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AN ANALYSIS OF THRER=-DIMENSTIONAL TRANSONIC COMPRESSORS
Antoine Bourgeade

Fehruary 1983

ABSTRACT

This presenﬁacion sets forth a meghod for computing the
three-dimensional transonic flow around the blades of a compressor or
of a propeller:. - The method 1is based on the use of the velocity
potential, on the hypothesis that the flow {s 1inviscid, 1{irrotational
and isentropic.

The equation of the potential is solved in a transformed space
such that the surface of the blade is mapped into a plane where the
periodicity is implicit. This equation is in a nonconservative form
and is solved with the help of a finite difference method using

artificial viscosity and artificial time.

A computer code is provided and some sample results are given in

order to demonstrate the influence of three-dimensional effects and the

blade’s rotation.
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I. INTRODUCTION

Many scientists and engineers continue to study the ways and means
of making hetter use of the energy resources at our disposal, even
though the energy crisis 1s perhaps no longer considered so severe.
Turbines and c;mpressors, which both create and consume energy, have in
recent years been the subject of many theoretical and experimental
studies aimed at improving their design and efficiency. Although some
major 1improvements have been introduced lately, the study of the
transonic flow across a single stage of a turbine, or of a compressor,
still remains highly complex. For this reason most of the theoretical
work done so far has focused on the two~dimensional cascade problem
[13=17] or on the mean flow problem [22].

Let ~us first discuss the physical background. A basic compressor
consists of a succession of rotors and stators. These rotors and
stators are situated on the hub and surrounded by the cowling; they are
com#osed of a certain number of blades distributed around the hub, the
shape of the bhlades depending on their use. If the hub is cut along a
genérator line and transformed into a plane, a so-called 'cascade" of
these blades is obtained. A pfopelier i{s a compressor without cowling.

vThe present study deals with the problem of transonic flow ;round
compressor or propeller blades. From the mathematical point of view,
this leads us to a system of partial differential equations of ﬁixed
type, - in which the unknowns are the = geometric and physical
characteristics of the compressor. For a three-dimensional analysis
theﬁe equattpns are too complex to be integrated without some
simplifications, First of all, we suppose that the fluid we are

concerned with is a polytropic and rnonviscous gas and that a velocity

THI i
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potential exists. This necessitates a further hypothesis, namely, that
the variation of the entropy is small so that the entropy itself
remains essentially constant., Thus our system of partial differential
equations becomes equivalent to a single equation, the potential
equation, in both the steady and the time-dependent cases.
three-dimensional case for ohlique and swept-wings [2,14,15]. However,
because of the periodicity of the compressor problem, the square-root
transformation used in those works is not practical here. We therefore
propose a new transformation, which maps the surface of the blade into
a plane amd includes periodicity implicitly.

The scheme we use is similar to the one used by Jameson and
Caughey [15] in the development of the swept-wing code known as FL022.
Ye solve the finite-~difference approximation to the potential equation
by row relaxation. A typical run consists of 50 iterations on a 48x6x4
grid, followed by 100 iterations on a 96x12x8 refined grid. :’[his takes
15 minutes on the CDC 6600 and 3 minutes on the STAR. The simplicity
of our grid geherat:ion, together with the other hypotheses given above,
limits our cﬁoice of blade geometries., Nevertheless, this method
enables us to study how the speed of rotation influences the relative
flow around the blade;, and we have compared our three-dimensional
results with data for two-dimemnsional cascades.

In Section 2 we shall derive the equations of motion 1in physical
space and, 1in Section 3, we shall consider the potential equation,
which is obtained after several changes of variable., The n(nmeri_._cal
scheme 1s presented 1in Section 4. The numerical results obtained are

shown in Section 5 together with some Calcomp plots, while Section 6



-
provides a mamial on the use of our computer code. Sections 7 and 8
contain a bibliography and a listing of the code.

This study has been supported by NASA under Grant No.
NGR=33-016=201 and by the U, S, Department of Energy under Contract
DE=AC=02-76ERD3077 and 1T take this opportunity of expressing my sincere
gratitude to Prof. P. Garabedian for his invalueble advice and to Dr.
F. Bauer for her constant encouragement. I am also {indebted to my

entire family for their moral support.
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II. THE PARTIAL DIFFERENTIAL EQUATIONS OF MOTION

This section sets forth the various equations used 1in our

computational method and in the resulting code.

The general equations of fluid dynamics for an inviscid gas are

well known [6). These are:

(a) éhe equat{on of conservation of mass,

(1) pe +pu, + pVy +pw, to,ut pyv +p,W = 0,

where p is the density, (u,v,w) are the velocity
(x,y,z) are the coordinates in physical space;
(b) the equations of conservation of momentum,

p(ut + uu, + vu, + wuz) +P, =0

y
(2) p(vt + uv, + vvy +wv,) + Py = 0

p(wt + uwy, + vw, + wwz) +P, =0,

y
where P {s the pressure; and

(c) the equation of conservation of energy,

(3) — =0,

where S is the entropy. It will he recalled that

=2

d 3 3 ]
Py + —t V o T W e
de at “ 9x M ay v 92z

components, and

is the material time derivative. We are neglecting here such external

actions as gravity.

For the following calculations we shall assume that the entropy 1s

'y
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constant throughout the fluid; the last equation will therefore not be
used, Rut then, in order to represent weak shock waves which occur in
transonic flows, we have to replace the Rankine Hugoniot  shock
condittons. This 1s done byb permitting a jump in the horizontal
component of momentum and by adding artificial viscosity terms to the
partial M fferential equations. The approximation is adequate for Mach
numbers close to 1.

Let us suppose now that the fluid is a polytropic gas. Therein:

(4) P = A(SKHY ,

where the function A(S), on the basis of our hypothesis, becomes a

constant, and where

is ‘the adiabatic exponent of the gas, i.e. the ratio of the specific
heats at constant pressure and at constant volume.

If ¢ is the local speed of sound in the gas, we have

(5) [ ap—g

so that equations (2) become

p(ut + uu, + vuy + wu,) + csz =0,
(6) p(vt + uvx'+ vvy +wv,) + czpy =0,

T o 2. .
p(yt+uwx+va+wwz)+cpz 0.
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Suppose now that the flow is steady, L.e. that the flow i3 independent

of time, so that

p . 8u_ v ow
(7 ax* 0y 5220, 5E 0,

Then from (6) and (7) we obtain

, . 2
(8) p(ux + vy t+ow,) — (u u,t uvuy+ uwy

y 2
c

+ vuvx+ v2v + vwvz+ w‘uwx+ wvw

2 =
y +wwz) 0.

y

or, if we assume the existence of a velocity potential, ¢, and {f we

divide by p/cz,

(9) 2yt byyt 22 = Wyt v+ v,

+ 2uv¢xy + 2wy, * 2u,.) =0,

with u=¢,, v = Pys W= ¢, This is the potential equation. It 1is

hyperbolic for supersonic flow,

u2 -0-v2 +'w2 ,)cz ’

and elliptic for subsonic flow,

u2-0-v2+wz<c2 .

Equations (4) and (5) show us that
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Using the velocity potential, equations (6) become

2
(-;- (¢§+¢§+¢§) +§5_-f)x- 0,

2
(D (5 G2 +ed ) +

yl)y-o’

X 2
(7 GE+o5 +eD +5), = 0,

so that
(12) L (4;2 + 62 +¢2) +,c2 = ¢onstant
’ 7 Wx Toy T Ty

throughout the fluid. This is the Bermoulli equation, which enables
us, knowing the velocity potential, to compute the speed of sound.
Suppose next that the flow is no longer steady with respect to the
initial framé of reference, but that, if we consider a frame turning
around the x-axis with a constant speed of rotation, w, the flow 1is

again independent of time. Then, instead of (7), we have

9p 9p ap Ju du du
13 e W - — ——— — — ———
(,;> e Wz 5= +0Y 5= 5 57 -wzay-i-myaz,

v v dv 3w aw ow

P T PR T T T

TR TRg HBT ¢t i g e
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By introducing the cylindrical coordinates (x,8,R), the equations (13)

become
3 . .. 9 du _ _  3u v _ . 9V ow _ . 9w
3t Y3 e Y I Y oae . Y

These new equations show us that the flow dependence on t and 6 |is
characterized by a dependence on (6 - wt) alone.
In this time-dependent case a combination of equations (l) and (6)

gives us

(14) p(ux + uy + wz) -'ff (u%ux+ uovouy+ “0"0“2’* VouQVy + v%vy

b

+ VoWVt wouowx+ wovowy + w%wz) =0 ,

where (uo,vo,wo) are the components of the relative velocity defined by

(15) ug = u , vgEV-wz, W Twtuwy.

If we again assume the existence of a velocity potential, it must now

satisfy the equation,

(16) c2(¢xx:+¢yy*¢zz)' (“8¢xxf V%¢YY + w8¢zz+ 2ugvol xy* VoWobyz* 2igugd ) = O

-

This equation is similar to equation (9); it 1is a second-order

nonlinear partial differential equation which is hyperbolic for

u% + v% + w% > cz ’
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u% + v% + wg 4 c2 ,
We still have the relation (10) for the speed of sound, so that,

using the veloeity potential and with the help of (13), we obtain,
instead of (6),

2
(17) (7 GEmFnD) vzt uyp, + S = 0,

and this gives us the new Bermoullil equation,

c2

= Constant
Y-l

(18) é- (62402492) -wzhy +usp, +

afong each line parallel to the x-axis.
In the next section we shall transform these equations, by a

change of coordinates, into the system which is solved by our code.
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IIL. GRID GENERATTON
We have obrained the equations to be solved, but we have still to
impose the geometrical constraints due tn the slip condition on the
surface of the compressor blade and to the_periodictty condition. 1In
this section, we shall describe the pgeometrical space 1in which the
equations will be solved, We shall therefore list all the mappings

which are performed to transform the physical space ontnp the

computational space.

For the purpose of the periodicity condition, we begin by
fntroducing the angle 8 of the cylindrical coordinates (x,6 ,R) with

respect to the x~axis. To accomplish this we use a conformal mapping

(19) (%,7,2) * (%0,8,7%)
defined by

(z+iy) = exp(Zpyti8), x = x5 »

The Jacobian matrix associated with this transformation is

1 0 0
(20) Jy= 0 P Q ,
0 -q P

with elements defined by

We also require the inverse matrix, namely,

g e

L ol T
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1 0 0
J7l = 0 2z =~y .
0 y =z

> > >
If (i,j,k) is the orthonormal hasis for physical space, then the hasis

+ > +
vectnrs conpnected with the nev coordinates are I, u, and v, where

» + +>

> > +
(21) u=2zj§~-yk , v=yij+zk .

For the surface of the blade, the representation of the finite
difference slip condition becomes greatly simplified and more accurate
1f the bmundary surface lies on a coordinate plane. The 1idea, cf.
[14], 1is to transform the surface of the blade onto a plane which will
constitute the lower boundary of a half-space.

nfortunately, if we apply the square~-root transformation of
reference [14], the periodic strip is transformed in such a way that
the periodicity condition is difficult to satisfy., We therefore prefer
a transformation which would map a periodic strip conformally‘onto a
half-space, so that the periodicity condition becomes implicit.

The required transformation can be decomposed into two successive
mappings. For the purpose of simplification we consider only plane
sections orthogonal td ﬁherzo-axis. The first mapping transforms a
periodic strip (cf. Figure la) onto a slit plane (cf. Figure lb),
The image of the two lines delimiting the strip is the negative ‘real
axis, We then apply a square~root transformation which maps this plane

onto a half-plane (cf. Figure lc).
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Figure la.

The periodic strip.
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Figure 1b. The slit plane.
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To implement these transformations we draw in each plane section a
singular 1line (the branch cut) from inside the blade, near the nose,
out to downstream infinity. This 1is actually a half~line whose origin

has the coordinates (xg,8.) . We next perform the mapping

(22) (xo,e ,Zo) > (X,Y,Z) ’
defined by
2
(xg=xg) + 1(8-05) =N"! log(1 + KDYy | 7 2z,

where N and T are two constants. N is more precisely the number of
blades on the compressor, The coordinates Xg and 6s usually depend on
Z. Their derivatives with respect to Z will be denoted X, and 8, ,

respectively.

The Jacohian matrix determined by this transformation is

a =b 0
(23) JZ = b a 0 ,
e f 1

whose elements are defined by

a=Hxy , b =Hiy , e= -ax, - b8, , t= -ab, + by, , H= x§ + 6% .

The inverse matrix is




Qv

+ >
and the basis vectors related to this transformation are now (A,R,

with

» +» +> > > > b d + + >

Let us return to the potential

reformulated as

(25) c202 - @y o V)% =0,
where

3

V= Ix

24 3 + 3 7
+ — i+ —=KkK
1 qy 3 9z k

is a notation for the gradient. If we denote the final Jacobian matrix

A=Jy e Jp
by
A = (aij)
and, i1f we use
dp = ooy dyp=io, dy=
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for the derivatives with respect to the new coordinates, then the

derivatives with respect to the initial coordinates are represented by

3 . 3 3 v

-a—i 2 aljdj ) 57 z azjdj ’ -a—z )‘ a3jdj .
h| 3 3

Thus the Laplacian, which is defined by

0. 52 . 52 52
+ ’
ax2  ay? 322

can be rewritten as

29 2= 1 appndgcr Doapgadde

i" rJ

where the coefficlents a‘fj stand for the derivatives of the Jacobian

matrix elements;
agk = dj ajp o
Let us set

(Fy) =F =aba, D =v%, Dp=v%, D= vz .

These notations allow us to simplify the equation (26) to arrive at

(27 92 = ] Py dydg + ] Dydy
) j:k k

For the second term of equation (25) let us denote the components

of the velocity in the physical space by

B oiORmEmEs W e

EL TN

8 TR R T Y

R R Pl
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Using the same computation as for the Laplacian, we obtain

(28)  (74+7)2 = [ BBydd + T Cody
k £

»

> > >
where (81,82,83), the components of the velocity in the basis (A,B,C),

are given hy
Bj “z aijm_ ’
L
and where the coefficients C, are defined by

Cp = (V4:7)2X , Cp = WpeN)? ¥, Cy = (¥e7)2 7 .

Af ter these necessary but somewhat tedious transformations the

potential equation acquires the useful form

@9) ] (PFyy-ByBddp + ] (ePy - ¢y dgp = 0.
1,3 i

This has the advantage of being relatively tractable, for an equation

which is, really, quite complicated. In the time-dependent case, we

need only to replace the ¢j’s by the components of the relative

velocity in the calculation of the coefficients of equation (29).

Moreover, 1if a reduéed potential is defined as the difference between

the true potential and the uniform flow potential corresponding to the
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inlet speed, we can use it to compute the derivatives didj¢ and d,¢ in

equation (29) without changing that equation,
We next describe the grid used in our computational m
obtained with the help of a system of sheared coordinate

defined by considering coordinates parallel to the transfo

of the blade. If

Y = S(X,2)

ethod, I
s. These

rmed sur

t is
are

face

is the equation of this surface, the transformation in question is

defined by setting

T=X, J=Y=-5(X2), K=2,

The Jacoblan matrix is

0 -Sz 1

and the related basis vectors are

¥

e
¥

a+
+
[¥5]

N
x
.

+ 4+ + >
(31) T =A+Sy8, J=

In order to carry out the computations on a finite

domain,

these

last coordinates are stretched so that the final domain of computation

becomes a cube the edges of which have 1length 1.

Af ter

these

transformations equation (29) remains of the same general type, but its

coefficients have to be changed slightly, Complete

specified in the listing of the code in Section VIII,

details

are

3o

=

TR A NN T T
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It remalns to define the houndary conditions at the hubh, at the
cowling, and on the blade surface. We Lmpose a slip condition Ffor the
flow on these houndaries; this leads to a Nemmann problem for the
velocity potential, since the normal dertvatives at the houndaries must
vanish, We shall express this condition in our system of coordinates.

The huh and the cowling are defined by equations of the form

72 = Constant,

+ > »
At any boundary points the two tangential vectors are i1 and u, and v =

> +
i x u is a normal vector. The houndary condition at the hub and at the

cowling may thus he expressed by the equatfon

) 9¢ = =

On the other hand, the hlade surface i{s defined by the equation

J=0.

> kg > >
The two tangent vectors I and K lead to the normal vector I x K whose

> > >
coordinates in the basis (i,u,v) are

Sxe-f"'SZ

a = R2(By + Syxy) , B = Sy@yky , ¥ = — . .

Hence the boundary condition on the blade surface is given hy
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4 2 9 , .
(33) a 5-,_3” 7w T 7 ap) + Bz + yy)y + (yzBy)y = 0.

In equations (32) and (33), (¢),47,47) must be the derivatives of
the true potential, i.e. the components of the velocity. For the
time-dependent case, they are replaced, in equation (33), by the
components of the relative velocity.

In the code the values of (¢,,6,,67) are computed only when

necessary, and the only derivatives available are

- 3¢ -39 - 3¢
U=s2o V W

These derivatives are related to the components of the velocity through

the relation

¢y U
¢4 W,

The boundary conditions (32) and (33) become

(35) eU+ fV +W=20

and

(36) (aa + b + ye)U + (ub + Ba + y£)V +yW = 0,

In three dimensional space an appropriate vortex sheet behind a
blade must be considered. 'The shape of the vortex sheet is modeled by
our code in the following way. In each plane cruss—section, the upper

and lower surfaces of the blade are extended behind the trailing et"!ge

B (e ol

T ek
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by two lines parzllel to a branch cut (Cf., Figures 1,4,7). These two
lines represent the vortex sheet in that section, and if the blade |{s
closed they are identical. For two points situated on opposite sides
of the vortex sheet the pressures are the same, anﬂ the normal
velocities are zero; only the tangential components of the velocity may
be different. Since a shape is assumed for the vortex sheet, we
require only continuity of the normal component of the velocity across

the sheet, Computationally this reduces to a condition like

@37 $yy = O

after a jump in ¢ 1is removed. Moreover, the jump of the potential ¢
across the vortex sheet 13 supposed to be constant in each plane
section. The Kutta=-Joukowsky condition at the tr."ailing edge determines

this jump. This amounts to a linearized treatment of the vortex sheet.
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IV, FINITE DIFFERENCE SCHEME

The success of codes for the design and analysis of supercritical
wings [1,2,3,15] shows how effective the computational fluid dynamics
has become for transonic flow. The first step in this development was
the design of shockless airfoils by the hodograph method {i]. Then the
fntroduction of a retarded difference scheme [20] allowed the analysis
of flow at nff-design conditions. This scheme incorporated artificial
viscosity in order to capture shocks in the supersonic zone. It was
then improved to permit the analysis of three-dimensional wings [14]
and their design [ll]. TIn our computational method we wuse the
last-mentioned scheme, and this section explains how it is incorporated
fnto our computer code.,

All the equations we have described in the previous section are
represented 1in the cphputer code by finite difference approximations.
Te €low conditions at each grid point are determined with the help of
the raeduced potentfal G, The first derivatives of this potential are
calculated by using central differences. With these values we compute
the ‘approximate velocity., This allows us to determine, with the help
of Sernoulli’s equatfon (12), whether, at the point considered, the
flow 1s subsonic or supersonic.

