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CHAPTER 1
INTRODUCTION

Since helicopters anc¢/ other VIQL aircraft are designed to take-off and
land vertically, to hover for rescue attempts and other purposes, and also
to be able to fly close to the ground for a long time, study of their per-
formance in ground effect is very important.

Calculation of stability an;i"oontrol derivatives of helicopters and
aircraft requires knowledge of the behavior of aerodynamic forces and mo-
ments for different f£flight conditions. Since the wake of fixed-wing
aircraft is left behind in forward flight, there is no interaction between
the newly generated vortices and old vortices. This simplifies the wake
study of fixed-wing aircraft compared with helicopters. There are three
major differences associated with helicopter wakes.

First, the wake of a helicopter does not move away from the rotor as
it does in conventional airplanes. In slow forward flight, the vortices
shed from the blade tips move dowrward below the rotor as a helix.
Secondly, the problem becomes more complicated as the helicopter approaches
the ground. In the presence of the ground the wake contacts the ground,
rebounds; and in certain flight conditions is drawn through the rotor again.
Thirdly, the wake can rcli up in front and around a helicopter like a
horseshoe. This vortex (which is close to the ground) is called a "ground
vortex"., As speed increases a helicopter overruns the ground vortex ahead
of it causing a transient disturbance well known to pilots.

All these problems complicate the study of helicopter aerc;dynamic
forces and moments. Most of the investigations of the helicopter wake in
ground effect have been experimental and qualitative, although there has

been same theoretical study of hover in ground effect by modeling the wake
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as flat vortnx rings. 5o far, there has not been a successful study of the
wake in ground effect which covers all flight conditions because of dif-
ficulties mentioned previously. The current stidy has been made to address
these problems.

Precise mathematical description of the flow field for a rotor iz made
difficult by the interdependence of the velocity and the wake position.
That is, the boundary condition is knwn but the location of the boundary is
not known., This situation is chezacteristic of problems that can be
generally classified as "free-boundary problems". The method of solution
that can sametimes be used on this class of problems is to guess the posi-
tion of the boundary, compute the solution, and determine if the computed
solution is consistent with the assumed boundary location. This approach is
based on the use of space ccordinates as independent variables; computation
is cast as same sort of feedback scheme in which the differences between the
assumed boundary location and the resulting solution are used to determine a
new estimated boundary position. Advantage is taken of the azimuthal peri-
odicity of the rotor positicn and independent variable is chosen to be time
(or azimuth angle of a reference blade). The point of view, then, is that
new elements of wake vorticity are generated as the blades rotate and
translate. These elements are onvected with velocities determined by
their self-induced velocities as well as velocities induced by existing wake
structure, the bound vorf:icity of the blades, and the iinage vortices intro-
duced to satisfy the ground-plane boundary condition. It is assumed that
eventually a stabilized pericdic wake array solution can be obtained, since

the condition of a fixed periodic blade loading was imposed.
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The continuus distorted helix was selected as the model for the cur-
rent effort. The ground boundary condition was enforced by influence of an
image wake,

In the present study it has been found that the distorted helix model,
an the absence of ground yields average welocities that agree well with
measurements made in and about a helicopter rotor wake (reference (2]).
There is a good qualitative check on the wake of a helicopter in ground ef-
fect, but no check ~ould be made quantitatively because these measurements
are not available.

The digital computer program is based on the assumption that the rotor
is in steady level flight (or hovering) with a specified tip-path-plane
angle. Shaft rotational speed, rotor force, initial vortex core radius,
number of blades and the ratio of the rotor radiuz to height above the
ground are also inputs. Information relative to the computing program is
given in Appendix B.

It is the purpose of this study to provide the numerical methods from
which to calculate aerodynamics (stability derivatives) necessary for the
modeling of helicopter \Yynamics needed for design of stability and control

systems,

()



P R s atee e Ll e

CHAPTER 2
JREALIZED MODFL

Camputations of aerodynamic forces, moments, and stability derivative
of heli¢opter directly depend upon induced velocity at the rotor disc. As
induced velocity is a consequence of a wake structure, it is necessary to
have a wake structure which gives relatively accurate velocity on the rotor
disc. o

In addition it is important to make the model as simple as possible to
reduce expensive computation time. In the following sections a wake model
will be presented and studied. Section 2=1 describes and compares the
prescribed and free wake analysis, Sections 2-2 through 2-7 explain the
free wake structure and discuss the reason for keeping important parts of
the wake ard ignoring unimportant parts of the wake. In section 2-8 the
basic formula to calculate induced velocity of a rectilinear vortex segment
at a point in the space will be formulated. Section 2-9 describes the
structure of the computational model, and in section 2-10 the induced
velocity formula will be mcdified for special cases. ‘Section 2~11 considers
the inboard wakes and finally discusses the reasons for considering only one
of tiile inner wakes.
2~-1 FREE WAKE ANALYSIS AN PRESCRIBED WAKE ANALYSIS.

wake analysis of helicopters has been the topic of many researchers
for many years. It is one of the most important aspects of helicopter
study, because the majority of the characteristics of a helicopter depends
on its wake structure.

Among the many methods of analyzing helicopter wakes, two methods cur-
rently are employed by the majority of helicopter researchers: prescribed

wake analysis and free wake analysis.
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In the former method, for each flight condition the location and in-
tensity of the vortices of a wake are measured., Having these locations and
intensities, aerodynamic forces and moments are computed. As previously
mentioned, for each flight condition a number of experiments for different
points in the space must be carried out. An increase in accuracy can be ob-
tained by increasing the number of points on the wake to be examined.

In the free wake analysis:"an initial wake with same initial
properties 1is assumed. 'Then it is possible to compute the induced velocity
of any point in the space, including the points on the wake. The new loca-
tion of the wake solution can be obtained after an increment of time by
using velocities of the points on the wake with simple forward integration.
Also the properties of the wake can be modified to be consistent with the
new wake. This procedure can be repeated until the wake location stabilizes
and reaches its periodic steady state.

Similar to the prescribed wake analysis, free wake analysis accuracy
can be increased by increasing the number of the segments. Pecause the com-
putation time will grow exponentially with increase in number of segments,
there is a practical limit on the number of segments.

To study the wake in ground effect, the detailed analysis of the
prescribed wake is prohibitively expensive in tems of manpower required and
difficulties in measuring the location and circulation of the wake segments
close to the ground, especially in presence of a ground vortex. Free wake
analysis is oonsidered to be a better alternate for the wake analysis, be-
cause it can cover all the points in the wake including the points close to
the ground in almost all flight conditions, and it is more efficient and
less expensive, For these reasons the free wake method was chosen to study

the ground effect.




2-2 WAKE STRUCTURE.

In a given flight oondition, the wake of a helicopter contains
several different vortices., Considerisij potential flow around an airfoil,
each blade may be replaced by a vortex line having the same lift and ap~
proximately the same flow field. This vortex line is called a bound vortex.
A ocomplete model of a bound vortex for each blade consists of radial varia-

tion of circulation, as well as tangential variation with azimuth angle.

Due to steep change in circulation at the tip of a blade, tip vortices

are generated; and because of the variation of vorticity along each blade,

inboard vortex filaments parallel to tip vortices are released, Blade pitch
angle variation or velocity change of a blade results in vortex shedding by
the rotating rotor blades (figures 2-1 and 2-2). '

Near the ground, a mirror image of the whole wake must be added to
satisfy the boundary conditions on the ground,

Consideration of the ground effect will result in large increases in
computation time for the following reasons:

i)Computation of the induced velocity of the mirror image wake doubles
the computation time.

ii) The number of points for wake analysis in-ground-effect should be
more than out of ground effect wake study. The reason for this increase is
that during flight out of the ground effect, as time passes the vortices
move away from the rotor and their effects can be neglected; whereas in
ground effect, old vortices may hit the ground, bounce back and in same
flight conditions interact with the wake and cause major variations in
forces on the rotor. Therefore it is very important to keep the effect of
the old wake which can have a significant effect on the velocity distribu-

tion of the rotor.
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A detailed analysis of the whole wake is practically impossible espe-
cially in the presence of the ground and ground vortex. Therefore, it is
important to make the model as simple and as accurate as possible utilizing
the parts which describe the wake efficiently for velocity computations.,

2-3 TIP AND ROOT VORTICES

As was mentioned in the previous section, a quick change in circula-
tion close to the tip of the ‘Biade causes a steep continuous sheet of
vorticity close to the tip to be released (see figure 2-1 to 2-3 for con-
tinuous sheet vortices and discrete filaments). Flow visualization studies
indicate that this sheet of vorticity rolls up within a few chord lengths of
the blade and forms a single concentrated vortex line., To avoid complexity
it will be assumed that tip vortices are fully rolled up from beginning as
they are released. Tip vortices are the most important part of the wake, as
tiev gmrry  a considerable amount of energy. The velocity distribution of
the rotor disc greatly depends cii the locations and strengths of the tip
vortices. ‘Therefore the primary goal is to compute the locations and
strengths of the tip vortices.

Similar but weaker vortices are created near the blade root, however
analytical and experimental studies have shown that they rapidly dissipate.
Even if root vortices are oonsidered, their contribution to the induced
velocity is negligible. For this reason, as well as the savings in computa-
tion time, they will not be considered.

2-4 BOUND VORTICES

Among many models available for bound vortices, the simplest one has
been chosen to replace the blades and their images., Each blad: is replaced
by a single radial vortex line with constant vorticity along its length,

The strength of these vortices is computed by assuming the total load on all

-9-
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the blades approximately ajuals the helicopter weight. The reason for chos-
ing such a simple model is to avoid large increase in computation time.
2-5 INBOARD VORTICES

As previously mentioned, the accuracy will increase with utilization
of more realistic models. The mathematical model will be more realistic if
large number of inboard vortex filaments are included. Consideration of
even a few inner vortices will resﬁii in an increase in computation time by
a large factor. Therefore it is desired to include as few inner wake fila-
ments as possible. It will be shown that if only one inside vortex filament
at r/R=0.7 is included, the accuracy of the velocity close to rotor plane
will improve considerably. Also oomputation time is only increased
slightly.
2—6 SHED VORTICES

In forward flight, the pitch angle of each blade will vary peri-
odically (once per revolution). This variation will result in variation of
circulation of each blade with azimuth angle ©f the rotor. Consequently,
periodic variationm in blade circulation results in release of a continuous
vortex sheet parallel to the blade which may be modeled as vortex filaments.
Fortunately, during flight conditions in which ground effect is important,
the vortex filaments are not very strong and they can be neglected.
2-7 MIRROR IMAGE VORTICES

To satisfy boundary conditions on the ground, it can be assumed that
corresponding to each blade bound vortex and each wake segment, there is an
image vortex with opposite circulation below the ground at the same
distance. The induced velocity of the image segments at points close to the

rotor disc is s=mall and for the points close to the ground, the induced

-10-
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velocity is large. This effect forces the wake to satisfy the boundary con-
dition on the ground and consequently forms the wake close to the ground.
In same flight conditions the wake close to the ground rolls up, passes
through the rotor and forms a new configuration for the wake (ground
vortex). Therefore, it is necessary to take into account the image wake as
an important part of the whole wake.
2-8 FORMULATION OF THE MODEL "

Formulation of the flow corresponding to the simplified model can be
accomplished as follows: A coordinate system fixed in the tip path plane,
a plane which passes through tip of the blades, is introduced (figure 2-4).

The vector V in Figure 2-4 is the free-stream velocity (the negative
£

of the translational wvelocity of the aircraft), inclined at an angle o
T

to the X-axis and parallel to the X-Z plane. The angle y denotes the
azimuthal positioning of a given point with respect to the origin.

The air velocity V ata given point located by the vector r may be
p p

expressed in the form

(2-1)

where r =t ~-r and " ( r ) is the circulation about the vortex element at

r. The line integral is to be taken over all vortices in the flow and the

image system whose paths are collectively denoted by C . It is necessary to
gy

modify this expression when r =r and this point is .scussed later. The
P
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circulation, i , about the blade vortices is estimated directly in terms of
flight parameters. The circulation about a wake vortex at a given point is
simply that value assigned to the blade vortex when it was generating that
segment of the wake.

The only information lacking for the complete specification of the
flow at a given instant, then, is the location of the wake vortices at that
instant. The position of a given péiﬁt on a wake vortex located by the vec-
tor r is the time integral of the ‘welocity experienced by that fluid
particle

t

r(t)=r(t°)+/V(r('r)) ar (2=2)
t.

Thus, even after being simplified, the flow can only be obtained as
the solutioﬁ of the nonlinear integral formed by the substitution of
Bguation (2-1) into Bguation (2-2). A direct analytical solution is not
feasible, but the problem is amenable to solution by numerical methods using
a high speed computer. The manner in which the formulations of BEquations
(2-1) and (2-2) were implemented for digital computation will be discussed
in the following sections.

2-9 DESCRIPTION OF COMPUTATION MODEL

For the purpose of numerical analysis, the wakes produced by each
blade are divided into small segments (figqure 2-5). These segments are
chosen to be sufficiently short so that, they can be considered rectilinear
vortices having constant circulation along their lengths for purpose of com-

putation of the induced velocities.

wlqe-
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Each segment is defined by its two ends. Segment S is between point
i

i and point i+l. The wake configuraticn at any instant is defined by the
location of these end points.

Camputation is initiated by specifying that each of the wake vortices
lies on a prescribed curve. The curve is chosen to be a single vertical
helix, or a previous solution for.a flight condition close to the required
one. The numerical version of equations (2-1) and (2-2) are then performed

by first summing the velocity contribution of all the vortex elements in the

flow at each reference point (Bquation 2-1), and then using these velocities

to compute the new location for each point for a time intervald t
(Bquation 2-2). The ¢time intervald t is chosen to correspond to a small

finite change in the azimuth position ¥ of the blades.

