405 .136 -.429 -.4115 .129 -.4.27 -.445 .106 -.4118 I
21 -.405 .136 -.1129 -.405 .148 -.399 -.445 .133 -.397 -.4415 .129 -.427
22 -.405 .18 -.399 -.405 .123 -.340 -.445 .083 -.340 -.445 .133 -.397

23 -.405 .123 -.340 -.405 .095 -.302 -.445 .036 -.325 -.445 .083 -.340

24 1-.405 .095 -.302 -.405 .078 -.289 -.445 .027 -.325 -.445 .036 -.325

25 -.405 .078 -,289 -.405 .061 -.281 -.445 .019 -.323 -.445 .027 -.325

26 -.405 .061 -.281 -.405 .027 -.279 -.445 .008 -.323 -.44E .019 -.323

27 -.405 .027 -.279 -.405 0 -.278 -.115 0 -.323 -.,445 .008 -.323
28 -.366 0 -.471 -.366 .053 -.471 -.405 .051 -.467 -.405 0 -.471

29 -.366 .053 -.471 -.366 .114. -.456 -.405 .110 -.452 -.405 .051 -. 467

30 -.366 .114 -,.456 -.366 .1.0 -.433 -.405 .136 -.429 -.405 .110 -.452 i
31 -.366 .140 -.433 -.366 .153 -.404. -.405 .148 -.399 -.1105 .136 -.429

32 -.366 .153 -.404 -.366 .134 -.340 -.405 .123 -.340 -.405 .148 -.399

33 -.366 .134 -.340 -.366 .129 -.287 -.405 .095 -.302 -.405 .123 -.340

34 -.366 .129 -.287 -.366 .117 -.261 -.405 .078 -.289 -.405 .095 -.302
35 -.366 .117 -.')61 -.366 .097 -.245 -.405 .061 -.281 -.405 .078 -.289

36 -.366 .097 -.245 -.366 .045 -.230 -.1105 .027 -.279 -.405 .061 -.281

37 -.366 .045 -.2301 -. 366 0 -.228 -.405 0 -.278 -.405 .027 -.279

38 -.294 0 -.471 -.294 .053 -.471 -.366 .053 -.471 -.366 0 -.471

39 -.291 .053 -.471 -.294 .114 -.458 -.366 .114 -.1156 -.366 .053 -.471
40 -.294 .114 -.158 -.294 .140 -. 437 -. 366 .140 -. 433 -. 366 .114 -. 456
41 -.294 .140 -.437 -.2911 .155 -.406 -.366 .153 -.404- -.366 .140 -. 133

42 -.294 .155 -.406 -.294 .142 -. 340 -.366 .134 -. 340 -.366 .153 -. 404
43 -. 294 .142 -. 340 -. 294 .136 -. 285 -. 366 .129 -. 287 -,364 ,.I14 -.340
44 -. 294 .136 -. 285 -. 291 .133 -. 255 -. 366 .117 -. 261 -. 366 .129 -. 287
45 -.294 .133 -. 255 -. 294 .110 -.230 -.366 .097 -.245 -.366 .117 -.261
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I&

TABULATION OF SURFACE-ELEMENT VERTEX
COORDINATES FOR A UH-IB FUSELAGE (Cont'd)

ELEMENT No. ~n -i '~,Ym 3z ~ ~ Yn 3 im~~

m _ _ _ _

46 -.294 .110 -.230 -.294 .051 -.219 -.366 .045 -.230 -.366 .097 -.245
47 -.294 .051 -.219 -.294 0 -.217 -.366 0 -.228 -.366 .045 -.230
48 -.217 0 -.471 -.217 .053 -.471 -.294 .053 -.471 -.294 0 -.471
49 -.217 .053 -.471 -.217 .117 -.461 -.294 .114 -.458 -.294 .053 -.471
50 -.217 ,117 -.461 -,217 .148 -,440 -,2911 140 -A437 -.294 .114 -.458
51 -.217 .148 -.440 -.217 .159 -.408 -.294 .155 -.406 -.294 .140 -.437
52 -.217 .159 -.408 -.217 .155 -.340 -.294 .142 -.340 -.294 .155 -.406

53 -.217 .155 -.340 -.217 .150 -.279 -.294 .136 -.285 -.294 .142 -.340
54 -.217 .150 -.279 -.217 .144 -.247 -.294 .133 -.255 -.294 .136 -.285
55 -.217 .144 -.247 -.217 .121 -.221 -.294 .110 -.230 -.294 .133 -.255
56 -.217 .121 -.221 -.217 .055 -.209 -.294 .051 -.219 -.294 .110 -.230
57 -,217 .055 -,209 -,217 0 -.209 -,294 0 -,217 -,294 .051 -,219
58 -.084 0 -.471 -.084 .053 -.471 -.217 .053 -.471 -.217 0 -.471
59 -.084 .053 -.471 -.084 .121 -.467 -.217 .117 -.461 -.217 .053 -.471
60 -.084 .121 -,467 -,084 .159 -,152 -.217 .148 -.440 -.217 .117 -,461
61 -.084 .159 -.452 -.084 .178 -.420 -.217 .159 -.408 -.217 .148 -.440
62 -.084 .178 -.420 -.084 .178 -.340 -.217 .155 -.340 -,217 .159 -.408
63 -.084 .178 -.340 -.084 .170 -.270 -.217 .150 -.279 -.217 .155 -.340
64 -.084 .170 -.270 -.084 .161 -,236 -.217 .144 -.247 -.217 .150 -.279
65 -.084 .161 -.236 -.084 .125 -.217 -.217 .121 -.221 -.217 .144 -.247
66 -.084 .125 -,217 -.084 .055 -.209 -.217 .055 -.209 -.217 .121 -.221
67 -,081 .055 -.209 -.084 0 -,209 -,217 0 -,209 -,217 ,055 -.209
68 .066 0 -.471 .066 .053 -.471 -.084 .053 -.471 -.084 0 -.471
69 .066 .053 -.471 .066 .144 -.458 -.084 .121 -.467 -.084 .053 -.471
70 ,066 ,114 -.458 .066 ,138 -.439 -,084 ,159 -.452 -,084 .121 -.467
71 .066 .138 -.439 .066 .152 -.408 -.084 .178 -.420 -.084 .159 -.452
72 .066 .152 -.408 .066 .150 -.340 -.084 .178 -.340 -.084 .178 -.420
73 .066 .150 ,-.340 .066 .142 -.283 -.084 .170 -.270 -.084 .178 -.340
74 .066 .142 -.283 .066 .127 -.259 -.084 .161 -.236 -.084 .170 -.270

75 .066 .127 -.259 .066 .098 -.242 -.084 .125 -.217 -.084 .161 -.236
76 .066 .098 -.242 .066 .053 -.232 -.084 .055 -.209 -.084 .125 -.217
77 .066 .053 -.232 .066 0 -,230 -.084 0 -,209 -.084 .055 -,209
78 .241 0 -.444 .241 .038 -.433 .066 .053 -.471 .066 0 -.471
79 .241 .038 -.433 .241 .057 -.403 .066 .114 -.458 .066 .053 -.471
80 .241 .057 -.403 .241 .061 -.384 .066 .138 -.439 .066 .114 -.458
81 .241 .061 -.384 .241 .062 -.368 .066 .152 -.408 .066 .138 -.439
82 .241 .062 -.368 .241 .061 -.340 .066 .150 -.340 .066 .i52 -.408
83 .241 .061 -.340 .241 .053 -.317 .066 .142 -.283 .066 .150 -.340
84 .241 .053 -.317 .241 .049 -.310 .066 .127 -.259 .066 .142 -.283
85 .241 .049 -.310 .241 .040 -.298 .066 .098 -.242 .066 .127 -.259
86 .241 .040 -.298 .241 .021 -.291 .066 .053 -.232 .066 .098 -.242
87 .241 .021 -.291 .241 0 -.289 .066 0 -.230 .066 .053 -.232
88 .269 0 -.410 .269 .025 -.401 .241 .038 -.433 .241 0 -.444
89 .269 .025 -.401 .269 .030 -.368 .241 .057 -.403 .241 .038 -.433
90 .269 .030 -.368 .269 .028 -.353 .241 .061 -.384 .241 .057 -.403
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TABULATION OF SURFACE-ELEMENT VERTEX
COORDINATES FOR A UH-IB FUSELAGE (Cont'd)