If the flow 1s subsonic the second derivatives used for the
computation of the potential equation residual are approximated by

central differences of the form

_Oi4, 5,k 7 B1,9,6 F 81-1,4,k

BRI ax)?2

»
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and -

CLat, f+#1,k = 0141, 4=1,k = Ci=1, 441,k * O1=l §=1,k
X AY ¢

(39) GXY =

For supersonic¢c polnts, on the other hand, we have to Latroduce
artificial viscosity {n order to capture weak shocks, This 1s
accomplished by using a retarded difference scheme [15]. Thus we

separate the equation (29) into two groups of terms:

(40)  (eP=?) G4 + 2@ -Gy ) =0,

where q is the speed and s a coordinate in the flow direction. The
first temm represents the second derivatives fn the flow direction; the
derivatives in the other directions form the second term. The second
derivatives used 1{n this second expressfion are computed by using
equatinns (38) and (39). But for the second derivatives of the first

expression we use retarded differe e approximations of the followiug

types:
(41) GX‘( = lej'k - zci-f'leok + G‘L-Z,j,k
‘ § ’
(B xX)*
and
(42)  ayy = Ohodek 7041k 7 Ot-1, 5,k F G111,k
Xy AX AY

provided that the velocity has positive components in the X divection
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and in the Y direction. Equations (41) and (42) are only first-order

accurate and introduce the truncation errors

- _ AXOxxy +AY Gyyy
XUXXX » 2 *

For the potential equation (40), at supersonic points, these terms
represent a positive artificial viscosity which, when the flow {is

aligned with the X direction, reduces to

(a% - c2) X Gyyy

as {n the scheme of Murman and Cole [20}.

Equations (38) to (42) are used at each iteration of a run. To
describe the iteration process, which is done by row relaxation, it is
helpful to introduce an artificial time t, which increases by the
quantity At at each iteraticn. The right-hand sides of equations (38),

(39) and (41) become

G(i)+l,j,k' 2(1-1/w) ng,k - (2/w) Gi‘,j.k* Gi‘-l,j,k
(ax)2 '

0 0 N ' N
Gi+1, §#1,k~ Gi-1, 341,k Ci+1,4-1,k* G1i-1, §-1,k
WX AY ’

N - a0 - 2N 0 »
zcidok Ginj;k 2Gi'l’j|k+ Gi-zsj’k ,
(ax)?

where the superscripts N and O denote new or old values of the
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potential and where w ls the overrelaxation factor. These expressions

represent approximations to

At 1,2 1At At
Gyx = 7% Oxe *7x G = D6e)s Gxy = 337 Gve v Oxx * 2 7% Oxe

Hence the equation solved is

2 o , .
(43) izj (cz‘:ij_ BiBj)Gxixj +§ [(C ni Ci)(;xi‘f' inxit] +60t 0 ’
’

where the coefficients ay and § are determined by the new
approximations (38), (39) and (41).
8y considering an orthonormal system of coordinates (p,r,s), where

the flow direction is still the s direction, we arrive at the equation

(4) (2-q)Gyq + q26, #q%G,, + B Gg¥ B Gyt B1Gp + G = 0 .

G
: B 8
Tetsglggetg Tt
c?-q q q

is a new time coordinate, then equation (44) is transformed into

2 2 .2
(45) (c2-q2)G.. + q2G.. + q2G.. - ( 1L B2 B3 s =0
€"=q")bgg ¥ @ Vpy T A7%pp 53 T3 3% ap T He

c™=q q q

In order to ensure the convergence of the {teration scheme to a

solution of the steady~state equation, we want equation (45) to be a
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damped three-dimensional wave equation., Given the form of equation

(45) this 1is equivalent to the condition

sf 83 8}
¢ =q q q

At subsonic points the damping condition is always satisfied., At
supersonic points It may no longer be true. The choice of
approximations (41) and (42) help to ensure a large coefficient Bl »
but near the sonic line this may not he enough. One way to ensure that

condition (46) is satisfied, 1s to increase B) by adding a term of the

form
88 G . «p AL (4,6t 69G, + 61G.r) =8 AL (B Gy, + BoGy,.+ BaGoy)
7% st A P10kt 20y + 9365 =8 T3 (B10xe® BaCye™ B30ze

to equation (43), where 8 is a positive parameter large enough to

‘Increase 8 by the right quantity.

The mixed derivatives used above, GXt , GYt , GZt are obtained by

using approximations of the type

N _ a0 _ N 0
oo = A3,k 78,9,k 7 G1-1,5,k * Gi-1,4,k
Xe At AX -

We have described the difference scheme for interior points. For
the boundary conditions at the hub and cowling, we transform equation
(35) into a difference equation in order to compute the value of the

reduced potential at these boundaries. For the blade surface and the

ser
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vortex sheet we intrnduce ghost points behind the boundary. These
points are used to compute the value of the potential at pnints on the
hlade as {f they were interior points. The values of the potential at
the ghost points behind the hlade are determined by using equation
(36), i.e. the slip condition. For the points behind the vortex sheet
the potential 1{s determined by the Kutta=Joukowski condition. To
compute the value of G at the remaining boundary points we use an
approximation to the outlet velocity.

The program permits not only compressor blades but also propellers
to he modeled. Since propellers have no cowling, the 1{inlet speed 1is
equal to the outlet speed. Thus, for a propeller run, all the houndary
vonditions except those at the hub, on the blade and on the vortex

sheet are replaced by

[*p]
L]
<

With program FLO22 as the starting-point, we have used the result
stated in this section to write a new program in FORTRAN named CSCDF22,

This program is listed in Section VIII.
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V. RESULTS

In the preceding sections we described our computational method.
In order to show how this method works, we present in this section
seven examples of runs made with the program CSCDF22.

The first case was run to test the validity of our code. A
compressor blade had been designed with code K [3]. Fipgure 2 shows the
result of this run. We used the coordinates of this two-dimensional
hlade profile to create a three-dimensional blade. The profiles were
identical at each span station., Since we chose to run the program for
a cascade configuration and in the compressor case, we were solving a
two-dimensional cascade problem. The inlet speed and the 1inlet angle
were the same as in the design run, but the blade was markedly cambered
and we chose a gap-to-chord ratio of 1.5. Figures 3 and 4 show a
representation of the cascade and the grid at the hub which is the same
at each span station. The pressure distribution {s given in Figure 5.

~ The other six examples ére all run with the same blade. The
profile is defined at three different span stations. The bnsic profile
is the NACA-0012 profile. At each span station the chord and thickness
are the same but, for the realistic axial flow configuration, the
coordinates of the singular points are different. The blade has a
sweep angle of 14 degrees and the dihedral angle decreases from O.
degrees at the hub to -10, degrees at the tip. The angle of twist |is
equal to 0. degrees at the hub, 2. degrees at the cowling, and 1.
degree in between. For the axial flow conftgurat;on the distance
between the hub and the axis is 2. This is also the distahce between
the hub and the cowling (or the tip).

The first example with this blade 1is a run for a compressor
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cascade configuration which appears in Figure 6. Figures 7 and 8 show a
representation of the grid amd the pressure distribution. The
differant flow parameters are shown in Figure 8. Ml is the ({nlet Mach
aunber, M2 is the outline Mach nﬁmber. DEV is the differance hetween
the outlet angle and the inlet angle given by ALP.

The four next runs are also analyses of compressor flow, but now
in an axial flow configuration and with eight hlades around the hub,
For each run the parameter OM determining the speed of rotation has
different values. These values are 0.0, 0,5, 1.0 and 2.0, The other
flow parameters are {dentical. Figures 9 and 10 rvepresent the grid at
the hub and cowling, It will be noticed how different they are,
although the profile is almost the same at the hub and cowling; but the
gap-to-chord ratio s twice as large at the cowling. Figure 1l shows
how the hlade looks in a plane orthogonal to the axis. The different
pressure distributions obtained for each run are given in Figure 12,
13, 14 and 15, These figures clearly illustrate how the flow evolves
as the speed of rotation increases: the shock on the upper surface
weakens amd then disapéears while, on the other hand, a shock appears
on the lower surface and intensifies.

The last example 1is similar to the fifth, except that it is a
propeller analysis. Figure 16, 17, and 18 show the geometry of the
case, amd the pressure distributfon 1is given 1in Figure 19, by
comparing Figures 14 and 19, we observe that, for example 5, the shock
appearing at the cowling which is caused by the speed-of rq;acion, is
amplified significantly by the cowling.

These numerical experiments show that our computational method, in

spite of 1its vrestrictive hypotheses, enahles us to anélyze the
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three~dimensional transonic flow around compressor blades. This {s a
first step towards the study of compressors or propellers in three
dimensions. Considering what happened in the study of transonic flow
past swept wings, we venture to suggest that the next steps could be to
improve this method in order to include the computatfon of the wave
drag and to design blades with a prescribed pressure distribution

(4,11].
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VI. HOW TO USE THE CODE

This section 1s intended to serve as a guide for users of our
computer code. We explain the different code options and give a
listing of the input parameters.

Our computer code includes two options which permit the solution
of either the compressor problem or the propeller problem, and f{t
treats them either in a realistic axial flow configuration or 1in a
three-dimensional cascade representation. In the first option there is
a choice of two boundary conditions. In the propeller case the reduced
velocity potential 1is set to zero at infinity; in the compressor case
the houndary condition is given by a Neumann condition at the cowling.,
The first option determines the first mapping to be performed. For the
axial flow configuraticn the whole space is mapped into a part. of the
space consisting of as many periodic strips as there are blades around
the hub. For the cascade configuration this first mapping 1s not
required, since the computation starts directly from a periodic strip.
In both cases the periodic strip 1is mapped conformally into a
quadrilateral, For the compressor case the blade shape and the vortex
sheet define the bottom of the quadrilateral; the hub and the cowling
determine the sides; and -the upper edge is defined by the flow at
infinity, For the propeller case the side previously determined by the
cowling is defined by the flow at infinity.

The shape of the blade {8 defined by giving the coordinates at
different span sections from the hub to the cowling. As many as six
sections can be defined by giving the Cartesian coordinates at each
sectidn with z constant. If two sections are similar, only the

coordinates of the first section are read in.
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We shall now describe the {input dati cards and explain the
parameters which occur in the input. A%l the data cards are read in
format (8F10.6). A title card is insertid before each data card or
each series of data cards.

Title Card 1:

NX, NY, NZ, FPLOT, XSCAL, PSCAL, GRIDX, GRIDY.
NX, NY, NZ are the number of mesh cells in each direction of the

transformed space. Thus NZ i{s the number of mesh cells

in the radial direction, NX the number of mesh cells

Carsr ® g R T e oo

along the blude and the vortex sheet, and NY the number

of mesh cells in the third direction of the

L

computational grid. If NX = 0, the program stops. The
dimensions in the code are NX+l, NY+2, NZ+3,

FPLOT {s th¢ parameter controlling the generation of plots. “
IF FFLOT = 0, a printer plot but no Calcomp plot {is
obtained at each span station., If FPLOT = 1, both a
printer plot and a Calcomp plot are generated; and ({f
FPLOT = 2, only a Calcomp plot is generated.

XSCAL, PSCAL determine the scales of the Calcomp plot. The pressure

L R SR AR IR Ty BN T R R

scale {s set to PSCAL per inch 1in each section plot.
PSCAL = 0 is equivalent to PSCAL = 0.5. If PSCAL is

positive, each section is scaled so that the span is 5.

S U e

If PSCAL, {13 negative, each section 1is scaled

proportionately to the local chord and the maximum chord

1s XSCAL/2.

GRIDX, GRIDY control the grid generation., The grid depends largely | .

on the geometry of the compressor, so these two
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parameters must be chosen carefully so as to obtain an
acceptable grid. GRIDX has to be greater than =1 and
GRIDY is positive. In most of the cases we can use
GRIDXK = 0 and GRIDY = 1. Decreasing GRIDX gives more
points near the nose and less at the trailing edge,
Increasing GRIIX gives fewer points near the nose and
more at the trailing edge. Increasing GRIDY increases
the number of points near the blade and the vortex

sheet,

Title Card 2:

MIT, COV, P1, P2, P3, BETA, FHALF, FCONT.

MIT is the maximum number of iterations computed.

cov is the desired accuracy. If the maximum correction 1is
less than COQV, the program goes to the next grid or
terminates. The same will happen 1if the ,maximum
correction is greater than 10,

Pl,P2 | are the relaxation parameters for the subsonic and the
supersonic points respectively Pl is between 1, and 2.,
P2 18 less than or equal to !.

P3 : is used for the boundary values. P3 is usually set to
1, but a smaller value improves the convergence for very
cambered blades.

BETA is the damping parameter controlling the amount of added
$g¢e It is normally set between O. and 0.5.

FHALF indicates whether the mesh is to be refined. For FHALF

= 0 the program stops after convergence or after the



FCONT

Title Card 3:
FMACH, OM, AL,
FMACH

oM

PA

ZONE

-50=

prescribed number of {iterations have been completed.
For FHALF = 1 the mesh will be refined and another input
card must be read for the parameters of the refined
mesh, The mesh can be refined only twice and the
maximum grid is 128 24x14,

indicates how the computation starts., After each run
the velocity potential 18 stored on tape 8, If FOONT = 0
the program begins by initializing the wvelocity
potential., If FOONT = 1, we have a continuation run and
the data stored on tape 8 from a previous run is used as

input and {s resd in on tape 7.

PA, ZONE, DC.

is the inlet Mach number.

is the speed of rotation. This means that the
compressor is turning at the speed of OM revolutions per
60 units of time. The unit of time depends on the flow
conditions. The unit of length is the length of the
blade divided by CHORD and the unit of speed is the
inlet Speed.

is the inlet angle.

determines whether an axial flow configuration or a
cascade is to be studied. PA = O for a cascade, PA =]

for an axial flow configuration.

.18 the distance between the axis and the hub. In the

cascade case it is set equal to 1.

O
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DC is the gap~to-chord ratio for the cascade case. For an
axial flow configuration it 1s the number of blades

around the hub.

Title Card 4:

2SYM, NC, SWEEP1, SWEEP2, SWEEP, DIHEDl, DIHED2, DIHED

Z5™ indicates whether we have a compressor problem or a
propeller problem. ZSYM = O for the compressor case and
ZSYM = 1 for the propeller case, Thus, 1f 2SYM = I,
there is no cowling, the outlet speed is the same as the
inlet speed and the radial direction is stretched to
infinity.

NC is the number of span stations at which the blade
section 1is defined. The blade section is interpolated
linearly between two span stations. If NC < 3 the
geometry 1s given by the last casé studied and the
program will run for this ZSYM and for the parameters
given by data cards 1 through 3 without the nged to read
any more cards.

SWEEP! ,SWEEP2 ,SWEEP are the angles of sweep of the singular line at the
hub, at the cowling (or the tip) and at the far field
respectively. For a compressor blade SWEEP is not used.

NDIHEDL,DIHED2 ,DIHED are the dihedral angles of the singular 1line, at
the hub, at the cowling (or the tip) and at the fér
field respectively. In the compressor case DIHED is not

used.



Title Card 5:

2, XLE, YLE, CHORD, THICK, ALPHA, FSEC

Z
XLE,YLE
CHORD

THICK

ALPHA

FSEC

Title Card 6:
YSYM, NU, NL

YSYM

NU,NL

M tle Card 7:

is the location of the span section.

are the coordinates of the leading edge.

is the chord of this section, used to scale the profile.
multiplies each y coordinate; thus the thickness of the
section is multiplied by THICK,

is the angle of twist through which the section 1is
rotated. Changing the value of ALPHA by the same amount
at each span station introduces a ataggef angle.,
indicates whether section coordinates are to be read in
from data cards., FSEC = 0 meams no further cards are to
be read for this section., FSEC = 1 means the
coordinates of the section will be determined by the

next input cards.

indicates whether the profile is symmetric or not. YSYM
= 1 for a symmetric profile and YSYM = O otherwise. For

YSYM = 1 only the coordinates of the upper surface are

 read.

are the number of points on the upper and lower surfaces

respectively.

TRAIL, SLOPT, XSING, YSING

R T
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TRAIL

SLOPT

XSING,YSING

Title Card 8:
X, Y

X,Y

~55=-

is the included trailing edge angle in degrees, or the
angle between . he upper and lower surfaces 1If the
profile is open.

is the slope of the mean camber 1line at the trailing
edge. SLOPT 1s used not only for the profile but also
to determine the vortex sheet behind the profile. If
SLOPT 1is too big and the gap-to-chord ratio is small the
program may abort.

are the coordinates of the singular point inside the
profile about which the profile 1s unwrapped. This
point must be chosen in. such a way that the mapped
coordinates are as smooth as possible without a
pronounced bump near the nose. If such a bump occurs,
we first move the bump nearer the nose by positioning
the singular point closer to the upper or lower surface.
Then thé bump is smoothed by placing the singular point
at the right distance from the nose. Moreover, the
singular point mnust be redefined not only for any new
profile but also for any new configuration, since the

geometry changes with the parameter DC,

are the coordinates of the upper surface. There are NU
cards and the coordinates are read from the leading edge

to the trailing edge.



Title Card 9:

X, Y

X,Y are the coordinates of the lower surface. Theré are NL
cards and the coordinates are read again from the
leading edge to the trailing edge. The first data card
repeats the first data card for the upper surface which

defines the coordinates of the leading edge.

These cards are followed by (NC-1) series of cards beginning with
Title Card 5.

The program provides both graphical and printed output. The
Calcomp plots were shown in the previous section,

In the printed output we can read the 1listing of all the
coordinates given in the 1nput; Then the mapped surface coordinates
are printed for the hub and the tip. This allows us to ascertain
wheiher the coordinates of the singular points are well chosen. After
the itermation history, with the maximum correction and the mean
correction to the velocity potential and with the maximum residual and
the mean residual for the difference equations at each iteration, the
program gives us a printed plot of the coefficient of pressure on the
surface. This is followed by a Mach number chart. These last two are
given for each span station. Finally the characteristics of the blade

are printed,

If the mesh has to be refined, a new series of output is printed

g
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for the new mesh. If not,

reading a new data deck,
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the ' program terminates

or

restarts

by




l.

2.

3.

4o

5

6.

7.

8.

9.

10.

-58=
VII. BIBLIOGRAPHY

F. Bauer, P, Garabedian, D. Korn, Supercritical Wing Sections,
Lecture Notes 1in Econamics and Mathematical Systems, Vol. 66,
Springer-Verlag, New York, 1972.