Ay =2 at (2-3)

where Q is rotor angular speed. Once the new coordinates of each reference
point is computed, the azimuth of the blade vertices is increased byAd y and
the velocity computation is performed again. As the blade vortices are
repositioned, a new wake vortex element is added to the flow at the tip of
each blade vortex, the added vortex having a length of approximately R4 ¥,
where R is rotor radius. A corresponding element is dropped from the com=-
putations at the downstream end of each wake vortex to maintain a wake of
constant size, The computations are continued in this manner for a

specified time and the results are inspected. If a nearly periodic solution

-16-
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is established in the space volume of interest, the calculation is
terminated.

The total number of the wake vortices taken into account and the mag-
nitude of 4 Y determine the accuracy of the flow representation at a given
point. It is believed that, for a two-blade rotor, a value for 4 ¥ of
thirty degrees is sufficiently small to furnish an acceptable estimate of
the time variations of the flow consistent with the other approximations
introduced. The number of wake elements to be considered depends on the
region of interest, forward speed and height of the rotor above the ground.
If the free stream does not clear the wake under the rotor, the number of
wake elements must be sufficiently large to include all the wake eleaments
close to the rotor. This phenomenon greatly depends on fo:wafd speed and
height of the rotor above the ground.

2-10 VELOCITY INDUCED AT POINT P BY THE WAKE AND THE BLADES.

The wvelocity induced at an arbitrary point P by the vortices repre-
senting the wake and the blades is simply the sum of the effects of an array
of rectilinear vortex segments. If V denotes the velocity induced at P by

the elements between points P and P , it is found from equation (2-4) (Ref.
1 2

[1] Page 152) that

V= I (Cos@ =Cos 9 )/(4 m h) (2-4)
1 2

-17-
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where I is the strength of the element and9 , ¢ and h are defined in
1 2

figure 2-6. The velocity is directed normal to the plane containing P,
1
P and P.
2
As the field point P is inade to approach any point on the line joining

P and P the induced velocity inc¢reases without limit, because h tends to
1 2

zero (Bgquation 2-4); the velocity becomes indeterminate for h=0. Because
the velocity of air can not reach infinity, another model is employed for
small h.

Experimental studies [2] of the structure of trailing vortices show
that {or sufficiently amall h, the flow rotates as a rigid body. The region
where vortex filaments have rigid rotation is called the core. Among many
models suggested for i of the core, Scully's model [3] is believed to give
the best results.

h 2
e e’ (2-5)

I + (h/g}?

Here a is defined as the radius of the core. The Scully model approaches a
potential flow just a few core radii away from the filament. Because of
favorable comparison with experimental data and smoothness for small h [4],
the Scully model was used in all calculations. Figure 2-7 compares the nor-
malized vorticity and normalized velocity of the Scully model with wind
tunnel experimental data [2]. One of the advantages of this model over
other models is that there is not a sharp change in velocity profile at the

boundary of the core. This smooth behavior helps to avoid large changes in

-19-
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computation of the induced velocity at a point close to a vortex filament
which may result in numerical instability.

In previous formulations, point P was not assumed to be one of the end
points of vortex segments. If point P is one of the end points, then it
should be assumed to be a point on an arc segment containing the two seg~
ments which P is one of their ends and undergoes self-induced velocity.

The self-induced velocity of the two segments is formulated in appedix

A, The velocity of the point P is considered to be the same as self-
2

induced velocity of an arc consisting half of S and half of S .
1 2

v »»ef;[znusn/al)*wan( ¢1/4)>-1.1/<evrm
G[Ln((&?/az)*'l'an( ¢2/4))"1-}/(877R) (2-6)
where ¢ and ¢ are défined in figure 2-8., The self-induced velocity is
1 2

directed normal to the plane of the arc of the two segments. The ap~-
proi.mate oore radius of & given element may be assigned on a rotational
basis using energy considerations.
2-11 INNER WAKE

For oomputation of the stability derivatives the induced velocity on
the rotor disc should be known more accurately than at the points far from
it. To improve on simple model of the blade with constant vorticity along
its length, the blades are discretize into tiny segments and all small in-
board wake filaments parallel to the tip vortices are considered. Since
computation time 1limits the total number of the segments only one inside
wake at r=0.7R wif:h *4r =0,5 was assumed. Since the slope of the circula-
tion along the blade is steeper around r=0,7R (Figure 2-9) consideration of

an inside wake at this point is a better r‘epresentation of the wake. It is

-021~-
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expected that this mcdel will have better results than any other single in-
side wake.

o
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CHAPTER 3
NUMERICAL FORMULATION

The models of the rotor, the wake and image wake described in the pre~
vious chapter were formulated as countinuous functions of time. A digital
computer can not integrate continous function exactly, therefore step-wise
and interpolative approximations have to be made.

A rectangular integration schane is used in performing integrations in
time., That is, when integrating velocity to compute displacement, the
velocity is assumed to remain constant over the interval of time correspond-
ing 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 secments whose
circulation is oconstant form one point to the next. The position of the
wake is then defined by the location of the end points of these segments.
Consistent with the approximation made in the time integration, the initial
length of each wake segments 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 ocomputed 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 basic equation for velocity computation of the main wake (tip
vortices), inner wake, bound vortices and image wake, at an arbitrary point

P was taken as

V=[ (Cos6 -=Cos 6 )/(4 7™ h)
1l 2

and for self-induced velocity to be

-925-
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These two egquations will be formulated in three dimensional space in terms
of coordinates of the segments and their vorticities, so the velocity com~
ponents induced by different segments at a point can be summed,.

In this chapter all necessary-formulas required by the computer code
will be derived and all the flight parameters will be calculated.
3«1 INDUCED VELOCITY OF A VORTEX SEGMENT AT FOINT P IN THREE DIMENSIONS.

In equation (2-4) the wvelocity vector induced by segment S at the

point P is perpendicular to a plane containing the segment and point P. As
we go from one segment to another the direction of the plane changes, conse-
quently the velocity vector will change direction too. In order +o
cal:ulate the total wvelocity at point p, it is necessary to formulate the
components of velocity vector. The components of the total velocity is the
sum of the components of induced velocities of all the segments at p.

In three dimensional space, point P is defined as P(x,y,2). The two

ends of segment S, are points P and P with coordinates (x ,y ,z ) and
1 2 1 1

(x ,y 2z ) respectively.
2 2 2

The velocity vector V at point p is perpendicular to the plane of P,

P and P . The unit vector in velocity directiocn may be calculated as:
1 2

p=x1)y|ExL] (3-1)
1 1
also .

|FxE“= rLsing=hr | (3-2)
1 1 1 1

assiuming
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The unit vector can be decomposed as

p =V /(L h) k=1,2'3 (3-3)
k k

vV, _p and p are the components of vector (?xz) in X, Y and 2
1 "2 3 1

directions. Using equation (3-3) in (2~-4), components of induced-velocity

of a segment at point p may be written as

2
V=] (Cos @ +Cos @ )V /(47 Lh) k=1,2,3 (3-4)
4 1 2 k -
where Cos 6 +Cos @ and h may be calculated in terms of r , r and L:
1 2 1l 2
2 2 .
Cos § Hosé = (r +r )[L ={(r -r ) }/(2 ¢ r L) (3-5)
1 2 1l 2 1l 2 12
2 2 2 2 2 2
h={[(c+r ) -L][L =(r-r) ]/(4L) (3-6)
1l 2 1l 2

By substituting (3-5) and (3-6) in (3-4) components of induced velocity can
be computed in tems of coordinates of points p, p, p and [
1
2 2
V= (r+)/[2ncc ((c+r) <L )] v k=1,2,3 (3-7)
k 1 2 12 1 2 k
where
2 2 2 2
r =(x=x) +(y-y ) +(z-z )
1 1 1 1

2 2 2 2
r =(x-x) +(y-y ) +(z-z2)
2 2 2 2

2 2 2 2
L =(x-=x) +(y-y) +z~-2)
1 2 1 2 1 2
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v o=(y=y )(z =2z )=(2=2 )(y -y )
1 1 1 2 1 1 2

v o=(z-2 ) (X =X )=(x-X )(z -2 )
2 1 1 2 1 1 2

voo=(x=X )(y =y )=(y-y )(x =x )
3 1 1 2 1 1 2

3-2 SELF-INDUCED VELOCITY IN THREL DIMENSION
In eguation (2-6) the velocityvvector V is perpendicular to the plane

containing segment S and S . The unit vector in velocity direction can be
1 2

computed similar to the method given in the previous section.

P=(XLT)/ILXL | (3-8)
If

V =y -y)(z -2 )=(z -2 )y -y)
1 12 23 12 23

V =(2 =2 )(Xx =X )=(x =-x )(z2 =2 )
2 1 2 2 3 1 2 2 3

Vo =(x =x )(y =y )=(y =y )(x -x )
2 3 1 2 2 3

and

2 2 2 1/2
p = /v +v +V ] (3-9)
k k 1 2 3

the radius of the circle formed by S and S may be calculated from
1 2

following formula.

=
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2 2 2 2
R=(L *L *L )/[(L+L=L)(L+L+L )(~L +L +L )
1 2 3 1 2 3 123 1 23
(L -L +L )] (3-10)
1 23
where
2 2 2 2
L =(x-x) +(y=y) +(z -z}
1 1 2 12 12
2 2 2 2
L =(x=x) Hy-y) +(z-2z)
2 23 2 3 2 3
2 2 2 2
L =(x=x) +(y-y) +(z-z)
3132 13 13
¢ and ¢ can be computed from
1 2
-1
é =2 sin (L /(2R)] (3-11)
1 1 :
-1
@ =2 Sin [L /(2R)] (3-12)
2 2

Substitution of equations (3-10) to (3-12) in (2-6) provides the com-

‘ponents. of the self-induced velocity of an arc containg S and S in temms
1 2

ofr‘,r , and the coordinates of p, p and p .
1 2 1 2 3

3-3 VARIATION OF CIRCULATION WITH AZ IMUTH ANGLE.
In hover with no wind, the velocity of the air with respect to a point
on a blade remains constant with azimuth angle:
Viynr)=Qr
Assuming that the induced velocity at the rotor disc is small in oompari#on
with the velocity of the blade, Kutta-Joukowsky law may be used to calculate

elementary thrust and elementary rolling moment:
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ér=p " Vadr

aM =P " V ¢ sinydr
X

Integration of these two equations over the entire disc (with the assumption
of oonstant wvorticity along the blades and the fact that the thrust ap-
poximately equals the weight of the aircraft) yeilds;

I" =(24)/(bPV R) (3-13)

.

and

M =0
X average

Here b is the number of the blades,

V is the velocity of the tip of the blades and
t

R is the rotor radius.

In the absence of the wind or in hover equation (3-13) may be used for
computation of circulation I”. But in the presence of the wind or in for-
ward f£flight it may not be used, because the velocity of the air relative to
a point on the blades is not constant and varies with azimuth angle.

V(Y ,r)=Q r+vf Q Sinyr (3-14)
Here vf is the forward speed or wind velocity. There will be same average
rolling mament per revolution if it is assumed that the vorticity does not
vary with azimuth angla. Asymmetry in velocity profile with oconstant [ is
the cause of the appearance of the rolling moment. The rolling moment can

be found by integrating the infinitesimal mament over the entire disc,

dT(Y ,r) =p[ (Qr+ Siny) dr
£

dM (Y ,r)=P" (Rr+V Siny)Sin Y rér
X

ner. %
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Figure 3-1. Rotor Disc In Forward Flight

-31-



IR L AL A
.

- [

N TSRO
8:3‘;06@ ULy

Integration along the blade at a constant azimuth angle provides:

2
T(Y) =(pI" R )(1+2usiny)/2 (3~15)
3
M (Y)=(P " R)(1+1.54Siny)Sin yp /3 (3-16)
X
where
H = vf /{Q R)

Finally the average rolling mament per revoltion
2
M ==-bPI"R V /4 (3-17)
X average t
Thrust offset can be found by eliminating I between the thrust and the
average rolling moment.

y =0.5#
o

As forward speed or velocity of the wind increases the thrust offset
increases too. Such large thrust offsets are not realistic for conventional
helicopters, although they might be tolorated in some other configurations
like side-by~-side helicopters.

Elimination of average rolling mament can be achieved by postulating
that the blade thrust mament with respect to its flapping axis remains
constant.

3
Mf=(P.Q R /3) r(1+1.54 Sin ¥ ) =const.
This requires that circulation to be -
I'=(const.)/(1+1.548inYy) (3-18)
Bquation (3-18) have been employed in the computer code for blade cir-

culation at different yr.
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3-4 CORE SIZE

As a point approaches the center of a potential vortex, the velocity
induced at that point by the vortex tends to go to infinity. Because the
velocity of the air is finite and can not reach infinity, this tendency is
not realistic, Therefore same modifications are needed to overcome this
problem. In chapter 2 the Scully model [3])

2 -2
Fc =/ (va) / (1. + (Wa) ]
was assumed to have proper characteristics. This model required the
knowledge of core radius and intensity of the vortices.

In reference [2] an average value for radius of fully rolled up tip

vortices has been suggested as
a=0.003 R (3-19)

The results were o¢btained by experimental data and verified to be
quite accurate for high aspect ratio rotor blades. In the present study,
rotors have been assumed to have high aspect ratio blades, the tip vortices
are assumed fully rolled up from the time they are generated, and the ground
has no effect on the core size. With these assumptions the average value
of a=.003 R was used as starting vaive for the vortex segments when they are
at the tip of the blades. The core radii of the vortex segments at other
places are calculated by assuming that the volume of a vortex segment
remains constant as time passes. Therefore

2 2
a =a L /L (3~20)
where L is the length of the segments.