ELEMENT No. X , m l , m 02m I Z n Vm 9 m3 , Y3rY'3 , m I Y A'IM ' 11m

91 .269 .028 -.353 .269 .019 -.333 .2411 .061 -.340 .211 .062 -.368

92 .269 .019 -.333 .269 .011 -.329 .241 .049 -.310 .241 .053 -.317

93 .269 .011 -.329 .269 .006 -.327 .21. .021 -.291 .241 .040 -.298

91. .269 .006 -.327 .269 0 -.327 .21. 0 -.289 .21 .021 -.291

95 .269 0 -.327 .269 .019 -.333 .269 .025 -.1401 .269 0 -. 10

96 .269 .019 -.333[ .2691 .0281 -.368 .269 .030 -.368 .2691 ,025 F,401
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APPENDIX I

OPERATIONAL INFORMATION FOR THE 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, A/8
NRW: Number of Revolutions of wake per blade, A/R

NA: Number of azimuth stations, IA

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, Alf

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.
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CARD 2 PSIO: Initial pcsition of blade 1, Uj;. , degrees,

REV: Number of revolutions of rotor for which

calculations are to be performed, NRV

XLAM: A

XMU: Au

ALPHAT: r (degrees)

FACTR: Factor applied to V, KF

RB: R/b

CARD 3, 4, GAMB: Strengths of blade 1; NA of them.

Al: Core size§ at Blade 1; (NA of them).

A: 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 YBAR ZBAR SIGX SIGZ

Card 2 XIl X12 X13 X14 ETAI ETA2

Card 3 ETA3 ETA4 D1 D2 D3 D4

13 7 C6dZ d 3  C4

Card 4 XLE XME XNE XLZ XMZ XNZ
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I
[ Coordinates of points off the wake at which velocities ara to be computed

NXPT points in ai.21 (up to '.1ree sets of coordinat-i, per c.' -d):

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

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

J Y: (NRW)(NB)(NA) of them.

Z: (NRW)(NB)(NA) of them,

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

5
I
I
I
I
I
I
I
i

1 5



$IBFTC ZZHWV LIST*REF
C CALCULATION OF THE-WAKE VORTICITY DISTRIBUTION FOR A HELICOPTER

COMMON X(340t4),Y(34094)iZ(34094)PU(34094) ,V(S4O4),W(34094)9
1 GAMA(34O1LIEG(314094),GAMB1I(iOO).Al(100) ,A(340,4),PIRAD,
2 VMPtXMCLXMSLNBNRWNANWNOP'tNTAPENPRINTN'~CH,pSI0,-
3 X _M~XLAMALPHAT,-PINTPSIFtXNAtDPSI ,NBlNW1,XNW0XNBTPNB,
4 SATqCATtClqC2,PS[,TPIXItT 1,T2,tXjNPSJPSIPS, IP.SIXXXYYY,
5 ZLISTIINDIFLGSIGISIG2,SIG3,GGGtDENXNUIXNU2tXNU3,1It
6 XMXXMYtXMLSIG4tSIG5tRRSQ11,SFSQISGBFLPSSEGISEG~t

7 um tLN iCTlXP~i,-)tjT(400),YIT(OQZIPT(400)VX.400) tVY(400) t
-8-- " VLi(400btVXF(400),VYF(400)bVZF(400) ,NXPTNABFACTRI R8

COMMON /FUSE/ XBARcloo),YAR(100p) 1ZBAR(100),SIGX(100)9S!GL(1OQ0),
1 Xll(100),X'i2(100)tX13(100)tXI4(100) ,ETA1(100) ,ETA2(100lt

ET---A3(1UO0) tETA4(100) ,XLE~ 1O ,M(0)XtE 100 1 1 LME (100) 1 Ig
3 XXZ(100),XNZ(100)tNFPTRJ(4,),-EJ-(4) ,HJ(4),EMJ(4),DI(10O1b

_ _4 _ 2(100)_-,(IOO),04(1O0) ,VXINFVYINFVZINFtUFtVFIWF
DIMENSION GAMB(100)
EQUIVALENCE(GAMB19 GAMB)

-1 CALCEARk(X 9NAB) -

CALL CLEAR C XBAR, Wf L
PI 3.1415926536
*RAD o 0174532925
TPI =2.0*PI

READ 1000,NBNRWNANPNCHNOPTNTAPEINPRINTLNCTNFPTtNXPTNP[Nf, L
CALL DVDCHK(NOVCH)

- jf,(R4jAPE~jL.0LR!EWIND 4
READ 100lPSIOREVXLAMXMUALPHATFACTRRB

- Q01I )£OR~ATA9F8.6)
READ 1001, (GAMB1It , =1NA)
EAD 10 A1Il.IN)-**- -

N81 = NB
NW = NRW*NA
NWI = NW+l

- . NAB = NB*NA
XNA = NA
DPSI = 2.9 !.PI/XNA
XNW = NW
XNB = N8
SAT = SIN(ALPHAI*RAO)
CAT = COS(ALPHAT*RAD)
Cl = XMU*CAT
92:!-(XMU*SAT+XLAM)

ca = XMUoSAT+SQRT(XLAM*XNB/2.0)
XMCL = CI/XLAM
XMSL =XMU*SAT/XLAM
VXINF = XMCL
VZINF = -FACTR*(XMSL+SQRT(.5*X4B/XLAM))
TMP = RB*DPSI
TMPL = -SQRkT (fTMP*'T-M-P-+-2h0,O))---------------
FRB = (TMP-TMP1'-ALOG( I.O+TMP+TMP.) )/OPSI
READ 1001, ((A(IJbI1=1,NW),J=1,NBl)
IF(NFPT.EQ.0) GO TO 100
READ 1003, (XBAR( I) ,YBAR( I) ,ZBARC I) SIGX( I) ,SIGZC I) ,BLNKXI 1(1),

1 X*[2( j1,.?SL~ijtX[4(Mji-gETAU L!) ,ETA2( 1),T3 ),r4 )
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2 D1( U,02(1),D3(1),04(1IXLE-(I) ,XME(I),XI'E(l),XLZ([),

1003 FORMAT(6E12.5)
100.I.FNXP.EQ0)PO TO 103
READ 1001, (XIPT( I) ,YlPT( I) ,Z[PT 1), 1=1,NXPT)

101 D0 102 i=,NX 'PT
CALL FUSLGE(XIPT(I),YIPTI),ZIPT(I),VXF(I),VYF(i)hVLF(i))

102 C'ONTINUE - - ..

103 PSIF = PS1O+360.00REV
CALL IDOUT
NCT = 0
TPNB, =- 2.0*Pl */XNB
PSI PSI0*RAD

=-2u PSI____----__
PSIF =PSIF*RADI-0.05
IF.ANOPT.EQ.0) GO TO 3

2 READ 10-03,((X(ItJ),I=1,NW1),Jz1,NB)
-BOD 1003,% ((Y(I J),tI=1,q!NI..NB)
READ 1003, ((Z(I,J),I=1*NW1)tJ1,#NB)

3 DO 6 I=1,NW1
XI=FLOAT.tI-l)*DPSI[ -TI XI*.i

4 DO 5 J=ltNB
XJ = E L OALL-L) * P 8.
X(I,J) =COS(PSIO+XJ-Xl)i-TI

5 CONTINUE

IF (NPS.GT.NA) NPS = 1
DO 9J=~
JPS =MOD(NPS+(NA*(J-11)/NB+NA8,NA)

IPS1 JfPQSQ ~N
DO_8 1Z1,NW ______
IF(IPS1.EQ.0) IPSL. z NA
AAh.izLAB(kjj)~I S))/.

8 -'-CO-NTINUE
9 CONTINUE

10 DO 12 J=1,NBI

SEG(ItJ) zSQRT((X(IJ)-X(1+1,Jfl**2+(Y( Ij)-Y(I+1,J) )**24(LU&,J)-

- 11 CONTINUE -

13 DO 29 14,tNW
DO 28 J=_ __-.------ - - --.---

XXX = X(ItJ)
____ = KAL,-Ii.- .

ZLZ = l(IJ)
- U(IqJ) = .0
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V(i,J) =0.0

W~IIJ) 0.0
1.4 DO 25 L=1,NB.