F. Bauer, P, Garabedian, A. Jameson, D, Korn, Supercritical Wing
Sections II, Lecture Notes in Economics and Mathematical Systems,
Vol. 108, Springer~Verlag, New York, 1975.

F. Bauer, P, Garabedian, D. Korn, Supercritical Wing Sections
I1I, Llecture Notes in Economics and Mathematical Systems, Vol.
150, Springer-Verlag, New York, 1977,

F. Bauer, P, Garabedian, G, McFadden, The NYU Inverse Swept Wing
Code, to be published. |

J. Brochet, J. P, Veuillot, J. P, Boisseau, M. Enselme, Calcul de

1l’écoulement tridimensionnel dans une roue mobile de souffante,

18% colloque d’aéreodynamique appliquée de 1‘aaaF, November 1981.

Re Courant, K. O. Friedrichs, Supersonic Flow and Shock Waves,
Interscience-Wiley, New York, 1948,

C. Farrell, Quasi-Three-Dimensional Full Potential Transonic
Blade-to-Blade Code, NASA Lewis Research Report, Uctober 198l.

c. Farrell, P. Beauchamp, A System of Codes for

Quasi-Three-Dimensional Shockless Blade Row Design, NASA Lewis '

Research Report, October 1981,
P. Garabedian, Estimation of the Relaxation Factor for Small Mesh

Size, Math. Tables Aid. Comp., Vol. 10, pp. 183-185, 1956.

P. Garabedian, Partial Differential Equations, Wiley, New York,

1964,

SEORS DET A O
&
)

B

BT TR T g

L ey

.
ﬁﬂ@mw



1.

12,

13,

14,

15.

16.

17,

18.

19.

Ps

-59-

Garabedian, G, McFadden, On the Design of Supercritical Swept

Wings, AIAA Journal, Vol. 20, pp. 289-291, 1982,

He

and Real flow Effects,

Compressors (NASA=SP-36), pp.

D.

Howard, A. Hansen, Three-Dimensional Compressor Flow Theory

365384,

in Aerodynamic Design of Axial Flow

Ives, J. Liutermoza, Analysis of Tramsonic Cascade Flow Using

Conformal Mapping and Relaxation Techniques, AIAA Journal, Vol.

15,

A.

PPe. 647‘652. 1977.

Jameson, Iterative Solutions of Tramsonic Flows over Airfoils

and Wings, Including Flows at Mach 1, CPAM, Vol., 27, pp.

283309, 197,

A.

Swe

Jameson, D, Caughey, Mimerical Calmlation of the Flow Past a

pt Wing, ERDA Research and

C00-3077-140, June 1977.

W

Development Report No.,

H. Jou, Finite Volume Calculation of Three-Dimensional Flow

around a Propeller, Oral Communication.

E.

McIntyre, Design of Transonic

Cascades by

Conformal

Transformation of the Complex Characteristics, ERDA Research and

Development Report, No.

C.
Pas
10,

Ph.

C00-3077-136,

November 1976,

S. Morawetz, On the Nonexistence of Continuous Transonic Flow

t Profiles, CPAM, Vol. 9, pp.
pp. 107-131, 1957.

Morice, H. Viviand, Equations de

45-68, 1956 and CPAM, Vol.

conservation et

condition

d’irréversibilité pour les écoulements transsoniques potentiels,

Compte Rendus de l’Académie des Sciences, Paris, t 291, série B,

PPe

235-238, 19%0.

it R TR

R



20.

21,

22,

23,

24,

-60=

E. Murman, J. F«Cole, Calculation of Plane Steady Tramsonic Flows,

AIAA Jo
M. H.

Wiley,

J P. Veuillot,

urnal, Vol. 9, pp.

Vavra, Aero-Themodynamics

New York, 1960,

Calcul de 1l’écoulement

114~121, 1971,

turbomachine axiale, Publication ONERA No.

Je P.

Veuillot, Méthodes de calcul

and Flow 1in Turbomachines,

moyen dans une roue de

155, 1973,

de

1’écoulement

tridimensionnel dans une roue de turbomachine, Revue francaise de

Mécanique no. 55-56, pp.

Je. P. Veuillot, Calculation of the Quasi-Three-Dimensional Flow

19-29, 1975,

in a Turbomachine Blade Row, Engineering for Power, Vol. 99, No.

l, pp.

53-62, 1977,

o e om

o

T W T

IR UL ey

e TR

g



10

20

ORIGINAL PAGE 9
—6l- OF POOR QUALITY

VIII. LISTING OF THE CCLDE

PRIGKAM CSCODF22(INPUT=512,y3UTPUT=512,TAPESSINPUT »TAPEO=ULUTPULT,TAPE
172512y TAFES=312)

MAIN RJyTINE WwHICH CONT<ILS THE COMPUTATICNAL PROCEDURE

6 IS THe FEDUCED VELOCITY POTENTIAL

CIMMUIN ©(12992€517)»S0CL29917)sE0CLT)aIVIL2391T7),ITEL(LT)»ITE2(LT)
1980(125)921(129),A82(127),A3(12G9)9B0(26),31(26),82(26),83(20052(17)
2oCLULT7 ) CetL Ty l3CLT7)oCal Ll pChULT)oXCUL? Yo XZALT)oXZZALT)pYCULT)yY
B3ZCLT7)oYL2LCLT o KSYMINXpNYINZ)KTELIKTE2s IDYM)SCAL) SCALZs XKoOMEGA»ALF
GHAPCA»SAsF4ACHTHPASABLADE

CIAMMON 7CAL/ PLIP2)PIyBETAYFRyKMpDGHGMINS UL VIs WLy IFpJR)RKky [G» UGy
1KG

DIMENSIIN XS(20396)s YS(20Gy€)y 25(6)s XLE(O)s YLE(S)s SLOPTH(E)Y T
IxAILUB)Ys ANP(EY Y EL(B)s E2(H)s E£3(6)» E4(0)s EB(n))y XP(230)s YP(23C
2)s O1(2UG)s [2(2C0)» C30200)» X(129)5 Y(129),y SV(L129)y SM(129)), CP
3(129)s LHORL(LT)s SCLOL7)s SCD(L7)s SCMCL7)s FIT(3)y COVU(3)y PLLIY
43)y P20C(3)y FP3C(2)y 3ETAC(3)y FHALF(3)y» RES(5C1)» COUNT(501)» DESC
5¢19) TITLECLD)

NO=20u

MNE=2129

INO=1

Ul_*Co

V1=0.

ul'().'

IPEAD=Y

IwRITag

KPLOT=u

IPLAOT=1

JIT=0

REwWIND 7

RAD=57,26578

WRITE (IwrkIT,»430)

wRITe (IwRIT»210)

READ (IREADy420) TITLE

WRITE (IwRIT»460) TITLE

READ (LREAD»420G) DESC

READ (IKEAD»410) FNXyFNY,FNZyFPLOT»XSCALSPSCALSF,TY

WRITE (IwRIT»52G) FNXsFNYs FNZoFPLOTHXSCALIPSCALsFoTY

NX=FNX

NY=FNY

NZ=FNZ

KPLOT=ABS(FPLOT)

KEAC (IREAD»420C) DESC

WRITE (IWRIT,»530)

NM=Q

NMsNM+1l



30
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50

60
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READ (IREAD»4LO) FIT(NM),COVO(NM) pPLOINM)pP2O(NM)pP30(HNM) pdETALINM
L1)pFHALF(NM) FCONT

WRITE (IwRIT,450) FIT(NM)sCUVOUNM)»PLC(INM))P2CINM),PI0OINN))dETAGIN
IM) o FHALF (NM)

[F (FHALF(NM)sNEsOssANDNM.LT«3) GO TO 29

FHALF(2)=0.

READ (IREAD»420) DESC

READ (IREAD)4L1C) FMACH,UOMy» AL PA»ZONENDC

WRITE (IWRIT»54C) FMACH,OMyAL»PA»DC

DCo(le=PA)*DC*¥RAD/360,+PA/DC

XK=1,/0C

ZONEsLl.+PA*® (ZONE=~1,)

OMEGA=PA*UM/RAD*64/20NE

ALPHA=AL/RAD

CALL GEOM (NDsNCoNPpZS»XSro VS XLEIYLE» SLOPTH»TRAILXPoYPs»SWEEP1) SWEE
1P2sSWEEP)DIHED L) DIHED2)DIHEDIKSYMyXTEC)»CHORDOWZTIP»ISYMU) XKpPA, IND
2)

ISYM=[SYMO

IF (ALPHA.VE.O.) ISYM=Q

CAsCOS(ALPHA)

SA=SIN(ALPHA)

IF (FCCONT.LTl) GO TO 40

READ (7) NXsNYINZINMsK1yK25JIToULlsV1sWwl

MXsNX+1l

MYsNY+2

MZaNZ+3

DO 30 Ksl,MZ

PEAD (7) ({(C(IsJsK)pInsloMX)pJdulyMY)

CONT INUE

READ (7) (EO(K)sK=3K1sK2)

CONTINUE

CALL COORD (NXsNYsNZoyXTEO» ZTIP »XMAX »ZMAXsKSYMpPAsSY»SCAL)SCALZYAX,
1AY9AZ,TYsFsAO» AL, A2,A3,B09B1lsB2»B3,29CLlyC2,C39C4,C5)

CALL SINGL (NCsNZsKTELI»KTE2sCHORDOSPAYSWEEPL ) SWEEPE» SWEEP)DIHEDL, O
1IHEDZ2»DIHE 29 ZS o XLESYLESXCoXZo XZZoYCoYZoYLIsZsELIE29E39EGP»ES»INULC
2NE)

CALL SURF (NDsNESNCONXINZs ISYMIKTEL)KTE2)SCALPAQ»Z»2S9»XCrYCoSLOPT,
LTRAILSX3sYSoNPyITELSITE2sIVsSOsXP,YP»01,502s039XsYsINDsXKsPAYXZsY2)
2AlsCloKSYM) '

IF (INDJEQ.O) GO TO 160

IF (FCONT.GEZls) GO TO 50

NM=1] ‘

CALL ESTIM

CONTINUE

NIT=sJIT

T=2./5CAL

WRITE (IWRIT»430)

FCONT=0Q.

MIT=FIT(NM)+JIT

CavsCOVO(NM)

BETASBETAO (NM)

MXsSNX+1

g AR e TS e AR A = ae oe e o
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K1=3

k2aNlel

AP LTL (lwelTe220)
0 7C lagyN&
we ITE (Lar T95E0) (IVIIs%)yRaR]lyK2)
7C CONTINUE
WOITe ([aF[T9438)
wh [TE ([ak[Tp230)
C) bu [=2yNYX
AITE C(IwelTp940) AJ(CI)»SOCLIKL)»SU(I,KTE2)
RO CONTINULE
wR[TE (IwP[T9240)
prlTE (InkITr»440) XMAXpAX
WRLITF (Iwrl15438)
wWRITE (lakITs250C)
DO Q0 J=gpxY
WRITE (lwk[T»468) 8O( )
4C CHUNTINUE
WRITE (LlwKiTe26C)
WRITE ([wFPIT9s440) 3Y,AY
MPITE (IwR[T»430)
wRITE (LwRIT»27C)
DO 100 X=K1l,KZ
WRITE (IakIT»44C)
WRITE (IwRkIT»440) L(K)o XCUKIoYCAKIoXZ(K) o YZIK)IXLL(K)pY2Z(R)
100 CONTINUE
WRITE (1WkIT»280)
WRITE (Iwr[T,440) ZMAXeAZ
WRITE (IwR[Tya30)
wRITE (IwF[T»290)
WRITE (IWwRIT»300)
WRITE (IWRIT»47C) NXpNYpNZ
CALL SECOND (TIME)
WFITE (laWkIT»510) TIME
WRITE ([wRIT»310)
WRITE (lwPIT»44C) FMACHIOMsAL
WRITE (LlwrIT»320)
LXeNX/2+1
CL20Q.,
D3 1190 KsK],K2
I1=ITEL(K)
X{I1)=sla®o5*SCALKX(AO(IL)*A0(IL)~SO(ILsK)®XSO(T19K))
Y1=SCAL*AQ(TILI)*SO(ILlsR)
X{I1)eXxCUK )+ALOGIX(I1)*d24Y L %%2) /XK /2,
XCLX)=l o +e523CALPLAO(LXY)*AQILX)=SO(LY»K)®SO(LXIK))
YlsSCAL*AQ(LX)*SC(LXpK)
XALX)=XCAK)+ALOGIX(LX)*$24Y186%2)/XK /2,
CHORL(X)sX¥{I1)=X(LX)
110 CONTINUE
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K2DUMsKTE2~1

SsC.

DO 120 KeKTE1,)KZDUM

DZUs, 5% (L(X+1)=2(K))

SuS+L2C*¥(CHORD(K+1)+CHORD(K))IZ/CS5(K)

CCNTINUE

ABLADE=S

NITaNIT+|

P1sPLlO(NM)

P2=P20(NM)

P3spP30(NM)

CALL BGUND

L2sUl+CA

V2sV1+5A

WRITE (IWRIT»a90) NITH»O52IGaJGIKGrFRIIRIJRIKRIGMIRMIFLIUZIV2ENS
COUNTUINIT)aNIT=-1=JIT

RESINIT)=FR

IF (NIToLToMIT ANDWABS(DG) «GToCOVLAND,ABS(NG)LTW4lCs) GO TO 130
RATE=(

IF (NIToGTeJIT+1) RATES(ABS(RESINIT)I/RES(JIT+L)))I®*(1./(CIUNTINIT)

1=-CIUNT(JIT+1))

WRITE (IwRIT»330)

WRITE (IWRIT»500) RES(JIT+#1)HRESINIT)»COUNTINIT)»RATE
CALL SECUNU (TIME)

WRITE (LWKIT,510) TIME

LXsNx/é+l

DC 150 K=KlyMZ

IF (KelTeKTELlsORKGT«KTE2) GO TO 150

I1sITEL(K)

1e=1TE2(K)

CALL VELOD (KyKsSVeS"sCPsXyY)

CHORD(K)=sX(I1l)=X (LX)

CALL FORCF (Il I?)X)YnCP;ALnCHORD(K)rXC(K)tSCL(K)’SCU(K)vSC"(K);Ad

15A3,CH(K)»PA)

IF (KPLOT+GTe1l.ANDWK«GT.KTELl) GO TO 140

WRITE (1wRIT»430)

WRITE (IWRIT,340)

WRITE (IWRIT,44G) FMACH,OM,AL

WRITE (IWPIT,350)

WRITE (IWRIT,440) Z(K)spSCL(K), SCD(K)’SCM(K)oCHOFD(K)

IF (KPLOT.LE«ls) CALL CPLOT (I15I2,SM»AC»SO(1sK)sFMACH)

CALL SPEED (K)

CONTINUE

CALL TOTFOR (KTEl1,KTE2sCHORD»SCL»SCDsSCMsZsXCsC5,CLICOICMP,CMR,CMY

1,PA»ABLACE)

VLDs=OQ,

LF (ABS(CD)«GT s1sE=6) VLO=sCL/CD
WRITE (IWRIT,430)

WRITE (IwRIT,360)

IF (KSYMsEQsl) U2sCA

IF (KSYMJEQel) VEsSA
VEATAN2(V2,U2)
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VaviRay-aAL

CoU2¥L2¢V2HV2+lral

Ql=l,/FMACH¥*E+C.2

UsSCPTIQ/(Wl=042%C))

WPITE (IwRIT»440) FMACH»IM»ALIUsV

wRITE (LWwFIT»370)

WPITE (IWFIT»440) CLyCOHVLD

WRITE (1wRIT»380)

RRITE ([WRIT,44C) CMP,CMR,CMYs ABLADE
LPLOTSFPLOT®(L=FHALF(NM))

IF (LPLOTWLT.1) GO TO 160 '
DCs 3604/ XK/RAV®ZICNE/CHUKDO

CALL THREED (IPLOT,»SVeSMsCPsXsYoTITLEIDCy ALY 2ZUNE)UsV»CHORDUI XCALY
1PSCal)

160 CONTINUE

176

180

190

200

216
220

IF (FHALF(NM)+ECeCWs) GO TO 170

NXsNX&NX

NYSNY+NY

N2ZaN2+#Ng

CALL CCORD (NXsNYsNZpXTEU» ZTIP»XMAX » ZMAX KSYM9PA»SYy SCAL)SCALZyLXS
LAY » AZoTYSFoAD»ALIA2)A3»B0pB19B2983524sC1sC20C35C4%s9C5)

CALL SINGL (NCHNZH>KTEL)XKTE2,CHORDOSPASSWEEPLSSWEEP2) SWEEPSDIREDLHD
LIHEC2 »CIHED 9 ZS o XLES YLES XCo XZ o XZZoYCoY2ZsYZ2s2ZsEL)E29E29E49ES INDY 20
2NE) '

CALL SURF (NDoNEsSNCHONXsNZy ISYMoKTEL)KTER2) SCALSIAOSZ92S59XCoYCoSLOPT)
LTRAIL,XS»YSHNPOITEL)ITE2sIVySOsXPoYPsD1sD2s039XsYsINDsXKsPA»XZyY2)
¢A1,ClyoKS YY)

IF (IND.EGsC) 6C TC 190

CALL REFIN

NMaNM+1

NITs(C
G0 TC €0

CONTINUE ‘

WRITE (B) NXoNYsNZ)NMpKL1pK2sNIToULl)Vipwl

WRITE (6,390)

DN 180 K=lyMZ

WPITE (8) ((G(IrdrpK)pI=loMX)sJdmlyMY)

CONTINUE

WRITE (8) (EO(K)sK=K1l,K2)

END FILILE 8 ’

FEWIND 8

60 T0 10

WRITE (I1wRIT»430)

WRITE (IWRIT»400)

STOP J102

CONTINUE

CALL PLOT (045 0,5999)

STOP 0101

FORMAT (20HONYU COMPRESSOR CODE)
FORMAT (4C<HOINDICATION OF LOCATION OF BLADE AND VORTEX SHEET»274 1
IN COCROINATE PLANE Y = Q4/27THOC(IVIIsK) sKaK1lpK2)Iu2,NX))
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230 FOKMAT (49HOCHGROWISE CELL OISTRIWBUTION IN TRANSFONMED PLANE 4tk A
LND MaPPEC SUNFACE COUORDINATES AT HUB AND TI®/15HD x v15
2¥ HUB FROFILE,15H TIP PROFILE )

2640 FORMAT (15HG TE LCCATION ,1i5H POWER LAW )

250 FORMAT (4AHONIEMAL CELL OISTRIBUTION IM ThkANSFORMEL PLANE/LSHU
l Y )

260 FIPMAT (1540 SCALE FACTORsLSH POWER LAW )

270 FOKMAT (645HOSPANWISE CELL ULISTRIBUTION ANC SINGULAK LINE/Z15HC
| 4 sL5H X SING »15H Y SING » 15H X7
2»13H vi s15H Xzl » 1oH Yiz )