Considering the fact that there is no air where the blades are and the
bound vortices are blade replacements, the core radius of the bound vortices

was chosen to be one-half of the chord length.
~33-




Unlike the tip vortices or bound vortices, the inner wake is not a
single concentrated vortex line but a continous sheet of vortices which was
replaced by a vortex filament., The velocity induced by this filament at
neighboring points is quite high oonsicdering the smooth velocity profile in-
side the wake. To overcome the unrealistic behavior around the center of
this filament, the radius for oore of these sugments was chosen to be
a=0,03R. A few other core sizes for. inner wake were examined. The results
have indicated the choice of the smaller radius will result in numerical in-
stability which is one of the main difficulties of this approach.
3~5 INCREASE IN ACCURACY AND FASTER ALGORITHM

Another major difficulty of free wake approach is the consumption of
a large amount of computation time. If N is the total number of the seg-
ments oonstructing the wake, the computation of velocity at only one point

including the image wake requires 2N times <ualculation ot equations (2-4) or

(2-6) which themselves require number ¢f operations. There are N points on

S sacian

the wake whose velocities are computed at each time slice. Therefore at

2
each iteration 2N times eguations (2-4) or (2-6) are computed.

sl S

Considering time for integration of velocities and other procedures, com-

A R R r—— T .
- Rt

3
putation time becomes proportional to N ,

On the other hand, the accuracy of the calculations greatly depend on
the number of the segments per revolution and number of the revolution in
the wake. The shorter the segment length the better the results., Therefore
there is a trade-off between accuracy and computation time.

Most of the contribution of induced velocity at a point comes from the

segments in the vicinity of that point. To increase the accuracy of these

velocity contributions, each segment close to the point of interest has been
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broken into amaller segments and velocity induced by each smaller segment
has been completed and added together,

The segment division was done by passing a circle through two neigh-
boring segments and dividing the arc passing through the end of each segment
into two equal parts.

Also if h/R > 2.5, the contribution of induced velocity of this seg-
ment in comparison with the contribution of another segment with h/R < 0.1
is negligible. ‘Therefore it is not necessary to compute the velocity con-

tributions of segments with distances beyound h/R=2.5.

3~6 COORDINATES OF THE IMAGE WAKE

As previously nentioned, to include the effect of the ground on
helicopter rotor aerodynamics a mirror image for the wake has to be assumed.
The velocity induced by this wake is computed the same way as for the main
wake with the exception of the self-inducad velocity. The image wake was
broken into  segments exactly like the main wake, so that segments of the
image wake are the mirror image of the segments of the main wake.

Assuming the rotor can only tilt forward, the coordinates of the mir-
ror image of point P(x,y,z) for the rotor with oy (Tip Path Plane angle) and
H (the height above the ground) can be obtained from the fuilowing

equations.
X =xCos(2a ) -z Sin(2a ) - 2 H Sin (3-21)
mi t t t
y =y (3=-22)
mi
2z =-x8in(20) -z Cos(2a ) - 2H Cosax  (3-23)
mi t t t

X , Yy and 2 are the coordinates of the mirror image of point p.
mi mi mi

3-7 I ASSIGNMENT
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Theoretical studies of helicopter blades have indicated that there is
a direct correlation between load of the rotor and the circulation of the
blades. If for simplisity circulation is assumed to be constant along the
blade, equations (3-13) or (3-15) can be used to calculate average
circulation, For a two~blade rotor
2
I /(QR)=mcC (3-24)
m T ...
where cf is defined from
2 2
C =W/I(mTR) P(TR )]
T
Samewhat better results are obtained if elliptic profile is assumed
for spanwise blade circulation,
2
I /{QR)=4C (3-25)
m T
However even more realistic and better results can he obtained using
experimental data, Figqure 3-3 was plotted using data extracted from

reference [2]. The slope of a nearest straight line to the points extracted

from experiments is assumed to be a better relation between C and [ .

T m
2
r /(2R) =5.075¢C (3-26)
m T
Considering the variation with azimuth angle, we obtain
2
r /(RQR) =5,075C /(1 +1.5U Siny) (3-27)
m T

Bquation (3-26) has been implemented to assign circulation to the vortices
released at the tip of the blade at the time of generation,

To be able to compute the vorticity of each se¢ment at a later time,
the vorticity dissipation should be known. Since the total time which a
vortex segment is in the domain of velocity computation is less than two

seconds, the dissipation of vorticity can be neglected. The assumption of
37
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constant vorticity provicdes a simple formula for vorticity computation of

the segments as they shrink or elongate.

r =r L /L (3-28)
1 22 1

3-8 QOORDINATE DESCRIPTION AND NQMENCLATURE

A cooordinate system fixed in the tip path plane of the rotor is used.
The model for a two blade rotor and its wake is shown in figure 3-4, As
noted on the figure a free stream‘éé dimensionless magnitude g is directed

at an angle @ to the tip path plane. 'The azimuth angle position ¥ of
t

the rotor is defined to be the angle between blade vortex number one and X-

axis, as shown in the figure. The point P is the wake reference point;
ij

the first subscript, i, increases successively proceeding down the wake vor-
tex for a given blade, and the second subscript, j, denotes the blade number
of the blade which generates that wake vortex. Each wake segment is &z~
sociated with that end point having lower £first subscript. In the

coordinate system described above the location of point P is then defined
1]

by X , Y andZ . The total velocities associated with the X, Y and 2
ij ij ij

directions are defined U , V andW respectively. And finally each
ij ij ij

elenent (i,j) is assigned a dimensionless core radius a and strength ro.
ij ij
3-9 NUMERICAL DAMPING
The goal in the present approach is to compute the location of the tip
vortices by iteratively computing the velocities and the new locations of
the tip vortices. The computation is terminated when a periodically steady
state soluti¢s: for the locations of tip vortices is achieved.

Succesive computation of velocities and locations does not always

result in a steady state solution. If flight conditions are such that in
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reality the wake is unsteady or if interaction of the old vortices and newly
generated are present, then the ocomputations will result in an unstable
solution which does not necessarily represent the true answer. It is also
possible that the wake is stable in reality, but its numerical iteration
is unstable due to either method of integration, or poorly chosen initial
conditions,

To overcome these problems,.and also to be able to obtain an average
location for the case in which the wake is unstable in reality, numerizal
damping was introduced.

Detailed study of the main wake indicated that the computation in-
stability was started and magnified when a vortex segment of the wake of the
blade number one and a vortex segment of the wake of the blade number two
moved very close to each other. Because the velocity induczd by a vortex is
inversely proportional to the distance from the vortex,the two vortices in-
duce large velocities on each other. 1In the next step of integration they
unrealistically move far from each other. This behavior may deform the wake
such that the continuation of the computation only worsens the results. It
is possible to introduce an upper limit for the velocity to prevent large
wake deformation. This can stabilize the iteration but convergence becomes
very slow, therefore this concept was rejected.

In steady state there should be no difference between each successive
blade. If at a particular time when blade number one is at some azimuth

angle, point p on the wake blade number one is at point (x , Y » 2 ), then
1j 0 0 O

when blade number two is at the same azimuth angle, point p should be at
2]

the same point (x , Y, Z ). Based on this criteria numerical damping can
0 0 o

be introduced. 1In attempts to reach faster steady state solutions, if the

41
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location of a point on wake of blade number one was too far from the loca-
tion of the oorresponding point for the wake of blade number two, a point
between these two locations was used as a better estimate of the new loca-
tion of the two points.

This method was employed in our computer program. Use of a point
from 65% to 75% of the distance between the old location and the newlocat-
ion gave the best convergence and most stable solution.

3-10 STRUCTURE OF THE QOMPUTER FROGRAM

The oomputer ocode documented in appendix B has been constructed to
simulate the physical flow by means of the modeling the main rotor, the tip
vortices and the ground. Given an initial wake geametry and aircraft flight
condition, it proceeds to compute the velocity and integrate in time suc-—
cesively until a periodically steady solution is obtained.

The program has been written so that it can be used for out-of-ground-

fect (OGE), as well as in-ground-effect (IGE). By proper usage of flags,
the wake can be shortened or enlarged; the iteration car be applied to a
portion of the wake or to the whole wake. The flow of information as com-
putation proceeds, is presented schematically in figure 3-=5.

At the beginning the program reads the flags and flight conditions.
If an initial wake is available then the program reads the wake and its
Properties; otherwise it creates a simple helix for use as an initial wake.
Subroutine "VELOC" computes the total velocity at the vortex segment's ends;
suwproutine "NEWLOC" computes the new location ot the end points and sub-
routine "SMOOM" (which is called by "NEWLOC" subroutine) applies the
numrical damping. If an acceptable solution is reached the program is ter-
minated, otherwise it oontinues until the number of iterations exceeds a

given maximum.

-4 D=
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THE MAIN PROGRAM

R o s

1
READ FLAGS AND FLIGHT PARAMETERS VELOC
READ INITIAL WAKE OR i
CALL INWAK CALL IMGWAKE (FOR MIRROR IMAGE IND. VEL.)
—
Y CALIL WAKE (FOR MAIN WAKE IND. VEL.)
CALL VELOC CALL INSWKE (FOR INBOARD WAKE IND. VEL.)
(FOR VELOCITY COMPUTATION) | _ CALL BOUND (FOR BCUND VORTICES IND. VEL.)
- NEWLOC )
N — :
? CALL NEWLOC UPDATE THE MAIN WAKE LOCATION
(FOR LOCATION UPDATE) . |cALL SMDOT (FOR NUMERICAL DAMPING)
? UPDATE CORSIZE
IF STEADY STATE SCLUTION REACHED UPDATE VORTICITY
OR MUMBER OF ITERATIONS > A MAXIMUM
STGRE THE WAKE PROPERTIES

!

STOP

FIGURE 3-5. Flow—Chart Of The Camputer Program
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The description of what the subroutines do as well as their inputs and
their outputs are given at the beginning of each subroutine as comment
statements. The main program and all subroutines are documented in appendix
B.

3-11 FLIGHT QONDITION PARAMETERS

The formulation of the model was nondimensionalized for the purpose of

coding, with lengths made dimensionrless by rotor radius "R" and velocities

by rotor tip speed "V ". The flight conditions of the aircraft being repre-
t

sented relate to computer program through the following parameters:

H=v /V advance ratio
£ t
- 2
r =TI/ (2RrR) vorticity
a tip~path-plane angle
t
a/r core radii
. 2 4
C =W/(PRMTR) thrust coefficient
T
H/R height above the ground and
R/C aspect ratio.
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The computing program given in appendix B, computes the location,

velocity, core radius and circulation of the fully rolled up “ip vortices as
they are generated and moved in space. Later modifications to the program
alloved the computation of the velocity of any particle in space, and as a
oconsequence its new location after ANQhort period of time., This enabled the
plotting of streamlines or streaklines., Some of the results of this chapter
were obtained using the modified version of the program.

It should be remembered that this program was originally developed for
stability derivative computation in ground effect and not for detailed study
of the aerodynamics of the rotor. Therefore, a number of assumptions con-
sistent cur purpose was made. The assumptions were:

a. potential flow,
b. effect of fuselage and tail rotor were neglected,
c. tip vortices are fully rolled up as they are generated,
d, circulation along the blades changes in two steps,
1. at the tipr / R= 1.0 and
2. at the location r / R = 0.7
e. blades were replaced by line vortices,
f. no decay in circulation and no merging of vortices,
g. vortex segments are assumed to be straight lines and
h. the wake is stable.
4~1 UNSTABLE WAKE (MO NUMERICAL DAMPING)

As was mentioned in the previous chapter, with no numerical damping an

unstable wake might result from successive computation of the velocities and

locations. 1In figure 4-1 the cross-section of the location of the main wake
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in hover and out of ground effect for cycles 1, 2, and 3 of iteration with
no numerical damping are shown. As can be seen, in iteration number 2 the
end points of two segments of the wakes of the two blades have approached
each other closely, Because point (2,13) is close to segment (1,7), the to-
tal induced velocity at this point has wrong magnitude and is in the wrong
direction. In the next cycle it circles the segment (1,7) (see figrue 4-1).
As a oonseguence the whole wake fg distorted and if the computations con-
tinue similar instabilities are repeated. In ground effect the results were
worse because of additional interaction of the old and new vortices.
4~2 STABLE WAKE
The use of numerical damping resulted in a stable wake for a rotor in
the same oonditions as the previous section. Figure 4~2 and 4~3 show the
- wake cross-section and three-dimensional wake geametry after reaching a pe-
riodic steady state solution. Figure 4-4 is the same rotor in ground effect
and in hover, for this case again a periodic steady state solution was
: obtained.
4-3 COMPARISON CF THEORY AND MEASUREMENT
To check the results obtained from the computer code, they were com-
pared to the results obtained from wind tunnel tests performed in reference

(1].

a

; As can be seen in fiqure 4-5 the computational results are very close
E. to the measured ones, especially in the first cycle which is the area of
EV‘ ) interest., The error between the new wake and the measured wake increases as
g;.{ one goes downstream. The reason for this discrepancy is the error in for-
E ? . ward integration and number of the assumptions made. However this error is
; ; not very important, because the effect of the far vortices on the rotor disc

i is =mall compared to that of the newest cycle.
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Since experimental data for the main wake in ground effect were not

available, quantitative comparison in ground effect was not possible. But
the following results indicate there is a good comparison of the theory and
the actual flow patterns.

4-4 FLOW FIELD IN GROUND EFFECT AND HOVER

Experiments with a radio controlled helicopter showed the smoke coming
from the engine exhaust would folléd‘different pattems in different €light
conditions.

For hover and very close to the ground, the smoke flowed upward near
the center of the the rotor and down ward elsewhere inside the disc area.
As the rotor moved further away from the ground, the amount of smoke going
upward around the center was reduced. For h / R > 1.0 no smoze flowed out
of the center of the rotor, as can be seen in figures 4-6 and 4-7.
Theoretical results show the same behavior,as can be seen in figures 4-8 and
4-5.