IST = I.
IND = NW
IFLG =1
IF (L*NE.J) GO TO 16

IFLG =2

IF (IND.GT.0) GO TO 16
15 1ST = 1+1

IND = NW
IFLG = 1
.IF-(IST.GT.NW) GO TO 1.8

16 SIG2 SQR-T((XXX-X(IST,L))*42+(YYY-Y(1S1,Lfl**2+(Ziz-L(ISr-L))**2i
DO 17 IR=ISTIN4D
SIG1 SIG2
SIG2= SQRT((XXX-X(IR+1,L))*2+(YYY-Y(IR+,L))*2-(ZZZ-Z(IR+1,L))

SEGSQ =SEG(1R,L)**2

HmI = SlGl*.2+S1G2**2
IF(HM1.GT.SEGSQ)GO TO 16-3
HM2 = .25'( (SIGI.SIG2)**2-SEGSQ)*(SEGSQafw-(SIG1-SIC2)**2)/ScEGSQ
IF(HM2.GT.A(IR,L)**2)GO TO 160
GGG = GAMA(IR,L)/SEG(IR,L)
GO TO 1.61

160 GG=GAMAC1RvL)*(SlGl+SIG )/CSIG1.*SIG2*(CSIGl+SIG,21**2-SEGSQj)
161 KNUI =(YYY-Y(IR.1,L))*(Z(lRL)-l(I'R+1,L))-(ZZL-ZCItR+1,L))*

I LY( IR,L)-Y( lRslL) I
XN ,U2 =(LZ-Z(IR+lL))'CX(IRL)-X(IR+1,L))-IXXX-X([R+.,L))*
1 (Z(IR*L)-ZIIR.-1,L))

1.U (XXX-X(~- )*YII)YI~t)-YYYIR+1,))*

U(I,J) = U(1,J)4-XNUI*GGG
V(IvJ) = V(I,J)+XNU2*GGG
W(I#J) = W(I,J)+XNU3*GGG

17 CONTINUE
GO TO (18tj5),IFLG-

'18* IF LNE .GO rTo 25
IRI 1 -1
IF (I.EQ.1) IRI = 1
XMX = CYCIRlL)-YCIR1+1,I.))'ZC IRI+1,L)-ZCIR1.+2,L)3-CYCIR1+1,L)-
1 YC 1R1+2,L) )*(ZC IR1,L)-L( 1R1-1,L))

I ZC IR1+2,L) )*CX( 1R1,L)-XC IRI+1,L))
XMZ = XI IR1,L)-X( IRI+1,L) )*(Yj IR1+1.,L)-Y( IRI+2tL) )-CXC IRI+1,L)-

1 XC IR1+2,L) ) 'CYCIR1,L)-YC 1RI1,L))
*SIG4 =SEGCIR141,L)

SIG3 =SEGHI,L)

SI *G5 =-S ' 9 ACX! LR L+2?1,tL )-XLW'0jj!2 + Y(I R +?2IL)t-Y CIyj L)'t 4
1 (l(IR1+2,L)-ZC IRL) )*.2)

DEN = SIG3+SIG4-SIG5)'CSIG3+SIG4+SIG5)*( SIG4+SIG5-SJG3)*(SIG3+
1 SIG5-SIG4)
If (DEN.EQ.0.0) GO TO -25
IF(DEN.LT.0.0)WRITEC6,1002) 1,JSlG3,SIG4,SIG5

1002 FORMAT(2X43HDENUMINATOR NEGATIVE FOR R COMPUTATION__I =13v3X3HJ=
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1 [13t3X6HSIG3 =El6.8t3X6HSIG4 =E16.8t3X6HSIG5 =E16.8)
RR=3G.Si_1 /SQRT(A8 O~)-

9QII. SQRT((2.C3.RR-SIG3)*(2.0*RR+SIG3))
-I(IF .SG2.LE.SG4*2+SIG5**2) GO TO 19
SF = (290*RR+SQ[1)/SIG3

.POL TO 20
19 SF = (2.O'RR-SQI1)/SIG3

IF(SF.EqQ..O)Sf_ =.0E-20.
20 S 'fl SQRT ((2.0.RR-SIG4)a*(2.O*RR+SIG4))

IF (SIG4**2.LE.SIG3**2+S1G5**2) GO TO 21
SG = (2.O*RR+SQI)fSIG4
GO rO 22

21 SG = (2.0*RR-SQI)/SIG4
Ifl$P.EQ.0.0).SG = 1.OE-20.

22 IF (I.EQ.1) GO TO 23
BF = (GAMA(IRI,J,*(ALOGC8.0*SF/A( IRIJfl4.25)+GAMA(I,J)*(ALOG(8.O*
I SG/ACI,J))+.25))/(4.O*RR*SQRTtXMX**2+XMY**2+XMZ**2))
GO TO 24

23 BF =(GAM'A( Ij)*(ALOG(8.3.SF/A( IJ )+.25) )/C4.OeRR*SQRT(XMXi*2+
- .I XMY*.2±xmz**.) )

24 U(ItJ) =U(lJ)+XMX*BF
V(1,J) =V(ItJ)4iXMY*BF
W(IJ) - WCIrJ)i+XMZ*B3F

25 CONTINUE
SIGI SQRT(XXX**2+YYY**2+ZZZ**2)

Z 6. POj7. L=1 ,N 'B
LPS = MOOCNPS+(NA*(L-1))/NB+NABtNA)
[F(LPS.EQ.O) LPS = NA
IF(I.EQ.1.AND.L.EQ.J)GO TO 260
PSIBK FLOAf(LPS-1)*OPSI
SINPSI =SIN(PSIBK)

* COSPS1 COS(PSLBK)
RMH-2 = (XXX-COSPSI)**2+(YYY-SINPSI)**2+LZZ**2
IF (RMH2+SIG1.**.GT.1.0) GO TO 258
RMH =SQRT(RMH2)

H2 =.25*((SIGI+RMH)a.2-I.0)*{1.0-CSIGI-RMH)..2)
IF (H2*RB**2.GT.1.0) GO rO 258
HH =SQRT(H2)

XHr XXX*(COSPSI**2+SINPSI**2/(HH*RB))-YYY.SINPSI*COSPSI.(1.O/
I (HH*R13)-l.0)
YHT YYY*(SINPSI**?+COSPSI..2/(HH*RB))-XXX*SINPSI*COSPSII.O/
1 (HH*Rg)-l.0)
LHI Z ZZ/(HH*RB)

* XNUI = -YHT*ZA1,L)+ZHT*YCIl?0
XNU2 = -ZHT*X(ltL)+XHT*Z(ltL)
XNU3 =-XH1*YC ltL)+'HT*X(lL)
SIG2 = SQRT( tXHT-XIIL) )**2+(YHT-Y(IL) ).*24(zHr-z(IL) )*2)
GO TO 259

258 XNU1 = -YYY*ZCLL)+ZZZ*Y(ltL)
XNU2 = -ZZZ*XtljL )+XXX*Z C 1 1
XNU3 = :-XXX*Y(l,L)+YYY*X(1'*L)
SIG2 = SQRT((XXX-X(1,L))**2+CYYY-Y(1,L))**2+(ZZZ-Z(IL) )**2)

259 GGG = GAMB(LPS)u(S1Gl+S1G2)/CSIGl*SIG2*.USIGl+S1G2)**2-1.j))
UCI,J) = U(I,J)+XNU1'GGGI
V(ItJ) = V(I,J)+XNU2*GGG
W(I,J) = W(I,J)+XNU3*GGG
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GO TO 27
- ..4 WIJ =W,(1J)-GAMB(LPS)*FRB

27 CONTINUE
CALL FUSLGE(X( I ,J )Y( I J) ,L( I,J) ,UFVF,WFI
U(19J) = U(ItJ)+XMCL+UF
V(I,J) = V(1,j)tVF
W(IJ) = W(IJ)-XMSL+WF

29 CONTINUE

IF(NTAPE.EQ.0) GO TO 30
WRITE(4)PSIXMUtXLAM,ALPHATtNBNRW,NA,NW
WRITEM4 ( (X(IJ),Y(IJ),L(I,J) ,UCIJ),V( IJ),W(ItJ),GAMA(bvJ),
I A( IJ),I=1#NWI) ,J=1tNB1)

30 JFINCT.NE.O)GO TO. 3j
HF(NiPT.N-E.OfCALL VLCTY
CALL OUTPUT

31 NCT = NCT+1
IF(NCT.GE.NPINT)NCT =0

PSI = PSI+DPSI

IF (NPS.GT.NA) NPS I
IF(PSI.LE.PS!F) GO TO 32
IF(NTAPE.NE.0) END FILE 4
IF(NPNCH.EQ.0) GO TO 1
PUNCH 1004

1004 FORMAT(74HZZ -HELICOPTER WAKE VORTICITY CALCULATIONS 7 HARVEY

-PUNCH 1IQOLUA(I ,J),I=1iNW) ,J=I,NB)