280 FORMAT (1543 TI1P LOCATION»1S5H POWER LAW )

290 FORMAT (L9HOITERATIVE SOLUTION)

300 FOKMAT (15H0O NX » L5H NY »15H NZ )

310 FORMAT (1540 MACH NO »L5H OMEGA »15H  ANG OF ATTACK)

32C FORMAT (1CHOGITERATIUN,LlSH CORRECTIGCN »4H I »6H J y4H K »15H
1 RESICUAL »4H I 54H J »4H K »10H MEAN COR4»10H MEAN RES., 10
¢H REL FCT 1y19H XSPEED »1CH YSPEED ,10HM SONIC FTS)

330 FOKMAT (1540 vAX RESIDAL ls15H MAX RESIDAL 2»15H wORK sl
15H REDUCTN/CYCLE) ‘
340 FORMET (244CSECTION CHARACTERISTICS/15H0 MACH NC! »15H aM

1EGA 2154 ANG OF ATTACK)
350 FORMAT (/13H SFAN STATION,12X2HCLs13X2ACD»13X2HCMy 10X5HCHORD)

36C FORMAT (22HOBLADE CHARACTERISTICS/15HO MACH NO 1 ,15# OMEG
14 »15H  ANG OF ATTACK»15d MACH NO 2 »15H DOEV. ANGLE )
370 FORMAT {15HO cL »15H Cco s15H L/ )

360 FORMAT (/ZXEHCM PITCHo6K7HCM ROLLSIXOHCM YAw), 9XOHAELADE)

390 FORMAT (1X»144WRITE ON TAPES)

4CC FOKMAT (¢«HOBAD DATA, SPLINE FAILURE)

410 FORMAT (8F10.5)

420 FORMAT (10A8)

430 FORMAT (1H1)

440 FORMAT (Fl24597F1545)

45C FORMAT (1XyBELl5.5)

460 FORMAT (1HU»1248)

470 FORMAT (18,7115)

48C FIONMAT (1Xx,3214)

490 FORMAT (110sE154593145EL1545931452E1043,3F10,5,110)

50C FORMAT (cElbe492F15.4)

51C FORMAT (L5HOCIMPUTING TIME»F1043,10H SECONDS)

520 FORMAT (/5X3HFNX911X3HFNY:llXBHFNZ)lOXSHFPLUT IXSHXSCAL,»IX5HPSCAL,
19X5HGP 10X INSHGRIDY/1Xs8ELG45)

53C FORMAT (/4XTHFIT(NM),)BX8HCUVO(NM) 98XTHPLO (NM)»8XTHP2O(NM) »8X74P23C(
INM) »6XSHBETAO(NM) ) 6XIHFHALFINM))

540 FORMAT (/5X5MHFMACH,11X2HOM,)L4eX2HALS»12X3H PAy12X%X4H DC /1X%X»5E1545)
END

R
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SUBKCUTINE GEGM (NDaNCONPoZS o XSpYSoXLESYLESsSLUPT»TRAIL) AP YPy I wFEP
L1)SwEEP2,54%EP ) DIHECL,PIHE D2 DIHED s KSYMy XTEU» CHORDC» ZTIF» ISYMO XK,
2PAy IND) .

GEJIMETRIC OEFINITION CF SLAUE

DIMENSION XS(NDpl)s YS(NO»l)y Z5(1)» XLE(L)» YLE(L)» SLUPT(Ll)y 2T(
16), TRALL(L)y XP(1)s YPULl)s NP(Ll)s X(6)y Y(E)» T(6)s XCUE)s YC(E)y

2 C(6)

1C

20

DIMENSION DESCU10)s A(D)s B(E)s D(E)) E(H)
IREAD=Y

LwRIT=6

RAD=57.265178

REAL (IREAD»23C) DESC

READ (IKEAD,22C) ISYMsFNCy» SWEEPL)SWEEP2)SWEEP»DINCOUL»OIHED2,0IHFL
wRITE ([WwRIT»270) IZSYMsFNCOSWEEPL)SWEEP2) SWEEPIDIHFDL)OIHRED2,,DIARD
KSYMEZSYN '

IF (FNCelLTe3¢) PETURN

NC=FNC

SWEEPL=SwEEPL/KAD

SWEEP2=3WEEP2/RAD

SWEEP=SWEEP/RAD

DIHECL=DIHEDL/ RAC

CIHEC2=D1HEDLZ2/ RAD

DIHECsLIHED/RAD

SlaTAN{(SwEEP])

SZ2=xTAN(SwEEP2)

T1l=TAM(DIHEDL)

T22TANCDIHEDZ)

ISYFC=1

XTEC=Q.

CHIKLC=0.

ZCNE=1.

Ks]

PEAD (IREAD,230) DESC

READ (IREAD»220) 2ZT(K)sXLsYLsCHORD»THICKs»AL» FSEC
WEPITE (IwRkRIT»280) ZT(K)oXLsYLsCHORD)THICK,ALSFSEC
ALPHA=AL/RAD

2T(K)=Z2T(K)/ZANE
2S(K)=ALOG(ZT(K)+(1e~PA))*¥PA+(1l.=PA)*®ZIT(X)
IF (FSEC.EQ.0.) GO TO 80

IF (KsGTWs1l) GJ TO 20

IONE=(le=PA)4PAXZT (1)

2S(1)=(1.~-PA)*2T(1)

IT(1l)=1.

CONTINUE

READ (IREAD230G- DESC

READ (IREAD,22C) YSYM,FNU,sFNL

WRITE (1wPIT»290) YSYMsFNUsFNL»ZONE
NU=FNU

NL=FNL

IF (YSYM.EQ.1ls) NL=NUY

NsNU#NL=-1

READ (IREAD»230) DESC

JR—

o egihg AT

T
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Rral (IREADP22C) THLaSLTI»XOING,YSING
wRITE (1aR[T93C0) TRLYSLT,XSING,YSING
»EAD (IRCAD,»23G) DESC

WRITEt ([wRkIT»310)

0N 3C i=snLsN

READ (IxE&D»220) XP(I)eYP(])

WPITE (IakIT5260) XP(I)»YPLI)

3C CONTINUE
LML+l
IF (YSYMGTWCW) GO TO 352
READ (IKEAV»230C) DESC
WEITE (LwWwRIT,320)

D0 4C I=yipNL

REAL (IREAD»ZcCG) VALSLUM
wRITE (lwrIT»260) VAL,DUM
J=L-]

XP(J)=vaL

YP{J)=2OUM

40 CONTINUE
GO 10 7

50 Js=tL
CO 60 T=NLoN
J=zJ-1
XP(J)=XP(1)

€C YP(J)==YP(])

7C CONTINUE
wRITE (IwFIT»200) ZS(K)

WRITE (LlakITe250) TRLsSLTs XSING»YSING
WRITE (IwWR[T,240)

80 CONTINLUE
SCALE=CHOURO/(XP(1)-xP(NL))/LONE
CIK)=EXP(=PAXZS(K))

XLE(K)=a L/ LONE+(XSING=XP(NL))*C(K)*THICK*SCAaLE
YLE(K)=YL/ZONE+ (YSING-YPINL))*C(K)*THICK*SCALE
XX=XP (NL )+ (XSING=XP(NL))I*C(K)*THICK
YY=YP(INL)+(YSING=YP (KL))*C(K)*THICK
CA=COS(ALPHA)

SA=SIN(ALPHA)

XCAK)sSCALEX({X*¥CA+YY*THICK*SA)
YC(K)=SCALE®(YY*THICK*CA-XX*SA)

DO 90 I=1,N
XSCIsK)sSCALE*(XP(I)*CA+THICK*YP(I)*S5A)
YSCIpK)=SCALE*(THICK*YP(I)*CA=-XP(I)*SA)

90 CONTINUE
SLOPT(K) =TANCATAN(THICK*SLT)=ALPHA)*C(K)
TRAIL(K)=ATAN(THICKATAN(TRL/RAD)*C(K))
NP(K)aN
CHORCI=AMAX1(CHORDO,CHORD)

IF (YSYMeLEeDe oK o+ALPHAWNE eOe) ISYMO=O
WwRITE (IwRIT»210) ZS(K)

WRITE (IwkIT,250) XLsYLsCHORD,THICKsAL
KzK+]

2y et e - AT

T e v

p}t&“



£99
Gﬁi,?"’ s

If ({ReLEWNC) 6L TO 19
X<sXK®((is=PA)/CHOROO+PA)
IF (PAJNESLle0) GC TO 150
CO leu 1=1)N
£9 1C) K=1aNC
R{K)=x3(1sK)
Y{K)=ATANAYS(1sK)9ZT(K))
ZIK)Y=sALOG(YS(IoK)*%242T(K)*62)/2,
100 CONTINUE
Elel, /(CUS(Y(L))+T1&SIN(Y(L)))
E2=1 ./ (CLSUY(NC))+T2%SIN(Y(NC)))
Fla(COSUY(L))*T1=SINCY(1)))#E]
Foe{CJS(Y(NC))®xT2=-SINC(Y(NC)))*E2
El=S1#El
€2=252%E2*%ZT(NZ)
CALL SPLIF (1oNCr2sXoAs3,CoisELlslsrE2sCr0esIND)
CALL INTPL (1sNCsZSsD9s1sNColsXsbydsCs0)
CALL SPLIF (LlLaNCoZsYolhoBoCorlaFloleF2sCrlesrIND)
CALL INTPL (1oNCoZSsEslonCorlaYsAsBeCHr ()
00 110 K=1sNC
X35(Irk)=0(K)
YS(Isx)=E(K)
110 CONTINULE
120 CONTINULE
DO 13u K=LlsNC
X{K)=XC(K)
Y(K)=ATANZ(YC(K)»ZT(K))
ZIK)I=ALOG(YC(K)*&242T(K)*#%2) /2,
13C CONTINUE
FAasCCS(Y(l)
EB=SIN(Y(1)
EC=COS(Y(NCS))
EOsSINC(Y(NC))
ElsS1/(cA+T1%EB)
E2=Sc*¥ZT(NC)/(EC+T2%EL)
Fl=(EA*T1=-EB)/ (EA+T1%*ER)
F2a(EC*¥T&~ED)/ (EC+T2%ED)
CALL SPLIF (1sNCoZsXsAsBsDslsElsls€E2,0s005IND)
CALL INTPL (1sNCsZSoaXCsLlsNCsrZsXsAsBeD»0)
CALL SPLIF (1sNCoZsYoAsBsDslsFlselsF2sUs04sIND)
CALL INTPL (1sNCsZ3sYCrLlsNCsZsYsAsBsD»0)
DG 140 K=l NC
X{K)=XLE(K)
Y(K)=ATANZ(YLE(K)»ZT(K))
Z(K)=ALOG(YLE(K)**¥2+ZT(K)*%2)/2,
14C CONTINULE
EA=COS(Y(1))
EB=SIN(Y (1))
EC=CCS(Y(NC))
EO=SIN(Y(NC))
El=S1/(EA+EB*T1)
E23S2*2T(NC)/(EC+ED*T2)

)
)

or ?‘(;;;‘;A;kg . I~
€ e,
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Fla(fA®Ti=ce)/ (EA+ER®T])
F2m(FOoTe=ENY/(EC+EDNKTZ)
CALL SPLIF (1sNCoZ2aXxsb9B8s0sisRlelsE2,00uerInND)
CALL INTFL (LoNCrZSoXLEsLloNCsZrXshyRely()
CALL SPLIF (LonNColZoaYolo3odsarFloleF2000040INT)
CALL INTPL (LaNCoZSoYLER1pNCoZsY2hr290r0U)
Gl Td 17¢
15C CONTINUE
1022%(1)
£ 1¢) KspoNC
25(K)=2234(K)=2y
160 CUONTINUE . .
17C CTONTINUE
CQ 180 <=]eNC
DJd 1g0 [=1sN
X3(Lpwdzna (oK )=XC(K)
YS(Lo)=YS(Is<)=YC(K)
187G CONTINUE
XYS=r aP{XK®ELXS{LpK) ) *¥COS(XKRYS(L1pK)) =1,
XE=SORTIEY (2% XKEXS(19X))=co®AAy=1,)
XXG=(XX+2X3)/2,
XTEGSAMAXL(XTEC2XXS)
19¢ CONTINUE
ITIP=ZI(NC)

FETULRN
200 FI«MAT (16HCPRXOFILE AT Z = »Fl045/15H0 Te aANGLE  »idn
1GPE  ,15H X SING 0154 Y -SING )
21C FORMAT (Z7HCSZCTION OFFINITION AT Z ®» 4FLlyeS/18RT XLz
1H YLE »15H CHORD p13HTHICANESS RAT10015R
2PHA )

220 FORMAT (&F10,0)

230 FORMAT (1GA8)

240 FORMAT (1HL)

250 FORMAT (FL24497F1544)
260 FORMAT (8Fl5.5)

Te >t

» 1
LU

27C FORMAT (/5X4HZISYMy12X3HFNC»LOXAHSHEEP Ty OHS wbEP 25 GXSHIWEEP LTRSS

LIHEDI»9XEHDIHED2» LCXS5HOIHED/1X98E1545)

260 FIRMAT (/5X5HZS(K)»12X2HXL s Li3X2HYLyl1lX5HCHORD)1OXSHTHICKy 12x2i4AL ]

12X4HFSEC/1X,7E1545)
290 FORMAT (/6X4HYSYMy»l1X3HFNU,L2X3HFNL/LXs64E15.3)
300 FORMAT (/6X3HTRL12X3HSLTsLlLXS5HXSINGsLOXSHYSING/1Xp4E15.0)
310 FORMAT (/5X5HXP(I),10X5HY2(]))
320 FORMAT (/6X3HVAL,12X3K0UM)
END ' :



¢

i€

SRR [T 7, TIT at
C;E:éggﬂ:’ ¥ :r' SRATIN e

mris OF 7 - ALY
Yo kUl ING COURY (NY MY N o ATEOw 2T IP s XMA ) LMAR Y SY N gyt Yo dCALISLE
ML70Ax0aV Aol Y sFphUoAlnAreddsBLaRLH29R39crclsC?9C3alb4p(Yy)
STTIS Up LIRFTICREL AMY sPLiNaldE COLFODINATED

DIMPNSEIN A0 CL)y ALCL ) 8201000 A3(1 )y 2001 De vl(d)s H2L1Yy n3{1)y
LZCt)e CLCL)e vetldy Catidy vall)y CH(1)

Dxsze/hi X

LrYs)e/yY

“Ys\NY+¢ |

YA NV

KesNZ+2

C72®) /!

Kl=s:

AHz]l,

AX=z 4t

AY=].

Al=,*

“.‘l-".)o

YMAXZ472

IF (ANYMFdela) XMAYED 040

ST7335di”T(734)

IMAxs,n2>

1F (KYYPFMEQd4D) l”AK’lo-Lg/NZ

SCAL=XTEw/ (o200l XMaAREXMAX)

SCALZ=?21 [P/ (1 CLCOOL*2MAX)

T22./5CAL

SYsSuURi(T)Y/TY

SXIAMINI(Ues2504%(T=0,07)*A85(T=0,07)) ¢
X2 (F®(/3=11s)/244¢3X)/(Fels) -
V2= (DA/DY)en?

wl=sle/>CaL2

w22 (Wwl¥DXx/0NZ2)**2
ERXe=3X*S0RT(I & (744373)1)/7((1le+5ST73)%xMAXESRT)

ARX =] o=BLX.kSQART( (74437317124 )%xXMAX*S]
CHXz([F.+ST73)eXYAXSAMAN/ L2,

ARBXEASX4HIXE (34 M0 AXN=G o B XMAXEXMAX) R XMAXEXMAN/SQRT((BX=XMAXEANAX)
MYXSNX+]

LXsNi/z+l

L0 3¢ I=1,MX

ODs(I=Lx)*xIX

IF (lebwel) DUz=lo+ls/ K

IF lotdo"") D_D'L.t"lc/NA

t=1,

IF (ASY(0D)eGToXMAX) CU TO 4G

AzCRX~=-[0*DD

AS=SURT(A) ,
CABXFASHE XKk (4 *CBX=4.¥0D%L0)*¥00*DD
COsABY(*UC+IBX*AS*DD**]

Dl=AS/C

C2=dBA%( XK (=6 ¥CBX+19,%D0*DD)=12,¢00¢%6)e 0/ (42C)
GO TC 2u :

IF (LDelTeue) Hs=],

AsAd=( (OC=d%xMAaX)/(le=XMAXK))*82

.y
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e

Ardn=, L% |
:_Ailﬂy
cElanYery=1 )k {Ltn=y)
L]:A#»/((A"*L)‘?Y)
IV S L N VA
tllud=a®, LY
R BV IERANTE I RV
mlg)Ema YR aat YR (.2l e )/ (8 3e)*n)

Al Em  c RN L AT (g T o407 ) (L) g 4572) 82 kst

AP TE NN N B RS WP R FALTS EL I

Y S TR ARES AT R E ALY VTN

Y LR NEWEN RS D PE LIS STEYE NS B WA S RIS A i
VN |

Nt KK

Cas{n=nl )i )i=/y

18 (Fabwed i) LDapP=p,%)7

ts],

iF e dn i) eTadMax) (o 1 JL
AsClH72=L 0% )

AR=SC~T(a)
Canb?®sas+l 5% (3,%Ca7=a 3008 L0)s00%L D
REFYA DI ENNENREITHES 3

L134S/¢C
D2EARIE(CIlFb=6¥Clitl 7, *Ju¥uJ)-l, VDL FSE OV EFE S
CIR RN I~ :

1F (LDl Tade) ba=],

Azl ,=((Ub=c®7MLx)/Lle=2MaX))#%*2

CsAsxy?