4-5 GRCUND VORTEX

Experimental studies of a roter in ground effect and in hover have
shown that the vortices generated by the tip of the blades close to the
ground will move away from the rotcs, and there is no vortex interaction and
no air circulation through the rotor. But in the presence of wind or in
slow forward flight, the vortices close to the ground upstream of the rotor
will roll up and form a horseshoe vortex around the rotor. This is called a
ground vortex and can create problems if there is gusty wind.

For slow forward speed or light winds, the ground vortex will stay far
upstream. As the wind velocity increases, it moves closer to the rotor.
Interaction between old vortices and new vortices increases as forward

speed increases, At a certain speed (depending on the height above the
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ground and tip-path-plane angle), when the ground vortex is nearly under the
leading edge of the rotor, the interaction reaches its maximum. If the for-
ward speed increases further, the ground vortex will ke washed away down-
stream. Figures 4-10 and 4-11 show the actual flow at different speeds
(reference [5]). Similar results were obtained by the present approach.
These results are shown in figures 4-12 and 4-13.

4-6 CONVERGENCE

Detailed study of the locations of the points on the main wake with no
numerical damping showed two interesting results which resulted in a method

of applying numerical damping which was described in the previous chapter.
First, the points closer to the rotor disc converge to their steady
value faster than the point far from the disc. Secondly, the convergence to
the final values were oscillatory. Figure 4-14 shows the convergence of the
wake after applying numerical damping. As can be seen, the points closer to
the rotor converge faster to their final values. It was also concluded that
recomputation of the points which have reached their final location is a
waste of time. Therefore, another check was added to the program to skip
the points whose position changes were very small, This made the program to

run faster for each flight condition.
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Figure 4-10. Ground Vortex Visualization (E/R=0.53, AR=9.8 And
H=0.05 Reference [5))

Figure 4-11. Ground Vortex Visualization (H/R=0,53, AR=9.8 And
H=0.055 Peference (5))
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Figure 4-13. Theoretical Ground Vortex (H/R=0.53, AR=9.8 And
H=0,055)
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CHAPTER 5

CONCLUSIONS
The model and the computer program developed in this study provides

the wvelocity, location, and circulation of the tip vortices of a two-blade
helicopter in and out of the ground effect. Comparison of the theoretical
results with same experimental measurements for the location of the wake in-
dicate that there is excellent ;écuracy in the vicinity of the rotor and
fair amount of accuracy far from it., Having the location of the wake at all
times enables us to compute the history of the velocity and the location of
any point in the flow. The main goal of our study, induced velocity at the
rotor, can aiso be calculated in addition to stream lines and streak lines.
Since the wake location close to the rotor is known more accurately than at
other places, the calculated induced velocity over the disc should be a good
estimate of the real induced velocity, with the exception of the blade loca-
tion, because each blade was replaced only by a vortex line,

Because no experimental measurements of the wake close to the ground
were available to us, quantitative evaluation ot the thecretical wake was
not possible. But gqualitatively we have been able to show excellent
agreement., Comparison of flow visualization with our results has indicated
the location of the ground vortex is estimated excellently. Also, the flow
field in hover is well represented., The addition of numerical damping
provided the three important following results:

1. faster convergence,

2. stable numerical solutions for steady wake and

3. computation a time average location for an unstable wake.

These results for stable and unstable wakes in steady flight conditions

should be accurate enough for stability derivative computatibns.
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The computation of stability derivatives requires the knowledge of the
aerodynamic forces and moments around a trim condition. As a consequence
induced velocity around the trim ocondition should be known. Therefore, the
computation of stability derivatives requires the execution of the present
computer code for a variety of different flight parameters around the trim
condition, As a result, that portion of study requires a considerable
amount of computer time, the lack ag‘which has delayed progress on computa=-
tion of stability derivatives.

As mentioned in previous chapters, because of the importance of the
old vortices in low altitude and low advance ratio, and also because of the
consideration of the mirror image wake the number of points in the wake
should be enlarged., The time required for each iteration was proportional
to the cube of the number of points in the wake., Although the program has
been made to have faster convergence, it still requires a large amount of
oomputing time for near hover conditions. However for high advance ratios,
or for high altitude the vortices do not interact with each other or with
the rotor; therefore a =smaller wake 1is sufficient €for stability
computations.

This program can also be employed for two-blade propeller study in or
out of the ground effect. With some modification, it can also be used for
rotors and propellers with more than two blades. A fair amount of modifica-
tions is regquired to employ this program for the interaction of two rotors
or two propellers or more, The modifications are only in usage of different
subprograms and memories required, not the formulation or method of

approach,
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The preliminary study of a cylinder vortex sheet in ground effect has
indicated that when a rotor in hover is close to the ground, the ground be-
haves like a spring with a damper. The spring constant increases, as the
rotor approaches the ground, A better understanding of the ground effect in
hover and forward flight can be made with the help of the present program.

A quantitative validation of the present study could have been
carried out if more experimental daég.of measured wake in ground effect were
available. However for qualitative study, the present work is a very good
tool for prediction of the ground vortex, and computation of the induced

velocity.
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APPENDIX A
A-1 SELF-INDUCED VIZQCITY
The self-induced velocity of segment APC in figure a-1 may be computed
by subtraction of the induced velocity of segment ABC at point P from the
self~induced velocity of a whole vortex ring with the same curature as seg-
ment AP(,
The Biot-Savart Law for the inédéed velocity of segment ABC at point p

can be caculated as follows:

n“f’o - 3
vV = r’/(47r)f (@xds)/d (a-1)
P ¢

Figure A-1. Vortex Ring
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Assuming the point P and the whole ring is in X-Y plane, then

—— A A
d =R (Cosp~1.) 1 + R Sin¢g j (a=2) '
ds =R ( - Sing 1 + Cos¢ 3] (a=3)
And ’
3 3 3/2
d =R [ 2-2Cos¢] (a=-4)

Using equations (a-2) through (a-4)-in the induced velocity equation (a-1)
can be reformulated as an elliptic integral.

d 1/2
vV =1"/(24/8 WR)[ d® /[1. = Cos ¢] (a=5)
P %
Let ®=28 then
2 1/2
Vv =I/(4m Ri/—"/2 d¢/[1. - Cos¢ ] (a=6)
or .
V =-T /(47 R) Ln( Tan( @, /4)) (a~7)
p
Subtraction of V  from self-induced velocity of the whole vortex ring
p
V =T/(4mTR) [Ln(ER/a)~l.) (a~8)

s
leads to calculation of the self-induced velocity of segments APC.

V = T/(4m R)[La(8R/a Tan( @, /4))-1.] (a-9)
: P |

o e s A2
4

[
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APPENDIX B

B-1 OPERATIONAL INFORMATION FOR THE COMPUTER PROGRAM

The program presented in this appendix was writtern in Fertran IV and

executed on DEC-~20, IBM-37C, and Vax~-l1l1,

The inputs to the program are as follows:

NOOMP
NB

Nv
NQONS
IADD
MIRIMG

PSIO

ALFR
ALFZ

Number of point to be iterated on

Number of blades o

Number of segments for each blade wake

Number of points that does not need the computations
Set to 0 if wake should not be enlarged

Set to 0 for in ground effect ans 1 for out of ground effect

Initial azimuth angle

Number of revolution to be iterated
Thryst Coefficient

Advance ratio

Tip-path-plane angle

Aspect ratio

Height ABove the Ground

Damping percentage in r direction

Damping percentage in z direction
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10

—a

g~0et~1983 02
26-Jul-1933 23362:45

THIS IS THE LAST VESION OF HELLICAL WAKE TILL JUNE €3,
FOR39 IS INPUT FILE READING FILE (INFUT,DAT),

FOR40 IS STORING IiTA FOR NEXT STEP (INTER.DAT).
FORSO I5 FOR BLADE VORTICES LOCATOINS (QUTFUT).

XXXRKX HAIN FROGRAM ¥ARRK

THIS PROGRAN CALCULATES THE INDUCED VELOCITY OF A HELICOPTER
ROTOR IN GROUMD EFFECT,

COMMON/ALLSUR/ALFQ 1ALPHAT 1CAT 1 CAT29CA2T s CT DALF O DFST 9 EFS
! Hy TRy TRV HIRIMG) NAINCONS ) NIPST oNPR 1 NRWINWs NW1 s PTs
2 FSIsFSIFIFEI0 RALRCIREY,SATSATZ) SAZTS THCAT)
3 TFRCy THEAT v XMUYA YY1 ZZ 1 ALFR 1 BETROALFZ/BETZy
4 AL18072) 1GAMAC1BO+2) 1GAMB(ZC) 9 SEG(180,2) 1 UC18092)s
] V(180,2)9W(182:2)1X118012)1Y(18012)92(180s2)
COMMON/MIS/ €X(19%,18))8Y4180,18),32(180+18)
COMMON/NTURN/NCONP

FI=4,2ATAN(L,)

RAR=F1/180,

NCT=0

~=~- READS ALL THE FLAGS FLIGHT COMDITIONS »MUMERICAL ----
-=-= DAHFING FROFERTIES)COR OF EACH SEGHENT CF THE = =---
~mm= CIRCULATION OF EACH SEGHENT AND HAKE LOCATION ----
~--- FRON FREVIOUS RUM, ----

READ(3F»4) HCDH
READ{39rkINAy Wy NCONS IADD s SIRIMG s NOFSINFR

READ{ I kPSICIREVICT 1 XHU»ALFHAT sRESH
REAL3G 18} ALFRYBETRIALFZ) BETZVEFS
URIT:'SO;1000)NnyNUvNC0NC:IHHD:HIQIﬁﬁvNBFCIthP
SRITE(SC 100G4) FSIOPREVICTINNUIALPRATIREIH
WRITE(5001001)ALFR P BETRIALFZSBETZIERS

Hi=NN¢1

HRU=MW/NA

AC=2/4RK

IF{FSI0NT,1) GO TO 301

FEAD(3T8) (LALTsdir111NNL) 1d=142)

READ(ZR: 43 { (GARR(TI1d) 1 I=19NH) 9 J=192)

READ(I? (X {Ted) Y (Do d) s ZUT0d) 2 1210 N1 ) 9 J=142)

READNZD XN (LER(T9d) ST {Tad 02 ST Lrd) o 121 s WML 1 J=1sHA)

NAHR=NA/ 241

IF(IADD,EQ.0) GO TO 301

CALL ALDF(NAHF)

HW=NW1-1

ACNRL 1) =A(NK 1)

AL 2) AN 2)

GAMA(NM 1) =GAKA(NN=111])

GAMACNNI2) =GARATNW=1,2)

ZC1 CONTINUE

UF°1 28R 1/NA

~-== YORTICITY OF THE FIRST SEGHENT VERSUS AZIMUTH OF THE ROTOR -~
--~- BLADE, ----

S1E=0,
[0 299 I=1,H4
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e
H

HAINSHATH

0058
0059
00690
00641
0082
0063
0054
0563
0086
0047
0048
0049
G070
0071
0072
0072
0074
0075
0074
0077
0073
0079
0080
0c8t
0082
0oed
0084
0085
(036
0ce?
0083
008%
0050
0091
0092
0093
0094
0075
4096
0077
0098
0079
0160
0101
0102
0103
0104
0105
0108
0107
0108
0107
0110
o1t
0112
0113
0114

CITITOOD

[ I av N o)

[or B3 BN o 2N or B o ]

Lor B o B ow I op ]

T T
ORIGHYAL P/ ‘ibi‘!il‘r? ¢-0ct- 1933 02158509 VAY-11 FORTRAN Y3,1-23 Fat |
OF POOR QU 24-Jul-1983 23102149 SYSSUSERICSABERT.REPIMAIN.FORiS ’

§1=SIN(SIE)
§2=5SIN(SIELDPST)
GAN=15/(1,41,5KXKUSS1) +,5/ (1,41, SEXHUAED)
GAMB(I)=3,1kGAK/(2,3P1)
SIE=SIE+DPS]

299 CONTINUE
SAT=SIN(ALPHATERAL)
CAT=COSCALFHATHRAL)
SAT2=8ATYEAT
CAT2=CATXCAT
SA2T=SIN(2,¥ALFHATERAD)
CA2T=COS (2, $ALFHATRAD)
THEAT=2, SHXSAT
THCAT=2, SHICAT -
THF=RCHDFSI
THP1=EORT(THPR(TNP$2,))
TFRC=(THP-TMP1$ALOG(1, $THF4THPL) ) /DPSI
PSIFF=FSI104350,4REY
PEI=FSIORRAL
FEI0=PSI

===~ THE FIRST TIME OF A FLIGHT CONDITION INITIAL WAKE IS =---
---= CALLED 7O PRODUCE AN INITIRL COMDITICH AN INITIAL  =---
---~ CONDITION FOR THE HAKE, —==-

PSIF=PSIFF¥RAD4.05
13 IF(FEI0LLT0.01) CALL THWAKE

---- COMPUTES LENGHTH OF EnCH SEGHENT, ——

00 250 J=1»2

[0 250 I=1sNH

I1=I#1

IX=X(I1yJ)=X(Is )

DY=Y(I1yd)=1{Isd)

D2=2(11rJ)=Z{IsJ)

SEG(IyJi=SORT(L/ARDXFDYRDY+DZHIZ)
230 CONTINUE

===~ START OF THE HAIN LOOF OF THE MAIN PROGRAM, -=—-
=~-- SUERGUTINE VELOCITY COMPUTES THE TOTAL INDUCED -—-=
==== VELOCITY AT ALL THE POINTS OF THE RAKE ===