PUNCH 1003t( (X( [Jbi * =,NWI),J=INB)

PUNCH 1003,U(Z(I,JbI1=1,NW1),J1,tNB)
GO TO 1

32 DO- 35B' ,B
TXI = X(1fJ)
TY1 = Y(1,J)
TZI = Z(1,J)l
DO 33 I=2*NW1

TY2 = TY),
i'Z2 = TZI.
TXI =X(19J)
TY1 = Y(ItJ)
TZ1 = Z(I,J)

... L.LbJJ= TX2+XLAM*U(U-1,J)*oPSI,
Y(I#J) =TY2+XLAM*'V(I-ltJ)'OPSI

*ZCItJ) =TZ2+XLAM*W(I-.1,J)*DPSI

33 CONTINUE
XJ = FLOAT(J-I)*TPNB
Xf1,J) = COS(PSI+Xj)

l(1,J) = 0.0
3-5 C"ONT.INUE

DO 38 J=INBi
J ,PS = MOOINPS. (NA* (J-) )/NB4NAB ,NA)
IF(JPS.EQ.0) JPS = NA
JP~~S ____ ___
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IF(JPS1.EQ.O)JPSI NA

GAMI = GAMA(l,J)
-- TAI A(liJ )
36 DO 37 1=2,NW

QAM2 = GAMI.
GAMI = GAMA(ItJ)

SEG2 = SEGI
SEGI. = SEG(1,J)
SEG(I,J) SQRT((XUtJ)-X(I+lj))**2+(Y( IJ)-Y{I+lj))..2e((lj)--
I Z(I+1#J))**2)

TA2 =TAI

A(l,J) =TA2*SQRT(SEG2/SEG(itj))

37 CONTINUE
SEG(19J) = SQRT( (X( 1,J)-X(2,J) )**2+(Y( 1,J)-Y(2tJ) )*.24(Z( Ij)-
1 Z(2,J))**2)
A(19J) = Al(JPS)
GAMA 10J) (ABJ$tAtPS) /2.0

38 CONTINUE
GO2 TO 13
END
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S[BMAP ZLCLR REP
.- SBROUINESUBROUTINE CLEAR

TOR6Ti' Sd ET F6RiRAN LOGA-TIONS 'TO ZERO
CALLING SEQUENC.E -CALL CLE.AR(X,Y)

ENTRY CLEAR
BCI 19CLEAR

CLEAR TRA
SXA SVE91
SXA SVE*1,4
LAC CLEAR,4
CLA 314
SUB 2,4

TMI ORDR IN CASE LOC(Y) LESS THAN LOC(X
CIA 314
STA ZERO
TRA ZERO

ORDR CIA 2t4

ZERO STZ *,
TIX ZEROilti
STZ* 2t4
SIL* 3,4
LXA SVEll
LXA SVE+1,4 ---

TRA* CLEAR
SVE BSS 2

END
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~~~ TBIF TCLI LISfrREF
C WAKE VORTICITY CALCLLATICN PRCGRAM - SUBROUTINE IDOUT

SUBlRUUTIKE bOCUT

COPM~tCN X( 34,-,4) Y( 340,4 ) Z (340v ) tU(34,4) ,V( 34Cv4 ) W(34 -' 4)
I GAMA (34: , 4)SEG (34, , 4)GA61 ( !CCA I( 10C,,A (340, 4) t P I,RAD,ii, -~2 VMP, XIHCL,XMSL ,NB,iNR% ,A,lNW,NOPT,NTAPE,NPR !NT,NDVC~i,PSIG),
3 XtMU,XLAM,ALPHAT,P[NT,PSIF,XNA,DPSI ,NBlNhl,XNWXNU,TPNB,

4 SAT,CAT,C1,C2,PSIT:'IXI,T1,T2,XJ,NPS,JPS,IPS, IPS1,XXX,YYY,
5 ZZ Z, I1ST, INCiTE-6,SI G1,S IG2,S. i 6#G,G bcG;DN;XN 1iNU2, iFMj - 1R -1I6 XtFX,XMY,XMZ,$IG4,SI(Th,RKISQII,SF,SO1 ,SG,BF, LPS,SE1GI SEG2,

7 SUM,LNCrtXIPT(4CC.'),YIPT(40)9),LIPT(4O0),VX(40: ),VY(40 )
-8 VZ(4Z)),VXF(4)),VYF(4C),VZF(4'),NXPT,NAB,FACTRIR8

1 Xi(11: ),X12( 1C0),XI3( 1 C),tX 14 ( 10-,ErTA I(10) tE A2 ( 1,',) t
2 E I A 3 (13 E T A4 (G1,X L E( I -1 i4X4UO),NE( '~l (A,*LLCV T

3 XXZ 10) ,XNZ( IOC)NFPf~iRJ(4),EJ(4),HJ(4),F-YJ4)DI 0i),I 4 02(l1C-)),03( 1Oj) ,4(l1) ,VXINFVYINF,VZINFUF,VF,Wf
1 WRITH(6, 0C3)I\B,NRh,NAtNFPT,PSIC,PSIF,XLAM,XMU,ALPHAT,RB,FACTR

]..JCO FGR'kMAT(1H1.,49X33HiHELICOPTER hAKE VORliC[lY PROGRAM //45X3IHNUMBER
1OF BLADES =111 /4SX31HNUMI3ER UF REVOLUTIONS OF WAKE=t~ ~~ Ill______1 /45X3IHNUMBER CF ALIP'UTh STATIONS =I11/45X31HNUMBER OF FiS,
XELAGE PCINTS =11I/45X23F-PSI (INITIAL)
3 P-f'9l.3,8HCEG-RtES /45X23HPSI (FINAL) =FII.3,
4 8H1 DEGREES /45X23HLA1PBDA =E12.5 /45iX23HMJ

5 =E12-5 /45i23HALP-AC =Fll.3,8H -DEGREES _______

6 45x231-R/8 =Fl1.3/45X23HVZ INFINITY FACTO
7R =F11.3)

____P 2~=36.C/FLOA(NA)

WRITE(6,1OC1)
luoi ORMAti//3CX3H0SI,l5X22H STRENGTH OF 1BLADE 1 ,I4tX2OHOESIEAt ~IBLADE 1 )_____________ ______

3 DG 4 I=1,I\A
WRITE(6, 10C2)PS,GAMBI( I) ,AlH )

1002 FORMATCF35.3,E321.5,E35.5)
____PS = PS+DPS-
4 CONTINUE-
RH URNj END
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SIBFTC ZZOUTP- LISTREF
C WAKE VORTICITY CALCULATICN PROGRAM - SUBROUTINE OUTPUT

SUBROUTINE CUTPUT
COMMUN X(3'gO,4) ,Y(340,4) ,li3i-iO,4)U(340,A),V(340,4),W(340,4)I

1 G AMA (34('t4) ,SEG(346-1- ) GB'G),A1(1i00),lA(3 46,4),P Iv RAb,
2 VMPXMCLXMSL,NB,NRis,NA,NWNOPTNIAP'E,NPR INTNDVCH, PS10,
3 XMLM,.PA,[ FF fN,0'--N1NlXWXttPNB,
4 SATCAT,C1,C2,PSI,TPI,XI,Tl,T2,XJ,NPS,JPSv IPS, IPSL,XXX,YYY,
5 ZZZ, 1ST-,INO, IFLGS!l-iG,SIG2,SIG3,GGGDENXNUI,XNU2,XNU3,lRl,
6 ___XMXWXMY,XMZ ,SIG4,S1G5,RiR,SQI1,SF,SQISGd3F,LPSSEG1,SEG2,
7--- -SUMLNCT,XIPT(400),YIPT',O0),ZiPT(40),VX(400,)f,VY(400.),
8 VL(400),VXF(40C) ,VYF(40C),VZF(40C) ,NXPT,NAB,FACTR,RB