E’fﬁl#bl lo)#(1l,s=4)

Coags /4Ax+AS S, % ()D=B*ZAK) /¢

Cl=a®xC/((ls¢L)*ABRL)

{

D2a=(AL+27 )R (DUL=E*2MAX)*¥ (Foel)/((LodD) 8% ([amy™MaX)5el)

L(K)=5CLL2*DO
CLUK)=ao¥DL¥wl /01
C2(K)2Di*UL*kWe
C3(K)z.2%D2%D2
C5(K)z (P (=PA%2(K))
Catr)=C5(K)I*¥CH5(K)

T(KZ+L) 2 (K2)+L(K2)=L(K2=1)
PETUFN

END

Tezhdenyy
LelAYehas g )5l tea)
{szwz-gA¢. sV (L ety )
Pasds e e ) e b))

TR AN I IR S BV O o B Y TR I N O AR N AL G R S R |
U O

Palldsens ot

Ltotl)rs jeld

t30 1) =e v g

TN I

(sl Y=y)e)y

LM APy

vAn)
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SUE RS OTTVL SINVGL (NConZon'ELoKTE2oCHORDUIPA» SwtEP o datE2dodnrnvon ]
LEED L dLHEU 29 NIME U Lop XL s YLEORCHX Lo AZLyYCoY Lo YLl oz zaatnnry
SINDy 2uiNe)

GENEFATES MINGULLAR LINF Fu~ TRANSFIQONATIIN

CIAENS o 25(L)s XLECI D)o YLECL) e XC(Ll)o XZ(CL1)s XZZAL)o AL (L)e Y?2{.
Tho YeetUidy bl )e ci(l)y £2(L0)s E3(L1)y R4(L1l)s EE(])

') 18 =x=1,MC

E4(K)=0vo

t5(K)=2,

CONTivLE

Klza

K2zhZ+¢

KTEl=<1

LT 20 K=sKlexz

IF (24K ) LT eZ25(1)) KTEL=K+]

IF (Z20%)sLEWlSINC)) KTE23X

CINTINULRE

ReCHLrOU/ZINE

S1aTaMN(SwEEPL)

S2=s TAN(SWEEP2)

Ti=TAN(CIHZDL)

T2aTAN(DIHEDZ)

IF (PANELL.C) GC TU 30

Flele/(COSCYLECL))+T1*SINCYLE(L)))

F221e/ (COSCYLEU(NC))+T2%SIN(YLEINC)))

TLl=(COS(YLE(L) )*TLI=SIN(YLE(L)))*F]

T2s(COSCYLE(NC))#T2=SIN(YLEINC)))*F2

SlsS1%F1

SP22S2%F28EXP(LS(NCY))

CONT INUE '

CALL SPLI® (LoNColSeXLSreloE20E30LsS1s1sS29CslasIND)

CALL INTPL (KTELlaKTE2sZoXCoasNCs2ZSsXLEstELIEZy E30C)

CALL IMTPL (KTEL)XTER29ZsX2sasNCr»ZSsELs»E29E35E4s0)

CALL INTPL (KTELSKTEZ29Z9X2ZZs1sNCsZSsECIEIIESGsESHD)

CALL SPLIF (1sNCoZSoYLEWELSE2sE3slsTLalsT2sCsCasINL)

CALL INTPL (KTELSXTE292sYCrisNCoZSsYLtstlsE29E390)

CAatt INTPL (KTELIKTE29ZsYZ sl o NCoISsELlsEEZsEI1ESC)

CALL INTPL (KTELsXKTE20ZoYZZoLlsNCoZSeEZsEIsEGIEDNC)

SaB#TAN(SwEEP)

S1=3%51

S2=3%S2

T=3%*TAN(DIAHED)

Tl=6%T1

T2=g*T2

XCU2)23e¥(XC(3)=-XC(G))¢XC(5)

YC(2)=34%(YL(3)=YC(4))+YC(5)

N=KTE2+1
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-7&- OF POO!{ Qt, “lil i

IF (MoGTex2) GO TUO 590

U0 &C xsNpn?2

il (i(K)=2(XTE2))/9

bz xbP(=20)
ACUR)saC(%TE2)sS®224(52=5)%(1e=A)
YO (< )sYC(KTr2)4T#224(T2=T)*(ls=A)
X2(k)=(3¢(52=5)%a)/3

Y2 (< )=(T+(T2=T)%a) /8
X72(K)e=(Sc=5)%Aa/(R3%3)
Y2L(K)s=(T2=T)*A/(B*3)

COnTlnuE

COINTINLE

YC(Xi=1)=Yl(K1+1)
YC(Kkegel)sYC(Rr2=1)

k= TURN

E 0

SUBWOUTINE SUSF (NOSNEGNCONRINZ o ISYMpKTELXTEL»SCALSALCH)L»Z392lr Y0
LSLOPT o TRAIL o XSoYSoONPITELwITE22[VeSOpXPyYPyULsDZs039xpYyINDeXXpPAa,
2xZoY2sALlyClyk5YM)

IMTE~PULATEY MAPPED BLADL SURFACE AT MESH PJIINTS

INTERPILATICN IS LINEAR FOR CYLINDRICAL COORDINATES

CIMENSIUN 3D(vEnl)e XSINDol)e YSINOol)e ZSC4)s SLORFT(L)s TealL (1)
L XCt1)y YCOUL)s AQUCL)s 2ZC1Ds XU(1)p Y(1)s xP(1)p YPULL)y D1(1)y 2¢(1)
29 02(1)s IVINESL)y NPUL)y ITELCL)y ITE2(L)y Xx2(1)y Yi(l)y ALCLl)y C
31(1)

PI=3,1464159265

Sl=,S*SCaAL

T=1l./51

D=2, /NX

LXENX/241

MX=NY+]

MZ=N/+3

Ivosl=I5YM=]SYM=]ISYHM

IVis=1l=]ISYM

LO 1C Kk=1,%Z

ITEL(K)=MX

ITEC(K)=MX

0N 10 I=1,MX

IV(]1sx)==2

SO(I,x)=0,.

CONTINUE

K=K TE]

K2=]

K22K2+1



30

40

60

70

8C

7%

Klekg=]

k2s ],

IF (73(h2)=2(<)) 20+4C»30

R2s (FaP (LX) )=ExP (ZSUKLIDII/Z(EXPALSIK2))=EXP(25(n1)))
KCaPARSZa( L o=2A) e (L(X)=20 (KL L23(X2)=25(%1))
Rls],=-x2

CoRloxS(ao<l)er28x5(])9x2)

D 1oy S (1p<))eR28YS(]19x2)

CXsgxP(xreC)e (s(tKkey)=1,
CodiT(EXP (2,0 XK*C)=2,%Cx=]1,)
Cs(CeCx)/c,

CC=SCRT((C+C)/7S5CaAL)

D] 5C I=gpnNx

IF ((AC(I) ¢ 5¢0DX) LT e=CC) ILl=]+]

IF ((AC(LI)=45%0X) 4LTLCC) I2=1]

CCNTINULE

ITEL(K)=]1

ITEC(K )= ]2

CCsac(]2)/CC

KKuk]

Par]

NsNP(Kn)

XAREXP (XK®*XS (1 pXK))*CCSIXK*YS(L1sKX))=]1,
YAs b XP (XK xS (L1 pkK))ESIN(XK*YS(LoKK))
XRSEXP(XR*AS(NpXKK) )*COS(XKEYS(NYKK) )=1,
Y3mEXP(XK® XS (NpXK))*SINI(XC®YS(NpKkK))
Crx=SCRT(xA®xAeYARYA)

Cxs(xA+CXx)/2.,

UsSCFT(Cx/7C)/CC

D0 7C I=1,MX

X([)=e*AO(])

CONTINUE

ANGL=P [+F]

Usl.

V=0,

DQ 9C I=lsN

XIeEXP (AKEXS (] pKK))2COS(xK*YS(I,xK))=1,
YI=EXP(XK*(S(IoKK))*SIN(XK*®YS(IyxXK))
ReSQkT(X[*%2+Y]¢%2)

IF (ReEQe0e) GU TJ 80
ANGL=ANGL*ATAN2((U*YI=vexX])y(U*X]I+VveY]))
U=x]

VeY]

k=SQRT((R+R)/SCAL)

XPUI)=R*CUS(.5%ANGL)
YP([)=R*SIN(.H5*%ANGL)

GO 10 90

ANGL=P]

Us==1,

V=0,

XP(I)=0.

YP(I)=0.

- &
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CINTINLE

ANGLeATAN(SLI?2TI(KK))

BNGLLI=LTAN(YAZXA)

ANGLC=ATANI(YR /X))
ANGLI®ANGL= 5% (ANGLLI=TRATILIKK))
ANGLe2ANCL=o 2% (ANGL2¢TRAILI(RK))
ENGLI=ANGLLI*XK®YS(19KR)
ANGLZ#ANGL 24 XK ®YS(NyKK)

TlesTANCANGL])

T2sTAN(ANGL2)

CALL SFPLIF (LaNoXPoYP50LloU20030LoT10laTes0rderIND)
CALL INTPL (ILsl2sXsYoloNoXPpYPyD1,02,02,0)

DEFINITICN CF THFE VORTFX SHEET
XAs xS (Llyxx)

Xls,25%xa

AsSLLPT(rC)*(XA=X])

!"lc/(l“"l,

ANGL=P [+P]

L=l,

v=0,

vas[l=]
xxos]oesCAL®(X(TL)*%2=-Y([1)*%2)/2,7Q/0
YYSsSZaLex(I1)eyv(11)
YYS=ATANZIYYSeXXS) /XK

CJ 11C [s)lM

Eole/]140%

CONnT INUE

esl.(5*¢
XX1oALUG(Ll e+ o S%E*SCAL®X(])**2/C/U) /XK
C=b*(xxl=x1)

YYlsYYS+A®(D=1,)/D

XXesEXP (XK*XXL)*COS(X<*YY]))=1,
YY=EXP(XK®XX])*SIN(XK*YY])

PSP T(XX*E%24YY*%2)
ANGL=ANGL*ATANZI(USYY=VEXX ), (USXX4YEYY))
U=XXx

V=YY

RaSQrT((R+R)/5CAL)*Q
XP(L)=R*C0S(.5%ANGL)

IF (XP(L)eoTex(I)) GO TO 100
Y(I)=R&SIN(,5%ANGL}

CINTINUE

X8 xS (NyKK)

AsSLLPT(KK)®(XB=x]1)

vel./(Xag=X1)

ANGL=D,

U=1,

V=y.,.

M=]2+1l
XXS=1,+35CAL*(X(I2)*%2-Y(]2)%%2)/2,./0Q/Q
YYS=SCAL*X(I2)%Y(1I2)



F P
YYS®ATANZ(YYSyXXS5) /XK
Cl 130 [sM,MX
Eolo/1.0%
120 CONTINUE
Eol 050,
XClsALJG(lat o *FeSCAL®X(])*92/0/Q) /0K
PesBe(xil=x]l)
YYLeYYSeA®(D=1,)/0
XXeEXP(XK®x ] )oCOS(xeYY )=,
YYSEXP(AK®X XL )®SIN(XKSYY )
ReSOKT(xxos24y7YRR2)
ANGLE=ANGL*ATANZ((L*YY=VexX ), (UsXXeyeYY))
usxx
VeYY
FeSQOnT((ker)/5CAL)*Q
KP(L)=veCO5(45%ANGL)
IF (xPCI)elToax(I)) GI TJ 120
YCI)=ReSIN(S5%ANGL !
13C CONTINUE
CspPeC_
C) 140 [=slyMX
SOCIsx)sSO([sk)4QeY(])
10 COnTINUE
IF (KK EGeX2) GC TO 150
KK ek 2
PRz
6GJd TO sv
15C C2 160 Isllyl2
IViI,x)=2
160 CONTINUE
SO(1,x)=S0(2,»%x)+S0(2,x)=50(3,K)
SOMMY K )=SIINX K )4SOINX)K)=50(NX=1,K)
M=]l=-1
00 170 [=2.M
11=2(X)
IF (ZZ.GEWZ(KTEL)) IV(IsK)=[VO
170 CONTINUE
M=lz+l
D0 160 I=MyNX
12=2(K)
IF (ZZ2.GesZ(KTEL)) IV(IsK)=IVO
180 CONTINUE
k2=K2=1
KeK+]
IF (KelLE«KTE2) GO TQ 20
Kl=3
K2eNZ+2
190 00 200 I=2,NX
12=2(K)
IF (2ZeLEsZSINC)eANDWZ2Z+GECZ(KTEL)) IVIIyK)=]IVO
200 CONTINJE
K=K 41
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IF (KeLbex2) GU TU LYy

e TE 2

IelTEL(sTZL)

DL ¢2J Ask )«

00 21c Is2eNh

IF (Ivtloan)oGT Q) GJ TL 210

AF CIVOL*Lloa el )aGTa0elmalvil=lynel)oaGT40) Ivil]e)s]yl

IF CIVUEL*loS=L) oGl oColCeeIVII=lon=1)aGToeu) IVI1ex)a]y]
e1C CONTINLE

SeSOLX,x)

IF (co/tnd3/(T=v83) LToleb=uv2) IVILE)K)®Y

22C COnTINLE
(7Y c30 =)oV
SCULpM2)s3e® (01 aMI=1)=50(00aMZ=2))¢S0(]1sN2)

SOClp i)k Y MO D ([oMZ)e(i=ASYM)*SC(IyM2=2)
SICIsXil=1)s5C(Ior]le])

230 CONTINUE
ITEL(MZ)ekSYMSITEL (ML +(l=ndYV)*][TFL1(M2=2)
ITEL(Kl=1)sITEL(K]1¢+])

ITe2(M2)sNxe2=-1TEL (ML)
ITE2(<1=1)=s]T:2(K1¢])
KETLEN

ENC

SUBRCUTLINE EdT v

INITIAL ESTIMATE OF RECUCED POTENTIAL

COIMMON GUL2%9269 17 )aSCULEI2lT)oEQCLT ) INCL230Ll7)pITEdCLIT)o[TEZ(L7)
198001290 9A1(0129)9A2(1279)983(129)580(26)531(2€)5R2(C0inRd3(20)92(17)
ErCLULIT7)pC20LT7)sC30L7)pCatlT)oCoCLT) o XCULT Do XZ LT D)o 222 LT ) YCULT) Y
F2(L7)sYZL(LT)aKSYMINKONT gNZ )X TELIKTE2)ISYMoSCALy SCALZy XXy OMECA,ALF
GHAYCAp SasF1ACHPToPAYARLALE

Te2,/5CAL

KYsNY+)

SELTER

D0 10 I=1,129

VD 10 J=1,26

D0 10 K=1,17

G(Isurr)=C.

1C CONTINUE

Kls3

DO 30 I=gyNX

D0 20 KskZyM2

IF (Ivilis<)elTe2) GO TO 20

CSI=S0([+1sk)=SC(I=1,K)

DSKasSU(L[sK+1)=SO(Isx=1)
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ol £ o ORIG!;
OF P

thsAal(])eD!
S2aL (K)o 5¢4

rwLll)

Yebh,(]led)

XA g/ (Tox s 74798 )/((ToXWO2ay08  )0804 (2 ,000Y)0n,)
YXYRZ  /ar oY ([ap b0 ayon? )/ ((ToR*02=-7 882 )03 4(2 ,%20Y %07
Fas X x®xxeYutyy

Helo/FF

Als=tn (< )=yuoyY] (%)

Ble=xxev (<)ey o2 (<)

AsCt(X)

YLl rC (v ) el TANZ (2,0 8Y,,TotdnaYRY) /X«

Peas( )i(wveery]))

vsA®S [AN(vasY )

FZi=tLe;

FYZasMeFLi® 3¢

FYlersfF2 . ®a}

FYY oo (YXRYRer]2% (R3¢ p0)X)))

FXYasrid (o (= x?YXeFI2%(27%37 4 0X*YX))

FAXMEs (L X XX 4F 7% (A/%A24YR%YYX))

AVYSpFEr Y=y at-YX=S7T8Eyx)

LYSFYY= x%FuY=S20FY]

A7=FY/.=sxsral=52%F!2

EYSAY=SA®A(=5("%A]

VE AR X 8 p /RETT=CASYX=JMELA®XX/C4I(K)

Us AP Xe A%YXRP/F22=]MeuA®Ya/C4(K)

wECASYL(n) e A8 (CePOY (X)) )/F2L=0ECLA®YZ(X)/Cq(K)
GULonYelpt )= {JoKY=1ok ) o (AXSUsAYEVLAZ® )/ (BY*KI(KY))

) COnTINCe

COMT INLE
KisnTE]

K23k Te?2

02 &4C wKsx]lpn?
EC(x)s,
CinTINue
wETLW N

END

SUSFOUTINE BJUND

DEFINES THe pJUNDAWY VALUES OF THE VELJCITY PQOTENTIAL &

CAMMON G(L12992€6917)5sSCUL299LT)se Gl IVILI2G9 1) ITEL(L?)HIT2(1T)
LoA2(129) 0 AL (Ai25)0A2(129)»A3(L29)skC(26)93L(20)982(20)983(20)»2(17)
2oCL L7 ) C2CL7)oC30L7)oCaCLl7)oCO(CLT) o XCUL?)pXZ(LT)oXZ2(L7)0YCULT)nY
FZOLT) o Y220 LT ) o MSYMONKINY I NZpKTEL)KTE2 I5YMySCAL)SCALZpxX)pIMEGA ALY

GhAyCA ) A )FA2CHsTyPASARBLADE
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Uil

COMMUN /CAL/Z PLloP2sP3,BETAsFRyRMyDGIGMuNS Lo vio Wl v pduyXRy 100l
1KG

COMMON /SWP/ G10129926)9G2CL29926)pS5X(L29)»SL129)p5xXx(128),5070(])2
19)9SZ20129)9RO(129)9R1I(129)5C(129)sD(1290 01l 29 LlxpMuyxy ™y, T]yaa(
2591902 NN

LXsNX/2+,

MXsNX+ ]

KYsNY+]

FY=NY4?

MlIesNl+3

DX®gs/NX

TleDx*Dx

AAQe]l /FMACH*®2+,2

ISYMs]l=K3YM

Cle2,/P1

Q2=1./P2

RM=(Q,

GM=0,

NMsQ

FQ.C.

If=0

JR=Q

KRs=(

DG=Q.,

IG=(

JG=0

KG=0

NS=(

Il=2

12=NX

D0 10 J=lyMY

D0 10 I=1,MX

Gl(IsJd)=G(IsJdrl)

G2(I»J)=G(Isdrl)

CONTINUE

JTs]

CONTINUE

KLe(NZ+5=JT*(NZ+1))/2

KMsKL+JT

KNs KM+ JT

IsLX
GUIploKL)=GUIp1lsKN)*ZSYM*(G(I2sKL)=G(I»2,KN))
DSIeSO(I+1,KM)=SO(I-1sKM)
DSK=SO(I,KN)=SO(I,KL)

SX(I)=Al(I)*DSI

SZ(1)=Cl(KM)*DSK

R=],0

D0 30 J=2,KY

G(loJdsXL)=G (Ll JrKN)+ZSYM*(G(2yJsKL)=G(29JsKN))
GIMXpJsKL)SG(MXsJoKN)+ZSYM*(GINX»JoKL)=GINXp»JpKN))
YP=BO(J)+SO(IsKM) .

IF (JoEQeKY) RsAMINO(L1»IV(I,KNM))
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A A PR Y R W AR A LRy
Asmrt el (1)e T

(v (it (1))=Y Te (1)) (J)OYT

vt legegr Y )=l (l=1lpgenV)
Loows ol ot lprM)=0(ipd=lent)
Clhrpvrclds st logend)e(tr 05l 50)/CL1aY)
Ylasedsi todpny)

clTedr 2 Ciogen? ) esa (L lindosLl)=5(lsds™))
[ B Cionud e Y vl (loedoel)=uil(lsy))
\4=.".