20 CaLL VELOC

40 IFINCT.NE,O) GO TO S50
TH=IFIX({PST+,03)/DPSI)/ {1, XNA)
WRITE(S0s1002)TN
HAH=NA/2

===~ WRITES THE CROSS SECTION OF THE YAKE ----
~=-PLANE X2 e

NWE=NW1~HAH
B0 10 I=1/HHEIHA
BRITE(S001005) 1o XCT08) oY T9d 092410 1) sWT01)
K=T+HAH

10 URITE(SG,1005)KsX(Kr2) 1Y (K229 Z(Ks 272 B(R 2}
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HATHSKAIN
28-Jul~1983 22102349
0115 RRITE(SOr 1005 ML s X(HUL 1) oY (NWE o 1) 9 Z(NH1) 1)
0116 WRITE(SDs1000)
0117 DO 30 I=1,MHEINA
0118 HRITE{S01008) LrX{I 209 Y(1h21» 219 2) 2 W( 1y 2)
0119 K=I+HAN
0120 20 URITE(S091005)KaX(Kn2 )y Y (Ko 2rZCKo 1) l(EN D)
e121 NRITE(SCs1005)NW1 X (NNL»2) Y (NWL,2) s 2(KH12)
0122 URITE(S0,1000)
0123 50 NCT=NCT+{
014 IF(NCT,GE,RDFSIINCT=0
0125 PEI=FEI+IPSI
0124 IF(PEIL.LT.PSIF)E0 TO 30
07 C
o128 C ---- STORE FROFERTIES OF THE RAKE ON A FILE TB-BE ----
0129 C ---~- T0 BE READ FOR THE NEAT RUN, —==-
03 €
0131 HRITE{40,1000) NCCHF
0122 WRITE(40710C0INAINNoNCONS s IRDD MIRINGI NOFSToNPR
0133 WRITE(4021004) PSIFFyREVICToXHUPALFHAT REIH
0134 HRITE(40+ 1001 )ALFRBETRYALFZyBETIIEFS
0135 HRITE(4002201) ((ALTrd) 9 I=19HB1) 1 J=142)
0138 YRITE(40,3002) ((GAMA(ToJ) 2 I=1olH) 1d=112)
0137 HRITE(4Co 10020 UX(Tnd) oY (D9 dD2Z8 T2 d) p =ty ML) 9 J2112)
0138 BRITE(409 10013 ((EX(TddoSY (19 )y STETv Do I=1olHL) 1 J=1oNA)
0139 §TOF
0140 €
14 C ---- THIS SUEROUTINE USES THE INDUCED VELOCITIES AND ----
0152 ¢ ~===- OLI' LOCATICN OF EACH FOINT AND COMFUTES NEW see-
0143 C ---- LOCATION OF THE FOINTS OM THE WAKE USING EIKFLE ----
0146 C --=- FOSWARD EULER METHOD. -
0145 C
014¢ §0 CALL HeHLOC
0147 G0 TO 20
0148 C
s C ---- END OF THE MAIN LOOP m——-
0150 1000 FORNAT(12I5)
0151 1001 FORMAT(EF9.4)
0132 1002 FORMAT(7F10.6)
0153 1003 FORMAT{(3F10,5,110)
0154 1004 FORMAT(F124292XsF6,302F12,513F742)
4133 1005 FORMAT{IB/ELB,5+3ELD.S)
0136 END
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0001
0002
0003
0004
0005
000é
0007
Gooe
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
022
0023
0023
0025
{02¢
0027
0023
0029
0030
0031
ARY
0033
(034
00335
0036
0037
0038
0029

IO

e BeNeRe Ny

26-Jul-1983 0032833

Aeagy SUR, INWAKE K¥kKg

THIS SUBROUTIME COMPUTES THE INITIAL WAKE LOCATION.

EUBROUTINE INWAKE

--~= THIS SUEROUTINE COMFUTES THE COORDINATES OF INITIAL ----
-~~~ WAKE AND ITS PROFERTIES . INITIAL WAKE IS A HELICAL ----
-=== WITH CONSTANT RADIUS, -=--

COMMON/ALLSUB/ALF O+ ALFHAT 1 CAT)CAT2sCAZToCT o DALFO2 DPSIHERS)
Hy TADDy AV s HIRIHGs NAsHCONSsNDPST o NF Ry HRU Ny NUL o PT
PSI1yPSIFyPSI0IRADIRCIREVIEATYSATs SH2T 1 THCATY
TFRC) THSAT o XMUs KXo YY1 220 ALFRY BETR ALF Z0E8RTZ
AL18092) +GANALLBO02) 1 GANB(30) 1 SEG(180+2)1U(180+2)y
V(18012 »H(18052),X(180s279¥(16092)12(180+2)

COR=,003

IF(MIRING/NEVO) H=2,0

SIE=0,

10 10 J=1y2

IF(J:EQ,2) SIE=FI

10 10 I=1sMN1

A(11J)=COR

X(19J)=C0S(8IE)

Y(I1J)=SIN(SIE)

Z(1+)=~(H-CORYK(I~1)/NR}

SIE=SIE-IPSI

o B G T -

10 CONTINUE

CALL ESHOOTH

[0 30 J=1s2

K=NA
IF{J.EQ,2)K=NA/2
00 30 I=1)Ne
GANA(IrJ)=GANB(K)
K=K-1

IF(K.EQ.O) K=NA

30 CONTINUE

RETURN
END
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v
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';

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0013
¢01e
0017
9018
(07
002

0021
¢ann

%
0024
0023
4023
0027
o028
00c9
0930
0031
32
0033
0034
0035
0036
0037
0038

[ o Ik or BN ur I o I a0}

SUBROUTINE ADDF(NAHF)

26=Jul-1983 22344019

o=0ct-1783 03101 FORTRAN Y3.1-23

-1
+[SHEERI,REFIADDTAN, FORIS

-=== THIS SUBROUTINE ADDS HALF A TURN TO THE WAKE WHEN MORE---
--~- ACCURACY FOR THE HAKE 1S REQUIRED. THIS SUBROUTINE IS ---
--== CALLEN' UHZN IADD=1

COMMON/ALLSUB/ALF G2 ALFHAT oL ToCAT2sCAZT LT DALFO2 IFSTHEFS)

SIHFSIFIFSIOIRADIRCIREY, S

L 5> Gl P

AT1SAT2sEA2T THCATy

TFRCy THSAT o XNUY KX Y 220 ALFFI BETRY ALF 21 BETZ
A(18002) s GANAC18012) s CAKB(0)SE
V(18092090 (18012) X (18012) 1Y (18002)22(150+2)

COMMON/MIS/ SX{180,12),8Y(180,18)132(180,13)

NAH=NAHF~1

I0 10 KE=1oNAH

liH=Ni1

L EILTRSS

A1) =AM 1)

AINNLY2)=A NN 2)

CAHACHN s L) =CAMA(NN=1s1)
GANA(HNY 2)=GARA(NN=1,2)

HiA=NW1~NAH

NUB=NE1-NA

A(HEL11) =2 KX INER 27 -X(NNB 1)

T{NUL91) 52,8V (NWAY 2) =T {KUE 1)

Z(NW121)=2, 42 (NNAsZ)=Z(NWBr 1}

KANUL92) =24 XX CHIA 1) =X (B 2)
YiNH192)=2,8Y (NUAs 1) =Y (NERs )

Z(HW112) =2 K ZCHEA 1) -2 (R 2)

[0 10 J=1)Nk

K=JsNAN

IF(K\GT/NAT K=h-NA

EX(HUL 9 J) =2, 2EX (WA K)-3K (NHE» J)

SY{NWL9J)=21 KSY (NHAPE) =SY (KB J)

SZ{NK1yJ) =2, $SZ(NRAIK)-EZ{HWBrJ)

10 CONTINUE

RETURN
END

-
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SaT s LY

0001
0002
0003
0004
0005
0006
0007
o8
0009
0010
0011
0012
0013
0014
0013
0018
0017
0018
0019
0020
0021
0022
0023
0024
0025
0028
0027
0028
0029
0030
0031
0032
0033
0034
0035
0035
0037
0038
0039
0040
0041
(042
0043
0044
0045
2046
0047
0048
0049
0050
0031
0052
0053
0054
0055
{054
0057

IO

e N> N <]

o

[ o= W o]

I OO

L9r N or )

4-0ct-19
28=Jul~1983 03125404

SUBROUTINE VELOC

FOR A GIVEN WAKE LOCATION THIS SUEROUTINE COMPUTES THE
TOTAL INDUCED VELOCITY FCR ALL THE FOINTS THE WAKE.

COMMON/ALLSUB/ALFO) ALFHAT»CATCAT2,CA2T) CTo DALFO2 DPST/EPSy
1 Hr LADDy TAV2 MIRIMG s NAINCONS 1 HDPST I NFRyNRU NWo N1 S PIy
2 FSIvFSIFFSI0IRALIRCIREVSSATISATZ, SA2TITHCAT)

3 + TFRCoTHEAT o XMUs XXy YY s ZZoALFRyEETRYALFZIEETZ,

4 A(180y2)+GAMA(18012) ) GANR(30) 1SEG(180,2)9U(180,2)y
v V(18052))N(130+2) 1 X(180+2)9Y(180+2)+2(180,2)
COMMON /NTURN/ NCONP

===~ TRANSITION VELOCITY .o ——

KHUX=XKUKCAT/CT
XMUZ=-XNUBSAT/CT
PO 10 I=1,NCONS
00 10 J=1,2

Uiy d)=0,
V{Isd)=0,

10 N(IsJ)=0y

NETOP=NCONSHNCONP
IF(NSTOF (GT. W) NSTOF=NW

~=-= START OF THE MAIN LOOP ———=

NCONS s NSTOF
2

--~- CHECK FOR HOVER CONDITION -

IF(XMU.GT+0.00001,0R4JoNEV2) GO TO 150
U(I92)==U(1s1)

W12)==WI1)

CISSYILR 19928

§0 70 29

150 CONTINUE

XX=X(IrJ)
YY=Y(I1d)
12=UT1d)
UI,d)=0,
V(I d)=0,
Wl d)=0,
10UM=1

JDUK=J

=~== INDUCEL VELOCITY BY THE HIRROR INAGE OF THE WAKE AT ----
—=== POINT {1,d)

IF(HIRIG,EQ,0) CALL IMGWAK(IDUMyJDUM)

--=- THDUCED YELOCITY BY THE MAIN WAKE AT POINT (Ihd)  ==--

CALL WAKE(ILUM»JDUM)
IF(1.GT,25NA44) GO TO 140

-73-
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30301010 VAX-11 FORTRAN V3,1-23

SYSHUSERI[SARERT JREFITOTVEL JFOR}3

ORIGINAL PAGE &
OF POOR QUALITY



VELOC 6-0ct~1983 03311110  YAX-11 FORTRAN V3,1-23 Paz
26-Jul-1983 03328304  SYSSUSERILSABERI.REPITOTVEL,FOR3

0058 ¢ =~~~ INDUCED VELOCITY BY THE INSIDE WAKE AT POINT (InJ) =---

0059 C

0049 CALL INSWKE(IDUM,JDUM)

0081 € ’

0062 C ==-= INDUCED VELOCITY BY THE BOUND VORTICES AT FOINT (IsJ)----

0083 €

0054 140 CALL BOUNDE(IDUM»JIUN) .

0065 UCTod)=UCT o d) 4XHUX

0086 B{ToJ)=W( I J)XMUZ

0067 29 CONTINUE
0068 28 CONTINUE

0087 €

0070 ¢ ~-== END OF THE MAIN LOOP m——-
0071 € T

0072 RETUFN

0073 END

om0 T
OF POOR Gt AL

Se w7

x T

TS

B R

;
;
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0001
002
0003
0004
0005
0004
0007
0008
0009
0010
0011
0012
0013
0014
0015
0014
0017
0018
0019
0020
0021
(022
0023
G024
0025
0024
0027
0028
0029
0020
0031
po32
0023
0024
00335
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0045
0047
0043
0049
0050
0051
0052
0093
0454
0055
0054
0057

CIICICIDOIO
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Lo I or I o )

[ M o M or BN o ]
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6-0ct-1983 03108102  VAX-11 FORTRAN VI.1-23

26~Jul-1983 02145148

$X3K8 SUB, NEWLOC #s3xi

HAVING OLD WAKE LOCATION AND VELOCITIES OF ALL THE
POINTS ON THE HAKE CCHPUTES THE NEW WAKE LOCATION,
THE METHOD OF INTEGRATION IS THE FORWARD EULER
METHOD,

SUEROUTINE MEWLOC

COMMIH/ALLSUR/ALFO1 ALFHAT s CAT 1 CAT2,CA2To LTy DALFOs DFSI1EPS)
He IADDy JAVo HIRING s HAs NCONS I NDPST s NFRoHEW Ny NWLIPTy
PSIsFSIFIPSIOIRADIRCIREVISATISHT2rSA2T THCAT
TFRC1THSAT s XKUL XX2 YY 9221 ALFR9BETRYALFZIBETZs
AC10292) 1 GAMA(18092) 1 GAME(30)ySEG(18092) 1 U(18042))
VE130s2)pM(180,2)9X(18052)9Y(160¢2)12¢186+2)

COMMON /NTURN/ HCOMP

[IATH COR/0.003/

HSTART=HCONS+1

MSTOP1 =NSTART + NCONF

IF{HSTOFL 6T, NW1) NSTOP1 =MW1

o B Gl IO e

===~ COKPUTES THE HEY WAKE LOCATION ----

[0 35 J=1,2

TA1=X(NCQWS»J}
TY1="Y(NCONS»J)
TZ1=Z(NCONS+J)

DO 33 I=NSTWRTNETORL
TX2=TX4

TY2=TY1

T22=T11

TX1=X{Isd)