PS10 PSI/RAC ______

DPSI., DPSI/RAD
2 Dr. 5 J=1,Ne1

IF( ILINE.EC.0) w1E6OONANhX~,M;LHTDsDP
1000 FORMAT(111.?46X38HHELICOPTER hAAKE VORfICITY DISTRIBUTION //13X

1 1511N0. OF BLACES 72,23X25HNO. OF _A2IM-UIH STATIONS i3,
2 21X21HNO. OF REV. OF 'AAKE = 12 /9X8HLAMI3CA =E12.5,15X4HMU-
3 E12.5,12X9HALPHA T =F7.3,5H DEG. IlXl1HDELTA PSI i-7.3t
4 5H DEC. //55X5HPSI F8.3,8H DEGREES

3 WRITE(6,l002)J
1002 FORMAT( /59X12HBLADE NUMBER 12/

4 WRIT-E(6,l0C3) (1,X( I,J) ,Y( 1,J) ,L(IJ) ,U( I,J)t NV -( ,) ,Ij-
1 GAMACI,J),A( 1,J),I=1,NI,NPRINI)

1003 F-ORMAT( 'X5HSTAT.,ICXlHX,14XlHy,14XlHZ,14X2HVX,I.3X2HVY,13X2HVZ,
ILINESTENTF 6X9HCCRE SIZE /(18,E18.5.,7E15.5) -

IIE=ILINE+NTWiTPtYF~
IF (iLINE.GE.LNCT) ILINE =0

5 CONTINUE
IF(NXPT.EQ.0) GO TO 6
IF(ILINE.EC.3)WR1TE(6,1O0O)NB,NA,NRW,XLAP,XMU,ALPHATDPSID),PSID
WRITEC6, 1004) CXIPT(I) ,YIPTC I) ,ZIPT(l) ,VX(I) ,VY(I) ,VZ(I) , =1,NXPT)

1004 FORMAT( /53X26HVELb~tf -TOIFE OiNt-S /IXH~~lv~l
1 14X2HVX,13X2H-VY,13X2HYZ /(E26.515EI5.5 ))-------

6 RETURN
END
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$IBFTC ZZFSLG LISTREF
C WAKE VORTICITY CALCULATION PROGRAM - SUBROUTINE FUSIGE

SUBROUTINE FUSIGE (XC,YCtZD,UFDVFD,WFD)
COMMON /FUSE/ XBAR(100),YBAR(10CbIZBAR(100),S[GX(100),SIGZ( 100),
1 XII(100),X12(100)hXI3(100),X14(1I00),ETA1(100),ETA2( 100),
2 ETA3(l00) ,ETA4( 100) ,XLE( 100) ,XME(100btXNE( 100) ,XLZ(100),
3 XRZTiO0)',XNZ(100),NFPTRJ(4),EJ(4),HJ(4),EMJ(4),D1( 100),

4 02(100),03(100) ,D4C1OCbVXINFVYINFtVZINFtUFVFWF
DIMENSICN XIK(b004) ,ETAK( 100,4) ,OOJ(100,4)
EQUIVALENCE (XIK ,Xll)P(ETAK,ETA1),(OOJ,O1)

I SUMU = 0.0
____SUMV = 0.0

SUMW = 0.0
IF(NFPT.EQ.O) Ga TO 13 _____

2 DO 12 J=1,NFPT
NFLG =1

XIX X ME(J)*XNZ(Ji-XPZJ').XNEtJ)
XMX =XNE(J)*XLZ(J)-XNZCJ)*XLE(J)
XNX =XLE(J)*XMZ(J)-XLZ(J).Xi-d.E-(J)
XB = XO-XBAR(J)
YB = YO-YBAR(J)
ZB = ZO-ZBAR(J)
D5 = (X13(J)-Xll(J))**2+(ETA3(J)-ETA1(J))**2
06 = (XI4(J)-X12(J) ) **2+ (ETA4 (J)-ErA2(J) )-**2
07 = AMAXl(05,06)

3 XI = XLX*XB+XtwX*YB+XNX*LB
ETA = XLE(J)*XB+XME(J)*YB+XNE(J )*ZB
ZETA = XLZIJ)*XB+XMwZ(J )*YB+XNZCJ)*ZB -

RO = XI..2.ETA*-2-+Z-EtA*.27- ___ _

TJ = RO/07
IF(TJ.LT.6.G) GO TO 5

4 SJ =.5*(X13(J)-XI1(J)).(EIA2CJ)-ETA4(i) )/(RO*$(;RICR0))
VxI =SJ*xI

VETA = SJ*ETA
VZETA =SJ*ZETA-
GO TU 90

5 00 6 1=1,4
RJII) = SQRTC (XI-XIK(JtI))**2+(ErA-ETAK(Jifl'*2+ZETA**2)
EJ(I) = LETA**2+(XI-XIK(Jtfl))**2
HJ(I) =(EIA-ETAK(JI )*)(XI-XIK(J,I)

IF(I.EQ.4) [1 = 1 __

TRMI =XIK(Jil)-XIK(Ji)
!FCTRMI.EQ.C.0) TRfV1 = 1.OE-6
L-J( I) =(ETAK(J, II)-ETAK(J,I ))/TRMI

-~6 CONTINUE
VXI =0.0

VETA =0.0

VLETA O .C
7 DU_9 I=194 ___________

11 = 1+1
IF(I.EQ.4) 11 1
TRM1 = (RJ I )+RJ(i11)-COJ (J, 1))/ (RJ( I)+RJ(1I1)+ODJ(J, i))
TRM1 = ALOG(TRMI)
rRM2-= (EttAk( JqI1 )-EITAKW, I))/ECJ (JtI)
TRM3 = (XIKCJlI)-XIK(Jil) )/COJ(JI)
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VXI = VXI+lRtA2*TRM1
VETA = VETA+TRM3*TRI.

8 IF(ZETA.EQ.0.0) GO TO9
TRM4 = ATANC (EMJ( I)aEJ( I)-HJ( I) )/(ZETA*RJ( I)))
TRM5 =ATAN((EMJ(I).EJ('i)j-Hj(i)j)/(ZETA.RjCiLH-))'-
VZETA = VZETA+TRM~4-TRIM5

9 CONTINUE
90 VVX = XLX*VXI+XLE(J)*VETA+XLZ(J)*VZETA___ ____

VVY = XMX*VXI+XME (J) *VETA+XPZ (J )*VZETA
VVZ = XNX*VXI+XNE (J)*VETA+XNZCJ )*VZETA
GO76 TU(1it 11) ,NFLG

10 VVVX =VVX

V-vy =iv

VVVZ VVz ______

YB = -YD-Yf3AR(J)
NFLG = 2

11 TRM =SIGX(J)*VXINFi+SIGZ(J).VZINF

SUP-W = SUM +TRM*(VVVL+VVZ)
12 CONTINUE
13 UFO = SU'U

______VFD = SUMV
WFZ) = SUM6
RETURN_____
END

64



$ 1BF TC - ZVL CT-- IS T,R- F
C WAKE VORTICITY CALCJLATICN~ PROGRAM - SUBROUTINE VLCTY

SUBROUTINE VLCTY
COMMON X(3V3,4),Y(34C,4.),Z(3 O,4),UI34O,4),V(34C,4)bW(34Cr,4),
I GAMwA(34C,4) ,SEC(34,,t4),GAII1UOO),A1(100),A(34C,4),PI,RAD,
2 VMPtXMCL,XMSL,NB,NRw',NA,M,,NUPI ,NIAPE,NPR INTNDVC-, PSICI
3 --- 'XM-1U,XLAM,ALP ,AT,PINTPSIF,XNADPSI ,NB1,Nh1,XNWXNB,TPNBt
4 SAT,CATC1.,C2,PSL,TPI ,XI ,rltr2,XJNPSJPS, IPS, IPSL,XXX,YYY,
5 ZZZ, 1ST, -NJPGSIG 1, S G GCDENUNU;NURl,

6 XMXXMY,XMZ,SIG4,SIG5,RRSQ11,SF,SQI ,SGtfjF,LPS,SEGI1,SEG2,
7T SUMLNCT,XIPT(40U,),YIPT(403),ZIPT(400) ,VX(40(-),VY(40-),
8 VZ(4C3),VXF(40C),VYF-C40C),VZF(40-) ,NXPTIABF-ACTR,RB
1 DU'; 7 1= i, NXP I

VZ(I)= c

2 DO 5 JbNI31l
SIG2 =SQRT( (XIPT(I )-X(1,j) )**2+(YIPI(I)-Y(1,J) )**2+(ZIPr(fl-

3 00 4 K=1,NW
SIGI = SIG2
SIG2 =SQRT( (XIPT( I)-X(K+1,J) )**2+(YIPT(lI)-Y(K+I,J) )**2+(ZIPT( I)-
I Z(K+1.J))**2)
SEGSQ, SEG(KJ)**2 -