(Loadost)e sl lodav)e(?8), =% (J)/01(KY)

(1)) i eJoex )

Chad )z Liegan ) edeslo(lpdprl)=ul(Todeum))
COTawn )= 2l u)e? vt (G (Lagpl)=G2(10d))
*sxNty -

;s 1y faslo
J=L2=1]

L e %
C.llnee
i Ve |
Conllinge

Slaf (leloav)=SCc(l=ionN)

3 (o s)=sT([oxL)

e )saptl)en 5]
S2C1)sclir V)0«

Cond o <L) (T olpnu )oY e (GUlplaX)=GUTs29KN))
vJd L sy
ye AUl )
Yea_ (J)ex . ([oxNM)
X0z, /s A (TN FF 47560 )/ ( (14X 0=y 837 )0k 0 (2 4X0Y)%07)
Yoz gy ainr #(Toxbbomyabs)/((ToXE2=YE87 )02 0(2 ,¢XBY )38/
“z ] s/ laxexceYXeyYx)
Alser /(<M )=YRRY/(<M)

"rea B (M) eYARL2(n})

=5 (ioo0d’)eyT

sah (L )nd) (1)

et (o=l 350 () )=JT®~7(1))®BL(J)*JT

Irslelr

LS i=}r

TCh € I '
vyl |
v(l’lv'\

Gitley)

Lxy)

ir ()

s Xt )=S0 1 MpuenN)
st Lo N )=C(Toed=lenm)

LI=le g (KMI¥GULpJodN) 8% (GUIrpdpXL)4DOLL)=FeDCY)/(Cil(xM)ee)

ol ledakL)

200 ad )=t eda R N)#3,0 (G(TaJeKL)=G(LlpJdrxm))

Clapd e i )=l c I )oY e (5(Lodel)=G2(Isd))
CoMT s

JKY+

»

ClLodo s L)s(C1URKM)*O(IoJoKN) AR (G(IPoJpXL)4DGI)=B3%0GI)/(21(xM)*A)

Clllsd)

sel{odrKL)
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IF (letielt) GL TG &C

CIONT INuE

lF (J'otbo“) G’] ‘«J 11‘-

LR

L=3

1=

JeNY

Ks|

x=4C(])

Yeyau(let)edD(y)

Ylev A (FCIX)*ATARNZ (2 8 x%YyTox®x=y0Y )/)K)
DFNS(ToABY=YRY %824 (2,%X%Y) %82

XXm2 , /xkex®(TexoysYsy)/DeN

YX=2o /XKy ®(Texsx=Y*y)/0eN
Hes]l,/(Xx®¥xxsyx®YX)

PsCoh(x)*CI5(Y1l)

CescS(n)®yIN(Y])

Als=xx®x(K)=v X%y (K)
Ble=xxsY7(<)+Y XX/ (K)
SXUI)=al(I)*(>C(I+lsK)=30(]=1yK))
S2CL)=CLIn)*(SO(IsX+1)=S0(Ip,K=1))
GX=AL(L)*(S([+1sdsK)=GlI=10dsK))
GY=RL1(J)*(5(Irpu=1sK)=G(IsJ+LsK))

GZ=Cl(x )2 (Gl IsJsk+l)=G(lpJdyr=1))
UsGX=3X(])*GY

VELY

ws(Gl=52(1)*0Y

UDsHE(xxsU=YX*y)
VOsHE((PRrYX 4% )*U+(PeXXx+Q%BZ)*V )+ *w
WOEH®((PRAZ=CrYX)¥U+(P*¥I7=Q8XX )%/ )4+P%,
Ul=,9%Ul+,1l*Uuy

Vi=,9%y ] +,1l%V0

wl=,5%ai+,1%w)

DO 100 X=KKyM/Z

IS=]SIoN(1le2%{MI=K)=]1)
IT=]SIGN(Lly 2 *¥(K=KK)=1)

CO 8C 1=22sNX

x=AC(])

Y=SO([»k)+32(2)
DENS(TH+XEX=YXY )$%24 (2 ,%X*Y )%%2
XX32/AK®A®(TH#X*X+Y*Y)/DEN

YX22 , /XK*Y®(T=x*x=-Y¥*Y)/DEN
Y1=sPA*®(YC(K)+ATAN2 (2, %X*Y)T4+X*®X=Y*Y)/XX)
G2(1»1)=Gl(Isl)

Gl(Isl)=G(IslsK)
GUIploK)=G(Ip3pK)=(YX*UL=XX®*(V1*COS(YL)=W1l*SIN(Y1))/CH(X))/01(2)
G(loloK)=ZSYMEG(I)1,sK)
SY(I)=AL(I)*(SO(I+1sK)=SO(1=1,K))
SZ(I)=sCLl(K)*(SO(IsK+IS)=SO([sK=IT))
DSIEI=S5CUI+1lsK)=SO(IsK)=30(I,K)*SO(I=1,%)+A3(])*DSI
DSKK=SO([oK+IS)=SO(IsK)=SO(LlyK)+SO(IsK=IT)+C3(K)*DSK
CSIK=SO(I+LsK+IS)=SO(I=1sX+1S)=SO(I+1sK=[T)+SO(I=1sK=IT)



Sxx(l)sac(l)ens)1
S22([)=slc(X)*)SKK
sYZ(L)=sTi®al(1)*Cl(k)* )]«

€0 COALTINLE
) G0 JsgyKY
A=A )

Yell(204)¢30)0J)

Y1ePda? (YL (<)ATAN2(24%ctY, oo X=YEY)/XK)
CANsl I oo YaYRY )88 24 (2% nwy )u%?

Xds o/ xkex & (T4 ev?yY)/enN
YX82,/xX%Ys(T=x#x=Y®y) /DN
Pech(a)*CJdr(Yl)

CsCs(m)enIN(YLl)
GYSEI(J)*(5(20J=soK)=0G(29J¢LsK))

G7lLlpd )=l Lley)

Cl(lou)=zGllodrK)

GULlado s )=l (50 do )= XX eYX/CG(X)0 (P8 ]=den]l )¢Sx(2)sGY)/00(2)
GllyJdok)=25YMEG(19drXK)

Mzpra=]

X=sA_ (NXx)

Ys3C(NRpr)¢B0(J)
Y1=2FPA®(YU(K)+ATAN2(2 % x*Y,ToX®X=YRY)/XK)
CENS(TH#X®X=YEY ) %224 (2 ,%XEY )85s?

XXz /XK ¥k (THx®x +Y%Y) /0N

Ys2 , /XKRY®(]=xsX=YEY)/JEN
PeCS(K)*CO5(YL)

JELO(XK)®5inN(Y])
CYapl(J)S(GINYyJ=1yK)=G(NXyJelyK))
G2(Mxed)=Gl(MXxyJ)

Gl(MxsJ)=GC(MXyJoK)

GIMXp JoK) =G (NLpJpK)#(XX® Loy X/CO(K)®(FEVL=CFul)eSX(NL)®LY) /A1 (NX)
GIMXy JoK)=ZSYMEG(MXpJrK)

GC CONTINLE
GULoploX)=G(lp2sK)4G 2519 K)=0L(2929K)*ZSYN
GIMXy oK) =G (MY, 2, K )4G(NYyLlyK)=GINXy2sK)®Z35YM
E=G(1T=2(K)pKYpK)=GIITEL(X)sKYyK)

GUlopKY 41y )=G(MXyKY=1y)K)=E*/.SYM

GIMX Y +LlpK)=2G(loAKY=LpK)+E*ZSYM

GIMXpXYrK)2G(LloKYpK)+ESISYM

IF (iS*¥[T4G5T.0) CALL YSwEEP (X)
100 CONTINLE

IF (KSYM.NE.O) GG TO 110

JT=z2=1

G TJd ¢u
110 CANTINUE

Fk=]l,2%FK/ALD

RMz] ,2%XM/NM/ARD

CM=GM/NM

RETURN

END



co

10

2C

-B4=- OF POOR QUALITY

SUBRTOUTINE YSHEEP (K)

THE EJQUATIINS FOR G ARE SOLVED HERE ,FOrR MIXEU SUBSINIC

AND SUPESINIC FLOw pbY RDw RELAXATION »AND 3Y USING A

RNTATEL DIFFexeNCE SCHeME

COMMON (129926017 )sSCUL290LT)sEQULT)IVILI2S01T)ITEL(LT)HITEL(LT)
10A0(129)284(126)982(129)283(129)9BC(26)531(E)»82(C6)933(26)92(17)
2oCLUL7)sC2CiT)C3UL7)oCa(YT)rCOULT ) XCOLT )X Z LT ) X221 )pYC(LT) Y
32017 oY Z2ZUL7)onSYMUNKpNY pNZ oK TELIRTE2)ISYMySCAL» SCALZa XKy OMEGLALP
GHAWCAy A FMACH)T»PA,ARLADE

COMMUN /CAaL/ PLloP25P39B8cTArFEoFYs0GoGManSoULs ViowloInsJroXkolorlGo
1K G

COMMUN /5w2/ Gl012992€)9G2(129926)9S50X(129)954(129)s5Xx(L2F)ySx2012
19)9522(01c9)pR00129)9R1(0129)9C(129)9D(129) 0L I20 L pMuyKY M(,Tlyarl
29CLlyC2,yNF

L=X

J1=¢

IF (FMACHeGFole) J1=3

Ctll-1)=C.

D(I1=1)=C.,

DO 1C I=1I1»12

ky(I)=1,

R1(1)=1.

Gl(I»1l)=G(IslslL)

Gl(IsJdi=1)=u(lsJdl=1sLl)

CONTINUE

J=J1

[3=]2

CONTINUE

BCe=TLl*n81l(J)*C1(K)

PO €0 I=I11,1[3

AB==T1*A1(])*B1(J)

AC=T1l*Al(I)*Cl(K)

x=AC(])

Y=SC(Isxk)+30(J)

DEN=(To#X®EX=YRY )®%2+ (2, %X*Y)¢%2

XX22,/AKEX®(Te+X®X+Y*Y)/DEN

YX22,/XK*Y*(T=-x*x=Y*Y)/DEN

FHa]l =Rk Q (I )4 xX*XX+YXRYX

H=RO([)/FH

AZs=XX*¥X2(K)=YX*YZ(K)

Bles=XX*YZ(X)+YX*¥XZ(K)

E=H*A7

F=H*BZ

XXX22 o /XK®E( (T3 .8 XEXeYRY)RDEN=G ¥ X¥XE(THXEX+YEY)*®2) /DEN®#*2

YYY b /XKEXEYE (DEN42 ¥ (THX*¥X4Y*Y ) *(T=xex=Y*Y))/DEN**?
AA=RO(I)*CS5(K)

Y1sYC(K)®ATAN2 (2, % X*Y T+ XEX=Y*Y) /XK

r »



©oC

[* Tre PolLowING LUN:S o748 COPFFRICIENTY 3F Tere JoaC)ulan
METour ave UFPINET pAL whLL 85 THe @ CEmivallvey wlls
FEYEECST Vo, The NEw CuLeNINATES

Azt

EmE Y

ACEH8s s ( (Y1 Fe = X082 )ty S 00y 8YYY)

AY¥smsd i (= ¥ X Y ARG Y XS XY JaYYY)

WALV _3(Yu¥04)

Cells, [N(YL*%Fa)

Prs= 9%y

MYse T

Pl dpf= 2p

JIBrELY LY

tYBr82L31(

<lB8=_ tkefAu}

EYs=(42#a (= )eaYEYT(x))

tYs=(AdY+rx/ (< )=008Y (X))

E7s=(a%X 2 (xK)ecoY22(K))

Fla=AvY i (<)ea8x}]](K)

YXJEP &S ¢ &=

YYJ=r®Ae  ¥F

A IV 3 3 RN

(YJErSF=¥&

YOU SR ® ge v b FeAYSO®EX

YXYspYoase Yo r=PorAxse sk Y

YXwEr (¥ e %k

YYUSRERA+ A% s FoAX= %FY

YYVEPYSA4 VS r+F®AYS 6 X

YYnzP22A¢U/.VviFeCnF]

YL e O S r=  (#FneFsEX=QLY

JUyerYoe=Y®34PsEYe spx

[tasv (%p=0)%FRePgE?

JYV st bpm (S A=fRfY=0FAN

LtL P YEF= YR ALPRL X =kAY

CYASPLlEer=ul®AePeF]

CGl=o(l+lsdsL)=G(I=loyrl)

COJsC(lodelolL)=Gl(IsJd=1)

CG<=a5(Ipodrl¢]))=Gl(Iyy)
COLII=0(lelsdol)=GlIsdol)=G(lpJdslL)*G(I=1pJyl)¢a3(I1)%)01
CGUI=G Lo d*lol)=GCUIodoL)=5(lndolL)*C(Llod=Lol)=c3(J)=D0Cy
DO =G [aJolL+l)=GC(LoJdrol)=G(ladsL)*G(IoJplL=1)¢C3(K)®DLK
LOTU=6(Telodelol)=0lI=lodelol)=0(Ielsd=LloL)+G(l=Lod=Lrl)
COIK=G(T+lodpltl)=0(T+lndol=1)=0(I=loJdol*+l)*eG(I=10Jsl=1)
VDGJIX=Clind*lal#]l)=G(Iod=lol#l)=GUIpJelol=i)+C(Iod=1sL=1)
oXspl(l)*Dol

GY=s=dl(J)*0oJ

GZ=Cl(n)*D3K

URsGX=>x(])*GY

VR=(GY

WlaGZ=>L(I)%GY

UsUB+CA®XX+SA®YX*¥P/C4(K)

VaVBR+SA®XX*P /C4L(K)=CA®YX

)
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AEWEPCLAEX (<) eSAN (el oY (<))/I34LIK)

Ulsasy=isy

vOsYXYJ e eYr eyelng

RS BNEIVED R INERTR YL

PDEIVIE L PR A LE FE YW L N

VIsyUu= MEGA®P/IC4(K)

Wl e MESAY /(4 ()

AAaU [ M(ub)pec¥(Qu=Zo®L1coA% (3% sARy)))

CeaUNY D+VI*y)euwl*al

FYxsivderxJeyxJelaJelxny

Frysds eyv ysrrJelrJelyy

Fllesobotr?

FXYs=atueyYX oYY el XxJ®/Y)

Fols ,®#rxyge2% 10

FY/2L8YYJ4P%/Y Y

EULN LISDER R INERINE S INE I

EVEETEIVIVES & AVE RVAVE A IN B N0

FazQ%yCebeq(

CUSASAX=p s Yo Y XJOY XYY IOV X Ve Y X IXJE2ZXUST YAV O %0y
OVas= A AY = XY XNYFYY ATV IR IVOEYY a7 )8 YU YIS IYNCES .Y
DWsY X JE RerY Jo (Y400 04/ Ry*PR+]YJEPY+PRP7

CLaL)* (AX® 3+ AYSRV )+ VOR(YXUSRUSYXVS AV Y XA i) twl*¥(ZaUusdl 42 aVeaye/
In®ow)

CVa 00 (=AY L +AXREY ) oVUR(Y I U*RBUAYYVEIVSY T w23 w)+nCr(2YL*plL #2TVERY 4/
LYw®re)

Cowsv(® (x4 YRVl 2cpn)tal*(PAsUsPY* VP ¥BW)
Frxebxxesxl(,)==0(])

FYT=FYYel,=2J(])

FYY2SA(L)®®28pr XX4FYY®SZ(])O®28 72— o 53X ([)SFXY=2,%S2 (] )0k /st
11)#S001)*F«

FXYspxl(=SL([)%FXx=50(])%FxA

FYZ=FYZ=3x(1)®FX72=S2(1)%F22

Avesiv=sx([)eny=5S2(1)%2n

UU=gu*dy

Lv=ru®ay

Lwshi®H g

VV=ay¥®ay

VAs AV *pw

WAl W

AXx=Fxx®cA=-0lY

AlLl=FLl*AA~wnu

AX2=2,%(FX2%#AA=0UW)

o= (AXAESXC(])4AZ7*STL(L)+AXZ*SXZ(I))*GYeTle((AL®DL=CL) Lds(AAR )Y~
ICV)*®V3+(AA*Dw=Cw)*w?d)

AXT=L4S(bU*AL(]))

AYT=za35(avenL(y))

AlT=p3S(BAd*C1l(K))

A=rC (L) *reTA®AA/AMAXL(AKT AYT AZTy]l a=k)(1))

AxT=A%AXT

AYT=a%AY ]

AZT=A®ALT
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OF POOR ( 4

SUPE-NIC »IINTS AND SUAYINIC PJINTS Aws ScPAvATe(

I[F (Geaovtoedd) G2 TU 3L

AXxmdxaws2(])

ATYs(rYYSLA=vV )*B2(J)

AZ2=b77%.2(K)

AXYs(raysad=yuy)s(Ag+AK)

AxZsAvgsal(

aYZ2=(rY/oAA~-Vw)®(HC+3()

gcP=AXX

HMs A

rE=AxX=AXX=0Ll®(AYY*+A2!7)

REAX ARO[ L*aYYRO0UJAZL30CKASAXYENGTIU*AYZ oL GJK ADoK
G TO &0

CONTINCE

NSsNy+ ]

SIsSloN(ieol))

IMs l=LFlx(51])

IMMs M= [FIX(S5])

AXx=yUsaz())

AYY=yyerz(J)

Allzam*C2(K)

Brysy,ty]% JUeat

AX2=R,*#5]% Ju*A(C

AYLlsH ,8ya*d(

sYx=(FAX¥JJ=uJ)*az2(])

KYY=(FrY®sQad=vv)*¥22(J)

BlZ=(FlL*2)=-nd)¥C2(K)

xys(Fly® o =UV)*(AB+AR)

Xl (FAl%Cu=Lw)*¥(AC+AC)

AYL=(FYLZ*Q)=Vau)®(B8C+B(C)

AQ=AA/GW

CELTAG=3Yx® I [+BYY*OGJJ+BZL*DGKK+BXY*DGTIJ+nYZ*DGIK+EAZ*0GIX
DGII=GULladolL)=GlIMpdsolL)=G(IMsJoL)+C(IMMpJsL)+Aa3(])*DGI
UGJJI=G(IrJdal)=G(Ipd=lol)=G(LlsJ=1lsoL)+61l(1yy=2)=B3(J)*CGJ
DOKK=G( LadolL)=GlIsdol=1)=G(isJal=1)+Gc(IyJ)+CI(K)*DGK
CGIJ=G(Ladol)=GUIMpJolL)=GlIpd=1soL)4G(IMsJ=1sL)
COIK=G(Lpd ol )=0G(IpJdol=Ll)=G(IMsJdsL)*G(IM»JyL=-1)
DOJK=GlipJdo L) =G(lodsl=1)=Gllsod=LoL)+G(Isd=Lisl=1)
GSS=Axxs C [ I+AYY*DGJI+AZ2*DGKK+AXY*IGIJ*AYZ*#DLIK+AXZ*DGIK
RE 5% (A=l ) *(AAXEAXX+AXY+ARZ)