Yi=Y{I+J)

121=2(1r )
X(T5J)=TX2+U(I-1,J) KDPSISCT
V(1) =TY2HV(I=1» J)RDPSTHCT
{1y d)=TI2+W( =19 J)RDFSINCT
IF{MIRIHG,KE,O) GO TO 33

=== CHECKES IF POINT (I,J) FASSES THROUGH THE GROUND,----

320 IF(X(I+J)RSATHZ(I,J)¥CATHH.GT.A(I+J)) GO TO 33

X(Ir )=(X(Ty JISCAT=Z(1s JIREAT)XCAT=(H-A{1s J} ) REAT
LTy ==L(H=-A (12 d) IRCATHX (T o) SCAT-Z(1 1 JYKSAT) XGAT)

33 CONTINUE

351 XJ=FLOAT(J-1)$PL

X(1yJ)=COS{FSItXL)
1{§1J)=SIN(FII4XJ)
Z{1y)=0,

35 CONTINUE

===~ |JSING NUMERICAL DAHFING TO AVOID MUMERICAL INSTABILITY ----
CALL EMOQTH

=~== COMFITATION OF THE MEW WANE PROFERTIES -

-T75=

SYSSUSER ' [SHEERI\REFINEKLOC,FOR}4
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HEWLOC

0038
0059
0040
0061
0062
0063
0044
0045
0064
0947
0068
0067
0070
0071
0072
0073 .
0074
0075
(076
0977
0078
0077
0080
031
0082
033
0084
0085
0088
0087
0088
0089
090
0091

[0 38 J=142
SEGOLD=SEG{1sJ)
GAKOLD=CAMA(1rJ)
COROLD=A(1yd)
09 37 I=2yN¥
11=141
M=X(11sd)=%(1sJ)
DY=Y(11sd)~Y(I0d)
DZ=Z2{1Ls )=2(11d)
SEGNEW=50RT(DXXDX+DYRDY4D24D2)
CORNEW=COROLD&SORT (SECOLD/SEGNEW)
GANNEW=GANOLIKSEGOLD/SEGNEN
SEGOLD=SEG(Isd)
COROLD=A(1)J)
GAHOLD=GAMA( L1 J)
SEG(IyJ)=SEGHEY
A(15J)=CORNEN
GARAL T J)=GAMNEW
37 CONTINUE
DX=X{10 I)=4(20 )
DY=Y{1»J)-Y{(2:.)
[2=2(193)=242s )
SEG{1yJ)=SART(IXXDX+DYXRY$DZDZ)
33 CONTINUE
NFS=IFIX((PSI+.0S)/DPSI)
LPS=MONCNPSs i) +1
LRU=LP3$NA/2
IF(LFR/GT NA) LPD=LFD-HA
GAMA( 19 1)=GAHBILPE)
GARA(192) =GARBILPD)
#(1,1)=C0R
A(1,2)=COR
RETURN
END

4-0ct~1523 03108302 VAX~11 FORTRAN ¥3.1-23 Pag
26-Jul~1983 02145048  SYSSUSERI[SABERI,REPINEHLOC.FORIS

ORIeH L PALL o .
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L LN S

0001
0002
0003
0004
0005
0004
0007
0008
0009
0010
0014
0012
0013
0014
0015
0014
0617
0018
0019
0920
(021
0022
(033
0024
0025
0028
0027
0028
0029
9030
0031
0032
0033
0034
0035
0034
0037
0038
0039
0049
G041
0042
0043
0044
0043
2014
0047

- 0048

0049
050
0051
0057
653
0054
0055
0654
5057

IO CICI O

6~0et=1983 ¢31084%8

28-Jul-1983 02052344

THIS SUBROUTINE COMFUTES THE [SELF INPUCED VELOCITY
AT THE POINTS (1,J) FOR SEGHENTS SETUEEN (I-1»d))
AND (T+0rds

SUBROUTINE ~ SLFIND(IDUNo IRM» IRy IRPsLsGAK» [Us DV D)

COMMON/ALLSUB/ALFO1ALFHAT s CATsCHT21CAZT »CT ) DALF 02 DFSI/EFS)
He IADD) TRV, HIRIHG o NASNCONS HDRST)NFR o NRWs NN o NW Lo P T

PS1)PSIFIPSI0sRADIRCIREV) SAT)SATZ2SA2T1 THCAT)

AL18012)»CANA(1BO92) s GANB{30) »SEG(1BG»2) ) U(180+2)y
V{180+2) s W(18092)1X{18022)5Y(18612)12{1802)

IFCIDUN.ERLLY GO TO 240 we

X1=X(IRMIL)

Y1=Y(IRM:L)

Z1=2{IRKsL)

A2=X{IR»L)

Y2=Y{IRsL)

22=2(IfL)

Y3=X(IRP4L)

Y3=Y{IRFsL)

Z3=I(IRPIL)

IX1=41-X2

DX2=X2-X3

DX3=43-X1

Iri1=yi-y2

DY2=12-Y3

[Y3=13-Y1

121=21-22

022=72-13

023=13~71

AL2=DX14DX14DY18DY1$DZ18DZ1

BL2=DX2¥DX2+0Y23DY24DZ24D22

AL=SORT(AL2)

PL=SQRT(PL2)

CL2=DXT¥DXI+DYI4DYI+DZI2DI3

CL=SGRT(CL2)

DENR=(ALTRL~CL) #(AL#BL4CL) B(EL4CL-AL) ¥ (AL$CL-BL)

IF(DENR.0T.0,001) GO TO 10

bu=0,

DU=00

[i4=0,

RETURN

1
2
3 TFRCy THSAT 1 XMUsXX9YY s2Z1ALFRIBETRIALFZ9RETZy
4
b

10 R2=AL26BLZACL2/ENR

R=80RT(R2)
§1=5¢AL/R
B2=,5EL/R
C1=8ORT({,~51%51}
C2=8GFT 1, ~52452)
Tagsgl/¢1,$51)
J04=82/¢1,4E2)
G *=BAMRCTRMYL) KCALOGE B ARBTL04/8 (IRKsL) §4.25)
G GAMAIR7L)R(ALOGIE SRETZ04/8(TRsL ) 1 4425)
GB&=(6614862) /(4. 4R)

20 X#X=DY1¥0Z2~1Y24D21

ANY=DZ1RDX2-TZ24041
-7 7=

YAX-11 FORTRAN ¥341-23
SYSHUSERILEABERT \REPISLFIND.FORIS
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s
wl
v

e
>
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g

SLFIND

0058
0059
0049
0061
0062
0063
0044
0065
0066
0067
0048
0049
0070
071

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0032
0013
0014
0053
0014
o7
0018
0019
0020
0021
0022

6~0ct-1983 03308156  VAX-11 FORTRAN V3.1-23

24-Jul=1983 02152114

XNZ=DX13DY2-DX28DY1

XHL=SORT (XHXSXRX$XYSXHY EXHISXNT)
DU=GGEEXNX/XHL

DY=GGERXNY/ XKL

DW=GGGRXNZ/XHL

C1110 WRITEC45,CLL11)ToJs DU DV IN
C1111 FORNAT{28X»*SELF INDUCED VELOC'/213043F12,6)

SYSSUSER: [SABERTREPISLFIND,FORIS

RETURN ORIGHIAL 170 18
260 DU=0, OF POOR QUfﬁb:V» ¥

DV=0,
DN==GANA( 1) )XTFRC

C1112 URITECAS)CLIL1) Ty Jy DU DV I

(o BN o I8 o B o B o I o ]

181

RETURN .
END :

4-0ct-1983 0320957  VAX-11 FORTRAN V3,1-73

25-Jul~1983 03306153
SUBROUTINE VEL(GAMyASQyDU,VsDH)

=== THIS SUBROUTINE STCRES THE TIME HISTORY OF THE WAKE =---
---= FOR HALF OF A REVELOTION IN SX SY SI, IT ALSO ADDS ~---
===~ THE NUNERICAL DAMPING TO AVOID NUMERICAL AND WAKE  ~---
-=== INSTARILITY, ———

COMMON/VELO/DXA s DYADZASDXy DY 1 B2+ DXB s DYBY DZB
R1S=DXARDXA+DYASDYALZAKDZA
R1=SGRT{R1S)

R28=DX$DX+DYSDY+IZ8DZ

R2=50RT(R2S)
SQ=DXRADXB+DYESLYR4DZBRDZB
S0DUH=(R1+R2)X(R14R2)-50
HS0=,25%50DUKR(SQ-(R1-72)#(RE-R2)) /80
66=6ANK(R1+R2)/ (R1XR28SATLN)
GGG=GGX(HS0/ (ASA+HS))
LU=GEG6%(DYARDZE-DZARDYR)
[IV=GGG%(DZARDXB-DXAXDZR)

DU=GGGS (DXARLYB-LYARDXB)

RETURN

END

-78-

SYS$USER I LSABERI \REPISHALH,FORIS

Pae



000t
0002
0003
0004
0005
0006
0007
4008
0007
0010
0011
0012
0013
0014
0015
0014
0017
0018
0019
(020
0021
0022
{023
924
0029
002
27
028
0029
(030
0031
0032
0032
0034
0035
0036
0037
0038
0039
0040
004t
2042
(043
(044
0045
0044
0047

" 0048

0049
0050
0051
0032
0093
0024
00%5
(03¢
0957

Lap ] YOI CICICHOID CICI I

(o XN+

6=0ct=1533 03105330 VaX-11 FCRTRAN ¥3,1-23

26-Jul-1983 03133

¥3848 SUB, WNKEF $3888

VELOCITY INDUCED BY WAKE ITSELF,

SUBROUTINE WAKE(I)J)

~=== THIS SUBROUTINE COMPUTES THE INDUCED VELOCITY OF THE =---
-=== WAIN WAKE AT THE POINT (I»J) ON THE WAKE ITSELF,  ==--
==== (FOINT XX0 VY222 OR X{Dyd)o'7(Tad1sZ(I0d))

COMNON/ALLSUB/ LR D2 ALFHAT) CATICAT29CA2T2CTo DALF O IPSLIERSy
! Hy TADDy r8hy KIRING s NA KCONSsNDPST P HFRINRK o KW NWE2PT
2 PSI:FSIF P10, FADIRCREY SATSAT2EA2T ) THCATy

3 TFRCs THEAT ) AMUI XX s Y'Y 1229 ALFR e BETRALF 2y BEFZ)

4 AC1ED22)sGAHATLR022) 1 CAMB(30) 1 SEG(18022)1U(18002)0
5 VOI8O 221 W(18052) 12 (18022)2Y(18042)92(180)2)
COMMON/HALFS/RRXIUY YU 21U K20 Y2U, 22U)

1 X1eXX29Y10Y2:' 3028022023
CONMOM/VELD/ DR I Ao TZA) DX o Y DT DXB DY R DZB

NH=NA/2

TH=2 34

<~== LOOF FOR THE WAKES FRODUCED BY THO ELADES, ----

10 25 L=1y2

LLsl

DAA=XX=X(1L)

DYA=YY~Y{1)L)

D2AH=2Z-1114L)
R1E=IASDXALYAEDYA+DZARDZA
R1=8QRT(R1S)

-=-- LOOP FOR ALL THE FLGINTS CN THE WAKE ----

[0 80 IR=1,H4
IRP=IR{
IX=XX=4(IRF1L)
DY=YY-Y(IRFsL)
DZ=ZZ-Z(IRPsL)
R23=DX#DX1DYRLY4DZ8DZ
R2=30RT(R2S)

-==- CHECK IF THE POINT (I,J) IS END OF A SEGHENT DETHEEN -~---
=-== FOINTS (IRsL) AND (IR$2sL) w——

IF(L.NE,J) GO TO 20
IF¢IR.LT,I-1,0R.IR,6T.1) GO TO 50
IF(1,EQ.1,0R,IR,EQ, I-1)G0 7O 20
IFCIRVEQLI) GO TO 70

20 IRM=1-1

IF(I.EQ L) IRM=A

IR1=IRM+1

IRF1=IR1$1

D=1
Gritf=(GAMATIRK LI 4CANACIRTILY) /2,
LIuM=L

-79-
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24-Jul-1983 03
~~-= COMPUES SELF INDUCED VELOCITY FOR THE TWUD SEGHENTS ----

-~~~ AROUND POINT (IyJ),

CALL SLFIND(IDUM»IRMyIRL,IRFL)LDUMsGAHH/DU, DY DH)
10 UCIr =0T d) 40U

W=+

W{IyJ)=W(IyJ)+0H

C1111 WRITE(45,C2228)L, IRy DUV, D3

C

CICICI LT

[ I o ]

2021 FORMAT(4Xs 'WAKE /921843F12,6)

G0 10 70

---- CHECK IF THE FOINT (I,J) 15 VERY CLOSE TO OR VERY
-~~~ FAR FROM SEGHENT BETWEEN FOINTS (IRsL) AND
==== {IRt1sL) -

50 IF(R1,GT.TH.,ANDWR2,6T.TH) GO TO 70

IF(R1ILTA04240RWR2,LT0,2)60 TO &7
68 SQ=SEG(IR/L)¥SEG(IRIL)
S0DUM=(R1+R2)R{R14R2)~50
IF(SQDUN,LT.0.,001) SQDUN=,0O01
HS0=,25¥SADUNS (S0~ (R1-R2)&(R1-R2)) /50
ASQ=A(IRILIKA(IRSL)
66=CAMA(IR L) $(R1+R2)/(R1SR2KEQLUM)
GGG=66X(HEQ/ (ASQ+HSD))
DXB=X(IRsL)=X(IRFIL)
LYB=Y(IRsL)-Y(IRFIL)
DZB=Z{IKsL)-Z(IRFsL)