HMI = SIGI*.2+SIG2**2
IF(HM1.GT.SEGSQ)GO TC 30'
HP2 = .25.U(SIG1+S1G2)**2-$EGSU(*SEGSC-(SIGl-SIG2)**2)/SEGSQJ
IF(HM2.GT.A(K,J)**2JGc r0 3C
GG6 = GMAiA(fK;J')/S-EGlk,J)
GO TO 31

30 GGG =GAMA(K','J)u(SIGI+SIG2)/CSlGlUSIG2*((SIGI+SIG2)**2-SEGSQ))
31 XNU1 (YIPT(I)-Y(K,J))*(Z(K,J)-Z(K+1,J) )-(ZIPTCI)--Z(KJ))*

1 (Y(KvJ)-Y(K+19J))
XNU2 =(ZIPT(I)-Z(K,J))*CXCKJ)--X(K+1,j) )-CXIPT(I)--X(Kt,J))*
1 (Z (K ,J ) -Z(K 1,-J-)
XNU3 =(XIPT(I)-X(K,JH)*(Y(KtJ)-Y(K+1,J) '-(YIPI(I)-Y(K,J))*
1 (X(K,J)-X(K+19J))
VX(I) =VXCI)+XNU1*GGG

VY(13 VY(I)+XNU2*GGG
VZ(I) =VZCU)4XNU3*GGG________

4 CONTINUE
5 CONTINUE

SIG1 SQRT(XipFCI)**2+YIPT(I)*.2+ZIPT'I)**2)
DO 6 L=lNH
LPS =MCO(KPS+(NA*(L-1))/N8+NAHYNA)
IF(LPS.EQ..C) LPS = NA
XNU1 = -YIPT( I)*L( 1,L)+ZIPfT I )-Y(hL-[)'
X(NU2 =-ZIPT I )*X( 1,L )+XIPT (I )*Z( 1,L)
XNU3 = -X IPT (I Y (, L +YIP (I )*X ( 1 ,
SIG2 = SQRT((XIPT(I )-)(1,L))**2.(YIP'IiI)--Y(1,L) )**2+(ZIPT(I)-
I Z(1,L))**2)
DEN = SIGl.S1G2*CLSIG1+SIG2)**2-I.0)
IF(DEN.EQ.O.O) DEN = .001
GGG = GAMBI(LPS)*(SIG1+SIG2)/DEN
vx(I) = VX(I).XNU 1*GGG
VYtI) = VY(I)tXNU2*GGG
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VZ(L) = Vl(l).XNU3*GGG
6 CONTINUE

VXHi) = VX(I)+XtMCL+\ixF(I)
VYCI) = VY(I)+VYF(H)
VZ( I) -=- i VZi -XMSL+ViZF(I)

7 CONTINUE- - -- - -

RETURN
END__ _ _ _ _ __ _ _
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APPENDIX I

OPERATIONAL INFORMATION FOR THE SUPPLEMENTAL

FUSELAGE PROGRAM

This program is written completely in FORTRAN IV.

INPUTS

CARD 1 NPTS: Number of fuselage elements A;4

NPRNT: Number of Bij coefficients to be printed;

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

EPS: Desired accuracy in iterative solution

of equations; i. e., if EPS = .001, the

solution will be obtained to within + 0. 1%

of the exact result.

NIT: Maximum number of iterations to be

allowed in solving the equations (in case

of divergence of the iterations).

NDUCH: Not used.

CARD 2, 3, .. , (Z)(NPTS) + 1 zxf, Y11, ir ; .l. - ,

zz. Y12, fz ZZZ qz . . .

etc.

A listing of the program is given on the pages which follow.
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SJBI:1C ZZH-FPF LIST,REF
C CAICULATICIh CF PCTENTIAL FLC% AECLY A 1-ELICOPTLR FUSELAGE

CC?'MN Xl(1IC' )iX2( 1C') 9X3(ICC) X4( ICC) yl (103) ,Y2C13ri) Y3( ~]
1 Y4( 1C- ), 1( CO Z2C( IC Z a3 ( 1( Z4C(10i; ,XBAR ( 100),YBAR 1C G
2 , ZeARCIlt ),IATIX(3's4 ) IX P (4 ),YPT (4) ZPT (4 X11( 10,X 12(IC)

3 I!J2CCC),X14C 1C2,ET1(lCC),EIA2CICC),ETA3(100),L-TA4C 10"],
4 ZEIA1 C10.') ,ZETA2( ICC), ZEIA3 C 1') ,ZETA4(C C.) ,XLXC l.C 3,

6 XIXZ(ILC),ZC) ,JC)E(4HI),C1E(1CC)9O2C10CJ),

7 -C3C1CC,),.C4( ICC) ,H~lCtlC2) ,SIGX(ICC) ,SIGZC 1Cc) NPTSNCVCH,
8 EPS,AN,BN,GN\,AX,OX,CX,AE ,1E,GE,CX,CE,CZ,C5l,06,D7,SJ,NFLG,

9 -- PL.Et2 1.t3.Et4,XP, 'PlPPIYRPIrXIIJETA1JZIETA[j,RCR1
CCPdMLN XIRIJ,ETARIJ,ZETIJ,I IJ, RIJ,VXI , TAtVZETA,TP1,TPP2,TMP3,
1TPP4,t TtPP , VX, Y t VZ iA I JtAP.J..,N!,NPR _PHK I41NI

DI1ENSICN, X(C C;,4),YCU,4) ,lUCC,9.),XIKC 1CC,4),EIAKUlCO',4),
1 ZETAKC1CC,4)

1c ---A-- c- ZETxl), Y l ,( , ), X K X l (E A ET 1 9 E A ,

1READ 1OCC-,NPTINPRhT ,EPS7N 17 ,NL'CF~
1000 FCRJMAT(216,F6.C-,21e)_______ ___ _____

READ 10Cl,((X(1,J),YCI,J)t1C1,J),J~1,4), I=1,NPTS)
1001 FCRP~AT(6F12.5) -

2 DL 18 I~ltNPIS

BK CZ4(I )-Z2C 1) )u X3(lI)-%11 ) )-(X4( I)-X2CI) )*(L3(lI)-ZIC I)
GN =(X4(I)-X2CI) )*(Y3( .)-VI( ) )-(Y4(! )-Y2(l))*CX3(i)-Xi( I))
XEAR(I) = CXI(1)4X2C1 ) + x Y I-)ftX(-I 4C
YEAH(I= (Yl(I)+Y2(I )4Y3C [)4Y4(1) )/'4.E
ZEBAKCI (ZiC I)+Z2(HI 413( I*4( I) )/4...

3 IF(AI .. E.C.C) GC IC 8
1FC1N.IE.C2)GC TC 8

IFCGN.NE.C.--) GC fC6 ______

4 WRITE (6,1CC2;) I, (XCI, J ), Y CI J ,Z CI, J ) J 1.4)
.uC2_FCRPAT!4CF- EAC SET LF PCINIS FCR CLACRILAIERAL NC. [5/4C3F9.4t5X))

6 DC '7 J1,
XPT(J) = XCI,J)-XeARCI)
YP T (J ) = YCItJ)-Y~fkiI) __ __ _

ZPTCJ) = %'.C
7 CCNT'INUE

GC 7L 14i

AI'IX(21) EN
AlvT X 1,f Z _ __ _ _ _ _ -___b_ __N.

AV'TX(2t'3) ^= .

---- !_ JF14 -t KE .C. CC TC 11
9 AFTqX(3,1)

AV IX (3 , 2) G N
A!ITX(3,3) =-MN

______i I-1. _J =1 .
AP~IXC 1,4) eN'*YIARHCI)-+GN*Z84RH()

- A11T XC Q2,4)I: = P N*X(ItJ)
AiWTX(3tA) = GN*YCI,J)-ENi\*CI,J)
CALL SIIPSCL (AMIX,3,3)_______
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XPT(J) APTX(1,4)-XEARUl)
YPT IJ ) ---- -eR(LL-..... -- - -- ---- ----
ZPfUJ) AlPTX(3,4)-Z2AR(I)

GC TL 14t
.JLAkY&U.,) =-.C-

At'1X(3,2) C.