BP= AQ*BAX=(1le=SI)*d

BMsAQ#4XXx=(1l.+SI)*g

bE=AQ¥ (OXX+HXXQU2¥ (BYY+3ZZ2))¢(AQ=1o)* (2% (AXK®AYY®AZL)®LXYHAY  +AX]
1)

K= (AQ=14)*GSS+AQ*DELTAG+*

CONTINUE

IF (A3S(R).LELABS(FR)) GJ TQ 50

FR=k

1P=]

Je=y

K=K

50 CCONTINUE
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RER=AY 1 * (Lo (lod=1)=G(lod=lol))=BZT*(GCLULsd)=G(IsdrL=1))

«kMasBv¥easas(v)

NMENMte )

weg =Axl=arT=471

pMsbhMeAxT

gel o /(3=2%%C([=1))
Cll)=u"%ip
D(I)eas(p=3Me0(]=]1))
CANTINLE

CG=yu

I1=13

0 BC M=]11.13
CCeQ(l)=C([)*CC
GMeGMeu4S(CG)

IF (A2.((G)eL”oA8S(DG)) GO T3 79
UG=(CG

1G=]

JG=y

ro=K

CINTIVUE

G2(IyJd1=CG1l(1,J)
Gl(I»d)=G(Llsdrl)
SUIedoL)=G(1edrlL)=CO

is[=-1

CONTINUE

J=J+l

IF (J=<Y) 22»9C»110
CONTINUE

IF ([2.,GT.ITE2(x)) [3=1Te2(K)
IF (ITE2(K) EGeMX) [3=Lx
CO 100 [=Ii»1I3
LV=1a35(1=TA3SCIV(IsK)))
KO(I)=amMINI(LVs IABS(IVIINK)))
Fl(I)=LV

CINTINUE

GO TC 20

CINTINUE

I=LXx+l

10=NX+2=13

IF (K.GT«KTEZ2) GC TO 130
DO 120 I=IJ,13

XsAd(])

Y=SO0([sx)
DEN=(Tox®x=Y*Y )*%24(2 ,5X%Y) %52
XX22 , /XK *X*(T+X¥EX+Y*Y)/DEN
YX22 /XK ¥Y®(T=X®x=Y*Y)/DEN
A=)l o =RO(T)#XXEXX+YX*YX
HsRQ(]1)/A
A2z=XX%X2(X)=YX*YZ(K)
Bls=XX*YZ(K)+YX*XZ(K)
A=sRQO(I)*C5(K)
Y1aYC(K)#ATAN2 (2% X*Y,,To+x*X=Y*Y)/XK



- g ~

PeasC ) (vasY )
SsL¥S[n(PARY L)
Fl2lesAt2
FYYaRbma (YXOYROFZZO (2222 exn®XX))+]l,,=<2(])
FXXE e (X AR b 2 A2%A24YA%Y X)) e e=SC(])
FxysHoin(=duxsyxef 2o (L/®3041XX%YX))
Fxled4sb o 2\7
FYLlasHer 2%3)
AXsphxyf=sx([)eFrxx=x2([)*Fx?
LYz rYY=3x(i)efxY=52(]1)%FY?
Alebrl=>a(l)erX2=S2(1)*r22
WYsAY=_x(])*®ax=32([)*%2/
UGLI=C(Leip<Y oL )=ClI=1sxYsL)
OCGuesG(lorYoL¢l)=G2(1p"Y)
VE AR X 22P /T4 (K )=CARYX=u¥ESARXX /L4 (x)
CBAL(L)#L LA ASSLeYUFOL/( 4 (K )=NOMEGASYR/CG(K)
afCLIK)#Lox+CAT2(K)+SA¥(QeP oY Z(K))/CO(XK)=NMFOLE¥YZIK)/LG(X)
GUIpkY+iol)=s(loKY=1olL)*(AXSIeAYSVeAZ* W)/ (RYENR]I(XY))
120 CINTINUE
I=1C
IF (ISeNELITEL(X)) GO TD 130
EeS(l3s<YpL)=ulIQexYylL)
cClLl)sz (L )eP3n(E=EU(Ll))
130 CONITINUE
IF (leleell) RETURN
[=]=1]
E2u.
IF (lvlasx)eNEW]) GO TCO 140
ce=sEL(L)
14C CINTiNUE
MENXe2-]
CAIpKY+LoL)=G(MyKY=1yL)=E
CUApkY* oL )=G(loKY=1L)+E
G2(MyxY)=GLIMeKY)
GLIMyKY)sG(MpyxYypl)
G(Mp<rolL)=5(1sKYsLi+E
G0 10 130
END

SUBKJUTINE VELD (KyLoSVySMCPyXyY)

CALCULATES SURFACE VELJCITY AND PKESSURE COLFFICIENT

COMMIN GU12G592€917)sSCUL290LT) (LT o INCL1290 L) ITEL(LT)»ITFALLT
10A0(129)AL0129)542(12G9)9»A3(129)5RCI(26),541(20)932(co)ed3(26)92(17)
2oCLUL709C2€C07)sC3(LT)sCe(LT)sCSCLT)pXxCULT ) XZ (LT Yo xZZUAT)p L (L)Y
37C17)oYZLULT) o KSYMONXoNYINZpXKTELIKTEZ 9 ISYMoSCAL SCALZ o XKpUMEGAWALF
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wHASCAp A F1aCHeToPAABLADE
CIMENSTUN Svll)y 3MUL)e CP UL (1) YL(])
LleslTri(x)
120=]1Th2(x)
JeNY+]
Qls g/ rMAL 4082
Tlel./(,7*F A He82)
3=C5(«)
CJ 1C I=1lJslc0
A=AC(])
Us3ul[on)
CENs(Teass 2= 382 )6820(2 %A%, ) %82
KY2? /Ao A®(ToL®82401%92)/0EN
YXE2,/X<% )8 (T=pee2=0un)) /0N
FRsxx®xaeY(®Y
H=),
IF (IV(IsX)aNE L)) He]l, /FH
Alz=xu®x J(K)=YrsY2(K)
Blas=)xaty(K)+YX®x](K)
DSIes32([4Lsx)=S5C(]I=1rn)
05525 )([sX+1)=5C(lsx=1)
ox=Al([)*DS!
SZsCl(<)*DS«
YlaYC (% )4aTAN2(2%A% ],y (¢A%A=)RT]) /KK
Ped®CO>(PA®Y])
C=3#Sin(PasY])
DCI=u(i*lplol)=GlI=1rJdrL)
DGJ=G( Lo d*lsL)=G(Isd=1lrL)
DCK=GlTedoL*l)=G(IndrL~=1)
LsAL(L)*00i+Sx*B1(J)*LGJ+CASXX+SARYX*P /(4 (K)
VE=21(J)*¥DGJ+ A®XX*D/C4(K)=CA®YX
weC Ll (K )*OGK+SE*BL(J)I*DGJ+CARXZ(XK)+SA*(2+42%Y2(K))/Ca(K)
VOsH*(Xxx*y=YX%Y)
VOsH®((PRYX+CHAZ)*U+(P*XX+Q*EZ )%V )+Q%n
WOSH® ((PHAZ=%YX)¥UC(P*Y.=J%XX)*V)4P*W
«QG=U0%* U VIEVI+w0*w0
SVEI)=5 IGNISCxT(CC)»U)
IF (IV(LsK)eEaaO) SVII)=sSV(LI=1)+SV(I=1)=SV(]=2)
QQA=]l o +dLl*¥(1e=20+2,#OMEGA*H®(YX*U+XX*Y))
SMII)=FMACH*SV(I)/3GRT(QQ)
CP(I)'TI‘(JQ”3.5—1.)
Al=le¢.0%SCAL*(A*¥A=]%0])
YI=SCAL®A*(]
XCI)exC(K)+ALIG(SQRT(X[**2+Y]*%2)) /XK
Y(I)=YC(R)+ATANZ(YIoXI) /XK
A2(I1)=x2(K)=-Yx*S52Z
A3(I)=YZ(K)+eXX®S2Z
10 CONTINuUE
RETURN
END
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SUdE JUuTINe CPLul (Ilellenptplab™aclh)
PLITS P aT B el INTEw~vVALDY IN THE daFPp) FLANE
JIMENSTOW <JD2 03D LIMECAOU)s XUL)p 8L JL4)
DATA KJUEZ LM o lre, MUY/
la? 1 Tee

oP[Te (lexITyaQ)

0 1y Isl,i 00

LINE(D)ex Dt ()

FIEN=L L /0(]2)

AtAXE ),

CMMAxa L,

CPMaus,

€D 2) Is=sl}lel2
AdaxsavAx](Aanax,2nyix(l)))
CoMaxsaw )N L (CeMax,NL]))
CoMarsiMax, ((PMAR,UI(]))
CMaxsCPomax=CMYax

OC S0 I=lle}d

XERACsFOEN®A(])

K1z (O9e/AMAX )SASSIX(L))eal,
KlsMIND(KLP12)D)
LINE(])=sKJUuE(2)

K334}

KesMINL(KRZ201DD)
LINE(XK2)=e<])DE13)

K2s (3o04/LMAX)®(D(1)=CM1AR)+},
K3sM[NU(rR3p)eO)

IF (=3.0k4l) 30 TI 39

K3is],

Gu Td &)

LINF(x3)=xINE(2)

Kas )

LINE(L&)=e<JLE(3)

JJ=0O

W ITE (1wPITo70) XFrACox(I)pJJrLINE
LINE(XL)asx]JDE(])
LINE(KZ2)sKJDE(])
LINE(X3)sKkQDE(])
LINE(X«)=s<QJDE(])

CANTINUE

RETLRN

FORMAT (1Xo /93 Xp3HX/CobxpdMCOMP o4 X o HHMOSGNe3IH UN)
FIRMAT (1X9pF5429F9,3513,2%,4004))
END
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ORIGINAL PAGE 19
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SUB2JUTINe »PEeC (X)

THE SPrel AND THe MA(H NJUMoER ARE CUMPUTED AT FACH Cw]D

POINYT » THEN THE MaCH NUMBERS ARE wR]ITTeN O IHFE CLTPUY

COMMIN GUL2902€n L) o0 L29 04T )ocQULl?)oIVUL290 1) lTELLLT)WITEZLLT)
1oA0CL29) oA (12G)0A2(129)9A3(125)0B0(26)3L(25)pR2(28)pR3(25)92(17)
2oCLULT)pC2CL)oC30L7)oCoall?)oCOCL T ) o X (L) o 2L Do X 22U )oYl 4T )0y
AZCLT) o YZZ LTI anSYMaNKaNY oNZo K TELOKTEZ» ISIMpSCLLaSCALZIXNS ) " ECAYALS
GHAYCAy SApFM1ACKH TP A, ARLADE

DIMENSIUN [3(24)

Clel./FmAlH®®24),2

AsCy(x)

I1=¢

I2=Nx

KYs W Yé |

wP[TE (5540)

wR[Te (Bp6l) FNMACH

Jd 20 I=]1,12
CSTeS)(lelon)=S2
OSX=So(lpKe))=S5C
SX=AL(1)*D3 1]
SZ=CLl(x)*y3x

O 10 JsepXyY
X=AL(])
YeSC(Isx)+30(J)
CEN=(Torsx=YoY )2824(2 ,%X0Y )8%2

XA22 ,/xn®X®(ToX®XeYRY )/UEN
YXS2,/axXeYe(Texox=YOY)/)EN

FHsXL*2 24 (%87

H=0,

I; (Fﬂ.:‘f..l’:‘CJ) H'lo/F"

AZs=XX*x/(K)=YXeY2(K)

Ble=xXsY /(<)+rx*x2(K)

YLeYC(K)*ATANZ (2¢X*Y,,Tox®xX=Y®Y) /XX
PsA*C)S(PA*Y])

QaA*¥SIN(KA®Y])

DGI=G(1l¢loJoK)=G(I=1rJsX)
CGU=G(lodtlor)=G(Ipd=1sK)

DOK=G( 1o JsKel)=C(IsJrKk=1)

GX=Al(I)*DGI

GY==B1(J)*D0J

UsGX=SXECY+CA*XX+ A*YX*P/C4(K)
VeGY+SA® X X*P /L4 (K )=CA*YX
WaCl(K)#DGK=SZ#GY+CA*XZ(X)+A*(C+P*YZ(K))/CG(K)
Ud=rH®(XX*U=YX*Y)
VOsH®((PoYX+Q*AZ)*U+(FexX+Q¥BZ)*V)4Q*w
WOSHE((PHAZ=Q%YX)*U+(PEBZ=Q%XX )%V )+Pey
C=UO0*JU+vO*VO+wWO*WO

(I=1»x)
(Isx=1)
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ISCJInSURT(Q/(QLl=042%(2=2,*0MEGASH* (YX®yUsxx*V))))*]1CCC,
CONTINUE

WRITE (95%0) (I50J)sdm24KY)

CONTINUE

KETURN

FORNMAT (1HL)

FORMAT (Ll®Hd PRIINTOUT OF SPEED»/»13M FMACH " pFka 2y )
FORMAT (2415)

END

SUBRJUTINE FORCF (I1s12sxsYsCPyALsCHURDpXM,CLoCO)CPoxkpYKyZ1pPa)
CALCULATES ScCTION FORCE COEFFICIENTS
DIMENSION XU1)yp Y(1)y» XK(1)» YK(1)y CPL(])
RAD=57,26578

ALPHA=AL/RAD

CL=0.

CO=0.

CM=(,

Ns][2~-1

DO 10 Isl1l»N

DXe(x(J+1)=x(1))/CHORD

QY= (Y(LI4l)=Y(I))/CHORD,ZI

XA (oo%(X([41l)+X(I))=XxM)/CHORD

YA= ,5%(Y(I+1)eY(]))

CPA= 5% (CP(I+1)+CP(I))
DXsDX®CUS(PASYAI#XK(I)*SINI(PA®YA)*DY
DY®DY*®(L.+YK(I)*SIN(PA®YA)®®2/7])

YAs ((Ll.,~PA)*YA+SIN(PA®YA)/2])/CHORD
OCL==CPA%DX

CCD=CPA*CY

CL=CL+OCL

CO=CD+0CO

CM=CM+DCO*YA=DCL*XA
DCL=*CL*CUS(ALPHA)~CO*SINiALPHA)
COsCL*SINCALPHA)+CD*COSCALPHA)

CL=DCL

RETURN

END
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S WIINE TOUTHEOR (KTELosTECoCHORZp5C L o200 CMoalotlelopilaoclplv®y(
I¥ ,(mY,PayAdLACE)

Cr. uLbled TULIAL FOFCE COEFFICIENTS

g1 SION CHIRCEL) s SCLEL) e SCSOCL) e SCHMULL)e 21D xCtide CHL1)
SPAN I(xTE2)=7(%TE])

CL=C,

ChNs(,

CvpPsl,

Cds),

C"Y'Oo

S=0.

Nsx TEZ2~-1]

DO 10 K=KTELs»N

C2s.5¢%(1e/Co(Kel)=1e/C5(x))

Al 5% (Lle/05(<+]1)¢1ls/C2(K))
Dl=sD2¢(le=PR)*(2(K¢))=L(K))/2,
A2sAZ+(l=PAa)*(2(K¢]l)+2(K))/2a
CLeCL*O2%(CLIK*L)*CHURDI(K#L)+5CL(%)*(CHORD(X))
COsCD+OL*(3-0( el )®HLRO(K+,L)+SCO(K)*CHURDI(X )
CMPsCMP4DZ*(CAORD(X+L)*(SCM(XK+L)*CHARD(K+L)=SCLIX+]1)*XC(K*]1))4CHCK
1C(R)*(SCM(K)*CHORD(X)=SCLIK)*XC(K)))
CMR=CMk+AZ*0Z*(SCLIK+1)*CHCrD(K+1)+SCL(K)*CHLRD(K))
CoMY=2CaY+A2*0 2% (SCO(X+))*CHORD(K+1)+SCO(K)*CHIRDI(K))
SsS+02%(CHI=D(K+]1)+CHORD(K))

A3LADES=S

CL=CL/S

CO=sCO/5S

CMP=CMPe PAN/S*%2

CMe=(CMeeCAR) / (S*5PAN)

CMY=(CMY+CAY /7 (3S%SPAN)

RETURN

END

S |

SUBRAIUTINE REFIN

HALVE> MESH SIZk

COMMON G(129926917)5SC(1295L7)5E0(17)»IVI129,17)sITel(17)sITE2(]1T)
10A0(129)9A1(129),82(129)9A3(129)5080(26)531(26)922(265)983(26)»2(17) :
25CL(17)5C2017)sC3(LT7)sCO(LlT)oCOCLT)oXCULT)pXZ (1T XZZ (LT Do YC(LT )y
32(1T7) s YZZULT ) o KSYMUNKyNY yNZyKTEL)XKTE2y ISYMySCAL)SCALZsXKyOMEGA,ALP
GHAY CA,SA,FMACHTHyPA,ARLADLE

MX=sNxX+]

KYaNY+]

MY=NY+2

MZ=NZ+3

MXO=NXx/2+1

£ oot
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PLCeNI /243

K“.‘

00 60 KsrxeMl,

JeaNY/2+]

JJsKrY

[sMXx)

IlsMx

GUIIoJdus®)sGlledax)

[s]l=-]

Ilall=?