161 XHUL=DYARLZR-TZARDYE
NNU2=DZH30XB-DXARDZB
XNU3=DXAXDYB-DYARDE
DU=XNU1XGGG
DVU=ANU2¥GGE
Did=XKUIIGEE
W =0t ) +0U
V(I =UTrd)+IV
IO TS ENIE S

CL112 WRITEC1G,C2221) Ly IR DU DV DN

[ )

o3

GO TC 70

-

---- POINT (I»J) IS CLOSE T0 THE SEGMENT,

67 IRN3=IR
IR3=IR$1
IRP3=IR3H!
IF(IRF2.GT,NH1) GO TO 48
LL=L

---- CALL HALFST SUEROUTINE TO REDUCE THE STEP SIZE ----

CALL RALFET(IRM3,IR3,IRFISLL)
DXn=XX-%1
DYA=TY-Y1
[2h=22-11
Di=Xx-¥1y

~80~

~11 FORTRAN V3,1-23
SERITSABERT REPIHAINNK.FORT4
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UARE

0115
0118
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
N30
0131
0132
0133
0134
0135
0139
0137
0128
0139
014G
0141
0142
0143
0144
0143
0146
0147
0148
0149
0150
0181

8=0et~1533 031100,
4

26=Jul-1983 03133149  SYSSUSER![SABERI.REPIHAINWK,FORi4

by=yy-ytu
DZ=22-21U
DXE=DX-DXA
DYB=0Y-DYA
DZR=0Z-D7A
GAN=GAMA(IRHIILL)
ASO=A{IRMI)LLISA(IRN3,LL)
CALL VEL(GAM»ASO.IUL»DVLsDR1)
DXa=DxX
DYA=DY
D24=D7
DX=XX-¥2
ny=yy-y2
Dz=77-12 -
DXB=DX~DXA
DYB=DY-D'YA
[ZB=DZ-DZA
CALL VEL(GAMyASQyDU2,IV2,[W2)
U D)=U{ Ty D) $RULHIU2
V(I ) =UCTn ) HIVE T2
H{Dy)=W(y J) $0N1+DM2
C1113 WRITE(4G,C2221) LoIReDUL DVL, DYoLy IR DU2, DV2, TW2

70 R18=R28
Ri=R2
DXA=DX
lifA=DY
[ZA=DI
80 CONTINUE
C
C -=-- END OF THE MAIN LOOP ——
£
25 CONTINUE
C
£ ---- END OF THE BLADE LOOP ———-
C
RETURN
END

-81~
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IHGUAK 6=0ct~1533 03107103  VAX-11 FORTRAN V3,1-23
24=Jul-1983 02121117  SYS#USER)[SABERI.FEPIMIRING,FORI4

0058 ULJd=U(1r 40U
0059 V{Lnd}=0{Ird)+DY
0060 WL Jd)=R(I)J)4DK

0051 C1111 WRITE(45,C2221)LLyIRRyDU)DV)DN
0062 C2221 FORMAT(2Xs217,3F12.8)' MIRIMG')

0063 60 70 1335

0064 1332 IRK=IRR R
0045 IR=IRR+1 OR“‘:X?“:%R ﬁ’:’»"-r" . ;"
0066 IRP=IR#H OF POOR Quis-ivV
6067 IF(IRP,GT,NNL) GO TO 1310

0088 LelL

0069 L ===~ REDUCTION OF STEP SIZE IN SEGNENT LENGTH ----
2070 €

0074 CALL HALFET{IRK IRy IRFIL) .
0072 DXA=XX-(X18CA2T-2188A27-THSAT)

0073 DYA=YY-Y1

0074 0ZA=124+(X1$SA2THZLRCAZTHTHEAT)

0075 DX=XK~(X1UXCAZT-Z1U3GA2T=THSAT)

0076 DY=YY-Y1U

0677 DZ=1Z4(X1U1SALTHZLURCAZTHTHCAT)

0078 IXB=DX-¥A

0079 DYE=DY-I7A

0030 1ZB=DZ-DZA

0081 GAit=-GAKA (IRHsLL)

00€2 AS=A{IRKYLL) RA(TRHSLL)

6oes AS0=,2001

0084 CALL VEL (GAMy ASQ DUL: DV /L)

0085 DXA=DX

0936 A=Y

0087 DZh=02

0058 DX=XX=(X24CA2T-Z24542T-THSAT)

0089 DY=YY-y2

0090 DZ=124 (X2ASH2THZ2RCA2THTHCAT)

0091 DXB=DX-DXA

0092 DYB=IY-D¥A

0093 DZB=0Z-DZA

0094 CALL VEL (GAMy SOy TUZ, DV2512)

0695 UL =01 J) DL U

0096 V(T3 )= ) HDVLHDV2

0097 WUT )= T J DN 4042

0058 C1112 YRITE(45,C2221) LL,IRRDULYDVL,DNLsLL, IRR,DU2)DV2DH2
2059 1335 CONTINUE

0100 Ri=R2
0101 XI=XJ
0102 YI=YJ
T0103 =1

0194 134 CONTINUE
0105 135 CONTIRUE
0104 RETURN
0107 END
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5-0ct-1983 03407103 VYAX-11 FORTRAN V3.1-23
26-Jul-1983 02:21317  SYSSUSER?ILEABERI.REPIMIRING,FORIS

0001 C  ¥KBXR SUB NIRINGF #xxsx
0002 €
0003 € VELOCITY INDUCED BY NIRIMG (GROUND EFFECT),
0004 €
e j et PE%
gggz : SUBROUTINE IMGHAK(IsJ) ORIGRIAL FE: ML r%”
0007 C  =--- THIS SUSBROUTINE COMPUTES THE IHDUCED VELOCITY OF =--- OF POOR QUALI
0008 € ===~ THE HIRROR IMAGE OF THE THE WAKE AT FOINTE (IyJ) =---
<0009 C
0010 COMNON/ALLEUB/ALFOVALPHAT CAT 1 CAT21CA2T Ty DALFOS DFSISEPS)
0011 ! Hy TALD TAVI KIRIHG: HAsHCONS s NDFST) NFR yNRW s NW e W1 1Py
0012 2 PSI»PSIFFEI0IRADIRCIREV) EATSATLs SA2TI THCAT)
0013 3 TERCOTHSAT 1 XMUS XX YY1 Z2)ALFRYBETRALFZBETZy
0014 4 A(18072) sBANAC12092) 1GAME(30)1SEG(18022MY(18012)
0015 5 V(18092) 9 H(18052)92(180s2)+Y(18012)+2(180+2)
0018 CCHHON/HALFS/RR XU YUY Z4U X2U» Y2Us 22U,
0017 1 XX A30Y10Y20Y3021922:23
0018 COMMON/VELD/LXA s DYASIZAYIXo LY 1D s DXR s DYR2DZB
0018 €
(020 € ---- LOOP FOR YAKE OF ELADE 50,1 AND NO,2 e
502 O
0022 130 10 135 LL=1y2
0023 XI=/(1oLL)2CA2T-Z(1sLL) $BA2T-THSAT
0024 VI=Y(1LL)
0025 Z1==(Z(1/LL)XCAZTHX(1sLL)RSA2THTHCAT)
0624 RIS=(XX-XDRCAX-XDHY-TDIR(YY-YDHZZ-Z1 80 22-21)
0027 RI=SORT(R1S)
0028 €
0029 L === LOOF FOR ALL THE FOINTS ON THE WAKE ~-=-
0030 €
0031 131 0 134 IRR=1/NW
0032 IP=IFRH :
’ 0033 XJ=X(IPsLLYSCA2T-Z(IFsLL)RSA2T -THEAT
- 0034 YJ=Y(IFsLL)
0035 2J==(Z(IFsLL)SCAZTX(IPYLL)KSA2THTHCAT)
0034 R28=(XX-XJ)R(XX-XL) (Y, YIVROYY=YJI H{ZZ-2I)K(22-2J)
0037 R2=SORT(R25)
0033 IF(R1,6T, THCAT ANDIR2, 6T, THCAT) 60 TO 1335
0039 IF(R1,LT,042,0R\R2,LT,042) GO TO 1332
0040 ¢
. 0041 C  ---- CHECK IF POINT (I,J) IS TOO CLOSE TO OR TUO FAR FROM --—-
: 042 € ---- MIRROR IMAGE OF SEGMENT BETWEEN FOINTS (IRRR-1sL)  ----
0043 L === {IRRIL)
; 043 € - - -
| 0045 €
0046 1310 S0=SEG(IRRsLLIKEEG(IRRILL)
¢047 SDUN=(RI#R2)K(RIFR2)~50
* 0043 H5G= 25XSQLUKA (SO~ (R1-R2)$(R1-F2)) /50
0049 A30=4{ IRR,LL)RACIRRLL)
050 132 GG=-GANA{IRRsLLR(R1$R2)/(R1KRZASGDUN)
. 00St G66=66#(H30/ (ASOHHER) )
0052 133 XNUL=(YY=YD R ZT-20)~( 22-2D) R(YI-Y )
; 4053 KNU2=(ZZ-Z15 8OXI-XJ)=(XX-X1)K(Z1-24)
- 0054 XHUB=CXA-XTIR(YI=Y )= (1Y=Y 1) R(XT-XJ)
- 55 [U=XHU1¥6G6
. 0458 DY=XNU2¥6G6G
= 0057 IW=XHU3KGG6
5 ~83-



6-0et-1983 03:02:42  VAX-11 FORTRAN V3.1-23
26-Jul-1983 0105300  SYSSUSERICSHEERT.REPIENDVTX.FORIS

0001 € SkmRe SUR, BQUNDE éskes
0002 ©
0003 € VELOCITY INDUCED BY BOUND VORTICES.
0004 €
0005 SUBROUTINE BOUNDE(I)J)
0006 €
0007 € ----THIS SUBROUTIHE CONPUTES THE INDUCED VELOCITY OF THE ~---
0008 €  =---ROUNR VORTICES, — i}
i . . ORIGHAL T
0010 COMMON/ALLEUB/ALFO 1 ALPHAT 1CATICAT29CAZTsCToDALFO1 DPST/EFS) POOR (QKJ;\L‘E 4
0011 1 HoIAIDsTAV/MIRIMG 1NAsNCONSINLPST o NFRNRN oK sNWL 1PT 0 OF
0012 2 PSIyPEIFYPSIOIRADIRCIREVISATSAT2y SH2T THCATY
0013 T TFRCATHSAT XKUIXKoYY o ZZoALFRoBETRv#LE Z1BETZs
0014 4 AL18D22))GAHACI80,2) GAME (07 1 SEG1B0)2)rH(18012)y
60145 5 V(18002),H(18052)»X/18012)1Y(18012)12(180s2)
601 COMMON/VELD/ DA+ [V ArDZA DXy DY 1DZ,DXB DYB1 IZE
0017 AZ0=1,/ (RCARC)
0018 NPS=IFIX((FSI+,05)/0PSD)
0019 LFS=HOUINFS sHA) 1
0020 LPD=LPS#A/2
8021 IF (LFD,GT NA) LED=(PD-NA
%022 IF(HIRINGAHE,0) E0 YO 10
0023 C
0024 L ---- INOUCED VELOCITY OF THE HIRROR IMAGE CF THE BOUND VORTICES ----
0025 €
0028 DXA=XX+THSAT
%027 DYA=YY
0028 DZA=IZ4THCAT
0029 DX=XX-X(101)KCA2T+THSAT
0030 DY=YY-Y(1s1)
0031 DZ=Z24X{101)¥SA2THTHCAT
0032 DAB=0X-DK#
0033 RYB=DY-DYA
0034 DZB=DZ-DZA
0035 GAM=-GANBILPS)
0035 CALL VEL(GAM»ASQsDUL» V1, DN1)
0037 IX=XX-X (19 2)RCARTHTHEAT
0038 DY=YY~¥(1,2)
0029 [2=Z24X (17 2)ESA2THTHCAT
0040 IXe=DX-DXA
0041 DYB=DY-DY

, 0042 DZB=0Z-DZA

f 0043 Gal=-GANELPD)

: 0044 CALL VEL {GANyASR2DU2sDV2,1W2)

70045 UT DD=UC T d) D1 4002

©T 0048 VCTrd)=V( T d)4IW14IM2

0947 HOTJ)=UC T J) +INL N2

) G048 C1141 WRITE(45,C2220) 10 Jdy TUL» DY s DH L9 Do dp D2, DV2, IN2
B 0049  C2221 FORMAT(SXs'SOUMD '421753F12.4)
L 0052 10 IF(ILMEV L) GO TO 29

.0 0051 WX SEOKEK (20 0))
0082 YY=,5K(1Y+1(250))
S 0052 222,504 224 0120 00)
” 0054 € -
0955 € ----IHOUCED VELOCITY OF THE EOUND YORTICES ----

20 IkA=4X
-84-




H0ULDE

0058
0059
0050
0031
0062
0063
0054
0085
0046
0087
€08
0069
0079
0071
0072
0473
0074
0075
0075
0077
0078
0077
900
0031

[X=XX-X(1s1)
DY=YY=1(1r1)
02=22-2(141)

GAN=GAHME(LFS)

CALL VEL(GAM»#SQ,0U1,DV1,DWL)
[X=3X-%(1s2)

DY=YY-¥{1,2)

02=22-2(1y2)

GAH=GAMBI(LFD)
CALL VEL(GAM»ASG,DUZ,DV2,1W2)
Ui =0T J)4DULHDU2
V(I J)=W1y )+ IVLHIN2
W1y d)=UilyJ) sIUL+END
L1112 URITE(45,C

6=0ct~1983 03102042 VAX-11 FORTRAN V3,1-23 Pe
26=Jul-1563 00105100  SYSSUSERILSABERI,REFIENDVTX,FOR:6

oRIGNAL el 9
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R

oo, w R AR T

9001
0002
0003
0004
0005
0006
0007
0008
0005
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0921
0022
6023
0024
025
0926
0027
2029
0029
6030
2031
3012
6033
0034
0025
0036
0037
0038
0039
0040
0041
6042
6043