12 DC 13 J=1,4~
AlvTX(1-, = AN - XIPA(I)4+BNvYEAR(I)+G!\*Z8ARCI)

AIPTX(3,'A) = Giy!* (.1,J)-A(\4Z(I,J)

CALL SIV~SCL (AVTXt3,3)
XPTCJ) =A? TXLU4-x2AR(1)
YPT(J) =AtPTX(2,4)-YBAR(I)

13 fCNTlNUE

BX =YPT(3)-YFr(i)
GX zZPT(3)-ZPI(1) _______

AE = BNIGX-EX*NGI
BE =GN*AX--XmA
GE =AN*EX-AX*EkN
CX = I.C/SCIRT(AX**2+HX**24GX**2)
CE = I./SCRT(AE* '2+BE**24CE**2)
CZ = I.C/SCRT(AN.'2+PtN.'2+C~a*2)--_ ______

XLX(I) CX*AX
XFX( I) = X'3
XNX(I) CX*Cx
XLE(I) CEA
X?'L(i) CEeE
XIE() =CE*GE

XLZ(1) C-A
XFZ(1) =Cz.8N

XINl(I) CZ*GN
16 DC 17 J=104

XIKH,J) =XLX( I)oXFT(J)4XIPX(I)*YPT(J)+XNXCI)oZPT(J)
EIbK(IjJ) XLE(I)*XPT(J)+XPE(fl.YPT(J)+XNE(I )*ZPT(J)
ZETAK( IJ) =XLZ(I )'XPT(J)+XPz(I).YPT(J)4XNZ( I)*ZPT(J)

17 CCNTINUE ____

18 CCNTINUE
19 QC3 JLA J N

DIMJ = SCRY( (X12(J)-Xll(J) )**2+(ETA2(J)-ETA1(J) )*2)
02(j) s SCPT( (X13(J)-X12(J) )*24iTA3()-ETA(J))**2)
Q3(J) zSCRT( (X14(J)-'X13(J))Ju*2.(ETA4(J)-ETA3(J) )**2)
D 4A J = S CR I( (X 11( J) -X14 (JLL* I24 (EIA LL):-ELA4) 2)
D. 5 = (X13(J)-Xll(J))*42+(EIA3(i)-ETA1(j))**2
06 = ( X1'( J )- X12 L) ) *,Z!(Et 4 (4)-EfT A2 ( J )*2
07 = AMAXI(C5,06c)
SJ =.51(X13(J)-XII(J) ).(ETA2(J)-ETA4(J))

TRP X12(J)-XU1(J)

EFI = (EIA2(J)-ETA1(J))/TRP
TRP*= X13(J)-X2UJ.. ----- ".

IF(TRV.EC.C.0)TRF = .CE-6

EF'2 (EjA2(J)-ETA2(J))/TRF
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TRK = X14(J)-X[3(J)
IF(TRMd.EQC.O)TRY' = l.CE-6
EP3 = (ETA4(J)-ETA3(J))/TRP
TR?4 = Xl1(J)-X14(J) ___--- --

IF(TRP.EC.C.O)1RM = 1.CE-6
EPA = (ETA(J)-ETA4(J) )/TRFP -. --

20 DC 30 1=1,NPTS
NFLG =1 ____-

XPP = XBARCI)-XEAR(J)j
YPP = YEARMf-YeARJ)-
ZPP = ZEAR(l)-ZBAR(J)
YRPP -YBARtI)-YEAR(J)
XI IJ =XIX CJ) 'XPP+XPX J) YP.4XN~X(J)*ZPP
ETAIJ = XLE(J ).XPP+XFE(J)*VFF+XNEIJ)aLPP____________
ZETAIJ = XLZ ( J )XPP+X1Z (J )*uVP4XNZ (J )*ZPF
XIRIJ = XLX(J).XPP4XtPX(J)*YRPP4)(NX(J)*ZPP -

ETARIJ = XLE (J)*XPP4X'E (J)CyRPP4XNE(J)*ZPP
ZETRIJ =XLZ (J)-XPP+XPZ (J )*'vPF4XNZ(J )eZPP - - -

Ri = XIRIJ*.24C-TARIJ**2+ZE1IJt,2
RC = XIIj**24ETAIJ**2+ZETAIJ**2
TIJ = RG/C7
TRIJ = Ri/C?

21 IF(I.NE.J) C-C TC 22 -

vX1_=_cC _

VETA =C.C
VE =6.283185 C72 __-

GC TL 27
...Z..IF(IJ.-T..C)GC TC 26

___RIJ(K) = SCRIC (XI IJ-XIK(J,K) )*.24(ETAIJ-ETAK(J,K) )**2+LETAIJ*'2)
EIJ(K)= ZETAIJ**241XIIJ-XIK(J,() )**2

24 LCNTII'UEj
TIPPi = ALCG ((R -I -J()4R[J(2)-CI(J))/(RIJ(1)4KIJ(2)+Ci(J)))/C1(J)
TPP2 = CC((RIJ(2)4kiJ(3)-r2(J))/(RIJ(2)+RIJ(3)+C2(.1)))1/02(J)
TF~P3 = ALCG( (PIJ(3)41RIJ(4A)-C2(jH)/(RIJ(3)4I9IJ(4)+C3CJ)))/C3(J)
IlFP4 = tlLCG( (PIJ(4)4lU'J(1)-C4(J))/(RIJ(4)+RIJ(i)+C4(J)))/04(J)
VXI = (ETAl(J)-4rA2(J) )*TIP14(E 1A2(J)-ETA3(JI )*1PP2+(ErA3(J)-
1 ETA4(J))*TlP3+(ET.14()-HiAlJ) )*T wP4

VETA = (XII(J)-X.I2(J) lITP14CXL2(J)-XI-'(J) ItIP24XI3(J)-XI4(J)l'

______________IJ'3*(I4( -X(J )GT?'F425

VZEIA =C.C________-

GC TL 27
- 25 VZETA- AT ((EP1IEIJ(1)-F-IJ(1))/(ZEUAIJ*RIJ(1)))-ATAN((LI'i*EIJ(2)

I -I-IJC2) )/(ZETAIJ*PIJC2) I),+ATA((E1F2*HIJ(2)-IiIJ(2) )/(ZETAIJ
2 _ RIJl2) ))-,41AN( (Et*E IJ(3)-1-IJ(3) )/(ZETAIJ*RIJ(3) ))+

3 A'RIJCA) 1)-Al3WF~IIIJ()-I-rIRIJil(3E)))IJII~I())) I(4

GC TL 27
26 l' J(zSIIR)

VXI = XIIJ*TWP
V EFJA = 'ETA iJ*~PP
VZLTA =ZETIJ*iIPP
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27 VX = XLX(J)*VXI+XLE(J)*VETA+XLL(J).VZETA
VY = XF()VIXEJ*EAYw (J) V--A

VZ = XNX(J)*V~1XIXE(J)*VETA4XNZ(J)aVZE1A
GC JtL 2e.rl5 h!NF.LC

28 AIJ =XLZ(1)*VXtXPZCI)*VY+XNZ(l).VZ

XIIJ XIRIJ
ETAIJ = EIRIJ
ZETAIJ =ZETRIJ

TIJ TRIJ

29 ARIJ = )LZ([)tVX-XI(I)*VY4XNZ([)*IV
B(I,J) =AIJ+ARIJ_________

30 CLNIKUE
31 CENTINUE

Ni = NP1S+)
-N2 = -NPTS42 -

32 DC 33 I =IIKPTS
Bf 1,N1) =-XLZUI)_______

B(1,(2) = -XNZ(1)
33 _3C NT1INE _ _L[IF(NPRNT.EC.Z) GC TC 3e

M~PR INT = t1l' ICCNPRNT NIS
34 DC 37 1=1,rPRPINT,e& ~1 = fINC(1+7,MPRiI)

103 CLA~fl_4X2PTNTA FLCh A8Cur A 1-ELICCPTER FUSELAGE //5"X
1 11F-EIJ FUR J =13,2F- -13,'1- I 1 1-13/)

WRITEC6,lCC4)(f3(J,K),K=1,16)
IC04 FCfRMAT(EEI6.=,)___________

36 CCNTINUE
37 CCNTINUE

38 CALL SIPEC
CALL CUTPLI

ENC
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SlBFTC ZZSP.EC LIST,REF
cCALCULATICh CF PCTENTIAL -FLCUi AECOLT A 1-FLICCOPTER FUSFLAGE - SIPEC