IF (14GTW0) Gu TC 20

NERED

JJsyJ=¢

IF (JebTel) GT TO 10

PC 4C JslyXY,?2

D) 30 I=gyNx,?2
GlIodor)mede (G (I+1lndoK)tu(I=10J9K))
DO 590 I=1eMx

DC @0 JsgoNYy2

GUleda® )= 0% (S5(1oJ*lsK)eG(Ind=1s%))
GUI MYy )=,

CONTINUE

MZMsMZO

M2ZST=M2Z

CONT INUE

0 8y JslyAY

OC 80 [I=]1,4x
G(LlaJdoM2ST)=G(IsdaMIM)

IF (M2ST.cQel) GG TI 100
MZST=MZ51-1

00 90 Js MY

D7 GC I=1,Mx
GUIpJaMZoT) =0 5%(G(IsJdoMIM)I+G(1sdpMIN=1))
MIMaMIM=]

IF(M2ST.tQ2.1) GC TO iCO
MZIST=MZ5T~-1

Gl T0 70

CONTINLUE

KK=3

DO 150 K=KK,MZ

I=MXx0+1

IF (KoeLToXTELlsCRWKGTeXTE2) 53 TI 120C
[1=[TEL(X)

[2=]TE2(K)

DO 110 I=I1,1I2
DSI=SO(I+1,K)=SO(I=1ykK)
DSK=SO(1lsXx+1)=SO0(Isk=1)
Sx=A1(1)*DSI

SZ=Cl(K)*DSK
DGI=G(I+41sKYsK)=G(I=1pKY)yK)
DGK=G(IoKYs K+l )=G(IsKYsK=1)
RsAMINI(LsIVI(IsK))
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xsAC(])
YL (len)
Cils(Tensn=yYor)os4(2 8007 )%8)
XXl /asoxe([oexdaerey)/0eN
Yas  /andYs(T=nsneysyY )/ LN
Azl ,u=s®su s Yueyx
HrEd /A
Als=vis /(£ )=Yr2Y] (%)
Fla=dxsy (K)srxen/l(n)
Azwe(9(x)
YlaY (A )eATANZ( /oo nsr,yToussmYty)/ e
ksl (Fa®Y]L)
QAT [N(PFARY L)
FlisA®,
FYYSASRS(Y(BYR4F 28 (p/*nle¢XA®XX))¢ ] ,~n
FXXSHEHE (X RS XX F 28 (A2%02¢YA®RYX)) 4] ,=r
FYYer®un (=ax3Y xeF 2] (L7372 4AK%YL))
FAles4%Fl2%A]
FYlsqop L *3Y
AYshuYesaerax=S2%r
AYSFEY (=328 xY=32%FY]
AleFY2l=3xsFEX7=S7¢F7)
GY¥YsLAY= A %AK=>/F%A/
JEAL(L)SOLI+ AR X+SARY YRR/ a(K)=0NFGAsYX/CG(K)
a2l L) O <eCARX7(K)eSA®(4PRY2(K))/CH(K)=U EBLATYZ (LK) /Ca(X)
VESAT L AR KM/ S )=ChsYr=JMecHhAvXX /(&%)
110 CUIpSyelo )=z (loky=LpK)+(AX®J+AYRV4AZ* W)/ (3Y%a](KY))
EC(R)=0l Lok Yok )=G(I1laxY,yK)
1=]1
120 1=1-1
t=U .
IF (Ivilsex)denzel) GO TJ 130
Eagi(x)
13C MsNxe+2-]
GUIoXY+loxX )2 3(MpKY=] 9K )=t
CGIMp Y el )=2G(IpKY=1)yK) ¢t
ik (IV‘LD‘).NEQ'I) Gd TJ 160
GUIpxYp X )= o ¥ (I pKYyK=1)4o22%(G(LoKYrK+L)+GC(MpKYyx4]l))
IF (IVCIaK#Ll)alTal) GUIpKY oK) ® o 5%G(IpKYp<+L) ¢ 25 (G(IsKYpu=1)+5(",
1KYyK=1))
GIMyrY K )=Gl[pKY,yx)
GUIpKY=1yK)= s c¥(G(IoKYpX)+G(IsKY=2,K))
GIMp Y=LK )E 0% (G(MaKY sX)+G(MpKY=2yK))
14C 1F (IeuTae¢) GJ TC 1lev
150 CONTINGE
KETURN
END
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SUSKCUTINE PLIF (MaNsSoraFPaFPPoabR 2V My yMpKispv bbb jiepr ¥yl )
CUBIC SPLINE FIT wlThH ww&SCrIBED et 0 CINJITLICOANS
CIMENSLIUN (L) FUL)e vP(1)y FP20L)y FRRO(])
IV (1NC.kQe0) GC TC 18D
INUSC
Ks [A35(N=1)
IF (r=]1) 1369L1P(ri0
1C Ks(P=M)/xr
[=M
JeVex
Os=sS(J)=>(][)
=D
IF (03) 2Z2ueldin20
2C ULFs(F(J)=r(I))03
IF (xM=2) 40GpsCe5C
3C Us,5
Vs3,®(uF=y"1) /DS
GO 10 oy
4C U=U.,
vayM
6T 13 &V
5C u==1,
Ve=(5*VvA1
CY 12 &9
60 1=J
NENE T4
CS=S(J)=5¢(1)
IF (L#uy) L120sl3CH»70
70 CFe(F(u)=FLI)) /0SS
32]1./7(LS5+0S+V)
U=3%*0S
Va3*(b.*%(F=V)
80 FP(1l)=v
FPP(I)=V
JUs(2e=U)*D>
VA %DF+ D> *V
IF (J=i) 8933960
G0 IF (¥N=2) 1(C»11C»120
1CC V=(E.¥VyN=V) /U
G0 TC 13¢C
11C v=yVyN
G2 TC 13¢C
12C Va(DS*uN+F2P(L))/7(1e+F2(1))
130 =V
D=0S
140 CS=5(J)=5(1)
UsFPP(]l)=rP(])*y

B\
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FPPP(I)=s{v=u)/(5

FPP(1)=u
FPIINs(F(J)=FL]))/C05=Do*(veurU)/o,
Vsy

J= ]

2] =x

IF (J=m) 140+1509140

JaN=«x

FRPP(N)=FrPRO(])

FPP(N)=3
FPIN)=0reu®(rPP(])*3¢8d)/h,
INO=]

IF (MJLE) L13CelnCyrlsC
FPEP(J)=rA

VEFFP(J)

I=yJ

Jd =) ex

0DSs>y(J)=>(1])

UsFPP(J)

FPPP(J)=rP PPl )+eo%0S*(F(L)eFr(J)=D5S%D3¢(Jev)/12,4)
V=L

IF (J=N) 172918GC»17C
CANTINLE

RETURN

END

SUBKOUTINE INTPL (MIaNIsSIsFIsMaNsSeFsFraFPP,,FPPP,MILE)
INTERPCLATIUN CF CUSIC SPLINFE 3Y TAYLCR SERIES
DIMENSION >I(1)» FICL)s SCL)y FULl)y FPLL)w» =¥P(1)y rPPP(1)
Kzs[ABS (N=M)

Kz (N=M)/K

L

MIN=M]

NIN=NI

D=S(N)=5(M)

IF (D*(SI(NI)=ST(MI))) 10025920

MIN=NI

NIN=M]

KI= JABS(NIN=MIMN)

IF (KI) «0»40,30

KIs(NIN=MIN) /KT
[I=MIN=KI]
C=0.

IF (MODE) 50,3050
C=l.,



&0
70

sl
9C

1CC

1€

Llsllex]

SS=S51(11)

[=s1+4X

IF (1=N) »)9GJsAL

IF (D% (5(1)=35)) T7C7Ce4)
J=l

[s]=x

SS=S558=51(1)
FPPPrRaL®(FRPP(J)=FPRP (L)) (50J)=S(1))
FReFPPr( 1)+ 20%S55%FFPFP
FFsFPP (Ll )¢ >3%FF /2,
FFeFP () *e0®55%FF
FICIL)=Fr(l)e,5%FF

IF (II=9IN) £29i000%)
CONTINLE

RETU¥N

ErD

SUBKIUTINE THREED (IPLUITsSVeOIMyCPyxa Yy TITLESOCoAL» ZUNESIFMEpIEVICHD

IkO0px30aL»?2SCAL)

GEWEwATEY THE=E CIMENSIJONAL CALCOMP PLNT> IV CPC 4eQu

CAMMON (129026917 )sSCUL290LT)9EQCLT ) IVIL23917 ) I TEL(L7)0]ITE2(LYT7)
1980(129)9AL(12G)942(129)5A3112G9)98C(26),31(26)922(26)e33(26)92(17)
erCLULT)pC2C17)9C3(L7)sCalLT)sCSCLT) o XCUL7)o X2 (L7 )oXZ2Z(LT)aYCULT)yY
3201 7)o Y ZLCLT) o KSYMaNKpNY oNZpKTEL)XKTE2»IorMy3CALySCALZ)XKyIMECAALP

G489 CAy» SA)FMACA»THPAYARLADE

DIMeN>IIN x(1)y Y(1)» SVIL)y SM(1)y CPCL)y TITLECLO)

M=]

IF (XSCALevcoUe) SCALX=,5%AS(XSCAL)/CHIDC*ZONE
DZ=2(KTE2)=2(XTE1)

IF (PAscGele) C2=216/C5(XKTFEZ)=14/C5(KTEL)

IF (PSCAL.S[.J.) SCALX-S./DZ

SCALP==],0)

IF (P3CALeVEWVe) SCALP==,5/7A85(PSCAL)

TX=3,0

SXxs=SCALX*XC(XKTEL)

IF (IPLUTeNEL) GO TO 10

CALL PLOTSAL (1J)UOs25HANTOINE BOURGEADF %337weH)
CONTINUE

IPLOT=C

CaLL FRAME

CALL PLOT (le2551e9=3)

ENCODE (55,190sR) FMACH,F12,0EV,AL

CALL SYMBUL (SeCrCa7594149R004rb5)

ENCODE (00»200,R)
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)= QFRICINAL P

CALL SYMPIL (a500ie2390lbrpnpRertnl)

CGNII"l'.

CINTINCE

Ks |

CUNTINUE

LE LY

IF (K.GT«<TEZ) GO TO 7.

IF (KoLToxTELl) SC TJ 3)

[l [TEL(K)

[2[Tcc(n)

CaLl vELL (Harp3VveSMy(PryY)

SYsS o *(2(x)=2(xTEL)I)/ LT )=2(XKT=1))*2,45
SCPa5 4% (L (X) =2 (XKTEL)) /(LK Te2)=2(KT2]1))*2,75
00 «C Isllelv¢

x(I)ssCaLxex([)+Sx

Y(I)s3CALX®Y(])eSY

CPUI)=sSCaLP*CP(])+SCP

CONTIn~vLe

IF (Mofdec) GJ TU %9

Ns[2=]1+1

CALL LINE (CL1)oCPUTIL)oNnoinCr2sGearlendenlse)
G0 T30 3¢

CONTINUE

Ns[g=[i+l

ODC w0 [=]1»12

X(l)=x([)+Tx

CoNTivue

CALL LANE (xCLl)erCILl)oNolous2sdeslertCanrla)
G0 TJ 3¢

CCONTINUE

MsMe]

IF (MeGTac) GJ TO 80

GO TQO ¢v

CONTINUE

CALL FSAME

CALL VELC (KTELsKTELsSVISMsCPaXyY)
I1=sITEL(KTEL)

I2=sITE2(KTEL)

SCALX=1.5%xX/3,14159¢26>

0C 90 I=Ils1l2

X(1)32.%x(1)*5CALX+SXK+,,
Y(I)=2.#Y()*5CALX+.5

Co2(l)sv(I)+5,

CCNTINLE

N=l2=-11+1

CALL LINE (X(IU)aY(ILl)sNolsoUs2904slerCusls)
CALL LINE (X(I1)sCPUI1)sNelsOseZsVerlenDecls)
ENCODE (€0s210,R)

CALL SYMBOL (1eCs3e59el4sPsCartd)

ENCODE (8630902209 R) OC

CALL SYMBOL (1le0s74759414sR504900)

CALL PLUT (=1le259=10er=3)



1C¢C

110
12¢

130

14C

ORICINAL |
-101=- OF POCR Q

LYxsNK/2+ )

KYaNY+]

NAEPA

KOs (Tr2=a bt [ol)/78NAs(L=NA)®(RTE2=<TE]+2)
«NsPAY (K20 l)

KIKT:L

CINTINuUe

CALL rFralMt

CALL PLUT (3erbetr=7)

DO 11U Js2eXY
Us3C(J)eSulLltek)
AsXC(X)*LL5(83S5(a=0l*5 AL %))/ 2K
IF (JeueLTeT) GJ TO L2
COINTINLE

CONTINLE
OsBO(RY)+SI(2,%)
Bel,¢(80(2)%40(2)=-0¢2)/1
JeSCaL*AL(2)%)

B C(L)+aLJC(3%B+0¢7 )/ 1</ 2,
A==2,/A

6.60/5

IF (A,LEeCs) A=3
SSa=l 2/ lUNES K
SSX=aAMINLI(SSXearE)

PO 130 LlscoNx

A=A0(])

LPLOT=3

DI 130 J=2pxY
C=oC(J)+o0u(1sK)
X12l,.+.,0%SCAL® (A®A=-2%()
Yl=S5CAL*A% )
X2=XC(X)+ALUGIRL1*x14YleYl)/aK/2,
Y23YC (K )+ATANZ2(YLoX)) /XK
Y3=5IN(YZ)/Co(K)
X2=55X%Xx¢

Y3=SoxeY s

CALL PLJIT (XgeaY3pLPLIT)
LPLCT=s¢

CONTINUE

LPLUT=3

00 140 J=2yKY
C=30(J)+S0(LXxsK)
XX'lo'oj‘SCAL'C.G
X2=xC(K)+ALOG(ARBRS(XL)) /XK
Y2=2Y (K )=ATAN2(CoeoXl) /2K
Y3sSIN(Y2)/C5(K)
X2=55x%x¢

Y3=5Sx#*Y3

CALL PLJT (Xx2sY3,LPLAT)
LPLOT=2

CONTINUE

CC 160 J=2,KY

-
UALITY



150

16C

17C
160

16C

200
210
220
230

-luld=-

LPLCT=

€O lou Lls=s2ont

A=AC(])

CegulJ)ed0(]eX4)

X1s)] 4,005 AL*(ARA=]%])
YlsSCAaL®a%)

X2 xC(K)sa ol xlev]erley )/RK/2,
YooYl (K )#ATAN2(YLor]1) /2K
Y3sSIN(Ye)/Co(K)
X2= . 5¢8x

Y3sS eyl

IF (lenEolt) 30 179 150
Y232.%Y(C(R)=Y¢

Yeu SSX®SIN(Y2)/CO(K)
CALL PLIT (Xx2sY4oLPLUT)
LPLUTs= 4

CINTINLE

CALL PLAT (X2, Y3,LPLOT)
LPLOTs=2

CAINTINUE

L1sPas JUNESEXP (Z(X) )+, e=PA)*2(X)
ENCOUE (eU»232y»%) 11
CALl SYMECL (=leCr&eCyelapwyCaypnl)
CALL PLUT (=3,9p=6,59=3)
CEL T

IF (KosLEeXTE2) GO TU 10V
Kak=]

IF (K,FCexTE2) GO TO 190
(C=l./¥K

IF (PAJNESL«O) GU T 180
N=2

CO 17v [=]l,N
S=FLOAT(L1)/FLIAT(N)
X0=Qe5/72Z0ONE*S

ORIGINAL T
OF POOR ©

CALL CUT (XO0pDCoSCALPySVISMICPaRpYsZpYCh I ITEL)ITELZ2yKTELp<TE2)xSYM)

CONTINUE
CINTINUE
KETURN

FCRMAT (SHML = sF&,291Hs2Yp0HME =

l6HALP = ,F4.1)
FOKMAT (2lAPRESSURE OJISTRIBUTIUNSSX,lendLAlE

s FE5e201He2r04DEY

FCRIMAT (¢3H4 CASCACE REPRESENTATICN)

FCRMAT (3H G/IC =,F5.2)
FIRMAT (254 wR1ID ON ThHE >URFACE £
END

=9F2.2)

PRGFILE

)

sF2elslHsln,



10

s
O

30

40

50

60

SUBMELUTINE CLT IxcodCoacalPodVed™MoC 2, xo YooY ColTF Lol e2)rTelen

1r3YM)

0N

J

-.J3- OF Pl

TrId SUssGJITINE PLCTS S=CTIUNS JF Thre Coudrwe 300

COMMIN 75wP/ 31012302 €)eG2(L29028)0SXULed) oSl ()29) i llew)y:

I=¢»

FEEW.

Lol o SZ200¢9)pm 0l )p el i d)pClLe9)ollLl?23)pllpdzolaoan nypMyyl it

Zoale i29NH
DIMENYL I
LYC())

CaLL rFeaANME

SVUELD)e SMUL)e CSPUa)y XU1Yy YUL)y 200D ITmutady 1Tectldy

N2sxT ¢=xTzilel]
CC 20 wsrTEl.xTE2

CALL viLL

(R VeSYeCraXaY)

flus]TE ] (X)
[2Cs]lTEC(R)

k=],

CO 1) I=sl1J,12C
IF 1281 )ebVa2C) G Tu 20

CONTINLE
I[s]=]
Rsl,

CONTI wut

Fe(xo=x(1))/7(x(I=1)=x([))
SVIK)2hs (Y(I)eFa(Y(I=1)=Y(]))=YCU(K))eYC(X)
Cle)s( Pl )eFe(CP(l=1)=CP(])))eaeS5CaLP=2,

vs],

Of 3) I=11)y12v

Meslloel20

[

IF ((M)elTeXx)) I T 40

CANTINLE
wsC,
CONTINULE

Fo(XO0=Xx(M))/(x(Me]l)=X(1))

SMUK)=2B3& (Y(M)+Fro(Y(Me]l)=7(M))=YC(K))+YC(X)
O(K)=(CP(F)+Fe(CP(Me1)=CP(M)))*3eSCALP+2,
PYI(K)=EXP(2(K)=2(KTE2))

R1(K)=zz ¥ d(K)=14>

CONT INUE
CaLL rPLIT
CaLL LINE
CallL LINE
F=1l./70C
CALL 2LJT

(10!509‘3)
(RL(KTEL)»CUTEL)sNZsLlsoUslsuvesrlerlunrle)
(RL(KTEL) s (KTEL)NZ»L19o0929Caplervesls)

(50'(0’-3’

DJ EQO L=1l,™

XL=L

DT €0 K=sxTEly»xTE?
X(K)=3 ,#r2(X)*COS(SVIK)I+2,%3,14154265¢XL%0C)
Y(K )23, 5k O(K)®SINI(SVIK)#2,%35,14159265¢x( %))

CONT INUE
CALL LINE

(X(KTEL)pY(KTEL)oNZpLlo00290e0d0r)esls)

DO 70 KaKTE1sKTE2
A3z ,%3,14129255%xL*0C
X(K)23,*#nxQ(K)*COS(SM(K)+A)



70

LI

90

10C

11C

ORIGINAL PAGT |
- 04= OF POOR QUALITY

YR )23, #nC L) PSIN(SH(X)ea)

CONT[NUEe

CALL LINE (X(LTrL)oYURTEL)aNL2i909lpCavinrvanls)
CINT ] wue

Asd - ap(2(rTel)=2(XxTE2))

00 60 [ 97

Togo®3 Ll 9205 FLUAT(I=1)/95,
Cll)=3ae(CUn(T)

Ctl)sd,exIn(T)

X([)sasCOS(T)

Y(l)=as ,INIT)

CANTINULE

CALL LINe (X CL)oaYUl)oS7040Cr20Cerlavverlys)
IF (nSYMNC30le) GI T3 190

CALL LINE (CUL)oCCL)»S 70190020 Canlenenls)
CONTINLE

XO0= 3,8 xyu/A

ENCOULE (209 l1l09%]l) XL

CALL SYABIL (=2elr@elpaibpminlerptl)

CALL PLJT (=749=549=3)

FETUNY

FI<MAT (g2 SECTIUN IN THE PLANE X ®=pFE,3)
ENU

> )
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