Lor M ar ]

OO0

6-0ct~1583 0304343 VAX-11 FORTRAN V3,1-23

25-Jul-1983

VELOCITY INDUCED BY INSIDE HAKE +

SUBROUTINE INSWKE(IsJ)

---= THIS SUBROUTINE COMFUTES THE INDUCED VELOCITY  ==--
--=- THE INSIDE WAKE AT FOINTS I5J.(X7¢ OF THE ELADE ----
==== RnDiUS FROM THE ROOT) mes

COMMON/ALLEUR/ALFOsALFHAT s CAToCAT2, CA2T CTo DALFQ) DPETSEFS)
Hr1ADDy TAVo MIRIXG s Mt s NCONSsNDPST o NPRoNEWs KM KWL 4Py
FSI,PSIFIFSI0IRARIRCIREV I SAT1SAT2,SH2T 1 THCAT)
TFRCo THEAT y XHU» XXo YY o 220 ALFRIEETRIALFZs BETZ)
A(18012) 1 GANA(180+2) 1GANB(F0) 1 SEG(18012)0t(180+2)y
V(1805279 4(18002)9K(18092)9Y(18012792(180+2)
COMNON/VELD/DXAs DY A2 D2 DXs 1Y DI IAR DYB DZR
NENDI=34NA/2+4

00 10 L=1s2

IXA=XX= 78X (1L)

DYR=Y1- 78V (1L)

IZh=T1-1(HL)

[0 10 IR=2sNEND

IRK=1R-1

[X=%X= 7¥X{IRsL)

DY=YY-, 78Y(IR:L)

DZ=7Z-Z(IR:L)

[XB=DX-I%A

DYR=DY-DYA

DE=02-DIA

ChM==,SRGAKAL IRHIL)

ASO=A(IRMIL)BA(IRMsL)/ 01

CALL VEL(GAMyASQ, DUy DY, IH)

U(Ird)=U(Ird)

V(I d)=V(Ird)

W(Ipd)=N(IsJ) DM

N B i PO pe

C1111 WRITE(45,C22213L5 IR TUSDVy TN
L2721 FORMAT(2Xs ' INSKKE /921813F12,6)

DXa=DX
Iva=Ly
1Zi5=02

1¢ CORTINUE

RETURN
31
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ST B R S

=~

-

Coe R

0001
0092
0002
0004
0005
0006
0007
0008
0007
0010
0011
0012
0013
0014
0013
0018
0017
0018
0019
0020
Q021
0022
0023
0024
0025
(026
0027
0028
0029
ULy
0031
0032
0033
0034
0023
0036
0037
0028
0039
0040
0041
0042
0043
0044
0045
0045
0047
0048
0049
0050
2081
0052
0o
0054
0053
0033

0937

[ I o]

DO OO

W > g DI e

!

§-Oct-i7
2%~Jul-1983 22142

SUEROUTINE HALFST(IRM:IRsIRFL)

=-== THIS SUEROUTINE PASSES A CIRCLE THROUGH THREE FOINTS =---
===~ AND FINDS THE HALF WAY BETWEEN THREE FOINTS hD ~-=-
~=== THE HALF WAY BETWEEN EACH TRQ POINTS. IN OTHER WORDS =----
=~=~ IT REDUCES THE STEP SIZE . THIS SUBROUTINE IS CALLED =---
===~ WHEN POINT OF INTEREST IS VERY CLOSE TO A SEGHENT OF =---
===~ THE W'KE, ———-

CUMMON/ALLSUS/ALFOrALFHAT 1CAT sCAT24CA2T s CT o DALFODPETSERSS
HeIADD s TAV HIRING 2 NA sNCONS 1NDFSI o NPR o NRW o (W sNH1 9P Ty
FSIyFSIF1PSI0sRADIRCIREVYSATsSAT29SA2T ) THCAT
TFRCo THSAT 1 XNUs XXo VY9 Z2s ALFRIBETR9ALFZSBETZ)
AC180,2) 1GAHALIB052) GANR{30)9SEG(18012)2U(18022))
UC1B0:2) s M(18012)9X(18012)9Y(18092),2(180»2)
COMMON/ZHALFS/RaX U YAU: 21U, X2y Y2U 22Us
RX20 830 YIY T 328022123
A1=4(IRH.L)
Yi=Y{IRMsL)
21=Z{IfML)
X2=X(IRL)
y2={({IR:L)
22=Z(IRL)
X3=4(IRFIL)
Y3=Y{IRPIL)
ZI=Z(IRPYL)
0{1=X1-X2
DX2=X2-X3
IX3=X3-1
DYi=v1-Y2
ny2=Y2-y3
If3=Y3-Y1
D21=21-22
022=22-23
DZ3=Z3-71
AL2=DX13DX14DY14DY14DZ14D21
BL2=DX24DX2+DY28DY24 0224022
AL=SQRT(AL2)
BL=SART(BL2)
CL2=DX3ADXI+DY3EDY3+DZI8DZ3
CL=SORT(CL2)
DENR={#L+BL-CL) ${AL+ELCL) 2¢BLACL~AL) K(ALSCL~2L)
IF(DENR.GT,0.,001) GO TO 10
A1U=,58(X1442)
YiU=,S4(Y1472)
I1U=,S8(21420)
$2U=.38(X2+43)
YaU=,SE(Y2413)
LU=, SR(Z2HTT)
RETURN

10 R2=AL2$BL2#CL2/DENR

R=EORT(R2)
ANUM=DXI¥DX2¢DYI4DY2+DZ34DZ2
DEr!=DAL1XDX2$EYI4DYA+DZID22
DEN =[ENIRDENS-AL2RBL2

-87-
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SRy TR L

HALFET

0058
0957
0050
0061
0062
0053
0064
0045
(066
0067
0058
0049
0070
0071
0072
0073
0074
0075
0076
0077
(078
0079
¢oe0

0081

0082
0083
0054

€O =, 5KANUK/DEN
COT=50RT(R2-,258AL2)
7=C0T/CO

IF{C0.6T40.) COP=R/T-CO
IF(C0.LE.0.) COP=-R/T-CO
C1=DENLSCOP

C2=COPsAL2

£3=,3-C1

C4=,0iC14C2
X1U=CIEX14C48X2-C28X3
Y1U=C34Y1+C4RY2-C28Y2
21U=CIR21C4422-CTT
ANUM=DX1#DX3+0Y1XDY24D214DZ3
C0=1 SKANUM/DEN
COT=SQRT(R2-,25¥BL2)
T=COT/CO

IF(C0,G6T.0.) COP=R/T-CO
IF(CO.LE,0.) COP=-R/T-CO
C1=COPXDENS

C2=COPXBL2

3=,3-C1

C4=,3#C14C2
X2U=-C2EX11C4¥X24CI4X3
12U=-C2XY1+CARY24CIXY3
I2U=-C24Z1+CAXZ24C223
RETURN

ENI

6-0ct~1983 03102349  VAX-11 FORTRAN V3.1-23
26-Jul-1983 22142345  SYSSUSER!LSABERI,REPIHALFST.FGR}S
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.
3
ke o
.t
:

0001
0002
0002
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0014
0017
0018
019
0020
(02t
0022
0023
0024
00235
0026
0627
0028
0027
0030
0031
0032
0032
0034
0035
0036
0037
0038
0035
0040
0041
0042
(043
0044
4045
0045
0047
0048
0049
050
0051
0052
0053
0034
1035
0085
6057

C

N 2 T MY

19

44

11~Jun-1783 12319011

SUEROUTINE SHOOTH

VAX-11 FORTRAN V3,1~23
SYSSUSER?CSABERI,FILESISKOOTH,FOR# 13

é-0et~1933 03112144

THIS SUBROUTINE SMOOTHS THE LOCATION OF TIF VORTICES.

CONMON/ALLSUR/ALF01ALPHAT 1CAT1CAT2CART 1 CT1 DALF O+ DFSIEFS)

Hy TADT AV MIRIMG 2 NAZNCONS s NDPST o NPR o HRW o NI NN L
FSIsPSIF PSIOIRADISRCIREVISATISAT295A2T THCAT s
TFRCy THSAT o X MU XX 0 ¥Y 122 1ALFRyBETRIALFZ9RETZ)
AC18072) 1GAMAC1802) 1 GANRIZ0) #SEG{18092),L(180s
Y(18052)W118092) 9%(18092) 1 Y(18092)+2(18Cs2)

COHMON/MIS/ SX(180118)95Y(180,18)+52(180418)

COMMON /NTURN/ NCOMP

NSTOP = NCONS + NCONP

IF(HETOP 6T, NE) NSTOP =MW -

NSTOP1= NSTOF ¢ 1

N1=IFIX((PS14.,0%)/DFSI)

FSI=NI$DFSI

N2=HODINL MR

NAH=NA/2

JaN2$1

K=JtNAH

IF(KGTNA) K=K=NA

N3TART=NCONS+1

FSIE=NAHRDFSI-, 1KDPS]

IF(PSI.LT.PSIE) 6O 70 20

IF(J,EDV4,0R,J,EQ,10) GO TO 44

IF(JJNE+14ANDVJ.NEV7)G0 TO SO

DAL=X{NSTART» 1) =EX(NSTHRT 1)

DX2=X(NSTART»2)~EX(HSTARTK)

DY1=Y{NSTART s 1)~8Y(NSTART»J)

[IY2=Y{NSTART»2)-SY(NSTART/K)

DZ1=Z(HSTART»1)-E2{NSTART+J)

DZ2=2(NSTART»2)~87{NSTARTIK)

ERRL=ALFRE(DXIXDX14DYI8DY1)+ALFZ8(DZ13D21)

ERR2=ALFRX(DX28DX2+DYI4DY2) $ALFZR(DZ24D22)

ERR=SGRT((ERRITERR2)/{ALFR$ALFZ))

IF(ERR.GT,EFS) GO 70 50

IF(HCONS.CGE.NW) GO 7O S0

NCON3=NCON. 1

G0 10 40

50 CONTINUE

C
C

ro

FRINT %y’ 1 NSTOPL ,NCOMF,NCONS ‘yNSTOF1sNCOMF,NCONS
FRINT &» ' XE+SXE 'y X(NWL1s1)sSX(NH12J)

DO 2 I=1,HCONS

X(Ir1)=8X(1rd)

X{112)=EX(IsK)

Y(I11)=8Y{Ird)

Y(I52)=8Y(1:K)

Z(11)=82(Ird)

{2 =C2{1sK)

CONTINUE

IF(NSTOFL ,GE. MWL) GO 7O 4

D0 3 I=NSTOP1,N®1

X(Is1)=8X(LrJ)

X(I12)=50(1sK)

Y{I:1)=8Y(IJ)

Y{I:2)=8Y(11K)

Ph ORIGHNAL PAST 15
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RO S

SO s

_—

£HOOTH

0058
0059
0060
0051
0042
0063
0044
0045
0046
0067
0048
0049
0070
0071
0072
0073
(074
0075
0076
0077
0078
0079
0€0
0081
0082
0083
0094
0085
008s
0487
0088
0089
00%0
0091
0092
0093
0094
0095
0075
0097
0079
0099
0100
0101
0102
me3
0104

[0 3R ar

3

C
C

6-0ct-1983 03312144 VAX-11 FORTRAN V3,1-23

11-Jun-1983 12319311

UL =821
2132)=8Z{T1K)
¥ CONTINUE

4 CONTINUE
PRINT X9/ 2 NSTOP1 sNCOMPYHCONS /NSTOP1,HCOHP »NCONS
FRINT %9 ¢ XE/SXE 'y X(NW1,1),SX(NW1sd)

DO 10 I=NSTARTINSTOP1

XCIr1)=ALFRX{T,1)$BETRASK(Is )
Y(Is1)=ALFREY(I) 1) +EETRESY(Isd)
AT 2)=ALFREX( Iy 2} +EETRESX(ISK)
Y(1»2)=ALFREY(192) RETRRSY{I,K)
4L 1y=ALFZRI(I 1) 4BETZISI( )
LL20=nLFZRZ(T92) $RETZRSZ(IHK)

10 COMTINUE -
FRINT &' 3 HSTOPL »HCOMPsNCONS /oNSTOP1,NCOMFsNCONS
FRINT %7  XE+SXE ‘» X{INNL)1)1SX(NNLsJ)

IF(%MU,GT,0.00001,0RHIRING.HE.1) GO TO 80
Ri={,
[0 60 I=2/HN1
R2=SORT(X (I 1IXCTy )Y (L 108Y(101))
IF(R1,GT.R2) GO 10 70
I 1)=X{Is1)IRL/R2
Y(Ir1=Y{I+1)3R1/R2
R2=R1

70 X(1s2)==X({1s1)
Y11 2)==Y{Is1)
U0H2A= (L)
R1=R2

80 CONTINUE
PRINT %»' 4 NSTOPY NCOMP/NCONS ’sNSTCF1,NCOHP/NCONS
PRINT %» * XEsSAE ‘¢ X{NW1o1)sEX(NH1J)

GO 70 20
BO COMTINUE
CALL SMOTH2
20 CONTINUE
DO 30 I=1,Ni2
SX{Ied)=Xils iy
SUIKI=XI2)
V(I di=Y(Iy1)
SY(IsK)=Y(1s2)
SZ{Iyd3=Z(1y1)
S2(IsK)=Z(1»2)

30 CONTINUE
FRINT %2’ 5 NSTOPL ,NCOMP/NCONS ‘yNSTOFLsNCOMP HCONS
PRINT 9 * XE/SYE /1y X(NW191)1SK(NWLsJ)

RETURN
END
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