SUERLUTIiNE SIPEQ
ccP'McN xiUj1coJ,2(1CC),3 C)"(Cbi1C)Y(Z)Y(C
I Y4(IC'C),Z1(lCc),Z2(lCC) ,23(1Crvb)Z4(100) ,XBAR(100),YBAR(1GC)

3 ,XI3(,CC-),XI(1(CG ),EJAI( 1CC)ETA2(l1CQ),ETA3(1O0)bETA4C1OC)I
4 ZETAIj(06jtZTA2( 1c )ZE7A3(1O0)hZETA4(CckXLXj*10 j,..
5 XPX(1CC),XNX(1CC) ,XLEC1CC),XPE(ICG),XNE(IO.C),XLZI100),
6 X *Ck.X~L1CVRIJ4 IE.(V, 4 ,C( 100 ) Q2 I lOrG)ti
7 C3(ICC),C4(ICC) ,B(1CC,1C2),SICX(1CO),SIGZ(1Ct;bNPTSINCVCH,

9 EYi1,EP2,EP3,EPA,XPP,YPP,ZPP,YRPP,X IIJ,ETAIJ,ZETAIJRL,,Rl
CCFMCN XIRIJtETAR.IJZE1. IJ,Tjt!~RIJVX1 ,VETAtVZETA,TMPI,T,'P2,TMP3t
'1 TPP'A,TPP,VX,V,VZ,AIJ,AR IJ,Nl ,N2,NFRNT,PPRIT,NIT
DIVENSIEN~ICA,(1C4)~i~h4 XK104 AJiC4
I ZETMKICC,4)

ECUIVALENCE_( X Xl), (Y,Yl),(Z,"!)t_(XIKrXI1),dETAK,ETAI,,'(LETAK,
1 ZETAI)

1 JS = Ni
E PS5 _L_ E P.S

2 IT = C

UIMI = .
4 DLL 5 J~1.tbTS _________________

TERP= -(i,j)/h(l,i)

UI(I) =Ll(1)4Tt4.F11(j)

UltI =LI1()48(IJS)/P(1,[1
6 CCNTINdiE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7 DC 1L I=1,NPTS
-~ ~~~ 1j.LAE.C T L 8
TfPP= AS(L2(1l-LI(l))
GE. TE 9--

8 TfP= A ES ((.2I).L ( I /L2(1))
9 IF(ITPP.GT.EPS) GG IL 15 _______

iC CENJINUE
IF($.~.I2)CC TC 13

11 DC 12 I=1,N\PTS

12 CENT INLE

GL UL 2

SICL(I =LI
14CNTINLE
RETURN\

15 IT_=_ 11 __ _ _ _ __ _ _ _ __ _ _ __ _ _ _ __ _ _ _

IF (IT.GE.NiT) LC 11 18
____L&O --I7_ !i 1 PI S

u2m = LIMI

GE TL 3
18 IFWJ .N2) CC fLV __ ___
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WPT E( 1C CC ) E PSlI,tN I
IO0CO F-CRP~AT (5X4P1-ECLATICNS FCR SIGPA XC CIC NCT CC NVERCE TC hITHIN F7.4

I ,12F- PER CENT IN 16,111- ITERATICNS5
GC Tb 11

19 h -lTL66,1C~Ci) EPS1,tNII
IGGIOC FCHFIAT( 5X46F1ECLATICKS FCR SIG~t Z NIC NCT CCKVERGE TOi hITHIN F7.4

1 ,121 PERCENT IN 16,111- ITERATICKS
GC lIL 13 ___ __ _____ _ _ __

IN
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SIBFTC ZZOUT LLSTIREF
CA LCULbTI N CF PC TENT I AL tI~2L'A I-EL ICC .PTER-FULAG CUJ.T PUT
SLEROO;INE CLIPUT

1 Y'(ICC),Ll(lCC),Z2(ICC) ,Z3(1CC) ,14(1C21 ,X8AR(lCC),YBARt10C-o
2 ,ZBAF-IL)ICJA!FTX(3,4A),-)PT(4) ,YPT(4) ,ZPT(4),XIl1COO). 1 2i4SJ)

3 ,x3(10,X4(1G1,TAI( lCO),ETA2(100),ETA3(11,O),ETA4(lr)Q),

S XPX(I1CC),XtNX( 1CC),XLE(1iC),XPEC IC') ,X1%E1 1-),XLZ(1C0"),
6XFZ-(1C-tC), X\(C0),RIJ(4),EIJ(4),H1J(4),C1(10u)tC2(10.),

7 C3,( CC~,D4(ILC),B( lC-,1C2),SIGX-( LC),SJGZ(1CC i,NPTStNCVCH,
8 -FS -,1NNAXE3X ,C~ ,AE ,CEEGECXCE,CZC5,C6,D7,SJ,NFLG,

9 EM1,E?2,E ,U'4,XPP,VFP,ZPP,'YRPPX1 1JETAIJ,ZETAIJ,RC,,Rl
CC? C y~ItLP,THP2,TM~P3,

1 TFP,TlPP,VX,VY,VZ,AlJ,A IJ,fI;12,NPRN,FPRNT,'IT

1 Z IC 1 IK 1CC ET K 1- 4

E&LIVALNCE .yXlh)?Y,Y1)I (Z,Zl),(X[K,XI 1),(ETAK,ETA),t(ZErAK1 -

I ~ ZETA1)
1 PLN\Ch 11ccCINPIS___ ________ _____ ______

10CC FCHMAT(321-ZZ H-ELICLPTER ILSELAGE PHCGRAP 16,221J PUINrs - HAPVEY

13 3
114 4 _ _ _ _ _ _ _ _ _ _

2OC I I=1,NPIS
___PLI\Ch -'C - -'I XCAk(I),YeAR( I),ZeOAP(1),SIC-X(I ),SlGZ(1bIZE C,l[

PLNCI- i:~i )~I([ X2 ),1C1 EAII EA(1,11
__~iCf _C ,ET43( 1) ,ETA4( I1) ?[I( (I )C2( 1 0 l C(1,11

3 CCtNTIIKLE

IF(.NPAGP*5.C.L(-I\P7S)N'PAGI= I\P.ClE+l

12 f, I LC(+ 4 NPT ______ _________

1'CLELPAT1ClIl4442FPLILNIIA'L ILfla APCLI A IELICCPTER FUSELAGE //18X
I 7FICt x1ISCt ?,12X111-LMt4fCA ZrTA, 14X7HPL, ZETAp15X

5 CLI'T[I\LE
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SIBFTC GBSIMS_________ ______

SUBROUTINE SIMSOLCA,KKILLI 0_19 001
_ DMENION A(LLILL)-

C 0 KK- SIZE TO SOLVE' , LL 1S1 DIMENSION OF A 14 MAIN~ PROGRAM 019 003
N=KK C19 004

L1C19 605
41=N+l C-19___ __ _ __ __ _ __ __ _ __ _£10 Ll1=L~l 0C19 007
IF(L-N)21,21,5O 019 008

21 K-0 019. 009
BIG=0.0

DO~~i~J.L 20 25Lt C -__19 010

25 CJNTINUE 9 04
26 IF IB[G.LE.O.O) CALL DUP

0 DETERMINA4T= 0 ,#AO S)LUTIrnJ ._____ 19 QIU
32 IF(K-Ll26v40v35 C19 017
35 03 37 J=L,41 vr,19 018

B=A(K,J) C19 019
A(,)ALtJ) 0.1 9 ' 2.

6A(L,J)=B (.'19 021
37 CINTINUE ',9 22
40 DO 41 JzLlNl C19 023
'41 -ACL,tJ)= AIL,J)/A(LIIL) v .1 .2~
42 A(L,L)= 1. C19 025

IF(L-N)43t50,26 C19 i~6
43 00 48 1=L1,N C19 027

IFAIA) )1
4 4

8,~44 C19 028_
44 DO 45 J=Ll#Nl 019 029

_l_.45 A(I.,_J)= A(1,-J'- A(LsJ.*ACI, '%'1019 030.
48 CONTINUE C.19 031
- _I.=L -1 .,l9- -.032.

GO TO 10 0'19 033
50 M2=M-l C19 034

IF(N2)51961,51 019 035
5l 0DO 60 12=1,N2- CA 19 ,036

141--12 C19 037
I11=I+L C19 038
0O 59 J=11,.4 019 039

58 AU ,Nl)= Al ,NI)-AflI,.J)A(JNl) C19 041
59_CJNTINUE C 19 042.
66 CONTI NUE 0*19 043

_061, RETURN C19 044

END
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